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MATEMATHKA

VIK 519.21

PO MIMOBIPHICTD BIIXWIEHD OIIHKH IAPAMETPY ABTOPEIPECII
MNEPINOIO NOPAIKY IIPHU BUITAJKOBIH KIJIBKOCTI CITIOCTEPEXKEHD,

SAKIIO NOXHABKU 3ATOBOJBHAIOTH YMOBI KPAMEPA (BHI'IAI{OKI ,B‘ <)
B.B.Bondapes, K.5.Censxos.

Hexaii Ha nosxoMy FimMoBipHOCTHOMY nipoctopi (£2,F,P) € nocninosuicts ( &y, k = 1,2,...)-Re3anexumux,
OHAKOBO PO3MOIINIEHHX BENMUHUH 3 CEPEAHIM HYIIb, nucniepcieio 1 ta nesizomoto dynxuiero posnoainy. Posrm-
HEMO CKAJLPHY npoleilypy aBroperpeccii nepmoro nopsaaky Uy = fUp_; + &, y kil [ - nesinomuii Hesu-
NajKoBHil mapamerp, KOTpHH HeoOXimHO owiHMTH 3a crnocrepexenwimu Uy, k=1,2,...; noyaTkose 3Ha4Y€HHA
Uy =€) B 3arajpHOMY BHMIIANKy TaKOX € BHNAIKOBHM €NEMEHTOM, CTOXACTU4HO HE3aNeXHMM Bl (&,
k=1,2,...). Bysemo BBaxart, molﬁl <.

Hexait f - ouinka napamerpa 3, Mpu yMOBi, O KiIBKICTb CHIOCTEPEXKEHD zopiBaoeE + 1, me € €
JHCKDETHA HEBiA €MHA BHIIAAKOBA BENHYHHA 3 po3noaitoM P { £= k} = pp, M <+00, cToxacTHYHO He3ale-
xHa Bia (&, k= 1,2,...). Jlerko nepexoHaTHcH, 1O ﬂg , OTpHMaHa METOIOM HafiMEHILMX KBAZpaTiB, Ma€ BHA:

E+1
> UpUg-
Be= k=51+1
QU i
k=1
MerToio aasoi poSoth € nobyaosa HepiBHOCTEH 38epXy 1 HAMOBIPHOCTI BIAXMICHHA OLHKH ,Bf BiJi OLIHIOBa-
HOTO apaMeTpy 3a 3pOCTaKOumii piBeHb Ana pisHuX po3noainis & . Ha ocHOBI kX HEPiBHOCTEH JErKO OTPHMYBa-
TH NOBipuMii iHTepBan A [ 3 Hanepes 3aJaHO0 HANiHHICTIO HAKPHUTTA.
H™ ?m!
2
m=2(0e H desxa gidoma cmana); eidoma anpiopra oyinka napamempy B, mobmo3A : Iﬂl <A<, mo-

Teopema: nexaii sunadkosi noxubku (&, k = 1,2,...) maxi, woMe, =0, Deg =1, M‘&‘k‘m <

’

JdiIVR>0, Ve:0<e< («/3 -1 ) BUKOHYEMBCA HepiaHicmb
'3

P{M‘ﬂg —ﬂl>R} < Ze_tM(e_tf +2 M[exp - +(M§+1)exp{—z\/m} +

L 2J1_ll_§(\/5+1)

¢
2 2 ME+ ]
+2¢° ciM| exp ——Rf——-——— +exp —Rez —S-E:—— ,
(V2+1)me \ Mz ‘
2
Y —~1 2 2
de z= 5—| 0.81+ , t= 5 2- 5 ,C] =2expy ———————*
§H I—A? 48H (\/_2——1) 4
3ayBaxeHHs 1: Hajasi BBaXKaTHMEMO, 0 Z < ] .
2
M
3ayBaxenns 2: R ubupaiMo tax, 1106 R(M§) —> +0, M & — +o0; ( 55) —>O0ME— 4.
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3aysaxennd 3: TAKMM YMHOM, JOCHIDKEHHA NOBETIHKH HMOBIPHOCTI BIIX/WICHHS 3BOJUTHCE 10 BUBYCHHS [10BE-
Jinky BUpoOHu4oi QYHKII y BKa3aHHX 3HAYEHHAX.

EOBCQCH}MZ

P{Mi& -ﬁ|>R}=§k;P{\[A72 | B —,B|>R}pk=§P{\/m | B -p|> R\/‘/Af.;f; Y pi-

_ Rk+1 21
3rigno [1 umaemo, mo P{JM - R} <2 - -1
rigso [1] orpumaenmo, uy {\] f‘ﬂf ,5\> } Ekzexp{ ( hiE JE ka+
Vi- A2

2 -1
1 £ )
+2) exps—(k+1) 2- prpt+2 k+I Yexps —Vk+ 1 ———] 0.8] + e Py’
Z 48H2{ (\/3—1)2} * ; 8H* [ (k+1)(1—A2)} ¢

2
' 2
PosrnaneMo npyruit fonasok. Hexait ¢ = 1 ( 2- d 5 J , TOal Zexp{—(k +1 )t} D= e'M (e_t )5 .
1)

48H2L (vZ- p

Tenep posriaHeMo TPeTiH JOOaHOK

/ 2
> (k+1)expd—k+1 (19 A 081+ ! e < Y (k+Dexp{-zk+1} py,
k

1=A2f 1 “1. . G ] ey
Ae z= 8 [ +\/;-—} ’;(]H- )exp{—Z k+1}pk—2(k+l)exp{—z k+1}p"+

k=0

. Me] .
+ Z (k+1)exp{—z k+1 } Z k+1)exp{—zﬁ}pk+
k=[ME}+1 k=0

) M

(M¢
+exp{—z\/M§+2} > (k+)pg < > (k+1)axp{—z\/7c—+—1-}pk+ (M§+1)exp{—-z,/M§+2}.

k=[M¢&)+1 k=0
3ay§ax<nmo, o exp{—z\/k +1 } =

< exp|-2(VET T ~VE+2)~2(VEF 2 I3 ) ..~ 2 JE+ [ME] =] - [l +[ME] - i [ME] <

*“xp{zx/ku e ---+W‘W]S
Sexp{z,/k+[M§]—1—z«/l;—z,fkwh[Mf]}Sexp{~z(mf\/'54—§‘)}=exp{—Jk+MI;z+JM—§}S

o } k+1 dx <k+1 dx

exp{—m—) OCKilIbKH I 2Jk+1 j 2\/;.

TakuM YMHOM,
-1

> (k+1)expd—Jk+1 0.81+ | bpes<
p | 8H? J(k+1)(I—A2) _,
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\k

o] ,
< k+1) ex ME+1)expi—zJME+ 2} <
kg()( ) e JME(Vz +1) J prr (e hen! ?

' 4
Sc[erexp{ ZJA_JEE\/—Z_-FI)H + (Mcf+1)exp{— \/M§+2},

2k z? (2-22)
ockineku k + 1 < c; exp 1, AeC] = 2exp{ —————= 1

.Z\/_Mz«f(«/?+ 1) 4

Tenep nepeilneMo A0 NEPILOro JOJAHKY

I 2
zk:exp{—[R‘/%l —Ijsz}pk = egzzk:exp{——%wi_—g k+l}pk <

9
& R _pe? [ME+
<e M{exp{ ———_Mf(JZ_+I)H +exp{ Re ME }

JloBeneHHs TEOPEMH 3aBEPHICHO.
Po3rnsHeMo KiibKa NPHKIAJIB.

Hpuxnan 1: Hexait & mae posnoain Ilyaccona 3 nmapamerpom A . M & = 4 — +00,4 — +00, BupoGHHUA PyHK-
uis p(x)=exp{A(x—1)}. Toni

u(er) - exp{z(exp{—r}—z)},M[exp{ e m)ﬂé i axp{z[exp{-m—(;ﬂ}ﬁ]}s

= 2 2 { 20 }
<ex - + - = exp{ —————— reXPy ————— ¢,
VA AW sazey ey || 22+

Re? i Re? Re? R’e?
Mjexp ——A—l—f(—\/}:—l—) = exp{A| exp —m -1 Sexp{—\l§+l}exp m .

INpuxnan 2: ['eoMmeTpUyBHHA PO3NORLI 3 IAPaMETPOM P .

Mgzl_;fll»m,péo,P(x)szlei';)_x'M(eht)éer_i?—);’
s
e ZJL“—PZ(JM) ‘ T
> 1“(1_‘”)“1){—2 lﬁp(ﬁ”)}
< . T

Zp ?

o i Z\|DP + I+—“——r‘z——— _ii__p'—'
D ) ey sy )
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2
M| exp ___._Ef____ = p

] <
_;?_(J?“) 1—(1—P)""P{ 1~;82p }

Re? Rsp

i e B Re’p N Ree’p 1+
- p){l (1-p)(N2+1) " 3(1-p) (\/5+1)2] Vi1 50 P2 +1)

Hpuknag 3: Bin’eMuuit GiHoMianbHUA PO3NOALT 3 TAPAMETPAMHA P, F .

M'§=r—({—;——p—)—-)+oo,p—>0,p(x)=[——£———} X

I-(1-p)x
1Yo _ p r
M(e ) = 1-(1-p)e”* ’
g
. I )
M| exp-< S[ ] N
2\[5%32(&+1) I+ P J— z\/l—;
$r(VZ +1) Wr(V2+1)
s
Re? < 1 ’
e r(1~P)(JE+z) E R Rep .
p

r(N2+1) 52 (I—p)(\/iu)z

[puknag 4: 6inoMiansHui PO3NOALN 3 IapaMeTpaMu p, 1 .

Mé:np—>+oo,n—-)+oo,p(x)=(1+p(x~1))".

m(e) - (1+p(e —1))'; <exp{-np(1-¢7)}, ”
] i |

UL () (i) T e
w”{eaw;z)?}”"{ z(yff)}‘
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2 ¢ ( 2
M| expl— Re Re

2 2.4
———— | =| ]+ p| exp{——r—=—cir=1|| <exp Re }exp Re
np(\/Eu)) np(\/E+1) J2+1 2np(\/5+1)2

[puxnayg 5: norapudmivaui po3noail 3 1apaMeTpoM p .

I-p 1
ME=—~——"> , 0, =—n{l1~{1- .
& pinp-—>+oo pP—> p(x) Inp n( ( p)x)

M(e—t )6 = %ln(!—(l—p)e—t)s ﬁ(p—l)ent ,

np
( 4
M| expi— IZ A S%ln exp{~(1—-p)exp IZ =
)| 2 2L (42)
panp pnp
4
_ __ 2 _ 2
_P Iexp z\/ pinp M| exp IR{-: Y Iexp Re“plnp
Inp 2J1-p(N2 +1) pl— (v2+1) Inp (p-1)(V2+1)
pinp
PE3IOME

PaccMatprBaeTca cxeMa aproperpeccan U/ k= pU k-1t € (k=1,..,n), tae B- Hew3BeCTHBIA ¥ HecCHyvaHHbIl M-

paMeTp, €,- HE3aBHCHMBIE , OMHHAKOBO PACNpEAc/CHHble crydaiiHble 31€MEHThl CO CPEXHHM HY/b, RUCTIEpCHEH | H HeH3-
BecTHOM (yHKmue# pacnperenenus. KomryecTso HabmoneHnit ABNseTCS MHCKPETHOH ciydaitnoii Bemrumnol. HMccnenosa-

JIOCH TIOBEJICHUE BEPOSTHOCTH BBIXOZA BETHUMHBI J ME | B e — B | 3a pacTymuii yposens npu M & — 400,

SUMMARY

Let Uy = Uy _; + &, (k=1,..,n) are n observations of autoregressive scheme, where § is unknown nonrandom pa-

rameter and g, are independent identically distributed random variables with zero mean, variance 1 and unknown distribu-
tion function. Quantity of observations is discreet random variable. It’s researching behavior for the exit’s probability

JME |ﬁ§ —ﬂ‘ from increasing level if. M & — +o0.

CIIHUCOK JIITEPATYPH

1. Bonnapes B.B. Hepisnicts C.H. Bepuinreitna 115 oUiKA napaMerpy asToperpeccii nepmoro nopsuxy. — Teopis #mosip-
HOCTeH Ta MaTEMAaTHYHa CTaTHCTHKA. — 1996. — Bun.55. — C.13-19.

Haoitiwina do pedaxyii 03.03.2003 p.
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VIIK 519.21

IKCIIOHEHIIUANBHBIE ITOJISI MAPTHUHT AIBHOTI'O TUHA 1 3AMEHA MEPDB!

T K Ilypko*, H.JILIypxo
Honbacckas 20cydapcmeennas akadeMus CmpoumensCmea u apxumexmypsl, 2. Maxeesxa

Iycrs {2,F,P} — HekoTOpoe BEPOATHOCTHOE NPOCTPAHCTBO C MOTOKOM G-anrebpi F,,z € R2 KOTO-
Y PyLz + (>

phle HelpepsiBHbL CIpaBa U [y CONEPKUT Bee Hy/EBbIE IOAMHOXKECTBA F.
Paccmorpum cnyuaiiHoe fione BHA:

xy

E(z)=| [(a(s,t)dsdﬁﬂ(s,t)w(ds,dt)+ | x//(s,tﬁ)ﬁ(ds,dl,d(?)], (0
00 o

e W(z ) — BUHEPOBCKOE NOJIE B R? , ¥ (.) - nenTpupoBanHas myacconosckas Mepa Ha (6,G )x( Dy x B D, )

¢ xomnencatopom m( d8 )dsdt .
[Mycte dynxuwu a('z ), f(z ),y (2,6 ) yaopnersopsior ycaoBuo

2 2
la(z) +|B(2 ) +l(z0) <C, @
VzeDy, 6@ ;m(® ) <0 ; (3nech C — HEKOTOPast IOCTOSHHAS).

Onpenenenne. lone £(z) Ha30BeM 3KCIOHEHUUATHHBIM [10JJEM MAPTHHIaNbHOTO THIIA, E€CIH
’
M{eé[z’z ]/Fz} =1Vz,z'eDy,z<z".
Teopema. Ilycts none £(z) onpeneneno paseHcTsoM (1) U BHINONHEHb! YCI0BHA (2) H yCAOBHE
w(z,0
a(z):—%ﬁ(z)~ [le ( )—I—W(zﬂ) (dH). 3)
e

Torna none £ (z) ABnseTCA IKCIOHEHUHANLHEIM [OJEM MAPTHHIAILHOTO THIIA.

Tokasatenncrso. IIpnmenss dopmyny Hro u3 [1] k dynxmm f(g) = €8 | nonyunm:

p(z)= e‘f(z) =]+ ?%{Z(du,dvﬁﬂ)ﬂ(du,dv) , “
00 00

re A( du,dv )=e5 (4D 4(du,dv )=e>(“P) ([ a(u,v )dudv+§ B2 (u,v )du+

' ({) [e'/’ (w.v.6) _>14;,/(u,v,e))m(d9)dudv+

+Zj§a(s,v)ds z[a(u,t)+é_ 5?2 (wt)+ | (e‘/’(u,t,g) _I—!//(u,t,ﬁ)}m(d 9))dtﬂx

e

u u ’ '
xdudv+3 1 £ (5[ | afuipr L 2w I [e‘/’ W46) _ -y (1,6))m(d6))dt Jdudv +

+’f | [ eW(S,v,g) ~1- !//(s,v,B))m(d@)ds[‘j)(a(u,t)hé— i (ut)+
00 0

+] e!//(u,t,é’) -1 —w(u,t,&))m(d&))dt]dudv;
e

12 ©llypxo I K., lilypko H.JL.
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M (du,dv)= eg(u’v)M (dudv)= eg(u,v) [Z ﬂ(s,v)[g(a(u,tﬁ

+—§ﬂ2 (u,t) +é(ey/(u’t’9) —1—w(u,t,0))m(d9))dt] w(ds,dv)du +

0 )
+lf (afsy )+_§. B2 (s ))ds}) [ (¥ (41.0)_1 )50 du dt 46 )dv+
0

+le(a(s,v)+éﬂ2(s,v)+ i (eW(S:Vﬂ) _]—l//(s,v,H))m(dH))dsx Z,B(u,t)w(du,dt)dv+

0@
11 (X700 _ 1350 ds dv.d0) [ (aut )+ 52 (ut ardu+
00 0 2

U 1%
+f [w(sv.0)5(ds,dvdd)] [ (¥ 0 _1im(d6 )drdu +
06 00

U v
] (e‘/’ ( S’v’g)—l)m(dﬁ )ds | [ y(u,t,0)3(du,dt,do dv+
06 06

u v u 1%
+ Blsvw(ds,dv)] [ (¥(410) _1)scdu,de,d)+ | [ (¥ (5V0) _1)5(ds,dv,d6)[( Blut w(dt,du)+
0 06 06 0

U v ]
+f §w(s.v.0)5(ds,dv.d0)] [ (¥ “H0) 1)t du,di,do)+
06 06

u v
[ 1(e¥(5V0) _1)ids,dv,d6)[ | w(u.r.0)v(du,d1,d6 )+
00 06

u v
+B(wviw(du,dv)+ | (B9 1)t dudvd@)+ [ B(sw)wids.dv)] Blutw(dudt).
e 0 0
Hanee nerko Buzers, yto npu 3amene B (4) ef(z) Ha e"r[z ,z], Z'ze Dy, z' <z, paeHctBO Gyner

HMECTb BHI:

&f[Z',Z]_ Xy _ Xy _
e =1+ [ [ A(du,dv)+| [ M(dudv).
xl yl x’ yl
Basp 0T 06eHX YacTell NOCHEHEro PABEHCTBA YCIOBHOE MATEMATHYECKOE OXKHIAHHE OTHOCHTENBHO O -
anre6pst F, u yuta yci0BuA Teopembl H B 1o £( Z ), HOMYSHM, 4TO TEOPEMA ROKa3aHa.

3AMEYAHHME. Tpu Beinonnenyy yenosui (2) u (3) none p(z) = e§(z) AMEET BUJ

xy xy
p(z)=e5(7) exp{ [ B(st)w(ds.dt)+[ | | w(s.1,0)5(ds,dt.d6)-

00 006 |
—zjf;( é/f’z (s.t)dsdt+ [ (& (580) 1y (5.1.0))m(d6 ))dsdt} : . 5)
4 YIOBJIIETBOPSET ypaan@eumo: ' -
Pz )=1+:fjip(s,t )M j(ds.dt), | R ©6)

Iypxo I'.K., Illypko UJI. - 13
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rae none M ;(z) umeer Bu:

y
M(z) =M1(x»y)=)fcf?(a(S,V)+%,B2(s,v))ds}) [ (¥ (470) )

000 00
x(du,dt,d )dv + ﬁlf [ (¥(5V0)_1)50ds,dv,do )Y (a(ut)+
0000 0
y
+= ﬂz(u t))dtdu+fjlfjw(sve)v(ds v, de)j(eV’(““;’) —1)x
0000 0
xm(d )dtdu+)jc 1T 1 (570D _1ymiag)ds] | w(u.t,0)5(dudt.dd)v+
0000 06
+JIC}I)LI‘/5( s,vw( ds,dv)Y f( Y (vit8) ~1)9(du,dt,d6 )+
000 00
Hj [ (¥ V80) _ 1) du,dt de)j'ﬂ(u £ w(du,dt )+
0000
+ﬂf [w( s,vﬂ)ﬁ(ds,du,dﬂ)f [ (Y0 1 )scdu,dr,d6)+
0000 00
xyu 1,0 v
A T1 100 1)sds,dv,d6)] | w(u,t,6)9(du,dt.do)+
0006 00
Yy
+f}f)ﬂ(u.v)w( du,dv)+JIc [ 1(Y(v0) _ )5 du,dv,d6)+
00 000
xyu Y
+[ [ [ B(s,v)w(ds,dv)[ B(u,t )w(du,dt). )
000 0

Kpome MCXOAHOTO BEPOSATHOCTHOIO NPOCTPAHCTBA {.Q,F ,P}‘ PAcCMOTPHM €Ile OJHO BEPOATHOCTHOE NPOCTPaH-

CTBO {.Q,F , P} , The juia F,— H3MEepHMOi ReanyuHb £

[&(@)P(do)=[&(0)p(0)P(d).

P*(.) — BeposaTHOCTHAA Mepa, TK. M p(z) =1 Vz e Dy.
TMone n*(z),6yaeT noneM MapTHHTANLHOTO TUNA, T.6. OyAeT YAOBNETBOPATS YCIOBHIO
Mﬂ*(z 2] =0Vz,z' € Dp,z< Z,

Ha BEPOSATHOCTHOM NPOCTPAHCTBE {Q F P} OTHOCHTEJIBHO I[IOTOKa {F } TOrJa ¥ TOJbKO TOrza, Koraa

n*(z)p(z) Gymer noneM MapTHHIANBHOTO THIA Ha{.Q,F ,P} , T.K. Jyia BCakoi F, — w3Mepumoit orpaHu-
yeHHoOH cryyaitHol Benmamuub & mpuz’ >z,
M*n*(z,275=0
TOTZIa ¥ TONBKO TOrAa, KOraa
M(n*p)(z.2']E=0

TIpeanonoxum, uto none 77 *(z) npeacrasumo B BHzE:

xy xy xy
n*(z)=[[a*(st)dsdt+[ | B*(st)w(dsdt)+ || | o(st.6)%(dsdtd6) ®
00 00 000

Bocnons3osasuiuck hopMynoi MTo 1s npoussejeHUs ABYX IOJIEH, MOXKEM 3aIIHCATh:

14 Hlypko I' K., Illypko W.JL
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xy xy
p(z)n*(z)=[[p(s.t)n*(ds,dt)+ [ [n*(st)p(dsdt)
00 00

+]] plds,ye(s,deye] | pl.diye(ds,ty+
00 00

r xy , xy
+Hp.*¥|(z)+ [ | p(ds.dt )n*(dsit )+ | [ n*(ds.dt)p(ds.t)+
00 00

Xy xy
1T p(ds.dt)n*(s,dt)+ [ | p(s.dtyn*(ds.dt) ©)
00 00
3necy [ p,n*](z) - coBMecTHas KBajpaTHyecKasn rapuanus noneit p(z) un*(z), nonumaeMas Kak npeznen
0 BEPOATHOCTH CYMM
2 A2k 2y e 1 (Zigo 2 e 1 -
1
Yunteisas 5T0T $axT, a Tawke BU/ os M ;('Z ) , HECIOKHO NONYUHTb, 4TO:

xy xy
[pm*1(2) =1 pls)B(s)B*(s.t)(ds.dt) +] T | p(s.i)(¥ (549 -1)g(5,,6 )m(d6 )dsat.
00 00@
Torna

xy xy
pz)n*(z)=[ | p(st)a*(st)dsdt+ | | p(s,t)(B*(s.t)w(ds,dt)+
00 00

+ o(s,1,6)9(ds,dt.d6)) + ﬂn*(s,z )p(s.t )M j(ds,dt )+
e 00

xyt v
+J }} [ p(s,v)Mj(ds,dv)|(a*(uzt)dvdt+B*(ut )w(du,dt)+
000 0
xXyv
+ [ o(ut,0)v(du,dt,d6))+ | | | p(ut)M(du,dt)x
@ 000

x}(a*(s,v)dsdv+ﬂ*(s,v)w(ds,dv)+ [ o(s,v,8)v(ds,dv,db))+ )fc})p(s,t)ﬂ(s,t)ﬂ*(s,t)dsdt +
0 2 00

+ﬂ) [ p(s.t)( Y(s10)_ )o(5,,0)m(d8 )dsdt +
000

+ﬂi(a‘(s.v)dsdv+ﬂ*(s,v)w(ds,dv )+ [ @(s.v.0)%(ds,dv,d6))x
000 )

y
xp(s,t)Ml(ds,dt)+J]c [ (a®(s.t)dsdt+p*(s,t)w(ds,dt)+
00

t
+ [ @(s,t,0)5(ds,dt,d6))[ p(sv)M(ds,dv)+
) 0

+)ICJ])?‘(a*(u,t)dudt+ﬂ*(u,t)w(du,dt) + [ o(u,t,0)v(du,dt,db))x
000 e

Ilypxo I' K., Ilypko H.JL 15
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x P, )M, (ds, ey + [ (s, st + (s, ds,de) +
00

s
[ @(s,t,@)v(ds,dt,d8))f p(ut)M(dudt). (10)
o 0
Jerko BHAETh, uto none P(z)-N*(z) Gyner noxeM MapTHHIANBHOrO THIIA, ECIIH:
a*(s,;t)+p(s,t) - B*(st)+ | (a'//(s’t’e)—I)(o(s,t,@)m(d&)=0 . (11)
(2]

Taxum 06pa3oM, 4TOOB MABPTHHIAILHOE NONIE

Xy Xy
n(z)=| [ p*(st)w(dsdt)+ [ [ [ o(s,t,0)v(ds,dtdb),

00 000
3a1aHHOE Ha BEPOATHOCTHOM mpoctpanctse {{2,F, P} , IPEBPATHThL B II0J€ MAPTHHIAIBHOIO THIA HA BEPOSAT-
xy
HOCTHOM NPOCTPaHCTBE {.Q F.pP *} AOCTaTOuHO K HeMy npubasuts none | | a *('s,t )dsdt,rne a*(z) ynos-
00

neTsopsier paBencTsy (11).
PE3IOME
B po6oti HaBeAeHi YMOBH, TIPH SKHX IIOJIA IEBHOTO BUTIIANY € eKCIIOHEHIAILHEMHY TOJIAMH MApTHHRTATBHOTO THITY.

SUMMARY

The paper contains conditions, when special fields are exponentional martingale fields.
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YK 519.4
CTPOEHHE CBOBOJHBIX YMHOXEHHUH HA JIOKAJIBHO KOHEYHBIX
MHOT'OOBPASHAX I'PYIIIT
B.B.Jlumarckui

1. Beegenne. B npepenax moGoro MuorooGpasus rpymn 3 omnpezesnena csobogHas onepauus (cM. [2]).

o~

Ecin G u H — rpynnsi w33, 10 ux I — cBoboanoe ymuoxenne G('J JH conapaer ¢ HauGonsiei rpyn-

no# MHOroo6pasus 3, conepxaweii G u H B xauectse noarpynn ¥ nopoxjaeMoil umu. KOHCTpyKTHBHOE
onucanne G(J)H wnasecTHO NMIIE [UIA HEKOTOPBIX MHOrOOGpasHit: 11 MHOroo6pasus KOMMYTATHBHBIX FPYIL
— mpAMOe MpOH3BEJeHHe, s MHOrooGpa3ns BcexX Ipymn — CBOOOAHOE NMPOM3BENEHHUE, 11 MHOrooOpasud
HWIBIOTEHTHBIX Kiacca 2 rpynn — omucapue naHo O. H. TonosunniM B pabote [1]. B pabore [3] A. FO. Ons-
IIAHCKHM Jas ONKCAHHe CBOGOAHOTO YMHOKEHMA B IPOU3BEACHHH JABYX KOMMYTaTHBHBEIX MHOrooOpasuii ¢ B3a-
MMHO NPOCTBIMM 3KCIOHEHTaMH. B pabore aBtopa [5] pesyastar A. 10. Onbianckoro 6bi1 pacpoCcTpaHeH Ha
NOAMHOro0Gpa3fs TPOH3BENEHHS KOMMYTATHBHOTO M HMWIBHOTEHTHOIO MHOrOOOpasHii ¢ B3aHMMHO IPOCTHIMM
JKcrioHeHTaMH. B HacTosiei paboTe JaHO mOCTpoeHHe cBOOOAHOTO YMHOXKEHUA UM NOAMHOT006pasuit pous-
BEelEHHA IBYX JIOKANbHO HUIBIIOTEHTHEIX H JIOKANhHO KOHEYHBIX MHOrooOpasuii ¢ B3aMMHO NPOCTBIMH 3KCHO-
HCHTaMH.

Hinke npuBeieHH HEKOTOPbIE ONpeaeneHus, 0603HaYeHus U PE3YNLTaThi, HCIONb3yeMbIe B paGore.
1.1. Ecom 3 — mnpumutuBHbl knacc anrebpawveckux cuctem, G,H ’Ga €3, ael, 10 yepes

G(3)H wnnu H (3)G, Gyner, kak npasmio, 0603Ha4aTECA CBOGOAHOE B MpeMieax I npoussenenue (CM.
ael
2}, 12.1) cuctem G u H unu G, , @ € I . Xoponro H3BeCTHO.

1.2. Yrsepxnenue. Ecu H, — perpakrsi rpynmnG,, a €l wu3 MEOroo6pasus 3, TO moarpymma

gp{ H, } rpynnpt H (3)G, , nopoxaennas H , , coBnanaer ¢ H (3)H, (ManbleBOCTh A1 PETPAKIOB).
. ael ael
1.3. Jina maoroo6pasua rpynn 3 u rpynnsl G uepes J(G) Oymer o6o3nadarecs BepOapHad mon-
rpynna rpynnst G , COOTBETCTBYIOWAS J .
U3 onpenenenns sepbansuoro npousseienns rpynn ([4], ri. 1, §8) cniexyer

1.4. Vreepxaenne. Ecru 3 u J; — nsa muoroobpasms rpymn u323;, G =H( 3)G, ,
ael
TOG/SI(G):H(SI)G_O,. 3nece G, -— ecrecteenssie obpasst rpymn G, BG/3;(G), npu-

wemG, =G, /3(G,).

B wactrocty, ecmu G, € I, TO CripaBenMBO

1.5. Cencrsme. G/3;(G)=]](3,)G,-

acl

1.6. Ecou X u V' — rpynnei u X peficTByeT Ha ¥ KaK Ipynia OfneparopoB, TO MOXHO COCTABHTH 110~
nynpamoe npousseaenne X HaV . B paGote ono Oyaer oGosnauatsea uepes XV . Byner npeanonaratses, 410
X u V Bnoxenst 8 XV .

1.7. Yepesa N, Z u C 0603Ha9ar0TCA MHOXECTBA HATYPAIBHBIX, LIEJBIX H KOMIJIEKCHBIX YHCEN COOT-
serctpenno. Yepes Z), 06038a4aeTcs WAKIMYECKas IPyNna nopska K .

2. Ipsamoii o6paz moayaa. Ilycts R; — 10KanmsHO KOHEUHbIE HHIBIIOTEHTHBIE MHOr000pasys Ipymi
okcnoHentsim; i =1, 2. Tlpuaem(my,my)=1. =~ 3 — Takoe MHoOroofpasue  rpymm,  4TO
R, vR, c IS RR, (om. [4], r. 2). B cuny Teopemst Iilypa, KoHeuHbIe rpynms! u3 I — 3TO NOIYNPAMbIC
upoussesenus rpynn u3 R; npu nomomm rpynn u3 R, . [TosroMmy 3aaHue KOHEHHOH TPYNNE 43 J paBHO-
cuneHo 3amanmio rpynist H w3 Ry, rpymmer X n3 R, usiedicreun X wa A . [l moGoii Tako#l rpynnel G
R, — noarpynna H onpenenena 0QHO3HAYHO W COBHamaeT ¢ BepGansoit momrpynmoii Ry(G) (em. [4],
12.21). HosTomy oaHO3Hauen ectecTBenHBlH smuMopbusm 7 - G — X , X € R, . Jlna moboro pacwersonie-
ro snoxenns . X — G orpanuuenne 7 Ha a( X ) Oyner ONHO3HAYHO ONPENENEHHBIM H3OMOPHHU3IMOM,
KOTOpHIA B fanbHeimem 6yneT HCIob30BaThea i otoxkaecTenenus X na(X ).

©Jlumanckuii B.B. _ / 17
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2.1. Paccmotpum knace L(X ) X - oneparopasix rpynn H u3 R; Takux, 4To NOAYHPAMOE NPOH3BE-
nenne XGe 3 . Jrot Kiace OyleT NPUMATHBHEIM KJIaCCOM YHHBEPCAIBHBIX anreOp. [eHCTBHA 31EMEHTOB U3
X wa H paccMaTpuBaioTcs Kak yHapHsle onepauwui. Tabnuua ymHoxenus X , Toxaectsa 3 B rpynne XH u
toxnectsa R; B rpynne H muurepnpernpyiotca xak toxaectsa kiacca L( X ). Tlo apanoruu ¢ KOMMyTaTus-
HBM cityyaeM, rpynnst u3 L( X ) Gyayt nassiBatecs X — monynamu. B wiacce L(X') onpeneneno csoboanoe
ymuoxenne [2, ¢.165). Ecuu G u H - rpymst 13 L(X ), To ux L(X ) — cobGomuoe npoussenenne dyner
0603uavarscs uepes G * H .

Teopema 1. .G*H =F /N 3pece F =G(R; )H ,N =3(XF ). leiicreue X na H wnayuupopano
neiicteuem X #Ha G uH , X —monymu G u H ecrectsenno usomopdnsl perpaktam X —moaymaG*H ,a
X -monyne G*H - ero snamopdHEIi o6pas.

" JlokazarennctBo. Tak xak X € 3, 1o J(XF ) F .Ecm @ u f ects X —romomopdusmer G u H B
X —wmonmyns T w3 L(X ), 1o cymecrsyer X — romomopdusm @ - F — T, npopokarommit & u 3, u cyme-
ctByer romomopdusmy : XF — XT, npopomkaroumii @ u toxpectBenssii HaX . Tak xak XT €33,
10 Ker w c 3(XF ). Nlostomy @ u [ upopomxatorcs pod:F/N —>T . AHanoruuso YCTaHABIMBAETCH,

yro anpa npoekuuii F na G u H comepxar N u, cnenoBatensHo, HHAYUHpYIOT petpakuni F /N ¢ obpas-
amu, ecrecTBesHO H3oMopdusiMa G u H .

Tocnenuss yacts TeopeMst 1 caejtyer u3 Toro, uro X —monyns G * H npunagnexur L( X ).

Teopema 2. Ecnu G — koneunntit X —monyns w3 L(X ) u G=G*...*Gy =H;*...*H; —nBa
€0 PaslIOKEHHs C HEPA3NOXKMMBIMA H HEeHHHYHBIMU COMHOXHTEIAMH, TO k =1 , H nociie BO3MOXHOrO H3Me-
Henus Hymepauun X — monynu G; u H; nsomopdHsL

J0Ka3aTeNLCTRO TEOPEMBI TIOJIHOCTHIO AHAIOTHYHO JJOKA3aTENLCTBY TeopeMbl 1.22 u3 paborst [5].
2.2, Ins rpymnet H w3 L( X ) uepes [H ] 6ymer o6o3nayarscs knace Bcex X — MOAYNEH, u3oMope-

aex H . B cuiy TeopeMbl 2, MHOXECTBO, COCTaBleHHOe U3 KiaccoB [ H | , cooTBeTcTBYyromMX KOHEUHbIM X —
Momynsm, otHocurensro onepauwnd [H; ]+ [H,]=[H;*H,] ssmerca cBo6onHOR KOMMYTaTHBHOH HoO-

JTYrpynnoi, ceo6ofHLMA 00pasylonMMH KOTOpOii GyayT Kiaccel Hepasnoxumsix X —moxyneil. [aHHas mnory-
IPYINa CTAHJAPTHO BKIANBIBACTCA B CBOOOAHYIO KOMMYTATHBHYIO IPYIilly ¢ TOH Xe cucTeMOR CBOOOIHBIX 00-
pasyomux. Ota rpymna Gyzer oboswauarscs uepes[L(X )]. Ee sneMeHTH MOXHO 3alMCHIBATL B BH-

ne[H;]—[H,];3necs H;— xoneunsie X —monynu us L( X ) .

Ecmn f : X Y — romomopdusm rpynn u3R,,a W —aro Y —monyns, To W — taioke X —Monynb
OTHOCHTENIBHO AeHCTBHA XW = f (X)W .

Yreepxnenne 1. Ecm Y —monyne W —u3 L(Y ), to X —monyns W —mL(X ).

Joxasatenscrso. IlomynpsMoe npomssegenune XW wu3soMopdHO MOArpynme MNpAMOrO NpPOH3BEAE-
aus X x (YW ), nopoxnennoit snemenramu upa(x, f(x)), x € X wu noarpynnoit W .

‘ 2.3. PaccmaTpuBaeMas HIKE KOHCTPYKIMA @HAJOrH4YHA KOHCTPYKLMHY HHAYUHPOBAHHOIO NPEACTABIICHHMA.
Hycts f: X —>Y — romomopdusm rpymn u3R,, a2 ¥V — 310 X —monyns u3 L( X ). Yepes Iy 6ynet obo-
3HayaTsca Takol ¥ — momynb u3 L(Y ), uto 3anan romoMopbusm X -moayneit J9:v - TV u sumonusercs
YHHBEPCAIBHOE CBOKCTBO:

- JIna mo6020Y —modyna W us L(Y ) u mobozo zomomoppuzma X —-modyneis f:V =W cywecmeyem
eduncmeennoill 20momopgusm Y —modynei S Q: fv W, maxoii umo o=( / o) /g ).

" Vreepxaenne 2. Ecm Y —monyne H u3 L(Y ) uromomoppusm X — monyneit A:V — H ynosne-
TBOPAIOT YCIOBHIO H3 2.3, TO CYINECTBYET TaKOH OJHO3HAYHO ONpENENECHHHIH H30MOphH3M Y - wmony-
He#t i SvosH , 9ro uf fo )=A. To ecTs yHHBEpPCAIBHOE CBOWCTBO rapaHTHPYET OAHO3HAMHOCTH C TOYHO-
CTBIO 10 ECTECTBEHHAIX H30MOPGH3IMOB Ty

Beeniennsie B 2.3 Moayns Ty 7 romomopdu3M fo obnanator pyHKTOpHANBEHEIMH cBoHcTBaMu. IlycTs
f:X—>Y u g:Y—>Z —romomopdusms: koneunsix rpynn 3R, Ve L(X ).
YrBepxaenne 3. Ecnu Ty u g( Ty ) onpexenensl, TO &gy onpeneieH n&v = &( fy ). Tlpnuem
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&g g(fe).

Hokazarensctso. Hyete W e L(Z ) n ¢ :V > W — X -romomopdusm. Beuny 2.3, cymectsytor ¥ -
romoMopduzM f@ cIvowa z - roMoMopdu3M g(fgo) : g(fV)—->W;, TaKHE YTO f¢f0=q0,
g(f(o)(g9)= f¢. Iozromy g(fQ)(gﬁ)(fé’):(o. Ecnu wmaitgerca eme onun Z — roMoMopbusm

w:g(fV) =W, s xoroporol( g9){f9)=¢), 10 npuMenenne 2.3 x w(%6) nokassraer, uTo
w(80)= fq) . Orcrona ousts, BBUAY 2.3, ¥ = g(fga).

2.4. Tak kak moGoit romomopbuzm f: X —Y MOKHO Pa3snOXHMTP B KOMIO3HUHMIO BIOKEHHA
i X >X(R,)Y, i(x)=(x,1) nsmmopdmsma 7:X(R,)Y =»Y; n(x)=f(x), n(y)=y, xeX,

TO U4 NOCTpoeHus Y - monyned Buaa TV nocratouno HAY4YHTHCS CTPOMTD TaKHE MOJYIH B Cilydae, koraa [
— BOXEHHE HIH 3NUMOPH3M.
Yreepxaensne 4. [lycrs f - X — Y - snumopdusm koneunsix rpymn usR,, a X —monym V' - m3

L(X). Toraa TV =V/N; specs N - HOPMallbHBIi JenuTeNb ¥, HOPOXIEHHBIH 3JIEMEHTaMH BHA
—1 " .
(xov)v', xeKer f, veV . JleiictBue snementa y u3 Y Ha cMexHslii kiacc VN 13 Ty onpeaenseTcs

npasuwiom yo(vN )=(xoy )N , roe f(x)=y. Tomomopduim /9 cosuanaer ¢ ectecTsenmbM snuMOpPu3-
MoM V Ha V/N.
2.5. Tycts i: X — Z - noxeHne Koneunsix rpynn u3R,, V' - koneunstii X - moxyms i3 L(X ), Y -

CHCTEMa MpecTaBUTenei NeBEIX cMexnbIx Kiaccos Z moi(X ), V2, yeY - ero usomopdusie konuu, npu-

yeM U1 nementa v €V uepes v oGosnauen o6pas v npu usomopdusme V watV Iy oroxmectsnencV . .

Nycrs F = H(‘Rl)(yV). Heiicteue Z nma F Oyper ompejeneHo [0 TPaBuy: (yx)O(y'v)= y"(x’ov) .
ye¥

3neck ¥,y y" €Y ;x,x'€ X ; yxy'=x"y" . OrnocurensHo 3roro aeficrena F' G6yner Z — mogynem. [loarpynmna

P = 3( ZF ) nonynpsamoro npouspeaenus ZF nexur B F' u smisercs HopMansubiM Z — noamMozyneM. [Toatomy

F/P 6ynerZ - momynem m3L(Z). Tax xax sapo snuMopdusma F —V | mponomxaromero nsomopous-

mei YV =V , conepxut P, 10 V7 uzomopdro snoxensi 8 F' / P . Bynem ofosnavars F /P uepes v,

Teopema 3. yZ=y 0.V 'V coBmanaer ¢ BnoXenueM
Joxasarenbcrso. Ilycts W—310 Z —Monyns, a @ 'V —> W -310 X - romoMopdusm. Orobpasxenus

Yv— yo(@v) npopomxatotcs 10 Z - romomopdusma F —> W | anpo koroporo conepxur P u KoTopsii mo-
3TOMY otpejenser Z - roMoMopdu3M iq) VEiosw , YAOBJIETBOPAIOLUIMIA yCIOBHIO ( i¢7 W ‘o ) =@ . Eciu
1725 VZ W -ewe ommn Z - romomopbusM ¢ yenosueM i ( i(o )=@, 10

w(v)=y(yov)=yo(yv)=y(w('0)v)= yolgv)="p(*v) . Tosromy ‘p=y .
Cnencreue. Jlna mo6oro X — monyns V us L(X ) u mo6oro romomoppusma f : X — Y KoHEYHBIX

rpynn u3 ‘R, onpenenen ¥ — moaynb v u roMoMopu3M fo.vTy.
3. CTpoenue cBOGOIHBIX YMHOKEHHH KOHEYHBIX Ipynn u3 J .
Teopema 4. Ecu V) u V; — X — monyma wsL(X ), a f:X —>Y —— roMoMOpdH3M KOHEUHEIX

rpymnws Ry, 10 £(Vy*Vp)=(TV)*(/v;).
Hoxasarenscrso. Ecnu W e L(Y ),a @ :V; *V; > W — X — romomopdusm, T0 f Q: f @ * f @, THE

@; — orpannvenue @ HaV;. flcuo, uto ( S ®) f 6, * S/ 6, =@ u uro S @ 3TUMH COOTHOIIEHHAMH ONpeleNeH
ONHO3Ha4YHO.

Caencrsue. Ecm f : X — Y - romomopdusm koneunsix rpynn u3 R, 10 otobpasenne f[V ] =[ fy ]
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npojomkaerca #o romomopdusma rpymnsi [L(X )] 8 rpynny/L(Y)]. B uactHoctu, neiicTeue
flv] =[fV] onpenenser va [ L( X )] cipyxrypy Aut X — monyns.

3.1. Iycts XV w YW — xoHeuHsle nouynpamsie npomssenenui u3 3; X, Y eR,, Vel(X),
WelL(Y). I'pynua F =XV(3)YW ssndercs nonynpsaMbiM IPOM3BEAEHMEM HOPMATGHOM NOATpynnst N M3
R u rpynusy, nsomopdroi Z = X (R, )Y , xotopas tax u 6yner obosnayarsca. Tak kak X u Y — perpaxtst
XV aYW , 10 nomrpymmt G=gp{ X, Y}, H=gp{XV.,Y}, K=gp{ X, YW} rpymum F cosnagawot
cX(3)Y, XV(3)Y, X(J)YW coorsercreenso. Obossaumm R; — noarpyunm rpynnG, H, K ue-
pe3sfX,Y], VZ,WZ.ECHO, yroN, [X,Y], VZ, w? nexars L(Z ).

3.2. Yacrapiii cnyyaid Teopemsl 5 ycrasosned B [3]. Hycte i X > Z u j:Y —>Z — Broxenus
cBOGOIHOTO YMHOKEHHUA.

Teopema 5.VZ =V W2 =Jw N=vZ+«Ww?+[X Y] BL(Z)).

Joka3aTensCTBo. i9:V - VZ - toxnectsennoe Broxenme. Ecnn E € L(Z)we:V—>E —X-ro-
MOMEpOH3M, TO i¢ V: SE — OrpaHHYEHHE HA & romomophusma XV (3 )Y — ZE , nponomxkawouiero
(i,p): XV —>ZE,n . Tak kak vz nopoxpaercs , y €Y, 10 Z — romoMopdusm v S E , IPOJOIDKAI0~
1Hii @, onpesiened ONHO3HAYHO. DTO JOKA3HIBAET, YTO VZ =y . Ananormumo yCTaHaB/AMBAETCA COOTHOLIE~
me W2 = JW . Toxnectsennsie oTo6paxeHus iy , J W, [X,Y] npopomkarorcs A0 3nuMopdusma Z — Mo-
ayneit M = Wox I s [X,Y] —> N. [ina 3aBepmenns J0OKa3aTeNnbCTBA AOCTATOYHO NOCTPOMTE 3MMMOPOH3IM
3THX Monyineii, AefiCTByIomi B 06paTHOM HanpasneHHH. PaccMoTpum noarpyniy L momynpsmoro npoussepe-
mmZ(iV* JW*[X,Y]), nopoxaennyio X , Y u[X,Y] . Oua cosuanaer c X'(3)Y'. 3nece X' u¥'—
noarpynnsi L , usomopduste X uY , npuueM nzomopdusms Toxaectentst no Monymo [ X,Y ] . Tak xak L
— KOHEYHas paspeluuMas Ipymma, TO K Hel npumeHuMHl Teopemnl @. Xomna ([6], Teopema 9.3.1). [Topanok
noarpynnst X (R, )Y u ee nnnexc B L B3aumuo npoctsy, a nopsgok Y’ aenur| Z |; nosroMy Haiinercs BHyT-

peHHumit asTomoppmsma L > L, a l=g_11g,TaK0ﬁqToa(Y9gZ .Takkak L=Z[X,Y],a Z wawno-
TEHTHa, TO MOXHO BrGparte g u3 [ X,Y ] .Hosromya(Y')=Y .Nyctea(X')=X".Orcroma L=X"(J)Y .

AHAIIOrU4HO NOKA3bIBACTCA CyliecTBOBaHue sneMenta A€ [ X,Y ], Takoro uto ixn=x".
PaccMoTpuM BHYTpeHHU# asToMOpdusm () = Bl rpymnst ZN . Takkak i t€ M |

B(t)=t(mod [M,M]),M wansnorentsan M = gp{'V,'W,[X,Y])}, 10 M =gp{ B(*V),’W.[X.Y])}.
Ilycts romomopdmsm v - XV (3 )YW — ZM mnponomkaer nsomopdusmet XV — X" B(V ) n
id : YW — YW . Tax xax obpas ¥ comepaur X", Y, ﬁ(iV), [X"Y]=[X)]Y], jW,TO Y - 3numop-

du3M. 10 3aBepLIACT JOKAZATENLCTBO TEOPEMSL.
4. Boiuncinenne rpynnst [ X,Y ] .

Yrsepxaenne 5. Ecnu V -xoneunstit X -monyns u3 L{ X ) teV u VxeX:xot=timod [V.V]),
to IseV, s=tmod [V,V]), takoituroVxe X :xos=35.
Hoxasatentctso. JIonycTuM, 9T0 Hal{/leH SneMeHT s'eV, s'=t(mod [V,V]},akoiiuro Vxe X,

q
xos'=s"(mod yi(V )) . Tycms s"cz(n Xo s'] . 3neck g -TaKoe HATYPAIbHOE YHCIIO, YTO
- xeX .
| X'|g=1(modm;).Torna s"=s="t(mod [V.,V]) n,Vx'e X :x'os"=s"(mod [y(V ),yx(V)]).
TIpAMeHNB HECKONIBKO Pa3, HauMHasi ¢ S’ = !, OIUCanHOe Npeolpasoanye, NOTYYHM sneMent s . 3neck ¥y (V)
— k — bii WieH HIKHETO UEHTPaNBHOTrO psmaV . '
Koncrpymmx rpymst [ X,Y] Gyner nonyuena wis ciydas, koraa R 2 KOMMYTaTHBHO.
Teopema 6. (Xmez HI)NY % ml):(XxYx m; )(J)Zml .3necs X,Y ~— xoHeusnie rpynns

20 JIumanckuii B.B.



BICHMK JOHEIBKOI'O YHIBEPCUTETY, Cep. A: llpuponnnd4i nayxu, 2003, sun. 1

u R,.

JokasatensctBo. Cayuaii 3=R;Ry u R; — xommymamuenoe (cm. [31). Ilycts a,b,c,d — obpa-
sylouwe rpynn Zy, 13 GopMy/IHpOBKH TEOPEMBI P NEPEHHCIICHHH ClieBa HANPaBo. Misomopgusm ¢ onpene-
naercs bopmynamu

o )=[1a7, ov*)=c[]a?, o(s®)=a”(a* )2’ )"a.
xeX yeY

3necs p? =47 pg; ¥ =[x.y], xeX, ye¥ @rpyme G=(XxZp NI)(Y X Zy ).

Cryuaii 3 < RyRy u Ry — kommymamusroe nomydaeTcss U3 NPEABLIYLIETO B Pe3yJibTate NpuMenenus 1.5,
Obwjuii cayyati. Pacemorpum G = (X x Zml )(S)(YmeI ). Oycte a u b — oBpasyromve 1eBoii 1

npasoii rpynn Z,, ; M3 BBIPKCHHA JUIA G . Paccmorpum MHOroo6pasue J;, KOTOpOE HOMyYaeTcs B pe3yiIbTaTe

o~

noGasnesus k Ttowpecteam 3 Ttoxkaectsa/x"!,y™ ] =1. Ecim nomynpamoe mupomssenenne XV €3,
XeR,, VeRy,10 I (XV)=[V.V] Beuny 15, G/31(G)=(XxZy (31 )(YxZy, ).To noxa-
sanHoMy pasee, y G/3;(G) umeercs mepepasnoxenne (X xYxZ, y N31)Z, ; - Tlonyyennbif H30MOp-

¢du3m MoxHO moausaTe Ha rpynny G u rpynny (X X YXZ'”I H3 )Zml » YUHTHIBAs HWIBIOTEHTHOCT V' U
YTBEpXKIEHHE 5.

TeopeMma noka3asa.

4.1. Ttycts T € R, . OGo3naynm uepes Z,, (T ) rpynny Z,, , pacCMATPHBAEMYIO KaK TpHBHAIbHBIA 1 —
moayns. llpu T ={1} Z,(T) byner obosnauarsca yepe3 Z,, .

CnepctBue. B rpynme [L(XxY)] wmacc XxY — wmomyns [X,Y] coBmamaer c

(Zn (XXY)]+[ 23" ]~ (2 (X )T ][ 2, (V)Y ).

4.2, 3ameyanune. ABTOp NPEANONAraeT, YTO Mpeablayiee CleACTBHE MOKHO 0600MuUTL HA Clydai, koraa
3, — HWIBNOTEHTHOE MHOrOOOpasHe.

PE3IOME

Binomo ycsoro sriiie Kinbka NpHKIafiB KOHCTPYKTHBHHX OMHCIB BUIBHHUX OIEpalliil Ha MHOrOBHAAX TPYI: LI KOMY-
TATHBHUX, HUTHTIOTEHTHHX KIIACY 2 MHOTOBM/IB, JJIsi MHOTOBHAY BCix rpyn. Y poboti A.JO.Ompancekoro 3asgayena Oyno-
Ba BUILHHX MHOXEHB /il H0GYTKY KOMYTATHBHHX MHOTOBH/IB i3 B32€EMHO NPOCTHMH eKCIIOHEHTaMH. Y Jariil po6oTi otpu-
MaHO onuc Gy0BH BUILHOTO MHOMKEHHSA CKIHUEHMX IPYN Yy BUNAAKY MAMHOrOBH/A HOGYTKY NBOX JOKAIBHO HITHMOTEHTHHX
MHOTOBHJIiB i3 B3a€MHO TMPOCTMMH EKCMIOHEHTaMH. IIpy LBOMY BHMKOPHCTaHO KOHCTPYKIIIO, aHAJIOTiYHY iHAYyKOBAHOMY 30-
6paxkeHHIO TPy

SUMMARY

Some examples of the constructive descriptions of free operations on varieties of groups are known only for commu-
tative, nilpotent of class 2 varieties and for a variety of all groups. In the work of Ol'shansky the structure of free products for
product of commutative varieties with mutually simple exponents is specified. In the given work the description of a structure
of free products of finite groups in a case of subvariety of a product of two locally nilpotent varieties with mutually simple
exponents is obtained. Thus the construction similar to an induced representation of groups is used.
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YIK 510.6

I'PYIIIIOBASI HHBAPUAHTHOCTD JIBY3HAYHOM JIOTUKH. 1
H.U. Jlaspenxo :
Beenenne

Jlornyeckas Omepanis OTPULIAHMS YCTaHABIMBACT PABHONPABHBIE OTHOMICHHA MEXAY MCTHHHOCTHBIMH
3HAYEHHMAMM BHICKA3RIBAHHINA: OTPULAHHE HCTHUHBI €CTh JTOXKb, OTPULAHHE JDKH €CTh HCTHHA. JTO 00CTOATENBCTBO
HaBOAMT Ha MBIC/b, YTO HE CYIIECTBYET JIOTMYECKAX OCHOBAHMHA U1 NPEANOYTEHHA OJHOrO MCTUHHOCTHOrO
3HAYECHHUS APYroMYy, YTO Iapa 3TMX 3HaueHHH cuMmerpuuHa. IIpeanourenue, oTaaBaeMoe HCTHHE B KIlaccuue-
CKOHM JIOruke, 00yCI0BIEHO BHEIOTHYECKMMH NpuyuHaMu. OHO MOCTYIHPYETCS NPH €e MOCTpOoeHuH Jmbo mno-
CPeLCTBOM 3aKOHOB-TABTONOTHH anreOphl TOrUKH, TMOO IOCPEACTBOM COOTBETCTBYIOLIMX aKCHOM M NPaBMJI BEI-
BOJA JIOTHYECKUX HCUHCHEHuH (cp., Hanpumep [1]).

BHMMaHHIO 4YMTaTENA NpeNaracTcs nepBas 4acTh paboTel, mpeicTasusiomel coboi nonsrrky 060cHo-
BaTh CUMMETPHIO [1aphi HCTHHHOCTHRIX 3HAUEHHUM, a 3aTEM B COOTBETCTBHMH C 3TON CHMMETPHEH OCTPOUTD IBY-
3Ha4HYI0 Joruky. B §1 ycraHoBnena ABOHCTBEHHOCTh MCTHHHOCTHBIX 3HAYEHUH KaK MHBAPHAHTHOCTD Naphl 3THX
3HAYEHHH OTHOCUTENBHO HUKIMYECKOM rpynmsl npeobpa3zoBanHil Broporo nopsaka. B §2 Taxas nBoicTBEHHOCTD
BBE/ICHA B CHCTEMY NPONO3HIMOHANBHBIX CBA30K, GOPMYI H KOHTEKCTOB JIOPHKH BBICKa3bIBaHHI.

§1. /IBoicTBEHHOCTh HCTHHHOCTHBIX 3HAYEHHH

B cBa3M ¢ pazIMyYEHHEM MUCTHHHOCTHHIX 3HAYCHHI «MCTHHA» U IOXKb» B JIOTHYECKOH cemaHTHKE 00pa-
THMCS K €CTECTBEHHOMY #3bIKy. B 3TOM si3bIKe BCAKO€ BHICKa3bIBaHHME, HMEIOUIEE ONHO M3 ABYX MCTHHHOCTHBIX
3Ha4YeHuH, b0 yTBepxaaerca, mbo orpuuaerca. Tem caMbiM HOCHTEND A3bIKA BRIPAXKAET CBOE MHEHHE 00 MC-
THHHOCTHOM 3Ha4Y€HHMM BHICKa3bIBaHMA. JOCTHUraercs 3To MOCPEACTBOM BBIPDAXEHHMH «BEPHO, YTO» U «HEBEPHO,
4TO» (WIH MX CHHOHHMOB), IPUCOEANHAEMBIX (IPUIMCHIBAEMBIX) K BBICKa3bIBaHUAM clieBa. [IepBoe U3 3THX Bbl-
PaXEHHH 03HaYaeT YTBEPKNCHHE BHICKA3hIBAHUA, @ BTopoe — oTpuianue. [lepBoe BhIpaXkaeT HCTUHHOCTD BhICKA-
3HIBaHMA, 2 BTOPOE — JIOXKHOCTB, XOTH TAKOE BBHIPAXKEHHUE MOXET M HE COOTBETCTBOBATH AEHCTBHTENBHOMY HC-
THHHOCTHOMY 3HaY€HHIO BBICKA3BIBaHUA, KOTOPOE YTBEPIKAACTCA HWIH OTPHUAETCA. Y TBEPX/ACHHE BhICKa3bIBAaHHA
He W3MEHSET €r0 MCTHHHOCTHOTO 3Ha4YEHMs, TOrJa KaK OTPUIaHHE — u3MeHsAeT. [103TOMy BRIpaXKEHHE (BEPHO,
4yTO» OOBIYHO OMyCKaercs (HE MUIIeTCA) B Hayale YIBepXAaeMOro BHICKa3bIBaHMA, HO MPH 3TOM ero QyHKuuA
noppasymesaetcs. Hanpumep, ABHO yTBEpxkKIaeMoe BbICKa3bIBaHHE «BepHO, YTO 4enoBeK cMepTeH» be3 Kakux-
1160 JIOrMYECKHX NOTEPh, OCTABAACH HCTHHHBLIM, MOXET OHITh 3alMCAaHO M KaK HEABHO yTBEpxaaeMoe «Henosex
CMEpPTEH»; 3TO KE HCTHHHOE BBICKa3hIBAHHE [IOCPE/ICTBOM OTPHIIaHUA Npeobpasyercs B oxHOE «HeBepHO, YTO
yenoBek cMepTer». TakuM 06pa3oM, B €CTECTBEHHOM A3BIKE BBICKA3bIBaHHS HEOOXOAUMO MOABEPHKEHB! MOMAJIL-
HOCTH, IPOTHBOIIOCTAB/ISIONIEN UX MO NPH3HAKY «yTBEPKIACHHE-OTPHIIAHHEY.

BripaxxeHue «BepHO, YTo» (WM €r0 CHHOHHM) 03HA4YaeT YHAPHYIO ONEPAIHIO HaX BBICKAa3bIBAHHAMH, CO-
XPAHAIOIIYI0 HX HCTUHHOCTHBIEC 3HAYEHHUA M JIOTHYECKH NPEACTaBfIoUIyo cob0ii TOXaecTBEHHOe Npeobpa3osa-
HHE BHICKa3BIBaHM. DTy omepanuio yTBepxaeHus OyneM 0003HauaTh BEpTUKAIBHOM 4YepToil |, momeraemoit
Hepel] YTBEPXKAAEMbIM BHICKa3hIBAHUEM, T.€. CJIEBA OT HETO.

Bripaxxenue «HeBepHO, 4TO» (WIM €ro CHHOHHM) O3HAYaeT YHAPHYIO OINEPAalMIO Hajl BBICKA3hIBAHWAMH,
H3MEHAIOLIYI0 HX HCTHHHOCTHBIE 3HAYEHHS. DTy onepalnyio OTpHUaHHA OymeM 0003HayaTe FOPU3OHTANBLHOM

4epTOH  , MOMENIaeMOM Hajl OTPHIIAEMBIM BBICKa3bIBaHHEM, T.€. CBEPXY HETO.

HYCTI; A - IIPOU3BOJIBHOC BbhICKA3bIBAHUE, A H v JI — MCTUHHOCTHBIE 3HAYCHHA MCTHHA» H WIOXKb» COOT-
BETCTBEHHO. TOrja MCTHHHOCTHAIE TﬂGHPILLBI onepamlii YTBEPXKACHHMA U OTPHLIAHNA UMCIOT B!

4 114 4
H \u J
J |1 #H

B ecTecTBeHHOM f3bIKE BBICKA3bIBaHHE A MOXET OBITh YTBEPIKAAEMO M OTPULIAEMO MHOTUMH CIIOCOGaMH.
Hanpumep, 0HO MOXeET OBITH YTBEPKAAEMO TaK: «BEPHO, YTO A», «UCTUHHO, YTO A» WIH, KOpoue, «ua, 4», — 1
COOTBETCTBEHHO OTPHIAEMO TaK: KHEBEPHO, YTO A», WIOXHO, YTO A» WIK, KOpoye, «He A». OHAKO N0 CYLIECTBY
MHoOrooOpasue Takux cooco00B CBORMTCA K CICAYIOIIEMY. YmeepoicOenue (8epHo, ucmunno, da) 060o3navaem
ucmuHy, a ezo Oelicmeue Ha BbICKA3bIEAHUE (DYHKYUS MOOANbHOCMY) 03HAYAEm NPURUCHIBAHUe (NPUCEoeHue)
6bICKA3bIGAHUI0 3HAYEHUA (UCMUHA», MO20a KK ompuyanue (Heeepro, NoXCHO, He) obo3HaYaem 10%Ce, a €20
deticmeue Ha BbICKA3LIBAHUE O3HAYAEM NPUNUCHIGAHUE BbICKA3LIBAHUWIO 3HaYeHus «noxce». OOnacTs ompenere-
HHUsA yTBEPKIEHHUA M OTPHUAHKSA KAK YHAPHBIX JIOTHYECKMX ONEpalyi BKIouaeT B cefs Knace BhicKasbiBanmit. Eit
NPHHAVIEXKAT TAKOKE 3HAYCHUA HCTHHA» U WIOKBY, TaK YTO '

«Aa, KCTHHA» €CTh (MCTHHAY», «a, IOKBY €CTh WIOXKb),
«HE UCTHHAY» ECTh WIOKBY, «HE JIOXKb) ECTh ICTHHAY.
Onpenenus yMHOXEHHE ONEpalMit yTBepKICHHs M OTPHUUAHKA KaK NOC/EA0BATENILHOE UX BHIIONHEHHE

22 Jlaepenko H,U.
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«Ha, 1a» eCTh Ay, «Ia, HE» €CTh WHEY, «HE Ja» €CTh KHEM, «HE HE» €CThb «I1a»,
noJxyduM Tabnuuy yMHoxeHHS (Tabnuiy Kanu)

Dt1a TabNMua 3a5aeT IUKIHYECKYIO IPYIiLy BTOporo nopsaka {  } [2], kotopyro o6o3naunm 6yksoii C.

Ipynna C aensemea epynnoi asmomopguzmoe napor {4, J1}.

OnemeHTH! BCSKOH Haphl, HHBAPHAHTHOH OTHOCHTENBHO rpynnei mpeobpazopanmii C, GyneM HaswiBaTh
osoticmeernvimu ApYT Apyry. Kaxariil H3 ABOMCTBEHHBIX OOBEKTOB ABJIAECTCA OTPHLAHKEM IPYLOro.

Husapuantiocts napel {#, JI} oTHOcHTENbHO npeobpasosanuii 13 rpynnsl C reOMeTpHYECKH HHTEpIIpe-
THPYETCS KaK CHMMETPHA Haphl KOHHOB OTPe3Ka OTHOCHTENBHO ero cepeidubl O — ueHrpa cuMMeTpun (puc.1.).
ITpu 3T0M NpeobpazoBaHye OTPHLIAHMA MHTEPIIPETUPYETCS KAK OTPAKEHHE KOHLOB OTpe3Ka B uenrpe O.

4 o J
® —e

Puc.1.

Kak BuHO, VHBApUAHTHOCT Naphbl {1, JI} OTHOCHTENBLHO FpyIIB! npeobpasoBanuii C, T.e. JBOACTBEHHOCTD
HCTHHHOCTHBIX 3HAYEHHUH, 03HAYAET, YTO B PaMKAX YHCTOH JIOTHKH HCTHHHOCTHEIE 3HAYCHHA HEPATHYHMBI TaK XK€, KaK
HEpalIMYMMb] JBE 3€pPKANBHO CHMMETPHYHEIE reoMeTpHyeckHe Touky. He cymecTsyer anpHOpHBIX, YHCTO JIOTHYE-
CKHX, OCHOBaHHMIA /U1 TOTO, YTOOB! OTIIMYMTL OJHO M3 3THX 3HAYEHUIl OT JPYroro M OTAATH NPSANOYTEHHE KAKOMY-
1m60 13 Hux, Takue OCHOBaHHA HMEKOT MECTO BHE JIOTHKH, 8 MMEHHO XIPH CONOCTABIEHHH BBICKA3bIBAHMMA (MX CMBIC/IA)
¢ HeKoii peanbHOCTRIO (HaGmomaemoit win aGerpakTHoi). COOTBETICTBUE BBHICKA3HIBAHMA TAKOH PEANBHOCTH MPUHKMA-
€TCs 332 MCTMHHOCTD BbICKA3bIBAHMA, 3 HECOOTBETCTBHE — 3a JIOXKHOCTh. TeM CaMbIM HCTHHHOCTh aCCOLMMpPYETCs C pe-
ATGHOCTBIO ¥ CTAHOBUTCA MPEUIOYTHTENLHON. OTa NPEMOYTHIEIBHOCTE 3aTeM NOCTYIHPYETCS PA3IMYHEIME CIIOCO-
6aMu NpH MOCTPOEHHH KIIACCHYEcKoH Jiorkxu. Takas acHMMETpHs Naphl HCTHHHOCTHBIX 3HAYEHHMI He CBOHMCTBEHHA
JBY3HAYHOM JIOTMKE M HE JOJDKHA UMETh MECTA I[IPH NOCTPOCHUH IOCTICHEH.

OtHocuTensHo npeobpasosanuii u3 rpynnsl C, OYSBHIAHO, HHBAPHAHTHA U POM3BOJIBHAN [1aPa BBICKA3bI-

panuii Buna {4, A4}. CnenoBarensHo, OTHOCHTENLHO 3THX NPeoOpa3oBaHuii MHBAPHAHTEH H YHHBEPCAJIbHBIH
KJIacC BhICKa3blBaHWiA P, pacnajaiomuicsa Ha napel BICKaspiBanuil Buna {4, A }, a Taloke pacnajarommiics Ha

JIBa HOAKIAacca P'u Pf , Tae pt_ NOAKIACC HCTHHHLIX BbICKA3bIBAHMI, Pf — NOAKJIACC JIOXHBIX BBICKA3BI-

Banuil. [lapa {Pt , 24 } MMBapHaHTHA OTHOCHTENBHO IPYHILI Npeobpasopanuit C, T.e. KIACCHI pPtupf ZIBOH-
cTBeHHE!. (31ech MO Npeobpa3oBaHHEM KIAacCa BHICKA3BIBAHMIA IOHUMAETCS COOTBETCTBYIONEE npeobpazopanue
KaX[Oro BbICKa3bIBaHHA 3TOTO K/acca).

B cwny ABOHCTBEHHOCTH MCTHHHOCTHBIX 3HAY€HHM, BCAKOE JIOTMYECKOE MOCTPOEHHE, OTHAIOIEee Ipel-
[OYTEHHE OJJHOMY M3 OTHX 3HAYEHHMH, Npeonpelenser ¥ npeanonaraer (IOCPEACTBOM OTPHLRHHA) ABOKCTBEH-
Hoe cefe JTOrHuecKoe NOCTPOSHHE, OTHAIOUIES IIPEATIOYTEHME IPYTOMY MCTHHHOCTHOMY 3Havenmio. Tak, wnac-
CHYECKas JIOTUKA, UCCIEy JIMIb METOABI PACCYXIEHHH, B CHIY KOTOPbIX MCTHUHHOCTh 3aK/IIOYCHHH BBITEKAET
M3 HCTHHHOCTH nockUlok [1], oTaaer npeanourenne uctuHe. CleNOBATENHHO, 3TA JIOTHKA NPENONPEREIALT CYy-
IECTBOBAHHE JIOTHKH, OTAAIOLICH MpeanoyTeHne JDKH H MCCHEAYIOIUEH MeTOAB! PacCyKACHHH, B CITy KOTOPbIX
NOXHOCTH 3aK/IIOYEHHI BHITEKAET U3 IOKHOCTH NOChUIOK. I1apa 3THX JBOMCTBEHHBIX JIOTHK NPEACTABNLET COOOM
JIBY3HaYHYIO JIOTHKY B LIEJIOM — IIOHATHE TAKOM ABOHCTBEHHOCTH NOTHMK OYyAeT yTo4HeHO B §2.

OGparuMcs Teneps K CUCTeMe JEHCTBUTENBHBIX Yrcen Ge3 Hyna. B oToit cucreMe 3HaK «+» 0603HauaeT
NOJIOXKHTENLHOCTD, & NPUIHCHBAHNE €r0 K CUMBOJNY YHCHA (ClieBa) 03HAYaeT IPUCBOCHUE YHCTY HONOXKUTENb-
HOCTH, T.€. COXpPaHEeHHe NMPEXKHETO 3HAKA YMCTIA ¥ YUCNIa B NeoM HensmeHHBIMU. [ToaToMy 3Hak «+» nepen yuc-
soM 0661980 onyckaerca. (CpaBHUM 3T0 TOKAECTECHHOE MPeodpa3oBaHie YKCIA C ONHCAHHBIM BHILIE Npeobpa-

30BaHHMEM BBICKA3LIBAHHKA [IOCPENCTBOM yTBepKaeHHs |.) 3HaK «—» 0603HAYaET OTPUIIATENBHOCTS, a NPHITUCHIBA-
HHE ero K CHMBONY YHCa (CIICBA) 03HAYAeT NPHCBOCHHE YHCIY OTPHLATENBHOCTH, YTO CBOAMTCH K H3MEHEHHIO
3HAKA YHMC/IA HA IPOTHBONOJIOKHLIN 3HAK, T.€. K H3MEHEHUIO NOJIOXKHTEIBHOCTH UCIa HA OTPHUATENBHOCTD, 3
OTPHLATENILHOCTH Ha NONOXKHTENLHOCTD, (CpaBHUM 310 NpeobpasoBaHue OTPHIAHNA HHCIA C ONHCAHHBIM BhHLIE
NpeoOpasoBaHHEM BHICKA3BIBAHUA OCPECTBOM OTPHLAHHA ) "

Takum 00pazoM, + (TUIOC) K — (MHHYC) ABAAIOTCH NPEOOPAIOBAHUAMH YHUCIIA 4 TOYHO TaK XK€, KaK CBA3KH
lu ™ sgpnsioTcs npeoOpasoBanuaMM BhicKasniBaHua 4. IIpu aToM nocnenosaTensHoe BHIIOMHEHHE Npeobpaso-
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BaHMil + M — TaK e, KaK K [I0CIENOBaTENbHOE BHINONHEHHE IOTHIECKHX ONepauuil | u ~ , npejcrasuser coboi

YMHOXEHHE ITHX npeobpasoBanuil. TeM cambiM npeoGpasoBanus + K — TaK xe, Kak onepauuu | u ~ , o6pasyror
LMKJIMYECKYHO rpyIiLy HOopAaKa 2 ¢ TabiHuel yMHOKECHIA

+ | -
+ 1+ -

O603naunM 3Ty rpynny yepes C'.

TlponsBsonsHas napa AEHCTBUTEILHBIX YHCEN BHAA {@, — Q) MHBADHAHTHA OTHOCHTELHO IPYNME! Mpeobpa-
sosanmit C’. Yo 03HaYaeT HHBAPHAHTHOCTh OTHOCHTENILHO 3TUX Ipeobpa3oBanHil Kiacca R’ OTIMYHBIX OT Hyis
JEHCTBUTEILHBIX YHMCENl, PACTIANAIOWIErocs HA Maphbl YHCEN BHAA {4, — d}, a TAKKe Pacnajarollerocs Ha 1sa noj-
wiacca R* u R, roe R” — nomiiace nooHTeNsHbIX AEHCTBATENBHBIX YuCeN, R — NOAKIACC OTPHLATENbHbIX Aei-
creuTensHBIX uncen. Ilapa {R*, R"} uHBapuaHTHa OTHOCHTENBHO IPymIb npeoGpasosanuii C'. (3xeck nox npeoG-
Pa3oBaHMEM KJacca YHCeN NOHMMAETCs COOTBETCTBYOIEE NpeobpasoBanHe KaKA0ro YHCHA STOr0 Kiacea. )

B cuny usomopduoctu rpynn C u C* (onementam | u ~ rpynmsi C COOTBETCTBYIOT, B TOM XK€ MOPAAKE,

aneMentsal + u — rpynnst C*), napa sbicKasbiBanuii {4, A } W napa uucen {a, —a}, a TaKKe [1apa NOAKIACCOB

BoIcKasbiBanuii { P! ,Pf } M mapa noaknaccos AeHCTBHTENHHBIX yHcen {R', R} 06Manai0T 0aMHAKOBOH CHM-
MeTpueii: reoMeTpUYECKH HHTEPIIPETHPYIOTCA KaK Naphl 3epPKalbHO CHMMETPHYHBIX TodeK. [IpH 3TOM BBICKa3hI-

pammaM A u A COOTBETCTBYIOT (B TOM K€ MOPAAKE) YMCIa 4 M — d, a NOJKIAcCaM BBICKa3bIBaHMi P' u Pf
COOTBETCTBYIOT (B TOM %€ TOPSIKE) MOMKIACCH uucen R 1 R~

31eck cucTeMa BHICKa3bIBaHME U CHCTEMA AEHCTBHTENbHBIX YHCEI NIPEICTABICHB! IPEAEILHO CXeMaTHye-
cku. Tem He MeHee OuYeBHMIHAs U30MOPGHOCTH 3THX CXEMAaTHYCCKHX CHCTEM, ABJIAIOMIAACA CIEICTBHEM H30-
mopdHocTr rpynn C u C’, B A0CTaTOYHOM! Mepe oTpaxkaeT OOMHOCTh HX CTPYKTYP, CBOAAMMXCSA K OTHOIIEHHUIO
JIBOMCTBEHHOCTH B KaXIOH U3 3THX CHCTeM. Pazymeercs, 3T0T U30MOP(HU3M He ABIIETCA U3OMOPOHIMOM MEXAY
JIOFMKOM ¥ CHCTEMOM JEHCTBHTENBHBIX YHcen (TeM 0ojlee MaTeMaTHKOM), XoTs o6e rpynns! npeobpasosanuii C 1
C’ ABAAIOTCS OCHOBOIOJAralOIMMH — NI€PBad B JOTHKE, BTOPas B MATEMAaTHKE.

‘HTak, HIMeEeT MECTO COOTBETCTBHE MEXY OCHOBHBIMH JIOTHYECKMMH MOHATHAMM (OOBEKTaMK) U OCHOB-
HBEIMH MaTeMaTHYECKAMH NOHATHAMH (0Obekramu), npencTapneHHoe B Tabmune 1. OHo ABuAeTcs uzomopdus-
MOM MEXIy 9THMH ABYMs CHCTEMaMH [OHATHH, pa3Hyye MEXKAY KOTOPHIMH JIMIIb B JIOTHYECKOH H MareMaTH-
YecKOM HHTeprpeTalysaX, Xa TEPMHUHAX H CHMBOJIAX.

Tabnuna 1.
OcHOBHbIC IOHATHSA JOTHKH OcHOBHbIE IOHATHA MATEMATHKH
HCTHHHOCTE MIOJIOKHTENBHOCTh
| +
MCTHHHO TIOJIOXKHTEJIHLHO
JIOXKHOCTB OTPHLATENLHOCTD
JIOXKHO OTPHUATENHHO
rpynna C rpymma C’
BHICKa3biBauue A YHCIO a
|4 +a
yTBepxiaenue 4 (na, 4) yTBepIKIcHHUE g (IUII0C @)
A o -a
otpunanue 4 (ne A) OTPHULIaHHE a (MUHYC Q)
{4, 4} {a,—a}
nozxiacc P! : nozxnace R*
MOAKIACC Pf noaxyiacc R
(P'.p/y : {(R',R)
KJIacC BhICKa3blBaHui P xJ1acc yucen R’
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C uensio OTpaeHud ABOMCTBEHHOCTH HCTMHHOCTHBIX 3HAYEHHH (M 320[4HO M30aBNEHHA OT TEPMMHA
<UI0XBY», OIMO3HOCTh KOTOPOro oOYCIIOB/IEHA OTHIONb HE JIOTMYECKHM COJEpXKaHHEM IOHATHA, 0603HAYaEMOro
3THM TEPMHHOM) H3MEHHM TPAXHUMOHHYIO JIOTHIECKYIO TEPMHHOJIOTHIO COIIACHO M30MOpGH3IMY MEXAY rpyi-
namu C u C’. TepMHHBI «MCTHHA» U (UI0XKb» 3AMEHHM TEPMHHAMM (TIO3HTHB» M GHEraTHB» COOTBETCTBEHHO, a
TEPMHH (MCTHHHOCTHOE 3HAYCHHE» — TEPMHHOM <JIOTHYECKOe 3HaueHHe». byksnl H u JI 3aMEHHUM 3HAKaMu «-+»

A «» COOTBETCTBEHHO. VICTHHHOE BhICKa3biBanue OyleM HA3HIBATh NO3UMUEHBIM (NONONHCUMENLHBIM), A TTOKHOE
— Hezamuensim (ompuyamenvivim). HeTHHHOCTHYIO TabnuIy 6yIeM Ha3bIBaTh mabauyeti N02UHECKUX 3HAYEHUI.

Jloruky, B KOTOpO# MCCIERYETCA MO3HTHBHOCTh KaK CBOHCTBO JOTHYECKHX OOBEKTOB, HA30BEM NO3UMug-
HOU, WK RO3UMUGHO OPUECHIMUPOBAHHOH; & JIOTHKY, B KOTOPOH MCCIeAyeTca HEraTHBHOCTh KAaK CBOHCTBO JIOTH-
4ECKHX OOBEKTOB, — He2amugHOU, WIH HezamueHo opuenmupoganrou. Ilo3uTuBHas (KIaccHYecKas) JOrHKa U
HEraTHBHAsA JIOrMKa B mape 00pa3yloT COGCTREHHO NBY3HAYHYIO JIOTMKY. B CHIIy pacCMOTpEHHOro BHIIIE H30-
Mop(du3Ma, CYyHIECTBOBAHNE [IO3UTHBHON U HEraTHBHOM JOTMK HEOOX0auMO (M 060CHOBAHO) TaK XK€, KaK He0O-
X0AUMO (4 060CHOBAHO) CYLIIECTBOBAHKE HOACHCTEM HOJIOKHTENBHBIX 1 OTPHUATENBHBIX ASHCTBHTENbHBIX HCEIL.

§2. Jloruka BoICKa3bIBAHMIA: PONO3HIHOHAIbHDIE CBAIKH M GOPMYJIbI, ABOHCTBEHHOCTH

B panbHeitureM CHMBOJIBI A3bIKa-00beKTa (B YaCTHOCTH, IPONO3HLMOHANBHbBIE CBA3KH) YHOTPEONIIOTCS B
KayecTBe cBOMX mMeH. [IpH BBEJEHWM HOBBIX TEPMMHOB KABEIYKH OMYCKAIOTCH. 3HAK = 3aMEHACT BHIPAXKEHHE
«TOXKAECTBEHHO IO 3HAYCHUIOM, IWIH «PABHO [0 ONMPCACIHEHHION; KAKA0E H3 COSAMHAEMBIX ITHM 3HAKOM BbIpa-
XKEHHUit 3aMEHAMO JpYrHM. BeiCKas3bIBaHKHE IOHMMAETCS TPAUIMOHHO: OHO MO0 MO3WTUBHO, TMOO HETaTHBHO.

VHApHBIMH ONEPaLMIMU HaJl BHICKA3bIBaHMAMH (YHADHBIMM CBS3KaMM) ABJSIOTCH yrBepxieHue | u otpu-
uane , obpasyromue rpymmy C (§1).

IMycts 4 — npou3BonbHOE BhICKa3biBanue. COrnacHo onpeneneHuio rpymmnst C,

Ul | ded, [A=d, A=l41d=A. )

Takum oGpa3zom, napa BHCKa3pIBaHui {4, A } HHBapHAHTHA OTHOCHTENHHO Fpynnkl npeobpasopanuii C,

T.e. BhICKassiBauus A U A ABoicTBeHHB. Kaxaoe U3 HUX SBIAETCHA YTBEPACHUEM CaMoro cebs M OTpHLaHHEM
IpYroro, Moxer ObiTh HpeAcTaBieHO (6e3 H3MEHEHHS €T0 JOFHYECKOTO 3HAYCHMA) M KaK YTBEPXKICHME, H KaK

orpuuanue. Tak, A YHTaeTCA: KBEPHO, YTO A», HIH: «HEBEPHO, YTO A »; TOrAa KaKk A 4YHTaeTCA «BEPHO, 4TO

A », nnu: «HesepHo, 4to A». Ilycte, Hanpumep, 4 ects BhickasuBanne «Crer Gemy. Torna umeeM 4 Kak sBHOE
yTBepxaeHne «BepHo, uto cHer 6em» U kak orpuuanue «HesepHo, YTo cHEr He 6em». C Apyroi CTOPOHEL, MMEEM
A xax yreepxnedue «BepHo, 4To cHer He 6em» u Kak oTpuianue «HepepHo, 4To cHer Gem».

Kak BuHO, UIA JIOTHKM BBICKa3bIBAHHH HE CYLIECTBEHHO, KAKOE€ HMEHHO W3 JIBYX BBICKashiBaHuil 4 U 4
ABAACTCA YTBEPKIECHHEM M KaKOE — OTPHI[AHMEM, KAKOE M3 HHX MO3UTHBHO M KaKoe HeraTHBHO. CYIIECTBEHHO
JIMILB TO, YTO 3TH BEICKa3bIBaHHA JBOHCTBEHHb, H, CNE0BATENBHO, ABOHCTBEHHBI MX JOTHYECKHE 3HAYCHHUS.

Vuureipasg 9T0 06CTOSTENLCTRO, IPOU3BOJILHBIE BbICKa3biBaHUA OyneM 0003HaYaTh KaK PYKOIMCHBIMH JIa-
THHCKUME Gyxpamu 4, B, C, ...(BO3MOXHO ¢ 4yepToil | cnesa), Tak M TeMH xe OykBamm ¢ yepToi CBEpXY

4, E, C, ..., TIPMYEM OJIHO M3 ABOWCTBEHHBIX BBICK23bIBaHMiH (HEBaXKHO, Kakoe HMeHHO) Oyzer 0603HauaThCA
OykBO#i 6e3 uepTh! CBEpXY, a APYroe — Toi e GyKBOi ¢ YEPTOH CBEPXY.

TpaauuMoHHO GMHAPHBLIMH NPONO3MUMOHANBHLIMHE CBA3KaMM (OHEpalMAMM) KIACCHYECKOH JIOTHKH Bbi-
CKa3biBaHMit ABAAIOTCH A (Konvlonkyus), V (Qusvionxyus), D (umnauxayus), ~ (axeusanenyus). U3 Hux nnme
mapa CBA30K A, V OTpaxkaeT ABOHCTBEHHOCTb JIOFMYeCKHX 3HayeHuH. KonbloHkuus A A B No3uTHBHA, €Ciu U
TONBKO €CIIH A O3UTHBRO H B no3suTHBHO. Ju3bIoBKIHA A \V B HEraTHBHA, €C/IN H TOJNBKO €ClH A HEraTHBHO N B
HeraTuBHO. UTO e KacaeTcs CBA3OK D M ~, TO OHM OTPAKAIOT H 00eCNeYHNBAIOT NO3UTHBHYIO OPHEHTALHMIO (T10-
3UTHBHYIO HANPaBIICHHOCTH) B KJIACCHUECKOH JIOTHKE U HE HMEIOT NapHBIX cefe CBA30K, OTPAKAIONMX HETaTHB-
Hy!0 OpHeHTanw:0. FcipaBum 370 HapyLIeHHe ABOHCTBEHHOCTH, BBEA HEAOCTAIOMUE OHHAPHEIE CBAZKH.

Coxpansis Tabnuiy TOrHYeCKHX 3HAYESHUH U MMIUIMKAIMH D, HA30BEM STy JOTHYECKYHO OLCPALMIO no-
3umuenoli umnauxayuel u nepeobo3HauynM ee cuMBoioM €. 3amuce 4 < B GyneM 4urarh Tak: «4 NMO3MTHBHO
AMIMLMpyeT By, wm: «Eciu 4, 1o By. Ilo onpeneneHHio N03uTHBHAA UMIUTHKaUUI 4 < B IpHMHMMAeT 3Haye-
HME «d103HTHR» (+) BO BCEX CITydasX, KpoMe ciy4as 4 MO3UTHBHO, 2 B HETaTHBHO.

Beeaem GUHAPHYIO TOTMYECKYIO ONIEPALIMIO [10] HA3BAHUEM HE2aMUeHAS UMNAUKAYUA, IPUCBOMB it CHM-
BON > W uMTas 3anHch A > B TaK: «4 HEraTUBHO MMIUIMLMPYeT B». Onpenenum 3Ty Onepaiuio Tak, YToOb! He-
raTMBHaA UMIUIMKANMA 4 > B npuHuMana 3HaYeHHE «HeraTtus» (—) BO BCEX CIydasX, KpoMe ciydas 4 HEraTuB-
HO, a B no3nTHBHO. o

Jlanee, coxpanss TaGNHIly JIOPHUECKHX 3HAYEHHMH /U8 JKBHBAICHLMH ~, HA30BEM 3Ty ONCPALMIO nO3uU-
mugHOU Keusanenyuel U epeobo3HaIUM ee cuMBOIOM X, 3anuck 4 X B OyneM uuTaTh TaK: «4 NO3UTHBHO
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IKBHBAIEHTHO B». Ilo ompenenesnio no3uTUBHas SKBHBANCHIMA 4 = B npuAuMaeT 3HadyeHHE «Io3dTHB» (1)

TIPH COBMAJEHHH JIOTHYECKHUX 3HAYCHHH BBICKa3bIBaHMii 4, B M 3HAUCHHE «HETaTHBY (—) B OCTAIBHBIX CIyuasX.

BeneM OHHapHYIO JOTHYECKYIO OICDALHMIO [O]l HA3BAHHEM HE2aMueHds dKeUSAieHyus, IPUCBOHB el
CHMBOJI Z M 4ATas 3amuch A Z B TaK: «4 HEraruBHO SKBHBANEHTHO B». Onpencnnm 3Ty onepamyo Tak, 41005
HETaTHBHAs SKBHBANCHIMA A Z B npuHHMana 3HaYCHKE «HEraTHB» (—) NPH COBNAKECHUH JOTHYECKHX 3HAYEHHI
BBICKa3bIBaHHH 4, B ¥ 3HaueHue «103uTuB» (+) B OCTAJIBHBIX ClIyyasx.

Taxum 06pasoM, Kaxgas OuHapHas CBA3Ka HMEET IapHyIo cebe CBA3KY.

TlpuseneM TaGIUIBI JIOTHYECKHX 3HAYCHHM JUIA BCEX OMHAPHEIX CBA3OK.

4 B | ANB AVB A<B A>B ASB AZB
+ o+ + + + - + -
-+ - + + + - +
+ - - + - - - +
- - - - + - + _

Tlpu 3TOM TaGnuLb! JOrHYecKHX 3HadeHnit Juis A A B, A < B, A = B cooTHOCSTCA ¢ TaGNHUAMH JJOrH4e-
cxux 3HayeHuii is AV B, A> B, A Z B cnenyrouum o6pazom:

A B | ANB A<B ASB
+ o+ + + +
- 4+ - + -
+ — - _ -
- - - + +
A4 B |4A4VB A>B 4z8B
+ - + - +
-+ + + +
+ o+ + - -

Kax BuzHO, 372 cucTeMa Talaml MHBAPUAHTHA OTHOCHUTENIPHO 3aMEHB! B HEH BCIOMY KaXIOrO M3 BBICKA-
3p1BaHUi A, B, A, B JBOHCTBEHHBIM €My BBICKA3bIBaHHEM M (JIM60) KaXIOM CBA3KM Kaxxaoi 13 map {A, V}, {<,

>1, {=, Z} npyro# cBa3KoH TOH XK€ Naphl, KAKAOTO JOTMYECKOro 3HAYEHHA JBOHCTBEHHBIM EMY 3HAYCHHEM.
‘B COOTBETCTBHM CITO HHBAPUAHTHOCTHIO U (1) BBEAEM ONpPEREICHHA:

[(AAB)=IAAIB, {(AVB)=14VIB, ANB = AVB, AVB = AAB. V)
1(A<B)=14<IB, |(U>B)14>\B, A<B=A>B, A>B= A<B. Q)
|{A<B)=|ASIB, |(4ZB)=14ZIB, ASB=AZB, AZB<ASB. ()

3tn OnpeaACICHUA HCOGXOZ(HMO. JOMOJHUTD CICAYIOLNMHY ONPEACICHHAMH:

A=A, A=V, I<=2< <=> ISes

H

IV:.—‘.V,‘,V:/\, 1> a> ;=<, 1Z=a22Z, = X, (5)

B cuny (2)-(5), ymeepoicoenue (ompuyanue) coedurenus deyx evickasviganuii nocpedcmeom moboii Gunap-
HOTE CEA3KYU CE0OUMCS K YMEEPHCOEHUIO (OMPUYAHUIO) KaK COCOUHACMbIX GbICKA3bIBAHUU, MAK U OBUHAPHOU CEA3KU.
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WraK, cucTemMa IpONO3UIHOHATLHEIX CBA30K MHBAPHAHTHA OTHOCHTENBHO Npeobpa3oBatuit u3 rpynust C
U pacnajiaeTcs Ha maps! ABOMCTBenHEIx cBm3ok: {,  }, {A, V}, {<€, 2}, (X, Z}.

OTHOCHTENLHO IPYINHI ipeobpa3osanuii C MHBAPHAHTHA M CHCTEMa NOCHEIHUX TablHL JOTHYECKUX 3Ha-
yenuil And cBa3ok. (3deck NoA npeodpazoBaHneM TabIANBl JIOTHYECKHX 3HAYEHHI MOHUMAETCS COOTBETCTBYIO-
niee npeobpasosanKe B HeH BCIOAY KaK0# CBa3ky, cornacHo (1), (5), ¥ KaxAoro JIOTHYECKOro 3HaYeHHA. )

OneMeHTapHBIE BHICKA3bIBAHMA, CTPYKTYPa KOTOPHIX HE PacCMATpPHBAETCA B JIOTHKE BBICKa3bIBaHHH, Oy-
JeM 0003HaYaTh GOMBIIKME NEYATHRIMH JaTHHCKuME OykBamu P, Q, R, ..., BO3MOXHO ¢ HHIEKCaMH. DTH OYKBEI
OynEM HA3bIBATh NPONOIUYUOHATLHIMU. '

OnpeneneHue nponouyuoransHot Gopmynse:

1) Bee nponosuunoHanbubie GyKBbI CO CBA3KO#M | CIIEBa MM, 9T0 TO K€ [0 ONPENENeHHIo, 6e3 Hee U OTH
%e GyKBBI CO CBAKOHM ~ CBEPXY CYTh Ipornosuimosabyeie Gopmynsi. HazoeM ux npocmbimu Gopmymnamu.

2) Ecnu A, B — nponosunponanshsie Gopmyisl, To {4, 4, (AAB),(AVB), (4 <B),(4>B),(AXB),
(4 Z B) — Toxe NIpONO3NLMOHANBHEE hopMyIsl, npudeM | 4 = 4.

3) dpyrux ¢opMmys, KpoMe yka3aHHBIX B 1) # 2), HE CYILECTBYET.

Buemnne cxobku hopmyn OyzneM omyckars. CopMyay, B KOTOPYIO BXOAUT XoTA Obl 0fHa GHHapHas CBA3-
Ka, Oyuem HaseiaTh cocmasnou. CornacHo (1), Bcakas dpopMyna nubo npocras, mabo cocTaBHas.

ITo onmpenenenuio xaxnaas gopMyna ABIAETCA PE3YNHTATOM IIOCIEN0BATENBHOIO BBHIIIONHEHUS JIOTHYE-
CKHX ONepamyii, KOTOpOe HAYHHAETCA BLIIONHEHHEM ONepauMii Ha/i HEKOTOPhIMM NPOCTHIMA (GopMynamu (HIH
HaJi NPONO3UIHOHAIGHBIMH OyKBaMu).

IMponosuiuoHansHyio GopMyily, B KOTOpoil CBA3Ka | HAXOAMTCA TONBKO MEpeA HpOHO3MIMOHAIFHBIMH
OyKkBaMH, a CBA3Ka  HAXOJMTCA TOJIbKO HaJl TakuMH OyKBaMH, Ha3oBeM npusedennoii. B npusenennoi gopmy-
Jie YHADHBIE CBA3KM BXOZIAT JHIIb B IPOCTHIE NOAGOPMYIbL, @ GyKBbi Ge3 CBA3KH ~ PacCMaTPHBAKOTCH Kak GyK-

BBI CO CBA3KOH | (naxke ecim 9Ta CBsA3Ka OlyuieHa). B 4aCTHOCTH, JH3LIOHKTHBHAS M KOHBIOHKTHBHAA HOPMaIb-
Hble opMsl [1] sBnA0TCH NpHBeACHHBIMA GOpMynaMu.
®opmynst A u A deoticmeennst. Tlox oTM4HBIM OT onepauuii | U — npeobpasosanuem dopmynst A Gy-

JIEM NIOHMMATH 3aMeHy 3T0H QopMyisl OTIHYHO#H 0T Hee GopMyIoH, paBHOH (opmyne 4 o ONpeAeIeHHIO.

Ko Bcskoit hopmyne 4 npuMeHHMO ClEAyoLlee OYEBHIHOE

IipaBuio npnBeneHus. Bunoanus, coznacto (1)-(4), onepayuu ymeepocdenus u ompuyanus 6 popmyne
A 8 nocnedosamenbrocmu, 06pamuol nOCNEO08amenbHOCMYU UX GLINONHEHU RPU ROCMPOEHUY IMOU hopmynbl,
npeobpasyem gopmyny A 6 npusedennyio gopmyny.

Hpumep. Cornacto (1)~(4), BLINONHMM ONEPaLHH YTBEPKACHUA 1 OTPHIAHHA B caeAyoweit Gopmyne

(EVQ) < (RAS)S@Q>5)=(@VQ) > (RAS) S(Q<S)=
| =(PAQ)> (RAS) S(Q€5)=(PAQ > (RAS) S(Q<S).
ITo npasuny npuBecHuUA ucxoaHas popmyna npeofpa3oBasa B NpuseAeHHYIO Gopmymy.

HTax, no npaBuily NPUBEACHHS YHABEPCATLHBIN K1acc HOpMYJ JIOTHKH BBICKA3BIBAHHIA CBOJUTCA K MOA-
KJIacCy NpHBEAEHHBIX GOpMYIL
- M3 (1)-(5) ¢ 0O4EBHOHOCTBIO BHITEKAIOT CIEAYIOLINE [IBA [IPABIIIA.
IIpaBnio yrBepXienns npuseXeHHo# (opmMyanl. Buinornug ymeepicoenue Kaxcoou CeA3Ku 8 npuse-
Oennoti hopmyne, m.e. COXpAHUS & Hell KANCOYIO C6AIKY HEUIMERHOU, NOTYNUM YMmEepIHCcOeHue Mol hopmynsl.
IIpaBWiio OTpHUAHES NPHBEACHHON QopMYIIbl. Buinonnue ompuyanue xaxcoou Cea3Ku 8 nPUSEOEHHOU
opmyne, m.e. 3amenus 6 Heii KANCOYIO CA3KY 080ticmEeHHO C8A3KOU, nonyuMm ompuyanue amou ¢op1uyjzbz

Hpumep. Ilycrs 4 ects npusecHHas hopmyna ((P ZQ<RA S ) > Q B cuny (1)-(5), nomyunm A:

(PZQ<®AS)> Q=(PZQ<RAS)> Q=(PZQ 2 (RAS) <Q=(PZQ)>
> (Exg_)) < Q=(P X—é) > (-l-{_V S)) €Q mm, pacnpenenus ofilee OTPHLAHKE CPa3y TakuM oOpasoMm:

(PZQ<®AS)>Q=(PZQ)<(RASH> Q=(@SQ)>(RVS)<Q
Mocnenuss GopMyiia NoNy4aeTcs U3 AAHHOH [0 NPABWIY OTPHIAHHA IPHBENEHHOK GOPMYBL.

OTpHIilaHKie NPUBENCHHOM (popmynm 10 MpeBUIYIEMY NPABHILY, OHCBHAHO, TAIOKE ABIACTCA NPUBEACH-
HO#M (bopnynou Taxum 06pa30M HMEeT Mecro
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Mpennoxenne 1. Kaxcoan uz osoticmeennvix npugedennvix gpopmyn A u A nonywaemcs us opyzoii 3a-
MEHOl 8 Hell KaxCOoU C8A3KU 080UCMBEHHON C6A3KON. :

Knace npono3unuoHaibHbix HOPMYI pacrafaeTcs Ha napbl ABOHCTBEHHBIX (opMyi Bupa {4, A } u no-
TOMY MHBapHAHTEH OTHOCHTENBHO Npeobpasopanuii u3 rpynnsl C. (3aecs noa npeobpaszopannemM kuacca dop-
MyJ1 IOHMMaeTCs COOTBETCTBYIOLIEE Ipeobpa3zoBanne Kaxaoi ero GopMybl.)

CornacHo TabIxuam JOrHYECKHX 3HAYECHHH U1 CBA30K, KaXAOMY PacHpeielieHUIO IOTHYECKHX 3HAYEeHU#
NPONO3UUMOHANBHBIX OYKB, BXOAAIMX B HOPMYIly, COOTBETCTBYET HEKOTOPOE JOrHYECKOE 3HaYeHUE 3TOH op-
Mysiel. TeM caMbIM KaXcaas Ipono3uHoHaIbHas GopMyna HMeeT CBOO TabimMLy JOTHYECKHX 3HAUSHHH.

B jansHeRineM TaM, rae 3T0 He OyZeT Bhi3nBaTh HEAOPa3yMEHHM, PaAl KPaTKOCTH BMECTO BHIPAXEHHH
BHJIa «paclpeieneHye NOrHYeckiuX 3HAUYCHHH NPONO3ULHOHANBHBIX Oyks, BXoAsmmx B ¢opmyny (dopmysnsi),
ripu koTopoM dopMyna nmeet (Gopmyis! UMeroT) 3HaYCHHE» OYIEM HCIIONB30BaTh BHPAKCHHA BUJA «Clyyai, B
KoTOpoM popmyna umeeT (GOpMyIBI UMEIOT) 3HAUEHHED.

Tenepb BEPHEMCS K IPOTIO3HIMOKATLHBIM CBA3KaM H PaCCMOTPHM HX C TOYKH 3PEHHSA NO3HTHBHOM U He-
raTMBHOMN OpHEHTAlMi B IBY3HAYHOH Noruke. Bysem HCXOIMTh M3 TaONML JTOrHYECKHX 3HAYEHHH UL CBA3OK.

Y1eepxknaeHue | COXpaHsAeT M I03UTHBHOCTD, M HETATHBHOCTD; 3 OTPHUAHAE  W3MEHSET M [I03UTHBHOCTD,

U HeraTWBHOCT. TeM CaMbIM 3TH ONepaly He HMEIOT HY TIO3HTHBHOH, HY HETATHBHOH OPHEHTAaLHH.

TIpu OnHOM ¥ TOM Xe JIOTHYECKOM 3HaueHuH (1160 «103uTHBY, THOO eraTus») gopmyn 4 1 B 310 *e
JIOrHYECcKOe 3Ha4eHHEe HMEIOT KOHBIOHKIMA A A B 1 nu3bioHKuus 4 V B. BCneACTBHE 3TOr0 OYEBUAHO

Tpennoxenne 2. Bo 6cex cayuasx, 8 KOmopwix 6Ce NPOU3BONLHO 3A0aAHHbIE POPMYALI UMEIOM OOHO U MO
Jice no2uyecKoe 3Havenue (MO0 «no3umue», Mbo «He2amuey), Mo Jice 3HAYEHUE UMeem 6CAKAA popmyna, no-
CMpoenHas u3 3a0aHHBIX POPMYN NOCPEOCMEOM MONLKO CEA30K A u V.

B cMBIC/IE NPEMIOKEHAS 2 CBA3KH A, \V COXPAHAIOT KaK HNO3HTHBHOCTb, TaK H HEraTHBHOCTH NPH MO-
CTPOEHMHM H3 NPOM3BOJIBHO 3aAaHHBIX GOpMyN MOOKIX GOPMyYI C IOMOIIBIO TONBKO ITHX CBA30K.

B 3TOM acnexTe KOHBIOHKIHMA M JH3IBIOHKUHMA HE MMEIOT HH JIO3UTHBHOH, HM HEraTMBHON OpPHEHTALHH.
Onnako, HMEIOT MECTO CIIEAYIOIHE BA OUCBHAHbIC NPEUIOKEHHS.

Mpennoxenue 3. Bce gpopmynst (kaxcoan ¢opmyna) noboti koneuHot cogoxynHocmu gopmyn umerom
(umeem) 3naueHue «NO3UMUEY» BO 6CEX MEX U MONLKO MEX CIY4asnX, 8 KOMOPbIX 3HAYEHUE «nO3UMue» umeem
KOHBIOHKYUA 8CeX OPMYN 3moU COBOKYRHOCMU.

TlIpennoxensue 4. Bce gpopmynwt (kadicoas gopmyna) no6oti KOHeuHOU COBOKynHOCIMYU Gopmyn umerom
(umeem) 3nauenue «He2amus» 60 6CeX MeX U MONLKO MeX CIYHAnX, 8 KOMOPLIX 3HAYEHUE (He2amue» umeem
QUZBIOHKYUR 8CEX POPMYN MO COBOKYRHOCIIM.

B 9T0M CMBICIIE KOHBIOHKIIHA HMEET MO3UTHBHYIO OPHEHTALHMIO, 3 JUIBIOHKINS — HETaTHBHYIO.

IMo3uTHBHBIE MMIUIMKAUMA ¥ SKBHBAIEHLMA MMEIOT NMO3UTHBHYIO OPHEHTALMIO B CIEAYIOLIEM CMBICIE.
Tlpu oaHOM K TOM K€ JIOrM4eckoM 3HaueHHH (b0 «103UTHBY, MO0 «HeraTHs») Gopmyn 4, B no3sTHBHLIE M-
mmkanus A < B n sxBuBaieHns 4 S B UMeIoT 3HadeHUe «103uTHB». OTCI0Aa NojiyyaeM

Ilpennoxenne 5. Bo gcex mex u monbKo mex CAy4asx, 8 KOMOPHIX 6Ce NPOU3BONLHO 3a0annble opmynsl
UMelom 3HaYeHue «NO3UMuUe», MO JHce 3HAYEHUe umeem 6CAKAR HOPMyna, NOCMPOEHHA U3 3a0aHKHBIX GopMyn
ROCPeOCmBOM MONBKO CEA30K € U X; 8 KANCOOM U3 OCIMANbHBIX CyYaes 018 300aHHbIX QOPMYA nOCMpoeHHble
YKQ3QHHBIM CROCOBOM OPMYNbL UMEIOM PA3TUYHbIE T0ZUHECKUe SHAYEHUS.

JokazaTeascTBo. {11 IPON3BOIBHO 32]aHHBIX POPMYJI IPH KOKIOM pacnpeieneH!y JIOrH4eckKuX 3Ha-
YeHu# MPONO3UIMOHANBHEIX OYKB, BXOAALIHNX B 9TH GOPMYIIBI, €CTh TONBKO JBE BOZMOXKHOCTH:

1. Bee 3amanHbie GopMyabl HMEIOT 3HaYEHHUE «TI03MTUBY. Torza, CornacHo TaGNHLIAM JIOTHYECKHX 3HaYe-
Huil A4 CBS30K <€ M X, BcAkas GopMyIIa, HOCTPOeHHAS U3 HEKOTOPBIX 3aJaHHBIX $OPMYN NOCPEACTBOM TOIBKO
CBA30K € H S, HMEET 3HAUCHHE (TIO3UTUBY.

2. He Bce 3anannble (opMysbI HMEIOT 3HadyeHue «a103uTuBy. I1ycTs 4 — 3anaBHas GopMyra, UMEIOLIas 3Hade-
Hye «aeratney, Torna Gopmyna 4 <€ A4 uMeer 3HaueHHe «I03HTEBY, a hopmyia (4 <€ A) X 4 — 3HauCHHUE (HETATHB.

IIpemnoxenue nokasano.

B cMeicie npeioxeHns 5 cBasKi <, X COXpaHAIOT TOJIBKO MO3HTUBHOCTD NPH IIOCTPOCHMH M3 NPOM3BOJBHO
3a1aHHBIX (OpMy JHOOBIX (POPMYII C IOMOLIBIO TOIBKO THX CBS30K. KpOME TOTO, MMEET MECTO O4EBHIHOE

Hpennoxenne 6. [Ja ecakux ¢popmya A u B 80 ecex cnyuasnx, 8 komopuvix obe popmyrvt A u A < B
uMeIom 3HaYenue (RO3UMUE», IMo e 3HadeHue umeem u popmyna B.

Herartupnbie MMIUIAKALHA H DKBHBAJICHIHA MUMEIOT HETATHBHYIO OPHEHTAIMIO B CIEAYIOLIEM CMBICIE.

Tpu 0fHOM H TOM X JIOTHYECKOM 3HaYeHHH (10O «HeraTHsy, MM00 «o3uTuB») GpopMyn 4, B HeraTtUsHEIE

umIUuKanus 4 > B uoksupaienuud 4 Z B uMeroT 3Hauenue «Heratus». OTciona notysaem
IIpennoxense 7. Bo scex mex u moibko mex cayuasx, 6 KOmopboix 6Ce NPOU3BONLHO 3a0aHHble PopMynsl
UMelom 3HaYeHue «He2amuey, IMO Jce 3HAUeHUe umeem 8CAKAs PopMyna, nOCMpoeHHas U3 3a0aHHBIX Hopmyn
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nOCPeOCmeoM monbKo CEA30K > u Z; 6 KANCOOM U3 OCMAIbHELX CLy4aes 01 3a0AHHBIX POPMYA NOCMPOEHHbIE
VKA3AHHBIM CROCOOOM DOpMYILL UMEOm PANUYHBIE TO2UYECKUE SHAYEHUL.

HoxazaTenncrBo. JloKazarenscTBO NPEANOKEHHS 7 NONYYAeTCs U3 A0KA3ATENbCTBA NPEANIONEe A 5 3a-
MCEHOM B 1IOCHEAHEM JOKa3aTeNbCTBE BCIORXY KaXAOTO TEPMHUHA JIOTHIECKOTO 3HAYECHHA TEPMUHOM [BOHCTBEHHO-
ro 3HAYEHHS U KaXJA0I'0 CHMBOJI2 JIOTHYSCKOH ONEpalMy CHMBOIOM JABOHCTBEHHOH ONepanyy.

B cMmercre npemtoxenus 7 cea3kM >, Z COXPaHAIOT TOABKO HEMATHBHOCTD IIPH MOCTPOSHHUH M3 IIPOH3BOJIBHO
3aanHbIX Gopuy 00X GOPMYIT ¢ HOMOILBIO TONLKO 3THX CBA30K. KpoMe Toro, mMeeT MecTo oueBHIHOE

IIpennoxenne 8. [t ecaxux ghopmyn A u B 6o ecex ciyuanx, 8 komopwix obe popmynsr A u A > B
UMEIOM 3HAYEHUE «He2AMmUe», MO dice Inayenue umeem u popmyna B .

Taxum oGpa3zoM, IPOMO3HIMOHAIBHEIE CBA3KH MMEIOT obmenorudeckuil craryc. OnHaKo, B yKa3aHHOM
BBILLIE CMBICTIE (IIpeVIOKEHAS 5-8) CcBsA3KkH €, X MMEIOT YETKYIO NO3UTHBHYIO OPHEHTALMIO ¥ OTHOCATCH K MO3K-
THBHOH JIOTHKE; 4 CBA3KH >, Z HMEIOT YeTKYK) HETATHBHYK) OPHEHTAIMIO B OTHOCATCS K HEraTHBHOM JIOTHKE.

~ IlosuTuBHYIO H HETaTHBHYIO OPUEHTAIMH OyIEM Ha3bIBATb I0ZUNECKUMU OPUESHMAYUIMU.

Hon xonmexcmamu NOTHKH BhICKAZHIBAAMH GyJeM [OHMMATh €€ MPHHUMIAI (3aKOHBI, AKCHOMBI), TIPaBH-
713, ONPEAECNEHUs, TEeOpEMBI (TIPEIIOKEHHA), JOKA3ATENbCTBA (BBIBOJBI) — HA30BEM HX OCHOGHbIMY KOHTEKCTAMHU;
a TaKKE PasiMYHbLIE COBOKYNHOCTH (CHCTEMHI) 3THX OCHOBHBIX KOHTEKCTOB — HA30BEM HX KOHMeEKCMAamu-
paszOenamu. B KOHTEKCTHI-Pa3eisl BMECTE C OCHOBHBIMM KOHTEKCTAMH BXOJAT M CONPOBOXIAIONINE MX TEKCTHI,
TIOACHAIOIME U CBA3YIOLIME OCHOBHBIE KOHTEKCThl. KOHTEKCTHI-pasnensl, COCTaBIEHHRIE HE POM3BOJIBHO, a II0-
CTPOEHHBIE B npoLiecce (0 XOAy) NOCTPOSHHUA JIOTHKH BBICKA3bIBaHMI, NpeaCcTaBAOT cO00M He NMPOCTO COBO-
KyITHOCTH OCHOBHEIX KOHTEKCTOB, 2 CHCTEMbI OCHOBHBIX KOHTEKCTOB. OOBACHAECTCA 3TO TEM, YTO BXOASAILUE B
TaKi€ KOHTEKCTHI-Pa3/ic/ibi OCHOBHBIE KOHTEKCTHI OObe{MHEHB! (CBA3AHBI) HEKOTOPHIMU JIOTHYECKUMH HAEAMH K
NOTOMY HAaXOAATCA B COOTBETCTBYIONMX JOTHYECKHX OTHOLIEHHAX. KOHTeKcTaMu-pasienamMmu ABIsioTCs, B 4acT-
HOCTH, NIO3UTHBHAA ¥ HETaTHBHAA JIOTHKH BHICKA3bIBAHMIA, 4 TAKOKE BCA JIOTHKA BRICKA3HIBAHMIA.

JIBOMCTBEHHOCTh JIOTHYCCKHX 3HAYEHMH, a TakKe MPONO3MIMOHANBHEIX CBA30K (momapHO) u GopMy:n
(monapHo), pacCIpOCTPAHAETCA H Ha KOHTEKCTHI JIOTHKH BHICKA3bIBAHHH, B KOTOPBIX OIHCHIBAIOTCA 3TH NOMAPHO
JIBOHCTBEHHbIE 00BeKTH, crexyromumM obpasoM. ToxaecTBeHHoe npeoOpazoBaHue KOHTEKCTa GyAeM Ha3BIBATH
ymeepoicoeHuem 3TOr0 KOHTEKCTa. 3aMeHy B KOHTEKCTE, COAEPIKAIEM TEPMUHBI (CHMBOJIBI) HEKOTOPBIX H3 HO-
NapHO NBOWHCTBCHHHIX OOBEKTOB, KAKAOrO TEPMUHA (CHMBOJA) JIOTHYECKOTO 3HAYCHUS TEPMMHOM (CHMBOJNOM)
JBOMCTBEHHOTO 3HaYEHMA, KAKAOro TepMHHA (CHMMBOJIA) JIOTHYECKO#H OMepanua TEpPMUHOM (CHMBOJIOM) IBOHCT-
BEHHOMH onepauuy ¥ kaxnoi dopmyns! aBoiicTBeHHOH dopmyoH 6yneM Ha3LIBATE OmMpuyaniem 3Toro KOHTEKCTA.
KoHTeKCT, KOTOpHIHA HE CONEPHMT TEPMHHOB (CHMBONOB) OGBEKTOB, HMEIOIIHX NBOHCTBEHHBIE cebe 0OBeKThI, Kak
IyCTOM KJIacC TaKUX TEPMHHOB (CHMBOJIOB) HHBaPHAHTEH OTHOCHTEJBHO OMiepalMH OTPHIaHUA. Y TBepKIcHue (0T-
PHIIAHHE) KOHTEKCTa-pasfieNia, O4eBUAHO, O3HAYAET YTBEPKIACHHE (OTPULIAHHE) KKAOr0 BXOJALIEr0 B HErO KOH-
TEKCTA.

Pasymeercs, np4 OTPHLIAHHK KOHTEKCTOB METaA3biKa JIOTUKH BBICKA3BIBAHHI, KOTOPHIM ABILICTCH €CTECT-
BEHHBIN S3bIK, HEOOXOMMMO YYHTHIBATH OCOGEHHOCTM 3TOrO A3BIKA, H3MEHsA pedeBbie 060pOTEL, @ T0 ¥ GopMy-
JIMPOBKY BCEr0 KOHTEKCTA TaM, I/ie 3T0 Tpefyercs (HanmpuMep, NpH BXOXKACHUH B KOHTEKCT Bhipakenuit « cie-
Ba» U «  cBepXy»). K TOMy e, Cneaiyer HMeTh B BUIy 0COOCHHOCTH ynoTpebnenus 6yks 4, B, C, ..., BO3MOXHO

C uepToif  cBepxXy, WA 0003HaYeHM MPOM3BONbHBIX GopMyi. IIpu OTpuuaHUM KOHTEKCTa 0603HAYEHHbIE B

HeM TakuMmu OykBamu GOPMYIIbI, CTPOTO rOBOPS, JAOJDKHB! OTPHIATHCH.

W3 onpenenenus yrBepxaeHN ¥ OTPHUAHMA KOHTEKCTOB C OUYEBUAHOCTBIO CIEAYIOT IBa [IPEIIOKECHHS.

Hpennoxenne 9. [Jns ecaxoti napbl KOHMEKCMOE NO2UKU EbICKA3bIGAHUN MUGO KANCOWLI U3 HUX AGAAEMCH
ymeepcoeruem opy2020, b0 Kaxcoblll U3 HUX He AGNAEeMCA ymeepicoeHuem Opy2ozo.

Hpennoxenme 10. s ecaxoii napvt KOHmeKCmoe n02uKYU BbICKA3bIGAHUIL TUGO KAMUCOBI U3 HUX Aeniem-
ca ompuyanuem Opyz020, MO0 KAXCObIU U3 HUX He AGNAEMCA OMPUYAHUEM OpY2020.

HTtak, ecrii ofuH M3 ABYX pa3nMYHBEIX KOHTEKCTOB ABIACTCS OTPHIIAHHEM JPYroro, TO ¥ APYTo# ABIseTCs
OTpHIIAaHHEM IIEPBOTO, 2 UX Mapa HHBAPHAHTHA OTHOCHTENBHO rpynmsl npeobpasopanuii C, T.e. 3TH KOHTEKCThI
ogoticmeennvie. KOHTEKCT, MHBAPHAHTHBIH OTHOCHTENIHHO 3TOH XK€ IpyImsl, GyAeM Ha3bIBaTh CaMOOB0UCMEEH-
noim. [apa nBoCTBEHHBIX KOHTEKCTOB, O4EBHIHO, IpeCTaBILieT cO00H caMOoBOHCTBEHHBIH KOHTEKCT.

Ecm opue 3 NBOMCTBEHHBIX (CAMMETPHYHEIX) KOHTEKCTOB JIOTMKH BBICKA3hIBAHMI HMEET NO3WTHBHYIO OpH-
€HTALMIO (OMHCHIBACT NO3NTUBHOCTH) H IPHHAIVICHKHT NO3UTHBHOM JIOTHKE BHICKA3bIBAHMH, TO APYIOH HMEET HEraTHB-
HYIO OPHEHTAIMIO (OIMCEIBAET HEFATHBHOCTD) Y NPHHAIVIEKUT HErATHBHOM JIOrvKe BRICKa3bIBaHuM, H 00paTHO.

KonrtexcTni, ABOMCTBEHHOCTh KOTOPHIX 00ycnopnesa ABOMCTBEHHOCTBIO JHMILL YHAPHBIX JOTHYECKHX
onepaui, (Hanpumep, npetoxenus 9, 10) He HMEIOT JIOTHYECKOH OPUEHTALMH, KaK H CaMH YHapHBIE onepa-
nuu. Taxkuie KOHTEKCTH, a TakkKe CaMOJBOHCTBEHHBIE KOHTEKCTHI (B YaCTHOCTH, KOHTEKCTBI, KOTODBIC HE COAEP-
XKaT TEPMHHOB (CHMBONOB) OOBEKTOB, MMEIOIIMX ABOMCTBEHHBIE cebe 0ObeKTh!) MPHHAIIEKAT ABY3IHAYHOH J1O-
THKE BBICKAa3bIBAHHI B LIEIOM.
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Kcrarn, onpegenenne pono3sHiiHoHAILHOH GOpMYIbl ¥ IPEUIOKEHHs 1, 2 caMOnBOHCTBEHHH!; a mpesi-
noxenns 3 1 4, 5 u 7 (¥ UX KOKA3aTeNbCTBa), 6 B 8, 9 u 10 gBoiicTBenyst nonapuo. Kaxaoe U3 HHX MOAy4aeTCA
Y3 ApYroro (NapHoro) MocpeAcTBoM oTpuuanmnsa. Kpome toro, mpemnoxenus 3, 5, 6 NPHUHAMNEKAT MO3UTHBHOM
JIOTHKE BHICKAa3hIBaHuMii; a npeynoxenus 4, 7, 8 — geratunHoi. [Ipennoxenus 2, 3, 4 BMecTe ¢ CONpoOBOXAAN0-
IIMM MX TeKCTOM 00pa3yloT caMOABOMCTBEHHBIA KOHTEKCT-pasjiell IOruKH BbickasbiBanuil. Ilapa npemnoxeHuit
5, 6 ¢ CONPOBOXKIAIOLIAM HX TEKCTOM H napa mpeioxenuit 7, 8 ¢ TAKMM TEKCTOM NIPEACTABNAIOT coGoi ABOHCT-
BCHHBIE KOHTeKCTsl-pazzeinbi. Hacrosummit naparpad B menom fBasercss CaMOABOHCTBEHHBIM —KOHTEKCTOM-
pa3zesioM JOTHKH BRICKa3bIBAHHH.

B cuty BOHCTBEHHOCTH, T.€. CHMMETPHH, KOPPEKTHOCTD B KaKOM Obl TO HH OBLIO CMBICIIE OAHOTO H3 IBOjH-
CTBEHHBIX KOHTEKCTOB PACHPOCTPAHACTCA M Ha IPYroi KOHTeKCT. Takium 06pa3oM, MMEET MECTO ClleAyIOmHii

* Tlpunumn pBoiCTBEHHOCTH. Beakusi KonmeKem 02Uk 8blCKa3bléanuil nubo camodsoticmeenHolil, 1u6o
umeem O80HCMBEHHbIE CeOE KOHMEKCIM, ROAYYaeMbill U3 OAHHOZ0 nocpedcmeom ompuyanus. Beaxutl umeroyuti
ROZUYECKYIO OPUEHMAYUI0 KOHmeKCm umeem 08BOLUCMEeHHbIl cebe KOHMEKCMm npomueononodCHON 102U4ecKol
opuenmayuu. [Ipu 3mom KoppexmHocmb 8 MoGom cmbicie (8 YACMHOCMU, OOKA3YeMOCmb, HENpOMUBOpeyy-
80CMb, HE3AGUCUMOCMb, NOTHOMA) O0HO20 U3 OBOUCMBEHHBIX KOHMEKCMOS (C YYemom e20 N0ZUHeCcKol OpueH-
mayuu) 03navAem makyio Jce KOpPEKMHOCmb 0py2020 KOHMeKcma (C yuemom €20 102udeckoll opuenmayuu).

HMenHO B COOTBETCTBMM € 3THM NPHHIMIOM JBOMCTBEHHbI IIO3MTHBHAS M HETaTHBHAA JIOTUKH BHICKA3EI-
BaHHIA, a UX 0apa, T.e. /IBY3HAUHAsA JOTMKA BHICKA3LIBAHUH B L[EIOM, CaMOJBOHCTBEHHA — HHBAPHAHTHA OTHOCH-
TEABHO Ipyrmsl Hpeobpaszosanuii C. IIpn 3ToM KnaccHveckas JOTHKa BHICKa3bIBaHHHA ABIAETCA MO3HTUBHOM.

PE3IOME

- YcranoriieHa JBOICTICTh ICTHHHOCTHMX 3HaYeHb AK iHBAPIiaHTHICTh MapW LHX 3Ha4YeHb BIHOCHO LHKIIYHOI rpynmH
NepeTBOPEHB APYTOTo NOpsAKY. Taka ABOICTICTL BBEEHA B CHCTEMY NPONO3HIIHHUX 3B’ 530K, POPMY Ta KOHTEKCTIB NOTiKH
BHCIIOBJICHE.

SUMMARY

Duality of true values is determined as invariance of a pair of these values in regard to the circular group of the sec-
ond order transformations. Such duality is brought in the system of propositional connectives, formula and contexts of logic
of sentences. ;
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YK 519.2

ACHUMITOTHYHI BJACTHBOCTI ONIHKHM @ YHKIH IHTEHCUBHOCTI
MAPKIPOBAHOI'O ITYACCOHOBOI'O I1OJIsA

A.O0.Cmenanuyesa

V ctatTi [1] BHBYEHO BIACTHROCTI OLIHKM MaKCHMAaNbHOI npasaonodicrocti (OMIT) s dpysxuii inTen-
CHBHOCTi A HEOJHOPIIHOTO MyacCOHOBOTO NOJs, IPHIOMY OHiHKA NoOYA0OBAHA 32 CIIOCTEPEIKEHHAMM NOAIM mya-

CCOHOBOTO NONA Ha MHOXHHaX (7 , WO PO3WKMPIOOTEES . B aniii po6OTi BHBYAIOTHCA aCHMIITOTUYUHI BJACTHBO-

cri OiHKK (yHKUIT IHTEHCHBHOCTI MAPKipOBAHOr0 MYacCOHOBOrO Nois. J[0BeeHO KOH3MCTEHTHICTh HenapameT-
pruHOi ouiHkH GyHKIT A Ta oTpHMaHA IWBHAKICTS il CepeIHBOKBAAPATHYHOI 36DKHOCTI. MOXUIMBI 32CTOCYBAaHHA
OTPHUMAHMX Pe3yNbTaTiB B €K0JOTii Ta QiHAHCOBIH MaTeMaTHIY.

V crarri E nosHayac MATEMATHYHE CTIOJIBAHHA, Var — JHCTIEPCII0 BUNAAKOBOI BEJIMYHHH, a mes NO3HAYAC
mipy JleGera. ITOCTiXOBHICTS BHNANKOBUX BEJMYHH, WO NPAMYE fo O 32 IMOBipHicTIO, GyaemMO N03HAYaTH yepes

°p (1), a nocnioBHICTS CTOXACTHYHO OGMEXEHHX BUIAAKOBMX BETUUMH I03Ha4aeMO yepes O p (1) (abo O(1)).
1. Mopejip cnocTepexeHb Ta KOH3HCTEHTHICTh HeHapaMeTPHYHOI oLiHKN.
3riaxo [2], ¢.46 BBeneMO O3HAYECHHA YACTKOBOIO BUIIAAKY MapKipOBAHOTO IIyaCCOHOBOIO HOJIA.

Ossauennst 1. Touxopow Mipoto Ha Gopensosiii Maoxuni 4 C R” x H Hazsemo Mipy p Ha 6opemnsoBiii
o - anrebpi B (4), mo mMae npeacTaBIeHHs

H = Zaxihi
i21 _
ne {(x,. b)), 1> l} — cKindeHa a6 3iueHa MHOXHMEA TOHOK B A, a &, — Mipa Jlipka, 3aana na B (4) i 30ce-
peaxena B To4ui (x, ). IIpocTip yciX Takux TOYKOBHX MIp 03HAYaTHMEMO qepes M(A4).

Hexai (Q, 3, P) — noBHHUii iMOBipHiCHHIt npocTip. Jlami yci BUNAAKOBI IPOUECH T2 MOJIA BBAKAIOTHCA
3aJaHUMH Ha UBOMY mpocTopi. Y npocropi M(4) posrnanaerscs o ~— anrebpa S(A) — ue naiiMeHiua o — anre6pa,
BiZHOCHO sikoi yci Bino6paxents M(4) 3 4> y(B) sumipsi, ne B — noBinbHa GopensoBa MAMHOXHHA A.

O3navennsn 2. ToukoBum npouecoM Ha A HasBeMo I - S(A) — BuMipHE BimOGpaeHHs
N :Q — M(A). ‘

TakuM 4uHOM, nipu KoxkHoMy @ € Q N(@) € BUMaaKkoBolo TOYKOBOIO Mipoio. 3HaueHHs Ljei Mipu Ha
B €B (4) nosnavatumemo uepes N(B) = N(B, @ ).

O3navennsn 3. Hexait v € o- ckinuerowo mipoio Ha B (4). Touxosuit npouec N : Q) — M (A) nazsemo
HEOAHOPIIHHM MAPKIPOBAHUM NYaCCOHOBHM MOJIEM 3 MIPOIO iHTEHCHBHOCTI V, AKIO:

a) npu Bcix B € B (4) 3 v (B)< x, 3nauenns N(B) Mac nyaccoHiB po3noAit 3 apaMeTpoM

v (B); R

6) Ana koxHoro Habopy B, ,..., B, GopensoBux MiIMHOKHH A, IO IONAPHO He NepeTHHAIOTHCH, K > 1,
anauennn N(B,),..., N(B,) € Hesanexxnumu BUNaaKOBHMH BEIHIMHAMH.

O3nayenna 4. SKO Mipa IHTEHCHBHOCT] V NyacCOHOBOro 1014 abCoMOTHO HenepepBHa BITHOCHO MipH
JieGera u,, , To noxinxa Panona — Hukonuma d V/ du,, HA3UBAETBCA PYHKILEIO IHTCHCHBHOCTI.

TpunycTHMO, WO MM CMOCTEPiraeMo TOYKH MyaccoHosoro nons N () na R™ x H Ha 3pocTaiodux MHo-
aunax G, x H . Tyr H - cenapaGenshuii Ailicuuil HeckinueHHOBUMIPHUIL ribOeproBuii npoctip, H - Gope-
nsoBa MHoxuHa B H, G, - o6mexena muoxuna 8 R” 3 mes G, >0.

Tpunycrumo, wo Muoxuua (H ) oaﬂy-xpimuix touok H e wenycrow; { G, , k21}- 3pocratoua nocmi-

©
. . . 0
IOBHICTh OOMEXKEHUX 60p¢HLOBHX-MHO)l(HH, npuyoMy G= UG" Ma€ HECKIHYCHHY MIpY J'Ie6era; Gk - MHO-
k=1

uHa BHyTpiWHix Todok G .
Brenemo HacTynHi yMOBH:
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(i) N (") - nyaccoHOBE BHIIAJAKOBE MOJIE 3 HEBIOMOIO MIPOIO IHTEHCHBHOCTI BHILATY
Ao (t)dt xdg(x), teR", xe H.
Tyt ZO: R"™ > R, g - mipa na B (H), a mipa intescussocti 3agana Ha 0(S,, X B (H)), ne S, - © - anrebpa

BuMipaHX 3a Jle6erom muoxms B R” . Hexait takox Bukonani ymos# (ii) — (iv) i3 [1].
(ii) s dikcoBanux qOmaTHUX uyucen T,..., T

Io(t, 0Tty ¥ 10,7, )= Ayt ), Vit €ERVny,.n, eZ.
Nosraunmo A = H[O, T, ]
i=1
(1) PyHkuis ZO y BHyTpilHix Toukax A, cniBnajae 3 HenepepBHOI QyHKHi€I0 Ay , ipHioMy /10 Ha-

nexutb K —~ 3ananiil KOMIIaKTHiH y npocTopi (C (A, ),“ . "w ) MiAMHOXHH] HEBI'EMHHX (QYHKIUM.

Toknanemo A (1) = min{l(t)‘ Ae K}, teAy ta My = max{l(t)it eAj,AeK }

dt
— <®
A, 2’: (t)
(v) g=N (“o .S ) , TYT S — BinoMHii KoBapiauiittuii oneparop, AKHi Mae HyIBOBE SAPO; d, € S %H Ta
HEBIZIOME.

 Saysaxwmo,  mo g(H o) >0. Ymosa g, €S8 %H HaM NOTPiGHA Amw  Toro, Io6
g <<g,=N(0, S). Jani Gynemo mucatn g = g, . Topi [3]

(x) exp{— _“bo“ (bo ,S 7 x)} (mod g,). 6))

Tyr by =8 }éa e H, (bo, S }éx), xeH -ue N (0,“b0 “2 )- rayccoBa BHIA/KOBA BEJMYHHA B iMO-

pbo (x) =

sipaicsomy npoctopi (H,g,).

Hexaii N - nyaccoHose none Ha R™ x H 3 dysKui€io iKTeHCHBHOCTI A=1 (t)dt x dg(x), sxa 3an0-
BOJIBHAE YMOBI nepioguunocTi (ii), Hexal Takox Z cniBnanae y BHyTpilHix Toukax A, 3 HenepepsHOIO (yHK-
niewo A € K . Tlosnaunmo yepes P, mipy sa ppocmpi toukosux Mip M (G, x H), nopomxeny nosem N ;
ananoriuny Mipy ia M (G, x H), noGynosany ans nons N 3 ymos (i), nosnadumo yepes P, . Toni 3riaso 3

[21, ¢.78 npu ymosax (i)-(v) P; << P,Ta mns maibke Bcix sinnocno Fy touxosux mip € M(G, x H )

Py oo h{ i¢p) 9,
dF, GyxH, Aot ;ﬂ) dg 8o

B At,B) 98
. j T s —2 (x)dtdg, (x) .

(x)}dﬂ(t’ x)+vo(Gy xHy) -
-2

Tyr v,(4)=EN(4), Ac 3—~oc—anrepina B ( G, x H,) - mipa iuTescuHoCTi Mapkiposa-

HOTO MyacCOHOBOTO N0 Ha A. SIkuio noknacTu ){0 =1, 1o Bpaxosyiouu (1), METON MAKCUMAJIBHOI IPABAONO-
JiGHOCTI NPUBOMMTH 10 MaKCHMIzanii GyHKuioHATY
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’

L | [ A@)dt | pp(x)dgo(x)+  [InA()dN(t,x)+
meSGk Gk HO Gk XHO 3)

0, (4:b) =

+ [lnp,(x)dN (t,x)).

Gy xHy

Tyr wineHicTe O, MOXHA oTpEMATH 3 (1), AKIIO NiACTABUTH b 3aMiCTh bo .
1 2 - -
3ayaxumo, wo Inp, (x)= --*i”b " +(b , S %x) Ta J0HAHOK (b ,S %).) BH3HAYEHMIl JA
xe H\E, ne g (E,)=0.

Jna toro, we6 ¢ynkmiodan (3) MIr 3ajasaty BUNAJKOBY QYHKIiH Bix b, OyNeMO BUMArati BHKOHAHHA
Hlabur CHIBLHOL YMOBH, Hix (V).

(vi) a, € S(H).
Tosnauumo S ‘,'/2b0 =cy; S ?}éb =c i nepemmuwemo (1) y Burasai

2
+(c,, x)} . Q)

3apas ue BusnaueHo npu Beix X € H . Takox nepenuumemo (3):

po(X) = exp{—% e,

- [ A0t | p g+ [In AN+

0 () =—

®)

+  [Inp (x)dN(t,x) |
G k xH 0
(vii) ¢, € ©, ae © - xomnakTHa MHOXMHA B H.
Taxum yugoMm, B (5) napa (4;c) € K x @, ne K — xommaxtHa MHOXHHA 3 (iii).
Qynxuionan (), 3 iMosiprictio 1 Henepepsrnii na K X @, 3aB1AKH LBOMY MK MOXeMO O3HAMMTH BH-
mipuy OMII (4, , ¢, ) sk pillenns onTuMisaLlionHoi 3anaui

0, (4, ;c,)= max Q,(4,c), weQ,. (6)
KRS (GeK ce@) K 0

Tyr €, - Aesxa nois nosHoi imosipHoCTI. Taka onjHKa icHye 3aBASK; TeopeMi Mpo BUMipHHi BuGip [5).
AmnanorigHo {1] BBeeMo oOMexeHHS Ha 06ACTI CriocTEpeXeHb. SIKIMO 03HAYATH

- s . m
T=(T s Ty)y = (lyyesi, ) €L™.

~ & Q)
A, :=H(zkrk,(zk +D7. ) it =(0r,00,T,)
k=1
GO:= U A, G1 = U A., 1o
k= .2 T k™. . i’
I'AleGk l.Alr‘\Gk¢0

_ mesG,
(vii) mesG, > 712 5
mesG,
Ile o3Hayae, 1O NPAMYIOTH KO HECKIHYEHOCTI 32 Ban Xosom [6, c.8].
Teopema 1. Hexaii Buxonani ymosu (i)- (vii). Toai 3 imoBipaicTio 1

-1l koo
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14 = Ao]. +]cx —co] 20, k> . ®)

Hoseoenns. \na noseneHHs KoH3UCTeHTHOCTI (8) MU nmepeBipaeMo Tpu ymoBE Teopemu [7], ¢.76. Poa-
TJISHEMO Pi3HHLIO

3y
104 (Ai50) = Q4 (A30) | < L fla-aplar+ | I 2\""0 dN () |
meSGk Gk Gk x}IO l* (t)

Tomy aHanoriyno [4], npx yMoBi (viii), OTpuMaemo

- y)
P{lim sup |Q,‘(/1l;c)—Q,‘(12;c) |S}/ I+ ! | 20 4 =1.(9)
o1 eK A - 4| <7, ce®) mesiy p o A
P ey < ;
Han,
le(z;cl)—Qku e [SMy | lp, -p, (x)ldg(x)+
HO 1 2
y 2 (10)
3 )
+ Gk ){HO - "cl ~Cy l|||x||+—2- S (c1 -02) -const [dN(t,x) - mesGk .

Tlepmmii n0faHOK MpaBoi YacTHHM piBHHI " c —02“-0(1), TOMY L0 I ealxﬂdg(x)<oo, A 6yab-SKOro
H

a>0.
VY Apyromy I0AaHKY MH MOXEMO HOBECTH, IO
o BN > 1 g (9.6

Tyt gco ~ N(S o ,8). Jind uboro BHKOpHCTAaEMO, MO-NIEpIIE, s G,? 3aKOH BENHKHMX YHCEN, a Jali HaM

OOTPiOHO BCTAHOBHTH, IO

b ;
| dN(tx)=y, >0 mn
mesGy, (Gk\GI(C))xHO I k-

Ane
mes(G \G})-M, - | "x“dgco (%)
H
Ey, < 2 —0;
mesG,
0
t G \G
vary, = ———— J’ " _)q2. A (t)dt- dg (x)scons mes( k k)'
k G | 0 C
mes G (G, \GOH, 0

mes 2 G k
3actocosyroun (viii) Ta nemy bopens — Kosrenni, noni6so no [4], ¢.94 nosoautscs, mo ¥, —> % M.H.

Jani 3 ymosu (10) Burumsae, wo icHye ¢>0 take,mo Vy > 0:
P{lim sup sup|Q, (4,¢,) - @ () |<7-cb=1.

ko (c,,€09, “c1 -c, lL<7) "1‘51(

Tomy 3 (9) ra (10) MaeMo, WO M feskoro ¢>0
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Pilim sup 0 (A,e) = Qi(Ay,0,) |Syocp=1,¥y>0. (1)
(A A2

3aysaxuMmo TakoX, o 3 iMosipHicTio 1 npu K — o0

i
0, (A,¢) > ©(A,c; 44,¢,) =~ [ Aat [ p,(x)dgo(x)+
sy Hy
1 (12)
+———— [ yOInA()d:- | dg, (x)+ [ Agdt | Inp.(x)dg. (x)
mesA, A, H, €0 mesA Ag H, ¢ €0
Nepemuremo (12) y Buriszi:
1
D(A,¢;A45¢4) = [ (Ape +4gp. In(Ap ))dtxdg,(x) (13)
T mesA, AgxH ¢ cg ¢ 0

B (13) p, > 0; obunsi dpyskuii A Ta A, HeBix’eMHui; BOHH MOXYTb GyTH PIBHHMH HyJIIO TUIBKH Ha MHOXHUHI
A= {t eA: A, ()= 0} , &JI€ 13l MHOXHHA y BIANOBIAHOCTI 3 (iV) Ma€ HynbOBY Mipy.
Omxe, Mu posrisaaemo f Take, o ¢ ¢ A, ¢t € A, 3Biaku A(t) > 0, 4,(¢) > 0.
®Oynxuis U(z) = -z +2z,Inz, z> 0 (z, > 0) nocarae cBoro MakcumyMy TUIbKH B TOYL Z=Zg, TOMY
=Apc + A Pey In(Apc ) S =Agpey +A0Pcy In(Aopcy ). Ta
1

D3 sc0) S Pl syiJgso) = o N i 0 In(2yp, )= DAop, dixdgy(x).
V upomy BHpa3i piBHICTb MaE MiCLe, AKIIO

AMt)pc(x)= ,lo(t)pcO(x), V(t,x)e Ay xHy (mod mesx gy ).

Ane ) ta p¢ HenepepsHi, ToMmy VA € K, ¢ € H puruisae

MO)pe(x)=Ag(pey (x).Y(t,x) € dgx(Hp )’
Shawo noxnactn TyT, wo ¢ € A\ A, mu orpumaemo, wo P, (x) = const - p, (x), x € (H )Y
3BifKK BUIUIMBAE PIBHICTD VA CKanspHUX XOOYTKIB
(c,x) =(c,,x) +const, x € B(xy,r)) =>c=c, 1a p,=p, , A=A,
Tyt B(x, ,¥,) TO3HAYAE Ky PajiyCy 7, 3 UEHTPOM B TOYL] Xq-
TakuM ynHOM, TOuka MaxcumyMy dynkuionany ®{A,c) icaye emuna Ta cuinanae 3 (4,,¢,).

Tomy i3 36ixs0cT (12), €nHOCTI ToukH MakcuMyMy dyrkuionany D(A,c) 1a cuissigsowenns (11) 3ri-
IIHO YMOBaM KOH3HCTEHTHOCTI {7}, ¢. 76 OTpHMY€EMO TBEP/KEHHS TeOpeMH 1. 0

Hacaigox 1. Hexait (V) ” . “ v )— mesxuii GaHaxiB NpocTip, HenepepBHO BKIACHHA B HPOCTIp
(C A, ),” . “00 ) Hexaii K- kOMnakTHa y IpocTopi ¥ MHOXHMHA HEBI eMHUX yHKIIH, TaKa I{0:

HA, eK;

2) s dyukuii 3 K suxonana ymosa (iv). Toai npu Buxonausi ymoB (i)-(iii), (v)-(viil)

14 = 2], +lee —¢o| > 0 k >0 M.

2. IllIBuakicTh cepeHbOKBAAPATHYHOI 361xHOCTI
106 3anvcaru GyHkuioHan (5) y 3py4nimii Gopmi, BBEAEMO HOAATKOBI no3HaueHHs. Hexaii

nk)=#{eZ, A <G,}
n (k) =l eZ, : A, NG, =0}
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Tyt A ; o3HaueHo B (7). Beenemo myacconose none N, Ha Z(—) x H , qns sxoro npu xoxnomy B €B
(Z-(-)) ta CeBH) N,(BxC):= N((B+ iT)x C), ieZ™. Tyacconosi nonsa {Ni, ie Zm} HE3aIEK-

Hi Ta B HACTiOK yMOBH (i) nopowkyIoTs oanakoii posnonin 8 M (A; x H) .

Hani,
n(k)-mesA 1
0 (A) =~ [ A1 [ po(0)dgg(x)+
mesGy  mesA A, H,
N n(k) - mesA, _ 1 Z j'inﬁ.(t)dNi (t, %)+ (14)
meSGk n(k)meSAO i:Zl-ch Za XHO
. n(k)-mesA, ) 1 Z fIn 2 (X)dN; (t,x) + R, (4,¢),
mesG, n(k)mesA, i;Zic:Gk ZB xH o
ae
1
R, (h)=— [ At [ p(ddgyor+
mesQ, 0 %
(G, \Gy) 0
1
o 2 [midNex+ Y [lmp (M) | s
FGNG) GGy i{(G\G) (4 NG H

BBeneMo 10aaTkoBi YMOBH:
. . - . d
(ix) Muoxwuna K cknanena 3 Hei’emunx gynxuiii Ta koMnaktra B npoctopi Cobonesa W, (A,), 3 na-

TypameuuM d > m, d>%m-—l.

(x) Ipu xoxuomy ¢ € A, Bukonana nepisnicte Ay (f) > 0.

Tpocrip Wzd (A,) menepepsro xnanenuit y npoctip C(A,) [8], ¢.475 . Tomy 3 ymoBH (ix) BumIHBaE,
uto K rakox komnakraa 8 C(A,).
Teopema 2. Hexait Bukonani ymosu (i)~(x). Toni npu kK —» o

) o,
2, %2W %
¢ —coll+ [(A (1)—An (1) dt= + -mes(G, \G,).
” k 0” Ag k 0 Jn®)  nk) k' Tk

Hoesedenna. Tloznaunmo ,
ag(t,x)= | Ay(t)drx PCO (x)dg o (x),
AOXHO
A (BXC)=——  ¥N;(BXC)-ay(t,x),
n(k) .~
"AiCGk -
S (t)=Ap(t)-Ag (1), teAy,
" (x) = pck (x) - pCO (x), xe HO'

(16)

Ta neperumemo (14) y Bursxi
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n(k)-mesAgy 1 (

0, (2ic) = —— = [ Mot [ p(x)dgo(x)+
k meon mesAq L Ag HO
+ [ AOp,, (A()ddg, + [InA()dAg (,x)+ (17)
. 0 0 -
AO ;(HO AO XHO

+ [ Ay®p, (x)mpc(x)dtdgc()+ [In p . (x)dd4; (t,x) |+ R (4,c).

AaxHO A~ xHO

Jani MipKyBaHHA 2HATOTIYRI JoBefcHHI Teopemu 2 [1]. Ane y dopmyni (17) B mopisuarni 3 [1]
3'ABWIMCA HOBI AOMAHKH | At )pc (0o p . (x)didg co a Inp,(x)dA; (t,x). 18
A= 0 xH 0 Aa xH 0
nponeci 1oBeenHs Tpeba Gyae wwe OuiHKBaTH inTerpanu no npocropy H ;. ’

3 mepisnocti Q, (4,,¢,) 2 0, (4,,¢,) orpumaemo

[ 8p(tydr | | Pey (x) ldgo(x)+ [ Ag()dt [| 7 (x) |dgo(x)~
) Hy o) Hy

Ox (1)

_Aj 20 (®) ln[1+;£ ()Jdt J e, (g, ()=

0

[ A0 | ()1pck(x)d @< | 1(1 5k(t)d o0 (18)
- o®dt § |p. (x)|ln g . (x)< nl 1+ dAy (t,x) +

Ag H, o Py &) R S Ao()

Pe, (x)

+ | | dAy (8,%) + | Ry (A e )-Ry (Ag¢0)

ZBXHO pCO (‘x)

AHanoriuso MipKyBaHHAM B JOBEACHHI Ti:OPEMHU !, 3ayBaXKMO IO

| | pck (x) |dg0(x)<const ]"xudgo(x)<+oo , v (19)
Hy Hgy

J| 7 () dgo()=00)] i —<q - - (20)
H,

Ouinzmo
Pej, \l | 2 12\, 1 2 —1/2.))

11" v ( (Ck,SN ‘Y)i—*}{é‘oii “(CQ,S XJ] <

Py @] 2 /

-1/2 <l -1/2
( Cp—Co S j ]"‘0“ “c ‘( k€S x) +
. ‘ 21
e -1/2 )

2 o[-l |- (olileel )= lrc=eol-fs 72 consr Jeg ~eo.
f ‘;)CO.;(x)‘dg-cO ()=0Q), [Ag(D)di < const. 1 (@)
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3 TBepKenHa TeopeMn 1 Ta (X) MaeMo

t
mxlk “0 () (23)
tEAO /lﬂ(t)

Toni, BpaxoByroun (19)-(23), ans nocrataso mManoro O > 0 3 imoBiprictio, mo npavye ao 1 npa k —» 0,

niea vactusa (18) He MeHIA 32 BeHuMHy O * "c A -—COI‘+ | 5!% (t)dl.‘l
A
0

3 {15) pumnBae, mo

- Moll 0
|Rk(lk ck) Ry (A9,¢q )l o mes(Gk \Gk)-const+
e <ol
+m—*N((Gk\GO)XHO)'COIISI+ 24
o (t 0,
+ - sup | In| 1+—="—= 394 N((G \G )xHO) const = L -mes(G \Gl(c))
mesGp . Ag Ay (®) n(k)

Tyt mu Buxopucraim (19)-(23), Teopemy 1 i e, mo
EN((Gk \GO)xHO) =0(1)- mes(Gk \GO),
[ At [dgg (x)=N((Gk \ GO) x HO ).
(G, \Gy) - H
. N OP () ,
Hani, A k (tO,xO) = —\/_’TT)— npu ikcoBaHOMY tO e 0 %o € H 0 ToMy, BUKOPHCTOBYIOUH TEOPEMY 1,

BAcHigoK 1, 3 ymoBu (ix) ananoriyo [1] orpumMaemMo

§k(t) Op(l)
In 1 dAy (t,x) =—E—.
zajno (uo(t)] K0 )

3aranom i3 coieBigsourens (18)-(25) orpuMyeMo 1ykaHe criBBiIAHOIIEHHS

op(l) op(I)

2 0
cp—coll+ [ 81 ()dt= + -mes(G, \G,). (26)
ol | sfoa=Tfrs+ s}
Beenemo sacTymHy yMOBY
mes(Gk\G]?)
=0, (D).

) —=———
. JmesG,

Hacninok 2. Hexalt BukOoHaHI yMOBM TeopeMH 2, a Taxox ymosa (xi). Toui
ek —col+ 0 -t 2=
A n(k )

0

PE3IOME

B nanHO# paBoTe paccMaTPUBAETCA HEONHOPOAHOE MapKMPOB2HHOE ITyacCOHOBCKOE M0JIE ¢ HEM3BECTHOMH Mepo# HH-
tencusHocTH. [lo HaGmogeHnAM Haj NojgeM Ha BO3PACTaOILEeH MOCHCAOBATENLHOCTH ofnacTeli MOCTPOEHA OLEHKAa MAaKCH-
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MAJILHOTO TPABAOTION0OHA HHTEHCHBHOCTH. M3y4erbl YCNOBHS COCTOSTENBPHOCTH HEMAPAMETPHYECKOH OUEHKH H CKOPOCThH
ee CPeHEKBARPATHUECKOH CXOANMOGCTH.

SUMMARY

In the given work, a nonhomogeneous marked Poisson field is considered, with unknown intensity measure. By ob-
servations over the field within an increasing sequence of domains the maximum likelihood estimator of intensity is con-
structed. Conditions providing counsistency of the nonparametric estimator and the rate of convergence of it are studied.

CHUCOK JITEPATYPH

1. OJ Kyxym, A .O.Crenanuiesa, ACHMITOTHYR] BIACTHBOCTI HENZPaMETPUYHOI OHIHKH IHTEHCHBHOCTI HEOAHOPIRXHOTO
MVacCOHOBOTO oM. — Teopis dmoiprocreit Ta MateMaTHyHa cratuctka. — 2001, — Bun.65. — C.97-109.

2. R.D.Reiss, A Course on Point Processes. — Springer, New York, 1993.

X.-C. T'o, l'aycconckue Meph & GaHAXOBRIX MPOCTparcTBax. — M.: “Mup”, 1979.

4. Al Joporosues, AT .Kykym, AcuMirroTiyeckse cBofcTBa HENapaMEeTPHYECKOH OLEHKH HHTEHCHBHOCTH HEOXHODOI-
Horo npouecca Ilyaccona.— Kubepreruka H cHCTeMHEIH aHamms. — 1996. — Nel. — C.91-104.

5. A.Ya.Dorogovisev, N. Zerek, A.G. Kukush, Weak convergence of an infinite-dimensional parameter estimator to a nor-
mal distribution. — Theor. Probab. and Math. Statist. — 1988 -No.37. - P.45-51.

6. H.H.Jleonenxo, A.B.Jpanos CratHcTryecku# aHamus coydausix noneif. — K.: “Buma mxona”, 1986. — 216 c.

A S Jloporosues Teopus OLEHOK NapaMETPOB CiydaiiHeix poneccos. — K.: “Buma mkona”, 1982.

8. 10.M.Bepesanckuit, [.®. Ve, 3.T. edrens OysxmaonamsHbii anamms. — K.: “Bumia mkona”, 1990.

w

N

Haoitwuna oo pedaxyii 03.03.2003 p.

Crenanuinesa A.O. 39



BICHMIK JJOHEIILKOI'O YHIBEPCUTETY, Cep. A: Tipupoasuyi Haykw, 2003, Bun. 1

VIIK 512.5
KOBAPHAHTHBIE 3HAKOBBIE MOIUOPUKATITH

B FPAJIYHPOBAHHOM MCUYMCJIEHUH
"

Honeyxui 4)u3ulco-inaxnuuec1<dﬁ uncmumym HAH Vxpaunu

1. Beegenne. Mcunciienne ¢ 46THBIMM ¥ HEUETHEIMY [IEPEMEHHBIME B CMBIC/E BHeiHeH anrebpsr (kons-
na) Ipaccmana o onpenenenuio OyAeM HasbiBaTh epadyuposannbim. JiuHelHbie IPOCTPAHCTRA HAX 3T0# anrel-
poil TakKe HasbiBaeM rpaxyHposannevMy. OQHAKO €CITH B HEKOTOPOM npocmpancmee 3Hasenutl Qynkyuii Rehct-
BYET IpyIa CyNePCUMMETPHH, TaK YTO B KAXAOM HENPHBOJIMMOM MYIBTHIVIETE B3aUMHO npecOpasyiotcs 6o3e-
% (EPMHU-KOMIIOHEHTH! — C HEOOXOMMMOCTBIO B DABHOM YHCIE, — TO TaKO¢ IPOCTPAHCTBO OyAeM HasbBarh
cynepcummempustslM, XOTS OHO M OCTaETCA B Kiacce rpagyHpoBaHHbIX. B yacTHOCTH, Moboe U3 npocmpancme
3HaYenull apzymenmog (BKNOYas Bce 6a3bl PacCiIOeHHUIt) O HTOMY ONPEREICHHIO He MOXKET ObITh CyNepCHMMMET-
DPUYHBIM, HO [PaJyHPOBAHHBIM BIIONHE MOXeT ObiTh. [l Hal{leHHOrO HaMH PelIeHHA NPobeMbl 00beIMHERH
3IIEMEHTAPHBIX YacThil ¥ (QyHaaMenTanbHbIX B3auMmoneictsuil (B-monens [1,2]) rpynna cymepcHMMeTpHH He
HYXHA, H TeM He MEHee IPayMpOBAHHBIE HPOCTPAHCTBA MCHOAL3yioTca. JluneHHyro anrebpy Haa anrebpoi
I'paccMana AG 0603naunm LINAG. B nmreparype (Hanpumep, [3-5]) otcyrctsyet eanH006pasHbli ciocot uH-
JEKCalMH BECOBEIX 3HakoB B KOHCTpyKumsx LINAG. Kak cienctBue, BepHbie pe3ylIbTaTsl ONHOH paboTh! aBTO-
MaTHYECKH MOTYT OKa3aThCH JIOXKHBLIMM B JPYTo# ¢ OTIHYHOHN cHcTeMoil 3HakoB. Tak wacto GbiBacT mpH Hapy-
HIEHAH KOBAPHAHTHOCTH.

Ha camoM fene CyniecTByeT €CTECTBEHHNH (KaHOHuYecKutl) NPHHLMI, GUKCHPYIOIHMIA crocold uHaekca-
[MH BECOBBIX 3HAKOB ¢ TOYHOCTBIO A0 ABYX CTaHJApPTOB, OnpejeNdeMbIX 3HaueHmsaMu O win 1 ABy3Ha4HOro ma-
pamerpa V (3TOT JOTHYECKHH CHMBOJ MBI CIONB3yeM B KaueCTBe GYKBbI C COXPAHEHHEM €ro OOBIYHOrO CMBIC-
1a "ma Beex"; umraetcs: forall). CnexoBaTensHo, 0 OHON M TOH e TEME MOXKHO HAamHCaTh OBa pasHbIX, HO
PaBHOLICHHBIX, MaTEMaTHYeCKHX TekcTa. JIpH 3ToM, BooOle roBops, HuKakue (pparMeHTs OJHOTO TEKCTa Hellb3s
BCTABJATL B Apyrod. IIpH HeKaHOHHYECKOH MHIEKCAIlUy 3HAKOB TAKMX TEKCTOB MOXET 6biTh MHOro. PeansHo
3710 M HaOMmozaerc, Tak yro GONBLIIMHCTBO U3 HUX HE CONMOCTaBMMBI. UTOOH He 3amyTaThCs NMPH CPRBHEHHH Ha-
YUHBIX Pe3yIbTaTOB, YNOGHO BCETNa MHACATH OMH TEKCT, HO C ABHBIM BK/IOYEHHMEM B HEro napamerpa V 6e3

KOHKPETH3aLHU ero 3sayeHnd. B oObiyHOM nunelinoi anrebpe napamerp Y orcyrcTByeT. DU3HUYECKHE ACTIEKTHI
paboTeL 00CYKAA0TCA B CIERYIOIIEH CTaThe.

0 o
2. Kanonu4ecKHe IPaBHJIA BecOBLIX 3HaKoB. IlycTs ymir —ym0 @y __ suneiinoe NpOCTPaHCT-
BO (rpadyMpoBanHbIi MOAynb Hany komsoM AG) ¢ ocobo BbIOpanHBIMH — 0OasHCHBIMH  BEKTOpamn

e,...0e } V™ u I e1,...,1 e, }C vy coorsercreenno. Onn obpasytor Z ., -rpajlynpoBaHHbIH

a=lm; e ='e

, . y 0
cmandapmuiii 6asuc {e} V™", i=1,...,m+n, — rakoii, uro e,=’e i = €q s

a

a =1,n. UYro6r TOUHO ONMCATH CMBICH IPanyrpoBKH GasucHIx BekTopoB B LINAG, onpeaenum aunednocms
U 6ununetinocms Kak OGBIYHbBIE TOHATHA, HO MCIONB3YEMbIE C TOYHOCTBIO IO NEPECTAHOBOYHBIX 3HaKOB (dop-

mysst (1)--(3) mmxe). Iiyers C: V™ x V™ — AG — 6wmneiinoe o1o6paxenne. 31ech BCETa MOKHO
HCTIONB30BATh CTABNAPTHEIA 6asuc {€,} /Ui OHOTC MPAMOTO COMHOXHTENA H TOT XK€ CaMbIil WIM OTIMYHBI
cTannaptbiit 6asuc  {€'} C V™" — mm apyroro. Beeném B pasnmunbie koHCTpykims LINAG nBy3HaumBii

napamerp V =0 wm 1. Jlns nasana cesmxeM nesbipoocdennoe otobpaxenne C u Gasucwt {e}, {€'} cne-

AYHONUMH COOTHOLICHHUAMH dsoticmeeHHocmu, HMCIONIMMH, KaK OKa3bIBACTCA, Koaapuaﬂmmﬁ XapaKkTep:

i i Vi gi i i FIn i(V+)) i
Clee)=c-e,=(-1)"8), Clepe)=e, & =(-)"8, =(-)"&;, - )
tak yro C sapmucnr ot napamerpa V: C=C,.3nece 8'j (=l,ecnn i = j u0, ecmu i # j)ects cumpon

K 8! = (=16 6
pOHEKepa, HO O; = (— ) j MM He aBAercd. Bcrofy KCNoNb3yeTcs COMAIEHHE, 0 KOTOPOMY Bce OYKBBI

(ne cumras V') B moxasatensx creneneil (—1)™ npunumaior uensie 3nauenus (parity 0 (...)) no moayimo 2.

3HAYEHHE HOJBL OTBevaeT YETHOH BenuuuHe B cMeicne Z, -rpanyupoBkd M anre6psl paccmana AG, a 3Ha-
4eHHUe eMHUIA — HEYETHOM. DTH 4NCIIA, HA3LIBAEMEIE HOKA3amensimu yemnocmu 3HauYcHWi OykB, Kacalorcs
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i
KaK TEH30PHBIX MHIEKCOB, TAK M KOpeHHbIX 6yks (manpumep, X B X ') MHIEKCHPYEMBIX M CKAAPHBIX BEIIHUHH,
eciu foclenre 001aka0T ONpenenEHno sHympenHeli YemHocmelo, IPHYEM CHMBOJ {0 MbI YaCTO He IUIIEM, HO

HOApa3yMeBaeM, KOIa peds HACT O NOKa3aTesaX YeTHOCTH. TeH30pHble HHIEKCH MPafyHpyIOTCs cOrnacHo Gpopmy-
ne:

b =(ry=g b T ) @

-1, i=m+l,....m+n
ms gXi) =i =0 wm 1 B cooTseTcTBEMK C BHIJOPOM CTAHHAPTHHIX 6a3MCOB. BHYTPEHHSA YETHOCTH KOPEHHO#
6ykss nopoxaaer snak (—1)* =1 (intrinsic grading). Cuuraem, uro (—1)° =1 a1 Gasuceix BexTopoB, a
tacke (—1)? =1 mus nycroro muoxectsa &, korna BosEMKaeT cuTyamus popmansHoi samenst X —> & .
Cornacto cpopMymupesarnomy npasey, scerna (—1)% = (=1)** =1 . Ipeanonoxum, uto npu nepecranos-
ke (TpaayMpOBaHo) CAHOPOAHBIX COMHOXKHUTENEH CO MHOTHMH MAJEKCAMH JEHCTBYET NpPABMIIO BHEIIHEH are6-

PBl OTHOCHUTEIIBHO 3HAKA NEPECMAHOBKU (-— l) , KaK B ipuMepe
idg g U )V i )y
Ujl‘..j,V =(-1) o v Uj,...j, 3)
Bo3smoxHa QopmanbHas samena U —> & wnu V — D ¢ coxpanenneM BCex HANMCAHHBIX HHIEKCOB,

KOTOpBIE NEpEeNAoTCs ocTaBleiica Beimunne. Tak, mpn V' — &, r =5 =1 sanucs U j’ =(-)'YI (U )

Touna. Ilycts # = 1,7, v=1,5. YMuoxum obe vactn paserctsa (3) ma (=) (Vutlont itV it

npocymMmupyewm pesynstateino j, =i, =k. Torza IOy YHM:

- Yk T — k(e JdV 4, ) by dy
;( 1) ( 1) Ufl'-_-ju-lkjnl---er

_ (U+j+~--j;~-+j,)(V+x‘+~-i:---+i,) k(V+1) k(i ot AU+ fyte 4oy ) Ty Ky
=C=D7 ! 2D (1) A (I INR C
k

3necs u ganee uunka () o3Hayaer Mpomyck (OTCYTCTBUE) COOTBETCTBYroLero uHuekca. O6e cymMMsi
BeCbMa XapakTepHbl. U3 (4) MOXKHO BEIBECTH TPH Ba)KHbIX NpaBuia:

k
(R1) Kaxnoe cepepo-BocTo4HOE CyMMHUpoBanKe (ciepa B (4) Tana --«, <+ <+ ) mo cxeme

m+n

Z(—l)Vk+kz - (mbox)* ---

k=1
VA+KE
conposoxaaercs gecogvim snakom (—1) ,oae V=0 mm 1,a T ecrs nokasarens yerso-

ctu (mbox) =0 wm 1, 1.e. no Moaymo 2 cymMmMe nokasareneiil YETHOCTH BCEX TEH3OPHBIX HH-
JEKCOB M OYK3, CTOAMKX MEKAY HHACKCAMH CYMMHPOBaHHMA K.

{R2) Kaxxpoe cesepo-3anaguoe cymmupoBanue (cripasa B (4) Tuna - - *o.. £ ") TOcxeme

m+n

Z(_l)(\f+l)k+k2 Lk (mbOX)k ..

k=1
(VH)k+KE .
conporoxaercs 3Hakom (—1) ,rae Vi L HMEIOT NPexXHHE 3HAYCHHMS.
(R3) Cornaceo (3), rae U wm V' moryr 6uirs onymenst (—> ) ¢ ynepkanuem MHIEKCOR Ha CBOMX
MecTax, mo0oe H3IMEHEHHE MECTa, CKAKEM, HHIEKCa | OTHOCHTENbHO 33JaHHBIX OYKB H/WIH MHIEK-
iz
COB ¢ OOIIMM MOKA3aTENEM YETHOCTH X KOMNEHCHpyercs BecosiM 3HakoM (—1)™, kak B npumepe
nocie ¢opmynst (3). Homuslii epadyuposannvlil 3nax 8 (4) nepen npaBoi CyMMOH HMEEST KaK pas 9Ty
IPHPOJTY.
ChopMyIMpOBaHHRIE KAHOHUYECKUE NPABUIA 8€CO8bIX 3HAKOE YCTAHABIMBAIOT JIBA CTAHAPTA BRIMUCHE-
ruit — cootsercTeenHo s V =0 u V =1. O6a paBHOUEHHEI, TAK KaK CTPABENIMBOCTh PAaBEHCTBA (4) He 3a-

BHCHT OT BBIGOpa 3HadeHus V. OIHAKO MHOIME MAaTe€MATHYECKHE KOHCTPYKLMH, HE ABIAIOIIMECH MPAMBIM
CJIEZICTBUEM COOTHOLIEHMH THNA (3) win (4), CHIBHO 3aBHCAT OT BBIOOpA CTaHIAPTA, YTO BEAET K ABYM pasiuy-
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HBIM MATEMaTHYECKUM TEKCTaM I0 OLHOMY M TOMY Xe Bompocy. Hanpumep, orobpaxenue C 3asucur ot V.
TloaTomy Bee korcTpykuu 8 LINAG, onpeaensemsie ¢ noMousio C, (CBEpTKa TEH30POB, YMHOXEHHE MaTpHIL,

cies u T.4.) 6yayT 3aBHCETH OT 3HaYeHus V. B panbHeiliem, 3a peiKHM HCKIIOYEHUEM, 3HAKH CYMM, CKOHCT-
pynpoBanseix no peuenry (R1) — (R3), 6yneM onyckars, NOCTOSHHO, ONHAKO, BMes X B BHIY. Kanonuucckue
IpaBHIIa, ABJULICH KOBAPHAHTHBLIME, HUKOTIA HE MOTyT ObITh HapymieHsl. VX koHxpeTHoe neliCTBME MuI Opoje-
MOHCTPHPYEM HA PANE BaXKHBIX NPHMEPOB, KOTOPbIE CaMy M0 cebe OKA3bIBAIOTCA JOCTATOMHG OOIMMM MaTEMa-
THYECKMMM KOHCTPYKIHAMHL

3. CrépTKa rpaTyMpoBaHHbIX Ten30poB. He 3aBHcsumii oT napamerpa V' redsop

T =(_1)(v+1)(.,+ V(i +J,)T(V) i , j, ®--'®ej‘ ®ei: ®,_,®ei]’ (5)
TIE KOMNOHEeHmMbl T;V) 3aBMCAT OT V B CHy OYEBHIHOTO PaBEHCTBA
By 4ee +1_‘ _ Sty
( 1)x (v 0)1 ("Dl T(v =1} ... (6)

ZOCTABJACT HaM IIPHMEDP xoeapuanmuoz}, bonee Toro --- uHéapuarmHOU, BEINIHHB], CKOHCIPYHPOBAHHOH HO
peuenty (R1) — (R3) 1ax, wro MeXay MOOBIMH MAPHBIMH HHIEKCA-MH CYMMBPOBAHHS JPYTHE HHIEKCHI BCTPE-
YAIOTCS TAKKE NONAPHO. DTO CBOHCTBO MO3BONSET BBIYACIATE X 3 npasmi (R1) — (R2) Kak cymMy TOJbKO
TioKasaTesieil YETHOCTH MPOMEXYTOYHBIX KOpeHHbIX GYKB, He ofpalias BHHMaHMA HAa MONApHsIe MHAEKCH. Bo-
o0l1ie, ecan OpH IIepeHoce COMHOXHTENS MM MHACGKCA Ha IyTH BCTPEYAKOTCH [Ba OJAMHAKOBBIX HHAEKCA, TO MX
BIMAHME HA NEPECTAHOBOUHBIN 3HAK Hcuesaet. Tak, B (5) npu kaxaoM cymmupoBanun umeem 2 =0, Tak kax

(-1)° =1. Creaosarensno, na xonCIpyKuMIO (5) BANSIOT TONBKO NpPaBHiIA ydeTa napamerpa V. B panbneii-

mem urnexc (V) NpHM TEH3OPHBIX KOMIIOHEHTaX MHMCaTh He GyaeM, OCTORHHO NOMHA, OQHAKO, O €ro CyLiecT-
BOBaHHH.
Tensopsl, HanpuMep, BUAA

U= (_1)\1(jl+..-+jr)Ujlmj’ej, ® -Qel, V= (_1)(V+1)(il+---i,)Vil...i,ei, ®"'®ei, )
MOKHO men3opro nepemoxuts. Cornacro (R1) — (R2) onpenenm npou3sBeneHHE Kak

QU =(~ 1)(V+1)(zl+--+i,)+(V+V)(j,+...+j,)+UVU‘m' Vil...i:ei’ ®"'®ei1 Qe @ Qe @®
¥ aHATIOrHYHO

UV =(~ 1)““"“’"1+ Gy e @@t ®e, ®--Be,. ©)

Tenzopsr (7)-(9) He 3aBHCAT OT V, M I MX KOMIOHEHT CYIIeCTBYIOT aHayiord Gopmyint (6). [lpu stom,
B COOTBETCTBHH C (5), U KOMIOHEHT TEH30PHBIX [IPOH3BEICHHI [THILIEM:

(V ® U)j‘.__j iy (_I)V(jl+'-'+j,)+UV Ujlmjr Vi""i’ ’
24 i;..,ir Uiy +--+i, YUV yrii. . (10)
eVy, , =)ty

e
31€eCh NOABNEHHE 3HAKOB COOTBETCTBYET AeicTBHIO npasuna (R3). JlelicTBuTENbHO, HanpUMep, B EpBOi
$hOpMyIe MACCHB HHIEKCOB Jiseeos jr) B JTEBOJ YACTM DABEHCTBA CTOMT Npasee Gyksel V', a B npasoit yacty

—-- niesee. Bo sropo#i Qopmyne 310 Kacaercs Syxsbl U u maccusa (ll, ey s) Tonobuas 31akobas cuTyauus B

AanbHeieM OyaeT BCTPeyaTbCs YacTo.
Ceepmxa TEH30PHBIX TPOM3BENSHHUN 1O NApe pasHOGLICOMHBIX WHAEKCOB BHINONHAETCS C NOMOIUBIO M3-

upaTenbHOrO AEHCTBHS HEBHIPOXAEHHOro GrmHelitoro otobpaxenna C na napy (€’ ,€; ) GasuCHEIX BeKTO-
pos no npaewiaM (1), J{ia 3Toro cBEPTHIBaCMBIE BEKTOPBI HYKHO NOCTABHTh PAIOM (HEBAXHO, Iie), yuTA NpH

3TOM NIEPECTaHOBOUHKII 31aK. CBEPTKY 10 €™ n e (u=1,r; v=1,5) o6o3naunm nuneiHbIM OTOGpAKEHH-
em C, :T(r, S)—-)T(r ls— 1) M3 OIHOFO npocrpaHCTBa Teaaopos THII2 (r S) B Ipyroil Thna

(r -l,s ~1), ecnu e crour nesee €, , wwm C, , B npomsononoxcﬂom cnyqae Torna

Cv,u (V ®U) = (_1)(V+l) (i‘+“'i:’"'+i’ )+V(1‘1+"'-’:;mj') X, 'k

xT : .i,...iv<..i;é. ®_'“'eiv.__®eil@el}®...eiv...®el}.( (ll).
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JU1s KOMNIOHEHT CBEPTKH HMEEM BHIPaXKEHHUE (ONSAThH B CBA3H €O cxeMoit (5)):

V(i gyeed
T () TR O
Jieedude k
IR T {T AR e foedy gk
X( 1) Uj!"'juJ}g(uH“'jV ' (12)

3xecs Osuta yurena Gopmyna (1) npu e e - e e’ “ Z,—

Zi - Z ;> UTO COOTBETCTBYET ne-

peobosuavenuic j, =1 =k. 3naku B (11) u (12) NONywaloTcs 13 3naxa ¢popMyisl (8), kotopeli npexsapu-

K g+t 1k G4 )

TENHHO HYKHO YMHUOXHMTH Ha 3Hak (—1) , TIONYYaEMBIN 33 CYET TIOMEIUECHHS PIAOM CBEp-

THIBAEMbIX BEKTOPOB €7“ M €, . AHAJIOrHdHo,

Cu,v(('[ ® I’,) = (—— 1)(v+l)(il+"'l':"'+i, )*V(jy*“j?,,'--j,) <

A e’ R...o...®e ®ei ®...eju "'®ei,’ . (13)
Bedueedi * ,
rae

Py ) — (_I)U(11+~-iv"~+is)+UV x
Frevedyeody

(14)

ROTHLRU Yk (i ooty fy oot g ) 7 ductBlom
X — v+ s - 4 ) A . N
> (=D 4 rovshuMnsodr

k

B (12) n (14) non cnvBomom T crmeayer noppasymesats, cootsercrsenno, C, (V®U) u

C,,(U®V). Mosromy 3HAKOBblE MHOKHMTENM NEPEA CYMMaMH B MPABKIX YA4CTAX ITHX PABEHCTB COOTBETCT-

BYIOT nipaBuity (R3) unn xoMMeHTapusMm nepes onpeaeneHueM cBEpTku. Ceéprku (11) u (13) uepes C 3aBucsr
OT 3HayeHus napametpa V. SIBHO Takke 3TO CNEAYET U3 TOTO, YTO €CIM TEH30pEE (7) He 3aBuCcAT o V H, clie-
JOBATENBHO, 1 UX KOMIOHEHT CYRIECTBYIOT aHANIOTH PaBeHCTs (6), TO /IS NpaBhiX Yactei Beipakenuit (12) n
(14) yxe ner Takux ananoros. Ctpykrypa Bcex ¢opmyn (5)--(14) cornacyercs ¢ TpeGOBAHHAMU KAHOHHYECKHX

npasu 36akoB (R1) - (R3), koMMmyTauuoHHO# dopMyoit (3) (C Bo3MOXKHOI 3aMeHOM 6yxB Ha ) u onpene-
NeHHeM JIBOUCTBEHHOCTH (1). DTO 06CTOATENLCTBO Mbl Ha3bIBaEM 2PAQYUPOBARHON KOBAPUAHMHOCBIO.

4. Merpuxa nag V i, KosapuaHTHOE cpadyuposannoe mpancnonuposanue (3Hauok T ; B o6pryHOM
BapuaHte --- t) (1 + n)x (m+ n) -marpuue M Ms1 onpenensem GopMynamu:

(MTY =(=1M”", (M"), =(-1'M,; M")/=CD"M’. = (15)
TTosToMy /IBOliHOE TPaHCIOHUpOBaHUE €CTh ToxaecTBeHHas onepauns: 1 - T =id. ITyers {e AR {e'}r

nBoHcTBeHHBIE (ypaBHeHue (1)) cTamgaprHeie Hasnchi npocTpaHcTBa 44 Toraa MoXeM HamHCATh B3AHMHO
00paTHBIE Pa3IOKEHNA:

ez’ — (__ 1)(V+1)J‘ ’yije]. — (_ 1)(V+l)j+\1k ,Yz;,\,,jkek
o= O =0T

3neck Mempuueckue MATPHLIEL ¥ HMEIOT HOJOXHUTENLHYIC BHYTPEHHIOK YETHOCT --- CIIEACTBHE CTaH-

(16)

AapTHoro BblGOpa Gasucos. M3 (16) monyyaeM ABa MATPUYHEIX PABEHCTBA:

1, 0
vy = ||(#1)(v+m 7‘7’7,-;:" =1, =|(-n¥s,|= 0 (<)L (17a)
v ,7—1 = "(_l)w '7zj71k“ = 13‘ = "(__1)(\/“)15'1C ” = 0 (- I)VHI . (17b)

JleBble 4acCTH 3THX COOTHOLICHHI MOXHO HHTCPIPETHPOBATE KaK AOABEM WIH OIyCKaHHEC TCH3OPHBIX
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i T ' N
MHAEKcOB. DaKTHYCCKH, MAaTPHLEL l7 = ufy’ju nl ;= “}/jz u CYTb HacTHBIE QOPMBI Mempiicn vy, UTPAIOUIeR

i

POTIb KOSAPUAHMHOU eOUHUYHOU 2pAdyuposannol Mampuyst. MOXHO CTPOro MOKa3ark, wio cootHomennHs (17)
[alT CAWHCTBEHHBIM KOB2PHAHTHBIA CIOCOG OMNpENeNeHHs o0pam:oll zpaoyupasanKod Mampuybi K

y— M= ”M i " C BO3MOXHbIMH MHBIMH HHAekcamuamu: M = “M 4 ”,“M Zj”, M/ “ Hmetno, g 66-
H
. . -1 ; . .
arHoit cootBercrBytoweii Marpuupt M~ = [MIYNM N NWMH WM .|| ¢ noroscumensaod payrpeaneii
p y Tp MMM I yTp

. M
agrroctsio (—1)" =1 cnenyer scerna mucats

M*tM=1,M-M"'=1", (18a)
M TIOJTHER,

M*'M=M - M"'=~ (-D" =1. (18)

Guax (=1 =1 ue cosmectum ¢ ofpamennen.) 3amuck (18) nonyuaercs us (182) nyTém MOmHSTHR

WITH OMYCKAHHUsA OJHOTO HHJEKCa C IIOMOILBIO 7 .
Coracho (1) 1erko noMy4HTE PE3yJIBTaT O TPaJyHPOBAHHON CHMMETPHYHOCTH METPHKH:
— _ \Z j m — 1V, ., (AT
Cle,e.) =¢ ¢ =(-1) Y€ & = Ya =(=1)% ¢ =(v ik (19a)
P kN — ik V4] i ko ik * ki __ ~INT yik
Cle'e)=e' e = (=1)""Val%, . e = 4" = (=1)*e - &' =((v")")*. (19b)
B cnyuae cBEpTkH TeH30pa 10 paBHO-BRICOTHBIM HHIEKCAaM AEHCTBYEM CiefyIOWNM 00pa3oM. Y MHOMHM
[Ba TEH30Pa C 8ePXHUMY UHIEKCAMH KOMIIOHEHT COTJIaCHO MpaBuIIy

V ® U — (— 1)(V+1+V)(j1 oot g (V)i 444, )TV U]i--.j,.Vil.--i,ei’ R---R eil ® ej,, ®--R e]] . (20)

C yuérom (19a) MbI BEINOTHUM 3J€Ch CBEPTKY OA3HUCHBIX BEKTOPOB e ne v=1s u= 1,7). To-

IAa MBI NOJTy4aeM aHa1or GopMysi (8) ¢ KOMIOHEHTaMH

Tj,.‘.Ju...j,.il...i;,,..i, — (__1)V(J‘1+~-J’;~--+;‘,.)+UVZZ(__l)(v+1)(k+m) X
kom

UL AR RS R ST P e RSE Y sy S S s S S SO
X(—l)( J‘*. Jettpteiybi, JAmi, +1.)U11 Ju-iKlusa 28 VAR BT t'Ymk' @1

C HIKHMMHM HHIEKCAMHM KOMIIOHEHT Mbl NIOCTYNaeM aHaJIOTHYHO, UConb3ys (19b).

S5.Pan xkanoHuYeCKHX (KOBADHAHTHBIX) onpeaenenuii. s ABYX BEKTOPOB H3 ymir ,

u= (_1)Vi uiez‘ — (~ 1)(V+1+u)ieiui — (___ 1)(V+1)iuiei (22)
A U C aHANOTHYHBIMH Pa3/IOKECHUAMH, HAXOJUM HX CKa/IAPHOE NPOU3BEACHHE:

Clu,v)=Cuv)=u-v=(-1)"Cyu) = (-1)"v-u = (-1)""Pu* =

— (_ 1)(V+l+v)k ulc,uiC — (__ 1)V(z‘+lc)+m’ uivk,yki — (_ 1)(V+1)(z’+k)+viuivk7h. (23)

Vmuocenue zpadyuposativix mampuy. Tyers U u V' —-- remsoput parra 2, Cy4(U @ V) osnauaer
¢o€PTKY TEH3OPHOTO NPOM3ZCACHHMS 10 JBYM BHyTpCHEAM CasuCHLIM BCXTOPAM M3 YCTEIpEX. 11yCTh OOHG U Ta
e Sykpa 0003HAaYaeT Kak TEE30p pavra 2, Tak M MaTpHily ero KoMmoueHT. Toraa, no o1peASaeHnio, KOMmo-
HCHTBI TOJILKO YTO OIIXCAHHOM CBIpTKH, 6e3 MucwmTens (— 1)UV, DPHHHMAIOTCH B KaueCTBE JNEMCHTOB Hpous-

ecdenus U -V rpanyuposannsix matpu U u V. Bro onpescneHue aBTOMATHYECKH COBMCCTHMO C KABOHAYe-
CKMMH NpaBuiamMM BecoBbiX 34ak0B (R1) — (R2), Ttak yro, HanpHMep,

(U . V)ij — (_ 1)(V+1)k+V(i—|.»k)Uik‘/kj — (__ 1)Vk+v(i+k)Uikaj’ (4)
(U . V)ij — (__ 1)(V+1)(k+m)+V(i+k)+j(k-¥7n)Uikaj,\/mk — (_1)(V+l)k+V(i+k)UikI/kj ) (25)

“ T. 4. OTH uan nonoOHelE PAaECHCTEA MOXKHO NPOROIIXATH: €ClU HECOXOQUMMO, HCHOAB3YIOTCS METPUYECKHE
TOXBEMBI M ONYCKaHUA MaTPUYHBIX HHIeKCOR, Hanpumep,

ij — (_1)(V+l)m+j(k+m)vmj,ymk — (_I)Vm+V(k+m);,ykamj, : (26)
| ij = ("l)vm+j(k+M)ij’Ymk = (1_1)(V+l)m+v'(k+m?,yhnvmj. | @n

min

Cned zpadyuposannvix mampuy. Otcbpaxerue T1: Mat™ — AG Buza

Y, bepezsun B.T.
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TrM = (1) I MIC(e, @ e) = (=1)" M, C(e’ ® ') =
— (Y+1)( L (V+1)i g i Vigpri
"‘("1) " HM'Y];‘""'_(_ ) ’ Mz'_—(—l) Mi (28)
uin TrM = C(M) uassisactes 2padyuposannbiv cnedom, 3aaHbIM Ha npoctpatctse T (2) unpapu-

AHTHBIX TEH30POB BTOPOTO PaHId MIM, ¥TC PABHOCHIBHO, Ha IPOCTPAHCTBE Mat™" KBaApaTHBIX MaTpuy M,

T
ACCOLMHMPOBAHHBIX C BEKTOPHBIM npoctpancteom V™" . Jlerko nokassisaetcs popmyna TrM ™ =TrM. I
METPHKH ¥ MMEeM

Try=Try'=Trl =Trl] = (-1)"§ = (-1)"¢ =m +(-1)""n, (29)
KaK 1 JIOJKHO GbITh, W60 MaTpuLsl Y,y 1w 17 OTHOCATCS K OJTHOMY M TOMY XK€ TEH30pY
Y41} (i) i V(i+j j i
v = ("1)( . “)71(61 ®ei) = (_‘1) (ﬂ)%j(e] Xe ) =
. (V41)i+95 2 i _ MY+ Y g i
——(—1) ’}](6 ®el) ( 1 i(€]®e)
paHra 2, Ha3LIBAEMOMY UHBAPUAHMHBIM MempudecKkum menzopom. YizsectHbie GpopMyIisl

Tr(M - N)=(-1)""Tr(N - M), 31

JOKa3bIBAIOTCH ¢ y49ETOM Tpefyemblx BapuaHTOB THiIa (24) — (27).

(30)

Hamenenue 6asuca 6 V™" . IlpeamonoxuM, 410 3a1aHbl JBa CTAHAAPTHEIX Oa3nca {e} {ev} z,-

rpafyMpOBaHHOTO BEKTOPHOrO mpocTpancTea V' " cooTBercTBYIOMME HBOfiCTBEHHbIE (ayanbHsle) Ga3nchl

=i
{e’} H {e } oro xe V™" (conpsk€HHbIE NPOCTPAHCTBA KAK MHOXKECTBA BCEra MOXHO OTOXAECTBUTH, HIH
CKJIEUTH, Mo juHeAHOCTH ¢ nmoMoislo (1)). IlycTts nepas napa cBsa3aHa THHEHHBIMU COOTHOLIEHHAMH

e = (—1)ngjK]i = (—1)("*1”1{]5] =

= vi -1 (F+1)if pr—1y i (32)
e =) e(K),=(=1)""K")e
me K/ =(K"),/, (K™) S =K ) '+ Torza BEIONHAIOTCS CrE/TYIONuE HMINTHKAITN:
(1) = € = (~)"VE (KT = () (K),E & (33)

=j Y41 i Vigj i
o€ =(-1)"VeK = (-1)"K¢
B (32) n (33) 3dakd BHYTpeHHUX HETHOCTEH BCEX MATPHU MOJIOKMUTENBHBI, ONEpaldu TPAHCHOHHPOBA-

HHUSl ¥ BBITIOJIHUMOTO 0OpAIlieHHsa MaTpHIl KOMMYTATHBHBI. [IpoH3BONBHBII BekTOp L € V™ moxer GITh pas-
TOXEH pa3HbIMH CIIocobamu:

(C)ET = ¢ = (1) ez = (—1)TVG K g (34)
CrenoBartesibHO, 3aKOH NpeoOpa3oBaHNs KOMOOHEHT UMEET BUY

;i — (_1)Vi+z(i+j)Kji$i — (_1)(V+1)ixiKij' | (35)
J1s Beakoro BexTopa W € V™" BosmoxHo Taike Pa3IoKSHUE B AyaNbHBIX Gazucax:

(_ 1)(v+l+m Eﬂa - ( 1)(\/+1+w)zenw . (_1)(V+1) it] +w—J(K ) w.. (36)
Ortcroaa cliedyeT Apyroil 3akoH npeofpazoBaHus /i KOBapHaHTHBIX BEKTOPHBIX KOMIIOHEHT:

i, — (_1)(V+1)i+u(i+])(K—1);wi — (—l)wwi(f(—l):j. 37
[Tostomy Ha ocHoBaHuH (35),

(1) g7’ = (-1 pa’ =inv. (38)

CpaBHuBas 3TOT pe3yNsTar ¢ GopMynoi (23), 3aKmoyacM, YTO CKaIApHOE IPOU3BEJCHHE BEKTOPOB HH-
BapUaHTHO OTHOCHTENLHO npeoOpa3opauii 6a3kCOB ¢ COXPaHEHUEM CTaHIAPTHOM IPadyMpoBKH (2), T.€. oIlpe-
JEIIEHO KOPPEKTHO.

Mycrs K = M- N, rae M u N - oGpaTiMbic MaTPHIIEL, MMEIOMIHE, CEIOBATENBHO, NONOKATEBHbIE

3HaKK BHYTpeHHeH yérHocTH. ScHo, uto (K ~1)T =(M _1)T (N 'l)T . O1croaa cnexyer, uT0-€CIIM MATPUIIE]

M, N, K v 1.1, peanusyioT gyyndamenmansroe npedcmaeienue D 8 ym IpYTIIBI ‘G hpéoﬁbasoaannﬁ 6asucos
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CINT (n-INT (- T : ,
e}, A €T 10 marpuumt (M~ )", (N N, (K" u .o peanmsyior conpascénnoe tpeactasnenne
(DY) (uacto HasmiBaemoe TaKxKe KoHmpazpeduemubiM) TPYINs! G, NCHCTBYIOUIEE B TOM € IPOCTPAHCTBE

V™" | Ho Teneps yxe npeobpasyiomiee Ayansusie 6asucet €’} .
l'IpaBuna npeoﬁp&osannu (35) u (37) nerxo o6obmarorcs wis TeH3opos. Hanpumep,

yy vy =ei e = (DKM, (K =

= (—l)"(’”’*“ Vo (K™Y (KT = (=D EK DK 7 (39)
=i =] ) R
yy - }/ —e -e __( l)VH(VH)sKlr}/rsKsj -
— (_ l)V(r+s)+jr KHKjs}/' — (_1)(V—'rl)(r+:)+is}/errl'Ksj. (40)
TI'paoyuposannviii demepmunanm. Jns obparimoii MaTpuiisl M cxansp, obossadaemsii Det M (nponuc-
Has 6yksa D B oTaHune ot o6buHOTO detM |, — cp. T ut, Tr u tr), onpeaensm Kak HHIerpan BapHAUUOHHOTO
Y P p p
YpaBHEHUS

S(InDetM) =Tr(M"' -6M ),

YAOBIETBOPAIONIMH IPaHHYHOMY YCIOBHIO (€ moOsiMu 6nokamu Xu Y, k €R)

D a0 =D b ¥ =k™ M—P N 41
x /)70 )7 ™" D NS “h)

Tocnennee paBencTso B (41) ecTs Giounoe npencTaBaCHHE MaTPHILI M C NIPOH3BONBHOH MHAEKCALMEH 1
€ MOJIOKHUTENbHOH BHyTpeHHeH 4&THOCThIO. bnok P, Kak ¥ eJMBHUYHBIH GioK l,,l , Bcerna ects (M X m)-

MaTpHLa, MHIEKCH KOTOPOi NONOXHMTENBHO 4eTHBI, a 6ok N , kak W HeuéTHbIH eauHuunbifi 610k I ects
(1 X n )-MaTpula, HHIEKCH KOTOPO# OTpunatensno YetHs. Torna ungexcauus 6nokos C, D, X, Y caenyer u3

CTaHJAPTHOTO BbIOOpa Ga3uca IMHEHHOrO NPOCTPAHCTBA V™" Moxo nokasats TEOpEMY, YTO

Det|[M, || = (~1)" det( (P + CN ™' D) - (detV) "' = (~1)" DET(M), (42a)
Det ||M i || = (~1)" det(P— CN"'D) - (detV) "= (~1)" DET(), (42b)
Det|M')| = det(P~ CN D) (detN) = DET(M), (420)
Det “M ,.f || =det(P + CN'D)- (det N) ' = DET(M), (42d)
DET(M) = det P - (det(N — DP'C)) !, (42¢)

rae det — cHMBOJI 00KgHOTO OonpegenuTess. FHoraa Mel JOCTHIAEM COTNACHS C aBTOPAMM XOPOIUO M3BECTHBIX
nabot, HanpuMep, [3-5]. B ocTanpHOM NONAyYaem BaKHBIC YTOYHEHHA.

6. Komnnexcnee conpsoxenne, B anreGpe I'paccvana AG onepanus KOMIUIEKCHOrO conpsbkeHus (*),
vonanawoman cpoitcteamu (A*)*¥=A**=A u (A+ B)*= A*+B* nna mobeix rpagyupoBanssx HHCEN
A u B, moxer ObITh 3aana asyma criocobami:

(Drpebyerca, urobsl npoussenenne AA* OpUIO BEIECTBEHHBIM TPAYHPOBAHHBIM YHCIIOM,

re. (AA¥)*= AA* [& (AB)* = B* A%);
(II) TpeGyercs, yToOk! IPOK3BE/ICHHE ABYX BEIIECTBEHHBIX TPafyUPOBAaHHbIX Yrcen (4 = A*
¥ B = B*) Gbu10 BENIECTBEHHBIM I'PalyHPOBAHHBIM YHCIIOM, T.€. (4B)* = AB = A* B*.
Kak BuauM, KOMIUIEKCHOE CONpAXKCHHE MEPBOTO pOAa WH3MEHAET MNOPAAOK COMHOXHTENeH:

(4A4,---A)*=A,* - A;*A4™ (* nepsoro poaa), TOINA KaK CONPSKEHHE BTOPOTO POJia ITOT NOPALOK
coxpanser: (A A, -+ A )*=A *A,* - A, * (* sroporo pona). B 4aCTHOCTH, /1% HEUETHBIX BEMIECTBEH-
nuix yucen 6, n 0, € AG nmeem (6,0,)*=0,0, =-6,0, (*1pona)u (6,0,)*=60, (*11 pona) Mo or-

HOLICHHIO K MHHMOH eaitrune [ = V-1 onepaiusa * pefét cebsa o6baHEIM 06pasoM: i*=—i. B KoMIuIeKCHOM
CONPSDKEHHMH BTOPOTO poja onepaius * Beeraa ASHCTBYET TONBKO Ha i H MOTOMY Gonee npaK'm'{Ha B BBIYHC-
JeHUAX.
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PE3IOME

I'panyitoBane uMClieHHs Ga3yerscst B2 30BHIMHIM amrebpi (ximsui) I'paccmana, BKIIOYAI0YH, YacTKOBO, TpafyHoBa-
HUH TEH30pHUHK aHANI3 HaX UMM KilTbiieM, T2 He NPHITYCKae BUKOPHCTaHHA OyRp-AKHX IPyN cynmepcuMerpii abo cyneprpasi-
Tamii. s poss’sa3aHHs npobieM 00’€XHaHHA €NEMEHTAapPHHX YaCTHHOK Ta (YHIaMEHTaAbHHX B3aeMoZiil (B-Mmogens, wo
PO3POGIIOETECA aBTOPOM) € BasUMMBHM IDACCMAHOBE IPafyIOBAHHA KK NPOCTOPY 3HaueHb (yHKIIH, Tak 1 NIpocTopy 3Ha4eHb
apryMenTiB. OCTaHHE BHKOHYE POIh PO3MMPEHOTO IpaXyHOBAHOTO 9-BHMIPHOrO MpOCTOPY-9acy Y CTPYKTYpi po3lIapyBaHs.
Came, BOHO BKIIOYAE ONHH CKANAPAHHE BUMIP, YOTHPH BEKTOPHUX BEMipH MIiHKOBCBKOTO Ta YOTHPH CHIHOPHHX BUMipH — yci
BigHOCHO rpynu Jlopenua.
Ane 10 nporo Yacy He $yJo IPHPOAHOTC KPHTEpIo IMOZO BHOODY rpajiyiioBaHMX (BAaroBHX) 3HAKiB y Pi3HHX Cy-
Max JiniiiHol anteOpH Hax KimeieM ['paceMana. Y poGoTi MO MOKAETHCH 3HAKACHO NPHPORHMIA, a00 KAHOHIYHMI, IPUHIMI
noGyayBaHHA KOBapiaHTHHX CyM 3 BarosMMH 3HakamH. CHopMyb0BaHO KAHOHIYHI MPaBHJIA BATOBHX 3HAKIB, AK TakKi, o iX
HIKOJTM He MOXHa MOPYIHTH. 3riiKe 3 UMM IpaBmiaMH MOAM(IKOBAHO NMPAKTHYHO YCi OCHOBHI HOHATTH rpagyiioBaHOl
NiHi#HOT anrebpu. opaa i3 TeopeTHIHMM MaTepiasioM HaBeJeHO 6arato BaAJIMBHX MPHKIALIB.

SUMMARY

Graded calculus is based on the Grassmann’s external algebra (ring), includes, in particularly, the graded tensor
analysis over this ring, and unnecessarily uses a supersymmetry or supergravitation groups always acting in spaces of func-
tion values. To solve the problems of union of both the elementary particles and the fundamental interactions (B-model de-
veloped by the author), it is important that the Grassmannian grading is taken into account just of both the spaces of function
values and the space of argument values. The latter serves as enlarged graded 9-dimensional space-time in bundle structures.
To be exact, it includes one scalar dimension, four Minkowski’s vector dimensions and four spinor ones --- all with respect
to Lorentz group. .

However so far there was no natural criterion for the choice of graded (weight) signs in various sums of linear algebra
over the Grassmann’s ring. In the work reviewed, the natural, or canonical, principle of covariant sum construction with the
weight signs is found. The canonical rules of weight signs never can be broken. In accordance with the canonical rules, al-
most all the basic notions of graded linear algebra are modified. The variety of important examples are given besides the
theoretical material. : : ‘ : o
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MEXAHIKA"'

YHAK 531.38

O PETYJAPHBIX NPEHECCHAX THPOCTATA IO JREACTBUEM
NOTEHHHUANLHBIX U THPOCKONMUYECKAX CUI

ATl Muxaiinos, E.K. Y36ex

PeryJipHsle npeliecCH THPOCTaTa UMEIOT HATNANHYI0 MEXaHWYECKYR WHTEPIPETAUHIO B HAXOIAT MiK-
pOKOe INpPUMEHEHHE B TEOpHM THpockommueckmx cucreM [1-3, 7). CuacremaTtnueckoe H3ydsHUe YCICBHi
CYIUECTBOBAHMS PETYIAPHBLIX npeieccHii TBEPIOIO Tela ¢ HENOABIIKHOM Toukoi mposenu I.I.Ammeaspor {1],
I.Cpuonu [7] u T.B.Topp [2, 3}. I".I". Annentpot paccMaTpuBaji DpelecCHd OTHOCUTENRBHO OCH CHMMETDHH CH-
JIOBOTO TOJI IMPOCKOIIOB, JJUTUIICOMA MHEPLHY KOTOPBIX ABIACTCH MUIMNCOHANOM BPAIECHKMS, a LUEHTDP TAXKECTH
HAXOIMTCA B JKBATOPHAJbHOM MUIOCKOCTH 3TOTO 3JUIMICOMAa (rupockoms! Kiacca Kopaneeckodt m [opsuera-
Yamnpiruaa). J{. [puoau oTKphUI HOBBIH Clyuail HHTEIpUPYEMOCTH ypaBHeHH# Oinepa-Tlyaccona, onuceiBaio-
mu# perynsapHyIo NIpeneccuio TAKENIOro TBEPIOro Tejid OTHOCHTE/ILRO OCH, HE COBMANAIOILER C OCBIO CHMMET-
puu cunosoro nosst. I.B.I'opp paspaGoran obmuii METOA UCCIEN0BaHMA NPELECCHI TMPOCTaTa B KIIACCHYECKOH
3anaue ¥ €€ 06obmennix [4-6, 8, 10]. UM, B yacTHOCTH, NONYHEHB U YCIOBUS CyWIECTBOBAHMA PEryJIsAPHBIX
npenieccuif B 3a1a4¢ 0 ABHKEHHU FUPOCTATa NoJ ACHCTBHEM NOTEHUMANIBLHBIX M THPOCKOMHYECKHX CHJl, KOTOpas
onucsiBaeTca nuddepentmanbHbIMU ypaBHeHmamMu kiacca Kupxroda [5, 6, 8, 10]. B naHHO craThe nposeaeHo
HCCNIENOBAHKME TUX YCIOBHii, pacCMOTPEHBI Cily4ay, KOTAa MPOU3BOJIBHBIMH MOTYT ObITh JHGO yron HyTaLuu,
160 CKOPOCTB MpEeLIECCHH THPOCTaTa, MO0 CkOpOCTh COGCTBEHHOTO BpalleHus. YKka3aHa CBA3b MEXKIY pelleHH-
€M, XapaKTEPH3YIOUIHM PETYIIAPHYIO NPELECCHIO rHpocTaTa, ¥ pemenneM B.A . Crexiosa [5].

1. INocTanoBka 3axaun. PaccMOTpHM 3aady O ABHKEHMH THpOCTaTa ¢ HEMOABWKHON Toukoi noa Aehct-
BHEM TIOTEHLMANBHBIX H ITHPOCKOMMMYECKHX CHJI, OTTMCHIBAIOLIYIOCS ypaBHEeHHAMH Kiacca Kupxroda [4-6, 8, 10]

AO=(A® ~Bv+ A )x0+(s—CV)XV,V=vX®, (i.n
rjie BBeIEHEI 0003HAYCHH: © = ((ol,coz,co3) — BEKTOp YITIOBOH CKOPOCTH IHPOCTATa; V =(v,,v2,v3) - enu-
HMYHbIH BEKTOP OCH CHMMETPHMH CHIOBOTO TIONS; A = (,11,/12,%3) ~ CHPOCTATHYECKHH MOMEHT; § = (sl,sz,s3)

— BEKTOp, COHANPaBJIEHHBI ¢ BEKTOPOM 000811eHHBOrO LEHTpa Macc rupoctara; A4 = (A,n) ~ TEH30p MHEPIH

rupocrara; B = (B,-j), C= (Cy) ~ MOCTOSHHBIE CHMMETPHYHBIE MaTpPUILbl TPETHETO MOPAAKA; TOUKa HAJ Ie-
peMeHHbIMH 0603HaYaeT NPOH3BOIHYIO MO BPEMEHH.
Vpasuenus (1.1) nMeroT Tpu nepssle HHTETPAIa
1
(Ado-©)~2(s-v)+(Cv-v)=2E, v-v=1, (Am+l)-v—5(Bv-v):k. 1.2)

3ueck £ U k - Npou3BONbHbIC IOCTOSHHbIE.
PaccMOTpHM peryJspHbie NPENeCCHH THPOCTaTa, TO €CTh JABIKEHWA Ui KOTOPBIX MOCTOsSHEH yron O

MeXITy BEKTOpoM A, GUKCHPOBAHHKIM B rMpocTare, 1 BeKTopoM v. Cienys paboram {2, 3], cBoficTso peryiisip-
HbIX TIPELiecCHii 3anKIIeM B BUJIE IBYX WHBAPUAHTHLIX COOTHOLIEHHI

a-v=q, ®=na+mv, (1.3)
TOE N ¥ M — NOCTOSHHBIE, 4y = c0SO (. Toraa BTOpoe ypaegHeHue cuctemsi (1.1) TakoBo

v=nxa). (1.4)

Mo anaorTHy ¢ NOAXOA0M, PHHATHIM B {2], reomeTpHueckoMy uHTerpary us (1.2), nepoMy cooTHole-
Huio 13 (1.3) n ypasaermo (1.4) y1oBIeTBOpHM, NOJOXKHB

a=(0,0,1), vi=apsing, vp=apcosq, v3=ay, (p=nt), (1.5)

*
B 3T0OM BRITIYCKE KypHANa 3aKaH! ny®. y MaTepHasioB MexyHapoxHOH HayuHOM koHdepeHUnH "AKTyanbHEe TPoGNEMN MEXAHHKH CILTOMIHBIX
cpen” (r. foneux , 10-13 mions 2002 r)
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3pech @y =sin B . Mccnenosanue ycnopuii CyniecTBoBanus peryaspHbix npeneccuii (1.3), (1.5) 8 3anaue (1.1),
(1.2) cBenennl k aHanM3y TPEX CKaNAPHBIX YpaBHeHuit [2]

mZ(Av-v)Jr(C’v-v)+2mn(Aa-v)—-2(s~v)+n2(Aa-a)—-2E=0, (1.6)
2m(Av-v)—(Bv-v)+2n(A4a-v)+2(,-v)~- k=0, 1.7

nm[Sp(A)a{)z —2(Av-v)+2a,(Aa- v)]-n2 [(4a-v)-ay(4a-a)] -

-m*[ag(4v-v)~(Aa-v)]+ n[ap(h-2)—(A-v) - ay(Ba-v) + (Bv - v)]+ m[(r-2)
—ag(M-v)—(Ba-v)+ag(Bv-v)]+(a-s)— ay(s-v)—(Ca-v)+ap(Cv-v) =0, (1.8)
roe Sp(A4) — cnen matpuust 4.
Ha ocrosanuu cootHomenui (1.5) u3 ypasaennii (1.6)— (1.8) nomyueno [2]
- 2
A4 =0, Bp=0, Cp=0, 2m(dy—4)=By By, m (dy~4,)=C-Cxp,
2 2
Ci3=m"A;3-mBj3, Cyy=m" Ay —mBy3, \j=agBy3~43(2mag+n),
kz = 00323 - A23 (2771(10 + n) s 81 = —m;\.] » §p = ~m?»2 s
Ayzmn +mhs + 53 + Byy (n+magy ) — Byzmag -
2
—aom (AII‘A33)—00(C”—-C33)=0. (1.9)

Papencraa (1.9) ABasioTcs HEOOXOAMMBIMU YCTIOBHAMH CYIIECTBOBaHMS PETYJIAPHBIX NPELECCHil B 3a1aue
(1.1) ans cmyyas, Korfa BEKTOP a 3aHUMaeT GUKCHPOBAHHOE NOJOXKeHUe B rupocTate. B pabote [2] otcyTeTBy-
€T aHanu3 cootHomeHwui (1.9).

2. Beinuuabl m 1 Oy — npousBoabHsl. [TotpeGyem, utobsr coornowenus (1.9) pemonHanucs mis
moboro 3HaueHus m . Torna us (1.9) umeem :

Alj =0, BU =0, Clj =0 (lij), A22 =A“, B22 =B“, C22 =C“,

}\.2 =7\.1 =0, 8§y =81 =0,

mn(A22 + A33 —A”)+mk3 +S3 +B“(n+ma0)—B33ma0 -

2

agm” (A - 433)—ag (C11 - C33) = 0. @1
Tlpy 3THX yCHOBMAX PEry/APHas NPELECCHS IHPOCTATA OMHUCHIBACTCH YPABHEHMAMH

©; =maysinQ, O, =maycosP, w3 =n+mag, 22)

vi=apsinQ, vy=apcosq, vy=qy, (p=nt).

Azanus paBeHCTB (2.1) 1okasbiBaeT, YTO OHH, HCKIIH0Yad TOCIIEAHee COOTHOLIEHHE, XapaKTePU3YIOT YCIIOBHA
CyWmIeCTBOBAHUS JIMHCHHOTO nepsoro uxterpana Kvpxroga-Xapnamosa [6, 8] s ypasnenuii (1.1). Sanapas m n

6( npousBONBHEIMY, M3 TIOCTEAHETO COnTHOIEHNS (2.1) ONpe/euM 3HaYeHHe CKOPOCTH COGCTBEHHOTO BpauleHHs

-1
n. O4eBUIHO B BBIPOXKACHHOM Cily4ae, Koraa m = ——B”A33 , BETMUKHA 71 HE 3aBMCHUT OT 7 . Pemenue (2.2)

CONEPXKMT [BE MPOM3BONBHEIE NMOCTOAHHbE m U Oy W sBISETCA 4YacTHBIM BapHaHTOM chydas Kupxroda-
Xapnamoa [6, 8]. OtMeTHM, 4TO IIPH OPON3BOJILHOM 3HAYeHUM M U (PUKCHPOBAHHOM 3HAYEHWH OJHOTO U3 fapa-
MeTpoB O H 7 ycroBHSA CYIIECTBOBAHMA MPELECCHHT OCTAIOTCS MPEeKHHMH, TO €CTh YCoBHAMM (2.1).

3. Benuunna 0 — nponssoabHa. [lotpebyeM, 4To0bi cooTHomeHns (1.9) BBINONHSIACE IUTA JIOOBIX

3HaueHult O . Torna nMeeM paBeHCTBa
4 =0, Bi=0, Cpp=0, Biy=2A3m, Byy=24yym, Ciy=-m'4y3,
Cyy=-m’ s, 2m(dy~A)=By~Byy, m’(Ap~41)=Cpy—Cn,
m’ (433 - 411)-m(B33 fBll) =Ci3-Cy, "[311 +m(dyy + sz — Ayy) [rmhg +53=0,
M =—Apzn, Ay=—Ayn, s\=AHA3znm, s;=A3mn. 3.1

Muxaiinos A.I., V36ek E.K. 49



BICHUK JOHEIIBKOT O YHIBEPCUTETY, Cep. A: Illpupoannyi nayxn, 2003, sun. 1

Jlns ncciaenoBanHsa CBA3M MEXOy ycnoBHAMH (3.1) ¥ yCnOBUAMH CYLIECTBOBaHHS NOTONHHTEbHLIX ep-
' BBIX nmerpano§ ypasHeHuii (1.1), ykasanubix A.Kne6uem, B.A .CrexsiosbiM, A.M.JIsnyHossim, I1.B. Xapnamo-
BBbIM (CM. 0630p B [6]) BOCBMOE, AEBATOE U AECATOE COOTHOMIEHUA CHCTeMBI (3.1) mapaMeTpusyeM cileqyiomum
obpazom

2

By =pg +2mAyy, By =po+2mdy, Cp=-m 4y, 3.2)
2 2

Cypy =-m" Ay, Cy3+m” Az3=m(py+2mds3 - Bs3),

THe P — HOBBIH mapaMeTp. B yacTHOM ciyuae, eciiv mapamerTp P MMEET 3HaueHHe —m(A” + Ayp + A33) ,
paBeHcTBaM (3.1), (3.2) yAOBAETBOPHM, ONOXHB

B=-m(Sp(A)5-24), C=-m"d, s;=-mk\; (i=1,2,3), (3.3)

38ech O — eNUHMYHAs! MaTpulia TpeTrbero mnopsaaxa. PaseHctBa (3.3) ABNAIOTCA YACTHBIMH YCIOBHAMH
CYLIECTBOBaHHs JOIIONIHMTENBHOTO INEPBOro MHTErpana ypasHeHuit (1.1), ykaszanHoro B. A. CrexnoBeim [5].

ITosroMy Dpu NaHHOM 3HA4YEHMM TMapameTpa pg peumeHve (2.2) ABAAETCA YacTHLIM BapHaHTOM Clydast

B. A. Crexnosa. Ecmu ke Po ¢-m(A“ + Ay +A33), TO paBeHCTBa (3.2) He CIyXaT YCJIOBHAMH

B. A.CrexnoBa. [losToMy OHM ABJAIOTCA  YCIOBHUAMM  CYLIECTBOBaHMA HOBOro pelueHus (2.2)
audpdepeHumanbibix ypasHeHui (1.1). Haubonee xommnakTHylo 3amuch cooTHomenns (3.2) OpUHUMAOT B
creylomeM BapHanTe: pg = B33 —2mAs3. B MaTpuuHoM Buze 13 (3.2) nMeeM

B=pyd+2mA, C=-m°A. G.4)
Tornaa nocneHue NATh PaBEHCTB CHCTeMBI (3.1) TakoBb
§3 +m7\.3 +n(p0 +Sp(A)m)=0, 7\,1A23 _A'ZAB =0, (3.5)

n=—A—l, s1=A13mn, s2=A23mn.
13

Toatomy naxe rpu orpanwdeHusax (3.4), (3.5) nomy4nM ycloBHs CYIIECTBOBAHUA NpeLECCHi, KOTOpbie
HE COBHAJAIOT C yCIoBUAMH (3.3).

OrMeTM HEkoTophle CBOKCTBA ycnoBuii (3.1). Bo-nepBrix, BTopas KOOpAMHATHaA OCb ABJAETCS FiIABHOM
OCBIO 3JUIMIICOM/Ia HHEPLIMH, & BEKTOP & HaXOAMTCA B IVIABHOM IUIOCKOCTH JJUIMIICOMAa HHEPLUH. Bo-BTOpHIX, BEK-
TOPbl § H A He KOJUIMHEapHbl, KaK B ciyyae B. A. Crexnosa [5]. B-TpeThux, och, 00pasyiomas Heu3MEHHbIH B
TEYEHHE BPEMEHH NBIOKEHHMA YTOJI C BEPTHKANBIO V, HE HampapieHa MO raBHOH oCH. B-4eTBEPTHIX, OCKONBKY

napametp 6 mpousBose, To pemerue (2.2) 3aBHCKT OT OIHOHM CYLIECTBEHHOM NPOH3BO/IBHOM MOCTOAHHOM 6 .

4. BeimuuHbl g M N — NPOU3BOJIbHBL CuuraeM, 4To B paBeHCTBaxX (1.9) BenMuuHBI Q) ¥ 72 NPHHH-
MaloT IIPOM3BOIbHbIE He3aBUCHMBIE 3HaUYeHHs. Torna u3 cucremst (1.9) momyunm

Alj=0, B,-j=0, Cl_]=0 (lij), 7\,2=)\,1=0, SZ:SI:O’
sy=-mhy, Byy=m(4)~Ap—-43), By =m(dy-4,-4;3),
2 2 :
Ciy=-m Ay, Cp=-m"4dyy, Cy3=-m|Byz+m(4+4y)]. (4.1)
Ecin B cucteme (4.1) nonoxum Biy =m(A33 -4y —-A“) » TO TIpuaéM K ycnosuaM B. A. Crexnosa

(3.3). Ho npu 3HaueHun By3, OTIMYHOM OT YKa3aHHOTO BbIiite, 13 (4.1) MMeeM ycioBus, KOTOpbIE HE COBMaja-
10T ¢ (3.3). Taknm o6pazoM, pasencTsa (4.1) ABIAIOTCA YCNOBHAMH CYLIECTBOBAHHA peryJAPHBIX MpeLeccHit
(2:2), XOTOpBIE ONKCHIBAIOT HOBBIH CTy4a# HHTErpHpyeMocTH ypaBHeHHil (2.1). Pewenue (2.2) 3aBUCHT OT ABYX
TPON3BOJIBHBIX MOCTOAHHBIX O # 1. CenoBaTelnsHO, ABUKEHHE THPOCTATa BOKPYT HENOABHXHOM TOUKH AB/A-
eTCA Cynepro3uLKelt ABYX BPAICHHH: TIePBOE Bpalll€HUe POUCXOAMT BOKPYT BEKTOpa A € NPOU3BOJBHOMN CKO-
POCTBIO 1, BTOPOE BpAICHWE NMPOMCXOAMT BOKPYT BEKTOpa V C (PUKCHPOBaHHOH CKOpOCTBIO m . Ilpu TakoM
ABIDKEHHH YTOJl MEXIy BEKTOPaMHM @ M V MOXET NPHHMMATh NPOM3BONbHBIC 3HaUeHUA. XapaKTrepHoH ocobeH-
HOCTBIO YcNoBui (4.1) sBjseTca CBOHCTBO, YTO BEKTOPH! 4, S M A KOJUIMHEAPHbI ¥ HANPABIICHLI 110 [IABHOM

OCH JUIMIICONA MHEpMK. YCiosua (4.1) 1is HArMAXHOCTY 3aNKCaHbl B BUAE COOTHOLICHMH, B KOTOPBIX HE UC-
KJIIOYEH napameTp m.

5. Beanun#a n — npon3BoJibHa. ByaeM cuutaTh, 4T0 B COOTHOWIEHMAX (1.9) MPOM3BOJILHON sABAsSETCA
TOJNBKO BENHYMHA 1. Torna ycaoBHs CyIeCTBOBAaHMA PETyJIAPHBIX NpELeCCHi TaKOBBL:
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Aij:O’ (i+]), C13=—mBl3, C23=—mB23, C12=0, B]2=0,

M=aBy3, Ay=agBy;, sy=-mhy, sy=-mhy, Byy=m(4 - Ay - 43),
2 2

Byy =m(dyy — Ay —A33), Cry=—m 4y, Cyp=-mAp,

m?L3 +s3-+-a0[mB33 +m2(A11+A22)—C33:|=0. (5.1)
CootHomeHus (5.1), kak U B paCCMOTPEHHBIX paHee CTyyasx, MOTYT IIPMBECTH K yCIoBHaM (3.3). J{na to-

2
ro, urobel 3T0 II0Ka3aTh, [JOCTATOMHO [MIOJIOXKHWTH, YTO BBIMMOJIHCHbLI pPaBEHCTBA C33 =—-m A33,

B33 =m(A33 - A —A22). OyeBupHO, uTO B 00IeM ciy4ae ycioBusi (5.1) He IKBUBAICHTHBI YCIOBHAM

B. A. Crexnoba. [Toatomy oHm onpenessior HOBoe pemenue (2.2) ypasHenuii (1.1). XapakrepHbIMHU CBOMCTBAMH
paseHcTs (5.1) ABAAIOTCA CHEAYIOWME YTBEPKICHYA: BEKTOP & ‘HANPABJCH MO INIABHOW OCH JLTMICOMNA MHEp-
UAH; BEKTOPBL A M S HE ABISLOTCA KOJUIMHEAPHEIMH M PAacTIONOXKEHB! HE B IJIABHOM IIOCKOCTH. Pemenue (2.2)
3aBUCHT OT OJHOH IIPOH3BOJILHON NOCTOSHHON ¥, TO €CTh BPAUICHHE TMPOCTaTa BOKPYT OCH, COAEpKaIel BeK-
TOp A, NPOKCXOAHT ¢ MPOM3BONLHOM CKOpoCcThIO. CKOPOCTH MPENECCHH U YTOJI HyTALMH 3aBUCAT OT apaMeTpoB
3axayy (1.}) 1 MO3TOMY PHHHUMAIOT PUKCHPOBAHHBIC 3HAYEHHS. '

6. HoBblii kiace perynspHbIX npeuneccHi rupocrata. Bee nosyyeHHsle Bolili€ pe3yabTaThi OTHOCHTCH
K CIydalo, KOraa BEKTOp 4 3aHuMaeT (MKCHPOBAHHOE INONOXKEHHE B rupocrare. [IpH 3ToM nokasaHo, yTo
BO3MOXHBI Pa3M4HbIE BAPHAHTHl NPELECCHi, /U1 KOTOPHIX NPOM3BONbLHBIMH MOTYT OBITH JIHOO KaxIas u3
semmund Oy, n, m, oubo vacts w3 Hux. [lpeacraBnser GonbwoN MHTEpec NPOBEICHHE HCCIENOBAHMMA

peryJIsApHbIX NPELECcCHH, XapaKTepH3YOINXCA TEM CBOMCTBOM, YTO BEKTOP @ MOXET MPHHAIIeKaTh HEKOTOPO#
KOHMYECKO#H noBepXxHOCTH. OUeBHIHO, METOR, MPEIIOXKEHHbIH B paboTe [2], Heo6Xx01UMO BUAON3IMEHHTS.

CBSKEM C TMPOCTATOM INIaBHYIO CHCTEMY KOOPAMHAT C HayajioM B HENOJBHKHOH Touke. Bektop a B
JTOM CHCTEME 3aa/IMM TaK

a = (sin pg cos o, sin g sinGg,cos g ), (6.1)
rae Mg,O0( — NapameTphl.
MycTs, kak W npexze, 6y — yrom Mexay Bektopamu a u v. Torma ¢ nomompio dopmynst (6.1)
reoMeTpHyeckdii uHTerpan u3 (1.2) u nepBoe cooTHomeHue u3 (1.3) napaMerpusyem ciedyomuM o6pa3om
v = cosBy sinpg cosog —(sin G cosu + cosa cos g sinu)sin Oy,
v, = cos B sin pg coso +(cos o cosu —sin o cos pg sinu)sin By,
v3 =cos8 cos g +sincg sinpg sinu, (6.2)

rae ¥ — BCIIOMoOrartesbHas nepeMeHHad. 3aBHCHMOCTDb JTOH nepeMeHHoM 0T BpeMeHH HainéMm, noacrasus (6.1),
(6.2) B ypasuenue (1.4). u =-nt. HauanpHoe 3HaYCHHE MEpPEeMEHHON NPUHATO paBHLIM Hymo. KoMmoxeHTb!
BEKTOpa YIJI0BOH CKOPOCTH IMOJy4UM 13 BTOpOro cootHouenus (1.3) ¢ nomompio (6.1)

®] = nsin iy cosGy +mvy, © =nsinpysinGy +mv,, ©3 =ncosyy +mvs, (6.3)
TAe V; onpeneneHsl Gopmynam (6.2).

Hccnenopanne yciosuil cylecTsosauua pewennit (6.2), (6.3) ang (1.1) npoeeném B ciaydae (3.4).
Ha ocroBanuu coornomenuii (1.3), (1.4) neproe ypasuerue u3 (1.1) Moxer 6biTh peobpa3oBaHo K BUAY

nm( Ay + Ay + A33)(ax v) +npg (axv)+n2 (daxa)+n(hxa)+(mh+s)xv=0.  (6.4)
YMHOXUM JIEBYIO YacThb YpaBHeHu (6.4) CKasIpHO Ha BEKTOP 4
(m+s)-(vxa)=0. | (6.5)

ToncraBuM B ypaBHenue (6.5) Boipaxenne (6.1) u norpeGyeM, 4ToOB! [OMY4eHHOE COOTHOLIEHHE BBITOJ-
HAIOCH U1 MOOBIX 3Ha4YEHMH NEpeMeHHOM ¥ U napameTpa G . Torjaa nogy4nM BEKTOPHOE PaBEHCTBO

S=-mh. (6.6)
IMpu BeimonHeHuy ycnosus (6.6) cooTHomeHue (6.4) MOXET BBIMONHATLCA JUTA MOObIX 3HAYEHHH U TOJb-
KO MPH JIOTONHHTENLHOM OTPaHHYEHHH: Py =—m(A11 + A4y + A33). CnenoBarensso, Matpuusl B u C u

BEKTOpHl A ¥ § ynoBieTBOpsIOT ycnosuaM B. A. Crexnosa (3.3). MHOXeCTBO oceii, colepKalluX BEKTOP A, U
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3HAYEHNE CKOPOCTH COOCTBEHHOTO BpALCHHS ONPE/ENAIOT YPABHEHUA
n(A2 - A3 )0203 + 1203 ~?\.3a2 =0 , n(A3 '-'Al )a3a1 + 7»3a] - 7\.]03 =0,
n(A] —A2)alaz +A.1[12 -—}\.201 =0, 6.7
rie a),ap,a; — KOMIIOHEHTH BekTopa a u3 dopmynsl (6.1), 4; (i =1,2,3) — rnaBHbie MOMEHTHI HHEPLWM T'H-
pocTtata. U3 cuctemsl (6.7) B cuity (6.6) ycTaHAaBIHBaeM, YTO MHOXXECTBOM OCei, CONEPXKAILMX BEKTOP A , ABIs-
ercs xoHyc Llrayne [9]:
sla2a3'(A2 - A3 ) + Sra3qq (A3 - Al ) + 830147 (Al - Az) =0. (6.8)

Takum o0pa3zom, B yacTHOM ciyuae (3.3) pewenns B.A.Crexnosa [5] B ripocTaTe CymeCTBYET LIEJIOE Ce-
MeFCTBO Ocel, OnuChIBaeMbIX KOHycoM (6.8), koTopoe XapaKTepu3yeTcs TeM CBOHCTBOM, YTO B TEYEHHE BCEro
BPEMEHH IBIDKEHHA YroJl MEXIY 3TOH OCBIO H BEKTOPOM V OCTAETCA MOCTOAHHLIM. [IpH TaKOM IBYDKEHHH CKO-
POCTh NPELECCHH U CKOPOCTh COOCTBEHHOTO BPaUIeHHA IMPOCTaTa 3aal0TCA COOTHOIIEHUAMHU

By3 = 32 —hyas
44y -4 a3 (4 — 43)
HpHBeneHHmﬁ B JaHHOM NYHKTE€ NPUMEDP peryspHbIX npeueccm‘fl ITOKAa3bIBACT BAXKHOCTb HCCJICJOBAHHA

TakuX ABMWKECHHUHA B TOM CITy4ae, KOT4a BEKTOp a4 3aHMMAeT He Q)nxcuponaﬂnoe MONOXEHHE B rHpOCTATE, A NMpH-
HaIJICKUAT HCKOTOpOﬁ KOHUYECKOH NOBECPXHOCTH.

m=

PE3IOME

B crarTi BUBYEHI BNACTHBOCTI PETyJIAPHUX Npeueciit ripocTaTy nia Ai€l0 NOTEHUIAHMX | MPOCKONIMHUX CHJl y BHNAJ-
Ky, KOJIH BiCh, fika YTBOPIOE HE3MiHHMI KyT 3 BEPTHUKAILNO, 3aiiMae dikcoBaHe MONOXKEHHS B FiPOCTATI i KyT HyTawii, INBHA-
KocTi npeuecil i BracHoro o6epTaHHa NPHAMaOTh J0BiNILHI 3HAYCHHS.

SUMMARY

In article the properties of gyrostats regular precessions under influence of potential and gyroscopic forces are inves-
tigated in a case when the axis forming a constant angle with a vertical, sets the fixed position in gyrostat, and the notation
angle, speeds of precession and own rotation get any values.
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YK 539.3

ABYMEPHAS 3AJAYA JIEKTPOYIIPYT'OCTH JJIA TEJIA
C NBE3O2IEKTPUYECKHMH BKJIIIOYEHUSIMH

C.A.Kanoepos, A.H.baesa

B pabore [1] npennoxeHsl MOLEIH H METOAB! MCCIIEAOBAHMA TMHEHHOTO 1eOPMUPOBAHMA YIIPYTHX TEN C
CWIbHBIM Nbe303¢dexToM, pelien paa 3apad. B ctateax [2, 3] paspaboranb! MeTOIBI peMICHUs OBYMEPHBIX 3a-
Jia4 3NEKTPOYNPYTOCTH C HCIIONb30BAHHEM OGOOIIEHHBIX KOMIUIEKCHBIX NOTEHINAJIOB, MOMyY€Hbl OCHOBHbIE CO-
OTHOILEHHA /A NIOTEHIMAIOB B ClTy4ae MHOTOCBA3HBIX TeJl, pEUIEH PAM 3afay, KOra Ha rpaHHLe 3a/JaHbl BHEIL-
HMeE YCHIIMA M 3JIEKTPOCTaTH4eCKas MHAYKIUA. B 1aHHOM cTaThe ¢ HCMONB30BAaHHEM KOMILIEKCHBIX TOTEHIHAIOBR
NpHUBEJCHO pelieHHe ABYMEPHOMH 3a/a4yl A7 Tena C Mbe303NIEKTPHYECKUMH BKIIOUEHHUAMY, ONMCAHBI MOTyYeH-
HbI€ PE3YJIbTAThl YUCACHHBIX HCCIEA0BAHUH 1A TUTRCTHHKY C OJTHHM BKJIIOYEHHEM.

Ioctanoeka 3agauu. PaccMOTpUM NpAMONIMHEHO aHU30TPOIIHOE NMHE303JICKTPHYECKOE TeJOo, ocnad-
JIEHHOE JUIMNTHYECKHMH LITHHAPHYECKUMH OJNOCTAMY ¢ 06pa3yIoLIMMH, NapalieSbHBIMU Ipyr Apyry. OTHe-
CEM TeJIO K MpAMOYTroyIbHOH cucTeMe koopauHaT Ox)z , HanpaBuB ock Oz 10 HanpaBJIeHHIO oceli nonocTeil. B

moJiocTH 0e3 NpEABAPUTENIBHOIO HATSDKCHUSA BriassHbl BKIIOUCHUA U3 APYTOro IbE303JICKTPHYECKOI0 MaTepUana,
HaXOIAUIHMECS B YCIIOBUAX UACAIBHOTO 3NEKTPOYNPYTOro KOHTaKTa € TCJIOM-ManHIICﬁ TakK, 4YTO Ha MOBCPXHO-
CTAX KOHTaKTa

(an’ an 4 nis an)z('"Xrlv _er’—DrIv _Zrlt)v

1’ wl’ (pl), )

rne X,,, Y,, Z, v D, — KOMNOHEHTb! BHENIHAX MEXaHMUECKUX YCHIIHI U HOPMaJIbHAs COCTABJIAIOMAA BEKTO-
pa dAEeKTPOCTaTHYECKOH MHAYKLUMH; ¥, V, W U ( — NPOEKUMH NEepeMEIleHMi ¥ NOoTeHIHAN nons. BenwduHsl

@mm@%%v

Ge3 3HauKa BBEPXY OTHOCATCS K MATPHIIE, CO 3Ha4KoM / BBEpXY — K / -My BKIIIOUEHHIO.

ByzseM cuMTaTh, YTO IO NEHCTBHEM BHELIHMX CHJIOBBIX MM JJIEKTPHYECKHMX IOJIell paccMaTpyBaeMoe
KYCOYHO-OIHOPO/IHOE TEeJI0 HAXOMUTCH B YCIIOBHUAX [BYMEPHOTO 3NEKTPOYIPYrOro COCTOAHMA, HE MEHSIOIIErocs
BIOJNb Hanpasiaenus ocu Oz .

B nonepeyHoM CeYeHHH Tely-MaTpuie GyaeT COOTBETCTBOBATL GeCKOHEYHas MHOTOCBsA3Has o6macTs S,
OrpaHUYeHHas KOHTYpaMH dJuIHnTHYeckux otsepctiii Ly (=1, L), ynpyruM BKIOYeHHAM — obnactu S ! , or-

paHHUEHHBIE TEMM XK€ KOHTYpaMH.
Ecnn 104 uccnenosanuit HCTIONE30BaTh KOMIUIEKCHbIE MOTEHUMANE! JEKTpOynpyrocty [3], To onpenene-
HUE JIEKTPOYNPYroro COCTOSHHS pacCMaTPUBAaEMO Cpe/isl CBOAUTCS K HAXOXICHHIO KOMIUIEKCHBIX MOTEHIHMA-

noB @y (z;) (kz-l:—f-l_) LIS Tena-MaTPHUBl ¥ MOTEHUUAIOB (Di (zi) (k=i,_¢l) IUIA KXXIAOTO M3 BKIIOYEHMIA

S ws I'PAHWYHBIX YCIIOBHIA
4
1 \ . To P
2ReY (@) g @) =ou (i=18, I=1L). @
k=1 !

3pech g,?,-, g,?ll — NMOCTOSHHbIE, 3aBUCAIME OT AHM30TPOTIMA MaTepHaia Tena ¥ BKIIOUERUH; @y — QyHKimy,
3aBHCALLME OT CIIOCO0A 3arpyKEHHUs. v
®yukunn Py (z)) onpeneneHs! u ronoMopdHsl B o6nactax Sy , nomyuaemsix u3 obnactn S adpdun-

HBIMH npeoOpasoBaruaMy Z; =X+ y [4], rAe J; — KOPHH H3BECTHOrO XapaKTEePUCTHUECKOTO YPaBHEHHA
BOChMOTO Topsizika [2]. B atux obnactsx koHTypam L; coortsercTBYIOT 3inmunchi Ly ;. Mcnons3ys koudopmHsie

- otobpaxenus [5]

2 =20 + Ry (Cur +myg 1611 ) (€))
JUIS 3THX NOTEHLHANOB noy4yaeM [3] v
L o v :
Dy (z)=Thz+ . D axin /Gl (zk). @)

I=1 n=l E
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. BICHUK JOHEHBKOI'O YHIBEPCHUTETY, Cep. A: Hpupogundi nayxu, 2003, sun. 1

Kaxnas w3 GyHximit CDi (zi) olpeseNeHa 1 rojioMopgHa B ajumice S ;’C , oJTy4aeMomM u3 S ! apduHALIM

nipeobpasosanuem zi =x+p1k y, roe ulk ~ KODHM XapaKTepHCTHYECKHX YpaBHeHW [UlA BIOYEHHA. [1o3TOoMY
OHa MoxeT ObITh Npe/ICTaB/IeHa PAiaMu o nomisoMam Pabepa; a CIeNOBATENBHO, U CTENEHHBIM PAIOM BHAA

L COACTEAN ©
=

- THe z(l)k =Xgy +p2 Yol X7 > Yo — KOOPIMHATHI LUEHTpa [ -T0 BKMOYEHNA.

B ¢ynxumu (4), (5) BXOAAT HEHIBECTHBIE NMOCTOAHHBIE Qj |y, b;[m , KOTOpBIE OTIPEACIAIOTCA H3 TPaHMY-

HBIX ycnoBuii (2). ITocie 3Toro KOMIUIeKCHbIE TIOTEHIHANbI CTAHYT M3BECTHBIMH M IO HUM, HCIIOJb3YS H3BECT-
Hble GOpMyYNBI, MOXHO HaiTH HANDPKEHUs, NEePeMelieHus, HHAYKIMIO ¥ NOTeHUMAN JIEKTPUYECKOTO HOJis B
ro6o# Touke MaTpHIB! U BRIOYEHHH [3].

Ecnu Teno CORepXHT TOJNLKO OIHO MbE303NEKTPHYECKOE UIUNITHYECKOE BKIIOYEHHE, TO, HCTIONb3ys Me-
TOJ PANIOB, U3 FPRHUYHLIX YCJIOBHI Ha KOHTYpE CTias [oJy4aeM TOUHOE PellieH!e B

a 1ot 1.1
Pp(s)=Tizg+ b Phlzi)=buizy, ©
k
TAE agp, b,ld — KO3 pULUMEHTEI, ONpeieNIAEMbIE U3 CHCTEMBI :
4 4
0 Olpl 1,1 =01pl71 =0F » . To
Z(gkiakl ~8ki Remicbgy — 8 Rkbk1)=—z ZOT(R. (i=13), ™
k=1 k=1

rae R,]( , m,lc — BEJIMYHMHBI, 3aBHCANLIME OT aHH30TPOITMY MaTepHaia BKIoyeHus [5).
HMnacruHKa ¢ 3LIMATHYECKHM Nbe30JIEKTPHYECKAM BKJIIOYeHHEM. PacCMOTpHM MPAMOYIOJLHYIO
TUIaCTHHKY 2¢%2d C LEHTpa/ibHLIM 3JUTMITHYECKUM BKIIOYEHHEM (pHc. 1) ¢ nomyocsMu @) ¥ by. CTopoHs

=%tc cBoOOMHBI OT yCHWIHl B HEdNEKTpoAHpoBaHbl. Ha cropoHax
2c y==d 3amaHsl paBHOMEPHO pacrpelie/ieHHble PACTATHBAIOIIHE YCH-
JIMS MHTEHCHBHOCTH D , KOrJa OHH HENEKTPONHPOBaHbI, WIH IOTEH-

unan 1V (¢ pa3sHOCTHIO Ha CTOpPOHaX 2V()) B IPOTHBHOM Cliyyae.
Cnenys [1], B cygae 3agaHHOTO Ha CTOpOHAX ILTACTUHKM 110~
TEHUMana ¢ pasHoCThio 2V ¢yHximo ¢ OymeM HckaTe B BHIE
2d  @(y)=ey+Qq, rie € — Heu3BeCTHas NMOCTOSHHA%A, Qy — Hy1eBOH
YPOBEHb NOTEHIMANA MEKTPOCTATHYECKOTO Nons. Y3 rpaHH4HbIX yc-
noBMi Ha cTopoHax y=:+td wnaxomum €=V /d . 3ametum, uro npu

TakOM HOIXOAC MHOAYyUaeM, UYTO B IUIACTUHKEC BO3HHUKACT I10Jie C HO-

CTOSAHHOM HANpPXEHHOCTHIO Ey =—%=—8=—-V0 /d . Cnenosa-
Puc. 1
TENBHO, CNy4yal 3alaHud Ha CTOPOHAX ILTACTHHKM PAa3sHOCTH NMOTEH-
IIMAJIOB MOXHO TPAKTOBATh KaK 3alaHHUE MO C TIOCTOSHHON HAIPSKEHHOCTHIO.
ByneMm cumrats, 4To B paccMaTpuBaeMOH IUIaCTHHKE BKJIIOUEHHE HaXOOWTCHA BJAnM OT ee Kpas M €ro
'BAMSHHEM Ha 3NIEKTPOYNPYroe COCTOSAHME OKOMNO Kpas MOXKHO NpeHeGpeub M CUMTATh IUIACTHHKY GECKOHEYHOM.
Torna peumreHpe Iis Hee 3aJadd 3JEKTPOYNPYTOCTH CBOAWTCH K HAXOXKAEHHIO KOMIUICKCHBIX MOTCHIMATOB

D (zk‘) H CI)}C (z}c) (k=1, 2, 3), 3agaHHBIX (opMynolt (6), mpuueM ux KOIQ(UIHEHTE! ONMPERETTOTCH U3
CHCTEMBI :

3 3
-2k — 2k Rimkbly 20 Ribjy | =-Y TR, (i=16), @®
k=1 k=1

cnenywomieit u3 (7) A1s AaHHOTO CITydas.

Jns mnacTuHky w3 Gudranata kanus [6] ¢ BxmodeHueM ObUTH NpOBENCHB! YUCIIEHHBIE WCCHEIOBAHUA C
LENBIO BBISABACHHA YCIOBHI, MPH KOTOPhIX NPOHHIIAEMOCTHIO BIUIIOYSHIM MOXKHO NpeHeOpeus, KOraa BKIIOUEHHE
MOKHO CuMTaTh a6COMOTHO rubKuM (OTBEpCTHEM) WK aGCOMOTHO KECTKHM, KOTAA SLTHITHYECKOE BKIIOYCHHE
MOXHO CHUTaTh JIMHEHHBIM, B TOM 4Mcie M TpeuuHo#. [IpH npoBefeHHH HCClENOBaHHH KOIPQHIUMEHTHI Ae-
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BICHHMK JIOHEIILKOT'O YHIBEPCUTETY, Cep. A: Hpupoaunui saykn, 2003, Bun. 1

. okl 1 . th
dopmammit S j » TbE3OMONyNH Dki U KO3 PHUMenTsl AUIAEKTPUHECKOH NPOHMLIAEMOCTH E, t BKIMOYEHHs

t
CBA3BIBATMCH C COOTBETCTBYIOLIMM A BEHMHAMH § 5 » Dy, E;, ans mnactuuxu (7] cootHowenuamu

sEl=s'sk, Dj=d'D,;. Ej}=¢'Ef,, ©)
rae s! ,d ! , gl - MOCTOAHHBIE, KOTOPBIE GyAeM HazbiBaTbh COOTBETCTBEHHO NapameTpamu ko3 puIMeHToB negop-
Maldii, Nbe3oMoIyNel U AUANEKTPUYECKO! IPOHULAEMOCTH BKioYeHUs. Hibke omicanbl HEKOTOpbIE U3 MONYUYEH-
HBIX pe3ynbTaToB. 3HAYECHUA OCHOBHBIX XapaKTEPHCTHK COCTOSHMA AAHBI ¢ TOYHOCTBIO 0 MHTCHCHBHOCTH MPUIIO-
JEHHBIX BO3AEHCTBHI, a MIIOTHOCTH BHYTPEHHEN 3HEPIHH — C TOYHOCTBIO 2 KBajgpaTa HHTCHCUBHOCTH. 3aAMETHM,
YTO KaK CiiedyeT U3 MPHBEACHHOIO PEIICHHA, BO BXIFOUYEHMH JUIA PAcCMaTpPUBAEMbIX HArpy30K YCTaHaBJIMBAeTCH
OHOPOIHOE JIEKTPOYNPYroe o€, W 3Ha4eHMs! OCHOBHBIX XapaKTepHCTUK OyXyT OZWHAKOBBIMHM BO BCEX TOUKAX
BKJIIOYEHMS, B TOM YHCNE U Ha KOHType criag. [103ToMy HIDKE 3TH 3HaYCHHUA 11 BIUIIOUEHMS HE NPHUBEACHBI, HEKO-
TOpHIE M3 HUX JIETKO YCTAHOBHTH MO 3HAYCHUSM OCHOBHBIX XapaKTEPHUCTHK B TOUKAX CAas IUIACTHHKH.

B 1a6n. | npuBeaeHs! 3HaYEHHs HANpPsKSHWi U BHyTpeHHeH 3Heprud B Todkax A ¥ B (cuM. puc. 1) mna-
CTHHKHU C KPYTOBbIM BKJIKOYSHHEM ENMHMYHOTO PaJiyca B 3aBUCHMOCTH OT IIapaMETpOB MaTepuaa BKIIOYEHHA

1
s,d Vgl , KOT/la MJ1aCTHHKA PacTATHBANACh YCHIMAME HHTEHCHBHOCTH P, napamnensHsiMu och Oy, npu-
4eM OCHOBHBIE JNIEKTpHYeckue XapakTepucTuku (D, , Dy , Ey, Ey) B CHJIy MX OTHOCHTENIbHOM MaJOCTH He

npuBefeHsl. B Tabn. 2 naHbl 3HaY€HHA OCHOBHBIX XapaKTEPUCTHK (HAMPKEHUM, HHTYKLUMH ¥ HANPSHKCHHOCTH
3JEKTPOCTATHYECKOTO NOJIA) U BHYTPEHHEH 3HEPTHH B TEX K€ TOUKAX B 3aBUCHMOCTH OT T€X XK€ MapaMeTpoB JUIsi

citydas, koraa £, =€. Jid TOYKM A He IPHBEICHLI PaBHbIC HYJIO [UIA TAHHOM HArPy3KH 3HAYEHUA E,, D,.

Tabavua 1.
Touka A Touka B Touxa A Touxka B
1 1 1 ’ 1 1 1

s | d e oy | Oy mlw. o, | Oy _I_(I)Jl_o s | d | e o, | o, l_(l)‘fﬁ o | o, ;(_)Ul_0
108 | 108 | 108 | 0,00 | 2,55 | 2,98 | -0,97] 0,00 | 0,46 |1072] 102 |1072]-0.02]-096 | 0.42 | 2,48 | -0.06] 3,06
102' 0,00 | 2,55 2,98 -0,97] 0,00 | 0,46 10°81-0,02{-0,96 | 0,42 | 2,48 |-0,06| 3,06

1072{ 0,00 | 2,55 | 2,98 {-0,97| 0,00 | 0,46 1071} 108 | 1,61 | 0,86 | 0,91 |-0,06 |-0,15| 0,01

1081 0,00 | 2,55 | 2,98 |-0,97( 0,00 | 0,46 102 | 1,61 | 0,86 | 0,91 |-0,06|-0,15| 0,01

1078 108 | 0,00 | 2,55 | 2,98 {-0,97| 0,00 | 0,46 10721 1,60 | 0,89 | 0,90 | -0,08 | -0,18 | 0,01
1078] 0,00 ] 2,55 | 2,98 |-0,97] 0,00 | 0,46 10°81-0,02-0,97] 0,42 | 2,48 |-0,06 | 3,06

102 | 10% | 108 | 0,01 | 2,51 | 2,89 |-0,96 | 0,03 | 0,46 1021 108 {-0,16-0,07| 0,01 { 0,80 | 1,59 | 0,83
1078 0,00 | 2,55 | 2,98 |-0,97| 0,00 | 0,46 102 [-0,161-0,07 0,01 | 0,80 { 1,59 | 0,83

102 | 108 | 0,01 | 2,51 | 2,89 [-0.95] 0,03 | 0.45 10 |.0,161-0,07| 0,01 | 0,80 | 1,59 | 0,83

10% | 0,00 | 2,51 | 2,89 |-0,95| 0,03 | 0,45 0,1 |.0,16|-0,07] 0,01 | 0,80 | 1,59 | 0,83

10 1-0,01]2,50 | 2,88 |-0,94| 0,03 | 0,44 10721-0,16/-0,07| 0,01 | 0,80 1,59 0,83

0,1 | 0,01 |2,51 |289|-0,96]| 0,03 046 10781 0,56 0.73 | 0,19 {031 1,54 | 1,38

10721 0,01 | 2,51 | 2,89 {-0,96| 0,03 | 0,46 1078 108 {-0,16{-0,07| 0,01 | 0,80 | 1,59 { 0,83

10781 0,01 | 2,51 | 2,89 {-0,96 0,03 | 0,46 10-81-0,161-0,07 0,01 | 0,80 | 1,59 ] 0,83

10-8] 108 | 0,01 | 2,51 | 2,89 {-0,95]| 0,03 | 0,46 [ 1081078 108 | 1.62 | 0.88 | 0,92 |-0,08 0,16| 0,01
10781 0,01 2,51 | 2,89 |-0,95] 0,03 | 0.45 10% | 1,62 | 0,88 | 0,92 | -0,08 -o,’{é 0,01

fj6—2 102 ‘1(’)8_ 1,61 | 0,86 | 0,91 {-0,06|-0,15| 0,01 1072 -,1,62_7 0,88 | 0,92 |-0,08 0,16 0,01
‘ 102 |-0,49 -1,49' 0,78 | 3,22 {-0,03 | 5,08 1078| 1,62 | 0,88 | 0,92 |-0,08 | -0,16| 0,01
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BICHHK TOHEHIbKOI'O YHIBEPCUTETY, Cep. A: [Ipupoauuui Hayku, 2003, sun. 1

Ta6nuna 2.
. . . Touka A Touka B
s d €
Oy | Oy | Dy | Ey | U [0, |0y | Dy | E | U

108 | 10% | 108 [ 0,00 0,11 { 0,00 | 0,00 | 0,00 | 0.13 | 0,00 | 8,99 | 2,21 | 9,93
10781 0,00 {-0,091 7,43 | 1,83 | 6,78 |-0,11 0,00 | 0,00 | 0,00 | 0,00
10 | 108 | 108 | 0,00 | 0,11 0,00 | 0,00|0,00]0,13|0,00]|899 221993
1078 | 0,00 [ -0,09| 7,43 | 1,83 | 6,78 |-0,11 0,00 | 0,00 | 0,00 | 0,00
10 | 108 |-0,03| 0,09 | 0,00 { 0,00 [ 0,00 | 0,17 {-0,01 | 8,99 | 2,21 | 9,93

10% [-0,02 0,09 | 0,09 | 0,02 | 0,00 | 0,16 |[-0,01| 8,88 | 2,18 | 9,70
2 10,14)0,141280 069096 |-0,15( 0,02} 5,60 | 1,38 | 3,86
0,5 1097073 |526!1,29]3,40 |-1,32| 0,16 | 2,63 | 0,65 | 0,85

1072 1-0,01[-0,09| 7,37 | 1,81 | 6,67 |-0,10{ 0,00 { 0,07 { 0,02 | 0,00
10781 0,00 {-0,09| 7,43 | 1,83 | 6,78 |-0,11| 0,00 | 0,00 | 0,00 | 0,00
1078 | 108 |-0,031 0,09 | 0,00 | 0,00 | 0,00 | 0,17 {-0,01| 8,99 | 2,21 | 9,93
1078 [-0,01{-0,10] 7,43 | 1,83 | 6,78 |{-0,09 | 0,00 | 0,00 | 0,00 | 0,00
1071 | 108 | 108 | 0,00 0,12 (0,00 0,00 0,00}0,13|-0,01{899|221 {993
1078 { 0,00 {-0,09| 7,43 | 1,83 | 6,78 | -0,11 | 0,00 | 0,00 | 0,00 | 0,00
10! | 108 |-0,19{-0,09 0,00 | 0,00 | 0,00 | 0,42 | 0,00 | 8,99 | 2,21 | 9,93
10% |-0,17]-0,07] 0,09 | 0,02 | 0,00 | 0,38 | 0,00 | 8,88 | 2,18 | 9,70
1072 | 0,00 [-0,10| 7,37 | 1,81 | 6,67 |-0,10{ 0,00 | 0,07 | 0,02 | 0,00
1078 0,00 {-0,10| 7,43 | 1.83 | 6,78 {-0,11| 0,00 | 0,00 | 0,00 | 0,00
1071 | 10% 1-0,19-0,09| 0,00 | 0,00 | 0,00 | 0,42 | 0,00 | 8,99 | 2,21 | 9,93
10% |-0,19{-0,09| 0,09 | 0,02 | 0,00 | 0,41 | 0,00 | 8,88 | 2,18 | 9,70

2 1-0,131-0,11} 2,280 0,69 | 096 | 0,25 001|560 138 3,8
0,5 {-0,09{-0,13| 5,26 | 1,29 | 3,40 | 0,10 | 0,01 | 2,63 | 0,65 | 0,85

1072 |-0,05|-0,15| 7,37 | 1,81 | 6,67 |-0,03| 0,01 | 0,07 | 0,02 | 0,00
1078 (0,00 |-0,10( 7,43 | 1,83 | 6,79 {-0,11 | 0,00 | 0,00 | 0,00 | 0,00
1078 | 10® |-0,19(-0,09| 0,00 | 0,00 | 0,00 | 0,42 | 0,00 | 8,99 | 2,21 | 9,93
1078 {-0,06{-0,17} 7,43 | 1,83 | 6,78 | 0,00 | 0,01 { 0,00 | 0,00 | 0,00
10811078 108 [-0,20{-0,11| 0,00 | 0,00 | 0,00 | 0,44 | 0,01 | 8,99 | 2,21 | 9,93
1078 1-0,07|-0,17| 7,43 | 1,83 | 6,78 | 0,01 | 0,01 | 0,00 | 0,00 0,00

M3 panneIx Tabn. 1, 2 ¥ APYrUX NOJTYYEHHBIX PE3YJILTATOB CEAYET, YTO B CIy4ae PACTSIKEHHS IIaCTHHKH
BOZHHKAIOWME B Hell JIeKTpHueckne Xapakrepuctuku (F, , Ey, D,, Dy) MaJTBl TI0 CPAaBHEHHMIO ¢ Hanpske-

HuAMH. B 3TOM cilyyae Ha 3Ha4EHHA HaNPHKEHUM ¥ BHYTPEHHEH SHEPTiM Majia ¥ POJIb NapaMeTpa AUdNIEKTpHYE-

” i o
CKO¥i MPOHHULIAEMOCTH BKTIOUEHHA € . EC/IM K ITacTHHKE MPHIOKEHA Pa3HOCTb MOTEHUMAIOB NPH NOCTOSHHOM
HaNpPAHKEHHOCTH €, TO B Hell BO3HMKAIOT 3HAYMTENbHBIE JNEKTPHYECKHE XaPAKTEPUCTHKH K MEHBILIME 11O CPaB-
HEHHMIO C HHMH (HO He NpeHeOPEeXHUMO Malible) HalpskeHus. B cilyyae 3aaHHOM PasHOCTH NOTEHLMANOB POTb
napaMmeTpa NpOHMLAEMOCTH BKIIOYEHHA e na snanenns 3MEKTPUYECKHX XapaKTEPHUCTHK BEChbMA 3HAYHMTE/bHA,

i 1 —2
TipH 3TOM C yMeHbUICHUEM 3HAYEHHUS € , TI0Ka 10% <e' <10 , B Touke A snavenms D, E,, U sospacra-
10T, a B To4ke B y6biBatoT. BHe yka3aHHOro MHTEpBANa Ha 3HAYCHNUA JIEKTPHUECKHX XAPAKTEPUCTHK H3MEHEHHE
1 . .
¢ Bamser HesHAUMTENBHO: pu € >102 NPOHHLREMOCTh JOCTHIaET BHICOKOTO YPOBHA M €€ jaibHelinee yse-

JHYCHHE HE NPHBOIUT K M3IMCHCHUAM JJIEKTPOYTIPYTroro COCTOSIHMA; NpH 81 <10—2 BKIIIOYCHHE SABAACTCA IPAK-
THYCCKH HHIJICKTPUYECKH HECIIPOHULACMBIM U I103TOMY JanbHeliee CHIWKeHue MPOHHALIAEMOCTH HE MPUBOINT X
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BICHUK AOHELBKOI'O YHIBEPCHUTETY, Cep. A: IIpuposnuyi nayks, 2003, sun. 1

H3MEHEHHIO 3JIEKTPOYIIPYTOro COCTOAHKSA. JTO COITacyerTcd C pe3ysibTaTaMH, NodyyeHHsIMH B pabore [1]. Cre-

JOBATEJIBHO, BKIOYEHHE MOXHO CYMTATH AMANEKTPHYECKH HENPOHHIAEMbIM, HAYMHAA C gl =102, 3aMeTuM,
YTO MPH PELICHHH 3ala4 MHOIHE aBTOPbI CYMUTAIOT BKIIOYCHHE IM3JIEKTPHYECKH HETNPOHMLAEMBIM, €CIIM €ro
MPOHHIAEMOCTD Ha NMOPANOK MeHbIlie NPOHHIAEMOCTH TaCTHHKH. 13 Tabi. 2 Takke CiedyeT, 4TO HanpsHKEHUS

1
(¢} y!A » Oy l B C YMCHbUICHHEM € HE3HAYUTCIBHO yﬁblBaIOT. Bo3snukaromue BO BKOYEHUH HHAYKLWA, Hamps-

JKCHHOCTE M BHYTPEHHSAA SHECPIryUA BbIPAXKAIOTCA 4EPE3 UX 3HAYCHHUA B IUIACTHHKE H MapaMeTp Sl TaKUM oﬁpa-

e N | 1 _ 1 1_ .1 1 1
som: D), =¢ DylA, Ey-—EyIB le’, U =¢ UIA . Ponb mapameTpoB s ¥ d Ha 3HaYEHHs OCHOBHBIX Xapak-

TEPUCTHK He3HaumrensHa. U3 Tabn. 1, 2 Taxxe cnemyer, 970 TpH (GUKCHPOBAHHOM s' usmenenve napameTpa
d' we oxasusaer CYLIECTBEHHOTO BIMAHMA HA 3HAYESHHA HANPMKEHHUH, HO 3TOT MAPAMETp He AOJDKEH IPEBOCXO-
IWTh 3HaveRMe ' . B NanbHEHmHAX HCCEIOBAHNAX OHM CUHTAKTCS PaBHBIMH.

HccnenopaHMAMM TakKe YCTAHOBJICHO, NIPH KAKMX 3HAUEHWSX Mol nomyocw siunca by Bosuukaer
CHHIYJIIPHOCTD B KOHIAX BKJHOYeHNUA. M3 NOTydeHHBIX JaHHBIX CIEMYET, YTO CHUHTYJIAPHOCTS B KOHIAX BKIIOYE-
HHS BO3HHKAET, €CIH Momyoch B <107> (ans MArKEX BKMIOYEHHH faxe rpu by <107 ). B nansHeiimem noa
JHHENHBIM BKIIOYeHHeM Oy 1eM NOHMMATh UMEHHO TaKoe UIMITUHYECKOE BKITIOUEHME, T.€. KOTAA ero noJyoch (B
xaHHOM ciy4ae by ) pasHa 1075, B _

B Tabn. 3 [UIS WIACTHHKY C JMHEHHBIM BK/IIOYSHHEM €IHHHUHOM MOMYLTHHBI JUIS pasHbIX 3HAYEHHH KO-

! fams! snavenus KUH k (d1 =g , g =102 ), a Ha puc. 2, 3 uzobpaxens! rpapu-

3¢ PUIMEHTA XKECTKOCTH §
K{ M3MEHEHHA HanpsxeHMii O, B KOHLAX KOHIUEHTpaTopa 1 ykasankoro KMH cootsetcteenHo. Kak crenyer u3
Tabn. 3 u puc. 2, 3 0COOEHHOCTb HANPAKEHHUI B KOHIAX JIMHEAHOTO Mbe303JIEKTPHYECKOro KOHLEHTpaTopa Bo3-
HHMKaeT TIpH 5! <0,05 u s'>10. Ecan xe 0,()5<s1 <10, TO B KOHUAX BKIIOYEHUS HANPSKEHUS HE MMEIOT
ocoGennocteit 1 KUH pasusiercsa Hymo. Ilpy 31oM, ecnu 100 <s'<10% w107 <! <0,05, To KMH nesenuk.

1
Kak cnemyeT u3 onucaHHbIX pe3yIbTaToB, MOAKPEIUIEHHE TPELIMHBI JaXe O4YeHb MATKHM MaTepHaloM ( § ~10? ,
YTO MOXHO TPAKTOBAaTh KaK YMEHBUIEHHE )KECTKOCTU BKIIOYEHHS IO CPaBHEHHIO C IUIACTHHKOH B COTHM pas3)
Pe3Ko CHWKaeT 3HauyeHUA HanpskeHui BOnu3u tpeutnsl 1 KMH nna ee BepmiuH.

Tabnuua 3.
Touka A Touka B

1 U U

s k =l | © - c c —_
1 |Oy=0C y

*TEx Y8 ¥ 1010

© | 1,0000 - - - - - -
108 | 1,0000 - - - 1-0,9698! 0,0021 | 0,4584
10° |0,3263 - - - {-0,3163] 0,6746 | 0,3640
10* | 0,0465 - - - ]-0,0447] 0,9540 | 0,4402
1000 | 0,0050 ~ - ~  |-0,004710,9952 | 0,4572
100 | 0,0006 ~ - - 1-0,0005] 0,9995 | 0,4591

10 | 0,0001} 03571 | 786 0,27 1-0,0001 | 1,0000 | 0,4593
5 0,00 | 03571 | 4,12 0,07 0,00 | 1,0000 | 0,4593
0,1 0,00 |-12,2240( -6,16 | 0,53 | 0,0002 | 1,0000 | 0,4592
0,05 | 0,00 |-13,4481| -6,95 | 0,64 |0,0002 | 1,0000 | 0,4592
0,01 |0,0002 | -50,6772 | -27,22 | 9,01 |0,0006 | 1,0000 | 0,4589

0,001 {00014 | - - — 10,0057 | 0,9985 | 0,4551
10°% |oo3a| - - | - |o00s11 09866 | 04232
107 | 0,0667 - - - 10,2532 0,9337 | 0,3137
106 o0 - - - 104190 |0,8903 | 0,2634
0 |onss| - - - - -] -
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Sy 102 ky /
7 10 | f T T p 1/ P f f 1 P
< 0,95 N
Vb Vo
4 0,85
| ]
0 0,15 ,
0,1 \
0,05
) . L

1

3 1 1 g s 8 2 4 lg s'

Puc. 2 Puc. 3

B 1abx. 4 npusenens! 3HazeHnss KWHWH B miactHHKe ¢ TMHEHHBIM BKIHOYEHHEM eMHHYHOI NIOTy IIHHb!
TaGnuua 4.

s 0 10 10! 107! 1072 107

el 110211073 (108 {1073 1108 102 108 | 1072 1078 | 102 (1073 {10 102 | 1073 | 1078

4k1 10,0000{0,0000{0,0000{0,0002(0,01830,0002{0,0184]0,0023{0,0184|0,00050,0020|0,01840,00070,0042 0,0186

ki 0,00173 O‘,Ov124 1,0000{0,0124{1,0000{0,0124|1,0000{0,01241,0000{0,0013]0,0124|1,0000/0,0013[0,0124|1,0000

kp 10,0054] 0,()504 4,063610,0504{4,0636/0,0504/4,0636|0,05044,0636(0,005410,0504|4,0636{0,0054{0,0504 |4,0636

' B 3aBHCHMOCTH OT KO3¢¢HHKCHTOB KECTKOCTH S| Y OPOHUUAEMOCTH gl (d - s! ) npu peicTBUU Ey =g . Kak

cnenyeT U3 Tabn. 4, 3HaueHUT KOIPYULMEHTOB HHTEHCHBHOCTH K, k5 CYIIECTBEHHO 3aBMCAT OT napameTpa
€| H He 3aBHCAT OT KECTKOCTH BKTIOUEHHS (mapametpa st ), HO 3TOT KO3PDHUMEHT CYIUECTBEHHO BIMAET HA

k; : ¢ ymenbmiennem s snanenns ky ysenuumBaercs. HauGonbiiero sHaueHus ky JOCTHIAeT IS XECTKOTO
HENPOHHIIAEMOT'0 BKIIOYEHUS.

PE3IOME

3 BUKOPHCTaHHAM y3arajlbHCHMX KOMIUIEKCHHX MOTEHLiaNiB OTPMMaHUH PO3B’A30K 3aJa4i eNeKTPONpPYKHOCTI Ass
TiNa 3 1’€30€NSKTPHUHMMH BKJIOMEHHAMHA NP Iii MEXaHIYHOTO Ta eNeKTPUYHOTo NoNie, HapexeHui To4Huil po3s’a30K 3a-
navi 1718 Tina 3 ofHIM BKIIOYSHHSM. 1S aHI30TPOIHOT MATIBKY 3 BKIHOYEHHSM [IPH BIUTMBI 30BHImHIX 3ycHns abo piswuui
TIOTEHUialiB NPOBENEHI NOCNHIKEHHS KOO BUABICHHS YMOB, NIPU SKMX ICNEKTPUHHOIO MPOHHKHICTIO BKIIOMEHHS MOXHA
3HEXTYBATH, NPHM AKHX BKIIOYCHHS MOXHa BBAXATH a0COMOTHO rHydkuM (0TBOPOM) a0 abComOTHO KOPCTKHMM, KOJH
€NiNTHYHe BKTIOYEHHS MOXHA BBa:KaTH NiHIHUM, B TOMY YuCHi il TPIlUHHOIO.

SUMMARY

Using the generalize complex potentials the solution of electroelastic problem for a body with piezoelectric inclu-
sions under action of mechanical and electric fields is received. The exact solution of the problem for a body with one inclu-
sion is given. The numerical researches for an anisotropic plate with an inclusion under action of external efforts or electric
potential’s difference were carried out. The aim of the researches was to discover the influence of electroelastic characters of
material of plate and inclusion and geometric parameters of inclusion,
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VIIK 539.3

NMPUBJIMKEHHbIM METOJX ONPEAEJEHHUS 3JIEKTPOYTNIPYIOI'O COCTOSHUA
AHH3OTPOITHOI'O INOJYIPOCTPAHCTBA C IIOJIOCTAMU U TPEIHMHAMU

C.4.Kanoepos, I0.A.I'nywjenko

B pa6orax [1, 2] nosy4yeHbl OCHOBHBIC COOTHOIWIECHUA JHHEHHOM TeopuM 1edhopMUPOBAHNA NHe30KEPAMH-
HeCKHX IUIaCTHH M 060J109€eK, cGopMyIMpOBaHEl KpaeBkle 3aa4H, Ha CITydail Mbe3031eKTPHIECKUX MaTepuanos
0606mIEHbl METOIB MEXAHUKH pa3pylleHud. B crathsax [3, 4] paspaboTaHsl METOAB! pEIUEHH IByMEPHBIX 33124
JNEXTPOYNPYFOCTH U1 aHW30TPOIHOTO MPOCTPAaHCTBA M HOMYNPOCTPAHCTBA C NOJOCTAMH U TpEIIMHAMH, NpH-
YeM TIOBEPXHOCTH NOCIEHMX B CiIydae NOMYNPOCTPRHCTBA HE NIEPECEKATH ILTOCKYIO FpaHuLy. B nanwoi crathe
npeanaraeTcs NpHOMMKEHHBI METOR PEIICHUA 3ajay 3MeKTPOYIPYTOCTH AIS MHOTOCBA3HOTO aHH3OTPOIIHOTO
TIOJTYIPOCTPAHCTBA, KOIAa OCabnA0MKe €ro MONOCTH M TPEUIHHbl MOTYT BBIXOJMTH Ha IUIOCKYIO TPAHHLLY.

1. IlocTanoska 3agaud. PaccMOTpUM Haxonsiieecs B AByMEPHOM IEKTPOYIIPYFOM COCTOSHHHM MHOTO-
CBA3HOC AaHM3OTPOIHOE HWXKHEE NONYNPOCTPAHCTBO M3 TbE303JICKTPHYECKOr0o MOHOKPHCTalLIA, ocilabieHHoe
JUTUNITHYECKUMH IMIMHAPHYECKAMH TOJIOCTAMH, 00pa3yolHe KOTOPBIX NapalieNibHbl ApYyr APYry H IUIOCKOH
rpanuue. [IoBepXHOCTH NONOCTER MOTYT KacaThCs, Nepecekarses, 006pa3oBhIBaTh IUIOCKHE TPEUIHHBI WIIH MOJIOC-
TH 10607 GOpMBI, a TaloKe NepeceKaTh UIOCKYIO rpaHuLy
noixynpocTpaHcTBa. OTHECEM MOMYNMPOCTPAHCTBO K TIPS-
MOYroibHOM cucreMe koopauHat (Xy , HaNpaBMB OCh Z
N0 HanpaBjieHHIO o0pasylomMX IMWIHHAPHYECKHX [O-
BEPXHOCTEH TaK, 4TO B IOMEPEYHOM CEYEHHH MONYIIPO-
CTpaHCTBa IUIOCKOCTI0 Oxy GyneM MMeTh MHOrOCBA3-

HYIO MOMYIUIOCKOCTh S, OTPAHMYEHHYIO NPAMONHHEN-

I
HOM rpanuued L W anaunTHueckMMH kOHTYpamu L; ¢

nonyocaMu a; u by (l =1, L) (puc. 1). Ob6o3Hauum

paccTOsHME OT HaYala KOOPAMHAT N0 NpAMOJIMHEHHOM
+ .
rpaumisl yepe3 A . Ha GecKOHEYHOCTH AEHCTBYIOT pac-

o0
TATHBAIOMIUE YCWIHA O, = D.
Onpenene}me ANEKTPOYNPYroro COCTOAHUA pacCMaTpUBacMoOro MNoynmpoCTPAaHCTBA CBOAMTCA K HaXOX-

HEHHIO TIPOH3BOHBIX KOMIUIEKCHBIX noTenimanos D' (z;) (k =1, 4) M3 TPaHMYHBIX YCIOBUH Ha MIOCKOH
FpaHuLiE ¥ Ha MOBEPXHOCTIX NonocTeii [4]
4 0 —_
2Rengi8kCD'k(tk)=0 (i=l, 4). (L.1)
k=1
3necs
0 0 0 0
gkl =A2k> 8k2=hek» 8k3=hak> &ka =gk
dx dy X +p)
8k=d—+}lk—=_—‘; (1.2)
s ds 22
x“+y
Ajj — MOCTOSAHHBIE, 3aBMCAILINE OT MaTepHala MOJYNPOCTPAHCTBA; |l — KOPHH M3BECTHOTO XapaKTepHCTHYe-
CKOFO ypaBHeHus; X', ' — NPOM3BOIHbIE MO MAPAMETPY NAPAMETPUYECKOTO 3a1aHHA KOHTYpa.
2. Onpeznenenne KOMIUIEKCHbIX noTeHnnanos. Kommekcunie noterumanst Oy (z;) onpenenexsl B

- - +
obnactax S, , nonydaeMbix 13 S addunnpMu npeoGpasoBanuaMH zj = X + i ¥ . IIpu 3ToM rpanmue L n

KOHTYpaM oTBepcTuii I; B S k— 6yayT COOTBETCTBOBATH NPAMONHMHENHbIE IPAHHIIBE Lz ¥ KOHTYpH Ly .

I'panmanste ycnosmsa (1.1) st riockoit rpaHALBI MOXKHO TaKKe 3anucaTth B Buse [3]
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O (2) + 7o @'y (2¢) + k01 D'hy (2t ) + k82D (2442) + ka3 Py (203) =0, 1)

THE Tk, Sk+l, €k+2, Nk+3 — U3BECTHBIC TIOCTOSHHBIE, K — MHIEKC, IPHHUMAIOWMIA 3HaueHua | — 4, npuyemM
3HayeHue uHAeKca k + j, xoraa oH Gonmbiwe 4, GpopMansHo nosaraerca paBHbIM Kk + j—4 . Tlpu atoM mis To-

YeK MPSAMOIMHENHON TPAHULIBL Z =1 =X+l n, Zktj =l +(Mgs "Pk)h+ (j=0,3).

+
Ecnu koHTypsl L; He mepecexaior nmuHMio L W He KacaioTcd ee, To u3 (2.1), yuutsiBas obimue npen-

CTABJIEHHS KOMIUIEKCHBIX NOTEHUMANOB 111 MHOrOCBA3HOH obnactu [4], merogoM unrerpainos tina Kowmm Ha-
XOauM

O (z) =Ty + @'y (z) = re D'y (zg + (1 _Pk)h+)—sk+l(b'k+1,1(zk +(Mpy1 — )R ) -
—ekr2®'yp (2 + (g — ) F ) =13 D3y (25 + (g3 = 1)AT). 22)

L
ITpu atoM I'j — nocTosHHbIe, onpenenseMbie M3 yciaoBuii Ha Geckoneunoct; Dpy(z;) — dynkumm, romo-

Mop¢Hble BHE ALTHICOB Ly .

OT006pa3uM BHEIIHOCTH €IMHUYHOTO Kpyra |‘;k ll >1 Ha BHEWHOCTb KOHTYpoB Lj;. B oTOOparkeHHBIX

o6nactax ¢pynxkuny Oy (z;) MOXHO NpEACTaBHTH B BUAE CEMYIOMHX paaos [S]:

L o
D (z) =D D an®'un(), (2.3)
I=1 n=1

rne
n

1 2 '
Ger Rt (Ckl ‘mkl)

C YUYETOM OTHUX pmoxceﬂuﬁ JICTKO NOJY4YHTh, YTO

O unlz)=- Q2.4)

— L o _ - _—
, + o+ .
Oty in (2 + (s RO )= D0 k149,12 (J =0, 3)' 2.5)
1=t n=1
3naech

n
-l 5 72 —
ks ji Ruxji (Ck+ gl " ks j,I)

(;k+j | — NEPEMCHHBIC, BBIMHCAACMBIC U3 HEABHBIX 3aBUCHMOCTEH
’

6'I-c++j,1n(zk)=" ; (2:6)

2k =20 kes) +(Hk _:"k+j)h+ Ny +Ztnl @7
§k+j,1
Torna ¢pyHkuuu (2.2) npumMyT BUI
v L o - — - —
Oy (2)=Th + D D 15"k (2) ~ Tk Akin @' (21 — Sk1 ki1 in @ g1 1 2k)
- I=1 n=1

- - — + - - —+
~ek+2ak+2,In9" k42 1,(Zk) ~ Pk+3 k431091310 (Z0) (2.8)

rae ak ]n — HEW3BECTHBIC TMOCTOAHHBIC, ONPEACIAEMBIC U3 IPAHUYHBIX yCJ’lOBHﬁ Ha KOHTypax OTBepCTHﬁ, Ha-

[pUMeEp, METOJOM HaMMEHBUINX KBAJIPAaTOB.
.- Ecym e XoTs OBl OZiMH M3 KOHTYPOB OTBEPCTHH WIM TPELIMH NEPECEKaeT NPAMOJHHEHHYIO IPaHMIY, TO
MPUMEHSATH METOJ MHTErpaioB Tuna Komm HeBo3MOXHO. HO BHI KOMIUIEKCHBIX NOTeHIHAaNoB (2.8) MoxHO co-

XpaHUTh M B 3TOM Cly4ae, BLIOMpas NOCTOSHHbIE, BXOAAIINE B (2.5), HE3aBUCHMBIMU OT KOIQPHUUMEHTOB Ay, -
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_OGo3Hayast TH NOCTOAHHBIE WIS PyHKUAH (2.5) yepes by 1, » Oynem umerh

L - - =4 - = —+
Dy (2k)=Tr(z) + 2. D 4k1n® kin (26 ) = Tk BKR 41 n(2k) = SkH1BEAIND 41 1 (2) —
I=1 n=1

- - —+ - - —+

—ek+20k+2,1n 941210 (25 ) ~ Nk+30k 43009k 43 1, (24)} - (2.9)
pu 31oM nocrosuubie by}, , Kak U ayj, , ABIAIOTCA He3aBucHuMbIMH. Ho B OTIHYHE OT NpempiIyLiero ciydas
MX HYXHO ONpe/IesiATh, yAOBNETBOPAA TPAHHYHBIM YCIOBHAM KaK HA KOHTYpax oTBepcTHii L; , TaK ¥ Ha npsMo-

+
nuHelHoN rpanuue L . W 3meck HauGonee yZOGHBIM fABNSETCH METON HAMMEHbIMX KBanparos. CocraBiss
¢byHKIHOHAN

M 4 || 4 _— 2
0 ., 0 ..,
J=ZZ ngiq)k(tk)+gkz'cpk(tk) ) (2.10)
m=1i=1 || k=l

s +
rae CHCTeMa ToUeK I, (m =LM ) Ha I; u L', v MUHUMM3HDYS €TO, ANt OTpeneNnenus dy;, u by, nomy-

YyaeM CHCTeMY JIHHeHHbIX anrebpandeckux ypasHeHui. Ilocne pemieHus 3TOH CHCTEMbl KOMIUIEKCHBIE IIOTEH-
DMl CTAHYT M3BECTHBIMH, M MOXKHO BBIYMCIIATH OCHOBHBIE XapaKTEPUCTHKH JJNEKTPOYNPYroro COCTOSHUSA, a
Talke KO3(QUIUMEHTH HHTEHCHBHOCTH HANpMKEHWH, HHAYKUMM M HANpSHKEHHOCTH 3JIEKTPUYECKOTO MO
(KMHMH) [4].

bruin mpoBeneHbl WMCNEHHBIE WCCNENOBAaHMA paclpesieNleHus Hanpskenuit W u3Menenus KUH mns
06GOOIIEHHOTO [IOCKOTO JIEKTPOYNPYTOro COCTOSHHS MOJYIUIOCKOCTH M3 TbE303JIEKTPHYECKUX MOHOKPHCTANI-
Jos Gudranara xanua (Marepuan M1) wim 6udranara py6unua (Matepuan M2) [6]. Hibke npuseseHb! HEKOTO-

y y Y
T R TOKL M /[O_K‘L Mo
rd - - e /\ - 7
¢ $ C * ‘ /( E ? ¢ 1 ¥
! L4
v A E
g2 1y
A Y o€ :
A A
a 6 6
Puc. 2

0
phi€ U3 TOMYYECHHBIX PE3YLTATOB C TOUHOCTBIO 110 MHOXKHTENA P, PABHOTO Oy .
B 1abn. 1 nns nomyruiocKoCTH ¢ OXHON BEPTHKANLHOM K IPaHMIE TPEUIMHON eINHMYHOM JUIMHBI TpHBe-

nenbl 3navenns KUH k| n k|+ mas sepumd A u C

Ta6muua 1 (puc. 2, a). Tlpu >ToM maHHeie ais ¢ =0 COOTBETCTBYIOT
Marepuan KpaeBOH TpELIHHE, BHIXOLAIIEH HA TPAHHMLY MOIYILIOCKO-
c Mi M2 cru. Ha puc. 3 B 3aBHCHMMOCTH OT AIMHBI [IEPEMBIYKH C

¥ + npuBeaeHsl rpaduxu usmenenns KUH nna sepuims BHyT-
ky ky k| K peHHel TpelxHbl B MOMYIUIOCKOCTH M3 MaTepuana M1, a Ha
1,00 | 0,7302] 0,7394| 0,7326| 0,7427 pHc. 4 B 3aBMCHMOCTH OT JUIHHBI [ KpaeBO# TPELMHbI JaHbI

0,50 | 0,7564| 0,7896| 0,7609| 0,7968 rpaduku wamenenns k; . M3 ta6n. 1, puc. 3 u 4 cnenyer,

0,10 | 0,84601 1,0859| 08551 1,104 YTO TpH CONMKEHMM TPEIMH C IPaHMUEH MOMYILIOCKOCTH
0,01 | 0,9528| 2,1466; 0,9651| 2,1858 KOHUEHTPALMA HampsHKeHMH B Toykax nepembrikd 0 KUH
0 1,0863 - 1,0920 - U BEpUIMH TPELUMHbI YBEJWYUBAIOTCA. Jns RaHHON Ha-

‘ - rpy3kH 3naueHna KMH ot arusoTponuu MaTepuana 3aBHCAT
HE3HAUMTENLHO. VBENWYSHHWE NIMHBL KPAeBOW TPEUIMHBI
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KHH ——— ki

<>

1,2

0,7 \
0,3 \

0,01 1,00 ¢ : 0,1 1,0 )

0,7

Puc. 3 , Puc. 4

npuBoguT K yBenmuuenuto KWH. s nomymiockocTd ¢ BHyTpeHHel TpellMHOM NpuBeeHHbIe pe3yabTaThl COBMa-
JAIOT ¢ naHHBIMM pabotsl [7]. [Ipu 3TOM s obecriedeHHs CONOCTABUMOCTH Pe3yNbTaTOB HALIM JaHHBIE HEOOXO-
MO HEOOXOMMMO YMHOXHTh Ha \/5 (B cBSI34 ¢ TeM, YTO [UIMHA TPEIINHEI B HaLIe# paboTe B ABa pa3sa MeHbIIE) U
CPaBHMBATH Pe3YJIbTATH! JUIA CIy4aeB, KOIIa ONMHAKOBBI OTHOWEHHA ¢ /[ , rie /] — MIMHA TPELIMHEL.

B 1abn. 2 gaHe 3Havyenns KUH 1 HanpshxkeHuit B HEKOTOPBIX TOYKAX MOTYIUIOCKOCTH € KPYTrOBBIM OTBEp-
CTHEM M BEPTHKAIbHON TPELIMHON B MepeMbluKe MeXIY OTBEPCTHEM M rpaHuueil nomymiockoct (puc. 2, 6).
Ipy 3TOM paccTosHKe MEXIY TpewHoi n kouTypom @ =0,5; IMHA TpelMHb U PANHyC OTBEPCTHA PaBHbI

enuMHuLe. 3nech XapakTepHhiMu mpunumamich Toukn A(0; —c-3,5), B(-1;-¢-2,5), C(0; -c~15),

D(O; —-c- l) s E(O; —c), 0(0; 0) , K(O, 5; 0), L(l; 0), M(l,S; 0) . J11s 3TOro Xe Ciydyad W MaTepuaa
M1 Ha puc. 5 npuBesenn rpadukyu usmeHerua KHH B 3aBucuMocTH OT wtuHb nepemMbldku ¢ . Kak BuaHO, npu-
OmbKeHHe CHCTEMbBI TPELHHA—OTBEPCTHE K IPaHHLE NomyruiockocTy npusoaut k pocty KMH n koHuenTpaumy
HanpsxeHHu#H BOITM3M KOHTYpa OTBEPCTHA M TOYEK MepeMblueK. BrIXox TpelMHBI Ha TPaHHLy HONYIUIOCKOCTH
3HAYUTENILHO CHWXAET KOHLEHTPALUMIO HanpskeHui BONM3M NMPAMOJIUHENHOM IrpaHMLBI B OKOJIO KOHLIOB rOpH-
30HTAIBHOI0 qHaMeTpa oTeepcTHs. [Ipu 3ToM 3Hadenus KUH ysemmuBatores.

) i Ta6nuua 2
A B C D E 0 K L M
Mare- c
puan Oy o, O, kl— k1+ (o Oy Oy o,

M1 |2,00| 2,638 | -1,098 | 2,671 | 1,0523 | 0,8776 | 0,929 | 0,955 | 1,024 | 1,100
1,00 | 2,667 | -1,096 | 2,756 | 1,0819 | 0,8984 i 0,890 | 1,057 | 1,251 | 1,220
0,50 | 2,686 | -1,078 | 2,813 | 1,1186 | 0,9365 | 0,865 | 1,529 | 1,275 } 1,151
0,25 2,698 | -1,051 | 2,824 | 1,1631 | 1,0199 | 0,861 1,757 | 1,085 | 1,096

0 2,708 | -0,834 | 2,376 | 1,6379 - - -0,222 | 0,038 | 0,534
M2 | 200} 2,557 | -1,020 | 2,591 | 1,0575 | 0,8773 | 0936 | 0,957 | 1,016 { 1,090
1,00 | 2,585 | -1,016 | 2,671 | 1,0878 | 0,8980 | 0,900 | 1,043 | 1,253 | 1,215
0,50 | 2,604 | -0,999 | 2,724 | 1,1255 | 0,9382 | 0,875 | 1,528 | 1,272 | 1,122
0,25 | 2,615 | -0,976 | 2,731 | 1,1712 | 1,0253 | 0,868 { 1,773 | 1,057 | 1,066

B Ta61. 3 npusenens! 3Hayerns KMH 1 HanpskeHuit B TOUKaX MOTYIVIOCKOCTH C KPYTOBBIM OTBEPCTHEM
M TPEIMHOM, BRIXOMANIEH Ha KOHTYp oTBepcTys (pHC. 2, ). [Ipu 3TOM pafHyc OTBEpCTHS M [UIMHA TPEILMHBI
paBHBI enuHue; Ciydai ¢ =0 COOTBETCTBYeT HONYIUIOCKOCTH C KPYFOBBIM OTBEPCTHEM M Y3KOH IIENBIO, CO-
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CAMHAIOMEH KOHTYp OTBEPCTHA C rpaHHMICH MNOMYIUIOCKOCTH. YkasaHHbiMM B Tabn. 3 TouxamMu Gbliu

A(0;-¢c-3), B(-1;-c-2), E(0;~c), I(0;-c/2), O(0;0), K(0,50), L(10), M(1,5;0).

. +
Ha puc. 6 115 Tako# ke NMONYIIOCKOCTH M3 MaTepHana M1 npencraenesvt rpadukn KHH k) B 3aBHCUMOCTH OT
JJIHHB] IEPEMBIYKH C .

Tabnnna 3
Mare- | A | B E I o | K L | M
puan Ox 0-y k1+ Ox cy Ox Ox Oy Ox

M1 2,00 2,971 | -1,235 | 14372 | 1,277 | 0,254 | 0,827 | 0,890 | 1,062 | 1,261
1,00 | 3,076 | -1,227 | 1,5582 | 1,575 | 0,442 | 0,645 1,069 | 1,686 | 1,760
0,50 | 3,181 | -1,155 | 1,7266 | 2,118 | 0,719 | 0,423 | 2,158 | 2,190 | 1,820
0,25 | 3,269 | -1,044 | 19514 | 3,122 | 1,159 | 0,241 | 3,078 { 2,163 1,688

0 3,879 1 . 0,079 - - - - -0,693 | -0,268 | -0,207
M2 {200 2,879 | -1,140 | 1,4409 | 1,266 | 0,222 | 0,848 | 0,898 | 1,042 1,233
1,00 | 2,980 | -1,122 | 1,5645 | 1,555 | 0,391 | 0,690 | 1,042 | 1,664 [ 1,755
0,50 { 3,080 | -1,052 | 1,7370 | 2,085 | 0,643 | 0,496 | 2,138 } 2,173 1,795
0,25 | 3,164 | -0,950 | 1,9712 | 3,070 | 1,047 | 0,336 | 3,088 | 2,118 [ 1,656

KMH [ kit
C i c $

1.4 _| i

1,2 1,9

1,0

K
0,8 9y \
0 1,0 c 0,1 1,0 c

Puc. 5 Puc. 6

H3 1abn. 3 u pucC. 6 cnemyeT, 4yT0 3aKOHOMEPHOCTH M3MeHenus 3HaueHuit KMH u nanpsxeHuit nns
JaHHOTO CNTy4as Takue Ke, Kak U JUIsi MONYIUIOCKOCTH C KPYT'OBBIM OTBEPCTHEM M BHYTpPEHHe# TpeluHOM B
fiepeMbluKe, He BHIXOASAHIEH Ha KOHTYp oTBepcTHA. OTNIYHE OT NMpenblXylUero ciiyyas 3akioyaeTcs B TOM,
YTO IJis MOJYIUIOCKOCTH € KpaeBoii TpenyHoii 3Hauenns KUH u nanpsokeHuit BONU3Y KOHTYpa OTBEpPCTHA M
MaKCHUMaNnbHBIX HANPsDKEHHH BOIH3M NPAMOIMHEHHON rpaHHIie 3HAUUTENLHO BBIILE, '

PE3IOME

3anponoHoBaHo HaGAMXKEHNIA METOJI BU3HAYEHHS €IEKTPONPYKHOTO CTaHy aHi30TPOMHOTO MiBNPOCTOPY 3 €MiNTHY-

HV¥MH NIODOKHHHAMH T4 [JIOCKMMH TPILMHAMM, 110 BUXOJATH HA TVIOCKY TPAHULIO 260 (Ta) Ha MOBEPXHIO NOpOXHUH, Onu-

CAHO OTPUMAHI PE3YNbTaTH YUCEIBHMX AOCHIIKEHb PO3NOAINY Harpyxenb i smind KIH ans nismmowmwnu 3 marepianis

_poMOiYHOro_Kiacy 3 KpyroBAM OTBOPOM, 3 TPIlIMHOIO, KOMOIHALi€I0 KPYTOBOrO OTBOPY Ta TPIlMHHM. Po3risnHyTo BUnANKU
KpaiioBUX TPIlli¥H, @ TAKOXK BY3bKOT LULTHHY MiX rPaHUUCIO IBIIOMHHY Ta KOHTYPOM OTBOPY.

164 Kanoepos C.A., I'mynienxo 10.A.



BICHUK JOHEUBKOTI'O YHIBEPCUTETY, Cep. A: llpupoaunyi naykn, 2003, sun. 1

SUMMARY

The approached method of definition of an electro-elastic state of anisotropic half-space with elliptic cavities and

plane cracks which can leave on plane boundary or on a surface of cavities is proposed. The received results of numerical
researches stresses distribution and stress intensity factors changes, manufactured from materials of rhombic class with a
circular hole, with a crack, a combination a circular hole and a crack are given Cases of regional cracks, and also a narrow
crack between boundary border of half-plane and a contour of an hole are considered.
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VK 539.375

MJIACTUYHE BIAIHAPOBYBAHHS ITPH IMTO3JOBXHLOMY 3CYBI
NEPIOANYHHUX CUCTEM XKOPCTKHX TOHKHX BKJIIOYEHL

B.A.Kpugens, I'T.Cynum, M.1 Heopcexa
Teproninbcoxuil OepxcagrHuil mexxivHul yHigepcumem
JTvgigcoiuti nayionansHuil yHigepcumem

JocnimxeHHs HanpyXeHo-neGOopMOBAaHOTO CTaHy Til 3 MEPiOAMYHMMH CUCTEMAMH BKIIIOUEHD NIPEACTAB-
JIAIOTh. 3HAYHMI iHTEpec MmA Teopii MilIHOCTI KOMIIO3HTIB i apMOBaHHX MaTepiajliB Ta NPOTrHO3YBAHHSA i OINTHMI-
3amil X aepopmaliiiinux xapakrepuctuk. Jlns nidiliHo-NpyHUX TiN 14 npo6iieMa BUBYanacs y 6araTbox npausx
[1, 2]. Jna npyxuHoO-IUIacTHYHUX Till Hi MUTaHHA 3’scoBaHo Habarato crabme. Ciin BinsHaumTH, 1m0 nobynosa
HaiOLIbII GaXXaHUX M9 HAYKOBHMX AOCIi/DKEHb aHAJITUYHUX PO3B'A3KiB TAKUX 33734 SKpa3 i € Jyxe CKIAIHOI0,
0co0IMBO JUIA TiN CKIHYEHHHX pozMipi. OmHuM i3 croco6iB HaGJMKEHOrO aHANi3y MEXaHIMHUX MOJIB ATA Tin
CKiHUEHHHX PO3MIpIB € 3BeIeHHA NMpoOIeMy X0 BHBYCHHS JBOTICPIOSHYHOI 3aa4i, ¥ AKill Tino ckiHYEHHHX po3-
MipiB dopMye (IKIIO 1Ie MOXITMBO) OAHY KOMIPKY BiInosigHol nepiomrmusol 3ana4i. Xoda Takuil moxia 3Haiion
IIMpOKe 3acTocyBaHHA [3], cboroasi Mo CyTi 3aIMINAETHCA BiAKPUTHM MUTaHHA TOYHOCTI HaGINKEHOro OImMcy
JBONEPIOANIHUM PO3B’A3KOM I10JIs HATIPYKEHb Ta AedopMaliit y Tifli CKiHYEHHHX po3MipiB.

3aransuuii BANAJOK ABoNepioAn4HOI 3a4ayvi. B Mexax 3ajaqi aHTHILUIOCKOI AedopMatlilt po3rssHeMo
IBOTIEPIOANYHY 33/ady NpO IUIACTUYHE BiIApOBYBAaHHA TOHKHUX KOPCTKHX IUIOCKHX BKIIIOYEHD, IO B iA€abHO
IPYKHO-TUTACTHYHOMY Tili YTBOPIOIOTH NPAMOKYTHY IPaTKy X=2mq, I y+2nﬂ <l (n,meZ), ne 2a, 2h - Bin-
CTaHi MK HEHTpaMH BKITIOYEHb 110 TOPH30HTANI i BepTHKaIi BianoBiaKo (puc. 1).

BBaxkaemo, 0 1O MPHMKIAJAHHA HABAHTAXEHHA Ha MEXi BI/HOYEHb BHKOHYIOTHCH YMOBH illeasibHOTO

CIal0 3 MaTPHLEIO, a NNACTHYHI 30HM, AKi BUHHKHYTh BHACTiXOK HaBaHTa-

H H H KYBaHHA, MalOTh GOPMy IyXKE TOHKMX IIApiB, 1O MPWIATAIOTS [0 BKITIO-

YeHHA | MOYHHAIOTHCA Bii TOYOK MAKCHMaJIbHOI KOHLIEHTpAlil HAMpYXeHb.
To6To NMpUIycKaeMo, MO MIACTUYHI 30HH 061AMOBYIOTh TOHKHMMH IlIapa-
MH TPHKIHUEBi JUIAHKM BIoYeHb: X =2nat0, L < l y+2mh< ll , e

,_
| S
=
—
=

o A Y. | — L — noBxuHa ITACTHYHUX CMYT, Ky Tpeba BU3HAYMTH. .

” Id”d H TlosnayuMo HampyxeHHd T,, Y BEpIIHHAX NPAMOKYTHHKa Mepi-
4l2a —» onis ((2n—1)a;(2m—1)h) sk T( i BUSHAYATHMEMO HAMpYXKEHO-

E x neopMOBaHMi CTaH KOMIIO3MTY, BBaXAlOUH T 3agaHuM. Ilepemimenns

U lzihdl J d l J w(x,y) BBaKAEMO CHMETPHYHHM BiJHOCHO NiHilf IpOBEJEHMX B3HOBXK
| oY . . e BKJIIOYEHb | AHTHCHMETPHYHHM CTOCOBHO TNPAMEX , TIPOBEACHHX depe3

ﬂ 2h H LIEHTPH BKIIIOYEHD MEPTICHAMKYNAPHO 10 HAX.
V npyxHifi dvacTuHi Tila KOMIIOHEHTH TEH30pa HampyXeHb

12 Txzs Ty OPMYIOTH aHaNiTHUHY (yHKLiIO 8)=1 yz + Ty, KOMIUIEKC-

[ j Ul l_ J HOi 3MiHHOl { = X+ iy, AKy BHACHINOK MepiogMUHOCTI 3aKa4i ZOCHTE BU-
3HAUNTH Y TPIMOKYTHUKY —a<x<a, —-h<y<h. ®yuxuis ()

Puc. 1. aHANliTHYHA Yy Ha3BaHOMY MPAMOKYTHHKY 3 PO3pi30M Y3IOBX Binpizka

x=0, l y| <1 . Ha Geperax po3pi3y IOBUHHI BHKOHYBATUCA TaKi yMOBH:

)| =k (=i, L<ys<l; Rer(()=0,({=iy,~I<y<]) . ()

flepla 3 AKUX € YMOBOIO IWIacTHYHOCTI ( £ - MeXa TeKydocTi Marepialy TiNla mpH 3cyBi), Apyra € YMOBOIO inea-
JILHOTO CIIAl0 Ha HeBiAMIapoBaHil YaCTHHI OBEPXHI BKIIIOUEHb.
Pa3owm i3 yMoBO1I0

T(a, h) = T() ’ (2)

AKa 3a/ia€ HaBaHTaKEHHA, PiBHICTH (1) Bupaxae kpaifoBy 3anauy s uryxanoi yuxkuii ©(£) .
lykaTuMeMo po3s’s30k 3anadi (1), (2) y Buriani koMnosuuii dyHsKuin
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(&) = 1y [-isn(iKG/ hye)], 3)

ae sn — ¢yukuis Sxobi — o6epHeHa 10 3aaHOT IHTErPabHOIO PIBHICTIO

Rl dt |
=% ’ @
O\Kl+t2)(l+c2t2)
2 2,2\ V2
K= ﬂ((z - ])(1 —-ct )) d! - moBHuIA eMNTHYHAN IHTErpan NMepIIoro pody; ¢ — MOLYJb €in-

THYHOTO IHTErpaly — po3s’a3o0k pisusnus aK =hK'; K' = f /c((tz - l)(l -2 ))—1/2 dt - nosHmit exinTH-
4HMit iHTerpan Apyroro pomy.

Dynuxuiz §(77) xoHdopMHo Bino6paxae npaBy miBmwiowuHy Rezn >0 y npamoxytauk 0 <Rel < a,
~h<Im{ <h y, nepeBomsyu Toukn —i, ~i/c, i/c, i nocninoBHo y Bepunuun —ih, a—ih, a+ih, ih nps-
MOKyTHHKA. Touka ¢ = a BifoOpaxacThCs y HECKIHUEHHO BifIANIEHY TOUKY. JIErko mepeKoHaTHCs, IO (PyHKIisA
7,(77) 3al0BOJILHAE TaKi KpaioBi yMOBH y NiBIomusi Ren 20

[u(m)| =k (Ren=0, sn(iKL/k) <|Imn|<sn(iKi/h)),

Ret;(n)=0 (Ren=0, mn|<sn(iKL/h)),

Imty(m)=0 (Ren =0, |mn|>sn(iKI/h)), 7 (i/c)=r,. (5)
TyT i nani Ang COPOINEHHSA 3aNHCY NMPOITYCKaTHMEMO MOLYJb C ETINTHYHOrO iHTErpaia y no3HaueHHi ap-
ryMeHTiB pyHkuii Akobi sn .
Po3B’a30K kpaioBoi 3amaui (5) oxepxumo criocobom ByiazeHuM y npaui [4]. MigcraBuBum ¢yukuiro
(M) y (3), sHaxoaumo dyskuito (L) :

1(C) =k snﬁ\/sn2£€—+sn2—K£ ~sn—Kian2ﬁ+sn2ﬁ X
h h h h h h

. -1/2
-11KG (sn2 —{(l ~sn? —Kij . ®)

xsn  —
h h
3HaiineMO ROBXUHY IUTaCTHYHHMX CMYT, BpaxyBaBIUH TpeTIO i3 yMoB (5). IlepeitmoBmy y (6) o rpaHuui
npu £ — a+ ih, nicns AeqKUX NepeTBOPEHb OAEPKYEMO
KL k*-1} KI
—_— 2 O] ——

sn
h kz +T%l h

’

ae

o= (48 -p=k%) [J2q. p=k* -2 Gs? k111 5,
q =213 (l -c?sn? (Kl/h)) :

BenwauHa Tg) Xapakrepu3ye KOMIIOHEHTY HApyxeHns T,, y Touui (a,0) rpanuui npaMOKyTHIKa.

Bupazumo inrerpaiom (4) oGepHéHy oo sn dyskuilo i onepxumo L, a, oTxke, i AOBKHHY MNaCTHYHHX
emyrd=[-1L. . o
MakcuManbHuii pO3pHB 3MIlIEHHA g IOCATAETHCA Y BEPIIMHAX BKIIIOYEHD i BUPaXaeThca GOpMyIIo
k !
g=_jtyz(+0’y)dy’ (7)
s L
Je | - MOIyJib 3CYBY Matepiany Tina. KoMioneHrty Ty, 3HaHAEMO 3 tdopmynu (6):
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ryz(O,Y)=k sn%\/an%—snz—I;—L/ sn—%\/sn2§h£~sn2%£ (L<|J’l<l).

Ticna samity 3MisHOT sn” (Ky/ h) =t B inTerpani (7) oTpuMaemo

2
o sn(Ki/h) sn“(Ki/h) { / —sn2 (Ki/h)

g =5}IK—\/SH2 (Kl/h)——sn2 (KL/h) snz(KL/h)\lt(l—t)(l —0212)

Iz $opmysm (6) BHILIHBAE, IO KOMIIOHEHTA HANIPYXKEHHS Ty, MOHOTOHHO 3pOCTa€ NpH 06Xoxi MpoTH ro-

®

OMHHHKOBOI CTPINKH IPaHHLi NMPAMOKYTHHKA-NEpPiOAy Bil TOYKH (a, 0) JI0 TOUKH (O,h) , Jpyra KOMIOHEHTa
Hanpy)eHb 3aMHINAETECA NPU OBOMY BECh 4aC HyIbOBOK. MakcHManbHe 3HAYEHHA KOMIOHEHTH HAIlpyKEeHHS
Ty, Ha IPaHHLI NPAMOKYTHHKA XOCATAETHCA Y TOYLI (O,h) i mOpiBHIOE T()) , @ MiHIManbHe Tq; Yy TouLi (a,O) ,

_k sn(KlI/h)en(KL/h)—sn(KL/h)cn(Ki/h) ‘
\/snz (K1/h)- sn? (KL/h)

V Bunaznky oaHoro BkioueHHa X =0, I y| <lI (l < a) y HeoOMexeHoMy Tili, 38e¢OpMOBaHOrO AilOYMM
Ha HECKIHYCHHOCTI HABAHTAXKEHHAM T, =T¢, Ty, =0 Hanpyxenns Ty, € CTAIMM i IOPIBHIOE T() Ha J0Bilb-
Hill niRii, yci Toukd fxoi Ge3mMexHO Bimnaieni Bia BiIoueHHs. Ha cTopoHaX NpAMOKYTHHMKa-Nepiona BUKOHY-
I0THCS TUIBKM YMOBH Ty, &~ Tg, Ty, =0, npuuoMy THM TouHime, mo Gitblii HOro CTOPOHH NPOTH BKIIOYEHHS.

Tomy BianosiaL Ha NHTaHHA, AKi PO3MiPH NPAMOKYTHHKA-TIEPIOLY MOXHA BBAXKAaTH Maibke Ge3MEKXHIMH 3 Orns-
Iy Ha BiJICYTHICTb BHJIMBY HOTO MeX Ha PO3NOJLN HalpyKeHb, a OTKE # PO3BUTOK [IACTHYHOIO BiIIIAPOBYBAH-

HA, 3BOJMTBCA 1O IMTAHHA, Y4 MOXHA BBAKATH HEICTOTHOIO 3MiHY HAIPYKEHHA T, V3IOBXK KOHTYDY NpAMOKY-
THUKa. BianocHy mipy uiel 3Minu BU3Haua€e BilHOWEHHS (102 - T01 )/ To1» fKE 3aNEXUTh TAKOXK i Bl HaBaHTa~
xenns. ToMy sik OUiHKY MipH B3a€MOBILIMBY BKJIOYEHb JBONEPIOIMYHOI CHCTEMH NPUAMEMO BENHYHHY

Top — T Top — 7T
©= max “027%01_ . To2—To1

®
10(0,k)  Tpp Le(0)  Top

Ha puc. 2 3o06paxeni o0nacti (Mix no-
JaHUMHU JiHiAMH Ta Biccro [/ h=0)y mpoctopi
' TEOMETPHYHUX NapaMeTpiB, y AKUX OLLHKA piB-

0.33 HA B3a€MOJii BKITIOYEHD I8 ABOMEPioANIHO] iX

,/ CHCTEMH He IlepeBuINye BennyuuHd @ . 3i 36i-

< / P 0 2! ] NBINEHHAM BiACTaHI MiX BKIIOYEHHAMH Y Tiep-
o e | NEHAVKYNAPHOMY 0 HHX HANpsAMKY, 3HUKY-
/ Vi 0.1 €THCA HEONHODIAHICTL HAaNpyXeHb Ha Mexi

o / / y 0'055 NpAMYTHUKA-Nepiofa, TPUUIOMY 1ie 3HIKEHHS €

ocobnuBo Bennkum o a =1.5h. Topanbme
36inbiIeHHA i€l Bifuani Bxke MaJlo BIUIMBAE Ha
1 3HIWKCHHS HCONHOPIAHOCTI HanpyXeHb Ha Mexi
0.20 1.56 2.92 428  5.64 gj NpAMY THHKa-TIEpiozta. )

PosrnsHeMo Temep 49acTKOBi BUHANKH
3ajia4i MpoO IUIACTHYHE BiLIAPOBYBAHHA OIHO-
TIEPiOAMYHMX CHCTEM BKTIOYEHSD.

BHnagok KOMiHEAPHOT CHCTEMH KOPCTKHX TOHKHX DiBHOBINAAJIeHHX BK/IOYEHb Y OAHIl NJIOWIHHI.
KonineapHa cucTeMa BKIOYEHD € HACTIAKOM ABONEPIONMYHOL, KO BIACTAaHb MDK LIEHTPaMK BKIIOYEHD Y TOpH-
30HTANBHOMY HampaMi @ —» o0 . JIjia UbOTro BUNAAKY

iKC ng ' ¢)

. wl KL . nL
sn—= —sh—>, sn— — sin—, sn— —> sin—.
h 2h  h 2h h 2h

Tomy i3 popmynu (6) npu a —» © opepxKyeMo

]
N
\
@
i
2

Puc. 2.
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to(C)=k sm——\[h2 L 'nzié-sinﬁ\/shz—g—sinzﬂl— X
2a 2h 2h 2a 2h 2h

RLAGNCE BT A
xsh™ — sin® — —sin —)
2h 2h 2h
Bumaratouu y 6e3Me:KHO BifiANCHH To4Li YMOBH ‘t}oz =1, Te =0, Maemo

-1/2
0 =k{Sin—ﬂ~sinE)(sin2n—l—sinzﬁl-l :
k 2h 2a

3anexHICTh JOBKUH IUTACTHYHUX CMYT Bill HABAHTAKEHHA Y LhbOMY BHIIAJKY € TAKOIO:

' 2_2
d=l—z’1arcsin Z%——t—gsinll— .
T k + 10 2h

Takok y 3aMKHYTOMY BHUIJIAJI BHPAXA€ThCsd PO3PHB 3MIILCHHA Y BEpIIMHAX BKNOYEHHA AK (pYyHKUIA Ha-
BaHTaXEHHA

TR L AR
24k ﬂ(mz%—smz_g;) [A0)-£1D)],

f2 ()’) =sin %arctg {sin %tg {arcsin (_____cos(ny /2h) ﬂ} —arcsin [———————cos(ny /2h) ) .

cos(nL/2h) cos(nL/2h)

3aieKHOCTI AOBKHHH MNACTHYHHX CMYT i PO3pHBIiB 3MillCHHA BiJ HaBaHTakKeHHs BigoOGpaxeHi Ha puc. 3
(imii 7-3). 3i 36iMbINEHHAM BIACTARI # MiX BKHOYEHHAMH JOBXHHHU MIACTHYHHX CMYT 3MEHIYIOTHCA. AHAJIOTiy-
HHM c110co00M 3MiHIOIOTHCS 3 HABAHTA)KEHHAM TaKOX i BEIMYMHH PO3PUBIB g 3MIllIEHHA Y BEPIINHAX BKIIOUEHD.

V BHNagKy, Kok /1 —> o0, OTPHMY€EMO BUNAJOK OJHOTO BKIIOUEHHS [5], W1s sikoro

22 2 2 ‘
dz%, g:Zc_l_ l—k2 tg arccosk2 tg : (10)
k + T 14 k + 10 k +1p

BHABNSETHCA, WO A ONHOIO BKIIOYEHHS 3AISKHICTh d Bil T( NMPAKTHYHO He BiPI3HAETLCA Bill 30-
OpaxeHoi Ha niii 3 puc. 3. Lle o3Havae, M0 y BUNAAKy NEPIOAHYHOre PO3TANIyBaHHA BKMIOUEHL Y ONHif MUIo-
wuHi po3s’sa30k npe [/ <0,2 npakTudHO BXE He BIAPI3HAETHCA Bifl pO3B’A3KY 1t OJIHOTO BKITFOYCHHS.

Bunagok KOMIIaHApHOL CHCTEMH JKOPCTKHX TOHKMX piBHOBiAJaNeHHX BKitoveHb. [lepionnuna cu-
CTeMa MapalleNbHUX BKTIOUEHb € HACAiAKOM JBONEPioMuHOi KoMK BiIlCTaHB MiX LIEHTPaMH BKJIIOYEHD Y BEPTH-

K { L
KaNbHOMY Hanpami /1 — oo . Jljis ubOro BHNAZKy Sh—- iKG - tglt—g sn — —-> th lt——, sn —K—L — th2= . Taxum
h 2a h 2a h 2a.

YUHOM i3 opMynH (6) 3HAXOAUMO:

172
T(»’:)=k(th—n--iuftg2£+thz~7—t—l~ th—,/ +th2n —lng(thz o hzﬂL)
2a 2a 2a

OckilbK# hm I(C) 10> hm tg[my/ (Za)] =1 3 ocTaHHbO! POPMYIIN 3HAXOOUMO

—1/2 '
21tL 2_7_1_1— 2 7l 22[_4 o _ o _
To = k(th—,’l— th aJI—th 2a](th ?a——th y ('Cyz =70 Txz —0),

a2 TaKOX HOBXXHWHH IUIACTHYHMX CMYT

2
d= 1—3‘1Arh K-t m)
k2+t% 2a

Po3puB 3MIlIEHHS Y BEPIIHHAX BKJIFOYESHHSA MOXKHA BUPa3UTH B saMKHy'rm dopwmi, OCKINBKH inrerpan (8)
IS UBOTO BUMAAKY MOXKHA OGUMCIUTH aHAJIOTIUHO: »
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IO E—Ii(thz o

-1/2
-0 2] LA 0)-A(0)]

un  2a 2a 2a 2a
| 1—ch ™ |2 _ 2L th ™
A()= I 2a 2a 24| _ arcsin —————ia .
2sh—= 1+ch1t£\/th2ﬁ}i—th2£é th =2
2a 2a 2a 2a 2a

. . . . 0 0 . .
3anexHocTi AOBXKHUHH MiaCTHYHHX CMYT Blll HABAHTAXKCHHA Ha HCCKIHYCHHOCTI T}Z =7 (sz =0) BlHOGpa)KeHl

Ha pHc. 3 (nikii 3-7). Ha Bigminy Bin Bu-

71 NafKy po3TaillyBaHHA BKIIOUEHb Y OOHIH
MNOWKHI Yy CHCTeMi KOMILIAaHApHHX
o y BKJIIOUEHB 3i 3MEHIIEHHAM BiJCTaHI MikK

4 4 eKpaHyBaHHA. Y  BHUIaAKy, KoOJM
a—>co, 1ex oTpumyemo Bupa3d (10)
s onHoro skmoueHHdA. [Ipu 1pOMYy
ke xonu [/a<0,] pesynnrarn obuuc-
JIEHb JJIA KOMIUTAHAPHOI CUCTEMH BKJIIO-

o /
/ g ) 3MeHuryiotecs. e € BusBoM edexty

5 6 4eHb NpPakTHYHO He BiApi3HAIOTBCA Bin

4 BKJIOYEHHAMH IOBXHMHH  IUIACTHYHMX
cMyT (Tak caMo i cTpuOKiB nepeMilieHb
/ 7

4
o / / / / // / pesynbTariB o6umcieHb 3a (GopMyJol0
s 7 / // (10) 315 0HOTO BKIIIOYEHHS.
/ 3HalineHi 3aMKHYTi pO3B'A3KM
PO3rMAHYTHX 3aka4 JAOTh MOKIUBICTS
obuxcnuTy edekTUBHI MOy 3CYBY A

2 -4 0-6 0-8 1,/k KOMIIO3UTa 2]
1,2,3-1/h=0.9,0.2,0.2; . PMOBAHOTO  XKOPCTKUMH
3,4,5,6,7—1/a=0.1, 1, 2, 3,5 CTpiYKaMM, aHAIOTIYHO AO TOTO, AK Le

IS NPYXHOro Bumaaky 3pobneHo y
Puc. 3. npausax [6-8], a Takox copMyIoBaTH

YMOBH DyitHyBaHHS KOMIO3HTa Ha OCHO-
Bi BimoMux nedopManifinux abo eHepreTHIHUX KpUTEpiiB.

PE3IOME

Hccnenopano nitacTHyeckoe OTCIOSHHUE NPH CABMIE ABOSKONEPHOAUYECKON CHCTEMBI TOHKMX ECTKHX BKJIOYEHHH B
ynpyronaacTuyecko#t cpene. Cuuraercs, 4TO NiacTUyeckue AeopManuy JOKATH3OBAHE B TOHKHX CIOAX HA IPAHHLE BKIHO-
YEHHE-CPela Ha OKOJIOKOHEYHEBIX y4acTkax BKMOdcHUs. OnpenencHbl QNMHLL MIACTHYECKHX C/OEB U BENMUYHHLI Pa3pbIBOB
CMellleHHH 0KOJIO BEPUINH BKIIOUEHUH, HOPOXKACHHBIE HX NiacTH4eckuM oTcnoerueM. [oapobuo npoaHann3upoBaHsl YacT-
HbIE CIlyYJay OJHONICPHOAMICCKUX KOMILIAHAPHBIX MO0 KOMIMHEaPHBIX CHCTEM BKIOUEHHI,

SUMMARY

Plastic sliding at the longitudinal shear of the double periodic systems of the thin rigid inclusions in the elasto-plastic
solids is investigated. Plastic deformations are considered to be localized in the thin layers on the inclusion-matrix boundary
at the inclusion tip areas. Lengths of plastic layers and rupture displacement values at the inclusion tips caused by their
plastic sliding are determined. Partial cases of uniperiodical parallel or collinear inclusion systems are analyzed in detail.
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VIK 539.3
CTALMOHAPHBI BOJHOBO# MPOLIECC B YIIPYTOM CJIOE C [HOJOCTHIO

JILA. Qunvwmunckuii, A.Hb6eda
Cymckuii 2ocyoapcmesenHelii yHugepcumem

HccnenoBanmo nuramMu4ecKol HanpsHXKEHHOCTH MAcCHBHBIX TEJN, TOJICTHIX IUIACTHMH M 060/I0YeK NocBs-
weHe! paboTsl [1-10], B KOTOPBIX JUTst PELICHAS COOTBETCTBYIOMIMX IPAHMYHBIX 32/1a4 IPUMEHAIOTCA METOALI Of1-
HOPOJHBIX pellleHHH, COGCTBEHHBIX BEKTOPHBIX QYHKIMI 1 YUCICHHBIE MeTONbl. B nanHoi pabore mnpemniara-
eTcsl HOBBIH Oosiee NpocToif MOAXOM K PacCMOTPEHMIO NaHHOTO KJIacca 3a1a4, OCHOBAHHLIH Ha NOCTPOSHHOM HA-
ke MaTpHlle PyHIAMECHTANbHBIX PEIICHH 1A CI0A C MOCHEAYIONM CBEICHHEM COOTBETCTRIOMINX FPAHHURLIX
upoblieM K CHCTEMaM HHTETPANIbHBIX ypaBHeHHH. Pelena 3anaua o konebanusx yupyroro cios ¢¢ CKBO3HO 1o-
JIOCTBIO IOCTATOYHO MPOM3BOJILHOTO NONEPEYHOTO CEHEHUA.

1. IMocranoBka 3anaun. B cucteme koopmunat 0XxjXpX3 paccCMOTPHM yNpyruil H3OTPONHBIH CIOH
—00 < Xq, Xy <O, |x3| < h, ocnabieHHblii CKBO3HON LUAMHHAPMYECKOH monocThio D x [—h, h], raie D — xo-

HeuHas o6nacTh (NonepeyHoe CeYEHWE MONOCTH), orpadwdeHHas koutypom I . Byjgem nonarats, 4To Ha no-
BEPXHOCTH TMONOCTH 3aJaH TapMOHMYECKH M3MEHAIOUMICA BO BpEMEHM BEKTOP  HATPSKEHUA

—~iot '
X =Re [e Y (%1, x5, %3 )] , Ha OCHOBAaHMAX CJIOA X3 =t/ MMEIOT MECTO IPaHHYHBIC YCIIOBHS CMEIIaH-

HOrO THNa ©)3 =023 =#3 =0, rme ® — xpyroBas yacTota; { — BpeMs; U U O — KOMIIOHEHTbI BEKTOpa Y-

pyroro nepeMeLeHHs 1 TCH30pa HANPsXKCHHUA COOTBETCTBCHHO.
3agaua NOCTPOCHHA aHATHTHYECKUX K YHCJIEHHBIX NPOUEXYD ONPEACIICHUS BOJHOBBIX nonen nepemMele-

Huli U HaNPDKCHHHA B TAKOM CJI0€ PMBOIUTCA K PEINCHHIO YPABHEHHA ABIKEHNS OTHOCHTENbHO ammmatyn U

BEKTOpa NCpEMELLICHHA U j

P.
AUj+caj(akUk)+y§Uj+—i—=0 (j=1,2.3), (1)

rme A=V +83, V2 =02 +45, 0 =0/ox;, c=(1—2v)'l , Y2 =®/Cy; | M V — MOZYIIb CIBHIa U KO-
s¢duument IMyaccona; Pj — aMIUIMTY /bl 06beMHBIX CHT X ( j=1 2,3) ; Cyp — CKOPOCTh PacHpOCTpaHeHMs

CIBHUIOBOH BOJIHBI.
2. OgHopoaHbie peleHAsl CHCTeMbI NIPH PAHHYHBIX YCJAOBHAX CMEHIaHHOro THna. Ha 3Tom ware

TIonaraem PJ =0 ( ji=12, 3). C ucrons30BaHMEM pe3yabTaTOB pabothl [3] MOXKHO MOSYYHTh CIEMYIOUIYIO

CHCTEMY OXHOPOOHBIX pememlﬁ il CHMMETPHYHOr0 OTHOCHTENBHO CPEAUHHOTO Cl10st COCTOAHHA

o o]
YU, =Z{ (%, wd>n)+62‘{’;}cos7\.nx3 9,y + 0,

n=1

0
2 * *
71Uz =Z{ 02 (¥, "d)n)_allyn}cos;"an —0,®9 - 01'¥y,

n=1
2 - 2 nn
ViUz=Y. x,,cpnﬂ;f"qln sinhyxy, Dy =20 (n=12.),
n=1 N
- 2 2 .2 2 2
0=0,Uk = ) @, coshyx3, Moy =T2—Mys 12 =(0+1)7; . @
n=0

*
3necs ((D n Yoo ‘Pn)(.q R x2) — MeTarapMOHHYeCKHe GyHKIMH, YAOBNETBOPSIONIME YPABHEHUAM
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2 2 2 2 * 2 2 2
(V +p.ln)<Dn=O, (v +p,2n){ \{f,,,lf',,}—;o, wh =12 A2 (n=0,1,..).

R .
Oynkmnn ¥, u W, D, onpenenioT BHXPEBYIO M NOTEHLHMANBHYIO YAaCTH OAHOPOOHBIX DElICHHIA,

*
npuyem @y u W coOTBETCTBYIOT SHrapMOHHYECKOMY pelieHHI0. OTMETHM, YTO ONHODPOAHBIE PelieHus (2)
COBIIAJAIOT TIOC/IE HECYLLECTBEHHBIX fiepeobo3naueHuii ¢ pesynbratamu [8].

3. ®ynpamenTanbHbie peileHns 1A cnos. [lycTs Teneps BROAb WHYypa X = Xjg, X3 = X)q, ]x3| <h

pacnpeleneHsl yCHINA NIOrOHHOH HHTEHCHBHOCTH (P1 , B, Pg,) HMcxons U3 CTPyKTYph! OXHOPOJHBIX PeilieHHi
(2), nonoxum

) ®
{P15P2} = 2{ p]n’p2n}cos}“nx3 S(x)’ P3 = 2p3n sin Q"nx3 8(x) >

n=0 n=l1
0 LY
{UlrUZ} = Z{[]m,Uzn}COS)\.n)q, U3 =ZU3" sin)\,nx3, Ukn =Ukn(x1,x2),
n=0 n=1
2 nn < ”
x=(x,x)eR", A, == o Uy = Zencosk,,x3 , 3)
n=0

rae 8(x) — nenbra dynxuns Arpaka.

Hckmouns w3 cucTeMsl (1) mpy noMoiu pasnioxkeHu# (3) TONMUMHHYIO KOOPAMHATY X3, MONYYMM TpU
anddepeHuHaTbHBIX  ypaBHEHHA OTHOCHTENbHO Kod(duimentoB Pypre Uy, BexTopa nepeMemeHus
U=(Uy, Uy, U3) , ¥3 KOTOPBIX HAXOJIMM COOTHOILEHHS

2
(V2 + Uin )6

H(GH)Z‘,Pkn@k5(’5 Xy), 93="Mhy, @)

B KOTOPBIX (-)n "':alUln +82U2n +7»nU3n, X’—‘(X[,)Q), X0 =(xlo,X20) .

Wnrerpupys ypaBueHus (4) B npocmaﬂcme 0606wennsix Gynkuwmit D' [11], umeem

6, =9£11)+6£12) +99) m_f)-zpknakﬂo (p‘lnr) r_'z 20, %)

rae zg = Xy + iXp( — TOUKa NMPWIOKEHHS COCPEIOTOYECHHOro (GyHKUMOHANA, Z =X| +iXy — To4Ka HaGmone-

1
uust; H E,) (x) — ¢ynxuma [ankens neporo poga nopsaka p, Impyy, >0 (n =0, 1,...) .
C yuerom BeipaxeHus (5), MPUXOZHM K HECBSI3aHHOH CHCTEME YpaBHEHHIi OTHOCHTENBHO GyHKIMI
Uk (k=1,2,3). Hanpumep, ana ciyvan B #0, Py = Py =0 oHa umeer Buz

2. 2 oi
(V +u2n)Ukn= (pl" )al kHo (Mln’) (k=1,2,3). ©
Hnterpuposanie cucteMsl (6) B ipoctpancTse [’ NPHUBOINT K BbIPOKEHUAM
) _ P (1)
U = i Bl (K=1.2.3), @)

B KOTOPBIX

2D =L 2k (r) - H (haur), H(r)=H (uiar) - B (1a0r).
72

1
&) =~00,H(r), & =-225H(r), Impg, >0 (n=0,1. )
72 72
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Jinst 1ByX oCTanbHBIX CTyyaeB BO3Oy/KICHHUS NONyYaeM aHaIOrH4Hble GopMYyJIbL:

R0, B=p=0; UD=L20 O _1o5 H(r)=gl,

Ekn > 8n
i v
2 1 2 A
g =~ O3H (1) - Hy) (hawr), 8 =—"20,H(r); ®
Y2 Y2
3 3 3) A
2 B0, R=p=0; U =Eng0) o) tagn(y),
o
72
2
3) A 3 A
80) =220, (r), &5 ==L H ()~ H} (haw). ©
Y2 Yz
Marpuus “g,((f)l (k, p=1,2,3; n=0,1, ) ompenensioT 2h-nepuogudeckoe 1o x3 (yuaameH-

TanbHoe petienue (Pynximo I'puna) cuctemst (1) Ais JaHHOTO TUIA TPAHWYHbBIX YCIOBUH Ha OCHOBAaHMAX CIO.

VuutbiBas noseacHue QyHkUuy [aHkens npu Manbix 7 ¥ GopMyisl (7) BBIIMILEM aCUMIITOTHKY BOJHO-
BLIX MOJIEH NepeMelleHUH HaNpAKEHUH B OKPECTHOCTH HOCHTENS COCPENOTOYECHHOTO (hyHKIMOHaNA 1A Clyyas
R #0, P, =P =0.meem

(1) PinK

() M . -
In = = (1 v)lnr ~0, U3, =0, x=3-4v,

o -~3ia
S sl - P OO o) o(m) oyl (e +e™)
22 21t(1—v)r’ 2 ~5n 47t(1—v)r

(n) .o(n) (r) . vpycOSQL
Sy’ =085 =0(Inr), S5, x——L—.

13 ~ W23 ( ') 33 2n(1_v)r

Oqemumo, 3TN COOTHOUHICHW COBMARAXOT € coomeTcmyiomeﬁ ACHMMIITOTHKOM A CTATUWIECKOIO Harpy-
xerma (o =0).

X
B xauecTBe npumepa paccMoTpum cirydait A = P cos—}-l—3—8(x), P, =P =0.H3(3), (7) umeem

Ul:-— H(())(},Lzlr Z( 1) ukl[HZ)(uklr)cosza H()(uk r):‘ Cos_n—x—:;—
A 293 k41 "
2
U2= Z( 1) ple (uklr)sm2a}cos 7 uk1 Yk ( ] (k—l 2)
8uy3 it
U= {2( ¥ i Hy (air)eosa sin 52, 2=z =re, Imagy >0 (k=1,2).
4py5h !

W3 ananu3a 3THX COOTHOMIEHUH CENYET, YTO NpH Yy > T MMEEM PacNpOCTPAHAIOLIMECS B C10€ (BOJIHO-

.2 2 )
BOJIE) TIPOZONIbHbIE M NOTiEpeuHsle BOMHBL IIpu yoh < | Apy) =iy® —(y kh) NOTy4YaeM HeOLHOPOJHbIE
L2 2
BOJIHbI, SKCTIOHEHLMANIBHO 3aTyXaioume Ha GeckoHedHocTn. Hakoren, npu YA < | Apyy =iyn —(ylh)

u yh>mw (hp.m = ,/(YZh)z —-7t2) UMEEM HEOIHOPOJIHBIE, SKCTIOHEHUMANLHO YObIBAIOUINE MPOJOIIbHBIE 1

PacrpoCTPaHAIOIIKECS N0 BOJIHOBOAY TIONEPEUHbIE BOJIHDI.
4. BonHoBbIe BOJIS B ¢J10€ ¢ N010¢ThIO. [TycTh aMIUIMTY (bl HArPY3KH HAa MOBEPXHOCTH HOJOCTH pasia-
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raiorcs B paanl Pypne 1o ToJWMMHHOR KOOpAXHATE BHIa

{n. KL= i { Yl(n), Ién)}(xl, xp)cosA,x;, B =iY3(”) (%1, x2)sin A, x3.

n=0 n=1
KoMMoHenTH TeH30pa HaNpAXKEHHA O -Re( S',-j) nocre HCKIMOYEHNA BPEMEHH PAcKiIaJBIBAaeM B PSilbl

TOro XK€ BHJa

Sy Z xl,xz YeosA,x;, ,3—2513 (x1, xp)sin,,x3 (i=1,2).

n=0 n=1
Torza rpaHiMYHbIE YCIOBMA B HANPKCHMAX HA LIIMHIPHYSCKON NOBEPXHOCTH TOJIOCTH TpaHCc(OpPMHPYIOTCS B
CIICAYIOLIME PaBCHCTBA Ha KOHTYpe r €€ TIONCPEYHOr0 CEUYCHNA:

s{1-5{) 2% (3 - f0)) <2 7).
st _ g 2vgln) g v (Yl(") + in(”)) = 2(1\/‘”) + iT(")) (n=0,1,..),

Sgn)eiw + §§n)e—iw =2Y3(n) (n=1,2,..). (10)
3nech

)59+

2

s\ =50 sy istn) s _ gl sl

’

05 -s{) -2y, 5ol
n)

Y — yron Mexmay HOpMaibio K KOHTYpy I' mocsio Oxy; N (n u T( ) _ ko3 puumeHTs! Pyphe HOPMATLHOTO

1 KacaTe/IbHOTO YCHAMA Ha OBEPXHOCTH MOJIOCTH.
Jns peuwienus rpaHuvHOM 3anaud (10) 3anuieM HHTErpaibHbie NPeACTaBlEHHs BOJIHOBOIO IOJIA MeEpe-

(n)

meieHuit. [lpn 5ToM Gynem HCXOMMTD U3 PYHNAMEHTAIBHOTO PellieHHs g, ' , OTIPENIENsIEMOr0 COOTHOIEHHAMMU

(7)-(9). Beonsa va I' pacnpenenenns

-‘%ﬁi-»z,‘,,")(q)ds, =& +iE,eT,

rae ds - JMeMeHT KOHTYypa F NPEACTaBUM IONE NEPEMEIUCHNS B BUIC

wn(2)= [Zz”) c;)g(’")(g,z)ds (k,m=1,2,3,; n=0,1,...). an

rm=1
Hns OMNpeNCICHUA TCH30pa HaNPAKCHHUA BOCNIONb3YEMCsi KOMIUICKCHBIMHU NPEACTABIICHUAMH

) .
s = 2u(08, - 1,Us,), SV = ~4p=(U1p —iU2n),

S 0 . 0 .
Sgn) = —4p-é-.z=(Uln + lUZn)’ S:(;n) = p{Z‘é-Z-Ugm _?‘n (Uln —len)} s

(")_p{za—u3,, Y (U1n+iU2,,)}, (12)
BKOTOprx
0
g=—(al i07), (51 +i0;).

Brimonusa npennucansbie B (12) onepauyuu Haa AapaMy B npeicTasieHusax (11), noigyyaeM BoIpaXeHUs
I KOMOVHALMIt HanpshKkeHui, GUrypHpYIONIMX B IPaHHYHBLIX ycaoBHaX (10). Tlocne noaCTaHOBKH MpeaenbHbIX
3Ha4YeHHH 3THX KoMOuHauuii B ycnosus (10), npuxoauM K cucTeMe U3 Tpex HHTErpanbHbiX YpaBHEHUH (114 Ka-
xporo n=0,1,...) Buza
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roe

76

mn (Go)+ 5 IZan(C)K(" (€. ds~EF()( &o) (m=1,23 n=0,1,..),

r/l

R ( W i),

4

)

xe

4

( NG ,,.T(n)), AL gper,

Yin = ( +122) : y2n=%(z,(”)-iz§”))e"‘”, =2,

11 “{7“ h(l 1) +2(};an) ()(Hlnr0)+,:2“2nH )(M2nr0) h( )( )}

2i(ag- WO)} i(y-a0)

(”) {}‘ h(“ (’0) Hin H[(])(HlnrO)’}'ezi(aO“WO)hr(z3’3) (ro)}e[(aO'\V),

2(1-v)

2 .
K§")———"—-H%(f“'”’°) HY (ma) =25 120 ) 172 1) 0710

V) v

(”) {X h“)(r )+ Min H()(P«n"o)*'h( )(r) 2i( \Vo—ao)} i(y —o.o)’

e

xXe

(1
K - Hy (ko)

2(1-

Ky = 2{;,(2 D (1)~ 1 (o)~ 1

2(1-v)

V) ‘

£ = )+ o 10 ) | 2m2a ) () -1 ()

2i(\V0“a0)} (@) ,

2 .
~ B () =22 KO0 () + 15D () 200700

’2) (r )ezi(\VO"GO)} ei(\V'\UO), % ___K__CO',

D =2{ 1) () - HY () B ()Y S, ang(-c),

K(n) {I“LZn

h(l 1)( )

H() (Manto) - 2h( )(ro)}cos(ao S

l: FLZnH( )(“an) - “lnHll) (“lnr):l ’

) ()~ HY () = H(r),

(1)

2 1 ]
H2n (“2nr)-”12nH§ )(l-llnr) >

2 (1), 2 (1 i
P~2nH(() )(”2nr)" l"'lnH(() ) (Hlnr) )

[P«2nH( )(F'Qnr) p'lnH( )(“lnr)] ’

3 (1 3 (1 1
”2nH§ )(pan)'ulan )(“lnr) ’
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W, Yo ~ Yros Mexay BHEMHEH Hopmanbio ¥ ockio 0x; B Toukax € m {() COOTBETCTBEHHO.

ITopsanok onpeneeHns BOJHOBLIX MOJIEA NepeMEMIERMH H HANPSHKEHHH B CJIOE C NONOCTHIO TakoB. Criep-
Ba cucrema (13) meToaoM MexaHWdecKMX kBampaTyp [12] comurca K cHcreMe JMHEHHBIX anreOpandecKux

YPaBHEHMI OTHOCHTENLHO 3HAYEHMH IUIOTHOCTEH Y, B Y3NMOBBIX TOMKaX KOHTYpa. 3aTeM NpPOM3BONMTCS

CruIai#H-annpoKCHMaLMA ILIOTHOCTEH M MIOACTAHOBKA WX B MHTErpajibHbIE NpejCcTaBieHus nepememennit (11) n
aHAJIOTHYHBIX MM TpeJcTaBiaeHui s HanpskeHuil. Ilocie yero BRIYHCIAIOTCA BOJIHOBBIE HOJA B J000it oOac-

TH CNOs. Boimuiuem 3iech nuib GopMynbl 1A ONpeaencHNa aMIUIHTYl HOPMATbHBIX Hanpshkenuit Sgg B 33
Ha TIOBEPXHOCTH TNojocTH. HMeem

e o] e o]
Seo =, Ség) cosA,x3, S33= . Sg) COSA, X3 »
n=0 n=0
rae

See)(Co) 2111 (71 (Co) + 20 (Go)) + Izyjn(C n)(CC)ds N,

rj=l

3
S5 (60) =20 -2 (10 (60)+ 20 (50)) + [0 )GV (G s

rj=l
Rl( " -, (’o)ei(w—%)’
Rgn)zd]nei(aofw); n=A h(l l)(’0)+ 2(1- )Hl (“‘"r")
(1) 2
() _, | Ho (umro)_H(l)(M 1) -2 H (1)
2(i-v) TR T
Gl(n)= ds, ef(w-ao), ng)___d3nei(°‘°“”), d3n(r0)=EE—/F_I—"\3H1(I)(Hlnro)‘xnhr(zl’l)(ro),
n A‘z
" -a, Rll_;;Hé”(mnro)JrHé‘)<u2nro)+;%H(ro> -
2

S. PesyanTaThl YHCEHHBIX McciaexoBandi. Ha puc. 1, 2 npeacraBieHs! aMIUIMTYAHO-4aCTOTHEIE Xa-
PaKTEPHCTHKH BEMYMH O = |S99| uP= |S33| I UWIMHAPUHECKOH T0JIOCTH, Ha TIOBEPXHOCTH KOTOPOH eii-

CTBYeT
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S— hd . — S —
o | ] T o
1 1 n
] H l
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/ i !
16 . -~ }
P 1
[ i
|~ \ i
N i
12 ——————— \\ ‘
\ i
\ i
\ Pty
: \ /’ 1
: v, 1
8 V— i
i v

Puc. 2

2
HOpMallbHOE JaBlieHHe ¢ aMmiutynoi N = Ny (h - xg ) npu Ny = 1HM* , x3 =0. CnnouHsle THHHH COOT-

BETCTBYIOT MOJOCTH KPYTrOBOI'0 OOIICPEYHOTO CEYEHMsI paanyca R=1 , IYHKTHPHBIC — MTOJIOCTH € NONECPEUHBIM

ceueHneM B (opMe  KBagpaTa ¢ 3aKpy[JIeHHBIMH  YIJIaMH (xl =RcosO+C3Rcos30,

Xy = Rsin0 - C3Rsin 36) npu R=1, C3=0,14036. OcranbHblec nMapaMeTpsl NPUHUMATH ClEAYIOUINE 3Ha-
gseans: v =0,15, Tonmmua cros 2k = 4, nonapHsiit yron pacueTHo# Touka 0=0.

TakuMm 00pa3oM, TOCTPOCHHLIE aHATUTHYECKHE U YHCIIEHHBIE MPOUETYPBI JAlOT BO3MOXHOCTh 3ddek-

THBHO HCCACN0BAaTh AHHAMHUYECKYIO HANPSDKEHHOCTh TOJICTBIX IUIACTHH C OTBEPCTHAMH ¥ B YaCTHOCTH ONpeEac-
JIATh XapakTep TONMIHHHBIX PE30HAHCOB B TAKUX TEjaX.

PE3IOME

[Iporonyernecs HOBa aHANNTHYHA npoLiefypa NoOYN0BH po3pillaloyoi CUCTEMM IHTErpansbHUX PiBHAHB Y 3a1adi npo
rapMOHIRHI KOJMBAHHA APy 3 NOPOXHUHOW. OTpyUMaHKil aNTOPUTM pealtizoBanuil uKcensHo. [IpHBeaeHO pesyabTaTH pos-
PaxXyHKiB KOHUCHTPALT HAIIPYKEHh [y LIAPY 3 TOPOXHUHOIO KPYroBOI'0, @ TAKOXK KBAJPATHOr0 MONEPEUHOTO Hepepily.

SUMMARY

New analytical procedure for permitting system of integral equations constructing is considered in the case of simple
harmonic motions for the layer with cavity. Obtained algorithm has been realized numerically. Outcomes of stress concentra-
tion calculations for the layer with a circular and cross section cavity have been reduced in the paper.
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VIIK 539.3

K NPOBJIEME THHAMWKH NOAKPEIVIEHHBIX UMIMHAPUYECKHUX
OBOJIOYEK B ITOJIE CRJI HHEPHWH NMTOABWIKHEBIX HATPY30K

A.I" [lemobsinenxo
Huenponemposckuii 2ocyoapcmeeinsiii azpapHulii yHugepcumen

CoBpeMeHHOE Pa3BUTHE TEXHHKH, YBeJIMMCHHE CKOPOCTEH M MHTEHCUBHOCTH JBIXCHHS TPAHCIIOPTR, HHTEH-
cU(UKaLMS [POM3BOACTBEHHBIX MPOLECCOB NPOJIODKAIOT CTaBHTH HEpel UCCIENOBATEIMA HOBbIE 3aJia4H, Tpe-
OYIomuE KCIONb30BAHMA YTOYHEHHbIX MEXAHHYECKUX M MaTeMaTW4ecKuX Mojeneii, 601ee MONHO OTPAXKAOLIMX
CYLUHOCTh SIBJCHHS, 4TO, B CBOIO OY€pE/lb, MPUBOMHT K HEOGXOMMMOCTH COBEPIIEHCTBOBAHUSA, MOM(HKALIH Tpa-
JHLMOHHBIX ¥ TIOHCKY HOBBIX METOIOB MccienoBanus. B pa6ote [1] paccmotpena 3ana4a IMHaMUKL NOIKPETUICH-
HBIX NPAMOYTONIbHBIX [UTACTHHOK B IIOJIE CHJI MHEPLUMH NOABMWKHBIX HAarpy3ok. B HacTosiiel cTatse, ABIIOLesics
HPONOJKEHHEM HecnenosaHit [1 — 3], paccMaTpuBaeTcs 3akada 0 KoNeOaHMAX ¥ YCTOWYMBOCTH MOAKPEIUICHHBIX
LHIMHAPAIECKHX 060J104eK, HAXOAAUIMXCA B IONE CHII HHEPLWH NMOJBIDKHBIX PaclpedeIeHHLIX Harpy3ok,

1. HocTaHoBka 3a4a4H. PacCMOTpUM 3a/1auy O MOTIepeYHbIX KosieGaHUAX TOHKOA LMIMHAPHYIECKOH 000-
J0YKH, cXaToH oceBoi cunoit N U MoAKpeIuieHHoN B MPOAONBLHOM HAIpaBlIEHUHU PETYIApHBIM HabopoM pebep
KECTKOCTH HECHMMETPUYHO OTHOCHTENLHO CPEIHHHOMN MOBepXHOCTH o6muBkU. Bioms pebep onunaxoBoit reo-
METPHH, PaCTIONOXKEHHBIX C MaJIbIM LIArOM, IBIKYTCA pacipeieeHHbIe 0 HEKOTOPOMY 3aKOHY MOTOKH OJMHa-
KOBOM MHTEHCHBHOCTH. ByieM cuutath, 4To /ia 060M04KH IPUMEHHMA HHelHas TeopHa [loHuena — Mywirapy,
pebpa KeCTKOCTH MOXHO paccMaTpHBaTh Kak crepxHH Knpxrodda-Knebma. Cunras, uto pebpa pacrosnokeHsl
CO CTOPOHBI BHEIUHEH HOPMATH, KPYTHIbHAA KECTKOCTb PaBHA CyMME KPYTIIBHBIX JXECTOKOCTEH OOIUMBKH M
pe6ep, CABUT TepeRaeTcs TOJAbKO OOLIMBKOM, CHIOBBIE HAKTOPBI, MPUBENCHHBIE K CPEAUHHON NOBEPXHOCTH HOJ-
KpeIUIeHHOH 000JI0YKH, peCTaBUM B BHJE [3, 4]

Ny = B(e; +nea)+(EAlDe —(ESIDx,,

Np =B(gy +pep), Nyp =0,5(1-n)Beyy; (1)
=D(xy +pK)+(EL/Dx —(ES/gy,

My =D(xy +pxy), My =[A-nWD+GI,/2l]xy;. @)

3necs I, S, I, — COOTBETCTBEHHO OCEBOH MOMEHT MHEIMH, CTATHYECKHit MOMEHT ILIOIAAHN MOTIEPEYHOTO Ce-

yeHus pebpa OTHOCHTENBHO CPEIMHHOM NMOBEPXHOCTH OOMIMBKY, MONAPHBIA MOMEHT HHEPLME TNONEPEYHOTO
ceuenus pebpa; 4, | — mwiowaas nonepevHoOro ceyeHus pebep u ux uiar.
C yuetom ¢opmyit (1) — (2) 1 M3BECTHBIX YPaBHEHHIT pABHOBECHS M COBMECTHOCTH JieopMaliii 110J10roi

060m0uKy A Maneix nporubos {4], paccMaTpuBaeMas 3ajada CBOAMTCH K PEUICHHIO CHCTeMBI AuddepeHiu-
aNlbHBIX YPaBHEHMUI KOHCTPYKTHBHO~OPTOTPONHOM 060104K)

1020 aS| oo ote| o%w =z
LI(W): 5 3_1 ) —H 4 -N 5 +—; 3)
Rox= Wl | ox“oy ox” Ox h
192w ayS( o*'w  o*w
L(@)=-——— | p—p - , @)

Rax? W ax*  ox?oy?

rae

D|, @ F)
) b‘gi"+2b26xzayz+b3ay4 ’

4
— a]——+2a2 o +a3 64 ; (5)

at 2o oy

.?
[
=y

80 oot ©OllembaneHko AL T



BICHHMK JOHEIBKOI'O YHIBEPCHTETY, Cep. A: Ilpupoxunui nayku, 2003, sum. 1

=[l+(1-p®)A/h}ay; ay=1+p(l-a3);
a3 =1/(1+Alhly; b =1+12A-pH[I/H31=(S/h*D? a3];
by=1+3(1-W 1,/ kl; by=1;

W, ® — dyukuun nporuba 1 HAPSIKCHHAI.
Tocne npuMenenus oneparopa Ly x ypassenuio (3) ¢ y4eTOM TOrO, YTO BHEIUHEH HAIPy3KOi ABIKIOTCA

CHJIbI MHEpLHH 000N0YKH, pebep W NOTOKOB JIBHAYLIEHCS HArpy3Kd, YPaBHEHWE IBHIKEHMS IOAKDEIICHHOM
06010UKH OTHOCHTENLHO pyHKLMu nporuba W sanuueM B Buje

L o? ays| o* & B2L,w) 1
Lle(W)“—- 5L (P)——— 3 PR Lz((D)“N~—2§—)~——L2L3(W)_ )
3nech
g a1 g\ 812 dtdx 522

MHEPLHOHHEIA ONepaTop; ¢, q; — NPUBEACHHLIH BeCc 0OONOYKH H NMOTOKOB NOJBWKHOH HATPY3KH Ha €IMHMILY

wiowany; ¥ — ckopocTh n0TOKOB. ECM OTOKHM HArpy3kH, JBHXYIIHECS BAOIL pebep, HEPpaBHOMEPHO pacipe-
JENeHBl, TH00 ¢ QUCKPETHHIMU BKJIIOYEHHAMM, TO B IEPBOM NPUGIIIKEHNM MOXKHO OCPEIHATD (pa3MasklBaTh) UX
¥ PacCMaTpUBaTh KaK PABHOMEPHO paclpe/eNCHHbIE C OCPEAHEHHBIMU NapameTpaMu|1]. B ciyuae, ecnu oceBast
CKMMaIoLIas cuiia OIH3Ka K KPUTHYECKOMY 3HaueHHIo [3], 3HayeHue KpUTHYESCKOH CKOPOCTH MOTOKOB, NIPH Ko-
TOPOH BO3MOXKHO TIOTEPA YCTOWYHBOCTH HMOAKPEIIEHHOH 000I0YKH, OKA3bIBACTCA HEBBICOKHM.

2. Meton pewsennsi. YactHble petieHHs ypaBHeHHS (6) BBHIY HEBO3MOXKHOCTH PAa3ACHCHHS NIEPEMEHHBIX
N0 KIaCCHYECKOH CXeMe M3-3a HaTM4Us CMEIIaHHBIX HEYETHBIX 110 BPEMEHHM MPON3BORHAIX, BEIPAKAIOLIAX CHJIBI
nHepumuy Kopronuca, 6yaemM OTHICKMBATH B BHAE [1, 2]

W(x, y, t)=0(x, y)cosot +y(x, y)sinot. ®)
ITocne BBeaeHHs (PYHKIHMH KOMIUIEKCHOTO MEPEMEHHOT0
@1 (x, y)=0(x, y) +iy(x, y) ®
Y €€ NPECTABICHUS C YYETOM YCIIOBHS NEPHOANYHOCTHU 110 KpYI'OBOH KOOpPAMHATE B BHAE
Dy (x, y)= Y. Fp(x)cos(my/R) (10)

ans onpenenexus ¢yskuun £, (x) noisydnM oGbikHOBEHHOE AH(EpeHIHanbHOe YPaBHEHHE BOCBMOIO I10-
pAaKa, pelICHHE KOTOPOro NpeacTaBIACTCA B BUAC

8
k; x :
Fp(x)=Y C; 5%, (1)
i=l1
rae k; — KOpHH COOTBETCTBYHOLIErO XapaKTePUCTUHECKOTO YPABHEHHS C KOMILIEKCHBIMH KO3 dHLMENTaMHU 11pu
HEYCTHBIX CTCHCHAX

Cok® + Clk7 + Cok® +iC3k> + Cyk® +iCsk> + Cgk? +iCqk + C3=0, (12)

npudeM C; — k03 HUUMEHTDI, 32BUCAILIHE OT MAPaMETPOB HccenyeMol cuctembl. KopHH 3TOro ypaBHeHHs
OMpENENIAIOTCH C MCTIONE30BAHHEM metona B.B. Boesonuna. B obuieM ciaydae ux MOXHO 3anMCcaTh B BHIE

k12 =ty iy, k3g=4B) —iay,
k56—3&72+za2, k78—+B2—'1(12 (13)

YCTaHOBNEHO, 4TO /U1 HEKOTOPBIX 3HAYEHHI MAPAMETPOB HCCIEAYEMO CHCTEMBI KOPHU ypasHenus (12)
MOXHO pa3GUTh HA JBA THIIA, leO“.BJ‘IeTBOpﬂlOluPle YCIOBUAM

|k1|zlk2|z|k3|z|k4|z|k5|z|k6|z|k7|z|k8|, (14)
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4TO MO3BOJIET CBOMAMTH 3aJa4dy O HaXOXAEHUH KOpHEeH XapakTepHCTHYECKOro YpaBHEHHS BOCHMOrO NOpSaKa
(12) x penieHUro ABYX YpaBHEHHI 4eTBEPTOTO NOPAIKa.

B cyuae mapHHpHO onepTofi No KpasM 060I04KH IPaHH4HbIe ycoBus 1A dynkumit F, (x) uMerot Bun
F)=F'x)=FY(x)=F''(x)=0, x=0,1, (15)
13 KOTOPOTO NOMTy4aeM ciiedyIOUIHil YaCTOTHbIN ONpesIeATENb ¢ KOMILIEKCHBIMU 3/ieMEHTaMMU:

1 1 1 1 1 1 1 1

K kB kK kKKK L
K kb kK ko ok ks ko kg
T A A -
P R . . L AL =0

ki
k2 ky kzzekz k?%ek3 k‘%ek.»,; k2 ks kZ kg k2 k7 k2 3
K ke’ ke kje™ kfe™S kie*s ket kge

Ko KSe*2 iSe™ kSt ke ke kSeM ke

OxoHuaTensHO ofuiee pemeHne ypaBHeHHs ABWkeHHs o6omouku (6) ¢ yueroMm (7) u (15) B pamkax uc-
XOAHBIX NPEANOCHIIOK 3aNUCHIBAETCA B BULIE

W(x, y, t)=2a,,m {Re[(bl(x, Mcos(®,,, £ +ayy )+ Im[ Dy (x, y)]sin(w@,,, t+a,,,,,)},

nm
B KOTOpOM 4, ,, H O, , — HCH3BECTHBIC NOCTOAHHbIC, ONPERCIAEMBIC U3 HAYAIBHBIX YCJIOBHIA.

3. AHanu3 peuleHHN H Pe3yIbTATOBR YHCACHHLIX HcciaeaoBaHuil. W3 pelieHus BUAHO, 4TO koneGanus

paccMaTpuBacMOl 060I0YKH OCYIIECTRIAIOTCA B BHAC ABYX (popM KoneOaHHil Ha ONMHAKOBBIX YaCTOTaX M, ,

HO CABHHYTHIX 10 a3e Ha MpAMOI yrox: coGCTBEBHbIE KoNe6aHus @, (¥, ¥) =Re[®(x, )] u conposox-

pawomme konebauus Y ,p, (x, y)=Im[®@;(x, y)], npuuem conposoxnatomue koneGanus o6ycioBAEHbI O~

BIDKHOH MHEPLIMOHHOI# Harpy3Kol, GopMbi COGCTBEHHBIX KONeOaHMit TIPH OTCYTCTBHH HOABWXKHON HAarpy3KH Iie-
pexoaAaT B cobcTBeHHBlE $HOpMbI Konebauuii 06oouKH.
Boiu npoeiens! YHCTIEHHBIE HecaenoBaHus wid o6onouxu, y koropoit L=0,5m, L/h=2500 B cny-

Yae pa3NMYHBIX 3HAueHuil mapametpoB L/R wu k. Pebpa BmGupamuch B BHAe TPyGOK, AS KOTOPBIX

d; =0,98- 102 m , dy =0,01m . VaenbHelit Bec MaTepuanos NOTOKOB H 060N0YKHM GbUTH paBHbI COOTBETCT-

BerHo ¥y =10AN /m>, yo =45kN/m>.

Kak mokasaiy 4YHCNICHHBIE HCCIEAOBAHMS, KOPHOMHCOBBI CUIbl HEPLIMH TOABIDKHOM HArpy3kH CyILECTBEH-
HO BIMSIOT Ha OCHOBHYIO YaCTOTy KoneOanuii 060n04Ky. Yike ApH CPeAHMX CKOPOCTAX JBHKEHMA ITOTOKOB 3Haye-
HHME OCHOBHO# 4acToThl koneGaHni, onpefie/IeHHOe ¢ YYETOM KOPHONUCOBBIX CHI MHepLuK Ha 20-25 % Hibke 3Ha-
YeHUA, NOMy4eHHOTO 6e3 ux y4era. AHanu3 GopM COOCTBEHHBIX K COMPOBMKIAIOMMX koneGaHuit 060NOUKH Moka-
3bIBACT WX CYHICCTBEHHYIO 3aBUCHMOCTE OT CKOPOCTH ABMXEHHA ITOTOKOB, COOTHOMICHHA MOABWKHOMN N HETIOABMXK-
HOM MacC CHCTEMBI, IPHMEM, TIPH CPEAHHX CKOPOCTAX NBIDKEHHS Harpysk, OCHOBHa# (opMa coGCTBEHHBIX KoJie-
Ganuii nepexonnT U3 6e3y3I0BOI B Y3NOBYIO, Y3 KOTOPoli C pOCTOM CKOpOCTH cMemmaercd. Pons conpoBoxkato-
wuX KoneGaHuii ¢ POCTOM CKOPOCTH M COOTHOUIEHMs TIONBIKHON M HEMOJABHXHOM MacC CHCTEMbI CYLIECTBEHHO
sospacraer. Ecin aTiM npenebperats, TO MOXHO MOJNYYHTDH JOCTaTOMHO HCKKEHHYH) KAPTHHY ABHKEHHA 000104-
KU HE TOJNBKO C KOJIMYECTBEHHOM, HO ¥ C KAUECTBEHHOM CTOPOHLIL.

Hurepec npeacTaBisgeT H HCCIEIOBAHNE BIMAHMA reOMeTprH 060/104KH, pebep, X KONMUeCTsa H pacio-
JIOXEHHS OTHOCUTENILHO CPEAMHHOH MOBEPXHOCTH OOLIMBKH, HA YACTOThl H KPUTHUECKHE CKOPOCTH ABIKSHUA
NOTOKOB. DT0 ClleyeT U3 NAHHBIX pHC. 1, 2, rae ana oGonouku ¢ napamerpamu L/ R=3,5, R/h=300 npu-
BeIICHBI 3aBHCHMOCTH HM3IIEH 4acTOThI KoNneOanuit 060I0uKH OT KOMMuecTBa pebep k (puc. 1) ¥ 3aBMCHMOCTD
4acToOT KoneGaHui 0G0NIOUKH NIPH BHYTPEHHEM H BHEHIHEM pacnononcexmu pebep ot 4ucna oxpyxmmx BOJIH U7

k=10 (puc. 2).
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i3 puc. 1, 2 cieqyer, 4To ¢ yBeTHYeHHEM KOTUYECTRA BHemHHX pebep S ¢ 1oTokaMu ocHOBHAs 4acToTa
koneGaHuii 0G0I0UKH BHAYAJIE BO3PACTAET, 3aTeM yOhIBAET; IPH BHYTPEHHEM PacIIONOKEHUH pebep ¢ NOTOKaM¥

S 3HaueHWs YACTOTHI YMEHBILAETCS C yBenuUeHseM Konuyectsa pebep. C ypenudenneM yucia pebep ot 10 no
40 ocHOBHas 4acTOTAa yMeHbilaeTCA Ha 35 %, KpUTHYECKas CKOPOCTh ABHJKEHHSA MMOTOKOB, MPH KOTOPOH mpouc-
XOJUT TIOTeps YCTOHUHBOCTH 000M0ukE — Ha 43 %. IlepeHoc pebGep ¢ BHYTpeHHEH MOBEPXHOCTH OOONOYKH Ha
BHELIHIOIO 18 000J104ek ¢ NPUBENCHHBIMY BhIIIE MIapaMeTpaMy HOBBIIIAET YACTOTHE B KPUTHYECKHE CKOPOCTH
JBIDKEHNs NMOTOKOB Ha 10 — 25 % B 3aBHCUMOCTH OT NTApaMETPOB CHCTEMbI.

PE3IOME

Po3rnsiHyTO KONMMBaHHA 1 CTIMKICTH CTHMCHYTO! OCLOBMMH CHMIaMHM  NiACHACHOI B 1I03JOBXHBOMY HaNpSMKY
UMTHAPHYHOT 0GONOHKH, B3I0BX pelep SKOI pyXaioThed NMOTOKH PO3NOAiNeHoro iHepiiiHoro HaBaHtaxeHHa. Ilotoku Ha-
BAHTAXEHHS MOXYTb OYTH AK 0JHOPIAHUMH TaK | C IMCKPETHUMH BKo4eHHAMH. Ha ocHOBI NBOXBHJIBOBOTO NOAAHHS KOMNH-
BaHb B paMKaX BHXiAHHX rinotes noBGya0BanO TOMHI PO3B’S3KM 3alayi, HA OCHOBI AKHX BU3HAYAKOTLCA 4aCTOTH i HOpMH KO-
AUBaHL 000MOHKK, 3HAYCHHS KPUTHYHHX IHBHIKOCTEH PyXy IOTOKIB PO3NOIiCHOr0 HABAHTKEHHS, MPH JOCATHEHHI SKUX
MOXJIMBA BTpara CTifikocTi cucTeMu. JIOCHI[KEHO BIUIMB IEOMETPiKO — KOPCTKOCTHHUX i iHIIMX NapameTpiB CHCTEMHM Ha ii
AMHaMiKy. B nojanemomy orpuMaHi pe3yabTaTiH MOXKyTh BAKODHCTOBYBATHCS NPH JOCHIKEHHI OibIR CKIATHMX 32124 Teo-
piil WHTIHAPHYHKX 0GONOHOK Ta 0GONIOHKOBUX CHCTEM.

SUMMARY

The problem of oscillations and stability of thin cylindrical envelope with regular stringer set and pressed on longitu-
dinal direction is being considered under assumption that along slats of the envelope that situated with small step from one to
another, there is unsymmetrical stream of mobile inertia load. The linear theory of structural-orthotropical envelopes with
equilibrium equations and geometrical Donnel-Mushtary relations are being used to obtain of equations. The slat of envelope
is considered as Kirchhoff-Klebsh bar. The problem solution is obtained by using of two—waves appearance for motion. This
approach allows to obtain the accurate solution. The investigation of influence of geometrical, elasticity and structural pa-
rameters on oscillation and stability properties of the envelope carry out by using the accurate solution.
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YIK 531.011
HEJWHENHBIE KOJEBAHWA TEJI BPAILEHUA IEPEMEHHOM MACChbI

A.®.Kaox, MK lllexepa
Hucmumym mexanuxu HAH Yipaunw, 2. Kues

C Hcnons30BaHHEM YHCIEHHOro Metona Pynre-Kyrra peluena 3ana4a o xone6anuaX B ITHHAPHYECKOM
pe3epByape Noj AeHCTBUEM BHEUIHETO FAPMOHHUYECKOT0 BO30YKIEHHS IPH HENPEPLIBHOM U3MEHEHHH MACChl.

Hocranopka 3agaun. PaccMoTpHM CliedyIONIyIC MOJEib Tela NEPEMEHHOM Macchl: eMKOCTh B dopMe
KeCTKOH 000704YKH BpalleHMA (Hecyiliee Telo) 3aMOoMHEHa XHUAKOCTBIO HIA Kakoi-mubo chiyueit cpenoit (He-
coMoe Teno). Mi3sMeHeHne Macchl MPOMCXOAMT 3a CHET BHITEKaHUA Yepe3 MMEIOIHECS Ha NOBEPXHOCTH HECYLUETO
Teja OTBEPCTHA HEMPEPHIBHOIO NOTOKA YaCTHIl HECOMOTO Tesa (KMAKOCTH) C ompeneneH oM ckopocThio. [lpen-
TI0JIaraeTCs, YTO HECYINEe TENO C MOMOIBIO CIIeIMANbHBIX NPUCTIOCOOIEHNI (aMOPTH3ATOPOB B BUAE MPYXHUH)
NPUKPEIUICHO K HEMOABWXKHBIM o6bekTaM [1]. IlycTh Ha cucTeMy, KpOME PeaKTHUBHBIX CHJI, AEHUCTBYIOT BHELIHME
CHJIBI THIIA FAPMOHUYECKOTO BO30YXEHHs. ByieM CUHTaTb, YTO AONOJIHHUTENbHbIE TMHAMUYECKUE IPDHeKTEI, Ko-
TOPBIE MOTYT BO3HHKATh B HECOMBIX TeNax, MPeHEOPEXUMO Manbl (ITyTeM BBEJECHHMA ONPEACNICHHBIX OrpaHHYH-
TeNBHbIX YCTPOMCTB).

Beenem cnemyromue cucrembl orcuera. Iycts Co& €783 — unepmmanshas cuctema ¢ uentpom 8 C)
(LleHTpe Macc) U OpTaMH e ' ( j=1 3) , HanpaBJIeHHBIMK NO INIaBHBIM ocsaM Tena npu £ = 0. [pu 7 >0 nono-

KEHHE LeHTpa Macc OyneT u3MeHATheA (eMy cootBeTcTByeT Touka C, ). [TocTynarensHoe ABMXKEHHE TeNa ONu-

mieM cuctemoit orcueta C,§1E5E5 ¢ ocamu, napannensusiMu Cp&1E,E 3 , Bpamarensroe — cucteMoit C,xjXp X3

C OpTaMH i k =1, 3}, nonyuaemoii spauienneM otHocuTeabHo cucteMbl C,E1EHEL (puc. 1). O6o3Hauum ue-
k P 1515253 (P

pe3 §c,» &ac,» &3¢, xoopaumars Toukn C; B cucteme orcuera Co& €835 §;1, §;2, §:3 — KOOPAKHATh!

() @) ()

MPOMN3BOJILHOM TOYKM Tena nmepeMeHHoi mMacchl mpu ¢ >0 B Tol ke cucreMe; X, X", X7’ — KOOPAWHATLI
> 2 2 3

370# e ToukH B cucteMe CyxyXpx3.

Puc. 1

Hmerot MecTo hopMyIisl nepexona

3

t (i) T2

Eik =Ekc, + 2 0kX] (k=1, 3), )
I=1 .

rae o K — HaNpaBpfgloue KOCUHYChI, paBHbIE
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0y =cos@cosd+sin@sinPpsinb, o, =—sin@cosQ+cosPsinPsinb,

o3 =sin¢cosO, oy =sinPcosd, o,y =cospcosh,

Qy3 =-sin®, o3y =-cos@sin+sinpcosPsinb,

037 =sin@sing +cospcosdsind, c33 =cosdpcosO; S )
0, ¢, ¢ — yrmet Diepa-Kpoutora. CliefoBaTeNbHO, NPOCTPAHCTBEHHBIE ABIKEHUS Tela MEPEMEHHOM MacChl Ofl-
penensiotes Bemmamnamu &1c,, &oc,» &3¢, 0,4, @

Jins BoIBOMa pa3pelNatolelt CHCTEMBl YPAaBHEHHH IBKEHH, OMUCHIBAIOIIEH IMHAMUYECKHE NPOUECCH B
paccMaTpUBacMOM Teji€, HCNOAb3YIOTCS OCHOBHBIE TEOPEMbI AHHAMHUKM TENa NEPEMEHHOM MACChl 00 H3MEHEHHH
KONHYECTBA ABIDKEHHA ¥ KHHETHIECKOTO MOMEHTa [4]:

—_

dK =) = dlc,  -(e)
—d-t——F +R, ————d =M/ +Zr X( ) (3)
)
3necs F () IMABHEIl BEKTOP BHEUIHHX CHI, PaBHbIH F () =P_.’Q + Fynp +Em ; I-':Q — cHyia Beca; Fy,,p

TaBHBIA BEKTOP CWJI YNpPYTOCTH aMOPTH3aTOpPOB; ., — 3aJaHHas BHEIIHAA CHIA; R - rnanuiit BEKTOp peak-
THBHBIX CHIL; LC, , Mé) — COOTBETCTBEHHO KHHETHYECKHIf MOMEHT U TJIaBHBIM MOMEHT BHEIIHMX CHJI OTHOCH-
t

TensHo Touk# C;; r, — PamMyc-BEXTOp LEHTPA V -ro OTBEPCTHA B HECYIUEM Teie, 4epe3 KOTOPOE BBITEKAET

XHIKOCTH Maccoii |, co ckopoctsio V,, . Tipu Gopmynnposke TeopeM (3) HCNONB3OBAHO MpENCTABAeHHE 00
ajiekBaTHOM Tene [2, 3]

Tycts npu =0 cucTeMa HaxOAUTCs B MONOXKEHHN CTaTHIecKoro paBHoBecus. Ilpu £ > 0 ee Apmkenne
0GyCIOBIICHO H3MEHEHHEM MaCChl, IeHCTBHEM BHEWIHKX CHJI, YNPYIHX CHI CO CTOPOHBI aMOPTH3aTOPOB. Bhiunc-
JIMB BCE BENMMUHEI, BXOIALIME B (3), NONYUUM CKANAPHBIE YPABHEHHS NOCTYTIATENLHOTO ABWKEHMA LEHTPa Mace
¥ BpalIaTENbHOTO JBIKEHHUS TeJa BOKPYT HErO

3
d e 3) d P

A e I o e b e [ T

(©.)) (v) I=1

(Juﬂ)l)+(-’33 = Jy)0y03 = M( Ve DM+ MG (curl),
(i.7) v)
t
B KoTOpBIX M, = My + Z + _“uv'(tl)dtl — 3aKOH W3MeHeHus Macchl Tena; B cucteme Cp&1€,63; Fg(:) -
M\ o

7O,y

TIPOEKLN BEKTOpa — MPOEKLHSA COCTABIAIOWEN VC , aOCOMOTHOM CKOPOCTH LEHTPa Macc; ]" Sk

—TIPOEKIIMH CHI YNpPYTOCTH NpyXuH; V,; — npoekuuy BekTopa cxopocm V HCTEYEHMs CTPYHU Yepe3 V -€ OT-
Bepetue; B cucreme Cyxjxpx3: J 4k -— TNABHBIE MOMEHTHI MHEPLIMH; O)k — NPOEKIMH YINOBOA CKOPOCTH ©

CHCTeMSI; "M - npoexmm 'MOMeHTa CU1 ynpyrocm, ka ~ npoexuun MOMEHTA V -Off PEaKTHBHOM CHITHY;

M (3 ) — MOMEHTbI 3aIaHHbIX CHI OTHOocHTENbHO ocelt C,xy, (k 1 3) K ypaBuenusam (4) neoGxomumo npu-

COETUHHTE KHHEMaTHIeCKHe COOTHOWEHMS 3ymepa-Kmeona

L ] . L L ]
©; =¢sin@cosh, ©y =dcospcosb-0sing, o3 =0-¢sinb. ®)
Takiam 00pa3soM, cHcTeMa ypaBHeHHit (4) u (5)COCTaBIAIOT 3aMKHYTYIO CHCTEMY nupdepeHIHATLHBIX

yPaBHEHHMI IBHKEHNA TENA NIEPEMEHHON MacChl O] ACHCTBHEM BHEINHEH CHIBI F @) .
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MeTton pewenunsn. PelleHa KOHKpETHas 3ajauya O HEJHHEHHBIX KojneGanuaX Tela NEepeMEeHHOH Macchl B
dopMe XecTKOH WTHHAPHYECKOH 0600UKH, YACTHIHO 3aNONHEHHON XHAKOCTBIO, HaXOAAINEHCH IO ASHCTBH-
em rapmoHnueckoro Harpyxenus. Ilycts H, R — cOOTBETCTBEHHO BBICOTa H PajdyC OCHOBRHMA LUUIMHADA,

h(l ) — BBICOTA HE 3aMIOJHEHHOTO JKUAKOCTHIO ero o6bema. MsMeHenve Maccel Tena IIPOUCXOQINUT ITYTEM BBITEKA-
HUA XKHJIKOCTH UEpPe3 KPYIraoe OTBEPCTHE, PACTIONONKEHHOC HA HWOKHEM OCHOBAHHH, LHECHTP KOTOPOro HaxoAuTCH

Ha BepTHKaﬂLHOﬁ OCH CHMMETPHH BCErO T€J4, 1| — paaAnyC OTBEPCTHA, VI (t ) — CKOpPOCTh UCTCUCHNA XUIAKOCTH,

Py — €€ IoTHoCTs, M)y —Macca wwmnzpa. Tlapamerp V; () samaem B sune ¥ (f) =, /2 g(H - h(t)) (g -
ycKkopeHue cBo6oIHOro naneHus). Tora pacxol Macchl JKUAKOCTH Yepes OTBEPCTHE PaBeH

w(1)= 1t712po,c1 [2g(H - h(z)), (6)

a Macca XKHIKOCTH B LJIMHAPE B 3TOT XK€ MOMCHT BPCMCHH t

M} =nRCp,.(H - h(t)). )

3akOH U3MEHEHHA MacChl Bcell CHCTEMbI HMeeT BHUA:
1{n 4 2
Mt:MO +TCme H- h(O) ( ) Vlot-i-z(;z) gt . (8)

7(3) "
Nycrs F, = F,,” — 3anaunas BHeWHAA cuia, AekcTByloman Broms ocu Cof3y ¥ mpunokenHas no Ha-
NpaBJIeHHIo 3TOi ocH. Paspelnaroiias cucteMa ypaBHEHHMI JBIXeHHS (4) CBOOMTCA K CJIERYIOIEMY HEMHEHHO-
My AnddepeHIHaTHOMY YPaBHEHHIO BTOPOTO NOPAAKa C NEPEMEHHBIMH Kosq)(bnuuemamu:

d
7 (M 1 83c, ) +Ci83cr = F (’ )+ ()7 (1) B (¢ )x3c, M x3c, TR S R )

rae
2
, H 1 4ct,
X3¢, == 2 2M [M1H+Mt (H—h(t))_J, C] :_A_Z—(())—,
' 2
6 ( t ) 2.2
azHIOVIOtO p-bufo . (S0 g, =550k
Moo My Myl Ml

Jlns uHTErpupoBaHua ypaBHeHHA (9) 6bL1 ucnonk3oBaH MeTof Pynre-Kyrra. IlpunaManuce ciaenyiomue

o 3
3HaueHHs NApaMETPOB. MATepHan UMIMHIpPA — MOPAMOMHHMA (Ppy,, =2970Kr/M™); xuakocTs — Boja

(Poye = 1000KF/M3 ); mapamerpel npyxun: [=0,22m, C=16252H/m (C, ] — kecTkoCTs ¥ JAIMHA); reo-
n l H

merpuyeckne napamerpe: K =0,02M, 2= 0,06734, R 0,733, r- 3; h(t)|t=0 = h(O) =0,
My =265,Txkr; ocmnmme MAacCOBble MapaMeTpsL: ZI =18,817, AA/Z =6,112, M_M_A/—[; 1 (M, -

macca wauHapa 6e3 aHa); fy = 0,4 (nepron cOGCTBEHHBIX BEPTUKATLHBIX KONEOAHUI HATIONHEHHOTO IINHA-
pa); & = 0,04 (cratwdeckoe yITUHEHHE IPYKUHEL); Mo = V(O) =4,2Mm/c; Po =M (0) =5,28xkr/c.

HpH HCTCHCHNH XKHIAKOCTH Hé HECYWICro TE/id LCHTP MacC CHUCTEMbI NEpPEMEHIACTC OTHOCHUTCIIBHO LIH-
JIMHApa CO CKOpPOCTHIO, paBHOﬁ OTHOCHTENILHOH CKOpPOCTH LIEHTPa MacC CHCTCMbI. Toraa TNPOCKUMA CKOPOCTH

uieHTpa Macc cuctemst Ha ock Cp&3 pasHa §3Cr (0) =-0,09.

HavanpHeIM# yCIIOBHAMH LIS YpaBHEHHs (9) NPHHIMAINCH TaKue:

';:30, (0)=0,09, &;¢, (0)=0.
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3 .
B KauecTBe BHEILIHEro HarpyXeHus HpPHHUMAJIOCh F&(B) (t) = Asinwgt, T.€. NEPUOANYECKOE BO3JEHCT-

BHE B BEPTUKANbHOM HanpasieHHH. [TapameTpel 4 ¥ ®( NONGHPATNCH M3 YCIOBHSA, YTOOb! YaCTOTA BHEILHETO
BO3MYLICHHS COOTBETCTBOBAJA YacTOTe COGCTBEHHBIX KoneGanuil Tesa, B KOTOPOM 32 OTIPEIENIeHHbII NPOMEsKY-

70

TOK BPEMEHH BHITEKIO OMpENENEHHOE KONHHECTRO JUAKOCTH, T.¢. monaranock Fy (t) = 5sin87 . PesynsTatsl

BBINIOJIHEHHBIX BRIYMCIICHHI NPEICTABIIEHE! Ha PUC. 2.
Ha ocHoBe JaHHBIX PHC. 2 W JPYIHX MONYYEHHbIX Pe3yAbTaTOB YCTAHOBJIEHO, YTO NOJ JACHCTBHEM BHEIL-
HETO BEPTHKATBHOIO NEPHOANYECKOTO HAarpY>KEHHA HMEIOT MECTO PasiiMyHbie KoJjieGaTeNbHbIe PEXUMBI (TIEPHO-

Estu
gf@ " " 3,'© F :
A2V ANAFNAY. N/ » ‘
<A/ 7 1 8 7\
'o'" ’ 24
2
16
a6 A Inl Inl In ] @2 [
RrAiwARANAS ”
5 36 | 04
-a4 !\\,/ Vi S '
0 t
\ 62 63 64
Wil
E:Ce @ -0,8)
%4 -12
? s 5;2\“25‘ TR IR TR -1.6L
.04 20 | .
U v

Puc. 2

AMYECKHe, KBa3UIEpUONMIECKHe, THNa OueHni, pesoHaHcHbie). Ha HauarbHOM 3Tane ABMKEHMA HaGNIONAIOTCS
koneGaHus Tuna OueHuii, 3aTeM HAGIIONAETCS NMOCTENEHHBIM MEPeXol K KBa3HIEpHOAWYECKUM pexkuMaM. [lpu
NPOXOXKJAEHHH Yepe3 Pe3OHAHC AMILIMTY/b! CYIECTBEHHO BO3PACTAIOT TI0 CPABHEHHIO C aMIUIMTYaMH GHEHHH;
NpeApe3OHaHCHas M NOC/IePe30HAHCHbIE 30HBI MOYTH CHMMETPHYHBI OTHOCUTEIBHO BEPTHKAILHOM OCH, NPOXO-
IsIeR yepes MaKCHMalbHOe 3HAUEHUE aMILTUTYIbI TIPH pe30HaHce. Pe30HAHCHBIN PEXHUM CMEHAETCA PeXUMaMU
THUIa OMeHHH, HO ¢ CONBIINMHI aMIUIUTYaMK HO CPAaBHEHHIO ¢ KojieOaHMIMH Ha HavyanbHOM JTalle; 3aTeM HMeeT
MECTO [0CJIEN0BATENHHOCTE FAPMOHMUECKHMX KoNeGaHuil ¢ yMEeHbINAOMUMHNCS aMIUIMTyAaMu. W, Hakoxew, no
MCTEYEHHIO BCeil UAKOCTH YCTAHABIUBACTCA NEPHOTMUECKUH PEXHUM, COBNANAIOMIMA M0 YacTOTe M aMIUIUTY/Ie
C BHEIIHUM BO3GYKIEHHEM, MPH STOM aMILTHTY/a CTALHOHAPHBIX Konebanui B 26—-27 pa3s MeHbIIE aMIUIUTY bl B
ClTy4ae pe3oHaHca.

PE3IOME

Po3rnsnacTies 3a%aua Npo KOIMBAHHA TiNla 3MIHHOI Macu y opmi xoperkoi 06onoHkH obepTaHna (Hecyue Tiso),
K2 YaCTKOBO HANOBHEHA PIANHOIO a60 iHWMM CUITYYHM CepeloBHIleM (TiNo, sike HECYTh). Hecyde Tino nesHuM YHHOM NpH-
KpinaeHo 10 HepyXOMHX 06’ €kTiB. 3MiHa MaCH CHCTeMHU BiAGYBAETLCA 3aBAAKH BHTIKAHHIO CHITY4Oi Mack Kpisb OTBOpPH, AKi
PO3TalIOBaHi Ha NOBEPXHi Hecy4oro Tina. Cucrema nepefyBac M Ai€to 30BHILIHBOTO rAPMOHIYHOIO HaBaHT@keHHs. Hase-
IeHO HemiHilui piBHAMHA pyxy (3 ypaxyBaHHsM KyGiuxoi HeninifiHocti). Po3B'#3aHO 3anauy Npo HeNiHiAHi KOMMBaHHSA
UMIHAPUYHOTO TiNla 3MiHHOT Mac M4 €0 NepioanHOro 36y KeHHA.

SUMMARY

The problem on the vibrations of the variable mass body approaching to the stiff shell of revolution (carring body) in
its shape and containing a liquid is considered. The system is fixed by some elastic strings to immovable objects. The body's
mass is changed due to the holes which are on the surface of carring body and through which liquid flows out. Nonlinear mo-
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tion equations are given, they contain the terms of the third degree non-linearity. The problem on the nonlinear vibrations of
the variable mass cylindrical body under the action of the periodic external loading is solved.
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YHAK 539.3

YUCEJbHE MOJEJIIOBAHHA BHMYIHEHUX KOJINBAHDb HIAKPIIIJIEHUX
KOHIYHHUX OBOJIOHOK IMPX HECTALIIOHAPHUX HABAHTAXEHHAX

M.O.Iynvea, C.10.bozoanos
Inemumym mexanivu HAH Yxpainu, m. Kuis

Konvisanua minxpinnerux o60noHOK pocmimxyioTscs B pobotax [2, 3, 6 —9). B wiif crarri pozruauyro
apa nigxoaud 10 MoOYZOBH YMCENBHMX ANrOPHIMIB PO3B’Si3aHHA 3all@4 0 BU3HAYEHHIO HATpyXeHo-
nehOopMOBaHOTO CTaHy MiAKPIIUIeHOT KOHIYHOT 060NOHKM NpH Ail Ha Hel HecTaLiOHapHOTo HaBaHTaxeHHs, Ilep-
it miaxing 6azyerbcs Ha BUKOPMCTAHHI alapary y3aralbHeHUX (yHKUil i npeacTaBieHHA piBHAHD PYXY B €1~
Hiit popMi 1A BCiel po3paxyHKOBOT 06MacTi, B TOMY WHCII i JUI MiCIIh PO3TallyBaHHs NiAKPIIUIOIOYHX €leMeH-
TiB. 3a IONOMOrOIO iHTErpo-iHTEpHONALIHHOrO METORY Oy Ry€eThCH ONHOPIZHA Pi3HULIEBA CXEMa HACKPI3HOTo pa-
XYHKY, IO J03BOJIA€ BECTH PO3PAaXyHKH 3a OXHAKOBUMU GopMyaaM [y1a Beiel po3paxyHKoBoi 06nacTi. 3a iHumm
TAXOMOM IMbeperLianbHi PIBHAHHS pyXy 3aNHCYIOTBCA B OXHOPIAHIM yacTHHI 060NOHKH, 2 B MiCLAX po3Tamy-
BaHHA MiAKPIUIIOI0YKX pedep 3alUCYIOThCA YMOBH CRIpsKeHHA pebpa Ta 0605m0HKU. B onHopinniii yacTusi 060~
JIOHKH pi3HUUEBA cxeMa OyoyeTscs 3BMUAHAM HHHOM, TOMY 0 QYHKUil mepeMimieHb cepeuHHOI NoBepXHi
0GOJIOHKH MalOTh IJIAIKICTh Oynb-KOro nopagky. B micusx cnpshkeHHs pebep Ta 06010HKH 3aNHCYIOTECA YMO-
BM KOHTaKTy B pi3HHMUEBii (opmi.

TocTanoBka 3aa4i Po3rsajaeTsea MiAKpiNieHa KOHIUHA 0GOTOHKA JOBKHHM L- TIPOCTOPOBa 3MiHHA
Hanexuts Biapisky [0, L]. Yacosa 3minua Hanexuts Binpisky [0, T'], ne T’ < +c0. B Toukax x,,r=1,..,/

po3mimeni pepa, 100 NiAKPIIIOITh 06010HKY. YMOBH KOHTAaKTY pedpa 3 000J0HKOI0 3anUCYIOTECA B iHTerpa-
JbHOMY BUrmsgi [1]:

L L
U, = _[[u(x) +ho(x)0(x —x,)dx, w, = jw(x)&(x - X, )dx,
0

L
9, = [o(x)8(x—x,)dx, S

ne u, w, ¢ — rnepeMillieHHA CepeAMHHOI noBepxHi 06010HKH. 3 npuHLMITy ["aminbToHa-OcTpOrpanchKoro, one-
PXKHMO PiBHAHHA PYXY
! 2 2
1 0 OR, o“u 6
h—-—-—+ A 3(x—x,),
R6<xgxz> T Yo, ( at]
T 1 T
Yy r
— p— » —B(x X, )+
RiQ) - R cosay R, Z x=%)
r=1

1 0 ( awj Pw o w

1
R 6

+-——— R, T,

+ P(x,t)= ph-——+ p, A, —=0(x—x,),
R a X5 XX a at i r atz r
l 3 42
1 0 1 M ph o“Q
——(R M —y £ St
R a ( XX) R w a QJ.'Z RxéRr (x ) 12 62
o%u ach A %
+) P4 - 3(x —x,.). @
,Z_; ’ [ o2 o2 ) 4 ar ’

Taurenuiansni 3ycunna T, xx T V> T, srunanbui Momentn M., M s M, B obononui i peGpax, nepepi-
3ytoun sycuis Q,, B 060/10HII OB’ A3aHi 3 AeopMALISMY CEpeIMHHO OBEPXHi OGONOHKHU 3aN€KHOCTAMH:
Eh

T =-1-—_—;5(8x, +vsyy), Tyy =-1——E—,:5(syy +vexx),
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Q. =G, he M, ——————Eh3 (K + VK )
= a-vH TP
)7 A }
szm(KW+VKIX)’ I, =E. A&, M,=EJX,. G)

Jedopmatiii cepesHHOT OBEpXHi 00010HKH i pebep 0B’ A3aHi 3 NEPEMillleHHAMH CEPENHHOI TOBEPXHi
CIiBBiHOIUEHHAMH

2 .
Ju l(aw) sinoy  €cosQy 09
= - gyy = U+ W K

Exy = A T s ==
T oox 2| ox R, R, ¥ ox
sinog w W, 0,
K., = , €&, =—+0, £, =—, K, =—, 4
wETR P BT TR M TR @

B cniseigHomeHHax (1) — (4) anﬁHﬂTi 3araibHOBiIOMi 1103HaY€HHA Teopii miaxpinnenux obonownok [2, 3], a
R, =Ry +xsinay, ne %Q — KYT KOHycHoOCT, Ry — pajiyc MeHILOi OCHOBH KOHYca.

Ilo6yaoBa pisHHLEBHX cxeM. PisHuueBa cxema GyayBanach 3a JONOMOFOI0 iHTErPO-iHTEPIONALIHHOrO
MeTony, 1o o6yMOBIEHO MPUCYTHICTIO B PIBHAHHAX pyXy pO3pHBHHX koediuieHriB. B obnacti 3MiHroBaHH
3MIHHIX (e, 1): Or =Qx[0,T] 3anpoBamwkyeMo pisHHMUEBY CiTKy Pp, = {(x,, t:), x;=ilAx, t i =J%
i=0,1,..,N; j=0,..k NAx=L; kt=T } TAKUM 4YMHOM, 100 TOYKHM BCTAHOBJIEHHA pebep cniBmanany

3 By3JaMHM CiTKM MO MPOCTOpOBii 3MiHHIA. B obnacti (2 BBOAMMO IIe ONHY CiTKy 3 HamiBUIMMH iHIEKCAMH
(.1 : . .
Xipl/2 = 1+—2— Ax. TIpoinTerpyemo cnisBinHOWeHHs (3) Ha eneMeHTapHOMy Biapisky [x;, x;,;], anpoxcu-

MYHOYK [pd UbOMY iHTerpaiu 1o gopMyiti Tpaneuii [4], cuaoBi XapakTepHCTUKH 0GONOHKH CIIBBIZHOCHMO 10
TOYOK 3 HamiBLIMMH iHAeKcamu. PiBHAHHA pyxy (1) 3amucaHi B 3yCwuifX, TOMY iX iHTErpy€MO Ha eJleMEHTap-

HOMY Bimpi3Ky [X;_1/2,X;4+1/2]. Tlicas inTerpyBanHs piBHAHE pyXy i MpoBeNEHHA BiINOBIAHMX NEpPETBOPEHb
OJIEPAYEMO pismaueBy cXemy:

L sinog
xi+i2 T T (Tyy,i—l/z +Tyy.is1/2)=

b4

) 8i—lr + 28ir + 8H-lr'

-phzr +_Zp’ (tu h,.(p;“ 4

1 _ 1 Tyy,i—l/Z Tyy,i+l/2
—— (Rl )5 jn * 5 +
Ry ; : cosog| Ry, 172 Ry
1 —1r +26 +6H~1r
+ i(RxTxxW )x Ji+1/2 P +—Z A 4 4
sinoy
( xx)Jt i+1/2 _(Mw,i—llz "‘Myy,i+1/2)‘
.X,l
ol
[(sz Yict/2 + (©Qx)isrs2) = _—<P‘
) e (B + 28 + 85y,
+—ZprAr[ ( hr(P ) Zwtt,i:] 4 . )

CriiBBigHOUIEHHSA MPYKHOCTI B Pi3HUUEBIH (bopm
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1 i _ .
Lix,im1/2 = Eh2 T (Tl Y v [ R 5
1-ve| & 2 %! 2 (Ryi Ry

COsS (X, W; . W
+ 0 i—1 4k ,
2 Rx, i~1 Rx,i

_ Eh B 1 2 Sinao Ui Uiy
Tx"”'“m—m(ux,iﬂ+_2_(W;,i+1) TV 2 (R +R *

X, i x, i+1

cos O ( Wi oW

+—1],
2 |\ R Ry,

Eh 1 sinog | u; u;
Ty ist/2 = 5| vus V(e ) + 0f Sy JHl 1y
s ]—‘v X, i+l 2 x,i+l _ 2 Rx,i Rx,i+l

COSQ W; W
+ 0 i+1 bk ,
2 Ry Ry,

ER v| sinay sin o
My ip=—">5719 .+ @; + iz | |5
o 12(1- Vz) \ b2 Rx,i 1 Rx,i+l "

ER’ I sinag sin o
My, iy =———57| VO *+= 9 + Pis1 ||
it 12(1-v?) L nHLC20 Ry T Ry o

My, i 172=

EW ( 1| sinoy
V% TS
12(-vH{ ** 2

X,

1
sz,i—l/Z = zeh(“;,i + E(q)i +9;q )J:

1
sz,i+l/2 =zeh(w;,l-+l +'2'((pi +(pi+l)]'

R.(Pi

R

x,i~1

sin g
+ (Pi—l) >

(6)

Lls cxema € OOHOPIAHOK i /I03BOJILE PO3pPaxyBaTH CHIIOBI i KIHEMATHYHI XapaKTEPHUCTHKH 0OONOHKH 32
OIHAKOBUMY (opMyNiaMu ATs BCill po3paxyHkoBiii obnacti. 3a molyRoRoOIO cXeMa Mae ApyTruif OpsAXOK TOUHOCTI

1o yacoBiit 3MiHHil i nepuIKii MOPAAOK ~ M0 MPOCTOPOBIH 3MiHHIH.

[Ipu npyroMy miaxoni, 3aMMCYIOThCS PIBHAHHA PYXY IS IMIAAKHX YaCTHH OOONOHKH:

R e (R sz) %%"—:phf;—j—;, xeY,

T TR ) (P .

—,%;%(&Mxx - yya;fj‘—RxQxf-"gg—j% eQ. @
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3anexHocTi Mix AedopMauisiMU — riepeMillleHHAMHY | CHiBBiNHOLIEHHS NPYKHOCTI MaloTh BHA (4), (3). Ha
AiHISX PO3PUBY IOBMHHI BHKOHYBAaTHCh KiHEMATHM4HI i KMHAMi4Hi YMOBH CHpSXEHHA oOONOHKM 3 pebpamu
wopctkocti. TIpH  OpCTKOMY KOHTAaKkTi KiHeMarwuHi YMOBM MoxHa 3amucatd  [1] y  Bunmani

[u]x=xr =[W]x=x, =[(P]x=xr =0, ne [u]x=x, =Ux o " Uxg i T.A. — “cTpubox” QyHkuii B TOUUi X=X,

(pi3uuuy 3Ha4eds GyHKUil 37iBa i CNIpaBa Bil TOUKK X,. ). 3 Bapialli{HOro NPHHIKITY ONEPKHUMO JHHAMIYHI YMO-
BM CTIPSDKEHHA

(6% 62(p *w
[Txx]x=x,. :prAr 6t2 +hr¥ s [sz]x:xr =Trkr +prAr 5t2 ’
Pu (o J, )%
[Mxx]x=xr =k.My, +p,4, ia?"" e +;1f 57 . ®

B oxxopigxiit yacTuni 060I0HKH pisuuueBa cxema Oymyerhca abo iHTErpo-iHTEpNONALIHHAM METOIOM
abo inmuM crniocoGom [4], ToMy 1o B TIaOKiH YacTHHI QYHKLIM B PIBHAHHAX PyXy MaloTh Audepenuiioani no-
Xinni Gynp-akoro nopsaaxy. B obnacri BcraHoBnenns pebep cniBinHoweHHA (8) 3aMiHIOOThCA Pi3HHUIEBUMH.
IMo6yaoBaHa TaKHM YHHOM CXeMa Mae€ ApYTHil MopAA0K TOYHOCTI B rRaaKil yacTHRI 06070HKH i nepuniit nops-
IOK — B MicLsIX BcTaHOBNEHHS pedep [5].

Uncennni pesynsTaTi. BUukopyucToByrouu po3pobnaeHy 4ucelbHy METOJMKY, 6yJ10 JOCNIIKEHO MpPYXKHY
peaxuilo maxpireHoi KOHiYHOI 000NOHKM Ha Hil0 iMIyNBLCHOTO HABAHTAXEHHA. PO3paxyHKH NMPOBOMMAKCH 3a
IDONOMOTOI0 OAHOpinHOY pi3HuneBoi cxeMy. CHiBBiZHONIEHHA Mik KpOKaMM iHTeTpyBaHHS BHOMpanuch TakuM
4uHOM, o6 3a6e3nedyBanach NpakTHYHA 36DKHICTE NOOYAOBAHOTO pi3HMLIEBOTO ANrOPHTMY. BuBYanach peak-
wis NiaKpireHoi KOHIYHOT OGONOHKH Ha [il0 PO3MONINEHOT0 HABAaHTAXKEHHS NPH YMOBAX JKOPCTKOFO 3aKpiruleH-
o1 Topuis  ofonoHkw. 3agaua  poss’ssyBamace mia obomoHok i pefep 3 mapamerpamu

hoLh 1 RS54

= o = n HaBautaxeHHs, mo aie #a oDONOHKY, 3afaBaiocsy [3, 6]
L 80 L 8 L 16 TS ’ ’ i

B . (nt
surman P(t) = %sm —_ ['r](t) -n( ——to)] , e M(#) — dynxuis Xericaitna. [TouaTkoBi yMOBH Hy/b0Bi. Pe6-
fo

po BcraHosnene B touni x =0,3L . 3anexuicTs nporuHy 000J0HKY NOB3JOBKHEOT KOOPAMHATH B MOMEHT 4acy

* * - g .
4=t ,net - 4ac npoGiry npyxHoi XBII B3XOBX JOBXHHM 0GOJIOHKH, NPENCTABACHO HA PUCYHKY. 3 HBOIO

w ——
h
VAN
V
0,2
_
0 0,2 0,4 0,6 0.8 x/L

BHJHO HACKiJIbKH BIIMBAE peOpo KOPCTKOCTI HA 3MEHIUEHHS MPOTHHY OBOJNIOHKH B 30HI HOro pO3TAlIyBaHHA.
TMpu o =0 uncenbHI pe3yAbLTATH CHIBNANAIOTE 3 PO3PAaXyHKaM¥ It DWITIHAPKYHOT O00NOHKH.

SIK moKasye KiibKiCHU aHaimi3 as g apuaanuX obonoHok [7, 8, 9] npu po3noineHoMy HaBaHTaXeHHi oOua-
Ba MIZIXOAW NAIOTH NPAKTUYHO OJHAKOBI pe3ynsraTd. [IpH HABAaHTAXKEHHAX THUIy MOB3AOBXKHBOrO abo momneped-
HOTO yAapy No Kpaio 0G0oJIOHKY GiBLI NPHAATHHMM BUABIAETHCA APYIHil HiAXil, 1O JO3BONAE AOCTIANTH 0C00-
TMBOCTI IMCKPETHOTO PO3MillEeHHs peGep. Ha HanpyKeHO-1e(hOopMOBaHHNH cTaH OGONOHKH.

92 Wlynsra M.O., Boraanes C.1O.



BICHHUK JOHEUBKOI'O YHIBEPCHTETY, Cep. A: Ilpupoannyi Hayku, 2003, Bun. 1

PE3IOME

PaCCMOTpCHbl ABa NoXoAa YUCJICHHOr0 aHaln3a BbIHYXXICHHBIX koneGanui NOAKPETICHHBIX KOHUYCCKHUX obonouek:

PasHOCTHAA CXE€MaA CKBO3HOI0O CHETA H PA3HOCTHAA CXEMa C BBIOCIICHUEM ocobeHHocTel. [Tokazans! METOJBI IOCTPOCHNA pa-
3HOCTHEIX CXeM B 000KX CayHasx, paCCMOTPEHEI NPCUMYIIICCTBA KDKAOTI0O U3 HUX.

SUMMARY

Two approach for numerical simulation forced vibration stiffened conical shells are considered. There are homogene-

ous through finite-difference circuit and difference scheme with localization of non-homogeneous. Methods difference
scheme construction are given.
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VIK 539.3

YHUCEJILHUM CNTOCIE AHAJIIBY JUCHEPCII OCECUMETPUUHHUX
XBWJIb B OPTOTPOITHOMY LHMJIIHAPI 3 PIAUHOIO

B.M Lynvea, O.M.[llynvea
Incmumym mexanixu HAH Yxpainu, m.Kuis

TommpenHs XBUIb B MOPOXHUCTHX LWHIIHAPAX 3 pinuHOIO posrasganocs B podorax [1-3, 5 ta iHm.]. B
Uil CTAaTTi PO3BHHYTO YHCENbHMI CIoci6 po3B’A3aHHA CNEKTpaIbHOI 3aa4i MPO MOIMPEHHA GCECHUMETPUUHUX
XBWIB B KPUBOJIiHifHO-OPTOTPONIHOMY LUUIIHAPI, HATIOBHEHOMY CTHCIIMBOKO iIeaT-HOX PIIHHO. YMOBH JOCKO-
HAJIOr0 KOHTaKTy TBEpAOrO Tijla 3 PifIMHONO 3amucaHi B iMnenaHcHiH gopmi. B yacTMHHOMY BHHAIKy HyJIbOBOI
KPVMBU3HH TpU FPaHMYHOMY 3HAYeHHI IMIEAAHCY OAEPXKAHO PO3B’S30K 3a/aqi Mpo MOBEPXHEBI XBUil B 1UaPi HA
MIBIPOCTOPi PiAHHH.

HocranoBka 3anaui. [Tpu ocecumetpruniii nedopmanii AMHaMiYHKA HanpyXeHdi CTaH B OPTOTPOIHO-
My WBUTIHApP] 7 <7 <7y 3 KOMNO3HTHOTO MaTepialy B KpyroBHMX LWTIHAPHUHUX koopmuHaTax (r, 0, z) omu-
cyetsed [3, 4] cucteMoro mHpepeHLianbHUX PiBHAHb KONHBaHb

2 2
p 0 U, - 60'rr 5 O, —Cgp + 60rz p 0 U, _ ao-rz + Oy + aczz 1)
6t2 or r oz atz or r oz
i MaTepiabHUX CIIBBiIHOWEHD
| G, =¢C ouy +ep e Ou Cgg =C au’+c “r tc Ou;
rr 11 or 12 , 13 oz H 00 12 or 22 - 23 P H
ou u Su ou ou
O =C3 = +Cp3 —+C33—=, Op =cgu(—=+-25), @
or r oz Oz or

B AKMX BpaxosaHi ¢opmyin Kowi s nedopmaniit. [lpyskui Motyni ¢j; i rycTuda p MOXYTh GyTH KyckoBo-
HenepepsHUMY GYHKLIAMUA KOOPAKHATH 7 3 PO3pUBAMHU MepIloro polLy. B TakoMy pasi Ha BHYTPILIHIX LUATIHA-
PHUHUX NOBEPXHAX 7 =it , ¥y <Fint < 7N , IPH JOCKOHANTLHOMY MEXaHIYHOMY KOHTAKTi MIOBHHHI BUKOHYBa-
THCA YMOBH HENEPEPRHOCTI HAMIPYXKEHD G . , O, i NEPEMIlIEHb U, , U, .

B akyctuuHOMY HaOnykeHHi [is KOJMBaHb BHYTPIlIHBOI CyOCTaHNii B cepelnHi WIiHAPY crpaBemIaBi
{1, 2, 5] piBusHHA :
ov 0
Pa = “VP ’ '_E‘
ot ot

Tyt p ~THuCK, V — WBMAKiCTh, P, 1 €, — ryCTHHA i IBHAKICTS 3ByKYy, V — oneparop 'amisibToHa.

=—pac V- V. 3)

Ha 30BHImHi} NOBepXHi UWIIHAPY ¥ = 7y TPHIIMEMO iMIIEJaHCHI TPAHWYHI YMOBH Y BHIJIAAI
a,6,,(ry,.)+bu,(ry,..)=0, a,c,.(ry,.)+bu,(ry,.)=0. @
Ha eHyTpimHiit IOBEPXHI LWHIIHAPY ¥ = ¥) NOBHHHI BHKOHYBATHCS YMOBH JOCKOHAILHOTO MEXaHIYHOTO
KOHTAKTy MPYKHOTO Tija 3 piauBoK. Lli yMOBY Takox 3anmuuieMo B iMieJaHcHil GopMi
p(rgs.-.) Oup(ry,...)
v (79,e-2) ot

O pyp (Fyree) + =0, o, (rp,)=0. 6y

3ayBaxuMOo, O KOHTAKTHI YMOBM NPH 7 =y MOXHa 3anucaTd B ¢opmi (5), Ao 36ypenni cTan B pi-
AMHI BU3HaueHHH 3 TOYHICTIO O CTAloro MHOXKHHKA.
Cnoci6 po3s’sizky. Bynemo nrykats po3s’ 130k piBHsHb (1), (2) 12 (3) y Buriai 6ixydux XBHib

(O >u,,u,,6 5. 1=Relicoen () (1 + &), hy, (§),~ihy3 (&),
coY4(&)/(1 +e8)expilkz - wt); (6)

p(r,z,1) =ReicggAgZo (ot r)expi(kz ~ ot) @)
B ¢dopmynax (6), (7) i nani BukopucTani nosuaueHus: Gesposmipsa xoopausara Eh=r—R, 2h=ry -1y,
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2R=ry +ry, ER = h, ® — uuKIi4Ha yacTOTa, K — NOCTiliHA NOLIMPEHHK, Cqg i P — HOPMYIOUi apaMerT-
.o . . 2 ' .
pu 3 posmipricmio Ma i krim®, Zg(o,r)=Jg(a,r) i o, =4k, -k mpu k, >k, Zo(a,r)=I(o,r) i

o, = \}kg —k2 , Jo(), Io(:) — umnippuuni ¢yskuii HymsoBoro nopsaaxy, Ag — HeBifoMma ctaia iHTerpy-
BaHHA.

Hicna nincranosxu (6) B (1), (2) i pamy nepersopeHs s BU3HauYeHHA 6e3po3MipHuX aMITiTy aHHX (GyHK-
uii y j (£) omepxumo [4] raMiIbTOHOBY CHCTEMY 3BHUYaiHUX muepeHialbHIX piBHAHB

V@ [ 4n€)  42E)  43E) 44€)}[»E)
() 0 0 A44E) AnE)]|»2(E)

, = 8)
W€ |- 431E) —45E) —4,E) 0 v3(€)
Vi) [~452(E) —4p€) —428) 0 || yale)
3 ¢yHkuieto ['aminpToHa
1
H= A4 y1y3 + 412¥2)3 +§A13)’3)’3 +Ajayays +
1 1 1
+ 5A24J’4J’4 + -2‘A31Y1y1 +A3py1ys + 5A42J’2y2 : )]
Henynbosi enemenTn Matpuui A;; (§) BM3HAYalOThCA (POPMynaMu:
€1 VI ER s
Ay =2 g, =y - 128 I
i (1+e8)ey; 2 E(CZB yy )
2 82 C 2
A3 =(1+€8) PO ———| Tpp - 22
(1 +&)? Ci1
Ay=-F, Apgooe— gy =L
14 o (1+e8)css’ 3 (1+e8)e;’
- 2
_ _ ~2 __2
‘432=i'—3k' - Agy =(1+¢E) 033—c_1—3 kZ-POJ . (10)
€] €11

Y ¢opmynax (8)-(10) suxopucrani Gesposmipni BenHuMHM CjiCoo =Ciji, PPOO = P> k=kh,

@ = 0hpoo/coo -
I'panuui (4) Ta KOHTAKTHI (5) YMOBH [UIA HOBHX HEBiAOMMX QyHKLil HAOMPAIOThL BUTIATY

Iy (+1) =B, y3(+D) =0, b, py(+])+ —Z y (+1)=0 an
1+¢ l+¢
B SIKUX Zia=aacoo,l7a=bah,(a~r,z),Ta
_2 ‘
1—-gjp, 0 Zgla
yl(—l)—( P of arO)ys(—l)=0, y4(-1)=0, (12)

- r
@, Zo(tar0)
BAKHX PaPoo =Pg» Ay =0,k ; “IITpux” o3Hauac noxiady Bifl LMNiHAPHIHOT GyHKUIT MO apryMeHTy.

Po3B’ 230K cnekTpanbHoi 3axayi (8), (11), (12) 6yaemo urykatn wnsaxoM pedykuil wis asox 3agad Komi
s piBHsHb (8) 3 NiHiHO-HE3aNEKHUMH TIOYATKOBUMH YMoBamu npu & = —1, aki He cynepeuats ymosam (12):

: 2
1 2 1-gjp, 0 Zola 7
YO (C)=p010,01, yO ()=l Zolan) 4, 3
P4 (O. a’o )
JliniftHa koMGiHalia po3s’a3KiB wHX ABOX 3anau Kowi 103BoNs€ BUKOHATH rpaHNYHi ymOBH pd & = +1,
BHACJIiIOK 4Or0 OAEPKHUMO CHCTEMY ABOX OJHOPIIHHX PiBHAHD
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2 —
a 3 p— -
Z(—’—yl"’m)—brys“’(m)Xi =0,
~\l+e
i=]

2
Z(b Y2
i=1
‘YmoBa iCHyBaHHS HETPHMBiabHOTO posn’asxy cucteMu (14), To0TO piBHICTb Hy/eBi il BU3HAYHIKA

(’)(+1))X =0. (14)

“><+1)—1? y3“><+1); S (2’<+1)—b7y3(2>(+1)
det 1+8 1+8 =0 (15)
b,y Drny, By, TSN

€ nucniepcitnuM piBHAHHaM. [Ipy 3a7aHUX @ KOpeHi k 3HAXOAATHCA METOIOM Gicexuil. ina RoBibHOT napu
(®;, k;) Ha qucnepciiiHuX KPUBHX MO BiANOBITHOMY HETPHBIABHOMY PO3B’A3KYy OAHOPiIAHOT chcTeMH (14) 3Ha-

XOMMO (OpMY XBUII 1O pamtiaibHiii koopauHati. ®azoBy i rpyNoBy WUBUAKOCTI XBUIIi BH3HAYAEMO 32 BIIOMUMH

¢opmynamu ¢ _9 ic 90
f———: g =
k dk

B uyactuHHoMy Bumagky €=0 gucnepciline piBHAHHZ 1 “cyxoro”  waniHapy (mpw
6, (15 =0,..)=0=>y (-1)=0, 5, (0 -0,..)=0= y, (-1)=0) nepexonuts [4] B aucnepciline piBHAHHS
ans xpunb Penes-Jlem6a B ruiockoMy wapi —hA < X <+h=>-1<§ <+1. B punaaxy usinisHapy 3 piamHow auc-

nepciiine pipHanus (15) npu € = 0 nepexoaurs B qucrepciiiHe PiBHAHHS 11 MOBEPXHEBHX XBHIb B CTPYKTYypi
“npyxHuit wap — k2 < x < +h Ha nisnpocropi x < —h pinusn” npn k > k, i rpaHudsOMYy nepexoni

Zolaary) _To(eary) _ Io(aah(e'l —1))
Zolagro) Ioleano) Ié(aah(s—l—l))

()r

—>1lnpue—>0.

[HIMMH CIOBAMH OMHMYHMI BEKTOD Y

I (-1)=

B opmynax (13) tpeba 6patu Takum
5 _2

,0,1,0 . (16)
\/k —k

YncesbHi pesyanTaTH. [ia po3s’s3ky cnektpanbHoi 3agadi (8), (13) 3actrocoByBaBcs Meron Pymre-
KyTra 4eTBepTOro mopsaky, KopeHi nucnepciiHoro pisHAHHA (15) BA3Ha4anuca mMeronoM Oicekuii. IlpyxHi Mo-

ayni Matepiaty wwlinnpy npuivamuca pisama  (C) =Cpp, €12, €13 =23, €33, ¢s5) = (1,39;0,778;
0,743; 1,15; 0,256) :10° MITa, rycrusa p =7500 Kkr/m’. BeepeauHi WNHOPY 3HAXOAMWIACA BOAA 3 MEXaHIY-
HIMHU BRACTHBOCTAME C, =1500M/c, p, =1000 K/ . Feomerpuunuit mapamerp € = 0,25 . Hopmyroui na-
paMeTpH Cop =Cs5, Poo =P -

Ha pucyHky noxazasi jucniepciiii kpuBi s OpYXHOTO LGUTIHAPY 3 piAuHOW (LITPHXOBi KpuBi), WA

TPY)XHOTO UUITiHApY Oe3 pinuuu (TOHKI CyuinbHi KpuBi), 1A PiAUHM B )KOPCTKOMY WAMIHAP] (ITyHKTHPHi Kp#Bi).
[apuianshi AuCHepCiiiHi KpHUBI A PiIIMHHA B JKOPCTKOMY UMIiHAPI BU3HAYAIOTBCA 3 RHCHEPCIHHOTO PiBHAHHA

Ji (ro \/k -k )=0 i aBixOTE cobolo mapabony (3a BUKIOYEHHA nepm’o‘i 6esmucnepciiiol npamol

kg =k). 3 rpagixis BuaHO, IO YACTOTH 3aPO/UKEHHA 1S XBHIb B LWATIHADI 3 pumnom rpymytoTsea Ging nap-
LiaNbHUX YaCTOT 3aPOVKEHHA XBH/Ib B NPYXHOMY WANIHAp] i 4aCTOT 3apOJDKEHHS XBANb T4 PLIMHH B KOPCTKO-

My ininapi. Tlepwi 3 HMX mpu Manux €  Bu3HawaoThes [4] 3 dopmyn @ =0, s&“-,clz /c“)/ P,

0,5nmy\css/p , 0,5nm\Jcyy /p , 1 =12,.... Apyri nerxo 3nallTH 3 ACTIEPCIftHOro piBHAHHA
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or
51 W (4)

ey pi——— | ()
g U(Q2)

oo O

}
0 0,1 0,2 0,3 0,4 0,5 k/n

2 2 =
J l("O \’ k;, -k )= 0 nmpu k =0. [pn 3pocranni XBUILOBOro YHCIa k aucnepciiiHi xpuBi 1 LMIIHApPY 3

PIIHHOIO “CRiAKYIOTH’ 3a MapuiaibHUMK JMCNEPCIHHUMY KPUBHMH, TICHO HaGIMKarounch 1o Hux. OcobauBocTi
MOBEAIHKY JUCREPCIRHMX KPUBHX B LWTIHAPI 3 PiWHOIO NPOABAAIOTECA B OKOJi TOYOK MEPETHHY NapuiayibHUX
IMCNEePCifiHUX KPUBHX, e BOHH Pi3ko nepefyaoByioThes. Take ABUIIE € XapaKTEPHMM JUIS CKIANEHHX KOJNHBHHX
CHCTEM B3arani.

PE3IOME

Pa3BHT uMCIEHHBIH CNIOCOG pelIcHUA CEKTPAJILHON 3a/laui O PachpOCTPAHEHHH OCECUMETPHYHHX BONH B KPUBOJIH-
HEH{HO-OPTOTPONHOM LHMIKHApPE, HANOJHEHHOM CXHMAeMOH WICaNbHOM KUAKOCTBIO. YCIOBHS COBEPHICHHOrO KOHTaKTa
TBEPAOrO TENA C KUAKOCTHIO 32MHCAHHE! B UMMeaaHCHOM dopme. B yactHOM ciyyae Hynesoi KPHBH3HBI [PH NpEACARHOM
3HAYCHUH MMITEJaHCa MOMYUCHO PEIEHHE 3aaY1 O NOBEPXHOCTHEIX BOJIHAX.

SUMMARY

It is developed the numerical method of the solution of a spectral problem on wave propagation in axisymmetric
orthotrophic elastic cylinder filled with a compressible perfect liquid. The conditions of ideal contact of a solid body with a
liquid written down in the impedance form. The solution of the problem on surface waves is obtained in the special case of
zero curvature at limit value of impedance.
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VK 621.3.084: 534.1

EJIEKTPOITPYXXHI KOJIMBAHHA 1 YTOUHEHA ®OPMYJIA KOE®ILIEHTA MEPEJAYI
IJIOCKOI'O INIACTHHKOBOT'O I’€30TPAHC®OPMATOPA

B.JI.Kapnaw
Incmumym mexanixu HAH Yxpainu, m.Kuig

IT e30enexkTpryHi TpaHCGHOPMATOPH ENEKTPHYHMX HANpyr i CTPYMiB CTAHOBJIATH OCOONMBY IPYIy €NIEKT-
pOMeXaHiYHHX NEPETBOPIOBAYIB, AKi IIMPOKO BUKOPHCTOBYIOTHCS HacaMnepeR y [kepenaX BTOPHMHHOIrO eIeKT-
poxxusnenss (IBEX), ne crani enexTputiHi HanpyrH HEPETBOPIOIOTHCS 3 OJJHOTO (HM3bKOr0) piBHsA HO iHIIOrO
(Bucoxoro). OCHOBHUMM eKCIUTyaTalilffHUMHK TapaMeTPaMH I’ €30€IEKTPHUHUX TpaHC(OpMaTOpiB MOXHA BBa-
)aTH: KoeillieHTH nepenayi eneKTPHYHMUX HANPYT i CTPyMiB, poOoui 4yacTOTH, PiBHI BUXiAHMX HanpyTr aGo
CTPYMiB, koedilieHT KOPHCHOT 11il, MOTYXHICTh, MillHICTh, IOBTOBI4HICTb. OCTaHHI ABa OKA3HUKH 3HAYHOIO Mi-
POIO 3JIEXKATH Off XapakTepy AedopMyBaHHA Ta HANPY>XEHOTO cTaHy, NpoTe UeH 6ik cnpaBu NPaKTHYHO HE po3-
FIAHYTHH y JiTepartypi.

[po6remMam KOHCTPYIOBaHHA i BUTOTOBNIEHHA I’€30TpaHCc(opMaTopiB Ta aHali3y ixHbOI poGoTH npncax-
yeHo 6arato po6iT, AeTanbHUI OTIIAA AKMX NpoBeAeHO B [1]. AHani3 HasBHUX My6iikanili nokasye, wo hopmyim
ana koeQiuieHTIB Nepenaydi BUBEEHI, FOJIOBHUM YHHOM, METO/IOM EKBIiBAJICHTHIX CXEM i CTIpaBeLIMBi NEpeBaX-
HO JUI4 NEpIoro pe3oHaHCy. 3alMIaloThC  HENOCTaTHO  BHBYEHMMM  4acTOTHI  BJIACTMBOCTI
n’e3oTpancopmaTopiB Ta ix nedopMoBaHo-HanpyxeHui cran. B [2] po3pobiieHo MeToauKy aHaIITHYHOrO BH-
BYCHHA HANpYXXEHOTO CTaHy i 4acTOTHMX BJIACTHBOCTEH NonepeyHO-NMo3N0BXKHBOrO N’€30TpaHchopmMaTopa CTe-
pxHesoro Tuny. Onepxano yTouHeHi ¢popmynn xoediuieHTa nepenadi eNeKTPHUHO! HANPYTH B PEXHMI XO0JI0C-
TOrO XOXY ! OLIHEHO BIUIMB HEONHOPINHOCTI €IEKTPONpPYXHHX MapaMeTpiB CeKUili Ha YaCTOTHI BIACTHBOCTI.
TIpoBeficHO eKCTIepUMEHTANIbHI NOCHIKEHHA HaNMpYKEHOro CTaHy MakeTiB I’€30TpaHcdopMaTopa MeTonoM
1’ €30TpaHCHOPMATOPHOro AaTYHKA Ha KilIbKOX MOZAX KOJIMBAHb.

1. BumyLueHi no3A0BXHi KOJHBAaHHA MAOCKOT0 n’c3oTpancopmaTopa. B poborax [2, 3] po3rmmyTo
MaKeT [UIACTUHKOBOTO I’€30TPaHC(OPMATOpa KOTPHIA CKIAAETHCA 3 ABOX CeKuil. BXiaHa cekuis Mae noBxuHy

/| , NOKpHTa TOHKMMU €JEKTPONaMH # NONAPK30OBAHA N0 HACHYEHHA 10 TOBLIMHI. BuXiaHa CeKuis Mae TOBXHHY

!, , enexTposHe MOKPHUTTA HA TOPLI i TAKOX NOJIAPH30BAHA 10 HACHUCHHA, ajle HE 110 TOBIUMHI, A 110 JOBXKHHI.

Lle ocHOBH2 BiAMIHHICTb MDK CEKUiAMH — BOHU MalOTb Pi3Hi eekTpo¢izuuHi mapamerpy. Ha npakTuui ToBILMHA
2h immpuna 25 0o BCIi'DOBXKMHI IIACTHHU POBIATECH OIHAKOBHUMH.

Mo BximHOi cexuii, IKy Ha3UBAIOTb TAKOX CEKLIEI0 30y IKEeHHA, NiABOAMTLCS BiJl 30BHILIHLOTO reHepaTo-
pa 3MiHHa Hanpyra V|, min BIUIMBOM AKO1 BHHHKAIOTh €JIEKTPOMEXaHiuHi KonuBaHHA # mporikae ctpym [.

BHacnizok KoiaMBaHb IUIACTHHM BiflyBaeThes ii neopMyBaHHs, HAa eJEKTPOAI BHXIZHOT CeKLil, Ky Ha3HBaIOTh
i€ TEHEPaTOPHOIO, BUALIAETLCA I1’€303apaa (), , KOTPHHt 3apskae BHXifHUMH eNeKTPOI A0 Pi3HHLI NOTEeHLianiB
V> , TaK mo Mix CrineHuM 1A 060X Cexiiit HIKHIM €IeKTPOIIOM BXiZIHOT CEeKIil i BHX0A0M MpoTikae cTpyM /5.

B po6ori [2] nnsa KOMINOHEHT MeXaHIYHHX 3MilIEHb Ta HAMPYXEHbL OfepKaHi Taki BUpa3u (BCI MO3HAYEHHS TYT i
Hauti 36iraloThes 3 BKazaHoO poGoTO)

(dy1 ExyA—Akysink 1) smk1y+Ak1cosklllcosk1y

= 1.1
vl ki A coskql; b
d31EX]ACOSk1y—Ak1 Sink] l] COSk]y Aklsink1y+d3]Ex1A (12)
(0] 1= - 5 .
g Asﬁcosklll lelA :
U= (833 D)y A+ Akysink,lp)sinkyy + Akycoskylycoskyy 13
¥ ky Acoskyly ’
833Dy Acoskyy+ Akysinkylycoskyy Ak, sinkyy+g33 D)0 A
O'yz = - . 1.4

D D
s33Acoskyly s334A
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[Moxiaua B yaci Bix noBHOro n’e303apsaay (J) BU3HAYa€ BEIMUMHY CTpyMy /|, abo

k2 tank, 1,
kil

0
di1C
. . T 31991
L= jo [Dyds=2jobel; [| By +—
s -1 £33

T 2 D

. T 2
dy:](z)COIVl(l—-k3l+

2bd31 d33 Dyz

(l—cosklll)2 -jo (I1-coskyly)(1-cosky15), (1.5)

! T
llACOSkl 1 833A
ae
T 2
2bli€ d
T _ 1<33 S _ 2 T 2 Y31 _
C01'_2h » Cor=U-k3)Cop kyy=—Ff—F> Vi=-2E4h,
S11833
2 2
k2 - d33 (283 dy o1 6
B = E.7 ko= p 7 8nT 7 PuT (9
$33€33 $33P33 €33 €33
Ha Buxoai reHepaTOpHOT ceknii BUHHKaE pisHULA TIoTeHHiamB [4]
12 T 5 kf‘)tanylc
V2 =—JEy2dy=—[333Dy212 1+kD—T +
0
2 E 2
833511Dy2°‘2°°“+g33d31V1a1a2 a7
s3D3AcosyK 2hA ,
a 'y BXiaHifi cexuii npoTikae cTpyM
. AT 2 2tank, . .2 D 2
11:~j(x)C0]V1(l—k3l+k31——K )+ joks syz0x
. 2bd31d33Dyyoq0y
xcosyk/ljAcosk+ jo 7 .
_ Ag3,
(x=kyl}, xg=kyly, xy/x=Y, ) =1~-cosk, ay=1-cosyK) (1.8)

BapTo 3ayBakuTH, IO BUpa3H B DyXKaX LMX CHiBBiAHOLIEHD 3GiraioThed 3 Gopmynamu (2.26) Ta (2.9) pobotu
[4]. Komuux oGMexeHs BITHOCHO ENEKTPMUHOrO pexumy 1’ esorpadcdopmaropa noci He 6yno, Tomy dopmynn
(1.14), (1.15) xapaKTepu3y!OTh SiK IIPAMHIi BIUTHB BXiAHOT CEKLil HAa BUXiAHY, TaK i HABIIAKH.

2. Koeginient nepeaaui nnockoro n’esorpancdopmaropa. B pexuMi X010CTOro Xony, KOTpUit XapakTre
PU3YE MOTEHUiMHI MOXIMBOCTI I’€30KepaMik, eCKTPOCTATHYHY iHEYKIiO B TEHEPATOPRIil ceKiii NPUIHATO BBa
xaTH piBHOIO Hymo [4]. Bupas ang V', B TakoMy peskuMi 3HaYHO CTIPOUIYE€TECH:

=g33d31V1°‘10ﬂ2
2hA '

Binnowenus Kj, =V, /V; € koediuierrom nepenadi (tpancdopmauii ) i’ e3otpanchopmatopa B pexumMi xoo-
CTOrO X0Ay ¥ NOPIBHIOE

) @1

g33d31010, L
Koy=""" - 2.2)
12 2hA

Lleit MOKa3HMK THM OinbmiMil, YAM BHII 1 €30Momysi 060X Cekuiif, TOHINA IIACTHHA i Ginblie BiAHOMEHHA
0105 /A . 3HaMeHHHK 11bOTO P0Gy Ha PE3OHAHCHHMX YaCTOTax 06epTAEThCA B HYb, TaK 10 K NpAMye 1o He-

CKiHYEHHOCT. YHUKHYTH ULOTO MOKHA BBEJCHHSM B aHAJII3 MeXaHIYHMX BTPAT eHepril, sk ue 3pobneno B pobo-
Tax [4, 5], noknaBH -

k=x-jx"=«'(1-j/20,). 2.3)
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BpaxyBaHHs JHLIe MEXaHIYHHX BTPAT 4Yepe3 MeXaHiuy noGpoTHicTe (), TYT LOMyCTHME TOMY, 0 poGodnM

PEKHMOM 11’ €30TpaHcopMaTopa € Pe30HAHCHMH, KOJIM BIUIMB €IEKTPOMEXAHIYHHX 1 JiETIEKTPHYHHUX BTpaT Ma-
sat. Tlicns BiAMOBIAHMX NEpETBOPEHb TPHIOHOMETPUYHMX (YHKLIM YSBHOTO apryMeHTy yepe3 rinepOosiuni, a

Takox npu yMosi shk” = k", chx” =1 () me3orpancdopMaTopHuX Kepamik He MeHuie 200, Tak wo B iH-
tepeani :w/2<k'<2n: k" =x'/20,, <0,02) maemo

Aq=cosx'sinyx’+7ydsink’cosyx’,

A,=(1+ v28)x"sink’sinyx’ —(1+ d)yx"cosk’'cosyx’,

ajay=aja,-2jk"B, aj=1-cosx’, o’ =1-cosyk’

, , YK yx' . ¥ X
=ya +o , =sin— cos—, =sin— cos—,
B=yaiBy+a3 B2, By 5 5 B2 5 05
ajay ajorA-j (0t10!2Az+2K BA1) "
As AZ+A2 '
3 ypaxyBanusm (2.4) Bupas (2.2) npuiimMae BUITIAL;
lld33d3l[a1a2A1—- (a1a2A2+2K BA ):l
2= ; s 2.5)
2hs”s33871< (Al +A2)
TOBTO CKnanaeThes 3 AikicHoi # ysBHOT yacTHH. Ha pe3oHaHcHHX dacTotax A =0, Tomy
' ll d33d31 2 1-cosk’)(1-cosyk’
Kiares =—J = On ( X Y€) (2.6)

2h S“833 dx'yx’ (l+725)smK sinyk’'—(1+8)ycosk'cosyx’

Di3U4HANA CMHCH Ma€ JIHilie MOMyJib [{bOr0 BUpa3y I Klzl , OCKiJIbKY PEaKTHBHICTb 10B’3aHa 3 BIUIMBOM BXiIHOT
1 BUXiZHO1 eMHOCTe# TpaHcdopmaropa.
ll d33ld31| 20, (1-cosx’)(1—cosyk")

K12 = .
[ Kial= 2h s]E1 53 BSr'yx! (1+7%8)sink’sinyx’ —y(1+8)cosk’ cosy k'

@.7)

Taxkuli Burnag Mae yTouneHa ¢opmyna koedinmieHta TpaHchopMalii  NMONEPEYHO-MO3AOBXKHBOTO
1’ e3oTpancopmarTopa, CnpaBeannpa 1s O6yAb-AKOro MO3JOBKHBOTO pe30HAHCY. SIKLIO MOKIACTH, AK Le 3pob-
neso B pobori [5], y=0=1, k'=n/2, sink'=1, cosk’ =cosyk’ =0 To orpumaemo dpopmyy
40, d3ldn| I
| Kl =5 2 | e

E_T
s332h

B po6ori [5] 14 pesxuMy X0I0cTOro X0y i Nepiioro no3ioBXHBOTO PE30HAHCY OJEpPXaHO TaKHH Bupas:

E
40, d33d3 13 [

Ku(): - (2.9)
E 2
n? e5(-kg) @
OCKiNIbKHA
E
Y
32 L . (10)
1-% sD
33 533

a pisHULA MiX s3D3 i lel npu BuBeneHHi (2.9) He BpaxoByBarack, To dopmynu (2.8) i (2.9) 36iraiorsca. Oop-

MYJIOKO (2.9) INMPOKO KOPHCTYIOTBCSA K PO3pOOHMKH I’ €30KepaMik, Tak i KOHCTPYKTOpH I’ €30TpaHc(opMaTopiB
{1,2]. Tlpn upoMy HOMYCKAETHCS MOMMNIKA He TiIbKH Y BU3HAYEHHI PE3OHAHCHOT yacToTh Ak /2, a # y senu-
ykHi kOedilienTa TpanchopMallii, 0COGNHBO Ha 06EpPTOHAX NO3JOBKHIX KonuBanb. [ToXHOKa y BU3HaueHHI Yac-

TOTH OCHOBHOTO Pe30HaHCYy AK 7t/2 cKiajae [uig THTaHaty Gapito 3,4 %, Toni Ak 1/1s iHIIMX KEpaMik MOXe Iie-
peultysaty 10%.
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3. Hanpy:xennii cTan NPSMOKYTHOFO n'e3oTpancopmaTtopa. Ilepenumemo Bupas ans HanpyskeHb
O 1 Bxinuoi cexuii, noknaswu A = y//; i 3BiBIM "LACHH 3 ORHAKOBUMHU 3HAMEHHHKAMH
431 Exi
Oy = —E—-—i—{ A« (cosAk —cosk)~ydagcosyksin[(i+ k)x]} +
8§71 A« cosK

ngss Dy 0L2 sin[(1 + 7~)K]

3.n
S 33 A*

Tepmwi mBi cknazoBi LBOTO BUpasy NPAMO NpPONOPLIiHI AirodoMy B cekuii 30ymkenns nomo £, i obepneHo
nponopiiiiHi no6yTKy A« COsK .BoHH BH3HAYAIOTH Ty YACTHHY MEXaHIYHMX HAMpPYXKEHb, Aka BUHUKAE Y BXiAHIN
cekuil NiJ BIUIMBOM NpHKJIAfeHOT A0 Hel enexTpyuyHoi Hanpyru V. Tpeta cxiiaioBa XapaKTepH3ye MOXJIMRHI
BIUIMB TeHEPaTOPHOT (BMXiHOT) ceKliii Ha BXiXHY Yepe3 iHAYKIIo Dy 2

B po6ori [3] npoananizosani rpadiku $ynxuiii cos(k), A«(x), As«(x)cos(k), cosyx npu y=0,85
(o Binnosizae n’e3okepamini HTCTBC-2) B intepsani yactor 0 <k £2,27 i nokasaHo, Lo nepuwia KPUBa rie-
PETHHAE BiCh YAaCTOTH JiMile y ABOX Toukax T/2 i 37/2, toni sk YoTHpu ToukM nepetudy Qymxuii As(x)

BiANOBiNAOTH iHIIKM YacToTaM. Skiyo cnpsMyBatu Y —> 1, sx y pobori [5], To

A*| y=1 =COSK SINK +sink cosk =sin2x (32

i “Hyni” Gyukuii sin2K cymictatees 3 n7/2. AMIUNTYaM Apyroi ¥ TPETHOI CKNAOBUX JUHAMIYHHX Hanpy-
’eHb nponopuilni ¢yHkuii sin(l+A)K, ToAi Ak NepLIOIO CKIAJOBOIO HA PE30OHAHCHMX 4YacToTax, fe Ax =0
moxHa 3HexTyBatu. [padika sin(l+A)x, poboru [3] ana k=7n/2, n, 3n/2, 27 nOKa3ywOTh, IO HA TEP-
Wil Moai B310BXk cexuii 36yIKEHHS Bill HEHTPY N0 KPAIO MIACTMHU BMilgyeTses 1/4 xBuni sHanpyxeHb Cyl-

Ha npyriit moni Tiit e QOBXHHI BIAOBIZA€ MIBXBUIA, @ TpETA i YETBEPTa MOIH MAIOTh 10 TPH 4BEPTi H ABI niB-
XBWI HanpyxeHs. [lis ueTBepToi Moau rpadik CKIazaeThes 3 ABOX OJHAKOBHX MO IUIOMI ITOJTIOBHH PI3HOTO 3Ha-
ka. HaBenenuii i’ e303apsj nponopuiifmni'l [0 iHTerpasty 10 IUIOLNi Bii MEXaHIYHHX HAINPYKEHb, a IPOTHIIEKHI 32
3HAKOM i PiBRI N0 BEIMYHHI 1T’ €303apsAd TYT HIBENIOIOTHCA CYHITBHHMM NEKTPOJAaMH, TOMY YETBEPTA CTEPXKHE-
BAa MOJIa B EKCIEPUMEHTI HE CTIOCTEPIracThCA.

Jlns BUXizHOT ceKLil MOXHA Ofiep)KaTH Takuil BUpa3

d31p By oy sinl-My] - 233Dy

c
y2 =
suA* sﬁA*cosyK

x{(cosAyKk —cosyYK)A« —a 5 cosksin[(I-A)yk]}. 3.3)

BusHauaneHuUM IS PO3NONITY JMHAMIYHHX HampyxeHs B3gox oci Oy € muoxuuk sin(l—-A)yx,

rpadiku fgxoro NOHOBHIOIOTH cofolo nobynosaHi
tam ke rpadiku sin(l+A)x. CumerpuuHni
XapakTep pO3NCALTY OCLOBHX HampykeHb B 000X ! v
CeKifax I’ e3oTpanchopMaTopa Ta iXHA PIiBHICTH 12 | - - 5 S
Ha TPaHMLi BEAYTs O BaXIMBOIO BHCHOBKY —
piBHi MEXaHiYHHX HampyXeHb B MONEPEHHO- T
[O3I0RXKHBOMY 1 €30TpaHchopMaTOpi CUMETpHY- '
Hi BiZHOCHO rpamumi po3miTy HOTO CeKui. KT g
Ckazane MOBHICTIO MATBEPMXYEThCA rpadixamu
PHCYHKY, Ha SXOMY MOJAHI pO3MOALTH B3AOBXK OCi

cekuii 30ymkeHHs koediliesTiB nepenayi et : 3

n’c30rpauc¢opmampnms natquki [6] Ha Maxe'_ri , , < f B e

80x18x2MM, po3nopin moTeHIHaniB AaT4HKIB B RN -

TOBTOPIOE PO3NOMIN MEXaHiUHMX HampyXeHb I1ij ; -~ 5 . ; i \13"”2
o

uuMu. XiZ nepmMx TPHOX JNiHilf TMOBHiCTIO
BIJNOBiNAa€ ONMCAHMM BHUINE KpHBMM, TOOI fK
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4eTBEPTa MOJIa MA€ HE3BWYHE 3pOCTaHHA JHHAMIYHHX HANpYXKeHbL A0 TOPUA IwiacTHHH. 1{:0 CBOEpiAHY MOXY MO-
*HA OTOTOXXHHTH 3 KPalOBHM pE30HAHCOM NPAMOKYTHHMKA, AETANILHO ROCHiKeHMM Y poori [7]. L 3aranom
cnabeHbka MOJA BiA3HAYAETHCA Pi3KUM 3POCTAHHAM aMILNITYAM 3MillleHb 1O KYTiB, a Halipy)Xe€Hb ~ 1O TOPLIB.
CrepxHeBi MonM mo3HayeHi ma rpadikax cumsomamu L1-ZL3, kpaiiosa - E1. Ha suxizsomy enexrtponi

I’ €30TpanchopMaTopa g MOIA He PeECTPYEThCA, TOOTO BUXIAHOT HANPYTH HA 1T YaCTOTI HeMae.,

PE3IOME

Ha ocHoBe pa3paboTaHHOl aBTOpPOM paHee METONMKM aHANMTUYECKOTO U3YHCHMS OCHOBHBLIX CBOMCTB TMONEPEYHO-
NPOONLHOrO Nhe30TpaHcopMaTopa CTCPKHEBOTO TUN2 NOAYuYeHs! yTouBenusie opMynst ans xoadduugenTa nepeaun
3MEKTPHUYECKOTO HANPAKEHUS B PEXKHME XONOCTOTO X042 H OLEHEHO BIMAHUE HEOXHOPOAHOCTH JNEKTPOYTIPYIHX Hapamer-
POB CeKUMit Ha 4acTOTHbic cBo¥cTBa. IIpoBENEHB! IKCHCPUMEHTANLHBIE HCCNCAOBAHKS HANDMKCHHOTO COCTOAHHMS MAKEeTOB
MILE30TPaHCHOPMaTOpPa METOAOM MKE30TPAHCHOPMATOPHOrO IATYMKA Ha HECKOJIBKUX MOJax KojaeOanuid.

SUMMARY

On the base of analytic investigation of the main properties of the rod-type transverse-longitudinal piezotransformer
the refined formulae for transform ratio were derived and an influence of non uniformity of the electroelastic section
parameters upon frequency properties was estimated. The experimental study of the piezotransformer stress state was
provided by piezotransformer transducer method for several modes of vibrations.
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YK 539.3

METOJ{ BO3MYIIIEHNS YIIPYT'MX CBOMCTB B HEKJIACCHYECKOH
TECPUH M3TUBA AHU3O0TPOIIHBIX OBOJIOYEK

AT 3enencxuii
IIpudnenposckan 20cy0apcmeernas aKaoemis Cmpoumenscmea u apxumexkmypsl, 2. [{nenponempoack

C ucnosib30BaHHEM METOLOB BO3MYIUESHHA YNPYTHX CBOMHCTB Matepuaia [1], ceeneHus TpexmepHoit 3ama-
4y K [BYMEpHOH Ha OCHOBE BapHAlMOHHOTO NpHHUMIA PeliccHepa [2] W pa3snoXeHHs HaNpKEHHO-
negopmuposanHoro coctosuus (HLAC) obonouxd B pambl o NONEpeyHON KOOPAMHATE ¢ MOMOLIBIO TOMHOMOB
Jlexxanmpa, MOTyUeHBl pa3pellalonive ypaBHEeHHs H3rnba Nojaorux aHW30TPONHBIX 000104k NPOU3BOJIBHOH MO-
CTOSIHHO# TonmMHbl. MeTon paznoxenus HAC no TosmuHe ¢ HCIIONB30BAaHHEM NOJIMHOMOB JlexaHapa npume-
HsIcs paHee B [3—5], a 3aTeM noayunn nansueifiee passutue B [6-8]. [Ipu 3ToM, B oTAMuME OT JPYrvX BhIUIS-
ykasauHsix pabort, B [6, 8] ucrons3oBancsa BaprauMoHHbIH npuHLmn Peiiccaepa. B MoHorpaduu [7] usnoxena
TEOpHUsl pacyeTa OPTOTPOMHBIX H TPAHCBEPCAJIbHO-U3OTPOMHbIX IIACTHH H 0060J104€K € YUETOM TOUHBIX 3aBHCH-
MOCTeH MeX Iy HanpsmXeHHaMu u jedopMauusMu. Peienue monyvyaeMbIX NPH 3TOM YPAaBHEHHMH B HEKOTOPBIX
CIIy4anx ObUIO CONPSIKEHO C NpeofoeHueM GONBILINX MaTeMaTHYECKHUX TPy XIHOCTEH.

IMocTaHOBKA 3a4a4d. PacCMOTPHM NONOry10 aHU30TPONHYO 0060J104KY NPOM3BONBHOM NOCTOAHHOH TON-
WKMHbI 4 ¥ TIaBHBIMM KPUBH3HAMM CPEIMHHOM noBepxHocTH ky M k. ByaeM cuuTarh, 4TO Ha ee JIMLEBBIX

NIOBEPXHOCTAX
0,(z=%xh/2)=(Fq(x; y)— p(x; ¥))/ 2, cxz(z=ih/2)=cyz(z=ih/2)=0; )

He ymenbias oGUIHOCTH, MaTepuan 06010ukn 6yaeM cuutaTh OPTOTponHbIM. Toraa Hanpxmenm u aedopma-
uuH Oy 1yT CBA3aHbl ypaBHEHMAMU 3aKkoHa I'yka BHaa

€x =110y + @20, +430,, €, =ap|0x +dx0, + a0,
€; =a310x + 0320, + 330, Yy, =440z, Yxz =550 525 Yxy = %660 xy > )
TocTpoenne peweHns. 3anuieM KO3PUUHEHTHI a;; B BUIE
ayp=apo(l+0q1), ap =ap(l+axne), a3 =a(l+as3e),
apy = a1+ ap28), a3 =appp(l+ay3e), a3 =aype(l+0ay38),
agq = agao(1+0.448), ass = ago(l+xsse), g6 = agao(l+066), €)
rae ay1g, 4120, 9440 — YNPYTHe NOCTOAHHBEIE HEKOTOPOTO M30TPOMHOTO TeNa C YCPEAHEHHBIMHU CBOHCTBAMK
a0 =(a +ap +a3)/3, apg=(ap+a3+ay3)/3, ag =2a10 —a20);
€ — MaJBIii IapaMeTp, PaBHbIil HaHMeHbLIeMY U3 oTHoweHu# (ayy — ay10)/ A110, (@22 —A110)/ 911055

(66 — G440)/ asa0 -
Byzem cuntarth, 4TO BHYTpH 060N0oukH dG ., 6(5},, éc xy Tpoi3BONbHEI. TOrIa H3 BAPHALMOHHOTO YpaB-

HeHus Peiiccrepa [2] moay4uM TOUHBIC BRIPAXEHHS I O, Oy, O, . PacknasbiBas HCKOMBIS (GyHKLUNA B PAIBI

1o MajoMy napamMeTpy € , Haxoaum
Ky (k) k (k)_k
(cxs Gy) Z(G( ) fV)}e " nyZZOXyE . (4)
k=0

3nech
o8 = by ge® + biagel® + Dio® @D,
(k) _ bm,s(k) +Byy 03 ) 4 ch(k) q)(k 1)’ 65;) =GY¥;) _ Qg];]); ©)

k-1)

oxy — yHKuMY, 3aBucsmue ot (k-1)-ro npu-

G, bi19, bipo —mocToanHsle MaTepuana; (D(k b (D(k = CD(
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OmbKeHHA, npuyeM LA 4=0 yxa3aHHbie BETHYHHBI PaBHBI HyJIIO.
C nomMolup1o NoMMHOMOB JIexkaH/Apa pasnox1M NEPEMEIIEHMA B pAAbI 10 HONEPEUHOH KoopauHaTe z. Or-
paHN4MBaACh NEPBBIMU 4-Ms WICHAMU pAda, OyaeM HMeThb

(u, v)= Z P, (uy,, v,), w= Z PaWyi - ©6)
m=0 m=0

rae P, (z) - nonunomsl Jlexanapa, U, =uy, (X; ¥), Vp =V (X5 1), Wy =w, (x5 ¥).
Paznoxum nepeMememm u fedopMaituM B PSALI N0 Manomy napamerpy €

(u,v)= ZZP(uS,{C), ,(,{c) , W= ZZP w,(:zlsk,

k=0m=0 k=0m=0
k) k k) k
£ —Za() s Vyz = Zv() : @
3aech
(k) ZP (u( ) +kw§:+)1 (k) ZP' :21’ (k) _ ZP (u(k) (k)
m—O m=1 m=0
Yo = Z(P,,, WO+ P ~KiBlD), K=k, Ky=ky, wy =0. ®

Hanpnxcexmx € MHIEKCOM z TaKXe TPEACTaBUM 4epe3 MOMMHOMBI JlexaHapa Tak, 4ToObl yAOBIETBOPS-
JMCh rpaHuyHble yciaoBuA (1):

6, =—p(x, ¥)/2~BB/5- P, /10)q(x, y)+ (B /15-2P, /21 + P} /35) 0y (x, y)+
+3(R/35-2P; /45 + Py /63)w3(x; ¥)/2,

(K —-P)
05 =20 )+ Y20, (6, 3) 2 (B - PO (5 ) ©
Pasnoxum HanpmkeHus G,, Oy, O, OyHkuuu mz(x, V)yeors Q3y(x, y), a taxxe p(x, y),

g(x,y) B pagsl no napameTpy € .
(k) k (k)
o= ol 0, = SO,
k=0

k) k k
p(x, y)=Zp( ek, pO )=p(x, » PP =0 k=12

k=0
k) k 0 k
q(x, y)=2q( e 4V =g ¢ =0 G120, (10)
k=0
3necs
k k k k
() mfn), () ZPS()

9= ——p/2 vy /15, z,”‘) =-3¢"/5+30{" 170,

20 =209 121, £ =g no-e{¥ s, =35,

=022, 5§90 =001m, &= /n,

1x
k k k k k
s = 0B 14300 K7h), S =— 0 1h, 0 = 30B (1) an
C ygetom (5), (8) n (11) umeem
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3
b Z P oD O3 p (B gD (12)

oxy
m=0
rae
k k k k k k
% )-buow‘ LR+ a0y + kWi )+ Dizy,

= bao (), + k) + 8100, + k) + Dz, m=0,1,2,3;
20 1m+1 10 2%m+1

k k k k k k k
wz(;)— xg) WO 0, ()_G(() N

(k) (k)

W3 sapnaunoHHoro ypastenns PeficCcHepa Noyaem BPaXKEHHS Wi M, *, M3, 3asucsuue or HAC

1x > =3x
camue ot HIAC (4-1)-ro u k-ro npubmmxenuit. AHanoru4Ho nostydaeM auddepeHuHanpible ypaBHEHHS PaBHO-
BECHA U I'PaHUYHBLIE YCIIOBUSA B A-M IPHOAMKEHHHN.
Ecnu BBECTH MOTCHUHANBHbIE M BUXDEBBIC QYHKIMH @ =U; x +V; 5, W; =U;y =V 4 (i1=0,1,2,3),

obonouku (k-2)-ro, (k-1)-ro # k-ro npubamxeHull, a TakxKe BBIPAKCHUA KA Q(k) Q(k) Q‘(y Q(k) 3aBH-

TO nUddepeHInanbHbIE YPaBHEHHUA B k-M NPUOIVDKEHNH IPUMYT BHIL

a(p a\l} 6w 6w ow "2 !
D24 80 +G—= ayo +D25k—?a—x—+D26 E™ —D27k 53 ng(kl) Uy +D29klu1 +
(k)
0P, 15 k-1 k-2
+D3g(k{)up + Dy kju - Dy 5 - D33 {; +oll - ale?,
Ows
Dy 20 09y . Oyg + Dy kﬂq,.yn owy D38k——D39(k§) vo + Dyokyvy +

A ox % % %y

(k)
L2 , f20) %) k~1 (k-2) .
+D41(k3) vy + Dypkvz ~ Dy3 ___ayz =Dyy %y ‘D(vox ) - D0 ’;

1.0} o oy owy owy ows
D46 al 47—a—xl+G—a—yl——D8 . +D49k o +D507+D51k1u0-
(k) (k-2)
~Dsyuy + Ds3kjuy — Dsquz = Dss a at — @
oy ow dw,y Ow;
D46E‘_D47 ag; ~G—— axl Dyg ayl + Ds7hk—= e + Dsg —5y‘+ Ds1kavy —
(k)
/ k-1 )
—Dsgv; + Ds3kyvy — Dsgvy = Dss +q’£n - 512 )
09 oo o 6w ow ow: )2
‘“D60 ép +D6] 82 +QG ayyz Dﬁ k— a] D63~é;2“'+D64k—?a'x'3—+D65(k1) Ug +
, , A IR )
+D66k1u1 - D67ll2 + D68k1u3 = D69 —é;c__ + (Du2l q)u72 ,
o 80 é ow ow ow 2
~Dgo g;" + Dgy 8})2 -G gf - Dygk Byl D3 6y2 +D71k—ayi+ Dys (k) vy +
(k)
, ) (k-1 k-2),
+D66k1"1 - D71V2 + D68k2"3 = D69 ay + q)v21 - (DE'22 5
owsy
—D72 6([)1 -+ D’v3 a(P3 +G 6\u3 D75k D76 — 4 D77kluo o

Ox ox oy Ox
()

(k-1 (k—2)
~Drguy + Dagkiuy — Dyggus —081*“‘+‘Du31 @37
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o o 5w ow :
~Dqy ayl +Dy3 6; 3 D74 6y Dszk 5 2~ Dyg a; +Dyrkyvg —
, Oq ) k-1 k-2

—Dgavy + Dygykyvy — Dgsvy = Dy —-—+ ‘Diu ) q’izz );

oy
2 2 ou
~Dgsk®g + Dyg@) + Dg7k9y + Dogp3 + D7V wy — DygVows — Dsskgxg' -

Ovp , Dy\ki Ouy | Dy1ky 0vy
Dok =TT 5

2 (k) (k) (k-1) (k-2)
=Do3k" p D Py s

2
— Dok " wy —~ Dg1hwy + Dopkws =

2 Oy ov
—Dos9q + Dosk®y + Dog@2 + Do7k@3 + D4V wy — Dogk 'a— — Dggk Eh}

Dy ki ou ky Ov; 2D-k
* l;’ 1—63+Dl’6/ 23;_ 57 Wy = Dyogwy — Digihw = ~Dyo kg +

ZDsp( )k
(Dw 1

2 2
onz’“Po + Dyo391 ~ Dygakoy + D105<P3 = DypsV W1 +DyVows +
Ouy oy
+Dyoghki —— pw +D109k2 Duo——Dm*@*JfDnzk wy + Dyy3kwy —

) (k) (k-1 (k-2)
~Dyyqwy =—Dyysq™ - Dyyehp™ + @50 + (). (13)
3aech M B JanbHelIeM B GYHKUMAX OMyIUEHs! MBACKCH “K” BBepXy. Koadduumentsi D ¢ uHaekcaMn BHHU3Y 3a-
BHCAT OT TOJLIUHEI 000/I0UKH K (PU3HYECKHX NIOCTOAHHBIX MATEPHANa, 8 BEJIMYHHLI B TIPABbIX YACTAX yPaBHEHHUI

¢ uHgekcamH (k-1) u (k-2) Bepxy ~ o HIAC (k-1)-ro u (k-2) npuGnrnkeHuii.
I'paHUYHbIC YCIIOBUA B A-M NpHOMDKEHNUH IPUMYT BHA:

I{(N(k)—Nou))Su + (V) ~ Nyay, +Z((Mff) M ysu, +
=l
+(M,-(Vk)~1\:[i(k))8v (O~ 018w, ) ds =0 (14)

5

No )

rie Ou > Q 3aBucAT OT (k-1)-ro ¥ k-ro HIC ofonouku; N(()u), Qy:v) 3aBUCAT OT MHTEHCUBHOCTH
BHEIIHEH Harpy3x# Ha O0KOBOH NOBEPXHOCTH 000J104KH B -M NPHOIDKEHHH.

Anamnupys ypasHenus (13), IpHXOIuM K BBIBOAY, YTO M3 3TOH CHCTEMbI HE Y1aeTCH BhIAECIIUTh IBE He-
3aBUCHMbIE [PYNIbi ypaBHEHMH, ONKCHIBAIOIIMX, C OHOM CTOpoHbI, BuXperoe HIC (bynkumn Yy, Vo, Y3),¢
apyro#, notenumansioe HAC (dyuxkuuu g, vy, Wy, wy, wy).

JieiicTBHe MIrHGaOMMX ycH/IMil. PacCMOTPMM Ciiyuail, KOT[a Ha JMUEBLIX [OBEPXHOCTAX 0GONOYKH
neficTBYeT Tonbko U3rubHas Harpyska (p=0; g #0):

cz(th/2)=¥q/2, cxz(ih/Z)zcyz(ih/Z)zo. (15)
Torpa ¢ ocTaToIHOM CTENEHBIO TOYHOCTH MOXKHO ITOJIOXHTE
uy=vy=wy=0h, =0, =0y =kj=k; =0. (16)

Tocne HekoTophIX npecbpa3oBanuit cucTeMb! (14) MOXXHO BBLICTHTH YPAaBHEHNA, ONMCHIBAIOLME BUXPE-
BO¥ kpaeBoii 3¢dexr, ByTpennee HC u noteAumansHbiii norpasciioif. Umeem

2 k-1) o (k-2
(GV" - Ds3)w; =~ Dsg 3 —q’(yxn - q’(yxlz)’

2 ' k-1 k-2
~Dygyy +(GV” = Dg)y3 =070 + @D )
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0¢p oYy 8w (k 1)
024 ax +G—?a;~+ D25k a uO s
&po 5\u0 owy _ (k=1)
D, —+ Dygk— ; 18)
%y o y 9

2 2 2
DygV ™0y = Dg7V" 03 — Dspp1 — Dsap3 — DygVowy +

2 2 (k k-1 k-2
+D5gVws = D55V g™ + Scyl]) _CDSryIZ)’

2 2
DpyV=og - D73V @3 + D70y + D3 + D74V wy +

2 (k) (k-1 k-2
+DygV Wy = ~Dy Vg (Pfcyg,’ -CDfrm) ; (19)

2 2
Dyg01 + Doz + Dy7V7wy — DigViws —

Ouy vy k k-1
—Dgsk—a—— - Dggk—"a)—]- - Dgok Wl ( ) Ewl 1 ) y
Dig391 + Digs®3 ~ DiogV 2w + Dio7V2ws -
k k-1 k-2
~Dyygwy =Dpysq + @50 + oD (20)
Bripaas u3 papeHcTs (20) @1 u @3 u noacrasnss ux B (19), ¢ yuerom (18) nomyyaem crienyromyo cuc-
TEMY:

k-1 R
Lj1"0+Lj2VO+Lj3W1+Lj4W3=L(j ) (]:1,2),

k—1,k-2 ,
lello +Lj2V0 +Lj3W]+Lj4W3 :LS ) (_123’4), 2n

rae L i~ aupdepenmansubie oneparopsi. [IpaBble yacTd B ypaBHeHHaX (21) suneitHo sasucar ot HJC npempi-

nywnx npuGavbkenuit. [panyanble ycnosus (14) mis paccMarpuBaeMoro ciydast ¢ ydetoM (15) u (16) taoxe yn-
pomatotca. CrcTeMa HEOHOPOIHbIX AubdepeHunanbHbIX ypasHenuit (17), (21) umeer 16-i nopagok. Peinenue
COOTBETCTRYIOLIMX OXHOPOAHBIX CHCTEM ypaBHeRHi (17), (21) Moxer ObITh HaliIgHO ONEPATOPHBIM METOAOM.

TMocnenoBaTenbHOCTL pelleHns 3anad u3rnGa HeToHKUX 060T0YeK py W3rHOHOM Harpy3Ke 3aK/mouaeTCs
B CIERYIOLIEM.

Jina k-ro npuGimxeHus U3 cucTeMbl (21) HAXOMATCA Uy, Vg, Wy, W3 H obliee pemienye L Yy ¥ Y3 U3
cuctemsl (17). Y3 ypasrennii (20) onpenensiorcsa ¢ ¥ (3 4epes iy, Vg, W), W3 . 3aTEM U3 TPETHErO, YCTBEP-
TOr0, CEABMOTO M BOCHMOrO ypaBHeHHit cucTembl (13), npunumas Bo BHuManue (15) n (16), Haxomsrcs
uy, vy, U3, ¥3 9Epe3 @1, O3, Yy, Y3, Uy, Vo, W, w3 . Takum o6pasoM, B k-M npubmmwxenus OyIayT HallieHb!
KOMIIOHEHTB! TIepEMEIlIeHHH U, Vy,..., W3 1 BUXpeBble GyHxumu ), 3. lanee u3 ypapuenni (11), (12) na-

XOIATCA HanpsDkeHHA, a u3 (8) — aedopmauun B k-M mpubmwkenyn. [Ipy 35TOM HODKHLI BLIMONHATHCA COOTBET-
CTRYICIIHE PacCMAaTpyMBaeMoMy CIIy4ar rpauuuHeie ycicsua (14). Iocne storo, u3 ypasHenuit (7) Haxozartcs
nepeMeiens U aegopmanuu, n3 (4) u (10) — HanpsmxeHus, BOSHUKAIOLME B 000NOUKE, KOTOPhIE YUHTHIBAIOT
nepsbie k npubamkenuii no napameTpy € .

PE3IOME

Jaetbcs 1106y10Ba 0/AHi€T TeOpii 3THHAHHA NOJOTMX AHI30TPONMHUX 0GOJIONOK JOBiIEHO! TOBIIMEM 3 MO3ULIH TpH-
BHMIpHOT Teopii MPYXHOCTI HA OCHOBI METOAY 36y peHE TIPYKHUX BIACTHBOCTEH Matepiany. BukopucToBy€Thea Bapiauiditmii
npusimn Pejicuepa. OnepxaHo po3B’a3yBanbHi piBUSHHA B JOBIILHOMY HaGmakeHHi, nposeneno ix ananis. Posrmsmyro
YaCTHHHHUI BUNAZOK No0y10BaHOro BapiaHTa Teopii 3THHAHHS.

SUMMARY

The construction of the theory of bending of slanting non-isotropic envelopes of arbitrary thickness from positions of
the three-dimensional theory of an elasticity is considered on the basis of a method of perturbations of elastic properties of a
material. The variational principle Reissner is used. The solving equations in an arbitrary approximation are obtained, their
analysis is carried out. Let's consider special cases of the constructed variant of the theory of curving.

3enenckuit AL 107



BICHHK JOHEIIbKOI'O YHIBEPCHUTETY, Cep. A: Ilpuposnnyi nayky, 2003, pun. 1

CHHUCOK JIMTEPATYPHI

1. T'yab A. H., Hemuwi FO. H. Meroas Bo3MyIHeHHIt B fIPOCTPAHCTBEHHBIX 3a/a4ax Teopuu ynpyroctu. — K. Buma wxk.,
1982.-352 c.

2.  Peiiccuep O. O HekOTOpPbIX BAPHALMOHHEIX TEOpeMax TeOpuH ynpyrocty // TIpobreMb: MEXaHHKH CILIOWNOH Cpelsl. —
M.: Hzn-8o AH CCCP, 1961. — C.328-337.

3. Bekya WL.H. Teopus ToHkux nonorux obonouex nepemexHol tonuust / Tp. Tounuc. Mar. un-ta. - 19635. - T.30. - C.3-103.

4. Kunpuescknit H.A. OcHORbI aHAIMTHYECKOH MexaHuku obonoyek. — K.: M3n-so AH YCCP, 1963. - 354 c.

5. TlonsroBckuit B.B. K Teopun usruba anmsoTponHbix nnactuvok // [Ipuxknandas MateMarixka ¥ MexaHuka. — 1964, —
T.28. — Ne6. — C.1033-1039.

6. Ilnexanos A.B., [lpycakos A.Il. O6 onnoM acHMITOTHYECKOM METOAE NOCTPOCHHA TEODPHUH M3TMOA MIACTHMH CpenHeH
tonuusl // U3, AH CCCP. Mexaunuka Teepaoro tena. — 1976, — Ne3. — C.84-90.

7. Xoma U.IO. O6o6mennas Teopus aHu3oTponHeIX obosouek. — K.: Hayk. aymka, 1986.— 176 ¢.

8. 3enencxuit A., [Ipycakos O., Bosuenko M. Bapiant 3senenns TpusuMipHol 3aia4i 3ruHy cG0NOHOK [0 ABOBMMipHOL //

Theoretical Foundations of Civil Engineering. — 2000. — Vol.8. — P.426-430.

Haoitiwna 0o pedaxyii 17.04.2002

108. 3enenckuii A.T.



BICHUK XOHEILKOIO YHIBEPCHUTETY, Cep. A: Ilpupoannyi Hayku, 2003, sun. 1

VK 539.3

JA3EPHBIE YHTEPOEPOMETPHUYECKUE CITOCOBbI ONNPEJAEJIEHNS]
TEXHOJOTHYECKHUX HANNPSIZKEHVH B AEQ@OPMUPYEMDIX TBEPABIX TEJIAX

I' H. Yepuwviues, A./1.1Tonos, B.M. Kozunyes, A.A.Anmonos, U.H Ilonomapes
Hucmumym npobnem mexanuxu PAH, 2. Mockea

Jlist perucTpaumn nepemMenieHni, BO3HUKAIONMMX TIPH H3MEPEHVH TEXHONOTHIECKHX OCTATOYHBIX Hamps-
JKeHHI METOJOM CBEpJICHHS OTBEPCTHA, YCMEIUHO NPHMEHEHH! pasHble MHTepdepoMeTpHUecKne MeToasl. [lep-
BBI}f MeTOJ — ronorpaduueckuii, 3aKIIOJaOMHIACA B TOM, YTO roJorpaMMbl HCCIIEAYEMOTO yJacTka obbexTa 10
H [10CJIE CBEPJICHMS OTBEPCTHA 3AMTHCHIBAIOTCA HA ONHY M Ty ke (OTONIACTHHKY. BhI3BaHHOE 30HAMPYIOIHM OT-
BEPCTHUEM TIOJi€ TIEpEMELIEHMI MOBEPXHOCTH HAMPIKEHHOTO YYacTKa Tella BhIABIAETCA B BUAE CHCTEMBI HOJNOC —
unrepdeporpaMmel. [dajiee repeMellleHds o pa3paboTaHHON METOHMKE TIEPECUMTHIBAIOTCS B HanpsukeHHa. Me-
TOX ABIAETCA HETPYNOEMKHM, HAAEKHHIM, HAIAAHBIM U MHGOPMATHBHBIM, C OYEHb MAIOH, MO CPaBHEHMIO C
IOpYTMMM METOJaMHM, ITOATOTOBKOM MecTa HCCIenoBaHuA. BTopod MeTonl . — JIEKTpOHHas CIeKi-
uHTephepoOMeTpHs, CyTh KOTOPOI — HbpoBas peructpanus creki-¢portorpaduii ¢ onopusiM aydoM. OHa npo-
BOJIMTCS [UIA pasHbIX CTanMil CBEPJIECHHA C MOMOLIBIO BIIEOKaMephl i KOMMBIOTEPA, a 3aTEM BRIMNOJHAETCS KOM-
NBIOTEPHOE MONApHoe cpaBHEHHe TakuxX Qortorpaduii. PesynpraToM siBNdeTCs NPEACTABICHUE 10/ NepeMelne-
HU} B BUIE HHTEPdEpOrpaMMal.

TIpuMeHeHHe 3THX METOMMK PACCMATPHBAETCA HA MpPUMEPE W3MEPEHMs TEXHONOTMYECKHMX HanpsKeHU# B
nepdOpHPOBaHHON KOHCTPYKLMH — KOJUIEKTOpE NApOreHepaTopa. ITH HANpAXKEHHS BO3HUKAIOT BO BPEMS M3r0-
TOB/EHUA KOJUIEKTOpA ¥ CYIIECTBEHHO BIUAIOT HA €70 HaleKHOCTb. .

Hndopmaiius 0 HanpsHKEHHOM COCTOSHHH 31E€MEHTOB 000pYyHOBaHHMA BO MHOTHMX CIYdasaX BaxHa M
TIPOrHO3MPOBaHMUA OCTATOYHOTO PECypca, NPOQUIAKTHKH OTKA30B M BEIABICHHS MX NPHYMH, & TAKKE [N JUar-
HOCTHKH KayeCTBa PEMOHTHBIX paGoT ¥ MOCTaBnseMON TeXHUKH. VI3BECTHO HOCTATOYHO GONBLIOE KOIHYECTBO
aBapuif, B TOM YKCJE ¢ KAaTaCTpOUIECKUMHU MOCIEACTBUAMA, B IIPOMBLIILTIEHHOCTH M TPAHCIIOPTE, CBA3aHHbIX C
HEJOCTaTOYHO TMOJTHBIM ONPEAENISHUEM HANIPSXKEHHOrO COCTOSHUA O0BEKTOB.

HanpakeHHs B KOHCTPYKUHAX Pa3ACIAIOTCA HA aKTUBHBIE ¥ OCTaTOYHbIE. AKTUBHbIE HANPSOHKEHUA BO3HH~
KaloT BO BpeMs TIPWIOKEHHs BHENIHEH Harpy3ku. K 0CTaTOYHBIM, KM BHYTPEHHHM, COOCTBEHHBIM, OTHOCAT Ha-
TPSDKEHNs, CYLIECTBYIONIHE B KOHCTPYKLIMH H NIPH OTCYTCTBHH BHELIHUX BO3J€HCTBU#. OHM BO3HHKAIOT BO Bpe-
M5t TEXHOJIOTMYECKUX TIPOLIECCOB M3TOTOBNIEHHUS U3NENHs U TAKIKe BO BpEMA €ro SKcIuTyaTamm [1].

OcTaTouHbIE HANPAXKEHMS 00pa3yloTCs MPaKTHIECKH BCEFA B TEXHONOTHYECKHX IIPOLECCAX M3TOTOBIE-
HUA ¥ 00pabOTKH MaTepuUanoB, TAKMX, HAIIPUMED, Kak JIMThe, CBAPKa, KOBKA, NMPOKATKa, WITAMIIOBKA, MEXaHHYe-
ckasn o0paboTka, TepmoobpaboTka. Takke ITH HANPSKEHHA BO3HHKAIOT B KOMIIO3WUTHBIX MaTepuatax BCAEACT-
BHE pa3iuuus KO3 QULHEHTOB TEMIOBOTO PaCIIMPEHNA WM YCaAKH KOMIIOHEHTOB.

MeTo/bl M3MepeHHs aKTHBHBIX HATpHKeHU pa3paboTaHbl AOCTATOYHO FITy6OKO, YTO HeNB3s CKasaTh 06
OCTATOUHBIX HAMPmKeHWs X. Ha NpakTHKe OHM YacTO 3aMacKWpOBaHbI, H 3TO IPH TOM, YTO HX BEJIHYMHA OBIBAET
Gnu3Ka K mpeaeity YIpyrocTd Matepuaia. TeopeTHdeckne METORBI OLCHKH OCTaTOYHBIX HAIPSDKCHHI CIOXKHBL,
Croco0bl UX MOENHPOBAHHA JaJIeKH OT COBEPIIEHCTBA. [103TOMY BaXXHBI SKCIIEPUMEHTAILHBIE METOBI OIpEse-
NEHUS 3THX HaANpSOHKEHHH HAa HATYPHBIX 0OBEKTAX W, COOTBETCTBEHHO, HEOOX0IMMO paspabaThiBaTh HALCKHBIE,
yno0OHbie ¥ OLICTPLIE METOBI U CPEACTBA WX U3MEPEHMI. DKCIepUMEHTANbHbIE METOABI ONPeeNeHs: 0CTaToY-
HBIX HANPDKEHUM pasfendioTca Ha QusHuecKkue H MexaHuyeckne. PUIHUESCKME METOIBI OCHOBBIBAIOTCA HA U3-
MEHEHHH MOl BIIMSHMEM HAMpPmKeHHH (H3UYECKUX XapaKTePHCTHK Matepyana: NapameTpoB KpUCTAUTHYECKOR
PEWIETKH, CKOPOCTH PacMpOCTPAHEHUs aKyCTHYECKHX BOJIH, MATHHTHON WM 3NEKTPHYECKO# NpoHunaeMocT#. B
OCHOBHOM IPHUMEHSIOT PEHTTEHOBCKHE, YABTPA3BYKOBBIE, MATHHTHbIC M 3NCKTPOMArHUTHBIE METOMBL.

D10 HepaspyllaloiKe MCILITAHMA, €CITH He YYHTHIBATh MOAIOTOBKY IIOBEPXHOCTH O0BEKTa Al pasMe-
IEHHs JATYMKOB WM YAAICHYE BEPXHHX CJIOEB U1 ONPEeNie s OANOBEPXHOCTHBIX Hanpshkennd. Ho y aTux
METOJIOB €CTh CYLIECTBEHHLIE OrPAHHYEHMS, TaK KaK NpH U3MepeHUH GU3MIECKHX XapaKTEPUCTHK HeoOX0nMMo
YUYHUTEIBATH GONBIIOE KONMYECTBO NapaMeTPOB, OTHOCAIIMXCA K CTPYKTYPE, COCTaBY M MPEAIIECTBYIOMWIEH TEXHO-
JOoruyeckoii ucTopum o6pasia, 4yTo 3aTpyAHseT NOHMMAaHHE pe3yJbTaToB M3MepeHui. Hanpumep, ams MarHur-
HBIX METOJIOB TaKOW Y4eT HACTOJNBLKO CIIOXKEH, 4TO HeOGXOMHMO MPOBOIMTE KanuOpoBKy npubopa Ha obpasue,
HE MMEIONIEM HANpSXEHHH, HO N0 BCEM APYTMM MapaMeTpaM MONHOCTHIO COBNANAIOMMM ¢ M3yyaembiM. Obpa-
3€1-3TajOH JOJDKeH OBbITh U3 TOH Xe MapTUH MatepHana U JOIDKEH MPOHTH TOYHO TaKyIo e TeXHOJOIHYECKYIo
LENOYKY, Kak ¥ W3MepseMBIii, BIUIOTb IO [TOJHOTO COBNAZEHUS COCTOSHHA MOBEPXHOCTH. ClieA0BATENBHO, TAKOH
METO/ IIPMMEHHM TONLKO TIPH OTHOCHTE/IBHOM KOHTPOJIE CepHitHBIX M3/IENHi, HO HE Ha YHHKAILHEIX 00bEeKTax.

" MeXaHHYECKHE METONB! ONMpeNeIeHHs OCTATOYHBIX HAaNpKEHHH CBA3aHBI C MOJHBIM AMGO YaCTHYHBIM,
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Tax. 3MeCh NPHBOIUTCA ONHCaHHE OHOM M3 3KCTIEPTHBIX paboT.

HeobxoauMbiM yciioBHeM obecriedeHun- Ge3aapuitHoil paGoTsl MaporeHepaTopa, BHICOKOHATPY)KEHHOTO
aneMenTa nepeoro kontypa AEC, aBiaercs ero o60CHOBaHHLIH pacyeT Ha MPOYHOCTDL € YUETOM 0co0eHHOCTE!
BJIMSHHA TEXHOJIOTHH H3TOTOBJICHHA Ha KOHEYHblE NapaMeTphl H3Lenus. ABTOPHl YYACTBOBAIH B YCTAHOBIICHNU
OpHYKH MACCOBOrO BOSHHKHOBEHMs TPEIUMH B KOJUIEKTOpE naporeHepatopa. PaGora npoBoawiack Ha 3aBoie-
M3TOTOBHTEJIE HA CEPUIHBIX KOJLIEKTOpAX.

Koprnyc KoJUIeKTopa, BBICOTOH 5,5 M, HMeeT LWIHHAPOOGpasHylo GOpMY C TOCTOAHHBIM BHYTPEHHUM
nnameTpoM 0,85 M u NepeMeHHbIM BHEIIHMM IMaMETPOM: Ha KOHIAX KOpITYC CyXaercs M OKaH4MBaeTcs ¢unan-
uaMu. B cepeaunHe uMeeTcs LHIHMHAPUHYECKAS YaCTb BHEIIHUM nuaMeTpoM 1,2 M 1 anusoit 3 M. Tonmuna cren-
K1 Kopryca B paiione munuHapa 170 mm. Kopryc usrotosiied u3 cTand 20 co ClEAyIOIMMH MEXaHHIECKMMH
cBoicTBaMM: nipenen Tekydectd 250 MITa, npenen npounocty 430 Mlla.

Ha stoM umwnusape ecth 30Ha nepdopauii: nosc Beicotodi 1,9 M. 13 6200 oTBepcTHil, PaCTIONOKESHHBIX Po-
JaMH B IaxMaTHOM nopsaxe. Och KBKIO0ro OTBEPCTHS BRIXOLHMT Ha OCh KOPITyca 10 HOpMaiH. JIuaMeTp oTBepCTHit
16 MM, MEXTy LEHTPaMiA OTBEPCTHI pacCTOSHHUE 32 MM Ha BHELUIHEH TOBEPXHOCTH KOPITyca U 23 MM Ha BHYTpeH-
Heli. B KaX[Ioe OTBEPCTHE BCTABNSETCH M OTPECCOBHIBAETCA B3PHIBOM OTPE30K TPYOKM. 3aTeM K 3TOMY OTpe3Ky
NpUBAPHBAETCA MArMCTpATbHAS TpyOka. Uepes Hee NPOTEKAET TEILIOHOCUTEND NEPBOTO KOHTYpa, OTHaBas TEILIO BO
BTOPOH KOHTYP, MEMEHTOM KOTOPOIo ABJIAETCA KOPIyC naporexeparopa. Beneacrsue 0co6eHHOCTE i KOHCTPYKUMH
NapOreHepaTopa B KOJLIEKTOPE B 30HE TiephopalyH ecTh KiMHOOOpa3Has o6nacTh 6e3 0TBepCTHiA.

B npouecce wccaenoBaHus Obil H3MEPEH YPOBEHb OCTATOYHBIX HANpMKEHHH B KOJNICKTOPE Ha Pa3HbIX
CTaJUAX €ro H3TOTOBJIECHMA: TIOCKE NepdOpHpOBaHus, NOCIE ONEpallMy ONMPECCOBKH B3PLIBOM, IOCITE BBAPKH B
KOpITyC NaporeHeparopa.

Pe3ynsTaThl M3MEpEHHH NO3BOJMIM CHENaTh 3aKIOYEHHE: B KOJUIEKTOpE CYILECTBYIOT 3HAUUTENIbHbIC
TEXHONOFMYECKHE OCTAaTOYHbIE HAnpskeHUn. B obnactn nepdopaiy HanpsHKeHHs PaCTHKEHHA TOCTHraloT Be-
nuaussl +150MITa. OHu BO3HHMKIIM KaK BCIEACTBHE ONepaliiy CBEPICHHS, Tak M B CBA3H € OCOOEHHOCTAMH KOH-
cTpykuuy. Onepaiiiy ONpecCOBKH OTBEPCTHH BIPHIBOM M CBAaPKM MPH PasMEILEHWH KOJUIEKTOPA B KOPIYcCe na-
poreHepaTopa ypoBeHb HanpshkeHHii CYHIECTBCHHO He YMEHBILMIIH.

PacraruBaroumue ocTaTouHbIe TEXHONOTHYECKUE HanpskeHus +150MI1a npesbimaloT NONOBUHY Npenena
TEKYUYECTH MaTepHana Korekropa — crany 20 — 250 MIla. Taxoii ypoBeHb OCTATOYHBIX HANpsKEHUH, C TOUKU
3peHHA HaJIeXXHOCTH W 3aMaca NMPOYHOCTH, HE MOXXET CUMTATLCA MaJIbIM M UM HENb3sl npeHeGperars Npu pacuere
KkOHCTpYKIMH. Ho B pacueTHbIX cXeMax, KOTOPbIMH I0JIb30BANUCh Pa3paboTyuKH, 3TH HANPSHKEHUA HE Y4YUTHIBA-
nuck [6, 7]. ABTOPHI CUMTAIOT, YTO OHM OMACHHL, TaK KakK, CIOXKMBIUKCH ¢ aKTUBHBIMM HANPMKEHUAMH [IPH 3KC-
IUTyaTallHH KOJUIEKTOPa, MOTYT NPHBECTH K paspyLIeHHIO €ro kopryca. JIpyroro ybexurtenbHOro o6pacHeHus
NIPYUYHH pa3pyllieHNs KOJUIEKTOPOB JaHHOM KOHCTPYKLMH IPEAN0KEHO HE ObUIO.

MexanusM BO3ZHMKHOBEHHS HANPHKCHMM W paspylUeHus BHIIIAAMT cnedylomuM obpasoM. Bo Bpems
CBEPJICHUA CTEHKH OTBEPCTHA HAKIENbIBAIOTCA, B NPUIIOBEPXHOCTHOM CJIO€ BO3HUKalOT Hanpsxkenua. HisecTHo,
4TO MeXaHHyeckas 0bpaboTka cTanu — cBepiicHue, ppesepopanne, WAHGOBaHKE —~ BCEra CO3AET HANPAKEHHUS
pacTskeHusa B obpabateiBaeMoM cioe. TIponcxoaur Hakon'neﬁue YTpYToii 3Heprud. OHA HECYUIECTBEHHA 1A
KOHCTPYKIMH, €CITH OTBEPCTHI MaNo MIH OHH PacroNokKeH ! faneko APYr oT Apyra. Ho eciu ux MHOTO ¥ OHH
JOCTATOYHO GJIM3KH IPYT K APYTY, OCTATOYHbIE HANPAKEHUS ¥ HAKOIUICHHAS SHEPTHs MOTYT OLITh 3HaYMTENb-
Hbl. IMEHHO 3TO MMeNno MecTo B nepdhopHUpoOBaHHOM KOPITyCe KOJUIEKTOpa maporeHeparopa. O6nacts 6e3 oTBep-
CTUi1 B BHJIe KIMHA BHOCWIA JOTIONHUTENbHBIE HANpshkeHns. [locaenyoas 3anpecCcoBKka B3phIBOM B omepcme
BKJIaAbILIEH-TPYOOK HanpsHKeRul CynecTBEHHO HE H3MEHMNA. ;

Taxum 06pazomM, HeyUTeHHbIe 0COOEHHOCTH TEXHOJIOTHH U3rOTOBIEHUA U KOHCTPYKUHM KOJUIEKTOPa CO3-
Hand B o6nacty neppopHpoBanys 3HAYUTENBHbIE OCTATOYHBIC HANPSKEHKsA, PUIEM HEPaABHOMEPHO pacrlp'ene-
NeHHbIC ¥3-3a aCHMMETPHYHOCTH KOHCTPYKUMH. AHANM3 M3MEpeHHil H KOHCTPYKUWM MOKa3ai, 4YTO TpeuluHa
BO3MOXHA Ha TPaHule KIMHA, B 06nacTh nepenana HATPSXeHui. B 2BapuilHOM KOJIEKTOPE TPEIMHA HMEHHO
TaM ¥ Obla 06HapysKeHa, T.e. Ha rpaHuue "KiuH — nepdopauus”.

Crepmyer NONYEPKHYTH, YTO KOJUIEKTOP ObL pacCYMTaH Ha pasHble BHObI HArpy3ku C YYETOM €r0 acHM-
METPHYHOCTH ¥ KOHUEHTPALMH HANpsHKEHWA Ha OTBepCTHAX. HO CYLIECTBEHHBIE TEXHOJIOrHYECKHE OCTATOYHbIE
HATIPSKeHMsl, BOHUKAIOIIME BO BPEMs M3TOTOBJIEHUS M 0COGEHHO B MPOliecce TepGOPHPOBAHHS, BO BHUMAHHE
CO3/ATENIAMU TIAPOTEHEPATOPa COBCEM HE [PHHMMaNKCh. TEXHONOrHS W3rOTOBNEHMS, Kak (BaKTop, Co3aomuil
T0JIe HANpPsDKEHMI 3HAYNTEILHOTO YPOBHA, TPALMLMOHHO HE YUUTHIBASTCA M APYTHMH pa3paboTuukamu nepdo-
PHPOBAHHBIX KOHCTPYKIwH [8].

ABTOpBI CYHTAIOT HEOOXOAMMBIM NpeACTaBUTH 6oJiee o6IMe BHIBOXBI U3 3TONO H AaHAJIOTHYHBIX MCCNENO0-
BaHUi, MPOBEACHHBIX Ha pAZie aBapUMHBIX KOHCTPYKinii 00bEKTOB NOBBIMIEHHOMN ONAaCHOCTH, TaKMX, KaK BbICO-

KOJHEPreTUYECKHE M XMMUYECKHE YCTaHOBKH, 060py OBAHHE ATOMHEIX JIEKTPOCTAHINI, H/IEMEHTH! HEPTAHBIX U
ra3’oBbIX MarucTpajeil u Apyrue.
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Ponb 0CTaTO4HBIX HANpHKEHWH B 3TOM M aHATOrMYHBIX aBapUAX HECOMHEHHA. BaxkHo onpeaennts ee
BKJAN B npoliecc paspyineHus. OnHa M3 NPHYUH 3THX NPOUCIIECTBUN — (aKTHIECKH B NpeHeOpexeHHn ocra-
TOYHBIMHM HaNpsxeHAAMH. TunuuHel ABe curyauun. Ileppas: npu paspaborke 0OBEKTa OHU He YYUTHIBAIUCH B
pacyetHolt cxeme. Bropas: Texsonornueckoe TpeGoBanie CHIDKEHMSI OCTATOYHBIX HAIPsHKeHHUH He obecneurBa-
JIOCh COOTBETCTRYIOLIEH annaparypod 1 METOAUKOM, JOCTYNHO! M NPUroAHOM 1i1a yCIoBHit 3aBoACKO#H nabopa-
TOPHH, ¥ TeM 6oJiee LIS NOMUICHHBIX U MOJIEBBIX YCIOBHIA.

Paboma seinornena npu noodepxcke Poccuiickozo thonoa ynoamenmanvhvix uccne()oaanuu (npoexm
Ne@1-01-00093), Munucmepcmea ssicuezo obpazosanus (npoexm HHP Ne 201.07.01.070) u ®edepanvnoii ye-
nesoli npozpammer "Hrmezpayus” (npoexm A0083).

PE3IOME

Jinst BUMIPY TeXHONOTIYHUX 3aNMLIKOBMX BANPYT 3aCTOCOBaHO 00’ €AHAHHA METOIY CBEDMUIHHA OTBODY 3
Pi3HUMM iHTEp(epOMETPHUHUMH METOJaMH. Buxopucrani rosnorpadiyHa iHTepdepoMeTpis Ta €NeKTpOHHA
crieki-inrepdepomerpis. Brknukate 30H1yBaNbHEM OTBOPOM NOJIE NEPEMILEHE NTOBEPXHI HATIPYKEHOT AiAHKH
TiNa BUSBNEHO Y BHAI CHCTEMM cMYT — iHTepdeporpaMmu. [ani nepeMiilenns 3a po3poOaeHO METOJUKOIO fie-
peJtideHi B Hanpyry. BrkoHaso o6Mip TEXHONOTIMHUX HANPYT y nepdopoBaHiil KOHCTPYKLT — KOEKTOPI NaporexepaTopa.
L} Hanpyr# BUHMKAIOTH 1il 4aC BUIOTOBJICHHS KOJIEKTOPA Ta iCTOTHO BILIMBAIOTh HA HOro HaniMHICTB.

SUMMARY

For measurement of technological residual stresses the combination of a hole drilling method with different interfer-
ometric methods is applied. Holographic interferometry and electronic specklie pattern interferometry are used. The displace-
ment field of stressed object surface, initiated by hole drilling, visualized as a system of bands — interferogram. Further these
displacements are recalculated in stresses by the developed technique. The technological stresses in the punched construction
— a collector of a steam generator — were measured. These stresses arised during manufacturing a collector and essentially in-
fluence its reliability.
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VK 622.8:539.3

BJIMSAHHUE HANIPSDKEHHO-AEQOPMUPOBAHHOIO COCTOAHUA MACCHBA
HA EI'O IPOHUHAEMOCTD B OKPECTHOCTH TPELIMHbBI T'HXPOPA3PbLIBA*

M.JI. Anmyxoea, B.B.Kambuuan, B.B.Konapes, C.H.Dedomos
Hucmumym npuxnadnou mamemamuru u mexanuku HAH Yrpaunul, 2. [Joneyx
Kopnopayua « Hnoycmpuanvuwiti Coios [oubaccay, 2. Joneyx

B pabortax [1, 2] Ha ocHOBe IKCIIEpHMERTANBHBIX HCCIENOBaHUH NPETIOAKEH KPHTEPHUIA OLUEHKH CrIOCOh-
HOCTH yDJIeH K Hera3aliy, U3 KOTOpOro ClieAyeT, 4To Soyblasg 4acTh MET4aHa, NOCTYNAIOIIETO B HOJNOCTH K Tpe-
INMHBI, BBIACISETCS M3 PasrpyXKeHHbIX oOnacTeif MaccHBa, a B 3CHAX KOHUEHTPAIMH HAaNpAKEHUHM NpoHULae-
MOCTb NajacT NPaKTHYECKHU A0 Hyi. B 3THxX paborax naHa KauecTBeHHas KapTHHa (OPMUPOBAHKA Ia30NpPOHH-
L[aeMBIX 30H B MaccuBe. B naHHOIl cTaThe Ha OCHOBE peINeHHUA 3aJaYy TEOPHH YHPYTOCTH NpENIokeHa KOIHYe-
CTBEHHAs OLIEHKa BJIHAHMA HANPHKEHHO-Ae(GOPMHPOBAHHOIO COCTOSHUA MacCHBa Ha €ro MPOHUUAEMOCTh B OK-
PECTHOCTH BEPTHKAIbHOH TPEIUHBI FTUAPOPa3pLIBa.
1. llocraHoBka 3aga4yH. PaccMOTPHM rOpHBIH MaccuB, B KOTOPOM Ha paccTosuud H OT IHEBHO# 1o-
BEpXHOCTH 0Opa3oBaHa MyTeM TUAPOpa3pbiBa BepPTH-
o FTox TN T o5 T o% 7o KaUbHAd TPEIMHA BRICOTH 2h. Bymem cuutath, YTO
IJIMHAa TPEHIMHBI BENMKa M IIO3TOMY Ha JOCTaTOYHOM
YIAJICHHAHN OT € KOHLOB HalpmKeHHO-AeGOopMUpOaHHOE
COCTOSIHME MacCHBa MOXET ObIThb OIpeneneHo U3 peule-
HMA 3aJa4d O TUiockod aedopmaumu. B nomepeurom
cedeHUH MaccuBa 6yneM uMeTh OeckoHeuHylo obnacTh
S ¢ NpAMOYroNbLHEIM OTBEPCTHEM CO CTOPOHamMU 2/ u
2b (b<<h) (puc.1). YxazaHHbi}i DPAMOYrOJBHHK
OyneM annmpokcMMupoBaTh duimncoM L ¢ monyocamu
h u b. B mwiockocth S BBEAEM CHCTEMY KOOpAWHAT
Oxy ¢ HauanoM B LeHTpe 3mnunca u oceio Ox, nep-
NIEHAMKYIAPHON K AHEBHON NOBEPXHOCTH.
PaccmarpuBaeMslit ropHbiit MaccuB Oynem Moze-
JIMPOBATh H30TPONHOM YIIPYroii cpe/lol ¢ HCXOAHBIM HANPAKEHHBIM COCTOAHHEM [3]

o) =-Py(H-x), oy=-y(H-x), 5 =0, (1.1

rae B- ko duuueHT 6okoBOro pacrnopa, y — CpeAHHil yAeAbHbIH BeC nopo. [To/Hble HANPSKEHHA B MAacCHBE
Oyaem ¥ckath B BUAE CYMM

e 0 e 0 e 0
0y =0y +0),, Oy =0,+0y, Ty =Ty +Ty, (1.2)

B KOTOPBIX O'y, Oy, Txy ~ JNONOJHHUTCIbHBIC HAPAXKCHHUA, BOZHUKAIOIIHE 34 CYCT NOABJICHUA TPCIUMHLI. Onn

YJOBJIETBOPSIOT OJIHOPOIHEIM YPaBHEHHAM PaBHOBECHSA M YCIIOBHIO COBMECTHOCTHU Aeopmauii B popme Benwt-
paMu-Muruenna
do, Oty do, Oty
+ =0, + =0, Alo,+06,)=0. 1.3
ox oy oy  ox ( oy ) (+3)

l'IpH OTCYTCTBHH BHCIUHUX HArPY30K B TOYKAX rpaHuLbl L TPCLIUHbI BBINOJIHAKTCA YCIIOBHA

0
G, COSTX + Ty, COSHY =—C, COSNX,

xy
: _ 0
Txy COSAX + Gy, COSNY =G, COSNY . (1.4)

3nech n — BHELIHAA HOpMaJb K IPAHHLE.

2. IocTpoenne pewennsi. B cirydae o61acTi ¢ KPUBOMMHENHBIM OTBEPCTHEM pEIiCHHE 3aa4H MOXKHO
HaiiTn MeToaoM Konocosa-MyCxenHIIBIIN C HCNOIb30BaHHEM KOH(OPMHBIX 0TOGpaxernit [4]. OyHkuus

z=m(§)=R3((;;+%), (2.1)
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rae R, :( h+b)/2, m,= ( h— b)/ ( h+ b) , KOHOOPMHO 0TOOpaXKaeT BHEIUHOCTH EAUHAUYHOIO Kpyra | g | >1
Ha BHewHocTh L . Toraa rpanyuHsie ycioBud [4] B orobpakenHoi o6nacty ¢ yuetom (1.4) u (2.1) npumyT BuA

(o)

o(o)+ > (p’(c)+@:£§£?—([(l+[3)m3—l+(3]c+
c( l1-m,c )
n--pmgd)

0
IIpustoM G =¢ .
IMpumensia meTox uHTerpanoB Ko x ycnoBuio (2.2) ¥ cCOnpsHKeHHOMY COOTHOUIEHHIO, TIOyYaeM Clie-
IOYIOIKE BbIPaXEHHA U KOMILIEKCHBIX NOTEHIMAN0B

_ YHRa (]+B)—( ]-ﬁ)ma
o(8)="5 ¢ :
B _( 1- (1+m3Q2)§
w(C)=—YHR3 (1+B)-(1-B)m, ¢(0). 23
2 ¢ ( 2 —ma)
3Has KOMIUIEKCHbIE MOTEHUHAJIbl, MOXXHO BBIYHUCJISATH HaNnpHKCHUA [4]
CZ

Gy +0y, = 4Rem¢'( €),

252 QZ(EZ"'ma)

Gx =0y +2ity, = X

i Ra(gz"ma) Z(Cz"ma)
x cp"(c)+fz-”’3—)¢'(c) ()], o
-m,
a 3areM u fedopMaunu
ex=l+Tv[ox—v(cx+0y)], ex=l+Tv[cy—v(cx+cy)], yAy:l:'-Tvtxy. 2.5)

[lpu stom E — momynb IOura, v — kosduument IMyaccona. ITo 3HaueHusM nedopMaiuil Jerko Haxoaurcs
NPOHMLIAEMOCTh MaccuBa [5]

kz]/(k61+/3(sx+ay)+2aax), (2.6)

rae ko— NOCTCAHHAA IIPHpOAHAd NPOHMUACMOCTh; &, ﬂ -+ SKCTICPUMEHTANbHBIE TIOCTOAHHDBIC, 3aBHCAIIHE OT

cBoiicTs MaccuBa. M3 opmyn (2.5), (2.6) BUAHO, YTO NPOHKIIAEMOCTD €CTh MEPEMEHHAA BENMUHMHA, 3aBHCALIAs
OT KOOPAWHAT TOYEK MACCHBA.

3. Anaau3 pesyJibTaToB HccaesoBanmii. M3 gopmyn (2.4) cnenyer, uTo B 061acTAX, NPUIEFAIOLIMX K
- e e
CTEHKaM TpeUWHE], HabMOAAI0TCA 30HB Pa3rPy3KH HOPMaIbHbIX HANPSKEHUH O, G, MPHYEM JJ15 KOMIIOHEHTHI

e e > .
o y 30HA pasrpys3kKud 60!1!:]].[8, YeM i O . B 06nacTax Haa ¥ nox TPCIMYHOY BO3ZHUKAIOT 30HbI KOHUCHTPALIUMA Ha-

TPSDKEHHH, B KOTOPHIX 3HAYEHHA CKMMAIOWMX HANPSHKEHHUM YBENHUMBAIOTCA 10 Mepe TPHONKEHN!s K TpeLIMHe.
e .
KacatenbHbie HANPSDKEHUA T, MEHSIOT 3HAK NPH [IEPEXOJIe U3 OHOTO KBAJPAHTa IUIOCKOCTH B APYTOM.

BbUIM MpOBENeHbl YHCHEHHBIE MCCIIeN0BaHNA paclpeleNenus HanpsokeHuid ¥ nedopManuii, a Taloke u3-
MEHEHUA NPHUPOIHON NMPOHMLAEMOCTH MacCHBa BOAM3M TpewyHbl mis cinydas, korma H =800m, 2A=11m,

Anryxosa M.JI., Kampiman B.B., Konapes B.B., ®enoros C.H. 115
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v 1, Sina= |vs] y SOS®- @7

3mecs
h—hy

/
==, C0S 0l =~ . 2.8)
VP4 (=) VE + (=R’

IToncrarnaa coorHouieHue (2.7) U (2.8) B paBeHcTBa (2.4), TTONy4aemM

Ll R

sino =

, @9
1 h—hy
HITH
I=h—h. 2.16)
C yuetom (2.10) u3 popmyibl (2.6) ans nebura TpeutnHbl OyneM HMETh BHIpaXeHUE
2oL P? - B} kyhy +ky(y—iy +b)
0= 3 ] . 2.1H
H B '
Hcxons u3 (2.5), 1 CKOpOCTH rasa Vo B ceueHHH X =/ HalineM popmyity
2 2
_ kn P, - R 0
V2 lxmi=— ol B (2.12)

n
M3 KOTOPOHA CIIEZTyeT, YTO CKOPOCTb Vo B ceueHnn X =/ obpatuaerca B Hynb npu [ —> 0.
Jlns TaHreHca yria HaKiIOHa KacaTenbHOM K KPHBOK V) (I), CTpeMSALIETOCs K HyJio mpu [ — o0, ans
I =1* umeem
t - kn F 3 -k 02
MG
OTKy/a [T ITHHbI 30HBI ABYIKEHHUS ra3a OyneM HMeTh

2 2
k, P, —-FR
= , n_fn _10 (2.14)
2ue P,

3a npezenaMu 3703 30HbI CKOPOCTb Vo B CeUeHMH X =/, eciin € Maiio, GyeT MpakTHYECKH paBHa HyJHo.

- (2.13)

Tak Kak BbIpaXEHHs JUlA CKOPOCTel B 061acTAX 1 ¥ 2 OTIMYAIOTCA TONBKO COMHOXHTENAMH K, H ky , TO
mivHa [ * B yronbHOM IUIACTE OLICHHBAETCS Takxe o opmysie (2.14) npyu 3amene B Helt &k, Ha ky . Ipn uccneno-

BaHMM NpOLiECca GWILTPALIMU B OKPECTHOCTH TPEILMHBI B KayectBe [ * cnexyer BhIGMpaTh HauGolbllee 3HAUCHHE
pemmumBs [ ¥ | onpesieneRHO Ans yris ¥ nopoj.

3. Anaau3 pe3yabTaTOB YHCJIEHHBIX HC-
cjrenoBaHuil. BhutH NPOBEEHbl YHCICHHbIE HCCne-
NOBaHWA 118 Pa3fIMYHBIX 3HAYEHWH reoMmeTpiue-

vz. wile. CKMX MapaMerpos 3ajaud, korga I =0,1MlIla,
k, =0,1-107%u%, k,=0,2-10"" u?,

0.03 p=0,6-10'10MIIa-c, 8=0,5-10—6.'Ha puc. 3
0.0z ' u3o0paxkeH rpaduk H3MEHEHUs CKOPOCTH Vy B 3a-

H= 5000, BHCHMOCTH OT NapameTpa [ 1na pasiuyHbIX Ty-
1200 4 . 6un. Ipu aTom ans rryGunbl 600 M mWIacToBoe Aas-

0.0 Q\.\L JieHHe Tioyaranoch paBHbiM 6 MIla, ana ry6uns

1200 M — 12 MIlla. BeiuucnenHoe no ¢opmyie

——

0 . ; Tt (2.14) 3nauenne [ * mpn H = 600 M paBHANOCH 14
4 8 12 B M unpu H = 1200 M — 19 M. Y3 puc. 3 BuaHo, Kak
Puc. 3 H CNefoBaNO OXUAATH [4], 9TO C POCTOM FIYGHMHBI
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yBeHMYUBacTCA Mepenan HasfeHus B 30He (uibTpauuu raza. B pesynprare yBEJIMYMBAcTCS M MPOTHKEHHOCTH
06NAaCTH ABMXERUA [23a, XapaKTepu3yeman napamerpom [ ¥,
Ha puc. 4 noxas3aHo #3MeHEHHE cKopocTH QHIBTPaNuH ra3a B roponax (puc. 4a) H B YTONLHOM NacTe

VI.W/C Vz w\

0.6m2 \ 0.004

01 0002 ]

0 4 g8 xu 0 4 8 12 xm

Puc. 4

(puc.46) B 3aBUCUMOCTH OT KOOP/MHATHI X Ul ITyOuHbl, paBHoii 600 M. M3 puc.4 BUAHO, 9TO CKOPOCTb QHILT-
paiuy raza B nopojax 6onsie, 4eM B yrojbHOM IUIacTe.

B tabnune wia ciyvyas L=1200 m, 2h,=1 M, 2h,=10 m,2b=4 mm npuBeneH neGut Tpeumum BBIYHCIIEH-
Hulil o ¢opmyne (2.11), mnd pasiM4HBEIX 3HaYe-
HMI TUIacTOBOrO JaBjieHHA raza B Maccuse .H3 P, MITa 6 8 10 12
TaOJNHIBI BUAHO, YTO KOJMYECTBO Ta3a, BEIAE/IAIO- Q*10° /e 13 23 36 52
IErocs B TPELINHY, C YBEIHYCHHEM ILIACTOBOIO
JIaBJIEHNS BO3PACTAET.

PE3IOME

HapegeHo po3B’ 430k 3a1a4i Npo craiy GinbTpauiio rasy 8 0KoJi BEPTUKANBHOT TPIltMHK FAPOPO3PHBY, YTBOPEHOT 3i
CTIHKM CBEp/IOBMHH, NpoGypeHoi 3 AeHHOT nosepxHi. OTpumano gopmMynu Ans pospaxyHKy nons IIBHAKOCTEH, po3Noaity
THCKY rasy B Macusi. JlaHo ouinky po3mipis obnacti pyxy rasy. Onepxano ¢opMyay Jns po3paxyHKY KilBKOCTi Iasy, 1o
BHIINAETECA B TPIlLIMHY.

SUMMARY

The solution of a problem on a steadied filtration of gas in neighborhood of a vertical crack of a fluid fracturing devi-
ated from a wall of well, drilled with a daylight area is adduced. The formulas for calculation of a field of speeds, pressure
profile of gas in a massif and estimation of quantity of methane excreting in a crack are established. Done an estimation of
the sizes of area of flow of gas. The formula for account of quantity of gas allocated in a crack is received.
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VK 539.3

PACYETHO-3KCIIEPUMEHTAJBHOE HCCIIEAOBAHUE TEPMOHAIIPSOKEHHO(
COCTOSIHMS TPOCTPAHCTBEHHBIX KENE3OBETCHHBIX
®YHAAMEHTHbBIX KOHCTPYKLMHA

E.A.Maxapenxos, A.B.Caces
Hayuonanenas memannypeuveckasn akademus Yxpaunsl, 2. [Inenponemposck
Hrenponemposckuii HayLOHANLHYIL YHUGEPCUMEM

Bospocume TpeGoBanns 1o ofecnedeHio HOpMaNbHOM paboTel TYpOOreHepaTopoBs CAYXAT OCHOBAHUHEM
)19 3HAUUTENLHOrO OrpaHuucHuA JedopmupyeMocTd GyHIaAMEHTOB T0J 3HepreTndeckee obopynosanue. Cy-
LIECTBYIOIKE METOAB! pacuera, Oasupyiomuecs Ha COBPEMEHHOM YPOBHE 3HAHHH, HEXOCTATOMHO OTpPAXKAIOT
JeHCTBUTENbHBIE YCI0BHA pafoThl CHCTEMBI TypOoreHepaTop — ¢yHIaAMEHT H BCEro MHOrooHpasus CBOKCTB Ma-
TepyuanoB GyHIaMEHTOB. B HacTosmeil paGoTe npeaioKeH pacieT TepMOHANPAKEHHOTO COCTOAHNS dynnaMen-
TOB IIOJ YHEPTroOIIOKH aTOMHbBIX 3NEKTPOCTaHIMH, KOTOpPhIEe NpeacTaBnsioT Cob6oi Cl0XHYIO NPOCTPAHCTBEHHYIO
KOHCTPYKLMIO 00/BIION NPOTAMKEHHOCTH, COCTOAILYIO B3 Habopa TUOKUX KOJIOHH, KECTKUX MONEPEYHbIX HaloK
U TIONepevHbIX MOHONHTHBIX cTeH. KONOHHM M CTEHbl COSIUHAIOT MeXIy cO0Ol BEpXHUE W HIKHHE CTPOCHHS.
Usyuenne TepMOHANPHKEHHOTO COCTOSHMA QYHAAMEHTOB MMeeT GONbIIOE 3HadueHue, IOTOMY YTO YBENHUEHHE
CE30HHBIX 0CalOK PyHIaMeHTa Ha 1-2 MM MOXeT IIPHBECTH K paclieHTPOBKE BanonpoBoda Typboreneparopa, a
9TO0, B CBOIO OY€pelb, MOXET Bbi3BaTh aBapUIiHYI0 OCTAHOBKY Oioka.

IocTanoBka 3ana4H. PacCMOTPHM KBa3HCTATHYECKYIO NPOCTPAHCTBEHHYIO HECBA3AHHYIO 3a1ady onpe-
A€NeHUA TEpMOHANPSKEHHOTO COCTOAHMA KOHCTPYKIMIT U3 OPTOTPOIHOro Matepuana. byneM cYHMTaTh He3aBH-
CHMBIMH TEIUIOBBIE H MEXaHHYECKHE BO3ACHCTBHA, @ MMEHHO: OTAENBHO OyZAeM pemath 3aady TEILIOPOBOIHO-
CTH, 3aTeM 111 HAHAEHHOTO Mojs TeMIeparyp B QHKCHPOBAHHbIM MOMEHT BPEMEHH ONpPERENHM TEPMOHAIps-
XKEHHOE COCTOSHHE.

Onpenenesue TeMNepaTypHOTo MOJIi CBOOMTCA K PELUCHHIO CTALHOHAPHOTO YpaBHEHUs TEIUIONPOBOIHO-
CTH B nexapmsoﬁ CHCTEME KOOPAUHAT [1]

X' 6t(x,y,z) A or(x, y,z) 7L' ot(x,y,z)

=0 ]
o ox ay y e % e M

rae t(x, y,z) - TeMIepaTypa; X,Y,Z — KOOPIHHATHBIE OCH; k;, 7\.'),, ktz — KO3((UIMEHTRI TEILIONPOBOIHO-

CTH B HanNpaBJieHHH OCell KOOPAMHAT X,y,Z; (J — BHYTPEHHHMI MCTOYHHK Tela WIH CTOK, 00YyCnoBIeHHBIN
1

CJIQ)KHBIMH ,(bHSHKO-XHMH‘IeCKHMH npoueccaM, NpouCXoaauiuMu ],'lpl‘l H3MCHECHUHN arperaTHoro COCTOSAHHA be-
TOHA.

B xauecTBe rpaHUuHbIX yciaoBui OylieM 3afaBaTh ycioBua -ro u 3-ro poja:

( ,y,

t= 0, Ha S, A,(x,y,z) +(x[t(x,y)-9]=0 Ha S,. '0))

3neck 6, — TeMnepaTypa Ha IOBEPXHOCTH HcCIeAyeMoro obbexrTa; d, O— xoadduumnesT TemwioobMena n TeM-
TiepaTypa oKpyKawoei cpenbl; Sy, S — Y4aCTKH NOBEPXHOCTH MCCIETYEMOTO 00BEKTa; 11— BEKTOP HOpMaIH K
NOBEPXHOCTH H =[n1,n2,n3]. O6nenunenne nopepxHocteit Sy, S, obpasyer nojHylo rpaHHHHYIO NOBEpX-

HOCTBh paccMaTpHBaemoi KOHCTpYKLHHK. KospduuueHTs! TeryionpoBogHOCTH ABNWOTCA GYHKLMAMH KOOPIHHAT
# He 3aBUCAT OT BPEMEHH.

VpasHenue (1) ¢ rpaHUYHBIMU YCIOBHAMHU (2) MPUMEHHMO KaK K H3CTPOMHBIM, TaK M K aHM3OTPOITHBIM
Marepuanam. B Bextopoit dopme nuddepennuansHoe ypaBHeHue (1) 3aMUChIBaeTC ClEXYIONEM 06pazom

div(?»tgrad })+Q=O. 3)

Meron peutenusi. B nanHoii paGote s peleHuA ypaBHeHus (3) ¢ rpaHHYHBIMH yCIOBUAMH (2) ObLI UC-
NOJIL30BAH METOX KOHEUHBIX eMeHTOB (MKD) B coueTanuu ¢ Merogom I'anepkuna [2].

xf/ Née)[div(ltgrad t)+lQ}dV—— é Née)( ’g’ )dS ;N(e)[a(t 8)]ds =0, )
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€
rae N[g ) _ 6asucHple GyHxuun (GyHKUMH GOPMBE), ONIPENENAIOMHMeEcs BHAOM H TEOMETPHYECKUMH pazMepaMy

Bbl6paHHbIX KOHCUHBIX 3JICMCHTOB, B =1..m , M — KOJHYCCTBO Y3JIOB KOHCYHOIO 3JICMEHTA ¢ HHACKCOM (e) s

V' — 00bem KOHEUHOTO 371eMeHTa, S — OBEPXHOCTh IEMEHTA.
Jns Bcei KOHCTPYKUMH B [iEIOM, COOTHOWEHHE (4) 3aTUChIBAETCA B BUIE

ZE: I[N@)J T{ div( ' grad t)+Q]dV— ![N(e)} T(x’ aﬁ’-)ds_

e=l iy n

-7 [a(r-0)]as {=o. )
S

3nech E —uncno JJIEMEHTOB; T- HHICKC TPAaHCIIOHUPOBAHNA.

[Ipexne uyeM IPUCTYNATh K PEHICHHIO, HEOOXOMMMO BHIOpaTh GyHKimu GopMer N () H npeobpa3oBats
MHTErpasl B COOTHOLICHHH (5) TakuM 06pa3oM, yToGbl OHM CONEPKANH IPOM3BOIHBIE OT HEU3BECTHOM DYHKIMH
He Bbillle nepBoro nopsaxa. CokparuTh NOPsAoK A depeHIHaTbHBIX COOTHOILEHNH MOXHO, HCNIONB3Ys Teope-
My ["aycca [2]. B pe3synibTaTte coOTBeTCTBYIOIMX Npeobpa3osanuii ypapHerue (5) NPHMET BHA

| Mo (1 grad 1) |av - [Ng@av + [[ Ngau(r-0) s =0,
V 14 N

B KOTOPOM Nﬁ’ ; — MPOM3BOJHBIE PYHKLMH HOpMBI IO KOOPAMHATAM.

JuckpeTHas Mofenb JUIA peHICHHS NocTaBieHHoMH 3amaun MKO npeacraBnsger coboii kybuueckuit sne-
MEHT, K KOTOPOMY NPHBA3BIBANACH JIOKATbHAA CHCTEMA KOOpAHHAT X', )',Z' ¢ Ha4yaioM B LEHTPE THKECTH JJie-

MeHTa O(xm, ym,zm). OrnipenesicHHe TEMNEPATYPHBIX NOJIEH B 2MEMEHTaX CBOMIIOCH K PEIEHHIO CHCTEME!

anreGpanuecKkux ypaBHEHHH, KOTOpas B MaTPHYHOM BHIE 3alUCHIBACTCA CEAYIOINM 00pasoM
[ uy={79}.

3nech MaTpHLIa )KECTKOCTH [K (e)} MMEET BHJ

(K] [ [2O] [0 ][5 Jav+ | o] [ ]as ©

V(e) S(e)

1 OTpeieNiAeT MaTPHULY TEIUTONPOBOAHOCTH.
BexTop npaBeix 9acTeit s 37€MEHTa

{f(e)} - V([)Q{N(e)]T v+ S({)QG[N(e)}T s

onpenenseT BEeKTOP TEIUIOBOH Harpy3ku. Bexrop y370BEIX 3HaueHui TeMmeparyp — {tl-} . B cootHomenuu (6)
[N (e):i npencTasisieT cobol MaTpuily QyHKImit HOPM NS SMEMEHTA C HOMEPOM (e) , [B(e)] - MaTpuUla, no-
A0 0
(e) (e) |- t
nmysaemas nudpdepeniyposanuem matpuiwl| NV |} DV 1=10 A, 0.
t
0 0 2,

Jins pewenus 3axaun Gour BeIGpaH KOHEYHbIH 3eMeHT ¢ pasMepami 2a, 2b, 2c. Marpuua dyHxumit
¢dopMbl I Hero 3anKuchiBaeTCA B Buae [2]
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N 0 o0
Ng 0 0
0 N 0
N={o o o,
0 Ny 0
0 0 N
0 0 N

roe

Y =——1—(b+x)(a—— Ye-z), N =~——1~—(b+x)(a+ Y)e-2),
Ny= g (b-)(a+)(e-2), Ny= 80,, e (b-x)(a-3)(e2).

Ns=——(b+x)(a-»)(c+2), Ne- Sab L (b+x)(a+y)(c+2),

——gg(b—x)(a+y)(c+z), Ng = 8ab ——(b-x)(a-y)(c+2).

dakTHYeCKue 3HAYEHHA NIEMEHTOR MaTpuLl [N ] U [B] 3aBHMCAT OT BHIA IEMEHTA ¥ OT THNIA 33Ja4H.
TepMoHanpAkeHHOE COCTOSHUE KOHCTPYKLMH NpH Koadduuuenrtax JlaMe A, U ¥ THHENRHOTO TEMIOBOIO
pacIIMpeHus (f,, 3aBMCAIHX OT TEMIEPATyphl H, CIEHOBATENbHO, OT KOOPIHHAT, OMHMCHIBAIOCH YpaBHEHNEM
paBHOBECHS, KOTOPOE B BeKTOpHOH (opMe umeeT By [1]
A + (A +p) grad div i + 2grad pIlg + grad . div i — grad (3 + 2p)o,t = 0

3neck @ — BEKTOp NMepeMelleHnit; A = VE/[(I + v)(l - 2V):l ;= E/2(1 + v) ; E —monyns ynpyroctu; v —
ko3 duuuent [yaccona; I, — Tensop nedopmanmi.
I'paHNYHBIC YCIIOBHA HA IOBEPXHOCTH MOTYT 3aJaBaThCs MO0 B MEPEMEIUEHUAX U = @; (x y,z) 6o B

HanpsokeHWAX Oy;n; = F; (x y,z) rie oy (1—1 2,3; j=12 3) — KOMIIOHEHTH TEH30pa HanpsukeHuil, F;—

COCTABIIIOLIME BEKTOPA MOBEPXHOCTHHIX CWi. PU3NUYECKHE YpaBHEHHA 3akoHa I'yKa 3anmuchbiBaldCh A1A OpTO-
TPOIMHBIX MAaTEPHAJIOB B COOTBETCTBMH C [3].

Jlna onpenenenus HanpsXEHHO-Ne(POPMHPOBAHHOTO COCTOSHMA PACCMATPUBAEMON MPOCTPAHCTBEHHOM
KOHCTpyKiluM Obia Mcmonb3opan MKD, nostoMy paspewatoitie ypaBHeHHs ObUTH MOMYY€Hbl C NOMOLIBIO TEO-
peMe! ¢ NoTeHUMaNLHOH JHepruu [4]. Tlocne coorrercTByIOmMMX NpeoGpasoBaHuit [4] Oblna noMydeHa cucTeMa
anrebpanueckux ypaBHeHHU, KOTopas B MaTpudHoOif Gopme rMeeT Buj

[K] {U}={F}, @)
rae [K ] = i[K (e)] i{ f (e) [K — rnoGaitbHas MaTpHLA JKECTKOCTH, {F } — BEKTOp TpaBbIX
e=l e=1
yacTeH CHCTEMBI e) (e) (e) ][ ple) | ()} _ (e) ’ () | -
o [1]- Vg)[s T a0} [ o]
©) ) |
—-[N ]T y(e) dv - I[N P; as, ~ Marpuia, nonydaemas AuddepeHIMpPOBAHHEM [N ] ,
A P |
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{ P Py, Pz} — BEKTOp MOBEPKHOCTHBIX HArpy30K. DJIEMEHTaAMM MaTpUIIbi [D] € pa3sMepHOCTBIO 6 X 6 sABNA-

IOTCA YHPYIHe KOHCTAHTH MaTeprana, onpefeseMble U3 ypaBHeHu# 3akona I'yka

[0*] {o} =[] {s} [D*]-[D] {eo} [D*].

rae [ D *]-obparsas aa [ D] matpuua, {SO}T :[axxAt, 0y, AL AL 0,0,0] , {e} =[D*] [o] {e0} .

Pe3yabTaTsl HeCAeX0BaHNA. JKCNepHMeHTalIbHbIE HCCIEA0BARUA TEMIIEPATYPHBIX 110/1€#H IIPOBORHIHCE
Ha OJHOM K3 AeHCTBYIOIHX IHepro6siokos 3anopoKckoil aTOMHOM 3/ICKTPOCTAHIMHE B IEPHOA €0 NIEPEXOAA GT
paGo4ero cOCTOSHMA K TIOJIHOM ocTaHOBKe. Ha 6CHOBaHMH KCIIEPMMEHTANLHEIX HCCIIE[IOBAHMH MOXHO IIpoBeC-
TH CPaBHHUTEIbHbIA aHami3 3¢ eKTUBHOCTH paspadoTaHHOH METOAHKM.

Ha puc. 1, 2 nokasaHo pacnpeleNeHHe PacyeTHBIX M IKCIEPHMEHTANBHBIX TEMIEPATYPHBIX MOJEH 1o
wHe dyHaaMeHTa Ha OTMETKAX -2,6 M K 14,75 M COOTBETCTBCHHO B T€YEHME OAHOTO roja B BHIE YCPeAHEHHbIX
3HAUYECHHI TI0 ce30HaM, Koraa TypGoreHeparop Haxomwics B pabodeM pexume. Kpussie /, 2 COOTBETCTBYIOT
pacyeTHOMY H 3KCNEPHMERTaIbHOMY PE3yJbTaTaM.

LC |
1 !
30 :
20
10
L owv
o 10 20 30 40 50 60 70
Puc. 1
50
40
30
: L.om
20 :
0 10 20 30 40 50 60 70

Puc. 2

Ha puc. 3 mpuBenieHs! yCpeHEHHBIC 3Ha4YeHAA BEPTHKANLHLIX NEPEMEICHUN, BOIHUKAIOIMX BCIIE/ICTBHE Mie-
penajia TeMrepaTyp B Te4eHHM rofia. M3 puc. 3 BUIHO NepeMelieHKe CpeliHeil 4acTi BEpXHEro cTpoeHus yHnamenTa
Ha oTMeTKe 14,75 M Hajl YDOBHEM MOP# OT CYMMapHOIo BO3ICHCTBUA TEMIIEpAaTyphl H Harpysku, koria TypboreHepa-
TOp HaxozuTcA B pabouem pexume. Kpusbie /, 2 OTHOCATCS K PacyeTHBIM M 3KCNIEPUMEHTATLHBIM JaHHBIM.

Kax BMIHO U3 OMMCAHHBIX PE3YNILTATOB, NpEIaraeMblil pacuer Nno3BogeT pelllaTh 3a4auu Onpeac/eH s
TEPMOHANPKEHHOTO COCTOSAHMSA (yHIaMEHTOB 104 TypGoarperarsl GONbIIOH MONMIHOCTH, YTO MOXET ObiTh HC-
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ocanka

Puc. 3

MO/IB30BAHO IS ONTUMH3ALMK TIPOEKTHBIX paboT no pazpaboTke HaHHBLIX (yHIAMEHTOB M TOBBILIECHHUA HANCK-
HOCTH paboThl.

PE3IOME

[Mpensnoken pacyer, OCHOBAHHBIA Ha METOJE KOHEHHBIX JIEMEHTOB, JUIS ONpPENEICHHS TEPMOHANDPKEHHOTO COCTOS-
HAS (YHAAMEHTHBIX KOHCTPYKLWH CTOXKHOM HOPMBI IIPH PA3IHUHBIX YCIOBUAX MPOMBILLICHHOM JKCILTyaTaluy.

SUMMARY

The calculation, bases on a finite element method, for definition of thermo-stresses state of three-dimensional ferro-
concreting foundation constructions with complex form is offered under different conditions of industrial uses.
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VK 539.3

TEMHIEPATYPHBIE I10J151 2JJEMEHTOB KOHCTPYKLIU!, PA3OI PEBAIOLIIMXCS
BCJEACTBHUE BBICOKOYACTOTHOINO IMKJIHYECKOTI'O HATPY)XXEHUA

B.b.Becenoackuit, B. }O.Kium
Hnenporemposckuil HayuoHabHbtll yHUSEpcUumem

MHorue coBpeMenHble KOHCTPYKLMK paboTaloT B YCJIOBUAX HHTEHCHBHBIX TEILIOBLIX H CHJIOBBIX BO3AEH-
cTeuil. [lo3ToMy ompene/eHle yCTANOCTHOH JONTOBEYHOCTH HX 3JEMEHTOB TpeOyeT COBMECTHOTO pelieHus 3a~
A2y TEILIOTIPOBOHOCTH, TEPMOYNIPYTOCTH H MEXAHNKM pa3pyIleHHs, TaK KaK BHICOKHE HaCTOTH! HarpyXeHHs Mo~
IYT CTaTh IPUUMHON pa3pyILEeHHA ITUX JIEMEHTOB M3-3a Harpesa oT BuOpaumii [1-5]. B nanHoii pabore BbIGpa-
Hbl 37I€MEHTbl KOHCTPYKLMIA, MPEACTABMMbIC TIAJKMMH, CTyNCHYAaTHIMH CIUIOMHBIMM WIH COCTAaBHLIMH CTEPHK~
HSMH, MMEIOLIMMY Ha CThIKAX MICabHblC WIH HEMACAIbHbIC TETUIOBbIC KOHTAKTHI NPH PA3JIMIHBIX YCIOBUAX Te-
rmoobMeHa ¢ okpyxaroleil cpefoll. OnpeneneHne YCTaNOCTHOM NOJIrOBEYHOCTH OCYHIECTBIIEHC MOC/EA0Ba-
TEJIbHBIM PELIEHHEM 3aAau O KoJeOaHNUAX U HeNMMHERHOM 3alaul HeCTalHOHAPHOM TEIUIONPOBOAHOCTH, O3B0~
JIOWHM ONPEAEIIATh TEMIEPaTypHOE U HaNpsHKEHHO-Ie(POPMHPOBAHHOE COCTOSHME B LIMIJIMYECKH HArpyxae-
MbIX dnieMeHTax [1-3].

3anavua o konebaHUAX ObUIa npeacraniieHa AM(epeHIManbHPIM ypaBHEHHEM B YaCTHBIX [IPOM3BOAHBIX C
nepeMeHHbIMH KO3Gh(HUMEHTAMH M KpaeBbIMH YCIOBHAMH. JJ1A ee pellieHHs HCIIOJIB30BaH METOJ, pasieieHus Te-
PEMEHHBIX, MO3BOTOMIMH 3aMEHHTL AN depeHUNAILHOE ypaBHEHHE Konebanuil IByMs ypaBHeHUsAMH. [lepBoe 3a-
BHCHT OT KOOPAMHATHI U ABIACTCA DyHIaMEeHTAIBHOH QyHKimeit 3agayu s onpeneteHusa K-oi Gpopmsr coGCTBEH-
HbIX konebanuii. Bropoe mpencrasser coboif K-10 BpeMeHHYI0 (GyHKUMIO 3a/iauy, XapaKTepH3YIOLyIOo 3aKOH M3~
MeHeHHA KonebGaHuii BO BpEMCHH. JJIEMEHThl KOHCTPYKLIMM CJIOXXHOH KOH(UIypallMM 3aMeHEeHbl KyCOYHO-
NOCTOSAHHBIM pachpeleNieHHeM XKECTKOCTH 1 IUIOTHOCTH MartepHania 1o JVIHHe, a pelleHue M $yHIaMeHTalbHbIX
byHKUMH OCYLIECTBALIOCH IPHMEHEHHEM CIUIalH-NPeoOpa3oBaHus apryMenTa (KOOpAMHATBI), ONEPALMOHHOTO Me-
TOAA2, OCHOBAaHHOTO Ha MHTErpaibHoM npeobpa3osanuu Kapcona-Jlamwiaca. Takoii MOIXOA MO3BOIWI MOJNYYHTh
AHAJIMTHYECKOC PELIEHKE, MMEIOLIee OHO BhIpAXEHHE IJf Beeil obnacTH M3MEHEHUs apryMedrta. Pewenue pis
BPEMEHHBIX QYHKUHHA NOTYYEHO C HCNOMB30BAHMEM HHTErpana JlroaMens Wiy onepaloHHOr0 MEeToa.

IMocTanonka 3aaaun. B kauecTse pacueTHOH MoIe/NH JJIEMEHTa KOHCTPYKIIMH NPH PEILCHHMH 33a4u He-
CTBUHOHAPHOR TEMIONPOBOAHOCTH MPHHAT MHOTOCTYNEHYaThlH CTEPXKEHb. YUUTBIBasA Mallbie pa3Mephl none-
PCHHOro CEYCHMA MO CPABHEHHIO C JUITMHOM HCCIELyeMOro CTEpXHS, 3afada PacCMOTPEHa KaK OJXHOMEpHas.
Tpeanonaraerca, 4to TennoobMen Mexay 60koBOH MOBEPXHOCTHIO CTYMEHEH CTEPXKHA H OKpYXKalolueH cpenoi
npoHcxonuT no 3akoHy Heutotona. B anddeperuManbHOM ypaBHEHHM TEIUIONPOBOAHOCTH 3TOT TEIUIOOOMEH
NPEACTaB/ICH B BUAC OTPHLIATENILHONO HCTOUHHKA Terula. TemnosblaecHHe B MPOLECCE HMKIMYECKOTo Harpyxe-
HUSA YYTEHO BBEJICHHEM B YPaBHEHHE TEILIONPOBOAHOCTH pacnpeaeieHHBIX HCTOYHHKOB Terwa. Hanuuue HHTeH-
CHBHOCTH BHYTPEHHMX HCTOUYHHKOB TEIUIa ABNAETCA PE3y/NbTAaTOM MPEBpalLIeHHA YacTH 3HEPTUM aedopMHpoBa-
HUA B TEIUIOTY. B CBA3M C T€M, YTO HHTEHCHBHOCTb BHYTPEHHHX HCTOUHHKOB TETUIA ONPELIIAETCS ¢ FMOMOILBIO
IKCMICPHMEHTAIbHBIX AAHHBIX O XapaKTEePHCTUKAX PAaCCESHUA IHEPTUH, ABJNECHHSA, NPOUCXOJAINNE B MatepHaie
NPH LMKJIMYECKOM HArpy»KEHHH YYHTBIBAIOTCA pacYETHBIM MyTeM [4, 5]. DKcnepHMEHTaIbHBIX JaHHbIE O Xapak-
TEPUCTHKAX PACCesHUs 3HEPrMM MHTEHCHUBHOCTb BHYTPEHHHMX HCTOYHMKOB TEIUIZa MOTYT OBITH NpENCTABIIEHbI
BBIPOKEHHAMH

Vo, g(x, ) w(o,4, TVIQE (T));
vo,2q(x, 1) 8(c,, TYIAE (T));
v D(Ga, T);
vKy Ae(x, 1) 0,(x, 1);

Vq(X, o.a’ T: T) =

()

\

TAE V— 4acToTa Harpyxenus; ©,(x, T) — aMmmMTyna Hanpskenuit, (o ,, T) — OTHOCHTeNbHOE paccestne

SHEPTHH, PaBHOE OTHOWICHHUIO MoK neTan rucrepesuca D(G,, T') Kk aMIIMTYIHOMY 3HAYEHUIO TOTEHIIM-
*

anbHOM SHepruu ynpyro# cucremer; 7 — remnepatypa; E (T') — cexywnit MOZyb yNpYrocTH, paBHOM MOXYJHO

IOnra npu ynpyrux aedopmaumax; 8(c,, ') — nexpement koneGanuii; Ae(x, 1), K¢ — wupuHa ¥ ko3ddu-

LMEHT GOPMBI METIIH FUCTEPE3NCaA. '
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B COOTBETCTBHM ¢ MPUHATHIMU JONYEHAAMH 321243 HECTAIMOHAPHON TeNAGHPOBOIHOCTH UIA MHOIO-
CTYIIEHYaTOTO CTEPXKHA NPEACTAB/ISETCS HAYATbHO~KPAeBOi 3anadeit Buna

T Ty TED = 2y 7, T D |

(mT )[T (6T =T |+ Vm (5:6,5,T,7); @)
Ty (5,0 = 9 (%); 3
Ay BT - Boto ([ fo® - DoTy(x. 0],
AIXM<TM>9T%§§"—’—’ = By GO A@- DTy (9], @

x=l,,

3pece m=1,2,.M; 0, <x, <[l,; T,(x, T)- teMneparypa m -oii r7ankoii 4acTH MHOIFOCTyIIEHYaTOr0

CTEPHs, 3aBUCAWAA OT KOODAMHATBI X M BpeMeHM T; I, . — TemnepaTypa OKpyxkaloueid m -yio 4acTh
crepxus cpenst; €, (1), Ap(T,) # pp(T,,) — k03DdULHEHT! YACHBHOMN TEILIOEMKOCTH, TEILIONPOBOAHO-

E 3
CTH ¥ IUIOTHOCTbL MaTepHalia m -0 yacth crepxus; A, (7,), o (7,) — xordpdumients Tennooraauu ¢ Go-
'KOBOJi OBEPXHOCTH H TOPLIOB BHELIHUX (rpaHM4HbIX) yacTeii crepxus; Ay, By, D (S =0mwm 1) — xoaddu-

LHEHTH], npuHUMalomue 3Hadenna £1 wm (. B 3aBHCMMOCTH OT COYETAHMA 3HAYEHHH 3TUX KO3(QHUIMEHTOB
Ha BHELIHWX TOPLIAX CHCTEMBI CTEP)KHEN MOXKHO 3aJaBaTh rpaHuM4Hble yciioBus I, 11 unu 11 pona, npu 3Tom rpa-

HuuHble Gynkuny [ (T) MPUHUMAIOT 3HAYEHHA TEMNEPATYPhl MOBEPXHOCTH CTEPXHS, TEMIOBOro MOTOKA WIH

TeMnepaTypbi OKpyXaloliedl cpemsl; h,, — OTHOLIEHHE IUIOWAAM F,, nONEPEYHOro CedeHMs m -Oi 4acTH

CTCPXKHA K €ro NEpuMETpy. Hpennonoxceuo, YTO Ha CThIKaX CTBP)KHCf;l UMEIOT MECTO YCJIOBHS HEHICANILHOTO TC-
TMIOBOr0 KOHTaKTa

oT . (x,t F
F‘m;\'m(Tm)'_—mégx——2 =.“*—mil—'[Tm+] (Om+]ar)"Tm(lmaT)]_
x=by Rm,m+l
% m,m+1 (Tm )[Tm Um: T)‘" Tm,c }(lFm - Fm+1 ‘)’
0T, (x,7) (x,1
Fm?‘m(Tm)J‘a‘x—'“ - m+l7\'m+l( +l)—'_-'—al‘;“"l -
lem: x=0p41
O('m,m+l(Tm)I:Tm(lm 51)_Tm,cj|([Fm "Fm+l|)a (%)

*
ra¢ R, ,,,1— KOHTAKTHOE TEPMHYECKOE COMNPOTHBJICHHE HA CTbike 7 W M +]-0Hf uvacTel CTepxHf,

Oy i1 (L) — KOOPOULMEHT TETUIOOT M CO CBOGOLHBIX TOPLOB M1 WM M + 1 -off yacTu cTepxna. Heobxo-

AHMO OTMETHTS, YTo mipu M =1 3anaua (2)—(5) cOOTBETCTBYET MaTeMaTHYECKOM NOCTAHOBKE HEJMHEHHON 3a-
Ja4M TEIIONPOBOJHOCTH JUIS FIaAKoro crepxHs, npd M =2 — a1 oAHOCTYIEHYATOTO | T. 1.

MeTtenr pemennsi. Henunelinas 3aga4ya TennonpoBogHocTH (2)+4) ¢ BHyTpEHHUMH HCTOYHUKAMH TeIUIa
MOXeT ObITh pPEHiCHa NpUOIDKEHHBIMY YUCAEHHBIMM WIH aHAIMTHYECKHMHM MeToaamu [2, 3]. Hcnonb3oBaHue
YUCIICHHBIX METOAOB (HECMOTPA Ha PAX UX CYLIECTBEHHBIX JOCTOMHCTB), 0COOEHHO NPHU OLUEHKE AONTOBEYHOCTH
‘reMEepaTypHOTO MoJis MPOEKTHPYEMbIX JIEMEHTOB KOHCTPYKUMI, TpebyeT Gonbiinx 3atpar BpemeHH OBM npu
pacueTax s BeiGopa onTUMaNbHBIX MapaMeTpoB dieMeHToB. [ToaToMy LenecoobpasHoil ssnsercs paspaboTka
afTOPHTMOB, OCHOBAHHbIX Ha NPUOIMKEHHbIX AHANUTHYECCKHX PEILIEHWIX 3a1a4H TeTUIONpPOBOAHOCTH. ONHAM M3
TAKHX MOIXOMOB NOJYYEHHs AHANNTHYECKHX PELICHHIl ABIAAETCA METON NOCIENOBATENbHbIX UHTEDBANIOB {1-3],
3AKIMIOYAIONIMIACH B Pa3OMEHHU BCErO BPEMEHH HAarpyKEHHA Ha KOHEUHBIE BPEMEHHbIE HHTEPBATH!, B KAXAOM U3
KOTOPBIX XapaKTePUCTHKA MATEepHAaia, BHYTPEHHAE UCTOYHHKHN TETUIA ¥ 'KOIPQUIMEHTE! TEIUI00TAAYH ABNAIOTCH
NOCTOAHHBIMY. B Taxoli MOCTAHOBKE HeNMHEHHAA 33243 HECTAUMOHAPHON TETUIONPOBOAHOCTH CBOAMTCA K HO-
CIeN0BATEILHOCTH JIMHENHBIX 3324 C pasIHYHLIMY HAYATbHLIMM W FPAHUYHBIMY YCJIOBHAMH IS KaXKI0ro MH-
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TepBaia BPEMEHH, AT PEIIEHHA KOTOPBIX MOXHO UCMIGNE30BaTh ONEPAMOHHLIA METON, OCHOBAHHKLINA HA MHTe-
rpansHOM npecOpasoBanuy Jlamnaca.

IToacranoska

o (1,) %

TI03BOJIAET CBECTH PELICHHE JIMHEHHBIX 3a/1a4 TEIUIOMPOBOLHOCTH AT MHOTOCTYTIEHYATOTrO CTEPIKHA K PELICHUIO
3ajay TeNoNPOBOJHOCTH U MHOTOCIIONHBIX MIOCKHX Ten [2]

2M | ©
Um,j(xﬂ)‘—‘z ZQZj[“n,i(x)'(Pn:Igj,f(n)(7)+
i=1 {n=0
© m N )
+Y B} pe) exp(py )+ Iy (67, j=12,.M, %)
k=1

rae M — KonWueCTBO WHTEPBANOB pa3zbveHul; (GyHKUMH gj,,-(t), Hai(X), @, QZ j[pn’i(x)(pn]

m *
E j,i(x, Pi)s I, j (x, T) onpenensroTcA MO COOTHOUIEHHUSM, TIPMBEACHHBIM B paGoTax [1-3].

Tennodusnueckue XapaKTepHCTHKH, NTApaMeTPhi HEMIEANbHOTO TEIUIOBOTO KOHTAKTA, IIPUBEACHHBIN KO-
3¢ ¢rumenT TenooOMeHa, H3MEHAIOIMEC OT HHTEpBAJa K MHTEPBATY CTyHEH4YaThiM 06pa3oM, BRIOGHPAIOTCS TI0
3HAUEHHIO HeKOTOpOi# onpenensmomlel Temneparyprl. Kak nokasao B [1, 3], Takylo Temneparypy cieayeT Bbl-
GHpaTh B 3aBUCUMOCTH OT KOHKPETHBIX 3aKOHOB H3MEHEHHs HEIMHEHHbIX NaPAMETPOB M Le/H HCCNE0BAHNA.

Onucanne U aHAJIU3 YHCIIEHHBIX HCCJIEA0BAHHMIA. qacnn;le cirydau pemieHus (6) ObId HCTIONB30BAHBI
11 MCCNIEROBAHUA YCTANOCTHOMH JONTOBEYHOCTH IIAJKOTO M CTYNEHYaToro crepkHeil. PaccmorpeH umMxnude-
CKHt YNCTBIM M3rHO cTepikHel U3 cTanu 45 NPAMOYTONLHOTO MOMIEPEYHOTO CEYEHHS C Pa3IHYHBIMH YaCTOTaMH
HarpyxeHus. Pasmepsl cuMMeTpHyHOro crynenyaroro crepxua: L=15mm, L; =20MM — monoBuHb! MIHH

nepBoit ¥ BTOPO# cTyneHeit cooTBeTcTBeRHO, by =10MM, by =20MM — BbicOTHI ceuennit L u L) coorsetct-

BEHHO, a=5mMm - IUApHHA CeYeHUs CTCpXKHA, OJHMHAKOBas MO JUIMHE. P&Mepbl rNagkoro CTEPXHA:

L=35mMMm, by =10MM, a=5MM . B pacuerax yd4TeHbl TOJNBKO HAanpsokeHUs B paboueii yactu crepxus. Ko-

3hOHUMEHT TEIOOTAAYM Ol uepe3 GOKOBYIO NOBEPXHOCTh B OKPYXAOUIYIO CDEMy 3aBHCHT OT TEMIEpPATYpHI,

2 .1

Oy Yepes TOpUbl CTepXKHA B OKpyxaiouylo cpexy paser S00BT-M - K . 3aBacumocty ¢usuxo-
MEXaHMYECKMX CBOWCTB MaTepuana CTepXHs OT TeMrepa-

TYpPbl NIPHHATHI B COOTBETCTBUM € JaHHbIMU pabor [3, 5].
Ha puc. 1 npeAcTaBneHbl 3aBUCHMOCTH KpUTEpHA B, 7
) . . N 2120y

Buo Bijor Biy (TernoobMeH MeXRy OKpyXaiouiei cpe- \
IO ¥ COOTBETCTBEHHO GOKOBOI MOBEPXHOCTHIO M TOpL@- A : e
). HCH! “ : B Yian X N
MU CTepXHei). 3aBUCUMOCTH COOTBETCTBYHOT IPaHMLAM, 10° Y\ R~~~
pasgensomyuM o5IaCTH H3MEHCHHA TEMIEPATYpsl B LEH- X ~

vy 10675

TPE CTEPKHA ¢ HAPACTAIOLIEH CKOPOCTBIO M YCTAHOBIEHHUS "'*ﬁ-l ,
TEeMIIEpaTyphl B mpoLiecce Harpyxenus. OGnacTh, orpaHu- "
YeHHas KPUBOH M OCAMH KOOPIHHAT, ABJIAETCA 06JaCThIO \

N,

‘-—4"""

M3MEHEHHS TEMIIEPATYPbI C HApACTAIOWEN CKOPOCTRIO, YTO "
COOTBETCTBYET Pa3pyUICHHIO CTEPKHSA N0 KPHTEPHIO MOTE- ]
pH ero Hecyueit cnoco0HOCTH (HOCTHXEHUS NPeaeIbHOTO st
HanpsKeHHOro cOCTOSAHUA). CIUTOIIHBIMYA JHHUAMHA H30-

OpaxeHbl 3aBHCHMOCTH Bijor Biy, moilyueHHBlE NI
CTyneH4aToro crepXxus npu o, =250MIla n pasmuu-
HBIX 4acTOTax HarpyXeHus, IITPUXITYHKTUPHOH JIHHHEH —

npu 6, =200MIJa u v=5116T1. lUTpuxoBas kpruBas Noxy4eHa NPH LUKIHIECKOM HArPYKEHHUH [IIALKOr0

R

B,

10 ]

Puc. 1

CTepXKHS, Harpy:xaemoro ¢ 6, =250MIla. U3 puc. 1 Buano, 4To ycnosus TeriooGMeHa MeXy CTEPKHEM M
OKpyXarolueil cpenoi, reoMETpHUeCKUe pa3Mepsl U Gopma CTepXKHA MOTYT OKa3aTh CYLIECTBEHHOE BIMSHHE HA
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pa3orpeB M, e€CTECTBEHHO, YCTAJIOCTHYIO NOJNrOBEY-
HOCTb UCCNENYeMbIX CTepikHeii. Tak, HanpuMep, MpH

/ frose OOHHUX M TEX XKe yCINOBMAX HarpyXeHus M Terurood-
& wa MeHa ( Biy 20,4 ) rnankuii crepxeHs paspymaercs
/ BCNEACTBHE HOCTHKEHHA B €r0 LEHTPE NpPeaesibHOrO
/| / / / HANpSOHKEHHOTO COCTOSHUS, CTYNIEHYATBI# CTepPXKEeHb
: / ot : YN npu 3ToM Oyner paboTaTs 3HAYMUTENLHO JOMbLIE H
/ Vi \\}3 paspylleHue MOXeT IPOM3OHTH BCAENCTBHE HaKOI-

/| / // g JICHHA YCTANOCTHBIX MOBPEXICHHH.
/ ro” 1 7 200 jf aru Ha puc. 2 B BiJie TIOBEPXHOCTEH MpeaCTaBIIe-
/ oo e L Ly HO MpEJieIbHOE HCTO LHMKIOB HATPYKEHMA B 3aBH-
S0 il N At CUMOCTH OT aMIUTMTY/bl HAalPSKEHWI W YacTOThi JUls

300 / \::

:«é;ﬁ; rnagkoro (xoutyp 1) M cTyneHuaroro (KOHTYp 2)
! une / / crepxkreil. Kak BAAHO, 4eM Gonemie G,, TeM NpH

Puc. 2 MEHbLIEM 3HAYEHWH YacTOThl HAarpyeHHs B omac-
HOM CEYEHHH CTEPKHA GyNET NOCTHTHYTO Npeneib-

HOE HanpsHKEHHOE COCTOSHUE.

Takum 06pa3om, pa3paGoTaHHbie airOpUTMbI MPHOMIKEHHBIX AHATMTHYECKHX PElUCHHH HETMHEHHBIX 3a-
124 HECTALMOHAPHOM TEILIONPOBOAHOCTH I CTEPXKHEN pasiH4HON KOHQUTYpal{K NO3BONAIOT PaCIIMPUThL 06-
NIACTh NPAMEHEHHS METONOB TEOPMH TEIUIONPOBOAHOCTH INPH M3YHYECHHMH Pa3BHTHA NpOLECCa YCTalOCTHOTO
pa3spylIeHs 3JIEMEHTOB KOHCTPYKUMI, pa30rpeBalOIMXCA BCIEACTBHE BBICOKOYACTOTHOTO LMKIMYECKOrO
Harpyxkenns. C MCHONB30BAHHMEM aNTODMTMOB BO3MOXKHO: YYecTh MepepacrpeliefieHne HampshkeHHOTo
COCTOSHUA B CTEpPXHE C TEMNEpaTypoil; ydecTh M OUEHMTh BIMSHUE AMIUIMTYAbl HANPSKEHHH, 4acTOTHI
HarpyXeHHs, ycIoBHH TeI00GMeHa, reOMETPHYECKHX Pa3MEPOB, HOPMBI CTEPXKHS H JIPYTHX (HaKTOpOB.

PE3IOME

3anponoHOBaHO METOA PO3PAXYHKOBOIO BU3HAYCHHS AOBTOBIYHOCTI €1EMEHTIB KOHCTPYKWiH, 3aCHOBaHMIA Ha aHati3i
€aMopO3irpiBy Ta HOTO BIIMBY Ha 3MiHy PE3OHAHCHOI YaCTOTH, AMIUHTYAH KOJMBAHb €IEMEHTA, HOro TeMnepatypy B Hebes-
NMEe4HOMY Miciti.

SUMMARY

The calculate method of definition the fatigue durability of elements of constructions which are warmed up owing to
high frequency cyclic load and its influence on change of resistant frequency, amplitude of fluctuations of an element, its
temperature in a dangerous place is offered.
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YIK 5393

OB OCOBEHHOCTAX JMHAMUYECKNX XAPAKTEPUCTUK KPUBOJIMHEMHBIX
TPYEONPOBO/JIOB MPOCTPAHCTBEHHOM KOHO®UT'YPALIH

B.I" Knounuxosa, O.J1.1Ipoyenko
Hucmumym mexanuxu um. C.I1. Tumowenxo HAH Ykpauun, Yxpauna.

Tpy6uaTele NPOCTPAHCTBEHHO HM3OTHYThE UMIMHAPHYESCKHE OOONOYKM, TMAMETP TIONEPEYHOro CeYeHHs
KOTOPHIX 3HAYUTENILHO MEHbIIE HX 00UIeH AIHHBI ¥ pafilycOB KPHBH3HBI OCEBOH JIMHUM 00pa3yloT Kiacc TpyGo-
NPOBOJOB, SABJIAIOIUMXCA COCTABHLIMH JJIEMEHTAMH MHOTUX KOHCTPYKUMH. [ToaTOMy BaxkHo paspaboTaTs MeTOIb!
pacyeTa TakuX KOHCTpyximi. Hike npuBeneH 4nCiIeHHO-aHAMTHYECKHI METO pacueTa JHHAMHYECKHX Xapak-
TEPHCTUK KPHBOJIMHEHHOro Tpy6ONpOBOaa, ONHCAHbI CBOHCTBA X OCOOEHHOCTH CIIEKTPOB COGCTBEHHBIX YACTOT H
¢$opm koneGaHuit TAKHX CUCTEM. '

1. IfocraHoBKa B METOA pewieHHsi 3a4a4H. PaccMOTpUM Tpy60NPOBOA MPOCTPAHCTBEHHOH KOHQHUIYpa-
LMY [OCTOSHHOTIO TMONEPEYHOrO CEYEnus, HaXoAAmuics mo aeficTeueM BHeHUX cui. Ilpencrasum paccmar-
puBaeMblii TPyGONMPOBO CHCTEMOH ¢ MEPEMEHHLIMH 10 LTMHE TNApaMEeTPaMH, TMOCKOJIBKY  JONOJHUTEABHO K
0GBIYHBIM MapameTpaM (Macca, KecTKOCTb, YCIOBHS 3aKpEIUICHHs) OH MMEET XapaKTepucTuku Gopmsl. Brew-
HHME Harpy3KH, OPHEHTHPOBAHHbIE MO KOOPAMHATHBIM OCSM, OKa3bIBAIOTCA PA3IMYHO HAIPABIEHHHIMH OTHOCH-
TEeNbHO 0CEBOMH JIMHUM COCTABJIAIOIIMX 3IEMEHTOB TPYOONPOBOAA, YTO HEN3OEKHO MPUBOJMT K B3aMMOCBA3M M3~
TUOHBIX M KPYTWIBHBIX KOJeOaHMUil.

Jng nosly4eHHs KOMIAKTHOM CHCTEMb! paspeltaomux i gepeHIMaNbHbIX YPaBHEHHI HCIIONb3yeM Bek-

TOpHYI0 opMy 3anucu kak JJIA YCIOBHIA JUHaMK4eckoro pasHoBecHs cuwi (P ) u MomenToB ( M ), Bo3HHUKalO-
LMX NpU AelicTBUM BO3OYKHaromeil Harpy3kH, Tak M [UIA KMHEMAaTHYECKMX COOTHOLICHMM MEXTY BEKTOpPaMU

ynpyrux aedopMaruii (£), nunetinsix (U) u yrnosbix () nepemerenuii [1, 2). IIpy BHINONHEHHH PHHATHIX
B NpuOIMAKEHHON Teopuy crepxHel mpenmonoxeHuit (runoresa Diinepa-BepHyiuin, HEPACTHKUMOCTH OCEBOM

JIMHHMM) BEKTOp yNpyryx Jedopmanuii & KOMINOHEHTAMH KOTOPOTO B CBS3aHHOM CHCTEME KOOPAMHAT ABISIOTCA
HPUPAIESHUS KPUBU3HBI U prqeﬂua nedopMHPOBaHHOM OCH, MOXKHO MPEACTABHTD B BUAE

£= —[M + (M), )

Ie T — OpT KacaTelbHO K KpuBonuHeiHo#l ocu; £ — Monynb ynpyroctyd; I — nonapHuiit MOMEHT HHEPUMH; L

— koo duument [TyaccoHa. Bo3MOXHOCTH TaKOro NMpeACTaBIEHHs 3aUMCTBOBaHA U3 pabor [2,3].
HUcxonHas cucteMa ypaaﬂeuuﬂ MMeeT BUJL:

. . 4 on
oU 08 - oM - oP mlo’U |
.____ —_—= _— —_ —_— <s<
[9] E M + (M7, E v, 55 E o (0<s<l), )
rae
V=UIR, $=8L/R, M=M [*/EIR, P=P L/EIR, s=S/L; 3)

R — pamuyc ceuenns; L — obmiad juiuHa; m, — NoroxHas macca. U3 cTpykTyphl ypaBHeHHH (2) BHAHO, 4TO KO-
sie6anua onpeaenasoTes PopMOoii OCH H 3aBACAT OT OJHOI0 napameTpa | .

JInst YMCNEHHOTO MHTErPUPOBAHKS YpaBHeHMii (2) COBMECTHO ¢ rPaHMYHBIMU YCIIOBHAMH pa3paboTaH an-
FOPMTM, OCHOBAHHbIH Ha COUETAHHH METOJIa TOUIArOBOTO NMOMCKa, 06NaNAIOIIEro BLICOKOH CTETIEHbIO TOYHOCTH,
¥ TPAKTMYECKH TOYHOTO METOHA MUCKPETHOH oproroHayusauvy. OLEHKOH TOYHOCTH AIrOPHTMA CITYXMT TOY-
HOCTb, C KOTOPOIi YIOBIETBOPSIOTCS IPAHAYHbIE YCIIOBMA. [IpM 5TOM CMELIEHHS ¥ HANPSKEHUS BHIYUCISIOTCH €
OJMHAKOBOH TOYHOCTBIO. AJIrOPATM 00ECNEUHBAET aBTOMATH3ALMIO pAcyeTa Ha BCEX J3Tanax W SBISETCA YHH-
BEPCAILHBIM B OTHOLUEHHH OXBAaTa KIACCMYECKHX BAapPHAHTOB IPAHMYHBIX YCIIOBHI W FEOMETPHH NPOCTPAHCT-
BEHHO W30THYTOH OCeBOM JMHUM. UHCIEHHAs peanu3auyus airopuTMa BHITIONHEHA IS Knacca Tpy6onpoBoos,
OceBasi IMHAA KOTOPBIX JOITYCKAeT annpoxcumaumo nubo Ha6op0M OTPE3KOB BHTKA CHpaieH, 60 COCTOUT 13
TPSMOJIMHEHHBIX M KPHBOMHEHHBIX OTPE3KOB, PA3THYHO OPHEHTHPOBAHHLIX B MPOCTPaHCTRE (pHC. 1).

2.AHa/IH3 YNCIIEHHBIX Pe3yabTaToB. CHCTEMATH3alMA H aHATH3 Pe3yNbTaTOB MHOTOYMCIIEHHBIX pacye-
TOB AT BO3MOXHOCTb YKa3aTb Ha HEKOTOphIe ofuive 0C05€HHOCTK YaCTOTHBIX CHEKTPOB xpuaonuneﬁﬂmx
Tpy6onpoBonoB.

~ YacTOTHBIN CIEKTp ABIACTCA HEPABHOMEPHBIM M obnanaer asrcoxoﬁ (0O CpaBHEHHIO € NPAMOIHHERHBIM
WM TI0CKUM KPMBONHHEMHBIM TPYGONPOBONOM TAKO# e JIMHBI) ILIOTHOCTBIO. B 4acTOTHOM criekTpe cojiep-
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XaTCA Maphl GNM3KAX NO BeNWdHHE 4YacToT. CpaBHUTENbHBIH aHANMM3 COOCTBEHHBIX OPM, OTBEYAIOLMX 3THM
4acTOTaM, MOKa3bIBAeT, YTO OAHA M3 HHUX COOTBETCTBYET MPEMMYMLIECTBEHHO IaHAPHBIM KolebaHuaM, a apyras
— NPEUMYINECTBEHHO BHEIIOCKOCTHBIM. [Ipy 3TOM uncio y3/0B coGCTBEHHONH (GOPMBI KaxI0H H3 Gnu3kux yac-
TOT ONpEeNseTcs NOPANKOBLIM HOMEPOM Naphl, a HE OTHEIBHON YACTOTHI, KaK 3TO UMEET MECTO U1 NMPAMOIH-
HeliHbIX TpyOonposonoB. Bo3byxienne mo onHOl KOOpIHHATE BBI3HIBAET KosiebaHus M no asyM apyrum. Ilpn-
YeM aMIUIMTYAbI ITHX KoneGaHuit CpaBHUMBI C aMIUTMTYNoil BO30Y»2aeMoit KOMIIOHEHTH!, a Ha BHICOKOYACTOT-
HBIX YYacTKaxX CIEKTpa HEpeaKO CTaHOBATCS AOMHHUpYIOMMY. Kak H3BeCTHO, B clyyae HMPSMOIMHEHHBIX TPY-
GOMpOBOZOB Takoe fBAEHHE MOXET OBbITh NOJYYECHO JIMIIL NPH y4eTe HeJuHeidHpX d(dexTon. YacTorTHbii
CHIEKTP MJAOCKMX KPHBOIMHEHHBIX TPyOONpOBONOB pacnafaeTcs Ha B2 HE3aBUCHMBIX NO/CIEKTPA: B INIOCKOCTH
OCEBOM NIUHUY ¥ 110 HOpMaNy K Hell. JInsg MIOCKUX KpMBOJMHEHHBIX TPyGONPOBOAOB NPY ONpPENECIeHHLIX YCIO-
BUAX 3aKPEIUICHHMs 4acTOT oBHapyXeH 3(¢exT «IpOoIyNIeHHBIX» YacTOT, CBA3AHHBIA C BOSMOXHOCTBIO JBIKE-
Hua 6e3 nedopmaunn. HanpuMmep, U1 IIIOCKOTo JABAXABI H30PHYTOr0 TpyOOTIPOBO/A C 3aKPETUICHKEM (IIapHUD
— LWIAPHUP» OTCYTCTBYET TepBast 4acToTa Kak IpH IVIOCKOCTHBIX, TAK M NIPY BHEMJIOCKOCTHBIX KoneGaHuaX; s
eIMHOX/bl M30THYTOTO C ONOPaMH («KeCTKas — LIADHHUP» OTCYTCTBYET MepBas yacToTa NMpH KonebaHMAX M3
IUIOCKOCTH KPHBH3HBI.

B kavecTBe aMIUIMTYAHOM XapaKTePUCTHKH NOJA HANPAKEHNH, BOSHHKAIOIMX TIPH BbIHYKICHHBIX KONe-
OanusX, MpUHATa 6e3pasMepHas BeIMUHHA MHTEHCUBHOCTH KacaTelIbHbIX HanpsokeHni

o= JMf M+ M. - %[l(s)Mx +m(s)M,, + (M, T, @)

rae I(s), m(s), n(s) — HanpasisOLIMEe KOCHHYCh! KACaTeNIbHON K OCeBO# JIMHUM.
Jins wunocTpauny Ha puc. 2 NpelcTaBieHa pe30HAHCHas KpHBad, OTpaXxaiollas XapakTep H3IMEHEHHS
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MakKCUMaJIbHOI'0 3HAYCHHA aMIUIMTYdbl HHTCHCHBHOCTH KacaTCJIbHbIX Hal'lpﬂ)l(el-llflﬁ Omax B 3aBHCHMOCTH OT

2 4 :
yactoTsl BO3GYxaeHusa. =0 mgL’ /EI, rae ® — pa3mepHas uacTota. KpyBas MocTpoeHa IS CTy4as KHHe-

MaTHYeCKOro BO30YKIECHHS KPMBOJIUHEHHOTrO TPYOOMNpOBOia HPOCTPAHCTBEHHON KOHGUTYpALMH NMPH KECTKOM
3autemieHun TopioB. Kak cneyer u3 puc. 2, 1mMpHHa pe3oHaHCHBIX 06nacTell a Taxke pacnosioXeHUe HX BOC-
XOAALMX ¥ HUCXOIAMIMX BETBEH NO OTHOLICHWIO K PE3OHAHCHOM 4acToTe ABIAIOTCA Pa3IMYHBIMM; HM3WEH W3
naphl 61u3KUX COGCTBEHHBIX YaCTOT COOTBETCTBYET GoNee y3kas pe3oHaHCHas 00NacTh; HMEIOTCA Yepeayrome-
s Y3KME H IUMPOKHE MEKPE3OHAHCHBIE YAaCTOTHBIE AMANa3oHbl; CYIIECTBYET HECKONBKO YPOBHEH JIOKANbHBIX
MUMHMMYMOB; C YBEIMUEHHEM YaCTOThl BO3OYXKAEHHA Ha MHTEPBANAX M3 Y3KUX MEXPE3OHAHCHBIX LHATA3OHOB
aMIUIATYIa MHTEHCHBHOCTH KacaTeNbHBIX HANpMKEHUH pacTeT, a U3 WHPOKMX YMEHBIUAETCA, OCTABASCH Bbille
JIOPEe30HAHCHBIX 3Ha4YEHHI.

Ha KOHKpETHBIX IpHMEpaX pacueTa KpHBOJMHEHHBIX TPyGONPOBOIOB KOHMMIYPALMH C HKECTKO 3aKper-
JIEHHHIMH KOHUAMH BBISIBJEHB! OOLIME 3aKOHOMEPHOCTH pacnpeneNeHns BUOPOHANpKEHHN MO [UIMHE TpH
BO36YXNEHHUM HA YACTOTAX U3 MEKPE3OHAHCHBIX AUANA30HOB ¥ B OKPECTHOCTH HM3IIMX PE3OHAHCHBIX YaCTOT.

' B cimyuae Bo30y:KISHHSA Ha 4acTOTaX M3 ROPE30OHAHCHBIX 0OnacTeil U B MEXPe30HAHCHBIX MHTEpBANax 10
TpeThell pe30HaHCHOM YacToThl HaG/IOAAETCA KOHLEHTPalKA HAPAKEHHH Ha y4acTKax AIMHbBI, HEIOCPEACTBEH-
HO NPHMMBIKAIOWIMX K CEYEHHMIO, Iie KpacBoi 3¢dekt 3atyxaer (puc. 3, 4). C yBenudeHHeM HOMEPa MEXpe3o-
HAHCHOM 0GNIaCTH MaKCHMAbHbIE TMKH HANpSKEHMH CABUraloTcs K cepenyue Tpybonporona. Bo3byxaenre Ha

_ YacTOTax M3 IMMPOKUX MEXPE3OHAHCHBIX 00nacTeit NPHBOIHMT K BHIPABHMBAHHIO IMKOB BONH HANpsKEHHHA 1O
~ IMHe TpyGONpoBOJa, MPHYEM NpPK 3TOM HX YPOBEHb OCTACTCH HMKE MAKCUMANBHEIX TMKOB MHTEHCHBHOCTH Ha-

132 "+ Kmouuukosa B.T., Ilpouenko OI1.



BICHUK JOHEUBLKOTO YHIBEPCUTETY, Cep. A: IIpupoannyi nayku, 2003, sun. 1

NPKEHUH IUIA COCENHUX Y3KOTONOChIX MEKPE3OHAHCHBIX AHANa30HOB (pHuC. 5, 6).
o 80
a=4

A 4 / )
W/ /] "N
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40
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02 04 06 08 s0 04 06 038 <
Puc.5 Puc.6
JUIsl TUIOCKMX KPUBOJMHEHHBIX TPYGONPOBONOB, HAXOASIIMXCA TOX BO3NEHCTBHEM NPOHM3BOJLHO OPHEH-
THPOBAHHOM Harpys3ku, HAaUMEHbLINH YPOBEHb BUOPOHANPSKEHMI HOCTHIAETCA HA TEX YacTOTax BO30YyXAeHMS,

KOTOpBIE COOTBETCTBYIOT TOUKAM MepeceuyeHuns pe30HAHCHBIX KPMBLIX Ul IUIOCKOCTHBIX ¥ BHETUIOCKOCTHBIX KO-
neGanui

PE3IOME

B pamkax rinoTe3s K1acHuHoi Teopii CTPHKHIB PO3POGIEHO Ta PEaTi30BAHO YHCETLHO-AHATITHIHMH METOA po3paxyH-
Ky AMHAMi4HHX XapaKTepHCTHK 0O0NOHOK KPUBOMIHIHUX TPYOONpPOBOAiB NPOCTOPOBOI KoHpirypauii. BcranosneHo 3arais-
Hi BIAacTHBOCTI Ta cneungiuHi 0COGMHBOCTI CMEKTPiB BNACHUX 4acToT i (opM. BHABNEHO 3aKOHOMIPHOCTI 3MIHIOBaHHS
Bi6pOHAaNpyeHb B 3a/IE)KHOCTI Bil OCTYNOBOTO 3pOCTAHHS YACTOTH NPUK/IANEHOIO HABAHTAKCHHS,

SUMMARY

Within the limits of hypotheses of classical theory of rods the numerically-analytical calculational technique for dy-
namic characteristics of curved pipelines shells in spatial configuration was developed and realized. The general properties
and specific features spectra of eigenvalues and modes of vibrations were established. The regularities of the change of vi-
brational stresses were emerged according to frequency of applied load gradually increasing.

CIIACOK JIUTEPATYPbI

1. Jlypee A.H. O maneix aedopmanmax xpuponuHeRHsix crepxueit / Tp. Jlenuurp. nonautexd. uH-Ta. — 1941, — Ne3. -
C.148-157.

2. JlsB A. Matematnueckas Teopus ynpyroctu. — M., JI: Focrexuznar, 1935. — 647 c.

3. I'pyzes U.J1. KoneGanns TOHKNMX KPHBONMHEMHBIX crepxHel // Bubpauun B Texnuke. — M.: Mawmnoctpoenue, 1980. —
T.3.-C.18-36.

4. Kmounukosa B.I"., ITpouenko O.I1. Uccaenopanve BUOpOHANpskeHMH, BO3HUKAIOWMX B KPHBOJHHEHHBIX TPY6ONpoBo-
Jax NMPOCTPAHCTBEHHOM KOH(MIypauyy Npy ACHCTBAN rapMOHHYECKHMX M HECTALMOHAPHBIX Harpy3ok. / Marep. Bceco-
103. Hay4.-TeX. coBemiaHus “"HanexHocTs TpyGonpoBOAOB 3eKTpUYECKHX cTasumii”. — M., 1990. — C.37-39.

Haoiuwna oo pedaxyii 07.05.2002 p.

Kmounnxosa B.I"., ITpouenxo O.I1. 133



BICHUK JOHEHBKOI'O YHIBEPCHTETY, Cep. A: llpupoannyi nayku, 2003, sum. 1

YK 532.529 .
ABA PEXMMA JIBHXEHUSA TUCTIEPCHON CMECH

H.E.Txauenko, C.E.Txauenko
Huemumym mexanuku HAH Yxpaunwl, 2. Kues
Hayuonanvnuii asuayuonneri ynusepcumem, 2. Kuee

Crporoii TeopuH CPell XUAKOCTB-YACTHIL! B HACTOANIEE BPEMA HE CymiecTByeT. Mcmone3yrorcs pasnuy-
HBIE MOJENM, NOCTPOCHHbIE HAa 6a3ze MEXAHHWKH CIUIOMIHON Cpeibl: MOJENb ABYX CIUIOHIHBIX Cpel, IIe CHIIbL
B3aHMOMCHCTBHA MEXIy CpellaMi NOCTYIMPYIOTCS, WM PAcCMaTPHUBAETCs ABHXKECHHE OJHOH YaCTHIIB! B XHOKO-
ctu [1-5]. B Hacrosmei pabore npenaraercs MOAeIb MEIKORUCTIISPCHOH CMECH KHIKOCTh-4aCTHIb, OCHOBAH-
Has Ha CTATHCTHYECKOM NOAXOJE [UIA ONMCAHUA JBYKEHHA CHCTEMB! YaCTHU M ONPENEICHHA OCPEIHEHHBIX CHII
B3aHMOACHCTBIA MEXIY (azamu.

HocTpoenune Moxean. PaccmarpuBaercs MeIKOUCIEPCHAsE CMECh — UACANBHASA XHIKOCTh ¢ YaCTHIAMH
B JKECTKOM cocyne. MccaemyeTcs OTHOCHTENbHOE JABMKECHHE MEJKOAHCIIEPCHOH CMECH, BRI3BAHHOE UMITYJIbCHBIM
BO3/IeHCTBHEM Ha CBOOOHON NOBEPXHOCTH YKHUIKOCTH.

Pa3meps! yacTH 3HAYNTENBHO MEHBILE PACCTONHHUM, Ha KOTOPHIX OCPERHEHHbIE NIAPaMETpPhI (a3 Cymect-
BEHHO HM3MEHAOTCA. Clulbl BA3KOCTH XHAKOCTH YYUTHIBAIOTCS JIMIIb NIPH €€ B3aMMONEHCTBHHU C yactuiamu. To
€CTb, Ha OTHAEABHYIO YaCTHILY ACHCTBYIOT CHJa TATOTEHH, CHIA TPEHMA, CHia ApXUMena, CHia, 06yCloBIeHHAs
YCKOPEHHBIM JIBHXKEHHMEM HACTHUIl OTHOCHTEIBHO XXHAKOCTH, ciia JKyKoBCcKoro H ciydaiiHas cwia Tuna Jlamke-
BEHOBCKOTO MCTOYHHKA. J[JIf ONMCaHMA ABMXKCHHS YACTHLI UCIIONb3YETCA CTATUCTHYECKMI NIOAX0, ONHUCAHHEIH B
paborax [6, 7]. IlonaraeMm, 4TO HayalbHbIE YCIIOBMA JUIA KXKIOH YaCTHIIB! ABIAIOTCA CIlydaiiHBIMH BeHYMHAMH.
Meroaamu cratucTHyeckoii Mexanuky [6, 7] CTpOMM KHHETHYECKOE ypaBHEHMeE [JIA OIHMCAHHA JBHKCHHS 4ac-
THIL, a TAKXKE CHCTEMY YPaBHCHHI NIEPEHOCA, XapaKTEPU3YIOMHX CIVIOIIHYIO CPERY, KOTOPOi 3aMEHSEM CHCTEMY
YaCcTHU. DTH YPaBHEHHA JAlOT BO3MOXXHOCTE B ABHOM BHJE 3aNMCaTh CPEIHHE CUIbI B3aHMOAECHCTBHA Mexy da-
3aMH. JKHAKOCTH ONHCHIBAETCA CUCTEMOH YpaBHEHHH TMAPOIUBAMHKH MAEANBHOM XUAKOCTH C JOOABIECHHEM B
NPaBBIX YAaCTAX YPABHEHHH OCPEIHEHHBIX CHJI B3aNMOIEHCTBHA MEXIY daszaMu.

Mozienu [ ONHMCaHHs [BIKEHHS CHCTEMbI YACTHI[ M JKHIKOCTH CTPOMM HA PA3HEIX YPOBHAX: CHCTEMY
YaCTHI] OIIMCHIBAEM HA KMHETHYECKOM yPOBHE B (Pa30BOM NIPOCTPAHCTBE OJHOH YACTHUB! (CPEAHHE BEIMUHHEI,
KOTOPBIE OTHOCATCA K (PH3HYECKOMY NIPOCTPAHCTBY, ONPEIENAIOTCA IyTeM OcpeaHeHus o (a3oBoMy POCTPaH-
CTBY); XHIKOCTb ONHCHIBACTCH HAa TMAPOAMHAMHYECKOM YPOBHE B (M3H4ECKOM NpocTpaHcTse. B HaueM ciydae
4aCTULLI 33HMMAIOT MEHBIIKH 00beM YeM HAKocTh. CpelHas IVIOTHOCTh P CIVIOIIHOM cpejsl, KOTOpOi 3aMe-

HAEM CHCTEMY 4YacCTHl, 3HAYKATCIBHO MCHBIUIC IUIOTHOCTH XHUAKOCTH 6e3 yacTHl p p- JTOT NOAX04 HAET BO3-

MOXXHOCTb ONIUCATh MMEPEXOAHBIC NPOUECChI, KPOME TOro, i MHOTHX CJ1yYacB HEBO3MOXXHO 331aTh HAYAILHEIE

H I'PAHHUMHBIC YCJIOBHA I KaXI0H yacTuupl, a ux }’I.[OGHGC 3a/aBaTh Ans BCeH COBOKYITHOCTH YaCTHIl HA KHHE-
THYECKOM YPOBHE.

" 3 .
OtMeTHM, 4YTO IS YaCTHIL UMeeM ABa napamerpa peilakCauui: IOTHOCTHOH — noro H AHCCHIIATUBHBIN

N : ,
-¥. 3,{[605 no —-—V— » IOC Ny — CpeaHAd IUIOTHOCTh YMC/IA YaCTHI IIPH OTCYTCTBHH BHEIIHHX 110.‘16171, N OGIIICC

HHCNIO YacTHUeK, V' — Bech 06beM, 1y — npuBeeHHbIH panuyc Yactuu. IlapaMeTp Y onpemenset Bpema penak-
CalliH O CKOPOCTSM B JUMCCHIATHBHOH CHCTEME — BpeMs 32 KOTOPOE YCTaHABIMBAETCA JIOKANBHOE PABHOBECHE

k —
CHCTEMBI 10 CKOpOCTsM. (JInst NMHEHHBIX CHI TpeHUA Y =-—=, rae Kk — Ko3(pOULMEHT CONPOTHBICHHA, M —
m

HPUBEJCHHAS MAcca YacTHIBL) MojkeM CKa3aTh, YTO IapaMeTp Y ONpEAeNseT IMPHHY CHEKTpa (IIyKTyalmit
cKkopocTet YacTuLl. ITOT NapaMeTp OLPEAeNseT PeXKHMbI ABIKEHHA CUCTEMB! YacTuy, {11 spemMenn ¢

0<t< l ¢9)
'Y .

HMEEM KMHETHYECKMH PEXMM, HA NPOTHKEHUH KOTOPOIO YCTAHABIMBAETCA JOKANKHOE PABHOBECHE CHCTEMBI Yac-

THII IO CKOPOCTAM, & XaPaKTePHCTHKM XHIKOCTH HE H3MEHAIOTCA. [[BHIKEHHE CHCTEMB! JACTHIL, OMUCHIBAETCS Ypas-

HeHMeM Tuna ypasseHus Kommoroposa-@oxkepa-Ilnanka [7], B koropoM koadduiueHT npu NpOMU3BOJHBIX 110 HM-

HynbCaM OT (PYHKIMH IVIOTHOCTH PACHPEHAENECHIs BEPOATHOCTEH 3aBHCHT OT B3auMOZJENCTBUS MEXY (azamH.
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ot +‘aaa T~ .;l— -7 (2)

oF p OF [a ano}aF a(k~) o' F
—_— e —r + L —aull bR sz
dq |op Op op

rae F - OJHOYACTHYHAHA (1)YHKHI/L$1 TUICTHOCTH BEPOATHOCTHU PACIIPCACICHHUA YaCTHLL, ]; = { P1:P2s p3} - AM-

nynec; g = {ql,qz,q3} — KOODIHHAT2 B OCPEJHEHHOM OIHOYACTMYHOM (azoBoM npocrpanctee; ) — Hemo-
TEHLIMANbHbBE CWIBI Mex(azosoro Bzammoneiictsusa; Il — ocpepHeHHas nOTeHUMANbHAS JHEPTHA CHCTEMBI

vactui; Dy — kodbduunent nnpdysun Ha KuneTHIeckoM pexume. I1pu u3yuenuu nponeccoB B JHCNEPCHOH-

HOH CMECH HYXHO 33JaTh TaKXKE HayanbHbIC, I'PAHHUYHBIC YCIOBHA H YCIOBHA HOPDMHPOBAaHHA 1A (byHKL(I/lPI
TUIOTHOCTH REPOATHOCTU.

Ipn
2
1 L
—<t<— 3
755D, ©

umeeM audGy3HbIi pexuM. L — MakCHMAlbHbIH JiMHEHHEIH pasMep COCYAa, Il HaXOMUTCS JHUCHIEPCHAs CMECh;
Dg — koagduuuent juddy3un Ha auddy3HOM pexume. DTOT PEXHM ONPEAEIAET SBOOUHIO CHCTEMBI B IIPO-

CTPaHCTBEC K BPEMEHH.

Jns cucreMsl 4acTun Ha AudQy3HOM pexuMe MMeeM KHHETHYECKOE YPAaBHCHHE THIA ypPaBHEHHA OH-
mteiiHa-CMOITyX0BCKOro

Y 2
OF jbef 15, Q108 _pO0F

_— = . 4
ot m\ Y~ ym]og % pz? @

3meck p, — cpeAHMil HMIYJIbC YACTHI HA KMHETH4ECKOM pexume. Cpeanss IIOTHOCTh CIUIOMIHOMA CPelbl, KO-
TOpO# 3aMeHsIeM CHCTEMY YacCTHI onpeaensercs [7]

N .
p=77 | F8( ~4()dpdq . )

x= {x, y,z} — KoopanHaTa HU3HYECKOro NPOCTPAHCTBA.

AHAJIOTHYHO OMpefenieM CpeJHIO CKOPOCTh YacThl [7]
- - n, D - - PG
5,0 =22 [£F8(x - ()dpdq ©)
nim
rae
- Nt oo
n(%,0) =5 [ 8(: - 4(1)dpdg @

Takum 00pa3oM, A1 OMHCAHHA CMECH JKMAKOCTb-YACTHLIEI UMEEM CHCTEMY B3aUMOCBA3aHHBIX yDaBHE-
HMIl: KHHETHYECKHE ypaBHeHus (2) win (4) ¥ cucTeMa ypasHeHHi Dinepa, JONOJIHEHHAA B MPaBbiX YacTAX OC-
PEAHEHHBIMH CHIaMK B3aUMOJCHCTBH, KOTOPHIE 3aBUCAT OT PEHICHMI KHHETHYECKHX YPABHCHHUM,

B KMHETHYECKMX YPABHEHHSIX NEPEMEHHBIE p,J OTHOCATCA K (ha30BOMY MPOCTPAHCTBY, A NEPEMEHHBIC
(U3NIECKOrO MPOCTPAHCTBA X, V,Z BXOAAT KaK IIaPAMETPSL.

IlocTanoBKA W MeTOX penienns 3aia4u. IycTh B HEKOTOPOM OTKPHITOM MapajUleNenunene BbcoTh A,
wmpuus! 20y W st 2/; B HAYAIBHBIA MOMEHT BPEMEHH HAXOJMTCA HICATbHASA, HECKHUMAEMAs KHUIKOCTD B CO-

CTOSIHMM TMIPOCTATHYECKOTO paBHOBecus. CBOBOMEYIO MOBEPXHOCTD XHAKOCTH NpUHUMaeM 3a mwiockocts XOY
JeKapToBoil cucteMb koopauHatr. Oce OZ HampapuM IO BepTHKANIM BBEPX. B HadanpHEIA MOMEHT BpPEMEHH B

wiockoctH Z =0 BBOAATCSA YaCTHYKH C HAYAIBHOM CPEAHEH CKOPOCTBIO V() M CPEAHEH MIOTHOCTBIO Pg. Kpome

TOro B 3TOT K€ MOMCHT BPEMCHHU NPONCXOOUT UMITY/ILCHOE H3MCHEHHE IaBJICHNA B IUIOCKOCTH Z =0.Bstom ciy-
4ac pMcnepcHad CHCTEMA XHAKOCTH-1aCTHIBI ONMCBIBAETCA CUCTEMOI ypaBHeHnﬁ 1A KMIOKOCTH

. div1;=0, pp=const ®)
e . .
a7 __Lep)ob, ko (5 7). gl1-ay 2 E, ©)
dt pp, Ox mp, Pp
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(10)

try
il
=)

rae V — cKOpOCTbh XHAKOCTH, P — rMApOAMHAMUYECKOE NABIeHue, di,d) — KO3(DOUUMERTHI, KOTOPHIE 3ABUCST
OT HAYaNbHOM NIIOTHOCTH XHAKOCTH M YACTHL, a TAKKE KUHETHYECKUX ypaBreHu#t (2) wm (4) 1 yacTyl ¢ yde-
TOM ONPEIENCHUA CPEIHAX BENHYHH P U v . Hauansnsle YCJIOBHS, KOTOPbIE XapaKTepPU3yIOT BBCACHUE YaCTHLL B
OZIHO# TOYKE M C ONHOM CpeIHEl CKOPOCTHIO, Y100HO 3anaBath ais hyHxuuu F

F|,_o =8(q1 —~0)8(g2 ~0)8(g5 —0)(p; ~0)(p2 —0)( 3 —mvp). (11)
I'panHuYHblE YCIOBHSA 33a€M TS CPEAHNUX BETHIHH
p|2=0:p0’ {;IZ:O:;O' (12)

IlpucTeHo4HBIN KHYACSHOBCKHH CNOM [ YacTul He yuuThiBaeM. Ha cTeHkax cocyna CpeHsis CKOPOCTh ABIKe-
HWS YaCTHUL paBHjeTCA Hymo. JIng XUAKOCTH

-

VV

=0 V] =0, (13)
Z=0
V - OpT HOpMaJli K IOBEPXHOCTH COCYAa, Ir- BHYTPEHHAA IIOBEPXHOCTH COCYyaa.

Pl=0 =B, P=Ry+AP upu Z=0, 0<t<T. (14)
Z=0

Oynxuuu ¥V =V (x,y,z,t), P=P(x,y,z,t) oupenensiiorcsa B YPU3HIECKOM NPOCTPaHCTBE. OHH 3aBUCAT
TOJILKO OT CPEJHHMX BEIMYMH, KOTOPHE XaPaKTepU3yIOT IBWKEHME YACTHIl H BHIPAXKAIOTCA Yepe3 MepeMEHHbIE
duanueckoro npocrpancrsa (X,y,z,t). Hama 3asaua cBOAUTCH K NEPEMEHHbIM TONBKO (H3HYECKOTO HpO-

CTPAHCTBA, TO €CTh MOXXEM PELIHTh KMHETHYECKHE YPAaBHEHHS B OOLIEM BuJE, YAOBIETBOPSA HaYalbHBIM YCIO-
BaaM (11). 3Haa pemenne Knﬂe'rmecxoro ypaBHEHHUA, ONpPENENnM B OOMIEM BUJE H BBIPOKEHHA Hs cpeuﬂnx

IUIOTHOCTH P W CKOPOCTH V Kak QyHKuMil nepeMeHHbIX GH3MYECKOro MPOCTPAHCTBA. Benuumusl p 1 V 3aBH-

CAT TAKKe OT CHJI, 06YCIIOBIEHHBIX B3aHMOIEHCTBIEM HYACTHLL C XKUAKOCTBIO. B anpHeiieM npuBoauM CHCTEMY
ypaBHeHHH K 6e3pasMepHOMY BHJLY H OIyCKaeM YepTy Haj Oe3pa3MepHEIMH NepeMeHHBIMH. Tak Kak KOHIEHTpa-
Ms YaCTHL B QMCIEPCHOHHOM CHCTEMe Mana, To Pg/pP o <<1. Ory Beanuuny OyneMm cHHUTATh MajnbIM Napa-

MetpoM. PasiiouM cCHCTeMy ypaBHEHHH, KOTOPHIE OMMCHIBAIOT ABIKECHHME AHCHIEPCHOHHOH CMECH B PSAABI IO
MajoMy napamerpy. B HynepoM npuOnsxkeHHH B3aMMOCBA3aHHAS CHCTEMa YDaBHEHHMH pacrafaercs Ha CHCTEMY
YpaBHEHHHI IS XHUOKOCTH (3TO ypaBHeHMs OHiepa IUII HECKHMAEMOH XHAKOCTH) ¥ YPaBHEHHE UL YaCTHII C
H3BECTHHIMHU HAYaJIbHBIMM M TPAHUYHEIMH YCAOBHAMH.

Cornacuo pa6ote [8] nBiKeHHe, KOTOPOE BOSHMKAET B HECKUMAEMOH MIeaNbHOM KMAKOCTH 33 CYET HM-
HyJILCHOrO NaBieHMs OyneT NOTEHUHANbHbLIM H B MOMEHT BPEMEHH HENOCPEIACTBEHHO MOCNE MPHKIAABIBAHHA
cwl. B HyjlesoM NpuONKOKEHHA 1% XKHIOKOCTH MMeeM ypaBHeHue Jlamnaca mpu M3BECTHBIX HayalbHAIX M pa-
HHYHBIX YCIOBHIAX, @ TAKKe KHHETHUECKHE YPAaBHEHWA AJA 4acCTHI| Ha KHHETHYecKoM M auddy3HoM pexumax.
TIpuBeneM 3nech BHIPaXEHHA T4 PACTIPE/IENICHHA YaCTUIL B HyJICBOM NPHONHKXEHUH

0<t<1, p0=p0=const, v2=v?,=0,v3=v0, @
2— 2
'm0 ]
1<t<—0r T p =poexp{~—————-—————1——2[x,+
ap, [1-= 1=
Y
+ Z -—j—sm(o,,xsxncoz,ych w35 (2 +z0)smc)4yt] [z-hy+
j= 4y _l
=1 4Dg t »
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+ z cJisin oy x8in 0 yshasy; (2 + 2 )sin 0341-]-1,‘] (22)
o Waij
i,j=1

ks — nocrosmsas Bonpumana.

OrpaBH4YHMCs PACCMOTPEHHEM HYJIEBOTO U IIEPBOTO NPUOIIOKERHA.

B npexcrasnennoil pabote paccMaTpeBaeTcs ABMMEHHE YacTHIl TOJBLKO A0 TOrO [EPHOAA, KOTAA OHM
JOCTHIal0T CTEHOK COCYIa.

Anaau3 pe3yabTareB. Ha NpoTskeHHH KHHETHYCCKOTO PEKMMA YaCTHLBl JBHTAIOTCA € MOCTOAHHOH
CKOPOCTBIO BAOMbL BEPTHKANBHOM OCH cocyaa. Cpeatsis CKOPOCTh YaCTHLL CYLIECTBEHHO He n3MmeHsercs. Ha pasbpoc
CKOpOCTEf BIHAIOT KAK NPOLECCH!, KOTOPHIE MPOCXOAT BHYTPH CHCTEMBI YacTu (B3aMMOAEHCTBIA YACTHIL MEXAY
co0oit, coy4aiiHbie BIHAHHA), TaK H NPOUECCH, KOTOphiE 00YCIOBIEHB! B3aUMONEHCTBHEM YaCTHL| C OKpYKaloLei
ux cpenoit. Ilpomecchl B cpenie, KGTOpas OKPYKaeT 4acTHULB, MPOUCXOAT 3HAYMTENHO MeaeHHee Yem durykrya-
1MH B caMoil cucteMe yacthi. Ha nepsom 3Tanie, Xorma B CHCTEME YaCTHL MPOHCXOUT YCTAHOBIIEHHE COCTOSHUA
PaBHOBECHA TI0 CKOPOCTAM, CCHOBHOE BIMSHHC HA H3MEHCHUE CKOPOCTEH IBIDKEHMS YACTHI] OCYIIECTBIISIOT BO3-
MYLIEHHS B CHCTEME YaCTHII, a HE BOJHOBOE IBIDKCHUE XHAKOCTH. Ilepuol koneOGaHHH KHIAKOCTH 3HAUATEIBHO
fonsuie IPONODKHTENEHOCTH KHHETHIECKOTO PEKAMa. 33 3TO BpeMs BOIHOBOE ABIIKCHHUE JKUAKOCTH HE YCIIEBAET
HOB/IHATE Ha [POLECC PelaKkcaiiy YacTul. YacTHIBI CTPEMATCS K YCTAHOBJICHHIO COCTOSHHS PAaBHOBECHUS 10 CKO-
pocTAM Ha MMKpOYpoBHE. CpeliHue XapaKTepMCTHKH JBIDKEHHS YaCTHL, B TOM YMC/E U CpPeqHss CKOPOCThL JBHIKE-
HMA YacTHll, HE YCIEBAOT W3MEHMTHCA 3a 3T0 Bpems. CpelHad cKOpOCTh ABIKCHHA YACTHI| HANPABIEHA 1O OCH
OZ xo mHy coCyzia ¥ PaBHAETCA 110 BEIMYMHE CKOPOCTH BIPHICKHBAHMSA YaCTHIL,

Ha nuddy3HoHOM peXMMe 4acTHIB! CTPEMATCA PABHOMEPHO pacnpelenuThes mo Bcemy oObemy. Ho
3TOMY CTPEMJICHMIO TIPEMATCTBYET B3AHMONEHCTBHE YACTHIL C BOJHOBBIM JBIXeHHUEM XumkocTH. Cpennss IWioT-
HOCTb YaCTHI YMEHBIIACTCS C TE4EHHEM BpeMEHH. Ee M3MEHEHHE CYILECTBEHHO 33BHCHT OT MPOCTPAHCTBEHHBIX
KOOpJMHAT, [IPH TOM KBaJpaT CMEUIEHUS YacTHI BO3pPacTaeT MPONOPLUHOHAILHO BpemeHH. YacTuusl pacnpo-
CTPaHAIOTCA MO BCceMy 00beMy COCYAa, OAHOBPEMEHHO BHIMONHAA XONeOaTenbHOE NBHXKEHHE BMECTE C XKHIKO-
cTbi0. Ha JKCIOHEHIHANbHble 33aBUCHMOCTH OT KOOPAHHAT HAKJIAfBIBAIOTCS FAPMOHHYECKHE COCTABIAIOLIME,
00ycnoBeHHble B3aMMOZEHCTBHEM YaCTHIL C KUAKOCTHIO, KOTOPHIE CTAPAIOTCs 3aTOPMO3NTH PACIPOCTPaHEHHE
4acTHL 0 BceMy cocyly. BricTpee Bcero 4acTHHbI JOCTUTAIOT JHA COCYHa, TaK KakK COCTABIAIOWIAs CpejHed
CKOPOCTH YaCTHIl B 9TOM HampaBJieHHH GONBIIE YeM ApYyrde KOMNoHeHTH. CpesHas CKOPOCTh YAacCTHI, ABIACTCH
byskiued KoopauHaT U BpeMeHH. Ee usMeHeHye B OCHOBHOM OOYC/IOBJICHO BOJHOBBIM ABHIKEHHEM OKPYXKalo-
el cpenbl, CHIOH BECa H CHIION TPCHHA.

[TocTpoena monygpeMeHoNOruYecKas MOJENs AUCHEPCHON Cpems! MUAKOCTh-YaCTHIB HA OCHOBE CTaTH-
cTuyeckoro noaxopa. MccneoBaHo IBHKEHHE CHCTEMBI JKHAKOCTh-YaCTHIB!, 0OYCIIOBIEHHOE BBOAOM YacCTHIL B
XHOKOCTh M NPUKNAJBIBAHKEM HMITYJILCHOTO JaBleHHs Ha cBOGOAHOH nopepxHOCTH xuakocTH. Halinen 3akon
pacnpe/ieNeHHs CKOPOCTH M THAPOAHHAMHYECKOTO JIaBICHNA, 4 TAKXKe cpeJHeH INIOTHOCTH B CpeiHei CKOPOCTH
YACTHI, HA KUHETHYECKOM H AU PY3HOM pexume.

PE3IOME

Ha ocHOBi craTHCTHYHOrO MiAXoAy MoGyAoBaHe XiHETHYHE PiBHAHHMS, IKE€ JAa€ 3MOTY ONACYBATH PYX CUCTEMH YacTH-
HOK Ta BU3H2Y2TH OCEpeAHeHi cuim B3acMonii mixk dazamu. Monems i onucy mucnepcifisol cymimni Oyayerscd Ha JBOX
PiBHSX: KIHETHYHOMY Ta TiXpoaMHaMidHOMy. IIpH BOMY BPaxOBYEThCA HEPiBHOBAXHICTH Ha MikpopisHi. el minxia nosso-
7€ CTUCYBATH TIepeXiiHi HpouecH B avcnepciiiniii cymimi. B cucteMi € apa napamerpa penakcanii: I'yCTHHHHH Ta AUCHIA-
THBHMi. 1{i mapaMeTpu BU3HAYAI0TH ABA PEXHMH PYXY Jucnepciiinoi cyMimi. PosrnaHyTo pyx Aucnepciitaoi cyminii B xop-
CTKiii nocymiBi. Busnadeni ocepenHeHi XapaKTEpHCTHKM Ta BKa3aHi 0COOIMBOCTI pyXy AMCHEpCiifHOl cyMilui Ha KiHeTH4-
HOMy Ta Iudy3iiiHOMY pexHMax.

SUMMARY

Kinetic equation, which allowed to describe motion of particle system and find mean forces of interaction between
phases, is built on the base of the statistical approach. Model for dispersing mixture describing is built on two levels: kinetic
and hydrodynamic. This approach allows to describe transients in the dispersing mixture. System has two parameters of re-
laxation: density and dissipate. These parameters determine two modes of motion of the dispersing mixture. The motion of
the dispersing mixture in rigid vessel is considered. The mean characteristics are found and the features of motion of a dis-
persing mixture on kinetic and diffusion modes are indicated.

Tkauenko H. E., Tkauenxo C.E. 137



BICHHUK JOHEIILKOTO YHIBEPCUTETY, Cep. A: Ipupoauuuyi nayxu, 2003, sun. 1

CIHIMCOK JIUTEPATYPBI

1.

2.

W

=

Bepmunenckuii A.JI. O6 ocpelHEHHOM ONHCAHHH XHUAKOCTH, conepkaiiiell mysnpexu rasa // Has. AH CCCP. Mexanuxa
AHIKOCTH U raza. — 1980. — Ne6. — C.72-79.

Byesnud I0.A. K Moe/H CHIKEHUS CONPOTHBICHHA IPH BBEICHHH YaCTUIl B TypOYICHTHEI NOTOK BA3KOH KUAKOCTH //
Hse. AH CCCP. Mexanuka XHIKOCTH H rasa. — 1970. — Ne2. ~ C.114-120.

IaBun JLB., llipait6ep A.A. TypByneHTHbie TeueHHA rasa ¢ yactunamu // Wrorn nayku u texu. BUHUTH. Mexanuxa
SKMAKOCTH ¥ raza. — 1991. — Bam.25. — C.95-182.

WUsagnaes AW, Kyrymes A.I'., Hurmarymun P.U. Fazosas tuHaMuKa MHOTO(A3HBIX Cpell. YIapHbIE M JETORAUMOHHBIE
BOJIHE! B TasoB3Becsx // Hroru Hayke ¥ rexs. BAHUTH. Mex. suaxoctu 1 rasa. — 1981. — Bem. 16. — C.209-290.
Hurmarynua P.U. OcHOBB MEXaHUKH IETEPOreHHbIX cpel. — M.: Hayka. — 1978. - 336 ¢.

Kwreaenckuit H.A. Kuwmbunnckas I A, Tkadenxo H.E. ARannTuyeckas MeXaHHKA KOHTHHYanbHEIX cucTem. — K. Hayxk.
aymka. — 1979. — 188 c.

Kiuamontoruy 10.J1. KuneTrdeckas TEOpHs HEHICANBHOTO Ta3a W HeMAcaNbHOHM Iw1a3Mel. — M.: Hayka. — 1975. - 352 c.
Kounn H.E. Ku6em H.A. Poze H.B. Teopernyeckas ruapomexanuxa. — M.: dusMatras. — T.1. - 1963. - 560 c.

Haditiwra do pedaryii 15.04.2002 p.

138 Txauenxo H. E., Tkauenko C.E.



BICHUK JOHEUBKOI'O YHIBEPCUTETY, Cep. A: Ilpupoanu4i rayxm, 2003, sun. 1

VK 533.6.013.42

CBOBOJHBIE KOJEBAHUS YIIPYTUX IUTACTUHOK, HAXOJSILUMXCS HA
CBOBOJAHOM U BHYTPEHHEM NIOBEPXHOCTSAX ABYXCJIOMHON KHUIKOCTH

IO H. Kononos

B paGote {1] uccnenopana 3anadya 0 cBOGOAHBIX KONCOAHMAX IBYXCIOHHOM XKMAKOCTH B IPAMOM KpyTo-
BOM LMJIHHAPE ¢ YNIPYTHMHA HHEPIHOHHBIMH MeMOpaHaMu Ha CBOOOIHOH H BHYTpEHHEH NOBEPXHOCTAX, a B [2] -
IUIOCKas 3a7a4a O CBOOOAHBIX KONEGAHMAX ABYXCIOHHOM MHUAKOCTH B TPAMOYTONBHOM KaHAJIE C YIPYTHMM rL1a-
CTHHKaMH Ha cBOGONHON U BHyTpeHHeH NOBEPXHOCTAX. B HacToswel cTaThe pe3yabTaThl 3THX paboT 06o6IeHb!
Ha Cay4ail UMIBBAPHUECKON RONOCTH MPOU3BOIBHOTO NONEPEUHOEe CEYEHUE M TUIACTHHOK. TIDOM3BOJIBHOrO 0Yep-
TAHUs, TO €CTh HA IPOCTPAHCTBEHHDIN ciyyail.

PaccMOTprM MEXaHHYECKYIO CHCTEMY, COCTOAIIYIO U3 ABYX HACATBHBIX Hecmemnsa}omnxcx WKHAKOCTEH

C IVIOTHOCTAMH [, , 3aNOHSFOMIMX KECTKHH HWIHHAPHYECKHH COCY/ MPON3BOJBHOrO NOTIEPEYHOro ceeHud S
Io rmybun h; (i = 1,2) . Ha cBoGonHOl NOBEPXHOCTH BEPXHEM KHUAKOCTH ( i= 1) W Ha BHYTPEHHEN OBEPXHO-

CTH pasfena ABYXCHORHOH XKHAKOCTH HAXOMATCS YNPYTHe MIACTHHKM C PacTATHBAIOWMMH ycwmsamu T, B cpe-
IVMHHOH noBepxHocTH. [1I1acTHHKY KeCTKO 3aKpeIUIeHB M0 KPalo, CYUTAIOTCA M30TPOIHBIMH ¢ M3rHOHOM XecT-
KOCTIO D;, IWIOTHOCTBIO P(; M TOMWUHON O, . J{BIKEHHE KUNKOCTEH M NIACTHHOK OGyneM paccMaTpusarh B
cucreMe KoopauHat OXyz , pacHONOKEHHOM TaK, YTO WIOCKOCTs JXY COBNANAET ¢ IUIOCKOCTBIO pasjiena Kull-
KOCTeil B HEBO3MYILIIEHHOM MOJOXeHu", a ock Oz HamnpasleHa BIOITh ofpasyiommel WUTHEIPHMECKOH NONOCTH
TPOTHBONOJIOKHO BEKTOPY YCKOPEHHSA CBOGOMHOIO MANCHUS g .

3ajauy o kone6GaHMsIX yKa3aHHOM MeXaHWyeckol cHcTeMBI OyieM pelliaTh B paMKax JHHeHHOH Teopuu.
CoBMmecTHbIe kKoe0aHHs XKHIKOCTH H IWIaCTHHOK OyJeM mpelnonarars 6e30TPLIBHBIME, TO €CTh 6€3 KaBHUTALMH,
a ABIDKEHUS )KUIKOCTEH CuMTaTh NOTEHUKANBHBIMU. PaccMaTpuBaeMblie Kpaesbie 3alayn uMeroT Bua [1-3]

AD; =087, (i=1,2); =0, 3;I>2 =0;
Z ey
op, om 1 6CD2 oW,
5% o (F=h)s %~ (70
2
pOiSO,aW+DA1W ~TAW;=F-P_ (z=h,i=Lz=0,i=2);
or
oW;
mly:-a—v'-lﬁo;m,vm <oo;_[gW,.ds=o. (1
3necy P=- (6(1), Jot+gz-Q; (t)) > 1 @; — COOTBETCTBEHHO NaB/EHHE M MOTEHUHAT OTHOCHTENBLHOMN
CKOPOCTH JKHMIAKOCTH B T;-oH TNONOCTH (i=1, 2), npuaeM Fy=0; W, — mporn6 i-off mnnacTHUHKM;

A=A —62 / 622 ; Y — KoHTYp obnacry §'; O; (t) - TIPOM3BONbHAA PYHKLHA.

ByneM mccnenoBaTh cobcTBeHHBIE KoneGaHUs paccMaTpuBaeMoll MexaHmdyeckoll cucremel. B c¢Bs3m ¢
STUM MOSIOKHM

iot it :
®;=e O;(x,3,2), Wy=e wi(x,y). , )
B 3anicaHHOM BHILIE BHIPAXEHHH CNEAYET OTIMYATh HIKHUNA HBIEKC | OT MHUMOW €JIHHHIIbL.

TIpencraBum GyHkiin @; ¥ w; B Bule [1-4]

[o 4]

¢ = Z(Alneknz + Bne—knz)q} (x.7), $2= ZAZ" chk, (z+ hZ)\P ();
n=1
w; = Awy (x,9)+ Biw;p (x, ) + Zéin\yn (%), ®
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rae coGersennsie Gynkuan W, u cootBeTcTBYIOUME MM CoOCTBeHHbIe YUCHa k,, HAXONATCA M3 Cedyroulel
KpaeBoii 3anaum [5]
' 2 oY,
MY, +k ¥, =0,(x,y)€S; “E\TIY =
W1, W;p - TMHEHHO HE3aBHCUMBIE OTPAHWYEHHBIE PEHICHMA OHOPOJHOTO yPABHEHHS

2 2 .
D;Aywy; — T A wy; +(gAPi —P0id0i® )Wy =0, (1,j=12), Ap;= p;—p;_1, (Po=0).

CobcTsennsie ¢pynkuun W, nocne nobassieHyua K HAM KOHCTaHTHI 00pasyloOT Ha 06NacTH S TOJHYIO H

OPTOrOHAIBHYIO CHCTeMY (QyHKuuit. B nanpHeiiniem OyiieM nonarath 3Ty CHCTEMY u3BeCTHOM. IIpuMepsl ee no-
CTPOEHUA MOKHO HaiTH B [5].

ToxacTtasuB cooTHomerMs (2-3) B cuCTeMy ypaBHeHui (1) ¥ pa3penis ee OTHOCHTENLHO 4,8, C in>

IOy YHM CNEQYIOULYIO TUHEHHYIO ONHOPOIHYHO CHCTEMY OTHOCHTENBHO HEU3BECTHBIX A4; , B;
a4y +apB +a;zdy +apBy =0, ay Ay +apn B +axdy +apB, =0;
Crid +CB =0, Cyudy +Cy,B, =0. )

3pecs
ey =By +®ZZ:=,B;aun, a2 =By +“’ZZ:=IB;Bum

a3 = WZZZD:lB;alzm a4 = mzz:;,B:Blzm
ay =0’ > B ax = o Y BBans a3 =By+ o > B
ayy =By + mzz“’zlg;ﬁm, By =wi|y, By =¥, |y, Cy =%”—|y,
%1 = =01, Q5 Br1n = ~Bin Q> W12 = G2 (an 2) /Ch Kins
Bizn =Ban (an “‘02) / chXiy» 0225 = =02, Q1> Br2n = B2nQn> @21 =Gt s
Batn =Bin¥ns Yn =Pt (an o’ ) /(an S &1 )s Gy = i /D> Bin = Bin /A
Q,, =Q,, -2p\0 /(a sh2x,,), a, =pycthxy, +pycthxy,, Q, =5,0° -®
By =1+P()i50i0)in/ (80:8): Botn =PBin¥n> Ya =Py (an -0 ) / (apshxy,),

BZln =|3|n’Yns Tn =P (an -0 )/(a ShKln) Ain "‘am/Am ﬁ’m ‘ﬁm/An’

~2
Djp>

Q,, =0, -2po /\a sh2x,,), a, =py cthy, +p; cthky,, Q) =8, 0 -&2,,
6,'" =1+ pOiSOimin/(Apig)’ (I),-n = 0)1'" (1 +(Dikn + T) /(Aplg)) gk /a Apl N
2 2 2
= [ Wnds N2 By = [ ¥ owinds [ N2, N3 = [ ds, iy = nh,
A'n'z anQ2n - 2m4p|/(an sh 2Kln ) ' (5)

H3 papencTBa HymO ONpeNeNUTENs OAHOPONHON CHCTEMEI (4) MosyyaeM 4acTOTHOE ypaBHEHME COOCTBEH-
HBIX KoneOanuit TBYXCIOHHOM )KHAKOCTH C YIPYTHMH IaCTHHAMHU Ha CBOOOIHOM H BHYTPEHHEH OBEPXHOCTAX

ay ap @3 ay
a1 ap a3 Ay
Ciy G O 0
0 0 Cy Cxy

=0. (6)
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PaccMOTpuM HEKOTOpBIE YaCTHBIE CITy4YaH.
1. Tlycts /4 =0, TOraa ayy =ay =0, ay3 = By, a4 = By . B 310M cilyyae 4acTOTHOE ypaBHEHHE
(6) 3arweTcs cexyroUiM 00pasom

(@2C11 = a11C12)(B21Cap — B23C1) = 0. 0

Cootnomenne (7) npu Py =0 coBmanaer ¢ ypaBHeHHEM COGCTBEHHBIX KoseGaHui GeckoHeuHo rity6o-

ko# oaHocno#HoM xupkoctH {3]. CnenoBatenbHo, NPU AOCTATOMHO OONBILNON TTyOMHE 3aMONHEHUs BEPXHEH
KHUAKOCTH U Ge3NREpLMOHHOH BHYTpeHHEH IaCTHMHKY COOCTBEHHBIE YacTOThI KoJe0aHuil IBYXCIOMHON XKuKo-
CTH HE 3aBHCAT OT NIAPaMETPOB 3TOH IUIACTHHKU W [IapaMeTpPOB HIDKHEH XKHUAKOCTH.

2. JInacTMHKa HAXOMMTCA TOJBKO Ha CBOOOAHON moBepXHOCTH. B 3toM ciywae B (4) cnedyer camTarh

Ay =By =0 uB cootnowenusx (5) nonoxuts Dy =T, =pgy = 0. Torma vacToTHOE ypaBHeHHue (6) HMEET BHL
Ciaay ~Caz = 0. ®

Hertpynxo nmoxasats, 4T0 eClii P5 = Py, TO €CTh KOr/a Golee Taxenas KUAKOCTh HAXOXUTCSA BHU3Y COCY-
712, 9aCTOTHOE ypaBHEHHeE (8) UMeeT NOJOKUTENbHbIE KOPHH.
Ilpu D) =00 umm 1} =00 u3 cooTHOMIeHUA (8) nosyyaeM W3BECTHYIO COOCTBEHHYIO YacTOTy Kosebaumii

2 2
BHYTPEHHEH NOBEPXHOCTH ® =M, [1].

3. [InacTiHKa HAXOMUTCS TOJILKO HA BHYTpeHHEH TNoBepXHOCTH. Torna B cucreMe (4) CeyeT HON0KHTH
4 =B =0 wu B cootHomenwix (5) cuutate Dy =T =pg; =0. B aTOM Ciryuae yacToTHOe cooTHOWEHUE (6)
MOXHO 3anmcath B BUIE Copda3 —Cr1ap4 =0 wm ’
0 *

-
ey Bn (C22002, —Czlﬁzn)(l +0’Qy, /A, ) =0. ©®

B nepsom npubmmxenun (1 =1) MHOXeCTBO KOpHe#l ypaBHeHus (9) CONEPXHUT KOPHH KBAIPaTHOTO
ypaBHeHHUS

2 2 ~2 2 ~2
(1+38,, ~4p; /a, sh2k,, )x —((1+82n)co,,, +o)2n)x+ 01,03, =0, (10)

2
rae x=0 . Ecau py 2pj, TO 3T0 ypaBHEHHE BCETIa UMEET NOJIOKHTENBHBIE KOPHH.

Ipu py <Py, T.€., koraa Gonmee Tsxenas KMUIAKOCTh HAXOMMTCA BBepXy cocyjia, ypaBHenue (10) Moxer
MMETh OTPHLATENbHbIE KOPHH U YCIOBHE YCTOUYMBOCTH COOCTBEHHBIX KOJIeOaHui ONpeJeNseTcs COOTHOWEHHEM

2 2
pl_p2'<(D2kn +T2)kn/g. )

Takum 00Opa3oM, )1 3aJaHHOrO IONEPEYHOro ceyeHusa S ycnosue ycroiumsoctu (11) onmpenensercsa
TONBKO NPEABAPUTENBHIM HATHKEHHEM H M3FHOHOH KeCTKOCTbIO BHYTPEHHEH IUIACTHHKA W HE 3aBHUCHT OT IJTy-
OMH 3amONTHEHMA M Macchl 3TOH TUIacTUHKW. JIId Cifydas NMpsMOYTOJNIBHOrO KaHalla aHAJIOTHYHOE COOTHOLIEHHE
6610 NOTYYeHO B [2] ¢ y4eTOM ABYX UNECHORB pa3fioxXeHUA B ypaBHeHHH (9).

4. TpennonoxuM, 4To u3rubHas xecTkocTb 7 -oif miactuky D; =0. B 3ToM ciyuae ans 7 -oi rma-
CTHHKY HCKIIOYAETCA U3 PaCCMOTPEHMS FPaHHUHOE YCJIOBHE (6W, /av)ly=0. Tax, npu Dy =0u D, #0,
Dy =0u D, #0 u Dy =0 u D,y =0 gactoTHoe ypaBHeHue (6) 3anucbiBaeTcsi CleTyIOMUM 06pasom:

Yy A3 94 41 912 93

ay Gy ax|=0,|ay ayn ay|=0,
0 Gy Cp Gy Cp O

41 A3
ayp ax

=0. 12)

B ciryuae npsAMoOyroNbHOro KaHala ypaBHeHue (6) coBnianaer ¢ ypaBHeHHeM paGoTsl [2], a B ciryyae nps-
MOTr0 KpyroBOTro LIWJIHH/pA TpeThe YpaBHeHue B popmyne (12) coBnagaer ¢ ypaBHenueM padotsi [1].

[TpoBeneHHbIE YUCEHHbIE HCCIENOBAHUA 1)1 MIPAMOTO KPYroBOTO LMJIMHADPA, NPSIMOYTOJIBHOIO KaHana H
flapajulesienunena MOATBEPAMIAM Pe3yJibTaThl aHATUTHYECKUX MCCISAOBaHMH U MO3BONWIM CHACNATh CEXYIOMUe
of11ue BBIBOMIBI:

~ YaCTOTHBIH CIIEKTP MOXKHO pa3buTh Ha ABa Ha6opa COOCTBEHHBIX YaCTOT, COOTBETCTBYIOLIMX KoyleOaHu-
SIM TUIaCTMHOK Ha CBOOOAHOM 1 BHYTPEHHEH NOBEPXHOCTAX;
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— € YBEJIMYEHHEM HATSHKEHHS WIH H3PUOHOM KECTKOCTH TLIACTHHBI, HaxoAsmencs Ha cBoboHOH noBepX-
HOCTH KMJIKOCTH, CYIIECTBEHHO YBENMYMBAIOTCA YacToThl koieGaHuii nepsoro Habopa H HEIHAUMTENBHO YaCTO-
Thi KosieGaHuii Broporo HaGopa. AHATOrMuHas KapTHHA Habmonaercs U A TNACTUHKH, HAXOMAILEHCA Ha BHYT-
peHHell TOBEPXHOCTH;

— YBeJIHYeHHEe HATHKEHNS IUTAaCTHHOK HIH N3rHOHOM KECTKOCTH M YMEHBIICHHE HX MAcC MPUBOAMT K yBe-
NIMYEHHIO COOCTBEHHBIX YACTOT, 4TO HAXOIMTCS B NOJIHOM COOTBETCTBHMHU C TeOpeMoit Penest.

PE3IOME

Jlano po3B'sA3aHHA NMPOCTOPOBOi 3a/a4i UPO BibHI KONMBAHHA ABOLIAPOBOI PIIMHH B LMNIHIPHYHOMY KOHTeEHHEpi
JIOBiJIHOTO. IONEPEUHOTO NEPETUHY 3 DPYKHUMH NIATiBKaMK Ha BiNbLHIH Ta BHYTPiUIHiH NOBEPXHAX IBOLIAPOBOI PikuHM.
OnepxaHo 4acTOTHE PiBHAHHA T3 YMOBM CTiHKOCTI BinbHUX KonuBaHb. I1poBeneHi aHaniTH4Hi Ta YMCENBHi JOCHIAKCHHSA
BUILHHX KOJMBAHb 15 JEAKMX OKPEMUX BHITAJKIB.

SUMMARY

The solution of a three-dimensional problem describing the free oscillations of two-layer liquid in the cylindricai ves-
sel of arbitrary cross-section with elastic plates, located on free and interior surfaces of two-layer liquid is given. The fre-
quency equation and stability conditions for free oscillations of liquid and plates are received. Analytical and numerical
analysis of free oscillations for some particular cases are carried out.
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Y]IK 51-7+612.133

MATEMATHYECKOE MOAEJIMPOBAHUE ITPOLIETYPBHI
BAJUIOHHOM AHTUOILIACTHKH
v
O.K.3enun, A.B.Jlawun, B.B.benoycos, I'.C.Kupvaxynos, O.J1. Memnosa
Honeyxuti 20cydapcmeennblil MeOUYUHCKuUlL yHugepcumenm,

Honeyxuti nayuonaneHbld yHugepcumenm,
340 "IOPHUC", 2. [Joneyx

Bannonnas anrdoiiactuka (BA) — oJMH M3 METOJOB JICUEHHA aTepOoCKiIepo3a. Peanusanus nponeaypst
BA cOCTOMT B TOM, 4TO YHpPYTH#i 6auioH BBOAUTCS B IOBPEXACHHBINA COCY ¢ IOMOMLIBIO KAaTeTEPa, a 3aTEM B He-
0 HaKaYHBAETCH KHUAKOCTh. Paciuupenue Oa/UI0Ha IPHBOAKT K MECTHOMY PacUIHPEHUIO CTEHKH COCYAa H MOAB-
NEHHIO TPCHINH. Y crex MPONEAYPH 3aBHCHT OT MHOTHX ciydyaiHocTel. Hel0CTaTOK TpEIIMH IPUBOIMT K HEdG-
(GEXTHBHOCTH BBINIOJHEHHS [IPOLENYPHI, 4 IPUCYTCTBHE KPYIHBIX TPEIIMH MOXKET OBITh ONACHBIM Ul 30POBbS
yenoseka. B HacTosmee BpeMA HET HAIEXHOTO METOAA ONPEACNEHNS MOMEHTA NOABIECHUSA TPEIUUH U MX pa3Me-
POB npH peanu3auy npouexypsl BA. Jiia 3Toro HCnonb3yeTcs NONy4YeHHE CHTHAJIOB aKyCTHYECKOH SMHUCCHH OT
MecTa o6pazoBanus TpeuH. ONHAKO HEROCTATOK HaieKHOH dy3nyeckol Teopuy [1] pacnpenenerus akycTHue-
CKHX BOJIH B OMOJIOTHYECKHX Cpeax AeJaet 3TOT MeTOA B Oonbliel Wnu MeHbUIeH cTeneHu CyGhexTuBHEIM. B
JauHoil pabote Ha ocHOBe TeopHu Gonbunx aedopmanuii [2] nocTpoeHa MaTeMaTHYECKas MOJAENb NPOLEAYPHI
BA u ykaszas merop onpeaenesns Ha 6€ OCHOBAaHHH TaKHX KPHTHYECKHX NIapaMETPOB Kak KPHTHUECKOE JaBICHHE
XHUIKOCTH B OaUI0HE, 3HAYCHUS HAPAKEHAH U MX PacnpeseicHue B CTEHKE PACIUMPAIOLIETOCs y4acTKa KpOBe-
HOCHOTO COCY[a, Paclpele/iCHHe SHEPrHi HANPSHKEHHsA. 3HAYCHHS OTHX NapaMeTpoB ObLIM onpeneneHs A
OpIOILHOrO OTAENA YEJIOBEYECKOH a0pPTHI.

MaTepHajabl H MeTOAbL. YIIpyrue CBOHCTBa MaTEpHana CTEHKH KPYIHLIX KPOBEHOCHBIX COCYZOB 4elo-
BEKa XapaKTepH3YIOTCA JBYMsi CBOMCTBAMH: HENMHEHHOCTHIO [3] M ammsorponuei [4], a Tounee, opTOTpONMEH
[S]. TlepBas KOOpPAMHATHAs KPHBas MapajUlelbHa 0CH KPOBEHOCHOTO COCY/la, BTOpas - HalpaBJieHa TaHTCHIHATIB-
HO K €ro pajiycy, TpeThs - BAOJb paauyca.

VpaBHEHHE CTALMOHAPHOTO COCTOSAHUA Ae(HOPMHUPOBAHHOM HCKKEHHOR 06nacTH MMEET BUA

j i in_
T,i + I irt +Firt =0. (l)

.k ’
3neck T;j — TEH30p HanpOKEHHI; r jj — uucna Kpucroddens. Coasb MekIy T;; U HATAKEHHAMH Y, VLA Clly-
Yas HECHKUMAEMBIX HCKOKEHHKIX 06nacTelt, cneayrouas:

i | OW oW ij
V= —+=—[+4¢GY, )
dj O ji
rae W — dyukuma cneunduyeckoii JHEprun HaMpsKEHHs; ¢ — CKaIApHas QYHKIMA KOOPAHHAT TOYeK Aehopmu-
POBaHHBIX obnacTeif; Yjj — TeH3op HanpsxeHuit. [{na cnyyasd, korja cocyAnl HaXOAATCA 1101 AEHCTBHEM OCEBOro

PAacIIMpEeHNs ¥ BHYTPEHHEro JarneHus (NOCTOSHHOIO MO OCAM COCYHR) NOlydeHa cnenyiomas dgopmyna QyHk-
1Mu cnenubuYeckoi HepruM Hanpskenus W[4, 5]:

W =ay(explag (M —g)” +a3(hy —h3)” +aghg —2)) D+
+ous(exp(otg (M —Aa) + o (hy ~A3)° +ag(hg —=Ap)7) —1). 3)

3peck Aj,A9,A3 — CTENCHH YIIMHEHHA COCYJO0B IO TPEM KOODAHHATHBIM KPHBBIM; O,; — IMIMPUYECKHE KOH-
CTaHTHL. BCreacTBue HEC)KMMAEMOCTH BEILECTBA CTCHKH cocy/a [8] B manpHeineM MOXHO MCHOJB30BATh TOMNb-
KO JIBE HE3ABHCHMbIX BEJIMUMHBL A M A, . CBA3b MeXIy KOMIIOHEHTAMH TEH30pa HANPHKEHUA Yjj ¥ CTereHs-

MH YUIMHEHAs A; IUIA CIydas OJHOPOAHBIX HANPHKEHUHM cienyomas [2]:

Yij =%(7\i2 —1)- 4)

TIOCKOJIBKY B HAlUEl CHCTEME KOOPAMHAT KOOPAMHATHBIE KPHBBIC COBNAJNAIOT C OCHOBHBIMH OCAMH TEH-
30pa HANP/DKCHAS, KOMIIOHEHTEL Y L% I # J pasubl Hynio. IToka3aHo [6], 4To B AaHHOM Cllyyae HampsDKECHHUA,

JEHCTBYIOLIME B CTEHKE COCYIA, CIENYIOUHE:
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Ry '
B oW . oW\dp W . oW
O3 = ‘[ 27»2 a}\‘2 )\.1 67\.1 o , Op =03 +27\,2 67\.2 +7L1 a}\.l s
P
ow ow
G| =03 +2)\.15)Tl-+}\.2-‘a}\—'—2‘. )

3gech P — PacCTOAHHE OT OCH COCY/a IO TOYKH, B KOTOPOH HANPMKEHHA BRIMMCIEHBI; K) — BHEmHUMi

pamuyc aedopmuposasHoro cocyaa. Taxum obpaszom, nasierne P, oka3niBaeMoe KMAKOCTBIO HA BHYTPEHHIOW
CTEHKY KPOBEHOCHOTO COCYAa, PaBHO:

ow \dp
P= j 212 axz +hy o o 6)

B npouecce peanusanun npouenypst BA dopma KpOBEHOCHOTO COCYAA NEPECTAET ObITH IIMHAPHYECKOH
# popmyinst [6, 7] K 3TOMY y4aCTKy COCYAa HENPUMEHUMEI, :

Ou3uyeckuil METOA peLIeHUs, KOTOPHIi MBI IIPEIaracM, COCTOMT B ClIEAyIowmeM. PaccMaTpiBaemblii yua-
CTOK KPOBEHOCHOTO COCYJa AenUTcs Ha N CErMEHTOB PaBHOM UIMPHHBI ILIOCKOCTAMH, NEPIEHANKYILIPHEIMH OCH
cocyna. Ha BHYTPEHHIOIO CTEHKY TaKOrO CEIMEHTa NeiCTBYeT NaBJIEHHE, PaBHOS (H3HONOIMYECKOMY, €CIH
BHYTPH CEI'MEHTA HET pacHIMpsAIouierocs 6aulona, Wid JaBACHHIO, OKa3hBaeMOMY Oa/lIOHOM, €CIH NOCIEAHUA B
CErMeHTEe HPHCYTCTBYeT. MBI npeanonaraeM, 4T0 JaBJICHHE, CO3NAHHOE PACIUMPSIOIMMCH GannoHOM, ABSETCS
ONMHAKOBBIM U1 BCEX COJAEPXKAlMX ero cermMeHToB. KpoMe Toro, Ml mpeamnonaraeM, 4To B TedeHde aedopma-
L{A¥ FPaHUIBI MEXY CETMEHTaMH NPORODKAIOT OBITH NMEPICHAHKYIAPHBIMH K OCH KPOBEHOCHOTO cocyzna. Ecun
IIBa CMEXHKIX CErMEHTa MMEIOT PasiIMYHBIA CpPefHMH paguyc, MEXAy TaKUMH CETMEHTAMM UMEIOTCA TAHTeHIH-
aNbHBIE HATIPAXKEHHS, HMEIOIIHE TEHIEHIIMIO YBEIHYNBATh MEHBIINHA CEIrMEHT H YMEHbLIAT OOMbIIHiA.

OcHOBHas ujes MeTola PeleHHs, NPEATAraeMoro aBTOPaMH, 3aKI0¥AECTCA B CICAYIOLIEM: IPH HEOIpe-
JEJIEHHO MAJICHBKOM TOJIIHHE CETMEHTOB, TaHI€HIMANbHbIE HANPSKEHNUA, ACHCTBYIOLIME BIOJb PaJMyca CMEX-
HbIX CETMEHTOB, MOr'YT OBITh 3aMEHEHH! COOTBETCTBYIOLUHMH 00BEMHBIMH CHIAMH, AEHCTBYIOIMUMH Ha KAXKIBIH
CErMeHT. B 3ToM cityyae HEO6XOAMMO PEHIMTh CHCTEMY ypaBHenu# Buja (1) ¢ JONONHHTENBHBIM YIEHOM, KOTO-
PpBIif NpUHAMaeT BO BHUMAHHUE 3TH 0OBEMHBIE CHIBL. JTa CHCTeMa ypaBHeHHH Gyer cleaylome:

W dypi Ogrypi W (Wi _g

(N)‘C U+FJ (N)‘Eir+riir(N)‘C’j+(N)fj=0. @)

3necs fj - koMnoHeHT 06beMHbIX ciul. ToNbKO f; 6yneT OTIMYHO OT HyJIA.

PaccMOTpuM 11Ba CMeXHbIX cermenta: i ¥ i + 1. OGo3naunm yepes Ry, CpeiHUM Paamyc CErMEHTOB B He-
11ehOPMUPOBAHHOM COCTOSHHH, & yepes R; U R;,; PACCTOSHMA OT OCH KPOBEHOCHOTO COCYAa 10 TOYEK B MCKa-
MEHHBIX CETMEHTaxX, KOTOphie B Hele(GOPMHPOBAHHOM COCTOSHHM ObLIX HA PACCTOAHMHU R;,;; OT OCH KPOBEHOCHO-
ro cocyna. [Ipumem paccTOsHHE OT OCH COCYIa 0 POM3BOJIBHON TOYKH B CTEHE TAKOTO HeAeGOpMHPOBAHHOrO
CerMEHTa PaBHBIM 7, TOTZIa PACCTOSHUE P JI0 TOH JKe CaMoH TOYKH B MCKaXEHHOH one Oynet cnenyouiee:

2 2
Pi :JRi +(r -R im't)“"l ®

JU1S i-r0 CErMEHTa.
Paccrosnue d MexIy ABYMS TOMKaMH HEONPENEIEHHO TOHKMX CErMEHTOB i M i+], TOuKamH, KOTOpHIE B
1e1epOPMUPOBAHHOM COCTOAHKUM UMEIH T€ Xe KOOPAUHATEI, OyAeT paBHo:

d =|pi1 —pil- €
Ecnu 3Ta BCIHYHHA OT/IHYHA OT HYJA, MEXKIAY CMECKHBIMH CEIMECHTAMH HMCHOTCA TAHI'CHUHAJIBHBIC Ha-

NPSKEHNSA, IKBUBAICHTHbIE HEKOTOPOH 00bEeMHOH cuie, koTopas Gyner Bcerja yBeIHUHBATh NABICHHE BHYTpH
HCKXKEHHOI0 y4acTKa KpOBEHOCHOTo cocyaa. Beuay 3Toro ypasnenue (6) MoxeT ObITh 3aIIHCAHO TaK:

0,20, a0, .
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. i . .
3necy ie[-N/2+1,N/2-1]; ® Do — DABIEHHE HA BHYTPEHHEH CTCHE MCKa)XEHHOTO CerMeHTa 0e3 yuéra
TaHTeHIMANbHBIX HanpsokeHuiH. OHO paBHO:

» Opy
Dpy = jz{z(’)xz

oM

o |2
AR a\ay ) Pi

(1)

i "
A( ) Pg — cnaraeMoe, 00BpACHAEMOe IPHCYTCTBMEM TARTCHUMATBHBIX HANPKEHHA MEXKAY CMEXHBIMH CErMEH-
TamH. OHO paBHO:

(i)

O _ 1, [(Pi1=pi Pit —Pi ,

A PO“J 2np[( Al jG+( Al )G]dp,, (12)
(g,

rie G — TaHreHLMAIbHBIA MOTY/Ib JACTHYHOCTH CTEHKH KPOBEHOCHOTO COCyAa; P;_1 M P;4q - Gynxumn p; u R,

Q)

B cranuoHapHOM COCTOSHHMH P PaBHO (QH3HOJIOTHYECKOMY NABICHHUIO Dphys, €CIIM BHYTPH i CETMEHTa

HeT 0aJUIOHA WM JaBJIEHHIO Ppyy, KOTOPOE CO3Ja€ETCA paciuupsAiomuMcs 6aonoM. Jonmyctum, 6awion HaxoauT-
CS BHYTPM CETMEHTOB C HoMepaMu i €/-k, k] . Tlonydanm cuctemy u3 N + ] ypaBHeHHA:

(i)P((i—l)Kz,(i) (M)M) Poat[n(i+K)=0(i=k) [+ ppnys [n(k-i) +m(i=K) ], (13)

rae ie[-N/2+1,N/2—1] u n(x) onpeaenserca kax:

Lx>0
n(x)= 0,x<0 (19

3anuueM CieAyIoIyI0 CHCTEMY YPaBHEHHI:

p( (i—l)xz’ (i)kz’ (i+1) 7»2)

Pbal [n(i+k)“n(i_k)]+pphys [ﬂ(k*i)m(i’k)]

m(")iz +B(i)7;2+ -11=0, @19

roe ie€[-N/2+1,N/2~-1]. Jlerxo Bugersp, 4TO CTAMOHAPHOE PELICHHE ITOT0 Hab0opa ypaBHEHMI — OAHOBpE-

MEHHO pEIUCHHE HEIMHCHHON CHCTEMb! HHTerpaubHbiXx ypasHeHHid (10). C apyroit cTopoHsl Ha60p ypaBHEeHHH
(15) nono6en HaGopy ypaBHEHHIA, ONMUCHIBAIONIMX AeMiduposanue xoneOanuit CBA3AHHLIX MEXY co0oMH rexe-
PaTOPOB C HENMMHEHHON CAION BO3BPALIEHHA, OMUCLIBAEMOH BHIPAXKEHHEM, JaHHEIM B cKoOkax. CranuoHapHoe

AR
PCINCHHE 3TOU CUCTCMBI OBLIO HAHEHO YHCIIOBLIM MHTETPHPOBAHUEM C HAYAJIbHBIMH YCIIOBHAMH ( );\.2 =0.

i (i Fof.
()Po(‘)l2)=PbalLﬂ(’+k) ]’fpphys[fl i)+n( l*K)] (16)
Wuterpapopanue GbUIO BRINOJIHEHO O MOMEHTA, KOIJIa aMIUIHTY0# AeMrbupopanus Kojebanuit MOXHO

npenebpeus. [Tocne onpenenenns (1)7»2 , 3HAYEHHUE HANPSKEHHA MOXKeT ObITh PACCYHTAHO 1O dopmyinam (5).

Pe3yabTaTni H o6cykaenne. [lis BHIYHCIEHMA MBI UCIONB30BAIM QYHKIMIO CHIENNPHUECKOH SHEPTUM
nedopMauyK, IpeIOKEHHOM [6, 7] creruanbHO Al GPIOMIHOTO OTASNA YeNoBeYeCKon a0pThl. Bee prruncienns
CIenaHe! A4 BYX BO3pacTHBIX Ipynim: 17-35 net u 36-57 ner.

Bhina oposepeHa MoOAenb IpM JUIMHE COCyja MeHblueH, yem OauioHa. MakcuMasbHbiE paCIIMpPEHUs
B/O/Ib BTOPO#l OCH H3 HAILETO BHIYACIACHHSA U U3 IKCIIEPUMEHTATBHBIX JaHHBIX PaBHEI [6]: 94 Yo u (100+6) % wia
nepBoit rpynnn 1 69 % u (7515) % nns BTOpoii. JlanbHelinne BAYMCTeRNs GbUIM CAEIaHb! Wi Ga/LioHa ¢ JIH-
HO# 0:01 M. Pe3yneTaThl BBIMHCIEHHH NMOKa3aHb!l Ha puc. 1. TlomydaeTcd, ¥TO, KaK W NPH JUIMHHOM, Gainoxe,
MaKCHMAIbHbIE HANPSIKEHUs: HAXOJATCA HA BHYTPEHHEH creHe cocyfa. HanpsmkeHHs ©3 OTPHUATENBHBIE, Cl€-
JOBaTeNbHO, OHH HE MOI'YT BhI3biBaTh Pa3spyilleHHE KPOBEHOCHOTO cocyna. IloatoMy, Muid NpeAcCKasaHms MOMEH-
Ta pa3pymeHUs Cocya He0GXOAMMO 3HATH TONBKO 3HAYECHHE HANPSHKEHUH O] ¥ O .
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PacnipeseneHue HanpsHKeHHI G ¥ Oy B CPENHEM Y4acTKe KPOBEHOCHOTO COCY/ia [IOKa3aHO Ha puC. 2-4.
Ha puc. 4 noka3aHo pacnpeneieHne HanpsHKeHUH PH KPHTHYECKOM 3HAYEHMH [IAB/ICHUA KHAKOCTH BHYT-
pu Gamnona. KpuTuueckoe HAaBIEHHE COOTBETCTBYET KPMTHUYECKMM Hanpsxenmam [6]. ©)=1.422x 10° Ia,

2.09 - FormM 2.049
i —A v —A
1.02 — 1.02 -
0.51 - 0.51
0.00 — 0.00 -
~-0.51 — -0.51—1
~1.02 - ~-1.02
-2.04 T : . . ~2.04 . . .
0.0 0.2 0.4 0.6 0.8 .9 0.0 0.3 0.5 0.8 0.9
a 6

Puc. 1. ®opma onepHpyeMOro KpoBEHOCHOTO COCYAa B TPH NOC/ICAOBATEMBHEIX MOMEHTA B TEYEHHE TIPOLIEAYPHI
BA. 3HavucHHe IaBIEHHs, COOTBETCTBYIONIETO 3THM MOMEHTaM - 10632, 21263 u 44918 Ila s nepsoi
rpyms 1 10632, 21263 1 48507 Ila ans BTOpOK.

H

T T T T T T
0.0 0.2 0.3 0.4 0.6 0.7 0.9

8.60 \E4 Sigma 12 (1) [Pa] 6.69 —E4 Sjgma 12 (r) [Pa]

8.28 — 6.23 —

7.97 - 5.78

7.66 4 @ 5.33

7.35 - \ \ a.88

7.03 - i) a.4a3 -

6.72 - \\ 3.98 —\a)\\
6.41 3.53

T T T T T T
0.0 0.1 0.3 0.4 0.6 0.7 0.9

a

6

Puc. 2. Hanpsxenns, kak GYHKIMH pafuyca, B CTEHE KPOBEHOCHOTO COCY/a TIPH JiaBieHkH pasroM 10632 Ila
a ¥ 6 COOTBETCTBYIOT IIEPBOH M BTOPO#H IPYINTIaM, COOTBETCTBEHHO. '

« 389

61

<39

«18

B N N N N W @

-5

WES RiomnalZdr> [(Pal

-4
- @)
- 143/

T ¥ T T T ¥
.0 0.1 0.3 0.4 0.6 0.7 0.9

@ ® K B B B NN

- 68

.28

- 07

-87

ES Sigmalzdcr) (Pal

€]

T T T T T T
0.0 0.1 0.3 0.4 0.6 0.7 0.9

a

6

Pric. 3. Te xXe caMbic 3HAUCHHSA TIPH JABNEHHH pasHoM 21263 Pa.

Gy =1.393x10° [Ta zna nepsoit rpynmst o, 0’1‘=7.750><105 Ia, 6,=1.089x10° ITa At Biopoﬁ. Kputnyeckoe
RasneHue Mul noxyuun: P;;=44918 ITa ana nepsoit rpynnst 1 P, =48507 Ila ana sropoii. XoTs KpHTHYECKHE
HAIPSDKEHMS JULA TIEPBOM TPYTIEL ABMAIOTCA GONBIIMME, YeM VISt BTOPOH, KPUTHYECKOE NABJICHHE HAIPOTHB AB-
nAeTcs GONBIIMM JUIs BTOPOH rpynist. [l nepBoii rpynibl, KOrAa Op AOCTUraeT KPUTHYECKOTO 3HAYCHHA, Oy -

TonbKo 80 % MakCHMaIbLHOro 3HaueHus. [ Bropoii B nogo6HOM ciydae Gy pocturaer 97 % ero MakCHMans-
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Horo 3nayeHua. CIeOBATENBHO, B OTIMYME OT BTOPOH IPYNNLI, i€ # G}, H O) BaXKHbI Ul Pa3pyIUeHHs, 1A
TNICPBOM IPYIIIB! NIPUYHHON paspylienua OyAeT TONBKO G .

Hcenenosanne Mozeny uid GPIOLLHOrO OTAENA YeN0BEYECKON a0PThI, BRIIOIHEHHOE Ha JIOAAX PasiMyHO-
ro BO3pAcTa, BEAET K NapafjoKCaIbHOMY 3aKIIOYEHHIO, YTO peanu3auus npoueayps! BA y Monoasix moaei css-
3aHO ¢ 60bIeH BEPOATHOCTHIO MOCTONEPALMOHHBIX OCIOKHEHHH, YeM Y NMOXUIbIX. DTO CBA3aHO C TEM, YTO Yy
MOJIOZIBIX JIONEH HapaBHE C NPOIOJIbHBIMH TPEIHHAMH BO3MOXKHBI NOIEPEYHbIE TpeMHbl. IIpucyrcTBre none-
PEYHBIX TPeLMH MeHee ONaronpusaTHO A MAlHeHTa u3-32 HaKTa, YTO NONepeyHbIe TPELIMHBI MOTYT IIPUBECTH K
CO3JAHHIO B CJIOE Intima COCYA CYy)XeHHA NIPOCBEeTa H 06pa3oBaHuio NPoOKHU.

PE3IOME

Po3raauyTo MaTeMaTHIHY MOJE/b BENHKAX KPOBOHOCHMX CYAHH JEOXHHH IS KOHTPOJIO 32 TIPOBEACHHAM TIPOLEAY-
pH Ganonnoi anriorwracTuiu. Ha migsanuuax Mozneni po3paxoBaHO PO3NOALI HANPYIH B MIiCTi IPOBEACHHSA Onepauii Ta Kpu-
THYHHI THCK, CTBOpIOBaEMi GanoHoM. Po3paxyHnku Gynu 3pobneHi At YepeBHOro BilLNy aopTH moAeH pisnoro Biky. [po-
BEACHI PO3PAaXyHKH JO3BOMIOTH 3pOOUTH BHCHOBKHM LOAO XapaKTepy NOTEHUIHHHX YIIKOIKEHs BHYTPILIHBOTO 1apy Kpo-
BOHOCHHX CyIHH JIONCH Pi3HOTO BiKy.

SUMMARY

The mathematical model of balloon angioplastic on man's large blood vessels has been constructed. On the basis of
this model the distributions of stresses in operating site of the vessel, the deformation of this site, as well as critical pressure
created inside this site by extending balloon and the distribution of the specific energy of the strain inside the wall of the
blood vessel are calculated.
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YJK 532.5:518.5

MOJAEJUPOBAHUE HECTALIMOHAPHOMN KABUTAIIUU
O.A.Pycanosa, A.H.Cemxo

Breaenne

XapakTepHoH 0cOGEHHOCTBIO UMITYJILCHBIX H BOJHOBBIX JBIKEHUH KUAKOCTH SRIACTCH BO3SHHKHOBEHUE B
XM/IKOCTH B ONIPENEJIEHHBIE MOMEHTH! BPEMEHH PacTATHBAIONMX HanpmkeRuit. HecnocoGHOCTL UAKOCTER BHI-
IEP>KUBATh PaCTATHBAIOIIME HaNpseHHMs (11 Boas! okono 0,4 + 1,0 MITa [1, 2]) npuBoauT x noselenuio B Heit
HECTalMOHapHOH KaBHTauuy. C 3TUM SBICHHEM CTAIKMBAIOTCA B Pa3fIMYHBIX TEXHOJOTHYECKHX MpOLEccax, Ha-
NpUMeEp: HITAMIIOBKA B3PBIBOM, KaMKHOPOBKa 06010YEK U 3alPeccoBKa TPYO MOXBOMHBIM MEKTPUUECKHM pasps-
JIOM, MOTY4EHHE MMITYJIbCHBIX BHICOKOHANIOPHBIX CTPYH XHUIAKOCTH H T.I. [3 - 6]. MirHopupoBaHue kaButaunu
MpH pacyeTe FMAPaBINYECKHX YCTAHOBOK MOXET CYILECTBEHHO HCKA3UTh X MapaMeTpbl. PacueT Teuenuit xua-
KOCTH C KaBHUTaleH OCHOXHAETCA TEM, YTO paccMaTpyBaeMble HNPOLECCH ABNSIOTCH CYHIECTBEHHO HECTAIMO-
HApHbLIMH, IPAHMIbI 30HE KABUTALMY HE W3BECTHDBI 3apaHee ¥ M3MEHAIOTCA ¢ TEYSHNEM BPEMEHMU, BO3MOXXHA JiM-
KBHIALHMA M NOBTOPHOE BOSHUKHOBEHHE KaBHUTALIUH.

B HacTosmei paboTe paccMaTpPHBAIOTCS JBE MOJENH HECTALIHOHAPHOM KABUTALMH, OCHOBAHHbIE Ha Npel-
CTaBJIEHUAX O CIUIOIIHOM Cpene: MOJENb C IIOCTOAHHBIM JABICHHEM W MOJIENb C NOCTOSHHOH CKOPOCTHIO 3BYKa B
30H€ KaBMTauuu. Jlna pacyera HecTalMOHApHOMN KaBHMTAIUM MPEIOKEHA Pa3HOCTHAsd CXeMa, OCHOBaHHAs Ha
BBEJECHHM HCKYCCTBEHHOMH BA3KOCTH, KOTOpas He TpeOyeT BhIAENCHNs IPaHHUIl KaBUTAUHH H NPOCTO AJanTHPYET-
Cs AN pasHBIX MOJENEH KaBUTanuy. Pe3yILTaThl pacieToB JUIS Pa3HRIX MOJeNel KaBUTaluK CPABHHMBAIOTC Me-
X7y co6oH, C aHATHTHIECKHM DellieHHEM UIA MOIENbHOM 3aJ1auM M C PacyeTaMu APYTMMH YHUCIICHHEIMH METO-
namu. TIpUBOAATCS pe3yNbTaThl PacueTOB KOHKPETHBIX THAPOMMIYJILCHBIX YCTPONCTB, ABIKEHHE XMIKOCTH B
KOTOPBIX CONPOBOKAAETCA KABHTALMEH.

1. YpaBHeHHS ABHKEHHA KUIKOCTH

OnHoMepHOE JBMXXEHHE MIACANLHOH CKMMAEMON XMAKOCTH OMNMCHIBAETCH CHUCTEMOW YpaBHEHMH HecTa-
IMOHAPHOH ra3oBoH JMHAMHUKM, KOTOPYIO MOXHO MPENCTaBUTh B BUE

dp_ Ou du  10p de  pou )

i Poa'd poxdt  pox |
rae ¢ 1 x — BpEMA A KOOpAUHATA, u, p,p H e - CKOPOCTh, NaBJICHHUE, INIOTHOCTE H BHYTpPEH-
Hsis SHEPTUA €AMHHIBI MACCHL. 3aMbIKaeTcs cucteMa (1) IByWIeHHBIM ypaBHEHMEM COCTOSHMS
XHUJIAKOCTH

/ n

p= nB[(p_,, po) - lj+ p(n—1e. 3]
JUis BO/IbI IOCTOSIHHBIE B YPABHEHHU COCTOSHHUA pasubl: n= 7,15, B=304,5 MITa, pg= 1000 kr/m’. OrmeTuM,
YTO B HACTOfAUIEE BPEMS YPaBHEHHE COCTOSHHSA XXHAKOCTH aHAIMTHYECKU HE MOTyYEHO, M Ha MPAKTHKE MOJb3Y-
HOTCA PasIMYHEIMH SMIMPHICCKIMH 3aBUCHMOCTAMHY, KaK, HallpuMep, ypasHeHue (2).

Kak H3BeCTHO, NMPH CKATHH BOABI yJAapHEIMH BosnHamH 1o 3000 MIla usMeHeHHEM HTPONHMH MOXHO
nipeHebpeyb U CUMTATh TEUEHHE H30IHTpONUYecKuM [7 - 9). J/IA ONMHCAaHUs H303HTPOIUYECKMX TEYEHHH XKHUIKO-
CTH JOCTaToYHO MEPBSIX ABYX YpaBHEHHH CHCTeMbl (1), KOTOpble 3aMbIKalOTCA Haubonee pacnpoCTpaHEHHBIM
ypaBHEHHEM cocTosHUA B opme Tata [8]

— 1
p=Bp/oo) -1} )

IlpuBeneHHbIC YPaBHEHVS COCTOSHMS BOAbI HE YUWMTHIBAIOT BO3MOXKHOCTH BO3HHKHOBEHMsS KaBMTALMH.
Tak, Hanpumep, yparseHue (3) GopMalbHO HOIMYCKaeT CyIECTBOBaHUE GONBILMX OTPHLATENbHBIX JaBJICHHI
{pacTskenni) no — 300 MIla, urHOpHpOBaHKE KOTOPBIMH MOXKET CYIIECTBEHHO MOBJIUATH HA KAPTHHY TEUEHHS.

2. Monenu KaBATaluH

CyllecTBYeT HECKOJIbKO MOJIeJieH KaBHTALKH, OCHOBAHHBIX Ha MPENCTABNEHHAX CILIOWHOM cpensi [10]. B
TIEPBOi MOIEIM CUMTAETCS, YTO XKHAKOCTh BHIACPKMBAET HEOONbIINE PACTATMBAIOIIME HATIPKEHHMS ¥ B COCTOS-
HHHY KaBHMTAllM{ He ACHCTBYET HAa IPaHHIY Pa3felia «KHAKOCTh-KaBUTauusa». Pacyersl 1o 3TOH MOAENH yHOBJIE-
TBOPUTENBHO COIJIACYIOTCA C IKCHEPUMEHTANBHLIMH JAHHBIMU 0 NPOTHOY MUIACTHH M U3MEPEHMIO JaBJIEHHS Ha
aux [10]. Bo Bropoi#t Monenw, Kak ¥ B f[iepBOH, CUMTAETCS, YTO XKUAKOCTh BRIAEPXKHMBAET HEOOMNbIIME PACTATH-
BaOlMe HANPOKEHMA, HO BJIMACT HA TPAHMIYY pasfieia KapHTanMHu. BiudHue KaBMTalMM YUMTBHIBaeTCA 4epes
TUIOTHOCTh, KOTOpas CYMTAETCH MOCTOAHHOM, OIH3KOH K IUIOTHOCTH HACBIIEHHOro mapa. Tperbs MoJens OTiH-
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YaeTcs OT BTOPOH TeM, 4TO ILIOTHOCTh CpPElbl B 00/IaCTH KABHTALMA HE OCTaeTCH HOCTOSTHHOM, a onpenensercs
U3 33KOHA COXPAHEHMS MacChl.

Ha Haul B3rnan xkaBMTaLA BCErha JAEWCTBYET Ha IDaHHUIly pa3fefia «KHAKOCTh-KaBHTAaLMA», TAaK KaK Ha
rpaHuiie KABUTAUMH CTABUTCH KaKoe-TO rpaHuyHoe ycnosue. OHO MOKET OBITh TIOCTAaBJIEHO SBHO, B BHIE, Ha-
HpMMEp, FPaHMYHBIX YCIOBHH Ha KOHTaKTHOH MOBEPXHOCTH, KOTZa 3Ta rpaHMua pa3jena Beigensercs. Mnu He-
ABHO, KOTJa pacyeT MpoBOoAUTCA Oe3 BhINENCHHS IPAHMIBI METOAAMM CKBO3HOIO cueTa. Uepes 3T0 rpaHHuHOe
YCNOBHE IPOUCXOIUT BIHSHHE KABUTALUU HA NTAPAMETPHI KHAKOCTH.

B 3TuX Mogenax cuuTaeTcs, UTO €CIH KMUAKOCTh BRIACPKHBAET OTPHLIATENbHbIE AABJICHHUA U B HEW BO3HH-
KaeT KaBWTAUWsi, TO NABJIEHHE B XKHIKOCTH OCTAaeTCA IOCTOAHHBIM, PAaBHBIM MPENENBHOMY OTPHMUATENLHOMY
(KpUTHUECKOMY) AABJIEHHIO, KOTOPOE BBIAEPKHBACT XKUAKOCTh. HasepHoe, Gonee npaBHIBHBIM ObLIO OBl CUH-
TaTh, 4TO NPH BOSHUKHOBEHHH KABUTALHK JABJECHUE B XKHIKOCTH MOBLILIAETCH A0 HEKOTOPOTO NMOJIOKHMTENLHOTO,
HanpyMep, AABJICHHS HaCLIILIEHHOTO Napa, KOTOphIii 3amoJHsAeT obpasyiomyiocs kaBepHy. Koneuso, ais o6paso-
BaHMA Napa HEOOXOAHMO HEKOTOPOE BPEMs, KOTOPOro MOXeET ObITh HEAOCTaTOYHO, €CIIM KABATALMA CYHIECTBYET
B HECTALMOHAPHBIX Npoueccax AOMN MIUINCEKYHA. B TakuxX cily4yasx HaBepHO MOXKHO NpeHeOpeyb NapoM H
CYUTATh, YTO NABJICHHE B )XMIKOCTH PABHO KPUTHYECKOMY.

T MOZENH OCHOBAHE! HA IKCMEPUMEHTANBHBIX (aKTax, COTNAcCHO KOTOPHIM OOLIUHAs BOMA TIPAKTHYESCKH
HE BBIIEPKHBAET PacTArMBAIOIMX HANMPMHKEHUH M “paspyinacTcs”. BenwunHa KPUTHYECKOrO AABIEHHS Py, ,
MpH KOTOPOM BOZa paspyuiaeTcsd, cocraBnser okono 0,05 - 1 MIla [1, 2]. IpuyeMm, ¢ yMeHbLICHHEM BPEMEHH
BO3ICHCTBHA Dy, BO3pacTaeT, U, Hampumep, no AaHHLM [11] nocruraer okono 0,25 MIla npu BpeMeHH BO3-

neticreus 20 — 30 mxc. TIpH CTAalOHapHOM PAacTHKEHWHM CHEUHATLHO 06paGOTaHHON BOMBI YAAnoch AOCTHUEL
pactaruBalomux Hanpsxenuii no 28 Mlla [12]. 3to cocTosHKiEe BOABI HE YCTOHYMBO, U NPH MaJIbIX BO3MYILEHHU-
AX paspymaercs. COrNIacHO TeOpPETUUECKMM OLIEHKaM BEIMIHHA PaCTATMBAOIIMX HANPKEHHH 1A YUCTOH BOABI
MoxeT goctarath 200 — 300 MIla [1]. Omnako pacTaruBaiolide HanpsXeHUd, NOJYYEHHbIE B 3KCTIEPHMEHTaX,
o0p14HO He npessimatoT 3 — 5 MIla [13).

Mo MmueHmo aBTopos [1, 2, 12] kanmensHas >XMAKOCTh, KOTOpas cnenuanbHO He 0OpaboTaHa, HE MOXET
BBIIEPXKUBATh PACTXKEHHMS M CTPEMHTCH K 00pazoBaHMIO 00nacTeil, 3anoHEHHBIX MapoM (KaBepH), KOTOpbIE
paCILMpPSIOTCA W CHIDKAKOT OTPHLATENILHOE JAaBjieHHe. T€M CaMbIM HENpEpbIBHOCTh XHIKOCTU HapyluaeTcs,
JU1S OTIMCAHUA TAKOTO TeueHHA TpeOyeTcs oNnpeaeNaTh M0I0XKEHNE U IBHKEHHE FPAHUI] KaBEPHBI.

Takolt mogxon onpaBjaH NpH ONHCAHWM CTALMOHApHOM KaBUTAlMM, KOTAA B XHAKOCTH 0OpasyeTcs yc-
TONYMBas KaBepHa C HEMOABWXHBIMM IpaHuLiaMu. [TosBiaeHNE HECTALMOHAPHONW KaBUTALMM CBA3AHO C BOJIHAMH
pa3peXeHus, KOTOpble BO3HUKAIOT, HAIPUMED, NIPH OTPAXKEHHUH BOJIH CXKAaTHA OT CBOOOAHOM NOBEPXHOCTH, WIX
OpH TOPMOMKEHUU NOPIIHA B ruaponymke [7, 8, 11, 14]. B 3toM cirydae rpaHuithl KABUTALUHU MOABIIXHBIE, KAaBH-
TalMs BO3HHKAET B KaKOW-TO MOMEHT BPEMEHH, Pa3sBUBAETCA M HMcye3aeT. PaccunTaTh NapaMeTphl TEUEHNs B Ta-
KUX 3a1a4ax, BbIAEAS rpaHULb] KaBHTALlKK, OUY€Hb 3aTPYAHHTENBHO [14].

2.1. Moaesab KaBHTALHH C MOCTOSH HBIM AaBJICHHEM

Bynem cumtaTh, 4TO CMeCh B 30HaX KaBUTALMM COCTOMT M3 JBYX KOMIOHEHTOB — JXKUIKOCTH H rasa — H
napencTaBiAer coboil OTHOPONHYIO CIUIOIHYIO cpexy. CorlacHo 3KcrnepHMeHTATbHBIM NaHHBIM [10] naBnenue B
30HaX KaBHTALHMH MEHAETCA MO, H €0 MOXKHO CUHTATH NOCTOAHHBIM, PaBHBIM D, . YCIIOBHEC BOSHHKHOBEHHS
KaBUTALMK MOXHO 3amucaTh B Buze [10]

t

[pdt < proat, @)
e

ThE P, — JaBICHHUE XUAKOCTH NPH CTATHYCCKOM PACTAXKCHHH, tkr —~ BpeMsA BO3HHKHOBCHMA NABACHHUA Dy |

At - Bpems, HEOOXOMMOE [i7Ist Pa3pbiBa CTONGA KUAKOCTU JABICHHEM, DaBHbIM Py, . I3 3TOrO yCnoBus cemy-

€T, YTO NpH YBEIWYCHUH OTPHIUATENBHOIO NaBNCHUsA BPEMSA BOSHUKHOBCHHA KaBATallWH YMCHBILACTCA. Hnre-
rpanpHo¢ YCJIIOBHE (4) CNIOXHO B peaik3aliuy ¥ Ha MPaKTHKe 00BIYHO HONB3YHTCA bonee IIPOCThIM YCJIOBUEM, HE

YUMTHIBAIOHIMM BPEMS BOSHUKHOBEHHSA KABUTALMM: KABHTAUMA BOZHUKAET, eCliM P < Py, (MM P < Py, ). Kasn-
TaIHA B TOUKE XKUIKOCTH HCUE3AET, €CIIM P = Py .
Taxum o6pasoM, ypaBHEHHE COCTOAHMA (3) ¢ yIETOM KaBHTALMH IPUHMMAET BUL

n
e B[(p/po) -1}, p>pp
0, p<pp-
U3 ypapseimit (1) CleXyeT, 4TO YaCTHIBI cpezisr”B 30HaX KaBUTAIMH [JBWKYTCH, pa3leTasch C MOCTOSH-
HBIMH CKOPOCTAMM M He B3auMoaeicTsys apyr ¢ apyrom (du./dt =0). CkopocTs 3ByKa B Takoil cpelie paBHa

&)
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Hymo: a = ap Op = 0. Kax TOIBKO IUIOTHOCTh CPEebl CTAHET PaBHOM Py, , OHA CKAYKOM IIEPEXOAMT B APYroe

COCTOAHHE, X KABUTAUHUA 3aKpPBIBAETCH.

2.2. Mopeab KaBHTAHHH ¢ IOCTOAHHOH CKOPOCTHIO 3BYKA

Cpena B 30HaX KaBHTAllMH COCTOMT M3 CMECH YACTHI XMAKOCTH U My3bIPLKOB ra3a, MO3TOMY OHA JIETKC
cxumaercs. CKOpocTh 3ByKa B TaKoH cpele NMpH HABIEHHIX OIM3KHX K aTMOCHEPHOMY, 3SHAYHTENBHO MEHbLIE,
9eM B XKHIKOCTU HIH BO3/yXe, U B HEKOTODBIX NpefeNax H3MEHEHHUA ra3oBoii ¢assl cnaGo 3agHCUT OT 00wero
copmepkanua rasa [15, 16]. XKectkocts Ha CkaTHe BO3YHIHO-BOJAHOMN CMECH OTIPeIENIseTCA JABICHUEM BO3AYXA.
Ecnu 310 naBiieHHe Mallo, TO YIIPYFOCTh CMECH BO3IYX — BOJa O/IM3Ka K yNPYrOCTH CMECH B 30HAX KaBMTALMH U
3HaYeHHE CKOPOCTeH 3ByKa B YKa3aHHBIX JBYX CMecsX ONM3KH 1o BenmuuHe. M3 3T0ro ciemyer, 4To B HEKOTO-
PBIX Tipejenax M3MeHEeHHs o0BEeMHOro COJepXKaHHA ra3a CKOpPOCTh 3BYKa B 30HaX KABUTALIMH MOXHO CYHTATh

TIOCTOAHHOH, paBHOﬁ Apy Torma YPaBHCHME COCTOAHMA CPEIbl MPH KaBHTAlUKM MOXHO 3arucarh B BUIC

P-ri=ai.p-pi). ©)

Eciu B ypaBHeHHH (6) HONOXKUTH CKOPOCTh 3BYKa (I, PABHOMH HYJIIO, TO NIOMYYHM NEpPBYIO MOAENH KaBU-
TAlMH,

Kputudeckoe 3HaYeHHE CKOPOCTH 3BYKa NPH KABUTALMH MOXKHO BHIOpATh M3 UCCIEZOBAHMI pacnpocTpa-
HEHHA aKyCTHUECKHX BOJH B BOJE C My3bIpbKaMy BO3ZyXa. H3BeCTHO, UTO faxe npH HeGONbIIONH KOHLEHTPALHH
My3bIPLKOB CKOPOCTD 3BYKa B TaKOii CyCIIeH3MM ropa3io MeHbIIE CKOPOCTH 3ByKa B Bo3ayxe [15].

Yc¢n0BHA BOSHUKHOBEHHSA M 3aKPBITHA KAaBUTALIMHM OCTAIOTCA TAKMMH Xe, Kak U B | Mozenu: ecnu pacyer-
HOE JIaBJICHHE CTAHOBUTCA MEHBINE KPUTHYECKOTO, TO B Cpelie BO3HUKAET KaBUTalua. OTMETHM, YTO B BO3XYIU-
HO-BOJAHON CMECH OTpHIATENbHbIE JaBIeHHs (PACTAKEHUA) BOSHUKHYTh He MOTYT MO QU3MYecKHM coobpaxe-
HusM. TloaToMy xpuTHYeCKkoe NaBieHue OyAeT NONOKUTENBHBIM U €r0 MOXHO MPUHATH, HANPHUMED, PABHBIM 12~
BJIEHUIO HACHIICHHOTO Mapa NpH JaHHOMN TemnepaTtype. KpUTHYECKOMY JaBIIEHHIO COOTBETCTBYET HEKOTOpas
KpUTHYECKas IUIOTHOCTh, KOTOPYIO YAOOHO KOHTpOJMpOBaTh NMpH pacdyeraX. Taxum o6pasom, ypaBHeHHe co-
crosuus A I Moaenn kaBUTaLMH NPUHUMAET BHA

L p0+a2(p-—p0), CCTIMP > Py,

P +ap(p-pi ) ecnup<py.

OnHako, u3 ypaBHeHus (6) clefyeT BO3MOXHOCTb CYIUECTBOBAHMA OTPUUATENBHBIX NABICHWH NpH
ymenbmeﬂnn IUTOTHOCTH B 30HE KaBUTaUMH. DTOT HaKT MOXKHO OTHECTH K HEJOCTATKAM BTOPOH MOAEH.

'2.3. MeToa pacyeTa TeueHHil )HUAKOCTH ¢ KABHTAUHEH

[Ipu pacuere TeweHHH XHUIKOCTH C KaBHTALMEHl METOIOM XapaKTEPUCTHK HEOOXOAMMO BHIIENATH FPaHU-
16 KaBUTaLuH [14, 17] ¥ cluMBaTH Ha ITUX PAHMUAX PELIEHHS COIACHO YCIOBHAM THHAMHUECKOH COBMECTHO-
cru. [lpu pacuere Metonom I'oxynosa TpeGyercs 106aBIATS HOBBIE THIIb “pacnafoB B3pbiBoB” [18], uTo cyme-
CTBEHHO YCMOXHSET aNrOpMTM pacuera. PacueTbl 3TMMM METOJaMM IO pa3HBIM MOZENAM KaBHTalMK TpeGyioT
CYWIECTBEHHBIX M3MEHEHHHA AITOPHTMA, T.K. M3MEHAIOTCA YCIIOBHS HAa XapaKTePHCTHKAX ¥ OPMyINE! AN pacyeTa
pacriazia MpOM3BOJILHOTO pasphiBa.

Hibke npeanoxena pa3sHoCTHas cxema VIS OCHOBAHHad Ha BBEACHHM HCKYCCTBEHHOM BS3KOCTH B ypaB-
HEHHA ABIDKEHUA MICANHHON CKMMAEMOH KMAKOCTH, CBODOKHAA OT MEPEUMCIECHHBIX HeJOCTaTKoB. [iis enuHo-
GHPA3HOIO ONMCAHHA TeueHHs €3 BhIICHEHNA pa3pLIBOB B ypaBHeHUA aBWkeHus (1) BBOMUTCA BA3IKOE NaBleHHE
¢ (MCKyCCTBEHHAS BA3KOCTH), KaK J00aBKa K FHAPOCTATHYECKOMY AaBIeHWO p . Toraa ypaBHEHUs OIHOMEPHO-

IO JBKCHHUA B arpamwxeBoi gopme ripumyT Bun [19]

dp  Ou du 10(p+q) de (p+q)ou

M

p—, —m AT o M7 t))
dat ox’ dt p Ox ar p Ox
Bs3koe naBneHue g NpPENCTAaBIECHO CYMMO# IMHEHHOMN 1 XxBaApaTHUHO#M BsskocTH [20]
Oou| oOu ou ou
MapAx—|, —<0; A sz( ) =<0
- x| ox _hP o x
q = ou q> =
0, —=>0, - 0, @ZO.
o

3nech Ay B Ay — KOIpDUUHEHTI IMHEHHON K KBAJPATHYHOMN BAKOCTH, @ — MECTHas CKOPOCTH 3BYKa, Ax —
1ar pasHOCTHOH ceTku. KBaZpaTiHyHas BA3KOCTb g, BKHOYAETCA HA YNAPHBIX BONIHAX, a IHHEHAA BA3KOCTh ¢
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- TONILKO NpPH CrIaXKHBAHUH 1TyJIbCalHH. DKCIEPHMEHTANBHO YCTaHORJIEHB! ONTHMAJIbHbIE 3HAYeHUsA K03 OHLIM-
eHTOB BA3KOCTH A =0,6 m Ay =2.

AnNnpokcumanys ypasHeHui (4) IPOM3BOAUTCA HA NATPaHKeBOH CETKe, y3/Ibi KOTOPOH NMepPEeMEILIAIOTCs CO
CKOPOCTBIO IBHIKEHHS SKMEKOCTH, 110 GopMynam

JH 2At((p+q){+l/2+(—p+q);!—l/2) [, A"iju/z
up  =up - (pr)J (P )j ’ pi+l/2_pz+l/2 Tl
i—y2 HPAY 1 Ax; 1
J+1/2
J+l —At) P+q Uip] ~U;
1+l/2 :+1/2 >

P Jivy2\ A%iv2
xiJ“ =x/ + u;’+1/2At
TZie HWKHAR AHAEKC { COOTBETCTBYET KOODAMHATE, a BEpXHUMH j - BpeMeHu; AX; 12 = X;,| —X; ¥ Al - naru

CETKH M0 KOOPIMHATE M MO BpeMeHH. CKOPOCTb ONpPERENAETCA B y3/1aX OCHOBHOM CETKM C KOOPAMHATAMH X; , a
OCTAIbHBIC [APAMETPhl  PAaCCUMTHIBAIOTCA B y3NaX BCIOMOTATENbHOM  CETKHM, €  KOOpAMHAaTaMu
Xiylj2 = (x,- + x,-+1)/ 2. Tlonmyuenble HWHAEKCH COOTBETCTBYIOT ~KOODAMHATE X;,12 M BPEMEHH

J+12 (t”‘ +t! )/2

INpennoxennbiit MeToa onpobGOBaH MpU pacyeTe pAla MOIENBHBIX 33ala4 C KaBUTalWell, HEKOTOPblE U3
KOTOPBIX HMEIOT aHamuTHdyeckoe pemienue. Cpasnenme Mmeroma VIS ¢ meromom T'omyHoBa u cerouHo-
XapaKTEPUCTUYECKUMH METOIaMU NMOKA3aI0 NOJHOE COBMAaAeHNE pe3yibTaToB pacyeToB TedeHuil 6e3 KaBUTalu
1A pa3HeIX KOHGQHUrypaiuil y fapHbIX BOJIH U BOJIH pa3pexeHus. [1py BOZHMKHOBEHUH KaBUTAlMH Habmozanocsh
pasnHYue pe3ynbTaToB, T.K. IIPU pacueTe APYTHMH METONAMHU YUET KaBUTaUMH O4EHb 3aTPY AHUTENIEH H NIO3TOMY
He mpousBoaunca. Ilpu pacyerax meronoM VIS xoHTposinpoBanuch 6anaHcel Macchl, MMITyJIbCa M SHEPTHH, KO-
TOpBIE BHHIONHSAINACH C TOYHOCTERIO 0,1%.

3. PacueT TeueHHil XKHAKOCTH ¢ Ka BHTANMEH

Mozenn KaBHTalMM TECTUPOBAIACH HA Pa3MYHBIX 3amayax. Ecim noxasarens H303HTpOIL! 72 = 3 B ypa-
BHEHMH COCTOAHMA (3), TO BOAHBI B XHAKOCTH CTAHOBNTCH HE3aBHCHMBIMH M JUII HEKOTOPBIX IBHXKCHMIH
XMIKOCTH ¢ KaBuTauue# mns I mogenu npu py, = 0 MOXXHO NOJTY4HUTh aHANMTHYECKOe perierue [21]. Jlna Takolk

KHOKOCTH IUTOTHOCTS TMPONOPLHMOHATBHA CKOPOCTH 3BYKa: a = 1/3i p+B )/ p=ap L
Po

PaccMoTpuMM 1 ciTydast 1 = 3 MCTEUEHHE XHIKOCTH B TPYOy Takoro e ceuennd. HenoaprwxHas xua-
KOCTb, CXaTasd B LUATMHAPHYECKOM o0beMe WIHHON / A0 HaBleHWs pj, HAYMHAET HCTEKaTh Yepe3 OTKPBITHIH
Topel o6seMa. JIBIbkeHHe KUIKOCTH ONHCHIBANIOCH YPaBHEHUAMH (4) € HaYyalbHBIMH M FTPAHHYHBIMH YCIIOBHIMH

u((),x) =0, p(O,x)= Dy p(O,x) =py, u(t,0)=0, p(t,Xf)= DPa> (&)
re MHAEKCOM “1” oTMeueHsl HayajibHBIC 3HAYECHHdA, X f'-'xoopnuﬂa'ra cBOGOAHOMN MOBEPXHOCTH, p, - HAPYK-

HOe nasiieHue. Havano koopauHAT OMEINEHO y 3aKphITOro Topla obbema. Kpuruieckoe naBieHue U1 BO3HHAK-
HOBEHMA KaBHTalMK pj, = 0.

B MoMenT Bpemenu f; =1/a; (POHT BOMHBI pa3peskeHns AOCTUTHET CTEHKH X = 0 M BOJIHA HAYHET OT-
pakaThCs OT Hee TaK XKe BOJHOMN pa3pexkeHus, ele Goble NoxwKas nasineHue. K MomeHTy BpeMeHH t,=1/a,

(1, > 1) Bosne ctenku B obnactn 0 S x < x,, rme x, = (o fa, - l)l BO3HUKHET xasmaum Pacnpenenenue
NapaMeTpoB B 3TOT MOMEHT BPEMEHH B 30HE KaBuTauuu OyaeT

aa
u=—fx, a=a, mpu 0<x<x,.

B nansHefimeM 30Ha KaBUTalMH PaCUIMPAETCSH, JIMHEHHOE PacnpeieieHHe CKOPOCTH B Hel COXpaHseTcs,

CKOPOCTD 3BYKa PaBHa HYIIIO, @ ILIOTHOCTh yObIBaeT o6pamo TIPOTIOPLMOHATIBHO Bpemeﬂn
X L ‘
u==,p=pg— nmpu 0<x<u,tmt>t,. . - (10
t ayt . :
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3aecy a a ~ CKOPOCTb 3BYKA NpH NABNCHHH D, , U, = Ay — A, - CKOPOCTE XKHUIKOCTH T10C/IE pacliupeHus B BON-

HE pa3pexXeHus JI0 JaBleHMA p, . Ha rpanuue kaBUTaLmy rpauk CKOPOCTH MMEET M3JIOM, @ [UIOTHOCTH U CKO-
POCTH 3ByKa — pa3phiB.

Ha puc. | u 2 npuBeseHs! pacnpeleneHns CKOPOCTH ¥ TUIOTHOCTH Cpelbl 'O KOOPAMHATE X, NONYYCHHHIe
npu pacuete MetoioM VIS Ha MoMeRTH Bpemen £, 2¢,., 3t., 4t. (kpussie | — 4). KBanparukamu oTMedeno
aramuTHieckoe peueHue (10), a KpyKoukaMy — pacipee/icHUE [TapaMeTPoOB, EPECHUTAHHOE B aBTOMOJENABHEIX
TIepEMEHHBIX Ha MOMEHT BpeMerH 47, . CKopoCTb, TIOTHOCTE ¥ KOODJAMHATA Ha rpadHKax OTHECEHbI K Xapax-
TEPHBIM BEJIMUMHAM U, , D, M [.

e e -

u i | P

1 S~ ) 4
3
03 | 0,6
| A 5
| 3
‘ 0,2 p—2--Re8 +
0 06 08 ¥ 0 0,2 0,4 x
Puc. 1. Puc. 2.

W3 rpadukoB BHAHO, 4TO pacmpedesiecHUe MapaMeTpoB OCTaeTcs NMoAoGHbIM CO BpeMeHeM. UucnenHoe
pEllieHHE XOPOIIO COBMAAACT ¢ aHAIMTHYECKAM. MOXHO BHIIENUTH JBE 30HBl TEYEHHSA: 30HY C NMOCTOAHHBIMH
napaMeTpamH, COOTBETCTBYIOLIYIO OObIYHOM >KHAKOCTH K 30HY, B KOTOPOi 3HAYe€HHe MIOTHOCTH, 3HAUHUTENBHO
MEHBILE KPUTHUYECKOH, KOTOpasd COOTBETCTBYET KaBUTALMA. B 30He KaBHUTAalMM CKOPOCTb CPEbl B HATPABNEHNH
CTeHKH YObIBaeT MO JHHEHHOMY 3aKOHY, H YacTULbI Cpepl 31eCh ABUXKYTCA Pa3ieTasch. DTO NPUBOAMUT K TOMY,
YTO CO BPEMEHEM KaBHTAllMA Pa3sBUBAETCH M TUIOTHOCTH CPENbl YMEHbIAETCA OOPATHO NMPOTIOPLMOHANLHO Bpe-
MEHHM, KaK BUAHO u3 pemenus (10).

AHajorsyHas 3aaya peianach Ui BoJbl, TOKa3aTelb N30IHTPOIBI KOTOPOit B ypaBHEHHH COCTOAHHUA (5)
n=7]15. B 3ToM ciyyae 3ajiaua aHAIMTHYECKOTO PELUCHUS HE MMECT, M peltanach YMCIEHHO MeTogoM VIS,
[MomyuyeHHoe pemieHHe KaueCTBEHHO TaKOe e, KaK H Ul MOJENbHOM KUAKOCTH.

3aKphITHE XaBMTALMM MCCEN0BAIOCh Ha CleAyloliel MOJCABLHON 3agade. B nuinHapuueckon tpyGe
AanvMHOM L Haxomwiach HEMOABMIKHAS XHAKOCTh IPY KPHTHYECKOM JABICHHH C TUIOTHOCTBIO, HIXKE KPHTHYE-
ckoif. B Haua/IbHbIi MOMEHT MOPIIEHB C NIOCTOAHHOM CKOPOCTBIO W, HAUMHAJ CXMMATh KHAKOCTH. [{Broxenne

JKMIKOCTH OIMCHIBAIOCH YpaBHEHHAMH (8) ¢ HaYaTbHHIMU M FPAHNYHBIMH YCIOBHAMMU
u(O,x)-—- 0, p(O,x)= Plors p(O,x)= P1 <Pir» u(t,xp) =w, u(t,1)=0.
Ilpu pacyerax HCMONBL30BaIACh I MONENb KaBUTAILMHM C KPHTHYECKUM JABNECHHEM Py, = - 0,1 MIla. Ha-

YanbHOE 3HAYEHHUE IUIOTHOCTH Py = 950 xr/m’. Tlpu yRape nopiiHsi GopMHUpyeTCs CTalBOHapHas yaapHas BOJ-

Ha, [TapaMeTpsl KOTOPOH MOXHO PacCYHTaTh M0 YCIOBUAM JHHaMMUueCKoi copmectHocTh. B Tabmuue 1 npuse-
/ICHBI PE3yIbTaThl YUCIEHHOTO pacyeTa MeToxoM VIS K aHaIMTHYECKOr0 PeIeHH 110 YCIOBHAM QHHAMHYECKOM
TOBMECTHOCTH, OTMEUEHHBIE WHACKCAMHU “1” 1 “2” coOTBETCTBEHHO. VI3 CpaBHEHMS Pe3yNbLTATOB MOXKHO 3aKIIO-
4MTh, YTO YHCIIEHHOE PEIUEHHE XOPOLIO COBNAAAET ¢ AHANMTHYECKHM U MeTon VIS No3BoseT pacCYHTHIBATS HE
TOJABKO PA3BUTHE, HO H 3aKPHITHE KABUTALUM.

Tabnuua 1
Wy, M/C | uy, m/c | uy, Mic |8, % p1, MIla p» MIla_ 15,,%| py, kv’ | py, xe/M? | B, %
25 1230 1360 9 38 34 12 1016 1015 | 0,13
50 1400 1490 6 79 - 74 6 1032 1030 | 0,14
100 1570 1650 4 17 164 4 1063 1060 } 0,28
300 2040 2190 6 682 655 4 1165 1154 | 0,95
600 2850 3130 9 1929 1870 3 1248 1232 | 1,29
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HccnenoBasocs BAMsHHE KPHTHYECKOH CKOPOCTH 3ByKa Ha IapaMerTpsl cpeast Bo 11 Moaeny kaBMTauuu
IUTA XKVAKOCTH € TI0Ka3aTeNneM H303HTPONbE # = 3 B 3a1a4e O pasNeTe CKATOro CToX0a KUAKOCTH € HAYaNbHBIMU
¥ rpaHA4HbIME ycnoBusMH (9). Ha puc. 3 npuse/ieHs! pacipe/ieNieHHs CKOPOCTH (CILIOILHbIE KPHBbIe) H TUIOTHO-

¢TH (iTYHKTHPHEIE KDHBEIE) 110 KOOPAMHATE X HA MOMEHT BpeMEHH 2f, JUIf Pa3HBLIX 3HAYCHHI KPHTHUECKOH CKo-

pocTH 3BYKa: dy,. , 2ay. ¥ 4ay (kpusbie I, 2 1 3 COOTBETCTBEHHO). 32 KPUTHYECKOE 3HAUCHHE A, IS MO-
AENbHOM XKUAKOCTH ObUIO B3ATO MUHUMAIbHEOS 3HAUYEHUE CKOPOCTH 3BYKa B Fa30MKHAKOCTHOM CYCNEH3UM BORKL,
pasHoe 30 M/c. CKOpOCTb, JUIOTHOCTb M KOOPAWHATA HA rpadukaX OTHECEHBI K BENMYMHAM U, , P, U [. W3
rpa(uKOB BHIAHO CYINECTBCHHOE BIHAHME KPHTHIECKOH CKOPOCTH 3ByKa Ha NapaMeTphi CPEAbl PN KaBUTALFM.
I1pu cTpeMIIeHHH KPHTHYECKO# CKOPOCTH 3BYKa K HYJIIO PacnpeeiicHie napaMmeTpoB mid 11 Moaenu copnagaer ¢
pacnpeiencHHe, NOMyIeHHRIM A4 1 Moaen: kaBUTaLUU.

. Ha puc. 4 nna cpaBHeHHS NPUBENEHEI paclpeseieHus ckopocTu (kpusbie 1 U 2) ¥ IWIOTHOCTH (KpUBBIE 3
H 4) pns pasBHTOH KaBHTALMH Ha MOMEHTHI BpeMeHn 2f. (xpusbie | v 3) m 4¢, (xpuBble 2 U 4) 114 3amauy 0
passeTe CKATOro CTo/I0a KHUAKOCTA ¢ HAYA/bLHBIME M TPAHHYHBIMH YCI0BUAMH (9). ‘CIUIOIIHbIE W TyHKTHPHbIE
KpuBble — pacyersl 11 1 u I1 Mogeneil kasuraumu. Kputuueckue napaMeTpsl XHIKOCTH LI MoJeneit paBHbI:
Pjr=0u ay, =30 m/c. CKOpPOCTb, IUIOTHOCTH M KOOPAHHATA HA rpadMKax OTHECEHbI K BENIMYHHAM U, ,p, U [.

i
|
i
|
{
i
|
|

uap u, p :7
‘ i ‘) i
W 7 77
]/ /; /,’g /‘ L
0,8 5 /",_if : i .
f 3 -
3 Z;f 3 / /’ ,’/
_-::..//:’- 2\1 /{ ,//]4
! | i
| | 1 .

0 01 02 03 x 0.4 x

Puc. 3. Puc. 4.

U3 cpaBHEHHA BUAHO, YTO Pe3yJbTaThi PacyeToB MO Pa3HBIM MOJAENAM IOJHOCTHIO COBMAJAIOT MPU Hau-
MeHblIel KPUTHYECKOH cKOpOCTH 3ByKa. [Ipu yBenmyeHMH CKODOCTH 3ByKa pasjiMu¥e B pacnpeicleHnd napa-
METPOB YBEIMMMBAETCS. DTO pPa3jiMuUe CBA3AHO C TeM, YTO Ans I MoJenu no KaBUTHpPYIOWEH XUIAKOCTH MOIyT
PacrpoCTPaHATBCS BOJHBI, M HA FPaHULIE KABUTALMH NPOUCXOAMT MX OTPa)K€HUE, YTO NPUBORHUT K H3MCHEHMIO
napaMmeTpoB cpelbl. U3nom Ha rpaduke ckopocTH s pacueros 1o 11 Moaenn (IyHKTHpHBIe KpuBbie 1 1 2) Kak
pa3 U 00biCHIETCSA B3aHMOAEHCTBHEM BOJIH, PaCPOCTPAHAIOIHUXCS 110 KABHTALMH.

Metoa VIS cpasuusasics ¢ Metogom ['oayHOBa M METONOM XapaKTepHCTHUYECKUX HamparieHnii (MXH)
[22, 23). ins cpaBHeHms BbIOpaHa 3aja4a ¢ KaBUTalMed, yIapHBIMU BONHAMH, BOJTHAMH Pa3peXeHHs U NONBKIK-
HbIMY rparuuaMi. Henonemxkueiil cron6 suakoctu mimHoi L 8 xpyrioit TpyGe pasnenen anadparmoii Ha e
CCKUWH C BBICOKHM U HU3KUM JapieHueM. C JIeBOro TOpHa pacroyioXkeH THKEIbIN NOPILEHb, a ¢ IPaBoro — Cs0-
6omHas TIOBEPXHOCTh. B HayaNbHBIA MOMEHT AuadparMa pasphIBaeTCH, a MOPIIEHb C MOCTOSHHOH CKOPOCTHIO

W, YHapaeT N0 XKHIKOCTH. JIBUKEHHE KUAKOCTH ONUCHIBANOCH YPABHEHHSAMH (8) ¢ HaYaNBHBLIMU ¥ IPaHHUHbI-
MH YCIIOBHAMH
u(0,x)=0,0<x<”L, p(0,x)=p;, p(0,x)=p;, 0<x<L?2,
p(0,x) = po- p(0,x) = Po> L2<x<L;
» ult,x,)=w,, p(t,xs)=py,
Toe X, U X ¢ —~ KOOPAMHATHI NOPIIHSA H cB060HO# noBepXHOCTH. 3HaueHus Benuunn: L =4 M, po = 0,1 MIla,
p =100 MIla, w, = 30 m/c. Ot muadparmsl BrpaBo NOMUAET yAapHas BOJIHA, BIEBO LEHTPHPOBaHHAsA BOJIHA

paspexeHus, OT IOPLIHA BOPABO NOKAET yaapHas BOJIHA.
Ha puc. 5 npuseneHo pacmpefeieHue napaMeTpoB HA MOMEHT BPEMEHH { = 6 MC C Y4ETOM KaBHTaLUH
(xpuBbie 1, 2 u 3) M Ges ydera kautamuu (kpusbie 4 1 5). Kpussie 1 1 4 — ckopocTs, 2 ¥ 5 — paBnenue, 3 -
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TUIOTHOCTS. BCe BenmuuHbl 623pa3MepHEIe, OTHECEHHBIE k Wy, Py, Po M L. Kpyxouxamn oTmevens: pesys-

TaThl pacuetos MeTonamu ['oxyHoBa 1 MXH 6e3 yueta kasurauuu. Kaputaums paccaUTEIBANACK 110 MEPBOi MO-
JENU C TIOCTOSHHBIM KPHTHHECKUM [IAaBJICHHEM, PaBHBIM NaBie-

HIO Hachlmaromero napa py, = 0,002 MIla npu xomHatHo# P 1

P f——
Temnepatype. Pacuersi Ge3 yuera kKaBHTalliM NMpPOBEICHBI MPH

YCIIOBHY, YTO BOAQ BbIAEPKHBAET NPEAENbHbIE PACTAIMBAIOLINE

HaNpsOKEHUs, KOTOpble OOMYCKAET ypaBHEHHE COCTOAHHS (5) - 4

oxono -300 MITa. M3 cpaBHeHHs BUAHO, YTO UTHOPUPOBAHUE Ka- 2
BUTALMH CYLIECTBEHHO MCKaXaeT KapTHHy TedeHusa. K maHHoMy
MOMEHTY BPEMEHH JaBJI€HHe BO BCeif o6nacTH paBHO KpuTH4e-
cxoMy (kpuBas 2) U oO6pa3oBaiuck TpH 30Hb A, B u C passuroit 0
KaBHTALMH, KOTOPbIE COOTBETCTBYIOT 3HAYEHHMAM P < Py, Ha

rpaduke rorHoct (kpuBas 3). ITo cepeauHe B MecTe pa3pbiBa
Ha4alIbHBIX IIAPaMETPOB, BO3HMKNA Hebonbllas nepsag 30Ha A .2
KaBuTaUuu. Bropas 30Ha B kaBuTauuu obpasoBanach NpH B3aH- 0
MOZEHCTBHM BOJIH PaspeXeHHd, OTpasUBLIMXCA OT cBoOOAHOMN
TIOBEPXHOCTH M OT MOPIIHA Ha paccTosHuu okono 0,8 L. TpeTtss, Puc. 5.
nocnenysa, 30Ha C KaBUTallMM MOSABHIIACH BO3NE TOPILHA MOC/E OTPAXKEHHA OT HEFO BOJHBI Pa3pexeHus, Hiy-
me# ot ceoGonaHoN noBepxHocTH. 1lMpHHa 30H KaBUTAUMK M W3MEHEHHE IUIOTHOCTH B HUX 3aBMCHUT OT MHTEH-
CHBHOCTH BOJIH pa3pexxeHus. IIpu pacyerax 6e3 yyera kaBHTalMM AaBJIeHHE B )KHUIKOCTH Be3Ie MEHbILUE HYJH, a
BO3JI€ TIOPLIHA JOCTHraeT OTPHLATENbHBIX 3Ha4YeHui no -120 MIJa. Pacnpenenenyue napaMeTpoB i 3TOTO Ba-
PHaHTa HaIJSAHO OTP@KaeT BONHOBBIE NPOLIECCHE, IPOUCXOMSNILHE B KHIAKOCTH.

Cpasnenue metonos VIS, I'omyHoBa 1 MXH nokazano mojiHoe coBnaJeHHe pe3y/bTaToB PacueTos B 06-
NIaCTH HOPMANBHOM XHUAKOCTH. B 06nacTu KaBUTaUMH pe3yabTaThi CPABHATH HEBO3MOXHO, T.K. MeToab! I"'oxyHo-
Ba u MXH He no3BOJIOT pacCUMTHIBATHL Takue TeueHHa. PDOPMaNbHO YpaBHEHHE COCTOSHUA Boasl TaTa gomyc-

KaeT 3HaYE€HHE OTPULATENbHLIX JaBleHui 10 py,. = -300 MIla. Pacuerst TeyeHuit npH yclI0BHH, YTO BOAA BbI-

2

YA
L

4 0.8 x

AepuBaeT GOJbIIME OTPHUATE/bHBIE NABIEHUAMH (HaNpHMED, 10 Py, = -100 MIla) pasHbiMH MeTOnaMu noi-
HOCTBIO COBIAJAIOT.

MeTon VIS 6b1 NpuMEHEH 111 pacyeTa KOHKPETHOH IHAPOUMITYJILCHOHN YCTAHOBKH, HBIKEHUE XKUIAKO-
CTH B KOTOPOH CONMpoBokAacTcs kaBuranueit. B paGote [10] onucana ruaponHaMiMyeckas MMITYJIbCHaA mpecc-

nywKa o CHeQyIOUMMH NapaMeTpamu: paauyc crBofa R, = 56 MM; JunHa ctonba xumkoct L = 650 mMm;
Macca NopuiHs m, = 2,3 Kr; CKOPOCTh MOPILIHS B MOMEHT yapa O XKHAKOCTh W p0 = 32 m/c. 3akpbIThIii TOpEn

YCTaHOBKH abCOMOTHO kecTkui. JIBIKEHHE JKHUAKOCTH ONUCHIBATIOCH YpaBHEHMAMH (4) ¢ HaYanbHLIMH M rpa-
HHYHBIMM YCIIOBHS

u(0,x)=0, p(0x)=p,, p(0,x)=p,, 0<x<L;
u(t,x,)=wy, u(t,L)=0,
TAe X, W W, — KOODMHATa ¥ CKOPOCTb TOPWIHS, P, M P, - NAPAMETPLI BOJK! NIPH aTMOCHEPHOM JaBICHUH.
JIBIKEHHE IOPIIHS ONHUCHIBANOCH NP PepeHtHaTbHHMI YPABHEHHAMHE C HAYAJIbHBIMU yC/I0BHAMH

dw dx

mp"—dti='p(”xp ¢ _dt£=w1” wp(0)=wpo. x,(0)=0, (10)

rae F, = an - wiow@as nopuwss. [Ipu pacyerax ucnoap3oBanach I Mojie/ b KaBUTALIMK C KPUTHIECKHM NaBJie-
nuem pp, =—0,1 Mla.

Ha puc. 6 a npuBeneHs 3aBHCHMOCTH JaB/JICHHA Ha NIOPLIHE H Ha TOPLIE X CKOPOCTH NOPLIHSA OT BPEMEHU
{xpusbie 1, 2 1 3). JlaBneHue Ha NMOPIIHE U Ha TOPLE U3MEHAETCSA CKaYKOOOPA3HO, YTO OTPAXKAET BOJIHOBEIE MPO-
neccel B ycranoBke. Cpasy nociie ynapa AaBleHue Ha nopuiHe paBHO 50 MIla, 4To COOTBETCTBYET AaBJICHHIO

rUAPOYAapa, paccuMTaHHOMY 1o (opmyne XKykosckoro p y = PCWp . Y aapHas BONHA, BOSHMKIIAs [IPH yAape

{1OpIUHA, ocnabnsercs BOJIHAMH paspexeHns, NCIyCKaeMbIMHM MOPUIHEM NPH TOPMOKCHUM. Bcenencreue TOpMO-
JKCHHA JABJICHHE Ha MOPIIHE Gucrpo YMCHBUIACTCA NPAKTHYCCKH IO IKCIIOHCHUHATIBHOMY 3aKOHY (nymcmpﬂas

xpuBas 1). Uepes Bpems #) = L,/ ¢ = 0,43 Mc ynapHas BOJIHa JOCTHaeT TOPLA, NOBBILIAs 3€Ch JAABJICHHE TOYTH
B ABa pasa. OTpasMBIIMCE OT TOPLIA K MOMEHTY BpeMeHH 2 {, yapHas BOJIHA BO3BPALIAETCS K TOPLIHIO, BBI3bI-
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Bas ero pe3koe TOPMOXKEHHE, KOTOPOE CONPOBOXKOAETCA BOJTHAMH Pa3pPeKeHIsA, NPUBOLAILMMHE K MOABICHUIO Ka-
BuTauuu. U3 rpa#koB BUIOHO, YTO K MOMEHTY BpeMEHH ! ~ 1 Mc Ha nopiune, a 3ateM npu ! = 1,36 mc 4 Ha
TOPIIE BO3HUKACT KaBATaUMA. [TopimeHs K 3TOMy MOMEHTY ABIWKETCS B 0GpaTHOM HaNpaB/IeHHH PABHOMEPHO, €T0
CKOpOCTb MeHblle HavanbHOM. ITpu pacuere Ge3s yuera KaBUTAUNM JaBlicHHE Ha MOPIUHE ¥ HA TOPLE CTAHOBHTCH

OTPMUATENIbHBIM, NOCTHras BeNduHbl — 40 MIla. OtpunaresibHOE faBlieHHE BOAbI HAa MOPIIHE NPUBOAUT K €ro
NOBTOPHOMY YCKOPEHMIO.

e T
p MIla, i p, MIla 1 |u, M/C
Wy, M/C l 300 - - ; . Ap, kriv®
3 \ 4
5o ’ N 15
50 4 | S
"\l ] T — -
N\ | 0 : — = 0
\‘\‘ | S 1 - -
0 > JI. i,/ ‘ 2 L/ -]5
i [
i s L7 :
| ——” : 1 30
S0 l
0 0,5 0 200 400 X, M

6)

Puc. 6

Ha puc. 6 6 npuBeaeHs! pacupeaeneHus ckopocTd (xkpusbie 1 U 4), nasneHus (Kpusbie 2 U 5) U IWIOTHO-
¢t Ap = p —pg (kpussie 3 1 6) No JUIMHE YCTAHOBKA Ha MOMEHTSHI BpeMerH 0,8 Mc (KpHﬁHB 1,3u5)u 1,4 Mmc

(xpuBbI€e 2, 4 ¥ 6) NOCHE OTPAKEHUA BONHEI OT 3aKPBITOTO TOPLA, @ 3aTEM OT MOpwHA. Pacnpesenenue napamer-
POB HArNISAAHO AEMOHCTPHMPYET BOJNHOBOH XapakTep NPOLECCa, OMMCaHHbIH Bhilie. Bosile NOPIHS BO3HUKaeT pa-
3BHTAd KABHTALMA, TWIOTHOCTb CPENBI 3AECh YMEHbINAETCH 10 970 KI/M’ Npu KPHUTHMECKOM 3HAYCHHM Py, =
995,4 kr/m’. ~ ‘

3akaouenne

PaccMOTpeHO HeCKOJIBKO Mogejiefi HeCTAallMOHapHOH KaBMTalMH, OCHOBAHHLIX HA IPEACTaBNEHUAX O
crutouHo# cpene. [Toapo6HO NpoaHaTH3UPOBaHbI ABE MOJENH KaBHUTALMH: C MOCTOSHHBLIM JABIE€HHEM M [IOCTO-
SHHOM CKOpOCTBIO 3BYKa. JiIA pacyeTa ONHOMEPHBIX HECTALIMOHAPHBIX TEUECHHH KHAKOCTH ¢ KaBHTauueld npe-
JIOXKEHa Pa3HOCTHAA CXeMa C HCKYCCTBEHHOMN BA3KOCTBHIO, KOTOPasA B OTIAWYHE OT APYTHX YHCAECHHBIX METONOB HE
TpebyeT BhiAeNeHUA MPAHUL KaBHTALIMM U JIETKO aNRITUPYETCA K pasiHYHbIM MOJIENSM KaBHTaLMH. Pe3yabTarhl
pacyeToB [jis pa3HbIX MoJeNnel KaBUTAlLMM CPaBHMBAIOTCA MEXXy coOoff M ¢ aHANMTHYECKHUM pEelICHUEM A
MOJZIENBLHBIX 3a/1ay, KOTOpBIE COTPOBOMNIAIOTCA IBONIOLMEN KaBUTALMK: BO3HHKHOBEHMEM, Pa3BUTHEM M HCYE3-
HoBeHHeM. [lokazaHo, YTO NPH YMEHBIIECHUH KPUTHYECKOH CKOPOCTH 3BYKa VIl BTOPOH MOJENH KaBUTalHH, pe-
3yJIBTATEl pacyeToB MO 00euM MOJENSM MONHOCTHIO coBmafaT. CpasHeHue Merono VIS, MoxynoBa 1 MXH
TI0Ka3aJI0 MOJIHOE COBMAJCHHE PE3yJILTaTOB PacyeToB 0 06pa3oBaHus kaBHTaumH. [IprBeNeHbI pe3ybTaThl pac-
Y4€TOB IHAPOUMITYIbCHOM YCTAHOBKH, [BIKEHHE XXUAKOCTH B KOTOPO# conpoBoXaaeTcs kautaluel. [TokasaHo,
4TO NpeHeOpexeHne KaBUTalMel CyUIECTBEHHO MCKaxaeT GH3NKY Mpoliecca M KOMMYECTBEHHBIE 3HAaUYCHUsA Na-
PaMeTpOoB.

BnarozapuocTn

Pa6ora Beinonxena npu noxuepxke pouaa CRDF Project #: UE2-2441-DO-02.

PE3IOME

Po3rnanaloThes AeKibka MOJENEH HECTAliOHAPHOT KaBiTallil, O IPYHTYIOTHCS Ha YABJICHHAX PO CYUUILHE CEpPeaOBU-
we. JloknanHo npoasanizosani ABi MoAeNi KagiTauii: 3 MOCTIHHAM THCKOM Ta NMOCTiHOIO WIBUAKICTIO 3BYKa. Jlng pospaxyHKy
OHOMIPHMX HECTALOHAPHMX TEYidl PiIMHK 3 KaBITALUEIO 3alPOTIOHOBAHA PI3HHMLIEBA CXEMa 3i LITYIHOIO B’A3KICTIO, fKa Ha Bi-
MiHY Bif iHIIMX YHCENBHHMX METONIB He noTpeGye BUmieHHs Mexi KaBiTauil Ta JIErko afanTyeThCa 10 Pi3HUX MozeneH kaBiTaii.
PesynnTati po3paxyHKiB 4 PI3HMX MOJElied KaBiTauil MOPiBHIOIOTECS MiXk COGO0IO Ta 3 aHAITHIHHM PO3B’A3aHHAM I MOJIE-
NLHUX 33734, AKi CYMPOBOIKYIOTECH €BOMOLIEIO KaBiTailli: BUHUKHEHHAM, PO3BHTKOM Ta 3HMKHCHHsM. IopiBnsuus Meronis
VIS, TNosynosa 1 MXH noseno rosuwii 36ir pe3yasTartiB 10 BUHUKHEHHS KabiTanii. JIoseeHo, o NPy 3MEHIIEHH] KPUTHYHOI
HIBMAKOCTI 3ByKa ANs APYrol MOJeNi KasiTauii, pesyasTard po3paxyHkis s 06ox moaeieH noBHicTIO chiBnaaators. Haseneno
Pe3yNbTaTH PO3PaxyHKiB TiAPOIMITYIECHOIO MPUIALNY, PYX PIZMHU B SKOMY CYNpOBOMKYETBC Kabitauiero. JlopeneHo, Mo Hex-
TYBAHHS KaBITALIEIO CYTTEBO CIIOTBOPIOE (i3HKY TPOLIECY i KiNbKICHE 3HAYEHHS MapaMeTpiB.
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SUMMARY

Some models of the unsteady cavitation based on representations about a continuous medium are considered. Two mod-
els of cavitation that are based on a constancy of pressure and the sound speed in the cavitation zone are analyzed in details. A
numerical scheme with artificial viscosity for calculation of one-dimensional unsteady currents of a liquid with cavitation is of-
fered. Unlike other numerical methods, it does not demand allocation of cavitation borders and easily adapts for various models
of cavitation. Results of calculations for different models of cavitation are compared. It is known the analytical decision for mod-
eling problems which evolution of cavitation (occurrence, development and disappearance). Comparison of methods VIS,
Godunoy's and MXH has shown full concurrence of results of calculations before formation of cavitation. The result of numerical
calculations are compared to it. It is shown, the results of calculations on both models completely coincide, if critical speed of a
sound for the second model of cavitation decreases. The calculation results for hydro-pulse installations are given. It is shown,
that the neglect of cavitation deforms physics of process and quantitative values of the parameters.
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VIIK 532.54

CTATHKA U JUHAMMKA OB BbEMHOI'O F'HAPABJIMMECKOI'O IPUBOJIA
BEHTHJIAATOPA OXJIAXKIAIOIIEI'O YCTPOMCTBA TPAHCIIOPTHOM MALUWHBI

A.A. Kosanenxo, B.H.Cokonos, E.H.Konoaypos, KM, [[aduyes
Bocmounoykpaunckuii nayuonanvhviil ynugepcumen, 2. Jlyzanck

Pacxon MOIHOCTH HA NPUBOJ BEHTWIATOPA OXJNaXKAaioieli CHCTEMbl XBWTaTeNs BHYTPEHHETO CropaHus
cocrasigeT oT 2 1o 7 % MolHocTy ABurarens [1]. Micnoak3oBaHHE CMCTEM aBTOMATHYECKOTO YNpaBieHU, NOA-
JEPKUBAIOIINX ONMTHMAIBHOE 3HAUYEHUE TEMIIEPATYPhl TEIUIOHOCHTENEH, TO3BOMIAET COKPATUTH DTH PacXOodbl H,
TEM CaMBIM, NOBBICHTh 3¢peKTHBHOCTH paboTal TpaHCIIOPTHOrO cpeacTsa. [Ipu 3ToM cHcTeMa ynpaBneHus Mo~
KeT GbITh BHINIOJMHEHA C UCIIOIB30BAHUEM Pa3MYHbIX CPEICTB aBTOMATHKH. Cpeay HUX FHAPaBAMUECKUi IIPUBOL
¢ 00beMHBIMY THIPOMAINHHAMH MOCTOAHHOM NMPOM3BOJMTENLHOCTH oONajaeT pagoM mpeumyinects. [Ipexne
BCcero, rabapuTel M BeC NpPHBOAA ropa3/io MEHbMIE, YeEM y MPUBOAOB APYTHX THIIOB, YTO ABRAETCS HEMATIOBAXK-
HBIM (akTOpOM IS TPAHCIIOPTHOI MamHHEL. KpoMe Toro, ruapasnuueckuii mpueoa obnanaer crobonoit kom-
MOHOBKH, Y HEro JIETKO PeaIM3yeTCs KaK aHaJoroBoe, Tak M AMCKPETHOE PeryaHpoBaHHe YacTOTHI BPALCHHs Ba-
Ji2 MOTOpA, a CJIEXOBATENBHO, ¥ TEMIIEpaTypPhl TeIToHocHTeNA [2, 3]. VIMeHHO Takas cxema OXNaKACHHA UCTIONE-
30Bana Ha Termosoze TAII75 (puc.1). YuuTsiBas 310, B paGoTe NOCTABAEHA LENbL MCCIEAOBATL CTATHYECKHE U
OVMHAMHYECKHE XapaKTePUCTUKH THAPABAHYECKOrO MIPUBOAA BEHTUIIATOPA.

Cxema 3KCTIEPUMEHTANIBHOH yCTAHOBKM THAPABIMMECKOTO NMPHBONA BEHTHIATOpA OXNaxFarouel cucre-
MbI MpejcTaBiReHa Ha puc. 2. O6beMHbIH Hacoc 2 coelMHEH HeNOCPEACTBEHHO C BajgoM apurarend 1, Ha Bany
rMApoMOTOpa 5 yctaHoBleH BeHTWIATOP 7. IlpemoxpaHutenbHhuiil knanad 3 npenoxpaHseT CHCTEMY OT Iepe-
rpy3ku. Jlpa peryMpyeMbix Jpoccelis a ¥ b ycTaHOBJIEHB! MapajUiebHO U MOCHEAOBATENBHO C THAPOMOTOPOM.
OTH ApOCCENIH HMHUTHPYIOT PEryJATOpPhI TEMIEPATYPhl M NO3BOJIAIOT HCCIEAOBATH COOTBETCTBEHHO IBE CXEMBI
peryaMpoBaHus — C MOclieJoBaTebHON H NMAapalleIbHOH YCTAaHOBKOH TeMHEpaTyphl B CHCTEME OXJIAXICHHAA.
Kpome Toro, Ha 3KCIEpHMEHTAILHOM CTEHIE YCTAHOBJIEHB! PacX0OAOMEDPBI 6 1 MAHOMETPH! 8.

1 2 3
A\
b
6
N
1
Puc. 1. Cxema ruaponpuBoaa BeHTHAATOpa . Puc.2. Cxema axcniepuMeHTATEHOH

teroBo3a TOI175. YCTaHOBKM

Tpn cpaBHennu 3¢ QPeKTHBHOCTH Pa3NUYHbIX CXeM MpPeANOJIaraioch, YTO NOTEPH B FMAPABIHYECKKX Jiti-
HUSX TpeHeGPeRUMO MaIB, 2 THAPOMOTOP M HacoC — MaeaibHbl. KpoMe TOro, p# pacieTHOM peXuMe paboTe
NPHBOJA PAcXoi Hacoca ¥ MOTOPa OIMHAKOB.

Cas13b MEXIY YIJIOBOH CKOPOCTHIO BEHTHIIATOPA N U ero MOMeHTOM M, (MomeHT Harpy3ku) [4]

M, =M, +an? zan?, (1)
rae M, - MOMEHT TpeHus B TIOJWMIHAKAX, KOTOPBI 06I4HO NpeHeGPEXMUMO Mall HO CPABHEHHIO C TIOJIE3HOH

HATpPy3KOH.
OTHOCHTENbHAA MOIHOCTS, TIOTpe0iieMas BEHTWIATOPOM (OTHECEHHAA K MOLLHOCTH Ha PACHETHOM PEXHME),
= N nM, =2
NB = £ = —E = n N (2)
No noMg "

rae N= n/ Ny - OTHOCHUTE/IbHAS YTTIOBadA CKOPOCThL BEHTWIATODA.
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Jina cxeMpl C PeryNsTOpOM, YCTAHOBJIEHHBIM HOCIIENOBATeNbHO T'MAPOABHraTeNo (cXema a), JaBleHHe
fIepe]l NPeJOXPAHUTENBHBIM KIANaHOM MOCTOSHHO H OTIPENENAETCS €ro HaCcTPOHKOM, MOITOMY MOUIHOCTB, MO-
tpeblisieMas CHCTEMOM OXIIaXAEHHUA, TAKKE TIOCTOSHHA. B 3TOM ClIyyae OTHOCHTEhHbIE HOTEPH MOIMHOCTH

- -3
Nn=1-n. . 3)
Korna perynstop yCTaHOBIEH NApaiNensHO MHApoaBHraTeo (cxeMa b), NaBneHHe B TUHUM HaTrHETAHHA
HE NMOCTOAHHO H BCErAa HHKE, YEM N@BJICHUE B PaCHCTHOM DEXHME. Ero sennyuna ONpEAENACTC MOMEHTOM Ha-

- -2
rpy3ku p=n .

OTHOCHTENIbHBIH PacXos Yepe3 TMAPOMOTOP 3aBHUCHT OT €ro YIIoBoi ckopoctd Qu =N 1 notepu suep-
TWY B CHCTEME THAPOIIPHBOJA

No={1-2h° @)

Cpasrenue ypaBHennii (3) 1 (4) noka3pIBaeT, 4TO NOTEPH B cxeMe b Bcerna MeHbIne, 4eM B cxeMe a. 3ToT
BBIBOJ IOATBEPKIEH IKCIIEPHMEHTANBLHO (pHC. 3).

TakuM 06pa3’oM, NOTEPH SHEPIHH B CHCTEME perylnpOBaHUs THIPONPHBOIA C HEPEeryaupyeMhIMHU FHA-
poMatIMHaMU U PeryNaTOpOM, YCTAHOBICHHBIM NapalIefbHO JBHTATENIO, HE NMpeBbiatoT. 15 % oT HoMuHame-
HOW MOIHOCTH Hacoca (MOIHOCTH TIpH PacueTHOM PEXUME).

BaxxHbiMH TpeGOBaHMAMH K NPHBOLY BEHTUIATOPA, KOTOPHIE B 3HAYHMTENBHON CTENEHH ONpene]seT
ero paboTocrocOBHOCTb, ABAsETCS TpeBOBAHNA K Er0 NMHAMHMYECKHM XapakTepHcTHKaM. MaremaTuueckas Mo-
Ienb npuBoja (puc. 4), NO3BOJISIONIAA PACCYUTATh BPEMs IIEPEXOJHOrO NMPONECCAa ¥ M3MEHEHHME NaBJIEHUA B AU~
HAM HarHETaHWs BK/IIOYAET:

[ —

Nn -\6\\
08 \\ a
| o/ T ]
o6t N
5, o

1]
-

04l X
% W TH ]
02 b \
'\‘0,»0’5‘77\& A ,
O -—-—O',o’ 1 1 1 \os‘l\ i -

0 02 04 06 08 -

n
Puc. 3. [loTepy MOLHOCTH TIPH pa3jIMIHBIX Puc. 4. [IpnuumnyanbHas cxeMa nogKnio-

CXeMax NOAKNIOYECHHA PEeTYyNATOopa. YCHUs BCHTHATOPA.
1. YpaBueHHe, CBA3LIBAIOIIEE TEMIIEPATYPY TEIUIOHOCHTENS ¥ BHIXORHOM CHTHA JaTYHKa TeMIIepaTyphl
T1 —_—t h = 9 5 (5)

rae T, - MOCTOsiHHAs BPEMEHHM JIaTYMKa, 3aBUCAILAS OT YCNOBMiA Tem1006MeHa MEX/Iy CPeNofi M KOPIycoM Jat-

yuKa; h= - OTHOCHTENBHOE NEpEMEIeHNE MITOKA AaT4hKa; O = - OTHOCHTENbHAs TEMNEPATYpa Te-
max max
TUIOHQCUTENA.
2. 3aBHCHMOCTD IUIGIAAH NPOXOZHOrO CEUYCHM Kilanana yrpaBieHus OT NepeMENICHUs 3010THHUKaA
1, ecnuh <Ay,
- 1 - 1 -
f= h- ,ecnuA, <h<Ay; (6)

A1'_A2 A1 —’Az _
0, ecnnA, <h

B 3rom BbIpAXXCHHUU f - orHOCHTENLHAd MIOLIAAR IIPOXOHOTO CCUeHUs KianaHa, a A1 %4 A2 Avanasog

HM3MEHEHHS NepeMelleHNs.
VYpasHenue (6) HenuHeiiHoe U npesicTaBnsAeT co00# ORHY U3 TUITHYHBIX HENMHEHHOCTEH THITA OrpaHUYCHUS.
3. YpaBHeHue HEPA3pHIBHOCTH 1A THAPABIUYECKOH CHCTEMBI
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d
QH"QM_QC-QW= -£

3mecy Qy, Qy, Q¢ ¥ Qyr - pacxon Hacoca, MOTOpa, Yepe3 KJIallaH YNPABIEHHA M YTEUEK COOTBETCTBEHHO,
C - akycrudeckas eMKOCTb FUApPaBANYECKoil IMHUU [5]; p - DaBneHMe repel KIanaHoM YIIpaBieHus.
B 0THOCUTENbHBIX BEIMYMHAX YpaBHEHHE HEPa3pbIBHOCTH OyAET MMETh B

1—-am-—ac-6yr='r2%%. @

Pacxoabt HOPMHPOBAHBI MO OTHOWICHHIO K NMOAAa4Ye HacoCa, a AAaBJICHHE — 110 OTHOLUCHHIO K MaKCHMalb-
HOMY B CHCTEME.

4. JIna o6beMHBIX 'HIPABIMYECKIX MAIMH PacXoJ yTeueK NMpOTIOPIHOHANEH JaBICHHIO Harketanus [6].
B oTHOCHTEABHLIX BEAHYMHAX

Qyr =kqp, (8)

rie K, - nocrosuHblit ko3¢ puLmeHT, onpeaesisieMblil THIOM MaIUKMHEL.

5. Pacxon paboyei XMIKOCTH Yepe3 MOTOp MPONOPUMOHANEH €ro YaCTOTE BPAMICHUSA, HIK B OTHOCHTENb-
HBIX NEPeMEHHBIX

Qu=n. 9)

6. Pacxop MAKOCTH Yepe3 KIanaH YIpaBieHHs

Q =ufy2p/p,

rae P - KoahdHUMeHT pacxoaa NPOXOAHOro CEYSHUs KilanaHa; p - INIOTHOCTh paGoyel XUAKOCTH.
Hcnonb3ys OTHOCUTENbHBIE NTEPEMEHHbIE, IMEEM

‘ Qu =k, Typ . (10)
3peck K, - nmocTosHHbIH Koo uiHeHT.

7. OGBIMHO PEXHM TeYSHHs KHIKOCTH B Tpy6onpoBoaax TypOyIeHTHOE, TI03TOMY NOTEpH NaBiIeHHA Npo-
TIOPLIMOHAJILHBI PaCXONYy, T.€.

Pm =Py "stﬁ~

Koadduuuent k; kpome uncina Peligonsaca, 3aBUCHT OT HATHYNA MECTHBIX THAPABIMYECKUX CONPOTHUB-
neHni. B GespasmMepHOM BiIe JaBlIeHHe nepesl MOTOPOM

- - -2
Pm =Pn—ksn . 1)

8. [TockonbKy MNHHBI TPyOONpPOBOAOB OOGBIYHO HEBENMKM, B PAcCMaTpMBAEMOM CIIyyac WHEPIHOHHBIM
HanopoM GyzeM npeHedperathb.
9. Kpyrawmuit MoMenT BenTiiaTopa (cM. dopmyiy (11)) B 6e3pasmepHoM Buie

M =ksgn- . (12)

10. MomeHT, pa3BUBacMBblil FUAPOMOTOPOM

Mwm = KgPy - (13)
11. VpasHenue IBHXEHHUA NOABMWKHBIX YacTel NMpuBoJia B Ge3pasMepHOM BHAE _ '
dn 1 -2) - _
J—+lk, + ——n | =py, 14
ot ( "+ ] Pwm - (14)

-l . . R M
rae J - npuBeeHHbIH MOMEHT MHEPLIMM MOTOPa ¥ BEHTUIATOPa; Ky = L,
B0
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Vpaeuenus (7...14) npenctarnsior cofoil MaTeMartiHeckylo Moxenb pafoTsl NpMBOAA BEHTWIATOPA.
AnexBaTHOCTb MATEMAaTHYECKOH MOJENH NPoBepsIach CPaBHEHUEM IKCTIEPUMEHTANIBHBIX NAHHBIX (JaBleHUs B
JIMHMM HArHeTaHHA M YacTOTHl BpAIUECHHA) ¢ pacyeTHbiMH (pHc. 5). CraTucTudeckas mpoBepKa Mokasana ajek-
BaTHOCTb NPEJIOKEHHOH MOJIeNH.

n

1.0
09
o8
Q7
Q6
0.5

O 1 2 3 t7 14
—— TeOpUSt

IKCNepUMEHT

08
06

or)

0.2 3 'S 1 r]
O 1 2 3
t ¢
Puc. 5. lunamuueckue XapakTepHCTUKH HAPOTIPHBO/2 BEHTHISTOPA
OXJIXKAAIOLIEr0 YCTPOHCTBA TPAHCTIOPTHOH MAIMHBL.

TakuM 06pasoM, MOKa3aHoO, 4TO THAPABIMYECKHH NPHBOI CHCTEMbI OXJIQXAEHHA TETUIOHOCHTENs TPaHC-
TIOPTHO} MAIIMHBI, HCNOMB3YIOIMH HEPETYIHPYeMbIe MALIHHBI U PEFYJIATOP, BKMIOYCHHbIH MapatiiebHo ABATa~
TeNMO, MMEET CPABHUTENBLHO HM3KKE TMOTEPH, CBA3AHHBIE C MPOLECCOM PEryIHpPOBaHMUA, U [IPUEMIIEMBIE JHHAMU-
YecKHMe XapaKTepuCTUKU. PazpaboranHas anexsaTHas MaTeMaTH4ecKas MOJEb MOXeT GbITh MCIIONB30BaHA LI
ONTHMH3AUUK KaK XapaKTePUCTUK TMAPOMALUMH M allllapaTyphl, Tak M PalMOHAIBLHOrO BHIOOPA NAaTuMKa TeMIle-
paTypsl ¥ MapaMeTPOB MMAPABIMIESCKHUX JIMHHI.

PE3IOME

~ Y cTaTTi po3rnsNAOThCA aHATITHUHI H EKCIIEPHMEHTANIbLHI JOCTIKEHHS CTATHYHUX TA JMHAMIYHAX XapaKTepHCTHK
riIPONPUBOAY IS CHCTEMHU OXOJIOLKECHHS JIBUTYHA BHYTPIHBOrO 3ropsHHsA. CTaTHYHAM AHAMI30M i EKCIIEPUMEHTOM MOKa-
3aHO, IO TAPONPHBIA 3 HATHITAIOYUM HACOCOM NOCTiHHOT NPOAYKTUBHOCTI i IpOCceNeM YIpaBiiHHg, BCTRHOBICHUM napane-

JBHO, MA€ BiAHOCHO Ginblly ¢EKTHBHICTB, HiX Y BHNAAKY KONM PEryisTOP YCTAHOBJIEHO MOCHIAOBHO HAcoCy i MOTOpY.
TlpencrasneHo MareMarHiHy MOAENb MiAPONPHBOLY.

SUMMARY

This paper deals with an analytical and experimental investigation of the static and dynamic characteristics of a hy-
draulic actuator for the cooling system of the internal combustion engine. It is shown by static analysis and experiment that
the hydraulic actuator with positive displacement constant delivery pump and motor and control valve installed in parallel
has relatively higher efficiency than the case where the contro! valve is installed sequentially with pump and motor. A
mathematical model of the dynamics of the hydraulic actuator is presented.
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VIIK 532.517.4:537.84

O TYPRYJIEHTHOM TEYFHUN DAEKTPONPOBOTHOM XUAKOCTH CO B3IBEIUEHHBIMU
YACTULAMMU NPU HAJIMYUH DJEKTPHUECKOIO U MATHUTHOTO MOJIER

W
[E. A.Konosanoun }‘ H.H. Fononos

*Hnemumym menromaccoobuena AH Benopyccuu, e, Munck

1.OcHoBHbIe ypaBHeHus. PaccmaTpuBaeTcs TypOyleHTHOe TeUeHHe IEKTPOTIPOBOLHOM KMAKOCTH, CO-
Iepkamiell B3RCIMCHHBIE YACTHUE! MPH HAIMIHY BHENIHUX TPaBHTAHHOHHBIX M OJIEKTPOMAarHuTHBIX cki. Ilpu
3TOM MpEANoaraeTcs MajaocTh MarHUTHBIX uMcen PeftHonbnca (R,<<1), yto nossonsger npenebpeus B3anMo-
AefiCTBHEM CKCPOCTH C MHAYLMPOBAHHBIM MarHHWTHBIM 1ionem. Kpome Toro, cuuTaercs, 4To IIIOTHOCTE # POBO-
IHMOCTDb 4aCTHLL M XKHIKOCTH pasiwdesl. IIpeanonaraeTcs, 4To pasMephb! TBEPAbIX YaCTHULl MAJIbI, TOTA B COOT-
BETCTBUH C {1] MOXKHO NIPHHSITD, YTO FOPU3OHTANEHBIE KOMIIOHEHTHI CKOPOCTH YaCTHI H JKUAKOCTH COBNAJAIOT, a
BEPTHKAILHBIC OTIHYAIOTCA HA BETHYHHY THIPABIHUECKOM KPYIHOCTH &y, TO €CTh & = U; —apd; .

VauteiBas 3TO yCJIOBHE, CUCTEMA YPaBHEHHIT ABIDKeHNA aucnepcona | 1] samuceiBaetcs B ¢opme:

8V S(1-8 )
=~(ps =PI 5, M
S(1-S
—+VagTD=D(,Ds é,xz["" @5 g, @
oDV; oT;, S(1-S i
O A a]‘2["0( W3(I5) 165+ Dgi+ f+S(fui— fi) 3)

rae D= p( 1-5 )+ PsS’ - wioTHOCTS AKCHEpcona
Vi =u; —-L pSayS;; = w; + 5 p(1- 8 )ags;,,
i = 1,2,3 (0 NOBTOPAIOLIEMYCS MHAECKCY NPOU3BOIUTCA CyMMHpoBaHue oT 1 1o 3). B nanbHelimem cumraercs,

YTO KOHLEHTpalMst TBEPIbIX 4YACTHL, W OTHOCUTENbHas WX Macca Manel, To ecthb S<<l, pS§<«l,

rae ; =(ps—p )p—] . Torna ypasreH#e Hepa3pbIBHOCTH (1) 3anuueTcs B BUIe

Vg _ -Dpa o5
Oxg =—pag - axy Q)
a ypaBHeHne COXpaHeHus Macchl (2) B BUIE
GS —y OS
+ V =dp s ax2 (5

B nanbHeiinieM HEOXHOPOXHOCTh KMAKOCTH YUHTHIBAETCA TOILKO B YpaBHEHUM OajaHCa Macchl Y B dJe-
Hax ypaBHeHus (3), cogepkammx BHeIHAe cunb! [1]. Torna ypasneHue HepaspbIBHOCTH (4) 3anHiuercs B 0ObI4-
HOM BUAE

oy

=0, ©)
a ypaBHEHHUe IBWKeHUs Aucnepconnaa (3) B popme

Wiy W __1op e Ls, L _f -

pr +’/0faxa' pox T Ty +(I+pS)g; + j}+pS(/f_w~ fi)- )

Hcnonn3ys ypaeHenns (4) + (7), paccMOTPUM YpaBHEHHS JUIA OCPENHEHHLIX U MyJbCalMOHHBIX TOJiEl
CKOpOCTH aucnepcounaa. [ist 3Toro NpeacTaBuM NePEMEHHEBIE, BXOIIHKE B HUX, COCTOAIMMH M3 OCPEIHEHHBIX
no BPeMEHI cocmnnmomux ¥ MX Iy IBCALNHA. Ocpenﬂﬂﬁ TIOJTy4eHHBbIE YpaBHEHMs, OyieM UMETh

i o iz __10p ., o =5
7+Va axV,’V p +—5—“+g,(1+pS)+

+LF. +i§(ﬁ - ﬂF)+iS(fs,- -f)
onzmmaﬂ B ypasHeHue (8) ocpellHeHHas KOHUEHTpauks ONpeienieTcs u3 ocpenﬂenﬂoro ypaBHeHm co-
XPaHEHHS MAcCCHI, nonyqaxomeroc;I [lyTeM OCpelIHeHUA ypaBHeHHd (5)

e &5 ’ g
V ¥~ +———VS o7 ©)

Ocpepnas ypaBHeHux (4) u (6), nony4um

@®)
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Wy as —n Y _
axa _pao 0, axa "'0 (10)

U3 ypaBHeHwii (7) 1 (8) MOXHO NOMYHHUTH CAENyrOLIEe YPaBHEHHE ABOMHBIX KOppeNnaLuii nyJibcauuit cko-
pocTy Axcnepcouaa

oy = aV"V' ’ aV ’ V, 7 272 372)

— L+ Vg 8;,, +V Vg =L+ VYV, ——~+ =2 [V Vo + 1(ij5a,-+pV,. wj )]~
] 7 vy o W v aV'

_(__ij;a aa I/iTa)+( ior 3, =+ +Tja5"_ -—--(,0 o, j)_

(an

‘ = 77 ! 1o ] Y B2 W IR ra ] 1 o r ot
—P(giVjS +&iViS )+ (1=-8)(Vif; +Vifj)+;S(ijsi +Vifg)+
LI/ F _Fwre L lsF B T
+L(Fy ~F Vi8S +L(Fy - F, VS
Yness! neBoit yacTu ypaBHeHus (11) umerot usBecTHblil dusudeckuit cMbich [2], a uneHs! npaBo#t yacTu
COOTBETCTBEHHO XapaKTEPU3yIOT M3MEHEHME DHEPIUH AMUCMIEPCOMSA 3a CYeT AeMCTBUI BHEIUHWX [PABUTALINOH-
HBIX ¥ 2JIEKTPOMAarHUTHBIX CHJI. 3aMbIKaHHE CHCTeMbl ypaBHeHHH (9) — (11) Nnpou3BOAMTCA IyTeM BBEICHHS Iu-
NoTe3 A «HEU3BECTHBIX» KOppeiauyi. B yacTHocTH, [T 4ieHOB, XapakTepusyounx B (11) o6MeH moTtokamu
HMITyJIbCa AUCTIEPCOUA 110 Pa3NMYHbBIM HANpPaBIECHUSIM, UCTIONB3YETCA alNPOKCHMALHIOHHOE COOTHOICHHUE aHa-

JoruyHoe npeanoxerHoMy FO. Porra [2] i COOTBETCTBYIOMMX YIEHOB B YPABHEHWAX JUIS PEHHOJIBACOBLIX Ha-
npsoxeHuii. B paCCManHBaeMOM Clly4ae 3TO COOTHOIIEHHE HMEET BH[

[5+% ay —aI—(V'I/’ 235;) (12)

Tae q = Zé - OCPEIHEHHOE 3HaU€HHE KHHETHUYECKOH SHEPTUH MyJNLCALMHA CKOPOCTH, OTHECEHHOE K elu-
HHLIE MACCHI.
(1) (2)
Hanee paccMoTpuM auccunatisHble WieHbl B (11). s nByxdasnoi )uakoctuT,, =7,,” +17;,” . [lpn
HeOOJIBIIMX OTHOCHUTEIbHBIX 00beMaX B3BEILUEHHBIX YaCTHIl TEH30D r( ) umeer To xe CTpPOEHHE, YTO U B OIHO-

. " 1
tasHo# BA3KOI HeCkHMaeMolt kuakocTH. TeHsop z'l-(a) MaJi CPaBHUTEIIBHO C ri(a) . Toraa ans KoaM4eCcTBEHHO#

OLIEHKH YJICHOB, XapaKTEPU3YIOIHX BA3KYIO JHCCHIIALMIO, TAKXKE MOXKHO NPHUHATH anNpOKCHMALUHOHHYIO 3aBH-
CHMOCTB, aHATIOTHYHYIO TIpenioxkeHHoH 0. Porra [2]

— 2
7T VV; L2 93
’ r
Y;aax Tlaax =pb—~ 12 C5j : (13)
H3BectHoO, ut0 nmbd)yanﬂ JIaBneHus
= [ (PViSjq + PV )] (14)

B ocnosnoi«’x oﬁnacm TypOYJIEeHTHOrO IPHCTEHHOTO TeUeHHS, BKIIOYAIONIEH 061aCTh BA3KOr0 NOAC/ION, EPEXO.-
Hy10 065acTb ¥ TypOyNeHTHOE 91po (3Ta 06NacTh TEUEHHUS pacCMATPHBAETCA B HANbHEHILEM), ABISETC NpUlIn-
3uTenbHo cOanancuposaHHOH AHQGYy3Hell KHHETHUECKOH HEPIHM, TO eCTh B 3TOH obnacTi GamaHC >Heprau
Ty AbCALMit MOKHO paccMaTpHBaTh BooOwe 6e3 ydyera TypOynenTHoit nudysun.

KoadduuumenTst, Bxoasaiuue B anmnpokcumanmu (12), (13), Heo6GXxoouMo onpenenuTs IKCIEPHMEHTATBHO.
OnHaKo, MOXKHO IPUBECTH MX aCUMIITOTHYECKUE 3HaueHuA. [lelicTBuTensHO, cnenys FO. Porra (2] n B.b.Jlepuny
{4], MoxHO nony4uTh

a=0,96,b=§-7z,c=0,4a.,

rae @ = 0,45 — nocrosnHas [eizentepra [3]. Ilpn HaxoxaeHny NpUOGIMKEHHBIX 3HAYEHUH KO3QULMECHTOR B
xayecTBe MaciuTaba TypOyneHTHOCTH NpHHMMAETCH HHTErpanbHbIi nonepeunsli MacmTab Typbynenrnocty [3].

2.Teuenue B MNOCKOM OTKPHITOM KaHaje. PaccMOTpM ycTaHOBHBLIEeCS TypOyJIeHTHOE TeUeHHE HPOBO-
asitedt KUIKOCTH €O CBOOGONHOM MOBEPXHOCTHIO B NoJie CHiTbl TaxecTH (em.puc.1).ITapamiensHo coboaHoi no-
REPXHOCTH NMPHIOKEHO OJHOPOAHOE MOMEPEYHOE MAarHUTHOE Noje ¢ uHaykuueit By Kpome Toro, k moToky us-
BHE B HANPABJICHMH OCHOBHOIO NBHXEHUS NMPUIOKEHO 3JIEKTPHUECKOE TOjle, CO3/AIONIee B XKUIKOCTH TOK Mpo-

BOIMMOCTH Io Hpennonarae'rcsl, YTO INIOTHOCTY HHAYUHUPOBaHHBIX ¥ BHEIIHMUX TOKOB CPABHHUMBI N0 BEJIWYHHE,
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Puc. 1. Cxema Teuenns

yacTuLbl He (eppoMarHuThel. B paccmarpuBaeMoMm rnpuMmepe mnprHuMaercs Ge3nudgy3HoHHoe NpHOIKeHue
ypaBHEHH U1 BTOPhIX MOMEHTOB, B KOTOPOM IpeHeOperaeTcs Kak MONEKYJAPHOH, Tak U TypOyneHTHolH mud-
¢y3ueit. [lpu 3TOM YTpauuBaeTCs BO3MOXHOCTb pacyeTa IMy/bCallMOHHBIX XapaKTepMCTHK B 0BNacTH Monexy-
JIAPHOTO MOACH0s (4TO, BOOOMIE-TO FOBOPA, W HEBO3MOXKHO TIPY M3Y4EHHMH JBYX(a3HOro morToka, €Cjiu He pac-
CMaTpHBarh MOJeKyaapHyio auddysmio TRepAbIX HacTHIl B 3Tol obnactv) u B obnacty cynepenos. [pu stom,
BBHIY 00MbIION 3aIOAHEHHOCTH NoJieH CKOPOCTH, B 00NIacTH cynepeios npeHebpexenue TypOyneHTHol nuddy-
3ueif He GyHeT Urparb CKOJIbKO-HHOYAb CYLIECTBEHHOH POJIM NPH ONPEHENCHHA XapaKTEPHCTHK OCPENHEHHOTO
IBWKeHUs. B nanpHeiiureM Npeanonaraercs, 4To 3HaueHus koadduuuentos B annpokcuMaumax (12), (13) saB-
JISIOTCA YHUBEPCATBHBIMU M [UIS PacCMATPUBAEMOT0 ABYX(ha3HOro noToka (mpy 5T0M, KOHEYHO, MIMEETCH B BH-
Iy YKe CIellaHHO€ paHee HMPEANOJOKEeHHEe O Maloi KOHLEHTPalHM B3BELICHHBIX YaCTHL M MaJlof Be/lH-
YHHE WX OTHOCHTENbHOM Macchl). B cOOTBeTCTBMM C 3THM npeHeGperaeTcs BAMSHUE B3BECH HA W3MEHEHHE
macuTaba Typ6yneﬂmocm. YuutsiBas cieNanHbie JONMyLIeHUs, ypasHeHue (11) nepenuiuercs B Bune
7 = 23
Vol +VV’ ’+V 7 Lezctl /5 4

f

+a¥L(VV;-255; )+ p(g,V;S + & VS )~ (15)
~;(1—S)(V}f}'+Tfj)~£S(K}f;i +Vify) -
~L(Fy ~F)V}§'~L(Fy~F; V5" =0

a

PaccMOTPUM BHIPAXKEHUA I MEKTPOMArHUTHBIX CUJI, BXOAALIMX B 3TO ypaBHeHMe. Kak H3BecTHo,
[5] o6beMuas MIOTHOCTS NEKTPOMArHHTHBIX CHJ B MPOBOAAHIEH XHUAKOCTH MOXKET OBITH 3alIHCaHa B BUNIE

Ji = Eimndm By . (16)
[110THOCTH TOKA, COTNACHO 3aKOHY Oma s IIBPI)K)’HIGI/ICﬂ KXHAKOCTH, UMECT BH
Iy =l +O[Epy + gmprupBr./ amn

Ilpencraensas nepemeHHble, BxoasAuwe B ypasHeHus (16) u (17), B Buze OCPEHEHHBIX 3HAYEHHH M
mynbcaumil (Mpu 3TOM npeHeGperaeTca, NMPHHUMAS BO BHUMaHME MAOCTh R, BOMYIIEHHAMU MArHHTHOIO
HONs), MOJy4uM

= - = , =

F}_gimnlmBn f gtmnl B (18)

rne

[ 4 [
Iy =Ing +O[Ep + Eppy pB /
I,=T,+0[E, + Epprllyy B,.]
AHanoriyHbie BHpaXeHUa MOTyT ObiTh 3anucaHbl H UM 3IEKTPOMarHHTHBIX CHIL, NEHCTBYIOUIMX Ha Yac-

THILIBI, HAXOASHIHECH B XKHAKOCTH '
’ F. 5i= £

T~ T 1
imnlsmBn 7fsi - Eimn

(19)
B, Iy, ' B (20)
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Kak m3BecTHO [6], KOMILTaHapHOE TIONEpEYHOE MOJIE B CIyYae IUIOCKOTO TEYEHUS HE B3aUMOJElCTRYeT ¢
TIoJIeM TIPOJIOJILHOM OCPeIHEHHOM CKOpOCTH KUAKOCTH. Tak Kak TeueHue sBageTcs OE3HANOPHbIM U OTHOCTHIO
Pa3BHTBIM, TO TIONEPEUHBIE CKOPOCTH OTCYTCTBYIOT. TakuM o6pazom

Ep + Emprtt B, =0 @2n

Jing ciydas IUIOCKOTO U B CPEIHEM CTalMOHAPHOFO OAHOPOAHOTO MOTOKA OCPEAHEHHBIH pacxo/]| YACTHIL Ue-
pe3 II0CKOCTh, NApalIebHy0 CBOOOIHON MOBEPXHOCTH, PABEH HYIO, TO €CTH NONEPEYHbIE OCPEIHEHHbIE CKOPO-
CTH YacTuL OTCYTCTBYIOT. TakuM obpasom, Buipaxenus (18) 1 (20) it ocpenHeHHbIX cui OyayT UMETh BUI

F gtmnlmOB (22)

(22
F gzmnl smOB (23)
H3BeCTHO, YTO DIEKTPHUECKOE TONe BHYTpH Cephl ¢ MpOoBROAMMOCTLIO o5 {7, 8], okpyxexHoil cpenoit ¢

NPOBOAUMOCTBIO &, MIOMEILEHHON B OJHOPOJHOE EKTPUYECKOE MTOJie HAMpsHKEHHOCTH E, onpeaenseTcs U3 BhI-

3o,
paxenus Eg,, = K, ————, 0TKya IIOTHOCTb TOKa B CHEPUUECKOH YacTHLE
"2o+0
I, =1,30 (20'+0' )y wmly, = 1,5, rme&=30,(20+0, )"
Torna seipaxenue (20) 3anumercs B BUIe

Fyi = EipnlmpBuG - (24)
Cnenyﬂ [9], BrIpaxkeHHe U1 My IbCALMOHHON COCTaBAIOLIEH TOKA B HAKOCTH 3aNMCHIBaeTCs B hopMme
’ ’
Iy = Ipp + VOE 1 pB (25)
AHanorMuHOe COOTHOLIEHHE 3anumeTcs I H}’Jlbcaulflﬁ TUIOTHOCTH TOKA B YacTULIAX
v — 'rn
Ism = 110 + VO 8y 0B, (26)

B peipaxenus (25) u (26) BXoaaT MyJibCalM IUTOTHOCTH TOKa OT BHCHIHEro MCTOYHMKA. Hanuuue ux
00BbICcHAETCS BO3MYILEHHOCTBIO CBOOOAHOI noBepxHOCTH. Caemys [10], wnst OLEHKHM MyIbCalunii IVIOTHOCTH TOKA
BHELIHET0 UCTOYHHKA NPUHIMAETCS aNNpOKCHMALMOHHAas 3aBUCMOCTb BUJla

L =~Toh ™ H™ @7

Hanee pacCMOTPUM Ka4yE€CTBEHHYIO KapTHUHY BJIMAHMSA MyJbCAalUii MIOTHOCTH TOKA OT BHELUHETr0 MCTOY-
HHMKa Ha BO3MYIUEHHE YPOBHA CBOGOAHOM MOBEPXHOCTH. CUUTAETCS, YTO BHELIHEE MArHUTHOE MOJIE OPHEHTHPO-
BAHO B HaNpaBJICHHM OCH X3, TO €CTb B;= B , @ BEKTOP IUIOTHOCTH OCPEJHEHHOTO TOKa — B HANPABIEHNU OCHOB-
HOTO JBHXEHHUA XHAKOCTH. PacCMOTpMM /Ba CITydyas OPMEHTHPOBAHHMA BEKTOpA IUIOTHOCTH TOKa [,: B Hanpas-
Jiennn ocH Xy, (I;0= Ip) 1 B NPOTHBOMONIOKHOM HarNpaBIeHUH (1 10= Ip). B IepBOM city4ae NPOEKLUMH OCPEIHEH-
HOM H My ICALIMOHHOM COCTAB/IAIONIMX 3MEKTPOMATHUTHBIX ¢yt F K £’ Ha ochb X, 6yIyT UMeTh B

= __TB 'G-1%
F2="IOBO,f20=IOhH By (28)

(unnexc “0” y mynpcalyM 3NEKTPOMarHUTHOMN CHUIBI BBEJIEH VIS OTJIMYMSA MOJIHOM /2 OT pacCMaTpHBaeMOl CUJIbI,
00yCNOBNICHHOM TOJBKO MyJIbCALMAMM TUIOTHOCTH TOKa OT BHELIHETO MCTOYHHKA), TO €CTh OCPEIHEHHAsA 3MeK-
TPOMAarHUTHAs CUJIa HANpaB/IeHA K TBEPIOH IPaHMIE, @ 3HAK f;p' 3aBUCUT OT 3HAaKa Myjbcauuu cBobomHOM no-
BEPXHOCTH.

BeibepeM ceuenue x", (em. puc. 2), rie B JaHHBI MOMEHT BpeMmeHu A2’ > 0. [Ipu 9TOM, Kak BUIHO H3
(28), 20’ > 0, TO ecTb MyJbCALMA f2p" CTPEMUTCH YBEIMUUTh aMnnuTyay h’. Tax kak mysibcauun cBoGoaHOM 1o~
BEPXHOCTH HEMOCPENCTBERHO CBS3AHbI C MONEPEYHBIMHU (110 OCH X2) HyJICALUAMH CKOPOCTH XHUAKOCTH Ha €€ No-
BEPXHOCTH, TO YBEJIWYECHHE /1’ MPUBE/ET K YBEIUYESHHIO NOMOKHUTENLHON MyJILCALIMH CKOPOCTH 1z .

Jlanee BuiGepeM ceuenue x,”, rae B TOT ke MOMEHT BpeMeHH /i’ <0, JIerko BUIETH, 4TO TIPH 3TOM fo" <0,
TO €CThb MyJbCalMs TakKe CTPEMUTCH YBEJIWYUTb aMIUTUTYXy h’. B CBOK ouepels yBeNMYCHHE aMILTUTYIbI A’
NpUBENET K YBEIHUECHHMIO aMIUIUTYIbl TYJIbCAUMA #y' B ITOM CEYEHUH, TO €CTb B PACCMATPMBAEMOM CEYEHHMH
aMIUTTY a2 BO3MYINEHMIA cBOOOIHOM NMOBEPXHOCTH K MyMbCALMH CKOPOCTH KHUAKOCTU Ha Hel Takke yBeJIM4nBa-
107cs. Takum 06pa3oM, B paccMaTpHBaeMOM NpUMEpE, KOTa OCpeNHEHHAs 3IeKTPOMArHiTHAs CUlla HarpaBieHa
K TBepHo# rpaHuue, B MOOOM CEYEHMH aMIUIMTY A IyIbCalyii YpOBHA CBOOONHON NOBEPXHOCTH U NMONEPEYHBIX
IMyJIbCAUMi CKOPOCTH XHIKOCTH Ha Hell yBeuuHBaIOTCA.

CnenyeTr OTMETHTb, YTO BCIEACTBUE HAIMYHMA MPOCTPAHCTBEHHON KOpPENALMM NONEPEUHBIX MyJIbCaLuii
CKOPOCTH uz” u; >0, IyJIbCALHM SJEKTPOMArHATHON Cuitbl OylyT BIUATH HE TONBKO HA IYJIbLCALMH CKOPOCTH Ha
cBOGOIHOM MOBEPXHOCTH, HO M Ha IyJbCALMK CKOPOCTH BHYTPH NOTOKa, BO BCAKOM Cy4ae, BOIM3u cBo6OAHOM
MOBEPXHOCTH. ECTECTBEHHO, YTO U3-3a YBEJIMUYCHMS PEHHOMNBIACOBBIX HAMpsHIKCHUH, SBIAIOMIETOCs CIESICTBHEM
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YBEIWYCHES aMIUIMTY 4Bl NONEPEdHBIX My/IbCalHil CKOPOCTH, NOJDKHA NPOHUCXOAUTH fedopMallisg npodunis oc-
penHeHHo# cxopocT. KauectBendas xaptuna nedopmaumu npoduis OCpEIHEHHON CKOPOCTH M300paxeHa Ha
puc. 2. 3aech KpuBbie 2 ¥ 3 CGOTBETCTBYIOT ABYM Pa3iiuHbLIM 3HAYEHUAM OCPEIHEHHOM MNOTHOCTH ToKa Jp. [Tpn
3TOM KpHBas 3 COOTBETCTBYET TOMY (MO-BHIVMMOMY, peajbHOMY) CIydMalo, KOraa TypOYJeHTHbIE HAmpsOKEeHHA
TPEHHA Ha CBOOOIHON NOBEPXHOCTH NPeodnajaloT Hall HaNPSHKEHNEM TPeHUs B COCEIHMX BHYTPEHHHX 00/1acTiIX
(cM. puc. 3, kpusas 3).

Bo BTopoM cilydae NPOSKUMK OCPEIHEHHONH H MyJIbCALMOHHOMN 3IEKTPOMATHHTHBIX CH HA OCh X3 OyayT
HMETDb BUJ

Fy=1yBy, f20=—1Iy, (29)
TO €CTh OCPCAHEHHAS EKTPOMArHiTHA CHJIa HANPABJICHA K CBOGOJHOMN NOBEPXHOCTH, a 3HAK [ B JAHHBIN Mo-
MEHT ONpeNenaeTcs 3HAKOM MymLcaumii cBoGoHoH nopepxnocty. Kak u npexae BoiGupaercs cevense x,(”, rie b
AanHbIf MoMeHT Bpemenu /2’ > 0. Tpu atoM f) < 0, TO ecTb MyNbCALWMK MEKTPOMArHUTHOM CHIIbI CTPEMATCA

YMeHbIWHTE ammutyy /' .
- 5

X2
{
/
oy P
L]
Puc. 2. KauecrsenHas kaptiHa nedopmainu Puc. 3. KauectBeHHas KapTHHA M3MEHEHMSA
npoguIis CKOPOCTH. TypOYyNEHTHOTO HANPSKEHUA TPEHHS.

&7

B ceyennu x,/, rae B ToT e MOMeHT Bpemern h'< 0, f35 <0, TO €CTb IyJbCALIAH NEKTPOMArHUTHOM

CWIBl U B 3TOM ce4eHHM OyIyT CTPEMHMTbCA YMEHBIUNTh aMIuIMTYRy h’. Takum oOpa3oM, B paccMaTpHBacMoM
cTyvae, KOTAa OCPEeRHEHHas JIEKTPOMArHUTHAs CHIa HampapieHa K CBOOOAHOH MOBEPXHOCTH, aMIUTUTY 1A ITyJIb-
cauui cBOOOAHOM MOBEPXHOCTH YMEHbLIAETCH.

Kak u B nepBoM cnyyae, n3MeHeHHe peifHONBACOBBIX HANPKEHHUI BOAN3H CBOOOIHOM NOBEPXHOCTH, SB-
ASIOLIEECH CIeICTBHEM M3MEHEHHA NONEPEHHBIX MyJbcaluii CKOpOCTH B 5Toii obnacty, OyaeT NPUBOANTE K Ae-
¢popmaimn mpoduIa ocpeaHEHHOH cKOpocTH. B paccmaTpiBaeMoM ciryuae peHONbACOBbI HANPSKeHHA OyayT
yMeHblIaThes, KavecTBernnas kapTuHa AedopMauyi 0poduis CKOpOCTH mpuseneHa Ha puc. 2 (kpuseie 4 1 5), a
COOTBETCTBYIOLIAA €l KapTHHA paclpeiesieHUs TypOYyNeHTHOro TpeHUs — Ha pHc. 3 (KpuBbi€e 4 U 5).

TakuM 06pa3oM, ¢ MOMOUIBIO BHEIIHUX NIEKTPOMArHUTHBIX CHJI, CO3/1aBAaCMBIX INPH PACCMOTPEHHOMH BhI-
e OPUEHTAUMH BHEIIHETO MArHUTHOTO MOAA H TOKA OT BHEWHErc HCTOYHHKA, TO €CTh CHJ, HANpPaBJICHHBIX K
TBEpA0H TpaHulle WIN K CBOOOAHON MOBEPXHOCTH, MPEACTABIAETCA BOIMOXKHBIM YIIPABAATH BO3MYIIEHUIMH CBO-
GOnHOM MOBEPXHOCTH U TYPOYIEHTHBIM TpeHHEM B 001acTy, IPUMbIKAOLIEH K CBOOOIHOM NOBEPXHOCTH.

Tlpy anHanu3e BAMSHUA HISKTPOMATHUTHBIX CHIl Ha MyNbCAliK CBOOOIHOM MOBEPXHOCTH ObLIM PaccMoT-
peHbI JIHIIbL CHIBI, O0YCNOBICHHBIE B3aMMOJEHCTBUEM MArHUTHOIO IOJA ¢ TOKOM BHELIHETO MCTOYHHKA. D70
6bLT0 CAETAHO C [EJIhI0 OTAETHTH PACCMOTPEHHBIN BhILUE 3¢EKT OT H3BECTHOro 3¢peKTa raieHHs myabcaumh
CKOPOCTH BHELIHHMM MAarHUTHbBIM [OJIEM, ONpPEAENIAEMOro B3anMoaeHCTBEEM Ty IbCatHil MHIYIHPOBAHHOIO TOKa
(BTOpO# "ieH npaBoi YacTH BbIpaXeHU (25) ) ¢ BHEHIHMM MarHUTHBIM 110J1EM.

Tak Kak CKOPOCTH YaCTHL OJHO3HAYHO CBA3AHBI CO CKOPOCTAMM XXHUAKOCTH, TO BIIMAHHE ICKTPOMArHHT-
HBIX CHUT, 06y COBICHHBIX B3aMMOJEHCTRHEM Ty IbCALMI TOKA OT BHEIIHEr0 HCTOYHHKA C MAPHHTHBIM TOJIeM, Ha
ABIKEHHE 4acTHi OYIET aHAJIOTUMHO PACCMOTPEHHOMY BBILIE BIMAHKIO 3THX CHJI Ha CKOPOCTH XKMAKOCTH. He-
COMHEHHO, TaKXe, UTO B KOJIMYECTBEHHOM OTHOINEHMH 3TH 3GPEKTh Oy AyT pasiu4Hbl NPH PasIMUHBIX JIEKTPO-
HPOBOAHOCTAX YACTHIU ¥ XUIKOCTH. FIMest B BHIY OZHO3HAYHYIO CBA3b MyNbCaUMi ypoBHA: cBOGONHON nosepx-
HOCTH ¢ nomnepevHbIMH (TI0 OCH X; ) MyNbCALAMM CKOPOCTH XHMAKOCTH HA HEH, Bmpameﬂne 27),cnenys [10]
,MOXHO MPEACTaBUTh B BHIEC

m0 =~Imok —;'}—51'2 , (30)
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rae ¥V — macurab cKOPOCTH, OT BhiGopa KOTOPOro 3aBUCHT ko3 hduuunent k. Bolpaxas MylsCally CKOPOCTH
KHIKOCTH W TBEPIBIX YACTHII YePe3 CKOPOCTh QMCOEPCOMIA ¥ HMes B BUNY Bhipaxenue (30), ypaBHeHHe asis
MybCAUHOHHOM COCTABNAIOMIEH NEKTPOMArHATHON CHIBI, AeHCTBYIOIIEH HAa XMAKOCTH W TBEpAbIE HAaCTULLI,
3aHMIIETCH B BHAE

_ Vip+2Spap8,
fi’: Eimn [_Imok pV

foi = Eimnl —1, Oka 52+uo Empr V’B . ]B, (32)

8;2 + V08 (V) +%~S’a05pr )B, 1B, 1))

VYMHOXKHB 3TH COOTHOILIEHHSA Ha Vj H OCpPECAHUB NOJNYUYCHHBIC COOTHOIIEHHUSA, MONYYHUM BbI-

paxeHus mns koppensuuit Vif/ u ijfs'i , BXOASIuMX B ypasHenue (15)

VS = Eomnl ~Tmo %( Ry,ov ViV + ayGizRsgy, S’ SV} )6

; (33)
1y, P SR IR
HVOE o (VV + —ps—a05p, S'V;)B, ]B,
V]"fs’i = Eimn [‘TmOELRVOVj Vi'V]"6i2 VO Empr V;’)V/"Er ]En > (34)
ViV; _So¥;
rae R, _’__:__ R = et
VioV j V;er SOV S V_]’

. T gt r ot
AHalOTHHEIE BHIPAXEHHA MOTYT GbiTh 3anvcaHsl i i koppensumit Vi f uV fg;.

PaccMoTpuM x03(pUIMEHThI KOppeAsLMY, BXOAAUIME B IPEABITYIINE BoIpaXenust. OTHOCUTEIBEHO KO3g-
¢$uumeHTa RV,- oV/j » TIPH YCTOBHH MAJIOCTH KOHLCHTPALIHH, MOXHO NPE/NONOKUT, HTO

— p _
Uigu'y — 7”7051'2 $Vip _ Uig"
uigu; +( %)2 ap5;26;,57 - £ — a( 5,28V} +5; ZS'V;") uju

. OTO npeAnoNoXeHHe NOATBEPXIAETCA, Hanpnmep, pesynbTaTamMu 3kcnepuMenta [11]. IMpn atom ko3¢-
($HUHEHT KOppensuHu Ru', o4 npeacTapiseT coboH H3BECTHYIO U, 10-BHAUMOMY, YHUBepcaltsHylo [12] ¢yHk-

RViOVj = QoM

wmo xoopausar. Hanee, MPUHEMas BO BHMMAHHE, 4TO My/NhCallMi KOHLEHTPALMH Ha CBOGOAHON NMOBEPXHOCTH
PaBHbI HYJIIO RSij =0.

Jns oneHKH KOPPENALMH «MyJIbCalUA KOHUEHTPALMH — MYJILCALHA CKOPOCTHY, clemys [1], npuuumaercs
3aBUCUMOCTH BUA
w408
S, V= A—ax_ . (35)

i
HakoHen 3anuieM ypaBHEHUA /14 BTOPBIX MOMEHTOB € Y4ETOM BBIPaXXEHHH [ 3€KTPOMATHUTHBIX CHJT
¥ [iPHBEAEHHBIX Bbilile KOPPENAUNH pH pasIHdHbIX 3HAYCHHAK HHIEKCOB i U j.
2 A
Ve 2 §/2 2
L 2c8”, ‘/—(V"? ~Z5)+

T
—Lip
12dx2 231 37, (36)

I, e o2m2 e o=
+2-(1-8 Joo7;? B +2-/—)~SUO‘SV]2302 =0

dV VIVI . _
7 —Lop-L2 +aﬁV;V' +2L01-8 poBdV7s +
2 / 2 " p
2! : 37)
ls 277, 4 P k—ﬁ
P i
———dV Vivs \/— I
o1 V3
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_ 3/
7P 2.2 G -2 2_ S P k =2
Vb—4—+=C—+ag-—(V;* —=q )+ 2gpayS +2—(1-8 )IpByRy . —V3* +
FRMER (V2 3Q)/gpo p( MoBoRy,gr; 5 V2
w2lo-s Jua 75’ B} +21501-5 JooBE 25 al + 25T,B,Ry o 5172'2 + , (39
p p p iy

+2é§uas 75283 -2 %(5 —1)TyByayS =0

A \/q: ] o k—— 1 5 27757
vb 223 +aTV2V3 +"_(1_S)IOBORV[0VJ' 7V2V3 +""(]-‘S)UO'BO V2V3 +
/ P p , (40)
LS5t B5R, o X7 + LS00 B2V =0
+ o SoBooRygy; 5, VoVs w7 svosBhals =
_5 3
Ve oo —/2 f —2 2
2 2 g T2 2 41
Ub—lz +3C———-1 +a ; (V3 34) 0 o

3neck V; - ocpeaHeHnOE 3HaYEHUE IPOJONLHON CKOPOCTH AHCTIEPCOUIA.

[MonyueHnass Hamu cucTeMa 1IeCTH ypaBHeHH#H (36) — (41) He 3aMKHYTa, Tak KaK HE3aBUCHMBIMH SBJIS-
I0TCS IEBATH BEIMYHH

72, 0, v vy, Vi, 48, AV L

dxy dxp

Jing 3aMbIKaHMs yKa3aHHOHM cuCTeMbl HEOOXOIMMO BBEJCHHME €lLie TPeX YpaBHEHMi, onpenensrommx
CPESHION0 CKOPOCTb, CPEAHION KOHUEHTPALMIO M MactiTal TypOyJICHTHOCTH.

B xauecTBe NEPBOrO M3 HHUX MCHONB3YETCS OCPEAHEHHOE YpaBHEHME JBHXXCHMSA, B Ka4eCTBE BTOPOro —
ypaBHeHue coxpaHeHus Maccel. Yro kacaercs Maciraba TypOyJaE€HTHOCTH, TO OH ONpEAeneH ¢ TOYHOCTBIO A0
NOCTOSHHOIO MHOXHTEs, NPHHATOrO paHee ANMNPOKCUMALHOHHEIMU COOTHOLICHHAMH.

PE3IOME

Po3sriisiHyTa Tedis eNexTpONpPOBIAHOT PIAMHH y IIOCKOMY KaHali Npu Manux uuciax Pefinonbaca. Onucana skicka
KapTHHA BILIMBY €JIEKTPOMArHITHOT 00’eMHOI CHH, ODYMOBIIEHOT B3aEMOJI€I0 TOKY 30BHILUHErO MKEPEia 3 30BHILIHUM
MarHUTHUM NOJIEM Ha KapTHHy Tevil piauuu. BukopucroByioud anpoxcumauifivi cnissigHowenHa 0. Porra oaepxana
CHCTEMA PiBHSHB AN PEHHONBLACOBHX HAMPYXKEHb.

SUMMARY

A flow of electroconductive liquid in a small channel under low values of Reynolds number is considered. A qualita-
tive pattern of how electromagnetic volumetric force caused by the interaction of an external source current and a magnetic
field influences the liquid flow is described. Based on Yu. Rott’s approximation proportions the system of equations for
Reynolds tensions.
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YIK 532.517.4:532.135

CHUXEHME TYPBYJIEHTHOI'O TPEHIS JOGABKAMU
MHULEJJIOOBPA3YIOIMX NOBEPXHOCTHO-AKTABHBIX BELIECTB

A.B. Cmynun, I1.B. Acranos, C.A. @omenko

OnHO# M3 OCHOBHBIX 3a]a4 MPaKTHYECKON ruAPOMEXaHMKH, Ha Hall B3IJIAA, SBISETCH CHIKEHHE CO-
NPOTHUBJICHHS MPH OTHOCHTENHLHOM JBIKCHHM JKHAKOCTH W TBEPAOH, MPAMOIl WM KPUBOJIMHEHHOMN, TPAHHULIBL,
CreACTBMEM 3TOTO MOXKHO 3HAUHTENLHO YMEHBUIUTE KOMUUYECTRO 3aTPAaYyMBacMON SHEPIMH WITH NOBBICHTD CKO-
pocTs ABMKeHUS. CyILEeCTBEHHBIA BKIaA CONPOTUBICHUIO ABHXKEHHS BHOCHT TPEHHUE, 2 PH TCUCHUH JKUAKOCTH
B IJIAJKUX IPAMOIMHENRHBIX TPyOax rMAPOANHAMHYECKOE COTPOTUBIIEHHE MONHOCTRIO onpeaenaTca um. B 1948
- 1949 roaax Brepsbie GbUI0 COOOINEHO O BO3MOKHOCTH CHIKEHHS TMAPOAMHAMMYECKOTO CONPOTHBICHHS Tpe-
HHsl IpH TYpOYJIEHTHOM TEYEHHH C MOMOLLBI0 A00aBOK B XHAKOCTh PACTBOPHMBIX BHICOKOMOJNEKYIAPHBIX MO-
JIMMEPOB WJIH MHLELICO0pasyoLINX OBEPXHOCTHO-aKTHBHBIX BewecTs (ITAB) [1,2]. Tlozxke 6bi10 BBIACHEHO,
4TO CMOCOGHOCTEIO CHHXKATh TpeHHe 00analoT # N0GaBKM B IOTOK WIH NOTPaHUYHBIA CIOH HEpPacTBOPUMBIX
ACHMMETPHYHBIX 4acTHll. B HacTosliee BpeMa HaKOMIEHO MHOTO paboT B 3Toil 061acTH, HOAPOOHOE H3NIOKEHHE
UX SBJIAETCA MPEAMETOM psazna 0030pHBIX pabor [3 - 6].

U3 ananu3a JIMTEpaTypHBIX AaHHBIX CIEAYET, YTO, HECMOTPS Ha MHOTOYHCIECHHbBIE TCOPETHUECKHE H
3KCTNEPUMEHTAIbHBIE PabOThl, MOCBAIICHHBIE CHIKEHHIO TypOyIeHTHOTO TpeHHs JobaBkamu, 3Ta npobiema ja-
JIeKa ellle OT OKOHYATEBHOrO peureHus. MHorue BOMpOCkl, CBSI3aHHBIE C 3TOH NpobIeMoH, OCTaloTCs Malo u3y-
YeHHBIMH, 4 HEKOTOpPHIE MPAKTHYECKU He uccienoBanbl. K HuM, B EpBYIO ouepenip, CIEAYET OTHECTH BOIPOCH,
CBA3AHHBIE C BaMsAHHeM H00aBok [TAB Ha TypOyneHTHYIO CIPYKTYPY H BBUICHCHMEM MEXaHH3Ma CHMOKEHHS
TypOyNeHTHOro TPEHHS B CHIDKAIOLIHMX TPEHHE pacTBOpax. DPdeKT CHHXEHMA TMAPOAMHAMHUYECKOrO COIpo-
tuienns TpeHus (3ddext ToMca) ABAAETCS HEOOBYAHHO CIIOKHBIM, YTO ONpEeJEACTCA KaK OTCYTCTBHEM fI0I-
HOUEHHOMN TeopHy TypOYJIEHTHOrO ABWKEHHMS, TaK ¥ CIOKHOCTBIO B3aMMOeHCTBHS 4acTull fobaBok ¢ Typby-
JIEHTHBIM T0J1eM TeueHus. Mayyenne addexta Tomca 1103BONINT, C OXHOHN CTOPOHBI, Gostee riry6oko no3HaTh (u-
3HYECKYIO TIPUPOAY 3PdeKTa CHIKEHUS TypOyICHTHOrO TPEHUA ¥ acT MatepHal /s OCTPOCHUS TEOPUHM JaH-
Horo 3¢deKTa, Ha OCHOBE KOTOPOW BO3MOXEH JOCTOBEPHEIH pacieT MHTETPANIbHBIX U TYPOYJICHTHBIX XapaKre-
PHCTUK NOTOKOB, JABWXYLIMXCH C THAPOJHHAMUYECKH aKTHBHBIMHU JJ00aBKaMy, a ¢ Apyro# - nosgoaur Gonee ue-
JIeHanpaBieHHO BO3AEHCTBOBATh Ha TYpOYJIEHTHOCTH NOTOKA C LEJIBIO NMOTY4YeHHs 33JaHHBIX 3HAYEHHH OTHOCH-
TENILHOTO CHHUXKCHHSA CONPOTUBIICHNUS B MPHIUIAAHBIX 3aKa4ax.

CyuecTByeT ABa BHJA THAPOAMHAMUYECKH aKTUBHBIX A00ABOK - BbICOKOMONEKYNAPHBIE NMOJIMMEPDI U
HU3KOMOJIEKYIAPHBIE MULIEII000PA3yOLINE TOBEPXHOCTHO-aKTHBHbIE BellecTBa. CBOMM Ha3BaHHEM MOCAERHUE
0643aHBI CIOCOGHOCTH CHMKATD IOBEPXHOCTHOE H MEX(Da3HOE HATSHKEHHE M3-32 aACOPOUNH H OPUEHTALMU MO-
JeKyJl Y moBepXHOCTH pasfena [7]. CHibkeHye MOBEPXHOCTHOTO HATSKEHMs, KaK NPaBMio, 00YyCIIOBIECHO AU~
bunsHOCTEIO cTpoeHust Monexyn ITAB, o6nagatomux nonspHo# (ruapotdhunpHOI) 1 HenomsipHoH (ruapodob-
Ho#) uacTamu. Monexynst ITAB 061anaioT cpaBHUTENBHO HEGOMBLIONH MonekyisipHOH Macco# (200-500) u umc-
JIOM aTOMOB yTniepofa B ruapodoOHoii nenn n = 10-20. IIpn manex xonnentpauusx [IAB o6pa3yroT ucTuu-
HbIC PacTBOPHL, AUCHEPrUPYACH JO OTACNBHLIX MONEKYN (WM MOHOB). C pOCTOM KOHIIEHTpaLMH ABOWCTBEH-
HOCTb CBOMCTB MOJIEKYJ TaKHX JUOHIBHBIX BEIUECTB IIPUBOJHUT UX K CAMOACCOLHALIMY B PAcTBOpE, Pe3yIbTaTOM
4ero ABIseTcs 00pa30BaHMe TaK HA3BIBAEMBIX MHIEI — arperaToB U3 ANMHHOLENOUEUHBIX JuHIBHBIX MOJe-
Kyst nnu nonos [TAB. OGpasoBaHue MHLELT MPOUCXOAHT CAMOTIPOH3BONIBHO MIPH KOONEPATHBHOM CBS3BIBAHHH
MeK/y o060l MOHOMEPOR NpPU KOHLEHTPalHAX, MPEBHILAOIMX JOBOJILHO Y3KYyI0 061acTh, HA3BIBAEMYIO KpH-
THYECKOM KoHueHTpauuneil muuemoobpasosanua (KKM). KKM - ato konnentpaums I1AB, opun kotopo# B ero
PAacTBOpE BO3HHKAET GOJBIIOE YHCIO MHLEN, HAXOAAIINXCA B TEPMOAHHAMHYECKOM PaBHOBECHH C MOJIEKYia-
MH (HOHAMH).

[Tpu nosbinennu xoHuentpaluy [1AB pacTBOp npoXoAMT pAA PaBHOBECHBIX COCTOSHHI, XapaKTepu-
3yeMblX ONpeleleHHBIM YHCIIOM arperauud, pasmepoM M dopmoil Muueul. Tak yBelIWueHHE KOHUCHTPaLUH
NPUBOJUT K MOSBACHHIO B HCTHHHOM PAacTBOpE MOHavyany cdepudeckuX (MpH KOHUEHTpaiuu, 0Go3HAYaeMOM
kak KKM,), a B panpueitiuem 6onee cnoxusix, umupaprudeckux (KKM,), miactuH4aThIX MHLIENT U CILIOIIHOM
reneobpasHoil CTPYKTYPH! cHcTeMbL. ITPH 3TOM Pe3KO MIMEHSETCS PAJ CBOHCTB PacTBOPA, TAKMX, KK HAPUMEP,
BS3KOCTb, IOBEPXHOCTHOE HATAIKEHHE, DIIEKTPHYECKas TIPOBOAMMOCTD U paa Apyrux. Bemuunny KKM, moxHO
U3MEHATH, B HEKOTOPOM HHTEPBaJlc KOHIIEHTPALMH, ¢ NOMOIIBIO JOGABOK 3JIEKTPOIUTOB.

AHamusupys ITAB, u3BecTHbIe B iMTEpaType Kak 100aBk# K BOAE, 3Q()EKTUBHO CHIXKAIOILME €€ THAPO-
JMHAMHUYECKOE CONPOTHBIEHME, BUIHO, YTO BCE OHM ABJAIOTCA MHLENIO00pasyolmMmMy coeanHeHusMu. B o6-
nacti Kouuentpauuit [AB, 6misknx k KKM; 1 Bblile, X pacTBOphl 001a1a10T CHIXKECHHBIM CONPOTHBIECHHEM
TpeHHs. 3aMedeHo, YTo 9eM GoblIe AMHHA NanouKoo0pasHbIX MHUIENI, TEM Bbllle BenuyuHa dderTa cHike-
HHS F'HJIPOAUHAMMYECKOr0 CONPOTHBIICHUS BoasI [4].
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Hcnone3yemsle U1 CHIDKEHHS THAPOAHHAMUYECKOIO CONIPOTHUBICHHS TpeHus NoGaBKu 061amaioT Ka-
KJas CBOUMH JOCTOMHCTBAMHK M HeJOCTaTKaMH. PacTBOPH BBICOKOMOAEKYIAPHBIX MOIMMEPOB HMEKOT O4EHB
MaJTyt0, HOPAIKA THICS4HBIX JOJEeH NPOLEHTA MO ReCy, KOHIECHTPALUIO, JOCTATOUHO JIErKO NPHTOTABIHBALOTCA,
M03BONAIOT 10CTHTaTh 80% yMEHBLICH!S KOIDDHIMEHTA THIPOIHHAMUYIECKOTO TPEHHS A, HO MAKPOMOJIEKYTBI
NOIMMEPOB AECTPYKTHPYIOT (paspywaioTcs) NpH OONBIIUX HAHPSIKEHUAX TPEHHS, YTO PUBOAUT K yMEHBile-
HUIO BENHYMHB! rHapoauHaMuyeckoro a¢dekra. [ToaToMy UCMONB30BaHHE BHICOKOMOJIEKYIAPHEIX MOJMMEPOB
HPEINOYTHTENBHO B TEYCHUAX Pa3OMKHYTOIO THHA, '

KonuenTtpauusi jo6aBok [TAB, npu kotopoii mpossipsieTcs 3QdekT CHHKEHHA TPEHHUS, COCTABISET Ac-
csTbie AONU NPOLIeHTa U cBA3aHa ¢ Bennynsoi KKM,, ux pacTBopbl 06514HO TpeOy1oT BBEACHUA B HUX AONOJ-
HUTEJIBHO 371eKTposnTa. C TOYKM 3peHUs YCTOHYMBOCTM K MEXaHu4ecKoi nectpykiuun nobasku [TAB umerot
OIlpe/ic/IEHHBIE IIPEUMYLIECTRA TIEpe]| OTHMEPaMu. B oTIHYIHMA OT MOCHeJHUX NOBEPXHOCTHO-aKTHBHBIC BELlC-
CTBa [0C/IE MPOXOXKIACHHA Yepe3 HACOChl B MECTHbIE CONPOTHBIICHHS BHOBb BOCCTaHABJIMBAIOT CBOIO FMPOAK-
HaMuueckyto 3ddexkruBHOCTh /8/. Acummerpuunbie MuLe/UTsl [IAB moj Bo3xeiicTBHEM MEXaHHYECKHX CHUII CO
CTOpPOHB! FHIPOJAUHAMUYECKOTO 11015 Pa3pyIIAOTCA A0 CHEPHYECKHX H Jaliee N0 OTAENbHBIX MOJIEKY.1 (HOHOB).
Ilpu 5TOM B NOTOKE MPOUCXOIHUT OLXHOBPEMEHHO JBa MPOLECCA — Pa3spyLICHHE MHULE/I H HX BOCCTAHOBJIEHHE,
NOCKOJIBKY TOCJIEAHEE B PACTBOPE ¢ [0CTaTO4HOM KoHleHTpauuel ITAB sBigeTcss TEpMOAUHAMHMYECKH BBINOA-
HbiM /7/. Ucnionb3osanue TTAB B 3aMKHYTBIX THIPABIMYECKAX CHCTEMAX, ¢ YYETOM TAKOIO MOBENCHHUA MULIELT,
MOXeT GHITh IIPEANOUYTHTENBHEE HCONE30BAHHS NoaTuMEpPoB. Tak B paborax [9, 16-20] onuckiBaeTcs npUMEHe-
HHE TPOMBIIIEHHBIX NACcT “AUTaNaH” M “METaynoH” B COCTABE XJIAXOHOCHTENA I HIAXTHAIX CTALIHOHAPHLIX
YCTaHOBOK OXJIQXIEHHS BO3[yXa, MPH dKCIUIyaTalpu Kotoporo Ha JoHenkoi maxte uM. rasetsl “JloHbacc” B
TEYEHHH MOIyTOopa Meciles Habmonanock cTrabuinbHOE CHIDKEHHE CYMMApHOTO THAPABINYECKOIO CONPOTHBIIE-
HUS 3aMKHYTO# TpyOorpoBoHO# ciucteMsl Ha 50%.

B Hacrosueil paboTte npuUBeACHBI PE3YNIBTAThl UCCICIOBAHMIA TypOY/ICHTHBIX TEUEHHH PacTBOPOB Mpo-
MBIIIEHHOM MacThI “MeTaynoH”, KOTopas IpeacTasisieT co6oi cMech cireayroLero coctasa: B-(N —merua - N -
OJICHOWN )-3THIICYILPOKHCIOTH HaTpueBasd conb — 52,1%, xnopuctsiii Hatpuit — 10%, Boaa - ocTagpHOE 10
100%. OnbITH NPOBOAMIIACH HAa MMAPOAMHAMUYECKOH YCTaHOBKE 3aMKHYTOrO LIMKJIA B KaHAJIE KBAPaTHOIO ce-
YeHust ¢o cTopoHoi 0,04 MeTpa, CTEHKM KOTOPOTO M3rOTOR/IEHB] U3 OpPraHM4eckoro crekna. KoHuenTpauya 10-
6askn [1AB, paccuuTanHas no MaccoBO# o€ MacTel “MeTaynoH” B pacTBope, coctasisna ¢=0,2; 0,3 u 0,48%.
B xauecrtBe 3MEKTPOANTA MCTIONB3OBAICA XJIOPHCTHIH HATPMA KOHUEHTpauuu 7%. MeTaymnoH sBiseTca aHuo-
HakTHBHBIM [IAB, nostoMy, ¢ UENBIO YCTPaHEHUA MHPOaM3a, BOAOPOAHBIH N0KA3aTeNb CPEAbl NOAACPKUBATICS
paBubiM pH > 8. Temneparypa pacTBOPOB BO Bcex onbiTax Oputa Onuzkoit k 20°C. M3aMepeHne pacxoaHoi cko-
POCTH IPOBOJMIHCH MHAYKUMOHHBIM pacxoxoMepoB MP-51 ¢ oTHocuTenpHOH MOrpemIHOCTLIO 1%, nepenag
JaBjieHus Ha paboueM y4yacTKe H3MEpACS JATYNKOM [EpenajoB ¢ HaCTOTHBIM BHIXOAOM. AOCOMIOTHaA Mo-
IPEMIHOCT H3MEPEHHs Nepenana AaBjieHHus, ¢ YYeTOM HCHONb3yeMBIX AN 3ToH nenu npubopos, cocTasisila
0,35 H/M’. HamepuTensHblil y4acTOK HaXoAuiIcsA Ha paccTosHuHd 100 kanu6poB OT BX0/Ja B KaHAN.

[Tonie CKOpOCTH M3MEPANOCH OAHOKOMIIOHEHTHBIM JIa3€PHBIM JOIUICPOBCKHM aHEMOMETPOM CO CIIEK-
TPATBHBIM AHATH3OM CUrHaia. Brifop B KauecTBe M3MEpUTENs JOKAIBHBIX CKOPOCTEH 1a3epHOT0 aHEMOMETpA
00yCIOBIEH TeM, YTO U3MEPEHHE MONS CKOPOCTH M TypOYJNEHTHEIX XapaKTEPHCTHK B TEYECHHSX ¢ AoOaBKaMmu
IOBEPXHOCTHO-aKTHBHBIX BEIIIECTB HJIH [ONMMEPOB UMeeT cBOH ocobenHocTH. I1Inpoko HCMonb3yeMblil IIPH HC-
CJIEOBAHMAX TYPOY/IeHTHBIX MOTOKOB TEPMOAHEMOMETD LIS H3MEPEHHH B 3TOM ClIyyae He MPUFOJCH W3-3a M3-
MEHEHHS TEeINOMU3MUCCKHX XaPAKTEPUCTHK TIPUMEHSIEMBIX PACTBOPOB M CBA3aHHMOM ¢ 3THM HECTAGHIIBHOCTH
TApUPOBOYHOH XapaKTEepUCTHKH JaTiHKCB Iprbopa B npotiecce pabothl. ONHNM H3 HAHTYYILMX HHCTPYMEHTOB
IUIS MCCNENOBAHAN TAKMX TedeHuil sBiseTCH MCHONB3yeMbldi B HacTosmieH paGote nasepHsift JOTNepoBCKul
anemoMerp (JITA). beckOHTakTHOCTH H BBICOKas paspemaromas crnocobHocts JIJIA nO3BONAIOT MPOU3BOAMTE
uamepenus Ha paccrosuaud 0,05 - 0,1 MM ot TBepi0# cTeHKd. OTHOCHTEIbHAS NIOrPEIHOCTh H3MEPEHHS Cpea-
HEli TOKANBHOR CKOPOCTH ¢ FHOMOILBIO JAHHOTO MeTOa H3MEPEHHIl B HAlINX ONBITaX cocTaBsina 1% B UeHTpE
KaHaJ1a ¥ yBeaH4HBanach 50 3 - 5% y CTeHKH.

[lpu paccMoTpenuM TypOYNEHTHBIX TeYEHUH XKUAKOCTE OAHON 13 Haubosee BaAXKHBIX ABIAETCS 3aBH-
cUMOCTh K03 QULMEHTa THIPOIMHAMHYECKOTO CONPOTUBIIEHHA TpeHus A oT uHcna PeftHoneaca Re. s Teue-
HUI pacTBOPOB IOBEPXHOCTHO-AKTUBHBIX BELLECTB BO3MOXHEE JIBA MOAX0/a MPH IIOCTPOCHHH TAKHX 3aBHCHMO-
credl, IlpununnuansHoe OTIIMYKME 3THX TOAXONOB MPOSBISETCS MPH BHIOOpE BA3KOCTH B yucie Peinonbaca.
Bsskocth pactBopos [TAB CHIIBHO 3aBHCHT OT KOHIeHTpauuy 1obasku, 4to 06yciioBneHo o6pa3oBaHKeM B pac-
TBOpPE MHLIENT, IIO3TOMY BBIOOD BA3KOCTH B UHCIIe Re MOXET MMETh NPHHLMIHKANEHOE 3HAYECHHE,

BuiGop BaskocTd B uyncie PeliHonbiaca o0ycnoBneH KOHKpeTHOH 3anaueit uccaenosanus. JloGaBku no-
BEPXHOCTHO-aKTHBHBIX BEIECTB BBOJAAT B TYPOYJIEeHTHBIH NOTOK C LEABI0 YMEHBIIHTL CONPOTHBIECHHE TPEHHUA
110 CPaBHEHHMIO ¢ TEYEHMEM YMCTOro pacrBopuressi. CHeNOBaTENBHO, NPU ONpPEAEIECHHH BEIUYMHBI dddekTa
CHH)KEHHS -COTIPOTHUBICHHS B Tpy0ax, B IEPBYIO ouepenb, Lenecoobpa3Ho paccMaTpuBaTh BEIHYHHY OTHOCH-
TeAbHOFO YMEHBIUEHWs Mepenaja AaBleHus Ha ydacTke TPYObI, M3MEPEHHOTO IPH OAMHAKOBBIX PaCXOIHBIX
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CKOPOCTSX TEYEHHUs pacTBOPHTENA M pacTBopa. OTCIONA BBITEKAET ONpPENCICHUE BEIUYHHE! Y HEKTa CHIKCHAS
FUAPOJMHAMU4ECKOTO CONPOTHUBIICHHS TPEHHS:
AVA=100(A,-A) /7 A,

rae A, A, — Kk03(QEGHUMEHTH! CONPOTUBACHHA TPEHUS IPH TEUEHHH PACTBOPHUTENSA H PaCTBOPA COOTRETCTBEHHO.
B COOTBETCTBHH C TaKHM OMNpeCeIeHHEM HaIIAAHOE MPEACTABICHHE O BENHYMHE ACHCTBUTENBHOTO (“‘TEXHHYE-
cKoro”) a(pexTa CHIDKEHHS CONPOTHBIEHHE, IPU TEYCHHH PaCTBOPOB, Aal0T rpaduku ces3n A = f(Re), nocrpo-
edHble Ha Oa3e uucesn PelHONLACA, OCHOBAHHBIX Ha BASKOCTH PacTBOPHTENA. Pe3yanTaTel ONMBITOB, fIpeACTaB-
neHHble B BuAe rpaduxos A = f (Re'), roe Re' - uncna PeliHONBACA, YYHTHBAIOUIME BI3KOCTh PacTBOPA M €rO
HEHBIOTOHOBCKHE CBOHCTBA, HMEIOT LIEABIO MOXYEPKHYTh (PU3NUECKYIO CTOPOHY AaHHOTO ApjieHus. Ha ocHoBa-
HMH 3THX rpadukoB “Pu3ndeckuii” 3P dexT CHINKEHNS CONPOTHBICHUS TPEHUA ONPEACIAETCS MYTEM CPaBHEHUA
COTIPOTHBJCHHMS PACTBOPA U COTIPOTHBIICHHS HbIOTOHGBCKOH JKMAKOCTH, HMEIOLIEH HaubOMbIIYIO MUl JaHHOTO
pacTBopa Bs3kocTh. [Ipy TakoM NpeICTaBICHUH BRIYHMCICHHEIC 3HAYCHHA BEIMUMHBI 3P (deKTa OKa3EIBAIOTCA 3a-
BBILUEHHBIMH [10 CPAaBHEHHUIO ¢ PaKTHUECKUM (“TEXHUYECKHM ) yMEHbIICHHEM CONIPOTUBIICHHUS.

Pesynrrarsl uccnenoBanuit k03 puiHEHTa CONPOTHBACHUS TPEHNA A NMPU TCYEHUH PacTBOPOB TEXHH-
yeckoro [TIAB “Meraynon” (Janee NpocTO MeTaynoH) HpEACTABJIEHH HA puc. | B BHIe 3aBMCHMOCTER A OT 4YH-
ced PeliHonpaca Re, pacc4UTaHHBIX 110 BA3KOCTH BOAHI (a) # 10 BA3KOCTH pactBopa (0).
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a) O —c=02%;
| A A —c =0,3%;
10 A -c=0,48%;
8 A
: zs & 1]
s ‘\ - 11
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4 —==2lg(R -0,8
) 7 lg(ReVA ) -0
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Puc. 1. 3aBucumMocTi KO3(QPHLUHUEHTOB MHAPORMHAMMYECKOTO CONPOTUBACHUS TPEHHUs A OT uucen Peitnosibaca no BA3KOCTH
Bo/Akl Re (a) M oT uncen PeliHonbAca o BA3KOCTH pacTBOpa Re ' ipH TEUYEHHHK BOABI ¥ PaCTBOPOB METayIlioHa.

W3 prcyHKa BUIHO, YTO 106AaBKM METayNOHA Pa3iM4HBIX KOHUEHTPALMHA 110 Pa3HOMY BIMSIOT Ha 3aBU-
cumocth A = f (Re). B pa3BHTOM NaMHHApHOM CTalMOHApHOM TeveHuH B Tpybax pactBopoB [TAB cHwxeHne
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conpoTusieHnsa He Habnioxaercs, a 3a cyer 6olice BRICOKOH, 10 CPABHEHHIO C PAaCTBOPUTEINIEM, BA3KOCTH IIPOHC-
XOAMT YBEIHYCHHE COTNPOTUBJIEHHS NPH OAWHAKOBBIX CKOPOCTSX TE€YEHHs pacTBOpa M pacTBopuTeis. [Ipu aToM
Anst pacTBOpoB ¢ KoHUeHTpauuaMu 0,2 1 0,3% 3TH 3aBUCHMMOCTH PacHOJIOKEHbl NAPAJLICIbHO COOTBEICTRYIO-
uleii KpUBOH yisi  pacTBOpHTEs (CM. puC. 1a). DTO yKa3bIBaeT Ha TO, YTO BAIKOCTh TAKHX PacTBOPOB, N0 Kpaii-
HE# Mepe, B IHANA30HE HCCIEAOBAHHBIX H COOTBETCTBYIOLIMX B MCIOAB3YEMOM KaHaile JAMHHApHOMY TEUEHHIO,
yuce Pelinonsaca He MedseTcs. g pacrBopa konuertpauuu 0,48% kpuBas Ui Takol 3aBUCHMOCTH H3MEHS-
eTCst 3HAYUTENBHO KPYU€, 4eM /i1 TeHEHHS YHCTOrO pacTBOPUTENA (HbIOTOHOBCKOM xuakoctu). Takoe mobese-
Hue KpuBo#t A =f (Re) xapakTepHO IUIf XUIKOCTEH, B KOTOPBIX BA3KOCTH YMEHBIIAETCH C POCTOM CKODOCTH Te-
yeHHs B TPyOe, T.€. XIS HEHbIOTOHOBCKOH XHIKOCTH.

Pazmnunete koHueHTpatuK [1AB no pasHoMy BINSIOT Ha X0 KPUBHIX A = f (Re), B NEPEXOLHOM U TYP-
OynenrHoM pexxuMax TeueHus. JlobaBka Meraynona koHueHtpamueit 0,2% mano BIMAET Ha 3aBUCHMOCTb K03¢-
(uumreHTa CONpoTHBNICHUS TpeuHs A oT yucen PeliHonbpAca Re B nepexofHOM pexuMe TedeHus. B Hauaie pe-
)uMa TypOyneHTHOro TeyeHus kpusas A = f (Re) nonobHa KpuBoi, noMyyaeMoH, 0OBIYHO, UL TEHEHHS PacTBO-
poB nonuMepos [5,6]. T.e. ans 5Tol KOHUCHTPALUH METAYTIOHA NMPpH TYpOYJCHTHOM TEYCHUM, KaK H IpY Teue-
HUM PacTBOPOB [10JUMEPOB, BO3MOXKHO BBLACIUTE PSKHM 0€3 CHI)KEHHUSA CONPOTHBJICHMS, B KOTOPOM K0a(du-
LIMEHT COTPOTHB/IEHHUS TPEHNS ABJIAETCA PABHBIM COOTBETCTBYIOLIEH BEIMUHHE TIPX TEYEHHUH PACTBOPUTEIS UIlH,
1#3-3a NOBLIIEHHOMN BA3KOCTH PAaCTBOPA, HECKOJBKO GONIBIIAM ¥ PEXKHM CO CHHIKEHHBIM CONpPOTHBIEHNEM. Unc-
1o PeliHonbaca, MPH KOTOPOM HAYMHACTCA CHWXKEGHHME CONPOTHUBIICHHE TPEHHMSA, MOXHO Ha3BaTh [OPOIOBBHIM
yucinom Pelinonbaca Re qqp -

[Tpu TeueHnH pacTBOPOB MeTaynoHa koHueHTpamuit 0,3 u 0,48% noBenenne kpHBbIX A = f (Re) ROCHT
apyroi xapakrep. Kax 6510 cka3aHo BbIlIe, [IPH JaMHHAPHOM PEXXMME TEUCHHMS ITHX PacTBOPOB, TaK XKeE KaK H
Ans koHueHTpauuu 0,2%, k03 GUUEEHTE! COPOTHBIIEHUS A GOMbIIE COOTBETCTBYIOIIUX 3HAYCHHI [UIs TEUCHHS
ykcToro pacteoputens (puc. 1a). Takoe nonoxkeHne coxpaHaeTca U At yucen PeiiHoNbACa COOTBETCTBYHOIIMX
NePeXOAHOH H YacTH4YHO 00JacTH TypOyIEeHTHOTO PEXMMA TEUEHHs HBIOTOHOBCKHMX )XHIAKOCTEH. 3Ha4YeHHs KO-
3 HUMEHTOB THAPOAMHAMUYECKOr0 COMPOTHBICHHA TPEHUS OCTAIOTCH GOJbLIMMH COOTBETCTBYIOLIMX 3Haue-
HUH 19 TeYeHUsl PacTBOPUTENA 10 JOCTHKEHMS OnpejeneHHoro yucaa PeilHonsaca, KOTOPOE TarKe MOXKHO Ha-
3BIBaTh MOPOTOBBIM YHCIIOM PeRHONBACA Re qop, B KOTOPOE ONMPEAEHAETCS KaK TOYKA NEPECEYECHUA KPUBBIX 8 A
IpY TEYESHHHU PaCTBOPA H YHCTOFO PacTBOPHTENS.

Briwe 3uaseHuit yucen PefiHosbca, ONpeaeneHHbIX KaK Re o, , 4714 BCEX TPEX MCCIEAOBAHHBIX HAMH
KOHLEHTPAUMH pacTBopa MeTaynoHa npossisercs 3O(EKT CHIDKEHHs COTPOTHBIICHUA TPEHMS, T.€. KO3(@nuu-
€HT COMPOTHUBIECHUS TPEHHUS [IPH TEYEHMY PACTBOPA CTAHOBUTCH MEHBILE, YEM IIPH TEYEHHU YHCTOTO PaCTBOPH-
tens. C yBenuueHueM yucen PeiiHonpaca BeTHYMHA A YMEHBIUAETCS, CTPEMACH K COOTBETCTBYHOLIMM 3HAUEHHAM
AJA JAMMHAPHOTO TEUEHHsI HHIOTOHOBCKOM JXUAKOCTH, a BennduHa b dexra CHIDKCHHA TpeHns AL/A, COOTBeT-
cTBeHHO, yBenumynsaercs. [Tomyqaemslit B onpitax 3¢ deKT YMEHbIIECHHS CONPOTHBIICHU YBEIHYMBAETCH C POC-
TOM CKOPOCTH, JAOCTHIas HEKOTOPOro NpPENebHOr0 3HaYeHHs, a BeNH4iHa Ko PUIHEHTa TPEHHA A YMEHBLIA-
eTCst 0 CBOEr0 MHHMMANBHOTO, A1 JAHHOTO OMNbITA, 3HAaYCHHA. 3Ha4YEHHE uncell Re , IPH KOTOPhIX BEIHYHAHA
abdexTa MakcuMabHa, a A MUHUMAJIBHOE, BOOGINE roBOpsA HE PaBHBI APYT APYrY, XOTA M ABASIOTCH OJIM3KUMH.
U3 umeromierocs HaGopa 3KCIEPUMEHTAILHBIX TOYEK YHCIO PelfHonbaca, mpu KOTOPOM KO3(G(HUMEHT TPEHHS
MHUHHUMAJIBHBIH, MOXHO ONpeRenuTh ¢ Oonblueit TOYHOCTBIO, YeM ONPENEIHTh YKCI0 PeliHonbaCa Mis MakcH-
MAaJIBHOrO 3HAYSHHs BETMYHUHBI 3((EKTa CHIKEHHA CONPOTHBIECHHUA, TAK KaK B GOJIBIIMHCTBE CIIy4acB NMEETCs
AHMaMna3oH uucen Re B KOTOPOM BelHumHa A4/, 8 fipeieaax MOrpeIlHOCTH OnpefeNeH s, MocToA N, [ToaTomy
3a BTOPYIO, XapaKTepHYIO i KpuBoil A = f (Re) ', TOUKY MOXHO NPHHATH 3HAYCHHE YHCIa PeiiHonbaca Reyy
e BeMMYMHA A npruHMMaeT MUHUMalbHoe 3HadeHue. [Ipu R >Renyin K03pGHIHEHT CONPOTHBRCHNS TPERHUA BO3-
pactaeT i kpuas A = f (Re) BBIXOAUT Ha COOTBETCTBYIOLIYIO KPHBYIO i HBIOTOHOBCKOM XUAKOCTH. Yucna
Pelinonb/ca, npu KOTOPLIX Kcye3saeT 3G dexT CHKeHUs I'MAPOARHAMHYECKOrO CONPOTHBICHNUs TpeHus, Oyaem
Ha3bIBaTh NIPEACIBHBIMA Rey, . Bee Tpu onpeaenenubie Bbille YHCNA PasinyHbl JUIS Pa3HBIX KOHUCHTPAUMH ¢
yBEIHYUBAIOTCA C pOcTOM KoHLeHTpauuu I1AB B pactsope.

Ha aToM e pucyHKe npuBeleHa KpHBas

1/V2=985Ig(Re V2)-22,1,
KOTOpas HOCHT Ha3BaHUS KPUBOH MAKCHMaIbHOIO CHW)KEHMS TMAPOAMHAMHUYECKOIO CONPOTHBICHUS TPEHHS H
nojyyeHa apropamu pabotst [9]. M3 pucyHka BHAHO, 4TO pacTBop KoHUeHTpauu# 0,3% vMeeT MakcHMalibHOe
ZUIst YCTIOBUIA MPOBEIEHHS IKCIIEPUMEHTA CHIKEHUA TPCHHS.

TIpy Mcrons30BaHHM YKCen PelHONBACA, OCHOBAHHBIX Ha BA3KOCTH pacTBopa (pHc. 16), B JaMHHApHOM
pexuMe TeYeHHs JJIs BCeX TPEX KOHLEHTPALMi pacTBOPOB METAYNOHA 3HA4YeHMA KO3QOHLUHEHTOB TMAPOLHHA-
MHYECKOTO COMPOTHUBIIEHHS TPEHHA JOCTATOYHO YAOBJICTBOPHTENBHO JIEXKAT HA KPHBO#, ONHCEIBAEMON 3aKOHOM
TPEHUS Ul TAMHHAPHOIO peXXuMa TedeHHs A=64/Re’. IIpu 3TOM BS3KOCTh ONMpPEAC/ANACh KaK CPEIHAA BA3-
KOCTB 3THX PacTBOPOB IJIsl SKCIIEPUMEHTAIBHBIX TOYEK, JeKALUX Ha NPAMOIHHEHHBIX Y4acTKaxX rpauKoB 3a-
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suchMocTtelr 4 oT Re'. Takoe npeacTaBICHUE IKCISPHMEHTAIBHBIX PE3yIbTaTOB JAET BO3MOXKHOCTE MOXKHO TO-
BOPHTH O 3aTATMBAHMHM JIAMMHAPHOTO PEXHMa TedeHus 1o uncen Pefinonsica Re’ npuONn3NTEILHO PaBHBIX
3000 u 5500 st pacTBOpOB ¢ KOHUEHTpauwmsiMu coorBercTBerHO 0,3 1 0,48%. [lng pacTBopa ¢ KCHueHTpauuei
0,2% namuHapHBI PEKUM Tegeﬁnﬂ UMEeT CBOCH IpasHnLeH TpaJMUMOHHOC 115t HPIOTOHOBCKHX XKHAKOCTEH 3Ha-
yenne 2300 - 2400. [Tpu yBesueHun yycen Re' Bplle 3THX 3HAYCHHH HAYHHAIOT HaOMICAAThCA PA3IUYHS B 110-
BeaeHud KpuBEIX A =f (Re') LIs pacTBOPOB € Pa3sHBIMH KOHUEHTPALIUAMH.

IMepexoanas obnacTh TE4EHHs A4 PacTBOpa METAyMNOHa ¢ KOHUEHTpauHeh 0,2% noyTH He oTANYaeTCs
OT TE€YEHHS HELIOTOHOBCKUX XXHIKocTe#t. B mauane TypOyseHTHOro pexuMa xKodQOHUMEHTEl THAPOAMHAMUYE-
CKOTO CONPOTHBIEHHS TPECHUS TIPH TEUCHMM PACTBOPA PABHEI COOTBETCTRYIOIIMM BEIHHYMHAM /Ui HHIOTOHOB-
CKOM XHUOKOCTH [pH paBHbIX uucnax Peftnonsaca. C nanbHeHmnM ypenuyennem yuces Ke' HauMHaeTcs OTXOX
IKCMEPUMEHTANBHEIX TOYEK OT KPUBOH A1 TypOYyJIEHTHOTO peXKMMa TEYEHHA HbIOTOHOBCKUX XHIAKOCTEH B CTO-
poHy KpuBO#i A = 64/Re’. Jlna TeueHus pacTBOPOB MeTayilioHa ¢ koHueHTpauuamu 0,3 u 0,48% npwm umcnax
Peitonbaca, coorBeTcTBeHHO Gompmux 3000 u 5500, xo3QpuilieHTs] CONPOTUBICHHA TPEHHA CTaHOBATCA
GOJIBLUIAMM, YEM NPH TAMHHAPDHOM, HO MEHbIIEe 3HAYEeHUH A 1A TypOYACHTHOTO TEHYEHHUH HBIOTOHOBCKHX KUJ-
kocTeil. BHavase 0TX04 IKCIEPHMEHTATBHBIX TOUSK OT KPUBOH /NS JaMUHAPHOTO TeYCHHUs ABIAETCH MOCTENCH-
HbIM W [UIABHBIM, 3HAYCHHS A, IPH OTOM, C POCTOM uucel PeiiHoNbAca MPOAOIKAIOT yMEHbIIATHCA. B nanbHei-
1lleM MOBe/IeHNEe BCEX TPEX KPUBEIX CTAHOBHMTCS NOXO0XKHMM APYT HA Apyra.
\ C poctom gucen PeliHonbjca (0 BA3KOCTH) 3HANEHAS KO3QQHIMEHTOB THAPOAHHAMHYECKOTO CONPO-~
THUBJICHHS TPEHHS YMCHBIIAKOTCH, OCTaBasCh B MPOMEXYTKE MEXIY 3HAYCHWSAMH Ui JaMMHapHOTO M TypOy-
JIEHTHOTO PeXHMOB TeueHns. JlocTuras HEKOTOpOro 4ucia Re ', KOTOpoe COOTBETCTBYET paHee BBEAEHHOMY MO
BA3KOCTH PaCTBOPHTE/IS YHCIY Rey,, 3HaueHns KO3(pQUIMEHTOB TPEHHA HAYMHAIOT YBEJIHYHBATHECS C POCTOM
yucen Re ', BOCTUras BeIMYMH PaBHbIX 3HAYECHUAM MPU TCHEHUH HbIOTOHOBCKHX XMAKOCTEN.

OODBACHHTD TaKoe NOBEACHHE 3aBHCHMOCTel K03(h}HIMeHTa FHMAPOAMHAMUYECKOIO CONPOTHBICHMA
TpeHus OT vucen PeliHoIbAcCa ¢ HOMOLIBI0 OAHOH TOMBKO M'MAPOAHHAMHMKN HEBO3MOXHO. Heobxoanmo Taioke
paccMaTpuBaTh MHLEIUIAPHYIO MM Iencobpa3Hylo CTpYKTYpy PacTBOPOB IIOBEPXHOCTHO-AaKTHBHBIX BELIECTB H
¥X B3aMMOJIEHCTBHE C THAPOANHAMIuecKuM nonem. He Bei3biBaeT COMHEHHS TOT $aKT, YTO J00aBKH [OBEPXHO-
CTHO-aKTHBHBIX BELLIECTB BO3ACHCTBYIOT Ha TypOyNEeHTHOCTH IOTOKA, a MHAPOAHMHAMHYECKOE T10/I€ TECHEHHS, B
CBOIO OYepeab, BO3AeicTByeT Ha MUuennsl [IAB unu npocTpaHCTBEHHBIE CTPYKTYphl, KOTOpbE 006pa3yroTcs B
pacTBoOpe mpy GONBIIMX KOHUEHTPAIMAX.

" B uenoM nopeieHUe KpuBbIX A = f (Re) Tipu yBeMueHMM ducen PelHONLACA MOXHO OGBACHHUTS Clle-
ayromumM obpasom. CHIKCHHE CONPOTHUBJICHHS TPEHHA C MOMOINbIO MOBEPXHOCTHO-AKTHBHBIX BEWIECTB IPOKC-
XOIMT NIpH KOHLEHTPalusX JoGaBoK, KOrja B PacTBOPE BOHMKAIOT aCHMMETPHUHBIE (anoukoobpasHeie) Mu-
uesnbl [4]. OrHouienue Gomnbiiok OCH TakoW MULEIUIB! K MajIoH pacTeT 0 HEKOTOPOro npeaena ¢ pocToM KOH-
uentpaunu [IAB B pacrsope [10]. B nmotoke, ¢ oqHo# CTOPOHEI, aCHMMETPUYHBIE MHLELIH NMOA ACHCTBHEM
rpazMeHTa CKOPOCTH OPMEHTHUPYIOTCS CBOEH D0MbLIEH OChIO B0 HAIIPABJICHUs TEYEHUS, a ¢ APYroi CTOPOHEI,
5Ta OPHEHTAUHS HapYyIIAeTCs M0 JeHCTBHEM TypOYIeHTHBIX MyNbCcalyil CKOPOCTH M TENNOBOrO JABHXKECHHS Ca-

Mux munenn. [Tpu ManeIx CKOPOCTSAX CABHMIA, T.€. IPH Re € Re 4 , CTENCHL OPUEHTALMH MHIE/T BAONb HalpaB-
JIEHHA OTOKA HU3KasA M, B TaKHX YCJIOBHAX, PaCTBOp HE CHIXKACT TPEHME (COOTBETCTBYIOWIAA KOHLECHTPAUUH
metaynona 0,2% kpusas Ha puc. 1a npu uncnax PefiHonbiaca MeHble 4eM Reyp). C yBEIMYEHHEM CKOPOCTH Te-
YCHUS YBEIMYUBACTCS TAKXKE CTENCHb OPHEHTALAM MHIIEI BJOJNL HANPABICHHA TEUCHHS W HaYMHACT NPOSB-
1ATHCH 3QPHEKT CHIKSHUA TUAPOAMHAMHYECKOTO CONPOTHBIICHHS TPEHHA.
Bellle cka3zaHHOE CIPaBEJIMBO, B OCHOBHOM, s pactsopoB IIAB BA3KOCTB KOTOPbIX HE HAMHOTO
BBILIE BS3KOCTH pacTBopuTens. C yBenuyenueM xonueHrpauuu IIAB B pacTBOpe ero BA3KOCTh HAYMHAET CUJIb-
HO YBENUYHBATECA ¥ KAPTHHA TeyeHHA OyneT HAMHOro cioxHee. H3BeCTHO, YTO Bee IPHMEHAEMBIE A1 CHHXE-
HUS THAPOIMHAMMYECKOTO COMPOTHBICHUS TPEHUS PACTBOPH! MOBEPXHOCTHO-AaKTUBHBIX BEILECTB OTHOCATCA K
HCHBIOTOHOBCKUM XuaKocTaM /11/. B 3aBicumocTd o1 KonueHTpauuu ITAB B pacTBOpe, CTENEHb UX HEHBIOTO-
HOBCKOTO MOBEJICHHA Pa3sAMYHas U BO3pacTaeT C pOCTOM KCHLEHTpaluu 1o6apky B pacTBope. BospacTaer rak-
K€ W BA3KOCTH PacTBOPOB. B CBOIO ouepeib 3TO MPUBOIUT K BO3PACTAHHIO KO DUIIMEHTOB TPEHHUS NPH YHCTIAX
PeiiHonpAca, pacCUMTAHHBIX NO BI3KOCTH DACTBOPUTENS, MEHbIIMX 4yeM 2400, T.e. TakX, KOTopmé 3aBeJOMO
COOTBETCTBYIOT JAMUHAPHOMY TEYEHHIO ITUX PACTBOPOB.
JIisl HEHBIOTOHOBCKUX JKHUAKOCTER OJHON M3 BOXHEHIIMX XapAaKTEPUCTHK ABISETCS 3aBUCUMOCTh BA3-
KOCTH OT CKOpOCTH ciBura. [[jisi pacTBopa MeTaylnoHa 373 3aBUCHMOCTE HOCHT NCEBIONIIACTHYHBIA XapakTep
/12/, T.6. ¢ yBENWUCHHEM CKOPOCTU CIBMIa BS3KOCTH PAcTBOPOB yMeHblIaeTcA. C pOCTOM CKOPOCTH TEUCHHA
pacTer, COOTBETCTBEHHO, 'H CKOPOCTb C/BMIa, C/IENOBATENBHO, BA3KOCTH PacTBOpa yMEHBINAETCH, a CTENCHb
OPHMEHTALMH MHUEM] NOJ NEACTBHEM YBEIHYUBAIOWIETOCS IPafiieHTa CKOPOCTH pacTeT. IIpeMMyiiecTBeHHas
OpMEHTAIMS aCHMMETPHUUYHbBIX YaCTHI{ IPUBOJUT K BO3HUKHOBEHHIO JOMOJHHUTENBHON aHU30TPONUM TypOyieHT-
Horo niepenoca /8/. 310, B CBOIO oMepeas, IPHBOIUT K MOABICHHIO YQQEKTa CHIKEHHS MHAPOJHMHAMHYECKOrO
COMPOTHBICHUA TPEHHS HPH 4uCAax Re 2 Re o, B €10 yBEMYEHUS C POCTOM CKOPOCTH TCUEHHS 10 3Ha4CHMH
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qucen Reyi, , IPH KOTOPHIX KOIDPHUUHEHTH CONPOTUBIEHHS TPEHHA MUHMMANBHBI, a BEIMYHHA ddQeKTa cHu-
JKEHHS CONPOTUBIIEHAS TPSHHS MAKCHMATEHA.

Mumeromrecs B pacTBOPE MUUENIHl HENb3s PACCMATPUBATH KAK KECTKYIO HEpaspyliaeMyio “acTulyy
JI@XKE NpY MANBIX CKOPOCTAX cABHra. BospeiicTBHE TeNIoBOro ABKEHHS MOEKY/ B MHLIELIE, BIHAHUE CUIT CO
€TOPOHBI THAPOXHHAMHYECKOrO MOJA H ApYTHe (QakTophl AEHCTBYIOT Ha MHUEIIY paspyLlariinM o0pasom.
MoxHo TOBOPUTE, HTO B PAacIBOPE OJHOBPEMEHHO IPOHCXOMMT JBA NPOLECCa - paspyllicHHe MHLELT U O/IHO-
BPEMEHHO UX 00pa3oBaHue, NOCKONBKY MOCAERHUN Npouece, MPH AOCTATOYHBIX KOHIECHTPALMSX, IS PacTBopa
IOBEPXHOCTHO-AKTUBHLIX BELIECTB ABMAETCH TEPMOAHMHAMHYECKH BbIrOAHBIM [7]. IIpy oGbACHeHUM X0oNa KpH-
BOH A = f'(Re) HEOGXOIMMO YUHTHIBATE KaKOM mpowece - paspylueHHe Wian oGpa3oBaHHe MUIE/LI IpH 3ToM By-
J€T UMeTh OOJbLIEE BIARAHUE, @ TAIOKE, O 4eM ObLIO CKA3AHO BBINE, HEOOXOAMMO YYHTHIBATH 3aBUCHMOCTS BA3-
KOCTH OT CKOPOCTHU CARUTa. B COIO 0Yepens, NPOUeCesl pazpylieHus ¥ oOpasoBanms MHULIEIUT TAIOKE BIIMAIOT Ha
3TY 3aBHCHMOCTD BA3KOCTH. OJTH JIBa (JaKTOPA MHOTOKPATHO YCIOKHAIOT 0OBICHEHHE 3 (eKTa CHIDKEHHS rul-
POAKHAMHYECKOI'0 CONPOTURIIEHNS TPEHUA ¢ IOMOLIEIO JJ0GABOK NOBEPXHOCTHO-AKTHBHEIX BEILIECTB.

Tlpu uncnax PeiiRompaca MeHbIMX, YeM Rep, MHTEHCHBHOCTD Pa3pylICHMS MHLE/UT MEHbLIE YeM HH-
TEHCUBHOCTH HX BOCCTAHOBACHUA M OTOT IPOLECC Pa3pyLICHUA-BOCCTAHOBICHMS MOXKHO HE YYWTBIBATH, NO
KpaHHeH Mepe, MpH NOCTPOEHHH NEPBOTO NPHOMKEHUS MOAETH MEXaHH3MA CHHXKEHHMSA COMNPOTHBIECHHUA C 10~
moupio nodasok ITAB.

[Tpu nocraTouHo GONBIIAX CKOPOCTAX CABHMIA BA3KOCTH pacTBopa [IAB nocturaer cBoero MUHUMAL-
HOCO 3HAYEHHMA M OpPH JanbHEHIMEM YBENMYCHHM CKOPOCTH CIABMTA OCTaeTCs MOCTOsHHOM. B 3ToM ciydae oc-
HOBHBIMM (PaKTOpaMH, BAHUAIOUIMMH HA CHHKEHHE CONPOTHBIICHUA, CTAHOBATCS MPOUECCH! JHHAMHYECKOTO pas-
pYWEHHA W BOCCTaHOBJIeHUs Muueiul. Tak npu Bo3zpactanuu uucen PeiiHonpaca 0o 3HayeHuid Rey,;, npouecchl
paspywenus OynyT urparb Bce 60nbLIYIO ponb. DTHM BO3MOXKHO OOBACHAETCA YMEHBIUEHHE JIOKATLHOTO Ha-
KJI0HA KpHBOH A = f (Re) ¢ npubmibkeHuem 10 yucen Peiinonbaca paBHBIX 3HaueHusM Rey;, . B oGnactu, Gnms-
KON K Reni, , HHTEHCUBHOCTD MPOLECCOB Pa3pyiIeHUs H BOCCTAHOBICHHS MHLENT OJIM3KM IpYr K APYFY, 4eM
MOXHO OOBACHHTH KOHEYHYIO BEIMHHHY MaKCHUMAJIBHOI'O 3HAYEHHUS P PeKTa CHINKEHHS CONPOTHBIICHUA TPEHUS
MEHBLIYIO NPEAENARHO BO3MOXKHOM (33 Mpee/ibHO BO3MOKHOE CHMXKEHUE MHAPOAMHAMUYECKOTO CONPOTHBIEHHUS
TPEHUA CHUHTACTCA TAKOE CHYWKEHUE, Koraa KO3hQUUMEHTH CONMPOTHUBICHHUS TPEHMS NPH TEYCHHHM PACTBOPOB
PaBHANUCH Obl HX 3HAYECHHUAM NPH JIAMMHAPHOM TEYEHUH HBIOTOHOBCKOM sxuakoctH). [Ipn nampHeliueM yBenu-
4YeHMH yncaa PeiiHonbAca CKOPOCTh paspylieHHs MULEN eule 6osee BO3pacTaeT, B OTIHYHME OT CKOPOCTH BOC-
CTaHOBJIEHHUs, KOTOPAA MPAKTHYECKH HE MEHACTCA, M 9TO NMPHBOAMT K YMEHBUICHHIO 3 dexTa CHIXKEHHA COnpo-
TUBJEHUA TPEHUA BIJIOTH JO €r0 NONHOIO UCUEC3HOBEHUS,

Jis nonumanus Gusuku dPpdeKra CHIKEHHS rMIPOJHHAMHYECKOTO CONPOTHBICHUA TpeHHs no0aBKaMu
Heo0X0AMMO MMeTh HHPOPMALMIO O HX BIMAHWM HA MOJE CKOPOCTH M TYpOYJEHTHBIE XapaKTEPHCTHKH TaKHX
TedeHuil. PesynbraTel n3mMepeHnii npodusieil CKOpocTH B yHuBepcanbHEIX koopamaatax U’ =f(y') aus pactso-
poB MeraynoHa ¢ koHueHtpauuamu 0,2 n 0,3% npencrasnens Ha puc. 2. 3neck GespasmepHas CKOpPOCTE OTpe-
Aensnack 110 Brpaxenmio U =<U>/Us, rie <U>-ocpenHeHHas 110 BpEMEHH JIOKaIbHas CKOPOCTb TedeHus, Us =
(tw /p)'? - nMHAMUUECKAA CKOPOCTS, T, - HANPAKEHHE TPEHHS HA CTEHKE, P - MUIOTHOCTh KUAKOCTH, a Ge3pas-
MepHas koopauHata y* =U. y/v, Tlie - TeKyluas HOpMasbHas K CTeHKe KOOpAMHaTa (y=0 Ha CTEHKe) paccuMThi-
BaJIaCh N0 BASKOCTH PACTBOPA V, ONpeaeNcHHOM U3 3akoHa HetoTona T.-pv(<U>/dy), , . M3Mepenns nposoan-
JAKCh NIPU YKcTax PefHOMBACA, paCCYHTAHHEIX [0 BA3KOCTH pacTBOpUTENns, paBubix 10000, 21000 u 37000.

M3 pucynka BUAHO, YTO BBEASHHE KOOABOK ITPHBOJMT K 3HAYHTEILHBIM H3MEHEHHAM B paclpeeieHA Npodu-
J€i CKOPOCTH O CeYEHHMIO 1OTOKA. [IpH TeueHUH pacTBOPOB METayNIOHA OHKX H3MEHSIOTCA 3HAYUTENBLHO KpPyye B
CPABHEHMH C YHUBEPCANLHLIM NpoduIeM A HEIOTOHOBCKUX XKuaKocTed, Ha Beex npodmnsx cxopoct# MOXKHO
BBIJIETHT TE XKe TPH XapaKTepHbie 30HHI, YAOBIETBOPAIOWMX TPEXCIOHHOH MoJenH TypOyIEHTHOTO TEUCHHS B
Tpy0ax, uTo U NpH TEYCHHK HHIOTOHOBCKHMX WUAKOCTEH: BA3KUI MOACION, MepeXoaHy o MK Oy(pepHYIO 30HY H
308y TypOynentHoro axpa. Baskuit noncnoit u nepexofHas 30Ha NpPH TEYCHWH HBIOTOHOBCKHMX HKHMAKOCTEH
3aHUMAET, B 3aBHCUMOCTH OT PacxoaHo# ckopocty, He Gosee 15% ceuenus TpyOwl {13] 1 ymenbmaetcs ¢ ype-
JHYEHHEM CKOPOCTH TedeHws. JUid cilydyas TedeHHs pacTBopa MeTaynoHa koHueHTpanued 0,2% 310 nojoxenye
COXPaHAETCA B cijle, [IPH 3TOM 3aMedeHO, 410 Ge3pasMepHas TOJNILMHA BA3KOTO MOJACHOs (€€ 3HAYCHHE B 3TOM
ciIyyae & yy = 8) HECKONBKO YBEIHYMBACTCS MO CPABHEHHIO C TEYEHHEM BOJBI ( &'y = 5), a rpaHuLy NEpPEXOaHOIH
3OHBI, TAK K€ KaK ¥ AJI% HbIOTOHOBCKMX XXMAKOCTEH (B TOM QUCIE BOAbl), MOKHO ONPEAEINTL NPH KOOPAHHATE
y" =30. Ecnu npodmiib CKOPOCTH B NEPEXOAHON 30HE U TypOYNEHTHOM SPE ONMCHIBATH MPHHATHIM IS TPEX-
CIIOMHOM MoZean TypOyIeHTHOro TedeHus B TpyOe HBIOTOHOBCKHMX >KMIKOCTEH ypaBHeHMeM Buaa U’ =4 lg y"
+B, T0 B 0060UX 30HAX TeueHMs 3HaucHHE KodPunmenTa 4 Gonpure, 4eM npu TeueHHH Bojbl. COOTBETCTBEHHO
MEHSET CBOE 3HaueHue u Besinunba B . [lpu 31om 3HaveHns 4 ¥ B ABIAIOTCA pasHBIMM NUIs PasHbX wncen Peii-
HOJIbCa TEYEHHS PacTROPA METAYTIOHA BETHYHHE! CHIDKEHUA THAPOAHHAMHYECKOTO CONMPOTHBACHHA TPEHHSA.
bonee cyuiecTBeHHO OTIMYAIOTCA NPOGHIN CKOPOCTH IPH TEHEHHM PACTBOPA METAYIIOHA KOHIIEHTpa-
1wy 0,3%. Obnacthb BA3KOTO NMOACION M NEPEXOAHON 30HBI 3aHHMAIOT B 3TOM ciTy4ae okono 60% ceuyeHds noro-
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Ka B HE3ABHCHMOCTH OT PACXOHON CKOPOCTH TeucHus (uncia Pefinonpaca ro BI3KOCTH PaCTBOPUTEA), YTO AB-
AAETCA HECKONBKO HEOXHIAHHBIM PE3Y/IbTaTOM. Y HUBEPCANBHYIO KOGDAUHATY BHEIUHEH CPAHHIBI BA3KOrO MO/I-
© C/lost 1A BCEX TPEX PEKMMOB TEYCHHS MOXHO ONpeNeluTh HpUOIM3HTENEHO paBHOH 13, YTo CymecTBEeHHO
BoMpIE KaK JUI% CIyyas Te4eHHs BOIbI TaK M /i CITydas TeYeHHs PacTBopa METaynoHa KonueHTpaum 0,2%. B
NEpPeXOHON 30He AN BCEX TPEX HCCIEAOBAHHBIX PEXMMOB TEYCHMS PAacTBOpa 3TOH KOHLIEHTPALWH KPUBBIC
U'=f(y") cosnans.

U
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a-~7 O/ an
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Puc. 2. Be3pasmepHbie npodHiu CKOPOCTH Mpu TeueHuw BoAb! (1) ¥ pacTBOPOB METayNoHa koHUeHTpauui 0,2%
(xpuBnie 2 - 4) u 0,3% (kpuBble 5 - 7), uncna PeiiHonbaca pasrbi 10000, 21000 » 37000,

. Bpime GbUIA CKa3aHO, YTO JAHHBIK pacTROp METaynoHa o6agaeT MakCUMANbHBIM, s JaHHEIX yClIo-
BUi (IPOBEJCHHS FKCTIEPUMEHTA, CHIDKEHMEM COMPOTHBIICHAS Tperus. Marematnyeckas oGpaboTka COBOKYNHO-
CTH IKCHEPUMEHTATLHBIX TOYCK [UIA 3THX TPCX PEXHMOB TEUEHUs: MIOKA3ANa, YTO B NEPEXOAHOMN 30He TEUEHHs B
YHUBEPCATBHBIX KOOPAMHATAX 3aBMCUMOCTL OCPEIHEHHOH CKOPOCTH TEUCHHSA 110 CEYEHMIO MOTOK2 MOXKHO ani-
NPOKCHUMMPOBATH BHIPAKEHMEM
U'=3031gy -207.

3a BHEIUHIOK IPAHHULY MEPEXOZHOM 30HEI MOXHO APHHATE KoopauHaty y =0,6H , rae H - nonyBsicoTa

kanana, B TypGynentaoM sape npoduiy CKOPOCTH TAKOKE ONHCHIBAIOTCS 10rapUPMHUUECKMM ypaBHEHUEM BHIA
U=4,lgy"+B,

rie A; aax Beex Tpex uucel PelHONBACA, MPH KOTOPHIX NMPOBOAWIHCE UCC/ICAOBAHMSA, MOXKHO MPHHATH PABHEIM
11,6, a2 B | A8l KAXI0TO PEXHUMA TeueHus GyaeT croe. '

U3 paccMoTpeHus NpodHieH CKOPOCTH NpH TEYSHHH PaCTBOPOR MeTaynoHa KoHueHTpauui 0,2 1 0,3%
CHOBA, 0 4EM I'OBOPHJIOCH TIPH aHATU3E KPHBEIX A = f (Re) , HANPAIIMBAETCH BBIBOA O CYIICCTBOBAHMM HECKOJIb-
KO PAasNUYHBIX MEXAHH3MOB SBJCHUS CHIDKEHHS THAPOIMHAMMHYECKOrO COMpOTHBICHHS TPEHHS: HATUYUEM
ACMMMETPHYHBIX YaCTHIl - MHLEIUT B CTydae MasbiX KOHUECHTPAKH U JOMONHHTENBHO GONBIINM BIHSHHEM [10-
BBILICHHOH, 10 CPABHEHHIO C PaCTBOPHUTENIEM, BA3KOCTH PacTBOpa, CHIBHHIA POCT KOTOPOii BeI3BaH 0Opa3oBaHy-
€M MHULELI B HAAMULE/UIAPHbIE CTPYKTYPhL. B mocnesHeM ciiyyae BpOHCXOMMT CHIbHEIA POCT BAIKOCTH ¥ pac-
TBOp B GOJbLIEl CTENIEHN NPOSBIAET CBOH HEHBIOTOHOBCKHE CBOMCTBA, 4TO PE3KO YCIHOKHAET KAPTUHY TECUCHHS
¥, COOTBETCTBEHHO, CaM MEXaHU3M SBJICHHS CHIDKECHUA CONPOTHBiICHMS Tpehus. OGummM Ans BCEX TEYEHHUH CO
CHIXXCHHEM CONpPOTHUBIICHHN TPEHHs C MOMOWNBIO 1106aBOK NMOBEPXHOCTHO-AKTUBHBIX BEIECTB ABIACTCA HANM-
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4UC B PaCTBOPE ACHMMETPHYHBIX YACTULl MMUEIT WM UX OOBEAMHEHNME, NIPU HOCTATOYHEIX KOHLEHTPALMX, B
Oonee KpymHple HAOMHMUEIULAPHbIE CTPYKTYDHL. YBEJMUCHHME BA3KOCTH MM 3aryllaiomiee aeicTehe mobasok
TAB nipu a1OoM SRAAETCA CAEACTBHEM 00pa3oBaHHA MHLE/UISPHOM CTPYKTYPEI paCTBOPOB, HO HHKAK HE NMPHYH-
HO¥ 3QeKTa CHIKEHHS TPEHNS, YTO BBIABHIAETCA B KAYECTBE OAHOM M3 OCHOBHEIX MPHUYMH B HEKOTOpbIX pabo-
Tax, Hanpumep [14,15].

PE3IOME

[lpuBeneHbl pe3ynsTaTsl M3MEPEHHH 3aBHCHMOCTEH KOI(MHUIKMEHTOR IHAPOAHHAMIYIECKOrO CONPOTHBICHHA TPEHHSA
ot uucen PeliHonbAca U npoduiicit CKOPOCTH IPH TEYEHHH BOAHBIX PACTBOPOB MPOMbILIIEHHON MACTEI “MeTayron” pasud-
HbIX KOHLUEHTpaLHil.

IMokasano, YTO MpH pasHbIX KOHLEHTPaUUSX OBEPXHOCTHO-AKTHBHOTO BEMECTBA MOTYT CYULECTBOBATh HECKONBKO
OTAHYAOMECH APYT OT APYTa MEXAHM3Mbl CHHXEHHMSA TPEHHA, YTO BBI3BAHO Pa3iHYHON MHUENIAPHOM CTPYKTYPOH 3TuX
pacTBopos. Mcxoas w3 TpexcnofiHo# cXeMbl TeuEHus, IKCIEPAMEHTANIBHO MMONy4eHa CHCTEMa ypaBHeHnn ONHCHIBAKOINAA
MpodHIbL CKOPOCTH B KaHaJie PH MaKCUMATbHOM CHYKEHHH COMPOTHBIIEHHS TPEHHUS

SUMMARY

The results of measuring on how the coefficients of hydrodynamical friction resistance depend on Reynolds numbers
and speed profiles during the flow of water solutions of the paste “metaupon” of different concentrations are provided.

It is shown that under different concentrations of a surface-active substance there are different mechanisms of friction
resistance that is caused by a various micellar structure of these solutions. As the flow scheme has three layers, the system of
equations describing a speed profile in the channel under maximum decrease of friction resistance was obtained in the result
of experiments. v
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THE DECREASE IN THE EFFECT OF DRAG REDUCTION AT THE INTRODUCTION
OF THE POLYMER SOLUTION INTO THE BOUNDARY LAYER OF THE FIRE HOSE

V.G Pogrebnyak, 1 A.Fedorkina
Donetsk State University of Economics and Trade

INTRODUCTION

Fire is the most important ecological factor that under certain conditions has the severe adverse environ-
mental impact. Therefore, improvement of the fire-fighting systems operation is one of the technological means
allowing reduction in the pollution of the biosphere with the combustion products. Due to the reduction of the
hydrodynamic drag resistance in the fire hoses it is possible to improve the effective operation of the water-based
fire-suppression systems which are the most widespread and feasible methods o the fire-fighting.

Among the well-known methods of the decrease in the hydrodynamic drag resistance through the artificial
modification of the boundary layer of the fire hoses, the method of the introduction of the polymer solutions is
almost unique, and certain practical results have been achieved in its development. The study has shown that the
introduction of small amounts of polyethylene oxide (PEO) and polyacrylamide (PAA) into the fire-suppression
liquids (water and water solutions of surfactants) make it possible to significantly (down to 75%) reduce the hy-
drodynamic drag resistance. This reduction, when the other parameters of the hydraulic system are unchanged,
ensures that the capacity of the fire-fighting systems is 1.5-2 times higher, or the length of the fire hoses may be
3-5 times higher, or the pump power consumption may be decreased by 60-70%, or the diameter of the fire-
suppression pipes may be decreased by 15-20%. Besides, it has been shown that the additions of the polymers to
water or surfactant solutions considerably improve their fire-suppression properties.

This study relates to the hydrodynamics of the polymer solutions in the pipelines and problem of the im-
provement of the introduction devices. The hydrodynamics of polymer solutions at the polymer introduction into
the boundary layer of the fire hoses has not been given due attention.

It is assumed that in case of the flow of polymer solutions through the slots and other elements of the in-
troduction systems, essential "anomalies”, which could considerably affect the Toms effect, cannot be observed.
Such a conclusion is based on the analysis of the data obtained from the study of the shear laminar flows where
the effects of elastic deformations are insignificant. In the introduction systems, as a rule, a complex flow con-
sisting of superposition of the shear and predominantly longitudinal (with stretching) flow takes place. In case of
such complex flows, the effects of elastic deformations become so significant that they may result in éssening the
potential effect of the polymer additives, especially at high velocities of the flow of the firesuppressing liquids.

This paper investigated regularities and manifestations of the elastic deformations of the polymer flow un-
der conditions close to that of the real flows of the fire hoses.

EXPERIMENTAL DATA

We used a special hydrodynamic bench that allows achieving the exhaust velocities of the water flow
through its channel of up to 35 m/s; the channel’s lengths was 8.5 m. Orifices for measuring the pressure and for
the sensors of friction force were placed on the lower wall of the channel. The injection system consisted of a
dosing unit, underslot chamber ensuring different conditions of the deformation of the polymer solution (by
‘changing the entrance angle) at the entrance to the slot. The angle between the injected polymer stream and the
wall did not vary. The following characieristics have been variable: the angle of the opening of the slot (the angle
of the entrance to the slot), concentration of the injected polymer solution, velocity of the injection, molecular
mass, polymer brand, and velocity of the fire suppressing liquid (water).

RESULTS AND DiSCUSSION

In Fig.1, the experimental data related to the flow of polyethylene oxide (PEO) water solutions through
the underslot camera are shown. }

It is clear that the phenomena, unusual for purely viscous mediums, are inherent for such flows. At a cer-
tain critical (threshold) average exhaust velocity U, the relative pressure differential increases sharply, and it is
sharper at the higher polymer concentrations. The characteristics of the dependence & = f (U) indicate the high
dissipation of energy in the polymer solutions flow through the injector, i.e. the increased hydrodynamic drag re-
sistance is observed at the supercritical flow rates.

The presented experimental data are in accordance with the results obtained from the study of the flow of
the polymer solutions under the simulated conditions such as through short capillary tubes and slots. These flows
were thoroughly investigated in papers [1-5]. There should be stressed the most important moments of the elastic
stress effects in the polymer solution flows with stretching. Transition to a flow mode with increased energy dis-
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sipation is accompanied by formation of so called “inlet flooded jet” as a "cord" or "fillet" enclosed by secondary
flows in the shape of ring-shaped vortex. In case of the supercritical flow mode for polymer concentrations
ranged from very diluted to moderately concentrated, the hydrodynamic field causes rather strong deformation
effects on molecular chains. The uncoiled part of a polymer chain may be as large as 60%. In half-diluted and
moderately concentrated polymer solutions, the relaxation times of the fully stretched and slightly deformed indi-
vidual chains differ more than by 2 orders of magnitude.

The reason for such a large time for the curling of the polymer chain is supermolecular structures formed
in the hydrodynamic field. This is reflected in the decrease of turbulent friction if the lifetime of supermolecular
formations in the polymer solution at the moment of its introduction to the boundary layer is comparable to the
residence time in the fire hose.

The results of the polymer solution injection onto the lower wall of the channel through the underslot
chambers with varying angles of the entrance to the slot shows (Fig.2), that when the polymer solution is intro-
duced onto the inner surface of the fire hose at low angles of the entrance to the slot, the drop in the tangent
stresses of friction is exhibited practically right behind the point of the introduction of the polymer to the flow.

If the polymer solution is introduced into the boundary layer through the chamber with a large angle of the
entrance, there is a delay in development of hydrodynamic activity of the polymer molecules.
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Fig. 2. Influence of the angle of the entrance to the slot
Fig. 1. Influence of U and the angle of the en- on the distribution of the decrease in the tangent
trance to the slot on the relative pressure differ- stresses along the lower wall of the channel for the in-
ential: 1-9°, 2-13°, 3-22°, 4-34°. Cpgo=0.1%, jections of PEO solutions; mol. mass 2:10% V,=16.5
Mpgo=4-10° m/s, Q=50 sm’/s, Cppo=0.3%; B°: 1-7.8°, 2-165°.

It should be mentioned that the distribution of the tangent
:’/; stresses and relative pressure losses along the channel correlate with
each other. As it follows from the results shown in Fig. 2, the change
/‘/. 3 of the mode of the polymer introduction through the underslot cam-
10 2 era from weakly dissipative to strongly dissipative by modification
| of the entrance conditions results in double decrease in the drag re-
6 sistance coefficient.
4 | —® There has been (Fig. 3) registered a considerably larger di-
& vergence in the plots of the drop of the resistance versus
¥=Q-Cpeo/Q-V (where Q is the velocity of the injection, Cpo-
concentration of the injected polymer solution, Q-moistened surface,
Vo —velocity of the filling flow) at the changing concentrations of the
polymer in case of the introduction of the polymer onto the inner
surface of the fire hose under conditions of strong deformation effect
;(-105‘@/"1 of the hydrodynamic field on the injected solution, compared to the
weak gradient effect. '

0 3 5 8 10

Fig. 3. Plot of the general pressure losses The visualization of the flows of the polymer solution in the
along the channel versus the specific concen- U

tration of PEO. Mol. mass: 2:105, V,: @ = underslot chamber shows that the copditiqns of the entrance rendgr
16.5ms, O = 25m/s; p=7.8° (1,2,3), p=165°  influence on-the drop of hydrodynamic resistance only w.hen_ there is
(8,5,6); Cpgo: 1 and 4 - 0.05%, 2 and 5 - @ loss of stability of the flow caused, as was shown earlier in [1-3},
0.1%, 3 and 6 — 0.3%. by the formation of the dynamic supermolecular structures which

sharply increase the dissipativeness of the flow. The reduction of ef-
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ficiency of the polymeric solution due to the deformation effects in the introduction system may be as large as
25% or higher at V,>15 m/s. The increase in the rate of the water flow results in the expansion of the area with
the reduced hydrodynamic activity of the polymer.

The significance of the area with the reduced hydrodynamic activity of the polymer introduced into the
boundary layer is the more, the less is the length of the fire hose. It may be explained by the fact that the lifetime
of the derivative structures under conditions of the flow with stretching is in the order of magnitude of 0,1-0,2 s
or higher [4]. This is the time during which the polymer after leaving the slot in the fire hose has reduced activity
due to its memory. Obviously, the more is the velocity of the water flow, the larger is the area behind the slot
filled with the polymer solution under this condition, and its size is defined as: =8y, -V,, where 6, - the time of
structural relaxation of the supermolecular formations. Hence, for the velocity of the water flow of 25 m/s, this
area should extend downwards along the stream to 2,5 m, if 6, = 0,1 s. The estimated size of the area with the
reduced hydrodynamic activity of the polymer is in good correlation with the experimentally obtained esults.

The results of the experiments with the introduction of the polymer solutions of the various concentration
through the underslot camera with the changing angle of the entrance show that for the given specific average
concentration of the polymer in the boundary layer the efficiency of the reduction of drag resistance is decreased
with the growth of the concentration of the injected polymer solution, and it is the stronger,the higher is the angle
of the entrance. In [6], there was outlined a hypothesis that viscoelastic effects (swelling of the jet) near the slot
strengthen the pull of the polymer solution by the external boundary layer and result in a faster decrease in the
concentration of the polymer on the inner surface of the pipeline. The results obtained in [7, 8] make us recon-
sider this hypothesis because the visualization of the flow behind the slot [7] and the actual concentration of the
polymer in the boundary layer [8] have not evidenced to the increased diffusion of the polymer. Most feasible is
the explanation based on the impact of the effective viscosity (taken in its broad sense) that does not contradict to
the results of the studies on the hydrodynamic activity of the polymers under conditions of the introduction of the
polymer solution to the fire suppression pipeline. The dynamic structures of the polymer formed in the hydrody-
namic field cause its compression [1,3], and this, of course, should cause decrease in the diffusion of the polymer
in the boundary layer.

The detected regularities of the manifestation of elastic deformations at the introduction of the polymer
solution to the fire-suppression pipeline allow suggesting a method for evaluation of the flow resistance of the
fire suppressant liquid with the polymer additives in it. The flow resistance of the liquid in the pipeline at the in-

troduction of the polymer solution to the boundary layer caused by the elastic deformations can be determined as:
L-1,

X = Ix(x)r dx + Ix(x)rw,dx

where y is the perimeter of the plpelme cross-section, T, and 1y - tangential stresses with the introduction of the
polymer to the boundary layer and without it, L - length of the pipeline , 1,=6,, - Vo (4~ time of structural re-
laxation of the supermolecular formations, V, —velocity of the filling flow).

PE3IOME

Ipencrasineni B poGoTi AaHi CBiXYATE, WO NPH BUPILICHHI 3a1a4i PO 3HUKEHHS OTIOPY TeHii MOXEXEraCHIBHO pi-
JIUHHU B TPpYOOMpPOBOAAX 32 JOIIOMOTOKO iHXEKIiT MONIMEPHHX PO3YMHIB B IPHKOPAOHHMHA WIAP B YaCTHHI po3poGKu OIrTUMa-
JbHMX BapiaHTIB CHCTeM MiABOAY HEOOXiZHO BpaxoByBaTH MOXIMBICTh NPOSBIEHHA Y HUX e(eKTiB npysHux Aedopmauiit.
3meniuenns epekTy 3HIKCHHS onopy Tedil piMHA NPH NiABEACH] NONIMEPHOrO PO3YHHY B NIPUKOPAOHHHH AP MOXEXKHOTO
pykaBa € pe3yNbTaTOM CIONyueHHA Ae(OpMalliliHOro BIUIMBY NONOBXKHBOTO TiJPOAMHAMIYHOIO MOJS, SKE PEANi3ye€ThCs B
CHUCTeMI NIABOAY, | MONEKYISPHO-KOHIEHTPALIHHUX XapaKTePUCTHK ONIMEPHOTO PO3UMHY.

Pobota AeMOHCTpYe msXy NiABHINEHHS ¢EKTHBHOCTI CHCTEM BBOAY NOJNIMEPIB Y TIOXEXHI pyKaBd i CHCTEM no-
KEKOTYLIIHHA BOKOIO 260 PO3UMHAMHM NOBEPXHEBO-aKTHBHUX PEYOBHH, IO OyAe CIPHATH 3MEHLICHHIO TENUIOBOTO 3a0pya-
HEHHS HaBKOJIMIIHBOTO CEPEAOBHLIA Ta IPOAYKTAMH 3rOpAaHHSA Pi3HUX PEYOBHH.

SUMMARY

The data obtained in this study shows that when solving the problem of drag reduction of the fire suppressing liquid
in the pipeline by injecting the polymer solutions in the boundary layer, for the development of the optimum system of the -~
troduction, it is necessary to take into account possible effects of the elastic deformations. -

The decrease in the effect of drag reduction at the introduction of the polymer solution into the boundary layer of the
fire hose is due to the combination of the deformational effects of the longitudinal hydrodynamic field developed in the sys-
tem of the injection and molecular-concentration characteristics of the pelymeric solution.

Thus it is possible to improve the effective systems of the polymer introduction into the fire hoses and therefore op-
eration of the fire suppression systems using water and surfactant solutions. This will result in less adverse environmental
impact caused by the heat and the combustion products.
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VIIK 532.543

YUCJIEHHOE HCCJENOBAHHUE NOJEN KOHIEHTPALIMM BEJIU3U MIPENISAITCTBHUA B
YCJHOBUAX TEPMUYECKHX HHBEPCHY ATMO COEPBI

A.5.Cmynun, E.B.Bpyayxuii*, B.C.Osepxo, H.A. Juumpenxo
*Unemumym cuopomexanuxu HAH Yxpaunor

POCT NPOMBILIEHHBIX MOWHOCTEH M COMYTCTBYIOWIEE €MY 3arps3HeHue GHOChEpHl Pa3NMUHbLIMA THIIAMH
3aTPA3HAIOIMX BEIECTB TpeOGyiOT pemieHHs 33724 IO ONpPEACNEHHIO CTeNeHH 3arpg3HEHHOCTH TOPOIOB H
TPOMBIIUICHHBIX 06bEKTOB.

Ipn 310M 0CcObYI0 aKTYyanbHOCTh MPHOOPETAIOT HCCIIENOBAHUA MO pacweTy Anddy3un 3arpA3SHAIOLMIMX
BeulecTB B artMocdepe. Pacuer pacceuBanus arMocepHbIX BHIOPOCOB B YCJOBHSX KPYIHLIX TOPOIOB HIH
npeanpuATHH TpebyeT y4yera XapakTepa 3acTpoiKH, TEpMHUYECKOH n Gapuueckoit cTpaTudHKauMK atMochepsl.
3HauuTeNbLHOE BIMAHME HA XapakTep PacipOCTPAHEHHA 3arpA3HAIOIIMX BEIIECTB OKa3bIBAIOT TEPMHUUYECKHE
MHBEPCHOHHBIE cloH. B pabotax [1,2], onpeseneHo BnWsHHE NPUMOAHATHIX M NPH3EMHBIX HHBEpCHil Ha
pacceuBaHue BbIOPOCOB. B 4acTHOCTH, B pe3ysbTaTe HOYHOTO BHIXONAKUBAHHUA MOACTUNIAIOMIEH NOBEPXHOCTH B
Masno06JauHy10 norofy o6pasyloTcs CJI0M IPU3EMHOM HHBEPCHM, B KOTOPBIX TEMIIEpaTypa PacTeT ¢ BHICOTOM, a
BBIIUE CJIOS MHBEPCHM TeMneparypa yObiBaeT. YTpPOM IpH HarpeBe MO4YBbI M NPWIETAIONEro Cilog BO3XyXa
BO3pacTaHWe TEMIIEPATyphl C BBHICOTOH BOJM3M NOACTHJIAIOWIEH TNOBEPXHOCTH IIOCTENEHHO CMEHAETCA €€
CHHXKCHHMEM, a BbIIIE HCKOTOPOE BpeMs coXpaHseTcd o0pa3oBaBillascs ¢ HOUM HHBepcHs. TakuM ofpasom,
BO3HHKAET CJIOH MPHITOJHATON HHBEPCHH.

H3MeHeHue Temmepatypsl ¢ BbICOTOM Biieder 3a co00ii M3MeHeHHE IUIOTHOCTH arMocdepsi.
CnenoBatenpHO, MPM  HMHBEPCHOHHOH  cTpaTMdukauuMu  atMocephl  HabmomaeTcs  BOSHMKHOBEHHME
3a/IEPXKUBAIONIETO CNIOS, BIHAHME KOTOPOIO Ha pacceMBaHHe BhIOPOCOB ONMpeAeNsieTcs cleAylomuM obpasom:
€CIM MCTOYHHK BRIOPOCOB HAXOOMTCHA HIDKE CNOS HHBEPCHMHM, TO 3aJEpXKUBAIOMMIl COH mNpemaTcTByer
NPOHHKHOBEHHIO 3aTrpA3HAIOIMX BEIIECTB B BEPXHHE CJOM atmocdephl, a B Cilydae, Koraa Habmopnaercs
TIPH3E€MHas HHBEPCHSA C PACIIOIOAKECHHBIM HaJl HE HCTOYHHKOM BhIOPOCOB, 3aICP)KMBAIOILMIH COM NPenATCTBYET
NPOHUKHOBEHHUIO BHIGPOCOB B HMXKHUE CJIOH aTMOCHEPHI .

HoatoMy, Gombluolf MHTEpEC NPEACTABISET YHET COBMECTHOrO BIMAHUA TEPMUYECKUX UHBEpCHA M
HEOAHOPOIHOCTH penbeda NoACTHIAIOWIEH TIOBEPXHOCTH.

B mactosmedt paboTe mnpoBedAeH YMCIEHHBIH pacueT paclpOCTpaHEHHs BHIOPOCA OT MOCTOAHHO
ICHCTBYIOIIErO  HMCTOYHMKA B  HHBEPCHOHHO  CTpaTU(HLUMPOBaHHOI  aTMocdepe mnpH  HaIMIHA
TOJTY3JUTMITTHYECKOTO NPENATCTBHA. 3afavya pemanach B AByMepHo#i nocranoske. C Gpusnyeckoil Touku 3peHus
OHA aICKBaTHA TIPOLIECCY PACCEHBAHMA NPOMBILLICHHBIX BHIOPOCOB B palioOHE TPOTSAXKEHHOH IPAAbI XOJIMOB WU
B MeCTax IUIOTHOM NPOMBIULIEHHON 3aCTPOHKH.

UncneHHoe HCCNeq0BaHHE TONell KOHLUEHTpAUWM NpPOBENEHO ITyTEM pEeLIeHAA NOJHOH CHCTeMbI
ypaBHenuii Haspe-Ctoxca B npubnmwkennu byccuHecka W ypaBHeHM# Teruio- M MaccornepeHoca. C LENbO
YMEHBINCHHS BIMAHMA TPaHUN pacueTHas obnacTh BeIOHpalach TakuM o0pa3oM, YTOOBI BBICOTAa pAcHETHOM
o6nactu H Gbura B 5-10 pa3 Gonbine XapakrepHoro pasMepa npensitcteus b. Ilpu 3ToM npomonsHelii pasmep L
6s1n BBIOpaH B BOCEMB pa3 60J1bIIe NONEPEYHOTO.

CHcreMa HCXOHBIX PaCYETHBIX ypaBHEHuH umeer Bua [3]:
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KoHeuHo-pa3HOCTHAS allipOKCHMaliua HCXOAHOH CHCTEMbl YpaBHEHHH U KpacBbl€ YCIOBUSA H3JI0XKEHBI B
pabote [4].

Ipu npoBeseHwio pacyeToB MO OOTEKAHMIO MOTYILIMNTHYECKOrO NpPEensTCTBUA A MOJXYyYeHHS
UCCAeAyeMblX Nojell KOHLEHTpaluh MpeABapUTENbHO OblIM ONpelesieHbl [OJif CKOPOCTH, AaBEHUA M
Temrepatypsi. [1pu 3Tom uncno Puuapacona Bapsuposasiock o1 ~0.005 mo 0.05.

Ha puc 1 -3 npeactasiensl pacnpeleneHus HoueH KOHIEHTPaK, CKOPOCTH M TEMIEpaTypsl 411 ciydad,
KOraa MakCUMyM Npo¢uiis KOHLEHTPALMH HaXOoUTCA HUKe yposHs MHBepcuk (Ri<0). [Moamicu Ha u30muHMAX
0003HaYal0T 3HAYEHMst KOHUEHTPAUUK U TeMIlepaTyphl HOPMHPOBAHHBIE HA MAakCUMAJIBHYIO TeMMEpaTypy W
KOHLEHTPaLHIO, COOTBETCTBEHHO.

Puc. 3. [Tone TeMneparypsl

Ha puc 4 -6 npencrapiieHs! pacripeefeHus nojiel KOHIeHTpaLuH, CKOPOCTH U TEMINEPATYPHl B Cliydae,
KOTia MaKCUMYM TIpO(Q WIS KOHUEHTpalMK HaX0OUTCA HUXe ypoBHA HHBepcuu (Ri>0).

Puc. 4. [Tone ckOpOCTH ¥ IMHNM TOKA
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Puc. 6. Ione temneparypst

PaccMoTpuM TeMmmnepatypHble IOJsS NpH OTpHUATENbHBIX (pHC. 3) M NOJOXUTENbHBIX (pUC. 5) cmnax
iaBy4ecTy. Y3 CpaBHEHHMA PaCUeTHbIX AaHHBIX, NPUBEACHHBIX HAa PHCYHKAX, BUAHO, YTO OTPHIIATENbHBIE CHIIbI
TUTaBy4YeCTH YCHINBAIOT 3bdekT 3agepxuBaroweil niomanky. OaHako, npu Ri>0 Bocxondiine KOHBEKTHBHbIE
IOBWOKEHHA NMPH 00TeKaHUM NPETATCTBUA YCUIMBAIOT NeHCTBHE apXMMENOBBIX CHI H MAKCHMYM KOHLEHTpaUUH
Ha/Jl NPenATCTBUEM BBIXOAUT 32 0671aCTh HCXOMHOI'O HHBEPCHOHHOIO CJIOA.

Ha puc. 7-9 npuBeaeHs! pe3ybTaTbl pacyeTOB, KOTAAa MAKCHMYyM KOHUEHTPAaLUUU HaXOAMUTCS HAl COEM
NPU3EMHOI HHBEPCHH.

HAo
St

Puc. 9. Tlone remneparyps!
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H3 cpaBHeHHA NONy4eHHbIX noiel ckopocth (puc. 1, 4, 7), BUAHO, YTO B CilyHdae NPU3EMHOI MHBEPCHH
3HAYHUTEJIbHO YBEJIMYMBAETCA 00/IaCThb OTPHIBHBIX TEUEHUH. Bocxoasiine KOHBEKTUBHbIE NOTOKH AeOpMHUpPYIOT
HCXOJHOE TEMIIEPATYPHOE NoJie TakuM o0pa3oM, 4To 0651acTh NPH3EMHON HHBEPCHH CMEIIAETCs B BEpXHHE CJIOU
atMocepbl U CIIOCOOCTBYET BBLITECHEHHIO BHIOPOCOB U3 TPH3EMHOro cios. Ilpu 3ToM B 00JacTH OTPBIBHBIX
TeueHH# HaOMIONA0TCA BOJIHOBBIE MMPOLECCHI, Pa3pyLIAOLIME CIOH NMPU3EMHON HHBEPCHHU H, 4TO CHOCOOCTBYET
nepepacnpeleNeHHI0 TEMIIEPATYPHOro pexuMa U, Kak CJIEICTBHE TOr0 YBEJIMYEHMIO 3arPS3HEHHOCTH HUXKHHX
croeB aTMOceEpEI.

Ha oCHOBE BBIIIEU3IOKEHHOTO MOXHO CIEaTh BBIBOA, YTO CIOXHOCTH penbeda M BHI TEPMHUECKOMH
cTpatudHKalMH aTtMocdepbl INPHBOAAT K 3HAUMTENPHOMY OTIMYMIO XapaKTepa pacceHMBaHMs BbIOPOCOB OT
OOLIENPHHATON rayccoBoil Moaenu [103ToMy Uit TOHHOTO ONpefieieHHs NONeH KOHIEHTpaLUM B 0BMacTaX ¢ MmioT-
HOH 3aCTPOHKOH ¥ MPOMBIIUIEHHBIX IUTOWAAKAX NPEANPHATHI HE00OX0MMO YUHUTHIBATh BIHUAHHUE 3THX (aKTOpOB.

PE3IOME

JlocnimkeHO pO3CiIOBAHHSA KOHCEPBATHBHMX OMILIOK B iHBEepciiHO cTparudikosaHiit armocdepi npu obrikaHHi
HarmniBeMiNTHYHOI nepekoay. BusHaueHo cninpHUi BIUIMB HEOXHOPIAHOCTI penbedy i TepMidHUX iHBepciff atMocdepn Ha
po3noin 3a0py IHIOI4HX PEYOBHH B aTMOCheEpi.

SUMMARY

Research of dispersion of conservative impurity in inversion to the stratified atmosphere at flow semi-elliptic
obstacles. Joint influence of heterogeneity of a relief and thermal inversions of an atmosphere on distribution of polluting
substances is determined.
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MATEMATHYECKASI MOAEJb TEINLJIOPU3HYECKHUX IMPOLECCOB
B 3ATBEPAEBAJOIIEM KOMIIO3UTHOM CJNTKE

®.B. Heoonexun, B.M.Menuxos, B.B.benoycos, B.M.Konopamenxo*
*Hucmumym wepnoti memannypeuu HAH Yrpaunw, 2. [[nenponemposck

Jna MaTeMaTH4eCKOro MOJENUpOBaHMsA Npoliecca KPHUCTANIH3ALMY CTATBHOrO C/IMTKA, 3aTBEpAEBaloILle-
ro B YyIyHHOH H3JI0XKHMIE TIPY YTeIUIeHHUH 3epKajia MeTalia CJI0eM lUTaka, npejularacTes cuenyiomas Gpusmae-
cKas I0CTaHOBKa 3aayM.

@opMUpPOBaHHE KOMIIO3UTHOTO CIIMTKA OCYLIECTB/sAeTcs B TpH dTana. Ha nepsom 3Tane B ylIMPEHHYIO
KBEpXY HM3JIOXKHHUILY ¢ NpHOBLILHOM HaACTAaBKOH 3alMBaeTCA pacIulaB OCHOBHOTO coctaBa. M3noxHHLa 4 NpH-
ObUTBHAS HAJICTABKA UMEIOT TEMIIEPATypy OKpYXaromei cpenbl T, 3amiBKy NPOU3BOAAT 10 YPOBHSA, HE3HAYHU-~
TeJbHO NPEBHILIAIOLIEr0 YPOBEHb CThIKa U3JIOKHHULIBI M HAACTAaBKH. Macca 3TOro pacriiasa COCTaB/sieT B 3aBH-
CHMOCTH OT OTHOCHUTEIBHOIO 00beMa npubbUTbHON YacTh ciautka okoso 80 — 90%. Tlpu sTom pacruiaB UMeeT
temrnepatypy To) ¥ koHUeHTpaumio yriepoaa Coy. Ha aTOM 3Tane 4acTh pacruiaBa 3aTBEPAEBAET Y CTEHOK M AHA
H3J10KHULBY, POPMUPYS TOBEPXHOCTHBLH CJIOH CAUTKA OTpe e e HHOH TOLIMHBL.

Ha BTOpOM 3Tame, MeTaul HEKOTOPOE BpeMs BBIAEPKUBAETCHA B H3NOKHHMIIE, TIPU 3TOM MPOAOIIKAETCA
¢dopmMupoBaHue (yBeIMUE€HUE TONIINHbI) IIOBEPXHOCTHOTO CJIOH. DTOT NEPHOI HA3bIBACTCA BPEMEHEM «BbIASPK-
Ku». Bpems «BblIEpXKKH» 3aBUCHT OT MAcChl CIIMTKA Y TOJNIIMHBI MOBEPXHOCTHOTO CNOsA, KOTOphii TpebyeTcs
copMHpOBaTh, BpeMs BBLAEPXKKH MOXET COCTaBAATH OT 5 10 30 MUHYT.

Ha Tperbem 3tane B U3JIOXKHULY 10 YPOBHA Bepxa NpUObUILHON HAJCTABKM 3alMBAlOT Paciuias Ipyroro
coctaBa TeMmnepatypy To, M KoHUeHTpaipto yriepoga Co,. B TeueHne KOpOTKOro fIpoMexyTka BPEMEHH MO
BO37e#CTBUE IHEPTHM CTPYH ¥ KOHBEKTHBHOTO MacCOMEpeHOca, BHYTPU cOPMHPOBABLIETOCS NOBEPXHOCTHOIO
C]10s IPOUCXOAUT CMELIMBaHKE ABYX PaciiaBoB U ob6pasyeTcs paciiaB NMPOMEKYTOYHOTO COCTaBa, H3 KOTOPOro
NpH AajibHelIlel KpUCTAIN3aly GOPMHUPYETCS BHYTPEHHAA 4acTh CIMTKA. TakuM CrocoboM MOXHO TOosy-
9aTh CIUTKM, HAPYXKHbIH CI0W KOTOPBIX COCTOUT, HANIPHMeEp, U3 HEPXKaBEIOWEH CTaiy, a BHyTpeHHNE 00bEMBI U3
00BIUHOH yrnepoaucToi. B 3aBUCHMOCTH OT yCOBUIT MPUMEHEHUS METAJIONPOAYKLIMM COCTAB 3THX MAp MOKET
66ITh MHBIM. Eciu ycnoBus ciyxOsl u3nenus TpeGyloT codeTaHHs NIACTHYHOCTH M BBICOKOH MPOYHOCTH, TO
MOBEPXHOCTHBIH CJI0# ciuTKa HOPMUpPYETCS M3 HU3KOYIIEPOJUCTOTO METAIIA, @ BHYTPEHHHH) — U3 BBICOKOYTIIE-
poaucroro. Ilpu HeOOXOAMMOCTH HPOM3BOACTBA CAMO3AaTAYMBAIOIIMXCA M3IAENMI MOXET OBITH HCIOJB30BaHa
obpatHasd KOMOHHAUNA YIOMSHYTBIX YIJIEpORUCTHIX cTajed [1].

Hy

Ly
L.
"1's

Y5

Puc.1. Cxema uccnenyemoii o6iractn GopMypoBaHisa KOMIIO3UTHOTO CIUTKA a) cHOHHas pa3nuBka; 6) pasiuBKa CBEPXY:
1 — paciuas; 2 — M310kHALR; 3 — npuObUIEHAS HAJICTABKa; 4 - 3aTBEPACBAIONIAs KOPOKa;
5 — cTpy % NOCTYNaloOLIEro pacnaasa.
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Ha ocHOBe dKCrepHMEHTaNbHBIX UCCIICIOBAHUAX NIAPAMETPOB pa3/iBKY, a TAKXKe MPOU3BOAA OLEHKY Xa-
pakTepa (opMHPOBaHHA TaKUX CIMTKOB W NMPOTHO3MPOBAHHMA MX CTPYKTYpbl M CBONHCTB METAJUIONPOLYKUMH C
OOMBILIMMH MaTepHAIbHBIMH M TEXHHYECKUMM 3aTpaTamH, paspaboTaiu MaTeMaTHYeCKYI0 MOAENb KPUCTaIH-
3alllH CIHTKa, KOTOPas OCHOBBIBAETCS Ha CJEAYIOWIMX NPEANoNoXeHunsax [2]:

® TIPOLIECC 3AIIONIHEHUS W3JIOKHULBI KBAAPAaTHOIO CEYEHHS CUMTAETCA CHMMETPUYHBIM OTHOCHTENIHHO

BEPTUKANBHON OCH KOOpAMHAT;

® NOCTOAHHAs CKOPOCTh NMOCTYIIEHHA paciuiaBa Vi,
TEMIIepaTypa ¥ TNpHMech yIJiepoja 10 BceMy o6beMy pacruiaBa B HadaibHBIH MOMEHT BpeMEHHU pac-
npenesieHbl PaBHOMEPHO;
3a XapaKTepHbIH pasMep BbIOMpaeTca HanbobLIas NOMYLUIHPHHA CIIUTKa Xo;
3aTBEpAEBAHHE CTATN TIPOUCXOAUT ITPH UACATBHOM TEIUIOBOM KOHTAaKTE CIIHTKA C M3N0KHUNEH;
rpaHUIIa TOBEPXHOCTH YPOBHA IUIOCKAS;
K03 PUIIMEHTBl TETTIONPOBOAHOCTH, YAEIbHON TEIIOEMKOCTH M KHHEMaTHUeCKui xo3dduuneHT Bi3-
KOCTH JIJIs1 paciiaBa CUNTAlOTCA TOCTOTHHBIMH,

® U3I0)KHHULA NpeasaputenbHo (20%) 3amoiaHeHa pacniaBoM, TEMIIEpaTypa KOTOPOTO B HavalbHBIA MO-

MEHT BPEMEHH COOTBETCTBYET TEMIIEpPAType pa3NBaeMOro MeTanna;

® ypOBeHb pacIulaBa HaxoAuTca Ha BeicoTe Hp, COOTBETCTBYIOIIEH NpeABApHTENBHO 3aMOJHEHHOMY 06b-

eMy pacrulaga;

® BeJIMYMHA CKOPOCTH NMepeMeriBaHuA B )KUIKOHM 4acTH paciulaBa B HaualbHbIH MOMEHT BpeMeHH paBHa

HYIIO;

® CTpy4 MIeaIbHO OPTaHU30BaHA;

® ypaBHEHHE rHIPOJAMHAMHKH 3alIUChIBAETCA B IpHOIHKEeHHH ByccuHecka.

B ocHoBy MaTemaTH4eckoit MoIeny GOpMHUPOBAHHMA KOMIO3UTHOTO CIIUTKA MOJIOKEHBI YPABHEHUs TUI-
POAMHAMUKH H TEIUIOMAaccolepeHoca, LIMPOKO UCIOb3YyeMbIE IPY YUCIIEHHBIX HCCIIEA0BaHUAX 32TBEPASBAHUA
CTaJIbHBIX CIUTKOB. JINs HCClIeI0BAHMS MHIPOAMHAMHYECKHX TIPOLIECCOB B paciuiaBe U AByX(a3Holi 30He uc-
TOJIB3YIOTCS YpaBHEeHUs ABKEHUS HecoKMMaeMoi BA3koii xkuakoctu (ypaBHeHue Hapbe - CTokca 1 ypaBHeHHE
HEPa3pBIBHOCTH) B MPUOIMKEHHH YCPEAHEHHBIX BJI0KEHHBIX MAKPOKOHTHHYYMOB:

%-{-(VV)[;:—%VP+VV3¢I7+,BF§+;BTAT§ ()
6{/:0; @

rae V — CKOpoCTb, T — BpeMs, P — naBieHue, py — IVIOTHOCTh XUAKOM (a3bl, & — xons TBepaoit ¢asel, Pr — raso-
CONEPIKAHHE; V,q, = V+HV, — DPOEKTHBHBIH KOIPPHLUHMEHT BA3KOCTH, ONpeleNseMbli C Y4eTOM BKiIala TypOynenT-
HOTO ABIWKEHUS; V, — TypOYyJeHTHBIH k03 HLIMEHT BA3KOCTH; 31 — TenntoBoit ko3 ¢uumuesT 06beMHOro paciuu-
penud, AT — pa3sHOCTb MEXKIY JIOKaIbHBIM 3HAUE€HHEM TEMIIEPATYpBl M TEMIIEPaTypoii cCoMMaycC pacruaga.

Ipu 3a51uBKe pacriaBa CBEPXY IPOMCXOIUT adpalys Bo3agyxa B paciuiaB. KolnuecTBO 3aXBaThiBaeMOro
cTpyeii Bo3myxa onpenenseTca Aojxei rasocoaepkaHus Br B pacruiase. YpaBHeHHe NepeHoca ra3oBoii ¢passl B
pacruiaBe cTaid UMeeT BH!

4 -
ﬁ+(VV),B,~ =0. (3)
or

["paHU4HBIE YCIOBHA AJ1 YPARHEHUS MepEeHOca ra3oBoH (a3bl UMEIOT BU:
Ha OCH CUMMeTpHH Pr = 0;

Ha TBEPAO#H NMOBEPXHOCTY Br = 0; )
Ha 3epKajie MeTtanna Pr = fo; npu 0< x <R
Br=0; npu R<x<L,.

Teru1oBbIe POLECCH B XKUAKOM H XKHAKO-TBEPAOH 30HAX CAMTKA ONMCHIBAIOTCA YPABHEHUEM TeTLIoNepe-
HOca B NPUOIIKEHNH KBa3HHEPaBHOBECHOMN IBYX(pazHOH 30HbI:

oT - =
[(CT Pr —Cx px()f +Cx Px +c1"p1"ﬂ1"]§+[c>x pm(l_§)+chFﬂFkVV)T =
&)
- - o&
- 2)e + A+ 2 Br R T e Lo 2=
THE Cx Y C; — TEIUIOEMKOCTH XK AKOM U TBepao#i ¢assl, p, — IUIOTHOCTH TBepHO# Pasbl, T — TeMnepatypa, Ag H A,
— K03 PUIHEHTDHI TEMIONPOBOIHOCTH )KHAKOH U TBEpAOH (askl, L. — TennoTa KpucTaNIM3aLMK CTaH.
Jns u310XKHALBL, OpUOLITLHON HAaACTAaBKH, OTHEYNOPHOM KepaMuky M TBepro# a3kl ypaBHEHUE TEIIO-
repeHoca UMeeT BHIL:
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npr o= 9T), ©)

rie i — UHAEKC, COOTBETCTBYIOLIMIA UccneqyeMoit o6acTh.
Hons TBepao#t dassl & OMpeAenaeTcsa U3 Mpasua HEpaBHOBECHOTO pblyara
-1/(1-k
T T (I-ko)
Sl , @)
Ty -Tg,

rae Ty u T; — TemnepaTypbl KpUCTaJLTM3alMM U JTHKBHAYCA; Ko- KO3 @ULIMEHT pacnpeniefieHus yrieposia B cTa-
JIH.

£=1-

CucreMa ypaBHEHHWI MIPOAMHAMUKH M TEIUIONEPeHOCa AOMNOJIHEHA KpaeBhIMU YCNIOBUAMH. B Havalkb-
HbIi MOMEHT [PEATIONAraeTCs BLIMOJHEHNE ClIeIYIOINNX YCIOBHI AU BCeil pacueTHOH 06nacTH:

T=0: u=0, v=0,
To1,Lx <y <Hgp,0<x<L
éf;:o, T= 01>+~x 0 X

’ r 2
Teee,Lx Sx<Ly,Ly<ys<Ly
Ilpu pewenun ypaBHenn#i (1,2) rpanuuHble YCJIOBUS ISt CKOPOCTH ABHXXEHMS paciliasa BKIOYAIOT yC-
JIOBUS HENPOHULIAEMOCTH M NIPUIMITAHNS Ha TBEPIbIX MOBEPXHOCTAX HCCaeLyeMoii 00acTu:
u=0,v=0, )
CUMMETPHH — Ha OCH CJIATKA:
ov
= O , — =
x=0 oxix=0

1 Ha cBOGOIHOM MOBEPXHOCTH paciiiaBa (BepTHKaibHas KOMIOHEHTa CKOPOCTH ONpENensiach H3 yCIOBUA pa-
BEHCTBA PACXOMNa KUIKOCTH B 06EHX YaCTAX CHCTEMBl, FOPH3OHTA/IbHAS floJIaranacs paBHOH HyIo):

(8.

U 0, (10)

2
d cmp
u =0, v =chp——2————, (1)
y=0 y=0 D%
rae demp— IMaMETp 3ATMBOYHON cTpyH, D, AuameTp ciurka.
I'paHHYHBIE YCIOBHA N TEMIICPATYPbl OTPa)KaroT OTCYTCTBHE IIOTOKA TEILIA Ha OCH CITUTKA:
or :
9 _y. (12)
ox
Y Ha HIKHEH TpaHULE M3TOXKHULBL
orT
5; =0, (13)

COTpshKEHHE Ha FPaHULIAX PacIUiaB - TBepAas ¢aza ¥ METalN-U3I0KHHIA B TPEATIO/IOKEHHH HIEAIBLHOTO (KOH-
TaKTa i ¥ K — HHIEKCH], COOTBETCTBYIOIIUE IPaHH4ANIMM O0NACTAM):

AEV)T), =4 GEV)T| T, =1, (14)
¥ BHEUIHMH Tennoo0MeH Ha rpaHMLE KOHTAKTa U3JI0KHULBI ¢ OKPYIKarolleH cpeoi.

I'panuyHbie YCIOBUA UIA NIepeMeHHbIX O, Y, T, &, Br onpenenens B pabdote [2]. ['uapoauHaMudeckne H
TENROGHIHICCKUE MPOLECCHI, MPOTEKAIOILHE B KOMIIO3UTHOM CIMTKE NPpY 3a/IMBKE NEPBOrO MeTajlla, 10CTaToY-
HO XOpo1Io OrnucaHsl B pabore [3].

BrruuciuTeNnbHbIH 3KCIIEPUMEHT M0 pa3paboTaHHON Mojesu NpoBoAMICcsA W 11 TOHHOrO yIIMPEHHOTO
KBEPXY CJIMTKAa KBAaJpaTHOTO CEYEHHA, OTIVBAEMOro CUPOHHBIM criocoboM. Jlng onpefeaeHus OTIHYHTENbHbIX
0COBEHHOCTE i 3aTBepAEBAHUS IPOBOIMIOCH COTIOCTABNIEHHE C Pe3yNbTaTaMU MOJIE/IMPOBaHHS POLEeccoB dop-
MHUPOBaHUs 0ObIYHOTO CIAUTKA TAKHX JKe pa3MepoB.

HanosnHeHye U310XKHULB! paciulaBoM MPY pa3iu4HON CKOPOCTH 3aJIMBKH M NPHU Pa3siMYHON TeMIiepaType
meperpesa BILIE JIHHUH JHKBUAYC NPHBOOMT K CYLIECTBEHHOMY H3MEHEHHUIO PEXMMa 3aTBepeBaHus Oumeran-
JIMYECKOTO CNUTKA. YBEIMUYEHHE NeperpeBa cTau MPHBOAMT H K YBEAMYECHUIO KMHETHYECKOH SHEPIHH CTATH
(puc. 2).

TloaToMy yBenMYEHWE CKOPOCTH HAmNOJHEHHs M3/I0KHHIbI MOXKET MHTEHCHOHUMPOBATL MPOLECCH TeM-
aoMaccoobMeHa MEXIY CINTKOM W W3/I0XKHHULCH. Bonbiunii neperpes cTaly MOXKET NPHUBECTH K YMEHBILEHHUIO
TOJIIMHBI KOPOUKH CIIHTKA. .

Jlna onpeneneHns OTAMINTENbHBIX ocobEHHOCTe 3aTBepaeBanys | 1-TOHHOrO GMETAILIMUECKOTO CIIUT-
Ka TIPOBOJWICS BBIYHCIHTENbHBIN SKCIIEPUMEHT B COMOCTABIEHHUH C Pe3yJIbTaTaMH 3aTBEPAeBaHHA OOBIMHOTO
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ciutka. [lpu GopMupoBanyu o6LIMHOrO CAMTKA MPONW3BOAMIACE CH(OHHAA 3aJMBKA MeTallla, BKIIOYas U NpHu-
OBUIBHYIO 4aCTh CIIMTKA.

ExAmm?
450 {\
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~ )
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NN JIN

7 135 14 vvmm
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Puc. 2. U3sMeHeHye KMBeTHYECKOH SHeprun npyu neperpese 90°C 1 CKOPOCTH HAMONTHEHUSA H3TIOMKHHIIb:
1 - 21/mun; 2 — 4 1/MuH

Pacnipenenenue rons temneparypbl B OUMETaNINuYeckoM U OObIYHOM CIIMTKE MPEICTaBIeHO Ha puc. 3a,
puc. 36 (BepTUKaJIbHbIE IWUTPUXOBbIE JHHUYM— TPAHHULBI H3MOXKHHIIB, COOTBETCTBYIOT HOMEpAaM IPENCTaBIEHHBIX
KpuBbIX). I3MeHeHue TeMriepaTypbl Ha pa3jIMuHbIX FOPU3OHTaX MOKa3blBaET, UTO MIpU 3aTBepAcBaHuy Oumeran-
JMYECKOro CIMTKa TeMIiepaTypa MoBbilaeTcs (111 BpEMEHH MOCNE BbIAEPKKH METANNA).
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Puc. 3. Pacnipenenenue Temnepatypbl B GUMETALIMHECKOM CIUTKE, BpeMs 17 MHMH. Ha rOPH30HTAX:
1-1m;2-1,6M;3-23m

3TO CBA3aHO € AOMONHHTENbHBIM MOCTYIUIEHHEM YIJIEPOAHCTOM CTaNH, a TaKXkKe ¢ YMEHBLIEHHEM TEIUIo-
OTBOJIA Y NPU 3aTBEPAEBILEM CNOE CTANIU NPH BbLAEPXKKE METaIA.

3aTBepleBaHye CAMTKA BO MHOrOM OMpefenseTcs TENIOBOM 3Heprueit B pacnnase. PacnpeaeneHue Tern-
TI0BOM 3HEPTUH MPEACTaBJEHO Ha pHC.4, U3 KOTOPOro BHIHO, UTO TEIUIOBas SHEPrHsA BO3PACTACT MPH 3alMBKE
BCJIE[ICTRHE YBEJIMHEHHH KONHYECTBA paclulaBa MOCTYNAIOLIErO B M3NOKHUILY, 4 B TIEPHOA BbIAEPKKH MMeeT
TEHISHLIO MEAJIEHHOTO yMeHbleHnA. KpoMe Toro, Heo0X0auMO OTMETUTD, YTO C MOBHIIIEHWE Neperpesa Ten-
JIoBasi 3HEPTHUA yBEJIHYHBACTCA.

BuiBoabl.

Pa3spaGoTaHa MaTeMaTHueckas MOJeNb, BBIYHCINTENbHBINA aNropuIM ¥ nporpaMMmHoe obecneyenue ans
HCCIEOBaHHA TI'MAPOAMHAMHYECKHX W TEIIOMAacCOOOMEHHBIX INPOLECCOB MPH 3aTBEPACBAHHH KOMNOIUTHBIX
CIUTKOB. Mozenb ¥ NakeT NPUKIAIHBIX NPOrpaMM ITO3BOJAIOT HCCNENOBATh TMAPOAHHAMHYECKHE H Tennoob-
MEHHbI€ MPOLECCHl B CHCTEME PacIUiaB-U3/I0KHHULA B TIEPUOJ HATIONHEHUSA HU3IOKHHLbI, THAPOANHAMHUECKHE
Tenn00OMEHHbIE MPOUECCH! B CHCTEME KOMIIO3UTHBIN CIIMTOK - PaciulaB - CTEHKA H3MOXKHHLUbL -~ OKpYyXatoLlas
cpena B nepuon GOpMHPOBAHHSA CTANBLHOIO CIUTKA.
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Puc. 4. PacnipeneneHye IUIOTHOCTH TEIIOBOM SHEPTHH:
1-6uMeTtanauueckuit cnmutok neperpes 90°C; 2 - 50°C; 3 - oObIuHbIHA CIUTOK

B pe3ynbrare BHIUHCIUTEIBHOIO IKCIIEPUMEHTA MONYyUYeHbl pactipele/IeHts NoNeH CKOPOCTH, TeMIepa-
Typbl, 1onu TBepao#i (azbl, GyHKLUUM TOKa U BUXPA CKOPOCTH. MccnenoBanus MoKas3aiu, YTo: [IPH 3aTBepieBa-
HUM KOMTIO3UTHOTO CJIMTKA TEMIIEPATYPa MOBbILIAETCA HA MPAHULIE ABYX METAJLIOB, TEMIOBAasg S3HEPrUs Bo3pac-
TaeT NpH 3aJIUBKE BCAEACTBUE YBEJIHUEHHs KOJIHMYECTBA pacIuiaBa MOCTYNAIOEro B U3J10XKHHILY, a B EPUOL
BBIACP)KKH MEET TEHIEHIMIO MELIEHHOIO YMEHBILICHHUS; YBEIMYEHHUE TIeperpeBa MNpUBOAUT K YBEIHYEHHIO €ro
KMHETHYECKON IHEPTHH.

PE3IOME

Ilns onTumizauii npouecy GpopMyBaHHS KOMIIO3UTHOrO 3UTKa po3pobieHa MaTeMaTHyHa MOIENb, 004HCTIOBANIBHHUI
ANrOpUTM 1 mporpamHe 3abe3meyeHHs AOCTIKEHHS TIPOAHHAMIYHUX | TErIOMacoOOMiHHKMX mpoueciB. Busnadeni no:ns
LIBHAKOCTEH, TEMIEpaTy py Ta YacTKH TBEpAOI Basu.

SUMMARY

For optimization of process of shaping of the composite ingot the mathematical model, computing algorithm and
software of examination hydrodynamics and processes of heat and mass transfer designed. The fields of velocities, tempera-
ture, fraction of a solid phase and concentration of carbon in the ingot are spotted.
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TETUIOOBMEH ITPY YCKOPEHHOM OXJIAXKAEHHM FOPSTYET'O IIPOKATA

A.A. Puibanos, B.H.I'ybuncxuii
Hayuonanvnas memannypeuseckas axademus Yepaunsl, 2. [Jnenponemposck

VCKOpeHHBIM OXJIaXKACHUEM M TEPMHUYECKHM YNPOUYHEHWEM TNpOKaTa OTEUYeCTBEHHAs HaykKa 3aHMMaeTcs
6onee copoka eT. TeM He MeHee, 3TOT BONPOC NPONOKAET OCTABATHCSA AKTYaNbHBIM M B HAILIM JHH BBUIY pala
HepelleHHbIX npodiieM. Cpenyt Takux npo6ieM MOXHO BHIAEIUTH OTCYTCTBHE €IHHOrO MOAXOMA K Pacuery Ter-
1006MeHa B npolecce YCKOPEHHOT0 OXJIAXKICHHA NPOKaTa BOAO! BBICOKOTO NaBJICHHS.

OTCyTCTBHE €AHHOIO NOAX0Aa 0OBACHAETCA CIOXKHOCTBHIO NMPOTEKAIOIMX TEIWIO(GH3NYECKIX TPOLECCOB,
KOTOpbIE UMEIOT pAA BeCbMa CYLIECTBEHHBIX OCOOEHHOCTEH: MPAMO- WM HPOTHBOTOYHOE [BKKEHUE NpOKaTa
OXJnaxzauieit Boasl co ckopocTsio 10 100M/c 1 20 — 40 M/c COOTBETCTBEHHO; CONPSHKEHHBIE TEMIIEPATypHbIE
TONA META/UTa M BOJBI; BHICOKME 3HAYeHHs Kod(h(hULMeHTOB TeriooTaasu (1o 750000 Br/(M* *K)), uncen Bio
(mo 150) u cxopocTeit oxnaxnenns (1o 4000 — 5000°C/c).

IpuHuMnNHaNbHas CXeMa JIMHUM YyCKOPEHHOr0 OXNTaX ICHHS NpeCTaBlIeHa Ha pucyHke 1.

T “
BOAA

Puc.1. IlpuHUMNuanbpHas CXEMa JIMHHH YCKOPEHHOTO OX/IAXIAEHHS M TEPMOYNPOYHEHHS MPOKATa:
1 — xopmyc Qopcyrku; 2 — conno GopcyHKH; 3 — apMaTypHBIi NPYTOK; 4 — KaMEPa OXJAKACHHS.

Bbicokast HHTEHCUBHOCTD OXJIOXKACHMA OOBACHAETCS HU3MIECKUM MEXaHU3MOM TEIUIOOTAA4H, KOTOPLIH
NPEACTABJAETCS KaK IOBEPXHOCTHOE KMIIEHHE BOIbl, HE IOTPETOH 10 TeMIEpaTyphl KHNEHNS.

TIpu BXoZe MpoKaTa ¢ TeMnepaTypoi kouua npokatky (1050 — 1100°C) B kamepy, Mexny ero nosepxso-
CTBIO M OXJIXKJAIONIeH BOJOH BO3HHKaeT 60oNbIION TeMnepaTypHbl# Hanop. BeneacTBHE 3TOr0 MPOUCXOAUT BbI-
TECHEHHE BOJBI U3 MOTPaHMYHOrO CI0s H 06pa3oBaHye CIUIONIHOM NapoBo#f pyGallIkH Ha MOBEPXHOCTH MeTaIa,
YTO CWIBHO TOPMO3UT TetuootAady [1]. Ommaxo, 3Hauenus ko3adduuuenta temwooTnaud 300000-400000
Br/(M* *K), noqydaemble Ha JAHHOM 3Talle OXJAX/IEHHS, HE COOTBETCTBYIOT TeM 3HAUEHUAM, KOTOpbie Habmo-
JIAIOTCS JIPY HAJIMYMH NapoBOi pybaiky Ha NOBEPXHOCTH MPOKaTa. ITOT (axt 0OBACHAETCA TEM, YTO APOHCXO-
JWT UHTCHCMBHOC pa3pylieHue NapoBo# pyOallikyi TOA BO3AEHCTBHEM TYpOYIEHTHOTO ABIKEHHA OXJIAXKAAIOMmEH
BOJIBI, IBIDKEHHS BOJBI OTHOCHTE/TBHO MOBEPXHOCTH METAJLTA, 2 TAKXKE NEPHOIMYECKOTO POMUIs apMaTypHOTO
TIPYTKa, B pe3y;bTaTe 4ero MPOUCXOMHUT HENOCPENCTBEHHOE B3aUMOMEHCTBHE NPOKATa U JKUAKOCTH. OT 4acTOThI
¥ UVIATENBHOCTH TaKHX KOHTAKTOB 3aBHCHT KOJIMYECTBO TETLUI4, IIepeiaBaeMoro oT MpyTKa K Boae. Tak kak cpen-
HEMaccoBas TeMIIepaTypa KMAKOCTH MEHbIIIE TeMIIEPaTyphl HACBILICHHA, TO B TOTPAHHYHOM ClI0e HabmoxaeTcs
KHIIeHHMe, a 33 ero mpejenaMy B o0leit Macce BOAbI IPOMCXOOMT KOHAEH AU Napa, o6pa3oBaBIIErocs Ha no-
BEPXHOCTH Harpesa [2].

Bce Bbimle OTMEYEHHbIE TEIUIOPU3MYECKHE OCOGEHHOCTH MpOLECcCa YCKOPEHHOIO OXJNaXACHHA HalIM
CBOE OTpaKeHHE B NOAXOJE K pacueTy kodpduumeHTa Terwiootaaun. PacyeTHsie 3aBUCHMOCTH Ui k03 duim-
€HTA TeIUIOOTAA4H OOBLIYHO CBOAATCSA K KPUTEPHATLHBIM 3aBHCUMOCTAM BHIA: ’

rae C v n — xo3¢¢uuUKMeHTHI, ONpeAeseMble SKCIIEPUMEHTATbHBIM ITyTEM.
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B sasucumocTs (1) BKOYeHH YKciia PeiHONBACE BO BTOPOH CTEHEHHU, UCXOs M3 NPEIIONOKEHHA, YTO
pesyJbTaT paspylueHHs MOrpaHMYHOro cios GyIeT 3aBHCETh OT CYMMAapHOro AEHCTBUA KMHETHYECKUX dHeprui

KHUIKOCTH C aGCOIOTHON CKOPOCThiO W 46 1 CKOPOCTBIO OTHOCHTENHHO NIOBEPXHOCTH MPOKATa Womn Bl

Cpei HCIIOIb3yeMBIX B HACTOSAIIEE BPEMS METOJMK pacyeTa TeriocoMeHa B POLECCEe YCKOPEHHOTO OX-~
NaxIeHUs MPOKaTa MOXKHO OTMETUTH CIEAYOIIME.

B [4] npuBoanTCs pacuer, OCHOBAHHBIA Ha aHATUTHYECKOM peuicHHH Nu(depeHInanbHoro ypaBHeHus
TEIUIONPOBOAHOCTH I GECKOHEYHOTO LMNMHIADA NPH CIEAYIOMMX IPaHHYHBIX YCIOBUAX: TeMmepaTypa no-
BEPXHOCTH MPOXaTa MTHOBEHHO CHIDKAETCH O BEJWYHMHBI TEMIIEPATYpPhl OXJIAXAAIOWIEH BOJBI HA BXOJE B KaMme-
Py M OCTaeTcs NOCTOSHHON Ha BCEM e€ MpOTsHKeHHH. [Ipn 9TOM, COOTBETCTBEHHO, OTNAJAET HEOOXOAMMOCTE B
pacyeTe koo uIHMeHTa TeITO0TAAYH, TaK KaK €ro 3HAYEHHE IPUHAMAETCA PaBHBIM GeckoneyHocTH. Terwiodu-
IWYECKNe CBOMCTBA NpokaTta (KodQ(HLKEHT TEMNEPaTypONPOBOLHOCTH ¥ TEIUIONPOBONHOCTH) MPHHUMANHChH
HEM3MEHHBIMH B NIPOLIECCE OXNAKACHUA.

-B [5] paccmarpusaercs pacueT Temioo6MeHa B TeMrepaTyp npokata no rpaduxaM pelienus ypaBHEHHs
TETONPOBOAHOCTH A UMIHHAPA GECKOHEYHOM JUIMHBI NPU TPAHHYHBIX YCHOBHAX 3-ro poja. Kospduument
TENNOOTAAYM paccuuThiBaetca no ¢opmyme tima (1). KoodduiwieHT TEMIONpOBOAHOCTH W KMHEMATHYECKas
BA3KOCTb BOJBI PaCCUMTHIBAIOTCS M0 CpeAHEMY 3HAYCHHIO TEMIIEPATyPhl OXJaXAalOUied BOABI B IpoLIECCe OXJa-
xaeHus. [TapameTpsl BOABI HA JMHUM HACBHIIEHHUA ONMPENEAMOTCA MO CPeAHEH BEIHYMHE CTATHYECKOTO JaBiie-
Hus. B pesyabrate Ko3GQULUHEEHT TEWIOOTAYHN YCPEIHAETCA M NPUHUMACTCH MOCTOAHHBIM MO JUIMHE Kamepbl
oxnaxaeHus. Tennodusuueckue CBOMCTBA META/UIA PACCUNTHIBAIOTCA AJIA CpPefHEH 1O Macce TeMIepaTyphl U
TaKke NPUHAMAIOTCSA NOCTOSHHBIMH B POLECCE OXJAKACHHA.

B [6] npuBoaMTCA CpaBHEHNE AHATHTHYECKOTO, YMCICHHO-aHAIMTHYECKOTO H YHCIEHHOTO METOJIOB pac-
YeTa NPOLECcca YCKOPEHHOTO OXJaxaeHus npokara. TernmodusHyeckue CBOKCTBA MeTajUla PaCCYUTHIBAIMCH MO
HayaJbHOM TeMnepaType IpoKaTa B aHATHTHYECKOM METOIE, 110 CPEAHEMACCOBOH TEMIIEPATYPEe Ha KaXKIOM Bpe-
MEHHOM HMHTEPBAIE B YUCIEHHO-aHATHTUYECKOM METO/IE, IT0 TEMIIEpaType KaXIOro Clos 110 pajuyCy mpokKara B
qucneHHoM metone. KoadduiueHT TemooTaauy NpMHUMANC] HEM3MEHHBIM 110 JUTHHE KaMePhl OXNTAXIEHHS.

Takum 006pa3oM, U3 BCEX W3BECTHLIX Ha JAHHBIF MOMEHT METOMK PacyeTa, HH OfIHA HEe YYMTHIBAET H3Me-
HEHME TeMIOMU3MYECKHX TAPAMETPOB OXJAXAAIOWIEH BOJIBI B IPOLECCE OXJADKACHHA. TeM caMbiM, He NIPUHUMA-
€TCS B pacueT U3MEHEHHE BEIHYHHbI KO3 dHLUMEHTA TEIIOOTAAYH, KOTOPOE HMEET MECTO B PEANBHOM NpOLIEcCe.

3ajaua Hactosmed paGoTel COCTOAIa B TOM, YTOOBI pa3paboTarh NOCTATOYHO AOCTOBEPHYIO METOAUKY
pacuera npoLecca yCKOPEHHOTO OXJIaXKICH!s TPOKaTa BOJOH BEICOKOro JaBnenus. TpeGoBanoch OLEeHATD BeMy-
4HHY MOTPELIHOCTH, BBI3BAHHON Pa3MYHbIMA AOIYINEHUAMH, NPHHUMAEMBIMH B MOJENIH. JTO CBA3AHO C TEM,
4TO YpOBEHL JOCTOBEPHOCTH M CIIOKHOCTH METOZA AOJDKEH COOTBETCTBOBATh MPUMEHUMOCTH €ro JUIA MPOrHO-
3UPOBAHUA MHKPOCTPYKTYPBI H MEXaHHYECKHX CBOHCTB rOTOBOH NMPOMTYKLHMH B IPOMBILUIEHHBIX YCIOBHAX.

Meroauka pacuera, paccMaTpuBaeMas B JaHHOH paboTe, COCTOMT U3 CIEQYIOIIMX 3TAMOB: MHAPOAMHAMHK-
YeCKHi pacyuer JIMHUH YCKOPEHHOTO OXJIaXIEHHS; pacueT Ko3(PHIHMeHTa TEIUI0OTAA4YH; pacyeT TEMNEPaTypHOro
TOJIst MO CEHEHHUIO MPOKATa M TEMIIEPATYPhl CAMOOTITYCKa; NPOrHO3UPOBaHNHE KOHEYHOH MHKPOCTPYKTYPBI H Me-
XaHHYECKHX CBOMCTB IIPOKATa B 3aBUCHMOCTH OT YCJIOBHI OXNaXIECHHS.

 Lenblo runponHaMHueckoro pacyera ABSETCA OTpEfeieHHe CKOPOCTH JABMKEHHA H Pacxona OXJax-
[Aloled BOABI B KaXAOH M3 NOCJEJOBATENbHBIX KaMep OXJaXAEHUA MO W3BECTHOH BENHYHHE JaBJIEHHUA BO/bI
nepen GopeyHKOH.

Pacuet TemiooOMeHa B IaHHOM paGoTe OCHOBHIBANICA Ha BBIPAXKEHUH A1 xodhduumenTa TenaooTaaqy,
OJTyUEHHOM TIPU HCCASJOBaHUHA CXJIAXIEHHA KaTaHKH auamMeTpoM 6,3 ¥ 7,0 MM BOJIOW BBICOKOTO JaBNECHHS B
OXJOKAAIOIIEN HPOTUBOTOUHON KaMepe CO CJIOKHBIM NpodiuieM M AAIOMEM HaWOONbIIME 3HAUEHHMA U3 pAla
APYTHX PacCMOTPEHHBIX GOpPMyYN B TpoLecce ajanTauyyu MaTeMaTHueckoi Monenn. B kputepuanbHoli dopme
UCTONB3YEeMOE BRIPpOKEHUE UMeeT Clemayowuii Bua [6]:

Nu=033-10" - (Re, >+ Re,2)l 043 e

PacueT TeMnepaTypHOro MoJIsf MO CEYEHHIO MPOKaTa OCHOBAH Ha anmpokcuMauuy An¢deperlHaibHOro
YPaBHEHHS TEIVIONPOBOAHOCTH UIA GECKOHEUHOrO UWIMHAPA MPH IPAHHYHBIX YCIOBHAX 3-TO POLA METOAOM KO-
HEYHBIX Pa3HOCTel C IPUMEHEHHEM ABHOM CXEMBL

Kak u3BeCTHO, METOJ KOHEYHbIX Pa3HOCTEH MpearnonaraeT pa36neﬂne BCEro BpeEMEHH Mpoliecca Ha Bpe-
MEHHbIe MHTEPBATBL. Ha Kax/0M BpPEMEHHOM HMHTEpBAsie MPOHW3BOMHICA PacyeT TEMIOPU3HIECKHX ITApaMETPOB
npoKaTa ¥ OXJKIAIOUIEH BObI, PaCCUUTHIBACTCH KOIPPUUMEHT TEIUIOOTAAYM ¥ TEMIIEPATypHOe Moje no pa-
JMyCy MpoKara. ‘
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[To okoHyaH#M pacueTa NPOHECCa OXJIAXAEHHS BOJOI, paCCUHUTHIBAETCA TEMIIEPATYpHOE 10JI€ METalia B
NpOUECCe BRPABHHBAHHA TEMNEPATYP M0 CEYCHUIO H2 BO3AyXe. B pesynbTare onpenensetcs reMmeparypa caMo-
OTITYyCKA, BEAMYMHA KOTOPOH CIYXHT JUIA IIPOI'HO3HPOBAHHA MHUKPOCTPYKTYpPbl H MEXaHHYECKHX CBOMCTB roTo-
BOH NPOAYKLHH.

Apanranya JaHHOW MOJENH OCYUIECTBNIACh HA OCHOBE paboThl JIMHUM ycxopeﬂﬂoro OXJIaXIEHHUA apMa-
TYPHOTO Npokata quamMeTpoM 12 mm u3 ctamd Mapku Ct3IC B IOTOKE MEJIKOCOPTHOTO cTaHa 250 — 4 koMOHuHara
“Kpupopoxcrans”. ‘

I'padpuueckue pe3ynbTaTsl THIIYHOIO pacyeTa TeMOeparyp npokara ﬂpeHCTaBJIeHb] Ha pﬂcymcax 2u3.
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Puc.2. UameHenue TemnepaTyp npokara B MPOLECCE YCKOPEHHOTO OXAXICHHSA BOLOH H BbIpaBHUBaHHA Ha BO3RYXe:
t, ~TEMAEpaTypa LEHTPA, ty-CpeaHeMaccoBas TeMIeparypa, t,-TEMIEPATYpa MOBEPXHOCTH, t,~-TEMNEPATYPa CaMOOTITyCKA.
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Puc.3. PacnpeseneHne TeMnepartyps! 1o paguycy MpokKara B KOHLE NpoLecca OXJ1axaeHHs.

" TlpencrasneHHbie TeMnepaTypHble UArpaMMBbl MOMyYeHB! NPH CIERYIOWMX NapaMeTpax NMPOKaTKH: TeM-
niepatypa konlia npokatku 1080°C; ckopocts npokatku 13,5 M/c; TeMneparypa oxnaxaaiouiei Boabl mepen
dopcyuxoit 36°C; nasnenne Bomsl niepest Gopeyuxoit 26 atu; AUaMeTp npokara 12 MM; ofias [uMHA YeThipex
Kamep oxJiaxaeHuA 7,7 M; Xapakrep JBHXKCHUs POKaTa U BOABI - IPAMOTOK.

3HaHue pacnpeneNcHHs TEeMIIEPAaTYphl [0 CEYSHHIO MeTajlla B KOHUE MPOLIECCa OXJAKUCHHA, a TaKoke
TEMIEPaTYphl Havyasia ayCTEHHTHO-MAPTEHCHTHOTO NPEBPAUICHHA U1 JaHHOK MapKH CTajlH, MO3BOJIET NPOrHO-
3UpOBaTh 0GBEMHYIO KOO MapTEHCHTA (TOIMHY MAPTEHCHTHOIO “NI0ACKA™) B MUKPOCTPYKTYPE IOTOBOrO Npo-
KaTa. -3HdueHHe  TeMIepaTyphl CaMOOTITyCKa MO3BONAET IPOrHO3HPOBAThH oﬁpaaona}me xonxpemou MHKpO-
CTPYKTYPHl B OCHOBHOM CE4€HHMH MPOKATa. RERE

Jlns BO3MOXXHOCTH MPOFHO3MPOBAHUA MEXAHWYCCKHX CBOWCTB OblnM 00paGoTaHbl SKCIIEPHMEHTANbHBIC
J@HHbIe C UENbIO BBIARNECHHA KONMUECTBEHHOM CBA3H MexX Ay o0beMaMu obpasylomHxcs ¢a3 CTPYKTyphl U Mexa-
HHYeCKMMH cBOHcTBaMH. IIpoYHOCTHBIE CBONCTBA CTaNH, KaK MPUPOOHOrO KOMIIO3MTA, PaCCYMTBHIBAIN 110 npa-
Uy cmecett |7, 8]:
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Jla oueHKY aleKBaTHOCTH MOJENH B KaUeCTBE IKCMEPUMEHTANbREIX JAHHBIX UCTIONB30BANM PE3YbTaThl
HCCIIEHOBaHHA MHKPOCTPYKTYPHl H MEXaHW4eCKMX CBONCTB TPHAIATH NPO0 YCKOPEHHO OXJIAXIEHHOrO apMa-
TYPHOTO MpOKaTa. :

Cpensee OTKIOHEHHE pacyeTHOro MpejeNa TEKyUeCTH 0T IKCIEPUMEHTAIBHOTO cocTaBuno 17 Mila wm
2,73 %, OTKIIOHEeH}e Npelerna NPOYHOCTH cocTaBmno 23 MIla wiu 3,27 %.

Takum 06pa3oM, ONPEIENEHO, YTO Pe3yJIbTaThl pacyeTa BeCbMa ONU3KU K IKCTIEPMMEHTANTbHBIM JAHHBIM U pa3-
paboTarHas MOJENb MOXeT ObITh IPHMEHAMA U1 IOCTOBEPHOTO OfTHCAHHA NPOLIECCA YCKOPEHHOTO OXJIKACHNS.

JIns olleHKH MOrpeliHOCTH, BHOCHMOH B pe3yJibTaThl MOAENMPOBaHMA NPH Pa3lUyYHbIX NOAX0AX K onpe-
IeeHHI0 TeIUIOQM3UYECKUX NMapaMeTpoB MeTalla M oXjanjarouleil Bogbl, ObLTH NPOU3BENEHbI CIETyIOLIHE
CpaBHMTENbHBIE pacyeThl YCKOPEHHOTO OXJIaXACHUS apMaTypHOTO MpoKaTa C MCIONb30BaHueM paspaboraHHoi
MOJIENIM U TIPU YKa3aHHBIX BhILIE napaMeTpax NpokaTky (Tabnuua 1).

Tabn. 1.
Pe3ynbTaThl CPaBHUTENBHBIX PACYETOB YCKOPEHHOIO OXNAXKACHHS apMarypHOro IpoKara.
Ne tm, tm, tmy tm, tco
wn oc o o oc °c | ico O'mp 0.817 Eom | €og
C MITA MiTa MIIA MITA
1 739 658 598 549 538 - 637 724 2 4
2 740 659 598 549 539 1 635 722 0 2
3 738 666 601 540 530 8 639 725 4 5

°tm|, tm,, tm;, tmy — CPEAHEMACCOBLIC TEMAEPATYPhl NPOKATA B KOHIIC KAMEP OX/IAKACHHA; tCO — TEMIICPATYpa CaMOOTITyCKa;

Efcp - NOTPEMIHOCTL N0 TEMNEPATYPE CAMOOTNYCK; £y M & g - TIOTPEWIHOCTS N0 MPEAENy TEKYHECTH W npeieny
MPOYHOCTH COOTBETCTBEHHO.

B BapuanTax 1 u 2 Tennodusuueckue cBoiictBa Metaa (Ay, ¥ ay) ONPEACIAIHCH 1O TEMIEPATYPe Kak-
JIOTO CJI0S TO PajuycCy NpoKaTa Ha Ka)KIOM MHTEpBajie Mo BpeMeHU. TetuodusnuecKye napaMeTpbl OXJIaxAato-
weif Boap! (A, U Vg) B BapyaHTe 1 pacCUUTHIBANKCH N0 TEMIIEPATYPE BOJBI, OTIpECIAEMOH U3 YPaBHEHHSA TEILIO~
BOro Gananca Ha KaXJIOM BpeMEHHOM HHTepBajle. B BapuaHTe 2 TeMiieparypa BOAbI [0 JJIHHE KaMep OXJIax/e-
HUA MEXAY Ha4dalnbHbIM W KOHEUHbIM 3HAYEHHAMHM M3MEHAIACh MO 3aKOHY NpAMOHR nuHUM. Termodusnyeckue
CBOMCTBA Ha JIMHUM HACHIIMEHHUA (f,oc M Vypc) B BapHAHTaX 1 ¥ 2 OMpPEAENATNCDH MO BEJIMYMHE CTATHYECKOTO NaB-
JICHUS Ha KaXXIOM MHTepBae.

B BapuanTe 3 Bce napaMeTphl OXJIaXIAK0LIeH BOAb! U IPOKATa, H, COOTBETCTBEHHO, KO3 OHUMEHT TeIo-
OTHAYH, YCPEAHANNCH H OCTABAIUCH MOCTOSHHBIMH MO JUIHHE KaXI0H KaMepHI.

p pP

3
PacuertHsie 3Ha4eHus O py" ¥ Og” CPABHMBAINCH C IKCIICPUMEHTAILHBIMU 3HAYEHWIMHA (T py - = 635 Mlla

3
M Og =720 MIla), nofy4eHHbIMM B IPOLIECCE OXTIAXKIEHMSA MPOXATA NPH YKA3aHHBIX BbILIE NIAPAMETPax MPOKATKH.

3HayeHus TeMINepaTyp caMoOTIycKa, HOMy4eHHbIe B BapHaHTaX 2 U 3, CpaBHUBAIOTCA CO 3HAUEHHEM, MO-
nyJ4eHHBIM B BapdaHTe 1, Tak kak B MPOM3BOACTBEHHBLIX YCIOBHAX M3MEPEHHE NaHHOM TeMreparypsl He mpef-
CTaBJIANIOCH BO3MOXKHBIM.

[Mony4exHHsie naHHbIE MOKA3BLIBAIOT, YTO YNPOLIEHHAs METOAMKA pacyeTa TeIUo(pU3HHECKHX apamMeTpoB
MeTajula M OXJIaXXJaloleil BOIbl, IPUHATAS B BapHaHTe 3, He BHOCHT KaKOM-1M00 CyIueCTBEHHOMH HOrPELIHOCTH B
De3yAbTaThl MOJENUpOBaHud. MakcuManbHas NOTPEIHOCTD B BAPUAHTAX 110 TeMIepaType CaMOOTIyCcKa cocTa-
suna 8°C, no mpeneny Texyyecty - 4 MITa 1 nipeneny ApouHOCTH - 5 MITa.

To-BunumMoMy, Takas HE3HAYMTENbHAS NOTPEIIHOCTL BO BCEX BapHaHTaX OOBACHAETCA BHICOKMMH 3Haye-
“HAMH Kod(PUIMeHTa TEINIOOTAAYM MO JUIMHE KaMmep OXJaxjaeHus. Tak, i Bapuanta 1| op,;;=309000
BT/ (M*K), Olmax=732000 Br/(M* *K).

Hicnons3oBanue pasnUYHLIX MOAXONOB K PacyeTy TEIUIO(QU3NYECKUX CBOMCTB NpoKaTa U OXJaXAalolleH
BOIB! MOXKET BHECTH M3MEHEHME B BEJIMUMHY K03((HLMEHTa TEIUIOOTAAYH B HECKONBKO AECATKOB THICAY, YTO
nipy ob1eM 3HaYeHUH Ko3(dHiHeHTa B HECKOJIBKO COT THICAY, HE MOXET CYIIECTBEHHO NMOBAMATH HA pe3yJibTa-
Tel MozenupoBaHua. TakuM oOpazoM, HauGosee MPOCTON METOX ompeieneHus TEIIOPUINIECKHX NIApamMeTpoB
MeTa1a ¥ OXJiaxjalomieit Boasl (BapuanT 3) ofecnieunBaeT JOCTATOYHYIO TOYHOCTh PacyeTa, HECKONBKO YIIpo-

aer MOIgjib H 3HAYMTENIBHO COKPAILAeT 3aTPaThl MallMHHHOrO BPEMEHH Ha MOJYyYCHHE KOHEUHBIX PE3YJILTATOR
MOJEIUPOBaHUA. )
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Cnenyer OTMETHTS, 4TO NpH 3HaueHHAX uucia Hyccenbra Menee 4500 — 5000 naHHbIH BBIBOJ HyXIaeTCA
B TIPOBEpKE.

[pu yKa3aHHBIX BbILIE NapaMeTpax MPOKATKH, ObLT POM3BE/ICH pacyeT YCKOPEHHOro OXIIAKAEHHS 110 METO-
avke [5). PesyseTaThl pacyeTa OKasamMch O/IK3KH K JaHHBIM, TIOMyYEeHHbIM B BapuaHTe 1. Pacxox/enue o Temre-
patype camootrycka cocTasivio 11°C. Orxionenne pacyeTHOro fpenesa TeKy4eCT! OT SKCIEPUMEHTANBHOIO CO-
craswio 6 MIla n npenena npousocTy - 7 MITa. Taxum 06pasoM, MeToaMKa, NpeACTaBIeHHas B [5], Broake npu-
eMJleMa [UlA pacyeTa TeMIIepaTyp poKaTa B HPOLUECCe YCKOPEHHOTO OXaxaeHHs. OHAKO, [0 CPABHEHMIO ¢ pa3pa-
GoTanHON MOZIENTBIO, ABIAETCH GoNee rPOMO3/IKOH U TpeOyeT 3HaUMUTENbHO GONBIIMX 3aTPaT BPEMEHH.

Buii npousBedeH CpaBHUTENbHBIA pacueT HO WCXOHBIM [HaHHBIM METOAHKH [4], HO ¢ HCTIONb3OBaHKEM
paspaboTannoit MolenH. Pacxoxenre no cpeHeMaccoBOM TeMIepaType MpokaTta B KOHLE MPOLEcca OXaaxie-
nus cocraswio 80°C (600°C u 680°C cootBeTcTBEHHO). Takyio MOTPEHIHOCTD, NOINYCKAEMYIO NPH pacyeTe Mo
meTtoauxe [4], Gynem cuuTath HenmpHEMIEMO#H, 0COGEHHO B HAYAIBHOM CTAIHH NPOLECCa OXNAKAECHHA NPY CHH-
XEHUH TeMIIEPaTyphbl NOBEPXHOCTH NIPOKATa A0 TeMNepaTyphbl Hauala MapTeHCUTHOrO MPEBPALIEHHs, YTO OTME-
YyaeTca B ApyriMy ucciepoBarensMy [9]. '

BeiBosi. PaspaGoTaHa M ajanTHPOBaHa MaTeMaTHYeCKas MOJIENb, JOCTOBEPHO ONMCHIBAKOIAS NIPOLIECC YCKO-
PEHHOTO OXJIXACHHSA U TEPMUUECKOrO YNPOUHEHUS apMaTYPHOTO IIPOKaTa B OTOKE MENKOCOPTHBIX CTAHOB.

OnpeneneHo, 4T0 yCpenHEeH)E TeIUIOPH3UYECKHX NAapaMETPOB MPOKATA ¥ OXJIAKAAKOMEN BOAB HE BHOCHT
CYIIECTBEHHOH IOTPENIHOCTH B PE3YJ/IbTaThl pacueTa TEMAEPATyPHOTO MO U MEXaHMYECKUX CBOWCTB rOTOBOTO
npokara npu 6onbmux yucnax Hyccensrta (Gosiee 4500).

PE3IOME

Hanano tennogisuyHe onucyBaHHS Ta METOA PO3PAXyHKY NPOLECY NPUCKOPEHOTO OXONOIKYBaHHS Ta TEPMi4HOTO
3MIlIHEHHSA APMAaTyPHOTO NPOKATy B NOTOLI HENMEPEPBHUX APiGHOCOPTHHUX CTaHiB. 3AICHEHO OIJISA BIIOMHX METOIMK pO3-
paxyHKy, HaaHa OlliHKa MOXMOKHM, 1Ka BHOCHTBCS 10 PE3YJILTaTy MOACIIOBAHHS NPH PI3HUX MiAXOAaX A0 BU3HAYECHHS Ten-
no}i3MIHHX BIACTUBOCTEH MPOKATY Ta BOMM.

SUMMARY

The thermal description and method of calculation of process of accelerated cooling and thermal strengthening of rolled
metal is submitted. The review of modern methods of calculation, estimation of an error which.is brought in to results of mathe-
matical modeling with the various approach to definition of thermal properties of metal and cooled water are realized
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YK 624.014
AEPOJIMHAMIYHI JOCIIIKEHHA CUCTEMH 3 TPbOX KOJIOBUX HM/ITHAPIB

€'-A.)XKypancoki*, P.1 Kinaw, O.€ . Konunos
Hayionanonuit ynisepcumem “Jlvgiscoka nonimexuixa’”, m. Jlv6is
*Iucmumym Byoisenvnoi Texuixu, m. Bapwasa

1.Betyn

B npaktuui 6yniBHHITBA 4acTO 3yCTPiHalOTECA AUMapi y HopMi MOOAHHOKOrO KOJOBOro mwiingpa [1, 2]
a6o cucreMu 3 ABOX [3, 4, 7, 9], Tprox T2 HoTHPLOX KOAOBHMX UMAiHApiB {12, 13]. Ipu upomy BincTans Mk HU-
MH MOXe OYTH Pi3HOIO.

Ha raki koHCTpykuii, 10 po3TalIOBaHi B MONEPEYHOMY HAIUIMBI MOBITPAHMX Mac i€ riapoaMHaMivyHe
a0o, AK ¥oro uie YacToO HA3MBAIOTH, aepOAMHAMIYHE HaBaHTaxeHHA. [IpH ULOMY HAaCTynae ABHILIE BiXpHUBaHHA
BHXODIB, ke B IIEBHUX MexXax 4ucia PeifHonbACa MOXKe MaTH peryisapHuit aGo umiivH#it xapakTep i npusso-
AMTH JO NONABM KOJIHBAaHb B IUIOUIVHI NEPIICHANKYNIPHIH KO CEperHBOTO HANMpAMKY HAIUIHBY MOBITPAHHX Mac
[2,5,6,8,10, 11].

BennunHO0, 10 XapaKTepU3y€e YacTOTy BIOPHBAHHA BUXODIB Bil KOHCTPYKUIi, Ky pO3TaliOBaHO B Me-
’ax HaIUIUBY HOBIiTpAHMX Mac € yucino Ctpyxans (St), dke BU3Haual0Th 3a HOpMYJI0I0:

U
St o’ )
ne: D- giamerp mningpa, M; U-mBHAKICTL HannuBy MOBIiTPAHMX Mac, M/c; f-yacToTa Binpueanns Buxopis, I'u.

Yucno Crpyxang € BEIHYHHOIO, AKa XapaKTepH3ye ¢GopMy NOTIEpeYHOro nepepisy FHyuKoi KOHCTPYKIT.
Yucno Crpyxans siK i XapakTep HaIlUIMBY B IPHCTIHHOMY Mapi KOHCTPYKLL, IO OIUIMBAETLCH 3aJIexaTh Bif duc-
na PeltHonbaca.

HHUX KoymBaHb n; (i=1,2,...) ( 3a3BHHail HaliBa)XXNUBIlUKMM € nepwui Buu KOJINBaHb, X04a B JECAKHX BUMAIKaX i
mpyruit) mincrasnsmoun B (1) f = N; MOXHA OOHCIHTH KPUTHYHY LIBMAKICTb Pe30HAHCY V..

BusHaueHHA BeJIMUHH acpOAHHAMIYHMX CHJI, INO BUHHKAIOTH MiJ 4ac ABMIUA PE3OHAHCY Ta aMIUIITYIH
KOJMBAHb € CKJAJHOK MPaKTHYHOIO 3aJavelo i BHMarae crnewiaibHuX AochimkeHb. ONHAK 3HAIOUH BENMYUHY
yucna Crpyxaid MOXHA OLIHUTH iMOBIPHICTH NOABH BHXpOBOIr0 306YPEHHA KOJIMBAHb i TipH NOTpe6i BKKUTH 3a-
noGikHUX 3aX0MiB: 3aNPOEKTYBaTH TACHHKHY KOJMBaHb, 3MiHUTH KOHCTPYKLIIO TOLIO.

B3aeMoZiil0 MiX MOJEIUTIO T2 MOBITPAHUMH MacaMH TIiJ Yac CHJIOBHX BHMipIOBaHb MOXHA OXapaKkTepH3y-
BaTH 3a AONOMOrolo xoedinienra aepoauHamiyboro onopy C, :

C it 2
* gq-Dl-n’ @
ne: Py~ nunamivyHuit THCK Y TUIOLIMHI BUMIPIOBaHHS; AiaMeTp LMIIHAPIB; AOBXMHA LWATIHAPA; N - KUILKICTh LM~
JiHIpIB y CHCTEMI,

2.MeTa eKCICPHMEHTAILHHX A0CTI/OKEHb

MeTo10 eKCTIepUMEHTANILHEX AOC/TiAXKeHb OY/I0 BU3HAYEHHA Ta MOPiBHAHHS BeNHYHH KoedillieHTiB aepo-
punaminoro onopy C,, uncen Crpyxans St A1a CHCTeMH 3 TPHOX KOJNOBMX IWIIHAPIB 3aIeXKHO Bia crnocoby
{%HBOT0 PO3IMIILCHHA BITHOCHO OJIMH OJHOTO Y IPOCTOPI.

3.MeToauka NpoBeeHHs €KCNepHMEeHTAIbHHX AOCHiKEHb

ExcrnepuMeRTAIBHI JOCTiMKEHHS IPOBENCHO Y aepoAuHaMiuHil TpyGi Husbkux wBuakocTedt Bapimasch-
koi INonitexniku. dopMa monepeyroro nepepisy Tpybu — xpanpar, i3 posmipom pebpa IM. Jlosxuna po6oqoi
xamepu Tpy6u 8 M. lIByakicTh HarHITAHHA MOBITPAHMX Mac 3a JONIOMOTOI0 PEOCTATy MOXHA [UIaBHO 3MiHIOBATH
B Mexax Bin 1 no 18 m/c. Cunosi pociimxenna 3qificHioBanucs y aepomusaMiyHiit Tpy6i 3aMKHyTOro THIY 3
BiIXpHUTOIO pOBOUOIO YACTHHOIO JOBXKUHOIO 2,01M, Ta fiamMeTpoM BHXiaHoro corna 1,5M. J{na HarHiTaHss noBi-
TPAHHX Mac B aePOJIMHAMIYHi} TPy6i BAKOPHCTOBYBABCA BEHTIWIATOP 3 YOTHPMA JIONATHAMH, SKH )XHBHBCA Bill
ABMIYHA 3MiHHOFO CTPYMy NOTYxXHicTiO 55 xBT. B nanift aeponuHamiuHii Tpy6i MOXHa AOCATTH HaIUIMBY NOBi-
TPAHMX Mac i3 MBHAKICTIO Bix 15M/c no 40M/c.

Hns eneMeHTiB MozieNiel TMMOBHX TPYO 3 TPLOX MOBITPONPOBOAIB 6yJI0 BUKOPHUCTAHO IUIACTMACOBI TPYOU
niameTpoM 32 MM i3 TOBIMHOK CTiHKH 3,0 MM Ta JNaTyHHI TpyOM AiameTpom 60 MM i3 TOBLIMHOK CTiHKH 1,5
vM. 30BHilIHI 1IOBepXHi TpYG Gymu Binmoniposadi. Mozeni 6yJ1o xopcTxo 3aKpinyeHo MiX MiAJOTO0 Ta CTENE0
poloyoi kamepH aeponHHaMiYHOI TPy6H, Yepes ue Gyno NpUtHATO, M0 MOAENb 3HAXOAUTHCS Y IUIOCKOMY NPH-
sl (A = 00).
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Crioci6 po3MiltieHHs KONMOBHX LIATIHIPIB BITHOCHO HANPAMKY HaGiraHHI MOBITPSAHMX Mac HaBelieHo B Tab. 1.

Crnioci6 po3MillleHHs! KOJIOBUX LMIHAPIB BIIHOCHO HANPAMKY BiTpY

Tabnuig 1

KomGinauis Nel

KomGinauis Ne2

Kom6inauis Ne3

> ®
®

®
‘4—
 J

®
o0

JleranbHO MeTONMKa MPOBEACHHA ACPOIMHAMIYHMX AOCHLIKEHb CHCTEMH 3 TPHOX KOJOBHX LULTIHApIB

oImicaHa It TaHaeMy B po6ori [3].

4.Pe3yabTaTH eKCIIePMMEHTANBHAX NOCHIKEHD Ta iX aHaJi3

Ha Hipkye nonannx pucyHkax (prc.l - 10) HaBeneHO i MOPiBHAHO pe3yNbTaTH BHMIPIOBaHb BEMWHUH YHCEN
Crpyxans St, xoediuieHTta acpoarHaMigHoro onopy C, Iif pi3sHAX WBHAKOCTE} HAIUIMBIB MOBITPAHAX Mac Y CIifi 3a
CHCTEMOIO 3 TPHOX HWIHAPIB KOJIOBOTO Nepepisy UL pi3HUX yMOB PO3MILleHHS Y IpocTopi (auB. Tabm.1).

3anexHicTe BenMYMHH koediuienta aeponmHamiusoro omopy CX juis CHCTEMM 3 TPBOX IWTIHIDIB Bil
cnoco6y iXHbO! po3MileHHs B NPOCTOPi, WBHAKOCTI HAMBY MOBiTPa V=30 M/c ana niametpa D=60 MM Hase-

JeHo Ha puc.l.

0.7 ¥ || —e—Kombinauin i
0,6 3 NQ1 |
\
051 —B— KomSirauin |
x 04 Ne2 :
© 0,3 ﬁgogsmauin
0,2 |
0’1 b I .....
0 i
D

0

0,1 0,3 0,5

0.8

Puc.1. 3anexHicTs Benuuuuu xoedinienra aepoauHamigHoro onopy Cx Bix cnocoGy po3cTaHOBKH LIMHAPIB Y IpocTopi

3anexHicTb BewumHMA Ymcia Crpyxans St i1 CHCTeMH 3 TPhOX UHIIHIPIB Bil cnocoby ixHBOT po3MilueRHs
B npocTopi 1is Tpy6 aiamerpoM D=60 MM Ju1a BIBHAKOCTI HAIUIMBY NOBiTPA V=12,4 M/c HaBeaeHO Ha puC.2, 1S
wBKaxocti V=20 M/c — Ha puc.3, 4 weuakocti V=30 m/c — Ha puc.4, a s mBuaxocti V=40 M/c — Ha puc.5.

035

03

025

0,15

01

'

]

0

01 03 05

08

Puc.2. 3anexuicts Bemuunn uncna Ctpyxais St Big criocoBy po3cTaHOBKHM HHNIHAPIB B NPoOCTOPi
(uBuAKicTh HannwuBy NOBiTps V=12,4 M/c, D=60MM)

3 aHanisy puc.6 Ta puc.7 BHILUTMBAE, IO JUIA LIBUAKOCTEH B Aiamasowi 12,65-17,89 m/c BinGyBaeThes
He3HauHa 3MiHa YacTOT BifpHBaHHA BHXOpiB f Bii cHCTeM KOJNOBMX LMNIHAPIB, i AK HACHiNOK — 3MiHa YHCEN

Crpyxansa St.

XKypancski €.-A., Kisam P.1., Kormnos O.€.

195



BICHUK AOHEIBKOT'O YHIBEPCUTETY, Cep. A: Ilpupoannyi nayku, 2003, sun. 1

0,12 , : . ; R
' ! — { =g KombiHaLjs !
; | . .
0,08 P // R =l ~— KomBGinaLiia :
0 06 er -l i \\ ‘»fl- i )/! ] i NQ?. "
@ | & | KomGiHauis
0,04 T Ne3
0,02 i
5 ]
‘ LD
0 0.1 03 05 0.8

Puc.3. 3anexuicry BEMunHy yucia Ctpyxans St Bix criocoGy po3CTaHOBKM UMITiHAPIB B IPOCTOPI Ta HANPAMKY HAaIMBY
NOBITPAHUX MAc (LIBUAKICTE HAILIUBY MOBITPAHUX Mac V=20m/c)

025 o

~—t— KonGiHaLjA
0,2 Ne1

~— 8 KomGirajn |

3 0,15 : N
0,1 ; : : Lo KovGrags |
0 ] | 1 i
LD

0 0.1 03 05 08

Puc.4. 3anesxuicry BENHUHHM yncia Crpyxans St Bix cnoco6y po3cTaHOBKM LMIHAPIB B NIPOCTOPI Ta HATIPSMKY HAILMBY
NOBITPAHUX Mac (IIBHAKICTh HANIUBY NOBITPAHUX Mac V=30m/c)

03

; T}, —e— KoMbinaga |
0,25 - 4 Ne1
G —il— KombGinauis
02 — 5 ;?‘4
- \'V ' ' Ne2
& 015 L ] : Kom6Ginayin
o1 -1 L w
0,05 +— }
0 LI * i
uD
0 01 0,3 05 0.8

Puc.5. 3anexuicts BEMHUMEN yncna Ctpyxans St Bij cnocoGy po3CTaHOBKM UMIIIHAPIB B IPOCTOP] Ta HANPSAMKY HAILTMBY
TIOBITPAHUX Mac (HIBUJIKICTb HaMNMBY NOBITPAHUX Mac V=40M/c)

0,239 \

0,239 & ;
| I S B — %

0,2385
NN

0,238
» 02375 : S
0237 +—
0,2365
0,236 - E :
0,2355 i i
12,65 15,49 17,89

I — — g
t

V, Wc

Puc.6. 3anexuicTs BEnHanHy ancia Crpyxans St pin giamerpis umninapis D Ta MBUAKOCTI HAMUIMBY NOBITPSIHMX Mac
(xoM6iHauis muiHapis Ne2, Bincrads Mix uuainapamu L/D=0,8)

196 Xypancski €.-A., Kigam P.1., Komnos O.€.



BICHHK JOHEUBLKOI'O YHIBEPCHUTETY, Cep. A: lIpupoannyi nayku, 2003, sun. 1

0,249 1
0,2485
0.248
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0,247 +
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0,246
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. ,‘ SO S
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12,65 15,49 17.89 V. we

Puc.7. 3anexnicts Benuuuny uncia Crpyxana St Bix AiamMerpy unninapis D Ta IIBUAKOCTI HANTMBY TMOBITPAHMX Mac

(xoMmGiHauis nuninapie Ne2, piacrans Mixk unninapamu L/D=0,8 )

3anexHocti BenuuuHK yucna Ctpyxans St Big crocoby posmiinenss waninapis (D=60 mm) B nipocTopi
Ta IIBHAKOCTI HAIUIMBY TIOBITPAHUX Mac Ans koMOinauii wwninapis Nel, Ne2 i Ne3 HaBeneHo BiAnoBigHo Ha
puc.8, 91 10.

0.24
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0,22 : e LID=0,5
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12,39 15,49 18 V. mic

Prc.8. 3aexuicts BennuuHK Gucaa CTpyxans St Big cnocofy po3cTaHOBKH LMILHAPIB B IPOCTOPI Ta IWBHUAKOCTI

HAIIUBY NMOBITPAHKUX Mac (koMmOiHauis wmninapis Nel)

0.25

l —e—LD=0 |
—a—-LD=01 |
02 Hw%( e 1LUD=0,3 l
0,15 4+ - e L ¥~ L/D=0,5
a e = ~¥—LD=0,8 |
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Puc.9. 3anexmicTs Beauunnn rcna CTpyxans St six cnocofy po3CTAHOBKK LKTIHAPIB B POCTOPI Ta WIBMAKOCTI
HANAMBY NOBITPAHMX Mac (koMGiHauis uuninapis Ne2 )

0.35 : % } i . ——LUD=0
03 ‘ X —e—uD=0/1
025 f-—— oy o oup=03
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& e : ! =08 |
® 015 et o}l | —%—UD=08
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0,05 oo —
0
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_Puc.10. 3anexuicts senuuuny yncna Crpyxans St 8ia cnocoGy po3cTaHOBKM IMIIHADIB B IPOCTOPI Ta WIBUAKOCTI

HanuBy MOBITPAHKX Mac (xoMOinauis nunigapie Ne3)
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BucHOBKH

1.V pesynbrati npoBeJeHHX JOCHIKEHb OAepkaHO 3HadeHHs umcen Crpyxans St, xoedimienTa
aeponuHamiysoro omnopy C,, Py Ta WacToTH Hynscalii MIBHAKOCTI NPUINIHBY MOBITPSHHX Mac A
CHUCTEM 3 TPHOX KOJIOBHX LIWIIHAPIB.

2.0nepxano 3anexuocti yucen Crpyxans St Bif Biacrasi L MK KONOBMMH HMNiHIApaMu Ta iXHBCTO
JiaMeTpa, MBHAKOCTI HAIUIMBY MOBITPSHHMX Mac, 8 TaKOXK DPE3yJbTaTH BIUIHBY CHOCOBY po3MilleHH:
CHCTEMH KOJIOBMX [IWIIHAPIB BiTHOCHO HAMPSMKY HAIUIMBY [IOBITPSHKUX Mac Y IPOCTOpi.

3.BusHaueni Jiana3oHy UBMIKOCTEH HAIUIMBY NOBITPAHHUX Mac Jjs Ppi3HHMX AiameTpiB Ta komOiHamii
PO3MilLileHHs KOJIOBUX IMIIHAPIB y MPOCTOPI, B AKMX BinOyBacThea 3MiHa sucen Crpyxans St.

* 4.13 3pocrauHsM BiacTani L MiX HuIiHApaMH 3pOCTAIOTE 3HAUCHHA aepOAMHAMIYHOro onopy X, K aid
TaHOeMy 3 JBOX IiHApis [3], mpore HeoOXIAHO BCTAHOBUTH IHTEPBAX HA AKOMY LU TEHIAEHUia Oyne
30epiraTuce.

5.00epxkadi pe3y/bTaTH CKJIAAIOTh OAMH 3 €TaliB NPOrpaMH BUKOHAHMX aEPOJMHAMIYHMX JOCTi/UKEHD
OLHOTO, ABOX, TPHOX i HOTHPHOX KOJIOBHX LMAIHAPIB, sKi BUKOPHCTaHi B HOpMAx IPOCKTYBaHHs
CTaJIeBHX JIMMapiB aHAJIOTiYHOI KOHCTPYKIi.

Po6oTa BUKOHaHA i HAYKOBUM KEpIBHHUTBOM J0KTOpa iHk. SI. BoHuexoscskoro (BapuiaBchka NMOMTEXHIKA)
Ta ¢inaHcyBanacs IHnctutyTom BynisensHoi Texniku, M. Bapuiasa

PE3IOME

HaBezieHo pe3ynibTaTy BUMIpIOBaHDb BeswuiH uncen CTpyxans, koediuienTa aepoaunamMivHoro onopy Cy 3aexHo BiJ
LIBMAKOCTI OPHIUIMBY nNoBiTpsaux Mac. Ognepxkano 3anexsocti umcen Crpyxans St Big Biacradi L Mix  xonosumu
uMHApaMK Ta IXHBOTO AiaMeTpa, a TAaKOXK HanpAMKy HabiraHHs MOBITPAHMX Mac BiAHOCHO PO3TalllyBaHHS CHCTEMH 3 TPbOX
KOOBHX LMJTIHAPIB.

SUMMARY

Results of measuring the volumes of Strouhal numbers and aerodynamic resistance coefficient C, depending on the
speed of air masses arriving are provided. The information on how Strouhal numbers St depend on distance L between peg
cylinders, their diameter and direction of air masses movement concerning to the location of three-peg cylinder system is also
given.
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YAK 669.184:518.12

MOAEJMPOBAHHE PACTEKAHUS SJTEKTPHYECKOI'O TOKA
B KOHBEPTEPHOU BAHHE 1 OHEHKA BbIIEJIEHUS JUKOYJIEBA TEILIA

A FQ [Ipeyc*, B.®.1lonaxos, C.H.Cembixun
*[Inenponempo8ckuil HAYUOHANLHBIT YHUBEpCUMen,
Hucmumym vepnou memannypauu HAH Yxpaunwi, 2. [Jnenponemposck

Bsenenne. B pabotax [1, 2] nokasaro, uyTo npoIyckaHHWe 3SNIEKTPUYECKOr0 TOKA CKBO3b BaHHY
KHMCIIOPOJHOTO KOHBEPTEPA BO BPEMA €€ INPOAYBKH MOXET CIYXKHTb OCHOBOH, UIf YNy4INEHWSA TEXHMKO-
3KOHOMMYECKMX  IIOKasaTeieli  f[aHHOTO BHIAa  BHIUIABKH  CTand.  BosHukaiommpe 1npd  3TOM
MarHMTOTHAPOAMEAMHUYECKME H 3JEKTPHYCCKHE SBICHHA CHOCOOCTBYIOT CO3JAHMIO OJIarONPHATHBIX YCHOBMM
IS MHTEHCH(MKALKMK NPOLECCOB TEMNIO M MAcCOMEPEHOCA U YCKOPEHHS XMMMHYECKHX peakumit. B uactHoCTH,
onH¥M H3 3(QPEKTOB, NOTYYEHHBIX B X0OJ€ IKCIEPUMEHTANbHBIX HCCIEIOBaHHH, ABNAETCH MOBBILIEHWE CPEIHEN
TEMIIEPaTyphl paciUiaBa MO CPaBHEHHMIO C OOBIYHBIMH pexxMMaMH IUIaBKH. OCOGEHHOCTBIO MpeIOKEHHOM
asropamy [1, 2] TexHOnOrMM ABNAETCS HCMONL3OBAHHE JNIEKTPHUECKOH SHEPIUH OTHOCHTENBHO HeGonsuioi
MOUIHOCTH. [JIng AETaNbHOTO HCCIENOBaHMS (M3WYECKHMX SARNEHHMH B BaHHE, B pe3yibTaTe Takoro pona
BO3JICHCTBHA, W MOUCKA IyTEH YCOBEPUICHCTBOBAHMA TEXHONOTHMM NpPEACTaBIACT HHTEpPEC OLEHKa BKJIAaJa
mxoyngiameanaaatabReIE0H feTRABARHICHOBE MATEMATHYECKOTO MOJEIHPOBAHHS 3/IEKTPOMArHUTHBIX
nonieii B BaHHE M NOCIERYIOLIETO PacyeTa MOUIHOCTH OGHEMHOTO TEIOBBIAENEHNS g, (BT/M’) 3a CHeT JMeKTpH-
4EeCKOro Toxa U3 3akoHa Jhxoyina-Jlenna:

9=j’/o, 1)

I7ie j — IIOTHOCTE 3JIEKTPHUECKOTO TOKa, AM> G— yleNbHas 3NeKTPOTPOBOAHOCTS Cpetbl, OM-M .

IMocTanoBka 3agaun. Ou3Hyeckas MONENDb 3ajla4yi NpeNCTaBicHa HA puc. 1. PaccMatpuBaetcs ocecum-
METPHYHAs BaHHA PaAMycOM Ry, 3all0JIHEHHAS pacniaBoM BbICOTOH Zy.

HpoxyBxka ocyiieCTBIAETCS HOCPEACTBOM NOTPYXKAeMOH B BaHHY
cBepxy $ypMbl kuciaoponHoro AyTsa 1. Crpys TepMHYECKHd aKTHBHOTO
rasa oka3bIBaeT TEILIOBOE 1 MEXaHHYECKOE BO3AEHCTBHE Ha pacias 2 ¢
oOpa3oBaHNEM NMyHKU 3 (BBICOKOTEMIIEPATYPHOH PEaKIMOHHOH 30HBI).
OnexTpHYeCcKHit TOK IPOTEKAaeT CKBO3b PACIUIAaB NPH HaJIOKEHHH pas-
HOCTH 3JIEKTPHYECKHX NOTEHIMANIOB 4 MeXTy ¢ypMOit ¥ NOHHBIM KOH-
TaKTHbIM 37ieKTpooM 5. IIpu 3TOM Ipeanonaraercs, 4To JyHKa 3amoi-
Z, HeHa 3NeKTponpoBoasfiieii CILIOIWHOH cpenoit (IuIaKoMeTaLINYECKOR

3MyJibCHel), YTO JenaeT BO3MOXHBIM NPOTEKaHHE 3JEKTPHYECKOTO TO-

\ Ka. Pactekalonuiics no o6beMy BaHHBI OT MECT TOKOBBOJA IEKTpH4eE-

cKkuif Tok Oy/leT CylIeCTBEHHO MPOCTPAHCTBEHHO PAaCcCOCPEAOTOUCHHBIM

u opMupyet Boxpyr cebs anekTpudeckoe u mar Puc. 1. CxeMa npoayBku
BaHHbI! HHTHOE MOJIA.

C XKUJIKUAM METANTTIOM

Jns onpeneneHus 3A€KTPOMarHUTHBIX BENWYMH PACCMOTPHM CHCTEMY CTaLMOHApHBIX ypaBHeHMs Mak-
ceenia B quddepennnansoit hopme u 3akon Oma [3]:

rot E=0, rot H=j, V-B=0, " B=p,uH, j=coE, )]

rae E — BexTop HaNpMHKEHHOCTH IEKTPHYECKOTO f1001s Toxa, B/mM; H — BeKTOp HaNpsykeHHOCTH MarHATHOTO M0-
s Toka, A/M; Po=4710" H/M — MAarHHTHas NIOCTOSHHAS , |4 - MATHUTHAS NPOHHLIAEMOCTH CPEbi (U1 PacTUIaBa
u uutaka ~1). [Ipeanonaraercs, 4To BAMAHHEM ABHXKEHHS METAIA HA pacTpelieNieHHe IeKTPOMArHUTHBIX monei
MOXHO TIpeHeOpeys, KpOMe TOro, HCNONIb3yeTCs AOMyLIeHHe 06 0CeBOi CHMMETPHH HpoLiecca TO €CTh, YYHMTHIBA-

€M TOJILKO a3MMYTAILHYIO COCTaBlsIONIas MarHutHoro mons . 0 (H, =H, =0). BoNonHUB HECIOXKHBIE

npeo0pa3soBanys, NONYHM YPaBHEHHe A onpenenenus H

- ©/lpeye A.IO., ITonsikos B.®., Cembiknn C.H. - 199
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2
o 1 OrH, 0°H, _
—(=( N+——==0 3
or'r oOr oz
I'panvyHbie ycnoBus s (3) cTaBATCAS Ha OCHOBE 3akoHa buo-CaBapa-Jlannaca Takke kak u B paborte [4].
Ha AOBepXHOCTH 3NEKTPOIOB 3aJaeTCH HEOTHOPOMHOE pACHpENeNeHHE IUIOTHOCTH TOKA, NOCKOJBKY y Kpaes
3MeKTpoaa HabmonaeTcs ee kKoHIeHTpauus [3].

| 1 1-\I=(/R)
®lrefo.re]  2nR, r

, Q)

rae — I cwia ToKa NpoIycKaeMoro CKBO3b BaHHY, A, R, — paMyc 3neKTpoaa, M. PenmeHye TaHHOTO ypaBHe-
HUA NIO3BOJIET ONPENENIUTh MOIHOCTH BHYTPEHHIX MCTOYHHKOB Tervia u3 (1), koTopoe ¢ yJeToM (2) npHuMer Bua:

2 2
1110 oH
P (——(rH¢)) + ———az"’ . )

ci\ror

Onucanne n aHaau3 pe3y1bTaTOB YHCACHHBIX HCC/leq0BaHMil. B xadecTe npyMepa nposeaeM pacyer
JUKOYTIeBa TEIUIOBbIAENCHUA I 60-TOHHON KOHBEPTEPHOH BaHHBI IIPH BO3AEHCTBUM 3NEKTPHUECKOIO TOKA CH-
noki 1000 A, 4TO COOTBETCTBYET JIEKTPHYECKHM MOIIHOCTAM, KOTOpblEe MCTONBL30BaHbl B [2]. Panuyc BaHHBI
Ry~1,75 M, panuyc noHHoro anexrpona R,=0,25 M, BbicoTa paciuiasa Zy =1,20 M, rmy6uHa mynxu Z,=0,75 M.
CrnenmyeT 3aMETHTb, 4TO IPU MPOIYBKE BAaHHBI, €€ INEKTPONPOBOAHOCTD ABJAETCA HEMOCTOSHHOM BENMUUHON U
3aBHCHT OT JXOCTAaTOYHO GONBIIOro KoJMyecTBa (GakTOPOB: COCTaBAa yyacTka BaHHbBI, pojia MPOIYCKaeMoOro Toka
(nepemMeHHbIH WK MOCTOAHHBIN), EpHoa NPOXYBKH U Ap. [ NPOBEACHNs PacyeTOB IEKTPONPOBOAHOCTh Me-
Tania npuMeM pasHoi 6=10" (Om-m)™. JIna yuacTka myHKH, 3aTONHEHHON UITAKOMETALTHYECKOH IMYJIbLCHEH
371EKTPONPOBOAHOCTS ONPENETUM Kak GIH3KyI0 K MPOBOIMMOCTH JKENe3UCTHIX 1i1akoB 6=0.01 (Om-m)™.

VpaBHeHHe (3) ¢ COOTBETCTBYIOUIMMH TPAaHAYHBIMH YCJIOBHAMH PEILATOCh YHMCICHHBIM METOLOM, TpH
3TOM Ha rpaHMLE pasjena paciUlaB-IUIaKOMETALIMIECKas 3MyJbCHS NMPUHMMANOCh YCIOBHE HENpPEepHIBHOCTH
OCeBOH H palualbHOM COCTABAIOMUX BEKTOPA IUIOTHOCTH IEKTPHUECKOro Toka. B kauecTBe pacyerHoii obnac-
TH BrIGpaHa NONOBHHA OCEBOTO CEYEHHA WWINHIPA, B CHITy MPUHATOrO JOMYIIEHM 0CEBON CHMMeTpHHM. Pe3yib-
Tathl penieHus (3) NpeacTaBieHs! Ha PHC.2. B BUIE PACTIPE/ieNeHHs NEKTPHYECKOTO0 ToKa (M30auHuu rH ,=const)
B pacyeTHO# oGnactu. Kak BUAHO U3 NMPEACTAaBIEHHOTO PUCYHKA, pacTekalomuics no 06beMy BaHHbI JIEKTPH-
YeCKUH TOK CyUIECTBEHHO NMPOCTPAHCTBEHHO HeonHoponeH. Haubonpiuve rpajgueHTsl IIIOTHOCTH TOKa Habmo-
JAl0TCA B OKPECTHOCTAX JOHHOIO U BEPXHETO EKTPOIOB.

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
' r
Puc.2. KaptrHa #30a1HMi 3NIEKTPUYECKOrO TOKA M0 M0J0BUHE CEYEHUS BAHHBI.

Pacnpesenenue MOILHOCTH HCTOYHHKOB [KOYJIeBa TeIUIa N0 pacueTHOH 0GMacTH NPeACTaBNeHo Ha pUc.3.

BuiBoast. IlpencrasneHHblil pe3ysibTaT NOKa3biBaeT, YTO HaMOONbIee KOJMHYECTBO TEILIA 3a CYET NPOXo-
HAOCHHS 3IEKTPHYSCKOro TOKa OyAeT BHIAENATHCS JUIb B 0ONACTAX MAKCHMAJIbHBIX IPAIMEHTOB JIEKTPHYECKO-
ro TOKa, 0COGEHHO B 30HE JIYHKH, IJie 3MEeKTPHYecKas NMPOBOAMMOCThH CYIIECTBEHHO MEHBIIE TPOBOAMMOCTH
XKUJKOTO MeTasa. B 0CHOBHOM 00beMe METAILTHYECKOro PaciuiaBa TEMIOBbIAEICHHE KPalHe HE3HAYHTENLHO.

200 Apeyc AO., Ionsxos B.®., Cembikun C.H.
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Puc.3. MomHOCTS HCTOHHUKOB JKOYJIEBA TEN/1a B BAaHHE

B 3axmouenue 3aMeTuM, 49T0 NpeACTaBICHHbIC PE3YybTaThl CICAYET pacCMaTpHBaTh, KaK OLICHOYHbBIC, KO-
TOPBIE€ MO3BOJIAIOT KaYECTBEHHO ONPEACINTL PACHPENCIICHHE JJICKTPOMarHuTHBIX H TCIUIOBBIX noneit B KOHBEp-
TepHOﬁ paHHe. OfHaKo mocie YTOYHCHHA JJIEKTPUUYECKUX XapaKTCPHUCTHK Cpell, CKBO3b KOTOPBLIE IMPOXOIAHUT
3nexrpmec1mﬂ TOK, JaHHasg MOIACIHb MOXET 6bITL HCIIONB30BAHA U1 KOJIMYECTBEHHBIX OLICHOK H NMPOBEACHUA
HCCIIeAOBaHUM NpoLeECCa IUIABKH, C YYETOM 3JIEKTPOMAIr HUTHLIX BO3ACHCTBHM.

PE3IOME

B po6oTi HaBeaeHa MaTeMaTH4YHa MOIENb Ta PE3YJLTATH PO3PaxXyHKy NPOLECY TEIUIOBUAINCHHA B METaNEBiH BaHHi,
TiJl Ki€10 ENEKTPUYHOTO CTPYMY.

SUMMARY

The mathematical model and calculate results of sources of heat in a liquid metal bath at influence of an electrical
current are present.

CHIHCOK JIMTEPATYPBI

1.Cempikun C.H., Tlonsxos B.®., Cemuikuna E.B. Hccnenosanue Ha nabopaTopHO# yCTaHOBKE KOHBEPTEPHOrO mpoliecca
TIpH COBMECTHOM BO3JEHCTBHM Ha paciuiaB MEKTPHYECKHX ¥ MAarHHTHBIX Monei // Matepraisl MEXA. Hay4H.-TEXH. KOH{.

«ITpou3soncteo cramd B XXI Beke. [IpOrHo3, npoLeccst, TEXHONOTHA, Ikonorusy». — Kues - luenponsepxutck. — 2000. —
C.128-129.

2.Monsxos B.®., Cemsikun C.H., Cempbiknna E.B. Pe3ynstaTsi 1 MyTH NOBbIIEHHS 3P(EKTUBHOCTH MCNIONL30BAHMSA /ICK-

TPUUECKON PHEPTMM MAION MOUIHOCTH NPH KOHBEPTEPHOW mnaske // Merannypruyeckas W FOPHOPYAHAs TNPOMbBILLIEH-
HOCTh, — 2002, — Ne7. — C.13-15.

3. Jlangay JLJ,, JTuswun E.M. DnexrponuHaMuka criouHbIx cpe. — M.:. Hayka, 1980. 352 c.
4. ipeyc A.1O., Ionskos B.®., Cempikun C.H., u ap. Miccnenopanue BIMSHHA 3IEKTPUYECKOro TOKA Ha NPOLECCHl MMIPOAHHA-
MMKH B CTAICTUIABUIBHOM BanHe // Bicunx lninponerposcskoro ynisepeurery. Mexauika. — 2001, — Bun.5. - T.1. - C.91-96.

Hadidwna 0o pedaxyii 12.06.2002 p.

Hpeyc A.YO., TTonskos B.®., Cemeixun C.H. 201



BICHUK JOHELUBLKOI'O YHIBEPCUTETY, Cep. A: Ilpupoaunyi nayxu, 2003, sun. 1

VK 532.516:532.529

MOJEJHUPOBAHUE HECTAITMOHAPHBIX ITPOLIECCOB OCAXKIAEHUA TOPOMIKOBOTI'O
MATEPHAJIA TP AETOHALTUOHHOM HAIIBIVIEHUH

A.B.3unuerxo
Huemumym mpancnopmusix cucmem u mexuonozuti HAH Yxpaunel « Tpancmazy, 2. [Inenponemposck

MeTomsl NETOHALMOHHOTO HAHECEHHS CHELMAIBHBIX NOKPHITHH NONYYHIH HIMPOKOE PacipOCTpPaHeHHe B
Pa3NMIHBIX 00AaCcTAX TeXHUKH. [laHHas TEXHONOrMS [103BOJIAET HAHOCHTD MOKPHITHA M3 HanbONes TYTOIIaBKHX
1 KOPPO3HOHHO~CTOMKHX MAaTepHAIOB U B pAde ClydaeB JaeT 3HaUHTeNbHbIH dkoHOMMYeCKHH 3ddext. OnHako
MONTYYEHUE BEICOKOKAYECTBEHHBIX NOKPBITHH ¢ 33alaHHBIMH XapaKTepUCTUKAMH HEBO3IMOXHO €3 TIIATeNbHOro
BLIOOPa KOHCTPYKTHBHBIX ocobeHHocTeH 000pyIoBaHHA U NapaMeTpoB TIpolecca HanbUieHus. I1pa 3ToM B nep-
BYIO OYepelb HeOOXOIMMO YUUTHIBATH (OPMY W pasMepsl u3zesii, TpeGoBaHus, IpeabABNAEMble K TOYHOCTH
HaHECEHNA NIOKPLITHA M €ro 3KCILTyaTallMOHHBIM CBOHCTBAM.

AHanu3 napamMeTpoB TEXHONOTHH JETOHALMOHHOIO U IUIA3MEHHOTO HAIbUICHHUS MOKa3biBAET, YT0 B MPO-
Lecc IepeHoca MOpPOLIKOBOrO MaTepHalla Ha MOBEPXHOCTh OCHOBbI OCYLIECTBIAETCH BHICOKOTEMMEPATYpHOMR
CBEPX3BYKOBO# cTpyeii rasa. [Ipu 3ToM napamerps! 3(p¢QekTHBHOCTH OCAXKAEHMUA, 2 TAaKKE KauecTBo obpaszyemo-
IO MOKPHITUA B 3HAYMTENBHON CTENEHH 3ABHCAT OT MPaHyJIOMETPHYECKOT0 COCTABA UCTIONB3YEMOTO OPOILKA.

B pa6orax [1,2] nokazaHo, 4To HAHECEHHE KAYECTBEHHOTO TOKPHITHA BO3MOMKHO TOJIBKO, €Clii B ABYX(a3-
HOM [OTOKE PEATH3YETCH PEXHM HHEPUHOHHOTO ocaxnenuA. YIpu >ToM 11g cMeceii ¢ KpyTIHOAMCHIEPCHLIMH Yac-
THIAMH 00pa3oBaHHe KaYeCTBEHHOTO MOKPLITHS TAKXKe 3aTpyAHUTENLHO [2], BBHXY HENOCTATOUHON SHEPreTUKH 1
3HA4YUTENbHOrO pa3bpoca cKopocTeil yacTuil B oToKe. Dh¢eKTHBHOCTh HATIBUICHUS CYLIECTBEHHO CHIbKaeTcs [2]
¥ B Cy4ae OKOJIOPABHOBECHBIX CMECEH ¢ mapaMeTpaMy pefakcaiy YacTHL, GIM3KHMH K KDHTHYECKUM.

s BBIACHEHMA MPUYHH HU3KOM 3(eKTHBHOCTH HambUICHUA, a Takke (HU3HYECKUX 3aKOHOMEpHOCTEH
NIOBEICHNA MENKHUX YaCTHUIl NIOPOIUKOB NPH HAMBUIEHWM ObL1a paccMOTpEHa 00NacTh, HENOCPEACTBEHHO TIpHIIE-
raioifas k o6pabaTeiBaeMoit AeTanu. s YMCICHHOTO MOICAMPOBAHYS HECTALIMOHAPHOTO ABYX(A3HOro TEYEHHUS
BOCHOJIB3YEMCS METOIOM, OMMCAHHLIM B pabotax [1,3].

bByaeM cuuTath, 4TO MPAMOYTONBHOE B MJ1aHe 00/1aKO 4acTHL OPOMIKOBOTO MaTepHalia, HayalhHON 00b-
eMHO#l KORUeHTpaiyel ;=107 1 BricoTol h=0.4, NepEeHOCUTCA CBEPX3BYKOBBIM TOTOKOM € umMcioM Maxa M.,
Ha UMARHAPHUYESCKYIO 3aroToBKY, paauycoM r=0.05 M. B xayecTse HayanbHOrO NMpHONMKEHHS B HECTaUMOHAp-
HOM 3a/ja4e UCTIONB3YEM YCTaHOBMBILEECH Mojie TeueHus npu M,=3 A1 YUCTOro rasa, MONY4EHHOE HA CETKE
150%105 y3no. Yucno Pelinonsaca naberaomero notoka coctasisio Re=2-10° {2]. ITapameTput aByXdasHoit
cMecu GsUtM BRIOpaHBbI CIENYIOMMMHA: IUIOTHOCTL Hecylueil ¢asbi p.~1.29 KI/M®, DIOTHOCTD MaTepHaia YacTHL
Pump=4000 KI/M°, IHaMeTp 9acTHII d,=10 MKM COOTHOIIEHHE YAENbHBIX TerioeMKkocTel pa3 w=1.671, y=1.4, uto
COOTBETCTBYET BO3IYXY M YacTHUaM okcuaa amomuHmns Al,O,. Bpems penakcaumd paccMaTphHBaeMoi cMecH
HMEET TOPAAOK Typ,.

B MomenT Bpemenn t=0 B pacueTHy!o ofnacTs nonafaer obaaxo yactur (puc. 1a,8). B MOMERT Npoxox-
AEHHUA yIapHOM BOJIHBI 4acTHLB OBICTPO TOPMO3ATCH B YAAPHOM ciioe, 061ako cxxumaetcs (puc. 1r,k), npu 3ToM
yZapHad BOJIHA 3HAUUTeNbHO AehopMuUpyeTcs (puc. 16,n). B mocneacTeuun kpas o65aka HanbUIAEMOr0 NOpoOLIKa
HECKOJIKO M3rnbarorcs (puc. 13). BOIM3M CTEHKH IMIMHIPA HOPMATbHAS K MOBEPXHOCTH COCTAB/AIOL(AS CKO-
POCTH YacTHLL OKa3bIBAaeTCH HOCTaTeYHO Manoi. O6inako He ocemaeT Ha NMOBEPXHOCTH, a «PaCcTeKacTCA», Tpe-
BPalasch B TOHKOE BHITAHYTOe 00pa30oBaHMe C 3arHyThiMU KpasMu (puc. 2). Ilpu 3ToM ynapHas BosiHa nocre-
TIEHHO BOCCTAHABINBAET NIEPBOHAYANIBHYIO Gopmy.

AHanu3 noneit BEKTOPOB CKOPOCTH HACTHIL [I03BOJAET CHENATh BBIBOX O TOM, UTO ApH M =3 nns yactuy
nnaMeTpoM 10 MKM HarblIEHHE HEBO3MOXKHO, YTO XOPOIIO COMIACYETCs € IKCTIEPUMEHTATILHBIMM pe3yIbTaTaM,
TpHBeIEHHBIME B paboTe [2]. ‘

TlonHoe BpeMs pacueTa HECTALMOHAPHON 3a/1auyl IO MOMEHTa BpeMeHH t=3 cocrtaBuio 4 4aca Ha [IOBM
¢ npoueccopoM Intel Pentium-233MMX.

202 ©3unyenko A.B.
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Puc. 2. PacnpeneneHus JaBleHus 1 Kpuuémpaunu yactul guamerpomM 10Mxm anas 1.5 (a, B), 1=2.25 (6, ), =3 (1, €)
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PE3IOME

PaccmOTpeHbl BONPOCH! YMCACHHOTO MOACAHPOBAHMS HECTAUHOHAPHBIX MPOLECCOB OCAKICHHS MOPOMIKOBOIO Mate-
PMana Npy IETOHAUMOHHOM HanblieHnd. C HCNOAB30BaHHAEM MOAEAH BA3KON NBYX(asHOW CPElbl MCCIESA0BAK XapaKTep fo-
BEACHHS MENKOAMCTIEPCHBIX YAaCTHIL B NOrpaHu4HOM croe BONm3n obpabarbiBacMoil moBepxHocTH. [lokasano, 4ro addek-
THBHOCTb OCAKIACHHMSA HACTHIL A% OKOMOPABHOBECHBIX JIBYX(asHbIX CMECEH CYIECTBEHHO CHIXKAETCS.

SUMMARY

Questions devoted to numerical simulation of transient precipitation of powders in detonation coating processes were
considered. The behavior of small particles in the near wall boundary layer was investigated using viscous two-fluid models.
It was shown that particle precipitation effectiveness essentially degraded for near-equilibrium mixtures.
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ITpocToii noacTaHOBKO# B MCXOXHOE ypaBHEHue ybexuaeMcs, 4To 310 — pemenue. Ytobel yIOBIETBO-
PHTH TPAHHYHBIM YCIOBHAM, HCIIONB3YEM METON H300paXKeHHiA.
PaccMoTpuM cucTeMy ABYX pa3HOMMEHHO 3apsKEHHBIX YaCTHIL, JIEXKaLUIMX Ha OJHOH NMpAMOH, npoXoazuueh

Hepe3 HAYAI0 KOOpAUHAT. OnHa U3 HUX HaXOIUTCA B npeAenax Kpyra Ha pacCTosiHum 7, OT LUEHTPa&, & Apyras — Ha

paccTOAHHU 7,1 3a mpenenoM KpyroBoii o6nacty. Toraa noTeHuMan, Co3aapaeMblii 3T0H Mapoi, BHITJIAAUT TaK:

n, 1 1
Y r, — n (ln —In e — +C,. (25)
n( (D) 472'880 L )’2 +r”2 —2rr" COS((0—¢,,) r- +7‘n2 '—'21’7‘]7 COS(¢7"'(0,,\' :

7
Paccrosanne OT Hayasa KOOPAMHAT OC BTOPOM uacTHupl BhiGepeM Tax, yTOOBl BLIMONHAJIOCH YCIOBHE
CHMMETPHH OTHOCHTENBHO OKPYXXHOCTH paguyca R :

~ _ p2 ~ _ p2
r¥ =R =7 =R[r,. (26)
Toxnctasass 3to cooTHoweHue B (25) 1 onpegenss nocrostuyo C; npu MOMOLIM IPaHHYHOTO YCIOBHUSA

3anau (16), noryyaeM BhIpaXKEHHE 11 OTEHLHANA Yn (r, gp):

2
R? +r? %7 ~2rr, cos(p—p,)

Y,,(r, qo)= d In

27
4ree, rP+ri=2rr,coslp-9,) @n

Cymmupys (27) no wactanam 1 npubasiss (19), nosyuaeM pemeHue ucxoaHol sagauu Qupuxie (14):

M-1 _ _
U(ra ¢) = ‘1“ ZU arctan| r+R tan P~ Psm —arctan r+R tan! P, +
T m=0 " R 2

- 2
2
N R +r} r_2 ~2rr, cos(p—p,) @9)
+ In
47[880 ;nn r2+rn2—2rrn005(¢—¢n)

quTbIBaﬂ, YTO JIEKTPHYECKOE M1OJI€ BHIPAXKACTCA HEPE3 OmHHaTeHBHLIﬁ TPaUCHT NOTECHLHANA, [10Ty4a-
€M KOMIIOHCHTHI I10JIs1, TOPOXKIAaeMOTo rpa}mueﬁ
M-1 2 2 . . -
p - R&, 6 + R Jsin(p - 9,,) - sinlp - 9,,,))+ 2rRsin(p,, - 0.,
" " {r* +R* =2rRcos(p -9, )|r* + R* —2rReos(p - 9,,))’
p/ far r rRcoslg —p )’ + rRcos(p—9,,

(29
R Mz (R2 _rzXcos((o—-goem)—-cos((o—(psm)) =
E,= ——-ZU,,, 7. p2_ _ 2, p2_ ' )
) oo (r +R°-2rR cos(¢ Pom )Xr +R" —-2rR cos(¢ =@ ))
¥ KOMIIOHEHTHI NOJIA, NIOPOXIAAEMBIC aHC3M6.HCM YacTHL
_ 18 R -2 (R + 72 Jeoslp - g, ) - (R +77)
r 2mze, 1 (r2 +r2 —2rr, cos(p-o, MR +r2r2 =211, R* cos(p - o, ))’ G0
Ey, = -1 f ”nrn(rz“RZXRZ‘rnZ)Sin(¢_¢n)

2 2 4 2.2 2 3
2meey no (r +r; =2rr, cos((p -, )XR +r°r, =2rr,R cos((o -, ))
TakuMm 06pazoM, Mbl OTYYMIM COOTHOLICHNS AMiA INEKTPAUECKHX ToNei B umHHON L >> R' UWTHHI-

DUMECKOH CTPYKTYpe puc. 16, MCrOb3ys KOTOPBIe, MOXEM BLIYMCIIUTE CHIIBI M YCKOPEHHUS Ui HOcHTeNneH 3aps-
Aa B 00beMe NONYIPOBOXHHKA. ’

PE3IOME

Tloxa3aHo MOJIMBICTE BUKOPHCTAaHHS LMIIHAPHYHOI CTPYKTYPH 3aMiCTh IIaHapHOI CTPYKTYpH KpUcTasia Gurtonsp-
HOTO TPAH3KCTOPa NPH YHUCENLHOMY MOZENIOBAHHI METORXOM YacTHHOK. OTPUMAHO aHANITHYHI CHBBIIHOWEHHS ANI% €NEKT-
PMYHHX MONIB Y UWATIHAPHMHHUX CTPYKTYpaX, O AO3BOMAIOTH NIABHIMTH TOYHICTh i INBUAKICTh MOJICIOBAHHS, i CTIIBBiIHO-
IIEHHS, 3aCHOBaHi Ha Teopii koHPOPMHHX BiOGPAOKEHS, 1110 JO3BOMOTE PO3PAXYBATH TONONOTIIO LMTIHAPUYHOT CTPYKTYDH,
IO MOAEMOETHCA, 30BHIIIHA NOBEAIHKA KOTPOI €KBiBAICHTHA MIIAHAPHI.

212 Hlesyenxo WU.H., Cononckuit ¥0.H., Kpsixanosckuii B.I'.
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SUMMARY

It is shown use possibility of the cylindrical structure instead of planar structure of the BJT crystal under numerical
medeling by particles method. The analytical expressions for electrical fields in cylindrical structure permitting to increase
accuracy and speed of simulation are obtained. Presented expressions, founded on conformal images theory, allowing calcu-
late topology and geometric parameters of prototyped cylindrical structure, the external behavior which equivalent initiai
planar structure.
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poICTBa MO3BONSET BLLIENHTL B MORYNE 3JIEKTPOaKyCTHHECKOro npeobpasoBareis, 3EMEHTb NOABOAA Pafyo-
CHMTHANIA U CBSA3H C PaIMOTPAKTOM, COIVIACYIOLIyIO Lemb. B MOMyJie aKyCTOONTHYECKOH AYEHKH TIPe/UIOKEHO pas/iu-
uarp y3en DAL, conepxaiinii BHeIHUI W BHYTPEHHHH JEKTPOL, 11be303/ICKTPHUYECKHil npecbpazosaresib (MB30Ipe-
00pa3oBaTens), HEeMEHT aKyCTHIECKOH CBA3H, y3ejl aKyCTOOITHUECKOTO B3aMMONEHCTBHA, CONEPXKAluMii CBETO3BY~
KOTIPOBOZ, COAEpXaluii (NpH HeoOXOAUMOCTH) NPOCBETISIOLIME MOKPBITHS; Y3€7 HOTIOIEHHS SHEPTUN aKyCTHYe-
CKOM BOJIHDBI, COIEpKaILMI SMEMEHT aKyCTHIECKOH CBA3H, aKyCTHUYECKYIO Harpy3ky. Momyn obecnedenus IKCIuTya-
TALMOHHOM CTAGMIBHOCTH, CONSPIKUT HNIEMEHT obecrieueHnsa MEXaHHIeCKOH ¥ TEII0BO# CTabHIBHOCTH.
Hccnenosano pemieHne annpokCUMaLMOHHON 3a4aul HHMPOKOMONIOCHOTO COINAacoOBaHus nbe3onpeobpa-
3oBareist AOY ¢ HCTOYHUKOM pafvOCHrHala, e BMECTO M3BECTHOrO B aKyCTHKE HIECTHIIONIGCHHMKA, ONMCHI-
BAIOLIET0 YaCTOTHO-3aBUCMBIiT NpoLiecc NPeodpa3oBaHms IMEKTPHYECKOrO CHIHANA B aKyCTHUECKHH, MPEATOKE-
HO HMCIOJIb30BaHKE 4-X JIEMEHTHOrO JBYXIIOMOCHHKA. I10Ka3aHO 4TO KOMIUICKCHBIE CONPOTUBICHNE U TIPOBO-
JHMMOCTb €ro, TO3BOJITIOT ONpENENUTh BCE MapaMeTphl €ro 3KBMBANeHTHOM cXemsl. [IpuBeliena meronuka u
CTPYKTYpa alapaTHBIX CPEACTB 1A ONpeeNeHus T0GPOTHOCTH U KO3(D(HUUHMEHTa SNEKTPHIECKOI CBA3H IKBH-
BAIEHTHON CXEMBI, B YCIOBHAX CHIBHOH HarpyXeHHOCTH nbe3onpeobpa3oBaTess M DOJbMIKX 3HAYEHHIX €ro
k03 PULIHEHTA INeKTpOMeXaHHYeCkoH CBA3M. [Ipeioxens! pe3ynsTaThl HCCTEAOBaRMA (PHU3HKO-TEXHHYECKUX
NapaMeTpoB Nbe303NEKTPUKOB (MOHOKPHCTA/UIOB M IUICHOK) JUIS pealu3aliiu nbezonpeoﬁpazosaTeneu AQY.
JInsd OUEHKH MNEPCTIeKTUBHOCTU KCMOJIL3OBAHUA MaTepHanoB, NpPU peanu3alydH CBETO3BYKOIPOBOAOB
AOQOY, npemutoxena 3aBUcMMocTs BHaa (12), onuceIBaiollas 4aCTOTHO-3aBUCMYIO d(DPEKTHBHOCT aKyCTOONTHU-
4eCKOro MpeoOpasoBaHusi SHEPruy aKyCTHYECKOM BONHBI B MHTEHCHBHOCTb IM(PArMpoBaHHOTO (BBIXOLHOIO)
JIa3€pHOTrO ITy4ka aKyCTOONTHYECKOH AUEHKH.
HUccnenopanbl BO3MOKHOCTH CO3JaHUs MPOCBETVIAIOMMX NOKPLITHH, CPEA aKyCTHUECKOH CBA3M M aKyCTHYe-
CKHX Harpy30K IpH peanu3alliiy, OCHOBHOIO 3IEMEHTa aKyCTOONITHUECKHX YCTPOMCTB, aKyCTOONTHYECKOH Ik,
Jins peanuzaliny MOXYNS 3KCNITyaTaUMOHHOM cTabmibHocTH AOY, McciaenoBaHbl QH3UKO-TEXHHYECKHE
flapaMeTpbl FEPMETHKOB, THNA «ONacToCH». [ HUX YCTaHOBHEHBI MPOYHOCTh CBA3H C METa//IaMh 1 MOHO-

KPUCTAUIAMH, JU3NEKTPHUIECKas MPOHUIIAEMOCTh, KOIQQHIMEHT TETIONPOBOAHOCTH, ANHAMHYECKas BA3KOCTD,
IPOYHOCTb Ha Pa3pbiB.

PE3IOME

¢ HapemeHi cTpyxTypa y3araibHEHONO aKyCTOONTHYHOTO [PHCTPOIO TA pPe3yNbTatd JAOCHIMKeHb (i3H4HOI
peanu3yeMOCTi 1i eNeMEHTIB.

SUMMARY

A structure of the generalized optical-acoustic device and outcomes of researching physical realizability of its ele-
ments is provided.
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V]IK 535.377

TEPMOJIIOMHUHECHEHIINA HUHK - CYJIb®HIHDIX JIOMHUHO®OPOB
B CIYYAE OBIIEU KWHETHUKHW CBEUEHU S

A M Kpusowees, A.H.baxcun, A.I' [lempenko, B.FO /Imumpenxo.

B ofnacTu mO3UMETPUM U PErMCTpalldH M3jlyyeHMH ONHUM M3 HaubGonee 4yBCTBHUTENBHBIX METGHOB U
JOCTATOYHO MPOCTHIM B PEUTH3ALMH ABJISETCA METOA TEPMOCTUMYIMpoBaHHo# momunecuenuyud (TCJII). B nan-
HOM HampaBJICHHM APOBOJAMTCA GONbIIOE KOJHYECTBO IKCIEPUMEHTANILHBIX M TeOpeTHYecKux paboi[1-7], oxea-
THIBAKNUIMX Pa3iMdHBIC KJIACChl HOJYNPOBOJHHKOBBLIX coefuHeHul, o6Hapyxusaomux cnocobuocts k TCII,
OJIHaKO, HECMOTPA Ha GoJiblIoe KOIMYECTBO paboT U, B YaCTHOCTH, TEOPETHIECKHUX, CYLIECTBYET pazdpoc B Mue-
HHMAX HcciieqoBatenedl B OTHOMICHHM ONHO3HAYHON TpakToBkH nonaydaeMseix crektpoB TCJL. Oto oObacHaercs
pasIMYHLIMH (axToOpaMH TAKMMH KaK, HanpUMep pasjiiuus B CTEXHOMETPHYECKOM COCTaBe 0OpasloB paznuy-
HBIX Tpynn Mccienosarenaed (TpyJHOCTHbIO BOCHPOM3BEIACHHS YCAOBMH NOJy4eHHs oOpa3uoB), pasnuyuHbIMH
MHEHWAMH B OTHOLIEHUH KMHETHKM npeolrafaiomiux B moMuHodope npoueccos npu TCJI. Ocoboe Mecro B
JaHHOM OTHOUICHHH 3aHUMAET MaTeMaTHUecKas MoJelb JIIOMHHOQOpA C OOHHUM THIIOM IIEHTPOB 3aXBaTa U Ofi-
HUM THUIIOM LICHTPOB cBedcHMA [8], KoTopas WMPOKO NPHMEHAETCA B OLEHOYHBIX pacueTaXx 3HEpreTH4ecKHx
YpOBHeii B 3aNpeleHHOH 30He B IPYTHX XapakKTepHCTHK Ne(EeKTOB PEINETKH NTONYTPOBOIHUKA.

Jins naHHO#M MoJenu nonynpoBogHuka 8 [9] nonyueHa cucTeMa ypaBHEHUH, IPUMEHEHHE KOTOPOH CHH-
MaeT BOITpOC O HEOAHO3HAYHOM ONpEJEieHHU KRHETHUKY CBEYEHUS

;/ W P”’O 2-b
I= , )
-1 WO ro I 1
(7N D+ N”jexp( LT et
P, T E 1 1
* :P-—p' ~—t (= s 2
P, T, expl—- T, ) @
ln(P)+ jexp( E, )dT
E: =kb , 3
(E"f:)
Wk T*vP.((P. +y N,)— 4P
=£{1n 0 5 m}/ r((y r 71 IZ }/ r))}_j’ (4)
kb Elﬂ(}/P)'+7th)

rae b — HekoTopbli mapameTp, I — narercusHoCTL NUka TCIL, v,y — k03¢ duuHenTH pexoMOUHALMY | 3a-
XBaTa, P,y — KOHUEHTPALMA JBIPOK HA LEHTPaX cBeueHus, W, — 4acTOTHBI dakTop, k, = 1,38x107 I / K, N, —
XCHUEHTPALMA UEHTpOB 3axpata, T, T, — Temneparypa, B3sTad B NPOH3BOJNLHON =2CTH M¥KA ¥ TeMOEpaTypa

wmakcumyMma nuka TCJ] ¥ MM cOOTBETCTBYIOIME KOHLEHTPALMH ALIPOK Ha LCHTPaX CBEUYCHHA Pr,, ulP LE-

3HEpreTH4ecKuil ypoBeHb LIEHTpA 3aXBaTta, p — APaMeTp, ONpeNeNseMblii IKCIEPUMEHTANILHO, B - CKOPOCTH Ha-
rpesa kpuctannodocdopa.
Hensto nanxo#t pabotsr 66110 JKcHepuMeHTaNbHOE Uccnenosanne TCJI nnHK — CynbLOUARBIX JIOMUHO-

dopos, ananu3 u paclIMGPOBKA FHEPTETHIECKOH CTPYKTYPHI HCCIAENOBAHHBIX 00Pa3LOB C HCTIONB30BAHUEM ITO-
JAY4eHHBIX COOTHOILECHHIA.

METOJAUKA UCCJIELOBAHHIAL.

TepmomomuHeceHIwA OblIa HCClIe0BAHA C MOMOIIBIO YCTaHOBKM “AJibga — ksapiy 027, kotopas Obuta co3-
nana Ha xadpeape OTT u ®M nox pyxosoactBoM npod. A.M. baxkuta. O6pasiisl Noasepraiuck obmyueHmo YO ~
M3Ny4eHueM ¢ A=365 HM, 3aTeM TIPOU3BOAMICH PAa3OrpeB MCCIEAYEMOTO JIoMUHOGOpa ¢ 3a1aHHOM CKOPOCTHIO Ha-
rpea 1 peructpauus cnektpos TCJL Taioke w3yyanuch CneKTpsl OTpakeHus o0pa3iioB, Ui KOTOPHIX MPOBOMMIOCH
myqerue TCJI, ¢ MOMOIIBIO yCTAHOBKY, CMOHTHPOBAHHO# Ha ocHOBe cnektpodoroMerpa CD — 4 ¢ mpucTaBKoif 3ep-
kansHoro otpaxerns 1130 — 1. MisMepenus criekTpoB OTpakeHHs TPOH3BOAWIMCH OTHOCHTENsHO BeO, koTopblid
WCTIONB30BAJICA B KaU€CTBE 3TAIOHA, C MONPABKOH Ha CNIEKTPAIbHYIO TyBCTBUTENBHOCTb YCTaHOBKH.
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BbIEOP OBPA3LIOB KPUCTAJJIO®OCPOPOB JIJIA UCCIIEOBAHUMA.

B kauectBe 06beKkTOB MccnenoBaHumit ObUTH BHIGPaHE! NMOMUKpHCTAINHYECKHE 00pasipl KpHCTaLodpoc-
dopos ZnS, ZnS — CdS ¢ pa3nudHBIMH YCIOBHAMH NPHIOTOBJIEHHA, TIpHYEM OCOOEHHOCTH NOJIYYEHHS 1103BO-
NIAFOT CAENATh BLIBOJ O TOM, YTO BO ~ NEPBbIX, OHH UMEIOT IPEUMYILECTBEHHO NN — TUI IPOBOAXUMOCTH, BO — BO —
BTOPHIX, KUCIOPOJ ABJIACTCA 0043aTeNbHON NPUMECHIO B KPUCTAIUIMUECKO#H CTPYKTYPE HCCEAyeMBIX COeAHeE-
HuM. TIpoBeleHHBIH PEHITEHOCTPYKTYPHBIH aHAnu3 MOKa3al, YTO WccieqyeMmbie o0pasibl, NMOJyYeHHbE M3
“HHUMN momprHo(popoB K 0co60 YUCTHIX BelecTB”, CTaBponoib, Poccus , MMEIOT MPeUMYHIECTBEHHO CTPYKTYPY
chanepura. OcHoBaHMA 3THX (OCcHOpoB 06ANAIOT PEHIETKOH CMEIIAHHOTO MOHHO-KOBAIIEHTHOrO TUNA; B CBA3H
€ HAJIMYUEM Pa3IMYHBIX NeDECKTOB PEUIETKH H OCTAaTOYHBIX MPUMeCeil OHU MMEIOT JOBOJILHO CIIOXKHYIO 3Hepre-
THYECKYIO CTPYKTYpY. Ci10XKHOCTE M3GPaHHOTO Kjacca COeAMHEHHH MO3BONAET, BApbUPYsA COCTAaB M YCHOBHSA
NOJTYYEHM, CUHTE3HPOBaTh (POCc(Opbl C PE3KO PasNUYAOMUMHUCA CBONCTBAMH, HO OJHOBPEMEHHO CHUIILHO 3a-
TPYIHAET TCOPETHIECKHE PacueTh!, TpeOylolHe B 001eM Cllydae y4eTa MHOTHX (aKTOpOB.

IOKCHEPUMEHTAJIBHBIE PE3YJIbTATHI.

Ha puc.1 npencrasness! cnextpsl TCJI cHCTEMB! MONYNPOBOXHUKOBBIX TBEpABIX pacTBOpoB Cd,Zn; S — Cu ¢
KOHUeHTpauueii aToMoB Meau Ng,=10™ pec. %. MakcumyMm nnka TCJI no Mepe Bo3pacTaHus NPOLEHTHOM A0MH
KaIMHsi CMEIUAeTcs B CTOPOHY HH(PAKPACHBIX JUIMH BOJIH, YTO COOTBETCTBYET YBEIHYCHHUIO N0JM BIOPUHTHOR
¢a3bl B perieTke pacTBopa IO Mepe yBenWdeHHs npoueHTHoro conepxanus Cd. Jlanubiil ¢akT Takxe NoATBEP-
KIAAaeTcA TUTEPAaTYPHbIMH AaHHBIMH [10] W pe3ynbTaTaMu PeHTTCHOCTPYKTYPHOTO aHajlH3a, KOTOpHIE CBuE-
TEALCTBYIOT 00 06pa3oBaHHM HONMHUTHITHOIO PANA, KOTOPHIH 1O Mepe BO3pAaCTaHHsA NMPOLEHTHOTO CONEPKAHHUA
KaaMus nonosHseTca noautumamu tuna 2H, 4H, nns kotopuix aBTopamu [11] Obina oueHeHa fonsa reckaro-
HaNbHOCTH O C Y4€TOM COOTHOIIEeHHUs a/c=1,633 Ans npeanbHol rekcaroHanbHoOH pemeTku ZnS.

YJomu d

10

Qs

1
A
b e

A
A

A
(‘i h% Puc.1 Criexrpsl TCJI TBepasix pacteopos 1 - CdgZnqS — Cu(A,=6001M),
N 2'- (;dq_.‘Zno,sS ~ Cu(Ay=690uM),3 - Cdg6Zng4S ~ Cu(hy,=700uM), kpussle
% 1, 2.3 — paccuumanv: meopemuuecxu.

Puc.2 winioctpupyer crenens 3asucumoctn TCJI aByx o6pa3uos ZnS pa3ziddHOr0O CTeXMOMETPHIECKOTO
COCTaBa OT YCNOBHI MPUIOTOBICHHS. BHIHO, 4TO ¢ HX H3MEHEHHEM CYILECTBEHHO YMEHBINAETCS MaKCHMalbHasA
uHTeHcHBHOCTh uka TCJ, 9T0, ¢ 04HOl CTOPOHBI, MOXKET OBITH BBHI3BAHO, HA HAII B3IJIAJ, C YBEIMYECHHEM 1aB-
AeHuA KACAOpoAa B nporecce cuHTe3a ZnS M COOTBETCTBYIONICH NepecTpoikoi sHepreTHueckoi cTpykTypsl. C
OPYro# CTOPOHBI, 9TO MOXET GHITE CBA3aHO C TEM, YTO YPOBHH OTAC/BHBIX Ae(EKTOB TPH U3MEHEHKUH Npenapa-
THBHBIX YC/IOBHH HE3HAUHTEIILHO U3MEHSIOT CBOE TMONOXKEHUE B 3allpelieHHo# 30He o6pa3ua, 470, B CBOKO OYe-
penb, NMpHBOAUT K 00pa30BaEMi0 HOBBIX He(EKTHBIX KOMIUIEKCOB (XjlacTepuzalma AedeKkTor). DTo Takxke NOA-
TBEPKAAETCA M3MEPEHHAMH CHEKTPOB OTpakeHus(puc.3) u Goslee PaHHMMH HCCICHOBAaHMAMM MX (POTONOMH-
Hecuenuuu (OIJD[12].

CPABHEHME TEOPHUH C 3KCIIEPUMEHTOM.

Jna oueHky yacToTHOrO paxTopa Wo B [11] npeanoxeHo COOTHOLIEHHE CIEAYIOIEr0 BHA !

2 T

N N Y A s
3 mv(gw—eo)(am ) ©)

0
e €, € — BHICOKOYACTOTHAA M CTATHYECKAs AMANEKTPUYECKas MPOHHIAEMOCTH, V - 00beM, OTHECEHHRIH K
onHoi ¢opmynbHON enuuuue AB, z' - >ddexTuBHBIA 3apAA MOHA, m — NMPHBENEHHAs Macca HOHOBR A W B
OneHka 4acToTHO ()aKTOpa ¢ MOMOMIBIO ITOT0 COOTHOLIEHHMA, NposeaenHHas B [11] ana ZnS u CdS, naer 3Ha-
uenne W, ~10"" c’'npuueM monyueno xopoimee cornacke ¢ JMTEPATYpPHBIMH JAHHEIMH TO UCCEOBAHMIO
pacripenenieHus SNeKTPOHHOM wioTHocTd B ZnS 1 CdS.
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JlononHuM MonyYEHHYIO CHMCTEMY YpaBHeHHN, COOTHOLIEHUEM JUIA ONpefeNeHUs IHEPTreTHUECKOro Mo~
JIOKeHHA JedeKTa B 3aNpelieHHOM 30He UCCIeIOBAHHOTO TOTYNIPOBOAHUKA E, |

doﬁm.ea
+-4,0

O

02

Puc.2 Kpusbie TCJI n8yx oSpasuoB ZnS ¢ paznHyHo#i crexno-
METPHEN M YCIOBUAMM NPHIOTOBICHHS A, = 525 HM.

323 352 3 amE DY TR

Puc.3 Cnextpsl otpa-

20 *KeHUs AByX 00pasuos
) ZnS ¢ pasAM4YHOM CTe-
0 . a XHOMETPUEH H  yCio-
+ ; + " - N e . N LN
310 330 350 370 ! %0 0 BHUAMH MPUTOTOBACHHS.
E =k, ln{Prp }/("L_‘l_) (6)
PT, T,
Jns BbIYMCIIEHHA BENMYMH ¥, Y, MCTIOAB3YyeM cooTHomeH s [13] :
W, 27”"”:-.khT 3 |3k, T
— ( 3 ) re v (7)
Y, h )
Wo 2ﬂmpka 3/2 3ka
—— ( 2 ) remt) (8)
h V m,

CkopocTs pasorpesa cex obpasuos B=4,5 K / cex. [lpudeM kuneTndeckuit napametp b 6yzer onpene-
AATH NOMIC NPOUECCOS MOBTOPHOTO 3axBaTa B obmelt annamuke TCJI uccnemyemoro obpasua. Pesymbratht pac-
ueta 1 E, = 1,3 3B (o6pazent Cdy 2Zn,5S - Cu); E, =0,9 3B (o6pazen CdpsZn, ¢S - Cu); E, = 0,8 3B (obpasen
CdgsZng4S -~ Cu) npencrarnensi Ha puc.1. OTKIOHEHHE PAaCCUMTAHHBIX 3HAYCHHI OT HAGMIONAECMLIX DKCIIEPH-
MEHTAJIBHO CHEXYET OTHECTH K BO3MOKHOMY Biiany B TCJI sccnefyeMpix COCTaBOB He 0JHOTO fipeobnanaloe-
ro THma redeKTOB, OTBETCTBEHHBIX 33 HabmonaeMyio GOpMy MUKa, 2 HECKOAbKHX, YTO TOBOPHT 0 HeOOXoRMMO-
CTH y4yeTa MX B3aUMOACHCTBHS W COBMECTHOTO BKJAZa B KMHETHKY NpPOMCXOMAIINX B KpHCTAaLIC MPOLECCOB.
Pacder 1o 3aJaHHBIM NapameTpaM Mpou3BeleH ¢ HCHoMb3oBanueM maketa MathCAD 2000 Professional. Ana-
nu3 GopMyisl (6) M TPOBEAEHHBIX pacyeTOB NMO3BONAET CHENATh BLIBOJ 00 OTHOCHTEILHOM M3MEHEHHH CTENEHH
3aM0HEHNs [IEHTPOB pexomOunaunu npy AByX temneparypax T, Ty, INposenennmiii pacuer (pyc.4) AEMOHCT-
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pUpYeT NPUHUMITNANBHYIO TIPUMEHMMOCTS NMOTYHEHHBIX paHee GopmMyit. Bonee TouHylo MHGOPMALMIO O BEJIH-

YMHE CEYEHHA 3aXBATA Y, MOXKHO ITONYYHTh IPH COBMECTHOM H3MEPEHHH KPMBBIX CAJaHWA MHAYUHPOBAHHON
NpUMECHO# GOTONPOBOAMMOCTH : :

nzn—o; (9)
L+nlyt
ny,—n
= 10
A (10)

Kpugas 2, npejcragieHsas Ha puc.4, pacCuuTaHa B IPEIII0ACKEHHH HAIMIAS KBaipPaTHIHON KHHETHKH
cseuenns TCJH obpasua, kpyBas 3 — B IPEANONOKEHUH TMHEHHON KUHETHKH CBEYCHUS.

i

J‘Prm/Prri“o 3

57 / 1

LB S

34
, P,

2 —n -
Puc.4 3aBucuMocThs NapameTpa 0T TeMmrneparyp

P,
i}

Horo MakcumyMa s E=1,3 3B (o6pasens Cdy,ZngsS - Cu);

E; =0,9 3B (o6pasen CdgsZneeS - Cu); E, = 0,8 3B (o6pasen

430 — Cdy 6Zng 4S - Cu), napamerp p -2. Kpussie 2,3 paccauranbi Ha
T., ¥  OcHOBE TEOpHY, passuto#i B [8]

AHanu3 B3aUMHOTO NMOJIOKEHHA TPEX MONYyUEeHHBIX KPUBBIX TOBOPHUT O BOSMOXHOCTH [IPUMEHEHHS pa3Bu-
BaeMoOil TOUKU 3peHMs s ciiydas obwmei kudHetkn TCJI st KOMMYECTBEHHBIX PACUETOB Pa3IHYHbIX KHHETH-
YecKuX napameTpoB npoucxonsmux npH TCJ npoueccoB. OnHako, mis 60Jiee TOUHOTO COOTBETCTBUA TEOPHHU H
JKcriepAMeHTa Tpebyerca o0o01eHue 1aHHOM TEOpHHM B cilydae oOmeH KMHETHKH CBEYSHHS Ha ClyYaid HaTHYHs
6osb1LIero KOJMH4ECTBa ypOBHEH JIOBYIIEX B 3anpelleHHOH 30H¢ NMONYNPOBOAHHKA.

3AKJIIOYEHHE.

1.3kcnepuMmentanbHoe u3yueHwe TCJI rpynnsl 06pasiioB MOSYyNpPOBOMHMKOBLIX TBEPABIX PaCcTBOPOB
Cd,Zn,,S — Cu ¢ N¢, =10 Bec. %, ZnS ¢ paznuYHLIMH YCJIOBUAMY NPHIOTOBJICHHS, COITOCTABIEHUE pe3ynbTa~
TOB ¢ HCCJIEJOBaHHUAMH CMIEKTPOB OTpaxenus u OJI, a Taxke Teoperuyeckuii pacuer mukos TCJI u cpasneHue
PacyeToB ¢ SKCMEPHMEHTOM MO3BOJINIO TPOHIIOCTPUPOBATh CTENEHb COOTBETCTBHSA pa3BHBAEMOM TEOPHHM IKC-
NepHMEHTY.

2.B uccnemyemoit rpynme Teepasix pacrsopo Cd,Zn,,S-Cu HaGmozacs KOHIEHTPALUMOHHbIN npetid
makcumyma nuka TCJI B MK — ofnacts o Mepe pocTa NpoUeHTHOro cojepxanusa Cd B pemeTke pacTBopa, 4To
MOXHO 00GBACHATD NPOIOPLMOHANLHOM AedopMaleil SJHEPTETHIECKOH CTPYKTYPh! 00pasua ¥ BO3MOXHBIM 06-
pa3oBaHHEeM MONMTHITHBIX MoaudUKalii IpH nepexole oT chaniepuTa K BIOPUHTY.

3.060cHoBaHa HEOOXOIMMOCTS HasbHeliero 0600MeHIA TeopHH i obuiel kuHe1rku cBeyenns TCII
Ha cyyail HanmyHs 60/bIIEero KONMHYECTRAa ypoBHell 1e(eKTOB B 3aNpelieHHON 30He ONYIIPOBOIHHKA.

PE3IOME

B po6oTi excrneprMEHTANSHAM MLISXOM JOCIIkeHa TePMOCTHMY/IbOBAHA JIOMIHECHEHUIS PAdY TBEPIHX PO3YHHIB
CdyZn, xS — Cu 1a 3pa3skis ZnS, cnektp BiaGurrs ZnS 3 pisHAMH yMOBaMHM OTpHMaHHA Oe3 nepealaueHb npo Xapaxkrep Ki-
HeTHKH cpivenns. TTpoBencHi Teoperndni po3paxyHKy Ta CBCTaBACHHA TEOPii Ta EKCIIEPHMEHTY Ta 3po6eHi o6rpynTosaHi
BMCHOBKH MPO Y3aralbHEHHS PO3BHHYTO! TOYKHM 30py Ha 3araibHy Kineruxy ciuenus TCJI na Bunagok HasBHOCTI GibiLoj
KifBKOCTi PiBHiB 3axBary Ta pexomGiHauii y HaniBnpoBiAHUKY.

SUMMARY

In activity the experimental way investigates termostimuleted luminescence (TSL) of a series of solid solutions
CdyZn, xS - Cu and samples ZnS, a spectrum of reflection ZnS with different conditions of obtaining without what - or sim-
plifying assumptions about nature of a kinetics of glow the idealized calculations both confrontation of the theory and ex-
periment Are conducted and the substantiated conclusions about generalizing of the developed point of view on a general
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kinetics of glow TSL on a case of presence of a lot of levels of traps and recombination in a forbidden region of the semicon-
ductor are made.
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YK 539.1
COJIUTOHBI B KAPTHHE TEIUIOBOI'G PABHOBECHSI HENUHENHBIX LIEMOYEK

1O. B. Epemenuenxosa, J1.C. Memnos, A.D.Mopozos
Loneyruti puszuxo-mexnuueckusi uucmumym HAH Yxpauno

Baenenne. IMpu uccnenosarny xonebaTenbHOTO NBUKEHMS aTOMOB B CHCTEMAX NPH BBICOKUX TEMAEPATY-
pax CTAaHOBUTCH aKTYaJbHbLIM BHIXOJ 33 PaMKH rapMOHH4eckoro nmpubmwkenus. TpaiULHMOHHO aHrapMOHH3MbI
YUHMTBHIBAIOTCSH ITyTeM BKIIOYEHUS B MSKATOMHBIN NOTEHIMAN BBHICLIMX CTelieHel CMEIICHHH aTOMOB U3 IIOJI0XKE-
Hu#t papnopecus. [IpocrefiiuM BUIOM NOTEHIHANA SBNgeTCA y4eT 3-i U 4-i creneneit (noteHuuansl 2-4 [1-4] n
2-3-4 [5,6]). Taxoke cymecTByer pil paboT 10 peaiuCTUUECKHM NIOTEHIMaNaM, Hanp. [6,7].

B [1-7] uccienyerca (aHATUTHYECKH M METOIOM MOJIEKYJNAPHOM TUHAMUKM) pacnafk M-CUTHala B Hesy-
HEHAHBIX MOHOATOMHBIX LIENOYKAX. DTO — FAPMOHMKA C BOJHOBBLIM BEKTOPOM K=77/a M HacTOTOM, Jexauiei Ha
BepxHeli rpanue HoHOHHOTO cniekTpa. CMEenIeHHa aTOMOB B Z-CUTHaJIe NMEIOT BAJ

un(t) =A(-1)" cos(an). 6]

[lepyonHUuHOCTS 110 BPEMEHM HCXOAHOTO CHPHANA MOfCKa3ana BhIGOp NMPUOIDKEHWA JIs TIONCKA aHasH-
THYECKUX pELHEHHH HEeNMMHENHbIX ypaBHeHWH IBibkeHUs atoMoB. B [1-7] ncnonb3oBanock Tak HalbiBaeMoe “ro-
tating wave approximation” — RWA, B KOTOpOM pellieHHe HIIETCA B BUJIE, NEPHOAMYECKOM BO BPEMEHH

= £.(1) exp(-iot) + c.c. )]
rae &,(t) —byHKuMe, MeJUTEHHO MEHSIOMAsACA BO BpeMeHH (He NepHoAHYecKas). 3aTeM HCXOMAHAA CHCTEMA YpaB-
HEeHUH JIMHeapu3yeTcs Mo MHOXHUTEMO exp(-iat). TaxuM 06pa3oM, HOYTH BCA 3aBHCHMOCTh OT BPEMEHH COCpe-
ZIOTOYEHA B IEPHOMHECKOM MHOXHUTENE

Connononono6GHble peuieHys BHEPBbe OB aHAIMTHYECKH Mpencka3aHsl (M oOHapyXeH:b! IyTeM 4uC-
JIEHHOT0 3KcrepuMenTa) B [1] B Liemouke ¢ NOTeHUHanoM 2-4 B npejesie CWIBHOH aHrapMOHUYHOCTH. 310 — OpH-
3ephl (ApYroe Ha3BaHHE — BHY TPEHHHME JIOKANH30BaHHbIe MOIBL). CMeuleHns aTOMOB B Gpu3epax HMEIOT BUA

Et)=A(.., 0 -%,1,-%,0 ..)u &) =A4(...,0,-1,1,0, ...)

JUTS YETHBIX ¥ HEYETHBIX OPU3EPOB COOTBETCTBEHHO.

Bpuzepbl 00/1afaloT ClIeIyIOMMMH CBOMCTBaMH [3-4]

» O0pa3yyoTcs B pe3yJIbTaTe aMIUTUTY AHOM MOIY/IALMOHHOM HeyCTOMYHBOCTH (T-CUTHANA).

= VX 4acTOTHI BCeriia Bhlllie YaCTOTHl FTAPMOHHYECKOTO T-CHTHAIA.

* FIX CKOpPOCTH Ha NOPAJOK MEHbILUE FapMOHMYECKOH CKOPOCTH 3BYKa.

* Pacnmagarorcs HeoOpaTuMo ¢ YCTaHOBIICHNEM TEILIOBOTO PABHOBECHA.

B [5,6] uccnenoBanuch CymEeCTBOBAHUE H YCTONIMBOCTh OpH3EPOB B lIeMOYKaxX ¢ NOTeHIManoM 2-3-4 (a 8
[6] - 1 B peandcTHueckux noteHuManax Jlennapna-/hxonca u Mopae). B [6] nokasano, 4o no6asnenue Manoi
KyGUYeckoil NONpasky B NOTEHUMAN 2-4 MPAKTHYECKH He BNUAET Ha pacmlal /A-CHrHana M obpasosanue Gpuse-

poB. OHaKO yBenMIeHHEe KyOUIecKoro clnaraeMoro craGuinsmpyet 7-curHan. IIpd naabHeHiieM yBETHYEHHH
MEHSAETCH THI HEYCTOMMMBOCTH — NOABIAETCS «YIABaHBAIOMAd MEPHOA HEYCTOHUMBOCTEY . Ha HCXOMHBIA CHIHAN
HaknaamBaeTcs OLICTPO pacTymiee BO3MYIINEHUE ¢ TIEPHOIOM, BABOE GONbLIMM NEPHOAA HEBO3MYILECHHOTO CHT-
Hana. HoBblil THN HeycTOWMMBOCTH He NPHBOAMT K cOpa3opaniio Gpu3epoB, a Cpasy BedCT K TEIUIOBOMY paBHO-
BecHIO. B uemoukax ¢ pealuCTHIECKMMM NOTEHIMAlaMy YABAMBAIOLIAs NEPHON HEYCTOHYHBOCTH ABRACTCS
€IMHCTBCHHBIM THIIOM HeCTaOWILHOCTH, M Opu3eph! B HUX He obpa3syorcs [6].

Taxum obpazom, B [1-7] uccnenoBaiKCh NPOUECChl, MPUBOMAUIRE K YCTAHOBJICHUIO TEMNOBOr0 paBHOBE-
cus B cUCTeMe. JTo — 100 pacnay 7-CHrHana Ha Gpusephl (a 3aTeM pacnafl caMHuX Opu3epoB), b0 pacnan n-
CHrHaja, MuBys ctaguio Opusepos. [Ipouecchl, IPORCXOIANIHE B CHCTEME NOCNE YCTAHOBICHHUA TEIUIOBOTO PaB-
HOBECHS B CHCTEME, H BO3MOKHOCTH CYIIECTBOBAHMA TaM COIMTOHOB HE HCCNENORANHCH.

Llenbio Hacrosiue paboTh! ABIAETCS UCCIEXOBAHKE NIOBE/ICHHA HEJIMHEHHON CHCTEMBI NOC/E YCTaHOBIIE-
HMA TETUIOBOTO PaBHOBECHSI.

Metons! u npubmokeHns. Penanuch TOYHbIE YpaBHEHNA ABHKEHUA aTOMOB
B nenouke w3 100 YacTHI ¢ NEPHOAMUECKUMH TPAHAYHBIMY YCIIOBHAMY B NPUGTIKEHHM Gimkaiuux cocenel
(y4eT WeCTH KOOPAMHAIMORHBIX Chep aN aHANIOTMYHbIE PE3yIbTAThL).

Pacuer BBINOJIHANCSA B CHCTEME €AMHHUII, B KOTOPOI SHEPrus mmepﬂe'rca B [K], macca — B [a.e.Mm.], paccTog-
HHE - B E€JVHALIAX PABHOBECHOTO Me)KaTOMHOFO paccrosmua [do}. EAMHALIR M3MEPEHHS BPEMEHH PaBHA NEPHOIY
rapMOHHUECKOro -curHana 7,=8.3716-10"' 3¢ (COOTBETCTBYET CIyuao Heona ¢ Maccoi aroma m=20.18 a.e.M.).
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MECHACTCs C POCTOM JHEPIHH. BHepn«m, HaKallmMBacMad B KaXKJIOM COJIMTOHE, PACTeT, OAHAKO OTHOIUICHNE 3TOH
3HEPruu K cpezmel‘fl SHEPryuM aToMa B UCII0OYKE HE MEHACTCA.

Puc.3. PacnpeneneHus aToMOB 1O SHEPrHAM.

Yaapusie Bonusl. Cpasy ke Mocie Hayana YHCIEHHOro 3KCNEPHMEHTA KaX/Jas UCXOJIHad BOJIHA, OXBa-
THIBAIOIAS TPY ATOMA, PAcraiach Ha TPH YAAPHBIX BOJIHBI, ABHKYIIMXCA €O CKOpOCTAMHU v~4.5+5v,. B xaxoi
M3 BOJIH B COYIAPEHHUSAX YUacCTBYIOT IO [Ba aTOMa — OAMH TepeJacT BECh CBOK MMITYJIbC BIEPE/H JIEKAWEMY, I10-
KoAlIeMYcH, U T.A.

C teuenmeM BpemenH (7 = 1100 T;) yaapHbie BOJIHbI PacIUILIBAIOTCA B [IPOCTPAHCTBE (B COYIapeHHAX YXKe yda-
CTBYIOT 110 3-5 aTOMOB, JBIDKYHIMXCA B OJHOM HampaBiieHuM). OHM TEPSIOT SHEPIHIO ¥ NPEBPALAIOTCA B ONHONapa-
METPHYECKHE CONTMTOHbI, aHATIOFMYHBIE IO GOpMe M CBONCTBaM CONHMTOHAM, NONYYCHHBIM NPH paclajie 7-CurHaa.
Tpu t=2000 T, HacTYNaeT XaoTU3aUMsA JBIKECHIAA aTOMOB B LIENOYKE, «3KCTICPHMEHTANbHOE» pacnpenencHue £(g) co-
riacyetcs ¢ ruGGCOBCKUM. 3aTeM BHOBL 00pa3yIOTCA OHOTIApAaMETPHYECKHE COJIMTOHBI CO CBOHcTBaMH 1-6.

Takum 0o6pa3oMm, yJapHbie BOJHBI SBISIOTCA MpENEbHO JOKaIHW30BAHHOM B MPOCTPAHCTBE (M MOJTOMY
HEYCTOHUMBOM) BEpcHeil 0HOMAPaMETPUYECKUX COIHTOHOB, Ha0oaeMBbIX NpY pacraie -CUrHania.

Beawii tym. Ilocne pacnaga moGoro ynopsaioueHHOro CUrHana M nepesn obpasoBaHyeM OHONApaMmer-
PHYECKHX COJIMTOHOB CYIECTBYET CTaAMs XaOTHUECKOro JABIDKeHHs aToMoB. Ilo3ToMy /s MCCleNOBaHHA mpo-
necca 06pa30BaHUA COMUTOHOB LIENECOO6pa3HO HCIONB30BaTh B KAUECTBE HAYAIBHOTO YCIOBMS Oelbli IIyM

B Hayase YMCIEHHOTO SKCIEPYIMEHTA aTOMBI IBIKYTCS XaOTHYECKH, OfHAKO pacrpeneneHue E£(g) eue
otnnuaercs oT TuG6coBckoro. Cpasy e HauMHaeTCs Hpouecc Jiokanusauuy 3nepruu. IIpun =80 T, pacnpenene-
Hue E(z) seixonut Ha rub6cosckoe. Ilpn 4007, o6pasyrorcs oqHONapaMeTPHUECKHE CONMTOHBI, XOPOLIO JIOKa-
NU30BAHHBIE B TIPOCTPAHCTBE, WX CBOMCTBAa MASHTUYHEI CBOMCTBaM 1-6 CONMTOHOB, NMONYYEHHBIM IIPH pacnaie
T-CHr'BaJla ¥ Y JaPHBIX BOJIH.

Takum o0pa3oM, s 06pa3oBaHUs OJHONIAPAMETPHHECKHX CONMTOHOB He TpeGyeTcs CrelMalbHOTO BH-
Ja HavaJabHOro curHana. HesasucuMo OT BHIa HayaJbHbIX YCIJIOBMH, HEJMHEHHAs LIETIOUKA C PEAUCTHICCKUM
noTeHMaioM EXp-6 NpUXoauT B 0JHO U TO Xe CTALMOHAPHOE COCTOSHME, B KOTOPOM BCE BEJIMYMHBI, YCPEIHEH-
HBIE 33 JOCTATOYHO OOJILIION APOMEKYTOK BpeMEeHH, NOCTOSHHLL. OHO XapaKTEpH3yeTCs HANMYHEM KOHEYHOro
YHCJIa AOJIrOKHBYIIIUX BBICOKO3HEPreTHHECKUX CONMTOHONONOOHBIX BO3MYIIEHH.

CrenenHble NOTEHNHANBL. /-CHIHAJI. PacCMaTpUBaiiMCh CEIyFOIUHUE CHTYALUH.
Hortenumans! 2-4 u 2-3-4. T-CUrHAN PacHaiacTca Yepe3 MOAYIAUMOHHYIO HEyCTOHUMBOCTD HA OpH3epHI,
aHanoruyHbie NoaydeHHsiM B [1-6]. B uenouke ¢ norerumanom 2-4 BpeMs XU3HH OpU3epoB COCTaBUIIO
120 T, (B moteHumane 2-3-4 - 507T,). [locne pacnana Gpu3epoB ABMXKEHUE aTOMOB XaOTH3HPYETCH, pac-
npepenenue E(g) Baxonut Ha ruG6coBckoe. 3aTeM B TIETOUKe 06pasyIoTCs OQHONAPAMETPUYECKHE CO-
JUTOHBI CO CBOMCTRaMHM 2-6. OIHAKO 3TH COJNMTOHBI XUMBYT O4YeHb Henonro (=50 7j), ycreBas 3a 310
BpeMs npoiiTi nenouky u3 100 atoMos 3-4 paza. CTons KOPOTKOE BPEMS XKU3HU 00YCIIOBIIEHO TEM, YTO
B LIENOYKE C TOTEHIMANaMu 2-4 1 2-3-4 COJIMTOHBI HAMHOTO CWJIbHEE B3aUMOJIEHCTRYIOT APYT C APYIOM.
»  Tlorenumans 2-3-4-5-6 u 2-3-4-5-6-7-8. 7-crHan crabuneH.
Morenuman 2-3-4-5-6-7-8-9-10. 7~curnan pacnagaercs yepe3 y/BaUBaONIyIO NEPHOA HEYCTOHYMBOCTD.
OGpasyloTca oAHONapaMeTpU4ECKUe CONUTOHBI €O cBo¥icTBamMM 1-6 (cnabGo B3anMoAcHCTBYIOMME APYT
C IpYroM H uMerowue GoMblne BPEMEHA XKU3HH).
Taxum o6pazoM, 1o6aBnenne KyOudeckoli aHTapMOHHYHOCTH JaeT B KapTHHE pachafia 77 cursana u obpa-
30BaHKS CONMTOHOB JIMIIb KOJIMMECTBEHHBIE M3MEHEHMA TI0 CPABHEHMIO € NOTeHuManoM 2-4. Yuer 5-6 u 7-8 no-
panKkos crabunmsupyer T curnan. [Ipu ydere 9-10 cTenenel NPOUCXOAMT CMEHA THIIA HEYCTONYMBOCTH, a CBOH-
CTBa CONIMTOHOB NMONHOCTBIO COBMANAIOT CO CBOWCTBAMHM CONMTOHOB, MOJYYEHHHIX B LIENOYKaX C MOJHBIM MO-
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TeHupanoMm Exp-6. Takum ob6pazom, Majible B KONHYECTBEHHOM OTHOUICHUH MONPABKH JAalOT KAYECTBEHHOE M3-
MEHECHHE NIoBENicHNA aTOMOB. YToOBI W30eXaTh NOXOOHBIX OCNIOXKHEHHI B peauumx poC'raJmax HeoOXoaumMo
HCTONB30BaHHE PEATUCTHICCKHX MEXATOMHEIX HOTCHINAJIOB.

BoiBoanl. B Hacrosme$i paGoTe HUCCneOBaHO NOBEAEHHE HENMHENHON CHCTEMbI B COCTOSHAM TEPMOIHHA-
MHdeckoro paBHoBecHs. OGHaApPYKEHbI CONUTOHBI, 110 CBOMCTBaM CHJILHO OTNHYAlOHmuecs OT OpU3epOB — €QHH-
CTBEHHBIX COJIMTOHOB (KpOME TeMHBIX CONUTOHOB [1]), Ha ceroaHAIHNIA AeHb NPeACKa3aHHBIX U HAOMIOJaBIIMX-
€A B YHCJIEHHOM 3KCNIEPUMEHTE B TUCKPETHBIX LENOYKAX.

Oy B CBOHMCTRAX CleayIoIHe.

®  DBpusepsl XapakTepH3yIOTCA IBYMS NapaMeTpaMM — 4acTOTOM W CKOpOCThIO. B opHOomapamerpirdecxux
CONMTONAX HET NEPUONMYHOCTH BO BPEMEHH, SIMHCTBEHHBIN TAPaMETP - CKOPOCTb.

s CxopocTh Opu3epa — JO3BYKOBas M Ha NOPALOK MEHBIIE CKOPOCTH ONHOMAPAMETPUYECKOTO CONHTOHA
(cBepX3BYKOBO}H).

* B 6pusepe coceHHE aToOMBbi JBIXYTCA B IpoTHBogdaze. B oqHonapaMeTpHIecKoM CONUTOHE HECKOIBKO
COCEHUX aTOMOB IBWXKYTCA B OJHOM HamnpapjeHud. [IooToMy B Opusepe HakaruiMBaetcs Oosbiias
3HEprys, Y€M B OJHONapaMETPHUYCCKHM COIHTOHE.

®  Bpusepsi 06pa3yloTcs B crielHaIbHbIX YCIOBHAX — TOJBKO B NOTEHUMANax 2-4 u 2-3-4 npy pacnane 7~
curhana. OqHonapaMeTpHYecKHe CONHTOHB 00pa3yroTcs Kak B CTENEHHbIX, TAK M B PEATUCTHUECKUX
NIOTEHUHANIAX, IPHYEM CaMONIPOU3BOJILHO, H3 XaOTHYECKOrO JBHXXEHHA aTOMOB.
*  DBpuzepnl UMEIOT MaJIOE BpEMA JKH3HH M pacnazatorcd HeobpaTtumo. Jlnd oAHONAapaMETPHIECKHX COJM-
TOHOB MEXIy npoleccamy 06pa3oBaHMs M pacliaja yCTaHABIMBAETCA AMHAMHYECKOE PABHOBECHE.
Takum 06pa3oM, B COCTOSHUM TEIUIOBOIO PaBHOBECHS HEJIMHEHHAsA LENOYKA XapaKTepU3yeTC Haluuu-
€M KOHEYHOTO YMCJa JOJITOXHBYIUHX BBLICOKOIHEPreTHYECKHX BO3MYIUEHHI. MOXHO 0XuaaTh, 9T0 NOAOOHbIE
BO3MYIIIEHHA MOrYT CyIIECTBOBaTh B TPEXMEPHOM Cilydae W AaBaTh 3aMETHOE YBEJIMYEHHE TEIUIONPOBONHOCTH
KpHCTa//1a IPH BBICOKMX TEMIICpaTypax, a TAKKE BIUATh Ha [UIMTENBHYIO IPOYHOCTH TBEPABIX TEN.

PE3IOME

MeToaoM MONEKYNSpHOT AMHAMIKK POBECH] “UCENbHI EKCTIEPMMEHTH 110 OBrOCTPOKOBIH €BOMOLIT PI3HUX THIIIB
MOYATKOBMX CHMHAJIB y HEMiHIHHMX JIAHIOXKKAX 3 PCALICTHYHUM MKaTOMHHM noTeHuianoM Exp-6, a Takoxk 3i CTeneHeBH-
MM IoTeHLianamMy. 3HaieHO, 11O B TCIUIOBiH PiBHOBA3i CHCTEMa XapaKTEPU3Y€ETHCHA KIHIEBUM YMCIIOM KOBFOXHBYYHMX COJi-
TOHOMOAIGHMX 36y proBaHb, IPUYOMY MiX IpoLEcaM IXHBOTO POCTY i po3Naly BCTAHOBIIOETHCS AMHAMIUHA piBHOBAra

SUMMARY

Molecular dynamic numerical simulations are performed to investigate a long-time evolution of different type initial
signals in nonlinear chains with realistic Exp-6 potential and with powers ones. It is found that in thermodynamical equilib-
rium there is a finite number of long-lifetime soliton-like excitations in the system, with dynamical equilibrium being be-
tween the processes of their growing and decaying.
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YVIK 539.12

IT'PAAYUPOBAHHOE HENNOJIHOE AOOUWHHOE PACIIMPEHME I'PYIILI IOPEHIA
B B-MOJEJIM OBBEJUHEHHS DJIEMEHTAFPHBIX YACTHI]

:

Honeyxuii puzuxo-mexnuvecxkuti uncmumym HAH Yrpaune

1. Beenenue. [IpumennM xaHOHHWYECKHe MpaBwia BecoBhiX 3HakoB (R1) — (R3) u3 [1] n onpenenenus
ocHOBHBIX nmoHATHI LINAG (nmnelinoit rpagyupoBaHHo# anre6ps! Hap anrebpoit I'paccmana AG) B nccnenosa-

HUY TpaHCOpMaLMOHHBIX CBOMCTR 6a3bl B paccnoenwii [2], c/iou KOTOpbIX npeobpasyloTcs Mo IpeACTaBlIeH -
AM IPYIIIb

G =GL(B)x LxU(1)xSU(2)x SU(3). M

Oty paccnoerus (G-bundle) onucHBAKT Bce KNHEMAaTHYECKUE H NMHAMWHECKUE CBONCTBA IPaBUTALMH,
G-METpHKH, JIEMEHTapHBIX YaCTHI] ¥ X B3aUMoJeHCTBHIl B TeOpHM, Ha3zbiBaeMol bundle model wnn, xopoue,
B-mooenvio [3]. CoBpeMeHHbIE JaHHbIE N0 YacTHIaM HanboJiee MOJHO OTPXKEHBI B CMAHOAPMHOU modenu
I'nawioy - BaiinGepra - Canama, 0o OTHOLICHHIO K KOTOPO#H Ul B-MOZE/NH BBINOJHAETCA MPHHLHUN COOTBETCT-
sus. COrnacHo UM B-Mozenb He HyXKaeTcs B CyNepCUMMETPHI U cyTieprpaBuTanun. JlocneiHue 03Ha4aloT, Y10
6030HB! H (pepMHOHBI B PAaBHOM YHCJIE 110 CBOHM BO3MOXHbBIM THIIAaM NpeoOpa3yioTcs Mo OAHOMY M TOMY XKe
NpeCTaBIeHMIO HEeKOTOpol rpadyupoBaHHOM rpynmsl. [TosToMy Hame pacimmpenue rpynmst Jlopenua 6yner
OTJIHYAThCA OT CTAHAAPTHOIO CYNEPCHMMETPHYHOIO, H 3TO OTJIMYHE OKa3bIBAETCA PA3HTENBHBIM NO YHCITY HO-
BBIX IeHepaTopoB rpymnn. OCHOBHOM 1ENbIO IPaXyHMPOBAaHHOTO HEMOMHOTo ad$MHHOrO paclIMpEeHMs FpYNNbl
Jlopenua sBnseTC KHHEMATHYECKoe OGBACHEHHE NPHYMH CYHICCTBOBAHHA KCIIEPHMEHTANBHO HabIIOKAaEMBIX
TPEX MOKONEHHMH 3IEMEHTAPHBIX YACTHLL.

B B-mozenu ¢epMHOHbI M 6030HBI HUKOTIA HE NMpeo0pasyloTcs Mo OJHOMY H TOMY K€ HeNPHUBOLHMOMY
NpeACTaBIEHHIO IPyNmbl G, Tak kKak 6030HbBI peallH3yIOT CTPYKTYpY AHbPepeHIHaIbHOM CBA3HOCTH B BEKTOPHBIX
PAcCHOSHHAX U METPHYECKYIO CTPYKTYDPY Hal IJIaBHBIM (G-pacClIOEHHEM, a epMHOHBI - TOJILKO BEKTOPHBIE pac-
CNOCHWUA, NpWYEM HE BCe, a JHMIb ChnUHOpHBle no rpymme JlopeHla L W BEeKTOpHbE MO TIpynne
U@ xSU2)xSU(3) (npsmoe npoussenenue ux). Hanpumep, k kacaTeNbHbIM PaccloeHHAM Hal B M K riaB-
HOMy G-pacclioeHuI0 ¢epMHOHBI HE MMEIOT NMPAMOTO OTHOLICHHS, a TOJILKO Yepe3 B3aHMMOAEHCTBHA ¢ 6030HaMHU.
IMosTomy TparchopMaLHOHHbIE CBOHCTBa (PepMUOHOB 1 6030HOB B B-Mozenu (Kak U B cranaapTHo# Mozenu -
mioy - Balin6epra - Cajiama) HIKOrIa HANPAMYIO He NEpeceKaloTCsA B COOTBETCTBHY C HaGMIOACHUAMH H B OTIHYHE
OT CYNEPCUMMETPHYHBIX U CYNEPIPaBHTALMOHHBIX Teopuit. Ilo HameMy MHEHMIO B-MoAenbh NCKITIOYHTENBHO XO-
poLLIO MpHCNocobIeHa A YCTPaHEHNS H3BECTHBIX CHHIYISPHOCTEH B KBAHTOBOH TEOpHM NOJIA.

2. G(B)-nuneiinble KoopaAnHaThI. [lepedopMynupyem cHavyala HeKOTOpbIe noJioxkeHns cTateu [2). IlycTs
B ecTb 9-MepHO€ rpaxyupOBaHHOE MHOrOOGpasie, KOTOpOoe HIpaeT poJib NPOCTPAaHCTBA-BPEMEHH M KOTOPOE BCera

ABMSETCA MPOCTPAHCTBOM 3HAa4YCHUHl apryMeHTOB IpH 3ajaHuy cedenudt paccnoenuit. [ycts @ :U — B_ ects
nozxonAmee oToGpaxeHHe KOOPAMHATHOMN okpecTHocTH U C B 6 nuneiinoe mpoctpanctso B, Toi e pasmepHo-
CTH 1 rpayHpoBkH, uto ¥ B. O6pas z(h) € B, touxu b € U nmeer cnenyromue koopaurarss:
n @ . .
zZB)=z=(z )=(r=2"x"=2",0"=2")e B, °)
re. I1=(0,u,c). Tycroe MuokecTBO & HCMONB3yeTCA B KadecTBE CKANIAPHOTO MHIEKCA, MHIAEKCHI
U,V,... =0,1,2,3 (a Takxe BapHaHT C YEPTOI CBEPXY, — CM. HIDKE) 3 CEpeIMRbI ANaBUTa CUMTAIOTCS YéT-

HBIMH B CMbICHE TpaxyupoBkH (2) u3 [1], kax u ungexc . Uugekcn ), ,3 e = 1,234 (a‘TaKxce' BapHaHT ¢

4epToii cBepXy) M3 Havana andaBuTa Heu€THHL. B onpenenéHubix HIke dopMynamu (4) G(B)-nuHEHHBIX KOOp-
QUHATaX BCE MHJICKCHI HArPYXAKOTCS YEPTOMH CBEPXY, YTOOK NOAYCPKHYTH [IPeodpa3yeMoCTb COOTBETCTBYIOUIMX

BENIMUMH 10 NpencTasnenusm rpynmbt Jlopenua L. Tapa (B, B,) emecre ¢ nokpuituem {U,}, Aer, po-
cTpaHcTBa B n otobpaxenuamu {Q A} Ha3bIBACTCA 2padyupoOSanHbiM’ MHO2006pasuem pasmeprocmu (5,4) =
(1,4,4). B tepmunax pasnena 2 u3 [1] Moxem nanucats: B = B™, B,=B™, rne m=5, n=4. Tonono-

¥ TIPOCTPaHCTBa B, Boobiite roBops, HenssecTHa. Ho B BUAMMON 4acTu BCENeHHOM (1 B) oHa coBMajaer ¢ To-
ROJIOTHEH MaKCHMAaIbHO CHMMETPUYHOrO npocTpadcTsa (cp. [4, ri. 13, §3]). [Ipeanonaraercs, YTo CymecTByeT

m " \
X0Ts GBI OIHA CHCTEMa KOOpIAMHAT Z  , B KOTOPO# MeTpuKa Hai B uMeeT BHA

0=z = dioe n .00, 07 =™ | = ding 1,y —C . 3)
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Enuunna cooTBeTCTBYET CKANAPHOMY M3MEPEHHIO FpafyHpOBAHHOrO NpocTpaHcTBa B,. JlHaroHansHbii

i

(4x4)-6nok 1,, = = 77;1 = =diag (—1,1,1,1) ects merpuxa MuikoBckoro ans BekTOpHBIX M3Me-

l”z;

penuit B, BC. Jlopenu-tpopmunBapuantHas (4 X 4)-MaTpuua 3apAnoBoro conpsokeHus C =“C(;/—J

' OTBCYACT

CITMHODHBIM (HEYETHBIM) u3MepeHiisiM B u B,. Ona aHTHCHMMeTpHYHE B OGBIYHOM CMBICSE, HO OXHOBPEMEHHO
CHMMETPHYHA B TPafyHPOBaHHOM CMbicle. 3HaK MUHYC B (3) 06ycnoBIeH KoBapHaHTHOW Moaudukauyen onpe-
meneduns obpartHo# rpanyuposaHHoil Matpuupl [1]. Onpenenum rpynmy G(B), Beipaxaromyro MakcHMaibHO
BO3MOXHOE HenosHoe adduHHOe paciunpenye Tpynmnel Jlopenua L B Kiacce, OnpefenseMoOM IpaxyupoBKOH
npoctpauctsa B. Dnementst g € G(B) 3amanum kak npeobpasosanut 8 B, cnenyiowero suza:

1 1 1 00 0

F(b)=r rB)=r o M 0 K ,
=) Flxey="[ *T|a 4 A B =gl @
0'(b) = (6%) o(b) = (6%) £ 0 0 S(AP)

M-

ci,je{D,D, ua}. (4x4)-6nox A=||A"
MS() CBA3HbIMH KOMITOHEHTAMH,

S(A,P) =(-1)"S(A) exp(— Piy;), (4a)
me S(A) =[S(A)5
HO obcyxnéH B ctathe [1]. B sxcnonenunanbHoil matpuue ¢urypupyer nceBaockansipHas marpuua Jnpakxa

7s=-iy’r'y’

€CTb 37ieMeHT 001wl rpynmst JlopeHua co BceMH (YEThIps-

--- MaTpHLA CIIMHOPHOro nipeacTasienus. [lapamerp V =0 wm 1 B LINAG nozpo6-

s pn , i =+/—1, n BemecTBeHHbI}! HIH KOMIUIEKCHBIH napameTp P. Jlpyrue Gnoku B

y'yiy’ =

(4) nupexcupytores tak: p, M €R, a= (a’_‘), £= (8‘;), A= (A;) (cronbupt), K = (Kﬁ) (ctpoxka);

B =||B*;

. Jloka3aTenbCTBO TOTO, YTO MHOXECTBO 3/1eMEHTOB g M3 (4) obpasyer rpynmy, OyneT JaHO 4yTh
no3xke. BepxHue Hynesble Onoku B g ofecneumsaior addHHHOCT, INpeobpa3oBaHMit  KOOpAMHAT
2= (r,x,0)= 2" (b), xotopsie Heobs3aTenbHO coBMecTHMS ¢ (3). KoopauHaThi M= (r',x',0")= " (b)
COOTBETCTBYIOT TOH e caMoil ToUuke b € B, uto 1 KoOpaMHATHI zﬁ (sicHO, uTO B (4) peub HIET O Pa3HBIX CHC-

o
TeMax KOOpAMHAT, JaXe [POU3BONBHBIX). ECiK xoOpAMHaTHl Z  COBMECTHMBI C (3), a aneMeHTH g npoberaoT

scio rpyny G(B), 1o koopmunatsl z" Gynem HassiBaTh G(B)-muneiinbimu. 3aMeTHM, 4TO MeTpuKa (3) 3a1a-

&1cq He B oGOl cuTyauus, a AWIOb B CBA3M C AMHAMUYECKUMM YPABHCHUAMH ABIKEHUI PHIMUECKAX CHCTEM
(v Toraa sceriia CyWECTBYIOMME reOMeTpHYECKHH HPOHUIBON HCKITIOYAETCH NETEPMHUHA3MOM NPHPOXALL). Mbl
OyZeM roBOPHTb, YTO AMHAMHMYECKHE YPABHEHHUS IBIKCHMI ¢ MeTpHKO# (3) 3annCaHbl B uHepyuanvhoti CUCTEME

xoopaunat. Knacc G(B) -nuHeifnbix kOOpAMHAT MIMpe Kiacca sHepLmaIbHbIX. JKcnoHenta exp(— Piys)
kommyTupyet ¢ S(A):
S(AYexp (~Piy;) = exp(~Piz)S(A). | (ab)

Yto6bl yOCAMTLCS B 3TOM, HYKHO JTHIIL OOpaTHTD BHHMaHUE Ha CBo¥cTBO J* Vs = —75}/” matpun Ju-

paka (4 =0,1,2,3) 1 Ha 10, 4TO KaXablit wieH Boipaxerus S(A), nMpeacTasneHHOro B BHAE PAja MO CTENEHIM
N
()5
neit. Orcrona 1 3 no3uuMit Hynessix Griokos B (4) cnenyer, yto OJoYHas cTpyKTypa dnementros g € G(B)

Bceraa ocraércs GpopM-HHBapUAHTHOM NP rpyNNoOBHIX onepauusX. JIEHCTBUTENLHO, COTNIACHO MpaBUIaM yM-
HOXEHHS rpadyMpoBaHHbIX MatTpHit [1], npu yMHOXEHMH SNeMeHTa £ Ha aneMeHT g, (6710kH ¢ MHOEKCOM 1)

) B KauECTBE COMHOXKMUTE-

CBOHX FeHEpaTOpOB, CONEPXKUT TONLKO uéTHOE uncno Matpun ¥ = (¥*) = (
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BXKHO, 9TO: (2) YKCJIO ¥ PACHONIOKEHNE HYJIEBbIX GJIOKOB MPON3BEJECHHS He H3MEHAETCS N0 CPaBHEHHIO C g, (6)
cTpykTypa 6nokos A g = AA, n
v .
S(Agg, s Peg,) = (=1)" S(AA ) exp[—~(P + R)iys] (52)

coxpansercs. CroiicTBo (6) Hapyiunnock Obl, ecnu Ol MBI 3aMEHHNH B (4) X0TA OBl ONHH U3 HYJIERLIX OIOKOB BO
BTOPOM M YeTBEPTOM pajax Ha 4To-To Apyroe. [Toaromy addnnroe pacimpenue (4) rpynnst JlopeHla Hasbisa-

€TCH MAKCUMATBHO BO3MOXKHEIM, XOTH H HENONHBIM. JIpyrue OJ10KH Npou3BeNeHUs ZE; HMEIOT BHI
P =P+Mp +(-D)"Ke, M, =MM,, a, =a+Ap +Aa, +(-1)"Bs,  (5b)
£ =E+(-D"S(AP)e, Ay =AM, + A4, K, =MK, +(-1)'KS(A,,P), (50
B, = AK, +AB +(~1)"BS(A,, B). (5d)
IMockonsky 3uax (—1)7, ¥ =0 mwin 1, yike yuTéH cornacHo npaswiam u3 [ 1], BbITHCAHHbIE MPOU3BEE-

Hya GJIOKOB PACCMATPUBAKOTCH KaK OOBIYHBbIE NMpou3BeAeHus MaTpul. Ceoiictra (a) 1 (6) NMpou3BenEHNS OTHO-

-1 » "
CATCA TAKXKE K 3JICMEHTY & . HCPICTBPITCJILHO, ¢ IMOMOIUBIO ITPaBHUI U3 [1] M OAHOI'0 N3 IBYX COOTHOIHCHHH,

-1 -1 T
g8 8= 1(6,4) ngg = 1(6,4) , roe

Loy =diag(L],) ¢ 1, =diag(L[6%s]|(~1)Y 675 ]) = diag (1,,(-1)"1,),
HaAXOOUM:

— 1 _ Al _ -1 . -1 .

Mg»l = _A?, Ag-l =A s Sg-l (a) - S(A 9_P)9 gg—l - _S(A ) exp (Pl}/s)g, (62)
1 1 4 .

Ag-l "'—A_l'A A’ Kg—l —‘—'EZKS(A )exp(Pl}’S)s (6b)

Bg_, = —A'IAKg_, —A']BS(A_I)exp(Pi)/S), (6¢)
__P - Al VY

Py = v; -D Kg_,g, a,.= pAg_, ANa-(-1) Bg_,a. (6d)

I'paayvipoBanHbiit onpenenurens Det g Beipaxaercs depe3 OObIMHBIE ONPENETUTENH INArOHANBHBIX
610KOB:

Det A==+1, det S(A)==1, detexp(-Piy;)=exptr(-Piy;)=1,
TaK Kak MaTpuua ys umeeT Hyneoi cuen, tr 75 = 0. Orciona, cornacko onpenenchyio [1] rpaiynpoBaHHOTO
onpenenurens, Det g =+ M.

2. Moarpynnsl MakCHMANLHOro HemosHoro adpHHHOrO paciinpenns rpynmnbl Jiopenua. M3 (5¢) n
(6b) Bunmo, uto ecu B rpynne  (G(B) BuIGpaTs MHOXECTBO 3IEMEHTOB C HyjieBbIMH Giokamu THIA 4 Wiy K, T0
oko o6pasyer noarpynmy. [Tycrs G,(B) ects nepeceuesue noarpym G,(B) (c 4= 0)n G,(B) (cK=0).Bo

BCeX TPEX NOArpynmax G,.(B), i= 12,3, nepBeie claraeMsle B IpaBbix 4acTax paBeHcTB (5d) n (6¢) HcuesaloT.

310 06CTOATENLCTBO MO3BOJIAET CY3UTH Kacce On10x08 B, nomydyas TakuM oOpa3oM HOBbIE NOArpymibl. FiMeHHO, B
obieM anemente (4) ¢ A =0 w/wnmu K =0 610k B ponyckaeT hopMHHBAPHAHTHOE NPEACTABICHUE BHIA

B =(=1)"8S"(A,P)C ye = b[S(A)exp(-Piy,)ICy,e. 0

70 MBI BCKOPE TOKAXEM. A TIOKa TIoAcHeHus. B kaxaoit HoBoil noarpynme napametp b €R (wim naxe
C), TaK YTO N0 3TOMY NapaMeTpy Ms! Tiomyyaem Tpu cemedictsa noarpynn G, (B;b). C — marpuua 3apsaosoro
conpsxenus, kak u B (3), ¥ — Marpuust Jupaka; £ — 6ok u3 (4), Tak uto B g € G,(B;b) omuu u e xe
SMeMeHTE £ TOSBINOTCS B IBYX Gokax. MHIeKe t 03HauaeT o6briHoe TpaHcronuposanye. [He crieayer my-

TaTh 0603HaueHKe B Gnoka m3.(4) u (7) ¢ Taxum xe B cumponax Tuna (,( B), rae B o3nauaer 6a3osoe dusHue-
cKoe npoctpaHcTBo G-paccnoeHHii. ]
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Teopema. Muoocecmso rnemenmos (4) npu yenosuu A=0 wuwme K =0, a maxoice (7) obpazyom

nodepynnet Gi(B3b) (i=123; beR  wm  C),nodvunénnvie  yenouxam  exmoue-Huil:
Gy, (Bsb) c G(B) < G(B), G,,,;(B;b)c G,(B)c G(B).

HoxaszaTtenbcTBso. Ham norpebytores opmynst (5¢), (6a) nns 610KoB THIIAZ £ M

B, =AB, + BS(A,)exp(—Riys), Bg,I =—N"BS(A™") exp (Piy,) ®
BMecTo (5d) u (6C), COOTBETCTBEHHO. PacCMOTPHM cHayaia NPOU3BEACHHE AB] B (8). 3necs A neiicTByer Ha

BEKTOPHbI# MBaeKC Matpul [upaka w3 (7) (npu B —> B)), Tak uto cornacHo n3secTHbM popmyiam

(ApY' = Noy” =S (AP*S(A),  SHAXCS(A)=C ©)
HaXOAUM:

AB, =bIS(A)exp(-Piiys)IC(Ay)e, = BIS(A)exp(=Piiy )ICIS (A)yS(A), =

=b[S(A)) exp (=Riy)I[S'(A)Cy exp(Piy)l[exp(=Piys)S(A)e ], (%)

VurtéM Terneps kKommyTanuio (4b) axcnonentsi 1 S(A), u coitcTsa

v exp(Piys)=exp(— Piys)y, Cys=y,C (10)
matpul, [upaka. Toraa nns (9a) nuiem npoaosDkeHUe

AB, = b[S(AA,) exp(~(P + P))iy)1C 7IS(A) exp (=Piy,), ). (11a)

Bropoe ciaraemoe B niepBoii ¢popmyne u3 (8) npuHAMaeT BUI

BIS(AA,)exp(—H(P +P)iy,)IC ye. (11b)

OO6benuHaAs NBa NOCIEIHUX Pe3yabTaTa U yuuThiBas (5¢), B HTOre HaXOqUM

B, =b[S(AA,) exp(~(P + B)iy;)]' Cre, . an

yro corsacyercs ¢ (7) ws sneMenta gg,. MubiMu cnosamu, B nponsseaeHnsx snementoB w3 G,(B;b) sun
tdopmyist (7) octaércs GopMHHBapHaHTHBIM. HaM OCTaloch TIPOBEPHUTH 3TO YTBEPXKACHHE NpH oOpalleHHH
anementos u3 G, (B;b). TMoxcrasnss no-npexuemy (7) Bo BTopoe ypasHenue (8) u nons3ysck Gopmynam (9)
u (10), HaxoaUM NOATBEPKACHUE:

B.= -bA'Cye = -bC(A'y)e = -bCS " (A)yS(A e =
= —bS" (A )Cy exp(=Piy,)[S(A™) exp (Piys)e] = BIS(A™) exp(Piy)IC ye .. (12)

4. YcnoBne opMHHBAPDHAHTHOCTH MeTPHKHM. B Matpulie (4) BhIYEPKHEM I1€PBYIO CTPOKY M HEPBbIA

cronben. Ocrarok, (9% 9)-Marpuuy, o6o3naunm cumeoiom g € G(B)/ N, t1.e. g € dakroprpynme no Hop-
MabHOM rpynmne N ¢ MHOXXECTBOM 3JIEMEHTOB BHJIA

1 0 0 0
p o |
n=ly o1, 0 =||nj||eN. (13)

e 0 0 (=171,
3necy I, — enunnunHas marpuua ¢ Hed€THRIMEM HHAekcaMH [1]. Jl1a mpocToTsl BBENEM 0GO3HAUERHA
E(B) =G(B)/N, G. (B,b)=G,(B,b)/ N . Ot rpynmst nomyckaioT AaibHEAHI KOHCTPYKTHBHbIH aHa-
nu3. B Tepmunax LINAG u 8 G(B) -nuneiinsix koopaunatax (4) MeTpuka (3) MpHHUMAET BUA
1 V(T1+A)+AT —LA_ I
5= D"V (g ) (g ) (14)
B obmem ciyuae 17’5 # 715z Tlo3ToMy, Kak yxe ormedanocs, wiace (F(B) -muneliHbix KoopaHHaT K-

pe MHoxectsa Tex (G(B) -nuHelMHbIX KOOpAMHAT (HA30BEM HX 0pMONUHEHbIMY), B KOTOPBIX METPHKA OCTAETCH
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dopmunBapuanTHO#: 7]';= = 1;z. Homrpymma G(B,7) rpymmbi G(B), otHocHTentHO KOTOpOH MeTpHKa
ocTtaérca GopMHHBApHAHTHOW, €CTh MHOXECTBO pEIlCHHH ypaBHECHUH

TI+A)+ATT —LA_, L. _
e = (=D (g )'5(g )F (15)

—A —i. %
— A
OTHOCHTEILHO g & wm, uro pasHocwisHo, (g )"A. DTH MaTpulbl CBs3aHbl COOTHOLIEHHMSIMH

——-1

—]—
T "
gg =1 . & &= 1”. Mbl He CTaHeM 3/leCh UCKaTh BCe pelieHUs ypasHenuii (15). BMecto 3Toro nomnbita-
eMcA ABHO yKa3aTh HOATPYINIY, COBMECTHMYO ¢ (15).

Paccmotpum noarpymy G,(B) rpynmi G(B) (a taxxe nogrpynn G;(B) u G,(B;b) , i=123) ¢
JNeMeHTaMH

1 00 0
p 1 0 0 :

€=, 0 A 0 € G,(B). (16)
e 0 0 (=1)"S(A)exp(-Piys)

O6parHas MaTpHU@ JIETKO BLIYMCIAETCS 1o ob1uM (opmynam (6). BeiscaumM, Gyner i dakToprpynna

Go (B)=G,y(B)/ N nonMuoxecTBOM peenuii ypaBHeHuit (15). Ji1s 5T0r0 Hy>KHO JHWb nposeputh B (15)
eIMHCTBEHHO HETPUBHATLHOE PaBEHCTBO

C = (-1 [CS(A™)exp(Piy;)] S(A™ )exp(Piy;) (17)
M1 6nokoB. YumThiBas kommyrtawmo (4b) skcnomentsi u S(A), a Tmawxe csoiictea C'=—-C u
CC' = II = ‘5,—3; = l—- o Eﬁ“ , cooTHomeHue (17) MOKET GBITH IEPENHCAHO B BUAE

C =S"(A") Cexp (—PiC'yiC)exp(Piy,)S(A™). (18)
S10 pasencTBo npunuMaer Bux Toxkaecta C = C B cwty dopmyn (4b), (9) u (10). Tostomy rpynna

G,(B) senserca noarpynnoit rpymmst aswxennii G(B,77) . ¥ nac Bce rpynms ¥ NOATPYIIB 3aaHbl ABHO B

BHIE MHOXeCTB 'MaTphil. [lo CTaHAapTHOM cXxeme MOXKHO SIBHO HaliTH BCe reHepaTopsl, (AHTH-)KOMMYTALMOHHbIE
COOTHOLIEHMA ISt HUX M CTPYKTYPHBIC KOHCTAHTBL.

5. Koutypsi B-mogenn. Yuratesns, BepoATHO, KeEIAeT NOHATh, C KAKMMHA KOHKPETHO (PH3NYECKHMMU fAB-
NeHusME CBA3aHO (yHaaMenTampHoe npencrasnenue (4) rpymmet G(B).31o npencrasneHue peanusyet, UTO
BaXKHO, 6a3y B paccnoeHuii, ¢ XOTOPHIMH ACCOLMUPYETCH NuHaMuka $U3MdecKuX cucteMm. OIHAKO U B CTPYKTY-
0& paccoeHnH, X B AMHAMHKE aKLEHTHI CMEMAloTCs (HO He NepeKmoyaloTcs noiHoctbio) ot rpymns G(B) k
crpykrypHo# rpyme G (cM. (1)). COCTOSHHA M3BECTHBIX 3MeMEHTAPHLIX YacTHI NpeodpasyoTcs no npencTas-
JeHuaM rpynnbt G TakuM 00pa3oM, 4TO ONHM M Te e (QepMUOHHBIC NMPEACTAaBICHUS PEANM3YIOTCH TPHKABL.
3ot dakt oTobpaxkés B Tabnuue 1. B Teopuy ucxoaum U3 TOro €CTeCTBEHHOro TpeGoBaHyA, UTO UHTErpan Aei-
©TBUA A He dondceH aBTOMaTH4eCKu o0paulaThes B Hyllb, €CITM arpamxuaH L(x) He 3aBUCUT OT HEUETHBIX apry-
MeHToB &, — YCIIOBHE, peanu3yeMOe NPH MTHOPHPOBaHHHM rpasyHpoBk B (2)  (4). D10 TpeGoBanue Mbl Ha30-
BEM UHMESDAIbHBIM NPUHYUNOM COOméemcmeus (¢ zpadyupoganHeiMy apeymenmamu). ByseM HCnonbs3oBath
rpaccmaHoBy anrebpy AG, obpasylomMMH DJIEMEHTaMM B KOTOpOil sBNAIOTCA peileHHs TPEX ypaBHEHMIL:

2 2 2 : o
x"=1 x"==1 m x"=0. Ilepssle nBa YypaBHEHNS HMEIOT JIMHEWHO HE3ABUCHMbIE DEWIECHHS

X =11 x =i =+/-1. Tperbe ypaBHeHne f0OMycKaeT CUETHOE MHOKECTBO JHHEWHO HE3ABHCHUMBIX peltie-

uui X =1, n € N, KoTopble WAPOKO HCHOMB3YIOTCA MIPH ONMMCAHHH PEPMUORHBIX COCTOSHHHA B TEOPHH NOJIA

€lE 10 Mpoleaypbl KBaHTOBaHMA. B kauecTse npo6rozo BapuaHTa, 114 3afiaHud xoopauHart (2) npocrpaxcrea B
GyZieM HCTIONB30BATh HAMMEHBINYI0 HETPUBHANBHYIO YHCHOBYIO anreGpy AG ¢ AByMa HE3aBHCHMBIMH HEYET-
BhiMH oOpasyromuMu: X =1 ¥ X =1' (cM. Tabuuuy II).
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Tabanna 1. M3secTHble 3jieMeHTApHBIE PEePMHOHBI.

GL(B) - singlets, ] ; ] j _
) I generation ! Ilgeneration = | Ill generation

L - spinors ' { t

SU(2) - singlets, € ! L : Ty
 SUQG)-singlets | rightelectron |  rightmuon | rightz-lepton _

SU(2) - doublets, L=|" L =] L=

SU3) -si e I 2L I T )L
SU)-SINBIES | 1ftelectronic leptons | Jeft muonic leptons | _left 7 -lepions _

SU(2) - singlets, Uy, dp { Cr>» g ! ty by
| SUQ)-triplets | right (u,d) - quarks_! right (c,s) - quarks | right (1,5) - quarks_

I |
SU(2)-dowblets, | ¢ =|" o =€ o,
SUQ) - triplets RS RS R
left (u,d) - quarks { left (¢, s) - quarks l left (¢,b) - quarks

Jlis mamHoro @ (= 1,2,3,4) onHoMepHOe MHOXecTBO KoopauHat{@“}, cooTseTcTBYIOMEE OMHOMY M3
4ETHIPEX M3MEPEHHH HEYETHOro MoANpPOcTpaHcTBa B C B, MOXKeT GbiTh NapaMeTPH30BaHO ¢ MOMOLIBIO Be-
iecTBeHHoOro napamertpa ¢~ € R, Tak uTo HMeeM

G (1*)y=67(1") 1+ 67 (") ¢’ (19)

TakiM o6pasom, deTsipe mmeperns B mapametpusyloTcs ToUKaMy HETHIPEX TpacKTOpUil B ABYMeEp-
nom noanpoctpancree R(z,2") = (R, R2") c AG wm C(z,2") =(C1,C1") C AG, B xOTOPOM IPHHHMAIOT
3HaueHns koopmuHatel O . TlomuepkiéM mpu o10M, uto 4-Mepre B! e cBommTCA K AByMepHIO; peub HIET 0

od
¥uCnoeom TIPOCTPAHCTBE 3HAYEHMUI koopOuHam 6e3 U3MeHeHHs KoIM4ecTBa GasucHsIx Bekropos B B, . BeiGop

TpaeKTOpHH COOTBETCTBYeT BhiGOpY crcTeMsl koopaunaT B B*! < B. Cewenns y(z) G -paccnoenuii, coor-

BETCTBYIOWMX JIEBOH KONOHKE B Tabiuile [, 3aBHCAT OT BeIECTBEHHBIX MApaMeTpoB [“ TONBKO YEPE3 CYMMBI
(19). Cnenosatensho, W(z) = w(x,0)=¥(x,1',...,t*) ects AG - 3Haunas dpyaxums.
Tabanua II. Ymnoxenne o6pasyomux snemenron B AG.

T 1 T T
AG | L v i 1 ¢ vt v
\ 1 1 (A
(R I ]
1 | ST SR T AR T A L,
B R R B e
i i =1y it yia,
EVEN AP v e e
L ey 0 g,
T i S T 0 T o
i ! v | _:_
SRS TR . N S . S
LR 0 ! 0 ! 0

" 1 4
HHTerpuposanue 1o HeuéTHpIM Nepemennsim & = (6',...,0") Mbl oToxIeCTBIISEM, 110 OTIPEAENEHHIO,

a
C PMMaHOBBLIM MHTErPUPOBAHMEM MO BemiecTBeHHLIM nepementbiM [” € R, a =1,4. [lanuas npouenypa co-
BMECTHMA C HHTErPAIbHBIM MPHHIIUIIOM COOTBETCTBHA. DTO — HAMIyYlliee ONpEieleHHEe H3 BCEX BO3MOXHBIX

[3]. Pasnoxenue /(z) B pan Teitnopa no crenensm & u, NOHATHO, N0 cTeneHsM £ ¥ I' JACT pe3ylIbTar

free
w(@) =y () + iy () 1+ () 1+ (x,0) 8, (20)
roe 1, =11 '. PUMCKUE HHAEKCH 3[€Ch O3HAYAOT HYMEPALMIO NOKOReHUlt (CEMEVCTB) MEMEHTAPHBIX HacTHIL,

MepBoe 1 ueTBEPTOE MOKONICHHA, KAK HMEIOIUHE OJMHAKOBbIE CBONCTRA YETHOCTH, MOXHO, BEPOATHO, 00bERH-
HUTB B OZHO, OT KOTOPOTO BTOPOE M TPEThE IOKOIECHUSA OTANYAIOTCSA NPHHIHIHANBHO. OUEBUAHO, 3Ta HEPABHO-
LIEHHOCTh JIEXKHT B OCHOBE HaGMiofaeMoii B MIpHpPOJe aCHMMETPHU B pealH3auMH BCEX TPEX NOKOJCHHH: Hall
MHP COCTOHT B OCHOBHOM H3 YacCTHL{ NTEPBOTO NOKO/NEHUA. B npuHUMIe, Be HCKIIOYEHO, YTC B yAymIeM 4eTBED-
TOE MOKOJIEHHE MOXET OBITh 0OHAPYKEHO KaK CaMOCTOSTENILHOE.
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Y10 KacaeTcs HabMOAAEMOr0 Pa3H4Usi MacC DNEMEHTapHBIX YaCTHL, TO KYXHO MMETh B BHAY CIERYIO-
1iee: HapALy ¢ rpafyMpOBaHHBIM aHAIOrOM MexaHu3ma XHrrca (KOTOpBIH JETKO yKI2ablBAa€TCA B TPYNIOBOH
anamas 603e- 1 HEPMU-CHCTEM) CYMECTBYET KOHKYPUPYIOUIHH MEXaHU3M, CBASAHHKLIH C Pa3HOH 3aBHCHMOCTBIO

¢yHxumii psaa Teittopa OT CKaIAPHOro apryMeHta » = 72° m (2). 3amernm, yro pacmvipenue Tabnuue 11 npu-
BeJIO OBl K yBENMUEHHIO 4HCIIa TIOKONEHHH aNeMeHTapHbIX yacThil. Bribop — 4epes nabmoaenus. O neranax B-
MOJE/M, B YaCTHOCTH, O TPYNIOBOM aHanuse, Au(depeHuManbHOl CBAZHOCTH B npobnemax O0LeRHHeHUs
B3auMONeHCcTBUI dJIEMEHTApHBIX YacTuL, cM. {3].

PE3IOME

3HaitneHo HOBi rpanyioBaHi rpyriy, 10 € HENOBHMMH ad@iMHHUMK po3WMpEeHHAMM rpyny JlopeHua Hajl 30BHiL-
Hpo10 anrebpoto (kinsem) I'paccMana. Po3niupeHHs 3anal0TECS AK Aii B 9-MipHOMY rpanyitopanomy G6aiosomy dizuusomy
NpOCTOpi, WO IPaE BXIMBY poib Y B-modeni 06'cnHAHHS €neMEHTaPHHX 4acToK i pyHnamenTanbHux B3aeMoxii. I'pynosi
BJIACTUBOCTI NOTOKEH] 3 HOBUMH NIPaBUJIAMH BUPAXyBaHH4 B rpafyioBaHiit niHiFHiH anre6pi. [JlacTbes HanEKHE NOACHEHHS
iCHYBaHHS TPbOX TIOKOJIiHE €IEMEHTAPHUX HaCTOK.

SUMMARY

New graded groups are found being incomplete affine extensions of the Lorentz group over the exterior Grassmann’s
algebra (ring). The extensions are specified as actions in the 9-dimensional base physical space playing the important role in
the B-model union of elementary particles and fundamental interactions. The group properties of the extensions are consistent
with the new rules in graded linear algebra. The proper explanation is given for the existence of three elementary particle
generations (families).
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YK 539.2.535

THPOTPOINS MGJIEKYJIAPHBIX KPUCTAJIJIOB
B YCJIOBUAX OAHOOCHOW AEQOPMALINU

CA.Dedopos, B.B. Pysanyes
Honeyxuii pusuco-mexnuyeckunt uncmumym HAH Yepawneor,

Beepenne

B nacrosuiee BpeMs MMEETCS 3HAMUTEIbHOE YMCHO palboT, MOCBALUEHHBIX TEOPETHUECKOMY H3YUEHUWIO
THPOTPOIHBLIX CBOTICTE (3PPeKToB NMPOCTPAHCTBEHHON IMCIIePCHM) MONEKYIAPHLIX KpUucTamios (e, [1-13] u
BCE MPUBEACHHBIE B HUX CChIIKK). OCHOBHOE BHUMAHME B 9THX paloTax yAeseHo pazpaloTke W pa3BUTIIO MUK-
POCKOIHIECKOTO ONUCAHHS PHPOTPOITHH, BBIABIEHHIO PA3AWUHBIX €€ MEXAHU3MOB, AaHAN3Y WX CBA3M C MUKPO-
TIapaMeTPaMu Cpenbl ¥ YACTOTHOMH Ancnepcun. TakHe HCCReOBAHHS JAf0T BO3MOKHOCTD UCIIOJIL30BAThH ABJICHME
FHPOTPONMA B Ka4eCTBE TOHKOTO SKCNEPHUMEHTANILHOTO METOAa H3YUEHMA CTPYKTYPHBIX OCOOEHHOCTEM Kpu-
crauueckux cpea. OHu No3BOAMOT TAKKE C BLICOKOH TOUHOCTBIO NPOBOAMTH MONSPH3ALIMOHHBIE HIMEPEHHS
CHEKTPAIBHLIX XAPAKTEPHCTHK HEMHEHHBIX ONTHUECKMX MPOUECCOB B NPOCTPAHCTBEHHO-AUCTIEPTHPYHOLIUX
MOJIEKYIIAPHBIX KpucTaanax. Bmecre ¢ TeM, XOpowo M3BECTHO, UTO [ KPUCTAIOB ONpeaeseHHbIX KJTacCoB
CHUMMETPUH HEKOTOPbIE H3 HIHPEKTOB fIPOCTPAHCTBEHHON AHCTIEPCHH (HATIPUMED, ONITHYECKAS AKTHBHOCTH) BO3-
MOXCHbBI JIHLEL TIPH HATHYUK BHEWHNX [TOEH MM MEXAHHYECKHX HanpskeHHH (T. H. MHAYUNPOBAHHAA FUPOTPO-
mua), {14]. fTosTomy, Hapaay ¢ [1-13], npencraBisieT 3HauUTENbHBIH MHTEPEC MUKPOCKONHYECKOE PAcCMOTpe-
HHUE I'MPOTPONHLIX CBOMCTB MONEKYIAPHBIX KPUCTA/UIOB € YYETOM YKa3aHHbIX (PaKTopoB. AKTYaJHOCTh N0A00-
HbIX MCCJIEN0BAHHR TeM 0oJsiee OYEBUHA, MOCKOABKY THPOTPONUA, KaK YyBCTBHTENbHBIH MHAMKATOP BHEIHHUX
BO34EHCTBHH, YaCTO ABJIAETCA EIAUHCTBEHHO BO3MOMXKHBIM CIOCOOOM OMpeseNeHus Lejioro pana crepec- U KpH-
CTAUIOXUMUUCCKUX NapaMeTpoB paccMaTpuBaembix kpuctasnnos [2].

Mukpockonnueckoe pacCMOTPEHHE BCEBO3IMOMXKHBIX ONTHYECKUX 3PPEKTOB B CHCTEMAX, MOABEPKEHHBIX
BHEUIHUM BO3JEHCTBUAM, MPEANONAracT, OYEeBHAHO, H3BECTHOM 3aBHCHMOCTb XapakTEPHCTMK HOPMAIbHbIX
3IEKTPOMArHUTHBIX BOJIH B KPUCTA/IE OT BEJMYHHBE ITHX BO3AeficTBuil. B cBOlO ouepens, HaXoxIACHHE TakKoH
3aBHCHMOCTH TPeOGyeT peuleHus BONPOCOB, CBAZAHHALIX C MEPeCTPOUKOI IHEPreTHUECKOro CNEKTpa paccMatpu-
BacMOM cpedbl M TMOCACAYIOMUM PacdeTOM ONTUUECKUX MaTepHalbHBIX TEHIOPOB, ONPEACSIOWMN YKa3aHHbIe
XapaKkTepucTUKN. B HacTosiel paboTe 3TH BONPOCH PemieHb! U1 OJAHOPOAHO AeHOPMHUPOBAHHBIX (BHEIIHHMH
MEXAHHYECKUMHU HATIPSDKEHUAMU) MOJIEKYJIAPHBIX KPHCTANN0B € HCHOIL30BAHHEM IKCHTOHHOU Moaenu. B pam-
Kax ITOM MOIEJIH NONYyHeHO MUKPOCKONMUYECKOE BhIPaXKEHHE [UIS TIONEPEYHOTO TEH30pa ANDJIEKTPHUYECKO npo-
HMUIAEMOCTH M C [IOMOWIBKO MOCTeAHero HalleHa BaKHEHIIAs B TEOPUU TMPOTPONUY KOJMYeCTBEHHAs Xapakre-

pUCTHKA - BpaulaTesibHas criocobHocTs O(E, S, () KPUCTANIA C IPOM3BONLHBIM YHCIIOM NOAPELIETOK (34eCh £
- rensop aedpopmatiii, o - yactota ceeta, § = k /K, k .- BonnoBoii BexTop).

Ifonyuennbie B paboTe pe3ysnbTaThl NO3BOAAIOT NPOBECTH JETANbHLIH aHANW3 HacTOTHOHW AMCTIEpCHU
BpallaTe/lbHO CNOocOOHOCTH U1t BCeX BO3MOXHBIX THIOB OJHOPOIHHIX Aehopmaumii. Hinpke takoit aHanus Bbl-
TOJIHCH B CJTyyae OQHOOCHO Ae(POPMHUPOBAHHBIX KPUCTAIAHUECKHX CHCTEM C MPUMMTHBHOI PEILETKOM.

BpamaTtenbhas ¢cnoco0HOCTh 0AHOPOAHO 2eGOPMHPOBAHHBIX MOJEKY/ISIPHBIX KPUCTAILIOB

Hpn wisecTHOM Xapaktepe Hedopmanuii raMUILTOHMAH MOJCKYNAPHBIX KPHCTANOB (KaK CIEenyeT w3
{1.15]) umeer Bua: '

A=, ++ 37 @) » W
fies 2 fa.np .

B (1) A.m - uefodnCieHHbIe BEKTOPA peleTkn, &, - Homepa noapewierok, [1;  -ramunbToman

H30JUPOBAHHON MOJICKYIBI ﬁa N V. . (‘} - 32BUCALLHHA OT TeH30pa aeopMatnii E oneparop Kyl10HOBCKOTIO
M neenf

B3anMoneiicTeus Monekyn N u MP (ssuwtid sy V)

i (§ } B AMNO/L-AUNONLROM NPUONMKEHNN TIPUBENEH

B I1pHnokeHun); WTPUX B 3HaKe CyMMbl (1) O3HA4@eT, 4TO B CyMMe OTCYTCTBYET CllaraeMoe ¢ HOMEepoM A
pasHbiM M3 . MUKpOCKOMYECKHIT pacueT ONTHYECKHX XapakTEPUCTHK, OTBEYAIOLIMX IKCUTOHHOH ofnacTu

B - : A ) -~
CIIEKTPa, NPEATIONATAET WBECTHBIM ABHbI BUI COOTBETCTBYIOMIero ramuibtonnana H ' (£) . Jlns moneky-

JAPHBIX KPUCTALIOB Bhigenenue [ ("I)(E‘) u3 (1) ynobHO OCYylEeCTBHTh, UCTIONB3YA NO3TANHbIA MeToA npu-
OnnxkeHHOTO BTOPUUHOro kBaHTOBaHWA [16]. CornacHo nocaenHeMmy, ReoOXoanuMele U BHINOJIHCHNS YKa3zaH-

HOH Tipouenypbl BOJIHOBbiE (YHKIMK Q);,’a (€) Monexyn B KPUCTAIIMYECKOM TONE YAOBIETBOPAIOT CHCTEME
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€aMOCOTJIACOBAHHBIX HHTErpo-anddepeHIHaNbHbIX YPaBHEHN)H, BBITEKAOMEH K3 PEliCHHS COOTBETCTBYIOLEH
BapHAalMOHHOM 3afaun. Jlerko noxasate (nonbs3ysack pesyasraramu [11, 12, 16]), yto B paccMaTpuBaeMoM Ciiy-
4ae BhIIIEHAa3BaHHAsA CHCTEMA YpaBHEHHIT 1 DKCUTOHHLIH raMUIbTOHHAH HMEIOT BHI COOTBETCTBEHHO:

I_‘gn‘a (E) + Wﬁa (E) [ (E) = gfa (E)wr{a (‘E’:) 4 (2)
e W, (8) = Z< >
H*(&) =) E.,(£)B;y By + = DV (E) Broy + B X B + Big) =
nof

B} 2 aef ®)
=Y H(£,k)
k

Viais (£)

P8Pl )s Era(8) =1 (8)~ 0, (E),

M af ,B; jiof - BO3€-ONEPATOPEI POXKICHNA U YHHUTOKCHHA MOJEKYIAPHBIX 8036y>1(11eﬂun

puem Vﬁ{fﬁp &)= <¢na

IamunbToHHaHd (3) onpeaenseT COCTOAHUA KYJOHOBCKUX IKCHTOHOSB, Heoﬁxommue U1 BLIYHCIIEHHA
MOMEPEUHOTO TEH30Pa NHANEKTPHUECKOH NpoHKuaeMocTH 7 (£,K,(), a ¢ ero NOMOIIBIO H BCEX OCHOBHBIX
ONITMYECKUX XAPAKTEPUCTHK, BKIIOYas HCKOMYIO BpalaTeNibHyI0 CriocobHOCTL nedopMupoBanHoi cpeasl. Tak
xak H (£ #0) 1 H® (£ = 0) no dopme coBmanaior (B CHIy COXpaHEHHS TPAHCI/ALHOHHOH HHBAPHANT-
HOCTH KPHCTa/lIa TIpH OJIHOPOIHBIX AedopMamuax), To Teusop 7 (£, k,@) moxuo naltti ¢ noMowsio dop-
myn (3), (5)-(7) pabotsi [5] myTem 3amenbI: q),{a - (oﬁf a (E),gga - 8,-{ 2(&)vy &> v,(1+SpE), rme v, -
06beM INeMeHTapHOM AYeiiki CBOGOAHOTO KpuCTania. B pe3ynbTaTe BBINOAHEHMs 3To#f MpocToit MpoLEaYpPH

. 2
~y g~ 7 ~ 10 -7 =
nns 3asucameli ot k vactu 7 (£,k,0) w p(£,5,0) = —-‘—‘———2—[6;{5' (S,k,a))/alkuél oei,,S' (10 aBaX bl
c =

HOBTODPSAIOIHMCS NEKaPTOBBIM MHACKCAM INOAPa3yMEBAETC CYMMHUPOBAHUE, ¢, - MOJHOCTBH) aHTMCHMMETPHY-
HBIH € IMHUYHBIHA TEH30D), COOTBETCTBEHHO MOTYIHM:

L 87 E, @D @[ By, ®) e, @l Elpe@)
A2,’1'1 (8,k,&))= ~ .2 2,7 ~ 2 2 H (4)
vo(1+ Sp8)w” 3 E, (k,&)-h'w
. -270’,s' (Wo@®|P|ws, )N, (8)|S’Q"|l//o(8))
PES,0) = o e 5p) 2hz#: E2(E.5) -1’
E, E.9E, E.5po@ Py, @Y s P lyo@)ar " @B/ df] Jio

Mty [ Ez ( ) hza) lEz ( ) hzw ] (5)

3necs Y iu (&)u E u (&, k ) - BonHOBas QyHKUMS M 3HEPTHA IKkcuTOHA, I(k) M P COOTBETCTBEHHO Ofle-

paTophl TUVIOTHOCTH TOKAa H AUMONBHOTO MOMEHTa KPHUCTAIIA, CMBICT OCTallbHBIX 0003Hadenui 8 (4), (5) - Tor
xe, 4To M B 5, 6].

U3 dopmyn (2)-(5) cienyer, 4to B 06lieM BUIE 3aBUCHMOCTh BpalllaTebHON CMOCOGHOCTH OT £ He
NPEACTABNMA B AHATMTUYECKOM BUE U GOPMAILHO BOTIPOC O HAXOXIEHMH 3TOH 3aBHCHMOCTH 1A TIPOU3BOJIb-
HBIX Acdopmalmii MOXKET pellaTbcs B KaXIQOM KOHKPETHOM CIIydae C YYeTOM CreLMUKH paccMaTpHBaeMoii
CHCTEMBI C WMCNONB30BAHMEM HauGonee NONXONAWEH ANMPOKCAMALMM (C NOATOHOYHBLIMM NAPAMETPAMHM)

o (5) - B T0 ke BpeMs, 0YEBHIHO, YTO NPH JOCTATOYHO MATBIX AeOPMAIMAX KPHCTANLNA (KAKAMH SBISIOT-

¢ ynpyrue nedopmalmi, He OPUBOMAIIME K HEOOPATHMBIM H3MEHEHHIM €ro c'rpyx'rypbl) Bpal@TeNbHas Cro-
coBHOCTL C JOCTaTOYHO XOpOIIeH TOUHOCTHIO MOXKET GHITH 3arMCaHA B NMHEHHOM MO & NpPHGNIKEHHH TpH
HCTIONb30BAHMM CTaHXAPTHLIX (OPMYN Teopuu BozMyiueHuii (cm. Ilpunoxenue). B .3ToM ciiyyae COOTBETCT-

Byiomee (MpHGTIKEHHOE) MUKpocKOmmueckoe shipaxenue mia P(E,5,0) = p¥ (F,0)+ pP (E,5, w)
MMeET YHUBEPCAIBHBIA BUJ [UIA KAXIOTO KJAcca KPUCTALIHYECKHX CHCTEM C OJIMHAKOBBIM HHC/IOM TOJpelie-

242 ®enopos C.A., Pymanues B.B.



BICHHUK JOHEUBKOI'O YHIBEPCUTETY, Cep. A: llpupoaunyi nayku, 2003, sun. 1

Bz = o
Tok. [pu aTom ,0[ ’(g,s,a)), Kak BHIHO w3 (5), npeacraBasercd CyMMOH cllaraeMbiX, MaTeMaTHYecKas CTpyK-

TYPa Kak0ro U3 KOTOPbIX OTPAXaeT COOTBETCTBYIOIUUI MEXAHH3M HHIY UMPOBAHHOMK THPOTPOTIHH.

U3 cKa3aHHOro cicayer, YTo Haudosee BAKHBIA B IKCTICPUMEHTATBHBIX HCCNEAOBAHMAX aHAIM3 YacTOT-
HOM MCnIepCHH BpalaTeibHOM cMOCOBHOCTH CBOAHTCS K AHATH3Y KAKIOTO M3 OTHX CJIaraeMbiX U MPOLE BCEro
OCYWIECTBAETCA U1t CHCTEM C NPMMHTHBHON peleTKoil (111 KOTOPBIX BTOpoe cnaraeMoe B (5) paBHO HYJHO

[6]). B nocaeanem cayyae pynxums o' (£, 5, ) 3anucsiBaetcs cieayroumm o6pazom:
Wiz =z N (1 g Mz = Do =
PV (.5, 0)=-Spep " (5,0)+ p\) (2,5, 0) + p! (£,5,0) (6)

Ilepsoe criaraemoe B (6) 00yCHOBACHO U3MEHEHHEM MOCTOAHHBIX PEILETKH MpH AeOpMaLIK KPHCTaNIA 1 Ut
ONTHYECKH HEAKTHUBHBIX CBOOOIHBIX CPEJL OHO PABHO HYJIHO JUIS S, HAPABACHHOM BONb ONTHYECKOM ocu. DyHKUNA

P\ (£.5,0) cemana ¢ pasnokeHuem 110 £ MOTIEKYIFPHbIX XAPAKTEPHCTHK, OHA ONPEIENAETCH, B OCHOBHOM,
ripoTponHei Monekyn. TpeTbe ciaraeMoe B (6) 00YCIOBIECHO 3aBHCUMOCTBIO OT € KCHTOHHBIX XapakTepHCTHK - B
MOLETH OPHEHTHPOBAHHOIO a3a OHO Taioke paBHO Hymo. Bonee netansupiit avanms PV (£,5, ®) Tpebyer kou-
KpEeTH3aLH XapaKTepa BHEUIHUX BO3CHCTBHIA, HIDKE TAKOH aHAIu3 NPOBE/IEH /LIS CHCTEM, TOJIBEPKEHHBIX OIHOOC-

HOMY (BIONIb €IMHUYHOTO BEKTOPA ¢) Cxatuio. B 310M Ciiyyae TeH30p nedopmatuin umeet Bun &, = 03, 4,4, ,

JIe 7 - HaTIPSUKEHHE, S, - TEH30D KOX(DBHLIMEHTOB YNpyroii nogatameocTy [14].
Jlucnepcus HHAYLHPOBAHHON TMPOTPOIHE OHOOCHOAEPOPMHPOBAHHBIX MONEKYJIAPHBIX KPHCTALIOB
HaunGonbiuuii MHTEpEeC B IKCIIEPUMEHTANILHBIX HCCAEA0BAHHAX UHAYLHPOBAHHOH T'MPOTPOIMY TIpeacTaB-
AsieT ee FIoBeAeHHE BOJIM3KM DKCUTOHHBIX pezoHancos. U3 dopmyn (5), (6) caenyer, uto B naHHO# obnactu vac-

Mz = ~ -

TOT A% NPOU3BONbHBIX § 1 g dyrkims P (£,5,®) npuGIMKEeHHO NPEACTABHMA B BHIE THHEHHOHK KOMOHHa-
1

unu cnaraemsix Jlpyne P05 (£,5,@) u Jlommens p| )(£,5,®), nponopLuOHANIbHBIX COOTBETCTBEHHO

(E (5)-1o*)' u (E (5)—h’@)™ . Jlerko nokasath, 4TO repBbIli TN ClaraeMbix (IPH YKA3aHHbIX §
H ) 00ycnoBNeH BceMH TpeMs GyHKLIMAMY, BXOIALUMMH B (6), B TO BpeMs, KaK BTOPOi THIT — BO3HHKAET TOMBKO
m pV(£,5,). Ina H'“(£,5) . obnanawouero onpeaeseHHoit cummeTpHeii, Bui hyHKLMK p(e,5,0)
CYUIECTBEHHO 3aBUCHT OT § W TIpH OTIPENENEHHBIX €ro 3HaYeH X (kak GyJeT BUIAHO M3 KOHKPETHBIX IPHMEPOB)

Dea = .
p( )(s,s,a)) MOXET OOpamarbcs B Hyldb. B 3TOM ciyyae BbIABICHHE MMKPOCKOMHYECKOHW CTPYKTYpb

i
( )(8 §,m) TpeGyeT TEOPETHKO-TPYNTIOBOTO aHANKH3A BXOAALMX B (5) MaTpUYHBLIX 3JeMeHTOB. OyeBHIHO,

UTO HaudONBIIYIO aKTYaIbHOCTb TAKOW aHaNU3 NMEeT [UIA TeX KPHCTAIMUECKUX KITaCCOB, CHMMETPHA KOTOPBIX
JIONYCKAEeT CyLIECTBOBAHME MHIYLHPOBAHHOM (MEXaHHUECKMMH HANPSHKEHUAMH) ONTUYECKOH akTMBHOCTH. Kak
noka3saHo B {2-4), TaKUMU KPHCTAJUIMYECKHMH KJaccamu AnstroTes knaces! cummetpuu Ci, Ca, Con Ciy D,
T, Huxe 1ns KaxAoH M3 NEPEYMCNIEHHbIX IPYNIN BbisBJIEHBl CUMMETpHIiHbIE YCNOBUA OOpalleHHs B HYlb

dyukunn PV (€.5,0) u neraswro uccnenosan sxnan 0 (5, @), pﬂ,)(é,S",a)) " pf.})(§,§,w) B ClTa-

raeMsle [pyne v Jlommens.
1. I'pynna Ci‘_
1.1.  BexTtop s HanpasJied BJI0Jb OCH TPETLELO [IOPALKA.

R T - = =~ , .
B s1om caydae P )(s,s,a)) obpautaercs B Hyab npu: 1) q”‘s , 2) ¢ TeprneHRUKYIIPHOM ONHOH U3
NNOCKOCTeH CUMMETPHUH, 3) § MEPreHANKYISPHOM § K JekaWeM B OQHOI H3 TPEX niockocTelt cummeTpun. B

cnyuae MPOU3BOBHbBIX q AnA BBIPOKAE HHBIX 3KCHTOHHBIX SHeprHit dyHKiHA
PV (E,5.0) ~ pS(E,5. @)+ p\(£,5,0), a mm iaueprm”l BCEX OCTANBHBIX THIOB CHMMeTpHi

PV (£,5.0) = pl(€,5,m). Tipn srom skman 8 P} (£,5,@) naor xax PV (E,5,0), Tak n
e (£.5,0) (pV(5,0)=0). | |

o o 03
1.2.  BexTop s pacnoyokeH B OJHOI U3 TPEX IIOCKOCTEH cummemnn ( p( )(5 ,0) =0).

Jns Takux § p‘ )(S,S ()) paBHa HyJIO TIPH TeX XKe ¢, 4TO U B npenbmvmeM cnyqae Jlns npou3Boib-

HbIX ¢ 3Ta QyHKUMA BCErfia OMICHIBAETCSA CArAEMbIMMU JIMILb THMA Hpyze.
1.3. Bextop s NeprneHaAnKyIIpeH OAHON U3 Tpex MIOCKOCTe CUMMETPHH.
DTOT CyYait aHAJIOTMYEH PacCMOTPEHHOMY B 1.1 1.2,
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2. Tpynna C,,
2.1. BexTop s Hanpap/ien Bfionb ock Yetseproro nopanka ( PO (5, w) =0).

Tpu takom s pV(£,5,®) =0 n1s mobeix ¢. Bo Bropom nopsaxe no £ o (£,5,0)# 0 B cayuae

JfedopMaumii BAOb POU3BOJILHBIX HAfpasieHui.

2.2. BexTop s neprneHINKYIIpeH OHO% U3 MIOCKOCTe# CHMMETPHH ( p(o) (8, ) =0).

Oyncuns p " (£,5,0) =0 npn § L 5. ina npomsomsmeix ¢ o (£,5,0) = pY(£,5, ®), npw-

uem skian P (€,5, ) obycrosnen xax o) (€,5,®), rakn pl

3. I'pymma Cg
3.1. BekTop s HanpaBJIcH BAONb OCH IIECTOro mopaaka ( p(o) (5,0) =0).

'(E,5,0).

oymxuna p(£,5, ) pasna Hymo upn 1) c:i":f , 2) § TepneHAMKYNAPHOM ONHOM M3 MIOCKOCTEH
CHMMETpHH, 3) § NeXalleM B OHOMN M3 LIECTH IUIOCKOCTEH CUMMETPHH. [l POU3BOJIBHBIX g B Cilyyae BBIPO-
XKIEHHBIX 3KCHTOHHBIX COCTOAHHH pP(E,5,0) = pY(&,5,0)+ p(£,5,0), H
PP (E,5,0)~ pV(£,5,0) - 80 Beex octansHbIX CayuasX.

3.2. Bekrop.s nepneHAHKYISPEH OAHON M3 IIOCKOCTeH CUMMETPUH ( p(o) (5,0) =0).

OyHKIMA p(l)(§,§ ,()) paBHa HYJIO NPH TeX Xe ¢, 4T0 ¥ B nn.3.1. [ MPOM3BONbLHBIX HAIPaBIEHHUM
ocu cxarns seerna P (€,5,0) = pY(E,§,0).

D
4. TI'pymnaGCs,
4.1. Bexrop s HanpasieH BIoAb ocH TpeThero nopsaka ( o (5, ®) =0).

l —~ — — od
B stoM cnyyae p( )(s,s,a)) =0 npu ¢ L 5. Jlis Npou3BONBHBIX ¢ B Ciyyae AMMONbHO-aKTHBHBIX
(KOMILIEKCHO-CONPSKEHHBIX) 3KCHTOHHBIX COCTOSHHMH, KOTOPBIM COOTBETCTBYIOT ONWHAKOBBIE 3HEPTUH,
Dz = Din Vg =
pV(E5,0)~ PY(E,5,0)+pV(E,5,w), a BO BCEX OCTaIbHBIX ciyqasx

PO (E,5,0) ~ pP(E,5,0).

4.2. Bekrop s pacnoioXeH B IIOCKOCTH CUMMETPUH ( p(o) (s ,@) =0).
OyHKIMA p”)(é,fs', ()) paBHA HyJIO OpH TeX e ¢, uTo W B mn.4.1. J[na NpoM3BONBLHEIX ¢ BCerna
Hip = Do =
PP (E,5,0)~ pV(£,5,0).

5. I'pynna Dj;,
3.1. Bekrop s HanpaBieH BAONb OCH TPEThEero nopaaka( p(o) (5,0) =0).

B stom caysae p)(£,5,@)=0 npn 1) § L5 u 2) q, nexamem B 1060 U3 TpeX BEPTHKATHHBIX

TUIOCKOCTe! CcHMMeTpH. [Uis TNPOM3BONBHBIX § B Ciydae BBIPOXKIEHHBIX JKCUTOHHBIX COCTOSHHIA
Dea = Dz = Vyz = Dz = Dia =

pV(E,5,0) ~ PV, 5, 0)+ pV(E,5,0),u pU(E,5,0) ~ PY(E,5, ) - 8 mobom apyrom cryuae.

5.2. BexTop s HanpasJeH BJI0Jib OMHOK M3 TPEX Oce CUMMETPHH BTOPOro NOpsRAKa

i —~
OyHKiyA p( )(e,s,co) B 3TOM ClIy4Yae paBHa HYIIO NPH TeX XKe ¢, 4To ¥ B nn.5.1, oaHako BOJIN3HU 3KCH-

TOHHBIX PE30HAHCOB BCETa anpoOKCMMHUpYETCs cnaracMbiMu Tina Jlpyne.
5.3. BekTop s pacnonoxeH B 000 U3 TpeX BEPTHKAJILHBIX INIOCKOCTEH CHMMETPHH

B stom cnyuae ymxums o (£,5,0) paswa wymo mpn § L 5. Jlna npomssombHEIX g
Deo = Dz =
pV(E,5,0)~ pY(&,5,0).

5.4. BexTop $ pacnonoxeH B rOPH3OHTANILHOM MIOCKOCTU CHMMETPHM.

DyHKLHA p(l) (£,5,®) B3TOM Ciyuae paBHa HynIo IpH TeX XKe ¢, 4To U B nn.5.1. Jna mobbix apyrux q
Den = Dz =
PP (E,5,0) = pi(E,5,0).
6. I'pynna Ty
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Jta mobbix s u g dynxuns P (£,5, ) =0. Bo Bropom nopanxe no £ BpamaTenbHas cNocoGHOCTb

OTJIMYHA OT HYJA AJIs NPOH3BOJLHLIX .

3akiouenne _

B pa6oTe npeACTaBNeH MUKPOCKONMYECKHMIT aHaNM3 THPOTPONUH MOJIEKYJISPHOTO KpUCTaIa, HHIYHHPO-
BaRHOM ONHOOCHO#H nedopMaimeit. [[1s MHBIX THIOB OJHOPOAHOH NeOpMALIMK TEH30p £ HMEET OTIMYHbIH OT
NPUBEAEHHOTO BBILIE BH/ H, C/IEOBATEHHO XapakTep YaCTOTHOH NMCIEPCHH BpallaTeNbHON CHOCOOHOCTH OT-
JIMYAETCs OT PAaCCMOTPEHHOTO ciiy4yad. TeM He MeHee, paspaboTaHHaA METOJMKA MO3BOJIAET OCYIIECTBHUTh MHK-
POCKOTIMYECKHH aHaiM3 THPOTPONMK MONEKYJAPHBIX KPHUCTAJUIOB B 3KCHTOHHOW 06jacTW cCniexTpa 4 s oc-
TaJbHBIX THIIOB OJHOPOJHON AedopMally: BCECTOPOHHErO CKaTHA ¥ CABMIOoBOTO HanpshkeHus. Crnocob 3kcme-
puMeHTaJIbHOM MpoBepku cnaraembix [pyne # Jlommens onucal B paGore [6], none3Hoit B noucke noaxonos
9KCHEPUMEHTANIPHOrO H3YyYeHUs WHIYLHpOBaHHONH onHopoaHoH nedopMaumeilt onTHUECKOH aKTMBHOCTH KpH-
CTALIOB sBNiIfETCA TaKkxke pabdora [17].

NPAJIOXEHHUE

U3 [1, 15] cnemyeT, 4To onepaTop KyJOHOBCKONO B3aMMOAEHCTBUA MONEKYJIBl M ¢ Monekynoit M3 B

OZHOPOAHO NeOPMHUPOBAHHOM KPUCTAILIC HMEST CIEAYIOLIUI BHA:

— — - - 2 - - - - - -
(PﬁaPiitﬂ ) Vo (5)l - 3(P;.a"ﬁm;./z (5))(Pmﬁrﬁmﬁp &)

5

Vnafm/} (g) = ((IRY)

Fﬁmﬁﬂ (¢)
5 &) = 70 prd ()

Ticing(E) = Vignp + Egiip -

B (I1.1) P;, - onepatop ANMNOILHOTO MOMEHTA MOJIEKYTbI na, )";,-(:%ﬂ - panyc-BEKTOp, COEAUHAIOMMIA

yanel pemetkn A u M cBoGomHOro kpuctaia. B imneiiHoM no £ npubImKeHHH

(0)¢ oy (®i
OuTicmp + Ouliamp + Ouliamp

Viang (€)= Viigig (0) + P;,,Pi',ﬂ -3

PPN
4 ﬁ(;;wl
r(O)i r(o)l r(o)i ’
raiplianplianp 1 ©p . _ 17(0) O -
+15 ~© |7 hampip = Vﬁmhﬁ + Vﬁwﬁﬂ €). (I1.2)
ey

Pasenctso (I1.2) MoxeT GbITh MCIIONB30BAHO ISl pacyeTa MONEKYIPHbIX BOJHOBBIX QYHKUMH H COOT-
BETCTBYIOLIMX SHEPTHii B IMHEHHOM MO £ NPHOMKEHUH C OMOIIBIO TEOPHH BO3MYMIEHHH. Jljist 3TOro BOJHO-

Bble QyHKIMH q),,f . (€) npencraBum B BHIE Pa3NOKEHUA N0 MONEKY/ISAPHBIM BOTHOBBIM (QYHKLMSM (0,‘,"2 , COOT-
BETCTBYIOIIMX CBOGOIHOMY KPHCTAILIY:

0l (&)=).C (&), . (1.3)
b4

TMocne noacranosku Qopmysr ([1.2) u (T1.3) B paBeHCTBO (2) ¥ BBIACJICHHA JUHEHHBIX N0 & ClIAraeMbIX
Do N -
HONYYHM N K03 dHLIHEHTOB Cj(,g) (£), npencTaBnsIOWMX TIEPBBIHA MOPAZOK TEOPHH BO3MYUIEHUH, ClEdyIO-

HICC BbIPAXKCHHUC!

1 [ |
O] &Y = gla) ,(0) v/ (1)
Cf(a)g(a) (‘9 ) - E - E Z <¢na ¢mp IVnamp
f(a) g(a) mp

0 g@) (O 1@ | _f(a) h(p) .
+22C0h(ﬂ)<¢na q)m/} !Vnmnﬂ q)na ¢m,6 > ]’ (n4)
h(B)
o _ ~- ~
Conay = Z[A L(a)g(a)ng)(“’)’ :
gla) S

A = — - gl@) ) |17(0) | (0 k(B
[Alh(a)g(a) =(Ey = Ey2))0hargta 2Zﬂ<¢n(a) P |V, >
m,

namp ¢na¢mﬂ
&) — J o 8(2) o (0)
Bg(a)(a)—z _(pna (pmﬂ
mp

C nomompbio (I1.4) erko HaXOAHTCA MOJEKYIAPHas SHEPrHUs MePBOTo NOPAAKA 0 € :

fla) ,(0)
(Dna mﬁ) +

M (e} () (0)
VnamB(e)i(pna(PmB,"
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o

nomfl

E® f(@) (0
Ere = Zl<¢na Pp |V,

A1 2 0 /(@) (0) 77(0)
+2 Z[A ]g(/})hw) By (5)<¢,.a Pmp |Vnamp
HAEB)

Sflay ,(0)
¢na ¢m/3>

Sl@) ,8(B)
¢n¢z q)m/} >]

PE3IOME

Jocnimxeno ocobauBoCTi XapaKTEPUCTHK HOPMATBHUX EIEKTPOMAarHiTHUX XBMJb Y MOJIEKYJISPHOMY Kpuctadi, 00y-
MOBJIEH] 30BHIIIHEOI0 MEXaHIYHOIO HaNpPyro. Po3paxyHox BUKOHAHHMH 3 NepUiMX MPUHLMIIB 3 ypaXyBaHHAM IPOCTOPOBOI
pucnepeii AnA onHOpinHO AepOpPMOBAHOro (3OBHIIUHBOIO MEXaHIMHOK Hanpyrolo) MOJCKYMAPHOIO KpucTaia. Y pamkax
CKCHTOHHOI MOZENi OTPUMAaHE MIKPOCKONIYHE BUPAXECHHS Ui 00epTaNbHOI 31aTHOCTI KPHCTANA 3 XOBIILHUAM YHMCIOM Nid-
rparok. Y BUNanKy oaH00CkoBoi Aedopmanii nposencHui aeranbuuit ananis aucnepcii obepranpHol 31aTHOCTI ANlS CHCTEM
i3 IPHMITUBHHMH IpaTaMy.

SUMMARY

Features of characteristics of normal electromagnetic waves in the molecular crystal, caused by an external mechani-
cal pressure are investigated. Calculation is executed from the first principles in view of a spatial dispersion for homogene-
ously deformed (an external mechanical pressure) a molecular crystal. The questions connected to energy spectrum transfor-
mation of homogeneously deformed molecular crystal, and also with calculations (with the help of corresponding quantum-
mechanical states) of optical material tensors, determining characteristics of normal electromagnetic waves are solved. Thus
basically the problem about a presence of dependence of the crystal characteristics on value of the external influence is
solved in case of axial compression. In framework of an exciton model microscopic expression for dielectric permeability

tensor of the axially deformed crystal is received and with it help rotational ability of a crystal with any number sublattice is
found.
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VK 620.193.27.

O KOPPO3HOHHON CTORKOCTHU CTAJIM 20 ITIOCJE ASOTHPOBAHU A
N NOCJAEAYICHIETO EE OBE3BOJJOPOXHBAHN S

M.I1. Kywnup

H3BecTHO, 9TO BHICOKas KOPPO3HOHHas CTOMKOCTh a30THPOBAHHBIX B aMMHake cTanel, cpasaHa ¢ ofpa-
30BaHHEM HA HX MOBEPXHOCTH ¢107 (1-4)-10” M purpuaa Fe;N (e-dbasa) [cm., namp., 1-2). Kpome Toro, npy xu-
MHKO-TepMuueckoit 06paboTke ctaneif B aMMuake A¥PPy3voHHAs 30Ha COAEPKHUT HE TONBKO a30T, HO H BOLO-
POX, OCHOBHOE KOJIMMECTBO KOTOPOro pacHpenescHO B TOHKOM TOBEPXHOCTHOM CJIO€ (~5-10° M) {3-5], 4To Mo-
JKET NPHBECTH K CYLIIECTBEHHBIM H3MEHEHHAM €ro PH3HKO-XMMIIeCKHX CBOHCTB [6].

Tlo3TOMy npeAcTaBaseT Hay4dHbll M NPaKTUYECKHil HHTEepeC MCCIENOBAaHHE BAMAHHMA 00€3BONOPOXKHBA-
HUS 230TUPOBAHHBIX CTaNeH HA X KOPPO3IMOHHYIO CTOMKOCTS.

B cBA3H C BHILEU3NOKESHHBIM, TpeXJe BCEro, HE0OX0AMMO MCCIER0BATh CTPYKTYPY M (a30BbIit cocras
06€3B0IOPOXKEHHOMN CTaH ITOCHE €€ XUMUKO-TepMUYECKoH 06paboTkH B aTMOCdEpe aMMHaKa.

AszotupoBanue 00pa3ioB ctanu 20 B atMocdepe aMMHaKka U UX HOCHeAyIoliee 00e3BONOPOKUBAHKE B
aproHe, ONpEAENeHHE HX KOPPO3HOHHOM CTolkocTH U (ha3oBoro cocraBa Ax{dy3HOHHON 30HBI MPOBOIUTCA 1O
ob1ren3BecTHHIM MeToAKKaM [2, 7, 8].

Pe3ynbTaThl HCCNIENOBAHHA CTPYKTYPHI IIOBEPXHOCTH B a30THPOBaHHOH B aMMuake crany 20 (500-700°C,
10 4) mocne OCTHIBAHKA 10 KOMHATHOH TeMIlepaTyphl BMECTE C NEYbiO, @ TAKXKE AONOIHUTENHHOIO OTKHUTra B
aTMocdepe aprosa (500 °C, 54) 1 ocThIBaHUS CBUAETENBCTBYIOT, YTO OTXKHUT B apr'OHe a30THPOBAHHOH B aMMua-
K€ TPH JaHHBIX TeMOeparypax cTany 20 He pUBOIMT K 3aMETHOMY H3MEPEHHIO CTPYKTYPHl NOPHCTOH MOBEPX-
HOCTH 00pa3uos. B obonx ciaydadx KOJAYECTBO U pasMep MOop NpUMEPHO OJMHAKOBO (16+5 nop/mm’, 0,2 £0,03
MM).

HUccnenopanus $azoBoro coctaBa 00pasioB Moka3biBaloOT, YTO MPH a30TUPOBaHUM cTaiu 20 Npy TeMne-
patypax 500-700°C B ammuake auddy3HoHHAs 30HA COCTOMT W3 BHeuiHero cnos-uurpuaa FesN (e-dasa) n
BHYTPEHHETr0 ~ TBEPAOTo pacTBopa azoTa B anba-xenese (a3oTuctolit $HeppHT). JONONIHNTEIBHBIN OTXKHUT B aT-
Mocdepe aprona a30THPOBaHHBIX B aMmmuake o6pasuos crany 20 (500-700°C, 10 4) npHBOAMT K YMEHBIICHHIO
KOJIMYECTBA BOAOPOAR, CONEPKALIErocs MPeUMYIECTBEHHO B A dy3HOHHOH 30He [3-5], mpuMepHO Ha mops-
J0K Benu4HuHbI [4]. ®a30Bbii cocTaB 006pa3loB He H3MEHACTCH.

Cneyer OTMETHTH, YTO KPATKOBPEMEHHBI BEICOKOTEMIIEpaTYpHbli oTxur ctanmu 20 (1000°C, 0,25 4) B
cpelie aproHa, a3oTHpoBaHHOH B aMMuake B Teuenue 5 4 npu 800-900°C, npuBOIHT K CHHKEHHIO KOHLEHTpa-
MK Bozopoaa B auddy3rHoHHOM 30He M K OTCYTCTBHIO CIOS €-(a3bl B €€ COCTaBE. DTO CBA3AHO C HOCTATOYHO
MHTEHCHBHO MpPOTEKAIOIMM OJHOBPEMEHHO C 06e3BOIOPOKMBAHIEM a30THPOBAHHOMN CTANU MPOLIECCOM ee aea-
3oTUpoBaHuA [9].

Pe3ynbTarsl HCCNENOBaHNA 3aBHCHMOCTH NOTEHIMANA cTajuu 20 OT NIOTHOCTH MONAPH3YIOINEr0 TOKA B
3%-HOM pacTBOpe XJIOPHCTOrO HATPHUsi [IPH KOMHATHOM TeMNepaType NpeACTaBieHbl Ha puc. 1 .

¥.8 (n8.2)
to—
+
25 T P
N P
-02 ) -
2 ! L1
) iy
0 3 ‘S
1
i N\
\
N Puc. 1. AHonHble NORSPU3AUMOHHEIE KpHBLIE KOPpO3HH B 3%-HOM
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BICHMK HOHEHLKOFO YHIBEPCHUTETY, Cep. A: Ipupoaunyi Haykh, 2003, Bun. 1

Kak BHIOHO M3 3TOr0 pUCYHKa, aHONHAA NONIAPU3ALIMOHHA KPHBas IUIA a30TUPOBAHHOMN cTanu 20 oTanyaet-
¢4 OT aHANOTMYHOM KPHBOHU A 00€3BONOPOXKEHHON NOCHE XMMHKO-TEPMHYECKOH 006paboTku CTamH: BO-NIEPBBIX,
TIONIOTHM XOJOM KpHBOM B 0GNAcTd akTHBHOrO PacTBOPEHHs MaTepHalia, YTO CBS3aHO ¢ Mol nosspuzauuei
3NEKTPOAA; BO-BTOPbIX, CHIBHBIM CyskeHHeM obnactu maccusHoro noreHumaia (ot 0,3 go 0,004 B). Oto, ouesnsa-
HO, BBI3BAHO MOCTYIUICHHEM, B MPOLECCE AHOXHOTO PacCTBOPEHHS CTalM, B KOPPOIMOHHBIA PacTBOpP XJIOPHUCTOTO
HaTPHA WIHM NIACCHBUPYIOILYIO IUIEHKY Boaopoza [10], koTopelit 3aTpy IHAeT HACTYTUIEHHE MaCCUBHOCTH.

TakuMm 06pa3oM, 06¢3BONOPOKHBAHME B aproHe a30THPOBaHHOM B atMocdepe ammuaka (560-700°C)
crann 20 mpuBoAMT K 00pPa30OBAHMIO Ha €€ NOBEPXHOCTH KaYeCTBEHHON MacCHBHOMN MIIEHKH.

PE3IOME

TIpoBeneHO encKTpoXiMidHe NOCHUDKEHHA 3HEBOAHEHOT asoToBaHOi crani 20. TlokasaHo, MO 3HEBOAMEHHS NPHUBO-
MTh 0 YTBOPEHHA Ha [IOBEPXHi 230TOBaHOI CTasli AKiCHOI HAaCHBHOI MNiBKH.

SUMMARY

The electrochemical research of dehydrogenized nitrated steel has been carried out. The present investigation shows
that dehydrogenization leads to the formation of passive film on the surface of the nitrated steel of high quality.
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BICHHK JOHEUBKOI'O YHIBEPCUTETY, Cep. A: [Ipupoannui nayku, 2003, sun. 1

YK 621.396.969

J-KOPPEJISILIMOHHBIA METOJ NEJEHI ALY ITPH OBPABOTKE
NCEBAOMIYMOBOI'O CUTHAJIA

A.I''Copouan
Loneyxuil nayuno-uccnedo6amenbCKul UKCMUMYm KOMNIEKCHOU ABMOoMamu3ayuu

Beenenne. B [1] npemnoxen J-koppensusonnsiit Meron ( JKM ) nenenranuu, a B paborax [2,3] npoBo-
JIATCS aHaM3 3TOTO METOAA, peaTM30BaHHOro nByMsa crocobamu JKM-1 u JKM-2. B yxazanHbix paboTtax npu
YCIOBHH [IpYEMa CHrHajla, MOIY/THPOBAHHOTO MO YaCTOTE FapMOHUYECKUM Kojie6aHueM, ONpee/ieHbl NeJIEHra-
HMOHHbIE XAPAKTEPHUCTHKH METOA, X KpyTHU3Ha. MHTepec MpencTaBnseT MOBEACHHE NENCHIallHOHHBIX XapaK-
tepuctuk JKM npu nprueme cHrHana, MOAYJIHPOBAHHOTO O YaCTOTE CHOXHBIM HanpshkeHueM. Lleab paboTsi
aHanu3 J-KoppeIsALMOHHOrc METO/A NEJIEHrallMy PH IpHEME IICEBAOLIYMOBOTO CHTHANA.

Ocuoenoii pasaen. CTpykrypHas cxeMa ycTpoiicTsa, peanmsyromero JKM neneHrauuy, npuBeieHa Ha
puc. 1, roe PJI3 u @JI3 — kaymbposanHas u puxcHpoBaHHaA NMHUM 3a0epxkkH; CM — cmecurens; I' — BbicOKO-
crabunbHblit redeparop; JI3 — nuaus 3apepxky ; X1,X2 u X3 — nepsblff, BTOPOH M TPETHUH NEPEMHOXHUTEH;
PII®1 u PIID2 — nepBbiif ¥ BTOPOH peXeKTOPHO — Mos10coBbie (uabTphl; YIID — y3KONOIOCHBIH N0J0COBOM
¢unbTp; JIV — norapudmuyeckuit ycunureinb; AJl — aMIIUTYIHbIHA AETEKTOP.

TlceBomyMOBO# CUrHal MOXKHO APEACTABUTD B BHIE

N
Ut) = U.cos| Wt + Z Bisin(Qt +9,) | ;
k=1
rae U, — aMiuiuTyna curHana; W — Hecyas 4acToTa CUrHana; N — 4Mcjio TapMOHMYECKHX COCTABJIAIOIIUX MO-
IyJHPYIOWEro HAmNpshkeHus; P, — WHACKC MOAYJALMH TrapMOHMYecKoro kxojnebanua ¢ yacroroi (,; ¢, — Ha-
yanpHad a3a k-0l rapMOHHYECKOH COCTaBIIAIOIIEH CHrHana.

PII3 CM 3 X2 P®1

r X3 = vie (iny A0

o X1 PI®2

Pue. |

Curnan U,(t), npoiias AByMA KaHallaMH pacripoOCTPaHEHHs, Ha BXOJiaX YCTPONCTBA 3aNUIIETCs B BUAE

N
U@t)=Ucos| Wt + ZBksin(th + (px) ;
k=1

N
Ut +1)= Ucos| (¢ + 1)+ ) BysinfQ (e + 1) + 0] |5
' k=1 ,
rae U — aMIUIMTYia CUTHAJI2; T — MPOCTPAHCTBEHHAs BPEMEHHAA 3a/iEPXKKa BXOAHBIX CHTHAJIOB.
' B pesynstate o6pabortku Hanpsxenut U(f) . U(t + 1) B omoprom ( PJI3;, CM, I, JI3 u X1)
perymupyeMom ( PJI3, ®J13, CM, T, JI3 u X2 ) kaHayaX MX BbIXOIHbIE CUTHANIBI 3aNHLIyTCA B BHAE

N
U(t)=Uycos| Wyt + ) Bk’cos[ﬂk(t -0- 52]-) + %] +9'|,
k=1
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BICHVIK AOHELLKOI'O YHIBEPCUTETY, Cep. A: IIpnpoanundi nayxu, 2003, sun. 1

N
U'(1) =U; cos| Wt + Z Bi "cos[th + Q—k(r —0,-6-1)+ (px} + (p"],
k=1 2 -I
rae U, — aMiutyaa curHana; W, — yacrora reneparopa I'; By u ;" — napupmanbable HHASKCH MOZY/IALMH , CO-
OTBETCTBEHHO, CHTHAJIOB OTIOPHOTO H pPeryaHpyeMoro kananos; 0, 8; u 1| — COOTBETCTBEHHO BPEMEHHbBIC 3a-

nepxku B PII3, @B ull3; @' =(W- W, ¢"= =W(0+1,+1-6,)-W.6+1);
[apumanbHple HHAEKCH MOLYISILIH OMPEeNSIOTCA CleAyomuMy paBeHcTsamy [ 1 ]

B = ZBKSin[Q;T]},

By = 2 Bksin[%"— ©+7+1~ OI)J . V3]

B 0opHOM KaHase NMOBeNCHHE TapIHATbHBIX HHAEKCOB MOIYIAUMHM ONPEAENAETCA CHHY COMAAIbHOMN 3a-
BHCHMOCTBIO OT Npom3BeleHus Ty, Tak Kak 1; = const, TO sl KaXA0ro 3HaueHus ) OOPHBIM KaHAIOM {op-
MHUpYETCst CBOM NMapualbHbli HHAEKC MORYIALIMM By .

B peryiupyeMoM KaHaje HOBEAcHHE HHACKCA MORYJIALHUM TaKkKe CBA3@HO CHHYCOHIANbHOH 3aBUCHMO-
CTBIO OT MPOW3BEAEHAS MORYJIMPYIOIIEH YaCTOTHl  Ha OTHOCHTENBHYIO BPEMEHHYIO 3aIEPKKY Tor, =(8+T)+1—
6,). OTcueT NPOCTPARHCTBEHHOW BPEMEHHO#M 3aIEPXKKM T NIPOHIBOAMTCS NMPH Tor,, = 0. YCTaHOBAEHHE ITOTO pa-
BEHCTBa OCYWIECTBJIAETCA MepecTpoiikoil BpeMeHHOM 3aiepxku 0 B kanubpoanHoi PJI3 no paspaGoTanHoMy
anropurmy. Ilonaras, 410 To,, = 0 HacTynaeT npu 3HadeHue 6 = 0,, Toraa t = (6,-0,-1;). H3menenue O pnever
3a c000it HBMEHEHHE Tory U, KAK CNEICTBYE, NAPLHMANLHOT0 MHAEKCa MOAYJIAUMH CHIHAJA PEryJMpYeMOro KaHa-
na B B mpexenax oT 0 ( NPH Tor= 0 ) IO HEKOTOPOTO MakKcMManpHOro 3HaueHus [, = 2P,( npu
SIN{Q,Tore) = 1 ). Ilput BHINIONHEHNH PaBEHCTBA 4Ty, = MU ( TAE 7 — HATYPANbHOE YHCIIO ) NapuuasbHbIN
HHJEKC MOAYJIALMHK K-Oi MOOyJIMpyloweit cocTaBisoie#t obpawaerca B Hoslb. OHOBpeMEHHOE o0palleHHe B
HOMb BCEX MHAEKCOB MONYJIALMH ;" BO3MOXHO B ABYX CIIy4asX: MEPBHIii, KOTAA Ty = 0, ¥ BTOpOH, Korma Bce
napuMaibHele MOIYJIMPYIOIIMEe YaCTOTHl CBA32HBI 3aBUCHMOCTBIO £y = 1Y, T.e. MOMYAMpYIOIIEE HANpsxe-
HH€e BXOJHOTO CUI'HaJIa — NEPUONNYECKas NOCAEAOBATEIBHOCTD.

Tocne pasnoxxenus curdanos U'(f) u U'(f) B psan, B BUAE CYMMbl FapMOHMYECKUAX COCTABIAIOIUMX C KO-
s puumenTamMy pasnoxeHus no GyHKuMAM beccens M MOCHEAYIOIErO HCKIIOYEHHS B 3THX BBHIPAXKEHHMAX CO-
CTaBAIOMMX C 4acToTOM W,, Kak pe3ynbTaT uX pexxekinu B PII®D ¢unbTpax, noayduM BhIPaXKEHHA ONHCHIBaAIO-
IIME CHrHaJBI Ha BLIX0AaX KaHanos. Ha Brixose onopHoro xanana ( Bbixon PII®1 )

~
—
~

e ¢)
UViO=Uz Y J BB ) oo Ty By ") - cos[(, + pQy +7Q) + ...+ mQy Y+ 9y'+¢]
pr,...,m=—00
npup =r=..=m#0,rae U, - aMIuLIuTy Ja CHTHAJA; ' =pQ; +r@; + ... + moy.

CriekTp BXOOHOTO CHrHana 06pa3oBaH HapiuaibHBIMK 4aCTOTaMH 2, KaJas M3 KOTOPBIX HMEET CBOM
MHIEKC MOAY/ALuM P;. OMOPHBIM KaHAJIOM I KOKIOTO 3HaYeHUS MOLYIHPYIOIeil 4acToThl £ popMupyeTCs
B COOTBETCTBHH C paBeHCTBOM (1) HOBBIN HUHAEKC MORyIALMH PB;. BHOBb cOpPMUpPOBaHHBIC NApLHANBHbIC HH-
IEKCh! MOAYJIALMH ONpPENENAI0OT ITHPUHY CIIEKTPa BBIXOKHOIO CHTHAJIa OTIOPHOTO KaHaja, ero COCTaB, YPOBEHb
CUEKTPAJIbHBIX COCTABNIMIOMIMX. YKa3aHHBIE NMapaMeTph! CIIEKTpa CHIHAla BapbHPYIOTCS BBIOOPOM BPEMEHHOMN
sagepxku 1) B JI3.

Ha BeIxoze peryupyemoro kaHana ( Beixog PII®2 ) curHan omichiBaeTCs BbIPaKEHHEM

U'..Z(tﬂ’e):UZ'

(e ¢]
zJp(Bl’)‘]r B ) Ty By ) -coS|(, + pQy +7Q + ...+ mQy ¥ +9,'+0" ],
Pty m==0
mpup=r=._..=m#0. ‘
BbixogHO# CMrHan peryjHpyeMoro kaHana onuchiBaercs (ynkuuonanamu DBeccens Buaa
J2 Bxsin[O,SQKrom”_]) (3meck n — nopsanok pyHxumn Beccens). OcoGeHHocTH noBenenus QpyHkuyoHanos bec-

ceJisl OTPAXKEHH Ha PHUC. 2, U3 KOTOPOrO OYEBHAHO UX CYLIECTBEHHOE oTaMuue oT ¢pyHkuu Beccens. DyHkuumo-
Has Beccens nMeer CTpoOryio nepHOAMYECKYIO 3aBHCHMOCTD, aMIUIMTY 42 KOTOPO# TIOCTOSHHA. YBEJIHYEHHE N0~
panka (YHKUMOHAIA BEAET K NOHWKEHHIO €r0 aMILTUTYAHOro 3HauyeHus (puc.:26 u puc. 2B). [Ipy UsMeHEHHH
HHIEKCa MOIYJISLMYM TNoBeleHNe (yHKLHOHANA Ha NEPHOZie ero AeHCTBUA CYIECTBEHHO MEHsAETCA, IpHoOpeTas
HECKOJILKO OKCTPEMYMOB Ha MEPHOJE €ro NeHCTBUA, MIMCIOWIMX ONMHAKOBYIO aMIUTUTYAY (pHC. 2r) H3 3THX CO-
CTaBIAIOMIMX NPH Tory . — 0 MEPBHIMU YOBIBAIOT Te, Y KOTOPHIX HHAEKC MOIyJisimu Hinke. Y3 puc. 2a-2r cneny-

€T, YTO MPH Tory, — O MEPBBHIM HCYE3aeT (YHKUMOHAN, Y KOTOPOTO HIDKE MOIYJMPYIOIIAs YacTOTa WIH BbIUIE
nopAnoK ¢pyHKLIMOHANAE.
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BICHUK JOHEUBKOTO YHIBEPCUTETY, Cep. A: Ilpupoannyi Haykn, 2003, pup. 1

TonaraeM, 4T0 BLUIONBACTCA YCROBHE Qi # 182, TIPH 3TOM Toyy, HE OTPAHHYEHO CBEPXY, BENHKO H PaBHO
Tommax » TOIJA TPH YMEHBIHEHHM Tomy, OT Tommax AC HYJISI IAPLAANBHEIE HHACKCH! MOAYNALMH B, ¥ KaK cleact-
Bue QyskuxoHansl beccens J,(B"), usmensores nepuoanyeckd. Ha uHTteppane u3MeHeHuil OTHOCHTENLHOM
BPEMEHHOW 3aIEPKKH OT Ty pax A0 HEKOTOPOTYO 3HAYEHHSA Ty LIMPHHA CTIEKTPA CHTHANA HA BLIXOAE PETyIH-
PYEMOTO KaHala OCTAaeTCA IMPaKTHYeCKH MOCTORHHOM, MOMHOCTL GOKOBLIX MONOC HeusmenHoH . CoXxpaHeHue
MOWHOCTH OGOKOBBIX NOJIOC CHrHaNa OOBACHACTCS NEpepacnpeAeneHHeM MOLIHOCTEH COCTABIAIOINUX CMeKTpa
Mexay coOoi. TIpH Tom. < Tom.1 B CIIEKTpE CHrHANA HaYHHAETCA MPOLECC MCYE3HOBEHHA CHEKTPAIbHBIX COCTaB-
jmomux. [lepBbIMM MCHME3al0T COCTaBIMOLIME, ONHChIBaeMble (pyHKUHOHANAMH 6o0Jee BLICOKOTO MNOpSAAKa,
MOHBIHOCTE KOTOPbIX HeBeJiHka. [1o Mepe nanbHeHnero NpUONIKEHUS Ty, K HYJTIO B CHIEKTPE CHIHAA NPOHCXO-
[T NOHWKEHHE YPOBHS COCTaBAIOMMX NepBOro nopsnka Ji(B;") o GeckoHEUHO Maioro 3HavyeHMs, npuyem B
MEPBYIO CYepelb NOHIKAIOTCA COCTABLIOIIME C HAaEMEHBIIMM 3HAYCHUEM NAapLHaibHOH Moy nupylolen vac-
toTst LY . Takoif mpouecc BeJeT K CYKEHMIO CHEKTpa CHrHaNa W, KaK CIEACTBHE, K YMCHBIIEHHIO MONIHOCTH
6GOKOBBIX MOJIOC. YMEHBILICHHE MOLIHOCTH OOKOBLIX TIONIOC CONPOBOXKAAETCA IEPEpacpelelieHHeM ee K cooT-
BETCTBYIOLIUM COCTABAAIOIUM HyjeBoro nopaixa Jo Bx"). TIpH yCTaHOBNEHMH Ty = 0 BCE NapuMasibHbie MH-
nexcst Moxynsuuu B = 0. BeixonHol crniexTp peryimpyeMoro KaHaia npeoOpadyercss B €IMHCTBEHHYIO CIIEK-
TPaBHYIO COCTAaBIAIOMIYIO, PACTIONOKEHHYIO Ha HecywieH yactote W, , KOTOpas B RajibHEHLIEM IIOAaBASETCS
tuneTpom PIID.

RB") =1 p=2
T Q<< <0 <G (n=1p )
-, Wi - -
T3 \ ) -
A VAR
0 LR VTS A i
RIS L1 /
WAV AV AR Y W T
Y i AL A
T i
- Bl s
J(B” .
BT m~1ng=~2 n,-g;:.-d::,—j (Q2=const, B =2)
N =
P AN L] 7
0 ‘.' _ ANy - . “' - 5
= o L1 17
\\
j
- ,
» 6
ARB") =102 n,-gnl‘-‘xlh-s (Q=onst, p~5)
L
T v \ ]
i e . Y X Vi -
LIXTx A [ Vivd e
VR T INT T AN 1T X
o 1232 i SN S DS AEZER T S
\ / } I
1= AT / —
\ i ‘\
. ~
. B
4\1-(“ ) B=1 p=2 p=4 B\-6 ﬁ:9 (n=1, (2=const)
1
- \ N
. ~. \ A\ ]
- 3 ( AN
- = SRR A AN AN
o R VHIm TR ATTAR P (AT M=
Y FEN N Wik ;
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W3 pesynbrata nepeMHoxenus curnanos Uy'(f) u U,"(1,1,0) TpetbuM nepeMuoxuTeseM X3 y3xonosnoc-
HbIM wiisTpoM YIIQ ¢ LeHTpabHOM YacToTol 2 W, BRIIENSETCA FapMOHUYECKHH CHIHaJl Kax pe3ylbTar CBepT-
KH CTIEKTPOB GOKOBBIX NMOJIOC CHMMETPHYHO PACHONOKEHHBIX OTHOCHTENBHO HeCyined Yactotsl W.. BoinencH-
HBIH CHTHan OMUCHIBAETCS BhIPAXKEHUEM

Ux®)=U Y BB e T By) e YT p B B2 T By ") x
p.r..,m=-x Doy, m=0

x cos[2W.t+¢'+o"],
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BICHHUK JOHELIBKOI'O YHIBEPCHUTETY, Cep. A: [Ipuporsnyi Hayku, 2003, Bun. 1

rae Us; — aMIIMTYia CUPHANA; M Tak Kak By’ = const, To aMnauTyha Kaxnaoro cnaraemoro cursana Us(4,z,0) on-
penensiercs J,( B;" ) ero napLuanibHeIM HHAEKCOM MOAYALMH {3, 3Ha4eHHE KOTOPOIO 3aBUCHT OT OTHOCHTENb-
HOMW BpeMEHHOM 3aJePXKKH Tory.

OTtHOCHTENbHOE 3HaueHue orubarowied curHana Us(t,T,0,) K ee MakcuManbHOMY 3HaueHmo Uz, (1,8,)
oTipefensAeT NeJCHrallHOHHYIO XapaKTepPUCTHKY. YCTpoHcTBO puc. | 6e3 norapaMHUYECKOro YCWIHTENS pealtii-
3yeT BTOpOM croco6 J-xoppensuuonHoro Merona nenenrauud ( JKM-2 ) [ 3 ], nedenrauMonyas Xapaktepn-
CTHKa KOTOPOT'O OMUCHIBACTCA BbIPAXKCHHEM

U3(1)90)
8= 30
T e (.00)
K S BB T B ST B B2 T By ")
Do, == P =0

rae 0, — 3HaYeHue BpeMeHHOH 3anepxku PJI3, onmpenensromieil MonoxeHyue HENY NP paBHOCHUTHANBHOM Ha-
npasieHud (1=0) ; Usyuax(1,80) = Ko/ Us;

1
K= o o ,
S BB ) T BND) DTy By max W B max ) T (B “max )
Pt m=—x0 p.r,.,m=©

Bi" max — 3HAUEHUA MHAEKCOB MOLYIALMH, NP KOTOPLIX Us(1,8,) MAKCHMANbHO.

C y4eToM BbILIE H3JIOXKEHHOTO MOBEIECHHE MEIEHralHOHHON XapakTEePHCTHKH f(1,0,) NPH M3MEHEHHH
Torw, B 0671aCTH GONBLINX 3HAYEHNUI OCTAETCA paBHOMEPHBIM, CO 3HAYCHHEM paBHbIM euHuue. [Ipu npubnmxe-
HUH Ty, K HYJIO 32 CUET CBEPTKHM CMIEKTPa CHMTHaJIa peryjlupyemMoro KaHaia ¥ Nepepacnpesie/icHus MOIIHOCTH
ero GOKOBBIX TI0JIOC K HYJIEBOU COCTABNSIONIEH, pacnioNoXKeHHOH Ha dactote W,, 3Hauenue fy(t,0,) HenpepblBHO
YMEHBIIAeTCA, NNPUYEM CKOPOCTb YMEHBIUCHHS YPOBHA MO MEPE NPHOMIKEHHS Topm K Tomy) BO3pacTaer. [lpu
TIOHIKEHMH Toyy OT Tory.t A0 HYJA XapakrepyucTuka f5(7,0,) yMeHbIIaeTcs 1o JTMHEHHOMY 3aKOHY IO HyJs, dop-
MUPY# NPHU Tory, = 0 IKCTPEMANBHYIO TOUKY.

To4YHOCTE OMNpeseeHNs NPOCTPAHCTBEHHONW BPEMEHHON 3aJEPXKKH, M KaK CJIEACTBME MECTOMONOXKEHHE
HUCTOYHHKA M3JIyYEHHs, OLICHUBACTCA KPYTH3HOM NENEHrallMOHHOMA XapaKTepUCTHKH, KOTOpas B JaHHOM Cily4ae
HUMeeT BHJ,

df> (1,0, o
S’““%"l"ﬁ YT B Br) e T By

p.r,...,m=—00

—o0

) {[Jp-—l(Bln)"Jp+1(B1")]'Jr(BZN)'---'Jm(BN")'BIQICOS(O:SQITOTH.)‘*'

Dy

1B =T 1 B2 T p B o T By ") B2c08(0,5Q0 Tgry ) + .+

T BN = Tt By T, B B2 Ty B ") By Qncos(0.5Q y Tomy ) ¥ -
J
B OKpeCTHOCTH IKCTPEMATLHOM TOYKH, TAE Tyy, MAIO BBIPAKEHNE, ONpeJeNsloniee Kpy TH3HY, YIIPOIaeT-
ca W npuobpeTaet BUA

S@=K Y J,BW,B2) o TmBN') > {J,(Bz”)~...-Jm(BN")-[3]Ql+
Doy m=—00 p.r,..m=1 .

S pBi") e T BN ") B Qo+t
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KpyTHu3Ha Me/IeHralHOBHON XapaKTepUCTHKH BOIM3H IKCTPEeMalIbHOH TOYKU TIOCTOAHHA U OnpejeseTcs
CYMMOIi Npon3BeJeHI MOXYIHPYIOWEH YacTOTh CHEKTPAIbHBIX COCTABIAIOLINX HA COOTBETCTBYIOMIMIA e HH-
gexc Monynsuuu. ClenosarefbHO, MENCHrauMOHHAs XAPAKTEPUCTHKA B ITON OONACTH 3HAYCHHMH Ty, MMEET
NHHEHHYIO 3aBUCHMOCTD, TOT1a NIPH YMEHBIUECHUH Tor, B XapaKTEPUCTHKE GOPMHPYETCA IKCTPEMabHAs TOUKA
IPY Tor. = 0, B 3TOM cyyae (0+1,+1)=0;. ITpu (0+1,+7) < 6 3HaYEHHE Topy,, < 0, CIIEAOBATENBHO, NPOU3BOAHAS
NENEHraMOHHON# XapaKTepUCTHKKH OTpHLATeNbHa, pH ( 0 +1; + T ) > 0, — NpoU3BOAHAA TIONOKHTENBHA, YTO
yKa3plBaeT Ha HAJTMYKME B TIEJIEHIAIMOHHOM XapakTepucTHKa crnioco6a JKM-2 paspsisa nepsoro poxa [4 c. 297].

BxmioyenneM B yctpoiictse puc. 1 Ha Beixone Guastpa YIID sorapuhpMUueckoro YCHIMTENS pealusyer-
¢ mepsklit croco6 J-koppensuponHoro Merona nenenrauuy (JKM-1) [3]. B atoM cirydae curnan Ha BhIXOzie
ycrnnrens JIY onuchIBaThCA BIPaXKEHHEM

Uw0)=Uslogl Ko . JpBi0W,B2) - TmBy) 2T pBr"Wr B2 T B ") |x
P, m=—0 pir,...,m=0

x Cos[2W.t+ @'+ @"],
rae U, ammutyna curiana; Ko~ koo pUiumesT NpenoplioHaNbHOCTH.
TMenenrauuoHHas xapakrepuctuka cnocoda JKM-1 nmeer BHA

Uy(1,09)
(1,8, = ———— =
) G e (5.90)
=Kelog Ko Y. JpBi),Ba) o TmBy) 2T p B W B2 T By |
p.r,...m=-x0 P, m=0
rae U4uax(“,eo) = Kl/ U4 5

1

R|=
log Ko STy B W B2 I Br) D p Bt max M B2 "max ) oo T By "max )
PiFoee =00 pFvm=c0

€€ KPpYTH3Ha ONTHCHIBACTCA BBIPAXKCHUCM

1
Sl(‘l) = X
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B OKPECTHOCTH 3KCTPEMAIBHON TOUKH, TA€  Tory. MANIO TONYHYEHHOE BHIPAKEHNUE YIPOLIACTCS M MPHHU-
MaeT BUJ

I
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B + By +..+ByQy - Py B0+ By

l ' 4.6 Ty
9.2 sz By W, B ) (B ™) OTH
P m==1

W3 nonyueHHOrO BLIPAKEHHUS CIEAYET, UTO KPYTH3HA MEAEHTAUMOHHON XapakTepUCTHKH NpOTICPUHO-
HajibHa CYMMe U3 NPOM3BEXEHUH MONYJIUPYIOWHX 4acTOT CNEKTPAIbHLIX COCTAB/IOWNX CHTHAA HA COOTBET-
CTBYIOLUME MM MHAEKCH Momyasuuu. Ilpu (6 +7, + 1) < 0 3HaUEHHE Ty, < 0, CIEA0BATENBHO, MPOM3BOIAHAN
NeJeHralMOHHON XapakTepucTky oTpuuatensua. flpu 1, . — 0 nmpouzBonuas crpeMurcs K OeckOHEUHOCTH.
pu (0 +t;+ 1) > 0; — NPOM3BOAHAA MOIOKHMTENLHA, YTO YKA3bIBACT HA HANUYME B IICJEHIALHOHHOMN XapakTe-
puctika cnocoda JKM-1 pazpeisa BToporo posa [ 4 ¢.298 |.

Boisoabi. B J-KOppeasiMOHHOM METOME NeASHTaluMy Opy ApHeMe NCeBACUIYMOBOro CHrHama, ofpaso-
BAHHOIO HE MEPUOANYECKUM MOAYAHPYIOWMM HANpsKeHNEM, ITENCHTAHOHHAS XapaKTePHUCTHKA CORAEPAHT Ol-
HY DKCTpeMasibHy10 TOUKY. B cnocofax nesenrauny JKM-1 n JKM-2 kpyTusHa nejicHrauMoHRol Xapakrepu-
CTHKH MOBHILAETCA HA CYMMY H3 NPOW3BEAECHHH MOLYJIMPYIOUIMX YaCTOT CHEKTPAIbHAIX COCTABNAIOILMX CHI-
HAJ1a Ha COOTBETCTBYIOWME UM UHAEKCHI MOLYIALIUH.

PE3IOME

Posrasiactbed ABa Criocodu J-xopeasuiffHoro Mertoy neiienraiii npu o0podLi ICeBI0WYMOBON0 CHINANY. OTPH-
MaHi BUPAKEHHA, IO OfIUCYIOTH IX MECHIaUifiHI XaPAKTEePUCTHKY, BU3HAYEHA KPYTICTh XapakTepucTHK. OTpuMano yMoBy.,
o 3abesneyye HenepioAnUHy XapakTepUcTHKy nenedraropa. [Toxka3aHo, 110 NPH YCKJIALAHEHHI CTIEKTPA OPUAHSTONO CUIHA-
AY KpYTiCTh NENCHTaUiHHOT XapaKTEPUCTHKH B J-KOPEUIHOMY METO/1 NesieHTallil MiABMILYETHCA.

SUMMARY

Two methods of the J-correlation method of the direction finding under processing of the pseudo-noise signal are
considered, the expressions describing their direction finding curves are obtained, the slope of the curves is determined. The
condition ensuring nonperiodic curve of the direction finder is obtained. It is shown. that when a complicating of the reccived
signal spectrum the slope of the direction finding curve in the J-correlation method of the direction finding is increased.
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VK 669.234.017.3:669.788

BbIABJEHME FPAHUI] 3EPEH HA ITOBEPXHOCTH - U a-THAPUIAOB NAJJIAIUA
BCJIEJACTBUE YCKOPEHHOI'O HACBIIIEHUSI T'A300BPA3HBIM BOJOPOIOM

I''H XKupos, M.B.I' onvyosa, E.A.Kapumosa
Honeyxuii Hayuonanonblit mexuuyeckul ynugepcumemn

BBEJAEHUE

Hzyuenne p3auMOAEHCTBHA BOAOPO/Ia C MeTAJUIAMM OCTaeTCs axTyanpHelmed 3anayeit pusuku TBEPHOTO
TeNa, PU3HIECKOro MaTepHAOBENEHAN M METAIOBEAEHHA. 310 00yCNOBIEHO Te€M, YTO BOXOPOIHOE BO3AEHCT-
BME MOXEeT NPUBOIUTH KaK K NETpajaiiii MaTepHanos [1], Tak ¥ K ynydIeHWIo MX CTPYKTYPhI H CBOHCTB B pe-
3ynbTaTe MX BOoXopoxHoii o6paborky [2]. [Tpy 3ToM MHOTHE aceKThl B3aHMOACHCTBHA BOAOPOAA ¢ MeTalUIaMi
OCTalOTCA A0 CHX MOP JAETAIBHO HE U3YYEHHBIMH.'

B pa6oTe [3] 6bl10 ONKCaHO ABJICHHE BLIACACHHA ITPAHMI 3€PEH HA NIPEBAPUTENHHO TTOTMPOBAHHOIN HO-
BepxHocTH obpasiia f—PdH,, nMelolliee MeCTO IPH YCKOPEHHOM HaChILEHHH AaHHOTO CIUIaBa BOJOPOLOM B MO-
Ho(rasHol B-06macT Ha paBHOBECHOH muarpamme cocTosAHMs Pd-H. Beuio omvcano, 4To NpH4HHON Takoro 3¢-
(exra ABIAETCH pejlakcalks BHYTPEHHHX BOHOPOAHBIX HaNpsXeHHit B o0beMe Bcero obpasua NMyTeM CABHUra
3epeH ApYyr OTHOCHTENIBHO JpYyra. '

B Hacrosiuefi paboTe NponOMKeHO CHCTEMATHUECKOE H3yUeHHE NMPOLECCOB BRUIENEHH FPAHHL 3€PEH B
o~ ¥ B-PdH, nannanus npu UX ZONONHHUTEIBHOM H YCKOPEHHOM HACHIIIEHHH BOAOPOIOM.

MATEPHAJI, METOINKA U PE3YJIbTATBI SKCIIEPUMEHTA

B pa6orte mpoBogWIM ONTHYECKHE BHAECO-HCCIIENOBAHMA IUIOCKOM NMOJMPOBAHHON MOBEPXHOCTH Nailia-
aveBoro obpasia IpH €ro HaChlLEHHH BOAOPOAOM B 06nacTu ogHodaszHoro B—reepaoro pacrsopa. McxoaHsIMH
obpasuamy CIy>KWIH NpOBOJIOYMHbIE 06pa3upl Najlaiyus YHCTOTH 99,98%, miuHo# 23 MM, auametpoM 0,5 MM,
npenBapuTeNbHO oToXKeHHbIe npH 1000°C B Bakyyme ~ 1 [1a B Teuenune 1 uaca. 3aTeM Ha BepxHeil wacTH 06-
pa3LoeB roToBHNM Metannorpadpuyeckue numdsr pasmepaMu ~ 0,45x2,6 MM, N0 CHenManbHO pa3paboTaHHON
METOAMKE, CBOAALIEH K MMHUMYMY HaKJiell B TIPHIIOBEPXHOCTHEIX CI0AX 0Gpa3ua. B pabore mcmons3zoBany Bo-
ZI0OpOI0-BaKYyMHYHO yCTaHOBKY BBVY-2, koTopas Obiia moapoGHo omucana B {3]. YcraHOBKa N03BOIAET peaiy-
30BaTh OIHOBPEMEHHO Ha ONHOM 0o6pa3lie IBe METOAUKH H3y4deHHs MPOIECCOB, MPOTEKAIOIINX HA TIOBEPXHOCTH
4 B o6beMe naiaauesoro obpasua Npy ero HachHILIEHHH BOAOPONOM H Aera3alliH. A UMEHHO: MPOBOIUTD UC-
CJIeJOBaHUA W3MEHEHUH NOBEPXHOCTHOrO pesbeda Mo METOAUKE ONTHYECKON BUAEO-MHKPOCKONHH in situ ¢ pe-
rUCTpalyel MPoTeKaoUIMX MPOLECCOB B MPHIIOBEPXHOCTHBIX ClIOAX 06pa3lia Ha BUACOIUTEHKY, ¥ OXHOBPEMEHHO
HCCNIEI0BATh KHHETHKY a6COpOUHH-1ecopbLMK BOOOPOAA NAaHEM C TOMOILLIO H3MEPEHNUS YAETBHOTO JJlEK-
TpoconpoTHBIeH . ITocne IKCIepUMenTa NMPOBOAIIH NOKAPOBLIH aHATIH3 MHKPO-BHIE03AIIMCH HA KOMIILIOTE-
pe Pentium 111 ¢ ncnoab3oBaHHEM CrielMANILHOMN IUTATHI BUICOMOHTaXA. Ta BUACOILNATA IO3BONSAET NEPEBOAUTH
aHAJIOTOBLIA CHI'HAJI BUICOKAMeEpH! B IH(ppoBol 6e3 NoTepH KaJpoB B NPOCMATPHBATh 3aTeM BUIEO3aNHCh Kak
HENPEPBIBHO, TaK U KaJp 3a kagpoM. ToYHOCTHL NMOKaApoBOro aHamM3a no BpeMeHH cocraeiger 0,04 c¢. Xapak-
TepHbIE BUIEOKAPhl W3IMEHEHHH Ha 1UIH(e pacneuaThBAIM 3aTeM B mporpaMmax Photo Paint wmu CorelDraw.

OkcnepuMeHTH! ObUTH MPOBEAEHN! B CIEAYIOMIEM nopanxe. O6pasell MoMelIanH B pabodyro kaMepy ycra-
HOBKH, KOTOPYIO 3aTeM BaKyyMHpoOBaiu M Harpesanu 10 350°C co ckopoctsio ~ 38°C/mun. IMocne 3roro B pa-
6ouylo kamMepy HamycKaid ra3006pasHblit BOAOPO/ C NOBRIMIEHHOM cKopocThio 0,4 MITa/MuH no nasnends 2,3
MTI]a. ITpouecc copbumy Bonopoaa o6pa3oM KOHTPOIHPOBANY O H3MEHEHHIO 3IEKTPOCONPOTHBIIEHHA, XOTO-
poe NpOMOpUMOHANLHO KOHLEHTpaLUK Bofoposa B obpaste. B ycnosuax (350°C, PH, = 2,3 MIla) obpa3en Boi-
JepXuBau B TedeHue 10 MUHYT o NONHOM CTaGHIM3aIMHU €r0 YASALHOTO ANEKTPOCONPOTUBIIEHHUA, YTO CBHAE-
TEJLCTBOBAJIO 00 OKOHYAHHM MPOLECCa HOrIOMEHHA BOAOPpola. Baxro, uyro yenosus (350°C, PH,= 2,3 MIla)
3HAUHMTENBHO NPEBOCXOIAT KPHTHHYECKYIO TOUKY cHcTembl Pd-H (292°C, PH, = 1,97 Mlla) [4]. Ilocne BoIIEpXKH
o6pasua B pauubix yenosusx (350°C, PH,= 2,3 Mlla) ero oxnaxnany co cpeiseil CKOpOCTHIO, NPEBOCXONMB-
LIe# PaBHOBECHYIO CKOPOCTb OXiax/enus 1°C/MuH, a MMeHHO, co ckopocThio 4°C/mun. CornacHo ¢a3oBoi
auarpamme coctosHua Pd—H [4, c. 606], B npouecce oxnaxaeHus MPOHCXOIHT AONONHUTENLHOE NOTNOIICHH E
o6pa3toM BOIOpOJa, YTO IKCTIEPUMEHTATLHO GUKCHPYETCS [0 YBENHYEHHUIO €r0 YAENBLHOrO 3NME€KTPOCONpOTHB-
nenus. IIpn 3ToM ¢urypaTuBHas Touka oGpasua NepexofuT B onaHodasHyio f—obnacTs, T.e. K TaKOM HaChI-
IIEHHHU 10 BceMy o0beMy obpasua obpasyerca [-TBepawtit pactBop Boaopoaa B nautanuu (B—-PdH,). Io aoc-
TikeHuu 282°C CKOPOCTh OXN@KAEHHS NOoHU3WH A0 1°C/MHH 1 NIpH oXJIaxAeHHH o6pasia Himke 277°C Ha no-
JMpOBAHHON MOBEPXHOCTH 06pasiia HAuAJIM HeOOPaTHMO BRUIBIATHCS IPAHMLbI 3epeH. JTOT Hpoliece JUTHICH B
TeueHue | MUH 40 ¢ ¥ ipeACTaBNeH Ha puc. 1.

Puc. 1a neMOHCTPHPYET NpEABapHTENLHO NOJHPOBAHHYIO NOBEPXHOCTh O0pasua najulafud B mpolecce
HachimeHus BogoponoM. Ha puc. 16 npencraBneHo Hayao BHISABJICHUA I'PaHHIL 3¢PEH: NEPBBIE MPAHUIBI HAYaIH
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5. Ecna noxanpibie BK — HanpshkeH s, COOTRETCTBYIOIINE CABMTY 3epEH APYT OTHOCHTENBHO APYId M Bbi-
HeJICHHIO IPaHul 3epeH, He TIPEBbILIAIOT Npesiest YNPYIoCTH MaTepHalla, TO HX faibHellice nepepacnpensnetye u
peJIaKcailis NPUBORHT K 0GPaTHOMY CABHTY ZePeH H NOJHOMY YCUE3HOBEHHMIO PEHEE BBIICMBUINKCS TPAHHLL,

6. SBneHne BHIENEHHS TPAHUL 3€PeH B Pe3yNbTaTe YCKOPEHHOTO HACHINEHMS RONOPOAOM ABAAETCH
B&XHBIM KaK JUid BONOPOJHOH 00paboTKH, Tak K A MpobieM MpCYHOCTH MaTepHaioB U TpebyeT aaymneiliero
CHCTEMaTHYECKOTO U3YUEHHA.

PE3IOME

Y poGoTi onucaHe fBMINE BULIICHHA TPaHMUL 3€PEH HA NOMNEPeHL0 MonipoBadil moBepxHi cnnasis a- i B-PdH,
nafaailo, Mo Ma€ Micue IpH iX MPACKOPEHOMY HaCHYEHHI rasonoiGHuM BomHem. [is MOPIBHANRHOrO aHaNi3y NpeacTasie-
Hi pe3y/bTaTH BUBYEHHSA BUAICHHA rPaHALb 3€pcH ¥ o~ i B—obnacti, npoananizosani noxiGHoCTi i BiaMiHHOCTI npouecy
BMAUICHHS TPaHuLD 3epeH y o~ i P—obnacrax cneremn Pd-H. Tlokasano, 110 npudnHa BURHKHEHHS SBUIUA - BHYTPILIRI BOA-
HeBi koHUeHTpauiiini (BK) Hanpyry, reHepyemi B 3pa3sKy BMHUKaOYHMM IIPH NPUCKOPCHOMY HACHYEHHI rpali€cHTaMK KOH-
nenTpauii Boguio. JIoBe€HO, 10 B ONUMCAHMX €KCOCPHMEHTANBHYX YMoBax BK - nanpyr# sBIsioTECA MaKpOCKOMIMHUMA 1
JiI0Th y MEXax yChoro 3paska. Komm Benuuuna UnMx Hanpyr NepeBepuye MaKpockoTiuny rPaHKLIO tpyXKHOCTI, BiaGysaecTs-
s IXHS pefiakcallis LINAXOM 3pYILEHHA 3epeH APYF oo 5pyra npotaroM 1,5-2 ¢. ¥V pesynbrari uporo 3pyweHHs rpasuui
3epeH BUHMKAKTL HAa NOBEPXHi 3paska. ExcnepumeHTansHO 3adikcoBano, IO 3PYHICHHA OKPEMMX 3€PEH Mae 0GOpOTHMI
XapakTep, i AesKi 3 TPaHHLb, IO PaHiule 3'SBUINCS, 3HOBY NPONAJalOTh NPOTArOM HACTYNHHX 2 C.

SUMMARY

Systematic investigations of grain boundary appearance on the pre-polished surface of a— and f—PdH, alloys in re-
sult of accelerated hydrogen saturation have been continued with the present work. It has been shown, that appearing during
rapid cooling of alloys in the o—phase and p—phase regions of the Pd-H equilibrium diagram hydrogen concentration gradi-
ents lead to the emergence of internal hydrogen concentration (HC) stresses. Relaxation of these HC-stresses is carried out by
grain shifting relative to each other. Grain shifting duration lasts 1,5 — 2 s. As a result of the shifting, grain boundaries be-
come visible on the preliminary polished surface of a sample examinated. The very interesting experimentally registered fact
is that few grain shiftiness are reversible and some of appeared grain borders become invisible in following 2 s.
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XIMIs
“’V'bk

YIK 541.6:620.18

K BOITPOCY B3AMMOCBS2# CTPYKTYPbI U1 CBOMCTB YIJIA.
CCOBLUEHHE 2. UK-CHEKTPOCKOIIUA HCXOJHOT'O BYPOI'O YI'JiA,
MATPHLIBI UTYMATOB

A.B.Bymwozun, FO.H.3ybxosa, H.B.V30eunuxos, M.B.Inedenxo

B coobiiennn 1 [1] 6bu1a BRICKa3aHa MMIIOTE3a O TOM, YTO MaTpuLia Syporo yris ABiseTcs NpoAYKTOM BHYTDH-
MOJIEKYJISIDHBIX TpeBpallesnii FYMHHOBEIX BewlecTB. Liennio HacTosmiel paboTs SBIANOCH MOMYYEHHE [0Ka3aTeNLCTR
COOTBETCTBUA XUMHUYECKHX CTPYKTYP HCXOIHOTO Gyporo yriisi, MaTpHLbl M TYMHHOBBIX BeiliecTB. OIHIM U3 METOAOB,
NO3BOJIOIINX NPOBECTH CPABHUTENBHBIN dHATMS XMMHYECKMX CTPYKTYp, ARIAETCS METOA MH(PaKpaCHOH criekTpo-
ckormH (MKC). OnHoBpeMeHHO ObUIO POBEICHO CPaBHEHHE aCOPOIMOHHBIX CBOKCTB ucxoaHoro Gyporo yrns (BY), -
OCTaTOYHOTO yIiisi mociie 28-1 cramuii oTMBiBOK-3KCTpaKimit (OV-28) i MatpHisl yris nocie 46-u cramuii OTMBIBOK-
3kcrpakimii (M), a Takroke BIMAHME HIBKOTEMIIEPATYPHOTO XHIKOGA3HOro OKUC/IeHHA Ha aICOPOLIMOHHBIE CBONCTBE H
CTPYKTYpY yras.

HcxonHblit yrosiib OTMBIBAIM OT BOAOPACTBOPUMbIX IyMHUHOBBIX BEIIECTB C MOMOIUBIO 3%0-HBIX IENOYHbIX pac-
TSOpOB NP KOMHATHOH TeMneparype (Bcero 46 cTaaMii SKCTPaKUMil MpY COOTHOLIEHHH Yroib: pactsop = 1:30).
Okucrienne yrolinHO# MaTpHib! npooami 0,1%-HbIM NEpOKCHIOM BOOpOAa B 3%-HbIX THIPOKCHAAX HATPHA M aM-
MOHHA TIPH TEX )K€ COOTHOIIEHIIX YTOMb: pacteop 1:30 1 npy koMHBaTHOI Temneparype. Ancopbipo rexcana, 6emso-
na, 306yTHIIOBOrO CIIUPTA M YKCYCHOH KHCIIOTHI POBO/IFIH M3 Tiapora3osoi $asel mpyu Temneparype 50°C B teuenue -
5 yaco. HK-cnextpb! cHuman B Tabnetkax 0,5%-noro KBr Ha cniektpodoTometpe «75IR».

Ha pricynke 1 npusenerst MK-ciextpbi ucxoHoro Gyporo yri (BY) u rymusoso#i kucnotsl (I'K). Moxso otMe-
TUTS, 4TO B obnacTn 2800-3500 om’! CIEKTPbI IPAKTAHECKH MACHTHYHSL, a B o0nactu 600-1700 cm’ maGmonatores sumA-
Mbi€ PaVIMYUA: B CTIEKTPEe TYMUHOBOM KHMCHOTHI BO3PACTAIOT HHTCHCHBHOCTH IMKOB KMCNOpoacoaepanmix rpym (1140,
1610 1 1700 cM) 1 yMeHbIaeTCs MHTERCHBHOCTS Tionoc CHy-, CH,- rpymn (1360-1440 cm™), uto cootsercrsyet Goree
BBICOKOH rHIpOdUIBHOCTH U PACTBOPUMOCTH B BOJE TYMHHOBBIX KHCJIOT. . ,

B uenom xe BHAHO, 9TO 0o6uiHii xapaktep HMK-ciieKTpoB mogo6eH H COOTBETCTBYET GIH3KHM 10 XHMHYE-
CKOHN CTPYKType BELIECTBAM. ‘

Ha pyic.2 npyBeaeHs! CrieKTpbl HCXOTHOTO GypOoro Y, OCTATOYHOTO YIJi Nocie 28-H OTMBIBOK-3KCTPaKiMA 1 MaT-
prbt (M nocie 46-11 0TMBIBOK-3kcTpaKimii). Cpasherue HMK-crIeKTPoB NOKa3BIBAET, YTO 10 MEPE OTMBIBKH HCXOIHOTO Oypo-
IO YIA OT TYMMHOBbIX BellecTB BospacTaeT padmyne MK-CrieKTpoB MCXOMHOIO YIJI, OCTATOYHBIX YIieil M MaTpHlbi B
obnacti 1100 —1700 cM”, otBevaromeii konebanmsm C=O derokcurpymm (1150 cM 1 1700 em ™), C=0, H-O-, apoma-
mieckux C-C rpyrm (1610 cm ), a B o61acTi 3400cM™ HabmopaeTcs yMeHbIIeHHE HHTEHCHBHOCTH KoneGanuit OH-
rpyIn IpH YBeJIMYEHMH UHTEHCHBHOCTH Tiostoc 2860-2950 cm”, omBeuatomyx xonebamusm CH;-, CH,- rpymm. To ects
HaGMIOIaeTCA OTHOCHTEITbHAS THAPO(OOH3aIIIA OCTaTOYHOIO YIUIA B Pe3y/bTaTe YHIANeHHA I'YMHHOBBIX BEIIECTB.

4 36 32 28 24 20 16 12 kxi00ew'

40 36 32 28 24 207I6‘12 kx 100 cm”

Puc. 1. UK-crexrpri: 1 - BY; 2-TK. Puc. 2. UK-criexrpet: 1 —BY; 2 - 0V-28;3 - M.

JNanusie UK-crekTpoB, CBHAETENLCTEYIOWME 00 OTHOCHTENBHOM YBENHIeHH rHAPodoOHOCTH OCTaTO4-
HBIX YINIeH ¥ MaTpHLbl T0CHE YAAICHUS T'YMHHOBBIX (THIPOGIIIBHBIX) BEINECTB, NIOATBEPXAAIOTCS NaHHBIMH TI0
agcopbumy (Tabnuua 1). :
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Tabmuua |
34BUCMMOCTH ANCOPOIMH OPIaHHYECKHX BEILECTB HA MCXOAHOM EYpOM Yrile, Ha 0CTaTOYHOM YIIIE FIOCHE PA3IHUHBIK CTAmMM
OTMBIBOK-3KCTPAKUMH ¥ Ha MaTpULE (MI/T)

AncopOar 1-i oneIT 2-# onmar 3-if onpIT
(0-340 mMxM ) (0-340 Mxm ) {70-125 mMxm )
BY oy-7 BY M BY Oy -28
Texcan 56,7 102,5 53,1 63,3 1544 160,0
Benzon 32,3 107,7 123.3 166,7 127,7 129,7
H306yTHnoBei# crinpt 89,4 123,9 103,9 103,7 129,2 131,8
YkcycHas KHCIOTa 272,7 299,8 283,1 306,6 203,9 240,2

- Ha pwuc.3 mpusegessl MK-cniekTpbl HCXOQHOTO 6YPOIO yIjif, OCTATOMHOrO yris nocine 28-M 0TMBIBOK-
SKCTPaKIMif ¥ OCTATOYHOTO YIJIA Tocie 28-1 OTMBIBOK-IKCTPaKiHil OKHCAEHHOTO 0,1%-HbiM NEPOKCUHAOM BOROPO-
na B 3%-Heix ruapoxcuaax Harpusi (OY-28/1ox) u ammonma (OV-28/20k). BrinHo, 4T0 OKHCIIEHHE OCTATOYHOIO
YII% He IPUBOJMT K BUAMMbIM m3MeHeHms K- criektpa B auanasone 2800-3500 cM”, HO TIPHBOAHT K M3MEHEHHAM
cnexrpa B o6macti 1100 —1700 v, uto cBuaeTenLCTBYeT 6 00pa3OBAHMN PA3NMYHBLIX KHCIOPOACOAEPXALIMX
rpymmn (C-O-C-, COOC-, C=0, H-O-) u HexoToporo yBenuyeHus apoMariuHocty (800 em™). VBenmuenme apoma-
THYHOCTH B IIPOLIECCE OKHUCACHHS NOATBEPXKAAET BEPOATHOCTD BHYTPHMOJIEKYJIAPHBIX MPeoOpa3oBaHui.

Ha puc. 4 npusenensl UK-criexkTpsl ryMHHOBO# KHCIOTH K3 McxoqHoro yras (I'K) u rymata u3 okuc-
JIEHHOT'O OCTATOYHOTO yriia nocie 28-u oTMbiBok-3kcTpakumii (I' OY-28/1ok). Ecmu UK- cniektp rymata u3 uc-
XOHOro Gyporo yriis MMeeT JAOCTaTouHO GONBIIOE CXOACTBO €O CNEKTPOM HcxoaHoro yrins, To HK- cnektp ry-
MaTa M3 OKMCJIEHHOTO OCTATOUHOTO YIJIA HMEET CHUIbHBIE OTIMYMA OT CIIEKTPOB IyMaToB U3 UCXOZHOTO YIJIA BO
BCEM IMana3’OoHe YacTOT. BHAHO, 4TO NpW OKHUCIEHHM nNpakTudecku ucyesaor nonockl CHi- u CH,- rpymn
(2860-2950 cm™ ), a B obnactu 1100-1700 cm” mpomsomuio pacimenenve CHIEKTpa, YTO CBHUAETENLCTBYET 00
H3MEHEHHMH XUMHYECKOM! CTPYKTYPHI (BO3pacTaeT apOMaTHIHOCTb).

I 333 3428 18 17 kxidocw’ 0 3% 12 B 24 W 16 12 kxiooow
Puc. 3. UK-cnexrpsr: 1 -BY; 2-0V-28; Puc. 4. UK-cnexrper:1 - T'K;
3--0V-28/1ok; 4 — OY-28/20x. 2-T OVYoxk.

Ha puc. 5 u 6 npneenennt HK-criekTpbl HCXOIHOTO 6Yporo yris 4 0CTaTOYHOTO YA nocne 28-u ot-
MBIBOK-3KCTpaKLuii 1oce aacopOumy Ha HHX rekcaHa M Gen3orna. UeTko BHAHO, 4TO ancOPOLHs HEHOMAPHBIX
YINEBONOPOIOB NPHBOJIAT K YCHIIEHMIO MHTEHCHBHOCTH Noioc 2860-2950 cm™', orBevatomux xonebanusm CH;-
u CH,- rpymn, uto noarsepxxaer $pakt aacopOuuu.

Ha puc. 7 npuseaensl MK-criekTpe! ancopOuuu yKCyCHO#M KMCIOTHI Ha HCXOaHOM OypoM yruei, Ha
OCTATOYHOM (TIocae 28-4 OTMBIBOK-2KCTPAKLMH) H OKMCAEHHOM OcTaTo4HoM yrix. M3Menenus VIK-cnexTpos B
pesynsTate ancopbumMM yKCYCHOM KHCIOTHI HMEIOT CIIOXHBIH XapakTep: BO3PacTaeT MHTEHCUBHOCTH IOJIOC, OT-
revatomux konebanuam CH;- u CHy- rpyni, # HECKONBKO YMEHBINASTCA HHTEHCHBHOCTS 110J10¢ B o6nactu 1100-
1700 cM™', oTBeqaOmMX KONEGaHUIM COGCTBEHHBIX PYHKLEOHATBHBIX TPYII YIS # OCTATOYHOTO yras. [Tono6-
HOE ABIIEHUE TakKe 0TMedaeTcs B paboTe [2]: TaM amcopOuua peHona Ha yriie NpUBENa K YMEHbIUIECHHIO HHTEH-
cusHOCTH nojioc MK-cnexrpos, oTsevaromux KoneGanuam cobereennpix OH- rpymm.

- Yoke nocse 7-u ctanuit OTMBIBOK-3KCTpakimit (ppaxiua 0-340 MxM) ancopOums rexcasna BO3pocia Ha
80% , Gensona - Ha 233%, u306yTanona — Ha 58%, ykcycHoll kucnotsl — Ha 9,9%. Ho Ha matpuue (nocne 46-u
OTMBIBOK-KCTPaKUMiH) ancopOums rekcana yBeaudwiach Bcero Ha 19%, Genszona —~ Ha 35%, yKCyCHOM KHUCIOTBI
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— Ha 8%, a n3obyTaHona yMmeHsmwIach Ha 0,2% 1o cpaBHEHMIO ¢ HCXOMHBIM yrieM. TIpu 3ToM ancopOuus yx-
CYCHO¥H KMCHOTbE B aGCOMOTHOM MCUNCIIEHHH Gonbllie, YeM aacopbuns ApyrixX opraHuyecKux CoeuHeH i,

: -}
40 36 32 28 24 20 16 12 k x 100 cm 40 36 32 28 24 20 16 12 Kk x 100 cm”!

Puc. 5. UK-cnexrppl nocne ajacopbunu rekcasa Puc. 6. UK-criekrps! nocne ancopbumu Gexsona Ha: 1 —
Ha: 1 - BY; 2-0VY-28. BY;2-0V-28.

OxuceHe OCTATOYHOTO YINIA W MATpULbl NPUBOAHT
K YMEHbLICHUIO aacopbuun. Takoe sBleHUE CBHAETENLCTBYET O
TOM, YTO NPOHMCXOINT CHIDKEHHE ajcOpOUMOHHOTO NOTEHLHAA
npu xeMocop6umu (OKHC/ICHHE — 3TO XUMHUYEcKas afacopOuus).
CHxeHHe aacopOLMOHHOrO NOTEHLHMANA € OHOBPEMEHHBIM
OTHOCHTEJIbHBIM NOBbILIeHHEM ruapodobHOCTH (IHOPOOHOCTH)
yxKe otMevanock paHee [3]. BeposTHo, 4To B mpouecce OTMBI-
BOK-JKCTPaKLHii, KOTOpble NPOBOAWIMCH [UIMTEILHOE BPEMS HA
BO3JYXE, NPOHCXOIMT OKMCJEHHE MOBEPXHOCTH YTONBHOTO Be-

IHECTBA ¥ CHIKEHHE ero aJcopOUMOHHOr0 NOTEHIMANA.
Crnenyer otMeruTs, 9to B K- cniexrpax ucxongoro 6yporo,
. OCTATOYHBIX yIJieH, TYMaToB MPOM3OLLIO CMEIIEHHE NONOCH KOJle-
0 36 2 2w 2 '20 " ‘1;: ‘kx e Oammit OH- rpymn ¢ yactots 3300 cM™ 1o 3400 cm' o CPaBHEHHIO
CO CNEKTPaMH APYTHX HCKOMAEMBIX YTJIEH, YTO, BO3MOXHO, ABIIET-

Puc. 7. UK-cnextpsi noce ancopouuy yk- ¢ 0COGEHHOCTBIO GYPBIX I'yMaTCONEPIKAIMX Y.
CYcHOH KHCIOTEI Ha: 1 — BY; 2 — Taxum o6pasoM, nantsie K- ClIeKTPOCKONHH HCXOTHO-
gggﬁi 3 - 0Y-28/10x; 4 - OV- ro 6yporo yras, OCTaTOUHBIX yrjled M MaTpHUbl, [YMHHOBBIX
BELIECTB CBUIETENBCTBYIOT O BO3MOXHOCTH (popMHpOBaHHUA
(o6pazoBaHus) MaTpHUBI N3 FYMHHOBBIX BEILECTB B Pe3yJbTare
BHYTPMMOJIEKY/IAPHBIX NIPEBPaLeHM (CAMOOKHCIICHHA, KOHIEHCALINH).

PE3IOME

Bupieno I9- cnextpu BrxigHoro Ta 3anuuikosore Gyporo Byrinas, matpuui Ta rymaris. BcTaHoBieHO B3acMo-
3B’ 430K CTPYKTYP UMX 06’ €XTiB 3 iX aacopOuifHUMH BIACTHBOCTAMH.

SUMMARY

IR-spectrums of initial and residual coal, matrix and humates are investigated. The interrelation of chemical structure of this
objects with their adsoptional properties are established.
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VK 542.952.6:547.391:1-31

KUHETHKA CONTOJUMMEPU3ALINHA METHIMETAKPUJIATA
C ®TOPCOAEPXKALIIMMM MOHOMEPOM

B.H. Menvnuuenxo, K.H.Manvko, O.11. bosxynernko

CononuMeps! Ha OCHOBE BBICOKOQTOPHPOBAHBIX M aKPHIOBBIX MOHOMEPOB HALLTH NPUMEHEHUE 1A Ma-
TEPHAIOB CTIELMANBEHOro HasHavdeHus. TIpucyTcTeie GTOpa B NONMMEPHBIX MaTepHanax c6ecneunBaeT HX BbICO-
KYIO KHCJIOPOIHYIO MPOHHLAEMOCTh, TEPMHUYECKYIO B XMMHYECKYIO CTORKOCTD, HU3KHE TEMIIEPATYPbI CTEKSIOBA-
Hus [1, 2]. B nutepaType onucaHbl peLENTypbl CHHTE3a MCJIIMMEPOB ONTHYECKOro Ha3HAYEHUA Ha OCHOBE IO~
sudTopHpoBaHHBIX MOHOMEPOB. (PTOPAKPUIOBBIE MOHOMEDBI CIOCOOHBI K TEPMMUYECKOH M HHULMHPOBaHHOM
OpraHMYECKUMHU NEPOKCHIAMH TosMMepH3auun [3, 4], TeTpadTopAUXIIOPU3ONIPONMIAKPIIAT U METAKpHIAT NO-
JMMEPH3YIOTCA criontanHo yxe npu 293 K [5]. HexoTopsie u3 ¢ropcosepxkamyx MOHOMEPOB aKTHBHO BCTYIIa-
10T B PEAKIHIO ASTIONHMEPH3ALINK C BUHWIJIOBBIMH ¥ aKpHJIOBBIMM MOHOMepaMH [6]. B To e BpeMs cBeneHMA O
KUHETHYECKUX NApaMETPax PeakLiy HX COMOMHMEPH3allMH ¢ aKpHIIOBBIMH MOHOMEpaMH BeChbMa OrpaHUueHHl. B
CBA3M C 3THM TPENCTaBIAeT HenecooOpa3HbiM NPOBEAEHUE NCCIIEIOBAHUI CONOIUMEPH3ALIMY STHX MOHOMEPOB €
IPYIMMH MOHOMEPAMH M YCTAHORBJIEHHA B3aUMOCBA3H YCJIOBHH CHHTE3a U CBOWCTB MOYYEHHOTO MOMMEpa.

B palore uccienoBaHa HHULMMPOBaHHAs cornomumepmsamus 1,1,5-tpuruaponepgropaMunmerakpunara
(F®MA) ¢ Metunmerakpunatom (MMA) Ha HaYaTBHBIX CTaguAX. B xauecTBe MHULMATOPA WUCIOJB30BAIM Jay-
pwinepokcun (JIII). CxopocTs mpoliecca ONpEeAEsid METOAOM IuiaToMeTpuu. Jinsa sroro ObUIH M3MEpEHBI
IVIOTHOCTH HCXOJHBIX MOHOMEPHBIX CMECEH M MMOJMMEPOB Ha UX OCHOBE. YCTAaHOBJICHA HEa[AMTHBHAA 3aBHCH-
MOCTb TUIOTHOCTH MOHOMEPHBIX CMeCeH OT MX cocTaBa. Bo BCex Clydasx IUIOTHOCTH MOHOMEPHBIX CMeceil Bbl-
mie pacueTHsIX. I[TpuuuHOil 3TOrO MOXET ObITH NMGO OOpa3oBaHME ACCOLMATOB MEXIY NOMUGTOPHPOBAHHBIM
MoHOMepoM U MMA BcnencTBHe NEKTPOOTPHIIATENBHBIX CBOKCTB (TOopa, MO0 CTPYKTYpHOE PACTIONIOKEHUE
Maribix Mojieky1 MMA BHYTpH MOJiEKy GpTOPHPOBAHHOTO MOHOMEpA.

Kunernueckue uccnenoBanus cononumepusauny I'OMA u MMA npoBoaunyu npu pa3snuiuHOM HCXOJIHOM
COOTHOIIEHHH MOHOMEDPOB B TeMNEpaTypHoM MuTepBane 328-348 K, xonuentpauus JI1=5-10" mons Ha Mons
MOHOMepHO# cMecH. Ha HauanbHbix cTapmsix Habmopaercs nepuon MHrubupoBanus. [IpuunHa ero noseaeHus
BO3MOXHO 3aKJTI0YaeTcs B OCOOEHHOCTAX MOMMepH3auuy pTopupoBaHHOr0 MOHOMEpa (TaK KakK ¢ YBEIMUCHHEM
€ro IO NMepyoji HHrudupoBaHus pacter). Takxe MOXKHO HPEATIONOKHTD, YTO NOAH(TOPHPOBAHHEIH MOHOMED
COZIEPXXUT HEKOTOPbIE MPHUMECH, KOTOPhIE HHIHOHPYIOT MIPOLIECC MONMMEpH3aLIMH.

Ha ocHOBe NONY4YeHHBIX SKCNEPUMEHTANTBHBIX JAaHHBIX PACCYHTaHA CKOPOCTb NOJMMEPH3AIMM Ha JIHHEH-
HBIX Y4acTKaX 3aBHCHMMOCTEH «KOHBEpCHA-BpeMs». PacueTsl npexcrasieHs! B Tabnuue. B unteppane teMnepa-
Typ 328-348 K cxopocts conomumepusauun FOMA 1 MMA cocrasiser =10 kmons/mM’c u conocrasuma co
CKOPOCTHIO TOMoIoONUMepu3auii MMA npH OZMHAKOBBIX YCIOBHAX MHUUMUpOBaHHA. C yBeIMueHHEM HONH
(HTOPUPOBaHHOTO KOMIIOHEHTA CKOPOCTh CONMOMMEPHU3AlIMKA HECKOIBKO CHIDKAETCS.

Tabnuua
3aBHCHMOCTH CKOPOCTH HHHLMMPOBAHUSA ¥ COTIONIMMEPH3ALIH OT COCTABA HCXO/HON MOHOMEPHOH CMECH.
COCTaB CMECH B MOJISX T, K V-10?, kmonp/Mc V107, kvons/m’c
348 6,47 5,24
MMA 338 2,76 0,94
328 0,99 0,18
348 6,39 0,14
N"\ﬂ‘“: ‘lgIMA 338 2,68 0,97
328 0,95 0,12
1:2 2,60 0,39
1:1 338 2,46 0,2
2:1 2,05 0,09

Meronom HHrHOMTOPOB GbLa ONpe/eneHa CKOPOCTh HHHIMHPOBaHUA TpH cononumepusaunn FOGMA u MMA ¢
UENBIO ONMpENCNEHHd KHMHETHYECKUX INapaMeTpoB peakiud. B kavecTBe HMHrHOHUTOPOB MHCIIONB3OBANH T-
6ensoxuoH (bX) u 2,2-audennn-1-mukpunrunpazun (JADIIT). Beuto ycTaHoBNEHO, 4TO B AaHHOM cucTeMe BX
NpPOABIAET CBOKCTBA CIAGOTO MHIMOMTOpA, BLI3bIBAA CHIDKEHHE CKOPOCTH MOJMMEPHM3ALMH, HO HE MpeKpauias
npouecca (puc.1). Ilpu BBeneHun B uccnenyemyto cucremy @I (puc.2) HabmonaeTcs COOTBETCTBYIOMIMI
NEPHOR MHAYKUMM, B T€YEHHE KOTOPOro NOJMMepH3alysa npakTudecku e Habmonaercs. [pu cooTHOHmIEHHH
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MoHoMepos 1 Mone F'PMA u 10 Mons MMA sToT nepuon coctasmser oT 42 o 80 MUH Jd KOHUEHTpPALMA
JI®MI (1,5-4,5)-107° Mostb 1#a MONb MOHOMEpHOH CMECH. 3aBHCHMOCTDb TIEPHONIA HHTHGHPOBARMA OT KOHLIEHTpA-
MY HOCHT NIMHERHBIN XapaKTep, YTO YKa3bIBAET HA KONHYECTBEHHOE B3aUMONEHCTENE NEPBUYHBIX PANMKANIOB C
Mojiexynamu uHrEOuropa. Ilo ucTeuyeHum nepuona MHruGHPOBAHUS CKOPOCTh conommmepmsanus 'OMA ¢
MMA poctHraeT crauMoHapHOrc 3Ha4eHus. OHAKO CKOPOCTh YCTaHOBUBIIAACH nociie u3pacxonosanus JOIIT
npuMepHo Ha 10% Hibke CKOPOCTH B OTCYTCTBHE MHIMOMTOpa. DTO 0ODBACHSETCA TeM, YTO TIPOIYKT NpHCOeny-
HEeHUs AMGEHWINMUKPHITHAPA3sHIa K PafuKalaM caM SBACTCS HHIHONTOPOM MOJTUMepH3alMHi JaHHBIX MOHOME-
poB, x0T ¥ ropasjo Gonee cnaboim, yem JOIT .

S, % S, %
10} 10 -
Bﬁ‘ g -
6 .
; 1 2 6 A
; 1 2 /3 4
44 4-
2*( 2.
i |
04 e
0 » © © © 0 20 4 60 80 100 120 140 MMM
Puc.1. Kuseruka conomuMepmsaund I'OMA ¢ MMA Puc. 2. Kuneruka comonmmepusauun 'OMA ¢ MMA
(1:10) B npucytcrBun n-GeHsoxuHoHa Temneparypa (1:10) B npucyrctBuu JOIII. Temneparypa 338 K.
338 K. Konuenrpauus X, Mon/Momb: Konuesrpauus JOIIT, Mons/Monb:
1-0;2-110% 1-0;2-1,510%3-310% 4 - 4,5:10°.

Hcnonb3ys 3Ha4eHUs CKOPOCTH MHMIMHPOBAHKA MpPH pa3NH4YHOM TeMIepaType, yCTaHOBJIEHa TEMIEpaTyp-
Has 3aBUCUMOCTh OTHOLIEHHA KOHCTaHTHI 06pbIBa (Ko) ¥ KOHCTAHTHI pocTa (Kp), KOTOpas ONUCHIBAETCS YPABHEHHEM:

b o (2.02x10° £02x 10‘°)exp[“ (52200£1100) ]

k) RT
k

IMomyyensbie -I-C-E— CONOCTaBUMBl CO 3HAUYEHWAMH Ui romoinonuMmepmzanuy MMA, HO akTHBHOCTh
14

TI'®MA B peaxliMy pocTa Lenu HIKe.
B pe3yJbTaTe NpoOBEAEHHBIX HCCIIE0BAHUI N0JIy4eHa 3aBHCHMOCTb CKOPOCTH HHRLHHPOBAHUA OT COCTa-
Ba HCXOHOM MOHOMepHO# cMecH (puc.3) . U3 pHCYHKa BHAHO, 4TO ¢ yBenuueHueM 1o [®MA ckepocTh HHu-
UMMpPOBaHHA, KaK ¥ 0OLas CKOPOCTh CONONMMEPH3AlMM, YMEHBIIAETCA. DTO YKa3biBaeT HA MEHBUIYIO aKTHB-
HOCTh TOPHPOBAHHOIO MOHOMEPA 110 cpaBHEHHIO ¢ MMA.
v,.,,<10“,3 12 -
KMOJIB/M™C i
.
10 -

MoJIbH. fona 'OMA
Puc. 3. 3aBHCHMOCTL CKOPOCTH HHHLUMHPOBAHHUS OT COCTaBa MCXOXHOH MOHOMEPHOI cMecH Tipu cononumepusaunn I'OPMA u
MMA. Temneparypa 338 K.
C uensl0 NofydeHHs MOJMMEPOB PA3IMYHONM CTENeHH MPO3PAvHOCTH BAphHPOBAICA COCTAB HCXOIHOM
MOHOMEPHO# CMecH. YCTaHOBJICHO, UTO yBeNHUeHHe J0AH (TOPHPOBAHHOIG MOHOMEPA HE BJMAET Ha Mpo3pady-

Mensiuaenxo B.U., Manbko K.M., bokyHetko O.IL 265



BICHHK JOHEUBKOI'O YHIBEPCHUTETY, Cep. A: lNpupoanundi Hayxn, 2003, sun. !

HOCTb TOTOBbIX NOJMMEpPOB. OnpeneneHsl TEMIIEPATYPhl CTEKIOBAHMA MCCHEAYEMBIX COMOIMMEPOB, KOTOPHIE
MeHsatores o1 352 no 322 K npu yBenpuetny GTOpHPOBaHHOIO KOMIIGHEHTa B 2 pasa.

‘ IToy4deHHbIE IKCTIEPUMEHTANIBRbIE JAHHBIE MO3BOJIAIOT HAMETHTD MTYTH ONTHMHM3ALUMH NPOLECCca Noayye-
HUA ONTHYECKH MPO3PavyHbIX, OJHOPOAHEIX 10 COCTaBY COMONMMEPOB ¢ HEOOXOAMMBIMH (QU3HKG - MEXaHMue-
CKUMM CBOMCTBamH.

PE3IOME

Jocnimkena ivinifiosana cononimepizantia 1,1,5-tpuriapo-nepdTopaMiiMeTakpunary ¢ METHIMETAKPHWIATOM HA 1o~
HaTKOBUX CTanifX. BusHaueHo MBHAKOCTI iHiLilOBaHHA Ta comoniMepizauii B TeMnepaTypHoMy intepsani 328 — 348 K npu
Pi3HOMY MOYaTKOBOMY CMiBBiIHOIIEHHI KOMIIOHEHTIB.

SUMMARY

It has been studied initiated by benzoy! peroxide 1,1,5-trihydroperfluoroamylmetacrylate with metilmetacrylate co-
polymerization on the initial stages. The initiation and copolymerization rates in the temperature range 328 — 348 K under
different initial component ratio was determined.
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YK 691.175:678.747:547.665:547.728

WUHAEH-KYMAPOHOBBIE CMOJILI 1 CUHTETHUYECKMUE )KUPHbBIE KUCJIOTHI B
MOINGULIMPOBAHHBIX TPOTHBOKOPPO3HOHHBIX MJIEHKAX

E.B.I'opoxos, FO.b. Bvicoyxuii, B.I1. Kopanes, C.H.Coxuna, O.H Llesuenxo, FO.B.Ceniomun
Honbacckan zocyoapcmeenHan axademus cmpoumenbcmed u apXumexmypol

HeGnaronpuarnas oKonoryyeckas cuTyauus B perdone J{onfacca u B uesoM Ha YKpauHe Bbi3BaHa BO3-
pacTaiclMMK MacliTabaMH HaKOIUIEHWS TPOMBIILICHHBIX OTXONOB. 3arpA3HEHHE OKPYKalOIeH Cpelbi, MOBbI-
HIEHHE €€ arpeCCUBHOCTH HAHOCHT, KPOME TOTO, OTPOMHBIN ymiepO 3KOHOMHUKE CTpPaHbL. B 4acTHOCTH, B pe3y.ib-
Tare KOppo3uY cTanebeTOHHBIX U METAIMYECKHX KOHCTPYKUMH HEPEIKN aBapUiiHbIC CUTYalHH, KOTOphIiE YCy-
ry6JIsIOT OTACHOCTL BOSHUKHOBEHHA IKONOrNYeCKoil 00CTaHOBKU ¢ HECYACTHBIMH UCXOJaMH.

B cBf3# C 3TUM, NOKCK CHOCOOOB YTUIM3ALMM OTXOAOB B KaU€CTBE NIPOTHBOKOPPO3HOHHBLIX MaTePHAJIOB,
B TOM YHUCJIC UHMMOUTOPOB KOPPO3HMH M 33WIUTHbIX MOKPBITHH, OJHOBPEMEHHO CHH3HT 3KOJOTHYECKYIO Hampg-
MEHHOCTh M JAacT dKOHOMHUECKuH 3ddeKT B pesynbTaTe pecypcocOepeskeHus M pacilMpeHus ChipbeBoit 6a3bi
HapOIHOXO34MCTBEHHOrO KOMIUIEKCa. PellieHHe 3THX BOMPOCOB Y MPeNOTpeNewIo Leb HacTosmeH padoTh.

Tax B xauecTBe OCHOBBI NPH NOJY4CHHH MPOTUBOKOPPO3HOHHBIX KOMITO3MLIMH HaMH MCIIO/Ib30BaHa ¢pax-
s Cy M Bbillle CMHTETHUECKUX XHPHBIX kucnoT (CXKK), a Taroke nonumepusatr HHACH-KyMAapOHOBBIX CMOJ
(UKC), nosmyuensnsiii TepMononumepusanneit cMonoo0pasyomumx Taxenoi ¢ppaximu 6ensona KOKCOXUMHIECKO-
ro mpou3BoACTBa. B kayecTBe MHrUOMpYIOLIMX JO0ABOK HCIOIL30BaHbI aMHHO-HUTPOCONEPKALIHME CMOJIUCTEIE
orxoasl Kpeimckoro ITO «XuMnpom»

B kauecTBe MOIENBHBIX COCNMHEHMH MCCIENOBAaHA AHTHKOPPO3HOHHAA AKTHBHOCTE (YHKUMOHANLHO-
3aMeLIeHHBIX NPOU3BOAHBIX CTHPOJIA B MEXAHMYECKHX CMECAX C IUICHKOOOpasyroIHM, a TaKKe UX BHICOKOMOJIE-
KYJIAPHBIX aHANOroB (6MHAPHBIX H TPOMHBIX CONONUMEPOB), MOZENHPYIOWHMX MO CTPYKTYpe M GYHKIMOHATBLHO-
My HaGopy XHMHUECKU aKTHBHBIX I'PYIHT HCCHIELYEMbIe OTXOMBI.

HccnenoBanns npoBounuch Ha noreHunocrtare I1-5827. JlonroBeYHOCTh NOKPHITHH OLEHHBANACK ITYTEM
onpegenedns 0600uUIEHHOro NoOKa3aTens kayecrsa HOKphiTUaA (A3) no Metony Kapsaxunolt B 3% pactsope Xio-
puna Harpus (YCKOpPEHHbI MeTOA) ¥ Mo mporpamme «IIpombiunieHHas arMocdepa» B KamMepe HCKYCCTBEHHOH
noroanst MI1-3.

B oueHke 3aIUTHBIX CBONHCTB MHTHOMTOPOB 0c000O€ 3HAYCHUE MMEET BBIABICHHE CBA3M CTPYKTYPHI HX
MoJNeKyNl (B YaCTHOCTH JJIEKTPOHHOH MIOTHOCTH Ha (yHKUMOHAILHBIX IPyNiIax, onpefenaromei xapakrep u
NPOYHOCTs afCOPOLMOHHBIX CBA3EH ¢ NOWIOKKCH) ¢ mapaMeTpaMy HHTHOMpYIOIIEro AeHCTBHA, BRI3LIBAEMOIO
IaHHBIMH CO€IMHEHMAMH Ha KaTOJHBIX ¥ aHOAHBIX ydacTkax Metaina. [Ipi 3TOM 311eKTpoHHbIE 3P deKThI 3amMec-
THTENEH B KOPPO3MOHHBIX IpoueccaXx OOBIYHO PacCMAaTPHBAIOT ¢ NMOMOUIBIO KOppensuui ¢ 6— KOHCTaHTaMH
I'ammera win ¢ BemauunaMu pK,. B Hactosmeil pabore katoxsas (Px) u anoanas (Pa) nonsapusyeMoCTH CTaay
CT.3 moA IUleHKaMM CHHILIE3a, COAepXKalero no6aBKy 3aMEIUCHHBIX CTUPONIOB, CONOCTABIEHL € T— JNEKTPOH-
HBIMM 3apANaMH Ha PEaKLHOHHBIX LIEHTPaX, O~KOHCTAHTaMH 3aMecTHTeneil H BemmunHamu pKa.

DKcHepUMEHTANbHbEIE 3HaYeHnA Pk U Pa 1A W3yuaeMbiX 3aMeIEHHBIX CTUPOJIA NPEACTaBleHb! B Tabmuiie
1. Crarucrideckasd 00paboTka JaHHBIX MOKa3ala, YTO KMHETHYECKOES TOPMOXKEHHE KaTOHOH M aHOJHOM peak-
umn (P 1 Pa) yIoBneTBOPUTENBLHO KOPPENHPYET C BENHMUMHON XMMH4ECKOro cipura HB poToHOs BHHWIBHON
IPYNNbI ANA BCEX UCCHEIOBAHHBIX 3aMEIEHHbIX CTHPOIOB

Px = (- 0,636 £ 0,032) -0y, + (4,973 £ 0,016) )
n=31;S,=0,033; R=0,964
Pa = (0,306 + 0,018)-0y, + (1,203 + 0,094) @

n=31;5,=0,019; R=0,950

BugiM, 9To CO CMEUIEHHEM XHMUUeCKoro casura He B CWiIbHOE NoJe NOSPH3YEMOCTh HA KaTOHBIX yYa-
CTKaX YBEJAHYHBAETCS, 4 HA AHOJHBIX ~ yMeHbuaeTca. [I0CKONbKY 3/1eKTPOHOJOHOPHEIC 3aMECTHTENM TIOBbILIA-
10T 37EKTPOHHYH) IUTOTHOCTh HA BUHHIILHOM IpyNIE CTHPONA, a aKUENTOPHBLIE MOHMKAIOT, TO HE MCKIIOYeHa
BO3MOXXHOCTh Y4acTHsi BUHHABHOH rpynmbl B afcopOUMOHHBIX NMPOLIECCAX W, KaK CIEACTBUE, B TOPMOXEHUK
Koppo3un. O 3TOM CBHAETEALCTBYET M (PakT NHrHOUPOBAHUA AaHOJHOIO PACTBOPEHHS M KaTOOHOIH Aenonspusa-
IMH YMCTBIM cTHpOIoM (Tabi.1)

Elne oOHMM peakUMOHHBIM UEHTOM, Onarofapsi KOTOPOMY MOKET MHrHOHpOBATBCA KAaTOIHBIA MPOLECS,
ARNAETCA AMHHOTDYIINA C HE TOMEJCHHOM Mapoil SMEeKTPOHOB Y aToMa a30Ta B 3aMEIICHHBIX aMHHOCTHPOJIAX.
JeHcTBHTENLHO, HAGMIONAETC XOpoIlas KOppesuya BeIHIMH PK ¢ XuMireckuM capuroM nporonos NH, rpyn-
el (Tabu. 1): o ,

Pk = (-0,294 + 0,001)-3yy; + (2,838 + 0,003) RS 3
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n=9; S,=0.001; R =0,999
BuaHO, 4TO M3MeEHEHHE XHMUYECKOr0o CABMIa NpoTeHOB NH, — rpynmibl NOJ BAMAHMEM 3JIEKTPOHOZOHOD-
HBIX 3aMecTHTelNell B Kolblle COTPOBOXKIACTCA YBEAHYESHHEM KATOIHOM HOMAPH3YEMOCTH; 3NEKTPOHOAKLUENTOp-
Hble 3aMECTHTENH, Ha0B0POT, NOHMKAIOT ec.

Tabiuua 1.
Karonnas u anoznHas (Px u Pa) nomspusyemoct no Cr. 3 noa nneHkamu «curnnesa* ¢ 2% samemeHHbx cruponos B 0,05
H pactope KCl npu xoMHuaTHOH Temmnieparype (= 22° C)

H’K Ha Px Pa

C=C -~ Pacuer mo 5 OKCNEPUMEHT Pacyer no 6 OKCNEPUMEHT

Ne n/n ——

Hc @

1 2. 3 4 5 6
1 3-H,4-H 1,710 1,700 0,366 0,330
2 2 -NO, - 1,567 - 0,426
3 3-H,4-NO, 1,547 1,506 0,431 0,470
4 3 -CH;,4-NO, 1,561 1,533 0,425 0,450
5 3-NO;, 4-H 1,561 1,544 0,425 0,442
6 3-NH,, 4-H 1,744 1,821 0,353 0,320
7 3-H,4-NH, 1,849 1,800 0,311 0,350
8 2 -NH, - 1,818 - 0,342
9 3 ~ H, 4 - N(CH;), 1,884 1,899 0,297 0,330

TopMoxeHue KaTOAHOM peakuuy, BUAMMO, CBOAUTCH X Onoxupylomel crneumduueckoii ancopbimu 3a
CUET NOHOPHOAKLIEIITOPHBIX CBA3EH HENMOAENEHHBIX Map a30Ta ¥ BakaHTHBIX d—opbuTaneil >xenesa, a Takke A—
3NEKTPOHOB ABOHHOM CBA3M BUHWIBHOHM rpynnsl WiH 6eH30MbHOTO Kosbla. He ncxmnodedo onHoBpeMeHHOE yua-
CTHE B aJCOPOLIMOHHOM MpOLECCce BCeil MOJIEKyJIb], YT0 cnocoGeTByeT 0OpazoBaHuio Gonee rutotHO GapbepHOi
IUIEHKW. B KHCTIBIX cpefiaX B YCIOBUAX BOAOPOAHOH AEMOJAPH3ALIMM Ha KaTOAE MOXKET MATH CBA3BIBaHUE KATHO-
HOB BOOPOJA aMUHOIpyIaMH (cosneobpazoBaHue) C MOABICHHEM OPraHUYECKHX KaTHOHOB, aicOpOHPYEMbIX Ha
OTPHULATENBHO 3apAKEHHBIX KAaTOAHBIX YUACTKaX M TeM OCNabIAroLMX KaToAHbIH pa3pal.

TopMoxeHre aHOAHOH peakuHH pacTBOPEHMA XXeJle3a CYIECTBEHHO BO3pacTaeT MpH Yy4acTHH B afncopb-
MM CHIBHO 3JIEKTPOHOaKUenTopHoH NO,-rpynnsl (Tabi. 1). Jlokann3anms 3NMeKTpOHHON MIIOTHOCTH Ha aToMax
kucnopona NO,-rpynns! JOMKHA COCOOCTBOBATh JNEKTPOCTATHYECKOH ancoOpOLHM MOJIEKY)I HUTPOCTHPOJA Ha
THOJIOXKHTENBHO 3apMKEHHBIX aHONHBIX YYacTKax MeTaa. TakuM o6pa3oM, BBISBICHHbIE 3aKOHOMEPHOCTH MO-
MOTAOT NPOrHO3UPOBATh BIHAHUE NMPHPOBI (YHKUMOHANBHLIX IPYI B HU3KOMONEKYJAPHBIX MOJENBHBIX CO-
€IMHEHUAX Ha UX MHrHOMPYIOIIHME CBOHCTBA M Ha DTCH OCHOBE HAaNpPaBICHHO PETYNUPOBATh NPOTHBOKOPPO3HOH-
HbIE CBOMCTBA MEXAHHIECKHX CMECEH 3THX COeAUHEHUH C INIEHKOOOpasyonMMU.

HanGonee noaxonsineil MOAENbiO BHICOKOMONEKYIISPHON CTPYKTYpPhI SABJLIIOTCA GMHApHBIE U TPOHHbIE CO~
TIOJIMMEpbl, HanpHMep, OyTuiakpunata Wik OyTwIMeTaKpWiIaTa ¢ aMUHO-, HUTPOCTHPOJIAMH.. B 4acTHOCTH, Mc-
Clel0BaHbl NPOTHBOKOPPO3HOHHBIE CBOMCTBA IUIEHOK M3 COMONHMEPOB OyTHIMETaKpUiaTa C N—aMHHOCTHPOJIOM
A N—HUTPOCTHPOJIOM M TPOHHOrO cornoauMepa OyTIIMETAKpPUWIaTa C N-aMHHO- U n-HUTpoCTHponaMu (tabun. 2) ¢
COJIEpKAHMEM NMOCNENHUX B KomiecTe 7%.

Tabmuua 2.
CpaBHuTENbHAA XaPaKTEPUCTHKA MHTHONPYIOIWEro AeHCTBHS TONMMEPHBIX [TOKPHITUI 1O noBepxHocTH cramv Cr. 3
B 0,05 1 pacreope KCl npu Temnepatype 22° C.

Bun nosepxuoctn HoxkpeITHe 7%
Pa Px
. 1 2 3 4

OneckocTpyeHHas Cononumep BMA-n-AC 0,31 1,216
- Cononumep BMA-n-HC 0,511 1,08
- Tepnonumep BMA-n-AC- n-HC 0,559 1,24

i 2 3 4
Pixasasi:cnodi 100 Mkm Cononumep BMA-n-AC 0,302 1,58
‘ - Cononumep BMA-n-HC 0,448 1,42
e Tepnonumep BMA-n-AC- n-HC 0,600 1,87
Xim.npeoGpasonanuas Conoaumep BMA-n-AC 0,575 1,50
-"- Cononnmep BMA-n-HC 0,614 1,56
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T

[ [ Tepronumep BMA-n-AC- n-HC ; 0,790 | 1,68 |
Kak u oxuaanocs, aMMHOIpy sl OKasblBaloT URrubupylowee AelictBie Ha KaTOXHMIN mpouecc, Hurpo-
rpyfbl OKa3biBatOT MHrUOUpYyIollee A€HCTBHE OAHOBPEMEHHO HA AHOAHBIA M YaCTHYHO KATOIHBIM MPOLECCH
NpY ONMTHMATLHOM UX cozepikaHHuu 7%. Tepnonumep, colepXamiuil B HerM 1 aMUHEO- M HUTPOTPYTiTb! HHrHOH-
pyet aHOAHBIH ¥ KaTOAHBIH IPOLECCH OXHOBPEMEHHO, NPUYEM BIMAHUE HUTPOrPYHIT H aMUHOTPYNIT YCHIHBALT-
A NPH VX OTHOLPEMEHHOM TPUCYTCTBUM B MAaKpPOMONIEKYJIE.

HcnonpioBarue OMHAPHBIX M TPORHBIX CONOIHMEPOB YKA3AHHOTO THMIA CIEPXHMBAETCS, TAK KaK OHH Ma-
JIONOCTYTHBI M OTHOCUTEIBLKEO JOPOrocToAl. IT10 GOCTOATENBCTBO 3aCTABIAET NCKATh HELIEBbIE AHATIOTH 3THX
NPOMYKTOB, Cpelil KOTOPHIX B MEpBYI0 ouyepelb CAeOyeT Ha3BaTh KyOoBble CMONHCTHIE OCTaTKH MPOH3BOACTBA
«oxcuamura» KpsimMckoro [1O «Xumnpom». OTxonst NpeACTaBAfIOT co00# Macnoobpa3HyIo CMOJHCTYIO Maccy,
61u3Kyi0 no cogepkanmio asorta (13,20%) k ammuoctHpomy (11,76 %) u coaepxkamyro (no ganusiM HMK-
cnekrpockonuu) NO, — (1360; 1520 em’) 1 NH; — (3450 ) IpYInbl, ¥ ABASIOMIYIOCA CMECHIO NePBHUYHBIX,
BTOPHYHBIX ¥ TPETHYHBIX HUTPOAMHHOB, ONpeeneHHbIH rPaBUMETPHYECKHM M TIOTEHUHOCTATHYECKUM METOIOM
UHrubupyrouuit addexr cMossl B pacteope HCI mocturaer 70 %. AMHHO-HUTPOCOASPIKAIINE CMOJIMCTHIE OTXO-
Ibl B KauecTBe MHTHOHpylomieH Ro6aBky ObIIM BBEJEHB! B IPOTHROKOPPO3HOHHBIE KOMMO3HULMN HA OCHOBE MH-
NeH-KyMapoHOBOH (pakuuu. Pesynaprarsl HCHbITaHMH MOKA3aIH, YTO MPU STOM MOBBIAIOTCS 3alMTHBIE CBOHCT-
Ba IUICHOK (puc.1).

A3
DoOO0OO0COO0OO
WL AN ®O =

0 5 10 15 20 25 30 35 40 45
Aobun

Puc.1 3aBucrMocts A3 OT BpeMeHH ucnbitanuii: Nel — nomuMepnzar UK®; No2 — nomumepusar ¢ no6aBkaMH aMHHO-
HuTpocoaepxalue# cMoabs;, Ne3 - monumepusar ¢ ao6aBkaMM aMHHO-HUTPOCOACPKAIIEH CMOJIBI H X OTX0J0B Mapre-
HOBCKOTO MPOM3BOJICTBA.

Ha ocxoBe CXK (¢paxima Cy H Bbilie) paspaboraHa HPOTHBOKOPPO3UOHHaA MacTuka (Tabir.3, 4). nrubu-
pyroLIye CBOMCTBA B COCTABAX KOMIOZHLIMA ONpeAeNAlOTCS NPHCYTCTBHEM KapOOKCHIBHBIX Ipyrin B Monekynax CXKK.

) Tabnuna 3.
CocraBbl NPOTHBOKOPPO3HOHHON! MaCTHKH.
Ne n/n CocTaBHBIC KOMIIOHEHTbI Conepxanune komioHeHTos (% Macc.) B cocraBax
Nel Ne2 Ne3 Ned Ne§ Ne6
1 KyGosas ppaxiini CRK Cao 1 20 25 30 43 45 47
BBILIC
(Orxoapt MAPTEHOBCKOTO MIPOH3- ) } )
2 pojictea MMEK** 22 20 18
3 AJIIOMHHMEBad Ty pa - - - 8 10 13
4 KaMeHHOYT ONbHELH CORBBEHT 58 55 52 49 45 40
Tabnuua 4
XapakrepUcTHKa OCHOBHBIX OKa3aTeneil.
Ne | HaumeHoOBaHHME IOKA3aTENs CocTaBbl AHTHKOPPO3HOHHON MAaCTHKH
n/n Nel Ne2 Ne3 Ned Ne$ No6
i BHeuHui sun Kopuune- Kopiune- Koprune- Cepebpucro-
Bas Cyc- Bas CycCIicH- Bas cyc- KOpHY-HEBas CycC- M- ==
: NeH3us 3us TEH3HUS NICH3HS
1| As(%NaCl),uepesl0 | 49, 0,395 0,390 0,474 0,500 | 0,482
CYTOK, HE MCHee
L ("“‘:;2)’:“’“ 28 0,386 0,406 0,402 0,612 0,636 | 0,628
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YTunusanus oTX0A0B B BHAE NPOTHBOKOPPO3HOHHBIX IPYHTOBOYHBIX KOMITO3MIIMI IO3BOMIA, C OXHOM
CTOPOHBI, PEKOMEHAOBATh KX JUIA LIHPOKOro HCHOIBL30BAHHMA JUIA 30H C ManoarpecCHBHO CpelloM, 1 ¢ Ipyroi —
YAYHIIHTD 3KOJIOTHYECKYIO YHCTOTY IPOH3BOJCTBA, KOTOpas B HBIHEIIHMX yCHoBHAX paboTHl 3aBoda TpebyeT
6€30TIaraTeJIbHOrO PelieHus U3-3a GONBIIOrO KOMUYECTBA yXKE CKOMHMBILMXCS OTXONOB, COpAachBaeMBIX B BO/IBI
Cusaiua.

PE3IOME

Po3po6neHo mpoTHKOPO3ifiHi MaTepiaty 3 BUKOPUCTAHHAM iHICH-KYMAPOHOBHMX CMOJI, OTPUMAHHKX NONIMEPH3ALIEI0
€MOTIOYTBOPIOIOYHX KOMIIOHEHTIB BaxKkol ¢pakuil 6eu3ony npu nepepobii KaM’SHOTO BYTifI, 2 Takok KyGOBUX 3a/1HIIKIB
(dpakuis Cyo 1 BHILE) CHHTETHYHUX KUPHUX KHUCTOT, OTPUMAHHX NpH nepepobui HadgTH. 3 MaTOIO MiABHILICHHR 3aXHCHHX i
$i3nK0-XiMiYHMX BIIACTHBOCTEH MOKPHTH B SKOCTi iHriGipylounx n06aBok BUKOpHCTaHi cmonucti Bixxoau Kpumcexoro BO
«XiMnpoM», ki cxoxi 3a GyN0BOIO 3 HITPO- i aMiHOCTHPONAMM Ta HAralylOTh 33 KOHCHCTEHLICIO OJMroMipHy HiTpO-
aMiHOYTPHMYIOUY CMOJIUCTY Macy.

SUMMARY

As basis fundamentals for obtaining antirust stuffs the indenes - coumarone resins obtained by a polymerization of
vesininficational components of last cut of benzole at processing of hard coals utilised and also the distillation residues (frac-
tion C20 and are higher) than synthetic fatty acids (SFA), obtained at petroleum refining.

With the purpose of increase of protective and physico-chemical properties of covers of composition as the inhibiting
components the tarry waste of the Crimean software "Chimprom”, similar on a constitution to nitro and styryl amines and
resembling according to the consistence oligomeric nitro-aminocontaining tarry weight utilised.
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YK 628.34:661.183

COPBLIMOHHBIE CTTOCOBHOCTHU BYPOT'O YIJIsi
1O OTHOILEHUIO K AHUOHHBIM KPACHUTEJIAM

M.B.I'hedenko

BaxHoit 1po6aeMo#l, CTOAIel B HACTOALIEE BpEMA Nepel pasimgHbIMH OTPACIAMK HAPOJHOro XO3sAHCT-
Ba, ABJILETCA JUKBUAALMA OTPULATENbHBIX (aKTOPOB BO3ACSHCTBHS Ha OKPYXKAMOLIYIo cpexy. bonsmoit u nesoc-
THOJTHAMBIH 3KOJOTHYECKHH YPOH HAHOCHUTCA BOJHBIM peCcypcaM fipu cOpoce B BOZOEMBI BOJIbI, NPOMIEIMIEH TEX-
HOJIOTHYECKMH UMK M COAEPKAILMi IMPOKHMI CIEKTP NMpuMeceit. D10 B ONHOM MEpe OTHOCHTCH M K OKpaIlieH-
HBIM CTOYHBIM BOZAM NPEANPHATHN TEKCTWIBHON NMPOMBILUIEHHOCTH, B YaCTHOCTH, K KPaCHIbHO-0THEIOYHBIM
TIPOM3BOACTBAM, MPOMCTOKH KOTOPbIX COAEPKAT KPAaCUTENH, NMOBEPXHOCTHO-aKTHUBHEIE BEMIECTBA, BCIIOMOTa-
TENbHbIE BEIIECTBA, CIOCOOCTBYIONIHE NPOLIECCY KPAIIEHNA ¥ MHOrO APYrHX BEWECTB. B CBA3M ¢ 3THM, 3a1aqeii
Halero WCCIAEROBaHHS ABIAIOCH H3yYEHHE BO3MOXXHOCTH HCNONBR30BaHMs Oyporo yris B KauectBe copOemra
TEKCTHIbHBIX AHHOHHBIX KpacHTenel ¢ LeJbio OCBETICHHS OKPALIeHHBIX CTOYHBIX BOJ.

INocrasneHa 3ana4a — M3y4uTh H3MEHEHHE KOHUEHTPALMY TEKCTHIBHBIX KpacHuTenel B Xone ancopOuuoH-
HOM OYHCTKH, MMPHYEM, B OTIIHYHE OT TI0CTAaBNEHHOTO paHee IKcnepuMmenTa [1, 2, 3], mornomeHue kpacurenei B
cnoe copbenTa peuweHo 6bu10 Habnl0AaTh B IMHAMMUECKUX YCI0BUAX. C 3TOM LENbi0 ObUTH H3TOTOBNIEHS] CTEK-
NSHHBIE KOJOHKH C IUIOWANBIO NONEPEYHOro CeYeHMs 2,55 CM’ CO CheMHBIM APEHAKHBIM CETUATHIM JHOM, KOTO-
PbIM CITYXKHIH: JIATYHHAsA CETKa, KanpoHOBasA CeTKa M CETKa M3 Hepxaselomeil crany. DKCIEPHMEHT MO3BOJWI
OTAaTb MPEANOYTEHHE JIATYHHON CeTKe, Ha KOTOPYIO HAHOCHWICH DasiH4HON BBHICOTH! CNO¥ BO3AYIIHO-CYXOTO
6yporo yrna pa3nuyHol CTENEHH AMCNEPCHOCTH, a UMEHHO, < 90 MkM; < 340 MxM; < 1000 MM, a Takke 90 +
340 mxM; 340 + 1000 Mxm. BriGop orrrMManbHOM CTENeHH NHCNEPCHOCTH O6YCIOBIEH HEOOXOAMMOCTHIO OT-
MBIBKH YI/Ifi MUHHMAJIbHBIM KOJMYECTBOM BOABI OT YrOJAbLHOM MbuTH, HAMMYME KOTOpPOHM B QWIbTpaTe MemaeTr
ofNpeJeNIeHHI0 KOHLUEHTpaUMH kpacurend. Onpenenexa Takke ONTHMalbHas BEIMYMHA 3arpy3Ku 6yporo yris, oT
KOTOpO#t 3aBHCHUT CKOPOCTb MPOTEKaHUA pacTBOpa 4epe3 cnoi copOenra. CkOpOCTh NPOTEKAHUA pacTBOpa, HUC-
XO/IA M3 INTEPATYPHBIX AAHHBIX [4, 5], HOSKHA cocTaBasTs 1+6 M*/M-4ac.

B paboTe u3yueHO MOTNIOLIEHHE M3 BOAHBIX PACTBOPOB AHHOHHBLIX ([IPAMBIX U KUCJIOTHBIX) Kpacureae
PaTHYHON KOHUEHTPALMH, a TAKXKE UX CMECH, YTO COOTBETCTBYET peaIbHBIM CTOKAM IIPEAIPHATHIA TEKCTHIBHON
NPOMBILUIEHHOCTH, KOTOPEIE, KaK MPaBWIO, XapaKTEPHU3YIOTCS HalnMuyeM CMeCH Kpacurenel KOHUEHTpauuh OT
15 mr/n go 250 mr/a [4-9].

OGBbeKTaMH HCCNENOBAHKA CITYXHIM aHHOHHBIE KPACUTENIU: KMCJIOTHBIM OpanXkKeBbIi, MPAMOii yepHsli 3,
npsaMoii Gopzo U npsAMoi kopuuHessii KX, uMeroluune pasiiviHbie CTpyKTypHBIe dopmyisl [10].

B kayectBe cOpOEHTa HCMONL30BATH MPHPOAHbIN KHCABIA Gypbiil yronb JIHenpoBckoro GacceifHa AJek-
CaHAPHICKOro MecTOPOXKIeHUS KOHCTaHTHHOBCKOIO pa3pe3a C XOpOuIO0 pa3BUTOM NMOPUCTON CTPYKTypo# M ¢
BBICOKHM CONEpP)KaHHEM AaKTHUBHBIX KMCABIX (PYHKIMOHANBHBIX (KapOOKCHILHBIX ¥ THOPOKCHIBHBIX) IPpyn, BOI-
Has BBITAXKKA koToporo uMena pH 4--5.

B puHaMHYECKHX YCIOBHAX NpOBeJEeHa CepHs OMBITOB IO MOMJIOWIEHHIO KPACHTENA KHCIIOTHOTO OparKe-
BOro ¢uibTpaument depes ciofi Gyporo yrns aucnepcHocThio 340+1000 MkM BeICOTOMH 65 MM. Macca yrid B
KaXHoi kononke — 8 r. Ckopocts dunstpauuu — 3,5 M*/mM*uac. B onbite | KORLEHTPaLHS KPaCHTEN A B MOJEb~
HOM pacteope 20 Mr/1, B ombitTe 2 — 100 Mr/n. B onbiTe 3 B aHAOTMYHBIX YCIOBUAX H3YYEHO HOTIOLIEHNE CMECH
KpacHTeNs KHCJIOTHOTO OPaHXeBOro H npsiMoro yepHoro C, koHuenTpaims — S0 Mr/i. M3ydeHO M3MEHEHHE KOH-
HEHTpaLMHK KpacuTels B GUILTpaTe B XOA€ aaCOpOUHOHHOM OYUCTKY NPH MHOTOKPATHOM NPOITyCKaHUH pPacTBO-
pa kpacuTtens o6beMoM 80 M1 yepe3 OfMH M TOT Xe CIOH yrid.

B Tabnune 1 npeacTaBieHs: NOMyYeHHbIE SKCTIEPUMEHTAJILHBIE JaHHbIE, IPUYEM, IPHHATHI CIEXYIOMIE
ycnoBHble 0603Hauenns: Q, M>/mM>-vac — ckopocTh GuIbTpauny; Cey U Cyoy — HaYaAbHasg H KOHEYHAA KOHLICH-
TPpaLMA KPacuTesis B pacTBope; A, % - cTeneHs ancopOLuy KpacuTes, KOTOPYHO ONPEAeaay ne popmyne:

A= (Cyou- Cion/ Cua) "100%.

U3 naHHbIX, NpHBENEHHBIX B Tabn. 1, ciexyeT, 4TO B XOAe afCOPOLMOHHON OYHCTKM NPH NOBBILECHHMH
MPOJOJDKATENLHOCTH COPOLIMOHHOM OYMCTKH Habmomaercs, KaKk M CeNoBaNo OXMIATh, MOBBILICHHE CTENCHH
agcopOumK KpacHTens, HECMOTPS Ha TO, YTO HACBHIMEHHOCTD YIJI KPAacHTEIEM pacTeT U HOCTHUraeT Npy MeCcTH-
KpaTHOH 06paGoTKe MaKCHMAJBHOro 3HaueHUs, a UMeHHO, 90,0% (C,p,=2,0 Mr/n), 94,7% (Cyo,=5,3 MI/m) 1
80,0% (Cyon=10,0 MI/n) B CpaBHEHHH C NIEPBOHAYAILHOM KOHIEHTpalMel KHCIOTHOTO opamkesoro 20 Mr/n u
100 mr/n, a cMecu Kpacureneit go 50 mr/n. Crnenyer OTMETHTb, YTO MOIJIOMEH}E KpacuTeNds yriem unet Gonee
HHTEHCHBHO NPH ero HavanbHol koHuenTpauy 100 Mr/i1, BEpOATHO, 3a cueT 06pa30BaHUA B PACTBOPE KPYIHBIX
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MHLIEIUT CKIOHHOTO K aCCOLMMPOBAHUIO KPACUTEN, MMEIOIETO CIOXKHOE CTPOECHHUE ¥ OCAXJAIOWIErocs Ha yriie ¢
XOPOIIO pa3sBHTONH ME30NOPHCTOM NOBEPXHOCTHIO.

Tabtmua |
Apcopbuns xpacuteneii Ha 6ypoM yrie B JMHAMUYECKHX YCIOBHAX

8.7 Oneir 1.Cye =20 Mr/n Onwit 2.C,,,. =100 Mr/a Onpir 3.C,0, =50 Mr/an

TR

=]

§‘ Z | t,Mun Q Cron A T, MHH Q Cron A T, MUH Q Cron A

g4
1 1,7 3,54 9,0 55,0 5.4 2,9 146,730, 533 2,0 2,48 31,7 36,6
2 3,9 2,73 7,7 61,5 10,7 2,9 7 69,3 3,5 2,15 25,4 49,2
3 6,7 2,13 5,7 71,5 15,7 22 22,3 77,7 4,0 2,00 21,3 57,5
4 9,7 2,01 4,5 77,5 19,0 1.8 13,3 86,7 6,0 1,92 15,8 68,4
5 12,9 1,90 3,5 82,5 22,4 1,8 9,3 90,7 8,5 1,80 12,9 74,2
6 16,3 1,83 2,0 90,0 25,7 1.8 5,3 94,7 11,7 1,70 10,0 80,0

Pacuer konmnuecTBa acopGUpoBaHHOTO OYPEIM YIJIeM KpacuTeNs nokasal, YT0 OHO COCTABWIO B OMbITe 1
— 0,18 mr/r, B ombite 2 — 0,95 Mr/T, B onbite 3 — 0,40 Mr/r. CexyeT OTMETHUTh CHH)KEHUE CKOPOCTH (QHITbTPALIMM
TipH MOBBILIEHAM KPATHOCTH 06paboTKH, WTO 0COGEHHO XapaKTepHO A7 onbiTa 1, koraa oHo coctaBuio 48,3%
(ot 3,54 5o 1,83 M>/M*4ac), B OMbITE 2 OHO HECKONBKO MEHBIIE ¥ cocTaBaseT 37,9% (ot 2,9 1o 1,8 M’ /M*yac), a
B ombiTe 3 — 31,5% (o1 2,48 10 1,7 M*/M*-uac). DTo, BEPOATHO, MOMNKET GbITh CBA3AHO C HACHIIAEMOCTHIO YIIIA
KPACHTeJIEM H IIPUBOANT, ECTECTBEHHO, K POCTY BpeMEHH NIPOTEKAaHHA PAacTBOPa Yepes CIIoH yris.

HurepecHas 3aKOHOMEPHOCTh OTMEUEHA NIPY aHATM3e U3MEHEHMA KOHLICHTPAlMM KpacHTeNs B 3aBHCHMO-
CTH OT BpeMEeHH MPOTEKAHUS PAcTBOpa yepe3 cioit yriis. [ Bcex Tpex ONbITOB OTMEYEH OJMHAKOBBIH XapakTep
3TO# 3aBUCHMOCTH.

Tposenessl CpaBHUTENbHbIE UCCIENOBAHHS MOMIOUICHMA KPAacHTENsT KUCJIOTHONO OPaHXEBOrO KOHIEHTpa-
upn 20 Mr/n 6ypsiM yriem ¢ppakimu 90 - 340 MxM Kak B guHaMuueckux yenoBuax (TK=1:100; V=500 mi; m=10
1; T =30 MHH), TaK ¥ B CTATHYECKUX, TO €CTh IIPU MHTCHCHBHOM MEPEMEILMBAHUHM Ha J1JaGOpATOPHOM BCTPAXUBATENE
tina M-K (T:)K=1:100; V=50 mi; m=0,5 r; 1 =30 mun) B 1Be ctanyy. [Ipu 3ToM nocne NpoBeaeHUs NEPROi CTaiuK
OYMCTKH MOIENBHOrO pacTBOpa PuibTpar 00paboTaH ¢ HCTIONBL30BaHHEM CBEXKEH NOPLHH YINIA B TEX KE YCIOBUSIX.
KonuuecTso ancopGupoBaHHOIO yriieM Kpacurels — B (Mr/r) onpenensiu no gopmyne:

B=(C,.,-Ciy) V/1000 - m,

rae C,a. — HaYaJbHas KOHUEHTpauus Kpacurend, Mr/i; Cy,, — pABHOBECHAs KOHLIEHTpaLsa KpacuTesd, Mr/i; V —
00beM BOZHOrO pacTBOpa KpacHTENd, MJI; m - HaBecka Gyporo yris, r.
B Tab1. 2 npHBeAEHb! NOMYYeHHbIE IKCIIEPUMEHTAIBHBIE JIAHHbIC.

Tabnuua 2
AncopOLst KHCJIOTHOTO OpPaHXeBOro Ha 6ypoM yrie
Ancopb1ius B yCIOBHAX
Crapgus obpa- JUHAMMYECKHX CTATHIECKHX
foTku C, mMr/n A, % B, M/T C, Mr/n A, % B, M1/t
1-g cTagus 4,9 75,5 0,76 9,7 51,5 0,49
2-3 CTanus 0,6 97,0 0,45 4,0 80,0 0,23

[MosmyueHHble SKCIEPUMEHTANbHbIE JaHHbBIC HO3BOJMIOT OTAATh MpeAnoyTeHne o0paboTke OKpalIeHHBIX
BOJHBIX PacTBOPOB B JMHAMMYECKHX YCJIOBUSX, MOCKONBKY OYEBHIHO NPEUMYIIECTBO B CTEMEHH OYMCTKY B
CpaBHEHMH ¢ 0OpabOTKON B CTATHUECKHX ycnoBHAX. KpoMe Toro, aHaius faHHsIX TaGi. 1 2 mossonsieT yT-
BePXKIaTh, YTO HET HEOGXOMMMOCTH B HCTIONB30BAHMH HA 2-Of CTANMM CBEXEH MOPLHMH Y, TaK KaK MoCIeno0-
BaTeNbHOE MPOIyCKaHue QIbTpaTa uepe3 TOT XKe CJOH YINA, TO eCTh yBEeNWYEHUE KpaTHOCTH oOpaboTku (cM.
Tabn. 1) Takke NMPUBOMUT K NOBBIMEHMIO 3G dEeKTa OUUCTKY, YEro HeNb3s CKa3aTh O CTaTHYECKOM cnocobe, rae
2thhexT OUMCTKH 3HAYUTENBHO HIKE.

Kak yxe 0TMe4aioch, peaibHble CTOKH TEKCTHIIBLHOMH NPOMBILIEHHOCTH XapaKTePU3YIOTCs, Kak MPaBUJIo,
HaNMYMeM CMECH KpacHTeneit OHOTO MK PasTHYHOTO KaCCOB, NIOITOMY HAMM TPOBEEH SKCNEPUMEHT 110 U3y~
YEHHIO NOTOWEHUS CMECH KpacuTeneli U3 BOAHBIX pacTBopoB. Tak, 61 NPUroTORJIEH BOAHBIA PacTBOp CMECH
aHMOHHBIX KpacHTeieli, a MMEHHO, NPAMOro GOpIIO, MPAMOro KOPHIHEBOro Y mpamMoro deporo C. OmbiT To
NOTTIOLIEHHIO CMECH KPacuTeNeil NPOBOAUIM B AMHAMMYECKMX YCJIOBHAX: PACTBOP (WIBTPOBAIM C HaYaNbHOM
ckopocTeio Q=6 M /M gac Yepe3 cioit 6yporo yris mucnepcHocThio 90 + 340 MKM BBICOTOl 25 MM, Macca yris
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B xononke 11 r. O6beM kaxaol npodsl MonensRoro pacTsopa coctasiisut 20 M. M3ydeHo H3MeHeHHe KOBLEHTpa-
LMY KpacuTe/s B UIBTPATE B XOI¢ ARCOPOLHOHHON OYHCTKH, a TAKkKe CKOPOCTH GuiLTpaumu or npolsl K npode
OYMILACMOrO MOLENIEHOTO pacTROpa. B tadnuile 3 npeacTaBlesh! NOMyYeHHbIE SKCIEPHMEHTATIEHbIE TaHHBIE.

Tabnuua 3
Ancopbuns Ha SypoM yrire CMecH MpsIMBIX KpacuTenei
Howmep npolel | T GwibTpaiiuy, MHH Q, M’/m*-uac Cron MI/TI
1 1,08 5.55 3,79
2 1,17 5,13 3,72
3 1,32 4,56 3,62
4 1,40 4,29 3,45
5 1.67 3,60 3,10
6 1,33 3,27 2,59
7 2,67 2,25 224

[TokazaHo, 4TO NO Mepe YBEINHUEHUS KOJNHYECTBA (HILTPYEMOrO MOIENLHOIO pacTBOpa HabroaaeTcs
OTHOBPEMEHHOE CHIDKCHME KaK KadecTBa OYHMCTKH, XapaKTEpU3yeMoe CONepXKaHHeM Kpacurens B ¢uibTpare
(Cron, MI/1T), TAK ¥ cKOpOCTH QrIbTpaumn (Q, M°/M*uac).

310T ¢akT HEOOXOAMMO YYUTBLIBATh NPU MPOBEJEHHH OYMCTKHM OKPAUIEHHLIX CTOKOB B MPOH3BOACTBEH-
HBIX YCJIOBMAX, UTO OGYCNOBIEHO HEAOCTATKOM OYpHIX YIIe# — TaKOH MEXaHUYECKOM NPOYHOCTHIO, YTO MPHUBO-
JIT K 00pa3oBaHHMIO YTOJLHOM MBUTH H, KaK CIICACTBUE, K CHHXKEHHIO CKOPOCTH $huisTpanmu [11].

PE3IOME

Hocnimkero copOuiiini MoxnuBocTi Gyporo Byrilis BiIHOCHO O PSRy aHIOHHMX OapBHHKIB B CTATHYHMX Ta AMHA-
i MiYHMX YMOBaXx, a TAKOX IMOTJIMHAaHHA 3 BOJHUX PO3YMHIB aHIOHHMX GAPBHMKIB pi3HOT KOHHEHTPaLT Ta IX Cymilni.

SUMMARY

Adsorption abilities of the brown coals regarding for anionic dyes series in static and dynamic condition are studied.
The extraction anionic dyes from different concentration water solutionsand their mixes are researched.
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&= (VI 3’Vae1 3)/ Vael ’ 3)
TI€: € — BEJIMYHHA OCTATOUHBIX AedpopMaimii, V — o6beM NCIOCTH BCCHeryeMoro 6Hoo0bekTa, B MOMEHT ero
paspyumienns, V,, — o6beM NosocTy uceienyeMoro 610o0bexTa, B MOMEHT NOABNEHNS CrHanior AD.

JlaHHBI ¢10CO6 MBI HCTIONL30BAIH A ONPEAETICHIUA BENHYMHBI OCTATOUHBIX AehopMainii 1esoro ¥ apeRo-
IO JKETyNOUKOB Cepua NabopaTOPHOM KPHICH, a TAlOKE JIEBOM HAPYXHOH COHHOM apTepuH HeNoReKa in vilro.

Ipumep 1. OnpeneneHue BenM4UHBI OCTATOYHBIX AedopManuil AeBOro Xelynouka KPeICHHOTO CCPAUA
Tlepen nawyanoM uccieoBaHMA pesepByap 1 3anonusor 12 Ma GH3HONOIHYECKOrO pacTeopa. B nonocts nesoro
KENYJ0UKa KPRICHHOTO CEplilia BBOMAT 371acTH4eCKui GajtOH KK M NOMEMIAOT ero B pesepsyap 1. Coemarmor
HAUIOHYHK ¢ HacocoM 2. Bxmouaior npubopsl 3, 5, matinx 4 4 Hacoc 2 npu 3ToM OalIoHuriK, 2 creas3aTesIBH0
{1 NOJIOCTh JIEBOTO KeMYZOUKa KPLICHHOTO CEpllia 3anomHsioTCA QUINONOTAYECKUM PacTBoOpoM. 3a V. NpHHE-
MatoT 06beM $u3.pacTBOpa BOWEHHH B I0JOCTH JICBOIO HKE/IYA04Ka KPHICHHOTO CEPAUA b MOMEHT DOSBIICHAA
curHanoB AD. JKuakocTh NPOJOJHKAIOT BBOAUTh 10 MOMEHTA MOABICHAS BHIMMOIO PaspylNeEus HCCIEXYEMOrG
obwekra. Ilo nokazanuaM parauka 4 u npubopa 5, perucTpapyrOT MOMEHT NTOABNICHAS CUTHANOB AZ TeM CaMbiM
OMpESAAIOT Hauyalo paapymem;;i, T.e. MOMCHT NOCTHKEHMS [IPENeNa yNpyrocTy. BelnyuHy OCT4TOUHBIX J€-
¢opmanmii paccuuTbiBaloT no (popmyiie (3), rae: € ~ BEIUUMHA OCTAaTOYHBLIX nedopManuil, V — oGreM HOIOCTH
JIEBOTO KEJYAO4KA KPHICHHOrO CepAlia, B MOMEHT BH/IHMOTO PaspyIleHus, V,, — 00beM 10R0CTH JIEBOTO JKemy-
[04YKa KPBICHHOTO CepALia B MOMEHT HOABJIECHHA CHTHANOB AJ.

TTpumep 2. OnpeneneHne BENMYHHBI OCTATOMHBIX AeOPMALHil MPABOTO KETyI0YKa KPICHHOTO Cepaua.
INepexn HauanoM HcclenOBaHus pesepByap 1 3anonusror 12 Mt dusHonormueckoro pacreopa. B nonocts npaso-
ro XKeJlyfouKa KpsICHHOTO CepAila BBOIAT NacTHYecKUil GaJUIOHYHMK M TOMEMIAIOT €ro B pesepryap 1. CoennHs-
10T OaIIOHYHK ¢ HaCOCOM 2, TepeKauHBaionuM ¢u3HoNorHueckuii pactsop. Bxmoyvator npubopst 3, 5, natuuk 4
1 Hacoc 2 mpu 3ToM GAJUIOHYUK, a, C/IEJOBATEIBHO, U II0JIOCTh TIPABOro JKEMyAOYKa KPRICHHOIO CepAlla 3amoi-
HAIOTCA OH3NONOrH4eckHM pacTBOpoM. 3a V,. NpuHUMaloT 00beM ¢u3.pacTBOpa BOIIEAIIHHA B ONOCTD PaBOroO
KEMyNOYKa KPHICHHOIO CEplla B MOMEHT NosiBleHus cHrHaioB AD. JKuakocTh MpOJOIDKAOT BBOAHTE IO MO-
MEHTa BUIMMOTO pa3pylleHus cTeHku obnekTa. [1o nokazauuaM HaTiuka 4 U npubopa 5, perncTpupyoT MOMENT
TIOABJICHUA CUTHAJIOB AD, TEM CaMbiM ONpEAEAIOT HAYAJIO pa3pyLIEHHUs, T.6. MOMEHT JOCTIDKEHHA TIpesiesia ynpy-
rocti. BenmunHy ocratouHsix nedopmanuii paccunThIBatoT No (opmyine (3), Fae: € — BeIMYMHA OCTATOYHBIX Je-
topmaumit, V — o0beM MONOCTH NPaBOro XKeMyA04Ka KPHICHHOTO CEPALIA, B MOMEHT BUIMMOTO paspyIIeHHs CTEHKU
00BbeKTa, V, — 00BEM IIOJIOCTH MPABOrO KEMYHOUKa KPLICHHOIO CEpALa, B MOMEHT IOSBIEHUS CUrHanos AJ.

IMpumep 3. OnpenencHue BeMUAHB OCTATOYHBIX AedopMalipii 1eBoli HapyXHOH COHHOM apTepuH Yeno-
eeka. [lepen Hauanom uccnenosanus pesepsyap 1 3anonsssor 12 mMa ¢usHonoruMeckoro pactsopa. bepyt yva-
CTOK NeBo#i HapyxHoll COHHOM apTepuu yenoseka JumHol 4-5 cM. B nonocts yuacTka nesoil Hapy®HOM COHHON
apTepHU YeIOBEKa BBOAAT JacTHIeCKMi Oa/IOHTMK, 3aBA3BIBAIOT KOHIBI M IIOMEWAIOT ero B pesepsyap 1. Co-
eIHHAIOT OAUTOHYHK C HACOCOM 2, TepekayuBalominM (usuonornyeckuit pacreop. Brmouaror npubopst 3, 5,
JaTivk 4 ¥ Hacoc 2 1pH 3ToM 6alnoHYHK, a, CJIEN0BATENbLHO, H IIONOCTh YUacTKa JIEBOH HapyKHOM COHHOM apTe-
PUH YeJIOBEKA 3aNONHATLCA GH3HONOTHYECKMM PAacTBOPOM. 32 V,. IPUHUMAIOT 00beM (H3.pacTBOpa BOMIE MK
B NIOJIOCTh Y4acTKa IEBOU HapyXHON COHHOI apTepul 4eJIOBEKa B MOMEHT MOABIEHUSA CHTHaoB AD. XXugkocts
TIPOAOJIKAIOT BBOANTH IO MOMEHTa BUAWMOIO paspyuieHusA CTeHKH aprepuu. ITo NMOKa3aHUAM HaT4uka 4 W npH-
Gopa 5, perMcTpUpYIOT MOMEHT TOSBICHHA CHUIHAIOB AD, TEM CaMbIM ONpeleNAloT Hauallo paspylIeHuUs, T.e.
MOMSHT JOCTWKEHHS TpEeAena ynpyroct. BemmduHy ocratouHbIX geopmaimit pacCYMTHIBAIOT no (opMyie:
{3}, Te: € — BeNMYMHA OCTATOUHBIX aedopManuii, V — o6beM NONOCTH yYacTKa JIEBOI HapyXHOi# COHHO: apTe-
¥ Ye0BeKa, B MOMEHT BHAMMOIO pa3pylIeHUA CTEHKH apTePhH, V,. — 00beM MOJIOCTH yUacTka NeBGH Hapyx-
HO# COHHOM apTepHH YENIOBEKa, B MOMEHT NOABNEHNA CHTHAJIOB AD.

Taxum oOpazoM, MOXKHO TOYHO OIPENENHTb MOMEHT JOCTHXXEHMS HCCIeXyeMbIM OHOOOBEKTOM Iipeiena
YIPYTrOCTH, YTO HaeT BO3MOXHOCT, CPABHMTENBHO TOYHO, PACCHATATh BEIIMYUHY OCTATOUHBIX KedopMariuit
SuoolpexTa.

PE3SIOME

Ommcado croci6 BU3HAYCHHS BETWYHHH 3ATHIIKOBHX AcdopMariit nopoxusoro Gionorivnoro of'exta in vitro, ms-
XCM BBEACHHS B MOPOXKHHHY 6i006’€KTy HECTHCNNBOI PiMKHM, BUMIPY BEAMYHH 1i 06CATY, @ NP0 BETMYUHY 32JMIIKOBHX J¢-
dopmauiif cyaarTs 1o cniBBiIHOMWEHHIO 06CATIB Y MOMEHT pyiiHyBaHHs 61006’ €kTy BIZPI3HAETLCA THM, IO 1ONATKOBO OHO-
HACHO PEECTPYIOTH CHUFHAMM AKyCTH4HOI eMicii, MO SKMX BH3HAHAOTh MEKYy npyxkHocti 61006’ ekTy, aGo TouHMIH MOMEHT
$104ATKY MIACTHYHHX AedopmMatiii.

SUMMARY

This work describes the way of definition of size of residual deformations of hollow biological object in vitro by -
treduction in a cavity of bioobject of an incompressible liquid and measurement of sizes of its volume. Aboutsize of residual
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deformations judge from a ratio of volumes at the moment of destruction of bioobject. A distinctive property of this way is
that in addition simultancously register signals of acoustic emission, on which define a limit of elasticity of bicobject and
exact moment of a beginning of plastic deformations.
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YIIK 57.013 + 539.214.9
BEUOMEXAHHYECKHUE CBOMCTBA OBLIMX COHHBIX APTEPHA

8.B.benoycos, A.I' Lumpun**, O.K 3enun®, A.BJAawun** E A Heyoavuna*, O.J1. Memaosa.
*doneyxuil 2ocyoapcmeeHnbiil MEOUYUHCKUTL yHUBEpCUmem,
**340 «[JOPHC», 2. Toneyx

Hensto paboTs! ObL10 HCC/IeNoBaHUEe GUOMEXAHITIECKMX CBONCTS 0OMIAX COHHLIX aprepuii ¢ Aatsveimsm
YICTIONbL30BaHHEM NONYYEHHEIX JAHHBIX B TPOLIECCE HPOBEACHUS ONEePaliii SaJUIORHOM aHTHOTLIACTHKYL,

bannonnad anrnonnacTuka (BA) sensercs oHAM M3 Hanbonee 3MDeXTHBHLX MAICHHBAIUBHBIX METONOB
NEYEHHs COCYIMCTHIX CTEHO30B pasiv4HOM sTHONOrVHM. Tlpopeashue nponemypsl BA 3aKiouaerca B CEIyO-
ieM. C MOMOLIBIC KaTeTepa B NOBPEXKICHHBIA COCYN BBOMMTES nacTuaHbil OANOHINK U NPOABUIACTCA B €10
TIPOCBETE IO TEX MOP JIOKA HE OKWKETCH B YUACTKE CTEHO34. 3aTeM B HEI'O HATHCTRWT LITPULEM HECKHMACMYIO
WHUAKOCTh. Paciiupsiomuiica npy 5ToM OaUIOHYRK IPUBOAMT K JIOKAIBHOMY PACTAKEHHIO CTEHKH KPOBEHOCHC-
ro cocyna. llens 3710l cnepauny CBOAXTCH K PaspyIIEHHIO aTEPOCKIEPOTHHECKHX OIMIIEK IpU COXPaHeHHH Le-
JIOCTHOCTH COCYAMCTOH CTEHKH.

Tpouenypa BA cBsizaHa ¢ 60bIIMM PHCKOM: C ONHON CTOPGHDB! NMPH HENOCTATOYHOM PACTKEHHH CTEHKH
KPOBEHOCHOTO COCYyJa, OTIEPHPYEMBIH y4acTOK NOC/Ie MaHUIYJIALMY NPUHHMAET CBOM WCXOAHbBIE pasMepbl, ¢
Apyrofi CTOPOHBI CIIHIIKOM 6oJbIIOe pacTsxeHue (Koraa aedopMAalMH CTAHOBATCS IIACTHYECKUMU), TPUBOAUT
K TMOSBJICHHIO TPEIMH, pasMep KOTOPBIX TPYJHO NpeRyranarh 3apasee. B nepsom ciydae roBopsr o Hesbdek-
THUBHOCTH OTIEpalldH, BTOPOH € MOXKET NPHBECTH K OMACHBIM JUIA JKH3HM NalMEHTa H JaXKe CMEPTEJILHBIM pe-
synsrataM. OTCYTCTBHE OOBEKTHBHOrO KOHTPOJA 3a IPOLECCOM Pa3pyLICHKS CTEHKH COCyJa AeaeT Mpouexypy
BA Bo MHOrOM ciay4aiiHoH. Micxon ee 1enuKoM 3aBHCHT OT CyOBEKTHBHBIX OLIYIIEHHM M ONBITa XHPYpra., 4To
npeBpainaeT bA B HacTosAIIEe HCKYCCTBO.

IMo3TOMy MepCcHEeKTHBHBIM ABIAETCA pa3paboTka CHCTEMEI, KOTOpas Gy/eT BHIIONHATD 3TY MAHUITYJIALMIO
aBTOMAaTHYECKH, NOA OOBEKTUBHBIM KOHTPOJIEM KOMHBIOTEpPA 3a MPOLIECCOM PAaCcTHKEHUA (TOMHEE YACTHMHOrO
paspyleHusa) cocy IucTol cTenku [1].

Ha xagenpe aHaroMuy YenoBeKa ¢ KypcoM JIATHHCKOTO A3bika JIOHEKOTO roCyAapCTBEHHOTO Me{MLMH-
CKOTO YHHMBEpCHTeTa UM. M.I'OpbKOTO, IPH Y9aCTHH CTICLHATHCTOB JIOHELKOr0 HaMOHAILHOTO YHHBEPCHTETA U
fIOAZEPKKE aKIHOHEpHOro obwectsa “Jlopuc” co3maH ammapatHo - nporpammubiii kommieke (AIIK) Visual,
IpeaHasHaYeHHBIH [T aBTOMATH3aLMHU Ipoueayphl BA B akcnepuMeHTe in vitro ¢ BO3MOXHOCTBIO Aanbieimero
HCNONBL30BaHNMA B KIMHWYECKHX ycnoBwax . Ha puc. 1 npencrasnena cxema ATIK Visual.

OnekTponHo-Mexanuieckas 4acte AITK coctont M3 mBurarens, NpHUBOJAIIErO B IBHKEHHE TOPUICHb
IMpHI}2 HACOCA, MAHOMETPA, [OKA3bIBAIOILErO NABJICHHE KHMAKOCTH BHYTpH GajNloOHYMKa H MHKpO(OHa, C 110~
MOLIBIO KOTOPOTO CUHTHIBAIOTCA CUrHanbl AD. Bee a1 ycTpolicTBa foAKIOYEHB! K KOMITBIOTEPY, paboTalomemy
[OA yOpaBiaeHHEM onepaumonHo# cucteMsl Windows 9X/Windows NT.

Co3naHHbI! HaMM KOMILIEKC MO3BOJIAET aBTOMAaTH3HPOBaTh npoueaypy BA u MpOBOAUTH €€ IOX MOCTO-
SHHBIM O0LEKTHBHBIM KOHTPOJIEM, 33 MPOLIECCOM paspymieHus cocyxucTol cTeHkH. [IpudeM KOHTpoOJL ocyuie-
CTBJIACTCA B PeXHMe peanbHoro BpeMeHn. IIporpaMmuoe ofecrieuerye Mo3BONAET MPEACKa3aTh €lIe A0 Onepa-
UMK, a TAaKXKe B X0Je ee, Haubojee BOIMOXKHbBIE BaPHAHTH Pa3pyIIEHHA COCY NUCTOM CTEHKH HAa OCHOBE MareMa-
T41eCKOH MOMENH M aHAIN3A B PEXKHME PEATbHOTO BPEMEHM CHTHANOB aKyCTHUeckoi sMuccuu (AD), nocry-
{TAXOUIMX C MECTa HPOBEACHNA ONEpauy.

JHnsa npoBenenns npouenypsi BA HeoOxoauMo peransHoe H3yueHHe OMOMEXAHMYECKUX CBOKCTB XpoBe-
HOCHBIX cocy 0B [2, 3].

Met ncnonssosanu AIIK nns m3yvenns 61oMexaHMMecKX CBOMCTB 0OLIMX COHHBIX apTepuit. OTpesku
£pTepHit OblM B3ATH U3 TPYNOB 26 4eNOBEK, MOTHOWMX OT Ciy4aitHbiX NPHYNH. Bo3pacT nocTpagaBInyx Koie-
Sanca B npeaenax 18-71 roxa. Ilpn npoBeseHYH 3KCHEPHMEHTOB YUHTHIBAM 1O, BO3PACT MOCTPAAABINUX, IIPH-
4HHY CMEPTH, HAIMYUE WK OTCYTCTBHE B MHTHME aPTEPHH aTepocknepoTHyeckux Onamex. Beero 6buto Hechne-
nosano 38 yyacTkoB o6Imux COHHBIX apTepuil. [Tepen npoBenesneM cepuu OMBITOB NPOBOAMICA ONMH XOIGCTOM
samyck ATIK (6e3 aprepun), 1id onpeneneHHs BHEITHAX IIOMEX ¥ MaKCMMAJIbHOTO UX ycTpadenus. JIeno B Tom,
%TO NPY NPOBEIEHHM SKCTIEPHMEHTA 3TH NMOMEXH YIARIMBAIOTCA MEKpOQOHOM H PETHCTPUPYIOTCS B BUIE CHI-
HanoB AD, UTO MOXET NPUBECTH K MCKOKEHHIO PE3YJIbTATOB OMbITa M HEBEPHOMY MX TOJKOBaHMIO. [TomMexu Mo-
ryT OBITh HACTONILKO BE/TMKH, 4TO HX MOXHO MPHHATD 33 CHTHAN pa3peiBa COCy/ia. 3aTeM NepexXOoquiy HENmoCpen-
€TBEHHO K OHbBITaM C COCYRaMH.

Ha puc. 1 npeacrasnena MeToAMKa IPOBEAEHM IKCIIEPUMEHTA.
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o 2. Mexpodon |- 3. 3nexrpOHEEH 4. Aranoro-madpopoi
? yowmrem | -|  npeoBpasosarerms
5. Karerep ¢ paCILmpsIONMCH SaTIOHTHKOM !
6. LIy o
0 Hacor be 8. IlepconanbHRG
KOMITHIOTER

Puc. 1. Meroauxa npoBeaeHHs IKCHIEPHMEHTa.

OtnpenapoBaHHbIA Y4aCTOK apTEPHU TOTOBWIM K SKCIIEPUMEHTY CIELYIOMMM 06pa3oM: BHYTPM apTepun
¢dbuxcnupoBanM 3nacTHYHbIH GATOHYHMK, KOTOPBIH MOCNEN0BaTENIbHO Yepe3 KaTeTep M MaHOMETP COENMHSIU CO
wnpuueM. Ctpe3ok cocya ¢ OaJLIOHOM BHYTPH NOMELIANH B EMKOCTD, 3alI0JIHEHHYIO BOAOH. DTy eMKOCTb IOA-
KII0YaJiM K MUKPO(QOHY, yIaBiuBalomeMy kojnef6aHns CTEHKH apTePHH, KOTOPhi€ BO3HMKAIOT BO BpeMs €€ pac-
TakeHua. HactpavBanu napamerpsl pabortel mpuGopa ¢ nomomipio nporpammsl. Ilocne BxmodeHus npubopa
IBurarenb obecrieyrBal ABHXEHUC NOPHIHA LITPUNA | MOJAUY KHAKOCTH B OATOHIHK.

PeructpupoBany ciieyloie napaMeTpst cocyaa:

- HayaIibHbIH BHYTPEHHMI AHAMeTD;

- TOJILHMHY CTCHKH;

- AAMHY COCYAUCTOTO CEIrMEHTa, a TakXKe:

- [aBJICHHE XUIKOCTH BHYTpM OaUIOHa Uepe3 ONIpeie/ICHHbIE BpeMEHHbIE HHTEPBANIE! B TEUEHHE BCEro JKCMe-
pHMEHTa U

- BpeM#, HeoOXoauMoe s pa3phiBa apTepHH.

CHrHaJIbI aKyCTHYECKOM 3MHCCHH PeruCTpHpOBaiuch ¥ oOpabaThiBainCch MpOrpaMMoii B Ha MOHMTOpE
NOABAAJIMCH ABa rpaduka (cM. puc. 2):

40 |EXt), mxB

30

20

10 |

o t.mo

T T ¥ i
.0 2256.98 4513.6 &770.35 9027.3
Bugeocuruan

PLt?

O t., Mc
T T T T
0.0 2296.8 4513.6 6770.5 29027.3

Nasnerue

Puc. 2. I'padukyu n3MeHeHus CUrHanoB AD U JIaBJICHUS BO BPEMEHH.
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- NEPBBI — KPHBas ,0TPAXKAKOIAA H3MEHEHHE CHTHATIOB BO BpEMEHY,

- BTOpO#i ~ rpadux 3aBUCHMOCTH HaBJICHNA BHYTPH COCYIA OT BPEMEHM B TEYEHHE BCETO BKCIICHUME HTa

Ha ocHoBaHMHM NMONYYEHHBIX HAHHBIX CYNMAN 00 YOPYTaX ¥ MIACTHYESCKUX CBONCTBAX COCYAA IO CONTHO-
WERNIO JaBNienne — 06beM B MOMEHT paspylueHs aprepiu {4, 5, 1. [lo cursamam AD onpeserany MOMeHT His-
PYHIEHHA COCYAHMCTON CTEHKH, TO €CTh Hpenes e¢ yupyrocTy [6]. Perucrpauus CMIHAIOB AD HO3BOANIE 105G
ONpeNeNMThL MOMEHT Hayala IUIACcTHYECKMK JedopManyil Hecnedyenoro oGmeKTa H TeM CaMbIM NORBICHTS TO I
HOCTb PacyeTOB €ro yNpyrux H IIaCTHHECKHX CBOHCTR.

IMonyueHHsle Nanubie 00pabaThiBaM ¢ HOMOMIBIO MpOrpasMsl Statgraf, B pesymprate sero oSHapyWCHb
CAEAYIOIME 3aKOHOMEPHOCTH.

C BO3pacTOM YMEHBIIACTCS BEUIHA JARICHNA B COCYHE & MOMEHT Pa3pbisa H IIOKA3aTeNs Mpovneciy |71 310
03HAYAET, YIO.B CTAPINEH BO3PACTHOM IPyINc COCYMCTAA CTEHKA HE MIGKET 2ieKBATHO PCarMpURATE HA NPy:: b iane-
MEIE ga_x_*pya&;fo eCTh IOBBIIIEH PUCK BOSHAKHOBEHMA PaspbiBa apTepHyt IpH NPOBENeHHH IPOLeIyDul DA,

“O6napykena OTPHLATENLHAA CURBHAS KOPPEIVALIAS MK Ty DETHUMHON MABNEHHS B MOMEHT Pa3phiBa i 14a-
METPOM COCYH#a. YCTI2HOBJIEHO, UTO C YREJIMYSHHEM JMAMSTP2 COCYla pacTeT 3HaYCHUe JIOKa3aTess ynpyroeii ¥
YMEHBIIAETCA MOKA3aTeNb NPOYHOCTH. BhIABNCHA 3aBHCHMACTD MEXKTY 3HAYCHUAMH BEMMHH NABJICHMA TPV [TOAB-
JIEHUW CHTHAOB AD ¥ B MOMEHT pa3pbiBa b HONOCTH apTepH# i NCKE3A1eIIMB YIPYTOCTH H OPOYHOCTH.

BhisBiieHa MONOXUTENbHAS CHIbHAs KOPPENALHA MEeXAY BEIUIMHON aBjeHNA B MOMEHT HAYANA (INACTH-
yeckux AedopManuif ¥ JaBNEHUEM B MOMEHT paspsiBa COCYIMCTON cTeHKH. ClieqoBaTeNbHO, 3Has BEAMIUHY
JaBJICHHA IIpY [OABJICHHYU NEPBLIX CHrHANOB AD, Mbl MOXEM NPOTHO3HUPOBATh B KAKOH MOMEHT MNpoM3oiaer
pa3phbiB apTepUH.

Takim o6pasoM HccnenoBaHHe GUOMEXaHHIECKHX CBOFICTB apTepuil sBieTcs nepBoi 3anaueii B pabote no
apToMaThsauuy npouenyps! bA. Bosmoxxoe npumenenne ATIK B IOIMHHYECKUX YCIOBUAX, C HAILEH TOYKH 3pEHNS,
T03BOJIMT CYLIECTBEHHO CHU3HTH PHCK BHYTPHONEPAIMOHHBIX OCIOKHEHHUHA 1 yBenuduTh dddexruBHocTs BA.

PE3IOME

Po6ora nipucBsueHa BUBUEHHIO GiOMEXaHIYHUX BIACTMBOCTEH 3aranbhuX COHHMX apTepill B ekcnepumenti in vitro.
32 10TIOMOrOI0 aTiapaTHO-NporpaMHOro komnnekcy Visual, 6yno nposeneHo MozemoBaHHA onepanii 6anoHHoT aHrvonnac-
THKH. METOAOM paHroBoi Kopessuii BUSBACH] 3aekHOCTI MDK THCKOM 3 TIOPOXHHMHI CYJMHH, HOTO AiaMeTpoM Ta NOKasHH-
KaMH TIPY>KHOCTI, IaCTHYHOCTI Ta MiLHOCT.

SUMMARY

The work is devoted to research of mechanical properties of common sleepy artery of the human in expeiment in vi-
tro. The simulation of procedure balloon angioplastic was performed by APC Visual. The method of rank correlation finds
out dependences between pressure in a cavity of a vessel, its diameter, both parameter of elasticity and durability.

CIINCOK JIMTEPATYPhI

1. Zenin O.K,, Lashin A.V., Belousov V.V, Kiryakulov G.S. - Simulation of the balloon angioplastic procedure on human
blood vessels // YkpaiHcbkuit MeauIHui anpMaHax. — 1999. — Ne2. —~ C.53-56.

2. Ilypuns B.A., Kacesnos B.A. buomexaHuka KpyiHbIX KPOBEHOCHBIX COCY08 YeltoBeka. — Pura. 3narue, 1980. — 463 c.

3. Kaceanos B.A., Knerc U.B. ®ynxuus sHeprun nedopMainy KpYNHBIX KPOBCHOCHBIX COCYJAOB 4eNoBex2. Mexanuka

noauMepos. — 1974, - Nel. - C.122-128.

sreen AE., Adkins J.E. Large elastic deformation and non-lingar continuem mechanics. — Oxford; Ciarendon Press,

1960. - 492 p.

5. Cenos JLH, Mexanumka crinotHo# cpeasl. — M., 1970. -~ T.1. - 492 ¢

& Mnwinun A.A. Mexanuka crinomnod cpeast. — M., Mza-so MI'Y, 1990, - 310 c.

Kacbsnos B.A., Kpereps A.®. Pasnnuns nedopMaTHBHBLIX ¥ NPOUHOCTHLIX CBOMCTB KPYMHbIX KPOBEHOCTHBIX COCY 0B B

2aBHCUMOCTH OT HX JOKAIM3ALMAY, HANPABACHHS, HAIPYKCHNA ¥ BO3PACTa YenoBexa. — Mexanuka noaumepos. — 1975, -

Ned. - C.704-711.

e

Haoitiwna 0o peoaxyii 10.06.2002 p.

280 Benoycos B.B., Hutpun A.T'., 3erur O.K., Jlaumnn A.B., Heynauuna E.A., Metnosa O.J1.



BICHUK JOHEILKOI'O YHIBEPCUTETY, Cep. A: Ilpupoanunyi Hayku, 2003, Bun. 1 281

YK 58.08+519.237

BHKOPUCTAHHS LEHTPOIAHOIO METOY B OPAUHALT YIPYVIIOBAHDb

[.B.I'onuapenxo
Cymeoruil QepicagHuy nedazo2ivknil yHisepcumem

Bin nouarky 60-x pokis MUHYJJOTO CTOJNITTA B PO3BHTKY ¢iTOLEHOJOrI] cnocTepiracThes Bee Ginplue 3a-
Jy4eHns Pi3HOMAHITHHAX KiMbKICHHX METOIB 3 METOK» HOC/IDKEHHs POCAMHHOCTI. IX BINPOBAKEHHA 0CO0/IMBO
NOB’A32HO 3 THMM HAyKOBMMM INKONaMH, M0 CTOANH Ha FMO3HMUIAX KOHTHMHYATi3My, HAmpUKiaj, aHrio-
aMepHKAXChLKa MKoNa rpanienTaoro aHanisy {1]. V sivausHsanii reo6oTanini nielt HaNpAMOK MOCUIEHO PO3BHBA-
BCA Y(UMCHKEM HEHTPOM, G€ HCOTHOPA30BO IPOBOMINCHK HapaiH 3 mpobiiem kinekicHoi dironeronoril (Ya,
1974-1976). 1poro % uyacy po3pobasioThcs OCHOBHI ANTOPHTMM KiacHdikanii, opAuHaNii Ta iHAMKaWil pocavn-
HOCTI, 30KpeMa BICKOHCHHCBKa [2], xommio3uuiiina [3], 6mok-mMeron [4], MeTox asanisy ckymuess [5] i T.x4., obro-
BOPIOIOTBCA METOAMYHI acTeKTH BHMKOpHCTaHHA ¢axropHoro [6] Ta wiacTepHorc aHanisiB B ditouenonorii. 3
po3eutkoM [TEOM 1s TeHmeHLis ocoGMMBO mowmplaacs, OfHaK 3 ABMINCH i MEBHI YCKIANHEHHs, NOB’s13aHi 3
THM, 10 TOHKMH IHCTPYMEHT CKJIaZHOTO aHAJIi3y CTaB 3araibHONOCTYITHKM.

Benuka KUTBKICTh KOMITFOTEPHHX CTATHCTHYHHX MPOTPaM, IO 3’ABHIACS OCTaHHBOTO 4acy i J03BONAE Of-
HMM KPOKOM BHKOHAaTH HalGLIbLI TPYNOMICTKI €Tany po3paxyHKiB, HE Aa€ MOXIIMBOCTI BiTMyTH CyTh TOTO 4K iHIIO-
ro METOLY, TOMY pe3YJbTaTH IMOCTAlOTh CYMOIO LMGp, 10 SKHUX MOYaTKiBelpb He 3Ha€ Ax MigiltTh. 3 inmoro 60Ky,
aBTOPH Pi3HOMAHITHUX MiAPYYHMKIB 3i CTATHCTUKH TSDKIIOTH TO JO CKIaJHUX MaTEMaTHYHHX BHKJIAZIOK, TO Bigpasy
NPUCTYTIAlOTh 40 06roBopeHHs pe3ynstaris. ToMy, Ak 3 GOKy MaTeMaTHKIB, TaK i raTy3eBUX CIELiagicTiB Iporoio-
IWYIOTHCA PEKOMEHJalii 040 BUKOHAHHS iHKONM HECKIANHMX pO3paxyHKiB “pyyHum cnocobom”, mob 36arHyTv
IIO3UTHBHI Ta HETATHBHI CTOPOHM METOLY, HOTO NMpU3HAYEHHS, NepeyMOBH BUKOPHUCTAHHA, aJIbTEPHATHBY MaHimy-
NN JAHUMH, TEXHIKY po3paxyHKiB. KpiM TOTO, BUKOHYIOUM PO3paXyHKH KPOK 338 KPOKOM, HEBiJIbHO 3arIMOmOeL-
sl IO CTPYKTYPH €KCIIEpUMEHTANIHAX NaHUX, TOMY iHTEpIPETYBaTH PE3Y/IbTaTH CTa€ Nerie.

OpauHauis — ouH 3 HaGUILI BArOMKX VIS Ti3HAHHA Ta 3DYYHUX AN Bidyaisauii MeToniB aHanisy poc-
FIMHHOCTI, AKMM FApMOHYy€ i3 KOHTHHYAIHHOIO BJIACTHBICTIO LIEHOCTPYKTYp i He norpebye Cy6’€KTHBHOrO BH-
3HAHHA MEPEXiAHUX Ta TUNOBHUX YrpyroBaHb. 3aMpONOHOBaHI Ha MOYATKY CTAHOBJICHHA KUIbKiCHOI reo6oTaHiKu
aJrOpUTMM OPAMHALIT GyNH CHIPSMOBaHi Ha CIIPOINEHHS PO3PaxyHKIB, 3 UMM NOB’A3aHi, 30KkpeMa, cnabki cropo-
HH BICKOHCHHCBHKOI OpIHHALLi, 10 CIMPAETHCA HAa EBPUCTHYHHMIA BinGip napy KiHLEBHMX OMMCIB rpamieHty. Bin-
[OBiUII0 Ha Lie CTaJa TosABa KOMNO3MUIAHOT OpAMHALIi, e BIACTAaHI PO3PaXxOBYIOTHCS BXe BITHOCHO TPYINH ONKU-
ciB, MPOTHIEKHMX 34 €KOJIOTIIO. AJle NPH UBOMY 3ajisiHa BCE XK JIMIIE YACTHHA MAaTPHULI CTIPAKEHOCTI 06’ €xTiB-
diTouenosis. 3acTocyBaHHs 6araTOBUMIPHHX CTATHCTHYHMX METOAIB A03BOsIA€ 06ifiTH LieH HemoMiK i BpaxyBaTy
Bcro indopmauito npo noxibHicTs QiToueHO3iB, OaHAK TOAI HAIMIPHO BMPOCTAE CKIAQHICTH po3paxyHkis. He-
3BAXKAIOYM Ha L€, KOPEKTHA MaTeMaTHYHa OCHOBA MCTOJIB OCTaHHBOI Ipyrw, 3poliia ii HARMONMYNSAPHILIOI B
KONax KiNbKicHOT iTOUEHONOTi, 30KpeMa Lie CTOCY€EThCA (paKTOPHOTO aHami3sy, “6yM” HABKOJIO AKOFO CHOCTepi-
raBcs Bift noyarky 70-x mMaibke o cepenunu 80-x.

Jlo haxTopHOro aHamily 3aMydacTscs KopensuidiHa MaTpuui momiGHocti 06’exris. OnHak Haifyacriine
MiK GbiToueHo3aMu 3 MeTOrO iX Kacugikauil po3paxoBylOThCA BiACTaHi, 10, HA BiAMIHY Bill KOpenaui, Bpaxo-
RYIOTh PI3HHIRO BENWUHH PACHOCTI BHAIB B Napi yrpyioBaHs, a UpH TOPiBHAHHI QIOPHCTHYHMX CITHCKIB — BiIHO-
CHy yHacTh CTNBHUX BUAIB. Y BUUAJKY, SKIIO MOAIGHICTE OLiHeHa JUCTAHLINHAMH, 2 He KOpeNnsuifHuMY Mipa-
MH, B CTATHCTHIL KOPHCTYIOTBCS METOIOM 0araToBEMipHOro HIKamoBaHHA [7]. 3acTocyBaHHA LbOIO METOMY, 1HO
€ 3 JIOTiKOIW ONM3bKUM 10 aKTOPHOTO aHali3y, AN OpAMHAUI] LIEHOTHYHAX 06 €KTIB € LITKOM NpMIATHIM,
x04a pobOTH NMPUCBAYEH] BIPOBAKCHHIO Moro B ditcueHonorii HaM He Bifomi. Mogenmo, mo 06pa3no Bifgo-
Gpaxkae mpHHIKI 6araToMipHOro WIKATOBAHHA, € aCTPOHOMIYHA KapTa, A€ pealbHi BicTaHi Mix “3ipkamu”, 0o
3aJeXarth Bil CTyNeHs NOJIGHOCTI (BiTOUEHO3IB, NEpenaAlOTECA B MICLIMHHIN npoexil KapTH.

OnnyM 3 HaNGLIBI NPOCTHX 1A OPAMHALIT y BiMHOMIEHHI po3paxyHKiB € UECHTPOIIHMH AFOPHTM, PO3-
poOnennit Tepcroyrom (1931), i Ha3BasuMif TOMy TaKMM YMHOM, IO KOXHA BiCh MPOBOAMTAECA Y€PE3 LEHTP MO
TOYOK-iToueHo3iB. Sk 3a3Hayanocs, moG 36ardyTu TCXHIKY PO3PaxXyHKiB, CJTiJi BAKOHATH AEKiNbKA HECKNAAHHX
OpHKIAfiB “pYYHUM CIIOCOGOM”, @ UCHTPOIRHUIH anropHT™M, 110 MOXe OyTH pearnizoBaHHi HaBiTh 3 AOIOMOTro0
MIKpOKaNbKyJIATOpa, € ANS LBOro HalGLism 3pyunuM. 3 ogHoro 60Ky, BiH, Ha BiIMiHY Bill BICKOHCHHCBKO! Op-
JMHAL{i, He Ma€ cabKKUX CTOPIM NPW BpaxyBaHHi BiICTAHElH JAIIEe A0 NAapK KiHUEBHX QiTONEHO3IB, 3 iHIIOTO — €
NOPiBHAHO HECKJIAAHMM. SIKIUO X aBTOMATH3YBAaTH PyTHHY OJHOTHITHMX ONepallifi Ha MikpOKalIbKYIATOpi 32 10-
MOMOTOIO €IeKTPOHHUX Tabauup Tuny Excel, Mo 103BONAOTH BUKOHYBAaTH MaTpHUHi Jii, MOXKHA JOCATTH Hak-
Ginibi 36GaNaHCOBAHOIO PilEHHS, MAKOYH TIOBHUM KOHTPOJIb HAX KOXKHHMM eTanoM PO3PaxyHKiB Ta YHUKAIOUH ix
oxsoTunHocTi Ha MK,
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OG6’cKTH TA METOIN AOCTIKEHHSA
Jns pociimxeHHs 6yJio B3ATO HECKIAAHUIN BUNAMOK i3 2aBAaHHSM IO OpAMHALIT 9 acoidaitill micosol poc-
sHHHOCTI. 36ip daxTirikoro MaTepiamy TPOBOIMBCA HPOTAIOM IWwIBOBKX cesoHiB 199&-2007 pp. ua vepuropi
Cymcpkoro reobotanignoro oxpyry (JliBoSepexunit Jlicocren Yipalan). Hwkue nezano $irnueroraund 1a
$hROPHUCTHIHI XapaKTePUCTUKK B3ATUX [0 aHaNi3y CMHTAKCOHOMMHMY 06’ €KTiB:
class QUERCO-FAGETEA Br.-Bl. & Vlieger 37
QF1. ass. Ficario-Ulmetum Knapp 42 em. J. Mai. 76 {sonori HemopansHi yypynosaniza
raneserie) D.s. = Ficaria verna (dom.), Aegopodium podagraria, Chrysosplenium  alternis
pilosus, Geum rivale, Stachys syivatica, Ulmus glabra
ass. Lamio maculati-Quercetum roboris Bulokhov ex Goncharenke 2001 {comodinmi rigpomasodimni
deMOpaleHi  YIpynoBaHHA, Hafuactimie Acerefo-Tilieto-Quercerum  corvioso-aegopodiosurs 81y Tis. =
Aegopodium podagraria, Gagea lutea, Impatiens noli-tangere, Lumium maculatum, Urtica dioica, Dentaria
bulbifera Qs
QF2. subass. L.-Q. dryopteridetosum Goncharenko 2001 D.s. = Corydalis marschalliasa, Devopteris
filix-mas
QF3. subass. L.-Q. alliarietosum Goncharenko 2001 D.s, = Alligria petiolata, Galium aparine
QF4. ass. Stellario holosteae-Aceretum platanciditis Bajrak 96 em. Goncharenko 200i. (Tunosi
Me300iTHI HeMopanbHi yrpynoBaHus, wactimie A.-7.-Quercetum coryloso-caricosum pilosae) D.s. = Carex
pilosa, Galium odoratum, Lathyrus vernus, Paris quadrifolia, Ranunculus auricomus, Viola mirabilis,
Stellaria holostea
QFS. ass. Melici nutantis-Quercetum robori (Shevchyk & V. Sl. 96) em. (Gapsucti ta 3naxosi remioditai
cynibpoBu Ta nibpoBu) D.s. = Acer tataricum, Convallaria majalis, Euonymus verrucosa, Melica nutans, Poa
nemoralis, Adoxa moschatellina, Cystopteris fragilis
QF6. ass. Galio tinctori-Quercetum roboris ass. nov. (tepmodiTHi nonigomiHantHi dropucTuuHo Garari
nioposu) D.s. = Anthericum ramosum, Betonica officinalis, Campanula persicifolia, Geranium sanguineum,
Melampyrum nemorosum, Pyrethrum corymbosum, Trifolium alpestre, Ajuga genevensis, Allium oleraceum,
Carex michelii, Clematis recta, Coronilla varia, Filipendula vulgaris, Galium tinctorium
class VACCINIO-PICEETEA Br.-Bl. in Br.-Bl,, Siss. & Vlieger 39
VP1. ass. Molinio-Pinetum_W. Mat. & J. Mat. 73 (mesorinpoditui Betuletum franguloso-moliniosc-
polytrichosum) D.s. = Betula pubescens, Molinia caerulea, Potentilla erecta, Vaccinium myrtillus,
Deschampsia caespitosa
VP2. ass. Peucedano-Pinetum W. Mat. (62) 73 (6apsucri noninomiHanTHi kcepoMe30diTHi cocHaku) D.s.
= Silene nutans, Fragaria vesca, Peucedanum oreoselinum, Polygonatum odoratum, Campanula
rotundifolia, Calamagrostis epigeios
VP3. ass. Dicrano-Pinetum Prsg. & Knapp ex Oberd. 57 (Me3odithi onirogomiHauTHi 3ei€HoMOLIHI
cocnakH) D.s. = Dicranum rugosum, Carex ericetorum, Orthilia secunda, Chimaphila umbellata, Dicranum
scoparium, Pleurozium schreberi
3 BHAOBHX CTIHMCKIiB NEHOGAOP HAX CHHTAKCOHIB [UIA NOZAIBIIOrO aHati3y GyJIo po3paxosan0 MATPHIID
nofiGHOCTI MK cuHTakcoHaMH 3a Koediuientom Copencesa (tabn. 1) [9]. 3acTocysaty ii Ge3nocepesiHso LI
pizyanizauii GiTONEHOTHYHOI CTPYXTYPH HE BJA€ThCA, OCKUIBKM B TPUBMMIPHOMY MPOCTOPI, ACCTYHHOMY s
$e3M0CEPERHELOr0 CHPHUHATTSH, HCMOXIIMBO PO3TATYBaTH KOKEH 00’ €XT Bill yCiX IHIUMX caMe Ha takili Biacraui,
s 1e Oyno pozpaxosano B Tabn. 1. 3aBmanHa GaraTOBMMIPHOTO UIKAIIGBAHHA TOJIATGE B 3HAXOMKEHH] TaKOl
oKL, fie xoxen 00’ exT O6yB OM MAKCHMANBLHG BilIaIeHuil Bix iHULX. PO3paxXyHKH BUKOHYBAAMCS & AOROMO-
010 NEKTPOHHMX TAlMHIE 33 HEHTPOigHMM anropurvom. Talnui, NpeAcTasiedi HA KOXHOMY 3 ETAILB, ABid-
-Th B0 HacTrHy MMcTa Fxcel, 16 TATHHCEKUMHE JIITEPasil IO3HAUSHO CTOBITAMKY, @ udpamu psaku.
PesyiibraTu fqockipkends Ta ix obvopopenas
Buznayenns npoexuil Nona CHHTAKCOHIB Ba MEPUIy BiCh MOYMHAECTBCA i3 3HAXOMKCHHA CYMM 3HAYEHb B
XKOMKHOMY CTOBITINKY Martpuili iX nopibrocti (1261. 1). 3a npoctoToio uiel MateMaTHuHol Afi croirts rinbokui
3MICT: B ApocTopi 00’€KTiB, Ti 3 HUX, IO PO3TAINOBAHI B HEHTPI 11071, Oy AYTh MaTH HANGINbII 3HAYCHES CyMH
soedinieHTiB noAIGHOCTI 10 BCiX iHMMX 06°€KTiB, | HABIAXM /UIS THX, IO PO3TAIIOBAH] Ha nepudepii.
Orxe, 3anHcaT TEXHIKY pO3paxyHKIB HepIIOro eTany MoBow Exce/ MOXHA HACTYIHEM uyHHOM L12 =
CYMM (C3:K11) = CYMM (C12:K12), ne [C12:K12] — 3anuc nianasoHy aucTa Excel, 110 BHKOPUCTOBYETHCA B
pospaxynkax, CYMM - craunapraa gyHxuis cymanii, BiutioyeHa o naxery. Hagani 3Ha4eHus cymu IS KOXKHOT
acomianii NMOMHOXAETRCA HA 3BOPOTHY BENMUMHY KOPEHS 3 oOJepKaHoi . saranmpHOi cymu: [CI13:K13] =
{C12:K12*L13}, ne L13 = 1 / KOPEHD (L12). ®irypuumu Jy:KKaMH nosHa4yarothes B Excel Matpuvni Aii, mo
aKTHBYHOTBCA ONHOYACHHM HaTHCHEHHAM Ctri+Shift+Enter. Omxe, macus {C13:K13] Gys onepxauuit nomso-
wennam Macupy [C12:K12} ma L13. Ile i € naBaHTaxkeHHs (xoopawHatv) 06’ekTiB-acouianiif Ha nepuini
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uentpoin. Ilpu usoMy BKnaj BicCi y BiATBOPEHHA BHXigHOI noaibHocTi 06°€KTiB, 00pasHO KaXydu ii macmrag,
BY3HAYAETLCS CYMOIO KBaJPaTiB HABAHTaXEHL BCiX 00’ekTiB Ha fAaHy Bick. [IpH npOMy MakcHManbHe 3Ha4YEHHS
MOXe CKNafiaTi 9, KO HaBaHTaXeHHA BCiX 9 06’exTiB mopiBHIOIOTS JiHme 1 d60 —1. OCKUIBKY 3Ha4€HHsA CYMH
KBaJIpaTiB HABaHTAXEHb Ha NEPIIy Bick cknagac 3,57, To Bknan nepmoi Bici 3,57 / 9 = 0,4, oTke B ONHOOCHIH
rpoeknii BixTBopeno npubmusHo 40% indopmanii, mo MicTUThCH Y BHXiAHIM MaTpuui (tabm. 1) npo crymins
BiIMIBHOCTEH 00’ €XTIB.

Tabn. 1.

34ax0/KEHHA HAaBaHTAXEHb Ha nepty ueHtpoinyy Bics (QF 1, VP — nosnavuenss aconiauiil (11B. Buine))

A B C D E F G H 1 J K L

2 QF1 QF2 ) QF3 | QF4 | GF5 | QF6 | VPI1 VP2 | VP3

3 | QF! 1

4 1 QF2 | 0,59 1

5 | QF3 | 0,49 0,62 i

6 | QF4 | 049 0,68 0,63 1

7 1 QFS | 0,41 0,46 | 0,57 | 0,53 1

8 | QF6 | 0,08 0,14 0,17 | 0,24 | 040 1

9 | VP1 | 0,13 0,11 0,19 | 0,11 0,30 | 0,21 I

10 | VP2 | 0,14 0,13 0,23 0,18 | 0,38 | 0,44 0,47 1

11 | VP3| 0,06 | 0,04 | 0,12 0,09 | 0,30 | 0,32 0,31 0,48 1

12 339 | 3,78 4,01 3,93 434 | 298 | 283 | 344 | 2,73 | 31,44

13 0,61 0,67 | 0,72 0,7 0,77 | 0,53 0,5 0,61 049 | 018

Ha nacTynmHoMy eTami aHanily 3HaXomuThcs BinTBopena matpuus. lle BinGyBaeTbca uepes mnepeMHo-
EHHJ 3Ha4YeHb HaBaHTaXeHb o0 koxkHOi acowiawii: [C14:K221={L14:L22*C13:K13}, nme [L14:0L22] =
{TPAHCI1 (C13:K13)} — TpaHcnopTOBaHuUit MACUB HABAHTAKEHL Ha Nepluii ueHTpoin (Tabn. 2).

Taba. 2.
BiarBopena HaBaHTOXCHHAMH Ha NEPITY LHEHTPOIAHY Bick MaTpuis noaibHocti acoriauiii

A B C D E F G H I J K L
13 0,61 | 0,67 | 0,72 0,7 0,77 | 0,53 0,5 0,61 | 0,49

14 | QF1 | 0,37 0,61
15 | QF2 | 0,41 0,46 0,67
16 | QF3 | 0,43 | 048 | 051 0,72
17 | QF4 | 042 | 047 | 0,50 | 0,49 0,70
18 | QF5 | 047 | 0,52 | 055 | 0,54 | 0,60 0,77
19 | QF6 | 0,32 | 0,36 | 0,38 | 0,37 | 041 0,28 0,53
20 | VP1 | 031 034 | 036 | 035 ) 039 | 027 | 0,25 0,50
21 | VP2 § 037 | 041 044 | 043 | 047 | 033 | 0,31 0,38 0,61
22 | VP3| 0,29 | 033 | 035 | 034 | 038 | 026 | 0,25 | 030 | 0,24 | 049

OCKUTbKH HaBAHTAXEHHA — LIe KOOPAUHATH TOYOK BillIOBiAHOT BiCi, TO UMM OLipmil K06YTOK iX 3Ha-
4YeHb, THM MEHIION0 € MPOEKLia BincTani Mixk 06’€xraMy Ha NEBHY Bich i TUM BUHIMH piBeHp 1X noaibHocTi. One-
pkaHuii TAaKMM YHHOM MAacHB JaHHX “BifTBOPIOE” KOH(Irypalixo 3aransHOTO MoNd 00’ ekTiB-acouiamiif B oHO-
OCHiif opaMHaUilHil Moaesi.

Hackinbky y3romKyeTses posTaiiyBanns 06’ ekTiB B 1ili Moneni B NOPiBHAHHI 3 BUXiZHOK BiACTaHHIO
MiK HuMH? [l 1bOTO CYFy€E €Tal 3HAXOWKEHHS T. 3. 32JIMIEKOROT MaTpHLli, BI0 BUXOIUTH BiHIMaHHAM BiATBO-
peHoi Ta BUXinHOT MaTpuuli. 11 esleMeHTH XapakTepH3yIOTh “3aHIIKOBY” BiACTaHb MiX 06’€KTaMH, He BiXTBOpe-
Hy HEpHIOIO BiCCIO, MPoeKLis Akof Oye HaBaHTaXyBaTH NEPNEHAUKYJAPHY KO Neplioi ApYyTy Bick.

OnHak nepeliti 6e3nocepenHs0 A0 BUAUIEHHS OPYrol LEHTPOIAHO! BiCi HEMOXIIHBO, OCKINbKH, SKIIO
pO3paxyHKH HaBaHTaxeHb (Tabn. 1) Ta BinTBOpeHOi MaTpuui (Tab. 2) BUKOHaHI BipHO, TO CyMa €JIEMEHTIB 3a-
JIMIKOBOI MaTpHili- ROpiBHIOE 0, UMM KOPHCTYIOThCA UTA NEPEBIPKY MPaBUNBLHOCTI NONEpeHiX eTaniB po3paxyH-
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KiB. J{N9 yCyHeHHs i€l MEpemkoay iCHye MaTeMaTHUHHI HPUHOM RiUI3EPKATIOBAHHSA, HOCHTH ASTAILHO OIHCa-
nuii K. 16epaa {10].

CyTs #0T0 monfrac B 3aMiHi Ha NPOTWIEKHKH 3HaKiB 3HAYCHE 3ATMUIKOBOY MATPULIL Y CTOBIMKKAX 3
HalGinbIIO KiNBKICTIO “MiHYCIB” 1 OTHOYACHO MO TiMf ke 3MiHHINA B cuMeTpUaHOMY panky. Lieil uponec ve su-
MafkOBO HAa3HMBAKOThH BilI3EPKATIOBAHHAM, OCKUIBKH My OJIEPXKYEMO J3EpPKaNbHE BiIOOp@XKEHHS 3MiHHOCI, ¢/IHAK
KOOpJMHATH ii MaroTh Tex aGCOMOTHE 3HAYEHHA, aJie IPOTHISKHKIA BLIHOCHO NOBEPXHI YSARROID H3EPKANA FHAK.
Iie gocuts CKIagHUI TPOLEC: MICHA BilI3epKAMOBaHHA OfHieT 3MmiHHOT (06’ €KTy) BUOMPAETLCH HACTYIHA TaROK
3 HaUOLTBIIO KiNBKICTIO “MiHYCIB”, i MpoleC MOBTOPIOETHCA MOKY HE JOCATHE piBHOBAryk. Lie o3Hauac, 1o nic-
Jis BIZA3ePKAMOBaHHA HACTYTHOI 3MiHHOI, 3HAKM 3MIHIOIOTRCS TAKUM YHHOM, IO HANATI HeCoSKIfNO BiIizepKa-
THOBAaTH MOTIEPEAHIO 3MiHHY, a00 IOKH BCi 3HAUEHHA MAcHBY HE CTaRyTh NO3MTHBHUMU. SIK My nofaqumo B smal-
OyTHEOMY, Lie JIMIIe TEXHITHHI NPUIOM, | IPHHLMIIOBOrO 3HAYEHHA KUILKICTh 3MIHHUX, IO BIAMZePKATICIOTLC,
HE Ma€, OCKUIBKH KoHirypanis noia 06’ exTiB MpH ULOMY HE 3MiEIOETLCA.

Hamu cripomieHo TeXHiYHY CTOPOHY HPOHiecy BiI3epraniCBAHHEA, NPOJEMOHCTPUBAHY “Ha nanepi”
{10}, BBeieHHsM NOJATKOBOrO MAcHBY, 3HAYEHHS AKOTO MOIKYTs ivpisHioBatd 1 abo —1 (y sumaixy wizusepxa-
JIIOBAHHA) i HA KMl TIEPEMHOXKYIOTHCS €NEMEHTH 3ATMIIKOBOT MATPpuLi npyroro erany. OTxe, Micns rpouecy
Bismsepkamosauns 06’ekTiB H - K 3anunikosa MaTpuiyd MaTHMe e BiMiHHE BiJ 0 3HAYESHHA CyMH eJIEMEHTIB
y croBmyuKax (1abn. 3). MareMaTHUHO NpOLIEC BifN3EPKAMOBAHHA MOYKHA 3alMCATH HACTYIHHM YHHOM:!
[C24:K32] = {C23:K23*L24:L32*(C3:K11-C14:K22)}, nme (C3:K11-C14:K22) — 3anumkoBa MaTpHL,
[L24:L32] = {TPAHCII (C23:K23)}, [C23:K23] — MacuB BinJ3epKamoBaHHsI.

Tabn. 3.
3anumkoBa MaTpuLIs, il BiIA3epKalIOBaHHSA Ta PO3PAXYHOK HABaHTAKEHb Ha JPYTY LICHTPOIHY Bich
A B C D E F G H I J K L
23 1 1 1 1 1 -1 -1 -1 -1
24 | QF1{ 0,63

25 |QF2| 0,18 | 0,54
26 [ QF3{ 0,06 | 0,14 | 0,49
27 |QF4 ] 0,06 | 0,21 | 0,12 | 0,51
28 | QF5 | -0,06 | -0,06 | 0,02 | -0,02 | 0,40

s | et § ot | et |

29 [QF6 | 0,25 | 0,22 | 0,21 | 0,14 | 0,01 | 0,72 -1
30 { VP1| 0,17 | 0,23 | 0,17 | 0,24 | 0,10 | -0,06 | 0,75 -1
31 { VP2 | 0,23 | 0,29 | 0,21 | 0,25 | 0,10 } 0,11 | 0,16 | 0,62 -1
32 VP3| 0,23 | 0,28 | 0,23 | 0,25 | 0,08 | 0,06 | 0,07 | 0,18 | 0,76 -1
33 1,76 | 203 | 1,65 | 1,78 | 0,56 | 1,66 | 1,82 | 2,15 | 2,15 | 15,56

34 |185) 045} 0,51 | 0,42 | 045 | 0,14 | -042 | -046 | -0,55 | -0,55 | 0,25

Jlns BigasepkanoBaHHs NEBHOT 3MiHHOT HEOOXiHO JIHIIe 3aMiHUTH 3HaYeHHS MacuBy [C23:K23] na 1, a
OCKiNBKY JMHCT Excel opraizoBanuli AMHAMI4YHO 3a ONIOMOrol0 $opMyJl, BilTIOBIAHO 3MiHHTBCA Ha —1 3HAYEHHK
= ianasoni [L.24:1.32] Ta 3HausHHs enemenTiB MacuBy [C24:K32]. Mo peqi Taka opraﬂizauiﬁ eNSKTPOHAMX Tad-
UL 4epe3 AMHaMivHI MOCHIAHHA Ha BXigHuH mianmasos, xoiu Bci immi updpu — ue nume “MurreBHi 3HIMOY”
PE3YALTATIB PO3PaxyHKIB HOpMYN, € AyXe 3pYHHOIO [T HAIIOTO KOCHIDKEHHA: JIMIIe 3aMIHMBLIN AaHi Y MaTpu-
i megibHoCTi (Tabn. 1), MH MUTTEBO OREPXKYEMO HABAHTAXEHHS Ha KOXKHY 3 3 ocell, i BIIMOBiAHO 3MiHKIEThCS
cpruHaliiiHa aiarpama.

Orxe, 3a OJEPKAHHMH 3HaYEHHAMH CyMM €NeMEHTIB Bi3epKaieHOl 3aiMIIKOBOI MaTpyLl, noaibro no
fiepuiol Bici, po3paxoByIOTECA HABAHTAXKEHHA HA APYTY BiCh. Ajle NpPU UbOMY HE cllif 3a6yTu 3MiHUTH 3Hax Ha
DPOTWIEKHMH y Tux acouiauii, mo Oynu BimmsepkajieHi. TeXHIYHO L€ HOCATAETHCA HACTYNHUM YMHOM:
[C34:K34] = {C23:K23*C33:K33*L34}, ne L34 =1 / KOPEHb (L33) (1abn. 3). Cyma xBagpariB oaep:kaHux
HaBaHTaXKeHb Ha JIPYTy BiCh BXE NOMITHO MEHIIA 3a aHAJNOTiYHE 3HAYEeHHA [IOJO MEPIIOro HEHTPOINA i CKiagae
1,85, omke BKIal npyrm Bici aopienioe 1,85 / 9 = 0,21, a ABOXOCHa MOJIeJTb 3arajioM BlI[TBOplOC 0,61 BuxigHol
ntofiGHOCTI MK acouiallismMH.

AHaIOrivYHO A0 NONEPe HiX €TaniB NOBTOPIOETHCA 3HAXOJDKEHHS MaTpuui NoAiGHoCTI, BiATBOpeHOI apy-
TOI0 HEHTPOIAHOIO Biccio (Tabn. 4).

Micns BunineHnsa Apyroi Bici 4o 3anuiuxoBoi MaTpHLi NEPexXONMTh T4 YACTHHA BHXiAHOI MoaiGHoCT
06’exriB, mo He Gyna BiATBOpeHa NepIiMM Ta. JAPYrHM LEHTPOIZOM, i L1 YacTHHA Gy/ie BUKOPHCTaHa U1 BUII-
JISHHA TPETHOI Bici.
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[Tp1 HacTynHOMY 3HaXOMKEHH] 3AIHIMKOBOI MaTpULi cI He 3a0yTH BpaxyBaTH “BilI3epKaieHiCTs” NeB-
HUX 00’€KTiB i MEPEMHOXHTH ix Ha —1, To6To Ha MacuB [C23:K23*1.24:L32], ne 3anucana indopmanis npo Bia-
n3epkafeHHa 06’exTiB, ToOTO 3po0uMTH npouec 3BOPOTHilM BiamsepkanenHIo. IIpaBHIBHICT PO3PaxyHKIB
NepeBipAETLCA 3HAYSHHAM CYMH €IIEMEHTIB MacHBY 110 KOXHOMY 00’ €kTy 3a/IMIIKOBOT MaTpHIli, 1o JopisHIOE 0.

Tabn. 4.

Po3paxyHoxk Bincraneii Mix 06’exTamu, BIITBOPEHHX APYTOX0 LEHTPOTAHOO BiCCIO

B C D E F G H I ] K L
34 645 | 051 | 042 | 045 | 014 | -042 | -0,46 | -0,55 | -0,55
35 { QF1 | 0,20 » 0,45
36 | QF2 | 6,23 0,27 , 0,51
37 {QF3 | 0,19 | 022 | 0,18 0,42
38 | QF4 | 0,20 | 0,23 | 0,19 | 0,20 045
39 | QF5 | 0,06 { 0,07 | 0,06 [ 0,06 | 0,02 0,14
40 | QF6 | -0,19 | -0,22 | -0,18 | -0,19 | -0,06 | 0,18 -0,42
41 | VP1 | -0,21 | -0,24 | -0,19 | -0,21 | -0,07 | 0,19 | 021 -0,46
42 tvP2 1 -024 | 0,28 | -0,23 | 0,25 | -0,08 | 023 | 0,25 | 030 -0,55
43 | VP3| -024 | -0,28 | -0,23 | -0,25 | -0,08 { 0,23 | 025 | 0,30 | 0,30 | -0,55

Sk i panime, y 3B’43Ky 3 IIMM niepeiiTi Ge3nocepe/iHbo A0 BHAUIEHHS TPEThOi BiCi HeMOxHBO. [IpoBo-
JMThCA NMOAANbILE BifA3epKaleHHA 3MiHHUX: B HAlHOMY BMNAaIKy BOHO crocysanocs o6 ekriB C, E, 1, J, K 3 Haii-
OUTBIIO0 KUTLKICTIO HETAaTHBHUX 3HAaUeHb MAcHBY 3aJTHIIKOBOI MaTpuii. OTXe, NMiJpaXyHOK HABAaHTAXEHb HA
TPETIO LEHTPOiaHy Bich, mpoBomuthes 3 MacuBy [C45:K53]={C44:K44*1.45:L53*(C23:K23*1.24:1.32*
*C24:K32-C35:K43)}, ne B nianasoni [C44:K44] Ta [L45:L53] 3anucauo indopmauito npo simmsepka-
neHHa 06’ekTiB, MHOXHHKH [C23:K23] Ta [L24:1.32] norepraiots macus [C24:K32] mo crany nepen ioro sia-
n3epkaneHHaM, [C35:K43] — MicTuts Aaui npo BiACTaHi MiX acouiawismMu, BIATBOPEHi APYTUM UEHTPOIIOM.

Tabun. 5.
Binxsepxanena 3anuiukoBa MaTpULA MiCIIA BUALICHHS NEPLIMX ABOX LLEHTPOiAHMX Ocel
Ta po3paxyHOK HaBaHTaXeHb Ha TPETIO BiCh

A B C D E F G H 1 ] K L
44 -1 1 -1 1 i 1 -1 -1 -1

45 { QF1 | 0,43 -1
46 | QF2 | 0,05 | 0,28 1
47 | QF3 | -0,12 | 0,08 | 0,31 -1
48 | QF4 | 0,14 | -0,02 | 0,06 | 031 1
49 | QF5 | 0,12 | 0,13 | 0,04 | -0,08 | 0,38 1
50 | QF6 | 0,06 | 0,00 | 0,04 | 0,05 | 0,05 | 0,54 1
51 | VPL | 0,03 | -0,01 | 0,02 | 0,04 | 0,03 | 0,26 | 0,53 -1
52 [ VP2 | 0,02 | 0,01 | 0,02 | 0,01 0,02 | 0,12 | -0,09 | 0,33 -1
53 | vP3 | 0,01 | 0,00 | 0,00 | 0,01 | 0,00 | 0,17 | -0,19 } -0,11 | 047 -1
54 074 | 025 | 045 | 051 | 043 | 1,27 | 062 | 030 | 035 | 491
55 033 | 011 | -0,20 | 0,23 | 0,19 | 0,57 | -0,28 | -0,14 | -0,16 | 0,45

CyMa kBalpaTiB HaBaHTaXXEHb Ha KOXHY HACTYITHY BHILIEHY BICh MOCTYMOBO 3MEHILYETHCH, i B JAHOMY
Bunazaky cknagae 0,70, omxke BiIan TpeThoi Bici mie MeHumd 3a a8i nonepeani 0,70 / 9 = 0,08, a 3aranoM Tpu-
BHMipHHit opTorosanbHuii npoctip nepenae 40 + 21 + 8 = 69 % BuxinHoi indpopMauii npo noxiGHicTs acowianiil.
e mocuTts BHCOKHI TOKa3HHK A CYKYITHOCTi TPHOX €KCTPAroBaHHX oceif 3 9 MaKCHMAIIbHO MOXTHBHX, TOMY
NpoLieC BUAINIEHHS LUEHTPOIAHUX (aKTOPiB MOXKHA MPUITMHUTH, X04a iCHYIOTH i GiNIbIN TOUHI TeCTH, 30KpeMa T. 3.
“KpHUTepiii KaM'SHUCTOro OCHMY” 32 3aTallbHUM BHITIANOM rpadiky 3aeXHoCTi “BKIaj OCTAHHBOI BiCi / KilbKiCTh
BUILIEHHX ocel”.

B pe3ynbTaTi po3paxyHKiB HaBaHTaXeHb Ha TPU LIEHTPOIAHI Bici 6yJio oiep)KaHO TPUBUMIPHY OPTOTOHa-
NbHY OpAWHaliliHy Mozenb nng 9 aconianiil nicoBoi pocaunuoCTi (puc. 1). MOzENb € OPTOrOHANBHOK OCKUIBLKH
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BiCi meprneHauKyaApHi oaHa Ao oaHoi. Sk 6auuMo 3 prCyHKa, acomiauil NORUIAIOTLCA B3AOBX Apyrof BiCi Ha ABi
rpynu, wo Bignosigaiots muctanuM (C — G) Ta mimannM i xsoitsnm (H — K) nicam, nputomy sigcrasi Mix
00’eKxTaMK LMX TPYN 3aNeXaTh BiX CTyneHs NoRiGHoCTI cknamy ueHoguop acoujauiit. Jo peul, npobSnema inTep-
npetauii onepxanux abcTpakTHUX ocelf peanbHUMy (akTopaMy € ueHTpaikHoto [10], i monsrae Roxa v nolyKy
npuauHHOCTI (pakTopa) rpyyBaHHS 00 €KTIB Ha NPOTHNECIKHMX KiHILX neBHMX oceil. B diTonssonerii ua k-
TeprpeTauii ocelf BCTAHOBJIOIOTh KOPEJALif0 MK HABAHTAXCHHEAMH 00’ €KTIB Ha L BiCi Ta pe3viLTaTamH opu-
Hanii CHHTAKCOHIB 10 rpali€eHTax KOHKPETHUX exostoriunux ¢axropir [11]. Taxi gocmimxents, nporzLen HaMu
NOAATKOBO TPH NOPIBHAHHI 3 NanuMu GiToIHAMKANIT 1S IHX jke 2CONIANIH noKasaly, UI0 [pyry HenTpolimy
Bich MOXKHA IHTEPNPETYBATH AK BILUTMB (QaKTOPy XKMCIOTHOCTI, kUl pK3Hadae qudeperiiauio rpyn L - G ta H
~ K . BigminHocTi Mix 00’ €xkTamu B3JIOBXK TpeThol LEHTPOIAHOT Bici, {0 Ma€, A0 peul, MeHmuk 32 BpyTY BiCh
BKJIA] Y UEHOTHMHY Audepenuiauiio (0,08 < 0,21), symosreni BrumsoM (axTopa 380M0KeHH . [z Hepanxo 3po-
3yMITH, IKUIO HOMITHTH, 140 B 00NacTi HETATUBHUX HABAHTAXSHDL Ha TPETIH USHTPOIL PO3TAMIOLYIOTHCA i BONOTI
nemopanpHi yrpynosanus (C) i Bonori 6opeanbri (I), B 1ot 9ac, gx x& NpoTHISKHOMY 00T pUsTANIYBAIMCH ME-
30¢iTHi Ta Kcepome3sogiTHi cuHTaKCOHHM, 30KpeMa H, 1o € HalSiTein KCepOMITHAM Yy UBOMY FifPOPALI.

Puc. 1. Opaunauis 9 nicoBux acouianiii B OpTOrOHaNILHOMY NPOCTOPi TPEOX LICHTPOIRHUX (aKTOpiB
(C — K no3xayeHHs acouialiil TaTHHCBKMMH JiTepaMu auB. 1a6i. 1)

BucHoBkH

[{eHTpoinauii aNroOpuT™ KO3BOJISE IPOBECTH HENMPAMY OpAHHALIO 3 ypaxyBaHHAM Beiei indopmMauii npo
CTYIHHS NOXIOHOCTI UeHOTHYRHX 00 €KTiB, 3 IHIOTro 60Ky, OYXyun BiTHOCHO HECKIAAHMM 34 TEXHIKOK pO3paXy-
uxis, MOXKe OyTH aBTOMATU30OBaHWIl 32 NONOMOTOK CTAHNAPTHYUX £ISKTPOHHMX TaONULL i 3amuuac nepeBaru
KOHTPOJIO Ta THYYKOI'O ONEPYBaHHs B XOJi aHamizy. BukopucTasus Horo npu 6araToBHUMIDHOMY HIKANFORaHHI,
{10 € HeNapaMeTpUYHUM METOOM, 3HIMAE OGMEkEeHHS WOAO BUMOTH NP0 HOPMAIBHMIN THI PO3NIOALTY BXIZHHX
SAHMX 1 TOMY, Ha BinMiHy Bin GaxTOpHOrO aHalily, 33CTOCOBYETLCH O LIUPINOro Kojia OG’eKTiB Ta MaTpulis
monidHocTi, OCHOBaHMX Ha OYAB-AKMX Mipax CHPSKCHOCTI TAakCOHIB Yd CHHTakcoHiB. OepxaHi B pe3ynstati
spy4Hi 1A akanizy rpagivHi opauHauiiidi Moneni J03BONAIOTEH “nobasnTi” GiTOLCHOTHYHY CTPYKTYPY POCITHHHO-
£0 MOKPYBY, @ TBOPYMIt MOLIYK if IPUYMHHOCTI BinGyBaeThes Ha eTani inTepnpeTauii ocelf Henmpsamol opauHaii.

PE3IOME

PaccmaTpuBaloTcs -acniekTs! (PHTOLCHOTHYECKON OPIMHALMH C HCHOJB30BAHMEM MHOFOMEPHOIO IMKANMPOBAHUA Ha
npumepe 9 accoumalmii JECHOM pacTHTEILHOCTH ceBepo-BOCcTOUHOM Jacth JlepoGepexHoit Jlecocrenn Yipanuns. Tlokasansl
BG3MOXHOCTH aBTOMATH3aLUMN TEXBHKH CTATHCTHYECKHX PAcuETOB N0 HEHTPOMAHOMY anroputMy C MOMOIUEIO HNEKTPOHHBIX
Tabnuu, 3aTPOHYTEI BOMPOCH IKONOTHYECKOH MHTEPNPETAUHN HOTYYEHHOH TPEXMEPHOH OPAMHALMOHHON MOACIH TIPH HC-
¢NIENOBAHMH LICHOTHYECKOH AndepeHIMALMA TCCOB PErHOHA.

286 Tonuapenko 1.B.



BICHUK JOHEUBKOI'O YHIBEPCHTETY, Cep. A: Ipupoauuui Hayxu, 2003, samn. 1

SUMMARY

Aspects of phytocoenotic ordination by means of multidimensional scaling on an example of 9 associations of forest

vegetation of a northeast part of Left-bank Forest-steppe of Ukraine are considered. Opportunities of automation of technique
of statistical calculations by centroid algorithm with the help of spreadsheets are shown. Questions of ecological interpreta-
tion of reccived three-dimensional ordination model during examination of coenotic differentiation of woods of region are
mentioned.
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VK 581.2.02

BOJHUM OEMIH JEPHOYTBOPIOIOUHX TPAB,
O 3POCTAKOTH ¥ HITYUYHHX GITOLUEHO3AX

FO.B.Jluxonam
Aninponemposcoruii HayiOHANBHUYE YHIBEPCUMEN

BCTVII

BaxnuBor 1apKoI0 B 3arajibHOMY MeTaboMmizMi pochui € roauui o6min. Bupuaiouy ocu0RR] Prilt IBOTH
IpoLECY MOXKHA 3'CYBaTH CTaH BOJHOrC 6anavcy poc/iuH, a Tak0X CTYNIHb HOro BiAUCsiakocT YMORM 30BHI-
HIHLOTO CEpeNOBHINA, BUIHAUMTH HIIAXA Horo pery.mosains [1). [TpucTocyBarHs potiuklGry ODia&aMy IO
TUCKY METEOpPOJOTIUHAX YHAHUKIB HABKOJHMINHLOTG CEpeoBHiNa Ha Tl IPOMUCTOBOTS 3u0ryy THCRHE JHATHOW
MiDOI0 BU3HAYAETHCSA 3NATHICTIO POCAHHY HPOTHCTONTY BUTPatanM BoAH. BusHaueHns noxasaukis o6sondeHooT
Ta BOAOBIAAAYl KEPHOYTBOPIOIOMMX 3J1aKiB B YMOBAX IPOMHUCIOBOIO 3afpy RHERUA -~ MeTa Hamnl podoTta.

OB'€KTHU TA METGAN LOCHDKEHD

O6'ekTamu HAMIMX HOCHIMKEeHb Oyay OCHOBEI rasoHHi 371aKd CTenioBOro IIpHAHINPOE'S - TOHKOKIS BY3b-
xonucthit (Poa angustifolia L.) Ta maxursuus Gararopiuna (Lolium perenne L.), mo spoctaiors Ha TepuTopil
3aBoaiB “TTo6yTosoi ximii” Ta “Tlonimepmawn” (M. Juinponerposcsk). Koutponiem Oyau Bixnosiaki ob'exTH, wo
3pocTaNM Ha CTeNoRil HuTMHI (3BHYailHMi erkoryMyCcoBHi YOpHO3eM) Ha Bijcrari 80-tv kM Bin obaacHoro
uentpy. g ¢isionoriunoi XxapakTepHCTHKH BOJHOTO OOMiHy LMX BHIIB BH3Ha4aiM CTyMiHb 06BOJHEHOCTI Ta
BOJIOBiiIavy 3a 3aralbHONPHIHHATHMH METORHKaMH [2].

PE3VJIbTATH TA IX OBTOBOPEHHA

IMpoBeneni HaMmM AOCTiIKEHHS OCOONMBOCTEH 3MiHM IOKa3HHKIB BOAHOTO OOMiHy INE€PHOYTBOPIOIOUYHMX
Tpas, IO 3pOCTalOTh B ITYYHUX (iTOLEHO3aX, JO3BONWIN BHABUTH AcdKi BigMiHHOCTI (puc.). Tak, obBoaHeHICT
JIMCTKIB TpaB 3MiHIOEThCA B HianasoHi Bin 66% (ToHKOHIT By3bkonucTuil) xo 85% (maxurHuuA Garatopiuna). B
KOHTPOJI 1i MOKa3:HKH BiANOBiAHO cTaHOBWIH Bin 69% no 87%. Iipn usoMy pocnuHM Ha MOYATKy BereTatii
Manu Ginsury oGBOAHEHICTh, HiXK HAaMpUKiHILi. MOXIHBO, BiaMiucHe ABHILE BiaOyBanocs 3a paxyHOK 3MiH B Kii-
THHAX Ta TKAaHMHAX POCIHH MPOTATOM OHTOreHesy. Tak, BIKOBOW OCOGAMBICTIO POCIMH € YUIUIBHEHHS HPOTO~
MIa3M¥; IO CYTIPOBOIDKYETHCS 3MEHIIIEHHAM B Hill KibkocTi BoaH. ITapanensHo BiIMiueHa 3aeXHiCTh Bifl piBHA
KoHTaMiHauii poBkiuig. HaliGineim Bucoka 0OBOAHEHICTh NPUTAMAaHHA POCIHHAM, IO 3pOCTAlOTh HA TEPHTOPIi
3aBogy MoOYTOBOI XiMil, B BUKHAAX SKOrO MICTHTBCA MEHHIA KUTBKICT I10JI0TAHTIB.

3MiHu, ki BigOyBalOTECA B OOBOIHEHOCTI POCIMH HA TEPUTOPIAX NPOMHUCIIOBHX MiAMPUEMCTB, HE MOXYTh
He BinOuTHCs Ha piBHi TpaHcmipauil. Hamii criocTepe)keHHs HOKA3aJIH, 10 iHTEHCUBHICTD 115070 NPONECY MAKCH-
MaJIBHO T ABMILyBanach 0 940 Mr/r 3a roauHy y naXUTHHII 6araTopiuHoi, 10 3pocTalia Ha HPOMUCIOBHX Mail-
naHuukax sasony “Ilonimepmann”. Sk HamMu noxasaHo paHiuie [3], BaliHiK4i TOKa3HMKH LBOro npoecy — 459
MT/T 33 TOAMHY — BiIMiYeHi Ha TepUTOPii KOKCOXiIMIYHOTO 3aBoMy, e piBeHb MOIOTAHTIB 3HAYHO BHIIIH, HiX Ha
iHIIMX MmignpuemcTBax. Haltbinbma iHTEHCUBHICTS BHITAPOBYBAaHHA BOAH 3 JIUCTOBOI NOBEPXHi NOPiBHAHO 3 KOH-
TposieM GyJa XapaKTepHOIO I POCIIMH, AKi 3pOCTaNH Ha TepHTOPil MPOMMCIOBUX MiATPHEMCTB, Y JIMIIHI 3a BCi
DOKH CNOCTEPEIKEHD.

Tlpy nocnimkeHHi iHTEHCHBEOCTI TpaHCTIpanif skalinedi inTUBiyanbHi 0cO6IMBOCTI 3MiRA iHTEHCHBHOC-
 HPGLCLY B 3aIEKHOCT Bil PiBHs 3a0py IKEHOCT] RABKOMHIIHBOTG CEPENOBUILA. 3a HALHME LTI0CTCDEREHHAMH
HMYMAHA TIOKa3HEKa BapitoBaila y NakuTrMil OaraTopiyaoi Bif 820 mr/r 3a roa (3aroz nodytoeol ximii) xo 940

xv/r 3a ron (3aBon loniMepMai); TOHKOHOTY BY35XOIHUCTOTO - BiA 590 Mr/r 3a ron (3ason [oGyroei ximil) go
<90 mr/r 3a ron (3ason IonmiMepmany); nvpio NOB2Y4OT0, 3TIAHS HAIUMX MONEpeaHix accrimkens [4], sin 519
#1/1 3a ron (3asox [Monimepmait) no 668 mr/r 3a roa (3ason HoGyTopoi xiMil). B yMoBax KOHTPO:IO IHIEHCHB-
+iCTh TpaHCHipaldi and BIIMIYEHUX BUIIE BHAIB cTaHOBUIA 590-650 mr/t 3a rox; 560-620 mr/r 3a rox; 551-689
#3/r 3a roJ, BIINOBITHO.

[TocunenHs iHTEHCHBHOCTI TpaHCHipamii B yMOBax NPOMHCIIOBOTO 3aGpyAHEHHA MpH3BOXHTH HO 36iib-
¢ICHHA B POCNMHAX MIilHO yTPUMYBaHO! (3aAMIIKOBOI) KOMNOHEHTAMY KNITHHHUX CTpYKTYp BonH [3]. BinMivene
£B:IE BUIJIMKAE 3MiHH xoH(opMaLii MoneKys1 610KonoiKiB NPOTOILIA3MY, IO NOPYIYE iHTEHCHBHICTE 6araTbox
JHAHIFOXKKIB MeTalo0i3My B pOCIMHHOMY OpraHi3mi.

Hopymenns BogHOro o6MiHY y POCHHH, L0 3pOCTAIOTH B EKCTPEMANBHHX YMOBAX, CYINPOBOMKYETHCS
3MiHaMH 1X BOZOYTpUMYIOHOi 31arHecTi. Tak, y pocius 3 TepuTopiit MPOMHCIOBHX MiANPHEMCTE BiftOyBaeThCH
[GCHJIEHHA BOJOBiANa4i (3HIDKEHHA BOAOYTpHMYi0oUoi 30aTHOCTI). Lig BenmuumuHa 3anexuTs BiJl iHAMBITyIbHHX
ocobnuBocTe#t pocnun. Jlo BHIIB 3 MEHII iHTEHCHBHOIO BOJOBiAJAYer0 HANEKUTh TOHKOHIT BY3bKOIUCTHH. Bo-
nopiagada y pociiMH HEPiBHOMIpDHa Ha HpoTA3i nmepiomy sererauii. Tak, IHTEHCHBHICTL NPOLECY Y TOHKOHOTY
BY35KOMHCTOTO Ha Tepuropii 3aBoy INTomiMepMai MakcHManbHO cTaHOBHIA 2 1% (KOHTPOINb-19%), NaXUTHHLI

288 ©Jluxonar 10.B.



BICHUK JOHEHBKOI'O YHIBEPCUTETY, Cep. A: Mpupoanudvi Hayxku, 2603, Bur. 1

A
1996 1997 1998
. .. 800 T2,
5iE oLy i N g
S5 D e Gf‘:iﬁg 17a
A a0 Y. LA o
EE G40 1a:8:670 588" % Ry
Z oz O ” ,)):S:
g-_’ml-azoo__ heea” . I PR R "l~§
E B £ P : =4
—_ = - .- o
0+ttt 7 2
>>8Ex®x Z5EEX Z5FEK
X 70 - °
a8 o
= 3
2 60 4 A
jawl
2 2
g 0" S
[}
S 40 &
>:'>'§§E >5§§ES >§§§E
B
&
s
552 600 308
58 s RN
2285 400 20%E
g 3£ 200 z
= =5 0 1()g
A
= = = == > oo
»>EER Z>FEX >EEX
1996 1997 1998
ﬁh
.2
5
z X
:(o
o
o4}
O
O T 1

Boaosigzaua, %

a

Pucyrox. OGBoaHERICTb, BOIOBLIAYA, IFTERCMBHICTS TpaHCITIpAUT TA BOAHYT tedhitHT JHCTKIB TOHKCHOTY BY3BKOJMCTOO {A) Ta na-
SKHTHHUI Gararopiunoi (B), 10 3p0cTaioTs B IUTY4HMX GITOLEHO3aX Ha TCPHTOPIT TPOMHUCTIOBYX ITIIIPHEMCTS.

Bonosiazayva ra

O6BoaHeHicTH Ta
BoAHMA nediunT

iHTEHCHBHICTb TpaHcRipanii

- KOHTPOJAb

~—0— - 3aBoA [To6yToBOi Ximil
—&— - [lonimepmaru

------ KOHTPOJIb
-0 - --3asoj [lobyToBoi ximii
- =~ & - - - TloniMepmaru

GaraTopiuHoi - 26% (KoHTponb -16%). PisHuLA MK KOHTPONLHMMY i ZOCIITHAMM POCAMHAMH 32 BiANOBIAHUA
NEpioN Yy TOHKOHOTY BY3bKOJIMCTOTO MAKCHMAIBHO CKagana 2%, naxuTHaui 6aratopiusoi - 12%.
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OnHuM 3 HalOUTbI JIaGLTLHUX | yHIBEpCanbHUX NMOKAa3HUKIB BO03a6e3MeueHOCTI pocnud € BOHMHA Aediwmr
aucTkiB. L1 BenuuMHa 3HaXOAMThCA B TICHIN 3aI€XHOCTI Bill BOJIOTOCTI MOBITPS Ta KUTBKOCTI MPOAYKTHBHOIL BOJIOTH
B rpyHTi. [IpoBenieHi HaMyu DOCTIHKEHHSA BOAHOrO AeilMTy FOKa3aMy, IO i BEJIMYHHA 3aIeXKHTh AK BiZl BUIOBHX
0co0IBOCTEH POCHIMH, TaK | KOHLICHTpAL] NOMIOTAHTIB B HABKOIHIIHEOMY cepefoBHli. Tax, pOCJIHHHM 3 TEDUTOPIl
3aBopty [ToOyToBoi XiMil XapakTepu3ylOTbCS MEHIIMMH 3HA49CHHAMM LbOTO [IOKa3sHMKA, HDK Ti, WO 3pOCTAOTh B
Gibin XKOPCTKHX yMoBax. Hanpuiiag, skino B ymoBax 3aBony IlosiMepMaii ¥ TOHKOKOTY BY3LKOIMCTOTC Pi3HMLA
MiXX KOHTPONBHKMH | DOCHINHAMH POCIHHAMU cknajana 1,4 pasy, To jis naxurHuli 6aratopiuHoi - 1,8 pasu, Ha
HpOMHUCIIOBEX MalinaHunkax 3aBody [To6yToBoi ximMil 114 pisHUNs Oyna MeHII CYTTEBOIO. BiamiueHi ¢axru cBinyats
1po rMbOoKi CTPYKTYPHI 3MiHHM Y POC/HMH 3 Teputopii 3aBony IloniMepMal, Ae piBeHb 3a6pyAHEeHHS € BUIIAM.

3MmiHa xapakTepy BOZOOOMiHY POCIIHMHHOTO OpraHi3My BiOyBaeThCH B 3aJIeXKHOCTI He JIULIE MicAls Bere-
Tallii, ane # BiA 30HH 3a6pyaHeHHs. B panille nmpoBeCHHX HOCHIIKEHHAX HaMM BUABNeHO[4], WO Y NaKUTHUIN
faraTopi4Hoi, 110 pociia Ha MPOMHCIIOBUX MalifaH4nkax barnificbkoro KOKCOXiMiYHOTo 33801y, A¢ 3a6pyAHeHHs
TepuTopii BiOyBacThCA 33 PaXyHOK rapumuHy, $eHoNy, POJaHiAiB, CIPKOBOMHIO, iHTEHCHUBHICTD Bifizaui BOOM
JIACTKAMH POCJMH 3 BifIQJIEHHSAM BiI IpKepesia eMicil mOCTynoBo 3HMKyBanach. HaiOuibln BHCOKE 3HAYEHHA
ILOTO MapaMeTpa y POCIHNH BRABICHO B 30HI CHIBHOTO 3a0pynHeHHA (kokcoBHit 1ieX). B Mipy Biananenns inren-
CHUBHICTb Bilmayi Boau 3HIDKyBanacsk. L ocobnupicts 36epirasachk ynpoaoBx ycboro nepioxy Bereramii. V sapi-
aHTi 3 NUpieM NOB3YYHM iHTCHCHBHICTP BifAaui BOAM POCIUHAMH (BiA 30HH cilabKoro i cepenHbOTO OO 30HM CH-
JBLHOTO 3a0py IHEHHA) TaKOXK MOCHIIOBAIACS.

Bopnuit ne¢iuut y pociHHHOMY OpraHismi, o nepeGyBae B yMOBaX K XpOHIUHOTO, TaK i KOpOTKOYac-
HOTO 3a0pyIHEHHA, 3rilHO 3 ICHYIOUOIO TYMKOIO [5], € HacaiAkoM, 3 OXHOTO GOKY, - 0OMEKEHOTO HAAXOMKEHHS
BOAM B POCIMHY, a 3 iHIIOrO - MiABMIIEHHA iHTEHCHBHOCTI BUNIApOBYBaHHSA 1i 3 JIMCTOBOI MOBEPXHi. Y Hammx
HOCHiaxX 3pOCTAHHA BOAHOTO AeQIUMTY y naxuTHULUI 6araTopiaHoi 6y.10 GLTbII CyTTEBHM, HiX Y TOHKOHOTY

By3bkosucToro. Ile# dakT nae mimcTaBy CBiIYMTH NPO MOPIiBHAHO JIETKEe MPHCTOCYBaHHA abopHreHHMX
BHUZiB (TOHKOHIT BY3bKOJHCTHH ) O Iii TOKCUMHUX PEYOBHH.

BUCHOBKH

3arabHAMH pHCaMM CTilKOCTi FA30HHKX TPaB, AKi 3pOCTAIOTh Ha TEPUTOPIl IPOMHCIOBUX IMiANPHEMCTB B
YMOBaX CTeNoBOi 30HH YkpaiHH, € 3HHKEHHA 0OGBOIHEHOCTI, HIO CYNPOBOMKYETHCHA 3HIKEHHAM IHTEHCHBHOCTI
TpaHcMipauil 3a BUCOKHX KOHLIEHTpaLili TOKCHYHHX PEYOBUH B HaBKOJHIUHLOMY CEPENOBHILi Ta 1l MiABMLIEHHAM
NpY HU3bKHUX PIiBHSAX 3a0pyIHEHOCTI ZOBKiLIA, 3GIIBIIEHHAM B POCIHHHOMY OpraHi3Mi MillHO YTpHMYBaHoOT (3a-
JMIIKOBOT) BOJH, 3MiHaMHM iX BOJOYTPHMYIOUOI 3JaTHOCTI, HE3HAYHUM [iABHILEHHAM BOAHOrO NediluTy mopis-
HAHO 3 POCIIHHAMH, LIO 3pOCTAIH B €KOJIOTiYHO YHCTHX YMOBAX.

PE3IOME

H3yueHs! nokasareau BOAHOrO 0OMEHa OCHOBHBIX JEPHOOODA3YIOIMX 3/12KOB B YCIOBHAX NPOMbILINEHHOTO 3arpas-
HEHHA OKpYXaiollelt cpenisl. [IpHBeneHb! NaHHbBIE 10 COCTOAHHIO 0OBOAHEHHOCTH, MHTEHCUBHOCTH TPaHCTIHPALMK, BOAOOT-
Jlaud ¥ BOZHOTO AcMIMTA, XAPaKTEPU3YIOLIME YCTONYUBOCTE PACTEHMI B YCIOBUSX WITY4HBIX QuToLeHO30B. [lokasano
NPEUMYIICCTRBO MCTIONB30BaHHS MATINKA Y3IKOIKUCTOrO B CBA3H C ero Gosbiuel yCTOMMHBOCTBIO K AEHCTBHIO MOMIIOTAHTOB B
OpraHu3aliuy Fa30HOB B 3THX YCJIOBHAX 110 OTHOHLICHHIO K palirpacy nacTOHIIHOMY.

SUMMARY

Parameters of water exchange of sod-forming cereals in the condition of industrial saturation were investigated. This
data were on state of watering and watergiving, characterized stable of the plants in the condition of ecological tension. It
was shown advantage of using Poa angustifolia L. because of its more stability to pollutants act under lawn forming in com-
parison with Lolium perenne L.
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YIAK 612.53+612.44

BJIUSTHUE AJANTAIIMHA X XOJIOAY ¥ U30MPOIHNITHOPAIPEHAJIMHA
HA 3HAYEHME "YCTAHOBOYHOI TOYKHU'" B CACTEME TEPMOPET YJISILIUA

I' A Yupsa

JinhTenbHbBle XOMOMOBBIE BO3AEHCTBHA CONMPOBOXKAAIOTCS (yHAAMEHTAILHBIMU NEPEeCTPOHKaMH B (YHK-
LHOHMpOBaHMN paja ¢usuosornucckux cucrem [1,2,3]. 31oT mpouecc, eCTeCTBEHHO, NOMKEH 3aTparkBaTh H
CHCTEMY TOANEP)KAHUA TEMITEPATYPHOIC rOMEOCTa3HCa C OCHOBHBIMM € MapaMeTpaMu. Haubonee BaxXHOM KOH-
CTaHTOMW B CHCTEME TEPMOPETYJIAUMY ABJIAETCA TaK Ha3biBaeMas "yCTAHOBOYHAS TOUKA", KOTOPas CITYXKMT 3Tano-
HOM BHYTPCHHEH TeMIepaTypsl TeNna, B yacTHoCcTH runoranaMyca [1].11pu oTknonenun dgakTHueckoi Temnepa-
TYPHI OT 3TAIOHHOM B LEHTPE TEPMOPEryJILMHU BEIYUCIACTCH pa3HHIIA, OT 3HAKA ¥ BEIMYHHBI KOTOPOH 3aBUCHT
BHTEHCUBHOCTh BIUTIOUEHHA TE€X WIN MHBIX MCTIONHUTENbLHBIX TEPMODPETYISITOPHBIX MeXaHu3MoB. V3 nureparyp-
HbIX JAHHBIX U3BECTHO, YTO IOCJE HACTYIUIEHUA COCTOSHMA afalTalliy K XOJNOKY 3HaYeHHe TeMIepaTypsl Tena y
roMoH#OTEPMOB NOBLIILIAETCS, YTO CBALIBAETCH MPEXAE BCEro C POCTOM YPOBHA OCHOBHOro o6MeHa [3,4,5]. Ox-
HaKO MOKHO NpeAroaraTb, YTO NOBBILICHHE YPOBHSA TeMIIEPAaTyphl TeNla Y aJalTHPOBAHHLIX K XOJIOAY OpraHu3-
MOB CBSI3aHO C U3MEHEHHEM 3HAYeHHs "yCTAHOBOUHOHN TOUKH' B LIEHTPE TepMOPEryJIALMH, KOTOpas CIBHraeTc
BBEpX. TeM He MeHee, 10 HACTOALIEro BpeMEHHU 3TOT BOMPOC OCTAETCH OTKPHITHIM.,

Bropoii acniekt mpo6nemst 3TaioHa B CUCTEME TEPMODEryNALMM CBA3AH C BO3MOMKHOM POJIBIO TOPMOHAIb-
HbIX (haKTOPOB B HACTpolke WIH NEPEHACTPONKH 3HAYEHUS "YCTaHOBOYHOM ToukH". Tlog KOHTpONeM KaTeXxonamu-
HOB, TOPMOHOB ILUTOBUIHOM eE/e3bl, HAANOYEYHUKOB M [p. SHAOKPUHHBIX XK€€3 HAXOMATCA IPAKTHYECKH BCE
BHOBb C(IOPMHPOBAHHBIE 3JANTALIMOHHBIE MEXAHU3MBI TEPMOpPEryIAiMy. M3BECTHO Takxke, 4TO B MPOLIECCE XOJO-
JOBOM aflanTalMy KOHIEHTPAIHA KaTeX0JaMUHOB KPOBH IIOBBIILIAETCA B HECKONILKO Pa3 M OCTaeTcs Ha TAKOM ypOB-
HE B TeUEHHe JUIMTEIHLHOTO NEpHOAa BpeMenH [6,7]. B cBA3M ¢ 3THM BO3MOKHO Y4acTHe NaHHOMH SHIOKPHHHOIM cHc-
TeMb! B (JOPMHPOBAHHH HOBBIX TIAPAMETPOB LEHTpa TepMoperyisiui. OIHAKO BOMPOC O BO3MOMHOM POJIH KaTexo-
NIaMHHOB B NEPeHACTPOMKE IEHTPa TEPMOPETYJIALMH 10 HACTOANIETO BpEMEHH JaXe He NOCTABJICH.

Lensto HacTosuleil paboThl ABUIOCH M3MEpeHHe aOCOMOTHON BETUYHHBI "yCTAaHOBOUHOMH TOYKU" B ueno-
CTHOH CHCTEME TEpMOPETY UMM | BEIACHEHUE BO3MOXHOH POJIM OXHOTO U3 KATE€XO0JaMHHOB, H3OMPONKWIHOPaL-
PEHANHHA, B HAacTOMKE UEHTPAILHOTO 3B€HA TEPMOPETYIATOPHONR CHCTEMBI GEMBIX KPBIC.

O6beKT ¥ MeToob! HCC/IeoBaHNsA. DKCIIEPUMEHTH ObIIH BHITIONHEHBI Ha Oenbix Kpbicax-camuax. Bcee
XHBOTHbie ObLTH pasieneHsl Ha aBe rpynmul. Kpeickt nepBoit rpynmsl (n=12) B Teuenue 25 CyTOK HaXOMWIHCh B
xonoaoso# kamepe obnemom 20 M B MHIMBHAYATHHBIX KIETOUKAX MpH Temnepatype +3...+5 °C. Jlannas rpymma
KWBOTHBLIX, CNENOBATENbHO, afAMTUPOBIach K Xonoxy (AX). Mcronp30BaHHBIA PEXUM XOJNOZOBOH ananTalMy
ABMAETCA CTAHAAPTHLIM JUIA TAKOTO PONA UCCNENOBAHMIT U paHee NPHMEHSUICA B MHOTOYHCIeHHBIX padoTax {1].

Bropas rpyrma (n=12) 6pU1a KOHTPONEHO#M M collepKalach B YCJIOBHSAX BUBAPMA TIPH TEMIIEpAType OKOJO 24°C.

Jns MaMepeHus 3HAYEHWA "YCTAHOBOYHOM TeMiepaTypsl Tena" y Genbix Kpeic Obuta paspaboTaHa
crneuvanbHas MeTOANKa. YCTAaHOBKA MpeJCTaBjIeHa JBYMA KOHTYpaMH PeryJIHpOBaHUi - BHYTPEHHHM H BHeEUI-
HuM. [TepBbiit M3 HUX BKITIOYAET CUCTEMY TEPMOPETY/IALHH FKCIIEPUMEHTAIEHOTO KUBOTHOTO, ¥ COCTOHT U3 €O0-
CTBEHHO XHMBOTHOIO ¢ TerwiocoaepxanyeM Q; u Temwnootnadell -AQ,, TEpMOPELIENTOPHOroO 3BEHA, LECHTPa Tep-
MOPEryNALMH W TPYIIibl 3Q(PEKTOPHBIX MeXaHu3MOB. BTopoii, BHEIIHMHA, KOHTYD 00pa3oBaH aBTOMATHYECKOH
cuctemoit, paboratontedi Ha OCHOBE NpUHUMNA oOpaTHON nponopunona,nbuon OTpMIATENLHON CBA3N. XapakTep
paboThl Bee#t rubpunHoO# CHCTEMB! "OpraHM3M-cpea-apToMat” onpenenseTcs IIByMS{ pENBAPHTENLHO 3aaHHbI-
MH YCITOBHAMHM: a) 3HaYEHUEM TEMIIEpaTypbl 0TcueTa (TEMIIeparypa 3TaloHa, T°,:=38.5°C); 6) xo3dpduunentom
"K"(K=const.), onpeIensioUxM BEXMMMHY KOPPSKTUPYIOLIETO CUrHaNa 00paTHOH CBA3M +AQ,, HMEIOMUM pa3-
meprocTh B1/°C. B uaweii paGote Benmumba kodpduurenta obpatroit cessn "K" Gbuia BeIOpaHa, HCXOIA U3
CNIEMyIOWIEro 0Ny eHns: ecli 651 pekTanshas Temnepatypa T camsunack Ha 3.0°C, To Temnépatypa Kamephb:
T 8 pesyJibTaTe NoABOAA C TEIUIOHOCUTEIEM KOPPEKTHPYIOeH mopLuy Tenna +AQ, moxHanacs Obl Ha 30.0°C.
CnenosaresbHo, ko3t duuueHT obparHoii cBa3M no TeMiepaType pasranca 10.

Cucrema paboraer cnenyroluM oSpazom. [Ipi oxaxaeHUH XHUBOTHOTO, 061aJaloWiero TeIocoaepxa-
HueM Q; ¥ TeriooTaayei -AQ,, ero pexTanbHas TeMreparypa T° HauMHAET CHIKATHCA, MOCKONBKY TEMIEpaTypa
KaMepbl HAMHOTO HWKe TEMITepaTyprl Telia. B o1HOM M3 GNIOKOB BHEIlHEH KOPPEKTHPYIOMHEH CHCTEMBbI 3HAUEHHE
PEKTaTbHON TeMIEpaTyphl CPABHMBAETCA C TeMmeparypoi stanona (T°,, = 38.5°C). Benmmﬂa pasbananca Mex-
ny daxTHecKol TeMnepaTy ol Tena n Temnepatypoit stanona (AT’ =T’y - T%) noctynaer s Giok BHPpaGOTKH
KOMIIEHCAUMOHHOrO CUrHaNa +AQ,, ypOBEHb KOTOPOTO ONpENeNsAeTcs, C OXHON CTOPOHBI, CTEMEHbIO TeMIepa-
TypHoro pa36ananca (AT®), a ¢ Apyroit cTopoHs! - 3HaYeHHEM ko3 dpuumenta "K", T.e. +AQ.=KeAT’. Bemuuuna
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xo3¢pduunenta "K" B 3aBUCHMOCTH OT 3aAad IKCNISPHMEHTA TEOPETHYECKH MOXeET ObiTh BblOpaHa moboif, Ho
GoJIbiuee HyJIst; BaXKHO JIALL YTOOBI B PaMKaX Kakoi-nnbo cepun ombITOB COXpaHAnocs yenosue: K=const.

[Mopums Terna, BeipaGoTatHas KOPPEKTHPYIOMER cucTeMo(+AQ,), TENIIOHOCHTENEM NOJAETCA B XONO-
IOBYIO Kamepy, B pe3yjbTaTe 4ero Temmepatypa kamepbl T, HauMHaeT MOBBILLATHCS; ee OXJTaXAaloLIee AeicT-
BHe Oynet ocnabnarbes. CaemnoBaTeNbHO, KOPPEKTHPYIOWIKIA curHan +AQ, MpoTHBOACHCTBYET IpoecCy CHIDKe-
HA PEKTATbLHOMN TeMIlepaTypsl XUBOoTHOTO. TlosBnsroumiica yposeHs pa3fanasca Mexmy (axkTHIeCKoH Temre-
parypoii Tenia ¥ TeMIlepaTypoil ATaJloHA YMEHBIIUTCSH; COOTBETCTBEHHO BEJIMYHHA KOPPEKTHPYIOLIEro CHUrHaja
oOpatHO#t cBA3M +AQ, CHM3WUTCH, a OXJIAKAAOMIES NelCTBHE Kamepbl, HA0OOPOT, HaYHET BO3pACTaTh. Peryns-
TOPHBIA IHKJT 3aBEPLIATCS.

BMecTe ¢ yCWICHHEM OXJaxAaomero 3d¢exra kamepbl peKTalbHas TeMHOepaTypa JKHBOTHOTO HAayHET
BHOBb NajaTh, H LMKI BHIPA0OTKH KOPPEKTHPYIOLIETO CHTHANA IOBTOPUTCA 3aHOBO, HO YXK€ Ha JIpyroM YpPOBHe.
B XOHIIe KOHIOB, BO BCEi cUcTeMe "OPraHu3M-Cpeia-aBTOMaT" YCTAHOBUTCSH COCTOSHNE IMHAMHUECKOIO PaBHO-
Becus. Habmonas puHaMuKy "BbIXoIa" CUCTEMEBI B COCTOSHHE PABHOBECHS H ONPE/ENUB €ro napameTpsl (3Haue-
st T% 1 T°.), MOXHO CyaNTL 0 PaGOTe LENOCTHOM CHCTEMBI TEPMOPETYJIALUMH OPTaHN3Ma, TaK Kak "moseacHue"”
BHEILHETO KOPPEKTUPYIOLIET0 KOHTYpa OTPaXaeT XxapakTep GyHKIHOHHPOBaHNA AaHHOM cucTeMbl. Tak kak ma-
paMeTpsl, onpefesiomne paoTy BHEUIHETO KOPPEKTHPYIOMIEro KOHTYpa JeTepMMHHpPOBaHbI (Ton = 38.5°C,
K=const), To 3uaueHus T u T, B COCTOSHUM IMHAMHYECKOrO PABHOBECHA ONPENENAIOTCH TONKO OCOGEHHO-
CTAMH pabOThI CHCTEMBbI TEPMOPETYNIALMHU KHBOTHOTO. B 3T0#l CBA3M BaXHO NMOAYEPKHYTH, YTO, EC/IH BEIHYHHA
T nmocne ycTaHOBNEHHA COCTOAHHSA PABHOBECHA B IHOPHIHON CHCTEME "opraHusM-cpena-aBToMat" CTaTHCTHYe-
CKH JOCTOBEPHO BbIllE, YEM Y JPYroro, TO 3TO CBHIETENLCTBYET O CMEUIEHHU B TEPMOPEryNATOPHON cUCTEME
3Ha4YeHNA "yCTaHOBOYHOM TeMuepaTyphi Tena'.

Bo BpeMs oMbiTa 3KCIIEPUMEHTABHOE )KHBOTHOE TIOMELAeTCA B TEpMoKaMepy. [locnensss npeacrasiser
co0oit MeTalTHIecKHif [ATHHAP, 110 BHYTPEHHEMY AMAMETPY KOTOPOTO HaBUT 3MEEBHK W3 TOHKOCTEHHOM Men-
HO# TpyOKu. L{ununap oKpyXeH OBYMS TEINO3AIMUTHHIMHI YKPAaHAMH, a MEXIY HHMH YCTAHOBIIEH TEPMOI/IEMEHT
¥ TEPMOZIATYHK, NPEHASHAYEHHBIE U1 TOMICPKAHNA BOKPYT LIWIMHADPA TEMIIEPaTypbl Ha ypoBHe 30.0+0.1°C B
TEYEHHE BCEro omnbiTa. B pe3ynsTare BIMAHHE BHELIHEH Cpedbl ObUI0 CBEACHO K MHHMMyMY. B mpouecce skcne-
['MMEHTA Yepe3 3MeCBHK TEPMOKaMephl MOIJIa NPOIYCKAaThCH >KHIAKOCTH C 3alaHHOM TeMnepaTypoil. B kayecTse
TEIUIOHOCHTENS NPUMEHSICS STWICHIJIUKOb.

PexrannHas TeMnepaTypa M3Mepsanach TEpMHCTOPHBIM JATYMKOM, BK/IKOYEHHBIM B LIeNb MOCTA M YCH-
JUTENs MOCTOSHHOTO TOKa ¢ uudpoBbiM BoasTMeTpoM B7-21A. C nomowmpto cyMMaropa NpoBOAMIOCH A/re6-
panyecKoe CIIOKEHHE CHTHANIOB NMOCTOSHHOTO TOKA OT LIEMHM PEKTANIBbHOTO JaT4MKa M LENH STaloOHA TEMNEpaTy-
pbl. B pesynbTare Takoro cioxkeHus Ha "BBIXOje" CyMMartopa NoABJAIach pazHOCTh noTeHuuanos (AE), Benu-
Y¥Ha KOTOPOM 3aBHCENa OT CTENEHH PAaCXOXKIEHHsA TEMIIEPATyphl 3TaIOHa M PeKTalbHoOi TeMneparypsl. C mo-
MOIIBIO JNMEKTPOHHOTO HIMPOTHO-UMHYJIbCHOrO Moayisropa (ILIUM) AE npeobpa3osuiBanach B AMHTEIbHOCTS
HMITyJ5COB TTOCTOSHHOIO TOKA (10 JIMHEHHOMY 3aKkoHY). FIMITyIbCh! TOCTOAHHOTO TOKA B CBOIO OUEpe/ib YIIpas-
JISUIM MMITYJIBCHBIM peryiaaropoM MomHoctd (MPM). Tlocneauuii npenxasHade Ui peryJTHPOBKH (TIOBBIIIEHHS
WK TIOHIKEHHA) TEMIIEPATY bl TETUIOHOCHTENS, CIICA0BATENbHO, H TEMNEPATYPEI KaMepbl.

Taxum 06pa3s’oM, Npu CHIDKEHMHM PEKTAILHOM TEMMEepaTyphl N0 NPHHUMIY o0paTHOM MpONOpUHOHAILHOM
OTPHUATENBHOM CBA3M B COOTBETCTBHH CO 3HauUeHHeM kodhduumenta "K" Temneparypa kaMeps! MPONOPLHOHATIBHO
U3MEHANACh: yeM Gonblie T°pm_ ornansutack ot T, TeM GONblile HATPEBAIICA TEIUIOHOCHTENb, ¥ HaoGopoT.

Xon onbita 661 ciemyonM. JKUBoTHOE GPUKCHPOBAIIOCH B ClIELMANBHOM KIIETKE, OFPAHWYHBaKCIEH €ro
TOABKHOCTb. 3aTeM B Teuenue 30-60 MuH Kpbica Haxommwiach B TepMoctare npu 30°C, a 3aTeM noMewanach B
TEPMOKaMepy JKCIIEPMMEHTANbHON YCTAHOBKM MpH Hauanshoil Temmeparype 30.0+0.1°C. TMocne mamepenms
3HAYEHHMHA BCEX PEruCTpUpyeMBIX MapaMerTpoB (PeKTaBHOM TeMiepaTypsl, TEMIIEPaTypbl KAMEpPhI H BEIUYHHBE
HoTpedNenus Kucnoposa razoanamsaropoM "Radiometer”) Bkmouanach OXnaxaalomas CUCTEMA M TeMIepaTy-
pa xamepbl HauuHana OeicTpo chHmkarbes 10 0°C. CKOPOCTh CHWKEHHS TeMneparypul cocTtasiasta 10.0+1.0
OC/muH, B pesysbTaTe uero Temmeparypa Kamepsbl B TeUeHUe 3 MUH NOCTHIalla MAHHMAITBHOTO 3HadeHus. OaHo-
Bp)EMEHHO aBTOMATHYECKM Ha4yuHaia paboTaTh M BHENIHAS KOPPEKTHPYIOLIAs CHCTEMa, NPEACTABIEHHas PAIOM
6rokoB. [PoAOMKMTENLHOCTS OMbITa COCTaBANA 70 Mus. 3TOr0 BpeMeHu ObiN0 AOCTATOMHO s NOCTHKEHHS B
rHOPHIHOH chcTeME "OpTaHH3M-CPENa-aBTOMAT" COCTOSHUS AMHAMMYECKOTO PABHOBECH.

Jlns ¥ccrieloBaHHUA PONH KaTEXONAMUHOB B CHCTEME TEPMOpETYJIALHH MOCHE YCTAHOBJIEHHA COCTOR-
HUA TMHAMHYECKOrO PaBHOBECHA KPHICAM BCEX IPymn BHyTpuBeHHO (v.dors penis) uudy3uposancs u30npomnui-
HopaapeHanuH. KatexollaMHH BBOUIICA Yepes NPEBAPUTENLHO BBSACHHYIO NOJMITUICHOBYIO KaHIOMO HHY3a-
TOpOM B TedeHue 20 MUK B 103¢ 2.0 MKI/Kr/MuH. CryCTs HEKOTOpOE BpPEMS CHCTEMa "OpraHi3M-cpefa-aBToMar”
303BPALNANACE B COCTOAHME PABHOBECHS, HO YK€ Ha HHOM KOIIMYECTBEHHOM ypoBHE. ClieIoBaTeNbHO, BECh ONBIT
nponokalcs B TeueHue 90 MuH.

PesynbrarTsl SKCIEPHMEHTOB 06pabaTbiBaNkCh OOUIENPHHATHIMU METOIAMH MaTCTATUCTUKH.
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Pe3sysibTaThbl KCNEPUMEHTOB H MX 06cy)aeHne. AHAIM3 3KCIEPUMEHTANBHBIX JAHHBIX MO3BONII BBI-
ABUTb LIEMBIH PAA 0CODEHHOCTEHR M 3aKOHOMEPHOCTEH, CBA3aHHBIX € BIUSHHEM alalTalyy K X004y W U3OIpOTH-
;0pajpeHaNvHa Ha napameTps! QYHKUHOHHPOBAHHA LENOCTHOH CHCTEMBI TEPMOpEryJIaluy (B YaCTHOCTH, Ha 3Ha-
“EHHME 'YyCTaHOBOHHO# TOUKH B JaHHOM cucteme). 1o JaHHBIM TabnHIBl BUIHO, YTO MCXOAHAS TEMIIEpaTypa Tea,
H3MEpEHHAt Y KPbIC KOHTPOJIBHOU M IKCHIEPUMEHTaNbHOM rpymm, Gbina pasHoi. Tak, y Xphic, aAaNTHPOBAHHBIX K
XOJIOfTy, OHa CGCTaBIWIA 38.440.1°C, Torna kak y KpPBIC KOHTPOJLHOM IPyIILI COOTBETCTBEHHO 38.010. 1°C.

Tabnuua
K onpeaenenuio 3HaueHus “ycTaHOBOUHON TOYKK” B CHCTEME TEPMOPETYNANMH GeNbIX KPhIC

TIpH alanTalMH K X0JI04y H HH(t)y:ildPI H30MPOTINIHOpaApEHAIMHA

MNoxaszavens | Mexoanbiit Bpems OXJaMAeHHN, MHH
YpoBeHb
10] 201 3] 4] s0] e ] 7] 8] 90
AJATITAIIMA K XONOAY
Temnepatypa | 384£0,1 {38,5+0,1{38,4+0,2{38,0£0,1137,7+0,2|37,9+0,1|38,0+0,2|38,1+0,1|38,00.1|38,7+0,2
TeJla
Temneparypa | 30+0,1' |0,2+0,4 | 0,30,3 | 4,3+0,3 | 9,1£0,2 | 6,5+0,4 | 6,3+0,4 | 5,70,5 | 6,040.7 | 0,240.5
KaMm.
MoTpe6nenne | 2609 | 47+1,4 | 54+1,8 | 58+1,5 | 59+1,6 | 55¢1,8 | 57+1,9 | 53+1,8 | 59416 | 65419
0,
KOHTPOJb
Temnepatypa | 380,1 [36,9+0,2(36,20,1|36,8+0,2}36,10,2|36,1+0,2{36,2£0,2|36,3+0,1}36,440,1136,540,2
TeNA
Temnepatypa | 30+0,1 |15,3+0,8(20,440,6/16,4+0,5{21,240,8{21,9£0,4|22,2+0,9{21,8+0,7| 9.821.1 |10,620,9
KaM.
Motpebrenne | 21308 | 33+0,6 | 39+1,2 | 45+1.4 | 41+1,2 | 48%1,7 | 43£1,2 | 39+1,9 | 39:21.3 | 44,0
0,

Hpumenanue: wpndTom “:KUPHLIH NMOAHEPKHYTHIN KypcHB” 0003Ha4EHB! 3HAUEHHA NOKA3ATENEH, 3apErMCTPHPOBAHHAIX HA
¢$oHe undy3uM aapeHanuHa

OnpenenexHubie W3MEHEHHUs NPON3OLIIY U CO CTOPOHBI CKOPOCTH AOTpeOJIEHHs KHUCIOPOJa: y KPeiC KOH-
TPONLHO# IPYNNbl ero HCXOAHBIA YpoBeHb cocTaBiisin 21+0.8 MiI/kr/MuH, a y HBOTHBIX, aallTUPOBAHHBIX K
xonomy, 26+0.9 Mi/kr/MuH, WM Ha 511,3 MI/Kr/MUH GoNbIIe. .

INocne n3MepeHus HCXOXHBIX MOKa3aTesell BIUIIOYAIach CHCTEMA OXJIAXACHMS KaMephl M €€ TeMIiepaTypa
B TeYeHHE HECKONMbKHX MUHYT omyckaiach g0 0°C. Pe3koe cHKeHHE TeMnepaTyphl cpenbl (KaMepel), eCTeCT-
BCHHO, BbI3bIBAIO M MAaJCHHE PEKTAILHOH TEMIIEPATYpPhl, YTO ABTOMATHYECKH, B 3aBHCUMOCTH OT CTENEHH 3TOTO
najeHus, MPHBOMIO K HEMEIUICHHOMY DOCTY TeMiepatypbl kamepel. B pesynsTate B CHCTEME “OpraHd3M-
Cpela-aBTOMAT” yepes ONpelesIeHHOe YHCIIO PETYNATOPHBIX UMKIOB YCTAHABINBAIOCH COCTOSHHE IHHAMMYECKO-
'O PaBHOBECHA.

Ha6mionas auHaMHKy peKTajbHOW TEMIepaTyphl Y KpbIC pa3HBIX Ipynl, MOXHO YBHAETb, YTO Y XKHBOT-
HBIX, aJlaNTHPOBAHHBIX K XOJIOIy, Temueparypa tena 40-i MHH OXNaxIeHHs naxana Jo 37,740,1°C, a 3atem
HECKOJIbKO NOXHMMATach M HauWHaa KONeOaThCAd OKOJO ONpPENENECHHOrO 3HAYEHMS, COCTABIAS B CpelHEM
38.0+0.1°C. Henocpencteenso nepen nudysuedl usonponunHopagpesanuna (T.e. K 70-i MHH OMbITa) OHa CO-
crasnana 38.1+0.1 C npu cxopocTH noTpedneHus KHCIopoJa Ha yposHe 53+1.8 Mi/kr/mun.

AHaNorn4HeiM 06pa3oM MOXHO NPOaHANM3UPOBATE NWHAMMKY PEKTANBHON TeMIIEPaTypPhl ¥ KPhiC KOH-
TPOABHOH Tpymibl. [To AaHHBIM TaGNKMLB! BUHO, YTO NPH BKIIOYEHHH CHCTEMBI OXIXICHUA KaMEph! TeMriepa-
Typa Tella Y KOHTPOJIbHBIX KpBIC TAKXKE HauMHana ObICTPO majaTh: OT Mcxomuoro yposHs 38.0+0. 1°C mo
36.240.1°C Ha 20-# MuH M MUHEManBHOTO 3Hauenna 36.140.2°C Ha 40-# Mun. B cpeaneM e 3HaueHUe pek-
TAJILHON TEMIEpaTyphbl Y KPbIC JaHHO IPYMIibl YCTAHOBHIOCH B MEPHOX CTabUNM3aiuK Ha YPOBHE 36.240.1°C, a
HENOCPEACTBEHHO Mepel MH(y3Mei H30NPONWIHOPAAPEHANHHA BO3JIE YPOBHS 36.3+0.1°C npu cxopocTu mo-
Tpebnenus kucaopoaa 391.9 mi/kr/mMuH.

IMocne ycranoBieHus MHAMUAYECKOrO PaBHOBECHA CO CTOPOHbI TEMIEPATYPhI TENA )KUBOTHBIM [IPOBO/IH-
Ju uHYy3HIo H3onponuwiHopaaperamana (¢ 70-# mun). Ilo aanHpiM TabaHLB!I BUAHO, YTO BBEJCHHE KaTeX0JaMu-~
Ha NPYBOIWIA K HEPABHO3HAYHBIM M3MEHEHHMAM CO CTOPOHbI PETHCTPHPYeMbIX Nokasatelel. Tak, y Kpsic, anan-
THPOBAHHBIX K XOJIOAY, PEKTaNbHasA TEMIIEPATypa yCTAHOBWIACH HA HOBOM YPOBHE, paBHOM 38.710, 2°C npu 60~
nee BBICOKOM mOTpeGnenue kucnopoaa (65+1.9 M/kr/mMuH). Y KMBOTHBIX KOHTPOJBHOH PYTNBI 3HAYSHHE
BHOBb yCTAaHOBMBIIEHCS PEKTaIbHOM TeMIepaTypsl coctasuio 36.5+0.2°C npu ckopocTu noTpeGieHns Kucio-
pona 44x1.0 mn/xr/Mun.. Kak BUIHO, M30TIPONWIHOPAAPEHATHH CMEILAJ BBEPX 3HAYCHHE "yCTAHOBOYHOH TOUKH"
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B CHCTEME TEPMOPETYJIALIUH Y XHUBOTHBIX 0OEUX IPYMN, OMHAKO Y KPBIC, aIaNITHPOBAHHEIX K XOAOLY TAKOH CIBUT
YPOBHA 3TANOHA TEMINEPATYPHI B LIEHTPE TEPMOPETYJIAUHH ObI1 CYLIECTBEHHO GOJBIINM.

Tony4eHHble B HACTOSIIMX SKCTIEPUMEHTAX JaHHbIE NO3BOJBIOT MPEIIIONaraTh, 9T0 NPU afalTaliHH K X010~
AY TMIPOHCXOMT IIEPEHACTPO}iKA 3HAUCHUA ITANIOHA B LUEHTPE TEPMOPETY.IAIMH, U B 3TOM NPOUECCE, HO-BUANMOMY,
NPHHUMAIOT YYacTHe KatexonaMuHbl [3,5]. Takoi BeIBOA COFNACYeTCA C HaOMIOAaEMOM PALIOM aBTODOB AKTHBALKW
CHMIIATOA/IPEHATIOBOM CHCTEMbI IPH JJIMTENBHOM BO3JAeHCTBUH Xxonona. KpoMe Toro, B 51polecce aganTaiyy K Xo-
Jomy HabmoJaeTcs NepecTpoiika B anpeHePTH4eCKON NMPUPOIe MHOTHX TEPMOPETYISTOPHBIX MEXAHH3MOB, B TOM
YyCIie KaIOpHreHe3a, B CTOPOHY BO3pacTaHMs poiu P-alpeHepraueckrx CTpyktyp [3,5]. Ucnonb3oBansmiii Hamu
H30NPONWIHOpAAPEHAIHH OTHOCHTCS K KaTeXOJIaMHHAM C BRIPAKCHHBIM B-aJpeHepridecKnM THNOM Acfictaus [3].
CrenosatensHO, MOXHO AOTYCTHTH, YTO B HACTPOHKE LIEHTPA TEPMOPErY/IALMA B OpraHu3Me MpH aganTauyd K Xo-
TIORY TPHHMMAIOT YIACTHE KaTEXONAMUHDI 3-aAPEHEPrUIecKOM IPUPOILL.

BeiBOABL.

1. B nponecce apanTauuu K XOJNOAY HabmomaeTcs nepecTpoika UEHTPa TEPMOPETYJISIHK, KOTOpast Bbi-
paXkaeTcs B CMELIEHNH BBEPX 3HaueHMd "yCTAHOBOYHOM TOYKH"; HOBbIH YPOBEHD 3TaNOHA TEMITEPATYPH! AKTHBHO
peryaMpyeTcsa CHCTEMOH TEPMOPEryIsUMH ¢ TIOMOLIBIO BCEX UMEIOIMXCA B €€ PACHOPIKEHHH MEXaHH3SMOB, YTO
BBIP@XAETCA B aKTHBALHHA YPOBHS XOJIOZOBOTO KANIOPUTeHe3a.

2. KarexonaMuH [B-apeHEprHYeckoro THNa AEHCTBHS M3OMPONIHOPAAPEHAINH obnanaeT crnocobHo-
CTbIO NPH BHYTPUBEHHON NH(Y3uH CMEIIaTh JOTIONHHTENBHO BBEPX 3HAYEHHE "yCTAHOBOYHOM TOUKM" B CHCTEME
TEPMOPETYIALMM; NOJ00HOE NeHCTBHE KaTeXONAMUHA MPOABNAETCA B GOMbLIeH CTENEHH Y KMBOTHBIX, alanTH-
POBaHHBIX K XOJIOAY.

PE3IOME

Y nipouieci axanTatlii 10 xon01y criocrepiracTbes nepeGynoBa LEHTPA TEPMOPETYLALii, IO BUPAKAECTLCA B 3CYBi Ha-
rOpY 3HaYEHHA "BCTAHOBNCHOI TOYKH"; HOBUH PiBEHb €TANIOHA TEMIIEPATYPH AKTUBHO PErYMOETHCH CHCTEMOIO TEPMOpEryisi-
1tii 32 JOTIOMOr0I0 BCiX HAfABHMX Y 1T PO3NOPAIKEHHI MEXaHi3MiB, LIO BUPKAECTHCA B aKTUBALT PiBHS X0I040BOTO KanopH-
renesy. Karexonamin (B- anpeHeprivHoro THMy il i30nponinHOpaIpeHaNiH Ma€e 3NATHICTh NPH BHYTPILIHLOBEHHOT iHY3ii
3MilaTH JOAATKOBO HArOpy 3HAYEHHs "BCTAHOBJNIEHO! TOMKM" Y CHCTEM] Tepmoperynsuii; noaiGua Ais katexonaminy BUABIS-
€ThCs B GUIBLIOMY CTYIEHI Y TBapHH, alanTOBAaHUX A0 XOJI0MY.

SUMMARY

During acclimatization to a cold the reorganization of center of a thermoregulation is observed which is expressed in
shift upwards meanings "set point"; the new level of the standard of temperature is actively adjusted by system of a thermo-
regulation with the help of all mechanisms, available at her order, that is expressed in activation a level of cold calorigenes.
The catecholamin of a B-adrenergic type of action isopropilnoradrenaline has ability at an intravenous infusion to displace in
addition upwards meaning "set point" in system of a thermoregulation; the similar action of a catecholamin is shown in the
greater degree at animals adapted to a cold.
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YK 616.441-008.61:615.217.22

COCTOSHMUE a,-AJPEHEPTYMECKOM PEAKIIUY CEMSIBBIHOCSILLET'O NPOTOKA BEJIBIX
KPbiC ITPH BBIPAYXKEHHOM TUPEOTOKCUKO3E

0. A [lesamxosa

Cpenn MHOTOYHCIECHHBIX TPolineM HefporyMopainbHOH perynsuuu busronornyeckux GpyHKUMN BaxHOE
MECTO OTBOIHMTCA MpobieMe B3anMOACHCTBUA THPEOHAHBIX TOPMOHOB M KaTexojlamuuoB [3,9]. B Hacrosiee
BpEMS XOpOLiO UCCIIEAOBAH XapaKTEDP BIMAHHA TMIIEPTHPEO3a HA COCTOSHUE KAJIOPHTEHHON PEaKIMM Karexolia-
MUHOB, UX cybcTparmobunmsupylomux cBoiicts [3,6,10,12]. M3BecTHo, 4TOo mpH rumneprupeose Habmomaercs
pan cnenupuyeckux MopdodyHKUHOHANBHBIX HapyMWeHHH peakiui CepaeyHO-COCY AMCTOM CHCTEMbI Ha HAO0-
reHHbIE KaTexoJamMMHbl H MpenapaThl agpeHepruyeckoro tumna aeiicrems [1,2,5,8]. Onuako octaercs Hegocra-
TOYHO HCCIEJOBAHHBIM BONPOC O COCTOSHHH AJPEHEPTUYECKHX PEaKiui, OCYMIECTBISEMBIX MOCPEACTBOM ;-
aJIpEHOPELIETITOPOB, NPH PasIHYHOM THPEOUIHOM ctaryce. JlaHHBIH THII aApeHOPELENTOPOB KOHTPONHPYET, B
4aCTHOCTH, PeaKLMIO Ba30KOHCTpUKIwmM [1,4,12].

Llensto paboTh! ABUIOCH MCCIENOBAHHE BIUSAHMA IKCNEPHMEHTAIBHOIO THPEOTOKCHKO3a Ha sl napameT-
POB Cf;-aAPEHEPTUUYECKOH PEAKIINU CEMABBIHOCAILETO NIPOTOKA BeNoit KphiChl.

O6bexT M MeTOABl HceseaoBaHust. OnbiTl OBUTH NpOBEIEHbl HAa TPEX IPYNIaX MONOBO3PENBIX Oesbix
KpbIC. Y XKMBOTHBIX NIEPBOii rpymmsl (n1=14) BI3BIBAJICA SKCTIEPUMEHTAILHBIH MUTNIEPTHPEO3 [yTEM OXHOKPATHOTO
MOIKOXHOrO BBEICHUS TpUHOATHpOHMHA B 03€ 30 MKr/Kr execyTouHO (10-12 unbexkumit). ¥V Kpbic BTOpOIi rpy-
nnbl (n=14) BbI3BIBAJICS BBIPAXKEHHBIM TUPEOTOKCHKO3 (20-25 MOAKOXKHBIX MHBEKUMH TPUHOATUPOHHHA B H03€
100 mxr/kr). TpeTbsi rpynna )XUBOTHbIX (n=14) 6bina KOHTPOJIBHOI.

[Tocne oxoHYaHMs MOATOTOBUTENILHOTO NEPHOJA PEKTATIbHAA TEMIEPaTypa y JKMBOTHbIX 1-3-i rpynn co-
cTaBisna cooTeTcTeHHO 39.0+0.1 C°, 41.120.1C° u 38.1+0.1C°, uTo CBHIETENLCTBOBANO O PA3BUTHH Pa3HOM
CTeNEHH BLIPAXKEHHOCTH IKCHEPUMEHTANBHOIO rMIepTHpeo3a. B nepBoM cityvae opMupoBancs Jierkuit rumep-
THPEO3, 2 BO BTOPOM — TsxeNas Gopma THPEOTOKCHK03a. OB ITOM CBUIETENLCTBYET Kak CTENEHb MPHPOCTA peK-
TalbHON TEMIIEPaTypbl N0 CPABHEHHIO C KOHTPONIEM, TaK Y BEJIMMMHA NOTpeOIeH s KMCIopoaa (ra3oaHain3aTop
"Radiometer"). YV kpsic 1, 2 1 3-if rpynm ckopocTh NOMIOIEHUA KUCA0poa Oblia COOTBETCTBEHHO paBHa 26+0.4,
36+0.6 n 2110,3 mu/kr/mMuH. KpoMe 0OBEKTHBHBIX NOKa3aTenel, yka3bIBalOUMX Ha (OpPMHPOBAHHE JIETKOH H
TAKEN0H GOpM IKCNEPUMEHTANBHOTO FHAEPTHPE03a, Y KPBIC 2-i, THPEOTOKCHKO3HOM, FPYIIILI BU3yabHO OTME-
4a0Ch BbINAJEHHUE LIEPCTH, BANOCTH, Upe3MEPHOE MCXylaHHe. Bee 3TH npu3Haky CBHAETEILCTBOBAJIH O HACTYTI-
JIEHHH BbIPOXXEHHOTO THPEOTOKCHKO3a.

B xauecTBe 00beKTa H3YUEHUS COCTOSHIS O-apeHepPrUueckoli peakuun rnaakomsiueyHsix kietok ('MK)
Ob1n1 BbIOpaH cemsaBbiHOCAIMI NpoTok (CBII), mMpoko UCHOML3yeMbli B Takoro poxa uccnenosaHuax [1]. Xon
omnbiTa 6511 cnexyromuM. XKUBOTHOE 3a6MBANIOCK, MOCe Yero ceMsaBbiHOCALIMi npotok (CBIT) oTnpenaposbiBaics
M TIOMeLAICs B CTakaH 1 W30JMPOBAHHBIX OPraHOB, 3allOJHEHHbIN (H3HOJOIHUECKHM pacTBOpoM Pumrepa-
Jlokka npu Temnepatype 39.0+0.1C° u aspupyemsiit Bo3myxoM. Uepes 30 MuH MHKYGAlMH B CTakaH nociea0Ba-
TENbHO KOOABIANCA THOPOTAPTPAT HOpaApeHaiHa (0 -arOHMCT WA FiagkoMpleyssix wietok CBII) B KOHEYHOH
koHueHTpauuu 0,25, 0.5, 1.0, 2.0, 4.0, 8.0, 16.0 v 32.0 MKr/mMn pacTBOpa, 4TO BHI3BIBAIO COKpalleHue creHku CBIL
Tocne oxonuanua npouecca cokpawerus CBIT ¢pusnonoraueckuii pacTBop B CTaKaHe TP b MEHSJICS M uepes 15
MUHH HOpaJpeHaIMH A06ABISANICS BHOBb, HO YiKke B Gorbieif koHIeHTpauuy. O Cuiie peakLuy CyAWIM N0 aMILTATY 1€
cokpatenns CBIT ¢ noMoupo HHAYKTUBHOTO NPeobpazoBaTeis U [1(POBLIX HHIHKATOPOB.

[NomyuyeHHsle aaHHble 06pabaThiBaikCh OOMIENPHHATHIMA METOAMH BapHALIHOHHOM CTATHCTHKA.

PaGora BbironHeHa Ha Kaeape GpU3HONnOruH YesoBeKa v XMBOTHBIX JIOHELKOro HALIMOHALHOTO YHUBEPCHTETA.

Pe3ynbTaThl 3KCHEPHMEHTOB M HMX 00cyxkaenue. Pe3ynpraTsl MCCIEeNOBaHMI TO3BOJAIOT NPOBECTH
AHAIM3 COCTOSAHMSA BHIPKEHHOCTH O-aJpeHeprudeckoit peakuun CBI1 Gensix KpbiC NP PA3TMYHOM THPEOHI-
HOM CTaTyce opranusMa. M3 maHHbIX TaBaHLBI CIEYET, YTO Y KOHTPOJBHOH IPYINIibl JKUBOTHBIX PEAKLMA CO-
kpauwenus CBII Gbuia YeTko BbIpaXkeHa MPH BBEJEHMH B CTAKAH [UTs H30MPOBAHHBIX OPraHOB MUHMMAIbHOM U3
HUCTIONB30BaHHbIX 103 HopaapeHanvua (0,25 Mkr/mi pactsopa). [ToBbllIEHHE KOHIISHTPALMM KaTeXONaMHHa CO-
NPOBOXAANOCH HapacTaHWEeM aMmIuINTyIpl yxopoueHus CBII. Taxas 3akOHOMEPHOCTH NPOSBIAIACH BIUIOTH IO
O3kl FOPMOHA 8,0 Mkr/mn pacTBopa (T2011.), nocne 4ero aMIuMTy ia coxkpamgrns CBII nanana.

Yy xcusommx C OKCTIEPHMEHTANLHBIM THNEPTHPE030M BenuuHa peakunn cokpauerus CBIT npu no3e
HOpaJpeHanuHa 0 ,25 MKr/mn pacTBopa Gbiia Takol Xe, KaK M y KOHTPOJBHbIX KpPbIC (COOTBETCTBEHHO 1,110,2
MM/cM nipu runeptupeose U 0,8+0,2 MM/cMm y xonTposs, P>0.05).

V KHBOTHBIX C IKCNIEPHMEHTAIbHBIM THPEOTOKCHKO30M HaOMIOJATUCh CYIUECTBEHHbIE OTKJIOHEHH CO
CTOPOHHI Mopora peakuuu. Tak, npu no3ax HopagpenanuHa 0.25 u 0,5 mxr/ma peakuus CBIT He npossisnacs,
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TaK XaK He ObL1 nocturHyt ee nopor. [Iepoe crarucrudecku 3Hauumoe cokpamenue 'MK cemsBbIHOCAIIETO
npoToKa Habmoanock mpH Ko3e HopagpeHanvHa 1.0 mxr/ma (0.620.2 mm). Kak BuaHo, nopor peakiuu CBIT Ha
HOpaJipeHANHH (N0 103€¢ rOpPMOHA) Y KPBIC C BLIDAXKEHHBIM THPEOTOKCHKO30M OBbLI B 4 pa3a Bbllie, YeM Y KOH-
TPOJBHBIX KHUBOTHBIX.

[IpencraBndeT MHTEpPEC aHANM3 3HAYCHHH BEIMYMHBM MaKCUMalbHOH peakuun coxpamenus CBIL. M3
JaHHBIX TaGNMIBl BHAHO, YTO Y KPbIC KOHTPOJbHOM rpynnsl (3-1 rpynna) MAKCUMAJbHAs Peakilis pa3BuBanach
npu o3¢ HopanpeHanuna 8,0 MKr/mi npu ammuryae coxkpamenus CBIT 5,1+0,2 Mm/cm miusbl potoka. [Tpu
IKCHEPUMEHTATIBHOM TrunepTupeose (1-4 rpynna) MakcuManbHbli 3¢ dexT Habmopancs TaKxe NpyU 103 ropMOHa
8,0 Mxr/mn, Ho coctasnan 6,31£0,3 Mm/cM, T.e. 6611 3aMeTHO (+25%, P<0.05) Bbile ypOBHS KOHTPOIS.

V XHMBOTHBIX C THPEOTOKCHKO30M (2-# rpynna) peaxiius CBII Ha HopanpeHanuH Ob1a KaUECTBEHHO OPY-
ro#i. Tak, MaxcHMaJTbHasg aMIIMTY A2 cokpameHust CBIT otMeyanacs npu nose #opagpeHanuHa 16,0 MKr/mi, T.e.
no3e B 2 pasa Oonplueil, 4eM y KOHTPONBHOI U runepTHpeoaHoi rpynn. Kpome toro, Habsironanoch CyLIeCTBEH-
HOE CHIDKEHHE aMILIATYAbl COKPAIUCHUA NMPOoToka. Tak, 110 JaHHBIM Tabnuup! BUAHO, YTO y KPbIC C IKCHEPUMEH-
TabHBIM THpeoTokcuko3oM CBII cokparuncs MaxcuMyM Ha 3.110.3 MM, Torza xak y KOHTPOJIBHBIX KMBOTHBIX
aMIuHTyna cokpauenus CBIT coctapuna 5.1+0.2 Mm. Clen10BaTeIbHO, MaKCHMAITbHAA aMILTHTY1a COKpAIeHUA
CBIl y KpbiC TUPEOTOKCUKO3HOM IPyNIbl COCTABILIA 61% OT KOHTPOJIBHBIX 3HAUEHHUH.

TaxuM 06pasoM, THPEOHAHBI CTaTyC OKa3bIBAET BRIPAXKEHHOE BIMAHHE HAa PAA NapaMeTPOB COkpa-
meHua 'MK ceMsBBIHOCSIIETO MPOTOKa GENBIX KPbIC B OTBET HAa afPEHEPrUYECKYI0 CTUMYJIALHIO HOpaApeHaIn-
HOM, B YaCTHOCTH HOPOT PEakLH, H €€ "103a 3aBHCUMYIO" XapaKTEPHUCTHKY.

AHam3 3aBHCUMOCTEH MeXIy 1030# HOpaJpeHaMHa U BbI3bIBaEMOH peakuueit coxpamenus CBII moka-
3bIBAET, YTO MPH IKCIIEPHUMEHTAILHOM THIIEpTHpeo3e KpuBas "no3a-3¢¢ext" CABUHYTA BIIEBO B CTOPOHY MEHb-
ITHX KOHLUEHTpauuii rOPMOHA, NPUYEM NapaieNb-HO KPHBOH KOHTPOJIBHOM rpyrmsl. TakuMm o6pa3oM, xapakrep
BIIMAHMA IKCTICPHMEHTAIBHOIO THIIEPTHPEO3a Ha OL,-afAPCHEPTIYECKHii mpolecc GBI CeMyIOLMM: NOPOT peak-
IIMH HE OT/IMYAJICA OT YPOBHA KOHTpOJS, MakcCHManbHasa peakiusa CBIT Ha Hopaapenanus 6b1a BhilUe, HO 1033,
BBI3BIBAIOIAA MaKCHMAJIbHO BO3MOXHBIN 3ddekT, He usmeHsnack. Takoil THN "f03a 3aBHCHMMOMN" peakuuu Mo-
KET CBHIETENLCTBOBATh 00 YBETHUCHHH YHCNa oL j-alpeHOpelienTopoB B uuromeMbpane 'MK u (win) Bo3pacra-
HHY BEJIMYHMHBI JIEMEHTAPHOTO NOCTaApeHOpeLenTopHOro oTBeTa [4,7,8,12].

Tabnuua
BruaHne HOpaZpeHaNMH2 HA AMIUTATY Y COKPAILCHMS CEMABBIHOCAILIETO POTOKA GENbIX KPBIC (MM)
NpH Pa3IH4yHOM THPEOHIHOM CTaTyce
I'pynna Jlo3a HopaapeHasHHA, MKI/MJ pacTBopa

AKHBOTHBIX 0,25 0,5 1,0 2,0 4,0 8,0 16,0 32,0

I'uneprupeos 1,1 2,6 3,5 3,9 5,4 6,3 4,9 4,5
(n=14) +0,2 +0,1* +0,2* +0,2* 0,3 +0,3* +0,5 0,4

THPEOTOKCHKO03 0,1 0,2 0,6 1,9 22 3,0 3,1 3,0
(n=14) .. +0,3* +0,2* +0,2* +0,2* 10,3* +0,3* +0,3* +0,4*

Konrposn 0,8 1,1 2,1 2,9 4.8 5,1 4,7 44
(n=14) +0,2 +0,1 +0,1 10,1 +0,2 +0,2 +0,2 +0,3

ITpumeuanue: * — pasnuuus CTaTUCTYECKH JocTOBEPHS (P<0.05) MO OTHOWIEHUIO K COOTBETCTBYIOIMM [10KA3ATENSAM KOH-
TpPONA

KauecTreHHO MHas 3aKOHOMEPHOCTh MMENA MECTO Y XXHBOTHBIX C SKCIIEPHMEHTANbLHBIM THPEOTOKCHKO-
30M. O0 9TOM CBUAETENBLCTBYET XapaKTep PacrookeHUs KpUBoi "H03a-3ddexT", B YaCTHOCTH, KPUBAA COBHHY-
Ta [I0 OTHOLICHMIO K KOHTPOJIIO BHPABO M XapaKTepH3yeTcs NOBBIIEHHEM nopora peakuuu (B 4 pasa), yseiuye-
HHEM 3HAYEHHsl [103b1, BBI3LIBAIOLIECH MaKCUMAaNbHYIO aMILIMTY Ly cokpamieHus CBII (B mea pasa), U CHIKEHMEM
(na 60%) MaxcUMaIbHOR aMIUIMTYAbl COKpaIleHus NpoToka. Takolf THN pacronoxenus 03a 3aBHCAMOM peak-
MY CBUAETENLCTBYET 00 yMEHBUICHHH YHCHA of)-aApeHopenentopos B I'MK CeMSBBLIHOCAMIETO TPOTOKA H MX
CPOJCTBA K O-aJIpEHOAroHUCTy HopalpeHanuny [4,7,11]. Yro ke xacaeTcs MexaHW3Ma, JIEXAlero B OCHOBE
ARHHOTO SBJICHUA, TO OH NPUHLMITHATEHO MOXKET ObITh PEanu30BaH Ha YPOBHE, HAYHHAA OT NMPOLECCa KOMIUIEK-
cauuy ropMona ¢ peuentopoM muroMem6panbi 'MK, 0 KOHEUHOro 3BeHa B NOCTaJpPEHOPEUENTOPHOM HEHCT-
BHH HOpafipeHaJIMHa B KIeTKe[4,12].

BriBoabi

1. DKCHIepUMEHTANILHBIA MHIEPTHPEO03 HCTIONB30BaHHON MonenH (10-12 n/k HHbeKLMI TPHHOATHPOHHKHA B
103¢ 30 MKI/KT) CONPOBOXIACTCA MOBHILICHHEM MaKCUMAIILHO BO3MOXHOM CHIsl cokpamenus I'MK ceMsBbIHO-

CAIIETO MPOTOKa GeNbIX KPhIC Ha HOpaxpeHaTHH (+25%) Mpu HEU3IMEHHOM MOPOTE PeakiuM U J03€, BLI3bIBACMOi
naHHbIA 3¢ PeKT. ' '
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2. DKCepUMEHTAIbHBIH THPEOTOKCUKO3 Hallielt Monenu (20-25 uabexkuuit TpuiioaTMpoHyHa B fo3e 100
MKT/KT' [/K), CONPOBOXKAAIOIIMIICS NOBBILICHUEM PEKTAJIbHOH TeMIeparypsl A0 41.140.1C"%, xapakrepnsyercs
HOBBIILIEHHEM TIOpPOra peakuyu (B 4 pa3a), yBeNHYSHHEM 3HAYCHUA AO3bI HOPAAPECHANIHHA, BHI3BLIBAIOLIEH MakcH-
ManbHYI0 aMIuTy Ay cokpatuenus CBII (B gBa pa3a), u cHmkeHueM (Ha 60%) MaxcUManbHON aMIUIMTY bl €70
COKpAILCHHA.

PE3IOME

EKkcriepuMenTanbHui rinepTupeos Bukopucranoi Mozgeni (10-12 n/m in'exuili TpuitonTHponiny B 1031 30 MKI/kT) Cy-
NPOBOJIKYETHCA HIABUIICHHSM MAKCHUMANBHO MOXIMBOI cuny ckopotenHs MK ciM'ssunomyoqol npotoku Giiix mypis Ha
HopaapeHanin (+25%) npu He3MiHHOMY [OpPO3i peakuil i Ro3i, 1O BUKNUKac naHuit edekT. ExcrnepuMeHTanbHuH THPEOTO-
KCHKO3 Hauiol mozeni (20-25 in'exuiit TpritoaTrpoHiHy B 103i 100 MKI/Kr /1), 110 CYIIPOBOMKY€EThCA MIABUILCHHAM PEKTa-
nbHOT Temmepatypy 20 41.1+0.1C", xapakTepu3yeThcs NMiABAICHHAM NOpora peakuii (y 4 pasu), 36inbmeHHAM 3HaUEHHS
21034 HOPaJpCHANiHY, WO BUKJIMKAE MaKCUMaNbHy amnuityny ckopoyenns CBIT (y asa pa3n), i 3HWwkeHHAM (Ha 60%) Mak-
CHMaJbHOI aMIUHTY I HOro CKOPOYEHHS.

SUMMARY

The experimental hyperthyroidism of the used model (10-12 s/c of injections triiodthyronine in a dose of 30
mkg/kg) is accompanied by rising of the greatest possible force of reduction SMC of a “ductus ejaculatorius” white rats on
noradrenaline (+25 %) at a constant threshold of reaction and dose caused given effect.

The experimental thyrotoxicosis of our model (20-25 injections triiodthyronine in a dose of 100 mkg/kg, s/c), accom-
panying by rising of rectal temperature up to 41 .120.1°C, is characterized by rising of a threshold of reaction (in 4 times),
augmentation of meaning of a dose of noradrenaline causing the maximal amplitude reduction of a “ductus ejacuiatorius”
(twice), and decrease (on 60 %) maximal amplitude of his reduction.
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VK 631.811.98+544.2:635.63+64
HUCITIOJIb30OBAHUE 'YMATA AMMOHMNS HA OBOHIHbLIX KYJIbTYPAX
U.A Pricmop, A.JI. Aumonoea, 10.H.3yb6rosa

MHoroieTHiE MCCICAOBAHKS, NPOBEACHHBIE B HAYYHBIX NPopuibHbIX yupexaenuax CHI u sa pybexom,
T0ATBEPXKNAIOT BBICOKYIO IPQEeKTHBHOCTS AEHCTBUN HH3NONOTMYECKA-AKTUBHBIX BELIECTB TYMHHOBON NPHPOLILE
Ha pACTHTENBHBIX KyNbTypax WIMPOKOrO BHJOBOTO COCTana {1, 2]. PoctcTUMyIMpylOli¥E M afanToreHHbe
cBOHCTBA TYMATCOAEPKAIMX NPENapaToB B 3HAYMTENILHOM CTETICHM NPOABIAIOTCA M HA OBOLIHBIX KYyJBTYpax
3anpIleHHOTO TpyHTa [3-7].

Corpynuuxkamu HHO «HeronnuBHOE HMCMONL30BaHME YIieH H YTWIM3AUHA OTXONOB 3HEPrEeTHYECCKOH
NPOMBIILUIEHHOCTH»  COBMECTHO € VKpavHCKHM Hay4YHO-HCCJIE[OBATENBCKMM MHCTHTYTOM OBOILEBOZCTBA M
GaxyEBOLCTEA B TeYEHWE TpeX JieT ObUIM NpOBEeHBI NPOM3BOACTBEHHbIE HCIBITAHMS TyMara aMMOHHMS B
kaueCTBE GU3OIOTMYECKH aKTHBHOTO BEWIECTBA. Ha OCHOBaHHMH 3THX HCMBITAHWH OLEHEHO BNMAHME NpenapaTa
Ha yPOXaHiHOCTb ¥ Ka4eCTBO NPOAYKIHMM OBOLIHBIX KyIbTYp 3alIMIICHHOrO IPyHTa OrypUa H ToMara. HMsyuena
3(pEKTUBHOCTH TyMaTa aMMOHHS B 3aBHCHMOCTH OT criocoba NPUMEHEHUS M KOHLEHTPALMH MCIOAb3yEeMBIX
pacTBOPOB, COPTOBasi peakuus OBOWHBIX KyIbTyp Ha 0o6paboTKy TrymMaTroM, BIHSHHE CPOKOB XpaHEHUA
nperapaTa Ha ero OMONOrHHecKylo AKTHBHOCT. KICTONb30BaHb! pasniiHble cnoco6bl 1 koMOuHaunK 06paboTky
ryMATOM aMMOHHS CEMEHHOTO W DaCcTHTE]IBHOrO MaTepuana: 3aMauMBaHWE CEMsiH B TeYeHHe 24 49acoB,
BHEKOpHeEBas 00paboTka M MOAHB pacCalbl H pacTeHMil B TeyeHue BereTauuy. IIpuMeHsanu crenyroomue
xony€HTpalK rymara ammonns: 10, 10, 10%%. B xayecTse KOHTPONBHOIO PacTBOpa HCHONB3OBAIA BOMY,
pacTBOPOM CPaBHEHHUS CITYXHII 10 %-Hbiit pacTBOp rymata Hatpus. [10CTaHOBKY BCEX OTILITOB OCYIECTBISAH
corjfacHO MeTOIHMYECKHM pekoMeHIaumsM «IIpoBesenue ONBITOB C OBOIIHLIMH KYJAbTypaMH B 3alIMIUEHHOM
rpypTe». B paboTe mpeacTaBieHb! AAHHBIC NMPOM3BOACTBEHHBIX HCHBITAHMH, mposeneHHbie B 1991-1993 rr.
Pesy/IbTaThi, TONYYCHHBIE B INOCHENYIOUHE TOXLI, TOATBEPKAAIOT  BbIABICHHbIC — 32KOHOMEPHOCTH
pocfCTHMYIMPYIOIIETrO ¥ A1aNTOrCHHOTO BINAHHA ryMaTa aMMOHHA.

Ha ocHOBaHUH PE3yNbTATOB, NOTYYCHHBIX Ha KYJbTYPE OI'YpLa, YCTaHOBICHO, YTO (IPHMEHEHHE TyMarta
aMMOHHS CNOCOOGCTBYET YCKOPEHHIO POCTA M Pa3BUTHA PACTEHMil, yBENMUCHHIO KOMHMYECTBA BErETATHBHBLIX U
ren¢PATHBHBIX OPraHOB, NOBLINICHHIO IPOAYKTMBHOCTH pacTeHuit (Tabu. 1, 2).

Y4uThiBas, YTO OT COPTOBON peakliH B 3HAYUTENHHOH CTETICHN 3aBHCHT 3(§PEKTHBHOCTL NPHMEHIEMBIX
arpoTIpHeMOB, B OMbiTe GhTH 3a1HCTBOBAHBI Pa3IMYHbIEC MO MopGoOrHH M HPOXYKTHBHOCTH THOPHABI
oryploB Crenna, HHUHOX-412, I'puCoyanxa-pnuHHOMIOAHBEe, 3MueBckoil, TCXA KOpOTKOILIOAHBbIE,
Moc¢koBckuit TerutnaHbii, llle6Genunckuii, 303yms.

Heo6xoauMo OTMETHTB, UTO CYIIECTBYIOT 3HAUHTENbHBIE Pa3iMyusi B COPTOBOH peaxliM KyAbTyp Ha
rymaT aMMOHHSA (1abn. 3).Haubonee Harmagro 3To mpoABWIOCh Ha rubpumax orypua Cremna u TCXA-3707.
Ha@ ioAeH e 3a TMHAMMKOH POCTOBBIX MIPOLIECCOB B NEPBhIN NEPHOJ BET€TallMK NOKa3alo, YTO FyMaT aMMOHHA
npy BCEX HMCCIEAYEMBIX Cnocobax NPUMEHEHHA u KOHUCHTPALMAX B GonbuleH cTemeHu crocobeTsoBan
yCKOPEHMIO TEMIIOB POCTA M pa3BUTHA pacTenuit orypua rubpuaa Creiia. DTO BHIPa3HIOCH B 3HAYHTENLHOM
yBe/IMUEHHK BHICOTHI PaCTEHHH, KONMIECTBA JIHCTHEB, IACHIHKOB, ILIOMANH ACCHMHIAUMOHHOH MOBEPXHOCTH,
«osM9ECTBa PEMPOAYKTHBHEIX OpPraHOB: UBETKOB M 3apsa3eil. [To xonudecTBy 3aps3el pactenus, oGpaboTanHble
ryMaTOM aMMOHMS, NIPEBOCXOIWIH KOHTPONIb Ha 46-100% (B pa3HOM CTemEeHW B pa3Hble TOAbI), MO IUIOAIM
accAMWIALHOHHON MOBEPXHOCTH — Ha 16-32%. bonpmas Harpyska pacTeHMH IUIONOSJIEMEHTAMH B 3TOM
papHaHTe MPHBOJHIA K TOMY, 4TO B NEPHOLLI ¢ HEGIATONPUATHLIMU YC/IOBHAMH ONAJCHHE 3aBAICH B OTBITE
6110 Gonble, 4eM Ha KOHTposie. B nepBbIf Mecsaly noJOHONIEHNS HabM0AANOCh YBETUYEHHE PAHHETO YpoXKas
fo 10% B myuiem BapHaHTe C KOMILIEKCHOH 00paboTKoi CemsiH, paccaipl U PaCTCHUH B T€UEHUE BEreTaluH.
OafiaKko, B JATBHEHLIEM TeMIbl OTAAYH YPOXas B ONbITHBIX W KOHTPONLHBLIX BapHAaHTaX BHIPABHMBAINCH M K
xoply TUIONOHOLIEHMS pa3HMHA 70 ypoxaio Obina JocroBepHoH. TakuM o0pa3soM, CylIECTBEHHBIH
cryMyiupyroumi 3¢QeKT, okassiBaeMblii TYMaTOM aMMOHMS Ha paHHEH CTaguu pa3sBUTHA Orypla rubpuaa
C1¢’Ula, HIBEIUPOBAICS BO BTOPOH NOJOBUHE BEreTaLMH.

TlpoTuBOMONOXHLIM 00pa3oM pearHpoBal Ha NpuUMeHeHHe rymara ammonus copt TCXA-3707. B
TeyCHHE BCEro IMEPHOXA OT BbICAAKH paccaisl N0 Hayana IUIOZOHOHIEHHS MpPOCAEXKHBaNach TEHACHUMA K
i MOMPOBAHHMIO POCTOBBIX mponeccoB. 10 konuyecTBY NMCTHEB OMBITHLIE pacTeHus 3TOro rubpuia ycrynanu
xopTpomo Ha 6-10%, 1o konu4ecTBY NMacblHKOB Ha 25-36%, Mo konudecTBy 3aBsAseil — Ha 16%. BMmecre ¢ Tem,
no ruépuay TCXA-3707 6pina nonyueHa A0CTOBepHas nmpHbaBka O6IIEro TOBapHOro ypoxkasd Ha MPOTAKEHHH
peX NeT:1991 . - 7% ,1992 r. — 17%, 1993 r. — 15%. Bonbuyio TOBapHYyIO LEHHOCTb TaKXe MpeACTaBlseT
cy/leCTBEHHOE W CTaGHIbHOE CHIDKEHHE YPOBHS HHTPATOB MO BIMAHHEM [yMaTa aMMOHHS B T€UEHHE TepHo/ia
[PAOHOUIEHHUS 110 JIaHHOMY rubpuay, B CPERHEM 3a ce30H — Ha 31%.
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Tabauua 1
I PEKTHBHOCTH POCTOCTUMY IHPYICUIETO ACHCTBHS FyMaTa aMMOHHS Ha PacTeHHUs OTypua
B 3aBUCUMOCTH 0T crniocoba 00paboTku
8 despans 18 despans 28 pespana | 19 mapra
Bapuaur, KOHIIEHTpauus ryMata Bricora Koi-so Kon-Bo IMnouans Kon-Bo Kon-so
ammonms, %o o ’ | MACHIHKOR, | 1IBETKOB, | acCMMMJIIMOMHOM | 3aBd3eit, 3aBsizei,
1T . TIOBEPXHOCTH, CM” 1T, ILIT.
KonTtpons — sona
(o6patoTka cemn) 32,1 2,1 - ‘ 1330 2,4 9.3
CranaapTHbIi pacTBop —
I'ymar Hatpus, 1072 32,3 1,9 - 1360 2,8 10,7
(o6paboTka cemsiH) \
I'ymat ammonns, 10” o<
(o6paboTka censn) 35,0 25 - 1403 2,8 10,2
T'ymar ammonus, 10
(06paboTka CeMsAH H facrenuﬁ) 50,2 27 0,03 1549 35 106
I'ymar ammonwus, 10
(obpabGorka cemMsH, paccaabl H 474 3,8 0,03 1730 4,0 11,4
pacTeHHi B TeUEeHKE BEreTalnum)
I'ymat amMMonus, 10
(o6pabotka paccasl " 40,2 3,5 0,07 1750 4,8 11,8
pacTeHHH B TCUEHHUE BEreTallun)
T'ymar amMonns, 107
(ob6pabotka pacTeHuii B TeyeHHe 40,5 2,4 0,1 1417 3,0 11,4
BEreTauun)
I'ymar ammonus, 107+0,2%-Hblii
p-p xpucrannuua (oGpaborka 47,6 3,0 0,03 1530 4,2 11,7
PACTEHHH B TEHEHHE BETETaLMH)
T'ymar ammoHus, 1072
(o6paborka cemsH, paccaasl H 38,1 2,6 - 1437 3,2 11,8
pacTeHHH B TeueHNE BereTallum)
T'ymar ammouus, 10° 36,2 3,0 - 1351 3,6 10,9
Tabauua 2
Bimsuue cnoco6os 06paboTku ryMaToM aMMOHHS Ha arpOIKOHOMMYECKYIO 3P EKTHBHOCTS BHIDAIMBAHHS OIypLa
Vp(lmcaﬁ c Ypoxaiinocts Baipyuxa
BapuaHT, koHueHTpalMs ryMaTa aMMoHus, % o 3a NepBbli MECALL Obwas OT peanu-
pacreHus, 2 o o
r TUIOIOHOICHNMS, Kr(M ToBapHas, % 3aumy, %
Koutpons ~ Bona
(06paborka cema) 10,81 4,6 21,3 100
T'ymar natpus, 107
(06paboTka cems) 11,31 5,1 22,1 105
['ymat ammonus, 107 '
(o6paboTka ceMaH) 114 48 21,3 106
-4
T'ymar ammoums, 10 12,41 49 2.7 107
{o6paboTka ceMsH M paccalnl)
-4
['ymat aMmMonus, 10 1141 45 213 102
(06paboTka cemMAH, paccalb! M pacTeHHH)
T'ymar ammonus, 107 '
(06paboTka, paccanbl ¥ pacTeHui) 1,1 4.7 214 102
-4
T'ymat aMMonus, 10 1133 44 214 105
{o6paboTka pacTeHuil)
-4
T'ymar ammorns, 10 11,44 5.1 22,6 17
(06paboTtka cemaH, paccaibl, pacTeHuH, NOJIHUB)
HCP 14

Takum 06pa3oM, BBIABJIEHO, YTO BBICOKMH CTHUMYNHPYIOIMH 3GeKT OT ryMara aMMOHHA B PaHHEM
IIEpHONE Da3sBHTHS PACTEHWii HE COXpaHAeTCA N0 KOHLA BEreTaliy B psAiae CIyyaes W NHLIb HE3HAUYHTENILHO
OTPaXaeTCs HA TMPOAYKTHBHOCTH KyJbTYp, kak HaOmopnanocs no rubpuny Crenna. B mpyrux ciywasx
MaKCHMaibHas CTHMYNAUMS OT INpenapata NpOSBISeTCs HAa CTalMM IUIONOHOWEHHS. BO3MOXHO, uTO
HaKOIUICHHbIE HAa PaHHMX CTaJUAX OHTOrEHE3a BHYTPEeHHHE Pecypchl ruOpHAa pealusyloTCs MpH Mepexone
PacTeHHs K penpOAYKTHBHOM CTafiHH Da3BUTHA. B pesynprate 3TOro JOCTHraloTCA BBICOKHE IIOKA3aTeNH

COBOKYIIHOrO TOBapHOro ypoxas.
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MomoxuTenpH0e BIMAHNAE TYMaTa aMMOHHA Ha KyJBTYPY OTYpla NPOsBISETCA B YCKOPEHHH LIBETEHHA H
TUICLOHOIIEH A OONMBIIMHCTBA H3YYEHHBIX THOpHROB Ha 1-3 1HA. 3HAYNTENbHOE NOBBIICHUE NPOAYKTUBHOCTH
pacTeHdi oA BIMAHKEM ryMaTa aMMOHHA nosiyueno no rudpuaam: HHMOX-412 w TCXA-3707 (1991 1. - 1,3~
1,5 kr/M%); o rubpuny MocKOBCKU# TETUIMYHBIH B yCaoBMAX 1992 r. noctoBepHas npubaska ypoxkas cOCTaBia
2,3kr/M%, B 1993 . ypoXaii ¢ OZHOTO pacTeHus Obil Ha 16%, a 00wwas ToBapHAA YPOXKanHOCTE Ha 9% Bhiue, Yem
Ha KOHTpoje. IloBhIIeHME NPOLYKTHBHOCTH pacreHuil mo rudpuny llleGenunckmit ¢ ojmoro pacrenns
cocTaBunio 26%, olmas ToBapHas y pox(amlocn Bozpocna Ha 15% (1992 r.); B 1993 r. rakke momyueHa
JOCTOBEpHAs npu6ana ypoxast: 1,2-2,1 kr/m’. Tlo rrbpuxy 303yjs NOBBINIEHHE NPONYKTHMBHOCTH B 1992 T.
cocraBwio 1,2xr/m%, B 1993r—1,7xr/M°. YcTanoBEHO, yTo no ru6praaM MoOCKOBCKME TemmuuHbii W 303yns
noj JAeHCTBHEeM rymara aMMOHMS OTAada ypoxkad BO3pOCNa ¢ Hayayua [UIOAOHOIIEHMA, a mo rubpuay
HleGenusickuit — co BTOpOH MONOBHHBI MEPHOMNA ILIOACHOIICHHA. YBEIHYEHHE YpPOXKAHHOCTH pacteHHH B
BApHAHTax C [PUMEHEHHEM FyMaTa aMMOHHs cnoco6CTBOBATO NOEBILECHHIO IKOHOMHMUYECKOH 3¢dexTHBHOCTH
BHIpALMBAHAs KYJbTYpsl OrypHa B 3allMIIEHHOM rpyHTe (Ta61n.3). Brlpyuka oT peanmuzauuu mo rubpuaam
Mockoscku#t Ternuanbii, He6Genunckuit 1 3o3yns B 1992 r. 6bi1a Ha 10-12% Bhillie B ONMBLITHRIX BapHaHTax,
4yeM B KOHTDOJIE.

Tabnuua 3
BinsiHMe rymMara aMMOHHS Ha arpo3KOHOMHHYECKYIO () (EKTHBHOCTD BhIPALIMBAHHA PA3/IMYHBIX COPTOB OTYplA

VYpoxaiic 1- YpoxaiinocTs Belpyuka oT

Bapuanr, copt ro pacTeHus, peanuzaunu,
X 3a nepsbIi MecALl obwas ToBapHas, %

IUIOOHOUIEHNS, KI/M> Kkr/M?
Ce3on 1991r.

Creina, KOHTPOb 14,04 15,14 23,9 100
Crenna, T'yMaT aMMOHHS 14,21 5,64 24,3 102
HHUHUOX - 412, xoutpons 16,78 5,67 26,8 100
HUHOX - 412, rymar ammoHUA 17,67 5,78 28,1 107
3MHEBCKOH, KOHTPONb 14,19 1,77 21,9 100
3MHEBCKOH, TymMaT aMMOHHS 13,69 2,19 21,7 98
TCXA — 3707, xourposs 15,99 3,46 25.8 100
TCXA — 3707, rymar aMMoHus 17,39 3,17 273 108

HCP o5 kr/m®> 1,3

Ceson 1992 1.

Crensa, KOHTPONb 11,23 4.8 22,2 100
Crenna, ryMaT aMMOHMS 11,55 49 22,7 102
MoOCKOBCKHI TeRIH4HbIH KOHTPONb 14,94 3,8 22.8 100
MOoCKOBCKMIf TenaUYHEIH, ryMar 16,51 4,2 25,1 110
aMMOHMS

IHeGennHcKui, KOHTPOE 12,86 3,9 21,0 100
1leGennuHcKui, ryMaT aMMOHHA 16,16 4,1 24,2 113
303y, KOHTPOIIb 9,13 0,8 16,0 100
3o3ynd, ryMaT aMMOHHA 10,01 0,8 17,2 111

HCP 45 kr/m* 1,1

IpuMenenye npenapara OKa3LIBANC CYILIECTBEHHOE MOJICKUTENLHOE BINAHNE Ha SHOXMMHECKMH COCTaB
IWIOA0B OFypLa MOYTH JNIA BCeX M3y4aeMblX rubpuior (tabn. 4). [ToBsiianoch cogepiKaHue CyxyX BELIECTB Ha
7-25% (HUMOX-412, WeGenunckuii, 303yns, 3MUeBCKoOi), caxapoB M ackopOMHOBOM KucnoTh — Ha 11-20%
(MockoBciknit Temmmunbiii, HUMOX-412, 3o3yns, 3muenckoit, TCXA-3707). Haubonee cyliecTBeHHOE H
cTaCMIIbHOE CHIDKEHHE YPOBHA HHUTPAaTOB B TUIONAX B TeYeHWE NepHoia INONOHOMEHMA Habmonanoch y
ruOpunoB TCXA-412 u MockoBckui TEIUIMYHBLH B cpeTHEM 3a ce30H Ha 31% U 15% cooTBETCTBEHHO.

Ha ochoBaHMM OLEHKM COBOKYMHBIX NaHHBIX onpexnencH Haubonee 3pdexTuBHLIA crocod npuMeHeHUs
TyMaTa aMMOHHs Ha KyJIbType OTypLa — 3T0 KOMIUIEKCHas oOpaboTka CeMsiH, paccalibl M PACTEHHH B TeUeHUE
BETETALMH, ONTHMANbHAA KOHIEHTPAlHMs HCNIOAL3yeMoro pacTeopa 10™%.

IlprMenenne rymaTa aMMOHMS Ha KyJbTypPe TOMAaTa TAakKe BHIABIIIO BBICOKYIO 3P deKTHBHOCTD NeHcTBHS
YKa3aHHOTO MNpefnaparta Ha UCTIbITAHHBEIX COPTax M rubprjax, BO3JAEAbIBAEMBIX B YCIOBHAX 3AIMIIEHHOTO IPYHTa.
COpTOBYI0 pEaKIMIO pacTeHMil TOMara Ha TyMaT aMMOHHMA M3YYal¥ HAa pasiM4HBIX 1O Mopdonorud u
POXYKTUBHOCTH COpTax M rubpmunax: Ykpauseu, Bepnuoka, I'amaton, Kamras, Pycuy, 3onotoit Por. IIpenapar
NPHMEHANH, HCMOJIb3Ys PAsIMHHEIE CTIOCOOB! ¥ KoMOHHaLVM 0GpaGOTKH CEMEHHOTO U PaCTHTENBHOrO MaTepuana:
3aMaYMBaHUe CeMAH, BHEKOpHEBas o6paGoTka i noMB pacTRopaMy konnerTpamuy 10°, 107 u 102%.

Ionyuensole naHHbIE CBHACTENLCTBYIOT 06 YCKOPEHMM INPOIECCOB POCTa W Pa3BUTHs PAcTeHHH Mox
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BIIMSiHHEM TyMarta aMMoHHsd. Habmoznenne 3a IMHaMuUKO# HapacTaHVs BEreTaTHBHBIX M TC€HEPATHBHEIX OPraHoB
B MEPHOA OT BbICAAKM paccajs! [AC Hayana MIOXOHOMIEHMA TOKA3alo, YTO BO3AEHCTBME I'yMara HamlpaBlIeHO
NpeXxJie BCEro Ha reHepaTHBHOE pasBuTHe. IIpHMencHME rymaTa crocoGCTBOBasio Gollee paHHEMY ADYXKHOMY
IEpexoiy pacTeHHH K penpo yKTUBHOH CTaHH Pa3sBUTUA: MacCOBOE LIBETCHHE MIEPBHIX U MOCAEAYIOLIMX KHCTElH
HaCTYNMNO Ha 2-3 [1HA paHblie, YeM Ha KOHTpOJIE, COKpallalics NMepHojA 0T BCXOAOB [0 Hayana [UIONOHOLIEHN.
BromeTpuueckmil aHau3 pacTeHMi, IPOBEAEHHbIH B NMepHO] BereTauuy, MOKa3al, YTO MO KOJMYECTBY KUCTEl
OMBITHBIE PACTCHMSI NPEBOCXONAT KOHTPOJBHLIE Ha 9-40% (B 3aBHCHMOCTH OT COPTOBOM peakumH).
MakcuManbsHoe BMAHNE Ha NPOAYKTHBHOCTb PacTeHuil TOMaTa ryMaT aMMOHHS OKa3bIBal B TEPBHIA MEPHON
IJIONOHOWECHHA. YBeIMUCHHE NOKazaTeneil OTAaYH ypoXas Ha paHHel CraZlud IUIOZOHOUICHHS CBA3AHO Kak C
YAY4IICHHEM 3aBA3LIBAEMOCTH IUIONIOB HA MEPBBIX KHUCTAX, Tak U Ooyee PaHHHM BCTYIUIEHHEM OIBITHBIX
pacTesMH B pENPONYKTUBHYH (pa3zy pa3BHTHA.

-Tabnuua 4
BinsHue rymara aMMoHHs Ha GHOXHMHUMECKHH COCTaB IUI0108 orypua (ce3ou 1992r.)
Coprt orypua, Conepxanne Coaepxanue Conepxaunue Cosepixanne HUTPaToB
BapHaHT 06paboTkH | CyXoro BellecTBa caxapa ackopGunosoit MapT o Mait
KHCJIOTHL .
% % Y% Y% MKI/% % MKI/KT, % MKI/KT %
1 2 3 4 5 6 7 8 9 10 11

Cresna, KOHTPONib 3,81 100,0 1,63 100,0 8,02 100,0 333 100,0 297 100,0
Crenna, rymar 3,84 101,2 1,87 102,2 7.61 95,1 409 1233 233 78,4
aMMOHHH
HHUHOX - 412, 3,52 100,0 1,53 100,0 7,65 100,0 349 100,0 349 100,0
KOHTpOJIb
HUHOX - 412, 4,41 1254 1,82 119,1 7,54 99,2 500 1443 385 110,3
ryMar aMMOHHS
Mockogckui 3,57 100,0 1,51 100,0 7,28 100,0 349 100,0 286 100,0
TENHYHBIHA, '
KOHTpOJIL
Mockoscxuil 3,64 102,1 1,67 112,2 6,94 95,4 310 90,2 229 80,3
TENAHYHBIA, rymMar :
aMMOHUS :
[lle6enuHcKui, 3,69 100,0 1,82 100,0 6,72 100,0 425 100,0 275 100,0
KOHTpO/lb
1lle6enunckuit, 3,95 107,2 1,82 100,0 6,86 102,1 425 100,0 280 102,1
ryMaT aMMOHHA )
303y 1%, KOHTPOJIb 3,67 100,0 1,53 100,0 6,02 100,0 552 100,0 166 100,0
303yna, rymMar 4,19 114,2 1,70 111,2 6,84 97,0 522 96,2 220 133,1
aMMOHHA

Hanbonee oT3biBUMBLIMH K IyMaTy CpeH 3aA€HCTBOBaHHBIX B OMbITe ObLIM copTa Ykpaunell, Kanrran u
rubpunnt Mamaton, Pycuy, Bepnuoka. Ha copre YkpauHen nosiyyeHbl JOCTOBEPHbie NMPHOaBKM ypoxkas Ha
npoTsHxeHuu 3-x net: 8 1991 r. npubaBka paHHero ypoxas cocrasuiia 17%, oGmero ToBaproro — 8%; B 1992 r.
panHmil ypoxa#t B onkite Bolpoc Ha 10-13%, obuiuii ToBapH~Iit Ha 6-7%; B 1993 r. nonyyeHa npubaska ofuero
TOBapHOTO ypoxas 1,0-1,4xr/M’ Makcumanshas npubaska ypoxas Ha copte KamTan 651a nonyJesa B nepssiit
Mecs1l TUIOKOHOWEHHUA H cocTaBuna 17%, B DanbHeRIeM TeMNbl OTAAYM YpOKas MOCTETIEHHO MPUONIDKANHCh K
KOHTPOJIbHbIM 1OKa3aTCAM.

ITo obuie#t nponykTHBHOCTH M CKOPOCMENOCTH Cpeiu rubpunoB Beiaensnuch Pycud v I'amaron. Ins
rubpuna lamaion B 1992 r. npubaBka paHHero ypokas cocrasuna 17 %, ofmero ToBapHoro — 14 %. Ilo
rubpuny Pycud nonyuexm crabunbniblie noctoBepHbie npuGaBku Ha npoTshkeHun 1991-93 rr. (mpubaska
ofliero ToBapHOro ypoxaa coctasnana 1,0-1,4 kr/M’). Jlyumme pesynbTatel mo rubpuny Bepmmoka
COOTBETCTBOBaIK NpubaBke ypoxas Ha 1,1 kr/mM? B 1993 1.

BuoxuMuueckuil aHanu3 MIOAOB TOMArTa MOoKa3ald, YTe NMPUMEHEHHE ryMaTa aMMOHMS He OKasblBaio
CYIIECTBEHHOTO BO3AEACTBMA HAa HAKOIUIEHHE CYXHMX BEIUECTB M CaXapoB B IUIO[aX COPTOB M THOpUIOB
3aWIHIUEHHOTO [PYHTa, HCNONbLIOBAHHMX B ONbiTe. BbhisBneno cTaGWibHOE M 1OCTOBEPHOE NOBbHIIIEHHE
acKOpOMHOBOH KMCNOTH B OMBITHHIX BADHAHTax NO BCEM M3ydaeMbiM copram u ruGpunam. TonoxurtenbHoe
BIIMSAHME TyMaTa aMMOHHS Ha HAaKOIUIEHHE HHTPATHOrO a30Ta MPOC/IEKHUBATIOCH Ha OONbIMMHCTBE M3Y4YEHHBIX B
OnbITE COPTOB M TrHOpHA0B. CHHXEHHE YPOBHA HHTPAaTOB B IUiogax coctaBisuio 13 — 31 % B cpaBHeHHH c
KOHTpoleM H 26 — 35 % B CPaBHCHHH C JTANOHOM — ryMaTtoM Hatpua. O[HAKO, CYWIECTBYIOT Dasiiiyus B
HAKOIUICHNY HHMTPATOB ONBITHBIMH PACTCHHAMH B 3aBHCHMOCTH OT COPTOBOH peaknMM Ha TyMaT aMMOHM.
IMonydeHo crabunbHOe CHIKEHHE ITOr0 NoXalaTesa B IUI0AaX copToB YkpanHen, Kamran u rubpunax Pycuy,
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Bepnuoka, a no rubpunam I'amaton n Mpus — npoTuBopeunssie pesynsratsl 8 1992-93 rr.

Ha ocHoBaHMHM (eHONOTHUECKHX, OHOMETPMUECKMX M OHOXMMUYECKHX ToKasaTtene#f onpeneneHs!
onTHMalibHble Croco0bl 00paboTKH W HMCTIONB3YeMble KOHIEHTPAaUMH DacTBOPOB ryMmata ammorys. Cnelyer
OTMETHTh, YTO CYLIECTBYET HEKOTOpas HeCTAOHIBHOCTH B MONYyUEHHH MAKCHMANLHBIX YPOXKACB B 32BUCUMOCTH
OT WCHIONB3YeMOM KOHHEHTpaUMH B pasHbie romsl. Tak, Hampumep, no rubpray BepiMoka caMblit BLICOKHI
ypoxail B 1991 r. noayyen npH ucnmonezosaHuu 10 “* %-Horo pacTBopa, B 1992 r. — 10 ? %-Horo pactsopa, B
1993 r. — 10 " %-Horo pacTBopa. AHaNOru4Has THACHUHA HabMOAaach # HA APYrHX coprax  ruGpunax. Ha
OCHOBAHHH COBOKYMHBIX JaHHbIX PEKOMEHAYETCA NMPUMEHATh KOMIUIEKCHYIO O0padoTKy CEMAH U PAcCaisl C
wcnob3oBanueM 10™*%-Horo pacTsopa rymarta aMMOHMA Ha COPTaX M rMOPHAAX TOMaTa, MPOM3PACTAIOLIMX B
YCIIOBUAX 3aLMLIEHHOTO FpYHTA.

Hccniegosanne BIMSAHUA TyMaTa aMMOHHSA Ha CTEMEHb MOPAKEHHOCTH pacTeHul ToMaTa rpuOKOBBIMH H
BUPYCHBIMH GOJIe3HAIMH BbIABHJIM CYHIECTBEHHOE MOBBIICHHE YCTOHYHMBOCTH pacTeHHil k 3abonepanuam. B
Gonpiuel CTereHM ryMaT aMMOHMS MPENSICTBOBAll BUPYCHBIM OONE3HAM, WHTEHCHBHOE Pa3BHTHE KOTODBIX
TIPUXOZUTCA Ha MapT-anpens. [IpuMeneHde Apenapara B KOHUCHTPALMY 102% cHwKaNO MopakeHHe pacTeHHi
CTPHKOM B 3TOT nepron noutH B 3 pa3a. OO6paGoTka B3POC/ILIX pacTeHHI 10™%-HpIM pacTBOpOM rymara
AMMOHUS 0Ka3a/10 HEraTHBHOE AEHCTBHE, crlocoGCeTBYS pasBuTHIO 3a001€BaHN.

To uroram NpPOBENEHHBLIX TPEXTOAWYHBIX HAYYHO-HPOU3BOACTBEHHBIX HCTIBITAHMI rymMara aMMOHUs Ha
KynbType TOMaTa NoNy4eHbl pe3yJIbTaThl, IPEACTaBsAoIHe GonpLIoH nATEpeC (Tabn. 5).

Tabanua 5
ArpoakoHoMuyeckas 3(exTHBHOCTh BHIPRIIMBARHS TOMATOB PH 06pabOTKE ryMaToM aMMONHS Pa3iuiHbIMH CTlocoGamu
) YpoxaHHocTs
Ypoxaii ¢ 3a nepBbiit Totepu Beipytka ot
BapuaHT, KOHUEHTpaLUs TyMaTa aMMOHKS, O6uras ypokas ot
% OJIHOTO MecAll ToBapHas, Boneae, peam‘l)sauuu,
PacTeHHA KT | AOJOHOLICHHA, e % %o
Kr/m? KT
Ce3on 1991r.
Kontposb — Boaa 4,52 4.1 12,9 25 100
CranaapTHbIH pacTBOp — I'yMaT HaTpus 4,44 4,5 13,7 21 107
T'ymar aMMOHus, 10* (o6pabotka ceMsH) 4,7 4,7 13,4 22 105
T'ymat amMMonus, 107 5,04 53 14,8 25 118
(06paboTKa CeMsiH M Paccajbl)
I'ymar ammonus, 107 4,78 4.8 13,9 21 111
(o6paboTka ceMsiH , paccanpl ¥ pacTeHuil)
T'ymar ammonns, 10™ 4,75 5,0 13,9 21 m
(o6paboTka paccazibl W pacTeHHiH)
Fymar ammonns, 107 5,36 4,1 13,4 29 105
(06paboTka pacTeHHH)
TyMat aMMoHus, 107 4,33 42 13,4 17 105
(06paboTka pacTenuii)
T'ymat aMMorus, 107 4,58 4,4 13,1 25 105
{0o6paboTka ceMsH, paccajibl, pacTeHMH, )
Ceson 1992r.

KoHrpoas — soaa 3,13 4,1 10,7 - 100

. CTANIAPTHBIA pacTBOP — TYMat HaTpud, 10° 3,38 4.4 10,9 - 102

* T'ymar ammonus, 10” (o6paBoTka ceman) 3,18 4,2 10,7 - 101
Fymat ammouns, 107 3,46 4,4 11,0 - 106
{cGpaboTka ceMAH K paccaabl)
T'ymat amvonus, 107 3,37 4,3 16,7 - 104
{00paboTKa ceMAH , paccalibi U pacTEHHiT)

| Tymar ammonns, 10 3,33 4,4 10,8 - 103

L {o6paboTka paccansl H pacTehnit)

i Tymar ammouns, 107 3,38 4,3 10,9 - - 105
(oBpaboTtka pacTeHuit) .
T'ymar aMMonns, 107 3,62 4,5 11,6 - 111
(obpaboTka ceMsH, paccaisl M pacTeHWi)

{ Tymar ammonus, 107 3,49 43 11,1 - 106

! {(06paboTKa ceMsiH, paccalbl, pacTeHHi, )

TloBeileHne ypokalfHOCTH  pacTeHHii, Gonee panHee M APYXHOe BhI3peBaHUE NPOAYKIHMU B OMBITHBIX
BapHaHTaX M peamMsanmsg ee 1o -0ojiee BHICOXHM LeHaM CHOCOGCTBOBAIM MOBBILEHHIO 3KOHOMMYECKOMH
3¢ heKTHBHOCTH BHIPALINBAHNA KYJILTYPhl TOMaTa B 3alllUIIEHHOM IpyHTe. BhIpydka OT peanu3audi B JySnx
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BapuaHTax nosblinanack Ha 11-18% no cpaBHeHMIO ¢ KOHTpONeM M Ha 3-10% NO CPaBHEHHIO C ITAIOHOM —
rymaroM HaTpus. TakuM 06pa3oM, NMpUMeHEHHE FyMaTa aMMOHMA Ha KyJIBType ToMata obecriedMBaeT BLICOKHH
6nonoruueckuit 1 saxoHOMIYeCKUH IdpexT.

KpoMe 370r10, G110 H3YUEHO BIIMAHME CPOKOB XPaHEHHS KOHUEHTPAToOB FyMaTa aMMOHMA, TIONyYEHHBIX
13 OypbiX yriel B JIOHEUKOM HAUMOHAIHLHOM YHHBepcHTETE B 1991-1993 rr. BHOAaKTHBHOCTH HCCIIEAYEMBIX
KOHUEHTPATOB OLIEHEHAa Ha KYJIBTYypaxX Orypua, pemuca, NMEKHHCKOH KamyCThl H Kpecc-canata Mo CTaHAapTHBIM
MeTonukaM. Ha ocnoBaHMM (QeHONOTHYECKHX M OHOMETPHYECKHX HCCIENOBAHMM, IOKa3aTesiell obmero
TOBAPHOTO YpOXas MO pasNHYHbIM KyNbTypaM MOATBEPKIEHO OTCYTCTBHE AOCTOBEPHOIrO BIHAHHA CPOKOB
XpaHeHus Ha GHOAKTHMBHBIE CBOMCTBA Npe/IiaraeMoro rymara aMMoHus.

TlonyueHHble HAay4HO-TIPAKTHYECKHE pE3YNIbTaThi CBHAETENLCTBYIOT O BBICOKOH 3(QEeKTUBHOCTH U
TIEPCIEKTABHOCTH MCTIONb30BAHMA TymMaTa aMMOHMA HA OBOINHBIX KYJbTYpaX 3alUMUIEHHOrO TIpYHTa M
ABJIAIOTCA, 11O CYTH, MPAKTHMECKHM PYKGBOACTBOM JUI MCTIONIb30BaHUA HA 3aJeHiCTBOBAHHBIX B OMBITAX COPTax
¥ rubpuax OrypLIOB ¥ TOMATOB € Y4€TOM COPTOCTIELH(PUIECKHX 0COOEHHOCTE KYJIBTYP.

PE3IOME

[IpoBeaeH] TOCTimKCHHS BILUTHBY I'yMara aMOHIIO Ha picT, PO3BUTOK T2 NPOLYKTHBHICTL POCIHH OTipKa i TOMATIB B
YMOBax 3aXMilieHOro IpyHTy. Bussneni ocoGnuBocti coprocnenuditHoi peakuii pociuH Ha rymar aMoHiio. Beranosneno
Haiibine1 edekriBHI 3acobu 06pobku ribpuais i copTis oripka i Tomaris.

SUMMARY

Research on studying the influence of ammonium humate on growth and on productivity of cucumber and tomato
plants in greenhouse has been carried out. Peculiarities of species responsiveness plant’s cultures to the ammonium humate
have been discovered. The most effective methods of treatment of the hybrids of the species of cucumber and of tomato have
been determined.
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VIIK 632.151

3AKOHOMIPHOCTI NOINKOKEHHS NESIKMX BUIIB JEPEBHUX TA YATAPHHMKOBHX
POCJIH 3A YMOB KOMIUIEKCHOYT'O 3ABPYTHEHHS NTIOBIPTA CNNOJTYKAMM ©TOPY,
CIPKM TA A30TY

FO.I" Mpucedcovruil

Beryn

Texnorenes pisko 3MiHIOE NpUpoJHE cepenoBuule. 3abpynnaene atMochepHe NMOBITPA 1 IPYAT € cepiios-
HHMMH eKOIOTiYHAMH (BakTopamu, AKi YuHATE Gesnocepernniil ab0 omocepeIKOBanUil HEraTUBHMI BIUIMB Ha Me-
tabomisM pocimH, iX reHotan. Pasom 3 THM 3eeHi Haca/UKEHHS MOXYTH BilirpaBaTh 3HA4HY CaHITapHO-
ririenivdy QYHKII0, OUHIIYIO4H aTMocdepy Bl IIKIANKBHX [a3iB, UMY 1 DMLY, COPHAKYH IHATPMMUIL LOCTiH-
HOTO CKJIafy IOBIiTpA.

Opuax, He BCi BUOM POCIMH 3[aTHI NPOTHCTOATH Ail 3abpynnenas aoskiwia. ITocrymanna y nositps Ta
IPYHT TOKCHYHMX PEYOBMH II03HAYAETHCA HE TUIBKY Ha OKPEMHMX MeTaloiuHuX NpoHecax, a i Ha opraHismi B
nitomy. Y 3a6pyaHenux perioHax BiaOyBa€Thes 3MiHAa POCIMEHHMX NOIY/IANIH, IX BMHAMIKH, IPOJAYKTHBHOCTI,
IMUILHOCTI Ta BikOBOI cTpykTypH [1, 6].

Po3pi3HAOTs TPU BUIM NOMIKOKEHb POCIMH aTMOCHEPHIMHE 3a0pY/IHIOBA4aMH: TOCTPE, XPOHIYHE i pH-
xoBade. ['0CcTpe ypaxeHHs cnocTepiracThes Mif Yac Ail HA POCIMHY BHCOKMX KOHUEHTPALH TOKCUYHHX PEUOBUH
IPOTATOM AEKLNBbKOX XBurd abo ronud. Heo60poTHI MOpyIenns, SKi BHHHKAIOTH M1 Yac Takoi il NoaoTanTis,
YiTKO MOMITHI Bi3yaibHO y BHTIAAL HEKPO3iB. XapakTepHUMA O3HAKaMH XPOHIYHOrO YPaXEHHA TOKCHKAHTAMH €
3MEHLIEHHA NiHIHHKX PO3MIpiB aCHMINANIHHMX OpraHiB, mepeAYacHMil JMCTONAJ, YacTKosa abo [10BHa BTpaTa
IUIOJOHOCIHHSA. 3a MPHXOBAHOrO MOIIKOPKEHHA Bi3yallbHO HifKHX 3MiH HE CIIOCTEPIracThCs, ajne BOHH BHABIS-
JOTBCS B 3HIKEHHI IHTEHCHBHOCTI XHTTeAisUsHOCTI pocnun [4]. P. I'yaepian [2] Birmivae, mo momkomxysa-
HICTh POCIHH IIONIOTAHTAMH 3AJIECKHUTH BiJl Jil0YOl JO3H i Mae eKcHoTeHuiduui xapakrep. Ilpuuomy, HaiGinbm
3HAUYIIHIA BIUIMB YHHUTH TepMiH Jii SO,, a He Horo KOHIEHTpALif.

AHani3 cTany pOCAMH Ha TEPHTOPil NPOMHUCIOBHX BAPOGHHITB Jlon6acy NOKa3ye, IO ajallTHBHI 3MiHK B
xoZi ix OHTOreHe3y NoB's3aHi HacamiepeZ 3 XPOHIYHHM ypaxeHHIM. Mopdorenes pocius y XOpCTKHX yMOBaX
CEpeNoBHILa, 3a0pYAHEHOr0 BUKMAAMH YHCICHHHX HPOMHUCIOBUX NiNAIPHEMCTB, PO3TAIIOBAHKX Y JIOHELBLKOMY
perioHi, OB’ sA3aHui 31 3MEHIUEHHAM iX po3MipiB i Giomacy. [3, 5]. Y 38’43Ky 3 uuM 0COGNHBOTO 3HAYCHHA Haly-
BAIOTh JIOCTI/PKEHHS CTIKOCTI poCciuH 0 3a0pyAHEHHA JOBKUUL, XapaKTEPUCTHK HAKOITUYEHHA HIMH TOKCHKa-

O6’eKTH Ta METONH HOCTiKEeHD

MeTor HalllMX JOCHipKeHb 0yIi0 BCTAHOBIEHHA 3aJIEXXHOCT] NOMIKODKYBAHOCTi IEPEBHUX Ta YarapHHUKO-
BHX POCIMH Bix KOHLEHTpamiii Ta TepMiHy Ail cyMileit amiaKy, CIpyHCTOro aHriipuiy, napis Cip4aHoi KHCIOTH
Ta $TOPHCTOro BOAHIO. B AKocti 06’€KTiB AOCIiKEHs BUKOPHCTaHI HacTymHi BHMAHM: Oepe3a GopopaBuacra
(Betula verrukosa), 6y3ok 3suuaitnmit (Siringa vulgaris), sep6a.6ina (Salix alba), 8’13 rnamxwii (Ulmus laevis),
ripKoKallTa 3sudaitauit (desculus hippocastanum), riin xomounit (Crataegus oxyacantha), ropousa 3BHYai-
na (Sorbus aucuparia), ropoGuna npomixsua (5. intermedia), wien 18ip (Acer pseudoplatanus), KieH rocTponc-
it (4. platanoides), xnes nonsoBuil (4. campestre), xien Tatapcekuii (4. tataricum), KieH scenemacTui (4.
negundo), pobinia 3suvaiina (Robinia pseudoacacia), capopuii xacMun 3Budainuit (Phladelphus coronarius),
ronons boie (Populus bolleana), tonons kuraiiceka (P. simonif), Tonona nipamigansaa (P. italica), yepeMin-
Ha 3Buuaiua (Padus avium), scen nanuernnii (Fraxinus lanceolata). Jlocninui pocandan pociu y BiianeHHi Bia
asTOMOOLIBHIX KOMYHIKALIH, Ha BincTani 5-6 kM Bix HAHOMKYMX JDKEpPEN MPOMUCIOBOTO 3a0pYIHEHHS.

3pizani naroHd XOCHIMHMX POCIMH NOMilanH B ZOCITIAHMK Bincik Qymiraniiinol xamepu [7] i ninnasany
$ymirauii cyminramu 3abpynsrosauis (NH,, HF, SO, Ta napn H,S0,) 3a cxemoi0 NOBHOrO TPhOXPIBHEBOIO 40-
THPbOX(aKTOPHOro excrepuMenTy. KOHTPOIbHI POC/IHHN 3HAXOMWIMCA B KOHTPOJIBHOMY BiACIKY KaMepH i Jii
rasis we nigasanuca. Hepes no6y micna 3akinuerns ¢ymiranii y pocins BU3HAYAIM NOMIKOIPKYBAHICTD JMCTA Y
BiICOTKaX HEKPOTH30BaHOI IUIOMIi JIKCTOBOI IIACTHHKH. BHMipH NPOBOJMIMCS B N ATHAAUATHKPATHIH MOBTOD-
HocTi. Otpumani nasi 06poGneni craTucTH4HO MeToRaMu GararodaxTopHOro perpeciiioro ananisy [8]. Pospa-
xyHk# npoowinca Ha [TEOM 3a cnenianbHAME IPOrpaMaMy.

PelyiibTaTH Ta ix o6rosopenns

Pe3ynbraTi npoBeAEHHX NOCHIKEHb TOKA3aIH, IO 3 BUBYCHHX HaMM JBAAISTH BHAIB DOCIMH, TIILKH
82 suaH (KJIEH FOCTPONMCTHH Ta YepeMXa 3BUYAiHa) XapaKTepH3yloThCd BIACYTHICTIO MOMKOKEHD IMCTOBHX
IIACTHHOK. IHII BiCIMHAZUATH BHUAIB TIOIUKOIDKYIOTHCA BUBYCHHMM cyMiliaMp rasis. CTymiHb ypakeHHs JIMCTSA
3a/IeXKMTh Bill BUNOBOI cTienm(iku POCIMH, CKIaTy, KOHUEHTpaliiil Ta TepMity Ail 3a6py/iHIOBaYiB, O H03BONAE
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BiOHECTH X 10 HACTYOHHMX TIPYHN CTiHKOCTi: cTifikM BHIM (NOWKOMKYEThCs 10 5% JHMCTOBOI NMOBEPXHi),
cnabKONOMIKOIKYBaHI BUAM (IIOIKOMKYEThCA Bifl 5 10 20% aucTOBOI NOBEPXHI), CEPEAHBOIOMKOMKYBaHI
ButH (NOWKOMLKYEThCA B 20 1o 40% AUCTOBOT MOBEPXHi), BUAM 31 3MIHHOKIO CTiHKICTIO (TOMIKOMKYB2HICTD
3QI€KMTh Bijl CKNAJly TOKCHKAHTIB) Ta HECTIHKH BHAH (MOWKOLKY€EThCs floHan 40% jmcToBoi noBepxHi).

BukopuctanHs MeTORiB 6araro()akTopHOro IUIaHyBaHHA EKCHAEPHMEHTY JO3BOMIO HaM IS BHAIB, ILO
MaJTH MOLUKOMKEHHS JIUCTH, PO3PaxyBaTH PIBHAHHS 3alIeXXHOCTI NIOMIKODKYBAHOCTI JIMCTA Bijl KOHUeHTpauii NH;
(X)), HF (X>), SO, + mapu H,SO, (X;) Ta TepMidy ail TokcukanTiB (X,). Bei oTpumani piBHarHa afexsatHi, T00T0
JIOCTATHBO SKICHO MOZIEJIICIOTh Peakiifo JIOCHIDKEHNX BHAIB Ha CTPEC, BUKIMKaHU Jicto 3abpyAHEHHS NOBITPA.

Anani3 otpuManux piBHsAHb (Tabi.) CBiTYNTSH, MO CTiHKMM Ta cnabko MOMKOMKysanuM BHAam (Bysox
3BUYARHMI, B’S3 TIAAKAM, DI Konwuui, pobiHis 3puvaiiHa, canoBMil acMHH 3BUHalHuIT) BracTHBa HH3bKA
CTYIIHE 3a/IEXHOCTI OWKOKYBAHOCT] JHCTS Bij{ KOHLGHTpaLii Ta TepMiHy Oif TOKCHKAaHTIB, PO WO CBiAYaTh
3HauYeHHs koeinicHTiB PiBHAHL perpecii, BeTHUHHA SKMX KouBacTeed y Mexax Big 0,01 xo 0,875, Crin takox
3BEPHYTH yBary Ha BiXHOCHO HE3HAa4Hy KUIBKiCTB BipoTifsux B3aemoniit QaktopiB. Y OGIMbIOCTi 3 UMX BHAIB
CYTTEBHMH BUSABIAIOTHCA JIMILNE NApHi B33€MOLII MiX TOKCHKaHTaMH, TOAI SK KiNBKICTH B3aemoaili Oidbim
SHCOKUX TOPAAKIB JOCHTh HEBEJIMKA | BeMM4uHa iX koediuientis y 3-30 pasip Hmk4a, HiK 113 edekTis aii
iHAMBIAyaNbHEX 3a0pyAHIOBAYIB Ta 1X NIAPHHX B3aEMOJIH.

Buay i3 3midHOWK CTiiKiCTIO (Gepesa 6opogasuacta, ropobuHa NPOMiXHa, KIEHH NOALOBHUMH, TaTapChKHii,
ABip Ta ACEHEJUCTHH, TONOMI KHTAliCbKka Ta NipaMijaibHa) XapaKTepH3YIOThCA CKIAAHOIO 3aTeKHICTIO
NOUIKOPKYBAHOCTI JIMCTSA B CKJIAxy TOKCMKaHTIB 1a 4acy dymirawii. CyTTeBnii BIIMB Ha ITOIIKODKYBAHICTH
JIMCTS UUX BUAIB YMHATH B3a€MOJI] BUCOKMX MOPAAKIB (CHONYYCHHS 3 TPhOX Ta YOTHPBOX (AKTOPIB), a TAKOXK
KBAaZAPaTHYHi eexTH, WO CBIYNTH HPO 3HAYHY He JiHIHHICTD NMPOIECIB YIIKOMKEHHS JMCTS BHIIB i3 3MiHHOO
cTifiKicTIO cyMimaMy rasiB. CiiJ TakoX 3a3HaYHTH, L0 Y BUMAAKAX HU3LKOI YyTAHBOCTI HMX BUIIB X0 Toro abo
IHIIOrO iHrpeMieHTy 3a6pyaHeHHs TOBiTPA KoehilieHTH PIBHAHB TP UMX 3MIHHMX HAOIIDKYIOTHCA 33 CBOIMH
3HAYEHHAMM [O BIiANOBIJHUX 3HA4YEHb PIBHAHL I8 CTilikux BuiB. Tak, Hampuilag, aHani3 piBHAHHA
TIOLUKODKYBAHOCTI rOpOOHHM MPOMDKHOT JO3BOJISE 3pOOHTH BUCHOBOK PO BUCOKY TOJEPAHTHICTS if A0 aMiaky
(X)) Ta cipuuctux crnomyk (X;). o ¢ropucroro BogHio (X;) ueil BUI NPOABIAE JOCHTH 3HAYHY YYTIHBICTh.
AHajioriyHa 3aKOHOMIPHICTB CIIOCTEpIracTbhes i y KJeHa MNONboBOro Ta Tomoyi mipamizanesoi. Kien
ACEHETNUCTHI Ta TONOJA KUTalChKa MEHLI Yy TIIUBI 10 CIPUMCTHX CIIONYK, alie CHILHO OKOMLKYIOTEC aMiakoOM
Ta PTOPHCTUM BOTHEM.

Jlns wectifikux BuaiB (BepOa Oina, ropobuHa 3puuaiiHa, Tonons bonne Ta sceH NAHUETHUI) XapaKTepHa
3HAYHA 3aJIEXHICTh NOMKOKYBAHOCTI Bl CKIafy i KOHUEHTpauii TOKCHKaHTIB Ta TepMidy ix ail. ¥V Gimpmocri
BHNAJIKIB 3HaYeHHs KkoedilieHTIB Mpy BIONOBIOHMX 3MIHHMX KOIMBaKOThCA Bif 0,3 o 10,6, w0 B AeKinbka pasis
nepeBuIye KOeQillieHTH PIBHAHb I8 CTidkux suuis. CyTTeBuii BIIMB YMHATR HA HECTIMKi BHIM B3aeMoJil
takropis.

Cnil TakoX 3a3HAYMTH, WO NPAKTHYHO Y BCiX MOCIHIDKEHHMX BHIIB CHOCTEPIracThCH AHTaroHiaM il
amiaky jo kucmux rasis (SO, napn H,SO, 12 HF), T06TO amiak 3HHXY€E HONIKO/DKYBAHICTH POCIMH CyMillaMu
KYCHX rasiB. Y TO#H e Yac KUCHi a3 MpOABIAIOTE CHHEPri3M, MiZACHIIOIOYH TOIKODKYBAHICTE JIUCTS, AKIIO
A1OTh Yy CyMilli.

BucnoBku

1. ITpoBeseHi AOCHIHKEHHS CBIYATH NPO 3HAYHI PO3CIKHOCTI Y FHOMIKOKYBAHOCTI Pi3HMX BUAIB CyMillIaMH
tirotokcuxanTi. 1]i po3bixxHOCTI € BUurocreudiuHUMH 1 32J1e3KaTE BiJ TONEPAHTHOCTI POCAMH A0 3a6pyAHEHHS.

2. OTpuMaHi HAMM DPIBHAKHA NOMIKOMKYBAHOCTI POCAMH TOKCHKAHTAMM MOXKHA BHKOPUCTOBYBATH N
NPOTHO3YBAHHS pEeaKuil BIANOBYAI pOCAHH T2 X CTIMKOCTI 10 3a0pyaHCHHSA UOBITPA BUBYEHMMM razaMH Ta ix
CyMiiIaMu.

PE3IOME

H3yueHni XapakTepHCTHKHM TIOBPEXAaEMOCTH 20 BUAOB JPEBECHBIX H KYCTAPHHKOBBIX PaCTeHMi CMECAMH aMMUaKa,
dropHCTOro BOAOPOAA, CCPHUCTOTO aHTHAPHAA U APOB CEPHOW KHUCIOTHI. YCTAHOBIEHBI BUAOCTEUehHUHbIE 6COOEHHOCTH
nospexaeMoct auctber. s 18 BHAOB nosydeHsl agexpBaTHble YPaBHEHHS 3aBUCHMOCTH MOBPEKAAEMOCTH PacTeHuit ot
COCTaBa, KOHLEHTPALHMI 1 BpeMeHU AelicTBUA PUTOTOKCHKAHTOB, KOTOPBIE PEKOMEHAYETCS UCIONbL3OBATS IS MPOTHO3KPO-
BAHUA YCTONYUBOCTH PACTEHMUIl B YCNOBUAX 3arPA3HEHUA BO3AYXA.

SUMMARY

The characteristics of damage of 20 species of arboreal and bushes plants by admixtures of ammonia, fluorine hy-
dride, sulfurous anhydrase and steams of sulfuric acid are investigated. Are determinated dependent on species feature dam-
ages of leaves. For 18 species the adequate equations of dependence damage of plants from composition, concentrations of
phytotoxicants and time of exposition are obtained which are recommended to be used for prediction of stability of plants in
conditions of air pollution.
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EKOJOTIrliIsds TA TEXHOTIEHHA BE3HOEKA
\“\“V - -

YK 38.761:628.1

TEXHOJIOI'MA OUYUCTKH BOJbI 4JIA CACTEM
IMMTBEBOI'O ¥ NTPOMBIINJIEHHOT' O BOJOCHAGKEHNA

C.I1. Bucoykuu, A.B.@amxynuna
AemomobunsHo-0opodichbill uHcmumym J[oneyxoz20 HAYUOHANbHO20 MEXHUHECKO20 YHUsepcumema, 2. I'oprosia

B 10XxHBIX paiioHaX YKpaHHBI OUIyIIAETCH OCTpas HeAOCTada IIPECHOM BOMBI Ul [TMTHEBOIC BOHXOCHAO-
xenus. Coneconepxanue BOAB B PeKax, NPOTEKaONIMX Ha TeppuTopuu Jonbacca, NOBBICHIACH O TaKHX BEIM-
YHH, YTO BOJA B 3THX PEKaxX YyxXe ABIACTCS HENPHUTOAHOM 14 MCIONb3CEAHHA B CHCTEMAX XO34HCTBEHHO-
nuTHEEBOTO BogocHabxkeHnA. Tax, B camoii KpynHo# peke JonGacca — CeBepckoM JloHie — B BEPXOBBEX BOJa
HMeeT THIPOKapOOHATHO-KAIBIHEBHIN COCTaB ¢ MuHepanusamuer 350-500 mr/i, a 6mike K ycTbio runpoxap6o-
HaTHO-CYJIb(aTHO-XJIOPHHO-KAJIbIMEBHIH cocTaB ¢ MuBepanu3anueit 20 1500 mr/n. Crok pexu Kaszéunsni To-
pen, COCTaB/IONMI 10 YerBepTH obwero croka CeBepckoro JloHua, B MEXEHHBIH nepuox GopMupyeTcs Hc-
KIOYHTENBHO 3a cuér cOpoca miaxTHeiX Bof. CpenHee colneconepiaHie BOAbI B HEM B YCThE COCTABISET 10 3
r/n. Ina obecneyenmsa Jlon6acca npecHOH BOZOH NpONOXKEHH! KaHAIK W TPYOONPOBOAR! JUIA MOJAYH BOLBI M3
Cesepckoro Jlonua u J{nenpa. Iipu 3TOM Ha CTpOMTENHCTBO KaHANOB, TPYOONPOBOLOB M HACOCHBIX CTAHIMIA
OTBOJIATCA OFPOMHLIE TEPPUTOPHH. KpoMe 3TOro CyliecTBeHHBIM HENOCTaTKOM ITOTO PELIEHHA ABNLETCA yrpo3a
NOBHIICHAS TOPH30HTa ITPYHTOBBIX BOJ H 3HAYMTENbHBIE 3aTPaThl HIEKTPOIHEPIHH Ha TPAHCHOPT BOABL

Hebuunt npecHoi Boabi MOXET OBITH YCTpaHEH IyTEM ONpecHeHHs CONEHRIX Boi. IIpu 3TOM OnHOBpE-
MEHHO MOXET pemaThca npobiieMa NpEefOTBPalICHHA 32CONEHNA MOBEPXHOCTHBIX BOAHLIX MCTO4HUKOB. [Ipo-
nece ONMPECHEHHs B TPEX CaMBIX PACNPOCTPAHEHHLIX B HACTOAIICE BPEMS TEXHONIOIHAX (IMCTIWLIALNH, 06paTHOM
OCMOCE H 3NEKTPOIHAIN3E) 3aKII0YaeTCs B MEpEpacnpeAeieHHH colleii MeXIy aByMs [IOTOKAMH BOZBL: 06ecco-
JICHHO# BOJIOH M KOHLICHTPAaTOM HJIH PacCOJIOM.

TlpumeneHne ANCTHIUIALME CONPSDKEHO C HEOOXOAMMOCTBIO MCIIOIL30BAaHNA OTHOCHTENBHO JEMEBRIX JHEp-
ropecypcoB (KOTOpBIE OTCYTCTBYIOT Ha YKpaHHE) H CONpKEHO C BTOPHYHBIM 3arPA3HEHHEM OKPYXAIOHIEH Cpesibl,
00YCIORICHHBIM HEOOXOMMMOCTHIO HOCTATOUHO MIyGOKOro yAANCHNMA KATHOHOB XKECTKOCTH W3 YIIapUBaeMO# BOZIb,
HJIM TIPHMEHEHHA NIPHCAZIOK AHCNEPraHTOB, COPOC KOTOPBIX B HOBEPXHOCTHHIE BOIOEMbI OTPAHHYEH.

Ilpu sneKkTpoAHaNM3HOM TEXHOJOTHH NEPEHOC HOHOB M3 00ECCONMBAEMOM BOIb OCYMIECTBIAETCH HOJ
BO3JEHCTBHEM 3JIEKTPHYECKOTO MONA 4epe3 NPOHUIAEMBIC [jli HOHOB OJHOTO 3HaKa 3apAia Ul KATHOHOB —
KaTHOHHTOBBIE M JUIA AHHOHOB — AHHOHHTOBbIE MEMOpaHbIL.

Campie mepenoBeie MO3HIHMH B OOIACTH M3TOTOBIICHUA SJICKTPONHMANM3HBIX AIUIAPATOB M IPHMEHCHHUS
TEXHOJIOTMH JJEKTponm3a 3aHuMaer dmpma «fonics» (CIIA). Annapars! yka3aHHOH QHPMBI LHIHPOKO UCHONE-
3yIOTCA JUI3 IPHUIOTOBJICHHA BOJKI IMTHEBOTO KNAcca B pAlie CTpaH. DNEKTPOAHaIH3HEIe annapaThl obecneunBa-
10T BhIX0J] oGecconenHol Boabl 10 95% oT pacxoaa ucxoaHo# Boast. Kaxastii annapar (Moayis) conepxar 500
nap MeMOpaHHBIX #9CEK, COSIAMHEHHBIX MOCIENOBATENbHO THAPABIAYECKH H JJIEKTPHYECKH. DNEKTPUYECKOE
HanpsUKEHHE 1O CTYNEHAM pacTpeaendercs cuenyromuM obpasoM lerynens — 75B, 2-9 — 69B, 3-1 — 69B. pas-
Mepbl MemBpan B Moxyax 1057 X 101,6 cm’.

Pacnpesesiense 3aTpaT mpH MCHONS30BEHHHE YKA3AHHOM TEXHONOIHH UL YCTBHOBKM IIPOH3BOAUTENLHO-
cTBIC OKeno 600 1/4 crexyioinee: pacxoi SIEKTPOIHEPIHE HA TPAHCHOPT BOJABI M TEXHONOTHIO 46,2%, 3aMeHa
HATPOHHBIX 311eMEeHTOB — 3,3%, pearentsl — 4,4%, 3anacHele yactu 00BA3KH — 6,7%, 3ameHa memOpan — 26,3%.
CroumocTs 06ecconennoi Boasl — 0,43 nomwr. CLUA/M IIPX HCXOZHOM COJIECOJEPIKAHNH BOABI 0k0:10 200 Mr/n.

B oTeuecTBeHHOM NpaKTHKE M B MPAKTHKE BoAonoAroToskH B crpaHax CHIT o HacTosiero BpeMeny ca-
MOi PachNpOCTPaHEHHOH TEXHONOTHEH OYHCTKH BOABI OT COJIEH, B TOM YMCHE H KATHOHOB JKECTKOCTH, ABJIACTCS
#oHooOMennas TexHonorus. HexocTarkoM 3T0# TEXHONOTHH ABISETCA HEOOXOAMMOCTH HCIIONB30BAHMS 3HAYH-
TEABHOrO KOJIHYECTBA PEAreHTOB A PEreHepanuy GMiIsTPOB U cOpoc GONBMIOro KONHYECTBA 3aCOIEHHEIX CTO-
KOB B IIOBEPXHOCTHHIE BopoeMbl. IIpu 3ToM Macca cOpacriBaeMsIx coneii B 3-4 pasa npeBRIIaeT Maccy coneii
H3BIeKaeMOH 13 o6pabaTaiBacmoit Boasl. HemocTarkoM HOHOOGMEHHOM TEXHOOTHA ABIACTCA TAKKE IEPHOIHY-
HOCTb IIPOIIECCOB B3PHIXICHHA PEreHepaiMi OTMBIBKH H pabodero nponecca GuibTpauuu BOJLI, YT0 YCAOXKHAET
TEXHOJIOTHYECKHE ONEPAlHH IKCILTYaTanMH (QHIBTPOB, B YaCTHOCTH, KOHTPONb KayecTsa GunbTpara u aBTOMa-
TH3aUMIo paboThl GUIETPOB.

OO6parHslii 0CMOC ABIAETCH OAHOH U3 HauGolee NMEPCIEKTMBHBIX TEXHONOrMi. JIod NPHUMEHEHHS JTOH
TEXHOJIOTHH B MHMpPOBOH NPAaKTHKE NMOCTOAHHO Bo3pactaeT. OIHMM K3 JOCTOMHCTB 3TOW TEXHOJIOTHMH SBIAETCA
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BO3MOXHOCTb OMHCTKH BOABI OT JHOKCHHOB, SBIAIOIINXCA CAMBIMH TOKCHYHBIMH 3arpS3HATENIMH MOBEPXHOCT-
HbIX BOJ B TEXHOI'EHHBIX PETHOHAX.

O6paracocmornyeckue meMOpanbl Ha 92-98% 3anepXHBAIOT MPAKTHHECKH BCE CONHM U OPOIYCKAIOT de-
pe3 cebs, B 0CHOBHOM, TOJBKO MOJEKY/IbI BOABL: OCHOBHEIM IIPEHMYIIECTBOM MEMOPAHHBIX TEXHOIOIHM ABIAET-
4 [OYTH IOIHOS HCKIIOYEHHE NOTpeOIeHna PeareHTOB U Pe3Koe COKpALCHHEe KOMUYecTsa colel, cOpacruisae-
MbiIX B IOBEPXHOCTHHIE BOJHBIE HCTOYHUKH.

TlpenmymiecTBOM MeMOpPaHHBIX TEXHOJIOTHH ABIACTCA TAKKE HENPEPHBHOCTH TEXHONOTHYECKOTO IPO-
1ecca OYHCTKH BOLBI, OTCYTCTBHE HEOOXOAMMOCTH NEPHOAMYECKOro BHINONHEHHS ONCPAlMM N0 PEreRepaluu
MaTepHaIOB.

HecmoTps Ha paAl yKa3aHHBIX SBHBIX PEHMYIECTB MEMOPAaHHBEIX TEXHOIOTHIA, IOCTENHHUE HMEIOT HEKO-
Tophie HegocTaTkH. OCHOBHBIM HENOCTATKOM ABJIAETCH HEOOXOAMMOCTh (onee TIXATENBHOH, IO CPAaBHEHMIO C
MOHHMTHOH TEXHOJIOTHEH, NIPEIOYHCTKA BOABI BC H30eKaHHE 3arpA3HEHAS MEMOPaH H CHYDKEHMA HX IPOIYCKEOM
CNOCOOHOCTH H CENEKTHBHOCTH. bonbluas YyBCTBUTEALHOCTh K 3arPA3HEHHAM 00YCIaBIMBAET TAKKES MEHLIIMH,
N0 CPEBHEHMIO ¢ HOHOOOMEHHBIMU CMOJIAMH, CPOK CIyxOh!l MeMOpaH - 2-3 rofia Mo CpaBHEHHIO ¢ 6-7 ToxaMu
U1 HOHOOOMEHHBIX MaTEPHANIOB.

B nacrosiee BpeMa o6paTHOOCMOTHYECKHE YCTAHOBKH Ha OCHOBAHHM HOJIBIX BOJOKOHHBIX WIH PYJIOH-
HBIX JIEMEHTOB BeAymHx ¢pupM Mupa «Osmonics» u «Dupont» (06e — CIIIA) u «Hydronautics» (nonus) ume-
IOT TIPOH3BOJNTENHHOCTD OT HECKOJIBKHX COT JI0 COTEH ThiCAY M /CyTku. [IpH 310M 10 AasmsM GHpMBL «Metiton
npu 06eCCOIMBAHAM BOABI CONECOnepx)aHueM 10 7500 MI/n H DpOM3BOAUTENBHOCTH YCTaHOBKH Gonee 20000
M'/cyTiH cTouMoCTH 0becconenHo Bos! coctanser 0,5 gomr. CLIA/M’.

Pacnpenenense OTAENBHBIX COCTABIMIONIMX 3aTpaT NPH 3TOM CleAyIollee: aMOPTH3alHOHHEIE OTYHCIIE-
Hna 36% wwm 0,183 nonn. CUIA/M (npu 10% kpenuteoit ctaske Ha 10 ner), pearentsi 6% wm 0,03 pomn.
CILIA/M’, 3anacubie yacT 6% wim 0.03 gomwt. CLLUA/M, 3amena MeMOpan 9% wmu 0,044 pomn. CIIA/M, 3apa-
GoTHas miata 12% wm 0,06 nowr. CIIA/ M°, anexrposneprus 31% wm 0,155 mosn. CLIANM [IPH LIEHE 3JIEK-
tposHepruu 0,07 gonn. CHIA/kBT u.

Armapatsl MeMOpPaHHOH TEXHONOTHH SBIMIOTCA JJOCTATOYHO Joporum obopynosaruem. Ilpu sxcruryaraumn
3T0 06OPYNOBaHHE HEOOXOAMMO HCIIONB30BATh C OLNHON CTOPOHE! HHTEHCHMBHO, JUIS BO3BPATa KAIMTAIBHBIX BIIOKE-
HMii, ¥ C APYTOii CTOPOHBI KBaJIM(HIMPOBaHHO, BO H30exaHne GbICTPOii MOTEPH €ro CayXeOHBIX XapaKTePUCTHK.

TIpon3BoaKTENbHOCT 0OPaTHOOCMOTHYECKHX MEMEHTOB B 3HAYMTENbHOA CTEIIEHH 3aBHCHT OT TeMIepa-
Typst. Ilpy noseInEeHHH TeMOepaTypsl 06pabaTriBaeMOi BOJIbI IPOHULIAEMOCTh MeMOpaH yBeau4HBacTcs 00par-
HONPONOPNHOHAIBLHO BA3KOCTH pacTBopa. OQHAKO 1A MOJIMMEPHEIX MeMOpaH, KOTOPBIE CKJIOHHEI K pasMsrye-
HHIO TIPH TOBBIICHHH TEMIIEPATYPHI BhILIE MPEAEALHOrO 3HaueHus (>40°C), NPHBOAT K CHWKEHHIO IIPOHHIIAE-
MocTH MeMOpaH H Jaxke K €€ IOJIHOMY HCYE3HOBEHHIO. DTO OOBACHAETCA YCHICHHOM ycaIkoH MaTepHaia MeM-
Opannb! (penakcais BHyTPEHHHX HANPHKEHHI) H paspyIIeHHEM TOPHCTOH CTPYKTYPHIL.

Jns mem6pan ¢pupmsr «Filmtecy 3aBucuMocTs GespasMepHoro koadgHuMeHTa MIPOHHIAEMOCTH MeMOpan
«K» ot Temnepatypsi «t° C» BRIpaxaercs creayiomes dhopmynoi:

K = 0.000032 exp [0.0347 (t + 273)]. )

HPH 3TOM 3aBHCHMOCTB pacxoja BOAE! OT TeMNECPATYPhl ONMCHIBACTCA CIICYIOUIMM YPAaBHCHHEM!

0 = 0, 0.000032 exp [0.0347 (¢ + 273)] , )

rae Qo — pacxox BoAsI IpH TEMIIEpaType 25°C.

INoBbinesne TeMnepaTypsl Hapsxy C yBENHYEHHEM MPOH3BOAMTEIBHOCTH MEMODAHHBIX 3JIEMEHTOB HE-
CKOJIBKO YMEHBIIAET CEIEKTUBHOCTh MeMOPaHB! — HX CIIOCOOHOCTD 3aiePKHBATh COTH.

JefcTByiomeit cuioii 06PaTHOOCMOTHYECKOTO 06ECCONMBaHNA BOXB A8I€TCA JaBicHME obpabateisae-
MO#i BOZIbI. 3aBHCHMOCTS pacxofa Bojsl (Q B M'/ron) uepe3 MeMOpaHHbiii J/IEMEHT OT HABIEHHS BHIPAXAETCH
cnenyoeit GopMyoii:

Q=0.00215 P**, 3)

rae P - nasnenue B 6apax.

C Apyroii CTOPOHBI, €CIK CPRBHUTH IKCIUIYATAUMOHHEIE XAPAKTEPUCTHKH MEMOPAHHbIX 37IEMEHTOB, KOTO-
Pphi€ UCIOJIB3YIOTCA MPH OTIHYAIOMIEHCS MUHEPAIH3ALMH HCXOAHOH BOZBI, HEOOXOMMMO YIHTHIBATS H3MEHEHHE
OCMOTHYECKOro fepenaja JaBleHHs Ha MeMOpaHe, Tak KaK PacXoj BOJbl ONPE/ENAETCH CAERYIOLIEH TeopeTuye-
CKOIi 3aBHCHMOCTBIO:
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Q=K(AP-Am)TMA4/0, (4)
rae Q — pacxoa Bofbl depe3 MeMOGpaHneIi aneMenT; K — xoahuuneHT npoHaaeMoCcTH Ans BOJbL; A — IOBEPX-
HOCTh MEMOPpaHbi; O - ronmmua memOpannl; A P- runpasnuueckuii nepenan nasieHua Ha Membpane; A T -
OCMOTHYECKHH Mepenaj JaBleHus Ha MeMOpase ( B 3aBUCHMOCTH OT MHHEPAJIH3ALMH BOZAbI N0 00 CTOPOHLI
meMOpabi).

Ilo ¢popmyne (4) nOBBINIEHKE MBHEPATH3AIMH HCXOHOH BOALI MPHBOAKT K CHUKEHHIO [IEpeniajia RaBjie-
aua Ha Mem6pare (AP — A7), uro ofycnaBnuBaeT CHIKEHHE IPOH3BOAMTENLHOCTH yCTaHOBKH. Hanpumep,
NP OMHAKOBOM NaBJICHHMM MCXOZHOM BOALI 4 6ap IPH HOBBIEHHH COJECOAEPXaHHS BOABI OT 350 MI/kr jo
3500 MI/Kr IPOM3BOAMTENBHOCTE 0OPaTHOOCMOTHYECKOH YCTAHOBKHM B IOCIEIHEM Ciydae CHiDKaerca B 3,74
pasa. lospiuenue pabouero JaRieHHs HUBEIHPYET IPOH3BOAUTENLHOCTS MEMOPaHHEIX 3JIEMEHTOB IPH Pa3HBIX
CoJIeCONepaKaHHAX.
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Puc. 1. 3aBucumocts cootromerns Cy/C ot pabodero nasnenus

Vpennuenue AaBieHuA 06pabaTeBaeMOit BOMBI YBENUYMBALT TAXXKE CTENCHL 06ECCONUBAHAA [IEPMHATA.
3asucumocts mapamerpa Co/C, xapakTepH3ylollero creneHb o0eccOMMBAHUA BOABL, OT JABJIEHHA NOKA3aHa Ha
pucyrke 2. OHa onuchiBaeTcs HOpMYIOH:

Cy/C=2.87 exp (0.079 - P), (5)

rae C,, C ~ COOTBETCTBEHHO coNecoiepxanue obpabaThiBaeMol BOABI U 1epMuaTa, mr/ kr; P — nasnenue obpa-
OatsiRaemoii BOAH, Oap. .

Crnefiyer OTMETHTb, YTO NPH CTPEMIICHHA K NOBHILEHHIO NPOM3BOAHTENLHOCTH OOPAaTHOOCMOTHYECKHX
YCTAHOBOK 33 CYET YBEJIMYEHHS NaBIEHHA MOAaBacMOH BOXHI HEOOXOAMMO YJHTHIBATH CACAYIOUIME OrpPaHMYe-
uus. Ilox neiicTeuem Bricokoro aasnenud (7o 50-100 Gap) B nonuMepHbIX MeMOpaHax NPOUCXOAT 3HAYMTENb-
Hble M HeoOpaThmele aedopmannu (ycanxm) u 3aKynopka nop B Membparax. Jledopmaimua MemGpan umeer no-
CIIE/ICTBHE — OCTATOMHOE BJIMAHHE, NPOABILIOLICECS B NOABIECHHM (CHCTEPEIHCHBIX ETENEY HA KPHBbIX CKOPO-
cTi unpTpapmu. COBOKYITHOCTH NPOHECCOB, CBA3AHHBIX ¢ Aedopmanneii MeMOpaH Nox BIMAHWEM JABJIEHHS,
NOMy4MIIa Ha3BaHue Kpuna MeMOpad. I1pu kpune MeMOpaH yBeIMYMBACTCA X IHAPABIHYECKOE CONPOTHBIICHHE
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K YMEHBLIACTCA 3a7epKHBAIOIIAs crocoOHOCTs MeMOpaH (cTeneHb 00eCcCONHBaHus BOAbl B 06paTHOOCMOTHYE-
cKHuX MeMOpauax).

Hcnonpsys maHAbie dKcnayaralun kpynHeHinell B Eppone oOpaTHOOCMOTHYECKOH ycTaHOBKHM Ha OAQ
«Konuept «CTHPOD» HAMH BHITNONEEHb TEXHUKO-IKOHOMAYECKHE PACIETH CTOMMOCTH 06OPYIOBAHUA U CPOKOB
HX OKynaemocT. Hlpu fpoussourensHOCTH 06PATHOOCMOTHYECKOH YCTAHOBKY 750 T/4 M LigHE PeareHTOB: CEp-
HOMH KMCOTH ~ 165 rpa/T, ménoun — 19 rpa/T, u3sectu — 130 rpu/t, noBapeHHOH comu — 69 IPH/T H CTOMMOCTH
HCXOJIHOH BOJBL 3,5 rpH/M’ (C YHETOM 3KONOTHYECKHX IUIaTexeil) MpUMEHERHE 06PaTHOOCMOTHIECKOH TEXHOO-
I'MH MI03BOIAIO UCIIONB30BATh JULH 00eCCOHBaHUA CTOYHEIE IaXTHBIE BOABI (IpaKTHYeCKH GECIUIaTHO) U 3HAYA-
TENBHO CHH3WTh DKCIUTYaTAllMOHHEIC 3aTPATHl HA OYUCTKY BOXb. MUHMMAaibHEIE 3aTparhl Ha OCYLIECTBICHUE
TpoLecca OUHCTKH BOABI coctapmaior 2.20-10° y.e./ron (11.7-10° rpa/rox).

ce

= ooy N0

o 20 30 w0 50 ()]
P, Gp

Puc. 2. 3aBHCHMOCTD IPOM3BOHTEILHOCTH MEMOPaHHOTO MIEMEHTA 0T pabogero JaRneHHs

AHanu3 paGoTel NPOMRIIUIEHHBIX YCTAHOBOK IIOKA3HIBAET, YTO JABIEHHE, [IPH KOTOPOM 3aTparhl Ha OCy-
nIecTBiIeHNE 0OPaTHOOCMOTHYECKOrO Ipollecca MHUHHMANBHEI, cocTaBuset 22 ap (2.2mI]a).

COpoc 3acOJIEHHBIX CTOKOB MIPH KCIOJNB30BaHMM HOHOOOMEHHOH TEXHOIOIHM OMHCTKH BOJBI MUHEDANH-
sanueit 650 mr/a (xanan CeBepckuit Joner — Jonbacc) cocraBmaer:

G =750x 1,3x%qx(2,5+ 1)x60%x8500x107 = 22625 m,

a ¢OpoC 3aCONEHHBIX CTOKOB [IPH MCHOJb30BaHHH MEMOPaHHON TEXHONOTHH:

G=750x12x650x8500x 1075 = 49725 m.

TIpy 5TOM YCT2HOBKA OKYIIAETCK 32 CPOK OT HECKOJBLKHX MECAIEB X0 HECKONBKHX JIET B 3aBUCHMOCTH OT
CTOMMOCTH Hcxonuo# BoAnl, OcoleHHO OoubiliMe MpeUMyLiecTBa MeMODaHHBIE TEXHOJOIHH HMEIOT MECTO B
ClIyd4ae HCROJB3OBaHHA BOZ IOBLIICHHOH MHHEpAIH3auyH (HaNpHMED, WIAXTHBIX) B Ka4eCTBE HCTGYHMKA BOJAO-
cHabxeHus.

Ipumenenne MeMOpaHHBIX TEXHOJIOrHH NO3BONAET CYIECTBCHHO YIYYIIHTh PACTIPEACIEHHE OTACIBHEIX
KOMIIOHEHTOB CONeil B cOpachiBaeMuIX pacTBopaX. VIppuraiOHHbIE TOKA3aTEIM Ka4eCTBa IPUPOHELIX BOJ 3aBH-
CAT OT o0mIei MHHEPAIH3AHH ¥ COOTHOIIEHHA KOHUEHTPAIMA OCHOBHBIX KaTHOHOB. B 32aBHCHMOCTH OT HOHHO-
IO COCTaBa BOAK! NMOBHILEHHOM MHHEPATH3ALME MOTYT JeHCTBOBATh HA PaCTHTENBHOCTH HoJiee HAH MEHEE OTPH-
parensHo. OcoOeHHO BPEIHO HAKOIUIEHHE B HOYBE HOHOB HATPHA NPH COZEPKaHUH GONBIYHX KOMMICCTB THAPO-
KapOOHaTHHIX # KapOOHATHBIX HOHOB.
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Jlns o/MBa OBOLIHEBIX KyJNBTYP Ha Y4EPHO3EMHBIX MOYBAX MOI'YT IPUMEHATLCA CYAb(QATHEIE H Cynhb(aTHO-
XJIOpHMAHBIE BOIBI C MHMHEpanu3alueil 3-4 I/1 OpM COOTHOIUEHMHM KATHOHOB HATPHS H IKECTKOCTH IO
M.®.BynanoBy mensiue 0,7.

Tloxasarenn HppPUraNMOHHOA OUEHKM KAaYecTBa BOX pa3HOro MonHoro cocrtasa no M.®.BynaHosy ompe-
HENAETCH 3aBHCHMOCTAMH:

[Na+] S017, [Na)'] S
[Ca® ]+ [Mg®* ] [Ca™]

OcofesHo (OoNBIIOE NPEHMMYIIECTBO B 3TOM CIy4ae HMEET MECTC NIPH HCNOL30BaHUM HAHOQHIBTPAIM-
OHHBIX MeMOPaHHLIX aNNaparToB U1 YMATICHUS BOLBL.

Marepunanbabiii 6ananc HaHOPUIBTPANMOHHON TEXHONOTHH IIPH CENEKTHBHOCTH MEMOPaH 1o KaTHOHaM
JKECTKOCTH Y | [0JI PacXOZa MPOAyBKM KOHTYPa KOHIIEHTPaTa P MOXKeT OBITh ONMCAH yPaBHCHHAMM!

(1+ pXCa, +Mg,)=p-(Cay + Mg, )+ (1 -y)(Cay + Mgy);

Ca, + M; Ca, + M,
1+ p)= .LL._&(_)_+(1_7).£_L__42_L<_).;
(Ca, +Mg,) (Ca, +Mg,)
(Cay +Mgy) . )
npuHaB ———————= = [J xaK N0Ka3aTeNb CTENEHH KOHUEHTPUPOBAHHA KATHOHOB KECTKOCTH, I10Iy4aeMm:
(Ca, + Mg,)
1+p
+p)=p-B+1-7)B; f=—.
p+l-y
Tak, Ipy yMEPEHHbIX 3HAYECHUAX CENEKTMBHOCTH HaHOQHIbTpamuonHbiX MeMOpan ) =0,9 u nponyske
KOHTYpa KoHueHTpara p=0,3 cTeneHb KOHUEHTPUPOBaHHUA COCTaBHT [ = 3}!—% =3,25.
D+1-0,

VuuTHIBas HM3KYIO CeNeKTHBHOCTh HAHOMHIBTPALMOHHBIX MeMOpaH Mo HATPHIO, 3HAYCHHE uHzeKca By-
IaHOBa, fIAXKe UL BOR MOBBHILICHHON MUHEpANM3AIHY, CABUracTCA B ONaronpHATHYIO CTOPOHY, TaK Kak KOHIEH-
Tpanus KaTUOHOB HaTPHA B KOHUEHTPATE NPAKTHYECKH HE H3MEHACTCS MPH CYIECTBEHHOM yBEIHYCHNUM KOHICH-
tpauuu Ca u Mg.

PE3IOME

HaiiGinem po3noBCIOMKEHOI0 T NEPCTIEKTHBHOI TEXHOJOTIEI0 OYHIEHHA BOJM Y CBITOBIHl MpaKktuui € 3BOPOTHO-
ocMoTH4HA. I3 eKCIUTyaTauifHMX HapaMerpiB Ha TPOIEC OYMINEHHS BILTHBAE THCK, COJIEBMICT, Ta TEMIIEPaTypa BOIH, IO
obpobmoersca. Buseneni dopmynn, Axi Bizo6paKaloTh 3aIeXKHICTh TPOAYKTHBHOCTI Ta CTYIICHIO 3HECONEHHS B 3BOPOTHBO-
OCMOTHYHOMY IIPOLIECi OTHILICHHA BOAH BiJf BKa3aHUX NapaMeTpis.

SUMMARY

Reverse Osmosis is the most widespread and perspective technology of water desalination from all over the world.
The condition of RO and other technology operation of water disalination for different consumers is observed. The influences

of pressure, total dissolvedsolids and temperature of freated water on producnivity and desolination degree of RO equipment
were investigated.
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VIK 502.4 (477)

CTPYKTYPA 1 XAPAKTEP PASMEINEHUA I13® YKPAWHBI U OTAEJLHBIX EE PETUOHOB
(CPABHUTEJIBHLIE ACTIEKTBI)
Yacrts I1. Anaau3 Tepputopnanshoii cTpykTypsl OOIIT Boicuinx kaTeropuii [I3® Ykpanusbi ¢ 0raacHo
dusnro-recrpadpuyeckomy paiioHIpOBaHHIO €€ TEPPHTOPUN.

A.A.Bnaxbepn
Loneyxuii uncmuniym poinka u coyuaibBot NOTUMUKY

Beenenne.

OnHuM M3 yclIoBHH BXOKAeHUS YxpauHbl B EBporieiickoe cooBIecTBo ABIAETCH NIPOBEAEHME €10 YETKOM
FOCYapCTREHHOM IIOMIUTHKU B OTHOLICHUHM COXPAHEHUS JaHAWadTHOro H GHONOrHYECKOro paszHooOpasus Ha
cBoeit Teppuropud. B oCHOBe Tako# MOJIMTHKM JIEXUT UAESA CO3NAHUA HAYUOHANBHOU IKONOSUYecKol cemut Y-
paunsl (HayioHanbHOI exomepedici), KOTopas, B CBOK ouyepellb, JOJDKHA CTaTh COCTaBHOM 4acThio [lanesponeii-
ckoul Ikonozudeckou cemu 1, 2].

Peanusauus uiaeu co3faHns HALMOHATIBHON SKONOTHYECKOM ceTH B YKpauHe BO3MOKHA, KaK YXKe OTMeda-
nock FO.P. Llensar-Cocotko u U.T'. EMeNbsHOBBIM, JIMLIL HA OCHOBE BBIACHEHHA M OLICHKH PENpe3eHTaTHBHOCTH
BEIEIAEMBIX (ALEP» SKOJIOTHYECKOro KapKkaca (Tak Ha3bIBaEMbIX KJIHOYEBBLIX MPHUPOIHBIX TEPPHTOPHI) GHoO-
IH4ECKOMY M JIaHAWA(THOMY Pa3zHOOOpasHi0 HaHHOrO TEPPUTOPHANLHOIO MOAPA3feNeHMs WIH NPHPOHO-
teppuropuanbHoro kommiekca (ITTK) [3]. Ouenka Takoit penpe3eHTaTHBHOCTH MOXET OBITH OCHOBaHA Ha Npex-
JI0XXEHHOM BbILIE HA3BaHHLIMM aBTOpPaMH NpHHLHUINE OrochepHoll GOHUTHPOBKE TEPPUTOPUH 3eMIIM B OTHAENb-
HBIX €€ PErHOHOB, OCHOBAHHOM Ha ecTeCTBeHHOM (M3nko- 6o GuoreorpaditieckoM paifiOHHUPOBAHWK CYIHH.
JeficTBUTENLHO, CYIECTBYIOIAd celfuac MpakTHKa NPHPOAOOXPAHHOM NMONUTHKY B YKpauHe, KaK MpaBuiio, oc-
HOBaHa Ha aJMUHHUCTPATUBHO-TEPPUTOPHANBHOM MOAPA3JAENEHNH H KONMUECTBEHHOM «BAJIOBOMY aHANM3e CTpY-
KTypEI IpHpoaHo-3anosenHoro ¢ouza (11I3P) crpanbl u oTAenbHbIX €€ pernoHos. IlokaspiBas A¥HaMMKY NpHpO-
cTa B aOCOMIOTHBLIX Towaasx win B % ot riomwana [13® cTpadsl (py KOTOPOM YpaBHOBEILMBAIOTCA BCE
Kareropun ocobo oxpaHseMbiX MpHpomHbIX Tepputopnii (OOTIT), Hanpumep, GuocdepHbie 3aN0BEAHMKY U Ha-
IIMOHANIbHbIE TAPKH — C OHON CTOPOHBI, H 3aKa3HUKH MECTHOTO 3HAYEHUA H 3alOBEHEIC YPO4YHIIA — C APYToii) B
pamMKax OTAEABLHBIX PErHOHOB H aAMHHHCTPATHBHbIX 06JiacTeil, COOTBETCTBYIOIINE MECTHbIEC AAMHHHCTPATUBHbIE
OpraHbl BBIPAXAIOT CKOpee GOpMANbLHOE CBOE OTHOWIEHHE K NMPHPOMOOXPAHHOW MONWTHKE rOCyaapceTBa, a OT-
HIOb He Apouecc GOpMHPOBaHHUA HALMOHAILHOM 3Kkonorudeckoli cer. IlocneaHss »ke BOIMOXHA JHIUL Ha OC-
HOBE ecrmecmeenHoz0 noopasdeneHus meppumopuu Cmparel (Ui pecuona) u NPURYUNA UePapxuiecKkozo caom-
semcmaun kamezopuiinozo cocmaga OOIIT gpusuxo- (6uo-) —2ceozpaguieckoMy MaKcoHy paccmampugaemo
meppumopuu, COTJIACHO KOTOPOMY «KaXaas gusuxo-zeozpagpuvecxkas (g-2) npoeunyus NOMKHA WMETh OLHH
6uocghepnvrii 3anogednux (53) — OOTNIT MexXIyHapoOHOrO 3HAYEHUA, PENPE3CHTATHBHBIH Y4acToK 610cdephl, a
KaXRas gusuxo-zeozpaguyeckas obnracmo — OMMH npupoOHsii 3anogedrux (113) wnm nayuonanvhoili napx (HII)
— OOINIT o6umerocyIapcTBEHHOr0 3Ha4YeHHs, Ju0O, KaK HMCKIIOYEHHE, pezUOHQIbNbIN Nanowadmubli napk
(PJII])» [2]. dopMHUpOBaHHKe e YeTKOH HepapXU4ecKoit MPOCTPaHCTBEHHO# cTpykTyphl cemu OOIIT xak pas u
ABNAETCA OCHOBOM CO3JaHMA 3KOJOTMUECKOTO KapKaca CTPaHbl B BHAE €CTECTBEHHON CHCTEMb! Gy HKUMOHAILHO
CBS3AHHBIX MEXIY COOOM MPHPOIHBIX U MONYTIPHPOIHBIX €€ TEPPUTOPHIL.

AHaIN3 CTPYKTYpHI M Xapakrepa pasmeuienuss OOIIT Bpicmiux KaTeropuii cernacHo ¢pusuxo-

reorpaduyeckomy paiioHHPOBAHKIO TEPPUTOPHA Y KPAHHDL.

Kak u B nepeoii yactu [4], B anHo# paGoTe OLUEHHBAETCSA HACBILICHHOCTh ECTECTBEHHBIX reorpaduueckux
HOApa3ieNieHuit YKpauHbl — Ha 3TOT pa3 CornacHo ee ¢usuko-reorpaduueckoMy (nanmuadTHOMY) palioHHpOBa-
Huto, - OOIIT BhicIIKX Kateropuii — GuocdepHpIMit 3arioBesHrkaMu (b3), rocy1apCTBEHHBIMH MPHPOIHBIMH 3ari0-
pexuukamu (113), HauvoHanpHeiMA napkamu (HIT), 3akasauxaMu oGuierocy1apcTBeHHOro 3HaveHns (3ak). B cumy
Gonbieil QpoGHOCTH (PHU3UKO-reorpaduieckoro paifOHMpOBAHUA CTPAHB! N0 CPaBHEHMIO ¢ OMoreorpaduueckum
palioHHpoBaHHeM (TeppUTOpHs YKPauHBI NOAPa3AeNIeTCs, COOTBETCTBEHHO, Ha 14 Qu3HKO-reorpaguueckux npo-
BUHLIMIA, WK KpaeB ¥ 6 Guoreorpadieckux NpoBuHuMi) ananus HacsieHHocr QOIIT Beicuiero paHra ee ¢u3m-
KO-reorpapMueckux noapasneneHuil npeacranisercs Gosiee TOMHBIM M JeTanbHbM (puc.1). Kpome Toro, husnko-
reorpaduueckoe (¢-r) palioHHpoBaHue B GObILIEN CTENEHH COOTBETCTBYET JlanIIadTHOMY pa3HOOOPasHIO TeppH-
TOpHH, YTO BO MHOTOM Onpeaesser u Guosorudeckoe ee pasHooOpasue. Briepshie B aHamMse NPUPONCOXPaHHOM
CTPYKTYpHl &-F nonpaszieneHuii CTPaHbI MCTIONB3YeTCs Takol MHTETpHPOBAHHBIHA NMOKA3aTeNbk OLEHKH HACHILIIEHHO-
ctH JaHHO TeppuTopui (pernoxa) OOIIT kak npupodooxpannbiii undexc meppumopuu.

Tepputopus YKpauHbi COracHo (pu3MKO-reorpaduueckoMy paiioHUpOBaHMIO noapasenserca Ha 14 ¢-r
TPOBHHIMH, M3 KOTOPBIX 12 ABIAIOTCA 30HANBHBIMM ¥ 2 FOPHBIMHM IEOCHCTEMHBIMH KOMIUIEKCAMM, KOTOphHIEC B
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CBOO ouepenb noapasaensiorca Ha 57 ¢-r obnacreit [5]. IIpuponHo-3anoBeaHsIi GoHA YKpaHHbI Ha CErOABSAILIHMM
JieHb npezicTarieH 4 GnocdepHpMA 3anoBeHUKaMH, 11 HalMOHANBHBIMY NapKkaMy, 23 (BKMoYas QIHANLY) rocy-
JApPCTBEHHLIMH TIPHPOAHEIMH 3aMOBEIHHKAMH, 35 perHoHanbHbIMHU JaHMa(GTHEIMU MapkaMH 1 Gonee 280 3akas-
HHKaM¥ OOIIErocy RapcTBEHHOTO 3HaveHus [6], T.e. 6onee 350 OOIIT Beicliero para, GOJIBWHHCTBO H3 KOTOPBIX,
3a ucxnoueHueM PJII, saiismoTcs penpe3eHTaTMBHBIMH NpHPORHbIMH yuactkamu cBoux [ITK. PernoHansHble
JaHmuadTHLIEe 2PKH, HaNpOTyB, NPEACTABISIOT B CBOEM OONBIIMHCTBE CHIBHO OKYJIBTYPEHHBIE MOJYNPHPOAHbIE
y4acTKi (JiaHAWA(dTEE) ¥ BPAL I MOTYT CHHTATHCA PENPE3EHTATHBHBIMH «ANPaMM» 3KONOTHUECKOro Kapkaca Ha-
[MOHANTLHOTO YPOBHA, XOTS POJIb MX B (DOPMHPOBaHHK 3KOJIOTHYECKMX KApKACOB HA PETHOHAILHOM YPOBHE OJDKHA
GbITh CYIUECTBEHHON U Aake onpenenstonmeil. Taxum obpasoM, cymectsyiomas cets QOIIT BhICIUUX KaTeropuii
XOT$ U TTOKPHIBAET B KOJHYECTBEHHOM OTHOUICHHMM TEPPUTOPHANILHYIO CTPYKTYPY FEOKOMIUIEKCOR YKPaHHLI, HO HE
penpe3eHTaTUBHA €l B OTHOLIEHWH COOTBETCTBUA MEPAapXHUECKHM ¢e noapasnencHusaM. MHade ropops, aanexko He
Kaxjast (-r TpoBEHINS TIpEACTaRIeHa OHOC(EPHLIM 3alI0BEIHNKOM, 1 JAJIEKO He Kaxaas (p-r obacTh HaioHab-
HBIM T1aPKOM WIH NPHPOIHBIM 3aMoBeNHUKOM. YTo kacaeTcs «M30bITOYHOIO» KOJNMYECTBA 3aKa3HHKOB obLIerocy-
JapCTBEHHOTO 3HaueHua (> 280), TO poJb UX Kak «3alOBENHBIX SACP» IKOTOFHYECKOro kapkaca TpebyeT oTaenbHo-
TO U3y4eHHNs BCIEACTBHE KPalHE HE3HAYHTENBHbIX UX Iowmaeh (Sg,= 1227 ra), Ho B CHIly CBOSH MHOTOYHCHEHHO-
cti oHH Hapany ¢ PJIIT u BMecTe ¢ eme Gonee muorouncnennbiMa OOIIT MecTHOro 3nadeHusi Moray 6bl cTaTh
KapKacHBIMH IPAMH MECTHBIX ¥ PETHOHAIBHBIX SKOJIOTHYESCKHX CETel.

HayyoHantHas ke JKoJNOrudeckas CeTh, T.€. DKoJorudeckuit kapkac o6lIEerocyapCTBEHHOTO YPOBHA
nonpa3yMeBaeT, Kak YK€ TOBOPIIIOCH Bbillle, (OPMUPOBAHNE €IMHOH NpPOCTPaHCTBEHHO-(YHKUHOHAILHO
CTPYKTYPb! OTHOCHTE/ILHO KPYNHBIX NPHUPOAHBIX TEPPHTOPHUIA, Il KITOYEBRIMU 00BEKTaMM AOJDKHBI BBICTYNATh
penpesedtatuBHbie QOIIT kpynHoro pasmepa — B3, HIT u I13.

OG6unii xapaktep pasmenierus OOIIT Boiciux katerophit B YKpanHe yXe pacCMAaTpHBA/ICA B NEpBO#
yacty [4]. O6mas cTpykTypa dusuko-reorpaduueckoro paitoHupoBaHuA YKpaHHs! U JaHAmadTHOE pasHoobpa-
34e €€ PEerHoHOB NpeAcTaBleHbl B Tabmuue 1. JlanamagtHoe pasHooOGpasue ¢-r NpOBHHUMHA YKpauHbl onpene-
JICHO KaK OTHOILEHHE KONUYeCTBa BHAOB JaHAadToB B NpoBuHLMH [7] K e TU101Ham (N ey / Srepp)-

Kak u cnenoBaio oxxunath, Haubonsuee napamwagtHoe pasHoobpasue B YKpanHe HMEIOT FOPHbIE PETHO-
Hbl — §-F ropHo-ecHas nposuRuMs Toprbiit KpeiM (1,54/kM°) ¥ ¢-I' ropHO-NeCHast MPOBMHIMA YKPaMHCKHE
Kapnatsi (0,79/kM%). Cpeaut paBHMHHBIX PETHOHOB OTHOCHTESILHO BHLICOKMM pasHoObpasneM naniuaTos o6ma-
naet CtenHas 30Ha, ocobeHHO 10KHas ee uacTh — CyxocrenHas (FOHOCTenHas) NMOI30Ha (0,61/xM%). Ocrans-
Hble pernoxbl YKpauHs! umeroT Gnu3kue nokasateny Nanmmadtaoro pasHooGpasus (0,30 — 0,33 / KMY).

Xapakrep HachllLlEeHHOCTH (u3MKO-reorpadudeckux perdoHoB YkpauHsl OOIIT BeICIIMX Kateropui
npeacrasneH B Tabnuue 2. Pacnipenenenne u HacoimesHocts OOIT BHCIIMX KaTEropHit CormacHo ¢-r palionn-
POBaHMIO BO MHOTOM MOBTOPSAET HEPABHOMEPHOCTL HachILIEHHOCTH 3THX Kareropuit OOIIT cormacHo Guoreo-
rpaduueckoMy patioHHpOBaHMIO, HO B CHITy Gosnbiielf APOGHOCTH CTpaHbl MOKA3hIBAIOT 3TY HEPABHOMEPHOCTH B
ette Gonbiue crenenn. Kak no KOJHYECTBY, TaK H NO COBOKYMHBIM H CPEAHUM IUIOIIAAAM BEAYIIEE MECTO 3a-
HuMaloT 3anaamumie, IOxuble u Cesepo-3anaHsie perdonsl Yxpaussl. JIMIEpOM 1O CogoKynHOU n1owadu CBOHX
OOIIT ssasercs 3anadno-Ykpaunckas necnasn ¢p-2 npogunyus, 3aTeM 10 ITOMY TNOKa3aTeMO CIEAYIOT IpUMep-
HO C OMHAKOBBLIM OTPHBOM APYT 32 ApyroM Kapnamcko-YKkpauHckas 20pHo-nechas nposunyus, Ipueprnomop-
CKO-NpUaso8cKkan 10xcHocmennas nposunyua u Ilonecckan necnasn ¢p-2 nposunyun. Bee OHH, 33 HCKIOYEHHEM
TpuuepHomopcko-IpHaloBckot MpoBUHLMK, uMelOT U HauGomsinee KoymmyectBo QOIIT BEICIMX KaTeropuit
(cooTBETCTBEHHO, 35, 41 ¥ 62) NO CpPaBHEHMIO C IPYTHMHM PerHOHaMM CTpaHkl. OCTaIbHBIE NECATh ¢-I' MPOBHH-
UMA MO NoKa3aTeNo coBOKynHbIX rnowagedt OOMT MoxHO pa3OuTs Ha YeTHIpE KaTErOpHH: MEPBas KATErOpHA
npeaCTaBeHa OaHOR KpmMcKoli 20pio-i1ecHol npogunyueti, KOTOpas Mo coBOKyMHsIM miomansm QOIIT s nsa
1 Gonee pa3 NMpeBHIILAET OCTANbHLIE NeBATH ¢-I IPOBUHIMM. BTOpas KaTeropua, KOTOPYIO YCJIOBHO MOXKHO Ha-
3BaTh «CPEJHUM KIIACCOM», MOCAEAO0BATCALHO NO YObIBaHMIO coBoKynHbIX wiomanei OOIIT npeacrasnena ps-
oM U3 5 ¢-r nposuHimi:—~ Kpbimckan roxcnocmennan nposunyua — IIpuvepnomopckas cpednecmentas npo-
sunyun — [Jnecmposcko-Lnenposcxan necocmennas nposunyus — 3adoHeyxo-IJoHCKas ceeepocmennas nposuH-
yus — Jlegobepexcno-Lnenposcxkas necocmenkas nposurnyus, WMeIOIHe coBoKymHble wiomway OOIIT ot 37
THIC. T2 10 61,4 THIC. ra U OYEHb HEPABHOMEPHBLIN MX KOJWYecTBeHHbIN coctaB (0T 4 B 3anonenko-JloHcko# 1o
42 B JTHecTpoBCcKO-[IHenpoBcKoft MPOBHHLIMK).

Tpetss xareropua - «naerxosech» - Cpedwepyccxal necocmennas, Jlesobepedicno-/Inenpogcko-
IIpuazosckan cesepocmennan u [necmposcxo-fnenposckas ceeepocmennas npoSuryuy, UMEIOLHE COBOKYII-
ueie omamm QOTIT, coorsercraenno, 14513,4 ra, 12854,5 ra u 8881,6 ra.

Y, HakoHew, YeTREPTAN KATErOpHA NPCACTABNEHA eAMHCTBEHHBIM ayTCaliiepOM IO COBOKYIHBIM UIOLIA-
nsaiM OOTIT (2171,9 ra) - Joweyxoii cesepocmennoii npogunyueii. Tlocnennss mmeer seero 3 OOINT spicmmx
kareropuii — 1 3aka3HHK o8UIErOCY AAPCTBEHHOIO IHAYCHHA H 2 KPOLICYHDBIX CTEMHBIX NPHPOAHBIX 3aM0BEIHHKA.
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Tabnuna 1
Dusmko-reorpaguyeckoe paOHHPOBaHKME H NaHAIa(THOE pasHooOpasue Y kpauHbl

JlannwadyTHoe pasHooOpa-
Ousuxo-reorpaduyeckue Hwady :mep p

dusuko-reorpadpuyeckas 30Hbl ¥ HOA30HH

NPOBWHIIMK, WHED, nio-

H
crpaHa mams (kv?)

Konugecrso

(N) (Nnann / Sﬂ?pp}

A. BocrtouHo - eeponei-
ckasi paBHMHA

AL Jlecuas 30Ha. 0,33/ km*

1. TTonecckas MIMPOKOIMCT. 31
nposuHums (J1,), S =
92,916,

2. 3anamHo-YKpauHCKas 16
IUMPOKOJIACT. MPOBUHLIMA

(L), S = 61,668;

0,26/x°

AL Jlecocrensas 3ona.  |3. JlHecTpoBCKO- 22 0,26/kM>
JlHenpoBcKas necocrenHas
(n1-¢) nposunums (JIC,),

S = 84,960;

4. JleBoGepexHo - [nen- 12
POBCKast JI-C MPOBUHLL
(JI1C,), S =61,056;

5. Cpeanepycckas n-c npo- 14
suHuus (JIC),

§=27,792;

0,20/km>

0,50/km>

A.IIL. Crennas 30Ha.

A.llLa. CeBepocrenHas
0OJI30HA.

6. JlnectpoBcko- 9 0,17/xm?
JIHenpoBcKas CeBEPOCTEIH.
nposuHLuA (Ca,), 52,920;
7. JleroGepexuo- 13
Juenposcko-IIpnaszopckas
CEBCPOCTENH. MPOBUBLIMA
(Cay),

5 =45,684,

8. JloHelKas CeBEPOCTENH. 10
npoBusLms (Cas),
S =27,684;

9. 3anonenko-JloHckas 8
CEBEPOCTEIH. IPOBHHLIMA
(Cay), S =21,672;

0,28/kM?

0,36/xm?

0,37/kM>

10. TipuuepHoMopckas 16 0,47/xm’
CPEIHECTEIH. IPOBHHINSA

(Cb), S = 34,020,

A.IILb. Cpennectentas
NOA30HA.

AllL.c. FOxHocrennas
noj3oHa.

11. IpuuepHOMOpCKo- 12 0,63/xM?
INpuasoBckas npoBUHIKA
(Ccy), $=19,116;

12. KpeiMcKkas 10KHOCTENH. 11
nposuruus (Cce;),
S =19,008;

0,58/xm*

B. FopHele crpans!.
Bl. Ykpaumnckue Kapna-
TEL

B2. Copueiit KpemM.

13. Ykpauncko - Kapnar-
cKast FOPHO-JeCHas 1po-
suHuus (INy), S = 26,716,
14. KpriMckas ropHo-

21

11

0,79/xm?

“1,54/xm?

aecHas rniposusLua ([5),
S=17,128

Yro kacaeTcs pa3nuuuii o nokasaremo cpeousns naowads OOITT BICIIEro paHra, TO 34eCh (G-I TPOBUH-
LM BBICTPAaUBAIOTCA B HECKONbKO MHOH paf (Ta6n.2). IoBTOpsAS B LENOM Ty Xe MOCIIe0BATENLHOCTD, YTO H MO
yGbiBanuio coBOKynHeIX muiomaneli OOIIT, Ha mepBoe M BTOpoe MecTa 31ech BHIXOUAT [IpuuepHomopcko-
fIpuazosckan 10cHocmennas U IIputepHoMopckan cpeOHecmentas nposunyuu, YTo 06yCIIOBIEHO HANMYHEM Y
aux OOIIT camoro xpynHoro pasmepHoro panra — B3 u HII, npu oTHocHTeNsHO MajsoM OGIIEM KONMYECTBE
OOIIT na ux Tepputopus (13 M 5 COOTBETCTBEHHO).
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BICHUK TOHEUBKOUO YHIBEPCHUTETY, Cep. A: llpnpoaunyi nayxu, 2003, sun. 1

Tabnuua 2
CpaBHuTenbEad xapakrepucruxa Hacbiiienzoctd OOTIT Beicmux kareropuii cornacHo $usnxo-reorpad)iaeckoMy
paionnpoBaHuio YKpauHbl (110 crerneHy yOsiBalug coBokynseix nrnouaneit OOIT)

s Konnuvectse QOIIT

DusuKo-reorpaduuecKue NPOBUHLKM So6r T2 ps F8 B3 | 113 |HII | 3ax" | Nog
1. 3ananso-Y kpanHcKas WHPOKOIHCTB. NPOBHHUKSA — JI, 297564,401 850181 0 | 3 2 30 | 35
2. Yxpauncko-Kapnarckas - ropHo-iechas nposuanus — Iy 256066,601 62455 | 1 1 5 34 | 41
3. IpurepHOMOPCKO-TIPHa30BCKas KoxXHOCTeHas nposudums — Ccy  [208743,801 1605721 2 | O 1 10 |13
4. IToaeccxas mupokoMcTBesHas nposuHnus JI) 170676,03] 27528 | O 2 2 58 | 62
S. Kpevckast ropHo-necHas nposusnus - I'y 111205,60] 654151 0 | 4 0 13 17
6. KpniMckas 1oxuocrenuas nposuuums - Ccy 61396,60 | 87709 | 0 3 0 4 7
7. IlpuuepHoMopckas cpenHecrentas nposuHuug — Cb 53998,50 | 10800,0| 1 0| 0 4 S
8. lnectporcko-JIHenpoBckas siecocternHas nporuHuus — JIC, 4957470 | 11804 | O 1 0 41 1 42
9. 3anoneuxo-JJoHckas cesepocrerinas nposuHums — Cay 41967,40 110492,0| 0 | 2 1 1 4
10. JleBobepexHo-[IHenposckas necoctenHas nposunuus — JiC, 37292201 13812 | O 1 0 26 | 27
11. Cpennepycckas necocrensas rpoBuHuus — JIC, 14513401 16126 | 0 | O 0 9 9
12. JIeBoGepexHo-[{uenposcko-Tlpuazorckas cesepocTenHas npoeus-| 12854,50 1 676,6 | 0 | 3 0 16 | 19

ums — Ca,

13. nectpoBcko-/IHenpoBckas ceBepocTenHas nposuHuus — Ca, 8881,60 | 5224 | O ) 0 16 117
14. JloHeukas ceBepocTenyas npoBuHuus — Cay 217187 | 7240 | 0 | 2 | O 1 3

Ipumeuanue - * B TaGnuily He BOWIEN Pl 3aKa3HUKOB 0GLIErOCY JAPCTBEHHOI'O 3HAYCHHUS, PaCTIONOKEHHbLIX B YEPTE FOpo-
noB 1460 Ha rpasuuax ¢-r nposUHLMiA.

OnpeneneHne NPHPOIOOXPAHHBIX MHIAEKCOB pH3nKo-reorpadpuyecKux NpoBHHLMA YKpaHHbIL.

Hanb6onee nuopMaTHBHBIM TIOKA3aTENEM DENpPE3CHTATHBHOCTH NPOCTPAHCTBEHHOR CTPYKTYpbI IPHPO-
JNOOXPaHHOM ceTH 000 TEPPUTOPHUH HIH PETHOHA MOXET ObITh TaK HA3BIBAEMBIH npupodooXpanHbslil uHOexc
meppumopuu (Pt). OH npepcTasigeT co6oii COBOKYNHY10 OLeHKY HachimenHocTa cetn OOIIT mob6oii Teppuro-
PHE OTHOCHTENIPHO €€ IUIOINAM, YTO MO3BOJAET, B CBOIO O4epenb, 6ojee OGBEKTUBHO CPaBHUBATH CTPYKTYpY
NPUPOAOOXPAHHON CETH Pa3IHYHBIX TeppUTOpHi Mexay coboil. [IpuponooXpaHHbIl HHIEKC TEPPHTOPHH OlLie-
HHBAeT KaK KOJIUYECTBEHHbIE IAapaMEeTPhl MPUPONOOXPAHHOM CETH NAaHHOHW TEPPHTOPHUH — KOJMYECTBO CaMMX
OOINT u ux cyMMapHbIe I0MAAM OTHOCKTENBHO IUIOMANH CaMOH TEpPUTOPHH, TaK M KaueCTBEHHbIE — KaTero-
puiiHoe pasnooGpazue OOIIT Ha 3Toii Teppuropuu. [Ipyuem «kadeCTBEHHBIH aclieKT) B JAHHOM CJIydYae Iipen-
craBnsger co0oif He MPOCTO MepeueHb KaTeroprMHOM CTPYKTYphi TeppuTopHainbHoii cetn OOINIT, HO MMEHHO
OLIEHKY €r0 «Ka4eCTBEHHOTO COCTaBa» YepE3 OTpeneNieHre kosghduyuenmos snavumocmu (k) OTAETBHBIX KaTe-
ropuit OOIIT. D10 noHATHE 3/€Ch NpeaaracTcs BIepBble ¥ NPEACTABIAET OO0 00BLEKTHBHYIO OLIEHKY 3HauHu-
MocTy noboii kareropun OOIIT B cTpykType II3® crpanbl yepe3 OTHOLIEHHE CpeAHEH IIOANH NaHHOM KaTe-
ropunt OOIT x cpeaneii wiowanu Beex oobextos 13D B crpane. (Hmenno cpednsa nnowade OanHOU Kamezo-
puu OOIIT senaemcs nokazamenem ee 3HAUUMOCMU, MAK KAK, 80-NEPBbIX, ¢ YOPMANLHOU MOUKY 3PEHUS NAO-
wads mobou OOIIT sensemcs nokasamenem ee xayecmea Kak Qynkyuu nawowagpmuozo u buonozuveckozo
PA3HO00pPA3Us ee meppumopuu, YCmouuugocmu U ONUMenoHOCMU CyuyeCmeo8aHUR €€ IKOCUCIEM 6 eCIeCMEeH-
Hom cocmosHuu. Bo-emopuix, cpeonsa niowade oanno kamezopuu OOIIT @ kakou-mo cmenenu ompadicaem
CMenens GHUMAHUA K Hell 20cyoapemea U obujecmeeRHocmuy kaxk K 06vexnty npupodoOXpanHozo U KyibmypHo20
(8 wupoxom cmeicne) snauenus). Hanpumep, xoddduupment sHaunmoctu 6uochephnblx 3anosenumnxos — OOIT
CaMOro BEICOKOTO B CTpaHe paHra - Ky3 onpenensercs yepe3 OTHOUIEHHE CpefHeil riomany 6HochepHBIX 3amo-
BEHNKOB B YkpauHe (Scpgs) K cpeaHeil miomany Bcex oobektoB 113D B crpane (Scpmo):

kg3 = Scprz / Scpmzo = 56679,9 ra/ 380,2 ra = 149,1.

AHaIOrM4HO OMPERENAIOTCA H KO3DGULUMEHTH SHAYMMOCTH OCTaNILHBIX kaTteropuii OOIIT, B Hawem ciy-
yae: HAMOHAILHBIX MApkoB kyn = 143,3; rocyrapcTseHHbIX NPUPOAHDIX 3anoBeHUKOB ki3 = 18,4; 3aKa3HUKOB
o61erocy 1apcTBEHHOTO 3HaUeHUA K3y = 3,2.

[puponooxpaHHbili MHIEKC KakoM-1iub0 Tepputopuu (I0Goro reorpaguueckoro noapasaeeH s 3emii)
¢ yueToM koadpuurentos snaunmocty kareropuit OOITT onpenensercs no ¢popmye:

. k) Sty ) Su ke Y S+t kDS,
i Sf. ?

rae Pt; - npuponooxpaHHbii MHJEKC TaHHOM Teppuropun; A, B, C, ..., Z - kareropun OOIIT; Su;, Sgi, Scis--+» Sz
- uiowaan kateropuit OOINIT Ha mauHO#M Teppuropuu; Ka, kg, Kc, ..., Kz - k03 GHIUMEHTb! 3HAUHMOCTH KaTEro-
puit OOIIT B Ykpaune; St; - ruiomanb 1aHHON TEPPUTOPHH. R
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Takum 00pa3oM, HCTIONL30BAHME B ONPENCTCHHH NPHPONOOXPAHHOFO HHEEKCA TEPPHTOPHH K0d¢dutin-
€HTOB 3Ha4UMOCTH Kaxao# kareropuu OOIIT noxa3seiBaeT X «OTHOCHTEIBHBIH BECH B NPHUPONOOXPAHHOH ceTH
JIaHHOW TEPPHTOPHH.

PesynbTaTel pacueTa NPHPOROOXPAHHBIX MHAEKCOB (U3MKO-reorpaduyeckux MpOBUHIMI YKpauuki M
CTpaHBI B LeJNOM npHBeeHs! B Tafnuue 3. TaM ke NpHBeAcHb! KOIWIECTBO, CYMMAapHsIE M CpelHie IUIomaH
(ra) paccMarpusaemeix kareropuit OOIIT no kaxgoH ¢-r NPoBUHLEYM {B YNCHMTENE NPUBEICHB CYMMAapHBIE
wiomany JaHueix kateropuit OOIIT, B 3HaMeHaTeNe ~ UX CpPefHKE TIOWAAN).

Tabnnua 3
Crpyktypa OOIIT 4 mpupomooxpaHubie HHASKCH GU3NKO-TeOrpadHuSCKUX NPOBHHIMI Y KpauHbI
@usuko-reorpaduyeckas | S Teppuropuu Konnuecrso n mnomaaun OOINT
NpOBHHIMA (ra) Pe | Np3 | Spy/Sepss | Num | Sur/Sepnnt | Nz |Sris/Scprsd Naax [S35¢/Scpaad
1. TTonecckas mMpoKONUCT- 9.291600,0 | 1,150 O 2 | 65192,/ 2 |67150,8/ 58 [38333,1/
BeHHas npoBuHIMA — J1; 32596,1 335754 660,9
2.3ananHo-yKpauHckas 1wm- 6.166800,0 [ 6,280 O 2 {268394,6/| 3 112535,0/f 30 |16634,8/
POKOJIMCTB. NpoBHHIHUA — JI, 1341973 41783 554,5
3. uecrposcko - MQuenpos- | 8.496000,0 | 0,022 © 0 1 2027,0 | 41 [47547,7/
CKas JIECOCTENHAs NPOBHHUNA | 11597
- JIC,
4. JleBoGepexHo - Juenpos- | 6.105600,0 | 0,020 | 0 0 1 202,4 | 26 {37089,8/
CKas JICCOCTENHas [IPOBUHNHS] 1426,5
- JIC,
5. Cpennepycckas aecocren- | 2.779200,0 | 0,017 0O 0. 0 9 145134/
Has nipounima — JIC; 1612,6
6. Tnectposcko - [uenpos- | 5.292000,0 { 0,010} 0O 0 1 1675,7 | 16 | 72059/
CKas CEBEPOCTEIHAS NPOBUH- 450,4
wug — Ca,
7. JleBoGepexHo — [lHenpos- | 4.568400,0 | 0,026 | 0 0 3 [51982/| 16 | 7656,3/
cko - [TpuazoBckas ceBepo- 1732,7 478,5
crenHas npoBHHLMA — Ca,
8. loneuxkas cesepocrennas | 2.768400,0 | 0,012 0 0 2 117215/ 1 4504
nposuHuus — Ca, 860,8
9, 3anonenxo-/loHckas cese- | 2.167200,0 {2,690 | 0 1 40589,0 2 928,0/ 1 450,4
pocTenHas nposuHnus — Cay 464,0
10. Itpuuepromopckas cpen- | 3.402000,0 | 2,041 1 464029 1 0 0 4 | 7589,6/
"ecrenHas npopuxums — Cb . 1897.4
11. Tlpuuepuomopexko-Tipu- | 1.911600,0 [ 13,521 2 [122436,6 /1 1 521540 0 10 1341532/
230BCKas 0KHOCTEMHAS 61218,3 -] 34153
nposuauug — Cc;
12. Kpuimckas oxuocrensan | 1.900800,0 | 0,473 0 0 3 1462174/ 4 {151792/
nposuHIma - Cc, 15405,8 3794,8
13. Ykpauncko-Kapnarckas | 2.671600,0 | 12,60 1 57880,0 | 5 [173474,7/{ 1 5344,2 1 34 119367,1/
TOPHO-NecHas NPOBHHLMSA — . 34694,9 569,6
I
14. KpriMckas ropHo-siecHas | 712800,0 1,820 O 0 4 161873,2/) 13 149332,4/
nposuHma — I g 15468,3 3794,8
Ykpanua ~ 60.000000 | 2,110 | 4 1 23 | 263

HecmoTps Ha To, YTO Pt ABNAETCA OLEHOYHBIM (KaY€CTBEHHO-KOIHYECTBEHHBIMY MIOKa3aTeNleM PHPOIo-
OXPaHHOH CTPYKTYphl /H060H TepPHUTOPHH, NPEK/E BCETO, OTHOCUTEIILHO €€ IOWIAAH, YTO ¥ NO3BOSET CPaBHH-
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BaTh Pa3/IMUHbLIE 10 MUIOUIAAN TCPPUTOPHH MeXIY cobof, ewe Gosnee uHPOpMaTHBHBIM ObLI0 Ob1 cpaBHEeHME Pt
OT/ENbHBIX PEIHOHOB YKpaHHB! C TAKOBBIM UTA CTpaHbl B LiesioM. B Tabnuue 4 npeacrasnens! Pt ¢-r npoBMHIMi
Ne cTeneHy ux yObiBaHuA W UX OTHOWIeHHS K Pt 11 Bcel Vkpaunst (Pt; / Pty,). Kak sumno, n3 14 ¢-r npoBus-
uuit Tonpko 4 mveroT Pt, npesriuaromue Pt crpans B uenom. fIpy 10CTaTouHO GONBIIOM [HANA30He 3HAYCHMH
Pt ¢-r npoBUHZMI BCE HX MOXHO pa3OMTh YCJIOBHO Ha 7 KJIacCOB.

Tabnuna 4.

[TokazaTend MPUPONOOXPAHHBIX HHAEKCOB PU3HKO-TEOrpaduUecKux
ApOBUHUMH YKpanHbl OTHOCHTE/IBHO CTPAHB! B LIEJOM 110 CTENEHH UX YOBIBAHUS

OU3UKO-reorpaduuecKie NPOBHHLMH Pt; Pt/ Pty,,

1. llpuuepHomopcko-IIpuasosckas 1oxHocTenHas — Cc, 13,52 6,3
2. Ykpauncko-Kapnarckas ropHo-necHas - Iy 12,60 5,9
3. 3anazHo-Y KpanHCKas HMPOKOJIUCTBEHHas - Jl, 6,28 2,95
4. 3agoneuxo-JloHckas cesepocrenHas — Ca, 2,69 1,26

Yxpauna 2,13 1,90
5. IpuyepHoMopckas cpenHecrenHas - C, 2,041 0,96
6. KpbiMckas ropuo-iecHas - I ‘ 1,82 0,82
7. Monecckas mnpokonucTBenHas - JI; L15 0,54
8. Kpbtmckan 1oxHocrennas - Cc, 0,473 0,22

9. JleBoGepexHo-/IHenpoBcko-T1pnasosckas

ceBepoctenHas - Ca, 0,026 0,012
{0. Ouecrposcko-/lnenposckasn gecoctenHas - JIC, 0,022 0,010
11. JlesobeperxxHo-/lHenpoBckas necocrenyas - JIC, 0,020 0,009
12. CpenHepycckas necocrentas - JIC; 0,017 0,008
13. loneukas cesepocrennas - Ca; 0,012 0,006
14. {necrposcko-/IHenpoBekas cesepocrentas - Ca, 0,010 0,005

1 knacc - ITpuuepnomopcko-Ipuazosckas wacnocmennan (Cey) n Yxpauucko-Kapnamexas 2opro-nechasn
(I'") nposunyuu, Pt KOTOPBIX NIPUMEPHO B 6 pa3s npesbiraer Pt Ykpauns! (Pt; / Pty,, pasHo 6,3
H 5,9 COOTBETCTBEHHO).

1l xnacc — 3anaduo-Yxpaunckaa wupoxkonucmeennas nposunyus (J1;), Pt xotopoii B 3 pasa npessliaer
Pt Yxpauns!.

U1 knacc — clofia BOIWNH cpa’y Tpu §-T NpoBHHIMY: 3adoneyxo-[Jonckan cesepocmennasn (Cay), Ilpuuep-
Homopekaa cpednecmennan (Cy) n Kpoimckan 2opHo-necnan (I;) Pt xoTopbix (Pt; / Pty,, paBHb!
1,26; 0,96 1 0,82 cOOTBETCTBEHHO) OJIM3KK K TAKOBOMY Ui CTPaHbI B LIESIOM, T.€. HX MOXXHO
Ha3BaTh: 7O STOMY MOKA3aTENO COOTBETCTBYIOIUMH 00IIEYKPaUHCKOMY YPOBHIO.

IV knacc — ITonecckas wupoxenucmeennas nposunyus (J1;), Pt KoTOpOi IOYTH BIBOE YCTyTaeT Pt YKpauHs!.

V xnacc - Kpoimcicas iodichocmennas nposunyus (Ccy), Pt koT0poi OYTH B IMTH pa3 MEHBILE 00IIeyKPaHHCKOrO.

VI kmacc - camblii MHOrowMCIeHHbi, ofbemuHMBIMK yeTeipe ¢-r nposuHuMH: JlegobepesicHo-
Jnenposcxo-Ilpuazosckyio cesepocmennyio (Cay) ¥ BCE TPH NECOCTENHbIE NPOBUHLMM — [JHe-
cmposcko-IInenposckyio (JIC,), Jlesobepexcno-dnenposckyio (JIC,) u Cpednepyccxyio (JIC;),
Pt KOTOpBHIX B CPeIHEM B AECATH pa3 ycTynaer o01eyKpauHCKoMYy.
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VII knacc - nse u3 yeThipex CeBEpOCTENHBIX NPOBHHWMI - Jouneykaa cegepocmennas (Cas) v [Juecmpos-
cxo-/Inenposckas cegepocmennan (Cay), Pt KOTOPBIX B CpeHeM €llle B Ba pa3a MEHbLIE, YeM
y ¢-r npoBHHIKI IPeABITYIIEro Kiacca.
BeiBoabl.
Takum 06pa3oM, HCIIONB3YS YHHBEPCAIbLHBINA OLICHOYHBIA KpUTEDHH - PHPOAOOXPAHKBIN HHIEKC TEPPH-
TopuH (Pt) B aHanM3e NMPOCTPAHCTBEHHOH CTPYKTYpPhI IPHPOAOOXPAHHON ceTi GH3UKO-reorpadHyecKux peruo-
HOB YKpauHBbI, €ll¢ OTYET/MBee BHIHA HEPABHOMEPHOCTD €€ TEPPHTOPHH 10 HACHIIIEHHOCTH M KaTeropuitHoMy
pasHoobpasmic OOIIT Beicmiero padra. IIpudeM 3Ta HEPABHOMEPHOCTh MMEET SABHO BRLIPAKEHHBINH 30HANLHELIN
XapakTep. Bbicokne Pt UMEIOT PErMOHB! IOHO-CTEMHBIX ¥ FOPHO-JIECHBIX M HIMPOKOJIMCTBEHHHIX NaHAWA(TOR
xpaiinero IOra u 3anaga crpansl. OGwmpusie Teppuropud LllnpoxonucTeeHHoN 30HbI (VKPAHHCKOE MONECEHS),
Sonpuas yacTh CTENHOM 30HBI K Bes JlecocTenHas 30Ha HAXOAATCA B KpaiiHe HeGIaromnonyYyHOM NOJIOKEHHH 110
3TOMY nokazareso. OUEBUIHO TakKe, YTO MPOCTpaHCTBeHHaA cTpykrypa cetd QOIT YkpausHst ¢ TOUKH 3peHus
3TaJIOHHPOBAHHA €€ TEPPUTOPHABHBIX NOAPa3AeNICHHI OueHb HeonHopoaHa. Ee onTUMU3auus JODKHA OCylie-
CTBJIITECA B NEPBYIO O4Yepesib 32 CYeT MOMCKAa PE3EPBOB €IUE COXPAHMBLIMXCH NPHPOLHbIX M MOMYMPUPOLHBIX
Teppuropuii B lleHTpansHeix, CeBepo-BocTouRbIX ¥ BOCTOYHBIX perMoHax CTpaHsl M MPUAAYH UM COOTBETCT-
BYIOLIETO TNPHPONOOXPAaHHOro cTatyca. CylNecTBYIOIMas AMCOPONOPUMS B TPEACTABUTENSHOCTH (H3MKO-
reorpaduueckux noapasaenenuit ctpansl OOIIT cooTBEeTCTBYIOMMX KaTeropuii Takxke Tpefyer ceoero nepe-
CMOTpa B BHJIE NIEpeBONa Haubonee penpe3eHTaTUBHBIX M LIEHHBIX C NPUPOAOOXPAHHON TOUKH 3PEHHA 3aKa3HU-
KOB B PaHI NPHPOAHBIX 3aTIOBEHMKOB (WIH B CIy4Yae MX KJIACTEPHOTO PacrojioXeHHs oObeNUHATh HX B PErHo-
HabHBIE JaHIWA¢THBIE NAPKH, a TIPH HAIMYAH GONBIIMX IUIOLIAAEH WM IIEHHBIX YHHKANLHBIX NPUPOIHEIX 005~
€KTOB — B HallMOHANbHBIE NPHPOIHbIE Napku M GuocdepHblie 3amoBeAHHKH). Tak unu MHave, HOPMHPOBAHME
JKOJIOTHYECKOTO Kapkaca CTpaHbl KaK 1IeIOCTHOM CTPYKTYphl BO3MOXKHO JIHIb HA OCHOBE OCTATOYHO IIOTHOM U
PaBHOMEPHOM NPOCTPAHCTBEHHOH CETH €€ sAaep - 0c000 OXPaHAEMBIX NPHPOAHBIX TEPPHTOPHIA.

PE3IOME

Ha ocHOBI NOpiBHANBHOrO aHaNi3y TEPUTOPIANBHOT CTPYKTYPH | PO3MILICHHS IPUPOJHHX TEPUTOPIH, 1O OXOPOHSIOTHCS
oco6miso (ITTOO) BuiLOro paHry faeTses ouiHka NpUpoaHo-3anosiHoro ¢pouay (MI3®) Ykpaiuu i okpemux ii perioxis, Oui-
HIOETBCS HACHMEHICTD i KaTeropiiiHa pisnoManitHicTs [TTOO wotupHanusTy disrko-reorpadiunux nposinwi# Yxpainu. Crpyk-
Typa [13® perionis oniHoBanack 3a TakuMH KpuTepisMu: Kinbkicts IITOO, ix 3aransha Ta cepefHs Nowa, pi3HOMAHITHICTE
kareropii [ITOO. Bnepuue ans nopiBHsHHS CTPykTypH i HackueHocti I1TOO disuko-reorpadiunux nposinuiii Yxpainu i sciei
KpaiHy B LiIOMY' BUKOPHUCTaHO YHiBEpPCANbHUI NMOKA3HHUK — npupo00ooxoponnui indexc mepumopii. Ioxasano HepiBHOMipHUii
xapakrep HacudeHocTi [13® isuko-reorpadiunmx nposinuii Ykpaiuu. Binuiue 3a sce [13® nposiHuiit nicocrenosoi 30uu Ta
Ginp1IOl YAaCTHHH MiBHIYHO CTENOBOI Nix3oHy. JlaloTecs pexoMeHaanil moxo onrumizauii [13¢ Ykpainn.

SUMMARY

Based upon the comparative analysis of territorial structure and location for natural areas of special protection
(NASP) of the highest rank, the natural reserve fund (NRF) of Ukraine is evaluated as well as some of its regions. The esti-
mation is given for NASP density and category variety of fourteen Ukrainian physico-geographical provinces. The criteria to
estimate NRF structure are as follows: NASP number, their total and average area and NASP category variety. Universal
index - nature protection index of territory — is used first to compare the NASP structure and density of Ukrainian physico-
geographical provinces and the whole country. The uneven character of NRF density is shown for physico-geographical
provinces of Ukraine. The poorest ones are the provinces of forest-steppe zone and most part of north-steppe subzone. Rec-
ommendations are given to optimize the NRF of Ukraine.
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Y]IK 577.4:54.054

MOHBUMTOPHHI' TAXKEJIbIX METAJJIOB B XJIEBOBYJIOYHBIX W3AEJUAX

B.JI bacenxosa, O.P.Kypbanosa, H.A.Bopucko

Cpeny MHOTOYMCIEHHBIX 3arpA3HHTENEH OKpyKalolllel cpesbl Tskenble Metamsl (TM) 3anuMaloT ocoboe
Mmecto. Cortacho wiaccnpukauyu Hx.Byza [1] x ocobo TokcmussiM MoxHO otHectu: Co, Ni, Cu, Zn, As, Se, Rb,
Cd, Hg, Pb, Sb, Bi, Pt. TTpeBbIuIcHEe COnepPXKaHuUA NOXOOHBIX 3MEMEHTOB B 00BEKTaX OKpYXKAomel cpelpl, a TEM
6onee B rme — (QakT KpaiiHe HexenareabHbli. [lockonpky I XKMBOrO OpraHH3Ma BCe MepeYHCIIEHHbIE BBILLE
3n1eMeHTH! HeoGxomuMbl, Gonee MpaBWIbHLIM OYAET roBOPUTH HE MPO TOKCHMKAHTHI BOOGINE, a PO TOKCHYHBIE KOH-
ueHTpauky. bosee BricOXMMM TeMIlaM¥ KIET Hakorvienue B 6uocdepe Hg, Pb, Zn, Cd, As. U36bITouHoe xonngect-
BO YKa3aHHBIX 3IEMEHTOR HapyIaeT NPOLECCH MeTabosM3Ma, YMEHBIIAET POCT H Pa3BUTHE XKHBBIX OPFaHU3MOB.

Tspkensle METAIBI NOMAJAIOT B OPraHi3M YesioBeKa NPeUMYIIIECTBEHHO C PaCTHTEILHOM NUIeH, a HaKOo-
IUIeH}E TOKCUKZHTOB B pAaCTEHHAX TIPOUCXOMHT, TIaBHbIM 00pa3oM, U3 NOuBbl. XHMMHUIECKOE HCCIIEJ0BAHHE NIOYB
Ha TEPPUTOPHIX C HIMPOKO Pa3BepHYTOH NMPOMBIMIIEHHOCTBIO MPHOOPETAaET BAXXHOE 3HAYEHHE B CBA3M C BhIIE-
m3noxeHHIM. OCHOBHBIMH MCTOYHUKAMH 3arps3Henns nous TM ABnsIoTCA U cepa MaTEPHAIBHOIO POH3BO/-
cTBa (NPOMBILUICHHOCTD, TPAHCIIOPT) M cepa noTpebneHns (ceNbckoe X03aHCTBO, ObiT Mmonel).

Hanbonee notpe6naeMbpIMi NIPOLyKTaMHK ABASIOTCA X1e600yTOUHEIE H3EMHA, TOITOMY BbIOOp 06BEKTOB
WCCIIeIOBAHHUA HE BhI3LIBAET HUKaKNX COMHeHm#. [lonbacc — onuH U3 Hanbonee pasBUTLIX MPOMBILUIEHHBIX paii-
oHoB. B Teuyenue 2001 rona o6veM BoiOpocos coctaBml 60 ToHH Ha 1 KB. KM, 4TO B 6 pa3 Gonblie, yeM Mo Yk-
panHe B HesioM [2]. B cBA3HM C 3THM MOHMTOPHHI TSKENbIX META/UIOB NMPHOGpPETaeT nepBoOYEPEHOE 3HAUECHHE
Ha TEPPUTOPHH Halleil obnacTy.

Hensbio HacTosmel paGoThl SBUIOCH NPOBENECHHE MOHUTOPHMHTA 3arpa3HeHul x1e6o0ynouHbIX U3AEIMit
TAKENBIMA METa/IaMu. J{J1s1 3TOro HeOOXOaMMO:

- YCTaHOBHMTH KOHLEHTPALMH TKENBIX METAUIOB B 3epHE, Myke U XneboOysnounsix usgemwix (XBH) n

IaTh OLEHKY CTEMEHH UX 3arpsA3HEHHOCTH;

- OMpeJENUTL NPUOPHTETHBIE 3ArPA3HUTEIH CPEU TSDKENbIX METAILIOB Ha TeppuTopu JloHelkoi o6aacty;

- BBIABHUTH OCHOBHbIE HCTOYHMKH TIOTAIaHUA HX B 3€PHO; .

- paccunTarth k0adduunents Guonormueckoro nornomenusa (KBIT) atux Merawios, T.e. creneHs 6uosno-

THYECKO! aKTUBHOCTH;

- NPEAIOKUTH crIoco0bl yMeHbINeHHs nonaganus TM B npoaykTel muTanus (XBH).

JUINTENbHOCTS NpeObIBaHMA 3arpA3HIONMX KOMIIOHEHTOB B IOYBE HAMHOro Gonblue, YeM B JAPYTrHX yac-
Tax 6uocdepsl. Meranibl, KOTOpble HAKOMUMKUCH B TPYHTE, YAANAIOTCS MPHU BbIEIauHBaHHH, YCBOCHHH pacTe-
HUAMH, OPR 3po3uu u Jedusunu. PacTeHns MoryT HakaruiMBaTh TM B TKaHAX WM Ha NOBEPXHOCTH, IOITOMY
PaCTeHHA ABNAOTCA MPOMEXYTOUHEIM PE3EPBYAPOM, Yepe3 KOTOPbIN METAIE NIONAAAIOT U3 MOYBbL B BOAY, BO3-
OyX, K JIOAAM M )KHBOTHBIM. TsDKesble META/UIBL, [IONaKas B I0YBY, NPETEPNEBAIOT pa3inyHble TpaHCPOPMALIKH.
OnauH Y3 MIABHLIX MPOLECCOB — 3arps3HEHHe TYMYCOBBIMH BEIIECTBAMH. DTHM B 3HAYMTENBHOH Mepe 00BACHd-
€TCA TOBBbILICHHOE copepxanue TM B BepXHEM T'yMyCOBOM cioe. HacTh THKENBIX METAUIOB cOpOHpyeTCs Ha
MUHEPIbHBIX YaCTHYKaX, YacTh HAXOJAUTCA B MEXIUIOCKOCTHOM TIPOCTPAHCTBE IMIMHHUCTBIX MHHEPANIOB HIH, 32
cyeT U30MOPHHOTO 3aMeleHHA HOHOB IPYTHX 3NEMEHTOB, B KPUCTAJUTMYECKOH pemieTke. B ymoboM ciryyae Ha-
koruienne TM TeXHOreHHOro MPOHCXOXACHHA B NPUIIOBEPXHOCTHOM CJ10€ TPYHTa OODBACHAETCA TEM, YTO OCHOB-
Hasd MX 4aCTb HAXOQUTCA B TPYAHOPACTBOPMMOM WM HepacTBOpMMOM Buje. 1o naunpiM CtpxuMa {3] Ha qomo
BOROPACTPBOPHMBIX OpM LIMHKA ¥ Ka[MHA B NOYBE MPUXOAHTCS Beero 6-7%, BONOpacTBOPUMBIH CBHUHEL OTCYT-
cTBYeT. I'pynna NpHOPUTETHBIX THKENBIX METAIOB 3HAYWTENbHO NMOABMXHA B KHUCIOH Cpelie ¥ CTAHOBUTCA
NIPaKTHYECKH MHEPTHOM Npu noxmenaunBanii [4]. TM, koTopbie nONanaoT B MOYBY, yXYAMAKT ee QUIMUECKHE
K XHMHYECKHE CBOMCTBA, HAPYIUAKOT NOMIOTHTENLHBIN KOMILIEKC, TOHIDKAOT OydepHbie cBOHCTBA NOYBBL. JTO
TPUBOAUT K HapyIEHMIO HOPMAIBHOM NEeATEIHOCTH IOYBEHHBIX MHKPOOPTaHM3MOB (MM UX TIONHOMY YHUYTO-
KEHHIO), 4TO, B CBOIO OYEPENlb, BEAET K CHIKCHUIO aHTHOMOTHYHOM aKTHBHOCTH.

CieflyeT y4uThiBaTh, YTO PACTEHHA HMEOT HEONMHAKOBYIO CIIOCOGHOCTL aKKyMyJTHPOBaTh TOKCHYHBIE
MHKpO3JIEMEHTH!. B CBA3M ¢ 3THM OHM pacNonaraloTcd B CAeAyIOmye IPynbl:

- Cd, Cs, Rb - 5ierko nornomarorcs;

- Zn, Mo, Cu, Pb, Ag, As, Co— cpeHe NOrOMaloTCs;

- Mn, Ni, Cr, Re, Bi — c1a60o nornomaiorcs;

- Se, Fe, Sn, Ba, Te — TpyaHO NOINIOMAIOTCS. o

Conepxanue MHHEPAIBLHBIX JJIEMEHTOB B PaCTEHMAX 3aBHCHT OT LENOrO PAfa YCNOBHH. HOCTYIHOCTH M
KOHLIEHTPAlLM¥ MaKpo- ¥ MHKDODJIEMEHTOB B IPYHTE; YPOBHS KMCIOTHOCTH CDEJbl; BJIKHOCTH; TEMIEPaTyphl;
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aspali B KOPHEBOH cuCTeMe; Bo3pacTa pacTeHni. MiHorna peakuys cpesist MOXKET OKa3biBaTh foiee CHIlbHOE BO2-
HeHCTBYE, YeM KOHLEHTPALMS TSHKENBIX MeTaUIOB [5]. YcToiuMBOCTE pacTeHuil K TOKCHYHBIM dJIEMEHTaM onpene-
NSeTCa HX PH3HOIOro-GHoXMMMYecKMH ocobeHHocTaMu. Habmonaercs takad 3aKOHOMEPHOCTh Wis TM: no Mepe
YBEJIMYEHUS KOHLIEHTPALMA NEMEHTa B MIOYBEHHOM pacTBope Oonbilic APYrMxX HAKAIUIMSAeTCs KaaMMH, 3arem
HHHK ¥ Melb, CaMas HH3Kasd CKOPOCTh akKyMY/sumMM y ceuHua [5]. CroiikocTe pacTeHnii K NOBBILEHBOMY COZEp-
JKAHHIO MHKPO3JIEMEHTOB K HX CTIOCOOHOCTb HAKAIUIMBATLCA B MPEAEIBHO BHICOKHX KOHIEHTPAUMIX MOXET Mpel-
CTABJIATE OFPOMHYIO ONACHOCTS LA JHOZAEH, T.K. TM ronanatoT B mHuieBble MpoaykTsl [6]. CoanancupoBaHHOCTE
XHMHYECKOTO COCTaBa YKHUBBIX OPraHU3MOB — IVIABHOE YC/IOBHME HX HOPMAjbHOrO pocTa M pasBuTna. BianMoneicr-
BUA MOryT GbIThb AHTATOHUCTHYHBIMY WIX CUHEPFHTUYHBIMH. 3TH MPOLECCH 3ABHCAT OT MHOIHX (AKTOPOB H HX
MEXaHM3M JI0 KOHIIA elne He u3ydeH [7]. Hapyrenne 6ananca npUBOIHT K XUMHUYECKMM CTPECCAM Y PACTEHHIA.
OCHOBHBIMM MCTOYHMKAMM 3arPA3HEHHA MPOAYKTOB MUTAHMA THKEILIMH METAIIAMH SBIAIOTCH ra3000-

pasHele, KUAKHE H TBEpPAblE OTXOAB! NPOMBIIIEHHOCTH, 3MEKTPOCTAaHLNMH, TPAHCIIOPTA; KOMMYHAIbHO-ObITOBBIE
OTXOHbI, CTOYHbIE BOMABI, CPEACTBA 3ALUATH PaCTCHHH OT BpeauTench. CuTyaluma OCIOXKHAETCA €ile # TeM, 4To
OTCYTCTBYET MEXAaHH3M CaMOOYHIICHUS, 4 OMHCTHBIE COOPYXKEHHMA HONHOCTLIO «IPOMYCKAOT) MHHEPARbHBIE
coyt: Pacnipenenenne TM B OBOHIAX HEONMHAKOBO: B MAKOTH UX ropasno 6ofbiie, 4EM B NOBEPXHOCTHRIX TKa-
nax. Tlpu NpOH3BOCTRE COKA OTMEUEHa 3HAUMTENbHAA pasHULa coaepkanys TM B coke u ceipbe {8].

- Conepxanuie TM He 10/KHO TIPEBHILIATE YCTAHOBJICHHbIE CAHUTAPHbBIE HOPMBI M FOCY RAPCTBEHHEIE CTaH-
naptei Ykpaussl (tTabn. 1).

Tabnuna 1
TIOK THXENbIX METANIOB B HUIEBHIX POJYKTaX, MI/KI
[Ipoxyxrst Cd Cu Pb Zn
Xneb v npoayKTHl 0,1 5,0 0,5 6,8
Kpynsl (MykoMOBHbIE) 0,05 10,0 0,35 50
Konnurepckue manenus 0,05 10,0 0.35 50

Haubonee ToxcHunsl u3 Hux: Pb u Cd (xiacc HanGosiee omacHsix TOKCHHOB), Cu U Zn OTHOCATCA KO 2-MY
KJIaccy onacHocTH [9].

VuureiBas TOT $aKT, 4TO MHMIIEBLIE MPOXYKTH! SBIAIOTCA OCHOBHBIM MCTOYHWUKOM nonanauusa TM B opra-
HU3M YeroBeKa BaXXKHBIM ABIBIETCA pa3paboTka criocoboB MO CHIDKEHMIO KCEHOOHOTHHECKOH KOHTaMHMHALMM TIHLIE-
BbIX TPORYKTOB. JIOCTHYE 3TOr0 MOXHO IyTEM KOMIUIEKCHOTO NOAXOAa K paspelleHHIO IPobaeMbl IKONOTHICCKOH
6€30T1aCHOCTH TIPOXOBOLCTBEHHOTO ChIphs U ITMIIEBBIX NPOAYKTOB. A 3TO, B CBOIO 04€PE/lb, BO3MOXHO TONILKO TIPH
coGmoaenny pHpoooXpaHHeIX MeponpusThii [10]. TTytu nocTibkenns srot uenn Ha Ykpante otMeveHs B Kon-
CTUTYLIMM CTPATervy yMeHbliIeHUs BRIGPOCOB THKENBIX METAINIOB B atMoctepy, pa3pabotaHHoi MuHHCTepcTBOM
3KONIOrHM ¥ HPHPORHEIX pecypcos (yrBepxaeHa Ioctanosnenuem Kabuneta Munnctpos ot 21.09.2000, No291).

Hu onHO MpHpOAHO-OXpaHHOE MEPOTNPHATHE HEe MOXeT oboiiTHCh 63 MOHHMTOpPHMHra, Ge3 cucTeM Habmo-
JeHUH M KOHTPOJIA 3a COCTOSHMEM OKpyxawomeil cpenpl. HamMu npoBefieH CaHHTApHO-TOKCHYECKHA MOHHTO-
PHHT, KOTOPbIH N03BOIIsET 00ecneYnTh HabIIOACHHE 3a CTEMEHBIO 3aIrPA3HEHN NPUPOAHEIX PECYPCOB TOKCHKAH-
TaMH, BIIHAHNEM 3TOTO 3arpA3HeHuA Ha JIoLeH, )KUBOTHBIX W pacTHUTENbHBIM MHUP.

OGbeKTaMH HCCleOBaHMA B JaHHOH paboTe ABWIMCH — 3€pPHO 03MMOM NMUIEHHUb! arpodHpMsl «JloHen-
kas», TOB «iIpuropoaroey», KCIT um. Kazauenko; Myka BhICIIETO Ka4eCTBa C BIaXHOCTHIO He Gonee 15% c Ku-
poBckoro, Jonponosnsckoro, ApreMoBckoro u Mapuynonbekoro xneGokoMOMHATOB, a Takxke Xne6o0ynouHble
wminenus (xana, pyner, 6ynouxu, 6yJ0UKH C MOBUIOM, XHe0 NOAOBbIH H nansuslld) ¢ KupoBckoro xjiebokom-
Hunara, TOB «Hurepsecty, Munr-niekapuu C. by6ku, xne6okoMOruHaTOB ApTEMOBCKA.

Hccnenosano 6onee 500 npol, koTOpsle FOTOBMIH K aHAIM3Y MyTeM MuHepanusamuu cornacHo I'OCT
26929-94 «[ligrorosxa npo6. MiHepatizaliis s BU3HAYCHHA BMICTY TOKCHYHUX €AEMEHTIBY . AHAIHU3 NPOBOIH-
1 nonsarpaguyecky [11] na nomsporpage IV-1 B pexume nepeMeHHOro Toka ¢ kanawoliM Hg-anekrpojoM B
aneKTponn3epe oGbeMom 5cm’. OCHOBHBIE PacTBOpHI rOTOBUIM cortacko I'OCT 26931-86; 26934-86. B 3apu-
CHMOCTH OT OTIPEAEIAEMOro METa/lNA MEHMIH BENUYMHY HANMPAKEHUs! OTHOCHTENBLHO NOHHOM pTYTH (Tabn. 2).

Kak cnemyeT w3 Tabnuup!, TIABHBIME 3arpsA3HUTENSIMHU XJ1eGONPOIyKTOB SBIAIOTCA Menb (56%) 1 cBUHEN
(32%), 3arem upet kaamuit (9%) 1 uuHK (3%). U3 Tabnuupl BUIHO, YTO COXPAHSETCA 3aKOHOMEPHOCTL YMEHb~
WeHns KOHLIEHTpaLny uccnenoBanHbix TM B pany: sepHo-myka-XBH. B npoilecce nepepaGoTku 3epHa, TEXHO-
JOTMM BBINEYKH XJe6Ga ypoBeHb 3arpa3HEHUA KOHEYHbIX NpOAYKTOB TM 3HauuTeNbHO YMEHBIOWICH, YTo fe3yc-
JI0BHO MMeEeT NO3HUTHBHOE 3HAYEHHE 1A 30POBbs NOTpeOHTENEH.

TTpHOPHTETHBIME 3arpA3HUTEIAMH TI0YE TaKKe ABIOTCA cBUHeN (51%), Meab (25%) u xammuit (17%) [13].
Kak BMIHMM, OCHOBHBIM MCTOUHHKOM nonafianus TM B xye6o6ysounbie m3nenus B Joneuxoit obnact seisercs
niousa. Coryacro [13}, npu M3ydeHMH colepXaHNMS KCeHOOGHOTHKOB B aTMOCEPHOM BO3AyXe, MOUBE M IUTHEBO
BOJIE HAHOOJBLUMIA MPOLIEHT IPO0 C MPEBBINICHUEM PEITIAMEHTOR Ha0MIONANCA IIPH HCCHIEAOBaHHH NIOYB.
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V¢noBus 3anucy nongporpaMm

DneMent Awmnnutyna, MB Jlnanasod Toka | HawannHoe wanpsxenue, B
Cu 5 1-100 -0,1
Pb 10 1-10 -0,4
Cd 10 1-10 -0,6
Zn 5 0,25 -100 -1,0

Tabnuua 2

PacueT konmiecTBa BEIECTRY NPOBOAWIH METOAOM CTaHAapTHOH nobaskm [12]). Maccosyo nomo meTta-
na (B MI/KT) pacCYMTBIBANM I10 BLICOTE ITHKOB Ha HONAPOrpaMMe coracHo Gopmye:

X=[[mH V,/(H-H)V|] - m(] ~m,

Ffle m, - Macca MeTalla, BHECCHHAs Mepel BTOPHIM TI0AsporpaupoBaHHeM, MKT; M, - Macca MeTania B KOH-
TPOJIBHOM PACTBOPE, MKT, M - Macca HaBECKH NpoaykTa, I; H; - BricoTa nuKa npy nepBoM nonsporpagpuposa-
uuy, MM; H; - BeICOTa nuka npu BTOpOM nonsporpadupoBaHun, MM; V, - 00beM pacTBopa, NPUTOTOBAEHHbIMH
U3 MUHEPAIH30BAHHON HaBECKH, MM; V, - 00beM pacTBOpa, B3ATHIN UL NONAPOrpaUPOBAHISA, MM.
INony4ennnie pe3ynprathl 06paboTaHbl METOAOM HaMMEHBLIMX KBaJpaToB i NMPUBEAEHL B Tabl. 3.

Tabnuua 3
Conepx(alme ONpeICIAEMBIX TSDKCIIBIX MCTAJIIIOB B MUUICBLIX NPOAYKTaX

HaumeHnoBanue npolyxra Komuyecr- @ y O6beMHzs 101d Tpos
B0 o6 AKTHYECKOE COAECPIKAHUE, MI/KT ¢ NpeBbITICHTEM per-
cpennuit | rpanmus! kone6anmii nameHTa, %
Caunen (IT)
Xne6obynounsie u3aenus 48 0,58+0,09 0,08 - 4,67 6,1
Myka 23 0,79+0,03 0,72-0,86 -
3epHO MUICHHLEL 55 2,0+0,39 0,04--11,4 54,5
Kanmmit (IT)
Xne6oGy nouHsie u3aenus 55 0,05+0,01 0,01 -0,5 5,4
Myka 36 0,07+0,005 0,0007 - 0,4 6,2
3epHO MLECHULIBI 46 0,08+0,005 0,07-0,9 -
Hunk (IT)
Xne60o0ynoyHsle Hanenus 43 6,3+0,9 0,08 — 54,7 0,8
Myka 30 8,37+0,08 0,01 -49,6 6,6
3epHo NIEHUHE! 37 10,94+0,3 0,07-111,5 53
Mezs (11)
Xne6obynouHsie H3aenns 40 2,35+0,7 0,73 - 44,9 17,3
Myka 30 5,23+0,98 0,13-62,6 1,3
3epHo MueHHUDH 67 7,54+0,9 0,28 -92,5 3,4

C yueTom HalieHHbIX 3KCICPUMEHTAIbHO KoHueHTpauuit TM 8 3epHe U cofepxkabmo TM B nouse pac-
CYMTaHBI CPEAHECTATHCTHUYECKHE Kod(duuyentsl Gucnormieckoro normomenns (KBII), pasHBle OTHORIEHHIO
coaepxanus TM B 3epHe k Ux cofepxanuio B nouee (1abiy. 4). ITo penuuune KEI1 H3ygaeMbie 2leMEHTbI MOXKHO
PacronoKuTh B paj (paf MHTEHCHBHOCTH mornowenns): Cu > Zn > Pb > Cd (3epHo o3umoit mueHuisr). s
uenoro pana pactednii KBIT mMeHAeTcH B 3aBHCHMOCTH OT 3JIEMEHTA M YKOJOTHMIECKHX ycnosuii cpexsl. Hau-
Gonnune 3nadeHus KB otMeuenst s Meau 1 umnka. 10 CBUAETENLCTBYET 00 WX BBICOKOH OHONOrMUYecKod
AKTHBHOCTH. OTH [aHHbIE COBNANH C JAHHBIMH APYTHX JIUTEPATYPHBIX HCTOUHHKOB [13].

Tabnvua 4
3nauenye KBIT gi1s Tskenbix METANIOB, RHATH3UPYEMBIX B MHICHHLE

DneMeHT Pb Cd Zn Cu
KbI1 3,8 0,2 30,6 188,5

Taxum o6pa3om, ymeHbIIeHUs nonafakus TM B opranmsm ¢ XBH MOXHO AOCTHYB Iy TeM:
- NabHEeHIIero yCoBEPMIEHCTBOBAHMSA TEXHOJOTHIECKHX TIPHEMOB TepepaboTKH C/X CHIphA;
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- MCMOJIb30BaHHUs CHELHATbHBIX arpOXMMHYECKUX MPUEMOB, YTO ONpEAEsAeT NepeBo] 3arpa3HuTenei us

pacTBOPHMBIX B CBS3aHHbiE (POPMBI;

- BHIpALIMBAHUA HA 3aTPA3HEHHBIX TEPPUTOPHUSIX PACTEHHI ¢ pacueToM ¥ yuetoM ux KBIT;

- OrpaHM4eHMs, BILIOTh O NMOJIHOTO MCKIIOYEHHS M3 pallMOHA NHTaHUs, YNoTpeGieHus NpoayKToB, Ko-

TOpbIE HMEIOT MOBBLILIECHHOE COAEPKAHNE TAKENBIX METAJIIOB.

Takum obpa3oM, B HacTosweH pabote onpenencHsl koHueHTpaurud TM B 3epHe, Myke, XBU noasporpa-
GudecKkuM METONOM; IPOCNEKEHA 3aKOHOMEPHOCTh CHIDKEHMA KoHUeHTpauuit TM B pamy 3epHo-myka-XBH;
paccyuTaHd ypoBeHb 3arpasHeHus XBH TsxensiMH MeTaliaMu;, omnpeneieHbl OCHOBHbIE HCTOUHMKH MOMaJaHHs
TM B 3epHo muenuupl JloHeukoit o6nacty; paccurtans!l KBI1, koTopele ymMeHsmatoTes B psay: Cu > Zn > Pb >
Cd; npeanoxeHs! myTH yMeHblleHUa nonaganua TM B opraunsm yenoseka ¢ XBU; nposeaeH Monutopunr TM
B XBH Ha caHUTapHO-TOKCHUECKOM ypPOBHE.

PE3IOME

IpoBeaeHo MoOHITOPUHT Bakkux MetaniB (BM) B XapuOBUX NMPOAYKTax HA CaHiTapHO~TOKCHUHOMY pisni. Jlocnimkeuo
6inbir 500 npob 3epha, Goporna, xni6oOynounnx BupobiB (XBB) Ha BmicT Pb, Cu, Zn, Cd nosmsporpadiuHuM meronom. B psuxy
3epHO-60poLiHo-XBB BMicT BM 3akoHOMIpHO 3HIDKYETbCS. 3aIIpONOHOBaH] LUITXH 3HIDKEHHSA nonafatis BM B opraism sonveg.

SUMMARY

The monitoring of heavy metals in articles of food has been carried out con the sanitarytoxical level. More than 500
samples of grain, flour, bread, rolls and buns have been studied by the polarografic method on containing Pb, Cu, Zn, Cd. In
the row grain —flour-bread -rolls and buns the content of heavy metals normally low down. The ways to decrease the possi-
bilities for heavy metals to get into the human organism havebeen suggested.
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YIIK 577.4 (466)

HHAPCTBA IIPMPOJbI B CBETE YYEHUA B.U.BEPHAACKOI'O O BUOC®EPE

[C.IT Llsunonepman |

B 2003 r. — 140 et co aus poxAeRUS yueHOro njaHerapHoro maciutaba Biagumupa Msanosnua Bep-
Haackoro. Ero Bkiaa B pa3BMTHE HayKH, NEPEeAOBOH HayYHOH MBICITH, HEBO3MOXHO MepeoleHuTs. ONHUM H3 €ro
BBLJIAIOMIHXCA HAYy4YHbIX NPOH3BENEHUH, JaBlIeM TONYOK Pa3sBUTHIO HOBOH Hayku — Gnoceponorun — spnsercs
«brocdepay [1]. Konuemms 6uochepst B.H. BepHaackoro CirykuT HelcHepaeMbiM MCTOYHHKOM HIEH, Tpe-
OyIOLIMX CBOETO pa3BUTHA.

B 6uonorun npuHaTo, yto LlapcTBO MpHpOAR! ~ BhICIIAA TAKCOHOMMYECKAS KATErOPHSA KUBBIX OPraHH3-
MoB: 1lapcTBa UBOTHBIX, pacTeHnl, rpubOB, HoAREpHBIX (MMPOKapHOT, APOOSIHOK) U MHKpOOPranu3mMoB. Iepable
Tpu LlapcTra, a Taxxe nocnensee odpeaunsmoT B HaquapcTso aykapuot H npokapuort [2]. B cBa3m ¢ ataM onpe-
HENEHHEM MOXHO FOBOPUTH TOJIBKO O KJIETOUHBIX (hOpMax KH3HH. B HacToflee BpeMs CyIIECTBYIOT HECKOJIBKO
cucteM ux knaccudmkauuit,. Haubonee pacnpoctpanenHol sBnsercss makpocuctema akaa. A.JI. TaxTtamksHa, ¢
HEKOTOPBIMH YyTOYHEHHAMH TIPECTaBICHHas B Tab. 1.

Tabnuua 1.
MakpocHcTeMa KIE€TOYHbIX XKHBBIX OPraH1u3MoB
Hanuapcreo LlapcTBo IloauapcTBo
JosnepHsie Jpo6sinku Bakrepun (3ybakrepun)
(MpoKapHoThl) Apxebakrepuu

Lnaneu (umaHobakTepHy Unu

CHHe-3eJIEHBIE BOJOPOCIIN)

SnepHsbie Pacrenus Husume pacrenus (Bogopociu)
(3yKapHOTh1) Beicipe pacrennis
['pu6sl MukcoMHLIETH (CIU3ECBUKH)

T pubnl (BoiciIrEe rpUOEI)
XuBoTHhle Tpocreiimme

MHOrOK/IETOUHBIE SKHUBOTHbIC

Jns cpaBHeHus JanuM MHYIO KacCHpUKALHIO, TOCTPOEHHYIO TAKXKE 110 CHCTEMaTHYECKOMY Npu3Haky [3]:
A. Hanuapctso_Jlosneprsie oprasn3ms ([IpoxapuoTsl)
IapcTtBo bakTepuu
apcTBo Apxebakrepuu
b. Hanuapctso SAnepHsie opranuamsl (DyKkapuoThl)
Hapcrso ITpoTHcTht
HapcTto I'pnbel
apcTBo PacTerus
IToauapctBo BarpaHku
IMoauapcTBo Hacrosamue Bonopociau
ITonuapcrso Bricuine pacTenus
IlapcTBo JKnBOTHBIE
B 3Ty cucteMy KMBBIX OPraHM3MOB, HMEIOLIMX KJIETOYHOE CTPOEHHE, TAKKE HEe BXOIAT BUPYCHI — HeKJe-
TouHas GopMa KU3HM. :
~ Kak n mobast TakcOHOMMYeckas CHCTeMaTHKa, JaHHble KiaccHpuKanmu, 6e3yciIoBHO, HCKYCCTBEHHB H
HOCAT YHCTO MparMaTH4YeCKUil xapaktep, HO 06e3 HUX Henb3s OOOHTHUCH TAaKUM, HANPHMEP, TAKCOHOMHYECKUM
HayKaM Xak 0oTaHHMKa U 300J10THs. =
B nepBoit HCKYCCTBEHHO} CHCTEMATHKE BbIAEIEHO. qumpe Ilapcnaa BO BTOpOH HIECTD, ECTh Knaccmbu-
KalHH M ¢ MHBIM KOJHYECTBOM [4]. , v
IepeuncneHnble TAKCOHOMHYECKHE KaTErOpUU He cnenyer MyTaTh ¢ IKOCUCTEMHBIMHK, HWIH 6uochepHsl-
mu. B ocHOBY BoineneHus 6nocdepnsix L{apcTs nonoxkeHa ux pojib B pyHKLHOHUPOBAHHK 3EMIIM KaK LEITOCTHON
9KOJOTHYECKOH CHCTeMbl. ONHON M3 MepBhIX KIacCHPUKALMI MPUPOIBI MOXKHO HAa3BaTh KIACCU(PUKALIMIO «OTLA
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Beex Hayk» Apuctotens (384-322 rr. go P. X.). Beck Mup, Bcio 3emito oH pasnenwn Ha dersipe Llapctsa. He-
onyuesnenHoe LlapcTBO COCTOMT, COTMIACHO €ro B3TIANAM, M3 CTHXHH OTHA, BO3AYXA, BOJIbI M 3eMIIH — 5TO CaMoe
nusuiee LapcTo: oHo cymectByeT. Creayomee, 6onee Boicokoe Lapcso — Llapcto Pactenus: OHO CyliecTBy-
eT u pasmuoxaercs. Eme Boie — Llapcrso JKuBOTHBIE: CYHIECTBYET, pa3MHOXAETCA M ABMraeTcq. 3aBepmaet
1y nupamuay l{apcreo YenoBeka: CyLIECTBYET, PA3MHOXAETCA, IBATAETCA H MBICIHT (Tabn. 2).

Tabnuua 2.
Lapcrea ITpupossl o ApUCTOTENIO (B COBPEMEHHON HHTEPIIPETALHK).
IapcrBo IMoauxapcTRO Cocrapasowas Hoguapereo rpynna
Cruxud 3eMIIH
Heonywmesnensoe Cruxus Boapl
Cryxus orns
Cruxus Bo3ayXa
Pactenms IMpocrie pacTenns
Cnosxrisle pacTeHUsA
XKuBoTHblE beckpopHble Ty6xu
Moumocku
Hacexompie
PakoobpazHsle
CnpyTsl
KpacrokpoBHbie PiGh1
Pentumu
ITruup!
3Bepu
Yenosek

Ceifuac, no npowecTBUH Gosee 2-X THICAY JIET, MOXKHO CUMTATh KIACCU(DHKALMIO APHCTOTENS NpenTeyei
coBpeMeHHO# — GrocdepHOH.

K xnaccuguxaumy xusbIx opranuzmos Apucrorens XX Bexa — Bepranckuii B.U. (1863-1945) — nionxo-
JIMJI C TEOXMMMYECKHX no3uuuii. [1pu sTom Brapumup MBanoBuY onMpaics Ha AeNeHHe OPraHU3MOB N0 crocoly
nutaHus, paspaboranroe B 80-x rogax X1X Beka HemeLkuM Guonorom B. Ilpeddepom (1845-1920): asrorpo-
¢»1, reTepoTpodsl 1 MUKCOTPODEI.

Cpenu rereporpotos, o coBpeMeHHo#M Kiaccudukauuy JHx.M. AHnepcona, BbIIEIAIOTCA TPH KaTETOPHH
OpraHU3MOB: HEKPOTPO(hEI, GUOTPODH H CanPOTPODBHI.

B pa3sBHTBIX KOCHCTEMAX CYIUECTBYET CIOXKHAs NHILeBas (Tpodudeckas) Hellb, ¥ NOTPEOUTENN aBTOTPO-
doB — reTepoTpodbl — CaMy CTAHOBATCA XKEPTBOH Apyrux reteporpodos. Opranu3Mbl Mo60ro yposHs Tpoduse-
CKOM THpaMHUIbl MHUTAIOTCA XHUBBIM BEIECTBOM HIDKeJNeXallero yposHs. Husmmii Tpodudeckuil yposess co-
cTapasioT aBToTpodbl. C OQHOrO YPOBHA Ha ApyroH nepegaercs B cpexHeM Tonbko 10% aneprum. OcraibHas
JHEprusa WM NpeBpaliacTCA B TEIUIO M PacceuBaeTcs, Wik MpocTo He ycBanBaeTcs. H3-3a noTepb 3HepruM Tpo-
¢uyeckas uenb He MOKeET ObITh OeCKOHEYHOI ¥ BIIIOYaeT HeboIbIOoe YHCHIO 3BEHbEB — He Donee 4-6.

B coBpeMeHHBIX HazeMHBIX IKOCHCTeMax OuoMacca rerepoTpodoB COCTaBIAET OOBIYHO AECATHIE NOJIM
npouenTa or Guomaccsl aBrorpotoB. ITosToMy HekpoTpodbl M GHOTPODL! MOTPEGNAIOT HE BCIO CO3AABAEMYIO
apToTpodaMH NPOLYKLMIO: 3HAYHTENbHAS €€ YacTh OTMKPAET M TOCTAeTCs Ha Jomo canporpodam. Oxn paciie-
IUIAIOT €€ 10 MPOCTHIX MHUHEPAIbHBIX COSMMHEHMMA: YIJIEKHCIOro rasa, BOJbI, a30Ta i MUHEpaIbHbIX coneid. Ca-
npoTpodsl HE TONBKO HPENOXPaHMOT Guocthepy OT camoOTpaBieHHs (MHOTHE NMPOMYKThI pacmajna OTMepLIero
OPraHMuecKoro BENIeCTBa YpPe3BbIYaiHO ANOBMTHI), HO, PACUICIUINs OPraHMKY, BO3BPALIAIOT YIJIEPOX M a30T B
MUHEPaNbHYI0 GOpMY (BEXB TOJLKO B Takoi GopMe 3TH 31eMEeHTEI MOTYT NOTPEONATECA aBTOTpOdam).

B tabmuue 3 npenctasnens! (1o {5]) ¢ HAIIMMH IONOJHEHHAMM “NHINEBbIC NPEXNOYTCHUA” XHBBIX Cy-
mecTB 6nocdepnt.

®opmupys GHochepHYIO KIACCH(UKALMIO, IONBITAEMCA COBMECTUTh ABA NMOAXO/A K KHBOMY BEILECTBY:
GyHKUMOHANBHBIR M CUCTEMATHYECKHM].

Xusub B 6uochepe CyMIECTBYET B HEWIETOYHON K KieTouHO# (opmax. Hexnerounyio opmy npencras-
ASIOT BUPYCHI, OTKphIThie B 1892 r. poccuiickuM yuensim J{.1. MiBanoBckum (1864-1920) — cBepcTHHKOM M TO-
sapuiteM B.H. Bepuaackoro no IlerepOyprckoMy yHUBEpCHTETY.

B oTiHuHe OT KIETOYHBIX OPraHU3MOB BHPYCHI JIMIICHBI Pa3APaXMMOCTH ¥ COOCTBEHHOTO aflliapaTa CHH-
Te3a Genka. OHu He CIIOCOGHBI K CAMOCTOATENLHOMY CYLIECTBOBAHMIO Y Pa3BUBAIOTCA TONBKO B KNETKAX APYTHX
JKHBBIX OpPraHu3MOB: GakTepuil, paCTeHH, XHUBOTHBIX, YeNoBeka. I'eHeTHueckuit anmapar BUpYCOB JOCTaTOYHO
pasHoobpazeH. Ilo aToMy Npu3HaKy, HanpUMep, PasHUHe MeXTy BUPYCOM MOJUOMHENHTA H OCHBI ropa3o cy-
HIECTBEHHEE, YeM MexXy GakTepuaMM u uenosexoM. Omucano okono 500 pasHbIX BUPYCOB, NOPAXKAIOMIMX TeM-
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ROKPOBHBIX >KHUBOTHBIX M 4€JI0BEKA, U 0KoJio 300 — pactenus. Kak u BCe npyrue opraHu3Mbl, BUPYChE BBINONHS-
10T B 6uocdepe coro ocobyro Ppyukwmo. BuisbiBas TSKeNbIe 3a6071EBAHNA KUBBIX OPTaHA3MOB, BHPYCHI 3JIHMHU-~
HUpYIOT Ranbonee ciabble ocobu ¥ cnocoOCTBYIOT BLIKMBAHUIO Hanbojiee IpHCIIOCOONIEHHBIX.

Ta6smua 3.
TpoduyeckHe «IpeANnoYTEHN» XKUBHIX OPraHU3MOB B GHoChepe.
Hapcrso MonumapcTBo ApToTpOdbI [erepoTpods! MukcoTpodsy
ihoToTpods] xeMOTpOo b | 6HOTPOGDEI Canpo- 1 HeKPOTPODL]
MHKpOOpraHH3MBbI* Bakrepun + + + + +
Apxebaktepru + + - + +
Linanen + + - - +
IpotHcTe - - + OUYEHb PEIKO +
Pactenus Hiiwue pacteHus + - - - +
(Bomopocny)
Beicmmme pactenus + - OYEHB ? +
penKo
I'pubsi MuKCOMULETH! - - + + -
(cnuseBUKN)
I'pubb1 (BbICIIHE - - + + -
rpubsi)
XuBoTHblE - - + + -
Yenosex - - + + -

*' BUpychl He HMEIOT NPAMBIX TpodHUECKHX CBA3eH ¢ OKpYyKaloweil cpenoit

3T0 N03BONAET BHLLAENATH BUPYCHI B GHochepHoe MoauapcTso B LlapcTBe MUKpOOPraHH3MEL.

PaccmoTtpenue apyrux MHKPOOPTaHH3MOB, KIETOYHBIX, HauHeM ¢ Gaktepuit. OTKpHITE OHU ObliK B 1683
r. AHTOHH BaH JleBenrykom (1632-1723). YenoBek Hauan HCIOAL30BATh MIMPOUANIINE BO3MOKHOCTH OaKTepHil,
naxxe He nopo3penasi 06 ux cyiuecTBoBanuu. Eite 3a Heckonbko ThICHY JeT a0 PoxkaectBa XpucToBa NOABUIMCH
NPOU3BOACTBA, OCHOBAHHbIE Ha XXM3HEAECATENBHOCTH OakTepuii (BMHOIENUe, MUBOBapeHHe, XueboneueHue, Cbl-
pOBapeHHUeE).

Ponp GakTepuii B Xpyrosopore BewiecTB B 6Hocdepe Apodkas: 1) pasznokeHHe oTMmepineii OpraHMkd u
BO3BpaLICHHE CIAaralouIMX €& 3JIeMEHTOB B OHONIOTHYECKUH KpPYTOBOPOT (3HAUHTENBHYIO YacTh 3TOH paGoTht Gax-
TEPHH NPOAENBIBAIOT B MHLIEBAPUTENBHEIX TPAKTaX MHOTOKIETOUHBIX KHBOTHBIX); 2) HENPEPHIBHOE BOBJICYECHHE
B GHOTHYECKHIt KpYrOBOPOT BCE HOBOTO KOJIMYECTBA 30JIbHBIX 31IEMEHTOB H a30Ta [5]. :

OTHOCUTENIBHO HEaBHO OTKPLITA IpyMIa OPraHH3MOB — apXebakrepuu. PaHee mM3BecTHble GaKTEPHH, BO .
n36exaHue MyTaHMLIbI, CTaTH Ha3blBaTh 3yGakTepusmu. Ha 0CHOBaHHHM JaHHBIX GHOXHMHUECKHX aHAIH30B HEKO-
TOpbIE TAKCOHOMHCTBI CUHTAIOT, YTO apxefakTepuy — reHeTH4eCKH caMocTosTensHoe [oauapeTro (Jin naxe —
L{apcTBO) NpOKapHOTOB, HE CBA3aHHbLIX C 3y0aKTepUAMH y3aMH POLACTBA.

Cnenyiowee INonuapcreo LlapctBa Mukpooprasn3Mst — CHHe-3elieHble Bogopociay. [{nanobaktepusam (B
cucteMe A.J1. TaxramkdHa — UxaHeH) NpHHaINEKUT deTBepToe [loauapcTBo. BuocdepHas pons upaHoGakTepuii
COCTOHT B MOAroTOBKe OGeCIuiofHOro CyOcTpara Jid 3aceneHus JPYTMMHM KHUBbIMHM opraHusmamy. [luaned —
[THOHEDBI, NIEPBONPOXOALbI HALIEH FIAHETHI.

Cnenyrowee INoauapcTBo — NPOTHCTHL MM ApOCTeiiluMe. YUHTHIBas pojib NPOCTEHIINX B NMPUPONE, MX
pasMepbi, Mbl PCIIWIN BKITIOYHTh 3TO Honuapc*nao B Llapcteo Mukpoopranusmsl. MseectHo ot 40 no 70 Teic.
BHMJOB NPOCTEHIIHNX.

K atomy [loauapcTBy OTHOCATCS OAHOKIETOYHbIE OPraHH3MbI, GONBIIMHCTBO M3 KOTODPBIX ABAJETCA HEK-
porpodaMu, NUTAIOWUMUCT OaKTEPHAMH, ONHOKIETOUHBEIMHA BOLOPOC/IAMHA M JPYTHMH MEIIKHMH OPraHi3MaMy,
B TOM YHCJIe — H NPOCTEHIIUMHM; BCTPEYAIOTCS CPEeAH HMX Takxke canpoTpodsl i 6uotpodsl. IlpoTrcTsl — HEOO-
XOIMMOE 3BEHO OHOreOXMMHYECKOTrO KpYroBopoTa Bemectea B 6uocepe. ix ocHoBHas GyHKIMA — mepepac-
TIpeRe/ieHHe BEeUIECTBA B IKOCHCTEMAX, COAEPKALIMX JOCTATOYHOE KOJHYECTBO BOABL.

LapcTo J)KnBoTHEIE HacuMTHIBaET okon0 1,3 Mun. BHoB. [To unciy Buaos cpean XHBOTHBIX PE3KO mpe-
06/1aal0T HACEKOMBIE, X OKOJIO MHIMOHA BUIIOB, 3aT€M HIyT MOJUTIOCKH 1 [I03B0HOYHbIE.

ITpeacrasurenn 3toro Ilapcma BBITIOJIHAIOT B GHOChepe MHOrooGpasHeie dynxuun. Kapn Junnei (1707-
1778) cunTan MX «HayalbHHKaMW» OPraHMYECKOTO MHMpAa. MHOTOKIETOUHBIC XHBOTHbIE 00NaNalOT aKTHBHOM
dopmoli mBHxenua. Cso6oga MepelBIKEHHS KUBOTHBIX OMNpPEAEHAET HX OCHOBHYIO GHOCdepHyIO0 dyHKLMIO —
OHH NEPEBOIAT PACTHTENbHYIO OPraHHMKY B AMCIEPCHOE COCTOSHHUE, PAacceMBas ee JOCTaTOYHO PaBHOMEPHO OT
’KHUBBIX M HOrHOIIHX PacCTEHHH K MECTaM POCTa ¥ Pa3BUTHA CIEYIOUIMX NOKOJECHUH PaCTHTEALHBIX OPraHU3MOB.

Baxxsa poJib XHBOTHBIX K B Ka4ecTBe pelyueHToB. [loTpe6iiss nepBaunoe (M BTOPMYHOE) OPraHUIECKOe
BEILIECTBO, MHOTOKJICTOYHbIE XKMBOTHBIE B NPOLECCE MUILEBAPEHHA MHHEPANH3YIOT 3HAYUTENBHYIO YacTh Opra-
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HHKHM ¥ BO3BPALIAIOT B OKPYXaOWIYI0 cpely B (opMe COSIMHEHUH, MPHIOAHBIX Ml YCBGEHHA aBTOTpodamu.
HenepeBapeHHbIe OCTATKH MUIIHA (Y MAEKOTIATAKOWMX OHH coCTaBasoT 10-30%, y HacekoMbiX - 60-70%) Takke
NIOCTETEHHO MepepalaThiBAlOTCA 1O MOJHON MMHEPANH3alMy: CHAYasa XKUBOTHBIMU — Konpodaramy, a 3aTeM
rpubaMu ¥ GaxrepuaMu. Tak, 3aMbIkag W YCKOp#fS GHOTEOXMMMYECKHA KPYroBOPOT, KHBOTHbIE OTAAKIT CBOM
nonr Guocdepe. Byxyuu HexpoTpodaMu, KHBOTHbIE HMrpaioT B 6uocdepe pons perynsropa u ctabuimsatopa.
300/10rd CYMTAKOT, YTO B MPHUHLMIIE HEBO3MOXHO YPE3MEpPHOE Bhi€JAHHE NEPBHYHOMN NPOLYKUUH XKHUBOTHBIMM:
BCTYMAET B JeliCTBHE CNOXHEMIINI MEXaHH3M PETYIAIME YHCICHHOCTH PA3NHYHBIX WIEHOB TPOQIHUECKO s UETIH.
B 3TOM MeXaHH3Me BaXHas POJIb MPHHAUIEHUT XHBOTHBIM - XHIIHMKAM. [Ipecc XHIHUKOB CAEPXKHUBAET Ypes-
MEpHOE Pa3sMHOXEHUe NpeICcTaBUTeNeH HIDKENeKauX TPOPUIECKNX YPOBHCH H 0310POBISET MX TIOMYNALHH,
MUMHUHMPYS GonbHBle ocoGu. EcTh y XKHBOTHRIX M Apyras ¢yHkuua — cpeaoobpasyromas. Ilornomas e wid
MHBIE 3JIEMEHTHI M BBIICNSA MPOXYKTbl MeTab0MM3Ma, XKABOTHbIE AKTHBHO BO3IAEHCTBYIOT Ha Cpefly ¢Boero obu-
Tanmd. HMrak, TpaHcnopr 6uocdepsl, ee IMyAbT YNpaBACHNA, KOHIHUHMOHED KM ACCEHH3aLMOHHOE YCTPOHCTBO —
BOT, 4TO TaKoe XXUBOTHbIE B Ouoctepe [5].

Kaxnoe Llapcteo Bhimonusger B 6uocepe cBOI onpeneneHHyto pojb. Bee pactenus, 3a peadaduiumMu
HCKJIIOYEHUSIMH, OTHOCATCA K aBTOTpodaM, IIpUYeM Cpel EHX PacnpoCTpPaseHs! ToNbko GoToaBToTpodsi. Po-
TOCHHTE3 OCYLIECTBIIsETCA 6IaroJaps HUIMYMIO B KJIETKaX PacTeHHit cBoeoGpasHOro MarHuicoaepxaero nur-
MEHTa — XJopodwina. YCBOSHHE CONHEYHOro cBeTa ¢ momompio xjuopodumuia KA. Tumupsses (1843-1920)
Ha3BaJl «KOCMHUYECKOH QyHKUMEH» pacTeHu.

LlapctBo Pactenus genutcs Ha asa Iloxuapctsa: Husue (Bonopocinn) u Beiciumne pactenuns. C Bogopoc-
MM (He NMyTaTh C CHHE-3eJCHBLIMH (BOJOPOCIAMU» U BOIHBIMH 1IBETKOBBIMHM PacTeHMAMH) Bce 00CTOMT 110-
BOJIBHO NpocTo. HecMoTps Ha orpoMHoe Mopdosoruyeckoe pasHoobpasue, npencrasurenu sroro foauapcrsa
no- coeit poi B Guocdepe NOBONLHO OJHOTHIHBL ABNAACE (HOTOABTOTPOGAMH, OHM CO3NAIOT B IKOCHCTEMAX
NEPBUYHYIO NpoAyKumo. BripoueM, kak Bceraa, ie 06XoauTcs 6e3 HCKIIOYEHHH: HEKOTOPbIEC BOIOPOCIH He Tpe-
HeGperaloT ¥ ApyruMH criocobaMy MUTaHKA U ABIAIOTCH, TAKUM 00pa3oM, MEKCOTPOdaMu.,

[Ipencrasurenn apyroro INoauapcTsa — Beiciine pacTeHus — Takke SBASIOTCA GOTOABTOTPOGAaMH U CO3-
JAIOT TIPAKTUYECKH BCIO MEPBUYHYIO MPOIYKLMIO Ha3eMHbIX skocHcTeM. Cpemm Beicmumx pacrenuit mmeerca
0K0710 165 BHIOB «HM3BpALIEHLEBY, KOTOPbIE MOTYT MIHTAThCA U NMPEACTABHTENIMM XKHUBOTHOIO MHpA.

Boiciie pacTeHHs MpOIyIMPYIOT NEPBHYHOE OPraHM4ECcKOe BEMIECTBO, B OCHOBHOM, H3 HEOPraHHUYECKO-
ro, MpU4eM NPUTOK MUHEPANILHLIX BellecTB o0ecneyuBAeTCs KOPHEBBIM nuTaHueM. Briciine pactenus obnana-
0T [0 NPeHMYIIECTBY NTacCHBHO# (opMoil IBKeHus. PacnpocTpaHATh e penpoXyKTHBHOE BELIECTBO BBICILIME
pacTeHUs CaMOCTOATENBHO BOOOLIE HE MOTYT.

Cnenyioinee 6uoceproe HapcrBo — I'pubsl. Bee rpuGhl NHineHs CHOCOGHOCTH CAMOCTOATENLHO CHHTE-
3HpOBaTh OPraHUYECKOe BelleCTBO. AGCOMOTHOE GOMBIIMHCTBO M3 HHX GHOTPOdLI M CanpoTpPOdbl, XOTS BCTpe-
YAIOTCA M HEKPOTPOQBI — IPUOBI-XUILHKKHA, KOTOPblE MOENAIOT MeJKUX ofurareneit moussl. Eciu GuochepHas
(yHKuMA pacTenuii — CO31aBaTh OPraHMYECKOE BELIECTBO, TO Ouocdepnas dynkumus rpuGos — pasnarats oT-
MEpIIyIO OPTaHHKY W TOArOTAaBJIMBATH €& TeM CaMbIM [UIS PeyTHIM3AlHMH Pa3sHOPOAHBIM JKMBBIM BELIECTBOM.
Ceiiyac ¥3BECTHO, YTO UMEHHO rpubaM (a He GaKkTepusM, KaK JyMaIH paHbllie) MPHHALICKNT B 3TOM OTHOLIE-
HHH Beylmas ponk B 6uocdepe.

Mzl paccMoTpend (B ocHOBHOM ¢ momomisio A.B. Jlano) yersipe 6uocdepnsix Llapcra ITpupons 1 ae-
BATH [IoAUApCTB, HO 4TOGbI «3aMKHYTh» GHOTHUECKHI GJIOK HE XBaTaeT «LapCTBa yenoBeka B Gnocdepe» (BoI-
paxenue Bepnanckoro, [6]).

C TOYKH 3pEHHA CUCTEMATHKH, «CTPOMTBL» U3 OLHOTo Buza LlapcTBo — abeypa, HO C TOUKHM 3peHUs SKOJIO-
ra — MPaBOMOYHO, €C/IH Er0 PO/b B BO3AEHCTBUM HA OKPYKAIOULYIO NIPHPOMHYIO CPENy CPABHHMa C JAEATEIBHO-
CTHIO MHOTHX THICSY BUAOB APYTHX OPTaHH3MOB B TCYCHHE MUJUTHOHOB JIET.

YenoBek kak OMONOrUYECKMEl BUA OTHOCHTCA K HEKpoTpodaM. Jipyrde criocobbl MUTaHUs JIONAM KaXyTCA
AMOPANBHBIMH H BBI3BIBAIOT OTBPALIEHHE, XOTA C MO3ULMH «6HOCHEPHOI MOPATH» OHU HIYEM HE XYXKe [IPHBbIY-
kU yOuBaTh BCE KUBOE, MAyINee HaM B vy [S].

Yenosek U3MEHW U NPOAOIDKAET U3MEHATH JINK 3eMUIH, SBIASCH KHOBOW r€ONOrH4ecKoi CHIOH» IulaHe-
Tbl; OH OCBOMI OKOJIO3eMHOE NPOCTPAHCTBO M CBOSH PasyMHOM H HEPasyMHON NEATENBHOCTHIO 00ycrnoBmI Heob-
XOIMMOCTB B CO3JJaHHH 1 BbLIACIEHUH U3 TAKCOHOMHMYECKOTo Mupa XKuBoTHbix LlapcTsa Yesnobeka.

Takum 06pa3oM, Ha «CTHIKe» GYHKITMOHATLHOTO ¥ CHCTEMATHYECKOTO NOAXOMO0B onpenemnwiacs Guorude-
cKas 4acTh 6uochepHOM xaccuuKalMi co CBOUMHA TPOPUIECKUMH «ﬂpHBﬂ3aHHOCTXMH»

PaccMaTpuBas 3KOCHCTEMY Kak JIEMEHTApHYIO CTPYKTYPHYIO eTHHHILY Guocdepsl, a 6nocdepy xak rio-
GaNbHYI0 IKOCHCTEMY, MOXHO CeNaTh BHIBOJ O TOM, 9TO BhileneHHble LlapcTsa Ilpuponsl B CBOEM eIMHCTBE
ABJIAIOTCA IMOOATBHBIM GHOLIEHO30M ¢ MHKPOGOLIEHO30M, QJmoueHoaoM 300lEHO30M, MHKOLIEHO30M H aHTpO-
MOLICHO30M.

BMmecTe ¢ TeM, KpoMe KHBOX NIPHPOJIBL, CYIECTBYeT U HexuBas. [IpuueM 1 Ta u Ipyras B3aHMO3aBHCHMbI 1
B3am006ycnonnenm CneposarensHo, Llapctsa [IpUpoas! JOIKHEI OXBATHIBATH i aGHOTHYECKHE KOMIIOHEHTHL.
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Abuornueckuii tiiok BrnodaeT LlapctBa Munepans!, Ctiuxuu v Envnoe none.

Liapctso Munepans. [To3anenaTHHCKOE CIOBO «MHHepaDy 03HavaeT pyaHHK, HCKonaeMoe, pyaa. Muue-
panamy HasbiBalOT OJHOPOAHbBIE 10 KPHCTALTHYECKOMY WIH CTEKIOBATOMY CTPOSHHIO, XHMHIECKOMY COCTaBY M
¢u3nyeckum CBOICTBaM TBEpAbIE BEWIECTBA, 00pasoBaBIIMECs B Pe3yJibTaTe TPHPOIHBIX IPOLECCOB, KOTOPLIE
[POTEKalOT B autecdepe M MaHTHH 3eMIIM, a TakkKe Ha Apyrux niaderax U B KocMmoce. Ceroads na 3emie # B
KocMmoce ydeHsiM m3BecTHO 0Koslo 700 ropuuix mopox u cebime 2000 MuHepanoB. Munepansl OTKpEIBAIOT He
TONBKO B OPHBIX NOPOAAX, HO H B IIOYBAX U AaKe B XHBHIX opraHusMax. [Toxo6HeIMH 06pa3oBaHHAMH SBJAIOT-
€A )KeMUYT, KOCTH ¥ 3y0hi 4enoBeka, CKOpILyna NTHIbUX SULL U APYTHE.

CoBpeMeHHas KOCMONOTHS YTBEPXIA€T, ST COCTAB APYTHX ILIAHET BO MHOTOM CXOJEH € 3€MHBIM ¥ B [a-
JIAKTHKE HE CYLIECTBYET HH OXHOIO XMMMYECKOTO 3/eMEHTa, KOTOporo He 66110 Obi B IlepHonmdeckoi cructemMe
aneMentoB MeHneneesa [7].

Texnuka pocta kpucTaina noxoxa Ha TexHuky socripousseaeHna JTHK B skuBoii kietke. 310 ycTaHOBH-
T [Ba Y4EHbIX HE3ABHCHMO APYT OT Apyra — coBeTcKuit kpuctamnorpad I'.I'. JleMnenH 1 aHrmuiickuit kpucTan-
norpad @. Opank; KprCTALT pacTeT M3 PacTBOpPa TOXKE 1O COMPATH, CIOBHO HaKpy4HBajAChL caM Ha ce6s, mpo-
JBHras Briepe U BhIlIE OfHY U Ty K€ CTYNEHBKY, TEM CaMbiM, HapaluBas yucao oboporos B cnupamy. Orcioaa
CIIEYET, YTO KPUCTAILI CIIOCOGEH K POCTY, « TUTaHKIO» ¥ CAMOBOCRPOH3BENEHUIO, Pa3HUIIA JTHIIb B YPBHsX [8].

H xo1s MuHepansHoe L]apcTBo — caMo€e Hu3Liee, HO ¢ HEro HaYMHaeTCA JajbHeiflliee pazBHTHE KHU3HH, ee
3BOJIIOLHSL.

Cremyomee Haperso — Haperso Ctuxuu. IloctpoeHus apeBHerpedeckoit U noszaHeiiureit Haykm o Ipu-
poAe BKJIIOYANH NpeACTaBIE€HHA O NMPOCTEHLINX Hayanax, 3eMEHTax, U3 KOTophiX ciarajcs KocMoc — 3emiy,
BOJbI, BO3AYXa, OTHA. AHAJIOTHYHBIC TIPECTABNCHHA, OOBACHAIONIIME MHPO3aHHE U3 TEX XK€ NePBOHAYAl, MOX-
HO OOHAPYXHTh B APEBHEKUTANCKHX M JPEBHEHHAMACKHX HCTOYHMKAX.

LlapctBo CTHXHH KaK Obl <IPOHHM3BIBAETY XXHUBYIO H HEXUBYIO NPUPORY. OHO 06YCIOBIHBACT U MOTOAHBIE
SIBJIEHHA Ha 36MHOM Iape. MHOTHE M3 CaMBIX 310BEIIMX ABICHAN NPHPOABI MPEACTABIAIOT COBMECTHOE IIPOSB-
JICHHE HECKOJILKMX, a HHorAa u Beex Ioanapcrs. [IpuMepaMu ToMy MOTYT CITYKMTh H3BEPIKEHHUs BYTKAHOB.

Teneps paccMoTpum 'I.Iapcrno Enunoe (wnu OyHaaMeHTATbHOE) T0J1E.

Teopmo Eaunoro noss cBA3sIBAOT ¢ HMeHeM A Difnmreiina. CyInecTByeT MHEHHE, YTO 3Ta TeopHs Obula
uM paspabotana B 20-X rogax, HO OH OTBEPI €€ 110 HPABCTBEHHBIM COOOPaKEHHUAM: OH CUHTaJL, YTO HENOBEUECT-
BO TIOKa HE FOTOBO MX Pa3yMHO HCTO/1b30BATh.

Coserckuit yuensiit H.J1. I'epioBuH B TeueHue 35 net (nocnenHue 12 neT B COTPyJHAYECTBE C aKaAEMK-
koM M.M. ITpoTOABAKOHOBBIM) 3aHMMAJICS pelleHHeM Mpo6ieM 3TOro 3aral04HOro MojifA, ¥ NoCie MHOTOYMC-
JIEHHBIX 00CYXIeHUH ¢ BHIaIOHIMMHCA COBPEMEHHBIMM y4eHBIMH ONyOanKoBan « OCHOBBI eIHHOMN PeITHBUCT-
cKkoli kBaHTOBOI TeopuH ¢yHIaAMEeHTaTBHOro nofs». CorjacHo 3ToH TEOPHH «8 npupode cywjecmeyem moneKko
O00HO CUNOBOE NONE INEKMPOMAZHUMHOU NPUPOObI, C NOMOWLIO KOMOPO2O OOBLACHAIOMCA 6Ce U3GECMHbIE NPU-
POOHblE 63AUMOOCUCMBUA U 8CE 2N1ABHBIE CEOUCMBA MUKpodacmuy <..> npupoda @yHOaMeHmaibHoz0 noas
UMeem 31eKmpOMAZHUMHOE NPOUCKONCOEHUE, XOMA U He c8o0UMCA K ypasHenusm Maxceenna» (no [9]).

Hamu npeanaraercs cnexyromas 6uocdepHas knaccupuxaums:

A. HanuapctBo AbroTnueckoe

I{apctBo MuHepaisl
Lapcreo Ctuxuu
IMoanapcrBo Ctixua Orus
[Moauapcteo CTixua 3eman
Nonuapcteo Cruxus Boas
[Moanapcteo CTuxus Bozgyxa ,
LapctBo Enunoe, uny ®ynnaMeHransHoe nose
ToauapcTBo DnekTpHYeckoe none
INoauapctso MaruurHoe noJie
IMomuapcTeo I'paBUTALMOHHOE NIONE
TNoauapcTso Buonornueckoe rone
b. Haauapcrso Buormeckoe
LlapcTBo MHKpOOpraHH3Mbl |
MNMoxuapctso Bupycst
MNMonuapcro bakrepun -
IToauapcrBo ApxebakTepun
Noguapcteo H{uanen
IMonauapcreo ITpoTucTsl
Llapctso I'pubnt
TMoauapctBo MUKCOMHLETH (CAM3EBUKH)
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Hoauapctso Beicmme rputsl

LlapctBo PacTenus
[Moauapcreo Huzmue pactenus (Boropociu)
IMoanapcreo Beiciive pacTeHus

apcTBO XXKuBOTHBIE

apctBo Yenopeka

B ocBoBy Grocthepsoil kiaccubuxammu noioxeHs! B3rnanst B.M. Bepraackoro o eMHCTBE reoXumue-
CKMX U OMOXMMHYECKHMX NPOLECCOB, Npoucxodmux Ha 3emae [no 10].

Peztomupys ckazanuoe o l{apcteax IIpupoas:, OTMETUM cleayoLee:

1. Mexay TakCOHOMHYECKOH (MCKYCCTBEHHOI) M OuoctepHoli {peaybhol) KracCHOUKAUUAMH MHOTO
obwero. O6ee 3akmoyaerca B BeiaeneHuu [loanapers, Hapcte v HaguapcTs ¥ cosnageHHn HasBaHHR GoJib-
wwuHcTsa [{apeTs u ITonuapcers.

2. OTANyHA 3aKII0YAIOTCA B KOJOTHYECKOM HOAX0A€ K (GOpMUPOBAHMIO CAMbIX IMTABHBIX CTPYKTYp Ouo-
cthepnl — HanuapcTs, KOTOpble H3BECTHB KaK XKUBas W HeXXMBas npupona. llapcrsa BeineneHb no o6mmm ¢yHk-
uusM B buocdepe 3emnn, a dpyHkumu Hoxuapete o6ycnoBnuBaoT 3Ty o6iHocTh. CamMoe CyINEeCTBEHHOE OTJIH-
Yue B TOM, YTO «IOAHOXHe» Ouocheproit KraccudHKauMK COCTABIAKT COBPEMEHHbIE TIPHPOLHO-
aHTPOTOTEHHBIE IKOCHUCTEMB! C a0HOTHYECKMMU M GHOTHUeCKUMH (BKJIOYas U cooOLIecTBa JOAEH) KOMIIOHEH-
TaMH, B3aHMO3aBHMCHUMBIMH JpYT OT Epyra ¥ Hepa3fenuMbIMH, GyHKUHOHMPYIOLIAMH KaK €IMHOE 3KOJIOTHYECKOE
coobulecTBo — 3kouenos {11, 12].

3. VImenno Hapcrtea [puponst B cootBeTcTBHM ¢ OuochepHON knaccuduxalmeit B CBoeM eIHHCTBE U
[IPEICTABAAIOT PEANBHYIO KapTHHY MUpa.

PE3IOME

Hpononyernca Giocdepna knacudikauis Llapers npupoau. Knacugikauis Bkmouyae nsa Hanuapersa: AGioruune ta
biotuune. lle BinoOpaxye peanbHy kaprudy cBiTy, ne, 3a B.l. Bepuagcekum, Gioximiuni i reoximiuni npouecu
B32EMOTIOB’ A3aHi i B3aeMOOOYMOBIIEHI.

BiocdepHa xnacudixanis npHHIMNOBO BiAMIHHA Bill IITYYHUX TAKCOHOMIYHHUX Knachdikauiii i cnipuse popmyBanHio
YABJICHHS NIPO LiNicHy KapTHHi cBiTy. B ocHOBY 1i noknaaexi nornsau B.1. BepHanckkoro Ha Giocdepy.

SUMMARY

We have offered biosphere classification of Kingdom of nature. This classification contains two Above of Kingdom:
Abiotic and Biotic. It’s reflected the real picture of world, where biochemical and geochemical processes is correlations and
interactions (by V.I. Vernadsky).

Biospherical classification is differed from artificial tacsonomical classifications on principle and further to imagine
about integrity picture of the world. The basis of this classification is view by V.I1. Vernadsky about the biosphere.
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VIIK 577.4

JKOJIOrHYECKHME ACTIEKTHI KYJILTYPbI

crr [llgundnepman,| H.A Jmumpuesa
Honeyxuit uncmumym coyuanvro2o ob6pazosanus

KynsTypa [is uenoBe4eckoro cooliecTsa (aHTpONOLEHO3a) — 3ALUTHBIN MEXaHu3M, HOMOTalOMIHiA Bbl~
KHUTb B yCi0BUAX Goprbbl ¢ [TIpuponoii. Dopmbl KyabTypsl CTONb pa3HOOOpa3Hbl, YTO KOJHYECTBO OMpeAeHeHMMH
TEPMHHZ JABHO NEPEBATHNIO 3a JBe ThicAYM. Ho, Tak unu uHave, Bce KyNbTYpHBIE NPOABICHHSA (Hanpumep, oje-
XKIa, Kuiaue, 00paboTanHas THIla, MOPalb, TOCYIApCTBO H T.I.) HAIIpaBiIeHbl H3HAYAIBHO Ha 3aIuuTy OT ITpn-
poasl 0T cebe NoRCOHbIX.

KyarTypa cozzaeT HCKyCCTBEHHBI MHp ¥ BCE Jaiblue YBOXUT YENOBEKA OT eCTECTBEHHOTO CYIUECTBOBA-
HusA. W BOT yxe 4enoBeyecTBO HE KHBET, a BLKUBAET B YC/IOBHAX 030HOBBIX JIbIp, UepHOOHIIBCKOM KaTacTPOQE,
HaBonHeHus 3anannod Espornet v T.4. Eciu neppoObiTHEIE JEORH GOSUTMCH NPUPOLHBIX ABJEHUH ¥ 6OPOHCS ¢
HHMMH, TO UMBHIN30BaHHOE obuIecTBO GOMTCS, MpeXie BCEro, MPUIYMaHHbIX UM CaMHM CXEM M MocTynaros. B
CJTyae e NMPHPOAHBIX KAaTAK/IM3MOB CTPaX HEPEXOMHT B yXKac.

Ounnako, kak Gbl NaneKko HU pa3oLUIMCh MyTH KyJbTYpbl B IIpHpOBI, KyAbTYpa BCE-TakH NPOABAAETCS B
«3KOJIOTMUYECKOM MPOCTPAaHCTBE» — CPENE CYIUECTBOBAHHUS Y€JIOBEKA CO BCEM KOMIUIEKCOM 3KOJIOFHYECKHX ak-
TOPOB ¥ B CaMOM 4esioBeke. TeopeTHyeckH YeloBeYeCTBO C 3THM CUHTAETCA: CO3AHO MHOr0 OpraHM3aiui u
ABWDKEHHH B 3a1uTy IIpHPOABL, CO 1KOILHOM CKAMBH JHOH 3HAIOT 06 S5KOHOMHH TIPHPOAHBIX PECYPCOB, TOJIBKO
BCE 3TO — 3HAHHMA Mo GoJbIell YaCTH TEOPETHUECKHUE.

KynsTypy 4esnoBeka MOXKHO ONpENENMTh Kak creudpuueckuii cnoco® camompeHTUUKAHWH B MHPpe.
Ipyyem MMp — 3TO M BHEILHAS I YeI0BEKA CPEAA CO BCEM €€ COAEPIKMMBIM, BKIIOYAs APYTHX XHUBBIX M HEXH-
BBIX CYIUECTB, M BHYTPEeHHHH u3mieckuil U KyXOBHBIH MHp uenoBeka. U3 KynbTyp OTACNBHBIX JTOAeH CKIIabi-
BaeTCA Ky/nbTypa uenoBedeckux coodmiect. [IpiueM, TyT MoxeT ObITh B3auMoBNHAHME. Jlaxe €ciu, Ka3anoch
651, BCE HOCHTENH OMpENENEHHOM KyIbTYphI BBIMEPIH, KyIbTypa IPOAOKAET CyLIECTBOBATH, HEHCTBYET (KYilb-
TypHas NaMsThb.

Ha cTeike KynbTYpsl M DKOJIOTHH HEJIOBEKa HAXOMWTCA IKOJOTHYECKHH acneKT KYJbTYPbl YeI0BEKA.
Okonormueckui acCneKkT CO3HaHUA €CTh Y BCeX JnofeH, CneIoBaTeNbHO, OH €CThb U B KY/IBTYpe, HO 3TOT aCHeKT MO-
et 6bITb kak IKOPUIBLHBIM, Tak M 5k0doOHBIM. Korzia Mbl H30 IHA B IEHb pa3pylLlaeM CBOI OpraHi3M cUrapeTami,
KOTla CeJIUMCA B MPAYHbIX KJIETKAX MHOTO3TaXHBIX JOMOB, KOTAA JIENHUM OObARIECHHE HA HaXJIoe NOpPOICKoe Jie-
peBLIE — MBI CTANKHBAEMCA C NMPOABICHHEM 3k0(OOHOro MbllLIEHUA B feHcTBHM. Bcé 910 — Hat BLIGOD.

OnuH u3 aTpubyTOB MOOBH — YyBCcTBO abcomoTHOM! 3amumenHocTd. Ho kakoit yronok [Ipuponst Ha 3eMm-
Jie MoXeT 3THM noxsacrarb? Ilotepas 6ananc ¢ IpHponoii, kOTopyio Mbl BC& BpeMs NbITAaEMCA 3aBOEBaTh, @, Kak
3aBOIOEM — MEpEeEiaTh, YEI0BEK MOTEPA PABHOBECHE, TO €CTh, [TONPOCTY FOBOPS, NOUBY NOJ HOTAMH.

Haxe ecan 661 66110 MecTO abGCOMOTHOMN 3aIMIIEHHOCTH Ha IUTaHETe, cnaceHue IIpUpoAbI, NOUCKH rap-
MOHHHM € HEl B OTHENLHO B3ATON CTpaHe npobneMy He pelar, Beb BO3MyX, BoJa, 3eMia o6ine. IxodunsHas
KyJlbTypa — 370 KyJbTypa Mupa, koTopas He umeeT rpanull. TyT Mbl TIOAXOAHM K IKOJOTHYECKOMY ACHEKTY
KYJ/IbTypbl aHTPONOLEHO038, KOTOPbIH HAXOIUTCSA Ha CThIKE KYJIBTYPbl H COLMATBbHOM! SKOJIOrHH.

B HayuHo-my6nuuMcTHUECKOH! IMTEpaType HA HAHHBIA MOMEHT TEPMUHOJIOTHUECKHUI alNapaT NOHATHIA, CBS-
3@HHBIX C IKOJIOPMYECKMM aCMEKTOM KyJbTYpbl YENOBEKA M aHTPOTIOLEHO3a He OMpeieNeH, HCNONb3YeTCs pasHas
TEPMHHONOrHA. HanprMep, MOXKHO YCABILIATL BHIPKEHUE «IKOJOTHYECKAs KyIbTYPa» B CMBICIE KapTHHBI MUDa,
JEATENBHOCTH H NMPEAMETHOTO KOMIIOHEHTa, CBA3aHHOTO C B3aMMOOTHOMIEHWIMH Yenoseka u [puponst. Tlpu sTom
HOJIpa3syMeBaeTCs, YTO B3aHMOOTHOLICHHS 3TH HanpasieHs! Ha coxpaHeHue [lpuponsi. Mnn BeTpevaercs cloBoco-
YeTaHHe «IKOJIOTHA KYNBTYpbI», TO €CThb COXPaHEHHE ¥ 3allMTa MAMATHHXOB KyJILTYpHl B MPHPOIHON cpene, Wi
B3aMMOBITHAHHE KYJILTYPHOTO H LIMBIIM3ALUOHHOTO TIPOLIECCOB M COCTOSHUE OKPYaIouIeH Cpepl.

B Hamu AaHM cpeacTBa mMaccoBoif MH(OpMAauUMH BBICTYNIAIOT B PONH MOCPeJHUKA MEXAY YYeHBIMH-
SKOJIOraMH, aJIMWHHCTpaLMeli U HaceneHneM. [IpUYHHA HEKOPPEKTHOTO YHOTpeGNeHUs ClOB M BHIPAKEHUI 3a-
YacTyIO — B 3leMEHTapHON 3KOJI0THUECKO# Ge3rpaMOTHOCTH paGOTHUKOB HHPOPMaLMOHHOH cdepsl.

B cimydae ¢ «akonorueli KyasTyphl» BCe NOHATHO: HKOJIOTHA — ITO HayKa, HasBaHue KOTOPOi HHKAK He SBJiA-
€TCA CHHOHMMOM CJIOB «COXPaHEHHEN; (HUCTOTAy, «3alpTa». UTO XKe Kacaercsa «IKONOIHUECKOH KyAbTyphI», TYT
CIIEAYET OTMETHTD, ITO B CAMOM MPHIIAraTe/IbHOM «IKOJIOMHYECKUID) HEe CONEPKUTCH KOHHOTALNY MONOXHUTEILHOTO
OTHOLICHHA K MPUPOAC WM €€ cHaceHuA. «KONOrHYecKui '-"omocxnmﬁcsx K 3Kono2uu, CBs3auHbIA ¢ Heip [1].
TT03TOMy «3KONOTHYECKMM)» MOXeT ObITh M KPU3HC — HeGAaronpUsTHOE H3MEHEHHE Gnoccbepbl A MOXeT 1 3KoNo-
rHdeckas BOHHA CITYYMTHCH — «HaHeceHue yuiepfa NPOTUBHUKY IyTeM BO3NEHCTBHA Ha cpedy ero oburamus (3a-
TPA3HEHNE HIH 3apaKeHHe BO3MyXa, BOMbI, [OUBEL, HCTpeOmeHue Guopu ¥ payHBI)» [2].
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C Hamei Touky 3peHust NPaBWILHO ObIIO Obl YIIOTPEOIATL TEPMUHBI «IKOHITbHAS KyIbTYpay U «3k0hobHas
KyJbTypa». DKopuiaLHas KyabTypa (0T rpey. oikos «aoM, poauHa» M phileo — wnobimo») — 310 Takoi crnocot
OTHOIIEHHA K JeHCTBUTENLHOCTH, KOTOPBIt HAIPAaBICH Ha CO3JaHHE TapMOHHUYHOM B3aHMOCBSA3U C OKpYXarolleit
npupoasoii cpenoit. Ixodobuasn KyaLTypa (o1 rped. oikos «aoM, poauna» u phobos - «cTpax») — 310 Tako# cro-
co6 OTHOWIEHNS K AeHCTBUTENBHOCTH, KOTOPBIH HampaBieH Ha JeCTPYKUHIO B3aHMOCBA3M YenoBexa (Wi cooblie-
cTBa JiOZell) M OKpy»xalollel TMpHponHoit cpeabl. IIpyueM peus HIET M O TeX Cly4Yadx, KOrAa YeJOBEK BpeoUT
sHelHelt s cebs [Ipupone (Hanpumep, BoIpyOaeT neca, XKKET OCEHHUE JIMCThS B YepTe ropoja, 0CKopOnseT aApy-
THX Juofe), ¥ O TeX CyyasX, KOra OH pa3pyllaeT CBOIO BHYTPeHHIOW IlpHpojty (Hanpumep, He Ne4MT KapHec,
YNOTpeGIseT HapKOTHKH, MMEET HEraTUBHOE MbilivieHHe). TIOHATHO, YTO AECTPYKLMA CBA3H C BHEIIHEH H BHYTPEH-
neit [Tpuposioit naryGHO CkasbIBaeTCA M HA CaMOM PaspyLUMTENE H Ha BCeM COODLIECTBE JIOeH.

 KynbTypa uenoBeka HENOCPEACTBEHHO CBA3aHa C €10 KapPTHHOH MWpa, a Ta, B CBOKO OYepellb, ¢ MbIILIIE-
HHeM. OnuH U3 KpynHeHmuX 3konoros cospemeHHocTH H.P. Pelimepc onpenenun MbllneHde Kak «IPOLECC
NO3HABATENBHOM JIEATENILHOCTH XapaKTepH3YIoUMmics 06061IeH1eM, ONOCPENOBaHHBIM OTPAXEHNEM AEHCTBH-
TENLHOCTH, €€ MpelBHACHHEM. MBIIUIEHHE NO3BOJAET NONYYHTh 3HAHMA O TAKAX 00BEKTaX W ABJIECHHAX, KOTO-
pble He Moi"yT OBITH HEMOCPEACTBEHHO BOCTIPUHATHI Ha YyBCTBEHHON CTYNEHH NO3HaHWsA. MbluieHHe YesoBeka
umeer o6me0TBeHnyo HPUPOAY U, KaK MpaBHII0, OHO TBOopYeckoe. OTNHYAIOT MBIIUICHHE MpakTHYeckoe (HocTa-
HOBKAa M HOCTHXEHHME LENH) M TeOPETHUECKOe (HAMpaBIIEHHOE HA OTKPHLITHE 3aKOHOB M (yHIAMEHTANbHBIX
CBOMCTB 00bEKTOB)» [3].

" Hcxona u3 3T0ro onpeeneHys NpaKkTHYecKoe 3K0(PUIbHOE MbIIIEHHE 3aKII0YaeTCA B NIOCTAHOBKE H
HOCTYOKEHNR TYMAHHBIX, MPUPONOOXPAHHBIX Lienel, a TeopeTHHecKoe IKOPUILHOE MbILLJIEHHE HANPABJICHO
Ha OTKpbITHE 3aKOHOB [TpHpoas! U GyHIAAMEHTAIBHBIX CBONCTB IPUPOAHBIX OOBEKTOB.

B ocHOBe 3KO(IIBHOTO MBILUICHHS, N0 HAalleMy MHEHHIO, IOJDKHBI J1eXaTh TPH Te3uca.

1.« eauH co BceM YenoBeuecTBOMY.

2. «enoBeYECTBO €AMHO CO BCEMHM JKMBBIMHM OpraHH3MaMu».

3. «3emns — xwusoi Opranusm» [4-8].

Oco3Hanue TOro, 410 CyabObI OTAENLHOTO YEIOBEKA, BCETO YENOBEUeCTBa M 3eMIIM €AUHBL; TOTO, YTO Ka-
KIas MbICIb POXAAeT TIOGaIbHbe NMOCHENCTBHS, 3aBEPIUMT MPOLECC CTAHOBIEHHS 3KO(PHIBHON KyJbTyphl —
KYJIbTypbi HoocepHO# cranuy passuTis 3emiu B nonnMannu B.W. Bepnaackoro.

Ha nauneiii MoMeHT 3xoo6Has KyabTypa M 3xo(o6HOE MBIILICHHE SBJAIOTCA NPEe0GIafalokMy B CO-
obuiectse monei. Takoe monoxeHue Jen CyIECTBYET ¢ MOMEHTa BO3HHKHOBeHHa Homo sapiens. Yenosek —
CyLIECTBO 0COBEHHOE, B IOBEACHAHU KOTOPOTO MHOTO CTPaHHbIX M HEOOBLACHUMBIX (akTOB. Mbl YHHUTOXAEM He
TOJNBKO TEPPUTOPHIO, HA KOTOPOI XMBEM, BMECTE € €€ €CTECTBEHHbIMH 00HTaTENIMH, HO U cefe nmoaoGHBIX. Mbl
ceeM KOH(QIMKTEI, pasopsem IIpupoxy, Xopowo MOHHMas, Y4To pyOuM Cyk, Ha koTopoMm cuauM. Kak Beipazuncs
dpanuysckuit 6uonor Xau Baruct [Ibep Antyan ne Moue Jlamapk (1744-1829), npenHasHauenue yenopeka
KaK OBI 3aKTI09aETCA B TOM, YTOGbl YHHUTOXKMUTH CBOI pOJI, IPEABAPUTENBHO CAENaB 3eMHOM HIap HEMPUIOXHBIM
s oburanus. Ho Bce jkxe MOXHO HaJeAThCS, YTO 3TO — UL crenudueckas porpaMMa aganTaldd JaHHOTO
BUJA K YCNOBHSM XKU3HH Ha 3€MJIE, YTO-TO BPOJE adanTalyy BEPYCOB H T.I. «MeCTO U poiib KyJbTyphi B 9KOJIO-
TMYECKOH NPAKTHKE JIofe# 00YCNIOBIEHBI TEM, YTO HMEHHO NIAHHOE ABJIEHHE BBICTYNIAET B KAYECTBE LENOCTHOTO
aJanTHBHO-aJANTHPYIOIIEro MeXaHU3Ma denoBeyeckoli nearensHoct) [9]. Ilyraer oaHo — GbiBatoT ciyvau Ty-
TMKOBBIX BETBEH, aaNTalMs KOTOPHIX, B KOHLE KOHIOB, NPHBENA K BBIMHPAHHIO.

31(041)11115566' MblIIUIEHHEe BOUPAET B Ce0fl ¥ MEHTAIBHBIN, U IESTEILHOCTHSIH ACTIEKT W HOCHT NOGY XA K
IeHCTBHIO XapaKTep, 06YCIORNMBAs IPUPOIOOXPAHHYIO IEATENBHOCTS B KOHKPETHOM perHore, nokyce. TpynHo 3abo-
TUTECA O TOM, YTO JIa/leKo OT Tels, ¥ O TOM, Hero Thl He 3Haenlh. B popmuposanmyu skoduibHOMH KyasTypsl [lonGacca
He TIOCJeHIONO POJb MOTYT ChITPaTh OGIICCTBEHHbIE, NIATPHOTAYECKHE OpraHv3aLmy. [ToTpe6uTeNbCKoe OTHOIECHHE K
OKpyXarotiel TIPUpOJHON cpefie, ¢ ORHOM CTOPOHBI, H XMINHUYECKOE, paspyLIatolliee, ¢ ApYroi, 00yCIoBIMBAIOT He-
06X0AMMOCT AKTHBHOTO BMEILATE/IHCTBA BCeH OGLIECTBEHHOCTH, BCEX JKUTENEH PErHOHa.

EC/iv FOBOPHTH O COCTOSIHMU IMaBHOM pexu roposia Josenka — peku KansMuyc, To OHa BBI3bIBAET, MATKO
roBops, YyBCTBO COCTpaianus. Tak, pacTHTEAbHOCTH GacceiiHa 3ToH pexu nonsepieHa GOJBIION aHTPOIOTEH-
HO# Tpaﬂccpopmauun KanbMHyc HCTIBITHIBAET BIMAHKE NPOMBILUIEHHBIX CTOKOB NPENIPHATHI, GEITOBBIX CTOKOB
HaceNIeHHbIX MYHKTOB, & TAKXKe LIaXTHBIX BO, TaK Kak HaXONHMTCA B LIEHTPE NIPOMBIILIEHHOrO peruota. Ocobyio
OMAacHOCTh npenmaBmeT 3arpﬂ3nemle BOBI TAXKENBIMH METAUTaMH. OTO KOOABT, HHKENb, Meb, XPOM, LMHK,
CBUHeL, Mapraneu, )lcene3o M IPYTHE XMMUYECKHE INIEMEHTBI, KOTOPBIE paHee He GbLiN BOBIICUEHDI B Ouonoruue-
CKuit KPyroBOpOT WiH TIPUCYTCTBOBAIIH, HO HE B TAKUX KONMYECTBAX. Bee 3TH BewecTsa CHIBHO mmmor Ha pac-
THTENBHOCTS Gacceitia p. KanbMuyc, 4o, Ge3ycioBHo, ONOCPEIOBAHHO BO3AEHCTBYET U Ha 30POBLE mozxeu

HssectHo, 4T0 HH(OPMALMOHHO-PA30BOE COCTOAHHE BOAbI TAKOBO, YTO IOJHASA nmbopmauwl NocTy-
nalomas B BOAHYIO Cpely, OTPaXaeTCs B KaXIO0H ee MONeKyJie, Kak M Hao00poT, - T, YTO 3HAET KaIUlA, 3HaeT BCA
myXa, peka, Mope, okea [10]. Ecnu Bo3zelicTBie Ha BOIY MOCTOSHHOE, TO MPOMCXOAAT HEOGPATUMBIE HIMEHE-
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HUsA BHYTPEHHETO PAcilONOKEHHA €€ CTPYKTYPHBIX 3IEMEHTOB, YTO NPUBOMHUT K NEPepoXAeHMI0 Boasl. OHa cTa-
paeTcs BBDKMTb B CHOXHBHIIHCA 00cTaHoBKe. [IOHATHO, 4TO 3TO NOBJeUET 3a cOOO U3MEHEHHE Beero GHoreo-
LIeHO03a 1, B KOHEYHOM urore, — moicH. OQHAKOo eciti CHCTeMa NOMYYHT CUrHan 06 yrpose paspymaronmero gak-
TOpa, MyTaUMH MOXET U HE NPOU3OHTH. '

EcTecTBEHHO, BO3HMKAET HEOOXOMMMOCTb B CO3J@HMM €IHHOTO PErHOHAIBHOTO NAHAWA(THOTO MapKa
BoJb Beel pexu Kansmuyc. Ho sxonoraueckoe BO3pOKACHHE perioHa HE MOXKET OTPaHMYMBATLCS TOIBLKO pe-
koli. besyciioBHo, 34ech HEOOXOAUMO B LIEJIOM MeHATh 3k0(hoOHOe TeEXHOKpaTHueckoe oTHouieHue K [Ipupone.

InaBHBIM yC10BHEM YCTONYHBOTO COXpaHEHHA M Pa3sBHTHS YeIOBEYECTBA ABIAETCH W3MeHenHe dKodoo-
HOTO, MBILUNEHKS Ha 3KoWIbHOE, U hopMHpOBaHUe Ha 3TolH 6a3ze axkodmwIbHON KyIETYpsl. Camo coGO# CTHXMit-
HO TaKO€ MBILLIEHHE U KyJIbTYpPa BO3HHKHYTE He MOTYT. /1A UX MOABNEHUSA M Pa3BUTH HEOOXOAUMO ClIEUNANL-
HO€ BOCITMTAHHE YEJIOBEKA C CAaMOTO POXKIEHHM (a B YEM-TO Jaxe €Ile A0 NOABNeHHs Ha cBeT). Kopuu axodpub-
HOM KyJILTYpBI — 3TO NOTOK PHEPrUy HCTOPUYECKON MaMATH. DTa SHEPTHA MUTAET HAC, IOCKOJILKY MBI HE TONBKO
6uOCOLMATBHBIE CYIIECTBA.

OxodurpHas KylbTypa — KyJbTypa 4enoBeka Oynywero — Homo doctus [4-8] — kysnetypa «cBOGOIHO
MBICIISIIEro YeJ0BEYECTBa, B3ATOro Kak eauHoe uenoe» [11]. [TpaBunbHOCTS IPHPONOOXPAaHUTENLHOM ACATENb~
HOCTH OYZIET 3aBHCETh OT 3HaHMs 3KOJIOIHH KaK HayKH Y o01uei 3KoNoru3auuy o0yyeHus.

PE3IOME

Po3mexoBaHi NOHATTA «ekodinbHa KynsTypa», «ekodobHa KyabTypa». PosrisHyTi €KoNoriuHi acnekTH KyJbTypH
JIOIMHH Ta aHTPONOLICHO3Y.

SUMMARY

Concepts «ecophillian culture», «ecophobian culture» have been demarcated. Ecological aspects of culture of the per-
son and anthropocoenosis have been considered.
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CACTEMMAM TA IPOOECH KEPYBAHHHA

VK 004.942+534-7

ABTOMATHU3HWPOBAHHASA CHCTEMA HHTEPIIPETALIMH NNPON3BOACTBEHHBIX
CHTYAHHUH HA IPUMEPE MYKOMOJIBHOI'O 3ABOJA

B.E.Bopyxcon

Beenenne. ObecneucHue B3pLIBO-, OXKapoOE30NaCHOCTH U KAaYeCcTBa NPOIYKUMH NIPH BLICOKHX MOKa3a-
Tenax 3PHEeKTUBHOCTH Ha MyKOMOJIbHBIX, KDYTAHBIX H KOMOHKOPMOBEIX 3aBOJaX TPaJMLMOHHO OCTasTCA aKTy-
abHOI npobeMoii.

B cucTeMax ynpasneHus 3epHONepepabaTbIBalOMMMH TIPEANPHATUAME, HAPAMY C 3alauaMy, TpaauMOH-
HBIMH U1 SoNbIIMHCTBa npeanpuaThii: (1) BeIGOp oNTHMalibHBIX PeKMMOB NOATOTOBKY 3€pHA M peXHMOB pabo-
ThI OCHOBHEIX CHCTEM TNepepaboTku 3epHa u (2) obecneyeHue CTaGWILHOCTH BbIOPaHHBIX PEXHUMOB B TEHEHUE
NepHoRa nepepaboTky Bcell NapTHM 3epHa, peniaerca 3agada (3) vAeHTHOUKAUMM CUTyaLMH, MPHUBOIALIMX K
no)kapaMm, B3pbiBaM MYYHOI! ITbUTH U [TOTEPAM KadecTBa Npoxykuumn [1,2].

Pemenne Tperteii 3aaun TpeOyeT MOHHTOPHHIa MPOH3BOACTBEHHBIX CUTYallMil. ABTOMaTH3alust MOHHTO-
pHHra Ha Ga3e aBTOMaTH3UPOBaHHOM cHeTeMbl kouTpoisa (ACK) conpsxeHa ¢o ClIeLyIOIHUMH TPYAHOCTSMH:

-Ha 3epHONepepabaTbiBAIOMKX NPEANPHUATHAX, HapAAy C HENpepHIBHBIMM METOAAMM aBTOMATIMECKOro
KOHTPOJIs, pacHpOCTpaHeHbl METOABI BHIGOPOYHOro KOHTPOJA M KOCBCHHOM OLIEHKH IapaMETpOB ITyTEM HHTEP-
nipeTaliMi AanHbiX. JTo 38eHO ACK TpyzHO momnaéTcs aBTOMaTH3alLMKM M HO3TOMY, IO CETOAHAIMHETO IHS,
¢byHKIMH chéMa B nocnenyomel nepepaGoTkn HHGOPMALMH BHITIONHSET YENOBEK, 4TO CBA3AHO C ONpeAeNEH-
HBIMH HEJIOCTATKaMH.

-MHTEpNpETalls POM3BOACTBEHHBIX CUTyaLHH MOXeT GbiThb BHIIONHEHA BbICOKOKBaIH(pHUUHUPOBAHHBIM
TIEPCOHANOM — 3KCTIEPTaMH, MOATOTOBKA KOTOPHIX TpeOyeT MMUTENLHOre nepuona BpeMenu. PaGouune ¢ Manbiv
OIBITOM HE CTIOCOOHBI KOMIUIEKCHO OXBATUTh BCKO CUTYaLMIO, BHINEIUTh TpeOyeMble HparMeHThl U Ha UX OCHOBE
JaTh MHTEpOpETAlMIO CHTYalliH, YTO NMOBBIIAET YIpO3y B3PHIBOB, NOXapOB M BBINYCKa HEKauyeCTBEHHOH mpo-
IyKUMA.

CoBepIICHCTBOBAHHE CHCTEMbl KOHTPOJII U MOHHTOPHHIa MOXET MOTH IByMs myTamu [3,4]. INepsbiii
IyTh YCTPaHCHHA Y€JIOBEKa M3 KOHTYPa MOHUTOPHHIA NPOM3BOACTBEHHBIX CHTYallWii - 3T0 pazpaboTka HOBOM
TEeXHONOTHH. BTOpO# 1IyTh ~ aBTOMaTH3aUMA (YHKLMH MOHHTODHHTA MPOU3BOACTBEHHBIX CHTYauHit 32 CUET HO-
BBIX HHOOPMAIIMOHHEIX TEXHONOTHH, a IMEHHO HAa OCHOBE METOJOB HCKYCCTBEHHOrO MHTEJLIEKTA - HHTEpIIPeTa-
HHH JaHHBIX.

Ilepselii 1yTh KapANHANBHOTO NEPEBOOPYKEHHA NMPOM3BOACTBA NepepaboOTKH 3epHa Golee IIUTENLHBIA H
6osice 3aTpaTHBIH: TpeOyeTcA MPOEKTHPOBAHUE W MPOM3BOACTBO MPUHUMNHAILHO HOBOTO 000pY IOBaHMs, CUCTEM
aBTOMATH3AIMH M Tak Rajee. B cTarbe paccMaTpHBalOTCH TeOpETHUECKHE H METOAMYECKHE BOMPOCH, HeoOXom-
Mbl€ ISl peai3aliy BTOPOro MoAXoja.

Pe3ynpraThl aHann3a CYIIECTBYIOINMX CHCTEM MOHMTOPHHIA HA 3epHOmepepalaThiBAIOMMX NPOU3BOICT-
Bax NOKA3LIBAIOT, YTO TPHHATHE PEINCHMIl OCYIMIECTBIACTCA Ha OCHOBE WHTEPNpPETAlMH CHUTYAlWii, NpeIcTaB-
JISIFOLIMX WHTETPUPOBAHHOE OMMCAaHKE, BKIIIOYalowiee:

TOYHBIE [10Ka3aHUA NpHOOPOB B BUJIE YHCET,

CIIOBECHOE OMMCAHHE PE3yIbTATOB HAOMIOIeHUA, BOCIIPUHATHIX YEOBEKOM HA CNyX;

CIIOBECHOE OMMMCAHKE PE3y/IbTaTOB HabMOREHHA, BOCTIPHHATHIX YEIOBEKOM 3PUTEIILHO;

CJIOBECHOE OITMCAHME HEYETKMX JAHHBIX Pe3yNbTaTOB KOHTPOJIA Ka4ecTBa MPONYyKTa;

CIIOBECHOE ONMCaHUE Pe3y/ibTaToB 0600IIEHUS U MPOrHO3MPOBAHMA Pa3BUTHA NPOU3BOICTBEHHOM CHUTya-
LMH, BIJIIOYAIOLIEE CIIOBECHYIO (OPMYJIHPOBKY CTENEHH YBEPEHHOCTH.

TpyAHOCTH, BCTpedalollliecss NPH MHTEPNpeTaliH TaKoro THIa MPON3BOACTBEHHBIX CHTYaluii, 06ycros-
NeHBl OTCYTCTBMEM YHHBEPCAJILHOTO afnapara HHTEPNPETAUHH JaHHBIX NMPOM3BOJILHON (PH3UUECKOH IPHPOABI
[5,6], a Tem Gojiee MHTEpIpETAUMH NMPOM3BOACTBEHHBIX CHTyauMii [7,8], MPEACTABAAIOLIMX MHTETPALMIO He-
CKOJIbKHX pa3HBIX 110 NPHpo/ie NapaMeTPOB M Pe3yJibTaTOB YMO3aKIIOUEHHI B CTHIIE, CBOMCTBEHHOM YEIOBEKY.

Ananu3 COCTOSHHUA 3aTPOHYTOrO BONPOCA 10 ABYM HalpaBIeHHAM:

- BO3MOXHOCTL MHTErpalH TpaaunnoHbix ACK ¢ cHcTeMaMul HHTEpTIpeTalK JaHHBIX;

- BO3MOXKHOCTh HHTEIPALMH CHCTEM CUTYaUMOHHOIO YNpaBJICHHsA, B YaCTH IIPe/ICTaBIeHUA 1 GOpMHpOBa-
HHA CUTYalu#, C CHCTeMaMHK MHTepIpETallMM JaHHBIX BLIABHIL, MpeUMYIIeCTBa nocaeastero [9,10].
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Curyauns — 3T0 KOMILICKCHas XapaKTepPUCTHKa, KOTopas B NOCieqHee BpeMs HaXOAUT BCE Oonbuee pac-
MPOCTPaHEHHE, KAK B TeOpeTHUECKMX Hccnenoranusx [10,11], Tak u Ha npamxe [pPH aBTOMATH3dLHH MPOLEC-
cos nepepaboTku HHGOPMALMHU ¥ YHPaBACHUA IPON3BOACTBOM. -

TeopeTHueckue HcCeROBAHUS CHTYaLMOHHOTO YNpaBieHUs ObUIN 3a'rp0HyTu B CEMHOTHYECKHX (3HaKO-
BBIX) CHCTEMAxX yIipaBIEHHs, KOTOpble CIIOCOOHbIE BBIMONHATE QYHKLMK, CBOMCTBEHHBIE TOJABLKO YETOBEKY: HH-
TeprpeTaluyua AaHHBIX, Lienenosnaranie, npuodperenue 3Hanni [10,13].

HeTpanuuuoHsble CHCTEMBI, C KOTOPBIMHM CTONKHYJIaCh TEOPMsi YNpaBleHNs, Ha3BaHHbIE BIOCICACTBMH
6onpmIMMHK cHCTEMaMH, obrnaaroT 1o onpeneaetHo Kibikosa 10.1. [13] n MNocnenosa [I.A. [10] cnenyroupmu
YepTaMH: YHHKAILHOCTBIO, OTCYTCTBUEM (hopManu3yeMOoHt HENH CYIECTBOBaHHSA, OTCYTCTBHEM ONTHMANLHOCTH,
HECTAUMOHAPHOCTHIO U HEMOMHOTOH onucanus. K sToMy xiaccy OTHOCHTCA ONMUCHIBAEMEIH B CTAaThe 00BEKT.

MeToap! CHTYalHOHHOTO YNPABICHMA, KaK METOIbl HCKYCCTBEHHOIO HHTEIUIEKTa, MOANAaloT Mod Kiac-
cU$HKALMIO MHTEJUIEKTYANBHBIX CHCTEM: OTHOCATCS K CHCTEMaM OCHOBAHHBIM Ha 3HaHWAX. [I0aTOMy roBopsat
[8,11] 0 TouHBIX (IOMHOCTHIO ONpENCNEHHBIX WIH HEMOIHbIX BEPOSTHOCTHBIX) ¥ HEUETKHMX MOAENAX CHTYAUMOH-
HOTO yTpaBieHus. Jind cuHTe3a CHCTEM CHTYALMOHHOTO YIIPAaBICHHS BAXHBIM (aKTOpOM, ONPENENAIOMM TEX-
HOJIOTHIO CHHTE3a, ABJIAETCA THI 3HAHNH: OBEPXHOCTHHIE WM [NTyOUHHbIE 3HAHHA HCTIONB3YIOTCA PH OIMCAHNH
npobriemMHoii o6nactu. Bonee Toro, upe3sniuaitHo BaxkHa $opMa NpeACTABNEHHA NTYOUHHBIX 3HAHMI: OHH MOTYT
ObITh TIpEICTaBIEHb! B CIIOBECHOH (BepOanbHOM) dopMe WiM B KaKOH TO KOMIBIOTEPHOH dopme, ABistomencs
MOZE/bI0 YYBCTBEHHOTO BOCIIPHATHS 4EJIOBEKOM OKpYKEHHS (BOCTIPHATHE 3BYKOBOM CHTyallWd) Wid B ruOpna-
HO#M PopMe, HHTEIPHPYIOLIElH BepOalbHOE U UyBCTBEHHOE NpeAcTaBienue [13-15].

TouHble MOAENH CUTYaLIMOHHOTO YIIPaBJICHHs, NIPEUTOXKEHHbIE K pa3BuThie B paborax Kisikosa FO.H. n
Iocnenopa J{.A. Heuétkue Moaeny CUTYallHOHHOTO yNpaBJieHUA, HpeuIoXKeHHsle B paborax [8,11] Haunm mpu-
MeHEHME NpPHU NMPOSKTHPOBAHHH HHTEIUIEKTYAJIbHBIX CHCTEM YIpaBieHHs. MI3BeCTHBI UCCIEIOBAHUA CHTYALMOH-
HOTO YTIPaBJICHHs, OCHOBAHHOTO Ha HEYETKHUX ITyOHHHBIX 3HaHMAX [8,16]. 3mech KmoueBsiMU IpoblieMaMu AB-
JISIOTCA HOCTPOCHUE MOZeNiell UyBCTBEHHOTO BOCNIPHATHSA, KaK JajbHEHILEro pasBUTHA METOROB HHTEpNpeTallMH
JaHHbIX, MOJieJiel 06pa3oBaHud MOHATHH M MBILLICHHA, KakK JajbHelilee pa3BUTHE METONOB KOHLENTYalbHOTO
YMO3aKJIFOUCHUA.

B craThe paccMaTpMBarOTCs THOPHAHOH MOMENM NPEACTaBICHHA NPOH3BOICTBEHHOM CHTYalLlH, HHTErpU-
PYIOLINE HEUETKHE nepyennii6Hble MOIENN C HEUETKUMH 8epOanbHbIMU MOAETAMH.

CTpyKTypa NpoH3BOACTBEHHOH cHTyauuu. B pabote mpearaercs CTpyKTypHPOBaTh CHTyalHIO Me-
TOOOM (parMeHTalMH Mo UCTOYHHKaM HHQopMamuu. PparMEeHTOM CHTyauUHu MOXKET ObiTh NM6O MPOCTPAHCT-
BeHHBbIN (parMeHT - HEKOTOpasA YacTh MOJHOTO OMMCAHMA CHTyalMH B IPOCTPAHCTBE NEPBUYHBIX MCTOYHHKOB
uHGopMalHM (TapaMeTpoB U CBOHCTB), MO0 BpeMEeHHOM (parMeHT - XapaKTepHCTHKa HCTOYHKKA HHpOpMaLIUK
3a HEKOTOpbiH BpeMeHHol uHTepBad, nnbo rubpuausiit parMeHT - BpeMeHHONM (ParMeHT HEKOTOPOro npo-
CTPaHCTBEHHOTO (pparmenTa.

[MonHas cHTyalus, HCXOOA M3 CYILECTBYIOINEH OpraHH3aLMOHHOR CTpykTyphl IpomsBozacTea JKXI1, pazou-
Ta Ha ¢parmenTsl: O, D, — PparMeHTh CUTYALHH, XapaKTEPH3YIOIUHE B3PHIBO - M Noxapobe3onacHocTs, a Ki,K;
(parMeHTBl CUTYaLIMH, XapakTepU3ytolie KaueCTBO BHIXOAHOH MPOMYKUMH, COOTBETCTBEHHO, Ha NOArOTOBHTENb-
HOM U pa3sMOJIbHOM oTaenenuax. Kaxapii ¢pparMeHT, B CBOIO 0uepesib, HMEET CIIOXKHYIO HEPAPXUYECKYIO CTPYKTY-
py, HarnpuMmep: ©,={®, |, D, ,,...D; 7}, rae Oy 4, D, 5,..., Py 5 - GparMeHTHI, ONUCHIBAIOLIHE COCTOSHHE B3PBIBO - H
NoXapo0e30MacHOCTH Ha MepBOM, BTOPOH M Tak Hanee MATOH ApaHbiX onepauusx, a ©, ¢, P; 7 - (pparMeHTHl, Ony-
CHIBAIOLIME TEPBYIO, BTOPYIO Pa3MOJIbHBIC OTIEpalMy pa3MoNbHOro otaeneHus. Jlanee, kaxaeli U3 (GparMeHTOB
pasGuBaeTcs Ha monadparmMeHTs! Golee NeTanbHOro mnpeacrasnenus cdryauuu. Hanpamep, @, (={®; | ;,D; 5,
D, ; 3,.,D2 1 7}, e Oy 1, D,y 2 - PparMenTsl, onUchIBAFOLIME 6€30MaCHOCTL 06PabOTKH POAYKTA Ha BAIBLIOBOM
M PacCEBHOM CTaHKaX IepBo# apaHoi onepauuy, @, | 3 - @, | 7 - GparMeHTsl, ONKUCHIBAIOLIMI TPAHCIIOPTAPOBKY
NpOAYKTa HOPIIMHU OT BaJbLOBOTO CTaHKa K pacceBy MepBoit ApaHoli onepalyy 1 OT pacceBa NepBOH paHoii one-
paLy¥ [0 BaTIbLEBIX CTAHKOB CEAYIOMIMX APaHbIX ¥ Pa3MOIBHBIX OEPALUH.

Tax, @, ; | BKTIOYaET, B COOTBETCTBHH C BbIAE/NCHHBIMH NPY aHAIM3e HCTOUHMKaMH HHpOpMaumy, (par-
MeHThl: @, | | | — TIOKa3aTeld Ka4ecTBa NPOIyKTa Ha BXOJIE BaJbLOBOTNO CTaHKa (KpynmHOCTh noMona), @, ; 1 » —
foKa3aTely 3arpy3KH cranka (Cuia Toxka B amnepax); ©, | | 3 — NOKa3aTeld paBHOMEPHOCTH MOJAYH 3€PHA Ha
cTaHok; @, | | 4 — MOKA3ATENHN TEXHUYECKOrO COCTOAHMSA BalbLIOBOrO CTaHka; @, ; ; 5 — NepLENTHBHbIE [10Ka3a-
TENN pexuMa paboThl BajbLOBOTO CTaHKA. KaxAsli U3 3THX GparMEHTOB B MOCHEAYIOUIEM NETATUIUPYETCSA Ha
(parMeHTH W€ HY3 Jexauiero yposHsa: @, ; | 4 ) — MOKA3aTENH TEXHMYECKOr0 COCTOAHIA CTAaHHHbI; Dy 142
TIOKA3aTeNIH TEXHWIECKOTO COCTOSHMA BanbloB; P, | | 4 3 — MOKA3ATENH TEXHHUECKOTO COCTOAHHMA 3yGuaroi me-
penaum; @, | | 4 4 — FOKA3aTENIM TEXHHYECKOTO COCTOAHMSA MeXaHu3Ma npupana; @, ;| 4 s — NOKa3aTeNH TCXHH-
4ECKOTO COCTOSHHSA WITYyPBAILHOIO MeXaHusMa; @, | | 4 ¢ — MOKA3ATENH TEXHUYECKOrOo COCTOSHHA MEXaHH3Ma
perynupoBaHHs 3aCIOHKH. )_Ianbucﬁmax AeTan3aums cn'ryamm HampuMep, 1o ¢pamcmy Dy 1 142 AAET:

IOAIUHUIHUKOB BaJILLIOB.
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“ JIeKoMIIO3MIIMA CHTYalMH 110 NPHHUMITY COOTBETCTBUA PPArMeHTOB HCTOUHHKAM HH(OPMALIMH NPHBOMHT
K Mepapxuieckoil NpeBOBHIHO CTPYKTYpe, KaK TI0Ka3aHo Ha puc.l.

0 — i yposeHs

1-it yposens

2-# ypoBeHb

3-# yposeHs

4-#i ypoBeHs

Puc. 1.-CrpyKTypa NpOM3BOJCTBEHHON CHTYALMH,
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Cnexyer NORYEPKHYTh, YTO (parMeHThl OPraHM30BaHb! HEPAPXHYECKH B TOM CMBICHE, YTO IPH OIMCAHHK
CHTyauHH 6oJiee BBICOKOTO YPOBHS MCTIONB3YIOTCA 000OHIEHHBIC NIOKA3aTENH, BXOAKLIHE B ONHCAHKE KIACCa WK
KaTeropuy no CPaBHEHHIO ¢ ApaMETPaMH CNUCAHUA CUTYALUH HIDKHETO YPOBHIL.

Mogaenn npeacTassicHus cuTyau#H. Kaxaplil 13 BbIZEICHHBIX B CTPYKTYpe (DparMeHTOB WMeET BHYT-
PEHHIOIO M BHEILHIO MOJETb NPEICTABICHHA CUTYALUH.

Bremuss Mopens npenHasHayeHa AUis oONerdeHuss BOCHPHATHA CHTYalHH YEJOBEKOM, NPHHHAMAIOLIHM
pellieHHe WM KOHTPONHPYIOMUM H OOHOBIMIOWNM cHTyawmo. [1osToMy mpeiiaraercs MCNoL308aTh annapar
JHHTBHCTHYECKMX nepeMenHbIx J1. 3ane [17] ons nocTpoeHus BHEIIHeH MoeNH GparMeHTa CHTYaLMH.

BHyTpeHHSs MOeAb A0bkHa OblTE YHUGHIMPOBAHHOM ¥ NIpeHa3HAYEHA [UIA CKBO3HOM 06paboTkn dpa-
rMenToB cutyaruu. Ilpeanaraerca B xauecTBe Taxko#l MOJENH HEUETKHE MOAMHOKECTBA HAa OTHOCHTEILHOM Ge3-
pa3sMepHoOi mxane.

Taxnm 06pa3oM, kKaxablit ¢ParMEHT CUTYAI[UH OHHCHIBAETCS:

M- MOoenbi0 BHEHIHETO NPECTABICHAS CUTYALIUH;

M,- MOenbio BHYTPEHHETO NPeACTaBACHNA CUTY allu;

M;- Mozenbi0 HEpexoJa OT BHYTPEHHErO0 NpEACTaBieHMS K BHELUHEMY B BHJE MEXaHH3M2 pellleHus

ypaBHeHHs HazHadeHus 1o JI. 3ane;

M,- MOZeNBIO HHTEPIIPETALMH, B BHAE MEXaHU3Ma fepexona OT BHYTPEHHEro NpenacTasieHusa GpparMeH-

TOB HA HIDKHHMX YDOBHAX MEpapXHYECKOH CTPYKTYphl CHTYyallHH K BHYTPEHHEMY NpeJCTaBJICHHIO
paccMarpuBaemMoro ¢pparmeHTa.

CuTyauus MEHACTCR B AUCKPETHbIE MOMEHTH BpeMend .. t - T, t, t + T, t + 2T,...,t + kT,... B npoussons-

HbI MOMEHT BpEMCHU t MojiHasA CUTyalusa OIHCBIBACTCSA BHEIIHEH MOAEJIBIO:

[LS))={H{ (D] [LAD,) 3, { LK D] UK )}
{IUD@, D)oo (AP, )]e3H (T oo [UK, H)]3 M
{IUD, )]s [TAD )3 {TUK, e [LAK, 7))

rae L(®; ;i) — 3Ha4YeHHE IMHIBHCTHYECKOH nepeMeHHoi L.

3amaua AsromarusupoBanHoi Cuctems: Unrepnperawuu IpoussonctenHbix Curyaumii (ACHUIIC) -
IUIA K2)XJIO0r0O MOMEHTa BPEMEHH H2 OCHOBaHMHM BXOAHOU WH(OPMAIIMH OT MCTOYHHMKOB JaHHBIX, BO-MIEPBBIX, OII-
pelennTh 3HaYeHHE TIOTHOM CUTYyaluH, BO-BTOPbIX, ONPEAEINTh, K KAKOH H3 MHOXKECTBA M3BECTHBIX NPOM3BOJ-
CTBEHHBIX CHTYaIIUif-TIPOTOTHIIOB OTHOCHTCH TEKYIIas M C Kakoi yBEpPEHHOCTHIO, a, B-TPETbUX, JaTh HENOBEKY-
ornepatopy BepOajibHOE ONMCAaHKE ITOH CUTyauHu-poroTHna B Brae (1).

Jng mo6oro P; j , H3IBECTHO MHOXKECTBO MOJENeH NMPOTOTHNOB PParMEHTOB CHTYAIIMH B BUAE HEUETKUX
NIOAMHOXECTB, 3aJaHHbIX Ha 6€3pa3MepHBIX OTHOCUTEJILHBIX IIKANAX

€O, M @

C ={c,,C;,..,C, } » OTPAKAIOLIEM H3HOC B MPOLEHTAX (OTHOLICHHE CPEHER N0 BHIGOPKE (aKTHUECKOH BHICO-

Thl puUid, TOMYYeHHON U3 pe3y/IbTaTOB U3MEPEHHil BO BpeMs MPOQIIAKTHYECKHX OCMOTPOB, K HOpMaTHBHOMY
3HaYeHHIO) 3a[laHbl MOJCH IIPOTOTHIIBL:

él(©2_1_1_4_2_2) ={{pnO=1L 2| p,(2)=1, ...,10| x,,10) =1,
1] p, (1) =09, 12| 4,,(12)=0.8, ...,19| 11, (19)=0.1, '
20] 4,(20)=0.0, ...,100] 1., (100) = 0.0}
Cutyanus npbromrl él(()z |1 4 o ) OMHCHIBAET CIyHai, KOIZIa BaNbibl MPaKTHYECKH HOBBIC, pudau

HE W3HOILEeHsl, TaK B Npeaenax 10% HaXOMATCA JOMYCKH MIHM JOIyCTHMbIN pa3bpoc usMepeHHid. AHANIOIHIHO
ONpPEAENAOTCA CHTYaLHA NPOTOTUN C2(O2 1142 2), ONKCHIBAIOIIAA HAYANBHYIO CTaaMIO M3HOca pHpei
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Bankon (B mpefenax 10 20%), ¥ TaKk fanee 1O CHTyawyH npototuna C° (O3 11 4 2 2), onmchiBaOWEl CO-

cTosiHue prudJIEH, IPU KOTOPOM MX IKCILTyaTallis HE JOMYCKAeTCH 10 HOpMaM.
BoiunciieHne 3naYeHns TeKywed cuTyauuu. MntepzipeTanns aamseiX. MHrepnperanms npuMenu-
TENLHO K (parMeHTy cutyaltun ®; ;  COCTOUT B CHEMYIOUIEM:
1) 1A KaXa0ro MOMEHTA BPEMEHH HA OCHOBaHMH BXOZHOH MAQOpMalH (3HaueHNH ONpeneNEHHbIX Jie-
KAIMX HIKE (PArMeHTOB CHUTyaluH [Q(Oi-f_~_ A ) PR {Q(Oi_j_“_ & _m));) BBIUHCAUTE 3HaYeHMA

paccmatpusaemoro dparmenta cutyaun [C(O, ok

2) npencTaBUTh TEKYILIYI0 CHTYalMiO B BHAE 3HaYeHHMH CUTYauUMH-IIPOTOTHIIOB (YBEPSHHOCTH, C Kako#
TEKyIas CHTyalsi MOXeT OBITb OTHECEHd K KaXKHOW M3 W3BECTHBIX ITPOM3BOACTBEHHBIX CUTYalluii-
NPOTOTUIOR);

3) npencraBHTh ONHCaHUE TEKYIUEH CUTYalUMH B BepOaIbHOM BUIIE, KAK CHTYALMIO-IPOTOTHIL.

3unavenne pparmenTa, npeacTaB/IcHHOE HEYETKHM NMOAMHOKecTBOM. [lepBas ¢a3a unTepnperanuu -

BBIYHCIICHUE 3HA4YCHUS (parMeHTa CUTyaluu [C(é’, j_._¢)], - PElIACTCA TIO-PasHOMY, B 3aBHCHMOCTH OT THIa

¢parmenTa. B paboTe paznnyaroT iBa THNa (pparMeHTOB.

MepBbiii TN — 3T0 GparMeHThl HIKHUX YPOBHEH, XapaKTepHU3yIOUIMe HEMOCPEACTBEHHO BXOAHbIE HaH-
Hble, NPEACTABIAIONINE PE3yabTaThl KOHTPOIA, H3MEPEHHUs, HaOMOACHHA WK CrienuanbHOi o0paboTky, Hanpu-
Mep, ayIMajlbHbIX JAHHBIX O POH3BOACTBEHHbIX 1ryMaX. KOHTpONb kauecTBa NPOIYKIMH WX H3MEPEHHS CHJIbI
TOKA, TeMIEpaTypbl U APYTHX BEJIWYHH CBA3aHBI C MOTPEMIHOCTAMM. DTH JAaHHbIE TPEACTABIEHH HEYETKHMH
9UCIIaMM M HeYETKUMH WHTepBalaMu. MIHTepnipeTalis MX pemaercs TpagfHIMOHHBIMU MeToaaMH da33udukaumm
[18]. Bep6anbHbie naHHbIE, ONMMCHIBAIOIME HAGMIONCHNA M OLIYIIEHHS ONEPATOpa, IpPEeACTaBAEHbl HEYETKHMH
NIOJMHOXKECTBaMH. MHTeprpeTalus ecTh onepauns GOpMHPOBAHMSA TAKMX HEYETKHMX MOAMHOXECTB HA OCHOBa-
HHH aNPHOPHO 3aJIaHHBIX HEYETKUX 0MHOXKECTB-XapaKTEPHCTHK HOPMaJIbHBIX 3HAYEHHUI U KBAHTU(PHKATOPOB,
HCNIONb3YEeMBIX JUIS BepOAIbHOIO onucaHust BXOAHOH uHdopmanwmu [18].

BTopoi#t THN — 3T0 (parMeHTH BCEX OCTaIbHBIX YPOBHEH, JieKaluxX Bblile GParMeHTOB MEPBOrO THIA.
3HayeHHe KaXIOro M3 HMX MPEACTAaBACHO HEYETKMM MOIMHOMKECTBOM, BBIYUCIAEMBIM MO MOZEIH JIOrOreHa
MoproHa, popManu30BaHHONH Ha OCHOBE HEYETKMX NOAMHOXKeCTB [15].

3HaueHHe pparmMeHTa, NPEICTABIEHHOE B BHAE CHTyauuii - NpoTOTHNOB. BTopas dyHKuMA — BHIUMC-

JIeHHE YBEPEHHOCTH, C KOTOPOM TEKyLlas CHTyalHs [C(O; i )], TPHHAUIEXHAT K CHTyaLlMH TPOTOTUITY — B

JIHUCCEPTALMOHHOM pafoTe pelieHa ciexyouM o6pa3om.
Haxonurcs oTHocHTENnbHOE paccTosnne XeMMuHra [19] Mexay kaxao# napoit HEUSTKMX MOAMHOXKECTB

[CO, ,_ IHCO,,

81CO, ;. ICO,,_ )= ©)

N
¥ lteo,, @ty b
rae N — MOIHOCTh YHHBEPCAIBHOTO MHOXKECTBA N = {C1sCysensCr}s Freo,, oo Hero, n(c") - GyHKuMH
TIpUHAJICHKHOCTH INEMEHTA C, HEYETKUM NOJIMHOKECTBAM [g‘(OA‘._}._“_. Dl H é'(éi_b_k), COOTBETCTBEHHO.
DopMHpyeTCa HEYETKOE NOAMHOKECTBO BTOPOrO yPOBHA

! é(éz s )= (c'),Vr:ﬁ}, )

N2 130 ‘g(()zlxsns)

MEHT yHHBEPCAIILHOrO MHOXKECTBA, IOCTAB/ICHHbIH B COOTBETCTBUE HEeuéTKoMy noxmHoxectsy C” (O, i)

Fago, , s, €700, L CO, ;D ®)
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7, (c") - QyHKUMA NPHHAANEKHOCTH HEYETKOTO NOAMHOXECTBA BTOPOr0 YPOBHS, OTpaXKalouias

i -
CPy 4 4 33)

CTENEHH YBEPEHHOCTH B TOM, 4TO JUIA TEKyIUEH CHTyalHu [C((Di ; )], XapakTepHa CHTyallHs [POTOTHIL,
NPEACTABNCHHAS MOAENLIO C@ ).
7oA i_j_._k

Tpetpa GyHKUMS MEXaHH3Ma HHTEPIPETALUH — [IPEACTABICHHE CATYALlK B BHE CHTYALHH IPOTOTHIIA B
BepOaIbHOM BHJIC — €CTh MPOLEAypa MpeoOpa3oBaHus HEYETKOTO MOIMHOXKECTBA (5) B JIMHIBHCTHYECKYIO Me-
PEMEHHY0. 31€Ch BO3MOXHBI Pa3sHbIE MOJENIM — OT MOJENH HEHTPOMIA HO CIOXKHOM jiornyeckoit 06paborku
[20].

BeiBoasl. B pabote mpennoeHo HCMONb30BaTh CUTYalHOHHLIA METOX (PparMEHTAlH — MOCTPOEHHE
CTPYKTYPH NONHOR CHTyanun 43 €€ (parMeHTOB. BHIMONHEHHBIH aHANM3 HCCIELyeMOH NpEAMETHOM obnacTy,
TMOKa3an, YTO CHTYyauHs MMEeT IPEBOBHAHYIO CTPYKTYpy. Kawaslit PpparMeHT CHTyaluH NPEANONKEHO OMMCHI-
BaTh IBYMS MOJEIAMH: BHYTPEHHETO H BHEIIHETO NpE/ACTaBacHus. MoJenb BHYTPEHHEr0 NpeCTaBlieH|s pea-
JM30BaHa B BUAE NPOTOTHIIOB CUTYaLMH, IPEACTABICHHbIX HEUETKMMH MHOXECTBAMH 1 ONpeAeNnEHHbIX Ha Oe3-
PasMEpHOM YHUBEPCAIbHOM MHOXECTBE. Mo/ie/b BHELIIHETO NPEACTaBICHHUS peali30BaHa B BUJE THHIBHCTHYE-
cKxOi nepeMeHHOH. PopManbHO 3a/aya MHTEPPETalUs CBEACHA K BHIYHCICHHIO 3Ha4eHHH (parMeHTOB CHUTYa-
MK, COMOCTAaBJEHHE €r0 ¢ MPOTOTHNAMH KJIACCOB CHTYALHH, HAXOXMACHUE HEUETKOrO MOAMHOXECTBA BTOPOTO
YPOBHA, YHUBEPCAIbHBIM MHOXXECCTBOM KOTOPOIO CIIY’KaT 3JIEMEHTHI, COOTBETCTBYIOIIME KJIAccaM CHTYaLMii.
Meron npoexrupoBanns ACHUIIC ucnons30BaH NpU CO30aHHM CHCTEMB! aBTOMATH3MPOBAHHOIO KOHTPOJIA aBa-
PHUHHBIX PeXHMMOB Ha MykomonbHOM 3aBofie OAO «JloHeukuit komOuHar xueGonponykroB Ne2». Cucrema
[poilIa ONBITHYO 3KCIUTyaTalMio. Mcronp30BaHue CUCTEME] NO3BONAET YIIyYIUHTh ONEPATUBHOCTD YIIPaBICHUA
NPOU3BOJCTBOM, CHHM3HTh PHCK MOSBJICHUSA aBapHHHBIX PEXHMOB, CBS3aHHBIX C YE€IOBEYECKHMH XXEPTBAMH H
MaTepHabHbBIMA TI0TepaMuU. ViccnenoBanue 3epHonepepabaThiBarOLIEro IMPOM3BOACTBA MOATBEPAHIIO BO3MOX-
HOCTbh TUPOKUPOBAHHS CUCTEMBI Ha JPYTHE MYKOMOJBHBIE [IPEANPHATHS OTPACIIH.

PE3IOME

Hagenexo niaxia 1o A0 CTBOPEHHA aBTOMAaTH30BAaHWX CHUCTEM iHTEpIpeTauil aBapiliHuX cuTyauiil y mpoOMHCIOBOCTI,
3aCTOCOBaHMH Ha METOJAX IUTYYHOTO iHTenekTy. PosrnaHyTi Moaeni npeacTasneHHs Ta iHTepnperailii pparMeHTiB cuTyaLii
Ha OCHOBi HE4iTKOT MaTeMaTHKH.

SUMMARY

In the technology of information processing software, the technology of interpretation o0f situation play very impor-
tant role. It is used in the synthesis of intellectual systems of automatic control. In the following article the method of situa-
tion interpretation on the basis of fuzzy knowledge is studied.
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VIIK 519.7

OMNPEAEJARUIAA CUCTEMA IJIS1 HACTUYHBIX ABTOMATOB

A.C.Cenuenxo
Crasanckuil 2ocyoapcmeentulli nedazocudeckull ysusepcumem

Beenenne
B Hacrodweii pabore uccnenyercs 5¢QexTuBHOE 3aaHle AETEPMHHUPOBAHHBIX, HHHLHANBHO-CBA3HEIX,
YaCTHYHO-ONPENEIEHHBIX KOHEYHBIX aBTOMATOB 0€3 BhIX0Ja ¢ MOMOILBIO ONpeNesnsioet CHCTeMbl, aHAIOTHY-

HO} cucreme ompenensiomux cootsomenuit [1], [2]. Tlpennaraetca wosas xomcTpykums — ompenensiomas

CHUCTEMa {p, M } , THAE 6I/IHapH()e OTHOIIEHHE L BHICTYTIAET aHATIOTOM CHCTEMBI OTIpEEIIAIOLIHX COOTHOIIECHUH,

a MHOXecTBO M mokassiBaeT HEOMNpPeAeIeHHOCTH (yHKLIHH NepeX0I0B.

[Toxa3aHo, 4TO BCAKHMH KOHEYHEIH 4aCTHYHO-OIpE]ENeHHbI aBTOMAT MMEET XOTA Obl OfHY KOHEUHYIO
ONpENeNIOmyO CHCTEMY. 3a/aF0TC YCIOBHA MPOBEPKH, ABAACTCA JIM JaHHAs CHCTeMa ONpeacsAoIeii i He-
KOTOPOT'0 KOHEYHOr0 YaCTUYHO-ONpeCAEHHOI0 aBTOMAaTa — yCJIIOBHS COBMECTUMOCTH H OTpeIe/IEHHOCTH.

1. TlocTraHoBka 3agaumn.

PaccMmaTpuBaeTcs 3afaya pacnpoCTpaHEHHA NOHATHH M arnapaTta CHCTEM ONpEeNeNAIOIHNX COOTHOMEHUH
Ha YaCTHYHO-OMpeleneHHbie aBToMaThl. I10M06Has 3amasa pemleHa UId BCIOXyoNpeneneHHbX aBToMaros [1],

[2], u ee pesynvratsl okasanuck yaoGHOM TEXHUKON /1S aHATH3a NIOBEIEHHS aBTOMATONOAOGHEIX crcTeM. He-

0bxoauMocCTh pacnpoCTpaHCHMUA 3TOi 3aAa4y Ha YaCTUYHBIE AaBTOMATHI oGycnonneHa TEM, YTO aHAIN3 YaCTHY-
HBIX aBTOMATOB HAXOAUTCH B 3a4aTOYHOM COCTOSTHUH [3] )

2. OcHoBHbIE ONpeaesIeHus.
INon aBTOMaToM, €CIIM HE OTOBOPEHO NPOTHBHOE, IOHMMAETCA KOHEYHBIH NE€TEPMHHUPOBAHHBIA HHULIM-
aTbHBIA 4aCTUYHO-ONpe/ieNeH bl (ony)asromar [3]. Bee paccMaTpuBaeMble aBTOMAThl MMEIOT OMH M TOT Xe

*
BXxoHOM andasut X . MHOXeCTBO BCeX CIIOB KOHEUHOI JUIMHBI B 3T0M andasute obosnauaercs X . ITycrs
P =X,...X, , Torna An4Ha cioa p obosnauaercs d(p) u d(p)=k . Yepes € o6osrauaem mycroe C10BO
u nonaraem d(e)=0.

Tycrs A= (A,X ,8,d,) - aBTOMAT, y KOTOPOro A - KOHEUHOE MHOXECTBO COCTOSHMHA, @, — HAYAb-
noe coctosnue, O : Ax X —> A - (dactvunas) ¢pynxums nepexonos. J(a,x) obosnauaem ax, ecin 8(a,x)
onpeneniena. Cnoso P =x,...X, € X  HasoseM IOMyCTHMbIM aBromatoM A, ecmH  Bce
o6(ay,x,),0(a,x,,%,),...,0(ayX, ...X,_;,X,) onpeaeneHs. MHOXECTBO BCeX AOMYCTHMbIX aBToMaTom A

4 v
cnos o6osHaunm vepes X *. PacmmpuMm ¢yHKIHO NMEPEXOZOB Ha MHOXeCTBO X ° OOBIYHBIM 0Opasom:
a-e=a, a(px)=(ap)x. B paibHeliiueM, eciv He OrOBOPEHO MPOTHBHOE, PACCMATPHBAIOTCH HHHLIHANBHO-
CBA3HbIE aBTOMAThl, TO €CTh ABTOMAThbI, Y KOTOPHIX I KAKAOTO COCTOAHMA & CYLIECTBYET CIOBO P H

a, p = a. O603HaunM KNacc BCEX TAKMX YaCTHYHO-ONpeeneHHbIX asTomMaros yepes P(X), a knacc Beex Ta-

KMX BCloAyomnpeznenenHsix asromaros yepe3 C(X).
Yepes A =(A4,X,6,a,) obosnaunm ceoGonHoe pacumpetne [1] aBromara 4.
CucteMoit {p,M } Ha30BeM anreGpanyecKyro KOHCTPYKLMIO, B KOTOPOH O - GHHApHOE OTHOICHHME HAa

* >
X ,a M - nonmuoxectso MHOXkecTBa X .
C xaxnmeiM asTomatom A € P(X) cBaxkeM cucrem M, i, rne - npaBasg KOHIPYIHUMS Ha
Y WPa My A

X", aM,c X" X nocrpoennyio cnenyiommm obpasom: (p,q) € p,,ecin ayp=adyq u wxe M ,,
ecn we X wwxg X* . Scho, arompn A€ C(X) M, =e.

TMyers X = (X . ¢ ,A,e) - cBOGOMHBIH aBTOMaT. SIcHO, 4TO X /o = A . Ws apromara 4 ¢ momo-
4 .

10 MHOXKECTBA M 4 TOy4aeM aBToMar A ITyTEM MCKIHOYCHUA U3 A Bcex cBOOOAHBIX I0aBTOMATOB I10-
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POXKIEHHBIX COCTOSHHAMH (WX , TIe d, - HavaibHoe cocTosHue aBTomara A U WX € M, a Takxe ynane-
HUSA IEPEXONIA M3 COCTOAHHA dyW no X . Takum o6pasom, cucTema {p M A} OHO3HAYHO 3a1aeT apToMaT A .
MycTs {p,M }- nponsBonbHas chctema. Uepes [ o] o603naunM NpaBOXOHIPYIHTHOE 3aMbIKaHue Gu-
! 4
HaproTo oTHOmeHHA O . Uepes E, 06o3naunm MHOXECTBO Beex Takux ¢ios p', 9t (p,p') € [p] Hckio-
wuM w3 [p] BCce mapsi, B NEBylo WM MNpaBYO uacTh KOTOPHIX BXOAAT criosa M3 £ xz ans Beex
*
pxeM(xe X), ze X . HasoBem nomyunsuieecs MHOXECTBO NPABOKOHIPYIHTHBIM 3aMBIKAHUEM CHCTE-
MBI {p,M }.u o0603naaum ero uepes [p, M].
ycts O - NPOU3BONLHOE GHHAPHOE OTHOIICHHE SKBHBAICHTHOCTH. Yepes pr(p) oGosnadmm MHOXeE-
CTBO BCEX TaKHX CJIOB P , 4To s HekoToporo cnosa p' (p,p')e p wm (p',p)ep.
PaccMOTpPHM IIPaBOKOHIPYIHTHOE 3aMbIKAHHE CHCTEMBI {p M, } U3 muoxectsa [ 0, ] mbl uckmoya-
€M BCe Taphi, B JIEBYIO WM TIPaBYIO HacTh KOTOPIX BxonaT cnosa w3 £ xz ana seex pxe M, (xe X),
*
z€ X . Takum obpasom, u3 [p,] nckmouaroTcs Bce mapsi, B IEBYIO WIN NIPABYIO 4aCTh KOTOPHIX BXOOAT
* A *
cnosa u3 muoxkectBa X — X, Tak kak MHOXeECTBO BCex Takux cloB ecTh mHoxectBo M , - X . Cneposa-
4
TensHo, B [p,,M,] conepxarca Bce taxue mapst (p,g), uto p,ge X* m qyp=a,q, 10 ecTh
(P M l=p,-
Uepes W, 0603nauMM MHOXKECTBO Ha4aNbHBIX OTPE3KOB BCEX CIOB W3 GMHapHOro OTHOMIEHHS L .

3. Onpeaensonife CHCTEMbI.

Iycts asromar A € P(X). Cucremy {p,M } HasoBeM onpefensiomeit cucremoit (OC) mia A , ecnn
BBLINIOJIHAIOTCS Y CTIOBHS:

i) [p,M]= pas iy M c M,; i) Wp c X4 iv) Jins kaxmoro cocTosHus d € A u kaxagoro
x € X, ecmn &(a,x) ne onpenenena, 1o 8 M cymecrsyer cnoso pxX,rae ayp=4a.

Teopema 1. ITycts {p,M} - OC mis asromara 4 = (A,X,5,a0)€ P(X) » peX’. Torna
p € X" BTOM 1 TONBKO TOM Cryuae, Koraa p € pr([p,M ]) .

Jokasatesnncrso. Iycts p € X . Tonycrum, uto napa (p, p) & [p,M ], CIeIOBATENBHO CYILECT-
syt xe X z,p,we X" taxue, wro p=p'xw, (z,p)elp]u zxe M . Torna ws (z,p") € [p]
Creyer, uto dyZ = @, p’ . O6osHauum d,Z =a,p' =a.Homs zx € M cnenyer, uto &(a,X) ue onpe-
ZefleHa, uTo Heepro w3-3a p'x € X * Tosromy (p, p) € [p,M ], W, CIIEJI0BaTeNbHO, P € Pr ([p,M ])

| Iycts Temepy P € pr([p,M ]) Jomyctum, uto p & X, cnenosarensno, cymecrsyior x € X

pwe X raxve, uto p= p'xw,u 8(a,p’,X) we onpenenena. O6osnaunm dyp’ = d . COrnacHo ycio-
U0 (iv) ZUIS HEKOTOPOTO Z TaKoro, uto d,Z =a, zx € M . Tlockonsky @z =a,p’, napa (z,p') € p,,
#, clenoBaTensHo, (2, p') € [ M ], nostomy (z,p'j € [p] ITo onpeaenes o MPaBOKOHIPYIHTHOTO 3aMbi-
KaHHA CHCTEMBI CIOBO P HE BXOIWT Hi B oy 3 map [ 0, M ], uto npotusopeunr ycnosmto. CiieoBatensHo,

p € X" Teopema 1 nokasana.
Iycts {Pa M } onpenensiontas cuctema mis A . Toraa oueBHaHo, X /o =A BBHIy ycnoBuA (i), a

muoxectso M rocTpoenHOe cornacHo ycnosuaM (ii) U (iv), NOKa3LIBAET BCE HEOMPEAEICHHOCTH QYHKUIMH Te-

pexonos asromata A . Vckmouns w3 A Bce CBOGOAHBIE TIOAABTOMATH NOPOAKACHHBIE COCTOAHUAMM a,wx,

rae Wx € M u ynanue nepexon u3 coctosuns dyW no X, nomyunM asromar A . TakuMm oGpasom, onpene-
NAIOMad CHCTEMA OIHO3HAYHO 3a]aeT aBTOMAT.
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Mokaxem, gto mobo# asromar A € P(X) umeer xots oany koneunyio OC. Iycts X = {x x }

S o
. 4 . .
nx <x,<..<x, Bsexemua X* nexcuxorpaduaeckuil iuneiiubiii nopanok < o6LYHBIM obpazom:

r ’ " ”n ’ "
ecm d(p)<d(g), 0 p<q;2) x; ..x; =p<g=x{ ...X; ,ecmd X, <X, 4 HeKo-
14 ” r 14
Toporo K <§,B 710 BpeMAKaK X, =X, ..., X, =X,

Mlpn p < g GyneM roBOpHTH, 4TO P TPEALICCTBYET ¢ .

llycts A= {ao,. . .,a"_l} U V- KpaTHaiitiee o JIeKCHkorpadHdeckoMy NMOPAIKY CIOBO, ANt KOTOPOTO
a,v; = a,. Muoxectso V, = {Vo,...,vn_l} HassiBaerca [4] Gasucom moctwkmmoctn aBromara A . Uepes
K, o6o3nauum mHOXecTBO Beex Takux cios VX w3 V, - X (v, €V, x € X), ms xoroprix &(ayv,,x)
He onpejelniera. Onpeenum Tereph KOHe4Hoe GuHapHoe oTHoweHMe K , Ha mHoxectse ¥V, UV, - X 1o npa-
BWIIy: MyCTh K, BHavane mycto. s kaxmix v,,v, €V, m x€ X, ecmn agv,x =a,v, n v,x #v,, 10 napy
(v;,v,x) nomeumaeM B K ;. 3ametuu, 410 V; <V;X no noctpoenmo V.

Teopema 2. {K‘ 1. K, } ABJSETCA OMpenensomei cucreMoit ans A .

HAokazarenncrso. M3 noctpoenns MHoxecTBa K , ciemyeT BhImonHeHue ycinoBui (ii) - (iv). [ToxakeM,
aro [, K 1= p,.

Nycrs (p,q) € [K K A]. To Teopeme 1 cnosa p u q BxomAT B Muoxectso X . M3 onpeneneuns
TPaBOKOHTPY3HTHOTO 3aMBIKaHHs CHCTEMBI ClieflyeT, uto (P,q) € [K‘ y ], CHIEOBATENBHO, Ay P = dyq , TO €CTh,
(p,q) € p, . Toatomy [KA,KA]Q Pa-

Tokaxem obpaTHoe Brmouenue. [Tycts (p,q) € p,, cienosarensho, d, P = d,q . CHayana JOKaxeM,
uro (p,q) € [K' 4 ] IMycrs v - Takoe cnoso u3 V', uro a,p = a,v . Unnykuueii no minHe ciosa P moka-
xeM, uto (V, p) € [KA].

Tna d(p)=0 a,p=a,. Tak xak V - kparuaiillee CIOBO, A1 KOTOPOro d,V=d,, 10 V< pu
v= p=e. Tak kak [KA] pednekcusHo, To (€,€) € [KA].

Mycts ans Beex p, taxux, uto 0 < d(p)<r—1 u a,p =a,v semonnuserca (v, p) € [K y ] IMycTs
d(p)=r n ayp=ayv. Iycts Takke p=qx, a,q =a,w, tae WEV . Ilo NpeanonoxeHuio NEAYKLIK
(g.w)e [K‘ A]. Tak Kak [K A] npasas KOHrpysHuus, To (gx,wx)e [K A]. Torxa, ecaw WX =V, T0
(wx,v)e [K‘A] ¥ B CHIY TPAH3WTHBHOCTH [K‘A] (qx,v)e[KA]. Ecin xe Wx#v, 10 (V,WX)EK, nB
CHIy CHMMETPHYHOCTH H TPaH3HTHBHOCTH [K A] (gx,v)e [K y ] TakuM 0OpazoM [OKasaHO, HTO
(p,v)e [KA ]

Mo eeimeckazantomy (q,V) € [K A] H, 3HamT, (p,q) € [K‘ 4 ]

Jlonyctum Teneps, uto (p,q) & [K' K, ] Torma cymectsyior x € X z,p,we X taxue, urto
p=pxw, (z,p)e [K‘A] nzx€ K, . Obosnaunm a,z=a. Us zx € K, crenyer, uro 6(a,x) e
onpepenena. s (z,p') e [K A] caenyer, uto @, p' =4 . Torma w3 p = p'xw cneayer, yto &(a,X) onpe-
HeNeHa, 4¥ero He MOXeT ObiThb BBHAY JeTepMuHMpoBaHHOCTH asroMata A. ClezoBaTensHo,
(p,q) e [K‘A,KA], TI03TOMY [KA,KA]= P, - Teopema 2 fokazana.
| {K K, } Ha30BeM KaHoHH4eckoi OC s aBTomara A .

4. XapaxkTepu3auHs ofnpeacIsiolHX CHCTEM.

BbiBeieM HEOOXOAMMBIE ¥ IOCTaTOYHbIE yClIoBHs Wi O M M , npu KoTOpsIX cHCTeMa {p,M } SABJISET-
cAl ompeeNAoIeH s HekoToporo asromara A € P(X).
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Cucremy {p,M } Ha30BEM HECOBMECTHMOH, ecn cymectsylor X€ X, p=pxeM, ge X Ta-

*
xue, uto (p',q) € [p] ¥ U1 HEKOTOpBIX Y # €, W € X Buimoisercs XoTs 6L OHO 3 yCIIOBUI:
a)ygxwelW ;6) gxye M.

CucrteMy, He ABISIOLIYIOCS HECOBMECTHMOM, Ha30BEM COBMECTHMO.
CnpaBeniiuBo yTBEP)KACHHE
Jlemma 1. Onpeaensitoias CHCTEMa COBMECTUMA.

JHoxasatenbctBo. IlycTs {p,M } - OC mnsa apTomata 4 = (A,X ,0 ,ao)e P{X). Nomycram, uro
{P,M } HecoBMecTHMa. CnemosatenbHo, cymectsylor X€ X, p=pxeM, ge X * rakue, uto
(p',q9) € [p] W [ HeKoTOphiX Y # €, WE X mwm gxw € W,,wm gxy € M . Ecm (p',q) € [p,M],
To mycts Ay p’ =a.Ws p'x € M creayer, uro &(a,x) ne onpenenena. Ecnn xe (p',q) € [p,M ], T0 Mo

4 ,
teopeme 1 p' & X “. C npyroii cTOpoHSI, U3 Kaxaoro ycnosus cneayer, 4to O(d,X) onpejenena, 4ero He
MOJXET GBITH BBUIY 1€TEPMHHHPOBaHHOCTH aBToMaTa A . Jlemma | nokasana.
Mycts {p,M } - npousBonbHan cucrema. [apy (p,g) € P HasoBeM BHIBOIMMOI, €CIH [UTH HEKOTOPO-

rociosa w#e p=p'w,q=qwu(p,q)e [p] MHOXECTBO BCeX BHIBOANMbIX Tap U3 0 0603HaunM
yepes p . Tonoxum p* = p— p~ . U3 toro,uto p~ C [p], CIIEIYET yTBEPXKACHHE.

Jlemma 2. [p,M] = |_p+ ,M].

COBMECTHMYIO ~ CHCTEMY {p,M } Ha30BeM HeoNpeleNeHHOW, ecnu cymecTsylor X € X,
pE pr([p,M ]) Takme, uto s mobsx we X, p' e E , BHIIONHACTCA D'X & W,.n pxwe M . Co-

BMECTHMYIO CHCTEMY, He ABJAIOUIYIOCS HEONPEACICHHOM, Ha30BEM OINpeie/IeHHOM.
Jlemma 3. Onpenensronias cHCTeEMa oNpelelieHa.
Jlns noxaszaTenbCTBa IEMMbl 3 HaM TMOHaKOOUTCS CliedyIolee OYeBUAHOE YTBEPIKICHHUE.

Jemma 4. Tlycrs @,, a, - IBa pa3IM4HBIX COCTOsHMS aBToMata 4 = (A,X ,0,4, ) € P(X) v mna ne-
KoTOpHIX X,,X, € X J(a;x,)=0(a,x,)=a. lycms {p,M } onpezenstowmas cucrema it A, u p -
Takoe croBo MHokectBa X ¢, uto @, p = a,. Toraa cymectsyiot Takue ciosa ¢ =q'x (x€ X), ze€ E s
uto ayq' # a,, ayq = a umnapa (2x,,q) NPUHALIERUT O .

HJoka3zaTenbcTBo Jemmbl 3. [Tycts {p,M } - OC nna aBTomata 4 = (A,X ,0 ,ao) € P(X) . Jlomyc-
THM, 4TO CHCTEMa {p,M } neonpeznenenHas. Toraa cymectsyor X € X, p€ pr([p,M ]) TaKue, 4TO ANA
mobex we X , p'eE , BeImOMHsETCS p'X ¢ W, u pxwgM Tio reopeme 1 w3 pe pr{o, M)
crenyer, uto p € X . O6osmaumm a,p = a. 5(a,x) onpenenena seuay p'xw ¢ M . Torxa u3 KoHeuHo-
cra apTomara A crienyer, 9To CyLIECTBYIOT Takue /1 U 1,410 M > N H dypX" =aypx’ .

OGo3naunM @y pX = a,, A, PX° =d,, ..., d,px" = a, . Ecmn cymectsyior a' € A, x' € X Taxue,
ato @' # a u 8(d’,x") = a,, 10 ma HexoToporo ¢, uro d,q = a’ u nexoroporo p’' € E p TIO NieMMe 3 ma-
pa (p'x,gx") € p, 4T0 NPOTUBOPEUNT AOTYIIEHMIO O HEOTIPEIENIEHHOCTH CHCTEMBI {p,M }

B npoTuBHOM ciydae, MycTh i € {2, 3..., n} - MHHMMaJIbHOE YHCJO, [ KOTOPOrO CYLIECTBYIOT
a'eA, x'€e X taxue, uto @' # dH u 6(a',x")=a,. Takoe i cymectsyer BBUTY dypX" =da,px".
Torza MycTs dyZ = d,_, . CoracHo NeMMb 4 fuis nekoropsix ¢ € X, p’' € E,, npuuem a,q = a’, mapa
(p'x,gx") € p. Vs musmmanshocTn i cnenyer, uto p’ = yx'~, npuueM @,y = @ . OTCIONA BHITEKAET, YTO

yekE p » I€TO HE MOXET GHITE MO JOMYLICHHIO O HEONPE/IENEHHOCTH CHCTEMbI {p, M } .
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CnenoBaTenbHO, Halle NOMYDICHHE HEBEPHO, MO3TOMY CHCTEMA {p,M } ABJIACTCA onpeneneﬂnoﬁ; Jlem-
ma 3 xoxasaHa.

TakuM 06pa3oM nojryuensl HEOOXOMMMBIE YCIIOBHSA IS CTPOEHHSA Onpenessonieii cuctemsl. IToxakeM,
4TO 3TH YCIOBHA TaKxe OyayT HOCTATOUHBIMH.

Teopema 3. Bcakas onpeleeHHas CHCTEMa SBJISETCS OMpenessioel CHCTEMOM Ui HEKOTOpOro aBTo-
mara u3 knacca P(X).

Joxasatenncrso. [Tycts {p,M } - ONpe/ieieHHas CUcTeMa. BHHApHOE OTHOUIEHHE 0 OIHO3HAYHO Ofl-
» —_—
penensert [1] sciony onpenenennsiii (6eckoHeuHbii) aBToMat. O603HaYHM X /ﬂ)] =4.

Pa306beM IOKa3aTENLCTBO TEOPEMbI HA IOKA3ATENBCTBO YETHIPEX YTBEPHK ACHHIA.

Jlemma 5. Jina xaxgoro cnopa p = p'x € M B apromare A conepkutcs cBOGOAHBII NMOAABTOMAT C
BEPLIMHOM B COCTOSHMA Ay P =d .

Jokasatensctso. OGosnauuM d,p’ = a’ . JlonycTum, uTo yTBepXaeHUe HeBepHO. ClIeI0BATENbHO, A He-

*
KOTOpBIX ¢, W, V,Z € X, Taknx, ut0 dyq = @', wi napa (¢XW,Z) NPUHAIIEKUT L , WIK CIIOBO ¢y NpUHAL-
nexcur M . B nepeom cryuae, Tak kak dy p' = dyq, 1o napa (p',q) npunamnexur [ p]. Beumy copmectumocTn
CHCTEMBI {p,M } K&XIbH HAYAIbHBIA OTpesok crnos p', g npusamiexutr [p,M], cnenosarensho
-
(p,9)e [p,M]. Momyww, uto cymecmsyor x€ X, p=pxeM, ge€X rakue, wuro
(p'.q)e [p M] n gxw € W _, uero e MOXeT GbITh BBHIY COBMECTHMOCTH CHCTEMBI {p M} Bropoii ciryqaii
s > P’ ULy y . po

TaKoKe NPOTUBOPEYHMT COBMECTHMOCTH CHCTEMbI {p, M } . TlosToMy Hatme omyiieHue HeBepHO. JleMMa 5 noKa3aHa.

M3 coBMECTHMOCTH CHCTEMBI {p, M } TaKKe CAeNyeT cleylouias OYeBHAHAA TeMMa.

Jemma 6. [lycte p= p'’x € M . Torma B M He CyulecTByeT Takux cloB Z, 4T0 Z = gXy, rie
(.9 e [p] n y#e.B W, nesxomrcnoso gx,rue (p',q) € [p] "

Janee ynanuM u3 aBTOMAara A Bce cBOGOAHBIE TIONABTOMATI C BEDIIWHAMH B CIOBAX p' nna Beex
P = p'x € M . Nonyuuswmiics aBTomat 0603Haumm yepes A .

Jemma7. A€ P(X).

JlokasaTenncTso. JomycTuM, 4TO yTBepXaeHHe HeBepHO. M3 mocTpoenns asToMata A ¥ M3 1OTIy INEHHS
4
cnenyer, uto B A cymecTByeT cBoGomHbii momaBToMar. Ilycts p' = px - Takoe cmoso w3 X, uro

a, p' =d’ - sepumna cBo6onaHOrO NonasToMaTa. O603HAUNM a, p = a . U3 nocTpoenus aBToMara A cneny-
eT, 4To s Mo6Oro Takoro coBa Z , 4to d,Z = d, napa (p,z) npuxamiexut [p], a w3 cymecrsopanua

*
CBOGOIHOTO MOJABTOMATA CEAyeT, 4To ZXW & M nna moboro we X u zx & Wp+ . Momyumny, 4to cye-
. *
cBywor X€ X, pe pr([p,M ]) Takue, uto Wit mobsix we X , z€ E , BBIMONHSETCH ZX & WP+ "

zZxw & M , 4To npOTHBOPEUHUT YCIIOBHIO ONPEAENEHHOCTH CHCTEMBI {p,M } CiepoBatensHoO, Halle JOMyIe-
Hue HeBepHO. JlemMa 7 nokasaHa.
Tenepb Mbl MOXKEM MPUCTYIIUTH K JOKA3aTENbCTBY 3aKTIOYUTENBHOTO Y TBEPKACHMA,

Jemma 8. {0, M { aBnserca onpenensiomeir cucremoit ana asromara A

JlokasarenscTBo. U3 noctpoenns asTomata A cnexyer, 4to [p,M ]= P, Y3 nemm 5 u 6 crenyer,
aro Mc M, n Wp c X* a us nemmbl 7 cremyer, uTo i KaXaoro cocrosnns d € A M xaxmoro
xe€ X, ecru &(a,x) ne onpenenena , 10 8 M cywectsyer cnoso pX, rae d,p = d . Takum obpasom

{p, M } - onpenensmomas cucrema uis asromata A € P(X), uto nokaspiBaeT Teopemy 3.

3axunouenue.

B pa6oTte npeiokeHO 3a1aHKe AETEPMHHUPOBAHHBIX, MHULHANbHO-CBASHbIX, YaCTHYHO-ONpPEETCHHBIX
KOHEYHBIX aBTOMATOB 6€3 BHIXO/A C IOMOLIBIO OMPE/EeNsIOIEH CHCTEMBI, TIOKA3aH NEPEXON OT TAKOro aBTOMaTa
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K ONpefeNAiolell cucTeme, BbIREACHBI HEOOXOAUMBIE M JOCTATOYHMIE YCIOBHA, IPH KOTOPBIX RAHHAA cucTEMa
ABIAETCH ONPERENAIOLIEH LT HEKOTOPOTO YaCTHIHO-OTIPEAENCHHOr0 KOHEYHOTO aBTOMATA.
AsTop 6narogaput ['pyHckoro Mrops Cepreesuua 3a IocTaHOBKY 33/1a9H U [IOMOLIb B €2 PEINCHUH.

PE3IOME

Jocnizkyerbes eekTHBHE 3aBAAHHS AeTCPMIHOBAHUX, iHiL{anbHO~3B’S3HKX, YACTKOBO-BUIHAUCHHX, CKIHYEHUX aB-
ToMmartis Ge3 BMXO/y 32 JOMOMOrOI0 BH3HAYAI0Y0! CHCTEMM, AHAJIOTIYHIN CUCTEM] BU3HAYAI0UHX CliBBiAHOMWEHs. [TokasaHo,
o Oy ab-aKui CKiHICHMH, YaCTKOBO-BU3HAYCHUI aBTOMAT Mac NPUHAWMHI OZIHY CKIHYEHY BU3HAYAIBHY CHCTEMY. 3a/jal0Thes
YMOBHM NEPEBiPKH, UM € 3aqaHa CHCTEMa BU3HAYANbHOIO JUIA IEAKOTO CKiHYEHOr0, 4aCTKOBO-BU3HAYEHOI0 A8TOMATA.

SUMMARY

1t is investigated an effective presentation of finite, deterministic, partial, initial-connected automata without outputs
by means of defining system which is analogous to the defining relation systems. It is shown that the automaton has a finite
defining system. A characterization condition of the systems is received.
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VK 519.95
TIOCTPOEHUE KOHTPOJIEHBIX SKCIIEPUMEHTOB /I HEOPUEHTUPOBAHHBIX TPAD®OB

C.B.Canynos
Hucmumym npuxnaonon mamemamuxu u mexanuxu HAH Yepauna, 2. Joneyx

Bgeacnue.

B Hacrosee Bpems Bee GoNblliee BHUMaH)E NPHUBJIEKAET TEMaTHKa, CBA3aHHAs ¢ aHATN30M rpadoB ¢ To-
MOILbIO OAYXAAIOIMX 110 HEM areHToB (po6oTOB, ABTOMATOB, IIOMCKOBBIX HporpamMm M T. 4.) [1, 2, 3]. B npu-
KTaJHbIX 3a1a4aX CBA3AHHRIX C HaBHrailie# MoGWILHBIX pOOOTOB MpeACTaBJeHHE ONEpPaTUBHONK Cpeisl B BHAE
rpacda fosiee KOMITAKTHO [0 CPAaBHEHHIO C METPUYECKHMM Wi BEPOATHOCTHBIM ee npencTapiennamy [1].

Bty patonuit 1o rpady areHt nojy4aeT HeKOTOpYIO JokanbHylo HHOpMaUMIO 0 rpade U Ha ee OCHOBE H
Ha OCHOBE anpHOPHON HAGOPMALIMH Ae/TaeT 3akJIIOUeHHA 0 CROKCTRaX rpada.

ITpu 3TOM BO3HMKAIOT cnedylolye GyHAaMeHTaNbHble 3aMau. 3agaya Hcciegoanusa rpada (graph ex-
ploration [4]): TpeGyeTcs HaltTh MHOXECTBO TpaekTOPHit 6Ty AaHKA areHTa No neussectHomy rpady (7, koto-

poe no3soswio Gbl Ha OCHOBE MOMy4YeHHOMN NOKaTbHOA HHpopMauuu noctpouts rpad G msomopduelii rpady
G . 3anaua koutpons rpada (graph validation [4)): TpeGyerca HaliTH MHOXECTBO TpaekTOpHIA GlIyKIAHUA areH-
Ta no u3sectHomy rpady G, KoTOpoe No3BOAMNO Gbl HA OCHOBE MOMYYeHHOR NOKATLHOH HHPOPMALMH OTIIH-
uuth G ot Beex HensoMopdHbIX eMy rpados.

B nanHoit pabore pacCMaTpHBAIOTCA KOHEUHbIE CBA3HbIE HEOPHEHTHPOBAHHbLIE rpadbl ¢ HOMEUEHHBIMH
BeplMHaMH. TpaekTopuH 6JTy)XXAaHHA areHTa NOPOXIAIOT NOCHENOBATENLHOCTH METOK BEPILUKH, KOTOPBIE H AB-
nsmotes noxanbHo#t nHpopmaumeh o rpade. lMoxobHbIlt noaxon paHee He MPUMEHSICA, TAK KaK BO BCEX H3BECT-
HBIX paGoTax pacCMaTPHBANACH JOKANbHAA Pa3MeTKa pebep HHLMAEHTHBIX Kax a0t u3 sepuiud [3]. Astopom {5]
BBEJIEHO MOHATHE AETCPMHHHPOBAHHOIO MO METKAM BeplIMH rpada M HaliIeHb! BEpXHUE OLUEHKH LIHH TPAeKTO-
puii, paznuYalOMUX BEpUInHL WiBecTHOrO rpadpa. B nawnolt pabGote paccMmaTpuiBaerTcs 3anaua KOHTPONA s
JETEPMHHUPOBAHHBIX MPa(oB, MPEANONKEH METOA €€ PELICHHS.

Pa6oTa umeeT cneayioufyio cTpyxTypy. B pasaene | npuseneHa coaepikaresibHas 0CTaHOBKa 3afadd. B
pazznene 2 BBOIATCA OCHOBHbIE onpeaenexun. B pasnenax 3 u 4 GopMynHpyIoTCs OCHOBHBIE Pe3y/IbTAaThl H MPH-
BOJMTCA WX A0KA3aTeNbCTBO.

1. [TocranoBka 38A84M,

PaccMaTpuBacTCA 381848 KOHTPOAA KONECYHOIO CBA3HOIO HEOPHEHTHPOBaHHOTO rpada ¢ nomoumsio 6y-
KJAolero o HeMy areHra. Burywaanue COCTOMT B nepemeulcHHAX areHta no pebpam rpadpa oT BEpIDHHBI K
pepminHe. [Ipu 5ToM, HaxoasCh B BeplIKHE TPAQA, AFEHT CYHTHIBAET €€ METKY M METKH CMEXXHBIX C Hel BEepIIMH.
Taxum 06pa3oM, OH MOXKET OTPEACAHTS HANHUME WK OTCYTCTBHE HEKOTOPOH METKH B YIIOMAHYTHIX BEPIUHMHAX.
3apaH kiacc BCEX TAKUX rpadoB ¢ YHCAOM BEPUINN HE NPEBOCXOAALIMX YHCIIO BepIikH rpada-oTanoHa ¥ OJHH H
TEM K¢ MHOKECTBOM METOK. 322248 3aX/MONMETCR B TOM, UTOOb HMes NOJHOE ONHCaHHe rpada-3TaloHa HalTH
MHOMKECTBO HyTeil 110 MccnexyeMoMy rpady, KOTopoe Mo3BonHIO Obl ONpeAeanTh H3oMOpdeH rpad-3TaoH Hc-
cnexyemomy rpady WM Her.

TMono6Has 3ajaua u3y4anach ANA KOHEUHBIX ABTOMATOB My [6] H KOHEUYHBIX BXOX - BEIXOBHBIX aBTO-
MmaroB [7]. O6a 3TH THIIa aBTOMBTOB ONKHCHBANOTCA KOHCUHLIMH OPHEHTHPOBAHHLIMM rpadamu, XyrH KOTOpHIX
[IOMEYEHB! BXOAHBIMM ¥ (WIM) BIXOAHMMMH curuanamu. B {8] nokazana mBOHCTBEHHOCTH MEXITY KOHEUHBIMH
OPHMEHTHPOBAHHBIMHE Ipa(aMy C OTMEYEHHMMMH AYraMM H KOHEYHBIMH OPHEHTHPOBAHHBIMH rpad)amu ¢ OTMe-
YeHHBIMK BeplinHaMu. Tloka3aHo, YTO OHM NMOPOXARIOT peryiApHble A3bIKH. JT1a ABOKCTBEHHOCTH nocnyxcuna
OCHOBOI 118 pELICHAS NOCTABICHHON 3a489H NPH ONpEsENEHHBIX OrPAaHHUICHHAX Ha rpadsl.

2. OcHOBHbBIE ONpeeeHns.

PaccMOTpHM MHOXKECTBO BCEX KOHEHHMX, NPOCTbIX, TOMEUESHHBIX, CBS3HbIX, HHULMATLHBIX, HEOPHEHTH-

poBauubix rpados. [Tycrs G = (G, E,M,u, go) ~ tako#t rpad, rae G — MHONKecTBO BepiunH, £ — MHOXe-

ctBO pebep, M — muoxectso metok, M : G —» M - clopvexTuHas dyHKIMS pasMevHBaHNS BEPIINH, g, ~
VHHUMANLHAS BEpLIMHA.
Muoxecrso O(g) = E(g) U {g} wasosem oxpectoctsio Bepumtnl g . I'pap G HasoseM meTepMu-

HUPOBaHHBIM ecnd M1A moGoi sepwmmm g € G n mobuix sepumn S,f € O(g) ws s#1! cuenyer

H(8) # pu(t) . Yepes M™ 0603Ha4NM MHOXECTSO BCEX HEMYCTHIX CIOB B andasure M .
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TTocnenoBaTeNLHOCT, METOK  BEPIUUH ,u(gl ) ,u(g,c ), COOTBETCTBYIOUIYIO HEKOTOpOMY IyTH
g .--8¢ 8 pade G HaloBeM COBOM, MOPOKICHHBIM BepWHMHOH g, . Onpenennm aapik L, Kak MHOXeCTBO
BCEX C/0B, Mopoxaennsix BepumHoi g € G. Ilse BepmmHsl g,h € G Ha30BEM HEOTAHMUUMBIMH, €CHH
L, =L, Ecm g =g, 7o nasoseM L, s3bikoM, nopoxaennbiM rpagom G u oboswaunm ero L. [pa
rpapa G u H Hasosem HeoTimummeivu ecin L; = L, . Scro, uro ecmu L, = Ly, , To st nioGoit Bepmmmbl

h e H cymecrtayer HeoTnuummas ot Hee Bepuuna g € .

Bce neonpenensembie NOHATHA H3 TEOPHH rpad)OB 3aMMCTBOBaHB! U3 [9].
3. MpenTruxaTopbl BepUIHH.

B [10] 6bino mokasaHo, uto i moGex oTIMuMMHIX BepmaH g, 7€ G cyliecTByeT cioBo
peLl, ®L, mwmmn ne Gonpute lG'—lAf ‘+1. ITokaxeM Teneps, 4TO U OGBIX OTAMYHMBIX BEPLIMH

g.h€G somomserca L, —L, #Dnl,~-L, #D.

Onpenennv vacthuHyio onepaumo *:G* M* — G cootsomenmem: s mobrx g,g' € G,

we M®, g*w=g’ Torna n TonbKO TOYa, KOTAA CYLIECTBYET MyTh U3 BEPIIMHLI g B BepuiMdy g’ cooT-

BETCTBYIOUIMH CToBy W . U3 omnpeneneHus 1ETEPMUHHUPOBAHHOTO rpacda ciedyer, YTo TakuxX MmyTel MoxeT ObITh
He Honee ogHOTO.

,IIJ'lﬂ HEITYCTBIX CJIOB U, W ONpEeAe/IMM HX KOMIIO3HIIHIO U O W :

uw',ecmiu=umw=mw,me M
UHow= -
He OTpesesieHo

Teopema 1. Tlycts Bepumtnt 8,7 € G . Eenn L, < L, ;10 L, =L,
Hoxasarenscreo. [ycms cnoso we L, u we L.

B rpade G cyuiecTByeT KpaTyaiiumii MyTh OT BepurkHbl g k BepiumHe A . TlycTs 3TOMY MyTH COOTBET-
CTBYET CHOBO U .

CnoBo U € Lg W, creoBarensHo, ¥ € L, .

Hycts h*u =g .CnoBo UoWE Lg H, ciefoBatenbHo, ¥ ow € L, . Toraa cnoso we L ¢ » °TO He-
BO3MOXHO.

Tlycts A*u # g . Cnoso uw € Lg M, criefioBarensHo, ¥w € L, . Torna cnoso uuw € Lg M, cienoBa-
k k
Tensro, ¥uW € L, . To nnnyxwmm, () w € L, w, cnenosatensuo, (u)° w € L, , ains moSoro k 2 1. B cwry

. k
KOHEYHOCTH YHCNa BEpLIKH rpada, myTs, cooTeeTcTBYomMi cnoBy ()" € L, samuxmmsaetcs npu HekotopoM K .
k
Nycts h*(u)" = g . Toraacnoso we L g » UTO HEBO3MOXHO.
k !
Myers h*(u)" =t,, (t, eG,l<k,h*(u) = t,). U3 Bepiumsbl f, HCXOAST JBa PA3NUYHBIX MyTH,
~1 .
COOTBETCTBYIOLIHE CIIOBY U, YTO HEBO3MOXKHO. ClieA0BaTENBHO, 3TH Iy TH COBNAAIOT H BeplukHa [, | CcOBMa-
AaeT ¢ BepwMHOH [, ;. Ilo MHAYKUMH MOJTy4aeM, 4TO BepIIMHA /,_; coBMajaeT ¢ BepumuHoi f,_, mii ;moboro
i <!.0pu i =] nomyuaem, uro BepiuHa t, coBnajaet ¢ pepmMHO# [, _;. Tag Kak [, = h, To u3 BepIHHBI

: -1
7' MCXOIAT ABA Pa3IMMHBIX MyTH, COOTBETCTBYIOMIME CHOBY ¥, 4TO HEBO3MOXKHO. CleOBATENLHO, STH MyTH
COBNIAJIAIOT M BEPIIHHA g COBNAJAET C BEPIHHON £, , ;. Toraa cioeo W € L, uto HeBO3MOXHO.
Cnenosatensio L, @Lg =0 n Lg =L,.
Teopema gokazaHa. ;
Cneacreue. [lns mobbix ommuumeix BepumH g,A€ G Bemonnserca Lg =L, #0 u

L,-L, 9.
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OueBuaHa CERYIOMAd TEOPEMA.
Teopema 2. Jlna mo6oit sepumnbl g € G cylecTByeT KoHeuHOe MHOXecTsO0 cnos W e & L ¢ TaKoe,

uTO s moboit repwinst h # g, h € G, cywectsyer croso w, € W, — L, .

pad G Hasosem npuencuibiM, ecnn L, # L, nnascex g, he G, g#h.

B nanpneiiiiem, eciid HE OXOBOPEHO NMPOTHBHOE, PACCMATPHBAIOTCS TONBKO NPUBEAEHHBIE AETEPMHHMPO-
BaHHLIE rPadel.

-1 .
Cnoso W' =m,,...m,, ua30BeM OOpaLICHHEM CTOBA W = My, ... M, ecin uis moboro 1 Si <k
BLITIONUACTCA MYy, =My, o, ¥, €M, je {1,2}. ScHo, uto anA nerepmunmposansoro rpada G ana

mo6oii Bepmmnnl g € G pesynsiaiom onepaumy g * (w ow™ ) MOZKET ObITh TONBKO CaMa BEPIUHHA £ .
Cnoso W wassiBaetcs upenTndukatopom [S] sepumunt g € G ecnmu ans mo6olt sepunmst A # g,
heG,weW, -L,.
-1 -1
Teopema 3. Ciioso W'* = w, O(Wl) oW, O(WZ) ©...0W, ABIAETCA MAEHTH(HUKATOPOM BEpPIH-
' -1
ot g € G,rae (w,,...,w, e W,u (w,)" obpamenne w,.

M3 ctpoenus cnosa W&

NPHHALJIEXKHT.
4. KonTpoabHbIi 3KCIEPHMEHT.

OYEBMIHO, YTO A3bIKY HHKaKOH Apyroi BepmmHel rpapa G xpome g oHO He

Mycts K ~ xnacc Beex NpHBeAEHHBIX AETEDMHHMPOBAHHBIX rPadoB C YHCIOM BepLIMH He GOMbLIE 'G| H

MHOECTBOM METOK ’M l

Byaem roeopurts, uto rpagst G u H w3omopdus 1 o60znagars 3ro G = H , ecnu cymecTtByeT 6uek-
uva @ G = H , ana xotopoit:

1 ("(go)=ho§
2) (g,,gz)e E; < (¢>(g,),¢(g2))e Ey;
3) 1(g) = ule(g)).

B [10] nokasaso, uto nna moboro H € K, L, = L torma n tonsko Toraa, korna H =G .

MHosxectBo P xoHeuHbix cnioB B andasnte M HazoBeM KOHTPONBLHBIM 3kcnepumentom rpada G o1-
HocurensHo knacca K (kopode, is G u K), ecnn nna mo6oro rpaga H € K u neuzsomopduoro G naii-
percs cnoso p€ P u pe L, @ L;. OueBnnso, uto ompe/ieneHHe KOHTPONBHOLO SKCTIEPUMEHTA PABHO-

CWIbHO yTBepxIeHHO: P ecTs koutponsueii skcmepument mis G u K ecm mna moboro H € K w3
L,"P=L,NP cieayer G= H .
Vicrnions3ys ofpeaeneHue nieHTHUKATOPOB BEPUIHH, NOCTPOUM KOHTPONbHBL skcnepument it G 1 K.

MeTtoa nocTpoeHnst ocHoBBiBaeTCs Ha anroputme Xexnu [11] ans asroMaToB MM H COCTOHT U3 IBYX 4acTel.
B nepsoi 4acT# NpoBOAMTCA KOHTPOJNb BEPIINH rpadya ¢ HOMOLLBIO ClOBA:

W oT(g®, g )ow® o T(g®, g, )o...ow" P oT(g" 2, g, , Jow

roe W' — unenTudukatop BepumHbl g, T(g('), g, ) ~ CJIOBO, COOTBETCTBYIOIIEE IyTH H3 BEPUIMHB &, B

sepuinny g, g =g, *w".

Bo BTOpO# 4acTH NPOBOAKTCA KOHTPO/B Kaxoro pedpa ¢ NOMOLIBIO CIOB BH/A!
T(g‘-’),g,. )o W o T(g('),g,- )o w

Ha ocHOBaHHH 3THX paccykIeHHH MOXHO CGOPMYIHPOBATh CREXYIOLIYIO TEOPEMY.
Teopema 5. [IpyBe/IeHHRII AITOPUTM peanusyet KOHTPOMbHEN xkcniepument wis G u K.
3axiio4eHne.

B paGote Ha JeTepMHUHHpPOBaHHBIe rpadhl (T.e. HEOPHEHTHPOBaHHBIE IPadbl ¢ MOMEYEHHBIMU BepUIMHA-
MH) PacTpOCTpPaHeH METOA XEeHHM MOCTPOSHMS KOHTPONBHOTO JKCHEPUMEHTA Uit KOHEWHBIX aBTOMATOB (T.e.

(n-1)
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OPHEHTHUPOBAHHEIX IpadoB ¢ NMOMeYeHHHIMH OyraMd). TakuM obpazom, aBToMaTHble METOAbl YAANOCh paclpo-
CTPaHUTL Ha 3HaYHTENbHO Oosiee oOmumit oObeKT.

B cBA3M TEOPETHHECKOH M UPUKIANHOM BAXHOCTHIO paccMaTprBaeMoii 3a1ayu [8] npeactasnger HHTEpeC

pacmpocTpaHeHHE STUX METONOB Ha rpadsl ofiero BHAa.

AsTtop Beipaxaer 6narogapHocTs M.C.I'pyHCKOMY 32 OCTAHOBKY 3843494 U TIONE3HBIC 3aMEYAHMAL.

PE3IOME

JocnilpKy€eThes 3anaya KOHTPOIMO CKIHYEHOT 0, 3B’ 13HOr0, HeopieHToBaHoro Tpada 3 BiamMiueHHMH BEPIIMHAMH 33

JOTOMOTO0 aKTHBHOTO areHTy, mo 6aykae rpagom.

3anponoHoBaHO MeTOI NOGYLOBH KOHTPONBHOIO CKCIIEPMMEHTY 1A rpady-¢ranoHy BiIHOCHO KNacy ycix TakuXx rpadis.

SUMMARY

The paper deals with graph validation probiem i. e. checking of finite, simple, connected, undirected graphs with k-

beied vertices by an active agent walking on it. A graph validation procedure is proposed.
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YAK 681.324

CUHTE3 YCTPOWCTB YIIPABJIEHHS C IPEOBPA30OBAHUEM HABOPOB MHKPOOTIEPA LIV
B KOJBbI COCTOSTHU

A.A.Bapxanos, Onv-wcenbu Axmao Kamane, A.A.Kpacuuxos
oneybkuit HayionaleHull mexnivuui yrisepcumem

1.BBenenne

Onuoil W3 aKTyalibHbiX npobsneM, CTOAMX mepel CHeUMANMCTaMH B 00sacTH CHHTe3a IMQPOBBIX YCT-
poticTe, sBnsfeTca nmpobaema ONTHMHM3ALMY anIapaTypHBIX 3aTpaT B cxeMax ycrpolcts [1]. Ora xe npobnema
ABMSETCA OXHOM M3 OCHOBHBIX NPH CHUHTE3E cXeM yCTpoicTB ynpasnenus (YY) uugpoBbX CUCTEM Ha IPOrpaM-
MHpYeMBIX Iormdeckux ycrpoiictax (ILUTY) [2,3]. TlpakTudeckas HEHHOCTD pellleHus 3TOi 3a1auy 3aKII0HaeTC
B nojryyeHun YV ¢ MeHbIIEH CTOHMOCTBIO, YTO MOBBINIAET HX KOHKYPEHTOCHOCOOHOCTh. [lyTH pemenns 3ol
npoGeMs! Nipd peann3anyy YY B BHIE MAKPOIPOrpaMMHOrO aBTOMaTa IMMPOKO OCBEIIEHH! B auTtepartype [3,4].
OnuH u3 myTel pelieHUs 3ToMH npobaeMsl — yBeHUeHHe Yucaa ypoBHei cxemsl [ 1], 4TO NPUBOIHT K MOABJICHHIO
TOTIOJTHHTENNbHBIX NEepeMeHHbIX. [IpH 3TOM aKTyanbHBIM SBIAETCS pa3paboTka METOROB, MPUBOIAKMX K CXEMaM
C MUHUMANBHBIM YHCIOM JOTIOIHUTEIbHBIX IEPEMEHHBIX.

B Hacrosmelt pabote paccMaTpHBaeTCs 3aaya onTMMH3auud Y'Y, NpeACTaBIEHHOTO B BUAE MHKPOIIPO-
rpamMmHoro asTomata (MITA) Muwn. TTpenniaraeMpiii MeTOR OCHOBaH Ha NpeoOpa3oBaHUH KOLOB MHMKpOONEpa-
1mii B KOIbI COCTOSHHHA aBTOMATa.

2.IlocTaHOBKA 331a4H

TMycrs (MITA) Munu 3apas npamoit crpyxtypro# Tabnuneit (IICT) co cronGuamn [4]:

a, — UICXORHOE COCTOAHNE aBTOMATA, an €A, rae A={a,,...,ay} — MHOXECTBO COCTOAHMI;

K(a,) — KO& COCTOSHMA an€A paspamHoctd R=]log,M[, mig xoaMpoBaHKs HCTIONB3YIOTCA BHYTPEHHHE
nepeMennble T,e T={ Ty,...,Tr};

a,, K(a;) — cocTosinue nepexosa M ero KOJ COOTBETCTBEHHO,

Xp, — BXOAHOM CUTHAJI, ONPEe/IAIONINIA Iepexoy <ay, a-> U PaBHBIH KOHBIOHKIMH HEKOTOPBIX IEMEHTOB
(MM MX OTpHUAHKI) MHOXKECTBA JIOTHYeCKUX ycioBHit X = {xy,...,x.};

Y}, — Habop MHKpoonepaimil, OpMUPYeMBIH Ha NEPEXOle <ay, as>, Yy Y, rae Y={yy,...,yn} — MHOXKe-
CTBO MHUKpOOTIEpaLyi;

®,, — Habop ¢yHKuMH BO30YyACHHMS MaMATH aBTOMAra, npmmmalomnx elMHOE 3HAYCHHE UIA ee repe-
KJIIOYEHHA 13 K(a,,,) B K(a,), Oc®={o,...,0 };

h=1,H - HOMEp Mepexoa.

B stoM cyuae MITA moskeT GbITh CHHTE3UPOBAH KaK OJHOYPOBHeBas cxema (puc. 1). 3xeck kombuHaum-
ounas cxema KC ¢popmupyet dpyukumn Y=Y(T,X) u &=P(T,X), nomyuaemsie u3 [ICT B Buze

» .
¥y, = )_/lC,,,,A;X,, @=1,.,N), | )
¢ h
P, =>_/1C,,,A,,,X,, (=1,..., R), @
rae Cnh (Crh) GyneBa nepeMeHHas, paBHa €JMHMLE, €CIU M TobKo ecin B h-if crpoke TICT 3anucana gyHk-
s Yo(¢r); A — KOHBIOHKLHS BHYTPEHHHX TEPEMEHHbIX, COOTBETCTBYIOLIAA KOMy COCTOAHMSA a,€A M3 h-it
CTPOKY IICT.
’ X K Y
c @
RG [T
Tlyck
Clock

Puc. 1. Onubyponuenax peanu3auus apromMara Munu.
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TlamaTh aBTOMaTa peann3oBaHa B Buje peructpa RG, umetomero uHpopmanmotnbie Bxoasl D-runa. [lo
curnaity «Ilyck» B RG 3anucsiBacTca HyJIeBOH KOJl HAYaIBHOIO COCTOAHHUA a €A, no curHany «Clock» RG me-
pekmouaercs u3 K(ay) B K(a;), ay, a;€A.

OnHoypoBHeBas cxema 061afaeT MakCHMaIbHBIM ObICTPOLZEHCTBHEM H, KaK CIEACTBHE, MaKCHMAlbHbIMH
anmapartypHbiMi 3aTpatamu [3]. Tlycts S — uncno Bxonor IUTY cxemut KC, V={v|,...,vq} — MHOXECTBO KOIH-~
PYIOIIMX MEPEMEHHBIX, MO3BOMAIOMMX COBMECTHO C MHUKDPOONEPALHAMYU Y, €Yy, ONHO3HAYHO 3afaBath KOA CO-
CTOSHUA a,E A, TOT/a IIPH BHITIOJIHEHHH YCIOBHUA

N+Q<S§ 3)
B HacTtosiuei paboTe npeAnaraeTcs peain3oBath aBToMaT Munu kak Y V-astomar (Puc. 2).

X ——sf

Y T
KC, |v'— kc, 1 RG

Tlyck —————I

Ciock

Puc. 2. CrpykrypHas cxema Y V-aBromata Muiu.

B YV-aBTomare cxema KC; ¢popmupyer dysxuun (1) u V=V(T,X), cxema KC, dopmupyer pyHxumu Bo-
30yxneHus namatia MITA

H
¢, =V C,Z,B, (=1,...,R), @
e 'Zy — KOHBIOHKIMA MHuKpoonepauuii u3 h-i ctpoku [ICT, By, — KOHBIOHKLMA IIEPEMEHHBIX Vo€V, NMO3BOJIAIO-

11as COBMECTHO ¢ HabGopoM Y}, ONHO3HAUYHO MACHTH(ULIMUPOBATL COCTOSHME Nepexona a, mig h-it crpoku IICT.
[Tpu BRIMONHEHUK ycnoBUH

L+R>S, | (5)
N+R>1¢ 6)
N+ Q <t O]

rae t — gucno BeixozoB IJIY B cxeMax aBTOMAaTOB, NPELIOKEHHbIN IOAXOA MO3BOMAET 3HAYUTENBHO YyMEHBIIHTD
annaparypHbI€ 3aTpaThl B Joruyeckoi cxeme MITA.
3.MeTo peinieHus 3a1a4u

B nactosme#l paGorte mpemnaraetcd MeTOAWKa cHHTe3a YV-aBToMaTa, WUIIOCTpHpYyeMas Ha NpHMepe
cuHTe3a aBToMara Munu S, (Tabn. 1).

Tabmmua 1
[TpsmMas cTpykTypHas Tabauua asromara Mui S,
a K(an) a K(ay) X Yh D, h
a 01 X) Yi Y2 D, !
a 00 2 10 XX Y2¥3 D, 2
ay 01 X1 Xy Y3 D2 3
a 10 X3 X4 Y1y2 D, 4
ay 11 X3 X4 y3 DD, 5
01 =
% a 01 X3 Xs Yiys D, 6
3 10 X3 Xs Y2¥s D, 7
8 11 Xs Y2 Db, 3
10 =
% a 00 Xg y3 — 9
a 10 X Y1Y D 10
11 2 7 1Y3 1
& a, 00 X7 Y3 ' - 11

Ina MIMA S; X={x,,....x;}, Y={y,,...y3}, T={T1, T2}, D = {D,, D3}, L=7, N=3, R=2, H=11.
Iycts Hy, — uncno nepexonoB U3 COCTOSHUA a,EA, UTO ONpefieNseT YHCIO CTPOK B MOATAOAKIIE /M KC-

xonuo#i IICT, 3amaromeii nepexozs! U3 coCTOAHNA a,€A. [Ipeanaraemas METOAMKa CHHTE3a BKIOYAET CEAYIO-
LIMe 3Tanbl: ‘ f ‘
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1. TTocTaBUTE B COOTBETCTBHE KaKHOH moarabnuue 7, ucxoaHo# IICT mHoxecTBO P, map Bupa F:l =
<a,, Yh> rae h - Homep cTpokm ucxoaxo# HCT.
2. 3akoaupOoBaTh Naphbl F:‘ €P,, IBOWUHLIMH KoJaMu paspanHocth Q = Jloq,K{,

rae K = max({P,,...,{Py|) .
Jns  asTomara S;  cymectsyloT  Habopbl  Mmukpoomepawnii Y ={y,¥2}, Y ={y2¥s},
Y3={ys},Y={ynys},Ys={y2}. Ananus 1abn. 1 nokasseisaet, uto K=4, Q=2 u V={v,,v,}. N3 ONTHMH3ALHH CXE-

h
Mbl KC, 3akomnpyeM napt | w3 pasusix nozra6muu IICT, HO ¢ 0MHAKOBBIMM KOMIIOHEHTaMM OTHHAKOBBLIMHU
xomamu: F, =F/ > K(F, ) = K(F) me K(F,,), K(F/) -~ xomm map F,, F! cootsercrsenno a,, a,eA, i,

je{l,...,H}. PeaynbTar KogupoBaHus ans aBromMata S; Mokasas B tabn. 2.

Tabnuua 2
Tabanua koauposanus crpok IICT asromara S,
h m F K(F!) h | m k" K(F")
1 1 <az, y1> 00 7 2 <a37 y2> 01 *
2 1 <ay, Yo~ 01 * 8 3 <ag, Y5> 00
3 1 <ay, ¥3> 10 9 3 <ay, y3> 01 -
4 2 <a, y;> 00 10 4 <a,, Y& 10
5 2 <@y, Y3~ 11 11 4 <a, y3> 01 -
6 2 <a2, y4> 10 **

7
CornacHo npasuiy (8) napsi F,2 # F) 3akonupoBanbl ofMHAKOBBIMA KOJAMH, QHANIOTHYHO BBITIONHAET-

6 0 9 pll

cs koanposanye s map F ), F‘: uF;, F, .
3. Hoctpouts npeobpazosannyio JICT YV-aBromara, ynamus u3 ucxonHoii [ICT cronbme! a;, K(a;) u

BBeA crondust K( F;: ), Vi, ucnoses3ys Tabnuuy koauposanns crpok [CT.
s aBromarta S, npeoGpazopandas I1CT npuseneHa B Tabi. 3.

Tabnnua 3
Ipeo6pazopanus [ICT YV-asroMmara S,

B K(am) Xh Ya K(E) Vi @, h
X V1¥2 00 - D, 1

a, 00 X1 Y2Y3 01 v2 D, 2
X1 X2 Y3 10 vl D, 3

X3 X4 Yi¥2 00 - D, 4

a o1 X3 X4 Y3 11 viv2 D]Dz 5
2 X3 X5 Yi1¥3 10 vl Dz 6
X3 X5 y2¥3 01 v2 D, 7

Xe Y2 00 - DlDz 8

% 10 ol Vs 01 V2 — 9
a4 11 X9 Y1ys 10 vl D1 10
X7 Yi 01 v2 - 11

4. Chopmuposats Ho npeobpazosannoif [ICT cucrems! ¢ynxuuit (1), (4) u
H
h -
v, =V Cpd X, (@1,..Q) ®)

rie Cy, — Gynesa nepemMeHHas, paBHas €JMHHLE, €CIIH U TOJBKO ECIH B h-# crpoxe Tabnuibl 3arMcaHla epeMes-
Has veeV.

Iina asroMata S, w3 Tabn. 3 mmeeM, wanpumep, Y, =AX,V Ax, Vv Ax, v Ax,=
=TiT2x, v 71T2x3x4 vTiT, x3x v TTx, D,=2Z,B,vZ,BvZBvZB vZBvZB,=

=ENYsVIV, VY LVIVe Y YWY, VL Vive V ) 1V Ve, Vi =A4x v AV Ax v Ax, =TiTax v

v TLx,xa v ThT, x3%, v T[T, x,. Otvetim, uto B ciuly kKoxuposanus (8) Konbtonkumn Z,B, u Z;B; cosna-
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JaloT, H0aTOMy B popMyie auis Dy ApUCYTCTBYET TOJNBKO OJiHA M3 HUX, YTO COKpALIAET YHCIO TepMOB B GyHKUM-
sx (4).

5. IocTpouTh JIOTUYECKYIO cXeMy Y V-aBToMata, HCIIOAB3ys A cuHresa cxeMbt KC; cuerempr (1) u (8),
ang cuntesa cxembl KC; — cucremy (4).

Bonpocsl peann3auuu cXeM aBTOMATOB N0 TabIMIaM JOCTaTOYHO pacCMOTPEHbI B nuteparype [1,2], no-
3TOMY B AaHHO# pabote onn He paccmarpusaiotea. Cxema KC; u KC, aBromara S, (Puc. 3) nocrpoens! Ha npo-
rpaMMHpPYEMEIX JIOTHUECKHX MHTErpaibHBIX cxeMax PAL [2].

X, > Yy
—1]PAaLl i —»
X3 2 2 =11 USRI Y, y3
o 2 3 Y I TeaL ]t b T
i 5 7 Y Rand P X D;RGzT2
s 16 3
27 4
— 8 5| KC,
2 19| K,
Myck R
Clock C

Puc. 3. dyukunoHamsHas cxeMa Y V-aBToMara S,

4. 3aknmouenne

B YV-aBromate ¢yHkumu Y U V 3aMeHMIOT JIorydeckue ycnosus X U BHyTpeHHHE nepemennsie T. Mc-
CJIeIOBaHUA aBTOPOB NOKa3aiy, YTO NpH BeINONHeHHH ycnouii (3) u (5)«7) YV-aBTomatsl TpeGyror Ha 3237
% Menblle koprycoB IUTY, uem oaHoypoBHeBbie cxeMbl. Tak kak cxema KC, He BiuseT Ha BpeMsa GOpMHpoBa-
HUSI MHKpOOTEepauuii, TO 3To BpeMs OLMHAKOBO IJis OZHOYPOBHEBOH cxeMmbl M mnd Y V-aBromara. Ecnu Bpems
TAaKTa OTEPALlAOHHOTO aBToMara npeBbilliaetT Bpems cpabarbiBanua ITJIY cxembl KC,, TO BpeMs BhINOSHEHUA
anropuTMa ynpasNeHMs OJis OZHOYPOBHeEBOM cxeMbl M YV-aBToMmara coBnanaetr. Takum obpazom, nipu BeIION-
HEHHM OTMEYEHHBIX YCI0BHH Y V-aBTOMaTh! OTIMYAIOTCA MEHBIIMMY alNapaTy pHBIMM 3aTPaTaMy HPH COXpaHe-
HUM ObICTPOACHCTBHS OXHOYPOBHEBOI CXEMBI.

PE3IOME

Posrasuyra 3azava onruMizauii YV, npeacrabieHoro y BUAi Mikponporpamroro asromary (MITA) Mini. ITponono-
BaHM# MeTOJ 3acHOBaHMi Ha fepeTBOPEHHI KoAiB Mikpoonepaui#l y xoau ctaniB aBToMara. IIpUBEaCHO NpHKIan CHHTE3Y
Mikponporpamuoro asromara (MITA) Mini 3 3anponoHoBaHOIO CTPYKTYPOIO.

SUMMARY

The method of optimization of the logic circuit of the Mealy FSM is proposed. The method is based on transforma-
tion of sets of microoperations and codes of transition subtables’ rows in the excitation functions of the automaton’ memory.
The method and the example of synthesis of the Mealy FSM with proposed structure is given.
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KOPOTKI HOBIJAOMIUEHHH¥
-~

YAK 517.5

HEPABEHCTBO THIIA BEPHIUTENHA 1 HEPABEHCTBO PA3HBIX METPHUK B
MPOCTPAHCTBAX XAPIU

A.B.Toscmoauc

Hepasenctso BepHinTeliHa H HEPaBEHCTBO Pa3HBIX METPUK IS LENBIX (PYHKIUMA 3KCIIOHEHUMANBHOTO TH-
na B npoctpanctsax JleGera LP Xopouwlo M3BECTHBI M SBIAIOTCA KIaCCHYECKMMH. B HacTOsIee BpeMs Npo-

crpanctea Xapmu H P cranm TakuM ke KnaccHueckuM oOBEKTOM HCCienoBaHMii, kak M mpoctpanctea L7
Tlo3ToMy 3aaya NEpeHoca KIIACCHYECKUX Pe3y/IbTaToB Ha CIyyail NPpOCTPaHCTB Xapiu NpeACTaBIseTcs BechMa
aKkTyaIbHOM. TToTy4eHmIo aHANIOTOB YKa3aHHBIX BbILIE HEPABEHCTB M NOCBALIEHA HacTosimas pabora.

Cnenys [1, rn. 111], BBeném crexyroumme o6o3nauenus. Iycrts B — HEKOTOpOE OTKPBITOE MHOXECTBO B
R", ne N. Ipy6uamoii o6racmeio ¢ ochoanuem B Ha3bIBAIOT MHOXECTBO
Ty ={zeC”,z=x+iy:xeR”,yeB}.

Henyctoe otkpbitoe MHO)ecTBo I  R” HassiBaerca omxpeimuim xonycom 8 R” ecnu 0 2 T' u u3 Toro,

yro X,y €I u a,B>0 cneayer, aro at-x+P-y el . Conpancénnom k I kowycom uaseisaetcs cre-
IyIOllIEe MHOXECTBO:

*
" =freR":(x,)20Vr e},
*
Ecnu F UMECT HEMYCTYIO BHYTPEHHOCTDb, TO OH SABJIACTCA 3aMKHYTbIM KOHyCOM, a KOHYC r Ha3bIBAXOT ocm-~

DblM OMKPLIMBIM KOHYCOM.

Tonomopduas 8 Ty dynxuns f npunamnexwur npocmpancmey Xapou HP (1), pe (0, oo], ecnu
KOHEYHA CIIe/TyIOMIas BEIMMHa:
1/p

1A, :=“f1|ﬁp(r,;) _ JSupyep R{lf(x“*iy}"’dx , pel(0,m)

SupzeTB lf (Z ]3 p = .
fpr’ me f,():=f(+y). y€B.

Jlariee Mbl paccMaTpHBaeM CiTyuaid, koraa B kauectse B BBICTymaeT OTKphIThIH KoHye I, T.e. mmeem ne-
110 ¢ TpyGuaToii 0671aCThIO HA OTKPHITHIM KOHYCOM, YTO sIBASETCS HauGonee oOILHM KPaTHLIM aHANIOrOM BEpX-
HeH NOJTyIUIOCKOCTH.

JipyrumH criosamu, ” f u wr(r,) = SUPyes

MpeoGpasosanuem Dypse pynkuun f € L (R”) HA3LIBAIOT By HKLMIO

f@)= [ ar,  ger”.
o

Ham nonanoGuTcs onpenenenne npeobpasosanns Oypye pynkuan us H Popu pe (0,1] . B oqnomep-
HOM CJIy4ae OHO, 110 CyTH, BBEEHO B [2, nemma 4] (cm. takxe [3]). B ofmem cityuae, npeobpasosaiuem Pypoe

dynxunn f € H? (T T ), DE (0,1], Ha3kIBaeTCA QyHKUMA
FE)=e"f ().  ger”,
re & € I' BriGupaetca npomssonsHO (cM. [4]). Jlerko Buzets, uto f5 € r (R" ) M IPaBas YacTh 3TOTO PABEHCT-

Ba ot O He 3asucut. B ciyuae p =1 onpenenénnas Takum o6pasom QyHKums [ COBINAmaeT ¢ KIACCHYECKMM

npeoGpasosanueM yphe npenemsHof dyrxumm f (x) = lim, o ¢cr f7 (%) (em. [1, . 111, § 5, Teopema 5.61).
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Kpome Toro, ecnn f € H” (T 1—) TIPH HEKOTOPOM P € (0,1], TO SUpPP j c I'" 1 umeer mecto dopmy-
na obpauenus (cm. [4]):

z)= If(t)ezni(z”) dt, zely. (1
L

M3 370l HopMyBl BUIHO, 4TO TIPH O6OM P € (0,1] npoctpancteo Xapmu H P (Tr) COIEPHKHUT HEeHyeBbie
$yHKIIMU TOrZa ¥ TONbKO TOrMa, koraa konyc [ sBnsercs octpeiv. Ha caMoM nene Takoe yTBep:AeHHe cripa-
BELUIMBO M IpU P € (1,2]. Jta 5TOTO JOCTATO4HO 3aMeTHTh, uto ecin f € H ¥ (Tr) 10 fye HY (Tr) npu
moberx 0 €T u qe [p,OO] H BOCTIONb30BaThea Teopemoit 3.1 u3 [1, ra. 11, § 3].

OO6bexTOM M3ydeHHA HACTOAMWIEH paboThl ABAAIOTCA LENbie PYHKLMH IKCIOHEHIMAIBHOTO TUNA, NIPUHAK-
Jexatnue ewé u npoctpancrsy Xapan. Cnenysa [1, ri. 111, § 4], npuBenéM HeckonbKo OnNpeneneHN OTHOCAIINX-

Cs1 K Teopuu uebix GyHKLmi sxcrionennmansyoro tima s C .
Bblr[yKH()e, KOMIIAKTHOC ¥ CHMMCTPUYHOC OTHOCHTEIBHO HYJI1 MHOXECTBO K cC Rn Ha3bIBalOT CcumM-
mempuuneim menom. Yepes K * oBosnauaroT nonspy Maoxecta K
K ={eR":(x1)<1VvxeK}

TTonmoxum Taxxe

4.4z,

||z|| =Sup,_, -

enas Gynkuusa [, onpenenénuad va C” | susercs Pynxyuei sxcnonenyuanonozo muna K, roe K -
Y 27

= sup

CHMMETPHYHOE TeNO, eciu wis npoussonbroro € > 0 Haiinércs koncranta 4, > 0 Taxas, uro

|f(z) < Aeez’[(l+e)“2“ vzeC".

Krnacc Beex uensix §yHKuuit skcnoneHumansuoro tuna K o6osnauaercs £ (K )

Crenyioiliee yTBEpKACHHE ABIACTCA aHAIOTOM KJIacCHYECKOTo HepaBeHCTBa bepHuiteitna (cm., Haop., |5,
ra. 1V, § 4.8)).

Teopema 1. Ilycme T — ocmpuiii omxpuimeii konyc 6 R”, neN, pe (0 1] u K — cummempuunoe

meno 8 R" . Tozoa ons moboii pyuxyun | € E\K ( )ﬂ H p T r) u mob0zo mynemuundexca k = ( Lk )
Cnpaseonuso HepaseHcmeo:
| oMy “ v(n, p.|K]) oK
k /pt "f “HP' )
lozh...oz0 (V,, (r)'?

20e G = maszm maxte KAr lt fl , |k| = Zk j Y — KOoHCmanma, 3Q8UcCAuas MOAbKO Oom YKA3aHHbIX 8 CKO-
J=l

Okax napamempog, Vn (F ) — MAKCUMATOHO SOIMONCHBIH 00BEM CUMPACKCE, KOMOPBIT MONCHO ROCMPOUMYb HA

N edunuunbix 6exmopax, cooepxcauuxca 6 I .

Jins noxasaTenibCTBa 3TOM TEOPEMBbE HaM IIOHALOOHUTCA ClledyIONIEe YTBEPKACHHE, KOTOPOE HHTEPECHO
caMo 1o cefe, HECMOTPS Ha €70 IIEMEHTAPHOCTD,

Jemma 1. ITycms T — ocmpuwiii omxpeimeiii konyc 6 R", neN, pe (0,1] u K — cummempuunoe
meno 8 R”. Tozda xnacc & (K *)‘ﬁ H? (Tr) onpedensemca ne 6cem muoxcecmeom K, a morvko ezo ua-
cmoo KNT". To ecms, ecu K | — npouseonsioe cummempuunoe meao & R" maxoe, umo
K, AT = KNI, mo kracen 5(1(; )ﬁ HP(TF) u S(K* )F\ Hp(Tr) cosnadaiom u ona noboii gyu-
xyuu [ € € (K * )ﬂ H? (Tr) umeem mecmo opmyna obpawenus:

)= [fe*™ear, zer;. ®

Kr*
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JloxasatenbcTBO. Ecmu f € E(K*)r\ HP(TF), To wiA mogoro y € I" dynxuwma f, mpunan-
2{pn *
NEXHUT MpOCTpaHcTBY L (R ) H, OYEBUJIHO, NPHHAIVIEKHUT KIaccy 5(K ) B cuiry Teopemsl IToni-Bunepa u

dopmyisl obpatenus (1), nmeeM SUpPP y C (K AT’ ) Ioaromy supp f < (K M 1‘*) U, CIIeZIOBATENLHO,

uMeeT mecTo Qopmyna obpamenns (3). OctanbHble YTBEPKACHHS JIEMMbI — OUEBHAHBIE CIIEACTBHA STOH dopmy-
b1 1 Teopembl [Tanu-Bunepa. B

*
NokazatenrcTBo Teopembi 1. B cuny nemmst |, ecmt K NI umeer mycryio BHyTpen-
HOCTE, TO (yHKUMS [ TOMAECTBEHHO PaBHA HYMO M HEPABEHCTBO (2) TPHBHANBHO BHINONHeHO. [TosToMY nanee

npennonaraem, uto Buytperrocts K NI e mycta. B atom cryuae, oueBuaHO, yTo 0 < G < 0.
PaccmoTpeM  dynkimmo  F (z) =f (Z/ 0'). Jlerko  Bugers, uro FeH? (T,-) u
HF”H,, = U"/p”f"Hp. Kpome Toro, ﬁ'(t)= O'"J}(Gt) ma Beex §€R”. Beumy nemusl 1, nomywaem:
supp Fc [— l,l]n . Takum obpazom,
F(z)= _[ F)e™ g, zeTn.

Ly art
IMoatomy
4l \ . . .
ka F —(2)= _[F(t)(2ni)|"|t,’“...t,’,‘"ez’”(z")dtz j@k(t)F(t)eZ“'(z”)dt, zeTy,
0z, ...0z," [LrArt [FLfort

tae Qg (t)= (21ti)’klt1k ! ...t,’:” g(t), a ¢yHkums g — NpOHM3BOJbHAA (uKCHpOBaHHAs (YHKUMSA, YROBJIETBO-
pmoias cneyoumm ycnosusm: g € C w( " ); suppg C [— 2,2]" ; g(t) =18 [—— l,l]n . CymecTBoBaHue
TakoM QyHKUMH rapaHtupyer, Haupumep, cieacrsue 1.26 B [6, rn. 1, § 2]. Tak xak ¢yHkuMa @y , O4EBUIHO,
npunamiexut knaccy C” (R") U GuHUTHA, To & peobpasosanmne Dypse npuHamiekur LF (R" ) B cuny

TeopeMs! 2 u3 [4], OHa sBaseTCA MymbTHILIMKaTopoM B H P (T[-) "

| a"F | yleppie
lozf ek |, @, @)

Ecnu 3adyKcupoBath GYHKUMIO g , TO byHKIHMS () ONpENenseTcs TOAbKO MyIbTHHHAEkCOM K . E& BbI-

p 1l @

60p COBCpHICHHO HE 33BUCHUT OT qJ}'HKL[HH f . OueBHAHO, YTO KOJHYECTBO BCEBO3MOXKHbBIX MYABTHHHIAEKCOB C

MOZYJIeM, paBHBIM |k|, KOHEYHO U 3aBHCHT TOJIBKO OT ‘k l 4 n (rpy6as ouexka XaéT, YTO 3TO YMCNIO He NMpeBOC-

XOOUT n!-|kl! ). Takum opascm, monmaras y(n,p,!k|)= y(n,p)Z"(”p_l) “SUP (.2, Yi|=iA] "‘P[" » W3 Hepa-
BEHCTBa (4) nonmyyaem:
| AMF . WnpfK)
Iazk, azk, (V (F 1/p-l " "H”
1 ...0z,
Bosspauascs k GpyHkumn [, nveem:
alklf \kln/ p | a‘k|F “ y(n,p, kl) k|-n/p _
% 3 =0 Mok k = i7p-1 C '”F“H" =
Ozy'...0z," | . tazl‘ 0z | v, (1)
Y(n9 p, kl) k
=W'°l Rl

Yro u TpeboBanock nokazats. W
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n n " n N
3ameuanue. B cnyuae, kozoa I = R7? \OR" — nepswii oxkmanm ¢ R", nepasencmso (2) soxcem
+ +
6bimb HECKONBKO YMOYHEHO:

Y <) Tl A,
oz} ..oz e o

e 0 = max, NRY "Jl ’
JUnsi ONYdYEeHHA 3TOR OLICHKM HYXKHO NOBTOPHThH PAcCyXIEHHS JOKa3aTeabCTBa TEOPEMBI 1, o cremyio-
me#t dysxuner F : F(z)= F(zl,...,zn)= flz, /04502, /0,).
Kax u3sectro, npoctpanctea Xapan H P (71 ) u H9\T- ) He Bnoxens! apyr B apyra npu pasnuuHbix
TP, P r r pyra Ipu p.

*
P u q. OnHako, eCliH JONOJIHUTENLHO NMOTPeGOBaTh NPHHALIEKHOCTL QYHKUNA Knaccy 5(K ), TO UMCET
MECTO CIEAYIOUIEE HEPABEHCTBO PA3HBIX METPHK (IIpeAIECTBYIOIIME PE3yIbTAThl CM., HAmp., B [S, ri1. IV, § 4.9]

u 7).
Teopema 2. I[Tyemo I —~ ocmpuwiii omkpuimuiii kowyc ¢ R”, ne N, a K — cummempuunoe meno 6

R". Tozoa ecnu gpynxyus | npunadnexcum xnaccy € (K : )ﬁ H? (Tl—) npu nexomopom P € (0, 00), mo

n{l/ p-1/g) Ipilg
W (2] lslkor ) 74, vee o)

(30eco meS A obosnavaem mepy Jlebeza mnoxcecmea A). B uacmmocmu, xnacc E\K “InHP(T:),
T

DE (O, oo), codepxcum Henynesvie pyHKyuu moz0a u moreKo mo2da, Ko20a mes(K AT’ )> 0.

JokaszaTenbcTBO. PaccMoTpuM cHayana cmywad, korma ¢g=9o, p=2. Ecm

fe 3(K* )ﬁ H? (T,— ), TO, coriacHo Teopeme 3.1 w3 [1, r. 111, § 3],

f@)= [ IR, )
>
e F - msmepwMas  QyHKuMs, yAOBNETBOPSIOWIAA  YCHOBHIO: _ﬂF (t]2 dt <. Tipu 3ToM
o

1/2

Al =| [l a

Ouernano, yto f, € € (K ’ )ﬁ I? (R" ) npu mo6om Y € I . [Ipumenss k neit Teopemy Ianu-Burepa,
nomnyuaem, uto Qyskuua f y (x) apnsercs npeobpasosanneM Dypbe HEKOTOPOH (YyHKUMH, PAaBHOH HymO BHE
~ K. Nockonpky K sBnseTcs CHMMETPHYHBIM OTHOCHTENIBHO HYIA, TO TIOCNENHEE YTBEP)KACHNE PABHOCHILHO
Tomy, uto f. y (x) ABnseTc o6paTHbiM npeoGpazosanuem Dypbe HekoTOPOH (yHKkuMY, paBHON Hyio Bue K .
Hoatomy, ¢ yuérom (5) nMeeM:

flx+iy)= Iez"i("”)e‘z"(y” )F(t)dt, xeR",yeTl.

K’

Wcnons3ys HepaseHcTBO Komu-ByHAKOBCKOTO M YHHTapHOCTH oneparopa npeoOpaszoBanus Pypse, no-
Nydaem: ‘

1/2

"fy ILo < (mes(K ml"))m . ﬂe;z”(y”)F(tlz at| = (mes(K AT ))”2 -"fy"2 .
Tlepexo/isi B 3TOM HEPABEHCTBE K ‘Sul;::r , IMeEeM:

i, < meslk A" 1], ©

362 Toscronuc A.B.



BICHUK JOHEULKOI'O YHIBEPCHUTETY, Cep. A: lIpupoauuyi nayxu, 2003, sun. 1

Mlycts Tenepp p € (0,00), g=0o. BospMém r €N rakoe, yro p<2r<p+2. Ecm
fe& (K ’ )m HP(T;), 10 dymawms g(z)= f"(z/r), ouesunno, npunannexur xaccy 5(K ’ ) Takke
ouesuaHo, uto VE € I 8 € é’(K‘). Kpome Toro, B cuty semmsl 2.12 u3 [1, . 11, § 2}, fC/r e H” (T]-).

Nosromy g, € H *(T;- ). Taxum o6pazom, npn mobom y € I imeenm:
2
N2 x iy i€ _ iy i€
lecC+iv), = ff'[f?*?j de=r"- ff(” = )

Rﬂ R" r r
2r- p I

1
P G f( U @]‘ dr<r"
Rn
Tlepexons B 3TOM HepaBeHCTBE K SUP yel » TIOITy4aeM:

”gC”H? <r"? nfﬁ/f o “flplz'

B cwy nepaBeHcTBa (6), IpUX0AUM K cliexyoulell oLeHke:

< (mes(Km I“*))”2 2 “fc,,
Vi3 onpenenenus GyHKIMM g CIEIYET, 4To ’ =“ Serr

Ilf;/r (mes(KmI" ))’ pni? "f"p/Z‘

BosBons o6e 4acTH NONy4eHHOro HepaBeHCTBa B creneHb 2/ p, mepexops K SUPyer M Y4HTHIBAS, 4TO

2r
dt <

Zr—p

115

r-pl2 “f‘ p/2‘

ey Tlo3ToMY, TIOC/IEiHEE HEPABEHCTBO JAéT:

r < p/2+1, nomyuaem:

n/
- <ol nr ) (241) 1), o

Mycts Temeps g € (p,OO). Torpa ans npowmssoneHoro Y € ' uMeer Mecto HepaseHcTBO:
q 9-p p
"fy ”q < “fy “w ”fy “p - Tlepexoas x SUp .-, nomyyaem:

U <A 115

Ilpumenss Teneps HEpaBeHCTBO (7), UMeeM: ( )
. n(1/ p-1/q
171, < (mes(Kml"'))”p /e [—§+ 1) -

W3 wepaseHcTsa (7), B 4yacTHOCTW, crenyer, u4to ecnin f € € (K : )m H? (TI) PU  HEKOTOPOM
pE (0, 00) " mes(K AT’ )= 0,10 f (z) =0 8 T}, a, cneqoBatenbHO (B CHITY T€OPEMb! SIHHCTBEHHOCTH),
n 8 C". Hanporus, eciu meS(K AT ) >0, 10 HeHyneBble GYHKUMM, NpPHHALIEKAUME KIACCY
g (K ’ )f\ H? (T ,—) TpH HEKOTOpOM P € (0,1] MOTyT 6HITb NOTyYeHsl ¢ TOMOIBIO (opmyst (3). B cuny no-
Ka3aHHOTO HEPaBEHCTBA Pa3HbIX METPHK, 06as Takas dyHKums GyleT npusannexars npoctpancrsy H 7 (T ,—)
npu mobom g € (p,oo]. Taxum 06pa3oM, yciosre meS(K NI *)> 0 rapasTMpYeT CyLieCTBOBaHHE HEHye-

* s
BbIX (yHKLHI B Knacce E (K )m H? (f ) mpu moBom p € (O, oo).
Tem caMbIM, TEOpEMa NOKa3aHa NIOTHOCTHIO. M
3ameuanne. Hepaserncmso, obpamnoe nonyuennomy 8 meopeme 2, 6000uje 2080ps, HEGEPHO.
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sin’
72 |

&

B KauecTBe WUNOCTPaUMK pPaccMoTpuM dyHkumio | (Z) =% .

Ora QyHKUMS SBIAETCH HENOH

) ‘ 1 o
dyHKuMelt 3kCNOHeHIManbHOro THIIA 4 1, OYeBHMIHO, NpUHALIEKAT NpocTpanctsy H -~ B Bepxweli noaywioc-

1/2 "
KOCTH, HO HC NPHHAMICHKUT NPOCTPAHCTBY H B BEPXHCH NOJIYIUIOCKOCTH.

PE3IOME

B po6oTi oTpuMaHO HepiBHICTb TUITy bepHIUTEHHA T2 HEPIBHICTh PI3HMX METPIK Ul LLIKMX QYHKIIH eKCIOHCHTAND-
HOTO THIy, IO HANCKATh TAKOXK npocropam Xapai B TpyOuacTux 06aacTsx Hax BIAKPUTHMH KOHYcaMu. Takox HaBeneHui
KpHTEpiH TOro, KOMM TaKi KIacH MiCTATH Ke JMILE HYbOBY $yHKLIIO.

SUMMARY

A Bernstein-type inequality and a different metrics inequality for entire functions of exponential type that belong to
Hardy spaces in tube domains over open cones are obtained in the article. A criterion for these classes to contain not only the
zero-function is derived.
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V]IK 519.21
OTOBPAXEHUA CO CBOCTBOM COXPAHEHHUS TMTIEPEOJTMYECKOM MEPBI

O.A.Ouaxosckasn

OrobpaxkeHns, COXPaHSIOMKE Mepy, HIPAIOT BAXKHYIO PO/Ib B TEOPUH HHHOPMALMHA H CMEXKHBIX 06NaCcTIX
(cM., Hanpumep, [1], [2] n 6uGnnorpadmo x HuM). B manHol paboTe H3yyaioTcs MoAOOHBIE OTOOPAKEHHSA, HEH-
CTBYIOIUKE HA MOAMHOKeCTBaX runepboamieckoi IWIockocTH. PaccMOTpuM rumepGONIMYecKy 0 I0CKOCTh, pea-
mm3oBaHHY®O B Buge kpyra D={zeC : |z|k1} ¢ runepGONMUSCKUM  PACCTOSHUEM

[1-Z1zy | +] 27 — 21|

1
d(zl,zz)z—z—ln MeXIy Toukamu Zzj,2Z, € D. I'pymma SU(1,]) cocrour u3 xom-

[1-Z1z5 | =29 — 2|

ab
MIEKCHBIX MAaTpHIl Buaa g=[3 _), rae |a|2 —(b|2=1 W JelictByer Ha D moCpencTBoM KOH(POPMHBIX
a

oTolpaxeHuii gz = s b Ii , zeD. Paccrosume d wu wMmepa do(z)= -——éx—-d—)22~—2— WHBapHAHTHBI
bz+a -1z
otHocuressHo SU(L1). TunepGommueckas Mepa u(G) muoxkectsa G <D  mmeer Bun u(G) = Ida)(z).
G
cht sht 1+is —is
Mycts A=<sa, = s ,teRl , N=3n,=| | ) ,seRl R Toraa
sht cht is 1-is

Apaty =y Ay, Ns "G =an 2 . Kpowme Toro, Bcakoe z €D mmeer Bun z = nga.0(cm. [3]), n Mbl no-
JIOKHAM (z,l)=t. MMycTs TaKxe K,(c)={zeD:d(z,¢) < r}, K, = K (0 ,H, =
{z = nsa0:t>ase Rl}, H_, =D. O6o3naunm N(r)- MHOXeCTBO TONOXKHTENbHBIX HydeH A
Pynxupn
W.(2)= je"“"(z")da)(z).
Kr
Teopema. [Tycms & € [—00;+00), 1y, 7y >0 - puxcuposanw u N(r) () N(ry) = @. Ilycmo maxaxce unvo-

exmueHoe Henpepvléno Jughgepenyupyemoe omobpascenue F : H, > D ¢ ne pasuvim nynio axobuarom
yooenemaopsem cnedyiouum YCio8UIM

1) HF(K ) () = 1K, (5)) ns ecex K, (6) T Hys
2) cyujecmeyem vy > @ + ry maxoe, ymo 0ns mo6020 k € L. u noumu écex & > vy evinonneno
M (&)= jl m(F(K,, (g)))—m(f,z (ENl-1dg| co
Is 2 EH
: a-{¢1%)
< 1

uYy ——— =

. Vg ’
m=1 inf (Mq )
qgzm
3) cywecmeyem vy > + ry maxoe, ymo ona mo6ozo k € Ly

1 | MFK,,())) — miKy,(g)) | e iNe)
= 0l

li

T —>+0

-1 g P72 el =0
HVZ\HT 5 »

Torpa w(G)= u(F(G)) nns moboro usMepuMoro GC H,, .
mﬂl J0Ka3aTeabCTBA TEOPEMBI YCTAaHOBHM CICAYIONIEE BCIIOMOIaTe/IbHOC YTBEPKACHHE.
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Jlemma. ITycmo o € [—00;+0), r >0 guxcuposanvi, € Ly,.(H,) u evinonuens: cnedyioujue ycrogua:

1 j f(¢)da(c) =0 onsn acex K, (z) < Hy;
K, (2)

2)  cywyecmeyem V| > makoe, umo 015 mobozo k € Z. u noumu écex £ > vy sbnonxeno

. Ilf(g)"'fgj .
Taope2y2

u

Ms

et inf (M, (:»‘/q

3) cywgecmayem Vo > maxoe, umo 0 06020 k € Ly

(k+1X¢,1)

| f(¢ e

lim — dw(c) = 0.
T+ I '” -1 ¢ |2)k/2

Torma f=08 H,.

HoxaszartenwbcTBo. [lycrs g=nga,. Torna ycnopue gK, < H, >KBHBANEHTHO TOMY, 4TO

t>r+a.Eam z = nga,0, 10 gz = na+se2’a”t0 U MBI TIOJIOXKHM f(gz)zh(0'+se2’,r+t).
Vcnosue 1) neMMbl IpUHEMAET BHA
Ih(a+se27,r+t)e_2tdsdt=0, ceR!, 7>r+a, 6))

K;
e K; = {(s,t) : nga0 € K,}.

Janee cuuraeM 7 >r+V, rae v =max{v},vs}. YmHoxas (1) Ha P ,rae A€R' u unTerpupys
no o HaR', nocne npeo6pazosanuii KaxonuM

r . 2t
jQ,l(Ht)e'”-s-‘l‘—(%z-rf@dmo, ?)

rae T>r+v, x(t)= e’chr\/thzrchzt - shzt, 0,(6= .“h(u,f)em"du.
Rl
W3 teopun Jlamxya-Kapnemana [4] u ycnosus 2) neMMbl criefyer kBasuasanmutiaHocts (4 (&) mo me-
pemenHo#t A mpu nouty Beex & € (v,+0). Hanee, npu A — 0 ypaBHexme (2) nepexonUT B ypaBHEHHE CBEPTKH
OTHOCHTENBHO HeusBecTHOH dynkuun ). Henoar3ys nemmy 4 u3 [5] 1 TpeThe ycnoBHE JIEMMBI, 32KII0YAEM,

yt0 Q(&)=0 mna noutn BCeX Ee(v,+). Otciona v u3 (2) usnoykumedt no k£ =0,1,... nomydacm

050,19
aak

=0 mna nouru Beex £€(v,+©) u Bcex k. B cuny kBasmaHanutuusoctH (J; HmeeM
A=0

0;(6)=0 ma nourn Bcex A€R', £e(v,+0). Orciona u u3 onpenenenns Q; u h nomysaem f=0 B
H,,. Tlo TeopeMe eauHcTBEHHOCTH [6] OTCIONa M U3 yenosus 1) nemmsl umeeM [ =0 B H,,

IlepeiizeM X  jgokasaTenscTBy — TeopeMsl.  Ilomoxum u(z)—'J(F D (-] zl ) -1,
(-1 F(2)*)?
v(g)= Iu(z)da)(z), rie geHo,M2 u J(F,z)- axobuan orobpaxenns F . C ydyeToM TOro, 4ro
K (5)
n
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| J(F,2z)|dxdy

HF(G))= —
G (l"lF(Z)l )L

, ycnoBde 1) TeopeMbl INpHMET BHA Iu(g)dco(g) =0 @A Beex
_ Kr] (2)

Ky (z3< H,. Wsonpenenerns v 3aKmodaeM, 410 QYHKIHA V YIOB/IETBOPAET YCIOBHAM JIEMMEI NIPH 7 =7}

n Hg,,, smecro H, . CornacHo nemme, GyEKIWSA % UMEET HyJleBble HHTErPAllbl OTHOCHTENLHO Mephl d&) 10

BCEM runepbONHYECKHM KpyTaM ¢ paguycamu 1,7, , conepxauumesa B H . Tax xak N(r )N N(rp) =0, 10

no TeopeMe o aBYX pamuycax [6] u =0 B H . 370 o3nauaer, uro p(F(G))= #(G) s moboro usmepumoro

G < H,, 4 TeopeMa foKa3aHa.

PE3IOME

PoSora npMcasucHa 3ana4i 36epiragHa rinepGostiuHol Mipu 3a Ginbin caabkuMu yMoBaMu i 36epirauHs Ta AesAKHX
MHOXHH&X KiJl Ha rinepGoniunil mnongmni. IToxasano, wo 36epiratus Mips Mae Miclie, SKIIO MHOXHHA Kill € iHBapiaHTHO0
BiJfHOCHO I pyTH KOH(OPMHHX TIEPETBOPCHb.

SUMMARY

This paper is devoted to the problem of preserving of hyperbolic measure under some conditions which provide such pre-
serving on certain sets of hyperbolic disks. We show that such preserving of measure holds for conformal invariant set of disks.
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