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TpexMepllble Annammecialie 3aJa'm HeKjlacduqecKout TcoprnI TepMoyupyrocTu 

T. ' B. BYPlYJIA3E	 V 

In der Arbeit wird das dynamische Differentia lgleichungssystem der nichtklassischen Therni-
elastizitätstheorie von Green und Lindsay betrachtet, in dem die endliche Geschwindigkeit 
der Wärmeausbreitung durch die Einführung zweier Relàxationszeitcn berucksichtigt wird. 
Uber die Hericitung von Integralformeln wërden Eindeutigkeitsaussagen bewiesen. }{insicht-
lich der Anwendbarkeit potentialtheoretischer Methoden zur Untersuchung der , entsprechen- 
den Anfangs-R.andwertprobleme werden einige Bemerkungen gemacht.	

V 

B paGore paccMaTpllea!oTcH gmiaMH qecKne gn44epeiigtiaJIbIIbIC ypasileHilfi HeKJlacdu-
ecHott TepMoynpyrocTu B nocTaHonKe FpuHa H JIHHce g , B F0T0bIX HoHe'lHaH CK0poCPI 

padnpocrpaHeHltn Tenjia YLUITblBaCTCH flTM BBeJeHHH gsyx nocToaliHaix pcJiaxcaEus1. C 
HOMOLUbIO 11lTCFi1bHb!X opyi ThOKB3UBBIOTCH 'reopesiii. euiiceiiiioci'n. Cei1aH0 HC-
IcOTOpble 3aMe4aHlafl 0 H1IMHHMOCT1! MeToa noTeuqnaila it H3MHHIO I!a4a1hHo-rpaHII4Hb1x 

riii aTHx ypaBHeHIaft.	
V 

The paper deals with the dynamical differential: equations of nonclassical thermoelasticity 
initiated by Green and Lindsay, which are characterized by using of two different relaxation 
times for describing the finite velocity of heat flIiVX. Uniqueness theorems are proved'by the 
aid of integral formulas. Some remarks are made on the applicability- of potential methods 

- to the 6tudy of the related initial boundary value problems.	 V	
•	 V 
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B aconee BPMH HHTeHCHBH0 paamaecir HoBoe Hay'lHoe anpaiiee	
V 

V MaTH qeCHoi	H3HIcn - 11ccJIeoBaH11e )HHaMI1uec1Hx nporecco B	epic je-
opMupyeMhix ynpyrnx TeJiax B ycJIoBHnx c0npHeHHM pa3JrnHL1x no.met:	 V 

qecicx, reMnepaTyplihix, AM44Y.3110AHLIX, J1RTPOMFHHTHHX u Ap. , MaTeMaTH-
qecHafi MoeJTb yicaaaaix 4H311ecxs1x F[Bael-111ii onHchIBaeTCH IIa4aJIbHo-IpaeBhIMr1 V 

V -aaaqaMH AJIFI AOCTaTO qHO 06uix dHcTeM Ju11f4)epeHuIaaJlbHbIx ypanHeHuil B qacTHhlx 
npoI18B0JHbIx; HelcoTophie 143 HHX Aame He npHHaJwIemaT 113BecTHbIM xaHoHHqecKIaM	V 

TIJITaM. 9TH BolipOChi cocTaBJIHIoT 6oJIbulott H 6ypHo pa3BnBaioLLmficFi paaer COBpe-
meHHOR MexaHl4KI4 Cr1J1owHOi cpeimi. CJ1eJyeT OTMeTHTb, 'ITO TaHoro poa 8aJa'Iu 

V 

B03H11HJu4, B OCHOBHOM, B nocjiejee BMH, B CBR8M P8BHT1I51 MHorHx oTpacJIeli 
coapeMeHHoii 'rexHHHH: aT0MH01 aHepreTHidil, aapoHaBTmdll, p8KeTH0f 11 nepHof 
TexHoJIornn II AP.	-	 -,	- 

B JaHIIoft pa60Te 6yyT paccMoTpellhl 3aa'IH conpRmeHHOft Teopull TepMoynpy-
rOOTS!. K6K IIaBecTHo, repMoynpyrocTb dHHTe3upyer jee paliee He3aBI4cuMo pa3-
BI4BaIOEUIIeCH L1cLU4nJIHHhI: Teopl4Io ynpyrocTHH TO0I41O renilonponojiHocTu.  

B Frnacc11'!ecO1 eopnn TepmoyqpyroCTII npeuIoJIaraeTcn, 4T0 cIopocrG pac-
nP9CTpaHeHMfl TerlJloBoro noTolca nBJrneTcH 6eC}coHe'IHo 6ojiMii .ofi. OJHaco, flH 
nayqeHuh! giniamimmiX TeMnepaTYPHbIX IIanpaKeIInft' B e4)opMI1pyeMhix TBepghIX V 

TeJiax, KOI'a h1HepII10HHHM 'IJieHaM B ypaBHeHHHX ABumentili HeJiban npeHe6pe qb, • 

I	 -	 -
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Bo3lrn!aeT Heo6xou4Mocm y'nImIBaTb, 'ITO TenJio pacnpocTpaHHe'rcR iie GecFcoHe'IHo 
6hlcTpo, a c HOHeqHOrl CIOpOCTbIO TenJIOBOrI nO'FOK ycraHaBJInBaeTcH B Teile He 
MrHoBeHHo, a xapawreplIByeTcH	H }ÔIIC4blM npeMeere	JI peaI-cau.HH. B iiacosiuee 
BCMB ilMeeTcil, no HpaHelk Mepe, tBa pa3irnuHbIx 0666ueH11.9 I.riacdHqecicor1 TeOPHH 
.TepMoynpyr'ocTH. HepBoe o6o6nWIlFIe Fprnia-JEiiice (Green and Lindsay) [1] 
öaallpyeTCH Ha ncnoJIbaoBaIIilM gyx flOCTORHHMX BpeMel-IH peiacaii reMnepa-
Typi-loro npotecca. BTopoe o6o6Luei-rne - J1opa-IllyJIb1aHa (Loid and Shulman) 
[2] IoriycHdeT J1141111, OHY rIOCTonHylO BpeMeIiII. 06a O6O6tUCHHR pa3pa60TaHU KaF 
nonhiTica HcKJuo qeHI4g (IwnpaBJIeH)- napaoHca 0 6ecIcoHeqRocTH C}OOCTU pacupo-
CTPHHHH TeflJIa, cBoItcTBeHHhI1 }cJlaccn'Iec}coMy cJly'Ialo.. - 

B npeAaaraemort pa60're paapaoaa o6aan TCOI4H pa3peulHMocTupexepaix 
HHaMilqecHux 3aaq JJIH. cOnpHHeffHOtt CHCTeMI,I gW )4epeH[MaJLhHhIX ypaBaeHni 
eopiin TepMOy[IpyFOCTH, npejjjWHeHHblX FpIIH0M H JIIHHCeeM (G-L Teopna).1) 

1. Ocioimi,ie ooaIIaqdHllsI ii noioaeniin 

BBeeM o6o3HaqeHnn: E" - n-Meplloe eB}cJinoBo HpocTpaHcTBo, 0x 1x2x3 - exap-
'tona dlicTeMa HO0pIUIHaT B E3 , x = (Zk), y = (yk), ... (k = 1, 2, 3) — TO qRl,l aTot'o 

VI
	h/2 -1

npocTpaHc'rBa, Jx - 	(Xk - Yk) I - . pacc'rofllrne ey To q}aMil x i
 - 

E3 _— icoiieqiian oôJIacTb; orpaHMqeHllaA BaMicHyToft nouepxnocTblo 5, icjiacca 
A 1 (x),x>O(rIoBepxHocTbThlnyHoBa), = uS, - = V\ 5 -	 o6-
!IacTb,L = { (x, 1): x 	, I E [0, oo[} — IFnIHHJpB E4 ,i -- BpeMn,S = {(x, 1).: x ES,
I € [0, oo[} - 6oHoBaH IIOBepXH0CTb I, n(y) = ( flk(/)) (k = 1, 2, 3) - ejirnqrniü 
nen'op HOM.TIH B TO'nce y € 5, HanpaBJIeHhIbIft Bile , dx = dx 1 dx2 dx3 -' aJLeMeHT 

	

•	o6eia, dS - BJIeMCHT nJlouau4 1IOBepXHOCTH SB Toulce y  5, ôjk CHMBOJI Hpoi-iéicepa, 

I = ]Ii— MHHMaH e)HHrna,z1 = zl
F) 

- TpeXMepHbI1 onepa'rop JIan.riaca, v(x, 1) 

= (v1 , v2 , v3 ) = II VkII3Xl - BeKTOP cMeILeHHR (oHocTox6IeBafl MaTpuIa), v4(x, 1) - 
HBMeHeHue reMnepaTyphi, *	ouepaIHfl TpHCflOHHpOBI1MI, O,(X, I) - }coMnoneHmr 

•	HanpH?}ceHI4H, jk@V, 0 - }coMnoHeHml JeOpMauHu. 

	

•	(I)ynJxaMeHTaalhHasL (onpeeiuuoiiaa) clicTeMa YPBHH1 H COOTHoineHma HOJIH JJ1H 
ORHOPOAHO .rf 1430TpOflHOI .JlIlHeilHOfi TepMoynpyrocTll, npeJiIoaeHHan UpliHoM 
,IlHHgceeM (y'IIITMBa	an_a44eimx ,,B'roporo 3ByIca"); uMeer BMJ [1, 3]: 
- 1. CBH3B je4opMaIHH H CML4HI4H (j; k = 1, 2, 3):	 - 

	

1 /av,(x, I) aVk(X, I)	 -' 
E1k(X, I) =•-	± 

S	 2	aXk	ax1 

2. Vpani-ieiinn BWfHHH (k = 1, 2, 3): 
S	 &Y7X	

± Xk(x,t) = 
a2Vk(X,i)

 
axi

3. Vparneune aHeprilil:	-	- 
S S • •

	 --divq(x,i) +r(X1)=Ce(	±	+(32+2ft)xOo-divv.
at 

1) 4aCTHMt C_-Iyqan aroti ducreMbi, n KOTOPOMnepBaH nocTonHHan BMCHH peiacau 
pauuerca IlyJilo, H3J1CH B pa6o're [7]. B arofl pa6oTe TI. EH'I pa3pa6orasi flOJIHIO 
reopulo COOTBeTCTByI0[uIix 3aJa q yCTaHOBWBLIIHXCH ico.TIe6aHHtl n xyco'Ho-ouiopwufux TthX 
flH kcoHraIcTLIoM YC31OBMI conpHlcociloBHeHlln 6e3 TpeHHsI H Iaea3IbHoM TenJIoBoMHoHTa}c're 
(npuM. peg.).	

S •-	 -	 S
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4. 06o6iieiirn,i aaIcOH IoraMeJrn-HelMana: 

aik(x, 1) = 2u€,k(x,1) + [A dlv v - (32 + u) a(v + i i	6jk 

5. 7 paBHeH1e TenJIoI-!poBoHocTT: 

-	 q(x, t) = —k grad v4 (x, t). 

3Jecb q(x, t) = (q1, q2, q3) - eicop TWIOBOFO rioroKa, r(x, t) -- HCTOHMK nia; 
o, A u i, cx, k n C o6o3HaqaloT coorBeTCrBel-mo HJLOTHOCTh ) MO) TJIL1 JTHMe, K030I1-
UHHT Ten1OBOro paCmUpeHHfl, HOBOHMOCTb F yeJIbHyIO TCnJI0eMK0CTb flpll HyJEe-
loll eopMaInH; ro u r 1 '— nocTocrnrnie peJiaIccaLMM, 00 - U}cCHpoBaHHafl OHO- 
poaHafi aTaJioHHaa enepaypa (TeMrleparypa ecTecrBeHHoro -COCTOHHHK). 3T11 
nocTornIHhie.yLowIeTBopHIoT ecTecTBeHHuM orpaHii qeHaM [1, 3]: 

>o, k>0, C>0, cx>0,z>0, .32+2>0,	 (2) 
0>O.	 S 

Ecim B qaCTHOCTU, r0 = Tj = 0, TO CHCTeMa (1) 3HaqHTeJlbHo ynponaeTcn. H Mb! 
flPIIXOJWM K ypaBHeHHIM HOJTH KJ!accH qecKofl TepMOyflpyrOCTH. 

Onpe)e.nn1ouue coorHomeHua (1) OTHOCHTCJIbHO V H V4 JaoT 0CHOBHyIO HecTaIlio-
HapHylo AHHamit qecHyio CHCTM gH("epeHLHaiIbHbIx yp aBHeHHrl B qaCTHLIX flpO-
113BOHb!x o6o6LiAeHHOlI repMoynpyrocTH: -

	

a2	
a 1uzlv(x, 1) + (2 +,u) grad divv - y grad v4 =	+ yri - grad v4 - X(x, 1), 

1 	- a2	 (3) 
4v4 (x, t) = - - + -4 + -ii - div v - X4 (x, 1), 

,	at	,t	at 

14 9J111 HoMnoHeHT-Hanprn1ern4R 6yJeM HMem 

LV4	(Vi ^ aVk I	. 
c1 k(x, 1) = kAdlvv - vv4 - YTi1) 6jk +u — 

+ -;),	
(4) 

aXk 
rae

1	C,	-Y0o y=cx(32+-21u),	-=-, 
X	K	 K	 K 

Hapny (3), 6yeM paccmaTPHBaTb BoaMoHb!e, HKTMCKH HHTepeCHbIe, ciya 
aaBHdHMo cTH vk(x, 1) (k = 1, 2,3, 4) OT BMHH t:	 - 
1. V(X, 1) -= Re [e-1P'uk(x, p)] - YCT&HOBHB[UMCH (c'raIIaoHapHb!e) }coJIe5aHHH cac-
TOTOfI.p>0;	-

c+joo 

	

- II. V,,(X, t)=s_..feTtuk(x. r) dt,	-r = 1 + iq,	a> 0 - npecTaBJIeHne HHTe- 

rpajiom JIanJlaca-Me.JIJIHHa (o6aifl 9 llHamH qecHtift ctyall). 
CHCTeMa (3) (oHopowaH), B 06014X ciyvarix, KaK jierKo ycMoTpeTb, HpHBOgHTCfi 

- K B14	(OTHOCHTeJuHo Uk(X, i))'	-	- 
i iiu(x, w) + (2 + 1u) grad di U - Yi grad u4 + eo2u = 0,

(5) 
4u4(x,(0)+ —u4+ -iw 7 div -u- =0,	 -. 

YO
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rje	 S	 V 

= (u 1 , U2 , u3) = IIUkII3Xl;	y =	- ior1 ),	±	± (1	iwT0) (6) 
MO	x -	

S	 - 

z	 JII HOMIIOHeHT HaflpEHeHflR ilMeeM (1, j = 1, 2, 3)	 S 

cr ik(x, co)= (AdivU — 'IUg)jk +(+ z). (7) 

HpH3T0M —w=p>OBcJIyaeI it co == —q+ioBcJIyvaeII. S 

2. alleprCTiMecKne TOacAecTBa H oopmyabi FpffHa -	 -, 

0603HaHM [4]:  

A ( -.-  Ox 1	'
/Aôjk	+ (2 + t)

X5 aXk 113
— cTaTMqecIHi onepaop JIJIMe, 

X 3 

T(, n(x)) f Lôjk	± 2n,(x)	
_ +Lflk(X)_I

- onepaTop ynpyrux Ha- 

npeHHL [I'ycTb	-	-	 -	-	 S 

v = (v 1 , v2 , v3 ) =. = l! VkI3x1 € C1() n C2(E3) 

•	w =(w1 , w21 w3 ) = IWkII3xl € C1(),	1 v4 E C-(), S 

•	'	A

, 

() 
v € L1(9),	S E' 1 (a),	a > 0. 

ax 

Torja CflBJJIHBO To	ecTBo [4, 5]	-	 - 

f [w(Av — ' grad v4) + E(w, v) — yv4 div w] dx = f w*(Tv. - ynv4 ) dS, (8) 
-	 S. 

- re E(w, ,v) — HaBecTHaH 6HJn4HeHaa	opa TeopHil ynpyroc'rii:	 - 

-.	S
Gn-+

p*q Xq	aXp - 

-	 + ( aW,.	aWq) S 
•	 3	ax	ax, p,q \ a

Tenepb' 6yeM cqIlTam, 'iTo 'V(x, 0 = (v, v4 )	-	peryJmpl-Ioe pelueHile 0CH0BH0 
av 

oHopoHoü	HaMIiecioi	cucTeMhl 3): -v € C1 (L() h C2(i1,)	II w(x, 1) '=
	

-., 
S	-

B 
cnjiyTo?HeeTB	 S	 - 

•	•-	 •	•	•	a •	 w(Av -	grad v4 ) = -- - av 2 

--
-	av* -	av4 
+	r1- -- grad --,at 

S.	
lay	\	• i	a

 
E(w, v) = E	

V) = -- -	E(v, v), • Sat 

opMyJIa (8) npuiiiriae'r BII)	 -	 S 

•	d 
-	-f [-- 

e 3v 
-

2	1 
+ -- E(v, v)]

•	--	 av4 
dx + yrf -- grad -- dx at -

I (9) -
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lay ON	ON	av 
COrIaCHO ToflecTBa --. grad -- = div	-	di,	it o6bIq Horl 4rnpMy-

at	at

Jib! fpIHa, 113 (9) w1eeM:	 .	 .	 . -• 

-	d f L -
2
+	E(v, v)j rdx - y J V4 -	div v dx 

at 

_/TifdiV	dx 
at

	
f()*

(10) 

•	 av4 __	 S 

re IIV	Tv . - yn,v4 -  

fleo6pa3yeri uHrerpaJihi 

• 
f V4

ray4	aV •

-divvdx	
j 

---divdx. 

• YMHomafl BTOPOC ypaBHeHlle B (3) B oHopogHoM cJryae Ha v41 . UHTeI'pflpyci no 9 
ii HCHOJIb3yII 4opMyJIyFpHHa B cJiyae oneparopa JianJiaca, noJxyaeM 

• grad2 .	- 

.9	 9	 S	-. 

+1Jv4	dx+fv4	t1x.  
at	x 

YMH0?icaH (3) 20 H	11 nocTynan aHajlorH qHo, 6yeMHMem	
S 

•	

•

 

f a 4	a	 1	I ai,4\2	r0	r av	a2v4. 
d1vvdx_j	-)dx-rJ . ----dx

at •  

•	 ,

at	On
(12) 

flocTaBJ1i1H (11) it (12) B (10), noiryqaem 4I0pMyJY 

df [-i
2 +	

E(v v)] dx +
	f ()2 

dx 

+°f?:dx +fgrad4.
 grad v4dx	

S 

- 

-	
S 

YTO ±fgrad2 Vg dx - -1f v4 Lv4 dx +f v4	- dx:.'
• 

•	

•

f LTI ON ON ^av* H V
-(13)

 

•
at	 a	at	anj 

S .5	 S

•	 • . • -	
5'
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B (13) npeo6paayeM HeRO TOpme cJlaraeMue. HMeeM 
aV4 a2v4	1 e (L,74)2	av4	 1 a 
- -- =	 , 

grad -- . grad v4 =	(grad2 v4),
2 at 

av4	1 a	2	a2?,4	1 a2	2	/av4\2 

HOaTOMy (13) npHHmmaeT BHA 

jf[±_ IaVI2+f.E(vv) +.ço(.)2 

+ .
	grad v4 2 + 21_. (v) +	(v42)]dx}

277m	2?jx 

+f [r_) (8V4 
2 
+ ..Jgrad v412]dx 

TI V4 
OV41 dS. 

an	77 atf R lv^)
(14) 

O6oaHaHM	 - 

k 1 (t)	 f[?	+E(v, v) +	
(a4)2 

+	grad v4 j 2 + -- (v42)] dx,	 (15) 
77	77M 

=ZT—O2 dx,

at a 
M^ 1^ f [( 'v*) H V + V4 LV' + 2LI L 

CJIeJoBaTeJIbHo, cor.macRo (14), ilMeeM oKOHqaTe,lbHO 

[(1) +	-f	taV4 + Igmd v4 1 2] dx + Ms V. 
at	77

(13) 
3aMerHM, q ro 4opMy.rra (16) cnpanewIHBa LI gim 6ecRoHeHok o6IacTH = E3 \ , 
ecm14 BeKrop V(x, 1) y)OBJIeTBOps1eT CJIeyIOweMy YCJIOBHlO y6hlBaHHH Ha 6eCKO-
HeqH0cTII

aiv
1 ±	+II	(I = 0,1,2;	0), 

(x = (x 1 , x2 , x3 , x 4) - MyJIbT14I4HJe}c, l= x i +	+ a3 + 4)• 
•	PaccMoTpH1 relIepb cucTeMy (5) ii rrycm U = (u, u4 )-ee peryinpoe pemei-ine
• (U € C'() n C2()) H V = (u, ü) - IOMIIJIeHCHO COflpflflceHHbIlt BeRTop. CorxacHo
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4OpMyJThI (8) 6y)eM IIMCTb 

I [ — ew2 J u I 2 + E(i, tL)— y1u4 div i] dx =	- yinu4l dS. (17) 
S 

llpeo6pa8yeM nerpaii - y f u4 div ü dx. I4MeeM 

AU4 -	U4 - iW,1 div ü = 0. 
,co 

YMHOnaH Ha U4 , HPOHHTFPMPYH H HCflWIb3H O6bIHyIO	OMJt37 rpnHa, noiyae 

_fJgradu4I2dx+fu4ds 
an 

fU42dx_ifU4divudx=o. 

CJIeoBaTexbHo,'	-	 S 

—yjfugdivudx 

Yi f 	f u4	dS.' 
IW77	 Z(077

(18), 

flocTaBJIa (18) B (17), 6ygeM HMem 

ft_ecu i ui ± E(ü, U) + 4- grad U41 2 + 4- 1u412]Sdx 
2(rn)	 Xo?1 

,
- • f [,&*H,U +u4 

Z W71	fl]
dS, (19) 

S 

rjeHU=Tu—ynu4. 
llyCTb (0 > 0 -	ecTnuTeJIbHbI	UapaMeTp (ciyqaf, CTIHOHPHhIX xoJIe6aRH). 

• B (19) nepee	K	 BMPKHMIO H	8YJIbTT BMTM 
H3 (l9),no.myVHM	 - - 

(-n- I-	
'	) f Igradu4I 2 dx

+(XO77

P_)f lu4 2 dx	 • 
iW	—iW?7 	C?7

S 
) 

-	 _u*
+	L Uj' +u4 dS fll,&*HU  (20)  

•

• FIoL+-?L=-,	_YL 	(Ti _0). 
iWT)	U077	W7	Xo?)	Xofl	iXJ 

CJIeoBaTeJ1bHo (20) oxoH qaTern,uo JTPIIHHMT BH	• - 

•	 -2-fg'radu42dx + 2yw(-r1—TO) 
f 

U4 1 2 	 • 
2w1J S 

f 1	 .1(077	an	zw-q	Oni
(21),

•	I	• 
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flycm TCriepb w = IT = —q ±io, 6> 0 (c.r[yaü nceBo}oJIe6aHH11). 3T0T cJly-
'iafl ilMeeT BaHoeBcrIoMoraTeJIbHoe 3Ha'IeHHe npii 113y qeHiiid HeCTa1HOI!apHOii 3a)aqI4. 

opyjia (19) flpHHUMaeT BHA -. 

f[oT2 iuI 2 + E(ü	+ 2 grad u41 2. + 4-- I u4I] d 
-	Xo?7. 

=j	+ 4 u4	dS,'	 (22) 
77T	I 

re y I = y(l + T, t), ---	-- (1 + To . r). 0603Ha'Iw1 (22) — HoMrnleiccHo-co-

npnaeHHoe BhIpaneHh1e 14 cocTaBliM cyiiiiy r (22) + r(22). TaK JaR 

T2 + tT2r2(1. I T I 2 ,	- + i =2 x,	 -	- 
'7	'7	'1

/ 
X 077	X0'7	?C77	 - 

TO no.IyaeM 0K0HUaTeJIbH0	-

2y	 2yTol 
-	f [a 1r1 2 u1 2 + 2E(ü, u) +	(1 + r 1 a) Igrad u4 1 2 +	Iu4I] dx 

= rVTsU+ TdY8 U,,	 - -	 (23) 
rje

.,vu=f I a*11 1 u + 4	dS, 

-	T01 = ( 1+-T0t1 Ir 2)o.± (T1 + TO) g2 +(t1 - -r0) q2 >0. 

,1Iiui HCCj17OBH14R xpaex 3aga q MeTo)oM noTeHI14aJIa HcIJuo qHTeJmHo no.rLeaHa 
ene oHa o6o6uaionan 4iopMy.ua rpllHa; C 3TOR LC.1IbIO BBeeMu44epeHLua.rIbHbIe 
(MaTpHqHMe) onepaTopbl: 

-	A (
	

—ygrad	 - 

-	3X3 _________3X1	 - 
\dx/	 .-

1X3	 4X4 

tJ t gad- 

	

•	
-	 ()	

2	- HirL1 
io 

	-	-

ax at 
- 77	grad	,	 S

at 1X3	 -	4x4 

	

•	(1— eJ14HH qHaR MaTpura.paMepa 3x3),' - - •	 - 

LUx- -\ = L	- L°	-	 -	- - 

	

- -	 ' at) -	k ax)	3x' dl
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OeBI-io, OCHOBHaH OHOPOHR HCCTaII1OHapHT ciicTeMa (3) 3aHHUIeTCH B B1V 
(V=(v,v4 ))	 V	 • 

• L	 v	 0,
•	

V 

\x )t/ 

a crcTeMa (5) B BH) (U = (u, 'U4 )).	 • 
1 

L( 
9 

—,—iwIU=O, 
/	 S	 0 

r)C HCHO, qTO	 S 

A ()±ew2 
L3

L
	

• ax

ax 

-	 iwgrad	,  

	

1x3	-	 •	4X4 

	

Flyc(_, __iw) ConpH?eHHbIfl C L 
(ax-- , _ 1w) oneparop	 V 

A (-f--) + eIw2	,	---iwi grad s
 1XI • Ia '	\	X	

3x3 
Li—, —zw	

131

3x
y1grad

 

ii U = (u, 'ui), U = u, t 4 ). -- peryJlapHhle B 9 Be}cTopbl. HleeM 

u*L ( Ox	 ax 

[u*A( it — üA ()] + [u 4U4 U4 LiV 4] ± y div (u*u) 
. ax)	Tx 

— iwi)div(u*ü3).	
0 

CueyoBaTeJ1bHo, no opyie nBeprernnH (Faycca-OcTporpacKoro), noriyaei 
olOHqaTeJThIIo	 V	 V •

	 V 

•	

S	 f [u*L (—, _iw) —	
(	

—iw) u] dx	 S 

= f [URU — 0*J? 1 U] dS,	
V '	 •	

- 	 (24)	V 

rAe
•	 V	

V	 •	 SO 

S	 - V E1u=(Iiiu) S.	 fl1U=Tu-1wpiu4.an 

opyie (24) MOaRlio flHTb it gpyrorl BU. A miei*io 

f [u* 
(i— , 

1w) — U*L (, iw) u] dx	•	 S
ax 

S	=f [(.QU)* 91 1U — (U)* 9 1 U] dS,	
•	V	

(25) 

29 Analysis BdA, Heft 5 (984)	V
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re

= (11 1 U,. —u4 ), .9U= 
an

 U^ 
LU4), = (9, U, —u4). 

3. Paaioeiiue peryisipiioro peuleHHK. CB0t1cTBaxapaKTepncTllqecKnx 
).-JlapaMe'rpoB. OdHoBm,le JIMMM 

06Mqiu,m CHOCO6OM AoHa3blBaeTCH cieyioiiee	 [5]. 

•	Teoperia 1: Beicmop U = (u, v4 ) E C2() - peuenue oônoponooypaanenu. (5) 
•	ôonycaern pa3ulocenue 

U = (ufl) ± u 2 ; u4 ),	-	
1 

(A+Al2)(J±222)()0,	(4+2,2)u(2)=0,	 (26) 

•	 -	 rot u(I)= 0,' div u(2) = 0, 

20e xapaKmepucmu'ec?ue nocmoznnie 2k2((U) onpeOea1omc5C U3 paeencrne 

)2 + ).- 
2 2 = eocv2(l+ t2) +	(1 ± ), 2222 =eo	 2 + w4r3 , - 

•2	
'C	

:	
'C	 (27) 

2 —	- --
•	

- • 

3aecb	 - 
- - • •	yi7t1	2 +2/-f	1	 oro 

,00•T2 —	+	= - (t j -r- TO), Ta = —, 
C)

1	 • 
-	•-

3arb1eTrn1, n'o napaep e = 'C)')) 
• — ()H31IqecHas1 }coHcTaHTa H )JIJ1 6OJtbIflRH-

c'rua peajii.iu.ix Teil e < 1 [6]. Rorja e = Q, pea.Jrn3yeTcs1 nwmoe paaeJIeHHe noiief 
)e4)opMa1rn4 H enepaypi 14MM HMM pa3eJIbHyIo. (HeconpiaeHHy1o) Teopi-Ilo, 
npH:KoTopo 113 (27)cJxeJyeT	, .	 - • 

22=+.__0 ,	222=	,	232, ,_.	 • 
'C	,c	 2+21u 

' flci-io, wro 3TOT cay qaft He HPCCTBJ15[T ocoóoro IlHTepeca Ii 4aJTnecIu4 IccJie)w-



BaHile HpaeBbix 3aJa1 CBO,11TCR K 3aga qaM Kr1acdHecK0i TeopmH yflpyr'OCTH H
•TenJToupoBornjocTH B oT)eJmHocnI. flo3Tol1y Mime 6yCM flpeflOJIaraTb, qTO e > 0.

flpii HccJLeo6aH1IIr iipae BbIX 86at1 AJIFI -clicTeM (3) H (5) cyIuecTBeHno Bwmiyio
OJTh mrpaIOT cBocTBa napaMeTpoll Ak(W), 3aBncguHx OT Hoa4xrnwieHT0B ncXogHbIx

c146TeM H44epeH1HaJIbHbIx ypaBHCHHt 110 4op1yJ1a1 (27). BTH cBoficTBa 01111CM-
BaIoTcIl CJIJ1OLUHMU .IIeMMaMII.	 -	 - -	• ' 

JIeMMa 1: Eciu w> 0, e > 0 (cmatuouapnue 'Colte6anua Oiii conp.dscennoü Cu-
mo 2 1 2 u;22 2 — 'Co.tnIleicKue 'zuciia.	-	•	 - 

0 K a 3 a T er h CT B 0	onycTHB npoTI4BouOJlO?KHOe, cor.naciio (27), liBaApaTf.loe
ypaBBel-ule 

	

-- 
l
eow2(1± T3) ±. (1 + )] Z ± IoJ4r3 +	ow2] = 0
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oJuIcHo J4Mem ge fICTBHTejibHuii KopeHL Z = x, qTO B CBOIO oepeb, AaeT 

oc 

eOe)	2	2	
5 

—ow(l+t2)x+w4 T3 0- 

Orcioa iierHo ciiegyCT flOTHBOflOJiWfHO	 S 

L006 + 
e(1±e) (r

1 —	= 0 (r 1	t0 ^	 S 

3aIeT14M 3)ecbe, 'iTO ecJm O1 HOB P MCHHO He Y)OBJ1TBOP11TCR COOTHOIUeHHg 
('no MN F! öy)eM me,

	

 -	 S 

	

•	

•_ 1	;E•	-	 + e	• -

	 S	

.5.. 

2	1 + €'	- xVo2(1.+ t2)2 —4r  
Tora 2	A22.	 - 

TaxHI o6pa3oM, B c.uy'iae ci'ar.iouaprnix xoJie6aHH1 A l 22 - KoMnJIeKcHbIe• 
, 4n4cJla, jonyeaIonHe ABa 3naa Ii, .cJIeoBaTeJ1hHo, Bcera MOHO c'mTam, 'no 

	

ImAk >O,	(k=1;2).  

lemma 2:-Eciu s == 0, co = ii, -r =a > 0, mo napa.4temp&1 12 u22 2 ne o2ym'6urnb 

	

-S neompuLamedtbnbiu.	S	
- S 

•	LoRa3aTe.nbcTBo: OHO HenoCpeCTBeHHo cJ1eyeT 113 CoornoluelnIft /'(x)>O 
• (X 0) H /(0)'=	+-r3>q, rje /(x)	x2+ [(1 +ri2 +-( 1 +e)]x	S 

JIeMMa 3: Eciui 6 +0,.w= i-u, -r =a +ig(o> 0,q==0) mo napaitempo z, 
=	(Ic = i; 2) ne .wym 6umb neompul#amedzbImMnL.	S 

	

• -	 ,LoKaaaTeJ[bcTBo: z1 ia z2 -- cor'JIaeHo (27) - 'HOpHH HBapaTnoro ypaBHeHILa 

Z2 ± [ooi + TI) T 
+ 1 ± 

Z ± [	
+.T3T2] =	•	 - 

II C.T1H Z	- )eicTBHTeJtbHh1l HopeHb, TO 6y)eM llMem.	 -	"	• 

- -	

-	 1'+2ciro	.	 . 
,	(q.40).	-	-, 

x(1+1 
<0 

	

2 )	 •	

.	 - 

Tarrni o6pa3oM, z1 H z2 14.1114 H0MHJ[eRc Hble, n.rn ?He e1cTBHTej1bHbIe oTprn.aTe.11b- 
HUe ql4c.JIa I	•	

• 

JiLenco 3aMeTI4TU, 'ITO 2 2 H22 2 JUIUU BTOM cJry'iae MO1'yT 6hITb noJ1OfcHTeJIbHbxMH 
'IIlcJIaMu ' ('ITo HeHceJIaTenbHo), icora Zk = ak2• 1, ak> 0 (Ic = 1, 2), = a - iq., 
CJ1eJy1onaH .iieIwia HCKJnoq aeT 14 3TOT cJiy'Ia. 

-•	

-	

-	 -	 •	 • 

	

•	JIeuia 4: 'Ecjiu e == 0, co = i-u = — q ± ia,a > 0, mo 6 sounAeKenoa noityn.iio-
• ,cócmu Re T>	206 -	-	-	 •	 - - 

•	= max { Ø}	= : o[2 -- (1 . + t2)(1 + e)] ,	.	(29) -	 [eox + (e-r 1	-r0)] + 46riro 

29*	
5
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• napaJieempb 2k (k = 1, 2, 3) o61ia3aom ceotJ,cmeau 

l.Im Ilk >O, 
3	 * 

- 2. H 2k 4 0, A + ,t2 + 231 
•	k=l 

3. A,, = 4(r) - auaiiumu'ecue q6ynvquu -r, Oonyciaiozque	4(r) = O(Irt),
npu -r - 00. 

ORaBaTeJIbCTBO: LIui 23(1) =  

	

fy	3T11 cBocTBa o qeBliHM B flOJlyflJIO- 
 

CKOCTH Re'r > 0. HoHaieM lix C[IBJIHB0CTb Ii jJIH 2 H 22 . FIieet 

=	(1 + t2) T2 ('l.+ e)Ix	 (30). 

rJe	•

(31) 

iTerHo BHCTb, qTO HyJrnMH I kHCKPMMMHaHTa d(r) HBJTH}OTC$T 

= :E i	 ' 
-j [eo' + (er 1, — xo)] 2 + 4e-r1r0 

re

d1.=	(1 + r2) (1 + c)— 2!] - ( 1H-)2 [

	
+ r2)2_ 4o TO] 

= 4O [(1 ±	
(Ti - TO) +eoe] <0.	 •	- 

OTc.Ioa ficHo; qTo ecui Re r> CFO *, ro paLwEaJl B (30) iie rioae'r, !lMerb ToieK 
BerujieHufI (d + 0) it BbI6paB cooTBeTcTBeHHo BeTBM, MoeM. C4I4Tam, '310 Zk(T). 
(k = 1, 2)' -' 	4yHH[I4H T, Z1 IF Z2 , Z(T) = O(rj). CJ1eJWBaTeJHHo, 
42(r) = Z(r) 'r	j[ - auauTI4q KH eee 4yHKwH i r Ii 42(r) = O(Ir 2 ), H TaK HH Zk -4 0, - 
-r 4 0 M0?HHO npeir1OJ1araTb, qTO 4(r) - aHaJIHTH qecHI4e	HRLIIII T H cr1paBe)-



JIHBhI oieHFL-i 4(r) = O ( r I), k = 1, 2. - 1-1aRoHeL, Zk('r) (k = 1, 2) KH aaamii'ieeiae 

(!)yHR11411 -r B rIoJIyrIJIoCHOCTH' Re r> C7 ) I He M01'yT 3Cb coBnaaTb C BbIpafceHI4-
liMB B14JI ak2 'r , XOTOpbie He HBJIHIOTCH aHaJTHTWIecKHMH	HHHHMII T. 

Ta1Ii3l o6pa3oM, M0K}IO HoHcTaTHpoBarb, '3TO B yHa3aHHOIi H0JIr1JI0CHOCTH 2k2(r) 
- will HoMlIJIe}cdllb!e, [ijill me JetcTBuTeimHbIe oTpIILareJ1bI-lbIe inc.ita, ii noa"oliy. 
cera Moa-mo c qBTaTb, qTo 'liii 4(r) > 0 (k = 1, 2) I 

- ,

	

	14ccs1eoBaHIe rcpaeix 3aAaq eyuecTBeHHo onHpae'rcli Ha , BbluleyKa3aHHbIe .uere-



MU. 

4.' Teopeiii euncTBeunoeTH.	•	- 

- (1)ynaMenTaJIhIthIe pemenuR II OCLIOBRMO II0TCHIffaJI11 

IIOCTpoellHEaft maTemaTjI qeCKHf1 annapaT H03B0JmeT TaH He, HaK B HJ1CCIiCHOM 
c.nyae [5], H0BCTH nOJiHh11 MaTeMaTH'3ecK11i aHaJIna iipaeix 3aAai BO Bcex 
cJly'3alix: cTauBoHapHbIe Ho.ue6aHllrI, nceBoHoJ1e6aHHH ii 05ue HHaMHKH. 

OCTaHOBHMCH BHpaTge Ha BOIOChI eHHcTBeHHocTH pemeHll}T. CouJIacHo 'reopeMe 
1 n i1eM1e I HBeeM	 -
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Onpeie.IeHHe 1: PeryJmpHoe B 6eCKOHeHO O6JIaCTH - = E3 \ pemee 
U = (u + 01 , u) ogHOpo)HoFo ypaBHeHHR icoie6anna (5) (co- . --;; 0) y;foBjieTBO-
pfieT YCJIOBHIO mep.4wljlnpy2oeo usAyueum ma 6ec,coKeaowcmu, ectu co6uo)ernJ 
aCMHTOTH9eCRHe OIHHH	 - 

	

•	(

t(1)(x) = (Jx),	 = 0(1x2) - (k = 1,2,3), 
u4(x) /	 Xk \ u4(x) I	 32 

	

-	u(2)(x)	 I 

u(2)(x) = O(IxI'),	Ixl	
- iAu(2 (x) = o(1x1'), 

re	•- flOBBOHH HO Hanpaa.neHmo payca BeHTOpa To q icH X. 

TeopeMa 2: Peeyiiipn e eecmop U = (u, u4 ) E C'(-) n- C2(_g- ) - peute-
nue onoponoà cucmeuu )coIe6anu. (5) (w > 0), Y806Aem6opAioufua , ua 6eceuenocmu 
yci08uo u3Iy'enui u Oonycmumum oônopoOn&m xpae6b&A ycJweuP (cm. [5]), ecnm 
moscôecmeenn&ü nyJib C  

,L oKaaaTeJIbcTBo Teope.mM HenocpecTBeHHo' CJIe oTAYeT xa ToKgecTBa (21), Ha-
nHcaHHoro Ajifi o6iian 9R = - n 111(0, R), re 111(0, R) - map c 1HTPOM B 
Haqajie HOOlHT 0 II pa!ycOM R (CM: [5: CT. 242-243]) I 

,Lji . BHyTpeHHHXapaq KoJIe6aHBH (in ioiie'quo14 O6iaCTH 9) eopeitii ern- 
CTBeHH0Cr14 He UMeIOT MeCTa II HP!flIOTCH Ba Cq T nonBJleHuH AHCHPeTHoro CI1KT0 
qacToT C06cPBeHHMx IO31e6aHHi HKOTOPbIX rpaHHMHbIX 3aga xi gim MeTaFapMOHH 
qecKor'o ypaBHel-IuH. 3To uCCJlegoBarnie UOBOHTCH aHaiorI4 qHo cJIylaIo lcJIaCcll-
qecioü TepMoyBpyroCTH If ocHoBhlBaeTcfl TaHae Ha 4opMy1e (21) (CM. [5: CT. 243]). 

TeopèMa 3: Peyizpn&z e 9 eecmop U E C'() n ç2(9) - pewenueoDnopoönoi 
cucme.0 ypae;tenui nceeöo,wite6anu (5) (co = it, Re t- > 0), yaoeliemeOpaioufuii o8- 
nomy u3 aonycmuMbzx oOnOpOanbiX 2panurnbzxycJi0euü na S, ecmb mocOecmeennuui 
nyib.	• 

oKa3aTeJibCTBo HenocpeACTBeHHO C.neyeT 113 ToHeCTBa (23) (CM. [5: CT. 
245])I	-	 - 

B Ba}cjno'leHMH 3aMeTIIM, 'nO teopea 3 OCTaeTCg B Crnne ii gim 6ecicoHeHo1 
06aiacTH 9- (BHeinHne 3aaqH), ecm pemelilsie U = (u, u4 ) YAOBJIeTBopfieT H a Sec. 

KoHeuHocTil acHMnToTnqeC}dHM yCJL0BHHM 

au 
U = o(IxL'),	= 0(x)	(k= 1,23).	 (33) 

	

axk•	- 
3aMeTHM, 'iTO Bmg acmmnTOTjj qeCHHX yCi1OBHk (32) in (33) 06ycJIoBeH TeOpemoft 1 14 
JIeMMaMU 1 H 4.	 - 

TeopeMa 4: Pe2yiupn&ü c iuiiunOpe 11., cenmop V = (v, v4 ) € CI(L) n 
- penzenu o0nopo9nou necmaiuonapnoü cucme.%t& ypaenenus (3), yaoeiiemcopiuo-

avi 
UfUI1 oanopoanbi.4t na'aJibn&M ycJtoeu5.	V0 =

	
= 0 u coomeemcmeyzoufuM 

Oonycmuit&	paeCb2.4t yCJZOCUJ1M na S. eCMb nzocDecmcenn&i nylib. 

	

Loa3aTeJtbCTBo: OHO ciieyet n	OMJthI (16). EecTBL1TeJ1bHo, Cor.rlacHo 
HBbIM yCJLOBHHM MV = 0 ii i'iii 6yyeM HMeTb 

[1(t) + o'(t)]	_f {y(t_T) (v)2 + -- grad V4 1 2 ] dx	0.	•' S 

5'



F' 

454	T. B. BYPqYJIA3E 

C.ueoBaTe.nbHo, (t) + '(') - IeBo3pacTaJonaci yrni.wi I ^! 0. C gpyroft CTOpO-
fib!, RBE iierio aaMe'FMTb,	(0) + k 0'(0) = 0, H noaroMy,	+ '(t) ;^; 0 npii 

•	I^.0; ii TaI HaK	(I) :^t 0, oTcioya noiyiae	'(I)	0. 11rai,	I) — H,eBo3pa 
•	cTaIouaH 4yHHIHH I H .(0) = 0, qTo corJlacHo (15) aeT	-_• 0 (x € , I ^ 0). B 

•	CBOIO oepeb, oTcJoa caegyeT OKOH qaTe1bHO V	0 (x € 9, I	0) I' 

TeopeMa Bepila H jui BHeUIHMX (m 6ecKoHelIofi o5racrii jHaaJIbuo-xpaeBb1I 
aaaq .	/	 •	 S 

FcaH XOOEIIO 113BCCTHO, AJIR aajaq Conp${?fceHHoii TepMoynpyr'oCTH (HaI CTaIUI0Hap-
iiix, TaK n o6u,rax jiivaiiiqec!. ix) Ha cerona!uHI4i1 AeHb ilMeeTca AeTaJtbHO pa3-

•	paSoTaHilaK 5 MaTeMaTU4ecKaH TCOH1[ paapeWIIMocTM, TalcaR ace o6na,i, iwopa 
HMCCTCH Jjur 5aaaq }cJ1accn qecHo TO[1M yr!pyr'ocTH. I'IToroBble peayiamx aTOrO 

•	• HHBBJIHMH H31o?KeH!,r B paSoTax [4, 5]. 
FIaoclloBaHMhI BbImenaJtoaceHHoro, )aJIbHet1une HccJteJoBaHE1K no}ca3aJM, 'ITO T 

,ice MeToJI,bI (MeToJ ' uoTeHLHa31a, Teopim MHoroMepHb!X CuhIryjIapHaIX HhhTFJIbHbIX 
ypaBHeHui, •uHTerpaJLbHbIe rrpeo6pa3oHafifia Dypbe ii JTarIJiaca-MeJrJuhI1a u ;xp.) 
BO3BOJIRIOT rIocrpoHTb 05i4yio MBTCMBTH'ICKyIO Teopmo 3EIIHMOCTM ,CTaIn0Hap-
HhIX ii iiecraiuoiapimix u\JTH npoGJIeM coñpnaceiiiiot Teopull Hewlaccli I - 
xleCHOA TCOHH TepMoynpyrocTl!, ripeATioMeHHq FpnHoM H JTuHjceeM. 

B HalUHx I4CCJregOBaHHHX OCH0BHyI0 pOjib Hrpaer MTP H U (fyHJaMeHTaJIbHbIx 
peiuCHIlft paccMaTpllBaeMoro JHhepehhIHaJI1Horo onepaopa H jpyrHe dnHryJIfip-
Hhle pemefilla. 3aMeTMM, qTO 3TH ' pemefillH CTpOHTCH HBHO B 
I11flX, 'ITO oco60 BaacHo gJM))e1THBHOrO H rIpH5J[HaceHHoro uocTpoeHHH peuleHuli. 

Ma'rpiiva yHaMeHTaJLbHb!x pemeHHt onepaTopa i (-_, -_iw) ilMeeT BH [5] 

•	(x, —1(0) = 1kj(X, 2w )II4xI = 
L (-_, 

_1w) p(x, —iw) 
ax 

• •	 = to . (_ .. , _iw) (4 + A) p(x, —1w)	4 (-k, _) (x, —1(o),	• S 

re 
L (-.- 

_) — npHcoepuHeHHaa (coIoahiaa) c LMaTpIua	 / 

1 1-, —iwjL ---, —twj = LI—,  
\ax	1	\&Xs	/	 /	\ÔX 

= I . detL(	_i(o) I .2 (A +2)(4 +A32)H(4+k2), 

1 - eurnnqHaR MaTpnLa paaepa 4 x 4 , L	:1w) = Itkj IJ IxI , LkI (ax 
- - ailre6pauqecHoe gonOJIHeHme a.rreMeHra L;k B MaTpHIe L (__ —1w, (x, —1w) 

•	 e1xI	 S	 •,	•	 S	 \	 /	•	•	- •	= ' a-----, ak — BHOJIHe onpeeJIeHHb!e nocToHHHMe; OHM UOO6paHH Talc, !TO6b! 
•	k=1	 S •	•	• 

vacTnbIe flp0113BOgHhIe 4-oro rropa HMeJrn 0006eHHOCTB Blla I xL' . CnpaBe-
•	JIilBO cooTHomeHue, b(x, —1w) = 0*(_X , —1w), re (x, —1w) MaTpma yHa1ueH. 

TaJIbHhTx pellleHuI conpHaeHHoro oneparopa 
L (--, 

_iw).	•. 
•	C flOMÔhIb1O 4yH)aMeHTaJIbHMX pemeHHf, HaK o6M qHo, CTPOHTCR OcHOBHbIe hOTeL!-

• IHaJmr HeKJIacdH qec}coi TeOPHH TepMoyrlpyrOcTH:	 S	 '	 S • 

•	
V(x, t-p)	f (x - y, 71w) p(y) dS - rioreiuuaii npoc'roro e.iioui,	•	•	 S 

•	 5,	
5
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S	 - 

•	
1V(x, q, ) = f[(_ n)(i —x, _i(o)]c7(Y)dS_ flOTeHlUiaJIJiBOriHOrOCJIOH, 'S 

M°(x, )= f i (-.:_	- x _zw)] q(y) dS H 

M((x, ) = f	(--, n P(y - x, —1a)1 ,(y) d,S --- noTeuLHaJn.i cMeulaxiHoro 
L \ Y	I	 J 

U(x, ) = f(x - y, —ico) V(y) dy - o6e1Hhrftr1oTeHIna. 

Hcc.jieonauue 3THX noTeHLHaJIoB, a TaRme ripumeHetme B TCOxiui RpaeBbIX 3aaq, 
Ha OCHOBaHUM MaTeMaTn qecHoro annapara, H0CTpOeHH0r0 Bbrn!e, OCyuecTBJrneTCH 
TBR ?fie, HaH B HJIacdHeCKOt Teopilil TepmoynpyroCTH [4, 5]. TaHHM o6pa3OM, Bce 
pe3yJlbTaml, .flOJI1HHbI B [5] no eopiiii 1acdHqecHoi1 'repMOynpyrOcTxi B ciyiae 
HojieöaHHü H nceBoHoJie6aHith ocTaHYrcH B CMJ16 14 B paccMaTpiiBaeMoM . cJiyae. 
LITO IacaeTcfl HecTaLHOHapHbIx 3aita q o6[Ieii )HHaM14KH, OHM B T0I111 HexiJIaccxi-
eccoii Tepmoynpyromi , Tpe6yIOT oTeJIbHoro xiccJTgoBaHHH, TaH IcaH HanpilMep 

xeepoe ypaBHeHHe exicreMbi (3) He napa6onHecHoe, a rnnep5oJniecHOe ypanHe-
Hile oTHocliTeJIbHo v4(x, 1). COOTBeTCTByiOUIIM 0pa3oM 6y), MeHRmcH, HanpilMep, 

CJIOB14H corjlacoBaHxixi" xi T. A. [5]. 3gecb óojxee ITOpO61-10 Ha 3TOM :ocTa}IaBJui-
BTbCH He 6yeM.
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