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06 acIiMn'ro'rHxe IPYIIKqHH rpliHa H sep llyaccóHa cMemanHoilnapa6olm-
qecRoi	B icoHyee II') 

B. A. Roaios 

. , 

Es werden aligemeine Randwertaufgaben für 2b-paraboliache Gleichungen im mehrdimensio-
nalen Kegel betrachtet. Für die Greenschen Funktionen und die, Poissonshen Kerne-erden 
pun ktweise Abschatzungen uhd asymptotische Darstellungen sowohi in der Nähó des Kegel-
scheit.els als auch fur t -+ co hergeleitet 
PaCCMaTpHBaIOTCH o6ne HpaeBLie aaa qajJix 2b-napa66jiHeces1x ypaBHeHwt B MHOFO 
MHOM Roffyce. HonyeHM TO tte,4HLie oLeHHn, a TaHme acnMn'roTHRK B6JnTBH BepWMHM 
icoHyca is,npn t no JJ1H ()yHHUHft rpuHa ce FiAep flyaccoHa. . 
General boundary value problems for 2b 'Parabolic equations in a multidimensional cone are 
considered. Pointwise estimates as well as asymptotics near the vertex of the cone and as 
t -+ no are obtained for the Green functions and the Poisson kernels. 

HacToHnaH CTTbH 51BJ1HTCH llPO0JD1HHM pa60TbI [4], POCBameHHolk xayenio 
aduMrxToTlivecKoro noejeøx pemeHul 2buapa6oi HqecxofJaaaqa e IcoHyce. 3ecb 
natleau no.iiHbie aduMn'roTwieclwe paaionex 4YHKIIHH rpHHa G(x, y, 1) II 
Hyaccoaa Pq(x, y', t) cOoTBeTc'rBeHHo B aoHaX gh/2b	mm (lx i,: lyD,, t1I	> mm (l xi, iy'l). 
Ha HHX, B qaCTHOCTH, BbITeRaioT acHMnTOTHHu rxpx t - no lUflI B6JIHBH K9HHecRoft 
TOqHII npH 4HRCHp0BaRH0M 1. Kaic ciiegCTBHe noiy'caloTcx To'ie'iubie oIeHKn AJIR G 
H Pg . 3'ru oEeHKM ii aCHMHT0THRH BMecTe C npeACTaBjieKnem peménisa HaqaJIbflO. 
xpaeBol napa6ojiH qecKA aaJaqH, HatJeHHMM B HYHHTe 4.9, MOry'r 6irri ndnOJlbéo-
Banal, HanpilMep; npn' HCCJ1CJOBHH11 paapeaulMocTu B niaccax	n renajepa n 
adnMnToTHecnnx CB0ItCTB pemenntt OTOfk aaaqn. 

OCTaHOBHMCR HpaTRo Ha CTpyHType pa60TbI. B nyiiwre 4.1' AaIOTCR onpeeiienna 
4yiiiuiai FpuHa 'n xjep flyacôona. 14xcyujeCTBOBaHHe yCTaHaBJIHBaeTCH B HYHKT 
4.2. B nyith're 4.3 HHB0HTCH OCHOBH1.IC peayjibTaThl pa60Thi (Teoper1bl 4.1 n 
novopaie AoKasEaMOTCH B HY11RTX 4.4-4.7. CJ1eICTBHeM OTHX TeopeM EBJIJHOTCH 

0U HHH 4yHKIHt1 0 n Pq , nOJIyeHHaIe B nYHKTe 4.8. B aaKino tuffenbnoM nynwre 4.9 
pIH HaaJ1bHo-KpaeBoi napa6ouiecno1l aaan B nonyce H&X0lI1TCR npecaiienxe 
pemennx qepea npaaie qacTn B BHe }mTerpajlbHblx onepaTopoB. Hpa BTHX onepa-
TOOB RBHO BhlP?1IOTCH vepea 4y HHwno rpnHa H npa ilyaccoHa. 

OTMeTHM B aan.qjoqenne, 'FF0 B cTarbe CYIICTB8HHO HCH03Ib81OTC$l P8YJILTTIA H 
o608HaeHHx .pa60Tai [4]. 

§ 4. ACHMIITOTIIICa YHRIIHII rpllHa ii siep ilyaccolla 

4.1. 0npeeJIeHno 4ymnlua FpHHa H aep ilyaccolla. llycm K — H0HC B flpoCT-
pance ER", naipeaaionufl Ha eWH}l'mof cepe o6naCTbQ C rJ1alK0l rpaHHtIetl 8!?, 
(r, a) — c4epHqecnHe HO0HHT& TOqKH x € ER". Tonn rpanni 8K \ {O}, 8!? 6yJeM 
o6o8HavaTi, qepea x', v'. flycTb em* 6 Q = K x ER.,., 1' = (8K \ 'O}) X ER,..	- 
1) Teil I der Arbeit erschjen in Band 81 Heft 2 (1989) dieser Zeitachrift.
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PaCCMOTPHM cMemaHHylo napa6o1HecHyIo aaay 

u((X, D, ) u =/	na K x ER,	 .	
1) 

£'1(x', D, ) u =	Ha (K \ {O}) x ER	(j = 1 1 ..., 

rge oneparopw 4(x, D, p), c.(X, D, p), p E C, YOB1TBOHIOT YCJIOBHHM I H II 
[4: § 11 (aecb H Aajiee npenoJIaraeTcH, q'ro (DyHRLHH /, g,, u paBHII Hyiio npn t <0, 
HOOTOMY HavaJnHMe YCJOBHR He CTaBHTCH). 

B pa60Te [4] 6iuza BBeAeHa conprnienaa npaean aaaa

KXER, 

c4*(x, D, ) v + £7k(x', D, ) v1 =	Ha (K \ (0)) x ER (4.2) 
1jbm ...........	 . 

(k = 0, 1,.:., 2bm - 1) HOO6HIIe H 60iee o6iwie aiiurnwiecniie npaeie 8aJa!H 
i. B o6iIacTH C rjiandfl rpanie ucciegoarnc	pa6ciax [1, 2 5] (n n o osoynapa- 

60jiuvecnux aaav CM. [5: cTp. 528]). 14a onpejeIeHHH oriepaTOPOB xpaeBon aaaqn 
(4. 2) (cm.- [4 § 1]) BuTeIcae'r 4opMyJla I'pHua 

f (4(,) U(T), v(t - r)), dT + .^'	f'(, (a, ) u(r), v,(t - T))K dr 

JR	 1jbmJR	.	.. 

f (u(r),.A(c,)'v(t - T))K dT.	. . 
JR	 . 

+, .	f(D,ku(r), k!(t) v(t .- r) +	7k() v1(t -	dr, 
0k2bm-1 ]R ,\	 .	..	ijbm	 J.K 

dnpaBeJIHBaR gan 4)yHRrHfl u,v e C0 '(( \ {0}) x ER) H v1 € Co-((OK \ 10}) x ER), 

paBHblX HJHO flH t <0.  
C noMolublo onepaui , ,aaMLxIcanHH" ary, 4)OpMyIy. MO)BH0 paCnpOCrpaHHTb a c.meyio- 

nine uiacciz 4yHHLHa. 
a) flycTb € ER, u E p2bm.m(Q), V E	m(Q), Vg € I . p81 25bm(1), rje 8j = m5/2b ± 1/41'. 

Tora cnpaaeinaa ()OMJ1 (4.3). 
6) flpenoJ1o,wM, 'ITO AJIH HKOTOIJX (DyHH1Hfl 9,, 9, € (J0 °(K \ 10)), Taxux, 'iTO qtp = 0 

HMeI0T Mecro BKJII0 qeH}LH (1 - 97) u E W 2bm . m (Q), (I . — 9,) v E v5 € '-.bm(fl 
(aeci, 8. re me q ic.na, 'iTO 1! Bnyfi}{Tea)). flycm enë u, v E 2)'((K\{O}) .x ER) nu=.v=0 
npH t < 0. Tora dnpaBeJJIHBa 4)opMy.na (4.3). flpR BTOM xjiacC 4)yHR[U!a 2)'((K\ to) x ER) 
o1rpeJeIHercH CJ1IIOUJHM o6paaoM. IlycTb ç(x) = dist (x, aK)/IxI, x' - 6J1MaflmaB K z 

oqxa rpaniw K\ {0}. Ecrni € --- MaJIoe noJlo?MuTeJIbIIoe qHCJIO, TO Q9, x') - rJxatuHe xo-
opnHHamI B 0, = {z € K\{O}: p < e} . (DyHx1nR u npHHaJ1e?Kwr 2)'((K\(0)) x ER), ecmi 
u € 2Y(K x ER) H IIPH HeROrOpOM e, e> 0, cy+ceawe 4)yHHIHH U Ha 0, UPHH1HHT upocT-
paHCTBy C°°([0, e); .7)'((aK\(0)) x ER)), rje [0, e) - oTpeaoK HaMeneHBfl HoopnnHaml. 

Oup ejei en K  4.1: øyniuea rpuKa 3a8a'Iu (4.1) naaaisaerca 4yHu1us1 0 = 0(x, 

Y3 t), npnnaienawan flH 4HHCHPOBaHHOM y € K HPOCTPHCTBY 2)'(K X ER), paanaa 
Hyrno npu 1 <0. CYIUeCTBYeT )HRLHH ç' € CO (K x ER), paan eAHHHiAe B ORpeCT. 
HOCTH TOMXH X = y, £ = 0, Taican, qTo' (1 - 9,) G(, zi, • ) € 472bmm(Q), k_ <p +-71/2 
- 2bm < Ic. Hpone TO1'O, .)yHKqI4H G( . , y,.) Y)WBJ1TBOPHCT aaae (4.1) npi 

-	. 
On p e ei e H 14 e 4;2: HOpoM HyaccoKa aaôa'Iu(4.1) HaahlaaeTcn 4yHRI.HR Pq = Pq(x, 

!/', 1), q = 1, ..., bin, npajiencawaa HH 4WRCI4p0BaHH0M y ' € aK \' (01 UpOCT-
PHCTBY	'((k \ {0}) x ER), .paiiii HyrnO 'npn t<0. Cyuecrayer 4yHKtHn
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'p € Co'(( \ {O}) x ER), paBHaH CHHHLC B OHpecTHocTK TO qICH 0 = y',	0. TaKafi,

rro (1 - ip) Pg(•, y',.) e W2Z) m .m(Q), k_ <fi + n/2 - 2bm <zk. RpoMe TOI'O, 4)yHK 
wrn P( . , Y', '-) yOB'FBOpflCT aaaqe (4.1) npu / = 0 u gi =	---. y') ö(t). 

0npejeieooe 4.3: Pynxzueä rpuna aaöa'u (4.2) uaai,zoae'rco Ha6op 4yiixwi 
11* = {G*(x, y, £); Pq*(z', y, t),q = 1, ..., bm} paBHJx Hy.TuO [1PM t <0. flpH 4)0000. 
p0BaHHOM y E K 4)yHKIHH Q*(., y, •) npHaiewr 2)'(K )( ER). CynecTByër 4)yHKI1!g 
q E C0 (K x ER), paoao elH}ue B OKpeCTHOCTH TOVHH 0 = y, t = 0, TaRaH, 'iTO 

(1 -, 9) G( . , , .)	472bm.m(Q), Pq (•, y, ) € .J7p2b8q.8q(fl	m , 8q =	/2b + 14b, re 
k_* <8 + n/2 - 2bm <k+*. KpoMe TOI'O, HaSop 4)yHKIH 21*YAOBjieTBOP qeT aa-
gaqe(4.2)npn/*= (x_y)ô(t)Hg*=O.	 •0 

FIa oasecTHux peayJlbTaToB 0 JI0HaJIbH0M noBhrnIeInlH rJ1aHocTH pemeHHt napa-
6oio'ieciwx ypaBHeHHt BHy'rpo oóJIacTu H B ORpecTROCTO riaoofl 'iacTHrpaHrnW if 
118 npeJ1oHceHHt 3.5; 3.6 pa50mi [4] B1.rreoae'r eAHHCTBeHHOCTb : 4)YHIKIjKIk Ppima i 

ep flyaccoHa Ii lix HeaaslfcuMocm OT (DyHKIH1 9) ii V.	•.. *. 

4.2. CyuecTBoBam1e 4)ymcIiift FpHHa H iiep ilyaccolla n neooropbie HI CBOACTB8. 
floJIy cmM HCCTBJ1CHHH 4)yuKii1l Fpunà ii . ngep HyaccoHa; 08 HOTOp1ZX, B VCT-
HOCTO, 6yCT BbITeRaTb HI Cy1IeCTBOBaHHe. BBeJeM gan BTOFO BduoMoraTeJibHyio 
napa6oio'iecityio aaa'iy B o6jiacru C riajuott rpaHHIett. .. ..	. 
- 0 3aiopoa&iri xoa rnoenmi y onepaTopoo 4, Vj no nepeeoo r upu r = 1, 
uwJy'iHM ouepaopz % = 10(w, D, D, s,),	= 8 0(w', D, Dr. as), x034)41ii.HeHT& 
HOTOPHX BC 8BHCHT OT r. J.1yCTI. €Q — MaJIoe nono}HHTe.mbHoe '100310,	i(r) - 
SecxoHe'mo AH44epeHqHpyemaji 4)yHKIuH, pasao eunoie npu Ir11	2co o

0373110 npo ft — i ^ 3 0 . Hoiooiizi j = to + ,1(A - Io),j = jo + ,j(Z', - 
Ilycm eue S 1 — OwioMepoaa oopyornocm, uoiy'iaioiiaHCH 08 .oTpe8}Ca [1/2, 3/2] 
oTo)oecTBJ1eaHeM ero }[0HLOB, X = S x Q. Torga	, MOH(HO paCcMaTpoBaTb

oax onepaTopbl C FAHHMH Ko94)4)HU0eHaM11 Ha cY XR. Ecrn e0 — JOCTaTOHO 

aaoe VHCJ1O, TO KpaeBao aaa qa	 I 

91u=/ 0 na	XER,	 ' 0 

.	 ..	

0	 0•	 .—	
,	 0• 

• 93 jU=g,	Ha OYXER	(j=1,...,bm)	.. . I.. •	• • . o	:"-' 

fiBjifleTcu napa6oio'iecoo. 060aHa'iHM 'iepea S = (x, y, 1), 8, = y',t) 4)yño-
IHIO rpuHa ii ojpa IlyaccoHa OTOt aaavo. FIx nccJICoBaHoe Ann OP&HH'iHHh1X 
O611aCTC1 c rjxaAHoft rpaHuLe1 IIPOBCCHO B paóorai [3, 6, 7]. C4)6pMyJrnpyeM ue-
O6xOnMNe HaM peayJlbTamI. . .

	
0•	 0	 . 

yHIHH ra aaa'io (4.4) cymecTByeT, sIBJIHeTCH 6ecoone'ioo lUl44CpeHiUipy. 
eMO1 Ha MHOBceCTBC Y XY X ER \ {(x, y, 0): x = y, y E YJ 4)yHorHet H J1JIf1 Bee cnpa-
BJj8bI o[eHo0 

0	 D;D	k$(x, y ')I	
0	 •. 

5, ctm_1	(n+I+I,'I)l2t1 exp (c 1t - a0 lx — yI2t'	t_1/(2b_1) 	(4.5)


FJCC, c, a0 - nn?H 

	

oOwreJlbflble 0000T&BTbI.	.. 0 

.Hpa Hyaccooa aaa'io (4.4) CylleCTBylOT, HBJIHIOTCH 6ecKoHemo . o4)4)epeuIopy-
eMNMH Ha MHomecTBe Y X Y x ER \ {(x, y' , 0) I : x = y', y' &°} 4)oiiornw ii 
BOX dnpaBeJiuBbI oLeHKH 

•	

. ,. -
	 DD a k3'1(x,	t)	. 

0g1k+(m,'u1+1)I exp (c1t - a0 lo	y1I2"I2'1 1_1/(2b_1)).	(4.6)
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COUOCTaBHM HpaeBOA aaaqe (4.4) C011HCHHYIO nap46oJ1Hecxyo aaay


2i*(x D, ) t, =	.	 .	 Ha Y x IR; 

91k*(Z, D, ) V + L' 8k(X, Di', ) v, = gk*	Ha af x 1R	
(4.7)


1jbm 

(k = 0, 1, ..., 2bm - . 1). OnepaTophi 21", 21k* ,	onpeeJ1rnoTca cejyiomM o6pa-




BOM (cp. [4: flHHT 1.3]). OnepaTop . 21(x, D, ) - 4OpMaJmHO conpluReH C onepa-
TopoM . 21(x, D, ). OnepaTophi 2Ik(P) = 9Ik(X, D, ) onpeeJ11IoTcH If CXOI 118 
paBeHorBa	-  

21*(p) xrv - xy2l*() V =	. 91k*(P) V® bj.,

0;5k 2bm -1 

rje,. HaUOMHMM,	- xapaITepHcTaec1a 4yi iii 06.JIaCTH J°, 'ôj. = Dôj. (v

- BHIIfl1flH HOMJIB H 3cfl. Aajiee, flOOJI?KHM rJIaxo Hoa44IfIueHTu onepaTopa 

Bile 0cY H TICTL	D, ) - onepaop 4opMaJlbHo cor1prnHeHRbft c 
TorjaonepaTop1	) = 8(z', D',) onpeeJ1rnoTcn BCXOH 118 CO0THOLUeHH H 

5,*() (vi ® ô8,y) =	8) v, ® ö5 
•	.,	 1km	

•0 

EcJIH k> m1 , TO noiarae	7= 0.: HeTPYAHO. rnçeTb,. qTo 9{*= A, 91k'! = c/tk*,

= cZ7k' flMjr, -1 <2e. Aimonepaopos aaa (4.4), (4.7) cnpaeiiBa 'op- 

MyJIa rJHH	.	. '	 . .•.• 

f (2I(3) u(r), v(t - r))j. dr + 2	f (8(3) u(r), v,(t - 
JR ,,.	 .-	 Ijbin IR

. 
(u(r), 21* (at) v(t - T))y dT	. .. •..	•,.	.	. ..... 

JR  

+ 	 .	g)i1(t.!_T)\	dT. 
0k2bm-1 JR	 Ijbm	I 

0608Haqmi& {'*(x, y, t), *(x', y, t), j = 1, ..., bm} .- 4yH11urn0 rpMHa eaa (4.7), 
i.e. pemenue aaai (4.7) C flPB1MH vacTnMJl / =	- y) 5(t) ugk* = 0. IIpHMeHHR 

	

OMYJiY rpllHa H YHHIHHM u'= (x, y, T), v = '*(x, i, r),v,	1*(z', z, T) no-
J 79aeM 4OpMyJIy	..	.	 . ..... 

'*(y,z,g) = (z,y,t).	 .	
.	.	

(4.)


HpHMemui fJOpM)TJ1y rpiuia H YHKW!HM u = S(x, y' , r), v = '*(x, z,,r), v, = 
Z, r) HHXOHM H PHBY .	

.	. .	. 
Z, 1) = c q(z, y',  

3a4nixdupyeM qqmiumo h € COI(R) paDHylo eHH1!re TIH I I I
<1,11 HyJIIO npi 

III > 2. flycm II E (1 - co, 1 + en). ByjeM 11CHTb 4yHRIH1O fpHHa H ipa ilyaC-
coHa aaai (4.1) B BHJ 

G(x, y, 1) = h(t) n(IxI) '(x, !l 1) + 01 (x, y ) 1),	 .. (4.9) 

'P(x, y', t) = h(t) i(IxI) q(x, y', 1) -f- P 1 (x, y', t).	 (4J0)


JJia onpeAeaeHHfi lyHmAHA Gi , P 1 noJly'laeM YPaBHeHH$I 

c40 = *5(x — y)5(t) — Ahi7S= /1	E& KXLR, 

= — 1h,3 = 0. .	 Ha (3K \ (0)) x ER
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H

c.4Pg =	= 1q ,	 na K X ER,	
(4.11) 

jPq = 61 6(z'	y') 6(t) - jh1 q = gjqi ia (K \ (0)) X IR 

	

..., bm). Tax naic onepaopii 4, 1 ii 	8, COBHaaIOTnpx Ir - i I <260 , TO

4)yHKgHH /i, /ql RBJIIHOTCH 6ecKoHe'lHO FJTK11MH Ha K X ER C HOCHT81IMH B MHOH(CCTBC 
{(x, t): Ir - fl	3e, to E Q, 0 < . t :!g 21, a 4yiirnnn g, g•qi - 6ecKoHeno riajxne

Ha MHomeCTBe aK x ER C HOCHTeJIRMH, cogepmamMmiacm B MHOneCTBe {(x', 1)11 Ir - 

3e0 , co' E ØQ, 0 :5 1 :!^; 2). 148 H8&B8HCTB (4.5), (4.6) BblTeKaIOT orenxn 
IDx Dv g kti(x,y; )I + L' •'D Dejkfqi (x,t y', )I


1qbm 

+ L' DD'g"g,1(z', y, t)j +	E jDD,hgjqi (z', y', t)I 1j0m	 1j.qbm 

c exp (—c1t'I(1))	 (4.12)

npHt E ER, z E K, z' E OK, I y , y'I € (1 - , 1 ± 60). 

flpnMenrnI K aaaaM (4.10'), (4.11) npeionenøe 3.6 no [4], nw1y1aeM, 'rro 
O(, y, ), Pqi(,	W2t3m+I).m+1(Q)	rno6iix fi E ER n 1 E No TaKUX, vTo k_ <j 
+ n/2 - 2b(m + 1) <k+ . JIH44epeHIxpy xpaiiie aaa'm (4.10'), (4.11) 'rid izejé-
MeHH1I y, y' x cnoBa HenojiE.Byn npej.monceHHe 3.5 118 [4], naxonM, rro 

DGj(., Y ), DP,.(, Y" ) E 4bm+l.m+(Q)	
0 

UPH I y l, Iy'I E (1 - 60 1 + co) , k_ <fi -l-- n12 - 2b(m + 1) <k+. B cniy OJHOpOgao-
CTH OnepaTopoB • xpaenott aaja'rn (4.1) ocioa BbITKT CyWeCTBOBaHHe YHKIHH 
rpnna nHep Jlyaccona aTOt SaAaqH fipH ncex y E K, y' E OK \ (0). 

flo.ny cmM flCCT&BJIHHH AJIII 4YHKLWt1 G,	q = 1, ..., bm. ByjeM 14X ncxam

BBHC  

G*(x, y, 1) = h(t) ,i(IxI) '*(x, y, 1) + 01 (x, y, t),	 (4.13) 

Pq*(x', yj, 1) = h(t) 77(Ix'I) q*(X',y, 1) + p;1 (z', y, 1),	 (4.14)


rje lyl, y'I E (1 - 60 1 + 60). DyHxIun G1 *, P 1 yOBJ1eTBOpH1OT Kpaenofl aaae 

	

= 6(1) 6(x— y) - 4*h7 *.= 11* S	 na Xx 1R 
G4*GI* + f Vj*kPi , = _4k*hn'* - E	=	na (K \ {0}) x ER, 

Ijbm	 1jbm	 ,. 
•	(4.15) 

npneM Aim eë npaBblxacTet CU8BIHB& oienxn DaD/a./1*(x, y, 1)1 +	'. 
JDD vøg'g 1 (z', y, t)l 5 c exp (cit_1I(_1	 S	 Ok2bm1 
flpmfeHRn K aajae (4.15) npéionenne 3.6 no [4], no3IyaeM, qTo npn I!iI E (1	€0, 
I + en), J.1rn ino6bix fi € ER wl E No no q neHni.aX yc.oBuio k_ <fi + n/2 - 2b(m + 1) 
<k,*, CTI8B8JAHBBI BKJ1IOlHHH 

Gi(, y,) E *p211m-1-Lm+1(Q),	P 1( • ,!/, .) E 472b8q.8g(J') 

re 8q = I + m,1/2b + 114b. OTczoJa ciieye cyu^eCTBOBaHHe 4yHKIHH rpHHa aaatni 
(4.2). 

B CHJIY egHHCTBCHHOCTII 4YHKW!H rpxHa ii ngep flyaCcoHa H B CKJIy OH0POJHOCTH 
onepaopon aaatin (4.1) CflBJ1HBN cooTHomeHilK 

G(ax, ay, a2tt) = a(m_l)_ G(z, y, t), 

Pq(ax, ay', a2't) = amq_ t + 1_2tI Pq(X, y', 1), 

re a - uo6oe llOJ1OHHTJIbHOC qlfcao.
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HpllMeuRci 40pMyJ1y l'pHua (4.3) K 4yIirnM u = G(x, y, r), v = O(x, z, r), 
v, =	z, r), 

O*(y,z,t) = G(z,y,t),	(z,y € k \ {O},z + y).	 (4.16) 

JIpHMeHHJi4opMyJIy(4.3) K 4yHXIHRM U = Pq(X, y', r), V = G(x, Z,. T), v, = P,*(x', 

Z, ), IIpHXOU1M K CooTHomeHrno	 . 

Pq*(y', z, t) = Pq (z, y', 1)	(z .E . \ {O}, y' E aK \ (O}, z rr y').	(4.17) 

II, Haiouei, flO)CTBJTflH (4.3) B Ha xieCTBe v, v,, 4ymuirn G(x, y, r), Pj*(x', y, r) 
If HCUOJIbBYR paaeca (4.16) H (4.17), nwly'laeM cJiey1ouee pe-
meHHi saaqii (4.1) qepes nparnie qaCTH: 

u(y, I) = f ((3,) (., r), G(y, ., t - T))K dr	 S	 -. 

+	f (,(a) u( . , r), P1(y, •, t - T))ø,c dr.	 (4.18) 
1jbmO	 S	 S 

AHamorHKo flHXOHM x 

v(y, t) T 
I (4*(3,) v(, r), G*(y, ) t - r)),c dr 

+ E	.1 (c.4k*(3) v( . , r) ± E	(ø) v,(. , r), D,kG*(y, ., £ - T)8k dr, 
0k2bm-1 0  

5,,..',.	t	
5	

'.5	
5	

5	
-:	 •'	 •-	 '•	 , 

Vq(', t) = f (*(3) v(. , r), Pq*(y', ., £ - 't))K dr 
0 

•	
'	+ E	ffr *() v(. ,'r) +	c(3,) v1 ( . , t),D,kP*(y', ) I -. -r) OK dr,


0k2bm-1 0  
HOTOPEje BHpa)Ica}OT pemeHHe aaavø (4.2) qepea 4yHKrHH / H g*.  

4.3., DopMyaHpoBKa OCHOBHbIX pe3yJl16T8'roB. flycTb 0, i -	 'mcxa, Ta-




RIfe, WO Ha IIpHMO1 IM A = a HT CO6CTBeHHbIX qHcejI ny'Ixa (A), a Ha flpaMOlt 
Im ) = NeT çO6CTBeHH},1X qHCe,JI .nyuca .9*(A).. JlyCTb euë a,.5 k, ii g* <,k,*. 
06othaHM epea M + 1, M ' = —1, 0, ..., q cjio CO6CTBeHHNX uce.ji .nyKa 5(2), 
HXOHflHXCH B noioce . i < Im A <k, -a- vepea M* . - ; HCIO c06CTBeH4IJX aHa-
'lCHHfl ny'lKa 3)*, .iIe,icauHx B nojioce , o4 <Tm A <k+*. floJIOnHM 

00(x, y, t) =	' U,Nu(x, 3,) vp*(y, £), 

G,0 (x, y', t) = ,' Up( N,)(x, 3,) v(y', 0 

(j = 1, ..., brn), re Ne,. = [ (Im A,. - .i)/2b)], 11	
(4.19) 

G* (x, y, t) = -,' u,.*(Nli')(x, 3,) V,.(, 1), 
-Mu-1 

G(x', y, t) = -' u*(Nl')(x', 31 ) V,(y, t) 
-Mp 1
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(j= 1, ..., bm), rje N,* = [(Im2. —'u')/2b]. cDyHKIUIW, 4HrypHpyIonHe B upa-
BNX vacxx UHBCHHhiX COOTHOmeHHfl, BBJHM H HCCJ1eOBaHLI B [4]: B qacT-
HOOTH, gan uo6oro nwloiRwrejmfloro 'mcia a cnpaeiiiu& 4opMyJmI.	-. 

00(az, ay, a"t) = a(m ) G(x, !I t), 

G,_(ax,ay', a2tht) = am,-122)+l G 0 (x, y', t), 

G:.(, ay, a2t t) = a(m—)_v o:.(z, y, t), 

G(az', ay, a2 't) = ama+lG0.(x y,t). 

IJepBue ABa 000THomeHHR goKasaHbl B [4: aeuma 3.3]. JoaaaaTeJ1bcTBo OCT&BIflHXCH 
WY ' PBHCTB no CYLICTBY HHM He. OTJIHqaeTca. 

OCHOBROfl peayrnTaT pa6oTU -	 TeopeMhl. 

TeopeMa 4.1: Cyuecmeyem noIwcumeJibuoe uc.'io x maoe,. 'imo. ôAa ØyHr.zuz 
rpua 0 3a43a'4u (4.1) cnpaaeOizue c.#ieyzouue coomHouteKu.v 

	

a) eciu lxi	2 lyl, mo 

y, t) - Ga(X, y, '))I :!E^ ctm-1_k_(n+IaI+IvI)/2b 

	

/	z	\—O— /IYI \—k_—*—IvI / Ix - 
ii + £hI)	 +	 —	1i	)'	 •.... 

øOe 5(r)	exp (_T2b/t2b_1)); 

	

6) e i u ly i	2 lx i, mo

y, t) - G:.(y, z, t))j ^ csm_I_k_(n+I+IvIU2b 

I -lxi	\Tk__!.-	j	iI	\—o—IrI -. ( IX _ l\ 
jxi+ t'1 )	\lxi+ t)	t'/	

(4.21)


sae 8 - .'uo6oe no4oacumejm?oe 'iuc.4o. 

Teop ea 4.2: Cyufecmeyem noaowumedlbnoe '4uCjZo c maxoe, 'imo O.'ia aOep flyac-. 
coma F, aa9a'4u (4.1) cnpaeO.izue cieOyzozque coomwuieiuR: 

	

a) + ecAu lxL	2 iy'l, mó	 . 

y', t) - G, 0(z, y', '))I 
I 

^ a_1—k+(m,_n+1_I_Iv'I)/2b f	z 
-	 \iy'I +t112b.	. 

I	__ ' I \-k_'+m,+1-2bm-s-Ivi	lix - 
10 +	 -	tI'b )' 

	

6) eciw ly'i	2 l x i, mo.- . 

IDr Da,k(P, y', t)	G, '•(y', x, 

I 
:!gj-1—k+fm,T	 xn+1-II—IV'I)f2b I 

/	Iy'l	\-a+mi+1-2bm-IY'I - / ix-y'i 

	

X	
lxi+ thl2b)	

:
	 1112b).

	
(4.23) 

3Oecb S - ma we 95ymicqux, 'imo U 8 meopeie 4.1. 

3 Analysis, Ed. 10, Heft 1 (1991)
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3aMeaHne 4.1: B cHJIyCOoTHouleunft (4.16),(4.17).BMecro HepaBeHcrB (4.21), (4.23) 
gocraTo q Ho jocaaam nPH 'XI, x'	2 jyj oiewn 

DD Ya,k(G*(x, y, -t) - 0.(x, y, t))j 

^ dm-1—k—(n+II+IvI)I2b	IxI	oH	iii	Yk--e--IyI 	- yI

(IYI +	 i + tI!2b
	( lx	

)	
4.24 

IDDy gk(P*(X, y, t) -	y, 

!^g —1—k+(m1—n+1--Io'HIvJ)I2b 
(

lx'l 	\ 
I!/I + glI2b 

x	 II \—k—e—JvI jIx, —_yI\ 
ly l + gll2b/	 t 112 

J	

(4.25) 

4.4. Heicoropbie OIeHICH onepaopa upoJoIa{eHnn. PaCCMOTp1M ouepaop npooi-
)He}rnsl X, BBeJeuHbI1l B'-[4: § 3]:	 S 

•r It—t\.	dt 
(Xç) (r, t)	T	 —s, 

re, HaII0MURM, T = T(e) - riaucaa 4yHxIwH, YAOBjieTBOPJIIOMafl 11PM Bcex 

8,M OtHHM IT(e)I	Csp exp (_ce_h/(2b_l)). KpoMe TO1'O, f T(Q)iQ= 
00	 0 

J T(Lo) d = 0 npn 8 ^-- 1. 
0 

HpegaoenHe 4.1: IlyCmb IT= q(r) T 24aö?aj1 95yuxqaA.. 17peanozoccu, timo 

I q(-r)I dt < 00	ecex >0. Toôa cnpaeeOizue& cey1ouue 

a) ec'uz, t	r, mo Ô.'zii ocex k, 8, eepno nepaoeucmeo	 • 

2b 1f(2b3) 
,aD,k(Xq,) (r, )I	ctsrk8 exp (—C(T)	).f q(r)i ;jb;  

6) ecszu r	t, mo ueem mecmo 95opMy.za 

(X9) (r, ) = ç(t) + L(r, t,	 S 

Oe Oynxif us L yaoe.eemeopiem ozjena -
1/2 

Ia1 DL(r, t)I	c_k2b8(r2b/g)M (f Iw(r) 

+ f r q2(tI2)l ±	; r' frp(P)(t) 
Op81	 0'R+81 

+ yN8 sup I9')(r) ,	 (4.27) 

	

S	 5:
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20e 8, k, M, N. - iuo6ue leJzue ueompwfame./bK&e iuciia, ceiaannue Kepa8eucnZ8oK 
k + 2b8 < N; q (P)(t) = ø,q(T).	 . 

OH a a a e iii, CT B 0 0ieHRa (4.26) oqeBlfwla. BygeM goaaam HBHCTBO 
(4.27). IIpegCTaBBM yHRgHIo Xps BMgC Xp= J1 +J2, rge 

1/2	 S	 l/2r2b 

J1 (r, /) = f T (1	92(r)	J2(r, 1) =f T(e) 92(t— ,r2") . 

Herpygno BligeTh, qTo	 .	 .	. 
1/2 

I,1Drk.ii (r,t) I , ckMr_28(__) (i 92(r)I 

Paanaraci 4yiuiuno 92(t - era") B png Tet.mopa, HXOHM 
00 

1_.2bVi.	 .	. -. 
J2(r, 1) = 92(t) -	'	/ qP(t) I T() P de	 . 

o,y_i	 j 
t/2r2b 

9/2r 2b 

	

• - (N ± 1)! / 
T().fqUb')(T) (t -	T r)1 dr de. 

OTcioga BbiTeRaeT rpe6yeMaa oLeHIagjrn tHKIHH J2 (r,•t) .— 92(1)1'	•:T* 

S. 

4.5. JoKaaaTencTBo 'reopeM 4.1 H 4.2 (?atiaJio). B cuiy	 4xn'y-




B}OIIHX B O[eHKaX (4.20), (4.22), (4.24), (4.25) II B CHJIy dnpaBegJxuBocTu upeg-
cTaBJ1eHwl (4.9), (4.10), (4.13) (4.14),3TM oIeHRWgocTaTo qHo YCTaHpBUTb )Jrn ynK-

i1t 0, F, 1 , 01 *, P,1 * flH jyj = 1 C00TBeTCTBeHH0 Iy'l = 1. 

	

' flpHMeHHH [4: Teopemy 3.1.] n HCflOJ1b8R paBeHCTBO	 .	., 

f(/i(., y, r), v*(., I - T))K dr + 	)) d 
• .	'0	.	 .. .	1jbrn 0	•;,2!: ,;i.j, 

vp*(y, I) - f (c.4_h1c'(, y, r), v*(., I - r))x dr  
0	 .	:.. 

	

f (2h,1 1(., y, r), v(., I - r))g dr =,v,(y,t); ., ,	(4.28) 

1jbm 0 

nOJIyaeM	 S	 S	 . 

01 (x, y, I) = X(00) (x, y, I) -f- w0(x, y, I),	I	 (4.29) 
rge 0 - yHKW1H, oupegeiea	opMyJio (4119), .°	'j:. :0 • (.Utl ':..o 

X(G0) (x, y, I) =f T((t - r)/IxI 2b) 90(x, y,r).drflx.	,•(.	;..l 

gJIH W B npasol qaCTH paBeHCTBa (4.29) dnpaaegJrnsM BIQHOeHHg 

D7w0(.,y,.) € iP m+1 Q), . fi + n/2— 2b(rn+ l)=a.	(4.30) 
3*
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ABanoru'mo YCTHJIHBIOTCH COOTHOff11R (CM. [4: Teopemm 3.1.11 3.2]) 

P,1 (x, y', t) = c7C(Gja) (x, y', t) -4- w.0(x, y', t),	 (4.31) 

Gi*(x, y, t) = x(a:) (z, y, t) + w (x, Y, ,	 (432) 

P(x', y, 1) = x(G;0 .) (x', y, I) + w,•(x', y, t),	 (4.33) 

B ROTOPhIX	S 

Dw10 ( . , a',.) E j2b(rn+I).m+1(Q),	+ n/2 - 2b(m + 1 ) = a, 

D 7w.( . ,y, .) E *p2b(m+1).m+l(Q),	ft + n./2 — 2b(m ± 1) = 

D/w.( . , y,.) E W/.b31.85(F),	P .± n/2 — 2b(m + 1) = 

sj =l + m,/2b ± 1/4b, I = 1, .., bm. 3ro opyiiu CflpaBeJ1flBM npo jyj, W 

€ (1 — e, 1 + €0). 
OcHooliolt mar B goicasaTeabeTBe Teopem 4.1, 4.2 aajimovëH B cieyiorox ABYZ 

yrBep7oJeHaEx. 

	

JIeMMa 4.1: Tlycmb Il € (1 — s, 1 + €). ToeOa npu ecex x, lxl	2, u npu .'uoóblx 

	

t > 0, cnpaoeuei oieu	 .	 S. 

	

y, t)l	c	I_	laIg1(k+a)2tk+* 
	

(4.34) 

e, N — jüo6&e no.alXøCUTI2eilbKue quciza. RoucmaHma c 3aeucum om k, a, y, a, co, N, 
no me 3aeucum om x, y, t. 

JIeMMa 4.2: HYCmb.IYI, I y'l € (1,—; co,	co). Toôa npu ecex x, x'(lxI, lx' ^5 2) a

Oia iuo6,jx 1, t> 0, cnpaoeäueu oieuiu - 

- Y Q 

	

ja(X,,	c x	I-1+/2b+i ('
	,. 

lDx Dvtkw: (x, y, t)l	c xl_0s_I11_1k+*_d*)/_* 
(i +

)N 

ID;D t kw ,.(x, y 01 ^	XS_a._2bá+m,+1_IIg--1_(k+*--a*)/2b_k+s
(TT—t 

•t 

eOe e, N. — .'106bje noizoCunzedbnbie qiucAa.	 S 

Mu orpanooitcx goHasaTejibCTBO14 aemmm 4.1. HepaBeHcTBa 08 ieriu4.2 gooa-
euoaioTcg auaJlorwmo.  

LoIcaaaTenbcTBo ieu 4.1: flpegno.moHM, tiTo gomasaHEJ HepaBenc-rea 

lDx Dv ,kwa(X,y, t)l	C lxl_0_	1)II (t xl_)N Up,, I	1,	(4.35) 

	

,7øtkWa(X, y, I)	C	--	^U	1d	I	1, DzGD (4.36) 

re N - rno6oe noJIofwTeJIbuoe qocjio, d — Hao6oJu.rnee i.eioe qHCRO, TaHoe, 'rro 
a + 2bd <k,. BNBeJeM oTc1oJa oLe11Ky (4.34). Ilycm a 1 <ö o oa npamoft Im .% = a1 
Her c06cmewmix mceJI urma (A). CnpaBeurnBo paBencrBo	. .. 

W, = W01 + X(G01 — Ga).	 .	 (4.37) 

Bopoe cJlaraeMoe cociowr no qjieo onja	..	S 

rills	Q,)(a, Jog r) (72b0,). f 	v*(y, -r) dr	.	(4.38) 
S.	a1Imq-2bs<o	 r 
1	 ..	•.,	f	0	 .5
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re Q,(8)(w,log r) - nmoroqaeHm OT log r c riiaAHmmia no co E Q . xoa44jagHeHTamH. B 
cniy [4: memmm 3.2], wIn HRIHH v,4 BPHhI npii II E (1 - , 1 + eo) OIeHHH 

jD re,v(Y, T)j	cr' -(k_ -Ima)/2b-k+: e1' 	 (4.39)


IIPH T > 0. I4dnwIbsyn AJIJI OTHRU 4yHHw1H (4.38) npewioene 4.1 n(4.39), noJly-
3IaeM, 'iTO 4)yHKIHH X(G,, 0,) (4.34) npn Bcex x, y, Ic. 
flpHMeufln jirn oiernni YUKI11M to, npec'raaJIeHHe (4.37) n HepaBOHCTBa (4.35), 
(4.36) (npn ouee cIaraeMoro to,, C AOCTaTOqHo 6oJIbmnM aHaqeHHeM au), 11810-
HM, 'iTø riepaencno (4.34) HMee'r MCCTO n jin 4YHKW!H to,. 

bane ca'iaaa H8BHCTBO (4.35). flpaMeHcrn K dYHKWfl4 w, [4: npewIou* e
-ue 3.3] 11 HCIIOJIL8yH npn OTOM BRJIiO'ieHH (4.30), uoJ1yaeM IDXOP,)Iagk 	Y, t) 

Taic xax 4yHIUUIR to, ii nce eë 13pon8BoHbie paBHu H7JII0 UP 
t = 0, TO 118 nocJIeHero HepaBeHCTBa BLJTeHae'r oiena (4.35) 

ilpu AOHasaTejibOTBe HepaneHCTBa (4.36) OFHH'iMMCK cuy'iae y = 0. 05un cay-
'ia1 oT.mHqaeTcn jiHmi6 6wiee FPOMO3wIHMII o608HaceHHjIMH. gaiiee, nocieyioniie 
BIflCJI8J XH , no CymecTBy, ne 8BHCRT OT y, HODTOMY 4q 6yeM YHa8HB8TI, 8&BHCII-
MOCm 4yHKIw4 OT apryena y -  6yeT nopaayMeBamcn. H, HaicoHeI, ne 
YMaJUiR O6IgHOCTIi MOHHO cvnTam, 'iTO Ha flpHMUX Im A = a + 2bk, (Ic = 0, 1, .. .; 
ner CO6CTBeHHI.IX 'iucet ny'rna (A). lloJIonwM wDI 8 = 0, 1, . ., d 

• U, #Wa2b(d_$) •t8(01 ._ X(G,+z,(a_,))). •. - •.. - 

flycTh'iHcma flELR H tEEN0 TaKoBLI, 'rro fl+nI2-2b(m+l)=ã,ld. Hpe-
I1OJIOKHM, 'iTO JOR8HN BKJlIo'ieHRg 

U, € 3P(m+1+8m+i+8d(Q).	 (4.40) 

flpHneHrn! K 4yuixuni v, [4: npewionene 3.3] w MCflOJIb8H npn' aTOM- (4.40) npn 
8 = d, noJly'iaeM, qTo ID*t*w,(x, y, t)j ^5 cr_° ', omya Bbrreicae'r oiexa 
(4.36) 11pM)' = 0. 

TaHHM o6paaoM A OCTaTOqHO YCTOBMTb BKJIIO'iCHIfJI (4.40). Byen flX AOHaamBaTh 
MH1YKUHet 110 qHcay 8. Ecrni 8 = 0, TO (4.40) cnegye 118 (4.30). npemnoJlwnHM, 'iTO 
4opMyJIa (4.40) gonaaaa win ncex 8Ha'ieni4l 8,8 < k. IonatKeM eë win 8 = Ic. IIyCTb 

A(k)(z, D.,, p) = ak4(x, D, p),	1(k)(x, D., p) =&,(x, D, p). 

HenoCpecTBeHHO npoBeprnoTc g paBeneTBa 

4() 11k =	- 2 ck84(k8)(e,) U. 
Ook-i 

- '	 na K-XER,	(4.41)

0sk 

U = gkg. - L*	U, 
0ak-I 

- E Ck'',) tX(G,+(d_,)) Ha (K \ 10)) X ER (4.42) 
Osk 

(j = 1, ..., bm). llonaneM, 'ITO npaie 'iaCTM 9THX ypaBHCHNA npønaiena CO-
0TBeTCTBeHHO Hp0CTpICTBaM W?( d+k).1-d+k(Q) H, 8, = '1 - d + Ic 
- m ./2b - 1/4b. OTcioja, B cwiy (4.30) 11 [4: eopeni 3.1] BUTHIOT BRJI!O'ICHHR 
(4.40). HpIHàwIeHHOCTb ' nepzx cjlaraeMblx B ' npaBbIx •'iacTnx (4.41), (4.42) yna-
BaMHEIM npOCTpaHcTBaM o qeBnHa (cri. (4.12)), nPHHawieunHOCTb BTOUX cJlaraéMMx 
BHTK8T 118 11HYHLW0HH0FO npewioJlo?fceHHn. 060auia'i	'iepea F = F(x, 1), 0,

= 'G1 (x, t) - TTbH cJ1ar6eMe n npanix 'iacTnx (4.41), (4.42). flpeo6paaoBarnie
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ilaiuraca yHHrBMF.. paBno  

fl(x, p) = -.-'	 D, 7i) 3p8(C(pr2b) GO+2t,d_8)(X,p)),	(4.43)

O8k 

Me (cm. [4: 2])  

G0'(x,p) r.	', U.,.(')(x,p)v,.*(),	N,.'	[(Ins A, - a')/2b]. 
-	 .•	..	. 

HycTb a + 2b(d -- k) <imA,. k. BIi5epeM vnc.mo So TaKUM O6paBOM, qTo6Ea 

t O +;2b(d —8) <1m2,. <a + 2b(d — 8 + 1).	 (444) 

PaéCMOTPHM CJlaraeMI.ze B np&BO1 V&CTB paBeHCTBa (4.43), coOTBeTCTByIonHe4MKcn-
poBaHHoMy aHaeHrnou:	

0	 ' 

-	
F,.(x,p) = _., Ckbo4(k-8)(x D; p) a91(C(pr2b) U,.('.a)(x, p) v,.*()), (4.45) 

re N,.8 = [(Im),. - a -7 2b(d —8))12b] = [(ImA, ' — a)/2b] —d + 8 = N,. —d+8 
;HpecTaBflM npayio aom(4.45) s.BnJe 

(...	 •. ) + ^' (...	...) + X (... (U,. ( N ) - U,.(N—d+8)) . . ..) 
Osk	 O88.-1	 8,8k 

= F,. 1	,	= F,. .2	 = F,..3 

lleTpyJHo BHJeTb, 'iTO	 - 

F,. 1 (x, p) = _ pk(.4(x, D, p) (pr2tt ) U,.( '(x, p) v,.()). 

cDyiuirni U,.(Nu) YR OBJIeTB0PReT cooTHomeHmO (CM. [4: flHKT 2.1]) 

c.4(X, D, p) U,. ( ' )(x, p) = 7j-1m ,' Q8 (w, log r) (r2bp)8, 
NU<8 

re Q8 - MHOFO'1JIOHhI OT log r C FJIRHMI! no co E 9 RO	HLUfHTMI4 Tax KR

= 0 npi 8 ^ 1, TO,  

IDxU F,.. i (x, r)I = O(r Im i -2bm+2b( N+1)-1- I)	 (4.4)

npi M&JIbIX r. B ci.i1y [4: 3ameqaHHFt 2.2], CUPBCJJIMBbI oreHxn 

	

c I pI exp (—c p'1 ).	 (4.47)


HCrIOJIbayH (4.46), (4.47) II Coo6paeHHJI OgHOpO)HOCTH, noJly tiaeM, 'iTO 

•	IIF,..i(.,p); E (I-d+k) (K), p	c exp (—x1 IpI1).	 (4.48)

OnepaTop 4_8)(X, D, p) ilMeer BHJ 

4(1_8)(x, D, p) = r_(m+8)	 a—n(w) (rD,)' D(r/p)'. 
.+ItI+2bh2b(m-k+ 8) 

floaroMy D a F,.. 2(X, A = 0(r_( m - k+ 8e 1) inl-I 8) npi MJThiX r. OTcIo)a H Ha 
(4.47) B CMJ1 (4.44) cieyev, 'iTO	 -. 

IIF,..2(1p); E 2b( 1 + (K),pIj cexp ( —x 1 p ! ). (4.49) 
HeTpyHo BHem, 'ITO 4)yHiKijHH F,. 3 fyAOBjieTBopmeT lipH Ma.imix r cooTHornellulo 
I D;F,.3(X, A = 0(r_2bm+ ,.+k_d+1)_U-181). AHaJIOFH'iHo npeazyiqey npu- 
XOJHM ic oiexe 

•	• IIF,.3(.,p); Ep	"K),pI	cexp ( — 'ii I p I 1 ) .	 (4.50)
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14a' (4.48)—(4.50) cJIe)yer, q'ro FE W (I_d+k).id+k(Q). AHaJIorwmo yCTaaBJI-
Bae'rcj1 BR.n}OveHfle Gi E W 23I4s(fl. JIewa 4.1 iwaaana I 

4.6. YroHeIme OIHOR fl3 JIMM 4.1 H 4.2 Oieiw, AoRasaHHhie B iieumax 4.1 
4.2, MOHHO yJ1yItuHTb. A HMeHHO cnpaeiøo cieymriee 

llpe1oeHHe 4.2: flycmb Jl = 1. To2Oa npu ecex x, lxi ^5 2, ii npu iuo6&x t, 

1> 0, cnpaeeOizueu kepa8emcmea 

IDIaDv7 g twc(x, y, 1)1	c lxl_ 1 It_ 1_ ( k+_ c )12b_k + e )	 (4.51)


éO e - .'uo6oe noiwacumemuoe '4uCdio. 

OKaBBTeJmCTBO LOCTaTOHO OrpaEH quTbCH cayqaem t < 1 Hycm 17, = 
- riajaa 4yHxrwn, paaa euHue IIPH V - ii €/4 H paBHaff HJHO UH 
Ir

 
I 'l e/2. Tora rnyii mi I'piuia G M0nrn9 HanHCaTb, UOMHMO (4.9), npe-

CTaBJIeH}le	 - 

G(x, y, t) = h(t) ni(I xl) (x, y, 1) + 01 '(x, y, t),	- 

re 4y1IHIHx G' HBJIHCTCR perneHH'em aaaqn	 -	 - 

4G1' = 6(x - y) â(t) 4h1$ = I'	Ha KX R (4.52) 
jG ' = -	,ji=g1&= 1,...,bm) Ma (OK \{0})XIR. i.

ilpaBaze qacTH aTO'l i3aga qH Y)OBJTTBOPHIOT HPBHCTBM (4.12) BOBMO?HHO C gpyrolt 
HOHCTaHTOrf C 1 . LJ1fl 4yHK[HH 01' MOncHO HanHcam npeJcTaBJieHHe G' = X(G,) 
+ w' aaxoroe 1IpeJCTaBJIeHH1O (4.29). HdnwlbayH paueHcTBo(cp.,(4.28))-

X(G) (x, y, t) =f	 , y,), X(00 ) (x; ., T T))K dT - - - 

+ .^' f (g1( . , y, r), X(G,,) (x, ., t - r))IK dT 
•	 ljbmO 

H 4opMyxy (4.18) gim pemeHHa 8aau (4.52), HaxoJuM, 'FTC 

Wa ' (X, y, t) = f (f'( . , y, r), G(x, ., - r) - X(G,) (x, , I - T))K d 

•	-
 

+f (gi'l (-, Y, r), P1 (x, •,t - T) —X(G10 ) (x,., t 
1jbmO 

3aMeHHM B flOCJ1HCM PaBeHCTBe 4yiiiio 0 - X(U) iza h + W, H HRLH1O 
P1 - X(G,) Ha hr3 j + W1,,,, BOJIT1HM, qTo 

Y, I) = f(/'( . , y, r), w0(x, ., t - -r))K d 

+	f (g51 '( . , y, T),w10 (x, ., I - r))ax dr + h(t) ,7(l xi) (x, y,- t) 
ljbm 0 

- f	, r), hi(x, ., I - T))K dr 

-	f	y, r),	., I - -r))ø,t dr. 
ljbmO
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flpimexsi .ic' noc.IeHuM ABYM HuTerpa.maM 4opMyJ1y FpRHa 11 HCflOJIb8 000THO-
mernn (4.8), (4.8'), HXOJHM	. 

w0 '(x, y, t) =f (f'(. , y, r), w0(z,. t - t)), dr 

-f- I f (g(. , y, T), w,0(x, , I - T))8K dT 
1jbmO	 S 

-f h(t) (n(lxi) - ii(ixi)) '(x, y, 1).	 (4.53) 
Oieuxa (4.51) wrn noc.newero c.naraeMoro a (4.53) oqeBua. .HepaBeHcmo (4.51) 

nepnix AByx c.maraeix B IIBO qacT (4.53) B'rexaeT 118 O1HOK (4.12) yiix-
/', g11 ' 11 H8O1eHO}C YHXLWItWC , WI .,,' ycTaHoBneHHbIx B ieir.iax 4.1 a4.2. Orcio- 

a flOJIyaeM, WO HPBHCTBO (4.51) cnpae ernaox,i 4yHxIHH w0 '. Tax xaic w0, 
= to0' + h('i 1 - 17) 3, TO oLeHxa (4.51) dnpaBejnnBa it jmn fJyHKL11H to0 I 

AnaJ1orliHo goHaablBaeTCH ciegyiouee 

Hpejaoxexite 4.3: Hycmb ly i, ly'i= 1. ToeOanpu ecex x, x', l x i, ix'l -9 2, u 
Oiz .luo6bix 1, 1> 09 cnpa6eOdiue& ozenu w4e.tu 4.2, ecu a ux 3a.Meumb yi- 
iu,o t -- (11( 1 '+ g))N ma Øyiiçu,o I -- exp( crI 1 )) , the x2 -noAowUMeAbuoe 
'4UC.40.	 S	 S 

4.7. Joicaaa!reu.cTBo TeOpem 4.1 H 4.2 (oico,auue). B citIy onOpowOcTH yurnidt 
0 11 G xepaBeco (4.20) gocTaTWMO goHaaaTb UPH jyj = 1. Ha (4.29) itaxoitM, 
'rro G - G. = (X(00).— G) + W.,  (4.20)'xit 4yHxiirn to0 oHa8aRa B 
npexoxexiiii 4.2. OIeHHM c.uaraeMoe X(G0) - G. Ecrnt t lx, TO 118 (4.26) it 
(4.39) BIrrexaeT HCP&BHCTBO

(r2b \uI(?1) 
(x, g, ')l	c1 	r_Iml_(k+1)_I_e exp c - 

.a<Im2pk_	 .	 £ 

X g(k_—I')121.+uI2, exp (_1t-1/(1)). 

Auaiorit'uioe HepaaeacTBo cnpaeito B 7J1fl HHIM11 G0 . Tax xax Im 2. + Im 1,. 
= 2bm - fl, TO OTCIO czegyeT Tpe5yeMax oiexa (PYHRWHI X(00) G B 8OH 
I ^ x. Ec.irnt lxl, TO HCflOb3H npegio,xenne 4.1/6) it oiexy (4.39), ycra-
UBBJIHBM npit lxi 2 HC8BHCTB0 

- G. ) (x, y, £) ;5 c .^; y—Imi,+2b(N—k)—I..I— S 

a<1m2k_ 

X 1(k— Im	 .exp (_x11—iI(2b_1)) 

rje N - xio6oe noiwxHTe.mHoe qncjio, 60.nbmee la l + 2bk. OTc1oa npnxoHM x 
o1eHxe (4.20) gim 4yBxLHH X(G0) - G0 . B soHe £	P x i . HepaaeHcTao (4.20) oxa-




BaHO. 
AHaJlorIt'mo oxaaNBaIorcn	 (4.22), (4.24) it (4.25). TeopeMbi 4.1 it 

4.2 AoHaoaHEJ I	.•. 

3aMeaHHe 4.2: Ha npHBeeHHoro BMme go}caaaTeJlhcTaa BHHO, 'iTO Teopexl.I 4.1 ii 
4.2 0CTaIOTCH B CHile, ecini B COoTBeTcTByIouax HepaBeHcTBax aaMeHxm 4)yHHlUiH Ge,, 0g.,, 0', G,*,. a 4yHrnuxi X(00), X(G 0), X(0), X(G,).
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4.8. liexo'l'opbie ciejcrz. flycm or = k_ +.e, a! = lc_* ± , e = —k, + n - 2bm + e. 
Toi'a 08 Teopem 4.1 H 4.2 B1TeKaIoT cieyiouoe OIRKH 4yHRIHH FpHHa H agep 
flyaccofla aaja'ni (4.1): 

I Dx Dv'G(X, y, ')I	dm_1_k-3+I4I+IvI)/2b 

(__ \_k__e_laI	II 
\Ix I + II + thI2/	IxJ ± _Yl+ gI2)

 X exp (—x !x - y12b/(2b_1) g_zI(2b_1)) 
B 
I'DD;.aP(z, y', )I 

-	 I
' 

\Ix I + Iy"I + t* 
-	. X..

 I	 1	 cx (—x Ix - '12h/(.b1) t-1/0-1))
IxI+ y'I + t"/	 •. 

(j = 1, ..., bin), re E - nio6oe nonoauTe.nbHoe 'uicmo. Ec.irn cOScTReHHhIe 4)yHx-. 
JI4H, COOTBeTOTByiomme CO6CTBeHHI.ZM qHCJIaM, nynxa (2) iiemaIAHX Ha UPRMbIX 
Im 1 =	He OMCIOT HpHCO.eflIIHCHHUX, TO MO)HHO noonom e = 0. 

4.9. Haaibno-RpaeBaJl napa6ornecoai. aaaa B KOHC. PaCCMOTPMM aaa'1y 

Ha Q 
5(x', D,	Q	Ha	r (j = 1••.; bin)	 (454)


upo t=0(k=0,...,m-1). 

CnpaBewIuBa cieyioivan 
.TeopeMa 4.3: llycmb € IR,1E IN0 , k_. < fi +n/2 - 2b(m + 1) <k+ . Hycmb euçe 

/ E Wp2th11(Q), g1 E Wp21'Pi(fl, 1, = m + 1 - (m1 + 1/2)/2b, E .Vm+t_)_b(K), a 
öiLi npa6biX iiacmea 8af9a'4u (4.54) e&nonern3i yc.,zoeux comamamuA nop.ciôxa m + I 
—1, m.e. 8A q .iuo6t,ix kE7L+,j= 1,...,bm,2bk + m, m + l - 1 cnpaeeOiuuiu 
coomnozuenua a,k<.(x', D, ,) u = gj na K \ (0) npu t = 0 (e meoil 'acmu pa-
eencmea cJzeOyem eb;paaUMb npouaeoOnbie D0,ku qiepe3 05ynuu g2k u/). To28a 3aOa'4a 
(4.54) uieem eOuncmeennoe pewenue u E Wpt(m+1).m+I(Q). 

• LooaaaTe.nhcTBo:flycm	npok=0,1,...,m—! H ipk= 
k = m, ..., m + 1 - 1 (npenoJ1araeTcH, 'rro npm k in 4YHKLU!H dku I,=o Bhlpa)oeHa, 
HCXOI.R 08 ypaBHeHHH c.4U = f, 'lepea (DyHxLoo /, q, ..., 92m H OX flpOI18BOHMe). 
Tora V'k ETp( m r_ b(K) (CM. [4: npeIoneHHe3.1/6))). B cony [4: npenOoeHHn 
3.1/F)] CyIICCTByCT 4yooLoci U.€ Wpm.+1m+l(Q) TaRan, 'lTO 0,kU It=o = tPk Ecnu 
Mi.! aanKmem napa6onuecxyio aaja'ry OTHOCIITeJIbHO 4yHRLHH U - U TO, B CHJJIY 
BbHIoJnieHi4g YCJIOBHti cornaconaHo g , ee npaoi.ie 'lacTli 6yJyT npoaneoai. COOT-
BeTcTBeHHo TIOCTHCTBM 4'?''(Q) H *fl2bhi.hi(r) ilpoMeneHue [4: npenoneoon 
3.5] SaBepaiaeT JOHa8aTenbCTBO I 

flpe)cTaBoM pemenoe aaavu (4.54) npo üOMOtuH 4yHnuHo rpooa MHep Hyac-
coHa. llyCTb U, V E C0 ((K \ {0}) X ER.,.), ,v € C000 ((OK \ {O}) X ER.,.) (j=, 1, ..., bm). 
11pOOrn4rnM 4)yHHIHH U, V, VI: HyCM npo. £ <0. IIPHMeHHM 4lOpMyJIyrpllHa (4.3) 
IC HID!. Tan nan OH!! HMCIOT Coavox npii I = 0, TO y Hac B00000HyT, HHTerpanbI no 
MHonCecTBaM K0 , K,, OK0, OK,, rje K, = K x-(t), OK, = OKX (1). HeTpyHo BH)eTb,
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1TO B pe3yJILTaTe MIJ nonyae 4OpMyJIy	 • W. 

f (,)u (r),v(t - T))K d + E f ( j(8,) u(r), v(t - r))a K dT 
0	 1jbinO 

=(u(), 4*(0,) v(t - T))j dt 

+ f (D,ku(r), 4*(Ø,) v(t - r) + E (Z7k( t ) v,(t - r)	dr 
0k2bm-1 J	 1jbm	,aK 

0 
+	L'	(D,,8u(r), Mk,(,) v(t - t) + L' fk8(0,) v,(t - 
k-1-2bs2bm–b-1 k 1jbm	.	/8K r0 

	

+ f	L8(,) v(t — T))K	 (4.55) 
O.m-1 

re 4(p) = L8(x, D, p) E A(2b(m - 8 —1)), M 8(p) = Mk3(x', D, p) € A'(2b(m - 8 
- 1) - k - 1), ' 8() = ' k8(x',	p) E°A"(m1 - 2b(8 + 1) - k). llpocTpaucTBa A

6b13n4 BBeeHbI n[4: § l/IIyHHT 1.1]. 

Honara B (4.54) v(r) = G(x, y, r), v5(T) = P,-(x*, y, r) 11 udnoJIbayH paBellcTsa 
(4.16), (4.17), npixogims K 4rnpMyJIe 

u(y, 1) = f {(/(., T), G(y, ., I - r))K + Z (g( . , ), P1(y, , I - T))ØK} dr 
o 
+ L' (q'(.), L3() G(y, , t)),c -1-	'	(D,.k$(.),11f$(ag) G(y, ., t) 

	

08m-1	 .. k+2bs2bm-2b-1 
+ E jk8(ôt) PAY, ., t)	. 

	

1jbm	 )K 
flonyveHHoe npeACTaBjieHHe PEjp ^k-maeT peuieirne 8a)aM , (4.54) qepea npaue q&CTK 
C flOMOIIbIO I1ccJIeoBaHHMx BMrne 4yHKIH1l 0 ii P,. 
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