S@©MR ISSN 1813-3304

CUBNPCKHNE SJIEKTPOHHDBIE
MATEMATUYECKUE USBECTUA

Siberian Electronic Mathematical Reports
http://semr.math.nsc.ru

Tom X, ecmp. X (2023) VIK 517.968
DOI 10.33048/semi.2023.16.xxx MSC 45D05
45D05

CHUHIVJ/IAPHO BO3SMVYIIIEHHBIE 3AJAYN C AJ1PAMMN,
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ABSTRACT. The paper considers a system of two singularly perturbed
integro-differential equations (IDEs), the first of which is a homogeneous
equation, and the second is an inhomogeneous one, with an integral
operator whose kernel contains the fundamental solution of the first IDE.
The classical case, when the kernel depends on a rapidly changing scalar
exponential, is the subject of a large number of papers (see bibliography
at the end of the article). The case of the dependence of the kernel on
the fundamental solutions of differential systems was studied in detail
in the monograph by A.A. Bobodzhanov and V.F. Safonov “Singularly
perturbed integral and integro-differential equations with rapidly changing
kernels and equations with digonal degeneration of the kernel”, published
by Sputnik- in 2017. As shown in this paper, the difficulty of constructing
a regularized (in the sense of Lomov) asymptotics of IDEs is due to the
complex structure of asymptotic solutions of fundamental solutions of
homogeneous differential equations. The problem of constructing the
asymptotics of the fundamental solution of a homogeneous IDE and
its influence through the kernel on the regularized asymptotics of a
nonhomogeneous IDE has not been studied so far. In the present work,
this gap is filled. It first constructs a regularized asymptotics of the
fundamental solution of a homogeneous IDE, and then develops an algorithm
for constructing an asymptotic solution of a nonhomogeneous IDE. It is
shown that (in contrast to the asymptotics with a kernel depending on
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the fundamental solution of a homogeneous differential equation), the
asymptotics of the solution of an inhomogeneous IDE will contain, in
addition to rapidly changing terms, also slowly changing components
induced by the asymptotics of the fundamental solution.

Keywords: singularly perturbed, integro-differential equations, regularization,
fundamental solution asymptotics.

1. BBEJIEHUE

Paccmorpum cHHTYISIPHO BO3BMYIIIEHHYIO CHCTEMY

e W) — a (1) V (t,5,6) + [} Ko (t,2) V (x,5,¢) da, W
v(s,8,e)=1,0<s<t<1,

edy;tt,E) =b(t)y(t,e) + fot V(t,s,e)K(t,s)y(s,e)ds+h(t), 2)
y(0,e) =9% 0<t<1

COCTOSITIYIO U3 JBYX UHTErpo-auddepeHualbHbIX YPAaBHEHUI, TIepBOe 13 KOTOPBIX
onuchiBaeT pyHIAMEHTAIbHOE pertenue ogHopoaaoro /Y, a BTopoe — HEOTHOPO/I-
HOE, C FJIPOM, 3ABUCIIMM OT (byHIAMEHTAJIBHOrO pertenus mepsoro MY (3mecnh
€JINHUIA B HEPABEHCTBE JJIs S U t B3ATa Paju MPOCTOTHI;, MOYXKHO ObLIO ObI B3STh
0<s<t<T raeT — moboe GUKCUPOBAHHOE TIOJIOKUTEIBHOE 9UCII0). Posib GbicT-

PO yOBIBAIOIIEHl SKCIIOHEHTHI €XP (% fst w(6) dH) , KOTOpast BXOJIUJIa B SIJIPO HHTETPO-

muddepeHImaIbHBIX CHCTEM DaHee PacCMOTpeHHBIX pabot [2,3,6,8], B 3amade (2)
urpaer dbyHIaMeHTaJIbHOe pelenue v (t, s,€) narerpo-auddepeHnnanbHOT0 ypas-
Henust (1). Bamaua (1)—(2) sBisiercst 06OOIEHNEM CHHIYJISIDHO BO3MYIIEHHON CH-
CTEMbl YPaBHEHU

w
IA

t
dt
e WD) — A(t)y(t,e) + [ K (t,8) Z (t,5,€) y (s,6) ds + h (L),
y(0,e) =y, 0<t <1,

e2UE) — B(t) Z (t,5,2), Z(5,8,6) = 1,0 <
$,€)

paccMoTpeHHOH B [9], B KOTOpOIt MepBasi cucrema sisiercst quddepeHnnanbHoi,
a He wmHTerpo-guddepennuaabuoit. Kak OygeT moka3aHo HUXKe, HAJUYINe WHTE-
IPAJILHOTO CJIAraeMOro B IIepBoM ypasHenuu (1) IPUBOAUT K TOMY, 9YTO B PELIEHUN
ypasHeHus (2), KpOMe MEJJICHHBIX COCTABJISIONIUX, WHIYIUPYMbIX HEOIHOPOJHO-
cThI0 h(t), OymyT HOABIATHCH U MEJJIEHHBIE COCTABJILAIONINE, UHILYIUPYEMbIE SPOM
Ky(t,s) nepBoro ypaBHeHUs, YTO CUJIBHO YCJIOKHsIET HOCTPOEHUE DEryJIsipUu30BaH-
HOTO ACUMITOTUYIECKOTO pelleHns 3a1aqu (2).

2. PErVIAPU3AINA 3A0AYN (1)

Bagauay (1) GyjeM paccMaTpUBaTh IPU CJIELYIOMAX YCIAOBUAX:
1) dysxmusa a (t) € C*>[0,1], saapo Ko (t,s) € C* (0< s <t <1);
2) Rea(t) <0,a(t) #0Vte[0,1].
Caenyst merony perymsipusaruu C.A. Jlomoa [2,7], BBeseM JIONOJHATEIHHYTO
[EPEMEHHY O

nzl/a(H)dGESD(t’s) (3)

[0
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u BMecTo 3aaun (1) paccMOTpUM «PACIIUPEHHYIO» 3aady

e PGS 1 a (8) PAGEE) = a(t)V (8, 5,17,€) +

N - 4
—|—f:K0(t,x)V(ac,s,%’s),e)dx,V(S,S,O,E)zl )

ntst yukan V (¢, 5,7, €) Taxoit, uro dyuxmus V (¢, s,6) =V (t, s, “’(i’s) , e’:‘) ABJIA-
ercs TouHBIM perienneM 3a1a4un (1). Oaako 3aady (4) HeTb3st CIUTATH TIOJTHOCTBIO

PerysIpu30BaHHON, TaK KaK B Heil He MPOU3BEJIEHA PETY/ISIPU3AIs HHTErPATHLHOTO
oreparopa

. . _ 7
JV (tv S, 1, 5) =J <V (tv s, 1M, 6) |t::v717: w(ﬂ;w)) = fs KO (ta (E) Vv ((E, S, @7 5) dx. (5)
Kaxk 6bu10 mokasano B [1], 11st ero peryssipusanum Hal0 BBECTH MTPOCTPAHCTBO M.,
MHBAPMAHTHOE OTHOCUTEJHLHO HHTErpasibHOTO oneparopa J (em. [1], erp. 62). Hemna-
ercsi 9T0 Tak. BBeleM cHadajia TaK HA3bIBAEMOE IIPOCTPAHCTBO «0Oe3pe30HAHCHBIX
peneHuniny :

U= {ult,s,m): v(ts,m) = v (6,5) " + 0o (t,5), (6)
vo (¢,8),v1 (¢,8) € C(0<s<t<1,C)}.

B kauecrBe M, BO3bMEM Kj1acc U|n7¢(t,s>. Hanmo mokazats, uTo obpa3s
- 5

t T, s
Jv (t7 S 77) =J (U (ta S, 7]) |t:a:,17:<p(a:,s)/6) = / Ko (ta Jf) v (33, <)0(€)> dS, (7)

k
IIPe/ICTABIIAETCS PAJIOM BHIA Y pe( EF (z(k) (t,s)e" + z((J )(t, s)) |77= o(t,5) yACUMIITOTHIECKI

cxogAmumMces K Ju npu € — +0 (pasnomepno 1o (f,5) € {0 < s <t < 1}).
IMoacrasisis smement v (t,s,1m) = vy (¢, s) " + v (¢, s) upocrpancrsa (6) B (7),
OyeM UMeThb

t t
Ju(t,s,m) = / Ko (t,x) v (z,s) dz + / Ko (t,x) vy (z,8) ez [ a®)db g, (8)

Crogmuil 31ech BTOPOH MHTErpaJjl pa3aoKUM B acUMITOTHYecKuil pan. [Ipumensasa
At 1 P paJ p paAa. Lp
OTIEPAITAIO UHTETPUPOBAHUS 110 IACTIM, OyIeM UMETH
t L[ a(0)do g, _ t Ko(t,z) L (™ a(0)do _
[. Ko (t,2) vy (z,5) es Js aOPgg = ¢ [ o (@, s) does Joal0)do
Ko(t,x 11T 0(0)do | x=t t g (Ko(t,x 1% 400)do
=¢ 73&) )v1 (z,8)e=Js a(6) |§:S} —e[ £ (70( )vl (x,s)) ez JSa(0)dd gy

s Oz a(x)
Ko(t, 1, Ko(t,s
;)g)t) V1 (tv 5) €e Js a®)do _ 2((2) )vl (57 5) -

e fst 2 (Kg((i)w) u (z, 5)) ol [T a(0)dn g,

IIpononzkast 3TOT mpoIece aajee, MOJIYIUM Pl

p p Y9HM D
JEKo (@) vy (2, 8) €2 I 4O%0 gy =
= Yoo o (=)™ eI (Ko (t, ) v1 (2, 5))) ,_q € S 200 (9)
- (Im (KO (t7 LL‘) U1 (l‘, S)))z:s]v

TJ1€ BBEICHDbI OIl€epaTOPbI:

1° =
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Herpynuo nokasars (cm., manpumep, [10], crp. 291-293 ), uro pgx, crosumii B
upaBoii yactu paseHcTBa (9), CXOAUTCH ACUMITOTHYECKH [P € — +0 K HHTerpasy

t
/ Ko (t, ) vy (z,5) ez 1 o020 gy

(pasrOMepHO 110 (t,5) € {0 < s <t < 1}). Tem cambiM, TOKa3aHO, YTO Kiaacc M, =
=U |T: ¢(t) ACUMITOTUYECKA WHBAPUAHTEH OTHOCUTEJIHLHO orepaTopa .J.

e

Kiracc M., nHBapMaHTHBINT OTHOCUTEILHO OIepaTopa J, IO3BOJISIIOT IIPOU3BECTH
PEryJIIPU3AIIO 9TOrO OIIEPATOPa, UCIOIL3Ys €ro obpas Ha 3jeMeHTe Kiacca M.
HemaeTcs 3To Tak. BBemeMm onepaTopnl

Ry (v (t,s,m)) f Ko (t,z) v (z, s) dz,

Rpna (v (t,5,m)) = (=1)" [(I™ (Ko (t,2) 01 (2, 5))) y—y €7 (10)
- (Im (KO (t,l‘) Gt (.73, 8)))1:5]’ m = 0.

DTH OmEPATOPBI HA3BIBAIOT ONEPAMOPAMYU NOPAJKA (NO €); OHU SIBISIFOTCST KO-
cdburmmentamu pu coorsercTBylomeit crenenu €™ B Jo (t,7,n) . Ucnonbsysa R,
omnieparop Jv (t,7,1) MOXKHO 3a0HCATH KOPOUE:

Jv (tv S, 77) = (ROU t S 7] Z em ’m-‘rlv (ta S, 77))
T,:w(tﬁ))
Iycrs Teneps 0(t, $,1,€) — NPOU3BOJIbHAS HEIPEPBIBHASL 110
(tos,m) €{0<s<t<1} x T (= {n:Rey < 0})

yHKIUS, UMeIoas aCHMITOTHYIECKOe Pa3/IOXKeHne
oo
17@,8,7775) = ngvk(tasan)v Uk(tvsvn) ev, (11)

cxonsmeeca pu € — +0 (pasromepno o (¢, s,m) € {0 < s <t <1} x II). Torma
obpas Ju(t, s,n, &) pasiaraercsd B aCUMITOTHYECKHUN DS

Jo(t, s,m,e) = Zskak(t,s,n Z ZRT KUk (s 7))| el - (12)
k=0 —0 k=0

Pasenctso (12) siBiigercss OCHOBAaHUEM JIJI BBEJIEHUS CJICIYIOIErO TIOHSITHSI.

Omnpenenenne 1. Dopmarvhoim pacuwuperuem onepamopa J nasosem onepamop
J, deticmeyrowud na Kancoyro dynryuro 0(t,s,n,e) € C{0<s<t <1} x 1)
(e = 4+0) suda (6) no saxony

jﬁ(t,r,e = ZE vg (£, 7) é i iRT_kvk(t,T). (13)
r=0 k=0

N3 (12) ceayer acMMITOTHYECKOE PABEHCTBO

(j’f}(h T, 6)|n:w(t)

€

= Jo(t,n,€) (e = +0),

KOTOpOe IOKa3bIBaeT, YTO BBEJICHHBIIT HAMU OIllepaTop J IeHCTBATENBHO ABIISCTCS
pacimupenueM omeparopa J. XoTs omnepaTop J ompesesieH hOPMATBHO, €r0 MMOJIe3-
HOCTBb OYEBHUHA, TAK KAK Ha IMPAKTUKE OOBITHO CTPOAT IN-e MpuOJIMKEHNe aCUMII-
rTorudeckoro pemenus (11), B KOTOpoM GyJyT y4acTBOBATH JIMIIb N-€ 4acTUIHbIE
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cymMMmbr psga (11), mmeromue He bOPMATBHBIN, a NCTUHHBIN CMBIC. Termeph MOXK-
HO 3allicaTh 33J1a4y, HOJHOCTBIO Pery/IspU30BAHHYIO 10 OTHOIICHUIO K MCXOIHOI
zagaue (2):
AV (t,5,m,¢) AV (t.sme) _ 7
€% +a(t2 5 =a(t)V (t,s,m,€)+
+JV (t,s8,m,¢), V(s,8,0,e) =1,

rie JV (t,s,1,¢) umeer B (13).

(14)

3. PABPEIIMMOCTD UTEPAIIMOHHBIX 3AJAY

Oupenensia perienne 31oit 3agaqu (14) B Buge paga (11), mosyuum ciregyroniye
UTEPaIMOHHLIC 33, /Ia4M:

Log(t,s,m) = a(?f)aa—q;;J — a(t)vg — Rovg = 0, vg(s,s,0) = 1; (15¢)

Loy (t,s,m) = —% + Ryvg, v1(s,5,0) = 0; (151)

Lovs(t,s,n) = — % + Riv1 + Ravg, va(s,s,0) = 0; (159)
Loug(t,s,n) = — 81)5[1 + R.l.vk—l + Ravg_2 + ... + Rywo,

1
vk(s,5,0) =0,k > 2. (15¢)

Ilepeitnem K mccaeI0BaHUIO UX pa3pemuMocT B mpocTpancTse U. Kaxyio u3 3a-

Jiad (155) MOXKHO IPEJICTBUTH B BHJIE

0
Lo(t,s,n) = a(t)a—v —a(t)v — Rov = H(t,s,7n), y0(0,0) = b, (16)
n
roe H (t,s,m) = Hi(t,s)e” + Hy(t,s) € U — usBecTHass mpasasg YacTb 3aJa<n
(16), a Ry — oneparop, xeiictByomuil Ha Kaxayo dyakuuio (6) upocrpancrsa U
10 3aKOHY:

¢
A
Ry (v1 (t,s) e+ v (t,s5)) = / Ky (t,x) v (z, 8) dz.
S
B npocrpancrse U BBeseMm ckassapHoe (npu kaxaoM (t,s) € {0 < s <¢ < 1} ) upo-

U3BeJIeHUE

(Av,w> = (v1 (t,8) e +yo (¢,8) ,wy (t,8) €™+ wp (¢, 5)) 2

vy (t,8) - w1 (L, 8) +vo (t,8) - wo (L, s) .
Nnmeer MecTo ciiejyloliee yTBepK IeHue.
Teopema 1. ITycmwv ewnoanenve ycaosus 1), 2) u npasas wacmo H (t,s,m) =
=H,; (t,s)e" + Hy (t,s) ypasuenus (16) npunadaescum npocmpancmey U. Tozda

das paspewumocmu ypasuenus (16) 6 npocmpancmee U 1eob6xodumo u docmamo-
10, 4MobvL

(H (t,s,m),eM =0 < Hy(t,s) =0 (V(t,s) € {0<s <t <1}). (17)
Joxasameavcmeo. Tlogcrasum snement (6) npocrpancrsa U B ypasuenue (16); mo-
JIy9UM PaBEHCTBO

a(t)vy (t,8)e" —a(t)vy (¢, 8) e —a(t) vy (t,8) —
- f: Ko (t,z)vo (z, s)de = Hy (t,s)e” + Hy (¢, s).
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IIpupaBuuBas 3/meCh OTIEIBHO CBOOOIHBIE WIEHBI U KOI(MDMUIIMEHTHI IPYU SKCIIOHEH-
Te, IOJIyYUM ypaBHEHUA

0-vy(t,s) = Hi(t,s), —a(t)vo(t,s) — / Ko (t,z)vo (z,s)dx = Hy (t,s). (18)

Bropoe ypasuenue (18) siBigercs uHTErpaJbHBIM ypaBHeHHEM THIIA Bosbreppa;
OHO ozfHO3HA4YHO paspemumo B npocrpancre C (0 < s <t < 1,C) . Hua paspe-
[IIMOCTH TI€PBOro ypasHeHus (18) B 9TOM MPOCTPAHCTBE HEOGXOAUMO U JTOCTATOIHO,
urobbl Hi (t,8) = 0, T. €. 9T00bI BLIIOIHIOCH yeaosue (17). d

3ameuanne 1. IIpu Boimosnnenun yeaosuii 1) u 2), a takeke yeaosus 17 ypas-
Henre (17) umMeer ciresyromee perierde B npocrpancTse U :

v(t,s,n) =al(ts)e’ +uvo(t,s), (19)

rae « (t,s) € C° (0 < s <t <1,C) — nupoussosbHas byHKIuS, Vg (t, $) — peleHue
UHTErpaJibHOrO ypasHenus (18).

He 6ynem dopmysnmpoBaTs TeopeMy 00 OJHO3HATHON PA3PENTUMOCTH OOIIEit nTe-
paronHoii 3aga4un (16). 3amernm, 4TO HpUMEHEHHE TeopeMbl 1 K JIBYM I[IOCJIEZ0-
BATEJILHBIM UTeparmoHHbIM 3ajadaM (155) u (15541) UPUBOIUT K OJHO3HATHOMY
BBIUNCJIEHNIO PEIeHns] UTepalmonHoi 3aa4un (15;) B npocrpancree U. TTokaxkem
910 Ha npumepe 3aga4 (15q), (151) u (152).

Pemmenne ypasuenns (15¢) mveer Buy cymmsl (19). ITockombky B (15¢) orcyTeTBy-
er HeoxHopoaHocts H (L, s,1n), To uaTerpajibuoe ypasuenue (18) 6yaer oqHOPOIHBIM
u ostomy vg (t, s) = 0, a camo pemenne (19) mpuanMaer sug vy (¢, 8,m) = a (¢, s) .
TMomuuHsist €ro HAYAIBHOMY YCJIOBHIO g (s, s) = 1, HafimeM, uro « (s, s) = 1. Takum
obpasom, pemenue 3agaqn (15¢) Oyaer 3amucano B Buze vo (¢, 8,1) = a (t,s) €", tae
dyskius « (t,s) Haiinena aumb B Touke (t,s) = (s,s). st OKOHYATEIBHOIO ee
BbIUUCJIEHUs T1epeiieM K ypasHenuto (157):

Lovy(t,s,m) = 8”" + Ryvo, v1(8,5,0) = 0 <
< Loui(t,s,m) = aaét 5) o 4 [KO((t)t) (t,s)em — Ko(t’s):| ) (20)

a(s)
Ilo Teopeme 1 3TO ypaBHeHUHEe pa3penmuMoO B MpocTpaHcTBe U TOra W TOJIBKO
aa(t s) Ko(t,t)
+ = a(t,s)

K HeMy HauajbHoe ycjoBue « (s, s) = 1, HaI/meM ojiHO3HAUHO byHKIHO «(t,s) =

TOorla, KOrJla BBIIIOJIHAETCA YCJIOBHUE — = 0. HpI/ICOB,HI/IHﬂSI

=exp {ft Kt‘;gx)’c) da:} , & 3HAYUT OJHO3HATHO IIOCTPOMM pernenue vy (t, s,7) = « (¢, s) e”
sagaun (15¢) B upocrpancrse U. IIpu sTom 3ana4a (151) Gymer y2Ke HEOIHOPOMHOIL:
dalt, Kolt,t Kolt,
Luy(t,s,n) = —22b2den 4 [ Kol g (1 ) en — Koltse)

_ Rt (0 00) =0

ITocKOIBbKY B IPABOI 9ACTH ITOTO yPABHEHHS OTCYTCTBYeT KO3bduImenT npu sKxc-
nonente €, 1o ycsuosue (17) BBIIOIHEHO U MBI MOYKEM BBIYHCJIUTH DEIIEHUE ITOTO
ypasternus (cm. dopmyiy (19)):

Ul(twsan) =1 (t,S) e + g (t75)7 (21)
rie a; (t,s) € C° (0 < s <t <1,C) — npousBosbHas QyHkIms, vg (£, s) pemenue
UHTErpaJIbHOTO ypaBHeHusl Tuia Boabreppa:

—a (t)vg (L, 5) f Ko (t,2) vo (x, 8) dw = —os) o

a(s) (22)
& o (t,s) = [1 g (x, ) do + F o
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Omno cymectByet, enuacTBeHHO U npuHaexuT kiaaccy C* (0 < s <t < 1,C). Hoxu-
qunsid (21) HavaabHOMY yCsioBHIO v1 (s, s,0) = 0, noydum ypaBHeHuUe
Ky (s,9) Ky (s, 9)

a(s) a?(s)

s okonuarensHoro eranciaenns Gyuxnun (21) Hamo nepefitu K ciemyiomedi 3a-
nade (152):

oy (s,8) + =0 a;(s,s)=— (23)

0
ng(t,s,n) = — % + R1U1 + RQU(), ’UQ(S,S,O) =0.

YuauteiBasg BUA orrepaTopoB Ry n Rs:
Ry (v1(t, 5)e™ + vo(t, ) = Zeuy (t,1) e — Kol (s, 5)
Ry (vi(t,s)e" +vo(t,s)) = — (I (Ko (t,x) vi(z, ) _, e+
+ (I (Ko (t,2) v1(z, 5)))
BBLJIEJIUM B IIPaBoil dacTu ypasHenus (152) xoaddurment npu sxcnounente el. On
OyJIeT TaKUM:

r=t

r=s"’

Ky (t,t
*%Oq (t,s) + fLEt’))al (t,s) — (I' (Ko (¢, z) a(z, 5))) ey =0,
re a(t,s) = exp { fst KZEZ)J:)d:E} — u3BecTHas (YHKIHA. [IpHCOTUHSAA K 3TOMY

yDaBHEHUIO HauaJbHOe ycsioBue (23), Hafinem ofgHo3HavHo dyHKIMIO o1 (L, S) U 3HA-
YUT, HOCTPOUM OjHO3HAYIHO pernenue (21) 3ama4n (151). AHATOIMYIHO BLIMUCIIAIOTCS
perieHus: B mpocTpaHcTBe U CIIeyoMmuX nTepannonnbix 3a1a4 (15;) npu k > 2.

4. ACUMNTOTHUYECKAS CXOOUMOCTb ®OPMAJIbHBIX PEIIEHUI YPABHEHU A
(1) K TOUHOMY

ITpumensiss Teopemy 1 K urepannoHHbIM 3aga9aM (155 ), BBIYACINM OJJHOSHATHO
ux perenust vi(t, s, ) B upocrpancrse U. O603HatnM N — IO 9aCTHIHYIO CYMMY

psama (11) gepes Sy (t, s,m,¢) a wepes vy (t,s) = Sn(t, s, “D(Z’S), €) — CyKeHme
9TOI CyMMBI Ha pery/gpusupyioreil nepmennoii (3) (T.e. upun = M). Herpyaao

€
JIOKa3aTh clejylomee yreepxkaenue (cm. [1], c. 143).

JIemma 1. ITycmo swvinoanenv, yeaosua 1) u 2). Toeda dyrryus ven (t,s) a6~
emes PoPMANLHOIM ACUMNMOMUMECKUM peuwenuem 3adawy (1) nopsadka N, m.e.
ona ydosaemeopaem 3adame

e = a(t)vey + [) Ko () von (@, 5) ds + eV (1, s,e),

ven (s,8) =1, (s,t) e {0 < s <t <1}, (240)

2de ||Fn(t, s,¢)||co<s<i<1y < F(F > 0— nocmoannas, ne sasucawas om e npu
e € (0, g0], eg— docmamoumo mano).

Hast onenku pasuoctu V (¢, 8,€) — ven (t, $) MEXKIY TOUHBIM U NPUOINIKEHHBIM
perrerneM 3azaun (1) HaO0 paccMOTPTh UHTErPO-Jud dEPEHNNANBHYIO 3a1aTy
dz
E— =
dt

rue H(t,s,e) € C(0<s<t<1,C)- ussecrnas byHKus. DTa 331298 IPU KAK-
noMm € > () mMeeT eMHCTBeHHOe pemmenne z = z (t,s,6) € C1(0<s<t<1,C)m

a(t)z + /t Ko (t,x) z (x,s,e)de + H(t,s, ), z(s,s,¢) =0, (24)
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HAJI0 OLEHUTL HOPMY DeIleHus yepe3 IpaByio dactb H (t,s,¢). Beegem eme onay
HEU3BECTHYIO (DYHKITHIO

t
u(t, s,e) = / Ko (t,x) z (x, s,€) du.
S
Huddepenrmpys ee 1o t, MOIYIUM HHTETPO-IndPEePeHITNATLHYIO 3a0aTY:

% = Ko (t,t) z (L, 5,¢€) +ft Mz(z,s,e)dm,

u(s,s,e) =0. (25)

B urore mis Bekrop-byHKImu w = {z,u} nosyunm uaTerpo-auddepeHnuaibHyo
3ajlaqy

dw(t,s, a(t) 1 0
a(th):< 0 O)W(t’s’g)+€<Ko(t,t)z(us,s)>+

H(t,s,€)

t 0
+Efs ( aK%gt’x)z(x,s,a) e ) + ( 0 > ,w(s,s,e)=0.

(26)

O6o3naunm yepes Y (t, z,e) marpuiyy Komm auddepenimanbroil 3amaiu

EdY(t,x,e) ( a(t) 1

)Y(t,x,a), Y(z,2,6) =1,0< s <t <1.

dt 0 0
a(t) 1 .. .
Marpuna A (t) = 0 o ) fBIHETCs MaTpuIeil IPOCTOfi CTPYKTYPBI CO ClIeK-

tpoMm {a (t),0}. Tak kak cuextp {a (t),0} Marpuier A (t) JI€KAT B IOJIYILIOCKOCTA
ReA < 0, to marpuna Y (¢,z,£) paBHOMepHO orpaHuueHa (cm., Hanpumep, [10],
crp. 119-120), 7. e

Y (t,z,e)|| < co=const (V(t,z,e) € {0<s<t<1} x{e>0}).

O6paTuM ¢ HOMOIIBIO 3TOi MaTpuIlbl cucremy (26); MOy YUM UHTEIPAILHYIO CHCTe-
My

0

w(t,s,f:-):ij(taxa&)(( Ko (2,2) 2 (2,5, ¢) )*( s s e ))

+1 fstY(t,x,a)( H(x(’)s’g) )dx.

Ilepexons 3/ech K HOpMaM, HOJIYYMM HHTEIPAJILHOE HEPABEHCTBO OTHOCHTEJILHO
HODPMBI ||w(t, 8, €)|| . YauTeiBasi paBHOMEPHYO OrPaHUYEHHOCTh MaTpupl Y (¢, z,€)
+ K aKO( ’5)
a TakKe HenpepbBHOCTL GyHKuuit Ko (¢,s) u (a 3HAYAT, UX OrPAHUYEH-
HOCTb) U IPUMEHsIsl HEPABEHCTBO FpOHyonﬂa—BennMaHa [IOJIY 9UM [PU JOCTATOYHO

maubix € € (0, gg] omenky

1 H (z,s,¢)
et .21 <2 ("4%>9) ,
c(o.1]x[0,1]) = 0 (041X [0.))
U3 KOTOPOI BBITEKAET OICHKA
&1
1(: 5, )l e o110,y = 7 1M (@5 8,€) 0,11 ¢(0,1)) (27)

JlokazaHo ciemyromiee yTBePXKIeHUE.
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JIemma 2. ITycmwv svinoanenv, ycaosus 1) u 2). Toeda pewenue z(t, s,€) 3adawu
(25) cywecmeyem, eduncmeenno npu docmamouno maawx € € (0,e0] u ydosae-
meopaem ouenxe (27), 2de nocmosannasn ¢y > 0 ne 3asucum om € npu 0OCMAMOYHO
masnx € € (0, 0]

[Ipumenum 31y MMy 15T IOKA3aTEIbCTBA CIIEAYIOMErO yTBEPIKICHUS .

Teopema 2. ITycmv ewnoanervs ycaosus 1) u 2). Toeda sadaua (1) 0dnosnauro
paspewuma 6 xaacce CL([0,1], C) u das ee pewenua V (t, s, €) cnpasediusa ouenxa

||V(t,$,€) — UEN(tvs)HC(OSSStSl) S C]\[é‘l\/:i»l7 N = 07 1, 2, ceey

ede nocmosnnan cy > 0 ne sasucum om & npu € € (0, g9] (g9 > 0 — docmamouno
MAA0).

Jlokasameavemeo. 3anada (1) 0HOZHAUHO pa3pernMa, Tak KaK OHa IPUBOIUTCS K
sazade (24) samenoit V — 1 = z. Jus passoctu An(t, s,e) = V(t,s,6) — ven(t, )
HoJIydaeM 3aJady
gw = a(t)An(t, s,¢) + fst K(t,z)An(z,s, e)dx —
—eNFTIFN(t, 5, €), An(s,8,€) = 0.
Omna mmeer Bus 3anaun (24) ¢ meoanopomuocteio H(t, s,6) = — eVt Fy(t, s,¢).
IIo nemme 2 cripaBeiyTBa OTIEHKA,

I|AN(t, 5, €)|lco<s<i<1) = [V (E,5,€) — 'UEN(tvs)HC(0<s<t<1) <
<=2 N+1||FN(?f s, €)llco<s<i<t) < o FneN = en_1e

a suaunt oad Ant1(t, s,€) = V(t,8,€) — ve, n+1(t, s) OyAET EUMETH MECTO OICHKA

[ANn+1(t, s, €)llcocs<i<1) =

e (t, _
=[|(V(t,s,6) — ven(t,5)) — e oyt s, . ))||c(ogsgt§1) <enelVth
Orciofia osrydaeM, ITo
v eV S (vt _ ‘ _ _N+1 . plts
ne T 2 V(s e) —ven(t, 8)|loocs<i<ty — €7 T lun4a (X s Neo<s<i<ty,
nJjan
N+,

HV(t,S,é) - UEN(t S)HC(O<s<t<1) <cne
sa(t s)

e cy = ey + Oy > 0, ||loyy1(2, s, Nco<s<i<1) < Un, IpEYEM HOCTOSHHAST
¢y He 3asucur ot € € (0, go], e g > 0 — JIOCTATOYHO MaJIO. ([l

5. TIOCTPOEHME PET'VJIAPU30BAHHOI'O ACUMIITOTUYECKOTO PEIIEHUS
3AAYM (2)

Pacemorpum Teneps 3azady (2). [logcTaBum B Hee aCHMITOTHYECKOE DEIIeHNe
v(t,s,m,¢ Z& ( (t,s)e” —|—v(k) (t, s)) (28)

zagaqn (1). Ioxyaum I/IHTeI‘pO—,ILI/I(b(bepeHL(I/Ia.HBHaH YpaBHEHHE

Edt =b(t)y+ > ngfo ( i (t, S)Q%I‘:a(e)ngr'U(()k) (tvs)) X
xK (t,s)y(s,e)ds+ (29)
+h(t),y(0,e) =¢° &
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Bsenem oboznadenus:

K (t,s)v\® (t,8) = Ky, (t,5),
K(t,s)v(())(t,s):Kng(t,s),k=0,1,2,....

Torga 3amaga (29) uepenuiiercs B BUJE

e =b(t )yt
+3 2 Osk f et JLaOdOfC | (1 s)y (s,e) ds+ (30)

+ > roE fo Ko (t,8)y(s,e)ds+h(t),y(0,e) = y°.

Tlonryaena waTerpomud depennuaabHas CUCTEMa ¢ OBICTPO U MEJIEHHO M3MEHSIIO-
MIUMUCS SJPAMA UHTETPAJLHOTO ONEPATOpa. DTa cucTeMa 0oJiee 00MIas, 4eM CH-
cTeMa, paccMOTpeHHasl B [6], Tak Kak B Hell siipa sIBJSIIOTCS aCHMIOTOTHIECKUMU
pagamu 110 € (Torga Kak B [6] B siape cTouT TOIBKO 0nHO ciaaraemoe k (t, s)). 3amaqy
(30) 6yznem pacemarpuBarh npu yeaosusax 1)—-2). Kpome Toro, Gymem npezmosararn,
YTO BBINOJHEHBI TPEOOBAHMUS:

3) dyukuuu b (t) € C ([0,1]) u h(t) € C*([0,1]);

Da(t)#b(t), a(t),b(t) #0, Rea(t) ,Reb(t) <0Vt e|[0,1].

O6osaaunm a (t) = Ay (t), b(t) = A (t) u BBegeM peryssgpusupyonume mnepe-

MEHHBIE )
1 i (t
TjZ*/ )\j(gc)clacELJ()7 j=1,2.
0

Hnst pacmupenust § = ¥ (¢, 7,e) pemiernst ypaBHeHus: (30) mOIyduM CJIeIyIOINLYO
3aa4y:

KRR LHCL Ry 0k (5,22, ) = h (1), (31)
(075) - y 9
riae 0003HaYeHO:
Jkﬂ(tTf)_Jlky( 7€) + Jory (t,7,€)
Tl (t7e) = [ et JI2Od0 (4 s y( )
JO,ky (t,T,E fo K()k t 5 ( w((: ) Z

wm, 6oJjiee TOPOOHO,
dg
eGP -
— ek fyexlia e)deKLk (t,s)y (5, w(;),e) ds—

=Yoo e” fot Ko (t,8) 9 (s, @,z—:) ds =h(t),
7(0,0e) =

(31a)

O1HaKO 3/16Ch He IIPOU3BeIeHA PEryJISIPU3alist HHTErPAJILHBIX olieparopos Ji kY (¢, 7, €)
u Jo ¥ (t,7,€). s perynspusanyu 3THX OHepaTopoB BBEJIEM IIPOCTPaHCTBO M.,

ACHMIITOTHYECKH HHBAPHAHTHOE OTHOCUTEIBHO ottepaTopa J; 1y (s, 7,¢) (k= 0,1)(cm.
[1; . 2,8 6]).

Oupepenenune 2. Bydem 206opumsv, wmo eexmop-dyrrxyus w(t, 7) = {w, ..., wy }
NPUHAOAEHCUM NPOCPAHCMEY Y, eCAl 0HG NPedCasUMa 6 6Ude CYMMDL

w(t, 7) = wo (t) +wq (t) ™ +wq () €™, w; (t) € C ([0,1]),

j=0,1,2. (32)
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_1rt _ »(t,0) ~
3ameTum, 4TO 3/1eCh Ty = fo a(x)dr = £2=. HO,ZICT&BEIM BMECTO ¥y 3Ty DyHK-
IIUIO B KaXK/IbIil MHTErPaJIbHBII OIepaTop, BXOAAMMN B J; 1y (s, T, 5) . Bynem nmern

Jl’k’u}(tﬂ') =
= ft e Joe@dr g, (4 s) (wo (s) +wy (s) ez Jo M@dr L (s) ez Jo AQ(””)d””) ds =

1

= ee St A2($)dm[{1’k (t7 S) wWo (S) ds + eé fot Az(a)da fot Kl,k (t, S) wo (S) ds+
t
+/ et 2@ e (1 sy (s) et S M@ gg —
0

= et Jo Aa(@)dz ft K1 xk(t,s)ws (s)ds + f et Ji Xz (@)de e, & (t,s)wo (s)ds+
+€5 fo A2 (z)dx f e~ B Ag(m)deLk (t, S) wy ( )65 Jo M) dwds

[Ipumensist omneparuio MHTErPUPOBAHUS 110 GACTSIM, ITOJIY THM

et Jo 2l 2L eWN(A s)wo( )ds =

e t Ky, (t,s)wo(s )d f Az (z)de _

© (0 () (tHwo(t)
o K t,0)wp(0) L Mo (z)dx Ky i (t,t)wo(t
ig{%sfo 2(w) ,%}+
+€f elf Az(as)dacaag Ky, k(tQ?);UO(S)dSZ

_ | K1kt 0w (0) L[t o (z)de _ K1kt t)wo(t)
_5{ 1k/\2()° 2 Jo Ae(z)dz _ 1’“)\2(75)0 }—5—

P e _
1 8 Kik(ts)wo(s)
- (&)

2 o (z)dx D 19 Kik(t,s)wo(s) _
+e fo Hh ”)xas (Az(s)% lk,\is;ios)ds_

_|_62[< 1 @Kl,k(t»S)WO(S)) B et Jo Az(@)dz _

6% fof A2 (z)dx

x>
—~~
=+
V)
~—
o
—~
V2]
~—
~
~—

i

=2 o &I (K
wo (8))) 4= J

— (15" (K (£, ) wo (s)

r1e BBEJICHDbI OllepaTOpPbI:

0 1 1 _ 1 0
2R pm (33)
13" = ,\2(5)%[2 M2
Hasee numeem:
t
oL I xa(a)de / e HIT DA, (1 5) w (5) e S0 M (@A
0
et Jixa(w)dn fot et Jo (i(@)=X2(@))da (g‘s W) ds =
_ Zﬁzo €m+1 (71)m [(Iing (Kl,k (t, S) w1 ( ))s*t es f() /\1($)dw> _
, = s=t
- (1172 (K (1 8) wy (s)) g €% o 22 dr)}
TJIe BBEIEHBI OIepaTOPHI:
o 1 1 1 9 710
I1,2 - m’gl 12/—_1 m&-rl,za (34)
If,Z W3§I12 , V> 2.
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Takum 06pa3zoM, Jis IPOU3BOJILHON BeKTOp-byHKImu (32) OyieMm umersb

Ji kU}(t 7—) =e- 2 Jo Aa( z)dzf K, k t 8)’[1}2( )dS+
+ g e (-1 [<12 (K1 (2, 5) wo (5))) g €7 Jo 22(0)8

= (3" (K1 k (1, 5)“’0 ) o=il+ (3%)
+ 3 et (= (HYE Kk (t,s)wi (s)),_, exlo )\l(z)dz)s:t B
(112(K1k(t s)wi (8)),_ ez Jo 2a(@) dm>]

IIpousBesieM Temepnb PETyJIPU3ANUIO UHTETPAJIA C MEJJIEHHO U3MEHSIONUMCS S]T-
pom:

Jokl (t.72) = [y Ko (t,5) 7 (s, 2L ) ds =
= Jy Ko (t,5) (w0 () + X5 wy (s) e S5 0 s
= [7 Kok (t,8) wo (s) ds+
+ [ Ko (t,5) (Z?Zl w; (s)ex lo AJ(I)‘“) ds.
BuoBB ncmosib3ys oneparnuio WHTErPUPOBAHUSA [0 YACTAM, MPUAEM K CJIEIYIOMEMY
pay:
fot Kok (t,s)wo (s)ds+
- Jy Kok () (3232, wy (s) eF i M@ ) ds =
= fg Ko (t,s)wo (s) ds+ (36)
2 o m _m m 1 [ty
= Zj:l Zm:O (—]_) € +1[(Ij (K(]’k (t, S) W (S)))s:t es Jo Ni(@)dw _
— (1" (Kok (t, 8)w; (5))) )
TJ1€ BBEIEHDbI OIlepaTOpPbI:

I
J Aj(s)? 7J Aj(s) 050,50 (37)
m o__ 1 9 tm—1 -
I =5@el 5 i=12 m22

HerpysiHo mokasaTh, 9TO PAJIbl, CTOAIINE B IPaBbIX dacTsax paseHcTs (35) u (36),
ACHMIITOTUIECKH CXOIATCS TIpU € — +0 K COOTBECTBYIOIUM WHTErpajam (paBHO-
Mepo 10 ¢ € [0,1]). O6osnauas uepe3 R, : ¥ — Yoneparops! nopsaka (mo €),
JeficTByiomue Ha Kaxkayo GyHKImo (32) 10 3aKOHY

Ry pw (t,7) = €™ fot Ky (t,s)ws (s)ds+
+ [ Kok (t,5) wo (s) ds;

R pw (8, 7) = [(13" (K1 (t,8) wo (8))) ;g €™ —

— (13" (K15 (2, 8) wo (8))) Jt (38)
+ (=)™ (I (K k (8 8) w (5),_pe™) _, —

(112(K1k(t s)wi (8)) g€ 2) +
(

+Zj=1 (=™ [( Kok (t,5) w; (s )))s=t er
— (Ijm (Ko,k (t,5) wj (3)))820]

e oneparopsl 137, 11 m [T Bbraucisiores o dopmymnam (33),(34) u (37) coor-
BercrBenno. Torma 06pa3 Jyw (¢, 7) MOXKHO 3ammcaTh KpaTko B hopme

Jrw (t,7) = Jypw (¢, 7) + Jopw (£, 7) Z emtlR mt1,kW (£, 7).

m=0
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Iycrs Tenepsh HekoTOpas BekTOp-ByHKuusa y (t,7,€), HeupepbiBHag 1o (t,7) €
€[0,T) x II (Il ={Re7; <0, j=1,2}), upencrasigercsa B BUIe PsIa

g(t’ T, 5) = Z?io glyl (tv T) y

39
w(tr) = wld () + Dyl () e e Y, (39)

cxofmerocst acumnrornaeckn npu € — +0 (pasromepno no(t,7) € [0,1] x II).
IMojcTaBiisst ee B MHTErpaJibHbIE OlepaTopbl cucreMbl (31), 6yaem uMeTh

ZZO:O Ekag (37 w(ES) ) E) =

= Zzio Z?io " Ty (t,7) = Z;}io Z;O:O Roryi (t,7) +
+ 3t €Y irmat—y Bma1ky (8,7) =

= Z:io e’ Zk+l+m+1:T Rm+1,kyl <t7 T) )

e T = (t) /e.

o
Omnpenenenne 3. Onepamop Jy = > ~oe" > 0 Ry ey (¢,7)  6ydem
HAZBIEAMYb POPMANLHBIM PACULUPENUEM UHMEZPAABHOZO ONEPATOPA

’;Ekag (s7 ¢£S),E> .

Tenepb MOXKHO 3aIIUCATH 33,/1ay, IOJTHOCTHIO PErYJIIPU30BAHHYIO 110 OTHOIIECHUIO
1o orsomrennio K (30):

07 < ] U -
E Y NG M OF-TF=h(t), §0,05)=y"  (40)
j=1

Ioxcrasnas psan (39) B (40) u upoussoust npupaBHuBanue KO3(bMUIMEHTOB IPpU
OJIMHAKOBBIX CTEIICHAX &, IIOJ'[yLII/HVI CJ'Ie)IyIOHII/Ie I/ITepaHI/IOHHbIe 3a/1av9M:

2
0
Fyo =325 (0) 52 = A (6)90 — Rooso = h (6) 50 (0,0) = 4% (410)
j=1 J

0
Py = =22+ Rioyo,41 (0,0) = 0; (41,)
Fui — o A
n=- + Ra,0y0 + R1,1y0 + R1,0y1, 92 (0,0) = 0; (412)
Fu. — Oyr—1 N
p=-—g—t > Bupm(t7),9:(0,0 =0, (41,)
k+l4+m+1=r

Kazxyto mapy urepanuonsnix 3aga4d (41,.),(41,41) MOXKHO 3a1ucarh B Buje

0
Fy=3Y X057 MOy Rooy=F (67), 0.0 =y, (42)
j=1 J
y
FU:_E‘FRl,Oy"’_g(t?T)a (43)

rue f(t,7) = fo(t) + 25:1 fi@) e, gt, 1) =go(t)+ 25:1 g; (t) €™ — u3BecTHbIE
dyarmun Kmacca Y. 37ech Tak ke, KAk U B 1.1, HETPYJHO JOKA3aTh CJIEAYIOMAI
PE3yJIbTAT.
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Teopema 3. ITycmo swnoanensv, yeaosus 1)—4) u dynxyus f(t,7) € Y.Tozda
das paspewumocmu cucmemst (42) 6 npocmparncmese Y neobxodumo u docmamouno,
YMmoobwL

(f(t,7)|e™y =0« f1(t) =0Vt e[0,1]. (44)

IIpu svinoaneruu yeaosut (44) u npu donoanumenvhom mpebosanuu

T>zo (45)

sadaua (42) odnosnauno paspewuma 6 npocmpancmee Y.

dy
< at-i-Rloil/-i-g(t )

3aech gepes (x | *) obo3HadMeHO cKaugpHoe (pu Kax oM ¢ € [0, 1]) mpousseeHue
BY:

(f@t.r)[g(tm) Zf]

O6pamniaeM BHUMaHUE HA TO, 4TO B (31) m (32) B YMHOXKEHUH YYACTBYIOT TOJIHKO
dyukuus e™, rak Kak HyHKIWK TUIA g2 (1) €™ He BXOIAT B siApo olieparopa Fy =

_2 &
=520 (02— A D)y
W, nakonern, obosHauas depes y.n (t) = Eivzl ™Y, (t, @) cy>xenue N-if ga-
cTraHON cymmbl psina (39) mpu 7 = ¢ (t) /e = (Y1 (t) /e, w2 (t) /e), nokaxewm ( Tak
xke, Kak u B [10], cTp. 303-308) oneHky
ly () = yenw Ol < Mne™H, M =0,1,2,...,

rje nocrostiHas My > One 3aBucur or € € (0, 9] (g9 > 0—mocTaTouHO MAJIO).

6. IIOCTPOEHUE IJIABHOI'O YIEHA ACHUMIITOTUKHU 3AZIAYN (2)

Pa3BuTslit HaMHI aJITOPUTM HO3BOJIAET HOMYyYaTh ACHMITOTHKY PEIeHUS UCXOJ-
HOIT 3ajaun Jio6oro nopsaiaka (1o €). OJHAKO BBIYUC/JIEHUE BBICHINX IIPUOJIUIKE-
HU CBS3aHO C TPOMO3JIKUME BbIKJagKaMu. Ha nmpakTuke 0OBIYHO OrPAHUYINBAIOTCS
IJIaBHBIM 4JI€HOM aCUMIITOTUKH, CTPYKTYPa KOTOPOI'O IIOBTOPSET CTPYKTYPY TOYHO-
ro pemenust 3aga4n (2). B 9T0M ciydae GbIBaeT JOCTATOYHBIM PACCMOTPETh yPaB-

Henme!
e% dt _1/\1 ) y+
+ 1 eef *2“9d9ff<t, $)01” (t,5)y (5,€) ds+ (46)
CTEE (85) o () y (s,€) ds + h (1),
y (0, 6) = y°
1 pacCMOTPETH TOJIBKO JB€ II€PBbI€ UTE€PpallMOHHbIC 3a/1a91:
Fyo—z)\ 7*>\1()y0*R00y0:h(t)7yo(o’o):yo; (470)
Oyo
Fyi = =22 4 Ry gy0, 41 (0,0) = 0, (471)

ot

mMmﬂzmqmez;@WmQ=
=™ [T Ko (t,s)ys) (s)ds + [ Koo (t,s)ys” (s) ds;

rae

Hanomuum, uro A1 (t) = b(t), A2 (t) = a(t) u vgo) (t,s) e + U((]O) (t,s) — pemenue 3anadu
(150) .
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Ryoyo (t,7) = [(IS (K10 (t,s)wo (s )))5:0 e —
— (19 (K10 (£ 5) wo (5))) ]+
[(11 2 (K10 (t,8)wy (s)),_ ten) -
(2 (o (1) wa () - €7
+Zf1[(IO(KOO(t 3) J(S )) e’ —
(IO (Koo (t,5)w; (s))) _,

ITpumensisi pa3spabOTAHHBIN AJITOPUTM, TOCTPOUM T[VIABHBIH WIEH ACHMIITOTUKA
perienus 3aja4n (2):

yeo (1) =y () + aq (1) e Jo M@)o, (48)
(0)

rie yHKIUs Yo (t) YIOBJIETBOPsAET UHTEI'PAJILHOMY YPaBHEHUIO
“x )y ( / Ko (t,5)vl” (¢, )58 (s)ds = h (t), (49)

a byHKIMs o (t) BBIUUCISAETCS U3 YCIOBHI <—— + Rioyo | e™ > = 0 paspermu-

MocTu ypaBHenus (471) B npocrpancrse Y. 3nech
0 0 r
wo =0 (t.7) = 55" (1) + Dy, (1)

U3 (48) BuaHO, YTO BiMsIHME MHTEPAJILHOIO OIIEPATOPa HA CTPYKTYDY IVIaB-
HOTO YJIeHa ACUMIITOTUKHU PeIIeHus 33741 (2) OCyIEeCTBISIETCS I€PE3 ONEPATOPHI
Kio(tt) =K 1)\ (t,t), Koo (t,t) = K (t,£)v}” (¢, 1), sxomamux B Ry oyo(t, 7)
(T. e. B KOHEUHOM cuere uepe3 juaroHasbHoe siipo K (t,t)). Ecom K(¢,t) = 0, To
ypasuernue (1) He OKa3blBAET HUKAKOIO BJUAHHS HA CTPYKTYDPY IJIABHOIO WICHA
ACUMITOTUKU pelieHus 3a1adu (2), T. e B nepBoM pubizkenun uarerpogudde-
penraigbHas cucrema (2) Bezger cebst Tak ke, Kak U auddbepeHIuaibHas Cucre-
Ma ey = A\ (H)y + h(t), y(0,e) = y° (BusAHEEe WHTErPATLHOTO UJIeHa TIPOSBUTCST
OpU [IOCTPOEHUN BBICIIUX npubimzkenuii). Kpome toro (B otmaune ot paGorst [9])

y L (0
B acumnroruke (48) Ha GopMUpOBaHUE MEJJIEHHOH COCTABIISIONIEH y(() )(t) BJIHSIET
sanpo Ko(t, s) ypasuenus (1), o uem 6bu10 cka3ano Bo BeejeHnn. OTMETUM TaKXKe,
410 ypaBHeHue (49) fBiseTcs BEIPOXKIAECHHBIM (¢ = 0) 110 OTHOIIEHHUIO K UCXOIHOMY

(46).
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