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Abstract: The paper considers a nonlinear integro-differential
system with fast and slow variables. Such systems have not been
considered previously from the point of view of constructing regularized
(according to Lomov) asymptotic solutions. Known works were
mainly devoted to the construction of the asymptotics of the Butuzov-
Vasil’eva boundary layer type, which, as is known, can be applied
only if the spectrum of the matrix of the first variation (on the
degenerate solution) is located strictly in the open left half-plane of

a complex variable. In the case when the spectrum of the indicated
matrix falls on the imaginary axis, the method of regularization
by S.A. Lomov. However, this method was developed mainly for
singularly perturbed differential systems that do not contain integral
terms, or for integro-differential problems without slow variables.
In this paper, the regularization method is generalized to two-
dimensional integro-differential equations with fast and slow variables.
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1 Bsegenne

PaccymoTpum cHHTYISIPHO BO3MYIEHHYIO HHTETPOaAudhepeHITNATEHY O Ch-
cremy

@ =Tz )+ fo (ki (69)y (s,€) + kia (£5) 2 (5,9)) ds,
% = w(t)z +eg(y. 2, t) +e fy (ka (8.9)y (5,8) + kaa (t,8) 2 (s,€)) ds,

y(0,¢) = 4°,2(0,¢) = 20, t € [0,T],

1)
rae y =y (t,e) m z = z(t,&) — Hem3BecTHBIE CKansApHBbIE DyHKIUM, W (1),
fy,2,t), g(y,2,t), kij (t,s) (1,7 = 1,2) — usBecruble dbynkimu, € > 0 — ma-
JIBI [TapaMerp. DTa CUCTeMa COAEPKUT KaK ObICTPBIE Z, TAK W MeJIeHHbIE
nepemennbie Y. Takme CUCTEMbI C TOYKH 3PEHUS [MOCTPOCHUS PEry/spu30-
Banubix (110 JIomosy [1, 4]) acumurornyeckux pelieHuii panee He paccmar-
puBasiuch. 3Becrrbie paboTsl (cM., Hanpumep, |2, 3]) kacanuch mocTpoeHust
ACUMIITOTUKN TUIA TIOTPAHUIHOTO CJI0sT, KOTOpasi, KaK M3BECTHO, CIIPABE/IIN-
Ba MPY PACIOJIOKEHUN CIIEKTPa MATPUIIBI TIEPBOil Bapuanuu (Ha BBIPOXKICH-
HOM DEIIIeHNH) CTPOro B JIeBoil mostymiockoctn Red < 0(cum. [2, 3]). B namem
JKe CJIydae CIEeKTP YKA3aHHOW MaTPHIlLI MOXKET UMeTh YHCTO MHHUMBIE COO-
crBeHHble 3HadeHHdA (Rew (t) = 0), mosToMy Meroguka paboT MO MeTOLy
norpaHndHbIX (byHKIW [3] 31ech He mpoxoauT. B aToM caygae o6braHo mC-
nosb3ytor meron peryaapusanun C.A Jlomosa [1]. Ograko sToT MeTo ObLT
pa3paboTaH B OCHOBHOM JIJIsi CHHTYJIAPHO BO3MYIIEHHBIX Aud hepeHiinaib-
HBIX CHCTEM, He COJEpPKAINX WHTErpaJbHbe WICHBI (CM., HampuMep, [1, 4]),
wu i uHTerpoandGepeHualIbHbIX 3a/0ad 0e3 MeJIEHHbIX TepeMeHHBIX
[5, 6, 7]. B nacrosimeit pabore mesaercs mOMBITKA 000OIINTE METO] PETyJIs-
pusaruu 1| Ha ypaBuenus tuma (1) ¢ 6BICTPBIMU ¥ MEIJICHHBIMA TT€PEMEH-

HBIMU.

2  Peryasapusanus 3amaun (1).

Beesiem BekTop-dysakimio w = {y, z} u 0603HaqMM

o () a0 (30 ) run= (5020,

(ki (ts) kia(t,s)
K (t,s) = < k;; (t, ) k;z (t,s) > ‘

Torma 3amaqy (1) MOXKHO TIepenucarh B BUJIE

dw
“at

By,ILeM IIpearnoJaraTb BBIIIOJIHEHHBIMHA CJCOYIONINE YCJIOBHUA:

= A(t)w + e F(w,t) + E/tK (t,s) w(s,e)ds,w(0,e) = w’..  (2)
0
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1) dyuxunu a (t),b(t),w(t) € C> ([0,T],Ch), kij (t,s) €
Ce({0<s<t<T},CY, i, j=1,2
2) BekTop-bynkimsa F (w,t) ABIsETCA MHOTOYICHOM ™ IO W :

N N
Flwt)= Y FM@uwm= Y Fmm)@)ww)?

|m|=0 m1+mo=0

¢ koacpunmentamn F™ (t) € C ([0,T],C?), [m| = my +my = 0, N;

3) Rew (t) <0Vt e[0,T].

Taxmm obpaszom, 3a1a4a (2) (a 3HauwT, n 331a49a (1)) ABASETCS CUHTYIISAD-
HO BO3MYIIEHHOH 3ajadeii ¢ HeoOpaTUMBIM MpeIebHBIM oneparopoM A(t),
C HyJeBbIM COOCTBEHHBIM 3HauenueM \g(t) = 0 (kpatHoctu 1) u HeHyIeBbIM
cobcTBeHHBIM 3HAUeHWeM A1(t) = w(t) (kparHocTu 1), mpudeMm STOT omepa-
TOD U CONPSIZKEHHBII K HeMy omeparop A*(t) nMeroT e JuHIIHBIE COOCTBEHHbIE
BEKTOPHL: ¢o(t) = e1, ¢1(t) = ea, xo(t) = e1, x1(t) = e2. Cornacuo [1] BBogEM
PETryJISIPU3UPYIONILYI0 TIEPEMEHHY O

L L e v
T = /OAl(e)de_ /0 () do =

9 9 9

[0 HEHYJIeBO¥ TOUKe CIeKTpa TpejesbHoro orneparopa A(t) u nepexoaum
K PaCIIUPEHHON 3aaade

e +wt)w— Alt)w — e F(w,t)+
(3)

Yo LK (t,s) d(s, Y2 e)ds = 0,0 (t, 7, €)|rmr—p = w°

e

quist bysakiun W = 0 (¢, 7,¢) . fcno, aro ecom w = W (t,T,€) — pemienue
sagaqn (3), ro dynkIMs

" t

w=w (t, @,z—:) SIBJISIETCsl TOUHBIM pelleHueM 3ajaun (2), nosromy 3a-
nada (3) siBysieTcsl PACIIMPEHHO 0 OTHONIEHHO K 3aate (2). OaHako ee
HEJIb3s1 CINTATH MOJHOCTBIO PETYISPU30BAHHOMN, TaK KaK B Heil HE TPOU3Be-
JIeHA PEryJIsIpH3alisl HHTErPAJIBHOrO IeHA

J (12) (t,7,¢) |t=s,r=,w(s)/s) = 5/0 K (t,s)w(s,v(s) /e, e)ds.

s peryIapu3alin MHTETPaJbHOTO OIlepaTopa BBeaeM Kaacce M., acuMIi-
TOTUYIECKN WHBAPUAHTHBIN OTHOCHTEbHO omeparopa J (cm. [1], ctp. 62).
HamomuuMm cooTBeTCTBYIOIEE TIOHATHE.

Onpenenenne 1. Tosopam, wmo xaacc M. acumnmomuuecku uHBAPUAH-
men (npu e — +0) omnocumenrvro onepamopa Py, ecau evnosnenv, caedy-
HOWUE YCAOBUSA:

1310 ycnosue npuHImMaeTes pagpl MPOCTOTH IPUBOIMMBIX HIZKE BKIAIOK. MOKHO CHm-
tarp, aro F (w,t) anammruana mo w.
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1) M. C D(Py) npu xaocdom gurcuposannom € # 0 (D(Py)- obaacmo
onpedeaenusn onepamopa Py );
2) obpas Pyg(t,e) arboz20 aremenma g(t,e) € M. pasarazaemces 6 psad

Pyg(t,e) = ngnts

cxodawutica acumnmomunecku npu € — +0 (pasromepro no t € [to, T)).

U3 3T0T0 Ompeaenenus BUAHO, 9TO KjaacC M, 3aBMCHT OT TPOCTPAHCTEA,
U, B xkoTopom ompezesnen omeparop FPy. B mamem coywae Py = J. B xauectse
npocrparcTBa U Bo3bMEM mpocTpancTBo dyHKIM w(t, T), TPeICTaBuMBbIX
CyMMaMu

w(t,T) = wo(t) + wi (£) € 4+ S0 wy, () €F7, "
wy, (t) € C ([0,T],C?), k =0, Ny

B 5TOM MPOCTPAHCTBE €CTECTBEHHBIM 00PA30M BBOJUTCS CKATAPHOE (IpH
kazoM t € [0,7]) npoussenerue:

(w(t, 7),v(t, 7)) = <w0(t) oy (8) €™+ N, wy () b7

volt) + v (£) €+ N v (1) €h7 ) = SN Gy (1) 05 (1),

rae (k,*) — OOBIYHOE CKAJSPHOE TTPOU3BEIeHNE B KOMILJIEKCHOM MTPOCTPAH-
cree C2. Ormerum, uro cremens Ny, muOrodmena w(t, 7) B (4) oTHOCHTETH-
HO 9KCIIOHEHTHI €7 3aBUCUT OT 3Je€MeHTa w. [loKaskeM CHadasa, 9To KJIace
M. =U |T:¢(t) /e ACUMIITOTUYECKU NHBAPHAHTEH OTHOCUTENIBHO oleparopa J.
O6pas omeparopa J Ha smemenre (4) npocrpancrsa U nmeer BuI

T (w (,7,0) li—srp(s)/e) = Jo K (t,5)w (5,7 (s) [£,0) ds =
= Jy K (t,s) wo(s)ds + [y K(t, syw(s)e= o« ds+
+Zk 2 0 K(t,s)wg(s )egfosw(e)deds.

st KaXKI0T0 CIaraeMoro 3TOi CyMMBl OyIeM UMeTh:

Ji(t,e) E/ K(t, s)w (s)ez Jo «Od0 g — / Kt s w1 de% Jg w(®)do

. <K (t, ) wi(s) 1 w(0)d6>

w(s

s=t
_E/ta <K(t73>w1(8)> oL fwO)dn gy
0

o Do 05\ ()
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K(tt)wi(t) L tu(s)d K (t,0)w1 (0
:E[ (wgt)l()esfo (s)ds _ (w()o)l()}_

e dy i (MUt ) 6

IIpomonkast aTOT mpoltece JaJiee, MOTYIUM Pa3I0KEHTe

it 2) = S520(=1) e (1Y (K (8, 5w (5))) ooy e Jo

— (IY (K(t, s)wi(s))) =] ,
0 _ v_ _1 0 gqv-1
rae Il —w(s),Il —m&[{ ,VZl.

IMocrynas aragornaHbIM 06pa3oM B ciaydae naterpasa Jy (t, &) =

k s
= fo (t,s)wg(s)e= Jo ”(Q)d(’ds, TIOJIYYUM Pa3JIOKEHKE

T(t) = S22 (=17 L[ (IY (K (8, s)wn (5)) .y e Jo <000
(6)
— (I} (K (t, s)wg (5))) o) » & > 2.
rie I,g kw(s) A = kwl(s) aI” Ly>1.
YunreBag (5) u (6), Bugaum, aro obpas omeparopa J Ha 3memente (4)
npocrpancTBa U TIPeCTaBIgeTcs B BUAE Paia

t
J (w(t7 T)‘t:s,’r:w(s)/a) = 5/ K(ta S)WO(S)CZ3+
to

Y o (—1) e R | (I (Kt s)wp (s))) ooy e o O

- (Illg/ (K(tv S>wk (3)))5:0] )

Herpysno mnokasars (cum., mampumep, [7], crp. 291-294), aro sror psi
cxomures acumnrorudeckn npu € — +0 (pasaomepno no t € [0,7]). Dro
o3Hadaer, 4ro kjacc M. acumurornyecku unpapuanred (1pu € — +0) or-
HOCHUTEJILHO oTepaTopa J.

Beegem omeparopwer R, : U — U, neficTBymOIINe Ha KasKJIbIA 3JeMEHT
w(t,7) € U Buna (4) mo 3akoHy:

Row(t, T) :/0 K(t, s)wo(s)ds, (7)
Riw(t,7) = (I? (K (t, S)WI(S)))SZt el — (I? (K(t, s)wl(s)))S:0 (8)

Ryw (t,7) = (Iy (K (t, s)wi, (5))) g €7 = (I} (K (¢, 5)wi () g (9)
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Omneparopst R, : U — U, Ha3bIBaeTCS OMEPATOPAME [TOPSJIKA 10 TOM IPHU-
4qMHE, 9YTO OHU B Bbipaxkenuu Jw(t,T) BbIAEISIIOT CyMMY 4ICHOB HOPSIJKA U
OTHOCHTETBHO MapaMeTpa €.

[Tycts Teneps w(t, T, €)— mpou3BosibHAsT HempepbiBHas 1o (t,7) € [0, 7] x
{7 : Rer < 0} dbyukuus, uMeromasa acCAMITOTAIECKOE PA3JIOKEHIE

o0
w(t,T,e) =Y wy(t, ), wlt, ) €T, (10)
1=0
cxopsieecst npu € — +0 (paBaomepno 1o (¢,7) € [0,T7] x {7 : Rer < 0}).
Torma obpas Jy 31oit PyHKIMEU Pa3/Iaraercs B aCUMIITOTUYECKUN P

J(’lf}(t,T,E)’T:w(t)/g Zé‘kj wl(t T ‘.,. »(t) /5 Z ZR sws t T ‘T W(t)/e+

=0

DTO PABEHCTBO SIBJISIETCSI OCHOBAHWEM JIJIsT BBEIEHUs PACIINPEHNsT OIepa-
topa J Ha psmax suga (10):

Jw(t,,¢€) (ZE wi(t, T ) = iariRr,sws(t,T).
r=0  s=0

Tenepb MOYKHO 3alUCATh 3313y, TOJHOCTBIO PEryISPU30BAHHYIO TI0 OT-
HOIIIEHUIO K UCXOJTHOM cucreme (2):

Lauj(t’Ta 5) = 5 ot +w( ) A(t)ﬂ) - 8‘F(ﬁ“t)%—
teJ = 0,w(t, T, &) |[mro = w° (11)
w(0,0,¢) = w'.

3 MHrepammoHuble 3ada4Y1 U UX Pa3pPeInMOCTb B
npoctpascTtBe U. Teopema 06 oleHKe OCTAaTOYHOTO 4YJIEHA.

Oupejensisi pemenne cucrembl (11) B Buge psga (10), noayuanm cieyto-

e
UTEpAITUOHHBIE 331a9N1:

Lwg = Tw(t) — A()wo = 0, wp(0,1) = w (12)
T
811)0
Luy = — 87 + F(wo, ) + Rowo, w1(07 1) =0 (13)

Own N OF (wo, t)
ot ow

Lwy = — w1 + Riwo + Rown, w1(07 1) = 0;
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!
Lwjy = —% + Gy (w, ...,wl,t)—FZ R_jw;, wi+1(0,1) = 0,1 > 2, (14)
§=0
rae Gi(wy, ..., wy, t) — HEKOTOPbIE MHOTOUJIEHBI OT W1, ..., W] ¢ KOO dunu-
EHTAMU, 3ABUCSAIIMMHU OT YACTHBIX NPOM3BOAHBIX DyHKiuu F (w,t) B TOUKE
w = wyq (t, 7), IpUYeM STH MHOTOUJIEHBI IMHEAHBI OTHOCUTEILHO w). Kax nast
u3 3azad (12),(13),
(14) npu wxX MOCTEIOBATENILHOM DEIIeHUH B TPOCTpancTBe U MMeer BUJL CH-
CTEeMBI

Lw = %‘)w(t) _ A()w=h (1), w(0,0) = w,, (15)

vae h(t,7) = ho (t) + hy (t) e” + fo:’g hi (t) €¥ — coorsercryromas mpa-
Bas 4acTh. VIMeeT MeCcTo Clejyiolee yrBep ieHue.

Teopema 1. Ilycmov swnoanenv ycarosua 1 u 8 u npasaa wacmo h(t,T)
cucmemvt (15) npunadaescum npocmpancmey U. Tozda das paspewumocmu
cucmemwt (15) 6 Uneobrodumo u docmamowno, wmobo

(h(t,7),x0 (£)) =0, (h(t,7),x1 (t)eT) =0Vt €[0,T]. (16)

Jlokasameavemeo. Bynem uckarb pemenune cucrembl (15) B Buge smemenTa
(4) upocrpancrsa U. Ioacrasiss (4) B (15) u nupupasHuBasi OTJeJbHO CBO-
6ozuble YieHbl U KOY(MPUIMEHTHI IPY SKCIIOHEHTE, TIOLYIHM CUCTEMbI:

—A(t)wo = ho (1), (17)
[w () I —A()J w1 = hi (t), (18)
[kw (1) T — A(t) | wy, = hy (t) , k = 2, Ny (19)

Cucremst (19) umeror equucrsennbie pemenns wy, = [kw (8) T — A(t)] ™ hy (t)
k = 2,N,, Tak Kak kw () npu k > 2 He ABJIAETCS COOCTBEHHBIM 3HAUEHU-
em Marputbl A (t). Ilockonbsky Ao (t) = 0 — coberBeHHOE 3HAUEHTE MATPHU-
bl A (t) xparsoctn 1, To s paspemmvocTu cuctembl (17) HE06x0MMO
U JIOCTATOYHO, ITOOBI BRINOTHSIOCH TOXK1ecTBO (ho (1), x0 () = 0. Haee,
HOCKOJIBKY Aj () = w (t) Tak Ke sABJIAETCA COOCTBEHHBIM 3HAYMEHHE MATPHU-
npl A (t) kparnoctu 1, To 11s paspenmMocTn cucreMsbl (18) Heobxoaumo u
mocratogno, 4Tober (hy (t),x1(t)) = 0. OgeBugHO, YTO STH JBA YCJIOBUSI
OPTOTOHATHOCTH SKBUBAJIEHTHLI ycroBuaM (16). O

Caencreue 1. 13 doxasameavcmesa meopemvs 1 caedyem, 4mo npu 6uinoa-
nernuy yeaosut (16) cucmema (15) umeem caedyrowee pewerue 6 npocmpar-

cmee U (ywecmo, wmo ¢o(t) = e1, ¢1(t) = e2, xo(t) = e1, x1(t) = ez):

w(t,7) =& (t)er — Loy 4+ (g (1) e + (B ) o7
(20)

+lkw ()T — AW hi (), k =2, Ny,
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ede & (t), & (t) € O ([O,T} ,(Cl) — NPOUBBONLHBIE CKANAPHBIE HYHKUUU.
He 6ydem gpopmyauposams meopemy 06 00HO3HAUHOU PA3PEUUMOCTY CU-
cmemwi (15) 6 npocmparcmee U. Ommemus moavko, 4mo npumeHeHue meo-
pemuvi 1 K 06YM N0CACOOBAMEALHBIM UMEPAUUOHHUM 3adauam 6uda (14) nos-
soaAem Halmu pewenue nepeoti ud nur 6 npocmpanemsee U 00nosuauno.

[Tepeiimem x pemennto 3agaun (12) Tak kak ee nmpasast gacts h (t,7) = 0,
TO JJIsl Hee yCJIOBUs paspermuMocTy (15) BBITOJHSIOTCS aBTOMATHYECKH, W
H03TOMY OHa MMeer cienytorree perenue (cM. (20)) B mpocrpancrse U :

(0)
wo(t,7) = & (ter + 7 (H)eT e = ( o (g; ) , (21)

rie 5((]0) (1), 550) (t) € C>([0,T],C") — moka npoussosbusl. [logauuss (21)

radatbHOMy yeaosuo w (0,0) = w maitmem 550) (0) = 4°, 650) (0) = 2°. Ilpn
sToM 3a7a4a (13) npuHEMaeT BT

Ly = =€) (er — €7 (Weze™ + £ (67 (1). 6 B)e7 ) e+
(22)
+g (f(()o) (1), éo) (t)e”, t) es + fot K (t,s) elf(()o)(s)ds.

Jng npumenenus: ycaosuii oproronansroctn (16) Hamo B mpaBoi gacTu
9TOW CHUCTEMBI BBIJIEJIUTH CHAYAIA CBODOIHBIN WIeH, & 3aTEM HJICH, COIEePIKA-
Uil 3KCIOHEHTY €7 1epBoro uamepenusi. CBOOOIHBIN Y9jIeH UMEeT BU/L

hO (t) = _é[()O) (t)el + f ( (()0) (t)a 07t> el + g (g(()O) (t)707t> ex+

+ fg K (t,s) elf(()o)(s)ds

IlepBoe yeaoBme oproronansaoctn (16) maer
(ho (1) x0 (1) = (ho (1) 1) = 0 & (=& (Der + £ (&67(0),0.¢) er+
+g (géo) (1),0, t> es + (fg V(K (1, 5) elds) o) =0
& €00 + £ ()(1),0,8) + o bt (t9) € (5)ds = 0.

ITpucoenmusaa kK meMy HAYaJIbHOE YCIOBUE, HAIEHHOE BBIIIE, TOJIYIUM
HEJIMHEHHYT0 nHTerpoandpepennuajibHyo 3a1ady

~&70) + 1 (87 ®),0.8) + / i (1) 60 (s)ds = 0.60(0) = . (23)

Dra 3a7aua COBIAJIAET C BBIPOXKIEHHOI 110 oTHOIIEHNO K (1) cucremoit:
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0=w(t)z, §(0) =y’

OTHOCHTETHHO KOTOPOi OBBITHO TIPENO/IATAOT, YTO OHA PA3PENTNMa B 116~
aom Ha orpeske [0, T (cm., Hanpumep, [2]). Beigeass B npasoii yacru cucre-
MBI (22) 4men, cojepzxKaiuii SKCIOHEHTyY €7 TePBOr0 M3MEPEHMUs, 3AITUIIEM
BTOpOE ycaoBue oproroHasibHoctu (16):

{fg— f(7,z t)+f0k11 (t,5)F(s)ds + [5 ka1 (t,5) Z(s)ds,

(&0 Wesem + 7 (60).60),1) e +
g1 (0.0 0.1) Teneer) =05

&=t +g (s()muﬂzo

Bameuas, 9yTo pynkIimsa g (5‘0 (t),& )( ),t) JIUHEITHO 3aBUCHUT OT §§0) (t) =

0, mostyuaem JsinHeitnyto guddepeniraabayio 3aga4dy Korum
_éo) (t) + g* (5(()0) (t),f%o) (t),t) =0, 5%0) (0) = 2%, permag KoTOpyIO Haifgem

OJTHO3HAYHO (DYHKIATO 5(()0) (), a 3HAuUUT, OJHO3HAYHO Halijgem perrerne (21)
sagaun (12) B mpocrpancTse U.AHAJTOTMYHO HAXOAATCS PEITEHUs CJIEITYT0-
muxuTepannoHabx 3aaaq (14) npu [ > 1.

Cdopmynupyem Tenepb OCHOBHOE YTBEPIKIEHHE, KOTOPOE JTOKAZBIBAETCS
TaK »Ke, KaK 1 aHAJIOTHYHOe YyTBepKjienue B [5].

Teopema 2. [Tycmv das ypasnenus (2) ewnoarensvs ycaosua 1)-3) u neau-
Hetinaa eoposcdennas cucmema (23) umeem pewenue 6 xaacce C™ ([0, T) ,CQ) .
. Tozda npu € € (0, 0] (g9 > 0— docmamouno mano) 3adaua (2) umeem edur-
emeennoe pewenue w(t, ) € CH([0,T], C?); npu smom umeem mecmo ouerka

H'U)(t,5> - wEN(t)HC[U,T] < CN6N+17N = 07 1727 (L)

20e weN(t) cyorcenue (npu T = @) N -i wacmuunot cymmor pada (10) ¢
koapuyuermamu wi(t, 7) € U, y006AemMBOPAIOULUMY UMEPGUUOHHBIM 3000~
wam (14), a nocmoannas cy > 0 ne zagucum om € npu € € (0, go).

Yes10Bus TEOPEMBI PEATUBYIOTCs, HAIIPUMED, Jis 3a1a4n (2), B KOTOpOit

f(y,z,t):ay+b()z+y +Z (y,zt):yz+z2,/€11(t)50,
a = const, [0,T] C {t: t;éln(Hay )}

Ananusupys riaBHBIH 9I€H aCHMITOTHKE Weo(t) = 5(()0) (t)er+
1 rt
+€§O)(t)65 Jow®)49 ¢y gy, aro on sasucnr or sapa K (t,s) (cm. (23)).
Onuako ecu kqq (t,s) = 0, TO IIaBHBIf WieH aCHMITOTUKH DeIIeHHs 331341

(2) 6ymer TakmM ke, Kak U B auddepeHImaabHoil 3a1ade (T.e. B 3amade 6e3
HHTErPAJILHOTO TJIEHA).
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