ISSN 1991-346X Cepus Qusuxo-mamemamuyecxas. Ne 4. 2017

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
PHYSICO-MATHEMATICAL SERIES

ISSN 1991-346X

Volume 4, Number 314 (2017), 215 - 222

UDC 517.94

ML.IL Akylbaev’, G.A. Besbayev?, A.Sh. Shaldanbaev*

SOLUTION OF A SINGULARLY PERTURBED CAUCHY PROBLEM,
FOR AN ORDINARY DIFFERENTIAL EQUATION OF THE FIRST ORDER
WITH A VARIABLE COEFFICIENT, BY THE METHOD
OF A DEVIATING ARGUMENT

'Kazakhstan Engineering and Pedagogical University of Friendship of Peoples, Shymkent
2South Kazakhstan State University, Shymkent

shaldanbaev51@mail.ru

Abstract. In this paper, we obtain a spectral decomposition of the solution of the Cauchy problem in a space
with an indefinite metric, and by means of this decomposition a boundary layer expansion of the solution of a
singularly perturbed Cauchy problem is derived for a model equation of the first order €y + a(x)y(x) =
f(x),y(0) =0,a(x) >0, f(x) € WS*[0,1], a(x)eC™[0,1].
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KOD®PUIMNEHTI ATHBIMAJIBI, BIPTHIII PETTI KOAIMIT
TA®PEPEHIMAJIBIK TEHJAEYATH CHHTYJIAP OCEPJIEHTEH KON
ECEBIH CIIEKTPOJIII TAPAJIBIM 9ICI APKBLIBI HIENTY

1. Ecenrin KOiibLILIMBIL,

MsmHa, L?(0,1) xeHictirinae Kommumin, MpIHagaiA,
Ley = ey'(x) + a(x)y(x) = f(x),x € [0,1]; )

y(0)=0(2)

CHHTYJISIP dCEpIICHTEH eceGiH KapacTeipansik, myHaarsl f(x) € L2(0,1), a(x) —ysikci3 HakTel (yHKUEA, am &€ > 0
azmramansl oH mapamerp. Ocel ecentiH memiMi, € — 0 COTiHAC, Kanai e3repei AereH cypax 01311 MazanaisL.

Byn ecenri menrynin kemrereH ogictepi 6ap [1-9].ekiHimke opai,0ya 9aicTepAiH KOMIILTr »KapThUIak
SMIMPHUCTIK 97icTep KATapblHA >KaTambLceO0cOi, €cemTiH KaXgblK MYyImeci, OHBIH KO3(D(HIHCHTTEPI APKBIIBI
OarananOaran.bi3 Oy ecenti ciekTponaik oaicneH [10-17] menrin, 9/1ri OJIKBLIBIKTEL TOITHIPMAKIIBI3,

2. AJIFpI APTTAP

XKorapernarer, (1) TeHACYAIH OH JKAaFBIHAAFBI OOC MYIICCI, JKANIBI aTFaHAa, OipTeTic OOMMAFaHABIKTAH Oi3
muddepeHIHANIBIK TCHACYICP TCOPHACHIH KOJIIAHA AJIMANMBI3, COHIBIKTAH, TCHACYMIH IICIIIMIHIH 0ap >KOFBI
OctimomiM. OCBI JKaFmai,ecenKe OmepaTopiaap TYPFBICHIHAH KapayFa MOXOypraewmi, ommi (KYIITi) DIemmiM YFBIMBI
OChIIal matga 60mampl.

Mema, D(L,) —apksust (0, 1] apanseima y3aikcis maddepenunannanatsm, an [0,1] cermentinme y3ikcis
sxone Kochivina y(0) = 0 mapThiH KAHAFATTAHABIPATBIH (DY HKUMSIAPBIH ChI3HIKTHIK KOICATIACHIH OCITiICHiIK.

D(L) = {y(x) € €*(0,1] n [0,1]: y(0) = 0}
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H3zeecmus Hayuonanvroti axademuu Hayx Pecnybnuxu Kasaxcman

Anpikrama 1. Erep y(x) € D(L,) one on (1) Terney ain menrimi 6oica, ouaa ousl (1)-(2) ecedinin Typay bt
(peryiapHOC) IemiMi JeHiK.

Enni f(x) € L?(0,1) Goncein menik, mynaai ¢ysxumsiiap [0,1] kecinmicinin Oapibik HYKTeIEpiHae, APk,
AHBIKTAJIFAH, SFHA OHBIH CBIP-CHIHIATHI HOJI MOJIIICPIIi JKBIHBIHAA OCHMOIIIM, COHABIKTAH MYHIAH ()yHKIMAIAP YIUIiH
AIIBIHFBI AHBIKTAMAHBIH KAPAMCHI3IBIFBI AHIAH AHBIK.

Amnbikrama 2. Erep, mpmanait, {y,(x)} € D(L,),k = 1,2, ... 1i36ex Tabbutsm, on L2(0,1) KeHICTIiriHae, MbIHA,
Y (x) = y(x), Ly, — f(x) maprrapas! karararTanaeipca, onaa y(x) € L2(0,1) ¢pynximsacen (1)-(2) ecebinin ommi
(xynrri) memimi aekik. Erep xeskenren f(x) € 12(0,1) ymin oceHaaii onai memim 6ap 6onca, onaa (1)-(2) ecenri
QNI IS IC Al ACHMI3.

bi3 enmi (1)-(2) ecenTiH oAl IMEMIICTIHIH KOPCETCHIK

Jlemma 1. Erep a(x) € €[0,1] sxone, MbIHa,

a(x) > a>0,vx € [0,1] (3)
TEHCI3MiIK OpbIHAanca, onma ke3kenreH U(x) € D(L,) —(yHKIHACH YIIiH, MbIHATAM,

ILeull = a X [lull, [ILeulla x [|u|
anapiH-a1a Oaranayaap OPbIHIBL
Maneni. XKorapsinars: (1) TeHaeymin exi »xarbin-1a y(x) —Ka cKaxp koOCHTCEK, OHIA, MbIHATAM,

(Ley,y) = ey, y) + (ay,y) = (f,¥)

TEHJIK aJIaMbI3, MYHAH

, o, 1 ey?(1) e x y%(1)
f(y,y)=6><fyydx=8fydy= = fi= =2 0;
0 0

(ay,y) < (£,y) < lIfIl <1yl

Enzi ., a(x) = a > 0, ekeHiH €CKEPCEK, OHIA, MBIHAIAIM,

ax [Iyll* < (ay,y) < lIf I x llyll. = allyl < IfIl = Lyl

TEHCI3OIKTEP anamMbI3, 0i3re Keperi-ae OCHl eai.
Jlemma 2. Erep a(x) —y3ikci3 ¢yHkunsce ke3kenreH x € [0,1] ymin , Mbaa

a(x) > a>0,Vx € [0,1] (3)

TEHCI3MIKTI KAaHAFATTAHABIPCA, OHAA *KoFapeiaarbl Kommaiy (1)-(2) ecedi oai memmine .
Maaemni. Erep f(x) — dyuxuuscer [0,1] KeciHaiciH;[e y3ikci3 6osca, OHIA, MBIHA,
e(x)
yne ) = [ ST @
¢yuxps Ko eceGiniy menrimi 0omamapl, MyHIarsl e (x) —aereHiMi3 coiikec OIpTEKTi TeHACYIH (PYHIAMEH T
IICIIIMI, SIFHH

exe(x)+alx)e(x) =0,e(0) =1
[IIsmBIHIA-1a,

yen=L2 i [ SB 0w e ean =+ [ 5 “9 s
a(x)e(x) ¥e(x)
- 1) —5 [ E 2 r e = £ ae) x| ZE e =

= f(X) - a(x) Y(x; S,f), B 53”(95» ng) + a(x))’(x» E,f) = f(x)

Erep (4) popmynana x = 0 Goncein aeik, ouaa y(x, &, f)/x—o= 0 GomapL.
MpbiHa,

ez +a(x)z=0,z(00=0

CCEITIiH CNICYTi MeITiMi )KOK, COHIBIKTAH TAOBLTFAH (4) memiMi Oipereii.

ConbiveneH, L, omeparopa D (L,) —xbritbiabie R(L,) = C[0,1] xbliisiHbiHa ©3apa OipMOHI €TiN Ay apabl,
sean D (L,) —xkbliibIHbIHBIH op0ip snementine R(L,) = C[0,1] >KbIibIHBIHBIH TE€K Oip FaHA JIEMEHTIHE COMKEC
KeIe i JKOHE Kepicinme-ne conai, nemek kepi L1 omeparopsr 6ap, an, Osuiai, L;1: R(L,) — D(L,) aHBIKTAIFaH.
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Omri L;* oneparopsibiy L2(0,1) KeHICTIriHAE IEKTEY T €KEHIH KOPCETEHiK, aliTHAKIIBI,

e(x) —e Sf a(t)dt
€KCHIH Oalikay OHINA KbIHBIH MApya eMeC, MYHAH,
e(x)
e(®)]
Kepi L7 onepaTopbIMBI3aBIH TYpi, MBIHA AN,

X 1 1
youe ) =10 = [ Sr@de =1 [ 0-0 5

— e Jlawar . 1

e(®)

-5

MmyHaarsl 6 (x) —XeBUCAHATHIH ()Y HKIUSACHL, SIFHA

_(lecepx =0,
0(x) = {O,eeepx < 0;
COH/IBIKTAH,
1
! 1
=7 [ SVl =g L Y = L -
i I 1

ILZHfFII? < AL < = LM <<

Y3ikcCi3 (hy HKUMSIAPABIH CHI3BIKTBIK KOTCATACH! L2 (0,1)KCHiCTil‘iH£[e TBIFBI3, COHIBIKTAH CBIZBIKTBIK OIIEPATOP-
TapAbI KEH AKBIABIHFA TAPaTy TeopeMachl OoiibHma L1 onepatopbi 6yTkin L2(0,1) KEHICTIiriHE MEKTEYT 0NepaTop
etin Taparyra GomamsL Byn corre, ameinram L;® omeparopst L?(0,1) xewictirinae ambikranras. Enmi, mbima, [1,]
JICMMAHBI TAHTATAHAHBIK,

Jlemma 3. Erep CBI3BIKTHIK A OTEPATOPHI THIFBI3 AHBIKTAJICA, KAOBIHATHIH Opi KaHThIMIBI 00JICA, OHAA OFAH Kepi
A~! onepatopsl 1a KaObIHAIBI KoHE, MbIHA, A—1 = (A)~! TeHaik OpbIHAATAMbL.

Bismin xarmaiiaa L, omepaTopsiHBIH CHHApTACH Ltz = —ez'(x) + a(x)z(x), D(LY) = {z(x) € C*(0,1) n
C[0,1]: z(1) = 0} omeparopsr L2(0,1) xemictiriame ToEbr3 Cy'(0,1) CHI3BIKTHIK KOICATACHIHAA AHBIKTATFAH. BRI
Lt CL: xaThICTBIFBIH €CKEPCEK, OHAA ChiHap Li omepartopsr ma L?(0,1) —KEHICTIriHAEC THIFBI3 AHBIKTAIFAH, JAEMEK
L xaOpIHaThIH oneparop. JKorapbina aliTeurran ceben OOHBIHINA L, OIEpaTOPH! 1A THIFBI3 AaHBIKTAIFAH , COJ CeOETTi,
mbtHa, (L)™' = L;T (popMyIackl OpBIHIBL SFHH L, OICPATOPBIHBIH KAOBIHABICHI IICKTCYT KAMABIMABL JleMEK
sxorapsiaarsl (1)-(2) ecen onai meminesi.

Iememaa-aa, erep f(x) ¢ymxmmacer L2(0,1) KeHIiCTiriHIiH Ke3KeIreH 3MeMEHTI 6071ca, OHOA Y3ikci3
{f,()},n =12, ... pyaxkuuanapasy Tizoeri Tabbimbm, f,(x) — f(x) mapter L2(0,1) KeHiCTiriae opbIHAANAMIBL
Byn ¢yHkiuanapra, MpIHagaH,

e f) =3y 2 f©dt ®)

(yHKUMSIIAp CORKEC KEle i, )KOHE 0JIap, MbIHAAI,
Ly = fn(x),n=1,2,..

Komru ecentepiniH Typaayisl memiMaepi 0odaabl. AJIbIH-a1a adblHFAH Oaranayiap OOHbIHIIA

1 I fr—fmll
”yn _ym” = ;”L:-:yn - Lsym” < na = )
seam {y,} —ris6eri  L?(0,1)kenicririnae (ynmamentommi, conmeikraH, y(x) € [2(0,1)pyHKIHICH TaOBUICHIH
Leyn = f, Y — yIApTTapel opbiHaamaael. ByHaH Gackama TyprbigaH Kapacak, ouma, myHbsmbi, y(x) € D(L.)
skome L.y = f(x) merenni Oimmipeni, an L, omepaTOPBIHBIH KaNTHIMIBI €KCHIH €CKEPCEK, OHAA 0ACKA IHEIIM JKOK.
COHBIMEHEH 2. TOJBIK JJICIACHIL.

Cannap 1. Msina,

L) =1y 25 f@at ©)
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