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KAJIIBI MYHO316MO

JluccepTauusuiblK KyMYII aJIChI3 ©3re4e YEKUTKE 33 OOJTOH OUCHUHTYJISPABIK
KO3TOJITOH U PEepeHINANIBIK TEeHIEMENIEPINH YEUUMICPUHUH OUpP KaJbIITArhI
ACHUMIITOTUKAJIBIK aKbIpalIMAJIAPBIH TYPry3yyra apHajraH.

Kymymryn akryanapyynayry. KongoHmMo maremaTukazga ©3reue YEKUTTYY
CUHTYJISIpBIK KO3TOJITOH U] PepeHInanIbIK TeHIEeMeIep MaaHWITYy OPYHIY 33J1CHT.
AHTKeHN TaOWAT TaHYYHYH KOIUYYJYK KOJJOHMO Macejelieph ©3reue UYEKUTTYY
CUHTYJISIpABIK KO3TOJTOH Au(depeHIuanIblKk TEeHAEMENIep apKbulyy TYIOHTYJAT,
mucaibl, Ban-nep [lonayH cHHTyASIpABIK KO3TOJITOH T€HJIEMECH:

ey"(X) = (1= y*())y'(x)+y(x)=0
MbIH/Ia KyOysi0araH TeHjaeme
~(1= Y5 (Yo' (X) + Yo(x) =0
Y4IYH Yo=%1 dekuTTepu 63reue 4eKUTTEp OOIyIIaT.

KBaHTTBIK MeXaHUKAHBIH MaceseepH Jarbl ©3reue YEKUTTYY CHHTYIISPABIK
KO3roJIroH mudPepeHnnanaplk TEeHIEMEeNIep apKbUlyy TYIOHTYJAT, 0.a. Oypyiyy
YEKUTHHE 33 OO0JTOH Maceeepre ajJbIHbIN KeJIUHET.

CHUHTYJSIpIBIK KO3TOITOH JU(PEepeHIHANIBIK TEeHIESMEIEPAUH Macelelepu
anrad  CyIOKTYKTapJblH JKaHa Ta3fgapJblH  MEXaHHMKAChIH/IA (ITpanaTie),
pagroTexXHUKAaHBIH Macenenepunae (Ban-nep-Ilonb), XUMUASITBIK KHHETUKAHBIH K.0.
WJIMM/IMH YKaHa TeXHUKAHbIH TapMaKTapblH/Ia aif1a 00T oH.

CHHTYJISIpIBIK KO3TOJTOH Iu(epeHITHANIBIK TeHIEMEIEPIUH TEOPHICHIHBIH
MaTeMaTuKanbslk Herm3genumu A.H. TuxonoB, H. JleBuncon, A.b. Bacuibena,
B. BazoB, . Cubys, O’Mamneii, Jx. Koym, M. HMmanamueB aHa Oarmka
OKYMYIITYYJIapAbIH SMI€KTEPUH/IE )KYPTY3Y/ITOH.

O3rede YEKUTTYY CHHTYJISAPABIK KO3TOJITOH MaceenepInH YeUUMICPUHUH OUp
KaJIBITITarbl aCUMIITOTHUKAIBIK aXbIpaJIMAJIApbIH TYypry3yy MacelleCH Jarbl Jeie
aKTyanayy Ooyiyn Kamyyaa. AHTKEHHU ajlap YIYH OYTYHKY KYHII® aCHMIITOTHKAJIBIK
aXbIpaMalIap bl TyPry3yyHYH KaJIlbl yCYJTy WIITEIHUI YbITbII0araH.

CHHTYJISIpIBIK KO3TOIyyJap TeopusichiHAarsl oenrunyy okymymtyy Jx. Koyn
anradykeuiapaad oomym 1968- Kbkl ©3yHYH MoHOrpadusachiHAal —aicel3 ©3roue
YEKUTTYY CHHTYJISIPJIBIK KO3TOJITOH SKMHYH TapTUNITErH Au(depeHITnaIIbBIK TCHIEME
YUYYH Y€K apajblKk MAacCelCHUH YEYMMUHHUH ACUMITOTHUKACBIH TYypry3yy MaceJecHuH

1 Cole J.D. Perturbation methods in applied mathematics, Blaisdell Publishing
Company, 1968. (opyc trunzae “MeTobl BO3MYIIECHUH B PUKIIATHON
Marematuke”’, MockBa. Mup,1972)



kaparan (temenze (1)-(2) MaceneHu kaparbiia) jkKaHa YK apaliblk MaceICHHHH
YCUMMUHUH aCHMIITOTUKACHIH, JKAITAIITHIPYY YyCYJdy MEHEH, KUYMHE IapaMerp
OOrOHYAa OWpWHYM TapTUNKE YEHWH TYypry3raH, OuUpoK Oyn YeYUMIWH
ACUMIITOTHKAJIBIK MYHO3Y HETH3/IEITCH dMec, 0.a. KAIIbIK My4e OaalanOaraH. AHIaH
CcOH Oy Macesie MoHorpadusiapaa’ kapansi, Mypaa Jix. Koyn tapaGblHaH anblHTaH
YCUMMIMH AaCHMIITOTHKAChl KMYMHE IMapaMeTp OOIOHYA DKWHYHM TAPTHITKE YCHUH
KaAKIIBIPTHUIAT, OUPOK OYJ Keple Iarbl Typry3yJiraH acUMIITOTHKAa HETH3JICITCH
smec. by MacelneHHH YeYMMHHHMH aCUMITOTHKACHIHBIH KUHHMHKHA MYYOJIOPYH allyy
eTe TaTaan 0oJIOT.

byn  MaceneHm  4YedyyHYH  TaTaalAbIlbl  KO3TOJOOTOH  MAacCelICHHH
YBITAPBUIBIIIBIHBIH ~ Kapajblll JKaTKaH KECHUHAMJE JKbUIMAa d5MeC  (QYHKIHS
OOJTOHIYTYH/A.

Keumma smec  KOI(DPUIMEHTTYY MBIHIAW  Macelenep  CHHTYJISAPIBIK

KO3TOJIyyJiap TEOPHUSChIHAA OYTYHKY KYHI'® YeHUH U3WIJICHTeH dMeC.

JlrccepTalMsuIbIK KYMYIITA aJIChI3 ©3re4e YEKUTKE 33 00JITOH OUCHHTYISPABIK
KO3roJroH JuddepeHnuanaplk TEeHIEMENepAUH YEUUMJEPUHUH OUp KaJbIITAarsl
ACUMIITOTUKAIIBIK a)KbIpaJIMaJIaphl JKAJIMbUIAHTAH YEeKTUK (QYyHKIUSIAP yCYyJIy MEHEH
Typry3yiraH, >kaHa Oyl aXbIpaJMajiap MaKCUMyM TMPUHIUOWH KOJJAOHYYy MEHEH
HETU3/IEIITEH.

JluccepTanusiibilH WINMHUIA TPOEKTTEP KAHA HErM3rd WJINM — H3UJI100
UIITEePU MEHEeH 0allyIaHbIIIbI:

Hucceprauusuiblk skymym Omr MaMJI€KeTTUK YHUBEPCUTETTHH alIbIHAArbl
byHIaMEHTANBIK  JKaHa KOJAOHMO wu3uiaeenep HWMucturytyHnarst  Kbiprei3
PecnyOnukachinbIiH buinm skaHa WIIMM MUHUCTPIIUTU TapaOblHAH KapKblJIaHTaH

1) “I'mapoa’sponMHaMHUKAHBIH, XUMUSIBIK KHHETHKAHBIH, JKBLIYYIyK-CalMak
aIMAaIITBIPYy >KaHa >KApaThUIBIIITHIH Oamika KyOylTyIITapblHBIH MaTeMaTHUKAJIbIK
MOJICJIICPUH OKyNn YHpeHyy ~ (MamiiekeTTuk karroo Homepu Ne 0005721,
20.04.2012);

2) «['uapo-  a’poaMHAMHMKAHBIH ~ MaTEMAaTUKAIbIK  Macejeliepu  JKaHa

taburartein Oamka kyOymymrape» (KP BBUM wmenen xemummm YH 28/13,
28.03.2013 x.);

3) «CTpyKTypalbIK >KaITAIITHIPYy KaHA >KANIMbUIAHTAH YEKTHK (QYHKIHsIIAP
yeyanape», (KP BBM menen keaumum YH Ne OH - 2/14  27.01.2014 x.)
TeMaJarsl WIMMHUN U3UIA06 101000pIOpyHYH aJIKarblHAA KYPry3yJiay.

N3un106HYH MaKkcaTTaphl:

e AJChI3 ©3reue YEeKUTKE jXaHa KOA(DPUIMEHTH XKbUiMa 3Mec (yHKIHS
OOJTOH CHUHTYJISIPJIBIK KO3rOJATOH Au(depeHIuaniblKk TeHAEMelep YYYH YEeKTHK

2 Kevorkian J., Cole J.D. Perturbation methods in applied mathematics, Springer-Verlag,
1981.

Kevorkian J., Cole J.D. Multiple scale and singular perturbations method. Springer, 1996.



(GyHKIMSIIap METOAYH KaJIbLIOO.

e AJCHI3 ©3reue YEeKUTKE jkaHa KOd(DPUIMEHTH XKbUiMa 3Mec (YHKIHS
OOJTOH CUHTYJSIPABIK KO3TLOJITOH MAaceleJepAUH YEUHMJIEPUHUH aCUMITOTHKACHIH
TYpry3yy *aHa Heru3zee.

N3nianeenyn meroapopy. OsrepTyn Ty3yy METOAY, KHYMHE NapaMerp
METOJ/ly, MaTEMATUKAJIBIK UHAYKIHUS YCYIy, MaXKOPAHTTAP YCYJy, *KalMblJIaHTaH YeK
apajblK QyHKIMsIIAp METONY.

N3u1100HYH WIMMUH JKaHBLIBIKTaPBI.

1) KoaddummenTtn xpiima amec GyHKIUS O0JITOH OUCHHTYIISAPYY KO3TOJTOH
TEHJJIEMENICPANH YeUUMICPU YUYH >KaJIbUIAHTAH Y€K apaiblK (QYHKIUSIIAp METOLY
KaMbITAHIBL.

2) ANradksl KOy aJICBI3 ©3re4e YEKHUTKE kaHa KOd((HUIMEHTH XblIMa dMEC
OONTOH CHHTYJSIPJBIK KO3TOJTOH Macemenep YYYH YeK apajiblIk MAaceICHHUH
YEUNMICPUHUH OWpP KaJbIITarbl aCHMIITOTHKAIBIK aXXKbIpajaMaiaphbl Typry3yJiay kaHa
HETU3ICT/IH.

3) Anraykel KOy ©3reye YEKHUTKE 33 OONTrOH CHHTYJSIPIBIK KO3TOJTOH
muddepeHIUanABIK  TCHIEMEIepAnH cucTteMachl y4uyH Komum — maceneHuH
YCUUMJICPUHUH OWpP KaJIbIITAarbl aCHMIITOTHKAJIBIK aXKbIpajaMaapbl Typry3yJiay kaHa
HETU3eIIIH.

TeopusijibIK KaHA NMPAKTHUKAJIBIK 0aanyyayry. JluccepranusiibiK KyMyIl
TEOPUSITBIK MYHO3TO 33, OMpPOK aJbIHTaH WJIUMUN HaThIKajgap CYIOKTYKTap.IbIH
KaHa Ta3JgapIblH MEXaHUKACHIHIA, KBAHTTBHIK MEXaHWKaJa, WIMMIWH JKaHa
TEXHUKAHBIH Oalika TapMakTapblHIa KOJJIOHYJIYIIYH Ta0yyCcy MYMKYH. AJIBIHTaH
WINMHUI HaThlibKanap KodhumueHTr xpiamMa dMec QPyHKIUs OOJITOH CUHTYJIISIPIBIK
KO3TOJITOH TEHJAEMENICpAN YbIrapyy YYYH XaHbl METOIJOPAY WINTEN YbITyyaa
KOJIJIOHYJTYIITY MYMKYH.

Koprooro ajnin 4YbIrblJ1yv4y HErn3ry k000J10p:
1. JIx. KoynayH Moaenauk TeHIAEMECH YUYH YEKTHMK MACEJICHWH YEUYMMHHUH

OMp KaJbITarbl aCHMITOTHKAIBIK aXXbIPAIMAChIH TYPry3yy jKaHa HETHU3/100.

2. Koadpdunuentu xpimma sMec (GyHKIMS OOJTOH CUHTYJSIPABIK KO3TOJITOH
SKMHYM TapTHNTETH KaAUMKU auddepeHruanaplk TeHaeMenep YYYH YEKTHK
MaceJeHUH YEeYUMJEPUHUH OWp KaJbINTarbl aCUMOTOTHKANBIK a)KbIpaliMaiapbl
TYpry3yy ’kaHa HETH371e6.

3. Koadpduumentu >xpuiMa sMec QyHKIMS OONTOH CHUHTYISIPJBIK KO3TOJITOH
g depeHInanablK  TeHIEMENepANH CUCTeMachl YYyH OalliTankbel MaceleHUH
YEeUUMICPUHUH OMp KaJbIITarbl aCUMIOTOTUKAJIBIK aXbIpaJManapbl Typry3yy >KaHa
HETU3/100.

KymymrTyn anpodamusicbl. VBWIIeeHYH HErM3rd  SKbIMBIHTBIKTapbl
CeMUHapiapaa, KoH(pepeHIUsiapaa, KaeapaHblH KeHEHIMeJIepuHAe OasHIabII
TaJKyyJdaHbIll KeJreH: aram aiitcak, “‘bamkapyy TeopusiapblHbIH, TOMOJOTHSHBIH
KaHa OIeparoplyK TEHAEMENIEpANH aKTyallyy hpolieManapsl” aTTyy 371 apalibIK
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winmuii koHpepeHuscel (2013-x, Yonmon-Ata mr.); YKaman-AbGax MaMIIEKETTHK
yHUBEpCUTETUHUH 20 KBUIABITBIHA Kapara apHalIraH pecIyOIuKaablK WINMUI-
Teopusiblk ~ kKoH(pepenuuscol  (2013-x, Kaman-AbGang 1mr); Typk Tuiayy
MaMJIEKETTEPIMH MaTeMaTUKTEpUHUH V 311 apanblk KoHrpeccu (2014-x, blceik-Kenn,
ABpopa); O apanbik Gopymaa (2015-x, blceik-Ken, bo3repu aitbuisr).

KyMmymTyH allpbIM >KbIMBIHTBIKTAphl (.-M. H. 1., npodeccop K.AnbmkynoB
xeTektereH “/uddepeHunanipik TeHaeMeNep TEOPUACHIHBIH 3aMaHOan Macenenepu’”
arryy KOXnop apanbik uinumuii cemunapbiaga (2012-2016 xox, Our u1.); ¢.-m. u. 1.,
npodeccop K.C.AnbpibaeB xerekTereH auddepeHIraniplk TeHAeMenep OoroHYa
ceMHuHapbIHa Tankyymadrad. (2013-2016 xok., XKAMY, XKanan-Aban mr.).

JuccepTanmsiIbIK )KyMyII 00I0HYA WIIMMHH OacklIMasiap. M3uinee HiiMHUH
Temachl 6oroHua 12 unumuii 6ackuiManapaa 10 makana [1] - [10], axu te3uc [11]-[12]
KapbIKKa YbIKKAH, aHBIH WYMHEH Oup Makana WHausHbIH SCOPUS Ta KarTajraH
OachlIMaChIHAH JKapPhIK KOPTOH.

Bupreaukre ’kacajra ;KyMmymTapaarbl aBTOPAYH 63YHYH CAJIbIMbI:

K. AnemvkynoB sxana [[.A. TypcyHOBIOp MEHEH aBTOPJOLI OOJTrOH >KyMyIITapaa
MaceJeHUH KOWJyIly anapra, ajl 3MH TeopeMalapAblH [aluieecy, HETH3ru
KBIUBIHTHIKTAP/IBI alTyy AUCCEpTaHTKA TaaH IbIK.

JduccepTanMsgHbIH TY3YJAYIIY KaHa KeJeMy. J(ucceprauus kupuuryyaeH, 14
OenymaeH Typran 4 rnaBajaH, MaijnanaHpuUiraH anabustrapabiH S0 THU3MECHHEH
KaHa KOPYTyHAyAaH Typar. TekctTun kenemy 112 Oer.

YuypnaH naiJaiaHblll, MAaceJICHUH KOKJIYLIyHa KOMOK KOPCOTYI, ap JalbIM
Oaalyy JKaHa mMaimanyy KeHemTepau Oepun, JUCCEPTAIMSUIBIK KYyMYIITYH
KBIMBIHTBIKTAPHIH YOTYY TaJKYYJAIIbIl, ©3YHYH KapJaMblH as0ara WJINMHKA
xetekunM KPP YUA#BIH wMyue koppecnoHmeHtd, (.-mMm.u.ja., mpodeccop
K. ANBIMKYTOBIO T€pEH bIPAa3bIYbLIBITBIM/IBI OMIIIUPEM.

JAUCCEPTAIMAHBIH KbICKAYA MAZMYHY

bupunun Gan 9ku  maparpadrTaH  Typar. bupuHum mnaparpadsiniga
JTUCCEPTALMSIIBIK KYMYIITYH TeMachl OOIOHYA aTKapbUIraH >KymyluTap OasHIaira
KaHa 3KMHYM naparpadblHia aTajiral *KyMyLITa ajblHMaH HETU3TH JKbIMBIHTHIKTAap
KEJITUPUITEH.

Bupunuu 6an 6010HYAa KOPYTYHAY

bupuHun rnaBaja quccepTalUsUIbIK JKYMYIITYH TeMachl OOIOHYa OarbITTall
aTKapbulraH Oallka aBTOPJIOPAYH OKYMYyIITaphl OasHIalNraH >jkaHa arTajraH
KYMYIITApAarbl aJIbIHTaH HETU3TH KbIMBIHTHIKTAP KEITUPHUITEH.

byn aHanusre TasHbII JUCCEPTALMSUIBIK W3HIIAOO AKTYaIyy, OPUTHHAIIYY,
TEOPUSIIBIK KaHa KOJJIOHYJIYII KarblHAH MaaHUTe 33 SKEHIUTHH aiiTa anaobl3.

Kanmputanran 4dek apanblk (QyHKUUSATIAP YCYIAYH KOJJIOHYIT alradykbl KOy
QJIChI3 ©3re4Ye UEKUTKE 33 OOJNrOH OHKUHYM TapTUOTETH AUPQPEepeHLnaIIbK



TEHJIEMEJIEp Y4y 4YeK apajiblk MacelieJIiepJuH YEeUUMJICPUHUH aCHUMITOTHUKACHI
Typry3yJiraH.

JKHUHYM 0am ajchl3 ©3re4e YEKUTTKE 33 OOJIMOH CHHIYJSIPJBIK KO3TOJITOH

TCHACMCIICD YYYH YCK apaJjibIKk MACCJICHUH YCUMMHWHUH ACUMIITOTUKACBIH TYpPry3yyra

apHaJraH.
§2.1 e
1-Teopema.
ey (X) +/xy' (x) - y(x) =0, 0<x<1, 1)
y(0)=a, y(1)=b, a,b —const, (2)

MAaCCJICHHUH YCUUMHU YUYH
3(n+1)

y(x) = zn:s"Yk(x) + ) pm (t)+O0(e™), e0,

mbinza Y, (x)eC[01], m (t)eC”[Ou? ]

ACHMITTOTHKAJIBIK aXKbIpajMa OPYH ajaaphbl JaIHIACHICH.
(1)-(2) macene xoropyna 6enrunen otken JIx. Koynnyn a=0, b=e, 6onron
ydypAarsl MaceJecH.

§2.2 ne
2-Teopema.

ey"(x)+ Py (x)= y(x)=0, 0<x <1, (3)

y(0)=a, y(1)=b, (4)

MacCCJICHHUH YCYUMHH

y(x) =2 1 (Y () +m, (1)), e-0,
k=0
mbiHzaa Y, (X)eC [0,1], m,(t)eC” [O,u_g}
KOPYHYIITO )Ka3yyra 00JI00py aTHICHIH.
§2.3 T
3-Teopema.

ey"(X)+ x*y'(x)—y(x)=0, 0<x<1, 5)
y(0)=a, y(1)=b, (6)
MAaCCJICHHUH YCYUMHU YIYH

y(x) = i“k (Y, (%) + 7, (1)), 60,

meiHga oo =M/ (m+1), Yk(x)ec[o,l], nk(t)ecw[o’uf(mﬂ)}



ACUMIITOTUKAJIBIK a)KbIpaiMa Tyypa 00JI00py JaIUIIACHIN.

§2.4 1o
4-Teopema.

ey "(x) + §/§y'(x) -y(x)=0, 0<x<1,
y(0)=a, y(1)=b,

MAaCCJICHHUH aCUMIITOTHUKAJIBIK a’XbIpaJIMaCbIH

4/3

S@é e
y(X) = be? +(a—be‘3’2)Aje 4 ds +p’m, (t) ++u'n, () +O(u*), &0,
t

KOPYHYILT® ka3zyyra 00J00py AaTUIIECH/IH,
MBIH/IA

fi 3gu3 B3
nz(t):IOHG(t,S)e4 (a—be*3’2)AJ'e 4 dra+ b 63’2]ds,

235t

~ §S4/3
m, (t) = jo”G(t,s)e4 7, (s) b e3’2jds,

23/t

Y ()X (s), 0<t<
Gt.s) = X (9), f
Y ()X (1), s<t<fi,
G _2g02 i 2532
Y(t):l—X(t),X(t):A_[t“e3 ds, Ajo“e 3 ds=1.
§2.5 Te
5-Teopema.

gy "(X) +xy'(X) —q(x) y(x) = f(x), 0<x<1,
y(0)=a, y(1)=b,

MAaCCJICHHUH YbIT'apbLIbIIIbI YUYH

Y(X) = Yo (X) + 706 (1) + pr, (1) + 7, (8) + e (1) + O(S) ,
wmia q(x) € C7[0,1,q(x) = Y qux*, 0<ap, f(x)eC 0], f(x) = fx*,

Vo(x)eC[0A], 7 (t)eC[0u]

ACUMIITOTHKAJIBIK aXKbIpaJIMa OPYH ajaapbl JATAIACHIH.



JKUHYHU 0an 00I0HYA KOPYTYHAY

OkuHuM O6anTa KOd)PUIUEHTTH KbUIMA dMeC OOJITOH SKMHYU TapTUIITETH OUp
TEKTYY »aHa OWp TEKTYY 5MeC CBI3BIKTYYy CHHTYJSPABIK KO3TOJIOH KaJuMKU
I epeHInanabIK TEHIEMENep YUYH Y€K apajblK MacelelepIuH 4Ye4UMJICPUHHUH
OMp KaJIbINTarbl aCUMITOTUKAJIBIK aXKblpaJIMaJIaphl aJIbIH]IbI,

AcumnToTuKanelk  axbipaamanap K. AJIBIMKYJIOBAYH KaJIbUIAaHTaH 4YeK
apanblK (YHKIUSUIIAp YCyJldy MEHEH Typry3yiny. Typry3yiran acUMIITOTHKAJIBIK
KaTapiapJblH ACUMITOTUKAIBIK MYHO3Y MAaKCUMYM MPUHIMON MEHEH AAJTMIIACH/IH.

YuyHuy 0anTa e3repTyn Ty3yy *aHa »allblJIaHTaH Y€K apajblK (pyHKIUsIap
yCyJI1apbl MEHEH TOMOHKY WJIMMHUI HaThIKanap aJIbIHIbI

§ 3.11e ToeMOHKY TeopeMa JaluIICHTeH

6-Teopema. (1), (2) macenenuH yeunmu yuayH, e—0 10,
y(x) =be?t (1+ Zuknk(t)j,
k=0

AaCHMITOTHKAJIBIK a)KbIpajiMa OpyH anart, meiHaa 7, (t)eC” [O,u_zj :

§3.2 1e TOMOHKY Teopema JaauiIJICHI eH

7-Teopema. (1), (2) macenenuH yeuynmu yayH, 0,
y(x) = e (1+ >, (t)j ,
k=0

aCUMITOTHKA OpYH anart, mbiHa 7, (t)eC” [O, H_S} :

§3.3 16 ToeMeHKY TeOopemMa JAIUIIJICHTeH
8-Teopema. (5), (6) macenenuH yeunmmu y4dyH, oo=m/(m+1) xana &€—0
0O0JITOHIO

y(X) = be™" D [1+ D pim, (t)j ,
k=0

ACHMITOTHKAJIBIK KbIpajiMa OpyH anat, mbiiaa 7, (t)eC” [O,u_( m+1)} :

B §3.41e To®OMOHKY TECOpEMA JATUIIICHT€H
9-Teopema. (5), (6) MaceleHMH YEUUMH YUYH O — PAIMOHAJIBIK CaH OOJTOH
ydypAa TOMOHKY aCHMITTOTHKAIIBIK a)KbIpajiMa OPyH ajiaT

y(x) = bexp(ﬁ(xl‘“ —1))(1+ i“kn" (t)] , €0



(n<m<3nnmeN), m(t)eC[0n"].

MBIHIA t:lm, SZMmm,OL:ﬂ
m

YuyHuy 0an 00r0HYA KOPYTYHILY

YuyHnuy 6anta k03QGUIMEHTTH KbUIMa 3Mec OO0NTrOH SKUHYM TapTUIITETH OUp
TEKTYY CBI3BIKTYY CHHTYJSPABIK  KO3TOJTOH  KAaJUMKU  Au(depeHuuanibK
TEHJEMENEep YUYYH 4YeK apalblk MacelelepAuH YEeUHMIEPUHUH OWp KaJIbIITAarsl
ACUMIITOTHKAJIBIK aKbIpaJIMaJIapbl aJIbIH/IBI,

ACHMITOTUKAJIBIK aXbIpaJIMalapJblH KaJIJIbIK MYy4esiepy Tak OaanaHrad, 0.a.

ACHUMIITOTHKAJIBIK a’>XbIpaJIMaJiap HCTU3ACIITICH.

TepTyHuy 0amTa anchl3 ©3reue YEKUTKE 33 OOJTOH CHUHTYJISPIBIK KO3TOJTOH
KaIUMKH quddepeHuanabk TeHaIeMelepauH cucteMacsl yayH Ko MacenecuHuH

YCYNMHWHUH aCUMIITOTHKACHI TYPTry3yJiaT.

ey'(x)+UxAy(x)=f(x), 0<x<T, (7)
y(0)=Yy", (8)

mbiaza f(x), Y(x), y®€R", A — n-rapTunreru, oH KBaapaTThiK MaTpuia, 0<\i, Ai—
const, A= Aj I#, 1,j]=1,2,....n — A MaTpHUIachIHBIH ©3JYK MaaHWIICPH;

f(x)eC” [O,T ], M — GUKCHUPJICHTCH HATyPaJJIbIK CaH.

§4.11e ToMOHKY TE€OpeMa JalniIJICHI€H
10-Teopema. (7)-(8) maceneHuH 4euynMH Y4YH, M=2 OOJIroH y4ypia, TOMOHY
ACHMITTOTHUKAJIBIK a)KbIpajMa OPYH ajat

2(x) =ty (1)+ S (2(X) + 1 (1)), 650,

k=0

MbiEza € =, t =X/ p?, y(x)=Bz(x), B14B=D, D=diag{\1, A,..., A},
1 (1)€C*[0TH? |, 23y (X)=0, 2y, (X)=0, 2, (X)€C[O.T], 2;.5(x)eC*[0O.T].

§4.251e TEOMOHKY TeopeMa JaIuilIeHIeH
11-Teopema. (7)-(8) macencHuH yeunMu yuyH, M=3 OOJTOH y4yp/a, TOMOHKY

ACHMIITOTUKA OPYH ajaT
Z(x)= M_ln—l(t)+ Zuk( z,(x)+m(t)), e>0,
k=0

meiHma e=p',t=x/p’, y(x)=Bz(x), B4B=D, D=diag{A1i, A2..., A},
Tck(t)eCw[O,T H_g}’ Zya(X)=0,2,4,,(x)=0,2,,,(x)=0,  z(x)eC[0,T],
Zips(X)€C7[OT].
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§4.31e xanmel yuyp kapairad, meN xkaHa TOMOHKY TeopeMa JaluiIeHTeH
12-Teopema. (7)-(8) maceneHWH YeYMMH YYYH TOMOHKY ACHMIITOTHUKAJIBIK
aXbIpayiMa OPYH ajiaT
z(x)=p " (t)+ Zuk( z,(x)+m(t)), e>0,
k=0

Meraaa €=p™ t=x/u", y(x)=Bz(x), B*4B=D, D=diag{A1, A2,..., An},
m (t)eC”[0Tu™" |, 7(x)eC[OT].

TepTyHuy rj1aBa 0010HYAa KOPYTYHIY

KoadduimenTTn xpuiMa dMec O0NTOH OUCHHTYIISPIBIK KO3TOJITOH KaJuMKH
muddepeHnuanaplK  TEHIAEMENIepaIuH cuctemackl ydyH Komu wmacenecuauH
YCUMMHWHUH OWp KaJIBINTarbl aCHUMITOTHUKAIBIK aKbIpaaMachl K.AJIBIMKYJIOBIYH
YKANMbUIAHTaH Y€K apajblK QYHKIUATIAP YCYJIy MEHEH Typry3yJiy.

AJIBIHTaH aCMMIITOTUKAJIBIK KaTapilapJblH KaJAblKk MydeJjiepy OaanaHmbl, O.a.
ACUMIITOTHKAJIBIK KaTapyiap HETH3CIIN.

TBISAHAKTAP

JuccepTauMsuIbIK KyMYyIITa alradkpliapiad 00ayn Ko3((UIHUEHTTH KbUIMa
sMeC OOJTOH SKMHYM TapTUITETH OUp TEKTYY ’kKaHa OUp TEKTYY DMEC CBI3BIKTYY
CUHTYJISIpABIK KO3TOJTOH KaJMMKU Au(depeHuuaniblk TEeHIEeMeNIep Y4YYH 4YeK
apajblk  MaceleJepJuH YEUYMMJEPUHUH OWp  KaJblITarbl AaCHUMITOTHKAJIBIK
axbipanmanapsl K. AJIBIMKYJIOBAYH JKaJNbUIAaHTaH Y€K apabUIK (QYHKIUsUIAp yCyiy
MEHEH TYpry3yJiay.

Typry3ynran acUMNTOTHKAIBIK KaTapiapAblH KaJIIbIK MY4Y6Jepy MaKCHMyM
NPUHLIMOU MEHEH JaJIUIIICH U,

KoadpummenTT xpiimMa sMec 00JIrOH OUCHHTYJISIPJBIK KO3TOJITOH KaJIUMKHU
mupepeHInanablKk  TeHAeMeNepAuH cucreMachl YyuyH Komm wMacenecuHUH
YEUMMUHUH OMp KaJbllITarbl aCUMMTOTUKAJIBIK axkplpanmachl K.AJBIMKYJIOBIyH
KAIMBUIAHTaH Y€K apaliblK (PYHKIHUsUIAp YCyJy MEHEH TYpry3yiny.

AJNBIHTaH aCUMNTOTHKAJBIK KaTapjapAblH KaJJbIK MY4Yesepy KaajaraH
TapTUNTE KUYWHE MapamMerp OoroHYa OaanmaHjpl, 0.2. aCHMITOTHUKAJBIK KaTapiap

HCTU3ACIION.
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A3umMoB bekTyp AOABIPAXMAHOBHYTHH «AJICHI3 63r046 YeKUTKE 33
00JITOH OUCHHTYJASIPAYY KO3roJroH nuddepeHunalIbIK TeHAeMeJIepaIuH
YyeyUMAEePUHUH acCUMNTOTUKAChD) AeredH Temaaarbl 01.01.02 —
«IuddepeHuuaNIBbIK TeHAEMeIeP, IMHAMUKAJIBIK CHCTEMAJIap KaHa
ONTUMAJIIBIK 0AIIKAPYY» aAMCTUTH 00I0HYA (PU3UKA-MATEMATHKAJIBIK
WINMACPANH KAHAUAATHI OKYMYIITYYJIYK JAPa’KAChIH AJ1yy YYYH Ka3blITraH
AUCCEPTANMSACHIHBIH

PE3IOMECH

YPpYHTTYYy €O316p: alChl3 ©3reue YEKHUT, ACUMITOTHUKAJIBIK a)KbIpajiMa,
KMYMHE MapaMmeTp, OWCHHTYJSIpJBIK  TeHaeme, KOIIMHMH  MacemecH,
Hupuxnennn macenecu, Jx. KoynanyHn Monennuk TeHaeMecH, KaIbUJIaHTaH 4eK
apajibiK QYHKIUSIIAP METOTY, MAKCUMYM HPUHITUOH.

N3unaneenyn obeexktn. Kosdduimentu sxpiima smec (QyHKIus O0IroH
SKUHYH TAPTUNTETU CUHTYJISIPIBIK KO3TOJITOH CHI3BIKTYY KaJAUMKH Au(QepeHnaabk
TeHaeMenep yuyH JupuxieHuH macenecu. AJICHI3 ©3re4e YEKUTTYY CHHIYJISApABIK
KO3TOJITOH CBI3BIKTYY KaJUMKH AU(P(dEepeHInaablK TEHIAEMEIEPAUH CUCTEMACHI
yuyH Kommnun macenecu.

Nmrun makcarrapbl. Koagduuuentu xpiimMa 3Mec OOJITOH CHHTYJISIPIBIK
KO3roJiroH auddepeHnnanbik TeHaaeMeNep YUyH YeK apayblk (yHKIMSIIap METOIYH
KANMbLI00. AJICHI3 ©3re4e YEKUTKE 33 OOJIOH KaHa KO3(D(PHUIMEHTH XKbLIMa 3MEC
OOJITOH CUHTYJISIPJBIK KO3TOJIMOH MacejelepAruH YEUMMJEPUHUH ACUMIITOTHUKACBHIH
TYpry3yy *aHa HEru3zee.

N3unneenyH ycyaaapbl: KUYMHE TapamMeTp YCyildy, MaTeMaTHUKaJIbIK
UHAYKUUS yCYy, MaKOPAHTTAP YCYy, *KaNMNbUIAHTaH Y€K apaiblK PYyHKIUS yCYITy.

N3un100HYH HJIMMHIi KAHBUIBIKTAPBI.

1) Koadduruentu xpuima smec QyHKIHS OOITOH OUCHHTYIISAPAYY KO3TOJITOH
TEHJJIEMENIEPANH YE€YMMHU YUIYH SKaJIbUIaHTaH Y€K apayiblk (QYHKIHUIAp METOIY
KaJTbLTAH/IbI.

2) Anraykbl KONy aJIChI3 ©3re4e YEeKUTKE 33 OOJTOH kaHa Kod(pQuimeHTn
KbIJIMA AIMEC OONTrOH CHHTYJISAPABIK KO3TOJTOH Macelelep YYYH 4YeK apaiblK
MaceJCHUH YCUYMMHHWH OHp KaJbIITarbl AaCHMITOTHKAIBIK —aXbIpaJMallapbiH
TYpry3yJly >kaHa HETU3JIEIAN.

3) Anraykbl KONy ©3reye YEeKHUTKE 33 OONroH CHHIYJISPIBIK KO3TOJTOH
muddepeHManaplKk  TeHIeMeNepaAuH  cuctemachl yuyH Komm  maceneHuH
YEUUMJICPUHUH OUp KaJbIITarbl aCUMOTOTUKAIBIK aXbIpaJIMaJIapblH TYpPry3yJiay

ZKaHa HCTU3ACIIAN.
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PE3IOME

AUCCEPTALMOHHOM padoThl A3umoBa bektypa A0abIpaxMaHoBHYa
HA TeMY «ACMMITOTHKA pellleHUus1 OMCHHTIYJISPHO BO3MYIIIEHHBIX
auppepeHINATBHBIX YPABHEHUI €O cJ1a00H 0c000# TOYKOII»
HA COMCKAHME YYECHOH CTeneHn KaHanAaTa Gu3nKo-MaTeMaTH4eCKUX HAyK 110
cnenuanabHocTu 01.01.02 — «Iuddepennuanbubie ypaBHEHUs, ITMHAMUYECKHE
CHCTEeMbI U ONITUMAJIbHOE YIIPABJICHUE)

KiroueBble ciaoBa: cimabas oco0asi TOYKA, aCUMITOTHYECKOE DPa3IOXKEHHE,
MaJblii TapamMeTp, OWCHHTYJApHOE ypaBHeHue, 3amada Kommwm, 3amada Jupuxie,
MozenbHoe ypaBHenue [[x. Koyna, 00001meHHbI MeTo1 MorpaH(yHKIUN, TPUHIIMI
MaKCHUMyMa.

O0bekT HMcciaegoBanus. 3anada Jlupuxiie Uisl CUHTYJISIPHO BO3MYLIEHHBIX,
TMHEHHBIX audepeHITMaNIbHBIX YPaBHEHUH BTOPOTO TMOPSAKAa C HETJIAJKAM
kodpdurmeHToM. 3amava Ko 1711 CHHTYISIPHO BO3MYIIIEHHON CHCTEMBI JIMHEHHBIX
OOBIKHOBEHHBIX U] PepeHITNATBHBIX YPABHEHH O C1ab0i 0CO00i TOUKOM.

Heas padorbl. O0600UWMTE MeTOA NOrpaHYHKUMA i1 CHHTYJISIPHO
BO3MYIIEHHBIX AU depeHIInaIbHbIX ypaBHEHUN C HErJIaAKuM Kod(DPHUITUEHTOM.
[TocTpouTh 1 060CHOBATH ACUMIITOTUKY PEIICHUS CUHTYJISIPHO BO3MYIIEHHBIX 3324
co cnaboif 0co00 TOUKOM.

MeToabl nccae0BaHUA: METOI Majoro mapamerpa, MeTojl MaTeMaTHIeCKOM
WHIYKIIMH, METOJI MaKOPAHT, 0000IIEHHBIA METO/T TTOTpaH(pyHKITHH.

Hay4yHast HOoBU3HA.

1) JlaHo nmanpHelIiee pa3BUTHE OOOOINEHHOIO METOJa MOTrpaH(YHKIMH IS
OMCHHTYJISIPHBIX 3371a4 ¢ HETJIAAKUM KO3 (DUITHEHTOM.

2) BmepBble TOCTpOEHBI W OOOCHOBAaHBI PAaBHOMEPHBIC ACHMIITOTHYCCKUE
Pa3NOKECHMSI PEIICHUA KPaeBOW 3amadydl JJIS CHHTYJISPHO BO3MYIIECHHBIX 3a7a4 C
HErJIaJKUM K03 PULIHUEHTOM U co ci1aboit 0co00il TOUKOH.

3) BmepBble TOCTpoeHO W OOOCHOBAaHO PABHOMEPHOE ACHMITTOTHYECKOE
pa3NoKeHHe pelIeHUs] HayalbHOW 3a7jauM JJisi CUCTEMbl CUHTYJISIPHO BO3MYIICHHBIX
3a71a4 C CUHTYJIAPHOM TOYKOM.
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SUMMARY

Azimov Bektur Abdurahmanovich
Dissertation «Asymptotic of solutions of bisingularly perturbed
differential equations with weakly singularity point» for the scientific degree of
candidate of physical-mathematical sciences
(specialty 01.01.02 — differential equations, dynamical systems and optimal
control)

Key words: weak singularly point, asymptotic expansion, small parameter,
bisingularly equation, Cauchy problem, Dirichlet problem, J. Cole model equation,
generalized method of boundary functions, maximum principle.

Object of research. Dirichlet problem of the bisingularly perturbed differential
equations with the non smooth coefficient. The Cauchy problem for singularly
perturbed systems of differential equations with weak singularity.

Aim of research. Generalize the method of boundary functions for singularly
perturbed differential equations with weak singular point. Construction and justify the
asymptotics of the solution of singularly perturbed equations with non smooth
coefficients.

Methods of research: method of the small parameter, method of
mathematiccal induction, method of majorant, generalized method of boundary
functions.

Scientific novelty.

1) The method of boundary functions for bisingularly perturbed differential
equations with non smooth coefficients is developed.

2) Uniform asymptotic expansions of solutions of boundary value problems for
bisingularly perturbed differential equations with a non smooth coefficient and with a
weak singular point is constructed and justified.

3) A uniform asymptotic expansion of the solution of the initial value problem
for a singularly perturbed system of differential equations with a non smooth
coefficient is constructed and justified.
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