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OBIIIAA XAPAKTEPUCTHUKA PABOTbI

HuccepraniioHHas padoTa MOCBSIIEHA NMOCTPOCHUI0 PABHOMEPHBIX ACHMIITO-
TUYECKUX PA3JI0KEHUN PEIICHUI OMCUHTYJISIPHO BO3MYILIEHHBIX U PepeHInaTbHbBIX
ypaBHEHMII co cs1aboit 0cOO0M TOUKOM.

AKTyanbHOCTHh TeMbl. CHHIYISIpHO BO3MYILIEHHbIE aU(depeHInanbHbIe
YpaBHEHHUS C OCOOBIMU TOYKAaMU 3aHHUMAIOT 0CO00€ MECTO B MPHUKIAJIHON MaTeMaTH-
ke. Tak kak MHOTME TpPUKJIAJHbIE 33Ja4d €CTECTBO3HAHUS NMPUBOJATCA MMEHHO K
CUHTYJISIPHO BO3MYILEHHBIM JU(PepeHInanbHbIM YPaBHEHUSAM C OCOOBIMU TOUKAMH,
TaK, HAalIpUMeEpP, CUHTYJIIPHO BO3MYILIEHHOE ypaBHeHUE Ban-nep [lomns:

gy"(X) = (1= y*(x))y'(x)+y(x)=0
371€Ch JUIsl HEBO3MYLIEHHOTO YPaBHEHUS
~(1= Y5 00)Yo () + Yo(x) =0
TOYKH Yo==1 SIBASIOTCS 0COOBIMU TOYKAMM.

3agaul KBaHTOBOM MEXAaHHKU TAKXKE€ MPUBOMSTCS K CHUHTYJISIPHO BO3MYIIEH-
HBIM U dEepeHIIMaNIbHBIM YPaBHEHUSIM ¢ OCOOBIMU TOYKaMH, T.€. K 3aJa4yaM C TOY-
KaMH IOBOPOTA.

BriepBblie 3aauu CUHTYJISIPHO BO3MYIIEHHBIX HU(HEpeHIINAIBHBIX YPaBHEHUN
NOSIBUJIIMCH B TEOPUHM MEXAHUKU )uAKocTel u ra3a ([Ipanarie), B 3a1a4ax paauoTex-
Huku (Ban-mep-Ilonp), B 3amauax XUMHUYECKOM KUHETHMKA U B APYrUX 001acTsIX
HAyKH U TEXHHUKHU.

MaremaTndyeckoe 0OOCHOBaHUE TEOPUM CHHTYJISIPHO BO3MYIIEHHBIX Iudde-
PEHLIMAIBHBIX ypaBHEHUN npoBoawmmch B Tpyaax A.H. Tuxonosa, H. JleBuHCOHa,
A.b. Bacunberoii, B. Bazosa, . Cubysa, O’Mannei, JIx. Koyna, M. Umananuesa u
Ap.

[IpoGnema mocTpoeHusi paBHOMEPHBIX ACUMITOTHUYECKHX PA3JIOKEHUHN perie-
HUW CHHTYJISIPHO BO3MYIICHHBIX 33/1a4 C 0COO0M TOYKOM JI0 CUX MOP OCTACTCS aKTy-
anpHOM. Tak Kak Il HUX JI0 CHX MOp He pa3paboTaH OOIIU METOT PA3JIOKEHUS.

N3BecTHBIN yUYEeHBIN B TEOPUU CUHTYJIIPHBIX BOo3MyLueHui /. Koy BriepBeie
B 1968 1. B cBOEH MoHOrpaduu! paccMaTpuBan BOIPOC NOCTPOEHHUS ACHMIITOTUKH
pelIeHUs] KpaeBoW 3aJauul JUIsl CUHTYJISIPHO BO3MYIIEHHOTO YPaBHEHUs BTOPOIO MO-
psinaka co cinaboit oco0oit Toukoi (cM. HKe 3amaqy (1)-(2)) 1 momyqmsT aCHMITOTUKY
pelIeHus 3TOM 3aJjauu, METOJIOM CpalllMBaHUsl, TOJIBKO JI0 MIEPBOro MOpsIKa MO Ma-

1 Cole J.D. Perturbation methods in applied mathematics, Blaisdell Publishing Com-

pany, 1968. (pycckuii nepeBos “MeToapl BO3MYIIIEHUH B MPUKIAIHON MaTeMaTHKE ,
Mocksa. Mup,1972)
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JoMy TapamMeTpy, 6€3 000CHOBaHHS aCHMITOTHYECKOIO XapaKTepa dTOr0 PEIICHHUS.
3areM 5Ta 3a7aya pacCMaTpUBAIach TakKe B MOHorpadusax?, paHee rmoaydeHHas JIx.
Koysiom acumnroTruka pemenus yiay4dlmiack 10 BTOPOTO NOPSAKA IO MajIoMy Iapa-
METPY, 3/1eCh TOXE AaCUMIITOTHKA TMpuBeaeHa 0e3 oOocHoBaHwms. [lomydenne naib-
HEUIINX YWICHOB ACUMIITOTUKH PEIIEHUS] STOM 3aJauu SIBJISETCS CIUIIKOM TPYJIOEM-
KOM.

CII0)KHOCTB pEIICHUsI 3TOW 3aJauu 3aKJII0YaeTCs B TOM, YTO PEIICHUE HEBO3-
MYIIIEHHOH 3a/1auu SBJISIETCS HETJaaKoN (PYHKIIMEN Ha pacCMaTPpUBaEMOM OTpPE3KeE.

Takue 3a1aum B TEOPUU CHHTYJISIPHBIX BO3MYIIICHUN ¢ HETTIAAKUM KO3 duiu-

€HTOM JI0 CHX MOp HE U3y4aJlUCh.
B nannoit paboTe paBHOMEpPHBIE ACUMIITOTHYECKUE PA3IIOKECHUS PEIICHUI Ou-
CUHTYJISIDHBIX 3aJla4 CTPOSITCS OOOOIIEHHBIM METOJOM MOTpPaHUYHBIX (DYHKIUNA, U

OTH PA3JIOKCHUA 00OCHOBAHBI C IIOMOMIBIO ITPHUHIIMIIA MAKCUMYMaA.

CBsi3b TeMbl JMCCEPTAIIMM € TOCYAAPCTBEHHLIMU mporpammamu. PaGota
BBITIOJTHSIJIACh B paMKaX Hay4yHbIX MPOEKTOB 1Mo MHCTUTYTY (GyHIaMEHTAIbHBIX MU
NpUKIagHbIX uccaenoBanuii npu Oml' Y no Temam:

1) «3yyenune maTeMaTHYECKUX MOJIETEH THIIPO - adPOJUHAMUKHI, XUMUYECKOU
KHUHETUKH, TEIJI0-MacCOOOMEHa U JIPYTUX sIBICHUN mpupoasd» Ne roc. perucrpanuu
0005721, 20.04.2012 r.

2) «MaremaTruueckue 3aauu THAPO- a3POJIMHAMUKHU U JPYTUX SBJICHUU MPHU-
poas», noroBop ¢ MOH KP YH 28/13 ot 28.03.2013 r.

3) «MeTtoa CTPYKTYpHOT'O cpalidBaHusi U O0OOOIIECHHBIN MeTOH MmorpaHyHK-
iy, jorosop ¢ MOH KP YH Ne OH - 2/14  27.01.2014 1.

Heab nuccepranmoHHON padoThI.

1. PazpaboTtath aHaior MeroAa morpaH(yHKIHUN i CUHTYJISIPHO BO3MYIIICH-
HBIX U epeHnanbHbIX ypaBHEHUN C HETIaAKUM KO3 (QUIIEHTOM.

2. Tloctpouth u OOOCHOBAaTh PABHOMEPHBIE ACUMIITOTHUYECKHE DPA3I0KEHUS
pelIeHU CHHTYJIIPHO BO3MYIIICHHBIX 33J1a4 CO C1ab0oi 0CO00M TOUKOM.

HayuyHnasi HoBU3HA.
1) Jlano manmpHe#ee pa3BUTHE OOOOIIEHHOTO METOJa MOTpaH(PYHKIMMA IS
OMCHHTYJISIPHBIX 3371a4 ¢ HETJIAAKUM KO3 (DUITHEHTOM.

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.



2) BniepBbie MOCTPOCHBI 1 OOOCHOBAHBI PAaBHOMEPHBIC ACHUMITTOTHYCCKUE Pa3-
JIOKEHHUS PEIICHUI KpaeBOM 3aa4d JIJIsl CHHTYJIIPHO BO3MYIIICHHBIX 3a7a4 CO CJIa0oi
0CcO000H TOYKOM.

3) BriepBbie TOCTPOCHBI B OOOCHOBAHBI PAaBHOMEPHBIC ACHMIITOTHYECKHE pa3-
JIOKEHHUS PEIICHUH HaYabHOW 3aJ1audl JIJIsi CUCTEMBI CHHTYJISIPHO BO3MYIIICHHBIX 3a-

J1a4y ¢ CUHTYJIIPHOU TOYKOM.

OcHOBHBIE N10JI0KEHNUSI, BBIHOCUMbIE HA 3ALIHUTY

1. IToctpoeHrne U 0OOCHOBAHME PABHOMEPHOTO ACHUMIITOTHUYECKOTO Pa3ioiKe-
HUS PeIllieHUs KpaeBoi 3aaauu Juisi MoJieabHOro ypaBuenus Jx. Koyna.

2. IlocTpoeHue u1 000CHOBAHHE PAaBHOMEPHBIX ACUMITOTUYECKHUX PA3JI0KEHUN
pelIeHni KpaeBoM 3aJauM ISl CUHTYJISIPHO BO3MYILEHHBIX OOBIKHOBEHHBIX AU(de-
pPEHLMAIBHBIX YPaBHEHUI BTOPOTO NOPAJIKA C HEMIAAKUM KO3 (DHUIIEHTOM.

3. IlocTpoeHue 1 060CHOBaHUE PABHOMEPHBIX ACUMITOTUYECKUX PA3JIOKEHUN
pELIeHNI HaYaJIbHOW 3aJa4d Il CUCTEMbl CHHTYJISIPHO BO3MYILEHHBIX 3a7a4 C He-

TIAIKAM KO3 OHUITUEHTOM.

Meroaunka uccjegoBaHus. MeToa Majoro napamerpa, METol MaXOpaHT, Me-
TOJI TIOJTHOM MaTeMaTU4YEeCKOW MHIyKIWHU, 0OOOIIEHHBI METO] MOTrpaHpyHKIIHHI, Me-
TOJ IpeoOpazoBanus. Mcnonab3yoTcs pa3inyHble OLIEHKH HHTErPajoB.

Teopernueckasi u mpakTUYecKasi IeHHOCTh. HacTosmas paboTa HOCUT Teo-
PETHUYECKUI XapaKTep, €e Pe3yIbTaThl MOTYT HAWTH MPHIOKCHUE B MEXaHUKE JKHU/I-
KOCTEH M Ta3a, B KBAHTOBOW MEXaHHUKE M APYTUX 00JACTAX TEXHUKH M Haykd. [lomy-
YEHHBIC HAyYHBIC PE3yJIbTAThl JAHHOUW JIUCCEPTAIIMU MOTYT OBITh IPUMEHEHBI JIJIS CO-
3IaHUS] HOBBIX METOJIOB JJIS PEIICHUSI CUHTYJISIPHO BO3MYIICHHBIX YpaBHEHUU C He-
TJIaIKAM KO3 DHUITUEHTOM.

AnpobGauust padoTbl. Pe3ynbrarsl paboThl JOKIAABIBAIUCH HA MEXKIYHAPOI-
HBIX Hay4yHbIX KoH(pepeHmusx: V Congress of the Turkic World Mathematicians
(Kyrgyzstan, Issyk-Kul — 2014), Issyk-Kul International Mathematical Forum (Yosn-
noH-ara, 2015), MexayHapoaHasi HaydyHasi KOHPEpEHIHS «AKTyalbHbIC MPOOJIEMBI
MaTeMaTUKHU U UHOOPMATUKU» MOCBAIeHHas 80-JIeTHIO CO THS POXKACHUS AKaleMHU-
ka HAH PK K.A. KaceimoBa (Anmatsr, 2015), «Poibs Hayku 1 00pa3oBaHUs B COBpE-
MEHHBIX YCJIOBHSX INI00aIN3alUuy MEKIyHapoiHasi KOH(GEPEHLIUs TOCBSIICHHAs 75-
netnro akagemuika b. Mypsyubpammona (r. Om, 2015), V International Scientific
Conference “Asymptotical, Topological and Computer Methods in Mathematics”
devoted to the 85 anniversary of Academician M. Imanaliev (Bishkek, 2016), «/n-
(bopMaIOHHbBIE TEXHOJIOTUU U MaTEMaTUYECKOE MOJICIMPOBAHUE B HAyKe, TEXHUKE U
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00pa30BaHUM», MEXAYHAPOIHAsA KOH(PEPEHIIMs, MOCBSIIECHHAs 75-JIETUI0 aKaJeMUKa
A. XKaitnakoa (bumkek, 2016), "AkTyanbHbie TPoOJEMbl TEOPUU YNPABJICHUS, TO-
MOJIOTUU M ONEPATOPHBIX ypaBHEHUH'", MeXAyHapoAHas KOH(EpeHIHs, MOCBAIICH-
Has 70-nmeturo mpodeccopa A. KepumbekoBa (Hommon-ara, 2017). A Taxxke o0Cyx-
JaJTUCh HAa HAYYHBIX ceMUHapax mMaremaThkoB FOxkHoro permona Keipreizcrana (mon
pykoBojactBom uneH kopp. HAH KP, mpodeccopa K. Anpimkynosa) u Kanan-
A0GaaCcKOro rocy1apcTBEHHOIO YHHBEpcHUTETa (1I0JI PyKOBOJACTBOM J.(b.-M.H., pod.
K.C. AnbibaeBa).

IMyosmkanun mo TeMe auccepramum. [1o TeMe guccepTai OMyOTMKOBAHBI
10 crareii [1]-[10] u 2 te3uca [11]-[12]. B Tom umcie, ogHa cTaThs OMyOJIMKOBaHA B
KypHaJie HHACKCUpYeMol B 6aze Scopus.

JInuHbIi BKJIAJ aBTOPAa B COBMECTHBIX padorax. B coBMecTHBIX paboTax ¢
K. AnpivkynoBsiM U [I.A. TypcyHOBBIM, OCTAHOBKA 33J1a4¥ MPUHAIJIECKUT COABTO-
pam, a J10Ka3areabCTBO TeopeM, (OPMYJIUPOBKA PEYIBTATOB — IUCCEPTAHTY.

CrpykTypa, 00beM M KpaTKoe cofepakaHue quccepranuu. J(ucceprauus co-
CTOUT U3 MEpPEeUHs YCIOBHBIX 00O3HAYEHMI, BBEICHUS, YETHIPEX IVIaB, pa3OUTHIX Ha
14 naparpacdoB, BbIBOJOB U JiuTepaTypsl U3 50 HaumeHoBaHuil. PaboTa uznoxxena Ha

112 crpaHunax MalMHOMMCHOTO TEKCTA.

ABTOp BbIpa)kaeT NIyOOKYyIO MPU3HATEIBHOCTh U MCKPEHHIOK 0JarogapHOCTh
HAy4YHOMY PYKOBOIMUTEINIO, JOKTOPY (PU3MKO-MaTeMaTUYeCKHX HaykK, Ipodeccopy,
3aCIIy’)KEHHOMY JESITEN0 HAYKH, WIEH-KOppecnoHAeHTy HanmonanbHOM Akanemuun
Hayxk Koipreizckoit PecniyOnuiku Ansivkynogy Kenoubaro 3a mocTOSHHOE BHUMAHHUE U
M0JIE3HBIE COBETHI MPU 00CYXKACHUHU pabOTHI.

KPATKOE COAEPXAHUE JUCCEPTALIMA

[lepBas rmaBa guccepranuud COCTOUT U3 AByX mnaparpador. B § 1.1 maercs
KpaTKuid 0030p JMTEpaTyphl 1o Teme auccepranuu. B § 1.2 mpusenen 0630p Hayd-
HBIX PE3yJIbTATOB JUCCEPTAIIIH.

3akaouenue no riase 1

[IpuBeneH 0030p W aHAIU3 PE3yJbTATOB pPabOT JAPYrMX aBTOPOB, HaubOosee
OJIM3KUX K TeME IpeJiaracMoi JuccepTalluOHHON pabOThI, a TaKKe OCHOBHBIC HAy4Y-
HBIE Pe3yJIbTaThl JAHHOU TUCCEPTAIIMOHHON pabOTHI.

Ha ocHoBe 3TOro anann3a MOXeM YTBEpPKJIaTh, UTO AUCCEPTAIMOHHOE UCCIIEe-
JIOBAaHUE aKTyaJlbHa, OPUTHHAJIBHO, CBOEBPEMEHHO W MMEET OIpeJIeIICHHBIN TEOPETH-

YECKUM U IPAKTUYECKUN NHTEPEC.



Hcnonb3ys uueo Meroga 0000IIEHHBIX NOrPaH(PyHKIUNA BIIEPBbIE TOCTPOEHBI
paBHOMEpHBIE aCUMITOTUKH JIJIsl PEIICHUs KPaeBbIX 3a/1ay BTOPOIo MOpsiaKa co cia-
0011 0COOEHHOCTHIO.

Bropasi riiaBa nocssieHa NOCTPOECHUIO ACUMIITOTHKHM PELICHHUS] KpaeBou 3a-
Ja4u JJIsl CUHTYJISIPHO BO3MYILIEHHBIX YpaBHEHUH cO c1ab0i 0COOEHHOCTBIO.

B §2.1 nokazana
Teopema 1. J[11s pemienus 3aauu
ey (X) +xy' (X) - y(x) =0, 0<x<1, 1)
y(0)=a, y(1)=b, a,b —const, (2)

CIIpaBCAJIMBO ACUMIITOTHYCCKOC Pa3JI0KCHUC
3(n+1)

y(x):zn:s"Yk(x)+ D pm (t)+O0(e™), e0,
rie Yk(x)eC[O,l], nk(t)eCw[O,u_z].

3anaua (1)-(2) ects 3anaua [x. Koyna B ciayuae, a=0, b=e1, 0 koropom MbI
YIIOMHHAJIH BEIIIIE.

B §2.2 nokazana
Teopema 2. Penienus 3agauu

ey"(x)+ Py (x)= y(x)=0, 0<x <1, (3)
y(0)=a, y(1)=b, (4)

MOJKHO IIPCACTAaBUTL B BUC

y(X) = Z“’k (Yk (X) + Tck (t))’ 8_)01
k=0
rae Y, (X)e C[O,l], n (t)eC” [O,u_g]
B §2.3 nokazana
Teopema 3. J[i1s1 pemienus 3a1aun

ey"(X)+ x*y'(x)—y(x) =0, 0<x<1, (5)
y(0)=a, y(1)=h, (6)
CIIPaBEIMBO ACUMIITOTUYECKOE PA3JI0KEHHE
y(X) = Zuk (Yk (X) + 7-ck (t))’ 8_)01
k=0
roe a=m/(m+1), Y, (x)eC[01], m(t)eC” [O,u_(m”)} :

B §2.4 nokazana
Teopema 4. ACUMITOTHYECKOE PA3TOKEHUE PELICHUS 33/1a41

-7-



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

IMpcacCTaBuMO B BUJIC

/3

i 344
+(a—be-3’2)Aje & ds + 2, () + +ptm, (1) +O(ut), €0,
t

&y

y(Xx) =be

rac

i 343 B3
nz(t):J.:G(t,S)eﬂ' (a—be‘3’2)AJ'e 4 dt+ b e3/2}ds’

23/s*

~ 343
m,(t) = _[OHG(t,s)eZ m,(s) — 257?2 eg’zjds :

=Y ()X (s),0<t<s,

GL.s) :{—Y(S)X(t), s<t<f,

i 2 G 2
Y(t):l—X(t),X(t):Ajt”es* ds, Ajo“e 3 ds=1.

B §2.5 nokazana
Teopema 5. J11s1 penieHus 3a1auu

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

me q(x) € C7[0,41,4(X) = 310,¢, 0< G, (0 eC O F(X) =3 1,

CITPaBEUIMBO AaCUMITOTHYECKOE PA3I0KEHHE
Y(X) = Yo (X) + 1o (t) + py (1) + lvlznz (t) + ;,L37'C3 (t)+0O (8) ,
rae Y,(x)eC[01], m (t)eC” [O,;,FZ} :

3akJ/II0oueHue 1o rjiase 2
B TJIaBC 2 HOJ'Iy‘-ICHBI paBHOMeprle ACUMIITOTHYCCKHUC pa3J'IO)K€HI/IH pCHIGHI/ISI
KpaeBoﬁ 3aJa49n i1 CUHTYJISIPHO BOMYIICHHBIX JIMHEWUHBIX OJHOPOAHBIX XU HCOIHO-
POIHBIX OOBIKHOBEHHBIX UG (EepeHINATBHBIX YPaBHEHH BTOPOTO MOPSAIKA C He-
J1IaAKum KO3(1)(1)I/IHI/ICHTOM. ACUMIITOTHYECKHE Pa3I0KCHUA ITOCTPOCHBI 0606H_I€H-
HBIM MeTOAO0M TorpaHudHbiX (yHkmui K. Aneimkynosa. [IpuanumoMm makcumyma

JOKa3aH ACUMIITOTUYECKUI XapaKTEpP IMOCTPOCHHBIX ACUMIITOTHYCCKUX PAJI0B.

B raaBe 3 ¢ momompio mpeoOpa3zoBaHusl U 0O0OIIEHHBIM METOJ0M TOTpPaH-
(GyHKINNA TOTYYEHBI CIEAYIONINE HAYYHBIC PE3YIbTaTh
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B § 3.1 nokazana
Teopema 6. J{ns pemenus 3agauu (1), (2) npu e—0 copaBeyiiBO aCUMITOTH-
YEeCKOE pa3yioKeHUe

y(x) = be? (1+ iukﬁk (t)j ,

k=0

rae m,(t)e Cw[O,u_z} :

B §3.2 nokazana

Teopema 7. Jlnst pemenus 3anauu (1), (2) npu €—0 umeeT MeCTO aCUMITOTH-
Ka

y(x) =be’ " (1+ D um, (t)] :
k=0

rne 7w, (t)e C°°[0,u‘3].

B §3.3 noka3zana
Teopema 8. Jlns pemenns 3amaun (5), (6) mpu ao=m/(m+1) u €->0 cnpa-

BCAJIMBO AaCUMIITOTHUYCCKOC PA3JI0KCHUC

y(x) — be(m+1)(m+é/§—1) (14_ i“knk (t)} ,

k=0

roe n, (t)e Cw[O,uf(m“)]

B §3.4 nokazana
Teopema 9. [{ns pemenus 3anauu (5), (6) mpu o — palMOHAIBLHOE YHUCIIO,
UMEET MECTO ACUMITOTUYECKOE PA3JI0KEHUE

y(X) = bexp(ﬁ(xm —1))(1+ iuknk (t)j , -0

X
rmet=—, e=p™"" o=

m ]

%,(n< m<3n,n,meN), nk(t)eCw[O,u_m].
3akioueHue mo riaase 3
B rnaBe 3 ¢ momoipio MeToa mpeoOpa3oBaHus U 000OIIEHHBIM METOJIOM I10-
TPaHUYHBIX (YHKIWA TMOCTPOCHBI PAaBHOMEPHBIC ACHMITOTHYECKHE Pa3I0KCHHUS
peIIeHUsT KpaeBoOW 3a/ladyd Il CUHTYJISIPHO BO3MYIICHHBIX JIMHEHHBIX OJHOPOIHBIX
OOBIKHOBEHHBIX AU(()epeHIINaTbHBIX YPABHEHHN BTOPOTO TIOPSIKA C HETIAAKUM KO-
s pummenTom. [lpuBeneHB TOYHBIE ACHMITOTHYCCKHE OIEHKH I OCTATOYHBIX

YICHOB ACUMIITOTHYCCKUX PAJO0B, T.C. ACUMIITOTHYCCKUC PA3JIOKCHUA 000CHOBAaHBI.
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B ruase 4 cTposSTCS aCUMITOTHYECKHUE PA3JIOKEHUS pelieHus 3anauu Komm
JUIS CUCTEMbl CHHIYJIIPHO BO3MYILIEHHBIX OOBIKHOBEHHBIX JAHU(epeHInanbHbIX
ypaBHEHHI co ci1aboil 0co00# TOUKOIA.

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

roe f(x), y(x), y° €R", A — monoxurenpHas KBapaTHas MaTPHIIA N-TO MOPSIKA C
coOcTBeHHBIMU 3HaueHUsIMH 0<Ai, Ai—CONst, A= A; i#], 1,j=1,2,...,n; f(X)e C”[O,T],
M — (UKCUPOBAHHOE HATYPAJIBLHOE YMCIIO.

B §4.1 nokazana
Teopema 10. J{ns pemenus 3anauu (7)-(8) nmpu M=2 crpaBeaIuBO aCUMIITOTH-
YEeCKOE€ Pa3IoKeHHE

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

k=0

roe e=p’,t=x/p?, y(x)=Bz(x), B14B=D, D=diag{\1, Az,..., An},
T (1)€C7[0T U], Zyy(X) =0, 2,,(X) =0, 2, (x) €C[O.T], Z4,5(x)eC7[0,T].
B §4.2 nokazana

Teopema 11. Jlns pemenus 3anaun (7)-(8) mpu M=3 uMeeT MECTO aCUMIITOTH-
Ka

z<x>=u-ln_l(t)+:Zouk(zk<x)+nk(t)),eHo,
rie  e=p',t=x/p’,  y(X)=Bz(x), B4B=D, D=diag{A1i, Az..., A},
m(1)eC?[0Tu [, 2,,(X)=0,2,,,(x)=0,2,.,(x)=0,  z(x)eC[0T],
Z1y(X)€C”[OT].

B §4.3 uccnenoBan obmuii cimydait meN u moka3aHa
Teopema 12. [/Ins pemenus 3amauu (7)-(8) crmpaBeIMBO aCUMITOTHYECKOE
pa3lIoKeHNe

2(x) = p‘ln_l(t)+ipk(zk(x)+nk(t)), 0,

roe e=p™" t=x/pu", y(x)=Bz(x), B*4B=D, D=diag{A1, A2,..., A},
m (t)eC”[0Tu™" |, 7(x)eC[0T].
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3akJj0ueHue no riase 4

O06001IeHHBIM METOJIOM THorpaHuyHbIX PyHKIMK K. ANBIMKyIOBa MOCTPOEHO
PAaBHOMEPHOE ACUMIITOTUYECKOE Pa3IOKEHHUE pelleHus: OucuHryaspHoit 3agaun Ko-
I TSI CUCTEM OOBIKHOBEHHBIX AU depeHITnaIbHbIX YPABHCHUA C HETJIAJKUM KO-
s unueHToM. A Takxke MojaydeHa olleHKa JUIsl OCTaTOYHOW (DYHKIIMU aCUMIITOTHYE-
CKOTO psJia, T.. ACUMITOTHYECKOE Pa3IokeHue 000CHOBAHO.

BbIBO/1bI

B nuccepranuu BHepBblE, METOJOM OOOOIIEHHBIX MOTPAHUYHBIX (DYHKIIUIA
K. AnpIMKy1OBa, TOCTPOCHBI ACUMIITOTHYECKHUE PEIICHUS I KPAaeBbIX 3a7a4 CHHTY-
JSPHO BO3MYIIICHHBIX JIMHEWHBIX OOBIKHOBEHHBIX IU((epeHIINaTbHBIX ypaBHECHUI
BTOPOTO MOPSIIKA C HETTIAAKAM KOA(DPHUITUEHTOM.

C nomo1ipio NpUHITUIIA MAKCUMYyMa MOCTPOEHHBIE PA3JIOAKEHUSI CTPOTO 000CHO-
BaHBI, T.C. MTOJYYCHBI OIICHKH OCTATOYHBIX WICHOB aCHMITOTHYCCKHUX PSIJAOB JIFOOOTO
nopsiIKa Mo MajJoMy napamerpy.

A Takke 00OOIIEHHBIM METOJIOM IMOTPaH(PYHKIIMH MOCTPOEHBI PaBHOMEPHBIC
ACHMINTOTHYECKHE PA3JIOKECHUS PEIICHUN HavYaJIbHOM 3a/laud JJIi CUCTEMBI CHHTY-
JSIPHO BO3MYIIICHHBIX YPaBHEHHUH ¢ HETJIAIKUM KO3 (QHUITMEHTOM (CHHTYJIIPHON TOY-
KOM).
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A3umMoB bekTyp AOABIPAXMaHOBHYTHH «AJICHI3 63r046 YeKUTKeE 33 00J1-
rOH OMCHHTYJAPAYY KO3roJroH auddepeHunajablK TeHaeMeJepAnH Yedum/ie-
pPUHUH acuMnToTHKACHD AereH Ttemaaarsi 01.01.02 — «/Iudpepenuunangbix
TeHJaeMeJIep, TUHAMUKAJIBIK CUCTEMAJIAP KAHA ONTHUMAJABIK 0allIKapyy»
aguCcTUTH 00I0HYA PU3UKA-MATEMATHKAJIBIK HWIMM/IEPIANH KAHAUAATHI OKYMY-
HITYYJYK JapPakachbIiH AJIyy YUYYH Ka3bLUIT'aH IMCCEPTANMSACHIHbBIH

PE3IOMECH

YPpYHTTYY €O3A0p: QJIChI3 ©3reUe YEKUT, ACUMITOTHKAJIBIK aXbIpajaMa, Ku-
YUHE MapaMmeTp, OMCHHTYISIpABIK Tenaeme, KommanH macenecu, [upuxieHuH
macenecH, [x. Koynayn Mopenauk TeHaemecH, KallblJIaHTaH YeKTUK (DYyHKIUS-
Jlap METOAY, MAKCUMYM MPUHIIUOU.

N3uaneenyn oobexkTn. Kodddummentun xxpuma smec GyHKIHsS OOJITOH YKUH-
YU TAPTUINTETH CHUHTYJSPABIK KO3TOJTOH CBI3BIKTYY KaauMKH Jud@epeHimanbk
TeHaemenep y4yH upuxieHuH macenecu. AJCBI3 ©3reue YEKUTTYY CHUHIYJISPIBIK
KO3TOJITOH CBI3BIKTYY KaJUMKK AU(PdEepeHunaablK TEHIAEMEIEPAUH CUCTEMACHI
yuyH KommHuH macenecu.

Nmrun makcarrapbl. Koagduuuentn xpiima 3Mec OOJITOH CHUHTYJISAPIBIK
KO3rodroH auddepeHIraablK TeHAAeMeIep YIYH Y€K apalblK (pyHKIUATIap METOAYH
KANMBLIOO. AJICHI3 ©3re4e YeKUTKE 33 OOJITOH KaHa KOA(D@PUIMEHTH KbLJIMa 3MEC
OO0JITOH CHUHTYJISIPJBIK KO3TOJITOH MaceleNepAUH YbIrapbUIbIIITAPbIHBIH aCUMITOTH-
KaChIH TYpry3yy aHa Heru3zee.

N3unneenyH ycyjaaapbl. KUYMHE MapaMeTp YCyily, MaT€MaTHKaJIbIK MHIyK-
1S yCYyJly, MaKOPAHTTap yCyJy, KaJIblJIaHTaH Y€K apajblK (QyHKIHS yCyIIy.

N3u11660HYH UIIMMHH KAHBLUIBIKTAPHI.

1) KoaddumuenTtu xpimma amec GyHKIUS O0NITOH OUCHHTYIISIPYY KO3TOJITOH
TEHAJIEMENIEPANH UbITapbUIBIIIBGI YUYH >KaJIblJIaHTaH Y€K apaiblk QyHKIUsIap Me-
TOJLy >KaJMbLIaHIBL.

2) Anrayksl KOy aJIChI3 ©3re4ye YEKUTKE 33 OOJIrOH kaHa Kod(pPuiueHTH
KbIJIMa dMeC OOJNTOH CHHTYISAPABIK KO3TOJTOH Macelenep YIyH YeKTHK MaceleHHH
YBITAPBUTBIIITAPBIHBIH OMpP KaJBINTarbl aCUMITOTHKAJIBIK aXbIpalIMalapblH TYpry-
3yJAy *KaHa HErU3AeIIu.

3) AJsrauksl KOy ©3rede YEKHTKE 33 OOJITOH CHHTYJSPABIK KO3TOJITOH TU(-

dbepeHInaNIbIK TeHIEMEeNIepIuH cucTeMachl YuyH KoIiu MaceaeHuH YblrapbUIbIIITa-
PBIHBIH OWpP KaJbIITarbl aCHMOTOTUKAIBIK aKbIpAJIMAJIapbIH TYPry3yJay *KaHa He-
TU3EIIN.
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PE3IOME

AUCCEPTALMOHHOM padoThl A3umMoBa bektypa A0abIpaxMaHoBHYa
HA TeMYy «ACMMIITOTHKA pelleHns] OMCHHIYJISIPHO BO3MYIIeHHbIX AuddepeHun-
AJIbHBIX YPABHEHHUII €0 c1a00ii 0c000i1 TOUKOI»
HA COMCKAHHME YYCHOH CTENEeHH KaHANAATAa (PU3HMKO-MaTeMAaTHYeCKHX HAYK 110
cnenuajgbHoctu 01.01.02 — «/Indpepennuanbubie ypaBHeHUs, THHAMUYECKHUE
CHCTEeMbI U ONITUMAJIbHOE YIIPABJICHUE)

KuroueBble ciioBa: ciabas ocobast TOUKa, aCUMITOTHYECKOE Pa3IoKEHUE, Ma-
JBIA TIapaMmeTp, OUCHHTYINSIpHOE ypaBHeHUWe, 3amada Komm, 3amaga {upuxie, Mo-
nenbHoe ypaBHeHue JIx. Koyrna, 00oOmeHHbI MeTon nmorpaH(yHKIMN, TpUHIIMI
MaKCHUMyMa.

O0bekT HMcciaegoBanus. 3anada Jlupuxiie uisi CUHTYJISIPHO BO3MYILEHHBIX,
JTMHEHHBIX U PEepeHIMATBHBIX YPABHEHUI BTOPOTO MOPSAKA C HETIaAKuM K03 du-
ueHToM. 3agada Ko a1 CHHTYJISIpHO BO3MYIIIEHHOW CHCTEMBI JIMHCWHBIX OOBIK-
HOBCHHBIX AU PepeHITNaIbHBIX YPaBHEHUN cO C1a00i 0c000# TOUKOM.

Heas padorbl. O000MKUTH METOJ MOTPaH(YHKIUN JJI1 CHUHTYJISIPHO BO3MY-
mIeHHBIX Au(depeHITuaNbHbIX YPaBHEHUI ¢ HernagkuMm kodgdunuentom. [loctpo-
UTh U 00OCHOBAaTh ACUMIITOTUKY PELICHUSI CHHTYJISIPHO BO3MYIIIEHHBIX 33]1a4 CO Clla-
6011 0c000# TOUKOIA.

MeTtoabl uccae0BaHUA. METOI Majoro mapamerpa, MeToj MaTeMaTHIeCKOM
WHIYKIIMH, METOJI MaKOPAHT, 0000IIEHHBIA METO/T TOTpaH(pyHKITHH.

Hay4yHast HOBH3HA.

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

2) BrniepBbie MOCTPOCHBI 1 OOOCHOBaHBI PAaBHOMEPHBIC ACHUMIITOTUYCCKUE pa3-
JIOKEHUS PeIIeHU KpaeBOU 3a7a4d JIJIsi CHHTYJISIPHO BO3MYIIIEHHBIX 3a7a4 C HETJIa-
KUM KO3 (PUIHUEHTOM U cO caaboi 0co00il TOUKOH.

3) BnepBble ocTpoeHO U 0OOCHOBAHO PAaBHOMEPHOE ACHMITOTHYECKOE Pas-
JIO’)KEHUE PEIICHMs] HauYaJbHOM 3a7auM JJIsl CUCTEMbl CUHTYJIIPHO BO3MYIIEHHbBIX 3a-
Jlady C CUHTYJISIPHOM TOYKOU.
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SUMMARY

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

Key words: weak singularly point, asymptotic expansion, small parameter, bi-
singularly 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 per-
turbed 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 coeffi-
cients.

Methods of research: method of the small parameter, method of mathematic-
cal 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 coeffi-
cient is constructed and justified.
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