OILLICKUI TOCYJAPCTBEHHbIA YHUBEPCUTET

FKAJAJI-ABAJICKHMI TOCYJIAPCTBEHHBIV YHUBEPCUTET
HUMEHHU b. OCMOHOBA

Jucceprammonnslii coet /1 05.22.651

Ha npasax pykonucu
YJIK 517.928.2

Omapaamnena I'ynbaiipa AGqumMaInKoBHA

ACHMMIITOTHKA pelleHus] TPeX 30HHbIX
OMCHHIYJISIPHBIX 32124

01.01.02 — nuddepenumansHbIe ypaBHEHHS, AMHAMAYECKIE CUCTEMBI U
ONITHMAJILHOE yIIPaBJICHHE

ABTOPE®EPAT
JIUccepTalli Ha COUCKAHHUE YUYEHOU CTEEeH!
KaHuaaTa GU3NKO-MaTeMaTHUECKUX HAYK

Om — 2023
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00pa3oBaTeNFHBIX porpamMm Omickoro
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BeHHOro yHuBepcutera, 112000, VY30ekucraH,
r. ®eprana, yn. Mypabowuitnap, 19.

3ammra cocroutcs 29 HosOps 2023 roma B 14% yacos Ha 3aceJaHuun
JuccepranonHoro coseta [l 05.22.651 mo 3amuTe quccepTaii Ha COUCKaHUE
YUEHOH CTeleHM KaHauaata (U3UKO-MareMaTH4ecKux Hayk npu  OIIcKoM
TOCyJapCTBEHHOM yHuBepcutere U JDxaman-AGaackoM ToCyJapCTBEHHOM
yHuBepcuteTe mo azapecy: 723500, r. Om yi. Jlenuna, 331, ayn. 203. Kox
OHJIAlH TpaHCIISLUK 3alluThl quccepranuu: https://ve.vak.kg/b/052-pvt-luj-9ih

C nwuccepramuedl MOXHO O3HAKOMHUTBbCS B OuOmmoTtekax Omickoro
rocynapcTBeHHOro yHuBepcurera (r. Om, yi. Jlennna 331) u XKanan-Abaackoro
rocyAapcTBeHHOro YyHuBepcutera uM. b. OcmonoBa (r. Xaman-AGan, yoi.
Jlennna 57), a Takxke Ha caiite HanmoHa pHOM aTTeCTAIIMOHHON KOMUCCHU TIPH
[pesunente Koipresckoit Pecniyoiuku https://vak.kg/d_05_22_651/99335/.

Astopedepar pazocnan 27 okrs16ps 2023 r.

YueHslil cekpeTapb AUCCEPTALMOHHOTO

COBeTa, K.(p-M.H., TOIEHT Bexemos T.O.
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https://vc.vak.kg/b/052-pvt-luj-9ih

OBIIASA XAPAKTEPUCTHUKA PABOTHBI

AKTyaJbHOCTh TeMbl aucceprauuu. B xonmne XIX cromerus Hayka o
JIBUKEHUM JKUJIKOCTH pacrajach Ha JIBa BETBH, NMOYTH HE CBSI3aHHBIE MEXIY
co0oii: TeopeTWyeckas TUAPOJUHAMUKA, HUCXOIUBINAS W3 ypaBHCHUH,
COCTAaBJICHHBIX ~ DWIepoM JUis  JBIDKCHHUS OKUAKOCTH 0Oe3 TpeHHUs W
SKCIIEpUMEHTANbHAS THAPOJWHAMHKA, KOTOpasi OmMpajach Ha OOJNBIIOE YUCIIO
SKCIEPUMEHTANBHBIX  PE3yJIbTaTOB M OYEHb CHIBHO OTIMYANIacCh  OT
TEOPETHIECKOI TUAPOIMHAMHUKHI KaK CBOUMH METOIAMH, TaK U CBOCH Lenmso’.

Bo MHOrmMX paHee WCCIEJOBAaHHBIX 3a/JadaXx TEOPUU CHHTYISPHBIX
BO3MYIIICHHUH, Hanpumep, B pabotax A.H. Tuxonosa (1952), A. Haiipe (1984),
C.A. JlomoBa (1984), A.B.BacumseBoit (1985), B.®. byrysosa (2010),
H.H. Hedpemosa (2022), M. Umananuesa (1988), A.M. MWisuna (1989),
K. AnpivkynoBa (1992), A.C. Omypanuesa (2009), K.C. Anbibaesa (2001) u ap.
B 00JaCTH TMOTPAHUYHOTO CJIOS CYHICCTBOBAJI TOJBKO OJIUH XapaKTCPHBIN
npenen. B pgaHHOM auccepTaluu BIEpBbIE MCCIEIOBaHbI Clydyad, KOIJa B
MOTPAaHUYHOM  CJIO€ HWMEIOTCS JIBa XapaKTepHbIX mpeaenoB. I[loatomy
pe3yIbpTHPYIOIIEee pa3joKeHHe, KpOMe BHEIIHEro, BKIOYaeT B ceOs 1Ba
BHYTPEHHUX pa3nokeHus. O0IacTH MPUTOTHOCTH KKIOTO HX STUX PAa3IIOKCHUN
O0OBIYHO HA3BIBAIOT 30HAMH, a caMa 3ajJada MMEHYeTCS B 3TOM cIydae TpeX
30HHOU 3az[aqef/'12.

HucceprarmonHass ~ paboTa  TOCBAIIEHA  IIOCTPOCHUIO MTOJTHBIX,
PaBHOMEPHBIX ~aCHMOTOTHYECKUX PA3NOKEHUA pEIIeHHH TpeX 30HHBIX
OMCHHTYISIPHBIX 33a]]a4 — CHHTYJISIPHO BO3MYIIICHHBIE 3a]]a4H ¢ 0COO0N TOUKOW H
JIOTIOJTHUTEIHHBIM  (IPOMEXYTOUHBIM)  TMOTPaHWYHBIM  cioeM.  [lonHele,
paBHOMEpHBIE aCUMIITOTUYECKUE Pa3JIoKeHUsI perennid 3aaau Komm u Jupuxie
CTPOSITCSL 000OIIEHHBIM METOZOM MOTPAHUYHBIX (PYHKIUH, TaK KaK HEBO3MOKHO
HampsSIMyI0 ~ TIPUMEHSTh  KJIACCUYECKHM METOJ TMOTPaHWYHBIX  (QyHKIMH
A.B. BacuibeBoii’.

3amauu, UCCIIeJOBAaHHBIE aBTOPOM, paHee HE H3YJaluCh.

CBs3p TeMbl [JHCCEPTAMH ¢ TNPHOPHTETHHIMH  HAYYHBIMH
HANPABJIEHHSIMH, KPYNHBIMH HAY4YHbIMH HporpaMMamMu (IPOEKTAMH),
OCHOBHBIMH HAYYHO-HUCCJIEeJ0BATEJbCKUMHU pPadoTaMH, NPOBOAMMBIMU
00pa3oBaTeIbHBIMU  yUpe:KaeHusIMH. Pa0oTa BBIONHIACE B  paMKax

! llmaxrusr, T Teopus norpanuuHoro cinost. — M.: Hayka, 1974. — 712 c.
2 Haiipe A. Beenenue B MeToas! BosmymeHuid. — M.: Mup, 1984. — 535 c.
® Bacuibesa A.B. ACHMITOTHYECKHE METO/IbI B TEOPUU CUHTYJISIPHBIX
BO3MyIIeHui. — Mocksa: Beicmas mkona. — 1990. — 208 c.
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HaydyHOro mpoekta 1o WHcTuTyry (QyHIAMEHTaJIbHBIX M HPUKIAIHBIX
uccnenoBaunii npu Oml'Y mno Tteme: «3amaun  (a3oBBIX ITEPEXOA0B U
KpUTHYECKHE sIBIEHHUS. MareMaTHueckue acleKThl MX YPaBHEHHWH, OBICTpbIE
MEePEeX0oibl U ACUMITOTUKMY, 2019 T.

Heab u 3a7qa4m HccaeT0BAHMS:

Lemto uccrnenoBanus ABIAsSETCA NOCTPOCHHUE ACUMITOTHKH PEIIEHUS TPexX
30HHBIX OWCHHTYJSPHBIX 3agad Ui OOBIKHOBEHHBIX Au((depeHIIHaTbHBIX
YpaBHEHHH IIEPBOTO U BTOPOTO MOPSIIKOB.

3amaqyu ucCiaeI0BaHN:

1) HaiitTu  moctaToyHoe W HEOOXOAMMOE YCIOBHSL  CYIIECTBOBAHHS
MPOMEXYTOYHOTO IOTPAaHWYHOTO CJOS JUIA OJHOTO Kiacca OMCHHIYISPHBIX
3aja4 Uil OOBIKHOBEHHBIX IU((QepeHIIMaIbHBIX YPAaBHEHUH TIEPBOTO U BTOPOTO
HOPSKOB.

2) TlocTpouTh TONHBIE PABHOMEPHBIC ACHMITOTHYECKHE Pa3I0KCHUsI
pELICHUI HadalbHOM M KpaeBOM TpeX 30HHBIX 3ajay, a Takke 00OCHOBAaTh
MOJIy4EHHBIE PA3JIOKECHHUS.

Hayuynasi HoBU3HA paGoThbI:

1) BmepBele HalieHs! JOCTAaTOYHOE W HEOOXOAMMOE  YCIIOBHSA
CYIIECTBOBAHHE MPOMEXYTOYHOTO HE OKCIIOHCHIMAJIBHO  YOBIBAIOIIETO
MOTPAaHNYHOTO CJIOS JUIA OJHOTO Kiacca OMCHHTYISApHBIX 3amad Komm mms
JMHEHHBIX HEOJHOPOAHBIX OOBIKHOBCHHBIX AM(GEPCHINATBHBIX ypaBHEHUH
MIEPBOTO MOPSIIKA.

2) BmnepBble TOCTPOCHBI W OOOCHOBAaHBI IIOJIHBIE, pPaBHOMEPHBIE
aCHMIITOTHYECKHE PA3NOKEHHUs peIleHHH Tpex 30HHbIX 3amad Komm g
JIMHEHHBIX HEOJHOPOJHBIX OOBIKHOBEHHBIX AN (GEpeHIUATIBHBIX ypaBHEHHN
MIEPBOTO MOPSAKA.

3) BmepBble HalJeHbl JOCTATOYHOE MW  HEOOXOJMMOE  YCIIOBUS
CYIIECTBOBAaHME MPOMEXKYTOUYHOIO HE  OKCIOHEHIMAIbHO  YOBIBAIOLIEro
MOTPAaHUYHOTO CJOS JUIS OJHOTO Kilacca OMCHHTYISPHBIX 3aaad [lupuxie s
JMHEHHBIX HEOJHOPOAHBIX OOBIKHOBEHHBIX AM(PGEPEHINATIBHBIX ypaBHEHUH
BTOPOTO MOPSIIKA.

4) BriepBele  TOCTPOSHBI W OOOCHOBaHBI  IOJHBIE, PaBHOMEPHBIC
ACHUMITOTHYECKHE Pa3JIOKEHUs] pPEIICHUH TpeX 30HHBIX 3anad Jupuxie s
JMHEHHBIX HEOJHOPOJIHBIX OOBIKHOBEHHBIX AH(PGEpeHINATIBHBIX ypaBHEHUH
BTOPOTO MOPSIIKA.

IIpakTnyeckasi 3HAYMMOCTh TMOJYYEHHBIX Ppe3yJbTAaTOB. 3aauy,
PaccMOTpEeHHBIE B AMCCEPTAIIMOHHOIN paboTe, MPelCTaBIAIOT TEOPETUIECKUN H
MPaKTUYEeCKUH HMHTEpPEeC TaK KaKk II0 MHOTOYHCIEHHOCTH H Pa3sHOOOPa3Hio
NpWIOKEHWH  Tpex  30HHas  3amavya Komm i OOBIKHOBEHHBIX
muddepeHIraTbHBIX YPaBHEHHH NEpBOro MOpsAKa M TpeX 30HHas 3agada
Jupuxne a1t OOBIKHOBEHHBIX U] depeHIMaNbHBIX YpaBHEHUH BTOpPOTO
HOpsJIKa 3aHUMaeT 0co00e MECTO B MaTeMaTHKe.
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[TocTpoeHre acCMMITOTHYECKUX NPHOIMKEHUH pelIeHnH MoJ00HbIX 3a/1a4
C JII000H CTENEeHBI0 TOYHOCTH MO CTENCHSIM MAJIOTO Mapamerpa BechMa BaXKHa
JUIS pelIeHus IPaKTHUECKUX 3a7ad TEOPUH MOTPAaHUIHOTO CIIOS.

OcHOBHBIE I0JI0KEHHS AUCCePTALMHU, BBIHOCHMbIE HA 3aIIHUTY:

- I0OCTaTOYHOE M HEOOXOANMOE YCIIOBHS CYIIECTBOBAHUE IIPOMEKYTOUHOTO
HE DKCIIOHEHIIMAIFHO YOBIBAIOUIEr0 MOTPAaHUYHOTO CJIOS ISl OJHOTO Kiacca
OuCHHTYISpHBIX 3a1ad Komm Ui TMHEHHBIX HEOJHOPOIHBIX OOBIKHOBEHHBIX
muddepeHInaTbHBIX YPaBHEHUH IIEPBOTO MOPSIKA;

- TIOCTPOCHHE PABHOMEPHBIX ACHUMIITOTHYECKHX DPA3JIOKEHHH pPEIICHUH
TpPeX 30HHBIX OHCHMHTYISIpHBIX 3agad Komm 1 JAMHEHHBIX HEOXHOPOIHBIX
OOBIKHOBEHHBIX AU ()epeHIHANBHBIX YPaBHEHUIA TIEPBOTO MOPSAKA;

- 000CHOBaHWE IOCTPOEHHBIX ACHMITOTHYECKUX PAa3JI0KEHHH pelIeHHH
TpeX 30HHBIX OMCHUHIYIApHBIX 3anady Komm 1 JIMHEHHBIX HEOTHOPOIHBIX
OOBIKHOBEHHBIX (D (hepeHInaTbHbIX YPaBHEHUH IEPBOTO MOPSIIKA,;

- IOCTaTOYHOE M HEOOXOANMOE YCIIOBHS CYIIECTBOBAHUE IIPOMEKYTOUHOT'O
HE HKCIIOHEHIMAIFHO YOBIBAIOUIEr0 MOTPaHUYHOTO CJIOS Ul OJHOTO Kiacca
OMCHHTYIISIPHBIX 3a7a4 J{upuxie s IMHEHHBIX HEOMHOPOAHBIX 00BIKHOBEHHBIX
mudepeHnInanbHBIX YpaBHEHUH BTOPOTO MOPSIKA;

- TIOCTPOCHHE PABHOMEPHBIX ACHMITOTHYECKHX DPA3JIOKEHUH pelIeHUH
TPeX 30HHBIX OMCHHTYISIPHBIX 3a7a4 Jupuxie Al JMHEHHBIX HEOXHOPOIHBIX
OOBIKHOBEHHBIX () (hepeHInaNbHbIX YPaBHEHNI BTOPOTO MOPSIIKa,

- 000CHOBaHHWE IOCTPOEHHBIX ACHMITOTHYECKHX PA3I0KEHUH pelIeHuH
TPeX 30HHBIX OMCHHTYISIPHBIX 331a4 Jupuxie At IMHEHHBIX HEOIXHOPOIHBIX
OOBIKHOBEHHBIX AU (HEepEeHIIHATBHBIX YPaBHEHUH BTOPOTO MOPSIIKA;

JIn4HBIH BKJIaJ coucKaTesisi. Bce HayuHble pe3ynbTaThl, IPEACTABICHHBIE
B JINCCEPTALMH, IPUHAJIJIEKAT TOJIBKO aBTOPY. B coBMecTHBIX paborax [2], [3] u
[7] mocraHOBKa 3amadyuM NPHUHAUICKUT HAYIHOMY PYKOBOAWTEINIO, HAyJHBIC
pe3ynpTaThl M JOKA3aTelIbCTBA TEOPEM OCYIIECTBIEHO COHMCKATENeM —
OwmapanueBoii [.A., a B 00CYyXA€HHH PE3yJbTaTOB U B OGOPMIICHHH CTaThel
yuactBoBau K.I'. KoxobekoB, M.M. MamarOyBaeBa, III.A. PamankymoBa u
Myca yyny H.O.

AmnpoGanum  pe3yJbTAaTOB  HCCJHeNOBAHUS. Pe3ympTatel  pabOTHI
JIOKJIaJIBIBAIICH M OOCY)KIAJIMCh Ha MEX/IyHapOHBIX HAYYHBIX KOH()EPEHIMAX

- «Mathematical Analysis, Differential Equation & Applications - MADEA
8» nocesamennas 80-neturo A. Camoinenko. — Yonmon-Ara, 2018 r.;

- «IIpobmembl COBpeMEHHOH MAaTeMaTHKH M €€ IPHIIOKCHUAN,
nocBsamenHas 70-nmerturo axamemmka A.A. bopyGaesa. — bumkex: MHCTHTYT
marematukd HAH KP, 16-19 urons 2021 r.;

- "AKTyampHBIE TpOOJIEMBI TEOPHHA ONTHMAIBHOTO  YIIPaBICHHSA,
JUHAMUYECKHX CHCTEM MW ONepaTOpHbIX ypaBHeHHH" 50-meTuio HaydHO-
NeJarorundeckoil  JesTeIbHOCTH M 75-meTHeMy  oOwieto  mpodeccopy
A K. Kepumbexosa. — bumkek: KPCVY, 23-25 nionst 2022 r.
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Ha Hay4HBIX ceMuHapax:

- “AxkrtyanbHele  mpoOieMbl  audQepeHIHaIbHBIX  ypaBHEHMH”,
pykoBoauTenu cemuHapa: wieH kopp. HAH KP, npodeccopa K. AnpiMkynoB u
I.¢.-M.H., mpodeccop K.C. Anbibaes (r. Our. 2018-2023 rr);

- “CoBpeMeHHBIE TPOOJIEMBI MaTeMaTHYeCKOH (HM3UKH’, PYKOBOIUTENb
cemuHapa axagemuk UI.A. Anumo (MHcTUTYyT MareMaTMKM HMMEHH
B. 1. PoMaHOBCKOTO akajgeMun HayK PecryGuku Y30ekucran).

IMotHoTa oTpaxeHMsl Pe3y/bTATOB AMccepTauMu B myGaukamusax. [lo
TeMe JuccepTanun ommyomukoBansl 7 cratei [1]-[7] u 2 Tesuca [8], [9]. U3 Hux
nBe crarsk [2], [3] omy6nnKkoBaHBl B HAYYHBIX PEIIEH3UPYEMBIX, TIEPHOTUUCCKAX
MaTeMaTHYECKUX JKypHalaX, IUTHPYeMbIX B 0a3ax Scopus m Web of Science.
Onna craThs [6] B HAyYHOM pEIEH3UPYEMOM, MEPHOMICCKOM MATEMATHICCKOM
)KypHaue, nutupyemoii B 6aze RSCI. Bee crarbu ony6GnukoBaHbl B )KypHajax ¢
HEHYJIeBBIM MMIIaKT-(akTopoM. Mmnakr ¢akropsl xypHanoB Oonbme 0,1, rae
omy6sukoBausl crarei [1]-[3], [6]. Tlo omyGmrkoBaHHBIM cTaThsiM HabpaHo 215
6a10B.

Ctpykrypa m o0beM amccepramuu. Jluccepralys COCTOUT U3 MEPEYHS
COKpaIleHN W O0O3HAYCHWIA, BBEICHHSA, YETHIpEX IvaB, pa3ouTteix Ha 10
naparpad)oB, 3aKITIOUYEHHS W CIIMCKA HCIIOJNB30BAaHHBIX MCTOYHHKOB H3 81
HaMECHOBaHMHA. B KOHIle KaXIOW TJaBbl NpHUBEICHBI 3aKmodeHus. Pabora
n3nnokeHa Ha 101 cTpaHMIIaX MAIIMHOIMCHOTO TEKCTa.

OCHOBHOE COJEPKAHHUE JUCCEPTALIUA

Bo BBemeHmum gaHO OOOCHOBaHWE AKTYaJIbHOCTH TeMbl, 0Omas
XapaKTepUCTHKa pPabOTH, Ledh M 3aJaud HCCIEeIOBAaHUS, HaydHAas HOBH3HA,
MpaKTH4ecKast 3HAUNMOCTh, OCHOBHBIE TOJIOKEHHUSI, BRIHOCUMEBIE Ha 3aIUTY.

IepBas rnaBa «OB30P JINTEPATYPBI» cocrout u3 asyx maparpados. B
«§1.1. O030p nuTEpaTyphl MO CHHTYSIPHO BO3MYIICHHBIM 3amadam» U «§ 1.2.
0O0630p nUTEpaATYPHI 0 OUCUHTYJISPHBIM 3aJladaM» JTaeTcsl 0030p JIMTEpaTyphl 1O
CHHTYJISIPHO BO3MYIICHHBIM u OMCHHTYIIIPHBIM 3amadam TUTST
mudQepeHInaTbHBIX YpaBHEHNH, KOTOPBIe OIM3KH K TeMe AUCCepTalud. B 1Byx
naparpadax MPOBEIEH aHANN3 HAYYHBIX PE3YyJIbTAaTOB pabOT IPYTUX aBTOPOB,
HanOonee ONM3KHX K TeMe IpeaiaracMoi JUcCcepTalMoHHOW paboTel. B
3aKJIIOUEHUU TIE€PBOM TIJaBbl OTMEYEHO, YTO Ha OCHOBAaHMM MPOBEJACHHBIX
AQHANTM30B  JHUCCEPTAllMOHHOE  FHCCIIEN0BAaHMWE  aKTyaJlbHO, OpPWUTHHANBHO,
CBOCBPEMEHHO M MMEET ONPEICIICHHBbIM TEOPETUYECKUH U IPaKTHUYECKUN
HHTEpecC.

Bropas rmaBa «METOJOJIOTHUSA WM METOIbI MCCJIEJOBAHUS»
coctouT U3 AByx maparpados. B «§ 2.1. OObEKThI U MPEAMETHI HCCIICIOBAHHUS
MOPOOHO N3TI0KEHBI OOBEKTHI M ITPEIMETHI HCCIICTOBAHMS.
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O0bekTbl uccienoBaHus. OOBEKTOM HCCIENOBAaHMS TPEThEH TJIaBEI
ABJISIIOTCSL  TpeX 30HHbIE OWCHHTYJSIpHBIE 3aJauyd Ul OOBIKHOBEHHBIX
muddepeHInaNbHBIX YpaBHEHUH IEpBOTO MOPSAKA:

ey' () +(Xa(x) +e" p(x)y.(x) = f(X), xe[0,T], Y,(0) =2,
rie n,myeN, n>m@+1/y), a=const, f(0)=0, f,q, peC”[0,T],
O<a,<q(x), O<a,<p(x):xe[0,T].
O0BEKTOM HCCJIICJOBAHUS quBepToﬁ TJIaBbl SBJIAIOTCA TPEX 30HHBIC

OMCHHTYISIpHBIC 3aJa4dll I OOBIKHOBEHHBIX IU(EepeHITNaIbHBIX YpaBHESHHH
BTOPOT'O NOPSAIKA:

e"y, "() +X p(x)y, '(x) = (x‘q(x) +£"r(M)y, () = f (x), x<[0,1],
v, =2 y,0)=b,
rre  p,qg,r,f €C”[01], f(0)=0, O0<p(0), 0<q(0), O0<r(0), n>m, 1<k,
(n, k, meN), a y, (X) — ucrkoMast GyHKIIHS, 3aBUCSAIIAS OT MaJIOTO APAMETPA €.

IIpenmeTom ucciiel0BaHUS SBISIFOTCS:

- HaWTH YCNOBUS TIPH KOTOPHIX TOSABISIOTCA  MPOMEXKYTOUHBIE
NOTPaHUYHBbIE CJIOW B OWMCHHTYJSIPHBIX 33Javyax Uil  OOBIKHOBEHHBIX
i depeHInanbHBIX YpaBHEHHUI IEPBOTO U BTOPOTO MOPSIKOB;

- TMOCTPOEHHE PABHOMEPHBIX ACHUMIITOTHYECKUX pa3JIOKEHUH peleHuin
TpeX 30HHBIX OHMCHHTYJISIPHBIX 3a/a4 ¢ JI000H CTENEeHbI0 TOUHOCTH MO MaJOMy
napamerpy.

B «§2.2. Meronpl wuccieoBaHus» MOAPOOHO M3JIOKEHBI MHOTOKPATHO
UCIIONIb3YEMble B JaHHOW AWCCEPTAllMU OIpEACICHHs, TeOpeMbl U MeTOoxbl. B
JMICCEPTALMA OCHOBHOM HCIIOJIB3YIOTCSI METO/BI: MHTETPUPOBAHUS 10 YACTSIM,
HUHTETPUPOBAHUS JIMHEHHBIX HEOJHOPOIHBIX OOBIKHOBEHHBIX
muddepeHInaNbHBIX ypaBHEHHH TIE€PBOTO M BTOPOTO IOPSAKOB, Majoro
nmapameTpa, KJIacCHUYeCKUH MeTOJ] MOTPaHUYHBIX (DYHKITHHA, 000OIICHHBIH METO
NOTpaHUYHbIX (QYHKIMHA, cpaBHeHMs, IUddepeHIHanbHbIX HEPaBeHCTB U
MPUHITAI MaKCUMyMa.

OCHOBHBIE HayYHBIE OPUTHHAJIBHBIE PE3yIbTAaThl AUCCEPTAIIMU TPUBEICHBI
B rjaBsax 3, 4.

CHHTYIAPHOCTH 3a/a4: IepBasi CHHTYISPHOCTh — IPHUCYTCTBHE MAajioro
napamMeTpa Iepej crapiieil Ipou3BOAHON HCKOMOI (DyHKIIUM; BTOpasi — pelieHne
COOTBETCTBYIOIIEH HEBO3MYIIEHHOH (BBIPOXJICHHOW) 3agaddl He SIBISIETCS
riagkoi QyHKIMEH Ha paccMaTpHBaeMOM OTpe3Ke, T.€. UIMEET 0COOYI0 TOUKY;
TPEThst 0COOEHHOCTH — MOSBJIEHHE POMEKYTOYHOTO TIOTPAHUYHOT'O CIIOSL.

B tperseit rmase «TPEX 3OHHBIE BUCHUHIVIIAPHBIE 3AJJAYU
[EPBOI'O TMOPAOKA» mis omHOro kiacca OWCHHTYJISIPHBIX 3ajaad st
OOBIKHOBEHHBIX IH(PPEepeHINANTEHEIX yPaBHEHNH MEPBOTO MOPSIKA HMOTYIEHBI
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JOCTaTOYHOE W HEOOXOJMMOE YCJIOBHS CYIIECTBOBAHUS IIPOMEKYTOYHOTO
MOTPAaHUYHOTO CJIOSL.

Tperbs rmaBa cocTouT M3 Tpex maparpadoB, B mepBoM maparpade ams
HarJISAHOCTH MOJPOOHO M3JI0KEH CaMblil IPOCTOH ciydail:

ey (X)+(x+g)y,(x) = f,(x), xe[0,T], y,(0)=a, (1)

re & — HEeKOTopas IMOCTOSHHAs HE 3aBHCAIIAsS OT MaJioro mnapaMmerpa g,
fs(x)zzgk f (x), f, €C”[0,T], f3(0)%0, a y.(X) — wuckomas QyHKuus,
k=0

3aBHCSAIIAS OT MAJIOTO MTAapaMeTpa €.

TpeOyeTcs MOCTPOUTH pPAaBHOMEPHOE AaCHMITOTHYECKOE TPUOIIDKEHHE
pemeHns HadanbHOM 3agaun (1) Ha otpeske [0,7], mpu €—0.

Jlokazana

Teopema 1. AcumnroTHdyeckoe peLIeHHE TpeX 30HHON OHUCHHTYIISPHOU
3aaayn Ko (1) Ha otpeske [0,7] npu cTpeMIIEHUH MajIoro mapameTpa K HYIO

MpeaACTaBUMO B BUAC ACUMIITOTUYCCKOTO psAaa:
s+1

Y, (X) = isjvj (x) +s’1Zsj (w; () +m,; (1)) +O(e) , 80,

f (X)-vV. —v" —h,
rie V,(X) = 10 VH(X)X V'is () L j=04,..,v,(x)=0,5<0,

ho = fo(o)’ h1 = fl(o)_vo(0)7 hz = fz(o)_vl(0)7
h, = f,(0)~v;4(0)~V' 4(0), 2< je N, v, eC*[0,T], j=0,1..
h h —w' (t) hy—w' (1)
w,(t)=——; w({t)="-—>7 w@t)=—"r—""j=01...
b (1) Tl (1) Tl i () 1 i
z(r)=e"c,+e7(C; o7 +C; 7" +...4C; 7°), ¢, C;, =cOnst.

Bo Bropom maparpade «§ 3.2. JIuHEHHBIH pPOCT CHHTYISPHOCTH B
HaydalbHOM TOUYKE» MccienoBaHa 3anada Komm:
Ny, m
"y, () +(xa()+&"p())y, () = (), x€[0,T], v.(0)=a, (2
rie N,meN, a - const, f(0)20, f,q, peC”[0,T] 0<c,<q(x),
0<c, < p(x):xel0,T].
JlokasbiBaeTcst Teopema
Teopema 2. Ecimm B HavaspHOH 3amade (2) mapaMmeTrpsl N u M
YJIOBJIETBOPSIFOT HEPAaBEHCTBY N>2M, TO B OKPECTHOCTH HayanbHOM Toukn x=0
CYIIECTBYET MPOMEKYTOUYHBIH (JIOMOTHUTEIBHBIN) IIOTPAHUYHBIH CIIOH.
Hoxazamenvcmeo. Ecim B 00nacT NMOTpaHWYHOTO CIIOSI CYIIECTBYET HE
OJIMH, a HECKOJIbKO XapaKTEepPHBIX IPEJENOB, TO TOBOPAT COOTBETCTBEHHO O
MHOTr030HHOH 3agade. IloaTomy il [qOKa3aTenbCcTBa TEOPEMBI JOCTATOUHO

II0Ka3aTh, YTO IPHU BBIMOIHEHUH yCIOBUS N > 2M B 00JIACTH [OIPAHUYHOTO CIIOS,
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T.€. B OKPECTHOCTH TOYKH Xx=(0 CYLIECTBYET JBA XAPAKTEPHBIX TpPEIENa, U MpU
N<2m B OKpecTHOCTH TOYKH x=0 CYIIECTBYET TOJNBKO OJMH XapaKTEPHBIH
Tpesen.

ITycrs x=¢°t, a>0, Torna dx=¢*dt u ypasHenue (2) Nepenuuercs B BUJE:

yd‘ Vi (et +em pE )y, () = £ (). ©)
a) Ilycts n > 2m.
1) Ipn oc—n/Z'
(d"’di ) gy, (t)j+ PED, (0 = (") @
2) mpu a=n—m:
(d";t( )ttty (t))+s" ey, O = FED:  6)
3) npu a=m

g2 —d“:;t ®, ot + PE"Dw. (1) = F ("), ©)

rae y () =<"y, ().

B norpannuHOM ciioe umeeM IBa ypaBHeHHA (5) U (6), pelIeHus KOTOPBIX
00J1a1a10T CBOHCTBOM HOTPaH(pYHKIHH.

Tak kak N—-M>M, mO3TOMy H3MEHeHHe MacmTaba T=g" "X OIHCHIBAET
MOTPaHNYHBIN ClIOW BOMM3M HavyanbHOW To4kHM x=0, KOTOpylo OyneM Ha3bIBaTh

N N X
NEBOH 30HOH, a U3MEHEHHE MacmTaba t = — , ONpENENseT APYTyIo 06acTh, €€
€

Ha30BEM CpelHEW 30HOM, TaKk KaKk OHA JICKUT MEXIY JICBOH 30HOH M 001acThio
BHEIITHETO Pa3JIoKEeHUsI — IPaBOi 30HOM.
6) Iycte N<2m, T.e. He BbIIONHSETCA N >2mM. JloKkaxkeM, YTO B 3TOM
CITy4ae UMEETCsI TOJIbKO OJINH XapaKTepHbIH Hpee.
PaccMoTpuM cHavana 3HaK paBeHCTBA, T.e. ciaydail N =2m. Ilpu a=m, Ml
HOJTYYHM:
dy, (1

a F@ED+pE v ) = T "), ()

rae vy, () =<"y, ().
HUccremyem Temepsb ciy4ait, koraa N < 2m. 1) Ipu a=n/2:

[d"(’;t ® +1q(e“t)y, (t)j+8 2p(e )y, (1) = (") ®)

2) mpu o.=n—m:



g2 (_d v O ey, (t)]+ pED)v, () = f (1) ©)
3) npu a=m:
YO | pamn tqet) + pE ), (O = (1), (10)

dt

v i, () =€y, (t)-

B morpanugnoM ciioe nmeem ToibKo (10).

HeoOxomumocTs ycrmoBus N >2M MOXHO [OKa3aTh €mle C ITOMOIIBIO
BHemHero pemenus. Ilycte n=km, 2<keN. Buerinee pelieHue Ha4anbHON
3a1a4u (2), UIeTcs B BHIE:

Y, (%) =is"yj ), (1)

rae Y;(X) — noka Heu3BeCTHbIE (YHKUM.

®opmanpHO moacTaBiis pan (11) B ypaBHeHHE (2) nMeeM:
") !y 00 +(xa(x) +e"p(x) D g’y (x) = f(x), x[0,T],
j=0 j=0

MocJieIHEe PAaBEHCTBO MOXKHO 3aMUCcaTh B BUJIE:
Y () +xa(x)y; () +p(X)Y; () =F(x), j=0L.. VY, (x)=0,s<0.
OTCro/1a HAaXOIMM:

_ )= PXY; ()Y ()

y; (%) X900 :
B yacTHOCTH, 11pH j=0: Y, (X) = % o ycnosuto n=km, 2<keN, moatomy
Xg(X
X X X X
ym(x):_ p( )yO( ) : y2m(X)=— p( )ym( ) :
xq(X) xq(x)
a mpH j=n:
' X)Vonciy (X) + Y (X
v ()= PO)Yan(¥+Yo(0) 00 = P(X) Yy (X) + Y 5 (X) |
xq(x) xq(x)
W3 3THX BBIpaXKeHUH CIe1yeT, 4To
k
1(e™) . ©
yk<x>=;(87) 5,00, ke Ny =N 0}, 9, <C”[01)

310 03Ha4YacT, 4TO YJICHBI psja
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Xxq(x) x x

y, ()= +——y1(x)+3[§] vz(x)+...+1(§] 7,00+ (12)
X{ X X\ X

rae §; €C”[0,1], j €N, obmanaror cpoiictBom “HapacTaromieit ocobennocTH”,

KOTOPOE CBOWCTBEHHO OMCHHIYJIIPHBIM 3a/1a4aM.

Psan (12) moacka3siBaeT KaKMM JOJDKHA OBITh BHYTPECHHSS IEPEeMEHHAs B
IOrPaHMYHOM CJIOE, T.€. X=¢1.

B ypasHenuu (2) cenaem npeobpasopanue X=¢"t:

gy ydt( ) +(eMa(e™) +emp(emt))y, (t) = f(e™t) (13)
ecim BBecTH 06o3Hauenue Y, (t) =& "W, (t), Toraa (13) mpumer Bux:

—==+(tq(e™t) + p(e™t))w (t) = f(e™) (14)

B 1eBOH YacTH MOCIEIHETO PABEHCTBA TIIABHBIM SBJIACTCSA BBIPAXKECHHE
(ta(e™t) + p(e™t))w, (t), moTomy uto mpu e=0 B neBoii wactu (14) ocraercs

emk-2) dw, (t)
dt

tossko (t(0) + p(0))w, (t) . Mer monydaem He andepeHnransHOe ypaBHEHHE.

D10 oO3Hayaer, YTo BOMM3M HA4YalbHOM TOYKM CYIIECTBYET e€IIe OJHA
HoTrpaHciIoiHas QYHKIMS — penieHne AnpepeHnaIbHOTO YPaBHEHHUS IEPBOTO
MOpPsiIKA, C TOMOINBIO KOTOPOH yCTpaHsSeTCsl HeBsi3ka (HeCOIJIacOBaHHOCTBH) B
HavanbHO Touke x=0.

OyHKIMSA, YAOBIETBOpsAIOMas paBeHCTBY (14) OyaeT mpoMeKyTOYHBIM
MOTPaHIYHBIM CIIOEM.

Teopema nokaszana.

Teopema 3. [ns perrennst 3amaun Komm (2) ma orpeske X e[0,T]

CIIPABCAJIMBO ACUMIITOTUYCCKOC PA3JIOKCHUC
s+l

Y. (X) = Zsm’V (x)+s‘st (w; (1) +7; (1)) +O(e™), € >0,
f(X)— p(X)Vj—l(X)_V i (X)=h;

rae V;(x) = , 2<keN, v; eC”[0,T],
xq(x)
hy = 7(0), h ==p(O)v (), h; ==(p(O)v;, (0)+V';, (0)),
h hj _W'(j—k+2)m (t)
Wo(t) = —————=1 W) ==, W, =0,5 <0,

t(te™) + p(te™)

s+l

t(te”) + p(te")
7 () =™ c; +e ™7 (c; g7+ 77 +...4C; 7%, ¢, ¢, =const.

3)_'IGCL JUIA OCTAaTOYHOI'O YJICHA IMOJTYyYCHa HavdajlbHasA 3a/1a4a:
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MRs,a =¢"R Is,s (X) + (xq(x) + g™ p(x)) Rs,g (x) = O(Sms+m)’
x€[0,T], R, (0)=0

Pemenue 3amaun (15) onieHeHa AByMsI crioco0amu:
1-ii cmoco6. IHTerprupoBaHUEM 110 YaCTSAM SIBHOTO PEIICHUS:

(15)

L ftsatsyempisnds X [(sas)+<" p(s)os
& 0

RS'S (X) — O(SmSerfn)e ) J‘eg"

0

de=

=O(Sms+m—n)e 0 S—de —

2 £0(8) +&"p(§)

X l X
| (sa(s)+&"p(s))ds n — | (sa(s)+&"p(s))ds n
:O(gms+m—n)e € JO. € ea J; _ e

xq(x) +<" p(x) g"p(0)

X g
~ 2 [(sa(s)+<" p(s)as X n L [(sa(s)+e"p(s)es
€ € )

i

+

_ix m d f ' ié m
O™ e E,,b[(sq(s)+s p(s))ds X q(8) +£9'(E) +&" p'(€) eE"'L[(Sq(S)+£ p(s))ds

— 5 dg, e > 0.
o (Ea(g)+&"p(€))

Orcrona numeem: R (x) =0(e™), e - 0.

2-ii cmocod. MetonoM cpaBHEHUs (MM METOJOM OapbepHbIX (DYHKIMIT)
HCTIONB3YS TeopeMy YarulbiriHa OleHUM pernieHue 3agaqu (15).
Mycte d = max d(x,t,1),
xe[0,T]

d +1 ms+m down d +1
oy Loy © (X)) =
xq()+e"p(x) xq(x) +&" p(x)

Tornma
d +18ms > 0, Zdown (O) - _ d +18ms

p(0) p(0)

Zup (X) — 8ms+m, X = [O,T]

Mz® >0, Mz*®" <0, z*(0) =

JleicTBUTENBHO,
d+1
xq(X) +&" p(x)

_ gmsem (1_gnwdj+sm*m(d -®)>0,0<e<<]
(xa(x) +£" p(x))

’
Mzup = Sn ( 8mSerj +8ms+m +8ms+m (d _q)) —
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Mzdown = 8” [_ d +i 8msmj _Sms+m _Sms+m (d +¢)) —
xq(x) +&" p(x)

_ e (1 oo (x(x) +£"p(x))* d]_gm (d+®)<0, 0<5<<L
(xq(x) +€&" p(x))?

BhINoMHSAIOTCS BCe YCIOBUSI TeOpeMbl YaruiblriHa, TO3TOMY
2% (x) <R (x) <z*(x),x €[0, T].

_ d +1 ms+m ( ) d +1 8ms+m, X e [O,T].
XA0)+"p0) xq(x) +£" p(x)
IIpuBenen npumep.
IIpumep 1. PaccmoTpum 3amauy
gy (X)+(x+g)y,(X) =1+2x, xe[0,1], y,(0)=1.
B npusenenHnom npumepe N=3, m=1, f(x)=1+2x.
Buemrree pemenwe:

Y, (x) :1(1+ 2x+ Z (2x2 —x—1)+...+(ij ¥, (x)+..} .
X X X

ACHMIITOTHYECKOE PEIICHHE:
Y. () = Vo (X) + v, (X) +

2 (W (0)+ 7 (2) + 6w, )+ 7y (2) % (W, (0)+ 7, () )+ O(e),
e

rae X =gt, x=¢’t, h =1-2¢,

vo(x)_lJFZXX 1 =V, (X) = 2v(x)_—2—X2:>v(x) 0;

L 2(t+1)* -1, _ 2P +4t-1
W(t)— ; wy(t) = T ;W (t) = Ty
(1) =—€", m(7) = %rze’r, m,(t)=e" +%r4e’r.

B cnenyromux tabmmnax 1, 2 u 3 mpuBeAeHBI pe3yNbTaThl YHCICHHOTO
pacuera, npoBeJeHHOI B cuctemMe Maple:
Tabimmna 1.

X 0 0,1 0,2 0,3 0,4 0,5

ly.()-9y.(x)| | 02 | 82107 | 1,9%10° | 51*10* | 1,7%10° | 7,2*10°
£=0,1

ly,(x)-9.(x)] | 0,02 0 107 10 10”7 0
£=0,01
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Tabiumua 2.

X 0 0,01 0,02 003 [ 004 | 005
ly.(X)-9.(x)| | 0002 | 2*10° | 1*10° | 1*10° 0 0
£=0,001
Tab6muma 3.
X 0 0,0001 [ 0,0002 [ 0,0003 | 0,0004 | 0,0005
ly,(X)-9.(x)| | 0,0002 10° 0 0 0 0
£=0,0001

B tpethem maparpade obo0ImaeTcs 3aaua, HCCIC0BaHHAS B IPEIBIAYIIIEM
maparpade 3.2. BBIACHCHO BIMSHHE KPAaTHOCTH OCOOOW TOYKM Ha
MPOMEXKYTOUHBIM TOTpaHWYHbIA cioi. HaiineHo ycnoBue mnpu BBHITOJHEHUSIX
KOTOPOTO MOSBISETCS IPOMEKYTOUHBIN IOTPAHUYHBIN CIIOM.

HUccnenyercs 3agaua Komn

"y () +(Xq() +&" POy, (x) = f(x), xe[0,T], y.(0)=a,  (16)
rme n,myeN, a - const, f(0)20, f,q,peC”[0,T], 0<c,<q(x),
0<c, < p(x):xe[0,T], y—xparHOCTH OcOOO Touku x=0.

JlokazaHbl

m
Teopema 4. Eciu n>m+—, To HadampHas 3amada (16) sBisercst Tpex
Y

30HHOI OUCHHTYIISIDHOH 3aa4eid.

. 1
Jns ymoOcTBa BEIUMCICHUA OymeM cumrtaTh, 9To N=mkK,1+=<keN u
Y

BBeileM 00o3HaueHne €' =A — Mablii mapameTp. Torma 3amaya (16) mpumer
BUJIL:

Ay )+ () + ()Y, () = f(x), xe[0T], v, =a  (17)
Teopema 5. Jlns pemenus 3agaun Komm (17) mpu K >1+1 Ha OTpe3Ke
X €[0,T] crpaBemnBo aCHMITOTHYECKOE PA3IIOKEHUE !
Y, (0 = SV, (0421 w0+ W, (1) , 60,
i=0 i=0 j=0

00 = POV, (X) =i, () =R (X)
x'q(x)

h; (x) =Z fx f = f0(0), f,(x)= F(x), f,(x)==pX)Vy(X),
i Sl

rae V(X) = , 2<keN, v; eC”[0,T],

-14 -



(%) = POV, 0)+V" (), V.00 =0,5<0; wy(t)= o)

t'q(tu) + p(tw)
_0 i o o w,®
w;()=0, j=01...,y(k-)-2 w,, (1) o) + p)’
()= h; (t;,{t) “W' ke (t) W) =— W' kg (t) s
t'q(tu) + p(tw) t'q(tu) + p(tw)

— Pt ~Po7 2 s+l _
zi(r)=e"c,+e ™7 (c; v +Cy7" +..+C T ), Cj, € = cCONSt.
IIpumep 2. PaccmoTpum 3anady

Y. ()+(XC+e)y, () =1-x"+x*+x°, xe[0,1], y,(0)=2.
B nanHOM mpumepe

n=2, m=1, y=3, f(x)=1-x’+x*+x%, a=2, X =ty, p=¢"°, x=1¢.
IToaTomy

Y, (%) = Vo (%) + vy (%) + 7V, (X) +

+E (Wo (1) + pw (t) + “sz O+ H3W3 ®+ H4W4 ®+ H5W5 ®+ HGWG (t)) +
et

Jrl(rc0 (v) +em (1) +e°m, (1)) + O(e?), e > 0, x [0, T].
€

1-x2+x* +x° =hy(x) _

rte v (X) = _ X+x2, hy(X)=1-%2;
IS C LY ETEES C N
oy = SOEVR 00 | 14200 o
vi(x)EO,hi(x)EO;X2<ieN;

wO=5% =0 w00 y - WO

w', (t) w', (1) 1+2tu+w', (t)

w,(t)=——=22, w(t) =——2, w,(t) = - ————*~
4() t3+1 5() t3+l 6() t3+1
4

(1) =—(1—-¢)e, m(r)=(2-¢e)e ", n,(r)=-6e"+ % @-g)e".

B rjiaBe oJ, Ha3BaHUEM “T'JIABA 4. TPEX 30HHELIE
BUCHUHI'YJISIPHBIE 3AJAYM  BTOPOI'O  TIOPAJKA”  HaligeHsl
JIOCTaTOYHOE M HEOOXOIMMOE YCJIOBHS CYIIECTBOBAHUE MPOMEXKYTOUHOTO HE
9KCIOHCHIIMATPHO YOBIBAIOIIETO IMOTPAHUYHOTO CJIOS JUI1 OJHOTO Kiacca
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OMCHHTYIJISIpHBIX 3a1a4 J{upuxie s IMHEHHBIX HEOJHOPOIHBIX OOBIKHOBEHHBIX
muddepeHInaNBHBIX ypaBHEHHH BTOporo nopsaka. [loctpoeHsl 1 060CHOBaHBI
IIOJIHBIE, PABHOMEPHBIE aCUMITOTUYECKUE PA3JIOKCHMS PELICHUN TPEX 30HHBIX
OuCHHTYIApHBIX 3aaa4 [lupuxie.

B maparpade 4.1 nmocTpoeHa acMMNTOTHKa PEIICHHs TPEX 30HHOW 3ajayu
Hupuxie:

ey, "00+x"y, )+ (x* —e)y, (x) = f (x), xe[0,1], (18)

y.(0)=a, y,()=b, (19)

rae a, b — usBectnsie nocrosHuse, f €C*[0,1], f(0)=0, a y,(X) — uckomas

(byHKUWS, 3aBUCSIIAs OT MAJIOTO MapaMeTpa €.

C nomompio mpeobpaszosanns Y, (X)=be ™z (x), roe z.(X) — HoBas
HeusBecTHas pynkuus, 3anaua (18)-(19) npuBomurcs k Buay:

€2, "(x) + (X" =2&%)2,'(0) + (£° —€) z,(x) = F(x), x<[0,1], (20)

z.(0)=4, z,() =1 (21)

rae f(X) =%e“f(x).

Jlokazana
Teopema 6. /151 permeHuss ABYXTOUEHHOW KpaeBoi 3amaquu (18) u (19) Ha
otpe3ke X €[0,1] cnpaBeaTHBO ACUMIITOTHYECKOE PA3TI0KEHHE

n+l 1 3n+3

y, (X) = be"™* (Zn:skvk (X) +}ngnk D)+ D 1w, (t)j+0(s”), £ —0,
k=0 €k=0 K k=0

n 3n+3
e V,(X) = ZSka(X) — ragkoe BHemHee pewenue; W, (1) =— Z ufw, (1) —
k=0 L k=0

MPOMEIKYTOYHOC HE 3KCIIOHCHIHAJIbHO, 4 CTCIICHHBIM XapaKTCpOM y6BIBaIOH.[C€

norpaHcioiHoe pemenne, t =X/, p= 3/5 :
n+l
(1) ——Zskn (t) — »skcmonen 0 i
(1) =— ‘ UUMAILHO yOBIBAIOIEE IIOTPAHCIIONHOE
k=0
pemenue, t=X/¢.

B § 4.2 uccinenosaH cimy4ail KBaJpaTHYHOIO pPOCTa CHHIYJISIPHOCTU B
CHHTYJIsIpHOM TOuke x=0.
PaccmoTpuM crenyroyo KpaeByro 3agady

e'y", 00 +x*p(x)y’, () —ea(x)y, () = f(x), xe[0,1], (20)
y.(0)=a, y, (1) =b, (21)
roe a,b — wm3Becrmsie mocrosmuble, 0<C, < p(X), 0<c, <q(x), f(x) -

Oeckoneuno nuddepeHnmupyeMble u3BecTHbE (QyHKIUM Ha ortpeske X €[0,1],
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p(0)=p,, q(0)=0q,, a y'.(X) — nckomas ¢yHKIUs, 3aBHCAIIAS OT MAJIOTO
mapamerpa &.

Jlokazana

Teopema 7. Pemenue kpaeBoit 3amauu (20), (21) na orpeske x<[0,1], mpu

€—0 mpeacTaBUMO B BUJIE
2n+2

Y, (X) = Zavk(X)+ Zawk(t)+ Zuﬂk(r)+Rng(X)
rae | R, (X)[<&"c, 0<c—const, v, € C*[0,1],
*f h,, +h
w00 - OB i) g,y = £, e = £10),

Sp(s)
£SO~ (s +hs)
ue=] Sp(s)

h, =a(0)v, (0) h,; =a'(0)v (0)+q(O)v’, (0),
(Vi 1(8) V" 4 (S) = (N o +118)

v, (x) = I 7p0) ds,keN, v,(x)=0,s<0,
ho= Q(O)kal(o)_vnkq ), h, =9'O)v,,(0) +9O)v", ,(0)-v", (),
h a6 g J 96) 4
W) =e” " [re 2 g,
T35 U, so-w, (o) e
w, (t) =e° j ko ki ALY de, keN.

¢’ p(ey)
(1) = W () V™, 7, (1) = (@, (0) — W, (0))e ™ + B, (r, ur)e V™",
T (1) =~V 1 (0) + W, (0))eV* ™ + Py, (r,ur)e V", myy (1) = Py, (r,ur) V™,
P, (t,ut) — momunomsr, mpu t=0: P,(0,0)=0.

B §43 obobmaercs  pe3yapTaThl  NOpEeABIAYIIMX  maparpados.
PaccmarpuBaercst ypaBHeHUE:

e"y, "00+xp()y, ()~ (xX"a() +&"r(M))y,(x) = f (x), xe[0,1], (22)
c KkpaeBbiMH ycnoBusimu (21), rme @,b — wu3BeCTHBIE MOCTOSIHHBIE YHCIIA,
p.q,r, f eC”[0,1], f(0)#0, 0<ce<p(0), 0<ce<q(0), 0<r(0), n>m, 1<Kk,
(n, k, meN), a y,(x) — uckomast GyHKIHMS, 3aBUCSAIIAST OT MAJIOTO MAPaMeTpa €.
Joka3zana Teopema

-17 -



nk-1)
+1
OKpPECTHOCTH JIeBOIl rpaHUYHON ToukH X=0 cy

Teopema 8. Eciu m<

, To B 3amaue [Jupuxie (22), (21) B

IIECTBYCT CILIC OANH HOFpaHH‘IHLII‘/II

cloi — HpOMe)KyTO‘IHI:Iﬁ HC 3KCHOHGHHI/IEU'ILHLII7[ HOFpaHI/I‘{HLIﬁ CJIOH, KpOMC

KJIACCUYECKOI0 IIOTPAaHUYHOTO CJIOSA, T.C.
OMCHHTYIISIpHOI 3amadeii.

(22), (21) Gymer Tpex B3OHHOI

Teopema 9. J[yst penieHust IBYXTOUEUHOM KpaeBoit 3amaun Tupuxie (22),

n(k -1
(21) ma orpeske Xxe€[01] mwpm m< E( l) ¢—>0 cmpasemmBo
+
ACHMIITOTHYECKOE PA3JIOKEHHE:
S . l (k=-D)(s+hm 2m(s+1) j%ds
yE(X): 28‘mvj (X)+W z HJWJ- (t)"rﬁ z 7\.JTCJ-(T) et +O(8m5),
=0 p j=0 j=0
s . (k=1)(s+1)m .
rue ZSJmV ;(X) — rmagkoe BHemHee pelleHHE; ww, (t)
i=0 j=0

MNPOMEIKYTOYHOC HE 3KCIIOHCHIUAJIBbHO, 4 CTCIICHHBIM XapaKTCPOM y6LIBaIOH.[€C

norpancioiinoe pemenne, t=x/u", p="Je ;

2m(s+1)

Z Mm;(t) m,(t) — okcroHeHUManbHO yOBIBaKOMIEE TOTPAHCIIONHOE

j=0

pemenne, T=X/A"",A= Je . [IpuBeneH KOHKPETHBIN MPUMEP.

Ipumep 3. PaccmoTpuM 3a1auy

'Y (X)+ XY () — (X* +€) Y, (X) =1+ X+ X%,

Y.(0)=-1 y. () =1 (23)

Torma acHMITOTHYECKOE pelIeHUe 3a1a9 (23) mpecTaBuMO B BUJIE:

el f@+s+s?)et —e
y.(x)=e [1+.!'S—2ds+
X s 2ypl-u et
+sji2[l+f(1+u+u2)e edu—3+e—gs]d5—le(l—e ‘j+
1S 1 u 2 €
1 _ 4 5
+e —&+Eglnt—i4e1”+ie“€+a(3 e)——sln1+8—e 5 gt |
t 2 2t 5t° 2 g 2 5
SEw(s)+2w', (s
—ge ‘IMe ds+— L eh" iel"r(21:2+3r+3)+
e S % A
. 207° + 241" +157° —301° — 45145 , .
—(4—-e)e " +1 e+
1440
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+ATR(T)e " — A? (v, (0+w, (0))e ™ + 7»21:P11 (v)e" ™ +0(g), e —> 0.

3AKJIIOYEHUE

B mmccepramum mccienoBaHBl TpeX 30HHBIE OMCHHTYISAPHBIC 3a1add IS
OOBIKHOBEHHBIX T (HepeHIINATBHBIX YPaBHEHAN IEPBOTO U BTOPOTO TTOPSIKOB.

Bnepgsie:

- HalAeHBl JOCTAaTOYHOE W HEOOXOAMMOE YCIOBHSA CYIIECTBOBAHHE
MPOMEXYTOYHOTO HE AKCIIOHEHIMAIHHO YOBIBAIOMIETO MOTPAHUYHOTO CIIOS AL
OJJHOTO Kjacca OMCHHTYISIPHBIX 3amad Komm g JTHHEHHBIX HEOTHOPOIHBIX
OOBIKHOBEHHBIX (D (dhepeHInalbHbIX YPaBHEHHUI IEPBOTO MOPS/IKa.

- MOCTPOCHBI U OOOCHOBAHbI IIOJIHBIE, PAaBHOMEpPHBIE ACHMIITOTHYECKHE
pa3NoXKeHUs pelieHUH TpeX 30HHBIX OMCHUHTYIAPHBIX 3aaa4 Korm.

- HalieHbl JO0CTaTOYHOE W HEOOXOJMMOE YCIIOBHS CYLIECTBOBAHHE
MPOMEXXYTOYHOTO HE DKCIIOHEHLMAIbHO YOBIBAIOUIErO MOTPAHUYHOTO CJIOS JJIs
OJTHOTO KJ1acca OMCHHTYISPHBIX 3a/1a4 Jlupuxie Ui JTMHEHHBIX HEOJHOPOJHBIX
OOBIKHOBEHHBIX () (hepeHInalbHbIX YPaBHEHU BTOPOTO HOPSIKA.

- TOCTPOECHBI W OOOCHOBAaHBI IIOJHBIE, PABHOMEPHBIC ACHMIITOTHYECKHE
Pa3NoXEHUsI PEIICHUH TpeX 30HHBIX OMCHHTYISPHBIX 3a1a4 Jupuxie.

C IOMOIIBI0 OPUTHHATIBHOTO MOJX0/a, CYTh KOTOPOTO B TOM, YTO BMECTO
YHHUBEPCAJbHOTO METOJAa COIJIACOBAaHMS ACHUMIITOTHYECKHX  Pa3IOKEHHH,
pa3paboTaHHOTO M YCHENIHO MPUMEHseMoro B Hay4dHo mikoje A.M. Unbuna,
UCIIONIb3YETCST METOJ] BCIOMOTaTeNbHOW (YHKIHMH, TMO3BOJISIONIMN IOJIYYHUThH
PaBHOMEpPHOE AaCHMIITOTHYECKOE Ppa3lI0XkKEeHHEe I PaccMaTpHBaeMOro Kiacca
3a/1a4 ¢ MOMOIIIBIO0 6oJIee IPOCTOH MPOIEAYPHI.

MNPAKTUYECKME PEKOMEHJALIUU

PexoMeHryeM HCIIOJIb30BATh HAYYHBIE PE3yJIbTaThl JUCCEPTALUK B (DU3HKE,
XMMHUH, B OHOJIOTHM, TEOPHUH ABWKEHHS, THIPOJUHAMHKE, a’pOJMHAMUKE M
JIpYyrux 001acTIX HAyKH.

Haneemcsi, uTo pa3paboTaHHbBIE alNrOPUTMBI TOCTPOCHUSI ACUMIITOTHIECKUX
pa3NoXKEHUH PelIeHNH TpeX 30HHBIX OMCHHTYIISIPHBIX 3aJa4 AJIsi OOBIKHOBEHHBIX
muddepeHINaNBHBIX YpaBHEHHWH TII€PBOTO W BTOPOTO TOPSAKOB HANHAyT
MPaKTHIECKUE TPUMEHEHHUSI.

Pe3yHBTaTBI HCCIIEJOBAHUA TAKKE MOT'YT OBITh HCIIOJb30BaHbI Ipyu YTCHUHA
JICKIIMOHHBIX KYPCOB II0 TCOPUH BOSMyH_[eHHﬁ, npenogaBaHNK CIEIKYPCOB 110
HampaBieHUsIM «Matemarukay, «[IpukmagHas MaTtemaThka ¥ HHPOPMATHKA»,
«Pu3nko-mMaTeMaTudeckoe obpazoBaHHMe», «MaremaTka ¥ KOMIIBIOTEPHEIC
HayKW» JUIg acupanToB, PhD noxTopos, maructpos u 6akaiaaBpos. Kpome Toro,
MBI PEKOMEH/yeM HCIIOJb30BaTh HAy4HBIE pE3yJNbTaThl NPH PEIICHUH
TEOPEeTHYECKNX 3a1a4 B 00JIACTH MaTEeMaTHKH, GU3UKH, TEXHUKH U IPYTUX HaYK,
CBSI3aHHBIX C Ka4YECTBEHHOH Teopuell qudpepeHInanbHbIX ypaBHEHHUH.
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OmapanueBa TI'ynbaiipa AO0aMMaINKOBHAHBIH «YY  30HAIYY
OMCHHTYJISIPABIK MaceJieJepANH YbITaAPBLIBIIITAPBIHBIH ACHMIITOTHKACHD)
aered Temaaarsl 01.01.02 - iuddepennnangbik TeHAeMenep, IMHAMHKAJIBIK
cUCTeMAJIap ’KaHa ONTUMAJABIK 0alIKapyy aaucTHIM 0oloH4Ya (U3UKA-
MaTeMaTHKAJIbIK WJIMMAEPANH KAaHAMAATHI OKYMYIITYYJIYK JapakachblH
H3CHHIT AJTYY YYYH Ka3bLITaH AUCCePTALMSICHIHBIH

PE3IOMECH

Herusru ce3nep: Y4 30Hamyy Macene, apaiblk 4YEeKTHK KaTMmap,
9KCTIIOHEHIMAIAYY 3MEC UYEKTHK KaTMap, KHYH IapaMeTp, aCHMITOTHKAIBIK
YBITAPBUIBII, CHHTYJSIPABIK KO3TOJITOH Macele, OMCHHTYIISIPABIK Macele, 03reue
yekut, AuddepeHnnangpk 6apadapch3ABIKTap METOMY, KaJINbBUIAHTaH YEeKTHK
(byHKIHSIAp METONY.

N3unnee o0bexkTHCH: YU 30HATYY OMCHHTYJIAPABIK Macenesiep.

H3nanee mpeamern: 1) OMpHHYM >KaHa SKWHYM TAPTHITETH CHI3BIKTYY
OMCHHTYIISIpAYy KaIuMKH JuddepeHnnanaplk TeHaeMenep Y4yH Macenenepie
apaiblk YeKTHK KaTMap/blH Maijga Oonyy mapTrapblH Talyy; 2) yd4 30HaIIyy
OMCHHTYIISIpABIK ~ MaceJeJepAuH  YbITapbUIBIIITAPBIHBIH ~ OMp  KaJBIITarbl
ACHMITOTHKAJIBIK &KBIPAJIMAIAPbIH TYPTy3yy.

Mmrun  makcaTbl. bupuHum kaHa 5SKMHYM TapTHNTETH KaJUMKH
muddepeHIManABIK  TEHAEMENep Y4YYH Y4  30HATYy  OWCHHTYJISPIBIK
MaceeNepIrH YbITapbUIBIIITAPBIHBIH ACHMIITOTHKACHIH TypPTy3YYy.

M3nnneenyH Meromaopy :KaHa anmaparbl: OJYKTeIl WHTErpajioo,
OMpHHYM >KaHa SKWHYM TAPTHUITETH CBHI3BIKTYY OHp TEKTYY 3MecC KaauMKH
muddepeHInANABIK TEHJIEMENepa HWHTErpal00, KUYM Mapamerp, YeKTHK
(GYHKUMSIAPABIH  KJIACCHKANBIK, YEKTHK (YHKUHUSIAPIBIH  JKaJIINbUIaHTaH
METOIIOPYY, CANBIITHIPYY, nuddepeHnnanabk 6apadapchI3iblk METOIY KaHa
MaKCUMYM NPHHIIHUIL.

AJIBIHTaH HATBIIZKaJIap KaHAa ajdapAblH KAHBLIBITBI. AJITa4yKbl JKOITY
OMpHHYM >KaHa SKMHYM TapTUNTETH KaJUMKU JU(GQepeHHaNIbIK TeHIeMeIep
YUYH Y4 30HaYyy OWCHHTYJSIABIK MacelelepAnH OHp KIIacChIHAA apalibk
9KCIIOHEHIIMAIYY 5MEC TYPI® KEeMYYYy YEKTHK KaTMapbIHBIH >KalllaIlIbIHBIH
3apbll JKaHa JKETHINTYY IIapTTap TaObLIAbl. AJNTaukbl KOy OMpHHYM >KaHa
9KMHYM  TapTUITETH Y4  30HAILYy  OWCHHTYISAPIBIK  MacejeiepIuH
YBITaPBUIBIITAPBIHBIH TOIYK, OMp KaJbIITArbl aCHMITOTHKAJIBIK aXKbIpaJIMaiapbl
TYpTy3yJay jKaHa HeTH3IeNIH.

Kongonyy pnapaxachl ke KOJIOHYY OoroH4Ya cyHymrap. Xymym
TEOPISUIBIK Ma3MyHJIa OONIOHYy MEHEH, aHBIH HaTbhIiDKalapbl KO3TOINyylap
TEOPHSICHIHA, THAPOAWMHAMHUKAAA, a’dpPOJMHAMHUKAAa >KaHa WINMAMH Oarika
TapMaKTapbIHA KOJIIOHYJIYITy MYMKYH.

Kosgonyy :xaatrbl. Yyl ChISIKTYY Macejelep T'HAPOJUHAMUKAA,
¢u3MKaga, a’poAMHAMUKA/NA, OKEaHOJOTHWs/A, ACTPOHOMUsIA >K.0. WIMMANH
afiMakTapbIH/a )KaHa TeXHUKaa Ke3/IenleT.

-21-



PE3IOME
HJuccepranuu OmapanueBoii I'ynéaiippl AGIUMAJHKOBHBI Ha TeMy:
«ACHMITOTHKA pelIeHHs] TpeX 30HHBIX OHMCHHIYJSIDHBIX 3ajga4y» Ha
COMCKAHME YUYCHOH cTenmeHH KaHAMIaTa (GU3MKO-MaTeMaTHYeCKUX HAYK IO
cnenuaabHocT 01.01.02 — nuddepennnaibHble ypaBHEHHS, AMHAMAYECKHE
CHCTEeMBI H ONITHMAJIbHOE yIIPaBJICHHE

KuiroueBble cjioBa: Tpex 30HHas 3aada, NPOMEXYTOUYHBIA MOIPaHUYHBII
CJIOH, HE OKCIIOHEHIMAJIbHBIM MOrpAaHUYHBIN CJIOW, Majblii napamMmerp,
ACHMITOTHYECKOE PEIICHHE, CHHTYSIPHO BO3MYIIICHHAS 3a7a4a, ONCHHTYJIIpHAS
3amada, ocobas Touka, MeToA AudQepeHNrnaNbHEIX HEPABEHCTB, 000OIIEHHBII
METOJI TOTrpaH(PyHKIHH.

O0BekT HcciefoBaHus: Tpex 30HHbIE OMCUHTYNISAPHBIC 3a/1a4H.

IIpeqMer uccel0BaHMS: HAWTH YCIOBUSA IPU KOTOPBIX HOSBISIOTCA
MMPOMEIKYTOUYHBIC TOTPAHUYHBIC CJIOU B JIMHEMHBIX 6I/ICI/IHFyJ'l§IpHI)IX 3agadyax ajid
OOBIKHOBEHHBIX  JU(QQEpeHINATIBHBIX YPAaBHEHUSIX MEPBOTO W BTOPOTO
MOPSAKOB; TOCTPOEHHE PAaBHOMEPHBIX aCUMITOTHYECKHX PA3JIOKEHUH perIeHui
TPEX 30HHBIX OMCHHTYJISIPHBIX 3a7ad.

Heabr padorsl. IlocTpoeHHME aCHMNTOTHKH pEIICHHS TPEX 30HHBIX
OMCHHTYIISIpHBIX 3a/1ad Ul OOBIKHOBEHHBIX AM((EpeHINATBHBIX YPABHEHHI
MIEPBOTO M BTOPOTO HOPSIKOB.

Metoabl MccaeOBAHHSI M aNNapaTypa: WHTETPUPOBAHUS II0 YacTsM,
MHTETPUPOBAHUS JIMHEHHBIX HEOJHOPOIHBIX OOBIKHOBEHHBIX
muddepeHIUaTbHBIX YPaBHEHHH MEpBOTO M BTOPOTO MOPSAKOB, MAaJoro
napameTpa, KJIacCHUYeCKU MeTOJ] MOTPAaHUYHBIX (DYHKITHH, 0O0OIICHHBIH METOx
MOTPaHUYHBbIX (QYHKIMHA, cpaBHeHMs, IUddepeHIHanbHbIX HEPaBeHCTB U
IMIPUHIIUII MAKCUMYyMa.

IMonyyeHHble pe3yabTaTbl M WX HOBU3HA. BrepBble HalifeHbI
JIOCTaTOYHOE W HEOOXOIMMOE YCJIOBHSI CYIIECTBOBaHHE IPOMEXKYTOYHOI'O HE
9KCIIOHEHIIMAIFHO YOBIBAIOIIEro MOTPaHUYHOTO CIIOS I OJHOTO Kilacca Tpex
30HHBIX OHCHHTYJSIDHBIX 3aJiad IIEpBOTO M BTOPOTO MOPSAIKOB. Brepsble
MOCTPOEHBI W OOOCHOBaHBI  IIOJIHBIE, PaBHOMEPHBIE ACUMIITOTHYECKHE
pasyioXKEHUs PelIeHNH TPeX 30HHBIX OMCHHTYJIAPHBIX 3a7ad IepBOr0 M BTOPOTO
HOPSIIKOB.

CreneHb MCHOJb30BAHMSI MJIM PEKOMEHAALMH MO HCMOJb30BAHHUIO.
Hayunple pe3ynpTaTbl MOTYT OBITH IIPUMEHEHBI B TEOPHH BO3MYIICHHUH,
TUAPOJANHAMMKE, aOPOJUHAMUKE U B APYTUX OTPACIIAX HAYKH.

Oo0aacte  npuMmeHenus. [lomoOHBIe  3amaum  BCTpEYaOTCs B
THUIPOAVHAMEKE, (DU3HKE, adpOJMHAMHUKE, OKEaHOJIOTHWH, ACTPOHOMHH H Jp.
001acTAX HAYKH ¥ TEXHUKH.
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SUMMARY
Omaralieva Gulbayra Abdimalikovna Dissertation «Asymptotics of
solving three zone bisingular problems» for the scientific degree of
candidate of physical-mathematical sciences (specialty 01.01.02 — differential
equations, dynamical systems and optimal control)

Key words: three zone problem, intermediate boundary layer,
nonexponential boundary layer, small parameter, asymptotic solution, singularly
perturbed problem, bisingular problem, singular point, method of differential
inequalities, generalized method of boundary layer functions.

Object of research. Three-zone bisingular problems.

Subject of research: to find the conditions under which intermediate
boundary layers appear in linear bisingular problems for ordinary differential
equations of the first and second orders; construction of uniform asymptotic
expansions of solutions to three zone bisingular problems.

Purpose of work. Construction of asymptotics for the solution of three
zone bisingular problems for ordinary differential equations of the first and
second orders.

Research methods and equipment: integration by parts, integration of
linear inhomogeneous ordinary differential equations of the first and second
orders, small parameter, classical method of boundary functions, generalized
method of boundary functions, comparison, differential inequalities and the
maximum principle

The results obtained and their novelty. For the first time, sufficient and
necessary conditions for the existence of an intermediate non-exponentially
decreasing boundary layer for one class of three zone bisingular problems of the
first and second orders are found. For the first time, complete, uniform
asymptotic expansions of solutions of three zone bisingular problems of the first
and second orders were constructed and justified.

Degree of use or recommendations for use. Scientific results can be
applied in perturbation theory, hydrodynamics, aerodynamics and other branches
of science.

Application area. Similar problems are encountered in hydrodynamics,
physics, aerodynamics, oceanology, astronomy, and other fields of science and
technology.

-23-



IToamucano B meuats: 19.10.2023 1.
Oo6peM: 1,5 mu. 3akaz No
®opwmar 60x90 1/16. Tupax 120 k3.

Pepaxuuonno-usgarenscknii oraen “bumum” Oml'yY
r. Om, yn. Jlennna, 331.



