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Benymasi opranm3anmsi: xadenpa mareMaTHyeckoro aHaiausa u auddepeH-
[MaJbHBIX ypaBHeHU @epraHckoro rocyaapcTBeHHOro yHuBepcurtera, 112000,
VY30ekucran, r. ®eprana, yia. Mypabouiinap, 19.

3ammra cocroutca 8 okra6ps 2021 roma B 16%° wacoB Ha 3acemanum
nuccepramonHoro cosera K 01.19.599 mo 3ammurte nuccepTaliii Ha COMCKaHHE
VYEHOW CTeMeHW KaHaujata QU3NKO-MaTeMaTHYeCKuX Hayk mnpu  Omickom
rocyJ1apCTBEHHOM YHUBEPCUTETE, Kanan-Abanckom rOoCyJapCTBEHHOM
yHuBepcutete U HMHctuTyTe npHponHbix pecypcoB HOxnoro otaenenuss HAH
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3anuThl quccepranuu: https://vc.vak.kg/b/k_0-37i-ped-2ps.

C nmuccepranueit MoxkHO o3HakoMuTcs B LleHTpanbHOil Oubnunoreke Oumickoro
rOCyapCTBEHHOTO YHHBEPCUTETA M Ha CaiiTe AuCcepTalmoHHOro coBeta: 0Shsu.Kg.
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OBILIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJlbHOCTh TeMbl Juccepranmu. Kak HaM M3BECTHO, MaTeMaTHYECKUE
MOJIENIA  CTallMOHApHBIX  TPOLECCOB  OMHUChIBaIOTCA AU depeHInanbHbIMUA
YpaBHEHUSIMU B YaCTHBIX MPOM3BOJHBIX JIIUNTHYECKOro THuna. Hampumep,
ypaBHeHusi Jlammaca u IlyaccoHa ONUCHIBAlOT —pa3jiMyYHbIE  CTAallMOHAPHbBIC
dbusznueckue Mmois, CTallMOHApHBIM aHaior u3BecTHoro ypaBHeHus lllpeaunrepa B
KBAaHTOBOW MEXaHUKE M ypaBHEHHUE | eTbMIoJibIia TakKe BBIPAKAIOTCS YPaBHEHUSIMH
AITUNTHYECKOTO THUIIA.

[Ipennaraemasi  auccepranusi MOCBSIIEHA TOCTPOSHUIO  PAaBHOMEPHBIX
ACUMIITOTHYECKUX NPHUOMMKEHUN penieHuil KpaeBblx 3aaad Jupuxiie, Heitmana u
PoGena B Kkousblie uUIsl JTUHEWHBIX HEOAHOPOMHBIX OHCHHTYJSPHO BO3MYIIECHHBIX
muddepeHnanbHbIX YPAaBHEHHUIM C YaCTHBIMH MTPOU3BOAHBIMU ITUITUYECKOTO THIIA
BTOPOTO MOPSAKA C ABYMsI HE3aBUCUMBIMU IT€PEMEHHBIMHU.

3amava Ha3pIBaeTCsA OMCHUHTYISIpHON (1o TepMuHojoruu A.M. Wnbuna), ecin
pElIeHNe COOTBETCTBYIOIIEH HEBO3MYIIECHHOM 3a/layd CHUHTYJSPHO BO3MYIIEHHOM
3a/layd HE SABJISIETCS TJIAJIKOW, T.e. HE IuddepeHnupyeMoil B HEKOTOPOW 4YacTH
uccieayeMoi o0IacTi (HanpuMep, Ha TpaHuIle).

CHUHTYJIIpHO U OMCHHTYJISIPHO BO3MYIIIEHHbIE AU(depeHnaIbHble ypaBHEHUS
IUTMNTHYECKOTO TUIa uccienoBanbl  padotax: JLLA. Jlocrepamka (1957),
M. Bummmka (1957), H. JleBuncona (1950), B. Bazora (1944), O.A. Oneitauk (1952),
B.®. byry3osa (1973), A. Unbuna (1972), E.®. Jlenukosoii (1975), P. 'agpuibinHa
(1986), A. Hanwmmna (1998), JIx. Koyna (1968), )K.-JI. Jlaiionca (1968), H. Temme
(2005), A.A. Epmiosa (2012), 1.A. Typcynosa (2013) u ap.

Knacc OMCHHTYIsIpHO BO3MYIIEHHBIX 3a/lad, HWMEIOIIME TOYHBIE PEIICHUs
OUYeHb Y30K, IOUYTH He cyuiecTByeT. ClieoBaTelIbHO, TOCTPOCHUE aCUMITOTUYECKUX
MPUOJIMKEHUH pPEeIIeHu MOAOOHBIX 3a/ay, T.€. MCCIENOBAHHWE ACUMIITOTHYECKOTO
MOBEJICHUSI PEIICHUS TMPU CTPEMJICHUM MAaJIOTO TIapaMeTrpa K HYII0 SBISETCS
AKTyaJIbHOM.

3amauun, WCCIENOBaHHBIE B JHMCCEPTAllMM paHEe HUKEM HE HUCCIIENIOBaHbI, U
HCCJIEYIOTCSI BIIEPBBIE.

AcuMNTOTHYECKHE TPUOTMHKEHUS PEIICHU KpaeBbIX 3alad B KOJbIIE
MMOCTPOEHBI C TOMOIIBIO KJITACCHYECKOTO METOJIa IOTPAHWYHBIX (DYHKIMH |
0000I1IIeHHOTO METOoIa MOTPAHUYHBIX byHKIMA. OcrarouHble YJICHBI
ACUMMTOTUYECKUX TMPHUOMKEHUH OIICHWBAIMChH C HWCIOJIB30BaHHWEM METOJIa
muddepeHnraTbHbIX HEPaBEHCTB U MTPUHITUIIA MAaKCUMYMa.

CBsi3b TeMbl JHCCEPTAIMM ¢ KPYNHBIMH HAYYHBIMH TPOrpPaMMaMHu
(mpoekTamMM) U OCHOBHBIMHM HAYYHO-HMCCJIEI0BATEILCKUMH padoramu. Pabota
BBITIOJIHSJIACh B paMKaxX HAy4YHBIX MPOEKTOB Mo WHCTUTYTY (GyHIaMEHTAIBHBIX U
MPUKIAIHBIX UccaeaoBanuii npu OmlY mo Temam:



1) «O0oO0meHre pa3InYHBIX MOJEICH JUId 3aJad TOPCHHUS W B3PBIBOB U
pekoMenaanun», 2017 r.

2) «3amaun (Ga3oBBIX MEPEXOJ0B M KPUTHUYCCKHUE SIBJICHHS. MareMaTHUECKUE
aCIIeKThl UX YPaBHEHHMH, OBICTPBIC MIEPEXObI U ACUMIITOTUKH Y, 2019 T.

Hear wu 3amaum  wucciaegoBanusi. llenby wuccnegoBaHusi - MOCTPOUTH

ACUMITOTHUKY PELICHMsS KPAaeBbIX 3a/1a4 AJ1s1 OMCUHTYJISIPHO BO3MYIIIEHHBIX JTMHEUHBIX
HEOJHOPOJIHBIX YPABHEHUH AJUTUIITUYECKOTO TUIIA.

3aja4u UCCIEeI0BAHUS:

1. IlocTtponts acHMOTOTHKY pelIeHHs 3anadd Jupuxie, Korja HOTEHIUal
ypaBHEHUs siBiseTcs He quddepeHnrpyeMoi (yHKIUEH Ha IpaHuLE KOJIbLA;

2. IlocTponTh acHMMIITOTHKY pelleHHs KpaeBbX 3anad upuxie, Heitmana u
PobGena myis OGMCHHTYISIPHO BO3MYILEHHBIX JIMHEHHBIX YPaBHEHHUH 3JUIMITHYECKOTO
TUINA, B Ciy4yae, KOIJla COOTBETCTBYIOLIAs HEBO3MYILIECHHAs 3aJada UMeEeT
PETYJISAPHYIO 0COOYIO OKPYKHOCTb.

Hayuynasi HoBu3Ha padoTbl. BiepBbie B quccepTalioHHON padoTe:

- TIOCTPOEHO PABHOMEPHOE ACHUMIITOTMYECKOE PA3JIOKEHHE PEIICHHs 3aJlauu
Hupuxie, Kkorjna noTeHuuan ypaBHeHHs He sBisieTcs nuddepeHnupyeMoit GpyHKuuei
Ha I'PaHUILIE KOJIbLA.

- TIOCTPOEHBI PABHOMEPHBIE ACUMITOTUYECKHUE PA3JIOKEHUS PELICHUIN KPAaeBbIX
3amaqd  Jlmpuxne, Heiimana u PoGena, B ciaydae, Korjga COOTBETCTBYIOIIHE
HEBO3MYILIEHHBIE 3a/1a4l UIMEIOT PETYIISIPHYIO 0COOYI0 OKPYKHOCTb.

IIpakTHyeckass 3HAYUMOCTH MOJYYEHHBIX Ppe3yJbTaToB. XOoTs padoTa
ABJIIETCS TEOPETHUYECKOM, €€ pe3yJabTaTbl MOTYT OBbITh NPHUMEHEHbl B TEOPHH
BO3MYILEHUN, TUIAPOAMHAMUKE, a’pPOAMHAMHUKE, XUMHUYECKOW KHUHETHKE, (PU3MKE
Ja3epoB, OWMOJNOTMM U B JAPYTHX OTpacisiX Hayku. Pa3paOoTaHHbIE alIrOpUTMBI
MOCTPOEHUSI ACUMIITOTUYECKUX PA3JI0KEHUN pelIeHUI OMCUHTYIISIPHO BO3MYILIEHHBIX
3a/lay MOTYT HaWTHU CBOE MPUMEHEHHE U JJIA JPYIMX MaTeMaTUYeCKHX MOJeJeH.
Pe3ynbTaThl HCClIeIOBaHUSA TaKKe MOTYT OBITh MCIOJb30BAHBI MPU YTEHHUH
JEKIMOHHBIX KypCOB IO TEOPUU BO3MYLIEHUH, M CIELHAIBHOIO Kypca IMpHU
MOATOTOBKE OakajllaBpoB M MAarucTpoB 1O HampaBieHHsM «MaTtemaTukay,
«IIpuknagnas maremaTuka U HHPopMaTHKa», «MaTemaTnka M KOMIIbIOTEpPHBIE
HAayKW» KpoOME€ TOro, MOTYT OBITh HCHOJb30BaHbl MPH PELICHUH ApYyrux
TEOPETUUECKUX 3aJla4, CBA3aHHBIX C KaueCTBEHHOW Teopued auddepeHnanbHbIX
YpaBHEHUM.

OCHOBHBIE N10JIOKEHUS JUCCEPTALMH, BBIHOCMMbIE HA 3aALIUTY:

- CYLIECTBOBAaHME M €IMHCTBEHHOCTh peIleHus 3anadd Jupuxie, Koraa
MOTEHITMAN YpaBHEHUS sBIsieTCs He nuddepeHnmpyeMord (QyHKIMEH Ha TpaHUIle
KOJIbIIA;

- aCUMIITOTUKA penieHus 3anaun Jupuxie aias OMCUHTYISIPHO BO3MYIIIEHHOTO
JUHEHHOTO HEOJTHOPOJHOTO AU(PHEepeHIIUANTBHOTO YPAaBHEHHUS B YACTHBIX



IMPOU3BOAHBIX 3JUIMIITUYCCKOI'O THIIA BTOPOI'O IOpAdKa, C IIOTCHIHWAJIOM YPAaBHCHUA

p(p)=yYp-1,neN;

- CYLIECTBOBAHUE, E€IUHCTBEHHOCTh M OrPAHUYEHHOCTh PEUICHUN KpPAEBBIX
3anau Jupuxiue, Helimana u PoGena, B ciyyae, Korja npeiebHOE YpaBHEHUE UMEET
PETYISIPHYIO 0COOYIO OKPYKHOCTb;

- PaBHOMEpPHbBIE ACHMITOTHYECKUE PA3JIOKEHUS PEIICHUH KpaeBbIX 3a1a4
Hupuxie, Heitmana u PoGena, B ciayyae, Korjma cOOTBETCTBYIOIAs HEBO3MYIIICHHAS
3a/1aya UMEET PEryJSIPHYI0 0COOYIO0 OKPYKHOCTb.

JIMYHBIA BKJIAJ coMcKaTessi. Bce HayyHbIe pe3ylbTaThl, MIPEICTABICHHBIE B
OUCCEPTALMM, TPHHAAIEKAT TOJBKO aBTOPY. B cOoBMeCTHBIX paboTax ¢ HAyYHBIM
pykoBoguteneM [[.A. TypCyHOBY IpUHAIEKUT nTocTaHOBKA 3anaun, M.O. Opo3oBy
- UJeu, pa3paboTaHHBIE METOJIbI, HAYYHbIE pe3ysbTaThl. B pabote [9] oOcyxeHue
pPEe3yJbTaTOB NPUHAICKUT A.A. XaIMaTOBY, a HAyYHbIC PE3YyJIbTATHI PUHAIICIKAT
aBTopy. B pabore [4] oOcyxleHue pe3yiabTaTOB MPHUHAJIEKAT MaruCTpaHTaMm
M.H. Mamat6yBaeBoii u III.A. PamaHKy0BO#, a TOJlydeHHE HAYYHBIX PE3YIbTaTOB,
JI0Ka3aTelbCTBO TEOpEM, TMOJIy4eHHE U (POPMYJIMPOBKA HAYYHBIX PE3YJIbTaTOB
MIPUHAJIJIEKUT aBTOPY.

Anpobauust  pe3yJbTATOB HCCJICOBAHMS. PesynpTaTtel  paboOThI
JIOKJIa/IBIBAITUCH U 00CYXKIalTMCh Ha MexXayHapOIHBIX HAYYHBIX KOH(DEPEHIIUAX:

- «CoBpemMenHble TpoOiemMbl TudPepeHInanbHbIX YpPaBHEHUH U CMEXKHOU

MaTemMaTukuy. - Deprana: depraHckuil TOCYIapCTBEHHBINH yHHUBepcuteT, 12-13
mapra 2020 r.;

- «AKTyaJIbHbI€ BOIIPOCHI 00pa30BaHUs U HAYKH B KOHTEKCTE PErHMOHAIBHOTO
pa3BUTHS M UU(pPOBU3ALMU CTpaHb», nocBsuleHHas 80-ipetutro Oml'Y. - Own:

Onickuil TocyJapCTBEHHBIA YHUBEPCUTET, 28.05.2020;

- «lII bopybaeBckue uTeHUs», TMOcBsnleHHas 35-meturo HWHCTUTYyTA
MareMmatuku HanmonansHOM akanemun Hayk Kseipreizckoit PecrmyOmuku. - bumikek:
Nuctutyt matematuku HAH KP, 2019;

- «AxtyanbpHble TpoOJeMbl aHanu3a, auddepeHIuanbHbIX YpaBHEHUNH U
anreops». Kondepennus, nocpsimennast 10-neturo EBpasuiickoro MareMaTuueckoro
xypHana. EHY um. JI.H. I'ymunesa, 16-19 okrt. 2019 1., r. Hyp-Cynran;

- «Mathematical Analysis, Differential Equation & Applications - MADEA 8».
Kondepennus, nocpsmennas 80-netuto co gusa poxiaeHus A.M. CaMoiaeHKO
(r. Yosmon-Ata, 2018 r.);

- «AxTyanbHble 1npoOneMbl  AuddepeHUranbHbIX  YpaBHEHUA M X
npuwioxeHus». - TamkeHT: HanuonanbHbl yHUBepcuTeT Y30ekucrana, 15-17
nexadbps 2017 r.

A Takke Ha MEXpPETMOHAIbHBIX CEMHUHapaX MaTEMaTUKOB FOKHOTO
Kobiproisctana  «AKTyallbHble — MpPOOJEMBbl  MaTEMaTUKU W UH(GOPMATHKWY,

pykoBoautens cemunapa wieH-kopp. HAH KP, npodeccopa K. Ansivkynosa (r. O,
2018-2021 rr.).



IMosHoTa OTpakeHWsi Pe3yJbTATOB auccepTanuu B myOaukamusix. Ilo
pe3yibTaTaM HCCJIeIOBAaHUN COHMCKaTelleM omyOiaukoBaHbl: 7 crtateid [1]-[7] u 5
te3uchl nokiamoB [8]-[12]. B tom umcine tpu crarbu [1]-[3] omyOnmkoBaHBI B
KypHajax, HMHICKCHpyeMbix B 0Oa3zax Scopus m Web of Science. Cratbs [4]
omyOIMKOBaHa B >KypHaine, uHAekcupyembli B 0Oaze RSCIl. Hwmmnakt dakropsr,
gyetbipex kypHayoB [1]-[4], B PUHIIle ne menee 0,1. Ha crateu [1]-[4] momydeHs
aBTOpckue cBuaeTenbcTBO Kbipreisnatenta. Habpan 328 Oamos.

Crpykrypa u o0bem aucceprauuu. Pabota cOCTOUT U3 OrJIaBlICHUS, CIIUCKA
YCIIOBHBIX O0O3HAUEHUUN U OINpeAeNieHUH, TPUHIATHIX B paboTe, BBEACHHS, YETHIPEX
rnas, pa3outeix Ha 10 maparpadoB, BRIBOAOB, CIUCKA UCTIOIB30BAHHON TUTEPATYPHI.

Cnucok HCIOJIb30BAHHON JIMTEPATyphl CONEPXUT 64 HammMeHoBaHuU. OO0BEM
tekcta 131 crpanuir.

OCHOBHOE COJIEP)KAHUE JUCCEPTALIUU

Bo BBeaeHUM 1aHO 0OOCHOBAHHE aKTYaJIbHOCTH TEMBI, O0II[asi XapaKTEPUCTHKA
paboThl, 1€b MW 3aJadyd HUCCJCJOBAaHMs, Hay4yHas HOBHM3HA, IpaKTUYECKas
3HAYMMOCTh, OCHOBHBIE TI0JIOKEHUSI, BLIHOCUMbBIC Ha 3aIlUTY.

[leppas  tmaBa  «OB30OP  JIMTEPATYPBI W  PE3VIJIBTATOB
JNUCCEPTALIMN» coctout u3 asyx maparpados. B § 1.1 «O630p nurepatypbb»
naeTcs 0030p JAUTEpaTyphl MO TeMe auccepTanuu. B naHHOM maparpade npoBeaeH
aHaJiM3 HAy4HBIX PE3yJbTAaTOB pabOT NIPYyrux aBTOPOB, HamOoJiee OJU3KUX K TEME
mpeaaracMo  auccepranvoHHol  pabotel. B «§ 1.2. OG30p  pe3yibTaToB
JUCCEPTAIMIY TIPUBEACH MOAPOOHBIN 0030p HAYyYHBIX PE3YyJIbTATOB JHUCCEPTAIUU.
JleTanlbHO W3JI0’KEHBI TIOCTAHOBKM 3a7ad M TEOopeMbl 0e3 JI0Ka3aTenbCcTB. B
3aKJIFOYCHUH MEPBOM I1aBbl OTMEYEHO, YTO Ha OCHOBAHUM IMPOBEICHHBIX aHAIN30B
JIUCCEPTALIMOHHOE HCCIIEIOBAHUE aKTYalIbHO, OPUTHHAIBHO, CBOEBPEMEHHO U UMEET
ONPEAEITICHHBIN TEOPETUYECKUN U MPAKTUUYECKUI UHTEPEC.

Bropas rnmaBa «MATEPUAJI 1 METOJIbI UCCJIEJJOBAHUWS» coctout u3
nByx maparpadgoB. B «§ 2.1. OO0BEKTH W TPEAMETHl HCCICIOBAHUS» IPUBEICHBI
0OBEKTHI ¥ IPEAMETHI UCCIICIOBAHUS.

OO0bexThl  uccnepoBanus: 1) 3amaua Hupuxne 18  OUCHHTYJISPHO
BO3MYUIEHHOTO JIMHEHHOTO HEOAHOPOAHOTO AU(PEepeHIINaNIbHOrO ypPaBHEHHS B
YACTHBIX TMPOU3BOJHBIX AJUIUNTHYECKOTO THIIA BTOPOTO MOPSIKA, C MOTCHIIMAIOM

ypasuenust p(p)=4{p-1,neN;

2) Kpaesbie 3amaum Jlupuxne, Heiimana u PoOena s OUCHHTYJISIPHO
BO3MYIIIEHHOTO JIMHEHHOTO HEOJHOPOAHOr0 JuddepeHInaribHOro ypaBHEHHUS B
YaCTHBIX MPOU3BOJHBIX AJUIMIITHYECKOTO THIA BTOPOTO MOpsIKa, B cllydyae, Korja
COOTBETCTBYIOIIME HEBO3MYIIEHHBIE 3a7a4d HMEIOT PETYSpPHYIO  0co0yio
OKPY>KHOCTb.



[IpenMer wuccieoBaHUs — TOCTPOEHHWE PABHOMEPHBIX ACHUMHOTOTHYECKUX
PA3NIOKEHUM peIIeHUsT KpaeBbIX OUCUHTYISpHBIX 3anad Jupuxne, Heiimana wu
PobGena npu cTpemiieHHH MaJIoro IapaMmeTpa € K HyJIO.

B «§ 2.2. Meroasl uccinenoBaHus» MOAPOOHO ¢ KOHKPETHBIMH TMPUMEpaMU
W3J0KEHBl MHOTOKPATHO  MCIIOJb3yEMbIE B  JAHHOW  JHUCCEPTAllMM  METOJ
npeoOpa3oBaHusl U ACUMIITOTHYECKHE METOJbI: METOJ MaJloro MapameTpa, METOo]
NOTpaHUYHBIX (DYHKIMI, O0OOOIIEHHBI METOA MOTPaHUYHBIX (DYHKIMM, TPUHIIMI
MaKCHUMyMa, MeTo Tu(pepeHIInaIbHbIX HEPABEHCTB.

OcCHOBHBIE Hay4YHBIE pe3yJIbTaThl JUCCEPTALlMM MPUBEAECHBI B riaBax 3, 4. B
tpethelt TiaBe «KACUMIITOTHUKA PEIIEHMA 3AJTAYNA JUPUXIIE B CJIIVUHAE,
KOI'TA ITOTEHIHNAJIOM YPABHEHUA SAJIAETCA HE
JNODOEPEHIIUPYEMASA OVYHKIOMUA HA T'PAHUIE KOJIBILIA» mnoctpoeHa
ACHUMIITOTHKA pelIeHus 3a1adn Jupuxie B ciiydae, KOrja MOTCHIIHAIOM ypaBHEHUSA
apisieTca He nuddepeHnrpyeMast PyHKIUS Ha BHYTPEHHEH TpaHulle KoJiblia. TpeThs
rJlaBa COCTOMT U3 Tpex mnaparpadoB, B MepBOM mHaparpade uziaaraetcs MOCTaHOBKA
3aa4u:

HccenmemyeM cneqyronyro KpaeByro 3aaaqy

eAV(p,9,e) —Yp—Iv(p,0,€) =F(p.9), (p,9)eD, (1)
VL&) =y, (9), V(a,9,e)=y,(9), ¢<[0,2x], (2)

rae D={(p,p)|1<p<a, 0<p<2n},neN,FeC?(D), yxecC~[0, 27], k=1, 2,
V/p—1 — noTeHUMAaN ypaBHEHHUs, N — HOKA3aTeb KOPHS.

Jloka3zaHbl ClIeAYIOIINE TEOPEMBI U JIEMMBI.

Teopema 1. Pemenue 3agauu (1), (2) cylecTByeT U € IUHCTBEHHO.

Jlemma 1. PaccmarpuBaemas 3amada upuxie mis konsua (1), (2) sBasercs
OMCHUHTYJISIPHOM, T.€. ABYMSI OCOOCHHOCTSIMH.

Cnauvasia moApoOHO HUCCIIEIOBAaHbI ClIydyad N=2 u N=3, fajiee clejaH BbIBOJ HA
oO1uii ciryvaii.

B §3.2 ucnenosan cimyvaii N=2. B pe3yibTaTe AJOKa3aHbl CICAYIONINE JEMMbI U
TEOPEMBI.

Teopema 2. AcumnToTudeckoe pasiioxkeHue peuienus 3a1auu (1), (2) B ciayuae
N=2 MOHO MPEJCTABUTh B CIEAYIOLIEM BUE:

2m+1 " 4m+2 ‘ 110m+6 Y il
u(p,@.e)= D eV (p@)+ D A Zk(t’q))—'_; > p'w (1,9)+ 0™, e >0,
k=0 k=0 k=0

TIe t=(a—p)/k,k=\/§, r:(p—l)/uz,uzi’/g,
flp.o)-f(Lo) V(0.9) = AVys (P 9) — AV, (1 9)
p-1 p-1

Vo(p ) =



v, k-2,0 () 3\721«2,1 (P)p— 2\72k—2,0 ()

AV2k—2 (p’(P) +- 3/2 +
4(p-1) dpJp—-1
V2k—1(p’(p) = PyP :
p-1
Vo 20(9) = Vo5 (1.9), Ty (0) = %\ 1 Vo, €C7(D),

v, €C(D),v,, €C*(D),
Wigie(£,0) = Ot %), Wgy,(t,0) =O(t ™), Wgy,4(t, ) =O(t ™), t >0, 0.[0,27]
ocranbHbie W, (t,p) dyHKIMit Py t — 00 IKCTIOHEHIUATBHO CTPEMATCS K HYJIIO.
2,(t,0) = (v,(0) -V, (a.9))e ¥, 7 (o) =e “ R (t.9), R eC™(D),
D={(p,¢)|1<p<a,0<p<2} D, ={(t,0)|0<t <aT_1,0S(pS 2m}.
Jlemma 2. Pemmenue cnenayronieid KpaeBo# 3a/1aun CyIIECTBYET U €IMHCTBEHHO
2"(t) —tz(t) =ct *?, t € (0,), k =0,1,3, z(0) = 2°, limz(t) =0,

ri€ ¢, 2° — M3BECTHBIE TIOCTOSHHEIE.
Pewrenne 3Toi 3a1a4u UMEET CIAEAYIONIUN BUI:

2(t) = Z(O)z(t)+—(z (t)j 1()ds z(t)j Z(S)d]

rie 7,(t) = Vtl,s (4% 15), z,t) =+t K2,5(4t5’4 /5), l,5(8), Kys(S) -

Mo uduimposanusie Gpynkuuit beccens. U3 ceoiicts ¢pynxumii Z(t) u Z,(t) cnemyer

ACUMIITOTUYCCKUEC OLICHKU.

2(t) =0t <*972) t 500, z(t):O(tZ‘k/Z), k=0,131t-0.

B maparpade 3.3 uccnenoBan cinyyait N=3. JlokazaHbl cleayromnme TeopemMa u
JeMMa.

Teopema 3. AcumnroTrueckoe paznoxenue pemenus 3aaayu (1), (2) mpu N=3

HMMEET CIEAYIOIMNN BUA!
3m+2 6m-+4 21m+15

u(p,p,e) = Z gV, (p.@)+ Z Az, (t,(p)+; Z nw, (’C,([))+O(83m+2), € —0,
flp.0)-fLo)
3p-1 ’

ng (p’(p) _ Avgkl(pé/q;)%lmk (P,(P) — 3f(p_1) \73k (P,(P), \73k c COO([_)),

V3k+1(p’(|)) AV, (P, ) + h3k+1(p ?) \/_l 3k+1(p o), V3k+1 cC” (D)

Pt

rac t=(a—p)/K,K=\/g, ‘C:(p—l)/us’uzz/g’ Vo(p’(P):_




AV, (P, ) +hy, L, (P, (P) Va2 (0, 9), V., €C” (D)

Vaso (P, p) = o1

vkeN,: w,eC*(D,), [w, (t,0) < % t—> o0, ¢ [0,27],
2(t, 9) =(\v2(<p)—vo(a,<p))e‘%t, 7,(t,9)=¢ LR (t.¢), B cC*(Dy).
31€Ch h3k (p.9)= —AVy 4 L),
2(\73k o((l)) + Vg 1((P)(p -1)) 4V, 1((P) 2Vy ()
1P ) =——= ’ = —
" 93/(p-1)* 3Rfp-1 3p3p-1
2(\73k+1,0 (9) +\73k+1,1((P)(p_1)) B 2\73k+1,1 (9) B \73k+1,o (o)
93(p-1)° Rp-1" 3pYp-1°

oV, (p, ) ‘
ap p=l1

h3k+2 (p’ (P) =

Voo (@) =V, (L), V,, () =

D={(p,p)|1<p<a,0<p<2n}, D, ={(t,0)|0<t <aT_1,OS(p£ 21},
Jlemma 3. Pemenue cne):[yfomeﬁ KpaeBOM 3aJ1auyl CYIIECTBYET U €INHCTBEHHO
2'(t) - Ytz (t) = \/—

Pemenue stoit 3agadud UMECT CJICIIYIOH_II/II/I BHU

,te(0,0),1<k <5, z(0) = z°, I|mz(t) 0, ¢, 2° — const.

0

2(t) = G )z(t)+C(z (t)jz(s)ds z(t)jz(s)ds]

rie z,(t) =+t |3,7( tﬁj, zz(t)zﬁK3,7(7t6J, l,,,(s), Ky-(S) -

MouduImposanusle  GyHkumii Beccens. M3 Beoitcts dymxmmii () n Z,(t)

IMoJIy4aeM CJICAYIOIHEC aCUMIITOTHYCCKHUE OLICHKU .

z(t)—O{ = J,t—)oo,)KaHa z(t)=z°+O(t2‘k’3),1sk£5, t—0.
3/tk+1

Teopema 4. AcumnroTHueckoe pasziiokeHue pemenus 3amaun (1), (2)
NPEJCTABUMO B BHJIE:

S ‘ 2s ‘ 1 (2n+1)s+1 . S
u(p,9,€)=>_ v (p, @)+ D 1z (t,(p)+; > w'w (t,9)+0(e%), e >0,
k=0 k=0 k=0

rie S=n(m+1) -1, t=(a-p)/A, r=+e, t=(p-1)/u", “:zn%’
fp.o)-f(10)

Vo(p:(P):_ Qfﬁ




Vo (P 9) = V(P T/LTAlV”k 4(L9) =Y(p-1)"" V.. (p,0), U, €C"(D) k eN;

V. (p.g) = AV, i1 (P @) + 0y, (0, 0)
nk+j \P @) = Qj_
p-1

vkeN,: w, eC*(D,), W, (t,¢) |< —

Q/;’
7,(t,0) =(v,(9) ~ V(@ 9) )& 1, 2, (o) =&~ MR (t,9), R eC* (D).
34CECh

=Y-1""" V. (p.9), V,; €C"(D), j=12,...,n-1

T— o0, p €[0,27],

) (n 1- J)(1+ J) Vnk+J 10((P) + (p 1)Vnk+1 11((P)

n2 n,(p 1)n+1+1

n 2(n=1-j) \7nk+j71,1(q)) n n-1-j \7nk+1 10((P)
N Je-T " ey

- - - v (p,
0,0(0) =7, (1), ¥,y (9) = %\ -

hnk+j (p ®

;1=12,..,.n-1,

D={(p,9)|1l<p<a0<p<2n}, Dlz{(t,(p)|0<t<aT_1,0S(p£2n}.

B rnaBe 4 mon nazBanuem “I'JIABA 4. BUCHUHI'VJISAAPHBIE KPAEBBIE
3AZIAYM, B KOTOPBIX IIPEIAEJIBHAA 3AJJAYA MMEET PEI'YJIAPHVYIO
OCOBYIO OKPYXHOCTDB” wuccnenoBanbl OWCHHTYISpHBIE KpaeBble 3aaauu
Hupuxne, Heiimana u PobGena B ciydae, korjga TmpejaeinbHas 3ajadya HMEET
PETYJIPHYIO 0COOYIO OKPYKHOCTb.

B mnaparpade 4.1 moctpoeHa acuMnOTOTHKA pelieHus 3anauu Jlupuxie, B
cllyyae KOTJla COOTBETCTBYIOIIAs HEBO3MYIICHHAs 3ajJadya HMMEET PEryJspHYyIO
0CcO0YyI0 OKPYXHOCTb, T.€. UCCJIEIOBAaHA cleayroas 3aaada Jupuxie s Koaplua:

8[6—Z+1‘9V+” j (p —a)Q(tp)——Q(@)V F(p.p). (p0)eD,  (3)
op dp p° 09 op

v(a,0.e)=vy,(9), V(b.g.e)=y,(¢) @<[0,2n], (4)
rae 0 <a<b - usBectusie nocrosiuubie, D ={(p,p)|a<p<b,0<p< 2n},

q(¢)>0¢€[0,2n], v=V(p,p,e),F eC*(D), q,y, €C~*[0,2n], k=12,

a2 0,0€[0,2r].

Joka3zaHa cieayroue TeopeMa u JeMma
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Teopema 5. Pemenne 3amaun  (3)-(4) cymiecTByeT, €IMHCTBEHHO U
OrpaHUYEHHO.
Jlemma 4. 3agaua

(p—a)a(e)z (p,0)—d(e)z(p,0)=f(p.e), (p0)eD,
2(b,p)=w,(¢), ¢<[0,2n],
rne f eC*(D), q, vy, eC”[0,2r], D={(p,¢)|a<p<b,0<¢p<2n},

HMMCCT CAMHCTBCHHOC PCHICHUC IIPCACTABHUMOC B BUIC

2(p.9)=(p—a)a ()] f(s.0)(s—a)’ds+y,(p)(p—a)/ (b-a),
M 3TO pEHICHUEC MOXKHO 3aIlMCaTh B BUIC.

2(p.9)=Q(@)(p—2a)Iin(p—a)+Q(p.9), rae Q eC”(D),Q, eC*[0,2x].

Jlemma 5. 3anaua (3)-(4) sBasieTcss OMCUHTYJIIPHOM.
Jlemma 6. Perienue creayrorieii 3ajauu CyIiecTByeT U €IUHCTBEHHO!

PO 1 iq0) HEP) - g(g)2(t,0)=G(ht ). (t0)< D,

2(0,0)=v(o), Z(b;“a,(pj —0, n—0,9€[0,27],

rae G — nenpepsiBHast pynuus, D, ={(t,p)|0<t<(b—-a)/ n, 0<p<2n}.
Jlemma 7. J{ns permenus 3a1aq

O*W oW
lw, = 8’[20 +tOI(<P)§°—Q((P)WO =0,(t,0)eD,,

Wy(0,0) =w1(¢)—Uy(a,0), Wy((b—a)/ n,¢)—>0,u—>0,¢<[0,2x];
=2 426, (k). (t:9)< D,

w,(0,0)=0,w((b-a)/ u¢e)—>0,u—0,¢0e[0,2n];

oW, |, O0°W,
= —C < (t,0)eD,,
ot 8(p2 (to) !

W,,(0,0)=-u,(a,¢),W,,(b-a)/ ne)—>0,p—>0,¢€[0,2n],neN;
2
a\NZn _C2 a sznfl +}Gn(Ht,(P), (t,(p)e Dl,
o t
W2n+1(0’(P):O’W2n+1((b—a)/M,(P)—>O,H—>0,(p€[0,27r],neN.

Iw,, =—C

IW2n+1 =—C

CIpaBEAJIMBbI ACUMIITOTHYECCKHE OLICHKU .

Wo(t,(p)=0(e_tzq((p)/2), Wzn-l(t’(p):OGj’ W2n(t,(p):O(t£2j,ne N,t—ow,0e[02n].

-11 -



Teopema 6. Jlns pemenus 3amaun  dupuxine (3)-(4) cropaBeminBo
PaBHOMEPHOE ACHMITTOTHUECKOE Pa3JIOKEHHE

n 2n _
V(p.@.)=D U (p.0)+D e W (to)+O0(e" ), >0,(p,0)eD.
k=0 k=0

a TaKiKC UMCCT MCCTO IIPCACIIbHOC PaBCHCTBO
limv(p,p.e)=V(p,0), (p.@)el(p.0)la<p<b, 0<¢p=<2r},

rae Wo(t,(p) = O(e—th((P)lz) ’

W2k+1(t’(P) = O(tfl ): Wzk(t’(P) = O(tfz ), t >0, 0e[0,2n], U, € C([_))’ U, € C*(D).
B § 4.2 mocTpoeHa acCMMIITOTHKA peleHus 3a1adn Helimana, B ciiydae Korjaa

COOTBETCTBYIOIIAasi ~ HEBO3MYIIEHHAsi 3ajJaya MMEET PEerylspHyl0  0coOyio
OKPYKHOCTB, T.€. HCCIIE/IOBAHA clieyromas 3aadya Heiimana 115 KonbLa:

S(a_\;‘i‘lav+ 1oV j (p a)——ZV— f(p (p) (p,(p)e D, (5)
a\/(%—f’g)‘ﬁa:“’l((p)’ M;;—,!;p,s:)‘p:b:%w)’ ¢ <[0,2n], (6)

rae 0<a<b —usBectnrie mocrostHubIe uncia, D={(p,p)|a<p<b,0<p < 2n},

2
v=v(p.g.c), f €C*(D), v, €C*[0,2], k=12, wz%
p

B sTrom naparpade goka3zaHbl ClIeIyIOUUE TEOPEMBI U JIEMMBI.

# 0.

p=a

Jlemma 8. 3ay1au nMeeT eTMHCTBEHHOE PEIICHUE
oz(p, oz(p,0,e
(p— a)% ML)

rne f eC”(D), y,eC”[0,2r], D={(p,p)|a<p<b,0<p<2n},

npcacTaBuUMoOC B BUIC

-22(p,9)=f(p.9), (p.9)eD, 5 =Y,(0), ¢<[0,27],

o[ 9 (P-a) (p-a)’
2pg)=(p-a)’ [ = 50— o T )+ 5 S wa(@)
Wi 2(p.9)=f,(¢)(p—2a)In(p—a)+P(p,p),rae PeC*(D).

Jlemma 9. Pemenue 3aaun cymecTByeT U €JUHCTBEHHO:
oz, oz(t,
00) 1 2E)_oy(t,9)=G(ut0)inut, (t,p) < D,
ot ot
or(t,e) oz(t,)
|0 =Y(0), = a0 0€[0.27],
rae G — venpepsiBHast pynkuus, D, ={(t,p)|0<t<(b-a)/ pn,0<p<2n}.
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Jlemma 10. [{ns1 pereHus caeayroniux KpaeBbIx 3a1a4

ow
hw,=-m=L (t0)<D,,

ow(te) _ _ou(p.p);  ow(te) _ .
& o =vie) PR tzb;a_o, 0 e[0,2n];
2
v, =-m Xt 2 E¥orz 1 G (ut,)in(ut), (t,0) €D,
ot op
ML:o:O’ M b_a=0,(pe[0,2n],neN;
ot ot T:T
2
M|t=o:_M - M (1,9) . =0,0e[0,2n],neN,
ot op I° a2

CripaBCJIMBbl aCUMIITOTUYCCKHC OLICHKM.
Wy, ,(1,0)=0(t?), W, (t,9)=0(Inut),t >u(b-a),u—>0,neN,¢e[0,2r],

npu t—oo, p—0 pynkuus W, (t,p) yObIBaeT S3KCIIOHEHIMAIBHO.

Teopema 7. [lns pemenns 3amaun  (5)-(6) cmpaBeMBO paBHOMEPHOE
ACUMIITOTHYECKOE PA3JIOKEHHE

n 2n _
V(p.@.&)=D U (p.0)+ D e W (to)+O0(e"),e >0,(p,0)eD.
k=0 k=1

H IPEACIIbHOC paBCHCTBO
limv(p,@.e)=Vo(p.0), (p.0)el(p.@)la<p<b, 0<@<2n},

o U £C'B). u (D), w(t0)=0(t%e "),
W, (t,9)=0(t™), w,,(t,9)=O(Inpt),t >(b-a)u™, n—>0neN, ¢e[0,2n].
B naparpade 4.3 nocrpoeHa acuMNTOTHKa peleHus 3agauu PoOena, B cirydae

KOTJla COOTBETCTBYIOIAs HEBO3MYIICHHAs 3aJaya HMMEET PeryJsapHyl0 0co0yio
OKPYKHOCTh. B KoJiblie HcciieioBaHa cieayronias 3aaada Pooena:

sAv+(p—a)q(<p)%—q(cp)v= f(p.0). (p0)eD, @)
v@os)- ML) —yi(e), ocl02n ®)
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ov(p,p,e)
op

rae 0<e<<l, O<a, b,p,, p, — u3BecTHBIC MOCTOSIHHEIE, D+P2#a, () >0 ¢ [0,27],
D={(p.p)|a<p<b,0<¢<2n}, v=V(p,p,e), f eC*(D),
d,v, €C7[0,2n], k=1,2, f' (p,p)

TpeOyeTcss TOCTPOUTh PABHOMEPHOE aCUMITOTHYECKOE PAa3I0KEHHUE PEIICHUS

V(b,(p,8)+ p2 ‘p:b:\VZ((P)! (PE[O’ZTE]’ (9)

p=a s 0,([,) € [0,275], \' :V(p,(P,g).

3agaun Pobena (7)-(9), mpu cTpemMiIeHUN MaJIOTro MapaMeTpa K HYJIIO.
Jloka3aHbI CIICIYIONINE IEMMBI U TEOPEMBI.
Jlemma 11. 3anaya uMeeT eTMHCTBEHHOE pPEIICHUE

(p_a)q(@)@_q(@)z(p,@):f(p,(p), (p.9)eD,
2(b,0)+ Py az(a‘;“’)\pzbwg(cp), 9e[0,27],

rne f eC*(D), y,eC”[0,2r], 0<a, b,p,, p, — U3BECTHBIE OCTOAHHBIE, b+Po#a,

d(¢)>0¢<[0,2n], D={(p.9p)|a<p<b,0<¢p<2n},
HpeI[CTaBI/IMoe B BUJC

_p-atf(se) ., p-a [ _ pzf(bmp)j
“p.9) q«p)!(s—a)z *ooar 2 Ge)o—a)
um 2(p,9) = f,(e)(p—a)Iin(p—a)+P(p,0),

1 o(p.e)

a(e) op
Jdemma 12. Tlycte P(t,0)eC™(D,), y(¢)eC”[0,2n]. Torna cnemyromas

PeC”(D).

anece f,(¢)=

p=a’

3aJada UMECT €IUHCTBCHHOC:
2" (to)+1t9(o)z' (te)—a(e)zte)=P(t,0), (t,0)eD,
2',(t0)| o =1(®), Z'(t0)|pay, =0, @[0,27],

MpeaACTaBUMOC B BUJC.
b-a
ua(e)s? t a(e)s®
2(te)=-2(t9) [ € 7 2,(s,0)P(s,0)ds—7,(t,0)[e ? z(s,0)P(s,p)ds+
0

t

b-a

ug(e)s?

+¥ (@) + je 2 7,(5,0)P(s,0)ds |,
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b—a
u 2

m q(¢)(b-a)’ _q(e)s

e ¢ - e 2 ds,
— Q(@)£

rge o =-—

b-a

u a(e)s

z(t,p)=t u z,(t,p)=t | e 2 s°ds QynaaMeHTaIbHass CUCTEMA PEIICHUI
t

OJTHOPOJIHOTO ypaBHeHus: 12 =0.
Teopema 8. Jns pemienus 3amaun Pooena (7)-(9) cnpaBeminBo paBHOMEpPHOE
ACHMITOTHYECKOE Pa3IOKCHUE

n 2n _
V(p.p.e)=D eU(p.9)+ > e’ W (te)+O(e"), e —>0,(p,p)eD.
k=0 k=0

2

d TaKXKC IIPpCACIIbHOC COOTHOIICHUC
limv(p,p.e)=V(p,0), (p.@)eilp.0)la<p<b, 0<¢p=<2r}.
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BbBIBO/IbI

B nuccepTtaium vcciie1oBaHbI:
1) 3amawa Jlupuxie a1 OWUCHUHTYJISPHO BO3MYIIEHHOTO JIMHEHHOTO
HEOJHOPOJHOTO AU depeHIIMaNbHOr0 YpaBHEHUST B  YaCTHBIX MPOU3BOJIHBIX

SJUIMIITHYECKOTO TUIIAa BTOPOro Hopsiaka, ¢ noteumanom P(p)=4{/p—-1,neN;

2) KpaeBbie 3amaum Jlupuxiae, Heiimana u PoOena st OHMCHHIYJISIPHO
BO3MYIIIEHHOTO JIMHEWHOTO HEOJHOPOAHOTO mudGdepeHINanTbHOT0 ypaBHEHUS B
YaCTHBIX MPOU3BOAHBIX AJUIMITUYECKOIO THIIA BTOPOTO MOpsJKa, B ClIyyae, KOrjaa
COOTBETCTBYIOIIME HEBO3MYILICHHBIC 33Jaud HMEIOT PETYSpHYI0  0COO0YyIo
OKPYKHOCTb.

BrnepBble B AuUCCEpTALIMOHHOMN paboTe:

- MOCTPOEHAa PABHOMEpPHAsl aCUMIITOTHMKA pElIeHus 3adadd Jlupuxie, Koraa
MOTEHIMAN YpaBHEHUS sBIsieTcs He auddepeHnupyeMor (QyHKIMEH Ha TpaHHIle
KOJIbLIA.

- TIOCTPOEHBI PAaBHOMEPHBIE aCUMIITOTUKHU PEIICHHI KpaeBbIX 3anad [lupuxie,
Helimana u PobGena, B ciayyae, Korja COOTBETCTBYIOIIME HEBO3MYIICHHBIC 3a]auu
UMEIOT PETYJSIPHYIO0 0COOYIO OKPY>KHOCTb.

Aemop  evlpasxcaem  2nYOOKYH0 — NPUHAMENbHOCMb U UCKPEHHIOH
bnazooapHocms HAy4HOMY pyKosooumenio, 0.¢h.-m.H., npogpeccopy /.A. Typcynosy
3a NOCMOAIHHOE GHUMAHUE U NOJIe3HbLE CO8EeMbl NPU BbINOJIHEHUU pabOmbl.

HPAKTUYECKHUE PEKOMEHJIALINHU

PekomeHnyeM HCMOIb30BaTh HAy4yHbIE PE3YJIbTATHl JUCCEPTALMM B TEOPUU
JBWKEHUS, THIPOIUHAMUKE, adpOANHAMUKE, (PU3UKE U APYTHX 00JACTAX HAYKH.

Haneemcst, uTto pa3paOoTaHHBIE AJTOPUTMbI MOCTPOCHHS] ACUMOTOTUYECKHX
Pa3NOKEHUM  perieHui  OUCHHTYJISIPHO  BO3MYIICHHBIX  JAu(depeHIInaTbHbIX
YpaBHEHUH AJITUOTHYECKOTO THIAa HalyT IPAKTUUECKUE TPUMEHEHHUSI.

Pe3ynbrarhl HMcciaeaoBaHUsl TaKXKe MOTYT ObITh MCIOJNb30BaHbl NMPU YTEHUU
JIEKIIMOHHBIX KYpPCOB IO TEOPUM BO3MYILEHHH, MPENOJABAHUM CIELKYPCOB IIO
HanpaBieHusiM «Marematuka», «llpukiagHas marematuka W UHGOpPMaTUKay,
«Pu3nko-MaTeMaTHuecKoe oOpazoBaHue», «MaTemMaTuka U KOMIBIOTEPHBIE HAYKI»
s acnupanToB, PhD nmoktopoB, MaructpoB u OakamaBpoB. Kpome Toro, Msi
PEKOMEHIyeM HCIOJIb30BaTh HAy4YHbIE PE3yJbTaThl MPHU PEUICHUH TEOPETUUYECKUX
3a7lay B OOJACTM MaTeMaTWKH, (U3MKU, TEXHUKH U JPYIMX HayK, CBA3AHHBIX C
KaueCcTBeHHOU Teopuei qudpepeHnanbHbIX YpaBHEHUH.
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Opo3oB  Makcatéek  OmypOekOBHYTHH  «BHCHHIYJSIPABIK  KO3IOJITOH
JUIMNTHKAJBIK THUNTETH CHI3BIKTYY TEHJeMeJep YYYH YeKTHMK MaceJeiepauH
YbITAPbUILINITAPBIHBIH  ACHMITOTHKACHD» jJeren Temagarnl 01.01.02 -
aupPepeHINANABIK  TeHAeMeJep, AUHAMHKAJBIK  CHCTEMaJap  KaHa
ONTHUMAJABIK  Oamkapyy aaucTuru 000HYa  (PU3MKA-MATEMATHKAJBIK
WIAMACPANH KAHAMAATHI OKYMYIITYYJYK dAapa’KacblH H3JACHHUII aJyy YYYH
KA3BLITAH JMCCePTANNSICHIHBIH
PE3IOMECH

Herusru ce3nep: Kuuu mapameTp, aCUMOTOTHKAJBIK KaTap, CHUHTYISPABIK
KO3TrOJITOH Macelle, OUCHUHTYJSPABIK Macelie, peryjsapJblK e3redye aiiaHa,
Hupuxnenun macenecu, Pooenaun macenecu, HeliMaHIbIH MacenecH.

N3unnee oobexkTHcu: 1) BUCHHTYISAPIBIK KO3TOJITOH CBHI3BIKTYY OHpP TEKTYY
AMEC SKWHYM TAPTUINTETH DBKU O3repyJMeNyy SJUIMITUKAIBIK THUITETH KEKede
TyyHIynyy nuddepeHIuaniblk TeHIeMe YUYH ajikakTa JIupuxaeHuH MacelecH.

2) Tuemenyy Ko3rosOOroH Macese peryJsipAblK e3reue aiyiaHara 33 OOJTOH
OMCHHTYJISIPJIBIK KO3TOJITOH CBI3BIKTYY OUp TEKTYY 3MEC SKUHYM TapTUITETH HKU
©3repyJIMONTYY OJJUIMITUKAIBIK THUOTETH >KEeKede TYYHAYIYYy nuddepeHuaniibk
TeHJeMe YuyH ankakta {upuxnenun, Heitmanapia xxana PoOeHiuH Macenenepu.

HN3unnee mnpeameru. JupuxnenuHn, HelimanaplH jkaHa PoOEHIMH 4YEKTHUK
MACEJICJICPUHUH YbITAPbUIBIIITAPBIHBIH, € KAYM MApaMETPU HOJIre YMTYJITaHAArbl,
OUp KaJabINTarbl ACUMITOTUKAJIBIK a)KbIpajMaiapblH TYPry3yy.

N makcaTtbl. BUCHMHTYIAPIBIK KO3TOJITOH JJUIMNTHKAIBIK THUITETH
CBI3BIKTYY TEHIEMENEep YYYH YEKTUK MACEJENIEPJUH YbITapbUIbIIITAPBIHBIH
ACUMITOTHKACHIH TYpry3yy.

M3mi1166HYH METOAIOPY KAaHA anmapatbl: KHYMHE MMApaMeTp METONY, YEK
apasiblk (PYHKIUSIAp METOJY, >KaJNbUIaHTaH 4YeK apayblk (QYHKIUATIAP METOIY,
MaKCUMYyM NMPUHIUOU, auddepeHuanibik 6apadapchi3bIKTap METOTY.

AJIBIHTaH HATBIKAJIAP JKaHA AaJapAblH JKAHBUIBITbL. TEHICMEHUH
MOTEHIMANbl AJKaKThIH 4YeK-apachiHaa AuddepenuupienOeeuy GyHKUUS OOJNTOH
yuypaa  JupuxjieHMH  MacelieCUHUH  YbITapPBUIBIIIBIHBIH ~ OUp  KaJbINTarbl
ACHMITOTHUKAJIBIK aXbIpaliMackl Typry3yiay. llpemenauk wmacenecu peryssipAbIK
e3reue ainanara 23 Oonron [upuxnenun, Helimanasin sxaHa PoOeHnuH
MAacCEJICIPUHUH  YBITAPBUIBIIITAPBIHBIH ~ OMp  KajJbIITarbl  aCUMITOTHUKAJIBIK
aXbIpalIMaIapbl TYPry3yJiy

Konnonyy papakacbl ke KOJAOHYY ©OorwHya cynymrap. Kymym
TEOPHSUTBIK Ma3MyHJla OOJITOHY MEHEH, aHbIH HaThIKagapbl KO3ToJyyJap
TEOPHSCBHIHIA, THAPOAMHAMHUKAIA, ad’poJWHAMUKAJA JKaHa WIMMIUH Oarika
TapMaKTapbIHAA KOJJIOHYIYIIY MyMKYH.

Koanonyy xkaatbl. Yryn ChISIKTYYy Maceselep TUIpoanHaMuKaia, husukasa,
a’poJMHAMUKA/Ia, OKEAHOJIOTHA/IA, ACTPOHOMHUSNA JK.0. WIMMIWH aiiMaKTapbIH/IA
aHa TEXHUKaJa Ke3euleT.
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PE3IOME

uccepranmu Opo3oBa Makcatéeka OmypOekoBHYAa HA TeMy: «ACMMITOTHKA
peumieHusi OMCHHIYJISIPHO BO3MYILIEHHBIX KpaeBbIX 3a4ady Ui JIHHEHHBbIX
YPaBHEHUIl JVIMNITHYECKOTO THIIA» HA COMCKAHME YYeHOH CTelmeHH KaHJAuaaTa
(pusuKo-MmaTeMaTHYECKHUX HayK no CIENUATbHOCTH 01.01.02 —
nuddepeHunaNbHbIe YPABHEHUSI, JUHAMHYECKHE CHCTEMbI M ONTHMAJbHOE
ylpaBJieHUe

KiroueBbie cioBa: Maiblid IMapaMmeTp, ACUMITOTHYECKHU Psifi, CUHTYJISPHO
BO3MYIIIEHHAs 3ajiada, OMCUHTYJSIpHAs 3ajava, PEryJsipHas 0oco0as OKPYXHOCTH,
3amaua Jlupuxie, 3amaua Pobena, 3amaua HelimaHa.

Oo0bekT uccaenopanmus: 1) 3amava [upuxie B Koyblie Ui OUCHHTYJISPHO
BO3MYIIEHHOTO JIMHEHHOTO HEOAHOPOAHOTO AU(EepeHIINaNIbHOTO YpPaBHEHHS B
YaCTHBIX MPOU3BOIAHBIX DIUIMIITUYECKOTO THUMA BTOPOrO TOpPSAKA C JBYMS
nepeMeHHbIMU. 2) 3amaun Jupuxie, Heilimana u PobGeHa B Kojblle IId
OMCHHTYJISIPHO BO3MYILIEHHOTO JIMHEHMHOTO HEOIHOPOJIHOTO uddepeHInanTbHOro
YPAaBHEHHSI B YaCTHBIX MPOU3BOJHBIX AJUIMINTHYECKOTO THUIA BTOPOrO MOPSAKA C
IBYMs TIE€PEMEHHBIMHM, KOTJa COOTBETCTBYIOIIAs HEBO3MYILCHHAs 3ajaya HMEET
PETYISIPHYIO 0COOYIO OKPYKHOCTb.

IIpeamer wuccaenoBanusi. I[locTpoeHMe pPaBHOMEPHBIX ACUMIOTOTHYECKUX
pasyioKeHUl pelleHnit KpaeBbix 3agad  [Jupuxne, Helimana u PobGena mpu
CTPEMJICHUN MaJIOr0 MapaMmeTpa € K HYJIIO.

Hear paGotbl. [locTpoeHHMEe acCUMITOTMKU pEUIEHUS KpaeBbIX 3a1ay Juist
OMCHHTYJISIPHO BO3MYIIEHHBIX JTUHEHHBIX YPABHEHHM SJUTUITHUECKOTO THIIA.

MeToabl ucc/ie0BAHUS W anmapaTrypa: METOJ MaJioro mapamerpa, METOL
MOTPAaHUYHBIX (DYHKIMI, O0OOOIIEHHBI METOJ] TOTPaHUYHBIX (YHKIMMA, MPUHIIUI
MakcuMyMma, MeToJ Tu(dhepeHIuaIbHbIX HEPABEHCTB.

IlosyyenHble pe3yJbTarbl W WX HOBH3HA. IlocTpoeHO paBHOMEpHOE
ACUMIITOTUYECKOE PpA3JIOKEHUE pelieHus 3agauu  Jupuxnie, B cliydae, Koriaa
MOTEHIIUAJ ypaBHEeHUS He AudPepeHImpyema Ha TpaHuIle KOJbIIa.

[TocTpoeHbl paBHOMEpPHBIE ACHUMIITOTUYECKHE pA3J0KEHHUS KpPAEBBbIX 3a]ad
HNupuxine, Heiimana u PoOena, B ciydyae, Korjga mpejieibHas 3ajada HMeeT
PETYISIPHYIO 0COOYIO OKPYKHOCTb.

CreneHb MCNOJH30BAHUS WM PEKOMEHAALMHU MO HUCHOJb30BAHUI). XOTS
paboTa SBIAETCS TEOPETUUECKON, €€ Pe3yabTaThl MOTYT OBITh IPUMEHEHBI B TCOPHUH
BO3MYIIICHUH, THAPOJUHAMUKE, a3POIMHAMUKE U B APYTUX OTPACISAX HAYKH.

O6sacty npumenenus. [logoOHbIE 3a7aun BCTpEYAIOTCS B THIIPOJIUHAMUKE,
du3uKe, a’poAMHAMUKE, OKEAHOJOTHUH, ACTPOHOMHH W Jp. O0JacTsIX HayKd U
TEXHUKHU.
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SUMMARY

Orozov Maksatbek Omurbekovich Dissertation «Asymptotics of the solution of
bisingularly perturbed boundary value problems for linear equations of elliptic
type» for the scientific degree of candidate of physical-mathematical sciences
(specialty 01.01.02 — differential equations, dynamical systems and optimal control)

Key words: small parameter, asymptotic series, singularly perturbed problem,
bisingular problem, regularly singular circle, Dirichlet problem, Robin problem,
Neumann problem.

Object of research. 1) The Dirichlet problem in a ring for a bisingularly
perturbed linear inhomogeneous partial differential equation of second order elliptic
type in two variables. 2) Problems of Dirichlet, Neumann and Robin in a ring for a
bisingularly perturbed linear inhomogeneous partial differential equation of second
order elliptic type in two variables, when the corresponding unperturbed problem has
a regularly singular circle.

Subject of study. Construction of uniform asymptotic expansions of solutions
of the Dirichlet, Neumann and Robin boundary value problems as the small
parameter ¢ tends to zero.

Purpose of work. Construction of the asymptotics of the solution of boundary
value problems for bisingularly perturbed linear equations of elliptic type.

Research methods and equipment: small parameter method, boundary
function method, generalized boundary function method, maximum principle,
differential inequality method.

The results obtained and their novelty. A uniform asymptotic expansion of
the solution to the Dirichlet problem is constructed in the case when the potential of
the equation is not differentiable on the boundary of the ring.

Uniform asymptotic expansions of the Dirichlet, Neumann and Robin
boundary value problems are constructed in the case when the limit problem has a
regularly singular circle.

Degree of use or recommendations for use. Although the work is theoretical,
its 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.
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MEPEYEHD YCJOBHBIX OBO3HAYEHUIA, CHMBO.IOB,
EJUHUILL, TEPMUHOB, COKPAIIIEHMIA

e N, Z, R — MHOXeCTBO HaTypalbHbIX, LEJIbIX U JEUCTBUTEIbHBIX YHCEII,
COOTBETCTBEHHO

No=Nu{0}.

YV — KBaHTOp 00001IEeHNUS.

3 — KBaHTOp CyLIECTBOBAHUS.

€ — CIPUHAITICKUT.

~ — «OKBUBAJICHTHBIN.

= — «cheayeT».

C*(D) — — MHOXeCTBO OeCKOHEUHO quddepeHIpyeMbix GyHKui B oonactu D.
0<e<<1 — mansbIil mapamerp,

0< A, U — Takue ke mapaMeTpbl, CBSI3aHHBIE C €.

2 2
0 10 10 .
¢ A=——+——+——— —omneparop Jlamnaca B noJsIpHOI cUCTEME KOOPAUHAT.

O, 0 — cUMBOJIBI CpaBHEHHUS Ui Jlanaay.
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