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OBIIIAA XAPAKTEPUCTUKA PABOTbI

JluccepranonHass paboTa IMOCBAIIEHA Pa3BUTHIO OOOOIIEHHOTO METO/aa TIO-
rpaHngHbIX QyHKIHNA podeccopa K. ANBIMKYIIOBA U IIOCTPOSHUIO TIOJHBIX, PaBHO-
MEPHBIX aCUMITOTHYCCKUX PA3IOKCHHA OMCHHTYJIAPHBIX 3aaad Jlupuxie s KoJib-

1a.

AKTyaJbHOCTb TeMbl. J[uddepeniuansubie ypaBHeHUs (0OBIKHOBEHHBIC WU
B YaCTHBIX IPOU3BOJHBIX) C MaJbIM MTAPaMETPOM IPHU CTAPUIEH MPOU3BOJHON HA3bI-
BAaIOT CHHIYJIIPHO BO3MYIIEHHBIMH. BO MHOIrMX OOJacTSAX HAYKH CJIOKHBIE 3aJa4M
OTIHCHIBAIOTCS CHUHTYJISIPHO BO3MYIIEHHBIMH AU PEpeHIINaTbHBIMU YPaBHEHUSAMHU.
HccnenoBanusi CUHTYIISIPHO BO3MYIICHHBIX AU(PepeHInanbHbIX YpaBHEHU COCTaB-
JSFOT CAMOCTOSITENIBHYO 00JIaCTh MaTEMATUKH, MPEACTABISAIONLYI0 TEOPETUYECKUNA 1
MIPUKJIATHOM MHTEPEC. B HEW pemaroTcs cepbe3HbIE BBIYMCIUTEIbHBIE 3aa4l, UME-
OILME BAKHBIE MPAKTUYECKUE TIPUIIOKECHUS.

HccnenoBaHue CUHTYJISIPHO BO3MYILEHHBIX 3a/1a4 ¢(hOPMHUPOBAIOCH HA OCHOBE
¢ynnamenTanbHbIX paboT A.H.TuxoHOoBa u pa3BuBaeTcs B paboTax €ro y4eHUKOB U
MHOTMX JPYI'MX YYEHBIX.

Bwmecre ¢ Tem, npobiema nocTpOeHUs MOJHBIX aCUMITOTUYECKUX Pa3I0KEHUN
pPELICHUI 11 HEKOTOPBIX KJIACCOB CHUHTYJISIPHO BO3MYILEHHBIX 33Ja4 J0 CHX IOp
ocTaeTcsl aKkTyanpHOI. Hampumep, GMCHHTY/ISpHBIC 3a7a4u’, B KOTOPBIX OJHA OCO-
OEHHOCTH CBA3aHA C CUHTYJISIPHOW 3aBUCUMOCTBIO PEHIEHUSI OT MaJIOro MapaMmerpa, a
Apyrasi — ¢ He TJIaJKOCThIO YJIEHOB aCUMITOTHKM BHEIIHETO PA3JIOKEHUS PEIICHMUS,
T.€. «BBIPOXKJCHHAs» (MpeaenbHas) 3aja4a, COOTBETCTBYIOIIAsI UCXOJIHOM paccMart-
pUBaeMoOil CUHTYJIIPHOM 3aja4e, cama 00J1aJlaeT CUHTYJISIPHOCTBIO.

Crnydau, B KOTOPbIX OMCHHTYJISIDHBIE 33[]Ja4l UMEIOT SIBHbIEC PEIICHMs], KpailHe
peaxu. Jaxxe AJi1 COBpPEMEHHBIX KOMIBIOTEPOB 3ajaya ONpPENeTuTh MOBEACHUE pe-
LIEHUS B IOTPAHUYHBIX (BHYTPEHHUX) CIIOSIX, IPU JOCTATOYHO MaJIbIX 3HAYEHUSX Ma-
pamerpa, — BECbMa TpyJl0€MKasl 3aja4a. Ba)kHbIM MHCTPYMEHTOM IIPU UCCIEA0BAHUU
MOBEICHUHN peleHNI OUCHHTYJISIPHBIX 3a/1a4 SIBJISIFOTCS] aCUMITTOTHYECKHE MeToibl. B
CBSI3M C 3TUM B HACTOSAIIEE BPeMsl HHTEHCUBHO pa3padaThIBAIOTCS pa3IUYHbIe aCUMII-
TOTUYECKUE METOJIBI.

Hayunas mkona npodeccopa, uien-kopp. HAH KP Kengubas AnsimkynoBa
HECKOJIBKO JIET 3aHUMAETCs UCCIIeIOBaHUEM OUCHUHTYIISIpHBIX 3a1a4. OCHOBHOM 3aj1a-
Yyeil uccieoBaHusl SBJSETCS NOCTPOEHUE MOJTHBIX, PABHOMEPHBIX ACUMITOTHYECKUX
Pa3NoKEHUI pelieHnid OUCUHTYJIAPHBIX 3a1a4. [ pelmeHuss OCHOBHOM 3a/1auu Mmpo-
¢deccopom K. ATBIMKYJIOBBIM pa3paOoTaHbl METOJA CTPYKTYPHOI'O CpalllMBaHMS,
000011IeHHbIH MeTOJl YHU(OpMU3aMK U 000OIIEHHBIH METOJl MOTPAaHUYHBIX (PYHK-
.

B nanno#i pabote mosiHbie, paBHOMEPHbIE ACUMITOTUYECKHUE PA3JIOKEHUS pe-
et 3agau Jlupuxiie s Koyiblia CTPOSITCST 0000IIEHHBIM METOIOM MOTPaHUYHBIX

! Unmeun A M. CornacoBaHue aCHMIITOTHYECKUX Pa3JIOKEHHH KpaeBhIX 3a1a4. — M.: Hayka. — 1989.
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bynkuwmii mpodeccopa K. ATbIMKyIT0Ba, Tak KaK HEBO3MOXKHO HANIPSIMYIO MTPUMEHSTh
KJIACCUUECKUIM METOJ] morpaHuyHbIX (QyHkumii Bumumka-JIroctepHuka-BacuibeBoii-
Nmananuesa, B cBA3u ¢ HapyumeHueM ycinoBun A.H. TuxonoBa. [Ins oueHku ocra-
TOYHBIX YJIEHOB ACUMIITOTUYECKUX PSAOB IMPUMEHSIOTCS KIIACCUYECKUW HPUHIUIL
MaKCUMyMa U MeTo IupepeHInaIbHbIX HEPABEHCTB.

Panee 3amaua Jlupuxiie i1 OMCHUHTYJISIPHO BO3MYILEHHBIX JIUTUITHYECKUX
YPAaBHEHHI B KOJIbLIE C CHUHTYJIIPHBIMH TPAHULAMU WU CHUHTYJSIPBIMU JIMHUSMHU
BHYTPH KOJIbLIA HE U3YYAIHCH.

CBsi3b TeMbI JMCCEPTAIMM € TOCYJapPCTBEHHBIMH Mporpammamu. Pabota
BBITIOJIHAJIACHh B paMKaxX HAy4HbBIX MPOEKTOB Mo MHCTUTYTY dyHIaMEHTAIbHBIX U
NPUKIIAIHBIX UccaeaoBanuu rpu Oml'Y no remam:

1) «3ydyenune maTeMaTH4ECKUX MOJIEICH TUIPO - adpOAMHAMUKH, XUMUYECKON
KUHETHUKH, TEII0-MAacCOOOMEHa U IPYTUX SBJICHUM NpUpob» Ne roc. perucTparuu
0005721, 20.04.2012 r.

2) «MareMaTuyeckue 3a7auu TUAPO- adPOJUHAMUKHI U JAPYTUX SBICHUN MPHU-
poas», noroBop ¢ MOH KP YH 28/13 ot 28.03.2013 r.

3) «MeTtoa CTpYKTYpPHOIO CpaliuBaHusi U OOOOIICHHBINM MeToa MorpaHpyHK-
iy, morosop ¢ MOH KP YH Ne OH - 2/14  27.01.2014 t.

Heap auccepranmoHHON padoThI.

1) Pa3zButh 0000IIEHHBI METOA IOrpaHUYHBIX (YHKIUH 1podeccopa
K. AnpiMKyIiOBa JiJ1s1 TOCTPOEHUS TOJTHBIX, PABHOMEPHBIX ACUMITOTUYECKHUX Pa3lio-
KEHUM pellleHud OUCUHTYJISIPHBIX 3a7a4 J{upuxiie 11t KoJiblia.

2) OGOCHOBATh MOJTYYCHHBIC ACUMIITOTUYECKHAE PA3JI0KCHUS PEIICHUN OMCHH-
TYJSIPHBIX 3a7a4 Jupuxiie g Koybla ¢ MOMOIIBIO MPUHIIMIIA MAKCUMyMa U METO/1a
G depeHIranbHbIX HEPABEHCTB.

HayuyHast HOBHU3HA.

1) Jloka3aHbl CYIIECTBOBAaHHE M CIMHCTBEHHOCTH PEICHHS OWUCHHTYISPHOM
3amauu Jupuxie mis Koybla.

2) IlocTpoeHb! 1 00OCHOBAHBI MOJIHBIC, PABHOMEPHBIEC ACUMIITOTUYECCKHUE Pa3-
JIO’KEHUSI pelIeHUN OMCUHTYIISIPHBIX 3a1a4 Jupuxiie s Koibla, Korjaa 0COOEHHOCTh
MOSIBJISIETCS HA TPAaHUIIE, OTHOBPEMEHHO Ha 00€UX I'paHuLaX, BHYTPH, OJTHOBPEMEHHO
Ha 00€UX IpaHulax U BHYTPHU KOJIbIA.

3) OGocHOBaHME JOCTOBEPHOCTH ACHMIITOTUYECKHUX PAa3JIOKCHUH pEIICHUH,
T.€. OLEHKH OCTaTOYHBIX (PYHKUHUM, MOJYUYEHBI C MOMOIIbIO MPUHLIUIIA MAKCUMyMa U
MeToA0M U PepeHInanbHbIX HEPABEHCTB.

JlocTOBEpHOCTh U 000CHOBAHHOCTH TOJYYEHHBIX Pe3yJbTaTOB oOecreunBa-
€TCSl KOPPEKTHOM NOCTAaHOBKOW 3aJauM, NMPUMEHEHHEM CTPOTHX MaTE€MaTHYECKHX
METO/IOB, MMOJIHBIMA MAaTEMAaTUYECKUMHU J10KA3aTEIbCTBAMH.

OcCHOBHBIE M0JI0KEHUS], BBIHOCUMbIE HA 3ALIUTY

[Toctpoenne u 000CHOBaHWE PABHOMEPHBIX ACUMITOTHUECKHX Pa3IOKCHHIM
peleHni OMCUHTYISIPHBIX 3a1a4 Jlupuxie s Koyblia, ¢ JIF0OOW CTEeTeHbI0 TOYHO-
CTH, KOTJIa PEIIEHUE MPEACIBHOIO YPABHEHHS UMEET CUHTYJISIPHOCTH:
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- Ha rpaHule (JTMHEHHBIA, KBaIPpaTUYHBIA U TPOU3BOJIbHBIN HATYypaJbHOTO IM0-
pSZIKa POCT CUHTYJIIPHOCTH Ha TpaHUIIE);

- OJTHOBPEMEHHO Ha 00euX rpaHunax (JIMHCHHBIN, IMHEHHBIN U KBaApaTUYHBIH,
KBaIPATUYHBINA POCT CUHTYJIIPHOCTH Ha 00EUX rpaHuIax);

- BHYTpH (KBaJpaTHUYHbI POCT U MPOU3BOJIBHBIN POCT YETHOTO HATYPaJIbHOTO
HOPSIIKA CHHTYJIIPHOCTH BHYTPH KOJIBIIA);

- OJTHOBPEMEHHO Ha 00euX rpaHullaX M BHYTPHU KOJbla (HAa TpaHULIAX JHUHEH-
HBII, @ BHYTPH KOJIbLIA KBaIPATHYHBIN POCT CUHTYJISIPHOCTH).

Metoauka ucciaenoBanus. [Ipu noctpoernn HopMabHBIX, TIOJHBIX, PABHO-
MEPHBIX ACUMIITOTUYECKUX Pa3JI0KEHUN pelieHni OMCUHTYISApHBIX 3a1a4 Jupuxie
JUTSL KOJIbLIa UCIIOJIb3YIOTCSl 000OIIEHHBIN METO/ MOTpaHYHbIX (PYHKIMI npodecco-
pa K. ATbIMKYJIOBa, KJIIACCHYECKHI METO]I MOTPAHUYHBIX (DYHKIIMA U METOJ| Majoro
napameTtpa. Jns o6ocHOBaHMS (OpMaATBHBIX aCUMITOTUYECKHUX PA3JIOKEHUHN perie-
HUM 3a7a4 [{upuxie npuMeHsIIOTCs MPUHIIMIT MaKCUMyMa U MeTol1 AuddepeHIuanb-
HBIX HEPABEHCTB. TaKkke UCIOIb3yeTCs] METOJ MAaTEMAaTUUECKON MHIAYKIIAH.

Teopernyeckass M NpakTH4YecKash LEHHOCTb. 3aJayd, PacCCMOTPEHHbIE B
JIMCCEPTAIIMOHHON paboTe MPEACTaBISIOT TEOPETUUSCKUI U MPAKTHUECKUN HUHTEpEC
TaK KaK [0 MHOTOYMCIEHHOCTH M Pa3HOOOpa3nio MPIIOKEHUHN 3afada Jupuxmie mis
AIUTUNTUYECKUX YPAaBHEHUH C MaJbIM MapamMeTpoM IpU CTAPIIMX MPOU3BOJHBIX 3a-
HUMAET MCKIIIOUUTENbHOE MecTO B MaTemaTtuke. K Hell HemocpeACTBEHHO CBOJSATCS:
OCHOBHAs 3a0aya 8 2UOPOOUHAMUKe — 3a]jada O0TeKaHUs; 3a/1a4d Kpy4eHUsI U U3ruoda
8 meopuu ynpy2ocmu; 6 ¢husuke — ONPEICICHUE TeMIepaTypbl BHYTPU IUIACTUHKU
[P U3BECTHBIX €€ 3HAUEHUSAX Ha KOHTYpE, OTEHIMalIa yCTaHOBUBIIETOCS IBUKEHUS
HEC)KMMAEeMOH JKUJKOCTH, JIEKTPOMArHUTHOTO W MarHUTHOTO MOTEHIIMAaJa, OThICKa-
HUE TEMIIEpaTyphl TEIJIOBOTO TOJS WM MOTEHIMANA SJICKTPOCTATHUECKOTO TMOMs B
HEKOTOpPOM 00JIaCTH NPH 33JJaHHOM TeMIlepaType WM MOTEHLMala Ha TpaHule o0a-
CTH U Jp.

[TocTpoeHue MOMHBIX, PABHOMEPHBIX ACUMITOTHYECKUX PA3JIOKEHUN PEIICHUN
OMCHHTYJISIPHBIX 3a/1a4 110 CTEMEHSIM MaJIOro MapaMeTpa UMEET 8eCcbMda 8ANCHOE 3HA-
YeHus 0Nl peueHus NPaKmu4ecKux 3a0ay Mamemamuideckou meopuu nocpanuiHo2o
CllOAL.

AnpobGanust padoTsl. Pe3ynbratel paboThl JOKIAABIBAIUCH HA MEXIYHAPOI-
HBIX HAy4yHBIX KOH(pepeHUUsX "AKTyaJbHble BOIPOCHI COBPEMEHHBIX MaTeMaTH4e-
CkUX M ectecTBeHHbIX Hayk" (T. EkatepunOypr —2015), «llepcniektuBbl pa3BUTHSA
dbynaamenTanbHbIX Hayk» (T. Tomck — 2015), «AkTyanbHble TpoOiIeMbl MAaTEMATUKU
Y MAaTeMaTUYECKOTO MOJEIMPOBAHMS» MOCBAIIEHHONW S0-netuto co3nanuss MHcTHUTy-
ta MmatemMaThku U Mexanuku AH Ka3CCP (r. Anmater — 2015), «CriekrpaibHbie 3a-
Jlayy, HEJIMHEWHBIM U KOMIUIEKCHBIM aHaIU3». ballKUpCKUN rocyaapCTBEHHbBINA YHU-
Bepcuret (. Yda — 2015), «Ponp Hayku ¥ 00pa30BaHUS B COBPEMEHHBIX YCIOBHSIX
rnobanu3anumy (r. Om — 2015). Ob6cyxnanuch Ha HAYYHBIX CEMHHapax MaTeMaTu-
koB IOxHoro pernona Keipreizcrana noja pykosojctsom uieH kopp. HAH KP, npo-
deccopa K. AnpiMkymoBa.



Iy6aukanuu mo TemMe auccepramuu. [To Teme nuccepraiyy OMyOIMKOBAHBI
monorpadus [1], 17 crareii [2]-[18] u 2 te3uca [19], [20]. 13 Hux 6 cTarbu omy0.u-
KOBaHbl B HAYYHBIX PEICH3MPYEMBIX, MEPUOTUUCCKAX MATEMATHUECKUX KypHaax
P® (PUHLI), o6mmm ummakt dpakropom B PUHIIe 1,574,

JInuHblii BKJIAJ aBTOpPa B COBMeCTHBIX padoTax. B coBMecTHBIX paboTax ¢
JI.A. TypCyHOBBIM, ITOCTAHOBKA 33/J1a4¥ NPHUHAJIEKUT HAYYHOMY PYKOBOIUTENIO, a
J0Ka3aTeNbCTBO TEOPEM, POPMYITUPOBKA PE3YJIETATOB — JUCCEPTAHTY.

CTpykTypa, 00beM U KpaTKoe cojlep:kaHue auccepranuu. {uccepramus co-
CTOUT W3 MEPEUHsl YCIOBHBIX 0003HAYCHMIA, BBEICHUS, YCTHIPEX IJIaB, pa3OUTHIX Ha
14 maparpacdoB, BEIBOJAOB U JIUTEpATyphl U3 /5 HaUMEHOBaHUN. PaboTa U310keHa Ha
118 crpanunax MalMHOMUCHOTO TEKCTA.

OCHOBHOE COIEPKAHUE PABOTbI

IIEPEYEHbB YCJIOBHBIX OBO3HAYEHMIA
o ODOAPP — dhopmanbHOE aCUMIITOTHYECKOE PA3JIOKEHUE PEIICHUS.
e N, R — MHOXeCTBa HaTypaJIbHbIX U JEHCTBUTEIBHBIX YUCEI COOTBETCTBEHHO,
NOZNU{O}
e C*(D) — muoxecTBO GeckoHeuHO Au(depeHIpyeMbIx GyHKImi B obnactu D.
o (<g — maiblii mapameTp, A, [l — TaKHe K€ MapaMeTphl, CBI3aHHBIC C €.

2 2
0 10 10 .
e A=——+——+———- — oneparop Jlanaca B NOJSIPHOW CHUCTEME KOOPJIH-

3 p2 0 dp p2 8(p2
HaT.
e O, o — cumBoJIbI IopsJika (Jlangay).
o D={(p,p)| a<p<b, 0<p<27}, D.={(1,0)| 0<t<+00, 0<@<27}, 0<a<b — const.

. f(p0.8)= 3 (p.), ilp.p)eC(D).
k=0

o0

[ ) E; :{Wk_n('f,(p)| Wk_necoo(DT), W(n+2)(k—1)+s ('C,(P) — Z
j=1

Win+2)(k—1)+s,(n+2) j—s (©)
1:(n+2) j—s !

T—>+00, 5=0,1,...,n+1, ke No, Wy(t,)=0 mpu p<-n}.

Bo BBeaeHun o00CHOBaHA aKTyaJIbHOCTh TEMBI JHUCCEPTALMH, CHOPMYIHPO-
BaHa IIeJIb 1 OTMECUYCHA Hay4yHas HOBHU3HA pabOThI, a TAK)KE KPAaTKO M3JIOKEHO COJIep-
YKaHUE TJIaB.

IlepBasi r1aBa nuccepTaliii COCTOMT M3 AByX maparpados. B § 1.1 gaercs
KpaTKuii 0030p IuTepaTypsl mo Teme auccepranuu. B § 1.2 mpuBoasTcs obmas mo-
CTaHOBKA 3aJ1a4ydl M OCHOBHBIC TeOopeMbl. OTMEUEHO, YTO HEOAHOPOHBIC TPAHUYIHBIC
ycnoBus U(a,0,e)=y1(@,g), u(b,p,e)=y,(0,e), c moMoInpo npeodpa3oBaHus

u(p,9,&)=v(p,9,e)+(w2(e,e)(p-a)+wi(e,e)(b-p))/(b-a)
BCEI/Ia MOYKHO MPHUBECTH K oHOpoaHbIM V(a,9,£)=0, v(b,p,6)=0. ITosTomy, He Hapy-
mas OOIIHOCTH, B JUCCEPTAMM M3Y4YalINCh 3aJaun J{upuxiie ¢ OQHOPOIHBIMHU Tpa-
HUYHBIMH YCIOBHUSIMU. JlOKa3aHbI TEOPEMBI
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Teopema 1. Pemenue 3agaun upuxmne
eAU(p,¢,&)-P(p,@)u(p.¢.6)=f(p,¢.€), (p.0) €D, 1)
u(a,e,e)=0, u(b,p,e)=0, (2)
CYIIECTBYET, €AMHCTBEHHO U CIPaBeUIMBO oleHKa |U(p,p,e)|<Mle, tae (p,p)e(D):
P(p,9)=0, peC*(D ), 0<M — const.
Teopema nokazana metogoM nudepeHnnanTbLHbIX HEPAaBEHCTB.

Teopema 2. Jl;1s pemenus 3agaun Jupuxie
eAR(p,9.)-P(p.9)R(p,0,8)=c""D(p,9.€), (p,)€D,
R(a,¢,e)=¢""®1(p,c), R(b,0,e)=""Dy(¢,¢).

cIpaBeUIMBa acUMITOTHYEcKas oneHka |R(p,¢,g)|<e’M, e—0, (p,p)e D,
rae (p,9)€ D 1 p(p,9)=0, peC*(D ), @(p,,£)=0(1), @1 2(¢,£)=0(1), 0, (p,p)e D .

Teopema mokazana AByMs criocobamu: MetoaoM auddepeHnraIbHBIX Hepa-
BCHCTB U IIPUHIMIIOM MaKCUMyMa.

Cdopwynuposana obwas nocmanogka 3aoaqu: TpeOyeTCsl MOCTPOUTH MOJIHOE,
pPaBHOMEPHOE aCHMIITOTHUECKOE pasjiokeHue perneHus 3aaaun Jupuxie (1), (2) npu
e—0.

Jloka3aHbl JIEMMBI

Jdemma 1. Iycts F(1)®(9)eC”(D,), q(¢)>0, p<[0,2n] . Toraa 3anaua

o%z(x,
L0 gg)(s.0)= F()0(o). (0)<D, 2000)-200),
T
umeeT equHcTBeHHOe pemenue Z(t,¢0)eC(D.) B kmacce QyHKuMH, pacTymmux He
OBICTpee KaKOU-TMOO CTENEHHU T, KOrJa T—>+00.

Jemma 2. Ilycte 0<qeC”[0,2n] u ¢ynkumn p;eC”(D,) pasmararorcs B

ACHMITTOTUYECKHE PSI/IbI

< pj,(n+2)k+j((P)

pj(r’(p):rn_lz (2K ] , j:(), I,...,n+1, t—>+oo,
k=0 T
Torga B o0nacTu ﬁr CYLIECTBYIOT PELICHUS YPABHEHUM
aZW_ (T! (P) ~
2;—2 —1"q(Q)W; (1,9) = P; (1, ¢), T>+o0, (3)
T
KOTOpPBIE Pa3jiararoTcsi B ACUMITOTHYECKUE PSJIbI
~ 12 Wj,(n+2)k+j((P) .
WJ (T,(P) - ;kz_lo T(n+2)k+] y J:O, 1,. .oy n+1, T_)+w. (4)

[Tpu sToM psizel (4) MHOTOKpPATHO MOWIEHHO TU(M(PEPEHIIMPYEMBI, U OHU SIB-
JISIFOTCSI ACUMIITOTHUECKUMH Pa3IoKEHUAMH peIIeHui ypaBHeHuH (3).

Bropasi riiaBa mocBsiiieHa MOCTPOEHUIO ACUMITOTHYECKOTO PA3JI0KEHUS pe-
menus 3amaun (1), (2) ¢ omHo#t cuHrynspHoit rpanunei. B § 2.1 chopmynupoBana
MMOCTAaHOBKA 3a7auu — TPeOyeTcs MOCTPOUTH MOJHOE, PABHOMEPHOE aCHMITTOTHYE-
CKOe€ pazyioxeHue pemenus 3agaun Jupuxie (1), (2) npu ycinosuu

Us. p(p.9)=(p-a)"a(p,0), (p.9)€ D : & (p.9)>0, neN, f(a,¢,0)0.
®APP 3anauu (1), (2) c ycnosuem U; uiiercs B Buze
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u(p,,e)=V(p,0,e)+*W(1,0,)+Q(n,p,A), (5)

—+00
re V(p,¢,€) = D, gkvk (p, @) — perynsipHOE BHEITHEE PEIICHNE,
k=0

+00
W(t,o,pn)= > ukwk (t,¢) — morpancnoiiHas GyHKIUS B OKPECTHOCTH BHYTPCH-
k=—n

+00
Heil rparuubl Kombua, 1=(p—a)/u, e=p"™%, Q(n, @A) = Zkqu (n, ®)— xmaccudeckas
k=0
rnorpaHHYHast QYHKIHS B OKPECTHOCTH BHEITHEH rpaHuIsl Kombia, N=(b—p)/A, e=A%
U3 yenosus (2) cenyer: W(0,9,11)= —V(a,0,1™?), Q(0,¢,A)=w(p,1?),
rac W((pikz)z_v(bv(pi}\‘z) - W((b_a)/l«l,(P,H): W((P#C;): Z € J‘*l"j ((p) '
j=0
[Tocne moacTaHOBKM COOTHOIIEHUE (D) B ypaBHeHUE (1), moayunThes
eAV(p,0,e)~(p-a)"ap.0)V(p.0.6)=f(p.0.€)-h(p.9.€), (P.0) €D,
; azw+ poow n? oW
o> a+tu ot (a+1tu)? o¢?
=hla+no.n"?) (ng)eD,,
°Q A 0Q 2 9°Q n
- + =(c-m1) a(b-ni,@)Q, (n.@)eDy,
on? b-mion  (b-mr)? 69> ( ) !

riae c=b-a, W=W(t,p,u1), Q=Q(n,o,7L).
[To wumee MeToga, BBEAEH BCIOMOIAaTEIbHBIM ACHMMITOTHUYECKHH P

w —rnoc(a+rp,(p)W]:

h(p,(p, g)= ZSth (p,(p). OTOT aCUMIITOTUYECKUN PsJ KOHKPETU3UPYETCS MPU T0-
k=0

CTPOEHHUM PETYJSIPHOTO BHEIIHETO PELICHUS U MOTPAHCIOMHOTO PELICHUS B OKPECT-

HOCTHU p:a. C IMIOMOIIBIO ACUMIITOTHYICCKOI'O psAda
(n+2)k+n

stkhk (p.9)= kZ " th,j (P)(p- a)), rae hy,j (@) =— Zas+j (@W(n2)k—s,s (P)
—0 0 j=0 s=1

HapacTaroIlue CUHTYIAPHOCTH BHEIHero pemieHus V(p,(,e) BHOCATCS B BHYTPEHHEES
pemrenue W(t,o,u).

Knaccuyeckoe mnorpancioitnoe pemienne Q(n,@,A) ycTpaHseT HEBSI3Ky Ha
BHEIIIHEH TPaHMIIbI KOJIbIlA, T.C. MPU P=D M 3KCMOHEHIUAIBHO YOBIBACT BHE MOrpa-
HUYHOTO CJI0s, a morpancioiHoe pemenue W(T,p,1) yCTpaHsSeT HEBS3KY Ha BHYT-
pEHHEH TpaHMIIbl KOJIbIIA, T.C. IPU P=a U CTETIICHHBIM POCTOM yOBIBa€T BHE IOTpa-
HUYHOTO CJIOSI.

B § 2.2 noka3eiBaeTcs

Teopema 3. Ilycth BoinonnHsiercst ycnoBue U; u n=1. Torma nns pemeHus 3a-
nauu (1), (2) cipaBeiJIMBO AaCUMIITOTUYECKOE PA3IIOKEHUE

U(p,p,8)= igkvk (p,0)+ :f;v e qy (n, @)+ k+§3v ey (1,0), e-0,
= = -1
-8-



rae ieC*(D), weEf, qeC™(Dy), =(p-a)/¥e, n=(b-p)/Ve, an,e)=0(1/e")
pu nN—>+0, ke Np.
[Mpusenen npumep 1, xorna n=1, a(p,p)=1, f(p,p,e)=1+pe, a=1, b=2.
JlokazaHo, 4TO JIJIsI pemeHI/m npumepa 1 cripaBesTMBO Pa3ioKeHIe

- [ .k 3k
U(p(pS) _(P+Z qk( \/— l(Pj-i_ Z Wk(%/— a(pj O
k=-1
B § 2.3 metonuka, pa3pa60TaHHaﬂ B §2.2, o6o0mraeTcs Ha cirydait N=2. Jlokazana
Teopema 4. ITycts BeimonHsiercs ycnoBue U; u n=2. Torga ansa penieHus 3a-

nauu Jupuxie (1), (2) CIIPABEJIMBO ACUMIITOTUYECKOE PA3JIOKECHHUE

u(p.¢.e)= Zs Vi(p.@)+ quk (n.0) kZ;/»Wk 1,0), £-0,
rae veC*(D ), wee E;, qeC”(Dy), T:(P—a)/4 g, n=(b-p)/ e, G(n,9)=0(1/e"), n—>+c.
[MpuBenen npumep 2. Ilyctb B 3amaue dupumxine (1), (2) n=2, a(p,p)=1,
f(p.9,€)=1+pcos(p), a=1, b=2. Torma ho(p,p)=1+cos(p)+(p-1)cos(e), hi(p,p)=0,
keN, vi(p,9)=0, ke No.
JlokaszaHo, 4TO JAJIs pEIICHHUs MpUMepa 2 CIPABEIINBO PA3I0KEHUE

u(p,¢,e)= Z\/»%ﬂ(l) erkr@ e—0.

B§24 0606HIaIOTC$I pe3yNbTaThl § 2.2 U § 2.3 na V neN. Jloka3zaHa
Teopema 5. Ilyctp BbimosHsieTcst ycaoBue U;. Torma juist pemieHus 3aaaduu
JHupuxne (1), (2) cnpasennuso acumnrotHdeckoe pasnoxkenue (5), rae VgeC”(D),

wie E;, 0keC*(D,y), r=(p—a)/”+x2/g : n=(b—p)/\/g, ak(n,@)=0(1/e") mpu n—>+co.

Ipusenen npumep 3. Ilycts B 3amaue (1), (2) n=3, a(p,9)=1, f(p,p,e)=1+p°,

a=1, b=2. Torma ho(p,9)=2+3(p—1)+3(p-1)*, Vo(p,®)=1, hi(p,®)=0, Vi(p,@)=0, keN.
JlokazaHo, 4TO [T PEIICHUS MpUMepa 3 CIPaBeJIBO PA3JIOKCHHE

u(p,e,e)= l+zqun¢ erkr@ e—0.

3ameuanue. AHanoquHo UCCIIEAYETCS TOT CIIy4aid, KOT/a BHEIIHUE PEUICHHUS
MMEIOT HapacTawIlrue 0COOCHHOCTH Ha BHEIIHEH rpaHMIIe KOJbla, T.€. 3a1a4da Jupu-
XJI€ TSl ypaBHEHHUSI

eAu(p,¢,e)—(0—p) " alp.p)u(p.¢.6)=f(p,¢.€), (p.,9)eD.

I'maBa 3 nocBsineHa NOCTPOECHUIO ACUMIITOTUYECKOTO PA3JI0KEHUS PEIICHUS
3agaun Jupuxie (1), (2) ¢ BHyTpeHHUMH U BHEIIHUMH CUHTYJISIPHBIMU TpaHHIAMHU.
B § 3.1 chopmynupoBaHa noctaHOBKa 3aja4l — TPEOYETCsl MOCTPOUTD TMOJTHOE, PaB-
HOMEPHOE aCHUMNTOTUYECKOE pasziokeHue pemeHus 3aaauu dupuxiae (1), (2) npu
YCIIOBUH

U,. p(p,e)=(b—p)"(p-a)", n, meN, f(a,p,0)=0, f(b,p,0)=0.

B § 3.2 uccnenyercs ciyqait n=1, m=1.

®APP 3anauu (1), (2) c ycnoBuem U, uiiercst B BUje

u(p,9,e)=V(p,,e)+*W(t,0,1)+Q(n,e,u), (6)
-9.-



e V(p,g.e)=Ye'v(po), Wron)=Duw(te), w=(b-pln e’
k=0 k=-1

Qm o.p)= ki u g (), n=(p-a)/p.
—1

U3 yenosuii (2) caemyer, ato W(0,¢,1)= —V(b,¢,1%), Q(0,0,1)= —V(a,¢,1%).
[ToncraBinsst cootHomeHue (6) B ypapHenue (1) mpu n=m=1, mosy4arorcs

eAV(p,9,e)—(b—p)(p-a)V(p,p.e)=f(p,p,e)-h(p,p.€), (p.p)eD,
oW p AW nw? oW
- + —-tC—71 =
L{ o bt ot (b-t)® 2097 (o=
~tylb-t0.u°) (r,9)eD,,

6°Q  n Q. u* a%Q ]

W+ + -nlc—muQ | =

(anz a+nu o (a+nu)® dp
=hz(a+nu,<p,u3) (n@)eD,,
rac C:b_a’ W:W(T,(p,u), QzQ(n,(P’H)

3IIGCI) TOZKC BBCACHBI BCIIOMOT'aTCIIbHBIC ACUMIITOTUYCCKUC PAAbI

h(p,,e)=hy(p. 9. &)+ hy(p,@.€). hj(p.¢.8)= éﬁkhj,k(p,cp)-

OHM OIPEIEIIAIOTCS MPH MOCTPOCHUU PETYJIAPHOTO BHelIHero pemieHus V(p,p,e) u
norpanndHbIxX GyHKImi W(t,@,u), Q=Q(n,¢,t) Tak YTOOBI BBIMOIHSIIACH YCIOBHS:

Vk € COO(S)’ TirTOOWk—l(T’(P)ZO’ nlfjroo A-1(n,9)=0, keNo.

Jloka3zaHa
Teopema 6. IIycts BeimonnsieTcs ycnoue U, u n=m=1. Torna nis pemieHus
3agaun Jupuxie (1), (2) nmpu e—0 cnpaBeIMBO acCHMITOTHYECKOE pasiioxenue (6),
rae vyeC*(D ), wee Ef, aee ENN, t=(b—p)/¥e , n=(p-a)/ 3¢ .
[Mpusenen npumep 4. Iycte m=n=1, b=2, a=1, f(p,p,e)=1+pcos(¢). Torma
Vo(p.@)= — (L+pcos(e) — y(p,@)) /(2 pYp ~1),
ho(p. @) = (p — 1YL+ 2c0s(p)) + (2 — )1+ cos(p)) =1+ pcos(p).

[Tostomy Vo(p,)=0, u Vi(p,9)=0, hi(p,0)=0, keN. [dokazano, 4uro manas peuicHUs
npumepa 4 CrpaBeyIMBO ACUMIITOTUIECKOE PA3JIOKCHIE

u(p,¢,e)= k:z_lf[wk( ¥ ’@J+Qk( T ,@D

B § 3.3 u § 3.4 uccnenyrorcs cinyyan N=2, m=1 u n=2, m=2. Jloka3zaHbl
Teopema 7. [1ycts BeimonHsercs ycinoBue U, u n=2, m=1. Toraa ays pemeHus
3agauu [upuxie (1) (2) cripaBeIJIMBO ACUMITOTUYECKOE PA3IIOKEHUE

u(p,¢.e)= stkpcp ZerT(P quknm e—0,

k=0 k=-1 k=-2
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rae vieC*(D), wee Ef, qee EN, 1=(b—p)/¥/e, n=(p-a)/ Ve .
Teopema 8. [1ycts Boimonusiercs ycnosue U, u N=2, m=2. Torna s pemieHus
3agauun [{upuxie (1) (2) cripaBeIJIMBO ACUMITOTUYECKOE PA3IIOKEHUE

P.pe)= XV (p.0)+ 34 (Wi (1.9) + 0y (n.9)), 550,

k=0 k=-2
rae vieC”(D), wee E3, qee EJ, 1=(b—p)/ /e, n=(p-a)/ Ve .

3ameuanue. IIpu VN, meN npoBens aHaAJIOrMYHOE HCCIEIOBAHUE, CTPOUTCS
ACUMIITOTHYECKOE pEBJIO)KGHI/Ie

u(p,e,€)= ZS Vi (p.9) + Z e w(r,0)+ X" e e (n.), -0,

k=—m k=-n

rae vieC*(D), WkeE qee E, 1=(b—p)/™*Te , n=(p-a)/ "% .

B ruase 4 wuccienyercss acMMITOTHYECKOE ITOBEJEHUE PELIEHUs 3a/layu
Hupuxie (1), (2) ¢ BHyTpEHHUMHU Y TPAHUYHBIMH CHUHTYJISIPHBIMH JUHUAMU. B § 4.1
chopMyaupoBaHa NOCTaHOBKA 3aJ]a4ll — TPEOYeTCs MOCTPOUTH MOJTHOE, PABHOMEPHOE
aCHMIITOTUYECKOE pa3jiokeHue pemenus 3anaun Jupuxiie (1), (2) npu ycioBuu

Us. p(p,0)=(p—)"alp,9), (p.0)€ D : a(p,9)>0, neN, f(c,9,0)=0, ce(a,b).

Us. p(p,0)=(b-p)(p—<)*(p-2), f(a,9,0)20, f(b,,0)=0, f(c,9,0)0, ce(ab).
®APP 3anauu (1), (2) ¢ ycnoBuem U; uiiercst B Buje

u(p,@.€)=V(p.0.£)+1(PIW(T,0,1)+Q(N1,0. )+ Q (2,0, 1), (7)
re V(p,cp,8)=k+§8kvk(p,@), W(T,@,u)=k+§ukwk(r,m), =(p-c)p, &=p’"?
=0 =-2n
Q. ¢, A)= ki)?wqu (n,9), Qnz.¢,1)= :fkkﬁk (N2, 0), e=A%, n1=(b-p)/A, n2=(p-a)/A,
= =0

v(p) — oynkmus croaxusanus, y(p)e[a,b], xeC”[ab], x(p)=1 npu |p—|<d/3,
1 (p)=0 tipu 28/3<|p—c|, 0<d — Manoe uncio, He3aBUCAIIEE OT MAJIOTO MapaMeTpa €.
[ToncraBisist (7) B YpaBHEHHE (1) MOJTyYUM

eAV(p,9.8)*eV (p,9,€)—(p—¢)"ap.0)V(p.9.6)=F(p.0.€)-x%(P)N(p.9.¢), (p.9) €D,
Zn(zr\/;/ e +Hw a(;/l/ ’ (c +“;)2 21/;/ J ~l)ole + oW -
— hlc+ i, 0,u>"*?) (,0) € Dy,

Z;? 5 _ka ;?1 + b —}:;K)Z Z;? = (o, + 1A )" b - A 9)Q, (1) e Dy,

rie Do={(1,0): [t|<+o0, 0<p=2n}, W=W(t,0,1t), Q=Q(M1,9,%), Q=Q (29,1, b1=c-b,
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V(p,9.8) =" (W (p, ¢,€) + x'(p)(2 5 = Y eV, (p,9), a;=a—c.
p p k=0

Kaxk BCCraa, 110 unacc MecToJa BBCACH BCIIOMOTaTeJIbHBINA aCUMIITOTUYSCKUM paa

o 2n-1 . 0 .
h(p,cp,S):kZoskhk(p,cp), hy (p, ) = ZO Ok, j(@Xp—c)! + Zhe (@) (p—c)’, keNy,
. m

W (p,.€) +W(p,<p,8)J S

j=2n
dlg,(c,
te 9P 0)=h(p.0)-Avic1(p.0). gk,j(w)=%f"), M) — moa memsnecTre
Jiop
byHKIHH, OHU KOHKPETU3UPYIOTCS pu IOCTPOCHUHN psia
—+00
W (t,p,u) = ZMka (t,9) Tak, ytobsr  lim w,_,,(t,0) =0, keNp.
k=—2n T>40
Jloxa3zaHa

Jlemma 3. ITycts fi(1)f2(9) eC*(Dy). Torma 3amaya

2
%-rznz@,@)ﬂlaﬁz(@), (1,9)<Dy,

nmeeT exuHcTBeHHOoe pemrenne Z(t,p)eC”(Dg) B kimacce (QyHKIMIA, pacTyIIuX He
OBICTpEe KaKOW-TUOO0 CTETIEHU T.

B §4.2 nokazana

Teopema 9. Ilycts Bemonusercs ycinosue Uz u n=1. Torna ans pemieHus 3a-
naun Jupuxie (1), (2) cnpaBeayiniBO aCUMIITOTHYECKOE PA3JIOKEHUE

U(p.9.6)= g(skvk (0.0) V2 O (11, 0) + G (o ) () S Yk wi (), 50, (8)

k=—
rae v eC*(D), w,eC™(Dy), 4eC™(D,, ), G €C*(D,, ), t=(p—c)/¥e, ni=(b-p)/ e,

n:=(p-a)/ Ve , Do={(x.0): [t/<+o0, 0<g=2n}, G (n,.0)=OlL/e™ ). g (ny.0)=OlLrem )
N1.2->+90, Wy 4i(1,0)=0(L/7* ), Wysj (7,0)=0(L1/*7), j=0, 1, |t]>+00, keNG.
[Mpusenen npumep 5. Ilycth BeIMoOMHsETCS ycnoBue Uz mpu n=1, a=1, b=3,
c=2, a(p,p)=1, f(p,p,e)=1. Torma ho(p,)=1, hy(p,9)=0. Jokazano, 4To A peLICHUs
npuMepa 5 CrpaBeIMBO ACHMITOTHYECKOE pa3iiokenue Bua (8).
B § 4.3 meTtonuka, pazpabotanHas B §4.2, o6o0maercs Ha ciyyaid VneN.
Teopema 10. Ilycts BeimonHsieTcst ycinoBue Us. Tornma juist pemieHus 3aaadu
Jupuxie (1), (2) npu e—>0 crnpaBemIMBO acUMITOTHYECKOE pasioxenue (7), rae

veC*(D), weC*(Dy), deC*(D,,), G, €C(D,,), 1=(p-c)/*™Fe, ni=(b-p)/ e,

no=(p—a)/ Ve, G (n2,0)=01/e" ), g (ny, 0) = OlL/€™ ), M1o>+e0, Winsap 2nei(1.0)=
=0(1/7"™), j=0, 1,....2n-1, Wenapes (1,0)=0(1/°"), s=0,1, |t|->+o0, keNp.
B § 4.4 uccnenyercs 3anayva (1), (2) ¢ ycnosuem U,. @APP umercs B Buje

u(p,0,8)=V(p,0,€)+1(P)W(t,0,1)+12(P) QM 1,0, 1)+ %2(p) Q M2, A),  (9)

rae V(p,¢,8)= YV (p,), W(t.o,1)= Y w(r,0), t=(p—c)/n, e=pt",
k=0 k=-2
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Q(nl,cp,K)=kikqu(nl,<P), Q(le,w,k):ki?»kﬁk(nz,@), ni=(b-p)/A, n=(p-a)/A,
=-1 =-1

e=1", %(p), x12(p) — dymxumn crmawusanms, %(p), x12(p)elabl, x, x1.€Cab],
x(p)=1 npu [p—c|<d/3, % (p)=0 npu 28/3<|p—c|, y1(p)=1 mpu 0<b—p<5/3, x1(p)=0 npm
26/3<b—p, x2(p)=1 mpu 0<p—a<d/3, y2(p)=0 npu 20/3<p-a, 0<d — Majoe vmcIo,
He3aBHUCSIIEE OT .
U3 yenosuii (2) caenyer, ato Q(0,¢,A)= -V(b,¢,A%), Q (0,0,1)= -V(a,p,\°).
[ToncraBinsst cootHomeHue (9) B ypaBHenue (1), moaydaum
eAV(p,9,8)*eV (p, 0, ) —(b-p)(p—)(P-a)V(p,@.8)=F(p.¢.€)-N(p.¢.), (0.¢) <D,
82W pooWw p> W |
ot? C+ru ot (c+1n)? 2092

21 (b—C—Tu)(C—a+ru)N =hC(C+rp,(p,u4), (t,¢)e Dy,
0° YR 22 02
7{ (22_ 2 2 ?]:hb(bml’@’ﬁ%
+am(b-a-an ) b-c—Any)?Q, (ny.9)eD,,
2~ ~ 2 2~
7{8 (22+ R + & 5 g ?):ha(a+7m2,(p,k3)+
My a+tAn, ony  (a+in,)” 0
+any(b—a-An, ) c—a-an,)*Q, (n,.9)eD,,
rae Do={(t,¢)| |t|<+o0, 0<@=<2n}, W=W(1,0,11), Q=Q(Nn1,9, 1),Q =Q (n2,9,A),

V(p,9.8)=x" (W (p,p,€) +x'(p)(2 W (g")@’g) P9 8)jﬂcl(p)Q(p ©,€) +

iy p)(zaQ(p,cp,a) N Q(p,cp,S)]+ . (p)[ZGQ(p,cp,S) Q.. 8’}
op p dp p

o0
~ ; k~
+35(P)Q(p, 0,€) = D "V (p, 9)-
k=0
BCHOMOF&TCHBHBIC ACUMIITOTHUYCCKUC pHI[BI I/IMCIOT BUA

© 3 .
h(p.ge)=Y " N (@)p-c), h°(p,p,e)= > th,(q))(p b)!,

j=0 k=0 =0

k=0
o 3 .
"*(po.e)= 2 et SN 00 =) hlp.g.2) = 1P + oI + 12 (PIN°,

3 2
Iae hf,o((P)=9k(a,(P), hl?,l(@):—zaquk—j,j((l)), hI?,Z((P):_zaj+1q3k—j,j((P)’
=1 j=1
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3
hi 3 () = —030ak 11 (P), hE,o((P) =i (b,0), hl?,l((P) == 00z, (®),
j=1

2
hIE,Z((P):_Zaj+lq3k—j,j((|))’ hl?,s((P)=—0°3Q3k—1,1((P), hlf,o((P)ng(C,(P)’
j=1
agy (¢, 0)
op

3 .
hl?,3((P) =—BoWy,_11(0), (b—a—knl)(b—C—Mh)z = Z(Mll)Jo‘j , 0g >0,
j=0

hlg,l((l)): Jk1(C.0), gk,l(C’ (P) = , hlf,z (@) = —B1Wak _11(P) —BoWyk_2.2(9),

3 .
(b—a—knz)(a—c+kn2)2 = Z(?mz)Jocj , &g >0, gu(p,)=fk(p,0)-AVi_1(p,®),
j=0

2 :
(b—c—pt)c—a+ur)= > (ut)'Bj, Bo >0.
j=0
Oynxmun h} j((p), hf’ j((p), h, ((p) OTpezieNieHbI TaK, YTOOBI BBITOIHSIIUCH

yCIIOBUSI
Vg € COO([_))’ TETOOW"—Z (’C, (P) =0, n!i_)rﬂo qk—l(np (P) =0, n!@w Oya (le,(P) =0.
Jloka3zaHa

Teopema 11. Ilycth BoImonHsercs yciaoue U, Torma ams pericHus 3amadu
Hupuxie (1), (2) cupaBemmBo acumnrorndeckoe pasnoxenue (9), roe veC*(D),

~

w,eC*(Dy), ake E/™, Gy € Eln2 L 7=(p—) ¥, ni=(b-p)/¥e , no=(p—-a)/3¢,
W4k72+j(T’(P):O(1/T27j)1 W4k+j (Tl(p):0(1/’c47j)l jzol 1’ |T|_)+OO! kENO'

BbIBO/IbI

B nmuccepranmoHHOi paboTe A0Ka3aHbl CYHIECTBOBAHME M €IMHCTBEHHOCTD
perieHust OUCUHTYJIApHON 3aaaun upuxie 1 kosibla. OO00UIEHHBIM U Klaccuye-
CKMUM METOJIaMU TMOTPAHUYHBIX (PYHKIUH, TaKKe€ METOAOM MaJIoro mapaMmerpa mo-
CTPOEHbI PaBHOMEPHBIE ACUMIITOTHYECKHE PA3JIOKEHHUS PEUICHUI OMCHHIYJISPHBIX
3anau Jlupuxmie st Kosblia ¢ 000N CTENEeHbI0 TOYHOCTU. PopMalibHbIE aCUMIITO-
TUYECKHE Pa3JIOKEHHs peleHuid 3anad Jupuxie ctporo oOOCHOBaHbI METOIOM
audepeHInaIbHbIX HEPAaBEHCTB U MPUHIMIOM MakcumyMa. [lomyuenHsie acumio-
TUYECKHUE PA3NIOKECHUSI MPEJCTABIIOT co0oi psibl [Troif30. ['1aBHBIC WieHBI acMII-
TOTHUYECKUX PAa3JI0XKEHUIN pelIeHUuN HMEIOT OTpHULaTeNibHble APOOHBIE CTEHEHH IO
MajioMy MapaMeTpy, YTO CBOMCTBEHHO OMCHHTYJISIPHBIM 3aJjauaM.

[TonpoGHO HCclenoBaHbI Cily4dau, KOTJa COOTBETCTBYIOIIEE HEBO3MYIEHHOE
ypaBHEHHE HMMEET CHHTYJSIPHOCTh Ha OJIHOM M3 TpaHMI], OAHOBPEMEHHO Ha 00eux
IpaHULIAX, BHYTPHU, TAKKE OJJHOBPEMEHHO BHYTPH U Ha 00€MX IPaHUIIAX KOJIbIIA.

[Ipennaraemplii METO OTJIMYAETCS OT METOJA COIVIACOBAHUA TEM, YTO Hapac-
TalOIINEe 0COOCHHOCTH BHEIIHETO Pa3ioXKeHUs1 (PAKTUUECKU U3 HEro yOMparoTCs U C
ITIOMONIBI0 BCIIOMOTATENIBHBIX ACHMITOTHYECKUX PSJOB MOJHOCTBIO BHOCATCS BO
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BHYTPEHHHE PA3JIOKEHUS, @ OT KJIACCHYECKOTO METOJa TIOTPAaHUYHbBIX (yHKIUH Bu-
muka-JIroctepauka-BacunbeBoii-liMananueBa 3nech morpaHuyHble (PYHKIIUM YOBI-
BaIOT CTEIIEHHBIM XapaKTEPOM, a HE SKCIIOHEHIIUAIIBHO.

3agauM, pacCMOTPEHHBIE B JUCCEPTAUUU MPEICTABISIIOT TEOPETUYECKUN U
NPaKTUYECKU UHTEPEC, a TAKKE MOCTPOEHUE MOJIHBIX, PABHOMEPHBIX aCUMIITOTHYE-
CKUX Pa3JIOKCHUM pelieHnii OMCUHTYIISIPHBIX 3a/1a4 10 CTEMEHSM Majoro napamerpa
MMEET BEChbMa BAKHOE 3HAYEHUS I PEUICHUs MPAKTUYECKUX 3a]ady MaTremaTuye-
CKOM TEOPUU MOTPAHUYHOTO CIIOSI.
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JdpkedaeB Yaykoek 3aiinpOeKOBUYTHH « BUCHHTYISIpAYY KO3TOJITOH 3JI-
JUNTHKAJBIK TeHJAeMeJep YU4YH JupuxjieHuH MacejleCHHUH YbITAPbLUIbIIIBIHBIH
acumMnroruxkachbD) Aered temagarnl 01.01.02 — «/Iudppepenunangbik TeHaemMe-
Jiep, IMHAMHMKAJIBIK CHCTEMAJIAP KAHA ONTHMAJIBIK 0allIKapyy» aJuCcTUIH 00-
IOH4Ya QU3MKA-MATEeMATHKAIBIK WINMACPAUH KAHAUIATHI OKyMYIITYYJIYK /Ja-
Pa’kKACHIH AJIYY YYYH KA3bLITaH JMCCEPTALUACHIHbIH

PE3IOMECH

YpyHTTYYy ce31ep: aCUMNTOTUKaNBIK KaTap, beccenaun moauduimpiieH-
red QyHKUUsJIaphl, OUCUHTYISAPAYY Macese, [upuxiieHuH MacelecH, ajrbl-
JIAHTaH YEeKTUK (DYHKIMsI, KUYMHE MMapaMeTp, MakcuMyM npuuimou, [[1oi30HyH
KaTapbl, YEKTUK (YHKIUS, YBITAPbUIBIIITHIH (PopMalilyy acCUMITOTHKAJIBIK
aXbIpAIMachl, JUPUHUH (QYHKIUSTIAPHI, JUTUIITUKAIIBIK TUIITETH TEHIEME.

N3ninneenyH 00beKkTH. BUCUHTYISIplyy KO3TOJITOH SKMHYM TAPTHUIITErH, KU
©3repYJIMOJYY, ChI3BIKTYY, OMp TEKTYY 3MEC 3JUIMNTHUKAIBIK TUITETH JKEKe4e TYyH-
aynyy nuddepeHuuaniplk TeHIeMeep YUYH ajlkakTa JJupruxiieHuH Macelecu.

Nmrue makcarrapbl. AJKak Y4yH OMCHHTYIsipayy JuMpuxiieHHH maciiecu-
HUH YbITapbUIbIIIBIHBIH OUpP KaJbIITarbl, TOJYK AaCHMITOTHUKAJBIK aXXbIpaJIMAaChIH
Typry3yy Y4yH npodeccop K. ANBIMKYJIOBIYH >KaJalbUIaHTaH YEKTUK (DyHKLMsIIAp
YCYJIYH ©pKYHAOTYY. AJIKaK YUYH Typry3yjiran OMcuHryisipayy JdupuxieHun mace-
JIEJIEPUHUH YbITapbUIBIIITAPBIHBIH ACUMIITOTUKAJIBIK KbIpaIMaJlapblH HETU3166.

N3unneenyH ycy/aapsl: >KalnblUIaHTaH YeKTUK (QYHKLUS yCyily, KiaccHKa-
JBIK YEKTUK (QYHKLHMS YyCYIy, MAaKCUMyM NPUHUIKOU, AuddepeHuuanabik 6apadapch-
3MIBIKTAp yCylly, KHUMHE [TapaMeTp yCyJly, MaTEMaTUKAJIbIK HHAYKIUS YCYIIy.

N3un166HYH WIMMMIA KAHBUIBIKTAPBI. AJIKaK Y4YyH OWCHHTYJSAPAYY
JIMpUXJIEHUH MAacEeJIeCUHUH YbIIapbUIBIIIBIHBIH JKAllallbl JKaHA KaJITbI3JbITbI
JanuIgeHAN. ©3reveyKTep ajKaKThlH YeK-apacblHAa, OUp ydypAa alKaKTbIH SKH
YeKapachblH/Aa, QIKaKThIH WYMHJE, OUp ydypla alKakThlH HWYUHAE >KaHa dKHU
YyeKkapachlH/Ia Maiijia 00JIrOH yuypJiapjia OuCUHTYJsIpayy JUpUXIeHUH MaceleCUHUH
YBIFAPbUIBIIITAPBIHBIH TOJIYK, OMp KaJbIITarbl aCUMOTOTUKAIBIK aXbIpaMalapsl
Typry3ynny. Typry3yiran ¢opManayy acUMOTOTHKANBIK KaTapjap MaKCUMyM
NpUHITMON kaHa qudepeHnnanapik 6apadapchi3AbIKTAp YCYIy MEHEH HETU3ICIIIH.
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PE3IOME

AUCCEPTANMOHHOI padoThl JpkedaeBa Yiaykoeka 3aiiupoexoBnya
HA TeMY «ACMMNTOTHKA pelieHus 3aAa4u {upuxie Aast ONCHHIYJISIPHO BO3MY-
LIEHHBIX JIJIMITHYECKUX YPABHEHUI»
HA COMCKAHMeE YYCHOH CTelneHH KaHauaaTa pusuKo-MaTeMaTHYeCKUX HAyK 110
cnennaabHocTu 01.01.02 — «/InddepenuuaibHbie ypaBHEHUs], JTMHAMHYeCKHE
CHCTEMBI M ONITUMAJIbHOE YIIPABJICHHE»

KiroueBble cj10Ba: acUMITOTHYCCKUAN Psll, MOAU(PHUITUPOBAHHBIC (DYHKITUU
beccens, OucunrynapHas 3amada, 3ajmada Jlupuxiie, oO0OOIIEHHBIH METOJl MOTpaH-
byHKIU, Malblii mapaMeTp, NPUHIUN MakcuMywma, psan [lwoii3o0, morpaHgyHKIMs,
dbopMallbHOE ACUMITOTUYECKOE Pa3JIOKEHUE perieHus, PyHKuu DipH, ypaBHEHHE
AJUTMIITHYECKOTO THIIA.

OO0bekT uccaenoBanus. 3ajava Jupuxiie 1 OUCUHTYIISIPHO BO3MYIICHHBIX,
JMHEUHBIX, HEOJHOPOAHBIX AUdPEepeHIIMaTbHbIX YPABHEHUN B YACTHBIX MPOU3BOJ-
HBIX 3JUTMIITUYECKOrO TUIIA BTOPOTO MOPSJIKA C IBYMS HE3ABUCUMBIMU [IEPEMEHHBIMU
B KOJIBLIE.

Heanb padorsl. Pa3BuTh 0000IIEHHBIH METO] TMOTPAHUYHBIX (YHKIIHMH MPO-
(deccopa K. AnbIMKyJiOBa i TTOCTPOCHUS TOJIHBIX, PABHOMEPHBIX aCUMITOTHYE-
CKHX Pa3JI0KEHUW pelieHuil OMCUHTYISIpHBIX 3a1ad Jupuxie mis konasna. OdocHo-
BaTh MMOCTPOCHHBIE AaCUMITOTUYECKHUE PA3IIOKEHUS PEIICHUA OMCUHTYIISIPHBIX 3aj1a4
Jlupuxie 1is Koybla.

MeToabl Hccaea0BaHusi: 0000IIEHHBIH METOJ] MOTpaH(PYHKIMHA, KIaccuye-
CKHI1 MeTOJ| MorpaHGyHKIINH, NPUHIIMI MaKCUMyMa, MeToa AuddepeHIInaIbHbIX He-
PaBEHCTB, METO/I MAJIOr0 ITapaMeTpa, METOI MaTEMAaTUYECKON MHIYKIUH.

Hayunass HoBu3HA. /[0Ka3aHbl CyIIECTBOBAHUE U €AUHCTBEHHOCTH PEIICHUS
OoucuHrynspHou 3anaun upuxne mist koawia. IloctpoeHsl 1 000CHOBAaHBI MOJHEIE,
paBHOMEpHBIE ACUMOTOTHUYECKHE PA3JI0KEHUS pelIeHu OMCHUHTYsIpHOM 3anaun {u-
puxJie s KOJblla, KOT/Ia OCOOCHHOCTD MOSBIISIETCA HA TPaHUIlE, OJIHOBPEMEHHO Ha
o0eunx TpaHuIlaX, BHYTPH, OJHOBPEMEHHO Ha OOEUX TpaHUIlaX M BHYTPHU KOJIbIIA.
[TocTpoennbie GhopManbHbIE ACUMIITOTHYECKUE PA3JI0KEHUsS OOOCHOBAHBI METOJOM
nuddepeHIanbHbIX HEPABEHCTB U € TIOMOIIIBIO MPUHIIUIIA MAaKCUMYyMa.
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SUMMARY

Erkebaev Ulukbek Zayirbekovich
Dissertation «The asymptotic of the solutions of the Dirichlet problem for
bisingularly perturbed elliptic equations» for the scientific degree of candidate
of physical-mathematical sciences
(specialty 01.01.02 — differential equations, dynamical systems and optimal
control)

Key words: asymptotic series, modified Bessel functions, bisingular problem,
Dirichlet problem, generalized method of boundary functions, small parameter, prin-
ciple of maximum, Puiseux series, boundary functions, formal asymptotic expansion
of solution, Airy functions, equation of elliptic type.

Object of research. The Dirichlet problem for bisingularly perturbed, linear,
non-homogeneous, second order elliptic equations with two independent variables in
a ring domain.

Aim of research. Develop the generalized method of boundary functions of
prof. K. Alymkulov for construction a full, uniform asymptotic expansions of solu-
tions of bisingularly Dirichlet problems for ring domain. Justify constructed asymp-
totic expansions of solutions of bisingularly Dirichlet problems for ring domain.

Methods of research: generalized method of boundary functions, classical
method of boundary functions, principle of maximum, method of differential inequal-
ity, method of small parameter, method of mathematical induction.

Scientific novelty. The existence and uniqueness of solutions of the bisingular
Dirichlet problem for a ring is proved. Constructed and justified the full, uniform as-
ymptotic expansions of solutions of the bisingularly Dirichlet problem for the ring,
when the singularity appears at the boundary, at the same time on both the bounda-
ries, inside, at the same time on both the boundaries and inside the ring. Construction
of the formal expansions is justified by the maximum principle and by the method of
differential inequality.

7/ 4 /}//

-19-



Ipkebaes Ynykbex 3atiupbexosuy

ACUMIITOTUKA PEHIEHUSA 3ATAYA JUPUXJIE JJIAA BUCHUHI'Y -
JISIPHO BO3MYIIIEHHBIX DJUIMIITUYECKUX YPABHEHUI

cnenuajbHocTb 01.01.02 — nuddepenimanbabie ypaBHEeHUS, TUHAMHUYECKUE CUCTE-
MBI ¥ OTITUMAJTLHOE YIIPaBJICHUE

ABTOPE®EPAT
AUCCEPTALHMY HA COUCKAHUE YYEHOH CTeleHH KaHAu1aTa
(pu3HKO-MaTeMaTHYECKHX HAYK

IToanucano B nneuats: 26.05.2016 1.
O6wem : 1,25 .. 3aka3 Ne 19
®opmart 60x84 1/16. Tupax 120 mr

Penaxkimonno-n3garensckuii otaein “buanm” Oml'yY
r. Om, yn. Jlenuna, 331.

-20-



