HAILIMOHAJIBHA 1 AKAJIEMUS HAVK KbIPT'hI3CKOI PECITYBJIMKN
NHCTUTYT MATEMATHUKHA
KBIPTBI3CKWI HALIMOHAJIbHBIN YHUBEPCUTET UMEHU
K. BAJTACAT' bIHA

Juccepraumonnbii coser /1 01.17.560

Ha mpaBax pykonucu
YAK 517.9

PYCTAMOBA JUHAPA KOIIEEBHA

PEHNIEHUE HEJIOKAJIBHBIX KPAEBBIX 3AJTAY JIJ15
JANOPEPEHIIUAJIBHBIX YPABHEHHUH
B YACTHBLIX ITPOU3BOAHBIX

01.01.02-muddepentmansHbie ypaBHEHUS, JTUHAMUYECKHAE CUCTEMBI U
ONTUMAJILHOE YTIpaBIICHUE

ABTOPE®EPAT
JUACCEPTALIMU HA COMCKAHUE YYEHOMN CTEIEHU
KaHauaaTa GU3nKo-MaTeMaTUYECKUX HayK

bumkex-2018

1



Pabora Boimonnena Ha kadeape «llpuxmagnas wunpopmatuka» KsIpreizckoro
roCyJapCTBEHHOTO YHUBepcuTeTa nMenu M. ApabGaesa

HayuHblii pyKOBOIUTEb:  JTOKTOp (hPM3HKO-MaTEMaTHUYECKUX HAYK,
npodeccop Kapakee T. T.

OdpuunanbHbIe ONMOHEHTHI: TOKTOP (PU3UKO-MaTEMAaTHIECKUX HAYK,
npodeccop AcaHoB A.
KaHauaatT (GU3NKO-MaTeMaTHICCKUX HAYK,
noneHT AabimoaeB A. T.

Benyumas opranuzanus: Onickuil rocy1apCTBEHHBIM YHUBEPCUTET
Anpec: r. Om, yn. Jlenuna 331

BammTa auccepraruu cocTontes: «25» mrons 2018 roma B 14% wacos Ha
3acemaHuu guccepraruonHoro cosera J[ 01. 17. 560 mo 3amuTe quccepranuii Ha
COMCKaHHWE y4eHOU CTeNeHH JO0KTopa (KaHaumarta) GU3NKO-MaTeMaTHYSCKUX HAYK
npu Huctutyre marematuku HAH Keoipreizckoit Pecniyonukun u Keipreizckom
HalMOHAIBHOM yHuBepcuteTre uM. JK. bamacarsiHa mo axapecy: Keipreizcran
720054, r. bumkek, yn. Ad6apiMomyHoBa 328, mabopatopHsiii kopiyc Ne6 KHY,
aynutopus 211.

C nmuccepraudeil MOXKHO O3HakoMHUTCS B LleHTpanbHON  Hay4yHOU
oubnmoteke u Ha caiite UM HAH KP www.math.aknet.kg, Keipreizcran, 720071,
r. bumkek, npocnekrt Uyii, 265-a.

ABTtopedepaT ory0JIMKOBaH « » 2018r.

YueHsIl ceKpeTapb
JTUCCEPTAIIMOHHOTO COBETA
1.¢.-M.H., Ipodeccop baiizakoB A. b.


http://www.math.aknet.kg/

OBILIAA XAPAKTEPUCTUKA UCCJIIEJOBAHUA

AKTYaJIbHOCTh TeMbl auccepranuu. HemokanbHble KpaeBble 3aaud s
muddepeHnanbHbIX YpaBHEHUN B YaCTHBIX MPOU3BOJIHBIX, /1€ CBSI3aHBI MEXKIY
co00# 3HAYEHUs] HEM3BECTHBIX (DYHKIMI U €€ MPOU3BOJHBIX B PA3IMUYHBIX TOYKAX
IPAaHUIBI, HMEIOT BAXHbIE MPWIOKEHUS W BCTPEYAIOTCS B  KAdyeCTBE
MaTEeMaTUYeCKOM MOJENN pealbHbIX (PU3MUECKUX [MPOILECCOB. IJTO 3aJauu
pacmpesenieHuss BIard B MOYBE, 3a7aud  MaTeMaTHYeCKOW  OHOJIOTHH,
KPUCTAJUIMYECKHUX MOJIYITPOBOJHUKOB H JIp.

Pa3BuTHe Teopuu HeNOKaIbHBIX KpaeBBIX 3anad A auddepeHInanibHbIX
ypaBHEHUH B YaCTHBIX MPOW3BOIHBIX ObUIH HavaThl B paboTtax A. B. bumaaze u A.
A. Camapckoro. HccnenoBaHuio TakuMx 3ajad MOCBAIIEHbI padotel A. M.
Haxymesa, 0. A. Mutpononsckoro u JI. b. Ypmanuesoii, H. 1. Monkuna, M. X.
[IIxanykoBa, T. . Kurypanze, A. 1. Koxanosa, O. A. Penuna, 1O. T. CunbueHko,
A. Conyesa, T. T. Kapakeesa, JI. C. ITynbkunoii, A. T. AcaHOBO u 1ip.

HenoxanpHbie KpaeBble 3amaun Juisi qudepeHinanbHbIX ypaBHEHHH B
YACTHBIX HMPOU3BOAHBIX B ONpPEACICHHOW MOCTAaHOBKE MOTYT OBbITh NPUBEACHBI K
WHTETpaJIbHbIM ypaBHEHHUSIM BosbTeppa, B TOM YUCJIE UHTETPATIbHBIM YPABHEHHUSAM
Bonbereppa Tperbero pona. Teopus maHHBIX 3a7ad pa3BUBAETCS B HANPABICHUU
OPUMEHEHUS METOAOB PEryjsipU3allii, OCHOBBI KOTOPBIX OBUIM 3aJ0XKEHBI B
paborax A. H. Tuxonosa, M. M. JlaBpenTbeBa, B. K. 1BaHoBa.

Perynsapuzanuss mHTErpanbHBIX ypaBHEHHMU BombTeppa Tperbero ponga u
YCJIOBUSI UX Pa3pelIuMOCTH uccienoBanbl B padotax JI. . ITanosa, . Snno, H.
A. Marnunkoro, A. AcanoBa, A. M. Haxymesa, T. /I. OmypoBa, T. T. Kapakeena,
M. B. bynaroBa u np. Bonpochl YHCI€HHOTO PEMICHUS METOIOM KOHEUHBIX CYMM
u3ydensl B padorax T. T. Kapakeesa.

HenoxanpHbie KpaeBble 3amaun sl aud@epeHnnanbHbIX ypaBHEHHH B
YACTHBIX MPOM3BOAHBIX HCCIIEJJOBAaHbl B Cilydae OOpaTUMOCTH OOBEIUHEHHOTO
oreparopa MPU HEU3BECTHBIX (PYHKIUSAX B HEIOKaJbHBIX yCIOBHSX. JlaHHBIE
3aJjaud B Cly4yae HEOOpaTMMOCTH OOBEIMHEHHOIO olepaTopa MpU HEU3BECTHBIX
GYHKIUSX B HEJOKAIBHBIX YCIOBUSX Maji0 MCCIENOBaHbI, HE pa3paboTaHbI
METO/IbI PETYJISIPU3ALMHI, HE H3yYEHBI BOIPOCHI YUCIEHHOTO PELICHUS.

Heas n 3apaum uccaenoBanus. lccienoBanue BOIPOCOB PEryJIsipU3aLNU
M YHCIEHHOTO pelieHus JIud@epeHIralbHbIX  YpaBHEHUW B YacCTHBIX
MIPOU3BOIHBIX C HEJIOKAJIIbHBIMU KPAa€BbIMU YCIOBHUSIMU, UHTETPAIbHBIX YPABHEHUI
BousbTeppa tperbero poaa.

Metoabl ucciaenoBanus. OCHOBHBIMM METOJAMH  SIBIISIIOTCS  METOJ
peryisipu3zaluy, METOJl HHTETpalbHBbIX ypaBHEHUH, MeTon (yHkiuu Pumana,
METO/1 KOHEUHBIX CYMM, METOJI CETOK.

Hayuynast HoBu3Ha padoThI.

- pa3zpaboTan ¥ OOOCHOBAaH METOJl PETYJAPU3ALMU HEIOKAJIbHBIX KpPaeBbIX
3a/1a4 IS TMHEHHBIX M HEJIMHEWHBIX NTU(PEpeHIINATBHBIX YPaBHEHUN B YaCTHBIX
IPOU3BOJHBIX BTOPOTO TMOPsJKAa B Cclayyae HEOOPATUMOCTH OOBEIUHEHHOIO
orepaTopa Mpu HEU3BECTHBIX (PYHKIMSIX B HEJOKAJIbHBIX YCIOBHSIX;



- YCTAaHOBJIEHBI ~ JIOCTaTOYHBIE  YCJIOBHS  PEryJIsipU3UPyEMOCTU U
CAVMHCTBEHHOCTH PEIICHUS HEJIOKAJIbHBIX KpAaeBbIX 3aJad Uil ypaBHEHUS
benmxamuna-bona-MaxoHu;

- 00OCHOBaH METOJl PEryJiipu3allid WHTETpaJbHBIX ypaBHEHHH BombTeppa
TPETHETO poOJia C ONEpPaTOPOM YMHOXKEHHUS Ha HENPEPBIBHYIO HEYOBIBAIOIIYIO
(YHKIUIO U HEPEPBIBHBIM SIPOM;

- pazpaboTaH MW OOOCHOBAaH METOJ YHMCIEHHOTO pEIIECHUS HEIOKaIbHON
KpaeBoil 3amauu ans AudepeHnrnaabHbIX YpaBHEHUN B YaCTHBIX MPOU3BOJIHBIX
BTOPOTO IOPSIAKA, MHTETPAIbHBIX YPaBHEHUM BonbTeppa TpeTsero poaa.

Teoperuyeckass W  NpakTHYecKkas  LEHHOCTb. Pabora  HocUT
TEOPETHUUYECKUI XapaKTep U MOTYT ObITb MPUMEHEHA JJI1 PELICHUs HEJIOKAJIbHBIX
KpaeBbIX U OOpaTHBIX 3aaau s AuddepeHlnaTbHbIX ypaBHEHUH B YaCTHBIX
IIPOU3BOIHBIX 00JIe€ BBICOKOTO MOPs/IKa, IPU UCCIEAOBAHUM 3a/1a4 TEIUIO(QHU3HKH,
TEOPHUH PACIIPOCTPAHEHUS JUIMHHBIX BOJIH, KPUCTAIUNINYECKHUX TOJIYIIPOBOJHUKOB.

JInuHbli BKiIaQ couckaressi. B cOBMeCTHBIX paboTax MOCTaHOBKA 3ajay
IPUHAJJIE)KAT HayYHOMY PYKOBOJAMTENIO, pa3paboTka U OOOCHOBAaHUE METOJIOB,
JT0Ka3aTeJIbCTBO TEOPEM U BCE HAYUHBIE BBIBOIbI IPUHAIIEIKAT COMCKATEIIIO.

Anpobanusi pe3yJbTaToB HccjaeqoBaHnii. OCHOBHBIE pe3ylbTaThl pabOTHI
JOKJIaJIBIBAJIUCh U 0OCYK/IAJUCh HA MEXAYHApOAHBIX U MEXBY30BCKUX HayUHbBIX
KOH(epeHIusIX:

- HayuHo-mipakTnyeckoi KOH(epeHIHH MOJOoAbIX Y4eHbIX KbIpreizcrana
«Ctapt B 6onblryro HayKy», bumkek, 2013;

- X mezinarodni védecko - prakticka Konference, Praha, 2013/2014;

- MexayHapoqHo  KOH(EpeHIMU, TMOCBsIIeHHOW  70-jeTuto  4iieH-
koppecnongenTa HAH KP K. Ansimkynosa. Om, 2013,

- V Congress of the TURKIC WORLD MATHEMATICIANS, Kyrgyzstan,
“Issyk-Kul Aurora”, 2014;

- MexBy30BCKOM Hay4YHO-TIPAKTUYECKON KOH(PEPEHIIMH MOJObIX YUYEHBIX
«Hayka XXI Beka: HOBBIM noaxoa», burikek, 2014,

- 1st European-Middle Asian Conference on Computer Modelling,
Kyrgyzstan, Issyk-Kul, 2015.

Iyosnukanuu no reme guccepraumu. OCHOBHBIE PE3YIIBTATHI AUCCEPTALUN
ony0iuKoBaHbl B 16 HayuHbix craThsax [1]-[16], B Tom umcie B pedepupyeMbix
xypHanax Keipreizckoit PecnyOnmuku - 10, B pedepupyembix 3apyOeiKHBIX
XKypHajax - 6, U3 HUX B €IMHOJIUYHOM aBTopcTBE - 4. [lo mMaTepuanam BTOpOW
riaBbl onyosukoBansl 10 ctaTheld, 0 MaTepuanam TPEThEl I1aBbl OMyOJIUKOBAHbBI
6 crarbeil. B coBmecTHBIX pa0oTax MOCTAaHOBKA 3a7ad MPUHAJICKUT HAYYHOMY
PYKOBOJIUTENIO, TIOJyYEHHBIE OCHOBHBIE PE3YJIbTaThl U OLEHKH - COHUCKaTento. B
[8,16] mocraHoBKa  3a7ay = NPHUHALICKHUT  HAYYHOMY  PYKOBOJIMTEIIIO,
JIOKA3aTelIbCTBO YTBEPXKJACHUN B clydyae HeyObIBawmen KodhpumueHTHon
(GYHKIIMM UHTETpajbHBIX YpaBHeHUH BoabTeppa TpeThero pojaa - COUCKaTeio.

CBsI3b TeMBbI JMCCEPTALINM ¢ OCHOBHBIMHM HAY4YHO-HCCJIE0BATEIbCKUMH
padoTamMu, NPOBOAMMBIMHM HAYYHBIMH YUpe:kIeHusimu. VccienoBanue no reme
JUCCepTaIK MMPOBOMIIOCH B paMKax yTBEpKIeHHOU TeMaTtuku «IIpubnmkeHHbie
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METOJIbI PEIICHUST KPACBBIX 3a7a4 i Au(depeHInanbHbIX YpaBHEHUN» Kadeapbl
npuknagaHoi nuapopmatuku KI'Y um. U. Apabaesa.

Ctpykrypa M 00beM auccepTanMu. Jluccepramus COCTOUT M3 IEepeUHs
YCIIOBHBIX 0003HAUCHHM, BBEJICHHS, 3-X TJIaB, BEIBOJOB U CITHCKA UCITOIb30BaHHBIX
nctoyHuKoB 81 HaumeHoBaHu. OObEeM aHUCCepTAIIMU COCTaBAeT 115 cTpaHUIbI.

KPATKOE COIEPKXAHUE PABOTbBI

B mepBoit rimaBe paccMaTpuBaeTcs KpaTKHil 0030p paldoT Apyrux
aBTOPOB IO TEME JUCCEepPTAllMM U TPUBOASTCA W3BECTHBIEC PE3YJbTaThI,
UCIIOJIb3yEMBIE B paloTe.

Bropast rmaBa cocTouT U3 4-X pa3aenoB U pacCMaTPUBAIOTCS HEJIOKATBHBIC
KpaeBble 3a1a4u sl MU PepeHINATFHBIX YPABHEHUH B YAaCTHBIX MPOU3BOIHBIX
BTOpOro nmopsiiaka. [lomyueHHble pe3ysibTarthl 00OOIIEHBI JUISI  YpaBHEHUS
benmxamuHa-bona-MaxoH ¢ HENOKAaJNbHBIMA ~ KPAaeBbIMH  YCIOBUSIMH,
WHTErpalIbHBIX YpaBHEHM BonbTeppa Tperbero poa.

B pazgene 2.1 paccmatpuaetcst audpepeHmanbHoe ypaBHEHHUE

w, (x,t)=P(x,tWw(x,t)+ f (x,t,w(x,t),w (xt)), (1)

C YCIOBUSAMH
w(0,t)=o(t)+ (2)
A )W(x,0)+C(x)wW(x,T)=qg(x). (3)

31ech n3BeCTHBIE QYHKIHH YIOBICTBOPSIOT TPEOOBAHMSM:

a) A(x), C(x), q(x)eC[0,b] p(x)= A(x)+C(x)— HeyGhBaromas  QyHKms,
p(0)=0, p(x)>0,vxe(O,b], ot)eco,T] o(0)=0, C(0)o(T)=0q(0), ¢, -
HEWU3BECTHBIN IMAPAMET);

6) P(xt)eC(D), f(xt,w,z)eC(DxR'xR"), D=[0,b]x[0,T], f(xtw,z) -
nmojuuHsieTcss  ycioBuro  Jlummmma  mo W, Zz ¢ KodddHUMEeHTaMu
O<L,,L,, =const;

6) G(x)=C,p(x)+K(x,x)>d, >0, K(x,5)=C(x)P,(s), F{)(S):l'P(s,r)dr,

K(X, S)- sBJIsIeTCs UmuneBo mo x B oonactu D, ={(x,5)/0<s<x<b}
0<C,, d, =const.

C nmomompio moactaHoBKH  W(X,t) = o(X) + '[ z(x,7)dr 3amaga (1)-(3)

MIPUBOJUTCS K CUCTEME UHTErPAIBHBIX YPABHEHUIM



t

P(s,t)(p(s)ds+EP(s t Iz S, T dzds+jf s,to(s)+[ z(s,7)d7, z(s,t))ds,

0

z2(x,t)=c'(t)+

O Sy <

p(x)p(x)+ [G(s)p(s)ds = [ L(x,5)p(s)ds — [ [ K,(x,5)P(s,t)

2(s,7)d rdtds —

o ~

xT t

— [[Ky(x,5)f(s,t,0(s)+] z(s,7)d 7, 2(s,t))dtds + g (). (4)
00 0

Perynﬂpmaunﬂ CUCTEMBI I/IHTCI'paJ'IBHBIX ypaBHeHI/Iﬁ (4) mocTpoeHo B BHUIE

z(x,t)=c szt ds+sztjz (s,7)dzds +

t

+i f(s,t,9,(s)+[z,(s,7)dz, z,(s,1))ds,

0

X X xT

(& + p(x))p, (x)+ [G(s)p,(s)ds = [ L(x,5 ), (s)ds — [ [ K, (x, s)P(s,t)i z_(s,7)drdtds —

0 0 00

Oty <
O ey —

K,(x,5)f(s,t,0.( +jz s,7)dz,z (s,t))dtds + ep(0)+ g(x), (5)

rae & Majbli TapaMeTp U3 UHTEpBalla (0,1).
Teopema 1. Ilycte BeImonHsoTCA ycnosusa a-6, (, = max(ql,q2)<1 151

@(x)eC'[0,b]. Torna, mpu & — 0, pemrenne cuctems ypaBHerHuii (5) paBHOMEPHO
CXOJUTCA K pemeHmo CHUCTEMBI ypaBHeHHﬁ (4). IIpuuem UMeeT MECTO OLEHKa
l2.06t) = 2(x,t)|. o, +[2. ()= (X0, < @) "de,  0<d, =const.

3nece Q=0 + 0, g, = q12 +0, 0O,= b(”P(X’tX‘c(D) + HP(X’tMc(D) L, T+L, )'
0y, = d*1[9(3+e’1)(L +CK,)+BTL +T[K,(x,5)|, o, + € TIK,(x,5)o 0 L]

. LT
e = G, THL+D) Ly [P0 o, &7 2 K, (8 PO Ol + b, 1, (08
(L, T+L,, )+e ||K0(x,s)1|c(Dl)(L1fT +L,, )9, = b(ﬂP(x,t)ﬂC(D) +L, ).

CiaenacrBue 1. [Ipu BBIIOJHEHWH YCIOBHH ¢-8 PEIICHUE CHCTEMBI
ypaBrenus (4) exuucrsenno B (Q,Q, ).

Q. u Q,- mapsl ¢ paguycamu 0<1,r, =const u nenrpamu 0<g¢,,z, =const ,
COOTBETCTBEHHO.
Teopema 2. Eciiv BBINOJHAIOTCS YCIOBUSL TeopeMbl 1, TO mnsa (yHKUMMA
(X t) (X t) U UX TPOU3BOJHBIX Wt(X,t), Wxt(X,t), W, (X,t), Wm(X,t), npu
&—0, mnMeer Mecro  paBHOMEpHasg  CXOAUMOCTH W, (X, t) - W(X, t),
w, (x,t) = w,(x,t), W (x,t) > w,(x,t)
B pasnene 2.2 paccmoTpeHo auHeliHOe aAuddepeHnranbHoe ypaBHEHUE

W, (x,t)=P(x,tw(x,t)+M(x, t)w,(x,t)+ f(x,t), (6)
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¢ yenoumu (2), (3) u P(x,t), f(x,t), M(x,t)eC(D), o(t)eC'0,T] pynxuun
P(X,t), M(X,t) SBISIOTCS JIMIIIIMIIEBOM [0 IIEPBOMY apryMEHTy, a TakKxKe

BpmonHsorcs yenous a), 6) paspena 2.1 n A(0)o(0)+C(0)o(T)=q(0) Jns
sagaun (6), (2), (3) mocTpoeHa peryIsIpU3Mpyollas CHCTEMa HHTETrPaIbHbBIX
yYpaBHEHUH W JOKa3aHbl CXOJAMMOCThH DPEIICHUS PETYIIPU30BAHHOW CHCTEMBI K
pemrenuto 3amaun (6), (2), (3). B atom ke paszeie mokasana, uro 3amada (2), (3)
it TudepeHINaTEHOTO YPaBHCHHSI

w,, (x,t)+a(x, tw, (x,t)+m(x, tw, (x,t)+c(x,tw(x,t) = f(x,t) (7)
MeToaoM (pyHKIMH PumMana MOXKeT ObITh MPUBEICHA K JIMHEHHOMY HHTETPATLHOMY
ypaBHEeHHIO BonbTeppa TpeThero poja W pelicHue 3aJayd eIUHCTBEHHO B Tape
C(D), C[0,b].

B pazgene 2.3, momydeHHBIE pe3yNbTaTbl OOOOIIEHBI I ypaBHEHUS

benmxamuna-bona-Maxonu

W, (x,t) +aw (x,t) +a,w (x,t) + aw(x,t)w, (x,t) = f (x,t) (8)
C HEJIOKAJIbHBIMU YCIIOBUSMHU

w(0,t)=0,
w (0,t)=y, (9)
A(x)w(x,0)= C(x)w(x,T)+q(x),

rae a =const, i=1,2,3, ¥ - HEHU3BECTHBI IapaMeTp, HW3BECTHBIC (DyHKIUM

A(x), C(x), q(x), f(x,t) TOTUHHSIOTCS YCIOBHUIO:

a) f(x,t)eC(D), D=[0,b]x[0,T], A(x), C(x) q(x)eC?[0,b], C(0)=0, q“(0)=0,
i=0,1, G(x)= A'(x)-C'(x)>d,,0<d, =const, p(x)= A(x)—C(x), p(0)=0, p(x)-
neyObBaromas pynkuus, P(x) >0, Vxe(0,b].

3amava (8), (9) wmcmosb3ys mojctaHoBKY W(X,t) = I u(s,t)ds u Qynkmmro
0

Pumana ypaBHeHus U, (x,t)+a2u(x,t) =0, cBoAWTCA K CHCTEME HHTErpajbHbBIX

YpaBHEHUU
t

ru(x,t):(p(x)+£z(x,r)dr,
2(ct)= (Fl 2D)ot) (10
P(olx) + [G(s)ols)ds = (BIp.21x)+ mlx)o(0)

rze (Flp, 21)Nx,t) = R (x,£.0,0)0(0) - [ R, (x.t,5.0)p(s)ds — [ R,(x, 1,0,z )yel 7 +

0

O ey <

X S t t

+[[f(s,t)—a [z(&,t)dE —a,[e(s)+ [ z(s,7)d r]i[¢(§)+ [z(¢,7)drdéTds +

0 0 0 0



+_Ij;Rl xt,8,7)f(s,7)- iz(é,t)dﬁ—as[go(s)+;[z(s,o-)do-]x

[[(2) +jz £,0)doT]d s,

X

O ey 0

(B[o, z]1)(x) :ijs)go (s)ds +q'(x j R(&T,s, 7 f(s,7)—

O C— <
O Ly,

—aljZ(ﬂ,T dn—as[(/)(s)+jz S, 0 dO']J.[¢ 77)+IZ(77,0')d0']d77]drd§dS+

+C(x :[_T([[f $,7) I n,7)dn -a,[o(s )+_([Z(S,O')da]j;[(o(n)+_:[Z(n,a)da]]dzds,

m(x)= xC'(x)~ C'(x)] R(s. T 0,0)ds — C( x)ﬂRT(x,T,O,r)dzds+

o

+C(x)1-R(x,T,0,0)-C jR (x,T,0,7)dz.
Perynspuszanus cucteMsl (10) MIOCTPOEHA B BUJIE

ug<x,t>:¢g<x>+gzxm)df,
z,(x, ):(F[@,z 1)(x, t) (11)
[+ ol )+ [6(sko. (s = (Bl 2,100+ s+ m{x)p(0)

Jokazana paBHOMepHaH cxoaumocTh, nipu & — 0, pemenns cucremsl (11) k
pemieruto cuctemsl (10), momyyeHa oreHka
st (X’t) - Z(X’t)HC(D) +P (X) _(D(X)Hc[o,b] < Ngg’ O0<No=const.

B pasgene 2.4 o0ocHOBaH METOJM peTyJSIpH3allMM IS JIMHCHHBIX
WHTETpalibHBIX ~ypaBHeHUU Bombreppa Tperbero poaa ¢ HeyObIBaromen
kod(dureHTHOM GyHKIIMEH BHE UHTErpajia U HEMPEPHIBHBIM SIIPOM, KOTOPBIN Ha
qUaroHanu oOpamaeTcss B HyJIb B HEKOTOPBIX TOuYkKax oTpe3ka. H3yden
MPUMEHEHUE ITOT0 METO/Ia PETYJISApU3alliU JJI HEIMHEWHBIX CIIy4yaeB ypaBHEHUS

BonwsTeppa tperbero pona.
PaccmarpuBaercst ypaBHeHUe

p(x)p(x)+ [K(x,s) o(s)ds = g(x) (12)
TJIE U3BECTHBIE (DYHKIIUM MOTIMHSIIOTCS YCIOBHIO
2) K(x,s)eC(D,), D, ={(x,s)/0<s<x<b}, K(x,x)>0, p(x) g(x)eC[0,b],

p(0)=g(0) =0, p(x)>0, vx (0,b], G(x)=C,p(x)+ K(x,x)>d, >0,
0<C,, d, =const, p(X) - Hey6BIBatOMmIAA GyHKIHS




HevictBys omeparopom | +C,J , tae | — enuHuuHbld omneparop, J —
omepatop BombsTeppa (J(D)(X)ZI(D(S)dS, 0<C,=const, u3 ypaBHenus (12)
0
MOJIYYE€HO YPABHEHHE

p(x)(x)+

X

G(shols)ds = [ Lx s)o(s)ds + ), 13)

0

rre L(xs)=K(s,s)— K(x,s)—COJ:'K(v,s)dv, 2(x)=g(x)+ Coig(s)ds.

O ey <

JlokazaHa paBHOMEpHAsi CXOAUMOCTb PELIECHUS PETYIISIPU30BAaHHOTO YPABHEHHUS

(e + p(x jG (s)p,(s)ds = IL X,$)p, (s)ds + (x)+ £¢,(0), (14)
rae & Manblii mapamerp u3 uHrepBana (0,1), BenmumHa ¢ (0) , Takas d4TO

lp,(0)—p(0) <5(¢)—>0, & —0.

Teopema 3. IlycTh BbInoONHAETCS ycinoBue 2) u ypaBHenue (13) mmeer
petenne o(x)eC’[0,b],0<y <1. Toraa, npu & =0, peuenue ypasuenue (14)
PaBHOMEPHO CXOIUTCA K pernenunio ypapaenus (13). [Ipuyem uMeeT MeCTO OLIEHKa

¢g (X)_gp(XMc[o,b] < d [d gy + 5( )]

d,=d,*"d,(d,+d,),  d,=[o’e"do,  d,=exp(d (2+e*)L, +CK,)b)

d,= SUp(oJ e’ ), K, = mD?X‘K(X,SX, 0<L, — koopdumuent Jlunmuna QyHKIHHA
>0

K(X,s) mo mepemenmoii X.

CaencrBue 2. [Ipy BBINOJIHEHUH YCIIOBHM TEOPEMBI 3 PELICHHE YPaBHEHUS
(13) emuncrsenno 8 C’[0,b], 0< y <1.

Teopema 4. Ilycts BbIMONHSETCS yciaoBUE 2) M ypaBHeHHe (12) umeer
pemenne @(X)eC[0,b].  Torma npu &-—0, pemenue ypasuenus (14)
paBHOMepHo CXOI[I/ITCSI K perieHuto ypaBHeHUS (12) u
_Q(XX‘ clo.b] < [4(dle)7lu¢(x]‘ [0,b] glﬁﬂ T ( ﬂ)+ 5(8)]d6 !
rae d —exp(d 2+ )L +CK D), @, (s )— sup [p(x)- (V) x,v[0,b]

[x— v<5

CaeacrBue 3. [Ipu BBINOTHEHUHU YCIOBUSL TEOPEMbI 4 pelieHUe YpaBHEHHUS
(12) enqunctBenHO B mpoctpancTee C[0,b].

B Tperpeil rnaBe paccMaTpUBAIOTCS BOMPOCHI YHUCJIEHHOTO PELICHUS
HEJIOKAIBHBIX KPaeBbIX 3amau s Iud@epeHInalbHbIX YPaBHEHUNW B YaCTHBIX
IIPOU3BOIHBIX U MHTETPAIbHBIX YpaBHEHHI BoiibTepa TpeTbero poaa.

B pazgene 3.1, nmns mpoCTOTBHI UMBJIOKEHUS, PACCMOTPEHBI BOIMPOCHI
YHCJICHHOT'O PEIIEHUS YaCTHOTO ciiy4asi ypaBHeHus (1):

w,, (x,t)=P(x,tw(x,t)+ f(x,t), (15)
w(0,t)=o(t)+ @, AXW(x,0)+C(xw(x,T)=q(x).  (16)

C YCJIIOBUSAMU



s u3BeCTHBIX (PYHKLMI BBINOJHSIOTCS YCIOBHS @) U 6) pasdena 2.1, mpuuem
A(x), C(x)eC?[0,b] g(x)eC'[0,b].

Ha  orpeske [0O,b] w [0,T] BBemeM  paBHOMEpHBIE  CETKH

= {Xi =ih,i=0.n,b= nh}, @, = {ti =jr, j=0.1,T = nor}, N, No- HaTypaJbHbIE

uhcna. [IpOCTPaHCTBO CeTOUHBIX (PyHKIMHA 2z = Z(X t ) (Xl,t )ea) =, X @,

oGosnaunm uepes C, . ¢ Hopmoit Hzij =max[z )|, mpoctpamcTBO  ceToumbIX
82IJ<<nno
GyHKIMT @ = (p(Xi) o6o3naunmM gepes C, ¢ HopMoﬁH(DiHCh = max\ ‘
0<i<n

Ha ocHoBe perynsipu30BaHHON CUCTEMBbI YpaBHEHUI

w )=0.00+ 2.6y,

zg(x,t)zao(t)+EP(s ), (5)ds + jP st j 2 (s, y)dyds+i f(s,t)ds

o (x)= L Jx'exp(—J:' G(f))dgj G(s {j[wf K(s,& )l (£)dé -

e+p(&) 7 )e+p(s

¢ f{[b2lov o s k(e o) Koz [k clav ez

+ IK(é,é)(HCo(x—é))lzg(é, y)dydg—@K(g,gxuco(s—s»jzxay)dydg+

el - S0 k(6.0 ko s -

€+p

—COE@K(v,s)dv}pg(s)ds—iK(s,s)(1+C0(x—s))i zg(s,y)dyds+g¢(0)+Q(x)}, an

npumensis npu X=X, 1=0..n, ms uarerpanos B (17) kBaapaTypHyo (Gopmyiy
NPaBbIX TMPSIMOYTOJBHUKOB, TIIOJIYYUM CHCTEMY JIMHEHHBIX anredpandecKux
YpPaBHEHUH

my
| ]
ng - (Ds,i + Z-Z Z” !
=1

2 =0l +hY Plg,, +hY PIrY 2, +hY £,
k=L k=L p=1 k=L

Lo -nE- O] S hk, - dn, -CSh Sk, 0, -

6‘+p k=1 1€+ P, JE+FP L = 1= m=l+1
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_hii[KH K.|]¢g| +C hzhi Kml(p |+hZK||(1+C (X _X))Z-ZZJ -

=1 m=l+1

My j B 1 B i Gk i1 B
~hY K, (1+C, (%, — X ))rjzll 2 +Q -Q }+ o exp( h; sy J[h;[Kk,k

i-1

Ki,k](og,k - Cohzh Z Km,k ek hz Kk,k (1+ Co(Xi =X ))TZ Zgj,k TED o T Q }v (18)
j=1

k=1 m=k+1 k=1

rae Q =g, —hZTZC fJ ChZ(XI—X )TZC fl gi:qi+cohzi:qk’
k=1

k=1 j=1
¢h,0 (hK11+Ql) (pl + hGl)
Jloka3zaHa cieyromnas Teopema.
Teopema 5. IIpu Beinoanenun ycnosuii a-6, q, <1l ue=0(h"), 0<a <1/2,
pemenne cucremsl (18) mpu h—0, 7—>0 paBHOMEPHO CXOAMTCA K TOYHOMY
pemenuto 3anayu (15), (16), npruueM UMeeT MECTO OLIEHKa

W, —wW/| <M,z +M,h+M,h*+ M+ Mh*, 0<M, =const, i=15.
Bemunnaq, = P, +M,, P, =b[P(xt)|., max(LT), M, =max(T,,T,)

127

K,=K +CK,, K, :max\K xs), K, :max\K(x,S)\,
T,=d,*T[d,d,(1+2bC, )+e L+ Ch)K(x, x)ﬂ

B pazgene 3.2 o0oCHOBaH METOJ YMCIICHHOTO PCIICHHS JIMHEHHBIX
WHTErpalibHbIX ypaBHeHHI BombTeppa Tperhero poma (12), rme wu3BecTHBIC
(GYHKIIMM  YAOBJICTBOPSIOT ~ YCIOBUIO 2) pazgena 2.4 W HENpPEephIBHO
mupdepenmpyembl.  [lomaras X =X, rae Xiea)h:{xi:ih,izo..n,b:nh},

T,= dl_l(d4d5 + e‘l)bi, d, = ﬂ%‘G(XX’ d, =sup

C[Ob

UCIIOJIB3YS KBAAPATYPHYIO (POPMYITy IIpaBbIX MPSIMOYTOJIBHUKOB JJIsl HHTETPAJIOB B
YpaBHEHUH

)[I [K(&,£)—K(s,8)lp, (£)dé -

)
@K(V,s)d vj(pg(s)ds+y(x)+g(ph(0)} (19

11



H

— X TOJy4ydM CHUCTEMY JIMHEHHBIX
p, +hG,

u eeioupas ¢, (0) B Bume Do =

anreOpanvyecKux ypaBHEHUN

1 i-1 i G G k-1 k1 k
== h) exp| —h L —*h) [K, -K -ChYh) K -
gpg,l o+ pi ; p I;lg + pl o+ pk l: ;[ 1 kI :kpe,l 0 ; m§1 ml7 el
i-1 i1 1 i Gk
- hZ[Ku - Ki,l e +Cohzh Z Km,l el + He— +——€Xp| — hz X
I=1 I m=ld E+ P k= E+ P,
X|:hiz_1:[Kk,k - Ki,k ]{pg,k —Cohii ZI: Kl,k(/)g,k 4+ 8<0h,0:|’ i :1"n' (20)

rae Li,k = L(X, %), P =@, (%), 1, =,Ll(Xi), P = p(Xi), x, =ih, k=1.i,i=1.n.
Teopema 6. [lpu BbemonHeHuu ycioBuit a-6 u &£=0(h") ama Bcex
O0<a<1/2, pemenne cucremsl (20), mpu h—0, cxomutcs K @; - TOUHOMY

pelreHuto ypaBHeHus (12), mpruueM UMeeT MeCTO OICHKa
lo.; =@, <Mh*+M "+ M h*,

0<M, =const, j=13

PesynbraTel  pacnpoCcTpaHeHbl W I HEJIWHEWHBIX  MHTErPAIBHBIX
ypaBHeHU BomabpTeppa Tperbero poga. IlpuBeneHsl NpuUMeEpbI, NPOBEACHBI
YUCJIEHHBIE PACYeThl Ha KOMIIBIOTEPE, KOTOPBIE MOATBEPKIAIOT TEOPETHUECKUE
BBIKJIA/IKU.

3akioueHue
B nauccepraunoHHOl pa0oTe METOAOM pEryjasipu3alid  HCCIIEIOBaHBI
HEJIOKaJbHbIe KpaeBble 3ajaud Uil Aud@epeHnuanbHbIX YpaBHEHUM B YaCTHBIX
IPOM3BOJHBIX BTOPOTO U TPEThEro MOpsSAKa B Cllydae HEOOpaTUMOCTU
HeyObIBaronieil GyHkuun p(x)= A(X) + B(X) B HEJIOKAIbHBIX YCIOBHsX. J[OKa3aHbI

TEOPEMBl CXOJUMOCTH PETYIIPU30BAHHOTO PEIICHUS K TOYHOMY PEIICHHUIO
HEJIOKAIBHBIX KPAeBhIX 3a/1a4d. PacCMOTpEHBI TPUMEPHI TSI HEJIOKATBHBIX KPAaeBBIX
3aJ1a4, KOTOPBIC IMOKa3bIBAIOT BEPHOCTHh ITOCTABJICHHBIX YCIIOBUW Ha HW3BECTHBIC
byHkuu. MeTon peryiaspusanui, O0OOCHOBAHHBINIS HEJOKAIBHBIX KPACBBIX
3a/1a4, IPUMEHEH /I MHTETPAIBbHBIX ypaBHCHHMH Bonbreppa Tperbero poaa c
HeyObIBalomIe  HempephiBHOW — kod(durmentHoit  dynknuei. [loctpoeno
pETYISpU3UpPYIONIee YpaBHCHHME, JOKa3aHbl TEOPEMBbl O CXOJUMOCTH TIO
PaBHOMEPHOW METPUKE PETyJISPU3UPOBAHHOTO PEIICHUS K TOYHOMY PEIICHUIO,
YCTaHOBJICHBI YCIIOBUS €IWHCTBEHHOCTH PEIICHUS B MPOCTPAHCTBE HEMPEPHIBHBIX
GyHKITHA.

OO00CHOBaH METO] YUCJICHHOTO PEIICHUS HEIOKAIbHBIX KPAeBbIX 3a/1a4 Jis
mudpepeHInaTbHBIX YPaBHEHWH B YaCTHBIX IPOU3BOJHBIX THIIEPOOIUICCKOTO
TUTIAa U WHTETPaJbHBIX ypaBHEHUN BombTeppa TpeThero pona, OCHOBaHHOTO Ha
METOJIE PeryJsIpU3alii U KBaJpaTypHBIX (OopMyJiaX MPaBbIX MPSIMOYTOJHLHUKOB.

12



I[OKaBaHBI TCOPEMbI CXOJAUMOCTH, IMOJYUCHBI OUCHKHU IMOTPCIIHOCTH 110 CETOYHOM
HOpPMC. PaCCMOTpeHLI IMpUMCPLI IJI1 YUCJIICHHOTO MCTOAA, IMPUBOAATCA 3HAYCHUA
BBIQHCHGHHﬁ, MOATBCPKAAOINUC TCOPCTHICCKHUC BBIKIIAIKH.

OcHOBHOe coepxkaHMe JUCCEPTALMHU ONMY0JMKOBAHO B CJIeAYyHOIINX padoTax:

1.

PycramoBa JI. K. HenokanpHas KkpaeBas 3agada il ypaBHEHUU
runepoomueckoro tuna [Tekcr] / T. T. Kapakees, JI. K. PycramoBa // BectHuk
KI'TIY um. U. ApabaeBa. - bummkek, 2004. - Bem. 2. - C.17-22.

PycramoBa /I. K. Perymapusanms m MeTon KBajparyp I JIMHEWHBIX
UHTErpajbHbIX ypaBHeHui Bonbreppa Tperbero poaa [Tekcr] / T. T. Kapaxkees,
J. K. Pycramona // Uccnen. mo uaTerpo-auddepenil. ypaBHeHHsIM. - buiikexk,
2009. -Bpm. 40. - C. 127-132.

PycramoBa JI. K. HenokaibHas 10 BpeMEHM KpaeBas 3ajada s
ruriepOonmueckux quddepenimanbubix ypasHenuit [ Texer] / 1. K. Pycramona /
Bectauk KHY mm. K. banacareina. - bumkek, 2010. -Bem. 4. - C. 158-162.
PycramoBa /I. K. Pemenne merogoM KBaapaTyp JIMHEHHBIX WHTETPAIbHBIX
ypaBHeHuii BombsTeppa Tpethero poma [Texct] / T. T. Kapaxees, . K.
Pycramona // Hayka u HOBbIe TexHOJNOTHH. - butikek, 2010. - Ne. 5. - C. 8-14.
Pycramona /1. K. Perynsipuzanust HenMHEWHOro ypaBHeHus1 BoiabTepa TpeTbhero
pona. [Tekcr] / T. T. Kapakee, /I. K. PycramoBa / Bectnuk KHY um. XK.
banmacareina. - bumkek, 2011, -Bem. 1. - C. 76-79.

Pycramona /I. K. Perymsapuzanus HETOKaJIBHOW IO BPEMEHW KpPAEBOW 3a1a4d
JUI HEIMHEWHBIX YpaBHEHUH B yacTHBIX npon3BoAHbIX [Tekcer]/ T. T. Kapakees,
. K. Pycramona // Bectouk KHY um. XK. banacareina. - bumikek, 2012. -Bpim.
5.-C.34-44,

PycramoBa /I. K. HenokanpHas 3amaya 1o mpOCTPAHCTBEHHOW NEPEMEHHOMN
s runepoonnyeckux ypaBHenuit [Texcr] / JI. K. Pycramosa // BectHuk
Owl'Y. - Om, 2013. - Crrerr. BoimL 1. - C. 234-2309.

Pycramosa /1. K. [IpuGnmkeHHbIe METOIBI PEIICHUS JIMHEHHBIX MHTETPATbHBIX
ypaBHeHuii Bombereppa Tpethero poma [Texct] / T. T. Kapakees, . K.
PycramoBa, XK. T. Byry6aesa // Materialy X mezinarodni védecko - prakticka
Konference / Dil 33 Matematika Fyzika Chemie a chemicka technologie,
2013/2014. - Praha, 2013/2014. - C. 6-10.

PycramoBa /I. K. EQuHCTBEHHOCTh M YCTOWYMBOCTb PELICHHS HENOKAJIBHOU
KpaeBOM 3aJaud JUIS JIMHEWHBIX YPABHEHHWM B YAaCTHBIX IIPOU3BOJIHBIX BTOPOIO
nopsinka [ Tekct] / T. T. Kapakees, JI. K. Pycramona // Becthuk EHY um. JI. H.
'ymunieBa. - Actana, 2014. Ne 4(101). - C.64-72.

10.PycramoBa JI. K. Perynspuzanusi JIMHEHHOTO HMHTErpajibHOTO ypaBHEHUS

BonbTeppa Tpetbero posa ¢ BhIpoXkaaroiieics: GyHKIMeH BHE HHTETpajia B IBYX
toukax [Tekct] / JI. K. PycramoBa // Becthuk KHY wum. XK. banacarwina. -
bumkek, 2014. - Cnerr. Bem. - C. 52-57.

11.PycramoBa JI. K. Perymsapuzanus JMHEWHBIX HHTErPAIbHBIX YpPaBHEHHI

Bombreppa Ttperhero poma tuma creika [Tekcr] / T. T. Kapakees, [I. K.
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Pycramona // Bectauk KHY um. XK. banacarsina - bumkek, 2014. - Beim. 5. - C.
45-50.

12.Pycramona JI. K. Perynspuzarus HeJoKaJIbHOM KpaeBo 3a1a4uu ISl ypaBHEHUS
bewxkxamuna-bona-Maxonun [Tekct] / T. T. KapakeeB, /I. K. Pycramosa //
[TpuBomKCKUil HayuHbIN BecTHUK - MbkeBck, 2016. -Nel (53). - C. 10-15.

13.PycramoBa /I. K. Perymsapuzaimss HETMHEHHBIX HHTETPAIbHBIX YpaBHEHHM
Bonsteppa tpethero pona B HeperyisipHom cirydae [Teker] / T. T. Kapakees, /1.
K. PycramoBa // Hayka, Texauka u oopazoBanue. - Mocksa, 2016. - Nel (19). - C.
10-14.

14.PycramoBa JI. K. Meron xkBaaparypHbiX GopMyn Ui HETUHEHHBIX
UHTErpaibHbIX ypaBHeHuil BompTreppa Tpetbero poaa [Tekcr] / T. T. Kapaxees,
J1. K. Pycramoga // ITpobaembl coBpeMeHHON HayKu W 00pa3oBaHMs. - MOCKBa,
2016. - Ne3(45). - C. 7-15.

15.PycramoBa JI. K. [IpubnmxeHHoe pelieHre HeloKaabHOM KpaeBoi 3a1auu JIst
runepooueckux ypaBHenuit [Tekcr] / JI. K. PycramoBa // Hayka, HOBBIC
TEXHOJIOTMH 1 MHHOBaIMK Keiprei3crana. - bumkek, 2017. - Ne 10. - C. 3-10.

16.Rustamova D. K. Numerical Solution of Volterra Linear Integral Equation of
the Third Kind [Tekct] / T. T. Karakeev, D. K. Rustamova, J. T. Bugubaeva //
Advances in intelligent Systems and Computing / Intelligent Systems for
Computer Modelling / Proceedings of the 1st European-Middle Asisan
Conference on Computer Modelling 2015 / Springer, Vol. 423, 2016. - Warsaw,
Poland 2016. - P. 111-119.

PE3IOME
JTIUCCEPTAIIMOHHON paboThl Ha TeMy «PellleHne HENOKAJIbHBIX KpaeBbIX 3aaad sl
muddepeHIMaTbHBIX YPaBHEHUN B YACTHBIX IPOM3BOIHBIX», MPEACTABICHHOW Ha
COMCKaHME YYECHOM CTeneHW KaHaujara (QU3HKO-MaTeMaTHYeCKMX HayK IO
cneuuanbHocty 01.01.02 — quddepenimanbabie ypaBHEHMS, JTUHAMUYECKAE CHCTEMBI
Y ONITUMAJIbHOE yIipaBieHue PycramoBon JlnHape! KomeeBHbI

Knwuesvie cnoea: ypaBHeHHE THUNEPOOIMYCCKOTO THIIA, HEJIOKaJIbHAS
KpaeBas 3ajJada, HeyObIBaromas (QyHKIHS, HMHTETPAIbHOEC  ypaBHEHHE,
muddepeHnnanbHoe  ypaBHEHHE, HMHTETpajbHOE  ypaBHeHHEe  Bosbreppa,
paBHOMEpHasi CXOJIUMOCTh, YCTOWYHMBOCTb, peryJspu3alus, amnmpoKCUMalus,
KBaJpaTypHas popmyJia, Majblii mapamerp.

Oovexkm UCCNIe006AHUA . HEJIOKAJIbHBIE  KpaeBble  3aJauv s
nuddepeHInanbHbBIX YpAaBHEHUNW B YaCTHBIX MPOU3BOAHBIX, HWHTErPAIbHBIC
ypaBHeHHUs Bosbreppa TpeTsero poaa.

Ilenv pabomewr: viccieOBaHHUE BOIMPOCOB PETYISPU3ANMU M UYHUCICHHOTO
pemeHuss  udQPepeHIMaTbHBIX  YpaBHEHUH B  YACTHBIX TPOW3BOJHBIX €
HEJIOKAJIbHBIMH KPAaE€BbIMU YCJIOBUSMH, HUHTETPaJbHbIX ypaBHeHUU BonbTeppa
TPETHETO PoJa.
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Memoowt uccneooeanuna: OCHOBHBIMA METOJAMHU  SIBISIOTCS METOJI
peryisipu3aliii, METOJi HHTErpalibHbIX ypaBHEHUH, Mmeton GyHkiuu Pumana,
METO]l KOHEYHBIX CYMM, METOJ] CETOK.

Ilonyuennvie pezyromamat u uxX HOGU3HA:

- pa3paboTaH W OOOCHOBAH METOJ PETYJSpU3aIlii HEJIOKAIbHBIX KPaeBBIX
3a/1a4 JUIsl TMHEHHBIX M HEJIMHEHHBIX U] depeHINaIbHBIX YPAaBHEHUN B YaCTHBIX
MPOM3BOJIHBIX BTOPOTO TMOpSAKa B clydae HEOOPAaTUMOCTH OOBEIMHEHHOTO
orepaTopa Mpu HEM3BECTHBIX (PYHKITUAX B HEJIOKATHHBIX YCIOBUSX;

— YCTAaHOBJICHbl  JIOCTAaTOYHBIE  YCIIOBUS  €IMHCTBEHHOCTH  PELICHUS
HEJIOKAJIBHBIX KPAECBbIX 33/1a4 /Ui ypaBHeHUs benpxamuna-bona-Maxonu;

— O00OCHOBaH METOJl PEryJsipU3aluy HWHTErPAbHBIX ypaBHeHHI Boisbreppa
TPETBETO POJIa C OMEPATOPOM YMHOXKEHHUS Ha HEMPEPHIBHYIO HEYOBIBAIOIIYIO
(YHKIIUIO U HEIPEPBIBHBIM SIIPOM;

- pa3paboTaH W OOOCHOBAaH METOJI YHCJICHHOTO pEIICHUS HEJIOKAIbHOM
KpaeBou 3amaun s auddepeHIHaIbHBIX YPaBHEHUH B YAaCTHBIX MPOU3BOIHBIX
BTOPOTO MOPSiJIKa, MHTErPAJIbHBIX YpaBHEHUN BonbTeppa TpeThero poaa.

PycramoBa [lunapa KomeeBHanwin 01.01.02 — muddepennmanasik TeHACMENED,
JUHAMHUKAJIBIK CHCTEMallap JKaHa ONTHUMAJIIyy OaIllkapyy aaucTUrd OoroH4Ya
dbu3MKa-MaTeMaTUKa WIMMISPUHUH KaHIUJAThl OKYMYIITYYIYK Jlapa)KachblH
W3JICHUTT ajyy YYyH JkaspuraH <«OKekedue TyyHnymyy auddepeHITuanIbK
TEHIEMEJIEp YYYH JIOKAIAYYy O3MEC YeTTUK Macelelepan dYbIrapyy» arTyy
JUCCEPTAIMSIIBIK HITMHUH

PE3IOMECH
Ypynmmyy ce30op: runepbona TUOMHAETHM TEHIAEMENEP, JOKAIAYY 3MEC
YeTTUK  Macenenep, kemubeeuy  (PyHKIHMS,  HHTETPAJJLIK  TEHJIEME,

muddepeHunanapik TeHaeMme, BoapTeppaHblH HWHTErpajiblK TEHIEMECH, Oup
KQJIBINITa SKBIMHAIYYUYJIYK, TYPYKTYYJIYK, peryJsipu3aius, anmnpoKCcuMalus,
KBaJApaTypaibiK (hopMysa, KHIU NapaMmeTp.

H3unoeenyn odvekmucu: xexkedue TyyHAyNyy auddepeHuuanablk TeHIeMe
YUYH JIOKaJayy 53MeC YeTTHK Macenernep, YUYHuy TypyHaery BosbreppaHbiH
WHTETPaIbIK TEHIEMECH.

H3unoeenyn makcamol: xxekede TyyHaynyy auddepeHnmanaplk TeHaeMenep
YUYH JIOKaJIAyy -SMec Macelenep, YYyHuy TapTunrteru BosbTeppaHbiH
MHTETPaIbIK TEHJAEMEIEPUH PEryJIapIallThIPyy, OIIOHION 3JI€ aJapAblH CaHIbIK
YBITAPBUIBIIIBIH Y3TYATYKCY3 QYHKIUSIAD MEHKUHIUTHHIC U3WIIIO0.

H3undeenyn  vikmacevl:  pETyIspHAIITBIPYY  BIKMA,  HMHTErPaAbIK
TEeHJIeMeNep bIKMachl, PUMaH (yHKIMSACHI BIKMAchl, YEKTYY CymMMajap BIKMAcCHI,
TOPYO BIKMA.

H3un000nyn unumuii Hcanblipleol:

— DKUHYHU TApTUNTETH CBHI3BIKTYY JKaHa CBI3BIKTYY AMEC JKeKede TYYHAYIYy
muddepeHInanaplk TEHAEMENIep YYYH JIOKaIJyy 53MeC YeTTHK Macelelnepan
PeryJsipAallIThIPYy bIKMAChl UIITEIUI YbIKTHI,
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- benmxamnua-boH-MaxoHu TeHIEMECHM YYYH JIOKaJNABbIK OMEC YETTUK
MaceJeNepArH KAJITbI3 YbIIAPbUIBIIIBIHBIH KETUIITYY IIAPTHI Typry3yJiraH;

— Y3TYJATYKCY3 KeMuOeeuy (QyHKUMSIYY KaHa Y3TYJITYKCY3 SIPOIYY Y4yHUY
TYpZery BonbTeppaHblH HMHTETpAIIBIK TEHAEMENEpP YUYYH PETYISpAALTHIPYY
BIKMAaChl HETU3/CIITEH;

— DKMHYM TAPTUNOTETH >KEKe4Ye TYYHIYJIYyY CBI3BIKTYY AU(QepeHInaIaIbK
TEHJAEMENIEp YYYH JIOKAJILYy OMEC YETTHK Macelenepay, Y4YyH4Yy Typaery
BosbreppaHblH  MHTErpaiablK TEHIAEMEIECPUH CAHABIK 4YbITapyy bIKMajapbl
HETU3/IENTEH.

SUMMARY
of dissertation work on the subject "The solution of nonlocal regional tasks for the
differential equations in private derivatives" submitted for the scientific degree of
candidate of physical and mathematical sciences on specialty 01.01.02 -
differential equations, dynamical systems and optimal control by Rustamova
Dinara Kosheevna

Keywords: hyperbolic type equation, nonlocal boundary value problems,
differential equation, integral equation of Volterra, uniform convergence,
regularization, approximation, small parameter.

Obiject of research: nonlocal regional problem for the differential equations
in private derivatives, Volterra integral equation of the third kind.

Aim of research: research of questions of regularization and the numerical
solution of the differential equations in private derivatives with nonlocal regional
conditions, Volterra integral equation of the third kind.

Methods of research: The main methods are the method of regularization,
the integral equations, a method of function of Riemann, quadrature formulas and
the principle of the squeezing displays.

Scientific novelty:

- the method of regularization of nonlocal regional tasks for the differential
equations in private derivatives of the second order in cases of irreversibility of the
joint operator at unknown functions in not local conditions is developed and
reasonable;

- sufficient conditions of uniqueness of the solution of not local regional tasks
for Benjamin-Bona-Mahoney's equation are established;

- the method of regularization of the integral equations of Volterra of the third
kind with the operator of multiplication by the continuous not decreasing function
and a continuous kernel is reasonable;

- the method of the numerical solution of nonlocal regional task for the
differential equations in private derivatives of the second order, the integrated
equations of Volterra of the third kind is developed and reasonable.
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