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Yuenntii cexperapb
AHCCEPTALHOHHOrO COBLTA,

KAHAKAAT (PHINKO-MATEMATHHCCKHX HAYK, JIONCHT Ilapwembuena ®. K.

OBLASI XAPAKTEPUCTHKA HCCIIEAOBAHHA

AKTyanbHOCTH TeMbl AuccepTanun. Murerpansusie ypasHeHus Bonsreppa
IIHPOKO TNPHMEHAIOTCA B 3aauax acTPOHOMMH, OHONOrMM M IKONOTHH,
NEKTPOAMHAMIKH M MeXaHyukH. Bo3HHMKalOT BCe HOBBIE 06MacTH, B KOTOPBIX
OCHOBHbIE MPOLECCH! MOAY/HPYIOTCR HHTErPANbHBIMH ypaBHeHHAME BonbTeppa
NepBoro, BTOPOro M TPeTLEro poaa. : A

HUurerpanshbie ypaBHeHHs BonsTeppa TpeThero poaa BO3HHKAIOT TNPH
MCC/IEIOBAHHH IHPOKOrO Kiiacca 06paTHBIX H HENIOKAIBHBIX KPaeBbIX 3ajad uix
auddepeHUHANBHBIX YPaBHEHHIT B YAaCTHBIX NPOM3BOAHBIX, KOTOPHIE HMEIOT
BAOXHBIC NPWIOKCHHK B ‘MaTeMaTH4eckoii GHONOrHH, TeIIOQH3NKE, TCOPHH
yNpyrocTH H Blaronepesoca. ~

B TeopiH HHTErPaNIbHBIX ypasHeHH)i BoabTeppa nepBoro H TpEThero poaa
omuHMH ¥3 OQQEKTHBHBIX MCTOAAMH MHCC/EAOBAHHA ABNAIOTCA METOMLI
perynapH3aLiH, OCHOBBI KOTOpBIX GhutH 3anoxensl B paGorax A. H. Tixonosa
(1986), M. M. JlaspenTsesa (1980).

VenoBHs paspellMMOCTH M METOAB!  PEryNApH3ALMH  HHTETPAILHLIX
ypasuenuit Bonsteppa Tpetbero poga nccrenosanst B paorax JI. M. Ilanosa
(1967), A1. Suno (1987), H. A. Marunukoro (1979), A. M. Haxywesa (1974),
P. T. Sato (1953), S. S. Allaei, Z. W. Yang, H. Brunner (2015), P. Grandits (2008),
A. Acamosa (1994), C. Hckaupaposa (1998), K. Amwimkynosa (1992),
A. B. Baiizakosa (2017), K. B. Baparanuesa (2004), T. 1. Omyposa (2003),
T. T. Kapakeesa (2003), M. B. Bynarosa (2002) n np. Metos! YHCIIEHHOTO
pemenus u3yuenst B paGorax P. Jami, E. Hashemizadeh (2021), T. T. Kapakeea
(2004).

OzHaKo, CIEAYET OTMETHTD, HHTETPaNIbHbIE ypaBHeHHA BonbTeppa TpeThero
POAA He HCCNEN0BAHB! MONHOCTEIO, METO/B! HX YHC/ICHHOTO PEUICHIA HE PA3BHTHI.
OTCYTCTBYIOT METOZb! PEry/APH3ALIH M YHCJCHHOTO PEelICHHA B Ciydac, KOraa
M3BecTHAd GYHKLMA PH HCKOMOIT PYHKLIMH BHE HHTErpana o6pallacTCs B Hyb BO
BHYTPEHHHX TOYUKAX OTpe3ka.

Hacrosmas  JMccepTalMd  NOCBALICHA  MCCNENOBAHHIO  BOMPOCOB
Perynspusaupd W EMHCTBEHHOCTH peIICHWIl MHTETpATbHBIX ypaBHeHHit
BoJisTeppa TPETHEro PoAa H CHCTEM TaKiX ypasHEH B CITyHae BHIPOKICHNA BO
BHYTPEHHHX TOYKAX OTPE3Ka H3BECTHON (yHKLUMH NpH nckomoit GyHKUHH BHE
unTerpana, Maywaerca  WMCNEHHBI  MeTOR NpHOMIDKEHHOro  pellieHHs
MHTErpanbHbIX ypaBHeRHil BobTeppa TpeThero poaa. ' ;

CBfi3b TeMbl AHCCEPTALMH € KPYNHLIMH HAYMHBIMH NPOrpaMMaMi
(npoekTammu) W OCHOBHBIMM  HARYYHO-HCC/ICAOBATE/NbLCKIMM paGoTamu.
HccneoBanie no TeMe ANCCEPTALH MPOBOJNNOCH B PAMKAX YTBEPAKICHHOI
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tematikn “TIpuGipkeHHble MCTOMbI PEMICHHA HHTETPANbHBIX ypaBHeHHi”
xadenpst npuxnagsoit nudopmariki KI'Y nmenn U. Apabaesa.
Llens 1 3anaun nccaenosanus. Liensio ABNAETCA HCCNENO0BAHHE BONPOCOB

perynapH3alny # YHCICHHOro peIeHHA JIHHEIHBIX M HEMHMHEHHBIX HHTETPATBHBIX
ypassenuii BonsTeppa TpeThero pojia M HX CHCTEM B Ciydac BBIPOXKACHHA
W3BECTHON (YHKUMM NpH HCKOMOHN (YHKLWH BHE MHTErpana BO BHYTPEHHHX

TOYKaX OTpe3Ka,
JIna AOCTHAKEHHMS 1e ONpeAENCHBI CICAYIOLIHE 3aaati:

~  W3yYeHHE PErynApH3MPYeMOCTH JIMHEHHBIX H HEMMHEHHBIX HHTETPaNbHBIX
ypasHeHuii Bonbteppa TpeThero pojia B Ciiy4ae BepOKACHHA n3BeCTHOI GyHKUMH
npH HCKOMOIt PYHKUMH BHE HHTErpaia BO BHYTPEHHHX TOUKAX OTPE3Ka,

~ yCTaHOBNEHMe YCNOBMil EIMHCTBEHHOCTH PEINCHHA HHTETPANBHLIX
ypasrennii BonbTeppa TpeTsero pojia B NPOCTPAHCTBE HEMPEPhIBHEIX ¢byHkuuii B
ClTyuae BHIPOKIACHHA H3BECTHOM (YHKLUMH NPH HCKOMOH ¢yHKUMH BHE HHTErpana
BO BHYTPEHHHX TOYKaX OTPE3Ka,

—  HCC/ENOBAHHE PErYNSAPHIMPYEMOCTH CHCTEM JIHHEHHBIX M HENHHEHHBIX
MHTErpabHbIX ypasHeHuii BonbTeppa TpeThero poaa B Ciy4ae BbIPOXKICHHA
M3BECTHONH (YHKuUMM NpH HCKOMOIi QYHKUMM BHE WHTErpaia BO BHYTPEHHHX
TOMKAX OTPE3Ka; X :

~  YHCNEHHOE pelleHHe NMHEIHBIX H HeNMHEIHEIX HHTErPAILHBIX yPaBHCHHH
BosbTeppa TpeThero poia B CAyyae BBIPOKICHWA H3BECTHOH (QYHKUMH mpH
HCKOMO#t (pyHKUMH BHE HHTErpaja BO BHYTPEHHHX TO4KaX OTpe3ka.

Hayunas HoBH3HA PaboThbI

~ JOKa3aHa pery/spH3NpYeMOCThb JIMHEHHBIX M HENHHEIHBIX HHTErpaIbHbIX
ypasHeHuii BonbTeppa TpeThero pojia B CIryuae BhIPOKACHIA H3BECTHOM byHKIHH
NpH HCKOMO# QYHKLMH BHE HHTErpala BO BHYTPCHHHX TOUKAX OTPE3Ka,

— YCTaHOBNEHbl  JIOCTATOYHBIE  YCJIOBHA  €AUHCTBEHHOCTH  peIUCHHA
MHTErpanbHbLIX ypaBHeHuii Bonbreppa TpeThero poja B MNPOCTPaHCTBE
HenpepLIBHBIX GyHKLHMIT B ClTyuae BLIPOK/CHHA H3BECTHOH QYHKIUMH NPH HCcKoMoit
(yHKUHH BHE HHTErpana BO BHYTPEHHHX TOYKaX OTpe3Ka; :

~  JI0Ka3aHa CXOAMMOCTb PEryNApH3NPOBAHHBIX PEIICHHIT CHCTEM IHHEHHBIX H
HENHHEHHBIX MHTETPANBHBIX ypaBHEHHiT Bonbreppa TpeThero pojaa K TOYHOMY
PEILIEHHIO B C/Tyae BHIPOKACHNA H3BECTHOI (GyHKLUH NPH HCKOMOIT QYHKLMH BHE
HHTerpaa BO BHYTPEHHHX TOUKaX OTPe3Ka;

— MONYYEHO YHCICHHOE pelleHHe NMHEHHBIX W HENTHHEHHbIX HHTErPAIbHBIX
ypaBHenHii BonbTeppa TpeTsero poaa B cnjuae BHIPOMKACHHA H3BECTHOI QyHKUMH
nNpH HCKOMOIT GPYHKLMH BHE HHTErpana BO BHYTPEHHHX TOYKaX OTpe3Ka,

4

—  COCTaBJICH MaKeT mporpamym Ha a3sike Delphi ana peanusawn wncnenyHoro
pelleHHs MHTerpanbHeIX ypaBHenuii BonbTeppa Tpetsero popa M nposeaecH
YHCNICHHBIH IKCTIEPHMEHT.

TeopeTnyeckass M NPaKTHYECKas  3HAYHMOCTE  MOJIYy4YCHHbLIX
Pe3ynbTaToB. Pe3y/bTaThl AHCCEPTALIHH HOCAT TEOPETHYCCKHIT XapakTep H MOryT
ObITh MPHMEHEHBI NPH PEryiApH3alMH H YHCICHHOM PCLUCHHH HENMOKANbHBIX
KpaeBbIX 3a1a4 H o6paTHBIX 32824 A A depeHUHANBHBIX YPAaBHEHHIT B HACTHBIX
NPOH3BOAHBIX.

OcHOBHbIE NOJIOKEHHS JHCCEPTALHH, BBIHOCHMbIC HA 3ALUNTY:

1. [OKa3aTeNsCTBO  pEryiApH3MPYeMOCTH  JIHHEHHBIX  HHTErPanbHBIX
ypaBHeHuii BonbTeppa TpeThero poaa ¢ ONEpaTtopoM YMHOKEHHA Ha Iafkylo
HeBO3pacTalonmy:o (GyHKIHIO;

‘2. YCTQHOBJICHHE YCNOBMii PErynApH3IHPYeMOCTH JIHHEHHBIX HHTETPAIBHBIX
ypasHenuii Bonsreppa TpeTero poja C ONEPATOPOM YMHOKEHHA HA
HenpepbiBHYIO HeyOhIBAIOLLYIO (YHKIUIO,

3. MOKa3aTeNBCTBO CXOMMMOCTH PEryNApH3HPOBAHHBIX PELICHHIT THHEHHBIX H
HEJIHHEHHBIX MHTETpanbHBIX ypaBHEHHH BonkTeppa TpETHErO poia K TOYHOMY
PEIIEHHIO, B CITy4ae BHIPOXACHHA H3BECTHO QYHKLMH NPH HCKOMOIT PYHKIUIH BHE
HHTErpana BO BHYTPEHHHX TOYKaX OTpe3Ka;

4, N0Ka3aTeNbCTBO PEryNAPH3HPYEMOCTH CHCTEM JIMHEHHBIX M HEMHHEMHBIX
MHTETpalbHBIX ypaBHeHHii Bonereppa TpeThero poaa B CNyyae BhIPOAKACHHA
u3BeCTHON (YHKWHH NMpH HCKOMONH (YHKUMH BHE MHTEIpana BO BHYTPCHHIHX
TOYKaX OTPE3Ka;

5. JOKa3aTeNbCTBO CXOAMMOCTH YHCNEHHOTO PpEWIEHHA JHHEHBIX H
HeNMHeitHBIX MHTErpaIbHBIX ypaBHeHHii BosbTeppa TpeThero poAa K TOYHOMY
PELICHHIO B CIlyyae BLIPOKACHHA H3BECTHOI YHKLINH MPH HCKOMOI dynxunm BHE
HHTErpana BO BHYTPEHHHX TOYKaX OTpe3Ka.

Jinunblii Bknax comckarens. [locraHoBka 3amad M- obcyxaeHue
MOMyYEHHBIX pPe3yAbTATOB MPOBOMINCE MNpPH HENOCPCACTBCHHOM YHaCTHH
HAy4HOTO pPYKOBOAWTENA. Pe3ynbTaTsl HCCNEQOBaHMit AHCCEPTALMH MOMYHCHbI
aBTOPOM.

AnpoGauun pesyabTaToB Hccnenosanuil. PesynsTaTel HccneaoBanui
JOKaABIBANKCH i 06CYXAIHCH Ha:

— HAyYHO - MpaKTHIeCKONl KOH(EPCHUMH MOMNOABIX YHEHBIX HAH KP

«Crapt B Gonburyio HayKy». BHIIKCK, 2013 r.,;
— X mezinarodni v&decko - praktickd Konference, Praha, 2013/2014;

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



~ HayuHo-npakTideckoii konpepenmn «Hayka XXI BeKa: HOBBIif MOAXOM».
Buikex, 2014r.;

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

~ MexayHaponHoit  xongepenumn  «III Bopy6aencxue YTEHHAN,
nocssmenHoit 35-netmo MUncturyra matematuxkn HAH KP, Bumikek, 2019r.;

~ MexayHapojHoit HayuHoii xongepenumn «IIpoGnemsi cospeMeHHOI

' MaTeMaTHKH H €€ MpWIOKEHHA», TNocBAweHHoi 70-neTHio  akageMmka
A. A. Bopy6aesa, Buuikek, 2021r.

IMonuoTa oTpaeHus Pe3yALTATOB AHCCEPTALMH B Ny(uKauuaX.

OCHOBHEIE Pe3yNbTATHI AHCCEPTALMH ONMYGAHKOBaHE! B 13 HAYUHBIX CTATBAX
[1]-[13], npuBenenusix B crucke omy6nukoBannbix pabor. Cratea [5] Bxoaut B
6asy maumbix Scopus, crateu [6] - [13] Bxoasr B Gasy mammeix PHHII. B
COBMECTHBIX pa60OTaX MOCTAHOBKA 3a/1a4 NPHHAVIEKHT HAYMHOMY PYKOBOAHTENIO,
NOMyUeHHBIE OCHOBHBIE Pe3yNbTaThl M OUEHKH - comckatemo. B [3, 5, 13]
MOCTAaHOBKA 3aja4 NpPHHAMNIEKHT Hay4HOMY PYKOBOAHMTENIO, AOKA3ATENLCTBO
yTBepxcaeHmuit B cnysae Hesospactaiomeil  koddduumentroit  pynximu
HHTerpanbHeIX ypasHeHuit BonbsTeppa TpeThero poaa - COHCKaTeNo.

Crpyktypa 1 ofbem aucceprauun. Jlicceprauus COCTOMT H3 NepeuHs
cokpaiennii # o6o3nauenuil, BBEACHHA, NATH IJaB, BHIBOAOB, CIHCKa
HICNONB30BAHHBIX HCTOYHHMKOB M3 72 HamMenoBanmii. Hymepaums paspenos -
TpoiiHaa: nepsas mM¢pa yka3biBaCT Ha HOMEp INaBhkl, BTOpasd - Ha HOMep
naparpaga, TpeTbi — Ha mnOpAAKOBBIT HoMep B maparpade. O6beM
auccepTauHoHHoit paboTst cocraBnset 150 cTpanuy TeKcTa.

OCHOBHOE COJAEPXAHME JAMCCEPTALIUM

B nepgoii rnase «OB30P JINTEPATYPbI» npuBoautcs 0630p H3BECTHBIX
pe3ynbTaToB APYrHX aBTOPOB N0 HHTErPabHBIM ypaBHeHHAM BonbsTeppa TpeTsero
pona, a TaKxke 0630p pe3yAbTaTOB HCCIEAOBAHHIT HEMOKANBHBIX KPAeBbIX 3a1a4 H
obparHbix 3aga4 A AuddepeHuHanbHEIX YpaBHEHH T B YaCTHBIX MPOM3BOAHbIX,
KOTOpbIC MMEIOT BAXKHbIE NpPHKIAAHbIE 3HAYCHHA H MOryT ObITb NMpHBEIEHbl K
HHTErpanbHBIM ypaBHeHHAM BonbTeppa TpeThero poaa.

Bo Bropoii rnase «MATEPUAJI U METOJBI HCCIEZOBAHWS»
npuBe/ieHsl OOBEKT, NpeAMET M METOAbl HccaemoBanua. B auccepraumoHHOi
pabore oOBekTOM MCCICHAOBAHHA ABNAIOTCA JIMHeliHBle M HENHHEHHBIE
HHTerpaibHble ypaBHeHia Bonbreppa 1 ux cucremsl. [TpeameroM HccnenoBaHms
ABJIAIOTCA PEryNApH3alHA M YHCACHHOE pellieHHe JHHEHHBIX M HEMHHEHHBIX
HHTETpaNbHbIX YpaBHeHMIt Bonbreppa TpeThero poaa B Clyuae BHIPOXAEHHA
kodppuumentHoli  QyHxumm npH  uckoMolf QyHKuUMH BHE HHTerpana

BO BHYTPCHHHX TOYKaX OTpPC3Ka. B uccnepoBanuy GBUTH HCMONB30BaHLI METO/IB!

pery/ApH3aLHuHy 1 YHCIEHHbIE METOABI.
Tperbs rnasa «PEIVIIAPU3ALMA HHTErPAJIbHBIX YPABHEHMI

BOJIBTEPPA TPETBEI'O POJIA» nocBauicHa BONPOCAM PEryaspH3HpYEMOCTH H
€MHCTBEHHOCTH pEIeHNs B KJIacce HEnpephiBHBIX GyHKumit nHHefHbIX
HHTETpaIBHBIX ypaBHeHHit BosbTeppa TpeThEro poja ¢ OnepaTopoM YMHOKEHHA
HA TNaJKyl0 HEBO3PACTAIOUIYI0 QYHKLUMIO M C OMNEPATOPOM YMHOXEHHA Ha
HETpEpLIBHYI0 HeyOBIBAlONl0 (QYHKUMIO;, JIHHEHHBIX M HENHHEHHBIX
MHTCTPAIbHBIX ypaBHeHHii BonbTeppa Tpersero poaa B Ciryuae BBIPOKACHHA
u3secTHoM Qynxkumn (ko3pduumenTHOlN QyHKLMT) NP HCKOMOI QyHKUHH BHe
HHTErpaia BO BHYTPEHHHX TOUKaX OTpe3Ka.
B §3.1 paccuarpusae‘rcn JHHeiiHOe ypaBHEeHHE

p()u(x) + f K(x, u(t)dt = g(x), x€[0,b], (i)

B MIPEANONOKEHHH, 4TO €ro pemeuue npuHaanexut npocrpanctey C[0, b] H MpH
CleyIoNyX yCnoBuAX 3ananbl Gynkunn p(x), g(x), K(x, t):
a) g(x) € € [0,b), K(x,t) €C(D), K(x,x) 20, D ={(x,£)/0 < t <x<b})
6) p(x) € C[0,b], p(b) =0, p(x) >0, Vx € [0,b);

p(x) - HeBo3pacTAIOWAA YHKLNS,
8) G(x) = dy, G(x) = Cop*(x) + (1 + G 9(0))K(x,%), 0 < €, Cy, dy = const;
?) BxG(x)+p(x)>0 0<01<1

IMpeo6pasyem ypasuenue (1), aefictsys onepatopom [+ Col + T, rae
I - enuumyHeIE oneparop, / 1 T'— oneparops! Bom.-r:ppa BHIA

X

00 = [ pewod, @ = [ ke.ouwea
0 .
Toraa noay4HM ypaBHEeHHE i
p(u(x) + f G(O)ult)dt = f L(x, u(t)dt +
‘0
+C, f po(DUA(E)dt + G f u()dt f Koo, 0u()ds + £, x€[08], @)
0

re L(x,£) = K(t,8) — K(x,£) = Co [ PGS 245, a(s) = POOKC.2),

Ko(x,t) = Kt OK(6t), () =g(x)+Co [ p(g(8)de
0



Hapany ¢ ypasuenuem (2) paccMaTpHBACTCA YPaBHCHHE C MIbIM
napaMeTpoM £ M3 mmpna.na ©,1)

(& + P0O)ue(x) + ] GO u ()t = f L0, ) u()de+Cy f po(6) uZ(t)dt +

x

+C; f u (t)dt f Ko(s, t) u (s)ds + eu(0) + f(x), x€[0,b],
0 t .
KOTOPOE C NOMOLIBIO PE30/IbBENTH! A1Pa (—G(t) /(e+ p(x))) NpEACTaBHM B BHAE

o & £ Gls) (o) :
W) = s f exp(-— f . +p(s)ds)e +p(t){ [L(t, 5) u,(s)ds

t

f L(x, ) (s)ds — C; f po(syuZ (s)ds + G, f u,(s)ds j Ko(v, S)ue(v)dv —
[H]

-G f u(s)ds f Ko, s)u,(v)dv + f(t) - f (x)] dt +

x

G(s) ¢ s
Ter p(x) xp( f +p(s) ds) {of LGty u (t)de + G, of po(t)uZ(t)dt +

0

x

+G, f u, ©)de [ Ko(s, £) u,(s)ds + eu(0) + f(x)}. @)
0 t

Bseaem obo3Hauenne
Q[0,b] = {u(x) € C[0,b]): |u(x) —upl <715, 0 < up, 1y = const};
q = 2(Lbdy? + Cyr(Lyb? + 2My))05% + 2Mo((Cyr + Cob) + Ly Cob?) X
X (1+6037) + (Leb(Cybr + (1 + CoPyb/2)d5™) + CoPyb + 2C,r(Py + My)) X

=1
X (6,¢)71, 0<6,<1, P = gggllp(x)l,
max f Keolel, resen

0<Lg~- xoaq)qmuucm JIumunua sapa K(x, t) no aprymenty x.

Teopema 3.1.1. ITycrs Bainonuaiorcs ycnosus a) - 6), ¢ <1 W ypasnenue
(1) nmeer pewenne u(x) € C[0,b). Toraa npu £ ~ 0 pewenne ypasuenns (3)
PaBHOMEPHO CXOANTCA K pelueHmio ypasuenus (1). ITpu 3ToM cnpaseaisa oueHka

lhtex) = u(@lleton) < ((3& + 4d5™ ) u(@)legop) + dawu(e#)) /(1 = 4).

Caencreue 3.1.1. Ilpu Bhinonuenuu ycnosmit Teopems 3.1.1 pemenue
ypasuenus (1) enunctaenno B Q[0, b].

Ecnn G(x) = Cop?(x) + K(x,x) = d,, To nonoxus C; =0 8 (2) H (3)
MOMY4HM OUCHKY

()] < M, f lug(O)]de + elu(0)| + My, 0 < Mo, M, = const. -

0
M3 panmoit ouemku cnenyer perynspusupyemocts ypasuenus (1) npu
BBINONHEHHH YCNOBHit a), §) M eAMHCTBEHHOCTD petuenns B npoctpaucrse C[0, b].

B §3.2 paccmatpuBaeTcR perynapusaums NS JHHEHHBIX HHTCrPANBHBIX
ypasHenuii Bonsreppa (l) ¢ onepaTopoM YMHOXKCHHA HA HeENpepbIBHYIO
neybsisalomyo  Qynkwmo, rae ana  sapanHbix  Qymkumit  g(x), K(x,t)
BLITIONHAIOTCA ycnoBus a) ¥ 6¢) u3 §3.1, a ana u3mecTHoit Qynxumn p(x)
BLITIONTHACTCA YC/IOBHE:

9) p(x) € C[0,b], p(0)= g(0)=0, p(x) >0, vx€(0,b],
p(x) - HeyGuiBaiowas GpyHKuus.
YCTaHOBJIEHBI YCIIOBIHA, NIPH KOTOPBIX pELCHHE ypasnemm (3) paBHoMepHO
CXOAMTCA K pellieHHIo ypasHeHHA (1) ¢ BLIBOZOM OLICHKH
lle ) = u(®)llcgon) < (4(ds€) P llu®)llcron) + wu(e?)) /1 - @),
rae w,(ef) = | sulp [u(x) —u@®)l,  0<p, g<1.
x-t|se?

B §3.3 mccnenyerca METOR perynspHauiH JHHCHHBIX HHTETPAILHBIX
ypaBHenuii BonbTeppa TpeTsero posa B ciyuae BbIPOXKACHIHA KoI(duLmeHTHON
(yHKLHH BO BHYTPEHHHX TOYKAX OTpE3Ka.

Mycts u3sectusie dynkwm p(x), K(x,t), g(x) nogunusiorca ycnosuam:
ans dynkunn K(x,t) Beinonuserca ycnosue a) us §3 .1 n [

_ (P, x€[0,by], - {yx(x). x €[0,by],
=G0 rembl, 0o, xeibuil
&) g1(x) €C[0,b], ga(x) € C[by, b, g1(by) = g2(by);
ac) py(x) € C*[0,b],p1(by) = 0, py(x) >0, Vx € [0,b,),

P2(by) =0, pa(x) >0, Vx € (by, b],

p; (x)-neBospacraiowas pynkuns, pp(x) — HeyGbiBaomas GyHKuHS;
3) Gy(x) 2 dy, Go(x) 2 dy, Gy (x) = Copy*(x) + (1 + €19, ())K(x, %),

G2(x) = Cp2(x) + (1 + C392(x))K(x,%), 0 < Cj,dyd; = const,j = 0..3.

Mycts x € [0,by]. Torna us ypasnenns (1) nomy im :

X

- p()z(x) + f K(x,t)z(t)dt = g,(x), x €[0,b,]. (4)
J .
Ecmu x € [by, b], To ypasuenne (1) nepexoauT K ypaBHEHHIO BHAA
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pz(x)y(x) + f K(x, t)y(t)dt = go(x) - f K(x,t)z(t)dt,x € [by, b]. (5)

Vuutsisas ycnosue 91(by) = g;(by) npu x = by 3 (5), nomy M g2(by) —
1 b g (by, )y(t)dt = 0. lonycTim, 4TO BHINONHACTCA YCNOBHE z(by) = y(by)-

Ha ypasnenue (4) neficrsyem oneparopom / + Co] + ClT. Torzaa nomy"HM
ypaBHeH#e

p,(X)2(x) + f 6,(Dz(t)dt = f L(x, )z(t)dt +C, f po(OZ2(@)dt +

0
x

+C, f z(t)dt f Ko(s, t)z(s)ds + F,(x), x€][0, b,], (6)

rae po(x) = p(XK(x,x), L(x,t) = K(t,t) - K(x,t) = Co f p1($)K (s, t)ds,

Koxt) = KOk,  RE=a@®+6fy 1(t)gl(t)dt
IpeoGpasyen, auanormmo, ypasuelme (5) 1 momyuum 3xnnnanelrmoe ypaBHEHHE

Pa(X)y(0) + f Go(Oy(tdt = f Ly(x, O)y(e)dt + Cy j Pa()y2()dt +

+Cy f y(e)de f Ka(s.DY()ds +Cs f BEY@de + Fy(),x € By b, ()

Pa(x) = pz(x)K (x. x),L,(x,t) = K(t, t) — K(x,t) = C; J; p2(8)K (s, t)ds,
Fy(x) = g2(x) + C; [, p2(t)ga()dt — Jo K (x, 0)2(8)dt = G, Jy; [y pa(6) %
x K(t,s)z(s)dsdt, Ko(x,t) = K(x,x)K(x,t), B(x) = Io Ko(x, t)z(t)dt.
PaccmoTpum A (6) ypasHeHHe C M?HM napaMeTpoM n:; unrepsana (0,1)
(e + Py ()2 (x) + f Gy () z(t)dt = f L(x,t) z,(t)de+C, I po(t)z2(t)dt +
+C, f z.(t)dt I Ko(s, t)z.(s)ds + £2(0) + Fx(x) x € [0,b,] (8)
1 s (7) nneneM ypanneuue ¢ MIBIM NapaMeTpoM & E (0,1) no cnenyiomemy
npasuy
(2 + P2 ()3 (x) + f G2 (e)y(t)dt = f Ly(x, )y (6)dt+C3 f pa(t) yZ(£)dt +

R sl g

+G3 f Ye(t)dt f Ko(s,) y(s)ds + C, f B(®)y.(t)det + ey,(b,) +F(x). (9)

JHns pemcmm u(x() glpanue}mx[(l), <inpcnennemoro B laHHO# nocranoaxe
z(x), x€[0,b],
S Relabl sh) = yih), 0o
rae z(x) - pewenue ypasuenns (4), y(x) - pewenme ypasnenns (5),
perynspH3oBaHHOE pewieHne U (X) cTpouTCa no npasmty
. zt(x)' X € [0' bl]'
U=l @),  xeubl,  zb)=n®) D
anecs  z.(x) - pemenne ypasrenus (8), y,(x) - pewenne ypasuenns (9).
Teopema 3.3.1. ITycTs BHINONHAIOTCA YCIOBHA 6), €) - 3), A
q = max(q,,q;) < 1 nypasuenne (1) umeer pewenne u(x) € C[0, b). Toraa npu
£ - 0 perynapusoBannoe pemenne u.(x), onpesenennoe mo mpasiny (11)
PaBHOMEPHO CXOAMTCA K pewennio ypasHenua (1) - ¢ymxkumn u(x),
onpeaensemoii cornacho (10).
[TocTosHHbIE G4, G5 - BEIMHCIAIOTCA Yepe3 HIBECTHBIC QYHKLIHH.
Cnencrsne 3.3.1. Ilpu Bumonuenuu ycnosuit Teopemst 3.3.1 peenne
ypasnenus (1) exuncrsenno B [0, b).

Ipumep 3.3.1. I'!ym H3BECTHBIC (QYHKIMH 3a/1aHb] cne,uylouum obpazom:
p1(x) -lcosrrx.x g [0 ] p2(x) = (4x* - 1)%,x € [2 1] px( ) pz(-z!-) =0;
| W 15x 147x* S5x® 149x* 1
(X)) == (4+x )COSTIX‘FT-T‘FT—-{EB—, xE[O;~i];
-1) 51 il v x 2929
cosrrx—m—slmrx + Ton2 + 24+ 1920°

1 1 1 2969
xe[gill. .9:(5)—.%(2) 1920 ; K(x,0) = +5(1 t), 0st<sx<1.

Ecin x € [0; %]. 102(x) = ; + x? Tounoe peuchue ypasueum,
np  Cy=0.1,C; = 0.004 numeem ¢, =0.942,

2
Gy(x) = 0,1 (3cosmx)” +5(1 - x)(1 + 0,0049,(x)) 2 d; = 2.515.

Ipux € [-;-; 1] Tounoe pewenue ypasuenus y(x) = sinnx.

Ecnm C, = 0.02, C; =0.008, 10 q; = 0.997,
G,(x) = 0.02(4x* - 1)* + 5(1 + 0.008g,(x))(1 - x) 2 d, = 1.026

B §3.4 paccMaTpHBaeTCA PEryNAPH3ALMA HEMHHENHBIX HHTErpaIbHBIX
ypasuenuii BonsTeppa TpeThero poja B ciyyae BHIPOXACHHA K0OdpduuuenTHoit
(QYHKLHH BO BHYTPEHHHX TOYKax o1xpe3xa

p(Xu(x) + f No(x, t,u(t))dt = g(x), (12)

5
g2(x) = (4x? - 1)%sinnx + (x

rae  No(x.t,u(t)) = K(x, t)u(t)o+ N(x,t,u(t)).
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Jins ussecTrnix gynxumit p(x), K (x,t), g(x) Tpebyerca BHINONHCHHC ycroBHi
a) - 2) (eM. §3.3), Anx sazxannoil Gynxunu N (x.t u(t)) BBINONHAETCA YCHOBHE:
9 N(x,t,w)€C(D;), D;=D xR, D={x,t/0<t<x<b}
IN(x,s,u) = N(x,s,0) = N(t,s,u) + N(t,s,w)| < Ly(x - t)ju - wl,

N(x,x,u) =0, 0<Ly=const.

OGo6mens! pe3ynbTaTsl NPEABLIAYLICTO naparpada Ha HenuHeitHbli cnyyaii
ypasteHis. [Tokasaka NPHMEHHMOCT PerynApH3alH, paccmarpusacemoit B §3.3
s uenuueiinoro ypaswenns (12). Jlokasana Teopema 0 paBHOMepHOf
CXOMHMOCTH PEry/IADH3OBAHHOMO PELICHHA K TOYHOMY PCLICHHIO, YCTaHOBJICHBI

ycnosis eauncTennoctH pewerns B [0, b).
B uerseproii rnase «PETVJIAPU3ALIMA CUCTEMBI UHTEIPAJIBHBIX

VPABHEHUI BOJILTEPPA TPETBEIO POJZIA» mccneayloTcs CHCTEMbI
MHTETPANBHLIX ypasHeHHit BonbTeppa TPETLEro pojia ¢ onepaTopoM YMHOXCHHA
HA NANKYI0 HCBO3PACTAIOULYIO QYHKUMIO H C ONEPATOPOM YMHOKEHHA Ha

HeyGbiBatontyio GyHKLIO.

VcTaHOBNEHB!  OOCTATOMHBIE  YC/HOBHA  PEry/iSpH3MPYCMOCTH M
CAMHCTBEHHOCTH PellicHis CHCTEM HHTErpaNbHbIX ypasHeHitit Bonbreppa TpeThero
poa B Knacce HenpepIBHBIX GYHKUNIT B CTyHa¢ BHIPOXKACHHA xoahduumeHTHO

(yHKLHH BO BHYTPEHHIX TOUKAX OTPE3Ka.
B §4.1 paccMaTpHBAETCA PEryNapH3alusa CHCTCMBI JTHHEHHBIX HHTETPAIbHBIX

ypasHenuii BonbTeppa TpeThero poaa
X
p(X)u(x) + f KeoDu@)dt = g(), x€[0,b.  (13)
0

4.1.1. Ipeanonaraercs, 4T0 HCKOMAasA BEKTOp - QyHKUA u(x) € C,[0,b], a nna
samanmbix BekTop - Qymkuwmm g(x), nxn - marpinoii dynxumm K(x, ) n
ckanapHoit GpyHKIIH P (X) BHINONHAIOTCA YCIOBHA:
A) g(x) € C,[0,b], g(x) = colon(gy (%), .., gn ()i
B) Ky(x,t)€C(D), D={(xt)/0st<x< b}, i,j=Tm;
B p(x) € €?[0,b), pP(b) =0, i=0,1, p(x)>0,vx€E[0,b),
p(x)- nepo3pacraiomas ckanapHas GyHKLus; ;
) G(x) — nxn— Matpuunas yHKuus,
G (x) e {K,J(x,x), j #* i,
PR ZCop? @) + (1+ oK), i=j, Li=Tm
NG < Coa(x), A(x) 2 dy,
8,A(x) + Cop(x) 20, 0< 0, <1, 0<d,,C=const, j=012;
Ax) = 1'"51231 (%), 4,(x)(i = T,n)~cobcrBenibie 3HaueHHA MATPHUB!
[G(x) + G*(x)]/2, G*(x) — MaTpuua, conpsxennas k Matpuue G (x).
Ha cuctemy (13) neiictayem oneparopom I + Cof -+ C;T. Toraa nonyunm
12
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A

pGIu(x) + f G(e)u(t)de = f L(x, u(t)dt +
0 [1]

+C, f Po(DUR(E)dt + €, J' f (Bu)(s, yu(t)dsdt + F,(x),x € [0,b], (14)°
(1] 0t
u?(x) = colon[uf (x), ..., u3(x)], Po(x) = p(x)diag(Ky1 (x, %), ..., Kpn(x, %)),

Fi(x) = g() + G, [ p(D)g(t)dt, (Bu)(x,t) = (Ku (x, x)Kyy(x, t)ul(x)).
Lj=Tn L) =K(tt) = K(xt) = Co ] p(s)K(s, t)ds.
Paccmotpum cucreM! ypaBHeHHii ¢ ManbIM napametpoM € € (0,1)

(e +p())u (x) + f G(t)u (t)dt = f L(x,u (t)dt + C, f Po(t) x
0 0 o

X w2()dt + C, f (Bup)(s, Du (E)dsdt + eu(0) + F,(x),x € [0,6).  (15)
0t

Teopema 4.1.1. Tlycts Buimonusiorcs ycnosusa 4) - ), ¢ <1 u cucrema
ypaerenuit (13) umeer pewenne u(x) € C,[0, b]. Toraa pewenne cucremsi (15)
PaBHOMEPHO CXOAMTCA K peeHio cictems! (13). ITpu aToM cnpaBeannBsa oLeHKa

llug(x) = u@)llc,fo.0) < Ns ((N15 + szl—p)"u(x) lleago.0) + d,CeVnw, (ef )).
rne( 2’1 = (2+M)Vn, N, =2N,C,/(03de),d; =1+63",0,=1-6,,
wy(e?)= sup |lu(x)—u(t , 1/2< - = 5

()= swp W) = uOlyon. 1/2S8 <1, My = marlp" ()

0 < N3 = const.

Cnencteue 4.1.1. Ecnut Beinonusiorces yenosus reopemst 4.1.1, To petenue
cucrems! ypasuenuii (13) eauncrsenno 8 Q,[0, b].

B nynxre 4.1.2 nannoro naparpada, npu coxpanenun ycnosuit 4), 5), I) n
BbINONHCHHH YCOBHA:

A p(x)€C[0,b], p(0)=0, p(x)>0, Vx€(0,b], p(x)-
ckanspHas HeyObiatoman GpyHKuu,
JIOKa3aHa paBHOMEPHAA CXOAMMOCTb pElIeHHA CHCTembl ypasHemnit (15) k
pelueHitio cicTembl ypasuenus (13). gA- :

B §4.2 paccMaTpHBAIOTCA CHCTEMBI JIHHEHHBIX HHTCTPANBHLIX ypaBHEHHT
BonsTeppa TPeTHEro pojia B Cyuae BHIPOKACHHA KOI(uuUHEHTHON dyHKLMH BO
BHYTPEHHHX TOYKAX OTpe3ka.

ITycts 3anannsie BekTop - pynkuns g(x), nxn - matpuunan pynxums K (x, t)
M ckansphas GyHxuns p(x) NOAUMHAIOTCS YCIOBHAM:

B o ={he Tl o = o0y,
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}l(X) € Cn[o' bl]v ‘P(x) € Cn[bD b];
_(pn(x), x€[0,by],
® p@ =0 Lo n@ €CObL P € Cloybl
p,O(by) = 0,i =0,1,p,(x) >0, Vx €[0,by),
pZ(x) > 0: Vx € (bl' b]o pZ(bl) - oo
p1(x) - ckanspHas HeBo3pacTalomas PYHKIULA,
p2(x) - ckanspHas HeyGbiBatowan GyHKIMA,;
oo’ _(Gy(x), x€[0,by),
3) G(x)— nxn— marpiynas dynxums, G(x) = { G: @, €y Il)],

K‘J(X.X); Jj# i,

s

Gl(ll)(x) - [ 2 Th
Cop3(®) + (In + Cuy)Ky(x,%), i=j, Lj=1n, )
||G1(x)|| < CJ.(x), A(x) 2> d1, 0< dl' Co, C1, C4 = const, :
A(x) = min A, (x), A(x) (i =T,n) —cobcraennbie 3HAUCHNA MATPHLE!
[6,(X) + G, *(®)]/2, G,"(x) - conpsmxennas matpiua k Matpiue Gy (x),
@pon _ [ Ky (x.X), j#i
GI (x) . 2 J——
Cp3(x) + (In + C39(())K(x,%), i=j, iLj=1n,
G ()Nl < CsAg(x), Ag(x) 2d; 0 <dy, (s = const,
Ap(x) = lmsttsr:‘ Ao(x),  2o,(x) (i =T,n) - cobcTrennble 3HAUCHNA MATPHLILI
[G,(x) + G,'(x))/2, G,"(x) - conpsmxentas MaTphua k Marphue G, (x).
IMycts x € [0,b,]. Torng 13 cucTeMs! ypasHennit (13) nomyunm
P, ()2(x) + f K(x,£)z(e)dt = u(x), x € [0,by]. (16)
; 1]
Peryaspuszosannas ciucrema ana (16) umeer Bua )
\ x x '
(e + py ()2 (x) + f G, () z,(t)dt = f Ly(x,t) z,(t)dt + b
0 0

+6 [ az@d+ ¢, f [ @iz 02.0dsde + 200 + PG, an
0 ot
I"Ae. Ll(xl t) i K(tl t) ad K(xl t) e CO _"tx Pl(S)K(S: t)dso Ql(x) e pl(x) X
X d‘ag(Kll(x:x)): (Bz)(x,t) = (Ku(x,x)KU(x, t)z((x)), i,j= 1n,
22(x) = colon[z(x), 23(x), .., ZA(®)], Fy(x) = u(x) + Co Jy pa(O)u(t)dt.
IMycts Teneps x € [by, b). Torna cucrema (13) nepexonuT K cHCTEMe ypaBHEHH
b

p2(x)y(x) + f K(x,t)y(t)de = o(x) - f K(x,)z(t)de,x € [by, b). (18)
b 0

H
Jina (18) BBesieM cicTeMy ypasHenuii ¢ ManbiM napamerpom £ € (0,1)
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(e +poln) + [ GaOmt = [ LaxmaesCs [ Qa3 @t +
by : by B

x X X
+6, [ [ @60 n2dsde + 3 [ B2t + en ) + F.G9)
by by ; by
rae Qa(x) = G3p2(x) (diag(Ku(x,x))), Ko(x,t) = (K(((xr x)Kyy(x, f)),
(By)(x.£) = (Ku(x, )Kyy (. )yi(x),6,j = T, B3 (x) = Jo* Ko(x, £)z(t)dt,
Fa(x) = 9(0) + Gy pa(@(0)dt = [3* K 02t = o f3 [y P2 (8D X
x K(t,s)z(s)dsdt.
Pewenue u(x) cucremsl ypasuenuii (13), onpenensercs no npasiiy:
_fz(x), x€ [0, b,], —
w={3, rebubl 200 =y Sy
me  z(x) - pemenne cucremst ypasnenuit (16), y(x) — pemenie CHCTEMBI
ypasueHuit (18).
PerynapH30BaHHOE PeueHHe Uy (X) CTPOHTCA MO NpABILTY
- zt(x)' x€ [0: bl]:
w@={  repl =6y
2,(x)- pelueHie CHCTEMb! ypaBHEHHIT (17), y(x)- pewenne cHcTeMbI (19).

TTpi BENONHEHNH YCOBHIT A0KA3AHA PABHOMEPHAA CXONHMOCTD, npue -0,
pery/ApH30BaHHOIO PeLICHHA u,(x), onpenenexHoe NO NpasuIy (21) x peweHnio
u(x) cucremsl ypauenns (20). :

Cnencrene 4.2.1. TIpu BbINONHEHMH YCHOBHIL TEOpEMEI 4.2.1 pewenue
cHcTeMbl ypaBHeHuit (13) eAMHCTBEHHO B ,[0,b].

B §4.3 paccMaTpHBAIOTCA CHCTCMBI HeJHeIiHbIX HHTETPIBHBIX YPaBHEHII
BonsTeppa TpeThero poaa (15), B xoropoit kod(puImEHTHAS bynkun
BHIPOXKIAETCA BO BHYTPEHHIX TOUKaX OTpe3Ka.

ITocTpoeH perynspusHpylomuii  oneparop, JIOKa3aHa TeopeMa O
paBHOMepHOl  CXOAMMOCTH mpH &= 0, perynapH3OBAaHHOTG PpeLICHIA
cHeTeMbl U, (X) K PELICHHIO HCXOHOM CHCTEMBL ypaBHeHHii.

B nsroii rnase «YMCJIEHHOE PEIIEHME UHTEIPAJIBHBIX
VPABHEHUII BOJILTEPPA TPETBEIO POJIA» H3yHalOTCA BOMPOCH
YHCNEHHOTO  PEUICHHA  PacCMaTPHBACMbIX auieliHBIX M HeMMHEHHBIX
MHTErpanbHLIX ypaBuenuii Bonwreppa TpeThero poda B ciydae BLIPOXACHHA
y3BecTHON QYHKUMH IpH HCKOMOf dynxum BHE MHTETpana BO BHYTPCHHIX

TOYKaX OTpe3ka.
B §5.1 paccMaTpHBAeTCA MHCACHHOC PCLICHHC ¢ynxumit, Jins nocTpocHiA
YHC/ICHHOTO PelCHHA NHHEHHBIX HHTCTPANBHBIX ypasHennit BonsTeppa TpeThero

15




pora (1) c xoapduumentHoii HesospacTalome Gynkumedi, paccmoTpim
peryaipu3oBainoe ypasuenne (3), npu ycnosuit a) - 2) us §3.1.

Ilycts 1 - natypansuoe qucno,_m,(") - PaBHOMEpHas ceTka Ha otpeske [0, b]

o) =y =ih, i=0.n, b=nh),
Ch - MpoCTpaHCTBO ceTouHBIX pyHKuMii u; = u(x,) ¢ Hopmoit [luyll¢, = max Juyl.
TMonokum x=x;, i=1.nB @) n NpHEMEHHM KBaZpaTypHylo (opmymny

TpaBbIX MPAMOYTONBHHKOB JUIA HHTETpanoB B ypasxenmn (3). Torza NoNy M
CleRyIoUyI0 CHCTeMY anreSpaiyecknx ypaBHeHuii

1 -1 { G G ] i
= - i k 'S 2k -
Ueyt e +p‘hz exp h z —€+pk t+p hz L,_ku,'k hz L‘.kut,k
J=1 I k=1

kej41 k=1
t i

{
-Gk Kibrtidy ~ Cih ) e h b} Kmmkmku,m—c‘,hZuwx

k=j+1 k=1 m=k+1 k=1

X hEm=t 1 Knom Kettem + f = £} + =exp (~h Tt ) (R By Ly +

{ { i
+C,hz Koyl + C,hz Uesh Z KixKigiox + £ + fi ¥, i = 1..n,(22)
= = k=j+1

Uo=folPos Uet =u(x), py=plx), Ky=K (x0%)), 6, =G(x)),
Ly = K(3,%) = K(2429) = Coh Bhuyos K2 2)0C),  fi = fx),
F(x) = g(x) + Coh Efy p(27) (), x=jh, j=1.i i=1.n
Teopema 5.1.1. Ecnn rimonnsiores yenosus a) - 2), g <1wu &= 0(h%)
mns Beex 0 < a < 1/2, To pemenne ypashenus (22) npu h - 0 pasnomepo
CXOAMTCA K Uy - TOUHOMY pelieHHio ypasHenus (1), npiuem
llees = ll < (Nah® + Naht=2 + NyR) /(1 - ),
0<N;=const, i =123,
rae Gy = b(Li + CoM + C\Mr)(Tod,di1h'~2 + bp;t).
B §5.2 paccmatpuBaiores wmcnennbie PCLIEHHA JIHHERHBIX HHTErPATLHBIX
ypasuenuii  Bonbreppa Tpersero popa (1) B caywae Boipoknenns

ko drunenTHON GyHkumun Bo BHYTPCHHHX TOYKaX OTpe3Ka B TOCTAHOBKE 3a1aui
§3.3.

' Uncnennoe pemenne ypaBHenus (1) ctpoures no meroy
zes = h{K piz2, + Kelzet-1)2e}Ees + Felzess], 2o = 9,(0)/py(0), (23)
X € w,fl) ={x;=ih, i=0.n, by =nh}, n-narypansoe uncno,
Yol h{Kl.lplytz,( . (hBl + Kt[}'z,l—ll)yz,l}gc.l [q] + nt[)'c.l-l]: Yeo = Zgn, (24)
rae x; € w,(,z) = {x; = by +ih,i = 0..ng,b - by = ngh), ng-narypansoe,

- _c‘_ (-1 S i Gy G C G +pl
Eeulpid = e+p hZj=1 exp( h Zheapar m);!:; +:.++,OGXp (—h Zk=1 :+Pk ’
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A wee L BV EL YL, =L, )s, +
Fi[zes-1] = '“72‘;1 exp (-h Zk=j+1 e+pk) etp; {hzkﬂ[l"’k ”‘] -

. J-1 -1
+h 25;1]4-1 Ligzep + Cih ZL‘m KiexPiZex + Cuh Zie Zek h Emajs1 Kmim X

1
X KmiZem + Cih Z§¢_=1/+1 Zex hZimtes1 KmmKmiZem + Fi = Fj} + Pe X

Gy +pi - -1 2
X exp (-h Th=1 'f;":"") {(hZjZi Lijzey +CR T Ky ypyzey +

X - -1 2 iz h X
X exp (~h Lher Z28) (A Ef21 LiyZay +Coh ZT1 Ky pyzey + ChEjZ 22y

— i1 = 5
X Zhbo1 Kick KigZex + €20 + Fi) Kel[Ze4-1] = h Eich KuuKipZewe . P = P1(%0)

7 Wi\ W /-1 s
o] = o 5 50 (- Bhegon ) 55 (0 T r — s +

- J=-1 -1
+h Z5Y 41 LixYex + Cah Ziyen Kk QVex + Csh Zimy Ve h Eme o1 Kmam X
» (-1
X KmxYem + CahZS;’;u Yex h zgnikﬂ KinmKmpYeam + C3h Zicmjra BiYex +

W 1-1 =1 g q,v%, +
+F - R} + !—:q-‘ exp (—h ) » S ?:k') (RZ)2h Liyyey +Csh 221 Ky y9yey

+C3h 2423 Vey h Zhzyer KK Yer + ChZSAB Yoy +evo + P} @ =p2(%)
By = h 351 KxxKio2ear Wi= Gy (xp)
Fy = Fy(x;) = g2(x) + Coh By p2(%7)92(%y) = h 2521 K (0 X0)2(xo)

—-Czh Z?a 1h2Xg=1P2 (x[ )K (x,, xa)z(xa)-

YncneHHoe petueHne U, ypashenus (1) CTpouTcs no npaswty

Zep X EWGY, (25)

Veur Xt € wﬁn' Zen = Yeor

Z,; - pellieHHe ypaBHeHus (23), Ve, - PElICHIE YPABHCHHA (24). =

Teopema 5.2.1. ITycTb BHINONHAIOTCA YCIOBHA a), e) - 3) (u3 §3.1 n 3.3), (1)1
£=0(h%) mna seex 0 < a <1/2, q = max(q,,q;) < 1. Torna, rfpu £ ;_;m(;
peluenue U, ONpe/ieNicHHOE NO NPaBILTy (25) paBHOMEPHO CXOHTCA K petlie

nenns (1) — dynxuun u(x).
o Benwfuzm ?z', q, onpenensiotcs Kak B §3.3 (cm. Teopemy 3.3.1).

C nomomsio paspaGoranHoifi mporpaMMbl Ha A3bIKE nporpa.wupowg;a
Delphi nomyueHe! uicenHbIC JAHHBIE PEANH3ALMH BBIMHCICHHI NIO Meronaltl Euo 3
u (24) min npumepa 3.3.1. Pesynbtarsl BBIUHC/ICHHIT MOATBEPXKI

' TEOPETHYECKHE BIBOALI.
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1 2 3 4 s ] 7 s
Pnc.5.1. Tpaduxa pemenmit : 5

- TotHoe pemicitie; npuGmKentiLe pemenns: ¢—npu h=0,1, A-npu h=0.01

Ha puc. 5.1 npusenenst rpaduku Tounoro
pemeHns npumepa 3.2.1
NpUOMIDKEHHEIX peluennit, MOMy4eHHbIX anroput™Mamu (23) u (24;) Pacqen:
TNOKa3kIBAIOT, 4T NpH wware #=0.] norpemHocTs He NpeBocx -0.
npi #=0.01 R=0.05918113. L e A e
- B §5.3 nonyueno uncnentoe peweHite HemuHeitHbIX
HHTEIpaibHBIX
Bom.‘l;ppa TpeTsero poaa (12) B nocranoske sanaun §3.4. 5y R
OKa3aHa CXOAUMOCTE MpPEATOKEHHOrO YHCIEHHOTO
PEUICHHA K TOYHOM
pewenmo ypasrenns (12), paccMotpen wacTHbil ciy4aii Meroaa, s xoropon))'
NOCTPOCH TECTOBLIIi NMPHMEP M MOMydYeHb! YHCHCHHBIC NAHHBIE C NOMOLIBIO
paspaGoTanHoi NporpaMMbl Ha A3bIKe Delphi. :

¥ BBIBOABI
KaX MOCTAHOBKH 3ajayd  joKazaHa
Perynsapu3HpyemMocTs
:::':::';):gumx ypaBHenuit Bonsteppa TPETHEro poza ¢ onepaTerof« yu‘x?c,memm
q,y“m"npac;moumo (HeyGbiBaroiyio) dpynkiumo B TNPOCTPAHCTBE HEAPEPLIBHBIX
- YCTAHOBJICHB! JIOCTATOMHBIC YCNOBMA EQMHCTBEHHOCTH peleHus
JHHEIHBIX M HENMUHEIHBIX ypaBHeHuiT Bonstep,

a TPETbHEro pocTp
HENPEepBIBHBIX yHKumii, - o g
I
Oy iCHBI HHCICHHbIC METOIL 1A NPHOMIKEHHOrO PeLICHHA THHEIMHBIX H

HENHHEHH

3Kcnepm:xx_ypiaueuun Bonsreppa TpeThero poxa. IlpoBepens! wumcneHHble
HTBI, KOTOpBIC MOKa3anW, YTo NIOCTPOCHHBIC YHCNICHHBIC pelIeHHS

ABNAIOTCA YCTONHHBEIMH, 3(pdeKTHBHO peaTH3yeMBIMH

INNPAKTHYECKHE PEKOMEH}IAL[
HU
e lcI;Iez:lytume Pe3Y/IbTaTLl AHCCepTaumonKolf paGoThl HoCAT TeopeTHueckuil
apaKTep W MOTYT GhITh MPHMEHCHB! PN PEryNAPH3ALIN 1 THC/ICHHOM peLeHin

HENOKANLHBIX KPAeBbIX H 0GpaTHLIX 3234 s AuddepeHUHANBHEIX YpaBHEHMIT B
HYaCTHBIX NPOH3BOHBIX, A TAKKE NPH YTEHHH CHEUHANLHBIX KYPCOB B By3aX
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Byry6aesa XKymranGyGy Tyxenopuansin 01.01.02 - auddepenunanabix
TenaeMesiep, AHHAMHKAJNLIK CHCTEMANAp *kKaHa onTuManayy Oawmkapyy
anucerurn  Goionva  $u3NKa-MATEMATHKA  WIHMACPHHHH  KaHAHAATBbI
OKYMYIUTYYNYK Japamachii ajgyy yuyH «BoabTeppanbin yuynuy Typaery
HHTErpajibIK TeHACMENCPHH KAKBIHAATHIPLIN YbIFAPYy» AereH TeMaaars!
AMCCEPTALMSICHIHBIH

PE3IOMECH

Herm3arm  cospep:  BonbTeppansii  MHTErpanablik  TEHACMECH,
YBITAPBUIBILUTBIH XKANTHI3ABIT], OMP KanbinTa KelfiHATYYuyJayK, perynspH3auus
METOJLY, CaHJbIK UBIrapyy, KBaApaTypanbik opMmyna, KHUHHE napaMeTp.

Hannpeenyn o6nbexTiCH. BoabTeppaHbii YUYHUY TYPAOTY CHI3BIKTYY KaHa
CHLI3BIKTYY 3MEC MHTeTPAIAbIK TEHAEMENepPH »aHa anapiblH CHCTEManapbl
H3IUIICHET. ’

H3unpeonyn npeamern. HMuTterpanabii  CHIPTHIHAArBL  H3ACAYYHY
byHKuMAHBIH anabiHaarel Genriwnyy GyHKUMA KeCHHAMHHH HYKH YCKHTTEpHHAC
Honre aiinaHraH yyypynaa BonbTeppaHblH YYYHWUY TYPAOTY ChI3BIKTYY XKaHa
CHI3BIKTYY 3MEC HHTErpanablK TCHACMEICPH KaHa aap/ibiH CHCTEMAaIapsl.

HMaunpeenyn maxcatel. MurerpanisiH  ChIPTHIHAArsl — H3AENYy4y
GYHKUMAHBIH anabiHaarel Genrwryy GyHKuMs KCCHHAMHMH HYKH YCKHTTCPHHAC
Heire aiinaHraH yuypyHaa BonbTeppaHblH Y4yHUY TYPAOrY HHTErpaiibik
TEHAEMENEPHH PEeryapAalITHIPYY XKaHa CaH/BIK Yblrapyy MaceneaepHH H3iaee.

Msunpoounyn ycyngapsl. PerynapAamtsipyy  METOAZOpY, CaHAbIK
METOAIOP, YAAaNall XaKeIHAAMITHIPYY aHa KBAPaTypPabIK GopMyna scenreer.

HumiH BAHMHITL KaHBUTBITBI

— MHTErpaNfbIH CHIPTHIHAArB! HM3AEAYYMY GYHKUMAHBIH NABIHAATE!
Genriwnyy GyHKUMA KeCHHAMHHH HYKH YEKHTTEPHH/E HONre aiinauraH yuypyHua
BonbTeppaHbiH YMYHUY TYPAOTY MHTErpaliblk TEHACMEICPHHHH XKaHa anap/biH.
CHCTEeManapbiHBIH PEry/apAAlITLIPEUTYYCY AaNHIACHIM;

— MHTCrPanfblH  CHIPTHIHAArBl M3ACAYYMY QYHKUMAHBIH anAblHAArsl
Genriyy QyHKUMA KECHHAMHHH WYKH YCKHTTEDPHHAC HONre ailnaHraH y4ypyHaa
BonbTeppanblH  yuyHWy ~— TYPAery  MHTCrpanfiblk  TCHACMENCPHHHH
YBIFAPbUIBILLBIHBIH XANTBI3ABITBIH KAMChI3AaraH mapTTap GerunexHn;

— BonbTeppaHblH YUYHHY TYPAOTY HHTErPAILIK TEHAEMENCPHHHH CaH/BIK
YBITApBUTBILIBI AMBIHBE, CAHABIK UBIFAPYYHY HIUKE ambIpyy yuyH Delphi Twannze
NporpaMMaiapAblH NAKETH TY3YLY JKaHa CAaHAbIK IKCNEPHMEHT KYPry3yaay.

Konnouyy Goronua cynymrrap. ANbIHraH XKbliibIHTBIKTap/Ibl HHTETPANIBIH
CHIPTHIHAArSl M3ACNYYMY OYHKUMARBIH anfbinmarst Genrwryy —GyHxuus
KECHHIMHHH WYKH YCKHTTCPHHAE Henre aitnanran y4yypyHaa BonsreppaHbin
YMYHYY TYPAOTY KON eMueMAYY HHTErpajblk TCHASMENCPHH PEryispAaLITLIpYY
JKaHa CaH/bIK YBIrapyy YH4YH KolfoHyyra 6onor.

Konponyy aitmarsi. Jlokanislk 5MeC METTHK Maceselep XaHa Kekete
TyyHaynyy audgepeHusanabik TeHACMENnep YIYH TECKEpH Macesieep TCOPHACH!.



PE3IOME
auccepraumu  ByryGaesoit  XKymranGy6y  Tyxemosnst ma  Temy
«[puGaukennoe pelienne HHTErpalbHbIX ypasuenuii BonsTeppa Tpersero
poaa», NpeACTABICHHOI HA COMCKaHNe YueHoil cTenenn Kananaara Gpusnko-
maTeMaTH4YeCKHX Hayk mo cneuuansuoctH 01.01.02 - auddepenunanvunie
ypaBHEHHS, AHHAMHYECKHE CHCTEMBI H ONTHMAJIbHOE YNpaBJIeHHe,

Kmouessie c1oBa: HHTErpanbHoe ypastcHue Bonsteppa, eaHMHCTBEHHOCTS,
PaBHOMEpHad CXOMMMOCTb, PEryNApH3alms, KBajpaTyphas ¢opmyna, Mambiii
napamerp.

O6vexr wuccaesopanus. Jlumeiinbic M HenuHefiHble HHTErpaibHble
ypaBHeHnA Bonbteppa TpeTshero poaa M HX CHCTEMEI.

INpeamer wuccnenosanus. Jluneiinsie M Henuueiinble HHTErpanbible
ypasHeHns BonsTeppa TpeThero posa H MX CHCTEMBbI B CAy4ae BHIPOMKICHHA
H3BECTHON (YHKUHH NPH HCKOMOI (YHKUMM BHE HHTErpala BO BHYTPCHHHX
TOYUKaX OTpe3Ka.

Hens paGorsl. Mccnenosanne BOMPOCOB peryispH3alMM § UHCICHHOIO
peICHHA NHHEIHBIX M HeNHHElNHBIX WHTErpaNbHBIX ypaBHeHHH Bonsteppa
TPCTLETO POAA B CNTyHae BHIPOXKACHHA H3BECTHOI (YHKLIHH NPH HCKOMO# QYHKLIMH
BHE HHTErpana BO BHYTPEHHHX TOUKAX OTPe3Ka.

Meroant HcenenoBanns. MeTons! peryapH3aumy, YHCAEHHBIE METOMB,
METOAIB! IOCNE0BATENbHBIX NPHOMIKEHNIT H KBaIPAaTYpHBIX GopMYy.

Hony4ennbie pe3synbTaTHI H HX HOBH3HA:

—AOKa3aHa PCrynApH3HPYEMOCTb HHTErpadbHLIX ypaBHeHHii BonbTeppa
TPETBCrO POAA M HX CHCTEM B CITyuae BHIPOKICHHSA M3BECTHON (YHKUMH NpH
HCKOMOIt (pYHKIUHM BHE HHTErPANa BO BHYTPEHHHX TOYKAX OTPE3Ka;

~ YCTAHOBNICHB!  NOCTAaTOYHBIE  YCNOBHA  €OMHCTBEHHOCTH  PCIUCHHA
HHTCTPAIBHEIX  ypaBHeHuit Bonmsteppa Tpersero poma- B NpoCTpaHcTse
HEMpepLIBHLIX (YHKLHIE B CITyMae BEIPOKAEHHA HIBECTHOM (hyHKLIH TIPH HCKOMOF
(YHKIHH BHE HHTEIpaNa BO BHYTPEHHHX OTpe3Ka;

~NOJyYCHO HHCNEHHOC peleHHEe HHTErpaNbHBIX ypaBHeHuit BonbTeppa
TPETLETO POJIa B CAy'iae BLIPOAKACHHS H3BECTHON (yHKIMH NPH HCKOMO QyHKIIMH
BHC MHTCIpA/Ia BO BHYTPCHHHX TOUKAX OTPe3Ka; COCTAB/EH MaKeT NMPOrpaMm Ha
Asbike Delphi nis peanusaumn wncnennoro pemenus u nposenen uncieHHsIt
IKCIIEPHMEHT.

Pexomennaunn no wucnons3sosammso. Tlomyyennsie pesynbTaTsl MOIYT
TIPHMEHATECR  JUIA  PETYNAPH3AUME W YHCIECHHOIO pelIeHHs MHOTOMEPHBIX
HHTCTPanbHLIX ypasennii BonbTeppa Tpetsero B cyuae BHIPOXACHHS H3BECTHOI
GynKuw npi nekoMoii GyHKumM BHe HHTEerpaJia BO BHYTPEHHHX TOYKaxX OTpe3ka.

O6nact npumenenns. Teopus HHTErpaibHbIX ypaBHeHuii BonbTeppa,
TCOPHA HE/IOKANBHBIX KPACBBIX 3224 1 0GPATHBIX 3a1a4 K AH(bepeHUHANEHBIX
YPaBHCHHIT B YaCTHBIX NPOH3BOHBIX.

SUMMARY
on the dissertation on the "Approximate solution of Volterra integral
equations of the third kind"” by Bugubaeva Zhumgalbubu Tukenovna
submitted for the degree of candidate of physical and mathematical sciences
on specialty 01.01.02 - differential equations, dynamical systems and optimal
control.

Keywords: Volterra integral equations, uniqueness, stability, uniform
convergence, regularization, quadrature formula, small parameter.

Object of research. Volterra linear and nonlinear integral equations of the
third kind and their systems.

Subject of research Volterra linear and nonlinear integral equations of the
third kind and their systems in the case of degeneration of a known function for the
desired function outside the integral at the interior points of the segment.

Aim of research. Development regularization methods and methods for the
numerical solutions of Volterra integral equations of the third kind in the case of
degencration of a known function for the desired function outside the integral at the
interior points of the segment.

Research methods. Regularization methods, numerical methods, successive
approximations and the method of quadrature formulas were used.

The scientific results and novelty:

— the regularizability of Volterra integral equations of the third kind and their
systems is proved in the case of degeneration of a known function for the required
function outside the integral at the interior points of the segment;

- sufficient conditions for the uniqueness of the solution of Volterra integral
equations of the third kind are established in the case of degeneration of a known
function for the desired function outside the integral at the interior points of the
interval;

- a numerical solution of Volterra integral equations of the third kind is
obtained in the case of degeneration of a known function for the required function
outside the integral at the interior points of the segment; a package of programs in
the Delphi language was compiled for the implementation of a numerical solution
and a numerical experiment was carried out.

Recommendations on using. The results can be used to regularization and
numerical solution of Volterra multidimensional integral equations of the third kind
in the case of degeneration of the known function for the sought function outside
the integral at the interior points of the segment.

Field of applications. The theory of Volterra integral equations, the theory
of nonlocal boundary value problems and inverse problems for partial differential

equations. ’
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