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OBILIAA XAPAKTEPUCTUKA UCCIEJOBAHUA

AKTYaJIbHOCTh TeMbl AuccepTanuu. CUIbHBIN TOTYOK JJIS1 pa3BUTHS TEOPUU
UHTErPaJbHBIX M HWHTErpo-AuddepeHnaibHbiX ypaBHeHUd BonbTeppa mnpuganu
Tpyasl  A.H. TuxonoBa, B.K. HWBanoBa, B. Boubteppa, M.M. JlaBpeHThEBA,
A.B. beixoBa, H0.A. Benp, E.A. bap6ammna, [I1.M. Cumonora, B.P. Bunokyposa,
H.B. AzGeneBa, B.I'. Pomanora, FO.E. AnukonoBa, B.Il. Tanana, A.JI. byxreiima,
C.N. Kabanuxwuna, A.C. AnapuuHa, H.A. Maruuikoro, A.M. Jlenucona,
M.U. UmananueBa, A. AcanoBa, A. CaagabaeBa, I1.C. IlankoBa, A.b. baiizakoBa,
C. Uckannaposa, K.A. KaceimoBa, T.JI. OmypoBa, T. KapakeeBa, A. CpaxxuanHosa,
T.O. Bekemosa, I.C. O6omoeBoii, XK.O. Tonybaera, C. b. Taraepoii, C. Corduneanu,
T.A. Burton’a u MHOTHX JPYTHX YYEHBIX.

K UY I u Il pomoB mpuBOAsSTCS pa3sHOOOpa3Hble 3a7aud B Pa3TUYHBIX
HayuyHbIX cdepax. K. AnamMapom BIiepBble OBLJIO BBEIECHO MOHITHE KOPPEKTHOCTU
st JIY u Obul mpuUBEeH MpUMep HEKOPPEKTHOM 3anaun. [IpakTudeckas CylniHOCTb
HEKOPPEKTHBIX 3a/1a4, BEPOSITHOCTh MX YCTOMYHMBOTO pEIIeHUs Oblja UCCieI0BaHa
A.H. TuxonoBsiM. B cepennne XX Beka BOZHHKIN COBPEMEHHbBIE METOJIbI, TIO3IHEE
CTaBIIME OCHOBHBIMH B TEOPUHM HEKOPPEKTHBIX 3agay. CeroaHsi HEKOPPEKTHO
MIOCTABJICHHBIE 33/1aud — 3TO JIOBOJIBHO PAa3BUTOE HAIIPaBIICHHE B MaTeMarhke. B
Tpynax A.H. TuxoHoBa mokazaHo, YTO K YCJIOBHO-KOPPEKTHBIM 3a/lauaM MPUBOJIAT
NpUKIagHbIe 3a1aud. OyHIaMEHT T€OPUH YCIOBHO-KOPPEKTHBIX 3a/1a4 3QJI0KUIIA B
cBoux Tpynax — coBerckue MaremMatukun Kak A.H Tuxonos, B.K. BanoB wu
M.M. JlaBpeHntbeB.  [loHATHME  yCIOBHOM  KOPPEKTHOCTH, NPHUBOJAMMOE B
uccnenopanusx A.H. Tuxonosa, BrepBbeie copmynnpoBan M.M. JlaBpeHTreB, Kak
MOHATHE KOPPEKTHOCTHU MO TUXOHOBY.

VYpaBuenuss BonbTeppa TeopeTHMUECKH MOXKHO OO0OOIIMThH, Oeps HHTErpai
CrunpTheca, TOTIa HMEEM UHTErpajbHble U  UHTErpo-auddepeHImaIbHbe
ypaBHeHus: Bombreppa-Ctunbrbeca. Jluteparypusiii 0030p mokasbiBaeT, yto UY
Bonbereppa-CrunbTheca Mano pa3Buthl o cpaBHenuto ¢ 1Y Boabsreppa. HekoTopeie
Kiaccel  ypaBHeHudd — Bombpreppa-CTmibTheca  OTpaK€HbBI B MOHOTpadusix
A.Jl. Memmkuca, B.A. Teimkesnua, B.P. Hocosa, H.B. A36enesa, I1.M. CumoHoBa,
J1.®. Paxmatyumnon u B.I1. MakcuMoBa U HEKOTOPBIX APYTrHX aBTOPOB. B Tpynax
A. AcanoBa uccnenoBano Y Bonbreppa-Ctunstheca [ u Il ponos.

3ametuM, uyto MUY Bonwreppa-Cruibrbeca He Bcerma mnpuBogdarca k MY
Bonsreppa. Iloatomy WY Bonsreppa-Ctunbsrbeca TpeOyrOT CcaMOCTOATEIBLHOTO
m3yueHusi. HeoOxoaumocThs wuccienoBanus ypaBHeHui Bonbreppa-Cruiibrbeca
JaeTcsl MpUMEpPaMu dTUX YPaBHEHUN Ha MPAKTHKE.

Jlormyno, uro anmapart MY, npoyHo Bouien B (U3UKY, T€OPUZUKY, MEXAHUKY
MAaTepUalOBEACHUE, TEOPUI0 YIpaBIEHUS W Jp. Pa3BuTue MNOMYyYUIM HOBBIC
HaIpaBJICHUs, TaKWEe KaK OTIEIbHBIC pa3fesibl OWOJIOTHH, SKOHOMHUYECKON HayKH
OCHOBaHHbIE HA NpUMeHeHusax 1YV.

JluccepTaniMOHHOE MCCIIEIOBAaHUE TOCBSAIICHO MpoOJieMaM peryJspu3aiu U
equHcTBeHHOCTH petiennit 1Y Bonbreppa-Ctunstheca H pona.

Hcxonss u3 Bblllle U3JI0KEHHOTO, MOXHO 3aKJIIOUUTh, YTO T€Ma HACTOSAILETO
M CCEPTALIMOHHOTO UCCIIEIOBAHMUS SIBJISIETCS] BECbMA aKTyalbHOM.
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Casi3b__TeMbl JIHCCEPTAIMM € KPYNHbIMM _HAYYHBIMH _NPOEKTAMHM U
OCHOBHBLIMHU ___HAYYHO-HMCCJIeI0BATENbCKMMH __padoTramu: JluccepranmoHHoe
UCCJIEIOBAaHUE TPOBEICHO B COOTBETCTBUU C MPOEKTOM «Pa3BUTHE U MPHIOKECHUS
KOMITBIOTEPHOTO MOJICJIMPOBAHUS, ACUMIITOTHUECKUX W AHAIMTUYECKUX METOJOB B
TEOpPUHM JTUHAMHYECKUX CHCTEM, OOpaTHBIX U ONTHUMHU3AIMOHHBIX IKOHOMHUYECKUX
3aladi ¥ B aHalu3e Teo(U3MYECKUX JaHHBIX [JI1 ONEPAaTUBHOIO IMPOTHO3a
semuierpsicenniny UTIIM HAH KP, Ne rocymnapcrBennoit peructpauuu 0005756, c
mwianoM HUP Muctutryre npupomnbeix pecypcoB FOxnoro oraenenns HAH KP.
JIOCTUTHYTBIE PE3yIbTaThl BKIIOYECHBI B TOJJOBOM OTYET paOOTHI MO MPOECKTY.

IleJb M 3212494 UCCJICIOBAHUS:
— HaWTU JOCTATOYHBIE YCIOBUS €OWHCTBEHHOCTH pemennd JIMY wu HUY
Bonbsreppa-Crunbtheca 1 poga u ux cucrem;
— MOCTPOUTH PEryJIpU3upyromue onepatopsl o M.M. JlaBpeHThEBY MJIsI pELICHUI
JINY u HUY Bonbreppa-Ctunstheca 1l pona u ux cucrewm;
— paccMOTpeTh BBIOOP MapameTpa peryispusaiuu s pemenus JIMY Bonbreppa-
Crunbtheca Il pona,
— JI0Ka3aTb TEOpEeMbl €AMHCTBEHHOCTM peweHun g JIMY u HUY Boasreppa-
Crunbtheca III poga u ux cucrem.

Metoauka ucciaeaoBanms. B nuccepranmy NpuMEHEHBI MOHSATHE MPOU3BOJAHOMN
1o Bo3pactaroniei (yHKINH, METOJ peryiaspusanuu no M.M. JIaBpeHThEeBY, METO/IbI
(YyHKIIMOHAIBHOTO  aHalIM3a, METONIbl MpeoO0pa3oBaHUsl YpPaBHEHUM, METOJIbI
MHTETpaiIbHbIX U /1Y,

Hayuynasi HOBU3HA mMcciienoBanus. Ha ocHOBe MOHATUS NPOU3BOIHOU IO
BO3pacTarolel GyHKIUU U MeTo/1a TpeoOpa3oBaHusl ypaBHEHUI:

— HAWJICHBI JIOCTATOYHBIE YCIOBUA €IUHCTBEHHOCTH pemieHud JIMY u HUY
Bonbereppa-Crunbtheca III poga u ux cucrem;

— TIOCTPOEHBI peryisipusupyromme omneparopel no M.M. JlaBpeHTheBYy 14
pemennit JINY u HUY Bonbsreppa-Ctunbrbeca Il pona u ux cucrem;

— TIOJIydeHa BBIOOPOM IIapaMeTpa peryispu3alidd ONTHMaJIbHas OIICHKA
npubmmxennoro pemenus JINY Boasreppa-Ctunsrheca 1 pona;

— JIOKa3aHbl TEOpPEMbl E€AMHCTBEHHOCTH pemennt i JIMY u HUY
Bosereppa-Crunsrheca III pona u ux cucrem.

IIpakTHYeckasi 3HAYMMOCTD NOJYYEHHBIX pe3yJbTaToB. J[anHas pabora numeer
TEOPETUYECKYIO HaNpaBI€HHOCTb. JIOCTUTHYThIE pe3ylbTaThl MOXHO MCIOIb30BaTh
JUISL WCCJICIOBAHUSl HMHTETPAIbHBIX, HHTErpo-IuddepeHnaIbHbIX YpaBHEHUN U
cucteM tuna Bonbsreppa-CTuiibTbeca BBICOKHX MOPSIKOB, TAKKE MPU KAYECTBEHHOM
MCCJICIOBAHUN HEKOTOPBIX TMPHUKIATHBIX MPOIECCOB B 00MacTH (PU3UKH, DKOJOTHH,
MEJIULIMHBI, TEOPUH YIPABICHUS CIOXKHBIMH CUCTEMAMHU; B HAYYHBIX UCCIEAOBAHUAX
WUTIIM HanunonansHoit Axkanemun Hayk Keipreisckoit PecryOnuku, KHY um. XK.
banacareina, KTY “Manac”, HIIP KOO HauuonaneHoii Axanemun Hayk
Ksipreizckoit PecryOmuku, a Takke mpu pa3paboTke CIEeNKYPCOB I TPOMOUIBHBIX U
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IpPYTHMX  €CTECTBEHHO-TEXHMYECKMX  HampaeieHud B BY3ax  Keipreisckoii
PecniyOnuku.

OCHOBHBIE NOJI0KEHUS JUCCEPTANNH, BBIHOCHMbIE HA 3ALIUTY:

— IOCTPOEHHUE PETYISIPU3UpPYIOLIEro omneparopa g pewenund JIMY u HAY
Bonsreppa-Crunsrheca |l pona u ux cucrewm;

— TIOJIy4YeHHUE OINTUMaJbHON OIEHKHM NpUOMKEHHOro pemenus JINY
Bonbsreppa-Ctunsrseca |l poga ¢ Beibopom napamerpa;

— JIOKa3aTeJIbCTBO TEOPEMBbI E€AMHCTBEHHOCTH pemenud mua JIMY n HUY
Bonbreppa-Ctunsrbeca | poga u ux cucrem.

JIMUHBIM _BKJaJA___couckareass. B cratesax [6], [9] wusnoxensl wuaeu
uccienoBanus A. AcaHoBa, a JI0Ka3aTeIbCTBO TEOPEM €IMHCTBEHHOCTH PEIICHUH,
NOJIyYEHUE OCHOBHBIX PE3yJIbTaTOB MpHHAIJIEKAT aBTopy. B cratee [2],
omyonukoBaHHOM B coaBropctBe, [.C. O0070€BOM MPUHAUICKUT OOCYXKICHHE
pPE3yIbTaTOB.

AnpobGanus pe3yabTaroB. OCHOBHBIC IOJIOKEHHSI MCCIIEIOBAaHUS PETYISPHO
JOKJIaIbIBATIUCh U oOcyxaanmuch Ha cemuHape kadeapsr UTAC OMUT Omickoro
rOCyJapCTBEHHOIO  yHUBEPCUTETa, HA  HAYYHO-METOAMYECKOM  CEMHUHApE
«CoBpemeHHbIe MpoOIeMbl MaTEMATUKU U MIpenojaBaHus MatemMatuku» npu XXKAI'Y;
Ha  MEXBY30BCKOM CEMHHape «AKTyaJlbHble TpOOJIEMbl  MaTeMaThuku M
uHpopmaruku» npu Oml'Y; Ha MosoaeKHONH MEXITYHApOIHONM HAy4yHOH IIKOJIEe-
KoH(pepeHunu «Teopust U YMCIIEHHbIE METObI PEIIEHUs OOPATHBIX U HEKOPPEKTHBIX
3aja4» mnpoBeaeHHoM B umHcrturyre Martemaruku uMmenu — C.JI. CoOonesa
(HoBocubOupck, 2009); nwa IV  MexmyHapoqHoW  HaydyHOW  KOH(EpeHIHUH
nocBsmeHHo  50-nmeturo  akamemuka — A.A. bopybaeBa  «ACHMIITOTHYECKUE,
TONOJIOTMYECKHE W KOMIBIOTEpHBIE MeETOoAbl B MartemaTuke» (bumkex-bocrepw,

2011); na wmayuHoit koHpepenimu Oml'Y, nocesmenHon 75 nertuto OmlY (Or,
2014).

PesyibTarhl _auccepranuu B __nyoaukaumsax. [lo Teme wuccnemnoBanus
ommyOIMKOBaHO 8 pabOT B HAYUHBIX U3AAHUIX, B TOM YHUCIE — 3 CTaThU B 3apyOEKHBIX
MEepUOINYECKUX N3/IaHusX, nHIekcupyembix B PUHLI, a Takke 1 Te3uc noknana.

CTpVYKTYPA ¥ 00LEM THUCCEPTAINU

IlepedeHb yCJI0BHBIX 0003HAYEHMI B TUCCEPTALMOHHOM padoTe:
R — MHOXECTBO IEUCTBUTEILHBIX YUCET;
R + — MHOECTBO MOJIOKUTEIBHBIX JEHCTBUTEIIBHBIX YHCENT;

R" — n-MepHOE €BKIMI0BO IPOCTPAHCTBO;
E, — N-MepHas enuHUYHAs MATPULIA;

V¥ — KBaHTOP BCEOOIIMHOCTH, O3HAYAET “I000H (as, oe)”;
3 —KBaHTOp CYLIECTBOBAHUS, O3HAYAET “‘CYyIIECTBYET ;



& — JJOTUYECKOE DKBUBAJICHTHOCTH, O3HAYAET ‘“OKBHUBAJICHTHO
€ — 3HaK MPUHAJJICKHOCTH;
\ — TeOpeTHKO-MHOKECTBEHHOE BHIYMTAHHUE;
= — 3HaK paBEHCTBA;
# — 3HAK HEPaBEHCTBA,
= — 3HaK TOXJECTBEHHOTO PaBEHCTBA;
—> — JIOTUYECKOE CIICIOBAHUE O3HAYAET “‘CIeAYyeT
{-,-y — ckanspHOE mpousseaeHue B R";
go(t) — BO3pacTarolas HenpepblBHas QyHKIMS Ha [t,,T];
m(t) — HeyObIBatoIas HenpepbIBHas GyHKIMS Ha [t,,T], m(to): 0;
0< & — mansiit mapametp, (t,5)e G ={(t,s):t, <s<t<T};
C[tO,T] — MPOCTPAHCTBO BCEX HEMPEPBHIBHBIX (YHKIUN u(t), OTpEJICIICHHBIX Ha
[t,, T ] ¢ HOpMOiH Hu(tX‘C = max\u(t)(;
te[to ,T]

C, [to ,T] — TPOCTPAHCTBO BceX (PYHKIIUIA u(t), YAOBJIETBOPSIONIUX YCIOBUIO
‘u(t)— u(s)( <M ‘v//(t)— 1//(8)7, 0<y<1 tselt,T], rne 0<M me 3aBucur or
t,s;

t
w(t)=[K(s,s)dp(s)+mlt) telt, T]

)
C, [to ,T] uC/, [to ,T] — MPOCTPAHCTBO N-MEPHBIX BEKTOPOB C AJIEMEHTaAMHU U3
Clt,,T]u C, [t T], 0<y <1 coorBercTBEeHHO;

mis  nNxn  wMatpunsl M :(aij) m g1 N-mepuoro U=(U;) BekTopa,
1

= E5a [ =[]

s u(t)e Cyltg, T1 - Ju(t)], =suplu(t));

tG[to,T]

N

n
s moGeix U=(u; ), v=(v,)e R" uepe3 (u,vYy=> u;;
i1

Y — nmubdepennmanbubie ypaBHEHUS;

NY — unTerpanpHbie ypaBHEHUS;

JINY — nuHenHble HHTErPaIbHbIE YPABHEHUS,

HINY — HenuHenHble HHTETPpAIBHBIE YPABHEHUS,

CJINY — cucrema TMHENHBIX UHTErPAIBHBIX YPABHEHUI,
CHUY — cucremMa HEIMHENHBIX HUHTETPAJIbHBIX YPABHEHUM.

HuccepranonHass paboTa COCTOMT: M3 IEPEUYHS YCIOBHBIX O0O3HAYEHMI,
BBEJECHUSA, TPEX TIJaB, COAECPKAMMX 9 pa3fenoB, OCHOBHBIX BBIBOJOB M CIIMCKA
UCIIOJIb30BAaHHOM nuTepaTypbsl. Hymepanus pasnenoB — TpoiHasa: mnepBas uudpa



yKa3blBaeT Ha HOMED TJIaBbl, BTOpas — Ha HOMEP pasfesa, TPEeTh — Ha MOPSAKOBBIN
HoMmep B pazzaene. Oowem Tekcta 100 crpanuir.

B nepBoii riaBe ucciieqoBaHUs NPOBEAEH 0030p JUTEPATypbl U PE3YIAbTAThI
uccienoBanus o aupdepeHIHanbHbIM, — WHTETPAJIbHBIM M HHTErpo-
auddepeHInaabHbIM ypAaBHEHUSAM, OMU3KHE [0 TEME HCCIENOBaHUA. A TakKke
IPUBEJCHBI ONPEIEIEHUE U TEOPEMA, KOTOPbIE UCIOIb3YIOTCS B JaHHOU padoTe.

Bo BTOpOM ry1IaBe HAa OCHOBE NOHATHS NPOU3BOAHOW IO BO3PACTAIOIICH
GYHKIIMU M3y4deHbl BOMPOCH! enuHcTBeHHOCTH pemienuit JINY u HUY Bonbreppa-
Crunsrbeca Il pona. Bmecre ¢ 3TUM MOCTpOEH peryispu3upyrouui oneparop s
UX PEILICHHUS.

B pasaede 2.1 uccnenosansl cnenyromue JINY :
t

m(to(t)+ [ath(slo(s)de(s)=f(t), T >t, 1)

to
t

(8 + m(t))u(t, 6‘) + _[a(t)b(s)u(s, g)d(p(s) = f (t)+ gu(to ), te [to , T], (2)

L)
rae m(t), a(t), b(t), f(t)eClt,,T], 0< & —mansiit mapamerp,
(t,s)eG={t,s):t, <s<t<T}.
[Ipenmonoxum, 4ro:
a) m(t), a(t), b(t), f(t)eClt,, T m(t,)=0
m(t)>0,a(t)>0 u b(t)>0 mpu teft,, T] u
Vit elty, T] t, >t, m(t,)>m(t,);
oO)mt>r, tre [tO,T] BBITEKAET

t

la(t)-a(r) < C, {[ a(z)o(z)de(z)+ m(t)}yl ,rme 0<y, <1.

T

TEOPEMA 1. Ecnu ycnoBus @), 6) BBITIOTHEHBI U U(t)eC‘Z [t,,T], O<y<1,
‘U(t tOX<Ca t), telt,, T], 0<C, —uucmo,

TO
loft, &) t)ﬂ <M(M, +Mj)e” +M,e™, (3)
rac
M= sup [ot)—o(s)jwt)-w(s), M, =esup(v7e™)
t,sefty,T] )
M, =C0C1eJ‘e_Vv”dv, M, :eJ-e_Vvydv,
0 0

v (t)= [a(sh(s)p(s)+ mit), tefty, T,

%)



U(t, 5) — pelieHue ypaBHeHus (2), u(t) — pewienue ypaBHeHus (1).

B paznese 2.2 0IHOBpEMEHHO pacCMOTpEHBI creayromue JINY:

m(t)u(t)+jK(t,s)u(S)d(p(s):f(t), telt, T) T>t,,

to

(e +m(t)) jK p(s)=f(t), telt, T],

rae m(t), f(t), o(t)eClt,,T], (t s)eG {(t, ) tOSSStST},
K(t,s)eC(G), O<e¢.
Bcrony 6ynem npenmnosaraTh, 4To:
a) K(t,s)eC(G), K(t,t)>0, Vte[t,,T];
0) nnsa 7 >, (z,5),(17,5)eG ={(t,s):t, <s<t<T}

‘K(T,S)— K(?],S){ < I{I K(s,s)de(s)+ m(r)} ,rae 0 <| —aucno.
n
TEOPEMA 2. Ecnu ycnoBus a), 0) BBITIOJHEHBI,

W) eIl T], 0<y<L plt)=[K(ssHdp(s)+ m(t) n u(tp) =0,

to
TO

Hu(t, £)— u(t]‘c <M, &7,

rne M = sup |u(t)-u(s)/|w(t)-w(s), M, =sup[/,/e‘”], M, =Te‘zzydz,
1>0

t SG[tO T

0
s =expll(l+e)p(T)-olt), M, =M(M; +M,)Mge
u(t) — pelIeHue ypaBHeHI/IH (4), u(t,g) — pemieHue ypaBHeHHUs (5).

B pa3nene 2.3 paccmorpenst HUY:

m(Et)+ [K(t.s.u)de(s)= F1), telto Tl T>t,

ty

[e +m(t)]o(t, &)+ jKtsu( g)do(s)= f(t)+aulty) te[t,T],

ty

o m(t), f(t)eClt,, T] K(t,s,u)eC(GxR), G={t,s):t,<s<t<T}.
ITycTp
g K(t,s,u(s))= Ky (t,slu(s)+ K,(t,s,u(s)),
(t,s,u)eGxR.

Bcroay Oynem mpeamnonarars, 4To:
a)K,(t,5)e C(G), K,(t,t)eClt,,T],
Ko(t,t)>0, Vtelt,,T1;

(4)

()

(6)

(7)

(8)

9)



6)t>7, (t,5)(r,s)eG={(t,s):t, <s<t<T}

Ko (t,s)— Ko (z,5) < Ilﬁ Ko(s,5)de(s) + m(t)} ,

0<l, I, —const.
B) Kl(t,t,u)zo, npu (t,u)e[tO,T]xR,
K,(t,5,0)=0, V(t,s)eG, npu
t>z, (t,s,u,), (z,8,uy), (t,s,u,),(z,5,u,) e GxR,

K, (t,s,u,)—Ky(7,5,uy)— Ky (t,s,u, )+ Ky (z,5,u,) < Izﬁ Ko(s,8)do(s)+ m(t)}\u1 —U,],

0<l,, |, —const.
TEOPEMA 3. Ecnu ycnoBust a), 0), B) BBIIIOJTHEHBI,
u(t)eC/[t,, T, 0<y<1, To
Jolt,e)—ut), < KMM,e”, (10)

rac

M = sup [u(t)—u(s)/p(t)-w(s), M, =sup(u’e™) M, :Te‘zzydz,
40 0

t Se[to r]

Mz =(M;+M,)e, K=expi(L+e)l, +1, o(T)-olto I}, w(t) = jKo(S’S)d¢(S)’

)
u(t) " U(t,g) — peurenus ypaBaenus (7) u (8) cooTBETCTBEHHO.

B pasneJie 2.4 onHoBpemeHHO paccmoTpensl JINY (1), (2) u cnenyromee MUY
t
(e +m(t)y(t,s)+ ja(t)b(s)ué(s,g)dq)(s): fs(t)+evy, telt,, T, (11)

rae fs(t)eClt,, T, Hf(t t)ﬂ <9, ‘U(to) 5| < 6.

TEOPEMA 4. Ecnu BBINOJNHEHB! ycioBUs TeopeMbl 1, To permenne vy(t,s)
1

ypaBHenus (11) pu € =0 2271 _5 0 cxomures 1o HOpME C[to,T] K PEUIECHUIO U(t)
ypaBHeHwust (1).

B Tperbeil riiaBe C MOMOIIBIO TMOHATHS NPOU3BOAHOM MO BO3PACTAIOLIECH
(GyHKUMHM J0Ka3aHbl TeopeMbl eauHcTBeHHocTH pemennit CJIINY u CHUY
Bonbereppa-CtunbTheca yKa3aHHOTO THIIA ypaBHEHHMM. Kpome TOro mocTpoeHsl
perynspusupyromue oneparopsl no M.M. JIaBpeHThEBY.

B pasnede 3.1 paCCMOTpeHo CJINY Bonbreppa-CtunbsTbeca
ja p(s)=f(t), T>t, (12)
rae a(t) eC[t,, T], B(t) nxn marpuna, f(t) —n BekTop, O<¢.

9



t

(e + m(t)lt.e) + t{a(t)B(s)u(s,g)dgo(s)= F(t)+ eo(ty), telt,T]. (13)
Bcroay Oynmem mpeamnosnaraTh, 4To:

a) m(t), a(t), [B(t).| f (t) eClt,, T1, mlt,)=0, A(t)>0, Vte[ty,TI,
rae Alt)= min (t), %a(t)[B(t)+ B (t)] x,(t)=4)x ), i=12..n,

X; (t) — N -MepHas HeHyJIeBask BEKTOP-(YHKITHUSA, a(t) >0 Vte [to T];
o)t>7, trelt,,Tl],

la(t)-a(z) <C, [Iﬂ, Jdo(z)+m(t)]*, ree 0< y, <1.
TEOPEMA 5. Ecnu ycnoBust @), 0) BBIIIOJTHEHBI, U(t)EC;Z,n[to’T]’ O0<y<1,
lo(ty)-o(t) <Cialt), telty, T1, 0<C,, alt)B(t) <CAl) telty,T], 0<C,, 1o
loft, &) t)ﬂ <M(M;+M,)e” + M,e™, (14)
rie M = sup Hz) o(s) /|y (t)-w(s), M 1=esup( ‘V),
t.selty v>0

M, = C0C1C2eje‘vv71d v, M, = Czeje‘vvydv,
0 0

_ [ As)dofs)+ m(t), telty, T].

U(t) —pemenue CJINY (12), U(t, 6‘)—p€HI€HI/Ie CJINY (13).

B pa3nedne 3.2 paccMoTpeHa cuctema

M)+ [KEsuE)s)= 1), telo T, T>t, (15

%)

(e +m(t)olt, &)+ .t[K(t, sho(s,e)dele)=f(t)+au(ty), telt,, T].  (16)
B kotopom M(t) e C[t,,T], K(to, S) — nxn marpuna, f(t)—n BekTop.

Mycts  A(t) (i=12,...n) — coGcTBeHHBle  3HAYECHHS — MATPHUIBI

%[K (tt)+ K" (t,t)], rae K’ (t,t) conpsixennas matpuia k marpuie K(t,t)u

A(t)=min 2 (t). (17)

Bcrony Oynem npeamnonaraTh, 4To:
D) s K(t,s)=(K;(t.s)), K;(t,s)eC(G), K;(t.t)eClt,,T1,
G={(t,;s):t, <s<t<T} i,j=12,...n
2) At)>0, Vte[t,,T], Alt)eClt,,T1;
3) r>7, (1,3)(n5)eG,

10



T

|K(z,5)— K(m,5)| < 1(s)] As)de(s),

n
rae A(t)>0 npu t e[t,, T] u I(t)eC[t,,T].
TEOPEMA 6. Eciu ycnosus 1)-3) emonsens, m(t)e C[t,, T],m(t,)=0,

Vit €lty, T1, 6 >4 mty)2m(y), wi(t)= j.i(s)dgo(s), telt, T],
Alt)>0, vtelt,T] O
|K(Et)] < NoAt), telty,T1, ult)eCl [t T1, 0<y <1, 10
[olt,e)—u(t)], <M;Me(M, + NogM, )e”, (18)
rae M, :sup(e‘vlﬂ), M, = Te‘vvyd v, My= exp{}l(s)[e‘1 +N,]do(s)},

v=>0 to

u(t)—pemenue CJINY (15), v(t,&)—pemenne CIY (16).

B pasaedie 3.3 paccmoTpena cucrtema

t
m(tu(t)+ [K(t,s,u(s)de(s)= f(t), telty, T, T>t, (19)
t
K(t,s,u)—n-mepnas Bektop-dymkmms, u(t), f(t)—n-mepuble cooTBeTCTBEHHO
HMCKOMBIE ¥ M3BECTHBIE BEKTOP-(YHKIINH.
Hapsny c cucremoii (19) paccMoTpeHa cienyroias cucteMa

t
[e+m)p(t.e)+ [K(t.s,0(s,e)de(s)= ft)+eaulty) telt,, T],  (20)
K
rae U(t, 8) — UCKOMas N -MepHasi BEKTOp-QyHKUHUA, u(t) — peurenue cuctemsl (19).

Kpowme Toro, mycts
K(t,s,u)=K,(t, s+ K,(t,s,u), (21)
rae (t,5,u)eGxR, G={t,s):t, <s<t<T}
Bcroay Oynem nipeamnosnararhs, 4To:
a) [K,(t,s)| € C(G), |Ko(t,t) eClty, T1, At)=0, telty,T1,
/1(t)= miin A (t), A; (t) (i =1, 2,...,n) — COOCTBEHHBIC 3HAUCHHUS MATPHIIBI

%[Ko(t,t)+ Ko ()] [Ko(t.t) < NoA(t), telty. T
6) t>7, (t,s)(z,s)eG,
t
Ko (t,5)-Ko (7 s) < Il{j/l(s)dgo(sﬁm(t)}, 0<l,, I, —const;

T
B) [K(t,5,u)|eC(GxR") K,(t,5,0)=0, (t,5)<G,
K, (t,t,u)=0,(t,u)elt,, TIxR",
t>z, (t,s,u,) (z,5,u,) (t,8,U,),(z,5,u,) e GxR",
11



i) K)o ) < Kt i) v,

0<l,,1,—const.
TEOPEMA 7. Ecnn ycroBus a), 6), B) BemonHens! U(t) e C,nlte,T], 0<y <1,

TO
Jolt, ) —ut)], < KMM,e”, (22)

rac
M =sup|u(t) —u(s)/jw(t)-w(s)”, M, :sup(;/e‘”), M, :Te‘zzydz,
0

t,sefty. 7] ©>0
M; =(M; +NoM,Je, K =exp{(1+Ngel, +1, Jo(T)—olt, )]},

t
w(t)= J./l(s)d(p(S)Jr m(t), u(t)—pemenue cucremsr (19), v(t,&)— pemenue cucTembl
fo

(20).

B xoHI1I€ Ka) 011 T71aBbI CJIEJIAHBI COOTBETCTBYIOIIME 3aKIIOUECHUS.
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BbIBO/IbI

B nuccepranmy Ha OCHOBE TOHSATHA IPOM3BOJHOM IO BO3pACTAIOLIEH
GyHKIUY:
v’ JloKazaHbl TeopeMbl eaumHcTBeHHOCTH mna JIMY wm HUWUY Bonbsreppa-
Crunetbeca Il pona u ux cucrewm;
v’ IIOCTPOEHBI PETYIPH3MPYIOIIME omepaTopbl s pemenus JIAY u HUY
Bonbsreppa-Crunbtheca Il poga u ux cucrem;
v’ BBIOpaH ImapaMeTp peryisipu3aliim.

Couckarenp 0J1arofapuT CBOEr0 HACTABHUKA W HAYYHOIO PYKOBOJHUTEINS,
npodeccopa A. AcaHoBa 3a IICHHbIE M TIOJE3HBIE COBETHI, MPEIJIOKECHUS W
3aMeyaHusi, NPAKTUYECKYI0 MOMOIIb NPU MOATOTOBKE JAHHOTO JAMCCEPTALIMOHHOTO
UCCIIETOBaHMS.

13



CIIMCOK OITYBJIMKOBAHHBIX PABOT

. bepenosa, H.C. Perynsapuszanys U €IUHCTBEHHOCTh PEUICHUW HHTETPAJIbHBIX
ypaBHeHuit Bonbreppa-Ctunbrheca lll pona [Tekct]/ H.C. benenosa // BectHuk
Oul'Y. — Om, 2007. — Bei. Ne2. — C. 142-146.

. benenosa, H.C. O0 ogHOM KJjacce JUHEHHBIX MHTETPAIbHBIX YpPaBHEHHM
Bonbsreppa-Ctunbptheca Il poma [Texcer]/ I'.C. O6onoeBa, H.C. benenosa //
Bectauk Oml'Y. — Omi, 2008. — Beim. Ne6. — C. 76-81.

. begenoBa, H.C. O6 onHOM Kiacce HENWHEHHBIX WHTETPAIBHBIX YpaBHEHHI
Bomnbreppa-Crunbtheca |l poma [Dnexrponnsiii pecype] / H.C. benenosa //
Te3ucel  TOKIAZOB  MOJIOJEKHOW — MEKIYHApOJAHOM  HAYYHOM  IIKOJIBI-
koH(pepennuu. — HoBocubupck, 2009. — C. 22.

Pexxwum noctyna: http://math.nsc.ru/conference/onz09/kniga.pdf.

. beneaosa, H.C. O0 onHOM Kiacce HEIMHEWHBIX WHTETPAIbHBIX YpaBHEHH
Bonwsreppa-Crunbtbeca |l pona [Tekct] / H.C. benenosa // Bectnuk Oml'Y. —
O, 2010. — Beim. Ne3. — C. 273-278.

. benenosa, H.C. Perynspuzanus U €IMHCTBEHHOCTb PEIICHUA CUCTEM JIMHEUHBIX
UHTErpalbHbIX  ypaBHeHHd Bombreppa-Ctuibrbeca Il poma  [Tekcr]/
H.C. benenosa // UccnenoBanust 1o uHTerpo-auddepeHuaibHbIM YPaBHEHUSM.
— bumkek: «mumy, 2012, — Bern. Ne40. — C. 85-93.

. bexenosa, H.C. OnunH knacc JTUHENHBIX MHTETPAIBHBIX ypaBHeHUN BonbTeppa-
Crunbtheca Il poma [Tekct]/ A. Acanos, H.C. benenosa // Bectoux KazHITY
nMmenu Aoas. — Anmartsl, 2014. — Beim. Ne48. — C. 8-13.

. beneaosa, H.C. BeiOop nmapamerpa peryssipusaiuu i peuieHus: OHOro Kiacca
JMHEWHBIX MHTETPAIBHBIX ypaBHeHUH Bonbreppa-Crunbtheca |1l pona [Teker] /
H.C. benenosa // CumBon Hayku. — Yda: «Omera Caiincy, 2015. — Beim. Nel0. —
C. 19-23.

. beneaosa, H.C. O6 ogHOM KJlacce perynispu3aliii U €AMHCTBEHHOCTH PEIICHHIMA
CUCTEM JIMHEHHBIX WHTErpalibHbIX ypaBHeHud Bombreppa-Ctunbtheca Il pona
[Texcr] / H.C. benenosa // CumBon Hayku. — Yda: «Omera Caitacy, 2015. —
Bem. Nel0. — C. 12-18.

. bengenoa, H.C. Perynspuzanus © €IUHCTBEHHOCTb PEIIEHUNW CUCTEM
HEJIMHEHHBIX MHTETPAIbHBIX ypaBHeHuM Bonbreppa-Ctunbtheca Il pona
[Texct]/ A. AcanoB, H.C. BbenemoBa // HWHHOBanmoHHas Hayka. —Yda:
«AstepHay, 2015. — Beim. Nel10. — C. 9-18.

14



PE3IOME

aucceprannu bexenosoit Hypryias CanundaeBHbl Ha Temy «Peryaspuszanusi u
eIMHCTBEHHOCTh PelIeHU MHTEerPajbHbIX YpaBHeHuil BosbTeppa-CTtuibTbeca
TPeThero poa» Ha COMCKAHHME YYEHOH CTeNeHu KaHauaaTa Gu3nKo-
MaTeMaTH4ecKuX HayK no cnenuajabHoctu 01.01.02 — nuddepenumnanbubie
YPABHEHMNSI, JUHAMUYECKHE CUCTEMbI M ONITHMAJIbHOE yIIPaBJICHHE

KiroueBble cjoBa: HHTETpaNbHOE YPAaBHEHUE, CHUCTEMA, €IUHCTBEHHOCTb,
perynspusanus, peleHnue, HHTErpaIbHOE YPABHEHUE TPETHETO POAA.

OO0beKT UCcCiIe10BAHUSA: IMHCHHBIC U HEIMHCHHBIC HHTETPAIbHBIC YPABHCHHUS
Bonwsreppa-Ctunsrseca Il poga, cucTemMbl TUHEHHBIX U HETUHEUHBIX UHTETPAITbHBIX
ypaBHeHuit Bonsreppa-Crunbsrbeca Il pona.

Heap wHCCaeNOBAHUA. HCCIECAOBAHUE EIUHCTBEHHOCTH M PETYISIPU3ALUU
penieHni HHTerpaibHbIX ypaBHeHH Bonbreppa-Crunbsrheca Il poga u ux cucrem.

Metonuka uccienoanus. B pabote ucnonb3yeTcst MOHATHE MPOU3BOAHOMN 110
BO3pacraromeid ¢GyHKIuu, Meron peryinspuzanud M. M. JlaBpeHTheBa, METOJIbI
(YHKIIMOHABHOTO ~ aHAJIW3a, METOJAbl MHTErpAIbHBIX W JuddepeHnanrbHbIX
YPaBHEHHU.

Haquaﬁ HOBHU3HA UCCJICA0OBaAaHUA:

® HAWJICHBI JOCTATOYHBIE YCIOBUS €AMHCTBEHHOCTH PEIICHUI TUHENHBIX 1 HUY
Bonwsreppa-Crunbtbeca |l pona u ux cucrewm;

® TIOCTPOEHBI peryJsipusupyrone omneparopel o M.M. JlaBpeHTheBY ISt
pemenuii tunelinbix 1 HUY Bonbreppa-Ctunstheca |l poga u ux cucrewm;

® [IOJy4eHa, BBIOOPOM TapaMmeTpa, ONTUMAaJbHAs OLEHKAa MPHUOIUKEHHOTO
pemenus JIMY Bonbreppa-Ctunbrbeca |l poxa;

e JI0Ka3aHbl TEOPEMBl €IWHCTBEHHOCTHM pemennii mis JIMY  Bosbreppa-
Crunbtheca 1 poga u ux cucrem;

® JI0Ka3aHbl TEOPEMBbl E€IUHCTBEHHOCTH pemeHnd 11 HUY Boaereppa-
Crunbtbeca Il pona u ux cucrem.

15



benesosa Hypryas CanundaeBHanbIH «BosbTep-CTHIBTHECTHH YYYHYY
TYPAOI'Y HHTErPAJIbIK TeHJAeMeJePUHHH YeYUM/ICPUHIH KAJITBI3AbITbI KAHA
peryasipu3anusioo» aered remaaarsl 01.01.02 — nuddepenumnanabik
TeHeMeJiep, IMHAMHKAJBIK CHCTeMAaJIap KaHA ONTHMAJIBIK Oalikapyy
aJuCTUTH 00I0HYA (PU3MKA-MATEeMAaTHKAJIbIK WIMMAEPANH KAHAUAATHI HIIMMUMH
JAapa’kachblH U3ACHUI AJIYY YUYH Ka3bLITaH JMCCEPTANMACHIHBIH

PE3IOMECH

YpYHTTYy cO346p: MHTErpajAblK TEHIAEME, CHCTEMA, KaITbI3JBIK,
PErynsapu3anusaiIo0, Y4eUnM, YUyHIY TYPAOTY UHTErPAIIIBIK TEHIEME.

N3unnpneenyH od0bexkTrcu: Bonbrep-CTUIBTHECTUH YUYHUY TYPAOTY CBI3BIKTYY
’KaHa CBI3BIKTYYy 5MEC MHTETpalIbIK TeHIeMmenepu xaHa Bounbrep-CTunbsrbecTuH
YUYYHUY TYPAOTY CBI3BIKTYY aHa CBI3BIKTYY 3MEC HWHTETPAIIBIK TEHJEMEICPUHUH
cucTeMasapsl.

MN3uaneenyn  makcarbl:  BonbTep-CTWIBTRECTUH  YUYHUY — TYpAery
MHTETPANIJBIK TEHJIEMEICPUHUH >KaHa alapJblH CUCTEMaJapbIHBIH YEYUMICPUHHUH
KaAJTBI3ABITBIH )KaHa PETYIAPU3ALUAIIOOHY U3UIIIO0.

N3naneenyn merommopy. Kymymira ecyydy (yHKius OOIOHYA aJIbIHTaH
TyyHALy  TymyHyry, M.M. JlaBpeHTbeBAMH  PETYISPU3ALUATIO0  METOLY,
(YHKIMOHAIIBIK AHAJIM3/IMH, MHTETPaJIbIK KaHa i epeHunanabik
TEHJIEMENEPANH METOANO0PY KOIJIOHYIITY.

HN3un1160HYH HIIMMUN KAHBLIBIKTAPHI:

e BoubTep-CTUIBTBECTHH YUYHUY TYPAOIY CBI3BIKTYY »aHa CBbI3BIKTYY 3MeEC
UHTETPaIbIK TEHACMEIECPUHUH, allapAblH CUCTEMaJapbIHbIH YE€YUMIACPUHUH
KaNTBI3BITBIHBIH KETUIITYY IAPTTapbl TAOBLIIbI;

e Bonprep-CTUIBTBECTUH YUYYHYY TYPAOTY CBI3BIKTYY JKaHa CBI3BIKTYY 3MEC
MHTETPAJABIK TEHAEMEIEPUHUH, aJapAblH CUCTEMAIAPBIHBIH YEUYMMIEPU YUYYH
M.M. JlaBpeHTbeB O00IOHYA PETYASIPUALMIIOO ONIEPATOPIOPY TYPry3yay;

e [QapaMeTpaud TaHA00 MeHEeH BoubTep-CTWIBTBECTHH YYYHUY TYpAery
CBI3BIKTYY MHTETPaJbIK TEHJIEMECUHUH KAKbIHAAIITHIPbUITAH YEYUMUH
onTUMasayy 0aanoo ajablH]IbI;

e BoubTep-CTHIBTBECTHH ~ YYYHUYY  TYPAOIY  CBI3BIKTYY  MHTErpajabIK
TEHJIEMEJIICPUHUH JKaHa ajapAblH CHCTEMAJapblHBIH YE€UUMIEPU Y4YYH
YKaAJTBI3ABIK TEOPEMAJIAPHI NANWIICH]IH;

e Bonprep-CTUIBTBECTHH YUYYHYY TYPAOTY CBI3BIKTYY 3MEC HWHTETPaJIbIK
TEHJEMEJICPUHMH KaHa AJIAPABbIH YEUUMAECPU YUYH KAJITBI3ABIK TEOPEMAJIaphI
JNATUIACHIN.
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ABSTRACT

of Nurgul Salibaevna Bedelova’s research dissertation on the topic:
«Regularization and unigueness of solutions of Volterra-Stieltjes integral
equations of the third kind», for the scientific degree of candidate of sciences in
physics and mathematics by the speciality: 01. 01. 02 — differential equations,
dynamical systems and optimal control

Keywords: integral equation, system, uniqueness, regularization, solution,
integrated equation of the third kind.

Object of research: linear \olterra-Stieltjes integral equations of the third
kind, systems of linear and non-linear Volterra-Stieltjes integral equations of the third
kind.

Research aim: to study the issues of regularization and uniqueness of solutions
of Volterra-Stieltjes integral equations of the third kind and their systems.

Research methods: the concept of derivative on increasing function, the
method of regularization by M. M. Lavrentiev, the method of functional analysis and
the methods of integral and differential equations.

Scientific novelty of research:
e sufficient conditions of uniqueness of solutions of the linear and non- linear

integral equations of Volterra-Stieltjes of the third kind and their systems have
been fined;

regularization operators according to M. M. Lavrentiev for solutions of the
linear and non- linear integral equations of Volterra-Stieltjes of the third kind
and their systems have been constructed;

by choice of parameter an optimum assessment of the approximate solution of
the linear integral equations of Volterra-Stieltjes of the third kind has been
received;

theorems of uniqueness of decisions for the linear integral equations of
Volterra-Stieltjes of the third kind and their systems have been proved,;

theorems of uniqueness of decisions for the non- linear integral equations of
Volterra-Stieltjes of the third kind and their systems have been proved.
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