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OBILIAA XAPAKTEPUCTUKA PABOTbI

AKTYAJILHOCTb TEMbI JIUCCEPTALIUN.

B mBamuareix romax XX Beka (hpaHIly3CKHMM MaTeMaTHKOM AamapoM
JIaHO OTpe/CICHHE KOPPEKTHOCTH MaTeMaTHIECKOM 3aauH.

JIrobast maremarudeckas 3ajada MOPUBOJAWTCS K  ONPEACTICHHUIO
HEHM3BECTHOT'O 3JIEMEHTA Z OIEPaTOPHOIO ypaBHEHHUS

Az=uU (0.2),

rae A - HempepwIBHBIA  OIEpaTOp M3 METPHUECKOrO MPOCTpaHcTBa Z B
MeTpHUecKoe mpoctpanctso U .

3agaua ompeneneHus pemieHus ypaBHeHust (0.1) HasbiBaeTcs
KOPPEKTHOM 1o Anamapy Ha nape npocrpancrse (Z,U), eciu:

1) mist mo6oro snementa U €U cymiecTByeT 3jaeMeHT Z € Z TaKoW, 4To
Az=U.,

2) BNeMEHT Z SBISICTCS €IMHCTBEHHBIM.

3) st TE0GOTO UKCHa & , CYIIECTBYET uncio J(£) TaKoe, 9T0 st MOOBIX
snemenToB U,U, €U, p(u;,u,)< S crexyer ,O(Zl, 22) <é&,rme U =Az,
u, = Az,

Ecnu HapymiaeTrcs OIHO W3 YCIOBUM KOPPEKTHOCTH MO ApamMapy, TO
3a/1aya Ha3bIBACTCSl HEKOPPEKTHOIA.

Jloniroe BpeMsl CUMTAJIOCh, YTO HEKOPPEKTHBIE 3a7auyd JIUIICHBI
(U3UUECKOTO COJACpXKaHUSI M HE HMMEIOT MpakTH4ecKoro 3HaueHus. Ha
BAXHOCTh HEKOPPEKTHO IIOCTaBIICHHBIX 3adady oOpatun BHuUMaHue A.H.
TuxonoB. B 50-x rojax HCCIEIOBaHUSAM  HEKOPPEKTHBIX  3ajiay
MaTteMaTuyeckor (u3uku MmocBsieHsl padorel M.M. JlaBpeHntbeBa. B 60-x
romax B pabore B.K. VIBaHOoBa BBeJEHBI IMOHATHE KBA3UPEIICHUS U
NpUOJIMKEHHBIE METOJIbl €r0 HaxokJaeHus. JlaHo ompeneneHue yCIOBHOU
KOPPEKTHOCTH WJIM KOPPEKTHOCTHU 110 TuxoHoBy pemienus 3agauu (0.1).

Bnepseie, korma mpaBas yacth ypaBHeHus (0.1) He mpuHAICKUT
o0pa3y MHOXXECTBa KOPPEKTHOCTH, MNPUOIMKEHHOE PEUIEHUE IOCTPOUII
M.M.JIaBpenTheB. OHO OCTPOEHO KaK PEIICHHUE OIEPATOPHOIO ypaBHEHUS
BTOPOro poja C MajsiM mnapamerpoM. OOmmii Meron MNpUOIUKEHHOTO
pemeHust ypaBaeHust (0.1), yCTOHYMBBIM OTHOCUTEIBHO MCXOJHBIX JTAHHBIX,
nocTtpoeH B pabotax A.H.TuxonoBa. [lano onpenenenue GpyHaaMeHTaIbHOTO
HOHSTHSI PErYJISIPU3UPYIOLLETO ONEPATOPA U CLIOCOOBI €r0 MOCTPOESHHUS.

Oneparop R, U — Z naspiBaercs perynspusupyromyM OnepaTopoM
nus pemtenns ypasaenus (0,1) eciay BBIIONHAETCS CIEAYIOLUIME YCIOBUSL:

1. omeparop R, ompenemnm mmst mo6oro U € U



2. mias ao0oro Z € Z BBIMOJHEHO COOTHOIIICHUE |imO R,A, =Z 1o HOpME
o—>

npocrparcrsa Z .
Haxoxnenne — peryisipu3Mpyrollero  omneparopa R Ha3bIBAETCS

YCTOMYMBBIM METOJIOM i pemieHus ypasHenus (0,1).

B nmampmedimem B pabotax M.M.JlaBpentheBa, B.K.lBanOBa,
A.b.bakymunckoro, M.M.MmananueBa, A.C.CaagabaeBa U  Jpyrux
uccieaoBaTeniel ObUIM W3yYeHBI JIMHEHHBIC HEKOPPEKTHBIC YpPaBHEHUS W
HEKOTOPBIE HEJIMHEWHBIE ONIEPATOPHBIC YPABHEHHS.

B namHO#M muccepTarmoHHOW padoTe MOCTPOSH KOHEYHOMEPHBIHN
PETYNSPU3UPYIOIINHN OIEPaATOP.

Cnenuduka TOCTPOCHUS  KOHEUHOMEPHBIX  PEryJISPUHPYIOIINX
OMEepaToOpoOB IS HEKOPPEKTHBIX HEJIMHEHHBIX WHTErpajbHbIX YypaBHEHUM
paHee He paccMmaTpuBasiachk. [10ATOMy IOCTaBieHHas 3a/1adya — HAXOXKJICHUE
0oJjiee IMIMPOKUX YCIOBHH JUIsi KOHEUYHOMEPHOTO PETYISPU3UPYIOIIETO
oriepaTopa JJisi MHTErpajbHbIX U ONEPATOPHBIX YPAaBHEHWM, MPU KOTOPHIX
BO3MOYKHA PETYJIAPU3ANUS — SIBIACTCA AKTYaJIbHOM.

CBa3b TEMbI JUCCEPTAIMH c OCHOBHBLIMM HAVYHO-
HCCJIEI0BATEIHLCKUMHU padoTamu, NPOBOIMMBIMH HAVYHBLIMH
VIpeKICHUSIMH.

UccnenoBanue 1o Teme AUCCEpPTAllUM MPOBOJMIOCH B paMKax
yTBEPXKJICHHOU TeMaTuku «KoHedyHOMepHbIe METObI PEIICHUs] HETMHEHHBIX
HEKOPPEKTHBIX 3a/au» Kadeapbl NpUKIaTHON MaTeMaTUKU U UH(POpMATUKU
KI'TY nm. U.Pa33akoBa.

Ileab 1 3a1a49M MCCJIETOBAHNS.

Lenpto naHHOW paOOTHl ABJSIETCS TMOCTPOEHUE KOHEYHOMEPHOIO
PETYJISIPU3UPYIOLIETO OMeparopa sl PEUICHHUS JIMHEHHBIX, HEIUHEHHBIX
UHTErPAIbHBIX U ONEPATOPHBIX YPABHEHU MEPBOro poja.

3aga4uu UCCIENOBAHUS:

® IIOCTPOUTh KOHEYHOMEPHBIM PETYISPUBUPYIOLIMKA  ONEpaTop IS
pelIeHUsl JIMHEHMHBIX, HEJIMHEWHBIX HMHTErPAJbHBIX U OINEPATOPHBIX
YpPaBHEHHU NIEPBOTO POAA.

® TIIOJNYyYUTh OLEHKA YCTOMYMBOCTH M  CKOPOCTH  CXOAUMOCTH
NPUOIMKEHHOTO pENIeHUsT K TOYHOMY PEIICHUI0 B MPOCTPAHCTBAX
HEMPEPHIBHBIX QYHKIIMA U KBAIPATUIHO CYMMUPYEMbBIX (YHKIIHII;

® HaWTU JOCTATOYHBIC VYCIOBUS JJISI BO3MOXHOCTH PEryJsipU3alUU
HEJIMHEHHBIX UHTETPAIbHBIX YPaBHEHUH NIEPBOTO pojia oOIIero BUia.



HavuHasit HOBU3HA PA0OTHI.

BniepBble MOCTPOEH KOHEYHOMEPHBIN PETYISIPUZUPYIOIIMN OIIEpaTop
JUIsl PELICHUs HEJMHEWHOrO0 MHTErpajbHOrO M OINEPaTOPHOrO  ypaBHEHUS
MIEPBOI0 poja B MPOCTPAHCTBAX HEMPEPBIBHBIX U KBAJAPATHO CYMMHUPYEMBIX
(yHKIMI. YCTaHOBJEHAa CXOJMMOCTh M HAWJEHAa OLEHKa CKOPOCTH
CXOMMOCTHU MPUOIKEHHBIX PEHICHUN K TOUHOMY PEIICHHUIO. Y CTAaHOBJICHO,
YTO JIOCTATOYHBIM YCIIOBHEM pETryJApU3yeMOCTH JJisi TJIAJKOro siapa
HEJIMHEHHOT0 MHTETPAJIbHOTO YPABHEHUSI NIEPBOTO POJia SIBJISETCS «IBOMHAs
HUCTOKOOOPA3HOCThY» CBOOOIHOIO YJIeHA YPaBHEHUS.

IIpakTnueckasi 3HAYMMOCTD I0JYYE€HHBIX Pe3YJbTATOB.

JanHas paboTa MMEET TEOPETUUECKYIO HallpaBiIeHHOCTh. [lomydeHHbIe
pe3yabTaThl MOKHO MCIOJIB30BaTh ISl MOCTPOCHUS MPUOIMKEHHOTO
peuieHus 0OpaTHBIX 3aJa4 MaTeMaTU4YeCKOM (DU3UKH, a TAKXKE ISl YTCHUS
CIELKYPCOB JUIsl CTYJICHTOB MaTeMaTHYECKUX (PaKyIbTETOB.

OcHOBHbIE M0JIOKEHHUS JTUCCEPTAIMH, BLIHOCHMbIE HA 3aIIIUTY:

e [locTpoeHbl KOHEUYHOMEPHBIE PETYISPUIUPYIOLIUE ONEePaTOPhl JIs
peuieHusT JMHEWHOr0 M HEJIMHEWMHOr0 WHTErpallbHOrO YpaBHEHUS
NEepPBOrO poJia B TMPOCTPAHCTBAX HEMPEPHIBHBIX M KBAAPATHUYHO
CyMMUpPYEMBbIX (YHKIMI, a TaKXKe M1 HEITMHEHHOro ONepaTopHOro
ypaBHEHUS MEPBOIrO POJA;

o JlokazaHa CXOAMMOCTb NPHUOJMKEHHOTO pEUIEHUS K TOYHOMY
PEIIEHUIO0 B HOPMaxX COOTBETCTBYIOIINX MTPOCTPAHCTB;

o [lonyueHn BbBIOOp mMapaMmeTpa peryasipu3alid B 3aBUCUMOCTH OT
napaMmeTpa n;

e [lonyueHa oleHKa CKOPOCTU CXOAUMOCTH MPUOIMKEHHOTO pEIIeHUs K
TOYHOMY PEIICHUIO;

e HalieHO [OCTAaTOYHOE YCIOBHUE PETYISAPU3YEMOCTH ISl sAzipa
HEJIMHEHHOTO MHTErPAJIbHOTO YpaBHEHHUS IEPBOr0 Poia OOIIEero BU/IA.

JIMUHBIN BKJIAJ COMCKATEJIS

OCHOBHBIC pe3yJIbTaThI AUCCEPTALIMU OMYOJMKOBaHbI B padorax [1] - [7].
B coBmectHBIX craThax [1,2] mocTaHoOBKa 3amaud M OOCYXKIEHHUE
pE3yJILTAaTOB IPUHAIEKAT HAYIHOMY PYKOBOIUTENIO, B COBMECTHOM CTaThe
[3,5] mocraHOBKa 3amauM MPUHAUICKHT HAYYHOMY PYKOBOIUTEIIIO,
00CyX/IeHHE PE3yJIbTATOB — COABTOPY, BO BCEX CTAThiX - JOKA3aTELCTBO
TEOPEM, CIIEACTBHUM U IOCTPOEHUE IIPUMEPOB — aBTOPY.
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Anpodanus pe3yabTATOB JUCCePTAIIMN.

PesynbTaThl pabOThI JOKIJIAIbIBATHUCH:

- Ha V MexnyHapoaHoi Hay4yHOW KOHGepeHInH "ACHUMNTOTHYECKUE,
TOIOJIOTUYECKUE W KOMITBFOTEPHBIC METOABI B MATEMAaTHKE', MOCBSIIIEHHOU
85-netuto axagemuka HAH KP wu unena-koppecnonmentra PAH M.U.
Nmanamuesa (bumikek, 2016);

- Ha pacmupeHHoM 3acemanuu Kadenpwel «lIpuknanHas maremarvka u
unopmaruka» KI'TY um. U. Pa3zakosa (bumikek, 2018);

- Ha Hay4YHOM CeMHHape akajemuka, mpodeccopa A.A. bopybaeBa B
HNucturyre Mmaremaruku pu Axkajgemun Hayk KP (bumkek, 2018).

ITostHOTA OTPAKEHHS PE3YJILTATOB JUCCEPTAIINY B NVOJIHKAIUAX.

OCHOBHBIC pe3yJIbTaThl JUCCEPTALMU OMyOJUKOBaHbI B padorax [1] - [7].
B coBmecTHO# crartbe [1] mOCTpoeH KOHEYHOMEPHBIN PETYIISIPU3UPYIOIIHIA
orepaTop I PEIICHUs ONEPAaTOPHOTO ypaBHEHHS IMEPBOrO POJa, B CTaThe
[2] mocTpoeH KOHEUHOMEPHBIN PETYIIAPU3UPYIOIINI OMEPaTOp IS PEIICHHUS
JVMHEWHOTO BIIOJHE HEMPEPHIBHOTO OMEPATOPHOTO YpaBHEHHS MEPBOTO pojia
B THILOEPTOBOM TMpocTpaHcTBe. B crarbe [6] uH3ydeHa KOHEYHOMEpPHAS
aTlIPOKCUMAIIHSI HEJIMHEWHOTO ONEPaTOPHOr0 YpPaBHEHUS C MPUOIMKCHHO
3aJaHHOM MpaBOM YacThlO, B CTaTbe [7] IOCTPOEH KOHEYHOMEPHHIM
PETYISAPU3UPYIONINI ONeparop Ui PEIICHUS WHTETPATLHOTO YpPaBHEHUS
IIEPBOTO pOJia B NMPOCTPAHCTBE HEMPEPHIBHBIX (PYHKIMHA. B enuHOIMYHOMN
cratbe [5] wu3ydeHa  KOHEYHOMEpHAS AIMPOKCHMAIIUS HEIHHEHHOIO
OIIEPAaTOPHOT0 YPAaBHEHMS C BIIOJIHE HENPEPBIBHOW JIMHEWHOM 4acThro. Bo
BCEX CTaThAX - JIOKA3aTEIbCTBO TEOPEM, CIICACTBHIA U MOCTPOCHHUE MPUMEPOB
— MPUHAJIEIKAT aBTOPY.

MeToanKa HCCJaeT0BAHNSA.

HUcnonb3ytorcsi  METOABI  TEOPUM  UHTETPAIbHBIX  YPABHEHUMU,
CIIEKTPAJIBHOM  TEOPUM  JIMHEMHBIX  ONEPAaTOPOB B  MPOCTPAHCTBE
HETMPEPHIBHBIX (PYHKIUM W B MPOCTPAHCTBE KBAIPATUYHO CYMMHUPYEMbBIX
byHKIMM, a Takke O0OIMe pe3yiabTaThl HEIMHEUMHOro (PYHKIIMOHAIHHOTO
aHanu3a B OaHAaXOBBIX W TWJIBOEPTOBBIX IPOCTPAHCTBAX, B TOM YHUCIIE
NMPUHLMIIBI  HEMOABMXKHOW TOYKM banaxa wu Illaygepa, MeTobl
MaTEeMaTUYeCKOro aHaiu3a, Bkmodas (opmyny Teimopa ¢ OCTaTOYHBIM
YJICHOM B MHTETPaJIbHOUN (hOpME, BHIYUCTUTEIBHBIE METO/IBI.



CrpykTYpa M 00bEM JJHCCEPTALIMM:

HuccepranmonHass paboTa COACPKUT U3 TMEPEYHS  YCJIOBHBIX
0003HaYEeHMUH, BBEACHMS, TpeX IJIaB, pa3OMTHIX Ha maparpadbl, U CIUCKa
WCIIOJIb30BAaHHBIX ~ MCTOYHMKOB H3 66 HaumMmeHoBaHuil. Hymepanus
OIpeNIeTICHUH, JIEMM, TEOpEM —TpolHas: mepBas Ludpa ykazpblBaeT Ha HOMEp
TJIaBbl, BTOpass — HA HOMEp paslienia, TPEThsl — Ha TMOPSAKOBBIA HOMEp B
paznene. O6bem 136 crpanwil.

KpaTtkoe coaep:kaHue padoThbl.

B nepBoii riaBe nmpuBeneHbl 0030p pabOT, MPUMBIKAIOMIUX K JTAHHOU
paboTe, ¥ JOTMOJHUTEIbHBIC PE3YIbTAThI, HCTIOJIb3yeMbIe B padoTe.

Bo Bropon TrimaBe wuccienyeTcss KOHEUYHOMEpHAsl amnIpOKCUMAIUA
pPELIEHUSI HEJIIMHEUHOr0  ONEPATOPHOTO ypaBHEHUA C  HENPEPHIBHOM
MOJIOKUTEIbHON JUHEHMHOM Y4acCThIO.

JloKa3aHbI CIEIYIOLIUE TEOPEMBL.

Teopema 1. Ilycte: 1) A - nuseitHsit HETMPEPBIBHBIN
TIOJIOXKUTEIILHBIA ~ CAMOCOIIPSDKEHHBI ~ OlepaTop, 2)  Omeparop Kn
npeacrauM B Bume K, =AK +/ (n) K,, rme K, K, - nenuneiinbie

orepaTopsl, onpeaeneHusie B H 1 ynosnersopstomme yenouio JInmmmna,
npudeM nocrosHHas Jlunmmna ans omeparopa K, N <1; 3) mapamerp

s _y

a(n) ynosnersopsier ycrosmo lim () .

Torga cymectByer Ttakoe Ny, uto mpm mo6om N>N; n mobom
U € H ypasuenue
az+Az=u+K z (0.2)

MMEET €AUHCTBEHHOE pelenne Z, € H

Teopema 2. IlycTh: 1) BBINOIHEHBI BCE YCIOBHUSI TeopeMbl 1, 2) mpu
u=u,ypapuenre Az=u+K(z)(0.3) umeer equHcTBEHHOE peleHue Z,€H ,
nmpefcTaBUMOe B BUIE Z, =A%, €H; 3) mapamerp «(n)ymosnerBopser
YCIIOBHIO !Lr[loa(n) =0,

Torna pemenue Z,, , ypapHenus (0.2) mpu U=U, u N —>00 cxomurcs k

TOYHOMY peIlIeHUI0 z, ypaBHeHus (0.3).
J71st CKOpOCTH CXOIMMOCTH CIIPaBEIJIMBA OI[EHKA



- Ne B K, (B, B0 L8]
Z,o zougl_ﬂ(n)Qo ” +1_IB(”)QO[ » + P, » +1—Na'
(04 (94

Teopema 3. Ilycts: 1) BIIOIHEHBI ycinoBus 1) u 2) Teopemsl 2, 2)
DJIEMEHT U; YAOBJIETBOPSET HEPABEHCTBY |u, —U,| <& (0.4), 3) napamerp &

BBIOpaH 110 popmye « (5, B(n))= i(C05+ Clﬁ(n))% :
\/ CZ
Torma pemenne z! ; ypaBHeHus (0.2) mpu u=u, CXOAUTCA IpH
5 —0, n— oo K TOYHOMY pemieHnio z, ypaBHeHwus (0.3).

Ckopoctb CXOAUMOCTH YAOBJIETBOPSIET HEPaBEHCTBY

20 5= 2| < 2@(co5+clﬁ(n))% .

Teopemad. IlycTb BBINOIHSIOTCS ClEIyIONIME yCIIOBUS:l) ypaBHEHUE

1
J.K(LS)Z(S) ds=u(t), te[0,1] (0.5) nmeer emumHcTBEHHOE pelieHue; 2) SAPO
0

K(t,s) menpepriBHO B KBagpaTe 0<t,5 <1 u cummerpuuHo; 3) oneparop K,
0<&<1, neiicteyer u3 npocrpanctea L,(0,1) B C(0,1); 4) smpo K, (t,9)

M
YIIOBJICTBOPSICT HEPaBEHCTBY ||Kz — an||c(o,1) < _\//1__”Z”c(o,1) .
n+1

1
Torma, mpu ¢ :% U Tpu J000M 3aJaHHOM u(t)eC(O,l)pemeHHe

n+l

ypaBHeHHs aZ,+K 2z =U cymiecTByeT M Ul JHO00r0 pelIeHus] YpaBHEHHUS
(0.5), mpeacraBumoro B Buae Z=K$, copaBemiuBo IpeaeIbHOS

coorHoureHue lim(a(n)E+ Kn)_l Kz=z(t) paBHOMEpPHO IIO t , TpuYeM

n—o0
1-0

[ M)7e (Ca:Cor P9 o)
c(o1) Ao s(Morta Py L(01) ):

Teopema 5. Ilycte: 1) sampo K(t,S) TakoBo, uTO (QyHKIHS

CIIpaBe IJIBa oueHKaH(aE +K, )7l K?9-KJ9

1 %2
B(t)= ( j K? (s,t)ds] SABJIAETCA HENPEPBIBHOM QyHKIMEN Ha cermeHTe [0,1];
0

2) mpu u=u,(t) ypaBHEHUE KzEj‘K(t,s)z(s)ds:u(t), te[0,1], (0.6) umeer

CANHCTBCHHOC HCIIPCPBIBHOC PCHOICHHUC, npcaACTaBuUMOC B BHUJC

1+o

2,(t)=(K'K) 2 4, O<o<l,

Torna ypaBHEHHE



az+K'Kz=K"u

npu o >0 paspemmmo g 0O0T0 u() L2(0 1) U pEIIEHUE 3TOTo

ypaBHenuss npu U=U, u o —>0 crpemurcs k TouHOMY pelIeHHUIO

ypasuenns (0.6) mo mopme mpoctparcta C(0,1), mpuuem crpaseammso

zmH <Mﬂ;

Teopema 6. ITycTh: 1) BBINOIHSAIOTCA BCE YCIOBHS TEOpPEMBI 5, 2)
snement Us(t)  ynosmersopser HepaBencTBy  |u,(t)-u, (t)||c(0 1)35 , 3)

[ 2M %] =
IapaMeTp o YAOBIETBOPSET COOTHOLICHNUO & (5) = 5 o oM.
5
Torna pemenue Za(5) yYpaBHEHUs
az+K'Kz=K"u (0.7)

npu U = U, (t) mpu § — 0 cxoauTcst K TOUHOMY penieHnto ypaBaenus (0.6).

CKOpOCTh CXOJIMMOCTHU YIOBJIETBOPSIET HEPABEHCTBY

o
<M,5°72

c(o,)

Teopema 7. Ilyctb: 1) BbImOIHECHBI yclioBUs 1) u 2) Teopemsbl 6, 2)
K,(t,s) HempepbiBHas (yHKIUS B KBaapare 0<ts<l W YIOBJICTBOPSCT

HepaBeHCTBY |K, (t,s) —K(t, )| joupp0p <A (N), 3) MApaMeTp o yMOBIETBOPAET

2

4 jw(Kngqzﬂ(n))w-

YCIIOBUIO a(5)= [ Y

1

Torna pemenue z),(t) ypaBHenus (0.7) mpu u(t) =u,(t) CXOmHTCS K
pemieHuto z,(t) ypaBHeHus (0.6) mpu 5 —-0,n—>o MO HOPME MPOCTPAHCTBA
HETPEPHIBHBIX (QYHKIIHUM.

CkopocTb CXOJIUMOCTH YIOBJIETBOPSIET HEPaBEHCTBY

o

Zes () =2 (t)H cog = (1+%)(M40j4+0(K5+q2,8(n))0+4.

1

B Tperbelt rinaBe pacCMOTPEHO HEJIIMHEMHOE MHTETPAIIBHOE YPABHEHUE
IIEPBOr0 poJia BUAA

Jl. K (t,s)z(s)ds =u(t) +j.K1(t, S)M (s, z(s))ds (0.8),
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rae K(t,s)- CHMMETpHUYHAs, TOJOXKUTEIBHO OMpE/eICHHAas, HEMPEephIBHAS B
KBagpare 0<ts<1 QyHKuusa, M(s,z)- (yHKOMA HENpEpbIBHAs IO SH
YJOBJIETBOPSET ycaoBuio Jlummmna B o0nactn 0<s<1, —wo<z<w, K(ts)-
HEKOTOpas HENpepbIBHAA (QYHKIM, 3aBUCAIIAsd OT K(t,s).

Teopema 8. Ilycte: 1) sapo  K(t,s)IBISAETCS CHUMMETPUUIHBIM,
MOJIOKUTEIIBHO OMNpPEACICHHBIM M HCHIPEPhIBHBIM B KBaJpare 0<t,s<l1,
2)uenpepbiBHAA QyHKIMS K, (t,s) TpeICcTaBUMa B BUJIE

= t S
Kl(t’s)zzgok( )gok( ) ’
rne  {p (t)}- OPTOHOPMHUPOBAaHHBIC COOCTBeHHBIC (YHKIMU smpa K(t,s),
COOTBETCTBYIOIIME XapaKTCPUCTUUCCKUM 3HAYCHUAM {1, }; 3) QyHKIUS

M (v, z) yIOBJETBOpsIET yciaoBuro Jlummmua mo z B obimactu 0<v<1,

—oo<ZzZ<oo, T.C.
IM(V,2,)-M(v,2)|<N|z, - z];
4) mocrosHHas (q=K,N<1, rme K,=max|K(ts), 5) u)- 3anaHHasd

0<t,s<1

HernpepbIBHAS PYHKIIHUS.

Torna ypaBHeHHE
az +J1' K(t,s)z(s)ds = u(t) +Jl' K, (t,s)M (s,z(s))ds (0.9)

NMeEET €AUHCTBEHHOE HETIPEPHIBHOE pelIeHuE z, (t).
sz, (t) cipaBeyiiBa OLIEHKA

1 ,_ 1
|Za (t)| < EHZO (t)”C(O,l) + KoM, r

Teopema 9. Ilycth 1) BBINOIHEHBI BCE YCIOBUS TEOpeMbl 8; 2) mpu
u=u,(t) ypaBHenue (0.8) uMeeT eTMHCTBEHHOE HEMPEPHIBHOE PEIICHUE Z,(t),

1
IIPEACTABUMOE B BUJIE Z; = I K(t,s)%(s)ds, 9,(s)el,(0,1) .
0

Torna ypaBuenue (0.9) mpu u=u,(t) UMEET E€IUHCTBEHHOE PEIICHUE
22(t) e C(0) M z2(t) > z,(t) mpu o — 0 B mpocTpaHcTBe C(0,1).
J71st CKOpOCTH CXOIMMOCTH CIIPaBEIJIMBA OI[EHKA

K, |9
20)-z,0)  <— Hl OHCT“)'” Vo

con

10



Teopema 10. IlycTh: 1) BBIIOJHEHBI BCE YCIOBHS TeopeMmbl 8; 2)
byaKIMA K (t,5) U K, (t,S) YIOBICTBOPSIIOT HEPABEHCTBAM

[K(t,9) = K, (6 S)e ooy < CB(N) 1 [Ky(t,9) =K, (t,9)] <C,B(n);

3) na i A —
pameTp o YHOBIETBOPAET  YCIOBHAM  lim % =0,
(a(8(n))
K
Q ELZ% <1 B(n)<p(n).
(«(B(n))
Torna ypaBHeHue
1
az+j K(t,s)z(s)ds = f (t) (0.10)
0

pu J1000M u(t) € C(0,) UMEET IUHCTBEHHOE PEIICHUE z! (), MPEACTaBUMOE B
BU/IC
z(t)=D,g." (t).
Teopema 11. ITycTh: 1) BeimosHeHHI yciaoBus 1) u 2) Teopemsl 10; 2)
3K & A
K—“j B(n)2, 3) mapamerp

napaMmeTp o YAOBJIETBOPSIET YCIOBUIO a(ﬂ(n)):(

%
B(n)yAOBIETBOPSIET HEPABEHCTBY f(n)< ﬁf“j Kg% = (n).

Torna pemenue z,(t) ypaBHenus (0.10) mpu u=uy(t) ¥ Ipu n—owo
CXOJUTCS K TOUHOMY petieHuto ypaBHenus (0.8).
CKOpOCTh CXOIMMOCTHU YIOBJIETBOPSIET HEPABEHCTBY

Slfﬁ

20 (1) —2,(t)| <ﬂ(n)%‘[K 3

coy

5

Teopema 12. I[lyctb: 1) BBIIOJHSIOTCS BCe yclIoBHS Teopembl 11; 2)
(GYHKIMS Uy (t) YIOBIECTBOPSET HEPABEHCTBY ||u§(t)—uo(t)||c(0’1) <o; 3)

b
napaMeTp o BBIOpaH 110 3aKOHY a(5,ﬂ(n)):(%j (5K6+hK4)%.

5
Torna pemieHue z, s(t) TmpH u(t) =us(t) ¥ Opu 5§ —->0,n—>c0 CXOOUTCI K
TOYHOMY perieHuto ypaBaenus (0.8).

CKOpOCTh CXOIMMOCTH YJIOBJIETBOPSIET HEPABEHCTBY

11



2,0 =20, < 3

4K )"

5|< s +B(nN)K )4(—5j ,
ABTOp BBIpa)kaceT TITyOOKYIO MNPU3HATCIbHOCTD u
0J1aroTapHOCTEHAYYHOMY PYKOBOJUTEIIO JOKTOPY (PU3HKO-MaTEMATHIECKIX

Hayk, npodeccopy CaamabaeBy Ackepbexy CaamabaeBUdy 3a MOCTAHOBKY
3aJ1a4, MOCTOSTHHOE BHUMaHHUE K paboTe 1 00CYX JICHHE PE3yIbTaTOB.
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Pe3ome
AGawiimaeBa Acenb PrickynOexoBHa

«CBIBBIKTYY 3MEC KOPPEKTYY IMEC MACEJICHN YeKTYY YeHEM]TYY bIKMachl
MEHEH YbIrapyy» Temacsl 6otonua, 01.01.02 —muddepennmanapik
TEHJeMelIep, TMHAMUKAIIBIK CUCTEMAIap jkKaHa ONTUMAJIBIK Oallikapyy AeTreH
aauCTUK O0IOHYA (PU3HKA-MATEeMATUKANIBIK WIMMACPANH KaHAU1aThI

OKYMYUITYYJIYK JapaKachlH aJlyy YYYH JAHCCEpTALMs CyHYIITAJITaH

Hezusku  cezoep:  Perynspuzanusuioody,  YeKTYy  YEHEMAYY
perynsipu3alusIooqy  omeparop, OWpPUHYM  TYPYHAOIY HMHTErpaibIK
TEHJEME, OIEPATOPAYK TEHAEME, KOPPEKTYY dMEC Macele.

Hzunoeenyn obwexmucu: bupuHYM TYpPYHIOIY HHTErpajblK >KaHa
ONepaTopAyK TeHAEMEINEP.

H3unoeenyn npeomemu: DBUpUHUM TYPYHIOIY CBI3BIKTYY JKaHa
CBI3BIKTYY OMEC ONEPATOPAYK TEHAEMEJIEPAUH YbITAPbUIBIILIBI YUYH YEKTYY
YEHEM/IYY PETYISAPU3aALUIIOOY ONIEPaTOpAyY TY3YY.

Hwmun  makcamwol: Y3UYJITYKCY3 QYHKIOUSTIAD MEHKUHIUTHHIC
OMPUHUYUTYPYHIOI'Y, CBI3BIKTYY 5MEC MHTErpajiblk >KaHa OIepaToOpIyK
TEHJAEMEHA 4YbIrapyy YYYH UEKTYY YEHEMJIYY peryJsipu3alusiioouy
ornepaTopJyiopay Ty3yy. Omonaou 3¢ ['mnb0epT MEHKUHIUTHHIE ChI3BIKTYY
AMEC OMEPATOPAYK TEHAEMEHHU UbIrapyy YuyH M.M.JIaBpeHTbEBINH BIKMAChI
MEHEH YEKTYY YEHEMYY PETYISIPU3ALUATIOONY ONEPATOPAY TY3YY.

H3unoeonyn memoouxacol. byn wumTe perynsapuzanusioovy
orepaTopiaopay Ty3yyre M.M.JIaBpeHThEBAMH BIKMACHI, CBHI3BIKTYY 3MEC
MHTETPAIIBIK KaHa OIepaTopAyK TEHJEeMeHH (YHKIMOHAIIBIK aHaJIN3
BIKMACHI KOJIJIOHYJIAT.

Hnumuii  orcanvineikmap’. Y3TYIATYKCY3 (DyHKIusIap KaHa DJKUHYU
Japaxanarbl CymMMajaHyydyy MEWKUHAWUTHHAE OWpUHYM  TYPYHIOrY,
CBI3BIKTYY SMEC MHTETPAABIK KaHa ONEepaTOpAyK TEHAEMEHHU YbITapyy Y4YH
YEKTYY YEHEMIYY PETYISPU3ALUAIOOUY ONEPATOPY TY3YJITOH.

JKakpIHIAIITHIPBUITaH YbITapbUIBILLITHIH TaK YbITapbUIBIIIKA
KBIMHATYY4yIyry TaObUITaH KaHa O KBIMHATYYYYJIYKTYH  BUIJAMIIbIThI
aHbIKTAJITaH.  Perymsapuszanusa  napaMeTpUHUH N-HOMEPUHEH KO3

KapaHAbUIbIThI JAJTUJIJICHT€H.
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PE3IOME
AGapuinaeBa Acenb PrickynOekoBHa

nuccepTarus «KoHeuHOMEpHBIC METO bl PEIICHUS HEeTMHEHHbBIX
HEKOPPEKTHBIX 3a7a9» MPEACTaBIcHA HA COMCKAHUE YICHOU CTCTICHH
KaHanaaTa GuU3NKo—MaTeMaTHIecKuX Hayk mo crnenuanbHoctr 01.01.02 -
muddepeHnmanbabIe ypaBHEHNS, TUHAMAYECKUE CUCTEMBI U ONITUMAIIEHOE
yIpaBJICHUE

Knroueesvie Ccn06a: Peryisipusanus, KOHEYHOMEPHBIN
PETYISPU3UPYIONIUMN OINEpaToOp, MHTETPAIBHOE ypaBHEHHWE MEPBOr0 pPoja,
HEJIMHEMHOEC  WHTErPaJbHOC  YpPABHCHUE, ONEPATOPHBIC  YPABHEHMUS,
HEKOPpPEKTHA 33/1a4a.

Obvexkm uccneoosanus: WHTETPAIBHbIE W ONEPATOPHBIE YPaBHEHUS
epBOTO Poja.

lIpeomem uccne008aHusL: MIOCTPOCHUE KOHEYHOMEPHOTO
PETYISPU3UPYIOLIETO OINeparopa i PEUICHUS JIMHEWHOIO U HEJIMHEWHOTO
OIIEpaTOPHOI'0 YPABHEHUS IEPBOrO POJA.

Llenv pabomui: TlocTpoeHHE KOHEYHOMEPHOI'O PETryJISIPU3UPYIONIETO
omeparopa wmeronom M.M. JlaBpeHTheBa Il PEIIEHUS HEJIUHEUHBIX
OMEpPATOPHBIX YPaBHEHUU B THJILOEPTOBOM MPOCTPAHCTBE M AJIsSl JIMHEWHBIX,
HEJIMHEWHBIX HWHTETPAJIbHBIX YPABHEHWU IEPBOrO poJa B IPOCTPAHCTBE
HEMPEPHIBHBIX (QYHKIIMM.

Memoouka uccnedosanus: B pabOTe NMPUMEHSIOTCS METOJIbl TEOPUHU
HEKOPpPEKTHBIX  3amady, Meton  JlaBpeHTheBa IS MOCTPOCHUS
PETYISIPU3UPYIONIETO ONepaTopa, METOAbl (PYHKIIMOHAILHOTO aHaau3a s
HEJIMHEWHBIX ypPaBHCHUW, TEOpHUsl HWHTETPAIbHBIX YpPAaBHCHHUH, TEOPHUH
JMHEHHBIX OMEepPaToOpOB.

Hayunasa nosuzna: I1oCTpOEH KOHEUHOMEPHBIW PETYISAPUZUPYIOLIUN
OmepaTrop Ui pELICHUS  HEJIMHEWHBIX HWHTETPAIBHBIX M  OIEPATOPHBIX
YpPaBHEHHUM NIEPBOrO poOJa B IPOCTPAHCTBAX HENPEPBHIBHBIX M KBAJPATHO
CyMMHUpPYEMBIX (YHKIMN. YCTaHOBJIEHA CXOJAMMOCTh W HaiiJIeHa OLICHKa
CKOPOCTH CXOJUMOCTH TPHUOJIMKEHHBIX PEUICHUA K TOYHOMY PEIICHHUIO.
JlokazaH BeIOOp MapaMeTpa perysipusaluu oT Homepa N.
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SUMMARY
Abdyldaeva Asel Ryskulbekovna
Dissertation “Finite-dimensional methods for solving
non-linear ill-posed problems” submitted for
the scientific degree of candidate of physical-mathematical sciences
on specialty 01.01.02 - differential equations, dynamical systems
and optimal control

Key words: regularizing, finite dimensional regularizing operator,
integral equation of the first kind, non-linear integral equation, operator
equation, ill-posed problem.

Object of research: integral and operator equations of the first kind.

Subject of the study: construction of a finite-dimensional regularizing
operator for solving a linear and non-linear operator equation of the first
kind.

Aim of research: Construction of a finite-dimensional regularizing
operator for solving nonlinear operator equations in a Hilbert space and for
linear, nonlinear integral equations of the first kind in the space of continuous
functions by the method of M.M. Lavrent'ev.

Methods of research: methods of the theory of ill-posed problems, the
Lavrent'ev method for constructing a regularizing operator, methods of
functional analysis for nonlinear equations, the theory of integral equations,
and the theory of linear operators are used in the work.

Scientific novelty: A finite-dimensional regularizing operator is
constructed for solving nonlinear integral and operator equations of the first
kind in spaces of continuous and square-summable functions. Convergence is
established and an estimate of the rate of convergence of approximate
solutions to the exact solution is found. The choice of the regularization
parameter from the number n is proved.
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NEPEYEHDb YCJIOBHbBIX OBO3HAYEHUM U ONPEIEJEHUI
X € A- O3Ha4acT NPUHAICKHOCTD 3JICMCHTA X MHOXKECTBY A.
X ¢ A- 03Ha4aeT HEIPUHAJICKHOCTD AJIEMEHTA X MHOYKECTBY A.
3- KBaHTOp CYILIECTBOBAHUA.
V - KBQaHTOP OOIIHOCTH.
= - 0003HAYAET JJOTUYECKOE CIIEJOBAHUE.
{xe A:Q(x)}- 0003Ha4aeT MHOXECTBO DJJIEMEHTOB  XMHOXKECTBA A,
YIOBJIETBOPSIIOIINX JJOTHYECKOMY YCIIOBHIO « Q(X) ».
p(+,-)- 0003HaYaET METPUKY B METPUYECKOM IIPOCTPAHCTBE.
|- |- o603HaYaeT HOpMY B HOpPMUPOBAHHOM IIPOCTPAHCTBE.
(-,-)- 0003HaYaAET CKAISAPHOE NMPOU3BEAECHUE B TUILOEPTOBOM IIPOCTPAHCTBE.
N - 0003Ha4YaeT MHOXECTBO HATYypaJIbHbBIX YHCET.
R =(—o0,+00) - 0003HAYAET JEHCTBUTEIILHYIO IIPSAMYIO.
R, =[0,40)- 0003Ha4YacT MHOXECTBO HEOTPHLATEIBHBIX BEIICCTBEHHBIX

YHCEII.

R, =(0,4%)- 0003Ha4aeT MHOKECTBO IOJI0KUTEIIBHBIX BEIICCTBEHHBIX YUCEL.
f:Z ->U - o3HauaeT PyHKIUIO, IEHCTBYIOIIYIO U3 MHOXKECTBA Z B MHOXKECTBO
U.

Ecim Z u U - mMHOXecTBa (YHKIMHA, TO BBOAMUTCS TEPMHUH «OIEPATOP».
NHorma uCHONB3YIOTCS CIAEAYIOIIME TEPMUHBI: «OTOOpakeHue Z B U »,
«rpeobpazoBanue ZBU ». MHorma juisi omepatropoB BMECTO 3amucu  f(x)
HCIIOIB3YETCs 3alUCh fX.

f(z,)={f(z):zeZ}- o3nauyaeT 0Opa3 MHOXECTBA Z, = Z HpU NPe0OPa30BAHUN

f.
DneMeHThl 00pa30B MHOXXECTB TMPU JACHUCTBUU HCCIEAYEMBIX ONEpPaTopoB

Ha3bIBAIOTCA I/ICTOKOO6p3.3HO npcaAcTaBUMbIMHU.
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Oynkiusa f Ha3bIBACTCA CIOPBEKTUBHOW, €CIIA BBIIOIHAETCS YCIOBUE
f(z)=U, U UHBEKTUBHOW, eciu BBIIOJIHACTCS yCJI0BUE
(z,22,)=(A(z)=A(z,)) -

Ecnu pyHkims sBasieTcsi CIOpPbeKTUBHON U MHBEKTUBHOM, TO OHA HA3bIBACTCSI
B3aMMHO — OJTHO3HAYHOW U OHA UMeeT oOpaTHyto, KoTopas o0o3HavaeTcs f.
Jnst  mroboro MHOXECTBa Z  TOXIECTBEHHOE IpeoOpa3oBaHuE OyaeM
0003HayaTh Kak 1:Z —»7Z.

Jnst NMHEMHBIX HOPMHUPOBAHHBIX MPOCTPAHCTB M JIMHEWHOW (PYHKIUMU

f:Zz->U oynem 0003HaYaTh ONepaTOPHYIO HOPMY
|f]=sup{|lf @, .22 |z], =1} (ecrn oma cymiecTByer).

(Z—>U) - MHOXecTBO pyHKIMH f:Z —>U.

C(G) - mpOCTPaHCTBO HENPEPHIBHBIX (DYHKIMH HAa OrpaHHMYEHHON 00acTu
G cR" ¢ HOpMO ||, =max{|x(t):teG}.

L,(G) - mHpOCTPaHCTBO CYMMMPYEMBIX C KBaJgpaToM (QYyHKIMH Ha

X’ (t)dtj%.

OrpaHNUYEHHOI 0671acTH G < R" ¢ HOPMOif |x(t)], :L I
teG

B runs0epToBOM MPOCTPAHCTBE, SCIIH:
1. (vz,2,€Z)({(Az,— Az,,2,-2,)>0), TO ollepaTop AHa3bIBACTCS MOHOTOHHBIM;
2.(vzeZ)({(Az,2)20), TO JIMHENHBIN oreparop AHa3bIBacTCA

ITOJIOKHUTCIIbHBIM,

3. (vzez,z#0)((Az,z)>0), TO JuMHEiHBII omepaTop  AHa3bIBacTCS

IMOJIOKHUTCIIbHO OIIPCACIICHHBIM.

K(t,s)- 0003HaUYeHHE AApa IMHEWHOIO MHTETPATIBHOIO OIEPaTopa.

JIuHelHBIM omepaTop A" Ha3bIBACTCS COIPSHKCHHBIM OIEPaTOpPOM B

TUJILOEPTOBOM TMPOCTPAHCTBE, €CJIM BBITIOJHSETCS CIEAYIOIIEe YCIOBHUE
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(Ax,y)= <x, A*y> ,  COOTBETCTBEHHO  JUI1  HMHTETPajbHOrO  omeparopa
K" (t,s)=K(s,t) - HA3BIBAETCS COIPSHKEHHBIM SAPOM.

{ﬂk|k € N} - XapaKTEPUCTUYECKHUE YUCIIAa IMHEMHOTrO oneparopa A.

o (t)- HOPMHpOBaHHas  CcOOCTBeHHass  GyHKOHWS  sjipa K(t,s),

COOTBCTCTBYIOIIAsA XapaKTCPUCTHYECCKMM 4YHCIIaM A4, , BBIYHUCIIAIOINAACA I10

1

crenytoeit popmye ¢, (t) =4 [K(t,s)g, (s)ds.

0

L L * 71 *
Ecnu omepatop A - muHelHBIM, TO L,=(al+AA") A" Ha3hBaeTCS

PEryIspU3UpPYIOIUM oneparopoM THXOHOBA, €CIIM K TOMY K€ OIeparop A -
MONOKUTENBHBIA M CHMMETPHYHBIH, TO L, =(al+A)" Ha3bIBaeTcs

PEryIsipU3NPYIOLIMM onepaTopom JIaBpeHTheBa.
SeR, - Manbplii mapaMerp (MOrPENIHOCTh IMPAaBOM YAaCTH HWHTETPaIbHOIO

YpaBHEHUS).

x €R_, - MaJbli mapamMeTp (IOTrPEIIHOCTD s/Ipa MHTETPAILHOTO YPAaBHEHUS ).
¢ eR,_, - MaJIblid MapameTp (MOTPEUIHOCTh 3aJJaHHON HEJIMHEHHON (PYHKIIMM B

UHTErPAIbHOM YPaBHEHUN ).
Uepe3 GyHKINIO C HYJIEBBIM UHAEKCOM OyaeM 0003HayaTh TOUHOE PEIICHUE

MCXOIHOU 3aJIauu.
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