OT3bIB
HAYYHOI0 PYKOBOAMTENsI O AHCCEPTAIIMOHHOW paGore Pai3ueBa
My6unmkona I'adopoBnya «HMccieqoBaHue KpaeBbIX 3anad 1Js
BBIPOKIAIIMUXCH TPEX- M YeThIPEXMEPHBIX HEKJACCHYeCKHX
(cocTaBHBIX) cucTeM AU epeHIMAIbHBIX YPABHEHHH € YaCTHBIMH
IPOU3BOIHBLIMY MEPBOro MOPsAKa», HA COMCKAHUE YYeHOH CTeNeHH
KaHIuIaTa (U3NKO-MAaTeMaTHYEeCKHMX HAyK 10 CHeUHaJbHOCTH
1.1.3 — InddepeHuuanbHbie ypaBHeHUs, JHHAMUYECKHE CHCTeMBbI U

ONITHMAJIbHOE YIIPpAaBJICHHUE

AKTyaTbHOCTh TEMBI WCCIIEOBaHMs HaydHol nuccepramun QDaismesa M.I'.
«VcenenoBanne KpaeBbIX 3a/1au JIs BBIPOXKIAIOIIUXCS TPEX- U YEThIPEXMEPHBIX
HEKJTaCCHYeCKUX (COCTaBHBIX) cucTeM IuddepeHInanbHEIX —YpaBHEHHH C
YaCTHBEIMH TPOU3BOJHBIMU [EPBOrO IOpsAAKa» 10 cmeuuaipHoctn  1.1.3 -
JluddepeHunanpHble ypaBHEHHs, IMHAMHAYECKHE CHUCTEMBI M ONTHMAaJbHOC
yIIpaBJICHUE.

Teopust nuddepeHIaIbHBIX yPaBHEHUI COCTABHOIO THIIA IUIA Clydas IBYX
HE3aBUCHMBIX IIEPEMEHHBIX  JOCTATOYHO IIOJHO TIOCTPOCHAa B  TpyAax
Ixypaesa A.Jl., Bparosa B.H., [bxypaesa T.Jl., UX y4eHUKOB U IIOCJIEOBATEIIEN.
B  paborax  Hukonsckoro C.M.,  CmupHoBa M.M.,, Muxaitiosa JLI'.,
Yemanosa 3./1., Pamxabosa H.P., BoiimaToBa K.X., Ucxoxoa C.A.,
KynpsBuesa JLJ. ®  Op. JOCTaTo4HO — XOpOWIO  paspaboTaHa  TEOpPHs
BHIPOJTAIONMXCS yPABHEHNH C YACTHBIMM IPOM3BOIHBIME. BeIponarommecs
ypaBHEHMs C YAaCTHBIMU IIPOU3BOJHBIMU BCTPEYAIOTCS B  3a/adax ra3oBoi
JMHAMHUKH, TEOPUU MAJbIX M3THOaHUH MOBEPXHOCTEH BpaIlCHHU, 0e3MOMEHTHOM
Teopun 000JIOUEK U JIp.

MccaeoBaHMil0 ~ MHOTOMEDHBIX ~ CHCTEM — ypaBHEHHMH € 9acTHBIMH
NIPOU3BOIHBIMKA COCTaBHOTO THIA IOCBSLIEHO CPaBHUTENBHO MCHBIIE pador.
BHIPOKIAIOIIMECS] CHCTEMBI HEKJIACCHYECKOro THIA MOYThl HE HMCC/ICHOBAHbL.

HOBTOMy H3YUCHUC BBIPOKIAIOIIMNXCA HEKJIaCCUUYCCKUX CHUCTEM ypaBHeHI/Iﬁ C



qaCTHBIMH [IPOM3BOJHBIMU CO MHOTMMM HE3aBUCHMBIMU I1€PEMEHHBIMU SBJISCTCS
OUeHb aKTyaJbHBIM. B [Hccepraluy HCCIIENOBaHBl HEKOTOPBIE  KIIACChI
BEIPOSKIAIOIMXCS  HEKJIACCHYECKMX ~ CUCTeM  ypaBHEHMH ¢ HYaCTHBIMH
IPOM3BOTHBEIMU CO MHOTMMH HE3aBUCUMBIMU ITePEMEHHBIMH.

®aitzmes M. B 2007 romy OKOHYWI C OTIMYMeM XY DKaHICKUM
rOCyIapcTBEHHEIM  yHuMBepcuTeT HMeHM  akajemuka  b. 'adgyposa 1o
CTIENMANGHOCTH — NPUKNAfHAs —MaTeMartdka | IONYdYdI - KBaIM(pUKaluio
«Marematuk, uH(GOpPMATUK, IpenogaBarenby. Ilociae OKOHYaHUS YHMBEPCHTETA
GBUI TPUHAT mperogasareneM Kabeapsl HHPOPMATHKA M  BBIYHCIUTENBHOH
maTemaruky X'V mMeHu akagemuka b. Tadyposa, rae paboraer rmo HacTosiiee
BpeEMS.

Jluccepranyonnas paGora PaitsmeBa M.I'. cocTOMT M3 BBEICHMs, YETBIPEX
mas, 11 maparpadoB, BBIBOAOB, PEKOMEHTAUMH IO  IPaKTHYECKOMY
JMCTIONB30BAHMIO PE3yNbTATOB M CIMCKAa JIMTepaTyphl, cojepxaero 143
HCTOYHUKOB. |

Bo BBegeHMM OOOCHOBBIBAETCS AKTYaJbHOCTh TEMBI JUCCEPTALIMOHHOTO
FICCIIEIOBAHMs, OLICHUBAETCS yPOBEHb OCBOCHHSA IPOOIIEMbI, OOBEKT M NPEAMET
JiCCIIEOBAHMS, €ro Lejdb U 337add, TEOPETUYEeCKUE OCHOBBEI HCCIICOBAHNA,
Hay4Has HOBU3HA, ONPEIENIAI0TCS TEOpeTHIecKas ¥ MpakTIecKast SHaYMMOCTb.

B mepBoil IWaBe OWCCepTallMM Ja&Tcs IMOAPOOHBIA o030p ¥ aHamu3
JIATEPaTyphl, IMOCBSINEHHEE CHCTEMaM YPaBHEHMH B 9acTHBIX IPOM3BOIHBIX
HEeKJIacCUYecKOro THUIa M BBIPOKAAOIMMMCS  YPaBHCHHAM B HaCTHBIX
NPOU3BO/IHBIX, OJIM3KUE K UCCIIETYyeMOMH TeME.

Bo BTOpoii riaBe « TpéxMepHbIe BRIPOXKIAIOIMECS HEKIACCHICCKUE CHCTCMBI
ypaBHEHW} MepBOro MOpsIKa» Myis OOJBIIOro Kiacca HEKIIACCHHECKMX CHCTCM
ypaBHEHMI C YaCTHEIMH IIPOM3BOJHBIMH IEPBOTO NOPsAKA TPEX HE3ABUCHMBIX
IIepEMEHHBIX, BBIPOXKIAIOIIUECS Ha TPaHUIC o6yiacTH, IOJYYEeHBl (OPMYIIBI
mpe/cTaBeHrst 00mero pemeHus. [ paccMarpuBaeMbIX CHCTEM YCTaHOBJIIEHEI
TEOpeMbl pa3pelIIMOCTH KpPaeBBIX 3alad B IONYNpOCTPaHCTBE M TOJTy4EHEI

dopmyssl  pemenusi. I[lokasaHa HETEPOBOCTE KpaeBOM 3aJaud TUNa 3a1auu
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Pumana-I'nnpOepra B TpexMepHOHl o0nacTH i BBIPOXKIAIOIIMXCS CHCTEM U
nosrydeHa GopmyIa A Hax0XKIeHHs HHIeKca dTON 3a1aun.

B Tpetweil rnaBe «Bripoxmaronruecs HEKJTACCHUECKHE CHCTEMBI YpaBHEHUI
MepBOTO MOPSAKA B IIPOCTPAHCTBE YETBIPEX HE3aBUCHMBIX II€PEMEHHBIX)
MCCIIeIOBaHbl TPaHUYHBIE 3aJa4d B IIOJIYIPOCTPAHCTBE U B OrPaHUUYEHHOMN
obyacTu, A7 YETHIPEXMEPHBIX HEKIACCHMYECKMX CHCTEM, B TOM YHCIE JUIs
CHCTEMBI YPaBHEHUHN C MIIAAIINMH YWICHAMH.

Js HeKIacCu4ecKor CHCTeMbI U (epeHIHaTbHEIX YPABHEHUHA ¢ YaCTHBIMU
IIPOU3BOJHBIMU BHIa

{ s, +divlU =0, 0

grads+U,—rotU=20
speck  omepartopel  div, grad, rot'H A Gepyrcs 10  MpOCTpaHCTBEHHOI
nepeMenHol X=(x,,z) U= U(t,X) = (4, v,w) —uckomMass BeKTOpP-GYHKIMA
TOJTy4eHO MpeJCTaBlIeHHe BceX pelleHuil u3 kmacca M = CZ2(R¥)n C1(RY),
Ry ={(t,X):t > 0, X = (x,¥,2) € R*}— nomynpocTpaHCcTBO, B BUAE

s(t, X) = w.(t,X),
U(t,X) = —grad w(t,X) + V(t,X),

rne @(f,X) — mNpousBoNBEHOE pelleHHe BOAHOBOro ypaBHeHus, a V(t,X) —

IIPOM3BOJIBHOC PEHICHNE CUCTEMBI

{Vt +rotV =0,
divV = 0.

Ha ocHoBe 3Toro mpencraBienus HaiineHo perienue (S, U) cucremsl (1) u3

kracca M, npumamiexamee npu kaxmaom € >0 mpocrpamctey ST wm

YAOBJIETBOPAOMIEEC HAYAJIbHBIM YCJIOBUAM:

s(0,X) = 5p(X), 5:(0,X) = 5,(X), U(0,X) = Uy (X).
AHaJIOTHYHbIE pe3yJIbTaThl IOJYy4YeHbl H [ Oosee 0OWIEH CHCTEMBI

ypaBHGHI/Iﬁ C 4aCTHBIMHU ITPOU3BOJHBIMHA BU/Ia

a(t)s, +divU =0,
rad s + a(t)U, —rotU = 0,



rre a(t) takas HermpepsiBHas Ha R, = [0,00) dyHKUMS, 9TO a() =0, a(t) >0

. 1 dr o dr
pu L= D, HHTETrpajl fO E}f CXOJUTC, a HHTCI'PaJl fl E pacxoauTcCs.

B ueTBepTOM IVIaBe JUCCEPTAlUM IPEACTABICHLl OCHOBHBIC pE3yJbTaThl
paboTHl, CpaBHEHHMs C pe3ylbTaTamy IPYrHX aBTOPOB B HYACTHBIX CIydasX M
BO3MOIKHEIE JATbHEHIIINE UCCIIE0BaHNS PACCMaTPUBAEMOM TEMBI.

OCHOBHBIE PE3YJIbTATHl AUCCEPTALMK OTPAXKEHE! B BEIBOJAX M PEKOMCHAALUAX.

Bce mosyyeHHbIe B JAUCCEPTALMU PE3YNBTATHI SABJISAFOTCS )iOCTOBepHI:IMI/I "
HOBBIME. OHM MMEIOT GOJBIION TEOPETHYECKHI HHTEPEC U Nar0T OTPOMHBIN BKJIALL
B pasBUTHE TEOPUM HEKIIACCHYECKHX CHUCTEM ypaBHEHUH C YaCTHBIMU
IPOM3BOIHBIMY [IEPBOTO MOPSIKA.

JIOCTOMHCTBOM ~ AWCCEPTALMU  SIBJIIOTCA  YTBEPHKACHWS U TCOPEMBI
OTHOCHTENIFHO  pa3spellMMOCTH  KpaeBbIX — 3amady  JUld  BBIPOKIAIOMIMXCAH
HeKJIaCCHYECKMX CHCTEM YpaBHEHHMH € YacTHBIMU IIPOM3BOAHBIMHU  IIEPBOTO
TOPSAKa, & TAKXKe ABHBIE POPMYJIBI UL PEIICHMS.

Bce yTBEPIKIAEHHS] ¥ TEOPEMBI, CHOPMYIUPOBAHHBIE B ANCCEPTALMM, & TAloKe
nojydeHHIe (OPMyJNbl PEIIeHHWH HCCIEJOBAHHBIX B AMCCEpTalMA  3ajad,
0OOCHOBAHBl CTPOTMMH MAaTE€MaTHYECKIMH JI0Ka3aTeIbCTBaMH. ITosryuyeHHBIE
pe3yBTaThl MOTYT OBITH HCIOJB30BaHB MPHU HCCIENOBAHMM JPYIHX KJIacCOB
BBIPOK/IAIOIIUXCS CUCTEM.

OCHOBHEIE Pe3yJIBTAThl IUCCEPTaly OyOIUKOBAHBI B BU/C HAYTHBIX pabort B
KypHanax, pekoMeHnoBanHbiX BAK mpu IIpesunente PecryGmukn TamKuKUCTaH
¥ JIONIOYKEHBI Ha MEK/TyHApOIHBIX 1 PeCITy OIMKaHCKIX KOH(pEpEeHLIMSIX.

JTuccepranus ®aiiznepa MyOHHUKOHA [adoposuya «MccmenoBaHue KpaeBbIxX
samad  JUIS  BBIPOXKJAIOIIMXCS TPEX- M YCTHIPEXMEPHBIX — HEK/IACCHHYCCKHX
(CoCTaBHBIX) ~ CHCTEM madepeHIMaIbHBIX — ypaBHeHHH  C | qaCTHBIMHU
IIPOM3BOJIHBIMY ITIEPBOIO MOPs/Ka» Ha COMCKAHHE y4eHO! CTeNeHH KaHIuAaTa
(pM3MKO-MAaTEMAaTUYECKUX HayK SBIACTCA HAY4YHO-KBaTM(PUKAIOHHON paboTOH, B
KOTOpO} cofiep)KaTcs pelleHus 3a/1ad, MMEIOIne CYLIECTBEHHOE 3HAYCHUE I
pasBUTHsL TEOPUM  HEKIIACCHYECKHX  CHCTEM ypaBHEHUH ¢  YacTHBIMH

IPOU3BOAHEIMHU TNIEPBOrO MOPSAKA. Tucceprauus Patizmesa M.I'. COOTBETCTBYET
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tpeGoBanusiM Ilopsiaka TPUCYKAEHMS YYEHBIX CTENEHeH, YTBEpXKIEHHOIO
nocTaHoBieHueM IlpasurenscTBa PecryOmuku Tamxukucrtan ot 30 wuroHst 2021
roga, Ne267 (B pemakuum moctaHoBineHus IIpaButesnscTBa PecryOunmku
Tamkukuctad ot 26 wmroHs 2023 roma, Ne295) m HMHCTpyKuM O IOpSIIKe
o(opMIIEHHs qUCCEPTalit ¥ aBTOopedepaTa QuccepTanui (MprKas mpeacenaTess
BAK npu Ilpesunente PT ot 27 nexabps 2024 roxa, Ned93) u pexomeH1yeTCs K
3alMTe Ha COMCKAHME YUEHOH CTeTNeHH KaHAuaaTa GUu3MKo-MaTeMaTHYECKIX HayK
no crneuuansHoctn 1.1.3 — JluddepeHunanbuble ypaBHEHHS, TUHAMHYECKHE

CHUCTEMBI 1 OIITUMAJIBHOC YIIPABJICHUEC.

Hay4Hblii pyKOBOJUTEND,
JOKTOp (PM3UKO-MaTeMAaTUYECKHUX HaAYK,

npocdeccop (/7 baiizaes C.
« Z/ » 4 5/ 2026 1.
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