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MATEMATNYECKA{A 2KN3Hb

JIKOJMNJIA AJIEKCEEBHA AJIEKCEEBA
(K 70-JIETUIO CO OHSI POXKIEHUS)

s = ; Wcnonaumocsr 70 Jiler 1OKTOPY
pu3nKO-MaTEMATUIECKUX HayK,
npodeccopy Austekceepoit JIrogmuie
AstekceeBHe, W3BECTHOMY  CITEITH-
ajmcTy B O0OJACTH MEXAHUKUA U
MaTeMaTU4ecKoll (U3UKHU, 3aBely-
omeit  OTmesioM  MaTeMaTHYeCKON
dusuku u mompesupopanus Nuctury-
Ta MATEMATUKH U MATEMATHIECKOTO
mogenuposanust MOH PK.

JILA. AnekceeBa pommmrach 12
saBapst 1947 rona B r. Kaauauurpaie
(PCOCP) B cembe Bpadeii. 113 Tpex
nouepeit Jlrommuaa — crapimasi. Her-
CTBO IPOIIJIO B YACTBIX II€PEE3/Iax B CBA3U C BOEHHON ciiyxk0o0it otna. B 1954
rojly HOCTYIIJIA B COBETCKYIO cpeHioto 1Koy B 1. FOrep6ore (I'/IP). Okonuns
HIKOJIy € 30J10TOH Mejiasbio B 1965 romy B 1. Mypome Burajumupckoit obitacTu,
OHA B TOM K€ IOy MOCTYIW/Ia HA MEXaHUKO-MaTeMaTUdeCKuil (akyjabreT
MI'YV um. M.B. Jlomonocosa, oraenenue Mexanuku. Clenuajn3npoBaJjach Ha,
KadeIpe TEOPETUIECKON MEXaHUKHU 1ToJT pyKoBoicTBOM WieH-Kopp. AH CCCP,
n.d.-m.H., npod. L.E. Oxommmckoro (3aBemyroriero kadeapoit). Yuuiack
OTJIMYHO, JIEHWHCKUil crunesguar. B mapre 1970 roma BbINIa 3aMyk 3a
Paxumbepauesa Mapara VcuvmranneBuda, ToxKe BBITyCKHUKA Mex-maTta MI'Y,
B 9TO BpeMsi OH ObLII aCHIUPAHTOM.

ITocie okorvanuss MI'Y B 1970 romy mo pekomenparuu Kadeapsl JIommu-
sa AJlekceeBHaA MOCTYIUJIA B ACIIUPAHTYPY, T/l CTATa 3aHUMATHCS 33 IadaMu
MOJIEJINPOBAHUS JIUHAMUKHI U YIIPABJIEHUsI MATAIOIINX CUCTEM. DTO COBEPIIEH-




6 JIOIMNJIA AJIEKCEEBHA AJIEKCEEBA

HO HOBOE HAIpaBJIEHWE ucciaemoBanuii moj pykosoacrsoM JILE. Oxorummckoro
IIPOBOJIMJIOCH Ha, Kadepe TeOPEeTUIECKO MEXaHUKN Mex-Mara u B Vucruryre
npukiaaaoit Mmaremaruku AH CCCP (upine ITIM PAH um. M.B. Kesupima),
rJie OH 3aBEJIOBAJI OTIEIOM KOCMHUYECKHUX HUCCJIEIOBAHUN. DTU UCCIIEIOBAHUS
OBLIN CBSI3aHBI C Pa3pabOTKON Pa3IUIHBIX MOJEel 1 MAKeTOB JIyHOXOJ/IOB 110
[IPOBOJIMMOI B T€ TOJbI KOCMUYECKOIl mporpamme 1ojietoB Ha Jlyny. Pabora
HaJI JIUCCepTalieil POXo/Iuia B 9TOM OTJIe/ie B TPYIIe TOrJa ellle KaHIuIaTa,
ceituac 1.¢p-m.u. FO.®. Tonybesa.

ITocne oxoruanust acmpanTypbl AjiekceeBa JI.A. HampaBjena Ha paboTy
B Anva-Aty B Uncturyt matemarnkn u mexanukun AH KazCCP, rae nagama
paborarh WHKEHEPOM JIADOPATOPUU MEXaHUKHU MOPHBIX 10po (3aB. akaa. AH
Kaz CCP 2K.C. Epxanon). s 3aBeprinenusi paboThl HaJL IUCCEPTAIHEH IO
XoJlaTaficTBy eff ObLIa HpejocTaB/ieHa HaydHasi komauaupoBka B MIIM AH
CCCP emte ma nosroga. B urore 1974 r. B ux ceMbe poamiachk 10496 MapuHa.

Kanmunarckyo muccepramuio Ha Temy "MopgennpoBaHue IUHAMUKEH U
yIIpaBJIEHUsI JIBUKEHNEM Iaratorrero ammapara’ mo creruayipHocTr 01.02.01.
TeopeTUvecKas MeXaHUKa — 3amuTmia Ha Mex-mate MIYV B 1976 r. Hayunbre
pykoBomureu: Oxorumckuii JI.E., Tomxybes FHO.D. B rTeopum mararomnmx
crucreM 3Ta OblLila MMOHEpPCKas paboTa, BBI3BABINAA OOJILIION MHTEPEC UJIEHOB
Cogeta npu ee 3amure. OCHOBHBIE PE3YJIBTATHI JUCCEPTAIIUN OIYOJINKOBAHBI B
sugie upenpunta UIIM AH CCCP [4] u tpex crareit B UzBectusix AH CCCP,
cepun "Texnmueckasi kubepreruka' |6]-[8].

B 1976 roay 6t oprarmsosan Uucrturyt ceticmostornn AH KazCCP, xyma
ObLIM TIepeBeieHbl TpHu Jiaboparopuu otrneia mexanuku VUMM. B UC AH
KaszCCP Anekceesa JI.A. paborasia B J1abopaTopuu TEOPUN CEACMOCTORKOCTU
nojzemubix coopyzkenuit (JITCIIC), koropoii 3aBegosan m.r.H. [II.M. Afira-
e (B 1991 romy on cran akagemukom HAH PK). B neit ona npopa6orasa
15 jer, npoiijig myTh OT MJIAJIIIETO JI0 BEIYIIEr0 HAYYHOTO COTPYIHUKA. B
1986 romy sra saboparopust epayiaacb B UMM AH KazCCP.

B 1991 r. ma Cnenmammsupoanuom Cosere mo mexannke VUMM AH
KazCCP ero 6bL1a 3amuiieHa JOKTOpCKas auccepranus Ha temy " JluHaMuka
IIPOTSI?KEHHBIX IOA3eMHBIX coopyxKeHuit" 1o crenuaiabaoctu 01.02.07 — mexa-
HUKA TOPHBIX MOPO/JI, TPYHTOB U CHIMYYUX cpejl. e HaydHbIe KOHCYJIBTAHTHI:
akagemnkn HAH PK Epxanos 2K.C. u Aiitasues III.M. Odunuanbubie
ommoHeHThl — u3BecTHble yueHble-mexanuku CCCP: m.d.m.u. Ilepaun I1.1.
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(Mockea, MO®TN), x.d.m.u. Kybenko B.J. (Kues, Uncturyr mexanuku AH
YCCP), n.d.m.u. Aunnn B. /1. (Hosocubupck, UT'JT CO AH CCCP), a.db.mv.H
Mapmonos B.M. (Tamkenr, ICCC AH VY3CCP); Beaymas opraxusanusi
— MI'V um. M.B. Jlomonocosa. B 1992 romy BAK CCCP upucsoun eit
3Banue npodeccopa 1o crenunaabHoctu 01.02.04 — mexanuka gedopMupyeMoro
TBepAoro resja. OCHOBHBIE PE3Y/IbTATHI JUCCEPTAIUU BOILIN B MOHOrpadun
2], [3]-

[Tocne pasnenenunsi MuacTuTyTra MaTeMaTWKWM W MEXAHUKA Ha YeThIpe
nnctutyta B depane 1992 r. B MucTturyTe TEopeTutveckoil M MPUKJIATHOMN
MaTeMaTUKU B OTJIEJIe BBIYUCIUTEILHON MaTeMaTUKN 110 WHUIUATHBE IIPE3U-
neata AH KazCCP akag. Y. M. Cynranrasusa 6su1a 0oopasoBaHa jgabopaTopust
BBITUC/INTEIHLHBIX METO/IOB BOJTHOBOM nunamukn. JI.A. AnekceeBa 3aBemoBasia
sroit Jsraboparopueit 20 JeT 0 peopraHU3aIUU CTPYKTYPhl HHCTUTYTa B
2012 romy. C cenrsiopst 2012 roja 1o HaACTOsIIIEe BpeMsl OHA — 3aBeLyIOITUi
Otnesra MmaremaTudeckoit GU3NKKN U MOJEJINPOBaHus VHCTUTYTa MATEeMATHKH
u Maremarudeckoro mogeuposanus MOH PK.

Ob6sacTh ee HAyYHBIX UCCIEIOBAHUN: MEXaHUKaA, MaTeMaTuueckas (hu3nKa,
Teopus PaCIpPOCTpaHeHUsT U JUMPAKIUUA BOJIH, JIEKTPOJIUHAMUKA, TEOPUS
[0JIs, MEXaHUKAa J1eOPMUPYEMOTO TBEPJIOTO TeJjia, MEXaHUKA FOPHBIX IOPOJI U
IPYHTOB, TUHAMUKA [OJI3EMHBIX COOPYKEHUIA, BBIUUC/IUTEIHHAS MATEMATHKA.

Ee nayunble mHTEpECHl BO MHOT'OM CJIOXKUJIUCH I10J], BJIMSHUEM Ka3aXCTaH-
CKOIl IITKOJIBI MEXAaHWKOB, C(OOPMUPOBABIIENCI B IMIECTUIECATHIE-CEMUIECITHIE
TOBI TPOIJIOTO CTOJETUsT o7 pykoBomcTBoM akagemuka 2K.C. Epxkano-
Ba JJIsl PEIeHNs aKTYaJbHBIX JIjis CTPAHBI 3aJlad JUHAMWKH HA3E€MHBIX U
IIOA3EMHBIX COOPYXKEHUII M KOHCTPYKIUI 0ok nAeificTBueM CcelCMUuYecKux,
TPAHCIOPTHBIX UCTOYHUKOB BO3MYIIEHHUSI HA OCHOBE METOJIOB MATEeMATHIECKO-
0 MOJIEJTUPOBAHUSI U BBIYUC/IATETHHBIX TEXHOJOTHI. AKTUBHO 3aHMUMAETCSI
HAYIHO-UCCJIeI0BaTE/IbCKOM paboroil. Oua — arop 6ojee 300 HayIHBIX
nyOJIUKaIii, OCHOBHAsl YaCTh KOTOPBLIX IIOCBAINEHA pa3paboTKe Teopuu u
METOJIOB PellleHnsi KPAeBbIX 3a/1a4 JIJIs TUIIEPOOINIEeCKUX YPABHEHUN U CHCTEM
MaTeMaTUIeCKOl (hU3UKU, MEXAHUKU U IJEKTPOINHAMUKH, CUCTEM YPaBHEHUIl
CMEIIAHHOTO TUIIA U MCCJIEIOBAHIIO HA UX OCHOBE IIPOIIECCOB PACIPOCTPAHEHUS
u JudpakIiud BOJH B YIPYTUX, TEPMOYIPYTIUX, MHOTOKOMITOHEHTHBIX U 3JI€K-
TPOMArHUTHBIX CPeJax ¢ KOHIIEHTPATOPAMH HAIIPsKEHUH B BUJIE II0JIOCTEH U
BKJIFOUEHUI pa3IUIHBbIX (POPM, & TaKKe [PU JEHCTBUM MTOJIBUYKHBIX HATPY30K

MATEMATUYECKUNA »KYPHAJI. — 2017. — T. 17, Ne 1



8 JIOIMNJIA AJIEKCEEBHA AJIEKCEEBA

B JIO-, TPAHC- U CBEPX3BYKOBOM JIMalla30HE CKOpOCcTedl u jap.; paspaboTke u
HCCTIEOBAHUIO0 MATEMATHIECKUX MOJIEJICH IMHAMUKHU TIOI3EMHBIX COOPYKEHUIt
npu JudpakIiuu CeHCMUIEeCKUX BOJIH U IeHCTBAN TPAHCIOPTHBIX HAIPY30K.

OcuoBuble Hayunble paboTel JI.A. AjekceeBoit omyOIMKOBAHBI B M3BECT-
HBIX [EPUOJINIECKUX MEXKJYHAPOIHBIX HAyYHBIX KypHajax: M3sectuss AH
CCCP, Texunueckas kubepueruka; Mssectus AH CCCP, Mexanuka TBepaoro
tena; [Ipuknamgnas maremaruka n Mexanuka, Jluddepeniuanibubie ypaBHe-
nusi, 2KypHaja BBIYUCIATETHLHON MaTeMaTUKU W MaTeMaTHIeCcKOi (OU3NKH,
Computational Mechanics, Engineering Analysis in Boundary FElements,
Clifford Analysis,Clifford Algebras and their Applications, Modern Physics
u Jp., a Takxke B pecnybnukanckux usganusix: Wzeecrus AH KazCCP u
Nszsecrus HAH PK — cepust dpusuko-maremaruyeckasi, Hoknagasl u Becr-
mnk AH KazCCP u HAH PK, Maremarudeckuii »KypHaja u Jp., U TPeX
monorpacdusix [1]-[3]. Ona — ydacTHHK MHOIHX MeXKIYyHAPOJHBIX CbE30B,
CcUMIIO3UyMOB, KoHdepennuii. U3 nociienuux 3apyoexubrx : [-IV Korrpeccot
Tropckoro martemarmdeckoro obimecrBa, X-XI Bceepoccuiickme cbe3abl 110
dyHIaMEHTAJILHBIM [TPODJIEMaM TEOPETUYECKON U IPUKJIAIHON MEXaHUKH,
VIII-X Kourpeccst Heroronosckoro maremarundeckoro obmiecrsa ISAAC u ap.
[98]—[130)].

Jlrommua AjtlekceeBHa aKTHUBHO 3aHUMAETCsI TOJTOTOBKON HAYYHBIX KaJl-
poB. Eio nosgrorosisieno 14 kanauaaToB HayK, ObLIa HAYYHBIM KOHCYJIBTAHTOM
5 JokTOpCcKmMX jguccepraruit. Ha mnporsikeHwmnm MHOruX Jier paboTaer 110
coBMecTuTeIbCTBY mpodeccopom B KasHY wum. anp-Papabm Ha MexXaHUKO-
MaTeMaTUIeCKOM (aKyJbTeTe, YUTAET CIENKYPChl 10 MAaTEeMATHIECCKOMY
MOJIEJIMPOBAHUIO, IWHAMHUKE VIPYTUX Cpel, Teopuu OOOOIEeHHBIX (YHK-
Ui, METOJy TPAHUYHBIX MHTEI'DAJbHBIX yDABHEHWI W JIP. JJis CTYIEHTOB,
MarucCTPaHTOB U JIOKTOPAHTOB. PykoBoguT HaydHbIM cemmHapom OTiena
MaTeMaTUIeCKOi (PU3NKU U MOJETMPOBAHUS.

Bosibiioe mecro B ee pabore 3aHUMAaeT HaydHAsl SKCIEPTHU3a ITPOEKTOB,
Jccepraruii, crareif, oraeroB u jip. OHa — SIBJISETCS MOCTOSTHHBIM SKCIIEPTOM
rocakcreptusbl PK, Obuta wienom paziauvabix Jluccepranmonabix CoBeTOB
(mo mexanuke npu Uuacruryre ceitemosornm AH KazCCP, mpu UMM AH Kas
CCP, upu UMMam HAH PK, npu KasATK, o maremaruke npu UucturyTe
maremtrkn MOH PK), 8 1995-96 r.r. 6puta wienom [Ipesmamyma BAK PK.
OHa perneH3eHT psijia MEXKIYHAPOIHBIX U PECITyOJUKAHCKUX HAYIHBIX YKYpPHAa-

MATEMATUYECKUI KYPHAJI. — 2017. — T. 17, Ne 1
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JIOB, WIEH PeJKOJIIernu KypHajop "Maremarnueckuit xypuaa", "2Kypran
IpobJIEM IBOJIIOIUU OTKPBITHIX cucTeM".

3a aKTHUBHYIO HAydHYIO0 pabOTy U IOJIYUEeHHBbIE Pe3yJIbTaThbl JI.¢).-M.H.,
upod. JILA. AnekceeBa HEOTHOKPATHO IOJIyYaja IOCYJAPCTBEHHYIO HAYJIHYIO
CTUTIEHINO JIJIsl YYEHBIX W CIEINAJUCTOB, BHECIINX BBIIAIOIIMICSI BKJIAJ B
passuTue Hayku u rexauku (1997-2000, 2000-2002, 2004-2006, 2008-2010 r.r.).
Harpaxaena tpemst ITogernpimu rpamoramu MOH PK u 3nakom orTimdunst
J71s1 pabOTHUKOB Hayku u obpasoBanus PK.

Penaxknuonnasi KoJuterusi TO3JPaBJIsieT OOWISAPa, KeJaeT KPEIMKOro
31I0POBbsI, OJIANOIIOJIYYHsI 1 TBOPUECKOIO JOJINOJIETHS.
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MYBAIIIAPXAH TAHABAEBIY JIKEHAJIMEB
(K 70-IETUIO CO OHSA POXKIEHWA)

25 gauBapa 2017 roma JIOKTO-
py du3MKO-MaTeMaTn4ecKux HaykK,
npodeccopy kenanueBy Mysa-
mapxany TamabaeBudy, H3BECTHO-
My CHEIUAJIUCTY B 00JIACTA Teo-
pun muddepeHnraabHbIX ypaBHE-
HUW B YaCTHBIX ITPOU3BOJIHBIX U €€
IIPUJIOZKEHUAM, [VIABHOMY HAyYHOMY
corpyauuky MHcTuTyTa MaremMaTu-
KA U MaTeMaTHIeCKOTO MOJIEJIMPO-
Banus Komurera nayku Munaucrep-
cTBa obpazoBaHus u Hayku Pecry6-
sukn Kazaxcran wucronnauaocs 70
JIET.

M.T. xenanues poauics B yaactke Axkrobe (HbiHe xo03siiicTBo Tose-6u)
[ITyckoro paitona 2KaMObLICKOIT 00JIACTH B CEMBE CEJIbCKUX TPYKeHNKOB. Orerry

Mysamapxana Tanabaesuua, 2Kuenannes Tanabaii (1894 r.p.), paboras MHO-
rue rojpl yabanom, Marb, 2Kuenanuea Tenre (1922 r.p.), nomorajia MyxKy B
9TOM HeJIeTKOM 9abaHCKOM Jejie BILIOTH JI0 ero cMepTH, Hactynusiineit B 1961
r. C 1961 r. go 1978 r. (70 yxo/a Ha MEHCHI0) OHA paboTaja Ha Pa3IMIHBIX
pabouux mosKHOCTAX. Bee derBepo nereit zZKueHaimeBbIX HOJIYYUIN BBICITIEE
obpaszoBanue OJaroapsi CaMOOTBEPXKEHHOMY TPy Marepu. TsKesblit TPy
qabaHa He dBJISIETCS dyKIbIM 1 g MyBalapxana, BO BpeMsl JIETHUX KaHU-
KYJI OH TIOMOTAJI POJIUTENSIM B UX HEJIETKOM TPY/IE.

B 1953 rony MyBamapxan TanabaeBut MOCTyIaeT B CEMUJIETHIO Ka3aX-
CKYIO TITKOJTY y9acTKa AKTOOe 1 3aKAHINBAET MEPBBIH KJIACC ¢ TTOXBAIBHOM Irpa-
MoToit. B ¢Bsi3u ¢ nepeesnom pogureseit B moc. Muxaitjioska (B moc/ieayromem,
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noc. Yareipkysib) B 1954 roty oH HOCTyIaeT CHOBA B IIEPBBIil KJIACC CEMIIETHE
PYCCKOI IITKOJIBI U3-3a CJIELYIONIEH apryMEHTAIIMA PYKOBOJICTBA IIKOJIBI: MyBa-
mapxaH He BiaJieeT pycckuM s136ikoM(?!) OiHako, OH 3a 1o/ ycreBaeT OBJIa/IeTh
PYCCKUM SI3BIKOM TaK, UTO IEPBBII KJIACC 3aKAHIUBAECT TAKXKE C MOXBAaJbHOMN
rpamoToii. I nasbiiie oH mpojoJiKaeT obydeHre TOJbKO HA PYCCKOM s3bIKE U
B 1965 romy om 3akamumBaeT 11-it Kmacc cpenneir mkoasl uMm. M. I'opbkoro B
ceste Hosorpourkoe (ubine Tose-6u). C 9-ro kinacca Mysarapxan yBiieKaeTcst
MaTeMaTUKOW, B Y€M IVIABHYIO POJIb ChIIPAJI €r0 yYUTe/b MATEMATHKH, 3aBYY
cpemneit mkosbl um. M. Topekoro, Kyryzos Anekcannp dAxornesud. B 1964 u
1965 romax B AmMaThl OH ydacTByeT Bo 2-it m 3-it Ka3zaxcranckmx mMaTemaTn-
YeCKUX OJIUMITUAJIAX IITKOJHHUKOB, B TIOCJIETHEH U3 KOTOPBIX OH YI0CTauBaETCs
CHEIUAJILHOrO IIPU3a U JIUILIOMa BTOPO CTEIeHH.

B 1965 rony on nocrynaer B Kazaxckuii MoJuTeXHUYECKUIT HHCTUTYT HUM.
B.U. Jlenuna Ha dakyabreT ABTOMATUKU W BBLIYUCIUTE]bHON TEXHUKU U B
1971 romy 3akaHIUBAET €ro Mo crennaabHocTh " ABTOMATHKA 1 TeTeMexannka"
¢ kpasmbukarnueit "Vuxenep-aiekTpux" .

B 1971-1976 roger M.T. /I:xeHasineB paboTaeT MOCJIEIOBATEILHO HHKEHE-
POM, CTAPINUM WHKEHEPOM M PYKOBOJHUTEIEM I'PYIIILI MPOEKTUpoBanus B Ka-
saxckoM orgesennn I'TIN "IIpoekTmonrazkasromaruka" (AMarsl). 371eCh OH
3aHMMAETCsl BOIPOCAMH ITPOEKTHUPOBAHUS CUCTEM JIMCIIETYEPHU3AIIHN JJIsd 00b-
€KTOB 9HEProcHAOKEHHUS C UCIIOJb30BAHIEM TeJIEMEXaHUIeCKUX YCTPOMCTB.

B 1976-1980 roner M.T. /I2KeHanneB MPOXOIUT OYHYIO acnupaHTypy B Kas-
I'Y nox mayunbim pykopojgcTBoM mpodeccopa C.A. AiicarayiveBa, samuinaer
kaaauaaTckyo (1982 r.) u gokropckyio muccepramuu (1994 r.). B 1984 ro-
JIy €My [pUuCBOeHO ydeHoe 3BaHue CrapIiumit HAYYIHBIN COTPYIHUK, a B 1996 —
yuaenoe 3panue [Ipodeccop.

C 1980 roma M.T. H:xenayineB paboraer B HCTUTYyTe MaTeMaTUKN U MeXa-
nuku AH KasCCP (abiae MHCTUTYT MATEMATHKY U MATEMATHIECKOIO MOJIEJI-
poannsgs KH MOH PK). M.T. /Ixxenasues npoiies Bce CTYIIEHH JI0JKHOCTel
akagemmndeckoro yupexkaenns: MHC, CHC, BHC, I'HC, 3apexytomuit j1a60-
paTopueil ypaBHEHUI MAaTEeMaTUIECKON (PU3UKHU, 3aMECTUTE/Ib IUPEKTOPa IO
Hay4IHOI pabore, ¢ 1 suBapsi 2007 roja UCHOTHSAIOMINN 003aHHOCTU U 3aTEM C
aBrycta 2008 o 2011 roubr — pupexkTop UHCTHTYTa MaTeMaTUKN.

Ero Hay IHBIE JIOCTUZKEHUS OITyOJINKOBAHBI B JKypHAaJIax
"Muddepennmanpabie ypasuerus", "Cubupckuit mareMaTwdeckKuit Kyp-
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na",

"Boundary value problems", "Advances in difference equations",
"Maremaruueckuii xkypuan" (Amamaret), "Tpyabt Mucruryra maremaTuku
HAH Benapycs", "Hoknaner HAH PK", "Hekiaccudeckue ypaBHEHUSI MaTe-
marndeckoit usuku" (Mucruryr maremaruku um. C.JI. Cobonesa CO PAH),
"Noxmager AMAH", "Ussectrust HAH PK". Cepust pusuko-maremarnaeckast

u npyrue. [lepedncanM oCHOBHBIE €r0 Pe3yIbTATHI.

IIpodeccopom M.T. JI>keHanmeBbBIM OdOKa3aHa TeOpeMa O HJOCTATOUHBIX
YCJIOBUSIX OINTUMAJILHOCTH W Ha €€ OCHOBE pa3paboTaH ajJrOPUTM IIPUOJIMKEH-
HOI'o pemieHusdA 3aJa491 OIITUMaJIbHOI'O praBJIeHI/IH Hapa6OHI/II{eCKI/IM ypaBHe—
HHEM. DTOT Pe3yJIbTAT sIBJSIETCsS pa3BUTHEM IPUHIHIA onTuMaabHocTu B.O.
Kpotoa aj1s1 ypaBHeHUit B 9aCTHBIX IPOU3BOIHDBIX, YIUTHIBAIONIETO UX Pa3pe-
[IIMOCTH B COOTBETCTBYIOIINX COOOIEBCKUX Klaccax (B CMBIC/IE HHTEIPAJIBHOTO
TO)K,ELeCTBa). HOBbIM 3J€Chb ABHJIOCh BBe€/JAcHUE BCIIOMOI'aTeJILHOI'O (byHKL[I/IOHa,—
Jla U CIIENUAJIBHBIX KOHCTPYKIIAM, TO3BOJIUBIINX CHATH OTPAHUYEHHUE O IPUBe-
neanu 1uddepeHInaJIbHbIX YPABHEHN B YACTHBIX IPOU3BOIHBIX K HOPMAaJIb-
Hoit popmMe, ITO MO3BOJINIO CBECTH UCXOMHYIO 3819y HA YCIOBHBIN YKCTPEMYM
K 3ajia4e Ha 0e3yC/IOBHBIN 9KCTPEMYM B (DYHKIIMOHAILHBIX IpocTpancTBax Co-
0oJieBa. DTOT pe3y/bTaT COCTABUJ OCHOBY KaHaugarckoil jguccepranun M.T.
J>xkenauena.

JL1st KpaeBbIX 3a/1a9axX ¢ IPOU3BOIHBIMI IT0 BpEMEHH Ha IPAHUIIE [T ITapa-
bosimaeckoro u runepbosimyeckoro ypasuenuii M. T. J>xkenaaneBbiM 0OHAPY2KEH
adpderT "nepeonpeneseHHoCTH" IpU 3aJaHUN HAUAJIBHBIX YCIOBUI B 001aCTH
U Ha ee TPAHWIE M3 KJIACCa KBaJPATUIHO CYMMUPYEMbIX (DYyHKIHi (KOTOpBIE
He COIVIACOBAHBI [I0 TEOPEME O CJIEJIax). YCTAHOBJIEHA Pa3PEINMOCTh KPAeBbIX
3a7a4 JJIsl JUHEHHBIX HAI'DYKEHHBIX YPaBHEHWIl ¢ HEperyJapHLIMU KO3(ddu-
nureHTamMu. [locTpoeHbl CHMMETPU3YIOIIHIT OITepaTop IJjisl HArpyKeHHOI'O Imapa-
OOJIMIECKOr0 ypaBHEHHs, IMJIBOEPTOBO MPOCTPAHCTBO THUITA IIPOCTpaHcTBa K.
Opuapuxca 1 KBaJIPATUIHbBIN (YyHKIMOHA, YpaBHEHHE Diljiepa JJjisi KOTOPOTO
JaeT 0OOOIIEHHYIO TOCTAHOBKY MCXOJHON rpaHndHON 3a1a49u. [1o sTum pesysib-
taram M.T. JI>keHamneBbIM 3aIUINEHa JOKTOPCKAs JTUCCEPTAINA.

B rTepmunax (KOMILIEKCHOIO) CHEKTPAJBHOIO IapaMeTpa, sBJISIFOIIErocst
K03 DUIMEHTOM HATPY2KEHHOT'O CJIaraeMoro, HaifiIeHO ONUCaHue PEe30JIbBEHT-
HOI'O MHOXKECTBA, M CIIEKTPA JJIs CIEKTPAJIbHO-HAIPYKEHHOTO apaboInIecKo-
I'0 OIIEPATOPA, JIaHA XaPAKTEPUCTUKA KPATHOCTU COOCTBEHHBIX (DYHKIIHH B IIPO-
CTPAHCTBE OIPAHUYIEHHBIX M HEIIPEPLIBHBIX (DYHKINI B 3aBUCUMOCTH OT 3HaUe-
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HUsI ClIeKTpaJibHOrO mapamerpa (comectno ¢ M.U. PamazanoBbim).

B mnocnemaue roasr M.T. [IxxeHanneB BMecTe C COTPYJHUKAMU BEJIET KC-
CJIETOBAHUSI TI0 OJHOPOIHBIM KPAEBBIM 3aJ[a9aM TEIJIONPOBOIHOCTA B BBIPOXK-
JTAOIIUXCS HEIMJIMHIPUIECKUX O0JIACTSX. YCTAHOBJIEHO, UTO 3/I€Ch HAPSy C
TPUBUAJIBHBIM PEIIEHNEM CYIIECTBYIOT U HETPUBUAJIBHBIE.

M.T. JI>keHaJIeB aKTUBHO 3aHUMAETCS TIO/ITOTOBKON HAYIHBIX KaipoB. [1o
€ro PyKOBOJICTBOM 3aIUIIEHBI 3 JIOKTOPCKUX, 7 KAHIUIATCKUX JINCCEPTAIIU U
1 mucceprarmus PhD. C 1980 r. 1o coBMecTUTEJNBLCTBY OH PabOTAET U UUTA-
eT CIeI.KypChl Ha MeXaHUKO-MaTeMaTuieckoM dakynbrere KazHY um. anb-
Dapabu.

Mysamapxana TanabaeBu4a OTJIMIAET JI€JI0BOE, TPUHIIUITHAILHOE U TBOP-
YecKOoe OTHOIIEeHHe, TPYA0Jiodue, mpodeCcCHoHaIN3M U BBICOKOE YyBCTBO OT-
BercTBeHHOCTU. OH MOJIB3YETCs 3aC/Iy2KEHHBIM yBaXKeHHeM B KoJuteKTuBe VH-
CTUTYTa MAaTEeMATHKH U MaTEMATHIECKOTO MOJIEIUPOBAHUSI.

Penkosterus xypuasa mnozgpasiser Mysamapxana Tanabaesuua c¢ 70-
JIETHUM IO0MJIEEM U K€JIaeT €My 30POBbsi U TBOPUECKOI'O JOJTOJIETHUSI.

CIUCOK OCHOBHBIX HAYYHBIX TPYIOB M.T. JI?2KEHAJIMEBA

1. Ixxenanues M.T. OnrumasibHOE yIpaBjieHHe JIMHEHHBIMU HATDYKEHHBIMY I1a-
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MATEMATNYECKAA 2KN3Hb

PHICKYJI ONHAPOB
(K 70-IETUIO CO OHSA POXKIEHWA)

26 despana 2017 roma wucmos-
HuJoch 70 JIeT co JHS POXKIECHUSA
M3BECTHOT'O KA3aXCTAHCKOIO MaTe-
MaTUKa, CIEUAJINCTa B O0JACTH
bYHKIMOHAJIBHOTO aHAIN3a, JTOKTO-
pa dU3MKO-MaTeMaTUYeCKUX HayK,
wien-koppecronyienra HAH  PK,
npodeccopa Prickyiia OitHaposa.

B 1969 r. P. OiinapoB OKOH-
AT ¢ OTJUYIHEM — MEXaHUKO-
MaTeMaTUIeCKuit dakyibTeT
Kazaxckoro rOCyIapCTBEHHOTO
yuusepcuteta uMm. C.M. Kuposa mo
creruaabaocTn "Maremaruka'.

C 1973 r. mo 1997 r. paboran B
Nucruryre maremarnku MOH PK B momxkaocru MHC, CHC, BHC, 'HC u
3aBe/IYIONMM J1a00paTOpusiMU (TaM ¥Ke 3alUTUIl JUCCePTAIU Ha COUCKAHUE
YUEHOU CTEIeHN KAaHIUIATa, JOKTOPa (DU3UKO-MATEMATHIECKUX HAYK 110 CIie-
muasbHocTr 01.01.01. — MaTeMaTnuecKkuii aHAINS).

C 1997 r. mo 1999 1. paboran 3aBemaytormum kKadempoit B FOxkHO-
Kazaxcranckom rocynapcrsentnom yauepcurere nm. M.O. Ayazosa.

C 2000 r. paboraer B EBpasuiickum zHanmonasbuoM yHusepcurere um. JI.H.
I'ymuneBa B nosmkuocTu mpodeccopa Kadeipbl pyHIAMEHTAJIHLHON MaTeMaTH-
KU.

Poickysr OitHApOB SIBJISIETCS YI€HBIM-MATEMATHKOM, IITTPOKO U3BECTHBIM B
cTpaHax OJIMKHEro 1 JAaJbHEro 3apybekbsi, KaK CIIeUaInCT B obyractu pyHK-
[IMOHAJBHOIO aHaJm3a u ero npuiaoxkenuit. P. Oitnapos — aBrop 6osiee 100
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OPUI'MHAJIbHBIX HAYYHBIX pabor (13 Hux Gosee 35-TH U3JAHBI B DEHTHHIOBBIX
JKypHAJIAX).

B pazubie romer mpodeccop P. OitHapoB Besl UCCIEIOBAHUSI B CJIEILYONTIX
HAIIPABJIEHUSX: CBONCTBA HEJIMHEHHBIX MHTEIPAJILHBIX OIEPATOPOB THUIIA ¥ Pbi-
COHa B (PYHKIIMOHAJIBHBIX ITPOCTPAHCTBAX; BOIPOCHI KOPPEKTHOCTU PACIIADE-
HUS ¥ CY?KEHUSI 3aMKHYTBIX OIEPATOPOB B HAHAXOBOM IIPOCTPAHCTBE U UX IPU-
MeHeHus K JuddepeHnajibHbIM YPABHEHUIM; BECOBast OIEHKA, TPOMEXKYTOU-
HBIX ITPOM3BOJIHBIX U TEOPEMBI BJIOYKEHNS BECOBBIX KJIACCOB; YCTAHOBJIEHUE KPU-
TePHUEB JINCKPETHOCTU CUHTYJISPHBIX I DEPEHITNATBHBIX OIIEPATOPOB; TOCTa~
HOBKa KOPPEKTHBIX I'PAHUYHBIX yCJIOBUM B CUHIYJISIPHOM YaCTU TPAHUITBI JJIs
BBIPOKTAIONIUXC AudDepeHInaabHbIX yPABHEHU; OIIEHKA HOPM U YCTAHOB-
JIeHUe KPUTEPUEB OI'PAHUYEHHOCTH, KOMIIAKTHOCTU WHTETPAJIBHBIX, JTUCKPET-
HBIX OIIEpATOPOB B BECOBBIX IIPOCTPAHCTBAX. KadyeCTBEHHbIE XapaKTEePUCTUKU
JIMHEHHBIX ¥ KBa3UINHENHBIX TuddepeHuajabubix ypapuenuii. [lomyuennabie
pe3yIbTaThbl U3BECTHBI HIMPOKOMY KPYI'Y MaTeMaTHUKOB.

[Ipodeccop P. Oitnapos npujaer 60sbI0e 3HAYECHUE UCCICTOBAHUIM Be-
COBBIX OIEHOK HHTErPAJIbHBIX OMEPATOPOB. DTHU 3aJ[a9l TECHO CBSI3aHBI C OT-
KPBITOH TTPOOJIEMOIT TEOPUH WHTErPATBHBIX OTIEPATOPOB. 3JIECh JJIsT TMTHPOKUX
KJIACCOB MHTErPAJIBHBIX OIEPATOPOB UM IOJIYUIE€HbI HEOOXOIUMBIE U JIOCTATOU-
HbIE YCJIOBUS UX OTPAHUYIEHHOCTH B BECOBBIX MPOCTPAHCTBAX. DTHU PE3YILTATHI
BBICOKO OIEHEHBI B JIAHHON OBJIACTH HAyYHBIX WCCJIEIOBAHUN M HA HUX HUMeE-
FOTCsl MHOTOYHCJIEHHBIE CChLIKM 1011 TepMuHamu "simpo Oitnaposa' | "yciiosue
Oiiraposa" , "kiacc OitnapoBa" B paborax MaTeMaTUKOB OJIMXKHUX U JAJTBHUX
3apyOerKHBIX CTPaH.

P. Oitnapos gBAsI€TCS 9IEHOM PEIAKITMOHHBIX KOJIETHI MEK Ty HAPOTHBIX
xypraaos "Journal of mathematical inequalities" , "Advances in Inequalities
and Applications" , "Eurasian mathematical journal".

[Ipodeccop P. OitHapos yiessieT orpoMHOe BHUMAaHHUE IIOATOTOBKE BBICO-
KOKBaJIN(DUITUIPOBAHHBIX HayIHO-TIeAArorndeckux Kajapos. llog ero pykoBoj-
CTBOM ObLIM 3allUINEeHbl 1 JIOKTOpcKas, 15 kaupuparckux jguccepraruii. Ou
SABJISJICST HAydHBIM pyKoBojutesem 9-tu PhD mokrTopoB, 3 Hux 7, Hapsity
¢ Ka3axXCTaHCKOW HAay<IHOW CTENeHbo, MOIydnaIn yueHyio cremenb "Doctor of
Philosophy (PhD)" 3a py6exom: 5 3amumruiaun PhD nuccepramum B JIyneo rex-
nosjorndeckoMm yuuepcurere [leerun, a 2 — B Yausepcurere [lagosa Uranun.
Kpome Toro, B nekabpe 2017 roma B Jlysieo TeXHOJIOITYECKOM YHUBEPCUTETE
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(IlIBerwmsi) o €ro pyKOBOACTBOM IUIAHUPYeTCs 3armuTa odepeaoit PhD auc-
CEePTALMH.

IIpodeccop P. Oitnapos B 2005 romy ObLI HarpaskJeH HAPYIHBIM 3HAKOM
"3a 3acayru B paszsurun Hayku Pecnybiuku Kazaxcran", 8 2007 rogy — 3Ha-
koM "llouerHsrit paboTHUK obpazoBanusi Pecriybsimku Kazaxcran" u npusnax
syqruM rpeniogasaresieM BY3a-2007, 2014. B 2008 rojy 6611 HArpaXKaeH mo-
veTHOI rpamoToit Pecrrybsimkn Kazaxcran. B 2016 romy ObLI yI0CTOEH OpjieHA
"Kypwmer".

Penkosuterns »KypHajia MO31paBiseT JOKTOPa (HBU3MKO-MATEMATUIECKUX
Hayk, wien-koppecnongenra HAH PK, npodeccopa Prickyna Oitnaposa ¢ 70-
JIETHUM FOOUJIEEM W KEJIaeT €My 3II0POBbsi M TBOPYECKOTO JIOJITOJIETUSI.
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AHHOTaums: PaccmaTpuBaeTcs AuHaMuka TepMOYMpPYroro NOAYNpOCTPaHCTBA Mpu
HECTaUMOHAPHbIX CWUJIOBbIX W TEMJIOBbIX BO3AEACTBMAX C WCMNOJIb30BAHWEM MOAENN
CBSI3aHHOW Tepmoynpyroctu. B npoctpaHcTee npeobpasosanuii Jlannaca no BpemeHn
nocTpoeH TeH3op [puHa, onuceiBatowWniA NepemeleHnst Cpeabl Npu AeACTBAN MIHO-
BEHHbIX COCPEAOTOHEHHbIX CUJIOBbIX 1 TEMIOBbIX MCTOYHMKOB. [MocTpoeHo 060bwweHHoe
peleHmne 334341 AUHAMUKI TEPMOYMPYroro NosynpoCcTpaHCTBa CO CBOBOAHON rpaHu-
ueli B yClOBUsIX NJOCKOV AecbopMauuu npu SeiiCTBUN NPON3BOJbHBIX MaCCOBbIX CU
U TENIOBbIX UCTOYHUKOB.

KntoueBble cnoBa: TepmoynpyrocTb, NOAYMIOCKOCTbL, ANHAMUKA, TeH30p [ puHa, npe-
obpa3sosanue Jlannaca.

1. BBEAEHUE

[Tpu m3yvenun ceiicMuIeCKUX MPOIECCOB B 3EMHON KOPE J/Isi yIeTa PeaJib-
HBIX CBOICTB MOPOJHOTO MaCCUBA UCIOJIB3YIOTCS PA3IUIHBIE MATEMATHIECKUE
MOJIe/I MEXaHUKW JepOPMUPYEMbIX TBEPALIX Tes. Hambosiee m3ydennr mpo-
IIECCHI PACIIPOCTPaHEHUs U AUQPAKITUU BOJH B YIPYTUX CpeJlaX TMPHU JefCTBUN
COCPEI0TOYEHHBIX U PACIPE/IETEHHBIX HCTOYHUKOB PA3INIHOIO BUIA. Teopern-
YeCKUe UCCAE0BAHUS B 3TOM HAINPAB/JIEHUN HA OCHOBE KJIACCUYECKUX METO/0B
MaTeMaTHIeCKoi (U3MKM UMenT A0BOIBHO 00mupHYo 6ubmmorpaduio (cm.
[1]-{4)).

Peanbubiit mopoablii MacCuB, MOMUMO yIPYyIrux, 00/1a/1aeT HEeJbIM PII0M
JIPYTUX CBOMCTB, KOTOpPbIE OKA3bIBAIOT CYIIECTBEHHOE BJIMSHUE HA IPOIECCHI
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pacIpocTpaHeHusi CEHCMUIECKUX BOJIH U €r0 HAIIPIKEHHO-1ePOPMUPOBAHHOE
cocrosiaue. [loaTomy yc/ioxKHEHTE MATEMATHIECKO MOIe/n /i H0JIee TOTHOTO
yuera JeHCTBYIOmmX GaKTOPOB MPU U3y IYEHUN CEHCMUIECKIX TPOIIECCOB SIBJIsI-
ercs abcosroTHO HeobxoauMbIM. OIHUM U3 TAKOBBIX HABJISETCA TEMIEPATYpa
MacCCuBa, KOTOPas CYIIECTBEHHO BJIMSET HA €r0 HAIIPs2KEHHO-1ePOPMUPOBAH-
HOe COCTOSHUE IIPU CTATUYECKUX U JMHAMUYeCKux BozjeiicTBusax. Vcciemosa-
HUE JIMHAMUKHU TEPMOYIPYIUX CPEJl IPU JIEHCTBUU HECTAIIMOHAPHBIX CUJIOBBIX
¥ TEMJIOBBIX MCTOYHUKOB BO3MYIIEHUN OTHOCUTCS K YUCIY MAJIO W3yUEeHHBIX
mpobJieM MeXaHWKW U MaTeMaTu4deckoil ¢gpusuku. Bosbimnoit BKIa B 5TO Ha-
npasJienne uccaenosannit srecan Hosanknit B. [5], Kynpazazge B./1., Tereana
T.I., Bameneiitsuaun M.O., Bypuynamze T.B. [6] u ap.

B cBs13u €O C102KHOCTHIO TOCTPOEHUST PEIIEHUIT CUCTEMbI YPABHEHWI JTBUAZKE-
HUsI TEPMOYTIPYTO#l Cpe/ibl, KOTOpasi OTHOCUTCS K KJIACCY CUCTEM CMEITaHHOTO
rurep00J10-11apaboImIecKoro Tua, OObIYHO YPaBHEHUs YIIPOIIAIOT, TpeHebpe-
rasi Boz3jieficTBueM ynpyrux jedopmalinii Ha TeMiepaTypHoe moJjie cpeabl. s
TAKOU MOJIeJIM, KOTOpas IOJIy9u/ia HA3BAHWE HECBSI3aHHOH TEPMOYIPYTOCTH,
BHAYAJIe MOKHO OIIPEJIeJINTh TEMIIEPATYPHOE II0/I€, Pellas XOPOIIo U3yYeHHOoe
mapaboIuTIecKoe YpABHEHNE TeIIOMPOBOIHOCTH, a 3aTeM OMPEeIeTUTh mepeMe-
IIIEHUS UJIW CKOPOCTH TOYEK CPEJIbI, UCIOJIb3YsT KAACCUIECKUe YPABHEHUS THHA~
MUKHU YIPYTOTo Tejia, B KOTOPBIE TPATUEHT TEMIIEPATYPHOTO TOJIsT BXOJAUT KaK
MaccoBas cuia. Ho gaxke jjist TaKOW MOJeIM KJIAacC PEIEeHHBIX 33/a9, & TeM
6oJiee KOMIIBIOTEPHBIX MTPOTPAMM OYeHb OMPAHUYEH.

3/1eCh paccMaTPUBAETCST TEPMOYIIPYTO€e MOJIYITPOCTPAHCTBO NP HECTAINO-
HapHBIX CHUJIOBBIX U TEILJIOBBIX BO3JEHCTBULAX B YCJIOBULAX ILIOCKOH Jie-
dopmanum, i 9ero MCHOJIb3yeTCs MOJEIb CBI3aHHOH TepMoymnpyrocru. B
npocTpancrse npeobpasoBanuii Jlammaca nocrpoen Tensop I'puna mjs Tepmo-
YIPYTOil MOJIYIIOCKOCTH, OIMUCHIBAIOIINI IepEMEIIeHUs] CPeJIbl IPU JIeHCTBUN
MTHOBEHHBIX COCPE0TOYEHHBIX CUJIOBBIX U TEIJIOBBIX UCTOYHUKOB. Ha ero oc-
HOBE TTOCTPOEHO peIleHne 33 a4u MpU JAeiCTBUN MPOU3BOTBHBIX MAaCCOBBIX CUJI
7 TerIoBbIX nCTOYHUKOB. [logobHas 3amada mpu I0CKoi medopmaruu u B
obImem cirydae Jijig yIpyroii cpesibl paree Obiia perrena B [4].

2. OHPELLEJ'[H}OLL[I/IE COOTHOTIEHUA CBA3ZAHHON TEPMOYITPYTOCTH

M3orponnasi TepMoynpyrasi Cpeja XapakKTepU3yercs KOHEIHBIM YUCI0M
TePMOJAMHAMUYECCKHAX MaPaMETPOB: MAaCCOBON TJIOTHOCTBIO P , TEPMOYIPYTUMHA
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34 JILA. AJIEKCEEBA, B.H. AjiurioBa

7 TETIOBBIMYU KOHCTAHTaMU 7, 1), k n moctosgaabiMu Jlame A n p. Bee mocrosta-
HBIE MIOJIOZKUTEJIBHEL.
Jnnamuka T€pMOYIPYIOii Cpejibl B JIEKAPTOBOI CUCTEME KOOPAMHAT OIUChI-

BAETCsI CHCTEMON ypasHenwuit [5]:
(A + p) i + iy = V0.i + Fy = pii, ,
AO — =0 — i+ —-Q = 0. (1)
K K

3nech BBeZeHb! 0603nadennst: u;(x,t), 0y;(x,t) — KOMIOHEHTBI BEKTOPA CMeIIle-
HUIl U TEH30pa HalPAXKEHUN TePMOYILPYIOil Cpelbl

M={zeRY: 2 <h(h>0)},

us(z,t) = 0 — Temneparypa; F' = Fje; — maccoBas cuna; () — MOIIHOCTD Terl-
JI0BOro mcrounuka. [pu miuockoit gedopmamun N = 2, x = (x1,x2), i,j =
1,2. Bcroay 1o omHOMMEHHBIM WHIEKCAM O€pPyTCsT TeH30PHBIE CBEPTKU.

Tenzop TepMOYIPYTUX HANPSAZKEeHUIT 0;; CBA3aH C KOMIOHEHTaMH CMeIeHui
u Temmeparypoit cooruorreruem Jlroamens-Heiimamna:

oij = (Mg g —70) dij + p(wij +uji), (2)

rae d;; — cuMmBoa Kporekepa. Berogy cumMBoIOM mocite 3amgaToil 0603HAUEHBI
JACTHBIE TPOU3BOAHbBIE IO COOTBETCTBYIOMINM KOOPAMHATAM: Ui j = Ou; /0T, &
TOYKOI HaJ CUMBOJIOM - nuddbepeHnupoBanme no spemenu: 4 = Ou/0t .

3. IIOCTAHOBKA KPAEBOI1 SAJJAYN IJIA TEPMOVIIPYTOI1 MOJIVIIJIOCKO-
cTHn

Paccmorpum tepmoynipyryio mosymiockocts 1 < h(h > 0). Tpeamoso-
JKUAM, 9TO W3BECTHO €€ HAYaJbHOE COCTOSHUE:

ui(z,0) = ud(z), 6(x,0) = 60(z),

i

Wi (2,0 =il (x), i=1,2. (3)

[pemmomaraerca, aro u(z), 0°(z) € C(I1) (N L1(IL), @°(z) € Ly(1I) .
Kpaespre yc10Busi: rpaHuna IOJIyIPOCTPAHCTBA CBOOOHA OT HAIPY30K 1
TEIIOBBIX IOTOKOB:

oji(x,t) =0, 06(x,t)/0x1 =0, j=1,2, nmpn x1 = h. (4)
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Heiicrytonme maccosast cuina F' (x,t) n rerioBoit ucrounuk Q(z,t) n3BecTHsI.
[Ipenmnosnaraercs, aro onu wHTErpUpyeMbl 1o - B 11 1 nonyckator mpeobpazoBa-
uwue Jlamnaca o Bpemenu. [lisg peryaspubix OyHKIU OHU CBSI3aHBI COOTHOIIIE-
HUSIMU:

F(z,p) = /F(x,t) e Ptdt, Rep >0,
0

Ppo+ioco
F (z,t) = (2%)_1 / F’(:E,p)eptdp, po > 0.

Po—100

ﬂeﬁCTByIOH_LI/Ie NCTOYHUKU BOSMyH_LeHI/Iﬁ MOT'yT OIIMCBIBATHCA CUHTYJ/IAPHDbI-
Mu obobrenabivu cunamu. Torma npeobpasoBanue Jlamraca ciegyer 6parhb
COLJIACHO €r0 OIPEJIeJICHUIO B IPOCTpaHcTBe 06001entbix dyHkuit (em.[7]).

Takuvu GyHKIUAMEA MOYKHO OINMCATH yIApHBIE CeiCMUUECKNe BO3IeHCTBIS
Ha TIOPOJHBIN MACCUB, XapaKTepHbIE NI 3eMJIETPSICEHN eCTECTBEHHOTO U WC-
KYCCTBEHHOT'O MPOMCXOXKIeHUs. B 3TOM ciydae B Cpejie BOSHUKAIOT TEPMOYII-
pyrue ygapHble BOJIHBI CO CKAYKOM HAIPAKEHNM, CKOPOCTEN M TETJIOBBIX MTOTO-
KOB Ha ux ¢porTax. B paborax (8], [9] mosyuens yciaoBust Ha (bpoHTAX yHaap-
HBIX BOJIH U JOKa3aHa €IMHCTBECHHOCTH HAYAJIbHO-KPAEBBIX 3a/a49 TEPMOYIIDY-
POCTH C y9eTOM YJIApPHBIX BOJH. 37€Ch MPe/IoIaraeM, YT0 PeleHnsl J0IZKHbI
Y/IOBJIETBOPSATH yCJIOBUAM HA (DPOHTAX.

TpebGyercss HalTH MepEeMENeHns, TeMIIepaTypy U TEePMOHAIPIKEHHOE
COCTOSTHME TE€PMOYTIPYTOii TIOIYTLIIOCKOCTH.

4. TEH30P 'PUHA /i1 TEPMOVYIIPYTOM TTOJIVIIZIOCKOCTH

Jns pererns 3ajgaqu Haiigem Marpuily YHIAMEHTAILHBIX PEIEeHUN
VF (x,t) ypasmennit Tepmoynpyroctu (1). OHa yI0BIETBOPAET ypaBHEHHIM
opn ﬂeﬁCTBI/II/I UMITYJIBCHBIX COCPEIOTOYEHHBIX MAaCCOBBIX CUJI U TEIJIOBBIX MC-
TOYHUKOB, ONMUCHIBAEMBIX CUHTYIAPHBIMA JIETbTa-(DOYHKITASIMIE:

Lij (81, 82, 8t) V;k (l’, 75) = 555(1’)5(15), 5
Lyj (81,82, 0,) VF (z,1) = 630(x)8(t), i =1,2,5,k = 1,2,3, (5)
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36 JILA. AJIEKCEEBA, B.H. AjiurioBa

rie quddepeHnnaibHbIe OMePaTOPbl UMEIOT CJIeIY IOl BT
Lij = (A + p) 0;05 + (WA — p0s0y)0i; — v9;30;,
ng = (A — H_lat)6j3 —n (1 — 5j3)8t8j.

I'panwnanere ycnosust (4) Ha cBOGOJHOI TOBEPXHOCTH BBITHCISEM C HCIIOJh-
zoBanmeM 3akona Jloamensa-Heiimana:

m

> = AV = AV + p (Vi + V) =0, a1 =h, (6)
il

ov3"

— 2 =0

8.2131 ’ (7)

m

3J1€Ch Y, — HANPSZKEHUsI, NOPoxKaeMbie (byHIAMEHTAILHBIMU PenteHusivu V.
]

npu PUKCHPOBAHHOM 1M

Eij = AVilkbi; — V" 6i + (Vi + Vi) (8)
Yenosume (7) 03HA9AET OTCYTCTBHE TEMJIOBOTO TIOTOKA HA TPAHUIIE.
DyHIaMeHTATbHbIE PEIIEHNUS ONPEIEISIOTCI ¢ TOYHOCTBIO 10 PeIIeHuii oJ1-
HOpOIHOI cucTtembl ypasuenuit. Hazosem renzopom I'puma marpurty dyHIa-
MEHTATBHBIX PeIeHwii, KOTOpasi yIOBJIETBOpsieT KpaeBbiM yciaosuam (6),(7),
CJIEIYIONIMM YCJIOBUSIM M3JIyYEeHUs M 3aTyXaHusl Ha OECKOHETHOCTH:

VF(z,t)=0 Vt<0, (9)
VF(z,t) =0 Vt>0, ||z = oo, (10)
a TaKzKe OIIpeIe/ICHHBIM YCJAOBUAM H3JIYIC€HHA, OIHNCBIBAIOITUM OTPa2KEHHBIE

BOJIHBI OT I'DAHUIIBI ITOJIYIIJIOCKOCTHU, KOTOPbIE OIIMIIEM JlaJIee.

PEIIEHUE KPAEBOI 3AJAYN. [Ipu npowm3BOJILHBIX MACCOBBIX CHJIAX U
TEIJIOBBIX WCTOYHMKAX, HCIIOJIBb3ysl W3BECTHOE CBOIMCTBO (DyHIaMEHTATbHBIX
pellenuii, pereHre uMeeT BUJ CBEPTKU (TEH30PHAsi CBEPTKA 110 MOBTOPSIO-
IIMCH MHIEKCAM M CBEPTKA II0 KOOPAWHATAM M BPEMEHH COLVIACHO IIPABUIAM
CBEPTKU B 1pocrpaHcTse 0000menHbx dyHkuuii [6]):

u; (x,t) = Vk(azt)*Fk(azt)+V3(xt)*Q( ) ,1=1,2, (1)
0 (x,t) = V3 (a,1) * Fy (z,8) + V3 (2, 1) * Q (2, 1).
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31ech
By = Fula, )H(E) + pul (@)5(2) + pild(2)5 (1),

Qr = Qr(z, Y H () + (5710%(x) + ndivu®(x))o(t), k=1,2.

Ecmu remsop I'puna moctpoen, To dhopmyssl (11) mO3BOISIOT MOJETMPOBATH
JUHAMUKY TYPMOYIIPYIOro moJiylpoCTPaHCTBa JiJjld MUPOKOro KJIacca CUI0OBbIX
U TEILJIOBBIX BO3/EiCTBUIt, B TOM uucje ceiicmuueckux. C ux mpejcraBieHueM
B [IpocTpaHcTBe 00001eHHbIX DYHKIUIT MOKHO 03HAKOMUTHCs B [10].

5. TEH30P I'PMHA M TEH30P ®YHIAMEHTAJIbHBIX HAMPSAYKEHUN

IIpencrasum VZ’C (z,t) B BUJe Cyneprnosunmu JByX T€H30POB:
V¥ = Uf (2, ) + 10 (2, 1), (12)

e Tensop I'puma UF — dbyngavenTanbHoe permenne 1Ts HeOrpaHIIeHHOT Tep-
MOYHPYTOii IJI0CKOCTH, yioBjaerBopsier ypapaenuio (5) u ycaosusim (9), (10).
AHauTHYeCKne BHIPAXKEHUS I €r0 KOMIIOHEHT YIA€TCsl IIOCTPOUTH TOJIBKO B
npocrpanctse npeobpazosanuii Jarmaca no spemenu UF (e [7], [8])-

U3 rpanmunbix yeaosmit (6)—(7) caemyer, aro Temsop IIF ynosnersopser
COOTBETCTBYIOIIUM OJAHOPOJHBIM YPaBHECHUAM U CJICAYIOIIUM I'DAHUIHBIM YCJI0-
BHSM Ha S:

A0 4 p (TG 4+ 1075) — o155 = =13, i = 1,2, (13)
54 = —01U5" mpm @1 = h. (14)

Baecw I'! — Tepmoynpyrue HanpsizKeHust, TTOPOXKAaeMble (DyHIaMeHTaIbHBIM
tenzopoMm U Ha rpanutie noymiockoctu xp = h, vae nopmans n = (1,0):

iz, t,n) = ()\ Uik —'yUgn) ni + ung (U5 +nUjG). (15)

6. IIOCTPOEHUE TEH30PA H;” B IIPOCTPAHCTBE [MPEOBPA3OBAHUY JIA-
IJIACA

Hns onpenenenus 117" nepefinem B npocrpancrso npeobpasosanus Jlamia-
ca, IJie OH JIOJI2KEH Y0BJIETBOPATH OHOPOIHBIM YPABHEHUSIM:
Lij (Ov, 02,p) I (x1, w2, p) = 0,

k
7
(l‘lvavp) =0

L3j (817827P)H (16)

J
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38 JILA. AJIEKCEEBA, B.H. AjiurioBa

u ycaosusm (13)—(14) ma rpanune. Ijist ero mocTpoeHnst UCIIOIb3YEM MPSIMOe U
obparnoe mpeobpazoBanusa Pypbe 1m0 ropu3oHTAIBHON KoOpauHaTe T2 B (16).
s perynspabix dbyaxnmit 4(21, T2, ) OHE UMEIOT BUJI

ﬂ*(x17§,p) = /u(xl’x27p)e’i§I2d$2,

B mpocrpanctee mpeobpazopanuii @ypoe-Jlamiaca mosyunM cuCTEMY TpPex
0OBIKHOBEHHBIX arddepeHimaabHbIX yPaBHEHM:

d? d d
Ak 20) 2 — ppP| A (A ) i — = 0
(A+2p) = pé pp]uﬂrZE( ) T T Vg B =0,
: d _, d? ke
€N+ p) = + [ = (N +2p) & + po— — pp? | W@ — i&yuz =0, (17)
dxq dx]
d — % . — % d2 2 Py _«
el inpuy + (dm% -& - /1) uz =0
C TPAHUYHBIMU YCJIOBUSIMU TIPU T1 = N :
Ny 0 + p (T + @) — a5, = —Ti" (21, —i€ p) (18)
ra;’l = _alﬁgn*(xla _Zgap)a r1 = h. (19)

31ech [y yIPOIIEHHS 3aIUCH 0003HAMWIN Yepe3 U; Tpancdopmanty Dypoe-
Jlammaca Tersopa 1I¥ npn duxcnpoBamHoM BepxHeM mHIEKCE k.

I'pannunbie ycnosus (13)—(14) B npocrpancrse npeobpazosanuii Jlamiaca
OPUMYT BT TIpU X1 = A :

o0

f(Bl](alv_Zgap)a; (:Bl’ §7p)+a;n(§7p)) eXp(—i$2§)d£:0, l:j: 1’ 27 37 (20)

—00

rje Blj ((91, 0s, p) — COOTBETCTBYIOMINI MOJIMHOMUAJIBHBIN MaTpuaHbil gudde-
peHILMAIbLHBIN OTIEPATOP, a;” — mpeobpazoBanre Oypbe rpaHUIHBIX DYHKIAM
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a;n = 7lr,lhb*(h7£7p)' (21)
Pemrerne ommopoaHoit crucTeMb (18) — 9TO BEKTOP-PYHKIHUS, KOTOPYIO MOXKHO
IpEeJCTABUTL B BHJIE

u* = w(k(§,p))) exp(k(§,p))r1),

rae k(§,p) — KOPHU XapaKTEPUCTUYECKOTO YDABHEHUSI.
ITocko/IbKY MBI HITIEM PeIIeHusi, OIUCHIBAIONINE BOJIHBI, OTPAXKEHHBIE TIJI0C-
KOl rpaHuiieil, 3aTyxalolme npu £ — —00, HEOOXOIUMO, ITOOBI

Imk(§,p)) <0, Rek(&,p)) > 0. (22)

DT0 — JOTIOTHUTEIbHBIE YCIOBHS H3/IYYeHUsT. XapaKTePUCTUIECKOe YPAaBHEHME
cucremsl(17) mveer Buj

[N+ 20) k2 — p€? — pp?] i (A + p) k€, —k
Det S i (A + p) k&, [— (N +2p) € 4 pk? — pp®] , —ing p = 0. (23)
—npk, —inpé, (k* — &2 — 2)

[Ipu dpurcupoBanHubx £, p OHO UMeeT 6 KOpHeii:

kj = k](gap)v kj+3 = _kjv ] = 17273'

MoKHO OKa3aTh,9TO B CUJLy Pas3e/]eHnsl KOPHEi Ha JBe IPYIIbI BCETIa MOK-
HO BBIOpATH TpU KOPHs ypaBHeHus (23), yI0BIETBOPSIONHE yCa0BUAM (22).

CiieroBaTe/IbHO, PENIEHNE, YIOBJIETBOPAIOIIEE YCAOBUSAM W31y 9€HUs], MOZK-
HO NIPEJICTABUTH B BH/IE

3
@t (w1,€,p) = > Ajw(k; (&, p)) exp(k; (&, p)z1), (24)
j=1
rne A;(§,p) — mpoussosbuble dyuknun, j = 1,2,3. KoMIOHeHTE BEKTOP-

dbyukmmn w(k;(€,p)) onpenensem, nomarast ws (kj) = 1. Torga amxst ompee-
JICHUA OCTaJIbHBIX ABYX MO2KHO B34ATh .)‘[IO6BI€ ABa YPaBHEHUA STOM CHUCTEeMBI,
[EPEHOCs CJIaraeMble ¢ TpeThell KOMIIOHEHTO! B MpaByio YacTh. Hampuwmep,

PO+ ) R [ O+ 20) €2+ k2 = pp?] { wi (k) }
—npk;, —inpé wa(k;)
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€
:{ - (K- -3 } w (ky) =1, j=1,2,3.
J

s oupenenenus: Tpex HemsBecTHbIX dynxnumii A;(&,p) mmeem Tpu rpaHmd-
HBIX yCToBust Ha cB0oDoHON noBepxuoctu (18)-(19). Moucrasnss B Hux (24),
MOJIy9MM JIMHEHHYI0 CHCTEMY TPeX yPaBHEHWi /st onpesenenst Aj:

3 3
> Ajehih N "By (kj, —i&, p)wn(k;) + af"(€,p) =0, 1 =1,2,3. (25)
j=1 n=1

Ee permenne ectb
Aj = AT(Ep)/AE, ). (26)

Baecs A(E, p) — oupepenurens MaTpulbl cucrembl (25):

3
{bji}sxs = {ekjhz Bin (kj, _ifvp)wl<kj)} ’
n=1

= 3x3

A;”(ﬁ ,P) — COOTBETCTBYIONIHE anrebpandecKue JOMOJTHEHNs COIJIACHO MPABUITY
Kpawmepa.

Takum obpa3oMm, Bce uCKOMbIe (DYHKIIUU [1J1si BHIYUC/IEHUS TPAHC(HOPMAHT
®ypoe-Jlamnaca rerazopa Hf (z1,22,p) Haiigensl. B pesyabrare mojaydum ero
OpUTHUHAJ:

oo 3
¥ (21, 22,p) = [ 32 Aj(& p)w(k;(€,p)) exp(kjar — i€wa)dE,

o (27)

Hf (x1,22,p) = f Hf (1,2, p) exp(pt)dp.
C—100

IMoacrasasas ero B (12), momyunm Tenzop I'puHa st MOCTABIEHHON KPAeBOit
zamaun. s onpeesieHns TEPMOHANPSIKEHNI CJIeIyeT UCIOb30BATh 3aKOH
Hoamens-Heitmvana.

[Ipu neficTBUM TPOUBBOJBHBIX MACCOBBIX CHJI U TEILJIOBBIX MCTOYHUKOB B
dopmyne (11), aus Berauciennit, aTo6bl HE GPATH CBEPTKU 110 TPEM II€PEMEH-
HBIM, y/I00Hee mepeiiTu B HuX B IPOCTPAHCTBO mpeobpasoBanuii Pypre-Jlamna-
ca. Ilpn aToM orepariust CBEPTKM 110 LEPEMEHHBIM T2,T IepeiijieT B pou3Be-
JieHre TpaHCcOPMAHT U OCTAHETCH TOJIBKO OJIHA CBEPTKA I10 MEPEMEHHOH T7.
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7. 3AKJIIOYEHUE

Ha ocnoBe mnpejiokeHHOM METOIWKH MOYXKHO CTPOUTH TeH30p ['pmua s
BCeX KJ/IACCUYECKUX YeThIPEX KPAEBBIX 33/1a4 JjId TEPMOYIPYTOil MOJTyIII0CKO-
CTH, KOIJIad HA T'PAHUIE 33/af0TCs JIBE U3 YeThIPEX XaPaKTEPUCTHUK IPOIEecca
(mepemernenisi, HANMPsIXKEHUsl, TEMIIEPATypa, TerI0BOi TOTOK ).

ITocTpoenHblit TEH30P MOXKHO WCIOJB30BATEH s PEIEHUs KPAEBBIX 3a-
Jad I MHOTOCBA3HON YIPYro# MOJIYIJIOCKOCTH C OTBEPCTUAMH ITPOU3BOJIb-
HOIT hOpPMBI HA OCHOBE MeTojla 0000IIeHHBIX (BDYHKIWIA, pazpaboTanHoro B [§],
[11] must perennsi KpaeBbIx 3a/ad TEPMOIIACTOANHAMUKN. DTOT KJIACC 32129
SIBJISIETCST MOJIE/ILHBIM JIJI UCCAE0BAHUS JUHAMUKY TTOA3EMHBIX COOPYKEHU
MEJIKOTO 3aJ0KEeHUST TTPH AUPPAKIAN CEHCMUIECKNX BOJIH U AefiCTBUU JNHAMU-
YeCKUX HATPY30K B CAMEX COOPYKEHUIX.
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Anexceesa JI.A., Anumosa B.H. EPKIH IITEKAPAJIBI TEPMOCEPIIIM-
JI 2KAPTBIJIA 2KA3BIKTBIK YIIIH I'PUH TEH30PHI

TepmocepmiMai XKapThlaail KeHICTIKTIH AUHAMUKACHI CTAIlMOHAD eMeC KY-
IITIK YKOHE YKBLIYJIBIK 9cepsep Ke3iugeri OaillaHbICKaH TepMOCEePIiMILITIK MO-
JIeJIiH maiijjaiaHa OTBIPHIT KAPACTBIPBLIAILI. YaKbIT Ooiibraima Jlammac Typ-
JIEHJIIPYJIepl KEHICTIriH/e Je3/IK MMOFbIPJIaHFaH KYIITIK KoHe KBLIYJIBIK KO3-
Jep ocepi Ke3iHJeri OpTaHbIH OPBIH aybICTBIPYBIH CUTATTAWTHIH ['pUH TeH30-
pbl TYPFBI3bLIFAH. EpPKiH 1ekapacekl 60ap Te€PMOCEPIiM/Il KAPThLIa KEeHICTiK
JIMHAMUKACHI €ceOiHiH JKaJIllblIaHFaH IIenriMi epikTi MaccajblK KYIITep MeH
JKBLIYJIBIK, KOIIEP/IiH dcepi Ke3ineri 2Ka3bIk, gedopmarus Kar aifblHia TYPFbI-
3BIJIFAH.

Alexeyeva L.A., Alipova B.N. GREEN’S TENSOR FOR THERMOELAS-
TIC HALF-PLANE WITH FREE BOUNDARY

Dynamics of a thermoelastic half-space is considered at non-stationary
power and thermal influences with wuse models of the connected
thermoelasticity. In space of Laplace transformations on time Green’s tensor
is constructed which describes medium displacements at an action of instant
concentrated power and thermal sources. The generalized solution of the
problem of the dynamics of a thermoelastic half-space with free boundary at
an action of arbitrary mass forces and thermal sources in the presence of plane
deformation is constructed.
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AHHOTaLMA: PaccmaTprnBaeTcs HeMOKanbHas 3a4ada C MHTErpanbHbIMUA YCAOBUSMU
a4ns 0gHOro Knacca FM6pMAHbIX CNCTEM. I/Iccnep,yema;l 3a4a4a CBeAEHA K 3KBUBAJNIEHT-
HOW 3apade, COCTOSILEN N3 CEMENCTBA KPaeBbiX 3af4a4 C UHTErpasibHbIMy YCAOBUSMU
ONs cucTeMbl AuddepeHLnanbHbiXx YpaBHEHUA B 4aCTHbIX MPOU3BOAHBIX MEPBOrO
nopsAaka N MHTErpanbHbIX COOTHOLLEHWNIA. VCTaHOBneHbI AOCTATOYHbIE YCNOBUA Cylle-
CTBOBAHUS €AWHCTBEHHOIO peLleHns CeMeliCTBa KpaeBblX 3a4ay C WHTerpasbHbIMU
YCNOBUSIMU AJ1st CUCTEMbl AU dEPEHUNANBHBIX YPABHEHNT B HaCTHbLIX MPOU3BOAHBIX
nepeoro nopsigka. I'Ipep,nox(eH AJIrOPUTM  HaxoXAeHUA I'IpI/I6J1I/I)KeHHOFO peweHns
9KBUBAJIEHTHON 334241 1 [LOKA3aHA €ro CXOAUMOCTb. [lony4yeHbl yCNOBUS OAHO3HAYHO
paspewnMoCTyi HEeJIOKAJIbHOW 3aAa4qn C WHTErpasibHbIMU YCAOBAAMMN ANsl rubpuaHOii
CNCTEMbI B TEPMUHAX NCXOAHbIX AAHHbIX.

Kntouesble cnoea: HenokanbHas 3agaqa, rubpuaHas cucTema, MHTErpanbHoe yCcio-
BUE, OAHO3HAYHAsA PA3pPELNMOCTb, aNropuTMm.

1. TIOCTAHOBKA 3AJAYU

PaccmarpuBaercs HesloKaabHAs 33/1a49a C HHTEIPAIBHBIM YCJIOBHEM IS TH-
OpuaHOl cucTeMbl B npamMoyroabHoit obmacru Q = [0, x [0, w]:

0 0

T Ayt 2)u+ Ci(t, )22 + Dyt ) + filt,z),

ot oz

0% = Ao(t )@—i—B(t )@+C(t Yu+ Dalt, z)v + folt, z) W
81583:_ 2(0, T 83} y L 3t 2\, T)u 2(0,T)v 2(l, ),
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Py (z)u(0, z) + S1(x)u(a, z) + ; 1 Ki(r,z)u(r,x)dr = ¢1(x), x€[0,w], (2)
By()o(0,2) + So(@o(ba) + | " Ko(r,2)o(r)dr = oo(z), @ € [0,0], (3)

v(t,0) = P(t), t € 10,7, (4)

rae u(t,x), v(t,z) — ueussecrubie byukunu, byuxkuun Aj(t,x), As(t,z),
B(t,x), Ci(t,x), Cat,x), Di(t,z), Da(t,z), fi1(t,x), f2(t,z) HenpepbiBHbI HA
Q, rpannunbie Gyukuun Py (z), S1(z), ¢1(x) venpepwiBubl Ha [0,w], Ki(t, )
nenpepeiBHa Ha 2, Po(x), So(x), po(z) menpepwisno muddepennupyemsr Ha
[0,w], K2(t,x) nenpepwisno auddepentnupyeva no x wa £, dynkmus ¢ (t)
nenpepeiBao muddepenmupyema ma [0,7], 0 < a,b < T, 0 < t1,t0 < T,
BBIIIOJIHSAETCS YCI0BME COIJIACOBAHMA JIAHHbIX 3a/1a41

to

P5(0)4(0) + 52(0)3(b) + ; Ka(7,0)(7)dr = 2(0).

Pemennem HeoKaIbHOMN 3a/1a9n ¢ HHTErpagbHbIM yeaosueM (1)—(4) Haszbl-
Baercs napa byukunii (u(t, ), v(t,x)), rae dyuxiys u(t, ) nenpepbisHa Ha (2,
u
MMEeEeT HENpepbIBHYI0 Npou3BoaHyi0 — Ha ), a dyukuus v(f, x) HenpepbiBHa

ot
ov v 0w

Ha (), uMeer HelpepbIBHbIE TPOU3BOJIHbIE —, ——, ———
’ Ox’ Ot’ Otdx

er cucreme auddepennuanbubx ypasaenuit (1) npu Beex (t, z) € €, KpaeBbiM
ycaoBusiv (2)—(4).

ua ) u yIoBIeTBOPS-

Teopusi cucreM COCTABHOTO THIA MM MMOPUHBIX CHCTEM SIBJISIETCS OJIHUM
n3 OyPHO PAa3BUBAOIINXCS PA3ETIOB COBPEMEHHON MATEMATHKN. DTO CBI3AHO C
MHOTPOYHC/ICHHBIMU IIPUMEHEHUSIMI THOPHUJIHBIX CHCTEM B 33/ja9aX aBTOMOOUIIe-
U ABHACTPOEHHsI, POOOTOTEXHNUKHN, ST€KTPOIHEPTeTHKH, SKOTIOTHH, (DUHAHCOBOIA
maremaruku u ap. [1]-[4]. Tubpuansle cucreMbl MOTyT codeTaTh HEIPEPHIBHBIE
U JUCKPETHBIE YPABHEHUS PA3INIHBIX THUIOB B COOTBETCTBHUU C ONUCHLIBAEMBI-
MU IPUKJIAJAHBIMY 3ajadamit. KpoMe Toro, auHeapusalis HeJIMHEHHbIX 33149
s auddepeHnnanbHEIX yPABHEHHH U CHCTEM YPaBHEHUl B JaCTHBIX IPO-
U3BOJIHBIX YaCTO HPUBOJUT K ALIPOKCUMUPYIONMM JIHHEHHBIM 3a/adaM st
ruOpH/IHBIX CHCTEM COOTBETCTBYIOIero suaa |5|-[6].

Tubpunnas cucrema (1), uccneayemast B nacrosuieii pabore, cocrout us
JBYX ypapHeHuil: anddepeHnnasbHOr0 ypaBHeH!sI B YaCTHBIX TPOU3BOHBIX
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[IEPBOI'0 TIOPs/Ka ¥ IUIEPOOIMYECKOT0 YPABHEHUS CO CMEIAHHOM [TPOU3BO/I-
HOIT Broporo nopsiika. Kpome Toro, kaxgoe ypaBaerne cucteMbl (1) BK/OUa-
eT UCKOMOe perienne (UM 9aCTHBbIE TPOU3BOJHBIE PEIEHNs) APYyTroro ypaBHe-
Hus, T.€. nuddepeHiuaibHble yPaBHEHN B3aNMOCBI3aHbl Y€pPE3 HEN3BECTHDHIE
dbynkuun u(t,z) u v(t, z). Jna quddepernnansHoro ypaBHeHUs 1EPBOro 1m0~
ps/IKa 33/1a€TCd yCJIOBUE, ABJISIOIIEeCS CyMMOii JUHEHHOW KOMOUHAIIUN 3HAYTe-
uuit uckomo#t dynkuuu Ha Jmaugx t = 0, ¢ = a u uarerpasa or 0 g0 t; or
MCKOMO# (DYHKIINM C HEKOTOPBIM saapom. JLjist TunepOoImaecKkoro ypaBHEHUsT
3a/IAI0TCS JIBA YCJAOBUS: TIEPBOE — CYMMa JIMHEHHON KOMOWHAIMY 3HAYUEHU 1C-
KOMOit pyHKINN Ha xXapakrepuctukax t = 0, ¢ = b u uarerpana or 0 10 t2 or
HUCKOMOI (DYHKITUU C HEKOTOPBIM SI]POM, BTOPOE — 3HAUYEHNe UCKOMON (DyHKITNN
Ha xapakrepuctuke = 0.

T'ubpuymere cucrembl Buja (1) BCTpedatoTCst P MCCITOBAHUN BOJTHOBBIX
[IPOIIECCOB B Pa3J/IMYHBIX CPEeJlaX, B TEOPUU IOIYJIIUil, B TeOpun ajcopoupy-
eMBIX CMeceii, B TeXHOJIOTUH OYUCTKU MeTajuioB u Ap. |7]. Uarepec Kk rubpu-
HBIM CHCTEMaM, COCTOSIIUM U3 yPABHEHUI PA3JIMYHBIX TUIIOB, CBA3aH KAK C UX
[PUKJIATHON BayKHOCTBIO, TAK U C HEKJIACCUYECKUM XapPaKTEPOM I10JTydaeMbIX
3a/1a4.

N3y4garoTcs BOTPOCH! CyIIECTBOBAHUS, € IMHCTBEHHOCTH U HEITPEPBIBHOM 3a-
BUCUMOCTH PeIIeHnsi OT UCXOIHBIX JAaHHBIX. PaccMarpuBaeMast 3ajada myTem
BBE/ICHUSI HOBBIX Hen3BeCTHbIX (yHKImit [8]-[16] cBe/eHa K SKBUBAIEHTHOI 3a-
Jlade, COIEpPKAIeil ceMeliCTBO KPAeBhbIX 33/[ad C WHTErPAJTHHBIMU YCIOBUSIMUI
It cucTeMbl nuddepeHInaabHbIX YPABHEHUI B 9aCTHBIX MTPOU3IBOIHBIX II€P-
BOT'O MOPsi/IKA U UHTErpajibHbIe COOTHOIIeH. OTAebHO UCCIEOBAHO CeMeli-
CTBO KPAEBBIX 33/1a9 C MHTErPAJbHBIMU YCAOBUAME Jjisi cucTembl auddepen-
[IMAbHBIX YPABHEHUN B YACTHBIX ITPOU3BOHBIX [TEPBOTO mopsika. IIpuBeiennb
YCJIOBUS OJJHOBHAYHOM Pa3penIMMOCTH yKa3aHHOW 3a/laun B T€PMHUHAX HCXO/I-
HBIX JaHHbIX. [Ipemyioxken ajropuTM HAXO0XKJEHUS MPUOIMKEHHOTO pPelleHus
TIOJTYI€HHON SKBUBAJIEHTHON 33/1a9N. YCTAHOBJIEHBI YCJIOBUS OCYIIECTBUMOCTHU
¥ CXOAWMOCTH TTOCTPOEHHOTO AJTOPUTMA B TEPMHUHAX TAHHBIX 3aadu. [lory-
YEHBI IOCTATOYHBIE YCIOBHUSI CYIIECTBOBAHUS W €UHCTBEHHOTO PEIIeHUST HEJIO-
KaJIbHOM 33/1a9M ¢ MHTErPAJLHBIMU yCJIOBUAMY JIsd TUOPUAHOH cucrembr (1)—
(4).

Bagaua (1)—(4) mpu Ci(t,z) = 0, a = b =T, t; = to = T paccmorpe-
Ha B [17]. IlpeioxKeHbl arOPUTMbI HAXOXKI€HNsI TPUOINKEHHBIX PEIleHuii u
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MOJIYyY€HBI JJOCTATOYHBIE YCAOBUS OJHO3HAMHON Pa3penmMOCTH PACCMAaTPUBAE-
MOl 33/1a4u B TepMUHAX KO3(hD(DUIINEHTOB 1 IPAaHUYHBIX (DyHKIMIA. PesyabraTs
nacrosieit crarbu upu Cq(t,z) = 0, t; = a, t2 = b anoncuposaus! B [18].

2. CBEJEHUE K SKBUBAJEHTHOI 3AJIAUE

[Ipomuddepentmpyem ycaosue (3) Mo MEPEMEHHON & ¢ yIETOM IPEII0JIO-
JKEHUIT OTHOCUTEJIbHO JJAHHBIX.

ov
W (t,x) = . Toryua HeJOKATIbHYIO

Bsenem nosble dynkmpn V (¢, x) = T

%7
sazady (1)—(4) moxkHO nEepenmcarTh B Buje

0
8%: = Ay(t,z)u+ Cy(t,2)V + Dy(t,z)v + fi(t, z)

ov - B
i As(t,x)V + B(t, )W + Co(t, x)u + Da(t, z)v + fa(t, x)

Py(2)u(0,z)+ S1(x)u(a, x) + ; 1 Ki(r,z)u(r,x)dr = p1(x), =z € [0,w], (6)

Py(2)V(0,x) + So(x)V (b, ) + 0t2 Ky(1,2)V (7, z)dT + Py(2)v(0, )+

+S5(x)v(b, x) + /0 ’ 8[(2({)(;’33)1)(7', r)dr = ph(x), x € [0,w], (7)

oo =+ [ Vel weo =i+ [ Pt ®

Buech ycnosue (4) orrocurenpHo 3HaveHus (yskuuu v(t, ) Ha JuHnn x = 0
YUTEHO B MHTErpajbHbIX cooTHOmenusx (8). 3agaua (5)—(8) cocrour us cu-
crembl i depeHnuagbHbIX ypaBHeHuil (5), 3aBUCAIINX OT IapaMerpa & C
HEJIOKA/IbHBIMU MHTerpasbHbiMu yejaoBusimu (6), (7), 1 MHTErpaIbHBIX COOT-
momenwit (8). 3amaun (1)-(4) u (5)-(8) SKxBUBATEHTHEI.

Pemennenm zanaun (5)—(8) asagercs yersepra dyukmmit (u(t,z),V (¢, x),
v(t,x), W(t,z)), rue uenpepbiBuble Ha Q dyukuun u(t,z), V(t,z), v(t, z),
W (t, x) ynoBaeTBopsioT cucreMe ypapHeHuit (5), HEJTOKATbHBIM HHTEIPATBHBIM

AV (t,z)

yenosusim (6), (7), a dyuxkuun V (¢, ) u g  CBAISAHBI MHTErPaJIbHBIMK CO-

orHomenvsivu (8) ¢ dyukuusivu v(t, x) u W (t,x) coorsercTBeHHO.
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DksuBasenTHOCTH 33124 (1)—(4) u (5)—(8) moHMMaETCsI B CJIeLYIOIIEM CMbIC-
ne. Ecim mapa dynkunii (u*(t,z),v*(t,z)) asaserca permennem zagaqu (1)-—
(4)4 TO YeTBEPKA be:IKU;I/Iﬁ (u*(t,z), V*(t,x), v*(t,x), W*(t,z)), rue V*(t,x) =
aa%, WH(t,z) = %, Oyaer pemennem 3agaun (5)—(8). I, maobopor, ecin uer-
sepka dynkimit (U(t, z), V(t,z), 0(t, z), W(t, x)), ABJISIETCS PElleHneM 3a/1aqn
(5)—(8), To mapa dbyukmmit (u(t,z),v(t,z)) Gymer pereHneM UCXOHOI 3a1adu
(1)—(4).

IIpu dukcuposanubix v(t, ), W(t, z) 3amaua (5)—(7) sBasercsa ceMeicTBOM
TPEXTOYECYHBIX KPAEBBIX 3a/Ja9 C UHTErPaJbHBIMU YCJIOBUAMU OJId CUCTEMbI
YyPABHEHUI B YACTHBIX MPOM3BOJIHBIX MEPBOTO TOPSAIKA OTHOCUTENBHO (DYHK-
mwit u(t, ), V(t,z), rue mepemenHast £ urpaet posib mapaMerpa ceMeiicTBa u
HENpepbIBHO m3MeHserca Ha orpeske [0,w]. IIpu Di(t,z) = 0, B(t,x) = 0,
Di(t,z) =0,a=b=T,t1 =ta =T, Pj(z) = Sh(z) =0, 0K, (7, x)
1a (5)—(7) nccaemosanacek B pabore |16] merogom mapamerpuzarmn [19]. Beiim
MOCTPOEHBI AJITOPUTMBI HAXOK/IEHWs PEIeHNs U YCTAHOBJIEHBI YCIOBUS OJHO-
BHAYHONW KOPPEKTHOI Pa3permmMoCTi B TEPMUHAX UCXOAHBIX JaHHBIX. JlaHHbIit
KJIACC 337144 sIBJIsieTCst GoJtee 00IIUM, UeM YKa3aHHOe CeMeiCTBO KPAeBbIX 3311
C MHTErpaJbHBIM YCJIOBUEM: PACCMATPUBAETCS TPEXTOUETHAsI KpaeBas 3a/1a9a
C JBYM$I WHTETPAJIbHBIME CJIAraeMBbIME OT UCKOMBIX (DYHKIUI C pa3JIudHBIMU
npejenaMu narerpuposaius. CeMeiicTBO TPeXTOYeYHbIX KPAEBbIX 3a/1a4 C UH-
TerpajibHbIMU yCJIOBUSIMU JIJIg CUCTEMbl YDABHEHUI B YACTHBIX IIPOM3BOJIHBIX
nepsoro nopsiaka (5)—(7) npu dbukcuposanuwvix v(t, z), W(t,x) Tpebyer cue-
[UAJTLHOTO U3y YEHUS.

= 0 3aa-

3. CEMEICTBO TPEXTOYEYHBLIX KPAEBBIX SAJJAY C HMHTEI'PAJIBHBIMU
VCJIOBUAMU JIJIA CUCTEMBI JIUOPPEPEHIIMAJIBHBIX YPABHEHUI B
YACTHBIX IMTPON3BOJHLBIX ITEPBOI'O ITOPAJKA

PaccmoTpum BemoMoraTesbHOE CEMECTBO TPEXTOUETHBIX KPAEBBIX 33189 €
WHTErPAJIbHBIMYU yYCAOBUAMU Jijid CUCTeMbI auddepeHinajbHbIX yPABHEHU B
YACTHBIX IIPOU3BOIHBIX IIEPBOIO ITOPATKA

%1; = Ai(t,x)u+ Ci(t,z)V + g1(t, x)

" , )
5 = Ag(t, SC)V + Cg(t, .T)U + gZ(t, $)
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t1
Pi(x)u(0,z) + Si(z)u(a, ) + Ky (7, z)u(r,x)dr = 91(z), = € [0,w], (10)
0
to
Py(z)V(0,2)+S2(x)V(b,x)+ | Ka(r,x)V(r,z)dr = 92(x), z € [0,w]. (11)
0
s pemenns 3amaan (9)-(11) npumennm meton mapamerpu3anuu [19]. O6o-
sHaunM depes Ai(z) suadenue byukumn u(t,z) na guaun t = 0, depes
Xo(z) — smauenue dyuxmuu V (¢, x) va guann ¢ = 0, re. A\i(z) = u(0,z),
A2(z) = V(0,z). B samaue (9)-(11) ocymecrsum sameny dbynkmmit u(t,z),
V(t,z):  wu(t,z) =u(t,x) + M(z), V(t,x) = V(t,z)+ Aa2(x) u nepexomum
K 9KBUBAJIEHTHOW 33j1a4e

90 — Ay (t,x)[@ + Mi(2)] + Cr(t, 2)[V + Aa(z)] + g1 (t, @) )
O — Ay(t. )V + Ao(@)] + Colt, )i + Ma(e)] + ga(t,z)
u(0,2) =0,  V(0,2) =0, z€l0,w], (13)

[Pl () + Si(x) + Ky (r, x)dr] A (z)+

0
+S1 (2)ii(a, ) + OlKl(T,x)a(T,x)dT:m(gg), relw],  (14)
to

[Pg(x) + Sa(x) + Ks(r, :E)dT] Ao (z)+

0
t2

+So(x)V (b, z) + ; Ko(r,2)V (1, 2)dr = ¥2(x), =€ [0,w]. (15)

Pemennem sajmaun (12)-(15) asngerca wersepka dymkumit (u(t,z),V (L, z),
A1(x), Aa(x)), re dyuxiun u(t, ), V (¢, z) nenpepoiBHbl Ha ), UMeEIOT Henpe-
PBIBHBIE TIPOU3BOHBIE 110 t Ha 2, hyukmu A\ (), A2(x) nenpepsisasl Ha [0, W],
yIIOBJIETBOpsiton cemeiicTBy muddepeHnnaabHbX ypaBHEHUN ¢ PyHKIMOHAIb-
HbpIME napamerpaMu (12), magampabiM yeaosuaM (13), yeaosuam (14), (15).
Bagaun (9)—(11) wu (12)—(15) skeuBanenrtabl. Eciau napa dyskuuii
(u(t,z),V(t,z)) — pemenne ceMeiicTBa TPEXTOYEUHBIX KPAEBBIX 3349 C UH-
TerpaibHbIMU yCJAOBUAMU it CucTeMbl b dEepPeHIMaIbHBIX yPABHEHUN B
YACTHBIX TPOM3BOAHBIX Teproro mopsiaka (9)—(11), To wersepka dynkumit
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(@(t,2), V(t,2), M(@), (@), e M(z) = u(0,2), Aolz) = V(0,2), 6y-
mer pemtennmem 3amaunm (12)—(15). U, maoGopor, ecmm derBepka byHKImit
(U(t, z), V(t, ), Ai(z), Xa(z)) — pemenue 3ajaun (12)-(15), To napa dynkuuii
(u(t,x),V(t,z)) = (u(t,x) + A\ (x),V(t,z) + A2(x)) Oymer pemeHneM HCXOJ-
HOT'O CeMeHCTBa TPEXTOYEYHBIX KPAEBbIX 33/1a4 ¢ MHTErPAJIbHBIMU yCAOBASIME
(9)-(11).

Bagaua (12), (13) upu dukcupoBanubix A1, A2 ABJISETCS CeMeHCTBOM 3a/1a4
Ko mis cucremsr muddeperimaabHbIX ypaBHEHMH TIEPBOTO MOpsiaka. Perrre-
Hue ceMeiicTBa 3a1ad Ko sKBUBAJIEHTHO CUCTEMe HHTErPAJbHBIX YPaBHEeHNi
BossTeppa BTOpOTro poma

it z) = /0 Ay (r, 2)ii(r, 2) + Cu(r, )V (7, 2)]dr+

+ /0 " Ay () (e / O (7 2)dr o (x) + /0 Cora)dn (16)
Ut z) = /0 [As(7, 2)V (7, ) + Co(r, 2)ii(r, 2)|dr+

/ Ao (1, z)dTA2(x / Co(r,x)dT A\ () + /Ot g2(T, z)dr. (17)

BeeneMm o6o3Hauenuda

Q(z) = P(z) + S (x) [I + /Oa A(T,x)d’l':| + So() [I + /Ob A(r, :c)dr] +

t1 t2

+ Ki(r,z) [I + A(m, a:)dﬁ] dr + Ko(,x) [I + A(m, a:)dﬁ] dr,
0 0 0 0
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a(z) = r%:mz}] [|A(t,2)|], Az) = (A1(x), \2(2))’, I — enurnanas marpuma pas-
telo,

MEPHOCTH 2.

Onpenemum u3 (16) snavenns dbynxknum u(t,x) npu t = a, t = 7, a u3s
(17) — 3mauenus QyHKIUN V(t,a:) mpu t = b, t = 7. lloncraBuB HaiineHHBIE
BBIDQJKEHUS B COOTBETCTBYIOIMUE yactu cooruomenuii (14), (15), ¢ yaerom o6o-
3HaAYCHUN MOTYyIUM

Q(z)\(x) = -U(z,u,V) — O(x), z € [0,w], (18)

rae
Ulz,u,V) = (sl(g;) /0 a[Al(T,x)a(T,x) + C\ (1, 2)V (7, )]dT+

t1

+ Ki(r,z) /T[Al(ﬁ,m)ﬁ(ﬁ,a:) + Cl(Tl,x)V(Tl,m)]dﬁdT,
0 0

b ~
So() /O (Ao (r, 2)V (7, 7) + Colr, 2)ii(r, 2)]dr+

to

+ i Ko(T, ) /0 T[Ag(n,x)x?(n,x)+Cz(n,x)a(n,x)]dndr>,

t1

O(x) = <Sl(m) /Oa g1(7, x)dr + Ki(1,z) /OT g1(m1, z)dmdr — 91,

0
1

b T
52(:1:)/ go(T,2)dT + Ky(r, x)/ g2(m1, x)drdr — ﬁg) )
0 0

Pemasi samknyryro cucremy ypasuennit (16)—(18), naxojum uersepky dyHk-
muit (u*(t,z), V*(t, ), \j(z), A3(x)) — pemenne 3amaqn (12)—(15). Sarem, uc-
1oJib3yst sKBUBasieHTHOCTH 3ajad (9)—(11) u (12)—(15) u oupeupesus uapy
dbynkumit (u*(t, x), V*(t,z)) paencramm

1)

0

U*(tv 3}) - (ﬂ*(t7 1’) + X{(‘T)7 V*(t7 1’) - ‘7*(u LL’) + )\;(.73)),

maxoguMm pertenne 3agaqdn (9)—(11). Cremyromiee yTBep:K/IeHHE TAaeT JOCTa-
TOYHbIC yC.HOBI/IH CymeCTBOBaHHH €JUMHCTBEHHOI'O pe]_HeHI/IH ceMelicTBa 3a/1a4

(9)-(11)
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TreOPEMA 1. Ilycrs (2 x 2)-marpuna Q(z) obparuma st Becex © € [0,w] u
BBIIIOJIHSIFOTCS YCJIOBUSL:

D) [Q(z)] Y| < y(x), rae v(z) — momoskurensnas, nenpepsBras Ha [0, w]
pynK1A;

2) aa) = 1@ {11 (e =1 alo)a) ¢
+H|Sa ()| (ew)b —1- a(x)b) i o (| (0 :g)||<ea<w>t1 1 a(x)t1)+

€[0,ty
+to II[IOaX] || Ka(t, z)|| (eo‘(x)tQ -1- a(fv)t2>} < x <1, ge x — const.
te(0,t2

TOPﬂa CeEMEHCTBO TPEXTOYE€YHBIX KPDAa€BbIX 3a/1a9 C HHTEr'PDAJIbHBIMUA YCJIOBUSAMN
(9)—(11) mmeer enmncTBeHHOE perenne — mapy ¢yakmnuii (u*(t, z), V*(t,x)),
JI/IsI KOTOPOIf CIIPABE/INBA, OLLEHKA

* * <
maX(trerf% (), s [V (to)]) <

< Lu(w) max(mas o1 (4 2)], mas o2t )], [92(2)] [o(@)]). (19)

e Ly (x) — nosoxurensbuas, HenpepeiBaast Ha [0, w| GyHKIHs, BEIYucIsieMast
gepes (z), a(z), q().

HoxazatennbcTBo Teopembl 1 MpOBOANTCA aHAJTOTUIHO TOKA3ATETLCTBY TEO-
pembl 2 u3 [16].

4. AITOPUTM HAXOYKJIEHUS PEIIEHUA 3ATAYN (5)—(8) U YCJIOBUSA ETO
CXOMMOCTHU. OCHOBHOI PE3VJIBTAT

Econ uzsecrunl dynkuuu v(t,x), W(t,x), us cemeiicrsa KpaeBbix 3aja4
¢ wHTerpaabHbIME ycaoBusaMu (5)—(7) MOXKHO ONpeJETNTh pelieHne — mapy
dbyukunii (u(t, z), V(t,z)). Eciu usBecTHO perenne ceMeicTBa KPaeBbIX 3a-
nad ¢ uaTerpasbabiMu yeaosusivu (5)—(7) — napa dyakunii (u(t, x), V (¢, z))
(a TaKIKe 8‘/(;;’3:)), TO W3 MHTErPajJbHBLIX COOTHOMmEHuit (8) MOXKHO ompese-
math Gyaxmun v(t,x), W(t,x). Tax KaKk HEM3BECTHBIMU ABIAIOTCA W (DYHK-
wun v(t, x), W(t,z) u dynkuun u(t, z), V (¢, x), upumensiercss nreparnoHHbIii
nporiecc. [ljist onpejesieHust MOCIEA0BATE/IbHBIX PUOINKEHNIT PelieHuii 3a-
naun (5)-(8) — wersepxu dynxnuii (u® (¢, z), VE (), v®) (¢, z), WE (¢, z))
NPEeIAraeTCsl CAEYIONHI aJIrOPUTM:
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Step-0. 1) Ncnonbsyem ycsosue (4) minm mHTerpasbHble cooTHOIeHus (8)
mpu x = 0. Cumras v(t,x) = (t), W(t,z) = (), u3 cemeiicrBa Kpa-
eBBIX 3a/[a4 C MHTErPajbHBIMEU YCJOBUSMHU Jjis CUCTEMbI udepennmaib-
HBIX YDAaBHEHWII B YACTHBIX POM3BOJHLIX TepBoro mopsaaka (5)—(7) maxo-
v wO (¢, x), VO(t,z), (t,2) € Q; 2) U3 unrerpanbubix coornomenuii (8)

(0)
mpu V(t,x) — V(O)(t,::r;), BV(%,:E) _ ov 8?, CC)

(t,z) € Q.

Step-1. 1) Cuuras v(t,z) = vO (¢, ), W(t,z) = WO(t,2), u3 cemeiicrsa
KPAEBBIX 33124 ¢ MHTErPAIbHBIME yCJIOBUSIMU JIIsd cucTeMbl uddepenipas-
HBIX YPABHEHMI B 9acTHEIX mpom3Boaubix (5)—(7) maxoxmm ul) (¢, 2), VI (¢, x),
(t,z) € Q. 2) U3 unrerpaibubix coorsomenuit (8) upu V(t,z) = VI (¢, z),
ov(t,z oV (t, x

ét’ ) = 875 : ), maxomum v (¢, x), W (¢, ), (t,2) € Q. U ©.1.

Step-k. 1) Cumras v(t, z) = v* =D (¢, z), W(t,x) = WE=D(t, 2), u3 cemeii-
CTBa KPAaeBBbIX 33/[a4 ¢ MHTErPaJbHBIM YCJIOBHEM JjIs CHCTeMBbI jauddepeHin-
anbubix ypasrennii (5)-(7) naxomum u® (t, ), V® (¢, x), (t,x) € Q. 2) U3 un-

oV (t, vk (¢,
TerpaabHEIX cooTHomenii (8) mpu V (¢, z) = V) (¢, z), ét 2) = 8t( 2)
maxomum vF) (¢, ), WR (¢, z), (t,2) € Q, k=1,2,....

Tenepnb BasKHOI TPOBIEMOI CTAHOBATCS BOIPOCHI OCYMIECTBUMOCTH U CXO-
JIMOCTH [OCTPOEHHOTO aJITOPUTMA HAXOXKICHHsI IPUOJINZKEHHOTO PEIIeHNUs 32~
naan (5)—(8).

IIycTb

naxomum v (t, z), WO (t, z),

0
Hew) = < —Py(2)o(0,2) = Sh(@)v(b,x) - [y H2EEDv(r, 2)dr ) |

Crexyromee yTBepK/IeHIE IAeT YCJIOBHS PEATN3yeMOCTH U CXOJUMOCTH
[PEJIOKEHHOIO AJrOPUTMa B TePMHUHAX JaHHbIX 3aja4n (5)—(8).
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TEOPEMA 2. Ilycrp (2 x 2)-marpuna Q(z) obparuma st Becex © € [0,w] u
BoIIOTHAIOTC yeaoBus 1)-2) Teopewmsr 1.

Torga nocaenosaresuocrs  gersepox  {u®) (t,x), V) (t,2), v®)(t,z),
WR)(t, 2)}, mocrpoennas mo BbIIIEIPHBEIEHHOMY AJITOPHTMY, CXOQHTCS K deT-
Bepke pynxumii {u*(t,x), V*(t,x), v*(t,x), W*(t,x)} — pemennro 3amaun (5)-
(8).

JOKABATEJIBCTBO. W3 HysieBoro mrara ajropurma [MOJyYuM CJIEyIOLy IO
TPEXTOYECYIHYIO KPAEBYIO 3a/a49y C MHTETPDAJIBHBIMU YCJIOBUAMM:

?;Z =Ai(t,z)u+ Ci(t,x)V + Di(t,x)0(t) + fi(t, x),
ov . (20)
i Ag(t,x)V + B(t,x)(t) + Ca(t, z)u + Dao(t,x)(t) + fo(t, x),

t1
Pl(x)u(O,x)—I—Sl(x)u(a,x)—l— Kl (7_’ l‘)U(T, $)d7‘ = ¥1 (l‘), T e [O,W], (21)
0
to
PQ(x)V(Oa :E) + SQ(m)V(ba :1:) + KQ(Ta $)V(7’, :E)dT = 90,2('1")_
0
2 9Ky (1,

- B()o0) - Sye) - [T pan, aelol. (22
ITpu Bbnosinenun yciaopuit 1)-2) Teopembr 1 3ajaua (20)—(22) umeer ejun-
crBennoe pemenue — napy dyuamuit (w0 (¢, z), VO (t, x)), ma koropoii cipa-

BEJIJIMBA OIIEHKA

max(max 1u©(t, z)|, max ]V(O)(t,x)|) <

t€[0,T) ’ t€[0,T)
< Li(a) max(FO (z), GO (), (23)
FO () = F D
pre FO(z) = mae |[F(t, )| max |D(t, )] max( max [o(0)], mae (1)),
0K (t,x
GO(w) = [0l + (1P5G)| + 83| + b2 mave [ #5520 ) maae (6]

Torma mjs Tpon3BOAHBIX (DYHKITHIA u© (t,x), y© )(t, Z) UMeeT MeCTO OTIEHKA

ouO(t, x) oV O (t, x)
e ) <

max

max| max
te[0,T)]

te[0,7]
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< (a(z)Li(z) + 1) max(F<0> (z), GO (g;)). (24)

Hynesbie upubaumkenus dbyuxkuuii v(t, z), W(t,x) oupepensiiorcss u3 unre-
TPaJIbHBIX COOTHOITEHWNA

’ . z 5y (0)
WOt = o0+ [ VOLode WO =i+ [ T

0 0 ot

1 yIOBJIETBOPAIOT HEPABEHCTBY

max(max [0 (t, )|, max ]W(O)(t,x)]> < max(max |1h(t)], max ]1/1(16)])—1—

t€[0,T te[0,T] t€[0,T t€[0,T
‘ VO (¢
Ot EASMIRSELYA R P/ 2
(e VO 9, | () ) g (25)

C yuerom ouenok (23), (24) usz nepasencrsa (25) nosydum

max [0 (¢, z)|, max |W(O)(t,x)|) < max(max | ()], max |1/)(t)|>—{—

max (te[o T] t€[0,7) te[0,T) t€[0,T)

+ / " max(L1(€), a(€)L1(€) + 1) max (FO©),6")de. (26)
0

Jlaee, mpomoKasi MO BBIMETPUBEEHHOMY aarOPUTMY, Ha k-OM I1are ycTaHo-
BUM CJIEJTYIOIINE OIEHKMU:

maX(tgfaX] w2, ma (VO o)) < L (@) max(F® (), 6N (),

) )

(27)
)8u(k) (t, ) ‘6V(k) (t, ) ‘
max| max |[—— ——|, max |—————| | <
te[0,T] ot te[0,T] ot
< (@) La(w) + 1) max(F® (@), W (@), (28)

re

F®) (z) = F(t D(t
(z) féﬁ?‘fﬁ” (,w)|!+t§3§]\ (t,x)[|x

(k—1) (k—1)
x maX<tg[13>T<] o 12, e (t.2)]),
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(k) _ / ! OKs(t,x) (k—1)
GO(@) = [|#()]|+ (|B3(a)| +[Sh(a)] + 12 mawe |20} ma (o=, 2)

(k) (k) < i
max ( mav (001, 2)|, mae [WO(12)]) < ma (mae Wo(2)], ma 16(0)]) +

+ / xmax(Ll(g),a(g)Ll(g)—i—l)max(F(k)(g),G(k)(§)>df, k=1,2,.... (29)
0

Torma gna pazuocTeii MOCAEA0BATENbHBIX Tpub/imKennit QyHKImit

Au®) (t,2) = u* D (¢, 2)—u®) (¢, 2), AVE (¢, 2) = VED (¢, 2) -V ) (¢, ),

AvB)(t,z) = o* (¢ z) — v (¢ x), AWE (t,2) = WD (¢, 2) —
W®(t,z), k=1,2, .., norydnm

(k) (k) <
maX(tgf% 3l t,2)|, e [AV (o)) <

< Ll(x)IQ (33) max (trer%g),;] |Av(k_1) (tv .%')|, tgfgi‘;} ‘AW(k_l) (ta J)) |> ’ (30)

‘ LU(’C)@’@ max)A

VR (¢, z) ) §
ot " te(0,7] -

ot

max| max
t€[0,T]

< (o) La(x) + 1) Lo() mase(mase. (Ao (1,2)], mase (AW (1,)).
(31)

() () <
max(tg% 20O (1, 2)], mas [AW (t,x)]) <

< / " La(©) max( max [Av*D(E,€)], max AW (L, )[)ag,  (32)
0

t€[0,7T] t€[0,77]
rae
~ 0K (t, x)
— / / i ASCATA
Lae) = max(mae (D), |P3(r) 4 [Sh(0)] + 2 max | =25 22 ),

L3(x) = max(Li(x),a(x)Li(z) + 1)La(x), k=1,2,....
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13 nepasencrsa (32) BBITEKAET PABHOMEPHAS CXOJAMMOCTH TOCJIE0BATETHHO-
creit {v®)(t,2)}, {(WW®(t,2)} npu k — oo coorBercTBEHHO K (YHKIHSIM
v*(t,x), W*(t,z) nns Beex (t,x) € Q. Orciona n u3 wepasencrs (30), (31) cie-
JIyeT paBHOMEpHAs CXOMIMOCTD mocaeosaresrocrei {ulk) (¢, 2)}, {V R (¢, 2)}

. { oub) (t, x) } { oV k) (¢, x) }
1 10C/IeI0BaTeIbHOCTeHl X MPOU3BOIHBIX , npu

ot ot
k — oo coorBerctBenno K dynkmuam u*(t,x), V*(t,2) n nx Opou3BOAHBIM
ou*(t,x) OV*(t,z)
o’ ot
Takum obpaszom, yersepka dbyukunit (u*(¢,x), V*(t,x), v* (¢, z), W*(t,z))
sBJisteTcs perrenneM 3aga4u (5)—(8). Exuncreennocts pentenus 3amasn (5)—(8)
JOKa3bIBAETCS METOIOM OT MpOoTHBHOTO. Teopema 2 mokazaHa.

Juist Beex (6, x) € Q.

U3 skeusasnenrroctr 3aga4 (1)—(4) n (5)—(8) BeiTekaer, uro napa QyHK-
it (u*(t, ) v*(t, z)) Gyzer pereHreM HeJOKATbHOM 381891 C HHTErPATbHBIME
ycaoBusimu it tubpuaoit cucremsl (1)—(4). Cupaseinsa

TEOPEMA 3. Ilyctp

i) pyaknun A (t,x), As(t, x), B(t,z), Ci(t,x), Ca(t,x), Di(t,z), Da(t,x),
fi(t,z), fa(t, z) menpeprisabl HA §);

ii) rparmansie pyuxuun Py (z), S1(x), ¢1(z) Henpepoisrbr ma [0, w],
Gbyuxnms K (t,x) nenpepoisra Ha Q;

iii) rpanmanbie Gynakaun Py(x), So(x), @a(x) HenpepsiBHO nuddepenin-
pyemsr Ha [0,w], pyurnus Ks(t,x) menpepsiBaO quchepentupyema mo x Ha
Q;

iv) pyraknms 1 (t) menpepeisro gugdepenmupyema ua [0, T| n Bermonnasiercs
YCJIOBHE COTTIACOBAHUS JTAHHBIX 3271491

to

Pa(0)(0) + Sa(0)p(b) + / Ko7, 0)(7)dr = 3(0);
0

v) (2x2)-marpuna Q(x) obparuma qis Bcex x € [0, w] H BBITOJIHIIOTCS YCIOBHS
1)-2) Teopewmsr 1.

Tora cymecrsyer napa ¢gpyaxumii (u*(t, x),v*(t,z)) — eauacTBEHRHOE pelITE-
HHUE HEJIOKAJIbHOH 3a/ia4u C HHTErpaJibHbIMA yCJOBUAMMA J1J14 FH6pHﬂHOﬁ cucre-

wmer (1)-(4).
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Acanosa A.T., Cabaraxosa A.II. TUBPUATI YKYNEJIEP/IH BIP KJIA-
Chl YIIIH UHTET'PAJIIBIK IHAPTTAPBI BAP BENJIOKAJI ECEII TV-
PAJIBI

T'ubpuari xkyitenepmin 6ip Kaachl VIMH UHTETPAJIIBIK, MIapTTaphl 6ap Oeii-
JIOKAJI €Cell KapaCThIPBLIAIbl. 3EPTTEIN OThIPFaH ecem Oipinti peTTi gepbec
TYBIHABLIBL quddepeHnnaiiablK TeHAey/Iep Kyiteci YImH WHTerPaIbIK Imap-
TTapbl O6ap IMEeTTIK ecenTep OYyJeTIHEH KoHE WHTErpPaJIbIK KATbIHACTAD/IAH
TYPaTHIH Tapa-nap ecenke Kearipijared. Bipiarmi perrti gepbec TybIHABLIBL Tud-
depeHIUAIIBIK TEHJIEYIED 2KYHeci VIIH NHTErpasIIblK MapTTapbl 6ap MeTTiK
ecenTep OyJIETiHIH »KAJFbI3 MIemiMiniH 6ap OO/IyBbIHBIH KETKIIIKTI mapTrapbl
taraiipragaarad. [lapa-nap ecentTiH KybIK IIeniMiH Taby aJropuTMi yChIHBI-
JIFQH YKOHE OHBIH KWHAKTBLIBIFB J9JIe/IeHreH. ['ubpuari xKyiie yirH uHTe-
rpa/IIbIK IIapTTapbl 6ap Oeitjiokas ecenTiH OipMoHJI ITeniiiMILIIHIH Tap-
TTaphl DACTANIKBI OepiTiMaep TepMUHIHIE aTbIHFAH.

Assanova, A.T., Sabalakhova A.P. ON NONLOCAL PROBLEM WITH
INTEGRAL CONDITIONS FOR ONE CLASS OF HYBRID SYSTEMS

The nonlocal problem with integral conditions for one class of hybrid
systems is considered. The problem is reduced to the equivalent one, consisting
of a family of boundary value problems with integral conditions for a system
of the first order partial differential equations and integral relations. Sufficient
conditions for the existence of a unique solution of the family of boundary
value problems with integral conditions for the system of the first order partial
differential equations are established. The algorithm for finding approximate
solutions of the equivalent problem is offered and its convergence is proved. The
conditions of a unique solvability of nonlocal problem with integral conditions
for the hybrid system are obtained in the terms of the initial data.
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1. BBEJAEHUE

Iycts, Kak 06bram0, Ly = Ly([0,1]%) (1 < ¢ < 00,2 < d € N) — npocTpan-
crBo u3mepumbix dynkiuit f : [0, 1]d — C, cymmupyembix B crenenu ¢ (mpu
¢ = 00 cymecTBenno orpanmdennbix) Ha [0, 1], co cramgapTHOH HOPMOIT

1/q
1715 =17 120 = ([ 5@ i) 0 <a<o0)

171 Loo || = 1 f | Loo([0, 1)) || = ess sup {| f(2)| : & € [0, 1] }.

[Iycts ® = {¢, |2 € J} — cuernoe cemeiictBo dynkuuii 8 Loo, OPTOHOD-
masibHoe B Lo, u nycrs {J(u) C J|u € N} rakoe, uro J(u) C J(u+1) n
#J(u) < oo qst Beex u € Ny UyendJ (u) = J.

Keywords: Fourier width, the Nikol’skii-Besov type space, the Lizorkin-Triebel type
space.
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Hns f € Ly mbr pacemorpum cymmy @ypoe o cucreme ¢ B Buje

Sg)(fvl') = Z <fa¢z>¢z($)a

1€J(n)

rne (f,g) = f[o 1) f(z)g(z)dz ( Z — aucyo, kommekcHo-conpsxkenHoe K z € C).
Mg muoxecrsa F € L, oboznaunm

E,(F, @, Ly) = sup{||f — S (f.) [ Ll | f € F}. (1)

OcHOBHOIT pe3ysibTaT HACTOAIIEH CTaTbu — (TOYHBIE O MOPSIKY) OICH-
Ky npubsivmKenus rurnepOOIUIeCKUME KPECTaMu IO CUCTEME w(d) KJ1aCCOB
tuna Hukombckoro-bBecosa u Jluzopkuuna-Tpubesis, 3a/aHHbIX 110 CHCTEME B
npoctpancTse Ly ([0, 1]3) 719 pas manbIx cOOTHONTEHMIT Me3K Ty TapaMeTpaMi
KJIACCOB M MPOCTPAHCTBRA.

Beemem mekoropeie obosmauenus. Ilycrs d € N, zg = {1,...,d}, Ny =
NuU {0}, Ry = (0, +00).

Iycts k € N: k < d. ®uxcupyem mysrammiexc d = (dy, ..., dy) € NFraxk,

uro dy + -+ + di = d, m npeacrasum ¢ = (x1,...,24) € R? B Buge z =
(z!,...,2%), roe 2 € R™, K € 7.
O6o3HaunM

! = r40) = {0,1}¢, £41) =84\ {(0,...,0)};
2(d,j) =24n[0,27 —1]¢, j € Np.

Hycrs (), Macmrabupyiomas BbyHKIMS, I COOTBETCTBYOMIHI BCILIECK-
byHKITST @b(l) AMEIOT KOMIAKTHBIA HOCUTEJIb!

supp ¥ Usupp ¢ € [0,2N — 1] for some N > 0;

Y@,y e C(R).

Jasee, d-kparHas BCILIECK-CUCTEMa, OIPEIE/IAETC KaK
P =y, (x) | t€rYa), 0 € E(d,q), a€Nf},
rae

k
“ K jdx ko, s
Voo (1) = [] v on (@), Wi (a") = 27279 (P2 — o");
k=1
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¢ @) = T v (@),

VEKK
3/1eCh
p (@) = B (sign(a1)) ® - - - © B (sign(ay)),

o(d,a) = o(d1, 1) x -+ X o(dg, ).

Ussecrno, uro cucrema (4 — opronopmansuas s Ly ([0, 1]4). Kpome Toro,
cucrema (9 gpngerca GesycnosHbIM GasmcoM Ly([0,1]) mpm 1 < ¢ < oo: B
cayuae k = 1; aror dakr gokasan B [4, ri. 8]. Cayuait k£ > 1 ciepyer orcioza,
rx. cucrema YD (o mepemenHoii ) ecTb TEH30pHOE MPOH3BEIEHIE CHCTEM
() (10 nepemennbiv %), K € 7.

Onpeemm omeparop AY (a € N&) cremytomuy obpasom: g f € Ly,
IyCTh

Ag(f7 .’II) = Z Z f&awaa(m)
€rd(a) o€E(d,a)

— IUaJaUYecKas MadKa, TIe
fiy = / f(@) sy () do.
[0,1]¢

Kpowme Toro, pius f € Ly oupenenum ee cymmbl Pypbe 1m0 runepboimaecKkum
kpecram 1o cucreme 4 (s dbukcuposannoro o = (o71,...,04) € R’i) o
dopmyte

SYo(f,x) =Y AL(f,z) (neN)

aoc<n

(3mech ao = o101+ . .. + agoy). B nambreiimem Oynem 0603HaAYATH BEJIUINHY
(1) ¢ S¥7 Bmecro S, kax EJ(F, Ly).

no

2. KJIACCBI OYVHKIINM

Mycrs 1 < p, 6 < 0o u nycts £y = £p(NE) — npocrpamcTso mocieosare -
HOCTeil KOMILTeKCHBIX uncen (cq) = (co | @ € NE) ¢ komeunoit mopmoit

/
o) 1ol = (32 Tenl?)” (1 <0< 00), e) [l = sup feal:

k
aEN’g a€eNg
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nyers o(Ly) = Lg(Ly([0,1]4)) (coorsercrsenno Ly(flg) = Ly,(]0,1]%; £y))— mpo-
cTpaHcTBO (BYHKIUOHATBHBIX HOCaenoBaTebHocTell (o (7)) = (ga(x) | €
NE) (z € [0,1]%) ¢ xoneunoii Hopmoit

1 (9a(@)) [ €o(Lp) [| = 1| (Il 9o [ Lp (1) [ o |

(COOTBETCTBEHHO

1(ga(2)) [ Lp(Lo) [| = Il (9a()) [ 4o | [ Lp | )-

Beesem dbyHKImona bHbIE TPOCTPAHCTBA (M KJIACCHI), KOTOPBIE OyIeM uc-
caen0BaTh B pabore.

ONPEAENEHUE 1. Ilyers s = (s1,...,s5) € RE, 1 <p,0 < co. Torga

i) mpocrpancrso tuma Hukosbckoro—Becosa 1/1353 = 1/1353([0, 114, cpsa-
samnoe ¢ cucremoii WY, cocronr m3 Beex pynxnumii f € L,, nm1a xoToprix
KOHEYHA HOPMa

d
I 19Byg | = [12°°AK(f,2)) | lo(Ly)l; (2)
ii) mpocrpancreo runa Jlnzopkuaa—Tpubess ¢ng = ¢L;)3([O, 119, cps-
sannoe ¢ cucremoii Y\, cocrour uz Beex Gbyuxnuii f € Ly, pus koTopbix
KOHEYHA HODPMA,

IF1wLpgll = [(2°°AL(f,2)) | Lp( £o)ll- (3)

d — d d d — d d
Emumnmansie maper By = ¢BrG([0,1]9) n YLy = ¢LI5([0,1]%) srnx
mpocTpaHcTB OyJeM Ha3blBaTh Kjaccamu Hukosbckoro-BecoBa u JIu3opkuHa-
Tpubesis, CBA3aHHBIMU C CHCTEMOH ¢(d) COOTBETCTBEHHO.

3. OCHOBHOI PE3YJIBTAT

[ycrs d = 3, zqg = {1,2,3}. Ilycts k = 2. Pukcupyem myabTunHgekc d =
(dy,ds) € N? makoit, aro dy = 1,ds = 2, u npescrasum & = (1,29, 23) € R B
suze © = (o, 2?)

IMonoxum p, = min{p, 2} 6Ge3 norepu obmEOCTH, MBI OyjeM cunTaTh t] =

S1 52
Tty =2
d T dy ,

nononnt s’ = (s}, 54) ¢ sl = thd (5 € 22) m 0 = L.

. Paccmorpum Bextop t' = (8], 1)) rakoit, uto t1 =) <th <ty m
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Huxe mb1 OysieM uCmoin30BaTh CUMBOJIBI <K U X, 9TOOBI 1OKA3aTh OT-
HOIIIEHUsI MeXK/ly TopsiikaMu Beiwdws: Aiag dyskmuit @ Ry — Ry u
H : Ry — Ry numem F(u) < H(u) npm u — 00, ecjiu CyIIecTBYeT I0-
crogunag C = C(F,H) > 0 rtakag, uro nepasenctso F(u) < C'H(u) nmeer
mecto s u > ug > 0, n F(u) < H(u), ecom F(u) < H(u) n H(u) < F(u)
OJTHOBPEMEHHO.

Hng uucna a € R nonoxkum ar = max{a,0}; nuxke, log — norapucdm no
OCHOBAHWUIO 2.

TEOPEMA 1. Ilyctp 2 <p<oomsE Ri,r €N? s <r. Toraa

E;(¥B5S,, Ly ) < 2751

p ooy
(4134, Ly ) = 277

BAMEYAHUE 1. Dra Teopema — anasor teopemsr 4.1 u3 [1] u anasor Teopemsr 1
u3 [3] st knaccos Hukosibckoro—Becosa u Jluzopkuna—Tpubeist, cBs3aHHBIX
¢ cucremoii (9

4. IIPEABAPUTEJ/IBHBIE CBEEHUA

B sTom pasgene mpusemem m3BecTHBIE PAKTHI, BAXKHBIE ST JATBHEATIINX
TOCTPOEHNU.

CuauaJsta cdopmynmpyem Teopemy tuna JIurrasyna-I1su, cBs3aHHYIO C CH-
cremoit (9| u ee crencreue.

TEOPEMA 2. ITycte 1 < p < oo. Torpa cymecrsyer nocrosianas C = C(d, p) >
0 rakas, 91O

CH IS ILp I < (AR, 2)) [ Lp(0, 1] % &) | < CILF I Ly |,

/
AL < (S Kt vol?) L0 10% [ < Ol 7Ly

a1 Beex yHKmuii f € Ly.

ockonsky cucrema (4 — Gesycosubii Gasuc L, Teopemy 2 M02KHO Jier-
KO JIOKa3aTh PACCYKJIEHUSMHU, B KOTOPBIX HMCIOJIB3YETCs KJIaCCHIeCKOe Hepa-
BercrBo Xunuuna st dbyukuuit Pajgemaxepa (cm., naupumep, [4, wi. 8|, rae
paccMoTpen ciaydaii k = 1).
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ChaeactBUE 1. Ilycre 1 < p < o0, pr = min(p,2). Torna mrs Gynkiumii
fekL,
1f 1Ly | < Clo,m,p) [ (AG(f,2)) | £y, (Lp([0, 1)) ]I

Hwuxke, mpu moxasaTenbCTBe BEPXHUX OIeHOK w3 Teopembl 1 m omeHKn

pPa3MepoB COOTBETCTBYIOLIUX MOAIPOCTPAHCTE, Mbl Oy/IeM CUCTEMATHYECKN UC-
II0JIL30BATh CoIeaytomLyio jseMmy u3 |1] (g mokasarenscrsa cM. [2]).

JIEMMA 1. ITycrs B,7 € Ri rakme, 4To B, = Y, AAA V € 7y, U By, > 7Yy I
V € 7y \ Zw, u mycts L > 0. Torya cripaBeq/uBbr CAEIYIONIHE COOTHOIEHUS:

I%V(u)z Z gLab — g-Lluyw-l mpu  u— +oo;  (4)
aENg:a7>u
I7P (u) = Z olav  — gluye=l o u — 4. (5)
aENg:a,Bgu

5. JIOKABATEJIbCTBO BEPXHUX OIIEHOK B TEOPEME 1

B. HaureMm ¢ BepXHUX OIEHOK JJIs1 KJIACCOB wB;gO.
a) Ilycrs 2 < p < oo. Ilo Caencreuro 1 qna f(x) € @szgo uMeeM

Lf=SEoP Lol =11 > AL L2l <

as'>ns

< Y0 ARNILy | < AL assns: | p. (Lp) || = S1(w).

as’'>ns;

Hamnee (4) u (2) maror
S1(u) = || (272 AL(S) ) as'>nsy | . (Lp) || <

S R [C TSRS

as’>ns;
<27 flyByS || <27

Takum o6pa3om, BEPXHAST OIEHKA JTOKA3AHA.
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b) Iycrs p = o0o. B arom cayuae p, = 2. Tk. || - | L2 < - | Loo ||, MBr
uMeeM djIeMeHTapHOe BJIOXKeHHe ngodoo - wBSSO 7 HEpaBEHCTBO

EJ(T,Z)BSd

(oo} R

Ly) < B (¢B3S,. La).
ITosTomy m3 TOrO, 9TO GBIIO TOKA3AHO B &), CJAELYET UTO
(¢BOOOO7 L2) << 2_n81’

T.€. TpeOyeMbIe OIEHKU CBEPXY JIOKA3AHBI.

Takum 06pa3oM, BCe BEpXHUE OIEHKH TeOPeMbI Jjisd KaaccoB BJ Oo ycTa-
HOBJIEHBI.

L. Tlepeiigem K mMOIy9IEHUIO OTEHOK CBEPXY JJIsT KJIACCOB @Z)Li%

s f € L34, mo Teopeme 2 maxoamm

1fF=SeeNILall=1 Y AL =

as'>nsy

= [[(27*2%° AL () ) as>nsy | L2 (€2) || = Sz (u).

[Tpumensig nepasencrso Vencena i psitoB u yaurbias (3), noaydum (as >
as’ > nsi)

So(u) < [ (27*2%AL(f))asr>ns: | L2(f2) || <
< 27| (2% AL s | Talla) | < 27| f [ 9IS <277
Takum 00pa3oM, BepXHUE OIEHKU TeopeMbl Jjs KjaaccoB YL§o
YCTAHOBJIEHBI.

TaK>Ke

6. JIOKA3BATEJILCTBO HUYKHUX OIIEHOK B TEOPEME 1

Jlist moygdenus HuzkHUX O1eHOK B Teopeme 1 Ham moHam00UTCH OHATHE I10-
nepeunnka Pypoe. Hanomuanm, aro N- nonepeanukom Pypbe (uam, 4T0 TO Ke
caMoe, OPTOIOIEPeTHNKOM) MHOXKecTBa F C L, HA3BIBAETCs BeIHIHHA

N(F,Lg) = inf supl/f— Z f293)95 | Lq ll,

{9]}3 1 fEF

rje HI/I)KHHH rpanb Gepercst 1mo Bcem OpTOHOpMasbHbIM (B L9) cucremam
{g] ', C Lo
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[Monepeunuk @ypoe 6b11 BBegen B.H. Temssikosbim [5] B 1982 r. Ormernw,
9TO OOIMPHAs IUTEPATypa ObljIa MOCBSIIEHA TOYHBIM 110 TIOPSIIKY OIEHKAM 0~
nepearnkoB Oypbe PasJMIHBIX KJIACCOB TJIAAKUX (PYHKIUN OJHON M HECKOJIb-
KIX TEPEMEHHBIX; 3/1eCh MpuBeeM ToJbKo Mouorpaduu (6], |7] u crarsu |2],
[8], rae Takrke MOXKHO HaiiTu 110APOOHYIO MCTOPUIO BOIPOCA U BCECTOPOHHUE
CCBLJIKH.

Ha ocuosanuu (5) (¢ L = 1) pasmepnocts ¥(7y,u) nuneiinoit 060109k
mnoxectsa {P, |t € BY(a), o € Z(d,a), a € Nk : ac < n} ecrs 1o nopsiaky
2", CnemoBaresibho, Beibupas N > ¢(0,n), Mbl MOJyIUM HEPABEHCTBO

E';L(FvLQ) > QON(F’LQ)' (6)
B ycmoBugax Teopembl 1 MBI nmeem
PN (B, La) = N™°t,

on(WL3S, Ly) =< N7°1,

Dra Teopema sIBJISIETCs IOJHBIM aHAJIOIOM TeopeMbl u3 [3] juist Kiaccos Tu-
na Hukosibckoro-Becosa u JIuzopkuna-Tpubesis, CBA3aHHBIX C CUCTEMOIT (),

Dtu onenku ¢ N > (v, u) takum, uro N < 1)(0,n) B codeTaHun ¢ Hepa-
BeHCTBOM (6) JIErKO JIAIOT HUKHWE OLEHKHU JJIst EfL(wa,go, L) w ES (135S, Lo)
B Teopewme 1.
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Crarest mocrynuia B pegakiuio 31.03.2017

Banrsimbaesa I11.A., Hlaiivepaenos B. @YHKIUSAIAPIbly KENBIP
KJIACTAPHIH ECEJII JOBEIIN TOJIKBIHIITAJIAPHI YKYIECI BOI-
BIHITTA ®YPBE I'MITEPBOJIBIK KOCBIHIBIJTAPBIMEH K YBIKTAY

Maxkasama Lo xenictirinmeri Hukonbcknit-Becors xone JInzoprun-Tpubers
TeKTec Kjaactap/a ecesi Jlobemin ToKbIHITIAIAPEL 2KYiieci 6oiibiaima Pypbe ru-
11e€pOOJIBIK KOCHIH/IBLIAPBIMEH 2KYBIKTAYIbIH, PET OOUbIHINA 191 Oarajayiapbl
OipkaTap Kjacrap rnmapaMerp/epiHiH, MoHAepl YIIiH aJIbIHFaH.

Balgimbayeva  Sh.A., Shaimerdenov B. HYPERBOLIC CROSS
APPROXIMATION OF SOME MULTIVARIATE FUNCTION CLASSES
W.R.T. DAUBECHIES WAVELET SYSTEM

In this paper we obtain estimates, sharp in the order of hyperbolic
cross approximation w.r.t. multiple Daubechies wavelet system of classes of
Nikol’skii-Besov and Lizorkin-Triebel type in the space Ls for a number of
values of parameters of these classes.
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Annotation: An algorithm for additive partitioning of natural numbers is considered.
The approach is based on a generating function discussed in detail in 1994-1997 by
Voinov and Nikulin. The approach is used for the enumeration of nonnegative integer
solutions of a corresponding linear Diophantine equation. A new R-algorithm for
solving the partitioning problems is presented.
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1. INTRODUCTION

Two approaches for additive partitioning of unipartite integers are known.
The classical one is based on Hindenburg’s method that uses the lexicographical
algorithm. This approach was realized in R by Hankin (see [1]). Another
approach is based on a generating function discussed in details in papers [2]
and [3]. The same idea can also be used for the enumeration of multipartite
partitions (see paper [4]).

Additive unipartite partitions of positive integers possess very many
applications. Some of them are briefly discussed below. Partitions, e.g.,
permit to compute probabilities of many discrete distributions. For example
distributions introduced in papers [5]-[9]. Based on the algorithm introduced
in [2] the authors of paper [10] gave an example of obtaining a closed
form expression for a particular discrete probability distribution. A useful
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simplification of the algorithm for partitions constructing suggested in [2] was
presented in [10].

In Section 2 we provide some formulas that realize ideas of Voinov and
Nikulin introduced in [2], [3], [10], [11].

Some R implementations are given in Section 3. The R-script of the software
developed is presented in Appendix.

2. BACKGROUND

The problem of additive partitioning of integers is equivalent to the problem
of finding all nonnegative solutions of a linear equation s;+2s2+3s3+...+1ls; =
n, I < n. The approach suggested in [2], [3], [10], [11] permits to enumerate
all those solutions. For a reader convenience we reproduce some results from
those publications. The partitions of n on at most M < n parts less than or
equal [ are presented as {0M—s1—=st 151 252 [51) where 51 = n — 259 —
coo—1s;, s1+ 82+ -+ 5 < M, and indices sg, s3, ..., s; are defined by the
summation procedure

RIS
2: 2: ... 2: ) (1)

51=0 s;_1=0 so=0
An alternate way of summation procedure is

] ] [ B
DD SRED DR D D

li=n—M lo=(2l1—n)4 l3=(2l2—11)+ 1=l —2—1;_3)+

where a4 = max{0,a} and partitions being

M—n-+l —2l1+1 11 —2lo+1 li_o—2l;_1 7l;_
{0 n+171n 1+2721 2+37‘._’(Z_1)l2 ll,lll}.

The above notation means that in every particular partition there will be
M —n+1; zeros, n — 211 + l2 ones, etc. The second way (2) is faster than the
first one because it does not need checking the condition s; + -+ s < M
(see [10]). Evidently that the number of partitions equals to the above multiple
sum of ones.
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The number of partitions of n on exactly M parts equals to [3]

n—M-—1 (li—1)+ (l—1)+ (ln—m—2—1)+

2 > > > L)

hi=(n—2M)y lo=2l1—n+M)1 l3=(2l2~l1)+  ln—m—1=(2lpn—n—2—ln—n-3)+
The corresponding partitions are defined as

{12M—n+ll ’ 2n—M—2l1+l2, 3l1—2l2+l3, e (n_M)ln7N172_2ln71\/171’ (n_M_Fl)lan\/Ifl}.

3. ExaMPLES IN R

1) All 22 partitions of n = 8 can be get using our R-script as follows:

> get.partitions(8,8,at.most=TRUE)
p-1 p.2 p.3p.4p.5p.6p.7p.8p.9p.10 p.11 p.12 p.13 p.14

al 8 7 6 5 4 6 5 4 4 3 5 4 3 3
a2 0 1 2 3 4 1 2 3 2 3 1 2 3 2
a3 0 0 0 0 0 1 1 1 2 2 1 1 1 2
ad 0 0 0 0 0 0 0 0 0 0 1 1 1 1
ab 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a6 o0 0 0 0 0O 0 O 0 0 0 0 0 0 0
a7 o0 0 0 0 0O 0 O 0 0 0 0 0 0 0
a8 o0 0 0 0 0O 0 O 0 0 0 0 0 0 0
p-15 p.16 p.17 p.18 p.19 p.20 p.21 p.22

al 2 4 3 2 3 2 2 1

a2 2 1 2 2 1 2 1 1

a3 2 1 1 2 1 1 1 1

ad 2 1 1 1 1 1 1 1

ab 0 1 1 1 1 1 1 1

a6 0 0 0 0 1 1 1 1

a7 0 0 0 0 0 0 1 1

a8 0 0 0 0 0 0 0 1

Each output column comprises a partition of n = 8. The twenty first

column, e.g., gives 24+ 14+ 14+ 1+ 1+ 1+ 1 = &, which is in accordance
with formula (1), 2- sy +1-s1 =8, where s = 1, s; = 6 and the rest of s; are
Z€ros.

2) All partitions of n = 8 on at most 6 parts can be obtained as follows:
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> get.partitions(8,6,at.most=TRUE)
p.1 p.2 p.3 p.4 p.5p.6 p.7 p.8 p.9 p.10 p.11 p.12 p.13 p.14

al 8 7 6 5 4 6 5 4 4 3 5 4 3 3
a2 0 1 2 3 4 1 2 3 2 3 1 2 3 2
a3 0 O O 0o o0 1 1 1 2 2 1 1 1 2
a4 0 O O O o0 o0 OO 0 o 0 1 1 1 1
a5 0 0 O O o0 o o 0 O 0 0 0 0 0
a6 0 0 O O o o o o0 o 0 0 0 0 0
p-15 p.16 p.17 p.18 p.19 p.20

al 2 4 3 2 3 2

a2 2 1 2 2 1 2

a3 2 1 1 2 1 1

ad 2 1 1 1 1 1

ab 0 1 1 1 1 1

a6 0 0 0 0 1 1

3) All partitions of n = 8 on exactly 6 parts are obtained as follows:

> get.partitions(8,6,at.most=FALSE)

p-1p.2

al 3 2
a2 1 2
a3 1 1
a4 1 1
ab 1 1
a6 1 1

4. APPENDIX

Below is the R-script of our software.

HHEHHH R R H AR R R R R R AR EE ## partitioning. ..
HURHHHHHH RS RS R R R S

get.partitions <- function(n, M, at.most=TRUE){ ## function to
enumerate additive partitions of integer ’n’ on at most or exactly
M’ parts, M <= n ## ’n’ is a positive integer ## ’M’ is a
positive integer, M <= n ## ’at.most’ is logical with TRUE
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standing for partitioning of

n into at most M parts and FALSE for exactly M parts

if (length(n) >1 || length(M) >1) {stop("’n’ and ’M’ have to be
positive integers")}

if ('isTRUE(n == floor(n)) || 'isTRUE(n > 0)) {stop("’n’ has to be
a positive integer")} if (!'isTRUE(M == floor(M)) || !isTRUE(M >
0)) {stop("’M’ has

to be a positive integer")}

if (M > n) {stop("’M’ has

to be less or equal to ’n’")}

if (!'is.logical(at.most)) {stop("’at.most’ must be TRUE

or FALSE")}

fnl <- function(l,n,M){ ## getting partitions for ’at most’
case...
## ’1’ is a (n-1)-vector res <- numeric(0) s <- rep(NA,n+1) ##
initialize repetitions (’powers’ of
the partition)
s[1] <- M-n+1[1] s[2] <- n-2*%1[1] +1[2] ind <- ¢(3:(n-1)) s[ind]
<- 1[ind-2]-2%1[ind-1]+1[ind] s[n] <- 1[n-2]-2*1[n-1] s[n+1] <-
1[n-1] for (i in 1:(n+1)) if (s[i]'!'=0) res <- c(res,
rep(i-1,s[i])) res }

## function to work through the loops (for ’at most’ case)...
recursive.fnl <- function(w,1l,lu,n,M){ S <- rep(0,0)
if(length(lu)) { for( i in seq(11[1],lul1]) ) { if (length(lu)
==(n-1)){ 11[2] <- max(0,2*i-n) 1ul[2] <- floor((n-2)*i/(n-1)) }
else if (length(lu) >2) { nw <- length(w) 11[2] <-

max (0,2*i-wlnw]) 1lul[2] <- floor((n-nw-2)*i/(n-nw-1)) } else if
(length(lu) == 2) { nw <- length(w) 11[2] <- max(0,2*i-w[nw])
1ul2] <- floor(i/2) } S <- c(S, Recall(c(w,i), 11[-1],1ul-1],n,M))
} } else return(fni(w,n,M)) S }

e ettt fn2 <- function(l,n,M){ ## getting partitions for
’exactly’
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case. ..
## ’1° is a (n-M-1)-vector res <- numeric(0) s <- rep(NA,n-M+1) ##
initialize repetitions (’powers’ of the

partition)

s[1] <- 2*M-n+1[1] s[2] <- n-M-2%1[1] +1[2] ind <- c(3:(n-M-1))
s[ind] <- 1[ind-2]-2*1[ind-1]+1[ind] s[n-M] <- 1[n-M-2]-2#1[n-M-1]
s[n-M+1] <- 1[n-M-1] for (i in 1:(n-M+1)) if (s[i]!=0) res <-
c(res, rep(i,sl[i])) res }

## function to work through the loops (for ’exactly’ case)...
recursive.fn2 <- function(w,11l,lu,n,M){ S <- rep(0,0)

if (length(lu)) { for( i in seq(11[1],1ul1]) ) { if (length(lw)
==(n-M-1)){ 11[2] <- max(0,2*i-n+M) 1u[2] <- max(0,i-1) } else if
(length(lu) >1) { 11[2] <- max(0,2*i-w[length(w)]) 1lul2] <-
max(0,i-1) } S <- ¢(S, Recall(c(w,i), 11[-1],1u[-1],n,M)) } } else
return(fn2(w,n,M)) S }

out <-numeric(0) if (at.most){ ## getting partitions of n into AT
MOST M parts... L <- n lu <- c(floor((L-1)*n/L),rep(NA,L-2)) 11 <-
c(n-M,rep(NA,L-2)) out <- recursive.fnl(numeric(0), 11,lu,n,M) }
else { ## getting partitions of n into EXACTLY M parts... 11 <-
c(max (0,n-2*M) ,rep(NA,n-M-2)) lu <- c(n-M-1,rep(NA,n-M-2)) if
(length(11)==1){ 11 <- c(11:1u) out <- numeric(0) for (i in 11)
out <- c(out, c(rep(1l,2*M-n+i),rep(2,n-M-2%i),rep(3,1))) } else
out <- recursive.fn2(numeric(0), 11,1lu,n,M) } if (length(out)==0)
{print("no solutions")} else { dim(out) <- c(M,length(out)/M)
rownames (out) <- paste("a", c(1:M), sep="") colnames(out) <-
paste(c("p."), seq(l:dim(out) [2]), sep="")

out [c(nrow(out) :1) ,c(ncol(out) :1)] } } ## end get.partitions
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Bowunos B.I'., ITa H.E. R-ITPOI'PAMMHOE OBECITEYEHUWE 1JIAd AI-
JUTUBHBIX PABBUEHUIT ITOJIO2KUTE/IBHBIX HEJIBIX YNCE/I

PaccmarpuBaeTca aaropuTM IS aJIATHUBHBIX pa3OMeHMil HATYPAJIbHBIX
ancest. [logxom ocHOBaH Ha TPOM3BOMAsIIEH QPYHKITHN, KOTOPBIA MOIPOOHO 00-
cyxxpanaca BounosbiMm m Hukyamuabsiv B 1994-1997 rr. DTOT MOAXOI MCIOb-
ByeTcs /i TIePEYUNC/IeHNs HeOTPUIATEIbHBIX EJI0IUCACHHBIX PEIeHnit COOT-
BercTBytomiero JluodpanroBoro ypasuenus. s penenus mpobiem paszbuenuit
npejcTaBseH HOBBI R-airopurw.

Bouros B.T., s H.E. OH BYTIH CAHJAPIBI AUTUTIBTI BOJIIK-
TEVJIEPTE APHAJIFAH R-ITPOIPAMMAJIBIK KAMCBHI3TAH/IBIPY

Harypas cangapmapr aaautuBTi OeJiKTeyiepre apHajraH ajrOpuT™M Kapac-
TeIpbIIaael. Tocin Bownor men Hwmkymma 1994-1997 x.ok. erkeif-Terskeitsi
TaJKbLIAFAH TYBIHIATYIIBI (DYHKIIUSAFA Herizgenren. bya Tocin coiikec [wo-
danT TeHmeyinin Tepic emec OyTIHCAHIBI IMIEINTIMIEPIH CaHAMAJIAY VIMH Taii-
JaJaHbLIa bl BesikTeymep Mace ecin Imemnty yinin KaHa R-aaroputm yehIabI-
JIFAH.
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Annotation: We study a spectral problem for an operator of parabolic-hyperbolic type
of the first kind with non-classical boundary conditions. The problem is considered
in a standard domain. The parabolic part of the space is a rectangle. And the
hyperbolic part of the space coincides with a characteristic triangle. We consider the
problem with the local boundary condition in the domain of parabolicity and with the
boundary condition with displacement in the domain of hyperbolicity. We prove the
strong solvability of the considered problem. The main aim of the paper is to research
spectral properties of the problem. The existence of eigenvalues of the problem is proved.

Keywords: Spectral problem, equation of parabolic-hyperbolic type, boundary condition
with shift.

1. INTRODUCTION

The theory of equations of the mixed type is one of the central sections
of the modern theory of partial differential equations. This fact is connected
with appearance of many applied problems such that their mathematical
modeling leads to studying various types of equations in the considered domain
of changing of independent variables. Researching equations of a parabolic-
hyperbolic type has gained a rapid development quite recently. These problems

Keywords: Spectral problem, equation of parabolic-hyperbolic type, boundary
condition with shift.
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are of particular interest due to their application to various problems of
mechanics and physics.

Numerous papers of the authors from near and far abroad are devoted to
issues of the theory of boundary value problems for equations of the mixed
type. Sufficiently full review of obtained results is contained in books of
A.V. Bitsadze, L. Bers, M.M. Smirnov, M.S. Salakhitdinov, T.D. Dzhuraev,
T.Sh. Kal’'menov. Essential contribution to the development of the theory of
boundary value problems for parabolic-hyperbolic equations has been done by
M.S. Salakhitdinov, T.D. Dzhuraev, A.M. Nakhushev, A.S. Berdyshev, M.A.
Sadybekov. Issues of generalized solvability in the class Ly on the basis of
solution representation in the form of bilinear series are considered in papers
of N.Yu. Kapustin [1], [2].

In [3], [4] by V.A. I’yin’s anti-a priori estimates it is shown that anti-a priori
estimates without a positive exponent in the right-hand side of the inequality
are necessary and sufficient conditions for the unconditional basis property in
Ly under an arbitrary choice of associated functions. And it is used in the proof
of the well-posedness of boundary value problems [5]. In [6] the class of the
well-posedness of the Dirichlet problem was constructed for one-dimensional
wave equation.

In [7], [8], [9] a three-dimensional boundary value problem for equations of
Keldysh type involving lower order terms was studied. In [10], [11], [12] some
three-dimensional boundary value problems for mixed type equations of the
first and second kind were studied.

Unlike the theory of solvability, spectral issues of problems for equations
of the mixed type are less studied. The papers of T.Sh. Kal’'menov [13], [14],
E.I. Moiseev [15], S.M. Ponomarev [16] have made a significant contribution
to this direction. The main bibliography on these issues is given in the
monograph of E.I. Moiseev [17]. The existence and location of eigenvalues of
problems for equations of the mixed elliptic-hyperbolic type, the construction
and completeness of eigenfunctions of the problem are researched in these
papers.

Spectral issues for equations of the parabolic-hyperbolic type are
comparatively less researched. The basic bibliography on these issues is given
in recently published monograph of A.S. Berdyshev [18].

MATEMATUYECKUI KYPHAJ. — 2017, — T. 17, Ne 1



Spectral boundary value problem ... 79

2. FORMULATION OF THE PROBLEM

Let Q € R? be a finite domain bounded for y > 0 by the segments AAy,
A()B(), B()B, A= (0,0), Ay = (0, 1), By = (1, 1), B = (1,0), and for y <0 by
the characteristics AC' : z+y =0and BC: x —y =1 of an equation of the
mixed parabolic-hyperbolic type

Uy — Uyy,y >0
Lu = = f(z,y). (1)
Ugpg — Uyy, Y < 0

By Wi (Q) = HY(Q) we denote the Sobolev space with the scalar product
(-, ), and the norm |-|;, W& (Q) = La(Q); & = QO {y >0}, Q =
QN {y <o}

In ©Q we consider the following non-local boundary value problem being
the generalization of an analogue of the Tricomi problem for the parabolic-
hyperbolic equation (1).

PROBLEM S. Find a solution to Eq. (1) satisfying boundary conditions

u|AAOUA()BO = O’ (2)
au b (1)) = Bu (0 (1), 0=, )
where 0y (t) = (4, —1), 61 (t) = (51, 51).

Note that for 8 = 0 the problem S coincides with the Tricomi problem,
and for @« = 0 coincides with the Tricomi problem with data on opposite
characteristics.

The strong solvability of particular cases of the problem for o = 0 and for
$ = 0 has been researched in paper of M.A. Sadybekov, G.D. Toizhanova [19].
It is shown that for 8 = 0 the problem is Volterra, and for & = 0 the problem
has an eigenvalue. But the case of arbitrary o and § has remained unstudied

until now. The present paper is devoted to studying the problem namely in
this case.

3. ON STRONG SOLVABILITY OF THE PROBLEM

Studying the problem in the operatorial form is closely related to the usage
of generalized solutions of the problem. Let us give the definition.
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DEFINITION 1. The function uw € Lo(2) we will call a strong solution
of the problem if there exists a sequence of the functions {u,},
u, € W=0C(Q)n C;jg @)n C? (Qq) satisfying the boundary conditions
such that the sequences u,, and Lu, reduce in Lo () to the functions u and
f, respectively.

THEOREM 1. The solution of the problem S is unique if and only if o +
B # 0. Under this condition, for any function f € L, () there exists a unique
strong solution u (x,y) of the problem S. This solution belongs to the class
H' (Q)N Hal;g (Q,) N C (Q), satisfies the inequality

[ully < ¢l fllo, (4)
is represented in the form
u(z,y) = /QK(wjy;fvhyﬁf(fv17y1)dw1dy1, (5)
where K € Ly (2 x Q).

PROOF. By virtue of the unique solvability of the first boundary value problem
for a heat equation and of the Cauchy problem for a wave equation, any solution
of Eq. (1) is represented in the form

Jo dx fol (z —z1,9,y1) f (w1,91) dy1 +

+f0 yl $17y70)7- (xl) dajl) Yy > 07
u(z,y) = (6)

f{ d§1 fn f1 51,771)d771+
+3 [T () + f€ s)ds, y <0,
ou

where T(EU) =u(z,0),7(0)=0,{ =z+y,n=2—y v(x)= 87/(3?70)7
fin) = f <77 £2> ,and G (x — z1,y,y1) is Green’s function of the

first initial- boundary value problem for a heat equation in a square AAgByB
that can be represented in the form [20]:

(y— u1+2n) _(.1/-&-.111-!—271)2
G ) = 5 — Z[ N
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0
By calculating e in (6) and by converging y to zero, inside §2; we have

relations between 7 (z) and v (x), obtained from the parabolic part:

y(x):/Oxk(x—t)T’(t)dt—HI)o(x), (8)

where

k(z) = m Z exp{—f},

T 1
D () _/ dml/ Go (z — @1,51) f (z1,91) dy,
0 0

_ (y1+2n)?

GO(xayl)EGy<x7y170) 2\/7.%3/2 Z Z/1+2n 4z

Analogously we find an integral-differential relation between 7 (z) and v ()
carried from the hyperbolic part 22 onto the segment AB. This relation has
the form:

a—p,

V(:E):a—i-ﬂT Oc—i-ﬁ

1
/f1 € ) dé - 2fﬂ/ fi(@m)dn,  (9)

where 0 < z < 1.

Note that if & + 8 = 0, then in derivation of relation (9) we immediately
get non-uniqueness of the problem solution. This procedure is standard and
we will not stop on it. Further everywhere we consider that o + 8 # 0.

The case @ — f = 0 is the most simple. In this case from (9) the value
v (x) for all 0 < z < 1 is found at once. Then the solution of the problem S is
constructed in the explicit form and in the parabolic and hyperbolic parts of
the domain. That is also a standard procedure and we will not stop on it in
details.

Let aw — B # 0. Then by eliminating the function v (z) from relations (8)
and (9), for 7' (z) we get an integral Volterra equation of the second kind:

a—p3
a+p

T(a:)—/Oxk(m—t)T’(t)dt:go(a:), 0<z<1, (10)
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where

(e

w(x)=2a+ﬂ

x 1
/Ofl(fhiﬂ)d&Jr?af_ﬁ/x f1 (@, m) dim—

T 1

—/ dxl/ Go (z — z1,31) f (21, 91) dy1.
0 0
a—p

Dividing Eq. (10) on Pt we have
T'(ac)—/IK(x—t)T’(t)dt—CI)(x), 0<z<l, (11)
0
where K (z —t) = (ng) k(x—t), ®(z)= (ng) o ().

Thus, the problem S is equivalently reduced to the integral Volterra
equation of the second kind (11). Since o« — 8 # 0, and the kernel & (z) can be
represented in the form

k(z) = +k (),

3l
8

where k(z) € C*[0,1], then k(z —t) is a kernel with weak peculiarity.
Therefore there exists the unique strong solution to Eq. (11) and has the form

7"(37)—<I>(x)+/0xF(m—t)<I>(t)dt, (12)

where I' (x) is a resolvent of Eq. (11):

I(2) =Y K (@), Ki(2) = k(2),
j=1

Kj+1($>:/OzKl(l?—t)Kj(t)dt, j € N.

From (12), taking into account 7 (0) = 0, after simple transformations, we
get

T(x):/oxrl (z— ) ® (¢) dt, (13)

MATEMATUYECKUI KYPHAJ. — 2017, — T. 17, Ne 1



Spectral boundary value problem ... 83

where .
I (z) = 1+/ [ (t)dt.
0

Substituting the value ® () into (13), after evident transformations, we
come to the form

T(x)=—

2(5)6) /0“ dé, /11 Ty (z— &) f1 (E,m) dm+

(a—

+(a2_045)/0xd§1 /Ixrl (x —m) f1(§&1,m) dm—

x 1
_(Z_tg)/o de'l/O Gl (x_xl’yl)f(xlvyl)dyl, (14)

where

1 (2,1) :/OxGo (t,y)Ts (z — 1) dt.

Substituting (3) into (8) and into (6), we obtain formula (5), where the
detailed form of the kernel K (z,y;x1,y1) can be written in the explicit form.
We will not show this form here due to its bulkiness.

We show only that K (z,y;z1,y1) € La (€ x ). From the analysis of the
kernel representation it is easy to see that all the summands of the formula
are limited except the first summand: Gao(x — 1, ¥, y1), in which the summand
G (x — x1,y,y1) is not limited. Therefore it is enough to show that

0(y)0(y1)0(z—21)G (v —z1,9,91) € L2 (2 x Q).

From the representation (7) of the Green’s function G (x — z1,y,y1) it follows
that it is enough to estimate the summand for n = 0:

0(y)0(y1) 0 (z —z1) [e (y=vp)? (y+y1>2} |

B (IL‘ — l‘l,y,yl) = A(z—z1) — ¢ 4(z—x1)
27 (z — 1)

Note that 0 < B(x —z1,y,y1) < %exp {—(y_y1)2 } Using this

= 2¢y/m(z—x1 4(z—z1)

fact, we calculate

1 1 x 1
IBI, (e = /0 da /0 dy /0 day /0 1B (z — 21,30 Pdyr =
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1 1 1 T 9
_/ dy/ dyl/ dl’/ ‘B(wlayvyl)‘ dry <
0 0 0 0
1 1 1 9
g/ dy/ dyl/ |B(z,y,y1)|"dz <
0 0 0
1 1 1 Ly (g2
S/ dy/ dy1/ Semw dr =
47 0 0 o
1 ! Ve 1 (w2
41 0 o T Jo

y—u

NG
1 [t Vde [z
/ dy/ x/2f€_y§2\/5dy2=
4 0 0 x él\;rl

1 /1 LVde [
— dy/ — e Y2dys < 00.
21 Jo 0 VT )

Consequently, K (z,y;x1,y1) € L2 (2 x Q).
By direct calculation it is easy to check the validity of the estimate:

Substituting = 1o, further we have

| ($)HL2(0,1) < c [[fllo-

Therefore from (12) we have

I @l on <cle@l <elfly.

L»(0,1)

Hence and from the solution properties of the first initial-boundary value
problem for the heat equation it follows that the solution of the problem S
belongs to the class W = H' (Q) N H%; (Q,) N C (2) and satisfies inequality
(4).

Show that the obtained solution will be strong. Since C§ (ﬁ) is dense in
Ly (€2), then for any function f € L, (§2) there exists a sequence of the functions
fn €} (Q) such that [|f, — f|| = 0, n — co. We denote u, = L7t fn.

For f, € Cf () it is easy to see that ®, (z) € C1 [0, 1]. Therefore Eq. (11)
can be considered as an integral Volterra equation of the second kind in the
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space C1[0,1]. Consequently, 7/ (x) = ug (z,0) € C1[0,1]. From the solution
properties of the first initial-boundary value problem for the heat equation
and for the Darboux problem for the wave equation, taking into account the
representation (6), we obtain that u, € W for all f, € Cj (Q).

By virtue of inequality (4), we have |u, —ul; < ¢|fn—fllp = O.
Consequently, {u,} is the sequence corresponding to the definition of the strong
solution, the problem S is strongly solvable for any right-hand part f, and the
strong solution belongs to the class H' (Q) N Hyy (Q2,) N C (Q). The theorem
is proved.

4. ON SPECTRUM OF THE PROBLEM

From Theorem 1 it follows that the operator L of the problem S is
invertible, and the inverse operator L™! is a Gilbert-Schmidt operator. Then
a spectrum of the problem can consist of only eigenvalues of the operator L~1.
Naturally there arises a question on existence of the eigenvalues of the operator
L', consequently, and of the problem S.

THEOREM 2. Let L be an operator of the problem S and (a — 3)3 # 0. Then
there exists an eigenvalue of the problem S, that is, there exists A € C such
that the equation Lu = Au has a nontrivial solution.

PrROOF. We present here only a brief scheme of the proof. By L we denote
a closure of the differential operator in Ly (2) given on W by Eq.(1). From
Theorem 2 it follows that the operator L is invertible and L ~! is the Gilbert-
Schmidt operator defined by formula (5). Then the operator L=2 = (L_1)2 is
a nuclear (kernel) operator in Lg (2). Therefore we can use the result of V.B.
Lidskii [21] on coincidences of matrix and spectral traces for the operator L2

LEMMA 1. If an operator T is nuclear in the Gilbert space H, then, whatever
the orthonormal basis ¢; (i = 1,2,...) in H, the equality holds

SpT=> (Tower) = (D), (15)
k=1 k=1

where Ay are eigenvalues of the operator T
It is also well-known that if 7" is nuclear operator in the space Lo ()
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represented as a product T'= KR of two Gilbert-Schmidt operators:

(K1) / K (2, 20)f (1) det, (RS (2) = /Q R(z 21)f (21) dan,

then the Gaal’s formula of calculations of traces [22]
Sp T :/ [/ K(z,zl)R(zl,z)dzl} dz (16)
o LJo

holds.
From (15) and (16) we obtain that

Sp L% = // d:cdy/ K (z,y;21,91) K (21,915 2,y) de1dy;.
Q Q

Therefore, using the explicit form of the kernel K (z,y; x1,y1), we can show
that Sp L=2 # 0. Not stopping on detailed calculations, we indicate only
that the proof of difference of the integral fog Go (t,y)dt from zero is more

significant. We have
+2 + 2n)?

¢
/OGO(t’y)dt NG Z/ B2 it

= [i [ ]
_ dt_ e dt| =
VT +;:L
-2 EOO " E Pt =
N y+2n B 2n~ y+2e B
n=0" 27
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Hence we get that fog Go (t,y) dt > 0. And besides, the equality is achieved
only on y = 1, that is, f(f Go (t,y)dt #0.

The difference of the other summands from zero can be simpler shown and
we do not stop on it. Thus, we have Sp L=2 # 0. Then, by virtue of (15), we

have - -
DAL =D N (LY #£0,
k=1 k=1

where A (L*2) are eigenvalues of the operator L2,
o0

1
It means that Z)\—kz # 0, where )\, are eigenvalues of problem (1)-
k=1
(3). This implies the existence of the eigenvalues of the considered non-local
boundary value problem. The theorem is proved.

COROLLARY 1. Let (o — B)B # 0. Then there exists an infinite number of
eigenvalues of the problem S.

Proof follows from Theorem 3 and from the result of T.Sh. Kalmenov [23].
In that paper he has proved that there is no differential operators with a finite
number (except zero) of eigenvalues.
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Hunmatex I'., Ternraesa A.A. [TAPABOJIA-TUITEPBOJIAJIBIK TUIITI
TEHAEYI YIIIH CIIEKTPAJI/IBI HIEKAPAJIBIK ECEII

By )kyMbIcTa KIACCUKAJIBIK eMec IIeTTiK mapTTapsl 6ap I TexTi napabosia-
rurepOOJIaJIBIK TUIITI OIEPATOP VIIMH CHEKTPAJIIBI eCell KapacThIPhLIAb. Ecer
cranaapTThl 001bicTa Hepiirer. O6/1bICTHIH Tapabostaabik 66/1iri — TopTOYpHII,
aJ1 TuepO0.IAIbIK, 00JIBICTHIH, 061Nl CHITaTTay bl YITOYPHIIIIEH CONKEC Kesie/.
l'unepbostasiany OO6/BICHIH/A AyBICIAJbI MIETTIK IIAPTTApbl 0ap KoHE Mmapa-
OoJtasiany OOJIBICHIH/IA JIOKAJIIBI IMIETTIK IIapTTapbl 0ap eCcernke 3epTTey Kyp-
rizizires. ATajraH eCenTiH MIEIMILIN KoHe MEHIIKTI MoHIepiHiH 6ap 0OIybI
mogesigenred. 2K yMBICTBIH, HEMIBTM MAKCATHI CIIEKTPAJIIBI €CENITIH KACHETTEPIH
zeprTey 60T TaObLIAIHI.

Hunmabex I'., Ternraesa A.A. CIIEKTPAJIbHAS KPAEBAS{ 3AJIAYA
JJIgd YPABHEHUA ITAPABOJINMYECKO-TUIIEPBOJIMYECKOI'O TU-
ITA

B sT0i1 pabore MBI paccMarpumBaeM CIEKTPATLHYIO 33ady JJIs OIepaTo-
pa mapabosio-runepboInIeckoro Tuma, I poga ¢ HEKJIACCHIECKIMU KPAEBBIMUI
yCJIOBUSIMHU. 3aJiava IpejcTaBjiena B cTanaapTHoil obyactu. [lapabonnyueckas
4acTh 001aCTU SBJIAETCS MPAMOYTOJIbHUKOM, a rurepbosimdeckas 9acThb 00J1a-
CTH COBMAAET C XapPaKTEPUCTHIECKUM TPEYTOJBHUKOM. [IpOBesIeHo mccaemno-
BaHMe 33/1a9M C JOKAJILHBIM KPAEBBIM YCIOBHEM B 0DJACTU MapabOINIHOCTH U
C KPaeBBIM yCJOBUEM CO CMelleHneM B objactu runepboamyanoctu. Jlokazama
CHJIbHAS Pa3peIInMOCTh YKa3aHHOil 3amadn. OCHOBHON 1eabio paboThl SIBJISA-
eTCsl UCCTIeJOBaHNE CIEKTPATBHBIX CBOWCTB 3aja4u. /JoKa3aHo CylecTBOBaHIE
CcOOCTBEHHBIX 3HAUEHMI 3a1a1M.
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K =diag||ky,... . k| , K =K" >0, (3)

Taking into account that €(t) is an integral manifold of the system (2), and
assuming that Erugin function F(t,z,w) = —Aw,—A € R**% is Hurwitz
matrix we have

ow

o&:wafHBg,{:gb(a),GZPwaﬁé,Hzaf, (4)
X
©(0)=0 A 0<olp(o) <ol Ko;
K = diag | k1,..., k|, K=K >0, (5)

The program €2 (¢) is exactly realized only if the initial values of the state
vector satisfy the condition w(t,x) = 0. However, this condition cannot always
be exactly satisfied. Therefore, in the construction of systems of program motion
the requirement of the stability of the program manifold € (¢) with respect to
the vector function w should also be taken into account.

1. STATEMENT OF THE PROBLEM

To get the condition of instability of the program manifold Q(t) of the
indirect control systems with respect to the given vector-function w.

To the construction of the systems of equations on the given program
manifold, possessing properties of stability and optimality and to the obtaining
estimations of indexes’ quality of transient in the neighborhood of a program
manifold and to the solving of various inverse problems of the dynamics, a
great number of works are devoted, for example [1]-[12]. The detailed reviews
of these works are shown in [5], [6], [10], [11].

The system (4) has only a position of equilibrium if and only if

A HB

det _pT B H#O

DEFINITION 1. A program manifold €)(t) is called instable on the whole in
relation to vector-function w, if in phase space there is an unlimited open
domain = |, including a neighborhood of the given program manifold and
possessing that property, that all solutions in relation to a vector-function
w beginning in this domain, unlimited at t — oo.
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DEFINITION 2. A program manifold €(t) is called absolutely instable in relation
to a vector-function w, if it is instable on the whole at all functions (o)
satisfying to the conditions (5).

The frequency conditions of instability are received in [12], [13] for nonlinear
control systems with respect to zero position of equilibrium. In this work the
conditions of instability of the indirect control systems are investigated in the
neighborhood of a program manifold.

The following theorem is valid.

THEOREM 1 [12]. If for the system (3) a positive function V (t,w) admitting
a positive upper limit in the domain = derivative which is

Vit,w)>y>0 YVweZEAtel,

is found then the program manifold €)(t) is instable as a whole in relation to
the vector-function w.

THEOREM 2. Suppose that there exist matrices
L=L" >0, 8=diag(Bi,...,5) >0

and non-linear function (o) satisfies the conditions (5).
Then, for the absolute instability of the program manifold € (t) in relation
to the vector function w it is sufficient performing of the following conditions

A(lwl® + [1l1%) < V< Xa(llwl® + 11€11), (6)

gl + 11E1”) <V < ga(llwll* + 11€11%), (7)
where A1, Ao, g1, g2 are positive constants.

PROOF. We construct a Lyapunov function for the system (4):

g

Vi, &) =" Low + 207 Lag + €7 Lot + [ 7Bdo >0, (8)
0
where
Lo L .
L:H L’% Ll ‘>07 ﬁ:dlag”/Blu"'MBTH>0'
1 2
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Derivative on time ¢ of this function in view of the system (4) has the
following form

V= wTGow + 2wTG1§ + ngf-i-
+20" Gap(0) + 267 Gap(0) + ¢ pip > 0. (9)

Here

Go=-ATLy— LoA; Gy =-LyB- A"L,; ¢=—-BL,— LyB”;

1 _
Gy =1Ly — 5ATPﬁ; Gs =Ly — BTPB; p=—PBR;

Go Gi Gy
G=|GT g Gs| >0
Gy G p

Based on the properties (5) and a structure of feedback o, the following
estimates are valid:

[

k
0< [WTdr < B0l 0.< P < ol
0
pullel? + El” < o < ol + el (10)

where k1 = min{k;}, f1 = {Bi} (¢ = 1,2,...,7); k; are eigenvalues of
matrix K, p1, p2 and v, v are determined as following:

C WwIT'PPTy wl'PPTw
=min ————; =max ————;
P w0 wlw p2 wt0  wlw
1% min €TRRT§ 1% ma; fTRRTf
o 3 = X
A= g0 €7

Due to the positive definiteness of the V' (7), V' (8), taking into account
estimates (7), we have the relations

M(llwl® +11E117) < V < Na(llwll? + [1€]1%), (11)
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(@l + €17 <V < ga(llwll® + 1€1%). (12)
Here Bk Bk
Alzmin{ll—k%m; I+ 1211/1},

k k
A2 = max {ls + %P% lo + %W}’

g1 = mingo{l+k—1p1; 14 kin},

g2 = maxgs{l+k—1pa; 1+ ki},
where [1,12, go,gs are the lowest and the highest values of eigenvalues of
matrices L and G respectively.

Let ||z]|? = ||w||? + ||€]|?. Then, taking into account the relations (11) and
(12), we receive the following estimates

Voexpai(t —tp) <V < Vyexpaa(t — tp), (13)
Ay Woexpay (t —to) < [|2]|> < A\ Voexp aa(t — to), (14)
where
o0
Vo = szzo + /(pTﬁdU; z0 = z(to); oo = o(tp);
0
a1 = @' a9 = ﬂ
1 A 2 N

According (11) we have
l2@®)1I* = AAZ | (to) || exp 2a(t — to)

2@ = Nl[z(to) || exp et — o) t = to, (15)

where N = \/)\1)\271 a=ay/2.

Therefore, from estimates (11) and (12) it follows that conditions of
Theorem 1 are hold, then the program manifold €2(¢) is instable as a whole
in relation to the vector function w. Thus, when the nonlinearity ¢(o) satisfies
the conditions (5) and in view of the inequality (15) the program manifold €(?)
is absolutely instable in relation to the vector functions w and &.
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Kymaros C.C. TYPA EMEC BACKAPY KYWEJIEPIHIH BAF-
JJAPJIAMAJIBIK KOIIBENHE MAHAWUBIHIATBHL OPHBIKCBHI3/IBIF b
JKAVIBIHIIA

Typa emec 6ackapy KyiiesepiHin OPHBIKCBHI3IBIFBI KAFAANBl OargapIaMa-
JIBIK KOmbeiiHe MaHAMbBIHIa 3epTTeaai. bepiaren BeKTop-(hyHKIMAra KATHICTHI
Oarmap/aMalIbiK KemOeiHeHIH OPHBIKCHI3ABIFBIHBIH JKeTKITIKTI mapTraps! JIs-
MyHOB (DYHKITUSACHIH TYPFBI3Y KOMETriMeH aJIbIHIbI.

Kymaros C.C. O HEYCTONMYMBOCTU CUCTEM HEIIPSIMOT'O VII-
PABJIEHUA B OKPECTHOCTU ITPOT'PAMMHOTI'O MHOT'OOBPA3UA

UccnenoBans! ycaoBUs HEYCTONTINBOCTU CUCTEM HEMPSIMOTO YIPABJIEHUST B
OKPECTHOCTH MPOIPAMMHOI0 MHOro0obpasusi. Jlocrarodnbie ycaoBusi HEYCTOM-
YUBOCTHU MPOTPAMMHOTO MHOT000Pa3nst OTHOCUTEIHHO 33 JaHHOI BEKTOP-PyHK-
MU TIOJIYIEHbI C TIOMOIIBI0 TTOCTpoeHust (hyHKIH JISmyHOBA.
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1. BBEAEHUE

OcHOBBI  Teopuum U 0OOIIME METOABLI  PEIleHus o0paTHBIX — 3aJad
b depeHIanibHBIX  CHCTeM JIOCTATOYHO TOJHO paspaboransl B [1]-[4] u
NpOooJIKAIOT paspabarbiBarhes (cM. [5]-[7]) mus gerepmunrMpoBaHHBIX CH-
CTeM, YPABHEHHS KOTOPBIX ABJSIOTCS OOBIKHOBEHHBIMU T(hDepeHIInaIbHBIME
ypastaenusivu (O/1Y)). Tak, B pa6ore Epyruna [1] crponrcst muoxkecrso OLY,
KOTOpBIe UMEOT 33/JaHHY0 HHTErpaIbHy0 KPUBYIO. DTa paboTa BIOCIEICTBIH
0Ka3aJ/1aCh OCHOBOIIOJIArAIOMIEl B CTAHOBJIEHNN U PA3BUTHN TEOPUN O0PATHBIX
3a/ad AuHAMUKH cucreM, onuchiBaembix OJ1Y. B paborax [2]|-|7| m3moxkens
MMOCTAHOBKA ¥ KJaccuukanms o0paTHbix 3aaa9 anddepeHmatbHbIX CHCTEM
u ux pemrenue B kyiacce OJLY. Cremyer oTMeTUTD, 9TO OJIUH U3 OOIITUX METO/0B
pertiernst oOpaTHBIX 3aj7ad AuHaAMUKE B Kjaacce OY — meron kBazmobpa-
IIEHNsT, TPeJJIOKEHHBIH B pabore [3], 1mo3BoJisieT 1OgydnTh HEOOXOAUMBIE 1
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JIOCTATOYHBIE YCJIOBUSA PA3PENTUMOCTH.

B paborax [8]-[10] obparHbie 3amaun AMHAMUKH PACCMATPUBAIOTCS IMPH
JOIMOJTHUTEJIBHOM IIPEAIIOJIOZKEHU O HaJIMINn CﬂyqaﬁHbIX BO3MyH.LeHHﬁ n3
KJIacCa BUHEPOBCKUX IIPOIECCOB M, B YACTHOCTH, METOJIOM KBa3HOOpAIeHUs
pemennl 1) ocHoBHasi obparHasi 3aja4a JMHAMHUKH: TI0CTDOEHUE MHOXKECTBA
cTOXacTUIeCKuX A hepeHnuaJbHbIX ypPaBHEHUIT BTOPOrO IMOPSKA THIIA
Uro, obaagaromux 3aJlaHHBIM MHTErPAIbHBIM MHOrOOOpasuem; 2) 3ajgaqa
BOCCTAQHOBJIEHHU A ypaBHeHI/Iﬁ JIBU2KEHHUA: TIOCTPOEHUE MHOXKECTBa YIIPaB-
JIIONIAX [AapaMeTPOB, BXOJANIMX B 3aJaHHYI0 CHCTEMY CTOXACTHIYECKUX
muddepeHImaababIX yPaBHEHU BTOPOr0 mopsaiaka twuma To, mo 3agan-
HOMY HHTErpajibHOMY MHOroo6pasuio u 3) 3ajada 3aMbIKAHUs yDaBHEHHIT
JABHU2KEHHA: TIOCTPOEHNE MHOXKECTBa 3aMbIKAaIOINX CTOXaCTUYICCKUX ’Z[I/I(b(be—
PEeHIMAILHBIX YPaBHEHU BTOPOro mopsjka Tuna MTo 1mo 3agaHHOil cucreme
yPaBHEHU U 33JJAHHOMY WHTErPAIBHOMY MHOT000Pa3uio.

B pa6orax [11], [12] paccmarpuBaercs ogHa m3 06paTHBIX 3a7ad — 3a/a9a
IIOCTPOEHUsT MHOXKECTBA, CTOXacTudecKux uddepeHiuaibHbiX ypaBHEHUN
Wro mepBoro Imopsiika M0 3aJaHHOMY HHTErpajJbHOMY MHOr0OOpasuio B
MPEJIIONIOKEHNH, 9TOo 1) CTposdineecss ypaBHEHUE SIBISETCS YDABHEHUEM C
BRIpOK Taomeiica muddysueii, 2) 3a1anH0Ee NATErPATLHOE MHOTOOOPa3Ne 3a-
BUCHUT OT BCEX TIEPEMEHHBIX. B MpeInooKeHun, 9To Caydaiible BO3MYIIEHUs
NPUHA/IEKAT KJIACCY HE3aBUCHMBIX BUHEPOBCKUX MPOIECCOB (KAK TaCTHBIN
cJIydail mpOTecCOB C HE3aBUCWMBIMHU TpuparieHusivu), B [11] mocrasiennas
3a/lada PeIaeTcss MeToJoM Keasnobpaenust [3, c. 12-13], a B [12] — meTogoM
paszfenenuds |3, c. 21].

B nacrosineit pabore B orvamume or [11], [12] upexnosaraercs, 4qro,
BO-TIEPBBIX, 3aJ[aHHOE WHTErpajibHOe MHOrOOOpasue 3aBUCHT JIUIIL OT YaCTH
IIEPEMEHHBIX M, BO-BTOPBIX, CJjydYailHble BO3MYIIEHUS MPEJIOJIArAIOTCA U3
BoJsiee 06ITIEro Kjacca, a MMEHHO: M3 KJIACCA IPOIECCOB € HE3aBUCUMBIMU
MIPUPAIIEHASIMHE.
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2. TTIOCTAHOBKA OBUIEN 3AJAYN MOCTPOEHUS CTOXACTUYECKUX JIU®-
OEPEHIIMAJIBHBIX CUCTEM C BBIPOYK/JAIOIIENCS 11O YACTU ITEPEMEH-
HBIX JIMO®Y3UEN U C 3AJJAHHBIMU CBOMCTBAMM, 3ABUCSIIAMU OT
YACTHU MEPEMEHHBIX, I EE PEIIEHUE

IIycTh 3a/1aHO MHOXKECTBO

A(t): My, t) =0, rameX e R™, A=Ay, z,1) € C’;Stl (1)

Tpebyercsa mocTpouTh ypaBHEHNE IBUXKEHHUA B KJIACCE CTOXACTUIECKUX Tud-
depenrmanbabix ypaBuenuit ITo nepBoro nopsjka Buia

v = fi(y,21),
{ 2= foly,z,t) + oy, 2, )€ (2)

Tak, 4ro0bl MHOKECTBO (1) ObLIO MHTErpaJbHBLIM MHOrOOOpa3ueM ypaBHEHUsI
(2).

Brnecb y € R, 2 € RP, l+p=mn; £ € RF, o(x,&,t) — maTpuna pazmeprocTn
(pxk); {51 (t,w), ..., &k (t, w)} — cucTeMa CJIy9aifHbIX MPOLIECCOB C HE3ABUCHMBI-
MU [IPUPAITEHUSIME, KOTOPYTO, cieays [13], MOKHO MpeICTABUTD B BUJIE CYyMMBI
nporteccon: € = & + [ ¢(z)PO(t,dx), & — sumeporckmit nporecc; PO — myacco-
nopckmit mporece; PY(t, dx) — ancio ckauxos mpomecca PC B nrTepsare [0, t],
NOmaIaloNMX Ha MHOKECTBO dr; ¢(x) — BeKTOpHas (DyHKIUs, 0TOOParKAIOIast
npocrpancTBo R™ B mpocrpancTso 3nadenuii RF mporecca £(t) mpu mobo t.

Byaem rosoputh, uro nekoropas dbyuxnus ¢(y, z,t) u3 knacca K, g € K,
€CJI ¢ HellpepbIBHA 110 ¢ U JIMIIIUIEBA 110 Y U Z BO BceM mpocrpancTtse R 3 x,
rme z = (y7, 21T,

[Tpeanomnaraercs, uro sekrop-byuknun fi, fo u (p X k)-marpuna o n3
kiaacca K, aro obecneumBaer B R CyIeCTBOBAHUE W €IMHCTBEHHOCTD IO CTO-
xacTHueckoit sxsusaentnocru pemenns (y(t)7, z(t)T)T ypaBuenus (2) ¢ Ha-
YaJIbHBIM YCJIOBHEM (y(to)sz(to)T)T = (yd, 25T, ansaromerocst menpepwis-
HBIM C BEPOSITHOCTBIO 1 CTPOTO MapKOBCKUM mpoteccom [13].

Ilocrapiennas 3a1a4a,

1) B ciyuae orcyTcTBUs CaydailiHbix Bo3Mymienuil (o = 0) 70CTATOYHO TOJHO
uccsiesioBana B paborax [2]-[7];

2) obobraer paccMOTpeHHYTO B [8] 3a7ady MOCTPOEHHsT CTOXACTHIECKUX Aud-
depennuanbabix ypasuennit ITo Broporo nopsijaka

@ = f(x,2,t) + oz, z,t)& (2"
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IO 33JaHHOMY MHOZKECTBY

A(t): Ma,2,t) =0, tae A\ € R™, A= Xz, 4,t) € Cozy, (1)
Tax, 9T0OB MHOKECTBO (1') GBIIO MHTErpaTBLHBIM MHOTOOOPA3HEM yPABHEHUS
(2") co cayuaiiHBIMU BO3MYIIEHUSIMU U3 KJIACCA BUHEPOBCKUX TIPOIECCOR;
3) co ciaydaitHBIME BO3MYIIEHUSIMU W3 K/IACCA BUHEPOBCKUX MPOIECCOB UCCTIe-
JloBaHa MeToJ0M KBasuobpamienust B [11] u merogom pasgenenus: — 8 [12]. IIpu
9TOM 3aJIaHHOe MHTerpasjbHoe MHOroobpasme B 11|, [12| 3aBucut or BCex me-
PEMEHHBIX.

B nammnoit paboTe croxacrnyeckas OCHOBHAasS 00paTHAas 3a/a9a — 33,1244, 110-
CTPOEHNUSI CTOXACTUYECKOTO Mg dEpeHInaIbHOr0 ypaBHeHNs TEPBOro MOPSIIKA
Tumna VITo 1o 3a1aHHBIM CBOWCTBAM JIBUKEHWsT PEITAeTCsT METOLOM KBa3mobpa-
menns. B TepMuHax Ko3(hGUIMEHTOB MOy IeHbl HEOOXOIUMBIE U JIOCTATOYHBIE
YCJIOBHS CyIIECTBOBAHUS 3aJAHHOTO MHTETPATBLHOTO MHOT000Pa3usi y MOCTPO-
€HHOT'0 MHOYKECTBa CTOXaCTUYECKUX I epeHInalIbHbIX YPAaBHEHNI.

s penrenusi moCTaBJIEHHON 33/1a4M MCIIOJIb3YETCS METoJ KBaszuobparie-
uus P.I. Myxapismosa [3], B 0CHOBE KOTOPOTO JIEXKUT

Jlemma 1 [3, C. 12-13]. CoBoKymHOCTD Bcex perieHmii TUHEeHHOH CHCTeMBI

Hv=g, H=(hu), v= (), 9= (gu) p=1,m; k=1,n, m<n, (3)
rne marpuna H wnveer panr paBrbIii M, ONpeaeasieTcss BEIPAYKEHHEM

v=sv" +v", (4)

3/1eCb S — IIPOU3BOJIbHAsA CKaJIAPpHadA BEJINIHUHA,

€1 ce €n

h11 hin

vT =[HC]=[h1.. . hmCmt1---Cac1]=| hmi o hmn
Cm+1,1  --- Cm+1,n
Cp—1,1 .- Cn—1n
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ecTb BEKTOPHOE IIpon3Besenne BeKTopoB hy, = (hyk) 1 IpOH3BOIBHBIX BEKTO-
poB ¢, = (Cpi), p==m+ 1,n — 1; e}, — equamaHEBIE OpTHI IpOCTpaHCTBa R",

T

v = (Ulqc—); e

0 o 1 o 0
h11 ca hik ca hin
,U]:: R I honn , UV:H+g’
Cm+1,1 Ca Cm+1,n Ca Cm+1,n
Cn-1,1 - -- Cn—1k --- Cn—1n

HY = HT(HH")=', HT — marpuna, tpancronnposannas x H.

JIJ1s1 pemennst moCTaBJICHHOM 331491 TIOCTPOEHNST MHOYKECTBA CHCTEM yPaB-
Henuit Bua (2) mo 3agannoMy mHTErpasbHoMy MHOrooOpasuio (1) nmpomndde-
pernupyem BekTop-dyukimio A = A(y, t) mo npasuny Uro muddepentuposa-
HUS CJIOXKHOHM (PYHKIIMU B C/Iydae MPOIECCa C HE3ABUCUMBIMU IPUPAIIEHUSIMI

13, c. 201]:

. 0%\ T 92\ oA 0fy oA 0fy oA O fy
)\—M1+27ayatf1+f1 8y8yf1+87y87y 1 aiyg 2+8fy50 (5)
92\ ONOf 1OX 82 f1 T
rae My —aat2+&yat+51+52+53, S _658716%82: 00,
_ A fi
S2= [l 2 + oela),t) = il 2.8) + ot oc(a) o,
o\
Sy = / G U+ 06(@). 1) = il 2, )P0, o),
o fy
a oI 9205 - D, crienys [13|, noHEMaeTCsT BEKTOD, 9JI€MEHTAMI KOTOPOTO CJIy-

2KaT CJie/bl HpOI/ISBe,ZLeHI/II?'I MaATPUIl BTOPBIX IITPOU3BOAHBIX COOTBeTCTByIOH_[I/IX
seMentoB f1,(y, 2,t) Bekropa fi(y, z,t) n0 KoMIoHeHTaM 2z Ha Marpury D:

2
t'r(g J(;HD)
82f1 ' - Z- z
020z = 82}
Im
tr( 020z D)
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Hanee Boasrcs nponssobubie Tuna H.IL. Epyruna [1] m-mepHas BekTOp-
by AN, A, y, z,t) u (mxk) - marpuna B(\, A, y, 2, t), o6nagaiomniye cBoji-
creom: A(0,0,y,2,t) =0, B(0,0,y,2,t) =0,

A=Ay, 2,0 + B Ay, 2, 08 (6)

Cpasuusas ypastenusi (5) u (6), IPUXOJUM K COOTHOIIEHUSIM

( (oD T O*\ 8)\8f1)f1 OXOf1

ayor I ayay T oy oy gy 9z 7%
92\ 8)\8]‘1
ONOf
o’ (8)

[Tepemnmmem Beipazkenus (7) u (8) B BuzIe

ONOfy PN PN ONOS

ay 0,2 =AM < ayat I ayay T oy ay ) o)
N,

Ay 927 '

U3 coorromtenuii (9) mo dopmyse (4) Jlemmer 1 onpegesnm BeKTOP-(yHKIIHIO
fo u crosbupl 0; MATPULIBL O B BUJIE

B O\ 0 f1 oA 0f1
fg—Sl (ay az>C— + (ay a ) Al, (10)

_ O\ 0 f1 OX 0 fi
7i = 52 <8y 8z>c_ + <8y 8z> Bi, (11)

0%\ 0%\ 8)\ of1

Ay =A— M — r - i = (014, 024y oy Ong) T
rae 1 1 < 8 8t fl ayay ay ay ) fl;a (0-1 y 024, y O, )
— i-bri crosben marpunst o = (0,;) (v = Lin, j = 1,k); By =
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(Bii, B, .., Bmi) T — i-writ cron6er marpurp B = (Bu) (p=1,m, 1 =1,k),
a MaTpuibl C' 1 C' ©IMEIOT COOTBETCTBEHHO BHJ
gm—i—l,l s Em+1,p . 5m+1,1 s Em+1,k
C = .. . . , C =
Cp—1,1 -+ Cp-lp Ch—1,1 --- Ch—1k

CiiejioBare/ibHO, ClIpABEIIMBa

TEOPEMA 1. /Iyst Toro, urober aucpepennmanpuoe ypasaenue tuma Uro (2)
HMeJT0 33/JaHHOe HHTerpajbHoe MHOroobpasue (1), HeoOxoqumMo u JOCTaTOIHO,
ur00bl BEKTOP-pyHKIMsE fo 1 CTONONBI 0 MaTpullbl 0 ypaBHenus (2) umesn
coorBercrerro Buj (10) m (11).

3. CKAJIAPHBIA HEJUHENHBIN CJIVUAI OBIIEN 3AJIAYM(cTOXacTHIeCKast
sagava Epyruna va mmockoctu ¢ BeIpoxgaromeiicss qugdysueri)

HyCTb MHTETPaJIbHadA KPUBad 3aJaHa B BUIE

A(t) :n(y.t)=0,rne n€ R'.neCy, (12)

110 KOTOPO#t Tpedyercs: OCTPOUTH CUCTEMY yPaBHEHUI BUIA

{ i =g1(y,21),
z= 92(% Z, t) + 7(97 Z, t)C?
rie ¢ = ((t,w) — ckaJsIpHBIl TPOIECC ¢ HE3aABUCUMBbIMU Npupaiiernsivu [13].

Bagaua 3aK/II0YAETCA B OMNPEJEJeHHN HA IJIOCKOCTH (Y, 2) CKAJISPHBIX

dbynkumit g1(y, z,t), g2y, z,t) u y(y, 2, t) no 3agauH0# cKamApHOi dyHKIMN
n = n(y,t) Tak, aTo6el MHOXKECTBO (12) GBLIO HHTErpATBHBIM MHOIO00PA3HEM

(13)

ypasuenusi (13).

nddepernupys croxuyio dbyakmuio 1 = 1(y,t) I0 IpaBUIy CTOXaCTHIE-
ckoro auddepennuposanus Uro 13, ¢. 201], B ciayvae uponecca ¢ HezaBucu-
MBIMU TPAPANTEHUAMA TMEEM

o*n 0% 9% 2 ondg1  Onog dn dg1
=52 * 7, T o2 Y oy Ty oy T oy 0 2
omdgL -
+sl+52+53+a’7 891 ~¢, (14)
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~ 107 0
e $1 = 5 2 Bo = [ 151z +2el@),t) = 10 26) + acla)]d,

%—/%mya+mww—mmaNWmm»

Hamee, cnexys meromy Epyruna [1], BBemem ckaisipable (byHKIHH @ =
=0,

a(n,n,y,z,t) u b= b(n,n,vy,zt) rakue, aro a(0,0,y, z,t) = b(0,0,y, z,t)
U UMeeT MECTO PABEHCTBO
il =a+ bC. (15)
13 (14) u (15) caeayior cooTHONIEHNSsT
on o 9? on o 0
D100 g —a—(5F + frgbor + 5A9% + J% + 1B g S1+55+Ss ) "
16
o dg
oy 0z I — 7
Iycrs g1 = g(y, z,t) € Cj1f, rorpa (16) upumer sug
on o on o Q.9 ,.Q
01000, —a— (58 + Gabg + SA0% + 5258 + 32529 + 51t 5rt s ) -
17
on o _
a—za—*‘;’y =b.

Bsenewm cremytoree ob6o3HadeHME:

~ ?n 0 0%, Ondg Omdg s & . &
a=a— <8t2+6t6 673/29 +87y§+67y87y +51+S2+53>

on dg
0y 0z

ctudeckoit 3agaun Epyruna ¢ BbIpoxkaaroreiics auddy3neii Ha MJIOCKOCTH B
BUJE CJICAYIOIMNX COOTHOIICHMIA:

On g Zi
g2 = ay 82 )

On dg
0y 0z
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U [IPEJIIOJIOMKUM, YTO < > # 0, Torpa u3 (17) cremyer pemenune croxa-




106 M.U. TneysepPTEHOB, I.'T. IBPAEBA

Taknm o6paszom, B OCHOBHO# 0OpaTHON 3aJave AUHAMUKNA TPW HATUIUN
CIyYIaiHBIX BOBMYIIIEHNI U3 KJIACCA IPOIECCOB C HE3ABUCHMBIMI IIPUPAIEHIA-
Mu B OOIIEM HEJIMHEHHOM, a TaKKe CKaJISTPHOM HEJIMHEHHOM CJIydasix MOCTPOe-
HBI MHOKECTBA CTOXAaCTHIECKUX MuddepeHrnajabHbIX ypaBaennii iTo mepsoro
OPSIKA C BBIPOXKIAIOIIEHCS 110 YacTu nepemMeHubix auddy3ueit u o0bsiagao-
MAX 33TaHHBIM HHTErPAJbHBIM MHOTOOOpa3meM, 3aBUCAIINM JIUIIbL OT YaCTU
IE€PEMEHHBIX.
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Crarpst nocrynuia B pegakmuro 14.11.2016

Tiney6epremor M.BL., Bl6paesa I.T. KE3JIENCOK TYPTKIIEP
BOJIFAH/IATBI HETI3I'T KEPI ECEI TYPAJIBI

Toayescis ecimmesi ypaicTep KiachHIa, affHbIMa/IbLIapAbIH 0ip 6eJiirine Ka-
TBICTBI a3bIHFAH IuM@Y3UACH KOHE AWHBIMAIBLIAPALIH Oip OeJiirine Toyesmi
bepisren KacueTTepi 6ap, Ke3meiicok TypTKii Gipimmii perti UTo croxacTuka-
JIBIK, muddepeHnnaabiK TeHIey/1ePpl KJIaChIHIarbl HEri3ri Kepi ecenTiH merimM-
JLMIriHIH KasKeTTi »KoHe »KEeTKLIIKTI MapTTapbl KBa3HANHAIBIM 9JIiCi apKBLIbI
AJTBIHFAH.

Tleubergenov M.I., Ibraeva G.T. ON THE MAIN INVERSE PROBLEM
IN THE PRESENCE OF RANDOM PERTURBATIONS

By quasi-inversion method we obtain necessary and sufficient conditions
for the solvability of the main (according to A.S. Galiullin’s classification)
inverse problem in the class of first-order Ito stochastic differential systems with
random perturbations from the class of processes with independent increments,
with degenerate in the part of variables diffusion and with given properties,
depending on the part of variables.
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IIpasusa "MartemaTudeckoro >XypHaJia' Jijis aBTOpPOB cTaTeit

Oé61me 1mo10KeHns1

B "Marematudeckom kypHaJje" myOJUKYIOTCS OPUTHHAJIBHBIE CTATBU IO
OCHOBHBIM pa3ejaM COBPEMEHHON MaTeMaTwKu: Teopust PpyHKIui, dyHKINO0-
HAJILHBIN aHAJIN3, OOBIKHOBEHHBIE Tud depeHIrnaIbHbIe YPABHEHUS, YPABHEHUS
C YaCTHBIMU [TPOU3BOIHBIMHY, aaredpa, MaTeMATHIECKA JIOTUKA, TEOPHUs IUCET,
TEeOMETPHsI, TOMOJIOTHsI, TEOPUsT BEPOSITHOCTEN W MATEMATHIECKAsT CTATHCTHU-
Ka, BBIYUCJIUTEJIbHAA MaTEeMaTUKa, MaTeMaTU1I€CKaA (1)1/131/1}(3,7 MaTEMAaTU4YIECKOE
MOJIETMPOBAHIE.

2KypHast BBIyCKaeTCsT €:KeKBAPTATIBHO, I€ThIPe HOMEPaA COCTABJISIIOT TOM.

CraTtbs 10KHA OBITH HATTMCAHA HA BHICOKOM HAYJIHOM yYPOBHE, COIEPIKATDH
HOBbIE, 9€TKO C(OPMY/JIUPOBAHHBIE MATEMATUIECKUE PE3YJIbTATHI U UX JIOKaA-
3aTesbCTBA. Bo BBeJeHUM HEOOXOIMMO MPUBECTH UMEIOIINECS Pe3yIbTATHI 10
TeMe MPEJCTABICHHON PAbOThI, JaTh KPATKOE COJIEPKAHUE CTAThbU U OTPA3UTH
AKTYaJIbHOCTH, HOBU3HY TOJIYY€HHBIX aBTOPOM DE3IYIHTATOB.

Cratbm  KypHaJa pa3MemarTcs B CBOOOJHOM TOCTyme Ha cafire
www.math.kz MHcTuTyTa MaTeMaTHKM W MATEMATHYIECKOTO MOIETUPOBAHUS
MOH PK, unx pedepupyror HIT HTU (Kaszaxcran), Zentralblatt Math (Tep-
MaHWsI).

B "Maremarudeckom kypHase" mybJuKyo0TCs CTaThu 00beMOM 10 25 XKy p-
HabHBIX crpanull. Ctarbn 00beMoMm GoJsiee 25 crpaHull MyOJIUKYIOTCS 110 CIie-
MHATHHOMY PEIIeHNI0 PeIKOJIIETUN KypHaTa. [[pHHUMAIOTCS CTATHU, HAIN-
CaHHBIE Ha Ka3aXCKOM, DYCCKOM " AHIJVIMMCKOM SI3bIKaX. CTa,TI)I/I penen3npyroT-
cl.

TpeboBaHusi K 0O(pOPMIAEHHIO cTaTEl

1. Pykommch crathbn T0KHA OBITH TOATOTOBJIEHA B MB3ATENHLCKON CHCTEME
ITEX-2e n ipejcTaB/iera B BUIE JBYX TBEPJABIX KON, a TakyKe B BUe tex u
pdf - daiisios Ha TFOO6OM /IEKTPOHHOM HOCUTEJIE WU IIPUCTAHA TI0 3JIEKTPOHHOM
noure zhurnal@math kz, mat-zhurnal@mail.ru. Crarbs moJ12KkHa OBITH HOJIIN-
cana Bcemn aBropamu. [IpaBuia oopMIeHS PYKOIUCH W CTHIEBBIE (hailbl
MOXKHO Ha¥WTH Ha caiire I/IHCTI/ITyTa MaTE€MaTUKHN U MaTeMaTU4YeCKOro Mo/e-
mupoanug MOH PK http://www. math. kz B pasmene "Maremarudecknit
Kypraan".

2. B neBoM BepxueM yriry HeoOxoanmo ykazars nagexc Y IK. Ha cremyrommux



CTPOKAX IO MEHTPY: HA3BAHWE CTATHU; MHUINAIBI M (DAMUIAN aBTOPOB; MECTO
paboThI; TIOYTOBBIE JIpeca OPTAHU3AINE W TaKKe 3JEKTPOHHBIE aIpeca aBTO-
pOB.

Ha oTmespHOM JHCTe TPUIATAIOTCA HA3BaHWE CTATHU, (DAMUINN W WHUTIA-
aJIbl ABTOPOB, KJIOYEBBIE CJIOBA, pedepar Ha PYCCKOM, aHTJIHNACKOM M Ka3ax-
ckoM (s aBropoB m3 Kaszaxcrama) s3pikax u mugekc Mathematics Subject
Classification 2010. Pedepar j10/2KeH 0TPaKkaTh COJAEPKAHUE CTATHU.

Takrke TpeaCTaBISIOTCS CBeJEHUsT 00 aBTOPaxX, MECTO PabOTHI, TOYUTOBBIH

aJIpeC ¢ WHJIEKCOM MOYTOBOTO OTIENEHHNs, HOMep TejaedoHa ¢ YKa3zaHueM KoJa
ropoja, aapec 3JEeKTPOHHON TTOYTHI.
3. Crmcok JuTepaTyphbl COCTABIAETCA B TOpPsiake MuTupoBanusd. CCBLIKA Ha
HEOMyOTMKOBAHHBIE PAOOTHI, PE3YIBTATHI KOTOPBIX MCIIOJB3YIOTCA B JIOKa3a-
TEIbCTBAX, He JOMyCKAoTCa. CIUCOK JIMTEpaTyphl TPUBOIUTCSA B CJIEIYIOMIEM
BUJIE:
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Pyxomvcu, He ymaoBIETBOPSIOIINE TTEPEUNCTEHHBIM BBINNI€ TPEOOBAHWSIM, BO3BDa-
IMAIOTCA aBTOpaM Ha odopMieHne, T0paborKy. Pemakims ocraBisgeT 3a coboit mpaBo

HAa OTKJIOHEHWE CTATHHU, €CJIA €€ COMEPHKAHNE HE OTBEYAET TPEOOBAHUAM 2KYPHAJIA.
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