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OBIIAA XAPAKTEPUCTUKA PABOTHI

AXTyaJbHOCTL Tembl. MHOrne Qusuieckne, TeXHUHECKHE K TEXHOJIOrMYe-
CKU€ NIPOUECCHL U SIB/IEHUs] TEKUE, KAK TPAHCIIOPTAPOBKa HedTH 10 Tpybonposoay,
JIOCKONAPaJIJIEbHAA TEPMOKOHBEKIUMA BASKOYNPYIOH HECKUMAEMON YKWIKOCTH,
9BOJLIONUST CBOOOJIHON TIOBEPXHOCTH (DUIABTPYIOIIEHCS KUJAKOCTH, AHHAMUKE JAB-
JAEHHSt KUAKOCTH, QHALTPYIOWENCs B TPEUMHHOBATO-IOPUCTON Cpejie MOAETHDY-
I0TCS YPABHEHUsIMU COBOJIEBCKOrO THNA. [Ipy 3TOM uYacTo ecTh HeoOXOAUMOCTH B
LENAX HCKITIOUeHUS aBapUHHBIX CUTYAU, HAIPUMED, THIIPOANHAMUUYECKOro yapa
Npu [epenajaxX JaBjeHus B TPYOONpoBoe ;THO0 HAPYLIeHUs! HEMPEPLIBHOCTH MPO-
[ECCa TEPMOKOHBEKIMH B PE3Y/bTATE HAPYIIEHWS TEXHOMOIMU U T.il., OCYLIECTB-
JIATH MHOTOUUCIEHHDIE HAOMIOEHUST HTUX IPOLIECCOB ¢ PA3JIHYHLIX TOYEK ¥ B pa3-
JIMYHbIE MOMEHTHI Bpemenu. Jljisi BOCCTaHOB/ICHH S 1aPAMETPOB 9TUX NPOLECCOB 10
pe3yiibTataM HabMIOJEHHH IPUMEHSAIOTCA MHOI'OTOUEYHbIE HAYAAbHO-KOHEYHBIC 3a-
naau [7]. Penenuio rakvx 33184 A/A HEKJACCHYECKMX MOAEsiell MATEMATHYECKOH
QUBUKH MOCBAINEHO AAHHOE UCCICOBAHHE.

HeobxomuMo oTMeTnTh, 4T0 ypaBHEHUs CODOJIEBCKOIO THIA, W3BECTHBIE TAKKe
K3K BbIPOMJEHHBIE YDaBHEHWHS, YDABHEHHs HEPA3PEINEHHbLIE OTHOCHTENBHO CTap-
el PON3BOAHOM, HCEBAONAPAGONUUECKUE YDABHEHUS U JaXXe YDABHEHUS He TU-
na Komu — Kosanesckoil cocTapasior nbine obmmpuyio 06iacTh ¢pefit HeKAac-
CHUECKHX ypaBueHuH mareMaTnueckoil ¢pusuku. [lepBbiM ypaBHEHHS TAKOTO poja
moayunn A. lyankape B xonile 19 Bexa, OHAKO CHCTEMATHYECKOE UX HCCTIEH0Ba-
HHE HAMANOCH C CepejUHbl NpolLioro peka B paborax C.JI. CoGosesa.) Tepmun
"ypasrerns cobosiesckoro Tuna" Been P.E. [loyoarep. e

Paccuorpum

— ypasuenne Bapenbnarta - Menrosa — Kounwoi
(A= Ay = alAu+ f, 1)

MOZENUPYyIolIee JUHAMHKY JIaBICHIS XKUAKOCTH, QUALTPYIOIEHCs B TPELIMHBOBA-

1Demidenko G.V., Uspénskii S.V. Partial differential equations and systems not solvable with respect to the
highest — order derivative. N.-Y.; Basel; Hong Kong: Marcel Dekker, Inc., 2003.
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To-niopuctoit cpene. Kpome toro, ypastenve (1) Moteaupyer npouece sjaronepe-
HOC& B MOUBE U NPOLECC TEIUIONPOBOAHOCTU B CPejie C ABYMS TEMIIePATypaMy;

— nuHediHoe ypaBHenue J[zekuepa
(A= A)uy = aAu — A% + f, (2)

KOTOPOE OMHUCHIBAET 3BOJIOUMIO CBODOMHON MOBEPXHOCTH YKHAKOCTH, (PUIABTPYIO-
welicd B IJIacTe OrpaHndeHHON MOMIHOCTH;

- cucTeMy ypapHenuti Ockonkosa
A =VHu, = vVu—(u-V)u—Vp, V-u=0, (3)

MOZEJMPYIOIYIO JINHAMHKY CKODOCTH M JIaBJeHMs! BASKOYIIDYTOH HeC)KHMMaeMoi
KUSKOCTH.

Ecnu paceMorpers auHe#nblil OJHOMEDHBIH aHaior cucrembl (3) Ha KOHEYHOM
CBSI3HOM OPKEHTVPOBAHHOM rpade, TO NOyHeHHas MOJe/h OMUChIBACT TPAHCIOD-
TapoBKy HedTH 1O TpyGouposomy. Ecnu ke cuctemy (3) paccmarpusarh B 3a-
mxHYTO# obnactu ) C R? ¢ xpaesniMu yciosusiMu BeHapa, To B 9TOM CJIyuae
oHa OyJeT MOJENUpOBATH IIOCKONAPAJLIEILHYK) TEPMOKOHBEKIHMIO BASKOYNPYroi
HECKUMAEMON KUIKOCTH.

Pa/CCMOTpHM MHOZOMONEUYHYIW HAYAADHO-KOHEYHYIO 3adauy

Pj(u('rj) - U,j) =0, u € $, 4= m,

(4)
—0<La<TH<n <. .. < T < Tjp1 < ... < b < oo,
JUis ypaBHeHUH cODOEBCKOTO THITA
Li = Mu+ f. (5)

Bcee pacemorpenns nposoastes B 6aHaxoBbIX TPOCTPARCTBAX U 1 §, npruem onepa-
ropel L, M € L(1;F), a P; - orHoCHTEABHO ClIEKTPaJIbHBIE TPOSKTOPbI. 3aMeTM
CPazy, YTO YACTHBLIM CiyHaeM (4) B cayuae, Koiua o][f(]\/[) =0, j = 1,n, asasercs

sanada loyonrepa — Cugoposa [31]

P(u(0) — ug) =0, (6)
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BAKHAs1 POJIb KOTOPOW OTMEVEHA B psijie “MUC/IEHHbIX MCCIICJ0BaHHE DKOHOMUYe-
ckux? n rexnnueckux Mogeneit®. Hakonen, oTMeTHM, 4To 3a4a4a (4) B Gosiee uact-

HOIt yeM 34eCh [10CTaHOBKE
P_u(0) = up, Pru(T) = ur, (7

BHepBbie NOABMIACh B pabore apropa, e oua Hassana "sajnauedt Bepuruna'|1].
[IpuauHOl Takoro Ha3BaHUsl HOCIYXWNO GoNbLIoE UKCENO LybAVKAIMM, HanpuMep,
crarsa Mankosa A. A., anxopoit T. B, rue paccMorpena rakas 3agaya, HO npo-
exTopel P, u P, ABIA0TCA CNEKTPAIbHBIMU TPOEKTOpamu oneparopa L. Takas
3ajiava Obliia Hassana "3ana4elt Bepuruna® | xors n ona, u nocTaBaeHHAs 30eCh 32-
Ja4a, uMeloT Mado obwero ¢ sajayveit, nocraiennoi H.H. Bepuruubm. Hakoneun,
obpaTum BHUMaHUe Ha dyuamenTanbayio Teopuio C.I. Tlatkosa®, paspaoran-
Hy10 11s 38aa4m (7), tie P — cnexTpansubilt npoexkTop onepatopa L, noctpoen-
HbiH 10 orpunarenbHoll dactu cnekrpa. C.I. IIarkopbiM Takue 3ana4us HAa3BaHbI
"sanauaMu conpsikenus”, MpUUEM BOSHUK/IM OHHM B YPABHEHMAX C MEHSIOMIAMCS
HanpasiienneM BpeMenH. B uenabunckoti mxone I A. Cenpuaioka 3anava (4) mua
ypaBHEeHUH coB0IeBCKOro TUIa, {(5) B moCiejHee BpeMsl BECbMa 4KTHBHO W3y 4aeTcd
B ciydae N = 1 B pasnu4Hbx acnekrax. VIMeioTes pesyneraTsl 00 OUTUMAITLHOMY
YIPABJIEHAIO PENICHUAMHA TAKHX 33,a4°, B TOM 4MCclIe ¥ AJis ypaBHeHuit coboses-
CKOrO THIA BHICOKOrO mOpsiaxa’. B saknmouesue cleJyer OTMETHTb, YTO MHOTO-

TOUYEYHBIE HAYSJBHO-KOHEYHBIC 332494 UMEIOT NPHKJAJAHOE 3Ha4YCHHE, C IprI‘Oﬂ

2Kennep A.B. Auropurs pemenus 3agauu [lloyonrepa ~ Cupoposa Auisi MOZE/EH JIEOHTHEBCKOTO Tuna //
Becrn. Oxx.-¥Ypaa. roc. yu-ta. Cep.: Mat. mozfenuposanue u nporpammuposanue. Yenabunck, 2011. N 4 (241),
sem. 7. C. 40--46.

3llecrakoe A.JL., Kennep A.B., Hazaposa E.W. Yncnennoe pemenne 3aja4uM ONTEMAJILHOTO H3MepeRas |/
Apromarnka u Tenemexanuka. 2011, Ne12. C.56-68.

4Tlankos A.A., [Tarkosa T.E. HeauteliHble 9BOMOIMONHBIE YDABHERNA ¢ HEOOPATHMBIM ONEPATOPHBIM K03d-
dhuipenToM npr npomsognoi. Joka. Axaa. nayx Ykpaunnt 1993. Ne 9. C. 18-20.

5Pyatkov $.G. Operator theory. Nonclassical problems. Utrecht; Boston; Koln; Tokyo® VSP, 2002.

SManaxosa H.A., ObuibkoB A.I. Onrymanshoe ynpasieHue peMEHHAMH HaMAIbHO-KOHEHOR 33734 AIs
swuedtnoll moges Xodda // Mar. samerxu. 2013. T.94, Ne2. C.225-236.

"3ampmunsesa A.A., Hpmaenkopa O.H. Onrumasisioe ynpasieRne PELICHUAMY HAYAJIbHO-KOHEYHON 3aa4H
s ypasnenns Byccunecka — Jlssa // Bectn. FOx.-Ypau. roc. yu-Ta. Cep.: Mar. MOJENMPOBAHAE H UPOrPaM-
muposanue. Yeaabunck, 2012. Nej (264), poin. 11. C.13-24.



CTOPOHE] ABNAIOTCH MAJOU3yJEHHbIMU KaK KAYeCTBEHHO, Tax ¥ YucaenHo. Bee 370
0byCaBIUBAET AKTYANbHOCTD JAHHOTO UCC/ICOBAHUS.

Iensio paboThl ABNsIETCA KaUeCTBEHHOE U KONUYEeCTBEHHOE HCCIeA0BAHNHE MHO-
TOTOYEYHbIX HaIaJIbHO-KOHEYHBIX 33434 AN HEKJaCcCHUECKUX MoJleneit MaTeMaTH-
1eckoit (U3NKK ¢ pa3paboTKol MPOrpaMM, peasin3yroWdX YHCACHHBIE METO/bI UX
UCCIIES0BAHUA.

Jna goCTHIXKEHUs JAHHOH 1ed HEeoOXOAUMO DENTUTh Clielyroliue 3aJadu:

1. PaspaboraTh Ha OCHOBE MHOTOTOYEYHBIX HAYAAbHO-KOHEYHBIX YCIOBAY HOBBIH
METOM MOJEJIMPOBAHYS PA3IMYHDIX NPOIECCOB, YTO NO3BOJUT HAXOAUTL UCCIEeaye-
Mbi€ NapaMeTpbl HU3NIECKON CHCTEMBI.

2. IlocTpouTh Ka4eCTBEHHYIO TEOPHIO HCC/IEA0BaHNA MEHOTOTOUEHHbIX HaYaibHO-
KOHEYHBIX 33484 /18 MATEeMaTUUYECKUX MOJejell, OCHOBAHHbLIX HA JIMHEHHbIX ypas-
HEHHAX COOOJNEBCKOTO THHA C OTHOCUTENLHO p-OIPaHHYEHHBIM, OTHOCUTEALHO p-
CEeKTOPHAJILHBIM H OTHOCUTEJIbHO p-palinabHbiM onepartopoM M.

3. VccuenoBaTh MaTeMaTHUECKYIO MOJE/b TPAHCIOPTUPOBKE HeTW MO Tpy-
OOIPOBOY ¥ AOKA33Th ONHO3HAUHYIO Pa3pellMMOCTb MHOTOTOMEYHOH HAYAJIBHO-
KOHEUHOI 33/1a4U AJI 3TOM MOJENN.

4. HceneoBaTh MaTeMATHIECKYIO MOJIENE [IJIOCKOIAPa/UIENbHO) TEPMOKOHBEK-
UMHU BA3KOYNPYIOH HECXKUMAEMOH XXKUIKOCTU ¥ JOK&3aTh OJHO3HAYHYIO Da3pelly-
MOCTb MHOTOTOYCYHOU HAYAJbHO-KOHEYHON 3aJa9d AJIst ITOH MOJeIH.

5. WcenepoBars MaTeMaTHYecKyio MOfedb 3BOMICUUU CBOGOIHOM [OBEPXHOCTU
QUALTPYIOWEHCS XKUJIKOCTH ¥ JOKA34Tb OJHOZHAYHYIO Pa3PelIEMOCTh MHOTOTO-
Ye4yHOHN HAa4YaNbLHO-KOHEUHON 3a4auu AJist 9TOU MOAENH.

6. UccniesoBaTh CTOXACTHHYECKYI0 MATEMATHUECKYIO MOJLE/ib J(UHAMHUKM AaBJie-
HUS XKUAKOCTH, DusibTPYIOIERcst B TPEIMHHOBATO-IOPUCTON CPejie u JOKA3aTh Of-
HO3HAYHYIO0 Da3PEeIlUMOCTh MHOFOTOYEHHON HA4aAbHO-KOHEYHO! 3aa41 AJist 9TOH
MOJEJIH.

7. PazpabotaTth alrOpUTMbl YHC/IEHHBIX METOAOB PEIIeHUs MHOTOTOUEUHbIX Ha-
YaJibHO-KOHEUHbIX 33134 JI/15l UCCJIeJlyeMbIX MOoJEenei.

8. PeannzoBars B Bujie nporpamu juist DBM paspaboraHHble YUC/IEHHbIE METO-
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Abl U NPOBECTHA BLIMUCINTENLHBLIC IKCHEPUMEHThl JAJIH YUCASHHOIO peUuieHua MHO-
POTOYEYHBIX HAHAABHO-KOHEUHBIX 3aJay J)IA OAHOMEPHbIX ypasHenuii Ockoskosa
H4 KOHETHOM CBA3HOM ODHEHTUPOBAHHOM rpade; i MMHEAPUBOBAHHON CHCTEMD)
ypastienn#t Ockosikosa B 06/1aCTH; J/1s1 NMHEAPUOBAHHOrO ypasHeHus Jlzekuepa u
CTOXACTHYECKOrO ypaBueHust Bapenbaarra - XKentosa ~ KouuHoti.

Hay4unaa woBm3na. Hayunas HoBu3HA MCChenoBanus 3aKIO4AETCA B TOM,
YTO pa3pa60TaHH0e HAMpPaBJ/ICHUEC IO M3YUCHUIO Pa3PEIUMMOCTY MHOIOTOYEYHLIX
HA4YaJIbHO-KOHEYHBIX 3a/au AJ1A JMHeHHbIX ypasHeHult coboeBCKOr0 TURa npuMe-
HEHO K PELIEHNIO PSAa aKTYaJbHbIX 33734 MMJAPOAMHAMUKK, TEOPUM HEHLIOTOHOB-
CKHX JXKUIKOCTEH, Teopu# (DUIbTPALMH, KOTOPHIE OMUCHLIBAIOTCA MATEMATHIECKU-
MU MOJEJISIMHM TPAHCHOPTHPOBKU HedTH 10 TPYOONPOBOLY, MAOCKONAPa/IICNbLHOM
TEPMOKOHBEKIIAKA BﬂBKOpryFOﬁ HECKUMaEMOR KHAKOCTH, IBOJIIOUHUH CBO60I[,HOI71
NOBEPXHOCTY QOUILTPYIOLIENCS KUIKOCTH, JUHAMUKY JABIEHUS XUAKOCTH, PUib-
Tpylome#icss B TPeuMHHOBATO-TIOpueTol cpeze. JTokasans ogHO3HaYHAs paspeiiy-
MOCTb MHOTOTOUEYHBIX HAMANBHO-KOHEUHBIX 38489 AJId YKa3aHHBIX MaTeMaThHde-
cxux mojaeneit. Pazpaborasbl alrOPUTMbl HHCAEHHOTO PEHICHUS TIOCTABJICHHBIX 34~
a9 M peaiu30BaHbi B BUIE KOMIUIEKCA MPOrPaMM.

Meroapt ncciaegoBaHna. OCHOBHBIM METOROM HCCAEAOBAHKA ABACTCS METO
PEAYKIME KOHKDETHbIX MATeMaTHYeCKHX MoJeNelf K MHOrOTOYEUHBbIM HAYAJbHO-
KOHEYHLIM 3aJa4aM JJisi THHEHHBIX ypasHesul cobonesckoro Tuna. Hpu uceneno-
BaHUU abCTPAKTHbIX ypaBHEeHU{ npumensierca merol CsUpHIIOKE Da3DEIIAIONMX
(mosy)rpynm oneparopos. Ilpu paspaborke aArOpUTMOB YUC/IEHHBIX METOROB He-
nonL3yercs MogudHUUMPOBaHHbIA MeTol ['aepkuna i MeTo] CeTOK.

Teopern4veckas i IPaKTHIECKas 3HAYEMOCTS. [losiyuenuble B paboTe Teo-
PeTHYECKHE PESYJIBTATHL SBSIOTCH CYIIECTBEHHBIM BKJIaJOM B pa3BuTue obuiek
Teopuy JuHEHHbIX ypasuenuit cobonesckoro Tuna. JlokasaHa OZHO3HAaUHAEsA Pas-
PEMIMMOCTh MHOTOTOUEHHBIX HAYAIbHO-KOHEUHBLX 3384 JUIA aDCTPAKTHLIX ypas-
HeHull coBOMEBCKOTO THIIA, IPUUEM MOJYYEHb! AHAJIUTHUECKHE PELICHUsT PAaccMaT-
pusaembix 3aJa4. Ha ocHoBe aBCTpakTHLIX Pe3yNbTaTOBR PacCMOTPeHa Paspeni-

MOCTH MHOTOTOYE€YHBIX HaYaJIbHO-KOHEYHBIX 38484 AJs1 KOHKPETHBIX MaTeMaTu1e-
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CKUX 3IBOJIOUMOHHBIX MOJEJeH, MOJeell MHIPOAREAMMES ¥ TeSDrY GUILTPALIMH.
IMocrpoerns! airopyTMbl PELIEHRS OCTABIEHHO! 3804494 4714 CACTENbl YPABHEHUN
OckonikoBa, paccMOTPeHHO Ha rpade u ¢ yeroBuaMH Dexapa. 1us ypapHeHus
SBOJIIOIUH CBODOJHON (DRABTPYIOHIENCH XKUIKOCTY 414 ypasueuns Bapeabaarra —
Kentora — Kouunoil, Bo3MymenHoro aJiiuTHBHEIM O€/IbIM 11y MOM, NO3BOAICLIYE
TOJIy4aTh YMCIEHHOR DelleHne W HarisJ[HOe MPEJICTABeHUE O TOBEJICHUH pellie-
Hust B rpaduyeckoM suje. JanHnoe uccnesosatne NO3BOJMUT U3ydaTh KAYECTBEHHO
¥ KOJIMYECTBEHHO fIDYTUE HEKJIACCUYIECKUE MONEH MATCMATHIECKON (DU3UKY, B OC-
HOBE KOTODBIX JIEXKAT ypaBHeHus coboseBcKoro THia. Kpome Toro, pesyabTars ue-
CJIeHOBAHUS [PYUMEHUMBI JIf PELIIEHNST HOBBIX 38/a4 [Jis TAKUX MaTEMaTUYECKUX
MOZeNel, HanpuMep, 3a1a4 YITPaB/AeMOCTH, ONTHMAJIBHOTO YIIPaBIeHUs, YCTORYN-
BOCTH.

[IpaxTrdeckas 3HaIUMOCTb PaOOTHI 3aKJIIOHAETCT B NPUMEHEHAU DE3YJIBTATOB
KCCICHOBARUS B PASJIMYHBIX MTPEAMETHBIX 00acTAX. A KMEHHO, UCCAeJOBAHUA Ma~
TEMaTHHECKON MOJeJIM TPaHCNOPTAPOBKU HedTH 1o TpyGOnpoBOLY MOTYyT ObITh
HCHOJIL30BAHbI B HAPOJHOM XOZAUCTBE NS NPEJOTBAPLIEHAS ABAPHIHBIX CUTYa-
IEb; MOJIGJIb [LIOCKOTIAPAIeN bHON TEPMOKOHBEKIMY BI3KOYNIPYToft HecKuMaeMol
KUAKOCTH Oyer nosesta B HeTSHON MPOMBINLICHHOCTH; MOJAEH SBOMIOIMH CRO-
OOHOM TTOBEPXHOCTH DWILTPYIONIECHCS XKUKOCTH U JAUHAMUKN JaBICHHS XKUIKO-
cTy, GUIBTPYIOIIENHCA B TPEIUHHOBATO-TIOPUCTON CPELE NPYMEHVMbl B Te0/I0rHn
IPU A3y UeHUd GUABTPALME BOjbI B 1104Be. PaspaboTaHbl U PEANH30BaHbI AJTOPHT-
Mbl YMCJIEHHOIG DEUIEHUSE PACCMATPUBAEMBIX 33184 B BUJE NMPOIPAMM, HATIHCAHHDIE
H& A3bIKE NPOIPAMMMUPOBAHUS BBICOKOTO yposus C+-+ U B BRIYUCANTENLHON Cpe-
Je Maple, 4o nosponser B faAbHEH1IEM MCNOIB30BATL €0 JAJS PEUIeHUa APYTuX
HEKJIaCCUYECKHUX 33J1a4 MATEMaTHYeCKOH (DU3uKY.

Anpobanud paGorbl. PesyibraThl paboThl anpobUPOBaHbl HA MEX AYHAPOJ-
HOll Hayuno# kordepenunn " Iuddeperimanntiblie u uHTErpasbHble ypapHenus"
(Hensiburck, 1999); Yerseprom cubupckoM Kofi'pecce NO NPUKABIHON W MHAY-
crpuanbroi Maremaruxe, AHITPUM - 2000 (Hosocubupek, 2000); mex gyHapos-

HOH WIKOJIe-CEMUHApe MO reoMeTpuu W anasmsy (A6pay-Jlopco; Pocros na Io-
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Hy, 2000, 2004); III Mexuynapontoit KOH(bepeHU,HM‘ M0 MaTEMaTHUYECKOMY MO-
aenmposanuio (fAxyrek, 2001); MexayHapounoit nayunoil koudepenuuu "Hud-
depeHupanbHble W HHTErPAJbHbIE ypaBHeHus. Maremarnyeckue mogemu® (Yens-
Gunck, 2002); MexayHaposnol kondeperiuy 10 AudPePeHInaNLHBIM YPABHEH -
aM n aunamuueckuM cucremam (Cysnans, 2002, 2010); MexAyHAPOAHON IHKOJle-
xondepenunn "Obpatuble 3amaun: teopust u npunokenus” (Xanroi-Mancuiick,
2002); Mexxaynapoauoil koudeperuun "JlaBpeHTHEBCKHE YTEHHSI [0 MATEMATH-
Ke, Mexaauxke u Gusure” (HosocnGupck, 2005); poccnitckolt koHdepeHUUK, T10-
ceawennoit 50-neruwo Mu-ta maremaruky um. C.JI. Cobonesa CO PAH "Mare-
MaTuxa B coBpemeHom mupe" (Hosocubupcek, 2007); MexayHaposuoit kondepet-
wun " duddepennuanpipie ypasaenusa. OyHKIHOHAIbHbBIE npocTpancTBa. Teopus
npubmxennit" (Hosocmbupex, 2008, 2013); mexayHapoiHolt KoHbepenuun, no-
cesmaenHoil namsarn B.K. UsanoBa "AnropurMuueckuil anain3 HEyCTORIMBDIX
saja4" (Exarepunbypr, 2001, 2004, 2007, 2011); mex/yHapoAHOH KoH(epeHInHU
"CorpeMentblie npobsieMbl NPUKIAITHON MATEMATHKM U MEXaHUKH: TEOPHH, IKC-
TIEPMMEHT ¥ TpakTuka', nocssnenno#t 9-yeruio co HT POXKAEHUS AKATNEMUKA
H.H. fluenxo (Hosocubupck, 2011); mexxayHApOAHOR HAYIHO-MIPAKTHYECKOH KOH-
¢epenimn "MsMepenust: cocTosHue, nepenekTuBst pazsutus' (Yensbuuck, 2012);
MexayHaposHol koudepenunu "Juddepennuaspuble YPABHEHHS W X IPHIIO-
sxerns" (r. Benropox, 2013); International conference "Differential and integral
equation" (QOdessa, Ukraine, 2000); Internation'al conference "Ill-Posed and Inverse
Problems" (Novosibirsk, 2002); International conference “Kolmogorov and con-
temporary mathematics" (Moscow, 2003); International conference "Tikhonov and
contemporary mathematics: functional analysis and differential equations" {Moscow,
2006); International conference "Nonlinear partial differential equations"(Alushta,
Institute of Applied Mathematics and Mechanics of NASU, Ukraine, 2003, 2005);
Mex lyHapoaHO# neTHel MaTeMaTuyeckoir mxone mamatu B.A. Tlnorsukosa (Ouec-
ca, Ykpanua, 2013). Pesyabrarsl HEOZHOKDATHO NOKJABIBANKCHL HA 0OJIACTHOM
cemurape "Ypasnenus coGonesckoro tuna" npodeccopa I'A. Ceupumoka, Ha ce-

muHape KadeIphl NPUKISLIHON MATEMATHKH ¥ BBIYMCAMTENbHON TexHukum Mal'y
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npodeccopa C.U. Kanuenko.

Hy6ankamun. PesynpraThi AuccepTanuu onyOanKoBaHbl B 63 HaydHBIX pa-
6orax, cpenn HUX 34 crarTbi, 12 M3 KOTOPLIX — CTATbM B BEJYIIMX POCCHIMCKUX
PELEeH3UPyeMblX Hay4HBIX KyPHAJaX W W3NaHuAX, pexoMesnosanabix BAK, un 2
CBUETE/LCTBA O TOCYAAPCTBEHHON PErUCTPalMi nporpamm st 9BM. Ux cnmcox
NpUBOIUTCA B KOHUE aBTopedepara. COUCOK TE3UCOB JOKAAAOE BK/IIOUEH B JHC-
cepTaiio. B cOBMECTHBIX ¢ HayWHBIM KOHCYAbTAHTOM paborax LOC/AEAHEMY IpH-
HaJIEXXAT NOCTAHOBKA 3a/a4¥. B ¢TaThsiX ¢ APYTUMH COaBTOPAMH B IUCCEPTAIIAIO
BOHIJIH TOJIBKO PE3Y/IbTaThl, [IOJIYHEHHbIE €8 3BTOPOM.

Crpykrypa u o6beM paboThl. ucCCePTALMS COCTOMT M3 BBEIEHMS, YETbl-
pex rias, 3aKJOUeHAs, CIHCKA JUTepaTypbl U npunoxenus. Obbem auccepTanuu

cocrapisier 228 crpanun. CHHCOX NUTEPATYPhl COACPXKUT 232 HAUMEHOBAHASA.
Kpatkoe coneprxaHune JuCCepTaAyN

Bo BBeAeHMH MPUBOLUTCS [OCTAHOBKA 38341, CTABUTCS Le/b HCCICACBAHMS,
OMUCHIBAIOTCA METOLD HCCIIENOBAHUA U OOOCHOBBIBAETCH &KTY&JhHOCTD, TEOPETH-
4yecKad M NpPaKTUUeCKas 3HAYHMOCTb TPOBEJEHHOTO UCCICJOBAHUS.

IlepBas ryiaBa NOCBALIEHS KaHECTBEHHOMY H UHC/IEHHOMY HCCCAOBAHMIO MHO-
TOTOYEYHONR HAYAJNLHO-KOHEUHOH 3208491 AJ1s MAaTEMATHYECKOR MOJeNd TPaHCIop-
THPOBKA HedTH 10 TPYGOIPOBOLY, B OCHOBE KOTOPOH JIEXKHT OJHOMEDPHbIH aHaJor
cucteMbl ypaprennii OCKONKOBA, PACCMOTPEHHOE HA, KOHEYHOM CBA3HOM OPUEH-
THPOBaHOM rpade. ITa [V1aBa COCTOMT W3 BOCHMHM naparpagos. OHu comepxkar
OTIPEAEJICHUs!, TEOPEMBI M BCIOMOTATE bHbIE Y TBEPXKICHNS, ONMPAsACh Ha KOTOPbIE
[HOJTy9€Hbl OCHOBHDIE Pe3ysbTaTsl uccaenopanus. I1 1.1 wocnt nponejesruyeckutt
XapakTep, OH COAEPKUT OCHOBHDBIE ONPElEeNeHUs U YyTBEPKACHUS TEOPUM OTHOCH-
TeJbHO OI'paHHYEHHBIX oneparopos, nocrpoentoi ['A. Ceupumwoxom®, Iycrs Y u

§ — Ganaxosb! npoctpancrsa, onepatopst L € LI F) u M € CL(4; F). Breaenm B

8Sviridyuk G.A., Fedorov V.E. Linear Sobolev type equations and degenerate semigroups of operators. Utrecht;
Boston; Kdln; Tokyo: VSP, 2003.
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paccMoTperue L-pesoaveenmioe Muodicecmeo
pHM) = {peC: (L — M)™" € L(F W)}
n L-cnexmp o*(M) = C \ p*(M) oueparopa M.

Onpegenenne 1 Onepatop M HasbIBAETCH CNEKMPAALHO 0ZPAHUNENHDIM OMNO-

cumeavho oneparopa L, ecau
Ja>0 YueC (ul>a)= (uep(M).

Sameuganue 1 B panbueiiiuem 6ygeM CYHTATH, BO-NIEPBbLIX, YCTPAHUMYIO 0CODYI0
TOYKY NOJIIOCOM NODAAKA HyJb; & BO-BTOPBIX, Bhipaxkenue "CHeKTPaabHO OrpaHu-
YEHHbIM OTHOCUTEJLHO onepaTtopa L, npuyem ero L-pe30oNbBEHTa UMeET B TOUKe
oo noatoc nopsigka p € {0} U N" sxeusanentuhiv Berpaxenuio "oneparop M
(L, p)-orpannuen, p € {0} UN".

B n.1.2 u 1.3 npusogsitcea HeoOxoauMbie PE3yALTATH TCOPUK AHAIWTHIECKHX
IPYTLI ONEPATOPOB K JOKa3bIBAETCA OD0OIEHHAS TEOpEMa O PacLIenieHuH, KOTopast

JIEXKUT B OCHOBE BCeX a0CTPaKTHBIX pe3yJsibraroB. B npeanonoxenuu, uro

)

oL (M) # 0, cyuecTByeT 3aMKHYTbIE KOHTYD
T C C, orpanudusatomuii obnacrs D O o (M),

nocTpoum uuTerpais muna P. Pucce
1 1 . -
P o [r =7 20,0 = o [ LGt~ M) 9)
2m 2m
r r
Jlemma 1 [Tyemo evnoanaemca yeaosue (8) u onepamop M (L, p)-oepanunen.

Tozda onepamopu P : U — U, Q : F — § - npoexmoput.

TTonoxnm U0 = ker P, §° = ker @, ' = imP, F' = imQ. Toraa U = 4° @ U1,
T =3 @3 Yepes L, obosuauum cyxenne onepatopa L Ha sk a uepes M,

o6o3nadumM cyskenue onepatopa M na domM, = domM Nk k=0, 1.
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Teopema 1 [Tycmv ennoanenst ycrosus aemmdi 1. Tozda
(i) Ly € LWHE), k=0, 1;
(i) My € CL(U0;3°), My € LU FY);
(i) cyweemeyrom onepamopn L7t € L(FHUY) u Myt e L(F%u9).

[Tycre teneps L-ciektp oneparopa M yl0BIETBOPHET YCAOBUIO

oH{(M) = U(r (M), n € N, npuvem o5 (M) # 0, samxuyTsiit
=0

koutyp I'; C C, orpanuunsaomuit obnacts D; O o L(M), Takof, wro (A1)
D;nof(M)=0wu DyND; =0 npu seex j, k,l =T,n,k #1.
Anaioryno (9) noCTPORM HHTETPahI
1
Rj = 2 RL(AI)LI‘LL] Q] / L ( )dﬂ,
i
(10)

By=P- ZP,, Q=qQ- ZQ,,»:

j=1

Honosum Y° = ker P, I = ker Q, 46 = imP;, §} = imQ;, 7 = 0,7, n uepes Lg
0003HAYHM CY2KEHUE omeparopa L na 110., qepes My 0603Ha UM CYKEHVE ONEPATOpa
M na domM N U0, Obosrauum qepes Ly; cyxenwe oneparopa L na 5.1}, a 4epes
M,; obosnauum cyxenue onepatopa M na domM N YU}, j = 0,7.

Teopema 2 (O60bueHnas Teopema o pacilemienuu ). Hycmo sunoanens Yyeiosus
(8) u (Al). To20a

(i) Lo € L{U% 3", LUEE( ) j=0,n;

(i) My € CL U FM), Mljeﬁ Sl) §=0,n;

(iit) cywecmeyrom onepamops Llj € L( },LL;), i=0,n, u Myt € L(F%U).

B n. 1.4 nonyuen ocHOBHOU abCTpakTHBIA PE3Y/bTaT AaHHOH riaBbi — TEOpE-
Ma 00 OfHOBHAMHON DA3PENIMMOCTH MHOTOTOUEUHOH HAYAILHO-KOHEUHOH 33484y

JUIS TAHERHOrO YPABHEHUsT COOOMEBCKOTO THIIA ¢ OTHOCHUTE/IBHO P-OrPAHUYEHHbLIM

onepatopom M. Bosbmem —00 € a < 75 <11 < 3 < ... < T, < b < +00,
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u; €4, j =0,n, f € C®°(R;F) 1 paccMoTpuM JMHERHOE HEOLHOPOIOE YPABHe-
Hue cobosesckoro runa (5). Bextop-dbynkumo u € C°(R; ), yaopnersopsiouyio
ypaBHeHWO (5), HasoBeM pewenuem ypasHerus (5). Pemenne u = u(t), L € {a,b)
ypasHenus (5), yAOBIETBOPSIOILEE YCAOBUAM (4) HAZ0BEM petuentem MHOZ0TONE-

Hotl HONAALHO-KOHEYHOT 3adavu Oan ypaenenua (5).

Teopema 3 IIycmov onepamop M (L, p)-ozpanunen, nputem 6unoiHEHO YCAOBUE
(A1). Toedu dan mobwz f € C(R;F)), u; € U, § = O, n cywecmeyem edun-
cmsennoe pewenue 3ada4u (5), (4), xomopoe x momy oce umeem ud
P n n .
u(t) = = Y (Mg Lo) "Mz (T-Q)f (1) + > Uf Pujt / t ULy} Q;f (s)ds.
=0 7=0 =0T
B n. 1.5 npusopstest pesynbrathl pewrenns sagadn Ulrypma ~ Jluyeunas na
rpade, nouepnnyTthie B pabore I\ A. Ceupuamoka, A.C. Ulununosa®, asantuposan-

HBIE K paccMmarpuBaeMoll curyauun. B 11.1.6 n1puBoiuTca peiyKuusi 0JHOMEPHOTO
aHasora cacreMbl OCKOJIKOBA — ypaBHEHUH BUIA

)\’Ltjt — Ujezt = AUjzyg, (11)
3a[JaHHBIX HAa KOHEYHOM CBA3HOM opuenruposannoMm rpade G = G(U; €). 3uecs
B = {V;} - muoxecrso Bepmnn, a € = {E;} — muoxectso ayr. IIpexnonaraer-
€A1,9T0 KaxKaad Ayra uMeer mmuhy ; > 0 u mupmuy d; > 0. Cucrema Ockonko-
8a (3) MOULENUPYET JUHAMUKY CKODOCTM H JlaBJieHUsT BA3KOYTPYTOH HeC)KHMaeMol
WKUAKOCTH, NPOOOPA3OM KOTOPOH SIBMSAIOTCS BbICOKoMapaduHOBLIE cOpTa HedTH,
JoObIBagMble, B 4aCTHOCTY, Ha MeCTOPOXK AeHUAX 3anansoi Cubupu. 3xece a € Ry
u A € R ~ napamerphl, XapaKTepu3yolliue BSI3KUe U yNPyTHe CBOUCTBA XMIKOCTH.
[Ipu srom ypapuenus (11), paccmorperubie Ha rpade, MOAENUDYIOT TUHAMUKY
CKODOCTH U JaBJIEHUs BA3KOYTIPYTOH HECZKUMAEMON MKHUJKOCTH B TPyOOIPOBOAE.

Ha rpade G paccMoTpuM 3318494 C YCIOBUEM HEIIPEPLIBHOCTH
4;(0,¢) = ug{0,1) = up(In, t) = Un(ln, 1),

(12)
Ejs Ek € En(vn), Emv En S Ew(‘/z)

9Cauprgiok I.A., Lnnunos A.C. 06 yeroitumsoets pemermit ypasuenuit QckonxoBa Ha r'paxbe 7/ Nudbde-
petil, ypasrenus. 2010. T.46, N5, C.737-742.

13



¥ ycnoueM Gananca nMOTOKOB

Z d]-ujx((), t) - Z drurz (U, t)

5B €E(V]) ke Exe B (V;)

Il

0. (13)

OcHOBHBIM PeayJIbTaTOM 3TOr0 naparpada cayxuT

Teopema 4 IIpu améwz A € R, o € R\ {0}, u; € U, j = 0,n, muozomo-
NEUNAA HA4GALHO-KonewHas 3adaxa (4), (12), (13) dan ypasnenudi (11) umeem

eduncmeennoe pewenue u € C°((a, b); 1), xomopoe « momy sice umeem eud

n
u(t) =3 S ey, oy
=0 k:ukEU][‘(M)

B 11.1.7 u 1.8 coseprkaTest onucanye alirOPUTMa YHCIEHHOTO METOAA H KOMIIJIeK-
€a NPOrpaMum, HauCaHHOTO Ha A3BIKE [IPOIPAMMUPOBAHUS BbICOKOTO ypoBHs C++,
NPeAHA3HAYEHHBIX 51 TUCHEHHOTO PEIIeHY:A MHEOTOTOUEYHOH HAYaJIbHO-KOHEYHOM
3a0a4H 415 THHEHHOR Mosiesn (JCKOJIKOBA TPAHCTOPTHPOBKY HedbTH 10 1TpyGopo-
BOJY, TAKXKE IIPHBOAUTCS BbIYUCTUTCIbHBIA IKCIEPUMEHT,

IIpumep 1. HaiiTu peliteHre MHOTOTOYEYHOR HAYAILHO-KOHEUHON 3a/a4ut

Pi(uj(z,7) —wi(z)) = > (u(z,7) — v (z), on)pr = 0 (14)
krpp€at (M)

Ang ypasaerutt Ockokosa
AjUjt — Ujpat = QjUijza, (15)

Ha OopHenTHpoBannoM rpade G, ¢ AByM:A coeAMHeHHBIMI pebpamu U Tpemsa Bep-
IIMHAMY MPY 33JaHHbLIX KoabdHuumentax o = ~0,5, ag= 0,6, 0=0, 71 =0, 5,
7'2:‘1, Al,gt —0, 25, d1 = dZ:O, 2, ll,zzﬂ', N=3.

PacemarpuBaembiil rpad u300paxeH Ha puc. 2.

\ v, v,

>~ ————8
Ey E.
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B stom CcllyHae ypaBHEHUs OckoinkoBa npescraBuMbt B BUjie

=0, 25u1t — Uigat = —0, Suyzq, (16)
-0, 25ua; — Uger = —0, 6u4y.
Vei0BHSI HETPEPBIBHOCTH UMEIOT BUJ,
wy(m, t) = us(0, 1), (17
a ycaosus "6ananca noroka' —
ulz(O) =0,
01 2ulz(7T) = 01 27.&23; (O)v (18)
U () = 0.

Pewrennst u;{z,t), 7 = 1,2 nannok sanaun 6yjieM uCKaTh B BHAE TAJEPKUHCKUX

CyMM 3
“),\f S a0, uln =23 awuw

0=1
Bananum dynxun v, u!, u? uf(z) = 1—cos(z), u(z) = sin (£), ul = u} =0,
u?(z) = — cos(z), ui(z) = cos(x), HAUANBLHO-KOHEHbie yeaioBus (14) sananum B

BUjle
{(u(z,0) —u%z), ) =0, k=0,1,2,
(u(r,z)—u()wk)—{) k=1,2,3, (19)
(u(r,1) ~v?(x), 1) =0, k=0,1,3.
IIpu yxazaHHBIX 3HaYEHNSX [IAPAMETPOB II0JIy4€HO PEHICHHE 331341
up = 0,28 — 0,01 + 0,32¢075t+021 4 4 730-95% 1 (0 93 — 0,00¢+
40,0412 — 0,08¢ 975021 1 ) 08e~%5%) cos(x) + (—0,02 + 0,02t —
—0,02(2 -- 2,05 0754021 _ 9 (056034 () 01e~075+075) cos(2/2),
up = 0,28t — 0,01 + 0,32e~075¢021 4 4 73.-054 __ (0 93 — 0,09¢+
+0,04¢% — 0,08¢ 0754021 1 0,08¢05*%) cos(z) — (—0,02 + 0,02t —
—0,02t% — 2,05~ 0754021 _ 9 (5054t 4 (),01~0754+075) sin(/2).
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0 /2 w0 w2 ol

Bropas ritaBa nocBAIIeHa KA4ECTBEHHOMY U YYCJIEHHOMY KCCJIEA0BAHII0 MEO-
POTOYEYHOU HAYANBHO-KOHEYHOH 337a4u [J1A JIMHeNHOM MaTeMaTwyeckod Mome-
M TIJIOCKONapasie/ibHOU TePMOKOHBEKLUMY BABKOYITPYIOd HEC2KUMAEMOH XUJIKOCTH.
DTa ryaBa cOCTOMT M3 BocbMH maparpacdos. B m. 2.1 — 2.3 npusogarca seno-
MOTATEbHBIC CBEICHUS U3 TEOPHU OTHOCHTE/IbHO P-CEKTOPHAJBHBIX ONEepaTopax,
BBIPOXK/IEHHBIX Pa3peLialoiuX MOJAYTPpyNil ONEePaToPOB U HOCTPOSHHE eMUHMLL N0-
JIyrpyTi OIEPATOpPoOB, aNanTHPOBaHHbIEC K Hallell cuTyauun. [IpuBesem ocHOBHBIE
TIOHSATHSE ¥ yTBEDXKAeHUs 91MX naparpados.

[Tycts U u §F - GaHaxoBbl npocTpancTsa, onepatop L € L(I; F), a oneparop
M € CI(8; ). Mycrs p*(M) # @, Torna MOXHO BRECTH B PACCMOTPEHHE TPAGY0
H Ae8Yio

P P
(up)(Jw _HRIIZk(M) “ up) HL ik
k=0 k=1
(L, p)-pesonvsenmu oneparopa M, saeco pe € pH(M), k=0,...,p

Ompegesenue 2 Oneparop M Ha3bBACTCH P-CEXMOPURADHBIM OMHOCUMEALHO
oneparopa L (xopoue, (L,p)-cexmopuaivioism), €cau CyHIECTBYIOT KOHCTAHTbI
hK >0,a € R, © € (%/2,n) Takue, 4TO CEKTOP

Sio(M)={p€C:|argln—a)l <O, p+#a}Cp"(M), (20)
puyem K
max {“Rg"p)(M)Hc(u) ' NL{I“‘I‘)(M)“L(S)} < W (21)
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Yy, € SE ‘o(M), k=0,...,p.

B 11.2.4 cTPOATCS OTHOCHTENLHO CIEKTPaJbHbIE TIPOEKTOPb, SIBASIONMECS B 3TOM
Cilyyae eJUHULAMHE NONYTPYN ONEPATOPOB, IPH YCJIOBUYM OTHOCHTELHON p-CeKTO-
PHAJILHOCTU CIPABA U CJIEBA.

ycts oneparop M (L, p)-cexropuanen, p € {0} U N, toraa cymecrsyor shi-
DO JEHHBIE AHAJNTHYECKHE TIONYTPYTIbl OMePATOPOB

1
L uf t
v'= 2mi / . M)etldp w F7 = 2mi

L L(a)e dp,

onpesieneHHbie Ha tipoctpancrsax M u § coorBercTBenHo. Beenem B paccMoTpenue
anpa ker U = 4%, ker F* = 39 u obpazet imU" = W, imF" = § srux nonyrpymu.
Herpyano noxkasats, uto 0 Ul = P gl = P}, FPaF =F 0 F =

T @ §'. Chopmyaupyem 6ostee CHITbHOE yTBEPH IeHKE
o =4 FoF =3, (A2)

KOTOpOe uMeeT MeCTo aubo B ciyyae cusibHOH (L, p)-CEeKTOPHANILHOCTH ONEpaTOpa.
M cnpasa (caesa), p € {0} UN, anbo pednexcusnocru npocrpancrsa i (F).
O6o3naunM uepes Ly cyxenue oueparopa L na U, k = 0,1, a uepes My, cyxenue
onepatopa M na domM NU*, k = 0,1. U ecau onepatop M cunwHo (L, p)-
cekTopHaneH cipasa ¥ ciesa, p € {0} UN, 1o Ly, € L(U5; %), My, € CL{UF; %),
k = 0,1, npuuem cymecrsyer oneparop My € L(F°;10), a rakwxe upoexTophi
P=gs- tl_i)lg}}_ UtuQ=s5— tl_l)%l+ F' pacmemnisiomue cornacto (A2) npocrpaucrsa,

#u § coorsercraenno, nputeM U = imP, F = im(). Bregem eute onuo ycnosue -
cymecrsyer oneparop L' € L(Fh 4, (A3)

KOTOpOe HMEET MECTO B. Ciiyuae CHJInHOM (L, p)-CeKTOPHAABHOCTH omeparopa M,
p € {0} UN. (B.E. ®enoposbim Gblio nokasato, uro (A2) smecre ¢ ycnosu-
em (L, p)-cexropuansuocta oneparopa M, p € {0} UN, gaer cuapuywo (L, p)-
CEKTOpUabHOCTD onepatopa M cnpasa (caesa), p € {0} UN, a ecim K num 06a-
Buthb yenosue (A3), o nonyuum cunbnyio (L, p)-cekTopuaibiocth onepatopa M,
pe {0}UN).
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11.2.5 nocesuies necaesoBal HI0 MHOTOTOME Y HOI HaHaIbHO-KOHEYHON 334341 445

ypaBHEeHUst CODOEBCKOTG THIIA € OTHOCUTE/IBHO P-CEKTOPHA IbHbIM oleparopom M.

Teopema 5 ITycmo evinoansemcs ycaoeue (Al). Tozda cywecmeyom npoexmo-

pu P € L(W) u Q; € L(F), j = 1, n, xomopwie umerom sud
_ 1 L NN A4 T '
= 5m7 /. REODd, Q= 5 / L 5 =TR @)

Honoxum Py = P — Zn:le, Fy € L(Y) - npoextop. Bozbmem 7; € Ry (15 <
Tjsl), Ur, € U, J = O_EJ ¥ paccMoTpuM sanady (4) Ans audelinoro ypasHeHAA
cobonescxoro tuna (5), e f : Ry -+ §. Bexrop-bynximio uw € CH(0, 7,); 4) N
C([0, 7); 41}, ynosaeTBopsowyio ypaBuennio {5), HA30BeM ero petuentem; peeHue
u = u(t) ypasuenus (5) HasoBem pewenuenm sadovwu (5), (4), ecnu tE17101+ Po(u(t) —
up) = 0w Pi{u(t) —u;}) =0, j=T1n

OCHOBHBIM Pe3Y./IBTATOM NAHHOTO maparpada ABIAETCs Teopema 00 0JHO3HAY-

HOB paspemrumocty 3agaun (5), (4),

Teopema 6 [Tycmo onepamop M (L, p)-cexmopuanch, npuxem ewnoanenn (Al)
- (A8). Tozda dan awboii sexmop-dynwsyuu f° € CP([0, 7,.]; FHINCT((0, 1); F),
e C(0,7]; 3) cywecmeyem eduncmeennoe pewenue sadavwu (5), (4) xomopoe

% MOMY e umeem eud

P
= = 3 (M Loy My FO9(1) +ZU‘ T’u,»{-Z/ U Li1Q;f (s)ds.
g=1

TMonyennbie abCTPAKTHLIE PE3YJILTATH NPUMEHAKTCA B 1.2.6 fjs TuHeHHOR
MOAEJIH MJOCKONaPaIen>HOH TEPMOKOHBEKINY BA3KOYIIPYLOA HECKHUMEEMOM HKAT-

KOCTH, pacemoTpenuoii B obuacru ) = (0,a) % (0,b) € R?
(A= D)AY, = —vA™ — o, + £, 0 =0A0 — By +(, (23)
¢ KpaeBbiMM ycnosuaMu Benapa

¥(x,0,t) = A(z, 0, 1) = (2, b, ) = Ap(z,b,t) =0, (24)
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0(x,0,t) = 0(x,b,8) = 0, (25)
GyuKIMn ¥ 1 8 nepuoiuHbl 00 2 € NEPHOACM Q. (26)

3/4ech MPOBOAWTCS Pe/yKIUsA NIOCTAB/ICHAGH 334a4M K aBCTPAKTAOMY yPAaBHEHHIO
(). Mycrs 8 = BV x W, rae Y = {v € Wi(Q) : v ynosnersopsier (24), (26)},
W= La(Q),aF =6 xH & =5 = Ly(N); onepatopet L u M samanuM
dopmynamu

9

2 —

LZ((A—A)A o) v |72
0 1)’ 9

ﬁa:r, 54

coorBercreerno. Quesnano, omeparop L € L{;F), a omeparop M € CL(LF),
dom M =0 x {w € W2(§) : w ynosnereopser (24), (25)}.

Hoxasbisaercs (L, 0)-cekTopuanbnocts onepatopa M. OCHOBHBIM PE3YABTATOM
9TOTO naparpada sBASETCA Teopema 00 OLHO3HAUHON PA3PEIIMOCTH MHOTOTOYe!-
HOlt HAYAJIbHO-KOHEdHO! 3aaaqu (4).

Teopema 7 [Ipu wobwz o, B, N\, v € R; 8,75 € Ry, u; € 8, j =0,n, ; £, €
CH[0, 7); Lo(2)) cywecmeyem eduncmeennoe pewenue, u = u(t) sadavu (4) dan
ypasnenuil (23) ¢ xpaesvmu yeaosusamu (24) — (26).

[1.2.7 nocesen HaXOXAEHUIO COOCTBEHHBIX 3HaueHMH ¥ COOCTBeHHbIX (BYHK-
uul ais 3agaun Bemapa ans cucreMbl ypapennit OCKOAKOBa, KOTOpbie OyAyT
HCIONB3OBAHbI JiJIsi BIUMCAUTEbHbIX IKCTIEPUMEHTOR ¢ JIMHEHHOH MOAGIbIO NJIO~
CKOTIApaJL/Ie/bHON TEPMOKOHBEKIMH BA3KOYIIPYrofi HECKUMAaeMoit Kuaxocry. B .
2.8 conepKaTcs ONUCAHHE AATOPHTME YUCJIEHHOIO METO/A U KOMILIEKCS TPOTPaMM,
HaIIHCAHHOI'O B BLIYMCIUTENLHOM cpede Maple, npesnasHaveHtblX s YHCAEHHOTO
PELLERNs U3YYAeMOl MOSESH, TAKIKE IPUBOSHUTCH BbIYUCAATEIbHBIH IKCTIEPUMCHT.

TIpumep 2. B obsactu 2 = [0, 7] x [0, 7] paccmarpusaem cucreMy ypasHenui
(23) ¢ yenosusmu (24) - (26) npu sasanabix xoaddunnenrax v = 2, a = —1,
B=2A=1

19



Muozecrso cobersennbix byHKUMA OPTOHOPMAPOBAHHOE B cMbicie Ly cneayio-
2

. 2. " ; 3 : V2 ,

uiee: oy = % sin(2kz) sin(ly}, g = % cos(2kx) sin(ly), v = %2 sin(ly). Tanepkuu-
CKO® NPUDJIKEH e K PELICHHUIO [I0CTABICHHON 331241 BO3bMEM B Bujie 1) = a(t)a,
6 = b(t) 11 + c(t)va. 3a43A1M MHOTOTOYEUHBIE HAYAILHO-KOHEHHDBIE YCIOBUS LIpY
I Y ¥ P
7 = 0 u3 okpecrrocTy Touku Hysib, a(0) = 0.2, 50} = 0.1, ¢(0) = 0.2. Pewum
[IOCTABJEHHYIO 3344y JIIsl JaHHOH CUCTeMbl yYDaBHeHHH. Pe3ybraThl YHCACHHONO
PelIeHUs] MTACTHYHO UPHBEAEHD! B Tabnute 1.

Ta€n.1: Uncresnoe pewenne CHCTEMbl ¢ HAHAMLHO-KOHEuHbIME yeaoBuasu a(0) = 0.2, b{0) = 0.1,
c(0) =0.2

[t ] ald) b(8) )

0.1 | 01854240039 0.0886898129 01354017426
0.3 | 0.1525995343 0.0730387274 0.0624894731

0.4 | 0.1357883884 0.0663610716 0.0426287976

0.6 | 0.1035098576 | 0.0535727678 00200176562
0.8 [ 0.0749935012 00414719893 0.0005013049

1.0 | 0.0500756644 0.0305398238 0.0045377105
1.2 | 0.0317854606 0.0211874342 0.0021642916

1.4 | 0.0171784838 0.0135878727 0.0010216194

1.6 | 0.0066299269 0.0077117905 0.0004733233

Tperbs riasa noceAUIEHA MATEMATHYECKON MOAEJH IBOMOIHE CBOBOAHON 110~
BepxHOCTH QmibTpyomeics xuakoctd. B m. 3.1 —~3.4 npusoasires pesysbTaThl
Teopuu cHIbHO (L, p)-pajnaibHbix ONepaTtopos U aIaNTHPOBAHHbIE K Hallel cu-
ryanuu. Ilyers 8 u § — Ganaxopnl npocrpasctsa, omeparopel L € L{U;F) n
M e Cl{4;F).

Omnpegenerue 3 Ouneparop M uazmipaercs cuavho (L, p)-paduasvrom, p € {01U
N, ecnn

{i) 3o € R (a, +oo) C pH(M);
(i) IK > 0 Vpu € (a,+00) ¥n € N

mas{]| (R (M) e, LMD" D)} < K~ a) 0,
(iil) cymecTByer mioTHbY B § JnHeas §, TAaKOH, 4TO
1M (L — M) (LE(M))™ I3 < (1 — @) 7% -const(f), ¥/ €F, Y € (a, +00);
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(i) LR M) (L~ M) "M|e(F; 1) < K —a) ™2, Y € (g, +00).

B ycnosusix cunbholt (L, p)-pasuansuocry onepatopa A nocrpoum B 1.3.5.
€MHAILY Pa3PEIlaloe oMy rPpyInbl OAHOPOAHOrO yPaBHeHUs COBONEBCKOTO THIIA,
KOTOPas ABJACTCS MPOCKTOPOM, PACLILIUISIOLIAM [1POCTPAHCTRO i

k k
P=U"=slim U, Ul=s-lim {-RY(M)) , k>p.
t—0+ koo \ L

AHAJOrHYHO MOXXHO HOCTPOUTD NIPOEKTOD JAJSi OPOCTPaHCTBa 3

k
Q=F'=s lim F!, F'=5 lim GLQ(M)) , k>p.

-0+ k—oc
Kpome toro, aapa ker U = 40, ker F' = % u o6pazsr iml/" = (!, imF" = §F srux
NONYTPYIIl HMEIOT BRI,

HononauTensuo K yciosuto (Al) BBeseM el /B4 ye/ioBUs.
Woei =4 Fes =37 (B1)

O6o3naunM yepes Ly cyxkenne oneparopa L na U¥) k = 0, 1, a uepes M — cyxenue
oneparopa M ma domM N ¥, k = 0,1. U eciu oneparop M cuimbno (L, p)-
pammaned, p € {0} UN, o Ly € L(UF;FF), My € CL{U¥; FF), k = 0,1, npudem
cywecreyeT oneparop My le L(F549. B Cilydae CHILHOH (L, p)-pasuansuoctu

oneparopa M, p € {0} UN prinonusercs ewme OnHO yC/IOBUE —
‘ cymecrsyer onepatop Li' € L(§';U). (B2)

Ecau oneparop M cusbho ([, p)-pajualien CnpaBa, ¥ BHILOJIHSIOTCS YCJIOBUS
(Al)’ (Bl)) (B2), TO Pj =

n

Py =P — 3% P, By € L(Y) - npoexrop. Bosbrem 73 € Ry (715 < 7jpa), Ur, €

gl
U, j = 0,n u paccMorpam 3axady (4) mas auHelfHOrO yparHeHWst coGONEBCKOTO
muna (5), pie f € C%(Ry; §). Bekrop-dbynkuuio u € CH(0, 7,); £) N C([0, 7); L0),

YAORJIETBOPAIOULYIO ypaBHenuo (5), HAa30BEM €ro pewlenuem; pemenne u = u(t)

Py Rﬁ(M)du, 4 = 1,m, - npoexropst. [Tomoxnm
uy.
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ypaBHenus (5) nasosem pewienues 3adavu (5), (4), ecnn tILm Po(u(t) - up)=0wu
To
Pi(u(t) —u;} =0,j=0,n.
B ciayuae ux BbimosHeHus cnpapejiivea Teopema o6 0JHO3HAYHON pa3peluMo-

CTU MHOI'OTOYEYHOHN Haya/lbHO-KOHeMHO” 3aa4U

Teopema 8 ITycmo onepamop M (L, p)-peduanen, npusem evinoanens (B1)-(B3).
Toedy das w060t sexmop-gynxyuu fO € CP([0, 7); %) N CPH((0, ), &), f! €
C(0,7.); §Y) cywecmeyem eduncmeennoe pewenve sadawu (5), (4) xomopee %

MOMY ice umeenm 6ud
» n n ¢
u(t) = = > (Mg Lo)" Mg {29+ )" U uy + Y / U LT1Q; £ (s)ds.
g=1 i=0 =07

B 1.3.6 nosnyyennble abCTpaKTHblE PE3YAbTATHI NPUMEHSIOTCS [Jis1 PEIICHAS MHO-
TOTO4YEHON HAYANBHO-KOHEUHOM 334894 15 THHEHHOU MOJENH 3BONOLKK CBODOI-
HOM moBepxHocTu GunbTpyoleica kugkoctu. Ilycre @ C R™ - orpannuenuas

obsacts ¢ rpanunedt I kaacca C™. PaceMoTpuM ypaBHeHKe
(A — A)uy = alu — A% + f, 27
rae A € R, a, 5 € R,, ¢ KpaeBbIMH YCJI0BUAMU
u(z, 1) = Au(z, t) =0, (r,7) € 0Q x Ry. (28)

B coorsercrByomux GyHKUMOHANBELIX IpocTpaHcTBax U = {u € W;{“(Q) :
Buimosasercs: yeiosue (28)} m § = WHQ), rie £ € {0} UN, p € (1, +o0),
W;(Q) - mpocrpatctsa Cobosesa. onpemenum omeparopsl L = A — A, L €
LLF) v M = oA - A% M € Cl{hF) tae domM = {u € W}2(Q) :

BBITOAHsAETCH yesiosue (28)}
Jlemma 2 [Ipu mobwz A € R\ {0,371} onepamop M cuavno (L,0)-paduasen.

B cuny teopembl 8 umeer mecTo
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Teopema 9 [pu awouz A € R\ {0,a- 874}, 3 € Ry, up € domM, u, € 4,
[ € F cywecmsyem eduncmeennve pewenuve u € C'([0,7]; Y1) sadavu (4), (28)
dan ypaswenud (27), xomopoe umeem eud

N o {f, or)on o= BN . .
ult) =— ) 5t exp | ————(t = 75) ) {uj, ;r)ior+
a; — BA; A— A
Ax=A kippea) (M)
) 9 .
, adp — BAL (f, on)0r
+ E 1—exp| ———=E({t— 1) 19
7 L A— /\k Q/Ak - ﬁAk
k:prcol (M)

B 11.3.7 u 3.8 comepxarcst onmicanne ajJropuTMa YMCAEHHOIO METONA U KOMIIICK-
€& TIPOTPaMM, HAIIMCAHHOTO Ha A3bIKE NPOTPAMMHUPOBAHUSA BbICOKOrO ypoBHs C++,
MpPeHA3ZHAYEHHBIX JJIA YHCIEHHOTO PELICHHs] MHOTOTOUeYHON HAYaIbLHO-KOHEIHOM
381841 JIis NMHEHHOH MOIeNU IBOTIOHY CBOBOHON MOBEPXHOCTH (UiibTPyOIIe-
Cst KUAKOCTH, TAKXKE NPUBOJUTCH BbIYUCIUTENbHBIN 3KCIIEPHUMEHT.

Hpumep 3. Hatitu pelnenue 3aiaun na orpesxe gaussl 7, N =3
(—Ug = Uget) = Upp — 2(Usgz) - (29)
KomnonenT: BekTop-byHKIMA pelenus u(t, ) Hannoi 33534 6y/1eM HCKATh co-
3

OTBETCTBEHHO B BHJlE TAaJEPKUHCKUX cymM u(t,s) = Zai(t)'pi(z), rae pi{x) -

i=1
cobcreennble Gynxiun 3aga4du Hrypma — .HuyBH Jutsi Ha orpeske. Torna pemenue

HagalbHo-koneunolt sagaum a;(0) = 5,142, a3(0) = —0, 904, a3(1) = 0 npeacra-

BUMO B BUJE

u(t,x)=4,265 - 0,202¢ + 0,426t + 0,191¢3 + 0,877¢" + (0,060t —
—0,020¢% + 0,010t - 0, 275) cos(x) + (0,994 — 0,363 + 0,006t~
—0,385¢t3 + 0,252e2082-2082) 005 (1 /2),

Yerseprad ri1aBa nocEsICHA H3Y 4€HMIO MHOTOTOYEHHOM Haua/ibHO-KOHEeHOM 3a-
nad| s auHedtsot Momenu Bapen6aarra — 2Kenroa — Kounsoii ¢ ajnurussim
Genbim wiyMom. B n. 4.1 BBOAATCA OCHOBHbIE IIOHSITHSI, ONPEJENeHHH U YTBEPKie-

HusA, HeobxoguMble A U3ydenusi K-BUHEPOBCKUX MPOLIECCOB.
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Mycrs = (Q, A, P) - noanoe seposTocTHOE TipocrpancTso, 8 = (4, (-, ) -
BeleCTBELHOE cenapabesbHoe Iu/bBeproso NPOCTPAHCTBO, CHabKEHHOE Gopeses-
cxof o-anrebpoit. Tlocnenosarenshocrs {Bx(t)}, t € R, HeaasucuMeix oppoMep-
1bix (CTAHJBPTHRIX) BUHEPOBCKUX tpoueccos i(t) = ge(t,w), Br : Ry x Q = R,
KOTODbIE GILE HASBIBAIOT GPoYn06ckuMy J8UsICERUAMY, & Ay — CODCTBEHAbIE 3HaYe-

HUA AJEPHOTO oflepaTopa.

Oupenenenne 4 Chyuaiinniil nponecc

W)= W(t.w) =Y VAbelther, L €R,, (30)

k=1

HaapiBaercd (U-snaunovwm, adeprvim) K-suneposcxum npoyeccom.

. K -puneposckui nponecc 0b1a1aeT CELYIUMH CBOHCTBAMHE.

(W1) W(0) = 0 n.5. na 2, ¥ TPEKTOPUH N.H. HeNpepLIRHL! Ha R,

(W2) Tpaexropun K -BUHEPOBCKOrO npoLiecca ILH. HeguddepeHnnpyeMsl HE B
oo Touke t € R, u Ha mobom npomexyTke 3 C R MMEIOT HEOrpaHNYEHHHYIO
BAPUALHIO.

{W3) K-BurepoBcKuil NpoIece - Mayccos.

B 1. 4.2 paccMaTpuBaercs MHO[OTOYEHHAA HAYAIbHO-KOHEUHAHA 3aJiads AnA
ypaBHeHusT cODONEBCKOTO THIA ¢ aJINTUBHbIM Oenbim mymowm. Hlyets § n § - Be-
IIECTBEHHbIE cenapabenbabie THALOEPTORE! IIPOCTPAHCTBa, oneparop K € L(U)
— agepubifl, a oueparoput L, M, N ¢ L({:F), npudem oneparop M (L,p)-

orpanuuen, p € {0} UN. PaccmoTpnm JHHERHOE CTOXACTHIECKOE YDaBHEHTE
Ldn = Mndt + N6W, (31)

rze B paBoii sacTi Yepes 6 W obosHatden obobiwenHbri auddepeniuan (U-3uadioro)
K -uneposckoro nponecca. Leab jagnoro naparpada — NOCTAHOBKA, U MCCAEA0BA-
HUE MHOTOTOYEYHO! HauaJIbHO-KOHEUHON 3ajaun s ypasuenns (31). Cornacuo
uynkry 1.2 pucceprauyuu noTpebyem BeinojiHenue yciosust (Al), Giaropapa ko-

TOPOMY NOCTPOMM HPOEKTOPb B npocTpancTsax Y u § coorsercrsenso Fj, Q;,
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j = 0,n no gopuysne (10). Tanee, na nosyunrepsaie R, BbGepem TOHKU Ti,
j=In makne, o 0 < m <7 <M< ...<TpH ($t-3HauHBIE) HE3ABUCHMbIE
cyvaitnbie enudunbl &; € Ly, § = 1, n. Ananoruuno nynxry 1.4 nocTasuM MHO-
TOTOYCUHYIO HAMAIbHO-KOHEUHYIO 3aJaty — HaiiTu ciyuafiubiii nponece 1 € Cly,

y/0BACTBOpsIOMY ypasreduio (31) u yciosuam
Pi(n(m) —&)=0, j=0,n. (32)
Ecnu BbinosiHeHo yciosde
QN =N, (33)

TO B CWJIY TeopeMbl 3 nocTpoumM enuHcTBennoe "dopmanbroe" pemenune 7 = 77(t)
sajann (31), (32)

, n n " o
) =S U RE+ Y [ USL3QuW(s)ds, t€ Ry, (34)
g =0 7T

Teopema 10 ITycms onepamop M (L, p)-oepanunen, p € {0} UN, u swnoanens
yenosua (A1), (33). Hycmo caynatinme seaununm & € Ly, 5 = 0, n, nesasucuma.

Tozda caywaiinmd npoyece 1 npunadaescum CLa(Ry) u onpedesen dopmyact

n

n t
n(t) = Z (U;*Ta'Pjgj + L‘lﬁlej(W(t) — W(Tj))) + Z/ U;fssjl,;lejW(s)ds,
3=0 77

=0

’ (35)
Oupeaenenne 5 Tlycrs oneparop M (L, p)-orpannien, p € {0} UN, u svimonne-
bt yenosust (A1) u (33). Tlycts coyuaiinbie Bestnuunnl £ € Lg (win ux mpoexunu
P&, € Lg), j = 0,n. Toraa npu suobom (U-suadunom) K-suHepoBckoM mpoiiec-
ce W € CLgy cayualinbit npoiecc 7, onpejenentblii hopmyioit (35) HasbiBaercs
pewenuem sadavu (31), (82).

B 1. 4.3 npoBOAUTCS TOCTPOCHUE SHAEPHOIO OHEPATOPA Agl W HAXOXKJICHUS ero cob-
CTBEHHBIX 3HAMEHMU, KOTOPbie TOHAA0BATCA JJIA BhIYUCHUTEHHOTO SKCIEPUMEHT3.
B 1 4.4 paccMaTpuBaeTesa croxactuueckas Mojiesib bapenGnarrta — 2Kesrrosa - Ko-

yunott. [ycre G C RY - orpannyennas o6naceb ¢ rpanuneit IG knacca C™. Byzgem

25



WEKATb Iy aiubil npouece u = u(z, t), yaosaeTBopsloumit B umnunape X Ry

CTOXACTUYECKOMY YDPABHEHUIO

(A — A)du = aAudt + NdW (36)
v ycaosusim J{upuxse

w(x, t) =0, (z,t) € 0G x R,. (37)

3aecy napamerp a € R\ {0}, A € R. Ypassenne Mogeaupyer aMHAMUKY naBJie-
HUA KUAKOCTH, PUIBTPYIOLIEHCS B TPEIMHHOBATO-NIOPHUCTOM CPEE CO CAYHaAHbIM
BHEUIHKWM BO3ICHCTBUCM.

[Ipusogyres peayxunsa (36), (37) x ypasaennio cobosnescxoro Tuna (31) ¢ aguu-
THBHBIM BEJIbIM 1Y MOM, HOJ KOTOPBIM IORUMACTCS TIPOUSBOAHAH K - BHHEPOBCKOTO
npongcca. [Jaee, na ocHOBaHUM abCTPAKTHOTO PE3yibhTaTa 06 OJHO3HAYHON pas-

PELIMOCTI MHOFOTOUEHOM HauaibRO-KoHeHHON 3anaqu (31), (32) sokasniBaerca

Teopema 11 IIpu mobwz —A € {ux}, @ € R\ {0} u £ € Ly maxod, wmo svt-
noaneno (Al), cyuecmeyem eduncmeennoe pewenue u € CLy sadawu (82) daa
cmozacmuseckozo ypasnenua Bapenbaamma - Xeamosa - Kowunotli ¢ addumue-

HoLM GenbiM WYMOM U ycaosuem (37).

B 1.4.5 u 4.6 couepxarcad OUMCAHWE AJNTOPUTMA YUCJICHHOTO METOJa M KOM-
IJieKCa IPOrpaMM, HAMCAHHOrO B BbiYMCANTERbHON cpene Maple, npenpasuagen-
HbIX JJiA 9HCJAEHHOTO DEIIeHHsi MHOTOTOYEYHO! HA4a/IbHO-KOHCHYHOH 3a4a4m A/
nunetinoit Mogenn Bapenbnarra - Kesntosa - Kounnolt ¢ agauTuBHbIM GeibiM
LYMOM, TAKXKE HPUBOANTCH BLIMUCIWTENbHBIA SKCIIEPUMEHT.

B 3aKJ/I04eHUN NPEACTABNEHBI BLIBO/IbL IO PEIY/IBTATAM HCCAEI0BAHUE 1 060C-
HOBBIBAETCSA COOTBETCTBUE PaboThl nacmopty cnenuanbrocru 05.13.18.

B npunioxkeHuu npeacTaBaeHbl CBUASTENLCTRA O perucTpauun nporpamm " Hue-
NEHHOE WCCHIEAOBAHUE AMHAMUKE BAZKOYNDYUoH KugxocTm B TpyGonposone", u
"Yuciennoe perenne MEOTOTO4EYHON HAMAJILHO-KOHEIHON 380841 15l YPABHEH!S

Hasne — Crokea.
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Pesynbrarhl, BHBIHOCHMBIE HA 3aIUTY:

1. Pa3paboTan Ha OCHOBE MHOIOTOYEUHBLIX HAYAbHO-KOHEYHDIX YCIOBHH HOBLIH
METOJ, MOJAEIMPOBAHUA PA3/IMYHBIX IIPOLECCOB, [TO3BONAOUINA RAXOAUTH U3y4dae-
Mbl€ NIapaMerpbl PUIUYECKOH CUCTEMBI.

2. Ilocrpoena KavecTBEHHAsS TEOPUS MCCIEIOBAHUSA MHOIOTOUEYHBIX HAYAJILHO-
KOHEYHbBIX 38/1a4 JJ181 MATEMATUYCCKUX MOAE/EeH, OCHOBAHHbIX Ha JIMHEHHBIX ypaB-
HEHUAX COBGONEBCKOTO TUME ¢ OTHOCUTENLHO P-OrPAHMUYEHHBIM, OTHOCHUTEILHO P-
CEKTOPUAJbHBIM H OTHOCUTEIBHO P-Dajiua/IbHBIM onepaTopoM M.

3. UccnepoBana MmaTemarudeckasi MOJE/b TPAHCIOPTUPOBKA HeTH 1O TPY-
B6ONPOBONY U [OKA3aHA OJHO3HAYHAS PA3PEIIUMOCTb MHOTOTOHEYHON HAYAJILHO-
KOHEYHOU 3a7a4u /14 3TOH MOAeJIN.

4. ccnenoBata MaTeMaTHieCKasi MOJE/b MIAOCKONAPAJINEbHO! TePMOKOHBEK-
MY BA3KOYNPYI'OH HECKUMaeMON KUJKOCTH ¥ JOKa3aHa OJHO3HAUHAsi pa3peiiu-
MOCTb MHOTOTOYEYHON Ha4YaJIbHO-KOHEYHOH 33JauM JJis 9TOR MOAEIN.

5. UccnenoBana MareMaTHuecKash MoJiesib IBOJIONUH CBODOAHON MOBEPXHOCTH
buabTpyoOUIecs KUAKOCTH W J0KA33Ha OJIHOSHAYHAS pa3PeliMMOCTbh MHOIQTO-
YeUHOH HAYAJILHO-KOHEUHO! 331391 1)1 9TOH MOLEH.

6. HccaenoBana cTOXacTu4eckas MATEMATUNECKAs MOJAEb JNHAMUKY JaBJIeHUA
AHUAKOCTH, DUIALTPYIOIIEHCH B TPELMHHOBATO-IOPUCTOR CPeJie ¥ JNOKa3aHa OJHO-
3HAMHAS PA3SPEIIHMOCTD MHOrOTOUEYHON HaualbHO-KOHEYHOH 3a1a4u AJid 3T0l Mo-
Oesu.

7. PaspaboTratbl aIrOPUTMBI YMCIEHHBIX METOAOB PELIEHN S MHOIMOTOYEUHBIX Ha-
YaJIbHO-KOHEYHBIX 387a4 [JId UCCAeAyeMbIX MoIeseil.

8. Peasiuzobanbl paspaboTaHHble MUC/EHHblE METOJbl B BUJIE IIPOTpaMM JAJisf
9BM u npoBejieHbl BHIMUCIUTEIbHBIE 9KCIIEPUMEHTDL i1 YHCAEHHOIO DEellenus
MHOTOTOYEUHBIX HAYAJILHO-KOHEYHBIX 33424 1J OJHOMCPHBIX ypasHeHuil Ockod-
KOB& H& KOHEYHOM CBSI3HOM OPUEHTHPOBAHHOM rpade; nJist JMHeapU30BaHHON cu-
crembl ypasuennii OCkoJKOBa, PACCMOTPEHHON B 00J1acTH; J1s JIMHEApH30BagHOro

ypasuenna JIzekiepa ¥ CTOXACTUYECKOro ypapHeHusi Dapenbnarra — 2Kentosa —

Kouunoit.
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Tostyennnble Pe3yNBTATb COOTBETCTEYIOT CIEUYIHLUUM 00ACTAM HCCAEA0BAHHUA
CReLHAJIbHOCTH:

1) paspafoTka HOBBIX MATEMATH4ECKUX METO/I0B MOJIGIMPORAHUS OOBEKTOB U
asnenudt (1.1);

2) pa3sBUTUE KAMECTBEHHBIX U IIPUOJIMKEHHBIX AHAJIHTHHECKUX METONOB UCCe-
JIOBAHUS MATEMATHHECKUX Mogeneit (n.2);

3) peanmzannsi 3>HEKTUBHBIX THCACHHBIX METOAOB M SJATOPUTMOB B BH/E KOM-
IJIEKCOB HPOOIEMHO-OPUEHTHPOBAHHBIX POFPAMM JIJIS] TIPOBECHUS Bhl1THCANTENb-

HbIX 9KCAepuMenTos (11.4).
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