
OT3bIB ocIJHIlHaJIhHOrO onnouerrra
 

na ,lJ;HCCepTaIlHoHHylO pafiory MaIIIKOBa EBreHHH IOpheBHqa
 

«L(HclJclJepeHIlHaJIhHbIe ypaBHeHHH JIeOHTheBCKoro .rana co CJIyqaiiHbIMH
 

B03MymeHHHMH», npe,lJ;CTaBJIeHHylO na COHCKaHHe yqeHoii CTeneHH
 

KaH,lJ;H,lJ;aTa c1JH3HKo-MaTeMaTHQeCKHX nayx no CnellHaJIhHOCTH 01.01.02. 


L(HclJclJepeHIlHaJIhHbIe ypaBHeHHH, ,lJ;HHaMHQeCKHe CHCTeMbI H OnTHMaJIhHOe
 

ynpaaneaae. 

IIo,lJ; ):(II<p<pepeHIJ;mlJIbHbIM ypaBHeHIIeM neoarsescxoro rnna rrOHIiMaeTC5I 

anrefipo-nadnpepeannansnaa CIiCTeMa BII):(a 

dL(t)x(t) . 
dt = M(t)x(t) + f(t), 0 < t < T, 

C npasroyronsnsnra MaTPIII."(aMIi L (t) II M (r), npasesc B cnysae C KBa):(paTHbIMIi 

MaTPIII."(aMH L ( t) nsrpoacnerra ):(ll5I scex t E [0, T]. Hnrepec K 

):(H<p<pepeHI."(IIallbHbIM ypaBHeHlI5IMIi neoarsescxoro rana cTHMynIIpyeTc5I 

rrpofinexrasra MaTeMaTHqeCKOrO sronenapoaanas B rrpaxnaznrsrx o6naCT5IX, B 

qaCTHOCTIi B TeopIIII 3neKTPOHHbIX cxexr II 3neKTPIIqeCKliX ueneii, MexaHIIKe, 

XIIMIIqeCKOM KHHeTIIKe, rII):(pO):(IIHaMIiKe II TerrnOTeXHIIKe. Hccne):(OBaHlI5IMIi 

ypaBHeHIIM neoarsescxoro rnna saaaaamrcs II 3aHIIMaIOT5I MHorlie MaTeMaTIiKII, 

B qaCTHOCTIi IO.E. E05lpIIHI."(eB, I.B. ~eMII):(eHKO, C.B. YcrreHCKHM, K. CeH):(II, 

A.JI. IIIeCTaKOB, I.A. CBIIPII):(IOK, B.<p. 1JHCT5IKOB, A.B. Kennep, S.L. Campbell, 

W.C. Rheinboldt H ztpyrne. 

~ll5I fiorree rroztpofiaoro II3ytIeHlI5I YKa3aHHbIX BbIIIIe sanan H IIX peIIIeHIIM 

H~HO yqIITbIBaTb rrOMeXII, xoropsre 06bIQHO IIHTeprrpeTIIpYIOT5I cnytIaMHbIMIi 

B03MymeHlI5IMli Tlirra 6enoro IIIYMa w(t). To ecrr, 51Bll5IeTC5I eCTeCTBeHHbIM 

nepexon K ):(IIcPcPepeHI."(IIallbHoMy ypaBHeHIIIO neoarsencxoro rnna co 

cnyqaMHbIMIi B03MymeHII5IMH 

dL(t)x(t) = M(t)x(t)dt + f(t)dt + dw(t). 
~n51 IIccne):(OBaHlI5I sroro xnacca ypaBHeHHM Heo6xo):(IIMO rrpIIMeH5ITb 

nponssozmue ):(OCTaTOqHO BbICOKlIX nopanxos OT cBo6o):(HbIX -rneaos. HarroMHIIM, 

qTO «npoaaaonasie» snneposcxoro npouecca cymecTBYIOT .rom.xo B repsranax 

ofiofimeausrx <PYHKIJ:IIM. TaKIiM 06pa30M, ):(ll5I IIccne):(OBaHII5I nanaoro xnacca 

ypaBHeHIIM He y):(aCTC5I npauearrn, nozrxozt HTO - CTPaTOHOBIIQa - Cxopoxona, 

KOTOpbIM He npermonaraer IIcrronb30BaHII5I rrpOII3BO):(HbIX OT CBo6o):(HbIX qneHOB. 

ABTOpOM ):(HccepTaI."(IIII pa3pa60TaH HOBbIM rro):(Xo):( ):(ll51 II3ytIeHlI5I 

):(IIcPcPepeHI."(IIallbHbIX ypaBHeHIIM neoarseacsoro .rana co CnytIaMHbIMIi 

B03MymeHlI5IMII, CYTb xoroporo 3aKllIOqaeTC51 B saveae o606meHHbIX 

rrpOH3BO):(HbIX BIiHepOBCKoro npoueca na CIiMMeTPHQeCKHe rrpOII3BO):(Hble B 

cpezmex BIiHepOBCKoro npoueca, BBe):(eHHbIX B 60-x roztax :xx sexa 3. 



HenbCOHOM ,lJ;IDI ~ nOClpOeHHOH MM CTOXaCTMqeCKOH MeXaHMKM (BapMaHT 

KBaHTOBOM MeXaHMKM). Cneztyer OTMeTMTb, qTO rexynrae CKOpOCTM 

(CMMMe1pMqeCKMe npOM3BO,lJ;Hble B cpenaesr) ,lJ;IDI cnysaiiasrx npOueCCOB 

.HBIDIIOTCjI eCTeCTBeHHbIMM aaanoraxra <pM3MqeCKOH CKOpOCTM 

,lJ;eTepMMHMpOBaHHbIX npOueCCOB M ,lJ;njl MX OnMCaHM.H He npMMeH.HeTCjI annapar 

o606meHHbIx <PYHKUMM. 

OTMeTMM, qTO anbTepHaTMBHbIM rronxozt K M3yqeHMIO ypaBHeHMM 

neoarsescxoro rnna co crryqaMHbIMM B03M)'lll:eHM.HMM, acnonssyromari rexymae 

CKOpOCTM cnysatinux npoueccoa, 6bIJI npennozcea B pafiorax A.n. IIIecTaKoBa M 

CA. CBMpM,lJ;IOKa. 

H3 M3rrO)KeHHOrO BbIIlIe cnenyer, qTO asryansnocrs M Ba)KHOCTb 

paccsrarpnnaesroit B ,lJ;MCCepTaUMM TeMbI He BbI3bIBaeT COMHeHMM. 

,II;MccepTauM.H COCTOMT M3 BBe,lJ;eHM.H, IljITM rnaa M cnacxa mrreparypsr. Bo 

BBe,lJ;eHMM aprysrenrapyerca axryansnocrs nccnenyexroa TeMbI M npMBO,lJ;MTCjI 

xparxoe ormcanne ,lJ;MCCepTaUMM. 

B rrepnoii rnase M3rraraIOTCjI npensaparensnsre CBe,lJ;eHM.H M3 .reopaa 

npOM3Bo,lJ;HbIX B cpezraexr M reopaa MalpMU. Onacano rrpeofipasoaaaae B.<t>. 

Coo
qMcTjlKoBa ,lJ;IDI nysxos nepeerermsrx BemeCTBeHHo-aHanMTMqeCKMX M _ 

rnaznorx Ma1pMU. 

Bo BTOPOM rnase caasana npMBO,lJ;MTCjI ,lJ;OKa3aTerrbCTBO rreMMbI 0 

BbIqMCrreHMM cMMMe1pMqeCKMX npOM3BO,lJ;HbIX B cpenaev BbICIlIMX nopanxos OT 

saaeposcsoro npouecca, 3aTeM M3yqaIOTcjI BOnpOCbI 0 npMBe,lJ;eHMM ypaBHeHMM 

neonrsescxoro rnna co cnyqaMHbIMM B03M)'lll:eHMjlMM K KaHOHMqeCKoMY BM,lJ;Y. 

,II;rrjl aroro cnaxana npMMeH.HIOTjI npe06pa30BaHM.H Kponexcpa-Beitnrrpacca ,lJ;rrjl 

pasna-msrx nysxos nOCTOjlHHbIX Ma1pMU (perynapnsrx M cMHryJI.HpHbIx), nocrre 

qero C1pOMTCjI HOBM Me1pMKa rrpocrpancrsa, B KOTOpOM, KaK BbIjlCH.HeTCjI, 

paccsaarpanaesrsre ypaBHeHM.H npMHMMaIOT KaHOHMqeCKMH BM,lJ;. ,II;anee, ,lJ;IDI 

CMCTeM neoarsescxoro rnna C pa3rrMqHbIMM TMnaMM nOCTOjlHHbIX Ma1pMU 

K03<P<PMUMeHToB M co cny-raiinsnra B03M)'lll:eHM.HMH B rrpasoii qaCTH npHBO,lJ;HTCjI 

BbIBO,lJ; aHanHTMqeCKHX <popMyrr ,lJ;IDI peIlIeHHM B TepMMHax npOH3BO,lJ;HbIX B 

cpezmev cnysaaasrx rrponeccos. 
Tperss rnasa nocsamaerca cnysaro, xorna B npasoa qaCTH CHCTeMbI co 

~ ~ di;(t)
crryqaMHbIMH B03M)'lll:eHHjlMH npHcyTcBYIOT HMnyrrbcHbIe B03,lJ;eHCTBM.H BM,lJ;a ----;ttl 

N rae ((t l w) = Lk=l (k (w)X(t - tk)1 0 < t < TI 0 < t 1 < ... < tN < TI X 

<PYHKUM.H XeBHCaM,lJ;a, (k(w) - crrysaiiasre BerrHqHHbI co 3HaqeHHjlMH B R", 
YpaBHeHM.H neoarsescxoro rnna C MMnyrrbcHbIMH B03,lJ;eMCTBM.HMH MMeIOT 

xnroronacneamae npanoacenns B 3KOHOMHKe, B qaCTHOCTH B pafiorax n.A. 
Bnacenxo M ztp, npn MaTeMaTHqeCKOM MO,lJ;errHpOBaHHM ,lJ;HHaMHKM xopnopanaa 



npezmpaaraii rrpn MCnOrrh30BaHMM MHBeCmpOBaHIDI. J(IDI paCCMaTpMBaeMhIX B 

:nOM rnase ypaBHeHMM C perynapasne M cMHryJUlpHhIM nyqKaMM nOCT05lHHhIX 

MaTpMU C npMMeHeHMeM pesynsraros npeznrzrymeii rnansr npa 0 < t < T 

nonyseasr aaanarasecxae Q:>OpMyrrhI ,n:IDI pemenaa B TepMMHaX CMMMeTpMqeCKMX 

npOM3BO,n:HhIX B cpezmesr BMHepOBCKOrO nponecca. 

J(MQ:>Q:>Q:>eHUMarrhHhIM ypaBHeHIDIM rreOHTheBCKOrO 'rana co crryqaMHhIMM 

B03MymeHIDIMM C MaTpMuaMM K03Q:>Q:>MUMeHTOB, 3aBMC5IIII;MMM OT BpeMeHM, 

nOCB5IIII;aeTC5I qeTBepTa51 rnasa. PaCCMaTpMBalOTCH Crre.n:yIOIII;Me nna cnysas. B 

nepson cnyxae asysarorcs CMCTeMhI C Be:w:eCTBeHHo-aHarrMTMqeCKMMM M C Coo 
_ 

rrra,n:KMMM nyqKaMM KBa,n:paTHhIX xrarpau, ,n:IDI KOTOphIX BhITIOrrHHIOTCH ycnosaa 

reopen B.<1>. lfuCTHKOBa 0 npe06pa30BaHMM rrysxos rrepesrennsrx MaTpMU. 

Ilpezrrronaraerca, qTO MaTpMUhI K03Q:>Q:>MUMeHTOB CMCTeM yace rtpnaerteasr K 

KaHOHMqeCKOMY BM,n:y. J(JUI TaKMX CMCTeM ,n:OKa3aHhI TeOpeMhI 0 pa3pernMMOCTM M 

nonyxensr Q:>OpMyrrhI ,n:IDI pemeaaii B TepMMHaX npOM3BO,n:HhIX B cpezmexr 

crry-raaasrx npOueCCOB. Bo BTOpOM crrysae MCCrre,n:YIOTCH CMCTeMhI CO 

crryqaHHhIMM B03MymeHIDIMM C npaaoyronsasnra nerrpepsrsasnaa MaTpMuaMM 

K03Q:>Q:>MUMeHTOB. J(rrH MCCrre.n:OBaHIDI TaKMX CMCTeM .Il:MCCepTaHTOM npMBO.Il:MTCH 

MO.n:MQ:>MKal(IDI MeTO.n:a, KOTOphIH npennoxea B pafiorax IO.E . .DOHpMHueBa, B.<1>. 

"tlMcTHKoBa ,n:IDI MCrre,n:OBaHIDI arrretipo-rradnpepeauaansasrx CMCTeM 6e3 

cnyaaansrx B03MymeHMM B npaaoti qaCTM. B MTOre ,n:IDI paCCMaTpMBaeMhIX CMCTeM 

ctpopxrynapoaaara neofixonaasre M zrocrarosmsre ycnoana cyurecrsosaana 

penreaaii, nocrarouasre ycnosna cyutecrsosaana penrenaa, a rasce ssrsenerrsr 
nonsre Q:>opMyrrhI ,n:IDI nsrracneaaa peureanii. 

B naroii rnane BBOMTCH .Il:MQ:>Q:>epeHUMarrhHhle ypaBHeHMH neoarseacxoro 

rnna B repxraaax rexymnx cxopocreii pemenas. J(OKa3aHhI reopexrsr 
cynrecrsosanaa penreaaii ,n:IDI 3TMX ypaBHeHMM. 

ITo ,n:MccepTaUMOHHOM pafiore MMeIOTC5I cnerryronnre nO)KerraHIDI M 

3aMeqaHMH: 

1.	 B nnccepranaa na crpaaaue 101 B nocnenaeii cpopMYrre onesarxa, 

nonacao 6hITh TaK 

Ht) = Y(t)HO) + yet) f y-1 (s)L+f (s)ds + yet) f y-1(s) L+Ndw(s) 

2.	 »cenarcnsao 6hIJIO 6hI BhIqMCrrMTh Q:>opMyrry ,n:IDI penremni 

,n:McpQ:>epeHUMarrhHoro ypaBHeHIDI neoarsescxoro TMna co crryqaMHhIMM 

B03MymeHIDIMM M MMnyrrhcHhIMM B03,n:eMcTBIDIMM B npasoii qaCTM, 

aananaoro B rnrrsfiepronoxr rrpocrpaacrse. 

Bee rrpaaeztemrsre B zraccepranaa YTBep)K,n:eHIDI HBrrHIOTC5I crporo 

,n:oKa3aHHhIMM. OCHoBHhIe peaynsrarsr nacceprauan npomna arrpofiarnno na pane 

KOHQ:>epeHUMM M nonysarra onoopenae senyunrx cneuaanacroa. Pcsym.rarsr 



C 

rrOJIHO M CBOeBpeMeHHO orry6JIMKOBaHbI B 15 aaysasrx pafiorax, 5 M3 KOTOpbIX - B 

:>KypHaJIaX M3 nepe-ma peueasnpyevsrx nay-nn,rx :>KypHaJIOB M M3naHMH, 

pexoueanoaaaasix BAK MMH06pHayKM P<I>. 
Asroperpepar rrpaBMJIbHO H rrOJIHO 0TPa:>KaeT conepzcaaae zraccepramnr. 

,ZJ;HccepTaU;HOHHa5I pafiora HOCHT TeOpeTHtIeCKHH xapaxrep. Ee ueHHOCTb 

onpezienaercs TeM, tITO ace pe3YJIbTaTbI rronyseasr aBTOpOM snepssre H rrOCJIy:>KaT 

OCHOBOH .[(JI5I .[(aJIbHeHIIIHX HCCJIenOBaHHH 3aztax, CB5I3aHHbIX 

nHcPcPepeHUHaJIbHbIMH ypaBHeHH5IMH JIeOHTbeBCKOrO rnna. 
Xapaxrep rrpenCTaBJIeHH5I MaTepHaJIa B nHCCepTaUHH XOpOIlIO rrpoztyxraa, 

conepacaaae pa60TbI H3JIO:>KeHO rrOIDITHO H C nOCTaTOtIHOM creneasro 

rrOnp06HOCTH. 

,ZJ;HCCepTaUH5I «,ZJ;HcPcPepeHUHaJIbHble ypaBHeHH5I JIeOHTbeBCKOrO THrra co 

C.rryqaHHbIMH B03M)'IneHH5IMH» ynOBJIeTBOp5IeT BceM TPe60BaHHeM rr. 9 

IIoJIo:>KeHH5I 0 rrpHCY:>KneHHH yaensrx crerreneii, rrpenb5IBJI5IeMbIM K KaHnHnaTCKHM 

nHCCepTaU;H5IM, a ee aBTOp, MaIlIKOB EBreHHH IOpbeBHtI, 3aCJIY:>KHBaeT 

rrpHCy:>KneHH5I exry yqeHoH crenena xannnzrara cPH3HKo-MaTeMaTHtIeCKHX HaYK ap 

CrreUHaJIbHOCTH 01.01.02 - .[(HcPcPepeHUHaJIbHbIe ypaBHeHH5I, .[(HHaMHQeCKHe 

CHCTeMbI H OrrTHMaJIbHOe ynpasneaae. 

Typ6MH MHXaHJI B5IQeCJIaBOBMQ 

Kannnnar cPH3HKo-MaTeMaTHQeCKHX 

nayx, 01.01.02, ztorrerrr, Ben)'InHH 

HayqHbIH COTPynHHK HI1lI MaTeMaTHKH 

BOpOHe:>KCKOrO rocynapcrsenaoro 

YHHBepcHTeTa 


