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,{uccepmqrroHgarr pa6om A. K. fopurennua nocBslqeHa HayrrHofi npo6neMe, Koropylo

Mo)KHo ctfoprr,rynupoBarb Aocrarormo KparKo: ptBBlrrr(e crarl,rcrl,IqecKlrx MeroAoB peIIreHI'It

nprMbrx u o6paruror 34Aaq B pa3JrrrtlnbD( nprlKJla,qnrx o6nactsx. 3a srofi Qoplraynuponrofi

o,uHaKo cror{T rleJroe ceueficrno npo6neu, KoropblM rlocBtlqeHa AarrHafl Ar{cceprarll4s: 9To

paspa6orra pa3nrrqHbD( KJraccoB cMerrraHubx BepotruocrlrbD( rraoAeleft u rroJryflapaMerplrqecKllx

MeTolIoB arrzulrr3a cTarlrcTrrqecKr{x AarrHbx, r{ccJreAoBarrue }IX Bepo{THocTHED( cnofictn,

co3Aarrne e(f(lerrmnrx BbrrmcJrlrreJrbHlD( aJIroprITMoB oIIeHI,IBarrE Lr flporuo3l{poBarr[t

rrapaMerpon patpa6amrBaeMbD( rrao4eueft, BarIuAaqI,It alroprtMoB LI rlx [p]IMeHeHI'Ie Ant

pe6eHr{r upIrKJI4AHbx 3a,qaq B cSMbrx pa3HbD( [pe.4\deTHbD( o6nacrsx.

Arryanrnocrr nrr6pannof reusr Ar{ccepralll{oHuoro [ccneAoBturlrfl orlpeAeJrtercs B qacrHocrll

TeM, qro pa3Bnrne uepe\McJreHubD( Bbrme crarlrcrrrqecKrrx MeroAoB I{Meer iDynaauenrilJlbHoe

3gaqegr{e A;rs rtrripoKoro Kpyra KaK Teoper}rrlecxax, TaK }r rIpIrKJIa,uHbD( 3aAaq. B nacroslqee

BpeMt cepb$rroe [po,up]DKerlne B HarIHbD( I'I TeXHOJIOTU.IeCKI,IX 34Aaqil( HeBO3MO)KIIO 6eg

nplrBnerreHrrr I{ arraJrr{3a ofpoMHbD( MaccnBoB AaHHhD(, KoTopble Kar( npaB}Ino HeoAHopoAHbI IIo

crpyKType Ir MeroAaM lrx rroJrfreHr.ul. AnanusupoBarb raK[e gKcrpeMaJrbHo 6onrurne n

pa3HopoAHbre AaHHbre Tpa,qnqlroHHbrMlr AeTepMIIHI{poBarrHbIMI,I MeToAaMI,I rpafiue

nee(p(peruBHo, a 3aqacryro [pocro HeBo3Mo)KHo, tloeroMy ecrecrBeuHblM noAXoAoM 3Aecb

flBJrffrorcr Beporruocrnbre u crarr{crrrqecK[e MeroAbI. B npaxrluecKrtx 3aAarrtx np[xoAr(Tcf,

qacro r,rMerb AeJro Ir co cnyraftnrnra o6teuolrr arr6opru. 3Aecr BaxIrbIM I,IHcrpyMeHToM.sBrtlorc.f,

rrpeAeJrbHbre reopeMbr, FAe B KarrecrBe [peAeJrbHbD( 3aKoHoB Aff pac[peAenenuft cyMM rI

MaKclrMyMon rur6o AJrfl HeoAHopoAEbD( r,r HecralluonapnbD( cnyrarinrm npoqeccoB 6epyrca

cMecr{ pac[peAeneuufi, KoropbrM s AaHHoft Ar{cceprarl}r}r yAeneHo oco6oe BHLTMaH[re.

Cyqecrnyer Muofoq[cJreHHbre [pI,rMeHeHI,It cMemaHHbD( BepoflTHocrHbrx rr,roAereft B TaKI,IX

rrplrKJraAHBD( 3a,Aaqa)q Kar( arraJrlr3 rrpoqeccon n ryp6ynenrnoft rrJra3Me, [pr,r MoAen]rpoBan]rr{

Quuanconrx LrHcrpWeHToB, B TexHoJroruru o6pa6orrn ruo6pameHnft, n vacrrocrr{, B MeALrrIr{He,

B 3aAaqax rpauc[opra Fa3oB ]r agpo3onbHbD( qacrrrq B npr43eMHoM cJroe arrraocQeprr, r{ MHorr{x

Apyrnx. Cue4yer orMerr{Tb raKxe, rrro B peanbHbrx np}rKJragnbm 34Aarrax qacro MoxHo



Ha6JrroAaTb cToxacTnqecK[e cI{cTeMbI II 3ailyluneHHble cJDrtrsfttttt Ilpoqeccbl' BepotTHOCTHbIe

xapaKTep[cT]rKlr KOTOpBD( Moryr [3MeIII{TbCs IIocJIe BMeIIIaTeJIbcTBa IIeKOTOporo cJD laftHoro

Qarropa r*Meruror{ero KaqecrBenHbre xapaKTepl{crl'IKr{ crlcreMbr. flo.uo6urre 3a'qaql(

Bo3rrrlKaroT B TeopLrE o6napyxeru{f,' cTaTI{CTilrIecKoM KOHTpoJIe KaqecTBa' B TexH}Iqecrofi u

Me.u[q]rHcKOft AUarnocTr{Ke, npu o6yrenrau neftpoHHbx cerefi }I T'tI' Tarurrl o6pasou'

aKTyarlbHocrb [peAcra.BueHHoft pa6oru Ire Bbl3brBaer couuennft '

crpyrrypa AnccepTar[ruI II o6qafl xapal$epncTllKa pa6orrr' .{uccepraqr'rs o6reltdol"I

355 cryanlrrl cocTor{T rI3 BBeAeIIUt, ceMlr HIaB, 3axJIIOqeEI{t }I cuIIcKa JIIiTepaTypH rag 458

rrarrMeHoBarruft. Tercr coAep)KIIT raxxe 175 pucymonu2S ta6mu'

Bo BBe.UeHrr[ AaeTCS KpaTKaf xapal(TeplrcT]IKa CTpyKTypbI AI'ICCepTaIII]I' O6SOp

JrlrTepaTypbl, IIoKa3aIIa aKTyaJIbHocTb pa6orrr, (foprr'rynupyeTcs qeJlb AIrccepTaII[oIIHoro

IrccJIeIoBaIrriIr, BbrHOCrrMbIe Ha 3aIqlITy pBynbTaTbl, lI AOCTaToqHo IIOApo6no, IIO KaxAoMy

naparparfy, IIX B AI{CcepTaII}I[ HaCqIITbIBaeTCt 33, AauO OIII[oaHI'Ie ero CoAepXaIII4t' sTO

cyrqecTBeHno o6nerqaeT rrTeII[e AaIIHOfi MCCepTaIIUOnnOfi pa6orrr'

B nepnofi rJIaBe IIpeAcTaBneH KJIaCC CTaTI'IcTlIqeCKI{x MgAefleft' KOTopbIe OcIIoBaHbI Ha

nrr6oprar, o6serr,r KoTOpbD( CaM tBJIteTCfl Cnyrafinoft senl1q11gOil C O6O6USHII6IM

orplrrlarenBrrbrM 6ranouraanrHbrM 3aKoHou. Taxue MoAeJIn oKa3brBalorct BecbMa s$t[exrnnnrnrau

IIpfi arranu3e pacllpeAenenuft MaI(cIlMaJIbIIOfo gJIeMeHTa I( CyMMbI ncex na6nro4enuft npn

Heor.paHErreHHoM pocTe o6serraa arr6opxn. 3Aecr AI'ICCepTaIIT IIpeACTaBI',U pSA TeopeT[qecKlx

pBynbTaToBI,IKoHKpeTHbf,xIIpeAenbHbD(TeopeM'ycTaIIaBnIIBaIouI}lXcTpyKTypyilpeAenbHbrx

pacnpeAeJrenui. B ocnoay parpa6arurnaeMblx trloAenefi g AaHuoi rJIaBe II B IIeJIOM B AIICCepTaIITI

B3rTbr cMemaHIIbIe pacflpeAeneHl{f, neporurocreft' Hanpuuep, n n'l'2 paccMaTpl'IBaeTcs

o6o6rqenrae oTpI{IIaTeJIbHoro 6ranoullanbHoro pac11peAeJleHl4f, KaK cMeIIIaHHoIo

[yaccoHoBCKOrO CO CMerrrr4Baroulr4M o6o6qenHblM raMMa-pacnpeAeJleHrleM' 3AeCr

II9JITISHbI 
'BHbIe 

peKyppeHTHble npeAcTaBJIeHI{f, AJIfl TaKI,rX pacnpeAeJleHl,tfi.

orAenHroe paccMoTpeHrre [ocBtlqeHo acuMnToTI{tIecKoMy pacnpeAeJIeHIIIO

MaKc[MaJrbHOfi noprAKoBofi ctarncTIIKLI B BbI6opKe, O6teu KoTopoft tBJIf,eTct

o6o6uenHofi orpr,rrlareJrbHofi 6nnonrrlaJlbHofi cn1^raftHofi nenu'Iunofi. flouyreH

BecbMa uHTepecHbrfi p$ynbTar: npu IreKoTopbrx orpaHl,IqeHrlrrx Ha rlapaMerpbl

AaHHOe pacnpeAeJreH[e f, BJrf, eTCr 6esrpanuuHo AeJII4MbIM.

B rlenoM [epBarr rJraBa {BJrf,ercr .rpesarr.ra.ino uacsuqennofi B Teoperl'IqecKoM

oTrromeHrr[. Kporrae Br-rrrrenepermcJlellubD( pe3ynbTaToB, B nef Ant oTpnqaTenbllbx

6unounanHrrx o6reuon oH6OpOK rroJrrreHo arraJrlrrr{qecKoe rIpeACTaBneHue acrlMnrorl'IqecK}rx

paclpeAenennft uoprAxoBbD( crarr{crr.rK r{ rn6opo.rrrrx xnanurneff: B 3ToM cJlyqae oHo flBJlserct



pacnpeAenegr,reM CrrroAesra. ,{ora:an 3ar(oH 6onrurux quceJr AJII cYt'rM c o6o6ueHHbIM

orpr,rqareJrbrrbrM 6unouualrHbrM pacflpeAenenl{eM, .rro o6o6qaer H3BecrHyIo reoperrly Penrn, n

KOTOpoM AJrt cJraraeMbrx He rrpeArronaraerct He3aBlrclrMocrb Ir oALrHaKOBat paclpeAeJreHHocrb.

Kporrae roro, AoKa3an nosuft BaprrauT rlerrrpaJlbHoft npe4elrnoft reopeMbl AJIfl cyMM co

cJDrtrgftrtn,'{ rMcJroM He3aBI{C}rMrp< u neo6t3areJlbHo OA}rHar(oBo pac[peAeJleHHbrx cJlaraeMbrx B

cxeMe cepllft, n roropofi B KaqecrBe rrpeAeJrbubrx pacflpeAenenufi sogHnKaror [poI'I3BonbHbIe

rropMaJlbrrbre cMeclr.

OtuernM, qTO KpOMe [pnBeAeHHbD( B A]ICCepTaIIurl, AoCTaToIIHo paSnOo6parnrx

npunoxenuft B KOHKpeTHbD( AT,ToIIHIIJIHHA(, pe3ynbTaTbl, cBf,3aIIHbIe co cMeIIIaHHbIMI{

BeporrgocrHbrMlr MoAeJrf,Mr{, Moryr HcloJlb3oBarbct ann eQr}eKTI'IBHofo croxacrl{qecKofo

MoAeJrlrpoBaHrif, TaKnx cJrolrrrbf,x pacupeAenenlrft na KoMrlblorepe. .{eficrnnreJlbHo' HiIJIT{qne

,BHOro [peAcraBneHrrff Anr cMer[arrHofo pacnpeAeJleH]rf, AenaeT Bo3MOXrrbIM IIpvMeHeHrle

MeToAa Cy[epuo3IIU]In, IBBeoTIIOIO aJITOpIITMa MoAengpoBanus Cnyrafturm Be;11atnIH'

Bo ntopofi rJraBe uccleAyrorcfl arraJrr{Tl{rrecKr,Ie csoficrsa cMerlraHHbrx uoAeleft Ha ocHoBe

HopMaJrbHbx n raMMa-pac[peAeJrennfi. floapo6uo npe4craBJlelr MeroA cKonb3flIqero pa3AeneHl{f,

cueceft lr eFo [rc[oJrb3oBzlH]re B KaqecrBe 6agosoft upoqeAypbr crarr{cr}rqecKoro oqeHI{BaHI{t

pacrpeAenenni cnyrarinrx rosif([nqneuroB croxacruqecKoro 4lr[r[epeuqnanbHoro ypaBHelrl{fl

JlanxeseHa. flpe4crawrerrbr Tar(xe ABe MOAenH BO3MyIqenUft napaueTpoB cMecll - 9To MoAeJII'I

Ao6asneuus u pacqerrJreHlrfl KoMrroHerrrbr. Ant HI{x [p]rBeAeHbr pBynbrarbr orHocHTeJIbHo

ac[MTITOT]rqecKrr o[THMaJrbHbD( KpHTepI{eB rlpoBepKr'r rulrore3 o rr}rcJre KoMTIoHeHT Crrlecn. ,ftx

raxAotr ug uoAeneft Bbmr{carrbr ABycropoHrr[e oqeHKr[, cBt3brBarolq]re paccrotlrll:f, Jlesn MexAy

cMecrMr[ ]r cMertr]rBarorqrrM]r 3ar(orraMl,r. Onn o6ocnoBbrBaror KoppeKTHocrb armpoKc]IMallnl{

rrpolr3BoJrbHbil cABlrroBbD( HopManblrbn( cIraeceft, Koropbre s o6qeN'I cnyqae He .f,Brflrorct

u4enrurfuq[pyeMbrM]r, KoHerrrrbrMr,r arraJloraME B 3a,qaqe nx crarrlcrr'ItlecKoro pa3Ae[eHuc.

Alropnrrr,rbr arraJrlr3a AaHHbD( Aarrbr B rJraBe 3. B nx ocHoBe Jlexrlr MeroA cKoJlb3flIqero

pa3AeneHr{s clrrecefi. 3Aecr Mo}Krro nepewtcnurb cJleAyloq[e pBynbrarbl: rloJrfreHbl f,BHbre

nlureftnrre r,r MaTpr{qHbre BBrpa)Keilns,IM MOMeIITIIbD( XapaKTepI{cTlIK KOHertrIbD( HOpMtUIbHbx

cueceft, [peAno)Kerr 4AanrusuHfi alroprrM BbrAeneHl{t rloJle3Horo cl{r HaJra ua tfone ffyl{a B

cMerrrarrgbD( HopMalbgbrx MoAeJrf,x, IroJryqeu arralrl{Trlqecxuft nuA oIIeHoK rlapar\'rerpoB B

rnrneinoft r{ MaTpr{rrHofi (foprvrar, paspa6oran aJrfopl{rM nocJIeAoBaTeJIbHOfi u4enrnQuraqlul

- onpeAeneHr{fl JroKaJrbnofi csrsHocr}r - KoMrIoHeIrr cMecefi BepoqrlrocrHbD( pac[pe Aelennfi.

frasa 4 nocssrqeHa rrp1anoxceHr{f,M parpa6orarurbD( MoAeneft r arraJrr'I3y pacrpeAenennft no

pa3MepaM nbrlreBbD( qacrfiu Jryr{Horo peronrrra. flpll etou AorlycKaercs, qro rracrfiIlbl Moryt KaK

arperHpoBarb, HarrplrMep, B pBynbrare c[eKarrllf,, TaK tr Ae3arperupoBarb B0JIeACTBI{e

MexaguqecKoro Apo6Jregrrr. flpuno4rrcf, cepbesHble apryNIenTbr It Aocraroquo o6ruupulte



cTaTlrcTltqecKrre AarrHbre B rronBy Toro, trTo pac[peAeJreHr[fl qacTr,rrl IIo pa3MepaM cneAyeT r{cKarb

B BrrAe cMecr{ nornopManbHbrx pacupeAenenl,Ift. 3Aecr Arrcceprarrr r,rcrroJrb3yer peynbrarhr

cBor{x [ccneAoBarruft ns pa3Aena I .4 4r,rcceprarl[u.

Apyroe r{HTepecHoe npr{JroxeHr{e [peAcraBJreHo B rJraBe 5. 3lecr ycnnuc, aBTopa 6ruu

HarrpaBJreHhr Ha MoAeJrlrpoBarrlre H arraJrlr3 rrpoqeccoB, na6lro4aeMbrx B gKcrrepr,rMeHTa( c

unagrr,rofi n ryp6yneHrrroM pexr{Me. B pae4ene 5.1 Ans pemeHnr erofi s4Aa.III rrpeAnoxeHo

paccMarpr{Barb, zJrH, ToqHee cKa3arb, arrnpoKcr4MlrpoBarb, cneKTpbr r[rrynryauzfi ryp6ynenrnofi

nJra3Mbr c rroMorrlbro KoHeurrbD( cABlrf-Maclrrra6nrx cueceft BeporrHocrHhD( pacnpeAenenufi.

lttt HecKoJrbKr,rx cepufi crreKTpoB, [onyqeHHllx AJrr pa3nbD( pexr,rMoB H[3Kotracrornofi

uagueunoft ryp6ynenrnoctr,I, flpoAeMoHcrpl{poBarra e(f(perrunnocrr EcrroJrb3oBaHr{.f,

npeAJroxeHnoro MeroAa. C ero rloMolqblo Al{cceprarrry yAallocb pemr,rrb AeficrnureJrbHo BaKHhre

np[KJra4rbre 3a,Aatr]r, a ]rMeHHo: ocytrIecrB]rrb I,IAeHTI,T(puraqaro aMrrJr]rryAHoro cneKTpa c

orrpeAeneHlreM (foprrau rapMoHI,IK B HeM v pa3AeneHI,IeM Ha KoMrroHeHTbr, BbrflBr,rrb

rroBTopreMocTb cToxacTnrrecK[x rrpoqeccoB c xaparoepHbrM]r cpeArr]rM]r rracToTaMH

loJryrnlrpr4rrbr cneKTpq a rarcKe onpeAeJlrrrb guarreHrl raxr{x ([zsnvecrux noragarerefi

OynrqrnoHrlpoBarrnr rrJra3Mbr, Kar( BeJIIttMHa p4A[aJlbnofo gleKrprqecKoro rroJrfl rr (fasonue

cKopocrn r|rymyaqufi.

B mase 6 upe4cranneH erqe oAlrH KJracc up[rKJraAHbD( 3a4atr, r4e parpa6orarrHbre aBTopoM

AI{CCepTaII[]I cTaTIICT]rqeCK]Ie MeTOAbI aIIaJIlI3a AaIIHbD( OKZ!3brBtUOTCfl [OJIe3HbIMI{, - 9TO

llccneAoBalrlle MeTeopoJror[qecK[rx AarrlrbD( IIo oc4AKaM, B qacTHocrll, ux AJrI,ITeJIbHocTrr ]r

rrHTeHcrrBuocrrr, lr oKeanororuqecKr{e - 9To o6r'ren ryp6ynenrHbrMn rroroKaMr{ TerrJra Me)KAy

oKeaHoM n arrraoc(fepoft. 3aecr oco6oe BHr,rMarrue yAeJrflercr BbrrBJreHlrro gKcrpeManbuhD(

na6ruoAennft n paccuarpnBaeMbD( rrpocrparrcrBeHHo-BpeMeurrrrx px,4u(. I4cnonrsyrcTcs KaK

cyry6o crarzcrilrrecKrre no,ryoAbr Anr orleHlrBarrrif, Hen3BecrHbD( [apaMerpoB, TaK u ua6op

aJrfoplrrMoB MarrrrrHHoro o6yrenvs. ur neiponnrm cereft Arfl pertreHuf, 3aAatr 3ttrronHeHr{f,

lpo[ycKoB r,r [porHo3]rpoBaHns. B 4annofi 3aAarre rrpeAJro)KeHo u o6ocnoBarro ]rc[oJrb3oBarr]re

KraccnqecKr,rx Lr o6o6qennrx orpl{qarenbuED( 6unorrauanrnrx }r rarrrrr,ra-uo4enefi An[

pac[peAeJrennft Annrenrnocreft Aox,qnrrBbD( rrep]roAoB (unrepaanoB BpeMeHr,r, B Koropbre ocaAKr{

penllcTpllpoBaJlucB Henpepr'rRHo) u coorBeTcTByIoIqID( I4M o6relraos ocAAKoB. O6napyxeno

xopomee coulaclle uoAenefi c peanbHblMlr AaHHbIMlr.

B pa3Aene 6.5 rpoAeMoHcrpr,rpoBruro npr{MerreHrre CPC-no.e(oAa AJrx aHaJrH3a

crarlrcrlrqecKr{x 3arouoMepnocreft Bo apeueuuofi gBoJrroq}M TenJIoBbD( [oroKoB MexAy

oKearroM u arrr,rocrfepoil. VcrauoBJren psA 3axouoMepHocreft no nperraenuofi lr3MeHqnBocrlr

MareMarlrqecnoro olrr{Aarr[s, AI{cnepcI4I{, ros(f([uq]reHToB ac]rMMerprru u gKcrlecca

npnpaqenufi gna.reulrft [poqecca renJroBbD( rroroKoB, a rarcxe [peAJroxeH rroAXoA K



orrpeAeJreHlrro AoJrrr gKcTpeMaJrbHbf,x Ha6JrroAelrnfi. Pagnr.ilrrft B Ar,rccepTarlEr[ MeToA Ha ocHoBe

[porleAypbr cKonb3rrqefo pa3Aenenr,r.n crr.receft ]I aJrrop[ITMa ollpeAeneHltf, cBr3HocTr{ KoMTIoHeHT

uc[onB3oBarr Nn crar]rcrl,rqecKoro oqeH]rBturnt roeQQnquenToB croxacrr,ItrecKoro

auQr[epenqnanbHoro ypaBHeHns Jlanxenena AIf cKpbrrbD( I{ rBHbD( roroKoB Terrna MexAy

arrtroc(f epofi u oreanolr,r.

flocreAnxs, ceAbMaf, rJraBa Ar{ccepraq[[, npeAcraBJrf,er KoMrrJreKcbr paspa6oraHnrx

uporpaMM, c uoMorqbro Koropbnr 6rur upoBeAeH aHaJrlr3 crarlrcrlrrrecKr,rx AarrHbD( \r

Brr3yaJrr{3arl}r}r p$yJrbraroB, onllcaurrbur s rraBa( 3 -6.

B pas4ene 7.1 upe.qcraBJrerrbr rpa(frauecrure unrep(feftcH Ars 3anycKa CPC-rraero,qa u

Br{3yaJrbHoro [peAcraBJreHr,rr ero pe3ynbraroB c rIoMoIrIbIo A]rHaM[qecrofi n au$QysuoHnbx

KoMrroHeHT, MoMeHTHbfi xapaKTepncrlrK Lr rnanrurefi, B ToM vl{cJre c [oMoIrIbIo a]r]rMrrpoB:urHbx

rpaQuron. 9rn lrHcrpryeHTbr co3Aarrbr c rroMorqbro f,3brKa [porpilMM]rpoBau[s rrarera

MATLAB. PagAel7.2 uocssrqeH arranlr3y pacupeAeJrennft Anr,rrenrnocrefi lr o6rerraoe ocaIKoB,

peanr{3yrorqr{x MeroAbr orleu}rBarrufl napaMerpos o6o6qeHHbD( orplrllareJrbnrm 6nnou}raJrbubx

r{ raMMa-pacnpe4enenufi. B pagaene 7.3 npeAno)KeHa un([oprr,raq]roHHarr TexHoJrorufr AItfr

lrccneAoBaHl{s cToxacTHrrecKnx npoqeccoB B uJrtBMe Ha ocHoBe crleKTpaJlbHoro aHaJI]3a, KoTopafl

BKJrroqaer s ce6s [HcrpyMenTbr [epB[tmoft o6pa6orKu r,r [oAroroBKr,I AarrHbx AJII aHaJIIBa,

pa3nlrrtrrbre rr,roAn(buraqnn EM-arropI,ITMoB, ,Dy"*q"" 4m 6yrcrpeu-arraJllr3a Lr Blr3yan[3all]tr

p*yJrbraron. O6cyxaarorcs crpyKrypa n o6qa-f, cxeMa (fynxqnorurpoBarrrit pa:pa6orannoro

[porpaMMHoro o6ecuerreum. Haxoneq, pa3Aen 7.5 nocnflqeH Borrpocau rpanc(fopMarlurr

orAenbHbD( rrporpaMMubD( pemeHlrfi, B rorra rmcJre o[]rcarrrrEx B flpeAmecrByroq[x pa3AeJrD(, B

Halrqlo-o6pa3oBarenbHbre cepBlrcu qu(pponrrx mar(f oprvr.

Hay.man HoBrr3Ha Arrccepraunonnoft padotrr 3arcilrcqaercfl B c.ileAyrcqeM:

1. Buepnrre parpa6oranbr cMerilaHrrbre Beporrrrocrubre MoAenu .u.ur nu6opoK co cryraftnrnr,r

o6rervrorr,r Ha ocrroBe HoBoro BaplraHTa rleHTpanbHoft npeAeJlbnoft rcopeMbr Anf cyr\[M co

cnyrafinrnra qrlcJroM He3aBr{cr{MbD( vr neo6sgareruHo oA}rHar(oBo pacupeAeneHHbD(

cJraraeMbf,x BeJrr{qr,ru, c [crroJrb3oBarr]reM cxeMbr MaKcr{MyMa Nrs. nrr6opor, o6reu KoropbD(

3aAaercf, o6o6rqennbrMr{ orplrqareJrbHbrM}r 6nnouuanrubrMri pacnpeAeneHaflM}r, a raK)Ke c

lpuBneqeHr{eM 3ar(oHa 6ommrrx q}rceJl4rr cnyrafiHbrx cyMM Arrs MoAen}rpoBarrnr peArr{x

co6rrrnft.

2. Aaurr AoKdlarenbcrBa yctoft.uruocru B MerplrKe JIes[ Ar,rc[epcnoHHo-cAB]rroBbf,x vr

KoueqHblx cABlIroBbD( cueceft HopMaJlbnbf,x paclpeAenennfi ornocrrreJrbrro noslayueunft

napaMerpoB cMemr.rBarorqero pacfipeAeJreulrs, o6ocnosrrsarcrqlre KopperTHocrb

IlonyfiaptlMeTpnqecKnx BbFII{oJII{TeJIbHbD( IrporleAyp pa3AeneHr{x crvreceft sTI{x cerraeftcrs



a
J.

4.

5.

6.

7.

pac[peAeneHru[.

Paspa6oran KoMrrJreKc noJryflapaMerpl,IqecKptx MeroAoB uuraJllca HeoAlropoAHbf,x AarIHbx lI

Aarrbl p*yJrbTarbr aHarnruqecKofo I4ccneAoBaHlrf, HeKoropbD( HX cnoftcrs B MoAeJrflx

4IAr{TnBHoro 3arrryMJreHr,rt KoHeqHbIM[ cMectM]r I{ oKpyrfieHr,rs na6moAenrfi.

flpe4noxen uonyuapaMe'rpuuecrraft ro.e(oA K crar[cr[qecKoMy oIIeHI,IBarruIo

pacupe4enenufi cJr5rua1""o, rosif(fnquenroB croxacr[tlecKlrx anr[QepeuqrlaJlbHbD(

ypaanennfi JlanxeseHa.

flpe4noxena crarr,rcrurrecKar MeroAoJlorl{fl rlocrpoeul{t uoAeleft crpyuu[poBaHHED(

c4pbrrbx na6nroAennfi upu 3aAaHHBD( xapaKTepHbD( Totilca( nx gMrlnprlecroft ifymquu

pacupeAeneHnt.

Cogaan KoMrrneKc MeroAoB u aJrroplrrMoB crarucruqecroft nAentlrQnxaqnu vI

rnaccn(purilIur{ gKcrpeMarrbHbD( na6rnoAeIruft na ocnose o6o6qeuuBrx orpl{IlareJlbHbD(

6unouuanrrnbD( paclpeAenenuft rMcJIa na6rnoAenrnft u o6o6qeHHbx raMMa-MoAeneft Ars

IaHIIbIX.

Paspa6omnn n Harrr4carrbr [porpaMMHbre upoAyKTbr AJrf, aBToMarrr3tul]r]I o6pa6orxn

MaccrrBoB IIeOAHOpOAHbTX AarrHbD( Ha BbIcoKoIIpoIl3BoAlITeJIbIIbD( BbIIII'ICJII{TeJIbHbD(

KoMrrJreKcax, peaJrrr3yrorqlre parpa6omnuue rloJlyfiapaMerplrqecK[e rraetoAn. C nx

rroMorqbro pelren prA 3aAarr MareMarr,rqecKoro MoAeilrpoBalrl{t B (pusure rIJrtl3MbI, pocra I'I

ifoprraupon:ur[t qacr]rll MereopoJrorrr]r, oKearroJlor]r]r.

TeopernrecKan ll npaKTnrrecKafl 3HarrrrMocrr. Cyrr pa6orbr, r(crloJlb3oBzurHbre MeroAbI rI

[oJrfregrrbre Ar,rcceprarrroM HoBbre peyJrbrarbr Hoctr rar (fyxaarraenranurni reopetnuecrraft

xapaKTep, TaK lr uprrKJrqArroft. Kpyr uccneAoBauufi oqens mlrpoK r{.f,BJlterct spKo BbIptDKeHHbIM

MexArlcqlruJrr{HapHbrM, [r Moxno cKuBarb elqe mrlpe, MHoroAlrcqlrnJIrIHapHbIM. Paspa6oranuble

MeToAbr arlaJrlr3a AarrHBD( n anropl{TMbl MOAenI{pOBaIIItff TeCHO yBt3aIIbI C TeOpeT[qecKLIM]I

pByJrbTaTar\dr,r u noJrrreHHbrMr( B Ar{CCepTaIII{I4 [peAeJIbHbIM]I TeOpeMaMn. Baxno [pI,I3ToM, qTO

gTlr aJrnopr,rTMbr [pr{MerreHbr K arraJrlr3y peanbllblx AaIIHbD( aKTyalbHbD( np}rKJra,qHbD( 3aAaq u3

caMbfx pa3JII,IrIHbD( o6nactsx HayK]I I{ TexuoJlorur}r.

O6ocnosaHrrocrb Htyrqsrr* no.noxennft. Arroporra cifoprraynnpoBarrbr MareMarl{qecKl{e

yrBepxAeHzx o cnoftcrBa( npeAJroxeHHbx MoAenefi n noJlyrelrbl crporlre MareMarnqecxlre

AOKa3aTenbcTBa rleJroro prAa rroBbD( TeopeM o IIoBeAeHlIlr 9TI{x rraoAenefi. Bonrmoe BHI'IMarr[e

yAeneHo peaJrrr3aruru H Banr,rAarllM rrpeAnox(eHHbD( IloJrylapaMeTpFlecK[x rr,roAeneft, ]I co3AaH

KoMrrJreKc [porpaMM Ans aHalu3a AarrrrlD( [r3 panJrrrqHbD( rIp[rKJIaAIrbx 3aAau. Bce sro

y6e4nrenuro o6ocuoBbrBaer HafrHbre rronoxeul{f,, BbIAB}rHyrbre B AI,IccepraIIn[.



Oqenrca II3JIoxeHIIn MaTepIIanoB AnccepTallruI n anroperfepaTa'

Marepnan, I{3JIOXeIIHbtri B A}ICCepTaIIru{' I{3JIOXeH SCH6IM n JIOr}IqeCK}1 xopogo

OpraHrr3oBaIIIIbIM I3BIKOM, OH npaBI{JIBHO CTpyKTypI{pOBaH' flpoae4euuble I{CcJIeAoBaIIut

MO)KIIO CqlITaTb 3aBepIueHHbIMI{, p$yJIbTaTbI, [onrIeHIIbIe B AIICCepTaIII{II' SBI'IOTC' IIOBbIMI{'

ocuonnrre pe3yJrbTaTbr uo TeMe AlrccepTarllln ouy6nlrKoBaHbl n 82 neqatHbrx pa6orax, I/t3

KOTOpbD( 31 - B XypHaJItx, BKJIIOqeIIHbD( B llepeqeHb BAK,51 cTaTbt - B I'I3AaHI{f,x'

r{HAeKcr.rpoBarrubD( s 6a3D( Web of Science Core Collection n/nnu Scopus. flonyrenrr 39

cBr{AeTeJrbcTB o rqcyAapcTBeHHoft pemcTpaq}I}I KOMlbIoTepHbD( IIpolpaMM'

3apefr,rcTprlpoBaHHbre B (De4epangroft cJlyx6e IIo uHTeJlneKTyanrnoi co6crseHHoct[

(Pocuareur).

pesynrrarg Ar{ccepraq}r}r AoKJraADrBaJrrtcb Ha MlroroqncJreHHbrx poccuftcrulx }r MexAyIrapoAHbD(

rOntfepenq[rtx, Ha) IHbD( ceM]IHapD( pflAa BeAylqux HayqHbD( aKa,AeMurIeCK]IX I{HcT}ITyTOB }I

ueHTpoB, a ra1xe 6pnn BgeAperrbr B cJreAyroq[x opraHu3alllrfi: Lrlrcr]rryre o6lqefi tfusuxu urra'

A. M. flpoxopona Poccuficroft aKaAeMII[ HayK AJIS pemeHllf, 3a Aa'I BepotTHocTHo-

cTaTucTlrqecKofo MOAem{poBaH[s IlpoqeccoB B 9KCIIepI'IMeI{TA( C ryp6ynenTlroft nna:uoft n

crennaparope JI-2M, s I,lucrrryre oKearronorun IrM. II. il. Illupuona Poccuftcroft ara'ueurara

rrayK Ant aHaJII{3a CTaTLICT}IqeCKI{X 3aKOHOMepHOCTe[ B MeTeOponOruItIeCKHX LI

OKearrOJIOruqeCK[X AaHH6DL a TaKxe ]I3JIaraIoTCf, B pflAe TeM yrle6g9ro Kypca flpuu44ttoil

MHor.oMepHsni crarucrruecKlrft arraJrr{3I{enrparounercnquft HaquonanB Irofi TexHoJrorurqecKofi

lrglrqrrarr,rBBr rro rexHoJronrffM xpalreHl{t u arraJrl'I3a 6onrunx AaITITED( Ha 6a3e Mfy urvrenu M'

B. Jlotrlonocosa.

flo co4epxallulo Al,IccepTaqllrl u aBTope(pepary raMeloTcs cJleAyloq1ae 3sMerIaHIIfl'

1. O6ruee 3aMeqaHr,re KacaeTcf, nsr6opa MeroAa craTlrcrl{qecKoro arranr{3a Anfl pellreHl{f,

rrprMblx r{ o6parrrbD( 3a,qaq, cBf,3arrHbD( c ycBoen}reM gKcrpeMaJrbuo 6onrrrox o6leMos AaHHbIx'

B qenorrl, KaK yxe oTMerreHO Bbrme B AarrHoM oT3brBe, IronynapaMeTp[qecK[e MeToAbr

crarrrcrlrqecKoro MoAeJlr{poBarrrrf, flBlrf,rorcs [ore3HbIM n eif([errmubrM AJII oqeHb MHorux

([usu.recrulx [poqeccoB. Ho ne Bcex, B qacrHocr]r II psAa rlpoueccoB rr3 Tex uplrJloxeHilft'

Koropbre paccMorpepbr B Aaunoft Mcceprarluu. ,{eftcrwrreJrbrro, npu }r3freHI{I{ [poqeccoB,

[poTeKalolqlx Bo BpeMeIIU, HaIIpI'IMep' paccMoTpeHHbD( B AI',ICCepTaU[]I npoqeccoB

oc44roo6pa3oBzlgr,rt, rix AnureJrBuocrr,r lt [HTeIrcuBHocr]I, K[roqeBbIM (paxropou tBJltercfl

KoppenflIlrf, Bo BpeMenlr AarrHBD( rrpoqeccoB. flosrorvry ecrecrBelrHblM B AaHHoM cnyrae sBrtercs

[pr4BreqeH]re reoprlrl cnyraftnrm [poqeccoB. flpeuIr,tyulecrBoM B TarcoM rloAxoAe .f,BJlterc'f,

gKorroMr1rrrocrb our{caur{t: HarlprlMep, B clyrlae FayccoBcKr{x r}nycryaUuft AocraroqHo



BSCSTaIIOBIITr JII,IIIII Koppenf,qIIoIIHyIO Qynrqt[o. Otuetuu, qTo C TOIIKI1 3pegnt

crar1acruqecKnx AaHHbD( cepus rnMepenrlft qacro paccMarpr{Baercs Kar( HeoAHopoAHafl

rrocJreroBareJrbgocrb, rro f,BJrterct, c rorlKrt 3penr{ff clyqafiHbrx [poqeccoB, oAIropoAIrbM

cJrfrartHblM [poqeccoM B ToM cMbrcJre, r{To KoppeJItIIlroHHat rbytKrlnt 3aBrlcI'IT JrI{IIrb or

pa3HocTI,I apryl{eHToB.

.flprur"r npnMepoM rBflsercs Lr cnyraft MoAeJlnpoBarrnt ryp6ynentHocr]1. Cnerrp

ryp6ynenurrm rfrymyaqufi oragbrBaercr rrplr raKoM olrHcaHrul rpocro npeo6paloBarllreM

Oypre or Koppensquonnoi Qy**q"". A rrao4enrapoBarrlle cKopocrH ocylqecrBJrf,ercs rpocro Ha

oCrrOBaIIEl paIIAoMlI3aIIuu Oypre [peACTaBJIeHIiIt, rAe CIIoKTp BbICTyIIaeT B pOJIII IIJIOTHOCTLI

Beporrrrocrll (nenoprrallponannofi) pacnpe4eJreHlltr ([asrr lr ElrreHclrBlrocrlr nynsca[nfi.

floururo, qro r[ MeroA, 6asnpyroquftcs Ha clyraftnrm Ilpoqeccax I[ [oJUIx, nMeer cBoI'I

orpaHuqeHr,r.f, rt rreAocrarKfi. flosrorvry rrpeAcraBJltercr JIornqHbIM paepa6atrrnatr

rorra6nnupoBallllble MeToAbI, OcHoBaIIHbIe KaK Ha KoppentquoHHoM aIIaJII'I3e, TaK n Ha

cTaTrrcTr{qecKoM ycBoegr{r{ Aar{Hbx c [oMoIrIbIo uoJryflapaMeTp[qecKrx uoAenefi,

rrpeAno)KeHHbD( B AlrccepTarllll,I.

2. OAHIN Ir3 flprrMepoB, KorAa MeroA cKoJlb3tnlero pa3AeneHlrt cuecefi Mox(er

cronKrryrbcs c cepb$HbrMu rpyArrocrtMrr, rBJrtercs KaK pa3 cnyrari, KorAa usyraervrrrft [poqecc'

rrporeKarorqsfi so BpeMerr[, nMeer oqerrb Annrrrrbre xBocrbr cnoeft Kopper-f,q[onnofi ([ynrqvu

(..4fln6u6e Koppe11sqnu"), .rro rrepeAKo rrMeer Mecro B [paKTI'IqecKr'Ix 3aAa{D(. Eruro 6u

[one3rro [ocMorperb, KaK crrpaB[rerct c eroft upo6nerraofi upe4noxennrrft B Ar{cceprarl[I'I MeroA'

3. Apyrac upo6uerra4 c roropofi MoxeT cToJIKHy[bcs cTaTlrcTllqecKne MeTOAbI'

ocHoBarrrrbre Ea rloJryrrapaMerp[qecKux MoAeJrf,x, Moxer 6rrrr nporcoMMeHT[poBaHa Ha rIpI'IMepe

3a,qaq11 o6 arperaqrur--A6arperaq[]r qacrnr1- paccMorpelrHbD( u n Aanuoft A]Icceprarlull. ,{eno n

ToM, rrro B 3aBlrclrMocru or cropocreft arperaqlu-Aearperaqlru Moryt Hacryrll{Tb

BEIpOXAeHHbTe pac[peAeJIeHIIt, B rracTrrocTlt, Ilpoqecc MoxeT 3aKOHtII{TbCt )Ke[rpoBalrueM, To

ecm o6pasoB:lgrleM opoft 6ormmoft qacrlrrlbr, nn6o pacupeAeJreHl{eM, B KoropoM llMelorc.s

ToJrbKo nepBr{rrrrbre MoHoMephr. hu qpoqeccbr '4lesnrruaftno rpyAlro [o,uAarorcf,

crarrrcrr{qecKoMy ananusy 6es npepapnreJrbHoro MoAen}rpoBarrltf, AnHaM}rKLr rlpoqeccoB

arpeft IIIIIIT-Ae3arperilII{I'I.

4. Cne4yrorqee 3aMeqau[e Kacaercr ypalHenus JIaHxeBeHa co clyraftnrnn]I BXOAHbIMLT

6ynrqnnrau Alrcnepcnu n 4pnifra. B Arrcceprarlul{ He cKa3arro, fipr KaKI'IX [peA[onoxeHrD(

crpo[Tcs MeroA arraJr]r3a xoerfQllruerrroB. ,{eno o roM, rrro AJrfl cylqecrBoBauns peilreHl{s

ypaBHegr{ff Jlanxenenao To ecrb cyrqecrBoBarr[t cnyraftuoro npoqecca' o[rrcblBaeMoro

ypaBrreHr{err,r JlanxeseHa, AoJDKHbT 6rrrr nrmoJrHeHbr AocrarollHo orpaHl,ItlrlreJlbHBre ycJroBr4' Ha

rosr[r[runegTbr ypaBHerrnfl Aalme B cJrfrae, KorAa orrr{ AerepM}IH}rpoBarrbr. Terra 6olee cAeJlarb



нужные предположения важно в случае, когда эти коэффициенты являются случайными 

процессами. 

5. Не достаточно внимания уделяется в диссертации вопросу о границах 

применимости разработанных алгоритмов, анализу примеров, где возникли трудности, 

либо большие ошибки при оценивании параметров. 

6. В диссертации встречаются опечатки и стилистические неточности, однако их 

совсем не много, и они незначительны, так что на фоне очень грамотного и ясного 

изложения ими легко можно пренебречь. 

Оценивая работу в целом, следует отметить, что диссертационная работа является 

завершенной научно-квалификационной работой, вьшолнена на высоком научном уровне, 

а совокупность ее результатов можно квалифицировать как научное достижение в области 

методов вероятностно-статистического моделирования и анализа данных. Представленные 

в работе исследования обладают научной новизной и достоверностью, все научные выводы 

строго обоснованы. Основные положения диссертации достаточно полно освещены в 

научных публикациях автора, прошли апробацию на многочисленных конференциях и 

семинарах. Автореферат полностью отражает содержание диссертации . Сделанные мною 

замечания не влияют на общий весьма высокий уровень оценки диссертационной работы. 

Считаю, что диссертация Горшенина А. К. соответствует требованиям, 

установленным Положением о порядке присуждения ученых степеней, а ее автор 

заслуживает присуждения ученой степени доктора физико-математических наук по 

специальности 05 .13 .18 - Математическое моделирование, численные методы и комплексы 

программ . 

Официальный оппонент 

Главный научный сотрудник лаборатории 

Стохастических задач ИВМ и МГ СО РАН, 

д.ф.-м.н. по специальности 01 .01 .07 -

вычислительная математика, профессор 

Подпись д.ф.-м.н. Сабельфельда К.К. заверяю 

Ученый секретарь ИВМ и МГ СО РАН 
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Ca6enrif enr4 Kapn KaPlonrav

fnasuHft nay*rrfr corpyAHlrK na6oparopuu CroxacrnqecKr/tx 3aAa{ Oegepalrnoe

rocyAapcrBeHHoe 6rcAxenroe f{pexAeHr{e HayK}r l4ncruryr Bbrrrr,IcJrlrTenruoft MareMarI{KLr I{

MareMarr{qecroft reo([nsurr,r Cr6upcroro orAeJIeHI4s Pocclrftcroft ax4AerrallH HayK (I'IBM u

Mf co PAH),

Agpec: 630090, r. Honocu6rpcK, IIpocIIeKr AraAervrnlca Jlaspenruena, 6.

Tene([on: (383) 330-7 7 -21
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