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vAK 6.2-s0

B c6opHHKe npeAcraBxeHLl pBynBTarH xccjre,qoaaHttfi, xacaloullrxct rio\{IlblorepHot x}lt(e-

HCpXlr, ),tpaBjleHtt, TexRulleckoii ananloc jxx) aaToMdrfi3aquu flpoeKttlpoBaHnt, onTr'IMn3r,pG'

BarIlOfO XCnOl]r,3OBaIrfit XOMnbTOTepHLIX CeTeii r'r co3,qaHld ttHTerlJleKryiLrlbg;lx 3KcnepTHblx

cxcreM. flpea'roxerll HoBHe rlo/rxoabl, anaopurMEl ,l llx nporpaMMllat pefifi3autq s o6nacrl't
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nofa{ B HayKq o6pa3oBa8ltt, MeAt{utrHe.
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Y.IIK 004:519.2

A,N. EEP3JTEB

PA3PAIOTKA KOMsI4EUPOBAHII6IX MOAEJIEfr
NPOTHO3IIPOBAHtr'I C KJ'IACTEPII3AIII{f,fi BPEMEHHbIX P'AOB
no MnToAy EJ'rtr {rAfmEro cocEnA

PaccMaTprsae,rcr rpo6neMa pa3pa6orxn roM6urrr.tpoBasrinrx MoAene, nporno3upoBarrrrx
Bp€MenHLrx prrqoB, Ilpellllaratgrcr r@M6mnipoBaHHbte uo4e,rr nporno:r.rpoaaufirr ceJ.reKTnslro_
rc u nr6puAHoro rrmo! c npenBap!rcnEfioit &racreprBaquefi BperrerflrHx prgoB no MeroAy
6mrxatruem coceAa. IIpeMoxeHHUe Moaefl, Moryr 6nT[ coc-rarr*nu nu+opMalu{orrlrllx
nporHo3Hhrx cxcreM> a ,ra,oke u€[orb3oBaT6cr l)tr noBErrrreHrurroqrrocr{ r,t 366cKrnsdoon
)mpasneHnr npoueccoM npofEo3rpoBaHrr B ,racrx yrera nperf\ry{esrB xonryp"py-ru"x
rpofEq1oB.

1. BBeneHne

flpxHrro cqrrarE, {ro Ha ceroAHrrxFui AeHb palBr4rue ?xosoMuqerKrjx cucreM xapaxreprr-
3yercr B6rcoKoi qrcneHbro r,Br{eHqHBocTri, r(oTopoe npor.rcxoarr B ycnoBflrx leonpeaeJleHHocT[r
ReycroiquBocT[ H prrcka. Ilpeanoc6r"'lKoi sTOrO rBJt rO'rC' 'refi.{eHrurll rlo6anfi3aqxfi, yoroxHe_
fiI,re xo3rtctBeHrGrx a3ar,lMocB'3eii, pocT TcMnoB pa3BllTr,r! HarI[oHanLBBrx pErHr.oB H T,n. B
ycJloBlttx HecTa6r{nE{ocTfi 3KoHoMr.tqecKI,Ix pEIHkoB nplrMelleHfie KnaccqqecKltx cTauof}rqec_
Krm llpo {o3Hhrx Moae.net t co{[Bfic,rB),,1o4rx MeToaoB nporH@,poBaHrrrr BpeMeHnHx praoB,
r(mopbre fipeacTaB].rrroT co6oi skoHoMr-rqeckae lloka3aTejrx, aoBonbHo orpaHHqeHo, ]ro ;6arc_
HteTct Takxe TeM, qTo noaaBjrrloDlee 6oJIEIIIHCTBO BpeMeHIrErX prAOB He TOIbKO SKOSOMIjq9C_
Kofi npnpolEl) A'rr kmopErx Bo3HrrKaeT 3aAaqa npomo3RpoBaHrr, xapam€p[3yeTc, Ho,rllHeiHoc_
T610, HeCTarIUOHaprrocTBro t,l neyc"oiquBocTr,ro mdoc!,rTeJr6Ho cp€AHero ypoBHr, Mrlol.xc npo_
fHo3HEre MOAeJru, B qacTHocTfi gkcnoHeHqfi,urbltbte [,2], nuqefiHbre perpecc[oHH6re [3,4], aBio_
pefpeCCrom$re Txua ARIMA [5] He [peEra3HaqeBH Ar, [porHo3[poBaHn, TaKrx up€MeH,
Hrrx ptaoB, Tal( &aK orpaHF{9H6r Tpe6OBar lrMu cmquoHapHocTr, HopM:urBHocT{ H HC3aBHCTMO-
cTri ocmTKoB praoB. MoruiofiKaql,I,t nplBeaeHnEx MoAeneii gr!' rpoiHo3rrposasfi, HejrxHeiH6rx
npoqeccoB Taro(e rrMeroT HeaocTaTKrr. HenllseiHar perpeccuoHHarr Moaer$ xapar$cpr[ysrc,
cJroxH@TEro nAenfltQuKar[in O]'EK[roH&rr6l{Erx 3aBlcnMocTeii, a nptMeHeHne MoAenE ARIjVIAX
ofpafirfiel{o cJroxHocTEro pac.reTa MdoroqncreHHHx napaMgrpoB, Bce lro o6vcnos,,uaasr
seo6xoanMocrr pa3pa6orror rroBltx r MoAr+lrKaqun ,3seciH$x ;sroaoB l, Moaen;fi npofno3rl-
poBaHr,ul BpeMeHr{brx ptloB. Anr rx Ilportro3spoBaBnr Ha or{HalrcoBoM pbrHK€ TaKh€ MOAe{'rr,r
aolxH6r xapaKrepr3oBaTLcr Heo6xoalnroii ToqnocTrrc, fx6KocTLro I, fipo3pa.rHocTsro B oq€H(e
napaMeTpoB, norxHbr 3xorroMr{rr, BpeMr Il np@aoJreBaTl ofpasuvesrr, HajroxeHHde r{a Kracclt_
qecKue cfarTlrcTEqecKke Moaer!, a TaKxe cBo€BpeMer {o peitfiztpoBaTr Ha ,3MeHeH[' B AUHaMrr-
Ke pa3BrTljr prrHKa,

B locreAtee BpeMr B o6aacrrl parpa6mrul clrcrev nponro3npoBaHqr c(bopMrlpoBalxcr, aBa
ocHoBHErx HaIlpaBteHt' uccneAoBaHa[:

- , 
- cGAaHUe aAamnBHbrx KoM6uHt poBaHHbrx r,r MHofoypoBHeB6rx Moao,ret npoaFo3[poBaHu,

14-61:
- pa3pa6oTr@ lt lrc[oJt63oBaHre MeloaoB uHTejrreKryiuEHofo ali:ljrr,l3a BpeMeHrBrx praoB

[8-10].

-, 
KoM6uHupoBaHHEre MoAeJru npuMeHrkjlor n/,rr noBb'rueHltr ro.tHocrli fiporHos'lpoBanrr.

L{e,'r6ro ynpaBjreflur npoq€ccoM nporHosripoBasrr r{oM6fiHEpoBaflH6ix MoAe,llefi SBJlTflC' )/qgf B
oqeHke.fiporuo3a oco6Hx [perM)4rlecrts r (Iro.nesrl6lx> xapaKTeplcn K r(axloi ll3 lpor]ro3Hr,rx
MOAelet, xoTop6re cocTaB?'rrloT r,rx ocrroBH@ MHOXeCTBO, T.€, OTO6paHllrX An' rloc,rpogHr,rs
nporHola Ha orrpeaoredHoM rrraf€, Heaoc a.fKaMr r(oM6xr{rpoBaHHltx MoneJrei ,BJlrrotlr crox_
Hocr6 pa3pa6orKr.t n Heo6xoalrnrocr:r xounencau{r Heaocr;TKoB j<a}qloi x3 Moaelefi oonoBHo_
ro MxoxeclBat IIpu sToM He aepr'lrx npeuMyuecra.

fh ceroIrrrlxHrlfi .[eHr, Tar(xe noJrB3yercr norynrpfiocrLro riHTerneKryajrbHEri asarrr{3 Bpe-
[reHFbrx praoB xnu Time-Series Data Miring, koTopEri npeAsraB,,rrer co6oii na6op unrooaqrou-
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r.rLlx MeroaoB) npelfla3Har{euu6]x Int ,ael{Trr(bllKaqlr oKpEIT6IX- r',n accoq{aT!8HLIX DpABLJI B

aarrHbr)( BpeMeHHbIX pgiloB, Meroa6l neJ]IrHciHofi al',rHaMnkr{ ll1.l, onr!-lMl{3aqrlr--Ea ocFoae

ressrrqecKrx antrcpr'{T oB s npofpaMMHpoBaHut reHerrqecKrlx BHpaxerMi [12] u r'a C

MoMeHTaBo3HuKHoBeAll'I,IllTgJrjIeXTyaJILHoIoaHanM3aBpeMeIIHhIxp'lloBpa3pa6maHoMHoxe-
cIBo cfiequai]'HElx MeToAoB! KoTOpbIe KacarcTctr 3aAaq fiHnel(caq'{L' KlaCrcpu3allriU' Knaccfi(bu-

rcqr [8-10], uAefiT,ro €qt Bbl6pocoB Tn B nocreAHueroaH IrotBjltrerct lloHliMaH{e roro'

qTo jljlt MHOTIfX 3aAaq UIITOrrIeKrya,'ILHOfo aHajrlsa AaHH6rX HeO6XOAfiMO rlpll eHtTL He 6LICT-

DEri n nDn6nfi3xrenhribrii, a MeAneHfiLIi, Ho roq6lfi v no.qpo6H6lii norlcl( [l]]' npe/uamelct

u"t on""o*ot" 
"""o4"t, 

Kdfopble Molyr 6r,lTl MaKc[MauIbHo JrelKo npaKTrqecKH IrpuMeHrjMBl

.{BTopoM lrpeA,.loxefl noAxoa, xoropui 6a:lpyerct Ba npuMeHeHtlH B KoMrl]leKce a'{anruB_

""," 
*o"6"ttpouutr*"Ix Moaolei npolHo3xpoBaHljt ll Klacrepfi3aqr'Ix BpeMeEHEIx psaoB flo

vcroA)" brulKaiiulero coceAa.

AKryaJrr,Hocr6 3Txx LlccreAoBaHlli ,rMeer flemrbKo np&rurqecKoe 3Haqellte Ant IIpoI.Ho3tl-

croB, uHBecropoB u aHtuIt'ITtkoB, tro x reoperFlecxoe: pa3pa6mlG KoHqenqr'tii fi MareMa'mqec-

KoIo HHcrpyMeHTaPrrt. K)TopbIe Mor)'r cocraBu'ab ocHoBy Ant .qajl6lleil Lx HayqHbx ccjle'qo-

Bar$t.
qenbio t!,rterca pacc$mpellre ocHoBllblx noHtrfifi KfiacreplBaqs! RpeMeHHLIx psaoB' cno_

co6oa lrpelcraajtcH ii KnaclipoB L OopNtyt pacq€{a Mep 6r'rll3ocrT MexAy HxM4 a rabKe

pa3pa6mKa a;lanrrrsHblx KoM6fiHr{posaHHblx voAenei:l pot'Ho3rlpoBanrtt Moxarllr3MbI ceJleKu'il'{

r .r6prAt"orltH B ,(oropElx KoppeKrr'{pt'Iirrct Ha ocHoB€ npeABapr'tre'q6Hoii xnacreptBalu

BpeMeHHErx prAoB fio rtelrollv 6rxxaiilllero coceaa

2. flocrafloBKA ilaaaqu rporno3npoBaHut BpeM€nHB|x ptl(oB

Ilycrr s - arjcKpsflIoe MHot(ocrBo. ,{ucxpenrltu BpeMeHItl'IM ptaoM

{zili,=t = lzt,z2. -'z"J = {7'(t)'z(t2), z(tn l

6y,qeM Ha3EIBar6 koHe.niyx) nocreaoBarenElocrF rBMepeE i! IlpoBoAIjMLIx B AllcKpersrle

MOMeHTBI BpeMeHit t; e S, i = fi M o kcllp)'loflIllx orpeAenellHble xaPakTepicTuKl'l u?MeHeHr'It

cocTornat fccfleAyeMoro npo{ecca ujr}t tBreEut, tl - daqatlRrrii MoMeFr BpeMefix EyaeM

cqrlTaT!, qTc x3MepeHllt npoBoatTct qepe3 onpeAenesEble BpeMefiHble rlt{TcpBlulEl: MI{FyTa'

qac, aeHE, EeAeJrt, MectIlJ KBapTaJI u 1.A Ps-]ynlTaTll x3MepeHrii zi IeicTBfiTenEHLI It Molyf

npeAcraBJrrrb co6oii oaAopo,qHLle sKoHoM{qecKfie noKa3aroll (ypoBeHr {lrortqtl|' o6!eM

rirnyuenrroi npo.uyx{tiu), OnuaHcoBble noKa3are.I j n r',q B 9l{ol{oMerpflKe qacro paccMarpu_

Bal}r BpeMerrHoi p9a xaK qacrnqsyrc pearu3aqtlo croxacrfiqecKoro npouccca, Kolicpblil npea-

craBxt;ct SecxoHeqHoi cx) raiHofi nocjreacBarenhHocrLlo Ho a mlrl{ql-le qr sxeMeHToB

c. frafiHoii BbI6opI(r{, 3Hat{eHnt BpeMeHHoro pt]Ia He tBJlttorct H€3aBnc'lMbIMl'l ll oAliHaKoao

pacnpeaeneHHLr|tM.
B;IAaTtrrlr fie4,lorque oclloBEbre 34qatll llporuo?fiposall t BpeMeHHE x pt'qoB: flporuo3upo-

BaHue 6ylyrar.rx 3rnqeHfiii, nporHo3trpoBaHUt 3HaKoB npEpocroB BpeMeHHr'rx pt'qoB uAelfir,(pr,ka_

uri' MoMeHToB JroKajlllbrx sKcrpeMyMoB B Aa Hoi pa6me 6yAeM orpa'{rfiItBarbct nepBoi

3aAaqei. CoopMyjrupyeNt ee ratr: Ha ocHUBe PerpocneK'ryBHbl\ 
jHa'lelixi zn'izn 1!zn-tn+l '

m<n ptAa {zi}l=I, Han6onee rorlHo oqesltrb ero roae,{efiIle B 6yAyuIeM B MoMeHltl

t r r l  tn-2.  . tn-O l  e nOcrpo rh nOCn<lORalE' !HO(f t  npurHOlhblv iHaqeHxt

l2, l l ' , 'o-  l2 i  r .2n 2 2r '€ l '

fae B - fopr8oHT nporllo3upoBaHlt. a m - o6aei\1 Pelpocnchrx[]loit Bbt6opKll O6o3HAqUM

qcpe3 zr(n) - rlporHo3, Ksropblii paccql{T6lBaslct B MoMeHT In (B To'Ilrc n) Ha r ToqeK

BIIepeA! t :  1,0,

Taxar OylKultouanllat 3aB[clrMogr! f , Koropajl no3Bort$ onficalL noBeAes[e BpeMexrto-

ro praa, Ha36lBaeTct Moae.nbro [porHo3itpoBadnt. Ilporrl(y3 tpeMeHHoro p''qa {zi}l-! Ha oaHy

'rorrKy snepeA Moxro QOpManEHo 3alIrrca1l B Bt{,!e 2i*l =21(n)=f(zn 
-,1'zn-t*2' 

''zn) B

cn)racnporHoixpoBaBxecropl ' r3oHroMe>l, tpxMeHtsrct l ' l lcpatul i 'HI lbr inoaor:

2n*r = 2t(n) = f (zn-. t t '  ?n-n12"zr ' ) '



2"*2 = 21$) = l (2"-- , .2,2n 
^*3,. . . ,2\ ,2nn\,

2n+o = zo(n) =f(zn mr0,. . . ,2 i+o-2,zn+o-r) ,  m<n.
Heo6xoAlrMo orMsrlrrt, {To pa3r*re Moaeru npofHo3llposarrng Moryr ,tMerr, pn3rrr.rqxEre

MexaHa3M6r pacqera nporl{o3oB, K [pr.rM€py, B rrrx Mor]'T yq rbrBaTbcfl BHerrIFue (DaKlopbr,
Kmop6re onpeaejreHH6rM o6pa3oM Bnnr|oT Ha MoaenupyeMhrfi npoqccc, KpoMe Toro, Moaen6
MOXeT rMeT6 pr,q napaMeTpoB! Tpeoyourux oTAeJrbHoro oqeBuBaHur. K TakrrM MoaeIrM
mfloctTct perpeccltoHHlle, aBT opery)eccrroHilBle, 3xcrloHe[4[aulbRBle, aaaltIliBHEle [oJl[HoMIr-
rurLr$re MoAa'[r [3,4]. Ellle onHoil Baxsoit xapaKTepscrriKoii Kar(4ofi u3 MoAeJreii rBJUrgrcg
o6reM psrpocfieKTrrBHofi B6r6op(x, rcnoJrb3yeMofi Al1r peanlBaqn! nporHo3oB,

flocrpolrrb Harr6ore€ Toqur,ri npomo3 o3rraqaer rrocrporrr TaKt'ro Moao'rE, Koropar ynoB-
JreTBOpreT comBErcTByrorq[e KprTepr orleHKri xaqecTBa rrporHo3Eposaqfir, lll' aaHHofi 34qa-
qu aard,Mu kpmepurMn Mof)'r 6ErTr cpeaHee a6co;rrornoe mxaorresue, cp€aHrr KBaapaTlrqfiat
nofpeuHocTa, cTaHAapTHoe oTX,'IoHeEfiq mEocl,tTo'tLtlat florpeuHocTl l, T.a,

3. OcroBllLre florf,Tlrr tcracrep{3aqx[ BpeMexuLrx pcaos

flycrE 3aAaH BpeMeirHoi pr)l {zi}Lr kari KoHcqHar nooreAoaaren6Hocr6 AeiicrB[Te.,r6rr6rx
qucen, KjracrepoM Arrur,r m BpcMelrrroro prAa {zi}Lt 6yAeM rra3HBaTL noAnocJieAoBaTo'r!-
Hocrh tzrr l l=l  AaHHoro prAa c m ereNteH' loB, n>m, k. ;* t  =k.;  +l  ,anr j=i , i i j l .  I {ssr ' rn
croBaMH, xrsacTep61 r'.rro6oro BpeMerrHoro praa fipeaclaBnrroT co6oii ero perpocneKTr.rBHrre
nOAfIOCIIeAOBaTeULIIOCTITI C m 3,leMeHTOBl np[qeM IIOp'AOK CJIeAOBaIIUIL'eMeIITOB B HI,rX

TaKoi, KaK !.r Bo BpeMeHsoM prAy, nnr 3oAnHur Knacrepa Heo6xoAnMo yka3ar! uH/lcr(c Haqajr6-
rroro 3reMesTa ptl\4 r1 lrl,.vr9y. EyaeM o6ojHaq6Tb MacrepH qeper z ), rac N - lrHAeirc
llaqrltEltoro SIeMe[Ta ptqa, BlClIlOqeHfiOlO tr xnacTep, Hnll nOptnXOBLlt iloMep. a m - AtlIHa.
To.Aa Macrcp6r BpeMenHoro praa {zi}l=j MoxHo onpeaenxrb rarxM o6pa3oM:

l l .m)-rnacrep- r : t t  17,1. t ,1. . . . , / , r )  { / ,  } i " r .  i l  r=kl- l . j  Lm-l .  r , . r  =1.
^t  ^, ,

f2.m)- knaclep zint- t | ,2.7,2. . . . . / , :  ) . lz  2 l ' i ' t .  k i - r  -k '  l .  J  l .n -1 . \2- /2.
" t  ^2 - l

:

(n-m-l ,n) - klracTep - , f ,- jn-r -{,*"-.-r, ,*n,n-r,. . . ,20*n-r} ={zoo,o-r}pr,

kl ; r ' r=kl- ' r+ i ,  j  = i , In: ] , zkl-n-r = zn-n-t ,

(n -m,m) - lrnacrep - zi*i ={zu.-.,2*" *,...rkA* } = {zk"-, }Pr, kl; '  =kl- ' +1,

j= l-m' i ,  zki ,6 =zn-n,1.e.(s,m)- xracrep a,! t  s-tn-m B qerloM onpeae, ' r tercs raK:

zid) = {zks,zks, . . . ,zk.  }  = iz. ,  ipr ,  k l*1 = k j  + i ,  j -  r ,m-t ,  zks = zs, (r)

(n-rn,m)- K'racrep prAa {zi}iLt 6yaeu rraer,raarr orJopn6rM. Bce Ap}T'le xnacr€pBl 6yAe}t
Ha3HBaT6 HeOnOpESIMt.

llrasno tl€onop}Ibrx Kracrepor ltJrxHL! m, nocrpoeHHrrx Ha ocsoBe Bp€MenHoao praa c n
3,'leNt0flToa! paaHo n-m,

Cnerycr mMeuir6, qro c),,rllecrByer HcKmopa, HeonpeletreHflocrL B TepMlrHotorHll, Tep-
MnH Macrep (pattern) BpeMeHHoro prna, KoropbrM B ,{an6seifuxeM 6yAeM [orE3oBarEct, rlpr-
MeHrcrcr B pa6oTe [9]. B pa6ore [10] !cnorB3]'!or repMIrH vestor, sqpeqasrct TabK€ TepMLlH

^fco.rKr 
(pieces), set Il T.A, ,qnr onpelsn€H,rg onopHofo xjlacrepa npHMeHq]or ralone repMLIxBr

locreaHrrii nprroAs6rji Beroop (last available vector), rioropl.r, p{aa.
BBe.{eM c"'re4,,roulEe npencraBreHur Kr'racrcpoB:

t-

5J



1, KtacrepBl Mo{n npeacraBffTlc, IreflocpenclBelflo xax noanocreaoBarqlbliocrtl 3JIe-

MemoB Bxo,IHoro BpeMeHlroro ptaa (1)

2. IIpeAsruBJreHI,Ie xracrepoB c noMolrl6lo 3HaKoBofi [oc'IeqoBal€'lBHoclH IIa ocuoB€ ptaa

121; l !1 nocrponru:naxoB n PtA {t i } i=2,IAe 1, =sgn(z, -z i  l ) '  i=2,;r '  To'Aa 3FakoBEIe lreo-

nopHEr€ ldacrepBl 6ya,\'r ItMerL B{a:

x12.; = huz,rur, ,xuz l = {r.z }Pr,

rf",; = {rrr,x*:' ..,x.: } - {ro:}[r,

xl ' * l -  =t / , "  m.. .x n n r . . . . .x,n.n r l - l ) ,n. . r  : I r .  kr , ,m-r -kn-mr, l ,  i=t , r r i  r .
" l  

*2 " j

3sa(oBr,Ii onopHrlii K"'Iocrep 6yAsr uMsrb luA

xi ' i '  1r ' ' " . . r , . " - . .  x\*nl  l / \ . .11' .  r , l l ' .k l - '  l . j= l ;  l .  xkn-n tn-r .

oqeBuaHo, qTo qtcro 3HakoBEIx HeonopHljx lt?lacTepoB AJII,iHBr m, flocTpooHltt'lx tJa ocHoBe

BpeMesHoao ptAa cn 3IeMeHToB, paaHo n_m -l '
3, Tpsrtii TLrn npoacraBreHfit ocHoBaH Ha BBeaeHuB paccrotHllrl Mexrly 3reMeIImMt Krlac_

repos. flyc* nocrpoersl IcracrepLr nepsoro rrlna. B xar&lov rclacrepe BbJqrcJIl'lM MIlHltMtuIr'-

Hoe H Ma(cfiMaJllHoe 3fiAqeH[t H nocTpo]lM ItopMxpoBaEHble XJracTepLI flo npaBl'lIy:

ki-r = k?

kirr = kJ

+ 1,  j= lJn -1,  Xk2 = X2,

+1, j  = l , -n: ] ,  Xkl  =Xr '

tv: - zltin

,ns=ma\i i , . l I r .  , ;d minlrr . l i r .  roraa 6,  , - r  ;

6,, . [0,4.
- j

TaKrM o6pa3oM, ant Kaxrroro s = l, nlrii fionyalr'IM HopMr'rpoBaHHBIc ileonopfi6le Kr.Iaflep fi

HopMrlpoBai{H6li onopHEti lcracrep:

,  s=l ,n-m, npr. t ' {eM

61.1 = {60.,30. , .  ,60,  }=tar ' } i , r ,  r l *1- t l+t
i ' " r ;  ' -* i l ,J i . . t .  Ki . t  K |  + |  .  J -  r .  m -  |  .  -  t .  , '  -2(

J

- . :^,

rlxcjro HopMl-lpoBaHtlrrx HeonopH6rx t\:racrepoB ,q"rlr,tl6l m ! nocrpoeHltrlx Ea ocHoae BpeMerI-

Hofo pt4a cq )neMeHToB. PaBHO n -m
BBcAeM noHtrHe I\Iep6I 6nrcocrrl Mexay loracrepaMu, qro B cryqae (orfiqecraeHso'l

oqeEKr B6rprDiKaclct Ha ocHose onpeAg,'IeHHoi McrpuKr' floao6re v,exAy aayut rcracrepaMx

ortpeaor.lerct Ha ocHoRe MerpuqecKoro paccrotfltt Mex,I{r' HuM,j. KatlqLdi lg'lacrep Moxer

6rrrL npeacraBneH Toqlroii B m -MepHoM npocrpaHcrBe B 3aB cHMocrtl o1 npeAcraBteflrit

KnaorepoB Moxno BLIAo tTB pa3nxqHble raerpu"ecxre paccrotn t rJlrl Mepbl 6nu3ocr[ B

AaHHoii pa6qre orpaH qfiMct nepsbrM TUnoM flpeAcraBxeHltt (1) IIycE 3aAaHLI MHox€crBo

ri,r, u=t,.l_*:'i H onopHbrii uacrcp zf'jn ptna {zi}i=l' roraa MePbr 5:tr-rlocrr r"rexA''

olropBbtM Lr BceMIl HeoflopHbl\lll KjlacrepaMu Mor]'T 6HTr, olrpeaejrerll]I lro IBBecTHBIM QopMy-

Jla"!l:

i  , - '  , ,
. .  l r l  I

L d0{r,; :".2:r,)- Z.] ,"" .  -,r '  j  paccronxue.sx,ruaa.
l l - r \  J J I

"-- , .q
2 , lr(/ i ; ] ' .?i '" ,)= LzLr n -2.\ Mal|r)rreHcxar (ropotrchat) verprKa.

l - lJJ

1(^ r);
; .  < l l rz i f i i .z) . , r=l Iz."- .  -zr ,  I  Paccro*ure Muxxoacroro

l j=rr t )



+ a,r,r'i,"i.,r=.f("-i* -r-;J,t,="""J.,-i. -,-;.,J-";]" -'["-1-. - paccron-

rre Maxa,rano6lca.
I

'  '  'o l  '  
- ' rY ' "

s a.r,Ll".,l., t= Itl . rae ti ] - paccfo'Hlre x,?aBqesa
,  '  ln rrn m -zrr  >c

lr

Moae,upoBaHrre BpeMeHHErx praos Ha ocHoBe K,racrepx3allau [8, l0] 6a3lpycact Ha roM,
qro :rrc6oi speMeHuoi ptA Moxer 6r,16 npeacraBnefi KaK KoHeqHuuI nocJleaonareq6Hocrr
KnacrepoB oArGaxoBorl Anusll, ucfionL3t'Iourt(ct B qerltx npoaHo3l-lpoBafl''f i aH8vsa au}laMu-
kn, A,,rr nporHo3xpoBatiur BpeMeHrioro psna cHaqitra Ha ocfioBe IleKmopoii crelleHll 6jlll3ocrn
Haxoarr Knacrep, no,qo6srli (closest rnatch) onopxouy, [octeAHu[ gxeMeET Kmoporo npe,q-
craBnrer co6oi To.rLJ, B (oropoii paccqtr6lBaerct nporHo3. Aanee npeaionaraercrr lrro

rroBeaeHxe BpeMerr[oro pr,qa, Kmopoe Ha6nro,qanocE fiocre noAobHoro Kracrcpa, 6yaer noBTo_
prrr,cr tt nocre orroplloro Ktacropa. LleaocrarKoM MeToAHKI't tBtterct HeoaHo3HaqHosab
3aBucllMocrr psryrrbraroB nporHGlrposa xt m sr,r6opa uepr,r 6nu:oc, I4, KpoMe rorq AaHuEIi
noaxoa Anr 6ojr6u[.rHgaBa BpeMelrl$rx ptaoB. B ToM qrlc?'Ie rex, KmopEIe tpeaca4Bntlor co6ol:i
SKOHOMI.i!IeCKke npOqeCCSI, lle mMeqaercr BltcoKon TorIHocTElo.

4. A,qanrnsfiure nou6unupoaaaxr,re Moaern nporlro3upoBaslrt c xnacr€Pnlaul,rer
BpeMe{Horo psaa no MeroAy 6mrxaiiEero coceAa

IIoctrMHosKa 3adaqu, flycrr' eaaano nporpaMMHoe MHoxecrBo 5ps Mo.(e'Ieii [porHo3l'Ipo_

saau f1,f2,,,..fa, Ha ocxoae xmopElx a.nt ptna {z }l I B ToqKen nlor)'T 6r,rrr nogrpoen;r

oqenxn 6y,uyrurx eneMerrroB BpeMeHHoro ptl.a 12f,+.1,2f,+2,...,2f,,6 ) . Ha ocfloBe MHoxecrBa

3ps x pErpocnercrlBBrrx 3HaqeHrii BpeMeHHoro ptaa {zi}i:t nocrpourr, nau6olee rovnyo

nocreAoBarer6Hocrb nporHo3H6rx 3Hd.reHrrii Z = lzj\ji::+r = l2r+1,2r-z, . . . , zn+o ) .

Peaeuue 3ada\ti. flycrL att speMeHHoro p4aa{zi}Ll no flpaBl-rty (l) nocrpoeHo MHoxe-

cTBo lleonoPHl'x KlracrcpoB o.qftraKoBon AfiuHBr m :

z i , {  = lz, . t  ,2" , , . .  ,2, t  )=lz, , l ' } t ,  k i+r =kj  +1, j= i ,m: l ,v=- l ,n-n- i  ,2, , ,  =2, . (2)
^t  ^2

O6o3Haqr.iM ero.rep$ I , flporuo3, Koroprlii peaul,I3yerct Ha ocBoBe Kax4ofi trlogenN fp rr

f iporpaMMsoro MrloxecTBa 5pS.p=]J( B To.IKax ptAa m,m+1,. . . ,n- l ,  m <n, codrBeTcrB]To_

u{Hx nocreaHllM efleMenraM Heonopnrx Krtaqepoa zirl (2), v=Lll--m:l &rutt;I m Hl r=i,e

Totrel{ Bfepea, o6o3sa"{M qepe3:

?1, 
.=rel{ ' r , ; l r l . -  "  *- , . r )  |  k l  I . j  r .m-l . r r '  =2". !=l .n-m-r.

" \v+l  \  I  )

+P - f1, ,  ,n t r  |  ,2i; . . ,  - ru,1,*" t i : . . t ; ' . , .J ."  r rm-r.k i r .k;"1. j ' t .m-:1. / r ' -7".v-2.n-rn. t .

tl;.u ='o[r"*trF''';'.,' ';" 
r'

z*t '  = 2",  v = o,n -m J,

w=v+m-t.  k l+r =kl  +1. j= lJ" : l '* l
" '"k1,*o-r J'



DIe zpv - nporHo3toe 3daqeHle greMeHTaw + r v -ro IG.IacTepa! noJr) reHHoe Ha ocHoBe p'ii

/ \
nporHo3Hoir Moaenn. 3anficb fpl {zrr llL I mnavaer, 'rro rurr nmrpoeHat lrporuo3a [o Moaclt

fo Ncno:E:oeax cootnetcrByloqtrfi v-ii HeonopHui knacrep. Ant yfipor{eHlt 3anxceitr 6yaeM

cqdrarL, qro 2p, -29,+. =2?(!v),  rXezf lwt -  nporHo3. paccq"ThrBalou! ' ' ict  B roqkaxw

Har rorleK Btepea no p _i MoAe,'Iu, kmopal Ant nocr?oeH{g nporHo3Horo 3EalteHlt crto,'Il3yer

rnacrep zi-),v=t,n-nr-l u3 MlloxecTBa IIooIoprIEIx KqacT€poB n'

nocrpor.rM orloprLli Macrep

?". i '  l r  
"  " , .?,"  

m.. . .21, ,  r l . rz,"- . l i l  .
' r  "2

t i i i=k]- '+t .  j=r . rn-r '  zrn m =zn m (3)

x Ha ocsoBe neKorcpoi MepLl6nt3ocru, HarlpllMep. c noMoutBrc paccrotHHt EBKnxAa [to Mero'qy

6lrxxailuleno coocra HafiaeM ti3 MHoxeirrsa Heo[opHbrx KJIacr€poB $ noqo6sEd onopuoMy'

Ileonopu;li xrracrep zlm) € 9l ha3dBaerct noao6HHM onopxoMy lr,qacrepy zl;l 
' 

ecnlr He

cyrqecrByer Apyrlx HeonopHblx nro.r"po" .1.1. teI l .n-m-l ]-  k+x.4nt Koroprlx

d(zi,;l,zl0)) < dki;j", ztF)).
CornacHo npuHqunaM nocrpoeHuq l(oM6,lHfipoBaHHblx MoaeJleli ecrL aBa npfiIrurna pacriera

nporHo3oB: cejreKTHBrrbrii u rtt6pu'siblfi .
CoreKrxBHlrii noAxoA 3aMrcqaerct B or6op€ A,1t Ka)llloro 3HaqeHfit 1 l4 npofPaMMHoro

MHoXeCrsa 3ps e,[IrHcTBeHHOii MOAe.rr{, KOTOpat O6ecnequBacr BbrcoKylo ToqHocTE nporHo3l,-

poBaHqr flo onpeaeneHHoMy Kpfirep o cenexqru: B_ [4], R-xpr'nepllii [7] IlapaMcrpbl lQ]rrepH-

eB cereKlrurr, KaK npaBu,qo, rMelor aAanrlcHlmi xapaKrep KpoMe roro, qacro &'rt noltLlrnerri,'
TOTTHOCT| npofHo3lrpoBaHrit Kpr',ITepxu oT60pa np{MeHtIoT He K [porpaMlrHoMy' a KTak I{a3LlBa-

eMoMy ocHoBHoMy MloxecrBy :l;s. ?ro MHoxegtso cocronr I'B Mqqereii' aaloqlix Ha'l6ojlee

TOqHbre rponllo3hl Ha onpeae'IeHHoM yracTKe RpeMeHHOTO ptaa, 3;s c SPs ffiop NJOqeJlei B

ocHoBHo€ MI{OXeCTBO MOXST OCylLIeCTBjr,rtBCt, Harlp[M€p, Ha ocHoB€ D-Kp]tfep]rt [4]'

flpofEo3 rlo ru6pr.rguorty noaxo4y paccqrr Bacrc! KaK B3BelrreHllaut cyMMa nporno$B no

BCeNt 1{OlCrtrl. cocIaBnvlollltlM ocltoFHo! MHoxecrBo ltj

flocrpouv nporao: ra ocHoBe gTllx flogxoaoB, tcnol63yt peynbrarhl lo.racreplr3allllx Bpe

MeHHor; ptaa. IIycG Ha ogtoBe onpcaeJteHHoi MepIJ 6tt3ocrx 6Lln ortpeaeneH xnacrep

,I-i'*l. s, x e [m, n - 6 - ]], no,lo6ubli onopxoMy rcqacrepy. noc.,reaH'lM 3teMeHroM x]racrepa

zr; i  0YAer ?neMeHr z|

Ilocrpor.rM ocHoBHoe MHoxerrBo Mo/leteii npoffrBtpoBaHrit, licnoJr!3yt D_Kptrept{fi 3d4'{e_

Hrre D-(pr,rTepxr B NroMeHT t! Moxlro paccqfiTaTb no tpopMyjr9:

r  \  c/  \2
Doir t= . l \z i {x r- j ) - , \  i l  . (4)

rAe r - oep;roa flporHo3a; c - reptoA npe,qLlcroprls; zf(x-r-j) - rporHo3, KoropHfi paccrlt,l-

Tr,IBaeTct B MoMeHT tx-!-j (B ToqKe x-l-j) sa 1 ToqeK BnepeA 3a MoAe'1Blofp.p=lx

TorAa (rcHosHoe MHot(ecrBo MoAo'reii AJ1t OnKcrjpoBaHHoro r onpeAenterct raK:

'  t - " ( t ; ,p= 1Kl,  Dd,n(r)=minDD{r) ,  (5)JAs = l fp .  3p\  Db{ r) :  )  I
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3AeCh 1" - AeicmhTetr6Hbli [apaMeTp] Kmopr,li olpeAeiltgrct gKcnepriMerfia,qbl{6lM tryleM

O6o3ua.ruM Moao'rri, Br,rrcqeHHbre B MsoxecrBo 3is, .Iep$ frr, fi,,,., ft, , L" - KofluqecrBo

MoAetei  B MsoxecrBe Sls,  r=1,0, L,  sK.

A,!r K&rqoii Moao'rx u3 ocHoaHoro MHoxecrBa sls pacc.{traeM 3Haqellrrt B_Kpltrepriti

Bl1 = 0 -oB)B:ir.r e:qr (x -r), (6)

r l le 0<aB <1 - napaMerp crna)KuBaE r:  a e?r(\  -rJ- 2r ' r1(x_r)-zr a6conorxas o r tr6Ka

nporuo3a, KoropBli paccqm6lBaerct B lr{oMeHT tx-, Ha 1 ToqcK BrIepeA no MoAertM fqlr .

t=j,6, q. =t,I1 . 'l'oraa caMoi To'IHoii Ntoaorhio g,rr (xrxcrpoaa*roro r no B-xprrep4o

6yAer ovurarrcn raKar Mo,{sr6 fr*, xj,It Koropoi o6ecnequBactct MIlHfiMa,q6Hoe 3l{aqeH[e

KpnToprr, min .Blrl IlpofHo36r, paccq{T6lBarorqxect da ocHoBe Moao'refi f.* B ToqI€ n I{a

1 TO.reK snepea! o6o3EaqnM qepe3 zi(n). Toraa [porHo3 llo KoM6HnupoBaHHoii Moao'rH

cgrreKrxBHoro rrna no B-xplrrepuro cene(qux (6) c rs'IacrepH3aqrei BpeMeHHoro ptra no
r"rero4v 6:urxairnero coce,qa 6y,qff paccrrhr6Barbct oo QopMyte:

2i(n) = c i  2;(n) + ( l  -  d)zx+r, (1)

r/:Ie z\+r - 3HaqeHrre BpeMeHHofo praa, Koropoe cteAyer nocrle xracrepa zffif '] . noao6noro

onopnovy; 
".p,t] 

- BapaMer?! yxasluarouufi Ha aaxlocrB l {em porHo3tblx 3uaqenrii

oro6paHHoi \roae,lh B nporHo3e.
IlplNrerrr.rM ru6pullHhrfi no!xo,q. flycrE rloc"'re npoBcaeHlroii rc'rasrepli3aqnl-l B ToqKe x AnJt

(ax,qoro r 6rrru c(ropuapoeanu ocuoBxr,te MHoxecrBa 3f,s lr paccqLTaItBI :naqenru B-

KpxrepneB Bl"r , .7, = f7] . o6o"uuut* tepe zf" 1n1 - nporHor, tmoprlfi paccqr'trblBaerct B

roqKe n rra r  rogex Bnepea no votert l r  lo ' ,  rr  ocnosnol o r froxecTBa 3;\ .  q,  1.L..  r=1.0
'I orna nponro3 no KoM6unfiposasHoi MoAerLr rlr6ps,qHoro rl-ina c Krracrepl-Baqtei no MsroAy
6nrrxaiilrero coceaa onpeAenrercr no +opMyne:

, .G) = 0 
Ljo.q, 

21, C) + 0-cr)2.-",
4r=l

.ae 
".[o.t]. 

Bera .rll onpe,qert]oNt Ha ocEoBe B_xpurepa.a (6) c )qeroM Ko3+$iiqlreHTa

LI-

npolroprlllorlalJ5]HocTlt, BaxoAg[leloct ll3 paBeHcTsa cyMMLt BCex BecoB eAlrHtqe, t orqt 
- 

1 
'qr ' l

HanpaMep, lraK B Pa6me [4]:

(8)

h\ Lt  =2

.4rr Lr-3

= i.'?"-
ai,. * nl,"{0i ,* r  

Rt rR2 '

,  e i . ,  s i .
'  Bi .r  B(.r  r  B\. ,  Bi . l  +Bi,r  8i  r

8t".. Bi.' Bl,. tsl,,
X T,A.

ol, ,s{. .  + sl . .s l . ,  *el . ,el . .  '
Bl., ts?,. +B'-,, Bl,. +81.. B3-..

noc.ne pacqsra nporHo3a [IporHo3Bat roqKa 2l(n) hcnotb3yerct Ant noclpoeflItt FoBoro

orropHoro 
'oacrepn " i , , l t '  

=tr , ."- ' " . ' . r , . . .*1, . . . ,2,- , . rr ,2r(n)),  zkn-nrt  =zn n+1, a c1E-
,  

^ t  "2 ^hl  ,  

, ,

,',2



plrfi onopHLri lclacrep zi;jn craHoBllrct HmnopH6IM' Te BMloqagrct B N1HoxecrBo i'i ' u

npoqecc pacqeTa HaquTaeTct cHaqalla: saxonHTct Ha ocHoBe ofipeaeretlHofi Mep$I 6ni3ocTlj

loao6HLri onopHoMy Knacrep, oopMnpylorct ilHoxecrBa sls ,[/19 KaxAOfO r ' 
paccqvrE Balor_

crr 3HaqeELIt B-Kplr"rcprl' AJI9 K:DI(qofi rlpo lo3Hoi MoAcJiI'lr kmopaq ucnonL3yer noqo6n)To

deonopH)'Io nocne,qosaTerrtrHocTb B KarIeCfBe perpocneh'TlrBrloii ltEihopMaqu! Aa"1hllle cTpoIlT_

cr nporHo3 cofracHo cereKraBnoMy Lul{ ru6pnAHoMy nplulq,my

6. BhIBoAbI Ir qRcJteEHbre pe3ylr' ,TarEl

OnucaHaat MeloafiKa 6blna peaJ'IrGoBaIJa B nporpaMMHofi cpeae lla ocloBe nporpaMMHoro

MHoxeirrBa H3 fipocrLlx 3l(cnoHeHlraiurbHl'Ix MoAenei clnaxuBaHr,t (SESM) llau a'qaflTlrBHblx

nonrrrorr-"noi* *o.q*eii BpayHa 0-ro, i -ro ,{ 2-ro noptllKoB c lrapaMerpallol crnoxr'Banul 0'2

66lnfi nocrpoeH6r o6blqRble aaanftBHEle KoM6uIrItpoBaHI{Lle Moae'u r'{6pltanoro rr'tna Ii ceneK-

rueaoro runa no B- (6) fi R_KpltrepxtM l7l, a ranxe nocrpoensr vo4n{rrNaufiv !aHH6x Monereil

c npeaEraylq€ii Knagleplr3aquci BpeMeEHofo ptlla no Msro4 6'l},f)Kailujefo coccaa t' KaqecTBe

MepLr 6nnocru 6ruro BLI6paHo pacc'rotlltre EBr,luAa. B Ka)r(Ioi ToqKe A'rIt KarKloro t aBToMa-

ruuecxu tfopr.rrpoearroc6 osHoaHoe MHoxecrBo Moaorefi 3ils (5) no D-KprlTcpu}o ('l) c napa_

NrerpoM l- = l,9 . flapaMerp crnarKuBaHut B B-Kpfireprl, (6) dB = 0,6 , neptoa npeABlcropltu &rrt

noorpoenur 3Irareuriii B-np"t"p"" puuet 10 ,ft9 recrupoeanu voAen€; BI'I6paH6I eXeAHeB_

HLre BpeMeHHBIe ptABI IreH Ha cblpb€: arrlrtMHtllli, 6en:un, cepe6po u r'A' 3a nocneaH{e 3 roaa

Bcero no ?00 u3MepeHufi. 6u:ru paco'ruraxu cpeaHEe onjx6Ktt nporHo3oR Ha r=Ll0 ToqeK

Brepea no oflfcaHH6IM MerOArKaM (?,8). ToqHocT] KoM6nHxpoBaHrl6tx Molenei 
-onpeagr'r9eTct

TeM, Ba CI(OJTBKO TOqHee l'rx [porHo3 B cpaBHeHtll c MoAeilBlo-r'Ir'rnepoMl 'l-€', TaKoIl MoaeJIlIo u3

nporpaMMlioro MHoxecrBa, ArIt Kmopoi s cp€AHeM an' (b{Kcr'IpoBaBHoro r norflaercJ{ MHIiI{-

M:UrbHat olllli6ka, B aaHHoM c,rDqae mHocfiTerLHat TaK' npocrat aaanTuBF ul ltoMoltH'rpoBaH-

Haq cslexr BHat MoAerIE rlo B-kpl'ITeplxo yn]qrllsJla caM,r']o mquyrc MoAeJT l Il3 nporpaMMHoro

MlroxecrBa (Mo,qen6-rltlAep) ToJrEKo Ant 1 = l3 a cpe4neu xa 8,520%, a flpea"rox€IrHat Moaxq]lt-

rsqHr laHHoi Moretu c rIpeaLIA uei Krracrepu3aqteii apeMeHHofo pxna (o = 0'95 , m = 20 )

yryt{utna MoAetE-r'I'lAep ro.jlE(o ArIl t=eii s cPeAHeN{ Ha 2,59 % flo,qo6fiHe pe3ynhrar6l

norrrarorct !I B crrlae uclloJll'3oBalrut R-Kpljrcpr'lt. npocrat aAanrtlBlra rfi6puafiat MoAe'rL

ynyrlllaer Moaerr'-Jruacp a,'rt Bcex t = l,m: arq 1= $ r cpeatreN Ha 4,710% no cpaBHeHtro c

psyJrb raroNr MoAenu-nuAepa, ant r > 5 B cpeaHeM Ha l 
'620% 

AAanrIrBHat ru6p[aHa' Moaenb

c Krracr€pu3aqreii ((r=0,95) yxyquraer NloaerE_ntiAep a,'lt 1>5 B cpeaHeM Ha 1'970/0 u

npocryro rH6pfiAHylo MoAetb B cpeAtreM Ha 0,45%
HaylHa, Ha,swHa. B qostx floBblrrreHxt roquocrrl nporHo3upoaaHxt BpeMeEaBIx ptaoB

Da3Da6oraHa alanrlrsHat KoM6xHr'tpoBatIIat MoAeJIb nporllo3ltpoBaHrs c npeAt'Iqyuet K'racre_

pxlaufiei BpeMeltHoro ptaa no Msr;Ay 6nt,r(aiirjlero coceAa. OTtflgr,e o6rlnuogennoii aaanrI{-

pou"n,'oii xo"6unNpoiaHlloi Mo,qq'rx dI npeljloxeHHoi olr'luqaflct Ic-v '{ro B nocreFteii

or6op nyvrurnx uoaareil A't pacqsra nporH6a flo cereKTrlBHoMy 
'tnx 

r'!6puAHoM) nplr}IqT ny

ocyrqecTBrrtercg He no ps3yJl6TamM npoallo3upoBaHtfi IIa yilacTKe ptaa, npealuecTBt'Iorqetu

'roqKe nporHo3a, TaK Ha3LIBaeMOM OITOpHOM rQlacTepe' a no peyxbraTaM nporHo3llpoBaHue

MoaeJret I{a ApvroM )^lacrxe ((nac,l€pe) ptAar Korop6lii noAo6}ILIfi onopHoMy! T e Merpdqcc_

KOe paccrotHxe Kqropofo K onopHoMy KJr3CTepy MtlH}tMa]IrHo
llpa*mrteacat qe ocmb p66orr>r B roM, 'tro npeatoxeHHLre Moaollr MorF ficnonL3o-

Bar6ar s Kaqe€TBe cocraBrtlolJ.lux lHoopMaqttoHHHx flporHo3n6lx ctcreM, Ans noBl'nneHt{t

TOqHOgrIr nporH8ltpoBaHun (oM6[iHIlpoBaIHbIx Moaenei c neploaoNr r >5 r'I4IIt noBllrleHat

sooek-rHBHocrn 
''rpasJlenst 

npoqeccoM nPoaHGltpoBaHut B qacrl't yqera npelMylqecrB KoHlry-

plrp)''orilrrx nporHsoB, flPoBeAesnllfi cpaBHitreJlLH6li aHanr'B pe3ynLTaloB nporHo3fipoBafixt

epeMe.+,rIx pr,qor qex fia clple c loMour]o o6srrxosenuLix aaanrllBnllx KoM6ul'{poBafinblx

Mo.qe,,,eii u xorn6unlrpoBaHH6ix Mor:Ietei c rpeaBapr{TelbHoi &'IacrepxjauHei ptra no3Bortcr

cacrarE Br,rBoa, qro npeanoxeHHElfi noAxoA aaer Bo3Mo,ttt)ocrb aobrrrbct oo,'lee Rbtco(orl

TOqHOCT| B CrrrIae nporHo3lpoBaHBt c nepnoaoM 1>5.
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IO.C, HOBNKOB

CTPI'KTWI'I3AIII4C COCTABIII'X OEIEKTOB IIPII

@OPMI4POBAHIIII NPOqTCCEOTO IIPEACTAB,]ItrHI,I' 3HAIIITft

Iper$amerct floaxoA K Bl'fionH€Itrno qpyni]?a3arurlr cocrallslx o6leKtoB Kax 3neMeH_
ToB flpoqeccEoro rlpeacmBneHl,It 3naHxn. npn c4y'$)?u3arunr BLlnor]riterct noc'IeAoBaTfib'
Hoe cpaeHeH,ie r,pocTllY arplr6]ToB obaercroB x ,D( coBolqm{os r Ha ocHoBe Ifi TunoB n
3HaqeHni{, cp3BHeHxt J4ruI(anLHLrx arpnq'ro} Ira oclioBe cnerur{Int3llpo}aHn6* arrropmMoB,
cpaBneHrr BnoxeFrsD( oSberroB.

l .  AKrya,rhnocrr ,

IlpoqeccHoe npeAcraBneHue 3HaHnfi (bopN -rpyerct Ha ocltoBe aHaillt3a Ha6opoB nocteaoBa-

TO'rbuocTEi co6brrri, tlMelolqfix BpeMeHHLl€ MgrK4 lt BEItBTellHe Ua OC}IOBe TaKOfO aHajr{3a

crpyrcryprpoBaHH6rx o6seKroB Il locrgaoBarelrsocr€fi aeicrBltfi, cosraBJrto lrix npoa@c, a

Taxxe DpnqrHiro-cneAcTBeHHHx 3aBrcnMoc'Iei Me'l!4/ mKnMn aeficTBHtMl. ,qlt peuedut

yKa3aHH6X 3aAaq afiaj(x3a TpaalrqloltHo lrcflotrb3]'loTct MeT oa6l clata mlnftg I! B lrocJlealrue

fo'qBr, MeroaBr 6ypno pa3BrBarolleroct llanpaBnenut process mining (umejrneKryturbHoro aHa-

.Irr8a npoqeccoB), llcxoar{BrMu aaHHHM, nPtl pe eH[It TaKux 3aaarr tBrltloTct Ha6opN nocneao_

Baro,rLHocreii co6HTHi, OLtKcIrpr{olIHx noBeAeHtle nel(orop6x o66eKToB ll cBJBaHfibIx c Hl{rtv

npoqeccoB. I{tI're/'rneKryaJrBHBIi aHans3 npoqeccoB lanpaBlleH fia BEUIBTeHIe flocreAoaar€nl'HG
gr'u B3arMoaeiicTBt t TaKrfi o6t eKToB c )AcIoM cKpLnEIx [puquHso-cne,qcTBeHHlrx cBt3erl

Mex,$/ r.tr,rMtr. PBynBTaToM ,lauHofo aHatu3a tBtteTct npoqeccsoc npencTaBneHfie 3HaHhti

oTp:D{rabqee He npocTo Bo3MoxHEIe Ila6opEI AgficTBl,tr B npeaMsrHoit o6racTl, Ho ,,I 3aBucljMo_

c].}t M€t(!y I{IlMrl, .tTo co3aaeT Bo3MoxltocTb opraH!3aql i,ofl'qecl(oro BlIBoaa na npoqeccHElx

3HAHnrX, B TO Xe BpeMt BLrrIBjIeBHlre [pr.rtHHo-cIeacTBeHE6Ie cBt3fi Mex,ry AeficTB]ttMr't
npoqecca orpaxaror nnrrrE <BHeuHroIo)) npupo,ry npoqeccHblx 3Harlni. AaEII6Ie 3aBIICHMOCTIj B

3Ha.rBTenbsofi cTeneHr 3aBtcnr oT flpspoaLl x cr?]trJp6l o66exToB, c I{mopEIMIl onePlpyeT

npoqecc. cJre,IoBaTer6Ho, cTpylq?a mKnx o6aeKloB orp&KaeT (BII,\/TpeHrfie)) 3aKoHoMepHoc-


