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BBenenne

CoBpeMeHHOE pa3BUTHE YeJIOBEKa, 00IIeCTBA U SKOHOMHUKH UMEET
HaTpaBJIEHHOCTh B Oyxylee, 4TO HAIUIO OTPaKEHHE B BO3HUKHOBEHUH
TaKMX TIOHATHH, KaK <«IPEIBUACHHUE», «IpPEACKa3aHhe», <«IIPOTHO3»,
«IUTaH», «IporpaMMa». HaydHoe mpeaBuieHnEe — 3TO Ta 4acTh, CTOPOHA,
9Tall MO3HABATENBHOW NEATETBHOCTH CYOBEKTa, Pe3ylbTaTOM KOTOPOTO
SIBJSICTCS TIOJTYYCHHUE 3HAHWK 0 Oymymmx coObTHsiX. OmpeneneHHoe Ta-
KM 00pa3oM MOHITHE «IPEIBUACHHE» MOXET CIy>KUTh POIOBBIM IS
MOHATHSI «TIPEJICKA3aHIE» U «IIPOTHO3».

B nacrosmiee Bpemsi B JUTEpaType HCIIOJIb3YETCS JBA IOHATHS,
CBSI3aHHBIX C IIPOTHO3MPOBaHHEM: IporHo3upoBaHue (forecasting) u
npenckasanue (prediction), TOJIKyeMble HE COBCEM OIHO3HA4YHO. JocmoB-
HBIH TIepeBoJ Tarofa to predict, UMEIOLIETO JATHHCKOE MPOUCXOXKICHHE,
O3HauaeT «CKazaTh 3apaHee», a raaroina to forecast — «OpocaTs Bepem».

Pa3BuTHE NPOrHOCTUKU KaK HAyKH B IIOCIIEIHUE JIECSTUIICTHS IPH-
BEJIO K CO3JIJaHMI0 MHOXECTBA METO/I0B, MPOIIETyp, IPUEMOB IPOTHO3UPO-
BaHUs, HEPABHOLIEHHBIX 10 CBOEMY 3HaueHHto. OTCYTCTBUE HX YETKOH
cucTeMaTu3aly IPUBOJUT K JajlbHEHIIeMy pacIIUpEHHI0 HHCTPYMEHTa-
PHsl IPOTHOCTHKH 324acTyI0 MaJIOLIEHHBIMA M KOMITWISITABHBIMU METOa-
Mmu. [lo omenkam 3apyOeKHBIX U OTEUECTBEHHBIX CUCTEMATHKOB IPOTHO-
CTHUKH, y>K€ HACUUTHIBACTCS CBBILIE CTa METOAOB IIPOrHO3UpoBaHus. Yuc-
710 0a30BBIX METOAOB MPOTHOCTHKH, KOTOPHIC B TEX WM UHBIX BapHaIMIX
MOBTOPSIIOTCS B IPYTUX METOAAX, ropa3io MeHbIe. OTHH U3 STHX «METO-
JIOB» OTHOCATCSI CKOpee K OTIEJIbHBIM NpHEMaM WM IpoLeaypam Ipo-
THO3UPOBAHUS, APYTHUE MIPEICTABISIOT HA0OP OTAEIbHBIX IPUEMOB, OTJIU-
YaroIMXCs 0T 0a30BBIX WIIM OPYT OT Apyra KOJIMYECTBOM YaCTHBIX IpHe-
MOB U I10CJI€I0BATENbHOCTIO UX IPUMEHEHUSI.

Mogenu coXHbBIX CUCTEM, TAKUX KaK (PMHAHCOBBIE PHIHKH, HE BCE-
rZla MOTYT JaBaTh OJHO3HAYHBIC PEKOMEHIAIMH WM MIPOTHO3. DTH MOJIe-
JIM BCErla OJDKHBI yKa3blBaTh, IPU JTOCTM)KEHUHM KaKUX 3HAYCHUU mapa-
METPOB, ONMCHIBAIOLINX CUCTEMY, WIM KaKOro OIpPEAEICHHOI0 MOMEHTa
BPEMEHHU MOXKET IMPOM30MTH HEUTO HEempenBUACHHOE «KaTacTpoda». Ilo-
poli OHH JOJKHBI yKa3bIBaTh W 00JIACTh HEMpencKa3zyeMocTH (T. €. 00-
JlacTh NapaMeTpPoB, B KOTOPOH IIOBEJCHHE CUCTEMBI HEKOHTPOIUPYEMO
WJT HETIPEJICKa3yeMo).

Cpenu ¢GakTopoB, XapaKTepU3yIOUINX AMHAMHUKY PBIHKA M BIIUSIO-
LIMX Ha HEe, €CTh U3PSAAHOE KOJUYECTBO AAHHBIX HEUUCIIOBON MPHUPOJIHL,
3HAYEHUs] KOTOPBIX W3BECTHBI TOJBKO C ONPEICICHHON J0JIeH YBEpEeHHO-
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cTH. MOXXHO BBIICHUTH PA3IMYHBIC THIIBI HEONPEACIEHHOCTEH, U3 KOTO-
PBIX Ul QUHAHCOBOT'O aHAIM3a BaXKHBI CIICAYIONINC:

- CBSI3aHHBIC C HE3HAHWEM WJIM HETOYHBIM 3HAHHUEM HEKOTOPBIX
(haKTOPOB WK TIPOIIECCOB, BIUSIONINX HAa Pa3BUTHE CUTYAIUH;

- CBS3aHHBIC C MAaTEMaTHYCCKOH HECOM3MEPHUMOCTHIO UHCICHHBIX
OIICHOK BEJIMYMH, XapaKTEPU3YIONINX JUHAMUKY CHCTEMBI;

- CBSI3aHHBIC C HETMHEHHOCTHIO M HAJIIMYMEM Yy CHUCTEMBI HECKOJIb-
KHX COCTOSTHHH PaBHOBECHS WM aTTPAKTOPOB;

- CBS3aHHBIE C HEJOCTATKOM HJIM HEAACKBATHOCTHIO NOHATHIHOIO
amnmnapaTa ¥ HEBO3MOXKHOCTBIO OTOXK/IECTBIICHUS (haKTOB.

JI1si TOHUMaHMsI TOTO, KaKue Ke MPEHMYIIEeCTBa JAl0T Mpeiarae-
MBIC METOJBI aHAJN3a MAaHHBIX W TIPOTHO3UPOBAHUS, HEOOXOAMMO yKa3aTh
Ha TPU MPHUHIUITUAIBHEIC MPOOJIEMBI, BOSHUKAIOIIUE TIPU CO3TaHUU CUC-
TEM TIOICPIKKH MPUHATHS PEIICHUN U aHAIN3a Ha (PUMHAHCOBBIX PHIHKAX.

[lepBas — 3T0 ompenmencHHE HEOOXOAMMBIX M TOCTATOYHBIX ITapa-
METPOB IJIsl OIICHKH COCTOSTHUSI PBIHKA, & Tak)Ke BHIOOp KpHUTEpueB d¢-
(exkTuBHOCTH AeiicTBUH. DopManm3alys MOBEACHUS CHCTEM, BKIIFOYAO-
IUX Pa3HOPOIHBIC KOMIIOHCHTHI, TPEOyeT €IWHOW METPUKH OITHUCAHUS
CUTYaIllH.

Bropas mpo0iiemMa 3akimodyaeTcs B TaK HA3BIBAEMOM 'MIPOKIIATHE
pasmeprocTH". JXKenmaHue ydecTb B MOZCIH KaKk MOXHO OOJIbIIIE TTOKa3aTe-
JIel ¥ KpUTEPHUEB OIICHKH MOYKET IMPUBECTH K TOMY, UTO TpeOyemas s ee
pElICHNsT KOMIBIOTEPHAs CHUCTEMa BIUIOTHYHO TPUOIU3UTCS K "Tpenemy
TrropuHra (OrpaHUYCHHIO Ha OBICTPOACHUCTBUE U Pa3MepPbl BEIYUCITUTEb-
HOTO KOMITJIEKCA B 3aBICHUMOCTH OT KOJIMYeCTBa HHPOpMaIUu, 00padaThI-
BaeMOT0 B €IMHUITY BPEMCHH).

Tpetbs mpolOiiemMa — Hanuuue QeHOMEHa HAJICUCTEMHOCTH. B3am-
MOJCHCTBYIOIIHE CHUCTEMBI 00pa3yroT HAJICHCTEMY — CHCTEMY OoJiee BBI-
COKOTO YpOBHS, 00JIamaronryi0 COOCTBEHHBIMH CBOWcTBaMH. DeHOMEH
3aKJIFOYAETCS B MPUHITUIHALHOW HEIOCTHXKUMOCTH HAJCHCTEMHOTO OTO-
OpaXeHUS | IIeJIEBbIX (DYHKIUI C TOYKU 3PEHUS CUCTEM, BXOMSIIUX B CO-
CTaB HaJICUCTEMEI.

JIJis ipeoioNieHrsT HEKOTOPBIX U3 MIEPEYHCICHHBIX MPOOJIeM, ¢ KO-
TOPBIMY MPUXOJUTCS CTATKUBATHLCSA NPH aHAIN3e¢ (PUHAHCOBOW CUTYaIlUH
JIETAFOTCS TTOMBITKHA MPUMEHEHHUS TaKWX Pa3JeloB COBPEMEHHOU (yHIa-
MEHTaJIbHON M BBIYUCIUTEIBLHON MaTEMaTUKH, KaK HEUPOKOMIIBLIOTEPHI,
TEOpHUS CTOXACTUYECKOTO MOJICIIMPOBaHUS (TEOPHUS Xaoca) M TCOPHUS PHUC-
KOB, TCOpHUsS KaTacTpod), CHHEPreTHKa M TEOPHUS CaMOOPTaHU3YIOIIUXCS
CUCTEM (BKJTIOYAs] TEHETUICCKUE aJITOPUTMBI), TCOpHS (PpaKkTaioB, HEUCT-
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KH€ JIOTUKH U Jake BUPTyaJbHas peasbHOCTh. CUMTAETCs, YTO STH METO-
IIBI TIO3BOJIAT YBEIIMYHUTH TTyOMHY NMPOTHO3a Ha (DMHAHCOBBIX PBIHKAX 3a
CYET BBISBJICHUS CKPBITHIX 3aKOHOMEPHOCTEH M B3aUMOCBSI3€H Cpeu ILI10-
X0 (hopMaIU3yeMBbIX OOBIYHBIMA METOAAMU MAaKPOIKOHOMHYCCKHX, TIOJTH-
THYECKUX U TTI00aTbHBIX (DMHAHCOBBIX ITOKa3aTeIICH.

CyIecTBYIOT yke pa3pabOTaHHBIE CUCTEMBl U METOAWMKH (HAmpH-
MEp HCIIOJIE3YIONINE ammapaT HEYeTKUX JIOTHK), 00OJIOYKH SKCIICPTHBIX
CHUCTEM, TOJAEPKHUBAONINE paboTy C HEYETKUMH 3HAHUSMH, TaKWe, Ha-
npumep, kak Gold Works, Guru, Nexpert Object with Nextra, Flex,
1stClass HT. IlpakTudyecku Bce OHM HCMONB3YIOT AJIS T€HEPALUU MpPaBUI
(mocne 3amomHeHUs 0aspl 3HaHWK) anroput™ Kywmunena ID3. Co3mgaHbr
TIepBEIe B MUpPE dJIeKTpoHHbBIe Taduipl FuziCalce, ciocobHbIe paboTaTth ¢
HeYeTKUMH JaHHBIMU. CyYIIECTBYIOT M JIOCTATOYHO MOIIHEIE CPEICTBa
pa3paboTKu TPUIIOKECHHM, UCTIOIB3YIOIINX ariapaT HEYSTKUX JIOTHK, —
naketsl CubiCalc RTS u CubiCalc 2.0 nns Windows ¢upmer HyperLogic.
3aBoeBany MpU3HAHWE U HEHpoceTeBble TeXHOJOTuH. [IpakTHKa MCTIOh-
30BaHUs HelpoceTel mokas3ana ux 3Q(PEeKTUBHOCTh B TAKUX 00JaCTAX, KaK
MIPOTHO3UPOBAHKE, BBISBICHHE 3aBUCHMOCTEH, CHUTYallMOHHOE YIpaBJe-
Hue. Vcmone3ys mHpOpMANKi0 0 TUHAMHUKE CTOMMOCTH IIEHHBIX Oymar,
00 M3MEHEHUSX MoKa3areinell PKOHOMUIECKOH aKTMBHOCTH M O KOoJleOaHu-
SIX Kypca, HalpuMep, TOCyIapCTBEHHBIX O0JIUTalui, MOKHO BBISIBUTH CY-
IIECTBYIOIINE MEXAY OTHMH XapaKTePHUCTHKAMH B3aMMO3aBHCHMOCTH.
JTO MO3BOJISAET BBISIBUTH, KaK TOT WJIM WHOW MOKa3aTelb JTUO0 UX KOMOH-
HaIUs ¢ Y9eTOM JUHAMHKH Pa3BUTHUS BIHAIOT HA U3MCHEHHE Kypca ICH-
HBIX Oymar. Ha cerofHsmHuil 1eHb UCTIONb3YIOTCS TaKHE CHCTEMBI KaK:

- Fujitsu (ucrmonesyertcs B Slmonun pupmoii Nikko Securities);

"IIporHO3 MaKpOIKOHOMHYECKHUX HHAWKAaTOpoB" ¢upmbl Data
Market (HeliporuiaTa);

- S&PCBRS mis nmporaoszupoBanus uHiaekca S&PS500 u kypcoB ak-
mui, co3mannas B Chase Manhattan Bank;

- cuctema OupxeBbix nmporHo3oB HNC, paboraromias B Citibank; a
TaKkke TakKue KOMMEpYECKHE TMPOIYKTHl ISl pabOThl Ha (DMHAHCOBBIX
poiakax, kak Nestor DLS ¢upmbr Nestor, maker Nexpert Object ¢pupmbl
Neuron Data, mporpammsl NeuroShell 2 v.3, NeuroWindows v.4.6 u onux
13 HamboJiee MOIMyJIAPHBIX B MUPE MAKeTOB Ha OCHOBE T€HETHYECKUX aj-
roputMoB GeneHunter v.1.0 u maker Brain Maker Pro.

Eme ogauM MeTomoM, HaxoAsSIuM Bce OoJiblliee MPUMEHEHUE TPU
aHann3e (PUHAHCOBBIX PBHIHKOB, H OCOOCHHO OBICTPOTEKYIIHX ITPOIIECCOB



Ha HUX, SBJISETCA TEOpHUS Xaoca, WIM TEeOpHs KOJJICKTHBHON (XaoTwue-
CKOM) TUHAMHUKH.

[MpumenuTenbHO K 00nacTu (PUHAHCOB HAa OCHOBE TEOPUHU Xaoca
BIIEPBBIC OBUT pa3pabOTaH MPUHIUIHAILHO HOBBIH TOJXOA K aHAIH3Y
PBIHKA, OTJIMYHBIN OT "MOPTQEnpbHOU Teopuu"' ITOT moaxon 6a3upyeTcs
Ha TIOJIOKEHUHU O TOM, YTO PBHIHOK TPEJCTABIISET COOOW CIOXKHYIO HEITH-
HEHHYI0 CUCTeMy C OOpaTHOH CBS3bIO, a XapaKTep TPYIIIOBOTO B3aUMO-
NEHCTBUS YYaCTHUKOB PBIHKA MOPOKIACT XAOTUYECKYI0 TUHAMUKY IIEH
BCJIE/ICTBHE CIIOPAJANYECKOr0 HCIOIB30BaHUS MHBECTOpaMU WH(pOpMAIH-
OHHOTO IMOTOKA U, KaK CIICICTBUE, BOSHUKHOBEHUE KBa3UCTOXACTUYCCKIX
BPEMEHHBIX WHTEPBAJIOB UX JACHCTBHA HAa PhIHKAX.

[IpencraBnennas MOHOTpadusi COCTOUT M3 YETHIPEX TJIaB U MOXKET
OBITh PEKOMEH/IOBaHA ISl CTYACHTOB, aCIUPAHTOB W TpEIojiaBaTeiieh
3aHUMAIOIUMCS TTPOOJIEMaMH COBEPIIICHCTBOBAHUSI METOJIOB M MOJIENeH
MIPOTHO3UPOBAHUSI.



['JIABA 1 AHAJIMTUYECKUWM OB30P MOJIEJIEM
1 METOJIOB ITPOI'HO3UPOBAHUS

BypHoe pa3BuTHE POTHOCTUKH KaK HAYKH B IOCJICIHUC JCCITHIIC-
TS IPUBEIIO K CO3JaHUI0 MHOXECTBA METOJIOB, IIPOIICTYP, IPUEMOB TIPO-
THO3MPOBAHUS, JTAJICKO HE PABHOIICHHBIX 10 CBOEMY 3HaueHHUI0. OTCYTCT-
BHE MX YETKOW CHCTEMATHU3AINH IPUBOIUT K JATLHEUITIEMY PaCITHPECHHIO
WHCTPYMEHTApHUS MPOTHOCTUKH 3a9acTyI0 MaJIOIICHHBIMA U KOMITHJISITHUB-
HBIMHM METOJAMU.

[To omenkaM 3apyOeKHBIX M OTCUECTBEHHBIX CHUCTEMATHKOB IIPO-
THOCTHKH, y)Ke HacuuThiBaeTcsl cBbime 100 METOMOB MPOTHO3HPOBAHUS.
UYucno 6a30BBIX METOIOB MPOTHOCTHKH, KOTOPHIE B TE€X WIIM UHBIX BapHa-
IUSX TOBTOPSIOTCS B IPYTHX METOJaX, TOpa3io MeHbIe. MHOTHE U3 3THX
«METOJIOB» OTHOCSTCS CKOpEE K OTICIBHBIM IpHeMaM WU MPOoIeaypam
MIPOTHO3UPOBAHUS, NPYTHUE TPEIACTABIAIOT HAOOP OTICIBHBIX MPHEMOB,
OTIMYAIONUXCS OT 0a30BBIX WM JIPYT OT ApPYyra KOJUYECTBOM YaCTHBIX
MIPUEMOB | TIOCJIEIOBATEILHOCTRIO UX NpuMeHeHus. O mpobiieMe Kitac-
cuukary ObBUI0 OTMEUEHO BO BBEICHHH.

B nuteparype mmeercs OONbIIOE KOJIWYECTBO KIACCU(PUKAIMOH-
HBIX CXEM METOJIOB MPOrHO3upoBanus. OJHAKO OOJBIIMHCTBO U3 HUX WA
HETIPUEMJIEMBI, WIM 00JIaJIaloT HEIOCTATOYHOW ITO3HABATEIHLHON IICHHO-
cTpt0. OCHOBHOH MOTPEIIHOCTHIO CYIIECTBYIOIIUX KIaCCH(PHUKALMOHHBIX
CXEM SIBJIICTCSl HApPYIICHUE MPUHIUIIOB Kinaccudukarmmu. K auciny ocHOB-
HBIX TaKMX TPUHITAIIOB, HAa HAI B3TJISA, OTHOCSTCS: JOCTATOYHAS ITOJTHO-
Ta OXBaTa MPOTHOCTHYECKUX METOAOB, €IMHCTBO KIACCH(DHKAITMOHHOTO
MpU3HaKa Ha KKIOM YPOBHE WICHCHUS, OTKPHITOCTh KiacCH(pHUKAIMOH-
Ho#t. Ilpennmaraemas HaMu cxema KJIacCH(UKAITMN METOIOB MPOTHO3UPO-
BaHWMsI 1MOKa3aHa Ha pucyHke 1 [19].

Be3ycioBHO, IMEIOT MpaBO HA CYIIECTBOBAHME YaCTHBIE KiIaccupu-
KaIlMOHHBIE CXEMBbI, MPETHA3HAYCHHBIC /ISl ONPEACICHHON IIeNIN WIH 3a-
Jlaum.

Kaxnprii ypoBeHb aetanuzanuu (WICHEHHS) OMPENCISCTCS CBOUM
KJIACCU(PUKAIMOHHBIM TIPU3HAKOM: CTENCHBIO (popMamu3anuu, OoOImM
TIPUHITUIIOM JIEHCTBHSI, CITOCOOOM TOTydEHHUS MTPOTHO3HOW HHPOPMAITHH.



MeToabl NPOTrHO3MPOBAHUS

I/lHTyI/ITI/IBHLIC METOBI

(Dopmanm()BaHHme METOAbI

MIDOTHO3UPOBAHMS MIDOTHO3UDOBAHHS
Wnausuyans- Komnexktus- DKCTpanois- CucreMHO- AcconnaTtus- Meroas!
HBIC SKCTICPTHRIC HbIC DKCIIEPT- LIMOHHBIE CTPYKTYpHbIC HBIE METOJIbI oreperKaro-
oueHKm HBIE OLECHKI METOIIBI METOIbI mei nabon-
Meron Meron Merton DyHKIHO- Meron AHanus noro-
<UHTEPBBIO» aHKETUPOBa- MHK HaJBEHO- HMMHTAI-TO. Ka myOinKa-
HUS uepapxuye- MOJIEIIHP. it
AHanutnu-e Meron DKCIOHEHIIH- Merton mMop- Hcropuxo- OrieHka 3Ha-
JIOKJIaHbIe «KOMHCCHIH» aIbHOE CrJIa- (omoruuecko- JIOTHYECKHIT YUMOCTH
3aIUCKH JKHBaHHC ro aHajan3a aHanu3 n3o0pereHuit
Meton Meron Bep-noe Marpu4HbIi MeTtozs! TEOP. Ananus na-
CIICHApHEB «MO3TOBBIX MOJIETHP. MeTox pacnos3HaBa- TEHTHOI
aTaKk» aJlan.Hoe Cr.-¢ 1 HHS 00pa3oB uHbOPMALHH
l CeteBoe [
Merton npo- Monem-¢ Heiipocerepoe
TPaMMHOTO I TIPOTHO3UPO-
HPOrHO3HPO- Ba-HHE
P P Mertonpl
BaHHSA o
CTPYKTYPHOIt |
I aHAJIOrMH
Murennexry-
Meroz sBpu- I aNbHBIN aHa-
CTUYECKOTO
I'pad n nepeso JIM3 TaHHBIX
MIPOTHO3HD. o
nenei
| I
Komnex- Iporuosubrit
CIICHaDHUi
MaremaTHYeCKHE METObI
Kop.-#eiii n MI'VA DakTopHblii Pacnosnasa- Bapuanuon- Crekrpaib-
per.- HbIi aHAIN3 HHe 00pa3oB HBIE METOJIbI HbII aHATN3
aHaM3
Hermn MaremaTnye- Mopnenup-e Monenup-e
MapxkoBa CKas JIOTuKa CTalHOHap- HECTAI-bIX C.IN.
HBIX C.II.

Puc. 1.1 Knaccudukarmonnasi cxema METOI0B
MIPOTHO3UPOBAHUS
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[lo crenenn dopmanu3anuy Bce METOIBI IPOTHO3UPOBAHUS JENIAT-
Csl Ha MHTYWUTHUBHBIE U (popmanu3oBaHHbIE. IHTYUTHBHOE MPOTHO3UPOBA-
HUE TIPUMEHSETCS TOT/Ia, KOTAa 00BEKT MPOTHO3UPOBAHUS JTHOO CITUIIKOM
MPOCT, JIMOO HACTOJBKO CJIOXKEH, YTO AHATUTHYECKH Y4YECTh BIIMSHUC
MHOTHX (DaKTOPOB MPaKTUIECKH HEBO3MOXKHO. B 3THX ciydasx mpubera-
IOT K OIpocy 3KcmepToB, [lonydeHHble WHANBUAYATbHBIE U KOJUICKTUB-
HBIC DKCIIEPTHBIC OLCHKHU HCIONB3YIOT KaK KOHEYHBIC MPOTHO3BI WIH B
KauecTBE MCXOIHBIX NAHHBIX B KOMIUIEKCHBIX CHCTEMax MPOTHO3HPOBA-
HUSL.

B BEIOOpE METOMOB MPOTHO3MPOBAHHS, KOMIICKCUPYEMBIX B CHC-
TeMy, BaXXHBIM TIOKa3aTeNeM SIBIIIETCS TIIyOMHA YNPEXKIEHHUS MPOTHO3A.
[Ipu >TOM HEOOXOAUMO HE TONHKO 3HATH AOCONIOTHYIO BEMYMHY 3TOTO
MOKa3aTelsi, HO U OTHECTH €ro K JUIMTEILHOCTH SBOJIIOIMOHHOIO IMKJA
pa3BuTusi 00BEKTa MPOTHO3UPOBaHU. J[JIsi 3TOr0 MOXXHO HCHOIB30BAThH
npemIokeHHBIH B. bemokonem 0Oe3pa3MepHBIA TOKa3aTeldh TITyOWHBI
(manbHOCTH) MPOTHO3UPOBAHUS (T)

T=At/t,

rac At — abcomr0THOE BpeMs YIPCIKACHUS; tx — BCJIHMYHHA 3BOJJIIOIMOH-

HOTO IHKJIa 00BEKTa MPOrHO3UPOBAHUSI.

dopManu30BaHHbIE METOMBI MPOTHO3UPOBAHMS SIBISIOTCS JEHUCT-
BEHHBIMH, €CITU BEJTUYMHA TJTYOMHBI YIIPEXKICHUS YKIAIbIBACTCS B PaMKHU
9BOIIOIMOHHOTO nukiaa (7 <<1). IIpu BO3HHKHOBEHHH B paMKax IIPO-
THO3HOTO TIEpUOJia «CKauka» B PAa3BUTHH OOBEKTa IMPOTHO3UPOBAHUS
(7T =1) HEOOXOMUMO KCIIONB30BATh HHTYUTHBHBIC METO/IbI KaK IS OIpe-
JIEJICEHUSI CUJIBl «CKa4dKa», TaK W JJIsl OIIEHKH BPEMEHH €r0 OCYIIEeCTBIIe-
HusA. B 3TOM ciydae (opmammu3oBaHHBIE METOABI MPUMEHSIOTCS s
OILICHKH SBOJIIOIMOHHBIX YYaCTKOB Pa3BUTHUS 10 U Mocie ckauka. Eciu ke
B TIPOTHO3HOM TIEpHOJIe YKJIAAbIBACTCS HECKOJBKO ABOJIOIMOHHBIX ITHK-
JIOB pa3BUTHS 00BEKTa MPOrHO3upoBanus (7 >>1), To mpu KOMIUICKCH-
POBaHHMM CHCTEM IPOTHO3MPOBAaHWS OoJblliee 3HAYCHWE MMEIOT HHTYH-
TUBHBIC METOJIBI.

B 3aBucumocTu 0T 00IUX MPUHIIUIIOB ACHCTBUS HHTYUTUBHBIC ME-
TO/ABI MPOTHO3MPOBAHUSA, HAIIPHMEP, MOKHO Pa3AeiUTh Ha JIBE TPYIIIHL:
WHAWBHUIyaJbHBIE OJKCIIEPTHBIE OLEHKH W KOJUIEKTHBHBIE JKCIEPTHBIC
OLICHKHU.

Metoabl KOJIEKTUBHBIX SKCIEPTHBIX OIECHOK YK€ MOKHO OTHECTH
K KOMIUTIEKCHBIM CHCTEMaM IPOTHO3WPOBaHUS (OOBIYHO HETIOJIHBIM), IO-
CKOJBKY B IMOCJIEIHUX COYETAIOTCS METOAbl MHAMBUAYAIbHBIX JKCIIEPT-
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HBIX OIIEHOK M CTaTHCTHYECKHE METOMbI 00pabOTKH 3THX oreHoK. Ho Tak
KaK CTaTHUCTUYECKHE METOJIbI IPUMEHSIOTCS] BO BCTIOMOTATENFHBIX MPOIe-
Jypax BbIPaOOTKH MPOTHO3HOW HMH(OpMANWHK, Ha HAIl B3I, KOJUICK-
THUBHBIC JKCIIEPTHBIC OIEHKU IIeNIeCO00pa3Hee OTHECTH K CHHTYIISIPHBIM
METOJIaM TIPOTHO3UPOBAHHSL.

B rpynmy WHIUBUAYANBHBIX JKCHEPTHBIX OICHOK MOYHO BKITIO-
YUTh (MPUHIUN KIACCU(UKANUK — CIOCO0 MONydeHHUS MPOTHO3HOW WH-
(dhopMaruu) ciaenyromue METOIBl: METOJl «WHTEPBBIO», aHATUTHUYECKHE
JOKJIQIHBIE 3allMCK{, HANHMCaHWe CIHeHapusi. B Tpynmy KOJUIEKTHBHBIX
AKCIIEPTHBIX OIEHOK BXONSAT AaHKCTHPOBAHHE, METOJBI «KOMHCCH»,
«MO3TOBBIX aTaK» (KOJUIEKTUBHOW reHepaluu Uaei).

Kiracc ¢opMann3oBaHHBEIX METOJOB B 3aBHCHMOCTH OT OOIIHMX
MPUHIIAIIOB JICHCTBHUSI MOXKHO PAa3ICiIUTh HAa TPYMIBI SKCTPATONSIIOH-
HBIX, CHCTEMHO-CTPYKTYPHBIX, aCCOIMATUBHBIX METOJIOB U METOJIOB OIIC-
pexaromieit nHpOpMaIny.

B rpymnmy MeTo0B IPOrHO3HOM AKCTPAITOIISIINN MOKHO BKITIOUUTH
METOJIbI HAUMCHBIUX KBaJPaTOB, SKCIOHCHIIMAIBLHOTO CIIIAKHBAHMS,
BEPOATHOCTHOTO MOJEIMUPOBAHUS M alallTUBHOTO criaxkuBaHusd. K rpym-
e CUCTEMHO-CTPYKTYPHBIX METOJOB — OTHECTH METOABI (PyHKIIMOHAIBHO-
MEPapXUUECKOT0 MOJCTUPOBAHMS, MOP(OIOTUYECKOTO aHAIN3a, MATPUY-
HBI, CETEBOTO MOJCITUPOBAHUS, CTPYKTYPHOH aHAJIOTHH. ACCOIUATHB-
HBIE METOABI MOKHO Pa3[IeIUTh Ha METOAbl UMHUTAIIMOHHOTO MOJEIHPO-
BaHUS W MCTOPUKO-JIOTUYECKOrO aHanW3a. B rpymmy MeTomoB omepe-
XKaromie nHGOPMAIUK — BKIIOYUTH METO/bI aHAIHM3a IMOTOKOB ITyOJIHKa-
[IAH, OIIEHKU 3HAYMMOCTH U300pETCHUH M aHaJIW3a MaTeHTHON WH(popMa-
LIUH.

[IpencraBneHHbINH MTEpeUeHh METOIOB U MX TPYIII HE SBISETCS HC-
yeprbiBaromyM. HrkHMEe ypoBHHM KiaccH(HKAIMKM OTKPBITHI IS BHECE-
HUS HOBBIX 2JIEMEHTOB, KOTOPbIE MOTYT MOSIBUTHCA B TIpOIlecce AabHEH-
IIETO Pa3BUTHUSI HHCTPYMEHTAPHUS IPOTHOCTHUKH.

HekoTtoprie He Ha3BaHHBIC 3/1eCh METOJBI SBISIOTCS WM Pa3HO-
BHTHOCTHIO BKIIFOUEHHBIX B CXEMY METOJOB, WJIM AajbHEHIeHd X KOH-
KpeTHu3aiuei.

1.1 TIporHo3Has 3KCTpanoisaus

B MeronuyeckoM IiaHe OCHOBHBIM HMHCTPYMEHTOM JIFOOOTO TIPO-
THO3a ABISIETCS cXeMa dKCTpanoisnuu. Pazmndgaior hopManbHYIO U TIPO-
THO3HYIO IKCTpamnoisuio. @opmansHas 6a3upyercss Ha MPEAONI0KEeHUN
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0 COXpaHEHWH B OyIyIIeM MPOIUIBIX W HACTOSIINX TEHACHIIUN pa3BUTHUS
0o0BeKTa Mporro3a. [Ipu MPOrHO3HOM AKCTpAnoNAuN (HaKTUIECKoe paz-
BUTHE YBSI3BIBACTCS C THIIOTE3aMH O JUHAMUKE HCCIISyeMOTO IpoIecca ¢
Y4ETOM B MEPCIIEKTHBE €TI0 (U3NICCKON U IOTUIECKON CYIIHOCTH.

OCHOBY 3KCTPamOJSIHOHHBIX METOJOB MPOTHO3WPOBAHUS COCTAB-
JIIET M3YYCHHE BPEMEHHBIX PSAJIOB, MPEICTABIIAIONIUX COOOU yIOpSIO-
YCHHBIC BO BPEMECHHM HAOOPBI M3MEPCHUIN TEX I WHBIX XapaKTEPUCTUK
HCCIIeTyeMOTo 00beKTa, IpoIiecca.

BpCMeHHOﬁ paa Y, MOXCT OBITh MPEACTAaBJICH B CICAYIOIICM BUAC

Y, =X, *E,, (1.1)

rje X, — JIeTEPMUHUPOBAHHAsA HECITydaliHas KOMIIOHEHTa mpouecca; £, —

CTOXaCTUYECKasg KOMIIOHEHTA MpoIlecca.
Ecimu nerepMuHMpOBaHHAsA KOMIIOHEHTA (TPEHI) X, XapaKTEPU3yeT

CYHICCTBYIOLIYIO TUHAMHUKY PA3BUTHUA IIPOLECCa B LICJIOM, TO CTOXAaCTHUYC-
CKasa KOMITIOHCHTa fr OTpaxact CJ'Iy‘-IafIHBIC KOJIcOaHUsT WU ITyMBI IIPO-

mecca. O0Ge COCTABIISIIONIKE MPOIECCa OMPEACISIFOTCS KaKUM-ITHO0 (hyHK-
IIUOHATLHBIM MEXaHU3MOM, XapaKTePU3YIOIIMM UX TIOBEJCHUE BO BpeMe-
HU. 3ajJa4a MPOTHO3a COCTOUT B OINPEACICHUN BUAA SKCTPAMIOIUPYIOIIX

(bYHKI_[I/Iﬁ X, " fr Ha OCHOBC UCXOJHBIX SOMIIMPUYCCKUX JAHHBIX.

[lepBpIM 3TamoM 3KCTPAIOSAIUN TPEHOA SBISETCS BBHIOOD OMNTH-
MaJIbHOTO BHIa (DYHKITUH, OIMCHIBAIOIICH SMIUpHIecKui psia. J{ims aToro
MPOBOJSTCS TpEABApUTENIbHAS 00pabOTKa M MPeoOpa30BaHUE UCXOJIHBIX
JAHHBIX C IeNbI0 00JeTYeHrs BEIOOpa BUAA TPEH A ITyTeM CTIIaXKHUBAHUS U
BBIpaBHHUBAHUS BPEMEHHOTO psjia, onpeencHus GyHKnid muddepeHm-
QIBHOTO POCTa, a TaKke (POPMAITBLHOTO W JIOTUYSCKOTO aHajn3a 0COOCH-
HocTel mporecca. CIeAyIonM 3TanoM SBIISETCS pacdeT MapaMeTpoB
BBIOPAHHOW KCTPAOSAIINOHHON (DYHKITHH.

Haubonee pacnpocTpaHEHHBIMH METOJAMH OICHKH TapaMeTpOB
3aBHCHMOCTEH SIBISIOTCS METOJ HAUMEHBIIUX KBaJPAaTOB M €ro MOJIU(U-
KaIlly, METOJ SKCTIOHEHIIMATBFHOTO CTTIAYKHBAHHS, METO]] BEPOSTHOCTHOTO
MOJIETTUPOBAHIS X METOJ] aJaTHBHOTO CTIaKUBAHUSI.



1.1.1 Metoa HaUMEHBITUX KBAIPAaTOB

CyH_IHOCTB MCTOJa HAUMCHBIINX KBAaJPATOB COCTOUT B OTBICKAHWUUN
napamMeTpoOB MOACIIN TPCHAA, MUHUMU3UPYIOMIUX €€ OTKIIOHCHUC OT TOUYCK
HUCXOOHOI0 BpEMCHHOI'O psiaa, T. €.

52305,  min (1.2)

Irjie y, — pacyeTHble 3HAUCHHUS HCXOIHOTO Psfia; ¥; — (paKTHUECKHe 3Have-

HUA HUCXOAHOI'0 psAda; n — YHUCIO Ha6J'IIOI[eHI/If/’I. Ecmmn MOZCIIb TpCHAA
MNpeaACTaBUTh B BUJIC

V= f(x5a,,a,y,..a,,1), (1.3)

rae a,,d,,...,a, — MapaMeTpsl MOJENN; t — BPEMS; X; - HE3aBUCHMBIE TIe-

PEMEHHBIE, TO JIJIS TOTO, YTOOBI HAWTU IMapamMeTphbl MOJACIH, yIOBICTBO-
psromue yenoBuio (1), HE0OOXOIUMO TIPUPABHSITH HYJIO TEPBBIC MPOU3-

BOJIHBIC BEJIMYMHBL S 110 KaXJ0My U3 KoodduuueHtoB a; . Pewras noiy-

YCHHYIO CHCTEMY YpaBHEHHH ¢ k HEM3BECTHBIMH, HAXOJUM 3HAYCHHUS KO-
s¢uimenTos a; .

Hcnonb3oBanue npoueayphl OLIEHKH, OCHOBAaHHOW Ha METOJC Hau-
MEHBIINX KBaJIpaToB, MpENIojaracT 00s3aTelNbHOE YAOBIECTBOPEHUE Lie-
JIOTO psAMa TPEINOCHUIOK, HEBBITOJHEHHE KOTOPBIX MOXET NPHUBECTH K
3HAYUTEITHHBIM OITHOKaM.

1. CraydaiiHple OmMOKH MMEIOT HYJIEBYIO CpPEIHIOI0, KOHEYHBIC
THCIIEPCUU U KOBapHALIUH.

2. Kaxxnoe m3MepeHue cirydaifHOW OMMOKA XapaKkTepu3yeTcsl HyJlie-
BBIM CPEIHHM, HE 3aBHCALINM OT 3HAYCHUH HAOJII0JaeMBbIX IEPEMEHHBIX.

3. ucniepcur KakOod CIlydaiHOW OIIMOKH OAMHAKOBBI, HX BEIH-
YUHBI HE3aBHCHUMBI OT 3HAYEHHH HAONIOIaeMBIX MEPEMEHHBIX (TOMOCKe-
JTACTHIHOCTD ).

4. OTcyTCTBHE aBTOKOPPENSLUH OMIMOOK, T. €. 3HAUCHHS OMINOOK
Pa3TMYHBIX HAOIOAEHNH HE3aBUCHMEI IPYT OT pyTa.

5. HopmanpHOCTh. Ciy4aiiHbie OMMMOKH MMEIOT HOPMAaJIbHOE pac-
npezeneHue.

6. 3HayeHUs1 SHAOTEHHOI TIEpeMEHHON X CBOOOAHBI OT OIIMOOK U3-
MEpEeHHS U IMEIOT KOHEYHbIE CPEeTHUE 3HAUCHUS 1 JUCTIEPCHH.
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B nmpakTtrdeckux MCCIIEIOBAaHUSAX B Ka4eCTBE MOZCIH TPCHIA B OC-
HOBHOM HCITOJIB3YIOT Clemyromtie (YHKINA: JIMHEHHYIO ¥ = ax + b; KBaj-
paTUYHYIO y = ax’ + bx + c; CTEIIEHHYIO Y = aX'; MOKa3aTeJIbHyI0 y = a’;

a
1+be™ ‘

OcCo0EHHO MUPOKO MPHUMEHSCTCS JHHEWHAs, WIH JINHeapu3yemas,
T. €. CBOJIUMAs K JIMHEHHOH, (hopMa Kak HamboJiee mpocTast U B JOCTATOU-
HOH CTETICHH YIOBIICTBOPSIONIAS UCXOAHBIM JAHHBIM.

Br16op Mojienu B KaKJJOM KOHKPETHOM CITydae OCYIIECTBISCTCS 110
LETIOMY pSAY CTAaTUCTUYECKUX KPUTEPUEB, HAMpUMEpP IO AUCIECPCHUH,
KOPPEIAIHOHHOMY OTHOIIECHHUIO U Ap. Ciaeayer OTMETHTh, YTO Ha3BaHHbBIC
KPUTEPHUH SABIISIOTCS KPUTEPHUSIMHE allPOKCUMAIIHH, a He TIporao3a. OmHa-
KO, MMPUHUMAsi BO BHUMaHUE MPUHATYIO TUIIOTE3Y 00 YCTOWYMBOCTH IIPO-
mmecca B OyayIeM, MOXHO TPEAIoJaraTh, 9TO B 3THX YCIOBUSAX MOJICTH,
HanOoJlee ynavHas Uil allpoKCUMAaIiH, OyIeT HawIydIeld U s Tpo-
THO3a.

Knaccuueckuiif MeTo[ HAMMEHBIIUX KBAAPATOB MPEANOJIAracT paB-
HOIICHHOCTh MCXOMHON WH(MOPMAIIH B MOJICTH. B peabHOM Ke TpaKTHKe
Oyayliee TOBeJcHUE TpoIlecca 3HAYUTEIBHO B OOJBIICH CTETICHU Ompe-
JISNISIeTCS MO3THUMHU HAOIIOICHUSIME, YEM PAHHUMHU. DTO 00CTOSTEIBCTBO
TTOPOJMIIO TaK Ha3bIBAEMOE TUCKOHTHPOBAHHE, T. €. YMCHBIIICHUE IICHHO-
ctu Oonee panHer mHbopmarmu. IMCKOHTHPOBAHWE MOXKHO YY€CTh ITy-
TEM BBEJIEHHs B MoJienb (1) HekoTopeIX BecoB S < 1. Torma

SKCIIOHEHIIHATIBHYIO Y = ae”; JIOTUCTHYECKYIO Y =

S=i,8l.()7,—y,)2 ~ min (1.4)

i=1

Koaddumuentsr B, MOTyT 3amaBaThes 3apaHee B YMCIOBOI (opme
Wik B BUAC (PYHKITMOHAIHLHOW 3aBUCUMOCTH TaKUM 00pa3oM, YTOOBI ITO

MCpPC MPOABUIKCHUSA B IIPOLLIOC BECa Y6BIB8.J'II/I, Harpumep 181 = Cll , € a

< 1. K coxanenuto, opMaIbHEIX MPOIEAYp BbIOOpa mapaMerpa He pas-
paboTaHO, ¥ OH BEIOMPACTCS UCCIICIOBATEIEM ITPOU3BOJIBHO.

MeTo/; HAUMEHBIITUX KBAJPATOB IIMPOKO MPUMEHSICTCS IS TOJY-
YeHHSI KOHKPETHBIX MPOTHO30B, YTO OOBSICHAETCS €T0 MPOCTOTON U JIETKO-
cThI0 peanm3anyu Ha DBM. HemgocTtaTok MeToza COCTOUT B TOM, YTO MO-
JIeNTb TPEHIA )KEeCTKO uKcupyeTcs u ¢ momonisio MHK MoxxHO mony4nTth
HaJeKHBIA MPOTHO3 Ha HEOOIBIION eproa ynpexaeaus. [loatomy MHK
OTHOCHTCS TJIaBHBIM 00pa3oM K MeTOAaM KPaTKOCPOYHOTO MPOTHO3HPO-
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BaHus. Kpome Toro, cyimecrBeHHOM TpyaHocThio MHK sBnsietca mpa-
BIJIbHBIN BRIOOD BHIIa MOJEIH, a TaKKe 00OCHOBAHHE M BHIOOP BECOB BO
B3BEIIICHHOM METO/IC HAUMEHBIIINX KBAJAPATOB.

1.1.2 MeTo 3KCITIOHEHIIHAIBHOT'O CriIaKUBAHUS

Becbma 3(h(eKTUBHBEIM M HaJEKHBIM METOJOM MPOTHO3UPOBAHUS
SIBJIIETCS DKCHOHEHIMAILHOE criakuBaHue. OCHOBHBIE JOCTOMHCTBA Me-
TOJa COCTOAT B BO3MOJKHOCTH ydeTa BECOB HCXOIHOW WH(pOpMAINH, B
MPOCTOTE BEIYUCIUTEIBHBIX ONEPaInii, B THOKOCTH OMUCAHMS Pa3TUIHBIX
TUHAMUK TIPOIIECCOB. METOJ] AKCIIOHCHITHAIBHOTO CTIQKUBAHUSI JAeT
BO3MOYKHOCTH IOJTYIUTH OIEHKY TapaMeTPOB TPEHA, XapaKTEPHU3YIOIIHX
HE CpeHUI ypOBEHb MpoIiecca, a TeHACHIINIO, CIOKHUBIIYIOCS K MOMEHTY
nocneaHero HabmroaeHus. HanGomblee MpUMEHEHNE METOJ HalleN s
peann3anuy CpeIHECPOUHBIX MPOTHO30B. J[JIs MeToa SKCTIOHEHIINAILHO-
T0 CIJTAKHWBAHWUS OCHOBHBIM M HanOoJiee TPYIHBIM MOMEHTOM SIBJISIETCS
BBIOOp TapaMeTpa CTIaKUBAHUS (, HAYaJIbHBIX YCIOBHH M CTEIICHU IIPO-
THO3UpYIOLLEro nonuuoMma [6,64,72,151].

[TycTh UCXOOHBIN TUHAMUYECKUN Psii ONTUCHIBACTCS

a. a
y, =a,tat+-2t+. . +-Lt’ +g - (1.5)
t 2 p' t

MeTo/1 SKCITOHEHITMAIBHOTO CTIIAXKUBAHUS, SBISIONIUICS 00001IIe-
HUEM METOJ]a CKOJB3SIIETO CPEIHETO, MO3BOJISET MOCTPOUTH TAKOE OITH-
canue nporiecca (1.5), mpu koTopom OoJiee MO3MHUM HAOIOACHHSIM TIPH-
JIAr0TCsl OOJIBIIME Beca 10 CPABHEHUIO C PAaHHUMHU HAOIIOJCHUSMH, MPHU-
4eM Beca HaOMIOCHHIA yOBIBAIOT 10 IKCIIOHEHTE. BhipakeHue

M) =a¥ (1-aYs(y) (1.6)

i=0

Ha3bIBaeTCS SKCIIOHEHIMAJIBHON cpenHedt k-ro mopsinka mis panga y,, e
Q — napameTp CIIIaKUBaHHUS.

B pacuerax mis onpeaesieHUs] 3KCIIOHEHIIMAIBLHOW CpeHen TMOoJib-
3yI0TCA PeKyppeHTHOH popmymoi [151]

sH(y) = ast(y)+ (1 -a) s4(y)- (1.7)
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Hcnonb3oBanue cootHomeHus: (1.7) mpeamosaraer 3ajaHve Ha-
YaJlBHBIX YC i S[l] S[Z] S[k]
yenoBuid S, 8;,...,8 . I 5TOro MOKHO BOCHOJIB30BAThCS

dhopmynoit bpayna— Metiepa, cBs3bIBaromieii K03QPUITMEHTH TTPOTHO3H-
PYIOIETO IMOJIMHOMA C JKCIIOHCHIMATBHBIMU CPEIHHUMU COOTBETCTBYIO-
NIUX MTOPSIKOB

Aoy BB (P14, (1.8)
D) e

rnep=1,2,...,n+1; &p — orleHKH K03 dunmentos; p =1—a . MoxHo

MOJIY4YUTh OLCHKU HAaYaJIbHBIX y'CJ'IOBI/If/’I, B 4aCTHOCTH, OJIA JIMHCHHOH MO-
JCIN

sll=g B,
0o — % aal (1.9)
st =a -2
a
I KBaJPaTUYHON MOJIEIIH —
ca B, B-a)
S gt S (1.10)
2 3-2a :
S([JZ] =q _£a1 +IB(72)‘12§
a 20
3 _ 38 B\4-3a
S([)z] =4 _?al + (20,2 )az-

k
3Has HadalIbHEIC YCJI0BUA S([) ] 1 3HAUYCHHA IapaMCTpa a ., MOXHO

k
BBIYHCINTDH OKCIIOHCHIIUAJIBHBIC CPEIHUC St[ ]

Ouenkr kK03()(HUIMEHTOB NPOTHOZUPYIOIIETO IMOJIMHOMA OTNpere-
JSAI0TCSA  Yepe3 OKCHOHEHUMAbHBIE CcpegHHe 10 (yHIaMEeHTaIbHON
[Jeopeme bpayna — Meiiepa. B aTom cimydae kodPUIIMEHTH B, HAXOIAT-
cs pemieHneM cuctemsl (p + 1) ypaBHeHuil ¢ k (p + 1) HEM3BECTHBIMH,
CBS3BIBAIOLIEN MapaMeTpbl MPOrHOZHPYIOLIETO IMOJMHOMA C HCXOJHOU
nHpopmartueit. Tak, 171 TMHSHHON MOJICTTH TIOTYYHM,

a, =281 - sPl; (1.11)
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a

:ﬂ [ — ¢l
¢ (o-5)

JJIsL KBaI[paTH‘lHOfI MOACIHN —

iy =301 e 1. 1)

4 = ﬁi [(6-5a)s! = 2(5 - )5 + (4 - 30)sF1]

2

~ a
a, =

2
?[S,[‘] — 250+ 51)
IIporuo3 peanusyercsi 10 BHIOPAHHOMY MHOIOYIEHY COOTBETCT-
BEHHO JUIs JIMHEHHON MOJENH §, =4, +4,7; A1 KBaApaTHIHOH MOJEIH

. =dy +aT +% 2,706 T - IEpHOA IIPOTHO3A.
+T
2

Baxxnyro posb B METO/Ie SKCIIOHCHITUAILHOTO CTJIKUBAHUS UTPACT
BBIOOD ONTHMAIIGHOTO MapaMeTpa CTIIaXUBaHUS & , TaK KaKk UMEHHO OH
OTIpEIeTSCT OICHKU K03(D(UIIMEHTOB MONEIH, a, CISAOBATEILHO, U pe-
3yJIbTaThI IporuHo3a [72, 103, 215].

B 3aBucHMOCTH OT BEIMYMHBI TapaMETpa MPOTHO3HBIC OIIEHKH I10-
Pa3HOMY YYHTHIBAIOT BIHSHUE WCXOJHOTO Psjia HAOMIOJACHUIA: YeM 0OJb-
me @, TeM OOJbINe BKIAN IMOCICTHUX HAOMIOAEHUN B (OpMHpOBAHHE
TPEeH/Ia, a BIMSIHUE HAYaJIbHBIX YCIOBUN OBICTpO yOwiBaeT. [Tpu manom &
MTPOTHO3HEIC OIEHKY YYUTBHIBAIOT BCE HAONIOJICHUS, IPU 3TOM yMEHBIIIE-
HUE BIUSHUSA 00JIee «cTapoii» HH(GOPMAITUHN POUCXOIUT MEJJICHHO.

W3BecTHBI JBa OCHOBHBIX COOTHOIIEHHS, TO3BOJISIONINE HAWTH
npuOIIKeHHyIo omleHKy & . IlepBoe cootHomenune bpayHa, BeIBeieHHOE
U3 YCIOBHS PAaBEHCTBA CKOJB3SIIEH M SKCIOHEHIUAJbHOW CpeaHei

a= , Tne N — 9mcIiio Touek psa, I KOTOPBIX JUHAMHUKA psa CUH-
N +1

TaeTcsi OMHOPOJHON M yCTOMUMBOM (IIEpHOA CriIaXkKuBaHMs). BTopeiM sB-

JseTcsa cooTHoleHue Meiiepa g = 9., rme J, - CpeAHEKBaIpaTHIECKas
o,

£
olmbka Mouenu;, O ¢ - CpeAHEKBaapaTHICCKAs OIIMOKa UCXOIHOTO psana.
OpmHaKo WCTOIB30BaHUE TIOCIEIHETO COOTHOIICHUS 3aTPYIHEHO TEM, UTO
JIOCTOBEpPHO omnpeaeauts 0, u J,, u3 HUCXOIHOU HH(bopMaum/I O4YEHb

CJIOXXHO.



Bribop mapameTrpa Q T1iemecooOpa3HO CBS3BIBATH C TOYHOCTHIO
MPOTHO3a, MO3TOMY Juis Oojiee 0OOCHOBAaHHOTO BBIOOpa (O MOMKHO HC-
MOJIB30BaTh MPOIEAYPY 00OOIIEHHOTO CTIIaKUBAHUS, KOTOPas MO3BOJISIET
MOJTyYUTh CIICAYIONIUE COOTHOIICHUS, CBSI3BIBAIOIINE IUCIICPCHIO TIPO-
THO3a W mapamMeTp criaxkuBanus [64, 103, 129]

JUIS TUHEWUHON MOJEIN —

_ a

)

TUTSL KBaJIPATHIHOM MOJICITH —

[l +4p+28" +2a(1+3p)r + 207 |07 (1.13)

o = l2a +3a° +30°1)07 ; (1.14)

JUTs1 000OIIEHHOM MOJICITH BH 1A
y(t)=ia,-f,-(t)+£, (1.15)
i=1

AUCTICpCHU MPOrHo3a UMECT CJ'ICI[YIOH_II/II;’I BUL

o2 =33 f(D)eola,a ) ()= Fvr()oz . (1L6)

j=1 k=1

rme O,

£
TUHAMAYECKOTO psina; fi(t) — HekoTopast m3BecTHas QYHKIHS;, V— MaTpuIia
KoBapHuanuu K03 UIMEHTOB MOICITH.

OtnmuuTtenbHass 0COOCHHOCTh ATHX (DOPMYJI COCTOMUT B TOM, UTO
npu @ =0 oHu 00pamarTCs B HYJIb. ITO OOBACHIAETCSA TEM, UTO, UEM
OmmKe K HYMIO (O, TeM OOJIbIlle JIJIMHA HWCXOIHOTO psaa HaOIIOICHUI
t — 00 W, CIeOBATEIILHO, TEM MEHBIIIE OMKOKa nmporHosa. [loaromy s
YMCHBIIIEHUSI OMIMOKM TPOTHO3a HEOOXOIMMO BBIOWPATh MUHUMAIIEHOE
a.

— CpCAHCKBaJApaTUICCKag OIIMOKa alIrpoKCUMalmum MUCXOJHOTO

B To ke Bpems mapameTp O omnpeneiseT HadalbHBIC YCIOBUSA, H,
9eM MEHBIIE & , TEM HUXKE TOYHOCTBH OINPEICIICHUS HAYaJIbHBIX YCIIOBUH,
a CIIeJIOBATEIIBHO, YXY/IIIAETCS U Ka4ecTBO MporHo3a. B padore [103] Ha
puMepe JTUHEHHON MOJeNH MMoKa3aHo, YTO OIMOKA IMPOTHO3a PacTeT I10
Mepe YMEHBILICHNUS TOYHOCTH OINPEACIICHUS HAaYalbHBIX YCIOBUM.
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Takum oOpazom, ucnonszoBanne Gopmyi (1.13)-(1.16) npuBoaut
MIPOTHBOPEUHIO TIPU OTIPEICIICHUH MapaMeTpa CTIIAXHUBAHUSA: C YMEHbIIIC-
HUEM (' YMEHBIIACTCS CPEIHEKBaJIpaTHYeCKas OIIMOKAa, HO TPH ATOM
BO3pacTaeT omubKa B HAYaIbHBIX YCIIOBHSX, YTO B CBOIO OYEPEIb BIUSICT
Ha TOYHOCTh IPOTHO3A.

Kpome Toro, npu ucnons3oBanuu cootHommenuit (1.13)-(1.16) ne-
00X0IMMO TPUHUMAThL BO BHHUMAHHE CIICIYIOIINE OOCTOSTEIBCTBA, a
MMEHHO: 3TH BBIPOXKCHUS MOTYUYCHBI JJ11 OCCKOHEYHO JUTUHHBIX PSI0B 0e3
ydeTa aBTOKOppesIuu HaOmrogeHud. Ha mpakThke MBI UMeeM JIeno ¢
KOHEUYHBIMH PSIaMH, XapaKTCPU3YIOIMUMHUCS BHYTPEHHEH 3aBHCHMOCTHIO
MEXITy UCXOJTHBIMU HAOIOACHISIMEU. Bce 3TO CHIKaET 11eIeco00pa3HoCTh
ucnoiib3oBaHus cootHomenui (1.13)-(1.16).

B psine ciydaeB mapamerp & BBIOHpaeTCs TaKUM 00pa3oM, 4TOOBI
MUHUMH3UPOBATh OMIMOKY MPOTHO3a, PACCUUTAHHOTO 1O PETPOCTICKTHB-
HOM MHGpOPMAITHH.

BecpMma CymecTBEHHBIM IS TIPAKTHYIECKOTO HCIIONB30BAHUS SBIIS-
€TCSl BOIIPOC O BHIOOpE MOpPsAKA MPOTHO3UPYIOIIETO MOJWHOMA, YTO BO
MHOTOM OTIpeJieIsieT KauecTBO mporuo3a. B padorax [40, 53] mokasaHo,
YTO TPEBHIIIICHUE BTOPOTO MOPSIKAa MOJIETH HE MPUBOIUT K CYIIESCTBEH-
HOMY YBEIHMYCHHUIO TOYHOCTH MPOrHO3a, HO 3HAYUTEIBHO YCIOXKHSET
MpOLIeypy pacuera.

PaccMoTpeHHBINH METO SBIISICTCS OMHUM U3 HanOoJiee HAIS)KHBIX U
MTUPOKO TPUMEHSIETCS] B TIPAKTHKE MPOTHO3upoBanus. OmMHO U3 Hanbosee
MEPCIICKTUBHBIX HAMPaBICHUN Pa3BUTHUS JIAHHOTO METOJa IPEICTaBIISICT
co00if METOJ pPa3HOCTHOTO NPOTHO3UPOBaHUS, B KOTOPOM CaMO DKCIIO-
HEHIIMAJTLHOE CTUIAKMBAHHUE PAcCMAaTpUBAETCS KaK YaCTHBIM ciydait [129,
138].

1.1.3 MeTtoz BEpOATHOCTHOT'O MOZCITUPOBAHUS

[IporHo3upoBaHue C HCIONB30BAHUEM BEPOSITHOCTHBIX MOjeNeH
Oasmpyercsa Ha METOZE IKCIHOHEHIMAIFHOTO CTIaKhBaHus. BeposarHocT-
HBIE MOJENU MO CBOCH CYTH OTJIMYHBI OT DKCTPANOJSAIMOHHBIX MOJENeH
BPEMEHHBIX DPSIOB, B KOTOPBIX OCHOBOMW SIBISICTCSI OMUCAHUE M3MEHEHUS
BO BPEMEHHU IIpoliecca.

Bo BpeMeHHBIX psmgax MOIENH TIPEICTaBISIOT COO0M HEKOTOPYIO
(YHKIMIO BpeMeHH ¢ KO3 UITMCHTaMH, 3HAUSHUS KOTOPBIX OIICHUBAIOT-
Csl IO HaOIOJIEHUSAM. B BEpOSTHOCTHBIX MOJENSAX OICHUBAIOTCS BEPOSIT-
HOCTH, a He KO3 (DHUITMECHTEI.
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[TycThb ompemeneHo n B3aWMHO HE3aBUCHUMBIX U HCKITIOYAIOIINX CO-
OpITHil. B KakmoMm cirydae HAOMIOMCHUS WU3MEPSIOTCS B CAMHOW IIKaje,
MoMemaroTcs B (n + 1) orpaHWYCHHBIH K1acc U 0003HAYAKOTCS TaK: X1, Xp,
..., X;. CoObITHE, CBsA3aHHOE ¢ HAONIONEHUEM X(t), COOTBETCTBYET YHCITY
WHTEPBAJIOB, B KOTOPOE 3TO COOBITHE TOTANACT, T. €. CYIIECTBYET CIUHCT-
BEHHOE 3HaueHue K, Takoe, uro x,_, < x(t) < x, . 1 mostomy k-e cobbITne
CBSI3BIBAETCS C HaOMIOeHHEM X(t).

PaccMOTpHM METOX OLICHHBAHHS BEPOSTHOCTEH P, (t), CBSI3aHHBIX

C pas3IMYHbIMU COOBITHSIMU X1 < x(t) < X - Ha TMEPBOM ISTAIIC 3aJal0TCA

HavyalbHble 3HAYEHHS PasiMYHBIX BEPOATHOCTEM: P, (O); k#12,...,n.
HaGmonenue x(t) cBs3aHo ¢ k-M COOBITHEM CIEAYIOMIMM O0pa3oM: €Clin
X < x(t) < X, , TO CTPOHTCS SAUHUYHBIH BeKTOp U, , (k - 1) KOMIIOHEHT
kotoporo paBeH 0 m k-ii. kommoHeHT paBeH 1. DTo MoxkeT OBITH k-m
CTOJIOIIOM €TUHUIHOW MaTPHIIHI paHTa K.

[Ipouecc, peanusyronuii OIIEHKU BEPOSATHOCTEH, OTUCHIBACTCS BEK-
TOPOM CTJIKUBAHUS 110 POpMyIIe

plr)=aii, +(1-a)p(r -1). (1.17)

Kaxnas xoMnoHeHTa BEKTOpa MEHSETCA MO 3aKOHY MPOCTOTO IKC-
MOHEHIIMANTBHOTO CIIIaXKMBAHUS MEXKIY HylleM U eaunHuiei. Eciu BexTop
13( —1) BEPOSATHOCTHBIH, TO BCE €ro KOMITOHCHTBI JIOJKHBI OBITH HEOT-
pHUIIATETFHBIMA M UX CyMMa JIOJDKHA OBITh paBHa 1. 3HaUeHHE OIEHKH
Dy (t) €CTh PEe3ylbTaT JKCIIOHEHIIMAIBHOTO CITIAXKHBAHHA, W €CIU pac-
MpeNIeIICHUE BEPOSITHOCTEH HAOMIOACHUH X(t) HE MEHSETCS, TO TMoJydac-
MbI€ BEPOSATHOCTU M OYIYT JCHCTBUTCIHLHBIMH BEPOSTHOCTSIMHU K-ro cO-
ObITHs. Ecnu cymecTByeT JOCTaTOYHO UTHTENIRHAS peau3alus mporecca,
TO HayalbHBIC OICHKA CO BPEMEHEM IMEpPECTaHyT OKa3bIBaTh BIUSHUE
(OymyT JOCTATOYHO «B3BEIICHBI»), M BEKTOP CIIIKHBaHUS OYIET B Cpell-
HEM OIIHCHIBATh BEPOSITHOCTH M B3aHMHO HCKITFOUYAIOIINX, U HE3aBUCUMBIX

COOBITHII. 3HAYCHHST KOMIIOHEHT BEKTOpa U (t) NPEJCTaBIAIOT COOOH BbI-
0OpKY ¢ OMHOMHAIILHBIM PAcIpeIeIeHHeM, I0ITOMY AUCHEpCHH K-if kom-
IIOHEHTHI OyIyT D, (1 - ﬁk) Jucniepcust OLEeHOK K-M BEPOSATHOCTH OIIpe-

JCTIACTCA COOTHOIICHUEM
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Uzzzi’al_jk(l_l—”k)’ (1.18)

rie 0 — KOHCTaHTa CIIIaXUBAHUSA (0 sa< 1), WCTIONB3yeMas sl MOITy-
YEHUS OLICHOK BEKTOPa BEPOSITHOCTEH.

Bo3moxxsbl 1Ba Bapmanta. B mepBoM BapmaHTe mpeaemsl KIacCcoB
3aJlaHbl TaK, YTO Py MOXKET OBITh WJIM O4YeHb OONbIIMM (OKOJIO 1), Win
oueHb ManbeiM (okoso 0). Torna aucnepcusi KOMIIOHEHT BEKTOPa BEPOSIT-
HOocTell Oyner HeOompmiol. Ecnmm dopma pacrpeneneHuss MEHSETCS CO
BpeMeHEM, OOJbIIOe 3HAYEHHWE KOHCTAHTHI CIVIAXHBAHUA MOXKET OBITh
WCIIOJIb30BaHO, YTOOBI YCTPAHUTH BIUSHUE «CTapOi» MH(OpMAITUH.

Bo BTOpOM Bapuante pacnpeneniceHue BEpOsITHOCTEN MOCTOSTHHO BO
BpPEMCHH, HET HEOOXOIMMOCTH <«B3BEIIUBATH» CTapyl0 HWHGOPMAIIHIO.
Manoe 3Haue€HUE KOHCTAHTHI CLJIAXXUBAHUS, MOXET OBITh, IO3BOJHT
YMEHBIIUTH UCIIEPCUIO OLEHOK. Torna MOKHO KCIIOJBb30BaTh MEHBIINE
WHTEPBaJIBI KJIACCOB C HE OYEHB OOJIBIITIMH BEPOATHOCTSIMH.

ABTOMAaTH3UPOBAHHBIE CHCTEMBI NPOTHO3MPOBAHHS TPEOYIOT TO-
CTOSIHHOTO JT0OABJICHUs HOBBIX 3HaueHWH wH(popmanuu. HekoTopsie cuc-
TEMbI MOTYT TPOCTO HAKAITUBaTh WH(OPMAITHIO, 3aTEM HCIION30BAThH €
IUTSL TIPOTHO3a. Eciin MBI IMeeM JeNio ¢ MOCTYIaroIe naopmarmei, To
CUCTEMa MOXET MPAKTHUUECKN 0e3/1eHCTBOBATh B TCUCHHUE 3HAYUTEIHHOTO
MPOMEXYTKa BpeMeHU. Ecnu mHbopMaIus T0CTaTOYHO BaXkHA, CIIEIyET
paccMmarpuBaTh €€ KaK HEMpPepBIBHBIN BO BPEMEHW TMOTOK HAOIIOICHUHA
WIN TIpeACKa3biBaTh pacrlpeiesicHHue MOCTYIUICHUA HaOmoaeHuit. Oue-
BHUJIHO, JJISI TAKUX MPOTHO30B CICAYET HUCIOIb30BaTh MOJENb, U3JI0KEH-
HYIO BBINIC. ECIM B KaKOW-TO TIEPHOJ HET HUKAKUX HAOJIIOICHHA, MOKHO
MepPEeCTPOUTH CUCTEMY Ha Apyrod Bua uHdopmarmu. Kpome Toro, oneHku
K03 HUIUEHTOB (WK IPYTHX MAapaMeTPOB) B MOJICIU MPOTHO3a HE H3ME-
HSIOTCS, €CJTM HAaOIIOCHUS PaBHBI HYII0; COOTBETCTBEHHO U MIPOTHO3 Oy-
JeT TeM ke [54, 72].

BeposiTHocTHast Monens omepupyer MNOCIACAOBATEIBHOCTHIO Ha-
OJIFOJICHUI C YYETOM WX PAaCIHpEelIeICHUs ¥ UTHOPUPYET IMOCIEA0BATEb-
HOCTH 3TOH WH(OpPMAINK yXKe HEMOoCPeICTBEHHO BO BpeMeHHu. [loaromy
BEKTOD BEPOSTHOCTEH P(f), KOTOPBIN CIIyXKUT TEKYILEH OLIEHKON BEPOAT-

HOCTEW T OT/ACIBHBIX COOBITHIA, SBISICTCS OIICHKOW 3TUX BEPOSITHOCTEH B
oyaymem. [TocnenoBaTenbHOCTE HAOIIOCHH MOXKET OBITH MTPEICTABICHA
Kak BpeMeHHoOM psa X(f), rae X H3MEepeH MO0 HEKOTOPOM IIKaje

X, S X< X, aXoHX, €CTh MUHUMYM U MAaKCUMyM BO3MOXKHBIX 3HaU€HHUII
HAOJIIOIEHUH.
23



[TosToMy p-ii NPOLEHTUIIBIO OYIIET TAKOE YHUCIIO Xp, YTO JJISL P MPO-
LCHTOB BPEMEHH PEAIM3yETCs yCIOBHE X, < x(t) < x,, a (100 — p) mpo-

LCHTOB - —X, < x(t) < x,. KymynaruBHas BEpOATHOCTL TOrO, YTO Ha-

OJIIOICHYE TIOMALAET JIEBEE 10 IIKaJje, I JAHHOTO Kilacca 3aliChIBAETCS
TaK

k
pixsxt=pR =3P (1.19)
i=1
OueBugHo, pp=0upy=1,0.
Jlis CBSI3M ¢ BEPOSATHOCTBIO AeTCS HECKOJIBKO MHOE IMPECTaBIIe-
HHE, HEKENU npoueHTHoe. Ecim p = py Juid kiacca K, To B- 3TOM ciryyae
[54]

k

> p)=p)<p<plr)= lZ;:pl.(t)- (1.20)

i=1
KyMynstuBHas BEPOSITHOCT P, _, (t ) JUTS KJTacca Xi | MEHBIIe, YeM
JKeJaeMasi BEpOSITHOCTh, KOTOpasi B CBOIO OYEepEelb MEHBIIIE, YeM KyMYJIs-
TUBHAsI BEPOSTHOCTb D), (t) IUTSE cieaytomnero kiacca. [Ipocreiimas ornen-

Ka HCO6XOI[I/IMOﬁ MMPOUCHTHUIIN MOKCT OBITh IMOoJIy4CHa 110 JIMHCHHOHU HH-
TEPIOJIAIUN

tz[Ak(t)_ ]xk—l+( _Ak—l(t))xk .
= 0 "

Ecnu kmaccsl oueHs Manbl (MiH py OJU3KO K Py.1), TUHEHHAS UHTEP-
TIOJISITTHSL TOCTATOYHO XOoporna. Bo3MOKHO W MHTEPIIONMPOBAHUE TI0 TI0-
JUHOMaM OoJiee BBICOKOM cTereHH. OKOJI0 XBOCTOB PacIpeICTICHHS MOXK-
HO 0XKHJIaTh, YTO KyMYJISITUBHASI BEPOSTHOCTh BEIET ceOs Kak

p(x)=1-j" wm p(x)=1-0"", (1.22)

T/ j WIH O - uhcia MeHbLIE eIUHUIBL Takue (GyHKIMU MOTYT OBITH
OIICHEHBI Ha OCHOBAHUU UMEIOIIEICS I/IH(bopMaum/I.
OHpeZ[eJ‘II/IM AUCTICPCUIO BepO}ITHOCTef/'I MoCIn CICAYIOIIUM 06pa—
30M
ol=x"-x, (1.23)
rI€ BEIWMYUHA )_62 MOXET OBITh OILIEHEHA JKCIIOHEHIIMAIBLHBIM
CTJIa)KMBaHMEM KBaJIpaToOB HaOIroaeHNH. MOXKHO CUHTATh, YTO HAOIIOE-
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HUS IOYTH BCErza paclpeleseHbl HopMaabHO. Torna BeposiTHOCTHAsE MO-

JieJIb MOXKET OBITh IPMMEHEHA HETIOCPEICTBEHHO K 3TUM HaOJIIOJICHUSIM.
[TycTh X — cityuaiiHas BeTMYMHA C OXKMIAHUEM M U KOHEYHOU JHc-

nepcueit 0. Toraa cymma m cllydaiHBIX BBIOOPOK X OyIeT HOpPMajibHO

ooo-l 2
pacrpeneneHa co CpeIHUM IOT U AUCHEepCcUeld 1 0, U BEPOSITHOCTH KaK
CYMMBI TOYCK HAOIIOJICHUH OYIyT pacipe/ieieHbl HOPMaJbHO.
IlycTh cnydaliHas BeIMYMHA X PACHPENEIICHA MEXIY HYJIEM U €lIU-
Huteil. BeeneM QyHKIMIO
Leciu 0<x<l1,
f(x) = (1.24)

0,ecru x <Qumu x>1.

ITycts yn — cymma N ciyuailHBIX BBIOOpPOK, Toraa (yHKLHUSI pac-
IIPENeNeHUs 3TUX CyMM OylieT

A)= l{y’v-l —(Nj(y S+ (Nj(y o)y } (1.25)

(N -1) 1 2

rae 0 < y < N. Haxonum cpenmnee 3HaUCHHE M JUCTICPCHIO JUISI BEITHIHHBI
y
y=N. g2 (1.26)
2 12

Torna MOXXHO BBIPa3HTh TOUKY Y, UepPE3 CPEAHIOI U JUCIEPCHIO pacipe-

NEJIEHUS
_ N N
y]] :y+kp0-)‘ :?+kp 712 . (1.27)

rie k, — HEeKOTOpPbI MHOKUTENb, YYUTHIBAIOIIUNA YMCIIO CTENEHEH cBOOO-
JIbI pacIpeieIcHusl.

JlaHHOE COOTHOILIEHHUE MOXET CIY>KUTh OCHOBOM OILICHOK JAJI BEPO-
SITHOCTHOM Mojenw. [Ipu mocTaTouyHOM KOJWYECTBE UCXOTHOU MHGMOpMa-
LMK BEPOSITHOCTHAS MOJENTh MOXET JaTh BIOJHE HAJIEKHBIM MPOTHO3.
Kpome Toro, 3Ta mMojens OTiIn4aeTcs OOJBIION MPOCTOTOW W HATJISIIHO-
cThi0. OIEeHKH, MMOJTydaeMble C TTOMOIIBI0 3TOH MOJETH, UMEIOT BIIOJIHE
KOHKpETHBIN cMmbIch. Hemoctatkom Monenw siBisieTca TpeboBaHUE OOIb-
IIOr0 KOJIMYECTBA HAOIIOCHUN U He3HAHHE HAYAIBHOTO PaclpeIeICHHUs,
YTO MOXKET IPUBECTH K HEMPaBUIHHBIM OIlEHKaM. TeM He MeHee MpH OIl-
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peAeneHn: TPOIETyphl HAYaIbHOTO pAclpeiesieHus I C TTOMOIIBIO
0aifecOBCKOTO METOJ1a, KOPPEKTHPYSI €T0, MOKHO paccMaTpUBaTh BEPOSIT-
HOCTHYO MOJIJTb KaK 3(h(h)eKTUBHEIN METO]T IPOTHO3A.

1.2 UaTynTHBHBIC (PKCIIEPTHBIC) METOIBI TIPOTHO3MPOBAHUS

[TporHo3HbBIE AKCIIEPTHHIC OIICHKH OTPAKAIOT WHAMBHIYaJIbHOE CY-
KJICHHE CIEIHAINCTOB OTHOCHUTENIBHO TEPCIEKTHB Pa3BUTHS OOBEKTa U
OCHOBaHBl Ha MOOWJIM3aINU TPOPECCHOHAIBHOTO ONBbITA M HHTYHIIHU.
MeTopl 3KCIIEPTHBIX OIEHOK HCIIONB3YIOTCS JUIsl aHallu3a OOBEKTOB U
po0JeM, pa3BUTHE KOTOPHIX JIMOO TOTHOCTHIO, JTHOO YaCTHYHO HE TOJI-
JaeTcss MaTeMaTH4decKor (opMannu3anuy, T. €. JUIs KOTOPBIX TPYIAHO pas-
paboTaTh aJeKBaTHYIO MOJeNb. [IpuMeHsieMble B MPOTHO3MPOBAHUU Me-
TOJIBI PKCIICPTHOM OLIEHKU Pa3AeisiOT Ha WHAVNBUIYATbHBIC H KOJIICKTHB-
HEIE.

NnauBunyansHble SKCIEPTHBIE METOABI OCHOBAHBI HA MCIIOJIb30Ba-
HUU MHEHHUU DKCIEPTOB-CIEIUAIIMCTOB COOTBETCTBYIOMIETO MPOQIIIS He-
3aBHCHMO JApYyr OT npyra. Hambojee 4HacTo MPUMEHWMBIMU SBISIOTCS
CIeqyIoImuye aBa MeTona (popMHpPOBAHMSA MPOTHO32: WHTEPBBIO M aHAIH-
TUYECKUE IKCIICPTHHIC OIICHKHU.

MeTton MHTEPBBIO TIpEANONaracT Oeceay MPOTHO3UCTA C DKCIEp-
TOM, B XO/I€ KOTOPOIl IPOTHO3UCT B COOTBETCTBHU C 3apaHee pa3paboTaH-
HOW MPOrpaMMOl CTaBHUT Tepe] SKCIIEPTOM BOIPOCHI OTHOCUTEIBHO TIep-
CIICKTUB Pa3BUTHS MPOTHO3MPYEMOTo OOBEKTa. YCIEX TaKOW OIICHKH B
3HAYUTENFHOW CTETEeHH 3aBHUCHT OT CHOCOOHOCTH HMHTEPBBIOMPYEMOTO
JKCIIepTa SKCIPOMTOM JIaBaTh 3aKIIOUEHUS MO CAMBIM Pa3INIHBIM (DyH-
JAMCHTAJIBHBIM BOMIPOCaM. AHATUTHYECKUE SKCIIEPTHBIC OICHKHU MPEITO-
JIAralT ATUTEIHHYIO U THIATEIBHYIO CAMOCTOSATENBHYIO paboTy 3KcIepTa
HaJl aHaJM30M TEHJICHIINH, OIEHKOW COCTOSHUS U MyTeH pa3BUTHS MPO-
THO3HPYEMOTO OOBEKTa. DTOT METOJA JaeT BO3MOXKHOCTH IKCIEPTY HC-
MOJIL30BaTh BCIO HEOOXOUMYIO0 eMy HH(OpMAIio 00 00BEKTE MPOTHO3A.
Cou cooOpakeHHS dKCTIepT 0pOPMIIIET B BUIE TOKIATHONW 3aIHCKH.

OCHOBHBIMY TPEHMYIIIECTBAMH PACCMATPUBACMBIX METOJIOB SIBIISI-
IOTCS BO3MOXKHOCTh MAaKCHMaJIbHOTO HWCIOJIb30BAHHUS WHIMBUIYATbHBIX
CIOCOOHOCTEN DKCIEpTa U HE3HAYUTENBHOCTD MICUXOJIOTUYECKOTO JaBiie-
HUSI, OKa3bIBAEMOT0 Ha OTAEIBHOTO paboTHUKA. OTHAKO 3TH METOIBI Ma-
JIO TIPUTOJIHBI JIJIsl IPOTHO3UPOBAHUS HamOoJiee OOIUX CTpaTeruil m3-3a
OTPAaHWYEHHOCTH 3HAaHWUH OJIHOTO CIEIHATNUCTa-IKCIEPTa O Pa3BUTHHU
CMEXHBIX 00J1aCTeH HAYKH.
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MeToapl KOJUIEKTUBHBIX AIKCHEPTHBIX OIEHOK OCHOBBIBAIOTCS Ha
MIPUHIIMIIAX BBISBICHUS KOJJIEKTUBHOTO MHEHHS DKCIIEPTOB O MEPCIIEKTH-
Bax pa3BUTHA O0BEKTa MPOTHO3UPOBAHUS. B OCHOBE MPUMEHEHHS STHX
METOJOB JICKUT TUIIOTE3a O HAIMYUU Y SKCIIEPTOB YMEHUS C JOCTATOUHOU
CTETIEHBIO JIOCTOBEPHOCTH OLIEHUTHh BAXHOCTh M 3HAYCHHE HCCIIETyeMON
MPOOJIEMBI, TEPCIEKTHBHOCTh PAa3BUTHS OMNPE/ICIICHHOTO HAMPaBJICHUS
WCCIICIOBAaHUN, BPEMEHH CBEPIIICHUS TOTO WJIH MHOTO COOBITHS, IENECO-
00pa3HOCTH BBIOOpPA OTHOTO W3 aTbTEPHATHBHBIX ITyTEH pasBUTHSI O0OBEK-
Ta TIPOTHO3a U T. A. B HacTosIIee BpeMs MIUPOKOE PaclpoCTpaHEeHHE I10-
JYYWJIA DKCIIEPTHBIC METOJbI, OCHOBaHHBIC Ha paboTe CHEIMaTbHBIX KO-
MHUCCHH, KOTZIa TPYIIIBl SKCIEPTOB 32 KPYIJIBIM CTOJIOM OOCYXIAIOT TY
WM WHYIO MPOOJIEMyY C IENBI0 COTJIACOBAHMS MHEHHH M BBHIPAOOTKH €IH-
HOTO MHEHHS. DTOT METOJ MUMEET HEAOCTATOK, 3aKIIOYAIOLIUNCS B TOM,
YTO TPYIIa SKCIIEPTOB B CBOUX CY>KICHUIX PYKOBOJCTBYETCSI B OCHOBHOM
JIOTUKOU KOMITpPOMHUCCA.

B cBoro odepens B Metoae Jdeab(hu BMECTO KOJUIEKTHBHOTO 00CY-
XKIACHUS TOW WIIM WHOW MPOOJIEMBI IPOBOUTCS WHIAWBUAYAIBHBIN OMPOC
JKCIIEPTOB OOBIYHO B (hOpME aHKET I BBISCHEHUS OTHOCHUTEIbHOM BaX-
HOCTH W CPOKOB CBEPIIEHUS TUMOTETUYECKUX COOBITHH. 3aTEM MPOHU3BO-
JUTCSI CTATUCTUYECKass 00paboTKa aHKeT M (OPMUPYETCS KOJUICKTHBHOS
MHEHHUE TPYIIbI, BBIABISIOTCS, 00OOIIAIOTCS apTyMEHTHI B TOJB3Y pa3-
JWYIHBIX CYXACHWHA. Bes uabopManms coodImaeTcs sKcrepTaM. Y YacTHH-
KOB JKCIIEPTU3BI MPOCST MEPECMOTPETh OLICHKA U OOBSICHUTH MPHUYUHBI
CBOETO HECOTJIACUsl C KOJUICKTUBHBIM CYXIACHHUEM. DTa IpoLEeaypa MOBTO-
psetcs 3—4 pa3a. B pe3yipTare NporuCXOINUT Cy>)KEHHE AUAara3oHa OLEHOK.
Henocratkom 3TOr0 Metoma sIBISETCS HEBO3MOXHOCTH ydeTa BIIHSHUA,
OKa3bIBAEMOI'0 Ha 3KCIEPTOB OPraHU3aTOPaMH OMPOCOB MPHU COCTABICHUU
aHKeT.

Kak mpaBuiio, oCHOBHBIME 3a/1a4aMu TIpH (HOPMHUPOBAHUH IPOTHO3A
C TIOMOIIIBI0 KOJUIEKTHBA SKCIIEPTOB SBJISIOTCS: (POPMUPOBAHKE PEIIPE3CH-
TaTUBHOU 3KCIEPTHON TPYIIBI, MOATOTOBKA U MPOBEICHUE 3KCIEPTU3HI,
cTaTucTU4eckast 00paboTKa MOTyIeHHBIX JOKYMEHTOB.

[Ipu popmMupoBaHUY TPYIIIBI SKCIIEPTOB OCHOBHBIMHU SBJISFOTCS BO-
MIPOCHI OMPEICTICHUS €€ KAYECTBEHHOTO U KOJIMYECTBEHHOr0 cocTaBa. Ot-
00p JKCIIEPTOB HAYMHAETCS C OMpeeNICHHs] BOIIPOCOB, KOTOPHIE OXBATHI-
BalOT pelIeHHe MaHHON NpOOJEMBI; 3aTeM COCTaBISETCS CIIMCOK JIHII,
KOMIICTCHTHBIX B 3TUX 00JIACTSIX.

J1g mosrydeHust KadeCTBEHHOTO MPOTHO3a K yYaCTHUKAM DKCIIEPTH-
3bI TIPEBSBISETCS AL TPEOOBAHUI, OCHOBHBIMH U3 KOTOPBIX SIBIISTFOTCS:
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BBICOKUIT ypOBeHb 0OIIel IpyAUINH; TIyOOKHE CIielHalbHbIe 3HAHUS B
OTICHMBAEMOM 00JIaCTH; CLIOCOOHOCTh K aICKBATHOMY OTOOpPaKEHUIO TCH-
JCHIIMA Pa3BUTHS HMCCIEAYEeMOTO OOBEKTAa; HAUYHUE TCUXOJIOTUYECKON
YCTaHOBKH Ha Oyayliee; HATUYKUE aKaJIeMUYeCKOr0 HaAydHOTO UHTEpeca K
OILIEHMBAEMOMY BOTIPOCY TPH OTCYTCTBUH MPAKTUYCCKOW 3aUHTEPECOBaH-
HOCTH CIICIMAJINCTA B 3TOH 00NACTH; HAIMYUE TPOHU3BOJCTBECHHOTO WU
(Wn) MCCeIoBaTeNIbCKOTO OMBITa B pacCCMaTPpUBAEMON 00J1acTH.

Jlnist onpe/ieNieHus: COOTBETCTBHS MOTEHIIMATIBHOTO JKCIepTa Iepe-
YHCIICHHBIM TPeOOBAHUSM HCIIOJIL3YETCS aHKETHBIH ompoc. JlononHu-
TEJIHHO K 3TOMY YacTO HCIIOJIB3YIOT CIIOCOO CaMOOIICHKH KOMITETEHTHOCTH
skcnepTa. [Ipu camMoolleHKe 3KCIEpT ONpeelNseT CTENeHb CBOSH OcBe-
JOMJIGHHOCTH B HCCIIEJlyEMOM BOIPOCE TAaK)Ke HA OCHOBAHHH AHKETHI.
OO0OpaboTka JaHHBIX JaeT BO3MOXHOCTH ITOJNIYYUTh KOJHMYECTBCHHYIO
OIICHKY KOMITIETCHTHOCTH IMOTCHIIMAIBHOTO IKCIEepTa 10 CleAyroniei dhop-
MyJIe

) (1.28)

rae V; — Bec rpajaliiy, IeEPEYEPKHYTOH DKCIIEPTOM II0 j-H XapaKTEPUCTH-
J

K€ B aHKeTe B Oajuiax; Vi
J max

XapaKTepUCTUKH B Oamiax; T — o0lee KOJTUIECTBO XapaKTEPUCTHK KOM-
IETEHTHOCTH B aHKeTe; A — Bec S4elKHu, MEpeYepKHYTOM IKCIEPTOM B
IIIKaJIe CAMOOIICHKH B Oaiiax; p — MpeAes MIKajJbl CAMOOIIEHKH JKCIIEpTa B
Oarmnax.

YCTaHOBUTh ONTHMAJBHYIO YHCICHHOCTh TPYIIIBI AKCIEPTOB J0-
BOJIBHO TpynmHO. OMHAKO B HACTOsAIIEE BpeMs pa3paboTad psm hopmain-
30BaHHBIX TMOJXOJ0B K 3TOMY Bompocy. OJuH U3 HUX OCHOBaH Ha yCTa-
HOBJICHUU MaKCUMAaJIbHOW U MUHHMAJIbHOW TPaHUI] YUCIECHHOCTH TPYIIIIHL
ITpu 5TOM UCXOJAT U3 JIBYX YCJIOBHI: BHICOKOUW CpeIHEN KOMIIETEHTHOCTH
TPYMIl 3KCIEPTOB M CTAOMIU3AIUM CPEIHEN OICHKH MPOTHO3UPYEMOM
XapaKTEPUCTUKH.

[lepBoe ycnoBue MCHONB3yeTCS AJIS ONpeNeleHHs MaKCHMAabHOM

n

— MaKCHMAaNbHbIN Bec (Tpeaen IMKabl) j-i

k;

YUCJICHHOCTH IPYMIIBI 3KCIEPTOB Npyuy: K < iz, rae C - KOHCTaHTa;
max —
n

max

Kuax — MakCHMallbHO BO3MOJKHAs KOMIIETCHTHOCTH I10 HCIIOIB3YEMOM
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IIKaje KOMIETEHTHOCTH; K; — KOMIETeHTHOCTh i-Tro 3KcmepTa. ITO yCIlo-
BHE€ TIPEAINOaraeT, 4T0 €CIM MMeeTcs TPyYIa JKCIEePTOB, KOMIIETEHT-
HOCTh KOTOPBIX MaKCHUMaJlbHa, TO CPeJHEC 3HAUCHHE UX OLICHOK MOXXHO
CUNTaTh <«HUCTHHHBIM». JIJIg oOmNpeneneHus KOHCTAHTBl HCHOJIb3yeTCs
MPaKTHKa TOJIOCOBAHUS, T. €. TPYyIIa CYUTAETCs] N30paHHOH, eciu 3a Hee

IIoJaHO % TOJIOCOB MMPUCYTCTBYIOIINX. I/ICXOI[SI U3 3TOI'0, MIPUHUMACTCA,

4qTo C=% Takum 06pa30M, MakCuMaJibHasA 4YHCJICHHOCTH SKCHCPTHOﬁ

rpynnbl YCTAHABJIUBACTCA HA OCHOBAHUHN HCPAaBCHCTBA

Sk
<=

max 2kmax
Janee ompenensercds MHUHUMalbHAas YHCIEHHOCTb OSKCIEPTHOMN
TPYHIBI Nppip. ITO OCYIIECTBISIETCA MTOCPEACTBOM HCIIONIB30BAaHUS YCIOBUS
CTaOMIM3alMK CPEIHEN OLEHKH NPOrHO3UPYEMON XapaKTEpPUCTUKH, KO-
Topoe GPOpMyIHPYyETCs CIEAYIOMNM 00pa3oM: BKIIOUEHHE MM MCKIIIOYe-
HUE JKCIepTa M3 TPYIIBl HE3HAYUTEIbHO BIUSET HAa CPEIHIOI0 OLCHKY

MIPOTHO3UPYEMOH BETTMUHHBI

(1.29)

n

B-B __ (1.30)

rae B — cpennsis oneHka MporHo3upyeMol BeJIMYMHBI B Oajiax, JaHHAs
9KCIIEpPTHOM rpynmoii; B' — cpenHsas oueHka, naHHas SKCIEPTHOH rpym-
MOM, U3 KOTOPOM MCKIIIOUEH (MJIM B KOTOPYIO BKJIFOYEH) OAMH IKCIEPT;
Biax ~ MakcUMajabHO BO3MOXHAs OLIGHKA IIPOrHO3MPYEMON BEIMUYHMHBI B
IPUHATOH IIKale OLEHOK; & — 3aJjaHHas BEJIMYMHA U3MEHEHHUs CpeiHei
OLIMOKY IPH BKJIFOYEHUH WIH UCKIIIOYEHUH SKCIIepTa.

Benuuuna cpenHeil oneHku HauOojee 4yBCTBUTENbHA K OLICHKE
9KCHepTa, 001aJaromero HaubobIIeH KOMIIETEHTHOCTBIO M TTIOCTABUBILIC-

ro Haubompmmii Oamn mpu B <B 6 1 MHHUMalnbHBI# — IIpU

B =B, /2. Ilosromy mis npoBepku BeinonHeHus ycnosus (1.30) npea-

JlaraeTcs NCKIIIOYUTh U3 TPYIIBI OJJHOTO IKCIIEpTa.

B nuTepaTtype npuBOANTCS MPaBHUIIO pacdyeTa MHHUMAJIBHOTO YHCIa
AKCIEPTOB B I'PYIIE B 3aBUCUMOCTH OT 33JJaHHOM (AOIyCTUMON) BEIUYHU-
HBI U3MCHEHUSA CPEAHEH OLICHKU &

o = o,5(3+5]. (1.31)
&
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Takum oOpazom, mpasmia (1.29)-(1.31) maroT BO3MOKHOCTB ITONTY-
YUTH OLEHOYHBIC 3HAYECHHSI MAKCUMAJIBHOIO M MUHMMAJIbHOTO YUCIa DKC-
neproB B rpynmne. OkoHuYaTelbHAs YUCIEHHOCTb SKCIIEPTHOM TPYIIBI
(dopMHpyeTCs Ha OCHOBaHUHM IOCJIE0BATEIBHOIO UCKIIIOUEHUS MAJIOKOM-
NETCHTHBIX ~ DKCIIEPTOB, NP DTOM  HCIOJB3YyETCS  YCJIOBHE
(Kmax -K i) <717, rhe /] — 3agaBaeMasi BEIMYMHA TPAaHHUIEI JTOITyCTUMOTO

OTKJIOHEHHS KOMIIETEHTHOCTH |-ro 3Kcmepra oT MakcuManbHOH. OmHO-
BPEMEHHO MOTYT BKJIIOYAThCSl B TPYIITY HOBBIE AKCIEPTHL. UUCICHHOCTH
TPYIIIbI YCTAHABIMBAECTCS B IpEAeNax n, . <n<n_ .

Kpome ommcaHHBIX BBIIIE MPOHEAYP B METOJAX KOJJIEKTUBHBIX
AKCIIEPTHBIX OIEHOK HCIIOJIB3YETCS MOMPOOHBIA CTATHCTUYCCKUI aHAN3
AKCIEPTHBIX 3aKIIOUCHUM, B PE3yJbTaTE KOTOPOTO OMpPENEISIOTCS Kaude-
CTBEHHBIE XapaKTEPUCTUKH TPYIIITHI IKCIEPTOB. B COOTBETCTBUU € 3TUMHU
XapaKTepUCTUKaMU B TPOIECCe MPOBEACHUS DKCIEPTH3BI KaY€CTBEHHBIN
Y KOJIMYECTBEHHBIN COCTaB PKCHEPTHOM IPYIIBI MOXKET KOPPEKTUPOBATh-
csl.

[loaroroBka K MPOBEAEHHUIO HKCIIEPTHOTO OMPOCA BKIIOYAET pa3pa-
OOTKYy aHKET, CoJepXalluX HabOop BOMPOCOB MO OOBEKTY MPOTrHO3a.
CTpyKTypHO-OpraHH3aIMOHHBIA HA0Op BOMPOCOB B aHKETE JIOJDKEH OBITh
JIOTHYECKH CBS3aH C IEHTPATHHOU 3aaveid dKCIepTH3bl. XOoTsI Gopma U
CoJIep’KaHUE BOIMPOCOB ONPEACISIOTCSA Crelu(uKol 00bheKTa MPOTHO3H-
pOBaHUS, MOKHO YCTAaHOBUTH O0IIHE TPeOOBAHMS K HUM: BOIIPOCHI JTOJIXK-
HBI OBITH CPOPMYITHUPOBAHBI B OOMIECTIPUHATHIX TEPMHUHAX, WX (QopMyn-
POBKa JOJHKHA HMCKIIIOYATh BCAKYIO CMBICIOBYIO HEOIPEEIeHHOCTb, BCE
BONPOCHI JJOJKHBI JIOTHYECKH COOTBETCTBOBATH CTPYKType 0OBEKTa MPO-
THO3a, 00ECIIeUnBaTh CIMHCTBEHHOE TOJIKOBAaHUE.

ITo ¢opme Bompockl MOTYT OBITH OTKPBITBIMH H 3aKPBITBIMHU, TIPS-
MBIMHU U KOCBEHHBIMU. BOIIpoc Ha3BIBAIOT OTKPBITHIM, €CIIM OTBET HA HETO
HE perIaMEHTHPOBAH. 3aKPHITHIMU CYUTAIOTCS BOTIPOCH], B (DOPMYIIUPOB-
K€ KOTOPBIX COJIEPKaTCs ajJbTepHATHBHBIC BAPUAHTHI OTBETOB, M HKCIIEPT
JIOJDKEH OCTAHOBUTH CBOM BBIOOp Ha OJHOM (WUIM HECKOJBKHX) U3 HHX.
KocBeHHBIC BOMPOCH! HUCMONB3YIOT B TEX CIIy4asx, KOrja TpeOyercs 3a-
MacKHpOBAaTh 1LeNb dKCIepTH3bl. K mogoOHBIM BompocaM MpHOErarT To-
I/1a, KOrZla He yBepEeHBI, YTO SKCIIEPT, AaBas nHbopMmaruio, OyaeT BIIOIHE
WCKPEHEH WM CBOOOJICH OT MOCTOPOHHUX BIUSHUM, UCKAKAIOIMUX 00h-
eKTHBHOCTb OTBETa. PacCMOTpUM OCHOBHBIC TPYIIBI BOIPOCOB, UCIOIb-
3yEMBIX TPH MPOBEIEHUH KOJUIEKTUBHOI 9KCIIEPTHOM OICHKU:
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- BOMPOCHI, MPEAINOaraloNie OTBETHl B BUAE KOJNWYECTBEHHOM
OIIEHKH: O BPEMEHU CBEPIICHUS COOBITHMH, O BEPOSTHOCTH CBEPILIEHUS CO-
OBITHII, 00 OlleHKE OTHOCHTEIHHOTO BIUsSHUS (akTopos. [Ipu ompenene-
HUU IIKaJIbl 3HAYECHUH KOJIMUYSCTBEHHBIX XapaKTEPUCTHK IIeJeco00pa3Ho
TT0JTH30BATHCSA HEPAaBHOMEPHOU MIKaJIOH. BEIOOp KOHKpETHOTrO MacimiTada
HEPABHOMEPHOCTH OMPEACIACTCS XapaKTepoOM 3aBUCHUMOCTH OIIMOKA
MPOTHO3a OT MEPHO/IA YIIPESKICHUS;

- BOIIPOCHI, TPEOYIOIINE COAEP)KATETHHOIO OTBETa B CBEPHYTOM
(hopme: TM3BbIOHKTUBHBIE, KOHBIOHKTUBHBIE, UMIUINKATUBHBI,

- BOTIPOCHI, TPEOYIOIIHE COACPIKATEIBHOTO OTBETa B Pa3BEPHYTOM
dbopme: B BUzIEC TIepeUHS CBEICHUN 00 00BEKTE; B BHIIE ITEPETHS apTyMEH-
TOB, TIOJITBEPKIAIOIINX WIIM OTBEPTalOMINX TE3WC, COMEPKAIIUNACI B BO-
mpoce.

Otu Bompockl GopMupyrOTCS B ABa dTama. Ha mepBoM 3Ttame Kc-
mepraM mpeanaraercsi chopMyIupoBaTh HambOoJee MEepPCHeKTHUBHBIE U
HauMeHee pa3zpaboTaHHbIe mpoOieMbl. Ha BTOpoM — U3 Ha3BaHHBIX MPO-
0JieM BEIOMPAIOTCS MPUHITUITAATBHO Pa3pelInMbIe U UMEIOIINE HEMOCPE -
CTBEHHOE OTHOIIIEHHE K 00BEKTy MPOTHO3a.

[Iporieaypa mpoBeaeHus SKCIIEPTU3BI MOXKET OBITH Pa3TUYHOM, OJI-
HAaKO 37ICCh TaKXe MOXKHO BBIJICIIUTh TPU OCHOBHEIX 3Tana. Ha mepBom
ATane SKCIEPThI MPUBJICKAITCS JUIsl YTOYHECHUS (HOPMATU30BAHHOW MO-
neny 00BeKTa MPOTHO3a, (POPMYITUPOBKH BOIIPOCOB B aHKETAX, YTOYHEHUS
cocraBa rpynnsl. Ha BTOpoMm 3Tare oCymIecTBISICTCS HEOCPEACTBCHHAS
paboTa SKCIEPTOB HAJ BOIPOCAaMU B aHKeTax. Ha Tperhem sTame mocie
MpeBapuTEeNbHON 00pabOTKH Pe3yNbTaTOB MPOTHO3a IKCIEPTHI MPUBIIE-
KaroTcs Ui KOHCYJBTAIMiA MO HeJOocTaroe nHhopMami, HeoOXoau-
MO JUTsl OKOHYATEILHOTO (DOPMUPOBAHUS TIPOTHO3A.

[Ipu cratuctudeckoit 06paboTKe Pe3yabTaTOB IKCIIEPTHHIX OIEHOK
B BHJI€ KOJIMYECTBEHHBIX JAHHBIX, COJIEP)KAIINXCS B aHKETaX, ONpenes-
IOTCS CTaTUCTUYECKUE OICHKH MPOTHO3UPYEMBIX XapaKTEPUCTHK M HX
JIOBEPUTEIILHBIC TPAHUIIBI, CTATUCTHYCCKUE OIICHKU COTJIACOBAHHOCTHU
MHEHUMN SKCTIIEPTOB.

CpenHee 3HaueHHUE MPOTHO3UPYEMOW BEIIMYMHBI OMPEICIIICTCS 10

bopmyne
B=Y'B/n, (1.32)
£=1

rae B; - 3HaueHre nTpOrHo3upyeMoil BETUYUHBI, TAHHOE i-M JKCIIEPTOM; I
— YHCJIO 3KCTIIEPTOB B TPyTIIIE.
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Kpome Toro, ompenensercss AUCTIEPCHS f — ZW:(B‘_ B) f{n-1)| 1

i
i=1

HpI/I6J'II/I)K€HHOC 3HAUYCHUC NOBCPUTCIBHOI'O MHTCPBAJIa ] =t L , TAC t—
\n-1

napaMmerp, ompenensiemblii mo Tabmurmam CTeIOAEHTa A 3aIaHHOTO
YPOBHS JIOBEPUTEIHHON BEPOSTHOCTH M YHCIIA CTEIIEHEH cBOOO b k = (n —
2).

JloBepuTenpHbBIe TPAHUIBI JJISI 3HAUYEHUS MPOTHOZUPYEMOU BENH-
YHHBI BRIYUCIIAIOTCA TI0 (hopMyniaM: Ui BepXHel rpanuiisl Ag = B +j, ans
HWXKHEH rpaHulsl Ag=B-j.

Koaddumment Bapuannu oieHOK, TaHHBIX SKCIIEPTaMH, OTIPEeIis-

g
€TCS IO 3aBUCUMOCTHU V — E ,rne g - CPCAHCKBAAPATHUICCKOC OTKJIOHC-

HUE.

IIpu 00paboTKEe pe3yIbTaTOB SKCIEPTHBIX OLIEHOK IO OTHOCHUTEIIb-
HOW Ba)XHOCTH HAIPABIICHUWI CpEJHEEe 3HAYCHHE, MUCTIepCUs H KO3PQu-
LIMCHT BapHallMKi BBIYMCIISAIOTCS JUIS KaXKIOro OLIEHUBAEGMOI'O HalpaBJie-
Husa. Kpome Toro, BeIYHCIAETCS KOA(PGHUIMCHT KOHKOPAALWHU, MMOKA3bI-
BaIOIUH CTENCHD COTJIACOBAHHOCTH MHECHHI 3KCIIEPTOB 110 BAKHOCTHU Ka-
KJIOTO M3 OIICHHBAEMBIX HAIPABJICHUH, U KOA((UIIUCHTHI TAPHON paHro-
BOH KOPPEJIAIMH, ONPEASIIIOIMNE CTEICHb COrJIaCOBAHHOCTH JKCIIEPTOB
JPYT C APYTOM.

JlJis 3TOTO0 TPOU3BOAUTCS PAHKUPOBAHUE OIICHOK BAXKHOCTH, JaH-
HBIX 3KcrepTamu. Kaknaast oleHka, JaHHas i-M SKCIIEPTOM, BhIpa)kaeTcs
YHCIIOM HATYypaJbHOI'O Psiia TAKUM 00pa3oM, YTO YKCIIO 1 MpHUCBaMBaeTCs
MaKCHMAJIbHOHM OIlEHKE, a YKCIO I - MUHHManbHOW. Eciam Bce oleHKu
Pa3InyYHbI, TO COOTBETCTBYIOIIME YKC/Ia HATYPaIbHOIO Psifa €CTh PaHTH
OIICHOK i-TO dKcmepra. Ecnm cpenu OIEHOK, MAHHBIX ; i-M DKCIIEPTOM,
€CTh OJMHAKOBBIC, TO 3TUM OIICHKAM HAa3HA4YaeTCs OJMHAKOBBIM paHT,
paBHBIN cpefHel apu(METHUECKON COOTBETCTBYIOIIMX YHUCEN HATYpPallb-
HOTO psja.

CymMma paHroB S; Ha3HaYEHHBIX JKCIIEPTAMU HANpPABICHUIO j (j =
1,..., T; X - YUCIIO UCCIIEAYEMBIX HANPABJICHHUII), OTIPENEISICTCS 10 (HOpMY-
e

8= 2R, (1.33)
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riae R — paHr oleHkH, JaHHOH i-M DKCIIEPTOM j-My HampasieHuto. Cpen-
Hee 3HAYCHHWE CYMMBI PaHTOB OIICHOK IO BCEM HAIPaBIICHUSIM PAaBHO

J— m .

S = z S]. /m . OTKIIOHEHHE CyMMBI PaHrOB, MOJNyYEHHBIX j-M HaIpaBlie-
=1

HHUEM, OT cpeL[Hero 3HAYCHUA CYMMI)I paHFOB OHpeI[eJI}IeTC}I KakK

d I S i S . Torma ko3¢ GUIMEHT KOHKOPAAIUH, BRIYUCICHHBIN MO CO-

BOKYITHOCTH BCEX HaHpaBHCHHﬁ, COCTaBJIACT
m
12> d;
Zf i (1.34)
n2(m3 - m)— nZZ
i=1

n
Bennunna 7 ="t} —1,» PACCUNTBIBACTCS TPH HATMYUH PABHBIX
1 e

i=1

W =

PaHroB (N - KOJIMYECTBO IPYII PAaBHBIX PAHIOB, [, — KOJINYECTBO PaBHBIX

PaHroB B TPyIIIE).

Koa¢dPuuument koHkopaanuu npuHUMaeT 3HaY€HHE B Mpeesax OT
0 no 1. W=l o3Ha4yaeT MOJHYIO COTIIACOBAHHOCTh MHEHHH 3KCIIEPTOB, IIPU
W=0 - nonnyo HecornacoBaHHOCTh. Ko3huueHT KoHKopAay moKa-
3bIBACT CTEMEHb COTJIACOBAHHOCTH BCEH SKCIepTHOH rpymnmbl. Huzkoe
3HaYCHHE 3TOTO Kod(DPuImeHTa MokeT ObITh MOJIYICHO KaK IMPH OTCYTCT-
BUU OOIHOCTH MHEHHH BCEX 3KCIIEPTOB, TAK M M3-3a HAJMYUS MPOTHBO-
MOJIOKHBIX MHEHUH MEXAy MOATPYNIaMH SKCIEPTOB, XOTS BHYTPH IMOJI-
TPYIIIBI COTIACOBAHHOCTh MOYKET OBITh BBICOKOH.

J171s1 BBISIBIICHHS CTETICHH COTJIACOBAHHOCTH MHEHHI 3KCIIEPTOB HC-
MOJIB3yeTCsl KOAQPHUIUEHT MapHOH PaHTOBOM KOPPENSIUN

2
pi,i+l = 1 =

o= m)= 1, -1)

) (1.35)

rjie {J/; — pasHoCTb (II0 MOAYJIIO) BEIMYNH PAHIOB OLCHOK j-TO HANpaBJie-

HUS, Ha3HAYEHHBIX dKCTIepTaMu i M i + 1,

v, :‘R,-_Rm" (1.36)
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KoaddummenT mapHoit paHTOBONW KOPPETSAIIUA MOXKET NMPHUHHMATh
3HaueHus oT +1 10 -1. 3HaueHne O =1 COOTBETCTBYET MOJHO COTIaco-
BaHHOCTH MHEHHH JIBYX 9KCIepToB. 3HaueHue O = —| mokasbIBaeT, uTo

MHEHHE OJHOTO DKCIepTa MPOTHUBOIIOIOKHO MHEHHUIO APYTOTO.
Jnia onpeneneHust ypoBHS 3HAYUMOCTH 3HAYCHHN KOA(PPHUIIEHTOB

o 2
Wwu P, MOXKHO HCIIONIB30BaTh KpUTepUid X~ . JIIst 5TOTO BBIYHCIISAETCSI
BEIIMYMHA
i
2 _ J=1 (1.37)

X = p
mDrz(m+1)— T,

i=1
(uamcio creneneit ¢cBoOoabI k = T — 1) ¥ MO COOTBETCTBYIONIUM Ta0-
JIUIIAM ONPECIIICTCS YPOBEHb 3HAUMMOCTH MOJYyUCHHBIX 3HAUCHHIA.

1.3 KoppensuoHHBIA U perpecCUOHHBIA aHAIN3bI

OpauM W3 HamOoJee pacIpOCTPAaHCHHBIX CHOCOOOB TOTYYCHHS
MHOTO(AKTOPHBIX MPOTHO30B SBJSICTCS YIIOMHHABIIUICS paHEe KIIACCH-
YEeCKUI METOJ] HAMMEHBIITUX KBaJAPAaTOB M TIOCTPOEHHE HA €Tr0 OCHOBE MO-
T MHOXKECTBEHHO# perpeccun [16]. Jlns nmuHEHHOTO Ciydas MOIETh
MHOKECTBEHHOM perpeccur 3aIlvChIBACTCS B BUJIC

y; =Zal.xij +e, (1.38)
i=1

rae Q; - KodQpQUIUEHTB MOJETH; Y j»X; - COOTBETCTBCHHO 3HAUCHH j-u

.
dbyHKIMA (3aBUCUMOUM TIEpEeMEHHOW) M i-H HE3aBUCHMOH IEepPEeMEHHOM;

i=0,n;j=1, N, E; - CiTyJaiiHas OIIMOKa; N - YUCI0 HE3aBUCHMBIX I1e-
PEMEHHBIX B MOJEIH (B psAfe CIydaeB Iojaraercs, 4ro &, — CBOOOMHBIH
wieH n x,; = 1).

B BexTOpHOM BHJIE 3Ta MOJEINb 3anuchIBaeTcs Tak [131]

Y = Xa +¢, (1.39)
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T _ T _
rae Bektop Y =(¥,,¥,.....y,) U Bektop a =(Q,,Q,,...Q,)-
COOTBETCTBCHHO BEKTOPBI 3HAYCHHI 3aBUCHMOU MepeMeHHON U k03 du-
LIMEHTOB MOJieNu, MaTpula nopsaaka(nxN);
X1 Xpgoee X,
X = — MaTpulla He3aBUCHUMBIX TICPEMEHHBIX;

'le’xNZ""an
T — o
& =(&,&,,...,E,) — BEKTOp CIy4alfHBIX OIIHOOK.

HewusBectHbie KOAhGUIMEHTH MOACITH HAXOAATCSA U3 YCIOBHUS MU-
HAMyMa (QYHKIIMOHAIA PaccoTJIacOBaHWM, KOTOPBIN MpPEICTaBIsIeT coOoi
CyMMY KBaJpaTOB pacCcOrIacOBaHUM peasibHbIX 3HAYE€HUM 3aBUCUMOM me-
pEMEHHOH W 3HadeHWH. B BekTOpHOM BHE (hYHKIIMOHANI paccoriiacoBa-
HUU 3aMHChIBACTCA KaK.

@ =(r-xa) (y-Xa) ~ min.

Ycnosus MuanMyma @ peanusyroTcsl IpU PaBEHCTBE HYITIO ITEPBBIX
MIPOM3BOIHBIX (PYHKITMOHAJIA TI0 HEU3BECTHBIM Kod(pumuenTam, T. €.

oq,

HaHHOC YCJIOBHUC JSKBUBAJICHTHO BBIIIOJIHCHHUIO BCKTOPHOI'O COOT-

T — T
vomenuss X X@ = X'Y , uTo maer 3HaYCHUS OIIEHOK KO3()(DHUIIMEHTOB
MOJIETH

a=(x"x)]'x"y. (1.42)

HanexxHOCTh moydaeMoi ¢ TIOMOIIBIO OIICHOK a MOJZCIH OIpeie-
JISIETCSL C TIOMOIIBIO BEJTMYMHBI OCTATOYHOM TUCTIEPCHU, KOTOPAsk BBIUHUC-
JIeTCs 1Mo PopMyIie

T
,_ E£E€

g = =
N-n N-n

vy’ -y x(x"x)" XTY], (1.43)

1 K03 UIEeHTa MHOKECTBEHHON KOPPEISIUH, BEIYUCISIEMOro Mo (op-
MyJie
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D (1.44)
Dyy=1)(=1)
D (s 1)n+1)- @ITeOpandeckoe AOMOTHEHUE OMPEACIUTEIST KOPPEISLH-

R=|1-

OHHOM MaTpUUBI r = r XX, ] (i, j= ﬂ) K DJIEMEHTY 7, . Bemmunna R —

1Xn+
MHO’KECTBEHHBIN KOA((UIIMEHT AETePMHUHALINN; OHA MMOKA3bIBaeT, KakKas
nonst guctepcud (QYHKIUE OOBSCHSAETCS W3MEHEHMSIMH BXOISIINX B
YpaBHEHHUE PErPECCHU HE3aBUCHMBIX TICPEMEHHBIX MPU TOTYYCHHBIX 3Ha-
qeHUAX KodhdummenToB Moaenn. HagesxxHocTs koddduimeHTa MHOXKECT-
BEHHOU KOppeJsIuu onpenensercs no kpureputo duiiepa

2
=R -n-l) (1.45)
(1-R*)n-1)
IpH 3aIaHHOM YPOBHE HAJIEKHOCTH U CTENEHU CBOOOABI V, =n, vi = N —
n. Hanuuue cBsizu MCKOY 3aBUCUMOM HepeMeHHOﬁ Yi U HC3aBUCUMBIMU

HIEPEMEHHBIMU X;j ONPEIEISAETCS C MOMOIIBI0 KOIPPHUIEHTOB KOppes-
1017071

2
i = Owi (1.46)
y’” 2 o2
rae S ixi;S yzy S s - KOO(OHIMCHTBI KOBAPHALIMH, ONPECIACMBIE 11O
dopmye
1 & _ B
St = N -1 Z(Xx] R )(xkj % )’ (1.47)

=1

[

rac )_ci,)_ck - CpCAHUC 3HAUCHUS HC3aBUCHUMBIX IICPECMCHHBIX X; U X, . HO—

BEpPHUTENbHBIC WHTEPBATBI 7, Zy; s K0d3(pumrenTa Koppensun ompe-
JENAIOTCA KaK

Uva
Z,,=arctht 76 - (1.48)

JN-3 2(N-1)

rae U % _a_ r — IPOLEHTHIH HopManbHOTO pactpenenenus N (0, 1) ¢
2
HYJICBBIM CPEIHMM WM CIUHUYHOW NUCIepcuel, z - nmpeobdpasoBanue Ou-

mepa, onpenenseMoe 1mo popmye [16]

z - %ln 1 + rxixk (1.49)



th z - runepOoIMIeCcKuil TAaHTEHC apryMEHTa Z, BEIYHCIICHHBIN 110 hopMy-
ne

e —e
thy =% . (1.50)

e te”
HUctunHoe 3HaueHUEe KOS(b(bHuHeHTa KOppe/IALIMU 3aKI0YCHO B Ipeaeiax

thz, <r,, <thz, Jlna onpeneieHUs HAJE)KHOCTH OLEHOK CTPOUTCS

JIOBEPUTEILHBIA HHTEPBAI IS TIOJTYYEHHBIX OLEHOK @ KO3 (UIUEHTOB

MOJIEIN
a-al<t,,0\c,, (1.51)

rae t,, — 3HauyeHus: kpurepuss CTBIOJEHTa C yPOBHEM HAJIEKHOCTH P H

ctenensmu cBo6oapl v = (N —n-1),0 =+/o* (o’ onpexensercst o pop-

.o o T -1
Mmyite (6)), ¢;— i-i THarOHATBHBIN 3JIEMEHT MATPHUIIBI (X X ) . [TosTomy
WCTUHHOE 3HaueHUe KOA(pUIMECHTA a, MOJIeNIA OyIeT JIe)aTh B MHTEPBa-

ne
a,-t,,0\c, <a,<a, +t,,0|c; (1.52)

Hcnonb3oBaHue BBHIYUCIUTEIBHOM NPOLEAYPHl MO METOAY Hau-
MEHBIIINX KBAJPATOB C IEIBIO TIOTYUSHHUS OIEHOK KO3()DPHUITMEHTOB MOIe-

m 4, (i =0,n), xOTOpBIC YAOBICTBOPSUTH OBl YCIOBHSIM HECMEIICHHOCTH,

COCTOSITENFHOCTH, 3(()EKTUBHOCTH, TIPETIOIaracT BBHIIIOJHEHHUE psiia yc-
JoBuil. PaccMOTpuM 3TH yCIIOBHUS:

— HE33aBHCHUMBIC TICPEMEHHBIC MPEACTABISIOT co00¥ HecTydalHbIN
Ha0Op YuCel, UX CPEAHUE 3HAUCHUS U TUCTIEPCUN KOHCUHBI;

— CIIy4anHBbIC OIIHMOKH gj - UMCIOT HYJICBYIO CPCAHIOIO 1 KOHCUHYIO

JIACTIEPCUIO
M(sj)=O;M(£j£j)=a§ < oo (1.53)

— MEXIy HE3aBHUCHUMBIMU MEPEMEHHBIMU OTCYTCTBYET KOPpPEISLUs
Y aBTOKOPPEIISIIINS,

— crydaiiHas ommOKa He KOpPpPEeIHpPOBaHHA C HE3aBHCHMBIMH TIEpe-
MEHHBIMU;

— ciyyaifHasi oIMOKa MMOYMHEHAa HOPMAILHOMY 3aKOHY pacipeie-
JIEHUSL.
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Kpome Toro, MOXXHO BBIJENUTH YCIOBHE OTCYTCTBHSA MYIJBTHKOI-
JUHEapHOCTH, KOT/Ia HECKOJIBKO HE3aBUCHMBIX TIEPEMEHHBIX CBSI3aHBI Me-
XKy COOOH NMHEHHON 3aBUCHMOCTBIO, U YCIOBHE TOMOCKEAACTHYHOCTH,
T. €. OJMHAKOBOW IHCIEPCHH ISl BCEX CIyYalHBIX OIIMOOK. BakHpIM
SIBJSICTCS] YCIIOBHUE JIMHEHHON (DOPMBI CBSI3M MEXKITY 3aBUCHMOM M HE3aBH-
CUMOU TIEPEMEHHBIMU. 3aBUCHUMOCThH JIOJDKHA OBITh UMEHHO JIMHEHHOU
WM CBOAMMOM K JIMHEHHOM C MOMOIIBI0 HEKOTOPBIX Peo0pa3oBaHui.

Ho wHorma uccnemyemsiil mpoiecc HE MOXET OBITh CBEIEH K JIH-
HEHHOW 3aBUCHMOCTH HHKAKHMH MPEoOpa3oBaHUSIMH, KaK, HaIpuMep, B
cllydae JIOTUCTHUYECKOM 3aBUCUMOCTH. Torna ucnonb3yeTcs psii METOAOB,
HampuMep METOJ CHUMILIEKCOB. J|aHHBIA METOMl OTINYAETCS CPAaBHHUTEIb-
HOM TIPOCTOTOH, JIETKOW peaim3yeMocThio Ha DBM, 3¢ (heKTHBHOCTHIO
MIPY OIIPEJEeNICHHN OLEHOK KO3 (UIIMEHTOB MOAECIH.

BaxxHoll XapaKkTepHCTUKON pealn30BaHHOW MOJENH SABIAETCS
OTIeHKa OImMOKM mporHo3a. Tak, B [55] npemnaraercs cieayromas oleHKa
JTUCTIEPCUH ITPOTHO3a

o2, =i+ X1, (x"x)"x,,.]. (1.54)

t+7

rac Xt+r - BCEKTOpD 3HAYCHUN HE3aBHCUMBIX INEPEMCHHBIX B MOMCHT

(t + 7). losToMy MOBEpPUTEIbHBIM MHTEPBAN ISl 3HAYCHHN 3aBHCHMOMN
[IEPEMEHHOM oIpeesieTcs B MOMEHT t Kak

Yritpvar\/l-i_IIXtT(XtTXr)_IXt (155)
s f—

rae I - equanyHbIi cTonber; t,, - 3Hayenue kputepus CterofenTa. B [14]
Haxoautcs Oonee 3QdeKkTUBHAS OIICHKA JOBEPUTEIBHOTO MHTEPBANIA IS
MPOTHO3HBIX 3HAYEHU

_ T
Yo+ g, |1+ KX, (1.56)
o t+r-1 XX,

BaxxapIM ycrnoBUEM MOTYYEHUS HAICKHBIX OLICHOK AJI MOJIETH IO
METOJTy HaWMEHBIINX KBaJpPaTOB SIBIIETCS OTCYTCTBHE aBTOKOPPEIISIIHM.
Orenka aBTOKOppesiuH 11 mmosyderHor mo MHK momenn ocyriecTs-

nsietcs o kputepuro Japbuna — Yorcona [73, 16]
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J= , (1.57)

rae T - nmuHa BpeMEHHOTO psifa.

[MomyuenHoe pacueTHOe 3HaueHUe d CpaBHUBAETCS C HWKHEH U
BepxHeit rpanunei d, u d,, kputepus. Ecim d < d;, To rumore3a oTCyTCT-
BHsI aBTOKOPPEIAUK OTBepraetcs; eciu d > d,, TO THIOTE3a OTCYTCTBHS
aBTokoppessauu npuauMaercs; ecnu d,< d < d,, To HE0OXOAUMO JANTb-
Heliniee uccnenoBanue. OMHUM W3 HU3BECTHBIX CHOCOOOB YMEHBIICHUS
ABTOKOPPEIISAINH SBJISIETCS aBTOPETPECCHOHHOE TIPeoOpa3oBaHue s HC-
XOHON WH(OpMANMA WIA TEepexod K pasHoCcTsIM, T. €. AY=Yq,i-Y
AX=X;+1-X,. Ecnu jxe aBTOKOPPENSIIHIO YCTPAHUTD HE YAAETCA, TO MONY-
YEHHBIC OICHKH CUMUTAIOTCS COCTOSATEIHHBIMH, M CPEIHEKBAIPATHIECKOE
OTKIJIOHEHHE KOPPEKTUPYETCS Ha BeMU4InHy Aj 1S j-r0o Ko punmenTa.

(1.58)

rne r; - K0dQQUITMEHT aBTOKOPPENSAIUY CIyYaliHbIX CIaraeMbIX MEPBOTO
nopsanka; Rij - koopGUIueHT aBTOKOppEIALMY VIS j-i HE3aBUCHMOM T1e-
PEMEHHOH TIEPBOTO MOPSIKA.

JIpyruM yclioBreM, HEOOXOJMMBIM JIJTsl TIOTYYEHHSI COCTOSTEIbHBIX
OLICHOK, SIBJISIETCSl OTCYTCTBUE MYJILTHKOJUTMHEApHOCTH. JleiicTBUTEeNBHO,
MpU HAJTUYUW MYJIbTHKOJUTMHEAPHOCTH OIPEICIUTENb KBAJAPATHOW MaT-

prnet [ X7 X | paBen wim GIM30K HYJTIO, CIICIOBATETEHO, MATPHIA BbI-
POKICHA, M MTO3TOMY PEIICHUS CUCTEMbl HOPMaJIbHBIX YPaBHCHHH HE CY-
IIECTBYET.

O¢deKkTHBHBIA MOAXOM K ONPENCICHUIO MYJIbTHKOJUTHHEAPHOCTH
MpEIoiaraeT CJICAYIONIYI0 MOCIeI0BaTeIbHOCTh pacueToB. [lycth pac-
CMaTpHUBaETCs ypaBHEeHHE perpeccuu y=f(xy, ..., X,). Toraa mus BeIIBIC-
HUS CYIIIECTBOBAaHUS MYJIbTHKOJUIMHEAPHOCTH TIPeIaraeTcsa KpuTepuit

X =—[N—1—é(2n+5)i|1gniri] (1.59)
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rie ‘X X ‘ - OMNpPEACIUTEIb MATPHULIBI I_X D' J), HUMEIOIINA aCHUMITTOTH-

1
yeckoe pacmpenenenue [Tupcona c En(n —1) cremensimu cBoGomsl. B

¢dopmyne (16) N — uucno HaOIMIOACHUHN MO KaXIOMY MEPEMEHHOMY, N —
YKCJI0 HE3aBUCHMBIX NE€PEMEHHBIX, MaTpulia X BKIIOYAeT 3HAYCHUS Iie-
PEMEHHBIX, TTPeo0pa3oBaHHBIX 1O (hopMmyie

~ X, —X.
X =kt (1.60)
ik Sl\/ﬁ

rae S;, X; — COOTBETCTBEHHO OIICHKU CPEIHEKBAJPaTHYECKOTO OTKIIO-

HEHUS W CpelHee 3HaueHWe AN i-i He3aBUCUMOW mepeMeHHOo#. [lanee
BBIYHCIISTIOTCST BEJINYNH

- ()?TX)ii , (1.61)
TR

ii

KOTOpBIE TIPY HEKOJUIMHEAPHOCTH TEePEeMEHHBIX ONM3KH eAWHHUIE, a TpU
HaJIMYUN MYJIbTUKOJJIMHEAPHOCTH OJHM3KM K OECKOHEYHOCTH, YTO JaeT
OCHOBaHHE OCTaBUTh WU OTOPOCHUTH IOKA3aTeNb X;, YTO OIMPEICISICTCS
N-n
n—1
v, =N-n u v, =n—1 crenensmu coboxsl. CymecTByeT eme psx
CIOCO0OB OMpe/eNieHUs] MYyJbTUKOJLUTMHEAPHOCTH, B 1mensx ycTrpaHeHus
WM YMEHBIIICHUS €€ MOKHO TIEPEXOIUTh K Pa3HOCTSM JIsl UICXOIHOM WH-
(hopmarum, UCIoIBb30BaTh METO ()aKTOPHOTO aHAIN3a WIIA METOJI TJIaB-
HBIX KOMIIOHEHT.

[Tomyuenue NPOTHO30B C MOMOIIBKD MHOTO()AKTOPHBIX PErpecCH-
OHHBIX MOJIEJIeH MpeAroaraeT HeM3MEHHOCTh 3HaYeHNH KOA((HUITUEHTOB
3THUX MoOjieJied BO BpeMeHU. TeM He MeHee B MpOoliecCe HCCIIEeIOBAHUS
00BEKTa BO3MOXKHO IOSIBJICHHE HOBON HMH(OPMANWMH, YTO TO3BOJSET C
MTOMOIIIBI0 PEKYPPEHTHOTO OIICHUBAHUA KOPPEKTUPOBATHh 3HAYCHHS OIle-
HOK kKod(ddunmenToB Moxaeneil. B To ke Bpems mcxomHas WHMopMarms
MOXKET COJIepXaTh B ce0¢ pa3inyHbIC JUHAMHKH W3MCHCHUS HE3aBUCH-
MBIX TIEPEMEHHBIX, KOTOPhIC BO3HUKAIOT B PE3yJbTaTe Pa3IUUHBIX «pe-
KUMOB» (DYHKITIOHUPOBAHUS HCCIIEyeMoro o0bekTa. B 3Tom ciydae
B2XHBIM SIBJISICTCS Kak caM (DaKT yCTaHOBIJICHUS Pa3iIUuUs IUHAMUK TPO-
IIECCOB Ha Pa3HBIX BPEMEHHBIX WHTEpBajaX, TaK M BEIOOP TAKOTO MHTEP-

CTATUCTUKOH v, = (d, —1) , uMmeer pacnpenenenne Pumepa ¢
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Baja JUIs MOCTPOCHUS HA HEM MOJICNH MPOTHO3HPOBAHUS, KOTOPBIH ObLI
OBl HamboJIee afeKBaTHBEIM OyayIIeMy MOBEeIeHUIO 00bekTa. Ecim okasbl-
BaeTCs, YTO YISl OJHOTO MHTEPBaJIa BPEMEHH ITOCTPOSHA MHOTO(aKTOpHAS

m m
MOZENb y = zaﬂ x,» @ Ul ApYroro MHTEpBala - MOACIb y, = Zal_zxi,
i=1 i=1

rae a, # @, , TO IIPOrHO3 OyJET CMENIEH, a CIIE0BAaTENbHO, PE3KO BO3pac-
TaeT JUCHEPCHsI IPOTHO3A.

ITocTpoeHre ajeKBaTHBIX PErpecCCHOHHBIX MOJEIEH s Lieyiel
MPOTHO3UPOBAHUS C MOMOIIBIO METOAA HAUMEHBIIUX KBaJIpaTOB MpPeab-
SIBIIICT K UCXOJHON WH(pOpMaIMK BechMa JKecTkue TpeboBaHus. B psge
ciydaeB 3TH TpeOOBaHUS ISl pealbHBIX HAOMIONEHU OKa3bIBAIOTCA HE-
BBITIOJTHCHHBIMHY, TTO3TOMY TOJIy9aeMbIe OIEHKU OKa3bIBarOTCS HedDdek-
TUBHBIMH, a TIPOTHO3 — HEIOCTOBEPHBIM. JleiicTBUTENBHO, TpeOOBaHUE
HOPMAJBHOCTH PACTpPECTCHUS OIMNOOK, MPEIBSIBIIEMOE K HCXOTHON
nH(pOpPMAIUN TPOIETypOH METO/Ia HAUMEHBIINX KBAAPATOB, B OOJBIIIOM
YHUCJIE CIy4aeB OKa3bIBACTCA HEBBIMOJIHEHHBIM. Tak, roBopurcs: «Hop-
MaJBHOCTH — 3TO MU(. B peamsHOM MHpe HUKOTIa HE OBUTIO ¥ HUKOT/Ia HE
OyIeT HOpPMAaJLHOTO pacrpeiciieHrus». [loaToMy B mocieaHee BpemMs UH-
TEHCUBHO pa3pabaThIBaCTCs HOBOE HAIIPABIICHUE B CTATHCTUKE—TAaK HA3bI-
BaeMasi poOacTHasi CTATUCTHKA, 337]a4ya KOTOPOH B TOM U COCTOUT,. YTOOBI
mosry4aTh d(PpQEeKTUBHBIE OLIEHKH B CIy4asX HEBBIMOJHEHUS HEKOTOPBIX
NPEANOCHUIOK, HAPUMEP HOPMAIBHOCTU PACTIPEACIICHUS, HAIUYUS aHO-
MaJbHBIX HaOmoaeHud. Mcnons30BaHNe POOACTHBIX METOMIOB MOTYICHUS
CTAaTHCTUYECKUX OIICHOK sl MH(OpPMAINH, COXEpKalle aHOMalbHbIC
«BBIOpaHHBIC» HAOIIOEHUS, TTO3BOJSET 3HAUYMUTEIFHO MOBBICUTH HAIEK-
HOCTH TIOJIy9aeMbIX OIICHOK IO CPaBHCHHIO C OOBIYHBIM METOIOM Hau-
MEHBILNX KBaJIpaToB.

1.4 Mozenu cTalmOHApHBIX BPEMEHHBIX PSAI0B
Y UX WICHTUDHUKALINS

3mech paccMarpuBaeTcs HaOOp JMHEHHBIX MMapaMETPHUCCKUX MO-
nened. Pedb 31ech uaeT He 0 MOJICTUPOBAHUH BPEMEHHBIX PSJIOB, a O MO-
JICIUPOBAHNYU WX CIy4alHBIX OCTATKOB €, MOJTYYAIOIIMXCS MOCIC ITUMU-
HUPOBaHUS U3 UCXOJAHOTO BPEMEHHOTO PsJia X, €ro HeCIyJaitHOH COCTaB-
nsiomieit. CriejoBaTeNlbHO, B OTIIMYKE OT MPOTHO3a, OCHOBAHHOTO Ha per-
PECCUOHHOM MOJETH, UTHOPUPYIOIIETO 3HAYCHUS CITYYalHBIX OCTaTKOB, B
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MPOTHO3E¢ BPEMEHHBIX PSJIOB CYIIECTBEHHO UCIIOJIL3YETCSl B3aHMO3aBHCH-
MOCTb ¥ TIPOTHO3 CaMUX CITy4aiHBIX OCTaTKOB.

BBenem o0o3HaueHms. Tak Kak 3[ecCh ONUCHIBACTCS IOBEACHHE
CIIyJailHBIX OCTATKOB, TO MOJEIUPYEMBIN BPEMEHHOU Psifi 0003HAYNM &,
u OyJeM MoJjarath, 4To MPH BCEX t ero MaTeMaTHYECKOE OKUJIAaHHUE PaBHO
Hymio, T.e. E€, = 0. BpemeHHble nocnenoBaTenbHOCTH, 00Opasyomme «oe-
JIBIH IIIyM», 0003HaYNM 0.

OmnucaHue U aHAIN3, PACCMATPUBAECMBIX HIDKE MOeeH, hopMyIu-
pyeTcsi B TepMUHAX OOIIEero JIMHEHHOTO Mpoliecca, MPeCcTaBUMOro B BHJIE
B3BELICHHOW CYMMBI HACTOSIIIETO M MPOIUIBIX 3HAYCHUH Oenoro myma, a
UMEHHO

£=>pa.. (1.62)

k=0

raeBo=1mu Zﬁkz <o00.
k=0

Takum o6pazom, Oenblii IITyM TPECTaBIAECT COO0H CEPUI0 UMITYITh-
COB, B IIMPOKOM KJIACCE PEATBHBIX CHTYaI[Ui TeHEPUPYIONINX CITydaiiHbIe
OCTaTKH UCCIIElyeMOT0 BPEMEHHOTO Psijia.

Bpemenno#i psaa € MOXHO TIPEACTaBUTH B dKBHBaJIEHTHOM (1.62)
BUJIE, TIPH KOTOPOM OH TIOJy4aeTcs B BUJIC KIACCHUECKOM JTMHEWHON MO-
JICIA MHOXKECTBEHHOW PErpeccry, B KOTOPOW B Ka4eCTBE OOBSCHSIONINX
MEPEMEHHBIX BBICTYIIAIOT €r0 COOCTBEHHBIC 3HAYCHHSI BO BCE IMPOILIbIE
MOMEHTEI BpEMEHU

&= szt_k + Jr (163)
k=1

[Tpu 3TOM BecoBbie KOA(D(UITUESHTHI TT, Th,... CBSI3aHBI OMPEICICH-
HBEIMH YCIIOBUSIMH, 00ECIICUMBAIOIINMHI CTAITMOHAPHOCTH psfa &. [lepexon
oT (2) k (1) ocylecTBIsAETCS ¢ TOMOIIBIO MOCIEI0BATEILHOM OICTAHOB-
KM B MPaBYIO YacTh (2) BMECTO €, E-,... UX BBIPAKECHUH, BEIUUCICHHBIX
B COOTBETCTBHH C (2) 1T MOMEHTOB BpeMeHnu t — 1,t —2 u T.11.

PaccmoTpum Taxoke mporiecc CMEIIaHHOTO THIA, B KOTOPOM MpHU-
CYTCTBYIOT KaK aBTOPETPECCHOHHBIC UICHBI CaMOTO TIPOIecca, TaK H
CKOJIB3AIIEee CYMMHPOBaHUE DJIEMEHTOB OEJIOTo IITyMa

£=Yre +3+3 A (1.64)
j=1

k=1
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Bynem nopapasymeBaTh, 4TO p U q MOTYT NPUHUMATh U OECKOHEY-
HBIC 3HAYCHUS, 4 TAKXKE TO, YTO B YACTHBIX CIIydasX HEKOTOpbIC (MM Jia-
ke Bce) KodpHITueHTs! TTviIH [3 paBHBI HYITIO.

1.4.1 Monenu aBroperpeccuu nopsiaka p (AR(p)-moaemnn)

PaccMoTpuM cHauana mpocTeiliire 4YacTHbIE cliyqau.

Mopenbs aBToperpeccuu 1-ro mopsimka — AR(1) (MapkoBCKuii TIpo-
mecc). OTa MOJeNb MpeACTaBiIsAeT co00H MpocTenii BapuaHT aBTOper-
peccuonHoro npouecca Tumna (1.63), koraa Bce ko3 duIMeHTE Kpome
mepBoro paBHBI HyNI0. COOTBETCTBEHHO, OHa MOXKET OBITh OIpeeleHa
BBIpaXCHHEM

€ =0 + 0O, (1.65)

rae O — HEeKOTOPBIH YUCI0BON KO3 DHUIINEHT, He TIPEBOCXOIANINMN 1m0 ab-
coroTHOM BemuunHe exuauiy (Ial < 1), a & — mocmenoBareIbHOCTD CIIy-
YaHBIX BETUYNH, oOpasyroras 6enslii mryM. Ilpu 5ToM €, 3aBHCHUT OT O U
BCEX MPEIICCTBYIONUX O, HO HE 3aBUCHUT OT Oymymux 3Hauenuii 0. Co-
OTBETCTBEHHO, B ypaBHeHHHU (1.65) O, He 3aBUCHT OT €-; U OOJee paHHUX
3HaueHui €. B cBa3u ¢ oTUM, O, HA3LIBAIOT MHHOBaIMEH (OOHOBIEHUEM).

[TocnenoBaTeIbHOCTH €, yIOBIETBOPSIONIHE COOTHOIIEHUIO (1.65),
4acTO Ha3bIBAIOT TAKKE MAPKOBCKUMHU MPOIIECCAMHU.

Mopenu aBToperpeccuun 2-ro mopsinka — AR(2) (mpomeccst FOma).
Ota monens, kak u AR(1), mpencrasiseT coboi JacTHBIA CiIydail aBTO-
PErpecCHOHHOrO MpoIiecca, Koraa Bce KodQp@UIHMEHTHI T B IPaBOH 4acTH
(1.63) xpoMe mepBBIX OBYX, paBHBI HyNMI0. COOTBETCTBEHHO, OHA MOYKET
OBITh OIPE/ICIICHA BRIPAXKCHUEM

€ =0E + M€ + &, (1.66)

TJIe TIOCIIEN0BATENBHOCTE Oy, O,,... 00pa3yeT OeNblii IIyM.
YcnoBus cranmoHapHocT psga (1.66) (HeoOXoauMBbIe B JOCTATOY-
HBIC) OTPE/ICIAIOTCS KaK

@] <2 (1.67)

a, <1-la|.
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B pamkax obmieii Teopun Mojenel Te ke CaMble YCIOBHS CTaIHO-
HapHOCTH TIONYYalOTCsI M3 TpeOOBaHWsS, YTOOBI BCE KOPHU COOTBETCT-
BYIOIIETO XapaKTEPUCTUICCKOTO YPABHEHUS JIC)AIU Obl BHE SAMHHUYHOTO
Kpyra. XapakTepUCTUYECKOE YPABHEHHE JIJIsi MOJIENIHM aBTOPErPecCUu 2-ro

nopsinka umeet B 1 —a,z — @,z = 0.
ABToKOppenanuonHas QyHKIHA mporecca FOma moacuuThIBaeTCS

crenyromuM odpa3om. [[Ba mepsbix 3HaueHus r(1) u r(2) onpeneneHsl co-
OTHOIIICHUSMU

I-a, (1.68)

a
r(2)=a'2+1_la2,

a 3HadeHus 1A 1(T), T = 3, 4,... BRIUUCIAIOTCSA C TIOMOIIBIO PEKypPPEHT-
HOTO COOTHOIIICHUS
r(t)=or(tT— 1) + dor(tT — 2). (1.69)

Monenu aBToperpeccun p-ro nopsaka — AR(p) (p = 3). Otu moze-
71, 06pas3ysl MOAMHOMKECTBO B Kjacce OOLIMX JIMHEHHBIX MOAEJCH, caMu
COCTABJISIIOT JAOCTATOYHO IMUPOKWH Kiacc monenei. Ecmu B obmel u-
HeliHoM Mozenu (1.63) mojarate BCe mapaMeTpsl T, KpOME IEPBBIX P KO-
3¢ HuIMeHTOB, paBHBIME HYITIO, TO MBI IPUXOAUM K onpeaeneHnio AR(p)-
MOJIETH

(1.70)

TJIe TIOCJIIOBATEIBHOCTD CIyYalHbIX BEIHYHH O, O,,... 00pa3zyeT Oemblii
LIyM.

VYcnoBus CTAalMOHApPHOCTH IPOIECCa, TE€HEPUPYEMOIO MOJEIBIO
(1.70), Taxoke popMynUpYIOTCS B TEPMUHAX KOPHEH €ro XxapakTeprcThye-
CKOT'0 ypaBHEHUS

l-az-ayz" —...—a,2" = 0. (1.71)
I[J'I}I CTAallMOHAPHOCTHU IIpouecca H€06XOZ[I/IMO n JOCTAaTO4YHO, 4TOOBI
BCE KOPHHU XapaKTEPUCTUICCKOTO YPABHECHHUS JICXKaIH OBl BHE CTMHUIHOTO

Kpyra, T.C. IpE€BOCXOAUIIN OBI 1O MOAYJIIO CAUHULTY.
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1.4.2 Mogenu cromp3siero cpeanero nopsaka q (MA(q)-monenn)

PaccmoTpum yacTHBIN ciydaid ob1ero nuHelHoro npotecca (1.62),
KOTJ]a TOJILKO TIEPBBIE ( M3 BECOBBIX KOd(dHUIMEeHTOB [3; HeHyieBble. B
3TO CJIydae MpoIecc UMEET BUJ

& =060 — 0,05 —...— 60, (1.72)

rae cuMBOIBI —6,..., 6, Hcronb3ytoTes I 0003HaYCHHST KOHEYHOTO Ha-
6opa mapameTpoB 3, yuactytonux B (1.62). ITpomuecc (1.72) HasbiBaeTCs
MOJIETIBIO CKOJB3AIIETO cpenHero nopsaka q (MA(Qq)).

JBoiicTBeHHOCTH B IpeacTaBieHuu AR- 1 MA-Mozeneit u moHsTue
obparumoct MA-monemu. U3 (1.62) u (1.63) BUAHO, YTO OJUH U TOT Ke
o0muii TUHEHHBIN TTpoIlecC MOXKET OBITH MpeACTaBiIeH Ju00 B Buue AR-
Mozenn 0eCKOHEYHOTo TopsaKa, Tu00 B Buae MA-Mo/enn 6€6CKOHEIHOTO
MopsiKa.

CootHomenue (1.72) MoxeT OBITh IEPETIMCAHO B BHJIE

O =€+ 6:01 + 0,05 +...+ 0,0 (1.73)
Otkyna

6I = SI - T[lsl_l - T[zst_z Teeey (174)

rae ko3gpduuuenTsl T (j = 1, 2,...) onpeenaeHHbIM 00pa3oM BBIPAKaOTCS
yepe3 mapamerpsl 6;,..., 6, CooTHomenue (1.74) MOXKeT OBITH 3aIMCAaHO
B BHJE MOJCIH aBTOpErpeccui OECKOHEYHOro Mopsaka (T.e. B BUAE 00-
pAaIllEHHOT'0 Pa3JI0KEeHMUS)

£ = Z’ij,-j +J. (1.75)
=l

WzBectHo (cm., Hampumep, [15]), d9ro yciaoBue OOpaTUMOCTH

MA(q)-mMozenu (T.e. yCIOBHE CXOAUMOCTH DPsijia Zﬂ/ ) dopMmynupyercs
J=1

B TEPMHHAX XapaKTEPHUCTUIECKOTO ypaBHeHHUs Momenu (1.75) cremyio-

UM 00pa3oMm.
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Bce KOpHH XapaKTEpHCTHYECKOTO ypaBHEHHs
2 —
1-6z-6,z —...—quq = (0 nomKHBI JeKaTh BHE SAMHUYHOIO Kpyra,

T.e. lzjl > 1 maBeex j=1,2,..., q.

Bzanmocssss npoueccoB AR(q) 1 MA(q). Caenaem psan 3amedaHuit
0 B3aUMOCBSI3SX MEXAY IMPOIECCAaMH aBTOPETPECCUU M CKOIB3SIIETrO
CPEIHETO.

JIs KOHEYHOro TMpOIecca aBTOPETPECCHM TMOpsAKa p O MOXKET
OBITh TIPEACTAaBICHO KaKk KOHEYHAs B3BEIIEHHAsI CyMMa MIPeIIeCTBYIOIIIX
€, WK € MOXET OBITh MPEACTABICHO KaK OCCKOHEYHAs CyMMa MPeIIIecT-
ByroIIUX 0. B TO e Bpems, B KOHEYHOM MPOIIECCE CKOIB3AIICTO CPEIHETO
MOpsITIKa g & MOXET OBITh MPEJCTABICHO KaK KOHEYHAsI B3BEIICHHAS CyM-
Ma TPeIIecTBYOMuX O Wik O — Kak OCCKOHEYHasi B3BEIICHHAs CyMMa
MPEIIeCTBYIOMINX €.

Koneunsrit mporiecc MA uMeeT aBTOKOPPENSIIUOHHYI0 (DYHKITHIO,
o0paIaronyocs B HyJIb MOC]e HEKOTOPOH TOYKH, HO TaK KaK OH SKBHBa-
JIeHTeH OecKoHeYHOMY Tporieccy AR, ero gacTHas aBTOKOPpENSIHOHHAS
(GhyHKIIS 6ECKOHEYHO TpOTsbKeHHas. [ maBHYr0 poib B HEll UrpaioT 3aTy-
Xarolue JKCIOHEHTHl W (WIM) 3aTyxaromue cuHycouasl. M HaoboporT,
mporiecc AR mMeeT YacTHYIO0 aBTOKOPPEISIIHOHHYIO (DYHKITHIO, 00pa-
IIAIONIYIOCS. B HYJb MOCTIE HEKOTOPOIl TOYKH, HO €r0 aBTOKOPPEISIHOH-
Has (pyHKIUS UMeeT OSCKOHECUHYIO MPOTSHIKEHHOCTh U COCTOUT U3 COBO-
KYITHOCTH 3aTYXarOIIHUX SKCIIOHSHT U WK 3aTYXArOIIUX CUHYCOUI.

[TapameTpsl mpollecca aBTOpPETrpeccHH KOHEYHOTO TOpsAKa He
JIOJDKHBI YIOBJIETBOPSITh KAKUM-HUOYb YCIOBHSM JUJIS TOTO, YTOOBI TIPO-
mecc ObuT craroHapHbIM. OJHAKO JUIsl TOrO 4TOOBI mporecc MA Obut
00paTHMbIM, KOPHH €T0 XapaKTEPUCTHUYECKOTO YPAaBHEHHUS TOJDKHBI Jie-
KaTh BHE EAMHUYIHOTO KpyTa.

CriekTp mporecca CKOMB3AMICTO CPEIHETO SBISICTCS OOpaTHBIM K
CHEKTPY COOTBETCTBYIOIIETO IIPOIlecca aBTOPETPECCHH.

1.4.3 ABTOperpeccuOHHBIE MOACIH CO CKOJB3SIIUMHI CPETHUMU
B octatkax (ARMA(p, q)-Moxaenu)

[IpencraBnenue mpouecca Tuna MA B Bulie Ipoliecca aBToperpec-
CHUU HEIKOHOMUYHO C TOYKH 3PEHHUS €ro mapaMeTpu3aluu. AHATOTHYHO
nporiecc AR He MokeT OBITh IKOHOMHUYHO TPEACTABIICH C IIOMOIIBIO MO-
JEN CKOJNB3SMIETO cpefaHero. IloaromMy s MOIydeHUS SKOHOMHYHOMN
napaMeTpu3alii HHOTIa OBIBAeT 11eJIeCO00pa3HO BKIIFOYUTH B MOJICITH KaK
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YJICHBI, OMHUCHIBAIONINE aBTOPETPECCHUIO, TaK W HIICHBI, MOJCITUPYIOIINE
OCTaTOK B BHJE CKOJB3SIIETO0 cpemHero. Takue ITWHEHHBIC IPOIECCHI
HMEIOT BUJ

€ =01E +...+ Op€E, + O — 0,0 —...— 0,0 (1.76)

Y Ha3bIBAIOTCS MPOLIECCAMH aBTOPETPECCHU — CKOJIB3SILIETO CPENHETO I10-
psinka (p, 9)(ARMA(p, q)).

Craumonapaocts U obpatumocts ARMA(p, q)-mpoueccos. 3amu-
ceiBas mpouecc (1.76) B Buge

» _
£ =20 %0, A.77
=l

rne 0, =0, 60, —...—,0,_,, MOKHO TIPOBECTH AHAJU3 CTAIHOHAP-

HocTH (8) o Toif ke cxeme, uto u ansi AR(p)-nporieccos. [1pu atom pasz-

Juune “‘OCTaTKoOB” é_qr

U O, HUKaK HE MOBIUSICT HA BBIBOJIBI, OTIPEICIISIO-
ITUE YCIIOBUS CTAITMOHAPHOCTH TIpoliecca aBroperpeccun. [loaToMmy mpo-
uecc (1.74) sBnsieTcss CTallMOHAPHBIM TOTJA M TOJBKO TOTZa, KOTNa BCE
KOpPHHM XapakTepUcTHYecKOoro ypaBHeHUs AR(p)-mpomecca nexar BHe

EAMHUYIHOTO KpyTa.

1.5 Mopenu HecTallMOHAPHBIX BPEMEHHBIX PSIIOB
1 UX HICHTUDUKAITAS

1.5.1 Mozenb aBTOpErpecCuu-npoORHTErPUPOBAHHOTO CKOJIB3SIIIIETO
cpennero (ARIMA(p, k, q)-monens)

Ota mozensb npemioxena Jxx. bokcom u I'. JIxenkuncom [15]. Ona
MpelHa3HayeHa AJs ONHUCAHHA HECTAllMOHAPHBIX BPEMEHHBIX PANOB X,
00JTaIaf0NINX CIEAYIONUMH CBOHCTBAMH:

- aHAJIM3UPYEMBI BpEMEHHOH psifl aJANTUBHO BKIIIOYAET B ce0s co-
crapysromyo f(t), IMeromyo Buj anreOpandeckoro momHoMa (OT mapa-
MeTpa BpeMEHH t) HEKOTOpoil cteneHu k > 1; mpu 3ToM KodhPHUIHeHTHI
3TOTO MOJIMHOMA MOTYT OBITh KaK CTOXaCTHYECKOH, TaKk M HEeCTOXacTHde-
CKOI IpUpO.BI;

- pan x,k ,t =1,....,T —k, nonyuuBIIniicst U3 X, HOCIE MPUMCHCHUSI

K HeMmy K-KpaTHOW mpouenypsl MeToJa MOCIeAOoBaTeIbHBIX Pa3zHOCTEH,
MOJKeT OBITh onrcaH Monienbio ARMA(p, ).
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Oto o3HaudaeT, yto ARIMA(p, k, p)-Moaens aHanmuznpyeMoro mpo-
Iecca X, MOXeT OBITh 3allicaHa B BUJIE

k — k k k _ _

X, =ox tax, ttax. +0-69,_,—-..-609,_, (1.78)

pit=p
rue
x'=Nx =x -Cix_ +Cix_,—..+ (— 1)k X,
3ameTuM, uto knaccy mojaened ARIMA npuHaiuIekuT U IpocTen-
11asi MOJEJb CTOXaCTUYECKOr0 TPEHA — IIPOLIECC CIIyYalHOTO Oy KAaHuUs
(wmm mpocTo cimydaiiHoe Omyxaanue). CiydaifHoe Oy XaaHHe OIpenems-
eTcs aHAJIOTHYHO TPOLEcCy aBTOperpeccuu mepsoro mopsiaka (1.63), Ho

TOJBKO Yy CIydaitHOTO OMyKmanus o = 1, Tak 94To
8[ = 8[_1 + 6[. (1.79)

Psii TIepBBIX pasHOCTEH CIyd4allHOTO OJyKIaHust O, MPEICTABIIACT
coboii 6emprit myM, T.e. iporiecc ARMA(O, 0). IToatomy camo ciydaiinoe
Oryxmanme BXxoauT B kKiacc mofeneit ARIMA kak momens ARIMA(O, 1,
0).

Unentuduxamms ARIMA-mozneneii. B nepByto ouepens, criemyer
roao0path mopsanok k Momenu. IlepBoIil THIT KpUTEPHS OJ00pa OCHOBAH
HA OTCICKMBAHHH MOBEICHHS BEIMUHHBI O (k) B 3aBHCHMOCTH OT K: B
KauecTBE BEPXHEH OICHKU I TOopsijika K omnpenensieTcst To 3HaueHue ko,

)
HayuHAs ¢ KOTOPOTO TEHACHITUS K YOBIBAaHHIO O (k) racurcsi U camo

3Hauenne J° (k) OTHOCHTEIHHO CTA0OMIHM3UpyeTCcs. BTopo THII KpuTepus
nonbopa mopsagka k ARIMA-monenn OCHOBaH Ha aHaIW3e IOBEIACHUS
ABTOKOPPEIAIMOHHBIX (YHKIHIT IIporieccoB Ax,, A’X,,.... MOCIEI0BATEb-
HbIe TIpeoOpa30BaHMs aHAJIM3UPYEMOTO Mpolecca X; C MOMOIIBIO orepa-
topoB A, A’,... HallC/IeHBl HA YCTpaHEHHE ero HecTalHoHapHOCTH. ITo-
3TOMy 710 Tex mop, moka 1 < k mpomeccs A'x, GyIyT 0CTaBaThCS HeCTa-
[IMOHAPHBIMHU, YTO OyAET BBIPAKATHCS B OTCYTCTBHH OBICTPOrO CIaja B
TTOBEJICHUN WX BBIOOPOYHOW aBTOKOPPEIIMOHHON (yHKImU. [lTosToMy
MPENIoaraeTcsi, 4T0 HEoOXoauMas IS TOJYYCHHUS CTallMOHAPHOCTU
crenieHb k pazHocTr A TOCTUTHYTA, €CIIM aBTOKOPPEILIITMOHHAS (DYHKITHS

k — pk
psama x, = A'x, GbICTpO 3aTyXaer.
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[Tocne mogbopa mopsiaka k anamuzupyercs yKe He caM psif X, a €r0
k-e pasnoctn. MneHTnduKaIms 3Toro psaga CBOIUTCS K UACHTH(OUKAIIAN
ARMA(p, g)mMmoneneil.

1.5.2 Mogenu psimoB, CoaepKaliux CE30HHYI0 KOMIIOHCHTY

[Tonx BpeMeHHBIMU PSIIaMU, COACPKAIUMHU CE30HHYIO KOMIIOHEHTY,
MMOHUMAIOTCS TPOLIECCHI, TIpU (POPMHUPOBAHUN 3HAYEHHUH KOTOPBIX 00s3a-
TEJIHHO MPUCYTCTBOBAIN CE30HHBIE W/UIIN UKITNIEeCKHE (DaKTOPHI.

OnuH M3 pacHpOCTPaHCHHBIX MOJXOJO0B K IMPOTHO3UPOBAHHIO CO-
CTOUT B CIEIYIOIIEM: DSl PACKJIAIBIBAETCS Ha IOJITOBPEMEHHYIO, CE30H-
HyI0 (B TOM 4MCIIe, [TUKIWYECKYI0) U CIy4allHyIO0 COCTAaBJISIIOIINE; 3aTEM
JOJITOBPEMEHHYIO COCTABJISIFOIIYIO MOJTOHSIOT MOJTUHOMOM, CE30HHYH —
psagoMm @Dypbe, MOCIE YEro MPOTHO3 OCYIIECTBISCTCS 3KCTPANOJSAIUCH
3THX MOAOTHAHHBIX 3HaueHWil B Oymymee. OMHAKO ATOT MOAXOJ MOXKET
MIPUBOJUTH K CEPhE3HBIM OMMOKaM. Bo-mepBBIX, KOPOTKHE YYaCTKU CTa-
IIMOHAPHOTO psfa (2 B 3KOHOMHYECKUX MPHIIOKEHUSIX PEIKO OBIBAIOT
JIOCTATOYHO JUTMHHBIE BPEMEHHBIE PSIIBI) MOTYT BBITJIAIETh MTOXOKHUMH Ha
(hparMeHTHl MOJMHOMHAIBHBIX WA TapMOHHYECKHUX (DYHKIHHA, 9TO TPH-
BEJIET K UX HEIPABOMEPHOH almpOKCUMAIINU U TIPEJCTABICHUIO B KAUECT-
BE HecIydalHOU cocTaBisolie. Bo-BTOpIX, naxke eciu psia IeHCTBU-
TEIHHO BKIIIOYAET HECTy4YalHbIE IONMHOMHAIBHBIE M TapMOHUYECKHE
KOMITOHEHTBI, WX (opMalibHasl almpoKCUMAIlMsl MOXET TNOoTpeOOBaTh
CJIMIITKOM OOJIBIIIOTO YHCIIa TapaMeTPOB, T.€. MOTYYaIoIascs MmapaMeTpu-
3a1ys MOJIETH OKa3bIBAeTCsS HEOKOHOMHYHOM.

[lpuHIMTIHANEHO APYroM TMOAXOX OCHOBaH Ha MOIU(UKALNU
ARIMA-Mozeneli ¢ MOMOIIBIO «yTIPOLIAOIINX ONepaTopoB». CxemMaTnd-
HO MpoILEaypa NOCTPOEHHUS CE30HHBIX MOoJeleil, ocHoBaHHBIX Ha ARIMA -
KOHCTPYKITUSAX, MOAU(HUIIMPOBAHHBIX C TIOMOIIBIO YITPOIIAIOIINX OTepa-
topoB Oy = 1 — F' | MoxeT GbITh ONMCaHA CIIEYIOIIIM 00pa3oM (JIeTalb-
HOE OIMMCAaHWE COOTBETCTBYIOIINUX MPOIEAYP CM., Harpumep, B [15]:

- TIpUMEHsIEM K HaOIomaeMoMy psaay X, omeparopbl A u [p mis
JOCTHKCHUS CTAIIHOHAPHOCTH;

- 110 BU/Iy aBTOKOPPEIAIMOHHON (DYHKITUHM PeoOpa30BaHHOTO psia

(r)

X K(t) noabupaeM nmpoOHyI0 Mojenb B kitacce ARMA- wim moauduim-
poBaHHBIX (B npaBoif yactn) ARMA-Monenei;
- 110 3HAUCHUSAM COOTBETCTBYIOIMX aBTOKOBAapHaLUil psna x,ET,l (t)

nojry4acm (MCTOI[OM MOMCHTOB) OLICHKHU MMapaMCTpOB HpO6HOﬁ MOACIH,
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JnarHoctuueckasi MpoBeEpKa MOJYYCHHOM Mojiend (aHalu3 OCTat-
KOB B ONHCAaHWU PEATFHOrO psAfa X; C MOMOINBIO TTOCTPOSHHON MOJEIH)
MOJXKET MO0 MOATBEPANUTH MPABMIBHOCTh MOJICHH, JINOO YKa3aTh MyTH €¢
YIYYIICHHs], YTO MPUBOAUT K HOBOUM MOJTOHKE U MOBTOPEHHUIO BCEH Mpo-
LEAYPBHI.

1.5.3 IIporuosupoBanue Ha 6aze ARIMA-mozeneit

ARIMA-Moaenn 0XBaTBHIBAIOT JOCTATOYHO IMHPOKHH CIIEKTP Bpe-
MEHHBIX PSJIOB, a HEOONBbIINEe MOJUGPUKAIIUN ITHX MOJCICH MO3BOJISIOT
BEChMa TOYHO OITMCHIBATH M BPEMEHHBIC PSAIBI ¢ CE30HHOCTHIO. Haunem
00cyXIeHre TIPOOJIEMBI TPOTHO3UPOBAHKS BPEMEHHBIX PSIOB C METOJIOB,
OCHOBaHHBIX Ha wucnoib3oBaHun ARIMA-mozeneii. Mbel roBOpuM 00
ARIMA-Mopensix, uMes B BUILy, UTO CIOJIa BXOAST KaK YacTHBIC CIydyau
AR-, MA- u ARMA-moznemn. Kpome Toro, 6yaem UCXOIUTH U3 TOTO, 9TO
YK€ OCYIIECTBICH MOM00p MOIXOSAIIEH MOICIH IS aHATU3UPYEMOTO
BPEMEHHOTO Psijia, BKIIOYAs WACHTH(UKAIMIO 3ToH Mojaenu. [lostomy B
TaTbHEHIIIeM TPearoIaraeTcs, 9To BCEe MapaMeTphl MOACIH YK€ OIIeHe-
HEL

ByneM mporao3mupoBaTh HEM3BECTHOE 3HAUCHUE X, | = 1 momaras,
9TO X, — ITOCJIETHEE TT0 BPEeMEHHN HaOJ0/ICHNE aHATN3UPYEMOT0 BPEMEH-
HOTO psifa, IMEIoITeecs B HammeM pacrnopspkeHnr. O003HaYMM TaKoH Mpo-
rHo3 X' .
3aMeTHM, 4TO X0Tsl X 1 X 0GO3HAUAIOT MPOTHO3 OTHOTO U TOTO
’K€ HEM3BECTHOTO 3HAYCHUS Xy, HO BBIYUCILIIOTCS OHHU IO-Pa3HOMY, T.K.
SIBIISTFOTCS PEIICHUSIME Pa3HBIX 3a/1a4.

Psan x,, anammsupyemsrit B pamkax ARIMA(p, k, q)-moznenu, npen-
ctaBuM (Tipu r060M T > k) B BUjIE

(-aL-.—a )Y 1) Clx, =5,-65,,-..-64,,. (180

Jj=0

rae L — omeparop ciBura GyHKIMH BPEMEHH HA OJWH BPEMEHHOM TaKT
Hazaj.

N3 cootnomenns (1.80) MOKHO BBIpa3HUTh X; IS JTFOOOTO T =t —
Q.- t=1,t, t+ 1,..., t + + L. [Tomygaem
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= ia,-U X+ l—ia,u' (k (—l)iC,ix,_i)+ 1—i9}.y 3. (181
J=1 i=0 =

J=l

[IpaBble 9acTH ATUX COOTHOIICHWI MPEACTABISAIOT COOOW JMHEH-
HbIe KOMOMHAIMH p + k TpemecTByomux (10 OTHOMIEHHUIO K JIEBOW Yac-
TH) 3HAYCHUM aHAIM3UPYEMOTO IPOIecca X, JOMOJHEHHBIC JTHHCHHBIMU
KOMOHMHANMSAMHU TEKYIIETO W ( MPEANIECTBYIONINX 3HAUYEHUHN CITydailHBIX
octatkoB O;. [IpuueM K03()PHUITHEHTHI, C TOMOIIBI0 KOTOPBIX 3TH JTHHEMH-
HbIC KOMOMHAIIMY TIOJICYUTHIBAIOTCS, U3BECTHBI, T.K. BRIPAKAIOTCI B TEp-
MUHAX YK€ OIICHEHHBIX ITapaMeTPOB MOJICIIH.

OTOT (akT W JaeT BO3MOXKHOCTH HCITOJIB30BaTh COOTHOIIICHHS
(1.81) mns mocTpoeHMsI MPOTHO3HBIX 3HAYCHUHN aHATHU3UPYEMOTO BPEMEH-
HOTO psna Ha | TakTOB BpemeHu Briepen. TeopeTndeckyro 0azy Takoro
rmoaxoAa K TPOTHO3WPOBAHHMIO 00ECIICUNBAECT W3BECTHBIM pe3yibTaT, B
COOTBETCTBHH ¢ KOTOPHIM HAMIYUIINM (B CMBICIIE CPEIHEKBAAPATHICCKOM
OIMOKY) JIMHEHHBIM TIPOTHO30M B MOMEHT BPEMEHU t ¢ ynpexacHueM |
SIBIIICTCSL YCJIIOBHOE MAaTEMAaTHYECKOE OXUIAHWE CIIyYalHOW BEITHMYUHBI
X1, BBIYHCIICHHOE TIPH YCIIOBUH, YTO BCE 3HAYCHUS X; JIO MOMEHTA Bpe-
MEHH t. DTOT PE3yJIBTAT ABJISCTCS YACTHBIM CITydaeM OOIIeH TEOPHH IPo-
rHo3upoBanwms (cM. [237, 198, 235]).

YcnoBHoe MateMatuyeckoe oxuganue E(Xey | Xy,..., X,) moxy4yaeTcs
MIPUMEHEHHEM OTIepalluy ycpeaHeHns k ooenm gactsm (10) mpu T=t+1c
Y4ETOM CIISAYIOIINX COOTHOIICHUH:

E(Xi1Xy,...,X) =X mpuscexj=0,1,2,...,t—1 (1.82)
E(Xwi |l X1,..., X)) = )Ac,‘i npu Bcexj=1,2,...; (1.83)
E(Xuj | X1,..., X0 =0 mpuBcex j=1,2,...; (1.84)

E(X | X1, X) = X,_, — Arl_j_l npuBcex j=0,1,2,...,t—1. (1.85)

J
Takum 00pa3zom, ompenensercs cieayromas Mmpoleaypa mocTpoe-
HUS MPOTHO3a IO M3BECTHOM 0 MOMEHTA TPACKTOPHH BPEMEHHOTO Psijia:

al
10 popmyinam (1.81) BEIMHCISIOTCSI PETPOCIICKTUBHBIC IIPOTHO3BI X,_,

Al
X

Al .
PEPRTEED X, 1O IIpEAbIAYINNUM 3HA4YCHUAM BPCMCHHOI'O psAAa; IIPU 3TOM

TPH BBIYMCIICHUN HAYAIbHBIX POTHO3HBIX 3HAYCHHH X,_ ., | AT Xi-gim
(m=0, 1,...) mo popmynam (1.81) BMecTo ycnoBHbIX cpeqHUX E(O_gim-; |
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X1s..+5 Xi-q+m), KOTOpBIE B OOIIEM CIy4ae CJIE0BAIO Obl BBIYMCIATH IO
dopmynam (1.85), moacraBnstoTcss ux OE3yCIOBHBIC 3HAYCHUS, PaBHBIC
HYJIO; HCIONb3ya (opmynsl ais T > t u npasmia (1.82)—(1.85) moxcuu-
THIBAIOTCS YCJIOBHbIE MaTeMaTHUYECKHUE OKUIAHUS ISl BBIYUCICHUS TPO-
THO3HBIX 3HAYEHUI.

OnucanHas Mpoleaypa BBIMISAUT JOCTATOYHO CIOXKHOU. OgHAKO
MpU PEATMCTUYHBIX 3HAYCHUSX MapaMeTpoB p, q U K 3Ta mpouenypa B
JEHCTBUTEIBHOCTH OKa3bIBACTCS BECbMA MPOCTOM.

1.6 A,Z[aHTI/IBHBIC MCTOAbI NPOTHO3UPOBAHUA

Cumraercs, 4TO XapaKTEPHON 4YepTOW aJaNTHBHBIX METOAOB TPO-
THO3UPOBAHUS SIBIAETCS MX CIIOCOOHOCTH HEMPEPHIBHO YUYHUTHIBATH 3BO-
JIOLUIO0 NTWHAMUYECKHX XapaKTEPUCTHUK HM3y4YaeMBIX IPOIECCOB, «IIO-
CTpanBaThCS» MO/ 3Ty IBOJIOIHIO, IPUAABasl, B YACTHOCTH, TEM OOJBIINN
BeC U TeM Ooiee BBICOKYI0 MH(POPMAIMOHHYIO LIEHHOCTH HMEIOIINMCS
HaOIroAEeHUSIM, YeM OJIM)Ke OHU K TEKYIIEMY MOMEHTY MPOTHO3UPOBAHUS.
OpHako feneHne METOIOB U MOJIETIE Ha «aJalTUBHBIC» M «HEaJarTHB-
HBIE» JOCTATOYHO YCIOBHO. B M3BeCTHOM cMBbICiE 1000 METOA POTHO-
3UPOBaHMS AJANTHBHBIA, T.K. BCE OHH YYUTHIBAIOT BHOBb MOCTYMAIOIIYIO
nH($OPMAITHIO, B TOM YKCIIe HAOIOAEHUS ClIeIaHHBIE C MOMEHTA TTOCIIE-
Hero mporroza. Obiiee 3HaUYeHHE TEPMUHA 3aKITI0YAETCs, TO-BUANMOMY,
B TOM, YTO «aJaNTHBHOE» MPOTHO3MPOBAHHE MO3BOJISIET OOHOBISATH MPO-
THO3BI ¢ MUHUMAJIBHON 3aJIEP’KKOI M ¢ TOMOIIBIO OTHOCHTEIBHO HECIIOXK-
HBIX MaTeMaTH4ecKuX mporenyp. OJHaKo 3TO HE O3HAYAET, YTO B JIFOOOH
CUTyalluu aJanTUBHBIE METOIBI dPPEKTHBHEE TEX, KOTOPHIE TPaAULIMOH-
HO HE OTHOCSTCS K TAKOBBIM.

Meroapl dKCTIOHEHIMAIbHOTO criaxkuBanus [151]. Ipocredmumit
BapHaHT METOJa y>K€ pacCCMAaTPUBAJICA B CBSI3M C 3a/1a4eil BHISBICHUS He-
CIIydailHOM COCTaBJIAIONIEH aHAJIM3UPYeMOro BpeMeHHoro psma. Ilocta-
HOBKa 33J]a4y TIPOTHO3UPOBAHUS C HCIIOJIB30BAHUEM MPOCTEHIIIETO BapH-
aHTa METOoJa JSKCIOHEHIIMAIBHOTO CIIaXHBaHUA (OpPMYTHpPYeTCs Cclie-
JYIOIIIUM 00pa3oMm.

[TycTh aHaTM3UPyEeMBIH BpeMEHHOH psia X, T = 1, 2,..., t IpencTas-
JIeH B BUJIE

X;=ag + &, (1.86)
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T7ie ap — HEU3BECTHBIN MapaMeTp, HE 3aBUCSILUNA OT BPEMEHHU, a & — CIy-
YallHBIM OCTAaTOK CO CPEJHUM 3HAUYCHHEM, PAaBHBIM HYJIIO, U KOHCUHOU
nucriepcueit. Kak m3BecTHO, SKCITOHCHIIMAIBHO B3BEIICHHAS CKOJB3SIIAS

CpeaHsad pdaa Xy B TOUKC t )_cr (A) C MapaMCTpOM CIrIIa’)KUBaHUA (r[apaMeT—

pom amantaimu) A (0 <A < 1) onpenensiercs: hopmysoit

t()=1"25 s (1.87)

t-1
KOTOpast JAeT PEIICHHE 3a/1a4H: ¥ (1) = argmin Z N (x, - a)z.
a -J
J=0
KoabduuumeHT criaxuBanus A MOXHO HHTEPIPETHPOBATH TAKKE
Kak K03()(UIHEHT AMCKOHTUPOBAHMUS, XapaKTepH3YIOIUH Mepy odeciie-
HEHHS HAOIO/ICHHS 32 CIUHUILY BPEMEHH.
Jig psanoB ¢ «0eCKOHEYHBIM MPOIUTBIM» opmyna (1.87) cBomutcst
K BUY
()=(1-2)> Vx,_,. (1.88)

Jj=0

B cooTtBercTBHM C HpOCTCﬁmHM BapuaHTOM ME€TOJa SKCIIOHCHIIU-
ol
QJIBHOTO CTJIa)XWBAHW IPOTHO3 X, I HCU3BECTHOT'O 3HAYCHUSA Xy IIO

M3BECTHOM JI0 MOMEHTA BPEMEHHM t TPACKTOPHH PsJIa X, CTPOUTCS 0 Gop-
Myie
2 =x(1), (1.89)

e 3HaYeHHE X, (/]) onpeaencHo dopmynoii (1.87) umm (1.88), cooTBer-

CTBEHHO JIJIs1 KOPOTKOT'O MM JJIMHHOTO BPEMEHHOTO psifa.
®opmyna (1.89) ynoOHa, B YaCTHOCTH, TEM, YTO TPU MOSBICHUH
cienyromero (t + 1)-ro HaOMIOAGHUS X MEPECUET MPOTHO3UPYOIICH

Al R
GyHKIMK X, = X, (/1) MIPOU3BOAUTCA C MOMOIIBIO MPOCTOrO COOTHO-
wenns X,,,(A) = Ax (1) +({1-A)x,,,.
MeToa 3KCIOHEHIUAIBHOTO CIIIAKUBAHUSI MOKHO OOOOIIMTH Ha
Ciy4ail MOJIMHOMHUAIBHON HeCIy4yallHON COCTaBIISIONIEH aHATU3UPYEMOTO
BPEMEHHOTO psija, T.€. Ha CUTyaluH, korjaa BMecto (1.86) moctynupyercs
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Xt =80+ T +...+ T + &, (1.90)

rae k = 1. B coornomenun (1.90) HavanpHasg TOYKa OTCUETAa BPEMEHU
CABUHYTA B TEKYIIUH MOMEHT BPEMEHH t, 4TO OOJIerJaeT JajbHEUIIIe
BeramciieHns. COOTBETCTBEHHO, B CXEME MPOCTEHUINEro BapHaHTa METOa

MIPOTHO3 )AC,I 3HAYCHHS Xy OyIeT ompenensaThes cooTHomeHusMu (1.90)
npuT=1wu(4)

=2, =N +a"(,2)+..+a"(, 1), (1.91)
TIIe OIEHKH d j (t,/1), Jj =0,1,....,k momyuarTcs KaKk pelmeHHe ONTHMH3A-

IMMOHHOH 3agaun

i/"(x,-,—ao—alj—...—akjk)z ~ min . (1.92)

J=0

Pemenne 3amaum (1.92) He mpencTaBiseT TPUHIUIHAIBHBIX TPYI-
HOCTEH.

PaccMoTpuMm ene HECKOIBKO METOAOB, UCTIOIB3YIOMUX HIACOIOTHIO
SKCHOHEHLIUAILHOTO CTIIa)KWBaHMA, KOTOPBIE Pa3BUBAIOT MeToA bpayHa B
Pa3IMYHbIX HaIlPABJICHUSIX.

Meton XoasTa. XonbT [195] ocnabun orpanndenust merona bpay-
Ha, CBSI3aHHBIC C €r0 OJHONApaMETPUYHOCTHIO, BBEACHUEM JBYX Mapa-

METPOB criaxuBaHust A; 1 A, (0 < Ay, A, < 1). B ero Mmomenu mporxos )ACTZ

Ha | TaKTOB BpeMEHHU B TEKYIIHl MOMEHT t TaKKe ONpeAeNseTcs JTNHEH-
HBIM TPEHJIOM BHJa

2 =a,(6.4.A,)+14,(1,4,.1,), (1.93)

rae OOHOBIICHWE TPOTHOZHPYIONUX KOI(D(PHUITMESHTOB MPOU3BOAUTCS II0
dbopmynam

Ayt +1,4,4,) = Ax, + (1= A )@, (1.4,4) +6,(1.4,4,)), - (1.94)
&1(t +L/]1’A2) =A2(&o(t +1’/]1’/]2)_&1(t’/]1’/]2))+
+(1_A2)&1(I’A1’/]2)~
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Takum 0Opa3om, MTPOrHO3 MO0 TAHHOMY METOAY SBJsieTcs PyHKIneH
MPOIIIBIX M TEKYIIMX JAHHBIX, TAPAMETPOB A U A,, a Tak)Ke HAYATbHBIX

3HaYCHHH d, (0,/11,/12) 4, (O,/]I,AZ).

Meton XoabTa—Yunrtepca. Yuntepc [236] pa3sun MeToq XoJybTa
TaK, 9ToOBI OH OXBAaTHIBAJ eIe U ce30HHBIC AP dekTrl. [Iporros, caeman-
HBI B MOMEHT t Ha | TaKTOB BpeMEHH BIIEpEJl, paBeH

5y =)o)+ 1a, (e, (1.95)

rae Wy — Ko3(Q(OUIMEHT Ce30HHOCTH, a N — YHCIIO BPEMEHHBIX TaKTOB,
COZIEpIKAIIMXCS B TIOJIHOM CE30HHOM IKiIe. Ce30HHOCTh B 3TOU (hopMyJie
NpeJICTaBIeHa MyJIbTHIUIMKATUBHO. METO MCHONB3yeT TPH IapaMeTpa
craaxuBaHust Ay, Ay, A3 (0 <A;< 1,j=1,2,3), aero popmymnsl 06HOBIIE-
HUS UMEIOT BHT

aAo(t +1) =4 e (1 _Al)[&o(t)"' &1(t)]’
I +1-N
W, = /]2 % + (1 _Az)ajm—N’

a,(e+1) = Afa, (e +1) - a, ()] + (1= 2,)a, )

(1.96)

Kak u B mpenpimymeM cirydae, MPOTHO3 CTPOUTCS Ha OCHOBAaHUU
MPONUIBIX U TEKYIIUX 3HAUYECHUH BPEMEHHOTO psijia, MapaMeTpoB ajamnTa-

i A g, A ¥ A3, a TaKoKke HaYaIbHBIX 3HAYCHUHN 4, (0), a, (O) 1 G,

AnauTuBHAs Moaeb ce3oHHOocTH Teia—Beiiaxa. B sxomomu-
YECKOM MPAKTUKE Yallle BCTPEYAIOTCA SKCIOHCHUHUATbHBIC TEHICHIUU C
MYJIbTHIUTAKATHBHO HAJOXEHHOW CE30HHOCTHIO. [10oaTOMY TTepe UCIoib-
30BaHHMEM aTUTUBHON MOJEIH WICHBI aHATM3UPYEMOTO BPEMEHHOTO Psi-
J1a OOBIYHO 3aMEHSIOT WX Jiorapudmamu, mpeodpasys SKCIOHCHIIUATHHYIO
TCHIICHIINIO B JIMHCHHYIO, a MYJIbTHIUINKATUBHYIO CE30HHOCTh — B aJUIH-
TuBHYI0. [IpeuMyIiecTBO agAUTUBHOW MOJEIH 3aKJIIOYAeTCs] B OTHOCH-
TEJIbHOW TMPOCTOTE €€ BBIYMCIMUTENIBHON peanuzanuu. PaccMoTpuMm Mo-
Ieh BUAa (B TIPEATIOIOXKEHNH, UTO UCXOTHBIC TaHHBIC TIPOJIOTapuPMUPO-
BaHEI)

X, = aO(T) ta, +90,

a, (T) =4, (T - 1) ta (T)s

(1.97)



rae ap(T) — ypoBeHb IpoIlecca MOCie AIUMUHUPOBAHUS CE30HHBIX KOJIe-
Oanwuii, a,(T) — agaUTUBHBINA KOA(DPHUIMEHT pocTa, (W — aATUTHBHEIN KO-
3¢ GHUIMEHT CE30HHOCTH, O — OEIIBIH IIIyM.

[IporHos, caenaHHBIl B MOMEHT t Ha | BpEMEHHBIX TaKTOB BIIEPE],
MOJICYUTHIBACTCS O (popmyiie

& = a,(1) +14,(1)+ ., (1.98)

rae Ko3pGUUHCHTB d,),d, W W BBIYUCISIOTCSA PEKYyPPEHTHBIM 00pasoM ¢

TTOMOIIBIO CIICAYIOMHX (OPMYIT OOHOBIICHUS

Q>

0(7):& (T 1)‘*'611(7' 1 +/1 |_x 2 1J
l(r) a(r-1)+ Ay, -2} (1.99)
PPRTISTAS

1

ISP

B 3Tux cooTHOIEHUSX, KaKk U Ipexkae, N — 4uciI0 BpeMEHHBIX TaK-
TOB, COJEPMKAITUXCS B TIOJTHOM CE30HHOM IIHMKJIIE, a Aj, Ay U A3 — mapameT-
pHI aIanTaIuy.

1.7 Meton rpynIioBoro yuera apryMeHTOB

B nacrosmee Bpemsi GOBIIYIO MOMYISIPHOCTD TSI KOHKPETHBIX 3a-
Jla4 TIPOTHO3UPOBaHMS IPUOOPETAET TaK Ha3bIBAEMBIH METOJ TPYIIIIOBOTO
yueta aprymentoB (MI'YA), npencrasnsiomuii coOoi AanbpHeHIIee pas-
BUTHE METOJla PEerpeccCHOHHOT0 aHanmm3a. OH OCHOBaH Ha HEKOTOPBIX
MPUHLMIIAX TEOpUH OOY4YEHHWS] M CaMOOPTraHU3allii, B YacCTHOCTH Ha
MIPUHIIUTIE «CEJICKITNI», WU HallpaBJIeHHOTO 0TOOpa [52,51].

MeTto peanusyeT 3aJaddl CHHTE3a ONTHUMAIBHBIX MOJENEHl BBICO-
KOU CJIOXKHOCTH, aIeKBATHOM CJIOKHOCTH HCCIIEIyeMOro oO0beKTa (37ech
MOJT MOJICNISIMU TIOHUMAETCS CHCTEMa PErpeCCHOHHBIX ypaBHeHHi). Tak,
anroputMsl MI'Y A, OCTpOEHHBIE IO CXEME MAaCCOBOM CEJIEKIIMH, OCYIIIEe-
CTBJISIIOT TIepeboOp BO3MOMKHBIX (DYHKIIHMOHAILHBIX OIMMCAHHA OOBEKTa.
[Tpu sTOM TIONTHOE OMHMcaHue 00beKTa [51]

Y=L X, s X)) (1.100)
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rae f — Hekoropas (hyHKIHS, HallpAMep CTETIEHHOW IMOJIMHOM, 3aMEHSETCS
psAAaMH YaCTHBIX ONMCAHMIA:
1-i psia cenexkuuu -
N =Sx)s v = f(0x), Vs = S(x,-%,)5
2-1 ps CeNEKINH -
2=F0nY)s =6y e G =00

UT. I

PaccmarpuBaioTcst pasiuuHble COYETAHHS BXOAHBIX H IMPOMEXKY-
TOYHBIX TEPEMEHHBIX, U ISl K&KAOTO COUYETaHH CTPOUTCS MOJEINb, IIPH-
4eM TMPH MOCTPOEHHUH PSI0B CEJIEKIIMH UCIIONB3YIOTCS CaMble PETyJIIpHBIC
nepeMeHHble. [IoHATHE pErylspHOCTH SBISETCS OAHUM W3 OCHOBHBEIX B
metosie MI'VA. PerynsipHOCTh onpeniensercss MUHUMYMOM CPETHEKBaI-
paTUYecKoi OMMOKY TIEPEMEHHBIX Ha OTIASIHHON MPOBEPOYHON MOCIIETO-
BaTENILHOCTH AaHHBIX (MCXOAHBINA Psifl JETUTCS Ha 0OYydYaIOUIyI0 U IPOBE-
POYHYIO TMTOCIIEOBATENBHOCTH). B HEKOTOPHIX ciy4yasx B KadecTBE IMOKa-
3aTeNsl PEeryNsIpHOCTH HCIONb3yeTcss KodhduuueHT xoppensmun. Psasi
CTPOSITCS 10 T€X IMOp, MOKA PETYIAPHOCTD MOBBIAETCS, T. €. CHUXKAETCA
omnOKa WIM YBEIMYMBACTCA KOA(PPHUUUEHT Koppessuud. Takum oOpa-
30M, U3 BCEH COBOKYITHOCTH MOJEJEi BBIOMpAEeTCs Takas, KOTopas SBIIs-
€TCs ONTUMAJIBHOM C TOUKH 3pEHUS BHIOPAHHOTO KPUTEPHSI.

Paccmotpum HekoTopsie anroputMel MI'Y A [51].

B anroputmax ¢ JMHEWHBIMH TOJTMHOMAMH B KayeCTBE YaCTHBIX
OTIMCaHUIl HCIIONIB3YIOTCSI COOTHOIIICHUS BH/Ia

Y. =a,tax +a,y, 0<is<m. (1.101)

ANTOPUTM CHHTE3UPYET MOMEIHU C IMOCIEIOBATEIBHO YBEIUYU-
BAIOIIMMCSI YHUCJIOM YYMTHIBAEMBIX apryMEHTOB. Tak, MOJenu MepBOTO
CEJICKIIMOHHOTO psifia BKIIOYAIOT 0 JABa apTyMEHTa, MOJIEIIH BTOPOTO PA-
Jla — TPU-YETHIPE U T. II.

ANTOPUTMBI C KOBapUAIMSIMHA U KBAJIPATHYHBIMU OTIMCAHUSMU OTIe-
PHUPYIOT C YaCTHBIMH ONMCAHUSMH BHIA

yi =ay tax; ta,x; taxx;; (1.102)

1

— 2 2
Ve = ay tax;, Yax; taxx; tax; tasx;.
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B nanHoM ciyuyae MoJeny yCIOKHSAIOTCS HE TOJMBKO 3a CUYET YBENH-
YeHHsI YWCJIa YYUTBIBAEMBIX apryMEHTOB, HO W 3a CYET pPOCTa CTETECHU
OTHCaHUs.

B anroputrmax ¢ mociaenoBaTeIbHBIM BhIICICHUEM TPEHAOB B Kaue-
CTBE TaKOBBIX PAaCCMAaTPHUBAIOTCA YPAaBHEHHS PETPECCHH IO OJHOMY apry-

MeHTy, BKmodast Bpems: f(x,), f(x,), .., f(x,).dna nocrpoeHus
MOJIeJIel CIIOJIb3YIOTCS YaCTHBIE ONMCAHUS BHIA

y=a,+taf(x)ta,f(x)+.+a,f(x,). (1.103)

AnroputM paboTaeT TakMM 0O0pa3oM, YTO BHAYAJIC BBIICIIACTCS
MEPBBIA TPEHII M PAaCcCUUTHIBAETCS COOTBETCTBYIOIIEE OTKIOHEHHE (Iep-
BBl OCTAaTOK) UCTUHHBIX 3Ha4eHUH (QyHKUMHU OoT TpeHna. [locme vero 3to
OTKJIOHEHHE aIllPOKCHUMHUPYETCS] BTOPBIM TPEHIOM U OTPEAEISAETCS BTO-
poii ocTaTok u T. A. Ha mpakTuke BBIACISIOT A0 MATH-LIIECTH TPEHAOB.

Cpenu ocHOBHBIX anropuT™MoB MI'Y A HanOomnbiuii HHTEpeC npen-
CTaBJIsIeT 000OIIEHHBIN aITOPUTM, 00ECIICUNBAIOIINN TTOJTyICHHEe Hanbo-
Jiee TOYHBIX MOjeneil Ojaromapsi MCIIOIb30BaHUIO B KaueCTBE OIMOPHOM
(YHKUIMY aJIUTHBHON W MyJIbTUILTMKATUBHON Mozemel TpeHnoB [S1].

C 1enbi0 COKpAIIeHUs Yrcia BXOIHBIX apryMEHTOB B 0000IIIEHHOM
aNTOPUTME HCIIONB3YETCSI PACCMOTPEHHBIA BBIIIE AITOPUTM IIOCIE0BA-
TENBHOTO BBIJIEJICHUS] TPEHAOB AJs BBHIOOpAa ONTHMANBHOW OMOPHOU
(YHKLIMH, TOCIIE Yero OCYIIECTBISIETCS Mepedop BceX BO3MOMKHBIX KOM-
OWHAIMi BBIZCICHHBIX TPEHIIOB, MO0 B KJIacce CyMM, JIMOO B Kjacce
npowsBeneHui. [1ycts, HanpuMep, BEIOpaHa 3aBUCUMOCTD

G = O+ f[i(x)+ [,00)+ fi(x) + fi(x,). (1.104)

O600menubii anroput™ MI'YA mpemycmarpuBaer mepedop nBe-
HaamaTyu KoMOuHanuii [51]
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P = FO+ [Lx) + [,(0) + f06) + f,(x,);
P = FOF [i(x) + fo(x,,%5,%,);

P, = fO)+ fi(x) + f,(x, %5, %,);

G = F(O+ [i(x) + (x5, %5, x,);

G = FO+ fi(x) + fr(x, 5. X,);

P = FO+ [ix) + () + f5(55,x,); (1.05)
P = FO+ [ix0) + [(6) + f3(x,,X,);

G = FO+ [ix) + f(x) + f5(5,,%3);

P = FO+ [i(x) + f,(6) + f3(x,x,);

P = FOF [ilx) + fo(x) + f5(x,x,);

P = FO+ [i(x) + f00) + f3(x,%,);

P = f(O+ fi(x, X, X3, X,).

B pesynbrare nepebopa onpezaensercss KOMOWHaNWs, Jaromasi Hau-
0oJiee peryIapHOe peIIcHHE.

B cinyuasx xorza mporecc OmMChIBaeTCsl OOJIBIIMM YHCIIOM Iepe-
MEHHBIX, HCHOJIB30BaHHE OOOOILECHHOTO ANrOpHTMa 3aTPyIHEHO W IS
COKpaleHus mnepedopa PeKOMEHAYETCS MPUMEHATh alTOPUTM C MHOTO-
(ha3HOM ceneKIeil MPOeKTOPOB (OTIEpaTOPOB OPTOTOHAIHLHOTO MPOCKTH-
poBanust). [lonsarue npoexropa BBegeno B MI'YA mo ananoruu ¢ rpadu-
YECKUM TPEACTABICHUEM METOAA HAaUMEHBIINX KBaJpaToB, COIJIaCHO KO-
TOPOMY BEKTOP BBIXOJHOI BEIMYHMHBI IPOEKTa PyeTCsl HA IUIOCKOCTb ap-
ryMEHTOB. B cooTBeTcTBUU ¢ 3TUM Bce anroputMmbl MI'YA paccmarpu-
BalOTCA KaK BapUaHTHl IOCJIEI0BATEIBLHOIO MPOSKTUPOBAHUS BBIXOJHOU
BEJIMYMHBI Ha IJIOCKOCTH MEPEMEHHBIX Ha KaXJIOM Py CEIEKIHH.

BriOupast onpeneneHHbIN B ollepaTopa MPOESKTUPOBAHUS, MOXKHO
MOJIy4YUTh TOT WM WMHOW aimroput™ MI'VA. Hampumep, B amropurme
MI'VA c nocnenoBaTeIbHBIM BBIJCICHUEM TPEHOB BBIXOJHAs BEINYMHA
y IPOEKTUPYETCS TOJIbKO HA IEPBOM psAy, Janee MPOEKTHPYETCS YKe

ocratok Ar =y — f Ha ocu Hauboiee dpHEKTHBHON MEpeMEHHON. ATl-
MPOKCUMAIIMOHHAS ()YHKITHSI UIMEET BU]T

fon =P@+PA A+ +PA (1.106)

59



rae P,A, —4acTHOe onucanue B BuJie IONMHOMA CTenerH [ o o/iHoM 3
Hanbonee 3p(HEKTUBHBIX [IEPEMEHHBIX X; OTOMPACMBIX [0 KOO (HIIICH-
Ty koppemsiumu: 0 </ < m; B; — onepartop OpTOroHaILHOTO MPOEKTHPO-

_l.o 1
BaHHUS Ha MOANPOCTPAHCTBO Lj —{xi s Xiy ey xm},

1 1
l<j<(m+1)S, j=11.Onepatop P, MOKHO NpENCTABUTL B BUIIE
CYTIEPIIO3UITUH MTPOSKTOPOB, COOTBETCTRYIOIIMX PA3IUMYHBIM AJITOPUTMAM
MI'VA. Takum o6pa3oM, BeIpaxkeHUe Ui f, ., 3aJaeT MHOXECTBO aJro-

putMoB MI'V A, oTinyaronmxcs no cnoco0y NpoeKTHPOBaHHS OCTaTKa.

B psge cmyuaeB ans ynpouieHus BHIa YaCTHBIX OMKCAHWH M MPO-
CTOTHI OTIPE/ICTICHHS OLIEHOK MX KO3 (UIIMEHTOB HCIIOIB3YIOT IPHUEM Op-
TOTOHAJTU3ALUU [TEPEMEHHBIX.

HemnocpencrBennoe ucnons3oBanne MI'YA is 1ie1eil mporHo3u-
pOBaHUS OCHOBBIBAETCS HA TEOpEMax, M3JIOKEHHBIX B [52, 51].

1. IIpu m060oM pa3zeneHur MOJIHOTO MOJIMHOMA 3aJaHHON CTeTIeHU
Ha YacTHBIC TMOJMHOMBI KPUTEPHH MHUHHMYyMa CPEIHEKBaIpPaTUYCCKON
OIMOKHY, OIpeneseMoil Ha oOydJarome MoCcaea0BaTeILHOCTH (TIEPBhIi
KpUTepuil), MO3BOJISET OJHO3HAYHO OMNPEIACIUTh ONTHUMANbHBIC OICHKU
BceX KO3((UIIMEHTOB, €CIM YUCIIO TOYEK B 0Oydaromeil mocie1oBaTelb-
HOCTH OOJIBIIE YHCIa YWICHOB KaKIOT0 M3 YACTHBIX MOJMHOMOB IO Kpaii-
HeWl Mepe Ha eAMHUILY.

2. Ilpu 3a7aHHOM CTEMEHU MOJHOTO MOJMHOMA UMEETCS MHOTO Ba-
pUAHTOB Pa30MEHUs ero Ha YacTHhIC MOJUHOMBL [lomHbIl mepebop Bcex
KOMOMHAIIMK 1O KPUTEPUIO CPETHEKBAAPATHUECKON OIMMOKH, M3Mepsie-
MOI Ha OTAENBHOW MPOBEPOYHON MOCIEAOBATENBHOCTH JAaHHBIX, MO3BO-
JIeT HalTH €IMHCTBEHHOE HAaWIy4lllee pa3/Ie/IeHuE.

3. Ilpu mocTeneHHOM HapacTaHWW CTETIEHH TOJIHOTO TOJIHHOMA 10
HEKOTOPOT'0 OTPaHWYEHHOTO 3HAYEHHS OMMOKa Ha MPOBEPOYHOI moce-
JIOBaTEIBHOCTH JINOO HEMpPEpPBIBHO MANacT, JIMOO MMEET MUHHMYM IIO
KpaiiHel Mepe MpY OJIHOM 3HAYEHUU CTETICHHU.

4. Ecny TOYKHM paH)KMPOBAHBI 110 BEIMYMHE TUCTIEPCUH, TO IMEETCS
€MHCTBEHHOE 3HAUYE€HUE OTHOIIEHHS YHCIA TOYEK MPOBEPOYHON IMOCIHE-
JOBAaTENBHOCTH K YHCIY TOYEK OOydYaromiedl MociefoBaTelIbHOCTH, HPU
KOTOPOM JOCTUTAETCS MHHUMYM YFHCIIa PSJOB CEIEKIMH U CTETIEH! TI0J-
HOTO TIOJINHOMA.
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5. B mHOTOpsmHOM Tporecce anroputMoB MI'YA cpenmHekBaapa-
TUYecKas ommroKa OT psAAa K psAAy He MOXKET BO3pacTaTh HE3aBUCHMO OT
MyTH, TI0 KOTOPOMY UJCT CEICKIIHSL.

B kadecTBe KpUTEpHEB NONYYCHHS ONTHUMAIBHOW MOJCTH II0
MI'YA wiu KpuTepus peryaspu3aniy (TOYHOCTH) UCTIOIB3YIOTCS KpUTe-
pru [51]: & (2) — min u A(l) — min, rue A(l) — Cpe/lHeKBapaTHye-
CKasg OIMOKa Ha TPOBEPOYHON IOCIIEIOBATEIHLHOCTH MaHHBIX (TIepBas
PA3HOCTB PeAbHBIX ¥ MPOTHO3HBIX 3HaueHHH); A (2) - CpeIHeKBapaTH-
Yyeckas OmMOKa IMpupalieHnid (BTopasi pa3HOCTh 3THX 3HaueHuit). Tak, mo
KpUTEPHUIO A(l) — min pacyer MPOBOIUTCS CACAYIOMMM oOpazom [51]:

1. ITo 3agaHHOMY ypaBHEHHIO PErPECCHH IS IEPHOAA YIPEKACHUS
nporroza T, =1 n nepuona npensicropun T, =2 crpoutcs 3aBucH-
MOCTB X(t).

2. Haxondarcsa paccornacoBanus [x*(t)-x(t)] 1 Bcex TOYEK MpoOBe-
pouHoii nocaenoBarenbHOCTH (Nyp), X*(t) - peanusanuu npouecca, X(t) —
MIPOTHO3HBIE 3HAYCHMS.

3. PaccunthiBaeTCs BENMYMHA OIIUOKH

np

()-— Z[x(t) xof: a)=

EIOO% (1.107)

Pacuer o kpurepuro N (2) MpOBOAUTCS MO cxeMe [51].

I.Tlpu T, =1, T, =2 npu nomomm npsaMoro o0y4eHus 10 ajro-
putMy MI'Y A HaxomWUTCS YpaBHEHUE PETPECCUU IJIS OITMOKH, HATIPUMED:
Dxy=f (Ax_l,Ax_z,x_l,x_z). 3arem ctpoutcs kpuBas Ax(f) mis kax-
JIOTO YaCTHOT'O YPaBHEHUS PETPECCHH.

2. HaxomsaTcs pasHOCTH |_Ax'](t) —Ax(t)J IUISL BCEX DKCIIEPHMEH-

TaJbHBIX TOYEK.
3. PaccuuTeIBaeTCs BEJIMYMHA OIIHOOK

5*(2)= \/ Z [AxD(t) Ax, ()| (1.108)

N-T,
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N()= 6*(2)100% (1.109)

N ! ; N o}

2
Hcnons3oBanue kpurepus A°(2), Kak MOKa3pIBaeT aHAIN3, OBbI-

IaeT TOYHOCTh mporHo3a. Meronm MI'YA moxker ObITh 3)(hEeKTUBHO UC-
MOJIB30BaH IS MOJTYYEHHUS TaK HA3bIBAEMBIX «CUCTEMHBIX MHOTOKPATHBIX
nudGepeHInaTBHBIX MPOTHO30B». 1101 crucTeMoli B JAHHOM CITy9ae MOXK-
HO TIOHMMATh TPYIITY ONPECIICHHBIM 00pa30M CBSI3aHHBIX MEXIY COOOU
«BXOJIHBIX» M «BBIXOJIHBIX» ITOKa3aTeJIeH C 3alaHHBIM OTMCAaHNEM CBSI3EH,
3JIEMEHTOB, MIPOIECCOB, CTPYKTYPHI.

st monmydeHus MpPOTHO30B MOBEICHUS CIIOKHBIX CHUCTEM IMpPEAIo-
JlaraeTcsl BBIMOJTHEHHUE ONPeIeNICHHBIX yeIoBui [52, 51]:

1. I'paHAIIBI CHCTEMBI BBIOMPAIOTCS TAKUM 00Pa30M, YTOOBI MOYKHO
OBUIO MCKJIFOYUTH JIUIIh HAUMECHEE BaXKHBIC CBSI3U CHCTEMBI C BHEIIHCH
cpenoi.

2. CucteMa BKIIIOYAET OMPEICICHHOE YHCII0 TTepeMeHHBIX M 1 00-
patHbIX cBs3eit f. [ momydeHuss HaZie)KHOTO TIPOTHO3a MPH TIOCTPOSHHUH
MOJIEJIH JIOCTATOYHO HUCIIOJIB30BaTh JIt00bie m = M — f mepeMeHHbIE.

3. BeiOpaHHble mepeMeHHbIe He JODKHBI TOBTOPSITH APYT APYTa.

4. TImoxo MpOrHO3WpYyeMble MEepEeMEHHBIE CIeAyeT HCKIIOYUTH W3
MOJICIIH.

[IporHo3 Ha3bIBaeTCS CUCTEMHBIM, €CIIM OJHOBPEMEHHO MPOTHO3U-
pytorcs He MeHee T XapaKTepUCTHYECKUX MEePEeMEHHBIX CUCTEeMEI. [lepe-
MEHHBIE NMPOTHO3UPYIOTCS OTHOBPEMEHHO, IIar 3a Imarom. [Ipu atoM ycT-
paHseTca OJUH U3 OCHOBHBIX HEJOCTATKOB OJTHOKPATHOI'O IMPOrHO3a — ap-
TYMEHTHI YPaBHEHUH MMPOTHOZUPOBAHUS «HE CTAPEIOT» (HOCAT IMOCIIEIHIE
10 BpEMEHH OTCUETa UHIEKCHI).

MHOTOKpATHBIN MPOrHO3 MOKHO BECTH Ha OCHOBE Kak anreOpaunde-
CKUX, TakK U nu¢depeHInatbHbIX WIH HHTETPATBHBIX YPaBHEHUH.

[Ipu momydenuu monrocpoyHbIX UG (EepeHINATBHBIX MTPOrHO30B
BXKHBIM SIBIISICTCSI YCTAHOBJICHUE YCTOMUMBOCTU IOBEJCHUS CHUCTEMBIL.
HauGonee pacrnpocTpaHeHHBIM CIIOCOOOM YCTaHOBJICHHUS 00JacCTH yCTOM-
YUBOCTU (J1s1 TIMHEWUHBIX MOJEJeil) ABJISI0TCS MeToIbl JIsimyHOBa, KpUTe-
puu I'ypBuna — Payca.

[Ipu peanmzanuy IpPOrHO30B BaXKHO YCTAHOBUTH KPUTEPHUI KadecT-
Ba TIOJIYYCHHBIX IPOTHO3HBIX pe3yiabTaToB. B [53] ycTanaBmmBaeTcs
cBOeOOpa3Has nepapxus KpUTEpHeB MPOTHO3a B 3aBUCUMOCTH OT TIIyOH-
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HBI TPOTHO3WpPOBaHMA. Tak, IJs KPaTKOCPOYHOTO MPOTHO3a B Ka4eCTBE
KpUTEepHUsl CENIEKIINY TPeIaraeTcs MCIOIb30BaTh KPUTEPUN pPEryIspHO-
CTH — BEIIMYMHY CPEAHEKBAIPATHUCCKON OIMIMOKH, OTIpeACIseMOl Ha TOY-
KaX MPOBEPOYHOHN TMOCIEIOBATEILHOCTH, HE YYACTBYIONICH B IMOTYYCHUU
OIIEHOK K03 UIMeHToB. s cpeqHecpOYHBIX MPOTHO30B MpeAiaraeTcs
WCIIONIb30BaTh KPUTEPUI HECMEIIEHHOCTH Kak Ooiee ¢ dextuBHbIA. [Ipn
HaTMYUM WHOOpPMANUU 00 M3MCHEHHWU B3aWMOCBSI3aHHBIX ITEPEMEHHBIX
MOSIBIIAETCS. BO3MOXKHOCTh HCIIONB30BAaTh KPUTEPHA, KOTOPBINA SBIAETCS
OHUM W3 HambOosee dPPEKTUBHBIX MPH IOITOCPOTHOM ITPOTHOZHPOBA-
HUU, IMCHHO KPUTEPHUI OanaHca MEPeMEHHBIX, T. €. MUHHUMU3AIHUN CyM-
MBI KBaJIpaToOB PacCOTJIACOBAHWN CaMUX 3HAYEHHH MPOMEXYTOYHBIX Iie-
PEMEHHBIX U UX MOJICNIbHBIX MpeJICTaBlIeHUN. JJaHHBIA KpUTEpUi ompeie-
JIET «KECTKOCTh», HEM3MEHHOCTh CTPYKTYPHI HCCISTyeMOTO O0BEKTa.

1.8 Teopus pacno3HaBaHus 00pa3oB

BecpMma nepcneKTUBHBIM B HACTOSIIIEE BPEMS SIBICTCS HCIIONB30-
BaHWE I TIPOTHO3UPOBAHUS METOJIOB TEOPHH PacIO3HaBaHHUS 00pa3oB.
HemocpencTBeHHO ¢ MCIIONB30BAHUEM JTOM TECOPHUHU PEIIAeTCS KOMILICKC
3aJla4, UMECIOIUX Ba)XKHOE 3HAYCHHE B MPOTHO3UpoBaHuM [4, 24, 25, 67,
75, 105, 126].

YKe WCTOJIb30BaHHUE DKCTPAIOJSIIMOHHBIX METOJOB IJIST MPOTHO-
3UPOBAaHUS BPEMEHHBIX PANOB MpeAnoiaracT OAHOPOJHOCTh JUHAMUKHU.
JleicTBUTENBHO, UCXOAHBIA BPEMEHHOU Psifl, ABIAIOIIUICS OCHOBOM IMPO-
THO3WUPOBAHMSI KaKOTO-THO0 Tporecca, MOXKET COJIEPKaTh B cebe MHTEp-
Ballbl, BHYTPH KOTOPHIX TWHAMHKA XapaKTEePU3YeTCS OIPEICIICHHBIMU
OTIUYHBIMH OT JIPYTMX WHTEPBAIOB yCIOBHUsIMH. ECTECTBEHHO, 3TH HH-
TepBaJbl HA MEPCIEKTHBY MCKAXAIOT TOJMYYCHHBIN MPOTHO3HEIN PE3yIb-
TaT. B 3TOI CBs3M BO3HHMKAET HEOOXOIMMOCTH YETKOI'O BBIJCICHMS TEX
WHTEPBAJIOB, JIJI1 KOTOPHIX XapaKTepHa OJHOPOHAs TUHaMKKa. Perenue
ATOrO BOMpOca 3PGEKTUBHO PEATU3YETCs C MOMOIIBI0 METOJIOB TEOPUU
pacro3HaBanms 00pa3os [126].

JpyruM Ba)KHBIM TPHJIOKEHUEM TEOPUHM Paclio3HaBaHUS 00pa3oB
JUTSL TIOJIy4E€HMsI TIPOTHO30B SIBJISIETCS ONKCAaHUE M MPOTHO3UPOBAHUE MO-
BEIICHUS KaKOro-THOO0 OOBEKTa M0 HA0Opy MPHU3HAKOB, OMPEHACIISIONINX
IOBEJICHUE PTOI'0 OOBEKTA.

[Ipouienypa mporHo3upoBaHus Ha OCHOBE METOJOB Pacro3HaBaHUs
00pa3oB COCTOUT B TOM, UTO BEIOMPAIOTCS KJIACCHI COCTOSIHUUA HCCIIEHye-
MBIX 00BEKTOB, KOTOPBIE MOTYT OBITH 3aJIaHBI KaK JUana3oHaMH M3MEHe-
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HUAS HEKOTOPBIX IMapaMeTPOB, TaK W OIPEACICHHBIMH KaueCTBEHHBIMU
XapakTepucTUKamMu. [0 COBOKYIMHOCTH MPHU3HAKOB, OMPEIEIISAIONINX CO-
CTOSIHUE OOBEKTOB, HAXOJWTCS COOTBETCTBHE MPUHAIICKHOCTA KAXKIOTO
HOBOTO 00BEKTa (MM 00BEKTA B OyIyIIEeM MOHSATHH BPEMEHH) K OIpee-
JIEHHOMY KJIacCcy. DTO TMO3BOJISICT aTh IMPOTHO3 COCTOSIHHUS O0BEKTa WU
yKa3aTh JMANAa30H U3MEHEHUS MapaMeTpPOB, XapaKTEPHU3YIOIIMX €ro Ha
MIPOTHO3UPYEMBIN IEPHUO/I.

OnHoM M3 BOXKHEWIIUX TIPOOJIeM, BO3HUKAIOIINX IPH ITOTYICHUH
KOHKPETHBIX IPOTHO30B, SBIISICTCSA OICHKA MCXOMHON mHbopmarmu. [Ipu
MPOTHO3UPOBAHUM PA3BUTHS CIOXKHOM CHUCTEMBbl BO3HUKAET CUTYyalus,
KOrJa IOBEJCHHE CHCTEMBI MOKET OBITH OIHCAHO C IOMOIILI0 MHOTHX
pa3IMYHBIX TOKazaTesneil. Peanuzanusi mporHo30B Mo BCEl COBOKYITHOCTU
ATHX IMOKA3aTeNel MPUBOIUT K HEOOXOIUMOCTH YUUTHIBATh U B3aUMOCBS-
3M MEXKJy HUMH, 9TO Moa4ac ObIBACT BEChMa 3aTpyAHUTENbHO. CHUTyanus
obJerdaercs, Korma il peain3allii TPOTHO30B HCITOJIB3YeTCs armapaT
pacro3HaBaHmsi 00pa30B M MPOTHO3UPYIOTCS BO3MOXKHEIE BapHUAHTHI pas-
BUTHUSI CIIO)KHOU CHUCTEMBI. B 3T0# CBS3M BakHOU sABISECTCA 3a/adya ompe-
JIEJICHUS KauecTBa UCXOHOW HHPOPMAIINH, T. €. pACCMATPUBAEMBIX ITOKa-
3aTenen, AJi1 BO3MOXHOTO OITMCAHUS UCCIEAYEMOU CUCTEMBI.

WNHTepecHbIM ABISETCS MPU MOCTPOCHUU MPOTHO3HBIX MOJENIEH
KCIIOJIb30BAaHUE COUYCTAHUN METO/IOB, HAIPUMEDP PErPECCUOHHOTO aHAIN3a
Y pacro3HaBaHUs 00pa3oB.

1.9 IIporuo3upoBaHue ¢ UCMOJIL30BAaHUEM HEHPOHHBIX CETeH,
HCKYCCTBEHHOTO HHTEJUIEKTA  TeHETUYECKUX aITOPUTMOB

JKecTkue craTHCTHUYECKHE MPEIIOKCHHS O CBOMCTBaX BPEMEHHBIX
PAZOB OTPAaHUYUBAIOT BO3MOXKHOCTH METOJOB MAaTEMAaTHYECKOW CTaTH-
CTHKH, TCOPUU PaACIO3HABAaHUS 00pa30B, TCOPUU CITyHIalHBIX TIPOIECCOB U
T.11. JIeJ0 B TOM, YTO MHOTHE peajibHbIe MPOIECCHl HE MOTYT aIeKBaTHO
OBITh OMHCAHBI C TIOMOIIBI0 TPAIUIIMOHHBIX CTATUCTHUECKUX MOJICNICH,
MTOCKOJIBKY TIO CYTH SIBIISIIOTCSI CYIIIECTBEHHO HETMHEHHBIMU U UMEIOT JTU-
00 XaOoTHUYECKYI0, TUOO KBA3HUIICPHUOIUUYECKYIO, JTUOO CMEIaHHy (CTO-
XaCTHKa + Xaoc-IMHAMHUKa+IeTepPMUHN3M) OCHOBY [14 ,20, 21].

B nanHHO# cuTyanuu ajieKBaTHBIM ammapaToM IS PEIICHUS 3a1adu
JUATHOCTUKHM M IPOTHO3UPOBAHMS MOTYT CIYXHTh CIICIHAaIbHBIC HCKYC-
cTBeHHBIE cetu [29, 36, 104, 109] peanm3yromue UaeH NpeacKa3aHus H
KJIACCU(PUKAIUY TIPU HAJTWYUU O0OyYaAIONINX IOCIIC0BATEIBHOCTEH, MPH-
4eM, Kak BeChMa IICPCIEKTUBHBIC, CIEAYET OTMETUTh pPaIUaNbHO-
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0a3uCHBIE CTPYKTYPHI, OTIMYAIONINECS BBICOKOW CKOPOCTHIO OOYyUEHUS U
YHHUBEPCAITHHBIMH aIMMIPOKCUMHUPYIOMIUMHA BO3MOXKHOCTIMH [114].

B ero ocHoBe HEHPOWHTEIUICKTA JIS)KUT HEUPOHHAS OpraHU3aIHs
HCKYCCTBEHHBIX CHCTEM, KOTOpas UMeeT OMOIOTMYECKHE MPEAOCHUIKH.
CrocoOHOCTh OMOJIOTHYECKUX CHUCTEM K OOYUICHHIO, CAMOOPTAHU3AINH H
ajanTanuy obyagaeT OONBLUIMM MPEUMYIIECTBOM 110 CPaBHEHHIO C COBpE-
MEHHBIMU BBIYHCIUTEIHLHBIMU cUCTeMaMHu. [lepBble Imaru B 00JIaCTH HC-
KYCCTBEHHBIX HEHUPOHHBIX ceTedl cmenmamm B 1943 1. B.Mak-Kamox u
B.Ilutc. OHM moKa3anm, 9TO MPHU ITOMOIIHM IOPOTOBEIX HEHPOHHBIX dIIe-
MEHTOB MOKHO PEajH30BaTh MCUUCIICHUE JTFOOBIX JIOTHYECKUX (PYHKIUN
[36]. B 1949 1. Xe60 mpemioKmT IpaBmiIo 00ydIeHHs, KOTOPOE CTaI0 Ma-
TeMaTHIeCKOW OCHOBOM UIsI OOydYeHHUs psaa HEHpOHHBIX cerei [29]. B
1957-1962 rr. ®@. Po3eHONATT MpEeAIORKII U UCCIEA0BAI MOJIENIb HEHPOH-
HOM ceTH, KOTOpyIo OH Ha3Bai nepcentpoHom [104]. B 1959 r. B. Buapoy
u M. Xodd mpenmoxxuimu mporeaypy oOy9IeHusI I THHEHHOTO alalTHB-
Horo anemerTa — ADALINE. Ilporexypa o0ydeHus moyrydriia Ha3BaHUE
"nensra mpaBuwiio” [36]. B 1969 r. M. Munckuii u C. [laiinepT omyomuko-
Bamn MoHorpaduro "llepcenTpoHbl”", B KOTOpOH OBUT IaH MaTeMaTH4e-
CKM aHaJH3 MEPCENTPOHa, U MMOKa3aHbl OTPAHUYCHHA, IPUCYIIHE eMy. B
80-e TO/IbI 3HAYUTEIBHO PACIIUPSIOTCS UCCIEAOBAHMS B 00JaCTH HEWPOH-
HeIX cereil. JI. Xondwmng B 1982 r. nan aHanus yCTOMYMBOCTH HEHPOHHBIX
ceTell ¢ OOpaTHBIMU CBS3SIMU U TIPEIIOKMI UCIIONB30BaTh UX IS pellie-
HUM 3ama4 ontumuzaunu. T.KoxoHeH pa3paboTan u nccieaoBall caMoop-
TaHU3YIONUECS HEUPOHHBIE CEeTU. Ps aBTOPOB MPEMIONKWIT alTOPUTM
00paTHOTO pacIpOCTpPaHEHNE OIMMNOKH, KOTOPBIA CTal MOIIHBIM CpPEZICT-
BOM JUIsI O0ydYeHWsT MHOTOCJIOWHBIX HEHpOHHBIX ceTedt [29, 36, 104]. B
HacTosee BpeMs pa3paboTaHO OOJBLIOE YHCIO HEHPOCHCTEM, MpHMe-
HSEMBIX B Pa3UYHBIX OOJIACTSAX: MPOTHO3UPOBAHUHY, YIIPABICHUH, JHAr-
HOCTHKE B MCIUITMHE W TEXHUKE, paclio3HaBaHuu o0pa3oB u 1.1 [1, 4, 28,
47,51, 52].

Hetiponnas cemv — COBOKYITHOCTh HEHPOHHBIX DJIEMEHTOB U CBSI3EH
MexXay HAMH. OCHOBHOM dJIEMEHT HEHMPOHHOW CETH - DTO ¢hopmanbhbiil
HelpoH, OCYIIECTBISIONIUN ONepaliio HEIMHEHHOTO MpeoOpa3oBaHus
CYMMBI TIPOU3BEICHUH BXOIHBIX CUTHAJIOB Ha BECOBBIC KOA(PPUIIMCHTHI

v :F(Z w,.x,.]F(WX), (1.110)

i=1
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— T
rae X =(x,xy,0,X,) - BEKTOD BXOJHOIO CUTHa-
na;W =(w,,w,,...,w, ) BecoBOil BekTop; F - omepaTop HEIMHEHHOTO

npeoOpa3oBaHHUA.

Jnst oOydeHusi ceTr UCTIONB3YIOTCS Pa3IMYHbIE aTOPUTMBI 00yde-
Husa ¥ ux Momudukaruu [9, 11, 22, 42, 70, 139]. O4enp TpyaHO ompene-
JIUTh, KaKOl 00yJaronuii anroputM OyIeT caMbiM OBICTPBIM TP pere-
HUW TOW WJIM MHOHU 3amaun. Hanbonpmmii mHTEpEC I HAC TPEICTaBIsAET
aneopumm 06pamHo20 pacnpocmpaneHus OuuoOKy, Tak Kak sSBisieTcs 3¢-
(DeKTUBHBIM CPEJCTBOM ISl OOYYCHUST MHOTOCIIONHBIX HEHPOHHBIX CeTei
MpsIMOTO pacnpocTpaHeHus [85, 127]. Anroput™M MUHUMHU3UPYET CpEIHE-
KBaJpaTHIHYIO OMMOKY HEUPOHHOU ceTH. /{7151 3TOro C 11eIhI0 HaCTPONKH
CHUHAINTUYECKUX CBSI3€d HCHOJB3YETCS METOJ| TPaJAUCHTHOTO CIIyCKa B
MPOCTPAHCTBE BECOBBIX KOA(D(PHUIIMEHTOB W TMOPOTOB HEHPOHHOW CETH.
CrnemyeTr OTMETHTbH, YTO HACTPOWKH CHHANTUYECKHUX CBA3CH CETH HCIIONb-
3yeTcsl He TOJIBKO METOJ TPaIUEHTHOTO CITyCKa, HO M METOABI COTPSIKEH-
HBIX TpagueHToB, HpI0TOHA, KBa3MHBIOTOHOBCKUN MeToq [94]. ns ycko-
peHHs TpoIlefyphl 00yUYEHHSI BMECTO MOCTOSHHOTO IIara O0y4eHHs Tpe-
JIOKEHO HKCIOJIb30BaTh aJaNTUBHBIA mar oOydeHus O(t). AJITOpUTM C
aIUNTUBHBIM IIIaroM oOydeHus padortaeT B 4 pasa ObicTpee. Ha kaxxmom
aTame OOydYeHHS CeTH OH BBIOMpPAETCS TaKUM, YTOOBI MUHUMH3HPOBATH
CpeAHEKBaJpaTHYECKyIO OMMOKY cetu [29, 36].

B [36] moka3zaHo, 4TO IJIs MMPOTHO3UPYIOMHKX cucTeM Ha 6aze HC
HaWTydIIie KadecTBa ITOKA3bIBA€T T'eTEPOTEHHAsl CETh, COCTOSIIYIO W3
CKPBITBIX CIIOEB C HENMMHEHHOW (YHKUMEH aKTWBAlMM HEHMPOHHBIX dIIe-
MEHTOB M BBIXOJIHOTO JIMHEHHOTrO HeWpoHna. HepocTarkoM OoNbIIMHCTBA
PaCCMOTPEHHBIX HETMHEWHBIX (YHKINN aKTHBAIMA SIBISIETCS TO, YTO 00-
JIACTh BBIXOJHBIX 3HAUCHUN UX orpanuueHa otpeskom [0,1] wumum [-1,1].
JTO MPUBOAUT K HEOOXOIUMOCTH MACIITAOMPOBAHHS JAHHBIX, €CITH OHU
HE TIPUHAAIeKAT yKa3aHHBIM BBIINIE OWANa3oHaM 3HadeHWd. B pabore
MPEJI0KEHO UCTIOIB30BaTh JOorapu(MUIecKyto PyHKIINIO aKTUBALINN IS
peuieHust 3aa4 NPOrHO3UPOBAHUS, KOTOpas MO3BOJSET MONYYUTH IMPO-
THO3 3HAYUTENIbHO TOYHEE, YeM IPH HCIOJIB30BAaHUH CUTMOUIHON (yHK-
LIUH.

Ananu3z paznuunbix TunoB HC nmokazain, yto HC moxeT pemats 3a-
Jla4d CIIOKCHUSI, BBIYUTAHUS JECATHYHBIX YHCEN, 3a/Ja4ll JIMHEHHOTO aB-
TOPErPECCHOHHOTO aHAJN3a U TPOTHO3UPOBAHMS BPEMEHHBIX PSAIOB C HC-
MOJIL30BAaHUEM METOJIa «CKOJIB3sIIero okHa» [70].
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TIpoBeneHHBIN aHATU3 MHOTOCIOWHBIX HEHPOHHBIX CETEH W airo-
PUTMOB UX OOyYEHUS TO3BOJIII BBISBUTDH PSIJI HETOCTATKOB M BO3HUKAIO-
LIUX IPOOJIEM:

1.HeonpeeICHHOCTh B BBHIOOPE YMCIIA CIIOCB M KOJHMYESCTBA HEW-
POHHBIX AJIEMEHTOB B CIIOE;

2.Me/JIeHHas CXOJMMOCTh TPaJUCHTHOTO METOAA C IOCTOSHHBIM
11aromM o0y4eHus;

3.CJI0)KHOCTh BBIOOpA MOIXOAAIIEH CKOpocTH o0yueHus 0. Tak kak
MaJIeHbKas CKOPOCTh OOYYeHHUs MPHUBOJUT K ckaThiBaHuio HC B jokaib-
HBII MUHUMYM, a OOJIbIIasi CKOPOCTh OOYYEHHST MOXKET IMPUBECTH K TPO-
MyCKy TJ00aJTbHOTO MUHUMYMa UM CIENaTh MPOLECC OOYYCHUS pacXois-
IUMCS;

4.HEBO3MOKHOCTP OTIPEAETICHHUS TOYEK JIOKAJHHOTO M TII00ATBFHOTO
MHUHUMYMa, TaK KaK TPaJAUeHTHBIN METO/ UX HE pa3lIndacT;

5.BIUSHHUE CIy4YallHON WHUIIMATU3AI[UN BECOBBIX KOA((UIMEHTOB
HC na monck MuanMyMa QYHKIIMHA CPETHEKBAIPATHICCKON OIHOKH.

Bonwmyto posb mis 3 HEKTUBHOCTH O0yUEHHUS CETH UTPAET apXH-
tektypa HC [114]. Tak B [14, 110] moka3aHo, 4TO NMpH MOMOIIH TpPEX-
cioitHod HC MOXXHO anmpoKCUMHUPOBATh JO0YI0 (PYHKIHIO CO CKOIb
YrOJIHO 33JJaHHOM TOYHOCTHIO. TOYHOCTH OMpEAEISIeTCS YMCIOM HEHpo-
HOB B CKPBITOM CJIO€, HO TIPU CIHUIIKOM OOJIBIIION pa3sMEepHOCTH CKPBITOTO
CJIOS. MOXKET HACTYIIUTh SIBJICHHE, Ha3bIBAEMOEC IMEPETPECHUPOBKOUN CETH.
Jia ycTpaHeHHsI 3TOTO HeJJ0CTaTKa HEe0OXOAMMO, YTOOBI YHCIIO HEHPOHOB
B MIPOMEXYTOYHOM CJI0€ ObUIO 3HAYMTENHHO MEHBIIE, YeM YUCIIO TPEHH-
POBOYHBIX 00pa3oB. C Ipyrod CTOPOHBI, TIPU CIMIIKOM MaJICHRKOH pa3-
MEPHOCTH CKPBITOTO CIIOSI MOXHO TTOTIACTh B HEXKENATeIbHBIN JTOKATbHBINA
MUHUMYM. [l HeWTpanu3anuy 3TOT0 HEAOCTaTKa MOYKHO PSII METOAOB
OIIMCaHHBIX B [36, 94, 127].

I[Iporuo3mpoBanne ¢ MCMOJIb30BAHHEM TEOPHH TeHETHYECKHX
aJropuTMoB. BriepBbie nzest HCIIOIB30BaHMS T€HETUIECKUX aJTOPUTMOB
s ooyuenus (machine learning) 6puta pensoxena B 1970-e rogsr [241,
245, 244, 246]. Bo Bropoit nonoBune 1980-x k 3TOH upee BEpHYIUCH B
CBSI3M C OO0ydeHHeM HEHWpOHHBIX ceTeld. OHU MO3BOJSIOT peliaTh 3a7adu
MIPOTHO3UPOBAHMUS (B MOCIIEHEE BpeMsi Hanboee MHUPOKO TeHETHIECKHe
QITOPUTMBI O0YYCHHUS MCIIONB3YIOTCS /ISt OAHKOBCKHUX MPOTHO30B), Ki1ac-
cu(UKaAIUH, MOUCKA ONTUMAIBHBIX BAPUAHTOB, U COBEPIICHHO HE3aMe-
HUMBI B TE€X CIIydasx, KOT/JIa B OOBIYHBIX YCIOBHUSX PEIICHHE 3aJa4d OC-
HOBAHO HA WHTYUIMH WIU OIBITE, a HE HA CTPOTOM (B MaTeMaTUYECKOM
CMBICJIC) ee ommcaHuu. VIcrob30BaHue MEXaHU3MOB TEHETUYECKON IBO-
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JOUWU 11 00ydeHWs: HEWPOHHBIX CETel KaKeTCS €CTECTBEHHBIM, IIO0-
CKOJIBKY MOJeNId HEMpPOHHBIX CeTel pa3pabaThIBarOTCS IO aHAIOTHH C
MO3rOM U PEaJU3yIT HEKOTOPBIC €r0 OCOOCHHOCTH, TOSIBUBIIUECS B Pe-
3ynbTare ouosnorunyeckoii sBomtouu 10, 28, 100].

OcCHOBHBIE KOMITOHEHTHI T€HETHYECKUX aJTOPUTMOB — 3TO CTpare-
THA PENpONyKIHMHA, MyTaluil U OTOOp "MHAMBUAYaTbHBIX" HEHPOHHBIX
ceTeil (1o aHAJIOTHUH ¢ 0TOOPOM MHAMBUIYyATBLHBIX 0co0eit) [28].

BaxxHBIM HETOCTATKOM T€HETHYECKHUX aJTOPUTMOB SBISETCS CIOXK-
HOCTb JIJIs1 TIOHUMAaHUS U MPOrpaMMHON peannzanmu. OZHAKO MpeuMyIie-
CTBOM SIBIISIETCS I(PQPEKTUBHOCTH B IOMCKE TIOOATBHBIX MHUHUMYMOB
aIanTUBHBIX penbeoB, TaK KaK B HUX HCCICIYIOTCS OoibImme 00JacTH
JIOITyCTUMBIX 3HAYEHUW MapaMeTpOB HEUPOHHBIX ceTel. JIpyras nmpuuuHa
TOTO, YTO TCHETHYCCKUEC AITOPUTMEI HE 3aCTPEBAIOT B JIOKATBHBIX MUHU-
MyMax — CIy4aiHbIe MYTaIlil, KOTOPbIC aHAJIIOTUYHBI TEMIEPATYPHBIM
(bAayKTyanusM MeToa IMHUTAIIIH OT)KATA.

B [28, 88, 100] ecTs ykazaHHus Ha JOCTATOYHO BBHICOKYIO CKOPOCTH
0o0ydYeHHUs TIPU WCIOH30BAHUN TEHETHYCCKHUX alTOPUTMOB. XOTS CKO-
POCTh CXOAMMOCTH TPAJAMEHTHBIX allTOPUTMOB B CPEIHEM BBIIIE, YEM Te-
HETHYECKHX aJITOPUTMOB.

I'eHeTHYECKUE aNTOPUTMBI JAIOT BO3MOXKHOCTH OIEPHPOBATH JUC-
KPETHBIMU 3HAYCHUSMHU TMApaMETPOB HEHUPOHHBIX CeTe. DTO ymporiaer
pa3paboTKy IUGPOBHIX allapaTHBIX pealn3aiuii HeMpOHHBIX cerei. [Ipu
0o0yYeHNN Ha KOMIIBIOTEPE HEHPOHHBIX CETCH, HE OPHEHTUPOBAHHBIX Ha
anmapaTHYI0 pean3aliio, BO3MOXXHOCTh HWCIOJb30BAHHS JUCKPETHBIX
3HAYCHUH MMapaMeTpoB B HEKOTOPHIX CIy4asX MOXKET MPUBOIUTH K CO-
KpaIlleHHIo 001Iero BpeMeHN 00y ICHMS.

B pamkax "reHeTHdeckoro” mojaxoja B IoclieiHee Bpems paszpado-
TaHbl MHOTOYHMCIIEHHBIE AITOPUTMBI 00YYeHHsI HEMPOHHBIX CeTeH, pasiu-
YaIOMIUECsT CII0OCO0aMH TIPEICTABICHUS JAHHBIX HEHPOHHOU CETH B "XPO-
MocoMax'", CTpaTerus MU PEIPOIYKIIUHN, MyTalui, oToopa [241, 244, 245].

BI:IBO,Z[I:I K rjiaB€

B rmaBe 1 OpUIM paccMOTpPEHBI W MPOAHAIU3HPOBAHBI HEKOTOPHIE
METOJIBI M aNTOPUTMBI NMPOTHO3MPOBAHMUS, UMEIOINE YEeTKYI0 MaTeMaTH-
YeCKYI0 (hOpMaTM3AIMI0 U TIO3BOJISIONINE HaM PaboTaTh ¢ BPEMEHHBIMU
panamu. OTMETUM, YTO Ha MPAKTHKE, KPOME PACCMOTPEHHBIX METOMOB,
JUTSL IPOTHO3UPOBAHUS IIMPOKO MCIIONB3YIOTCS METOBI AKCIIEPTHBIX OIle-
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HOK, TEOPHs MEKOTpaciieBoro 0ajgaHca, METOIbl OCHOBaHHBIC HA TCOPHHU
WTP, BAPUAIIMOHHOTO MCYHUCICHUS, CIIEKTpaIbHOTO aHaimu3a u ap. [31, 32,
35, 41, 46, 49, 56, 96]. B nocnenHee Bpems Bce OoJblliee BHUMAHUE Y]Ie-
JIIETCS UCCIICZIOBAHUIO M TPOTHO3MPOBAHHUIO (DMHAHCOBBIX BPEMEHHBIX
PAZOB C MCIOJNIB30BAHUEM TEOPHU AMHAMHUYCCKHX CHCTEM, TEOPHs Xaoca.
JTO JOCTATOYHO HOBas 00JIACTh, KOTOpas MPEICTABISICT COOOH MOMyIIsIp-
HBIi 1 aKTUBHO Pa3BHBAIOIIUICS Pa3/ie] MaTEMAaTHUYECKUX METOJOB DKO-
momuku [12, 33, 50, 58, 59, 78, 82, 101, 14039].

O0630p nUTEpaTYpHl MO3BOJIWI BBIIBUTH P HEIOCTATKOB W 3a]1ad,

KOTOpPBIC H€06XOZ[I/IMO PCIINTHL B ,Z[aHHOﬁ obmacTu.

Henocrarku Merona Haumenbiiux kBaapatoB (MHK). Mcnonb3osa-
HUE TIPOLEAYPHl OIEHKH, OCHOBAaHHON Ha METOJE HAMMEHBIITNX KBa-
paToB, TpeamnoyaraeT 00s3aTelbHOE YAOBIETBOPEHHE IIENIOTO psda
MPEANOCHUIOK, HEBBIMOJIHEHUE KOTOPBIX MOXKET MPHUBECTH K 3HAYU-
TeabHBIM ommOKkam: 1. CryuaiiHple ONIMOKA MMEIOT HYJICBYIO Cpe-
HIOI0, KOHEYHbIE TUCIepcu u KoBapuammy; 2. Kaxmgoe maMepenne
CIIydaiiHOW OIMMOKH XapaKTepHU3yeTcsl HYJIEBBIM CpPEIHHM, HE 3aBU-
CSIIMM OT 3HAYSHUM HaOIIOJJaeMbIX MEepeMeHHbIX; 3. Jlucnepcuu ka-
JKIOU CITYIaifHOW OITMOKW OJTMHAKOBBI, UX BEITMIMHBI HE3aBUCUMEI OT
3HAYCHUN HAONIOJACMBIX TIEPEMEHHBIX (TOMOCKEIACTUIHOCTD); 4.
OTCyTCTBHE aBTOKOPPEIAIMH OIIMOOK, T. €. 3HAYCHHS OIIMOOK pa3-
JIUYHBIX HAOJIOIEHUI HE3aBUCHMEI APYT OT Apyra; 5. HopManbHOCTB.
CrydaliHple OMMOKYM MMEIOT HOpPMallbHOE pacmpenenenue; 6. 3Have-
HUS DHJIOTCHHOW MEPEeMEHHOU X CBOOOIHEI OT ONTHOOK U3MEPECHUS U
HMMEIOT KOHEUHBIE CPETHUE 3HAUCHUS U TUCTICPCUH.

[Ipobnembr BEIOOpa ameKBaTHOM Mojenu. BrIOop Momenn B KaKIoM
KOHKPETHOM CITy4dae OCYIIECTBIISIETCS IO LEIOMY PSIIy CTaTHCTHYe-
CKHUX KPHUTEpPHUEB, HANpUMEp IO AUCIIEPCHH, KOPPESAIHMOHHOMY OT-
HOIIICHUIO U JIp.

JuckontupoBanue. Knaccuueckuif MeTOJ HaMMEHBIIUX KBaJIpaToOB
MpearnoiaraeT paBHOLIEHHOCTh MCXOAHON MHpopManmu B Moaend. B
peabHOI Ke TpakTuke Oyayliee MOBEACHHUE MpoIlecca 3HAYUTEIHHO
B OOJBIICH CTEINEHU OINpEneisIeTCs MO3JTHUMHU HaOMIOACHUSAMHU, YeM
paHHUMH. DTO OOCTOSTEIHCTBO MOPOJIUIO TaK HA3bIBAEMOEC JTUCKOH-
THPOBaHUE, T. €. yMEHbIIIEHHUE [IEHHOCTH Ooliee paHHel nHhopMaluu.
[IpoGiiemMa OLIEHKH AOCTOBEPHOCTH MPOTHO30B. BaKHBIM MOMEHTOM
noxy4yeHus nporuosa ¢ nomouisio MHK sBrisieTcst onienka nqoctosep-
HOCTH MOJYYEHHOTO pe3yibTaTta. Jas »TOH Leau HCHOIb3yeTcs Iie-
JIBIA Psifi CTATUCTUYECKUX XapaKTEPUCTUK: 1. OlleHKa cTaHAapTHOU
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OmMOKY; 2. CPEIHSST OTHOCHTEIbLHAS OITHOKA OIEHKH; 3. CpeaHee JIH-
HEilHOe OTKIIOHEHUE; 4. KOPPEJALMOHHOE OTHOILEHHE AJsl OLIEHKU
Ha/IKHOCTU MOJENH; 5. OLEHKA JOCTOBEPHOCTH BHIOpaHHON MOJENH
4yepe3 3HAUMMOCTh MHJEKCa Koppersauun o Z-kpureputo duiepa; 6.
OIIEHKa JJOCTOBEPHOCTH Mojienu 1o F-kputepuit durepa; 7. Hanuuue
aBTOKOppessiuuil (kpurepuit Japouna — YoTcona).

Henocratku o0ycnoBneHHbIE XecTKOM (hukcanmeld Tperaa. Kectkue
CTaTHCTUYECKHE IPEJIOKEHUS O CBOWCTBAX BPEMEHHBIX PAJOB Orpa-
HUYUBAIOT BO3MOXXHOCTM METOJIOB MAaTEeMaTH4ECKOW CTaTHCTHKH,
TEOPUM PACIO3HaBaHUSA 00pa30B, TEOPUM CIY4YaWHBIX IPOLIECCOB U
T.II., TAK KaK MHOTHE pealibHbIe MPOLIECCHl HE MOTYT aJeKBaTHO OBITH
OIMCAHbI C MOMOILBIO TPAJUIMOHHBIX CTATUCTUUECKUX MOJENIEH, I10-
CKOJIBKY II0 CYTH SIBJIIOTCSI CYILECTBEHHO HEJIMHEHHBIMU U HMEIOT
100 Xa0TUYECKYI0, IMOO KBAa3HIIEPUOIUYECKYIO, THOO CMELIaHHYIO
OCHOBY.

ITpoOnembl 1 HEAOCTATKU METOA SKCIIOHEHIIMAIBHOTO CIUIA)KUBAHUS.
Jlist MeTo/1a 3KCIIOHEHIIMAIBHOIO CIVIa)KUBAaHUsI OCHOBHBIM U Haubo-
Jiee TPYIHBIM MOMEHTOM SIBJIIETCSI BBIOOp MapaMeTpa CriaKWBaHHS
O, HayaJbHBIX YCIIOBUH M CTENEHU INPOrHO3UPYIOLIETO MOJIMHOMA.
Kpome Toro, ans onpeneneHuss HauyaldbHBIX MMapaMeTPOB MOJENHN OC-
TAIOTCSl aKTyaJbHBIMH TNepeuncienHble Hegoctatku MHK u mpo6ie-
Ma aBTOKOPPEIISIUH.

[IpobneMbl U HETOCTATKH METOJA BEPOSTHOCTHOTO MOJACIMPOBAHMUSL.
Henocratkom Moznenu sBisieTcsi TpeOOBaHHE OOJBIIOTO KOJMYECTBA
HaONMIONEHN M HEe3HaHWE HAYaIbHOTO DPACHPEAEICHHs, YTO MOXKET
IIPUBECTH K HENPABUJIbHBIM OLICHKAM.

[IpoGyieMbl 1 HEMOCTATKKM METOAA aJalNTHBHOTO CriaxkuBaHus. llpum
HAJIMYUM JIOCTATOYHOW HWH(OPMAIMKM MOXKHO IIOJIYYUTh HaJCKHBIN
MPOTHO3 Ha MHTEPBaJ OOJNBIINIA, YeM TPU OOBIYHOM JKCIIOHEHIIHATb-
HOM criiaxuBaHuu. Ho 3T0 nmumib mpu o4eHb JUIMHHBIX psgax. K co-
YKAJICHUIO, JUTSl JAHHOTO METOJ[a HET CTPOTOM MPOIEAYPHI OIICHKH He-
00X0MMMON WM JOCTATOYHOM JJIMHBI MCXOTHOW WH(OpMAIUH, IS
KOHEYHBIX PANOB HET KOHKPETHBIX YCIOBHUN OIEHKH TOYHOCTU IIPO-
rHo3a. [lo3ToMy aiisi KOHEUHBIX PSJIOB CYIIECTBYET PHUCK MONYYHThH
BeChbMa MPHUOIMU3UTEIBHBIN TIPOTHO3, TEM 00Jiee 9TO B OOJIBITHHCTBE
CIIydaeB B pealbHOW MPaKTHKE BCTPEUAIOTCS PS/BI, COAEepKallnue He
6oxee 20 — 30 Touek.
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[IpobnemMbl 1 HemocTaTku MeTona bokca — J[eHknHCa (MOICIA aB-
TOPETPECCUU — CKOJB3sIImIero cpemuero). [IpobmeMbl cBSI3aHHBI, TIpe-
JI€ BCEro, C HEOJHOPOJHOCTHIO BPEMEHHBIX PSAAOB U MPAKTUIECKON
peanu3alury METo/Ia U3-3a CBOCH CI0KHOCTH.

[IpoGyieMbl U HETOCTATKH METOOB, PEAIN30BaHHBIX Ha 0a3e HEeHpOH-
HBIX ceTel. [IpoOiaemMbl HeonpeIeIeHHOCTH B BRIOOpE YHCa CIOEB U
KOJIMYECTBA HEHMPOHHBIX 3JIEMEHTOB B CJ0O€, MEIJICHHAs CXOIMMOCTh
TPaJUeHTHOTO METOJa C MOCTOSIHHBIM IIarOM OOYYCHHS, CIIOKHOCTh
BBIOOpA ONTHMAJIHHOM CKOPOCTH OOy4YeHHUS O, BIHSHHE CIydaiHOM
WHUIMATN3aIuU BecoBhIX Kodd¢uimenToB HC Ha mouck MuHUMyMa
(yHKIIMH cpenHeKBaapaTnieckor ommoOku. OaHa U3 Hauboee cepb-
€3HBIX TPYAHOCTEH TpH OOYYCHHH — JTO SBJICHHE IMEePeOOyICHHUS.
Kpome Toro mcmonbp3oBaHHE HEMacIITAOWPOBAHHBIX JAHHBIX MOXKET
MPUBECTHU K «I1apaTUIy» CETH.

[IpoGieMb! 1 HETOCTaTKH METOOB, PEATM3OBAHHBIX Ha 0a3e TeHEeTH-
YECKHX QJITOPUTMOB. ITO TpobjeMa KOAMPOBKH WH(OpPMAIUHU, CO-
JiepxKalienca B MOIeJ I HEHPOHHOM CETH, a TAKXKe CJIOXKHOCTb IMOHHU-
MaHUs ¥ IPOrPaMMHOM PeaTu3aIii.
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I'VIABA 2 MOJEJIN XAOCA JUIA 3AJAY ITPOTHO3UPOBA-
HNA KYPCOB AKIITM

2.1 MeTonuka HETUHEHHO-TUHAMUYECKOTO aHAIN3a JAHHBIX

B 3ajauax 3KOHOMUYECKOTO MPOTHO3UPOBAaHUS OCHOBHOW WHTEpPEC
MPENICTABISICT MOBEACHUE MapaMETPOB, OMPEICSISIOIINX XapaKTep HU3y-
YaeMbIX SBJICHUN. BBUY CJI0)KHOCTH HETMHEUHBIX B3aUMOJICUCTBUIN ATUX
MapaMeTpoB, AaJEKO HE BCE THIIBI 3KOHOMHKO-MAaTEeMAaTHYECKIX METOAOB
Y MOJIENIeH B COCTOSIHUY (DOPMUPOBATH TOCTOBEPHEIH MPOTHO3.

OcCHOBOHl HENMMHEWHO-TUHAMHYECKOTO TOAXO0Na SBISIETCA y4eT
BHYTPEHHHUX O0COOEHHOCTEH CHCTEMBI, B OTJINYHE OT CTATHCTUYECKHX Me-
TOJIOB, B KOTOPBIX BCE (DAKTOPHI MOJAraloTCs CIYYalHBIMH WA HEOIpe-
JeNeHHbIMA. HeCOMHEHHO, 4TO KK/l acTeKT dKOHOMHUYECKOH JKU3HU
MOJBEP)KEH BIMSHHUIO HeompezaeneHHocTedl. MccmenoBanuss B oOmactu
HEJIMHEMHOW NUHAMHUKH IMOKa3bIBAIOT, YTO, JTAXKE€ €CIIM BO3MOXKHO HAWTH
CTaTHCTUYCCKHE 3aKOHOMEPHOCTH YIPABISIFOIIUX BO3JCHCTBUI Ha XOI
9KOHOMHUYECKHUX IPOIIECCOB, MPEACKA3aTh MOBEIEHNUE CUCTEMBI C Pa3yM-
HOH JTOCTOBEPHOCTHIO HE TPECTABIACTCS BO3MOXKHBIM [12, 140]. Benen-
CTBUE HEJIMHCWHBIX B3aUMOJICHCTBUI MEXIY MEPEMEHHBIMH U TIOJ| BIIUS-
HUEM BHEIIHEH Cpesbl IS MPOIECCOB XapaKTEPHO XAa0TUIECKOE TOBEIC-
Hue. Pe3ynmbTaTel psia coBpeMeHHBIX uccnenopanmii [98, 50, 59] mokassl-
BAaIOT, YTO TMOBEJACHUE SKOHOMHUYECKUX CHCTEM OIPENCISACTCS HE TOIBKO
CIIy4allHOCTBIO, HO U CTPYKTYPHOU CJIOKHOCTHIO. J[J1s1 MHOTHUX 3KOHOMH-
YECKUX CHCTEM MaJlble I3MEHEHHS BHEITHHUX MapaMeTPOB WIIH HaYaIbHBIX
YCIIOBHII MOTYT MPUBECTH K PE3KUM HM3MEHEHUSIM XapaKTepa IMOBEICHHS
ATHX CHCTEM. B Takux cucTtemMax He MCKIIOYCHO CYIIESCTBOBAHHE MHOMKE-
CTBa 3HAYEHHH, K KOTOPBIM CTPEMATCS TMOKAa3aTeNH MPOILECCOB MPH pa3-
JUYHBIX HaYaNbHBIX YCIOBUSAX. YacTO CTPYKTypHBIE U3MEHEHHS, BBI3BaH-
HBbIC MaJbIMU CABUTaMHU MapaMETPOB, MPUBOIAT K PETYISIPHOMY IOBEIC-
HUIO, 3aBUCSAIIEMY OT BPEMEHU — MPECIbHBIM [TUKIIaM.

Konebanus HaOmomaeMbIX 3HAYEHHUH, MPUCYIIHE SKOHOMUYIECKUM
JTaHHBIM, BECbMa Pa3JIMYHbI U 10 aMIUTUTYE, U 10 00JIACTH pacipocTpa-
HEHUS, W 10 JIUTESILHOCTH. JI7s 0OBACHEHUS SKOHOMUYECKHX (IyKTya-
nuid ObUTH BBIIENICHBI ABE Tpynmbl ¢daktopos [50, 98]. Bo-mepBrix, Ha
9KOHOMHUYECKYIO CUCTEMY BO3IEHCTBYIOT CIy4aiiHble BHEUTHHE (haKTOPHI,
YTO MPUBOJIUT K CMEIICHHIO CUCTEMBI OT COCTOSHHUS paBHOBecus. [loka
CHCTEMa COXpaHSEeT OJIM30CTh K PABHOBECHIO, PE3YIbTHPYIOIIAsl TPACKTO-
pusl TWHAMHUKH SKOHOMHYECKOTO MpOoIlecca MOXXET WUMETh BUJ OCIHILIS-
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TOPHBIX CKauKOB. BO-BTOPBIX, OCIMIIISAIMA MOTYT BO3HHKHYTH BCIIEICT-
BUE CIOXXHBIX HEJIMHEHHBIX B3aUMOJECHCTBUM MEXJTy BHYTPEHHUMHM Iie-
PEMEHHBIMU (TIPOIIECCAMMU).

CyIlecTBEHHBIM OOIIUM TIOJOXCHHEM psa IKOHOMHUYECKUX TEO-
puil SBISIIOCH MIPU3HAHKE SHAOTCHHOTO XapakTepa SKOHOMHYECKUX ITHK-
JIOB, T. €. 3aBe/ioMasl KOHIICHTPAIlUs BHUMAaHUS Ha BHYTPCHHEH JUHAMUKE
cucteM. B 1ienom, 3T Teopuu yTBEpKAANU, YTO B pe3yiabTaTe TaKou Ju-
HAaMUK{A COBPEMEHHBIE WHAYCTpHAaJIbHBIE SKOHOMHKH IOJBEP)KEHBI Iie-
puoaudeckuM (IYKTyalusiM ¢ PEeTyIsSpHBIMH KPYMHOMACIITaOHBIMH 3a-
KOHOMEPHOCTSIMH.

B kauecTBe nccienryeMoro SKOHOMUYECKOTO MPOIecca paccMaTpH-
BaeTcs muHaMuKa KypcoB akmmii «<PAO EDC», «Poctenexom», «JIlykom»,
«COepbank». Hcnonp3ytorcs manHble Oupxku «MMBB» B mepuon c
29.05.1997 no 24.06.2003. IIpu 3TOM MBI paccCMaTpUBaeM M3MEHEHHS Lie-
HBI Ha Ha4yajo TOProBOM CeCCUM.

IIpennaraercsa cneayrOldid allfTOPUTM UCCIEAOBAHUN JUISl KaXKI0T0
13 SMUTCHTOB: MOCTPOCHUE (a30BOT0 MOPTPETA; BOCCTAHOBIICHHUE aTTPAK-
TOpa MO0 BPEMEHHOMY pSAY; BBIYUCICHHE KOPPESAIMOHHOTO MHTErpaia;
BBIYHMCIICHHE KOPPEIAIMOHHON ((hpaKTambHOW) pa3MEPHOCTH aTTPaKTOPa;
BBIYHCIICHHE KOPPENSIIMOHHON SHTPOIMUH; BBIYUCICHUE XapaKTePUCTHYC-
CKHX ToKazarteneit JiamyHosa.

[Ipu 3TOM MOMKHEI OBITH PEIIEHBI MPOMEXYTOUHBIE 33Ja9H: pa3pa-
0O0TKa BBIYMCIIUTENBHBIX U TIPOTPAMMHBIX aJITOPUTMOB ISl ONPE/ICIICHUS
KKIOW M3 TIEPEUYHUCICHHBIX BEIUYHH; BHIOOD BPEMEHHOW 3aJCPIKKHU IS
BOCCTAHOBJICHHSI aTTPaKTOpa MO BPEMEHHOMY psAy; BBIOOp MeToaa s
OTIPE/ICJICHUS XapaKTEPUCTUUECKUX MoKazaTenen JIamyHosa.

JIis BBIYHCICHHUS TaKWX CTATUCTHYECKUX CPEIHUX, Kak pa3Mmep-
HOCTb, SHTPOIHS, CIIEKTP MoKa3areneil JIsmyHoBa, U Apyrux xapaxkTepu-
CTHK aTTPaKTopa, HeoOXOANMO MMETh MHOXKECTBO TOYEK, OIPENEICHHBIX
B (0a30BOM MPOCTPaHCTBE PA3MEPHOCTH N M MPUHAJICIKAIINX aTTPAKTOPY.
Uucnmo touek M B pacyerax KOHEUHO, HO 00s3aHO OBITh JTOCTATOYHO
oompimuM. CoracHo hopmyrie

Mz=M,, =107, 2.1

rae D — pasmepHOCTh aTrTpakTopa. B ciydae, eciau TpeOyeTcsl BBIYUCIUTD

XapaKTEPUCTUKU aTTPAKTOpa HEKOTOPOU peallbHOM CHCTEMBI, MaT€MaTU-

YecKash MOJENb KOTOPOW HEW3BECTHA, HCIONB3YIOT METOJUKY MpeIio-

xeHHyio TakeHcoM. J[okazaHO, UTO MOYTH AJISl BCeX TMAAKUX AMHAMUYE-
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CKHX CHCTEM II0 MMCIOIICHCS BPEMEHHON peain3aliii OHOM Habomae-
MOW JMHAMUYECKOW MEPEMEHHOM MOYKHO CKOHCTPYHUPOBaTh HOBBIA aT-
TPAaKTOp, OCHOBHBIE CBOMCTBA KOTOPOTO OYAYT TAaKUMH K€, KaK Y HCXOA-
Horo. [lopsnok pacueToB ciexyromuil:

1. Iloctpoenue (a3oBoro mopTpera CHCTEMBI M BOCCTAHOBIICHHE
aTTpakropa. IlycTb MMeeTcss BpEMEHHOW psi SKCIEPUMEHTAIBHBIX JaH-
HBIX, TIPEICTABISIOMINN COOOH OTCUETHI HEKOTOPOH (hPM3NUECKOH BEINIH-

M-1
Hin{Sk}k:0 . Ecnn m3Becten mar no BpemenuAf, To Bpems t = kAf.

[Ipennonaraercs, uro ¢pu3nMUecKas BEIUUUHA S SBISCTCS OJHON W3 Mepe-
MEHHBIX AMHaAMH4ecKOl cucteMbl. CucTeMa HaXOIUTCSl B CTAL[MOHAPHOM
pexxume, T.e. (pa3oBas TPaeKTOPHs NMPOXOAUT BHYTPHU arTpakropa. [lis
BOCCTAHOBIJIEHHS aTTpaKkTopa TakeHCOM NPEIJIOKEH METOJ BpEeMEHHOU
3ajepKKu koopauHat [98] n-mepHOM (Pa3oBOM MPOCTPAHCTBE CTPOHUTCS
[10CJIEI0BAaTEIbHOCTh TOYEK BUIA

X = (85 Spar oo Sprinatyr ) 5 (2.2)

k=0m—-1m=M —-(n-1r,

rae T — BpeMeHHas 3a7epiKKa, N — Pa3MEPHOCTD BIIOJKCHHUS.
OcHoBHOM pe3ynbTaT TakeHca cocTouT B craeayiomeM. Ecmu

M - o, o MHOXecTBO Touek X, LJR" 3amaer BIOXECHHE HCXOIHOTO
aTTpPaKToOpa MOYTH MpH JIIOOOM BhIOOpe HalII0JaeMOM TepeMeHHOH, eciu
N HE MEHbIE YABOCHHOW pPa3MEPHOCTH HCXOXHOTO arrpakropa. s
OLICHKH XapaKTEePUCTUK PEaTbHOTO HCCIEAYeMOTO aTTPaKTopa MOXKHO
BBIYUCIISITh XapaKTEPUCTUKA BOCCTAaHOBIEHHOTro arrpakropa. C Imesbro
YMEHBIICHUS] OMIMOKH, 00YCIIOBICHHOW KOHEYHOCTBIO HAOOpa SKCIEPH-

MEHTAJIbHBIX TOYEK {sk}kM:;l, HEOOXOJMMO TIPOBOJIUTH pacueTsl MpPU He-
CKOJIBKHMX DPa3JIMYHBIX 3HAYCHHAX M U n U J00OMBATHCA HE3aBUCUMOCTHU
MOJTy4aeMBIX OIICHOK XapaKTepUCTHK OT M M n B Ipeneiax 3aJaHHON
TOYHOCTH.

2. Be16op BpeMeHHOU 3amep>kku T. J[1s MaJibIX IaroB o BpeMEHHU
At 3HaYeHUS S, U Syy; OYAyT OJM3KMMH, MO3TOMY OOJBIIOE 3HAYCHHE
MpHOOpETacT MPaBWILHBIA BEIOOP BpeMeHHOH 3anepxku T. Heobxomumo
CTPEMUTHCS BBIOpaTh T TakK, YTOOBI KOPPEISALUS MEKIY Sk M Siir ObLIA 110
BO3MOYKHOCTH MUHUMAaJIbHOW. TpaauImoHHBIN cImoco0 BBIOOpa BpEeMEH-

74



HOW 3a/Iep’KKH COCTOMT B BBIYMCIIEHHH aBTOKOPPEISLIMOHHON (YHKIMH
BPEMEHHOTO pA/a.

3agepxka T BRIOMpacTCS PaBHOW BPEMEHH IIEPBOTO TIEPECCUCHUS
HYJISI aBTOKOPPEIAITMOHHON (DyHKIHH. BTOpoii crtocod TpedyeT Bhrducie-
HUS CIIEKTpPa MOIIHOCTH BPEMEHHOIO psilia, T.e. ObICTpOro mpeodpazoBa-
Hus Dypbe aBTOKOPpEAIMOHHON (GyHKIHMA. ECau B CIIeKTpe MOITHOCTH
MPUCYTCTBYIOT KpaTHBIE MUKHU, TO 3aJepKKa T BBHIOMpaeTcsl paBHOW YeT-
BEPTH NEPUOa CAMON BBICOKOW M3 JOMUHHUPYIOUIUX YacTOT. TpeTuit cmo-
co0 [98] ocHOBaH Ha BBIYMCICHHH IMOKa3aTens XepcTa, KOTOPBI Xapak-
TEpU3yeT MPOLECC, KaKk MPOLECcC ¢ AOJTOBPEMEHHON MaMsIThI0 IPUMEPHO
B MPOAOIDKEHUH T, IOCIe KOTOPOro rpadMK HAYMHAET CIIEAOBATh CIydai-
HBIM OJTYKJIaHUSM.

3. AITOpUTM BBIYHCIICHUS KOPPETSIIIMOHHON Pa3MEpHOCTH aTTpak-
Topa. B ciryuae MO#eIbHBIX JaHHBIX, KOTJla HAM M3BECTHA pa3MEPHOCTH N
($a30BOTO MPOCTPAHCTBA AMHAMHYECKON CUCTEMBI M BCE N KOOPAMHAT Ka-
JKJIOM TOUKHM Ha aTTPaKTOpe, KOPPEIALMOHHYIO pasMepHocTh D, aTTpak-
TOpa HaXOMmAT CIAeAyomuM obpazom [82].

Paccmotpum  koppenaunonsbiii uHTEerpan C(r), MOKa3bIBAIOLIUI
OTHOCHTEIHHOE YHUCIIO Map TOYEK aTTPaKTOpa, HAXOMAIINXCS Ha PaccTos-
HHUHU, HE OOJIBIIIEM T

m=2 m-1

_ , (2.3)
C(r)= 1) - g;leu P(x;,x,))

rae 0 — pynaxmms Xesucaiina; P — pacCTOsSHKE B N-MEPHOM (ha30BOM IIPO-
CTpPaHCTBE; M — YUCIIO TOYEK X; HA aATTPAKTOPE.
Ecnu BeImonHsieTcs ycnoBue

C(r)~r", (2.4)

T0 D, cunTaroT KOppenaiMOHHONW Pa3MEPHOCTHIO aTTPAKTOPA.
CripaBeiTMBOCTh TPUBEACHHOTO CTENEHHOTO 3aKOHA OTpaHH4YeHa
3HAUYCHUSAMH I, JOCTATOYHO MaJbIMU IO CPABHEHUIO C Pa3MEpPOM aTTpak-
topa. [Ipu yBennuenuu r BenuuuHa C(r) nocturaet HacoiieHus C(r) (mpu
I, CPAaBHUMBIX C pa3MepoM arrpakropa). C Apyroil CTOpOHBI, IPU OYEHB
MaJIbIX 3HAYCHUAX I YUCJIO MAp TOYEK X;,Xj , PACCTOSHUE MEKIY KOTOPBIMH
HE IPEBBILIACT I, CTAHOBUTCA MajbIM (M3-32 KOHEYHOCTH YHCIa TOYEK Ha
aTTPAKTOPE) W CTATHCTHKA CTAaHOBUTCS OemHoi. Kpome Toro, mpruobpera-
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€T periaromiee 3HaAYCHUE BINSHUE MHCTPYMEHTAIBHBIX OIMMMOOK M3Mepe-
Husa curHaia. CiaemoBarenbHO, Ha MPAKTHKE CTEIICHHOW 3aKOH BBITIOJNHS-
€TCSl TOJIbKO B OTPaHUYCHHOM AMANa30HE 3HAYCHUN I (CKCHIMHTOBOM
Jara3oHe), KOTOPhIi W MOXKET OBITh WUCIOIB30BAaH JUISl OMPE/ICIICHUS
Pa3MEpHOCTH aTTPaKToOpa.

YuutsiBas, uto u3 (2.4) cuenyer

InC(r)~ D, Inr (2.5)

MOJIy4aeM OLEHKY Pa3MEPHOCTH aTTPaKTOpa KaKk TAHTEHC yIjla HaKJIOHA
NPSAMOi, aNNPOKCUMUPYIOLIEH rpaduk KoppensauoHHoro uarerpaina C(r)
B IBOMHOM JIOoTapru(hMHIECKOM MacITade.

B ciydae skcriepiMeHTaIbHBIX JTaHHBIX MBI OOBIYHO HE 3HAeM pas-
MEPHOCTH ()a30BOT0 MPOCTPAHCTBA CHCTEMBI M pacrojaraeM nH(OpMaIu-
eil TosbKOo 00 OMHOW KoopAaumHATe TOUeK Ha arrpakTope. [loaToMy Bce
pacdeTsl TMPOBOAATCA Ui HECKOJNBKHX pa3MepHOCTe (pasoBoro mpo-
crtpanctBa n = 1,2,3,.... [Insi BOCCTAHOBIIEHUSI aTTPAKTOPa KCIIONb3YETCs
meron Takenca. Ilpu 3TOM KOppemsLUMOHHAs Pa3sMEPHOCTh aTTpakTopa
D,(n) cHadana Bo3pacTaeT, HO 3aTeéM OOBIYHO BBIXOJUT HA MOCTOSHHBIN
ypoBeHb Dy(n)= D,. Takum 006pa3om, TOIydar0T HCKOMYIO KOPPEISITHOH-
HYyI0 pa3MepHOCTh D, aTTpakTopa u OLEHKY pa3MepHOCTH (a30BOTO MPo-

ctpanctBa cuctemsl 1< 2D, +1. Eciu xe BhIXOIHO} CHTHAN THHAMH-

YECKOW CUCTEMBI CHJIBHO 3aIIyMJICH, TO Pa3MEPHOCTh aTTPAKTOPa MOCTO-
SIHHO PAacTeT.

4. ANTOpUTM BBIYUCIICHUS KOPPEISIIMOHHON SHTPOINH aTTPaKTOPA.
Koppemnsimmonnast suTponust K, MoxkeT OBITh BBIYHCICHA JTOCTATOYHO
mpocto [82, 98]. JIns 3TOr0 Takke BBIYUCISAIOT KOPPEILIITMOHHBIN HHTE-
rpai (2.3), HO PacCMaTPHUBAIOT HE TOJIBKO €ro 3aBUCHMOCTh OT PacCTOs-
HUS I, HO U OT pa3MepHocTu (pa3oBoro mpoctpanctsa n. [Ipu sToM moma-
rafoT, 4TO

C(r,n) ~r™ exp(—nk,) (2.6)
OTKy/a
K,(rn) =ln—S0_ (2.7)
C(r,n+l)

OuTponus K, anmpoxcummupyercs B MpHeMiIeMOM IHANa30HE 3Ha-

YEeHHH I ¥ N.
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5. AJNTOpuUTMBI BBIYHCIIEHUS XapaKTEPUCTHUECKUX IOKa3aTeneit
JlanynoBa. Ecin MateMaTnyeckasi MOJIENb AMHAMUYECKOW CUCTEMBI HEN3-
BECTHA, TO TPEOYIOTCS CIECNUATbHBIC alTOPUTMbI HaXOXICHUS MOKa3aTe-
neit JIssimyHOBa, MOCKOJIBKY B STOM CIydae MbI HE 3HAEM HU MaTpPUIIBI
Sxko6u, Hu pasMepHOCTH (Pa3zoBoro mpocTpancTBa cucteMsl [80, 97].

B 1985 roay Bonb¢ ommcan anroputm HaXokJIeHUS HAUOOIBIIETO
nokazatens JlsmyHoBa 1Mo BpeMEHHOMY psiny naHHbIX. OH CIeIUT 3a Ta-
poii Touek Ha arTpakrtope. CxemarWdeckas WIUTIOCTpAIHS aITrOpUTMa
npuBeneHa Ha pucyHke 2.1. OH HauMHaeTCs ¢ IePBOM TOYKHU JaHHBIX Y(to)
u ee Ommkaiiiero cocena Zo(tp), KOTOPbIE OTACIEHBI Ha PACCTOSHUE T.
DTH JBE TOYKH IBOJIOMHOHUPYIOT BO BpeMeHH ¢ miaroM Af moka pac-
CTOSIHUE I') MEXKIYy HUMH HE TIPEBBICUT HEKOTOPYIO BEIMUWHY E£. DBOIIO-
IIUOHUPYIOIIAs TepBasi TOYKA JaHHBIX Y(t;) COXpaHSAETCS, a HOBBIM COCEN
71(t;) UILIeTCs TAKOM, YTO PACCTOSHUE

h =Hy(t1)_zl(t1)H (2.8)
CHOBa MEHBIIIE, YeM € M TaKOH, 4TO Z(t;) JIEKUT TaK OJIM3KO, HACKOJIBKO

9TO BO3MOKHO B O/JUHAKOBOM HAIIPABJICHUU, YTO U HAIIPABJIICHUC OT y(tl)
K Zo(ty).

2.t

Z)(ty)

zD (tD) - 12(t2) /
iy =

y ity
Puc. 2.1 Metoauka BerauciaeHus okaszarenen JIsmyHoBa
[Ipouenypa npogomkaercs A0 TeX MOp, MOKa MPHUHATAS 32 OCHOBY

CpaBHCHUSI TPACKTOPHUS Y HE JOiAeT A0 KOHIA BpeMeHHOro psaa. Hau-
OOJBITINI TIOKa3aTeNb JIAITyHOBA aTTpaKTOpa OIEHUBACTCS KaK
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A= Sl 2.9)

rae L — gncino maroB 3aMeHbl 1 m — 00IIee YHCIIO IIaroB 0 BpEMEHH, B
TEUCHHUE KOTOPBIX JIBUKETCS TPACKTOPHSA Y.

Kaxxnas 3amensromias Touka JOJDKHA JIEKaTh B TOM JKe HalpaBlie-
HUU, 9TO U CTapas, HO U3-3a OTPAHMYEHHOTO YHCJIa OTCYETOB TAHHBIX He-
00X0JMMBI KOMIPOMHUCCHL. [lepBOHAYaNEHO TIOMCK TOYKH IS 3aMEHBI
OrpaHUYeH B KOHYCE YTIIOBOM MIMPHUHBI M BBICOTHI € 0KOJIO Y(t). O6bIuHO O
YCTaHABIIMBAIOT paBHBEIM TV9. 3HaueHue O yBenMuuBaroT Mo Mepe HeoOX0-
JOMMOCTH IOKa cocell y He OyneT HaiaeH. Eciu 310 He nmpuBOIUT K ycrie-
Xy, To O6epyT Onmmxaiimero cocexa y 0e30THOCHUTENHHO €. OpHEHTANOH-
HbIe OIIMOKU OOBIMHO MPUBOAST K MajbiM ommnbkam B ouerke A, . Ta-
KHM 00pa3oM, pe3ysIbTaThl OOBIYHO HEUYBCTBHUTEIBHBI K BEIOOPY 0. Ecin
A, He oueHb MaineHbKOE, TO anroput™M Bonbha MOKeT ObITH MOJIE3eH

JUTSL OTIPEICTICHHSI TOTO, XaOTHYHBIN JIM HAOJIIOAaeMblii BPEMEHHOH PsijL.
Yacrto, oHako, MHTEPECYIOTCS OoJjiee YeM OJIHUM IEPBBIM ITOKa3aTeleM

JlsimyHOBa. ANTOPUTM MOKET pacupsaThbest juis usmepenns A, + A, , Ho

MPH 3TOM CTAHOBUTCS 3aMETHO ciiokHee. OH JTOJDKEH CIEAWTH 3a Tpe-
YTOJIBHUKOM TOYEK M COXPAHATh OPHUCHTAIIUI0 OTHOCUTEIBHO TPEYTOib-
HHKa, KOTOPOMY BBIOMPAIOT 3aMeHY. DTOT IOJXOJl CTAHOBUTCS IUIOXUM
U1t 6oiee yeM ABYX MOJIOKUTETBHBIX MTOKazarenei JIsmyHoRa.

Ouenka nokazatens Xepcra. [IpUuMHBI CMEIICHHBIX CIIYYalHBIX
Oy K TaHHA IMUPOKO U3ydaInch XepceroM B 40-x rT. 1 MaHaenp0poToM B
60-70-x rr. MaHmeap0poT Ha3Bajd MX OOOOIICHHBIM OPOYHOBCKHM JBH-
xKeHueM. Tenepb Mbl MOXEM Ha3BaTh UX (PpakTalnbHBIMH BPEMEHHBIMU
pAgaMu.

XepcT mokazaj, 9To OOJIBITHHCTBO €CTECTBEHHBIX SBICHHUH, BKIIIO-
gasi peYHbIE CTOKH, TEMIIEPATyphl, OCAAKH, COJIHEYHBIC ISITHA CIICTYIOT
«CMEIICHHOMY CITydalfHOMY OJIy>KJIaHWiO» — TpeHay ¢ mymom. Cmia
TpeHJa W ypOBEHb ITyMa MOTYT OBITh OIICHEHBI TEM, KaK H3MEHSCTCS
HOPMHPOBaHHBEIN pa3Max CO BPEMEHEM, WM, IPYTAMH CJIOBaMH, Ha-
ckoibko BennunHa H (mokazatens Xepera) npeBocxoaut 0.5 [98].

Ms1 niepeHecin MeTo XepcTa M3YYeHHS BPEMEHHBIX PSIOB MPH-
POMHBIX SIBJICHHH HAa BPEMEHHBIE PSAIbI B DKOHOMUKE W Ha PHIHKAX KalH-
Taja, YTOOBI BEISICHUTD, SBISIOTCS JIA 3TH PSbI TAKKE CMEIICHHBIMU CITY-
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YalHBIMU ONyXAaHMsIMHU. {151 9TOr0 HEOOXOMUMO OIPEENIUTh pa3Mmax,
KOTOPBIH OBLT ObI CpaBHUM C KOJICOAHUSIMH YPOBHSI

Xt,N :Z(eu _MN)’ (2'10)
u=l1

rae: X, — HaKOIUIEHHOE OTKJIOHEHuE 3a N nepnonos; e, —uena; M, —

cpennee e, 3a N nepuogoB. Torga pa3mMax CTaHOBUTCSI PA3HOCTBIO MEXITY
MaKCUMAIbHBIM U MUHUMAIBHBIM YPOBHAMH, JTOCTUTHYTHIMU B (2.8)

R=Max(X, )~ Min(X, ), (2.11)

rae: R — pasmax orknonenns X; Max(X, ,)— MakcuMaiabHOE 3HAUCHHE

ma X; Min(X, ,, ) -MHUHEMaIbHOE 3HAYCHHS I X.

Jnst cpaBHEHHsI pa3IMYHBIX THUIIOB BPEMEHHBIX PsIOB XepcT pas-
JeNTUII 3TOT pa3Max Ha CTaHAAPTHOE OTKJIOHEHHE UCXOJHBIX HAOIIOIECHHH.
OTOT «HOPMHUPOBAHHBINA pa3Max» JOJDKEH YBEIHMYMBATHCS CO BPEMEHEM.
XepcT BBE CIEAYIOLIEe COOTHOLICHNE

R/S =(aON)", (2.12)

rae: R/S — HopMmupoBanHbIi pa3max, N — 4nciio HaOMIOJCHMIA, a — KOH-
cranTta, H — mokazarens Xepcra.

Korma H ornmmuaercs ot 0.50, To 510 3HAYMT, 4YTO HAOIIOACHUS HE
SIBIISIIOTCS. HE3aBUCHMBIMH. Kakjoe HaONIIOlIeHUEe HECeT MaMsTh O BCEX
MPENIIeCTBYIONINX COOBITUSX. JTO HE KPaTKOBpEMEHHAas MaMsTh, KOTO-
PYIO 4acTO Ha3bIBalOT «MApPKOBCKOM». DTO JIpyras mamsaTh — IOJTOBpE-
MEHHasl, TEOPETUUCCKN OHA COXPaHSIETCS HaBCeT Ia.

Brusiaue HacTosmiero Ha Oymyiiee MOXKeT OBITh BEIPaKEHO KOppe-
JISIUOHHBIM COOTHOIIEHHEM

c=2"""-1, (2.13)

rae: C — mepa xoppensaiun, H — nokazarens Xepcera.

Nmerorcst Tpu pa3nuyHbIX KiaccHUKAUU AJs TIoKa3aTenss Xep-
cra:a) H=0.5,6) 0<H<0.5, B) 0.5 <H < 1.0. H, pasnoe 0.5, yka3siBa-
eT Ha cay4JaitHblid psa. CoOBITHS CITydaliHbI M HEKOPPETUPOBaHHBI. DYyHK-
U TUIOTHOCTH BEPOSITHOCTH MOXKET OBITh HOPMAJIBHOW KPHBOHM, OJHAKO
3TO HE 00s513aTEIBHOE YCIIOBUE.
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B cnyuae ecnu 0 < H < 0.5. JlaHHbII [uana3oH COOTBETCTBYET aH-
TUTICPCUCTESHTHBIM, WM SPrOINIECKUM psiiaM. TakoW THIT CUCTEMBI 4acTO
Ha3BIBAIOT «BO3BpAT K CpelHEeMy». Eciii cucTemMa IeMOHCTPHUPYET POCT B
MPeNbIIyIINi IEPUO/, TO CKOPee BCEro B CIEAYIONIEM Neproie HAYHEeTCS
cnaa. U Haobopor.

IIpu 0.5 < H < 1.0 MBI mMeeM TEpPCUCTCHTHBIC, WIN TPEHIO-
ycroiunBbie psaasl. Eciou psim Bo3pactaer (yObIBaeT) B MPEABIIYIIAN TIe-
pHUOJI, TO BEPOSATHO, YTO OH OYAET COXPaHATh 3Ty TCHICHIIMIO KaKOE-TO
Bpems B OyaymieMm. TpeHIsl oueBUAHBI. TpPEeHIO-YCTOHYMBOCThH TOBEIC-
HUSl, WIN CHUJIAa IEPCUCTEHTHOCTH, yBEIMYUBACTCS MPpH Niprudmmxernnn H
enunute, uin 100% xoppensiuu, B cootHomeHnuu (2.13). Yem ommxe H
k 0.5, Tem GoJiee 3anryMyIeH sl U TEM MEHEE BBIPAXKEH €T0 TPEH]I.

3amedanue. PesynpTatel R/S-ananm3a MOryT OBITH CMEIICHHBIMHU
MO/ BIUSTHUEM JIBYX OCHOBHBIX OOCTOATEIHCTB: HECTAIIMOHAPHOCTH JaH-
HBIX W HaJIMYME Mpollecca ¢ KOPOTKOH mamsThio. [loaTomy, 4ToOBI HC-
KITFOYUTH TPOLIECC C KOPOTKOW MaMSATBIO CIEAYET, Mepel MpUMEHEHHEM
R/S-anamm3za, neiitn AR(1) pa3HocTnh.

TeopeTrueckn oka3zaHa IEIECOO0PAa3HOCTh MPUMEHEHUS TEOPUU
HENMMHEHWHBIX cucTeM. OIpeneieHbl OCHOBHBIC aJrOPUTMBI U METOJUKH.
Kotopsie Heo6xoanMo peann3oBaTh Ha MPAKTHKE.

2.2 IlpakTUyeCKUe UCCIAETOBAHUS CTOXaCTUUECKUX
XapaKTEePUCTHK JUHAMHKHN Kypca akiuu «PAO EDC»

Crnenyss MpHUBEICHHOMY aJITOPUTMY HCCIIEAOBAaHHHA BOCCTAaHOBUM
(ha30BBIN MTOPTPET I BPEMEHHOTO psna JUHAMHUKA Kypca akmmid «PAO
EDC», nannsrie oupxku «MMBb» 3a mepuon ¢ 29.05.1997 mo 24.06.2003
rr. MaccuB 3Hauennit N = 1511. Ha pucynke 2.2 nokazaHa AMHaMHUKa
Kypca akuuil poccuiickoi komrnanuu «PAO EQCx».
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Nera, pyh.
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1997
1937
1993
19595
1999
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Do ( zrabmo ge )

Puc. 2.2 lunamuka Kypca akiui poccuiickoit kommanuu «PAO
EDQC» B mepuon ¢ 29.05.1997 no 24.06.2003 rr.

HJ’I}I 9TOro H€06XOI[I/IMO OLICHUTL BPEMs 3aICPKKU T. Y1005 OLICH-
Ka uMeila OJOCTAaTOYHYIO 000CHOBaHHOCTD BOCITIOJIB3YEMCA HECKOJIBKMMU
TNEPECUUCICHHBIMHA paHEeEC METOJaMU.

2.2.1 Omenka T 1Mo aBTOKOPPEISIITMOHHON (QYHKITHN

C momomp0 pa3pabOTaHHON TPOTPaMMBI PAaCCUUTHIBACTCSI aBTO-
KOppersnuoHHas GYHKINS, TTOKa3aHHas Ha pUCYHKe 2.3.

koadid KOppen.
1

0 W
0 . . . N
I 200 400 GO0 EUDV 1000
05

Puc. 2.3 ABTokoppensuoHHas GyHKIUSL
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Kax BunHO u3 pucynka 2.3 nomydeHHoe 3HaueHue T = 840 He co-
BCEM MOXHO 000CcHOBaTh. Ha mpakTHKe MOXET CIyduThCs TaK, YTO aBTO-
KoppesnuoHHas (GYHKIHS BOOOIE HE TepecedeT OCh aOCIHCC, MTOATOMY
HEO0OX0NM yTOYHSIOMINI MOAXO.

2.2.2 CnexTpasIbHBIN aHAIHA3

CriekTpaJIbHBIM aHaIN3 pean3yeTcsl Ul METOAA MPH KOTOPOM B
UCXOIHBIN psii 10OABIAIOTCS HOBBIE HYJIEBBIC 3HAYEHHs A0 KOJIMYECTBA
COOTBETCTBYIOMIEr0 Omrkanmied creneHu 2. [Ipu 3ToM TSl BRIYHACICHUI
MPUMEHAIOTCA clenyromas npouenypa: 15% crioaxuBaHue Ha KOHIAX
psana (Ilpouenypa mpumMeHsieTcsi Al YCTPaHEHUS JIOXKHBIX MHUKOB (OH-
KOB) B mepuomorpamme). Ha pucynke 2.4 mpuBEeIeHBI Pe3yIbTaThl CIEK-
TPaJIBHOTO aHaJN3a aBTOKOPPEISIIMOHHON GyHKImu. 13 pucynka 2.4 xo-
pOIIO BHUJHO, YTO MUK CaMOW BBICOKOH M3 JOMUHHUPYIOIIMX 4acTOT MpH-
xoauts Ha mepuon paBHbid 400. IToaTomy T ciemyeT BBIOpaTh paBHOM
yeTBepTH nepuoja. [Ipumepro 100 guei.

CnexTpansnan
LI THOCTE

16

4

12

10

0 200 400 600 $00 1000 1200 1400 1600 1500 2000 2200
Pepuop,
Puc. 2.4 CnektpanbHblil aHaJTN3 aBTOKOPPEIAIUOHHON (PyHKIMN

YBenuanuM MacITad moCTPpOCHHS pUCYHOK 2.5-2.6.
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Puc. 2.6 3aBUCUMOCTH CTICKTPAITh-
HOM TIJIOTHOCTH OT MEpUOJa

7
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Mepmoa
Puc. 2.5 3aBucuMocTs crieKTpab-
HOW IJIOTHOCTH OT Meproaa

Jlerko BeigenuTh ycroiuuBble mukiasl 70 mueit, 170 mueit, 400
naeit. [Tpu ganmpHEieM yBeIMueHUN MaciiTaba Mbl MOXKEM BBIICTUTH U
IpyTue MEHEee 3HAUNTEIBHBIC BPEMEHHBIC TIEPHOIBI.

[TocTporM 3aBUCUMOCTD YaCTOTHI OT CIIEKTPATLHON INIOTHOCTH, TIIE
TaK k€ MOKHO BBIJICIIUTD TE K€ BPEMEHHBIC ITUKIIBI PUCYHOK 2.7
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Puc. 2.7 3aBucuMoCTb CIEKTPaIbHOM MIIOTHOCTU OT YaCTOTHI AJIS
TUHAMHKH Kypca akuuid «<PAO EDC»
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Takum o0pa3oM [UIsl oNpenesieH!s] BpEMEHH 3allepKKH U IIOCTpoe-
HUS aTTpakTopa OepeM YeTBepTh MEPHOJa CaMOI'o BHICOKOTO IHKA. JTO
npumepHo 100 qHeil.

2.2.3 Onenka nokazatens Xepcera i Kypca akinid KOMITaHu!
«PAO EOC»

[Ipomorapudmupyem cooTHommeHue (2.12)
log(R/S)=H L(log(N)+1log(a)) (2.14)

Ecan B IBOWHBIX JOTapU(PMUIECKUX KOOPAMHATAX HAWTH HAKJIOH
R/S kak ¢yHkmmo ot N, TO TeM caMbiM MBI moiryduM oueHky H. Jlns
OUYCHBb OOJIBIIIOTO KOJIHUYECTBA HAOMIOAeHHH N MOKHO OXKHUAATH CXOUMO-
ctu psaaa k BenmmuunHe H = 0.50, Tak kak 3Q¢eKT maMsITiH YMEHBIIASTCS 110
TOTO YPOBHs, KOTJ]Ja CTAHOBUTCS HE3aMETHBIM. Perpeccust B 3TOM cirydae
JIOJDKHA BBITTOJTHATHCS 70 TOro kKak H mpubmusutcs k 0.5, Tak Kak Koppe-
JSAIUOHHAS Mepa He NMPUMEHWMa KO BCeM 0€3 MCKIIOUEHHS MpUpaIeHH-
SIM.

Ha pucynke 2.8 B TBOHHBIX JTOrapupMHUECKHX KOOPAUHATAX HPEa-
craBieHa KpuBas 3apucuMmoctd R/S ot N mis H = 0.731494 | mocTpoen-
Hasg 10 JaHHBIM W3 pHUCYHKa 2.2 (IMHaMHWKa Kypca aKIMH POCCHUHCKOM
kommanuu «PAO EDC»).

Ou eHka NokazaTenA Kepota

s00
450 - EE0E |
400 A_f,or—
350

g 200 el

= 1A0

g 20 _’f“’,
150

e
100
050 -

oo T T T T T
1] 2 4 fi g 10 1z
Log (M)

Puc. 2.8 Kpusast 3aBucumocts R/S ot N — konmdectBa
HaOIIOAEHUNA
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B cymoctn, onenka H, kotopas 3HaunTensHO oTimgaercs oT 0.50,
MMEET JIBa BO3MOXHBIX OOBSICHEHUS:

1. B u3y4aemMoM BpPEMEHHOM DSy UMEETCSl OJITOBPEMEHHAs Ia-
MaTh. Kaknoe HabmnromeHne KoppenupyeT 0 HEKOTOPO#l CTeleHH C Mo-
CIIEYIOINMH HAOIIOICHUSIMHU.

2. Takoro poaa aHanu3 caM 1o ce0e HECOCTOSTENEH, 1 aHOMaJIbHas
BenmunHa H He o3HaudaeT, yTo mMMeeT MecTo 3((deKT AONroBpeMEeHHON
mamsatH [82, 98].

MoxeT oka3aThCsl, YTO y HAC HEJOCTATOYHO AAHHBIX I 000CHO-
BaHHOTO TecTa (IIPU ATOM HE CYIIECTBYET YETKHX KPUTEPUEB TOTO, CKOJIb-
KO JaHHBIX HeoOXxoammo). TeM He MeHee, B 3TOM clTydae U3ydaeMbId s
KaK psJ] HE3aBUCHMBIX CITy4YalHBIX MEepEeMEHHBIX JHO0 3aKirodaeT B cede
H, otnuuanoe ot 0.50, nubo mpeacrasisier coO0H HE3aBUCHMBIH MPOIIECC C
TOJICTBIMH XBOCTaMH, OTIMCaHHBIN emme KyTHepom.

MBI MOXeEM TIPOBEPUTH 0OOCHOBAHHOCThH HAIIMX PE3yIbTaTOB ITy-
TEM CIIy4aifHOTO MEepEeMEIINBaHUs JAaHHBIX, B Pe3yJabTaTe 4ero MOpsAoK
HaOJIOAEHNH CTaHET MOJHOCTHIO OTJIMYHBIM OT MCXOXHOTO psna. Beumy
TOTO, YTO HAOIIONCHUS OCTAIOTCS TEMH )K€, UX YACTOTHOE pacrpesiesieHIe
TaK)kK€ OCTaHETCS] HEM3MEHHBIM. Jlajee BBIYMCIUM IOKa3aTelh XepcTa
9THUX TIEpEeMEIIaHHbIX AaHHBIX. ECIu psin AeWCTBUTENBHO SBISIETCS HE3a-
BUCHMBIM, TO IOKa3aTelb XepcTa He W3MEHHTCS, TIOCKOJIBbKY OTCYTCTBO-
Ball A((PEKT AOATOBPEMEHHON MaMSTH, T. €. KOPPEIAINA MEXIy HaOI0-
neHusMHu. B 9TOM ciyyae mepeMerMBaHUE JAaHHBIX HE OKA3bIBACT BIIHS-
HUS Ha KQYECTBEHHBIE XapaKTEPUCTHKH JTAHHBIX.

Ecmn mmen mecto 3 dexT NoNTOBpeMEHHOW MaMsTH, TO MOPSIOK
JAaHHBIX BecbMa BakeH. l[lepemennBas JaHHbBIE, MBI TEM CaMbIM pa3pyla-
eM CTpPYKTypy cucteMbl. OnieHka H mpu 5ToM oKaskeTcs 3HaYUTENbHO HU-
XKe, aXke eclii YacTOTHOE paclipelelieHne HAOMIOJCHU HEe M3MEHUTCS
[98].

Hamu ObL1 BHINIONTHEH TECT HA MEepeMEIIMBaHIE 3HAYCHUH psia Iu-
Hamuku Kypca akiuuit «PAO EDC». Ha pucynke 2.9 B nBOHHBIX jora-
pubMUYECKHX KOOPIWHATAX TPEACTABIICHBI IEPEeMEIIaHHbI U HE Tepe-
MEIIaHHBIA PSJIBL.
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OueHKa NoKa:aTena Xepcra
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Puc. 2.9 B nBoiiHbIX TorapuMUYecKuX KOOPIUHATAX
MpeJICTaBJIeHbI IepEeMEIIAHHBIN U He MTepeMEIIaHHbIA PSJIbI Kypca
akuit «PAO EDC»

WcxonHbrit psa man pesynbratuBHYIO onieHKy H = 0.516, mepeme-
manHbIi — H < 0.5. Takoe nagenue BenuunHbl H roBoput o TOM, 4TO Ipn
nepeMeIMBaHuy OblTa pazpyllieHa cTpyKTypa mnpouecca. [lepemeranabiit
PSAA OcTajcsl He HOPMaJIbHO pacIpeesIeHHBIM, HO MPOIECC MepeMenTnBa-
HUSl cJenaj JaHHbIE HE3aBHUCHMBIMH. OTO JIOKa3bIBA€T YTBEPXKIACHUE
Manpens6pora o ToM, uto R/S-aHanu3 paboTocrnocoOeH OE30THOCUTEIh-
HO K pacTpeieIeHUI0 BPeMEHHOTO Psijia.

2.2.4 Tloctpoenue ¢azoBoro nmoprpera. BoccTaHoBIeHNE aTTPaKToO-
pa 10 BpEMEHHOMY DSy

Ha pucynke 2.10 mokaszan (a3oBbIii MOpPTpeT A PasMEPHOCTU
BIIOKeHUs paBHOM TpeM. Ha pucynke 2.11 moka3aH BOCCTaHOBIICHHBIN
aTTPaKToP.

ITonydeHHBIN aTTpaKkTOp SIBISETCS «CTPAHHBIM aTTpaKTOpoM». Pe-
3yNbTaThl CBUAETENBCTBYIOT O HEPETYIIPHOM (XaOTHYECKOM) MOBEACHUU
mpoliecca, YTO FOBOPUT O 3HAYMTEIBHOM HM3MEHEHMM IMHAMUKU Kypca
aKIUi OpH pa3IUYHBIX HayaJbHBIX YCIOBHUAX (HA4YaJbHOW CTOMMOCTH).
Bwmecre ¢ TeM, BHYTpeHHSS CTPYKTypa CUCTEMBI TaKOBa, YTO KypC aKIHN
CTPEMHUTBCS K ONpEAENEHHON NpuTAruBaroniel Tpaekropuu. [Ipu stom
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MOXXHO BBIIEJIUTH TPU 00JIacTH NpHUTsDKeHMsI. B paitone 1.5 — 3 py06is, 4.5
— 6 pyOneit, 7 — 9 pyOiret.

Y3
o = RN w bk o~

A A
o e
ERAR Y

Puc. 2.10 ®a3o0Bsiif nopTper

Puc. 2.11 AtrpakTop

Ecam paccMoTpeTh MHOKECTBO HadaJdbHBIX YCIOBHUA Ha (ha30BOM
IJIOCKOCTH, 3aHUMAIOIIYI0 HEKOTOPYIO o0acTh pasmepom F, To B cienct-
BUM JHMCCUIALIMKA MOTOK MPUBOAMUT K COKpalleHuro riomaaeit. Cienona-
TEJIbHO MOBEPXHOCTh F moj neicTBHEeM MOTOKa BBIPOXKIAETCS 0 JIMHEH-
HOTO OTpe3Ka Ha aTTpaKkTope. 3HAYUT MPOUCXOIUT MOTEps HMH(POpMAUU
OTHOCUTEIBHOTO B3aMMHOI'O PAaCHOJIOKEHUS TOYCK, IePBOHAYANBHO IMPH-
HaanexaBmux nmoBepxHocTH F. [To noctmxennn arrpaktopa uHpopManms
yTpaduBaeTcs HEOOpaTUMO. DTOT BBIBOJI OMUPAETCS WCKIIOYUTEIHHO Ha
COKpallleHHE TJIOMAZeii 1 Ha OHOBPEMEHHOE CYIIECTBOBAHHE aTTPAKTO-
pa [12]. BeiBom ocTaercs B cHjle HE 3aBUCHMO OT THIIA aTTPaKTOpa.

Kax BugHO U3 pucynka 2.11, Ha arTpakTope MBI ©UMEEM TpHU 0bJac-
TU TIPUTSDKEHUS, KOTOPBIC CBS3aHBI MEXAy cO000# (ha30BBIM MEPEXOI0M.
MoXHO yTBEepKIaTh, YTO aJCKBaTHBIC POrHO3bI MOKHO CHENATh TOJIBKO
JUTS TIEH KypCOB akiuii, popMupyrommx obIacTu MpUTHKEHUS, a HE A
BCEr0 BPEMEHHOT'O Psijia.
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2.2.5 BrrancieHune KOppesiuOHHOTO HHTETpaia

[Ipouenypa BeIUMCIEHMI HE Tak CJIO)KHA, OJHAKO MporpaMMa pea-
JU3yIoUIas NaHHBIM METO] BBIYMCICHUH, TPOU3BOAUT pacueThl (hpaKTaib-
HOM pa3sMEpPHOCTH aTTpakTopa AJs BIOKEHHH m = 2 + 9 nopsaka 40 mu-
HyT Ha PC THna Intel Pentium 500.

Bo-tiepBBIX, B COOTBETCTBUH C (2.3) pacCUNUTHIBAIOTCS KOPPEIISIIN-
OHHBIE MHTETpajbl IS MOCJIEI0BATEIBHO YBEINYUBAIOIINXCS Pa3MEPHO-
crei BnoxeHnus. [Ipu 3ToM paccMaTpuBarOTCsl perpeccuy JTUHEHHOH 00-
JIACTH ABOWHBIX JIOTapu(MUYECKHX KpUBBIX. DpakTaapHas pa3MepHOCTD
JOJDKHA CXOJUTBHCSA K CBOEM MCTMHHON BENUYMHE, IO MEPE yBEIWYEHUS
pasMepHocTH BioxeHus. Ha pucyHnke 2.12 moka3zaHsl AMarpaMMsl Koppe-
JIAUMOHHBIX MHTErPAjOB IJsl BIOKEHUM m = 2 + 9. AHanu3 JaHHBIX pU-
cyHKa 2.12 mO3BOIMII BEIAECIUTE 00JaCTh CXOAUMOCTH (PaKTATHHOU pa3-
MEpPHOCTH PUCYHOK 2.13.

bogi i

g
——m=2 ——m=3 m=4 m=2 ——m=5 ——m=7

—m=3 ——m=43

Puc. 2.12 JInarpaMmbl KOPPEAITHOHHBIX HHTETPAJIOB IS
BIOKeHHH m = 2 + 9 mia kypca akiuit «PAO EDC»

Ha npaktuke rpaduk KOppersmuOHHOTO MHTErpajia OTKIIOHSETCS
OT NPSIMOM JIMHUM B 00J1AaCTH OONBIINX I' U OYEHBb MAJIBIX I, KOTJa KOJIN4e-
CTBO Iap TOYEK CTAHOBUTHCS MAJIO JJIS XOPOILIEH CTaTUCTUYECKON OIEH-
ku. MHTepBan nuHelHOCTH TeM Oonblue, yeM Oombline o0beM 00pabaThl-
BaeMbIX JIaHHbIX. Yallle BCero ero BHIOMPAIOT «HA IJIa3», a 3aTeM IOoJBep-
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raroT TMOJIyYeHHBIE TOYKH OOpabOTKE C MOMOIIBI0 METO/Aa HAaMMEHBIITNX
KBaJIpaToOB JIsl HAXOXKJICHUS allllPOKCUMUPYIOIIEH NpsiMoil. YTON HaKJIO-
Ha TOU MPSMOM 1acT 3HaUYCHUE KOPPEIIUOHHON Pa3MEPHOCTH.

£

g 28 ,f—i-""ﬂ W
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g 15 f,ff
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g / . p=236 |’
E 1.7 ,.f"'f ¥ o *
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Puc. 2.13 Cxopumocts ppaxTtansHO# pasmepHocT D = 2.36

PeanbHblil aHanu3 mMoOKa3bIBa€T, YTO YCTOMYMBAsg CXOAUMOCThH K
(bpakTaTpHON pa3MEPHOCTH corjiacyercs ¢ Teopued. CucTtema SIBISICTCS
HU3KO-Pa3MEpPHOM U AJI1 MOJETUPOBAHUS JUHAMUKH 3TOTO PBIHKA MOTpe-
OyeTcs TpH MepeMCHHEIE.

2.2.6 BeraucieHne KOppensuOHHON SHTPOIMH U CTapILIEro
nokaszateins JIsmyHoBa

Ha pucynke 2.14 nokaszanbl B ABOHHBIX JIOTApUPMHUIECKUX KOOP-
JIUHATax 3aBUCUMOCTH KOPPEIALMOHHON SHTPONMH AN Pa3IUYHBIX M OT
r (3).

XapakTepHOe BpeMs, Ha KOTOPOE MOXKET ObITh IPEACKA3aHO I0BE-
JeHHEe CHUCTEMBI, 00paTHO MPOMOPLUHOHANIBEHO 3HTpormuu Kommoroposa
[66]. Ecam sHTpoOmHS AOCTUTAET HYJSA, TO CHCTEMa CTAaHOBHTCS IOJHO-
CThIO TIpejackazyemoil. J[Ji1 UCTUHHO Clly4alHBIX MPOLIECCOB IHTPOIHUS
HEOTPAaHWYEHHO BEIHMKA. DHTPOMIMS CHUCTEMBI B pPEXHMME CTPAHHOIO aT-
TpakTopa MOJOXKHUTEIbHA, HO UMEET KOHEUHOE 3HaueHue. YncinoBoe 3Ha-
YEHUE BHTPOINUU SIBJIAETCS KOJIMYECTBEHHOH XapaKTEpUCTUKOM CTEIeHU
XaOTUYHOCTH CHUCTEMBI.

Ha pucynxke 2.14 xopomio BUHa CX0JUMOCTb KOPPEISLHUOHHOMN 3H-
TPOIIMM B 3aBUCHUMOCTH OT PasMEpPHOCTH BIJIOKEHMS M BEJIMYMHBI log(r).
Koppensmuonnast sHTporus cucteMsl npuMepHo paBraa 0,116. IToarsep-
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KJICHUEM HAIINX BBIBOJOB SIBISIETCS PacueTHOE 3HAYEHHE CTapIIEro Io-
kazarens JlamyHoa. Kak BumHO W3 pucyHKa 2.15 HaiimeHa ycTroddmBas
cxonuMocTb K Beanuuae 0,1162 Out/ness.

B

E | ppammen s s po o )

L

Puc. 2.14 KoppemsmuonHas SHTpOIHs sl Kypca akuuid «PAO EDC»
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Bpenas E OMBLEE

Puc. 2.15 CxomuMocTs HanbobIIeTo Moka3aTesns JIsmyHoBa
DTO 03HAYaeT, YTO MBI TEPSIEM MpPeACKa3aTeIbHYI0 MOIIHOCTH CO
ckopocthio 0,02 Out/mens. Takum 00pa3oM, MOXHO YTBEPKIaTh, UTO

MOXHO JIeNaTh ajiekKBaTHBIC TporHo3sl Ha 1/0,1162 = 8,605 mxHei.
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2.3 HccnenoBaHre OCHOBHBIX HETMHEHWHBIX MTOKa3aTeei s Kyp-
coB akuuii «Poctenekom», «JIykonn», «CoepOanKk»

Hcnone3ytotest nandbie oupsku «MMBB» B mepuon ¢ 29.05.1997
o 24.06.2003. HMcnoms3ys pacCMOTPEHHYIO METOIHMKY, OIPEACIIAM OC-
HOBHBIE TIOKA3aTeNU BPEMEHHBIX PSI0B.

ABTOKOPpEISMOHHBIE (YHKIUH, pacCMaTpUBAEMBIX BPEMEHHBIX
psAIOB TTOKa3aHsl Ha pucyHke 2.17. CormacHo MeTomy 1, KOTOPBINA ONMHCaH
paHee, IS OIpENEICHUs] BpEMEHU 3aJ€P’KKU HaM HE00XOIUMO B3ATh TO
3HA4YEHHUE MEPUOJIa, T1Ie aBTOKOPPEIINOHHAA QYHKIUS MEPECEeKacT HOMb.

AHanu3 aBTOKOPPENALMOHHBIX (DYHKIMN MOKa3all, 4To JUIsl aKLui
«PocTenekom» BennunHa T J0JDKHA paBHATHCS npuMepHo 200 nueit. s
aknui He(TsAHOU KoMIaHuu «JIykoim» T = 929 nueit. lns akumii «Coep-
OaHk» T = 825 guell. Takue BpeMeHa 3aA€PKKU HE MOTYT OBITh UCTIONIB30-
BaHBl B pacyerax IMO3TOMY HEOOXOAWMO MPOBOIHUTH AONOIHUTEIHHBIC
UCCIIEI0BAHUS.
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Puc. 2.16 /lunamuka KypcoB akmmii: a) «Pocrenexkom 1536 HaOr01eHMIA;
0) «JIykoun» — 1511 nabmonenwii; B) «Coepbank» — 1304 HaOmr0CHUT.
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Puc. 2.17 ABtokoppensiunonHsie QyHKINH: a) «PocTenekom (mepecexa-
et 0 Ha 200 mare); 6) «Jlykomn» (mepecekaer 0 Ha 929 miare); B) «Coep-

Oank» (rmepecekaer 0 Ha 825 miare)

Ha pucynke 2.18 mokazaHbsl pe3ylbTaThl CIIEKTPAILHOTO aHAIN3a.
Ha rpagukax mokazaHa 3aBHCHUMOCTh CHEKTPAILHOW IUIOTHOCTH OT BEJIHU-

YWHBI IEpUuoaa.
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Puc. 2.18 CnekTpanbHbIN aHATN3 aBTOKOPPEIAIMOHHBIX (DYHKITUU:
a) «Pocrenexom; 0) «JIlykoumn»; B) «CoepOaHk».

W3 pucynka 2.18 nerko BUAETh, 4TO A1s akuuid Poctenekoma mak-
CUMAaJIbHBIM MUK MpUXoauTcs Ha 220 3HaUY€HHUE MEPUOIa, COOTBETCTBEHHO
T OyIeT paBHO YETBEPTH 3TOTO Nepuona T.e. T = 55 aaeit. s axmwmit Jly-
kotna, nepuoxa 300 gHel, a coorBercTBeHHO T = 75. Jlns akuuii CoepOan-
Ka, Iepro cocTarisier 260 qHeH T COOTBETCTBEHHO PaBHO 65.

94



2.3.1 R/S — ananu3. AHaau3 oKasarels XepcTa

Ha pucynke 2.19 B 1BOWHBIX JorapupMHUYECKHX KOOPAWHATAX IIO-
Ka3aHsl 3aBUCUMOCTH R/S ot N 111 KypcoB akuuil. [l akiuil komMmnaHnuu
«Poctenekom» mporecc ¢ JOIrOBpeMEHHON MaMAThIO HAOI0AaeTCs Ipu-
MepHO B mpogokenun 70 —80 mueit, H = 0,74. Ilocne »Tol Touku rpa-
¢uK HauMHAeT clenoBatTh ciydailHbeM OmyxnanusiM H = 0,44. Ctonb BbI-
COKas OLIEHKA IO0Ka3aTelsi XepcTa CBHIETEIbCTBYET O TOM, 4TO (hOHIO-
BBIM PBIHOK SBIISiETCS (DPAKTAIOM, a HE CIEAyeT CIydailHbIM Oly>KIaHHU-
SIM.

Jns akumit komnanuu «JIykoim» Takol Meproj] COCTABISET TakKe
70 — 80 aueit H = 0,77, a nns akumii «Coepoanka» 60 — 70 mueit H = 0,91.
BunHo, 4TO akMu UMEIOT NPUMEPHO CXOXKHE BeTMUMHBI H 1 JUIMHBI IHK-
JIOB.

H=074 | ——0u

H=0.44
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Puc. 2.19 a)
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Puc. 2.19 R/S-ananus:
a) «Pocrenexom; 6) «JIlykomn»; B) «CoepOank».

2.3.2 BoccraHoBieHUE (ha30BBIX MOPTPETOB M ATTPAKTOPOB TI0
BpPEMEHHBIM psijiaM

AHanuzupysi pe3ynbTaThl MPEIbIAYIINX HCCIENIOBaHWUHU IMOTydeHa
ONTUMaJIbHAsl BEJIMYMHA 3aJepXH T, KOTOPYIO MBI HCHONB3YyeM Ui TO-
cTpoeHus (pa30BOro Moprpera U BOCCTAHOBJIEHHS AaTTPAKTOPa CUCTEMBI.
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Tak nns akuuit «Pocrenekom» T COCTaBISIET MOpPsiAKA 75 IHEH, YTO MOJ-

TBEP>KJIEHO CIIEKTpaJIbHBIM aHainu3oM U R/S — anammzom. na «Jlykoiina»
T =75 nuei, a s «Coepbanka» T = 651HEH.
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Puc 2.20 ®a3oBble TOPTPETHL:
a) «Pocrenekom; 0) «Jlykomn»; B) «CoepbaHk».

Ha pucynxke 2.20 moka3aHbl BOCCTAaHOBJICHHBIE (ha30BBIC MTOPTPETHL.
BusyanbHast OlleHKa JaHHBIX B HEJIIMHEHHBIX CHCTEMaX OYCHb BaXKHA II0-
TOMY, YTO OHH KaK MPaBHJIO HE UMEIOT €IMHCTBEHHOTO pemenus. [1o Bu-
ny (ha3o0BOTO MOPTpPETa MBI BOCCTAHABIUBACM BHJ] aTTPAKTOPa, KOTOPHIT
KaK BUJIHO U3 pUCYHKA 2.21, SBISIETCS «CTPAHHBIM aTTPAaKTOPOM>.
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Puc. 2.21 BoccTaHOBIIEHHBIE aTTPaKTOPHI:
a) «Pocrenexom; 6) «JIlykomn»; B) «CoepOank».

Ha ocHoBanmu MOJYYCHHBIX PC3YyJIbTATOB MOXKHO MNOCTPOUTH MO-
JCJIb CUCTCMbI

x(r+1) = F(x(1)),

(2.15)
y(1) = 0(x(1)),
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rae x(t) — n-MepHBIM BEKTOP NEPEMEHHBIX COCTOSHUM CHUCTEMBI, Y(t) —
3HAYCHHS Kypca aKIui, t — quckpeTHoe Bpems, F, Q — HenmHEeHHbBIE orre-
paTophl.

2.3.3 BeruncieHne KOppesIHOHHBIX HHTETPAJIOB U
(hpakTaNbHOM pa3MepHOCTH

Kax Op110 ycTaHOBIEHO, ()pakTaiabHas pa3MEPHOCThH naeT MHGOpP-
MaIIo0 OTHOCHUTEIHHO U3ydaeMoii cuctemsl. Llemoe urcio, ciemyromee 3a
9rCcIOM (paKkTaIbHON Pa3sMEPHOCTH, TOBOPUT O MUHHUMAaIbHOM KOJIHYECT-
B€ MTEPEMEHHBIX, HEOOXOIUMBIX JJISl MOJIEIUPOBaHus cucteMbl. OHO 3a7a-
€T HIDKHIOIO TPaHUIYy BO3MOKHOTO KOJHUYECTBa cTereHelr cBoboas! [98,
128]. Ha pucynke 2.22 noka3aHbl BEIYUCICHHBIE KOPPEISALMOHHBIE HHTE-
TpaJibl 1Jis pa3IMYHbIX BEIMYNH BJIOKECHHUS M.
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Puc. 2.22 B)

Puc. 2.22 KoppensmoHHbIE HHTETPATIBL:
a) «Pocrenexom; 6) «JIlykomn»; B) «CoepOank».

Hns pazmepHoctu m Beruucisiercss C(r) (2.3) npu yBenudenuu R.
Haxons maxion mpsmoit Ha rpaduke (cM. puCyHOK 2.22) THHEHHON per-
peccur B JBOWHBIX JOTapU(MUUECKIX KOOPIUHATAX, OLIEHWBAETCS KOp-
PENSIIIUOHHAS Pa3MEPHOCTh D A KaKIoW pa3MEpHOCTH BIIOKCHHUS m.
[Ipu yBenmaeHnn m pa3MepHOCcTh D OymeT CXOAuThCS K CBOSH MCTUHHOM
BenmmuuHe. Ha pucynke 2.23 mokazaHa cXoauMOCTh D 1t pa3mudaHbIx m.
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Puc. 2.23 B)
Puc. 2.23 CxopumocTs ppakTanbHON pa3sMepHOCTH:
a) «Pocrenexom; 6) «JIykomn»; B) «CoepOank».

Kax Buano u3 pucynka 2.23 mus akuuii «Poctinexoma» D = 2,11,
1t akmui «JIykoitma» D = 1,96, mrs akmmii «Coepbanka» D = 1,58. Oto
3HAYUT, YTO CMOJEIHUPOBATH AWHAMHUKY JTHX aKIUHA COOTBETCTBEHHO C
MOMOIIIBIO TPEX U JIyX MEepPeMeHHBIX. Takum o0pa3om, perraercs mpoodie-
Ma OIpeACIICHUS KOJIMYeCTBa NMEPEMEHHBIX ISl MOACITHUPOBAHHS CIIOXK-
HBIX, TUHAMHYECKUX CHCTEM.
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2.3.4 Brraucienne KOppersiuOHHON SHTPOTIHH U TIOKa3aTemneit
JIamyHoBa

E 045
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Puc. 2.24 a)

0,24

Puc. 2.24 6)
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Puc. 2.24 KoppensaumnoHHas 3HTPOU:
a) «Pocrenexom» — 0,0231; 6) «JIykomn» — 0.0326; B) «COepbank» —
0,0158.

Ha rpadukax xopomo BUAHO, YTO €CTh HECKOJIBKO 00JacTel cxo-
numocTtd Ha ypoBHAX npumepHo K = 0,1 u K = 0,05. U3 storo cnenyer
YTO €CTh HECKOJIBKO YPOBHEW mpenckazaHus. bojee TOuHBIM siBiseTcs
YPOBEHH KPaTKOCPOYHOTO TIpeickazanus He Oosee 10 gHEH.
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Puc. 2.25 CxomumMocTs HanbombIIIero mokazareis JIsmyHoBa:
a) «Pocrenexom» — 0,0241; 6) «JIykomn» — 0,0331; B) «COepbank» —
0,0161.

HaGmrogas 3a cXOOUMOCTBIO KOPPEISAIMOHHONW DHTPOIUHU BHUIHO,
yt0 y aknuil «Coepbanka» HaOMIOAaeTCs HAaUOOJbIasi HEOJHOPOIHOCTD.
DTO CBS3aHO C OCOOCHHOCTSAMHU psma. Kak MOXHO YBHAETh W3 rpaduka
HayaJIbHBIX JaHHBIX B psAXy uMeercs asa nepuoza. I[lepsorit ¢ 1998-2001
IT. KOTJ]a OTYETIMBO BUJEH NapajIeNbHbIN TpeH I U BTopoil nepuoz 2002-
2003 rr. — Bocxomsamumit TpeHa. [loaToMy paccMOTpuM BTOPOM HEPHO,
TaK Kak OH fABJsieTCS Hanboiee 3HAYMMBIM, U BBIYHCIIHM TSI HETO KOppe-
JIIIUOHHYIO PHTpONU0 pucyHok 2.26. Jlerko Buaeth uro K cxomurcs k
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BemmuuHe (0,0114. Uto o3HawaeT, 9To BpeMs IPEACKa3yeMOCTH PaBHO
1/0,0114 = 87,7 nueii.
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Puc. 2.26. xoppensnuoHHast SHTpONHs JUIsl Kypca akiui
«Coepbanka» nocneaaue 410 3HaAUCHMI TTOKA3ATEIIS

Opnnako, Kak OBUIO CKa3aHO paHee, Ha rpad)uKe MBI MOXKEM BhIJle-
JINTh HECKOJIBKO obyacTeit cxoammoctr Ha ypoBHe 0,05 u Ha yposae 0,02.
3TO MO3BOJNSET CJeNaTh BBIBOJBI W KPATKOCPOYHOM MEpPHOJIE TpE/IcKa-
3yE€MOCTH HCCIIEAYEMOI0 BPEMEHHOTO Psijia.

BrIBoabI K T71aBE

1. XaoTu4eckue psiibl TOIBKO BBITISAAT CIIy4allHBIMU, HO, KaK Jie-
TEPMHUHHUPOBAHHBIN JUHAMUYECKHIA TPOIIECC, BIIOJIHE JOMYCKAIOT KPAaTKO-
CpOYHOE TMporHo3upoBaHue. [loATBepkKIeHHEM YacTUYHOW MpeacKazye-
MOCTh (DMHAHCOBBIX BPEMEHHBIX PSJIOB, SBISIOTCS MPOBEIECHHBIC HCCIIC-
JIOBaHUA M3 KOTOPBIX MOXHO CJENaTh CIEIyIOIre BEIBOIBL. MccaenoBan-
HBbIE BPEMEHHBIE PS/IbI UMEIOT JIEITOIKCIIECCHOE pacipeiesieHne (pacipe-
JICJICHUE C TOJICTBIMH XBOCTamMu). B cnencrBue Toro, uro mH(OpMANus
MOCTYNAeT HA PHIHOK PEIKUMU «IIOPIUSMU», a HE HETPEPhIBHO. PBIHOY-
Has peaknys Ha CTYCTKH HMH(OpPMAalry MMEET CIEJACTBUEM TSDKENBIE XBO-
cthl. [lockonbky pacripeneneHre MHPOPMAIMK SBISCTCS JEMTOIKCIECC-
HBIM, TO paclpeieicHUE IICHOBBIX M3MCHCHUN TaKKEe HOCHT NMPU3HAKU

105



nenTosycrecca. [lockoiabpKy ycTaHOBIIEHO, YTO MPHOBUTH aKIM HE cle-
IyIOT HOPMAJIbHOMY paclpeiesieHHI0, TO CTaHAApTHOE OTKIOHEHHE, Kak
Mepa CpaBHEHUS YPOBHEH pHCKa HelpueMyeMa, a 3HaYHT, He TpuemMiieMa
OIICHKA PUCKA PA3JIMYHBIX IIEHHBIX OyMar MmocpeiCTBOM OICHKH MX BOJIA-
THJIBHOCTH.

2. Jlnsa ompeneneHUsT BPEMEHHOW 3alep>KKH T W BOCCTAHOBJICHHS
aTTpaKkTopa MO BPEMEHHOMY DPSAy XOPOIIWE PEe3yNbTaThl yAaeTcs MOy-
YHUTh, UCTIONB3Ys criekTpanbHblil (DPypbe) anamus. IloaTBepxnenuem cue-
JIAHHOUW OILIEHKH MOJKET CITY)KUTh IMOKa3aTenb XepcTa.

3. AHanm3 BOCCTAHOBJICHHBIX «CTPAaHHBIX aTTPAKTOPOB» KYPCOB
AKIUH TIO3BOJIII BBIJCIUTE OOJIACTH MPUTSHKEHUS U (DOPMUPOBAHUS IICH.
A paccuuTaHHbIC (DpaKTaIBLHBIC PA3MEPHOCTH TIO3BOJIMIIN OLICHUTH KOJIH-
YeCTBO MEPEMEHHBIX, KOTOPOE HEOOXOAUMO AJISI MOACITUPOBAHMS CUCTEM.
Tak mnsa akmuii «<PAO EDC» D = 2,36, nna akumii «Pocreaekom» D =
2,11 , mns akmuit «Jlykoiina» D = 1,96, nns akuuii «COepbanka» D =
1,58. D10 03HaUaeT, 4YTO CMOACIUPOBATH TUHAMUKY dTHUX aKIIMA MOYKHO C
TTIOMOIIBIO TPeX W IyX MEPEeMEHHBIX. TakuM o0pa3om, pemieHa mpodiaema
OTIPEICTICHHUST KOJIMYECTBA MEPEMEHHBIX JUII MOJICIUPOBAHUS CIIOKHBIX,
JTUHAMHYECKUX CUCTEM.

4. BpemeHHbIe psabl GOHIOBOM OUPIKH SBISFOTCS (paKTaTbHBIMH.
Paccunrannsiii mokazatens JIssmyHOBa, OOJBINNN HYJISI, CBHICTEILCTBYET
0 TOM, YTO MMEETCS YYBCTBUTEJIbHAS 3aBUCHMOCTH OT HAYAJBLHBIX YCIIO-
BHUH, B CHCTEME CYIIECTBYET «CTPAHHBIH aTTpakTop». MakcumallbHas
MpeACcKa3yeMocTh it Kypca aknuii «<PAO EDC» cocTtaBiseT mMpuMEpPHO
8,605 mueit, nns kypca akiuii «Poctenexkom» cocrapnseT 8,064 muelt, s
Kypca akmmi «Jlykoitma» cocraBisier 6,535 mHel, mius Kypca akIui
«Cbepbanka» cocrapmser 15,384 gueii.

5. dnsg 3pPpeKTUBHOTO MPOTHO3UPOBAHUS HEOOXOIUMO TPHBIIEYEC-
HUE TEXHOJOTHM HEUPOHHBIX ceTeil. Tak Kak: HelpoceTeBOil aHanu3, B
OTIIMYME OT TEXHWYECKOTO, HE MpPEeAIojaracT HUKaKUX OrpaHHuYeHUil Ha
XapakTep BXOIHOW WH(GOPMAINH; B OTJIMYHE OT TeXaHAIN3a, OCHOBAHHOTO
Ha OOIIMX PEKOMEHJAIVIX, HEHPOCETH CITIOCOOHBI HAXOIUTh ONTHMAlb-
HBbI€ WHAMKATOPHI U CTPOWUTH IO HUM ONTHMAIBHYIO CTPATETHIO TpeicKa-
3aHUA; 3T CTPATETHH MOTYT OBITH aJalTHBHEI, MEHSSICh BMECTE C PBHIH-
KOM, 4TO OCOOCHHO BaXKHO phIHKa Poccum.
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['JIABA 3 [IPUMEHEHUE HEMPOHHBIX CETEN
B 3AJJAYAX [TPOI'HO3UPOBAHWS U ITPOBJIEMBI
UJIEHTUOUKALIMU MOJEJIEU [TPOTHO3UPOBAHUS HA
HEWUPOHHBIX CETSX

Kak Ob110 0TMEUEHO, )KECTKHE CTATUCTUYCCKHE IMPEIOI0KEHUSI O
CBOMCTBaX BPEMCHHBIX PSIOB OTPAaHUYMBAIOT BO3MOXKHOCTH KJlaccHye-
CKHMX METOJIOB MPOTHO3UPOBaHM. B MaHHOW cHTyalnu ajgeKBaTHBIM arl-
MapaToM i pelIeHus 3a/1a4 MPOTHO3UPOBAHUS MOTYT CIY>KUTh CIEIH-
anbHbIe UCKyccTBeHHbIE HeiponHbie cetu (HC) [22, 29, 36, 116, 121].

B »T0lf CBA3W BO3HWMKAET 0CO00 BaxkHAs 3ajada ONIpPEICICHUS
CTPYKTYpbI U TUIIA POTHO3UPYIOIIEH HEpOHHOU ceTH. Ha ceroausainuii
JICHb HET allfOpUTMa WJIM METOJA, MO3BOJSIOLIETO AaTh OJHO3HAUYHBIN
OTBET Ha 3TOT Borpoc. OTHAKO MPEATIOKEHBI CIIOCOOBI HACTPOUKY YHCIia
HEHPOHOB B TMpoliecce O0y4YeHHs, KOTOpble 00eCrednBaioT MOCTPOCHHE
HEHPOHHOW CeTH IJIsl PelIeHUs 3aladd W JAl0T BO3MOXKHOCTHh M30€XaTh
n30bITouHOCTH [37]. DTH COCOOBI HACTPOHKH MOXKHO Pa3JeiiuTh Ha JIBS
TPYHIBLI: KOHCTPYKTHUBHBIE aJTOPUTMBI U allTOPUTMBI COKPAIIIECHHS.

B ocHOBe ainropuTMOB COKparieHus JISKHUT MIPHHIINI TTOCTENEHHOTO
yaaleHus] U3 HEHPOHHOM CeTH CHMHANCOB M HeWpoHOB. BHawane paOGoThI
anropuTMa OOy4YCHUs C COKpPAIICHUEM YUCIIO HEHPOHOB CKPBITHIX CIIOSIX
CETH 3aBeIOMO M30BITOYHO.

ANTOpUTMBI COKpAIllCHUS MOKHO paccMaTpHUBaTh KaK YacCTHBIM
cilydail aJlrOpuTMOB KOHTpacTHpoBaHus [37]. CylecTByIOT ABa Moaxoaa
K peanu3anyy ajdrOpuTMOB COKpAIEHUS METOA IMTpadHbIX (YHKIHA U
MeToJ poeKIwid. [y peanu3anyy mepBoro B LENeBYI0 (GYHKIHIO alro-
puTMa 00y4YeHUsI BBOAUTCS MITPadbl 32 TO, YTO 3HAUCHUS CHHAIITHYCCKUX
BECOB OTJIMYHBI OT HYJIS; IpuMep mTpada

c=3.

i=1

w; (3.1)

~
1l
LN

2 o~ . o .
7l W;; — CHHAIITHYECKUH BEC, 1 — HOMEp HeHpoHa, | — Homep Bxoza, N —

YHCII0 HEHPOHOB, M — pa3MepHOCTh BXOJHOTO CUTHAJIA HEHPOHOB;
Mertoxa TIpOeKIHil peanu3yeTcs ciaeayonmM oopazom. CuHanTHde-
CKHI1 BeCc OOHYJIISIETCS, €CIIM €r0 3HAYCHHUE MOTIAJI0 B 33JIAHHBIH JTara3oH
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rZie € — HEeKOTOpasi KOHCTAHTA.

AJNTOPUTMBI COKpAILlEHHUsI UMEIOT M0 KpaiiHel Mepe ABa Hel0oCTaT-
Ka:

1. Het MeToauKu ompeneieHns Yuciia HEUPOHOB CKPBITHIX CIIOEB,
KOTOpO€e SBISIETCSl M30BITOYHBIM, [TOSTOMY Hepe/l HadyaioM padoThl aro-
pUTMa HYXKHO yTaJgaTh 3TO YHCIIO.

2. B mporecce paboThl anropuTMa CETh COIASPKHT H30BITOUYHOE
YHCII0 HEHPOHOB, MO3TOMY 00yUYeHHE HIIET MEAJICHHO.

[IpenmecTBEHHUKOM KOHCTPYKTHBHBIX QJITOPHUTMOB MOKHO CUH-
TaTh METOANKY OOydYeHHUS MHOTOCIOHHBIX CETEH, BKIIFOYAIOMIYIO B CeOs
CIIEAYIOIINE [Iary:

1. Be1OOp Ha4anbHOTO YHCIIa HEWPOHOB B CKPHITHIX CIIOSIX.

2. Vannmanu3aus CeTd, TO €CTh NMPHCBAMBAHHE CHHANTHYCCKUM
BECaMH CMEIIEHHSIM CETH CIy4YaiHbIX 3HAYCHHI U3 3aJaHHOTO JAHaIa3oHa.

3. O0yyeHue ceTH 1o 3aJaHHOW BBIOOPKE.

4, 3aBepIieHUE B CIydae YCIEITHOTO O0YICHHS; €CIIH CETh 00YIUTh
HE yJIajoch, TO YUCIIO HEMPOHOB yBEIMIMBAETCS U TOBTOPSIIOTCS IIaTH CO
BTOPOT'O TI0 YETBEPTHIH.

B KOHCTPYKTHBHBIX alrOpHUTMax YMCIIO HEMPOHOB B CKPBITHIX CIIO-
SIX TAKXK€ M3HAYAJIBHO MaJjio U MMOCTETIEHHO yBeNnYuBaeTcs. B ormudane ot
OMMCAaHHOW METOAWKH, B KOHCTPYKTHBHBIX aJITOPUTMAaX COXPaHSAIOTCSA Ha-
BBIKH, IPUOOPETEHHBIE CETHIO 10 YBETUUEHHS YHCIa HEMPOHOB.

KoHCTpyKTHBHBIE aNTOPUTMBI PA3IUYAIOTCS TPABUIAMHU 3aJaHUs
3HAYEHHH MTapaMeTpPOB B HOBBIX — IOOABJICHHBIX B CETh — HEUPOHAX:

1. 3HAYeHUs TapaMeTpOB — CIIy4aiHbIe YMCIa U3 3aJaHHOTO JUara-
30Ha;

2. 3HaYEHHS CHHAIITUYECKUX BECOB HOBOTO HEWPOHA OIIPENEISI0TCS
IyTeM pacuierieHus (splitting) oJHOro U3 CTapbIX HEMPOHOB.

[lepBoe mpaBuio He TPeOyeT 3HAYUTENBHBIX BBIYMCICHHH, OJHAKO
€ro HCIIOJIb30BaHHE TPUBOIUT K HEKOTOPOMY YBEIHUYEHHUIO 3HAYEHUS
dbyHKIMHA OMMOKY TTOCHIe KaKIOTO MT0OaBIICHHS HOBOTO HelpoHa. B pe-
3yNbTaTe CIy4aliHOrO 3aJaHusl 3HAYeHUI MapaMeTpoB HOBBIX HEHPOHOB
MOJXKET TOSIBUTHCS HM30BITOYHOCTH B YHCIIE HEHPOHOB CKPBITOTO CIIOSL.
Pacmiennenne HeHPOHOB JMIIIEHO ABYX YKa3aHHBIX HEIOCTATKOB.
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CaMpIM OOJBITTIM HEIOCTATKOM aJITOPUTMa SIBIISICTCS] DKCTIOHCHITH-
AITBHBIA POCT BPEMEHU BBIYMCIICHUH TPH YBEIWICHUH Pa3MEPHOCTH CETH.
Jlis mpeofioNeHus YKa3aHHOTO HEIOCTaTKa MpeiaracTcs YIpOIIESHHBIN
QITOPUTM PACHICTUICHUS, KOTOPBIM HE TpeOyeT 3HAYMTEIbHBIX BHIUUCIIC-
HUH.

Kpome onmcanHbIX cIOcOOOB BRIOOPa HEHPOHOB sl pacIlCIUICHN,
MOXET OBITh HCIIOJIb30BaH aHAU3 YyBCTBUTEIbHOCTH [37], B mporiecce
KOTOPOTO CTPOSTCS MaTpHIbl ['ecce - MaTpUIBI BTOPBIX IPOM3BOIHBIX
dbyaknun ommOKM 1Mo mapaMerpam ceT. [lo BenwmdnHe MOIYIS BTOPOM
MPOU3BOAHON CYISAT O BRXHOCTH 3HAYCHUS JTAHHOTO Mapamerpa JJis pe-
meHus 3amadu. [lapaMeTpsl ¢ MajabIMH 3HAYCHHSIMH BTOPBIX ITPOU3BOII-
HBIX OOHYJISIOT. AHAJIM3 YyBCTBUTEIHHOCTH UMEET OONBIIYIO BBIYHCIIN-
TEIBHYIO CIIOKHOCTh M TPEOYET MHOTO JIOMOJHUTEILHON TTaMSITH.

B uccnenoBaHum pacCMOTpPEHBI /B THIIA HEHPOHHBIX CETEH: MHO-
TOCJIOMHBIN MTEPCENTPOH M CETh THTIA PaIHaTbHO-0a3uCHAS (PYHKITHS.

3.1 CpaBHUTENBHBIN aHATN3 HEUPOHHBIX CETEl

AKTyallbHOCTh JaHHON TEMaTHKHA MPOAMKTOBAaHA TIOMCKOM aJleK-
BaTHBIX Mopenel HeiponHwsix cereit (HC), ompenensiemMble TUIIOM U
ctpykrypod HC, nns 3agad mporHosupoBanus. B xoxe uccinegoBaHus
YCTaHOBJICHO, YTO panuainbHbie OasucHble ceTd (RBF) oOmamator psimom
MPEUMYILECTB TEpell CETAMU THIA MHOIOCIOWHBIX mepcenTpoH (MLP)
[121, 123]. Bo-nepBbIX, OHU MOAEIUPYIOT MPOU3BOJIBHYIO HEIHHEHHYIO
(hYHKITHIO C TTIOMOIIIBIO OJJHOTO IMTPOMEXKYTOYHOTO CJIosl. TeM caMbIM OTra-
JAeT BOIIPOC O YUCHE CJIOEB. BO-BTOPHIX, TTapaMeTphl JIMHEHHONW KOMOH-
Hallid B BBIXOJHOM CJIO€ MOKHO IMOJHOCTHIO ONTHUMHU3UPOBATH C MIOMO-
IIBI0 W3BECTHBIX METOZOB MOJEIHPOBAHMS, KOTOpPHIE HE HCIBITHIBAIOT
TPYAHOCTEH C JOKATbHBIMH MUHUMYMaMH, MEIIAIOMUMHI TIPH 00ydeHHUH
MLP. ITostomy cetb RBF obyuaetcs ouenp ObICTpo (Ha MOPsSIOK OBICT-
pee MLP) [85,107].

C nmpyro#t CTOPOHBI, 10 TOTO KaK MPUMEHSITH JIMHEHHYIO ONTUMH3a-
U0 B BBIXOHOM ciioe cetd RBF, HeoOxommMo ompenenuTs Yuciio pau-
QIBHBIX 3JIEMEHTOB, TOJIOKCHUE UX IIEHTPOB U BEJIMYMHBI OTKIOHEHUIL.
Jia ycTpaHeHUs 3TOH MpoOIeMBI IPEAIaraeTcsi NCIOJIb30BaTh aBTOMATH-
3MPOBAHHBIN KOHCTPYKTOP CETH, KOTOPBIA BBIMONHAET 32 MOJIB30BATENs
OCHOBHBIE DKCIIEPUMEHTBHI C CETBIO.

Hpyrue otmuumst pabotsl RBF ot MLP cBsi3aHbl ¢ pa3indHBIM
MpEJICTaBICHUEM MPOCTPAHCTBA MOJAENH: «IpynnoBsiM» B RBF u «mio-

109



CKOCTHBIM» B MLP. OnbIT oKa3bIBaeT, YTO IS IPABMIIBHOTO MOJIEITHPO-
BaHms THUNHYHON (yHkmmu ceThb RBF, ¢ ee Ooiee IKCIEHTpUYHOW TO-
BEPXHOCTBIO OTKJIMKA, TPEOYET HECKOJIEKO OOJBIIET0 YHCIa AJIEMEHTOB.
CnenoBatensHO, MOJIENb, OcHOBaHHas Ha RBF, Oyner paborats mMemieH-
Hee M MoTpeOyeT OOoJbIe MaMAITH, YeM COOTBeTCTBYOMMH MLP (oxHako
OHa TOpa3o ObICTpee 00y4aeTcs, a B HEKOTOPBIX CIIyYasx 3TO BaKHEE)
[92].

C «rpymIoBBEIM» MTOAXOA0M CBs3aHO U HeyMeHue ceTeit RBF sker-
paroJIMpoBaTh CBOM BBIBOJIBI 33 00JIACTh M3BECTHHIX JaHHBIX. [Ipn ymane-
HUU OT OOYy4YaroIiero MHOXECTBAa 3HaueHUE (HYHKIMM OTKIWKa OBICTPO
cmagaet A0 Hyis. Hamportus, cetb MLP Beimaer Ooiiee ompemenieHHBIC
perieHust mpu o0pabOTKEe CHIIBLHO OTKJIOHSIOIIUXCS MAaHHBIX, OJHAKO, B
1enoM, CKIOHHOCT, MLP Kk HekpUTHUECKOMY SKCTpamoJUpPOBAHUIO pe-
3ynbTara cuutaercs ero ciabocteio. Cetu RBF Gonee uyBcTBUTENBHEI K
TIPOKJISATHIO Pa3MEPHOCTH» ¥ HUCHBITHIBAIOT 3HAYUTENBHBIC TPYIHOCTH,
KOTI'Ia YMCJIO BXOAOB BEJIHKO.

JI71s1 OLICHKU TOYHOCTH M aJ€KBATHOCTH PE3YJbTATOB MPOTHO3UPO-
BaHMs, a TaKKE CTPYKTYyphl HEHPOHHOH CETH HMCIOJIB30BATNCH CIICIYIO-
IMe CTATUCTUYECKHE MoKa3aTenu [122]:

1. Data Mean. — cpegHee 3Hau€HUE LIETICBOM BBIXOJHOU MEpEMEH-
HOIA;

2. Data S.D. — cpenmHeKBaApaTHIECKOE OTKIIOHEHHE IICIICBOM BBI-
XOJITHOHM TIepEMEHHOM;

3. Error Mean — cpeasisi omnOKa BRIXOJHOW MIEpeMEHHON (0CTaTOK
MEX1y 1IEJIEBOM U peajbHON EpEMEHHON);

4. Abs. E. Mean — cpexrsist aOCOIOTHAS OMIHOKa (pa3HUIIA MEKTY
LIETICBOM U peanbHOU BHIXOJHOU MEPEMEHHO);

5. Error S.D. — cTanmapTHOE OTKJIOHEHWE OITMOKU BBIXOIHOM ITe-
PEMEHHOIA;

6. S.D. Ratio — cpeHEKBaIpaTUYECKOE OTKIOHCHUE OIIMOOK BbI-
XOJITHOHM TIepEeMEHHOM;

7. Correlation — ko3 dunment koppensuun CrrpMeHa BBIYHCIICH-
HBII MEX]Ty LIEIEBBIM BEKTOPOM U PEABHBIM BBHIXOJIHBIM BEKTOPOM.

Uccnenosanus mpoogunuchk B nakere STATISTICA Neural Net-
works 4.0.B mms kypca akmuii «PAO EDC» [92]. Kaxxnas Tabiuima moka-
3BIBACT HAWICHHBIEC THUIBI HEUPOHHBIX CTPYKTYP I HCCIEAYEMOTO Bpe-
MEHHOTO psiyia. B mepBoM cTonbIie TabauIl CTOUT 3HAYEHUE J1ara, ¢ KOTO-
pbIM manHBIe TTonatoTcs Ha Bxog HC. Bo BTopoM cTomnbIie yka3aHo KOJH-
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YeCTBO TMPOBENCHHBIX HCIBITAHUH, CIEICTBHEM KOTOPBIX CTall BBIOOP
HaWTydIiei, mo BceM xapaktepuctukam, HC.

Tabnuna 3.1
Heitponnsie cetn Tuna RBF
Jlar | KommuectBo IMapametps! oto6pannoit HC Bup ny4meit HC XapaKTepHCTHKH
HCIIbITaHUH
Tun HC Inputs: Hid-
den:Outputs
1 16 RBF 1:7:1 Haiinen apmexBaTHBIN
TUII ceTH (perpeccu-
TPerf, VPerf, TePerf OHHOE OTHOLIEHHE
0,1198; 0,1174; 0,1321 0,08168, xoppensuus
0.995359, cpenHe-
KBaJlpaTHYeCKast
onmOKka MpeacKa3aHus
0,1172432)

3 24 RBF 3:14:1 Haiinen  ajexBaTHBbIH
THn ceTH  (perpeccu-
OHHOE OTHOIICHHE
0.089525, xoppensius
0.995992, cpenHe-
KBaJpaTHyYecKas
omubKa mpeacKasanus
0.1199467)

TPerf, VPerf, TePerf
0,1234; 0,1215; 0,1315

5 21 RBF 5:14:1 Haiinen  ajexBaTHBIH
THI ceTH (perpeccu-
OHHOE OTHOIICHHE
0.095182, xoppensius
0.995465, cpentHe-
KBaJpaTHyYeCcKas
omubKa mpeacKasanus
0.1403166)

TPerf, VPerf, TePerf
0,1241; 0,195; 0,1354

B tpeTheMm cTonbme yka3aHsl ocHOBHBIE XapakTepucTuku HC: Tum
cetu RBF nnmu MPL; BHyTpennss cTpykTypa (Hanpumep 1:7:1 o3Hagaer,
YTO CE€Th MMEET OJMH BXOAHOW HEUPOH, 7 HEUPOHOB CKPBITOTO CIOS U
OJIVH BBIXOAHON HEHPOH), CpeAHEKBaIpaTHYecKas OMMOKa MpeacKa3aHus
(TPerf, VPerf, TePerf) mnst oOyuarorieii, BOJIUAAIIMOHHON U TECTOBOU BBI-
OOpOK.

B detBeprom cTomnb1ie Tabmuil nmokazan pHemrHuHA Bua HC. B marom
cToJOIe yKa3aHbl AOMOTHUTENbHBIe XapakTepucTuk HC, Takne kak per-
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PECCHOHHOE OTHOIICHUE, KOPPENSIHs, CPEJIHEKBaIpaTnieckas ONIHOKa
npeackaszanus npeackazanws HC.

Tabmuna 3.2

Hetiponnsie cetu Tuna MLP (Tpexcioiinas cets)

Jlar | KommuectBo IMapamerps oto6pannoit HC Bup nydmeit HC XapakTepuCTHKU
HMCOBITAaHHH

Tun HC
Inputs: Hidden:Outputs

1 16 MLP 1:10:1 Haiinen  ajexBaTHBIH
THn ceTH  (perpeccu-
OHHOE OTHOIICHHE
0.083055, xoppensuust
0.996550, cpentHe-
KBaJpaTHyYeCcKas
omnbKa mpeacKasaHus
0.1191367)

TPerf, VPerf, TePerf
0,1221; 0,1193; 0,1328

3 20 MLP 3:12:1 Haiinen  ajexBaTHBbIH
THn ceTH  (perpeccu-
OHHOE OTHOIICHHE
0.085872, xoppensuus
0.996326, cpenHe-
KBaJpaTUyYeCcKas
omubKa nmpeacKasaHus
0.1253478)

TPerf, VPerf, TePerf
0,127, 0,125; 0,134

5 25 MLP 5:7:1 Haiinen apmexBaTHBIN
THI ceTH (perpeccu-
OHHOE OTHOIICHHE
0.095182, xoppensius
0.995465, cpenHe-
KBaJpaTHYeCcKas
omubKa mpeacKasanus
0.1403166)

TPerf, VPerf, TePerf
0,1227; 0,1203; 0,1313

MoHO cienath cleayroume BbIBOAbl. Kaxaplid U3 ABYyX OINMUCaH-
HBIX TOJXOJI0B MMEET CBOM JIOCTOMHCTBA M HefnocTaTKu. [leiicTBue pagu-
QIBHBIX (DYHKIIMI OYCHB JIOKAIHHO, B TO BpEMs KakK MPH JTHHEWHOM ITOJI-
XOJIe OXBaTBHIBAETCS BCE MPOCTPAHCTBO BXOAOB. [lo3ToMy, Kak mpaBwiio,
RBF-cetn nmeror 6oinblite diiementoB, yeM MLP-cetn, ongako MLP mo-
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JKET JIeaTh He0OOCHOBaHHBIC OOOOICHHS B CUTYAIIUAX, KOT/Ia €My TIoTa-
JaeTCsl HabOp MAaHHBIX, HETIOXO0XKUH HU Ha KaKue Habopsl U3 00yJaromiero
MHOKECTBA, B TO Bpems kak RBF B Takom ciryuae Bcerna Oyzer BbIiaBaTh
MOYTH HYJIEBOM OTKIHK [91, 92].

Tabmmna 3.3

Hetiponnsie cetu Tuna MLP (yeTsipexcinoiiHas ceTb)

Jlar | KomamuectBo IMapamerps oTo6pannoit HC Bup nydmeit HC XapakTepuCTHKU
HMCOBITAHHHA

Tun HC
Inputs: Hidden:Outputs

1 16 MLP 1:13:13:1 Haiinen anmexBaTHBIN
THIn ceTH  (perpeccu-
OHHOE OTHOIICHHE
0.083461, xoppensuus
0.996511, cpentHe-
KBaJpaTHyYeCcKas
omubKa mpeacKasanus
0.1180339)

TPerf, VPerf, TePerf
0,1227,0,1197; 0,133

3 16 MLP 3:13:8:1 Haiinen apmexBaTHBIN
THII ceTH (perpeccu-
OHHOE OTHOIICHHE
0.084064, xoppensuus
0.996471, cpenHe-
KBaJpaTHyecKas
omnbKa mpeacKasaHus
0.1207132)

TPerf, VPerf, TePerf
0,1233;0,1207; 0,1338

5 16 MLP 5:4:2:1 Haiinen apmexBaTHBIN
THII ceTH (perpeccu-
OHHOE OTHOIICHHE
0.083177, xoppensuust
0.996543, cpenHe-
KBaJpaTHyYeCcKas
omubKa mpeacKasanus
0,1194306)

TPerf, VPerf, TePerf
0,1227; 0,1194; 0,1325

AHaTU3HUpysl Pe3yNbTaThl MPEIBAPUTEIBHBIX UCCICIOBAHUNA TabIN-
bl 3.1 — 3.3 MOXHO 3aKII04YUTh, uTO ceTh Tuna RBF (1:7:1) tabauna 3.1
nMeeT Oombiee mpeamnodrenne. 06 3TOM MOKHO CYIUTH IO PETPECCHOH-
HOMY OTHOIICHHUIO M CPEAHECKBAIPATHUYCCKOW OIMHOKE Tpe/CKa3aHus.
TPerf, VPerf, TePerf mokaspiBaeT ommOKy, KOTOpas BBIYUCISICTCS KaK
KOPCHb KBaJPaTHBIA W3 CPEIHErO 3HAYCHUS OMIMOKM Ha KaXKJOM IIare
o0yueHus 111 00yJaromieit, BepuuKaImOHHON U TECTOBOM BEIOOPOK.
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3.2 O6 oTpHIaTEIEHOM BIMSHUH MPOIEAYPHI TEpEMENTHBAHMUS TaH-
HEIX (Shuffle) mpn 0O6ydeHMM HEHPOHHBIX CETECH, TPUMEHICMBIX IS
MPOTHO3UPOBAHUS

Kaxk 6pu10 MOKa3aHo, mporeaypa nepeMelBalus JaHHBIX TTPHBO-
JIUT K TOTEPE OJTOBPEMEHHON MaMATU BHYTPHU BpeMeHHoro psna. IIpo-
BEJICHHBIC 3KCIEPUMEHTHI HArJSAHO 3TO AokasbiBatot [117]. IlpousBoau-
JIUCH BBIYUCIUTENbHBIE IKCIEPUMEHTHI C MocieAHNMHU 185 3HaueHUsIMH
kypca akmmit «<PAO EDQC» B meprox ¢ 23.09.2002 o 24.06.2003 rr. Onu
MOKa3aJu, YTO JIJIsl HE MEPEMEIIaHHOTO PsiAa BO3MOXKHO OMNPEACIUTh OIl-
THUMAaJIbHYIO CTPYKTYpy IPOTHO3UpYIomeld HelpoHHOU cetn. OCHOBHBIC
JKCIIEPUMEHTAIbHBIE TTApaMeTPHI U TIOKa3aTe IMpHBeAeHHI B Tabiunmax 4
— 5 u noka3assl Ha pucyHkax 3.1 — 3.2.

ena
aKTHEA

ER:
73
&8
6.3
5.8
53
4.8
43
3B
33
28
2.3

45 154 354 534 754 954 1154 1354 1554 1754
— [TpeackasaHHET [Tar
=e== [|eneroH

Puc. 3.1 IIporuo3s xypca akuuit «<PAO EQC», monydeHHOro Hel-
POHHOH CeThIO IS TocaeaHux 185 He mepeMenaHHbIX 3HAYCHII
(Predicted — mpencka3zannsiii u Target — eneBoi BpeMEHHBIE PSI/IbI)
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Tabmuma 3.4

Ucxonnstit BpemenHoi psif (23.09.2002 no 24.06.2003 rr. 185 3Ha-

yenuit) 111 RBF cetu

HanmenoBanue Komnyae- IMapametpst oTo6pannasix HC Bupn nyameit HC XapaKTepHCTHKH
BPEMEHHOTO CTBO
pana UCIIBITA-
i Tun Inputs: Error
HC Hidden:Outputs
1. Junamuka | 287 RB 1:1-5-1:1(3 0,174 Haiinen aJeK-
kypca  akumit | Otobpano | F layer) 6 BAaTHBIH THIT CETH
poccuiickoit 2 paznuy- | RB 1:1-4-1:1(3 0,173 Jutst JIAaHHOT'O
KOMITAHHH meix cetu | F layer) BPEMEHHOTO
«PAO EB3C» B | ¢ ny4mm- pana (perpeccH-
HepHoz ¢ | MH mOKa- OHHOE OTHOLIE-
23.09.2002 no | 3arensaMu nue  0.121674,
24.06.2003 rr. KOppemaus
0.992602)
RBF-pagnansnao 6a3ucHas GyHKITHS
ITena
ATHEAQ 1
7.285 - ' 1
al 1 ] ] ] !
Y L ] a a | 1
1 1 ] n L
1 n I 1
1 1 ] ' Loy
£.285 1 L [ m " J
1 L - wn Ma (I
1 1 LI n T | e
1 |I| 1 1
[] II IIII ‘ n al F o []
5.285 T T T 1 L |
1 1 1 ™ 1 N
1 n f ".l Ly o [ LI 1
) - LT
1 LR 11 ny oy T ]
1 P II| I Ny, e M My
4.285 O T A Tl T L o 8
o TR DT el L G TR Rt L i
' I," | l'lu oAty U e Y ‘ﬂ: .-f":
R T
r ] 1
3.285 oo ! U R
1 - 1 [] 1y 1
L] n x 1
Il L
2,285 .
4775 25425 F5.425 115425 55425
Tlar

— [pencra=aHHET
=== JleneEod

Puc. 3.2 IIporuo3s xypca akmmii «<PAO EQC», mory4eHHOr0 HEel-
POHHOI ceThlo [uid nocnenHux 185 nepememannsix 3Hauenni (Predicted
— IpeacKa3zaHHbli U Target — neneBoil BpEMEHHBIE PSJIbl)
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Tabmuma 3.5

[Tepememmannsiii psag (23.09.2002 nmo 24.06.2003 rr. 185 3naueHMil)
st MLP cetu

HanmenoBanue Kommaect- IMapametpst oto6pannsix HC Bup ny4meit HC Xapaxkre-
BPEMEHHOTO psfia BO  MCIIBI- PHCTHKH
TaHui

Tun Inputs: Er-

HC Hidden:Outputs ror
1. Junamuka | 285 ML 1:38:1 1,27 Aneksar-
Kypca akiuit | Otobpano P 1:58:1 1 HBIA  THI
poccuiickoif  koM- | 2 paszmmu- | ML 1,28 ceT s
TMaHUHU «PAO HBIX CETH C P 1 JaHHOTO
E2C» B mepuoa ¢ | nydmmmu BPEMEHHO-
23.09.2002 o ToKasare- ro psga He

24.06.2003 rr. JISIMH
IlepememannbIii
pan

Hai/ieH

MLP-MHOTrOCI0#HBII IEpCENnTPOH

Jlerko BuzeTh (cM. Tabnmiy 3.5 u pucyHOK 3.2), 4TO IepeMeInBa-
HUC JTaHHBIX TIPH 00yYCHUHM HEHPOHHBIX CETEH HE MO3BOJISET ONPEACITUTh
ONTUMAJIbHON CTPYKTYpPBI CETU U MOMYUUTh aJCKBATHBIX MPOTHO30B, YTO
TaKXe MOATBEPKJICHO pacYeTHBIM MoKazareneM Xepcera [98, 117].

I0giRr=)
[

1] T T T
0 2 4 = g

[og(kon. HaG o gEHMIAR)

Puc. 3.3 B nBo#iHbIX JorapupMIYIecKuX KOOpIUHATAX MPEACTaBIIC-
HBI IIepeMELIaHHbBIN U HE TIepeMEIaHHbIN psJIbl Kypca akuui «PAO
EDC» nns mocnenuux 185 3HaueHmi
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Ha pucynke 3.3 B IBOWHBIX JIOTapu(MHIECKIX KOOPAUHATAX TIPEII-
CTaBJICHbl HENEPEMELIAHHBIA PsAll U TOT K€ PAl — IepEeMEIIaHHbIN UL
nocneauux 185 3HaueHmit ucxogHoro psaa. VcxomHslil pan Aanm pesyib-
TaTUBHYIO OLIEHKY noka3arens Xepcta H = 0.87, nepememannsiii — H =
0.41. Takoe mageHNe BEIMUIUHBEI H TOBOPUT O TOM, UTO TPH MEpEMEITHBA-
HUM ObLTa pa3pyllieHa CTPYKTypa mporecca (BHyTpeHHss mamsTh). [lepe-
MEIIaHHBIN pAJ OcTalcs HE HOPMAalbHO PACIpENENeHHBIM, HO TpOIEcC
HepeMeIUBaHUs ClIeNal JaHHbIE HE3aBUCUMbIMHU.

3.3 HccnenoBanue HEHPOCETEBBIX CTPYKTYp AJs KypCOB aKIUH
«Poctenexom», «Jlykoin», «CoepOank»

NccnenoBanusa MpoBOAMINCH ISl pACCMOTPEHHBIX BPEMEHHBIX ps-
noB. Bce pesynbraTel HccieoBaHHNA Takke CBeJIEHBI B Tabnuubl. B Tad-
mune 6 IOKa3aHbl Pe3y/lbTaThl IIOUCKA ONTHMAaJIbHBIX HEHPOCETEBBIX
CTPYKTYp IJis KypcoB akumi «Poctemekom», «JIykomm», «CoepOaHK».
UccnenoBanus npoBoaunuck ang cereit tTuna RBF.

B Tabmumax 3.7 — 3.8 mokazaHbl pe3ynbTaThl IOMCKA ONTUMATBHBIX
HEHpOoCceTeBbIX CTPYKTYp UL TE€X K€ BPEMEHHBIX psAnoB. Mccnenosanus
MpoBoAMINCH I ceted Thna MLP (Tpex u ueTslpexcioiiHas cets). W3-
BECTHO, YTO MOHUCK THIAa HEMPOHHOMN CETH U CTPYKTYpPHI JOCTATOYHO TPY-
J0eMKasl IpOoLeypa, I03TOMY pelllanach IPOMEKYTOUYHasl 3ajada oIpe-
JICJICHUST HAYaJIbHOTO «IPOTOTHUIIA», TIOCJE OIpPENEICHUsS KOTOPOTO, Be-
JI0Ch SKCIIEPUMEHTANIEHOE YTOUHEHHUE faibHelmeit crpykrypsl HC.

BriBoziBI 110 pe3ysbTaTaM BBIYMCIMTENbHBIX SKCIEPUMEHTOB: AHa-
nmusupys Tabmwumel 3.6 — 3.8 mug kypca akumid «Poctenekom» BbIOpaHa
ONTHUMAaNIbHAsA CTPYKTypa HEMPOHHOH CETH CO CIEAYIOIIMMHM ITOKa3aTels-
mu: THI — MLP; TpexcmoitHas cTpykTypa: 3 BXOJHBIX HEHPOHOB — 6 HEM-
POHOB CKPBITOTO ¢J10s1 — 1 BBIXOIHOM HelpoH (Tabimmna 3.7). OmHako BO3-
MO’KHO MCIIOJIb30BaHuE ceTH Tuna — MLP; yeTbipexcnoiinas cTpykrypa: 1
BXOJIHBIX HelpoHa — 10 HEHPOHOB CKPBITOrO ciosl — 1 BBIXOJHON HEWPOH
(Tabmuma 3.7).
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Tab6muma 3.6

Heiiponnsie cetu Tuna RBF

Jlar | ITapamerpsl otoOpanHoit HC TTapamerps! 0TOOpaHHOI IMapamerps! otodpannoit HC
Jlnst akumit «Poctenexkom» HC st akumit «CoepOank»
Jutst akumit «JIykoum» (s mocneanux 405 3Hay.)
1 8 TecToB 15 recroB 13 recroB
40
RBF 1:3:1
TPerf, VPerf, TePerf
RBF 1:11:1 RBF 1:5:1 110.8; 103.7; 152.0
TPerf, VPerf, TePerf TPerf, VPerf, TePerf (perpeccuoHHOE OTHOIIEHUE
2,054; 1,074; 1,266 9.223; 13.890; 12.320 0.190076, koppensius
(perpeccuoHHOE OTHOILICHUE (perpeccroHHOE OTHOLIE- 0.981947, cpenHekBaapaTuye-
0.114370, xoppemsuust Hue 0.181738, koppensuus CKasl OIIHMOKa Mpe/ICKa3aHus
0.993442, cpennexpamparu- | 0.983840, cpentexsanpa- 103.6565)
yeckas OIMOKa mpenckasa- THYECKas ommbKa npe-
aust 1.073946) ckazanus 13.88914)
Certb nperepriena nepe-
obyuenue. HyxHo yBemu-
YHUTh 00YJAIOIIYIO BEIOOD-
KY.
3 8 TecToB 8 TecToB 24 tecToB

RBF 3:5:1
TPerf, VPerf, TePerf
2,483;1,263; 1,35

(perpeccuoHHOE OTHOIICHUE

0.134435, xoppensius
0.990930, cpenHexBaapaTu-
yeckas OIMOKa mpenckasa-

Hus 1.262944)

RBF 3:7:1
TPerf, VPerf, TePerf
11,06; 12,95; 13,49
(perpeccHoHHOE OTHOILE-
nue 0.157377, xkoppensuus
0.987700, cpenHexBaapa-
THYECKast OIMOKa TpeJ-
ckazanus 14.08784)
Certs mperepriena nepe-
obyuenne. HyxHo yBenu-
YHUTh 00YJAIOIIYIO BEIOOD-

KYy.

o}
RBF 3:22:1
TPerf, VPerf, TePerf
120.7; 124.3; 2076.0
(perpeccnoHHOE OTHOILICHUE
0.223885v, koppensus
0.974682, cpenHekBaapaTuye-
cKast omMOKa MpeIcKa3aHus
124.2555)
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IIponomkenne Tabnuip! 3.6

5 27 TecToB 16 TectoB 15 TectoB
O
RBF 5:44:1 @
TPerf, VPerf, TePerf RBF 5:7:1 RBF 5:8:1
2,484; 1,858, 2,916 TPerf, VPerf, TePerf TPerf, VPerf, TePerf
(PerpeccHOHHOE OTHOLIEHHE 12.10; 14.57; 303.80 120.6; 135.6; 5162.0
0.098558, koppersuus (perpeccuoHHOE OTHOLIE- (perpeccuoHHOE OTHOIICHUE
0.995316, cpennexsanpatn- | A€ 0.265997, xoppemsuus 0.251100, xoppermsust
yeckast OOk MpefcKasa- 0.964260, cpenHexBaapa- 0.968655, cpenHekBaapaTuye-
wnst 1,857529) TUYECKask OIIHOKa MmpeJ- CKasl OIIMOKa MpeICKa3aHus
’ ckazanus 14.57255) 135.5618)
Tabmmma 3.7
Hetiponnsie cetu Tuna MLP (Tpexcioiinas cets)
Jla TTapameTpbl 0TOOpaHHOM ITapametpsr otobpanuoit HC TTapametpsl orobpantoit HC
p p p pameTp p p p p
r HC ULt akuuit «JIykonm» Jutst akuuit «CoepOaHk»
s aknui «PocTenekoM» (s mocneaaux 405 3Ha4.)
1 16 TecToB

MLP 1:10:1

TPerf, VPerf, TePerf

2,128; 1,07; 1,201
(perpeccuoHHOE OTHOIIIE-
uue 0.113987, koppemns-

uust 0.993490, cpenne-
KBaJpaTHiecKas omuoka
npeackazanus 1.070176)

16 TecToB

MLP 1:11:1
TPerf, VPerf, TePerf
9.217; 10.580; 12.610

(perpeccuoHHOE OTHOIICHUE
0.195551, koppensus

0.980696, cpenHekBaapaTu-

Yeckas OIMOKa MmpeJcKasa-

nust 10.58064)

69 TectoB

MLP 1:47:1
TPerf, VPerf, TePerf
106,7; 97.19; 188,5
(perpeccuoHHOE OTHOLICHUE
0.179922, xoppensuus
0.983726, cpenHekBagpaTuye-
CcKasl OIIMOKa MpeICKa3aHus
97.18809)
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IIponomxenne Tadwip 3.7

16 TecToB

MLP 3:6:1
TPerf, VPerf, TePerf
2.104; 1.7; 1.529
(perpeccuoHHOE OTHOIIIE-
nue 0.085128, xoppens-
uust 0.996371, cpenne-

16 TecToB

MLP 3:8:1
TPerf, VPerf, TePerf
9,259; 10,570; 11,840
(perpeccuoHHOE OTHOIICHUE
0.195361, xoppemsuust
0.980733, cpenHekBaapartu-
YecKast OIMOKa mpe/cKasa-

16 TectoB

MLP 3:13:1
TPerf, VPerf, TePerf
108.9; 98.74; 248.4
(perpeccHoHHOE OTHOIICHHE
0.179700, xoppemsus
0.983764, cpennexBanpaTHye-
CcKast OMIMOKa MpeacKa3aHus

KBaJpaTHiecKas omuoka Hus 10.5714) 98.74388)
npeackasanus 1.699702)
16 TecToB 16 tectoB 16 TectoB

MLP 5:7:1
TPerf, VPerf, TePerf
2.022; 1.233; 1.200
(perpeccuoHHOE OTHOLIE-
uue 0.187880, xoppemns-
uust 0.982552, cpenne-
KBaJpaTHyecKas OIIHOKa
npeackazanus 1.232779)

MLP 5:6:1

TPerf, VPerf, TePerf

9,248; 10,510; 13,850
(perpeccuoHHOE OTHOIICHUE

0.194242, koppensuus
0.981016, cpenHexBaaparTu-
YecKas OIMOKa mpejcKasa-

uus 10.50778)

]
MLP 5:8:1
TPerf, VPerf, TePerf
117.1;103.3;295.6
(perpeccuoHHOE OTHOIICHUE
0.187530, xoppensuus
0.982329, cpenHexBapaTuye-
cKasi omrOKa mpecKa3aHus
103.2507)
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Tab6muma 3.8

Hetiponnsie cetu Tuna MLP (yeTsipexcnoiiHas ceTb)

Jlar TTapamerps! 0TOOpaHHOI IMapamerps! orobpannoit HC | Ilapamerpst oro6pannoit HC
HC ULt akuuit «JIykomm» Jutst akumit «CoepOaHk»
Juis akuuit «Poctenexom» (quis mocnennux 405 3Hay.)
1 16 TecToB 16 TecToB 51 Tect
[
B
MLP 1:7:4:1
TPerf, VPerf, TePerf MLP 1:13:13:1 MLP 1:15:13:1
2.051; 1.248; 1.202 TPerf, VPerf, TePerf TPerf, VPerf, TePerf
(perpeccuoHHOE OTHOIIIE- 9,337, 10,600, 16,120 106,6; 98,1; 144,2
re 0.190008, koppersiss | (PETPECCHOHHOE OTHOMICHHE (perpeccuoHHOE OTHOLIECHHE
0.982021, cpenHexBapaTu- 0.195906, xoppenauus 0.181767, xoppemnsuust
JecKas OIMOKa IpejcKasa- 0.980633, cpemHexBapaTy- 0.983668, cpenHeKBapaTH-
wmst 1.247681) 4eckast onmbKa mpeacKasa- eckas OmMOKa mpecKaa-
Hus 10.60465) wust 98.09992)
3 16 TecToB 16 TecToB 32 TecToB

MLP 3:4:5:1
TPerf, VPerf, TePerf
2.029; 1.255; 1.200
(perpeccuoHHOE OTHOILE-
uue 0.190985, koppemsuus
0.982249, cpenHexBaapartu-
JecKas OIMOKa Ipe/cKasa-
Hus 1.254811)

MLP 3:5:7:1
TPerf, VPerf, TePerf
9,382; 10,570; 14,370
(perpeccuoHHOE OTHOIICHUE
0.195302, koppensuus
0.980751, cpennexBaapartu-
YecKas OIMOKa mpe/cKasa-
nust 10.56612)

MLP 3:6:8:1
TPerf, VPerf, TePerf
112.3; 99.66; 240.7
(perpeccCHOHHOE OTHOIICHUE
0.181885, xoppemsmust

0.983326, cpenHekBaaparTu-

yeckast OIIMOKa IpeJcKasa-
Hust 99.6591)
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IIpomomxenne TadwIp 3.8

16 TectoB

B

\»

J9/8: 80
i

7Y QP
j¢snan

o

MLP 5:4:4:1
TPerf, VPerf, TePerf
2.105; 1.231; 1.243
(perpeccuoHHOE OTHOIIIE-
uue 0.187464, xoppemsinus
0.982542, cpenHexBaapartu-
YecKas OIMOKa mpe/cKasa-
Hus 1.230627)

16 TecToB

MLP 5:11:5:1
TPerf, VPerf, TePerf
9,256; 10,580; 17,210
(perpeccuoHHOE OTHOILICHUE
0.195390, koppensus
0.980889, cpennexBaapartu-
4ecKast OImoOKa mpecKasa-
nust 10.57533)

16 TecToB

MLP 5:3:9:1

TPerf, VPerf, TePerf
126.6; 102.7; 263.4
(perpecCHOHHOE OTHOIICHUE
0.189757, xoppensuust
0.982160, cpenHexkBaapaTu-
yeckast OIMOKa IpeJcKasa-
uus 102.6798)

Ha pucynke 3.4 moka3zaHo U3MEHEHHUE OMIMOKH MPOrHO3UPOBAHUS B

nporecce oOyueHHss HEMPOHHOW ceTH Ui Kypca akuuii «Poctenexom»,
KOTOpasi cocTaBisgeT B cpemueM 1,5-2%. BriOpoc ommbok Ha MHTEpBaje
600-800 BBI3BaH 3HAYUTEIHLHBIM pOCTOM IieH B repuo 2000 roxma.
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Puc. 3.4 3meHenmne omumoOKY IpOrHO3UPOBAHUS B IIpoIiecce 00y-
YEeHUsI HEHPOHHOMU CeTH Ui Kypca akuui «Pocrenexom»
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Hna xypca akmmii «Jlykows» BbIOpaHa ONTHUMAalIbHAs CTPYKTypa
HEUPOHHOMU CETH CO CIEAYIOIIMMHU NokazaTtesnsimMu: Tun — MLP; Tpexcioi-
Has CTPYKTypa: 3 BXOIOHBIX HEHPOHOB — 8 HEHPOHOB CKPHITOrO ciost — 1
BBIXOJIHON HelpoH (Tabmuria 3.7). OgHAKO BO3MOXKHO HCIIOJNB30BaHUC
cetu tuna — MLP; TpexcnoitHas ctpykrypa: 1 BXxojaHbIX HelpoHa — 11
HEHPOHOB CKpBITOrO ciosi — | BBIXOAHOH HelpoH (Tabnmua 3.7). Ha pu-
CyHKe 3.5 mokazaHO U3MEHEHHE OIIMOKU MPOTHO3UPOBAHUS, KOTOpAas CO-
CTaBJsIET B cpenHeM 3%.

Jnsa smutenta — «COepbaHK» TpoaHATH3UPOBAB OOIIYI0 TEHIICH-
LUIO Pa3BUTHS MOHO BBIJICJIUTH ABa BpeMeHHbIX HHTepBana 1998-2001 u
korerr 2001 — 2003. IToaToMy B IEISIX MOMYYCHUS aIeKBAaTHBIX IPOTHO-
30B PaccMOTPEH BTOpou mepuoy (mpuMmepHo 405 3HaUCHHUI BPEMEHHOTO
pana).
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Puc. 3.5 U3meHenne ommoOKy IporHO3UPOBaHUS B IIporiecce 00y-
YeHUsI HEHPOHHOM CeTH g Kypca akuui «JIykoum»

BriOpana ontumanbHas CTPYKTypa HEHPOHHOM CETH CO CIEdylo-
MMM TIOKazatensiMu: Tull — MLP; TpexcnoiiHag cTpykTypa: 1 BXOIHBIX
HEHpPOHOB — 13 HEMPOHOB CKPHITOTO cJosl — 1 BBIXOJHOM HEeWpoH (Tabnu-
na 3.7).
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Puc. 3.6. 3MeHeHne ommOKY MPOTHO3UPOBAHUS B TIpoiiecce 00y-
YeHUs! HeHPOHHOM ceTH A Kypea akiuid «CoepOank»

OmHako BO3MOXKHO HCIIOJIB30BaHWE ceTd Tuma — MLP; detsipex-
ClIOHas cTpyKTypa: 1 BXOJHBIX HeWpoHa — 15 HeWpoHOB 1-ro CKphITOro
ciost — 13 HeHpOHOB 2-T0 CKPBITOro ¢j10s — | BEIXOJHOI HelpoH (Tabiuna
3.8). Ha pucynke 3.6 moka3aHO W3MEHECHHE OIIMOKH MPOTHO3UPOBAHWSI,
KOTOpasi COCTaBIISIET B cpemHeM 2%.

MoOXHO BUAETH, YTO HAOIIONAETCS POCT BETUYMHBI OIIMOKH IS
MOCJIEIHUX TECTOBBIX 3HAUYCHUH BPEMEHHOI'O psiia. ITO CBUIETEIbCTBYET
0 TOM, 4TO BEJIMUYUHA 00yuaroIeil BHIOOPKH UMEET HE JOCTaTOYHOE KOJIU-
YeCTBO JaHHBIX, OHAKO TaKOH POCT OIIMOKM HE MPHUBEIET K POCTY OIIU-
6ok nporHozupoBanus HC u coctaBur B cpennem 3-7%.

3.4 MuorodakTOpHbIE HEHPOHHBIE CETH

AHanm3upyst IMHAMHUKY PhIHKA aKIUil Cpear HIX MOKHO BBIZEIIUTH
TaK Ha3bIBa€MbIe «T'OJTyObIe (PUIIKN», KOTOPHIE HA3BaHBI TaK MMOTOMY, YTO
OTIPEICTISIOT TUHAMUKY TOBEJCHHS BCETO PHIHKA M Hauboyiee MPUOBLIb-
Hbl. MHOTO(aKTOpHBIE HEHPOHHBIE CETH TO3BOJSIOT HE TOJIHKO MPOTHO-
3WpOBATh KypC aKIMii, HO ¥ YYUTHIBATh BIUAHUE HA IIEHY APYTUX IEHHBIX
oymar, daxropos [131]. Kpome Toro, BO3MOXHO B Ka4€CTBE BXOJIHOW HH-
(hopMmaruu (00y4JaroIIEro MHOXKECTBA) NOJIaBaTh Ha BXOJ[ CETH Pa3IMYHbIC
TUTIBI OWPKEBBIX WHAEKCOB, & TAKXKE WHIEKCOB MIPUMEHSEMBIX B TEXHHYE-
CKOM aHaliu3e, MPUMEHSEMBIX OOJBITMHCTBOM OWP)KEBBIX TPEHIEpOB.
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XopomuM TPUMEPOM MOTYT CIYXKHUTHh Pa3HO-TIEPUOIHBIE CKOJB3SIINE
cpenumre. COBOKYITHOE HCIIOJIb30BAHNE KOTOPBIX, CIY’KUT MHIEKCOM paz-
BOpOTa PHIHKA.

B Tabmune 3.9 nokasaHsl OTyYeHHbIE CTPYKTYPBI TPEXCIOMHBIX U
YETBIPEXCIONHBIX HEMPOHHBIX ceTeld. Ha BX0j Takoil ceTu moJilaBajiuch C
JlaroM paBHBIM 3 3HaueHMs KypcoB akuui «PAO EDQC», «Poctenekom» u
«Jlykoun», Ha BBIXOJIE CETH T.€. OOYYalOLUIMM MHOXECTBOM OBUIN aKIHH
«PAO EDC». Takum o6pazom mporao3upys kypce akmmii «<PAO EDC» mb1
CMOJKEM yYUTHIBATh M3MEHEHUS IIeH APYTu HeHHBbIX Oymar. Ha pucynke
3.7 moka3zaHO M3MEHEHNE OTHOCUTEIHHOHN OIMIMOKHM MpeAcKa3aHusi Ha 00y-
qaromeH, BaTMIAIIOHHON, TECTOBOM BEIOOPKAaX MHOTO()AKTOPHOW HEHPOH-
HOM cetn s Kypea akiuii «<PAO EDCs», koTopasi cocTaBisieT B CpeIHEM
3%.
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Puc. 3.7 U3meHeHmne OMMOKY IPOTHO3UPOBAHUS B IIPOIIECCE
00y4eHus: MHOro(pakTOpHOH HEHPOHHOM CETH TS Kypca aKui
«PAO EDC»
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Tab6muma 3.9

Pesynpratel nuccnenoBanus Mmuorodaxkropusrx HC

TpexcinoiiHas HelipOHHAs CeThb UYerbIpexciioiiHas HEHpOHHas CeTh

MLP 9:16:1 MLP 9:16:16:1
TPerf, VPerf, TePerf TPerf, VPerf, TePerf
0,1183; 0,1313; 0,1928 0,1217; 0,1345; 0,2615
CpelHeKBapaTH4ecKas omuoKa CpeaHeKBapaTH4ecKas ommoKa mpej-
npezckazanus 0.1312699 ckazanus 0.1345437

NS
o

2

MLP 9:16:11:1
MLP 9:8:1 TPerf, VPerf, TePerf
TPerf, VPerf, TePerf 0,1244; 0,1285; 0,1817
0,1204; 0,1332; 0,2448 CpeIHeKBagpaTUyecKas OMUOKa Mpe-
CpeIHeKBaapaTHIecKas OMIOKa ckazanus 0.1285486

npenckaszanus 0.1332476
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3.5 Pa3paboTka MaTeMaTHYEeCKUX MOJAENICH HEMTO3UITHOHHOTO KOJTH-
POBaHWUsI JUIsl PEIICHUsI 33]]a4 IIPOTHO3UPOBAHUS HA HEUPOHHBIX CETIX

Kak ObUTO OTMEYEHO aJIeKBaTHBIM aIMapaToM sl PEIICHHS 3a1ad
MPOTHO3UPOBAHUS WU CO3JAHUSA YCTOHYMBBIX HEOOCITY)KHBAEMBIX CHCTEM
YIpaBJICHUs], AUATHOCTUKU, KOHTPOIA U T.I., MOTYT CIY>XKUTh CIELUANb-
Hble UcKyccTBeHHbIe HelpoHHbIe ceTH (HC). OnHako oJHUM M3 Ba)KHBIX
KpuTepreB paOdOTHI MPOTHO3UPYIOIMIEH CHCTEMBI Ha HEHPOHHBIX CETAX SB-
JISETCS €€ HAJIeKHOCTh M YCTOMUMBOCTH K OTKa3aM 3JIEMEHTOB HEHPOHHOU
cetu. MccnenoBanue otkazoycroitunBoctu HC mpsimoro pacmpoctpaHe-
HUS TOKAa3ajo, YTO MapajuleNbHasi OPraHMU3alys SIBISETCS OJHUM U3 Me-
XaHU3MOB, 00€CTICYHBAIONINM HAEKHOCTh HEHPOHHBIX CTPYKTYp, HO 3a-
rac yCTOMYMBOCTH OYEHb MaJl U MPHU pead3allli BO3HUKAET PsI IPO-
onem:

ArmmapatHas peanmsars HC 3aTpygHeHa IpH pocTe KOJIHYECTBA
CKPBITBIX CJIOEB WM HEHPOHOB B OTIEIHHOM CIIOE.

OTCyTCTBYET BO3MOKHOCTH ONEpPATUBHOIO KOHTPOJS KOJIMYECTBA
HEHCIPaBHBIX HEHPOHOB: MPH HEHUCIPABHOCTH HEHpPOHa OMMOKa HE TPO-
SIBIISIET ce0s Ha BBIXOJE.

OTCcyTCTBYeT BO3MOYKHOCTH OINEPAaTUBHOW 3aMEHbBI OTKa3aBIIHX
3JIEMEHTOB CETH.

[Ipu ucnonp3zoBaHmm anroputMoB camooOydeHust HC B ycioBusax
BO3HUKHOBEHHSI HEHCIPABHOCTEH YBEIMUYUBAECTCS BEPOSATHOCTH IMOTEPU
YCTOMYMBOCTH B TI€TIIE O0YUCHUSI.

[Tpu 06yuerrm HC cTaHOBUTCS aKTyalnbHOM MpobiiemMa CBI3aHHAs C
sIBIIEHUEM TiepeoOydenns. KpoMe Toro, Mcmonp30BaHne HE MacIITaOupo-
BaHHBIX JTAHHBIX MOXKET MIPUBECTH K «IapaJTUIy» CETH.

[Towckn HOBBIX IMyTel MOBBIMIEHUS 3()DPEKTHBHOCTH BBHITOTHEHUS
apu(MeTnyecKnx orepanuii NpUBEIH K 3aKIIOYEHHI0, YTO B paMKax
OOBIYHOH TO3UIIMOHHOW CHUCTEMBI 3HAYMTEIHHOIO YCKOPEHUS BBITIOIHE-
HUS OTIepaluii U HaJIe)KHOCTH JOOUTHCS ITOYTH HEBO3MOXKHO [2]. [ToaTomy
C pa3BUTHEM TEOPHH HEHPOHHBIX CETeH, B YACTHOCTH PEIIEHUS 3aJadu
0ToOpaXeHUs1 MOAYJAPHBIX BEIYMCICHUN Ha HEHPOHHBIE CTPYKTYpHI [137,
136], nosiBuiIach BO3MOXKHOCTh HCIOJB30BaTh NMPEUMYILECTBA MOIYJIISAP-
HOTO KOAWPOBAHUS JUISI PEIICHUs pa3IMdHBIX 3ajlad, B TOM YHCIe U 3a7a4
nporao3upoBanusa. CrucTeMa OCTaTOYHBIX KJIACCOB OONAmaeT pAIOM Cy-
LIECTBEHHBIX MPEUMYIIECTB, TaK KaK SBJSETCS HEMO3UIIMOHHONW CUCTEMOMN
CUHCJICHHS, KOTOpasi MO3BOJSET COKPATUTH Pa3psAHOCTh oOpabaThiBae-
MBIX JaHHBIX, MMPEICTABISISI NX B MOAYJISIPHOM KOJIe B CHCTEME B3aUMHO
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MIPOCTHIX MOAYJICH, 00IaaeT CIOCOOHOCTRIO K OOHAPYKEHHUIO OIMOOK U
CaMOKOPPEKITHH.

OcnoBoit CucreMbl octatrounbix kiaccoB (COK) siBnsiercss Teopust
cpaBHeHuii. COK naet HecTaHmapTHOE MPEICTAaBICHUE YHCENl U HCHOJb-
3yeTcs I MOBBIMICHUS 3G()EKTUBHOCTH OTEpAIMidA Haj KOJaMU B OCTaT-
Kax [3, 5].

Uucno A B MOAYIIPHOM KOZE MPEACTABISICTCS B BUae Habopa (O,
s, ..., 0i) k ocTaTKOB (BBEIYETOB), BEIYUCICHHBIX 110 MOAYIIIO KaKIOTO U3
OCHOBAaHHM HETIO3UIIMOHHON CUCTEMBI CUMCICHUS P;

a, =4 = 4 p,, ona i=1, 2, .., k. (33)
"oLp

i

rae: [ ] — menmas gyacTh uMcaa, kK - KomudecTBO OCHOBaHUM. B oTimune ot
nozunnoHHOM cuctembl cumciienus (IICC), B xoTopoit uucio A mpen-
CTaBJISICTCS B BUJIC

n
A=AN"+A_ N+ _ +AN'+AN° =3 AN' (34
i=0
rae N — ocHoBanue [ICC, 3HaueHNE YMCIIa B MOAYJSIPHOM KOJI€ HE 3aBH-
CHUT OT MECTOITOJIOKEHUS KXKIO0T0 pa3psifia B €ro MPEICTABICHUH, a 3aBH-
CUT OT 3HAYEHUS OCHOBAHMS COOTBETCTBYIOIIETO paspsma. [loatomy mo-
TYJISIPHBIA KOJT SIBIISICTCST HEMO3UITHOHHBIM.

Ecnu ocHOBaHWsI B TpPEACTABICHHUH Pi,Py,...,Px BHIOPATH TOMAPHO
B3aMIMHO TPOCTHIMH, TO, corjlacHO Kwuraiickoli TeopeMe 00 ocTaTtkax
(KTO), aTo obecrieunBacT OAHO3HAYHOCTE MPEACTABICHUS JIFOOBIX IETBIX
ypcen u3 auamnasona [0, P)

k
P = |_| D, - (3.5)

=1

B nureparype [3, 5] Takyro HEMO3ULMOHHYIO CUCTEMY CUHMCIICHHS
Ha3pIBalOT cucTeMoi ocratouHblXx KiaccoB (COK). COK obGecneunBaer
BO3MOKHOCTH BBITIOJIHEHHUS OTIEPAINil CIIOKEHHS W YMHOXKEHHUS C BBICO-
Kol ckopocTthio. OOpa3oBanue octaTtkoB oT uncia B COK npoussoautcs
HE3aBHCUMO JAPYT OT ApPYTa, BCIEACTBUE YETO, KAXABIN pa3psaa COAECPKUT
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B cebe mHpopManuio 060 BceM duciie. [Ipu BBEITIOTHEHHUN CIIOKCHUS, BBI-
YUTaHWUS U YMHOXEHHUS Kaxaas 1udpa pe3yapTrata 3aBUCUT OT COOTBETCT-
Bytommx mudp omnepannos. Tak, ecnu onepanasl A u B mpeacraBineHs
COOTBETCTBEHHO OCTaTKaMu O H [3 mo ocHoBaHusM p; ipu: i = 1, 2,..., k, T0

A=(a, a,, .. a)u B=(8, B, .. B) (36

[A+B, =(a,+B|,. |a.+Bl,. - |a,*B]). G
|A_B|p :(|0'1 _181|P]’ |0'2 _182|Pz’ e |an - B, Pk)’ (3.8)
B, =(a\B],. @B, - |@B],)- (3.9)

Takum 00pa3oM, BBIMOJHEHUE apU(METHUECKUX OIEparuii B MO-
IyJISPHOM KOJI€ MIPOU3BOAUTCSA HE3aBUCUMO MO KAKJIOMY U3 MOAYJICH, UTO
M YKa3blBaeT Ha Mapajule]N3M [aHHOW CHCTEMBI. JTO OOCTOSTEIHCTBO
OTIpe/IeNIsieT BO3MOKHOCTh HE3aBUCUMOW MX 00pabOTKH, TO €CTh Mopas-
PSAAHOTO BBIMTOJIHEHUS OTEpAINii, 4TO U30aBIsSeT OT HEOOXOAUMOCTH "3a-
HUMaTh" WM "TIEpEHOCUTH" €IWHUILY CTapIIero paspsnaa, U MPUBOIUT K
MOSIBIIGHUIO KOZOB C TapajlIeNbHON CTPYKTYpOil, KOTOpPBIE MO3BOJISIOT
pacnapauieIuTh OCHOBHBIC apU(PMETHUSCKUE OTICPAIIIH, BBITIOTHICMBIC B
HEHPOHHOM CETH (CII0KEHUE U YMHOXKEHHE).

Hocrarouno mpocro B COK peanm3yroTcsi oreparii OCHOBHOTO
kousbla. Ilycte onepannbl A U B mpeacTaBieHbl COOTBETCTBEHHO OCTaT-
KamMu Q; U ,Bl 110 OCHOBaHWAM p; ipH i= 1, 2, ..., n. Torma pe3yabTaTsl
omepalyy CIOoXKeHHusI U ymMHOxkeHus A+B u AB mpencrtaBieHbsl cOOTBET-

CTBCHHO OCTaTKaMH J/l U O; 110 TEM K€ OCHOBAHUAM

l

A= (al’ GZ’ sy an)’ B= (Bla BZa ceey Bn)a
A+B = (yl’ yz’ M yn)’ AB = (01’ OZa ceey On)a

" IIpU 3TOM UMCIOT MECTO COOTHOIICHUA

a. + b
vi=a,+f - I—IBI Di> (3.10)
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m+ﬁ}g. (3.11)

g, =a,p _{
l

Onnoii u3 mpobGsiem ucnoib3oBanuss COK sBisieTcss orpaHuveH-

HOCTb JICUCTBHSI CHCTEMBI C(Pepoil LENBIX MOJIOKUTEIBHBIX YHCEN. DTy

npoOJieMy TpeyIaraeTcsi peuTh, HCIONb3ys aTOPUTM MPEACTABICHUS U

paboThI C TPOOHBIMU YHCIIAMHU.
[Toxaxxem Ha mpumepe peanuzanuu B COK Meroma HaMMEHBIIHMX

kBagpatoB (MHK) mis BeIeneHus TpeHAa U OnpeaeneHus KoddhumeH-
TOB Mojenu perpeccuu [115, 123].
Ilycts gano: py =3 p, =5 ps =7 ps=11 Torna P = 1155

Tabmuma 3.10
UcxonHble 1aHHbIE

2

X Y xX*y X
1(1,1,1,1) 1(1,1,1,1) 1(1,1,1,1) 1(1,1,1,1)
2(2,22,2) 4 (1,444 8(2,3,1,8) 4(1,444)
3(0,3,3,3) 3(0,3,3,3) 9(0,4,2,9) 9(0,4,2,9)
41,444 5(2,0,5,5) 20 (2,0,6,9) 16 (1,1,2,5)
5(2,0,5,5) 41,444 20 (2,0,6,9) 25(1,04,3)

2. 15(0,0,1,4) 2 17(2,2,3,6) 2 58(1,3,2,3) 2. 55(1,0,6,0)

Heo6xommumo: moCTpouTb JIMHUIO PETPECCHH Y = g + ;X
Cuctema ypaBHEHUH Ui omnpeaeieHus] KOdPPHULUEHTOB MOACITH

n n
nag+a;) %=y,
i=1 =)

o MHK

n n n
2 _
a Q% a3 = DXy,
i=1 i=1

i=1j=1
Pemas cuctemy ypaBHEHUH (B JECATUYHOM CUCTEME CUUCIICHHUSI) TIOTyda-

€M MOJIENb

y=13+0.7x (3.12)

Pemum cucremy 8 COK
(25075’5)(5)*a0 + al*(05091’4)(15) = (292’396)(17)
31*(0,0,1,4)(15) +31*(1,0,6,0)(55) = (1,3,2,3)(58)
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B mmwkHeM mHIEKCe, B CKOoOKax, ykaszaHbl 3HadeHus uncen COK B
JIECSITUMHOM crcTeME cuucieHud. Beipa3zum a,
= (2,23,6)(17) —-a (0a0a1a4)(15)
(2707575)(5)

[ToncraBuM BO BTOpOE ypaBHEHUE

(2,2,3,6) 17, 0,0,1,4) 5,
0,0.1,4) ;5 DW —a,%(0,0,1,4) 5, DW +a, #(1,0,6,0) 55 = (1,3,2,3) 55,
99l 5) 99y (5)

(0,1,2,7)(51) - al*(0,0,3,1)(45) + al*(1,0,6,0)(55) = (1,3,2,3)(58)
a1*((1,0,6,0)s5) — (0,0,3,1)as)) = (1,3,2,3)s5) — (0,1,2,7)s1y
al*(1,0,3,10)(10) = (1,2,0,7)(7)

Torma

a = (1,2,0,7) 4, =07
(1,0,3,10),,

Takum oOpazom, manee yucina COK M0okHO mepeBecT THOO0 B Jie-
CATHUYHYIO CHCTEMY CYHCIEHHUS JIMOO B JBOWYHYIO M TaM OCYIIECTBUTH
JeJieHne, TN00 MPUMEHUTHh AITOPUTM TNPHOIMKEHHOTO JEEHUs peau-
syemoro B COK, b0 ucmonp30BaTh MpH ACICHUM TEOPUIO HUHICKCOB,
00 BOCIONB30BATHCS ATOPUTMOM BBIUHTaHUS, peasm3yemoro B COK.
Breraucioum ag

(1,2.0.7), (1,2,0,7),

(2929356)(17) - (0907174)(15) (2129356)(17) - (0935393)(3)
. (1,0,3,10) _ (222.2),,, _
’ (2,0.5.5),, (20.5.5),,

(1’47671)(34) _ (0’170’10)(10)
- (272’272)(2) (2’272’2)(2) — (173’6’2)(13) —
(2’0’5’5)(5) (1’0’3710)(10)

Hcmonp3ys yKa3aHHBIN TIOIXOJ TOSBIISETCS BO3MOXKHOCTH Peallv-
30BBIBaTh JI0OBIC MaTeMaTHueckue moaenu B COK 0e3 mpejicraBicHus B
COK umucia ¢ miaBaroIe TOYKOM.

[Toxaxkem Bo3mMokHOCTE peanm3aruy B COK anroputMa o0paTHOTO
pacnpocTtpaHeHus I o0y4YeHHsI HEHpPOHHBIX ceTeill. PaccMmoTpum mpu-
Mep, JEMOHCTPHUPYIOIIUHN Mporecc 00YYEeHUsI CETH METOJIOM OOpaTHOTrO
pactipoctpanenus peanuszoBanubiii B COK. JlomycTum, o0ydaroriee MHO-
KECTBO COCTOMT U3 ogHOro Hadopa ((1,1,1,1)q); (2,2,2,2);)). CeTb nomkHa
Hay4yuThCs JaBaTh Ha Bbixone uncio (0,3,3,3)).
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ITycth ceTh COCTOMT W3 JBYX CIIOEB HEMpPOHOB: JBa HEWpOHa B
CKPBITOM CJI0€ U OJIMH HEHPOH B BEIXOHOM CJIO€ PUCYHOK 3.8.

(LLLD g5 (2,2,2,2),,,

T'ze 8 COK 0,1 = 0, ,3=(0333)5
(1,0,3,10) ., (1,0,3,10) 4,
Xcl(l)z(lalvlal) X02(1)=(292’292)
0,1
0.2 0.1 0,2
yC1(1)=0,574 y02(1)20,646
YBl(1)=0,545

Puc. 3.8 Heliponnas ceTb, COCTOSAIIAS U3 OAHOT'O CKPBITOTO CIIOS U
OJTHOTO BBIXOJHOTO HEHMpOHa.

Janee OyAyT UCTIONIB30BaThCS CIASAYIONE 0003HAYCHUSI:

ByxBoii X o0o3HayaeTcsi BXOA KaKoro-inbo HeHpoHa, WACHTH(H-
KaTop CBEPXY YKa3bIBAacT Ha CIIOM, B KOTOPOM HaXOMUTCSH HEHUPOH: X —
BXOJI CKPBITOTO ciosi, X° — BXOJ BBIXOAHOTO ciosi. Kpome Toro, ¢ momo-
IIbIO HCKCA B CKOOKAX YKa3bIBACTCS HOMEp uTepanuu ooyueHus: X () —
BXO/J] CKPBITOTO CJIOSI B MIPOLIECCE MEPBOM UTEpanu, X ;) — BXOJ BBIXOJI-
HOTO CJIOSI B IIPOLIECCE BTOPOI UTEpaLUK U T.J.

BykBoii Y o0o3Hauyaercsi BBIXOA Kakoro-nmubo Hedpona. MpenTn-
(UKaTOPBI U MHACKCHI TE )K€, YTO U y OYKBHI X.
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Bbyksoit W; o003HagaeTCs CHHANTUYECKAss MaTPHIla, UCITOIb3yeMas
Ha i-u urepanuu oO0ydeHus. UaeHTndukaTopsl «c» U «B» yKa3bIBalOT Ha
CUHANTUYCCKUE BECa COOTBETCTBYIOIIETO COs (CKPBITOTO MM BBIXOJHO-
o).

Ommbka cetn win ommnOKa, OJTydYeHHAs Ha BBIXOJE j-TO HEHpoHa,
PacCUUTHIBACTCS TaK

J

E, %(Y D). (3.13)

rie Dj — »xenaemblil BBIXO j-rO HEHpoHa.
Bce HelipoHbI O0ymyT BO30YKIATHCS ¢ TIOMOIIBIO0 OHOW (QYHKITAN —
CUTMOMTHOH
1

I+e™
Jns peanuzanun Gpyaxnun 8 COK mpeacTaBuM € pasiioKeHUEM B
psn Teinopa

F(X)= (3.14)

2 3

eX=lox+ =X 4 (3.15)
2 6
IIpoxeMOHCTpUpPYEM [IBE HTEPALUH OOYUEHHS U OJWH OOpaTHBIN

MIPOXO/I.
ITepBas urepanus. IlepBriil npsiMoil Mpoxo.
Ha Bxoz ckpbITOTO CI10SI CeTH 1moaaeTcsi Habop 00yUaroIMX TaHHBIX

X<Ll>_|.Xf<1); 2<1>J [1 2]

x5 =|xi: X ]=lann;2,2,2,2)]

3nece X,

BpeMA HepBOI/I HUTCpaluu.
CuHanTuyeckas MaTpula 4jisd CKPbITOTO CJI0SA UMECT BU

- 101 0,2
Wi, = [ } B COK

— 0003Ha4yaeT 3Ha4eHHE j-T0 BXOAa CKPBITOTO CJIOS BO

01 0,2
(LLLI) (2,2,2,2) ,,
c - (1’0’3’10)(10) (1’0’3’10)(10)
(l) (1’1’1’1)(1) (2’2’2’2)(2)

(1,0,3,10) 4, (1,0,3,10)

HJ’I}I BBIXOJHOT'O CJI0s TaKasd MaTpulla COOTBETCTBCHHO paBHA
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(2,2,2,2)(2)

0= 0.2 . BCOK w¢ = (1,0,3,10) o, .
0,1 O @LL,,
(1’0’3’10)(10)

WNupekc (1) yka3piBaeT Ha 3HAYCHHSI MATPULIBI BO BpeMs IMEpPBOM
UTEpaIuu.

2

PaccumraeM, yeMy paBeH B3BEILIEHHBIM BXOJ JJISI KaXJ0TO U3 HEil-
POHOB CKPBITOTO CJIOSl. BBIXOJ CKPBITOTO CJOS CeTH, MpeoOpa30OBaHHBIM
(yHKIMEH BO30YXKACHUS, PACCUUTHIBACTCS TaK

X —[Y“ X ]—X“WC = 2] o1 0.2 =[0.3; 0.6]
1) 1) A (2) Y s 0,1 0’2 5y 5O
B COK
LLLD,,  (2222),,
. 0333 0,,6,6
X :[(1,1,1,1);(2,2,2,2)] (103100, (1.0.3,10), :l:( JOI Do }

LLLD,,  (22,2,2), (1,0,3,10) 0, (1,0,3,10) 4, [
(1,0.3,10),,  (1,0.3,10),,

ve =[ves )= Fxh) = [F(EZ‘n);F(X:z))] = [F(0.3);F(0,6)] =

1 1
= : =(0,574; 0,646|.
_1 + 6—0,3 1+ 6—0,6:| [ ]
B COK
o o o 1 _ [(o,z,m)m) (2.0.2,10)
m 03,3.3)3 ° 0,1,6,6) | ’ :
I+ e_7(1,0,3,10)j“;) i+ 8—7(1’0,3,10)(“;) (1,0,2,1) 00, (1,0,2,1) 00,
x2 X3
rmee’=1-x+-——"—+...
6
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(0.333),

B COK e "o (11 (0333
(1.03.10),
0333)s , | (0333)5
(10.310), (1L0.310),
(2222),  (0166),

JUIsI BTOPOT'O CJIaraeMoro NPUMEHUM TYKY METOJTUKY.
Brixon cKpBITOTO €05 SBISETCS BXOAOM JUISI BBIXOJTHOTO CJIOS, T.€.
8 —_— c
X(l) - Y(l)'
Kax u nmst cKkpbITOro €08, pacCYUTaeM B3BEIICHHBINA BXOJ AJIS BbI-
XOJIHOTO CJIOS

—6 6 0,2
X = [Xa);X(z)] =Y Wi = [0,574; 0,646] [EO J = [(),179],,

B COK
e _[Yg X ]—Y“ . _ (0,2,1,2)(57)- (2,0,2,10)(65) (1,0,3,10) 4, | _ M
o o X=X )Wy = ’ (L1,LI) - i
(1,0,2’1)(100) (1’0’2’1)(100) A (1’0’2’1)(100)
(1,0,3,10) 4,

rac ‘/V((f) — CHHOIITUYCCKAs MaTpulla BBIXOJHOT'O CJI0A CCTU, 3HAUCHUS KO-

TOPOI COOTBETCTBYIOT MEPBOM UTEPAIUH.
OyHKIUA BO30OYKIeHHUS i1 3-To HekpoHa Ta ke. [loaTomy mory-
YUM JJIS HETO CIEAYIOIUN BBIXO

—s 1
Y(f) =F(Xa)=F(0,179) = W =0,545.
B COK
o ¢ (0,3,4,7) 1 (1,0,6,0)
Yo, =F(Xw)=F( @ )= R o
(1,0,2,1) ;09 RIUERT. (1,0,2,,1) 10,
I+e 0%

B To e BpeMs jkemaeMoe 3HAUYEeHHE BBIXOJAa CETH, MpeoOpa3oBaH-
Hoe dyHKIMEeH Bo30ykaenus, papHo D=F(3)=0,952.
BCOK D=F(0,333)=20%Dos .
(1,0,2,1) (10,
ITpu aTOM CpeHeKBaApaTHYHAasK OMHOKA paBHA
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- %(0,545 —0.952)° = 0,0828

(23,18),
(1305 2’1)(100)

3HaueHus (aKTUIECKOTO BBIXOJA U JKeIaeMOoro He coBmasaroT. [1o-
3TOMY CHHOIITUYECKHE BECa CETH CIIeAyeT U3MEHUTH. /[t aTOoro Heobxo-
JUMO BBISICHATH, KaKUM O0OpPa3oM MOBIHUSIOT 3TH M3MEHEHHS Ma OOIIHN
pe3ynbTaT, T.€. Ha BEIUYMHY OIMMOKU. AHAIIU3 COTJIACHO aJlTOPUTMY 00-
paTHOTO PacHpOCTPAHCHHUS BBHIMOIHSIIOT, HAUMHAS C BEIXOAHOTO CJIOSI CETU
Y TIPOJIBUTASICH K €€ BXOIY U T.1I.

PaccMoTpeHHbIi T0AX0/ peaiu3alliid MOIYJIbHBIX BBIYUCICHUN 15
3a/1a4 MPOTHO3UPOBAHUS HA HEHPOHHBIX CETSAX, MO3BOJIAECT HAM MOIYYUTh
PSAA CYIIECTBEHHBIX NpeumylnecTB. [loBBIIIEHHAs HAAEXKHOCTH PabOTHI
cuctembl. Tak Kak mapajuielibHasi CTPYKTypa HEUPOHHBIX CETEeH sIBIsETCS
HMCTOYHHUKOM TMOBBIIICHUS HAJACKHOCTH M KPOME STOr0 CHUCTeMa OCTaTOU-
HBIX KJIACCOB 00JIaJ]acT CITIOCOOHOCTHIO CAMOKOPPEKIH, OOHAPYKCHUS U
ucmpasieHus omuOoKk. CrcreMa OCTaTOYHBIX KIIACCOB, SIBIISISICH HETMO3H-
IIMOHHON CHCTEMOW CYHCJICHHS, TIO3BOJSET COKPATHUTh Pa3psIHOCTh 00-
pabaThIBACMBIX JAHHBIX, MTPEJCTABIISS UX B MOAYJIIPHOM KOJIE B CUCTEME
B3aMIMHO TIPOCTBIX MojyJieil. B CBsI3M ¢ 3THM, CTAaHOBUTCS BO3MOXHBIM
YOPOCTHTH CTPYKTYPY HEUPOHHOU CETH M M30exaTh MpoOJieM CBI3aHHBIX
¢ MacmTabUPOBaHUs BXOAHBIX JaHHBIX.

Omunbky nerko Beranciuts B COK E =

3.6 Ananu3 METOIOB TOBBIIIIEHUS KauecTBa MpeIcKa3anuii

XoTts npenckazaHue (UHAHCOBBIX PSAJIOB M CBOAMTCS K 3a/1aye ar-
MPOKCHMAIIM! MHOTOMEpPHOW (YHKIIH, OHO MMEET CBOM OCOOEHHOCTH
KaK Tpu (pOPMHUPOBAHHUH BXOJIOB, TaK U TIPU BHIOOPE BBIXOI0B HEHPOCETH.

Cesi3p  TIpencKazyeMocTd ¢ HopMmod mnpuObuH. OCOOCHHOCTBHIO
npencka3anns (PMHAHCOBBIX BPEMEHHBIX DSIIOB SIBIIAETCS CTPEMIICHHE K
MOJTyYEeHUI0 MAaKCUMAaJIbHOW MPUOBLIN, a HE MUHUMH3AINHA CPETHEKBa-
paTUYHOrO OTKJIOHEHHS, KaK 3TO MPHUHATO B CiIy4yac ammpoKCUMalUU
dbyaknmii. B mpocreiiem cirydae eXeTHEBHOW TOPTOBIN MPHUOLUTH 3aBH-
CHUT OT BEpHO YTaJaHHOTO 3HaKa M3MeHEHHUs KOoTupoBku. lloatomy HC
HY>KHO OPHUEHTUPOBATh UMEHHO Ha TOUHOCTH yraJbIBaHUs 3HAKa, a HE ca-
Moro 3HaueHus. Haliem kak cBsi3aHa HOpMa MPHOBLUTU C TOYHOCTHIO OTI-
peneneHus 3HaKa B MPOCTEHIIeH TOCTAaHOBKE €KEIHEBHOTO BXOXKICHHS B
PBIHOK.
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O0o3HaynM Ha MOMEHT f: K, — MONHBIA KamuTal HIPOKa,

t
x, =AC,/C, orHOCHTENBHOE N3MEHEHNE KOTHPOBKH, d B KAYECTBE BbI-

X0J/Ia CETH BO3bMEM CTEICHb €€ YBEPEHHOCTH B 3HAKE DTOT0 M3MEHEHHSI
v, D[— 1, 1]. Takag ceThb C BBIXOJHOM HEJIMHEHHOCTHIO BHIA

y = tanh(a) oOydaeTcsl MpenCcKa3bpIBaTh 3HAK M3MEHEHHS M BBIAAET TPO-

THO3 3HaKa C aMHJ'IPITy,I[OfI HpOHOpHHOHaHBHOﬁ €T0 BCPOATHOCTH. TOFI[a
BO3paCTaHUC KallrMTaJla Ha [1are ! 3amuIiIeTcs B BUAEC

K, = K, [1+|x]dsen(x,y,)]. (3.16)

rae O — 1074 KanuTana, "B urpe”. BEIMrphII 3a Bce BpeMs HIPhI

K, =K, exp(iln[l + xké'sgn(yk )U ; (3.17)
k=1

HaM U MPEICTOUT MaKCHMHU3UPOBATh, BEIOPAB ONTHUMAJIbHBIA pa3Mep CTa-
Bok O. ITycTb B CpelHEM MIPOK yramblBaeT JOMO P =7 + £ 3HAKOB W,

—1
COOTBETCTBEHHO, OIIMOAeTcs C BEPOSTHOCThIO g =5 — &. Torma nora-
prM HOPMBI TPUOBLTH

(n(K,/K,)) =t (pln(1+]x]0) + g In(1-[d3)).  (3.18)

a CJIEAOBATCIIbHO U caMa HpI/I6BIJ'IB, 6yz[eT MAaKCUMAJIbHBIM MPHU 3HAYCHUHN
o= (p - q)<|x|>/<x2> ¥ COCTABUT B CPEITHEM
(Ixl)’
(in(k,/K,)) =1 (p-q) 2rhe =2a16".  (3.19)

2<x2>

3necs Mbl BBeIHM KOAGPHUUUEHT a = <|)c|>2 / <x2> <1. Hampumep,

nist FayccoBa pacnpenenenns a = 0.8 . CteneHb nmpeacka3yeMoCTH 3HaKa
HaNpsIMyl0 CBfi3aHa C KPOCC-OHTPOIHEH, KOTOPYI0 MOXKHO OLIEHHTH a
priory metogom box-counting. Jlyis 6uHapHOTO BBIXOAA (CM. PUCYHOK 3.9)
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I=H_ -H(p), (3.20)

B wnrore momy4aem cienyromyro OleHKY HOpMbI MPUOBUIN TpHU 3a-
JTAHHOW BEJIMYMHE MPECKa3yeMOCTH 3HaKa [ , BRIPOKCHHOM B OUTax

K =K,2". (3.21)

MpPOLEHT YragaHHbIX 3HAKOE

o e}
O
#O#
-»
»

i)
fu]
#
3

0.0 0.0 0.0 0.20 1.00

Kpocc-aHTponKAa

Puc. 3.9 [lons npaBuiIbHO yraJaHHBIX HAaIIPaBICHUN H3MEHEHUI
psina, Kak QpyHKIMS KPOC-3HTPOIIUY 3HAKA BBIXOJA [IPU U3BECTHBIX BXOJaxX

To ecTb, 11 psaa ¢ NPeACcKasyeMoCThio [ B MPUHIMIIE BO3MOKHO
yBOMTH KamwuTan 3a t =1/ (aI) Bxoxnennit B poiHok. Tax, Hampumep,
€CJIM NPEJICKa3yeMOCTh BpeMeHHoro psja pasHas [ = 0.17 npeamnonaraer
yIBOGHWE KamuTama B cpemHeM 3a f =1/ (08M.17) =8 BxoxkeHMI B

peiHOK. Takum o0pa3oM, Jake HeOOIbIIas MPEICKa3yeMOCTh 3HaKa H3Me-
HEHUS KOTHPOBOK CIOCOOHA 00ECIeUnTh BeChMa 3aMETHYI0 HOPMY IpH-
OBLTH.

[NomuepkHeM, 9TO oNTHMaibHAsT HOpMa MPUOBUTH TpedyeT ocTa-
TOYHO aKKypaTHOW UTPBI, KOTJA MPU KaXKIOM BXOXKJICHUU B PHIHOK UTPOK
PHUCKYET CTPOTrO ONpeETICHHOMN J0JIel KanuTana
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(AK)

o =) =(p-q))* [(x*) =2ae=166. (322

rac AK - tunnunas npu Z[aHHOf’I BOJIATUJIBHOCTHU PBIHKA <|)C|> BCIIMYMHA

BBIMIPHINIA WIH Tpourpbima. Kak MeHbIue, Tak ¥ OOJNbIINE 3HAYCHUS
CTaBOK yMEHBINAIOT MpuObLTh. [Ipuuem, depecdyp pUCKOBaHHas urpa
MOJXKET MPHUBECTU K MPOUTPHINTY MPH JIF00O0H MPeacKa3aTeIbHOW CIIOCO0-
HOCTH. DTOT (haKT WILTIOCTpUPYeT pucyHok 3.10.

021 & =02
0,1

0,0

-0,1
02, [xlo

00 0,2 0,4 0,6 0,8 1,0

Puc. 3.10 3aBucuMocCTh cpemHel HOPMBI IPHOBUIHA OT BEIOOpA JOTH
KalluTaja «Ha KOHY»

[TosToMy TpHBEIECHHBIEC BBIIIE OIEHKH JAIOT HPEICTABICHHUE JIMIIb
0 BepXHEM TIpejiesic HOPMbI IIPHOBLIH.

Bribop ¢ynknuonana omubku. Ecnu nmpuHATH, YTO Lienblo mpea-
CKa3aHUH (PMHAHCOBBIX BPEMEHHBIX PSIOB SBJISETCS MaKCUMHU3ALUS MPHU-
ObuH, JTormyHO HacTpanBath HC MMEHHO Ha 3TOT KOHEYHBIH pe3yJbTaT.
Hampumep, mpu urpe mo ommcaHHOW BhImIe cxeme s oOydenus HC
MOKHO BBIOpaTh CIEAYIOMIYI0 (DYHKIHIO OMIMOKH OOydYeHHs, YCpEIHEH-
HYIO TI0 BCEM TIpUMepaM U3 00yJaroIieii BBIOOpKU

E=~(1n[1+x,4 sen(y,)]). (3.23)
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31ech M0 KalnuTajga B UTPE BBEICHA B KAUECTBE JTOTOJHUTEIIHHO-
ro BBIXOJIa CETH, HACTpamBaeMoro B mporiecce oOydenms. [Ipu Takom

HOJX0/1e, IePBBIi HEHpPOH, y,, ¢ GyHKuHUEH akTHBalMH [ = tanh([] nact
BEPOATHOCTH BO3pACTaHMs WM YOBIBAaHHSA Kypca, B TO BPEMs Kak BTOPOii
BBIXOJ[ CeTH O, JAaCT PEKOMEHIOBAHHYIO [OJII0 KallkTala B UIPe Ha JaH-

HOM II1are.

[TockonbKy, OHaKO, B COOTBETCTBHM C MPEABIAYIIUM aHAIU30M,
9Ta AOJs AOKHA OBITH MPOMOPLMOHANBFHA CTETICHH YBEPEHHOCTH TIpe-
CKa3aHHsA, MOXHO 3aMEHHTh JBa BBIXOJA CETH — OIHHUM, IIOJIOKUB

o =9y,

napaMeTpa O MUHMMH3HPYIOIIETO OMIHOKY

, 1 OrPAaHUYIUTHCA OIITHMU3AIIUE BCErO OJHOTO ria00aIbBHOro

E=~(l[1+3xy,]) (3.24)

TeMm cambIM, TIOSIBJIIETCS BOBMOXKHOCTh PET'YJIHPOBATh CTaBKY B CO-
OTBETCTBUHU C YPOBHEM PHCKa, MpeJCKa3bIBaeMbIM ceThio. Mrpa c mepe-
MEHHBIMHU CTaBKaMH IIPHHOCUT OOJIBIYIO PHUOBLIb, YeM UTpa ¢ PUKCHPO-
BaHHBIMH CTaBKaMHU.

Hcnonp3oBanne KOMUTETOB ceTeil. M3-3a cimyuyaiiHOCTH B BBIOOpE
HaYaJbHBIX 3HAYCHWH CHHANITHYECKHUX BECOB, MpeAcKa3aHus cerel, o0y-
YCHHBIX Ha OJIHOW WM TOW e BBIOOpPKE, OYAYT pPa3sHHUTHCA. JTOT HEAOCTa-
TOK (3JICMEHT HEOMNPEACICHHOCTH) MOXXHO IMPEBPATHUTh B JOCTOMHCTBO,
OpraHu30BaB KOMHUTET HEHPO-IKCIIEPTOB, COCTOAIINNA U3 PA3IMYHbBIX HEH-
pocereii. Pa3zdpoc B mpenckazaHWSAX DKCHEPTOB AAcCT NPEACTABICHHE O
CTETICHNU YBEPESHHOCTH 3TUX MPEIICKa3aHUN, YTO MOKHO MCIIOJIb30BAaTh JIJIS
MPAaBIIILHOTO BEIOOPA CTPATETUN UTPHIL.

Jlerxo nokasarp, 9TO cpeqHee 3HaYSHH KOMHUTETa TOJKHO /1aBaTh
Jy4IIne MPeAcKa3aHusl, YeM CPEIHUH IKCIEPT U3 3TOr0 K€ KOMHTETA.
ITycth ommubka [ —Oro dKCrHepTa A 3HAYCHHS BXOJa X paBHA é‘l(x)

Cpennsis ommbKa KOMHTETa BCETa MEHBINE CPeTHEKBAIPATHIHON OIIHO-
KH OTJCTHHBIX 3KCIIEPTOB B CHITYy HepaBeHcTBa Korm — ByHAKOBCKOTO

YRR R
(Z > é}j < sz g . (3.25)
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[Ipuuem, cHMXEHHE OMIMOKH MOXET OBITh JOBOJIBHO 3aMETHBIM.
Tak, ecnmu OmMMUOKKM OTACIBHBIX 3KCIEPTOB HE KOPPEIUPYIOT APYT C JIPY-

roM, T.e. <£i£j> = <é}2>d

i 0 TO CPCAHCKBaJApaTUIHaAA OIIHOKA KOMUTETA U3

L OKCIICPTOB B L pa3 MCHbIIC, YEM CPCAHAA MHAUBUAYAJIbHAA OIIHO-
Ka OAHOI0 3KC1epTa

2

ty
[l S}

1
=~ —
M=
Ay

1
e
'MP‘
Y

+
g
Ay
M

1

i=1 i=1 i#j (3.26)

HOBTOMy, B MPCACKa3aHuAX BCCraa JYULIC OIMUPAThCA Ha CPECAHUC
3HA4YCHHUA BCCTO KOMUTETA.

BI:IBO,Z[I:I K rjiaB€

[IpuBeseHHBIC BHINIE PE3yNbTAThl CBHJCTEIBCTBYIOT O TEpCIICK-
TUBHOCTH HeWpoceTeBoro Tpeinuura. bonee toro, B cuiny camoronoous
(bpakranpHOCTH) (DMHAHCOBEIX BpeMEHHBIX psimoB (Peters, 1994), nopma
NpUOBUIN 33 SMHUIYY BPEMEHU OY/IET TEM BBIIIIE, YeM MEHBIIE XapaKTep-
HOE BpeMs Tpeiaunra. Takum oOpa3oM, aBTOMAaTHYECKHE HEUPOCETEBBIC
Tpeiepsl OKa3bIBAOTCS HanOoliee dPPEKTUBHBI MPU TOPTOBJIC B peajb-
HOM BpeMmeHu. OOyueHHass HeHpoceTh, TOACOCTUHEHHAs K AJIEKTPOHHOM
CUCTEME TOPTOB, MOXKET MPUHUMATH PEIICHUS elle 10 TOro, Kak OpOKep-
YEIIOBEK YCIEeT PACIO3HATh M3MEHEHHUs Ipadrka KOTUPOBOK Ha CBOEM
TEepMHUHAIIE.
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I''TIABA 4 CPABHUTEJIBHA I OLIEHKA KITACCUYECKUX 1
HEMPOCETEBBIX METOOB ITPOI' HO3UPOBAHUSI.
OLIEHKA TOYHOCTHU U OT'PEIITHOCTH BBIYMCJIEHNI B
HEWPOHHBIX CETSIX

CpaBHHUTENBHAS OLIEHKA MPOTHO30B MPOBEAECHA AJI MCCIEAYEMBIX
BPEMEHHBIX PAIOB TUHAMHKH KypcoB akuuil ans nocienHux 200 3Haue-
HUM, TaKk KaK UMEHHO 3Ta 4acTh BBIOOPOK CUMTAETCS] TECTOBOM AJISI BCEX
UCCIIelyeMbIX MoJeleil mporrozupoBaHus. MccienoBaHue NpoBEIEHO
JUTSL MOJIENIe SKCIIOHEHUIMATBLHOM cpeAHei 1o cienytomieil cxeme.

AnanTuBHas NOJIMHOMUAJIBHAS MOJIEJIb IIepBoro nopsaaka (p = 1).

OKCTIOHEHIMATIBHBIE CpeNHUE 1-T0 U 2-T0 MOPAIKOB OIpe-
JEJIAI0TCS KaK

St = uxt +BSI—1
skl =as, +pst @D

t=1°
rae = 1-a.
OTcroa HavYaIbHBIE YCIOBUS

A

Sp=a,,——a,,

Q™

4.2
o B 4.2)
Sgh =a,,"—a,,

OreHka MOJETHLHOTO 3HAYEHUS psa C MEPHUOIOM YIPEKICHUS T
paBHa

Ao _ a a [2]
=2+ =1lS, —|1+=T S (4.3)
( B J ( B J

AnanTuBHAs OJWHOMHUAIBHAS MOJIENIb BTOPOrO Topsiaka (p=2). DKcro-
HEHIMAIbHBIC cpeaaue 1-ro, 2-To U 3-T0 MOpPSIAKOB

St = GX[ +BSI—1;
sl =as, +pst; (44)

t-1°

Sk = asP! +pst

t=1°
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HavansHbie ycnoBust onpeaenum Kak

_. _B. _B(-a),

So =0 T4, e d305
o 2B . B(3-2a) .
SE)Z] =a _Faz,o +%a3,0; 4.5)
A 33  3Bl4-3a) .
SE)S] =ag _F‘F%as,o-

rne g = a5 Gyo = 0y5 U Ay = ds.
OueHKa MOJENBHOTO 3HAYEHHS C MEPHOZOM YIIPEXK/ICHHS T Haxo-
JIAM W3 BBIP@KEHHS

o
X =[oB* +(6 sl ﬁ*‘ﬁz] ~[68* +2(5-40)a T+20(2T2] oy
B (46

Pl
+[2p? +(2-30)a T+C(2T2] b

Becpma 3((eKTUBHBIM M HaIEKHBIM METOAOM MPOTHO3UPOBAHUS
SIBIIIETCS] SKCIIOHEHIIMATIbHOE CrilakuBaHue. OCHOBHBIE JOCTOMHCTBA Me-
TOJla COCTOSAT B BO3MOXHOCTU y4ueTa BECOB MCXOJHOH HMH(popmaiuu, B
MPOCTOTE BBIYMCIUTEIBHBIX ONEPalnii, B THOKOCTH ONMCAHMS Pa3InIHBIX
JUHAMHMK TIpOIecCOB. MeETOJ SKCIIOHEHLMAIBbHOIO CriIaKMBaHUSA JaeT
BO3MOXHOCTb IIOJIyYUTh OLEHKY I1apaMeTPOB TPEH/a, XapaKTePU3YIOLIUX
HE CpeAHul ypOoBEeHb Npoliecca, a TEHACHIHIO, CI0KUBIIYIOCS K MOMEHTY
nocienHero HaOmoaeHus. Hanbompiiee npuMeHEeHHE METOJ HAIIeN s
peanu3aluu CpeJHECPOUHBIX IPOTrHO30B. JlJIs MeToa 3KCIOHEHIIUAIBHO-
IO CIVIaXKMBAaHUSI OCHOBHBIM M HamOoJiee TPyAHBIM MOMEHTOM SBIISETCS
BbIOOp MapamMeTpa CriakuBaHMs O, HAYaJIbHBIX YCJIOBUM M CTEIEHU IPO-
rHo3upymomero nonuHoMa. Ha pucynke 4.1 nokazana 3aBUCUMOCTb Kaue-
CTBa IIPOTHO30B OT U3MEHEHUS llapaMeTpa CIJIaKUBaHUA O IS aJalTuB-
HOM MOJENH NEepBOro MOpsJKa, MOCTPOEHHOM ans kypca akmuil «PAO
EDC». U3 pucyHka X0opomo BUIHO Kak BIUSET Ha KayecTBO NMPOrHO30B
M3MEHEHHE MapaMeTpa CriIaXKuBaHus O.
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E T T T T
u] 5 10 15 20
—— A GO HEIA A, Alfa=0.1 Alfa=02
—w— Alfa=03 —— Alfz=04 Alta=0%

—+— Alfa=l 6

Puc. 4.1 3aBucumMocTh KauecTBa MPOTHO30B OT U3MEHEHUS Hapa-
MeTpa criaaxuBaHus 0 Ha npuMepe Kypea akiuii «<PAO EQC» nis no-
cnemnanx 20 3HaUCHUH psma

B 3aBucHMOCTH OT BEIMYMHBI TapaMeTpa MPOTHO3HBIC OIEHKH I10-
Pa3HOMY YYHTHIBAIOT BJIMSHUE WCXOJHOTO Psijia HAOMIOACHUIA: YeM 0OJb-
me @, TeM OOJbINe BKIAN IMOCICTHUX HAOMIOAeHUN B (OpMHpOBaHHE
TPEeH/Ia, a BIMSHUE HAYAJILHBIX YCIOBUN OBICTpO yOwiBaeT. [Ipu manom &
MTPOTHO3HEIC OIEHKY YYUTBHIBAIOT BCE HAONIOJICHUS, IPU 3TOM yMEHBIIIE-
HUC BIUSHUS O0Jice «CTapoii» WHGOPMAIUU MPOUCXOAUT MeaieHHo. Ha
pucyHke 4.2 mokaszaHa 3aBUCHMOCTh U3MEHEHHsI OITHOKH MPOTHO3a B 3a-
BUCHUMOCTH OT M3MEHEHHS O [T MOJICITH IIEPBOTO MOPSIIKA.
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BenH4i ig aurie

T

0 0,1 0z 0,3 0.4 0,3 0.6 a7

Aha

Puc. 4.2 3aBucuMOCTh U3MEHEHUS OITHOKH MTPOTHO3a B 3aBUCUMO-
CTHU OT U3MEHEHHU O

B pesynprare yMCIEHHBIX 3KCHEPUMEHTOB YAAIOCh HAWTH OMNTH-
MaJbHBIC 3HAUCHHS Mapamerpa O ISl MOJAENEil MepBOro M BTOPOTO IIO-
psaaka, koropele coctaBuin 0,38 u 0,2 coorBeTcTBEHHO. OJHAKO IMOJTY-
YEHHBIC ONTUMAaJbHBIE MOJAEIM HE MOKAa3adu JIYYIIUX IPOrHO30B, YeM
HelipoHHBIE ceTh. Tak Ha pucyHkax 4.3 — 4.6 moka3aHbl pe3yJIbTaThl MPo-
THO30B HCCJEAOBAHHBIX MOJEIEH U MOJYyYEHHBIX HEUPOHHBIX CETEH IS
HCCIEAYEMBIX BPEMEHHBIX PSIOB.

Tak misa akumii «<PAO EDC» cpenHsiss OTHOCUTENbHAS OIIHMOKA MPO-
rHo3a g monemu p = 1 cocrabmia E = 3,81%, mist mogenmn p = 2, E =
4,02%, nna HC (ctpykrypsr 1:10:1) E = 3,90%; mna HC (cTpykTypsl
1:13:13:1) E = 3,88%.

Jns akmuit «PocTtenexom» CpemHssi OTHOCHTENbHAS OIMNOKa IPo-
rHOo3a i Moxenu p = 1, cocraBuna E = 2,56%, mns monemu p = 2, E =
4,26%, nns nogobpannbix HC (ctpykrypst 1:10:1) E = 2,41%, nns HC
(ctpyktypsl 3:6:1) E =2,46%.

Jusa akimii «Jlykoima» cpemHsAs OTHOCHTENbHAS OMIHOKa MPOTHO3a
it Mogenu p = 1, cocrasuna E = 2,60%, mist mogemu p = 2, E = 3,11%,
st nogoopanueix HC (ctpykrypst ) E = 2,67%, ans HC (ctpyktypsl ) E
=2,46%.
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Puc. 4.3Pe3ynpTaThl MPOTHO30B aNITUBHBIX MOZENEH U MOTy4YeHHBIX
HEHpPOHHBIX ceTel I MUHaMUKH Kypca akuuil «<PAO EQC» nns mocnen-
Hux 20 3Ha4eHHi psja

51,00 -

59,00 il

4500 T T T T |
] 5 10 15 20 25
e A 0 HEIR A, Mogens p=1 Mogens p=2
—+—HZ 1:10:1 ——HC 361

Puc. 4.4 Pe3ynbTaThl NPOTHO30B aAANTUBHBIX MOJICICH U MOITYYCHHBIX
HEUPOHHBIX CeTeH JJIsl IMHAMUKH Kypca akiuil «PocrenexomM» s mno-
cnenanx 20 3HaYCHUH psma
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—— |0 HEI A, Mogens p=1
—s—HiZ 1:11:1 ——HC 381

Mogens p=2

Puc. 4.5 Pe3ynbraThl IpOrHO30B alalTUBHBIX MOJENEH U OTY4YEHHBIX
HEUPOHHBIX CETEH ISl JMHAMUKH Kypca akIui «JIyKomn» aJis MocieIHuX
20 3HaveHUH psaaa

ga00

gE00

3400
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vaon

7EOO T r . r

0 5 10 15 20
—— | Cog HEI A, Mogene p=1 —— Mogens p=2
—w—HC 1:47:1 —*—HC 1:15:13:1

Puc. 4.6 Pe3ynbpTarhl MPOrHO30B aIalITUBHBIX MOCIIEH U MOTy4YESHHBIX
HEUPOHHBIX CETEH TSl TMHAMUKH Kypca akimii «CoepOaHK» IS TOCIe -
Hux 20 3HaYeHUH psna

Hna akmmii «COepbaHka» cpelmHss OTHOCHUTENbHAs OIHMOKa Ipo-
rHo3a s Moxenu p = 1, cocraBmna E = 1,61%, mnst mogemu p = 2, E =
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1,87%, nnsa mogo6panasix HC (ctpykrypsr 1:47:1) E = 3,18%, mns HC
(ctpykrypsr 1:15:13:1) E = 1,98%. Bricokas ommbOka MporHO3UPOBAHUS
st HC BeI3BaHA TeM, 4TO pacCMaTpUBaEMBIi Psii UMEET HE JIOCTATOYHOS
KOJIMYECTBO JaHHBIX, YTO MPHUBENIO K HepooOyueHHoctH HC. Ho B mienom
HEHpPOHHBIE CETH TOKa3alyd HaWy4dllhe pe3yJbTaThl 110 CPaBHEHHUIO C
KJIACCUYECKUMH MOJISIISIMU TIPOTHO3UPOBAHUSL.
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