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BBenenune

PaszButne IMPOTrHOCTUKHN KaK HAaYKH B IOCJICIHHUEC NCCATHUIICTHUA IIPU-
BEJIO K CO3JaHHI0O MHOKECTBa METOJAOB, MPOLEAYP, IPUEMOB HPOTHO3U-
pOBaHUsI, HEPABHOLIEHHBIX IO CBOeMy 3HadeHuIo. [lo ornenkam 3apyOex-
HBIX W OTE€YECTBEHHBIX CHCTEMATHKOB MPOTHOCTUKH YK€ HACUUTHIBACTCS
CBBIIIC CTa MCTOJOB IPOrHO3UPOBAHUA, B CBA3U C YEM NCPC] CriCuain-
CTaMH BO3HHKAaeT 3ajjadya BhIOOpA METOJOB, KOTOpHIE TaBayid OBl alieK-
BaTHBIE TIPOTHO3HI IS N3YIaeMBIX IPOIECCOB WK cucTeM [19, 27].

21.]151 TE€X, KTO HE ABJIICTCA CIICHUAJIMCTaAaMU B HpHKHaI[HOfI MaTreMaTtu-
K€, DKOHOMETPUKE, CTATUCTHKE, NMPUMCHCHHE OOJBIIMHCTBA METOJOB
MIPOTHO3WPOBAHUS BBI3BIBAET TPYJHOCTH TPU WX pPEaTH3AIHH C IETbI0
MOJTY4YCHUA KAQYE€CTBCHHBIX U TOYHBIX IMPOTHO30B. B cBsa3m ¢ OTHUM, KaX-
JBI METOJl pACCMOTPEH OY€Hb MOAPOOHO C MPUBEACHUEM PEKOMEHIAINN
IO MPAKTHYECKOMY MPUMEHEHHIO.

OCc00CHHOCTRIO MaHHOTO ITOCOOWS SIBIISETCS PAacCMOTPEHHE TOHKO-
CTell MPUMEHEHUsSI TOTO WIM HHOTO MeToia. YueOHoe mocodue pasaeieHo
HA YETBIPE YaCTH, B KAXKIOW U3 KOTOPBIX PACCMOTPEH CBOW KJIACC METO-
JIOB TIPOTHO3MPOBAHUSI.

B nepBoii yactu paccMOTPEHBI TEOPETHYECKHE ACTICKTHI TOCTPOCHUS
W TIPUMEHEHUS METOJI0B M aJTOPUTMOB NpOTrHO3UpoBaHus. [IpuBencHa
KIaccuuKanus Hanbosee pacrpoCTPaHEHHBIX METO/IOB.

Bo BTOpOIi 9acT paccMOTpPEeHBI KIACCHYECKHE aJlalTHBHBIE MOJIEIN
MPOrHO3UpOBaHus, peanmzoBanHbie B MS Excel. HecmoTps Ha TO, uTO
OHH TIPOTPaMMHO PEaTM30BaHbl B HEKOTOPHIX CTATHCTUYECKHX M 3KOHO-
METPUYECKUX TaKeTax MPHUKIATHBIX IPOrpaMM, IPENIOKEH HWMEHHO
PYYHOI CUYET, OCBOMB KOTOPBIH IOpa3fo Jerde MOHUMATh HMPUHIUIBI U
crelu(UKy JaHHBIX METOJIOB MPOTHO3UPOBAHUS.

B tperpeli yacTn OCHOBHOE BHHMAaHHE yNEICHO NMPUMEHEHHIO Kiac-
CHUYECKNX HEIWHEHHBIX MHOI‘O(i)aKTOpHBIX MOI[eHeﬁ IIPOTrHO3UPOBAHUA.
CoBepIleHO OYEBHJIHO, YTO CJIOXKHBIC HENMHEHHBIE MHOTO(AKTOPHBIC
MOJIEIM HEBO3MOXKHO IPOCYHUTATh BPYYHYIO, MOATOMY IOAPOOHO pac-
CMaTpHUBAETCS BO3MOXKHOCTH ITPUMEHEHHS MMakeTa Statistica JjIs dTHX Iie-
ne.

B derBepToil yacTu pacCMOTPEHBI HEHpPOCETEBbIE METOIBI MPOTHO3H-
POBaHUSA M OCOOCHHOCTH HX IMOCTPOCHUA. MHOTHE NCTOYHUKH ITOAPOOHO
paccMaTpUBalOT TEOPUIO HEWPOHHBIX CETEM, OMycKash ONMUCAHUE MPAKTHU-
YEeCKOI'0 UX UCIIOJIh30BAHMSL.

Jns moHuUMaHMs TOTO, KaKhe MPEeMMYINECTBa JAI0T TpeasiaraeMble
METOJIbl aHaJIM3a JAaHHBIX W IIPOTHO3UPOBaHMA, HeO6XO)Z[I/IMO YKa3aTb Ha
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TpU HPUHIMIINAIBHBIC NMPOOJIEMBbl, BO3HUKAIOIINE IPH NPOrHO3UPOBA-
HUH.

IlepBas mpobiiema — 3TO omnpeneneHre HeOOXOAUMBIX U AOCTaTOYHBIX
apaMeTpoB AJIsI OLIEHKU COCTOSIHUA HCCIIelyeMON IIpeAMEeTHOM 001acTH.

Bropas npoGiema 3aKirodaeTcsl B TaK HAa3bIBAEMOM «IPOKIISTHE pas-
MepHOCTHY. JKenaHue yuecTb B MOAETH KaK MOJKHO OOJIbIIe MoKa3aTesei
U KpUTEPHUEB OLCHKM MOXET NPHUBECTH K TOMY, YTO TpeOyemas Al ee
pelIeHus] KOMIBIOTEPHAsI CUCTEMa BIIOTHYIO MPUONIM3UTCA K «IIpeaemy
TrropuHra» (OrpaHMYCHHIO HA OBICTPOJACHCTBUE M pa3Mephbl BBIYHCIIHU-
TEJIBHOT'O KOMIUIEKCA B 3aBHCUMOCTH OT KOJHYECTBa WHPOpPMAIUH, 00-
pabaTpiBaeMoOil B €MHUITY BpEMEHN).

Tpetbs mpobiiema — Hanuune QEeHOMEHa «HAJICHCTEMHOCT». B3au-
MOJEHCTBYIOLINE CUCTEMBI 00pa3yIOT CHCTEMY 0oJsiee BRICOKOTO YPOBHS,
001aaoury0 cOOCTBEHHBIMU CBONCTBAMH, YTO J€JIa€T NPHHLUINAIBHO
HEJOCTIKUMOM BO3MOKHOCTh HAJCHCTEMHOI'0 OTOOpaXeHHS U IIeNIEBhIX
(YHKUUH ¢ TOUYKH 3pEHUS CUCTEM, BXOISIINX B COCTaB HAJICUCTEMBI.

[ mpeomosieHUsT NEPEUUCICHHBIX MPOOJIEM AETaroTCsl TOMBITKH
NPUMEHEHUS] TaKUX Pa3lelioB COBPEMEHHOH (yHIAMEHTATbHOH W BBI-
YHUCIUTENIFHOW MaTeMaTHKH, Kak HEHPOKOMIBIOTEPHI, TEOPUSl CTOXACTHU-
YECKOr0 MOJENHPOBaHMA (TEOpHUsl Xaoca), TEOPHUs PUCKOB, TEOPHs Karta-
cTpo(, CHHEpreTUKa M TEOPHUs CAMOOPTaHMU3YIOIIUXCSA CHCTeM (BKJIIOUas
reHetudeckue anroputmsl) [123, 134]. Cuuraercs, 4To 3TH METOBI TO-
3BOJIAIT YBEJIMYHUTH INIyOMHY IPOTHO3a 3a CUET BBISBICHUS CKPBITHIX 3a-
KOHOMEPHOCTEH M B3aUMOCBSI3€H Cpeau IUIOXO (OpManu3yeMbIX OObIU-
HBIMH METOJIaMH MaKpO’KOHOMHYECKHX, IMOIUTUYECKUX U TI00AIBHBIX
(bMHAHCOBBIX IMOKa3aTeJeH.

IIpeacraBneHHoe yuyeOHOE MOcoOME MOXKET OBITH PEKOMEHIOBAHO
Ul CTYICHTOB, acIIUPAaHTOB U IpenojaBaTelied, 3aHUMAOLINXCS Hpo-
OnemMaMu COBEpILIEHCTBOBAHUSI METOJIOB M MOAEJICH MPOrHO3UPOBAHUS, a
TaKXe BONIPOCAaMH MX MPaKTHYECKOH peaan3anuy.



T'JIABA 1. AHAJIMTHYECKHUHA OB30P MOJIEJIEA
U METOJIOB ITIPOrHO3UPOBAHMUS

Kak OpuTO CKa3aHO BBINIE, TIO OIIEHKAM 3apyOEKHBIX U OTEUECTBEH-
HBIX CUCTEMAaTUKOB MPOTHOCTUKH, YK€ HacuuThiBaeTcs ceime 100 me-
TOJIOB MPOTHO3UpOBaHMs. Unciao 0a30BbIX METOMIOB MPOTHOCTUKHU, KOTO-
pBIC B TE€X WJIU UHBIX BapUAIMsIX MOBTOPSIFOTCS B IPYTUX METOJIaX, ropas-
IO MeHbIIIe. MHOTHE U3 ATHX «METOJIOB)» OTHOCSTCS CKOpee K OTAEeIbHBIM
npreMaM WM TpoIeaypaM IPOTHO3WPOBAHUS, JAPYTHUe NPEIACTABISAIOT
HA0OpP OTHAEIBHBIX MPHEMOB, OTIMYAIOIIUXCS OT 0a30BBIX WM APYT OT
JIpyra KOJHMYECTBOM YACTHBIX IPHEMOB U TIOCIENOBATEIHHOCTBIO WX
npuMmeHeHus. O mpobireMe KiaccuduKauy OBIIIO OTMEYEHO BO BBEIE-
HUMU.

B murepatype umeercs O0JbIIOe KOJIHMYECTBO KITACCH(UKAIMOHHBIX
CXeM METOIOB MPOrHo3upoBaHus. OgHAKO OOJBIIMHCTBO W3 HUX WIH
HEIPUEMJIEMBbI, WJIK 00J1a/Ial0T HEJOCTATOYHON MMO3HABATEIbHOW IIEHHO-
cTht0. OCHOBHOM MOTPEITHOCTHIO CYIIECTBYIOIIUX KIACCU(DUKAITMOHHBIX
CXeM SIBIIIETCS HapyIICHWE MPHHIOUIOB Kiaccupukanuu. K gucmy oc-
HOBHBIX TaKWX TMPHUHIMIIOB, HA HAIll B3I, OTHOCATCS: JOCTaTOYHAS
MOJIHOTA OXBaTa MPOTHOCTHYECKUX METOJIOB, SAMHCTBO Kiaccudukarm-
OHHOTO IPH3HAaKa Ha KaXJOM YPOBHE WICHEHUS, OTKPHITOCTh Kiaccupu-
kannoHHO#. [Ipeamaraemas HaMu cxema KIIacCU(UKAIINN METOAOB IIPO-
THO3UPOBaHMS MMOKa3aHa Ha pucyHke 1.1 [19].

besycnoBHO, IMEIOT TpaBO Ha CYyIIECTBOBAHWE YACTHBIE KiaccH(H-
KallMOHHBIE CXEeMBI, NTpeIHAa3HAYCHHbIE I OTPEIeTICHHON eIy Wi 3a-
JIavu.

Kaxpuprii ypoBeHb AeTanu3aiiu ONpEACIseTCsS CBOMM Kiaccu(uka-
[IMOHHBIM TPH3HAKOM: CTENeHbI0 (opManu3anuy, OOIMIUM HPUHITUIIOM
NEHCTBHSI, CIOCOOOM MOJTY4EHHUS IPOTHO3HOM HHPOPMAITUH.

[o crenenn opManm3anuu BCe METOABI MPOTHOZUPOBAHHUSI JICIIATCS
Ha WHTYUTUBHBIC H (OpMaTu30BaHHbIe. ITHTYUTHBHOE MPOTHO3HPOBAHUE
MIPUMEHSETCS TOTJa, KOrja OOBEKT MPOTHO3HPOBAHHS JTHOO CIUIIKOM
MPOCT, JUOO HACTOJBKO CJIOKEH, YTO AHAIUTHYCCKH YYECTh BIIMSHUC
MHOTUX ()aKTOPOB MPAKTUYECKH HEBO3MOXHO. B 3TuX ciyvasx mpuoe-
raloT K Ompocy 3KcrepToB, [lomydeHHbIEe WHAWBHUIyalbHBIE W KOJUICK-
THUBHBIC YKCIICPTHBIC OIICHKH HCIOJbL3YIOT KaK KOHEUHBIC TPOTHO3bI MM
B Ka4eCTBE MCXOJHBIX JAHHBIX B KOMIUICKCHBIX CHCTEMax MPOTHO3HPO-
BaHUSI.



MeTtoabl NPOrHO3MPOBAHUS

HHTyl/ITl/[BHbIe METOAbI

Dopmann30BaHHbIE METOIBI
TIDOTHO3UDPOBAHHS TIDOTHO3UDPOBAHHS
Wunusuayans- Komnekrus- DKCTpanois- CucreMHO- AccouuaTus- Mertoasr
HBIC SKCTICPTHBIC HBIE JKCIIEPT- I[HOHHbIE CTPYKTYpHBIE HBIE METO/IbL orepexaro-
oueHiH HbIE OLEHKU METOIIBI METOIIBI mei nuabon-
Meron Meton Meton DyHKIHO- Meron AHanus noro-
«HHTEPBBIO» aHKETHPOBa- MHK HaJILHO- MMUTA-TO. Ka myOanka-
HHSA nepapxuye- MOJIEIHP. i
Amnanutuy-e Meron OKCTOHEHIN- MeTton Mop- Hcropuxo- OreHka 3Ha-
JIOKJIa/IHbIE «KOMHCCHID» aJIbHOE Crila- (donoruyecko- JIOTHYECKHI YUMOCTH
3aIUCKH JKHBaHUE TO aHajIn3a aHaIM3 n300peTeHuit
Meron Meton Bep-noe Matpuynblii Meronp Teop. Amnanus na-
CIICHapHEB «MO3TOBBIX MOJIEIHUP. MeToJ| pacnosHapa- TEHTHOMH
aTaK» ajian.Hoe cr.-¢ I HHs 00pa3oB uHbOpMaLHH
l CereBoe |
Meton mpo- Moznenmmo-e Heiipocereoe
IpaMMHOI0 | IIPOTHO3UPO-
TIPOTHO3UPO- Ba-HUE
P P Metozbt
BaHHs o
CTPYKTYPHOIt |
I aHaAJIOTMH
Wuremnexry-
Meron 3Bpu- I AJIbHBIN aHa-
CTUYECKOTO
I'pad u nepeso JIM3 JIAHHBIX
TIPOTHO3HP. o
nenen
| I
Konnexmaﬂa{ TTporHosubiit
TreHepanus ujieu o
CIeHaDnHit
MaTtemaTH4ecKne MeTO1bI
Kop.-npiit u MI'VA DaKTOpHBIH Pacnosnasa- Bapuaumon- Criektpais-
per.- HbIM aHan3 HHUe 00pa3oB HBIE METOJIbI HBIN aHaIH3
aHau3
Tenn Maremarnye- Monenup-e Monenup-e
Mapxkopa CKasl JIOTUKa CTaloHAp- HECTAIl-BIX C.II.
HBIX C.IN.

IIPOrHO3UPOBAHUA
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B BBIOOpE METOMOB MPOTHO3MPOBAHUS BAKHBIM ITOKA3aTENIEM SIBIIS-
eTcs TiyOuHa ynpexaeHus nporaosa. [Ipu 3ToM HeoOX0aMMO HE TOJEKO
3HAaTh a0COJIOTHYIO BEIUYMHY 3TOTO ITOKAa3aTels, HO M OTHECTH ero K
JUTHTETHPHOCTH JBONIOIMOHHOTO IUKJIA Pa3BUTHS OOBEKTa MPOTHO3UPO-
BaHUsA. [ 3TOro MOKHO MCHOJIb30BaTh NpennokeHHbIl B. benokonem
0Oe3pa3MepHBIN MOKa3aTeNb TITyOHHBI (JATBHOCTH ) MPOTHO3UPOBAHU (T)

T=At/t,

rae At — aGcomoTHOE BpeMs YIPEXKJICHUs; [ — BEJIWYMHA 3BOJIIOIMOH-

HOT'O IMKJIa 00BEKTa MPOTHO3UPOBAHHS.

CDOpMaIII/ISOBaHHI)Ie MECTOJbI MIPOTHO3UPOBAHUSA ABJIAIOTCA HeﬁCTBeH-
HBIMH, €CJIM BEJIMYMHA TIYOWHBI YIPEKACHUS YKIAABIBACTCS B pPaMKHU
3BOMIOIIMOHHOTO 1ukia (7 <<1). [Ipy BO3HMKHOBEHHH B paMKax IpoO-
THO3HOTO MEPUOJIa «CKAYKa» B PA3BUTHH OOBEKTA MPOTHO3UPOBAHUS
(7 = 1) HEOOXOAMMO HCIOIB30BaTh HHTYHUTUBHbBIE METObBI, KaK JUIs OIl-
peleNieHNsI CHITBI «CKAuKay, TaK U JUTS OIICHKA BPEMEHH €ro OCYIIeCTBIIe-
Hus, 100 Teopuro katactpod [59]. B aToMm ciayyae dhopmain3oBaHHBIE
METOJIbI IPUMEHSIIOTCS JUISL OIICHKU 3BOJIOIMOHHBIX YYACTKOB Pa3BHTHUS
JI0 ¥ Tocnie ckauka. Eciu jke B MPOTHO3HOM TEPHOJE YKIAIbIBACTCS HE-
CKOJIbKO JBOIIOIMOHHBIX ITUKJIOB Pa3BUTHsI OOBEKTa MPOTHO3UPOBAHUS
(z>>1), To Ipu KOMIUIEKCHPOBAHUN CHCTEM IIPOTHO3UPOBAHUSA OOJIB-
mee 3HaUYCHNUE UMCIOT UHTYUTUBHBIC MECTOBbI.

B 3aBucuMoCTH OT OOLIMX MPHUHIIMIIOB JCHCTBUS WHTYUTHUBHBIC ME-
TOJIBI MTPOTHO3UPOBAHUSI, HATIPUMEP, MOXKHO Pa3/ICINUTh Ha JIBE TPYIIIHL:
WHIUBUIyalbHBIC DKCIIEPTHBIC OIEHKH W KOJJICKTHBHBIC JKCIICPTHBIC
OLICHKH.

MeTobl KOJUIEKTHBHBIX SKCIEPTHBIX OIEHOK YK€ MOXKHO OTHECTH K
KOMITJICKCHBIM CHCTEMaM IPOTHO3UPOBaHUSA (OOBIYHO HEITOJHBIM), IIO-
CKOJIBKY B HOCJICIHUX COYETANOTCA METOABI MHAUBUIAYAJIIBHBIX 3KCIICPT-
HBIX OIICHOK U CTaTUCTHYECKHUE METOJIbI 00pabOTKH 3THX oreHOK. Ho Tak
KaK CTATHCTUYECKUE METOJbI MPUMEHSIOTCS BO BCIIOMOTATENBHBIX IPO-
LeAypax BhIPaOOTKU MPOTHO3HON MHGOpPMAIIMK, HAa HAIl B3I, KOJUICK-
TUBHBIC 3KCIICPTHBIC OICHKHU IENeCO00pa3Hee OTHECTH K CHHTYJISPHBIM
METO/IaM MPOTHO3UPOBAHUSI.

B rpynmny WHAWBUAYATBHBIX SKCIEPTHBIX OIEHOK MOXHO BKJIIOYHTH
(mpuHIMI KaaccudUKamuu — Crocod MoJyueHHUs MPOrHO3HOH nHpopMa-
[IUK) CICAYIONINE METOJIbl: METOJ «HHTECPBHIO», AHATUTUICCKUE TOKIIAI-
HBIC 3aIMCKH, HAMMCAHUE CIEHApHs. B Tpymmy KOJUIEKTHBHBIX 3KCIIEPT-
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HBIX OIICHOK BXOIST aHKETHPOBAHWUE, METOIBI «KOMHCCHIT», «MO3TOBBIX
aTak» (KOJIJICKTUBHOU TeHepaluy Uaei).

Kracc ¢opMann3oBaHHBIX METOJIOB B 3aBUCUMOCTH OT OOIIMX ITPHH-
IATIOB JCHCTBUSA MOXXHO Pa3[eINTh HAa TPYIIBI AKCTPATIOJAITHOHHBIX,
CI/ICTCMHO-CTPYKTypHBIX, aCCONUATUBHBIX METOAOB U METOIAOB onepe-
JKaromie nHGOpMaIuu.

B rpymmmy MeTomoB IMPOTHO3HOMW AKCTPAIOJISIINA MOYXHO BKJIFOUYHTH
METOAbI HAMMCHBIINX KBaIlpaTOB, OKCIIOHCHIMAJIBHOT'O CrJIaXWBaHMUsI,
BEPOSITHOCTHOTO MOJICIMPOBAHUS U aJalTUBHOTO criaxkusaHus. K rpyrm-
e CUCTEMHO-CTPYKTYPHBIX METOJIOB — OTHECTH METOMbI (hyHKIIMOHAIb-
HO-HEPaAPXUUECKOTO MOJICTUPOBAHUS, MOP(OJOTHISCKOTO aHAN3a, MaT-
PUYHBINA, CETEBOTO MOJCIUPOBAHUS, CTPYKTYpPHOU aHalIOruu. Accouua-
THUBHBIE METOJIbI MOXKHO Pa3JelInTh Ha METOAbl UMUTAIIHOHHOTO MOJIEIH-
pPOBaHUSA M HUCTOPUKO-JIOTHUECKOTO aHaJIM3a. B Tpymimy METOIoB omepe-
JKaromen HH@opMauHI/I — BKITFOUYUTH METOJBI aHAIM3a MOTOKOB ITyOJIHKa-
Ui, OLICHKY 3HAYUMOCTH W300pPETCHUI UM aHaiHM3a NaTeHTHOW uHpopma-
L.

IIpencraBiieHHBII NEpeYeHb METOJNOB M MX IPYII HE SIBISIETCS MC-
YyepnbiBaOIUM. HibkHUE YPOBHH KIIACCHU(DHUKAIIMKM OTKPBITHI JUIsl BHECE-
HUSl HOBBIX DJIEMEHTOB, KOTOPHIE MOTYT IOSBUTHCS B TPOIECCE JANb-
HEHUIIeTo pa3BUTHS HHCTPYMEHTAPHS IPOTHOCTHKH.

HeKOTOpBIe HC Ha3BAHHBIC 34€Ch MCETOIbBI ABJISAKOTCS HIIU paSHOBI/IIl-
HOCTBIO BKJIFOUEHHBIX B CXEMY METOJIOB, WIIH JATbHEUIIeH NX KOHKPETH-
3aIueH.

1. Ha ocnoge Kakux npusHaKo8 MOJNCHO KIACCUDUYUPOBAMb MEmOOb
npozHo3uUposanus?

2. Ha xaxue Knaccvl MONCHO pazoenums Memoobl NPOSHO3UPOBAHUA?

3. B uem ocobennocms 6vibopa 2nyOuHbl ynpesxcoeHus npoeHosa?

1.1. IIporuo3nas 3KcTpanoasiuus

B MeroanueckoM IUTaHe OCHOBHBIM HHCTPYMEHTOM JIOOOTO MPOTHO-
3a SABISCTCS CXeMa JKCTpamoiisaiuu. Pasmuuaror dopmanbHyo U mpo-
THO3HYIO0 3KcTpanomsnuto. GopManbaas 6a3upyercs Ha MPeAIoN0KeHUN
0 COXpaHEHUU B OyIyIIeM MPOIUILIX ¥ HACTOSIINUX TCHICHITUN Pa3BUTH
o0bekTa nporHo3a. [Ipu MporHo3HON AKCTPANONAIUN (PaKTHISCKOE pa3-
BUTHE YBS3BIBACTCA C TMIIOTE3aMH O JUHAMHUKE HCCIEIyeMOro mpouecca
C YYETOM B MEPCHEKTHBE €r0 (PN3NIECKON U JIOTUIECKON CYITHOCTH.
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OCHOBY 3KCTPaNOJSAIMOHHBIX METOJ0B IIPOTHO3WPOBAHUS COCTABIIA-
€T WU3YyYCHUE BPEMCHHBIX PSJIOB, MPEACTABISIFOIINX COOO0M YIMOPSAI0YCH-
HBIE BO BpEMEHH HAa0OPHI M3MEPEHUI TeX MM WHBIX XapaKTePUCTHK HC-
clIeIyeMoro o0beKTa, mporecca.

BpeMCHHOﬁ pAx Y, MOXET OBITH MMpEACTABJICH B CJICAYIOIEM BUAC

V,=x,+S+C+eg (1.1

raex, — MACTCPMHUHHUPOBAHHAA HCCHy‘IaﬁHaﬂ KOMIIOHCHTAa IIpornecca

(Tpenn); S — ce3onHas cocTtapisionmas; C — MUKIMYECKasi COCTABIISIONIAS,
&, — CTOXaCTHYECKask KOMIOHEHTA MPOLECCa.

Ecnu neTrepMuHupoBaHHas KOMIOHEHTa (TPEHI) X, XapaKTepHUsyeT

CYIIECTBYIOIIYIO NWHAMUKY Pa3BUTHUS IMpoIlecca B IIEIOM, TO CTOXACTH-
4yeckas KOMIIOHEHTa &, OTpaKaeT CilydaiHble KOJIEOaHWS MM LIyMbI

nporecca. O0e COCTaBISIONIME TPOIECcCa OMPEIEINSIOTCS KaKUM-JTN00
(YHKIIMOHAIEHBIM MEXaHM3MOM, XapaKTepH3YIOIUM HX IOBEJCHHE BO
BpeMeHH. 3ajada MpOrHo3a COCTOUT B OIMpPEAENICHUU BHUAA DKCTPAoOIu-

pyroImux (QyHKIMH X,, CE30HHOM M LUKJIMYECKOH COCTABIAOLIEH, U &,

Ha OCHOBE UCXOJIHBIX SMIIUPUYECKUX JaHHBIX.

[lepBBIM 3TammoOM SKCTPANONANANA TPEHIA SIBISETCS BBIOOP ONTH-
MaJIbHOTO BUAa (DYHKIIUH, OMUCHIBAIOIICH SMIUPUICCKUE psd. [1Jis 3Toro
MIPOBOJIATCS MIPEBAPUTEIbHAsS 00paboTKa U MpeoOpa30oBaHNE UCXOIHBIX
JIAHHBIX C LEJhI0 00JIerdeHus BEIOOpa BUIa TPEHIA IYTEM CIIIaKHBAHHS
Y BbIpAaBHUBAHHS BPEMEHHOIO psija, onpenencHus GyHkiuil nuddepeH-
[MUAILHOTO POCTa, a Takke (HOPMaIbHOTO M JIOTUYSCKOTO aHalu3a OCO-
OenHocrel mporecca. CleIyonuM dTaroM SIBIISIETCS pacdyeT mapaMeTpoB
BBIOPAHHOH DKCTPAMOIAITMOHHON (DYHKITHH.

Hawnbomee pacmpocTpaHeHHBIMH METOJAaMH OIICHKH TapaMeTpoOB 3a-
BHACHUMOCTEH SBJISIOTCS METOJ HAMMEHBIIINX KBaJIpaToB U ero Moauduka-
LIUHM, METOJ| SKCIOHEHIIMAIIBHOTO CTIaXXUBAHUS, METOJ BEPOATHOCTHOIO
MOJCITUPOBAHNS M METOJ] aIallTUBHOTO CTIIKUBAHUS.

1. Haszosume 6uovl sxcmpanonsyuu. B uem pasnuya mesicdy sxcmpanons-
yuetl u unmepnonayueu?
2. Hazosume ocHo6HblE KOMROHEHMbL 8DEMEHHO20 PSOdL.
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1.1.1. MeTrox HaMMeHbIINX KBAJIPATOB

CYI]_IHOCTB METOJIJa HAMMEHBIIUX KBaJApPaTOB COCTOUT B OTBICKAHUU
nmapamMeTpoB MOJACIIN TPEHOAd, MUHUMHU3UPYIOHNIUX €€ OTKIIOHCHUEC OT TO-
YCK UCXOJHOT'O0 BPEMCHHOTO pdaa, T. €.

S:Zn:(ﬁ,—y,)z — min (1.2)

rae j}i — PACUYCTHBIC 3HAYCHHA UCXOAHOIO psAAa; Yyi — (I)aKTH‘IeCKI/IC 3Ha-

YEHUS UCXOJHOTO psfa; n — yucio Habmomenuil. Eciam Moxens TpeHaa
MIPEICTaBUTH B BUJIC

y=f1(xsa,ay,.,a,,1), (1.3)

rae a,,a,,...,a, — napameTpbl MOACIIN; t— BpEM; X; - HC3aBUCUMBIC IIC-

peMEeHHbIe, TO Ui TOTO, YTOOBl HAWTH MapaMeTphl MOJENH, YIAOBIETBO-
psiromue yciosuio (1.2), HeoOX0ANMO NPUPABHATH HYJIO IEPBHIE MPOU3-

BOJHBIC BEJMYMHbI S 110 KaXIOMY U3 Ko3pduuuentos a; . Pewas noiuy-

YEHHYIO CHCTEMY ypaBHEHHH ¢ k HEM3BECTHBIMH, HAXOANM 3HAYCHUS KO-
s PuuyeHToB @ .

Hcnonp3oBaHue NpOLEAYpPbl OLEHKH, OCHOBAHHON HAa METOAE Hau-
MEHBLINX KBAAPaToB, MpeAronaraeT o0s13aTeIbHOE YAOBIECTBOPEHHUE LIe-
JIOTO psifia MPEANOCHUIOK, HEBBIOJHEHHE KOTOPBIX MOXKET MPUBECTH K
3HAYUTENIBHBIM OIINOKaM.

1. CnyuaiiHple OIIMOKH MMEIOT HYJIEBYIO CPEIHIOI0, KOHEUHBIE IHC-
MePCUU 1 KOBapHALIHU.

2. Kaxnmoe m3MepeHne ciydailHOH OMIMOKM XapaKTepH3yeTcs HyJe-
BBIM CpPEIHUM, HE 3aBUCALINM OT 3HAUEHHUI HaOJII0/JaeMBbIX IEPEMEHHBIX.

3. Iucniepcuu Kaxaoi cirydaiiHO# OmMOKH OAMHAKOBBI, X BEJINYH-
HBl HE3aBHCHUMBI OT 3HaYCHUH HaOJII0JaeMBbIX HMEPEeMEHHBIX (TOMOCKeaa-
CTHYIHOCTB).

4. OTCyTCTBHE aBTOKOPPEISALUU OIIUOOK, T. €. 3HAYCHUS OIMIUOO0K
Pas3In4HBIX HAOMIOACHUHM HE3aBUCUMBI APYT OT ApyTa.

5. HopmanpHOCTE. CityJaifHpie OMMOKN UMEIOT HOPMaIbHOE pacipe-
JIeJIeHueE.

6. 3Ha4yeHus] PHIOTCHHOW MEPEMEHHOW X CBOOOJHBI OT OIIMOOK M3-
MEpPEHHS U UMEIOT KOHEUHBIE CPETHHUE 3HAUCHHSI U TUCIIEPCHH.
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B mpakTryecknx HWCCIeAOBaHHMIX B KadyecTBE MOJIETH TPEHAA B OC-
HOBHOM HCHONB3YIOT cilenyronme (yHKIUM: JUHEHHYI0 y = ax + b;
KBaJIPATUYHYIO Y = ax> + bx + ¢; CTENEHHYIO y = aX'; MOKa3aTebHYI0 Y

a .
1+ be™™

Oco0eHHO MHUPOKO MpUMEHSETCS JTHHEHHAs, WK JTHHeapu3yeMas, T.
¢. cBoaMMas K JuHEHHOH, GopMa kak HamOojee MpocTas U B TOCTaTOY-
HOM CTETICHH YIOBIETBOPSIONIAS HCXOIHBIM JaHHBIM.

Br16op Mozenu B KaKIOM KOHKPETHOM CIIy4ae OCYLIECTBISETCS IO
IEJIOMY PSTY CTAaTUCTHYECKUX KPUTEPHUEB, HAIpHUMEp IO JHUCIICPCHH,
KOPPEIAIMOHHOMY OTHOIICHHIO U np. ClemyeT OTMETHTh, YTO Ha3BaH-
HBIC KPUTEPUU SBISIOTCS KPUTEPUSIMH alMpPOKCHMAIIUU, a HE MPOTHO3A.
Opnako, MpUHUMAs BO BHIMaHUE MPUHATYIO THIIOTE3Y 00 YCTOWYUBOCTH
mporiecca B OyAymieM, MOKHO TIPEIoiaraTh, 9To B 3TUX YCIOBHSIX MO-
JieNib, HanOoJiee yaauHasl Ui alnpoKCUMaIiuu, OyAeT HauiydIied u Jyis
MPOTHO3A.

Kiaccndyecknii MeTOJT HaMMEHBITUX KBAApPATOB IpEATIoiaraeT pas-
HOIICHHOCTh UCXOAHOU MHGOpMAaIUK B MOJENH. B peanpHOi ke paKTu-
Ke Oyayliee MOBeCHHE POoIlecca 3HAYUTEIBHO B OOJIBINCH CTEIEHU OIl-
penensercs Mo3THAMA HAOIOICHUSMH, YeM PaHHUMH. DTO OOCTOSITEIb-
CTBO TIOPOJUJIO TaK HA3BIBAEMOE MUCKOHTHUPOBAHHE, T. €. YMEHBIIICHUE
LEHHOCTH Oosee paHHel wuHPOpManuu. JIMCKOHTUPOBAHHE MOMXHO
YUECTh ITyTEM BBEJIEHUs B MoJienb (1) HekoTopeIX BecoB g < 1. Torna

= a"; SKCIIOHEHINAIBHYIO ¥ = a€’; JOTUCTHYECKYIO Y =

S=> B(y-y) > min (1.4)
i=1

Koaddummentsr S, MOTYT 3amaBaThCsl 3apaHee B YHCIOBOW (opme
WIK B BHJE (YHKIUOHAIBFHON 3aBUCHMOCTH TaKHUM OOpa3oM, YTOOBI 110

Mepe IPOJBIKCHHMS B IIPOLUTOE Beca yObiBamm, Hanpumep 3, = a', rae a

< 1. K coxanennro, popMaibHBIX MPOLEAYP BHIOOpa MapaMeTpa HE pas-
paboTaHO, ¥ OH BEIOMPAETCSI HCCIIEA0BATEIEM IIPOU3BOJIBHO.

Mertos HaMMEHBLINX KBaAPaTOB LIMPOKO NMPUMEHSIETCS IS MOIyde-
HUSI KOHKPETHBIX MPOTHO30B, YTO OOBSICHAETCS €ro MPOCTOTON M JIErKO-
cThi0 peanu3anuu Ha OBM. Henoctatok MeTosa COCTOUT B TOM, YTO MO-
JeNb TpeHAa KecTKo ¢ukcupyercs, u ¢ nomompio MHK mMoxxHO moiry-
YUTH HAJCKHBINA MPOTHO3 Ha HEOOMBINON Tiepro ] ynpexaeHus. [loatomy
MHK otHOCHTCSI THaBHBIM 00pa3oM K METOAaM KPaTKOCPOYHOTO IPO-
rHo3upoBanus. Kpome toro, cymectsenHol TpyaHocteio MHK siBnsiercst
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TIPaBUJIHHBIA BRIOOP BHIA MOJIEIH, a TaK)Ke 000CHOBAaHUE W BHIOOpP BECOB
BO B3BCIIICHHOM METOJI¢ HAMMEHBIINX KBaJ[PaTOB.

~

B uem cocmoum cywnocmes memooa naumeHbwux K8aopamog?

2. Hazoseume ocnosuvie npeonocwviiku MHK, ymounenue komopvix s6s-
emcsi 0053amenbHbIM OJ1s1 NOJYYEHUS. HAULYYULUX OYEHOK NAPAMempos
B8PEMEHH020 psoa.

3. Buem cocmosim oocmourncmea MHK?

1.1.2. MeToa DKCIIOHEHIIUAJILHOI0 CIJIAKUBAHUSA

BecbMa 3¢ (hekTHBHBIM 1 HAJIS)KHBIM METOJOM MTPOTHO3UPOBAHUS SIB-
JIeTCs 3KCIOHEHIMaJIbHOE criaxuBaHue. OCHOBHBIE JOCTOMHCTBA Me-
TOJla COCTOSIT B BO3MOXKHOCTH Yy4eTa BECOB HCXOAHOM HMH(pOpMaLuH, B
MPOCTOTE BBIYMCIIUTENBHBIX OMepanuii, B THOKOCTH OIWCAHHS pPa3iiud-
HBIX JWHAMHUK TPOIECCOB. METON 3KCIOHEHIMAIbHOTO CTIaKUBaHUS
JTaeT BO3MOXKHOCTH IOJIyYHTh OLIEHKY ITapaMeTpoOB TPEH[a, XapaKTepH-
3YIOUIUX HE CPEJHHUM YpOBEHb Ipolecca, a TEHACHILNIO, CI0KUBIIYIOCS K
MOMEHTY TIOCIIeqHero HaOmoneHus. Hanbompiree mprMeHEeHHE METO.
HaIles Ui pealn3alry CPeTHEeCPOUHbBIX MPOTrHO30B. {1 MeToaa sKcmo-
HEHLIUAIBHOTO CIJIa)XMBaHUS OCHOBHBIM M HawOoJjee TPyIHBIM MOMEH-
TOM SIBIISIETCSI BEIOOP MapameTpa CTIIaXHBaHUS ¢, HAYAIBHBIX YCIOBHU U
CTENEHU IPOTHO3UPYIOLIEro moauuoma [6,64,72,151].

[TycTb UCXOHBIN AMHAMUYECKUH Psil ONMMCHIBAETCS YPaBHEHUEM

a a
yio=agtat+—2t+. Lt g, (1.5)
2 p!

MeTo/ 3KCIOHEHITHAILHOTO CTIIAXKUBAHUS, SIBJISIOIIUNACS 0000IICHH-
€M MEeTOJ]a CKOJIB3SIICTO CPEIHEro, MO3BOJSET MOCTPOUTh TAKOE OIKca-
Hue nporecca (1.5), mpu koropoM Oosiee TTO3AHIM HAOTIOACHHSIM TPH-
JAroTcs OOJIBIIKME Beca IO CPABHEHUIO C PAHHUMHU HaOJIOJCHUSMU, MPU-
YyeM Beca HaOMIoIeHH YOBIBAIOT MO DKCIIOHEHTE. BhipakeHue

S =) (1-aYsH() (1.6)

Ha3bIBACTCS YKCIOHCHIMAILHOW cpeaHeit k-ro mopsaka ajis psaaa i, rie
O — mapameTp CriaKuBaHUsI.
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B pacderax ang onpeneneHus 3KCIOHECHIMAIBHOM CpeHel Moyb3y-
I0TCSL peKyppeHTHOH Gopmyroi [151]

SH(y) = asF N (y)+ (1-a) s¥)(y)- (1.7)

Hcnonp30BaHNE COOTHOIICHUS (17) npearnojaracT 3agaHue Havdallb-

[«]

o 1 2
HBIX YCIIOBHIl S(E],S(E ],...,S0 . Jlas 9TOro MOXHO BOCIIOJIB30BaThCSI

¢dopmymnoit bpayna— Meiiepa, cBsi3piBaromeii K03 PHUIIMEHTHI TPOTHO3H-
PYIOILIEro MOJMHOMA C 3KCIOHEHIHAJIBHBIMU CPEIHUMHU COOTBETCTBYIO-
IIUX TOPSIIKOB

S[[k]: C _1P&7P (Zﬂ > -p j(p_1+j)!, (18)
;( ) P! (k—l)!;oj d b
rnep=1,2,..,n+1; &p — oueHku Ko3ddunuentos; p =1—a . Mox-

HO TIOJIYYUTbh OIEHKH HaYaJbHBIX YCJIOBUM, B YACTHOCTH, ISl JIMHEHHOU
MOEIN

S(El] =4, _éal;
[04

28

S(EZ] =0y ——4a;
o

(1.9)

JUJIsL KBa,E[paTI/I‘lHOfI MOICIN —

B BL2-a)

sl =q - Za +
O gt 24P

~ (1.10)
St =gy 2L 4 PB=22)
a 20

a,,

S(Eﬂ =a, —ﬁal +7ﬂ(4_3a)a2.
a 2a

[]

3Has HadalIlbHEIC YCII0BUA SO M 3HAYCHHA HapaMerpa «, MOXHO

[¥]

BBIYHCJIMTh OKCIIOHCHIUAJIBHBIC CPEAHUC St .

OneHkn K03(h(OUIUEHTOB MPOTHOZUPYIOMIETO TOJWHOMA OTPEIEIIsI-
I0TCSI Yepe3 SKCIOHEHIHANbHBIE CpeJHHE M0 (pyHIaMEHTAILHON TeopeMe
Bbpayna — Meiiepa. B aToM ciydyae xo3ppunneHTs! 1 HaxonsATCs perie-
HUEeM cucTeMsbl (p + 1) ypaBHeHuii ¢ k (p + 1) HEU3BECTHBIMH, CBSI3HI-
BalONICH MapaMeTphl MPOTHO3UPYIOUIETO MOJIMHOMA C UCXOIHOU UHPOP-
Mauueit. Tak, 1y TMHERHON MOJAEIIH TTOJTY4HM,
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a, =280 — s, (1.11)
A (04
4 = E(SP] - skl

JUTSL KBaIPATHYHON MOJIENN —

0 slel) 4 B,

t t

d, =2 [(6-5a)S1 - 2(5 - 42)SP) + (4 3a)5P]

t

(1.12)

2
a, =2 [sl - 25P) 1 51)

t

[Iporuo3 peanusyercs mo BeIOpaHHOMY MHOrowieHy. COOTBETCTBEH-

HO JUIsl JINHEWHOW MOJECNH . =a,+a,7, /U KBaJPaTHYHON MOJEIH
Do =Gy T+ %z 2, 7A€ T - HepHoJ IPOrHo3a.
BaxkHy10 posib B METOJE IKCHOHCHIIHAILHOTO CIJIa)KMBAaHUS HIPAcT
BBIOOp ONTHMAIILHOTO TMapamMeTpa CTIKHUBAHUS ¢, TaK KaK MIMCHHO OH
OmpeAessieT OLCHKH KO3()(QUIIMEHTOB MOJEIH, a, CICAOBATCILHO, U Pe-
3yJnbTaThl Mporuosa [72, 103, 215].

B 3aBucuMocTH OT BeIMUYMHBI MapaMeTpa MPOTHO3HBIE OLIEHKU II0-
pa3HOMY YYHTHIBAIOT BIMSHHE HMCXOTHOTO pspa HAOMIOMEHUN: dYeM
Oorpie ¢, TeM OoJbIe BKJIA MOCIeNHUX HaOmMoaeHui B (popMupoBa-
HUC TPEHIIA, a BIMSHUC HAYAIBHBIX YCIOBHH OBICTpO yObIBaeT. [Ipu ma-
JIOM ( TPOTHO3HBIE OIICHKH YYUTHIBAIOT BCE HAONIONEHUS, TPU STOM
YMEHBIIICHUE BIUSHUSA OoJiee «cTapoit» MH(POPMAIUU MPOUCXOIUT MEI-
JIEHHO.

W3BecTHBI 1Ba OCHOBHBIX COOTHOIIICHUS, TIO3BOJISIFOINNE HAWTH TPH-
OymxeHHYI0 olleHKy « . [lepBoe cooTHomienue bpayHa, BeIBeIeHHOE U3
YCIIOBUSI PABEHCTBA CKONB3ANIEH W OKCIOHEHIMAIBHOW CpeaHei

, TC N — unciao Touek pdaa, i KOTOPBIX ATMHAMUKA psajia CUU-

a =
N +1

TaeTCs OHOPOTHOW W yCTONYHMBOM (TIEpHO] CTIIaKWBaHMs). BTOpPBIM 5B-

JsieTcsl cooTHoLeHue Meiiepa o ~ ﬂ, rae o
o

€

, — CPCAHCKBaJApaTHICCKad

ommuOKa MOJIENH; O, - CpPeAHEKBaApaTHIecKas omHnOKa HCXOIHOIO psjia.

O,I[HaKO HCIIOJIB30BAHUC MOCIACAHCTIO COOTHOMICHUS 3aTPYAHCHO TEM, YTO
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JIOCTOBEPHO ONpPENENUTh O, W O, U3 MCXOAHOM MH(MOpPMAIMU OYEHb

CJIOJKHO.

Bei0op mapameTpa & 11€51€c000pa3HO CBSI3bIBATH C TOYHOCTBIO IIPO-
THO3a, [I03TOMY U1 Oosiee 000CHOBAaHHOTO BBIOOPA ¢ MOXKHO MCIOJIB30-
BaTh NpoLEAypy 0000IIEHHOTO CriIaXXUBaHUs, KOTOpasi O3BOJISET MOMY-
YHUTDH CIEAYIOIIHE COOTHOIIEHUS, CBA3BIBAIOIINE JUCIIEPCHIO MPOTHO3a U
napamMeTp criaaxusanus [103, 129].

JIi1st MuHEeHHON MOAeIn —

2 ___*

Yoy

Jas kBagpaTUYHON MOAENH —

l+4p+28 +2a(1+38)c + 207 2+ (1.13)

o2 ~|2a+3a’ +3a7c?. (1.14)

J1st 0600IIIeHHOM MOETTH BHIA

W)=Y af)re (1.15)

,HI/ICHCPCI/IH IMpOrHo3a uMeecT CJIC,I[YIOH_II/Ifl BUL

n n

ol =3 f(e)eovla,a )fi(7)= Fvr(edo?s  (16)

=1 k=1

rie O, — CpelHeKBaJpaTHyecKas OIIMOKa anmpOKCHUMALUH HCXOIHOTO

ITHAMIYIECKOTO psana; fi(t) — HekoTopas n3BecTHass QPYHKIUSA; V— MaTpH-
11a KoBapuaiuu Ko3hHUIUSHTOB MOICIIH.

OTnnunTenbHass 0COOEHHOCTH 3TUX (OPMYJT COCTOUT B TOM, YTO TIpH
a =0 onu o0paIarTCcs B HYJIb. DTO 00BSICHIETCS TEM, YTO, YeM OJIHKe
K HYJIO ¢, TeM OOJIBIIE JUIMHA UCXOAHOTO PsA/la HAOMIOACHUN  — o0 W,
CJIeIOBAaTEIbHO, TEM MEHbINE OIIMOKa MporHo3a. [losToMy Iuist yMEHb-
IIEHUS ONTUOKY MTPOTHO3a HEOOXOIUMO BEIOMPATh MHHIUMAIIBHOE X .

B 10 xe Bpems mapamerp ¢ ompenesseT HadalbHBIC YCIOBHS, H,
9YeM MEHBIIE (¢ , TeM HIKe TOYHOCTH OIPENIEIeHNs] HaYallbHBIX YCIOBHIA,
a cJeoBaTeNbHO, YXYAMAETCS M KauyecTBO mporHo3a. OmmbKa mporaosa
pacTer 1o Mepe YMEHBIICHHS TOYHOCTH OINPEACICHUS HAaYadbHBIX YCIIO-
Buii [103].
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Taxkum oOpazom, ucronp3oBanue Gopmyn (1.13)-(1.16) npuBoguT K
MPOTHBOPEYHUIO MPH OMNpENENCHUH MapaMeTpa CIIaKUBaHUA: C YMEHb-
HIEHUEM ( YMEHBIIAeTCs CpeJHEKBaJpaTHYecKas OMIMOKa, HO IPU STOM
BO3pPAcTaeT OMMOKa B HAYaJbHBIX YCIOBHX, YTO B CBOIO OUEpEAb BIHICT
Ha TOYHOCTH MPOTHO3A.

Kpome Toro, mpu ucronp3oBanuu cooTHomenui (1.13)-(1.16) HeoO-
XOJMMO TIPUHHMATh BO BHHUMaHHE CIIEIYIOIUEe 00CTOSITENbCTBA, & UMEH-
HO: 3TH BBIPQKEHHs NOJYyYeHBI JIsi OECKOHEYHO UIMHHBIX PSAOB 0e3
y4eTa aBTOKOppeIsIMK HaOmojeHnil. Ha mpakThke MBI MMeeM JIIelio ¢
KOHEYHBIMH PsIaMH, XapaKTepU3YIOIIUMHUCS BHYTPEHHEH 3aBUCHMOCTHIO
MEXIYy HMCXOTHBIMH HaOmomeHusiMH. Bce 3To cHmkaeT menecooOpas-
HOCTh MCIIOJIb30BaHUs cooTHOIeHMH (1.13)-(1.16).

B psne ciydaeB mapameTp ¢ BBIOMpAeTCsl TaKUM 00pa3oM, 4TOOBI
MUHHMHU3UPOBATh OLIMOKY MPOrHO3a, PACCUUTAHHOTO MO PETPOCTICKTHB-
HOH HH(pOPMAITHH.

BecpMa cyIecTBeHHBIM AJISl MPAKTHUECKOTO UCIONb30BAaHUS SIBIISICT-
Csl BOIPOC O BBIOOpE TOpSIKA MPOTHO3UPYIOMIETO MOJIMHOMA, YTO BO
MHOTOM OMpeeNsieT KaueCTBO MporHo3a. [IpeBbllieHe BTOPOro MopsIKa
MOJIENTH HE MPUBOJUT K CYIIECTBEHHOMY YBEIHYCHUIO TOYHOCTH MIPOTHO-
3a, HO 3HAYMTEIBHO YCIOXKHIET Mpoueaypy pacuera [40, 53].

PaccMOTpeHHBIN METOJ SIBJISIETCS OJHUM U3 Haubolee HaJCHKHBIX H
IIMPOKO MPUMEHSAETCS B IPAKTHUKe MporHo3upoBanud. OaHO u3 Haubosee
MEPCIEKTUBHBIX HAMpPaBJICHUH pa3BUTHA JAHHOTO METOAA MPEACTaBISET
co00#i MeToJ] pa3HOCTHOTO MPOTHO3MPOBAHHS, B KOTOPOM CaMO SKCIO-
HEHITHAJIHHOE CTIIAKUBAHKIE pacCMaTPUBACTCS KaK YaCTHBINA cirydai [129,
138].

1. Onpeodenenue xaxkoeo napamempa 8 Memooe IKCNOHEHYUATbHO2O
C2NAANCUBAHUSL ABTISLEMCS. OCHOBHBIM?
2. Kax npasuivbho eblopams napamemp ceraicuéanus?

1.1.3. MeTo BepOAATHOCTHOT'O MO/IeJINPOBAHUS

[Iporao3upoBaHue C MCIOJIB30BAHUEM BEPOSTHOCTHBIX MOJeNel 0a-
3WpyeTCsl Ha METO/E SKCIIOHEHIIMAIBHOTO CTIIaKUBaHUs. BeposTHOCTHBIE
MOJCIIH I10 cBoeit CYTHU OTJIMYHBI OT JKCTPAIIOJIAIIMOHHBIX Moaeneﬁ BpeE-
MEHHBIX PSJIOB, B KOTOPBIX OCHOBOH SIBJISIETCS OMUCAHUE U3MEHEHHS BO
BPEMEHH TpoIiecca.

Bo BpeMeHHBIX psmaXx MOJMENTH TPEIACTABIAIOT COO0W HEKOTOPYIO
(GYHKIMIO BpeMeHU ¢ K03 duimeHTamu, 3HaUSHUS KOTOPBIX OI[CHUBAIOT-
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csl I0 HaOMIOIeHUSIM. B BEpOSTHOCTHBIX MOJIETSX OLIEHUBAIOTCS BEPOSIT-
HOCTH, a He K03 PUILIHEHTHI.

[lyctp ompeneneHo n B3aMMHO HE3aBHCHMBIX M HCKIIOYAIONIUX CO-
ObITHi. B kaxxgoM cirydae HaOJNIOJACHHS M3MEPSIOTCS B €IUHOM IITKaje,
nomenarTcs B (n + 1) orpaHrueHHBIN KiIace U 0003HAYAIOTCS TaK: Xi, Xo,
..., X5. CoObITHE, CBs3aHHOE ¢ HAaOMIOJACHUEM X(t), COOTBETCTBYET UHCITY
WHTEPBAJIOB, B KOTOPOE 3TO COOBITHE MOIMAJAeT, T. €. CYIIeCTBYeT eIHH-
CTBEHHOE 3HaueHue k, Takoe, 4to X, | < x(t) < x, . U mostomy k-e coObI-
THE CBS3BIBACTCS C HAOIIOACHUEM X(1).

PaccMOTpHM METOZ OLICHHBAaHHS BEPOSTHOCTEH P, (t) CBSI3aHHBIX C

Ppa3JINYHbIMU COOBITHSMU X4 < X(I)S X Ha IIEPBOM ITAIIC 3aJar0TCA

HAYaJIbHBIC 3HAYCHHUS PAa3IMYHBIX BEPOSTHOCTCH: P, (0); k#12,..,n.
HaGmonenue x(?) cBsi3aHO ¢ k-M COOBITHEM CIIEIYIOIIUM 00pa3oM: eCliu
X, < x(t)S X, , TO CTPOUTCS e€AMHUYHBIA BekTOp U, , (k - 1) KOMMO-
HEHT KOToporo paBeH 0 u k-if KOMITOHEHT paBeH 1. OTO MOXeT ObITh k-M
CTOJIOIIOM €JMHUYHON MaTpHIIBI paHra k.

[Ipouecc, peanu3yrOmuid OIEHKA BEPOSITHOCTEH, OMKCHIBACTCS BEK-
TOPOM CTIIaXXHBAaHUSA 0 popmyie

p(6) = i, + (1= a)p(r -1). (1.17)

Kancz[aﬂ KOMIIOHCHTA BCKTOPAa MCHACTCA IO 3aKOHY MIPOCTOIr'0 3KCIIO-
HCHIOUAJIBHOI'O CIJIaX)KUBaHUA MEKAY HYJIEM U enunuiei. Ecnu BCKTOp

ﬁ(t — 1) BEpPOSITHOCTHEIHM, TO BCE €r0 KOMITOHCHTHI JIOJDKHBI OBITH HEOT-
pHUIIATENBHBIMA, ¥ WX CyMMa JOJDKHA OBITh paBHa 1. 3HaUcHHE OICHKH
ﬁk(t) €CTh PE3yNIbTaT AKCIIOHEHIIMAIBHOIO CTIKUBAHMS, U €CIU pac-
MpeJie/IiCHue BEPOATHOCTEH HaOJIOCHUH X(7) HE MEHSETCs, TO TOJIydaec-
MBbIC BEPOSITHOCTH M OyayT JACHCTBUTEILHBIMUA BEPOSITHOCTSIMU k-TO cO-
OpiTrs. Ecnu cymmecTByeT MOCTaTOYHO JUTMTENbHAS peash3aliis IpoIiec-
ca, TO HaYaJIbHBIC OIEHKH CO BPEMEHEM IEePEeCTaHyT OKa3hIBATh BIIHSHUE

(OyIoyT DOCTaTOYHO «B3BELICHBI»), U BEKTOP CTIaKUBaHUS OyAeT B cpel-
HEM OIKCHIBATh BEPOSATHOCTH M B3aMMHO HCKIIOYAIOIIUX, M HE3aBHCHU-

MBIX COOBITHI. 3HAUEHHUs KOMIIOHEHT BEKTOpA U (t) MIPEICTABIAIOT COOOM
BBIOOPKY C OMHOMHAIBHBIM paclpelieieHHeM, MO3TOMY IHCIepcun K-i
KOMIIOHEHTBI OyIyT p, (1— ﬁk) Jucnepcust oneHOK k-u BeposTHOCTH

OnpeacIaeTCd COOTHOLICHUEM
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(- p.) (1.18)

O, =

A€ & — KOHCTAHTa CrJIa’KMBaHUsI (O <a< 1), HCIOJIb3yEeMast AJIs MOy~

YEHUSI OLICHOK BEKTOPa BEPOSATHOCTEH.

BosmorxHBI 1Ba BapuaHTa. B mepBom cirydae mpemensl KJIaccoB 3a1a-
HBI TaK, 9TO p; MOXKET OBITh WJIM OYCHb OOJBIINM (0KOJIO 1), Uiu OYeHb
maneiM (okomo 0). Tornma nucmepcrsi KOMIIOHEHT BEKTOpa BEPOSITHOCTEH
Oynet HeOompIION. Eciu dopma pacmpeieieHuss MEHSETCSI CO BpEMEHEM,
0oJpIIIOE 3HAUYEHHE KOHCTAHTHI CTIIAKUBAHUS MOXKET OBITh MCIIONH30Ba-
HO, YTOOBI YCTPAHHUTH BIUSHHE «CTapOi» WHPOPMAIHH.

Bo BTOpOM Citydae pacripeneneHrne BeposTHOCTEH MMOCTOSHHO BO Bpe-
MEHH, HeT HEOOXOANMOCTH «B3BEIINBATHY CTapylo nHpopMarmio. Mamnoe
3HAYEHUE KOHCTAHTHI CTIIAKHBAHUS, MOXKET OBITh, TTO3BOJIUT YMCHBIINUTh
JUCIIEPCUIO OLIEHOK. Toraa MOKHO HCHOJIb30BaTh MEHBIINE WHTEPBAJIbI
KJIACCOB C HE OYEHB OOJNBITUMH BEPOSITHOCTSIMH.

ABTOMAaTH3MPOBAaHHBIE CHCTEMBI IIPOTHO3UPOBAHUS TPEOYIOT TOCTO-
SHHOTO J00aBJICHUS! HOBBIX 3HaueHWH mHPopmanuu. HexoTopsie cucte-
MBI MOTYT TPOCTO HAaKaIJIMBaTh WH(GOPMAIINIO, 3aT€M HCIOIB30BaTh €e
JUIs TIporHo3a. Ecim MBI IMeeM JIeTI0 ¢ MOCTYTaroIIe nHGOpMaIHUeH, TO
crcTeMa MOXKET TpaKTHYecKH 0e37eiCTBOBATh B TEUCHNE 3HAYUTECIHLHOTO
MPOMEKYTKa BpeMeHH. Ecnu umH(pOpManus T0CTaTOYHO BakKHA, CIEIYET
paccMaTpuBaTh €€ Kak HENpPephIBHBIA BO BPEMEHH IOTOK HAOIIOIEHUHA
WIN TIPeJCKa3blBaTh paclpeiecHue MOCTYIUIeHui HaOmonennid. Ode-
BUIHO, JJISl TAKUX MIPOTHO30B CJIEAYET UCIOJIB30BaTh MOJEIb, U3JIOKEH-
HYIO BbIIe. Ecii B KakoW-TO Meproj HeT HUKaKUX HaOII0IEHUH, MOXKHO
MEPEeCTPOUTHh CHCTEMY Ha Ipyroi Bux uHpopmammu. Kpome Toro, ores-
KH KOX(PUIMEHTOB (WM JPYTUX MapaMeTpoB) B MOJCIU MPOTHO3a HE
W3MEHSIOTCS, €CIIM HaOIOJICHHsI PaBHBI HYJIIO; COOTBETCTBEHHO U TIPO-
THO3 OyIeT TeM xe [54, 72].

BeposiTHOCTHasE MO/ENb OMEpPUPYET MOCIEA0BATEIBHOCTBIO HAOII0-
JEHUH ¢ Y4ETOM UX paclpelesieHHsi 1 UTHOPUPYET TOCIIeA0BaTEIbHOCTh
3TON MH(OPMAIUH YK€ HEMOCPEICTBEHHO BO BpeMeHH. [loaToMy BekTop

BEPOSITHOCTEN ﬁ(t), KOTOPBIN CIIyKUT TEKYLIEH OLEHKOW BEPOSITHOCTEN

OTAETBHBIX COOBITHH, SIBISETCS OIICHKOM STUX BEPOATHOCTEH B Oy IyIIeM.
[NocnenoBaTensHOCTh HAOMIOAEHUH MOXKET OBIThH MPEICTaBICHA KaK Bpe-

MEHHOM PAJ X(1), TJIe X U3MEPEH 110 HEKOTOPOH mKane X, < X < X, axpu

X, €CThb MUHUMYM U MaKCUMYM BO3MOKHBIX 3HAYCHUH H&6J’HO,Z[€HPII>1.
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[TosToMy p-ii IPOLIEHTHIBIO OyAET TaKO€ YUCIO X,, YTO AJs p IpO-
LEHTOB BPEMEHHU PEAIU3YETCA YCIOBUE X, < x(t) < x,,a (100 — p) mpo-
LCHTOB —X, < x(t)é X, . KymynarupHass BEpOATHOCTH TOTrO, YTO Ha-

OrofeHre MonagaeT JeBee 1o IIKajle, Iy JAaHHOro Kijiacca 3aliChIBaeT-
¢Sl TaK

pr{xﬁxk}:Pk:Zk:[;. (1.19)

OuesugHo, pp=0up,=1, 0.
Jist cBSI3M € BEPOSTHOCTBIO JIAETCSl HECKOJBKO MHOE MPECTaBICHHUE,
HeXenu npoueHTHoe. Ecnu p = py 1uis knacea k, To B- 3TOM citydae [54]

k k

zl’i(f)=f9k71(f)<p<f9k(t)=Zp,.(t). (1.20)

i=1 i=1

KymynatuBHas BEpOSITHOCTh f)k_l(t) JUIA KJlacca Xj.; MEHbLIE, YeM

JKeraeMasi BEpOSITHOCTh, KOTOpasi B CBOIO Oodepeb MEHBIIIE, YeM KyMYyJIsi-
THUBHAs BEPOSITHOCTh f)k (t) JUTSE cemyroero kiacca. [Ipocreiimas oreH-

Ka HeO6XO,E[PIMOI>i MPOLCHTUIIN MOXKET OBITH IOJIy4YCeHa 1o JIMHEMHOW MH-
TCPIIOJIALNN

% ()= [2(6)= Pl +(p = ps (D)), (1.21)

ﬁk(t)_ ﬁk—l(t)

Ecmm xmaccel oueHb Maibl (WM py OJMHM3KO K py.;), TWHEHHAS WHTEp-
MoJiAuA JOCTATOYHO XOpoIla. Bo3moxHo u HUHTCPIIOJIMPOBAHUEC I10 I10-
TMHOMaM Oonee BbICOKOW cTeneHH. OKOJIO XBOCTOB paclpeieicHUs
MOHO 0XHJIAaTh, YTO KyMYJIITUBHASI BEPOSITHOCTH BeJleT ce0s KaKk

p(x)=1-/* um p(x)=1-6", (1.22)

rje j umm O - 4Mcla MeHbLIe eqWHMIEL Takue (yHKIHH MOTYT OBITH
OIICHEHBI HA OCHOBAHUY UMEIOIIIEHCS HHPOPMAIIHH.
OnpezieuM JUCIIEPCHIO BEPOATHOCTEN MOJENM CIEAYIOIHM 00pa-
30M
2 _ =2 2
o, =X —-x", (1.23)



IJIe BETHYHHA X~ MOYET ObITh OIEHEHA YKCIIOHEHIHATBHBIM CIIIaKHBa-
HHEM KBaJpaToB HaOIroneHUHA. MOXXHO CUMTATh, YTO HAOMIOACHUS TIOUYTH
BCETJa paclpeiesieHbl HOpMajibHO. Toraa BEpOsITHOCTHAS! MOZEIb MOXKET
OBITh MPUMEHEHA HETIOCPEACTBEHHO K 3TUM HaOIIOACHUSM.

ITycth x — ciydaiiHas BeIMYMHA C OXKHIAHUEM M M KOHEYHOM IHC-
nepcueld ¢ . Torma cymma ciaydallHBIX BBIOOPOK X OyAeT HOPMajbHO

o1 2
pacmpeneneHa cO CPEIHUM M JUCIIEPCUEN 71 'c?, un BEPOSITHOCTU Kak
CYMMBI TOYEK HaOII0IeHUH OyayT pacipeneieHbl HOPMaIbHO.
IlycTh ciydaiiHas BENMYMHA X PacHpelercHa MeXAy HyJeM M eau-
Hutei. Beenem QyHKImro
l,ecaiu 0<x<1,
flx)= { (1.24)

O,ecru  x <Quau x> 1.

ITycth yy — cymma N ciyyaifHBIX BBIOOpOK, Toraa (yHKIHS pacmpe-
JeNICHHS ATUX CYMM OyneT

£0)= (l)[y R T } (1.25)

N-1 1

rae 0 <y < N. Haxoaum cpeliHee 3HaU€HHE U JUCTIEPCUIO JUISI BEIUYMHBI
y

SN 2N (1.26)
YT 9T

Torna MOXHO BBIPasHTh TOYKY ), Y€PE3 CPEIHIO M JUCIEPCHIO
pacipeneneHus
_ N [N
yp=y+kpc7y=?+kp o (1.27)

rae k, — HEKOTOPBIM MHOXKUTENb, YYUTBIBAIOLIMIA YUCIIO CTENEHEH cBOOO-
IIbl pacmpeneacHusl.

JlaHHO€ COOTHOILIEHHE MOXET CIY>KUTb OCHOBOHM OLIEHOK JIJISi BEpO-
STHOCTHOM Mojenu. [Tpu 10CTaTOuHOM KOJUYECTBE MCXOAHOM HH(pOpMa-
LUK BEPOSTHOCTHASI MOJENh MOXET JaTh BIIOJHE HAACKHBINA MPOTHO3.
Kpome Toro, aTa Momens oTinuyaeTcs OONBIION MPOCTOTON M HATJISTHO-
cThio. OTIeHKH, MOTy4aeMble ¢ MOMOIIBIO0 3TOW MOJEIH, UMEIOT BIIOJIHE
KOHKPETHBIN cMbIci. HemocraTkom Monenu siBisercss TpeboBaHue 0O0JIb-
IIOTO KOJIMYECTBA HAOIOIEHUH ¥ He3HAHNE HAYaJIbHOTO paclpeieIeHuUs,
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YTO MOXKET NPUBECTH K HEMPABUIBHBIM OIlCHKaM. TeM He MeHee, MpH
OTIPECTICHUH MPOLEAYPHl HAYATHHOTO PACIPEACICHHUS WIH C IIOMOIIBIO
0alieCOBCKOro0 MeTo/a, KOPPEKTUPYS €ro, MOXHO PaccMaTpUBaTh BEpoO-
SITHOCTHYTO MOJIeh Kak () (PEKTUBHEIN METO TIPOTHO3A.

1. B uem cocmoum 0cHO8HAsL 0COOEHHOCMb MEeMOOa 6EPOSIMHOCHHO20
Modenuposanus?

2. B uem omuuuue memoooe 3KCNOHEHYUAIbHO20 C2NANCUBAHUSL U 8EPOSIN-
HOCIHO20 MOOeIUpOBarUs?

1.2. UuTyuTUBHBIE (AKCIIEPTHHIE) METObI
NMPOTrHO3MPOBAHHUA

[TporHo3HBIE AKCIIEPTHBIE OLEHKH OTPaXaloT MHIUBHUIYATbHOE CYXK-
JICHHE CIEIMaTNCTOB OTHOCHUTENBHO IEPCIIEKTHB Pa3BUTHS OOBEKTa H
OCHOBaHBl Ha MOOWJIM3aH{ TPO(PECCHOHATHHOTO OIBITa W WHTYHIUH.
MeTonpl 3KCIEPTHHIX OLICHOK HCIIONB3YIOTCS JUISl aHalnu3a OOBEKTOB U
mpo0IieM, pa3BUTHE KOTOPBIX MO0 TOTHOCTHIO, TMOO YaCTHYHO HE TIOJ-
JTaeTcs MaTeMaTHIecKoi (popManm3amum, T. €. sl KOTOPBIX TPYAHO pas-
paboraTh ageKBaTHYIO MOAelb. [IpuMeHseMble B MPOTHO3UPOBAHUU Me-
TOJBI DKCIIEPTHOW OLEHKH Pa3lesisAioT Ha, HHAMBHUAYAIbHBIE W KOJUICK-
THUBHBIE.

I/IHIII/IBI/IZ[YEUII)HBIC OKCHEPTHBIC MCETOJbl OCHOBAHbLI Ha HCIIOJIB30Ba-
HUM MHEHHUH BKCIEePTOB-CIEIMAINCTOB COOTBETCTBYIOIETO MPOQHISL
HE3aBUCUMO JNIpyT oT apyra. Hamboree yacTo MpUMEHUMBIMU SBIISFOTCS
cleayromue ABa MeTona (OpMHUPOBaHUS MPOTHO3a: WHTEPBHIO W aHAIH-
TUYCCKUEC SKCIICPTHBIC OLICHKH.

MeToa HHTEPBBIO MPEATIONAaraeT Oecery MPOTHO3UCTA C IKCIIEPTOM,
B X0JIe KOTOPOI MPOTHO3UCT B COOTBETCTBUH C 3apaHee pa3padoTaHHON
MPOTrPaMMOi CTaBUT TIepe]l SKCIIEPTOM BOIIPOCH OTHOCUTEIBHO MepCIIeK-
TUB Pa3BUTHsI IPOTHO3UPYEMOTO 00BEKTa. Y CIieX TaKOH OLEHKH B 3HAYH-
TEBHOHN CTENEeHH 3aBHCUT OT CIIOCOOHOCTH WHTEPBBIOMPYEMOTO JKCIIEp-
Ta SKCIIPOMTOM J1aBaTh 3aKIIIOYEHHS IO CAMBIM Pa3UYHBIM (yHIaMEH-
TaJIBHBIM BONIpOCaM. AHaJIMTUYECKHE IKCIIEPTHBIC OLCHKU TMpeJIoiara-
10T JUIMTENBHYIO U TIIATENEHYIO CAMOCTOSATENBHYIO paboTy 3KCIepTa Hall
aHaJIM30M TEHJICHIIMM, OIIEHKOW COCTOSIHUS U ITyTeH pa3BUTUSI TPOTHO3H-
pyeMoro o0beKTa. DTOT METOJl Aae€T BO3MOXKHOCTB IKCIIEPTY HCIIOIB30-
BaTh BCIO HEOOXOIUMYIO eMy HH(popmanuio 006 o0bekTe mporHoza. CBou
COO0pakeHHS IKCTIEPT OPOPMIISIET B BUIC TOKIATHON 3aIHCKH.
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OCHOBHBIMH TIPEUMYIIECTBAMH PACCMATPHUBAEMBIX METOIOB SIBIISIOT-
Cs BO3MOXHOCTH MAaKCUMAaJIbHOTO HCHONb30BAaHUA HHIUBHIYaTbHBIX
CIOCOOHOCTEN KCIepPTa M HE3HAYUTENBHOCTh TICHXOJIOTHIECKOTO JIaBie-
HUSI, OKa3bIBAEMOTO Ha OTJENBHOTO padoTHHKA. OJHAKO 3TH METOIBI Ma-
JIO TIPUTOJHBI AJIS1 IPOTHO3MPOBaHUS Hambosiee OOLINX CTpaTeruil u3-3a
OTPaHMYEHHOCTH 3HAHWH OJHOTO CIEIHAINCTa-dKCIepTa O Pa3BUTUHU
CMEXHBIX 00JJacTei HAyKH.

MGTOI[BI KOJUICKTUBHBIX OJKCIEPTHBIX OIICHOK OCHOBBIBAIOTCA Ha
NPUHIMIIAX BBIABICHUS KOJJIEKTMBHOTO MHEHHS SKCHEPTOB O MEpCIeK-
THUBaX pa3BUTUs 00BEKTa MPOTHO3UPOBAHUS. B 0OCHOBE MpUMEHEHHS 3TUX
METOJIOB JIS)KHUT THUIOTE3a 0 HAMYHWU y IKCIIEPTOB YMEHHS C JOCTaTOd-
HOW CTENEHBIO JOCTOBEPHOCTH OLIEHUTHh BAXXHOCTH M 3HAUYEHHE HCCIIe-
lyeMol TpoOJieMbl, TMEPCIeKTUBHOCTh DPAa3BUTHS OIPENIEIICHHOTO0 Ha-
MIpaBIIEHUs MCCIETOBAHIHI, BPEMEHH CBEPIIEHUS TOTO WM MHOTO COOBI-
THS, T[eIecO00pPa3HOCTH BHIOOpA OJHOTO U3 ANBTEPHATUBHBIX ITyTEeH pas-
BUTHA 00BEKTa MPOTHO3a U T. 1. B HacTodmee BpeMs MIUPOKOE pacmpo-
CTpaHEeHHe MOJYYWIN 3KCIIEPTHBIE METO/IbI, OCHOBaHHKIE Ha paboTe crie-
UAJIbHBIX KOMUCCHH, KOT/Ia TPYIIIbI 3KCIIEPTOB 32 KPYIJILIM CTOJIOM 00-
CYXJAIOT Ty WIH WHYIO IIPOoOJIeMy C LIeIbI0 COTIacOBaHUSI MHEHUH U BBI-
paboOTKU €IMHOTO MHEHUS. DTOT METOJ MMEeT HEJIOCTATOK, 3aKIF0Yaro-
IIWICSA B TOM, YTO TPYIINIa 3KCIIEPTOB B CBOMX CYXKIEHUSIX PYKOBOJICTBY-
€Tcs B OCHOBHOM JIOTHKOM KOMITPOMHCCA.

B cBoro ouepens B metone Jleandu BMECTO KOJUIEKTUBHOTO 00CY K-
JIEHUST TOW WIJIM WHON TpoOJIEMBI TPOBOAUTCS HHIAMBUAYAIHHBIA OMPOC
OKCIICPTOB OOBIYHO B (bopMe AHKCT IS BBISICHCHUS OTHOCHTEIHLHOM BaXK-
HOCTH ¥ CPOKOB CBEpIICHHUS THIOTETHUECKUX COOBITHH. 3aTeM MpOH3BO-
JUTCSI CTaTUCTHYecKas 00paboTKa aHKeT U (OPMHUPYETCS KOJUIEKTHBHOE
MHEHHE TPYIIIbI, BBIABISIOTCS, 0000MIAIOTCS apTyMEHTHI B TOJIB3Y pas-
JUYHBIX CyXAeHuH. Bcs nmHpopmanms coolOmiaercsi skcmepraMm. YdacT-
HUKOB 3KCTIEPTHU3BI MIPOCAT IEPECMOTPETH OLIEHKH U OOBSICHUTH MTPHYUHBI
CBOETO HECOorJacusi C KOJUJIEKTUBHBIM CyXKIEHHEeM. JTa TpoIlenypa Io-
BrOpsieTcs 3—4 pasa. B pesynbprare MPOUCXOAUT Cy’KEHHE Iuana3oHa
oueHoK. Henmoctatkom 3TOro MeTopa SIBISICTCS HEBO3MOXHOCTH ydeTa
BIIMSIHYSI, OKa3hIBAEMOTO Ha HKCIEPTOB OPTaHHU3aTOpPaMU OIMPOCOB TpHU
COCTaBIICHHHU aHKET.

Kak npaBuiio, OCHOBHBIMH 33/1a4aMU IPH (YOPMUPOBAHUH ITPOTHO3A C
MMOMOIIIPIO KOJUIEKTHBA JKCIIEPTOB SBISIOTCS: (DOPMUPOBAHUE pPEIPE3CH-
TATUBHOW AKCIEPTHOW TPYMIIBI, TTIOATOTOBKA W MPOBEACHNE DKCIEPTH3HL,
CTaTUCTHYECKasi 00pabOTKa MOTYYCHHBIX JOKYMEHTOB.
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IMpu GopMUpOBaHUH TPYIIIBI SKCIEPTOB OCHOBHBIMH SIBJISFOTCSI BO-
MPOCHI ONpE/ICIICHUS] €€ Ka4yeCTBEHHOTO0 M KOJUYECTBEHHOI'O COCTaBa.
OTOOp SKCHEPTOB HAUMHAETCS C OMPECIICHHS BOMPOCOB, KOTOPhIC OXBa-
TBIBAIOT PEIICHUE JAHHOW MPOOJIEMBI;, 3aT€M COCTABIISIETCS CIUCOK JIHII,
KOMIICTCHTHBIX B OTUX OGHaCTHX.

Jl1s mosrydeHusl Ka4eCTBEHHOTO MPOTHO3a K YYaCTHUKAM 3KCIIEPTH3BI
NPEABABISIETCS Psii TPeOOBaHHN, OCHOBHBIMH M3 KOTOPBIX SIBJISIOTCS:
BBICOKHU YpOBEHb OOIIeH 3pyIUINK; TIyOOKHe ClieluaNbHble 3HAHUS B
OIICHMBAaEeMOW 00JIACTH; CIIOCOOHOCTh K aJICKBATHOMY OTOOpaKEHUIO
TEHJICHIIMK Pa3BUTHS HCCIEIyeMOro OO0BEKTa; HAJIMYHE TMCHXOJOTHYe-
CKOW YCTaHOBKM Ha OyJnyliee; HaTHIhe aKaJeMUIeCKOTO HAYYHOTO HH-
Tepeca K OIICHWBaeMOMY BOIPOCY MPU OTCYTCTBUU MPAKTUYCCKON 3aWH-
TEPECOBAHHOCTH CIEIHATINCTA B 3TOW 00JACTH; HAIWYUE MPOU3BOJCT-
BEHHOTO W (MJIM) HMCCIICOBATEIILCKOTO OIBITa B paccMaTpUBaeMOM 00-
JIacTH.

s ompenencHUs COOTBETCTBHS MOTCHIIMAIBLHOTO AJKCIIEpTa Iepe-
YHUCICHHBIM TPEOOBAHUAM HCIONB3YETCS AHKETHBINA ompoc. JlonoiaHu-
TEJILHO K 3TOMY YacTO HCIOJB3YIOT CIOCO0 CaAMOOIICHKH KOMIIETEHTHO-
ctH sKcnepra. [Ipu caMoOoIeHKe SKCIEPT OMpPE/IeNIeT CTENeHb CBOCH OC-
BEJIOMIICHHOCTH B MCCIIEYEMOM BOIPOCE TAK)KE HA OCHOBAHUM AHKCTHI.
O6paboTka JaHHBIX [aeT BO3MOXXKHOCTH IONYYHTH KOJUYCCTBCHHYIO
OILIEHKY KOMIIETEHTHOCTH TOTCHLIUAIBHOTO JKCIEepTa O CleAyIoIeH

dhopmyne
27
J=3
2
J=L

rae V; — Bec rpajaluu, NepedyepKHyTON AKCIEPTOM IO j-H XapaKTepH-

K=05 += 0 (1.28)
P

CTHKE B aHKETe B Oayliax; VJ — MaKCHMAaJIbHBIN Bec (IIpeien MIKajibl) j-

i xapakTepUCTUKH B Oayiax; T — oOIlee KOIMYECTBO XapaKTECPHUCTHK
KOMIIETEHTHOCTH B aHKeTe; A — BEC AYEHKH, MEPEUEPKHYTON IKCIIEPTOM
B IIIKAJIE CAMOOILICHKHU B Oayiax; p — mpeae IIKajabl CaMOOIICHKH KCIIep-
Ta B Oajiax.

YCTaHOBUTH ONTUMANIHYI) YHCJICHHOCTh TPYMIBI 3KCIEPTOB JI0-
BOJILHO TpyAHO. OTHAKO B HAcToOsIIee BpeMs pa3paboTaH psa GopManu-
30BaHHBIX MOAXOIOB K 3TOMY Bompocy. OnuMH W3 HUX OCHOBaH Ha yCTa-
HOBJICHUM MaKCUMAJIbHON W MHHUMAJIBHON I'PaHUI] YUCICHHOCTH TPYII-
bl [Ipu 5TOM MCXOMAT U3 JBYX YCJIOBHIA: BRICOKOW CpeHEeN KOMITETCHT-
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HOCTH TPYII SKCHEPTOB M CTAOWIM3AIMH CPEIHEW OIEHKH MPOTHO3H-
pyeMoi XapaKTepUCTUKH.
[lepBoe ycroBHe HUCHONB3yeTCs IS ONPENEICHUS MaKCHMAalbHOU

n

k,

i

YUCJIICHHOCTH I'PYIIIbI 3KCIEPTOB Nmax: CK < izl , TOC C- KOHCTAaHTa,
max
n

max

Kiax — MaKCUMalbHO BO3MOXKHAS KOMIIETEHTHOCTH IO HCIOIB3yeMON
IKajge KOMIETEHTHOCTH, K; — KOMIIETEHTHOCTH i-TO dKcmepTa. ATO yCIo-
BUE MPEIIOJaraeT, YTo €CIU UMEETCS TpyIia 3KCIEPTOB, KOMIICTCHT-
HOCTh KOTOPBIX MaKCHMaJbHa, TO CPEIHEE 3HAUCHUE MX OICHOK MOXHO
CUMTATh «HCTHHHBIMY». JINsl ONpeieneHUus KOHCTAHTBHI HCIONB3yeTCs
MPaKTHKA TOJOCOBAHUS, T. €. TPYIIa CYUTACTCSA M30pAaHHOM, €CIIH 32 Hee
MoJaHo 2/3 TONOCOB MPUCYTCTBYIOIMUX. VIcX0as U3 3TOTr0, MPUHUMAETCH,
gyrto C=2/3. Takum oOpa3oM, MaKCHMallbHAs YHUCICHHOCTH JKCIIEPTHOMN
rpyInbl yCTaHaBJIMBACTCAd HA OCHOBaAaHNU HCPABCHCTBA

Sk
S i=1 .

max 2 k

max

(1.29)

n

Hanee onpenensieTcss MUHUMAaNbHAsT YUCICHHOCTh AKCIIEPTHOM IpyI-
MBI Npyp. OTO OCYIIECTBIIACTCS TOCPEICTBOM HCIOJIB30BAHUS YCIOBUS
CTAOMIIM3aIHN CPETHEH OICHKU IPOTHO3HPYEMOHN XapaKTepUCTUKH, KO-
Topoe opMynupyeTrcs clemyrommuM o0pa3oM: BKIIOYCHHE WA UCKIO-
YEHUE 3KCIEPTa U3 IPYIIIbl HE3HAYUTENBHO BIMSIET HA CPENHIOI OLIEHKY
MPOTHO3UPYEMOU BEITUUYHHBI

B-8 __, (1.30)
B,

max

rae B — cpenusis onieHKa IporHO3UpyeMoil BeJIUYMHbI B Oajuiax, JaHHAs
9KCIEPTHON rpymmoii; B' — cpeansist oneHka, JaHHasg 3KCIEPTHOM TpyT-
MOH, U3 KOTOPOW MCKIIIOYEH (MJIM B KOTOPYIO BKIIOUEH) OJUH IKCIEPT;
Bmax — MaKCUMAaJIbHO BO3MOXKHAsl OLICHKA MPOTHO3UPYEMON BEIHYUHBI B
MPHUHATON IIKaJIe OLEHOK; & — 3aJaHHasl BEJIMYWHA U3MEHEHUS CpeaHel
OLIMOKY TPH BKJIFOYEHUH WIH UCKIIIOYEHUH SKCIIEPTA.

BenuunHa cpenHeil olleHKH HauOoJiee YyBCTBUTEIbHA K OIEHKE IKC-
nepTa, obJanaromero HanOoIblIel KOMIETEHTHOCTHIO U ITOCTAaBUBILETO

HanOomnpumii 6amwt npu B < B w MUHMManbHblil —npu B> B /2.
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[ToaToMy mutst ipoBepku BeITONTHEHUS ycimoBus (1.30) mpemaraeTcs wc-
KIJIFOUUTD U3 TPYIIIBI OJJHOTO SKCIEpTa.

B nmuTepartype mpuBOAMTCS MPaBWIIO pacdeTa MUHHMAJIbHOTO YHCIIA
9KCIEPTOB B TPYIIE B 3aBHCHMOCTH OT 33/IaHHOW (JIOIyCTHMOI) BEIH-
YHHBI I3MEHEHUS CPEHEH OIICHKH &

oy = o,s[3+sj. (1.31)
&

Taxkum obpazom, mpasuia (1.29)-(1.31) maroT BO3MOXHOCTH TIOJTY-
YUTHh OICHOYHBIC 3HAYCHUA MaKCUMAJIbHOT'O 1 MUHUMAJIBHOT'O YHCJIAa DKC-
neptoB B rpymme. OKOHUATeNIbHAs YHCICHHOCTh SKCIEPTHOH TPYIIIBI
dopMHpyeTCs HAa OCHOBAaHUH IIOCIIEIOBATEIBHOTO HCKIIOUCHHS MAao-
KOMIICTCHTHBIX ~ JKCIEPTOB, TMPH 3TOM  HCIOJB3YETCS  YCJIOBUE
(K -K i) <7, rne 1 — 3amaBacMas BEJIMYMHA TPAHULIBI OITyCTUMOTIO

max
OTKJIOHCHHS KOMIICTCHTHOCTH 1-TO JKCHepTra OT MaKCHMaJIbHOM. O):[HO-
BPEMCHHO MOT'YT BKJIHOYAaTbCA B I'PYIIITY HOBBIC 3KCIICPTHI. UncmeHHOCTh
TPYIIIbI YCTaHABIMBACTCA B IPCACIIAX n . <n< Mooy

Kpome ommcaHHBIX BBILIE MPOLEAYP B METOAAX KOJIEKTHBHBIX JKC-
NEPTHBIX OLEHOK HCIONBb3yeTCsl MOAPOOHBIH CTATHCTHUSCKUHA aHaIu3
9KCIIEPTHBIX 3aKIIOUCHUH, B PE3yJIbTaTe KOTOPOro OMNPEAENSIOTCS Kade-
CTBEHHBIC XapaKTEPUCTHKH TPYIIIBI 3KCIIEPTOB. B COOTBETCTBHIH C STHMHU
XapaKTepUCTHUKaMH B TPOLIECCE MPOBENEHHS SKCIEPTH3bI KaueCTBEHHBIN
U KOJIMYECTBEHHBIH COCTaB 3KCIIEPTHOH TPYMIBI MOKET KOPPEKTHPO-
BaThCA.

IlonroTroBka K MPOBEIEHHUIO 3KCIIEPTHOTO OIMpOca BKIIOYAET pa3pa-
0OTKy aHKeT, coaepKamux HaOop BONPOCOB MO OOBEKTY MPOTHO3A.
CTpyKTypHO-OpPTaHH3AITHOHHBIN Ha0Op BOIPOCOB B aHKETE JIOJKECH OBITH
JIOTHYECKH CBA3aH C LIEHTPAJIbHOM 3a7aueil 3KCIepTU3bl. XOTs Gopma H
coJep>kKaHUE BOIIPOCOB OINPEIEISIOTCS CeNU(HUKON 00beKkTa MpOTrHO3U-
pPOBaHMsI, MOKHO YCTaHOBUTH OOIIMEe TpeOOBaHUS K HHUM: BOINPOCHI
JOJDKHBI OBITH cQOPMYIHPOBaHBI B OOIICTIPUHATHIX TEPMUHAX, HX (QOp-
MYJIMPOBKa JJOJDKHA UCKITIOYATh BCAKYIO CMBICTIOBYIO HEONPEICICHHOCTD,
BCE BOINPOCHI TOJDKHBI JIOTHUECKH COOTBETCTBOBATh CTPYKTYpe O0OBEKTa
IIPOTHO33a, 00ECIeUYnBaTh EANHCTBEHHOE TOJIKOBaHHUE.

ITo popme BOPOCH! MOT'YT OBITH OTKPHITHIMU U 3aKPBITHIMH, MTPSIMBbI-
MH ¥ KOCBEHHBIMH. BOmpoc Ha3bIBaIOT OTKPHITHIM, €CIIH OTBET HA HEro
HE PerjJaMeHTHPOBaH. 3aKPBITHIMU CUUTAIOTCS BOIIPOCHI, B (HOPMYIHPOB-
K€ KOTOPBIX COJIEepKaTCs albTepPHATUBHBIE BAPUAHTHI OTBETOB, U IKCIIEPT
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JIOJDKEH OCTAaHOBUTH CBOW BHIOOP HA OAHOM (WIM HECKOJIBKMX) M3 HHX.
KocBeHHBIE BOPOCHI HCHONB3YIOT B TEX CIy4Yasx, Korga Tpedyercs 3a-
MacKUpPOBaTh IeJb dKcrepTu3bl. K mogoOHBIM BOIIpocaM MmpuOerarT To-
r/1a, KOTJa He YBEPEHBI, UYTO IKCIEPT, AaBas HHPOpMAIHIo, OyIeT BIOJTHE
WCKPEHEH WJIM CBOOOJICH OT MOCTOPOHHUX BIMSHUHN, HCKaKAIOMIUX 00b-
EKTHUBHOCTb OTBETa. PaccMOTpHM OCHOBHBIE TPYIIIBI BOIPOCOB, UCIIOJIb-
3yeMBIX TIPH MPOBEICHNH KOJUIEKTUBHOH SKCIIEPTHOM OIEHKH:

- BOMNPOCHI, MPEINONaraonfe OTBETHl B BHAE KOJIMYECTBEHHOH
OLICHKU: O BPEMEHH CBEpPIICHUSI COOBITHH, O BEPOSTHOCTH CBEPIICHUS
cOOBITHH, 00 OIIEHKE OTHOCHTEIhHOTO BiHsHUA dakTopoB. [Ipu ompene-
JICHWH IIKAJIBI 3HAYEHUH KOJMYECTBEHHBIX XapaKTePUCTHK ILIeIecoo0pas-
HO TIOJIb30BAThCSl HEpaBHOMEpHOW wHiKanol. BeiOop KOHKpeTHOro mac-
mraba HEPAaBHOMEPHOCTH OIPENeNsieTCs XapaKTepoM 3aBHCHMOCTHU
OIIMOKH MPOTHO3a OT MEePHOAA YIPEKICHUS;

- BOMPOCHI, TPeOYIOIINE COACPKATEIBHOTO OTBETa B CBEPHYTOH
(opme: AM3BIOHKTHBHBIEC, KOHBIOHKTHBHBIE, HMIUTUKATHBHEIE;

- BONPOCHI, TPEOYIOIINE COMEPKATEIFHOTO OTBETa B Pa3BEPHYTOH
¢dopme: B BHIE mepedHsi cBeICHUI 00 00BEKTe; B BHIE MEPEUHS apry-
MEHTOB, MOJATBEP)KIAIOIINX WM OTBEPrarolIUX TE3HC, COACPIKAIIMNAC B
BOTIpOCE.

OT1H BOnpockl (OPMHUPYIOTCS B ABa dTana. Ha mepBoM 3tare aKcmep-
Tam mpearaercsi copMyIMpoBaTh HauOoJiee MEePCIEeKTUBHBIC W HaW-
MeHee pa3paboTaHHbIe MpoOieMbl. Ha BTOpoM — M3 Ha3BaHHBIX MPOOIIEM
BEIOMPAIOTCS TPUHIWITHAIGHO pa3pelinMble U HMEIOIINEe HETOoCPecT-
BEHHOE OTHOILICHHE K O0BEKTY MPOTHO3A.

[Mpouenypa nmpoBeAeHUs IKCIIEPTU3BI MOKET OBITH Pa3IMYHON, OTHA-
KO 3JIeCh TaK)K€ MOXKHO BBIJICIIUTh TPU OCHOBHEIX 3Tamna. Ha mepBom ata-
Te 9KCIIEPTHI MPUBJIEKAIOTCS UI YTOYHEHUST (GOpMaATN30BaHHONW MOJENN
00BeKTa Mporuo3a, GopMyIUPOBKH BOIPOCOB B aHKETaX, YTOUHEHHS CO-
ctaBa rpynnel. Ha BTOpoM »Tame ocyIiecTBiseTcss HEOoCpeACTBEHHAs
paboTa 3KcTIepTOB Haj BOIpocaMH B aHKeTax. Ha Tpersem 3tame mocie
NpeABAPUTENBHON 00paOdOTKH Pe3yIbTaTOB MPOTHO3a 3KCIIEPTHI IPUBIIC-
KaloTCsl Al KOHCYJbTallMi MO HeAocTaloueld nHpopMauuu, HeoOXoau-
MO I OKOHYATENHFHOTO (hOPMHUPOBaHMUS TIPOTHO3A.

IIpu cratucTryeckoif 06paboTKe pe3yIbTaTOB 3KCIEPTHHIX OLIEHOK B
BUJI€ KOJIMYCCTBCHHBIX NAHHBIX, COACPKAIIUXCS B aHKETaX, OMpenels-
IOTCSl CTaTUCTHUYECKUE OIEHKU IMPOTHO3HPYEMBIX XapaKTePUCTHK H HUX
JIOBEpUTENbHBIE TPAaHUIBI, CTATHCTUYECKHE OIEHKH COTJIACOBAHHOCTH
MHEHUH JKCIIEPTOB.
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CpemHee 3HaYEHWE MPOTHO3ZUPYEMOH BEIHMYHMHBI OMPEICISICTCS II0
bopmyne
B=YB/n, (1.32)
e=1

rre B; - 3HaueHne npoTrHO3UpyeMOl BEJTHYUHBI, JAHHOE 1-M SKCIIEPTOM; 1
— YHCJI0 KCTIEPTOB B IPyTIIIE.
Kpowme Toro, onpenensiercs qucnepcus

n 2

D=|>(B,-B) /(n-1)

i=1

u HpI/I6J'H/I)KeHHO€ 3HAYCHUEC NJOBCPUTCIILHOI'O NHTCPBaJIa

rae t — kputepuit CThIOJIEHTA IS 33JJaHHOTO YPOBHS JOBEPHUTEILHON
BEPOSTHOCTH M YHUCIIA CTereHel cBo0o bl kK = (n — 2).

JloBepuTenpHbIC TPAHUIBI IS 3HAYCHHUS MPOTHO3UPYEMOW BEIHYH-
HBI BBIUUCIIAIOTCS 110 (hOpMyJiaM: JIJIsl BepXHel rpanuiibl Ag = B +j, ans
HIDKHEH rpaHuibel Ag=B-j.

Koaddunuent Bapuanuu orieHOK, JaHHBIX SKCIIEPTaMH, OTIPENeIsIeT-

(o2
CA 110 3aBUCHUMOCTH V = E , TH€ O - CPCOHCKBAAPATHYCCKOEC OTKIIOHEC-

HHE.

IMpu 0OpaboTke pe3yJbTaTOB IKCIEPTHBIX OLEHOK MO OTHOCHTENb-
HOW Ba)KHOCTH HaIllpaBJICHWH CpeiHee 3HaueHWe, Aucnepcus u Kodpdu-
LUEHT BapUalK BBIUYMCIIOTCS ISl KQKIOr0 OLIEHMBAEMOIO HaIpaBiie-
Hust. Kpome Toro, Bhrumcnsercs Ko3(p@UIMEHT KOHKOpAAauuu, MOKa3bl-
BAaIOIIMI CTENEeHb COTJIACOBAHHOCTM MHEHHUH 3KCIEPTOB IO Ba)KHOCTHU
KaXJIOTO U3 OLICHUBAEMBIX HaIllpaBIeHUH, U KO3 PUIIMEHTHI MapHOH paH-
TOBOM KOPPEJIALUH, ONPEACISIONINE CTEIEHb COTACOBAHHOCTH 3KCIIEp-
TOB JIPYT C APYTOM.

J1J1st 3TOT0 POU3BOIUTCS PAHKUPOBAHUE OIICHOK Ba>KHOCTH, JaHHBIX
skcrepramu. Kaxnas oreHka, gaHHas i-M SKCIEPTOM, BBIpaXKaeTCs UHC-
JIOM HAaTypajbHOIO psifa TakuM o0pa3oM, 4TO 4YHMCIO 1 mpucBamBaeTcs
MaKCHUMaJbHOM OLIEHKE, a YMCJIO 77 - MUHUManbHOH. Ecim Bce oumeHkn
PasJIn4HBL, TO COOTBETCTBYIOIINE YUCIA HATYPaJbHOTO PsAa €CTh PaHTH
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OIIEHOK i-ro dKcrepTa. Eciam cpemam OIEHOK, MAHHBIX; i-M 3KCIEPTOM,
€CTh OJIMHAKOBBIC, TO 3TUM OIICHKAM HAa3HA4YaeTCs OJUHAKOBBINA paHT,
paBHBIN cpeHel apupMETHIESCKOW COOTBETCTBYIOIIUX YHCEN HATYpPasb-
HOTO psifIa.

CymMa paHroB Sj, Ha3HAUEHHBIX SKCIEPTaMH HANpaBICHHUIO j (j =
1,..., T, X - YUCIIO UCCIICAYEMbIX HAIPABICHHMII), ONpeaAenseTcs no (op-
MyJie

S = 2R, (1.33)

rae Rij — paHr oleHKH, JaHHOM i-M SKCIIEPTOM j-My HampasieHuto. Cpen-
HEC 3HAYCHUC CYMMBI PAHI'OB OIICHOK IO BCEM HAIIPABJICHHUAM pPaBHO

J— m .

S = Z S, /m- OTKIIOHCHHE CYMMBI PaHTOB, ITOJYUCHHBIX j-M HaIlpaBiic-
=

HHUEM, OT cpeleero 3HAUYCHUA CyMMI)I paHFOB OHpeI[eJISIeTCSI KaK

d ;= S I S . Torma ko3 PUIMEHT KOHKOPIAINH, BHIYHCICHHBIH 110 CO-

BOKYITHOCTH BCEX HAIIPABJICHHUN, COCTABIISIET
m
12)°d?
,Z::‘ ! . (1.34)
5 3 n
n (m —m)— nZTI
i=1

n
Benmnuuna 7 - Z 1} —t_» PaCCUUTHIBACTCS NPH HAJTMYMH PABHBIX PaH-
1 e
i=l1

TOB (Il - KOJMYCCTBO TPYIIIlI paBHBIX PAHIOB, te — KOJM4YECTBO pPAaBHBIX

W=

pPaHroB B pyIIeE).

KosdpduimenT koHKOpalMy MpUHUMAET 3Ha4eHHe B mpenenax ot 0
1o 1. W=l o3HavaeT MOJHYIO0 COTrJIaCOBAHHOCTh MHEHHH JKCIIEPTOB, MPH
W=0 - nonnyro HecoriacoBaHHOCTb. KoaduumenT konkopaannm noka-
3bIBAaeT CTENEHb COTJIACOBAHHOCTH BCEW SKCHEpPTHOW rpymmbl. Huzkoe
3HAYCHWE ATOT0 KO3 UINEHTa MOXKET OBITh MOJIYICHO KaK MPH OTCYT-
CTBHH OOIIHOCTH MHEHHH BCEX AKCIEPTOB, TAK M W3-32 HATHYHS MPOTHU-
BOIIOJIOKHBIX MHEHHH MEXIy IOArPYHIIaMH JKCIIEPTOB, XOTS BHYTPH
HOATPYIIIBI COTJIACOBAHHOCTH MOKET OBITh BHICOKOIA.

Jlnist BBISIBICGHUSI CTETIEHH COTJIACOBAHHOCTH MHEHHH JKCIIEPTOB HC-
noJb3yeTcs KodpQUIUEeHT mapHOil paHTOBOM KOppesIIun
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m
2
Z'/’j
=1

o - 7,1

, (1.35)

Piivt = 1
o
e Y/, — Pa3HOCTb (MO0 MOJYJI0) BEINYMH PAHIOB OLCHOK j-r0 HAIpaB-

JIeHWsI, HA3HAYEHHBIX dKcrepTaMu i u i+ 1,

v, =|R - R, (1.36)

1+l"

KosdduiuenT napHoit paHroBoH KOppENSAIMU MOXKET MPUHUMATb
3HaueHus ot +1 1o -1. 3Hauenne p =1 coOTBETCTBYET MOIHOMN COTITACO-

BAaHHOCTH MHCHHI ABYX 3KCIICPTOB. 3HaueHHue P = -1 IIOKa3bIBacT, 4ToO

MHEHHE OJTHOTO KCIIEepPTa MPOTHUBOIOJIOKHO MHEHHUIO APYTOTO.
Jns ompeneneHust ypoBHSI 3HAUMMOCTH 3HaueHHH KoddduiueHtos

W )
U 0;;,; MOXHO HCIIOJIb30BAThb KPUTCPUH } " . Jns 3TOr0 BRIUMCHSIETCS
BEJIMYHHA
m 2
1220‘./‘
2 j=1
X = | =
m- n(m + 1)—727:.
m—173

(aucio crenenelt cBo00AbI kK =T — 1) ¥ 1O COOTBETCTBYIOIIMM Ta0JIUIIaM
oTpeJieNieTCs YPOBEHb 3HAYMMOCTH TTOJTyYCHHBIX 3HAUCHHH.

(1.37)

~

B uem cocmoum ocobennocme memooa « Mnmepesvroy?

2. B yem 3axnouaromcs npeumywecmed npuMeHeHuss Memooos IKCnepm-

HOU OyeHKu?

Obvacnume cymv memooa «envoly.

Kaxkoswi ocnogHble kpumepuu opmuposanust 2pynnvl IKCHepmos?

5. Kax onpedensiemcsi HUCIEHHOCHb 2PYNNbL 9KCHEPMOS U HA OCHOBE Kd-
Kux nokasameneui?

6. Ha ocnoge kaxux nokazamenet (opmupyemcs Cmamucmu4eckas OyeH-

Ka MHeHUll IKcnepmos?

A
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1.3. KoppeasiuMOHHBIN U perpecCHOHHbIN AHAJIU3bI

OmauM 13 HanboJIee pacIpoCTPAaHESHHBIX CTIOCOO0B TOTYICHHUS MHO-
roaKTOPHBIX MPOTHO30B SIBJISETCS YIIOMHHABINMUICS paHee Kiaccude-
CKHUH METOJl HaMMEHBIINX KBaJApaTOB MU MOCTPOCHHE HA €ro OCHOBE MO-
JlelM MHO>KECTBEHHOU perpeccuu [16]. g TMHEWHOro ciiydas MOJAEIb
MHOXECTBCHHOM PErPEeCCUU 3alUCBIBACTCS B BHIE

V=D ax, +E (1.38)
i=1

riae ¢, - Ko3QQUIUEHTb MOJENH; Y ;»X; - COOTBETCTBCHHO 3HAYCHUS j-u
¢yHKIIMH (3aBUCUMON TIEPEMEHHOHN) W i-ii He3aBUCHUMOW TEepEeMEHHOM;
i=0,n; j =1, N, & - ciIydaitHas OmmOKa; N - YUCIO HE3aBHUCHMBIX
HepEMEHHBIX B MOJIENH (B psJie CIIydaeB MONAraeTcs, 4ro ¢, , — cBoOO-
HBIA wieH u X, = 1).

B BexTOpHOM BHIE 3Ta MOJEIB 3amuchiBaeTcs Tak [131]

Y=Xa+e¢, (1.39)

T T
raie Bekrop Y =(y,,V;,...,y,) u Bektop o =(a,,0,,..,x,)-
COOTBETCTBCHHO BEKTOPHI 3HAUCHHM 3aBUCUMON MTepeMEHHON U K03 du-
[IUEHTOB MOJIENN, MaTpHIa mopsaka(nxN);
X5 X120 Xy
X = — MaTpHIla HE3aBUCUMBIX MTEPEMEHHBIX;

Xn1sXn2s Xy
T o
g =(&,&,,...,€,) — BEKTOP CIy4aiHbIX OLIHOOK.

HewusBectHble K03()(UIUEHTH! MOICTH HAaXOAATCS U3 YCIOBUS MH-
HUMyMa (YHKIHOHANIA PACCOTJIACOBAHMMA, KOTOPBIM MpeACTaBIsIeT COO0H
CyMMY KBaJpaTOB pacCOIIaCOBaHUH pEaJbHBIX 3HAYCHUH 3aBHCUMOMN
NepeMEHHON U 3HaueHHH. B BekTOpHOM BuAe (yHKLHMOHAN Paccoryiaco-
BaHWH 3aIMCBIBACTCS KaK.

@ =(Y-Xa) (Y- Xa) > min.
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YcnoBus MuHUMYMa @ peann3yroTcs PU PaBEHCTBE HYJIIO MEPBBIX
MPOU3BOIAHBIX (DYHKI[MOHANA IO HEU3BECTHBIM KO3 (PUIIMECHTaM, T. €.

6—(15:0;1':071 (1.41)
o,
JlaHHOE YCJIOBHE SKBHUBAJICHTHO BBITIOJIHEHUIO BEKTOPHOTO COOTHO-
wenns X' X = X"Y, 4ro pgaer 3HaueHWs OLEHOK KOA((HUIMEHTOB
MOJICITH

a=(x"x)"x7y. (1.42)

HanexxHOCTh MOTy4aeMoil ¢ IOMOIIBIO OLIEHOK 0 MOJIETH OIpesens-
€Tcs C IOMOIIBIO BEJTMYMHBI OCTATOUYHOW IUCIIEPCUH, KOTOpPAask BHIUYUCIIS-
eTcs 1Mo opmyIe

o’ = ;Tg - ! [YYT—YTX(X’X)’IXTYl (1.43)
—-n —n

1 K03 GUITHEHTa MHOKECTBEHHON KOPPEISAIINN, BEIYUCIIEMOTO 10 op-
MyJie

(1.44)
D)

Dn+1)nt1)- aredpandeckoe AOIONHEHHE ONPEAEIUTENs KOPPEIIIUOHHON
MaTpULEl 7 = ”[x,-x,-]a(ia j= 071) K snemeHty r, . Bennmunna R? - mHO-
JKECTBEHHBIH KOXQQHUIMEHT AeTEpMUHALINK; OHA MOKa3bIBACT, KaKas J10-
75l nucnepcud GYHKUMH OOBSCHSETCS M3MEHEHHSIMHU BXOAALIMX B YpaB-
HEHHE PETPECCHU HE3aBUCHMBIX NEPEMEHHBIX IPU MOIYYCHHBIX 3Hade-
HUSX KO3 dunueHToB Mozaenu. HanexxHocTs k0dddumenTa MHOXKeCT-
BEHHOW KOppENALNH ONpenensieTcs o kputepuio Oumepa

F_RZ(N—I’I—I) (145)

T (1=R)n-1)

Inpu 3aJaHHOM YPOBHC HAaJACKHOCTU U CTCIICHU CBO60,[[BI vV, =n, v, = N-

n. Hanuuue cBs3u MCKAY 3aBHCUMOI HepeMCHHOﬁ Yi 1 HC3aBUCUMBIMU
IMEPEMCHHBIMHU X;; OIIPCACIIACTCA C IIOMOINBIO KOB(I)(l)HLU/ICHTOB KOppeisa-
85851
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Lo Sw (1.46)

yxi [a?2 o2
S }pfo[xi

rae Sixi;S)zy;Sfixk TR KO:‘)@@)HHHeHTBI KOBapI/IaHI/H/I’ OHpeHeHHeMBIe o
bopmyie
& _
2 =—> (v, % Jo, - %) (1.47)

rIe X;,X, - CpeIHHE 3HAUYCHUS HE3aBHUCHMBIX NIEPEMEHHBIX X, U X, . Jlo-
BEpUTENbHBIC MHTEPBANbI Z1, Z, I Ko3pduLIHeHTa KOPPEISILUT Ope-
JEISI0TCA KaK

U
le :arcthiié_éj (148)
’ N-3 2(N-1)

me y%-%_, - MPOIIEHTHIIL HOpMasTbHOTO pacnpeneneaus N (0, 1) ¢
2 2

HYJICBBIM CPEHUM M CIMHUYHOW JMCIEpPCHEH, z - mpeodpa3oBaHue Du-
mepa, onpenensieMoe mo ¢popmye [16]

2, =Lt (1.49)
2 1-r

xixk
th z - runepOomMyecKknii TaHTEHC apryMEHTa Z, BRIYUCICHHBIA 110 (hop-
MyJie

thz=5"¢_. (1.50)

Hcrnanoe 3HaueHne KodDUIEeHTa KOPPEISAIUA 3aKITI0YCHO B TIpe-
aenax thz <r,, < thzz. [ns ompeneneHuss HaAECKHOCTH OLICHOK

CTPOMTCS IOBEPHUTEIbHBIM MHTEPBAN Ul MOJYyYEHHBIX OLEHOK & KOd(-
(UITMEHTOB MOJICITH

a-a|<t, 0\c; (1.51)

rae t,, — 3HaueHus Kpurepus CTBIOAEHTA C yPOBHEM HAJEKHOCTH P U

crenensMu cBoGoasl v = (N —n—1)0 = o’ (o’ onpenensiercs 1o ¢op-
. o T v Y!

myJe (6)), ¢;— i-if AuaroHa bHbIH dmeMeHT MaTpuiel (X X ) . TToatomy
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HMCTUHHOE 3HaueHNe Kodddummenta a, Monenu OyIeT jJekaTh B HHTEPBa-
e
a, —t,, 04, <o <& +t, 04, (1.52)

Hcnonp3oBaHue BRIYACIUTEIHHON MPOIEIypPhl 0 METOAY HAaNMEHb-
IIMX KB3JPATOB C IEJIbI0 MOJIYUYCHHS OICHOK KOA(P(MHUIIMSHTOB MOJCIN

O?i(i =0,n), KOTOpbIE yIOBICTBOPSIIA Obl YCIOBHSM HECMEIICHHOCTH,

COCTOSTENBHOCTH, 3((EKTUBHOCTH, TNPEAINOJIAraeT BBITOJHECHUE psja
ycioBuid. PaccMOTpuM 3TH yCloBus:

— HE3aBUCUMBIC TICPEMEHHBIC TPEICTABIAIOT COOOW HECITyJalHBIH
Ha6op qucell, uX Cp€aAHuC 3HaYCHUA U JUCIICPCHUU KOHCYHEI,

— Clly4aiiHble OUIMOKH &; - MMCIOT HYJIEBYIO CPEIHIO M KOHCUHYIO

JUCTIEPCHUIO
M(gj)=O;M(8j£j)=of,<oo (1.53)

— MEXAY HE3aBHUCUMBIMU [IEPEMEHHBIMH OTCYTCTBYET KOPPESLUSI U
AaBTOKOPpPENALUS;

— ciydaiiHas omrOKa He KOppEJTUpOBaHHA C HE3aBUCUMBIMHU Tiepe-
MEHHBIMU;

— ciydaiiHas ommOKa MOJYMHEHAa HOPMAIbHOMY 3aKOHY pacIiperie-
JICHUSL.

Kpome Toro, Mo>xHO BBIIEIHUTH YCIOBUE OTCYTCTBHSI MYJIBbTHKOJUIM-
HEApHOCTHU, KOTJ1a HECKOJIBKO HE3aBUCUMBIX IIEPEMEHHBIX CBSI3aHbI MEXK-
Iy co0O TUHEHHOM 3aBUCHMOCTBIO, H YCIIOBUE TOMOCKEIACTUIHOCTH, T.
€. OJIMHAKOBOW JUCIIEPCHUH JJIS BCEX CIydYailHBIX OHIMOOK. BaxkHBIM sB-
JIIETCSL YCIOBHE JTHUHEHHONW (hOPMBI CBSI3W MEXKIy 3aBHCHMOM W HE3aBHU-
CHMOH TepeMEHHBIMH. 3aBHCHUMOCTH JOJDKHA OBITh MMEHHO JIMHEHHOM
WJIM CBOJIUMOM K TUHEWHOM C MMOMOIIIBIO HEKOTOPBIX MPEoOpa3oBaHuil.

Ho wHorma nccnemyemslii mporecc He MOXKET OBITh CBEICH K JIMHEH-
HOW 3aBUCHMOCTH HHUKaKUMHU MTPeoOpa30BaHUSIMH, KaK, HAIPUMED, B CITy-
yae JIOTUCTUYECKOM 3aBUCUMOCTH. Torjga MCHIONB3yeTCsl psl METOJOB,
HaIlpuMep, METOJ, CUMILIEKCOB. JIaHHBIM METOJ OTIMYAETCSl CPABHUTEIb-
HOHM TIPOCTOTOM, JIETKOH peanm3yeMocThio Ha DBM, 3¢ ¢heKkTHBHOCTEIO
MIPH OTIPEACICHUH OILICHOK KO3 (MHUIIMEHTOB MOICIIH.

BaxxHoi1 XapakTEpUCTUKON peaIn30BaHHON MOJIENH SBJISIETCS OLICHKA
omuOKu mporHo3a. Tak, B [55] mpennaraeTcst cieayromas OIeHKa IFcC-
MEepCUHU MPOTrHO3a
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t+1 t+1

ol =cl+ X (X" X)"x,.], (1.54)

rae X,,, - BEKTOp 3HAUCHHWIl HE3aBHCHMBIX NEPEMEHHBIX B MOMEHT

(t + 7). TlooTOMY MOBEpPHUTENbHBIN WHTEPBAI ISl 3HAUCHUM 3aBHCHMOM

MepEeMEHHON OTIIPENIEIIAETCS B MOMEHT t Kak

Y, +1,,0, \/1+t11X,T(X,TX, )'x, (1.55)

rae I - enuHnuHbIi cTonben; t,, - 3HayeHne kputepus CrbrofeHTta. B [14]
Haxoautcst Oonee d(h(eKTUBHAS OlEHKA IOBEPUTEIEHOTO WHTEpBaia A
MPOTHO3HBIX 3HAYEHUN

- X[ X
th+r it}i,vaﬂ»r I+ rl = — ’ (1‘56)

t+7-1 XX,

BaXHBIM yCIOBHEM IMOJIyYeHHS HAICKHBIX OLEHOK JUIsI MOAETH IO
METO/y HaMMEHBIINX KBaJpPaTOB SIBIISIETCA OTCYTCTBUE aBTOKOPPEIIILIUY.
Ornenka aBTokoppensauu st noayuyeHHod no MHK mozpenu ocymiects-
nsieTcs o kputeputo lapounra — Yorcona [73, 16]

E

(8t+l - g;)

d="7 , (1.57)
2.8
t=1

rae T - MHa BpEMEHHOTO psia.

[lomyuenHoe pacueTHoe 3HaueHWe d CpaBHHUBaeTCS C HWKHEH W
BepxHeW rpanuteit d, u d,, kpurepus. Ecim d < d;, To rumore3a oTcyTCT-
BUsI aBTOKOPPEJIAILIUU OTBepraercs; eciu d > dp, TO TMIIoTe3a OTCYTCTBUS
aBTokoppensaiuu npuHumaercs; eciim d;< d < d,, To HEOOXOIUMO JTANTb-
Heliimee uccnenoBanne. OIHUM W3 HM3BECTHBIX CIIOCOOOB YMEHBIICHUS
AaBTOKOPPEJSIIIMM  SIBIISIETCSI  aBTOPErPECCHOHHOE MpeoOpa3oBaHHe s
UCXOAHON MH(OpPMANMK WIM TepeXxoi K pasHocTsM, T. €. AY =Y -Yy
AX=X1-X;. Ecnu ke aBTOKOppEIALHI0 YCTPAHUTh HE yAAeTCs, TO IO-
JydeHHBIE OLEHKH CUYHUTAIOTCS COCTOSITENHHBIMH, M CpEIHEKBaIpaTHde-
CKO€ OTKJIOHEHHE KOPPEKTHPYETCS Ha BEIWYMHY Aj s j-ro KO3pHHUIu-
eHTa.
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(1.58)

rIe 1) - Ko3QGUIHEHT aBTOKOPPEIISIIUN CITy4aiHBIX CIIaraeMbIX IMEepPBOTO
nopsanka; Rij - koappuiuenT aprokoppenauuu Ui j-ii He3aBUCUMOIL Te-
PEMEHHOM MepBOro MopsaKa.

I[pyrl/IM YCII0BUEM, HCOGXOIII/IMLIM A TIOJTYYCHUA COCTOATCIBHBIX
OIICHOK, SIBJISIETCSI OTCYTCTBUE MYJIBTUKOJUIMHEAPHOCTH. JleMCTBUTENBHO,
MpH HAIMYUA MYJIbTHKOJUIMHEAPHOCTH OIPEEUTENb KBaJpaTHOW Mart-

purtst [ X7 X ] paBen wiu GIH30K HyJIIO, CIEI0OBATENHHO, MATPHIA BbI-
POXIEHa, M IMOITOMY pEIICHUS CHUCTEMBbl HOPMAaJbHBIX YPAaBHCHHUH HE
CYIIECTBYET.

O dexTUBHBI NOAXON K ONPEOeNCHUI0 MYJIbTUKOJUIMHEAPHOCTU
IpeAroaraeT CAeAyIoIly0 IOCIeN0BaTeNnbHOCTh pacueros. [lycTs pac-
cMaTpHBaeTcs ypaBHeHHe perpeccuu y=f(Xy, ..., X,). Torna s BblsBie-
HUS CYIIECTBOBaHUS MYJIbTUKOIJIMHEAPHOCTH TPEAJIaraeTcsi KpUTepHii

7= —[N—l—é(zn +5)}1gﬂ)?f)?] (1.59)
rae ‘)? "X ‘ - ONpENEIUTENb MATPHIIEI [)N( D' ]), HUMEFOIIHIH aCHMITTOTH-

1
yeckoe pacnpenenenue [Tupcona ¢ En(n—l) creneHsMu cBoboasl. B

dbopmyne (16) N — uncimo HaOMIOAECHUH TT0 KAXKIOMY TIEPEMEHHOMY, N —
YHCJIO HE3aBUCHUMBIX NEPEMCHHBIX, MaTpUlia X BKJIIOYAET 3HAYEHMS Iie-
PEMEHHBIX, TIPe00Pa30BaHHBIX IO (opMyJie

=5 X, — X,
X, =N, (1.60)
ik Slm

rae S;, X, — COOTBETCTBEHHO OLCHKU CPEIHEKBAJPATHYECKOTO OTKIIO-

HEHUS W CpelHee 3HAYeHWe U i-i He3aBHCUMOU mepeMeHHOH. Jlamee
BBIYUCIAOTCA BECIINYNHBI

_(®x), (1.61)
7x

i

KOTOPBIC NMPHU HCKOJUIMHCAPHOCTH IIEPEMCHHBIX 0Iu3KH CANHUILIC, a TIpU
HaJIMIUU MYJIbTUKOJUIMHCAPHOCTHU ONMM3KU K 6CCKOHC‘IHOCTI/I, 4TO HacT
OCHOBAHHE OCTaBHUTH HIIH 0T6p0CHTB MOKa3aTeJyib X, 4YTO OIPCACIIACTCA

38



_I)N—l’l

CTaTHCTHKOH =(d , UMeeT pacnpeaenenne Puiiepa ¢

u

n—1
vy =N-n n v, =n-1 crenensimu cBoboznpl. CymiecTByer emme psn

CIoco0OB OmpeieNieHHs] MYJIBTHUKOJUIMHEAPHOCTH, B 1ensax ycrpaHeHus
WIN YMEHBIICHUS €€ MOXHO INEPeXOJUTh K PAa3HOCTAM ISl MCXOIHOM
WHPOPMAaINH, WCIONb30BaTh MeTo[] (aKTOPHOTO aHalIM3a WM METOJ
TJIaBHBIX KOMIIOHEHT.

[TomyyeHne MPOTHO30B € MOMOIIBI0 MHOTO(AKTOPHBIX PETPECCHOH-
HBIX MOJIeNICH TMpermonaraeT HeM3MEHHOCTh 3HAYCHUH KOA(QHUINEHTOB
9THX MoJeneil Bo BpeMeHH. TeM He MeHee, B IpOLEcce UCCIeIOBaHUS
00BEKTa BO3MOXKHO MOSIBICHHE HOBOWH MH(OPMAIMH, YTO MO3BOJIIET C
MIOMOIIBIO PEKYPPEHTHOTO OICHWBAHHS KOPPEKTHPOBAThH 3HAYCHHUS OIIe-
HOK K03(¢uureHToB Mojaeneil. B To xe Bpems ucxonHas nHpopMaLus
MOXKET CO/IepXKaTh B ceO¢ pa3InyHble AMHAMUKN M3MEHEHUS HE3aBUCH-
MBIX NT€PEMEHHBIX, KOTOPbIE BO3HHKAIOT B PE3yNbTaTe Pa3IMYHBIX «pe-
JKUMOB» (YHKIIMOHHPOBAHMS HCCIENyeMOro oobekra. B 3rtom ciyuae
Ba)KHBIM SIBJIICTCS, KaK caM (DaKT yCTAHOBJIICHUS Pa3iIHMyMs AMHAMUK IIPO-
IIECCOB Ha Pa3HBIX BPEMEHHBIX MHTEPBAJaX, TaK U BBIOOP TAaKOTO MHTEP-
Baya JJIsl MOCTPOSHHS HA HEM MOJIENU NPOTHO3UPOBAHMS, KOTOPBIA ObLI
Obl Hambomnee afeKBaTHBIM OyaylieMy HoBeAeHuio oOwvekTa. Ecnm oka-
3bIBAaeTCS, YTO JUISl OJHOTO MHTEpBAJla BPEMEHM ITOCTPOEHa MHOTO(daK-

m
TOpHas MOJEIb y, Zz%xi= a Uil Jpyroro HWHTEpBajia - MOJEINb
i=1

m

v, = zaﬂxl, , TI€ @, # a;,, TO IPOTHO3 OyIET CMEIIEH, a, CIIEI0BATENb-
i=1

HO, PE3KO BO3paCTaeT AUCIEPCHS IPOTHO3A.

IlocTpoeHue aneKkBaTHBIX PETPECCHOHHBIX MOJENEH IUIA Leiei mpo-
THO3UPOBAHUS C TIOMOIIBIO METOJIa HAMMEHBIIIUX KBAIPAaTOB MPEIbSBIIS-
€T K UCXOJHOU MH(OpMaIny BechMa KeCcTKie TpeOoBaHud. B psame ciy-
YaeB 3TU TpeOOBaHUS Ui pealbHbIX HAONIONEHUI OKAa3bIBAIOTCS HEBBI-
TIOJTHEHHBIMH, MOSTOMY IOJy4aeMble OLIEHKH OKa3bIBaloTCsi Hed(pgek-
TUBHBIMH, a TPOTHO3 — HEIOCTOBEPHBIM. JleHCTBUTENHHO, TpeOOBaHHE
HOPMAJNBHOCTH pacTpeieNieHus] OMHMOOK, MPEIbIBIIEeMOe K HCXOTHOU
nHGpOPMAIMH MPOIEAYPOH METO/Ia HAMMEHBIIINX KBAAPATOB, B OOJIBIIIOM
YHUCIle CIlydaeB OKa3bIBaeTCs HEBBINIOJHEHHBIM. Tak, roBoputcs: «Hop-
MaJbHOCTH — 3T0 MH(. B pearpHOM Mupe HEKOTAa He ObUTO U HUKOTIA He
OyaeT HOpMaJIbHOTO pacripeneneHus». [loaromy B mocneaHee BpeMs HH-
TEHCUBHO pa3padaThIBacTCsS HOBOC HAIPABICHUE B CTATUCTHKE — TaK Ha-
3pIBaeMasi poOacTHas CTATHUCTHKA, 3ajada KOTOPOH B TOM M COCTOWMT,
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4TOOBI MTONTy4aTh 3¢ (HEKTUBHBIE OLIEHKN B CIIyYasXx HEBBITOJHEHUS HEKO-
TOPBIX MPEANOCHUIOK, HAIPUMEP, HOPMAILHOCTH paclpeeICHUs], HaIu-
4ysi aHOMaJNbHBIX HaOmroneHuil. lcmonp3oBanrne poOACTHBIX METOIOB
MONTyYeHNs] CTAaTUCTHYECKUX OICHOK Ui WH(OpPMAINH, COAepIKalien
aHOMAJIbHBIE «BBIOpAHHBIC» HAOIIOJACHUS, MO3BOJSICT 3HAYUTENIBHO IIO-
BBICHTh HAJIC)KHOCTH TOJIy9aeMBIX OIICHOK MO CPABHCHHUIO C OOBIYHBIM
METOJIOM HAaUMEHBIITUX KBAIPATOB.

1. B uem cocmoum cyms KoppensayuoHHo2o ananuza?

2. Kaxkyio ponb 6 KoppenrsyuoHHoM ananuse uspaem oyeHka noxasameineil
F-cmamucmuxu Quwepa u t-cmamucmuxu Cmorooenma?

3. B uem cocmoum npobrema myremuxoniuneapHocmu?

4. Yem sampyonen npoyecc nocmpoeHus a0eK8amnvlx nPoSHO308 HA OC-
HOBe pecpeccUuoHHbIX Mooenel?

1.4. Mopenun cTanMOHAPHBIX BPEMEHHBIX PSII0B
U UX WIeHTH(PUKAIUS

3nmecs paccMmarpuBaeTcs HaOOp JTWHEHHBIX HMapaMEeTPUIECKUX MOJE-
neil. Peub 31ech uaeT He 0 MOJEJMPOBAHUM BPEeMEHHBIX PSAOB, a 0
MOIEJTMPOBAHUY HUX CIYYAWHBIX OCTATKOB &, MOJIYYAOIIUXCH TOCTIe
3JIUMUHMPOBAHMSA (BBHIYMTAHUS) U3 UCXOAHOTO BPEMEHHOr0 psiia X;
ero Hecjay4daiiHoil cocraBiasiiomeil (tpenaa). CreqoBaTenbHO, B OTIH-
YHe OT MPOTHO32, OCHOBAHHOTO Ha PETPECCHOHHON MOIENH, WTHOPH-
pyromero 3Ha4€HuA CHy‘IﬂﬁHBIX OCTaTKOB, B ITPOIrHO3C BPEMCHHBIX PA10B
CYIIECTBEHHO HCITONIb3YETCS B3aMMO3aBUCUMOCTh U MTPOTHO3 CaAMUX CITY-
YalHBIX OCTATKOB.

Beenem o6o3naueHms. Tak Kak 37eCh ONMUCHIBACTCS MOBEACHHE CITY-
YalHHBIX OCTAaTKOB, TO MOJICIHPYEMBIH BPEMEHHOU psAIl 0003HAYHMM &, U
OyzeM monmarath, YTO MPH BCEX ! €r0 MaTeMaTHYECKOE OXKUAAHUE PABHO
HyJIO, T.e. E& = 0. BpeMeHHbIEe MOC/IeI0BATEIHHOCTH, 00pasylomme «oe-
JIBIA TITyM», 0003HAYNM O,

OnucaHne ¥ aHaJIN3 pacCMaTpPUBACMBIX HW)KE MoAeield QpopMyIupy-
eTCsl B TepMHUHAX OOIIEro JTMHEWHOTO MpoIlecca, MPeACTaBUMOTO B BHUJIC
B3BEIICHHOW CYMMBI HACTOSIIETO M MPOIUIBIX 3HAYSHUH OeJI0ro myma, a
HUMCHHO

g = Zﬂk(sxw (1.62)
k=0
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roe f=1u Zﬂkz < 0,
k=0

Takum 00pa3oM, OeJblil IIyM MpencTaBisieT co0OW CEepUI0 UMITYJIb-
COB, B IIUPOKOM KJIacCe peajbHbIX CUTYalUil TeHEPUPYIOLINX CIy4aiiHbIe
OCTaTKH UCCIIElyeMOro BPEMEHHOTO psiza.

BpemenHO# psin & MOXHO MPENCTaBUTh B SKBUBaJIeHTHOM (1.62) BH-
Jie, IpY KOTOPOM OH TOJIy4aeTcd B BUJIE KJIACCUUECKOMN JIMHEHOW Mojie-
T MHO>KECTBEHHOH perpeccuu, B KOTOPOH B KauecTBE OOBACHSFOLINX
MEPEMEHHBIX BBICTYIIAIOT €r0 COOCTBEHHbBIC 3HAYCHHS BO BCE INPOILIBIC
MOMEHTbI BpEMEHHU

&g = Zﬂ-k‘gx—k +9,. (1.63)
k=1

ITpu sToM BecoBble KO3()PUIMEHTH 7;, 7, ... CBA3aHBI ONpPEICIICH-
HBIMH YCJIOBHUSIME, 00€CIIEUMBAIOIINMHU CTAIlMOHAPHOCTh psima &. llepe-
xon ot (1.63) k (1.62) ocymiecTBisieTcss ¢ TOMOIIBIO MMOCIIEA0BATENLHOM
MOJICTAaHOBKH B MpaByto 4yacTh (1.63) BMECTO &_;, &-,... UX BBIPOKCHUH,
BBIUMCIIEHHBIX B COOTBETCTBUU C (1.63) 1 MOMEHTOB BpemenHu {—/, -2
U T.1.

PaccMoTpuM Taxske MpoLecc CMEIIaHHOTO THUIA, B KOTOPOM IPHUCYT-
CTBYIOT KaK aBTOPErpPECCHOHHBIE YJIEHBI CaMOT0 IpoLecca, TaK M CKOJb-
3d111ee CyMMHPOBaHHUE HJIEMEHTOB O€Joro Iryma

U
M "~

q
T 0+ D BiS, (1.64)
Jj=1

b
Il

1

Bynem noapasymeBaTh, 4TO p U ¢ MOTYT MPUHAMATh U OECKOHEUHBIC
3HAUCHUA, a TAKKE TO, YTO B YACTHBIX CIIy4dasAX HEKOTOPLIC (I/IHI/I Jaxe
Bce) KO3 GOUIIUEHTHI 77 WK f paBHBI HYJIIO.

1.4.1. Mopaean aBroperpeccuu nopsiika p (AR(p)-monenn)
PaccmoTtpum cHavana npocTeiiire 9acTHbIE CITydau.
Mopens aBroperpeccun 1-ro mopsigka — AR(1) (MapkoBCkuii mpo-

1ecc). JTa MOJAeNb MPEACTaBIsieT CO00M MPOCTEHINIT BApUAHT aBTOPET-
peccuonHOro mpoiuecca tuna (1.63), koraa Bce KOAPGUIIMEHTB KpOME
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MepBOTO paBHBI HyJ0. COOTBETCTBEHHO, OHA MOXET OBITH OIpeneicHa
BBIPpa)XKCHUECM
&= ag+ 0o, (1.65)

re @ — HEKOTOPBIH YMCIIOBOM KOA(D(GUIMEHT, HEe MPEBOCXOSIIUN 110
abconroTHO# BenuuuHe eqununy (o < 1), a & — MOCIEIOBATEILHOCTh
CIIy4JalHBIX BEIMYWH, oOpasyromas Oenblil mrym. Ilpu 3ToM & 3aBHCHT OT
O ¥ BCEX TIPEIIIECTBYIOMUX O, HO HE 3aBUCUT OT OyAyIIUX 3HAYECHUH O.
CooTBeTcTBEHHO, B ypaBHeHHU (1.65) & He 3aBHCHUT OT &_; U Oonee paH-
HUX 3HAa4YCHH & B CBs3u ¢ 3TUM, & Ha3bIBalOT WHHOBalUel (OOHOBIE-
HUEM).

[MocnenoBaTensHOCTH &, YAOBIETBOpPSIOIINE COOTHOImEHUIO (1.65),
YacTO HAa3BIBAIOT TAKXKE MAPKOBCKUMH ITPOLIECCAMH.

Mopenu aBtoperpeccuu 2-ro nopsiaka — AR(2) (mpoueccer FOma).
Ota mogenb, kak 1 AR(1), nmpencraBusier co0oil YacTHBIN cirydail aBTO-
PErpeccuOHHOrO0 Npolecca, Korjaa Bce KodQQUIMEHTHI 7T B IPpaBoil 4acTu
(1.63) kpome MepBBIX ABYX, paBHBI HyIt0. COOTBETCTBEHHO, OHA MOXET
OBITH OTIpe/IeIcHA BBIPAKCHUEM

& = Q€1 T O& o + Oy, (1.66)

/1€ TIOCIIEIOBATELHOCT 1, Os,... 00pa3yeT OCbIi IIyM.
YcnoBus crammonaprocT psina (1.66) (HeoOXoauMble W IOCTaTOY-
HBIC) OTPEIIEIISIOTCS KaK

] <2, (1.67)

a, < 1—‘0(1‘.

B pamkax obmieif Teopun Mojeneil Te ke camble YCIOBHUSI CTaIlHO-
HapHOCTH TOJYYaloTcsl U3 TpeOoBaHWs, YTOOBI BCE KOPHH COOTBETCT-
BYIOILIETO XapaKTEePUCTUUYECKOr0 YPaBHEHHUS JIeXKaIl Obl BHE €TUHUYHOTO
Kpyra. XapakTepUCTUIECKOE YpaBHEHHUE JUISI MOAEIH aBTOPETPECCUH 2-

2
ro nopsiaka umeeT Bua: 1 —az —a,z” = 0.
ABTOKOppensunonHas (GyHKnus npouecca FOma MOACYMTHIBAETCS

crnenyromuM obOpasom. JlBa mepBeix 3HadeHus r(1) u r(2) ompenencHbI
COOTHOIICHUSIMH
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r(1)= % ,
l-a, (1.68)
2

r2)=a, +

l-q,
a 3HaueHus 1y 1(t), T = 3, 4,... BBIYHUCISAIOTCS C IIOMOIIBIO0 PEKYPPEHT-
HOT'O COOTHOLICHUS

r(t) = oyr(t — 1) + or(t — 2). (1.69)

Monenun aBroperpeccun p-ro nopsaka — AR(p) (p = 3). Otu monenu,
00pasyst MOJAMHOXKECTBO B Kjlacce OOIIMX JIMHEHHBIX MOJENCH, CaMH CO-
CTaBJIAIOT JOCTATOYHO INMPOKHI Kiacc Monenei. Eciau B oOmieit nuHei-
HOHi mozenu (1.63) monarate Bce mapameTpsl Tj, KpPOME IEPBBIX P KOd(-
(UITMECHTOB, PaBHBIMU HYIIIO, TO MBI IIPUXOAMM K ompesencHuto AR(p)-
MOJIEIH

)4
€,=Zaj€t_j+5,, (1.70)
j=1

i€ T0CIeA0BAaTEIbHOCTD CIlyYalHBIX BEJIMUHUH O, O),... 00pa3yeT Oemblid
LIy M.

VYCnoBusl CTaMOHAPHOCTH IIPOILIECCa, T'CHEPHUPYEMOTO MOJEIBIO
(1.70), Takke GOpMYIUPYIOTCS B TEPMUHAX KOPHEH €ro XapakTepHCTH-
YEeCKOr0 ypaBHEHUS

2
l —oz— oz —...— 0,z = 0. (1.71)
Jlns cTalMoHapHOCTH TPOoIecca HEOOXOIUMO M JIOCTATOYHO, YTOOBI

BCC€ KOpHU XapaKTCPUCTUUCCKOI'O0 YPAaBHCHUS JICIKAIN OBI BHE CINHHUYHO-
ro Kpyra, T.c. Ip€BOCXOAUIIN OBI 1O MOAYJIIO €ANHHULY.

1.4.2. Moae/u CKOJIB3SI1IEr0 CpeHero nopsiaka q
(MA(q)-monxenn)

PaccMoTpumM wacTHEIN ciyuait obmiero nuHeiliHOTo Tporecca (1.62),

KOT/la TOJIBKO IIE€PBBbIE ( M3 BECOBBIX KOI(PQUIMEHTOB [3; HeHyneBble. B
3TO ClIydae MpoIecc UMeeT BUJ
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&~ Bt - 618&1 — 92&,2 —.. 9q5t7q, (172)

rae CUMBOJIBI —0i,..., 04 HCHIOMB3YIOTCA A1 0003HAYEHUs KOHEYHOIO
Habopa mapaMeTpoB 3, yuactByromux B (1.62). [Ipomecc (1.72) Ha3biBa-
€TCSI MOJICTTBIO CKOJIB3SIIEro cpearero nopsaaka q (MA(Q)).

JBoticTBeHHOCTh B mpeactaBieHnu AR- u MA-moneneit U moHsATHE
obparumoct MA-moznenu. 13 (1.62) u (1.63) BUIHO, 4TO OJUH U TOT KE
oOmIwii TMHEHHBIN TpoIIecC MOXKET OBITh IpeACcTaBlieH Tu00 B Buie AR-
MOJeN OECKOHEYHOTO MOopsiAKa, 100 B Buae MA-Moenn OeCKOHEUHO-
T0 MOpsAKa.

CootHomrenue (1.72) MoxeT OBITh TIEPETIHICAHO B BHJIE

St =&t + 61&,1 + ezst,z +. . .+ eqSt,q. (1.73)
Otkyna

6t =& — M &1 — MrE—2 —..., (174)

riae kodbduiuents 7j (j = 1, 2,...) onpeaeneHHbIM 00pa3oM BbIPaXKaroT-
cs uepe3 mapamerpsl 0y,..., 0. CooTHomenue (1.74) MoxeT ObITH 3amu-
CaHO B BHJE MOJIEIIH aBTOPErPECCHH OECKOHEYHOro MOpsaKa (T.e. B BHIC
00paIIeHHOTo Pa3IOKECHUS)

g = 27(/.8[7/. +9,. (1.75)

j=1
U3BectHO, uTO ycnmoBue oOpaTumocTt MA(q)-Moaenu (T.e. yclaoBue

o0
CXOIMMOCTH psijia Zﬂj ) dopmynupyercs B TepMHUHAX XapaKTEPUCTH-
Jj=1
4ecKoro ypaBHeHHs Moaen (1.75) cneayromum od6pazom.
Bce KOpHU XapaKTEepUCTHYECKOTO YpaBHEHHUS

1-6z—- (9222 — = 6’qu =0 JOKHBI JIeKaTh BHE €IMHHUYHOTO KpyTa,
T.e. |z|>1 s Bcex j=1,2,..., q.

Bzanmocss3pb nporeccoB AR(q) u MA(q). Cnenaem psij 3amedanuii o
B3aMMOCBSI3SIX MEXIY MPOLIECCAMH aBTOPETPECCUN M CKOJIB3SIIIErO CPe/I-
HEro.

JI1s1 KOHEYHOTO TIpOoIecca aBTOPETPECCHHU TOPSIKa P O; MOXKET OBITh
MIPEJICTABIIEHO KaK KOHEYHas B3BEIICHHAs CyMMa IMPEIIISCTBYIOMINX &,
WIH & MOXET OBITh MPEJCTaBIeHO KaK OeCKOHEYHas CyMMa IpeAIIecT-
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Bytonmx O. B To e BpeMs, B KOHEYHOM IPOIECCE CKOMB3AIIETO CPEaHE-
TO TOPSIIKA ( & MOXET OBITh MPEJICTABICHO KaK KOHEYHAsl B3BCIICHHAS
CyMMa MPEANICCTBYIONMX O WJU O, — KaK OCCKOHEYHAas B3BCIICHHAS
CyMMa MPE/IIeCTBYOIIUX €.

Koneunsrii nporiecc MA uMeeT aBTOKOPPEISAIMOHHYIO (PYHKIIUIO,
00pAaIIAOIIYIOCS B HYJb MOCIEC HEKOTOPOH TOYKH, HO TaK KaK OH SKBHBa-
JICHTeH OeCKOHEUHOMY mpoleccy AR, ero yacTHast aBTOKOPPEISALIMOHHAS
(GyHKIMsT OECKOHEYHO MPOTsHKEeHHAs. [ TaBHYIO pOJib B HEHl UTparoT 3aTy-
XamoIIUe SKCIMOHEHTHI W (WMJIM) 3aTyXarollue CHHycouasl. I Hao0opoT,
mporecc AR mMeeT 4acTHYIO aBTOKOPPEIIHOHHYIO (YHKITHIO, 00pa-
HIAMOIYIOCS B HYJIb TIOCJI€ HEKOTOPOH TOYKH, HO €r0 aBTOKOPPEIISIIHOH-
Hasi (YHKIMSI IMEET OCCKOHEYHYIO MPOTSKEHHOCTh U COCTOMT W3 COBO-
KYITHOCTH 3aTyXalOIIUX SKCIIOHEHT M MJIH 3aTyXalOIIUX CHHYCOHI.

[TapaMeTpbl mpoliecca aBTOPErPECCUH KOHEUHOTO TIOPSIIKA HE JOJIK-
HBI YJIOBJICTBOPATh KaKUM-HHUOYIb YCIOBUSAM JUIS TOTO, YTOOBI TpoIlecc
0BT cranmoHapHbIM. OHAKO U TOTO 4TOOBI Tiporiecc MA Obi 00Opa-
THMBIM, KOPHH €r0 XapaKTePUCTUYCCKOI'0 YPaBHEHHUS IOJDKHBI JICXKATh
BHE CIMHUYHOT'O KpyTa.

CriekTp mporecca CKOJNB3SIIEr0 CPEIHEro SBISCTCS OOpPaTHBIM K
CIIEKTPY COOTBETCTBYIOIIETO MIPOIECCa ABTOPETPECCHH.

1.4.3. ABTOperpeccHOHHbIE MOJEJH CO CKOJIb3AIIUMH
cpeaHumu B octatkax (ARMA(p, q)-Moaenn)

[Ipencrasnenue mpouecca Tua MA B Buje Tpoliecca aBTOperpeccuu
HEIKOHOMHYHO C TOYKH 3PCHUS €ro mapaMeTpu3aluu. AHAJIOTUYHO MPO-
necc AR He MOXkeT ObITh 3KOHOMHYHO IIPENICTABIICH C MTOMOIIBIO MOJIEIN
CKOJIB3AIIero cpemnero. [loaToMy i mMONydeHHS KOHOMUYHOW Iapa-
METpHU3allii MHOTAA OBIBACT IEIECO00pPa3HO BKIIOYUTH B MOJENb Kak
YIIEHBI, ONMCHIBAIOIINE aBTOPETPECCHIO, TaK M UICHBI, MOJACTHPYIOIINE
OCTaTOK B BHIE CKOJNB3AIMIETO CpeaHero. Takue JIMHEWHBIC MPOIECCHI
HMEIOT BH

=g t... T 0pEp T O — 0181 —...— 03014 (1.76)

1 Ha3bIBAIOTCA MPOLCCCaMU aBTOPETPECCUN — CKOJIB3AIICTO CPEAHETO

nopsaka (p, )(ARMA(p, q)).
CrammonapHocTh u o0patuMocth ARMA(p, ()-TIpoIieccoB. 3ammuchi-
Bas npouecc (1.76) B Buae

45



» _
g, :Zaj5[7j+5q,, (1.77)
j=1

rae 6, =6,-6,6, ,—...— 60,0, ,, MOXKHO NPOBECTH aHAIU3 CTAIUOHAP-

HocTH (8) o To# xe cxeme, uTo u At AR(p)-nponeccos. [Ipu sTom pas-
Jn4re “oCcTaTkoB” é'q[ u 0. HAKaK HE IOBJHSJET Ha BBIBOIBI, OIpele-

JISIONIME YCIOBHS CTAllMOHAPHOCTH Ipoliecca aBroperpeccur. [loaTomy
nponecc (1.74) sBnseTcsl cTallIOHAPHBIM TOTAAa W TOJBKO TOTNA, KOT/a
BCE KOPHU XapaKTepHuCTHIeCKOTo ypaBHeHMsI AR (p)-Tiporiecca nexar BHE
€JMHUYHOTO KpyTa.

1. Ymo makoe «benviil wiym»?
2. Jlatime onpedenenue Maprosckum npoyeccam.
3. Oxapaxmepu3sytime cmayuoHapHbulli npoyecc.

1.5. Monean HecTalMOHAPHBIX BPEeMEHHBIX PAI0B
U UX WIeHTH(PUKAIUS

1.5.1. Moaeanb aBTOperpeccuu-npoOMHTErpUPOBAHHOIO
ckoub3siero cpeanero (ARIMA(p, k, q)-moxenb)

Ota Mozens npemnoxena Jx. bokcom u I'. Jlxxenkuncom [15]. Ona
NpeAHa3HaueHa Ul ONMMCAHWS HECTAlMOHAPHBIX BPEMEHHBIX PSIOB X,
001aaoNMX cIelyoNMMI CBOHCTBAMHU:

- aHAIM3UPYEeMbIN BPEMEHHOW Psi/i aJINTUBHO BKJIIOYAET B ce0s CO-
cTaBisitomyo f(t), UMeoUIyo BUI anredpandeckoro mojiuHoMa (OT ma-
pameTtpa BpeMeHH t) HeKoTopol crereHu k > 1; mpu 3ToM ko3¢ duineH-
TBI 3TOTO TOJIMHOMA MOTYT OBITh KaK CTOXACTUYECKOW, TaK M HECTOXac-
TUYECKOW PUPO/EI;

k N
-pag x,,t =1,...,T — k, nony4usumiics u3 x, mociie IPUMEHEHHUS K

HeMy Kk-KpaTHOM mpoueaypbl MeTOAa IOCICAOBATENbHBIX Pa3sHOCTEH,
MOKeT ObITh onrcaH Mojensio ARMA(p, q).
Oto o3Hauaet, utro ARIMA(p, k, p)-Moaens aHaIM3UPyeMOTo Mpo-
ecca X, MOKET OBITh 3alliCaHa B BUIC
X =X vax, . rax +5-606,—.—6,06,,, (1.78)

rIe
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k Ak
x, =A'x,

=x,—Cix,_ +Cx,_,—..+ (— l)kxt_k.

3amerum, uto kiaccy mojaeneit ARIMA mpuHagIexuT U mpocTei-
ast MOJIENIb CTOXAaCTHYECKOTO TPEeHIa — MPOIECC CIy4aiHOTO OIy»Kaa-
HUS (AU TIPOCTO ciydaitHoe Omyskmanue). CiydaiiHoe OJTyKIaHue orpe-
JIEJISIETCS aHAJIOTHYHO TIPOIECCY aBTOperpeccuu mepsoro nopsiaka (1.63),
HO TOJBKO Y CIy4JaiHOTO OIyKIaHus o, = 1, Tak 4To

€t = €—1 + 8t. (179)

Psin mepBbIX pasHOCTEH CilydaiiHOTO OyKIaHus O, PEICTABISIET CO-
Ooit Genpiid mryM, T.€. iporiecc ARMA(O, 0). ITosToMy camo cirydaiiHoe
Oy manue BXomuT B kiacc mozeneii ARIMA kak momens ARIMA(O, 1,
0).

Unentnpukanus ARIMA-moneneii. B mepByro ouepens, ciemyer
nonoopath nopsanok k moxenu. IlepBriii THI KpuTEpHs Moa00pa OCHOBAH

A2
Ha OTCJICKUBAHUM MOBEACHUS BEIUYUHBI O (k) B 3aBUCHMOCTH OT K: B
Ka4yecTBEe BEPXHEH OLICHKH JJIs TopsiAKa k ompenenseTcs To 3HaueHue K,

)
HAYMHAs C KOTOPOTO TCHJIEHIMS K YOBIBAHUIO O (k) racurcs U camo

3Ha4YeHHe 6‘2(k) OTHOCHUTENILHO cTaOmim3upyercsi. Bropoit tunm kpure-
pust monbopa mopsinka k ARIMA-Monenun ocHOBaH Ha aHanu3e MOBEIC-
HUS aBTOKOPPENAIMOHHEIX (DYHKIMH MpoLeccoB AX,, A’X,.... HOCIEI0-
BaTeNIbHbIE MPE00pa30BaHUsl aHAIM3UPYEMOTO Mpolecca X, C MOMOIIBIO
omepatopoB A, A,... HalleJIeHbI HA YCTPAHEHHE €ro HECTAMOHAPHOCTHL
TTosToMy 110 Tex mop, moka | < k mpomeccsr A'x, GyayT ocTaBaThCs HecTa-
OUOHAPHBIMH, YTO OyAET BBIpaKaTbCs B OTCYTCTBUHU OBICTPOTO craja B
MTOBEJCHUHN MX BBIOOPOYHOHN aBTOKOppEIIHMOHHON (yHKImH. [ToaToMy
npeAronaraeTces, 4To HeoOXomumasi JJsl TOJYYeHUS CTallMOHAPHOCTH
crerieHb k pa3HOCTH A JOCTHUTHYTA, €CITM aBTOKOPPEISIINOHHAS (PYHKINS
psana xtk = Akxt OBICTPO 3aTyXaerT.

[Tocne monbopa mopsiaka k anHanm3upyercs yke He caM s X;, a €ro

k-e paznoctu. Unentudukanus 3Toro psiia cBOIUTCA K UACHTU(DUKAIMN
ARMA(p, g)mMoneneii.
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1.5.2. Mopgean psiioB, COAePKAIMX CE30HHYI0 KOMIIOHEHTY

Ilon BpeMeHHBIMU pAIAMH, COAEPKAIMUMHU CE30HHYIO KOMIIOHEHTY,
MOHUMAIOTCS TIPOLIECChI, TIPU (POPMHUPOBAHUH 3HAYCHHUN KOTOPBIX 005132~
TEJBHO MPUCYTCTBOBAIU CE30HHBIC W/WIIH ITUKIHYECKUE PaKTOPHI.

OnuH U3 pacrnpoCcTpaHEHHBIX MMOAXO0/I0B K IMPOTHO3UPOBAHUIO COCTO-
UT B CIICAYIOMIEM: P/ PACKIAABIBACTCS Ha JOJITOBPEMEHHYIO, CE30HHYIO
(B TOM 4HCIIe, IUKIUYECKYIO) H CIIYYallHYI0 COCTABIISIONINE; 3aTeM JIOJI-
TOBPEMEHHYIO COCTAaBJISIFOIIYIO TOJTOHSIOT TOJMHOMOM, CE30HHYIO —
psaom Dypwe, TocIae YEro MPOTHO3 OCYIIECTBISAETCS IKCTPATOINSIHEH
9TUX TOJIOTHAHHBIX 3Ha4YeHWH B Oymyriee. OMHAKO 3TOT MOAXOM MOXKET
MPHUBOJNUTH K CEPhE3HBIM OIMOKaM. Bo-TepBbIX, KOPOTKUE YUACTKU CTa-
[IMOHAPHOTO psfa (2 B 3KOHOMHYECKHX MPIIOKEHUSIX PEOKO OBIBAOT
JIOCTATOYHO JUIMHHBIC BPEMEHHBIC PSIbI) MOTYT BBITJISJIETh MOXOXHMHU
Ha (PparMeHTHl MOJUHOMHUAIBHBIX WM TapPMOHUYECKHUX (PYHKIUH, YTO
MpHUBENIET K WX HEMpaBOMEPHOW ammpOKCHMAIlUU U TPEACTABICHHUIO B
KavecTBe HecllyyailHOM cocTaBisromieil. Bo-BTOphIX, faxe eciu psij Aei-
CTBUTEIHHO BKJIIOYACT HECTyYalHbIC TMOJMHOMHAIBHBIE M TapMOHHUYE-
CKH€ KOMIIOHEHTHI, UX (popMalibHas anmpOKCHUMAINs MOXKET MMOTpeOOBaTh
CIIMIITKOM OOJBIIOTO YHCIIa MapaMeTPOB, T.€. MONYYaoIascs Imapamer-
pHU3anus MOJIEIIA OKa3bIBACTCS HEOKOHOMUTHOM.

[lpuHIMNUANEHO JPYrod MOAXOJ OCHOBaH Ha Moaudukanuu
ARIMA-Moneneil ¢ MOMOMIBIO «YyHOPOUIAIOUIMX OmepaTopoBy». Cxema-
THUYHO TIPOIEAypa IMOCTPOCHHUS CE30HHBIX MOJIENCH, OCHOBAaHHBIX Ha
ARIMA-KOHCTPYKIIUAX, MOTUGPUIIMPOBAHHBIX C TOMOIIBIO YIIPOIIAK0-
mmx omnepaTopoB Vr =1 — FTJ MOXeT OBITh OITUCAaHa CIEAYIOMNM 00pa-
30M (ZIeTajJbHOE OMHCAHHE COOTBETCTBYIOIIUX MPOIEAYP CM., HAPUMED,
B [15]:

- IpUMeEHsEM K HaOII0gaeMoMy Py X orepatopbl A u Vr mis moc-
THKEHHS CTAIllHOHAPHOCTH;

- TI0 BHJly aBTOKOPPEJISIUOHHON (YHKIMM MPeoOpa30oBaHHOTO psijia

(1)

x5 K(t) nonoupaeM npoOHyI0 MoJenb B kitacce ARMA- uimu Mmoguduim-
poBaHHBIX (B mpaBoii yactn) ARMA-moneneit;
- 10 3HAYEHHUSM COOTBETCTBYIOIIMX aBTOKOBapHALUK psa x,ET,Z (t)

nojryyaeM (METOJOM MOMEHTOB) OIICHKH IapaMeTpoB MPOOHOH MOJIeNH;
Juarnoctuyeckast mpoBepKka MOJyYEHHOH MOJENU (aHalIu3 OCTaTKOB

B ONHMCAHMHU PEAIBHOI0 PAla X; C IOMOILIBI0 OCTPOCHHONH MOAEIH) MO-

JKeT 00 TMOATBEPANTH MPAaBUIBHOCTh MOJAENH, JHUOO yKa3aTb MyTH ee
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YIIyYIIEeHHsI, 9TO IPUBOANT K HOBOW IMOATOHKE M MOBTOPEHUIO BCEH Mpo-
LEeAYPHI.

1.5.3. IIporuo3upoBanue Ha 6a3e ARIMA-moaenei

ARIMA-Mozenn OXBaTBIBAIOT IOCTATOYHO IMMPOKUN CIIEKTP Bpe-
MEHHBIX PSJIOB, a2 HEOOIbIINE MOIU(DUKAIIMU ITHX MOJIENEH MO3BOJISIOT
BeChbMa TOYHO OIMHUCHIBATH U BPEMEHHBIE PsIbI C CE30HHOCThI0. Haunem
obcysxaerne mpooIeMbl TPOTHO3WPOBAHUS BPEMEHHBIX PSAOB C METOZOB,
OCHOBaHHBIX Ha wucrnojb3oBaHuu ARIMA-Moxmeneit. Msl ropopum 00
ARIMA-Mozensx, uMesi B BUJY, UYTO CIOJ]a BXOJAT KaK YacTHBIC CIy4au
AR-, MA- u ARMA-monemn. Kpome Toro, 6yaemM UCXOAUTh U3 TOTO, 9TO
yXKE OCYIIECTBJIICH MOA00p MOAXOMAIIECH MOACTH IS aHAIM3UPYEMOTO
BPEMEHHOTO psijia, BKIIOUas WACHTU(UKAIUIO 3ToW Monenu. [lostomy B
JTANTbHEHIIIEM TIPENIoNIaraeTcs, 9YTo BCe IMapaMeTphl MOJEITH YXKe OlleHe-
HBL

Bynem mporHo3upoBaTh HEM3BECTHOE 3HAYCHHUE X, | > 1 momaras,
4TO X; — MOCTIEIHEE 10 BpEMEHH HAOIIOICHIE aHAIM3UPYEMOTO0 BPEMEH-
HOTO psima, WMEoIIeecs B HalleM pacropspkeHnd. OO003HAYMM TakKoi

Al
IPOTHO3 X, .
~l ~l+1
3amMeTuM, 9TO XOTS X, M X,', 0003HA4aroT MPOTHO3 OJHOTO U TOTO
e HEM3BECTHOTO 3HAYCHHUS X1, HO BBIYHCISIFOTCS OHHU MO-Pa3HOMY, T.K.
SABJIAIOTCA PECIICHUAMMU PAa3HBIX 3a1a4d.
Psan x., anmammsupyemsrii B pamkax ARIMA(p, k, q)-monmenu, mpen-
craBuM (TIpu JIE000M T > k) B BUzIC
S (1Y 1.80
(-aL-—a, )Y (<1)Cix, =5, -60,,~..~6,5,. (1.80)
i=0

9719
J

rne L — omeparop casura GpyHKIMU BpeMEHW Ha OJUH BPEMEHHOW TaKT
Hazaj.

U3 cootHomenns (1.80) MOXHO BBIpa3uTh X, U JHOOOTO T = t —
Qs--st—1,t,t+ 1,..., t ++ L. Ilomyuaem

P

x,o=[ Yl |x, + l—ia‘jﬂ [

J=1 J=1

k
(—l)iC,ixT,j+ 1—zq:el.Lf S..
=0

=

i

(1.81)
49



[IpaBbic YacTH ATUX COOTHOMICHUH MPEICTaBIIIOT COOOW JTMHEHHBIC
KoMOuHaLuu p + k mpeamecTByomux (Mo OTHOIICHHUIO K JIEBOH 4acTH)
3HaYeHUH aHaJU3UPYyEMOro TIpolecca X, JONOJHEHHbIE JHMHEHHBIMU
KOMOMHALMSIMH TEKYLIETO W ( MPEALIECTBYIOUINX 3HAYCHUN CIyYalHBIX
0CTaTKoB O,. [IpuueM KO3 PHUIMEHTHI, ¢ TOMOIIBIO KOTOPBIX 3TU JTUHEH-
Hble KOMOWHALMY MTOJICUNTHIBAIOTCS, U3BECTHBI, T.K. BBIPAXKAIOTCS B TEp-
MHHAX y>K€ OLICHEHHbBIX TapaMETPOB MOJEIH.

OTOT (hakT U JaeT BO3MOKHOCTh HCIIONB30BaTh cooTHOIIEeHuUs (1.81)
JUISL TIOCTPOEHMSI IMPOTHO3HBIX 3HAYEHWH aHAIU3UPYEMOTO0 BPEMEHHOTO
psina Ha | TakTOB BpeMeHH Biepel. TeopeTrueckyro 6a3y Takoro moaxona
K MPOTHO3MPOBAHUIO 00ECIIeYnBaeT U3BECTHBIN pe3yNbTaT, B COOTBETCT-
BUU C KOTOPHIM HAWIYYLINM (B CMBICIIE CPEIHEKBAAPATHIECKOH OMINOKN)
JMHEHHBIM IIPOTHO30M B MOMEHT BPEMEHHU t ¢ yIpexzaeHueM | spusercs
YCIOBHOE MAaTe€MaTH4eCKOE OKUAAHHE CIIy4ailHOM BENWYMHBI X4, BbI-
YHCJIEHHOE IIPU YCJIOBUH, YTO BCE 3HAUCHMSA X, 10 MOMEHTa BPEMEHH t.
OTOT pe3yibTaT ABISETCS YaCTHBIM ciydaeM OOIei Teopuu MpOrHO3U-
poBanus (cm. [237, 198, 235]).

YcnoBHOe Maremarndeckoe oxunanue E(Xq | Xy,..., X{) HoIydaercs
NpUMEHEHUEM OIepalnny ycpenHenus k ooenm yactsm (10) mpu t =t + 1
C Y4ETOM CJIEAYIOIIUX COOTHOLICHUI:

E(Xi | X15..., X)) = Xej mpuBcex j=0,1,2,...,t—1 (1.82)
E(Xe | X1ye.0p X)) = &/ npu Bcex j=1,2,...; (1.83)
E(Xui | X150, X0 =0 mpuBcex j=1,2,...; (1.84)

E(Xej | XpsonX) = X,_, —X_,_ mpuj=0,1,2,..,t= 1. (1.85)

J

Takum 00pazoMm, onpenensercs cileayromas npouexrypa moCTpOSHUs
MPOTHO3a II0 U3BECTHON JO MOMEHTa TPAaeKTOPHM BPEMEHHOTO psfa: 1o

2l
opmynam (1.81) BBIYMCISIOTCS PETPOCHIEKTUBHBIC MPOTHO3BI X, , |,

Al al .
X, yseees X,y TO MPEIBIIYIINM 3HAYCHHUSIM BPEMEHHOTO PsiJia; [IPU ITOM

IIPpU BBIYUCIICHUU HAYAJIbHBIX ITPOTrHO3HBIX 3HAYCHUI )’et_ grm-1 AL Xt—q+m

(m=0,1,...) o popmynam (1.81) BMECTO yCIOBHBIX CpeIHHX E(O¢qim-j |
X1,..., X-qtm), KOTOpBIE B OOIIEM Cily4ae CJIE0BaJIO Obl BBIYUCIATH 10
dbopmynam (1.85), moacTaBmisroTcss uX Oe3yCIOBHBIC 3HAUCHUS, PaBHBIC
HYJITI0; UCTIONB3Yst (hopMyIbl i T > t 1 npaBuia (1.82)—(1.85) momcun-
TBHIBAIOTCS YCJIOBHBIE MAaTEeMaTHYECKHE OXKUAAHUS JUIS BBIYMCICHUS TPO-
THO3HBIX 3HAYEHUH.
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OnucaHHasg mpouenypa BEIIAAUT JOCTAaTOYHO CIOXHOH. OgHaKo
NpU peaUCTUYHBIX 3HAYCHUSIX HapameTpoB p, q U k sTa mpouenypa B
JIEHCTBUTEIBHOCTH OKA3bIBACTCSI BEChMa MPOCTOM.

1. B uem cocmosim ocrogubie Omaudusi CMayuoHApHuIX PEMEHHBIX P00

oM HeCMAayuoHapHuIx?

B uem cocmoum uoenmugpurxayus mooeneit ARIMA?

3. Kaxosa nocrnedosamenvrocmo npoyecca uoeHmugurxayuu mooeneu
NPOSHOZUPOBAHUSL, COOCPACAUUX CE30HHYIO KOMNOHEHNY?

4. Kaxoe areopumm (npoyedypa) nocmpoenus npoeHo308 na baze mooenu
ARIMA?

N

1.6. AJanTHBHbIE METOAbI MPOTHO3UPOBaAHMSA

CuuTaercs, 4TO XapaKTepHON YepTOH alalTUBHBIX METOIOB IPOTHO-
3UPOBAHMsS ABISIETCS MX CIIOCOOHOCTH HENPEPHIBHO YUYHUTHIBATH 3BOJIIO-
[UI0 TMHAMHYECKUX XapaKTEPUCTHK M3Y4YacMbIX IPOLECCOB, «IIOACTPAH-
BaThCS» MOJI 3Ty SBOJIIOLNIO, TIPUaBasi, B YaCTHOCTH, TeM OOJIBIINI Bec
U TeM 0oJjee BBICOKYI0O MH(OPMALMOHHYIO LEHHOCTh MMEIOIIMMCS Ha-
OmomeHusIM, yeM OJMKe OHH K TEKyLIeMy MOMEHTY IPOrHO3UPOBAHUS.
OpnHako AeneHre METOI0B U MOJeNiel Ha «aJalTUBHBIE» U «HEaJalTHB-
HBIE» JOCTaTOYHO yCJIOBHO. B M3BECTHOM cMBICHE MI000H METOM MPOTHO-
3UpOBaHMS aJaNTUBHBIN, T.K. BCE OHH YYUTHIBAIOT BHOBb IOCTYIAIOLIYIO
MH(QOPMAINIO, B TOM YHCIIE HAOIIOAEHUs, COETaHHbIE C MOMEHTa IIO-
ciegHero mnporHo3a. OOmiee 3HaueHWe TEPMHHA 3aKIIOYaeTcs, IO-
BUANMOMY, B TOM, YTO «aJalTHBHOE)» MPOrHO3MPOBAHHUE MO3BOJISET 00-
HOBJIATH MIPOTHO3BI ¢ MUHMMAIIBHON 3aIepKKOM M ¢ NMOMOLIBIO OTHOCH-
TEJTbHO HECJIOKHBIX MaTeMaTHYeCcKuX mpouenyp. OQHaKko 3To HE O3HaYa-
€T, 4TO B JIOOOW CUTyaluu aJanTuBHBIE MeTOAbl 3 dekTuBHEE TEX, KO-
TOpBIE TPATULMOHHO HE OTHOCATCS K TAKOBBIM.

[Ipocretimmuit BapuadT MeToAa (METOH IKCIIOHCHIIMATHLHOTO CTIIAXKH-
BaHus [151]) yxe paccMaTpuBaics B CBSI3H C 3a1aueil BBISABIICHUS HECITY-
YJaifHOHM COCTaBJIAIONIEH aHAIN3UPYEMOro BpeMeHHoro psaaa. [loctanoBka
3aJa4d IMPOTHO3MPOBAHUS C HCIOIB30BAaHMEM IPOCTEHINEr0 BapHaHTa
MeTOJ1a HKCIIOHEHIIHAIBHOTO CTIaKUBaHUSA (POPMyIHpyeTCs CleTyIOIUM
o0pazom.

IlycTh ananu3upyeMslii BpeMeHHOH pan X., T = 1, 2,..., t IpeacTas-
JIEH B BHJIE

Xe =29+ &, (1.86)
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TJIe a9 — HEeU3BECTHBIN MapaMeTp, HEe 3aBUCAILIMUNA OT BPEMEHH, a €, — CIIy-
YyallHbI OCTaTOK CO CpPEJHHUM 3HAYECHHUEM, PABHBIM HYJIO, U KOHEYHOU
nucnepcueit. Kak u3BecTHO, SKCIIOHEHITHAIBHO B3BEIICHHAS CKOJIb3SIIAs

CpemHss psia X, B TOUKE t )_c,(l) ¢ mMapaMeTpoM CTIaKHWBaHUs (Tapamer-

pom aganraiun) A (0 <A < 1) onpenensercs popmynoi

x,(4)= -4 > Vx,_, (1.87)

1—1
KOTOpAsl JACT PEMICHHE 3a/1a9H: ¥ (1) = argmin Y &/ (xt,j _ a)z.
a
=0

KosdduimenT crinaxuBanus A MOKHO HHTEPIIPETHPOBATH TAKXKE KaK
K03 (PUIIMEHT AUCKOHTUPOBAHUS, XapaKTepU3YIOIMA Mepy obOecreHe-
HUSI HAOJIIOICHUS 32 €ANHUILY BPEMEHHU.

s psnoB ¢ «0ecKOHEYHBIM TponLIbiMY Gopmyda (1.87) ceBoautcs k
BUITY

5(1)=(1-2)3 A, . (1.88)

J=0

B cootBercTBUHE C HpOCTCﬁH.IPIM BapHaHTOM MCETOAA SKCIIOHCHIINAIb-
~l
HOr0 CINIQXXHMBAHUA IIPOTHO3 X, AJIST HCM3BCCTHOI'O 3HAYCHUA X+ IIO U3-

BECTHOW JI0 MOMEHTa BPEMEHH t TPACKTOPHH psiia X; CTpOHUTCS 1o (op-
MyJe

Al —

2 =x(4), (1.89)

r7ie 3HaueHHUe )_ct(/i) onpexneneno gopmyroi (1.87) umm (1.88), coorBet-

CTBEHHO JJIs1 KOPOTKOT'O WJIH JJIMHHOTO BPEMEHHOTO psija.
®dopmyna (1.89) ymobHa, B 9aCTHOCTH, TEM, YTO TP MTOSBICHUH CJIC-
nyrotero (t + 1)-ro HaOJIIOICHUS X+ TIEPECUET MPOrHO3UPYOIeH (yHK-

=X, +1(/1) MPOU3BOJUTCS € MOMOUIBIO IPOCTOIO COOTHOLICHUS

X,(1)=2x(A)+(1-A)

t+1

al
oy X =X

t+1°

MeTon 3KCIIOHEHIIHAIBHOIO CrIIaKUBAaHHA MOXKHO OO0OOIMTL Ha
CIy4ail MMOJIMHOMHUAIbHON HECIy4allHOM COCTaBIISIOLIEH aHAIU3UPYyEMO-
T0 BPEMEHHOTO psnia, T.€. Ha CUTyanuu, koraa BMecto (1.86) moctynmpy-
eTcs
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Xeppr = g T T +...F aktk + &, (1.90)

rae k > 1. B coornomennn (1.90) HawampHas TOYKA OTCYETa BPEMEHHU
CABHHYTa B TEKYIIM MOMEHT BPEMEHHU t, 4TO OOJierdaer NalibHEHIIne
BbrumcieHus. COOTBETCTBEHHO, B CXEME MPOCTEHINEro BapuaHTa MEeToIa

MIPOTHO3 )?tl 3HAYCHUSA X+ OYIET ompenensaThesi cooTHomeHussMu (1.90)
1 _ » A (k A(k A (k
X, =X, = a(() )(t,/l)+ al( )(t,/l)+...+a£, )(t,ﬂ), (1.91)
rae ouenku a,(t,A), j =0,l,....,k nmomyyaroTcs Kak pelieHHe ONTHMH3a-
j J y p

AOHHOH 3aa4yn

il’(x,fj—ao—alj—...—akjk)z—> min . (1.92)
=0

g ,ay eyl

Pemenue 3amauu (1.92) He mpencrapisieT NPUHIUMUATBHBIX TPYIHO-
cTeil.

PaccmoTpuM emie HECKOIBKO METOOB, HCIIOJIB3YIONINX HICOIOTHIO
AKCIIOHEHITUABHOTO CTIKUBAHUS, KOTOPBIE pa3BUBaIOT MeTO ] bpayHa B
pa3IMYHBIX HAIIPABICHUSX.

Meton XoabTa. XonbT [195] ocmabun orpanmueHus merona bpay-
Ha, CBS3aHHBIC C €r0 OJHOMAPAMETPUYHOCTHIO, BBEICHHEM JBYX Iapa-

Al
METPOB CIIIaKMBaHUA A U Ay (0 < Ay, A, < 1). B ero mozenu nporuos X,

Ha | TaKTOB BpEMEHHU B TEKYLIMH MOMEHT t TaKKe OIpeeNsieTcs INHe-
HBIM TPEHJOM BHUJA

& = ao(t, A, 2 ) a1, 20, 2,), (1.93)

rae OOHOBJICHHE MPOTHO3UPYIOUMX KOA(D(GUIIMEHTOB MPOU3BOIAMUTCS O
dhopmynam

Ayt +1,4,4) = Ax, + (1= 4 M@y (6. 4, 4)+ 4 (6, 4,4,)),  (1.94)
a(t+1,4,2,)=2,(a,(t + 1L 4,4,) - 4.4, 4,))+
+(1-24)a, (6,4, 4,).
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Takum 00pa3oM, MPOTHO3 IO JAaHHOMY METOIY SBISETCS (yHKIHMEH
MPOIUIBIX U TEKYIIMX JaHHBIX, TAPAMETPOB A U A,, a TaK)Ke HaYaIbHBIX

snauennii 4,(0,4,4,) u @,(0,4,4,).

Meton Xoabra—Yunrepca. Yunrepc [236] pa3Bun Meron XonbTa
TaK, YTOOBI OH OXBAaThHIBaJ emie U ce30HHbIe Y dekTrl. [IporHos, caeman-
HBI B MOMEHT t Ha | TAKTOB BpeMEHH BIIEpel, paBeH

& =a,(t)+1a, (0o, (1.95)

rae . — Ko3p@UIUEHT ce30HHOCTH, @ N — YHCIIO BPEMEHHBIX TaKTOB,
coJiep KaIluXcs B MOJTHOM CE30HHOM IiuKkIie. Ce30HHOCTh B 3TOH (opMy-
JIe MIPEJCTaBICHA MYJIbTUINIMKATUBHO. METOI UCOB3YyET TPU HapaMeT-
pa crmaxkuBaHus Aj, Ay, A3 (0 <A;<1,j=1, 2, 3), aero GpopMyisl 0OHOB-
JICHUSI UIMEIOT BUJT

ylt+1) = 4=+ (1= a0+ @ (0)

@, =4 Wil) + (l -4 )wt+l—N’ (1.96)

&1(t+1): Aﬂ[&o(t"'1)_&0(1‘)]"'(1_13)&10)-

Kak u B npeasLAynieM ciy4dac, MpOrHo3 CTPOUTCA Ha OCHOBAHUUN
MIpoHUIbIX U TCKYLINUX 3HAYCHUH BPEMCHHOTI'O pia/id, MapaMCTpPOB ajJaliTa-

1M A, Ay ¥ A3, @ TaKKe Ha4YaJIbHBIX 3HAYCHHUN 4, (0), a, (0) u .

AnuTuBHast Moenb ce3oHHOcTH Teina—Beiinxa. B sxoHomMHue-
CKOM NpaKTHUKE dYallle BCTPEYAIOTCS AKCIOHEHIUANBHBIE TEHACHLUU C
MYJIbTUIUIMKATHBHO HAJIOXKEHHOM CE30HHOCThIO. [loaTomMy mnepen wuc-
MOJIB30BAaHUEM AJUTUBHON MOJENIH WICHB! AHAIU3UPYEMOIO BPEMEHHO-
ro psifa OOBIYHO 3aMEHSIOT MX JorapudmamMu, mpeoOpasysi SKCIOHEHIHU-
aJbHYI0 TEHJEHIUIO B JIMHEHHYIO, @ MyJIbTUILUINKATUBHY CE30HHOCTDb —
B aIIUTHBHYIO. [IpeMMyIIecTBO afIUTUBHON MOJEIH 3aKII0YacTca B OT-
HOCHUTEJIBHOM IIPOCTOTE €€ BBIYMCIMTENBHON peanu3anuu. Paccmorpum
MoJenb Buaa (B MPEANOJIOKEHUH, YTO UCXOAHbIE NaHHBIE Mposorapudg-
MHUPOBaHBI)

x, = a,(c)+ o, +6,, (1.97)
a,(c) = a,(z =1)+a, (),
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rae ay(T) — ypoBeHb Mpoliecca Mocie MMMUHUPOBAHMS CE30HHBIX KOJIe-
Oanwii, a,(T) — alAUTUBHEIN KOADOUIIUSHT POCTa, M; — AJATUTHUBHBIN KO-
3G UIUCHT CE30HHOCTH, Oy — OCJIBIN IIyM.

ITporHo3, cienaHHbIi B MOMEHT t Ha | BpEMEHHBIX TAKTOB BIEpEN,
MOJICYUTHIBACTCS 110 (hopMyJIe

5 = () + 10 (0)+ b,y (1.98)

t

rie KooGQUIMEHTH! d,,d;, U ® BBIYUCISAIOTCS PEKYyPPEHTHBIM 00pa3oM ¢

MIOMOIIBIO CIeAYIOUHX GOpMYIT OOHOBIICHHUS

dy(c=1)+a,(r =1)+ Alx, -5}
a(z)=a(c-1)+ A, -} (1.99)
O, =d,_y+ (1 - ll)ﬂg[xr - )Aci_ll

>
)
—
S
~
Il

B stux COOTHOIICHUAX, KaK U IPEKIIE, N — gucmo BPEMCHHEBIX TaK-
TOB, COACPIKAINXCA B TOJTHOM CE30HHOM HUKIIC, a 7\,1, }\42 u 7\,3 — [mapameT-
PpbI agarnTanyu.

1. B uem cocmoum omauyuumenbHas 0COOEHHOCMb A0ANMUBHBIX MOOeell
nPOSHO3UPOBAHUSL?

2. Kakosa memooonocuueckas ocobennocms memooda Xonvma?

3. B uem cocmoum ycogepuiencmgoganue memooa Xoavma 8 memooe
Xonvma-Yunmepca?

1.7. MeToa rpynnoBoro y4era apryMeHTOB

B HacTosimee BpeMsi OOJBILIYIO MOIMYJISSPHOCT IUIi KOHKPETHBIX 3a-
Jla4d IPOrHO3UPOBaHUS IPUOOPETAET TaK HAa3bIBAEMBbIH METOJ IPYIIIOBOTO
yuera aprymeHnToB (MI'YA), npeacrapnsionmii co0oil nanpHeiee pas-
BUTHE METO/A perpeccHoHHOro aHanu3za. OH OCHOBAaH Ha HEKOTOPBIX
NPUHIMIIAX TEOPUM OOYYECHUS U CaMOOPraHM3allMM, B YaCTHOCTH Ha
MIPUHITATIE «CEJCKIINN», U HalpaBJIeHHOTO oTOopa [52,51].

MeTop peanusyeT 3a7aud CUHTE3a ONTHUMAJIBHBIX MOJENEH BBICOKON
CJIO’KHOCTH, a/IeKBaTHOHM CJIOHOCTH HMCCIELYyeMOro o0bekTa (34ech moj
MOJENSIMH IIOHUMAETCsl CUCTEMa PErpecCUOHHBIX ypaBHeHHi). Tak, ai-
roputMbl MI'VA, mocTpoeHHbIE IO CXeME MacCOBOW CENEKIMH, OCyIle-
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CTBIISIIOT TIepe0Op BO3MOKHBEIX (DYHKITHOHAIBHBIX OIMCAHUNA OOBEKTA.
[Tpu sTOM MOoNTHOE onMcaHue o0bekTa [51]

y=r(, X%, ., Xx,) (1.100)

rae f — Hekotopas QyHKUMS, HAPUMEP CTETIEHHOHN MOJIMHOM, 3aMEHSET-
s pAJaMH YaCTHBIX ONHUCAaHUIL:
1-#1 psin cenexkuuu -
Vi=f(x), v= X)), o v = f(x,05,)5
2-1 psizt CENEKLnH -
2 =fuy), Z=fnys), sz =00
UT. 1.

PaccmarpuBaroTcst pasnuyHble COUETaHMsI BXOAHBIX M MPOMEKYTOU-
HBIX MIEPEMEHHBIX, U I KaKJOTO COYETaHUS CTPOUTCS MOJENb, IPUIEM
IIPH MOCTPOCHUU PSJOB CENEKIMM HCHOJB3YIOTCS CAMBIE PETYJIApHBIC
nepeMeHHbIe. [loHATHE PEryIsIpHOCTH SIBISETCS OJHHM W3 OCHOBHBIX B
Metoge MI'VA. PerynspHocTb omnpenenserci MUHUMYMOM CpPEIHEKBaj-
paTHIECKOW OIMMOKHN TMEpEeMEHHBIX Ha OTIEIHHOW MPOBEPOYHOM ITOCIIE-
JIOBaTENILHOCTH JTAHHBIX (MCXOMHBINA P JETUTCS Ha 00YYarouIyto U Mpo-
BEPOYHYIO MOCIEN0BATEIBHOCTH). B HEKOTOPHIX ciyyasx B KauyecTBE IO-
KazaTellsl PeryIsIpHOCTH MCHOIb3YyeTcs KO3 GHUINUEHT KOoppensuuu. Psap
CTPOSITCS O TEX MOP, TOKA PErYISAPHOCTH MOBBIMIAETCS, T. €. CHUXKAETCA
omnOKka WM yBennuuBaeTcs kKoddduument xoppemsauuun. Takum obpa-
30M, U3 BCEH COBOKYIHOCTH MOJENEH BBIOMpaeTcs Takas, KOTopast SBJIs-
€TCs ONTUMAJIbHOM C TOUKU 3PEHUS BBIOPAHHOTO KPUTEPUSL.

PaccmoTpum HekoTopsie anroputMel MI'YA [51].

B anroputmax ¢ TMHEHHBIMU MOJMHOMAaMH B Ka4€CTBE YaCTHBIX OIH-
CaHWM UCIOJIB3YIOTCSI COOTHOIIEHMSI BUIA

Vi =a,tax,+a,y, 0<i<m. (1.101)

AJNTOPUTM CHHTE3WPYET MOJIENH C IMOCIEAOBATENbHO YBEIHMYNBAIO-
HIUMCSI YUCJIOM YYHUTBIBAEMBIX apryMEHTOB. Tak, MOJEIN IEpPBOro ce-
JIEKIUOHHOTO Psijia BKIFOYAIOT TI0 JIBa apryMeHTa, MOJIENI BTOPOTO psia
— TpU-YETHIPE U T. [I.

ANTOPUTMBI C KOBapUalUIMH U KBaJPAaTUYHBIMH OTHCAHHUSIMU OIle-
PUPYIOT C YaCTHBIMH OIIMCAHUSMU BUJIA

Vi =agtax; + ayX; +asxx; (1.102)
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— 2 2
Vi =4y aX; +a,X; + ax, X, +a,x; +agx;.

B JaHHOM cCJiy4dac MOJC/IN YCJIOKHAKOTCA HE TOJIBKO 3a CUYCET YBCIIU-
YCHUS 4YHCJla YUUTBIBACMBIX apryMCHTOB, HO U 3a CYCT POCTa CTCIICHU
OIINCaHuA.

B AIropuTMax € MmocCJ€aA0OBATCIIbHBIM BBIACJICHUEM TPCHAOB B Kayde-
CTBC TAKOBLIX pAaCCMATpHUBAKOTCA YPaBHCHHA PErpeCCUr MO OJHOMY ap-

rymeHTy, BKmodas Bpems: f(x,), f(x,), .., f(x,).[lna mocrpoe-
HUS MOJIeJIel HCTIONB3YIOTCS YaCTHBIE OTMCAHHUS BH/IA

v=a,+af(x)+a,f(x,)+..+a,f(x,).(1.103)

AnroputMm paboTaeT TakuM O00pa3oM, YTO BHAYaJe BBIACISETCS Iep-
BBIN TPEHJ W PACCUNUTHIBACTCS COOTBETCTBYIONIECE OTKJIIOHEHHUE (TIEPBEII
OCTaTOK) MCTUHHBIX 3HAYeHUW (yHKIMH OT TpeHxaa. [locie yero 3to ot-
KIIOHEHHUE alMPOKCUMHUPYETCS BTOPHIM TPEHIIOM M OTIpeIeseTcss BTOPOU
OCTaTOK | T. A. Ha mpakTuke BBIACIAIOT 10 MATH-IIECTH TPEHIOB.

Cpemu ocHOBHBIX anroputMoB MI'YA HauOombImnii WHTEpEC Mpea-
CTaBJIACT O00OOIEHHBIN aarOpUTM, 00ECTICUNBAIOIINI OTYyYeHHE HAn0O-
Jiee TOYHBIX MOJeNel Oyarogapst MCIONB30BAHUIO B KA4€CTBE OIMOPHOM
(GYHKIMM aJIUTUBHON U MYJIbTHILTUKATUBHON MoJiesied TpeHaoB [51].

C 1enblo0 COKpAIICHHS YMCIIa BXOJHBIX apryMEHTOB B 0000IEHHOM
aNTOPUTME HUCIIONB3YETCSl PACCMOTPEHHBIN BBIIIE AITOPUTM IIOCIIE0BA-
TETLHOTO BBIJICTICHHS TPEHIOB IS BBIOOpAa ONTHMAIBLHON OIOPHOU
(YHKIIMH, TIOCTIC YETr0 OCYIIECTBIIACTCS Mepedop BCeX BO3MOXHBIX KOM-
OMHANM{ BBHIIEICHHBIX TPEHIOB, JHO0 B Kiacce CymM, Ju0OO B Kiacce
npomusBeaeHui. [lycTs, HanpuMep, BrIOpaHa 3aBUCUMOCTh

@, = O+ () + L,(0)+ 05)+ f1(x,). (1.104)

O06006mennbd anroputM MI'YA mpemycmarpuBaer nepedop ABeHA-
AT KoMOMHAIUH [51]
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@ = fO+ L)+ [,00)+ £065)+ £,(x,);
@ = O+ £i(x)+ £,(x, %5, %,);

Pa = FO+ f1(x0) + £,(x,x5,x,);

@ = O+ [i(x3) + f5(x5, x5, %,);

P = FO+ f1(x) + (x5, %5,x,);

@ = fO+ [i(x)+ f(0) + f065,X,); (1.105)
P = fO+ fi(x)+ f(x) + fi(x,,x,);

@ = f(O)+ () + L(x)+ f(x,,x%);

P = O+ fi(x)+ f(x) + f5(x1,%,);

@ = f(O)+ L)+ f[,00)+ f(x,x,);

P = O+ fi(x)+ f,00) + f5(x,X,);

@ = f(O)+ [i(x, X, X5, x,).

B pesynbrare mepebopa ompenenseTcs KOMOMHALMS, Aarouias Hau-
0oJiee peryisipHOe pelieHue.

B ciyuwasix, Korma mpouecc OMMCHIBaeTCS OOJIBIIMM YHCIOM IIepe-
MEHHBIX, HCIIOJIb30BaHHE OOOOLICHHOrO aaropuTMa 3aTPyIHEHO U IS
COKpalleHus 1epedopa PeKOMEHIyeTcs NPUMEHATh AJITOPUTM C MHOTO-
(a3HO# ceneKuuei MpoeKTOpOB (OMEPaTOPOB OPTOTOHANBHOTO TPOEKTH-
poBanust). [lonsiTue mpoextopa Beegeno B MI'VA mo ananoruu ¢ rpadu-
YECKUM MPEACTABICHHEM METOJA HAaWMEHBIINUX KBaJApaTOB, COMNIACHO
KOTOPOMY BEKTOpP BBIXOAHON BEIMYMHBI MPOEKTHUPYETCS Ha IUIOCKOCTh
aprymMeHToB. B cooTBeTcTBUM ¢ 3TUM Bce anroputmsl MI'YA paccmar-
pUBAIOTCS KaK BapHaHTBI MOCIEN0BATEIBHOIO MPOEKTUPOBAHUS BBIXO-
HOW BEIMYWHBI HA IIIOCKOCTH NMEPEMEHHBIX Ha KaKIOM DSy CEICKIUH.

BriOupasi onpeneneHHblld BUA OmepaTtopa MPOEKTUPOBAHUS, MOKHO
MOJNIYYUTh TOT wiu uHOU amroputm MI'VA. Hanpumep, B anropurme
MI'VA ¢ nociaenoBaTenbHbIM BBIIEICHHEM TPEHIOB BBIXOJHAS BEINYHHA
y HPOEKTHPYETCS TOJIBKO Ha MEPBOM DSy, Jajiee MPOEKTUPYETCS YxKe
ocratok Ar =y — f. Ha ocu Haubosee F3G(PEKTUBHON EpPEeMEHHOM. ATl-

MMpOKCUMAallMOHHAaA (I)YHKLII/IH HMCECT BHU

fon=Pop+PA+..+PA,, (1.106)
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rae P, A, —4JacTHOe Onmcanue B BU/E MONTMHOMA CTENEHH | 10 0aHOM 13
Han0osee YQPEKTHBHBIX MEPEMEHHBIX X; OTOMPAaeMBIX 1O KO3 uieH-
Ty Koppemsauuu: 0</<m; Bj — OIIEpaTOpP OPTOrOHAIILHOIO IMPOEKTHUPO-

0 1
BaHHS Ha MOITPOCTPAHCTBO Lj = {xi R S },

1<j<(m+1S, j=11. Onepatop F;, MOXHO NPeICTaBUTbH B BHZE
CyNEepHO3ULUH NPOEKTOPOB, COOTBETCTBYIOIIHMX PA3IMYHBIM AJITOPHUTMAM
MI'VA. Takum 06pa3om, BeIpaKeHHE 11 f,,, 3aJaeT MHOXKECTBO aJro-

putMoB MI'VA, oTIM4aromuxces mo croco0y MpoeKTHPOBAHHS OCTATKA.

B psne cmydaeB Ui ynpoIneHus BUa YaCTHBIX OMUCAHUN U MTPOCTO-
THI OTIPEJENICHHs OLIEHOK MX KO3()(UIIMEHTOB UCIONB3YIOT MIPUEM OPTO-
TOHAIM3ANNN TIepEMEHHBIX.

Henocpencreennoe ucnonb3zoBanne MI'YA i 1ieneil mporHo3upo-
BaHMS OCHOBBIBACTCS HA TEOpPEMax, M3JOKEHHBIX B [52, 51].

1. IIpn mo6oM pa3ae’eHruH MOJTHOTO MOJIMHOMA 3aJaHHOW CTENEeHU
Ha YacTHBIC IMOJMHOMBI KPHUTEPHA MHUHUMYMa CpeIHEKBaIpaTHYeCKON
OmMOKH, OMpeAeNsieMol Ha 00yJaromieil MmocieI0BaTeIbHOCTH (TIePBhIi
KpUTEpHIl), MO3BOJIAET OJHO3HAUYHO OMNPEAEIHUTh ONTHMANbHbBIE OLIEHKU
BCeX KO3(PHUIIMEHTOB, €CITH YHCIIO TOYEK B 00yYaroIle mociea0BaTelb-
HOCTH OOJIBINIE YHCIIA YIEHOB KaXKIOTO M3 YaCTHBIX ITOJIMHOMOB IO Kpaii-
HEW Mepe Ha eIUHUILY.

2. Ilpu 3a7aHHOM CTENEHHU MOJIHOTO TOJIMHOMA UMEETCS MHOTO BapH-
aHTOB pa30HMeHHs ero Ha YacTHhIe MONMMHOMBI. llomHbIi mepebop Bcex
KOMOMHAILIMI 110 KPUTEPHIO CPETHEKBAIPATHUECKONW OLIMOKH, M3Mepse-
MOM Ha OTAEIBHON MPOBEPOYHOM MOCIENOBATEILHOCTH JAHHBIX, MO3BO-
JISIET HAaWTH eJUHCTBEHHOE HAWITyYIliee pa3zielieHue.

3. Ilpu mocTreneHHOM HAapacTaHWW CTETEHHW TMOJHOTO MOJMHOMA JI0
HEKOTOPOr'0 OIPaHMYEHHOTO 3HAYEHUs OMIMOKAa Ha MPOBEPOYHOM Mocie-
JIOBATEILHOCTH JTMOO HETPEephIBHO ManaeT, Ju00 HMEeT MHHUMYM IIO
KpaifHel Mepe Mpu OJIHOM 3HAYEHUHU CTETICHH.

4. Ecy TOYKM paH)XMPOBAHBI MO BETUYHMHE AMCIIEPCHH, TO UMEETCS
€MHCTBEHHOE 3HAYEHHE OTHOIIECHUS YHCla TOYEK IMPOBEPOYHOI mocie-
JIOBATEIIbHOCTH K YHCIYy TO4YeK OOydaroIeil MMocieqoBaTelbHOCTH, MPH
KOTOPOM JIOCTUTAE€TCSd MHUHUMYM YHCIIa PSIIOB CENEKIMH U CTETIeHH I0JI-
HOTO MOJINHOMA.

5. B MHoropsinHoM mpouecce anroputMoB MI'YA cpeaHekBaapatu-
yeckas ommOKa OT ps/ia K psALy HE MOXKET BO3pacTaTh HE3aBHCHMO OT
MyTH, TI0O KOTOPOMY HUJET CENEKIIHS.
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B kavecTBe KpUTEpHEB MOTYyUYEHUS] ONTUMAIBHON Mojenu o MI'YA
WIN KPUTEPHS Peryyisipu3alui (TOYHOCTH) MCHOJIB3YIOTCS KPHTEPUHU
[51]: A(2)> min u A(l)— min, rre A(l) — cpennexsanparnueckas
omunOKa Ha IMPOBEPOYHON TMOCIENOBATEILHOCTH JaHHBIX (TepBas pas-
HOCTb PEeaIbHBIX M IIPOTHO3HBIX 3HAUYCHMH); A’(2) - cpeHeKBajpaThde-
cKas omuOKa mpupanieHnii (BTopas pa3HOCTb 3TUX 3HadyeHui). Tak, mo
KPUTEPHIO A(l) — min pacyer MPOBOJUTCS CISAYIOIMM o0pa3om [51]:

1. ITo 3amaHHOMY ypaBHEHHUIO PErpeccUd Ui NepUoia yIPEeKACHUI
nporHosa 7, =1 U Nepuoja MPeibICTOPHH T =2 crpoutcs 3aBUCH-

n
MOCTb X(t).

2. Haxomsarcs paccoriacoBanus [x*(t)-x(t)] st BceX TOYEK MPOBE-
pouHoii mocnenoBarenbHOCTU (Ny,), X*(t) - peanusanuu npouecca, x(t) —
MPOTHO3HBIC 3HAYCHHUS.

3. PaccunThiBaeTCs BEIMYKHA OIINOKH

_o0)-100% (1.107)

[xb’;(t)—xj(t)]z; A(l): 1 [
S Elsof

Pacuet no kpureputo AN (2) mpoBoaumTes mo cxeme [51].
I.Tlpu 7, =1, 7, =2 npu nomomm npsMoro 00y4eHHs IO airo-

purmy MI'YA HaxoquTcs ypaBHEHHE PErpeccud Ui OLIMOKH, HAIpH-
mep: Ax, = f(Ax_,Ax_,,x_,x_,). 3atem crpoutcs kpusas Ax(t) s
KaXJI0r0 YaCTHOTO yPABHEHHUSI PEIPECCHH.

2. Haxopmsitcst pa3sHOCTH [Ax*(t)—Ax(t)] IUIsL BCEX JKCIIEPUMEH-

TaJIbHBIX TOYCK.
3. PaccunThiBaeTCsa BEIUMYMHA OIIHOOK

A*(2)=

[ax; () - ax, 0] (1.108)

N-T,

Jj=l1

5%(2)-100% (1.109)
1 N-1 . :
NjZI[ij(ﬂ]z

yJ=
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2
Hcnonb3oBanue kpurepust A™(2), Kak MOKa3pIBaeT aHAIN3, TOBBIIIA-

€T TOYHOCTh TporHo3a. Merom MI'YA moxker ObITh 3P ¢hEKTHBHO HC-
MOJIb30BaH JJIsl MOJIyYEHUS] TaK HA3bIBAEMBIX «CHUCTEMHBIX MHOTOKpAT-
HBIX MU depeHInaNIbHBIX TporHo30By. [loa cucteMoil B JaHHOM Cirydae
MOJKHO TIOHUMATh TPYIILY ONpEIeIeHHBIM 00pa3oM CBSI3aHHBIX MEXIY
c000 «BXOJHBIX» U «BBIXOJIHBIX» MOKA3aTEJICH C 3aJaHHBIM OIHUCAHUEM
CBsI3€H, JIEMEHTOB, POIIECCOB, CTPYKTYPHI.

s momydeHus TPOTrHO30B TIOBEJEHHS CIOKHBIX CHCTEM TPEeroa-
raeTcsl BBIMOJTHEHHE OMPENeICHHBIX yCIoBuit [52, 51]:

1. ['paHMIBI CUCTEMBI BBIOMPAIOTCS TaKHUM O0pa3oM, YTOOBI MOXHO
OBLIO MCKITIOYUTH JIMIIh HAUMEHEE Ba)KHBIE CBSI3M CHCTEMBI C BHEIIHEH
cpenoil.

2. Cucrema BKITIOYAET OMPEIEICHHOE YHCIO MEePEeMEHHBIX M U 00-
paTHbIX cBszeit f. JIs momyueHust HaJe)KHOTO TIPOTHO3a MPU TOCTPOSHHUH
MOJIEJIN JI0CTATOYHO MCIIOJIb30BaTh Jt00bie m > M — [ nepemeHHbIE.

3. BriOpaHHbIe IepeMEHHBIE HE JOJKHBI TOBTOPATH IPYT APYra.

4. IInoxo IporHO3UpyeMbIe IEPEMEHHBIE CIEAYyeT UCKIIOUUTD U3 MO-
JIeny.

HpOFHO3 Ha3bIBACTCA CHCTEMHBIM, €CJIM OJHOBPEMCHHO ITPOTrHO3U-
pytotcs He MeHee T XapaKTepUCTHYECKHX MEPEMEHHBIX cucTeMsbl. Ilepe-
MEHHBIE IPOTHO3UPYIOTCSI OAHOBPEMEHHO, 1ar 3a marom. Ilpu stom ycr-
paHsAeTcsl OAMH W3 OCHOBHBIX HEIOCTATKOB OJHOKPATHOI'O IPOTHO3a —
apryMeHThl YpaBHEHHUI MPOTHO3UPOBAHUS «HE CTaperoT» (HOCST Mocie-
HHE 110 BPEMEHH OTCYETa HHACKCHI).

MHOTOKpaTHBIA TPOTHO3 MOKHO BECTH HAa OCHOBE Kak aiureOpamde-
CKHUX, TaK U TU(PepeHINATLHBIX WIH HHTETPATBHBIX YPaBHEHUH.

[lpy monyuyeHMH IONTOCPOYHBIX AU PEpEeHIUANTBHBIX MPOTHO30B
BA)XKHBIM SIBJISICTCS yCTAaHOBJIICEHHE YCTOWYMBOCTH IOBEIEHHS CHCTEMBI.
Haubonee pacrpocTpaHeHHBIM CIIOCOOOM YCTaHOBJICHHSI 00JIACTH yCTOM-
YUBOCTHU (7151 TUHEHHBIX MOJIENEH) SIBISIOTCS MeTo bl JIAmyHoBa, KpUTe-
puu I'ypuna — Payca.

ITpn peanuzanuy NPOrHO30B BaXKHO YCTAHOBUTH KPUTEPUI KauecTBa
MOJTyYeHHBIX MPOTHO3HBIX pe3ynbTaToB. B [53] ycranaBnmBaercs cBoe-
oOpa3Hasi uepapxus KpUTEPHEB MPOTHO3a B 3aBUCHUMOCTU OT TJIyOWHBI
IporHo3upoBanus. Tak, Uil KpaTKOCPOUHOI'O MPOrHO3a B KaueCTBE KpU-
TEpUs CENIEKIUH NpeAiaracTcsi UCIONIb30BaTh KPUTEPUH PEryIsipHOCTH —
BEIMYMHY CPEAHEKBAJPAaTHYECKOH OIIMOKH, ONpeAesieMOd Ha TOYKax
MPOBEPOYHON MOCNENOBAaTEILHOCTH, HE YYacTBYIOIIEH B IOJyYEHHUH
oueHoK k03¢ duruenToB. /s cpeHeCPOUHbIX IPOrHO30B IpeaIaraeTcst
WCIIOJIb30BAaTh KPUTEPUH HECMEIIEHHOCTH Kak Oojee 3¢ dexTuBHbIN. [1pn
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Hanmuuuy uMHGOpManuu o0 M3MEHEHHWH B3aMMOCBSI3aHHBIX II€PEMEHHBIX
MOSIBISIETCS. BO3MOXKHOCTb HCIIOJIB30BaTh KPUTEPUN, KOTOPBIA SIBISIETCS
OIHMM U3 Hambonee 3PPEKTUBHBIX MPU AOJITOCPOYHOM IMIPOTHO3HPOBA-
HHUM, UIMEHHO KpUTEpHUH OajaHca MEPEMEHHBIX, T. €. MUHUMHU3ALUH CyM-
MBI KBAJIpaTOB PACCOITIACOBAHUI CaMUX 3HAYEHUH NPOMEXKYTOUYHBIX IIe-
PEMEHHBIX U UX MOJECIBHBIX IPEACTaBICHUN. J[aHHBIM KpUTEpHUil ompe-
JEISeT «GKECTKOCThY», HEU3MEHHOCTh CTPYKTYPBI HCCIEAYEMOT0 OOBEKTa.

1. Buem cocmoum cymo memooa MI'VA?
Jaiime onpedenenue noHAmMuUs «pecyIspHOCmUY?

3. Onuwume ancopummuyeckylo nociedo8amerbHOCHb NPUMEHEHU Me-
mooa MI'VA.

N

1.8. Teopusi pacnnozHaBaHus 00pa3oB

BecbMa nepcreKTUBHBIM B HACTOSIIEE BPEMS SIBISIETCS MCIIOIb30BaA-
HHUE A7l MPOTHO3MPOBAHMS METONOB TEOPHUH paclio3HaBaHUs 0OpPa3oB.
HenocpencTBeHHO ¢ HCMOIB30BaHUEM JTON TEOPHH PEHIAETCS KOMILIEKC
3a/a4, UMEIONMX BAXKHOE 3HAYCHUE B MpOrHO3upoBanuu [4, 24, 25, 67,
75, 105, 126].

V3Ke UCHOIB30BAHHE IKCTPANOISALHUOHHBIX METONOB IJS NMPOTHO3H-
POBaHHs BPEMEHHBIX DPSNOB MPEAINONIATaeT OJHOPOOHOCTh JUHAMHKH.
JlefcTBUTENBHO, HCXOAHBII BPEMEHHOU PsiA, SBJISAIOIIUICS OCHOBOM IIPO-
THO3UPOBAHUS KaKoro-nmmbo mpouecca, MOXET collepXkaTh B cebe MHTep-
BajJbl, BHyTPH KOTOPBIX AWHAMHKA XapaKTEPU3YeTCs OINPEICIICHHBIMU
OTJIUYHBIMH OT JAPYTHUX MHTEPBAIOB YCIOBUSAMH. ECTecTBEHHO, 3TH HH-
TepBaJibl Ha MEPCIEKTUBY MCKaKAIOT MOJYyUYEHHBIH MPOTHO3HBIN Pe3yib-
TaT. B 3TO# CBS3M BO3HHMKAaeT HEOOXOIMMOCTh YETKOTO BBIAEICHUS TEX
MHTEPBAJIOB, U1 KOTOPHIX XapakTepHa OJHOPOIHAs AUHaMUKa. Perenue
9TOro Bompoca 3(P(HEKTUBHO peanu3yeTcs ¢ MOMOIIBI0 METOAOB TEOPUHU
pacmo3HaBaHusl 00pa3oB [126].

JpyruM BaKHBIM TPUJIOKEHHEM TEOPUHM pAcCIO3HaBaHMUSA 00pas3oB
JUISL TIOJTy4€HUS! TIPOTHO30B SABJISAETCS ONMUCAHHWE W MPOTHO3UPOBAHHE I10-
BEACHUS KaKoro-mubo oOBbEeKTa MO HaOOpy MPHU3HAKOB, OMPEAEISIOLINX
MIOBEJICHUE 3TOr0 OOBEKTA.

IIponienypa mporHo3upoBaHHS Ha OCHOBE METOAOB pACIO3HABAHUS
00pa3oB COCTOUT B TOM, YTO BBIOMPAIOTCS KJIACCHI COCTOSIHUM HCCIexye-
MBIX OOBEKTOB, KOTOPbIE MOT'YT OBbITh 3aJaHbl KaK JUarna30HaMy U3MEHe-
HUS HEKOTOPBIX TapaMeTpOB, TaK M ONpeeNeHHBIMH KadeCTBEHHBIMHU
xapakrepuctukamu. [1o COBOKYNHOCTH MPU3HAKOB, OMPEENAIONIUX CO-
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CTOSIHHE 00BEKTOB, HAXOANUTCS COOTBETCTBUE MPHUHAIEKHOCTH KaXKIOTO
HOBOT'O 00beKkTa (WM 00beKTa B OyayIIeM MOHITHHA BPEMEHH) K OmpeJie-
JIEHHOMY KJIacCy. DTO TO3BOJISET JaTh MPOTHO3 COCTOSHUS O0BEKTa WIIH
yKa3aTh QUana30H M3MEHEHHWS IMapaMeTpoB, XapaKTepPH3YIOIIUX ero Ha
IIPOTHO3UPYEMBII IEPHOJ,.

OpHOl M3 BaKHEWIIMX TPOOJIEM, BO3HUKAIOMIMX MPH IOJyYEHHU
KOHKPETHBIX IPOTHO30B, SIBIIIETCS OI[eHKa NCXOAHOH nHpopMmarmu. 1lpn
MPOTHO3UPOBAHUH PA3BHUTHUSI CIOKHOH CHCTEMbl BO3HHKACT CHUTYyalus,
KOTJa TIOBEACHUE CHCTEMBl MOXKET OBITh OMHCAHO C MOMOIIBI0 MHOTHX
pa3IMYHBIX TIOKa3aresei. Peanu3arust mporHO30B 1O BCE COBOKYITHOCTH
9THX TOKa3aTeNell MPUBOAUT K HEOOXOJMMOCTH YYHTHIBATh M B3aUMO-
CBSI3W MEXIY HHMH, YTO MoAYac ObIBaeT BecbMa 3aTpyAHUTeNbHO. Cu-
Tyanus oblierdaercs, KOrja sl peaju3alllidl MPOTHO30B HCIOIb3yeTCs
ammapaT pacro3HaBaHHS 00pa30B M MPOTHOZHUPYIOTCS BO3MOXKHBIE BapH-
AHTBl Pa3BUTHUS CJIOKHOM CUCTEMBI. B ATOH CBSI3M Ba)XKHOU sIBJIAETCA 3a-
Jada OmpelesieHHs] KauecTBa UCXOJHOH WH(POpPMAalUH, T. €. paccMaTpH-
BaeMBIX IOKa3aTelleH, M1 BO3MOKHOTO OMHCAaHUS HCCIEeTyeMOi cucte-
MBI,

HHTepecHBIM SBISIETCS MPH HMOCTPOSHUH HMPOTHO3HBIX MOJENEH uc-
MOJIb30BAaHUE COYETAHUI METOOB, HAPUMED, PETPECCHOHHOTO aHallN3a
Y pacro3HaBaHUsI 00pa3oB.

1. Oxapaxmepusytime 0CHO8Hble NOCHIYIAMbI MEOPUU PACNOIHABAHUS 00-
pasos.

2. B uem cocmoum npoyedypa npocHO3UpOSAaHUs HA OCHO8E Memo008
pacnosuasauus oo6pazos?

3. Kaxue npobrembl 603HUKQIOM NPU NOJYYEHUU NPOSHO308 HA OCHOGE
paccmompennozo memooa?

1.9. [IporHo3upoBaHme ¢ UCHOJIb30BAHMEM HEHPOHHBIX
ceTell, HCKYCCTBEHHOT0 MHTE/JIEKTA U TeHeTHYECKUX
aJrOpuTMOB

JKecTkne cTaTUCTHYECKHE MMpEaAJIOKCHUA O CBOMCTBax BPEMCHHBIX
PSIOB OTPAaHUYHBAIOT BO3MOXKHOCTH METOJIOB MaTeMaTHYEeCKOW CTaTH-
CTHKH, TEOPUH PACIO3HABaHHS 00Pa30B, TEOPUH CIYYaWHBIX MPOIECCOB
Hu T.II. HCHO B TOM, YTO MHOT'HM€ PCAJIbHBIC ITPOUECCChI HE MOTI'YT aICKBATHO
OBITH OMUCAHBI ¢ MOMOIIBIO TPATUIIMOHHBIX CTATUCTHUYCCKUX MOJIENEH,
MOCKOJIbKY, 1O CYTH, SIBJISIOTCS CYIIECTBEHHO HETHHEHHBIMH, H HUMEIOT
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TU00 XA0THYECKYIO, JINOO KBA3HUIIEPHOIUUYECKYIO, JHOO CMEIMIaHHYIO
(croxacTuka + Xaoc-AHMHaMHUKa+IeTepMUHN3M) OCHOBY [14 ,20, 21].

B nmanHOlW cHuTyanmuy ajgeKBaTHBIM allllapaToM s pemeHus 3ajad
JMUATHOCTUKHA W TIPOTHO3UPOBAHMS MOTYT CIY>KUTh CIIEITHAIbHBIE UCKYC-
cTBeHHBIE ceTH [29, 36, 104, 109] peanusyrommue uaeu npeAcKa3anus 1
KIacCH(pUKAIMK PU HATMYMK 00ydYaronIiX MOCIeI0BaTeIbHOCTEH, TpH-
4yeM, KaKk BechbMa IIePCIEKTHBHBIE, CIEAYeT OTMETHTh pPaIuabHO-
0a3HCHBIE CTPYKTYPBI, OTIHYAIOIINECS BBICOKOH CKOPOCTBIO 00yUeHHs U
YHUBEPCANBHBIMU AlIIPOKCUMUPYIOLIIMMH BO3MOKHOCTAMU [114].

B ero ocHOBe HelipoMHTEIIEKTa JIEKAT HEHPOHHAS OPTaHU3aINs HC-
KYCCTBEHHBIX CHCTEM, KOTOpas HWMeeT OHMOJIOTHYECKHE IPENITOCHUIKH.
CriocoOHOCTH OMOJIOTHYECKUX CUCTEM K OOYUYECHHUIO, CAMOOPraHU3alud U
ajanrtanuu o0nagaer OOJBIINM IPEUMYIECTBOM IO CPAaBHEHHIO C CO-
BPEMEHHBIMH BBIYUCIUTENLHBIMA cucTeMami. llepBeie maru B obnactu
HCKYCCTBEHHBIX HEUPOHHBIX ceTed caemanu B 1943 r. B.Mak-Kanox u
B.Ilutrc. OHu mokaszanu, 4TO HpPU MOMOIIU MOPOTOBBIX HEHPOHHBIX 3Jie-
MEHTOB MOXKHO PEaM30BaTh UCUMCIICHUE JIOOBIX JOTHYECKUX (PYHKIHUN
[36]. B 1949 r. Xe00 mpemioxuii MmpaBuwiio O0y4YeHHS, KOTOPOE CTaJo
MaTeMaTH4YeCcKOil OCHOBOI Ui 00y4YeHus psiia HeWpOoHHBIX ceTel [29]. B
1957-1962 rtr. ®@. Po3eHONATT MPEANIOKUIT U UCCIEAO0BaT MOJAENb Hei-
POHHOH CeTH, KOTOPYI0 OH HazBan mepcerntporoM [104]. B 1959 r. B.
Buapoy u M. Xodd npennoxuiy npoueaypy oOyueHust i JIHHSHHOTO
agantuBHOTO 3nemenTa — ADALINE. Ilpouenypa oOydenus momyduna
Ha3zBaHue "menpra mpaBmwio" [36]. B 1969 r. M. Munckwuii u C. [laimept
omyoiukoBam MoHorpaduto "IlepcenTponsl”, B KoTopoi ObLT AaH Ma-
TEMaTUYECKUH aHaINU3 MEePCENTPOHA, U MOKa3aHbl OIPAaHUYCHUS, TIPHUCY-
e emy. B 80-e rofpl 3HAUUTENBHO PACIIUPSIFOTCS UCCIIEAOBAaHUS B 00-
yacTh HeHpoHHBIX ceTeld. JI. Xomnduna B 1982 1. mam aHamm3 ycToHdnBo-
CTH HEHPOHHBIX ceTell ¢ OOpaTHBIMH CBSA3SIMH M TPEJIONKUI UCIIOIH30-
BaTh WX U pelieHnil 3amad ontuMmsanuu. T.KoxoHeH paspaboran u
HCCIIeIOBall  CaMOOPTaHU3YIOIIMECsT HEWpOHHbIE ceTu. Psg  aBTOpoB
NPEIJIOKII allTOPUTM OOPaTHOTO paclpOCTpaHEHUE OIMUOKH, KOTOPBIH
CTaJl MOIIHBIM CPEJCTBOM Ui OOYYCHUS MHOTOCIOWHBIX HEHPOHHBIX
cereit [29, 36, 104]. B nacTosmee BpeMs pa3pabOTaHO OOJBIIOE YHCIIO
HEHpOCUCTEM, TPHUMEHSIEMBIX B Pa3IMUHBIX 00JacTsAX: MPOTHO3MPOBA-
HUY, YIPaBJICHUY, IUATHOCTUKE B MEIUIIMHE U TEXHHUKE, PACIIO3HABAHUU
obpazos u T.1 [1, 4, 28, 47, 51, 52].

Hetipounas cemv — COBOKYITHOCTh HEMPOHHBIX 3JIEMEHTOB M CBSI3ei
Mexy HUMH. OCHOBHOW 3JIEMEHT HEUPOHHOW CETU - 3TO (hopmaibHblil
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HelipoH, OCYIIECTBIIIONIMA OIEPANI0 HEIMHEHHOTO IPeoOpa3oBaHMS
CYMMBI IIPOU3BEICHUI BXOJHBIX CUTHAIIOB Ha BECOBBIC KOA(P(PHUIIMCHTHI

= F(z W, jF(WX), (1.110)

i=1
T
rae X=(x;,%y,0,%,) - BEKTOP BXOJJHOT'O CHTHA-
na;W =(w,,Ww,,..., w,) BecoBOil BekTop; F - omepaTtop HEIMHEHHOro

peoOpa3oBaHUsL.

Jns oOy4eHus: CeTH UCHONB3YIOTCS pa3iMyHbIe aITOPUTMBI 00yue-
Hus 1 ux momudukanuu [9, 11, 22, 42, 70, 139]. Ouens TpyaHO ompene-
JIUTh, KaKOW OOYyJaromuii anropuT™M OyaeT caMbIM OBICTPBIM IIPH peIlie-
HUUW TOM win wHOM 3anayn. Hanbonpmmii mHTEpec Uil HaC MPECTaBIsIeT
aAneopumm 00pamHo2o pacnpocmpanenus OwubKu, TaK KakK SBISETCS
3¢ (EeKTUBHBIM CpPEACTBOM Ui OOYYEHHS MHOTOCIONWHBIX HEHPOHHBIX
ceTelt mpsMoro pacmpoctpaneHus [85, 127]. AnroputM MUHUMU3ZHPYET
CPEIHEKBaJPAaTUYHYI0 ONMIMOKY HEWpOHHOW ceTtd. J[Js 3TOro ¢ menbro
HACTPOWKHM CHHANTHYECKUX CBA3EH HCIONB3YeTCS METOJ TPaJIUEHTHOTO
CITyCKa B MMPOCTPAHCTBE BECOBBIX KOA((UITMEHTOB U IOPOTOB HEHPOHHOU
cetu. Cremyer OTMETHTh, YTO JJIsI HACTPONKHA CHHANTHYECKUX CBS3CH
CETH WCIOIb3yeTCs HE TOJNBKO METOJ T'PaJAHEeHTHOTO CIyCKa, HO U METO-
Il COTIPSDKEHHBIX TPagueHTOB, HpIOTOHA, KBa3WHBIOTOHOBCKHUA METOJ
[94]. [Ins yckopeHHs mpoleayphl 00YUYeHUsT BMECTO MOCTOSIHHOTO Iiiara
00yUeHHS TPEIOKEHO HCITONIB30BaTh aMaNTHUBHBIN IIar oOydeHus out).
ANTOpUTM C alanTUBHBIM IIAroM o0y4eHus paboTaet B 4 pasa ObicTpee.
Ha xaxmom stane oOy4deHHs CETH OH BBIOMpPAETCS TaKUM, YTOOBI MIHH-
MH3UPOBATh CPEIHEKBAAPATHICCKYIO OMHMOKY ceTu [29, 36].

[na mporuosupytommx cuctem Ha 6aze HC Hammydmme kauectBa
MOKa3bIBae€T IeTEPOreHHAasl CETh, COCTOSIIAS U3 CKPBITHIX CIIOEB C HEIU-
HelHOW (yHKIWEH aKTHBAIlMd HEWPOHHBIX 3JIEMEHTOB W BHIXOJIHOTO JIH-
HeliHoro Helpona. HemocraTkoM OOJIBIIMHCTBA PacCMOTPEHHBIX HENH-
HEWHBIX (DYHKIUM aKTUBAIUU SBISETCS TO, YTO 00JACTh BHIXOJHBIX 3Ha-
YeHn! ux orpanndena otpeskoM [0,1] wmu [-1,1]. DTo mpuBOIUT K HEOO-
XOJUMOCTH MacIITa0MPOBAHUS JAHHBIX, €CIIM OHU HE MPHHAJIekKAT yKa-
3aHHBIM BBIIIE JUANIa30HAM 3HadYeHH. B paboTe mpemiokeHo HCmoab30-
BaTh JIorapupMuyecKkyro (pyHKIIUIO aKTHBAIMA ISl PEIICHUs 3a1a4 Mpo-
THO3WPOBAHMSA, KOTOpAas IO3BOJSIET TOJMYYHTHh MPOTHO3 3HAYHUTEIHHO
TOYHEE, YeM MPHU MCIIOJIb30BAHUN CUTMOUIHON (YHKIIHH.

Amnanus paznuusasix TunoB HC noxazan, uro HC Moxer pemarsh 3a-
JTa4d CIIOKEHUs, BEIYUTAHUS JCCATUYHBIX YUCEN, 33/1a4l JTUHEHHOTO aB-
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TOPETPECCHOHHOTO aHaNHW3a W TMPOTHO3WPOBAHUS BPEMEHHBIX DSIIOB C
HCIIOJIb30BAaHUEM METOJIa «CKOJB3SIero okuay [70].

[IpoBeneHHBIN aHaNU3 MHOTOCIOWMHBIX HEMPOHHBIX CETE W aniro-
PUTMOB BX OOYYEHHS ITO3BOJIMI BEISIBUTH PSII HEJOCTATKOB W BO3HHUKAFO-
HIUX TpoOJIeM:

1.HeomnpeneneHHOCTh B BBIOOPE YKCIIa CIOEB M KOJIMYECTBA HEHPOH-
HBIX 3JIEMEHTOB B CIIO€;

2.Menynennasi CXOAMMOCTh TPATUEHTHOTO METOJA C IOCTOSHHBIM
1aromM 0Oy4eHus;

3.CnoxxHOCTh BBIOOpa Moaxoasmiel ckopocTr o0yueHus o. Tak Kak
MaJIeHbKass CKOPOCTh 00y4eHus: MpUBOAUT K ckaTeiBaHuio HC B Jtokanb-
HBI MUHUMYM, a OOJBIIas CKOPOCTb OOyUYEHHSI MOXKET IIPUBECTH K IIPO-
MyCKy TI00aJbHOr0 MUHUMYMa H CJeNaTh Mpolecc 00ydeHUsT pacxos-
IIUMCS;

4.HeB03MOXKHOCTE OTIpeNeNeHNsT TOYEK JIOKAIFHOTO W TI00ATBFHOTO
MHUHUMYMa, TaK KaK TPaJeHTHBII METO/I UX HE pa3iIuJacT;

5.BavsiHMe ciay4yaiHON WHHIMAIM3AIlMA BECOBBIX KOA(PQUIMEHTOB
HC na mouck MuHIMyMa QYHKIUN CPEIHEKBAAPATHUECKON OIINOKH.

Bonpmryto ponb mist 3pPeKTUBHOCTH OOYUCHHS CETH HWTpacT apXu-
tektypa HC [114]. Ilpu momormm Tpexcnoitnoit HC MoxHO anmmpokcuMu-
poBath OOV (DYHKIMIO CO CKOJIb YTOJIHO 3aJlaHHOW TOYHOCThIO [14,
110]. TouHOCTE OmpenenseTcs YHUCIOM HEHPOHOB B CKPHITOM CJIO€, HO
MIPU CIUIIKOM OOJBIIION Pa3MEPHOCTH CKPBITOTO CIIOS MOXKET HACTYIUTh
SIBJICHHE, Ha3bIBAEMOE MEPETPEHUPOBKON ceTu. [ns ycTpaHeHus 3TOro
HEeJOCTaTKa HEOOXOAMMO, YTOOBI YMCIO HEWPOHOB B IMPOMEKYTOYHOM
cioe OBUTO 3HAYMTENBHO MEHbIIE, YeM YHCIO TPEHHPOBOYHBIX 00pa30B.
C mpyroil CTOpOHBI, IPHU CIHUILIKOM MaJ€HBKON Pa3MEPHOCTH CKPBITOTO
CJIOS MOKHO TIOMIACTh B HEXKEJaTeNbHBIA JOKaTbHBIH MUHUMYM. Jlis
HEHTpanu3amuy 3TOTo HeIOCTaTKa MOXKHO TIPUMEHSTH PSII METOIOB OIIH-
caHHBIX B [94, 127].

IIporHo3upoBaHue ¢ UCNOJIb30BAHUEM TEOPUM FeHETHYECKHUX aJI-
ropuTMOB. BriepBble upies HCIONB30BaHUS TEHETHYECKUX AITOPUTMOB
st o0ydenus (machine learning) Obuta npesiokeHa B 1970-¢ rogs
[241, 245, 244, 246]. Bo BTopoit nomoBuHe 1980-x K 3TOi HIee BepHY-
JUCHh B CBS3U C O0yueHHEeM HeHpOHHBIX ceTeil. OHM MO3BOJSIOT penaTh
3aJa9y IPOTHO3MPOBAHUS (B IMOCIIEHEE BpeMsl HanOojee MIMPOKO TeHe-
TUYECKHE AJTOPUTMBI OOYYCHHUS HCIOJB3YIOTCSA JJIsi OAaHKOBCKHUX MpO-
THO30B), KiaccH(MKalWU, MOWCKA ONTHMAIBHBIX BApUAHTOB, U COBEP-
IIIEHHO HEe3aMEHUMBI B TeX CIIydasx, KOT/la B OOBIYHBIX yCIIOBHSX peIe-
HUE 3a7]a9d OCHOBAHO HA WHTYHITMH WU OMBITE, a HE Ha CTPOroM (B Ma-
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TEMaTHYECKOM CMBICIIE) ee OomucaHuu. Vcmonp30BaHne MEeXaHN3MOB Te-
HETUYECKOH SBONIOLMH IJisi 0O0YUEeHUs] HEHPOHHBIX CETel Ka)KeTcs ecte-
CTBEHHBIM, TIOCKOJIBKY MOJENN HEHpPOHHBIX ceTeil pa3pabaThIBarOTCS IO
AQHAJIOTUW C MO3TOM W PEaNTn3yl0T HEKOTOpBIE €ro OCOOEHHOCTH, MOf-
BUBIIKECS B pe3ysbTaTe ononorunueckoi spomonu [10, 28, 100].

OCHOBHBIE KOMITOHEHTHI TE€HETUYECKUX aJITOPUTMOB — 3TO CTPaTEerHu
PENPOIYKITHH, MyTallMid U OTOOP "MHIWBHUIYaTbHBIX" HEHPOHHBIX ceTei
(o ananmoruu ¢ 0TOOPOM MHIMBHIYATBHBIX 0co0ei) [28].

BaXHBIM HEIOCTATKOM TE€HETHYECKUX AITOPHTMOB SIBJISETCS CIOXK-
HOCTPH Ui TIOHWMaHUS W TporpaMMHON peanm3arnmu. OZHAKO TpeuMy-
MIECTBOM SIBIISICTCS 3P GEKTHBHOCTH B TOWUCKE TIIOOAIBHBIX MHUHUMYMOB
aJanTUBHBIX penbedoB, TaK Kak B HUX HCCIEAYIOTCS OOJbIIne o0aacTu
JIOTTYCTHMBIX 3HAYEHUH IMapaMeTpoB HEUPOHHBIX ceTel. Jpyras mpuunHa
TOTO, YTO TEHETUYECKHE aJITOPUTMBI HE 3aCTPEBAIOT B JIOKAJIHFHBIX MUHU-
MyMax — CIy4yailHbleé MyTaliy, KOTOpbIE AHAJOTWYHBI TEMIIEPATypPHBIM
GuryKTyausaM MeToJla UMUTALUH OTKHUTa.

B [28, 88, 100] ectp yka3aHusi Ha JOCTaTOYHO BBICOKYIO CKOPOCTbH
O6y‘IeHI/IH IIpU HMCIIOJb30BAHUMU T'CHCTHYCCKUX aJIfTOPUTMOB. XoTs cKo-
POCTb CXOOUMOCTH TPaAMEHTHBIX aITOPUTMOB B CPEJHEM BBIILIE, YEM Te-
HETHYECKUX aJTOPUTMOB.

I'eHeTndeckre anropuTMBI JAIOT BO3MOXKHOCTH OIEPHUPOBATH IFIC-
KpPETHBIMU 3HAYCHUSIMH T1apaMeTPOB HEHPOHHBIX ceTeil. DTo ympouiaer
pa3paboTKy u(POBIX anmapaTHBIX pean3annuii HeHpOHHBIX ceTeil. [Ipu
00y4eHNN Ha KOMITbIOTEpEe HEHPOHHBIX CEeTed, He OPHEHTHUPOBAHHBIX Ha
anmapaTHylo peajn3anyio, BO3MOXKHOCTh HCIIOJIb30BAHUSL JUCKPETHBIX
3HAUYEHUH MapaMeTpOB B HEKOTOPHIX CIy4asX MOXKET NPUBOIUTH K CO-
KpaIlIeHUIO 00IIeTo BpeMeH:H 00ydeHusl.

B pamMkax «reHeTHYECKOro» MOoAXona B MOCJenHee BpeMs pa3pado-
TaHbBl MHOTOYMCIIEHHBIE aJlTOPUTMbI O0y4YeHUs] HEHPOHHBIX CeTel, pasiu-
YaroIIuecs: Croco0aMu MpeICTaBICHUs TaHHBIX HEHPOHHOH ceTH B "Xpo-
Mocomax", cTpaTeTHsIMH PENpOIYKIIMH, MyTaluii, orbopa [241, 244,
245].

1. Kakogbl 0cHo8HblE NpeOnoCbLIKY NPUMEHEHUs] HeUPOHHBIX cemell 8 npo-

2HO3Uposanuu?

2. Buem cocmoum npunyunuanvbras KOHYenyus NOCMpoeHus HetipOHHbIX
cemeti?

3. Kakue munui nelipocemegvix CmMpyKmyp UCHOIb3YIOMCS 8 NPOSHOZUPO-
sanuu?

4. [ns weeo ucnonv3yiomes cenemuyeckue aizopummsl 6 npoyeccax ooy-
YeHus HeUPOHHLIX cemeli?
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BbIBOABI K TEOpEeTHYECKOM I1aBe

B »710i1 raBe ObUIM paccMOTpPEHBI M IIPOAHATU3UPOBAHBI HEKOTOPHIE
METOJIbl U AITOPUTMBI TIPOTHO3UPOBAHISI, UMEIOIINE YETKYI0 MaTeMaTH-
YecKyr0 (popMaln3aliio W MO3BOJSIONINE HaM paboTaTh ¢ BPEMEHHBIMH
psanamu. OTMETHUM, YTO Ha MPAKTHKE, KPOME PAaCCMOTPEHHBIX METOJIOB,
JUIS. TIPOTHO3UPOBAHUSI IIHUPOKO HCIONB3YIOTCS METOIBl SKCIEPTHBIX
OIICHOK, TEOPHS MEKOTPACIEBOro OajlaHCca, METO/bI, OCHOBAaHHBIE HA TEO-
pUHM UTp, BapHAIMOHHOTO HMCYHUCIEHHS, CHEKTPAIbHOTO aHalIHM3a W JIp.
[31, 32, 35, 41, 46, 49, 56, 96]. B nocnenHee BpeMst Bce OOIbIIIEe BHUMA-
HUE YIeNseTCs MCCISNOBAaHUIO M MPOTHO3UPOBAHUIO (DMHAHCOBBIX Bpe-
MEHHBIX PSJOB C HCIOJB30BAaHUEM TEOPUU AMHAMHUYECKHX CHCTEM, T€O-
pus xaoca. ITO JTOCTATOYHO HOBas 00JACTh, KOTOpask MPEACTABISET CO-
0ol MONYJSIPHBIM U aKTUBHO Pa3BUBAIOLIUICS pa3/ie] MaTeMaTUYECKUX
MeToa0B dKoHoMuKH [12, 33, 50, 58, 59, 78, 82, 101, 140].

PaccMoTpenHble B JaHHOU TJIaB€ METOMBI, IOMUMO OYEBHUIIHBIX Ipe-
HMMYIIECTB U ILTIOCOB, UMEIOT PsI/i CYyIIECTBEHHBIX HEIOCTATKOB.

— Hepnocrarku metoga HamMeHnbiux kBajaparoB (MHK). HMcmonb3oBa-
HUE TPOIIeTyphl OIIEHKH, OCHOBAHHOW Ha METOJIe HAUMEHBIITNX KBaJI-
paToB, TMpearnoyiaraeT 00sS3aTeNbHOE yIOBIETBOPEHHUE IENIOTO psaa
MPEANOCHUTOK, HEBBIMOIHEHUE KOTOPBIX MOXKET MPUBECTH K 3HAUM-
TenbHBIM omOkam: 1. CiaydaiiHble OIMMOKH UMEIOT HYJIEBYIO Cpel-
HIOIO, KOHEUHbIE AUCIEpPCUU U KoBapuaiuu; 2. Kaxmnoe usmepeHue
CITy4aiiHOM OIIMOKH XapaKTEpU3yeTCs HYJIEBBIM CPEIHHM, HE 3aBH-
CAIIMM OT 3HAYCHUI HAOII0JaeMbIX TIepeMeHHbIX; 3. Jlucnepcun ka-
JKIOH CITydaifHOW OIMIUOKHM OAMHAKOBBI, UX BETMYUHBI HE3aBUCUMBI OT
3HAUCHUU HAOIIOJACMBIX IEPEMEHHBIX (TOMOCKEIACTUIHOCTE); 4.
OTCYTCTBUE aBTOKOPPEIISALUU OIIUOOK, T. €. 3HAYCHHS OIIUOOK pa3-
JUYHBIX HaOIIOJICHUH HEe3aBUCHMBI Jpyr oT npyra; 5. Hopmais-
HOCTh. Ciry4aiiHble OMHMOKN MMEIOT HOPMAJIbHOE paclpeaeieHue; 6.
3HaueHus YHAOTCHHOW MEPEMEHHON X CBOOOIHBI OT OIMIMOOK HM3ME-
PEHHSI 1 UMEIOT KOHEYHBIE CPETHNE 3HAYCHUS U TUCTIEPCUH.

— IIpobGmemsr BeIOOpa afeKkBaTHOW Mojaenu. BriOop Mojenu B KaKIoM
KOHKPETHOM CITydae OCYIIECTBISETCA IO IENOMY PSAY CTaTHCTHYe-
CKHX KPHUTEpPHEB, HAIPUMEp, MO TUCIEPCHH, KOPPEIIITUOHHOMY OT-
HOIIICHUIO U JIp.

— JuckontupoBanue. Krnaccuyeckuil MeTON HAaMMEHBIINX KBaJApaTOB
Mpe/rnoaraeT paBHOIIEHHOCTh UCXOMHOW WHpOopMAIK B MoJienn. B
pealibHO ke TpaKkTUKe Oyayliee MOBEACHUE MPOLecca 3HAYUTEIBHO
B OOJIBIIICH CTETCHU OMPECIAeTCS MO3AHUMHU HAOIIOJICHUSIMY, YeM

68



paHHMMHA. ITO OOCTOSTENHCTBO MOPOAMIO TaK HA3bIBAEMOE IHCKOH-
TUPOBaHUE, T. €. YMEHBbIIEHHE LEHHOCTU Ooyiee paHHeH HHpOpMa-
IUH.

[IpoGema OIEHKH TOCTOBEPHOCTH MPOTHO30B. BakHBIM MOMEHTOM
nojy4deHus nporuosa ¢ nomoinbio MHK sBisieTcst olieHka n10cToBep-
HOCTHU TIOJIy4€HHOTO pe3yibTara. Jjis 3TOi IIeTH HCHOJb3yeTcs Iie-
JBIA Psifi CTAaTUCTUYECKUX XapakTepucTtuk: 1. OueHka cTaHAapTHOM
ommOkw; 2. CpemHsisi OTHOCHTENIbHAs ommmbka oreHkw; 3. Cpemnee
nuHeiHOoe oTKIIOHeHUE; 4. KoppensimoHHoe OTHOIIIEHUE IS OLICHKH
HaJeKHOCTH Mozeny; 5. OueHka J0CTOBEPHOCTH BHIOPaHHOH Moenn
Yyepe3 3HAYNMOCTh HHJIEKCA KOPPeIsun 1o Z-kputeputo Ouiepa; 6.
OrmeHKa JTOCTOBEPHOCTH Mojenu 1o F-kputepuit @umepa; 7. Hamm-
4yre aBToKoppemsiuuii (kpurepuii lapbuna — Yorcona).

HenocraTku, 00ycioBieHHbIE )KeCTKOI Qukcanueld TpeHna. JKectkue
CTaTHCTUYECKHE TPEUIOKEHHS O CBOHCTBaX BPEMEHHBIX PSJIOB OT-
paHUYUBAIOT BO3MOXKHOCTH METOJOB MaTEMaTHUECKOW CTATHUCTHKH,
TEOPHH PACIO3HABAHMS 00pa30B, TCOPUHU CIYYAWHBIX MPOLECCOB M
T.IL., TaK KAaK MHOTHE PEeaJIbHBIC MPOIECCHl HE MOTYT aJIeKBaTHO OBIThH
OTIMCAHBI C TIOMOIIBIO TPATUIIMOHHBIX CTATHCTHIECKUX MOJIENEH, T0-
CKOJIBKY IO CYTHU ABJANOTCA CYHICCTBECHHO HEJIWHEHHBIMH M UMEIOT
100 XaoTHYECKYI0, THOO0 KBa3HIEPHOINYECKYI0, TU00 CMEUIaHHYIO
OCHOBY.

[IpoGmeMBl W HETOCTATKH METOJIa 3KCIIOHEHIIMAIHHOTO CriIaKHBa-
Hus. g mMeTtoma 3KCHOHEHIMATBHOTO CTIIaKWBaHUS OCHOBHBIM H
HanboJiee TPYJHEIM MOMEHTOM SIBJISIETCSI BLIOOP MapameTpa Crita)H-
BaHMUS O, HAYAJIbHBIX YCJIOBUH U CTENEHU MPOTHO3UPYIOLIETO MOJHU-
Homa. Kpome Toro, asst onpeneneHusl Ha4yalbHBIX ITapaMeTPOB MOJe-
U OCTAIOTCS aKTyalbHBIMH TepedrncieHHble Hemoctatku MHK u
mpo0eMa aBTOKOPPEIISAIINH.

HpO6HeMLI U HCOAOCTAaTKHU METOJa BEPOATHOCTHOIO MOACIMPOBAHUA.
Henocratkom Monenu siBisercst TpeOoBaHUE OONBIIOTO KOJMYECTBA
HAOIOJICHNII W HE3HAHWE HAYaJbHOTO PACIPENETICHHS, YTO MOXKET
MIPUBECTH K HETIPABUIIHHBIM OIEHKaM.

[IpoGeMbl M HEAOCTATKH METOJIA aJalTUBHOTO CriiaxkuBaHus. [lpu
HAIAYUH JOCTATOYHON WH(GOPMAIMM MOXKHO TONYYUTh HAJEKHBIN
MPOTHO3 Ha HHTEPBAJ OOJIBIINI, 9eM MPH OOBITHOM SKCITOHEHIIHAITb-
HOM criaxkuBaHuu. Ho 3To nuine npu odeHb JUIMHHBIX psagax. K co-
JKaJIEHUIO, I JAHHOTO METOJa HET CTPOTOl MpOIleTyphl OIIEHKH He-
00X0MMMON WJIM AOCTATOYHOHN ITMHBI UCXOTHOW WHMOPMAIWH, IS
KOHCYHBIX PAJO0B HECT KOHKPCTHBIX yCJ]OBI/Iﬁ OLICHKN TOYHOCTH IIPO-
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rHo3a. [loaTOMy 1UII KOHEYHBIX PSIOB CYIIECTBYET PHUCK HOIYYHUTH
BEChbMa NPUOIM3UTENbHBIA NPOTHO3, TEM OoJiee YTO B OOJIBIINHCTBE
CIIy4aeB B pEaIbHOW MPAKTHKE BCTPEYAIOTCS PSJBI, COAEpIKaIIe He
6omee 20 — 30 Touexk.

— IIpob6memsr 1 HemocTaTku Merona bokca — J[xeHkuHca (MOIEIHN aB-
TOPETPECCUH — CKOJIB3AIIEro cpeanero). [IpodaemMsl cBsI3aHHEI, Mpe-
JKJI€ BCETro, C HEOAHOPOIHOCTHIO BPEMEHHBIX PSAOB U MPAKTUYECKOH
peann3aly MeTo/Ia N3-3a CBOCH CII0KHOCTH.

— IIpobmeMbl ¥ HEMOCTAaTKHW METOIOB, PEAIM30BAHHBIX Ha 0aze HEl-
poHHBIX cereid. [IpobnemMbl HeonpeneIeHHOCTH B BEIOOpE YHCIa Ciio-
€B M KOJIMYECTBa HEMPOHHBIX AJIEMEHTOB B CIIO€, MEAJICHHAS! CXOH-
MOCTb TPaJWEHTHOTO METOAa C IIOCTOSHHBIM IIAaroM OOYyYeHHS,
CIIO)KHOCTH BBIOOpa ONTHMAILHONW CKOPOCTH OOYYEHHS O, BIUSHHE
CIydJaiHOW WHUITHATH3AIINN BecoBBIX KodddummenToB HC Ha mouck
MUHHMyMa (QYHKIOUH CpelHEeKBaapaTuieckoi ommoku. OnmHa u3
HanboJiee Cepbe3HBIX TPYIHOCTEH MpH 00yYEHUH — 3TO SIBJICHHE Iie-
peoOyueHus. KpoMe TOro, MCHONb30BaHWE HEMACIITAOMPOBAHHBIX
JaHHBIX MOXET NPUBECTHU K «HIapajinudy» CCTHU.

— IIpobGnembl 1 HENOCTATKH METOMOB, PEATM30BAHHBIX Ha 0aze reHeTH-
YEeCKUX aJrOPUTMOB. DTO MpoOiieMa KOAMPOBKH HWH(POPMALUH, CO-
JieprKalencs B MOJIeH HEHPOHHOHN CETH, a TaKKe CIOKHOCTh ITOHU-
MaHUs U TPOrPaMMHON peaTi3alyH.

[Tpu mocTpoeHUH pealbHBIX MPOTHO30B BCET/Ia HEOOXOAUMO YUHUTHI-

BaTh HE TOJNBKO crenu(puieckue 0cOOEHHOCTH MPHMEHIEMBIX METOIOB,

HO ¥ UX OTPaHWYCHHS U HETOCTATKH.
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I''TIABA 2. IPAKTHYECKAS PEAJIN3ALIUA
AJAIITUBHBIX METOAOB ITPOI'HO3UPOBAHUA

2.1. O01HMe moJoKeHus

Haubonee yacTo mpu nmpakTU4ecKoM MOCTPOSHHH MPOTHO30B IKOHO-
MHUUYECKHX MOKa3aTeNel MPUXOAUTHCS YUYUTHIBATh MX CE30HHOCTh M LIUK-
JMYHOCTbH. J{JIs1 IPOTHO3MPOBAHUS HECE30HHBIX M CE30HHBIX HPOLIECCOB
WCTIOJIB3YETCs Pa3IMYHbI MaTeMaTUYECKU anmapar. JJuHaMuKa MHOTUX
(MHAHCOBO->KOHOMHUYECKHX IOKa3aTeneldl MMeeT yCTOWYHMBYIO KojeOa-
TeJIbHYI0 cocTaBisontyto. Ilpu mccnenoBaHum MecSYHBIX W KBapTaib-
HBIX JJAHHBIX 4acTO HAaOMIONAIOTCA BHYTPU TOJUYHBIE CE30HHbIE Koyeha-
HUSl COOTBETCTBEHHO ¢ mepuogaoM 12 u 4 mecsaues. [lpu ucnons3zoBanun
JHEBHBIX HAOJIONEHWH 4YacTo HaOIIOAAOTCsl KoJNeOaHHUsl C HeNeNbHBIM
(mATUIHEBHBIM) LUKJIOM. B 3TOM ciyuyae asis mosryueHus 6osiee TOUHBIX
MPOTHO3HBIX OLIEHOK HEOO0XOIUMO MPaBWIIBHO OTOOPa3sHTh HE TOJBKO
TpeHA, HO M KoJieOaTeNIbHYI0 KOMIIOHEHTY. PemieHne 3ToH 3amadd BO3-
MOYKHO TOJBKO IPH HCIOJB30BAaHUU CHELHANBHOIO Kiacca METOAOB U
Moaenei [6, 62, 79].

B ocHOBe ce30HHBIX MOJIETIei JIe)KaT WX HeCE30HHBIE aHAJIOTH, KOTO-
pBI€ JOMOJIHEHB! CPEACTBAMH OTPAKEHHS CE30HHBIX KoneOaHuid. Ce30H-
HBbIE MOJEIH CIOCOOHBI OTPa)XKaTh KaK OTHOCUTEIHHO IOCTOSIHHYIO Ce-
30HHYIO BOJIHY, TaK ¥ BOJHY, IWHAMHUYECKH HW3MEHSIONIYIOCS B 3aBHCH-
MocTH oT TpeHna. IlepBas gopMa OTHOCHTCS K Kiaccy aiIUTHBHBIX, a
BTOpast — K KJIacCy MYJbTUIUIMKATUBHBIX MoAenel. bonbmmHcTBO MOze-
neii umeet 00e 3Tu Gpopmbl. Hanboee mmpoko B MPaKTUKE UCTIONIB3YIOT-
csi Mogenu XoibTa-YUHTEpca, aBToperpeccuu, Mozenn bokca-
Jxenkunca [15, 34].

[Ipu KpaTKOCPOYHOM TPOTHO3MPOBAHWU OOBIYHO OoJiee BakHA IH-
HaMHKa Pa3BUTHsI UCCIIEyeMOro T0Ka3aTelsl Ha KOHIIe IIeproia HaOIo-
JCHUH, a He TEHACHIMS €ro Pa3BUTHUS, CIIOKUBILASICS B CPEAHEM Ha BCEM
nepuoje npensicropun. CBOWCTBO JUHAMUYHOCTH Pa3BUTHA (PUHAHCOBO-
9KOHOMHYECKHX IPOIECCOB YaCTO MpeodiiafaeT HaJl CBONCTBOM MHEPIIH-
OHHOCTH, MO3TOMY OoJsiee 3PPEKTUBHBIMU SIBISIOTCS adaNTHBHBIE METO-
Ibl, YIUTHIBAIOIINE HH(OPMALMOHHYIO HEPAaBHO3HAYHOCTh TaHHBIX.

AJanTUBHBIE MOJIEIM M METOJbl MMEIOT MEXaHU3M aBTOMATHYECKOM
HACTPOHKM Ha M3MEHEHHE HCCIelyeMOoro mnokasarens. MHcTpyMmMeHTOM
NIPOTHO3a SIBJIIETCS MOJENb, IEpBOHAYAIbHAS OLIEHKA IapaMeTpoB KOTO-
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POii IPOU3BOIUTCS IO HECKOIBKAM TepBbIM HabmionenusM. Ha ee ocHo-
BE JIeaeTCsl MPOTHO3, KOTOPBI CpaBHUBAETCS C (PaKTUYECKUMHU HaOIIIO-
neHusiMA. Jlanee Momenb KOPPEKTHPYETCSl B COOTBETCTBUU C BEITMYNHOM
OMMOKK TIPOTHO3a W BHOBBH HCIIONB3YETCA MJIsl IPOTHO3WPOBAHUS ClIe-
JYIOILIETO YPOBHS, BIUIOTH 1O HCUEPIaHUs BceX HaOmofeHuid. Takum
00pa3oM, OHAa MOCTOSIHHO «BIMTHIBAET» HOBYIO MH(OPMALUIO, MPUCIIO-
cabymBaeTcsl K HEW, M K KOHITy ITepHoJia HAOMIOACHHUS OTOOpaKaeT TeH-
JISHIINIO, CJIOKMUBIIYIOCS Ha TEKyIIWH MOMeHT. [IporHo3 momydaeTcst Kak
OKCTPAIOJISALMS MOCTeIHeH TeHIeHINH. B pa3nu4HpIX MeTogax MporHo-
3UpPOBaHHS TPOIECC HACTPOWKH (amamTamyy) MOJAETH OCYIIECTBISETCS
mo-pa3zHoMy. ba3oBEIMH aTaNTHBHBIMU MOAETISIMH SIBIITIOTCS:

- mogensb bpayHa;

- MoJienb X0IbTa;

- MOJIETIb aBTOPETPECCHH.

IlepBble ABE MOJENN OTHOCSTCS K CXEME CKOJB3SAIIET0 CPEAHETO, TM0-
CIIEAHAS — K CXeMe aBToperpeccHd. MHOTOUUCICHHbBIE alalTHBHBIC Me-
TOMBI, 0a3MpPYIOIIUEcs] Ha STUX MOJCIAX, Pa3INYalOTCI MEXTy COOOi
CIOCOOOM YHUCIIOBOH OIIGHKH IapaMeTpoOB, OIpEICIeHUs] TapaMeTpOB
aJanTaluuy 1 KOMIIOHOBKOM.

CornacHo cxeMe CKOJIB3MIIIEro CPeaHero, OleHKOW TeKYIIEero ypoB-
HSl SBIISIETCSl B3BEIIEHHOE CpeIHee BCEX NPEIIECTBYIOIMNX YPOBHEH,
npUYeM Beca TpU HaOMIONEHHSAX YOBIBAIOT 1O Mepe yNaJeHHs OT MO-
cieqHero (TeKyIero) ypoBHs, T. €. HHPOPMAIMOHHAS [IEHHOCTh Ha0II0-
IleHui TeM OoJbIire, YeM OJTrkKe OHU K KOHITY TIepHoIa HaOJF0ICHHH.

CornacHO cxeMe aBTOpPerpeccHu, OLIEHKOH TEKYIIEero ypOBHS SIBIIA-
eTcs B3BELICHHas CyMMa IOPSOKOB MOJENEH «p» MpeAlIecTBYIOLIMX
ypoBHeii. UHQopMamoHHas IIEHHOCTh HAOIIIO/IEHUH OTIpeIeNIeTCs He UX
OJIM30CTHIO K MOJEIIMPYEMOMY YPOBHIO, & TECHOTOH CBSI3U MEXKIY HUMH.

O0e 3TH cXeMbl UMEIOT MEXaHHU3M OTOOpaKEHHs KoyeOdaTelbHOrO
(Ce30HHOTO WM MUKIMYECKOTO0) Pa3BUTHS HCCIEeyeMOTo Ipoliecca.

2.2. [ToammHOMHAJIbHbIE MO/I€JIM BpEMEHHBIX PSA/IOB.
MeToa 3KCIOHEHUMAJBLHOM cpeaHei

IlycTh naH BpeMEHHOU psll X; HEKOTOPOr0 A’KOHOMMUYECKOIO MOKa3a-
Tens (Hampumep, TMHAMUKA aKIIUi HEKOTOPOUM POCCUHCKON KOMITAaHUU 32
25 mHei), Brirouarommii # = 25 Habmonenuid. [IpuHsIB nepBoHaYaIbHO
koa(pumment amanraruu o = 0,5 1 neproa yupexaeHus T =1, Tpedyercs
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ANNPOKCUMHUPOBATH Psifi C MOMOIIBIO aJaNTUBHON MOJMHOMHAIBHON MO-
JIeIu:

Hynesoro mopsnka (p=0);

ITepBoro nopsinka (p=1);

Broporo nopsnka (p=2);

OLEHUTHh TOYHOCTH U KauyeCTBO MPOTHO30B;
Crenath MPOTHO3.

kv -

2.2.1. AranTHBHAS NOJJHHOMHAJILHAA MOAEIh
HYJIeBOro nopsiaka (p=0)

BKCHOHCHHI/IEUILH&H CpeaHss UMCECT BUJ

Si=ax, + S, p=l-a 2.1

HauanbHoe yciosue: Sy =4, ,, Taed, jIPUMEM KaK CpeiHee 3Hade-

HHe, HalpUMep, EePBBIX MATH HAOMI0JeHNH.

S
aw:gZx, =511. (2.2)
t=1

PacueTHoe (IIPOrHO3HOE) MOJEIBHOE 3HAUCHUE C MEPHOJIOM YIIPExK-
JeHust 7 OyIeM ONpeNeNsTh U3 COOTHOIICHHS

% =8, =511. (2.3)

Ommbky omnpenenuM 1o dpopmyie 2.4.

RN
(=397

Xt

E 2.4

B Ilpwnoxennn 1 mpuBeAeHB METOIUKH OIICHKH a€KBATHOCTH H
TOYHOCTHU TPOTHO3A.

Ucronb3ys popmyiry 2.1 u mpuHsaToe 3HadeHHE o = 0,5, paccuuraem.

Mput=1
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S, =ax, +(1-a)S, =0,5-520+0,5-511=515,5.

Pucynox 2.1. IIporuo3upoBanue BpeMEHHOTO psAJia X, Ha IIar BIepen
(amanrTrBHAS TOTMHOMHAIEHAS MOCIB HyJeBoro (p = 0) mopsiaka)

Hamu cienan mporHo3 Ha OJIMH LIar BIEpe.l, OHAKO €ro Helb3s CUH-
TaTh ONTHMAJBbHBIM. [y TOJydeHus! aleKBaTHOTO MPOTHO3a HEOOXOIH-
MO TI0Z00paTh TaKOe 3HAYCHHUE 0, YTOOBI CyMMa KBaJpaTOB OTKIOHEHUH

U OIIHOKA IMporyo3a OblIa MUHUMAILHOIA.

s ompenencHuss ONTHMAIbHOTO 3HAYCHUS O, TMPOTA0YJIUPYyEM €ro
ot 0,1 o 0,9 ¢ marom 0,1. 3aTeM Kaxablil pa3 NOACTABUM €r0 B pacyerT-
HYIO MOJIENb JJIS TIOJYYEHHUS MMPOTHO3a M BETMIHHBI OMHUOKH. TakuM 00-
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X =8,=511
[pu ¢ =2
S, =0,5-497+0,5-515,5=1506,25
x, =8, =5155
Iput=3
S,=0,5-504+0,5-506,25=505,125
x; =8, =5006,25

A[B JC |bp |E | F |G

1 p=0
t t

2 K h St x (xt —)%*)2 omnoka
3 (110 511
4 |11 |520] 5155 511 81,00 0,16
5 |12 |497 506,25 | 515,5 342,25 0,69
6 |13 |504 (505125 ]| 506,25 | 5,06 0,01
7 |14 |525|515,063 | 505,125 | 395,02 0,75
27 |1 ]24 | 560 | 541,884 | 523,769 | 1312,69 2,34
28 | 1|25 | 529 | 535,442 | 541,884 | 166,01 0,31
29 |1 |26 535,442

o | 0,5

B |05




pa3oM noJ0upaeTcs Takoe 3HAYCHHE O, IPH KOTOPOM OIMOKa Takxke Oy-
JIET MUHUMAJIbHA.

Pacnipenenenue ommOKu MPOTHO3UPOBAHUS OTHOCUTEIIBHO MapaMmeT-
pa o MoKa3aHo Ha PUCYHKe 2.2.

Cgmg::" 3aBMCUMOCTb OLINGKU NPOrHo3a oT
12.00 Ko3acpdhpuumeHTa crnaxxmBaHus

11,50
11,00 /
10,50 A e
10,00 \ /

9,50

9,00
8,50 T , \ \ \

o

PucyHok 2.2. 3aBUCUMOCTB OIIMOKH MTPOTHO3UPOBAHUS OT OL

MporHo3MpoBaHue Ha OCHOBe
nonMHomMuanbHon mogenu (p=0)

570
560
550 IA
540
530 A
520
510
500
490
480 \ \ 1
0 5 10 15 20 25

—o— /lcxoaHbli BpeMeHHOWN psif—e— [porHosHbii pag a=0,4

Pucynoxk 2.3. Pe3yabpTaThl IPOrHo3a ¢ ONTUMAIBLHBIM 3HAYEHUEM OL
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[To pucyHky 2.2 BHIHO, YTO IJISI MOJENN HYJIEBOTO MOpPSAIKA OMNTHU-
MaJIbHBIM sIBIIsieTCs 3HaueHne o = 0,4, KoTopoe onpenenseTcs Ha OCHO-
BaHWU MMUHHMYyMa CyMMapHOU omuoku E = §,85.

Pe3ynpTaThl IOTy4eHHOTO MPOrHO3a MMOKa3aHbl HA pUCYHKE 2.3.

UucneHHble 3Ha4Y€HNs MPOTHO3MPOBAHMSI MTOKa3aHbl HA pUCYHKE 2.4.

A[B [C |D [E [ F Ke

1 p=0
t

2 f h St b (xt - )2*)2 ornoka
3 |110 511
4 |11 520 | 514,6 511 511 81,00
5 |12 |497] 507,56 | 514,6 515,5 309,76
6 |13 |504] 506,136 | 507,56 | 506,25 12,67
7 |14 |525] 513,682 | 506,136 | 505,125 355,85

27 |1 [24 | 560 | 537,895 | 523,159 | 523,769 1357,27
28 | 1125 | 529 | 534,337 | 537,895 | 541,884 79,13

29 | 1|26 534,337 | 535,442
a | 04
B |06

Pucynok 2.4. PesynbTatel nporsosa mpu o = 0,4

W3 pucynka 2.4 BUAHO, 4TO B pe3yJibTaTe MOAOOpa ONTUMAIBLHOTO
3HAYEHUsI o, OBLT IMOJTyYeH MPOTHO3 Ha 26 1iar paBHblid 534,3. JlanHoe
3HAYEHHE MMPOTHO32 MOYKHO CUUTATH OOJIee TOYHBIM.

2.2.2. AnanTuBHas NOJTMHOMHAJILHAS MO/ieJIb 1ePBOTo
nopsiaka (p=1)

[lepBoHauanbHO MO JAaHHBIM BPEMEHHOrO psiaa x, Haxonum MHK-
OLIEHKY JIMHEMHOTr0 TpeHaa

A A

X, =a, +a,t (2.5



¥ IPHHUMAeM d, , = d; U 4, , = d,.
Jlnst HaxoxaeHus: KooGGULUMEHTOB d,, U d, , Ha rpaduKe BpeMeH-

HOTO psfa X, 100aBUM JMHMIO TpeHAa (pUCYHOK 2.5). B Hamem ciydae
ypaBHEHHE TPEHJa UMEET BUJ

£ =498+1,2¢,

otkyma a,,=a,=498 u a,,=a, =12.

570
560 A
550

540 [
530 A

520 +
510 +
500 +
490
480 ; T T T T

0 5 10 15 20 25

y =1,2031x + 498

—&— VIcxoOHbIi BpeMEHHOW psag—— JIMHEHbIA (MCXOOHbIA BPEMEHHOWM pﬂﬂ*

Pucynok 2.5. Ouenka nuanu perpeccunt MHK

DOKCIOHCHIMAIBHEIE CPeIHUE 1-T0 W 2-TO MOpSAKA OIMPEICISIOTCS
KakK

S, =ax, + S, , (2.6)
sPl=as, + psP 2.7)

rae f=1-a.
OTtcrona HaYaJbHBIC YCIOBHS

R p .
Sy = Qg =0y (2.8)
a
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n 20 .
S(gz] =d —7'8612,0 (2.9)

OneHka MOJENBHOTO (MPOrHO3MPYEMOIO) 3HAUCHHS Psifia C MEPUO-
JIOM YIIPEXIEHHS T paBHA

ne o o
2= [2 + ETJS” = (1 + ETJSPJ (2.10)
Sy =y~ ﬁ&w =498-0,5/0,5-1,2 = 496,8
[24

si = dyy — %&2,0 =498-2-1,2=495,6

ITo popmyse (2.10) Harinem

w2+ % ls 1+ %2 5B o[ 24221 ) 4968~ 14+ 22.1]. 49564992
B B 05 0,5

A[B |cC D |E | F | G | H
1 p=1

T t Xt « 2
2 St St[2] 3 (x, - b)) ommnGka
3 1110 496,80 | 495,60
4 (111 520 | 508,40 | 502,00 499,20 | 432,64 0,83
5 112 |497 | 502,70 | 502,35 521,20 | 585,64 1,18
6 | 1]3 |504]503,35 ]502,85 503,40 | 0,36 0,00
7 |14 [525]514,18 | 508,51 504,35 | 426,42 0,81
271 [ 24 [ 560 [ 541,88 | 532,37 525,61 | 1182,83 2,11
28 | 1 [ 25 [529]535,44 | 533,90 560,92 | 1018,85 1,93
29 | 1|26 538,52

o | 0,5

B |05

Pucynok 2.6. Pe3ynbrarsl pacueToB Mporao3Hoit Mmoaenu npu o = 0,5
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IIpu ¢t = 1 s3kCIOHEHIMAIbHBIE CPEHUE PABHBI

S, =ax, + 85, =0,5-520+0,5- 4968 = 5084
S = o8, + A =0,5-5084+0,5-4956 = 50200

ITo popmymne (2.10) Halinem

i =(2+;TJS” —(1+;sz}% =(2+g’§-1j-50&4—[1+ 8’2 -1}-502,0:521,2

PesynbraTsl pacyeToB X, NpHBENEHBI Ha pucyHKe 2.6. Jlns Haruero
puUMepa MEePBOHAYAIEHO PACCUNTHIBAIOTCS IPOTHO3HBIE 3HAUCHUS TIPH
o =0,5u1=1. lanee HEOOXOIUMO ONPEIEIUTH ONITUMAIEHOE 3HAUCHUE
0L, UICXOJI M3 COOOpaKCHUS MHHUMyMa CyMMapHOU ommOku. J{s storo,
KaK U B MEPBOU MOJEIH, MOAOMpPAEM TaKoe 3HAYCHHUE O, MIPH KOTOPOM
cyMMapHasi onioka OyaeT MUHIMAITEHOM.

Ha pucynke 2.7 mokazaHsl pe3yJbTaThl ONPEAEIEHIS] ONTHMAaIbHOTO
napameTpa CriiaXuBaHUs.

CymmapHas
owmnbka

33,50

3aBMCUMOCTb OLIMOKKN NPOrHo3a oT
KoadpduumeHTa crinaxxmBaHus

28,50 »

23,50

18,50
13,50

8,50 \ , \ ,
0,00 0,20 0,40 0,60 0,80

(00

Pucynok 2.7. Onpenenenre onTUMaIbHOTO 3HAUEHUS O

Ha pucyHke BUIHO, YTO MUHUMYM OIIMOKH pabOTHI MPOTHO3HOM MO-
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nenu Oyner npu o = 0,1 (cymmapnas ommbka E = 9,06).
Pe3ynpTaTel MPOrHO3UPOBAHUS IIPU BHIOPAHHOM ONTHMAIBHOM 3Ha-
YEHHH O IOKaXKEM Ha pUCYHKe 2.8.

MporHo3upoBaHue Ha oCHoBe
nonuMHomMmuanbHon mogenu (p =1)
570
560
550 /ﬂ\
540 x
530 / \
520
510
500 -
490
480 T T T T T
0 5 10 15 20 25 30
—&— VIcxoaHbIV P —e— MporHoaHbIil psig oL = 0,1

Pucynok 2.8. Pe3ynbTarsl Iporaosa

2.2.3. AranTHBHAd NOJHHOMHAJILHAA MOJEIhb
BTOPOro0 nopsiaka (p=2)

Ilo manaBIM BpeMeHHOTO psina x, HaxoauMm MHK-omernky nmapabomm-
YECKOTO TPeHa

X, =a,+a,t+at (2.11)

Jlyist Mozienu BTOPOTO TOPSIIKA YpaBHEHHE MapaboIHYecKOro TPeHaa
“MeeT BUJ (CM. PUCYHOK 2.9):

X, =515,96-2,79t+0,1 5t2
Orcrona
&1,0 = Zzl = 515,96, &2,0 = &2 = —2’79; " &3,0 = d3 = 0,15
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570
560 -|
550 -
540 -
530 -|
520 -
510 -
500 -
490
480 T T T T T
0 5 10 15 20 25
y = 0,1535x - 2,7873x + 515,96

—&— l/IcxoaHbIN BpEMEHHOW psf,
—— lMonmHoMuanbHbI (VcxonHbI BpEMEHHOW psif)

Pucynoxk 2.9. Haxoxaenne MHK-onenku napabonuaeckoro TpeHaa
IO JAHHBIM BPEMEHHOTI'O PsIlIa Xq

OKCIOHEHIHANIbHEIE cpeaHue 1-ro, 2-ro u 3-ro mopsaka

St = ax; +:BSt—1;
SP = as, + psE; 2.12)
519 - s+ sl

3aBMCMMOCTb OLULMGKU NPOrHO3a OT BEJIMYUHbI
KoadcpuumeHTa crnaxuBaHus
Owwubka
nporHosa
200,00

150,00 *\

100,00

50,00 -

0,00 ‘ \ \ \
0,00 0,20 0,40 0,60 0,80 1,00

anbda

Pucynoxk 2.10. Onpenenenrie onTUMaabHOTO 3HAYEHHS O
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HavanpHble ycI0BHS OPEAETISIOTCS 10 CIEAYIONNM (popMymam:

-4 ﬁ&,_i_ﬂ(z_a)ﬂ

Sy = o~ 2,0 7 Q305 (2.13)
a 2o
R 208 . 3-2a) .
S(EZ] =a _ﬂaz,o +IB(—2)“3,0; (2.14)
(04 a
R 35 . 384-3a) .
S(ES] =a,, ——ﬂaz’o +'B(—2)a3,0 (2.15)
a 2a

OrmeHKa MOIEIBHOTO (TIPOTHO3UPYEMOTO) 3HAUYCHUS C TIEPHOIOM YII-
PEXACHUA T HAXOAUM M3 BbIPpAKCHUA

x; =[6ﬁ2 +(6—5a)a-r+a212]§’72—{
+hp +(4—3>05)0n'+oczz'2]ﬂ
28

6% +2(5-4a)ar +} sk

207 23 "
(2.16)

Kak u B mpeaplAyIiux NpuMepax, OmnpenessieM ONTHMalIbHOE 3HaYeHHe
KoadduIrenta criaxupanus (cM. pucyHok 2.10). C ydeToM MmoIydeHHOro
ontumainbHo 3HaueHus oo = 0,1 ( £ = 9,06) mocTporM nporHo3 (CM. pUCYHOK
2.11).

MporHo3mpoBaHue Ha OCHOBe
nofiIMHOMUanbHOW mogenu (p =2)

580

560 -

540 -

520 -

500 -

480

460 -

440 ‘ w w ‘ ‘

0 5 10 15 20 25
—e&— VicxoaHbii psif; —e— [IPOrHO3HbIV BPEMEHHOW paf, ‘

Pucynoxk 2.11. Ilporuo3 Ha ocHoBe Moaenu (p = 2)
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3agaHusa 1J151 CAMOCTOSITEJIbHOTO BHINOJTHEHHSI.

1. Hcnonvzya Odannvie madauy Ipunoscenus b, nocmpoums npo-
2HO03 0151 ATAITUBHON TTOJITMHOMHUAIBLHOW Mojienu HyneBoro (p=0),
niepsoro (p=1), Broporo (p=2) MOpsIKOB.

2. Ilodobpamv onmumanvhvie napamempuvl NPOSHO3HbIX MOOeell.

3. Paccuumameb owudKy NpocHO3UPOBAHUS, OONOIHUMENLHO PYKO-
800CMBYACL MEOPEeMUYeCKUMU NONONCEHUAMU, NPUBCOCHHBIMU &
Tpunooicenuu A.

2.3. Hporﬂomponaﬂue C UCITOJBb30BAHHUEM MOJ€C/IN
YHHTepca (3KCHOH€HI[I/IaJIBHOFO CrijlakuBaHUudA
C MyJIbT]/Il'IJ'II/IKaTI/IBHOﬁ CE30HHOCTBHIO M JIUHEHHBIM pOCTOM)

JanHyto Moiens ynoOHO UCIIONIB30BaTh MPH HEOOIBIIIOM 00BeMe UC-
XOJIHBIX JaHHBIX. JIOMyCTHUM, MBI HIMEEM KOJIHUYECTBO POTUBIIUXCSA B Ka-
KIOM KBapTaie (ThIC. 4ell.) 3a nBa rofa (n = 8). JlanHble 00 3TOM Tpe/-
cTaBJeHBI B Ta0mwmie 2.1.

Tabmuma 2.1. VUcxomHble x; W pacueTHbIC 3HAUYEHUS KOJIMYECTBA POIMB-
mmxcs o kBapranam (2003-2005 rr.).

Ksapran
t |Ton |Llukn £, Lg);?:) x| X, ? )%j OmmbKa (X, — fc: )
Vi l

1] 1 499(483,91| 1,031 |508,28| 1,9% 9,28
l2003 1 2 |475|475,36| 0,999 486,55 2,4% 4,55
ER 3 4521466,82| 0,968 |452,32| 0,1% 0,32

4 4 |415|458,27| 0,906 |422,58| 1,8% 7,58
15| 1 481(449,72| 1,070 |457,84| 4,8% 23,16
i2004 ) 2 |467|441,17| 1,059 |443,15| 5,1% 23,85
A 3 431(432,63| 0,996 |422.95| 1,9% 8,05

8 4  |412|424,08| 0,972 |397,88| 3,4% 14,12

9 2005 3 [[IporHo3 448,16|Iuctiepcust: 56,04

G: 7,49

Tpebyetcst onpenennTs pacueTHbIe 3HAYEHHUS U MPOTHO3 (Ipu ¢ = 9)
KOJIMYECTBA POAUBIIMXCSA, BOCIIOJIB30BABIIUCh MOJENbI0 SKCIOHEHIHU-
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aJBHOIO CIUIAXKMBAHHUS C MYJIbTHIUIMKATUBHOW CE30HHOCTBIO W JIMHEH-
HBIM POCTOM (MOJIeIb YUHTEpCa) MpU NeproJie YIpexKaeHus T = |1 u na-
pamerpax agantamuu o = 0,2; 0,= 0,3 u a3 =0,4.

Ce3oHHast MOJICNTb YHHTEPCA C JIMHEHHBIM POCTOM UMEET BUJL

X, =a,,fo TE, (2.17)

I X; — MCXOJHBINA BpeMeHHoM psina ¢t = 1,2,...,n;

a); — MapaMeTp XapakKTepU3YIONIHMH JIMHEHHYI0 TEHICHIIUIO Pa3BH-
THS TIpoliecca, T.€. CpeIHNE 3HAUCHHS YPOBHS HCCIEAYEMOT0 BPEMEHHO-
Io psga x; B MOMEHT 7

Jfoe — KOBGDOUITMEHT CE30HHOCTH JUTA Vv, a3l k,-ro nukia; v,=1,2,...,1

rae vi=t-l(k-1);

[ — gucno a3 B MOTHOM ITHKIIE (B MECSYHBIX BPEMEHHBIX psmax /
=12, B KBapTaJIbHBIX [ =4 U T.7.);

& — cnydvaiiHas ommOka. OOBIYHO TperoNaraeTcs, 4YTo BEKTOP
cgeN, (O,azln), e €= (8sn,50n8, )

1, — eqMHUYHAS MaTpUIIA Pa3MEPHOCTH (71 X 1).

AanTUBHBIC TapaMeTPhl MOJAEITH OIICHUBAIOTCS C TTOMOIIBI0 PEKYP-

PEHTHOM SKCIOHEHIIMAIbHON CXEMBbl MO JITaHHBIM BPEMEHHOrO pAna X;,
COCTOSILIETO U3 1 HAOJIIOEHUI

X

1~
th ki

&l,t =a + (1 - a)(&l,z—l + &z,z—l)

A X A
S, =@ (1-a)fs i (2.18)
1,t

xt = (al,t—r + TaZ,t—r )fv,,k[—l

TA€ a;; — MPUPOCT CPETHETO YPOBHA psiia OT MOMEHTA ¢ - 1 K MOMEHTY £;

X=X, (t) — PacyeTHOE 3HAYEHHE BPEMEHHOTO Ps/Ia, ONPEIEISIEMOE ISt

MOMEHTA BPEMEHH ¢ C EPUOAOM YIPEXKIEHHUS T, T.€. 110 JaHHBIM MOMEH-
Ta (¢ -7);
01, Oy, O3 — MapaMeTPhl aJanTallMi YKCIIOHESHI[HATILHOTO CIJIa)KMBAHUS,
mpuaeM (0< oy, o oz<l).

ITpu sToM yBenudenue o (j = 1,2,3) BeleT Kk yBenuueHuIo Beca bojee
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MO3HUX HaOJIOAEHUM, a YMEHBIIECHUE 0 — K YJIYUIICHHUIO CTIIaXXUBAHUS
CIIy4aiiHBIX OTKJIOHEHHWH. DTH ABa TpeOOBaHMS HAXOIATCS B MIPOTHBOPE-
YU, ¥ TIOUCK KOMIIPOMHCCHOI'O COYETAaHMsI 3HAUYCHUN COCTaBIISIET 3aauy
ONTUMM3ALUI MOJIEIIH.

OKCIOHEHIIMANbHOE BBIPABHMBAHHME Bcerja TpeOyeT mpenbiayniei
OLIGHKM Cria)knBaeMod BennuuHbl. Korga mporecc aganTalyu TOJBKO
HAuYMHAETCsI, MOJDKHBI OBbITh HadajbHbIE 3HAUCHMSA, INPEIIIECTBYIOIINE
nepBoMy HabOmojeHuio. B Hamiel 3amade NpeiCcTOMT ONpENeNuTh Ha-
YaIIbHBIC YCIOBUSL: 4 ; &Z’O;fvﬁo,rz[e v, =12,..,[.

Takum 06pa3oM, pacueTHbIe 3HAUCHUS X, SBIAIOTCS QyHKIHMEH Beex

MPOIUIBIX 3HAYEHUN UCXOJHOTO BPEMEHHOTO psa X, IapaMeTpoB Oy, Oy
Y O3 1 HAYaJIbHBIX yCJIOBUH. BlMsiHME HauaabHBIX YCIOBHUM Ha pacyeTHOE
3HAUCHHUE 3aBUCUT OT BEJIMYMHBI BECOB ¢ U JJIMHBI PsiAa, IPEIIIECTBYIO-

LIer0 MOMEHTY . BimsiHue 4, ,; d,, OOBIYHO yMEHbLIAeTcsi GbICTpee,

qeM v,,0° aL, uaz,t NnepeCcMaTpuBarOTCA Ha KaXJAOM MHiare, a f

v, .k,

ts

TOJIBKO OJIH pa3 3a ITHKJI.

Pemenne.
[TepBoHavansHO O 7 = 8§ HAOMIOIEHUSM BPEMEHHOTO psifa X, Haiaem

MHK-oneHky IHMHEHHOrO TpeHaa fc, =a, +a,t. B pesyabrrate pacuera

nMEEM

%, =492,46 85476t
OHpC,I[eJ'II/IM Ha4aJbHBIC YCIOBUA
G, =4, = 492,46, d,, = G, = -8,5476

MynbTHIITHKaTUBHBIE KOO (PUIIMEHTH CE30HHOCTH HYJIEBOTO IIHKIIA.

fv,,O OTIpEJEeNTUM KaK CPEeIHIOI apu(pMETHUYECKYI0 HHICKCOB CE30H-

HOCTU X, /X, 1ist v~i pa3bl B MICXOZAHOM BPEMEHHOM DSy

];1,0 _ 1,031-;1,070 —1,050; /}2,0 _ 0,999-2|-1,059 —1,029;
];3’0 _ 0,968 + 0,996 —0,982: f4,o _ 0,906 + 0,972 —0.939.

85



Perpeccus
y = -8,5476x + 492,46
510
490 .\
470
450
430 / N’V
410 \/
390 ‘ ‘ ‘ ‘
0 2 4 6 8 10
—e— VIcxopgHbI BpeMeHHoW psifg JInHelrHbIN (IcXoaHbI BPEMEHHOW psif) ‘

Pucynox 2.12. MHK-ormenka nmuHeiiHOTO TpeHIa

Pacuers Oyzem npoBoUTH TIpU mapamerpax agantanuu o = 0,2; o,
= 0,3; a3=0,4 u mepuone ynpexacHus T = 1.

Pacuernbie 3Hauenus s 1-ro mukna (k, = Ly, =f).
Cornacno (18) pu £ = 1 umeem

R0 =Gy +ay0) fro = (492,46 -8,5476)-1.050 = 508,28
499
1,050

a, =+ (1=, Vdy + )= 0.2 +(1-0,2)x
1,0

x (492,46 —8,5476) = 482,14

X . 499
f1,1 =a, %+(l_a2)'f1,o =03 482,14
Gy, = a(ay, — a0 )+ (1= a)-G, o = 0.4(482,14 - 492,46)+ 0.6 x

x (- 8,5476) = —9,255;

+(1-0,3)-1,050 = 1,046
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mpu ¢t =2

83 = (G, +ay,)- fro = (482,14-9,255)1,029 = 486,55
475
1,029

X
A _ 2 ~ ~ _
a, =a,-~+(1-a ), +d,,)=02
2,0

x (482,14 -9,255) = 470,64

+0.8x%

- X, P 475

—a, 2 4 (l—a,) £y = 03— 40,7-1,029 = 1,023
fz,l 2 &1)2 ( 2) fz,o 470,64
a4y, = (G, —a, )+ (1-a,)-a,, = 0,4(470,64 — 482,14)+ 0,6 x

x(-9,255)=-10,153

npu £ =3

% =(a,, +d,, ) £, = (470,64-10,153)-0,982 = 452,32
452
0.982

aA1,3 = "\x_3+(1_a1)(&1,2 +&2,2)=0,2 +0.8x

3,0
(470,64 —10,153) = 460,43
. , 452
fi=a, %"‘(1 _0’2)'/{3,0 =03 460,43
Gy = as(a, —ay, )+ (1= a3)- Gy, = 0,4(460,43 — 470,64)+ 0,6
(-10,153)=-10,179

+0.7-0.982=0,982

npu t=4

23 =8y, +d,,)- fro = (460,43 -10,179)-0,939 = 422,58

i =02 M5
’ 0,939

b

+0,8(460,43 —10,179) = 448,63

7=03-45 L 07.0939=0034
1T 44863

9

a,, = 0,4(448,63-460,43)+0,6-(~10,179) = -10,825
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PacuetHble 3HaueHus auas 2-ro mukia(k; = 2,v, = t-4). 3aech HaM 10-
HAA00sITCT KOXPDUIMEHTH CE30HHOCTH, HalIGHHBIE IS 1-T0 IUKIa

fii=1,046; f,, =1,023; f,, =0982¢ f,, =0,934
nput=>5
2= (G, +a,,)- fr, = (448,63-10,825)-1,046 = 457,84

A

T.k. X;oTHOCHTCS KO 2-My wukiy(k, = 2), mpu BeIOOpe fv“ k-1 HCXO-

JIAITA, 910 v, = 5-4 =1

. X . 481
a.=o —+\1l-a\a,,+a,,)]=02——+0,8x
1,5 1 g ( 1 )( 1,4 2,4 ) 1’046
(448,63 -10,825) = 442,24
- X p 481
—a,—2+(1-a,) f,=03————+0,7-1,046 = 1,058
fl,z 2 &1)5 ( 2) fl,l 442’24

Gys =yl —a, )+ (1-ay)-G,, = 0,4(442,24 - 448,63)+ 0,6 x
x (~10,825)=-9,053

nput==6

22 =(ys +a,,) fo, = (442,24-9,053)-1,023 = 443,15

4, =a, 264 (1-g, N, s +a,)=0,2 4673 +0,8x
2,1 ’
x (442,24 -9,053) = 437,85
, X, . 467
=a,~+(1-a,) f,, =03———+0,7-1,023 = 1,036
f2,2 2 &1,6 ( 2) f2,1 437,85

a,, =0,4(437,85-442,24)+0,6-(-9,053) = -7,187
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nput="7

% =(437,85-7,187)-0,982 = 422,95

a,, = O,Z% +0,8(437,85-7,187) = 432,30
for = 0,3ﬂ +0,7-0,982 = 0,987
432,30

a,, =0,4(432,30437,85)+0,6 (- 7,187) = —6,531
npu ¢t =8

%: =(432,30-6,531)-0,934 = 397,88
ag = 0,2% +0,8(432,30 - 6,531) = 428,79

2

. 412
=03
Jia 428,79

b

a,, = 0,4(428,79 - 432,30)+ 0,6 - (- 6,531) = =5,323

+0,7-0,934 = 0,942

npu ¢ = 9 (IporHo3)

A

%5 =(ayy +ay, ) £, = (428,79-5,323)-1,058 = 448,16

1,2 —

PacueTHble 3HAYCHUs M TIPOTHO3 X, , TOJNYYEHHBIH [0 BPEMEHHOMY

pAy X, TpenacTaBieHsl B Tabmuie 2.1 u Ha pucynke 2.13. 13 npencras-
JICHHOI'O Fpa(l)I/IKa MOXHO CI€JIaTh BBIBOJ, 4YTO MOJCJIb 3KCIIOHCHIIHAIb-
HOT'O CTJIQXKWBaHUS ¢ MYJIbTHILIMKATHBHOW CE30HHOCThIO YHWHTepca 0o-
Jiee IPEAMOYTUTENbHA, HEXEN PErPECCUOHHAS MOJIEITh.

Pe3ynbTaThl Mporuo3a MOXXHO YIYYIIHTh, HOA0OpaB ONTHMAIbHbIC

3HA4YCHUA COL.
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Pe3ynbTaTbl NOCTPOEHUA NPOrHo3a

530
510

490 +
470 -

450
430 +
410

390

AN
\\\\:/

0

2 4 6 8 10

—e— /IcxoaHbin BpemeHHOM psa —a— NPOrHO3HbIN BpeMEHHOM psaa ‘

Pucynok 2.13. Pe3ynbTaTsl mporuosa

3agaHusa 1J151 CAMOCTOSITEJIbHOT0 BbINOJTHEHHSI.

Hcnonw3ysa dannvie madbauy Ipunoscenus b, nocmpoums npo-
2HO3 C UCTIONB30BAaHUEM MOJICH Y MHTepca (IKCIIOHECHITUAITEHOTO
CTIIQXKUBAHUSA C MYJIbTHILIMKATHBHON CE30HHOCTHIO U JTMHEHHBIM
pocTom).

Ilooobpams onmumanvhvie napamempol RPOSHO3IHOU MOOENU.
Paccuumamuv owubxy npoenozuposanus, OONOIHUMENbHO PYKO-
600CMBYACL MeOPEeMUYECKUMU NOTONHCEHUAMU, NPUBLOCHHBIMU 8
Ipunoscenuu A.
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2.4. IIporno3upoBanue 00bemMa NPOU3BOACTBA
no moaean Teiaa-Beiigka

B Tabnume 2.2 mpencTaBieHsl JaHHBIE (X,) 00 00beMe TPOU3BOACTBA
o kBapTanam 3a 2003 u 2005 rr. (MITH. Ky0. M).

Tabnuua 2.2. MicxogHple ¥ pacueTHbIE 3HaYeHUS] 00beMa MPOHU3BOACTBA
110 KBapTajlaM

KBapTan
t| ron L[ZKH ISI)I?;:) x | X |Aft=x-X| % |ommbkal|(x, —X)
Vi
11 1 7,2 16,82 0,38 6,93 3,7% 0,27
12| 2003 1 2 6,5 [6,63 -0,13 6,52 0,2% -0,02
3] 3 6,1 (6,44 -0,34 6,47 6,1% -0,33
4 4 6,3 16,25 0,05 6,28 0,3% 0,07
5] 1 5,9 16,05 -0,15 6,26 6,2% -0,31
6 2 5,7 15,86 -0,16 5,66 0,7% 0,08
12004 2 3 6 |5,67 0,33 547 8,8% 0,56
8 4 5,5 15,48 0,02 5,52 0,4% 0,02
912005 3 1 Hpo- 5,37 | Hucnepcus: 0,07
THO3
s | 027

Tpebyercst Mo MOIENHM 3KCIOHEHIMATBHOTO CTIAKUBAHUS C aJIH-
THBHOU CE30HHOCTHIO ¥ JIMHEHHBIM pocToM (Mozenb Teiina-Belimka) or-

PEJIENUT PacUeTHBIE 3HAYEHHUS X, M MIPOTHO3 TIPU { = 9, IPHHSB MEPHO.

ynpexnaeHus T = 1, a mapaMmeTpsl afgantanuu paBHeiMu o = 0,1; o, = 0,4;
O3 = 0,3 .

Mozenb 3KCIOHEHIHUANBHOTO CIIaKUBaHUS C aJAUTHBHON CE30HHO-
CTBIO U JTUHEHHBIM pocToM (Mogenb I'. Tema u C. Betimka).

AnUTHBHASA MOJENb, UMEIOIIasi CaMOCTOSTENbHYI0 LIEHHOCTh B KO-
HOMHYECKUX MHCCIICAOBAaHMSAX, MHTEPECHA €IIe W TEeM, YTO MO3BOJISET
CTPOUTh MOJENb C MYJIbTHIJIMKATUBHONH CE30HHOCTBIO U 3KCIOHEHIH-
anpHOW TeHaeHIMeEH. J[ns 3TOoro HeoOXoaMMa 3aMeHa 3HAYEHHH IepBO-
HAYaJIbHOI'O BPEMEHHOTO psifa uX jJorapudmMamu, 4To mpeodpasyeT dKc-
MOHEHUHAIBHYIO TEHACHIMIO B IMHEHHYIO U OXHOBPEMEHHO MYJIbTUILIU-
KaTUBHYIO CE30HHYIO MOJIENb B aTUTUBHYIO.
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[TycTs HaOIOIEHHUE X, OTHOCUTCS K V-1 (a3e k,-To nmuKia, rae v, =t -
I(k;- 1), [ - yucno ¢a3 B uukie (A7 KBapTaJIbHOTO BPEMEHHOTOo psiaa / = 4,
a I MecsiyHoro [ = 12).

Mogenbs ¢ agAUTUBHONW CE30HHOCTBHIO M JIMHEMHBIM POCTOM MOKHO
MPEJICTABUTD B BUJIC

X, =a,+t8,,; té

(2.19)
a,=a,,ta,,

TZ€ X; — CpeIHee 3HaYeHIe YPOBHS BPEMEHHOTO Psi/ia B MOMEHT BpEMEHH
{ TIOCTIe UCKJTFOUEHHS CE30HHBIX KOJIeOaHUii;
a3, — aJIUTUBHBIA KO3()(UIMEHT pocTa OT MOMEHTA 7-1 K MOMEHTY ;

g vk~ AITUTUBHBIA KOA(PUIIMEHT CE30HHOCTH s Vi (a3l k,-r0

IMKJIa;
& — OCIBIi IIIyM.
OneHKH TapaMeTpoB MoJieNd OyJaeM HMcKaTh mpHu Koddduimenrax
CTTIAXXUBAHUSA O, Olp, O3, TAE (0< 0y, 0, 03<<]) TIO CTIEAYIONIMM TPOTIETY-
paM ajanTanuu

a,, =0 (xz — &k, )+ (1 o )(al,t—l + a2,t—1)’
i, =% (xz —a, )+ (1 -, )gvtkH )

R N ! (2.20)
a,, =a; (al,t —a )"' (1 —a; )az,z—15

Ak

X

r =, +7- a,, . + gv,,k, N

HavanpHble yCcI0BHSA SKCIIOHEHITHAIBHOTO CTIIAXHUBAHSI OIPEEIISIOT
10 UCXOAHOMY BpeMEHHOMY psinay X. (¢ = 1,2,...,n).

IlepBoHavanbHO MO BpEMEHHOMY DSy X;, colepameMy n = 8 Ha-
omronenwii, HaxonquM MHK - orieHKy TMHEHHOTO ypaBHEHHS PErPecCHi

% =0+0¢t=17,0071-0,1905¢

Orkyna d,, =6, =7,0071; d,, =0, =-0,1905.
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B Tabuuie 2.2 npeacTaBieHbl pacyeTHbIC 3HAYCHUS X, M OTKIOHE-

HASL A, =X, — )Act. Torna HayaJIbHbIC 3HAYCHHUS aIIUTUBHBIX KO3(duim-
€HTOB CE30HHOCTH PaBHBI

8= 0,38-0,15 —0,1144;
’ 2
&,0= M =-0,1451;
8,0 = —0,342+ 0,33 _ —0,0046;
g, 22057002 350,
’ 2
Pacuerst IpoBeAEM npu napaMmeTpax ajanTtanuu

a, =01, a,=04; a,=0,3 nnepnone ynpexaenus r = 1.

Pacuer momenpaBIX 3HadeHui Ha 2003 r. (IlepBorit uk: v, = t; k, =
1; ©=1) Ucxomubie maHHBIE IS pacyeTa

81, =0,1144;
8,0 =-0,1451;
2, = —0,0046;
. =0,0359.

Cornacno (20) pu ¢ = 1 umeem

X =,y +a,,+ 8, =7,0071-0,1905+0,1144 = 6,93

a,, =01-(7,2-0,1144)+(1-0,1)-(7,0071 - 0,1905) = 6,844
£,=04:(7,2-6844)+0,6-0,1144=0,211

a,, =0,3-(6,844-7,0071)+0,7 - (- 0,1905) = —0,182

mput =2
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% =6,844-0,182-0,1451 = 6,52

a,, =0,1-(6,5+0,1451)+0,9-(6,844 - 0,182) = 6,6595
£,,=0,4-(6,5-6,6595)+0,6-(~0,1451)=-0,1508
a,, =0,3-(6,6595-6,844)+0,7-(~0,182) = 0,183

mpu t =3

%5 =6,6595-0,183-0,0046 = 6,472

a,, =0,1-(6,1+0,0046)+ 0,9 (6,6595—0,183) = 6,4394
8, =0,4-(6,1-6,4394)+0,6-(- 0,0046) = —0,1385

a,, =03-(6,4394-6,6595)+0,7(~0,183) = 0,194

mput=4

X =6,4394-0,194 +0,0359 = 6,281

a,, =0,1-(6,3-0,0359)+0,9-(6,4394 - 0,194) = 6,2472
8., =04-(63-6,2472)+0,6-0,0359 = 0,0427

a,, =03-(6,2472-6,4394)+0,7-(~0,194) = -0,194

Pacuer 3nauenwmii 3a 2004 r. (Bropoit muki: v, = t-4; k,= 2).
Ucxonnble naHHbIC 715 pacyeTa

g, =021 g, =-0,1508 g, =-01385 g, =0,0427

[Ipu pacuere fc; VUUTBIBAETCS, YTO 5-1 TOUKA OTHOCHUTCA KO 2-MYy
mukiay (ks = 2), mostomy vs = ¢t — [ (ks - 1) = 54(2-1) = 1 n
é%ks,l =£,=0211- Torma

X1 =6,2472-0,194+0,211= 6,265

a,5=0,1-(59-0,211)+0,9-(6,2472-0,194) = 6,0172

£, =04-(59-6,0172)+0,6-0,211=0,0799

a,s =03-(6,0172-6,2472)+0,7 - (- 0,194) = -0,204
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mput=06

% =6,0172-0,204 - 0,1508 = 5,662

a,s =0,1-(5,7+0,1508)+0,9-(6,0172 - 0,204) = 5,8165
$,,=04-(57-58165)+0,6-(~0,1508) = —0,1371
a,s=03-(58165-6,0172)+0,7 (- 0,204) = —0,203

mput="7

% =5,8165-0,203 - 0,1385 = 5,475

a,, =0,1-(6+0,1385)+0,9-(5,8165-0,203) = 5,6658
8., =04-(6-56658)+0,6-(~0,1385)=0,0506

a,, =03-(5,6658-5,8165)+0,7-(~0,203) = 0,188

npu ¢t =8

X =5,6658—0,188+0,0427 = 5,521

a,5 =0,1-(55+0,0427)+0,9-(5,6658 - 0,188) = 5,4761
8., =04-(55-54761)+0,6-0,0427 = 0,0352

a,, =0,3-(54761-5,6658)+0,7-(~0,188)=-0,188

Ipu pacueTe NPOTHO3HOTO 3HAYEHUS X, YIHTBHIBAIOCH, YTO MOMEHT
t = 9 MpUHAISKUT 3-My MHKIY, TOITOMY ko-1 =2 M vo = 9-42 =1, a
8ok, = 812=0,0799. Torna

Xy =d g +a,4+8, =54761-0,188+0,0799 = 5,368

B kauecTtBe OIICHOK gv“() MPUHUMAKOT CPCAHNEC 3HAYCHUSA OTKJIOHC-

HHil A, = X, —X,, COOTBETCTBYIOIIHX Vil (ha3e HCXOIHOrO BPEMEHHOTO
psama, toe v,=1,2,..., L

Paccuurannpie mo mozenu Telina-Beiiaka 3HaueHUS BPEMEHHOTO
psana )2: MIpeJICTaBIICHBI B Tabmuie 2.2 U Ha pucyHke 2.14, rae oHH co-

MOCTAaBJIAOTCS C UCXOAHBIM BPEMCHHBIM PSAJIOM X;.
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Pe3yanaTbl nporHo3a no moaesnu
Tenna-Benpgxa

7,50

7,00 &

6,50 -

6,00

5,50 -

5,00 \ ‘ ‘ ‘

0 2 4 6 8 10

—&— VicxoaHbIX BpeMeHHOW psaf
—4— [1pOrHO3HbLIN BpeMeHHON psf

PucyHok 2.14. Pe3ynbTaTsl MpoTrHO3a

HpOFH03 MOXHO CACJIaThb 0oJiee TOYHBIM npu OIpeAcJICHUN OITU-
MAJIBHBIX MMapaMETPOB CrIaKUBaHUA.

33}13]—[“7[ Jist CAMOCTOATEIBbHOTO BBIITOJTHCHUS.

1. HUcnonwv3ys oannvie mabauy Ipunoscenus b, nocmpoumo

npocHO3 € ucnov3osanuem modenu Teilna-Betioca.

Ilooobpams onmumanvhvie napamempol RPOSHO3HOU MOOEU.

3. Paccuumams owubKy npocHo3upo8anus, OONOIHUMENbHO PYKO-
GOC)CmGy}ZCb meopemuiyeCKUMU noa0NCEHUAMU, npueedeHHblMu 6
Ipunooicenuu A.

N
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I''TABA 3. IPAKTHYECKAS PEAJIN3ALIUA
MHOT O®AKTOPHBIX MOJIEJIEA
IMTPOI'HO3UPOBAHUA

Iepen moapoOHBIM PAaCCMOTPEHUEM COOCTBEHHO METOAMKH M IpPaK-
TUKU TPUMEHEHHUS €€ B IPOTHO3UPOBAHUS CIEIYyeT OTMETUTb, YTO B
OOJBIIMHCTBE YUYEOHBIX MMOCOOHMI pacCMaTPUBAIOTCS TOJBKO JIMHEHHBIS
Monenn. OOBICHIETCS 3TO, MMPEXKIE BCETO, TEM, YTO MX JOCTATOYHO MPO-
CTO MCCIEIOBATh, UCIONB3Ys PYYHOU CUET WK TaOJIMYHBIC MPOIECCOPHL.
Ha ocnoBe mpocThix Mozenel CTpouTcsl AalbHEUINi nporuo3. OgHako,
BPYYHYIO PacCUHWTaTh W IPOBECTH HCCIIEOBaHWE HEIMHEWHBIX MHOTO-
(haxkTOpHBIX MOJIENIEH, a TeM 0oJiee ClienaTh Ha UX OCHOBE MPOTrHO3 MOYUTH
HEBO3MOXKHO, OCOOCHHO €CITM B MOJICNIM YYUTHIBAIOTCA Oojee Tpex (ak-
TOPOB.

Jlns pemieHus] TaHHOW MPOOJIEMBbI MCIIONIB30BaH CTATUCTUYCCKUN Ta-
ket Statistica. /laHHOMY pOrpaMMHOMY TPOAYKTY MOCBSIIEH P padoT
Y y4eOHBIX MMOCOOMA M3BECTHBIX aBTOPOB, OJHAKO B HHUX IMOYTH HE pac-
CMOTpPEHBI MTPAKTHYECKHE BOTIPOCHI TOCTPOEHUS HEMHEHHBIX MHOTO(aK-
TOPHBIX MOJEJIEH.

ITocTpoeHne MporHO30B Ha OCHOBE MHOTO(AKTOPHBIX MOJENel pac-
CMOTPHUM Ha TpHMepe NMporHo3upoBanus yorITkoB OAO «HeBuHHOMEIC-
CKUil XJIe0OKOMOMHATY». YOBITKM BBIOpaHBI NOTOMY, YTO TEpe] HaMu
CTOUT 3a7]aua HE TOJBKO OMpPEIEICHHUS WX BO3MOKHOU BEIMYUHBI, T.C.
oTpesieTIeHne BEIWYHHBI PUCKa, HO W BBISIBIIEHUE (DaKTOPOB IMPOU3BOCT-
Ba, KOTOPBIE 3TOMY CIIOCOOCTBYIOT.

3ananmue:

B mocneaHue Tpu roja Ha HEKOTOPOM HPEANPUATHH SIBJISETCS YObI-
TOYHBIM OJTHO U3 MPOU3BOJICTB — MPOU3BOJICTBO XAJIBBI, KOTOPOE CHIKACT
001ITyT0 TIPUOBLTH IPEATIPUATHS.

[ToaTomMy HEOOXOIMMO MPOBECTH HCCICAOBAHUE NMPUYMH U BBISBHTH
(haKkTOpHI, OKA3BIBAIOIINE HAUOOIBIIICE BIUSHUAC HA CHUKCHUE IPUOBLITH.

Jannbie 3a nocneanue 30 MecsieB 6epyTes u3 Oyxranrepckoro Oa-
nanca npennpusatis. COOTBETCTBEHHO, ONTUMAIbHOE YUCIO (DAKTOPHBIX
MPHU3HAKOB PABHO IISATH, HECYIICCTBEHHBIC (DAKTOPHBIC MPU3HAKU OYyIIyT
HCKJIFOYCHBI 00PATHBIM METOJIOM TOIIATOBON PErpecCHH.
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BBenem caenymomne nepeMeHHbIE:

X1 — npoIEeHT peau3aliiy XaiBhl (3a MecsIn);

X2 — crouMoCTh | TOHHBI CBIPBSI, B YACTHOCTH, ceMeUeK (B pyOIsix);

X3 —3arpatsl Ha OIMH PyOJIb MPOU3BEACHHON XaNIBHl (B PyOJIsX);

X4 — pacxof chIpbs (ceMedeK) Ha OHY TOHHY XaJBBbI (B JOJISIX);

X35 — cTOUMOCTB 3IEKTPOIHEPTHH (B PyOIISIX);

Y — cooTBeTcTBEHHO YOBITKH MPEANPHUSITUS OT TAHHOTO MPOU3BOJICT-
Ba.

Tabmuma 3.1. MUcxoquble faHHBIE

7 Y X1 X2 X3 X4 X5
1 50000 90,3 2600 0,77 0.689 0,58
2 58000 86.4 3000 0,873 0,699 0,58
3 65000 732 3900 0,898 0,71 0,58
4 66000 72,1 3900 0,39 0,7 0,58
5 67000 71,3 3900 0,89 0,71 0,59
6 63000 70,9 3900 0,39 0,72 0,6
7 69000 68,7 4000 0,9 0,73 0,6
8 70000 67 4100 0,9 0,74 0,6
9 71000 66 4150 0,9 0,75 0,6
10 | 72000 65 4160 0,9 0,76 0,6
11 73000 64 4170 0,89 0,77 0,61
12| 75000 50,4 4180 0,89 0,78 0,62
13 80000 51,2 4200 0,9 0,79 0,77
14 | 79000 53,8 4300 0,89 0,8 0,78
15 83000 50,3 4400 0,38 0,31 0,79
16 | 85000 50 4500 0,9 0,82 0,8
17| 79000 556 4600 0,38 0,33 0,8
18 83000 53,1 4700 0,38 0,34 0,81
19 | 86000 50,1 4300 0,39 0,85 0,31
20 | 89000 49,9 4900 1 0,36 0,33
21 90000 50,8 4900 1 0,87 0,84
22 | 91000 50,6 4900 1 0,88 0,86
23 90000 51,4 4900 1 0,89 0,9
24 | 91000 52,3 5000 1 0,9 1

25 | 93000 50 5000 1 0,9 11
26 100000 50 5100 1 0,9 1,1
27 100000 51,3 5200 1 0,9 1,1
28 100000 50 5300 1 0,9 1,1
29 110000 50 5400 1 0,9 1,1
30 110000 50 5500 1 0,9 1,1
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3.1. JInneiiHble MHOTO()AKTOPHBIE MOJC/IH

B makere mpu 3amycke NpUIOKeHHs HosBisercs [lepexmouamens
MoOyJiell, IPeICTaBICHHBIA Ha pucyHke 3.1.

STATISTICA Module Switcher 2] x
75| Bazic Statiztice/T abl a || Descriptive statistics,
e et
il Nonparametrics/Distrib. frequency tables,
crozztabulations [with
rI'—_'_" AN D?A!HANU\;% banners, multiple
# Multiple Regression response tables), reports;

e . S _ | corelations, regressions;
@ Monlinear Estimation Ftests: differences
M Time SenesfForecasting between variances, r's,
. proportions; probability
g} Cluster Analyzis calculators. . -
Data Management/MFM &lzo, Quick Basic Stats
) are available frarm all
% Factor Analysis Ll .
Statsoft Switch To Customize hist...
Cancel

Pucynox 3.1. Ilepekmtouarens Moayieid. OCHOBHOE MEHIO CHCTEMBI
STATISTICA

Jnsa pemenus mpuMmepa HeoOxomuMm Moxyias Multiple Regression
MHO>KECTBEHHOH pErpeccuy 1 BHINOJIHUTE KOMaHay Switch To.

3ameuanue: pereHue TaHHON 3a7]a9M COCTOUT U3 IBYX DTAIOB:
- paccmompenue JTUHElHbIX YPAGHEeHUll pecpecCcull;
- paccmompenue HelTUHeUnbIX YPAGHEHUU peepeccuu;

[Tocne HaxkaTus kHomkH Switch to MmosBHTCS umcTas TaOmmma. s
3aMl0JIHEHUS €€ MMEIOIIMMHUCS TaHHBIMHU, YBEITMYUM YUCIIO cTpoK ¢ 10 mo
30. JIyist 5TOro HeOGXOAMMO HA MTAHEIH HHCTPYMEHTOB BhIOpaTh Lases
Add:

99



Add Cases E m

Humber of Cazes to Add: |20 @
Insert after Caze: |{II] @

0K | Cancel |

Pucynox 3.2. Jlob6aBieHne qaHHBIX

Bo3moxxHO Takke YMCHBIICHUEC YUCTIa CTOJ'I6LIOB (HaM HeO6XOI[I/IMO

6) KOMaHIOH lﬂl—» Delete. Tlocne Toro xak tabjauIa 3aIl0JIHEHA, BbI-
MOJHSIEM CIIETYIOIIYIO MOCIEI0BATENbHOCTD IEHCTBUH.

Mento Analysis — Resume Analysis— nossumcs ouanozosoe 0OKHO
Multiple Regression (pucyHok 3.3).

B Multiple Regression E X

@ Variables:
Independent: X1-x5 Cancel

Dependent: ¥

Input file: |Haw Data j| Er_’ Dpen Data |
MD deletion: |Easewise j| i £| B w
Mode: |5landan:| j| Specify all wariables for
the analyziz; additional
[v Perform default analpsis rmodels [indep. /dep.

[ Beview descr. stats, corr. matrix vars] can be specified
later. For stepwise

| Extended precision computations feqression ate, desslsct

[ the default analysiz
r check box,

Pucynox 3.3. Multiple Regression (MHOMXeCTBEHHAsT PETPECCHs)

Variables — nepeMeHHEbIE.

Independent:X1-X5 — He3aBUCUIMEBIE TIEPEMEHHEIE.
Dependent :Y — 3aBucumas iepeMeHHasl.

Input file: BxoaHo# daiin.

Bribupaem cranmapTHBIN MeTox orieHUBaHus Mode- Standard.
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B neBoMm BepxHeM yrily pacmojiokeHa KHomKa Variables (mepemen-
HBIC), OHA HE00XOJMMa JIJIS TOrO, YTOOBI ONPEACITUTh EPEMEHHBIC, KO-
TOpbIe OyAyT y4acTBOBaTh B MPOLECCEe MOCTPOeHHs Monenu. [locne Ha-
KaTUsl Ha Hee MOSBISIETCS CIENYolee TUaloTOBOE OKHO, MPECTaBIICH-
HO€ Ha pUCYHKe 3.4.

Select dependent and independent variable lists: H H
1Y

X
312

4-X3 Cancel
h-nd 4
6-X5

Selecthll| 5pread| Zoom ‘ SelectAII| 5pread| Zoom |

Dependent var. [or st for batch]: Independent vanable hst:
i =

Pucynok 3.4. Be1Oop 3aBUCHUMBIX U HE3aBUCUMBIX ITEPEMEHHBIX

Cpenu 3aBrCHMBIX ITepeMeHHBIX (dependent) BbiAemsieTe TONBKO Y (B
neBoM cTonOIEe), cpean HezaBucMMBIX (independent) BeImensiere Bce,
kpome Y (B mpaBoM ctomo1e). Haxxumatite kanonky OK.

[Iporpamma mpou3BeneT OlICHUBAHKUE MApPaMETPOB, B Pe3yJIbTaTe de-
TO MOSBUTCS CIEAYIOIIEe IUAJIOTOBOE OKHO «Pesynbmambl MHONCECH-
B€HHOI pezpeccuuy, TIPEICTABICHHOE HA PUCYHKE 3.5.

Kak M0XHO BHIIETH, B TIPOTpaMMe KpacHBIM IIBETOM B HIDKHEH 4acTh
OKHa BBIJICJICHBI T€ ()aKTOPBI, KOTOPHIE SBJISIFOTCS 3HAUUMBIMU, U CUHUM —
He3HayuMble. ITO HE 3HaYeHHS KOd(D(UIMEHTOB MOJENH, a UMb OeTa-
kod(pummentel. OT™MeueHHBIE (AaKTOPHI HEOOXOIUMO HCKITIOYaTh, OHHU
HE 3HAYMMBI,

Paccmompum ungpopmayuonnyro uacme smoeo oxkua. B nem codep-
HCAmcs KpamKue C8e0eHUs 0 pe3yaIbmamax aHaIu3d.

Dep. var. (uMs 3aBUCUMON TIepeMeHHON) — Y.

No of Cases (uuciao HaOJIIOJICHUH, M0 KOTOPBIM MOCTPOCHA perpec-
cusi). B Hamreii 3agade 3to uncio paBHo 30.
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Multiple R — (ko3 prunrieHT MHOKECTBEHHOM KOPPEIISAIINN).

R’ — nanbornee BaxkHBII MOKA3aTelb MHOKECTBEHHbIH K0d(pHIHEHT
JeTepMUHAIMK (OH MOKa3bIBACT JOJIO OOIIEro pazdpoca OTHOCHTEILHO
BBIOOPOYHOTO CPETHETO 3aBUCUMOM ITEPEMEHHOM ).

B Multiple Regression Results E E

Multiple Regression Results

Dep. ¥ar, : ¥ Multiple B @ 98015730 F = 117,3833
Rfr 96070833 df = 5, 24
No. of cases: 30 adjusted R¥f: 95252257 p = 000000

Adtandard error of estimate: 3203,7340460
Intercept: -43201,68797 Std.Error: 21116,72 tf Z24) = -2,046 p < 0519

X1 beta=-,09 X2 beta=,547 X3 beta=-,10 ¥4 beta=,339
X5 beta=,051

[significant heta's are highlighted)

Rearession summary Partial correlations

B Analysis of variance '?I:) Predict dependent var.

Cancel

|
|

Redundancy ‘ Residual analysis ‘
|

il Coyar. of req. coefficients ‘
B  Curent sweep mahix ‘

Comelations and desc. stats ‘

Alpha [display]:’,l]ﬁ—g Apply

Pucynoxk 3.5. Pe3ynbpTaTel MHOKECTBEHHON perpeccuu

BaxxeH 3TOT mokaszarenb U IOTOMY, YTO [0 HEMY MO>KHO HAWTH 4MC-
JI0 HEYUYTEHHBIX (aKTOPOB B MOJeNHU. J{JIs1 3TOTO BBIYUCISIETCS] BETUYMHA
C TaK

o =(I-R)*100%.

OTa BeIMYMHA HE JOJKHA IMPEeBbIIIATh 3HaUeHUs o = 15%.

Baxxao ormeruth, 4TO TIpemBaputTeabHO B MS EXxcel HEoOXoauMo
OBUIO MPOCYWTATh TNapHble KOAPPHUINEHTH MHOKECTBEHHOH KOppes-
i, Ho 3TO BO3MOXKHO OCYIIECTBUTH U B JaHHOH nporpamme. J1jis 3Toro
HEOOXOAMMO BBIITOJIHUTH CIEAYIONIYIO MTOCTIeI0BATENFHOCTD IEUCTBHUH.
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B nmamoroBom okHe (CM. pUCYHOK 3.5) B MpaBOM HWXHEM YTIIy He-
o0xomumo Haxath Ha kHoOmKy Correlations and desc.stats — Correla-
tions. Tlocie 3TOro MOSBHUTCS qUanoroBoe okHo «Koppemsiumy, mpen-
CTaBJICHHOE Ha PHCYHKE 3.6.

X4 ‘ yid3 T
-,16 -,2z4 | -,30
%2 | -,2z3 1,00 -,75 .93 , 08 =15
T3 .16  -,75 1,00 @ -,82 L0 -, &0
4 | -, 16 ,93  -,82 1,00 , 03 , 05
s | -, z4 ,08 , 02 ,03 1,00 , 1z

T | -,30 ,96  —,80 , 95 .1z 1,00

Pucynok 3.6. Marpuiia mapHbIx K03 GUIHEHTOB KOPPEISIUHI

AHanm3upysi MaTpuily TapHBIX KO3((UIIMEHTOB, MOXHO CHeJaTh
BBIBOJI, YTO CKOpPEE BCEr0 B MOJENb OyAyT BXOIUTH 3JCMEHTBI: X),X3,X.
DTO CBSA3aHO C CHJIBHOM 3aBUCUMOCTBHIO MEXKIY STUMH MOKa3aTeIsIMU U
(cootBercTBenHO 0,96; -0,8; 0,95), TO ecTh 3HaUeHHe MapHOTO KO3 HU-
[IUEHTa KOPPEINU MEXAY MePEMEHHON U Y TODKHO OBITh MaKCHMAallb-
HO MPHUOIMKEHO K 1.

Kak BumHO (cM. pucyHok 3.7), daktop x; OyIeT BXOAUTH B MOJIENb
€O 3HAKOM MHUHYC, TO €CTh, COOTBETCTBEHHO, YMEHBIIATh PETPECCHOHHYIO
MOJIeb YOBITKOB.

WNnas kapTHHA CKJIAIBIBACTCS C MApHBIM KOA((MUIIUSHTOM KOPPEIIs-
MU MEeXJy IepeMeHHbIMHA. Kak pa3 3TOT mokasaresh JODKEH OBITh Kak
MOXXHO MeHbIe. Ecnu ke K0d(pQUIHMEeHT MapHOW KOPPENANNN MEXIY
npu3Hakamu Oosee 0,7, TO 3TO TOBOPUT O HATMYUH MYJIbTHKOJUIMHEAP-
HOCTH, KOTOpas MCKa)XaeT MOJIENIb B IEJIOM, U OT Hee HEOOXOAMMO H3-
0aBIATHCS TMyTEM IIOCIEAOBATEIBHOTO HCKIIOYEHHS (DAKTOPOB, MEXKIY
KOTOPBIMHU OHA OTIpeIeIcHA.

[l Toro, 4TOOBI OMYYUTh HEMOCPEACTBEHHO KO3 (PUIIMESHTHI YpaB-
HEHUs perpeccuy, HEe0OXOANMO B AHAJIOTOBOM OKHE, ITPEICTABICHHOM Ha
pucyske 3.5, HaxaTh KHONIKY Regression Summary, W, COOTBETCTBEHHO,
MOSIBUTCSL TUAIIOI'OBOE OKHO, MPEACTABICHHOE Ha pUCyHKe 3.8.
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Regression Summary for Dependent Variable: Y -0|x

R= ,98015730 RI= 96070833 Adjusted RI= 95232257
F(5,24)=117,36 p<,00000 3td.Error of estimate: 3203,7

Continue...

3t. Err. 3t. Err.
of BETA E of B t(24) p-level
Intercpt -43201,7  2111e,72 -2,04585 | 051879
i1 | -,087291 04321 -48, 6 24,08  -2,01983 | ,054700
2| 547315 117082 12,1 2,59  4,67584 | 000095
%3 | -,099845 071159 -29,5 21,05  -1,40318 | 173369
| 339036 133063 649, 0 254,73 2,54793 | 017658
%5 | ,0505953 042014 17,2 30,86 1,20432 | 240210

Pucynox 3.8. CymmapHnast perpeccus

B BepxHeil yacTu AMATOrOBOrO OKHA Ha pUCYHKE 3.8 mpeacTaBieHa
MPaKTUYECKU Ta K& MH(OpMAIHs, YTO U B BEpXHEH YacTW OKHA Ha PH-
cynke 3.5. RI — koaddunment mHoxkecTBeHHOH aerepmuHanuu. J1o6as-
nseres F(5,24) = 117,36 — koaddunuent Oumepa-CHenexopa (roe 5 u
24 — cremenn cBOOOIBI Vi = 5 U v, = 24). UTo KacaeTcs HMKHEH 4acTH
JTMAJIOTOBOTO OKHa (TabJuIia), To:

- B nepeoM cmoabye epeunciieHbl IepeMeHHEIE;

- 60 emopom (BETA) — 6eta-ko3QPUIHEHTHI;

- 8 mpemvem (St.Err of BETA) — ommOka s 6era-kodhpunmenTos;

- 6 uemgeepmom (B) — xo3dunrenTsI, KOTOPHIE CTOAT Tepen (dak-
TOPHBIMH MPU3HAKAMH YPABHEHUS PErPECCUH;

- ¢ namom (St. Err of B) — crannapTHas omuobKa 11 kodhpuimeHToB
npu (paKTOPHBIX MMPU3HAKAX YPABHEHHUS PETPECCHUM;

- 6 wecmom (t(24) ) — koapdunrenT CThIOJICHTa, B COOTBETCTBUU C
KOTOPBIM OCYIIECTBIISIETCS IOIIArOBOE MCKIIIOYCHNE HE3HAYMMBIX (hak-
TOPOB.

BaxHO Taxke OTMETUTH, YTO BEPXHsSI CTPOKa TaOJIMIBI paccudTaHa
JUTs CBOOOTHOTO YJIeHA, KOTOPBIH BXOJUT B YPaBHEHHE PETPECCHU B JIaH-
HOM CJIyJae cO 3HaKOM «MUHYC» U paBeH -43201.

Ucxons u3 comaepKUMOTO AUAIOTOBOTO OKHA HAa pUCYHKE 3.8, moiy-
YHM CJICAYIOIIYIO MOJICIb

y =—43201-48,6x, +12,Ix, — 29,5x, + 649x, +37,2x, (3.1
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B cTonbue «B» mpencraBieHbl KOAPOUITHEHTH PETPECCHH TIPH COOT-
BETCTBYIOIMX Npu3HaKax ((pakropax).
Koaddunuent B, (mpu HE3aBHCUMOI ITEpEeMEHHOM X;) =-48,6
Koadhpumment B, (mpu HE3aBUCUMOH TIEPEMEHHOH X;) =12, 1
Koaddunuent B; (mpu He3aBUCHMOI NEpeMEHHOM X3) =-29,5
Koaddunment B, (mpu He3aBUCHMOI IEpEMEHHON X4) =649
Koaddpumment B;s (mpu HE3aBUCUMOH TIEPEMEHHOH Xs) =37,2

Ecnu sxoOHOMUYECKH MHTEPIPETHPOBATH IPEICTABICHHYI) MOJIEIb,
TO MOXKHO CKa3aTh, YTO Ha YMEHBIIIEHHE YOBITKOB BIHAIOT Takue (HakTo-
PBI, KaKk TMPOIEHT peai3aliyl XallBbl, TO €CTh YeM OOJIbIe pean3yeTcs
JTAHHBIN MPOJIYKT, TEM MEHbBIIIEC YOBITKH, M 3aTPaThl HA OJUH PyOJIb TPO-
W3BEJIEHHON TPOIYKITUH.

Ecmm paccmarpuBath 3KOHOMHYECKHI CMBICT TIOCTenHEro (hakropa,
TO OH JIOJDKEH BXOJUTh B YPaBHEHHE PETPECCHU CO 3HAKOM «ILIFOCH, TaK
KaK YBEIMUYCHUE 3aTpaT MPUBOJUT K YBEIMYCHHUIO YOBITKOB, U, COOTBET-
CTBEHHO, YMeHbIIIeHNI0 npuOsU. Ho B Hamem mpumepe 3ToT (akTop
BXOJIUT B YPaBHCHUE PErPECCHH CO 3HAKOM «MHHYC», UTO MOXET CBHUJIC-
TENbCTBOBATH JIMIIL O TOM, YTO B 3TOT MEPHOA padOThI IPEANPULTHS HE-
00X0MMO YBEIHYUTH 3aTpaThl Ha MPOU3BOJACTBO, PEKIIAMy, TOBBICUTH
Ka4ecTBO NPOAYKIINH, IEPCOHANA, BHEAPUTH HOBBIE TEXHOJIOTHH.

Ha BenuuuHy pe3yibTara BAUSIOT M TaKHE MOKA3aTeNId, KAaK CTOM-
MOCTb TOHHBI CBIPbSI (U€M OHa BBIIIE, TEM OOJIbIlIe BETUYNHA YOBITKOB) U
pacxon ChIpbs (YeM OH BEINIEe, TeM OOJbIIe YOBITKOB) M CTOMMOCTH
AJMIEKTPOIHEPTUH (YeM OHa OBICTpPEE PacTET U YeM OHA BBIIIE, TEM, COOT-
BETCTBEHHO, OOJIbIIIC YOBITKOB).

Ecmn paccMoTpers KOA(QOUIIMEHT MHOKECTBEHHOW JleTepMUHAIIHH,
TO BaXHO OTMETUTH, uTo R’ = 0,96 (uem oH Ommxke K 1, Tem dydrie u
CWJIBHEE CBA3b). DTOT MOKA3aTelb SBISCTCS MPAKTUYCCKH CAMBbIM BBICO-
KHM.

Ha ocHoBe maHHOTO TIOKa3aTemsl OIMpEeNeNsieTCs YHCIO HEYYTEHHBIX
(baxTopoB, B JAHHOW MOJIEJH 3Ta BeJIMYMHA cocTaBiseT 4%.

BaxHBIM 371€MEHTOM aHa3a SBISETCS OIICHKA aJIeKBATHOCTH MOJIC-
mu. Jlas 9Toro HEoOXOMWMO TMPOaHAIM3UPOBATh KpuTepwnii Duuiepa-
Cueoexopa (F), KOTOPBIH Takke MPEACTABJICH B JHAIIOTOBOM OKHE Ha
pucynke 3.8. B mamem npumepe £(5,24) = 117,36. PacueTHoe 3HaucHUE
Fp HE0OX0UMO CPaBHUTH ¢ TaOIMYHBIM, KOTOPOE NIPU JAHHBIX CTETICHIX
CcBOOOIBI 5 v;=5 u v, = 24 Oyzaert paBHO Fr=2,62.

VYcnoBue agexkBatrHnoctu Mmoaenu Fp > Fr.
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B mamem mpumepe manHoe ycioBue BeimonHseTcs (117,36 > 2,62).
[Ipu ompeneneHnn ageKBaTHOCTH MOJICIH BO3MOXKHO BBIITOJIHEHHE OJTHO-
TO U3 TPEX YCIOBHH.

1. Ecnu nocmpoennas moodenb HA OCHO8e ee nNpogepku no F-
Kkpumepuio Quuuepa 6 yerom adekeamua u 6ce KoIp@uyuenmol pecpec-
CUU 3HAYUMDL, MO MAKASL MOOelb MOJCem Oblmb UCNONb308AHA O/ NPU-
HAMUA peueHull U NpocHO3d..

2. Mooenv no F-kpumepuio @uuiepa adexeammua, HO yacms Koapgu-
Yuenmos pezpeccuu HesHayuma. B smom crnyuae mooenv npucooua oasn
NPUHAMUSL HEKOMOPBIX peuteHuUll, Ho He 011 NPOU3800CMEAd NPOZHO308.

3. Mooenv no F-kpumepuio Quwepa adexeamua, HO 6ce KoIPpuyu-
eHmbl pespeccuu HesHauumbvl. B smom na ee ocnoee pewenus npoeno3vi
He NPUHUMAIOMCS U He OCYWeCmBIsIHOMCAL.

IIpeocmasnennas nepsas mooenv, A61A:ACb A0EK8AMHOU, GKII0YAEN 8
cebs1 psl0 HE3HAYUMBIX (PAKMOPOS, NOIMOMY HA ee OCHOBe Helb3sl OCYue-
CMBJIAMb NPOZHO3bl, HO MOJACHO NPUHUMAMb HEKOMOPbIE PEUUEHUSL.

st Toro 4ToOBI HA OCHOBE AaHHOH MOJAEIH MOKHO OBUIO OCYIIECTB-
JSITH POTHO3bI, HEOOXOUMO HCKIIIOUUTH HE3HAYMMBbIE (DaKTOPHI.

Kaxk onpedenump, kakoii pakmop naumenee 3nauum?

[l 3T0T0 HEOOXOAUMO CPAaBHUTH (DAKTOPHI 1O KpuTepuio CThIOICH-
Ta, TPEJCTaBICHHOMY Ha pUCYHKe 3.8, B cronoue 6 (1(24)) u mpoaHau-
3UpOBaTh 3HAYEHUS 3TOro Kpurepusa. M3 Bcex 3HaueHHi BhIOMpaeTcs
HavMeHbIIee (B JaHHOM cirydae 310 1,2 mis x5 ).

Takum 00pa3oM, HaMEHee 3HAUUMBIM SBIIsIeTCA (DAKTOpP Xs, TO €CTh
CTOMMOCTbD 3JIEKTPO3HEPTHH, KOTOPHIA HCKIIIOYAETCS] M3 YUCla HE3aBU-
CHUMBIX (PaKTOPOB.

Heobxogumo yuutbiBath, 4to K03 dunuent CTeiomeHTa A pas-
JMYHBIX (PAKTOPOB IPH CPAaBHEHUU OEPETCs MO MOIYJIIO.

[Toce 3TOTO BO3BpaIIaeMcs K TUajIOrOBOMY OKHY (CM. pUCYHOK 3.9)
«BbI00Op 3aBUCHMBIX M HE3aBUCHMBIX TIEPEMEHHBIX» U BBIJEISEM B Ipa-
BOM CTOJIONE X/,X2,X3X, (B IEBOM TaK U OCTACTCS 3aBUCHUMAas IEpEMEHHAs
y)-

Kak MoxHO BuaeTs u3 pucyHka 3.10, 13 He3HAUUMBIX (HaKTOPOB OC-
TaJICsl TONBKO X3, TO €CTh 3aTpaTbl HA OJUH PyOJb MPOU3BEICHHON MPO-
IyKUOWH, (hakTop x; cTaja 3HAaYUMBIM.
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Select dependent and independent variable lists:

H E
oxi 2%
==

3-%2

4-X3 Cancel
5-x4

6-%5 b-%5

Selecthll‘ 5pread| Zoom | Seleclﬁ.ll‘ Spread| Zoom |

Dependent variable list: Independent variable list:
1 |25

Pucynok 3.9. Beibop 3aBUCHUMBIX U HE3aBUCHUMBIX ITEPEMEHHBIX

Haxxumaem OK. u momyuum creayroliee JUaioroBoe okHO «Pe3yib-
TaT MHO>KECTBEHHOU PETPECCUI

H Multiple Regression Results E H
Multiple Regression Results
Dep. ¥ar. : ¥ Multiple B : ,97894527 F = 143,7518
Rtz SA5533353584 df = 4, 25
No. of cases: 30 adjusted R?*: 95166725 p = 000000
Atandard error of estimate: 3232,4631849

Intercept: -35995,05438 Std.Error: 21012,58 +«{ 25) = -1,856 p < ,0753

%1 beta=-,10 ¥Z beta=,559 X3 beta=—,09 ¥4 beta=,334
[gignificant beta's are highlighted)

Regreszion summary | Partial correlations |
i Analysis of variance | 2L Predict dependent var. | Cancel
B Coyar. of req. coefficients | il Redundancy | Residual analysis |
il Current sweep matrix | Bl Stepwise [summary) | LCorrelations and desc. stats |

Alpha (display):[ .05 [2] Apply

Pucynox 3.10. Pe3ymbraT MHOKECTBEHHON PETpecCHu
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Haxxumas xHOTIKy Regression Summary,aTo0bI OlpenenuTb Kodppu-
IUCHTHI TPU (PAKTOPHBIX MPU3HAKAX U PsJ] BXKHBIX OICHOUHBIX MOKAa3a-
TeJeH, MOIyYuM Pe3yJIbTaThI, IPeICTaBIeHHbIC Ha pUCYHKE 3.11.

‘it Regression Summary for Dependent Yariable: Y -Oix

R= ,97894527 RI= ,95833384 idjusted RI= ,95186725
F(4,25)=143,75 p<,00000 3td.Error of estimate: 3232,5

Continue...

at. Err. 3t. Err.
of BETA B of B t(25) p-level
Interept -38995,1 Z1012,58 | -1,85580 @ 075309
Il | -,098560 042570 -54,9 23,72 -2,31526  ,029094
2 | 559417 117665 12,4 2,60  4,75430 000070
i3 | -,092172 071508 -27,3 21,15  -1,28896  ,209211
4 | 333816 134185 639,0 256,88 | Z,48772  ,019883

Pucynox 3.11. CymmapHast perpeccust

YpaBHEHHE pPErpeccur BBINIAIUT CIEAYOIUM 00pa3oM (1o aHaso-
THH C TIPEIBITYIIEeH MOACIHIO)

y = —38995—54,9x, +12,4x, — 27,3x, + 639x, . (32)

Ecim ananm3mpoBaTh JaHHYIO MOJENb, TO MOJKHO CKa3aTh, YTO OHA
HE3HAYUTEIBHO OTJIMYAETCS OT MPEAbIAYIIeH MOJEN, TO ecTh Koaddu-
[IUEHTHI, CTOSAIIHNE Tepel (PaKTOPHBIMHU NPU3HAKAMH YPaBHEHUS perpec-
CHH, I3MEHWJIICH MaJIO.

IIpoananu3upyeM ocTaibHBIE MOKa3aTend. B mepByro odepenp, He-
00X0JIMMO CKa3aTh, YTO KOA(PQPHUIMEHT MHOXKECTBEHHOW IETePMHUHAIIUN
RI (R?) ocrancs MPaKTUYECKU HEU3MEHHBIM U coctaBisgeT 0,96. Otcrona
1 HE M3MEHHWJIOCH YHCIIO HEYYTEHHBIX (PaKTOPOB, OHO MO-MIPEKHEMY CO-
craiser 4%. Emie pa3 moguepkuBaeTcs HE3HAUMMOCTh (akTopa Xs (TO
€CTh CTOMMOCTHU 3JIEKTPOIHEPTUH, BO3MOXKHO, M3-32 TOTO, YTO €€ BEJH-
YUHA YK€ BKJIIOYAETCS B BEIMYMHY MPOM3BOIMMBIX 3arpaT Ha 1 pyOib
MIPOU3BEICHHOTO MTPOAYKTA).

MOXHO OmATh YTBEPKIaTh, YTO MOJEIb aJ[eKBaTHA, TaK KaK IMpH
CTEeTEeHAX CBOOOIEI v; =4 u v, =25 umeeMm Fp > Fr (143,75 > 2,76). Ho
OHa BKIIOYaeT B ceOsi He3HAUMMBIH (akTop X3 KOTOPBIA HEOOXOIMMO
WCKJTFOUHUTb.
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Select dependent and independent variable lists:

1Y

2-X1
3-X2
4-X3
0-X4
6-X5

4-53 Cancel

HE
oo |

6-X5

Selecthll‘ Splead‘ Zoom |

Selechﬁ.ll| Spread‘ Zo00m ‘

Dependent variable list:

Independent variable list:

i

|2-3 5

Pucynok 3.12

I[J'If[ 9TOI'0 BO3BpalfaeMcs OIsITh K IUAJIOTOBOMY OKHY «3asucumvie u
He3aeucumbvle nepemertsble) U 1o TCM KE NpaBUIaM HUCKIIIOYacM q)aKTOp

. CymmapHnas perpeccust

X3 — 3aTpaThl HAa OAMH PyOJb NPOU3BEIECHHOMN MTPOAYKIIHH.
Ilomy4eHHsIe CiieayOIINe pe3yNbTaThl TOKa3aHbl Ha pucyHke 3.13.

Kak BUJHO U3 HETO, BCC NMECPCUNCICHHBIC (baKTOpI)I SBJIAIOTCS 3HAYH-

MBIMMU

- X;— IPOLIEHT peaau3aliy XaJlIBbl B MECALL;
- X;— CTOUMOCTH | TOHHBI CBHIPBS (ceMeueK) B pyOssix;
- X4— PacXoJ ChIpbs Ha OJHY TOHHY XaJIBbI.

B Multiple Regression Results

Multiple Regression Fesults

Dep. Var. @ ¥ Multiple R

R%:

Ho. of cases: 30 adjusted R2:
Standard error of estimate:
Intercept: -58261,85423 Std.Error:

:, 97752996 F = 186,3740
95556482 dAf = 3, 26
,95043769 v = 000000

3273, 3211284

14954,89 £ 26) = -3,89 p < 0006

%1 beta=-,10 ®Z beta=,

545 ¥4 betas=, 422

Pucynoxk 3.13. Pe3ynbTaTsl MHOXKECTBEHHOM perpeccun
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Ha ocHoBe cneayromero auanoroBoro OKHa COCTaBUM YpPaBHEHHE
MHOKECTBEHHOM PETPECCHH.

‘i Regression Summary for Dependent Variable: Y -0|x

B= ,97752996 RI= ,55556482 Adjusted RI= , 95043769
Fi(3,26)=186,37 p<,00000 3td.Error of estimate: 3273,3

Continue...

at. Err, 3t. Err.
of BETL B of B ti2e) p-level
-55261,9 | 14954,89  -3,89554 000613
1 | -,101745 043035 -56,7 23,98  -Z,364Z1 025819
2 | ,545389 | 118642 12,1 2,62 | 4,59e93 000097

¥4 | 421881 116549 807,6 223,86 3,60739 001290

Pucynok 3.14. CymmapHas perpeccus

VYpaBHeHue perpeccuu OyIeT UMETh CICTYIOLNHA BU
y =-58261,9 -56,7x, +12,Ix, +807x, (3.3)

AHanu3upys JaHHOE YpaBHEHUE, MOXKHO CKa3aTh, 4TO Ko3(hduimeH-
THI TIPH TIEPBOM W BTOPOM (DaKTOPHBIX IMOKA3aTENsIX U3MEHWINCh He3Ha-
YUTENBHO, TIPH TPEThEM, MOCIeAHEeM (pakTopHOM TpH3HaKe KodhdHIm-
€HT B YPaBHCHUU 3HAYUTEIILHO BO3poc. [103TOMYy MOXHO CKa3aTh, YTO B
MIEPBYIO OYepenlb Ha YPOBEHb YOBITKOB BIHSIET IMOCIEAHUN (pakTop — pac-
XOJI CHIPBSl HAa OJIHY TOHHY XaJIBBI, IPHYEM MPH YBEITHMUYEHUH ITOTO MOKa-
3ares yBEIMYMBACTCSA M YPOBCHb YOBITKOB. B MEHbIIICH cTeneHn Ha pe-
3yJBTaTUBHBIA TPU3HAK BIHUACT MPOICHT pealu3allid XaJBbl, U €I
MEHBIIIE BIHSIET CTONMOCTD | TOHHBI CBIPBSL.

AHanu3upys OCTaJbHBIC MMOKA3aTeNId, MOXKHO CKa3aTh, YTO MHOMKECT-
BEHHBI KO3 duimeHt aerepmuHaiuu R/ =0,96, 4T0 COOTBETCTBYyET
MPEIBIIYIUM 3HadeHusAM. Jlaxke MpUTOM, YTO HCKITIOYAUCh HE3HAYH-
MbIe (haKTOPBI, YUCIIO HEYUTEHHBIX (PaKTOpOB Tak M octaerca 4%. Baxk-
HO TaKk)Xe OTMETHUTb, YTO MOJIEIb SIBJISIETCS alcKBaTHOM, Tak Kak Fp > F7,
(pu ctemeHsx cBoOOmbI v,;=3 U v, = 26 umeem 143,75 > 2,98). Ha ee
OCHOBE MOXXHO IPUHUMATh PEIMICHUS U CTPOUTH MPOTHO3HI.

Takum oOpa3om, HanboJiee ONTUMANIBHBIM SBJISETCS JIMHEHHOE ypaB-
HEHHE PErPecCUu CICAYIONIET0 BUIa

y =—58261,9—56,7x, +12,Ix, +807x, (3.4)
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3.2. HesqnHeliHbIe MHOTO(AKTOPHBIC MOACIH

BepueMmcs k nuanoroBoMmy OkHY «Mwuooicecmeennoll peepeccuuy. B
onmmu Mode — BbIOMpaeM He CTaHAApTHBIA MeTon — Fixed non linear
(aemuuetinbie Moaenn). Haxumaem OK.

B Multiple Regression E
@ Yariables: | none

Cancel
Input file: |Flaw Data ﬂ| Specify all wvariables far

. the analysis; additional
MD deletion: ﬂ| models [indep. /dep. varz)

ﬂ can be zpecified later.

L

Casewize

Mode: | Fixed non-linear

|

[ Extended precision computations = Open Data

[ Review descr. stats, cor. matrix SELECT
: CRSES E & w

Pucynox 3.15. MHOXecTBeHHas perpeccust

I[Tocne Toro, kak HaxkmeM KHONKy OK, mosiBUTCS ciemyromee quano-
rOBO€ OKHO, IZic HEOOXOAMMO BHIOpaTh MEPEMEHHBIC U HETMHEHHOTO
aHanmu3a. B mocTpoeHnn HEMMHEHHBIX MOJENEl MOXKET y4yacTBOBAaTh MakK-
CUMYM 4YeThIpe dakTopa (IIepeMeHHBIe).

Select vars. for the nonlinear comp. analysis E

K

43 Cancel

G-25

Select All

Spread
Select variablez [max=4]:

1-356 Zoom

P

Pucynoxk 3.16. BeiOop nepeMeHHBIX 1 HETMHEHHOTO aHAIIN3a
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C y4eToM yKe MOCTPOSHHBIX JIMHEHHBIX MOAelel BRIOMpaeM Hanbo-
Jiee 3HaYMMBbIe (PaKTOPBI X;,X,,X,, U, KOHEUHO, y. Haxkumaem kaonky OK.
[osiBUTCS Cliedyrolee AMAIOTOBOE OKHO «HenuHelinvle KOMHOHEHmbl
pezpeccuuy, TIe MOXHO BBIOpaTh MOPSIOK (aKTOPOB, YTO OMPEACITHT
MOPSAZIOK YpaBHEHUs perpeccuu. BHauajie mocTpouM ypaBHEHHE perpec-
CUU BTOPOTO TOPS/IKA, I TOTO CTABHMM COOTBETCTBYIOIIUH (PIIAXKOK.

Hl Mon-linear Components Regression E E

Non-Linear Transformation Functions ¥alid Range oK

[ =2 (% to the power of 2] -5.0E+08 to 5.0E+03 Cancel

[ ®==3 (% to the power of 3] -5.0E+05 to 5.0E+05

[~ =4 ¥ to the power of 4] -5.0E+04 to 5. 0E+D4

[~ ®==5 [¥ to the power of 5) -5.0E+03 to 5.0E+03

[ SART[<) [square root] * greater or equal to 0

[ LNE<) [natural log] X greater than 0

[~ LOGEK) {log 10]) X greater than 0

[~ e -40 to +40

[ 10==x -18to +18

[ 17 ¥ not equal 0

Pucynox 3.17. HenuHeliHbie KOMITOHEHTHI PETPEeCCUU
Haxxnmaem OK. Ilocie 3TOTO MOSBUTCS CASAYIONIEE TUAIOTOBOE OK-

HO «Onpedenenue moodenu; meron (Method) — Standart u Haxumaem
KHOTIKY Variables.

M Model Definition

[x]  Variables |

Independent: none Cancel

Dependent: none

Method: | Standard ﬂ|
Intercepk: |In-::|ude in model j|
Tolerance: |.00010 EI [Enter 0.0 ta et ta minimum=1.2-25]

[ Ridge regreszion: lambda: 00 E

Pucynoxk 3.18. Onpenenenne Moaenu
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Haxxumaem kHOmKy Variables. Tlocme dero MOSBUTCS ClemyroIiee
JIMAJIOTOBOE OKHO «3agucumole U He3A8UCUMbLE NEPEMEHHBIEN.

Select dependent and independent variable lists: H E
Dependent variable list: Independent variable list: oK |
14 1%

221 221

3X2 3:X2 M
5-x4

4-y1==2

b-Y2*=2

I-¥I=2 IW=2

B-¥H*=2 8-¥h==2

Pucynok 3.19. 3aBucruMbIe 1 HE3aBUCUMBIE IEPEMEHHEIE

B nmamoroBoM okHe, mpeacTaBiIeHHOM Ha pucyHKe 3.19, B neBOoM
cronbue (Dependent) BbIOMpaeM Takke 3aBUCHUMYIO TIEPEMEHHYIO — ¥, B
MPaBoOM cToNoIe BbIOMpaeM HE3aBUCHMbIC NepEMEHHbBIC
V2*¥*2 V3**2 V5**2 dro 03HAYaeT, UTO B HEIWHEHHOE YpaBHEHHUE per-
peccuu GyIyT BXOAUTH X,°.X5 X, . TO ecTb,

- V2**2 - 910 x12;

- V3**2 - 3710 x22;

- V5%%) - o710 X,

Haxxumaem OK, 1 mporpamMma mpou3BeieT OLICHHBAaHHE MapaMeTPOB
MOJICITH, MO 3aBEPIICHHH KOTOPOTO MOSIBUTCS CIIEAYIOIISE JAUATOTOBOE
OKHO (cM. pucyHOK 3.20).

OueBUAHO, YTO B MPEACTABICHHOW MOJENH BBIACIAIOTCS OIWH He-
3HAYMMBIH (HaKTOP U J1BA 3HAYMUMBIX (haKTopa.

B Multiple Regression Results E

Multiple FEegreszion Results

Dep. War. : ¥ Multiple B @ 98351203 F = 256,3359
R2: 96729591 df = 3, 26
No. of cases: 30 adjusted R*: 96352236 p = 000000

Gtandard error of estimate: Z808,185131:2
Intercept: 17531,923180 5td.Error: 6559,602 tf 26) = 2,5822 p < 0165

Vareg beta=-,07 V3i**i beta=,732 V5** beta=,247

Pucynoxk 3.20. Pe3ynbTaThl MHOXECTBEHHOUW pErpeccruu
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Haxxumaem kHOTIKY Regression summary W TIONYYAM CJeXyloIiee
MAJIOTOBOE OKHO «CymmapHas peepeccusi Onsi 3A6UCUMOU NEPEMEHHOU
Y»

‘i Regression Summary for Dependent Variable: Y X

R= ,98351203 RI= ,96729591 Adjusted RI= ,96352236
F(3,26)=256,34 p«,00000 3td.Error of estimate: 280%,2

Continue...

Dn MIEE 3t. Err.

of BETL E of B tiZe) p-level
Intercpt 17831,92  #959,602 | Z,56220 ,016543
Var#g -,065414 037480 -,23 ;126 -1,85204 @ 075408
V3nHg ,732104 |, 118900 ,aa ,000 | 6,15732 000002
V542 L246957 |, 117335 2,11 1,001 2,10472 0 045134

Pucynoxk 3.21. CymmapHast perpeccus
JUIsl 3aBUCHMOM NIEPEMEHHON Y

OueBUAHO, YTO AaHHAS MOJECTL HE SIBISETCS ONTHMAIbHOW M Hau-
Jy4Iled, HO €CId PaccMOTpeTh KOI(D(OUIIMEHT MHOXKECTBEHHOU JeTep-
muHarmu Rl = 0,97, To MOKHO CKa3aTh, YTO OH BHIIIIE, YeM y HAMITydIIen
JMHEWMHOU Mojenu. MOXHO cjenaTh BBIBOJ O TOM, UYTO HEYUTEHHBIX
¢axTopoB Bcero 3%. UTto kacaercst aJeKBaTHOCTH MOJEIH, TO MOJEIb
SIBIIICTCS aJICKBaTHOM, Tak Kak Fp > Fr (mpu cTeneHsx cBoOOAbI v; = 3 u
v; = 26 umeem 256,34 > 2,98), HO Ha ee OCHOBE HEINb3S OCYIIECTBISATH
IIPOTHO3BI, TAK KAK OHA BKIIOYACT B Ce0S HE3HAYMMBIH (BaKTop — X, .
YpaBHeHUe perpeccuu OyaeT UMETh CICIYIOIIUN BUT

y =17831,92 - 0,23x> +0,002x + 2,1 1% (3.5)

Ecnu npoananu3upoBarh €ro, TO MOXKHO CKa3aTb, YTO 3HAKU KOA(]-
(UIHMEHTOB, CTOSIIUX nepes] GaKTOPHBIMU MPU3HAKAMH, SKOHOMHYECKH
BEPHBI: YeM BBILIC MPOLIEHT peaju3alid XalBbl, TEM HIWXKE YOBITKH, U
yeM OoJIblle CTOMMOCTB CHIPBSI M €r0 Pacxo, TeM BBILIE YOBITKH Hpea-
MPHUATHS.

Juist Toro, 4ToOBl ONTHMHU3UPOBATH U YIIYUIINTh MOJIENb, HEO0XO0IHU-
MO HCKIIIOUHTh HE3HAUMMBII (DaKTop x,°.

Ilocne ero MCKIIOYEHHs YPaBHEHUE PErPECCUU NMPUMET CIETyIOIINN
BUJ
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y =18480,4 +0,002x; +1,61x; (3.6)

B Multiple Regression Results ﬂ X

Multiple Regression Results

Dep. ¥Var. : ¥ Multiple B @ 98151617 F = 351,1817
R#r 36295142 af = Z, 27
No. of caszes: 30 adjusted R: 96023330 p = 000000

standard error of estimate: 2931,8371630
Intercept: 18480,373589 3td.Error: 725,843 tf 27) = Z,5466 p < 0169

Vi**Z  beta=,801 Vi%%Z  beta=,189

Pucynoxk 3.22. Pe3ynbTaTsl MHOXKECTBEHHOM perpeccun

‘it Regression Summary for Dependent Variable: Y

R= 95131617 RI= 962598142 Adjusted RI= 596023930 i
Fi2,27)=351,18 p<,00000 3td.Error of estimate: 2931,8

Continue...

St DEE 5 St DEE 5
of BETA E of B
18480,37958586  7256,584294883
,80052963855 , 11799000615 ,0020917 ,00030830
, 18852536076 , 11799000615 1, 6090754 1,00705188 &

[
Pucynox 3.23 CymmapHas perpeccust
JUIs1 3aBUCUMOM NIEPEMEHHON Y

[MpuueM KOA(PGUIIMEHT MHOKECTBEHHOW IETEPMUHAIIMM CHH3HIICS
(RI = 0,96), u uncio HeyuTeHHBIX (aKTOpOB cTano omaTh 4%. Moxenb
aZieKBaTHA, TaK Kak Fp > F7 (Ipu cTeneHsx cBoOoasl v,=2 U v,= 27 ume-
eM 351,18 > 3,35), HO Ha €€ OCHOBE HEIIB3S OCYIIECTBIIATH MPOTHO3HI, TaK
KaK OHa BKIIOYAeT B ce0s He3HaunMsIi (axTop — x,°. Mckimouas ero, mo-
JYYUM CIIEAYIONIYI0 MOJIENb (CM. PUCYHOK 3.24).

Torna ypaBHEHHE perpeccuu MPUMET CIIEAYIOMMN BU/T

y=2961217+0,003- x; (3.7
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B Multiple Regression Results ﬂ X

Multiple Regression Results

Dep. Var. : ¥ Multiple B : 973953107 F = 663,0358
R#: 95948112 df = 1, 28
No. of cases: 30 adjusted R*: 95803402 p = 000000

atandard error of estimate: 3012,0456076
Intercept: 29612,167822 Std.Errer: 2086,294 ¢ 28) = 14,194 p < 0000

V3EE2 heta=, 380

Pucynoxk 3.24 Pe3ynbpTaThl MHOKECTBEHHOHN pETrpecCHH

‘it Regression Summary for Dependent Variable: Y

R= ,97953107 RI= 90948112 Adjusted RI= ,95803402
Fi1,28]=663,04 p<, 00000 3td.Error of estimate: 3012,0

Continue...

gt. Err. gt. Err.
=30 BETL of BETL E of B t{2g) p-level

Intercpt 2961z,168 | 2086,2939 | 14,193671 0000000
Wi (2195311 0380408 L 003 ;0001 25,749483 | 0000000

Pucynok 3.25 CymmapHas perpeccusi A 3aBUCUMOM NIEpEMEHHON Y

BaxxHO OTMETHUTB, UTO TIPU YBEIUYCHUH TOPSIIKA YPABHEHHUS perpec-
CUU 3HAYCHHs NapaMeTPOB CTAHOBATCS Xyke. TeM He MeHee, PaccMoT-
pUM HeNWHEHHBIE MOJAeU TPETHEro MOpsIKa, KOTOPHIE CTOSTCS aHAIO-
ru4yHO (cM. pucyHku 3.26 u 3.27).

Kax BunHo u3 pucyHka 3.24, B JaHHOW MOJIENH OCTAETCS JUIIh OJUH
3HAYUMBIH (akTop. A KOIDPHUIIMEHT MHOKECTBEHHOW ACTEPMUHAITAN
ocraercst npesxkHUM — RI = 0,96, uto ToBOpHUT 0 4% HEyUTCHHBIX (HAKTO-
poB. MOXKHO CKa3aTh, YTO OHA HE SBISETCS ONTUMAIILHOM, TaK KaK KO3(¢-
(UIMEHT MHOXKECTBEHHON NETEPMUHAIINY HE SBISIETCS] CAMBIM BBICOKHM.
Kpome Toro, momens BKITFOUaeT B ceOs Bcero oamH (akTop X, (cTom-
MOCTb OJIHOM TOHHBI CHIPbsS B PYOJIsX).
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I Non-linear Components Regression

Mon-Linear Transformation Functions

v X==2
v X=3
I~ X=4
[ X=5

[ SART[X)
[ LN[¥)

| LOGE4)
[ e™X

[ 10=¥

[ 17K

[X to the power of 2]
[X to the power of 3]
[X to the power of 4]
[X to the power of )

[square root)
[natural log]
[log 10]

Yalid Range

-5.0E+08 to 5.0E+08
-5.0E+05 to 5.0E+05
-5.0E+04 to 5.0E+04
-5.0E+03 to 5.0E+03

X greater or equal to 0

¥ greater than 0
X greater than 0
-40 to +40

-18 to +18

X not equal 0

[T
=
ra

Cancel

i

Pucynox 3.26. HenuHeliHbie KOMIIOHEHTHI pErpeccuu

Haxumaem OK.
BriOupaem repeMeHHbIE TONBKO TPETHETO MOPSAKA.

Select dependent and independent variable lists:

Dependent variable list:

Independent variable list:

2K
3X2
54
4v1=2
BV1=3
7V2=2
8.v2=3
9.y3=2
10.v3<3
11-v5:2
12:¥5"3

6-¥1**3
722
8v2=3
3-¥3==2

10-¥3==3
11-¥H*=2
12-¥5*=3

Cancel

BiE
o |
coed |

Pucynoxk 3.27. Be16op 3aBUCHMBIX W HE3aBHCUMBIX MTEPEMEHHBIX
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B Multiple Regression Results E n

Multiple Regression Results

Dep. Var. : ¥ Multiple B @ 98553004 F = 292,9868
REr 97126946 df = 3, 26
No. of cases: 30 adjusted Bf: 96795440 p = 000000

Adtandard error of estimate: 2632,0676635
Intercept: 39778,207350 Std.Error: 4471,492 tf Z26) = 8,8960 p < 0000

Va**3 beta=-,04 ¥3**3 heta=,821 V5%*3 heta=,165

Pucynok 3.28. Pe3ynbraTsl MHOXKECTBEHHOM perpeccun

‘i Regression Summary for Dependent Variable: Y X

R= ,98553004 RI= ,97126946 LAdjusted RI= 96790440
F(3,26)=252,99 p<, 00000 3td,Error of estimate: 2632,1

Continue...

at., Err. at., Err.

of BETA B of B ti2n) p-level
Intercpt 319778,21  4471,492  B,B89596 | 000000
Vg -,044242 035927 -,00 ,001  -1,23143 229186
V3reg ,020548 = ,119539 ,aa ,000  6,86426 000000
VEHT3 ,165085  , 118439 01 L0060 1,39384 175166

Pucynoxk 3.29 CymmapHas perpeccust Uil 3aBUCUMOI epeMeHHON Y

Kax mMoxHO BUaeTh U3 pucyHka 3.29, 3HaUMMBIM B MOJIENIU TPETHETO
TOPAIKA ABIAETCSA TONBKO OMKMH GAKTOP X, , OcTanbHble (GaKTOPhI HE 3Ha-
guMmbl. Koadpumment MuoxkectBeHHon aerepmunanun R = 0,97 (aucio
HEYYTEeHHBIX (QakTopoB 3%), 4TO BBIIIE, YeM B MpEIbIAyIIEH MOIETU
BTOPOIO MOPSIKA.

‘il Regression Summary for Dependent Variable: Y

R= ,95409372 RI= ,96344046 Adjusted RI= ,96731333 i
F(1,28)=859,21 p<,00000 3td.Error of estimate: 2658,3

Continue...

SiEn EE SiEn DEE
of BETL B of B
Intercpt 44794 8921336 | 1340,585017325
, 98409372280 ,03357270615 ,0000004 ,00000001 &

sy

Pucynox 3.30. CymmapHas perpeccust
JUTSI 3aBUCUMOM TIEpEMEHHOU Y
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Mogpenb SBIsSETCS aeKBAaTHOM, TaK Kak Fp > Fr (IpH CTENEHSIX CBO-
0o1b1 v; = 3 u v, = 26 umeem 292,99 > 2.98), HO Ha €€ OCHOBE HEJb3s
OCYIIECTBJIATh MPOTHO3BI, TaK KaK OHA BKJIIOYAET B ceOS HE3HAUYUMBIC
(bakTopsl - X " x;. VIcKmodas He3HaIMMBIE (hakTOpHBIC TIPH3HAKH
(POLIEHT peaju3alMi XaJIBBl U PACXOJ ChIPhs) MOJYYHUM CICIYIOIIYIO
MOJIEIb

y = 44794,89 + 0,0000004- x2 (3.8)

Ecmu anamusupoBats ypaBHeHme (3.8), TO MOXKHO CKa3arb, 4TO II0
MTOKa3aTessaM, TTOKa3aHHBIM Ha pucyHke 3.30, OHO JIydIie, 9eM ypaBHEHHE
(3.7), x0T ¥ TO U IPYroe BKIOYAKT BCEro oJauH (akTop (CTOMMOCTH 1
TOHHBI CBIPHs). Ho K03 PHmmeHT MHOKECTBEHHOH IeTepMUHAIIUN MO/Ie-
U TpeThero mopsnka Beimie (R = 0.97, uncio HEYYTEHHBIX (hakTOpOB
3 %) JanHas Monems SBISETCS, KaK U BCE MPEABIAYIINE, aleKBATHOM, TaKk
kKak Fp > Fr (mpu crenensx cBobonmel v,/=1 u v,=28 umeem 859,21 >
4,20), 1 Ha ee OCHOBE MOYXHO IIPUHUMATPH PEIIECHUS U OCYIIECTBISATH IPO-
THO3BI.

CMenraHHbIe MOJICNU, B KOTOPBIX HCIIONB3YIOTCSA (DAKTOPHI BTOPOTO,
TPETHETO U BHIIIE TOPSIIKOB UCKIFOUEHBI U3 PACCMOTPEHHUS, TaK KaK IPH
WX TIOCTPOEHUH yXyAIIaeTcs 3HaueHne KOod(QPHUIMEeHTa MHOKECTBEHHON
JIETCpPMUHALINY.

Takum 00pa3omM, Ha aHHBIH MOMEHT HAaWIydYIIeH SBISETCS MOJENb
TPETHETr0 MOPSAKA, C OMHUM (PAKTOPHBIM IMPU3HAKOM.

PaccMoTpuMm JorapupMuyeckne Moae .

B Non-linear Components Regression E E

Mon-Linear Tranzformation Functions VYalid Range ok

[~ ¥==2 [ to the power of 2] -5.0E+08 to 5.0E+08 Cancel

[ X3 [% to the power of 3] -5.0E+0% to 5.0E+05

[ X==4 [ to the power of 4] -5.0E+D4 to 5.0E+04

[~ X%==h [ to the power of 5] -5.0E+03 to 5.0E+03

[ SQRTE] [=quare root) ¥ greater or equal to 0

v LM[¥] [natural log] ¥ greater than 0

[ LOGE) log 10) X greater than 0

Pucynok 3.31. HenuHeliHble KOMIIOHEHTHI pErpeccuu

Bribupaem cienyroinye hakTOpHbIC TPU3HAKH.
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Select dependent and independent variable lists:

Dependent variable list: Independent variable list: oK |

Cance

Pucynoxk 3.32. Br16op 3aBUCHMBIX W HE3aBHCUMBIX MTEPEMEHHBIX

I'me LN V2 — Hatypanbhsiii morapudm x; LN V3 —HaTypansHBIH 710-
rapudm x, LN V5 — HaTypansHbIi Torapudm x,.

H Multiple Regression Results ? ﬂ

Multiple Regression Results

Dep. War. : ¥ Multiple B @ 97132200 F = 144,6346
Rf: 94346643 df = 3, 26
HNo. of cases: 30 adjusted R*: 93694332 p = 000000
Standard error of estimate: 3692,1419009
Intercept: -759550,9296 Std.Error: 53547,04 tf 26) = -14,18 p < 0000

LH-VZ beta=-,13 LN-V3 beta=,370 LHN-V5 heta=,582

Pucynoxk 3.33. Pe3ynbTaTsl MHOXKECTBEHHOM perpeccun

‘i Regression Summary for Dependent Variable: ¥ g m)

at. Err. at. Err.

of BETL B of B ti2n) p-level
Intercpt -759551, 53547,04  -14,1847 000000
LN-V2 -,130766 048472 -5730, | 2123,97 | -Z,6578  ,012093
LN-¥3 370413, 110187 33208, | 9879,49 i,3614 | ,002408
LN-V5 (581527 100043 | 124466,  23338,79 5,3330 | ,000014

Pucynox 3.34. CymmapHast perpeccus
JUIS1 3aBUCUMOM nepeMeHHON Y
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Ha ocnoBe naHHBIX K3 pUCYHKOB 3.33-3.34 MOXHO HOJIYYHUTH Cle-
Iylollee ypaBHEHUE PErpeccuu

y =-759551-5730logx, +33209logx, +124466logx, (3.9)

Ecnm anamm3upoBaTh €ro, TO MOXKHO CKa3aTh OINPEAENIEHHO, YTO MO-
JIeJTh SIBIISICTCS aJIeKBaTHOW, Ha €€ OCHOBE MOXXHO MPUHUMATH PEIICHUS U
OCYIIECTBIIATh MPOTHO3bI. Ho ompenenstonum 3ech spisercs ko3ddu-
LUEHT MHOXKECTBEHHON AeTepMuHauuu. g nanHoil mogenu RI = 0,94,
YTO TOBOPUT O 6% HEydTEeHHBIX (PaKTOPOB.

Ecnmu paccmarpuBaTh cMeIIaHHBIE MOJENH, B KOTOPBIC BXOMSAT Kak
(haKkTOpHI BHICIIUX TOPSAKOB, TaK U JIOTAPHUPMHUECKUE, TO OMPEAETCHHO
MOXXHO CKa3aTh, 4TO KO3(h(OHUIMEHT MHOKECTBEHHOW ACTEpMUHAIINN HE
M3MEHHTCS U He TpeBbicuT 3HadeHus 0,97. Ecnu paccmarpuBats Monenn
C HATypaJbHBIM U JICCATUYHBIM Jorapudmom, To K03QPuimeHT MHOXKE-
CTBEHHOH JeTepMUHALUU OMATh-Taku paBeH 0,94, yTo He sBIsAETCA Y-
IIMM II0OKa3aTeJIEM.

BriBoabI.

MoskHO BEIOpaTh ABe JTydmre Moaenu (ypasuenus (3.8) u (3.9)).

Ha ux ocHOBE MOKHO NpuHUMATb PCHICHUA W OCYHICCTBIIATH IIPO-
THO3BI.

Ecmu cpaBHMBaTh 3TH 1Be Moaenu 1Mo Ko3(h(UIIMEHTY MHOXKECTBEH-
HOW JIeTepMHHALIMU U YHCITYy HEYYTEHHBIX (haKTOPOB, TO Jorapudmuye-
CKasi MOJIeJIb YCTyIaeT MOJIEH TpeThero nopsjaka. Ho ecnu paccmarpu-
BaTh UX MO YHCIY BXOAAMMX (PaKTOPOB, TO ONTHMAaIbHOH MOXKHO CUH-
TaTh UMEHHO JIOTapH(PMHUIECKYIO MOEIb, BKITIOYAIONTYI0 B ce0s1 OobIe
3HAYUMBIX (DAaKTOPOB.

3agaHusa 1J1s1 CAMOCTOSITEJIbHOTO BHINOJTHEHHSI.

1. Hcnonwvzysa oannvie mabauywvt [punosxcenus B, nocmpoums npo-
2HO3 C UCNONIL30BAHUEM MHO2OMDAKMOPHBIX MOOeell NPOSHO3U-
POBAHUAL.

2. Tlooobpams onmumanvisie napamempsbi NPOSHOZHOU MOOEU.

Paccuumams owubxy npozrosuposanus, OONOIHUNENLHO PYKO-

800CMBYACL MEOPEMUYECKUMU NOTONCEHUAMU, NPUBCOCHHbIMU &

Ipunooscenuu A.

W
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I'JIABA 4. HEUPOCETEBOE NPOT'HO3UPOBAHUE
3KOHOMMYECKHUX IMOKA3ATEJIEHN B ITAKETE
STATISTICA NEURAL NETWORKS

HelipoHHBIM CETSIM M NPOTHO3UPOBAHUIO HA UX OCHOBE IOCBSALICHO
MHOKECTBO cTaTeld, Hay4HbIX padot, MoHorpadwuii. [Ipn HeoOxoauMocTH
JIETAILHOTO pa3dopa TeopuH HEWUPOHHBIX CeTeld MOXHO OOpaTHUThCH K
CIemyromuM ucTouHukam [29, 36, 37, 127, 57, 92]. IlostoMy TeopeTu-
YeCKHe OCHOBBI TIOCTPOEHHsI HEHPOHHBIX CETeH He paccMaTpUBaroTCs, a
OCHOBHO€ BHHMAaHHE COCPEIOTOYCHO Ha MPAKTHYECKON peain3ali He-
pocereBoro mporHo3upoBanus. Ilaker Statistica Neural Networks BvI-
OpaH He ciy4aifHO, TaK KaK OH IT03BOJISIET MOJCIUPOBATh Pa3IMYHbIEC TH-
MBI CeTel, UCTIONB30BaTh HECKOJILKO aIrOPUTMOB UX OOYYEHHs, a TAKKE
MHOTO€ JpyTOe.

4.1. OcHOBHBIE BO3MOKHOCTH MAKETA
Statistica Neural Networks

4.1.1. Coznanue HaOoOpa JaHHbIX

3anycture ST Neural Networks. (Menio Ilyck — Ilporpammbi—
STATISTICA Neural Networks)

B makere ST Neural Network, obydaroniie qaHHBIE XPAHATCS B BHJIC
Habopa (Data Set), comepkalux HEKOTOpOE KOJIMYECTBO HAOIIOICHUM,
JUTSL KQXKJIOTO U3 KOTOPBIX 3aJlaHbl 3HAUCHUS HECKOJIBKHUX BXOJHBIX U BhI-
XOJTHBIX TepeMeHHBIX. Kak mpaBwio, maHHbIe OepyTcs M3 KaKOTO-TO
BHEIITHETO UCTOYHUKA (Hanpumep, cucteMbl STATISTICA wnm 3IIeKTpOoH-
HOW Tabmuiel). OHAKO HOBBIM HAOOpP JAHHBIX MOXKHO CO37aTh MPSIMO B
nakere ST Neural Networks. ]l 3TOr0 HYXKHO MPOJIENAaTh CJeIyIOIIe
JIEHCTBUS.

1. Boiitu B quanorooe okHo Cozdams Habop dannvix - Create Data
Set ¢ momorbro koMauabl Habop dannvix - Data Set... u3 menw Datin -
Cozoams - File-New.

2. BBectu 3HaueHus gucia exoousix (Inputs) n evixoouwix (Outputs)
nepeMeHHbIX. HampumMep, 1Be BXO/IHBIC IEPEMEHHBIC U OJTHA BBIXO/IHAS.
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:.: Create Data Set HE
Inpits |2 E Create
Dutpuits |1 E Cloze

Pucynok 4.1. Co3nats HaOOp TaHHBIX

3. Haxats xHOTIKYy Co30ams — Create.

Jlns Hamiero mpuMepa MbI HCHOJIB3YyEeM YK€ HMMEIOLIMEecs TaHHBIC,
xparsmuecs B daiine Series g.sta . Ilporpamma ST Neural Networks
aBTOMATUYECKU OTKPBIBACT OKHO Pedaxmop oannvix - Data Set Editor.

:: Data Set Editor [Senies_g]

Variables EF_E Cases I132 EID EID E
[ %] B ceries

JAH 1543 =
FEE 1343 -
MAR 1343
AP 1543
MAY 1543
JUN 1343
JUL 1343

G 1343 v

Pucynox 4.2. PegakTop gJaHHBIX

OCHOBHO# 311eMeHT OKkHa Pedaxmop Oanmuwsix - Data Set Editor - 310
TabnwIa, comepikamas Bce 3anmucu Habopa gaHabx. Kaxkmomy Habmome-
HUIO COOTBETCTBYET OJIHA CTPOKa TAONHUIBI. Y BXOIHBIX MEPEMEHHBIX
3aroJIOBOK CTOJIOIA YEPHOTO IIBETA, Y BBIXOJHBIX - TOJIyOOT0; BXOIBI OT
BBIXOJ/IOB OTHEJSIFOTCSI TEMHOW BEepPTHKAIBbHOW nuHUel. JoOaBneHne Ho-
BBIX HAOJIOJCHUN U PEIAKTUPOBAHUE YXKE MMEIOLIUXCS JaHHBIX OCYIIe-
CTBIISIETCSL OOBIYHBIM JJIs1 TAOJIHIIBI CTIOCOOOM.

4.1.2. Jlo6aBjenune HAOII01eHH I

1. Beibepute siueiiky TaOIUIIBI, MIEIKHYB M0 HEH MBITIBIO.
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2. Haxxmure xnasumnty CTPEJIKA BHU3. Beskuit pa3 mpu TMOMIBITKE
BBIMTH BHU3 3a TpaHuIlbl Tabmuikl nporpamma ST Neural Networks co3-
JlaeT HOBOE HAOIOICHHE.

4.1.3. YaajieHue JULUIHAX HAOJTIOACHHA

Ecnu B ciny4aiiHO co3fany MuinHee HAaOIroAeHHe, ero MOKHO y/a-
JIUTH CIEAYIOIUM 00pa3oM.

1. Illenkuute B CpeAHEM YAaCTU METKH CTPOKH, COOTBETCTBYIOIIEH
JHUIIHEMY HaOJIIOAECHUIO, METKH PAacIIOIOKEHbI B JIEBOM YacTH TaOJHUIIBL.
Bcs cTpoka cTaHeT BbIIETIEHHOM.

2. Haxxmure kinapumu CTRL+X. HaGmronenue Oynet yaaneHo.

4.1.4. U3meHeHMe IepeMEeHHbIX U HA0JII01eHU I

B maxere ST Neural Networks umeeTrcs BO3MOXHOCTh IPUCBAaNBaTh
MMEHa OT/CIbHBIM HAONIOJCHUSAM W TMEepeMEeHHBIM. UTOOBI MPUCBOUTH
HAOIIOJICHUIO UMS, C/IETIATe CIIeIyIoIIee.

1. JIBaXKIIBI IIENKHUTE B CPEAHEH YaCcTH METKH CTPOKH TOTO HAOIIO-
neHusi. MeTKU CTPOK pacIoJIoKeHbI B JIGBOH YacTH Ta0muilbl. [losBUTCS
TEKCTOBBIN Kypcop (cepasi BepTHKaIbHAS MOJI0Ca).

2. Beemute ums. B kadecTBe METKM CTPOKH IO yMOJTYaHHUIO Oepercs
ee HoMep. He oOparniaiiTe Ha HETO BHUMaHUS - OH OTOOpaXKaeTcs TOJIBKO
B CTPOKaX, KOTOPBIM HE IPUCBOEHO UM, M HCUE3HET Cpa3y kK€ KakK TOJIb-
KO Bbl HAUHETE BBOJUTH CUMBOJIBI.

3. C momomsto knasumt CTPEJIKA BJIEBO u CTPEJIKA BITIPABO
Kypcop MOJKET mepeaBurarh no Oyksam umenu, knasumiamu DELETE u
BACKSPACE - ypanaTe JMIIHHE CHMBOJIBL, C IOMOILBIO KJIABUII
CTPEJIKA BBEPX W CTPEJIKA BHU3 MoxHO TepediTH K HMeHaM
npyrux HaomonaeHui, kiapuma ESCAPE npepriBaeT penaktupoBanue.

AHAaNOTMYHO MPUCBAUBAIOTCS HMEHA MEPEMEHHBIM - JJIsl 3TOr0 HyX-
HO OTPEAAKTHPOBATH METKH CTOJIOIOB.

4.1.5. /Ipyrue BO3MOKHOCTH PeIaKTHPOBAHUSA TAHHBIX

Tabnuuer makera ST Neural Networks npennaratot oo Habop
CPEICTB, OOJEr4aroIiuX CO3JaHHe HAOOPOB MAaHHBIX M IOCICIYHOIIYIO
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paboTy C HAMH.

- Mepememenne akTuBHOM A4elikn. OCyIIECTBISACTCS KIaBUILIAMU
CTPEJIKA BJIEBO, CTPEJIKA BIIPABO, CTPEJIKA BBEPX,
CTPEJIKA BHI3, HOME, END, PAGE UP, PAGE DOWN.

- Boigenenue nuana3zona siueek. [IpomsBoanTcs meperackuBaHHEM
yKaszareyiss MBIIM WIA KIAaBUIIAMH Kypcopa TpU HaXKaToW KIIABHUIIE
SHIFT.

- KonupoBanue u BctaBka. UTOOBI CKONMPOBATH BBIJCIICHHBIN THa-
ma3zoH sIeek B Oydep oomena, Haxxmute CTRL+C. UToOBI BCTaBUTH CO-
nepxkumoe Oydepa oomeHna B Tabmuny — Haxxkmute CTRL+V. MoxkHo
KOMUPOBaTh M BCTaBJIATH IENIbIE CTPOKU W CTONOIBI LEIUKOM. Bo3mo-
JKEH Tak)ke 0OMEH MaHHBIMHU Mexay rmaketoM ST Neural Networks n apy-
TUMH TPHJIOKECHUSIMH.

- BcraBka. B nro0om mecrte TaOMHMIBI MOXHO BCTaBUTh HOBYIO
cTpoky uiu cronoen. [lomMecTure Kypcop MBIIH Ha JTWHUIO, pa3ielisio-
IIYI0 METKU JBYX COCEIHHMX CTPOK WJIM CTOJIOLOB (MPU 3TOM KypCop Ipe-
BPATHUTCS B JBYXCTOPOHHIOKO CTPEJKY), U INEIKHUTE KHOMKOM - OTKPOET-
cs monoca BctaBku. [locnme Haxkatus knaBumm INSERT Oyner BcraBie-
Ha HOBAs CTPOKAa CTOJIOETT.

- UroOB HA3HAYMUTH THI MepPeMeHHOM - Bxoouas - Input, Beixoo-
nas -Output, Bxoouas/Bvixoonas - Input/Output vim Heyyumuigaemas -
ignored, BEIOEpUTE TIEpEMEHHYO, IIETKHYB HA METKE COOTBETCTBYIOIIETO
cTonbma, 3aTeM Ha)XMHTE MPaBYIO KHOMKY MBIIIA M BBIOEPUTE HYKHBINA
THUI U3 KOHTEKCTHOTO MEHIO.

- UtoOBl 3a1aTh HOMHHAJBHYIO TiepeMeHHyo (Hampumep [lon -
{Myoic, JKen}), BBIOEpHUTE TIEPEMEHHYIO, ITICIIKHYB HAa METKE COOTBETCT-
BYIOIIETO CTOJIONA, 3aTeM HaXXMHUTE NPaBYIO0 KHOMKY MBIIIH U BhIOEpHUTE
koMmaHay Onpedenenue-Definition U3 KOHTEKCTHOTO MEHIO.

- UroObl 3amaTh TN moaAMHOXecTBa Obyuaiowee — Training, Kou-
mponvroe - Verification, Tecmosoe - Test win Heyyumwvisaemoe - Ig-
nored, BbIOMpaliTe HAOIIOICHUS, IIEIKas HA METKaX WX CTPOK, HAKUMai-
T€ MPaBYI KHOMKY MBIIIHN U BHIOMpAiTe HY>KHBIA THIT U3 KOHTEKCTHOTO
MEHIO.

- Bce nmepeunciieHHbIe BO3MOKHOCTH JIOCTYITHBI TAK)KE Yepe3 KOMaH-
el Habmooenus — Cases... u [lepemennvie — Variables... mento IlpaBka
— Edit.
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4.1.6. Co3manue HOBOIi ceTH

Co3nmate HOByIO ceTh B makere ST Neural Networks MmoxHO 0O
cpenctBamu AuanoroBoro okHa Cozdams cemwv — Create Network, moc-
TYNl K KOTOPOMY OCYLIECTBIIsIETCS yepe3 KomaHay File — New — Net-
work.... Kpome TOro, MOXHO CO31aTh CETh, MOJIB3YSAChH aBTOMATHUYECKAM

KOHCTPYKTOPOM CeTH (KHOIKa ﬂ).

. Create Network HE

Type I Multilayer Perceptron j Avize

Time Series Create

Steps |1_E Lookahead ID_E Cloze

Pre/Post Processing

Inpuits |1_E Dutputs |1_E Mo Layers |3_E

Flef

- I I Convert . I I IIriits

il Minimax Layer 1

ol Minimax Layer 2 1
4 | 4 Layer 3

4| | b

Pucynox 4.3. Co3nats cetb

4.1.7. Co3nanue ceTH

1. Beibepute THI ceTn u3 BhImanaromero crnucka Tun — Type. Tun
Mmnoeocnoiinsiii nepcenmpon - Multilayer Perceptron Tpemiaraercs 1o
YMOJTYaHHIO.

2. Haxmure xHOTIKy Cogem — Advise. Ilporpamma ST Neural Net-
works yYCTaHOBHT TapaMeTpel IO YMONYaHWIO IS TPe/TIoCT-
MPOLIECCUPOBAaHUS W KOH(QUTypaluu CETH HUCXOJs U3 THMA NepeMeH-
HBIX, COCTaBISIOLIMX HCXOJAHBbIE NaHHbIE. B 3TOM nManoroBom OkHe
MOJKHO 33/1aTh U HEKOTOPBIE APYTUE TapaMETPhI, B TOM YHCJIE ITapameT-
pBI BpeMeHHOTO psana (Time Series) Bpemennoe okno - Steps n [ opuzonm
- Lookahead napameTtpsl nmpeoOpa3oBaHusl ¥ NOACTAaHOBKH IPOIYILIEHHBIX
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3HAYCHUH MPU MPE/TOCT - MPOLECCUPOBAHNUH, IINPHUHY CIIOEB CETH.
3. Haxxmure xHonKy Cozdama - Create, B pe3ynbTaTe OyAeT co3faHa
HOBast CETh.

. Network lllustration (Seri... =] B4

Netwark [lustration

o Hlo

Pucynox 4.4. Mmmoctparus cetu

4.1.8. Coxpanenune Ha0opa JaHHBIX H CeTH

1. Otkpoiite nuanoroBoe okHO Coxparums HabOOp OauHvix - Save
Data Set ¢ momonpto koMauel Habop dannvix - Data Set n3 meHto @atin
- Coxpanumo xak — File - Save as.

2. Beeaute ums Qaiina gaHHBIX B none Mus ¢haiina - File Name.

3. Haxxmute kxHonky Coxpanums — Save.

CeTb COXpaHSETCSl aHAIOTUYHBIM 00pa3oM ¢ TmoMoIsio okHa Coxpa-
Hume cemsv - Save Networks, B KadecTBe CTaHJAPTHOTO PaCIIUPEHUS
UMeHH (paiiyia ceTH HCMONB3YIOTCS «*.net» unn «*.bnt».

4.1.9. O0yuenne ceTn

Crnenyrommii mar mociie 3aiaHus HaOOpa OaHHBIX M TOCTPOCHHMS
HOAXOMAIIEH CeTH - 3T0 00y4eHHe.

B maxere ST Neural Networks peann3oBaHbl OCHOBHBIE aITOPUTMBI
00y4YeHHs] MHOTOCJIOMHBIX MEPCENTPOHOB: METOIBI OOpPaTHOTO Pacmpo-
CTpaHEeHHs1, CONPSHKEHHBIX rpaueHToB u JleBenOepra-Mapkapa.
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CyTh MeTo1a 00PATHOT0 PaCHPOCTPAHEHUS

1. Anroput™ 0OpaTHOTO PacIpPOCTPAHCHHSI TTOCIEA0BATEILHO 00yJa-
€T CeTh Ha JAaHHBIX U3 00y4YaroIero MHOXKeCTBa. Ha kakmoil urepamnuu
BCE HaOIIOJIEHUS W3 O0ydYaroliero MHOXeCTBa (B JIAHHOM Cllydae OHO
COBIAJACT CO BCEM HAOOPOM MAHHBIX) 1O OYEPEIM ITOJAIOTCS Ha BXOI
cetu. CeTh 00pabaThIBAET UX M BBIIACT BBIXOIHBIC 3HAUYCHUSI.

2. DTH BBIXOJIHBIC 3HAUCHUSI CPABHUBAIOTCS C LIEJICBHIMU BBIXOIHBIMU
3HaYEHUSMH, KOTOPBIE TaKKe COJEPKaTCs B HA0OPE MCXOTHBIX JTAHHBIX,
1 OmMOKa, TO €CTh Pa3HOCTh MEXKIY JKEJIAaeMBIM M PEaTbHBIM BBIXOJIOM,
UCHOJB3YETCs Ui KOPPEKTUPOBKH BECOB CETH TaK, 4YTOOBI YMEHBIIUTh
3Ty OMIUOKY.

3. ANTOPUTM AODKEH HAXOAHWTHh KOMIIPOMHCC MEXTY Pa3THIHBIMU
HAOJIIOJICHUSIMUA M MCHSTh Beca TaKMM 00pa30M, YTOObI YMEHBIIUTh CYyM-
MapHyI0 OHIMOKY Ha BCeM OOydarolmeM MHOXKECTBE, MOCKOJIBKY ajro-
puUTM 0OpabaThiBaeT HAONIOJCHHUS 1O OAHOMY, OOImIas OImMOKa Ha OT-
JIeNTBHBIX Iarax o0s3aTeslbHO OyIeT yObIBATh.

B makete ST Neural Networks oTciaexuBaeTcs o011as onmoKa CeTH -
Ha TpaduKe, a TaKKe ee ONTMOKH Ha OTAETbHBIX HaOIIOIeHUIX Ha TUCTO-
rpamme.

OO0y4eHne MeTOAOM OOPATHOTO PacNPOCTPAHEHHSA

1. Otkpoute okHoO [pagux owubxu odywenus — Training Error
Graph c nomombo koMauabl [ pagux obyuenus - Training Graph MeHIO

Cmamucmuxu -Statistics WA KHOTIKA EI (cm. puc 4.5).

i Back Propagation ___EE|
Epochs E Train |
Learning rate IEI.'I E I':'--I E Beinitialize |
tomentum I':'-3 E I':'-3 E Jog Wweights |
Moize I':I E Stop |
¥ Shufile Cazes Close |

X Cross ~werification

Pucynok 4.5. O6patHoe pacnpocTpaHeHue
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2. Otkpoiite auanoroBoe okHO Obpamuoe pacnpocmpanerue - Back
Propagation ¢ nomombto koMauael Obpamuoe pacnpocmpanerue — Back
Propagation... merro OOy4eHre MHOTOCIIOIHOTO TIepcenTpoHa — Train-

Multilayer Perceptron Wiy KHOTIKH .

3. Haxxmute kHOTIKY OOyuums — Train, B muanoroBom okHe Obpam-
Hoe pacnpocmpanenue — Back Propagation - Oyner 3aIlyllieH alropuT™M
oOyuenust. [Ipu 3ToM Ha Tpaduk OyAeT BHIBOJUTHCS ONIHOKA.

4. TloBropHO Haxkumaiite kHONKY O6yuyums — Train, 94TOOBI anro-
PHUTM IEPEXOIHI K OUEPETHBIM SIOXAM.

4.1.10. OnTumu3anus o0y4eHust

Pexum paboThl anroputmMa 0OpaTHOTO PacIPOCTPAHEHUS 3aBUCHUT OT
psna mapaMeTpoB, OOJBIIMHCTBO M3 KOTOPBIX COOpaHO B JHAaIOrOBOM
okHe Obpamnoe pacnpocmpanerue — Back Propagation (pucyHok 4.5).

- Onoxu — Epochs. 3amaet 4ucio 31mox oO0y4eHUs, KOTOpbIE MPOXO-
AT TPW OJHOM HakaTWuu KiaBumu OOywumos —Train. 3HadeHHE 10
ymomdanuio 100 BronHe npuemiemMo.

- Ckopocmv o6yuenus — Learning rate. Ilpu yBenu4eHUU CKOPOCTU
00y4eHHNsS aNropuT™M padboTaeT OBICTpee, HO B HEKOTOPBIX 3amadax dTO
MOJKET MPUBECTH K HEYCTONYUBOCTH.

- Unepyus — Momentum. DTOT mapameTp yaydinaeT (yCKoOpseT) 00y-
YeHHe B CUTYalUsaX, KOTJa OMIMOKa Majo MEHSEeTCs, a TakKe NpuaeT
AITOPUTMY JOTIOHUTENHHYIO YCTOMYMBOCT. 3HAYEHHE TOTO MapaMeTpa
BcerJa JOJKHO Jexkarb B umHTepBane [0;1). Yacto pexomeHmyeTcs uc-
MOJIb30BaTh BBICOKYIO CKOPOCTH OOYYEHHS B COYETAaHHH C HEOOJBIIAM
ko3 pumEIeHTOM WHEPITNH H HA000POT.

- llepemewusamo nabmooenus - Shuffle Cases. Ilpu UCIOIb30BaHUU
3TOW (PyHKIMU MOPSAIOK, B KOTOPOM HAONIOICHUS MONAIOTCS Ha BXOJ Ce-
TH, MCHIETCS B KOKIOW HOBOM 31oxe. ITo A00aBIseT B 00yUeHNE HEKO-
TOPBIA HIyM, TaK YTO OMIMOKa MOYKET MCIBITHIBATH HEOOJIbIINE Koieha-
Hus. OHAKO MPH 3TOM MEHbINE BEPOSITHOCTH TOTO, YTO AJITOPUTM «3a-
CTPSHET», ¥ O0IIKE TIOKA3aTeIH ero PadOThl OOBIYHO YIIyUIIAIOTCS.

4.1.11. BeinoJiHeHHe NOBTOPHBIX POTrOHOB

Ecmu BBI XOTHTE CPaBHUTH PE3yIbTAaThl PpaOOTHI aITOPUTMA B Pa3HBIX
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BapHaHTaX, BOCIIOJB3YHTECh KHOMKOH [lepeycmanosums - Reinitialize
nanoroBoro okua O6pamuoe pacnpocmpanernue - Back Propagatio (pu-
cyHOK 4.5). B pe3ynbTare Beca ceTn BHOBb OYIyT YCTaHOBJICHBI Cydaii-
HBIM 00pa3oM JUTs Havasla CIEAYIOmero ceanca o0ydenus. Ecimm teneps
nocie kHomnku [lepeycmanosums -Reinitialize Haxkats KHOTIKY O0yuumop
- Train, Ha rpaduke HAYHET PUCOBATHLCS HOBAs JIMHUS.

Coget. UT0OBI caenath cpaBHEHHE 0o0Jiee HATIISIHBIM, MOKHO PHCO-
BaTh JIMHUM Pa3HBIMU IIBeTaMH. BBenute 3HadeHue B none Memxa - La-
bel B okHe epaghux obyuenus - Training Graph, (pucyHok 4.6) u Torma
crenyromas JuHUS OyJeT MmapupoBaHa IPYTHM I[IBETOM, a YKa3aHHas
MeTKa OyIeT BEIBEJIeHA CIIpaBa OT rpadka Kak yCIOBHOE 0003HAUCHHE.

4.1.12. OmuoKku 119 OTAEJLHBIX HA0JIIONeHHI
B oxue Ipagux obyuenus - Trainig Graph BBHIBOIWUTCS CyMMapHas

ommoka cetu. Ho mHOrIa ObIBaeT MoJI€3HO MPOCIEANTD 32 TEM, KaK aJro-
puTM 00y4eHHs BOCHPHHUMAET OT/CIbHbIC HAOIIOICHUSL.

. Training Error Graph

0.08]
0.08|
0.04|
0.02 A
] A |
i x|
i l20 lap len lgo 100

Pucynok 4.6. I'paduk oOyuenus

B nakere ST Neural Networks 310 nenaercst B okHe Quiubxu Habnto-
Oenuii... - Case Errors, xoTopoe OTKpbIBaeTcsi KoMaHaod Quiubku Ha-
onooenuti - Case Errors... MeHI0 Cmamucmuxku - Statistics Wi KHOIIKOH

b

OmmbOKH Ha OTHENbHBIX HAONIOJIEHHUSX BBIBOJATCS B BHJE THCTO-
rpamMMmebl (pUCYHOK 4.7).
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:': Case Ermors _ [T %]
R fesine pdie | U |

Enor per Case

T T T T
1 B 11 16 21 26

i b

Pucynoxk 4.7. Ommbku HabII0JeHAN

B koHme ceaHca oOydeHHUs OIIMOKH TepecuyHThIBaroTCs. KMmeercs
TaKXKe BO3MOXKHOCTH CJIEIUTh 33 TE€M, KaK OHH MEHSIOTCS B Mpolecce
o0ydeHHs: - JUId 3TOro chIyxuT QyHKiwms [lepecuumvigams no x00y -
Real-time update okna Ouwubxu nabmoodenuii - Case Errors; ee HYXHO
AKTHBU3MPOBATH TEpe] 3alyCKOM ajropuTMa OOpaTHOTO pacripocTpaHe-
Hust. ChenaB 3TO, BBl CMOXKETe HAOMI0aTh, KaK allTOPUTM MBITACTCS HC-
KaTh KOMIIPOMHCC MEXIY OOydYarOU[UMH M MEIIAOIIMMH HAOJI0CHMS-
MHU.

4.2. 3anyck HelipOHHOM ceTH

ITocne Toro, kak ceTb 00y4yeHa, €e MOXKHO 3aIlyCTUTh Ha UCIIOIHEHHE.
B makere ST Neural Networks 3T0 MOXHO cAeaTh B HECKOJNBKHUX Bapu-
aHTax:

- Ha TeKyIlleM Habope JaHHBIX - B LIEJIOM MJIM Ha OTICJIbHBIX HaOIIO-
JICHUSIX;

- Ha ApYroM Habope JaHHBIX - B LIEJIOM WIJIM Ha OTIEJIbHBIX Ha0toae-
HISX (Takoil HabOp NAHHBIX YK€ MOXKET HE COJEepXaTh BBIXOJHBIX 3HA-
YeHU! U MpeHa3HaYaThCA NCKIIOYUTEIBHO IS TECTUPOBAHUS);

- Ha OJHOM KOHKPETHOM HaOJIONEHHH, AJISI KOTOPOTO 3HAUYCHUs Iie-
PEMEHHBIX BBEICHBI IIOJIH30BATEIEM, a HE B3AThl M3 Kakoro-to (aiiia
JAHHBIX, U3 JIPYTOT0 MPUIIOKEHHS C MOMOIIBI0 HHTepdeiica MPUKIAIHO-
ro nporpammupoBanust SNN API.
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4.2.1. O6padoTKa HAOIIOIEHUH IO OTHOMY

Jlnst 0OpaboTKH OTHENBHBIX HAOMIOIEHUH U3 Habopa TaHHBIX CITYKUT
0KHO [Ipocnams 00HO Habooenue - Run Single Case, mocTyn K KOTOPO-

i

My ocyiecTBisiercss Run — Single Case ... WM KHOIKOW HAa Ta-
HEJI NHCTPYMEHTOB (PHCYHOK 4.8).

' Bun Single Case

Case Mo |13 E Ermor 0.04355 Run |

[] B [ |series &

InpLat 113

Dutputs 5hown I".-"arial:ules - I

[] ) [ |series &

Output 137.5595
T arget 115
Errar Z2.5595%

Pucynox 4.8. IIporaars oqHO HaOMIOACHE

B none Homep nabniooenus - Case No 3amaetcs HoMep HaONMIOIeHHS,
moaexarniero obpadorke. UtoObl 00paboTaTh Tekyliee HaOJIOICHUE,
HAOXMHUTE KHONIKY 3anyck — Run, a 1yis 00pabOTKH Kakoro-iubo JIpyroro
HaOII0/IeHNnsl BBEJUTE COOTBETCTBYIOIIMK HOMep B moje Homep Habmio-
Oenus — Case No n Haxxmute knasuiry BBO/] (pucyHnoxk 4.8).

3HaueHNS BXOIHBIX NMEPEMEHHBIX Ul TEKYIIero HaOJIOICHUS OTO-
OpakaloTcst B TaOJMIe, PacrojOKEeHHOW B BepXHEW 4acTH OKHa, a BBI-
XOJ/IHBIC 3HAUEHHS B HIDKHEH Talmnuiie.

[TomMuMO (haKTHIECKOTO BBIXOJHOTO 3HAYCHUS, KOTOPOE BBIIAET CETh,
BBIBOJIUTCSI TAKXKe eJICBOE 3HAUCHHE M OIUOKA.

B nakere ST Neural Networks npeaycMOTpeHBl pa3IiyHble (OpPMaThI
BBIBOJIA (IUIS1 ATOTO CITY>KUT BBINANAIOIINI CIIUCOK [loKazviéams npu 6bi-
600e - Outputs Shown). Ceiiuac MBI HCIIOJNIB30BAIH yCTAHOBJICHHBIA IO
YMOJYaHUIO BapuaHT [lepemenuvie — Variables.
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4.2.2. IIporon Bcero Hadopa JaHHBIX

Jna TectupoBaHus ceTH Ha BceM Habope MaHHBIX CIY>KUT OKHO [Ipo-
enamuv Habop oannvix - Run Data Set, TOCTyIl K KOTOPOMY OCYILECTBIISI-
eTcsl uepes Hi’HKT Habop oanuwix Data Set... mento 3anyck - Run wmm

KHOTKOM Haxxmure KHOIIKY 3anyck — Run, 9T00BI IPOTECTUPOBATH
CeTh, U pe3yJbTaThl OyAyT BBIBEICHBI B TAONUIy B HW)KHEW 4acTH OKHA
(pucyHok 4.9).

.. Run Data Set M= E

DOutputs shown  [SEIENES Fun | <Data SEll

RMS Errar Train 3452 Veify 0 Test

. I I SERIES G [T.SERIES_ |E. SERIES_ |Emaor |

JAk 1949 ? ? 7 2

FEB 1549 107. 04z 113  -10.958 0.01395_

MAR 1949 113,156 132 -15.84397|  0.00417

PR 1349 127. 5031 129 -1.496858| 0.01421

My 1349 124, 4193 121 3.419905 0.0221

JUN 1343 116. 2212 135/ -18.77877|  0.03101

JUL 1949 130. 5908 143 -17.40917| 0.005241

UG 1949 144,017z 143 -3.982844| 0.01708

SEP 1349 144,017z 136 8.017156| 0.0108948

0CT 1343 131.621 113 12.62101) 0.05281

NOY 1349 114,177z 104 10.17718| 0.05306

DEC 1949 95. 92619 113 -19.07381 0.05318 =

Pucynok 4.9. [IporHats Habop JaHHBIX

B tabmuie okua [lpoename nabop oanmvix - Run Data Set comep-
JKaTCsl CIICAYIONUE 3HAYCHUs (NIEPEUUCIICHHBIC CIeBa HAMpaBo): (aKTH-
YEeCKHE BBIXOJBI CETH, IEJICBbIC BBIXOJHbBIC, 3HAUCHUS OIIMOKH H CyM-
MapHas ommOKa Mo Kaxaomy HaOmonenuto. Han tabnwmedt Beigaercs
OKOHYATEJIPHAS CPEJHEKBAJPATHYECKAS OLIHEKA (CKO) — RMS ER-

ROR ceTH Ha D TOM Ha60pe JaHHBIX.
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4.2.3. TecTupoBaHue HA OTAEJIbHOM HAOJIIOEHUN

WHorna HeoOX0MMO TIPOTECTHPOBATh CETh HAa OTAEIHHOM Ha0III0/Ie-
HUY, HE IPUHAJICKAIIEM HUKAaKOMY HaOOpy MaHHBIX. [IpUUuHbI 11 3TO-
TO MOTYT OBITh TaKHE.

- OOyueHHas CeTh UCMOJIL3YETCS IS MOCTPOCHHUS TIPOTHO30B HA HO-
BBIX JIAHHBIX C HEM3BECTHBIMU BBIXOIHBIMHU 3HAYCHUSMH.

- BBl X0THTE MO3KCIEPUMEHTUPOBATh C CEThIO, HANPUMED, MPOBE-
PHUTh 4yBCTBUTEIHLHOCTh PE3YJIbTAaTa K MAJTbIM U3MECHEHHSIM B TAHHBIX.

TecTtupoBaHue 3aJaHHBIX TOJH30BaTENIeM HAONIOJCHUN MPOBOIUTCS
u3 okHa [Ipoenams omoenvhoe nHabniodenue - Run One-off..., noctyn K
KOTOpPOMY OCyIecTBIsieTcs uepe3 Run — One-off...(pucynok 4.10).

{1l Run One-off Case [I=] E3

E............:.........-.-E Elear I
[l %] [E)|seriEs_&

|t 115

Cutputs Showe I"-v"ariables "I

SERIES G
Cutput 137.5595

Pucynok 4.10 [Iporaate otiensHOE HaOMOIEHIE

Jng 3Toro Hy’>KHO BBECTH BXOJHBIE 3HA4UEHHUS B TaOJHILy, pacroio-
JKEHHYIO B BEpXHEH 4acTH OKHa, M HaxaThb KHONKY 3anyck — Run, pe-
3yJIbTaThl OyAyT BBIBEIEHBI B HU)KHIOIO TaONuUIy.

4.3. Cozganue ceTr THIIa MHOrOC/JI0MHBIA NepcenTPpoOH

Jns cozmanust ceTw THUIA MHOTOCIOMHBIA TEPCENTPOH B IEPBYIO
oueper He0OXOIMMO BBITIOTHHUTD CIEAYIOIINE NEHCTBHSL.

[Myck—IIporpammer — STATISTICA Neural Networks— % 74
TISTICA Neural Networks— B mosBuBmeMcs okHe Open Data Set BbI-
oupaere ¢aiin SERIES G.
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Bo3MOXHBI 1Ba BapHaHTa CO3J]aHUsI CETH: C MOMOIIBI0 MacTepa COo3-
JIAHUS CETH M CaMOCTOSITEIIBHO.

PaccMoTpyM BHaYaje BapHAHT CO3JAHUS CETH THIA MHOTOCIOWHBIN
MEePCenTPOH C TOMOIIBIO MacTepa.

4.3.1. Co3nanue ceTH THIIA MHOTOCJIOMHBIN NEepCenTPOH
¢ IOMOIIBI0 MacTepa

ITocne TOro Kaxk BBI 3aIyCTWJIM MPOTPaMMy, Mepel] BaMHU TOSBSITCS
CIIEAYIONINE TUAIOTOBBIE OKHA.

Data Set Editor (Pegakrop HaOopa naHHBIX) (pucyHok 4.11), rae Oy-
IyT TIPECTaBICHBI BCe UMEIOIINECs 3HAUCHNS Hallel eIMHCTBEHHOH Iie-
PEMEHHON W JManoroBoe OKHO Mmactepa - [Intelligent Problem Solver-
Basic or Advanced (pucyHok 4.12) - OKHO TIOMOIITHUKA PEIICHUS 3a7ad.

' Data Set Editor (SERIES_G)

VYariables Eh_E Cases |132 E'D E|D E
[ %] [ res o

&M 1549 >
FEE 15343

MR 1343
5PH 1343
M 1343
LN 1343
UL 1343

sl 1343
SEF 1343
0CT 1343
HOY 1343 hd

Pucynoxk 4.11. Penaktop Habopa TaHHBIX

B nosiBuBmiemcsi okue Intelligent Problem Solver-Basic or Advanced
(pucyHok 4.12) BoiOupaem BTOpoi BapuaHT Advanced (IpoIBUHYTAas
BEpCHs, C TIOMOIIBIO KOTOPOH MOMKHO OCYIIECTBHTH OOBIYHBIA IIPO-
1ecc)— Hakumaem Next.

135



- Intelligent Problem Solver - Basic or Advanced @@

Select the Bazic or ddvanced Yerzion.
The bazic werzsion makes as many decizions as possible autarmatically far o,
The advanced verzion allows you to customize the design process,

Werzion
" Basic [make all decisions automatically when possible)
® Advarced k

Cancel | | Mest » | |

Buibepume ocnosnyto unu pacuwupennyro eepcuto. Ocnognas eepcusi de-
J1aem MakcumMaibHoe KOIUYecmeo peuwleHull 3a eac. Pacuiupennas eepcus
nO36075em KOHMPOIUPOSAMb NPOYECC CO30AHUS HEUPOHHBIX cemell

Pucynok 4.12. OxHo nomouHuKa pemeHus 3aaad - OCHOBHas WM MPo-
IBUHYTAas BEPCUS

ITocne HakaTHsl KJIaBUIIM Next TIOSBUTCA CIeyIOLIEe IHAIOroBOE
okHo - Intelligent Problem Solver - Problem Type (pucynox 4.13), rue
CHOBA BEIOMpaeM BTOpOi BapuaHT - 1ime Series (predict later values from
earlier ones) — Next.

OnsTh HaXXMMaeM KITaBUIIY MPOJOIDKEHUS Next, U Ha SKpaH BBIBO-
IIATCSL CIEAyIONee ITUAJIOTOBOE OKHO Mactepa - [Intelligent Problem
Solver-Time Series Period (pucyHnok 4.14), rae ycraHaBJIMBaeM MEPHOJ
paBHBIH 1.

VY CTaHOBJICHHBIN MEPUOJ] O3HAYACT, HA CKOJBKO IIAroB BIEPEn OCY-
HIECTBIISIETCA TpeJcKa3aHue (ecd OH HEWU3BECTEH, OOBIYHO BBOIMTCS
3HaueHue |, uHavye mo ymomuanuro 3agaercs — 0). Ilpeanonaraercs, yto
MacTep CO3JaHUs CeTH OyIeT ONpeAeisaTh ONTUMATbHBIA pasMep IaroB
aBTOMATHYECKH.
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. Intelligent Problem Solver, - Problem Type E|E|

Pleaze zpecify whether thiz iz a Time Series or Standard problem. Ina Standard
problem the cazes in the data set are treated az independent. & Time Senes
problem iz one where you wish to predict the value of a variable based on a
zenies of previous values of that [and poszibly other) variables.

Froblem Type
" Standard [2ach case iz independent]

% Time Series [predict later values from earlier ones)

Cancel | < Back |

Yxaoicume, sensiemes ucxoouvie oarnvle pemeHHbIM pAOOM unu Hem. B
00bIYHOM pPAOY HAOOP OAHHBIX CYUMAEHC HE3ABUCUMBIM, d 80 8DEMEH-
HOM psdy Kadicooe nociedyroujee 3HaveHue 3a8Ucum om npedvloyuux
uny om Opyaux nepemeHHuIx.

Pucynox 4.13. OxHO TOMOIITHAKA peIIeHws 3a1a4 - 1w 3a1aqu

' Intelligent Problem Solver - Time Series Period E|rz|

kdar Time Senes problems have a natural period [e.g. 12 for monthly zales
figures). If you know or strongly suspect a period, pleaze indicate it here.
If wou do not know the peniod, or there is no period, select period one.

Period |1_ E

Cancel | <Eack| Mest » | |

Mmnoeue epementivie psovl umerom Hamypaivhsli nepuood (naz). Eciu 6wt
yemKo 3Haeme nepuoo, mo ykasxcume e2o. Eciu He 3naeme unu nepuooa
Hem, gblbepume 3HAYeHue paghvim 1.

Pucynoxk 4.14. OxHO TOMOIITHAKA PEIICHUS 3aad.

IIepuon BpemeHHOrO psiga

3ameuanune. OOBIYHO OUYEpEAHOE 3HAUCHHE BPEMEHHOIO psifa Ipo-
THO3HUPYETCS 10 HEKOTOPOMY YHWCIY €ro MpeabIIyIIuX 3HA4eHHUH (mpo-
THO3 Ha OJIMH IIAr BIIEpPell BO BpeMeHH). B mpeicTaBIcHHOM NakeTe
MOJKHO BBITIOJIHATH MPOTHO3 Ha Jroboe uucno maroB. [locne Toro, kak
BBIYHMCIICHO OYEPEIHOE MpEAINoiaraeMoe 3HaYCHUE, OHO TMOJCTaBISETCs
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0o0paTHO B psA, M C €r0 IMOMOIIBIO MOYYaeTCsl CIEMYIOINN MPOTHO3 —
3TO Ha3bIBAETCS MPOEKINEN BPEMEHHOTO psfa.

[Tocne HaxkaTwst KiIaBUIIH Next MOSBUTCS CleIyIoliee OKHO (PUCYHOK
4.15), tne OymeT yka3zaHa aBTOMATHYECKH, B HAIlleM CIIy4ae, BBIXOITHAs
nepemenHas SERIES G, xotopas sIBIS€TCS TakKe M BXOJHOMN IepeMeH-
HOH (Tak Kak B BelOpanHOM (aiine SERIES G, mMeeTcst BCEro OAuH PAl
3HaueHwnit). IloaTroMy mocie HakaTusl KIaBUIMU Next B TIOSBHBIIEMCS
JTMAJIOTOBOM OKHE, IMMOKa3aHHOM Ha pucyHKe 4.16, OyZeT Takxke aBTOMa-
Tuiecku BeiOpana nepemenHas SERIES G.

[Ipruem maHHas mepeMeHHasl SIBISETCS BXOJHOW W BBIXOIHOW Iepe-
MEHHOM.

Ecnu Brl jxenaere co3aath ceTb ¢ MHOXKECTBEHHBIMH BBIBOJAMHM, Ha-
JKMUTE KHOTIKY -Multiple, Tnie Bol MokeTe BEIOpaTh MHOXKECTBEHHEIE TIe-
peMeHHbIe BeIBOIA. [lanee Haxxmurte Next.

. Intelligent Problem Solver - Output Yariable Selec... E|[Z|

Select the output [dependent) variable far the problem.
[F you wish to zelect multiple autput vaniables, press the Multiple buttan instead.

1.5ERIES &

Multiple. .. Cancel | < Back | |

Buvibepume gvixoonule (3asucumvie) nepemennsvie. Ecau neobxooumo,
eblbepume HecKoaIbKo, Haxcumas Ha knonky Multiple.
Pucynox 4.15. OKHO MOMOIIHUKA PEIICHUS 3aa4.
Br160p BEIXOAHOMN ITepeMEHHOM
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3ameuanme. /[aHHEIC, ITOJJaBacMble HA BXOJ U CHUMAaeMEbIe C BBIXO/a,
JIOJOKHBI  OBITh TPaBUJIBHO MOATOTOBIEHBL. OAMH H3 CIOCOO0B —
MaciTabupoBaHue

x=(x"-m)-c 4.1

rae X' — MCXOIHBIN BEKTOP;
X — MacITabupOBaHHBIN;
¢ — MacmTaOHBIH KO3 DUITHEHT.

MacmrabupoBaHue KenaTeabHO, YTOObI TPUBECTH JaHHBIC B JIOITYC-
TUMBINA Tuana3oH. Ecim 3Toro He chenarth, TO HEHPOHBI BXOIHOTO CIIOS
OKa)XyTCSl B TIOCTOSHHOM HACHIIIEHNH WIH OyAyT BCE BpeMs 3aTOPMO-
JKEHHBIMU.

[Ipocreitmeit 3 macmradbupyembix ¢yHkuuid nakera STATISTICA
Neural Networks sBnseTcs MAHUMaKcHas (yHKIHS: OHa HAXOJUT MH-
HUMAJIbHOE U MaKCHMAaJbHOE 3HAYCHHE MEPEMEHHON IO 00ydarolemMy
MHOJKECTBY W BBIMOJHACT JIMHEHHOE MpeoOpa3oBaHue (C MPUMEHEHHUEM
kod(pummenta MmacmTaba U CMEIICHHS ).

- Intelligent Problem Solver - Input Variable Selection E][EI

Select the input [independent] variables for the problem. You can specify either
that the [PS treat the zelected variables az possible inputs and select the most
uzeful subset, or that it zhould zimply use all those selected.

x Search for an effective subzet of the specified variables

Cancel | < Back | EMent >

..................... ;

Finish |

Pucynok 4.16. OKHO MOMOIIHUKA PEIIeHHUs 3a/1a4.
Br16op BxoHOI TIepeMeHHON

B cnenyromem okue - Intelligent Problem Solver - Division of cases
(pucyHok 4.17), BbIOMpacM BapHaHT aBTOMATHYECKOTO PACTpeIe/ICHHUs
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3HaUCHWH 1 oOyuaromiedt (72) 3HavueHus, Bepuduxarmonnoi (36) 3Ha-
yeHUW U TecToBO# (36) 3HaueHui BhIOOpKU-Randomly reassign in num-
bers given below. A Takxe craBuM (IXKOK B OKHE — Ignore cases with
missing values) (ATHOPUPOBAHKNE HEU3BECTHBIX BEIMYNH).

Cnyvau, B HaOOpe NaHHBIX, OyIyT pa3lelieHbl Ha TpHU MOJHA00pA,
OIIUH - YTOOBI 00YUUTH CETh, APYTOH - sl MPOBEPKU OOYyUEHHS U TPETUI
— JUIS HE3aBHCHUMOTO UCIIBITAHUS.

BbI MOKeTe OIpeeniTh BEIOOp CITydaeB Uik IPOBEPKH.

Kak Bbl Mmoxere 3aMeTHTh, HanOonbLIeH ABIsETCS 00yyaemasi BbI-
Oopka, ¥ paBHBIMH — BBIOOPKA JJIsl TIPOBEPKH OOYYEHUSI U BBIOOpKA IS
HE3aBUCHMOTO HCIbITaHus. [IpndeM HE0OXOQMMO yYUTHIBAaTh, HYTO
omnOKa Ha BEIOOPKE, UCIIONB3yEeMOH [T MPOBEPKH O0YUEHUs, HE TOIIK-
Ha IPEBBIIIATh OIMOKY Ha HE3aBUCHMOW BBIOOPKE.

::* Intelligent Problem Solver - Division of cases @E|

The cazes in the data get will be divided into three sub-zetz, one faor training the
network,, one for crozs vernfication of training and one for independent testing.
'ou may specify whether the |PS should randomly reazsign cazes to theze
subszets, of just uze the existing divizion in the data set.

Selection of verifization cazes
" Use cument division of Data Set

¥ Randomly reassign in numbers given below

Training |?2 E Yerification |35 E Test |46 E

% |gnore cases with missing values

Mext >

Eancel| <Ea°k| ...................... | Linish |

Bapuanumer 6 muoscecmee danuvix 6y0ym nooenensvt Ha Mpu HOO-
mHodcecmaa. Q0RO 01 00yueHus cemu, opyeoe 0 eepupurayuu,
mpemue 0Jis He3a8UCUMO20 mecmuposanus. Yxasicume, oondxcer au IPS
CYHAUHBIM 00PA30M nepemeuusams OaHHble 8 IMUX NOOMHOICECEAX
UU UCNONB306AMb DE3 UZMEHEHUI.

Pucynok 4.17. OxHO MOMOITHMKA pEIIEHUS 3a1a4.
Pacnipenenenue cnyyaeB (3HaUSHUIA TEPEMEHHOMN)
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B crnemyromem quaioroBoM OkHe, TOKa3aHHOM Ha pucyHke 4.18 - In-
telligent Problem Solver — Type of Network, BeiOupaeM Tun cTposiieics
cetn — Multiplayer Perceptron (three layer).

3ameuanne. Her cTporo omnpeseeHHOH MpoleIypsl Ui BEIOOpa KO-
JYecTBa HEHPOHOB M KOJIMYECTBA CIIOEB CeTH. YeM OoJbIle KOTUIECTBO
HEHPOHOB M CJIOEB, TEM IIMPE BO3MOXKHOCTH CETH, TEM MEIJICHHEE OHa
obygaetcst u paboTaeT U TeM OoJjiee HEIMHEHHON MOXET OBITh 3aBHCH-
MOCTb BXOJI-BBIXO].

CymiecTByeT BO3MOXKHOCTh YKa3aHUsI MacTepy CO3AaHUS CETH CO3-
JIaTh W JaTh OLEHKY TOJBKO OMPENeICHHOMY THUIMY ceTH. [Ipu perieHun
HaIel 3a1adu BeIOMpaeM MHOTOCIIONMHBIA TiepcenTpoH (3 ¢imosi), Tak Kak
9TO e HalIero NOCTPOCHHUS.

> Intelligent Prohlem Solver - Type of Network @El

“'ou may conztrain the |PS o only evaluate certain types of network, Check the
bppes you would ke the IPS to conzsider.

r Linear

[T PMM or GRNM

x Multilayer Perceptron [three laver]

[ kulkilayer Perceptmon [four lager]

Cancel | <ﬁack| Mest = | Einizh |

Bvi moaceme yrazamo, xaxoti mun cemu He0OX00UMO c0O30amy
Pucynox 4.18. OxHO MOMOIITHUKA peIIeHus 3a1a4. Tumn cetn

Kak Bl MoxxeTe BUIETh U3 TUANOTOBOTO OKHA, MPEJCTABICHHOTO Ha
pucyHnke 4.18, TUTIIBI ceTell yHopsiI04eHbl B TIOPSIKE BO3PACTAHUS CIOXK-
HocTH 00y4eHUs. JInHEeHHbIe ceTH TIoUTH He TpeOyroT 00yUeHHs U BKITIO-
YEeHBI MMOTOMY, YTO JAKOT XOPOIIYI0 TOYKY OTCYETa JUIsl CpaBHEHUsS 3(¢-
¢dexrtuBHOCTH paznuuHbIX MeTonoB. Cett PNN 1 GRNN Tarke 10BOIB-
HO TIPOCTHI, paguaibHbIe Oa3uCHBIC (YHKIMH YCTPOSHBI HECKOJIBKO
CJIOXKHEE, a TPEX- U YETBIPEX — MHOTOCJIOWHBIEC TIEPCENTPOHEI — 3TO OYCHB
CJIOKHBIE KOHCTPYKITUH.
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Jlns Tpexcioiitroro MLP (MHOTOCTOITHOTO TIepcenTpOHAa) TOUCK CBO-
JUTCSI K BBEIOOPY 4YMCIa 3JIEMEHTOB B CKpbITOM cioe. [lo cymiecTBy, 310
JUHEWHBIH MMOUCK sl QYHKINH, COJleprKaliel moMexH (TP pa3HbIX Mpo-
roHax OOydYeHHUs CeTH, Jake C OIHUM M TeM K€ YHCIIOM DJIEMEHTOB, MO-
T'YT HOJIy4aThCs HEMHOTO Pa3JIMYHbIC PE3yJIbTaThl).

[ocne HaXkaTHsl KIABUIIK MPOJOHKEHUS TOIYYHM CISIYIOIIee Jra-
nmoroBoe OKHO - [Intelligent Problem Solver — Hidden Units (pucyHOK
4.19), rne craBuM (Ia)KOK aBTOMATHUECKOTO OIPE/ICIICHUS.

. Intelligent Problem Solver - Hidden Units @E|

Y'ou may specify that the IPS automatically determine the complesity of the
netwaork [i.e. the number of hidden units in the nebwark], or pou may specify the
nurnber of hidden unitz pourself. Only expert uzers whio khow or strangly
sugpect the optimal number of hidden unitz should use that option.

[X Determine netwark complexity autamatically

Hidden Units

Radial B aziz Function | E
Fultilayer Perceptron [3 layer] |'_"' E

Fultilaper Perceptron [4 layer] | E | E

Eancel| <:Eau:k| ﬂe:-:t>| Einizh |

Bul mooiceme yrazamo konuuecmeo HelpoHO8 8 CKPbIIMOM ClOe CAMO-
cmosimenvho. OOHAKO bl MOdIceme yKazamsp, umobwvl IPS
ABMOMAMUYECKU ONPEOSsl CIONCHOCHb HEUPOHHOU Cemu.
Pucynoxk 4.19. OkHO MOMOIIIHMKA peIIeHus 3a1a4.
CKpBITBIC 3JIEMEHTBI CIIOS

3atem mosBisieTcs (mmocie HakaTus Next) CIIeayroInee ITUajioroBoe
okHO - Intelligent Problem Solver — Duration of Design P...(pucyHox
4.20), rae BbIOHpaeM JTUTEIBHOCTD MPOIECcCa CO3aHUs CETH TI0 BpeMe-
HU — Quick.

Jnumenvnocms npoyecca npoeKmMuUpPoOBAHUA:

Boicmpetii - muanmansHbiil morck. OOHApYKEHHBIE CETH OyIyT M-
JOTITUMATBHBIMH.
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Cpeonuii no npoodosdcumenbHocmu — I0CTaTOYEH, YTOOBI OIpee-
JIUTh MECTOHAXOXJICHUE IMTOYTH ONITUMAIBHOTO PEIICHUSI.

Hlonusiii, écecmoponnuil, mujamenbHolii — PEKOMEHAYETCS IS
mpo0OseM OoJbIrero MacmTaba.

Ilocneonuii eapuanm TIpeaIIONaraeT YCTaHOBKY OIPENEIEHHOTO
BPEMEHU MTOCTPOSHUS B YacaxX U MUHYTaX.

ITocne Haxkatust Next mojiyyaeM clieyIollee TUaloroBoe OKHO - In-
telligent Problem Solver — Saving Networks (pucynok 4.21). 910 nuaio-
TOBOE OKHO TMO3BOJUT Bam ompenenuth, CKOJBKO CeTed JOKHO OBITH
COXPaHEHO, U ONpPEENINTh KPUTEPHH, B COOTBETCTBHUHU C KOTOPHIMH Mac-
Tep MPUHUMAET PEIIeHNE COXPAHUTH CETh.

- Intelligent Problem Solver - Duration of Design P... EJE'

Specify the length of design procedure to be carmed out by the IPS. ou may
either state in broad terms how detailed the design should be, or zpecify the
amount of time to spend.

& longer zearch time may allow the IPS to dizcover better networks,

Diuration of design process

" Medium [Conduct a fast search for an optimal network]
" Thorough [Conduct an extensive search)

" Timed [Search until the duration specified below has expired)

Hours / Mirutes |U E a0 E

I:an-:e|| <Eack| Hest » | Finizh |

Yxaorcume onumenvrnocms npoyecca cozoanus cemu.
Pucynoxk 4.20. OKHO MOMOIIIHMKA pEIIeHHUs 3a1a4.
[IponomKuTenbHOCTh MPOEKTUPOBAHUS CETU

3ameuanue. OCHOBHbIM OIpaHUYEHUEM NPHU IOCTPOEHUM CETEH SB-
JsieTcsl BpeMsl, yXoAsiiee Ha o0y4yeHre TecThupoBaHue cereil. Jlaxke yuu-
ThIBas TO, yTo MLP HeGonpmue u OpicTpo paborator. Ho BaxkHBIM mpe-
UMYIIECTBOM SBJIIETCS] TO, YTO AITOPUTM OCYILECTBISIET epedop ropas-
J0 OOJBLIEr0 YUCJIa BApUAHTOB, YEM CIIOCOOEH IIPOJENaTh 4YE€NIOBEK, U
COOTBETCTBEHHO PE3yJIbTAaThl aBTOMAaTHUYECKOTO KOHCTPYKTOpa OKa3bIBa-
FOTCSI JTyHIle.
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. Intelligent Problem Solver - Saving Networks EJ[‘S__Q

The IPS experiments with many nebwark s, and may stare a number of the best
anes in the netwark, zet. Y'ou may control how many netwark s are zaved and
the criteria used ta decide which are zaved. You may alzo specify what should
be done if the network zet iz already full or nearly full,

M awirnurn nurnber of networks saved |10 E

Selection of netwark.s to be saved
" Keep networks with the best performarnce

% Balance performance against type and complexity [maintain diversity]
Action if the netwaork, 2et iz oo full to add the new networks

& |ncreasze the network set size

" Replace existing netwarks if new networks are better [maintain diversity]

IPS npoeoéum BbIYUCTIUMENIbHbLE IKCNEPUMEHMbL C PA3TUYHbIMU MU-

namvu cemeii u coxpansiem HawzyttmuzZ eapuanm. Bwvi moorceme yKasamo
Konuyecmeo cemeul aﬂ}l COXPpAHEHUA, a maKoice yKasanv Kpumepuu co-
XPAHEHUAL.

Pucynok 4.21. OxHO MOMOITHMKA pEIIEHUS 3a4a4.
CoxpaHeHHe ceT!

Cancel | <Eack| Mest > |

B mosiBuBIIEMCSsT qHanoroBoM OkHe (TOcie HaXaTwus KIABWUIIH Next)
— Intelligent Problem Solver — Results Shown, TipencTaBJICHHOM Ha PH-
cyHke 4.22, BbIOMpaeM BCe BAPUAHTHI:

- TabJUIA TAHHBIX 110 KAXKIOMY CITydalo;

- 001Ias moyHas CyMMapHas CTaTHCTHKA;

- aHAJU3 Jy4Iiel (aaeKkBaTHON) CeTH;

- MPOESKTUPOBAHUE BPEMEHHBIX PSIOB.

Bo3MoxHOCTE BEIOOpa NIPEICTaBIEHUS TaHHBIX.

A 3atem— Finish.
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.. Intelligent Problem Solver - Results Shown E|[g|

Select the form of rezultz to be dizplaped after the network, iz created.

[ Datasheet of rezults for each caze
[x Dverall summary statistics
x Sensitivity Analpziz of Best Metwark

x Time Senes Projection, showing predicted versuz actual output

Cancel | < Back | |  Firish

Buibpams ghopmy npedcmasnenuss dauHublx.
-mabauya OanHwIX,
- 00Was, CymMmMapHas cmamucmuxa,
- amanu3z ayqwen cemu,
- NPOEKMUPOBAHUE BPEMEHHBIX PAOOS.
Buibupaem ece sapuanmuor.
Pucynox 4.22. OKHO ITOMOIITHAKA PEIICHIS 3a1ad.
IToka3aTs naHHbIE

B urtore Ha 3kpaHe NOSIBATCS YEThIPE OKHA: pUCYHKU 4.23 - 4.26.

.1 Time Series Projection [ZI[ElEl
Length |142 E Run
LCaze Mo 2 E Wariable 1 E

Time Seres Prajection
B0
] j\ __ Predicte
T i
400 Al Jnl —

200

Start Current Caze

4]
A v
Kl

lo = [100

Pucynok 4.23. IIporao3 BpeMeHHOTO psijia
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Ha pucynke 4.24 mpezncraBiena Bcsi HHPOPMAIHS IO TOCTPOCHHUIO
CeTH, TJIe OrOBOPEHO, YTO OBUIO MOCTPOEHO U paccMoTpeHo 10 cereit u
MPE/ICTABICHBI XaPAKTEPUCTUKH HAWITYUIIEH CETH.

. Intelligent Problem Solver Messages

Irtelligent Problem Solver, Time Series problem, 1 input steps

[select Options/Detailed Feedback for more detailed, technical feedback)

Input vanables fied

Wetwark, complexity will be deterrined automatically

The best 10 netwarks found [taking account of diversity] will be retained

Starting the search now...

..3earch has finished

2 networks were tested, 2 retained

The best network found had 0K, performance (regression ratio 0. 315602, canelation 1 948343]

Pucynok 2.24. CooO0liieHre mOMOIITHUKA PEIICHUS 3a1a4

U3 Beex cereit Ob110 BRIOpaHO YeThIpe (PUCYHOK 4.25) onTUMAaIbHBIE,
¥ Hawimydmed n3 HuX Opbia mpu3HaHa ueTBepTas (04%). Ilpuuem, kax
BUIHO U3 NMPEACTaBICHHON Tabnuubl (pUCYHOK 4.25), paccMaTpUBaIiCh U
JMHEWHBIE CeTH, a HE TOJBKO MHOKECTBEHHBII mepcenTpoH. Kpome Tuma
CEeTH YKa3bIBAaeTCs TAKKe M OMIMOKA JUIA CeTel, MpUUYeM, 3aMEeTUM, 9TO y
HaWJTy4Illed ceTH ommOKa He caMas MUHHMAJbHAs, ¥ 3TO OOYCIIOBICHO
TEM, YTO B NMPEACTABICHHOM IHaJIOrOBOM OKHE (PUCYHOK 4.25) ObLT BHI-
OpaH OaylaHC MEXIy KaueCTBOM M IIapaMeTpaMH CEeTH.

- Network Set Editor, (SERIES_G) E”E‘ E|

Current network ’4_@ Detail shown |Basc ¥ Ophions...

Type Error nputs Hidden Perfoimance
Linear 14,9093 - 0.1301865

MLP 10.20137 8 0.0831
HLF 30, 92163 13 0.2657101
HLF 30,8696 13 0.265295

Pucynoxk 4.25. PenakTop ycTaHOBKH CETH
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Ha pucynke 4.26 — Network Illustration, rpaduuecku npeacTaBiseT-
Csl IOCTPOSHHAS UTOTOBAsi HEHPOHHAS CETh.

.- Network Illustration (SE...

Pucynoxk 4.26. MmmocTparus ceT.

4.4. IlocTpoenne HeillpoOHHOI ceTH 0e3 MacTepa

Bropoii BapuaHT nocTpoeHuss HEWPOHHOM CETU 3aKJTI0YAETCA B camMo-
CTOSITENILHOM TIOCTpOeHUH, 6e3 Mactepa. J{ist 3Toro HeoOX0IMMO BHITIOJI-
HUTH CIIEAYIOIIEE.

[Myck—IIporpammer — STATISTICA Neural Networks— % g7y
TISTICA Neural Networks— B nosisuBiemcs: okae Open Data Set BbI-
oupaere daiin SERIES G.—File—New— Network.

Ilepen BamMu TMOSBUTCS NpeNCTaBICHHOE Ha pHCyHKe 4.27 muanoro-
Boe OkHO — Create Network.

['me BBIOMpaeM TUT ceTH, KOTOpYIO cTpouM -Multilayer Perceptron.
3areM yka3blBaeM IapaMeTpbl BpeMeHHOTo psna: Step -1 Lookahead (ro-
pu3oHT) - 0. BxoaHyro nepeMeHHyIo - [nputs 1, BBIXOJHYIO IEPEMEHHYIO,
KOTOpas COBNAAAET ¢ BXOAHOU - Oufputs 1. Bcero cetb COCTOUT U3 Tpex
cioeB - No Layers 3. Ilocie sToro HaxxmmaeM KIaBHIH - Advise (co-
BET), a 3aTeM KHoMKy- Create (CO31aTh).
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.- Create Network

NI uiltilaver Perception Alvize

Tirme Series Create

Steps |1—E Lockahead ID—E Cloze

Pre/Fost Proceszing

Inputs ’1_5 Dutpuits |1_E Mo Lapers IE_E

aad

. I I Convert . I I Uitz
il Minimax Layer 1
ol Minimax Layer 2
< > Layer 3
Layer 4
Layer &
< >

Pucynok 4.27. Coznanue cetu

B pesynprare Oymer co3maHa HOBas HEHMpPOHHAS CETh, MIPEICTaBIICH-
Has rpadUuecK Ha pucyHke 4.28.

Pucynok 4.28. Unntoctpauus cetu

TakuM 00pazom, OBUTM PacCMOTPEHBI JIBa BapUaHTa IOCTPOCHHUS
HEUPOHHBIX CETE€W THIIA MHOTOCJIIOMHBIA NEPCENTPOH: BO3MOXKHOCTH Ca-
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MOCTOSITENIFHOTO MOCTPOCHUSI HEWPOHHOI CeTH U BO3MOXKHOCTh TIOCTPOE-
HUSI HEHPOHHOMW CETH ¢ TOMOIIBIO aBTOMATHYECKOTO KOHCTPYKTOPA.

4.5. O0yueHue ceTu

4.5.1. O0y4yeHue MeT0I0M 00PATHOTO PACIPOCTPAHEHMSA
N

CyTb MeTO/1a 00PaTHOTO PaCIPOCTPAHEHUS 3aKIIOYAETCS B CIIEIYIO-
IeM.

1. AnropuT™ 0OpaTHOTO PacIpPOCTPAHEHUs MOCIIENIOBATEIBHO 00Y-
YaeT ceTh Ha JaHHBIX U3 00ydaromero MHOKecTBa. Ha kaxoit urepannu
(oHM Ha3BIBAIOTCS 3MIOXaMH) BCe HAOIIOACHUS M3 00YYaIOIIero MHOKECT-
Ba MO ovepeay nonagaroTcs Ha Bxof cetu. CeTb 0OpabaThIBaeT UX U BBI-
JIaeT BBIXOIHBIC 3HAUCHHSI.

2. OTH BBIXOJIHBIE 3HAYCHHUSI CPABHUBAIOTCS C LIEIEBHIMU BBIXOAHBIMU
3HAUYEHUSIMH, KOTOPBIE TAaKXKe COMAEpKaTCs B HAOOpe MCXOAHBIX NaHHBIX,
U ommOKa, TO €CTh Pa3HOCTh MEXIY JKEAaeMBbIM M PEaIbHBIM BBIXOJIOM,
UCTIONB3YeTCs U1l KOPPEKTHPOBKM BECOB CETH TaK, YTOOBI YMEHBIINTH
3Ty OIINOKY.

3. ANTOpUTM JOJDKEH HAXOJUTh KOMIIPOMHCC MEXIY pasHuHBIMU
HaOJFIOCHWSIMA 1 MCHSITH Beca TAKUM 00pa3oM, 9TOOBI YMEHBITUTE CyM-
MapHYyI0 OMIMOKYy Ha BceM OOydarolieM MHOXECTBE; MOCKOJIbKY airo-
puT™M 0OpabaTbiBaeT HaOJIONEHHS MO OJHOMY, oOmIas omnOKa Ha OT-
JISNBHBIX IIarax He 00si3aTeNbHO OyIeT yObIBaTh.

AaroputmM o0y4yeHHMsl CETH MeETOJOM OOPAaTHOr0 pacmpocTpaHe-
HHUSA OIINOKH

1. Co3maeM HEHPOHHYIO CETh MO0 ¢ moMoIIsio Mactepa File— In-
telligent Problem Solver, mubo camocrosrenpHo File —New.

2. BTopbiM 3TanoM sSBiIsieTcsS HEMOCPeICTBEHHO 00yUeHHe CeTH.

2.1. OtkpeiBaeM okHO [ paghux owubku: Statistics — Training error
graph (pucyHnok 4.29).

B mpencraBieHHOM UANOTOBOM OKHE Ha rpaduke n300paxaercs
CpeIHEeKBaJpaTHIeCKas OIIMOKa Ha 00y4YaroleM MHOXECTBE Ha JaHHOU
snoxe. C MOMOMIBIO PAacMOIOKEHHBIX MO TPa(UKOM 3IEMEHTOB YIpaB-
JICHWSI MOKHO MEHSTh MacIiTad M300pakeHUs, a eCiH rpa(uK HEeTHKOM
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HEe TIOMENAaeTcsl B OKHE, MOJ HUM TOSBJISIOTCS JIMHEWKH MPOKPYTKH.
®d1axoK, pacrloIOKESHHBIN MEXY CTpPEIKaMU MacIiTada, BKIFOYAeT pe-
JKUM aBTOMATHYECKOTO MacHITabupoBaHus (MpU KOTOPOM pa3Mep rpa-
(rKa BEIOMpaeTcs Tak, 9TOOBI OH TOYHO ITOMEIIAJICS B OKHE).

. Training Error, Graph E”E”X|
Label | Intervel |1 E Emor T 3119 V3378 Llear
Metwork training emor

0.0g,
D-DE%WQ@MM%Q;@M
0.0
002 n

n Al |

i L

0 l20 L4 lg I8 l1on

Pucynok 4.29. I'paduk ommbku 00ydeHus

. Back Propagation

Epochs E Train

Learring rate |':'--I E |':'-'I E Reinitialize
tomentum |':'-3 E |':'-3 E Jogweights

MNoize 1] E Stop

Close

% Shuffle Cases

B Cross yernfication

Pucynox 4.30. O6parHoe pacnpocTpaHeHne

UrtoObI crenaTh cpaBHEHHE 0oJiee HarJIsAHBIM, MOKHO PHCOBATh JU-
HUW pa3HBIMU IIBeTaMU. BBeaute 3Hauenue B mone Memxka - Label B ox-
He - Training Graph, v Torna cieayoimas JIMHUs OyAeT napupoBaHa Jpy-
TUM IIBETOM.
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2.2. OTkphIBaeM IHANIOrOBOe OKHO Obpammuoe pacnpocmpanenue:
Train—Multilayer Perceptron— Back Propagation (pucynok 4.30).

2.3. OTKpBIBaeM AHUAIOrOBOE OKHO OMUOKH: Statistics— Case Errors
(pucynok 4.31).

:': Case Errors
[ Redimevpdste | _Updae |
Error per Case i Ei
1 i
0.5

1]
I = B T = a B =
1 E 11 16 21 2B
£ >

Pucynok 4.31. OmmOku HaOmr01eHu i

[IpencraBnennoe Ha pucyHke 4.31 AuamoroBoe OKHO MO3BOJISET OT-
penenuTh OIUOKK ceTH (BO BpeMs U 110 pe3yibTaTtaM 00yueHHs).

3ameuanne. UToObl OOYYHTH HEHPOHHYIO CETh PEIICHUIO0 KaKOW-
0o 3amaun, HeOOXOAUMO TaKUM O0pa3oM TMOAMNPABIATH Beca KakIOro
3JIeMeHTa, YTOOBl yMEHbIIANACh OIINOKa-PacX0KAeHUE MEXIY AEHCTBU-
TETBHBIM W JKEIaeMBbIM BBIXOJOM. {1 3TOr0 HE0OXOAMMO, YTOOBI HEll-
POHHAas CeTh BRIYHUCISIA TPOU3BOAHYIO OMIMOKH 0 BecaM. Takum obpa-
30M, OHA JIOJDKHA BBIYHMCIIATH, KAK MU3MEHSETCsl OMMOKA MPU HEOOIbIIOM
YBEIMUYEHHUH WM YMEHBIIEHUH KaKI0TO Beca.

Taxxe umeeTcs BO3MOXKHOCTH CIEAWTH 32 T€M, KaK OMIMOKHA MEHS-
I0TCS B TIpoliecce 00ydeHHs - JUIsl 3TOTO CIyXUT QyHKums [lepecuumol-
eamb no xo0y - Real-time update; ee Hy>KHO aKTHBU3UPOBAaTh INepea 3a-
MMyCKOM aJIrOpuTMa o0paTHOTO pacmpoctpaHeHus. CremnaB 3TO, BBl CMO-
KeTe HaONI0/IaTh, KaK alTOPUTM MBITAETCA MCKaTh KOMIIPOMHCC MEXKIY
00yYaroIMH ¥ MEMIAIOMIUMHI HAOII0ACHUSMH.
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Bce okHa OTKpBIBAIOTCS W PACIONIaralOTCs TaKuM 00pa3oM, 4TOOBI
OHH HE TIePECEKAINCH.

3. Haxxumaem xHomky ObOyuums — Train, B nuagoroBoM okHe O0-
pamuoe pacnpocmpanerue - Back Propagation Oyner 3amymieH airo-
put™ obyuenus. [Ipu 3ToM Ha rpaduk (pucyHok 4.31) Oyner BHIBOIUTCS
ormmuoKa.

4. TToBTOpHO Ha)KUMaeM KHOTIKY Ob6yuumo - Train, 9T00BI aNTOPUTM
MEPEXOIUIT K OUEPETHBIM DIIOXAM.

:: Training Error Graph

Label Interval 1 E Ermor T 3242 W 3378

Mebwark, training rmar

0.0g

0.04|
0.02|
0

0 1100 | 200 1300 l400 500

Pucynoxk 4.32. I'paduk ommOku o0yueHus

[Tpuuem oOpaiiaeM BHUMaHKE Ha BEIWYMHY OIIHMOKU (prUcyHOK 4.31),
yeMm OOJbILIE YHMCIO WUTepauuid, TeM Oojblue BenuuuHa omunOku. Ham-
JyYIIYI0 OLIEHKY OOYy4E€HHOH CEeTM MOXKHO IOJYYHTb U3 JHajOr0BOIO
okHa Regression Statistics (pucyHok 4.33), 31ech aHaTu3UpyeTcs Mmokas3a-
tenb S.D.Ratio (OTHOIIEHNE CTaHIAPTHOTO OTKJIOHEHHSI OLIMOKU K CTaH-
JapTHOMY OTKJIOHEHMIO NIaHHBIX), ecnu OH MeHbmue 0.1, 3T0 o3Hagaer
MpPEeKpacHOe KavyecTBO perpeccud. B Hamiem mpuMepe OH TpeBbIIIAeT
3HaueHue 0.7, 4TO TakxKe SBISIETCS TOCTATOYHO HEIUIOXHM PE3YJIbTaTOM
o0yJeHMS.

ST Neural Networks aBTOMaTH4eCKH BBIUMCIISET CpEAHEE M CTaH-
JapTHOE OTKJIOHEeHHE OOyuYeHHs M MOAHAOOPOB MPOBEPKH, a TAKKE BbI-
YHCISIFOTCS. CPEIHUE U CTaHAAPTHBIC OTKIOHEHHUS OIIMOOK IpeACKa3aHusl.

Kpome toro, ST Neural Networks moka3pIBaeT CTaHmapTHBIA Pear-
son-R koadduimeHT xoppemsauun Mexay GakTHIYECKUMHU H Tpe/icKa3aH-
HBIMH 3HaueHusIMH. COBEpILICHHOE NpeAcKa3aHue OyaeT uMeTb Kodddu-
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et xKoppersimun 1,0. Koppemnsmus 1,0 He 00s3aTeTbHO YKa3bIBaeT CO-
BEpLICHHOE TIpe/AcKazaHue (TOJNBKO IMpeAcKa3aHue, KOTOpOe SIBISETCS
COBEPIICHHO JTMHEHHO KOPPETUPOBAHHBIM C (aKTHYCCKHMHU JTaHHBIMH),
XOTSl MPAKTUYECKH KOI(PQHUIUEHT KOPPENSIUH - XOPOIIHHA HHIUKATOP
paboTel. DTO obecreunBaeT MPOCTOH CHOCO0 CpaBHEHUS PabOTHI (BBI-
NOJIHEHUS) HAallledl HEHpPOHHOW CeTH CO CTaHAAPTHBIM METOJIOM Hau-
MEHBIINX KBAJIPATOB.

. Regression Statistics Q@E|

"Yariable | E Run |

[7o] |% | |@l[1r. sERIES_ [ve SERIES_|

Data Mean 260.3662 Z9Z.6667 &
Drata 5.0 120.8154 1:22.4451
Error Mean -25.20827 -Z23.557387
Error 5.0 30.09916 3234,.06527

Abs E. Mean 3l.274e6 35.43107
5.0, Ratio 0.2491336 0.273Z086
£ >

CpedHue danHvle — cpedHee 3HAUeHUE NEePEeMEHHbIX.

Data S.D. - cmanoapmnoe omxioneHue nepemeHHolL.

Abs. E. Mean - abconromnoe 3nayenue owmubKu (pasuuya mexncoy ye-
JIe8bIMU U PAKMUYECKUMU 3HAYEHUAMU NEPEMEHHOLL).

Error §.D. - cmanoapmuoe omxnonenue oubox 015 NepemeHHol .

S.D. Ration - cmaHOapmHoe OmMHOUIeHUe OMKIOHEHUS.

Koppenayusa - Pearson-R xoaggpuyuenm xoppenayuu mesicoy yeie-
BbIMU U PAKMUYECKUMU ZHAYCHUAMU.

Pucynoxk 4.33. CtaTuCcTHKA pEeTrpecCHH

5. Ecmu Mojens He JIOCTATOYHO «XOPOIIO 00YYEeHa», MOKHO OMNTHU-
MU3UPOBATh HEKOTOPBIE MapaMeTPhl, OT KOTOPBIX 3aBHCUT paboTa anro-

puTMa 00PaTHOTO PACIIPOCTPAHEHHUS.
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5.1. Dnoxu-Epochs. 3amaeT 4mCIo 310X 00yYeHHsI, KOTOPHIE MPOXO-
JATCS TIPY OAHOM HakaTww kiaBuim OOyuuth - Train. 3HaueHHe 1O
yMonyaHuto ycranosiieHo 100.

5.2. Ckopocmb obyuenus-Learning rate. Ilpu yBeIHMY9eHUN CKOPOCTH
anropuTM paboTaer ObIcTpee, HO B HEKOTOPBIX 3a7jauyax 3TO MOXET MpH-
BECTH K HEYCTOWYMBOCTH. Y CTAHOBHUM B Hadaje MaKCHUMaJbHOE 3HAUEHUE
0,9, HO yOemMBITHCH, YTO OHO HE MOAXOANT, TaK KaK ATO IPUBOIUT K He-
YCTOWYHMBOCTH (CKOpEe BCETo M3-3a TOT0, YTO JaHHBIE 3aIlyMJIEHBI), TO-
O6opom ompenensiem 3Hauenue 0,1, HawTydiee UIA Halleld CETH W MPO-
1ecca 00y4eHusl.

5.3. Unepyus-Momentum. ITOT mapaMeTp YCKOPSIET 0OydeHHE B CH-
Tyalusx, KOrjia omuOKa Majo MEHSETCS, a TaKXKe MPHUIAET aITrOPUTMY
JIOTIOJTHUTENBHYIO YCTOMYUBOCTh. BooOIIe 3TOT mokaszaTens BHIOMPAIOT
HEeOONBIITNM, TIPH BBICOKOW cKopocTtH. Ho s maHHOTO anropurMa mpu-
MeHseTcs BennuuHa paBHast 0,9. /[ paccMaTpuBaeMoil ceTr HaWTydIei
Obuta mpu3Hana BenuuuHa 0,1.

5.4. IlepememmBars HaOmroneHus - Shuffle Cases. JlaHHbI mapameTp
HE MO3BOJIUT AITOPUTMY «3aCTPATH», YIIydllas MOKa3aTelld ero padoThl,
TaK Kak MOpAAOK, B KOTOPOM HaONIOJIeHHs TOAAIOTCS HA BXOJ CETH, Me-
HSIETCS B KOKJOU DTIOXE.

6. Eciim mocne onTHMHU3AIHMK TapaMeTpoB afOpUTMa OOPATHOTO
pacrpocTpaHeHusl OIIMOKH MEHSIOTCS HEe3HAYUTEIbHO, TO BO3MOMKHO
W3MEHUTh Beca, KOTOPhIE MEHSIOTCS aBTOMATHYECKH, €CJIM Ha)XaTh Kia-
BuIly Reinitialize, IpenBapuTEIbHO OYUCTUB OKHO 1raining error graph
(Clear). A 3arem omsaTh HayaTh Tpolecc OOyueHHs, Ha)KaB KIIABHIILY
Train (oOyuenue). CTOMT TaKke MPOAHATU3UPOBATH M M3MEHHBILIEECS
JTMAIIOTOBOE OKHO Regression Statistics (pucyHok 4.35).

7. IlocnemHIM MOMEHTOM SIBJISICTCS 3allyCK HEHPOHHOH 00y4YeHHOMN
CEeTH, KOTOPBIH MOXKET OCYILECTBISTHCS TPEMsI CIOCOOaMH.

7.1. O6pabotka HabOrOAEHUH 10 omHOMY: Run — Run Single Case
— Case No (BBeauTe HOMep HAOIIONEHUS, ITOAIekKaIIero oopadboTke) —
Ha)XMHUTE KJIaBUILY Run n B mone Oulput MpoCIeAUTE BBIXOJHOE 3HAYe-
HHUE.

7.2. Tlporon Bcero Habopa maHHBIX: Run — Run Data Set — Ha-
JKMHTE KIIaBUIIy Run, ¥ pe3yibTaThl OyIyT BHIBEJCHBI B HW)KHEH YacTu
okHa. Haumbonpmmii wmHTEpEC MpENCTaBISIET CpeIHEKBaIpaTHUECKas
ommnoOka — RMS error cetu Ha TaHHOM HaOope TaHHBIX.

7.3. TectupoBaHue Ha OTACIbHOM HaOmoAeHUM: Run — Run One-off
Case —BBeUTE BXOJHOE 3HAUEHNE M HAXMUTE KJIaBUlTy Run, u pe3yib-
TaThl OyIyT BhIBEJIEHHI B TTojie Output.
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Pucynoxk 4.34. I'paduk ommOKku 00ydeHus

" Regression Statistics E][Ellzl
Wanable | E %

Tr. SERIES |ve. SERIES |
Z260. 3662 292 . 66567 M

120.3154 1Z=2.4451
-4, 537955 -3.322795

30.10945 33.91951

Z23.27713 Z26.25952
0.2492187 0.2770152 »
4 >

Pucynok 4.35. Ctatuctuka perpeccuu

4.5.2. O0y4enue ¢ nomoiubi0 Metoaa Jlesenoepra-Mapkapa

Merton JleBenOepra-Mapkapa CUHTAeTCS ONHHM W3 JYYITUX ajro-
PUTMOB HEIMHEWHON ONTUMM3AIUHU, U3BECTHBIX HA CErOTHSIIHUN N€Hb, U
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9TO OIWH W3 CaMbIX M3BECTHBIX AITOPUTMOB OOy4YeHHS HEHPOHHBIX Ce-
Ted. OH UMeeT JiBa CYIIeCTBEHHBIX OIPaHUYCHUS.

1. ANTropuT™M MOXHO TPHUMEHSTH TOJBKO JUIsI OTHOCHTEIHHO HE-
OompIuX ceTell (B penenax HeCKOJIbKUX COTEH HEHPOHOB);

2. AITOPUTM TOAUTCS TOIBKO IS CETEH C OJHUM BBIXOJIOM.

3ameuanue. [Ipumenenne anroputma JleBenOepra-Mapkapa cBsi3aHO
¢ omtHOM ocoOeHHOCTRI0. OTICHMBAs OYEPETHON BApPHAHT CETH, aJITOPUTM
OTBEpraer €ro, ecju Ipu 3TOM yBeauumiach ommOka. [IpencraBieHHas
nmporpamma n3o0paxkaer Ha rpaduke OMMOKH PacCMOTPEHHBIX €0 BapH-
aHTOB CEeTeH, MpH 3TOM rpaduK OOyUYEHHsS] MOXKET OKa3aThCsl OUYEHb «3a-
3yOpeHHBIM». ITO, OJTHAKO, HE 03HAYAET IUIOXOW pabOTHl aITOPUTMA, TI0-
CKOJIBKY TIPEIBIIYIIUI BapUaHT CETH XPAHHUTCA B MAMSTH JI0 TEX IOD,
MOKa OH He OYyJIeT MPeB30iIeH.

Bragane cozmamuMm c moMoImbio coBeTuwka - Intelligent Problem
Solver MHOTOCIIOMHBIH MEPCENITPOH C TPEMsI CJIOSMHU U B IIPOMEKYTOUHOM
clioe BO3bMEM IIECTh AJIEMEHTOB. 3areM KomaHaamu: File — New —
Network, BUIOU3MEHSEM CETh, CO3[]aB B IPOMEKYTOUYHOM CIIO€ IIECTh
aeMeHTOB (ycTaHOBHB B moiie Layer 2 udpy 6).

B utore mony4um crieayroniyto ceTh, MPEACTABICHHYIO Ha PUCYHKE
4.36.

21 Metwork Illustration [SE

Pucynox 4.36. UmtrocTpanus cetu

s oOyuenus cetu ¢ momoipio Merona JlesenOepra-Mapkapa He-
00X0AMMO BBIIIOJIHUTH CIIEIYIOIIUE JEHCTBHSL:

—  Statistics — Training error graph;

— Statistics — Case Errors;

— Statistics — Regression Statistics;

—  Train — Multilayer Perceptron — Levenberg-Marquardst.
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B pesynprare OyayT OTKPHITHI YETHIPE OKHA, C COOTBETCTBYIOUIHMMH
HA3BaHUSIMU.

. Training Error, Graph [Z‘[E|E|
Label | Interval |1 E Emor T 3351 W 2926 Clear
Network biaining ermor :

15

10

1]

0 5 o 15 20 25

< >
e

Pucynok 4.37. I'paduk ommbOku 00y4eHus

L5 Levenberg-Marquardt Tra... E|E|

Epochs | E Train

. E eiritial
[x Crozs werification Ssliislize

Jog ‘\weights

Stop

Cloze

Pucynox 4.38. O0yuenne meronom JleBenOepra-Mapkapa

Buauane oxHo Tranding error graph 6yner MycThIM, TO €CTh HA HEM
He Oyaer oTpakeH rpaduk m3MeHeHHs omuoOku. OO0ydeHne 3aKITI0IacTCs
B TOM, 4TO B OKHe Levenberg-Marquardt HeoOX0IMMO HaXKaTh KIIABUIILY
Train, mocne 3TOro NUILL HauHETCs OOydeHHWe ceTH W B OKHe [randing
error graph nosBUTCS TpadUK M3MEHEHHS OINMOKH, MPUYEM B BEpXHEH
YacTH 3TOTO OKHA yKa3bIBaeTcs omnbOka Ha oOyuaromeil U BepupuKaim-
OHHOI 4acTH BHIOOPKH (MX 3HAUCHHS HE JOJKHBI CHIBHO Pa3indaThCs).

157



i Case Errors

R Regtmeupdste | Updatc |

Error per Caze o

Pucynok 4.39. OmmOku HaOmr01eHu i

.. Regression Statistics [:I[Elle
W arniable E M

Tr. SERIES  |ve. SERIES. |
2797.8169 29, E556

125.1365 131.3052
-0.2075 -5.144097
33.75123 Z9.Z1365
£25.36511 zZE.837E:2
0.2697147 0.Z224366 %
£ >

Pucynok 4.40. CtaTuctuka perpeccuu

KpOMe TOro, AIMHAMHKy HM3MCHCHHA OHII/IGKI/I MOHO HNPOCICINUTL B
okne Case Errors. Ho 0ojee TOUHYIO OLIEHKY OOYYEHHOW CETH M OLICHKY
pe3ynbTaTa paboThl CETH B 3ajade PEerpecCUd MOXHO MOTYYHUTh U3 JTUa-
JIOTOBOTO OKHa Regression Statistics. 37ech TOICUYATHIBAIOT CpelHee U
CTaHAAPTHOC OTKJIOHCHUEC [JIA BBIXOJHBIX MMEPEMCHHBIX U OHII/I6KI/I CCTH, a
TaK)Ke OTHOIICHUE CTAaHIAPTHOTO OTKIIOHEHHS OIIMOKH K CTaHAAPTHOMY
OTKJIOHEHHIO TaHHBIX.

[Ipuuem BakHO 3aMeTHUTh, ecnu BedudrHAa OTHOIIEHHE CT.OTKI. —
S.D.Ratio mensie 0,1, 3T0 03HayaeT NpekpacHoe KauecTBO perpeccuu. B
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HameM Cliydac€ 9Ta BECJIIMYMWHA IIPEBBINIACT 0,2, YTO TaKXC ABJIACTCA XO-
po1IMM MoKasaTejicM 06yquI/1>1 HeﬁpOHHOfI CCTH.

4.5.3. AIrOpuTM BBINOJIHEHUSI 00YUEHHUS CeTH C TOMOIIbIO
Metoaa Jlesenbepra-Mapkapa

1. Co3naem HelipoHHYIO ceTh. BHauasne co3maauM C MOMOIIBIO Mac-
tepa - Intelligent Problem Solver MHOTOCIOWHBIN MEPCENTPOH C TPEeMs
CJIOSIMU ¥ B IIPOMEKYTOYHOM CJIO€ BO3BMEM IIECTh 3JeMeHTOB. C TIoMo-
IIBI0 MacTepa, CTPOUM OCHOBHYIO HEHPOHHYIO CeTh, a 3aTeM KOMaHAaMHU:
File-New-Network, BUION3MEHsIEM CETh, CO3/]aB B TIPOMEKYTOTHOM CIIOE
IIECTh 3JIEMEHTOB (ycTaHOBHUB B Layer 2 mudpy 6).

2. 3atem HauHeM oOy4yeHHe ¢ momoulplo Metoxa JleBeHOepra-
Mapxkapa. /[yt 3TOT0 BBIMONHAEM CIEAYIONUE KOMaHIbI:

—  Statistics— Tranding error graph;

Statistics— Case Errors;
Statistics— Regression Statistics;

—  Train—Multilayer Perceptrons— Levenberg-Marquardt.

3. B nmmamoroBom okHe Levenberg-Marquardt Ha)XuMaeM KIaBUIITY
Train (oOyuyeHHE) HECKOJBKO pa3 (TO €CcTh OOydeHHE MPOMCXOIUT Ha
Pas3IMYHBIX 3110XaX, €CIIH K€ Ha)KaTh TOJIBKO OJAWH Pa3, TO MOJIYYHM 00y-
YeHHe JINIIb Ha OJTHOM 3I10Xe).

4. Ecnn xe ommOKka Ha 00y4aeMOH M BepU(PHKAIMOHHOW BBIOOPKE
OUYCHb BENMKa, TO CTOUT MU3MEHHUTH BeCOBbIE KOd(puureHTs. OHU aBTO-
MaTHYECKU ITOMEHSIOTCA, €CIIH HaXKaTh KIaBUINY Reinitialize , ipeBapu-
TETHLHO OYHMCTHB OKHO Training error graph (Clear). A 3aTem omsTh Ha-
YMHAeM Mpolecc 00yueHus, HaKaB KiIaBuiny 7rain (oOydeHue).

5. AHanm3upyeM MoTydeHHbIE JaHHBIE 110 BBIBECHHBIM JHAIOTOBBIM
okHaM. UTo KacaeTcsi AMAIOTOBOTO OKHA Regression Statistics, TO aHATH-
3upyeTcs mokasarens S.D.Ratio, eciiu o menbie 0,1, 3To o3HadaeT mpe-
KpacHO€ KaueCTBO PErpeccu.

4.6. 'eneTH4ecKHe AITOPUTMBI 0TOOPA BXOAHBIX JAHHBIX

OnuH U3 caMbIX TPYIHBIX BOTMPOCOB, KOTOPBIN MPUXOIUTCA peIIaTh
pa3paboTUYNKy HEUPOCETEBHIX IMPIIIOKCHHM, - 3TO BOIIPOC O TOM, Kakue
JTaHHBIC B3STh B KaUeCTBE BXOMHBIX JJII HEMPOHHOU CETH. DTOT BOIPOC
CJIOKEH B CHIIY Cpa3y HECKOJbKUX MPUYHH.
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- Yaiie Bcero nmpu nNpuMEHEHWH HEMPOHHBIX CETEN B pealibHBIX 3aja-
yax 3apaHee He OBIBACT TOYHO M3BECTHO, KaK MPOTHO3UPYEMBIH MOKa3a-
TENb CBSI3aH C WUMCIONIMMHUCS JNaHHBIMH. [103TOMy coOMparoT Ooiblie
Pa3sHOOOpAa3HBIX JAHHBIX, CPEIU KOTOPBIX TMPEANOJIOKHUTENLHO €CTh U
Ba)kKHBIE, M TAKHE, Ubs IIEHHOCTh HEM3BECTHA MM COMHHUTEBHA.

- B 3amauax HenMHEHHON MPUPOIBI CPEIH MAPAMETPOB MOTYT OBIThH
B3aMMO3aBHUCUMBIC M HW30BITOUHBIC. HamprumMep, MOXET CIy4UThCS Tak,
YTO Ka)JIblil U3 IByX [apaMeTPOB caM 10 ceO0e HUYEro He 3HAYMT, HO 00a
OHHM BMECTE HECYT YPE3BhIUANHO MOJIC3HYI0 HH(POpMAIU0. DTO Ke MO-
JKET OTHOCHUTBCSI K COBOKYIHOCTH M3 HECKOJIBKUX mapaMeTpoB. Cka3aH-
HOE 03HAYAET, YTO TOMNBITKH PAHXHPOBATh MapaMeTpPhl MO CTETICHH BaX-
HOCTH MOTYT OBITh HETTPABUIILHBIMHU B MIPHUHITHIIC.

- U3-3a «mpoKiIsTHS pa3sMEPHOCTH» WHOTJA Jydlle MPOCTO yOpaTrh
HEKOTOpBbIE MEPEMEHHBIC, B TOM YHCIIE W HECYIIHEe 3HAYNMYIO HHpOpMa-
IIUI0, YTOOBI XOTh KAaK-TO YMEHBINUTH YHMCIIO BXOMHBIX MEPEMEHHBIX, a
3HAYUT W CJOXHOCTh 3a/Ja4d, W pa3Mepbl ceTH. BoOmpeku 3apaBomy
CMBICITY, TaKOW MpHEM HMHOTAA JCHCTBUTENHHO YIyYIIaeT CIOCOOHOCTh
ceTH Kk 0000menuto (Bishop, 1995) [10].

EnuHCTBEHHBIH CMOCOO MOSYYHTh MOJHYIO TapaHTHIO TOTO, YTO
BXOJIHbIC JIAHHBIC BBIOPAHBI HAMIYYIIHM 00pPa30M, COCTOUT B TOM, YTOOBI
nepenpoOoBaTh BCe BO3MOXKHbBIE BAPUAHTHI BXOJHBIX HA0OPOB JaHHBIX U
apXHUTEKTYp ceTel u BhIOpaTh U3 HUX Hawiaydmmid. Ha nmpakruke 310 cie-
JIaTh HEBO3MOXKHO K3-32 OTPOMHOT'O KOJIMYECTBA BAPUAHTOR.

MOXHO TOMNBITaThCS —IMMO3KCIIEPUMEHTUPOBATh B cpene nakera ST
Neural Networks - mocneqoBaTeIbHO CTPOUTH CETH C Pa3IMIHBIMU HA0O0-
paMu BXOJHBIX MTEPEMEHHBIX, YTOOBI MOCTEIIEHHO COCTABUTH cebe KapTH-
HY TOr0, KaKHe e BXOJHbBIC TIEPEMEHHbBIC ICHCTBUTENLHO HYKHBI. MOX-
HO BOCITOJIb30BAThHCSI METOJIOM pETyIisipu3aiiuu BecoB mo Burenny (Wei-
gend Weight Regiilariation) u B okHe Pedaxmop cemu - Network Editor
MOCMOTPETh, ¥ KAKUX BXOJHBIX MEPEMEHHBIX BBIXOJSIUE Beca CICIaHbI
HYJIEBBIMH (3TO TOBOPHUT O TOM, YTO JIAHHASI TIEpEMEHHAsI UTHOPUPYETCS).

Camoe JIeHiCTBEHHOE CpPEJICTBO PEUICHHUs JaHHOTO BOIPOCA B MAKeTe
ST Neural Networks -- 3to I'enemuyeckuii areopumm omoopa 6X0OHbIX
oannvix - Genetic, Algorithm Input Selection. DTOT anTOPUTM BBITIOTHAET
OOJBIIIOE YUCITIO DKCIEPUMEHTOB C Pa3IMYHBIMH KOMOWHAIMSAMH BXOJI-
HBIX JITAaHHBIX, CTPOUT JUIS Ka)XIOW W3 HUX BEPOSTHOCTHYIO JTUOO 0000-
HIEHHO-PETPECCHOHHYIO CETh, OICHUBACT €€ PEe3yNbTaThl U HCIOJIB3YeT
WX B JIaJIbHEHIIEM MOUCKE HAMTYYIIEr0 BApUAHTA.

I'eHeTHYeCKHE ANTOPUTMBI ABJSIFOTCSA OYeHb 3()(HEKTUBHBIM HHCTPY-
MEHTOM TIOMCKa B KOMOWHATOPHBIX 3aJa4yax Kak pa3 Takoro Tuma (Trmae
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TpeOyeTcss IPUHUMATH PsJ B3aUMOCBS3aHHBIX PEIICHUHN «Ia/HEeT»). DTOT
MeTOJ] TpeOyeT OOJBIIOTO BPEMEHU cueTa (OOBIYHO MPUXOIUTCS CTPOUTH
Y TIPOBEPATH MHOTHE THICSIYU CeTel), OHAKO peain3oBaHHas B makete ST
Neural Networks ero koMOWHAanus ¢ OBICTPO OOYYAIOIIMMHUCS CETSIMH
tunia PNN/GRNN mo3BosisieT yCKOpHUTh ero paboTy HacTOIBKO, HACKOJIb-
KO 3TO BOOOIIE BO3MOXKHO [244].

BeinosHeHue ajnropurma

ITporoHATH 3TOT aNrOpUTM MBI OyJeM Ha MOJU(PHULMUPOBAHHOM BapH-
aHTe yCeYeHHOTo Habopa MaHHBIX MPO MPHUCHI, HO MPEXKIE CAETAeM XOTS
OBI OZTHY TIEPEMEHHYIO Boixoonoul - Output depe3 TUaJoroBoe OKHO BEI-
O0op tumnoB nepeMeHHBIX— Set Variable Types — Tunei —Type— Ilepe-
Mmennvle — Variables— mento [paBka — Edit.

B cocTaB mporpamMmel BxoauT (ain maHHEIX [ris.sta v IrisDat.sta,
OTHOCSINUICS K 3aaaue Durepa o kaaccuGUKaum UPUCOB.

PaccmaTpuBaercss Tpu BHOa LBETKOB upuca: Setosa, Versicolor n
Virginica. Bcero umeercs 1mo 50 3K3eMITIIPOB KaKIOTO BHUIA, W UL Ka-
JKJIOTO U3 HUX W3MEPEHBI YeThIpe BEJIMYUHBL: [UIMHA W IIUPUHA Yallesn-
CTHKa, AJIMHA U [IMPHUHA JenecTka. Llenb cocTouT B TOM, YTOOBI HAYYHTh-
sl TIPEJICKa3bIBaTh THUI HOBOTO (TIOKAa HE M3BECTHOTO) IIBETKA IO TaHHBIM
3THUX U3MEPEHUH.

Ora 3amaya HMHTEpPeCHa cpa3y HO HECKOJBKAM TNpHYnHaM. Bo-
TIEPBBIX, OJMH W3 KJIACCOB (Sefosa) MTMHEHHO OTIENUM OT ABYX APYTHX.
OcraBmecss 1Ba pa3leiuTh TOpa3no TPyIHEE, M KPOME TOTo, MMEETCs
HECKOJIBKO 3K3eMILISIPOB, BBIOMBAIOUIMXCSI U3 OOIIElH KapTUHBI, KOTOPBIE
JIETKO OTHECTH K JApyromy kiaccy. Takue BBHIOPOCHI SIBIAIOTCS XOpOLIeH
MIPOBEPKON HAIEKHOCTH PaOOTHI CETH Ha CIIOKHBIX JTaHHBIX.

IIpeacraB/ieHHe HECKOJIBKHX KJIACCOB

3arpysure ¢aiin [ris.sta wnn IrisDat.sta B naket ST Neural Networks
Y B3TJITHUTE HA JTaHHBIC. 3716Ch MMEETCS YeThIPE BXOIHBIX IIEPEMEHHBIX U
ollHa BBIXOIHas. BbIXxoqHAas mepeMeHHas — HOMHWHAJbHAs C TPEMsI BO3-
MOKHBIMH 3HaUeHUsIMU: [ris = {Setosa, Versicol, Virginic}.

@DopMupOBaHUEe YMEHBIIIEHHOT0 HA0OPAa JaHHBIX

Jannbie ipo upuckl coaepxka 150 HaOnroAeHUH - 3TO TOBOJIBLHO MHO-
ro, U ceTb OynmeT oOydaThcsl MeIUieHHO. s yueOHBIX 1enel naBaiite
coKpaTuM 00beM JaHHbIX A0 60 HaGmogeHwid. [1pu 3TOM MBI 320/1HO TIO-
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3HaKOMHUMCS C HEKOTOPBIMH BO3MOXKHOCTSIME Pedaxkmopa oanubix - Data
Set Editor.

Kpome Toro, Mbl pa3oObeM NaHHBIE Ha JBE TPYNIBL: OOywaroliee
MHOXeCTBO (Training Set) OyIeT WCIOIB30BATHCS I OOYUICHHUS CETH, a
KOHTPOJIbHOE MHOXeCTBO (Verification Set) - 1yist MPOBEPKU KauecTBa e¢
paboTHI

Uto0n1 chopMHUpOBATH COKpAIIEHHBIM HA0Op MaHHBIX, CAENalTe clie-
Jyrolee:

1. Otkpotiite Habop naHHBIX [ris.sta wim [risDat.sta 1 Bb13oBUTE Pe-
odaxmop Odawnnvix - Data Editor.

Data Set Editor [IRISDAT)

veistles ¢ ! o e @ B0 Bl H
lsepeien [sepavwip lPeTeLien  [PETavwin [Risrere |
5.6 2.5 3.9 L.1| VERSICOL
8.5 3 5.5 1.3 WIRGINIC
5.8 27 5.1 L.9| VIRGINIC
.6 3.2 5.9 2.3 VIRGINIC

Sal Fu3 1.7 0.3 AETOSA
5.7 2.8 4.5 1.3 VERSICOL
6.2 Sedl S.d 2.3| VIRGINIC

Pucynok 4.41. CokpaiieHre 00beMa TaHHBIX

2. Beimenure mabmogeHus 21-50. [l 3TOro MpOKpyTUTE TaOIUILY
TaK, 4YTOOBI CTaJ0 BUAHO HaOroaeHne HoMep 20, HIETKHUTE Ha METKE €ro
CTPOKH, U JINOO MPOTAITUTE MBI O HIKHEH TPaHUIBI AWAIla30Ha, JIH-
60 BeimenuTe ero kiapumamMu CTPEJIKA Ban3 u PAGE DOWN mpu Ha-
skatoit kmasumne SHIFT.
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3.  Haxwmure mpaByr0 KHOTKY MBIIIH U BEIOEPUTE M3 KOHTEKCTHO-
To MeHI0 NyHKT He yuumvisams - Ignore. OTMedeHHbIe HabMr0AeHUs Oy-
IIyT BBIIENIEHBI cepbIM LBeTOM, u mporpamma ST Neural Networks He Oy-
JIET UCIIOITF30BATh MX MPH O0yUEHHH.

4. Ilponenaiite Bce TO e camoe st HaOmoaeHuit 71-100 u 121-150
(pucyHok 4.41).

5. IlomewnstiiTe 9rCiIO HAOMIOACHHUM B 00yJaroIieM MHOXKECTBE - (OHO
ykazaHo B nojie Obyuarowee - Training) ¢ 60 na 30. Ilporpamma ST
Neural Networks aBTOMaTHYECKH OTHECET OCTaBILWECS HAOMIOACHUS K
KOHTPOJILHOMY MHOXKECTBY, TaK 4TO Terneps y Hac Oyzer 30 oOydarommux
1 30 KOHTPOJILHBIX HAOIIFOICHHMN.

6. Haxxmure kHoniky [lepemewams - Shuffle — oOyuaroniue u KOH-
TPOJIbHBIE HAOMIONEHUS OyayT B3SATHI CIydaliHBIM 00pa3oM Cpeid BcCeX
60 mabmronennii. Bel 3amMeTnTe 3TO, B3TIIIHYB Ha Tabmuiry. OOydJarorme
HaOJIFO/ICHHS TTOKAa3aHbl YEPHBIM LIBETOM, 8 KOHTPOJILHBIE - KPACHBIM.

7. 3aTeM mepeMecTHTe yKa3aTelb MBI Ha JIMHUIO, Pa3aelsIonIyIo
3aroyoBKu CcTonOIoB mepemeHHbIXx SLENGTH wu SWIDTH. Yxazarenb
MPEBPATUTCS B JIBYCTOPOHHIOK CTpPENKy. LI[eNKHNUTE MBIIIBIO - IPU 3TOM
MOSIBUTCS ToJTy0ast mojioca BCTaBKH, 3aT€M HAXMHTE TPH pa3a KIIABUIILY
ENTER - B ¢aiin Oymyt mobaBineHbl TpH HOBBIE MepeMeHHbIe. Tak Kak
OHHM OYEBHIHBIM 00pa3oM He HeCcyT B cebe HHKakoi WHpOpMamuH, cie-
IyeT OXKHJATh, 4T [ eHemuueckuti aieopumm omoopa 6x00HbIX OaHHBIX -
GA Input Selection ypanaut ux.

OTKpoeM nrajaoroBoe okHO Input Feature Selection ¢ moMOMIbIO Me-
Hi0 Obyuenue-J{onornumenvho - Train-Auxiliary (pucynok 4.42).

. Input Feature Selection D

= =
Method Sampling |1 E Population |00 E Bun £&pply
Unit Penalty om E Mutation 1 E Generations oa E Shop Close

Genetic Algarthm

Smoothing 03 E Crozzover 03 E
[EIERIE

Pucynox 4.42. lnanoroBoe okHo Input Feature Selection

DTO OKHO COACPKUT MHOTO YITPABISIOIIUX MapameTpoB. Cpelu HUX -
Honynayusa - Population n Ilokonenus - Generations, Bvibopxa — Sam-
pling, Crxopocmv mymayuu - Mutation Rate u Cxopocmuv cKpewusanus -
Crossover Rate. Ecnu Bbl He 3HAKOMBI C TEHETHYSCKUMH aJITOPUTMAaMH,
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TO HE CTOWT MEHATH J1Ba TOCIETHUX Mapamerpa (PeKOMEHAYeTCs B3STh
3HaueHus o ymonuanuto). [lapamerpsl [lonynayus - Population w Iloko-
nerus - Generations ONPENENSIOT, KAK MHOTO YCHIIUI alTOPUTM 3aTpa-
YUBAET Ha TIOUCK.

Cxema pabOThl T€HETUYECKOTO ajJropuTMa TakoBa. bepercs ciydaii-
HBI HaOOp, MOMYJISIMS OMTOBBIX CTPOK (B HALIeM Cllydae OTICIbHBIN
OHT, COOTBETCTBYIOUIMHA Ka)KIOMY BXOHY, ITOKa3bIBaeT, yUYWUTHIBATH WIIN
HET COOTBETCTBYIOIIYIO BXOJHYIO TIEPEMEHHYI0) U OLIEHUBACTCS CTEIEHb
UX MPHUTOJHOCTHU (T.€. KAYEeCTBO MOJYYaeMBIX pEIleHHi). 3aTeM IIoXue
CTPOKH UCKITFOUAIOTCS U3 PACCMOTPEHHS, & U3 OCTABIINXCS TIOPOKIAIOTCS
HOBBIE CTPOKH C TOMOIIBIO HCKYCCTBEHHBIX TE€HETHYECKHX OIleparni
MyTallid U CKpelluBaHus. TakuM 00pa3oM, BO3HHKAET HOBas IOILYJIs-
IIUs1, ¥ BECh MIPOIIECC TIOBTOPSETCS, TIOPOXKIasi BCE HOBBIE IMIOKOJICHUS, a B
KOHIIC €ro OTOMpaeTcsl HamIydmuid dx3eMiiap. [lapamerp llonyrayus -
Population 3agaet 00beM TOMyJAIUN UHANBUIAYYMOB, a Tapamerp [loko-
nenus - Generations onpenenseT, CKOJIbKO pa3 OyAeT NOBTOPEH LUK OT-
Oopa nopoxaeHus-oneHku. [IponsBeneHne 3TX ABYX Yrced PaBHO 00-
HIeMy YHCIy Olepalyii OIlEHHUBAaHHUS, KOTOPBIE aJrOPUTM JOJDKEH Oyaer
BBHIMOJTHUTh, W KaXKJ0€ OLEHHMBaHUE BKIO4aeT moctpoenne PNN mmu
GRNN cetn 1 ee TecTUpOBaHHE HA KOHTPOJIHLHOM MHOYKECTBE.

[Ipu moctpoernu PNN mwm GRNN cetn He0OX0IUMO BBIOpATh KO-
s GUIMeHT criaxuBanus (Smoothing). B o01iieM citydae ciieayeT camo-
CTOATENHHO TPOBECTH PSA OSKCIIEPHUMEHTOB CO BCEH COBOKYIMHOCTHIO
BXOJMHBIX TlepeMeHHBIX, cTpost PNN i GRNN cetn ¢ pasmndasIMA KO-
s PULMEeHTaMU CTIIaXKUBaHUsI, U BBIOpaTh moaxojsuiee 3HaueHue. K cua-
ctbio, ceTd PNN 1 GRNN He cnuIkoM 4yBCTBUTEIBHBI K TOYHOMY BBI-
0opy ko3 duIeHTa CriIakrBaHus, U B HAIlIEM CITydae BIIOJHE MOA0HIET
3Ha4YeHHE M0 YMOITYAHHIO.

Kak yxe roBopuioch, HHOrIa OBIBaET MOJIE3HO YMEHBIIUTH YHCIIO
BXOJIOB JaK€ IIEHOWM HEKOTOPOH IOTePH TOYHOCTH, IMOCKOIBKY 3TO
YIy4IIaeT CIIOCOOHOCTH CETH K 00OOICHIIO U YMEHBIIIAET pa3Mep CETH U
BpeMsi cueta. MOXKHO cO34aTh JOTOJHUTENBHBINA CTUMYJ K HCKITIOUEHHIO
JUIIHUX TIEPEMEHHbIX, Ha3HAuuB «wTpad» 3a snemeHT (Unit Penalty).
OT0 4ncino OyAeT YMHOXKAThCS Ha KOMUYECTBO JIEMEHTOB, U PE3yJIbTaT
Oyzer mpuOaBIATHCS K YPOBHIO OIIMOKH TPH OLIEHKE KadyecTBa ceTu. Ta-
KM o0pazom, OyayT mrpadoBatbcs Oonbiue mo pazmepy cetu. OOBIYHO
3HaYeHUs ATOTO MapaMeTrpa (eCiau OH HCIIONb3yeTCs) OepyTCcsl B MHTEpBa-
ne 0,01-0,001. B mamreii 3amave QOMOTHATETLHBIC TIEPEMEHHBIE HE HECYT
HUKaKol MH(popManuu 1 JeHCTBUTENBHO OYOyT YXyALIaTh KauecTBO ce-
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TH, TIOSTOMY HET HEOOXOIMMOCTH CHEINAIBHO 3a/1aBaTh emie u mrpad 3a
JJIEMEHT.

Haxwmute xHomnky 3anyck - Run. Ilpu BBIIOJIHEHUH T'€HETHYECKOTO
aJTOpUTMa C TapaMeTpaMu 10 yMOT9aHuio oH mnpozenaet 10000 oreHu-
BaHuii (momyssimust oosemom 100 u 100 nmokosenwii). OqHako B HamieH
3aJja4e UMEETCSI BCEr0 CEeMb KaHJMJIATOB BO BXOJIHBIC MEPEMEHHBIC (de-
ThIpE HACTOSIIMX M TPU A0OABIIEHHBIE), TIOATOMY YHUCIIO BCEBO3MOMXHBIX
KoMOMHaIui paBHO Beero 128 (aBa B cenpMoii ctenenn). [Iporpamma ST
Neural Networks cama OOHApYKUT 3TO OOCTOSTEILCTBO M BMECTO OITH-
CaHHBIX JEHCTBHUI BBIIOIHUT OLIEHUBAHHUE TOJHBIM NepedopoM BapHaH-
TOB (COOTBETCTBYIOIIasi nH(popmaIus OyAeT BBIaHA B CTPOKE COOOIIIe-
HUIA).

Ilo oxonuaHuu pabOTHI aNTOpPUTMa OTKPOETCS OKHO C TaONUIleH, B
KOTOpOW OyZeT yKa3zaHO, Kakve TepeMeHHbIe ObLTH MPU3HAHBI TIOJE3HBI-
MH, a Kakue HeT (COOTBETCTBEHHO /[[a - Yes mnu Hem - No) (pucyHOK
4.43). TlepemeHHbBIE, KOTOPhIC HE PACCMATPHBAIUCH KaK KaHIAHIATHI BO
BXOJHOW HaOop (B JaHHOU 3ajaue - BBIXOJHAs MEpeMeHHas) OyAyT Io-
MEUYCHbI KaK Hey4dHuThiBacMble. ECITU BBI BCe CleNany MpPaBUIIBHO, ajro-
pPUTM OTOEpET HACTOSAIIME MEPEMEHHBIC 33Ja4d U OTOPOCHT BHOBB JIO-
OaBJICHHBIC.

"2 Input Feature Selection

Genetic Algorithm

tdethad Sampling |1 E Bopulation |109 E Bun | £pply |
Urit Penaly (001 E Mutation |1 E Generations |100 E Stop | Close |

Smoothing 03 E Crozsover 03 E

7 SEPALLEN |SEPALWID |FETALLEN |PETALWAD |IEISTYEE
Uszeful Na i [a] Nao Jifa] Ignored

Pucynok 4.43. OxoHuanue paboThI AJITOPUTMA

Haxxmure xHOTKY [lpumenums - Apply. llporpamma ST Neural Net-
works TPpUMEHUT HaWJEHHBIN MIa0I0H K MCXOMHBIM JTaHHBIM, U Y TeX IIe-
PEMEHHBIX, KOTOpbIe OBUTHM OTBEPTHYTHI AITOPUTMOM, M3MEHHUT THI Ha
Heyuumuisaemas - Ignore.

Teneps caemaem napamerp [limpag 3a snemenm - Unit Penalty pas-
HeiM 0,01 ¥ cHOBa Ha)xxMeM KHOTIKY 3anyck - Run. Ha 310T pa3 mbl o0y-
JKIaeM aJlrOpPUTM YMEHBIIATh YHCIO BXOJOB, Ja)Xe LIEHOM HEKOTOpOro
yBenmmueHns omuOku. KOHKpeTHbI pe3yiprar OyaeT 3aBUCETh OT TOTO,
Kakye HaOMoJieHHs: ObUIM B3ATHI B 0Oydaroliee ¥ KOHTPOJIbHOE MHOXe-
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ctBa. Ckopee Bcero okaxercs, uro nepemennsie PLENGTH n PWIDTH
OynyT otoOpansbl, a nepemenHble SLENGTH u SWIDTH - OTBEpTHYTHI.
DKCIIEpUMEHTUPYS C Pa3TUYHBIMUA 3HaYSHUSAMHU ITpada 3a 3JIEMEHT, BB
CMOJKETe TPUOTU3UTENBHO YIIOPSAIOYNTh BXOJIHBIE ITEPEMEHHBIE 110 CTE-
MEHU Ba)KHOCTH.

4.7. llpumep npuMeHeHUs1 HEMPOHHBIX ceTel B 3aJa4ax
NMPOTrHO3MPOBAHUSA U NPOOJIeMbl HACHTH(PUKAINH MO/Ieseil
NMPOrHO3MPOBAHNS HA HEHPOHHBIX CETAX

XKecTkue CTaTHCTUYECKHE TPEATONO0KEHAI O CBOWCTBAX BPEMEHHBIX
PSAAOB OrPaHUYMBAIOT BO3MOXHOCTH KJIACCHYECKHUX METOOB IMPOTHO3U-
poBaHusA. B naHHON cuTyanuu afeKBaTHBIM allapaTtoM Ul pELIeHHS
3aa4 MPOTHO3UPOBAHMSI MOTYT CIIy’KHTb CIIEHUAIBHBIE UCKYCCTBEHHBIE
neiiponnslie cetu (HC) [22, 116].

B 3T0ii cBsI3M BO3HHMKAeT 0c000 BakKHAs 3a[ada OMpeNeseHHs CTPYK-
Typbl U TUIA IPOTHO3UPYIOLIEH HeHpoHHOH ceTu. Ha ceromHsmHuii 1eHb
HET allTOPUTMAa WK METOAA, IO3BOJISAIONIETO JaTh OAHO3HAYHBII OTBET Ha
9TOT Bompoc. OIHAKO MpeIIoKeHbl COCcOOBl HACTPOWKM YHUCia HEHpo-
HOB B Ipouecce 00ydyeHHs, KOTOphle 00ecrednBaloT MOCTPOCHUE HEH-
POHHOH CeTH AJsl pEeIeHMs 3aJaud M Jar0T BO3MOXHOCTb M30€KaTh W3-
OBITOYHOCTH. DTU CHOCOOBI HACTPOWKH MOKHO Pa3lIeNINTh Ha JBE IPYII-
TIbl: KOHCTPYKTHUBHBIE aJITOPUTMBI U aITOPUTMBI COKpAILICHUS.

B ocHOBe anropUTMOB COKpAIEHUS JIEKUT MPHHLUI MOCTENEHHOTO
yAaJeHus] U3 HeWPOHHOM CeTH CHHAICOB M HeWpoHOB. B Hawane paboThl
anroputMa o0ydeHHs ¢ COKPALICHWEM YHCIO HEHMPOHOB CKPBITHIX CIIOAX
CeTH 3aBEIOMO M30BITOYHO.

ANTOpUTMBI COKpAalICHHUsI MOKHO pacCMaTpUBaTh KaK YaCTHBIM CITy-
Yaif anropuTMOB KOHTpacTHpoBaHusa. CyIIeCTBYIOT JBa MOJAXOAa K pea-
JU3aLMU aITOPUTMOB COKPAILCHNUS METOJ ITpaHbIX QYHKIUHA U METOX
npoexkuuid. s peanusanuu mepBoOro B IENEBYI0 (YHKLUIO aIropuTMa
00y4eHHs: BBOAUTCS MTpadbl 32 TO, YTO 3HAUCHUS] CHHAIITUYECKUX BECOB
OTJIIMYHBI OT HYJISl; IpuMep mrpada
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2 o . o .
TJie W, — CHHANTHYCeCKHii BEC, 1 — HOMEp HeiipoHa, j — Homep Bxoza, N —

YHCII0 HEHPOHOB, M — pa3MepHOCTh BXOJTHOTO CUTHAIA HEHPOHOB;
Meton MpoeKIuii pean3yercs CIeayromuM oopa3zoMm. CHHANTHIC-
CKUH BeC OOHYJISCTCS, €CIIM €ro 3HaUCHHUE MOTAJI0 B 33JJaHHBIN JUana3oH

0,—e<w, <¢
w, = ' (4.3)

g _
W, Wy <—E,W; > &

I/ie € — HEKOTOpasi KOHCTAHTA.

ANTOPUTMBI COKpAIICHHUS UMEIOT 110 KpaiHel Mepe JIBa HeAoCTaTKa:

1. Her MeTonuKu omnpejeseHnus 4Yucia HEMPOHOB CKPBITHIX CIIOEB,
KOTOpOE SIBJIsIETCA M30BITOUHBIM, IOATOMY Tepe]] HadyaJloM paboThl alro-
pUTMa HYKHO yTajaTh 3TO YHCJIO.

2. B mpomecce paboThI anropuT™Ma CETh COMEPKUT U30BITOTHOE YHIC-
JI0 HEWPOHOB, MO3TOMY OOyUEHHE HIIET MEIJICHHO.

[IpeamecTBEHHUKOM KOHCTPYKTHBHBIX aJITOPUTMOB MOYKHO CUHTATh
METOJMKY O0OydYeHUs MHOTOCIOWHBIX CeTeH, BKIIOYAIONIYIO B celsl cie-
JYIOIIHE IIaru:

1. Beibop Ha4anbHOTO YHCIa HEMPOHOB B CKPBITHIX CIIOSIX.

2. Hunmanu3anys ceTd, TO €CTh NMPUCBANBAHNE CHHANITHYECKUM Be-
caM¥ CMEIICHHUAM CETH CIy4YaiHbIX 3HaYeHUH U3 33JJaHHOTO JINana3oHa.

3. O0yueHune ceTH Mo 3aJaHHOU BHIOOPKE.

4. 3aBepiieHre B ciay4yae YCHEIHOTO OOYYEHHs; €CIH CEeTh O0YUYHUTh
HE yJIanoch, TO YHCIO HEWPOHOB yBEIMYHNBACTCS, M TIOBTOPSIOTCS IIaru
€O BTOPOTO IO YETBEPTHI.

B KOHCTPYKTHBHBIX aIrOPUTMax YMCIIO HEHPOHOB B CKPBHITHIX CIOSX
TaK)Ke M3HAYAIBHO MaJlo W TMOCTENEeHHO YyBeIWYuBaeTcs. B oTinmume oT
ONHMCAaHHOW METOJWKH, B KOHCTPYKTHBHBIX AlTOPHUTMAaxX COXPaHSIIOTCS
HaBBIKH, IPUOOPETEHHBIE CETHIO 0 YBEIUYCHHUS YUCIIa HEHPOHOB.

KOHCTpYKTHBHBIE aNTOPUTMBI Pa3UYalOTCA MPaBHIAMH 3aaHUS
3HaYeHHWH TapaMeTPOB B HOBBIX — TOOABJICHHBIX B CETh — HEHPOHAX:

1. 3HaueHus mapamMeTpoB — CIIy4YalHbIe YHCIIA U3 3aJJaHHOTO JHara-
30Ha;

2. 3HaueHUs] CHHANTHYECKNX BECOB HOBOTO HEMpPOHA OMPENeINsIOTCS
MyTeM pacuieruieHus (splitting) oZJHOTO U3 CTapbIX HEWPOHOB.

IlepBoe mpaBuio He TpeOyeT 3HAUYMUTENBHBIX BBIUYMCICHHH, OJHAKO
€ro HWCIOJb30BaHHME TNPUBOIUT K HEKOTOPOMY YBEIWYCHHUIO 3HAYCHUS
(GYHKIUN OMUOKHU ITOCIEe KaXIoro Jo0aBJieHHMS HOBOTO HelipoHa. B pe-
3yJbTaTe CIy4aiiHOTO 3aJaHusl 3HAueHWH MapaMeTpoB HOBBIX HEHPOHOB
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MOXET IOSBUTHCA H30BITOYHOCTh B YHCJIE HEHPOHOB CKPBITOTO CJOS.
Pacmienienne HEHPOHOB NHIIEHO ABYX YKa3aHHBIX HEJOCTATKOB.

CambIM OOJIBIIMM HENOCTAaTKOM ajJrOpuUTMa SIBJISIETCS] 3KCIIOHEHIIM-
QJIBHBIN POCT BPEMEHU BBIYUCIICHUH NPHU YBEJINYEHUH Pa3MEPHOCTHU CETH.
Jna mpeononeHus yka3aHHOTO HEAOCTAaTKa IpeJJlaraeTcs YIpPOIIEHHBIH
AITOPUTM pacIIeNJIeHUs, KOTOPBII He TpeOyeT 3HAYUTENbHBIX BBHIYHCIIE-
HUU.

Kpome ommcanHbIX criocoOOB BEIOOpa HEWPOHOB ISl PACIIETUICHHS,
MOYeT OBITh MCIOJIB30BaH aHAJM3 YyBCTBUTEIBHOCTH, B MPOLEcCe KOTO-
POro cTposiTcs MaTpuLbl I'ecce - MaTpuLibl BTOPBIX MPOU3BOAHBIX (DYHK-
LUK OIIMOKHM 10 mapaMeTpam cetu. 1o BenmuunHe MOmy st BTOPOI Ipou3-
BOJHOH CyZsT O BaXXHOCTH 3HAU€HHs JAHHOTO MapaMmeTpa JUlsl perieHus
3agaun. [lapaMeTpsl ¢ MajabIMH 3HAYEHUSIMU BTOPBIX MPOHM3BOIHBIX 00-
HYJSIFOT. AHalINM3 4yBCTBUTEJIBHOCTH UMEET OOJIBIIYI0 BHIUMCIUTEIbHYIO
CJIO)HOCTh U TPEOYET MHOTO JOMOJHUTEILHON TTaMSITH.

4.7.1. CpaBHMTE/IbHBI AHAJIU3 HEHPOHHBIX ceTel

AKTYaJbHOCTh JAHHOW TEMAaTHKH MPOJAMKTOBAHA ITOMCKOM aJEKBaT-
HBIX Mojenel HelpoHHbIX cered (HC), ompenensiemble THIIOM U CTPYK-
typoit HC, nns 3amau mporHo3upoBanus. B xone uccinenoBaHus ycTa-
HOBIIEHO, 4TO panuanbHbeie 0a3ucHble ceTn (RBF) obmanaroT psmom mpe-
MMYILIECTB MEpPE]] CETSIMH THIIAa MHOTOCIONHBIX nepcenTtpor (MLP) [121,
123]. Bo-nepBbIX, OHU MOJETHUPYIOT MPOU3BOJIBHYIO HEIMHEHHYIO (QYHK-
LU0 C MTOMOIIBIO OAHOIO MPOMEKYTOUHOTO ciosi. Tem caMbIM OTmagaeT
BOIIPOC O YHCIE CIIOCB. BO-BTOPHIX, MapaMeTphl JIMHEHHONW KOMOMHAITIH
B BBIXOJIHOM CJIO€ MOXXHO TOJHOCTBHIO ONTHMH3UPOBATH C IOMOILBIO U3-
BECTHBIX METOJOB MOJEIHUPOBAHUS, KOTOPHIE HE HCIBITHIBAIOT TPYAHO-
cTell ¢ JIOKaJbHBIMH MHHHMYMAaMH, MEIIafomuMu Tipu ooydernn MLP.
IMosromy cerb RBF oOyuaeTcst oueHb ObICTpo (Ha TOPSAAOK OBICTpee
MLP) [85,107].

C apyroii CTOpOHBI, A0 TOrO Kak MPUMEHATH JIMHEWHYIO ONTHUMU3A-
A0 B BBEIXOMHOM ciioe cetd RBF, HeoOXoammo ompenenuTs 4ucio pa-
JUAJIBHBIX 3JIEMEHTOB, IMOJIO)KEHUE MX LIEHTPOB M BEJIMYMHBI OTKIIOHE-
Hull. J{7s ycTpaHeHus: 3TOi MpoOJIeMBI MpeaiaraeTcsi UCIONb30BaTh aB-
TOMaTU3UPOBAHHBIA KOHCTPYKTOP CETH, KOTOPBIA BBINOIHSET 33 MOJb30-
BaTeNsl OCHOBHBIE SKCIIEPUMEHTHI C CETHIO.

Hpyrue otnnuns padotsl RBF ot MLP cBs3aHbI ¢ pa3nu4HbIM Mpes-
CTaBJICHUEM IPOCTPAHCTBA MOAENH: «rpynnoBeiM» B RBF u «miockocT-
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HBEIM» B MLP. OnbIT moKa3sIBaeT, 9TO IS MPABUILHOTO MOACITHPOBAHIS
tunnyHoi ¢ynkumu cetb RBF, ¢ ee Goiee 3KCLEHTPUYHON MOBEPXHO-
CTBIO OTKJIMKA, TPEOYET HECKOJIbKO OoIbIero yncia sneMeHToB. Cieno-
BaTeILHO, MOJIENh, ocHOBaHHas Ha RBF, Oymer paborate MemieHHEee U
noTpedyeT OOJble MaMsATH, YeM cOoTBeTCTByroImuid MLP (omHako oHa
ropaszio ObICTpee 00y4aeTcs, a B HEKOTOPBIX CIy4asX 3TO BaKHEE).

C «rpymIioBEIM» TIOIXOJ0OM CBsI3aHO M HeyMeHue ceteid RBF akcTpa-
MOJIUPOBATh CBOM BBIBOJBI 3a 00J1aCTh M3BECTHBIX NaHHBIX. [Ipu ynane-
HUU OT OOYyYaroliero MHOXXECTBA 3HAYCHUE (YHKIIMH OTKJIMKA OBICTPO
cnamaet no Hyms. Hanporus, cetb MLP Beimaer Gonee ompeneneHHbIC
pemeHuss mpu 00pabOTKe CHIIBPHO OTKIIOHAIOIINXCA JAHHBIX, OJHAKO, B
1ejaoM, CKIOHHOCTh MLP Kk HeKpUTHYECKOMY 3KCTPANOIUPOBAHUIO pe-
3ynbTara cuutaercs ero cinabocteio. Cetnt RBF Oonee 4yBcTBUTENBHEI K
IIPOKIIATHIO Pa3MEPHOCTH» W HCIBITHIBAIOT 3HAUWTENbHBIE TPYAHOCTH,
KOTJIa YHCJIO BXOJOB BEJHKO.

JI71s1 OLleHKH TOYHOCTH M aJIeKBAaTHOCTU PE3YyJIbTAaTOB MPOTHO3UPOBA-
HUS, a TAaKXKE CTPYKTYphl HEHPOHHON CETH MCIIONB30BAINCH CIIEIYIOIINe
CTaTHCTUYECKHE MTOKa3aTelH:

1. Data Mean. — cpenHee 3HaU€HUE IIEIEBON BHIXOHOM IEPEMEHHOM;

2. Data S.D. — cpenHekBaapaTU4e€CKOe OTKIOHEHUE 1EI€BOM BBIXOA-
HOM NepeMEHHOM;

3. Error Mean — cpeansisi omnOKa BBIXOIHON TIEPEeMEHHOH (0CTaTOK
MEX]y [IeJICBOU U pealbHOM MMepeMeHHOM );

4. Abs. E. Mean — cpennsis abcomoTHas ommobKa (pa3HUIla MEXITY
1IEJIEBOM U peabHON BBIXOIHOM MEPEeMEHHOM);

5. Error S.D. — crangapTHOE OTKIIOHCHUE OIIMOKH BBIXOJIHOW Iepe-
MEHHOIA;

6. S.D. Ratio — cpemHeKkBapaTHIECKOE OTKIOHEHHE OMTUOOK BBIXO-
HOH EPEMEHHO;

7. Correlation — ko3 dunmenT koppemsaunn CrnupMeHa, BBEIYHCICH-
HBIA MEX]Ty IIEJIEBBIM BEKTOPOM U PEATHHBIM BBIXOJHBIM BEKTOPOM.

Uccnenoanust nposoguinuck B makere STATISTICA Neural Net-
works 4.0. Ucnonbsytorcst nannsle Oupxkun «MMBB» B mepuon c
29.05.1997 mo 24.06.2003.

Ha pucynke 4.44 moxa3aHa JuHamMuKa Kypca akIHUN pOCCHHCKOMN
kommanuu OAO «PAO EQCy.
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Pucynok 4.44. Jlunamuka Kypca akiuil poccuiickoil KOMIIaHUH
OAO «PAO EDC» B nepuon ¢ 29.05.1997 no 24.06.2003 rr.
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Pucynok 4.45. Ilunamuka Kypca akuuid poCCUHCKONM KOMITaHUU
OAO «Poctemekom» (1536 mabmomenuit) B mepuox ¢ 29.05.1997 no
24.06.2003 rr.
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Pucynox 4.46. lunamuka Kypca akiuii poCCUACKON KOMITaHUU
OAO «Jlykoum» (1511 nabmoaenuii) B nepuos ¢ 29.05.1997 no
24.06.2003 rr.
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Pucynok 4.47. Jlunamuka xkypca akiuii CoepOanka
(1304 nabmonenuii) B nepuon ¢ 29.05.1997 no 24.06.2003 rr.

Crauana mpoBeaeM wuccienoBanus mist kypca akmmii OAO «PAO
EDC». Kaxnas Tabiuia mMoKa3biBaeT HAWICHHBIC THIBI HEHPOHHBIX
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CTPYKTYp ISl HCCIIEAYEMOr0 BPeMEHHOTO psiia. B mepBoM crobiie tad-
JIUI] CTOUT 3HAYCHHUE Jiara, ¢ KOTOPBIM JlaHHbIe mojarorcs Ha Bxox HC.
Bo BTOpOM cronOle yka3aHO KOJMYECTBO TMPOBEJCHHBIX HCIBITAHUH,
CIIEICTBHEM KOTOPBIX CTaJl BHIOOP HAMJIYYIIEH, [0 BCEM XapaKTEPHUCTH-
kam, HC.

Tab6mmma 4.1. Heitiponnsie cetn Tnna RBF

Jlar | KonunuectBo IMapamerpst oTo6panHoii HC Bup nyameit HC XapaKkTepucTHUKH
HCTIBITAaHUN

Tun HC Inputs: Hid-

den:Outputs
1 16 RBF 1:7:1 Haiinen anexBaTHbIi
T ceTH (perpeccu-
TPerf, VPerf, TePerf OHHOE OTHOILICHUE
0,1198; 0,1174; 0,1321 0,08168, xoppersius
0.995359, cpenHe-
KBaJgpaTH4IecKas
omrbKa npeacKasaHus
0,1172432)
3 24 RBF 3:14:1 Haiinen anexBarHbIi

TUII ceTH (perpeccu-
OHHOE€ OTHOIIICHUE
0.089525, xoppesiuust
0.995992, cpenHe-
KBaJipaTHyecKas
ommbKa TpecKa3aHus.
0.1199467)

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

5 21 RBF 5:14:1 Haiinen anexBartHbIit
THI ceTn (perpeccu-
OHHOE OTHOIIICHHE
0.095182, xoppensuus
0.995465, cpenHe-
KBajipaTHyecKas
omrbKa NpeacKa3aHus
0.1403166)

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

B Tperbem cronbie ykazaHel OCHOBHBIE Xapaktepuctuku HC: Tum
cetu RBF wimm MPL; BHyTpeHHss cTpyKTypa (Hanpumep 1:7:1 o3Hadaer,
YTO CETh MMEET OJIMH BXOJHON HEHPOH, 7 HEHPOHOB CKPBITOTO CIOSl U
OJIVH BBIXOJHON HEUPOH), CpPeJHEKBaJpaTUYecKas OINMOKa IMpelcKa3a-
aus (TPerf, VPerf, TePerf) nns oOydatomieii, BOTUAANMOHHON U TECTO-
BOH BBIOOPOK.

B yerBepTom cronbue Tabawi nokasaH BHemHui Buag HC. B nsatom
cTonOre yka3aHbl JIOTIONHHATENbHBIE Xapakrepuctuku HC, Takume kak
pEeTrpeccHOHHOE OTHOIIEHUE, KOPPEISIHs, CPEIHEKBaIpaTHIECKas OIIN0-
ka npenckazanus HC.
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Tab6muma 4.2. Heitiponnsie cetn Tuna MLP (TpexcioitHas ceTh)

Jlar | Konuuecto [Mapamerpst oTo6pannoit HC Bup ny4meit HC XapakTepucTuKu
UCTIBITAaHUH
Tun HC
Inputs: Hidden:Outputs
1 16 MLP 1:10:1 Haiinen anexBarHbli
THII ceTH (perpeccu-
TPerf, VPerf, TePerf OHHOE OTHOLIEHHE
0,1221;0,1193; 0,1328 0.083055, xoppensuus
0.996550, cpenHe-
KBaJpaTuyecKas
ommbKa TpecKa3aHus.
0.1191367)
3 20 MLP 3:12:1 Haiinen anexBaTHbIi
THI ceTn (perpeccu-
TPerf, VPerf, TePerf OHHOE OTHOILEHUE
0,127, 0,125; 0,134 0.085872, xoppemsuus
0.996326, cpenHe-
KBaJipaTHyecKas
omurOKa IpeacKa3aHus
0.1253478)
5 25 MLP 5:7:1 Haiinen anexBaTHbli

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

THI ceTn (perpeccu-
OHHOE OTHOIICHHE
0.095182, xoppemsnus
0.995465, cpenHe-
KBaJ[paTHYCCKast
omurOKa NpeacKa3aHus
0.1403166)

MoKHO clienath cieayronme BIBOAbL. Kaxablid 13 IByX OMHUCaHHBIX

MOIXO0J0B MMEET CBOM JIOCTOMHCTBA M HEMOCTAaTKU. JlelicTBHE paaualib-
HBIX (DYHKIUI OYCHb JIOKAJIBHO, B TO BPeMsl KaK MPHU JTUHEHHOM I0X0/Ie
OXBaTBIBACTCS BCE MPOCTPAHCTBO BXOMA0B. [TosTOMYy, Kak mpasuio, RBF-
ceTd UMeIoT OoJblie 3jemMeHToB, yeM MLP-cetn, ogHako MLP mosker
JieNaTh HeoOOCHOBaHHbBIE OOOOIIEHHsI B CUTYalUsAX, KOTJIa €My Iomaja-
eTcs HaOOp JaHHBIX, HEMIOXOXKUI HU Ha Kakhe HAOOphI U3 00YYaroIero
MHOXECTBa, B TO BpeMs kak RBF B TakoMm ciydae Bcerna OyneT Bblaa-
BaTh MOYTH HYJIEBOU OTKIHK [91, 92].
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Tabnmma 4.3. Heliponnsie cetn Tuna MLP (4eTpIipexciioiiHas ceTh)

Jlar | KomuuectBo IMapamerpsr otobpannoi HC Bup myamreit HC XapaKTepUCTUKH
UCTbITaHUH
Tun HC
Inputs: Hidden:Outputs
1 16 MLP 1:13:13:1 Haiinen anexBaTHbIi

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

TUII ceTH (perpeccu-
OHHOC€ OTHOIIICHUE
0.083461, xoppemsiuust
0.996511, cpenHe-
KBaJpaThu4yeckas
omuoOKa TpeacKa3aHus
0.1180339)

MLP 3:13:8:1

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

Haiinen anexBarHblii
THI ceTn (perpeccu-
OHHOE OTHOILICHHE
0.084064, xoppensuus
0.996471, cpenHe-
KBajIpaTHyecKas
omurOKa NpeacKa3aHus
0.1207132)

MLP 5:4:2:1

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

Haiinen anexBaTHBII
TUI ceTH (perpeccu-
OHHOE OTHOIICHHE
0.083177, xoppensiuust
0.996543, cpenHe-
KBaJIpaTHIeCcKas
onmbKa TpeIcKa3aHus.
0,1194306)

AHanu3upys pe3yabTaThl NPEABAPUTENLHBIX HCCIEIOBAHUN TaOIHIl

4.1 — 4.3 MOXXHO 3aKJIIOUHTh, 4TO ceTh THma RBF (1:7:1) tabmuma 4.1
nMeeT Oombiiee mpeamnodrenre. O0 3TOM MOKHO CYAUTH IO PEerpeCcCHOH-
HOMY OTHOIICHUIO ¥ CPEIHEKBAJPATHYECKOH OIIMOKE MpeacKa3aHusl.
TPerf, VPerf, TePerf mokaspiBaeT ommnOKy, KOTOpas BBIYHUCIACTCS Kak
KOpeHb KBaJ[PaTHBIN M3 CPEJHEr0 3HAYCHHUS OMIMOKU HA KAKIOM IIare
o0y4eHus ajisi 00yuyarolie, Bepu(UKaIuOHHON 1 TECTOBOM BHIOOPOK.

4.7.2. UcciienoBanue HeHpocCeTEeBbIX CTPYKTYP AJISl KYpCOB

akuuiit OAO «Pocrenexkom», OAO «Jlykoiin», «CoepoaHK»

I/ICCJ'IC,Z[OBaHI/ISI OPpOBOAWINCH AJid PAaCCMOTPCHHBIX BPEMCHHLBIX pPs-

IIOB. Bce pesynbTaThl HCCIIeIOBAaHUH TakKe CBEICHBI B TaOnwIbl. B Ta0-
nure 4.4 mMoKazaHbl Pe3yJabTaThl MOWCKA ONTUMAIBHBIX HEHPOCETEBBIX
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ctpykTyp st kypcoB akmuii OAO «Poctemekom», OAO «Jlykommy,
«Coepbank». MccnenoBanus npoBoauinck ajs ceteid Tuna RBF.

B tabmumnax 4.5 — 4.6 mokazaHbl pe3yiIbTaThl MIOUCKA ONTHMATBHBIX
HEHPOCETEBBIX CTPYKTYp IJIS TEX K€ BPEMEHHBIX psAnoB. MccienoBaHus
npoBoAWIHCH A cereit Tuna MLP (Tpex u derbipexcnoiiHas cets). U3z-
BECTHO, YTO MOMCK TUIAa HEHPOHHOM CETH U CTPYKTYpHI TOCTATOUYHO TPY-
JIOEMKasl TpoLeaypa, MO3TOMY pellangach MPOMEXYyTOUHas 3ajada oIpe-
JIEJIEHUs] Ha4albHOTO «IPOTOTHUIA», IOCIE ONpeAeieHns KOTOpOoro, Be-
JIOCh DKCIEPUMEHTAIILHOE YTOUHEHUE anbHelmen ctpykrypsl HC.

BrIBOZIBI IO pe3ynbTaTaM BEIYHCIUTENBHBIX IKCIIEPUMEHTOB: AHAIH-
3upys Tabmmnel 4.4 — 4.6, ms kypea akiuit OAO «Poctenexom» BeIOpa-
Ha ONTHMalbHasg CTPYKTypa HEMPOHHOM CETH CO CIEeNYIOIIMMHU MOKa3a-
tensamu: Tun — MLP; TpexcnoiiHas cTpykTypa: 3 BXOAHBIX HEHPOHOB — 6
HEHPOHOB CKPBITOTO cJI0S — | BBIXOMHOW HelpoH (Tadnuma 4.5). OgHako
BO3MOXHO MCIOJb30BaHue ceTu Tuna — MLP; ueTelpexciioiiHas CTpyKTy-
pa: 1 BxoaHbIX HelpoHa — 10 HEMPOHOB CKPBITOrO C0SI — 1 BBIXOIHOM
HelipoH (Tabnuia 4.5).

Tabnuia 4.4. Hetiponnsie cetu Tuna RBF

Jlar | ITapamerpsl oroOpannoit HC | Ilapamerpsl oTOOpaHHOI TlapameTps! oToOpannoit HC
Jlost axrmia HC uist akuuid «CoepOank»
OAO «Pocrenexom» JUTSL QKUK (nns nocnennux 405 3Hau.)
OAO «Jlykoum»
1 2 3 4
1 8 TecToB 15 rectoB 13 tecra

—0
o
RBF 1:3:1
TPerf, VPerf, TePerf
110.8; 103.7; 152.0
RBF 1:11:1 RBF 1:5:1 (perpeccuoHHOE OTHOILICHUE
TPerf, VPerf, TePerf TPerf, VPerf .TePerf 0.190076, xoppensyus
2,054; 1,074; 1,266 9.223',13.890" 12.320 0.981947, cpeHeKBapaTHye-
(PerpeccHOHHOE OTHOIIICHHE I DECCHOHHOE OTHO- cKast orHOKa mpeICKa3aHus
0.114370, xoppensuus HEEHIPE 0.181738, koppe- 103.6565)

0.993442, cpenHekBaaparty- st 0.983840, cpeie-
Jeckas oImOKa TpeJcKasa- KBa/IpaTHIECKas OLHOKa
nms 1.073946) npenckasanus 13.88914)
Certp npeTepriena nepe-
o0yuenue. HyxHo yBe-
IHYUTH 00y4YaromIyIo
BBIOOPKY.
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[Iponomkenne Tadnuuet 4.4

2

3

4

8 TecToB

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

(perpecCHOHHOE OTHOLICHHE

0.134435, koppensuus
0.990930, cpennexBaxpaTu-
gecKas OIMOKa IpeJicKasa-

Hus 1.262944)

8 TecToB

RBF 3:7:1
TPerf, VPerf, TePerf
11,06; 12,95; 13,49
(perpeccuoHHOE OTHO-
menue 0.157377, xoppe-
s 0.987700, cpenne-
KBajIpaTHyecKas oIuoKa
npenckasanus 14.08784)
Certb nperepnena nepe-
o0yuenue. HyxHo yBe-
JIMYHUTH 00YYAIOIIYIO
BBIOOPKY.

24 TecToB

RBF 3:22:1
TPerf, VPerf, TePerf
120.7; 124.3; 2076.0
(perpeccuoHHOE OTHOILICHUE
0.223885v, koppensius
0.974682, cpenHeKkBaapaTHye-
cKast ommOKa Ipe/ICKa3aHust
124.2555)

27 TectoB

NANNN
/yuim.

RBF 5:44:1
TPerf, VPerf, TePerf
2,484;1,858;2,916
(perpeccuoHHOE OTHOIICHUE
0.098558, koppensius
0.995316, cpenHekBaapaTy-
yeckas omrbKa mpejickasa-
nust 1,857529)

16 TectoB

RBF 5:7:1
TPerf, VPerf, TePerf
12.10; 14.57; 303.80
(perpeccuoHHOE OTHO-
menue 0.265997, koppe-
Jistust 0.964260, cpenne-
KBajpaTHYecKas oIuoKa
npenckasanus 14.57255)

15 TecToB

RBF 5:8:1
TPerf, VPerf, TePerf
120.6; 135.6; 5162.0
(perpeccHoHHOE OTHOILICHHE
0.251100, xoppemnsius
0.968655, cpenHeKkBagpaTHye-
cKast omMOKa npecKa3aHus
135.5618)

176




Tab6muma 4.5. Heiiponnsie cetn Tuma MLP (TpexcmoitHas ceTh)

Jlar IMapamerpsl orobpannoit HC TapameTps! oTobpannoit HC TapameTps! oTobpannoit HC
TUIS aKIui st akuuii OAO «JTykonm» Juts akuuit «CoepOaHk»
OAO «Pocrenexom» (st mocneuux 405 3Hau.)
1 2 3 4
1 16 TectoB 16 TecToB 69 TectoB
MLP 1:10:1 MLP I:11:1 MLP 1:47:1
TPerf, VPerf, TePerf TPerf, VPerf, TePerf TPerf, VPerf, TePerf
2,128;1,07; 1,201 9.217; 10.580; 12.610 106,7; 97.19; 188,5
(perpeccromHoe OTHOMIEHHE (perpeccHoHHOE OTHOLICHHE (perpeccnoHHOE OTHOIICHHE
0.113987, xoppensuus 0.195551, xoppesmsuus 0.179922, koppesius
0.993490, cpennexsanpatute- 0.980696, cpennexBaxpaTu- 0.983726, cpesHeKBapaTHyc-
CKas OIIMOKa Ipe/IcKa3aHusl 4ecKast OIMOKa TpeicKa3aHus CKast OIIMOKa MPeNCKA3aHus
1.070176) 10.58064) 97.18809)
3 16 TecToB 16 TecToB 16 TecToB

=)

MLP 3:6:1
TPerf, VPerf, TePerf
2.104; 1.7; 1.529
(perpeccuoHHOE OTHOLICHUE
0.085128, xoppensiuus
0.996371, cpenHekBapaTuye-
cKast olIMOKa NpeJIcKa3aHus
1.699702)

MLP 3:8:1
TPerf, VPerf, TePerf
9,259; 10,570; 11,840
(perpeccuoHHOE OTHOLICHHE
0.195361, koppensus
0.980733, cpenHekBaapaTy-
Yeckas omnbKa npecKa3aHus
10.5714)

MLP 3:13:1
TPerf, VPerf, TePerf
108.9; 98.74; 248.4
(perpeccuoHHOE OTHOIICHUE
0.179700, koppensius
0.983764, cpenHekBaapartiye-
CKast OIIHOKA MpeICKa3aHust
98.74388)
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IIponomxenue TadbUIIE 4.5

1 2 3 4
5 16 TectoB 16 TecToB 16 TecToB
MLP 5:8:1
MLP 5:7:1 MLP 5:6:1 TPerf, VPerf, TePerf
TPerf, VPerf, TePerf TPerf, VPerf, TePerf 117.1; 103.3; 295.6
2.022; 1.233; 1.200 9,248; 10,510; 13,850 (perpeccuoHHOE OTHOLIEHUE
(perpeccuoHHOE OTHOILICHUE (perpeccuoHHOE OTHOLICHHE 0.187530, koppensius
0.187880, xoppensiust 0.194242, xoppensust 0.982329, cpenHekBaapariye-
0.982552, cpenHekBaipaTuye- 0.981016, cpennexBaspaTu- CKasl OIIMOKA IpeJICKa3aHus
cKkast omMOKa npeIcKa3aHus JecKasi omuoKa IpecKa3aHusI 103.2507)
1.232779) 10.50778)
Tabnuia 4.6. Heliponnsie cetn Tunia MLP (4eThIpexciioiiHas ceTh)
Jlar ITapametps! oro6pannoit HC IMapamerpsl oto6panHoit HC IMapamerpst otobpanHoit HC
JUISL AKLUH quist akuuid OAO «Jlykomm» Uit akuuii «CoepOanK»
OAO «Pocrenexom» (g nocnenuux 405 3Hau.)
1 2 3 4
1 16 TectoB 16 TectoB 51 recr
[ ]
AN/
]|

MLP 1:7:4:1
TPerf, VPerf, TePerf
2.051;1.248; 1.202
(perpeccHoHHOE OTHOLICHUE
0.190008, xoppemnsiuust 0.982021,
CpeIHeKBagpaTuyiecKas OmmnoKa
npenckasanus 1.247681)

MLP 1:13:13:1
TPerf, VPerf, TePerf
9,337, 10,600; 16,120
(perpeccHoHHOE OTHOIICHHE
0.195906, xoppernsmus
0.980633, cpesHekBaapaTu-
yeckas omMOKa npejickasa-
Hus 10.60465)

/a%a\
eS
0

MLP 1:15:13:1
TPerf, VPerf, TePerf
106,6; 98,1; 144,2

(perpeccnoHHOE OTHOLICHHE

0.181767, xoppensnus
0.983668, cpenHexBapaTiye-
cKasi oIMOKa npeICKa3anus

98.09992)
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[Iponomxkenue Tadnuiet 4.6

2 3 4

16 TecToB 16 TectoB 32 Tecra

MLP 3:4:5:1 MLP 3:6:8:1

MLP 3:5:7:1
TPerf, VPerf, TePerf TPerf, VPerf, TePerf TPerf, VPerf, TePerf

2.029; 1.255; 1.200 9,382; 10,570; 14,370 112.3; 99.66; 240.7
(perpeccuoHHOE OTHOILIEHUE (PErPeCCHOHHOE OTHOIIEHHE (perpeccHoHHOE OTHOLIEHHE
0.190985, koppermsiuust 0.982249, 0.195302, koppessis 0.181885, xoppersiuust
cpeHeKBapaTHUecKasl OlNOKa 0.980751, cpeaHeKBaxpaTH- 0.983326, cpennexsanparuye-
npejickasanns 1.254811) yeckas omunbKa rpejckasa- cxast oumOKa Npe/icKasanus
st 10.56612) 99.6591)
16 TectoB 16 TectoB 16 TecToB

MLP 5:4:4:1
MLP 5:3:9:1

TPerf, VPerf, TePerf
2.105; 1.231; 1.243 TPerf, VPerf, TePerf
(perpeccuoHHOE OTHOILIEHUE 126.6; 102.7; 263.4
0.187464, xoppensiuust 0.982542, MLP 5:11:5:1 (perpeccuoHHOE OTHOLICHUE
Cpe/lHEeKBAIPATHYECKAs OOk TPerf, VPerf, TePerf 0.189757, koppeusiuust
npenckasanus 1.230627) 9,256; 10,580; 17,210 0.982160, cpenHekBagpaTHye-
(perpeccHoHHOE OTHOILICHHE CKast OIIMOKA NPECKA3aAHHs
0.195390, koppensuus 102.6798)

0.980889, cpenHexBaaparTu-
yeckas olHnOKa ImpejcKasa-
aus 10.57533)

Ha pucynke 4.48 moka3zaHo n3MeHEHHE OIMMOKN MMPOTHO3UPOBAHUS B
nporecce o0ydeHus: HepoHHOU cetn ais Kypca akuuii OAO «Pocrene-
KOM», KOTOpasi cocTaBisieT B cpenHeM 1,5-2%. Bridpoc ommbox Ha wH-
tepBaie 600-800 BbI3BaH 3HAYUTENBHBIM pOCTOM IieH B miepuos 2000 ro-
Ja.
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Pucynok 4.48. l3meHeHre OMIMOKHY MPOTHO3UPOBAHUS B TIpoIiecce 00y-
YyeHUs1 HelpoHHOU cetu s Kypca akuuid OAO «Poctenekom»

Hns xypca akuuit OAO «JIykowmn» BeiOpaHa onTHMalIbHas CTPYKTYpa
HEUPOHHOM CETH CO CJEeNyIoIMMHU mokazaTemsimMu: tun — MLP; Tpex-
CJIOWHAs CTPYKTypa: 3 BXOTHBIX HEHPOHOB — 8 HEMPOHOB CKPBITOTO CIIOS
— 1 BeIXOAHOI HelipoH (Tabmuna 4.5). OTHaKO BO3MOXKHO HUCTIONB30BaHHE
cetu Tna — MLP; Tpexcnoiinas ctpykrypa: 1 BXoaHbIX HelipoHa — 11
HEHPOHOB CKPBITOTO CJI0st — | BBIXOJHOM HelpoH (Tadmuua 4.5).
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Puc. 4.49. N3menenue ommOKy MPOrHO3UPOBAHUS B IpoLIecce O0yUSHHS
HelpoHHOU ceTH a7 Kypcea akiuit OAO «Jlykoumm»
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Ha pucynke 4.49 moka3zaHo W3MEHEHHE OIMIMOKH MPOTHO3WPOBAHMSI,
KOTOpasi COCTaBIsAeT B cpeHeM 3%.

st smurenTa — «CoepOaHK» MpoaHaIM3UPOBaB OOLIYI0 TEHACHLHIO
Pa3BUTHA MOKHO BBIJICIMTH ABa BpeMeHHBIX mHTEepBana 1998-2001 u ko-
merr 2001 — 2003. [ToaToMy B HENSAX MOTYUYEHUS aJI€KBATHBIX IIPOTHO30B
paccMoTpeH BTOpo# mnepuoa (mpumepHo 405 3Ha4eHUI BPEMEHHOTO Psi-
na).

BriOpana onTuManbHasi CTPYKTypa HEMPOHHOM CETH CO CIEIYIOLIH-
MU mnokazaremsiMu: Tun — MLP; TpexcnoiiHas cTpykTypa: 1 BXOAHBIX
HEHpOHOB — 13 HEHPOHOB CKPHITOTO cJ0sA — | BBIXOMHOW HEHpOH (Tabmm-
ma 4.5).
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Pucynoxk 4.50. I3MeHeHne ommOKN MPOTHO3UPOBAHUS B TIpoliecce 00y-
YeHUs HeHPOHHOH ceTH Il Kypea aknmii «CoepOaHK»

OnHako BO3MOXKHO HCTMONIb30BaHME ceTH Tuna — MLP; udersipex-
cioWHasa CTpyKTypa: 1 BXOAHBIX HelpoHa — 15 HEHPOHOB 1-ro CKpBITOrO
ciost — 13 HeHpOHOB 2-T0 CKPBITOro ciiost — | BBIXOAHOW HelpoH (Tabnu-
ua 4.6). Ha pucynke 4.50 moka3zaHo U3MEHEHHE ONIMOKHU MMPOTHO3UPOBA-
HUSI, KOTOPasi COCTaBIACT B cpeaHeM 2%.

MoOXHO BHIETH, YTO HAONIOJAETCS POCT BEIUYMHBI OIIMOKH IS
MOCTIEIHUX TECTOBBIX 3HAUEHUI BPEMEHHOTO psifia. ITO CBUIETEILCTBYET
0 TOM, YTO BEJIMYMHA O00ydarouel BHIOOPKM MMEET HE AOCTaTOYHOE KO-
JIMYECTBO JIaHHBIX, OAHAKO TAKOM POCT OIIMOKM HE NPHUBEIET K POCTY
omn6ok nmporuozupoBanust HC u cocraBur B cpenaem 3-7%.
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4.8. CpaBHUTEJbHASI OLICHKA KJIACCHYECKUX M HelpoceTeBbIX
MeTO0B NPOTrHO3UPOBAHUS

CpaBHUTEIBHAS OIEHKA MPOTHO30B MPOBEACHA AJIS HCCIEAYEMBIX
BPEMEHHBIX PSOB JUHAMUKHU KypcoB akuui ansa nocienaux 200 3Haye-
HUH, TaK KaK IMEHHO 3Ta YacTh BHIOOPOK CUMTAETCS TECTOBOM IS BCEX
HCCIIeNyEeMBIX MOJENEH MpPOTrHO3WpoBaHus. lccienoBanue MpPOBEICHO
JUISL MOJIENIe SKCIIOHEHIIMAIBFHOM CpeaHeil Mo cienyroneil cxeme.

AlanTUBHAS TTOTMHOMHAATBHAS MOJIEITh TIEpPBOTO mopsaka (p = 1).

IKCMOHEHIHAJbHBIE cpeanue 1-ro W 2-ro MOPSAKOB Ompene-
JSIOTCA KaK

S, =ox, +BS, (4.4)
S¢=as, +pst,
rae = 1-a.
OTClOZla HavYajJdbHbIC YC/JI0BUSA

n B .

S, = -

0 =59 o dr0 (4.5)

n 2B .

SE] =4 _£a2,o

OreHka MOZEIIEHOTO 3HAYEHUS Psa ¢ MEPHOOM YIPESKICHUS T
paBHa

R0 = [2 +°°1:Jsu —(H“r)sﬂ (4.6)
p p

AnanTuBHAS TTOJTMHOMHATLHAS MOEIb BTOPOTO Topsaka (p=2). DKcIio-
HEHITMaJIbHBIE CpeaHne 1-10, 2-T0 U 3-TO MOPSIKOB

S, =ox, +BS,_;
Sl = as, +pst; 4.7)
P = asP 4 psP.

HavanbHbie YCJIOBHS OIIPEACINM KaK
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. B BR-a).
o 202

gPl_z _2B, B3-2a), (4.8)

0 1,0 2,0 o2 3,05

sbl 3 3B, 3p(4-3a),

a )
1,0 3,0
a 202

rae dyg =d;, Qyo=dy,Ud;,=d;.

OLICHKa MOJACJIBHOI'O0 3HAYCHUA C MCPUOAOM YIPCKACHUA T HAXO-
AWM U3 BBIPAXKCHUA

S Sp!
&0 =[6B? +(6—Sor)ou- T+ ocztz]z‘B; —[6B* + 25— 4a)orr+ 2000 |2 +
(4.9)

3]

+ [2[32 +(4-30)at+a’t’ ]2;};

Becpma 3 pekTHBHBIM U HaZEKHBIM METOIOM IPOTHO3UPOBAHUS
SBJIIETCSL JKCIIOHEHIMaJIbHOE CcriakuBaHue. OCHOBHBIE JIOCTOMHCTBA
METO/Ia COCTOSIT B BO3MOKHOCTH y4Ue€Ta BECOB MCXOIHOU MH(pOpMaLuH, B
IIPOCTOTE BBIYMCIMTENbHBIX OIEpalfii, B TMOKOCTH ONHCAHUS DPA3IUy-
HBIX JMHAMHK IpOLeccoB. MeToJ SKCINOHEHIUAIBHOTO CrIIa)KMBaHUS
JaeT BO3MOXKHOCTh IOJYYUTH OLIEHKY MapaMeTpOB TPEHIA, XapaKTepH-
3yIOIIUX HE CPEAHUIl YpOBEHb Mpolecca, a TEHACHIINIO, CI0KUBIIYIOCS K
MOMEHTY TOclieHer0 HabmroaeHus. Haunbonbiiee mprMeHEHHE METO[
HaIes JJis pealn3alyi CPeAHECPOUYHbBIX MPOTrHO30B. {1 MeToaa sKcIo-
HEHLIUAIBHOIO CIVIaKMBAHUSI OCHOBHBIM M HauOojee TPyIHbIM MOMEH-
TOM SIBIISIETCSL BBIOOP MapameTpa CrIaXMBaHUS O, HAYAJIbHBIX YCIOBUH U
CTEIIEHU MPOTHO3UpYyIomero mosmaoMa. Ha pucynke 4.51 mokazana 3a-
BHCHUMOCTh KauecTBa IPOTHO30B OT U3MEHEHUS MapaMeTpa CriaKiBaHUs
oL /Ul aJanTUBHON MOJEIH HEePBOTO MOpPsSAIKa, MOCTPOEHHON U Kypca
akuuit OAO «PAO EDC». U3 pucyHka XopoIo BUIHO, KaK BIMSET Ha
Ka4yecTBO MPOTHO30B U3MEHEHHUE ITapamMeTpa CTIKUBAHU O.
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Pucynox 4.51. 3aBUCHMOCTh KadeCcTBa MPOTHO30B OT H3MEHEHUS
napameTpa CIJIaKuBaHus o Ha mpumepe Kypca akuuii OAO «PAO EDCy»
Ju1st mocneaanx 20 3HaYeHUH psina

B 3aBucuMocTH OT BENIWYHMHBI TTapaMeTpa MPOTHO3HBIE OIIEHKH TI0-
pa3sHOMY YYMTHIBAIOT BIWSHHE WCXOMHOTO psga HaONIOAEHWH: dYeM
Oorpie ¢, TeM OOJbIe BKJIA MOCIeNHUX HaOMoaeHud B (popMupoBa-
HUE TPEH/a, a BIUSIHUE HAaYaJbHBIX YCIOBHUH ObIcTpo yOmIBaeT. Ilpu ma-
JIOM ( TPOTHO3HBIE OIICHKH YYUTHIBAIOT BCE HAONIONEHUS, TPU STOM
yMeHbIIIEHHE BIHAHUSA OoJiee «cTapoi» HH(pOPMAIUU MPOUCXOAUT ME-
neHHo. Ha pucynke 4.52 moka3aHa 3aBUCUMOCTh M3MEHEHHUS OIIHOKH
MPOTHO3a B 3aBUCHUMOCTH OT M3MEHEHUS O, JJISI MOJIEIH TIEPBOTO MOPSIKA.

B pesynbTaTe 4MCICHHBIX SKCIEPUMEHTOB YAaIOCh HAWTU OMNTH-
MaJbHBIC 3HAYCHUS MapamMeTpa o I MOJAENEH MepBOrO M BTOPOTO IIO-
psinka, kotopsle coctaBunu 0,38 u 0,2 cooTBeTcTBeHHO. OJHAKO MOTY-
YeHHBIE ONTHMAJbHBIE MOJENH HE TOKa3ali JYYIIHX MPOTHO30B, YEM
HeliponHble ceTu. Tak, Ha pucyHkax 4.53 — 4.56 mokaszaHbl pe3yJIbTaThl
MIPOTHO30B MCCICAOBAHHBIX MOJENEH U IMOJYYCHHBIX HEUPOHHBIX CeTel
JUTSL ICCJIeTyeMbIX BPEMEHHBIX PSJIOB.

Tak, mna akmuit OAO «PAO EDC» cpenHsst OTHOCHUTEIbHAS
omunOKa nmporuosa st Mmojenu p = 1 cocrasuna E = 3,81%, mis monenu
p =2, E =4,02%, nna HC (ctpykrypst 1:10:1) E = 3,90%; nns HC
(ctpyxrypsr 1:13:13:1) E = 3,88%.
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Pucynoxk 4.52. 3aBucuMocTh U3MEHEHHS OMMOKY IPOTHO3a B 3aBUCUMO-
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Pucynoxk 4.53. Pe3ynbraTsl IpOrHO30B aJallTUBHBIX MOJIETEN U MOy~
YEeHHBIX HEMPOHHBIX ceTel Ui AMHaMuKH Kypcea akuuit OAO «PAO

ESC» nns nocneanux 20 3HaueHuit psaa
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PucyHnok 4.54. Pe3ynbTaThl NPOrHO30B aAANTHUBHBIX MOJIEIEH U MOy~
YEHHBIX HEMPOHHBIX CETEH JJIs AMHAMUKU Kypca aKIui
OAO «Pocrenekom» mist mocneaaux 20 3HaYeHUN psaa
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Mogens p=2

Pucynoxk 4.55. Pe3ynbraTsl IpOrHO30B aJalTUBHBIX MOJIETEH U TOTY-
YEHHBIX HEMPOHHBIX ceTeil s auHaMuku Kypcea akauit OAO «Jlykoum»
Jst mocneaHux 20 3HaYeHUH psina
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Pucynok 4.56. Pe3ynbraTsl IpOrHO30B aJallTUBHBIX MOJIETEH U MOy~
YEHHBIX HEHPOHHBIX CeTel AJIsl TMHAMUKH Kypca akiuii «COepOank» s
rocienaux 20 3HAYCHUHA psaa

Hus akiuii OAO «Poctenexomy cpefHsisi OTHOCUTEIbHAs OIINOKa
nporHo3a Juist Mmojenu p = 1, cocraBuna E = 2,56%, nns momenu p =2, E
= 4,26%, nns nogoo6panusix HC (ctpykrypsr 1:10:1) E = 2,41%, st HC
(ctpykTypsl 3:6:1) E = 2,46%.

Husa akumit OAO «Jlykoiina» cpemnHssi OTHOCHUTENBbHAs OIIMOKa
mporHo3a st Monenu p = 1, cocraBuna E = 2,60%, mis momenmu p = 2, E
= 3,11%, mna nmonmoOpannbix HC (ctpykrypsl) E = 2,67%, nns HC
(ctpyktypsl ) E =2,46%.

Jnst akruit «COepOanka» CpemHssi OTHOCHTENbHAS OIIHOKa TPOo-
rHo3a 11 moaenu p = 1, coctaBuna E = 1,61%, mis mogenu p = 2, E =
1,87%, nns momo6panueix HC (ctpyktypsl 1:47:1) E = 3,18%, ana HC
(ctpyktypsr 1:15:13:1) E = 1,98%. Bricokas ommbka mporHo3upOBaHUS
st HC BeI3BaHA TeM, 4TO pacCMaTpPUBAEMBIH sl IMEET HE TOCTaTOYHOE
KOJIMYECTBO JAHHBIX, YTO MpHBENO K Heao00yuenHoctd HC. Ho B nenom
HEHpPOHHBIE CETH IOKa3ajdM HAWIYYIIHe Pe3yJbTaThl 10 CPaBHEHHIO C
KITACCHYECKUMHU MOZEIISIMHU IIPOTHO3UPOBAHMS.
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[punoxkenue A

MeTOoaUKH OLIEHKH aJeKBATHOCTH U TOYHOCTH IPOrHo3a

Jlns cpaBHEHUS Pa3IMYHBIX AIbTEPHATUBHBIX MTPOTHO30B HEOOXOIMM
KPUTEPHI OIEHKH KadecTBa MpOorHo3a. Mcrhoms3yroTes ciaeayromue Kpu-
TEepUH.

1. KoaddumnueHt HecoBmaaeHus peTPOCTIEKTUBHOTO TpecKka3aHus P;
¢ HaOJIFOIaBIIUMHUCS 3HAUESHUSAMHU A;, TpeioKkeHHbIN Telnom

{n;(ﬁ —4) }

. (1)
1 1
117 22 117 22
—>» P +l =) A
PPl

L=

Koo huiueHT nerko BBIUUCISAETCSA, U €ro 3HAYCHUS MPUHAIICKAT
oTtpe3ky [0,1], mpudeM Ha KOHIIAX OTpe3Ka OH MMEET CIEAYIOIIYI0 CO-
JIePKATENLHYI0 HHTEpHpeTanuio: npu L = 0 — OTIHYHOE Ka4eCTBO MpO-
rHo3a; mpu L = 1 — moxoe KayecTBO MPOTrHO3a. MOXET MPUMEHSTHCS
KaK B cllyyae CTaTHCTUYECKOTO, TaK U B Cllydae KauyeCTBEHHOTO MPOTHO-
3UpOBaHUA.

CranpmaptHoe oTkioHeHue. Ilycts e, = y, —y, — ommbKa Mporuosa,
npuuem y, #0,) — npornos. Onpenenum cpenHee abCOMOTHOE OTKIIO-

HeHue omnoOku — MAD, criaguB 3KCIOHEHIIMAIBLHO OLIHOKH ¢,
MAD, = ale,|+(1-a)MAD, 2)

OueBugHo, uto MAD, HeoTpunareabHo. OKa3bIBAa€TCs, YTO IS J0-
BOJIFHO OOJIBIIIOTO Kjlacca pacipenefieHui 3HaueHUEe CTaHIapTHOTO OT-
KJIOHGHHUSI HECKOJIbKO OOJIbIIIE 3HAYCHHUS CPEIHEr0 aOCOIFOTHOTO OTKJIO-
HEHHs ¥ TPONOPHHOHAIEHO eMy. KOHCTaHTa MpOmopIuOHATFHOCTH IS
PasTUIHBIX pacupenencHuil kojaedmercs Mmexmy 1,2 u 1,3 (s HopMatb-

Horo pacnpenenenus — v/ /2 ). To ecth

o, ~1,25MAD,. 3)
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Nmeem cnemyromniyto mporenypy OIeHKH KadecTBa IMPOTHO3a:
1. BprauciaumM ommoOKy MporHosa e.
2. Berucnum 3nauenue MAD, o dopmyne (2). s mporHo3a 3K0-
HOMHUYECKHUX TOKa3aTenel yI0BIeTBOPUTEILHOM sBisieTcss MAD,
= 0,15, rae Sy — HauaNPHOE 3HAYEHUE SKCIOHEHLUUAIBHOU Cpell-
HeH psza.
BrraucnumM ctaHnapTHoOe OTKIOHEHHE 1Mo Gopmyde (3).
4. T1lpm OTHOCHTENHHO MaJIOM TOPHU30HTE MPOTHO3ZUPOBAHUS C JIOC-
TaTOYHOW CTENEeHBI0 yBEPEHHOCTH MOXKHO YTBEP)KIaTh, 4TO Oy-
Qyliiee 3Haue€HUE MPOrHO3UPYEMOTO 3HAUCHHUSL.
3. CpenneabcomoTHast mporeHtHas ommubOka (Mean Absolute Per-
centage Error)

W

ln—l |et|
MAPE =— ) —-100% . 4
iy, O @

Iloxazatens MAPE, xak NOpaBUiO, HCIONB3YyeTCS Ui CpaBHEHUS
TOYHOCTH TNPOTHO30B PAa3HOPOIHBIX OOBEKTOB IPOTHO3UPOBAHMSA, IIO-
CKOJIBKY OH XapaKTEpU3yeT OTHOCUTENBHYI0 TOYHOCTb ITPOrHO3A.

st mporuo3oB Beicokoit TouHOCTU MAPE < 10%, X0pomeit — 10% <
MAPE < 20%, ynosnetBopurenbHoit — MAPE > 50%.

[lenecooOpa3HO MPOITYCKAaTh 3HAYCHUS PsAAa, TSI KOTOPBIX ), =0.

4.Cpennsisi mporienTHast ommmOka (Mean Percentage Error) u cpennsis
omnOka (Mean Error).

MPE xapakTepu3yeT OTHOCHUTENIbHYIO CTENEHb CMEILEHHOCTU IMpo-
rao3a. [Ipu ycnoBuu, 4TO MOTEpH MpH MPOTHO3ZUPOBAHHM, CBSI3aHHBIE C
3aBbIlICHHEM (DaKTHUecKoro OymyIero 3HaueHHsl, YPaBHOBELIMBAIOTCS
3aHM)KEHUEM, MACAIBHBIA MPOTHO3 OJDKEH ObITh HECMEIIEHHBIM, U 00€
MEpBI IOJDKHBI CTPEMUTHCS K HyNt0. CpeqHssi IpoLEeHTHas omulKka He
onpezeneHa PH HYJIEBBIX JAHHBIX U HE JOJKHA MpeBhIaTh 5%

n—1
MPE = lZiloo% . (5)

n— yt

AOCOIIIOTHOE CMEIIEHHE XapaKTEePU3yeT CPEAHsIs OLIMOKa

n—1
MPE = lz e
n-

;- (6)



5.Cpenunit kxBagpat omuoOku (Mean Square Error) u cymma xBasmpa-
ToB (Sum Square Error).
COOTBETCTBEHHO

n—1
MSE = lz el . (7)
n

t=l1

n—1
SSE=Y e (8)

t=1

Yamie Bcero MSE u SSE ucnonb3yeTcs MpH BEIOOpE ONTHMAIBHOTO
METO/1a IPOTHO3UPOBaHKs. B OONBIIMHCTBE MAaKkeTOB MPOrpaMM IO Mpo-
THO3UPOBAHUIO MMEHHO 3TH JABa IOKa3aTelsl MPUHUMAIOTCS B KadeCcTBE
KpUTEPHUEB MPHU ONTUMAIEHOM BBEIOOPE MapaMeTpOB MOJIEIEH.
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punoxenue b
BapuanTsl 3a1aHMii 1JIs1 BBINOJTHEHHS MPAKTHYECKUX padoT ¢

HCI0JIb30BAHHEM AN THBHBLIX MOJeJdel MPOTHO3UPOBAHUSA

Ta6mmma b1. Temmsr nadmaiun. Mecsaasle gaaase ¢ 1996 1. mo 2005 T.
(%).

1996 1997 (1998 [1999 |2000 |2001 |2002 [2003 |2004 2005

Smsape |62 |2450 [258 [179 (178 |41 |23 [14 |84 |23

Oeppais 4,8 383 (24,7 (108 (11,0 |2,8 1,5 0,9 4,1 1,0

Maprt 6,3 299 (20,1 |74 8,9 2,8 1,4 0,6 2,8 0,6

Ampens  |63,5  [21,7 (188 85 8,5 2,2 1,0 0,4 3,0 0,9

Maii 3,0 12,0 |181 6,9 7,9 1,6 0,9 0,5 2,2 1,8

WroHb 1,2 186 [199 |6,0 6,7 1,2 1.1 0,1 1,9 2,6

Hronb 0,6 11,0 |224 |53 54 0,7 0,9 0,2 2,8 1,8

Asrycr  |0,5 8,6 258 (4,6 4,6 -0,2 |-0,1 3,7 1,2 1,0

CCHTﬂ6pL 1.1 1,5 23,1 7,7 4.5 0,3 -0,3 38,4 1,5

Okts6ps |3,5 229 [195 |15,0 |47 1,2 0,2 4,5 1,4

Hosi6ps  |8,9 26,1 16,4 |150 (4,56 1,9 0,6 57 1,2

Jexabpp |12,1  [25/4 [12,5 |164 |3,2 1,4 1,0 16 |13

Tao6muua B2. Dxcniopt. Mecsiunble gannbie ¢ 1999 r. mo 2005 r.

1999 2000 2001 2002 2003 2004 2005
SuBapb 4,09 5,64 5,80 7,00 6,00 4,60 6,80
Depaib 4,46 6,15 6,80 6,70 5,90 5,00 7,90
Mapt 4,76 6,76 7,80 7,40 6,80 5,90 8,70
Anpenb 4,74 6,75 7,00 6,80 6,20 6,50 8,20
Maii 5,83 6,86 7,50 6,70 6,10 5,10
Hionp 6,34 7,02 6,90 6,90 6,60 5,30
Hronb 5,77 6,31 7,30 7,50 6,30 6,30
ABrycr 6,11 6,34 7,00 7,00 5,80 6,10
CentsiOpp  |6,55 6,73 7,10 7,10 6,00 6,30
OKTA0pB 6,01 7,10 8,60 7,90 6,10 6,80
Hos6ps 6,31 7,73 8,10 8,30 5,90 7,40
Jlexkabpb 6,59 7,80 8,70 8,90 7,30 9,40
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Tao6muua B3. Umnopr. Mecstunasie qanubie ¢ 1999 r. mo 2005 r.

1999 2000 2001 2002 2003 2004 2005
SuBapb 3,55 3,70 4,80 4,80 5,90 2,80 2,60
Depaib 3,85 4,41 5,80 5,10 6,10 3,10 3,40
Mapt 4,14 4,86 6,00 5,70 6,60 3,60 3,70
Anpenb 3,64 4,28 6,10 6,20 6,30 3,40 3,50
Maii 4,06 4,72 5,70 5,50 5,90 3,00
Hionp 4,35 5,22 5,50 5,80 5,90 3,40
Hronb 3,76 5,21 6,10 6,50 5,60 3,40
ABrycr 4,09 5,00 5,80 6,10 5,20 3,20
CentsiOpp  |4,46 5,07 5,30 6,20 3,10 3,30
OKTA6pb 4,33 5,46 5,70 6,90 3,10 3,50
Hos6ps 4,77 6,30 5,60 6,50 3,10 3,60
Jlexkabpb 5,48 6,60 6,40 8,40 3,60 4,10

Tabmuua b4. Banosoii BHyTpeHHMI PoXyKT. KBapTansHble TaHHBIE C
1999 r. mo 2005 r. (Mapa. pyO.).

1999

2000

2001

2002

2003

2004

2005

I xBapTan

88 000

253 000

456 000| 539 000

551000

837 000

1389 100

II xBapran

130 000| 353 000

509 000| 594 000

626 000

1042 000

1557 300

I1I kBaprain

168 000| 443 000

570 000| 679 000

694 000

1276 000

IV kBapran

225 000| 491 000

611 000| 667 000

825 000

1391 000

Tab6muma b5. Jloxomsr penepanbrOoro 010mKeTa. MecsuHbIe TaHHBIE ¢
1997 r. mo 2005 r. (Mapa. py6.).

1997 1998 [1999 [2000 2001 2002 2003 2004 2005

SuBaps |40 756 2378 9327 13091 [14660 |18902 |27758 |64913
Deppaip |74 779 2285 10953 |14244 |19021 |19034 [26925 (73387
Mapt 88 1006 |5402 |13450 |22778 (22112 (22832 (34403 |83524
Ampens  |153 1310 |3735 |15855 [14644 (26927 (22237 (44830 |92223
Maii 112 1001 |10604 |15491 |22533 (26583 23331 |39746 |101450
Hionb 98 1531 |5174 |15037 |27781 (16821 |21698 |52921

Hronb 193 1626 |4758 |19422 |22510 (21979 (22248 |55544

Asrycr |199 1753 |5903 |25616 |19978 (34725 (21525 (52214
Cents10pn|290 2145 [7108 |23767 (20858 (22175 20248 |53011

OxTs6ps 612 2066 [8944 24424 22265 (26005 |23690 |58280

Hos0ps |444 3020 (9253 32810 (26409 |30472 |27591 |69257
Jlexabpn |666 4635 |[13308 |20725 (54909 (61352 |59052 |96820
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Tabnuma b6. HanoroBeie noxonas! genepanbHoro Oromkera. MecsiuHbie
nmansbie ¢ 1997 r. mo 2005 r. (Mapa. pyO.).

1997 1998 1999 2000 2001 2002 ]2003  |2004 [2005
SuBapp |32 729 2316|7798 [11252 |11460 |15793 (24579 (56841
Deppanp |69 729 2099 [7698 |10360 |14667 |15412 (24060 [65851
Mapt 76 914 3421 10062 |16172 |19487 (18745 |[31444 |73470
Amnpens  |150 1382 |3824 |13581 (14118 (24375 |18882 |39246 |80890
Maii 101 946 8580 (14009 (13037 |23683 |19049 (33585 (88130
Hionp 100 1135 |4017 |13254 |17473 (13522 (17423 |42333
Hronp 176 1438 5192 |16216 |18214 (16505 [18379 |47658
Asrycr [183 1320 |5373 |15710 |17241 (15935 |[15520 |42869
Cenrsiops [287 1407 6232 |16936 (17617 (17409 [15421 |40239
OxTs6ps 631 1977 8245 |21579 |18189 (20352 (19285 |49602
Hostopr 405 2174 8655 18289 |22756 |20811 (23928 (57409
Jexabpp |648 2599 (12376 |15333 |42294 (45341 (38147 |72001

Tabnuma b7. IHTEeHCMBHOCTH MPOMBIIIJICHHOTO TIPpOon3BoIcTBA. CE30HHO
CKOPPEKTUPOBaHHbIE MecsiuHble AaHHble ¢ 1990 r. mo 2005 1.

1990 {1996 1997 [1998 (1999 |2000 [2001 2002 |2003 [2004 |2005
SuBapb 94,42 (80,53 (69,57 50,42 |47,26 |42,48 |40,34 (41,90 40,96 |46,26
Deppaiib 93,03 (79,78 (69,78 (48,95 |46,61 |42,27 |40,55 (41,49 41,41 |46,48
Mapt 91,35 |79,10 (69,42 |48,06 45,89 |42,08 |40,77 (41,17 |41,96 |46,48
Amnpenb 89,58 (78,02 (68,64 |47,32 |45,46 |41,85 |40,97 (40,80 [42,71 |46,49
Maii 88,24 |76,27 (67,50 46,60 45,48 |41,61 |41,24 |40,18 |43,59 |46,66
Hronb 87,59 (74,03 (65,92 46,13 |45,79 |41,42 |41,67 (39,32 |44,34 |47,06
Hronp 87,50 (71,92 (64,01 (45,97 |45,97 |41,29 |42,19 (38,48 [44,81 |47,68
ABrycr 87,40 (70,34 (62,06 46,05 |45,73 |41,21 |42,62 |38,00 (44,94
Cents6pb 86,74 (69,31 (60,20 [46,31 |45,05 |41,08 |42,82 (38,10 (44,87
OKT0pB 85,36 (68,71 (58,12 |46,75 |44,16 |40,83 |42,82 (38,73 (44,85
Hos6ps 83,52 (68,61 (55,54 47,23 |43,35 |40,51 |42,67 (39,60 (45,16
Jexabpp 95,44 81,77 69,00 |52,75 |47,48 142,80 |40,30 |42,35 40,38 |45,73

211




I[Ipunoxenue B

CraTHCcTHKA 1JIS1 BBINOJIHEHHS MPAKTHYECKUX PadoT ¢ NCIOJIb-
30BaHMEM MHOr0()aKTOPHBIX MoO/ieJieil MPOrHO3UPOBAHMS

COLII/IaJ'IBHO - Z[eMOI’pa(I)I/I‘lCCKI/IC TMoKa3aTeJii pCruoHOB Poccuu

rue:

x1, X2 — pokmaeMocTh, cMepTHOCTH HaceneHus (Ha 1000 gemoBek);

x3, x4 — Opaku u pa3Boasl Ha 1000 HaceneHus;

x5 — MUrpaliMoHHbIN npupoct HacenaeHus Ha 10000 HaceneHust;

X6 — k03P PUIIMEHTHI MIIaIEHYECKO CMEPTHOCTH (YHCIIO IETEH,
yMepmmx B Bo3pacTe 1o 1 roma, Ha 1000 poxuBmmxcs);

X7 — yAenbHBIN Bec 0e3pab0THBIX B YHCICHHOCTH SKOHOMHYECKH aK-
TUBHOTO HaceneHus (%), Kaccu(puImpyeMbIX B COOTBETCTBUH C METO-
nonoruerr MOT;

X8 — JIeHeKHBIE JTOXOJIbI C YIETOM HHJEKCa IICH;

X9 — COOTHOIIEHNE ACHEKHOTO A0XO0/a U IPOXKUTOYHOTO MUHUMYyMa
(%);

x10 — cooTHOIIEHNE CpeHEH OTIaThl TPYAa C YYETOM BBIILIAT COLU-
AIBHOTO XapakTepa 1 MPOXKUTOYHOTO MUHUMYMa TPy IOCIOCOOHOTO Ha-
cenenus (%);

x11 — 4HMCIIEHHOCTD HAaCEeNeHUs ¢ AeHEKHBIMHU TOXOJaMU HHXKE MPO-
KUTOYHOI'O MUHUMYMa B % OT YMCIICHHOCTH HACEJICHUS PETHOHA;

Tabnuma B1. CounanbHo - emMorpadudeckne moka3aTeld pernoHOB
Poccun

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11
1 2 3 4 5 6 7 8 9 10 11 12 13
Poccuiickas ®exepanust 9,3 15 7,3 45 34 18,1 8.8 85,6 202 179 24,7
Cesepnblii paiion 8,7 14,2 6,8 5 -43 18,5 9,5 84,1 175,6 168,2 235
1 PecryGmika 8,5 163 | 68 | 56 | 23 174 | 116 | 84,7 163 151 23,6
Kapenus
2 | Pecnybmixa Komu 93 | 126 | 72 | 55 | ;101 | 253 | 1,7 | 746 | 194 239 192
3 Apxanrenbckas 001acTh 8,7 14,6 6,5 4,2 =31 16,2 11,3 71,4 152 192 26,9
4 Bostoronckas 8,6 162 | 61 | 4 41 174 | 8,1 79,9 190 205 20,1
obacth
5 Mypwaickas 8,1 14 | 77 | 64 | -148 | 159 | 129 | 79,9 183 198 22
001aCTh
Cenepo - 3anaauslii paiion 72 | 173 | 77 | 53 | 50 149 | 112 | 855 | 1965 | 1862 | 21,2
6 | r. Canr - Ierep6ypr 7 159 | 82 | 51 | 13 138 | 9.8 | 101,1 | 229 172 20
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1 2 3 4 5 6 7 8 9 10 11 12 13

7 | Jennnrpancxas obmacts 72 | 182 | 74 | 61 | 120 | 143 | 11 766 | 146 167 29,1

8 Hogroposckas o6macts 7,9 19,7 6,4 4,7 79 19,8 9,3 8,5 174 144 22,8

9 lexoncxas 77 | 208 | 69 | 52 | 95 171 | 11,7 | 72,5 128 111 42,7
obacth
IlenTpanbHbIii paiion 7,7 17,3 7,6 4,8 56 16,6 11,5 75,5 134,1 121,2 35,2

10 Bpsirckas obmactb 9,2 15,9 7,8 53 68 16,7 9,3 68,9 169 148 22,7

11 BragumupoBckas 06macts 7,6 16,4 6,7 4,7 70 15,5 12,3 64,3 144 150 279

1p | MBanosckas 73 183 | 63 | 49 | 46 196 | 149 | 68,1 138 133 33,7
obactb

13 | Kanywexas 79 | 164 | 68 | 5 109 | 176 | 83 | 597 | 197 155 26,6
obacth

14 | Kocrpomcxas 7.9 17 63 | 44 | 52 201 | 87 | 727 182 159 30,5
001aCcTh

15 | r.Mocksa 8 169 | 82 | 46 | 28 155 | 52 | 987 | 520 197 19,1

16 | Mockosckan 7.2 176 | 81 | 52 | 60 161 | 9,5 104,1 | 143 165 31,2
obactb

17 | Opaoscia 87 | 16 76 | 44 | 52 189 | 72 | 693 | 214 161 22,7
obacth

|g | Pasancan 7.8 179 | 72 | 43 | 47 157 | 64 | 60,7 158 163 244
001acTh

19 | Cvonencxas 8 169 | 69 | 47 | 84 168 | 96 | 79 185 146 19.8
obacth

20 | Tsepexas obmacts 75 | 194 | 67 | 46 | 105 | 193 | 8 64 153 165 28,6

21 | Tymsckas o6nacts 73 | 194 | 74 | 5 59 20,1 | 59 | 755 | 200 175 16,2

27 | fpocnancias 76 | 173 | 7.1 | 53 | 65 12 11,5 | 668 | 180 154 | 213
obacth
Bouro - Bsirekuii paiion 86 | 158 | 66 | 37 | 37 164 | 103 | 553 | 1785 | 1652 | 321

23 | Peenybiika 9.6 13 64 | 35 | 35 168 | 112 | 67,9 120 117 432
Mapuii On

24 | Pecnybmixa 9 141 | 7 33 | 11 152 | 103 | 752 132 126 34,7
Mopnosus

25 | ysamcxas 102 | 13 71 | 32| 28 161 | 9.6 | 746 | 145 121 273
Pecnybimka

26 | Kuposckax 8,1 163 | 62 | 39 | 18 171 | 92 | 778 137 121 32
001aCcTh

27 Hmxeroposckas 06acts 8 17,5 6,7 4 56 16,4 7,8 81,7 181 182 22
IlenTpanbHoe - YepHO3eMH 8,5 16,3 7,8 4,4 79 16,4 6,6 83,4 165 182 23,1

28 Benroponckas obinacts 9.4 14,8 8,1 5 129 14,7 5,6 85,3 200 195 19,9

29 | Boponesckas o6nacts 83 | 166 | 77 | 44 | 71 154 | 74 | 713 182 157 23,1

30 Kypckas obmactb 8,5 16,7 8 4,1 68 17,1 59 68,1 179 177 20,2

31 | Jlunemxas oGnacts 84 | 161 | 7.6 | 46 | 78 167 | 63 | 746 | 181 191 18,6

3, | TamGosexas 8.4 173 | 73 | 41 | 53 194 | 10 52,2 183 170 22
001aCcTh
ToBoutkcKuii paiion 9,3 14,1 7,1 44 62 18,5 12,5 78,4 164 165 35,1

33 | Peenybmixa 135 | 105 | 7,1 | 34 | -69 158 | 19,7 | 58 100 120 60,3
Kanmbikus

34 | PecnyGmixa Tatapcran 104 | 129 | 7 39 | 40 185 | 64 | 894 | 194 225 22,1

35 ActpaxaHckas 001acTh 10,1 13,5 7,1 4,6 79 18,6 13,1 62,8 143 137 32,3

36 Bonrorpackas obmacts 9,1 14,6 7,5 5,1 90 19,1 10,3 71 141 160 33,2

37 | emsencxas 8,2 15 71 | 4 44 147 | 125 | 71 148 121 30,2
001aCcTh

38 Camapckas o6nacth 8,6 14,8 7,3 4.8 82 14 7,3 82,6 188 207 21,2
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1 2 3 4 5 6 7 8 9 10 1 12 13

39 | Capatosckas o6nacts 89 | 145 | 69 | 42 | 57 236 | 96 | 723 | 138 117 353

40 | Ymesmoncia 89 | 134 | 67|39 65 218 | 7.8 | 684 | 198 206 16,3
obacth
Cenepo - Kapkasckuii paiion 12 136 | 79 | 41 | 49 19 89 | 538 | 165 138 26

41 | Pecriybmika 107 | 144 | 8 |4 | 40 187 | 99 | 71.8 | 129 130 | 464
Anpires

42 | Pecnybmixa 2108 | 75 | 69 | 13 | 20 176 | 223 | 642 | 86 79 43
Jarecran

43 Kabapanno — 13,7 104 | 7.1 34 | 33 14,5 14,7 | 723 128 102 42,5
bankapckas Pecnybinka

44 | Kapauaeso - 129 | 103 | 7 33 | -11 163 | 24 56,1 123 107 45,7
Yepkecckas PecryOmuka

45 Pecny6mmka Ceepras Ocerust 13,3 13 6,6 2,6 62 17,8 24 65,3 128 101 428

46 | Kpacuomapckuii kpaii 10 153 | 88 | 5 132 | 192 | 88 | 771 | 175 160 324

47 CraBponoyibCKHii Kpait 10,7 13,5 8,1 4,5 91 21,7 9,2 77 151 154 39,6

48 | Pocrosckas obnacts 92 | 158 | 8 48 | s8 187 | 82 | 756 | 146 140 334
Ypasbekuii 95 | 145 | 69 | 42 | 36 183 | 7,5 | 652 | 1562 | 133 | 275
paiion

49 | Pecnybmixa 12 | 127 | 73 | 37| 55 183 | 73 79,2 158 191 32,4
bamkoproctan

50 | YAwyprexas 94 | 137 | 67 | 34 | 32 184 | 112 | 689 | 158 144 | 26,1
Pecry6imka

51 | Kypranckas 9 146 | 73 | 43 | 15 226 | 85 58,9 113 132 50,4
001aCcTh

52 OpeHnbyprckast 00macTh 10,3 13,5 7,5 4 56 19,7 6,9 70,8 115 145 493

53 Tepmckas obnactb 9,2 15,8 59 3,8 18 18,9 8,6 83,3 184 175 25,7

54 CaepaioBckas 0011acTh 8,5 15,6 6,7 4,7 36 17,5 8,5 87,9 163 169 29,5

55 | Uensbinexas 9 148 | 7 47 | 28 166 | 83 85,2 171 182 27,9
001aCTh
3anaano - Cubnpexuii 94 | 135 | 73 | 49 | 33 193 | 98 | 798 | 1754 | 164 243

56 | PecnyGmika Anraii 142 | 131 | 73 | 38 | 70 279 | 113 | 668 | 188 148 262

57 | Asraiickuii kpait 87 | 147 | 73 | 44 | 34 208 | 108 | 78.1 158 146 33,7

58 | Kewepocia 89 | 166 | 7 49 | 30 196 | 66 | 84 254 | 260 16,1
obacth

59 HoBocubupckas 061actb 8,5 14,1 7 4,5 56 15,9 9,5 101,4 136 156 39,8

60 | Omckas obnacts 102 | 123 |73 | 46 | 6 163 | 52 | 928 | 157 170 29,7

61 Tomckas 0bmacTe 9,1 13 7 53 23 21,3 8,5 83,2 173 190 30,6

62 | Tromencras 106 | 98 | 79 | 57 | 34 213 | 6,1 756 | 290 293 19,2
obacTh
Boctouno - 11 137 | 68 | 4 4 196 | 114 | 36 1654 | 214 182

63 | Pecnyomka 1,7 | 12 65| 35| 0 152 | 13,7 | 83,5 122 155 55,2
bypsartus

64 PecnyGmuka TriBa 20 13 59 1,9 -16 28 14,7 53,8 84 101 73,2

65 | Decmybmxa 99 | 14 71 | 44 | 62 246 | 96 | 751 161 201 253
Xakacust

66 | Kpacuospexuii kpait 98 | 14 72 | 48 | 7 198 | 9 69,7 | 246 296 242

67 | Upryroxas 106 | 146 | 63 | 33 | 7 181 | 92 | 692 | 170 215 323
obacth

g | TumnHcxas 122 | 128 | 69 | 4 25 | 208 | 102 | 80,6 | 99 112 66,5
001aCcTh
Ja1LHeBOCTO NI 102 | 126 | 7.1 | 53 | <136 | 205 | 7.6 | 743 | 1864 | 165 63
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1 2 3 4 5 6 7 8 9 10 11 12 13
69 | PecnyGmuxa Caxa (SIkyrus) 153 | 98 | 8 47 | <182 | 195 | 64 | 742 170 201 292
70 EBpeiickast aBTOHOMHasi 0071aCTh 10,9 13,6 7,3 52 -66 26,4 15,9 76,4 171 185,9 29,4
71 YyKOTCKHiT aBTOHOMHBII OKPYyT 9,8 8,6 73 8,9 -978 34 52 64,6 162 195,2 28,7
72 | TIpumopckuii kpaii 94 130 | 66 | 47 | 42 | 21,5 | 107 | 771 144 170 31,8
73 | XaGaposcxuii kpaii 93 131 | 66 | 57 | -69 178 | 11,6 | 824 153 171 294
74 Amypckas obmactb 10,1 12 7,2 49 -11 23,6 12,5 83,5 175 187 37,9
75 | Kamuatcxas o1 | 112 | 79 | 67 | 280 | 154 | 85 | 88 211 | 228 | 227

obnacth
76 | Marannanckas o6macts 83 109 | 72 | 7.1 | =759 | 142 | 104 | 644 | 202 187 24,6
77 | Caxammckas 8,9 17 72 | 57 | 301 | 227 | 127 | 582 145 169 24,6
obnmacth
78 Kanuuunrpanckas obiaactb 8,6 13,6 7.8 6 113 15,4 9.4 75,7 155 145 26,6
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Hpunoxenue C

Cratuctuka no CTaBponoJjibCKoMy Kpar
Cenbckoe xo3stiicTBo CraBpornoibsi: CtaTuctudeckuit coopuuk / Teppuropuans-

HBII opran DenepaibHOM CITy>KObI TOCYAapCTBEHHOW CTaTUCTHKHU 110 CTaBpo-
noJibckoMy kpato - 2005r. — 103c¢.

Ta6mmma C1. Peanu3aris 0CHOBHON MTPOIYKITUN CEITBCKOTO XO3SMCTBA

cenpxo3npeanpusTHsiMu CTaBponoibCKOro Kpast (ThICSY TOHH).
1991 1992 1993 1994 1995 1996 1997
1 2 3 4 5 6 7 8
3epHOBBIE KYJIbTYPbI-
BCEro 2777,2 | 2604,6 | 2440,0 | 2193,7 | 1956,8 | 1888,9 2244.6
W3 HHX:
MIIEHAA 2172,0 | 2056,2 18973 1619,3 | 1487.8 1854.,4
POXKDB 0,1 0,2 0,2 0,7 0,9 0,5
mpoco 92,6 55,9 12,7 13,3 16,1 22,5
rpe4yuxa 6,9 5,7 5,7 3,6 6,0 5,6
KyKypy3a 147,6 93,6 66,0 40,0 67,0 103,2
STUMEHDb 141,5 155,5 125,1 173,5 194,7 154,1
oBeC 8,0 13,4 8,5 10,1 8,1 10,4
3epH00000BbBIE 11,6 13,5 19,0 17,3 25,7 17,2
B T.4.TOPOX 11,3 13,4 17,6 17,0 25,6 17,0
MIPOYHE 3epPHOBBIE 24,3 46,0 59,2 79,0 82,6 76,7
Macju4Hble KYJbTYPbl 191,8 123,6 165,7 182,5 166,5 260,4 186,0
B T.4. OJACOJHEYHHK 163,2 113,3 162,1 179,8 146,5 249.7 175,9
CaxapHasi cBeKJIa 218,6 2478 14,3 91,4 221,7 228.5
Kaprodean 50,4 43,4 32,0 20,9 12,3 7,7 11,3
OBoly -Bcero 168,2 113,7 97,8 76,6 60,0 43,8 38,7
M3 HUX:
TIOMHU/IOPBI 47,6 21,6 25,4 30,7 18,4 5,8 5,6
OTypIIBI 10,9 7,8 5,3 5,6 4.4 4,0 4,0
JIYK permyaThli 25,2 20,9 13,1 12,2 13,3 12,1 11,0
Kamycra 40,4 34,9 26,6 14,9 12,7 12,4 10,7
MOPKOBb 6,6 4.5 4,0 1,9 2,3 2,0 1,7
CBEKJIa CTOJIOBAs 6,7 8,2 4.4 3,1 2,9 3,0
BaxueBble KYJIbTYPbI 38,6 17,2 10,8 8,3 14,7 6,5 5,0
Il10ab1 U ATOBI- BCETO 66,7 54,1 39,0 25,0 18,5 18,2 22,3
B T.4.KOCTOYKOBbIE 10,5 18,1 7,6 2,8 2,9 3,6 4,1
CEMEUYKOBBIC 55,4 35,4 30,7 21,9 15,4 14,4 17,9
SITOJIBI 0,8 0,6 0,7 0,3 0,2 0,2 0,3
Bunorpan 28,9 33,5 21,1 13,3 30,7 23,8 18,2
CKOT 1 nTHIA(B JKUBOM
BecCe) - BCero 284,1 236,2 185,6 153,5 91,9 98,3 80,1
U3 HHX:
KPYIHBIH pOraThlii CKOT 100,8 94,9 67,4 66,2 42,6 45,7 39,5
OBIIBI M KO3BI 60,3 52,1 52,3 39,3 21,0 22,6 18,5
CBUHBH 57,9 50,6 28,5 19,2 13,8 14,9 11,0
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1 2 3 4 5 6 7 8
NTHLA 64,3 37,8 31,9 23,0 10,4 10,4 9,9
NPOYHeE BHJIBI CKOTA 0,8 0,8 5,5 5,9 4,1 4.7 1,2
MoJioko 712,1 515,9 436,7 364,8 289,8 243,1 189,3
Siina, MIH.IUTYK 450,3 3474 296,7 274,5 238.,5 260,4 216,9
lepeTs (B pusnyeckom
Bece), TOHH 27954 13307 18285 19195 10046 | 8542 6809
Men, TOHH 130 85 111 74 57 62 65
IIponomwkenue
1998 1999 2000 2001 2002 2003 2004
1 2 3 4 5 6 7 8
3epHOBBIE KYJIbTYpPbI-
BCEro 2336,3 1806,8 | 2284.,8 2762,8 | 3873,9 | 2565,7 3436,4
M3 HUX:
MIIEHATA 1957,0 | 1424,0 | 1749,9 | 2041,2 | 29822 | 2045,5 2790,6
POXb 0,3 0,2 1,2 1,4 1,4 0,8 1,4
poco 33,3 16,0 12,4 22,6 28,2 18,5 53,7
rpeunxa 3,2 0,8 2,0 1,8 5,8 22 4.4
KyKypy3a 86,2 32,8 40,1 32,0 54,1 113,1 129,8
SITYMEHD 141,7 232,5 3545 507,5 598,7 247,1 306,8
0BeC 9,2 9,2 28,2 38,6 19,9 17,0 10,3
3epHO6000BBIE 15,3 8,8 10,9 23,5 56,6 18,3 40,7
B T.4.TOPOX 15,1 8,7 10,8 21,1 54,9 17,5 40,0
[POYHUE 3PHOBBIE 90,1 71,7 85,6 94,2 126,8 102,5 98,6
Maciu4Hble KYJbTYPbl 197,9 132,0 153,6 128,9 1422 190,6 259,8
B T.Y. IOACOTHEYHHUK 176,9 121,5 128,5 108,5 126,6 156,20 183,1
CaxapHasi cBeKJIa 181,9 156,3 197,4 205,5 382,8 301,0 780,5
Kaprodean 6,7 3,8 6,8 3,9 4,6 2,6 5,9
OBo1y -Bcero 34,1 34,8 27,1 31,7 30,4 19,6 19,4
M3 HUX:
TTOMHJIOPbI 8,2 5,6 3,7 6,2 4.5 43 43
OrypIIbI 4,1 5,3 5,2 4,8 4,2 4,1 4,4
JIYK permyaThii 9,2 10,8 8,8 9,5 10,0 49 6,5
Kamycra 6,7 8,4 5,2 6,2 5,0 2,8 2,1
MOPKOBb 1,0 1,0 1,0 0,9 1,7 0,9 0,9
CBEKJIa CTOJIOBAs 2,9 2,0 1,5 2,0 1,7 1,1 0,9
BaxueBble KYJIbTYPbI 4.4 2,8 3,0 1,5 2,6 1,8 1,3
Il10ab1 U ATOBI- BCETO 11,9 9,4 11,2 11,8 11,6 9,8 6,8
B T.4.KOCTOYKOBbIE 0,6 2,4 3,2 1,9 1,3 1,1 0,7
CEMCUYKOBBIC 11,1 6,8 7,7 9,4 9,9 8,5 5,9
SITOJIBI 0,2 0,2 0,3 0,5 0,4 0,2 0,2
Bunorpan 9,2 16,4 21,7 7,2 12,7 6,9 16,4
CKoT ¥ NTHUA(B KUBOM
Bece)- BCero 64,9 55,8 68,1 68,2 70,1 87,2 83,2
M3 HHUX:
KPYIHBIH porarblii CKOT 28,2 20,3 23,5 21,5 20,4 24,5 21,5
OBIIBI M KO3BI 14,6 9,0 9,7 10,2 9,5 10,8 10,7
CBUHBH 9,2 9,1 11,4 8,5 11,1 16,3 14,0
NTHLA 12,0 17,1 23,1 27,7 28,8 35,2 36,5
NIPOYHeE BHUJIBI CKOTA 0,9 0,3 0,4 0,3 0,3 0,4 0,5
MoJioko 165,8 154,4 1453 140,6 145,1 128,3 110,4
Siina, MIH.IUTYK 171,9 136 174,8 225,6 389,2 267,9 205,8
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1 2 3 4 5 6 7 8
IMepers (B ¢usnyeckom
Bece),TOHH 4804 3796 4057 3692 3439 3758 3248
Men, TOHH 70 20 28 20 20 18 17

Tabnuma C2. [Ipou3BOICTBO OCHOBHBIX MPOJTYyKTOB }XKUBOTHOBOJICTBA B
CraBpononbckoM kpae B 1940 - 2004r.1. (B X034HCTBax BCeX KaTeropuii;

THICSTY TOHH)

Tonbt Croru frria Mo.ioko Hitna lepcTh
Ha y0oii B MUIH.LUTYK
“KHBOM Bece
1 2 3 4

1940 128,5 333,1 315,8 11,1
1950 87,7 292,8 189,5 8,4

1955 148,5 439,6 435,2 19,0
1960 198,6 643,3 581,5 25,2
1965 285,5 855,9 807,1 29,5
1970 270,2 829,5 985,2 31,2
1971 338,0 846,8 1078,6 32,3
1972 334,2 8443 1100,8 30,6
1973 334,6 940,0 1168,8 29,0
1974 350,9 953,0 1279,6 29,8
1975 337,7 936,4 1194,1 30,5
1976 246,3 719,7 865,7 27,7
1977 273,4 771,0 10099 29,1
1978 305,5 820,4 1105,5 30,0
1979 340,7 825,0 1109,2 33,7
1980 311,6 806,4 1123,0 28,3
1981 344,2 844,5 1226,7 30,0
1982 350,4 843,3 1248,7 29,4
1983 363,6 867,3 1293,0 30,4
1984 366,1 853,8 1316,4 30,3
1985 359,3 871,6 1334,6 30,7
1986 400,8 919,6 1377,3 31,7
1987 424,5 955,7 1414,2 32,9
1988 439,7 1016,3 1462,4 32,9
1989 467,5 1054,8 1415,0 34,0
1990 471,0 1066,1 1306,6 333
1991 431,9 1014,2 1247,6 30,2
1992 396,8 856,0 1099.,9 28,6
1993 367,9 811,0 1004,7 20,2
1994 319,2 786,5 989,3 16,7
1995 267,5 732,1 909,8 14,0
1996 262,0 654,1 920,2 134
1997 236,7 572,9 792,1 10,1
1998 207,3 524,9 707,5 7,1

1999 193,8 526,7 660,0 6,0

2000 194,6 542,8 699,3 6,2

2001 197,1 544,6 747,3 5,8

2002 204,0 5534 903,7 5,5

2003 224,0 568,9 782,2 6,0

2004 231,5 544,2 706,4 6,0
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Tabmuma C3. CTpykTypa WHBECTHIIMH B OCHOBHOM KamUTaJI arpompo-
MBIIIIEHHOTO KoMIulekca CTaBpOIOIBCKOTO Kpasi M0 MCTOYHHKaM (u-
HaHCHPOBaHUS (MIITHOHOB pyOJIeii)

HaumeHnoBanue 1998 | 1999 2000 2001 2002 2003 2004
1 2 3 4 5 6 7 8
Bcero 689,3 | 1089 | 1361,8 | 3467,5 | 3969,9 | 4834,1 | 5454,6
M3 HUX:
0 TPeNpUATHAM (0€3 Maoro
MIpeIIPUHUMATENIHCTBA) 408,8 | 718,6 | 888,0 1448,6 | 17279 | 2256,2 | 30354
B TOM 4HCJIe:
CcOOCTBEHHBIE CPEJICTBA 324,8 | 542,9 | 767,2 1066,9 | 1226,8 | 1324,5 | 18879
U3 HUX: IPUOBLIL 95,8 2443 | 407,7 476,5 642,6 709,1 997,0
aMOPTH3ALHS 129.,5 300,5 3544 488.,9 511,8
NIPUBJICUCHHBIE CPEJICTBA 84,0 175,7 | 120,8 381,7 501,1 931,7 1147,5
M3 HUX:
KpeauThl 0aHKOB 16,7 0,4 21,3 212,2 358,2 698,2 601,4
3aeMHbIE CPE/ICTBA APYTHX
opraHu3aimit 13,2 10,9 15,3 58,2 55,6 60,2 2025
OFOJUKETHBIE CPE/ICTBA 36,7 51,1 72,1 103,3 73,5 130,3 182,5
B TOM YHMCIIE 38 CYET:
(henepanbHOroO OrOIKETA 33,5 37,5 58,5 58,0 34,8 63,6 95,4
1 MECTHBIX OIOJKETOB 3,2 13,6 13,6 45,3 38,7 66,7 87,1
Cpe/ICTBa BHEOKKETHBIX (OH-
JI0B 0,6 14,1 10,1 1,8 2,0 1,3 1,4
povue 16,8 99,2 2,0 6,3 11,8 41,7 159,7
M3 HUX:
CpeJCTBa BBILIECTOSIIHX Opra-
HU3AIMNA 1,2 16,7 28,8
CpEeJICTBA OT IMUCCHH aKIHH 63,3 5,0 4,7

Tab6mmma C4. ITpoayKIis cenbcKoro Xo3siicTBa CTaBpOIIOIBCKOTO Kpast
(B hakTHUECKUX AEHCTBOBABILMX [IEHAX, MIJUIMOHOB pyOIIeii)

[1990 [ 1991 [ 1992 [1993 [1994 [1995 [ 199 [ 1997 |
Xo3siicTBa Bcex KaTeropui
Bcero 3,5 7,8 83,6 564,3 1656,1 5179,4 | 7280,8 8778,9
PacrenuneBoacreo | 1,6 3,1 45,6 2943 875,2 3060,7 | 3573,5 4042,5
JKuorHoBojcteo | 1,9 4,7 38,0 270,0 780,9 2118,7 3707,3 4736,4
CeJ1bX03MpeANpPUsITHS
Bcero 2,8 5,6 59,4 374,2 1088,7 | 3297,5 | 3849,5 3806,3
PacrenuneBoacreo | 1,5 2,5 40,0 223,6 | 6354 2392,1 2554,8 2881,2
KusorHosoxcrso | 1,3 32 19,4 150,7 | 4533 905,4 1294,7 925,1
Xo3siiicTBa HaceJleHUsl
Bcero 0,7 2,1 23,6 151,9 | 501,7 1657,6 | 3107,8 4596,5
Pacrenunesoacreo | 0,1 0,6 5,5 37,9 191,4 483,3 787,8 881,7
XKusoruosoncreo | 0,6 1,5 18,1 114,0 | 3103 1174,3 | 2320,0 3714,8
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Kpectbsnckue (pepmepckue) xo3siiictea

Bcero 0,012 0,6 38,2 65,7 2243 323,5 376,1
PactenneBojcTBO 0,009 0,14 32,8 48,4 185,3 230,9 279,6
JKUBOTHOBOJICTBO 0,003 0,5 5,4 17,3 39,0 92,6 96,5
IIpoaoxenue
I 1998 | 1999 | 2000 I 2001 | 2002 2003 | 2004(mpen.)
Xo3s1iicTBa BCeX KaTeropuii
Bcero 9174,2 | 15605 | 19636 | 24825 | 27068 30174,8 | 46280,1
PacrenmneBonctBo | 3368,2 | 7707,5 | 10553 14477 15790 18051,1 | 32601,1
JKusorHoBoncteo | 5806,0 | 7897,8 | 9082,8 | 10349 | 11278,0 | 12123,7 | 13679,0
Ceabxo3npenpusiTus
Bcero 3351,5 | 7474,7 | 10311 14003 | 14539,0 | 15059,9 | 27109,8
PacrenneBonctBo | 2471,9 | 55894 | 7908,1 | 10993 10865 11551,1 | 22731,8
JKusorHoBoncTBo | 879,6 1885,3 | 2403,1 | 3009,4 | 3674,3 3508,8 4378,0
Xo3siicTBa HaceJeHHs
Bcero 5480,2 | 7457,7 | 8222,4 | 9126,1 | 10219,1 | 11756,9 | 13803,7
PacrenneBonctBo | 684,4 1610,8 | 1772,0 | 2066,9 | 2921,9 3485,6 4927,6
JKusorHoBoscTBO | 4795,8 | 5846,9 | 64504 | 7059,2 | 72972 8271,3 8876,1
Kpectbsinckue (pepmepckue) Xo3siicTBa
Bceero 342,5 672,9 1101,9 | 1696,5 | 2309,4 33579 5366,6
Pacrenuesosicreo | 211,9 507,3 872,6 1416,5 | 2002,9 30144 4941,8
JKusornoBoacteo | 130,6 165,6 2293 280,0 306,5 3435 4248
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Haquoe n3aaHuc

Tuxonos D.E.

IIpakTHKa NporHo3upoBaHus GUHAHCOBBHIX PHIHKOB

VY4eOHoe mmocobdue

PenaxTtop Tuxonos O.E.
Koppexkrypa aBTopa
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