YACTD Il. CTpyKTypbl Crly4aHbIX BEKTOPOB

maBa 6. NporHo3npoBaHue ¢ UCNONb30OBaHMUEM
CTPYKTYpP CnyYauHbIX BEKTOpPOB

Bo Bropoii uacT paboThl paccMaTPUBACTCS TOAXO/ K MOCTPOCHHUIO IIPOTHO-
30B BPEMEHHBIX PsJIOB, OCHOBAHHBIM HAa MCIOIB30BAHUU CTPYKTYpP CIyHYalHBIX
BEKTOPOB. JlaHHBIN TOJX0J], B OTJIMYKE OT TPATUIIMOHHOTO SKOHOMETPUIECKOTO
MOJIX0/1a, UCIIOB3YEMOr0 B TICPBOM YaCTH, HE MPEANOaracT KaKux-Iu00 THIIo-
T€3 0 KOHKPETHOM (PYHKI[MOHAJILHOM BHIC CIyYaliHOW COCTABJISIONICH BPEMCH-
HOTO pfAJia, TPU ITOM PacyeT MPOTHO3a MPOU3BOIUTCS Ha OCHOBE UMEIOIIEHCS
(dakTHueckoil MH(GOPMAIIMKA O COBMECTHOM PACIPENCICHUH pacCMaTPUBACMBbIX
CIy4alHbIX BEJTUYMH.

Kpatko ¢popMyaupyroTCsi OCHOBHBIC MOJIOKCHUS TCOPHUH CTPYKTYP CIydaii-
HBIX BeKTOpOB. CTaBUTCS 3aja4a MPOTrHO3UPOBAHUS BPEMEHHBIX PSZIOB C UCIIOJb-
30BaHHEM HX JIATOBOU CTPYKTYPHI KaK CTPYKTYPBI COOTBETCTBYIOLIUX CITyYaiHBIX
BEKTOPOB M U3JIararoTcs aJlfOPUTMBI MIOCTPOCHUS TPEHOBBIX U BEPOSITHOCTHBIX
MOJIeNIel B TIOCTPOCHMSI TIPOTHO30B C UX HCIONb30BaHUEM. lIpeacTaBiieHsl pe-
3yJBTAThl PACYCTOB IO JCCATH BPEMEHHBIM psifaM: HH(ISINSA, TCHSKHBIC arpe-
ratel M0, M1, M2, skcriopt, UMIOpT, 0e3paboTHIla, HAIOTOBBIC JTOXOMIbI (ere-
panbHOTO OrOMXKETa, J0XoAbl (hemepanpHoro Oromkera u BBIL. B 3akmroueHuun
MPUBOISTCS KPaTKUe BBIBOJBI U U3JIATAIOTCS IMyTH COBEPIIICHCTBOBAHUS MPEJIO-
JKEHHBIX Mojienieid. B TlpunoxeHusx mpuBeeHbl MAKpOCHI (ITPOrpaMMBbl) TOCTPO-
€HUSI MOJIeJIe M MPOTHO30B Ha MX OCHOBE, a TAK)Ke UCXOIHbBIE JaHHBIC ISl pac-

YCTOB.

6.1. NpeaBapuTenbHbie 3aMe4yaHuUA

6.1.1. HerocpedcmeeHHbIe 853U MEXOy arieMeHmamu
cmamucmuyeckol cucmembl

I[J'IH H3Yy4YCHUA 3aKOHOM€pHOCT€ﬁ MEXaHn3Ma, OIPEACIIAIOUICTO COCTOAHUEC U
INOBCACHUEC MHOT'HMX CJIOXHBIX CHCTEM, 0OBIYHO UMEIOTCS JIHIIIb PE3yIabTaThl Hao-
J'IIO,HCHI/Iﬁ 3a pcaiM3alusIMu COCTOSAHHSA U MOBCACHUSA CUCTCMBIL. B cBs3m ¢ atEM
4acTo ObIBacT uenec006pa3H0 MOJACIUPOBATh U3YUYACMYIO CUCTEMY HCKOTOPBIM
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CIIy4allHBIM BEKTOpPOM, TIpeJroaras, 4To HallltoaeMble 3HAYSHUsT XapaKTepHc-
THUK CHUCTEMBI SBJISIFOTCS €TI0 pealu3alusiMU.

ITosnHOE ¥ B TO K€ BpeMsl TOCTAaTOYHO C)KAaTOE OIMCAHUE CTATHUCTUYECKOU
CHCTEMBI (CHCTEMBI, MOJICTTUPYEMO CITydaifHBIM BEKTOPOM) ITOJTHOCTHIO OIpeie-
JISIETCSl COBMECTHOM (DYHKIIMEH pacipe/ielieHus BEpPOsSTHOCTEH KOMIOHEHT HH/TY-
IUPyeMOH €10 CiTydaiiHOl MHOTOMEpPHOM BEIMYNHEBI. ANIPUOPHBIE THIIOTE3bI, BBI-
JIEJISIIOIINE KJIACC CTAaTUCTUYECKUX CHCTEM, MOTYT OTpa)kaTb KaK COAEpIKaTeib-
HBIC CBOWCTBA CHCTEM, BXOMAIIMX B 3TOT KJIacC, Tak U (popMasibHBIE 0COOCHHOC-
THU CIIy4ailHbIX BEKTOPOB, MOAEIUPYIOLUINX CUCTEMBI KJlacca.

KonnuecTBEeHHOMY HCCIIEIOBAHHIO CIIOXKHOM CUCTEMBI OOBIYHO MPEIIIeCT-
BYeT KaueCTBCHHBIN CONEPIKATEIbHBIN aHAIN3, TO3BOJIIIOMUN cHOpMYITHPOBaTh
HEKOTOPYIO alpHOpHYIO TUIOTE3y O crienuuke ulydaemoii cucremsl. [lepBoiM
9TaloM TaKOTO aHalW3a SIBJSIETCS ATan MIACHTH(UKaIMU cucteMbl. B Xopomio
UIEHTU(HUIMPOBAHHOI CHUCTEME HE IOJDKHO OBITh 3JIEMEHTOB, HE 3aBUCSIIHX
JpYT OT Jpyra, XOTs Obl Yepe3 MOCPEACTBO APYIUX IEMEHTOB CHCTEMBL. B mpo-
THUBHOM CJIy4ae CHCTeMa MOXET OBbITh pa30uTa Ha HE3aBUCHUMbIE TOJICHCTEMBI,
KOTOpBIE UCCIIEAYIOTCS 10 OTHAEJIBHOCTU. B TO ke Bpems, eciau Bce 3IEMEHTHI
CHCTEMBI B3aMMOCBSI3aHbl, TO CHCTEMa OKa3bIBaeTCs HellouAeHTHpuIpoBana. B
CBSI3M C 3THUM BO3HHMKAET BayKHasi MpoliieMa ONpe/esIeHNs] HEOCPEICTBEHHBIX U
OIIOCPENOBAaHHBIX CBA3EH MEXKAY JIEMEHTAMU CUCTEMBI.

EcTecTBEHHO cuuTaTh, YTO IEMEHTHI CIIOKHOM CUCTEMBI B3aUMOCBSI3a-
HBI, €CITM U3MEHEHHE COCTOSHUS OTHOTO JIeMEHTa ¢ HeOOXOIUMOCTBIO BIeYeT 3a
co0oit U3MeHeHHe COCTOSHU Apyroro. OHAKO ITOMY KaueCTBEHHOMY IIPECTaB-
JIEHUIO O B3aUMOCBSI3M MO)KHO IIOCTaBUTh B COOTBETCTBUE MHO)KECTBO PA3JIMY-
HBIX (DOPMANBHBIX ONPEEICHHI.

Ha npakTuke 4acTo B Ka4eCTBE XapaKTEPUCTUKH CBSA3H MEKIY 3JIEMEHTaMU
CTaTUCTUYECKOM CUCTEMBI UCIIOIb3YIOT KOPPEIALUOHHYIO MATPUILy COOTBETCTBY-
IOLLETO CIy4alHOro Bekropa. Hanuuue uiam oTcyTCTBHE KOPPEISILIMUA MEXITY Iie-
PEMEHHBIMH MHTEPIIPETUPYETCs KaK HAJTUYIHE WM OTCYTCTBHE CBSA3M MEXIY HHU-
Mmu. Ha camoM jienie KoppenupoBaHHOCTh KOMIIOHEHT CIIy4aiiHOTO BEKTOpA MOXKET
03Hayarh JIMIIb TO, YTO COOTBETCTBYIOLUE IEMEHThI CTaTUCTUYECKON CUCTEMBI
CBSI3aHbI OZTHOBPEMEHHO C OJIHUM WJIN HECKOIBKUMU JIPYTHMMHU €€ JIEMEHTaMMU.

Ecnu xaxnomy 371€MEHTY CUCTEMBI IIOCTABUTh B COOTBETCTBHE BEPILIU-
Hy NoMe4yeHHoro rpaga, pedbpa KOTOpPOTO OTBEYAIOT HAJIHYHIO HEMOCPEACTBEH-
HBIX CBS3€Ml MEXIy dJIEMEHTaMH, OTBEYAIOIIMMH BEpIIMHAM, HHIUICHTHBIM
3THM pebpaM, TO MOTYYUTCS OYEHb HAIVISIHOE MPE/ICTaBlIeHHE HEeTOCPEACTBEH-
HBIX CBsI3ed B cucteMe. DTOT Tpad) Ha3bIBACTCS epapom HenoCpeoCmEeHHbIX C6sl-
3etl WA CIMPYKmypoti N3y4aeMoi CHCTEMBI.
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[ycTb, HanpUMep, paccMaTpuBaeTcs cucteMa X = {X;, X,, X3 X, X5}, COCTO-
sIIasl U3 MATH SJIEMEHTOB. [1ycTh 3Ta cucTeMa UMeeT CTPYKTYpy I, H300paxeH-
HyI0 Ha puc. 6.1.1. B aToM cinyuae nepeMeHHast X1 HEMOCPEICTBEHHO CBsI3aHa C
MEPEMEHHBIMU X, X3, X4 X, C IEPEMEHHBIMM X, Xy X3 C IEPEMEHHBIMH X, X4, Xy
C TIEPEMEHHBIMH X}, X,, X3, X5, X5 C IEPEMEHHOH X,. TakuM 00pa3oM, eciu HHTe-

pecC MpCACTABIACT TOJBKO MOBCACHHUEC BTOPOI'O0 U MATOI'0 3JICMCHTOB CUCTEMLI B
3aBUCHUMOCTH OT OCTaJIbHBIX, TO MOXXHO BMCCTO 0[[HOI7[ 5-MepH0171 CHUCTEMBbI {XI,

X, X3 X4 Xs5! PACCMOTDPETH JABE MOICUCTEMSBI {X;, X5, X3 X4 U {X, X5} MEHBILICH

pa3MEPHOCTH.
(21
A
.-'"- T .
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Puc. 6.1.1. CtpykTypa cucteMsl X = {X;, X,, X3, Xy X5}

6.1.2. Cmpykmypbl CriyHalHbIX 8€KMOPO8

CTpyKTypa CTaTUCTUYECKOM CHUCTEMBI (CIy4aifHOTO BEKTOPa, MOAEIHPYIOIIETO
CTaTUCTHYECKYIO CHCTEMY) — AOCTAaTOYHO MIMPOKOe MoHsATHE. OTIHYasich BBICO-
KOW HATISAHOCTBIO, CTPYKTYPHI OYEHB IIOJIE3HBI NMPU KAYECTBEHHOM AaHAIH3E
CJIOXKHBIX CTaTHUCTUYECKUX CHUCTEM’. BhIAeNss I KaKI0ro 3JeMEHTa CHCTEMbI
TPYTIITY JIEMEHTOB, HETIOCPEACTBEHHO C HUM CBSI3aHHBIX, CTPYKTYPHI IIO3BOJISIOT
CYIIIECTBEHHO YIIPOCTHUTH U KOJMYECTBEHHBIN aHAIIN3, CHIKAs Pa3MEPHOCTH pac-
CMaTpUBAEMOil B KaXKIblii MOMEHT CUCTEMBI. B CBSA3M C 3TUM BO3HUKAET aKTyallb-
Has 3a/1a4a — 3a/1a4a MMOCTPOCHUS CTPYKTYPHI IO CTaTHCTUIECKOW MH(OPMAIIH
(oOBrYHO BeckMa orpaHMUEHHOH) o cucteme. K cokanenuto, B o0mmeM ciydae

> CM.: Taspuney FO.H. CounanbHO-9KOHOMHYECKOE TIAHUPOBAHUE (CUCTEMBI U MOJICIIN).
M.: Dxonomuka, 1974.
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HOCTPOCHUE CTPYKTYPBI CTATHCTHUECKOH CUCTEMBI MPEAICTABISIET CO00I BechMa
TPYAOEMKYIO paboTy (BBIYMCIUTENBHAS CIOKHOCTh AAHHOM 3a1auu — OaIlIHs 9KC-
TIOHEHT).
He Oynem mpuBOANTH CTPOroro (popMalibHOTO ONpENENIeHUs] CTPYKTYpPhI CITy-
YaiHOTO BEKTOPA, a MPUBEJIEM JIMIIb KPUTEPHUH Uil IPOBEPKHU TOTO, YTO 3aJaH-
HBIH rpad SBISETCS CTPYKTYPOM JAaHHOTO Cly4aiHoro BekTopa. O003HaYMM ve-
pe3 I'( i) mHOXXecTBO BepiiKH rpada I, cMeXHBIX ¢ BEPIIUHOMH [ (T.e. MHOKECT-
BO BEpIINH, COEAUHEHHBIX peOpoM ¢ BepHIMHOM ). CIpaBesIuBO ClleAyolee
yTBEpXKAeHHE".

Teopema. Ilomeuennwiii epap I asnsemea cmpykmypoil n-mepHoil ciy-

yaiinoi eenuyunvt € ¢ coemecmmuvim pacnpedenenuem eeposmuocmeti p( x)
= p( x},...,.X,) mo2oa u monvko mozod, k020a 05 a00bIx NOOMHONcecm8 A u

B mnoocecmsa unoexcos I = {1, ..., n} maxux, umo F(A)D BUOI\NA, ébi-
NONHACMCS COOMHOULCHUE

pGA|xI\A ): p(VA|xB ): pQAlxr(A))

20e r(4)= LDJ ON A me I ( A) — obvedunenue 6cex UHOEKCO8 CEA3AHMBIX C

UHOeKcamu u3 MHodxcecmea A u He 8X00AUUX 6 He2O, X, — NOOBEKMOP GeKMopa X
¢ unoexcamu u3z A.

B paccmorpernnowM Beime nmpumepe (puc. 6.1.1) T(1)={2,3,4};T(2) = {1,
44, T(3)=1{1,4};T(4)={1,2,3,5}; I(5) = {4}; a, nanpumep, I'( 1, 2) = {2,
3,4} {1,4}\{1,2} ={3,4}.

Jst IpakTHYeCKUX PAacyeTOB M OLIEHOK B3aHMMOCBS3eH MEXIy dJIeMEHTaMH
CTaTUCTUYECKUX CHCTEM HCIOJIB30BAHNE MHOTOMEPHBIX PACIIPEISIICHUH BepOsIT-
HOCTEeH He KOHCTPYKTHBHO. B CBSI3M ¢ 3THM LiesiecooOpa3HO BBECTH SKBUBAJICHT-
HOE OlpelieNIeHHe CTPYKTYPhI CIIy4aifHOro BeKTopa B TEPMHHAX TEOPHU UHPOP-
Marur’. [IOHATHS «3HTPOIHS U KKOJIMYECTBO HH(OPMALIUI» PEICTABISIOT CO-
00ii ecTecTBEHHBIE MEPHI HEOIIPEIEICHHOCTH U 3aBUCUMOCTH KOMIIOHEHT MHOTO-
MEPHOU CIIy4yallHOW BEJTUYMHBI.

OHTpONHUs JUCKPETHOW ClydaiHod BenmuuuHbl & (T.€. ClydJaiiHOM Be-
JIMYUHBL, TPUHUMAIOIIEH He OoJiee, YeM CUETHOE YMCIIO 3HAUCHUH ), MPUHUMAL0-

* FOoun A.J]. CTpyKTypbl HAOOPOB IICEBIOHE3aBUCHMBIX CITyJalHbBIX BelmuuH // Monenn
U METO/Ibl UCCIIEI0BAHUs COLMAIbHO-3KOHOMHUYEecKUX npoueccoB. M.: LIDMU AH CCCP,
1976.
* Cwm., Hanpumep: HAenom A.M., Henom U.M. BepostHocts u nHopmarms. M.: Hayxa,
1973.
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el 3HaueHuss x [ X ¢ BEpOATHOCTAMHU p(x) , paBHa

HE)=- ;p(X)logz p(x)

Bt

KomnmuectBo nHOOPMALHH O CTydaiiHoi BenmunHe & 4 » ColepKalieecs B

CITyuaitHoM BekTope & 5 , ONpEIENseTcs KaK
I(E/DEB): H(EA)-'- H(EB)_ H(EA’fB).

ITpu 5TOM SHTPONHS U KOJIMYECTBO HHPOPMALIMN U3MEPSIOTCS B OUTaX.
B cuiy cBoiicTB KoNMMUecTBa MH(POPMALHH, IPUBEICHHYIO TEOPEMY MOXKHO
chopMynupoBarhk B O0ee KOHCTPYKTHBHOM BHIIE.
Teopema. [lomeuennwiii epag 1 aensemcea cmpykmypoul n-mepHoui ciy-

YAuHOU 6eNUYUHDBL f ¢ cogmecmubiM pacnpedeieHuem geposimuocmetl p( x) =
p( x},...,x,) mozoa u moabko moeoa, koeda 0is n0ObIx noomuoxcecms A u B

MHOMCecmea undekcog I = {1,..., n} maxux, umo F(A)D B O I\ A, svnon-
HAEmCcsi COOMHOUEHUe

1(5A751\A): ](EA7EB)= IeA’EI'(A)),
e r()=Urem\a

04
3HaHUE CTPYKTYpbl CIy4allHOTO BEKTOPA, MHIYLUPOBAHHOIO H3ydyaeMoil
CHCTEMOM, IMO3BOJSET CYILECTBEHHO YNPOCTUTh €€ KaueCTBEHHbIM aHamu3. B
YaCTHOCTHU, MO U3BECTHOM CTPYKTYype MOXHO MOCTPOUTH PEKYPCUBHYIO CHCTE-
My®, 4TO Ja€T BO3MOXKHOCTb YIPOCTUTh TAaKXKe U KOJTMUECTBEHHBIN aHAINU3 UCCIIe-
ayemolt cucteMbl. OfHAKO, KaK YK€ YKa3bIBaJIOCh, IOCTPOEHUE CTPYKTYp CILy-
YalHBIX BEKTOPOB B O0ILEM ciIydae sIBJSIETCS] BeCbMa TPYAOEMKOH 3a/1aueid.

6.1.3. CywiecmeeHHasi paaMepHOCMb U UHGhOpMamueHbIe CmpyKmMyphbl

ITpn n3BECTHON CTPYKType CIIlydalHOTO BEKTOpa, MOXKHO ITOCTPOHUTH OOJIb-
10€ KOJIMYECTBO PA3IMYHBIX PEKYPCUBHBIX CHCTEM, OIIPEAEIIIEMbIX ITEPECTaHOB-
KOW WMH/IEKCOB KOMIIOHEHT HcciemayeMoil cucteMsl. Jlist mr000i mepecTaHoBKA

6 PeKprI/IBHaSI CUCTEMAa-CUCTEMA, B KOTOpOﬁ NEPEMCHHBIC MOXHO YHOPAJOYHUTH TaKUM
06pa30M, YTOOBI nepeMeHHas ¢ 0OJIBIIUM HWHJICKCOM 3aBHUCEJIa TOJIBKO OT IIEPEMEHHBIX C
MCHBUIMMHU UHIACKCAMHU.
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n
{ } =l MHOXecTBa MHAEKcoB [ = {1,..., n} crnpaBeumBo
rK)= |j PQCG, ‘XA(G,))
rae A(ai) = r(ain{al"“’ai—]} .

IIpu 3TOM BO3HUKAIOT JBE 3aJa4u:
* OIIPEJEIICHUE IEPECTaHOBKY UHIEKCOB, IIPU KOTOPOM pa3MEpPHOCTh
COMHOXKHTENIEN KOMITO3UIIMH, 3a1al01eH COBMECTHOE pacIpeiene-
HUE BEPOSATHOCTEH CIIy4yallHOIO BEKTOPA, MUHUMAJIbHA,
* OLICHKA COOTBETCTBYIOLIUX YACTHBIX PACIpPENEICHUN BEPOSTHOC-
Teu.
Cy1iecTBEHHON pa3MEPHOCTBIO /1-MEPHOT'O CIIy4aifHOro BEKTOpa C COBMECT-
HBIM pacIrpelielieHueM BepOsSTHOCTEH p( X) Ha3bIBaeTCs MUHHMAJIBHOE YHCIO K,

JUIsl KOTOPOTO CyIECTBYeT TaKas MePeCTaHOBKA HHICKCOB {0} , UTO COOTBE-
TCTBYIOIasl IEKOMIIO3UIUS PACIpeneNICHUs BeposSATHOCTEH p(x) MMeeT pa3Mmep-
HOCTb COMHOXKMTEJIEH HE BBILIE k.

B cuity Toro, 4TO B IPAaKTUYECKUX MCCIIEA0BAHUIX OOBIYHO UMEETCS BEChMa
OTPaHUYEHHBIN CTaTUCTHUECKUN MaTepHall, ¢ JOCTaTOYHOMN CTEIEHbIO JOCTOBEP-
HOCTH MOXXHO CTPOHTH COBMECTHBIE paclpeesIeH!sI BEpOATHOCTEH JIMIITh OYEHb
HEBBICOKOH pa3MepHOCTH. TakuM 00pa3oM, CTAaHOBHUTCSI aKTyaJbHOW HpoOieMa
BOCCTAHOBJICHHS 10 MMEIOIIMMCS TaHHBIM COBMECTHOTO paclpe/Ie/IeH s BEPOsIT-
HOCTEH CIy4aiiHOTO BEKTOpa HEBBICOKOW CYIIECTBEHHOH pa3MEpHOCTH HAWITY4-
UM 00pa3oM (B HEKOTOPOM 3apaHee 3alaHHOM CMBICIIE) OTPaKaroIleM HME0-
HIyrocsi HH(opMaImio.

Hmxe B KauecTBe XapaKTepHCTUKU HEMIOCPEACTBEHHBIX CBS3€H CTaTHUCTHU-
YEeCKHX CHCTEM OyIyT paccMarpuBaThCsi MH(POPMATHBHBIE CTPYKTYPbI 3TUX CHC-
tem. ['py6o roBops’, ”HPOPMATHBHBIE CTPYKTYPbI K-I'0 MOPSIIKA 3TO CTPYKTYPHI
CIIly4allHbIX BEKTOPOB K-CYIIECTBEHHOH pPa3MEpPHOCTH, ONMKAHIIUX B CMBICIIE
MHHUMYyMa paziuyaronieidl nHGpopMaluu K MOJEIH HCCIIENyeMON CTaTUuCTHYeC-
Koil cucrembl. Jlpyrumu ciioBamu, HH(GOPMATUBHASL CTPYKTypa k-TO TIOpsAKA 1-
MEPHOTO CIIly4alHOro BEKTOpa 3TO CTPYKTYpa APYIOro 71-MEPHOIO CIIy4aiHOTro
BEKTOpa, COBMECTHOE pacIpeieIeHHE BEPOSTHOCTEH KOTOPOTO YIOBIETBOPSIET
crexyromuM cBoiicTBaM. OHO SBISIE€TCS, BO-IEPBBIX, KOMIIO3UIMEH k-MEpHBIX

" TlonpoOHee 0 CyIIEeCTBEHHOH pa3MEPHOCTHU CIIyYailHBIX BEKTOPOB cM.: FOoun A./]. O BbI-
JIeTICHHHN CYIIECTBCHHBIX CBsI3ell B MHOTOMEpHOI1 cirydaiiHoi BenmdnHe / Monenu coru-
aJIbHO-3KOHOMHMUYECKUX MPOLIECCOB U coluanbHoe mianupoBanue. M.: Hayka, 1979.
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YACTHBIX PACIPENEICHUN BEPOSTHOCTENH UCXOIHOTO CIIy4allHOTO BEKTOpa, U, BO-
BTOPBIX, OJNMKaHIINM B CMBICIIE MUHIMYMa pa3iinyarolneil nHpopMauu K Hen3-
BECTHOMY PACIIPEIEIIEHUIO BEPOATHOCTEN CIIy4ailHOIO BEKTOPa, MOAEIHPYIOLIE-
IO U3y4aeMyl CTaTHUCTHUYECKyI0 cucTeMy. COOTBETCTBYIOILIEE pacIpeseieHHe
BEPOSITHOCTEHN Ha3bIBaeTCS MHPOPMATUBHON anlpoKCHMaIKeil k-ro mopsiika uc-
TUHHOTO pacHpeseieHns BeposTHocTe. Bee k-MepHble MapruHanbHbIe pacmpe-
JIEJIEHHs [TPENIIONAratoTCsl U3BECTHBIMM I JK€ UX MOKHO IIOCTPOUTH 110 UMEIO-
LIEMYCsl CTAaTUCTUYECKOMY MaTepUaiy ¢ JOCTaTOYHOM CTENEHBIO JOCTOBEPHOCTHU
U HaJIeKHOCTH®.

6.1.4. [poeHo3upo8aHuUe C UCMOb308aHUEM
cmpyKkmyp criyqdalHbIX 8eKmopos8

OOBIYHO MTPH KaYE€CTBEHHOM aHAJIM3€ CII0XHOW CHCTEMBI BCIO paccMaTpHBa-
€MYIO CHCTEMY MOKa3aresieil MOKHO pa3OuTh Ha JIBE NPUHIMIIHAIBLHO pa3IndaHbIe
IpYIIIBI IOKa3aTesiel: 3aBUCHMBIE TIEpPEeMEHHBIE, TOBEIEHUE KOTOPBIX HEO0OXO/IH-
MO HCCJIEH0BaTh, U (PaKTOpHBIE MMOKA3aTEH, ONPENEIIIOMNX B 3HAYNTEIBHON
Mepe MoBe/ICHHE MEePBOi TPYIITHI MoKa3aTenel. B cBoro oyepenb, pakTopHBIE 1Mo-
Ka3aTeNnu TakXke MOJpa3AessioTcs Ha JBE MOATPYMIIBL yIpaBiIseMble NepeMeH-
HbIE, Ha KOTOPbIe BO3MO)KHO HEMOCPEICTBEHHOE YIIPABICHUECKOE BO3JIEHCTBUE,
1 HaOIoIaeMble XapaKTepUCTUKH CPe/Ibl, HEITOCPEACTBEHHO BO3/ICHCTBOBATh Ha
KOTOpBIE Helb3d.

3HaHWe CTPYKTYpbl cHcTeMbl (MH(QOPMATHBHOW CTPYKTYpBI) ITO3BOJISET
MIOCTPOUTH PEKYPCHUBHYIO CHCTEMY C M3BECTHBIM pacIHpeieleHUeM BepOsTHOC-
Teil:

x;, = f; (vA(,.))l =1,...,n,
rne A(i) — MHOKECTBO MHJIEKCOB, ONPEACIIIEMBIX IS KaXI0TO IMOKa3aTelsl BbI-

SIBICHHBIMA MH(OpPMaTUBHBIMU CBsA3IMHU. B kauecTBe (yHKUMI ﬁ(rA(,)), B
COOTBETCTBHH C KOTOPBIMU OCYILECTBISETCSI IIPOTHO3, MOXKHO B3STh OOBIYHBIC
JIMHEHHBIE PErpecCHH MITH, YTO, BOOOIIIE TOBOPSI, JT0JKHO MPUBOJMTS K JIyUIIEMY
pe3ynbTary, yCIOBHBIE MaTeMaTHUYECKUE OXKMJaHMS MO MOIYYEHHBIM MpPU MOCT-
poeHnH MH(GOPMATUBHBIX CTPYKTYp YaCTHBIM paclpeieeHUsIM BEpOSTHOCTEH.
JluHelitHBIE perpeccuy AT HAUIYUIIUil pe3yynbpTar B ciy4yae, KOraa HHAyLHpYye-

¥ Ilonstie MHGOPMATHBHON CTPYKTYpHI ObUIO BBeieHO B pabote: FOoun A./]. O6 ungop-
MAaTHBHBIX CTPYKTypax MHOTOMEpHBIX ciydainsix BenuunH // U3sectus AH CCCP. Tex-
Hu4deckas kubepHeruka, 1977, Ne 6. [logpobuee cm., Hanpumep,: FOOun J1.b., FOoun A./].
MaremaTuky U3MepsIIoT CIoKHOCTE. M.: 3Hanue, 1985 (cep. «Uucno u MeIcib» Beim. 8).

207



MBI PAacCMarTpUBAEMON CHUCTEMOM CIIy4aWHBI BEKTOp SBISIETCSI HOPMaJIbHO
pacnpeaeeHHbIM’.

[Tpu ucnonbp30BaHUK BTOPOTO IOXOAA JUIS MOCTPOCHUS MPOTHO3a (haKTH-
YECKH NIPUMEHSIETCS] UCXOAHOE ONPEEIIEHUE PErPECCUM KaK yCIOBHOIO MareMa-
THYECKOTO OKUIaHusl. B aToM ciiydae QyHKIMH POrHO3a BHINISISAT CIIEAYFOLIHM
oOpazom:

% = 1,60 x0)= Y o PR = x| X = xahi = Len,
X

1€ MHOXCCTBO )(l — MHOXXECTBO BO3MOKHBIX 3HAUECHMI i-r0 MOKa3aTesis CHUCTe-

MBI, P{)(i =X

4TO i-i MOKa3areNb NMPUMET 3HAYEHHE PABHOE X; MPU TOM, UTO XA(G) = Xa@).

Xa) = XA(,} — YCJIOBHOE pacIipe/ielieHue BepOsTHOCTEH TOTO,

ITockoNbKy HHKE MBI pacCMaTpUBAEM TOJBKO HH(OPMaTHBHBIC CTPYKTYPBI TPEThE-
TO TIOpsIIKa, TO Bce MHOXKecTBa A(7) comepxar 1o aBa amementa: A(i) = {j( i), k(i)}.

6.2. NocTaHOBKa Npobnembl 1 anropuTMbI

6.2.1. lNocmaHoeka npobremsb!

6.2.1.1. TpeHOoOBLIN NPOrHO3

bynem paccmartpuBaTh NPOU3BOJIBHEIN BpEMEHHOHN psx X, (B 00IIeM ciryyae
BEKTOPHBIH, pa3MEPHOCTH 71) KaK peall3allHi0 CyMMEI JIBYX IIPOLIECCOB: ACTEp-
MHHHPOBAHHOTO TPEH/IA, OTPAXKAIOIIETO BHYTPEHHUE 3aKOHOMEPHOCTH HUCCIIENY-
€MOro Tpoliecca, i CTOXaCTHYSCKOr0 TPEHAa HEKOTOPOro CIy4aifHOro mporec-
ca, OTPaXKAIOILEro CITy4allHble OTKJIOHEHHS OT ACTePMHHHPOBAHHOIO TPEHIA, a
TaKKe HEyYTCHHBIC B JACTCPMHHHPOBAHHOM TpeHAe (akTopbl. [pyruMu ciioBa-
MU, OyIeM CIUTaTh, 9TO

X =)+ & Wen Yz Viw ),
rae f— IeTepMIHUPOBAaHHAS (QYHKIHS (B O0IIEM ciaydae BEKTOP-(PYyHKIINS), 3aBH-
CsIIasi OT BPEMEHH; ), = X, — f{ t) — OTKJIOHEHHE 3HAYCHHsI BpEMEHHOT'O psijia B MO-
MEHT BPEMEHH ¢ OT TpeHnaa; & — ciaydaiiHas QyHKIus (B 00IIeM cirydae Ciaydaii-
Hasg BEKTOP-(QYHKIMA), 3aBUCAIIAS OT NPEABICTOPHU OTKIOHEHHI BPEMEHHOTO
psna oT TpeHza.

* Cm.: 3apyyxuii B.M. O BBIIEICHHN HEKOTOPHIX TPpadoB CBS3EH U HOPMAJIbHBIX BEKTO-
PoB OOIBIIOH pa3MepHOCTH // ANTOPUTMHYECKOE U IPOrpaMMHOE 00eCIIeueHNe MPUKIIa-
HOTO cTaTHcTH4YecKoro aHanusa. M.: Hayxka, 1980.
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Jst mocTpoeHust (pyHKITUK MPOrHO3a 3HAYCHKS Psi/ia B MOMEHT BpeMeHH ¢ + 1o
W3BECTHBIM 3HAYCHUSAM PSAA X, X, J, ..., X, ... JOCTATOUYHO 3HATH (DYHKIIUIO TPEHIA
() n ycnoBHOE pacnpeselieHue BepOsITHOCTEH p(V,; =V | Vy Viprooos Vip ---). B 3TOM
CIyvae HaWIy4IlIni MPOTrHO3 MPECTABISET cO00it CyMMy 3HAaUCHHS TPEH/IA B MO-
MEHT BpeMeHH ¢ + | M YCIOBHOTO MaTeMaTHYeCKOTO OXKHIAHHS Peai3alii CIy-
YaHHOW BETMYMHBI MPU M3BECTHBIX 3HAUCHUSIX X, X, /, ..., X/ p---» T.C.

Xy = S+1)+ Iyp(ym = WVirVictros Vit ,---)dy-
yay

TakuM 06pa3oM, ecii U3BECTHA CTPYKTypa CiiydaifHoro Bekropa &, To or-
THUMAaJIbHBIN IMPOTHO3 BECIINYUHBI Xev] 3a4a€TCA BBIPAXKCHUEM

X 141 :f(t'”)"' !yp(yi,tﬂ = y|yr(t,i))dy,i =lo,n,
4y

rie I’ — crpykrypa cinyuaitroro Bekropa &. (HarmoMHuM, 4TO CTPYKTYPO# Clydaii-
HOTO BEKTOPa Ha3bIBaeTCs rpad, pedpa KOTOPOro OTBEYAIOT HAINYMIO HEMOCPE-
CTBEHHBIX CBSI3€H MEXIy COOTBETCTBYIOIINMH KOMIOHEHTAMH CIy4aifHOTO BEK-
Topa. Takum o6pa3om, MHOKECTBO / (¢, i) — MHOKECTBO TIEPEMEHHBIX C COOTBET-
CTBYIOUIMMH JIaraMH, OT KOTOPBIX HEMTOCPEICTBEHHO 3aBUCHUT IIEPEMEHHAS X;.

B Hacrosimmeil paboTe Mbl paccMaTpUBAEM TOJIBKO CKAJIIPHBIE BPEMEHHBIE
panel. [loatomy

£ =9+ 1r Q)= r(+1)+ | s = ©.2.1)

CrnenoBarenbHO, A1t HOCTPOEHUS (DYHKINH MPOTHO3UPOBAHUS YKa3aHHOTO
BHIa HEOOXOMMO TIPOU3BECTH CIIEYIOMINE ICHCTBUS:
1. Onpenenuth GyHKINOHATHHBIN B TPEHAA.
2. Iloctpouts TpeHA.
3. IlocTpouTs psif OTKIOHEHUN OT TpEeHAA.
4. ITocTponTh CTPYKTYpY (MHOOPMATHBHYIO CTPYKTYPY) JIarOBBIX MO-
Kazarenel OTKIIOHEHUH OT TpeHJa.
5. IlocTpouTh yCIOBHOE pacipeleieHe BEPOATHOCTEN OTKIOHEHUH
OT TPEH/Ia B 3aBUCHMOCTH OT BBISIBJICHHBIX JTATOBBIX OTKIOHEHHH.
ITporHo3, MOCTPOCHHBIH ¢ UCIOIB30BaHIEM MPEATIAracéMoro 371ECh TOIX0/a,
OCHOBAHHOTO HA BBIABJICHUH CTPYKTYPHI CITy4aiHBIX OTKIOHEHHH OT IETEPMHUHH-
POBaHHOTO TPEH/a BPEMEHHOTO psizia, Oy/ieM Ha3bIBaTh JJIsI KPATKOCTH MpeHOo-
8bIM NPOSHO30M.
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6.2.1.2. BeposATHOCTHbIV NPOrHO3

PaccMoTpuM emmie ouH MoAXo/ K OCTPOEHHIO IPOTHO3a, TaKKe OCHOBaH-
HBI Ha BBISIBJICHUHM CTPYKTYpBI CllydailHOro Bekropa. OmHAaKo B 3TOM ciiydae
MIPEATIONIAraeTCsl, YTO B UCXOJHOM BPEMEHHOM PSIE X, OTCYTCTBYET AETEPMUHH-
POBaHHAs COCTaBISIOIIAs (IETEPMUHNPOBAHHBIA TpeHn). [yt kpaTtkocTn Oyaem
Ha3bIBaTh MPOTHO3, IOCTPOCHHBI HAa OCHOBE 3TOTO IOIAXOMA, 8EPOAMHOCIHBIM
NPOSHO30M.

Takum 00pa3om, B TaHHOM ciTydae OyzieM paccMaTpuBaTh IPOU3BOJIBHEIN Bpe-
MEHHOH sz X, (B 00IIeM cilydyae BEKTOPHBIHM) KaK PETM3aLHI0 CTOXaCTHIECKOTO
TpeH/la HEKOTOPOTO CIY4aifHOro MpoIiecca, OTPaXKAIOIIETO CIIyJaifHbIe OTKIIOHE-
HUS OT HEKOTOPOTO CPEeIHEro 3Ha4eHus. [lpyruMu ciaoBamu, OyaeM CUuTaTh, 4To

X, =& Xy Xy ooy Xppp o),
rie & cyvaiinas GyHkus (B 00IIeM citydae cirydaiiHas BeKTop QYHKIHS), 3aBH-
csimast OT MPEeAbICTOPUH.

B paccmarpuBaemMoM ciydae Ui IIOCTPOEHHS (PyHKIWH MPOTHO3a 3HAYCHUS
psia B MOMEHT BpPEMEHH ¢+ 110 N3BECTHBIM 3HaYCHUSAM PANA X, X, , ..., Xppp ... JOC-
TAaTOYHO 3HATh YCIIOBHOE PACTIPEICIICHHE BEPOSITHOCTEH P X, =X | X, X pyeves Xy - ).
Hawryummii mporao3 npezactasisieT co0o0i B 3TOM CHTYaIllH YCIOBHOE MaTeMa-
THYECKOE 0)KUIAHHE Pean3alii CIIydaiHOW BeIHMINHBI { TPU M3BECTHBIX 3HAYC-
HUSIX Xjy X;fy ooy Xpgpoees T.C.

£a= pr@m :xlxt,x,_l,...,xt_r,...)dx.
Xl

X
OnHaKo 0CTaTOYHO YacTO PAI X, UMEET SIPKO BBIPAXEHHYIO TeHACHIUI0. B

TaKUX CHUTYAIlMsIX JaHHBIE CIEAyeT AeTPeHANpoBaTh. byaeM mms 3Toro mepexo-
JIUTH K TEMIIOBEIM XapaKTepUCTHKaM psina'’. Beemem HOBBIH psin:

X
y, =L =1, T —1.
x[
Bynem cuutars 3HAYEHUS psiaa y, peanu3alusaMu cirydaiHoro Bexkropa (. Ta-
KM 00pa3oM, eClid U3BECTHA CTPYKTypa CIyd4aiHOro BekTopa { , TO ONTHMAb-

HBII TIPOTHO3 BEIMYHHBI ), ; 38JIaCTCS BRIPAKEHHEM

Vian = !yp(m,m = V) i = L
Ry

Y

rae A cTpykTypa ciaydaiiHoro Bekropa { . Takum 06pa3om, IPOTHO3 X, ; ONpe/e-
JII€TCSI COOTHOIIEHUEM

' Tako#i crtoco0 IeTpeHANPOBAHUS SKBUBAJIEHTEH JETPEHIUPOBAHUIO PS/a JIOrapr(MOB.
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Ei,r+l =X, Iyp(Vi,t+1 = J"J’A(r,i))dyai =L..,n.

Y,

[TockonbKy MBI paccMaTpHUBaeM TOJIBKO CKaJSIpHBIC BPEMEHHBIE PSIBI, TO

£in :4/6 H‘A(’)): X !yP(Vm = y‘)’A(:))dy- (6.2.2)
yay

CrenoBarenbHoO, JJsi HOCTPOCHHs (PYHKIMU MPOTHO3UPOBAHHS YKa3aHHOTO
BHJa HEOOXOAMMO MPOU3BECTHU CIEAYIOMINE ACUCTBUS:

1. PaccuuTarh TeMITOBbIE XapaKTEPUCTHKH (€CIIH HY>KHO) psJia.

2. [Moctpouts CTPYKTYPY (MH(DOPMATHBHYIO CTPYKTYPY) JIATOBBIX I10-
KazaTeJeil TEMIIOBBIX XapaKTePHUCTHK PsJIa.

3. TlocTpouTh yCIIOBHOE pacmpenelieHue BEPOATHOCTEH TEMIOBBIX
XapaKTePUCTHK Psijia B 3aBUCUMOCTH OT BBISBICHHBIX JIATOBBIX Xa-
PaKTEPHUCTHUK.

6.2.1.3. Vicnonb3oBaHWe NPOrHO3MPYOLLMX PYHKLMI

[TonyuenHas B pe3yabrare MPOBEACHHBIX NeHCTBUNA (yHKIUS TPOrHO3UPO-
Bauus ¢ (¢| T'(2)) Buna (6.2.1) wum (| A(z)) (6.2.2) u sIBIsIETCS TPOTHO3HUPYIOIIIEH
(byHKIHEH UCXOHOTO BPEMEHHOTO psina X,. [l mpoBepku mocTpoeHHON (PyHK-
LMY IIPOTHO3UPOBAHUS IIPOU3BOJUTCS UMUTALIMSI UCXOIHOIO BPEMEHHOTO psijia B
COOTBETCTBUM C COOTHOLIECHUEM

_EED) =00+ ()
£ —éel(é :WQ_H‘A(Z))Z—T,...,T—I R

rae 7 — JuiMHa psijia X,;, UCIIOIB30BAHHOTO /ISl TIOCTPOEHHS (QYHKIUH IPOTHO3H-
poBaHUs, a T — MaKCHUMAJIGHBIN J1ar, BXomsmuid B MHOkecTBa I m A. KadectBo
AMUTANUU OyIIeM OIICHUBATh BEIMYMHON CpeHEH OTHOCHUTEILHON OIIMOKH, TOU-
Hee, BEIMYMHON cpemHell abcomroTHOM mponeHTHOH ommOku (MAPE — Mean
Absolute Percent Error):

5= 100 Z|x —£]|
T—17+1 & x

13

ITocne mpoBepkH KauecTBa MMHUTALUU CTPOSTCS OJHOIIArOBBIE MPOTHO3BI
pa3BUTHS BPEMEHHOTO Psifia X,: TP ¢ UConb30BanueM ¢yukimu @ (¢|1(2)) u nsa
¢ ucnons3oBanueM GyHkiuu Y (¢|A (¢)). KauecTBO MPOrHO30B OIICHUBACTCS, TAK

KC KaK U Ka4C€CTBO HMMHTAIIUHU, BEJIMUYNHON Cpe,[[Heﬁ OTHOCHUTEIBHON OIHI/I6KI/I
(MAPE)
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£ __€‘
& 100 |, Al
£ £ x,

3nech E — rOPH30OHT IPOTHO3MPOBAHHMSL.
PaccMoTpuM AT METOIOB IPOTHO3UPOBAHMS.
1. TpennoBeIii mporHo3 6e3 obydeHus. B stom ciaydae u pyHKUIns

TpeHJa f(t), ¥ yCIIOBHOE pacIpefeeHIe BEpOATHOCTEH p( y,; =

¥ | ¥r) ciyqaiinoro BekTopa § CTPOSTCS HA OCHOBE OTKJIOHEHHE

s
OT TpEeH/1a UCXOIHOTO BPEMEHHOTO psijia {y,}t:1 . Ilocne atoro ¢
UCIIOJIb30BAaHUEM TIOJIyYEHHBIX (YHKLHUI CTPOUTCS IOCIeN0Ba-
TEBHOCTh OJHOIIATOBBIX MPOTHO30B 3HAYCHUH BPEMEHHOTO psa

£-1

£ o
{£T+,} =1 » 3ABUCALIMX OT UCTHHHBIX 3HAYECHHUI {xrﬂ I

2. TpeHa0BBIH NPOTHO3 ¢ 00yueHHeM 0e3 KOPPEeKIUH TPeHAA. ITOT
Cllyyal OTIIMYAeTCsl OT MPEIbLAYIIEro TeM, YTO Ha KaXKJOM IIare
MOCTPOCHUSI MOCJIEA0BATEILHOCTH OIHOIIATOBBIX MPOTHO30B Iie-
PECUUTHIBAETCS YCIOBHOE paclpeAeieHie BepOATHOCTEH p( ¥,y
=¥ | ¥y cnyuaiinoro Bektopa & ¢ MCIOIb30BAHUEM BCEX 3HAueE-
HUH psijia OTKIOHEHHH OT TPeHJa 10 MOMEHTAa MPOTHO3UPOBAHUS,

re. {v}io
. TpennoBEIi MPOrHO3 ¢ 00yueHnEM M Koppekuuei Tpenaa. B aroit
CUTyallUd Ha KaXJOM Ilare NPOrHO3UPOBaHMSA YTOUHSAETCS HE
TOJIKO YCIIOBHOE paclpeiiejIeHUE BEPOSTHOCTEH, HO M (QyHKIUS
TpeHaa. JlpyruMu cioBaMu, AAaHHBIH METOJ| MPOTHO3UPOBAHUS
AQHAJIOTUYEH «PEKyPPEHTHOMY HPOTHO3Y», PAaCCMOTPEHHOMY B
HepBOif yacTu.

4. BepossTHOCTHBIHN MPOTHO3 O3 00yueHus. B aToM cityuae ycioBHOE

pacrpeseneHne BEPOSTHOCTEH p( Y,y = ¥ | Ypgy) CllydaiiHOTO BEk-
-1
Topa { CTPOUTCS Ha OCHOBE TEMITOBBIX XapaKTEPHCTHK {)’;} (=1

T
HUCXOAHOT'O BpEMEHHOTIO psjia {x,} =1 - Ilocne atoro ¢ ucmonn3oBa-
HUCM MOJTYYCHHBIX (byHKIII/Iﬁ CTPOUTCA MOCJICA0BATCIBHOCTDb O~

€

HOIIIATOBBIX MPOTHO30B 3HAYCHHUI BPEMEHHOTO Psia {fTﬂ o 38



. £-1

BHCSIINX OT NCTUHHBIX 3HAYCHUI {xrﬂ =0
5. BeposTHOCTHBII TPOTHO3 ¢ 00ydYeHHEM. DTOT Ciay4yall OTINYaeT-
Ci OT MPEIBIAYIIEro TeM, YTO Ha KAXKJOM IIare IOCTPOCHHS
MPOTHO3a MEePECUUTHIBAETCSA YCIOBHOE PACIpEICIICHHE BEPOsAT-
HOCTEH p( Y, = ¥ | Yan) clyyaiinoro Bekropa ¢ ¢ HCHONL30BaHH-

eM BCeX 3Ha4YeHUH pdaga A0 MOMEHTa MNPOTHO3UpPOBaHHUA, T.€.
{at,
XT =1 |

6.2.2. Anzopummbl MOOEIUPOBAHUS U MPO2HO3UPOBaHUS

6.2.2.1. lNocTpoeHune TpeHga

31ech MOJKHO pacCMOTPETh JiBa Moaxona. [1epBhlii OCHOBaH Ha KadeCTBEH-
HOM aHAJIN3€ UCXOAHOTO ANHAMUYECKOTO Psija.

CHayana MPOMEXyTOK BPEMEHH, Ha KOTOPOM 3ajaH aHAJIM3HPYEMBIH Bpe-
MEHHOM psiJl, pa30MBaeTCsl Ha HHTEPBAJIbl OTHOCUTEIIFHO CXOXKETO MOBeneHHs. B
JAHHOM CJIydae B 3HAYMTEJIFHON Mepe HCIONb3YIOTCS PE3YIbTaThl PadOTHI « IK0-
HOMempUu4ecKull anaiu3 OUHAMUYECKUX D008 OCHOBHBIX MAKPOIKOHOMUHUECKUX
noxazameneiiy (M.: UDIII1, 2001).

B pesynbrare Takoro ananmsa onpenensercs GyHKINOHAIBHBIN BUA TPEHIA
aHATM3UPYEMOTO BPEMEHHOTO psijia, T.e. onpeaensercs GyHKIus TpeHna f{ ¢, a) ¢
TOYHOCTBIO O HEKOTOPOTO BEKTOPHOTI'O Mapamerpa a. B nanHoi pabore B 06011b-
IIMHCTBE CJIy4aeB MCHOJIB3YeTCs KyCOUYHO-JIMHEHHBIM TPEH C U3JI0MOM, TTPHXO-
JSIIIAMCS Ha BTOPYIO TIOJIOBHHY (aBrycT-ceHTsI0ps) 1998 r. Ha kaxkmom u3 Beize-
JICHHBIX BPEMEHHBIX MHTEPBAJIOB PELIAETCS OTBEYAIOIIAasi COOTBETCTBYIOIIEMY
(YHKIMOHAIBHOMY BHIY TPEHJA CHCTEMa HOPMAaJbHBIX JTHHEHHBIX ypaBHEHHH,
KOTOpasi M ONIPEAEIIeT HEM3BECTHBIE apaMeTpbl pyHKIuH TpeHaa. s mpakTH-
YEeCKOH pean3allii HaXOXKICHUS IapaMeTpoB (DYHKIMM TPEHAA HCIIONB3YeTCs

MTOCTPOCHUE PErPeCcCHU MO JAHHBIM {xt} ,T:I Ha f( t, (I,..., 1)). OTO MIO3BOMISIET
MOJY4UTh HE TOJBKO 3HAYEHHS BEKTOPHOTO Mapamerpa a, HO U CTaTHCTHYECKHE
XapaKTEePUCTUKH KaK 3HAYCHU I MapaMeTpoB, TaKk U caMoi (DYHKIIUU TPEH/A.
Bropoit moixo 0CHOBaH Ha pacCMOTPeHUH (DYHKIMH TPEHJA BPEMEHHOTO
psiia B BUJIE HEKOTOPOTO TOJIMHOMA, T.€. IPUOIMIKEHHOTO pa3iiokeHus QYHKIUN
TPEH/A B CTEIIEHHO psijl. 3a71aB HEKOTOPBIA MOPSIOK ITOJTHHOMA ), MOXKHO TOCT-

r 2
POMTHL PErPECCHIO AaHHBIX \X,f ,-, Ha 3Hauenus I, f, £2, ..., #. [locne ynanenus
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CTaTHCTHYECKH HE3HAaYMMBIX PErpeccOpoB MOJIydaeM MOJIMHOMHAIBbHYI0 (QyHK-
MO TPEH/a.

B nmanHO#f paboTe HMCHOIB30BAaH TOJBKO MEPBBIM MOAXOA K MOCTPOSHHIO
(GyHKIMU TpeHpa.

6.2.2.2. BbisiBneHne naroBov CTPYKTypbl

st cnydaitaeix Bennund & U { CTPOUTCS YCIIOBHAS HH(POPMATHBHAS CTPYK-
Typa TpeThero nopsijaka. JpyrumMu cioBaMu, ONpPENesIstOTCS JIBa JIATOBBIX MOKa-
3arelis, 3HAaHWE 3HAUCHUI KOTOPBIX B COBOKYITHOCTH HECET HAUOOJBIIECe KOJIHYe-
CTBO MH(OPMAIUY O 3HAYCHUU UCCICIyEeMOW MEPEMEHHON B TEKYIIUH MOMEHT
BpeMeHHU. [T0CKONBKY B HACTOSIIIECH pabOTe paccMaTpPHUBAIOTCS TOINBKO OHOMEp-
HBIC BPEMEHHBIC PSJIbI, TO 3a/1a4a TOCTPOSHHS HH(POPMATHBHBIX CTPYKTYP CYIIe-
CTBEHHO YIPOIIAaeTCs.

B aTOM cityyae 10CTaTOYHO MOMYYUTh KOJTHMYESCTBO MHGOPMAIIHH O 3HAYCHUU
MOKAa3aTelisl B MOMEHT BPEMEHH £, COZIepIKaIlieecs B JI000# mape JIaroBbIX MOKa3a-
terneii. [loce 3Toro BeIOMpaeTcs mapa, OTBEYAOIasi MAKCUMAIILHOMY 3HAUCHHIO
KoJm4yecTBa MHGopMarmu. Jlaru, 3ajaBacMblie 3TON Mapou, SIBISIOTCS HaubOomee
UH(POPMATUBHBIMU C TOYKHU 3PEHUS ONPEACICHUS 3HAYCHUS aHATU3UPYEMOTO T10-
Kazareysi B MOMEHT BpeMeHH ¢. [1o onpeeneHuto OTHOIIIEHHE OITYYeHHOTO KOJIH-
YyecTBa HHGOPMAITMH K SHTPOIIMHU UCCIISTyeMoro mokasarens (ko3dduiuent uu-
(hOpPMaTHBHOCTH) OMPEEIACT OO0 HEOMPEICIICHHOCTH 3TOTO MOKA3aTelsl, CHU-
JKaeMYI0 3a CYET 3HAHMS 3HAYCHUN COOTBETCTBYIOIIMX JIATOBBIX TIOKa3aTeNeH.

PaccMoTpuM cxeMy MpakTHYECKO# pearn3alliy BEISIBICHHS apbl Hauboee
uHpopMmaTHBHBIX JaroB. CooTBeTcTBYrONMIA Makpoc (Mudopmarmu3()) npuse-
neH B [Ipunoxenun I11.1.

Mo onpenenennto konuyectBo MHMGopMarwmu I(1;, (1, N3)) o cinyyaiiHol Be-
JIMYUHE [];, cOAEpXKalleecs B Nape CIydailHbIX BEIWYUH I], U I];, paBHO: I( 1,

(M2, 13)) = HCmy) + H( 1y, M3) = H( Ny, 1, 1)), tae H(1 ) — dHTpOIis cityyaiitoi
BEJIMYUHEI /] C COBMECTHBIM paclpeliefieHneM BeposiTHocTel p( x) = P{ N = x},

onpenensemas kak 1 0)=- ;p (Jog: P() . Kommuectso MH(OpPMALUK U DHT-

pomus U3MepATCs B OUTaX.

Ha nepBom sTarie BbIsSBI€HUsI UHQOPMATHBHBIX JIAr0OB 3313aETCS MaKCUMAaJIb-
HO BO3MOXKHOE 3ala3jblBaHue (BeIM4MHa fau). B nanHoli pabore paccmarpusa-
FOTCS JIaTH HE MPEBBIIIAIOIINE OTHOTO IOA1a, T.€. I MECSIUHBIX JJaHHBIX fau = 12,
a JuIsl KBapTajbHBIX tau = 4. Takum oOpazoM, paccmarpuBatorcst 13- u 5-mMepHbie
Clly4yaliHble BEKTOPBI, U KOTOPBIX OIpeeiseTcs Hanboiee nH(popMaTHBHAas 3a-
BUCHMOCTH TIEpBON KOMIIOHEHTHI OT aphl OCTAIBHBIX.
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Ha ciaeayromeM dTare Mpou3BOAUTCA HOPMHUPOBKA HCXOAHBIX JaHHBIX
(id( 1),..., id( nn), nn — nIUHA psIIa MO KOTOPOMY CTPOUTCS MOZEIIb) TaK, 4TO-
OBl OHU U3MEHSINCH B auamnazone ot 0 mo 1:
id (i) — min id(j)
idn(z') — 1<j<nn

max id (/) — min id(}) ’

1<j<nn <j<nn

Kpome Toro, Ha 3TOM mmIare 3agaeTcss ypoBEHb TaOyIISIIAN TaHHEBIX (eps). [e-
JI0 B TOM, YTO YeM HIDKE YPOBECHb TaOyIAIIH, TeM 0oJiee TOUHBIM ITOITyJaeTcs pe-
3yIBTaT, OMHAKO, B CHJIy OTPAaHUYCHHOCTH ITAHHBIX, OJHOBPEMEHHO CHIDKACTCS
HAJIEKHOCTH ITOTy4aeMoTo pe3yasrara. [loaToMy ypoBeHb TaOyIIsAIIuu BEIONpaeT-
sl TaKUM 00pa3oM, YTOOBI B KaXKIYIO TPadanrio IIONaaino B cpeqHeM 4—5 3Hade-
HUH psija, T.e.

Ha Tperbem 3Tame paccUUTHIBAIOTCS MPUOIIDKCHHBIC 3HAYCHUST BEPOSTHOC-
Tel (4acTOTHI) TOTO, YTO COOTBETCTBYIOIINE CIyYaiHBIC BEITMYAHBI IPUHAMAIOT
3HAYCHUS U3 KAXKIOU U3 rpaganuii. Jist 3Toro ompenensoTes IeHTPHI Tpalaliii

KaXXJ10ro U3 TaOyTHpOBaHHEIX pacnupeneneHuit BEPOATHOCTEHN
k—1)x<eps Oz [
( u,k =l...n, ,TOC 72, = Eigi =1.2.2 — MHUHUMAJIBHOE
2 Cers O
i
LIEJI0€ YUCIIO HE MEHbIlIee ——— ) M PACCUMTHIBAIOTCSI PACCTOSIHHSI B OJTHO- JBYX-
eps

U TPEXMEPHOM MPOCTPAHCTBAX OT JAHHBIX 33 KAKIYIO CIHHUIYY BPEMEHH JIO CO-
OTBETCTBYIONIHMX IIEHTPOB. [10CIIE ATOTO MOACUUTHIBAETCS KOJIUUECTBO MOMABIITHX
B KaXJYIO TPAJalMi0 SJIEMEHTOB sl aHAmu3upyemMoro mokasarens N, (k), k =
1,..., n}, BCEX Iap JIaroBbIX IOKa3areyen Nij( k,i=1,.,11,j=i+1,..,12, k=

1,..., ny ¥ TPOEK, BKIIOYAFOLINX aHAIM3HPYEMbIi ITOKa3aTellb U BCEBO3MOXKHBIC
TIapbI JarOBBIX ITOKa3aTeien Noij( k,i=1,.,11,j=i+1,...,12,k=1,..., n3, Kak
eps

TOYEK C PACCTOSHUEM OT COOTBETCTBYIOUIETO LEHTPA HE MPEBBIIAIOIIEM
DHTpONNH MOKa3aTeNei ONpenensoTcs Kak

hl= Z] No(k)log2 No(k)—log2 nn
n2, j)= Z N, ()log, N, (k)=log, nn,i =111, j =i+1...12,
k=1
13(0,i,7)= Z Noy; ()log, Ny (k)=log, i =1,...11,j =i+1,...12
=1
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KonnuecTBa nHpOpMaLuy paccuUTHIBAIOTCA 110 (hopMyie:
It t_it_j)=hl+h2(,5) - h3(0,4,)),i=1,...,11,j=i+1,...,12..

MakcuManbHOe U3 TONY4YeHHBIX [(¢, t — i, t — j) 1 OTlpeieNsAeT JaroByto
CTPYKTYpPY MOJIEIIH POTHO3MPOBaHuUs. TakuM 00pa3oM, eciu
(i, jo)=argmax{l(t,t—i,t—j))|i=1,...,11,j=i+1,..., 12},
TO 3HAYEHUS UCCIIEAYEMOro TIoKa3arelsi ¢ jaramu (i, j)) HeCyT B COBOKYIHOCTH
HAUOOJIBIIYI0 HHPOPMAIIUIO O €r0 3HAUCHHHM B MOMCHT BPEMCHH f., T.C. JIaroBas
CTPYKTypa OyleT UMETh BUJT

6.2.2.3. lNocTpoeHne ycrioBHOrO MaTeMaTUyecKoro OXXuaaHus

OcHoBoit Mozieneit nporno3uposanus (6.2.1) (1 (6.2.2) sBsIOTCS YCIOBHBIC
pacrpe/iesieHus: BEpOSITHOCTEH TOro, 4To ciydaiinas BenudyuHa & (win {) IpHHU-
MaeT HEeKOTOpOe 3Ha4eHHE B MOMEHT BPEMEHH / IIPU U3BECTHBIX €€ 3HAYCHUSX B
MOMEHTBI BPEMEHH /i U {—j, T/Ie 3ana3AblBaHus [ U j ONpeeNeHbl TaK, KaK 3TO
ykazaHo B 2.2.2. OnuIeM aJropuT™M MOCTPOCHUSI COOTBETCTBYIOIINX yCIOBHBIX
pacnpenenenuil Bepostaocteil. B Ipunoxenun I11.2 npusenen maxpoc (Ipor-
H033()), peanu3yIonuii 3TOT aJrOPUTM.

Ha nepBom sTare, Tak e Kak U JUIsl BELIBICHUS HanOoiee HHPOPMaTUBHBIX
JIaroB, MPOU3BOJMTCSI HOPMUPOBKA MCXOIHBIX JIAHHBIX TaK, YTOOBI OHM M3MEHSI-
nuch B auanasoHe ot 0 go 1:

id () — min id(j)
idn(i) = ==
max id (/) — min id(j)
rae id(1),..., id(nn), nn — AMVMHA psAa MO KOTOPOMY CTPOUTCS Mojaenb. Ha aTom
JKe TI1are 3aJaeTcsl ypoBeHb TaOy AN JaHHBIX (eps) U 3aJal0TCs JIaru, onpee-
JICHHBIE paHee B pe3ysbTare paboTsl nporpammbl MHbopmannu3(), oT 3HaYeHHH
KOTOPBIX CTPOUTCS YCIOBHOE pacIpeesieHHe BEPOSTHOCTEH.
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Ha cnenytomem srane AJisi 3alaHHBIX 3HAYEHU JIATOBBIX MEPEMEHHBIX
z.; = z(0 u z,; = z(2) onpenensercs Habop 3HAYEHUH MPOTHO3UPYEMOH Tepe-
MeHHOH z, = z(U), TaKUX YTO PACCTOSHHE B TPEXMEPHOM MPOCTPAHCTBE OT
TpOHKH 3HAYEHHUH {Z, 2, z,;} 0o {z(V), z(V, z(2)} ne mpeBoCXOMUT eps, T.e.

o2z L0206 -0 + 6 -0 6, 2O seps

Ecmm rakux Ha60pOB N, TO YCJIOBHOC MAaTEMAaTUYCCKOC OKUAaHUC 3HAUYCHUSA

1
Zj+; IPH 380aHHBIX 2, = 2D W 2, = 2 onpenensiercs Kak - DIEARE

6.2.2.4. lNocTpoeHne NporHosa

Peanusyem J1Ba MeTOa UMHUTAIMU U MATh METOAOB NPOTHO3UPOBAHHUS CJIe-
IYIOIIM 00pa3oM.

1. TpennoBas umutanus. CiayXut As IPOBEPKH KauecTBa TPEHIOBOM
MOJIEJIM MPOTHO3UPOBaHuUs 3a nepuo 13,..., T mpu MECAYHBIX JAHHBIX WU
S,... T — npu KBapTaNbHbIX, TAe T — JUIMHA PSAJA X, HCIOJIB30BAHHOTO JUIS OCT-
poenust GyHKIK mporHo3upoBanus. [lomyueHHass GyHKIUS TPOTHO3UPOBAHHUS
@(t|I['(1)) Buma (6.2.1) ucmonb3yeTcss B JaHHOM Cilydae CIEAYIOMHIM 0GpasoM.

T
Crpourcs psin {xt} (=r (T=25mwm 13 B 3aBUCIMOCTH OT TOTO, KBapTaJIbHbIEC WIIN
MECSYHbIE JAHHBIE PACCMATPHUBAIOTCS):

£ =¢@I’(t)): f(f)"'ix(k)P{(t :x(k)‘xt—iﬁxt—j}’r(’):{f’j}” =1,..T

=1
3neck N — KOMM4ecTBO Tpajialiiii, ITOydeHHOE MTPH TaOyITUPOBAHNH CITyqaii-
Hoii BenmunHbl . KauecTBO UMHMTAIIMU OLEHUBAETCS BEJIMYMHOM CPEIHER OTHO-
cutenbHol omOku (MAPE):
100 Z |x, — %
T-1+1 % x

t

Peanusyerca TpeHmoBas HMMHUTAIMs HCHOJIb30BaHHMEM Makpoca IIpor-
H033() ¢ mapamerpamu: taul =i, tau2 =j, t=T,tt =71, ttt = T, eps = 0,005.
2. TpenpoBsblii Nporuo3 6e3 o6y4enus. Ciry>KUT [ IPOBEPKH KadyecTBa
TPEHJ0BOM Mozenu nporuo3upoBanusd 3a nepuon 7+ 7'+ T, rne T — nnuHa ps-
J1a X4, UCTIOJIb30BAHHOTO JJIsl HOCTPOEHHs (PyHKIMH IPOTHO3UPOBaHHs, a T '~ To-

PH30HT IPOrHO3UupoBanust. OyHKIMS IPOrHO3UpOBaHus P(?|/(t)) ucrnonp3yercs B

T+T'

JAHHOM ciydJae cienyrommmM oopa3oM. CTpouTes pax : {xt} a1
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& =00rO)= 70+ S <O =0 JrQ=fba=re1ror

[
3neck N — KOJIMUECTBO Tpajanuii, mojydeHHoe Npu TaOyJTMpOBaHUM CITyYaiHOU

BenmuunHbl & KauecTBO MpOrHO3a TaKKe OLCHUBACTCSI BEIMYUHOM cpeiHeil abco-
JOTHOH TpoieHTHOH ommnoku (MAPE)

_100 Z |x, —£]

T'Z x

=T

o

t

Peanu3yercst TpeHAOBBIH IPOrHO3 6€3 00yUCHNS NCTIONB30BAaHUEM MaKpO-
ca [Iporros3() c mapamerpamu: taul =i, tau2 =j t=T,tt=T, tt =T+ T, eps =
0,005.

3. TpeHaoBblii Mporuo3 ¢ odyyeHueMm 0e3 Koppekuuu TpeHaa. Ciryxur
TaKXe JJIs TPOBEPKH KauecTBa TPEHOBOW MOJIEIIH IPOTHO3UPOBAHUS 33 MEPHOL
T+ T+T,rtne T— mmHa psga X4, UCTIOJTIL30BAHHOTO JJIsl IOCTPOEHHSI GbyHKIIH

MIPOTHO3UPOBaHUsL, @ T TOPU3OHT MPOTHO3UPOBaHUs. DYHKIUS POrHO3UPOBA-
Hust @(¢|1(z)) ucnons3yercst B JaHHOM Cilydae ciemyrommm obpasoM. CTpoutcs

pana {x r} tT :+TT+’ 1

N
£=o(r)=r (t)+Zx(")p{n = O x prQ)=f =T e T

=1
3neck N — KOJIMUYECTBO Tpajanuii, MojydeHHoe Npu TaOyJTMpOBaHUU CITyYaiHOU
BenuunHbl & OMHAKO B OTIIMYKE OT MPEIbIAYLICIO Ciydyas B JAHHOM CIydac Ha
KaXJOM IIare YTOUHSAETCS YCIOBHOE paclpeleleHUe BepoSTHOCTEH

= ®) .
P{*’t = XXX, f . KadecTBO mpOrHo3a OlIEHHWBAETCS BEIUYUHOU Cpel-
Hel abconroTHOM nporeHTHO# ook (MAPE)

6=10f)i\x,—€,\ _
I' & x
Peanuzyercst TpeHAOBBIN MPOTHO3 ¢ 00y4YeHHEM 0€3 KOPPEKIMH TpeHIa

T’-kpatHBIM HcTionb30BaHuEM Makpoca [Ipornos3(). Ilpu k-m (k= 1,..., T") npu-
MEHEHHH MaKpoca MPUMEHSIOTCS mapaMeTpsl: taul =4, tau2 =5, t=T +k — 1,
tt=T1, ttt=T + k, eps = 0,005.

4. TpenaoBblii Mporuo3 ¢ odyyeHueM U Koppekumeii Tpenaa. Ciyxut
TaKXe Ul MIPOBEPKH KadeCcTBa TPEHIOBOW MOAENH IPOTHO3MPOBAHUS HA BpE-
MeHHOM mHTepBaie I + 7+ T, roe T — panwHA psina X, UCIIOJIB30BAHHOTO IS

HOCTPOCHUs (DYHKIIMU MPOTHO3UPOBaHUs, a 1" — TFOPU30HT IPOTHO3MPOBAHUSI.
DyHKIMS TPOTHO3UPOBaHUsS @(Z|/()) UCTIONB3yeTCsS B JaHHOM Cilydae CIemyro-
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{ }T+T’
M o6pa30M. CTpOI/ITCﬂ b XS =141 :

N
=)

£=0o(r©)=r0)+ Z x(")p{n = x(")\xt_,-,x,_}, rQ)={.p.e=7+1,...7+7T

3nech N — KOIMUECTBO Tpajanuii, MojydeHHoe Npu TaOyITMpOBaHUU CITyYaiHON
BenmuunHbl & OMHAKO B OTIIMYKE OT MPEIBAYLICIO Cyyas B JAHHOM CIydac Ha
Ka)KIOM IlIare yTOYHSETCS He TOJBKO YCJIOBHOE PacIpe/ielieHUe BEepOSTHOCTEH

— k
p{v, =x® —i»X,—;J , Ho u ¢yHxuus Tpenna f{¢). KadecTBo nporxosa ore-
HUBAETCS BEIMYMHOMN cpeqHelt abconoTHoH npoueHTHol ommboku (MAPE)

100 & |x, — €[

6:T'z X

=T

X

t

Peanuzyercst TpeHIOBBII IPOrHO3 ¢ 0OyYeHHEM M Koppekuuei tperaa 7 -
KpaTHBIM Hcnosb3oBaHueM Makpoca [Ipornos3(). Ilepen k-m (k= 1,..., T") npu-

T+k-1
MEHEHHEM MaKpoca MPOM3BOAMUTCS MEpecdeT TPEeHAA MO ALy {X,} =1 ,

MOCJIC YEer0 K MaKpOCy MPUMEHSIIOTCS mapaMeTpsl: taul =i, tau2 =/, t=T+k— 1,
tt=71 ttt =T+ k, eps = 0,005.

5. BepositHocTHast uMmuTanmst. CIIyXAT JJ1s1 IPOBEPKH KaueCTBA BEPOSITHO-
CTHOW MOJIEIM NTPOTHO3MPOBAHUS Ha BpeMEHHOM HMHTepBajie 13 + T mpu Mecsd-
HBIX JIAHHBIX WK 5 + T — IpH KBapTaJbHBIX, Te 1 — AJIMHA psja X, HCHONIB30-
BaHHOT'O JUIS MOCTPOCHUS (YHKLIMK NMporHo3upoBanus. IlomyueHHas (yHKumsS
porHo3upoBanus Y(t|A(t)) Buna (6.2.2) ucmons3yercss B JAHHOM CIIydae CIIeIy-

T
oM oopa3oM. CTpoutes psin {x,} (=r (T=15 wmm 13 B 3aBHCHMOCTH OT TOTO,
KBapTaJbHBIC WIIH MECSYHBIC JaHHBIC PACCMATPHUBAIOTCS):.

N
€ =y (a@)=x,, Z y(k)p{y, =,®
=1

Vi p D)= ot =1, T

3neck N — KOHYECTBO Ipaganuii, HOIyIeHHOE PpH TaOyTUPOBAHUH CITyqaii-
Holi BennuuHbl (. KauecTBO UMHTAIIMU OLEHUBAETCS BEIMYUHOM CPEAHEH OTHO-
curenpHOl ommOku (MAPE):
100 Z |x, —£]
T—17+1 & x

12
Peanmsyercs BeposTHOCTHAs MMHTAIUS HCIIOIB30BaHHEM Makpoca IIpor-

H033() ¢ mapamerpamu: taul =i, tau2 =/, t=T,tt =T, ttt = T, eps = 0,005.
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6. BeposiTHOCTHB I MPOrHo3 0e3 00y4eHust. CITy>KUT /151 IPOBEPKH Ka4eCcTBa BEPO-
SITHOCTHOM MOJIENTM TTPOrHO3MPOBAHKS Ha BpeMeHHOM uHTepBaiie 7+ T+ T, tne T— nu-
Ha psiZia X;, UCTIONIE30BAHHOTO TSI IOCTPOEHHs! (DYHKIMK TPOrHo3upoBaHus, a T — ropu-
30HT MPOrHO3UPOBaHUS. DYHKIIS POrHO3UPOBAHUS Lp(t|A(t)) WCTIONB3YeTCsS B TAHHOM

ciTydae cremyronmM odpasom. CTpouTes psin {X} (=741 -
N
£ =wlp@)=x.- Z OR OETLC I INGES & WES S
=1

3nech N — KOJIMYECTBO Ipajlaliiii, IMoydeHHOe NpH TaOyIMpOBaHNH CITydai-
HO# BenmmuuHbl {. KauecTBo MporHo3a OLEHUBACTCS BENUYMHOW cpefHed abco-
ToTHOH TporieHTHOH omnokn (MAPE)

_100

Z

Peanusyercs BepoATHOCTHBIN MPOTHO3 6e3 00y4eHHUs C UCTIOJIb30BaHUEM
Mmakpoca [Iporno33() c mapamerpamu: taul =i, tau2 =j, t=T,tt=T, ttt =7+ T,
eps = 0,005.

7. BepoATHOCTHBIN NPOrHo3 ¢ 06yyeHueM. CIIyXHUT TakxKe I IPOBEPKU
KauecTBa BEPOSTHOCTHONW MOJIENH NMPOTHO3UPOBAHUS Ha BPEMEHHOM HHTEpBaJe
T=T+T, e T - jvHa psaa X, UCTOIL30BAHHOTO IS TIOCTPOEHUS (YHKIMH

MIPOTHO3UPOBaHUs, a T — FOPU30HT NPOTHO3UPOBaHHs. PYHKIIMS IPOTHO3UPOBaA-
HUst Y(¢|A(2)) ncrionb3yeTcs B JaHHOM Cllydae CieayromumM odpasom. Ctpourcs

pan {xt tT:+TT-0'»1 :
€ = w@A(r))-x,lZ YO, =y v F A= e =1.T

3neck N — KOIMYEeCTBO Ipafanuii, HoIydeHHOe PH TaOyTUPOBAHNY CITyqaif-
HOU BenuuuHbl (. OHAKO B OTIIMYKE OT MPEIBIAYIIETO CAy4asi, B JaHHOM CIydae
Ha KaXJOM IHare YTOUHSETCA YCIOBHOE paclpenclieHHe BEPOSTHOCTEH

p{V, = y(k)‘y,_,- > Vi j} . KauecTBO nporxosa oueHuBaeTcs BEIUYUHOU Cpen-
Hel abconmroTHOM nporeHTHoi ook (MAPE)

100 Z |x, — %
5 - - z ‘ 2 [ ‘
T' £ X,
Peanmsyercst BepOsITHOCTHBIN TPOTHO3 ¢ 00y4deHneM 7 -KpaTHBIM HCTIOIb30Ba-
HueM makpoca [Iporunos3(). Ilpu kM (k= 1,..., T") nprIMeHEHHH MaKpoca HCIOJIb-

3yroTcs mapamerTpsl: taul =i, tau2 =, t =T+ k- I, tt =, ttt = T + k, eps = 0,005.
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6.3. Pe3ynbraTbl pacyeToB

6.3.1. MHpnauus

B kadecTBe MCXOOHBIX AAHHBIX JUIS MIOCTPOSHHS TPEHIOBOH MOAEIH MPOT-
HO3UPOBaHUS HHQISAINN HCIIONB3YIOTCS MeCSIHbIe TaHHbIe 3a epuox 01.1991 —
08.2000. Hannsle 3a nepuon 09.2000 — 12.2001 ucnonb3yrorcs sl TPOBEPKU
MIOCTPOCHHBIX B pa3/iesie MOJeeil MpOrHo3upoBaHys. [ padyk 3THX JaHHBIX MPH-
BeJIEH Ha puc. 6.3.1.

Temnbi uHcbnALMM

250

225

200

175

150

125

100

75

ol
\

N DA A N — M
0

é??\ o oﬁlﬁw ’\“"ﬂoﬁte@ & \*&Te‘-’b s \3’3@" & @to‘;’% & \ﬁiﬁ & 0@1 & Qﬁi &L ‘”‘3%«-”@ SIS
Puc. 6.3.1. cxonHble naHHbBIE

<

B cooTBeTcTBHM C MPOBENCHHBIM paHee HCCIEeOBAaHUEM psiia HHOISAIN'
pa3o0beM Bech MHTEpBAN HaOmoneHud Ha 3 moguaTepBana: 01.1991 — 12.1991;
01.1992 — 08.1998; 09.1998 — 08.2000. JIns kax10ro U3 ITUX UHTEPBAJIOB MOCT-
pOUM JIeTEepMUHUPOBAHHBIH Jorapupmudeckuil Tpers. [lomydaem

fi(t)=68,767-28826Int, t=1,..12;
FO)=0 £,0)=119,028-27,854Inz, =13,..92;
£,()=293892-62311Inz, £=93,..,116.

"' 3neck 1 manee npu BEIOOpE (QYHKIMOHAIBHOTO BH/A TPEH/Ia MBI OPUEHTHPYEMCS Ha IIPO-
BEJICHHOE pPaHee UCCIIEOBAHNE « IKOHOMEMPUYECK ULl AHATU3 OUHAMULECKUX PAO08 OCHOB-
HbIX MakpoIKoHoMuyeckux nokasamenetiy. M.: U911, 2001.
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XapaKkTepuCTUKU OCTPOCHHBIX TPEHI0B NPUBEICHBI B mabi. 6.3.1.

Paccmorpum BpemenHoi psix {v,! = {x,— f( ¢)}. [loctpoum uHbOpMaTUBHYIO
CTPYKTYpY 3-T0 Mopsiika JJisi CHCTEMBI, cofepikalleil 13 nepeMeHHbIX: {V, ¥, j, ...,
V,.12¢- Ilomy4aeM 3aBUCHMOCTS ITOKa3arens y, oT Jara B 1 u 5 Mecsnes ¢ ko3¢hdu-

LUEHTOM HH()OPMATUBHOCTH, paBHBIM 0,872, 3TO O3HAYACT, YTO 3HAYCHUS UH(-
nsuuu 1 1 5 MecsieB Hazaj ONpeelisioT CEroHIIHIO HHIIMIo Ha 87,2%.
Takum 0O6pa3oM, MOJIEIb IPOTHO3UPOBAHKS UHQIIAIIUN HMEET BHLT

% = i)+ Zyp(y\ytf.,yhs).

Tabruya 6.3.1

Tpenn R HO}:II\:II/II‘;IPI(;%&H- F-cratuctuka |t-cTaTHCTHKA Co | t-CTATUCTHKA C|
Jile) 0,527 0,175 2,695 1,908 _1,542
(h) 0,528 0,269 30,132 6,052 _5,489
f(0) 0,550 0,270 9,520 3,131 _3,085

Ha puc.6.3.2 npuBenens! pe3ynbTaTsl UMHTAUH (PETPOIPOTHO3) UCXOIHBIX
JIAHHBIX TI0 MPUBENEHHONW Monenu. Kak BUAHO U3 MPUBEICHHOTO PHCYHKA, Ipa-
(UKM HCXOOHBIX NTAHHBIX M UMHTAIIUH OJH3KN MEXITy co00i. CpemHss OTHOCH-
TenpHas ommoOka umuranuu (MAPE) 3a mepron 01.1992 — 08.2000 cocrasisiet
0,40%".

Mndpnsiumn

1SN

|y

A

"\ 4

AN \
AN

A AYERN

7
’”nﬂq@ﬁ?n»"’é’@*m“kz"&%"@”a“%"#* AR qﬁq%‘%" PP &
CESESEIST PSS IS IE S LIS EREES s

B
A
58y o

Tewnst unnaan = = = rauns

Puc. 6.3.2. Umurtanus

2 B cBsi3u ¢ TEM, YTO 3HAYCHUC I/IH(i)J'ISIIII/II/I MOKET paBHATHCA 0, JJIA pacdy€Ta OTHOCUTEIIb-
HOM OIIMOKH IIPpOrHO3a UCIOJIB3YETCA HE TEMII IIPUPOCTaA, a TEMII pOCTa.
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I_IJ'IS[ IIPOBEPKHU KAYCCTBA IPOTHO3UPOBAHUA UCITIOJIL30BaHbI JJAHHBIC 3a ICPU-
on 09.2000 — 12.2001. IlocTpoeHO TpH MOCIENOBATEIHLHOCTA OJHOIIATOBBIX
HPOTHO30B: 0e3 00y4YeHus (UCIIONB3YeTCsl YCIOBHOE paclpeielIeHue BEpOsITHOC-
teit p( ¥, V.., ¥i.5), IOCTPOCHHOE HA IEPBOHAYAIBHBIX UCXOIHBIX JaHHBIX) U JBE
¢ oOyueHueM (B 000OMX CIlydasXx Ha Ka)XK[OM Ilare yCIOBHOE paclipeiesieHue Be-
positHOCTel p( V,| V,.;, V,.5) YTOUHSAETCS 3a cueT H00aBlieHNs] HOBOW TOYKH, HO B
OJIHOM HCITOJIB3YETCS OJIUH U TOT K€ TPEH/I, @ BO BTOPOM TPEH]] KOPPEKTHPYETCS
Ha KaxJoM Iare). B mabn. 6.3.2 v Ha puc. 6.3.3 npuBeneHbl Pe3yIbTaThl OIHO-
LIIarOBOTO MPOTHO3UpPOBaHUs (0e3 00y4eHust U ¢ 00yueHHEeM) IO MPUBEIICHHON
Mozenu. [Ipu aTom amst citydast Hporao3a ¢ 00y4eHHeM U KOppeKIrel TpeHaa Ko-
3G PUIMEHTH! (GYHKINY f; MEHSIOTCS OT 1ara K mary. CooTBeTCTBYOLIHE KOd]-
(uneHTs! puBeACHbI B mabn. 6.3.3. Cpeanss omubOka mporuo3a 0e3 o0ydyeHus
cocrasiser 6,21%, a ¢ odyyenuem — 1,00% 6e3 koppexuuu Tperaa u 0,76% — ¢
KOppeKLueil.

Undnsaumsa

Temnbl HGNAUUN = = = porHo3a 6e3 o6y4eHns
== =[lporHoa c oby4eHnem (6e3 koppekuun TpeHaa) == = lporHo3 c oby4eHneM (C koppekumeit TpeHaa)

Puc. 6.3.3. Ilporuos
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Tabnuya 6.3.2

TpeHA0BBIH NPOrH03 HHQIAUH

faa | | Toorer Gesodynemnn | i) noppernct pen)
= pe3ynbTar | ommOka | pe3ynprarT | ommOka | pesynbTar | omubKa
cen.00 | 1,3 0,20 1,08 0,20 1,08 0,20 1,08
okt.00 | 2,1 0,35 1,72 0,22 1,84 0,45 1,62
uos1.00 | 1,5 2,00 0,49 2,00 0,49 1,55 0,05
nex.00 | 1,6 1,43 0,17 1,34 0,26 0,80 0,78
suB.01 | 2,8 1,07 1,68 0,95 1,80 0,80 1,95
¢des.01 |23 0,57 1,69 1,10 1,18 1,20 1,07
map.01 [ 1,9 4,66 2,71 4,66 2,71 1,51 0,38
anp.01 | 1,8 4,16 2,31 1,40 0,40 1,36 0,43
mait.01 | 1,8 3,66 1,82 1,10 0,69 1,51 0,28
Hion.01 | 1,6 19,48 17,60 1,30 0,29 2,04 0,43
Hion.01 | 0,5 18,98 18,39 1,11 0,60 1,66 1,15
asr.01 0,0 2,18 2,18 0,31 0,31 0,31 0,31
cen.01 [0,6 1,69 1,09 -0,27 0,87 -0,41 1,00
okt.01 1,1 17,53 16,25 -0,95 2,03 0,70 0,39
unos.01 | 1,4 17,05 15,44 0,62 0,77 1,01 0,39
nek.0l | 1,6 16,58 14,74 0,93 0,66 0,79 0,79
Cpennss
ommoKa mpo- 6,21 1,00 0,76
rHO32

Tabnuya 6.3.3

t co cl t co c1 t Co C| t Co Cl
117 293,892 |_62,311 [121 (227,708 |_47,963 [125 (177,273 |_37,058 {129 |152,812 |_31,781
118 276,099 [_58,450 [122 (211,052 |_44,359 [126 (168,425 |_35,148 {130 148,167 |_30,781
119 256,748 |_54,254 |123 (197,754 |_41,483 [127 (160,763 |_33,495 {131 |142,712|_29,607
120 241,722 (50,998 [124 [186,909 |_39,139 [128 [156,183 |_32,508 {132 |137,006 |_28,380

PaccMoTpuM Tenepp BEPOSATHOCTHYIO MOJETb IIPOTHO3MPOBAaHHA. B 3ToM
cirydae OyZeM CUMTaTh CaMH MCXOJHbIC JJaHHBIC PEeaU3aIlisIMU HEKOTOPOil City-
yaifHOW BenmmuuHBL [locTponM MH(GOPMATHBHYIO CTPYKTYpy 3-TO HOpSAKA I
CHCTEMBI, coziepxarieil 13 mepeMeHHBIX: MTOKa3aTeNnb NHQISIUT U JaroBble 3Ha-
4yeHust 10 12 MecsIes, T.e. ISl CUCTEMBI {X, X, ..., X, ;»}. [lomydaem 3aBucu-

MOCTb TOKa3aTessi HHGIIuK oT jara B 1 u 12 mMecsiueB ¢ ko3hGUIIMEHTOM HH-
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¢dbopmaruBHOCTH, paBHbIM 0,832, DT0 03HauaeT, yTO 3HaUeHHs MHQIIIUU 1 1 12
MECSIICB Ha3a][ ONPEICIIAIOT CETOAHAIIHIO HH(smio Ha 83,2%. Takum o0Opa-
30M, MOJIEJIb ITPOTHO3UPOBAHUS UHQIISIMA B JAHHOM CIydae UMEeT BH

X, = ; xpec‘xt—l9xt—l2),
X

Ha puc. 6.3.4 npuBeneHsI pe3ynbTaThl MMHTAITIH (PETPOIIPOTHO3) UCXOIHBIX
JAHHBIX 110 MPUBEICHHON Monenu. Kak BUIHO W3 TMPHUBEACHHOTO PHUCYHKA, Tpa-
(UKH MCXOMHBIX MAHHBIX U UMHTAIIMH U B 3TOM CIIydae ONHM3KH MEXIy COOOi.
Cpemusss otHocutenbHas ommoOka ummramun (MAPE) 3a mepuom 01.1992-
08.2000 cocrasmser 0,94% (mpotus 0,40% B mpeAbIIyIIEM CIydae).

WUHbnsaumns

40

-
\T
/_.__

NP ISP PP I I I I PP L L FEFL LSS IFPPPPPPPL L LSS
L& e S T S SRS SRS ST FE S S E S S S

\
Puc. 6.3.4. Umuranus

Nantble = = = Vmutauus |

Jlyst IpoBepKM KadecTBa NPOTHO3MPOBAHMS, KaK M BBIIIE, MCIOIb30BAHBI
nanubie 3a nepuog 09.2000 — 12.2001. [TocTpoeHs! ABe MOCIe10BaTeIbHOCTH Ol
HOIIAroOBBIX POTHO30B: 0e3 00yueHHs (MCIONIB3yeTCs YCIOBHOE pacipe/ieieHue
BEpOATHOCTEH p( X,| X, ;, X, ;5), TOCTPOSHHOE Ha MIEPBOHAYAIBHBIX HCXO/IHBIX JIaH-
HBIX) ¥ ¢ 00y4eHneM (Ha KaKIOM Illare yCJIOBHOE paclpe/ielieHne BEpOSTHOCTEH
p( x| X, X..;5) yTouHsercs 3a cuer Jo0aBlIeHUs HOBOU Touku). B mabn. 6.3.4 u
Ha puc. 6.3.5 TpUBEAEHBI PE3yJIbTAaThl OIHOLIATOBOTO IPOTHO3MpOBaHUsA (0e3
o0yueHus U ¢ 00ydeHueM) 1o puBeAeHHOH Monenu. CpeaHss ommOKa MporHo-
3a (MAPE) 6e3 o0yuenus cocrasisier 0,45%, a ¢ odyuennem — 0,41%. Takum 06-
pa3oM, B JaHHOM CJIydae IMPOTHO3HBIE CBOMCTBA MOJIETH OKA3aJHCh BBILIC.
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ceH.00 okt.00 HOA.00 paek00 saHB.01 des.01 map.01 anp.01 man.01 wmoH.01 won.01 aer.01 ceHn.01 ok1.01 Hos.01 pek.01

[OaHuble = = = [porHo3 6e3 oByyeHnss == ==[IporHo3 c obyieHnem

Puc. 6.3.5. TlporHos

BeposiTHOCTHBII NPOrHO3 MHMIALNT

Tabruya 6.3.4

IIporuos 6e3 o6yueHust IIporuos ¢ obyueHuem
Jara UIILL
pe3yabTat omuoka pe3ynbTat Omunoka

cen.00 1,3 0,94 0,36 0,94 0,36
okT.00 2,1 0,99 1,09 1,01 1,07
HOs1.00 1,5 1,58 0,07 1,59 0,09
nex.00 1,6 1,13 0,46 1,22 0,38
siuB.01 2,8 1,27 1,49 1,35 1,41
der.01 2,3 2,18 0,12 2,07 0,23
map.01 1,9 1,97 0,07 1,91 0,01
anp.01 1,8 1,63 0,17 1,68 0,12
Mmaii.01 1,8 1,29 0,50 1,49 0,31
nioH.01 1,6 1,44 0,16 1,58 0,02
non.01 0,5 1,19 0,69 1,42 0,91
apr.01 0,0 0,77 0,77 0,93 0,93
cen.01 0,6 0,48 0,12 0,51 0,09
okT.01 1,1 0,99 0,11 1,07 0,03
HO:.01 1,4 0,94 0,46 1,11 0,28
nex.01 1,6 1,04 0,55 1,23 0,37

Cpennsist ommbka mporuo3a 0,45 0,41




6.3.2. [leHexXHble azpezambl

6.3.2.1. [leHexHbIn arperat MO

B kadecTBe MCXOMHBIX JaHHBIX JUTSI IIOCTPOCHHS MOJIEITH POTHO3HPOBAHUS
JeHeXKHOro arperata M0 uCnonb3yrOTCsl MECSIUHbIE aHHBIe 3a nepuoa 12.1990
07.2000. Hannsle 3a nepuon 08.2000 — 11.2001 ucnonb3yroTes sl TPOBEPKU

ITOCTPOCHHBIX B pazzelie Moelel mporHo3upoBaHus. [ paduK STHX TaHHBIX IPH-
BeJIEH Ha puc. 6.3.6.

[eHexHbI arperat MO

550000

500000

450000

400000

350000

300000

250000

200000 +—2—

150000

100000

50000

0

nex.90
anp.91 7
asr.91
nex.91
anp.92 1
asr.92 1
nek.92 1
anp.93
asr.93
nAex.93
anp.94
asr.94
Aex.94
nek.95
anp.96
aBr.96 7
nek.96 7
anp.97 1
aBr.97 7
nex.97 1
anp.98
aBr.98 7
nek.98
asr.99

anp.99 7
nek.99
anp.00
asr.00
Aex.00
anp.01 7
asr.01

——MQ0 - - - -Temn npupocta

Puc. 6.3.6. Ucxonusle JaHHbBIE

B cooTBeTcTBUM ¢ MpOBENEHHBIM paHee UccienoBaHueM psaa M0 Ha Bpe-
MeHHoM uHTepBaie 06.1995 — 07.2000 nannsiit psg seasercs DS-psaoM. B To xe
BpeMs1 BU3yalIbHBIH aHaJIMu3 rpaduKa psiaa No3BOJSIET PEAIIONIOKNUTh H3MEHEHHE
XapakTepa ero MoBeAeHHUs Ha4MHas cO BTOpoii nooBuHE 1998 1. PazobbeM Bech
uHTepBaN HabmoneHuit Ha 2 moauHTepBaia: 12.1990 — 08.1998 u 09.1998 —

07.2000. J]mst kax10TO U3 TUX UHTEPBAIOB IOCTPOUM AETEPMUHUPOBAHHBIN JTH-
HelHbll Tpera. [loxydaem

0= 0 f,(t) = —33648,821+1777.917¢t,  t=1,...,.92;
Efz (t)=—498483,752 +6869,279¢, t=93,...,116.
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XapaKTepUCTHKH MTOCTPOCHHBIX TPEHIOB IPUBEAEHBI B mabi. 6.3.5.

Tabnuya 6.3.5

Tpenn R HOpMHIiSZBaHHbm F-cratuctuka t-craTucTUKa ¢o | t-CTaTUCTHKA C|
f1(0) 0,948 0,898 803,356 -10,018 28,344
() 0,949 0,896 198,324 -9,758 14,083

Paccmorpum BpemenHo# psx {y,! = {x,—f( t)}. lloctpoum nupopmarus-
HYIO CTPYKTYpY 3-TO MOpsAKa ISl CHCTEMBI, coiepikamieil 13 mepeMeHHBIX:
Vo Yits oo Yi12f- TlOMydaem 3aBHCUMOCTD ITOKa3aTeNd y, OT Jlara B 2 u 12 mecs-
1eB ¢ koddduirerToM nHbopMaTUBHOCTH, paBHBIM 0,875. DTO 03HadaeT, 4TO
3HadeHust M0 2 u 12 mMecsiteB Ha3aa ONpeaeisiioT cerognsimnee 3nadenne M0 na
87,5%. Takum 00pa3oM, MOJIEeIb IIPOrHO3UPOBAHUS MH(ISLIMYA UMEET BH]]

X, = 1, (t)"' Zyp(y‘yr—z’y[—lz).

Ha puc. 6.3.7. npuBeneHs! pe3ylbTaThl UMUTAIUHU (PETPOIIPOTHO3) MUCXOI-
HBIX JAaHHBIX 10 NPUBENEHHON Mozend. Kak BHIHO W3 IPUBEIEHHOTO PUCYHKA,
rpaMKy NCXOIHBIX JAaHHBIX U MMUTALUH MOJTHOCTBIO COBIIAAAIOT MEXIY COOOM.

MeHexHbin arperat MO
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H8.96
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7H8.99
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won.99
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Ranbie = = = =wnraunn

Puc. 6.3.7. Umumayus
Jlst mpoBepKH KauecTBa MPOTrHO3MPOBAHMS HCIIOIb30BaHbI JaHHBIE 3a IIepU-
on 09.2000 — 11.2001. ITocTpoeHBI TPH MOCIEIOBATEIIFHOCTH OIHOIIATOBBIX
MIPOTHO30B: 0e3 00ydeHHs (MCTIONB3yeTCsl YCIOBHOE paclpeeieHne BEPOsSTHOC-
1eit p( y,| 1.2 ¥112), TOCTPOCHHOE Ha MIEPBOHAYANILHBIX HCXOIHBIX JaHHBIX) U 1Ba
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¢ oOyueHneM (B 000OMX CITydasXx Ha Ka)K[JOM Illare YCIOBHOE paclpeiesieHue Be-
positHOCTEH P( V| V.5, V;.j2) YTOUHSIETCS 32 CUET N00aBlIeHHs HOBOH TOYKH, HO B

OJITHOM HUCIIOJIB3YETCs] ONUH U TOT K€ TPEHI, a BO BTOPOM TPEHI KOPPEKTUPYETCS
Ha KaxaoM mare). B maba. 6.3.6. v Ha puc. 6.3.8. IpUBeIEHBI PE3yNbTaThl OJJHO-
IIaroBOro MporHo3upoBaHus (0e3 oOydeHHs U ¢ 00ydeHHEM) IO IPUBEICHHOMN
mozenu. [Tpu aToM 1 citydast Iporuo3a ¢ o0yueHneM U KOppeKIreit TpeHa Ko-
s uIMeHTs! GYHKINH [, MEHSIOTCS OT 1ara K mary. CooTBeTCTBYOLIHE KOA]-
¢GunueHTs! npuBeneHsl B maon. 6.3.7. Cpennss oumbka nporaosza (MAPE) 6e3
o0yuenus cocrasinsier 23,99%, a ¢ o0yuenuem 4,18% 0e3 KoppekIMK TpeHaa U
5,14% c xoppeKuue.

550000,0
5300000
510000,0
490000,0
470000,0
450000,0
430000,0
410000,0
390000,0
3700000
350000,0
3300000
3100000
290000,0

2700000

DeHexHbli arperat MO

VF P
yd
Ed
—
f
I d
=
A A
/ \ /. 7
=7
— ==, eem=TT
— s 4 = =
/ DA
/ -
/o
aer.00 ceH.00 okT.00 HOR.00 Aex.00 AHB.01 ces.01 map.01 anp.01 Main.01 WioH.01 wion.01 asr.01 cen.01 okT.01 HOR.01
OKCMOpT = = = =[1POrHO3 663 OBYeHN R === === [TpOrHO3 C OBYMEHMEM (6E3 KOPPEKLWM TPEHAa) === = =T1porHo3 C OGyHEHHeM (C KoppeKLel TpeHaa)
Puc. 6.3.8. Ilporuos
Tabnuya 6.3.6
Tpennosslii nporuoz M0
Tporsos 6e3 IIpornos ¢ o6yuenu- [[Ipornos ¢ o6yqe1—114-
oGyaCHIs eMm (6e3 koppekuuu | em (¢ Koppekiuen
Jara MO v TpeHaa) TpeHa)
e3yJIbTaT oo esynprar | ommbka | P | omu6ka
p 4 Ka p 4 TaT
asr 00  [341627]277192,1 | 18,86 | 277192,1 | 18,86 |277192,1| 18,86
ceHn 00 350935 | 283049,8 | 19,34 | 347484.,4 0,98 347820,8 0,89
okt 00 349669 | 288907,5 | 17,38 | 356793,0 2,04 357432,8 2,22
Host 00 358351 | 294765,2 | 17,74 | 362650,7 1,20 |364353,5 1,67
nex 00 419262 | 363325,4 | 13,34 | 365057,4| 12,93 |310995,4| 25,82
siHB 01 380127 | 306480,5 | 19,37 | 374366,0 1,52 |372863,4 1,91
des 01 387959 [ 312338,2 | 19,49 | 375924,3 3,10 |380543,5 1,91
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Tabnuya 6.3.6 (npodonsicenue)

Iporuo3 ¢ o0yuenu- | [IporHos ¢ o0yueHu-

IMporuos 6e3 .
eM (6e3 koppekuun | em (¢ KoppeKimen

JHara MO obyuenus TpeH1a) TpeH1a)
pes3yabTaT ouG pe3ynbTaT | omubka PEYIE™ | ibka
Ka Tar

Map 01 399395 ( 318195,9 | 20,33 | 378957,1 5,12 |388418,4| 2,75
amp 01 435350 | 324053,6 | 25,56 | 442692,3 1,69 [402716,0| 7,50
Maii 01 438312 329911,3 | 24,73 | 441207,2| 0,66 |443203,0| 1,12
uion 01 (474692 | 335769,0 | 29,27 | 444169,2 6,43 [446336,0| 5,97
nton 01 [490598 | 341626,6 | 30,37 | 480549,4 2,05 [482953,8| 1,56
asr 01 507107 | 347484,3 | 31,48 | 486407,1 | 4,08 |491682,2( 3,04
cen 01 530972 ( 353342,0 | 33,45 [ 512964,8 3,39 |[515831,7| 2,85
okt 01 531481 359199,7 | 32,42 | 536829,4 | 1,01 |539938,6( 1,59
Hos1 01 527287 365057,4 | 30,77 | 537338,9 1,91 [540645,2| 2,53

Cpennsist omnOka nporuosza | 23,99 4,18 5,14

Tabnuya 6.3.7

t Cco Ci ! Co Cl
117 -498483,752 | 6869,279 121 -589828,211 | 7773,412
118 -532312,207 | 7205,323 122 -638019,335| 8245,874
119 -560816,089 [ 7487,540 123 -646040,710 | 8324,259
120 -576472,511 | 7642,044 124 -652322,303 | 8385,443

Tabnuya 6.3.7 (npodonxcenue)

t (&) C1 t [ Cl
125 -659299,727 | 8453,185 129 -745936,517 | 9287,212
126 -680298,565 | 8656,399 130 -770499,627 | 9521,892
127 -694883,545 | 8797,091 131 -797546,854 | 9779,485
128 -720806,658 | 9046,351 132 -816958,807 | 9963,775

PaccMoTpuM Tenepb BEpOATHOCTHYIO MOAEIb POrHO3UpoBaHus. ITockons-
Ky B HCXOJHBIX JJAaHHBIX SIBHO COIEPKUTCS JETCPMUHUPOBAHHBIA TPEH, TO IIpe-
oOpadyeM HUX B TEMIOBbIE XapaKTEPHCTUKH, T.€. BBEIEM HOBBIH psA:

X,

Y, = .t =1...,7  Tpaduk COOTBETCTBYIOIIETO BPEMEHHOIO PsIa TAKIKE

X

MIpUBENICH Ha puc. 6.3.6.

[Moctpoum uHGOPMATUBHYIO CTPYKTYPY 3-TO MOPSIIKA ISl CHCTEMBI, COZIep-
Kamier 13 mepeMeHHBIX: MoKa3aTesb TemMna pocta M0 U ero J1aroBble 3HAYCHUS
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10 12 MecsueB, T.e. Ul CUCTEMSBI {V, V, 1, ..., Vi 2/ 110JIydaemM 3aBHCUMOCTb I10-
Kazarens Temma pocta M0 ot nara B 2 u 12 mecsues ¢ ko3hGuireHToMm uHdop-
MaTHBHOCTH, paBHbIM 0,967. DT0 03HavaeT, yTo 3HaYeHHs TeMIOB pocta M0 2 u
12 MecsilieB Ha3a/1 ONPEACIIAIOT CErOAHALIHU Temn pocTa Ha 96,7%. Takum 00-
pa3om, MOJIeNb NPOTHO3UPOBaHMs 0€3pabOTHIIBI B JAHHOM CITydae UMEeT B

X, =x, ;yp()}|yt—2 s V12 )
¥

Ha puc. 6.3.9. npuBeneHs! pe3ynpTaThl UMUTALUU (PETPONPOrHO3) MUCXONI-
HBIX JIAaHHBIX 0 MPUBEACHHOI Mozenu. Kak BUIHO W3 MPHUBEAEHHOTO PUCYHKA,
rpa¥Ky UCXOAHBIX JaHHBIX ¥ UMHTAIMK Ha BpeMeHHOM uHTepBasie 01.1992 —
07.2000 1 B 5TOM ciy4yae MOTHOCTHIO COBIAJIAIOT.

[eHexHbi arperat MO
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MaHHble = = = = mutaumns

Puc. 6.3.9. Umutanusa

Jl1s mpoBepKM KadecTBa MPOTHO3MPOBAHHUS HMCIOIL30BAHBI JaHHBIE
3a nepuox 08.2000 — 11.2001. ITocTpoeHs! ABE MOCAEA0BATEIBHOCTH OJI-
HOIIaTOBEIX MPOTHO30B: 0e3 00yueHus (MCIONIb3yeTCs YCIOBHOE pacipe-
nenenue BepostTHocTed p( V| V,.5 Vi;2), TOCTPOCHHOE Ha MEepBOHAYATb-
HBIX HMCXOJHBIX AAaHHBIX) M ¢ oOydyeHHeM (Ha KaXJOM IIare YCJIOBHOE
pacupeneneHue BepoaTHOCTEH p( ¥, V;o V.. ;2) YTOUHSETCA 3a cueT pobaBie-
HUS HOBOH TOukn). B ma6n. 6.3.8. u Ha puc. 6.3.10. npuBeneHBI pe3yabTaThl O/1-
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HOIIIarOBOTO TIPOTHO3UPOBaHus (€3 00yueHHs 1 ¢ 00ydeHHEeM) M0 IPUBEICHHOMN
mozenu. Cpennsist omuoOka nporaosa (MAPE) 0e3 oOyuenus cocrapisiet 4,12%,
a ¢ obyuenuem 4,19%.

560000

MeHexHbin arperat MO

N
540000 //\- — '/ll N\
\ ‘
520000 / )/T;N
/ \/
500000 j\ !
480000 7 > /
Wi Y
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440000 "
L/
420000 // \\ /7
400000 ~ // \ 7
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J N
380000 a
360000 P /
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aer.00 ceHn.00 okt.00 HOA.00 pek.00 saHB.01 beB.01 map.01 anp.01 wmain.01 wmwoH.01 wion.01 aer.01 cen.01 okt.01 Hos.01
[ NatHble - - - = [porHos 6ea obyueHusi — — -[POrHO3 G OByJeHrem
Puc. 6.3.10. TIporuos
Tabnuya 6.3.8
BepositHocTHBII mporuo3 M0
TIporuo3 6e3 o0y4eHus IIporHo3 ¢ oOyueHuem
Tata MO P 1 P s
pesysibTaT omnbka pe3yabTaT omubka
asr.00 341627 352103,7 3,07 352103,7 3,07
cen.00 350935 350478,7 0,13 350478,7 0,13
okt.00 349669 363772,3 4,03 363772,3 4,03
HOs1.00 358351 358729,1 0,11 359196,4 0,24
nek.00 419262 408772,7 2,50 408772,7 2,50
suB.01 380127 397323,5 4,52 397323,5 4,52
¢es.01 387959 4369683 12,63 436968,3 12,63
map.01 399395 384384,3 3,76 384384,3 3,76
arp.01 435350 393586,1 9,59 393586,1 9,59
Maii.01 438312 4512743 2,96 4337782 1,03
nion.01 474692 498329,0 4,98 498329,0 4,98
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Tabnuya 6.3.8 (npodonscenue)

IIporuo3 6e3 o0yueHus IIporHos ¢ o0yueHuem
Jata MO
pe3yibTar ommnoka pe3ynbTar omuoka
nioi1.01 490598 472936,4 3,60 472936,4 3,60
aBr.01 507107 550940,7 8,064 550940,7 8,064
cen.01 530972 526446,3 0,85 510557,3 3,84
okt.01 531481 554666,3 4,36 554666,3 4,36
HOs1.01 527287 526652,7 0,12 526652,7 0,12
Cpennsts ommbKka Iporao3a 4,12 4,19

6.3.2.2. eHexHbIV arperat M1

B kauecTBe MCXOIHBIX JTAaHHBIX JUIS MOCTPOSHUS] MOJIENU TIPOTHO3UPOBAHUS
JICHEXKHOTro arperara M/ UCHONB3YIOTCSI MECSIUHBIE JaHHbIE 3a nepuop 6.1995 —
07.2000. Mannsle 3a nepuox 08.2000 — 11.2001 ucnons3yroTcs A NpOBEPKU
MIOCTPOECHHBIX B pa3jielie MoJielieil MpOrHo3upoBaHus. [ payk 3THX JaHHBIX MPH-
BeJieH Ha puc. 6.3.11.

[eHexHbin arperat M1

1100000 ~
1050000 T 7 1,180
1000000
[] / 1,160
950000 ' . yd
900000 5 T 7 1,140
' ' 1
850000 .
1,120
200000 . N \ M ' JAvd
750000 L N Ll a L] A 1,100
' l
700000 1 2 .l L Tl Ll Ll Ll ul / 1,080
' ) N 1 L \ LI yd 1 2
650000 {—= —— 7 T T 7 1,060
600000 \ L] N . ' \, . ' NI -J 1 PR !
T 7 X T 7 T T T Dy, ~
550000 ' ! L x \ . 7 L, e 1,040
T T 3 T \ ' x
\ o\ 1 1 \ ' 1 L ol N -
500000 o T L T ! ~— 1020
T it DN [l DAl y \
450000 " T T T Y _— T 1000
400000 % B LN ) 4 Y vr 0,980
350000 Tl v 5 T A Vo T T o
300000 " _A/t ! C W 0,960
250000 . ¥
] 0940
200000 — N
' 0920
150000 . -
100000 0,900
855328888 885555558883%83893838332888888555655
25: 38 :5:38 CiEEiiceiEcisieiEiiiocEiigogiat
2 8 8§65 2838852838585 828388688388F5¢88338F8¢2¢83
Mi = = = =Tewnpocra

Puc. 6.3.11. UcxogHble TaHHBIE

B cooTBeTcTBUM ¢ IPOBENECHHBIM paHee UccenoBaHueM psiga M1 Ha Bpe-
meHHOM uHTepBaiie 06.1995 — 07.2000 maHHbIA psig, Tak ke Kak U psg MO, sBus-
ercst DS-psgom. B To ske BpeMst BU3yaJbHBIN aHANH3 rpaduka psaa Mo3BOJSIET
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IIPEIIONI0KUTh U3MEHEHUE XapaKTepa ero MOBEACHUs HA4MHAsl CO BTOPOH I10JI0-
BuHB 1998 1. Pa3o0reMm Bech MHTepBal HaOMIONEHHWH Ha 2 TOAMHTEpBana:
12.1990 — 08.1998 u 09.1998 — 07.2000. [dns KaXJ0ro M3 3THUX HHTEPBAJIOB
IIOCTPOUM JACTEPMUHUPOBAHHBIN JIMHEHHBIN TpeH . [lonydaem
O f1(¢) =104389,501+4895,270¢, ¢t =1,...,38;
r0=0;"

Efz ()= -498483,752+6869,279, 1=39,....62.

XapaKTepUCTHKH TTOCTPOCHHBIX TPEHIOB IPUBEACHBI B mabi. 6.3.9.
Tabnuya 6.3.9

Tpenn R HopwmuposanHblit R F-cratucTuka | t-craTMcTHKA Co | t-CTaTHCTHKA C|
fi(® 0,974 0,947 659,906 24,486 25,689
1) 0,983 0,964 622,377 -12,093 24,947

Paccmorpum BpemenHo# pan {y,! = {x, — f(¢)}. Illoctpoum nupopmarus-

HYIO CTPYKTYpy 3-ro mopsjka IJis CHCTEMBI, colepkamiedl 13 mepeMeHHBIX:
{Yo Yils+-+> Yi12)- IlomydaeM 3aBUCUMOCTb IIOKa3aTels ), OT Jara B 6 u 9 mecs-

ueB ¢ kodddunuenrom mHGOpMATUBHOCTH, paBHEIM 0,943. DTO O3HAYaeT, 4TO
3HayeHust M1 6 u 9 Mecs1eB Ha3a ONPEENsIOT CeroHsIIHee 3HaueHue M1 Ha
94,3%. Takum 06pa3oM, MOIEJIb IPOTHO3UPOBAHUS MHAIIALIMHA UMEET BH]

)7; =/ (t)+ ;yp()}‘yl—6’yl—9).

Ha puc. 6.3.12. npuBeneHsl pe3yabraTbl UMUTAIMH (PETPOIIPOTHO3) UCXO-
HBIX JIaHHBIX TI0 TPUBEIEHHON MoJeNu Ha BpeMeHHoM uHTepBane 03.1996—
07.2000. Kax BuIHO M3 IPUBEAEHHOIO PUCYHKA, IpaUKN MCXOIHBIX JAHHBIX U
MMUTAIAU TOJTHOCTHIO COBIAAIOT MEKIY COOOM.

NeHexHbin arperat M1

700000

650000 /
o /
o /
o N

450000 /

o P

. /

. Vass

250000 M

200000

150000

o
cen.96
H05.96
8.7
map.97
Maih.97
ion 97
cen.97
Ho.97
#18.98
map.98
Mait.98
ion98
cen.98
Ho5.98
518.99
Map.99
Maih.99
wion99
cen.99
+05.99
518.00
Map.00
Maih.00
wion.00

Puc. 6.3.12. Umutauus
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[eHexHblin arperat M1

1110000

4
1070000 = _K
1030000 —d /'
990000 7 / AL 7
N
950000 — 7/ AN .
910000 / 4 /

870000 a '/\ ///,/ / P
830000 /xx \// i "

/ ~N—< — —
. S .-
790000 / i
.-
Y .-
750000 / .
- =
710000 - 7 .=
\ / /_ .-

670000 N\ " 7~
630000 <

asr.00 cen.00 okT.00 Hos.00 nex.00 sHB.01 es.01 wmap.01 anp.01 wmait.01 woH.01  mon.01 asr.01 cen.01 okt.01 HoA.01

‘_3Kcnnp7- = = =[IpOMHO3 663 OGyueHUA mmmm mmmm [DOTHO3 C OBYUEHHEM (663 KOPPEKUMH TPEHTA) == =  =mTTOTHO3 C OBYuEHHEM (C KOppEKLYER TpeHIa)

Puc. 6.3.13. TIporao3

J1Jist MpOBEPKH KadecTBa MPOrHO3UPOBAHMUS UCTIONB30BAHbI JaHHBIC 32 IEPH-
on 09.2000 — 11.2001. ITocTpoeHBI TPH MOCIEIOBATEIIFHOCTH OIHOIIATOBBIX
MIPOTHO30B: 0e3 00ydeHHs (MCTIONB3yeTCsl YCIOBHOE paclpeeeHre BEPOSTHOC-
teit p( ;| V1.6 Vr.9)» TOCTPOCHHOE Ha MIEPBOHAYATIBHBIX HCXOAHBIX JAHHBIX) U 1Ba
¢ oOydeHneM (B 000MX CiTydasx Ha KaKIOM IIare yCIOBHOE pacIiperesieHIe Be-
positHOCTEH p( V)| V16 Vo) YTOUHSACTCS 3a CUET NOOABICHUS HOBOW TOYKH, HO B
OJIHOM HCITOJIb3YETCS OJIUH U TOT K€ TPEH]], & BO BTOPOM TPEH]| KOPPEKTHPYETCS
Ha KaX1oM 1are). B ma6n. 6.3.10 u Ha puc. 6.3.13 npuBeaeHBI pe3yabTaThl Ol
HOIIIarOBOTO MPOTHO3UPOBaHus (6e3 00ydeHus U ¢ 00y4eHnEeM) TI0 TIPUBEIEHHOM
mozeiu. [Tpu 3Tom asst cityyast Hporso3a ¢ 00y4eHHeM U KOppeKIiel TpeHaa Ko-
s dureHTs! GYHKINH [, MEHSIOTCS OT 1ara K mary. CooTBeTCTBYOIIHE KOA]-
(buIeHTs! puBeACHbI B mabi. 6.3.11. Cpennss ommnbOka nporuosa (MAPE) 6e3
o0yueHus coctaBisieT 15,96%, a ¢ oOyuenuem 5,46% 0e3 KOPPEKIUH TPEHIA U
7,75% C KOppeKIHen.
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Tabnuya 6.3.10

Tpennosslii nporunos M1

IIporHo3 ¢ 06yuenu- | IIporuos ¢ o0yueHu-

11 .
porHosHiis obyse eM (0e3 koppekuun | em (¢ Koppekiueit
Jara M1 TpEeH1a) TpEeH1a)
ommo-
pe3ynbTaT | ommbKa | pesynbrar pe3yabTaT |omuodKa

Ka
asr 00 ( 717950 | 708005,0 [ 1,39 708005,0 | 1,39 | 708005,0 | 1,39

cen 00 | 747446 | 639197,4 | 14,48 | 6391974 | 14,48 | 6429428 | 13,98
okt 00 | 750662 | 643363,1 | 14,29 | 643363,1 | 14,29 | 693621,3 | 7,60
Host 00 | 777139 | 6835644 | 12,04 | 683564,4 | 12,04 | 714708,3 | 8,03
ek 00 | 879310 | 699181,8 | 20,49 | 792756,0 | 9,84 | 7674909 | 12,72
suB 01 | 810517 | 714799,1 | 11,81 894927,1 | 10,41 | 897386,1 | 10,72
¢des 01 | 829180 | 730416,4 | 11,91 826133,8 | 0,37 | 828812,7 | 0,04
map 01 | 858381 | 746033,7 | 13,09 | 844797.4 | 1,58 | 806149,0 | 6,08
arp 01 | 918209 | 761651,1 | 17,05 | 873998,4 | 4,81 | 829197,2 | 9,69
maii 01 | 938533 | 777268,4 | 17,18 | 933826,7 | 0,50 | 855851,5 | 8,81
uroH 01 | 987901 | 792885,7 | 19,74 | 954150,3 | 3,42 | 882195,1 | 10,70
uton 01 | 1015090 | 808503,1 | 20,35 | 969767,7 | 4,46 | 977309,2 | 3,72
aBr 01 | 1040765 | 824120,4 | 20,82 | 1030707,6 | 0,97 | 998373,8 | 4,07
cen 01 | 1074933 | 839737,7 | 21,88 | 1056382,1 | 1,73 | 919584,0 | 14,45
okt 01 | 1084385 | 855355,1 | 21,12 | 1050370,4 | 3,14 | 1003113,6 | 7,49
nost 01 | 1058132 | 870972,4 | 17,69 | 1100002,3 | 3,96 [1105310,5| 4,46

Cpennsis ommbKa Nporosa 15,96 5,46 7,75

Tabnuua 6.3.11

t Co ci t Co 4
63 -420876,239 [ 17033,303 67 -508230,235 | 18889,100
64 -449189,900 [ 17640,024 68 -548606,618 | 19730,275
65 -476375,476 | 18218,441 69 -554052,515 | 19842,949
66 -492468,326 | 18558,431 70 -558193,841 | 19928,044

Tabnuya 6.3.11 (npodonicenue)

t Co Ci t €o C1
71 -564210,774 | 20050,839 75 -627074,523 | 21311,866
72 -579725,874 | 20365,334 76 -642090,608 | 21608,236
73 -592736,408 | 20627,291 77 -657534,706 | 21911,061
74 -610556,706 | 20983,697 78 -668347,874 | 22121,707
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PaccMoTpuM Tenepb BEPOATHOCTHYIO MOAEIb IPOrHO3UupoBaHus. ITockons-
Ky B HCXOJHBIX JJAaHHBIX SIBHO COIEPKUTCS JETCPMUHUPOBAHHBIA TPEH, TO IIpe-
oOpadyeM HX B TEMIOBbIE XapaKTEPHCTUKH, T.€. BBEIEM HOBBIH psA:
_ X
y, =

t

L =17 I'paduk cOOTBETCTBYIOIIETO BPEMEHHOTO Psijia TAKXKE
IpuBeAeH Ha puc. 6.3.10.

X

[MocTporMm HHGOPMATUBHYIO CTPYKTYPY 3-TO MOPSIIKA JJIsl CHCTEMBI, COZIep-
xameit 13 mepeMeHHBIX: MOKa3aTeab TeMIa pocTta M/ U ero JaroBble 3HAUYCHUS
1o 12 mecsiues, T.e. A7 CUCTEMBI {Y,, Yi.15---> Yi.12}- 110TydaeM 3aBUCUMOCTH T10-
Kazarens Temna pocra M/ ot yiara B 6 u 7 MecsLeB ¢ ko3 dunneHTom nHpopma-
TUBHOCTH, paBHBIM 0,969. DT0 03HauaeT, 4YTO 3HAYEHUs TeMIoB pocta M1 6 u 7
MECSIIEB HA3a/ OMPEICIISIOT CErOAHSIIHUNA TeMn pocTta Ha 96,9%. Takum oOpa-
30M, MOJI€JIb TIPOTHO3UPOBaHUsI 0€3pa0OTHIIBI B JAHHOM CIIydae UMEET BHL

X, =x, Z,yp(y\y,_(,,ym ).
pd

Ha puc. 6.3.14 npuBeneHsl pe3ynbTaThl UMHTAIMN (PETPONIPOTHO3) HCXO/I-
HBIX JJaHHBIX MO NpHUBEAeHHON Mojenu. Kak BUAHO M3 MPUBEAEHHOIO PUCYHKa,
rpaMKy MCXOAHBIX TaHHBIX ¥ UMHTAIMM HA BpeMeHHOM mHTepBasie 03.1996 —
07.2000 u B 3TOM CiTyyae MOIHOCTBIO COBMAJAIOT.

Jlenekusiii arperar M1

700000
675000 /
650000 /
625000 /
600000 /
575000 /
550000 /

525000

500000 /V

475000 /

450000

425000

—/
400000
375000
350000 /
325000
300000 /
275000 AN
250000 7
225000 /S
200000 ~
175000
150000

Map.96
Maii.96
1101.96
cen.96
107,96
.97
Map.97
Maii.97
0197
cen97
non.97
a1B.98
Map.98
Maii.98
nion.98
cen98
101.98
211899 |
Map.99 |
Mait.99 |
mon.99 |
ceir99 |
H01.99 |
1800 |
Map.00 |
Maii.00 |
0100 |

Jlanmsie - - - - Msrauns

Puc. 6.3.14. Umurtanms

HJ’IH IPOBEPKN KAYECTBa NPOTHO3UPOBAHHUSA, KaK WU BBIMIC, WCIIOJIB30BaHBI
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nansble 3a nepuon 08.2000 — 11.2001. [TocTpoeHs! ABe MOCIEI0BATEILHOCTH O/1-
HOIIIArOBBIX IMPOTHO30B: 0e3 00y4YeHus (UCIONIb3YeTCsl YCIIOBHOE pacIpe/iesieHue
BeposiTHOCTEH p( V)| V.6 Vi.7)» HIOCTPOCHHOE HA MEPBOHAYAILHBIX HCXOAHBIX JJaH-
HBIX) U ¢ 00y4YeHHEM (Ha KaXkJIOM IlIare yCJIOBHOE pacIpe/esicHHe BEPOSITHOCTEH
P( V| Vis V.7) yTouHsercs 3a cuet po0aBieHnss HOBOW Touku). B ma6n. 6.3.12 n
Ha puc. 6.3.15 mpuBeneHB! pe3yabTaThl OIHOIIATOBOTO MPOTHO3MpOBaHUs (0e3
o0yueHust U ¢ 00ydeHueM) 110 puBeAeHHOI Monenu. CpeHsis ommroKa MporHo-
3a (MAPE) 6e3 o0yuenus cocrapisier 5,22%, a ¢ oOyuenuem — 4,75%.

6.3.2.3. [leHexHbIn arperat M2

B kadecTBe UCXOMHBIX AaHHBIX JUISI TOCTPOCHHS MOJENU MPOTHO3UPOBAHUS
JICHEXKHOro arperara M2 ucnonb3yloTCsl MeCSAYHbIE JaHHbIE 3a epuoA 12.1990 —
07.2000. Hannsle 3a nepuox 08.2000 — 11.2001 ucnons3yroTcs A OpOBEPKU
MIOCTPOCHHBIX B pa3jiesie MoJielieil MpOorHo3upoBanus. [ padyk 3THX JaHHBIX NPH-
BeJICH Ha puc. 6.3.16.

B cooTBeTcTBUM ¢ IPOBEACHHBIM paHee HCCIENOBaHHEM psijga M2 Ha Bpe-
MeHHOM uHTepBaie 06.1995 — 07.2000 naHHBII psia, TakkKe Kak U JBa MPeablIy-
mux, sBiserca DS-psaoM. B To ke BpeMsi BU3yalbHBIM aHanu3 rpaduka psaa
MO3BOJISIET MPEANONOKUTh U3MEHEHHE XapaKTepa €ro MOBEACHHUs HauMHas CO
BTOpO# moyoBHHEI 1998 1. PazoObeM Bech MHTEpBAN HAOMIONCHUI Ha 2 MOIUH-
tepBana: 12.1990 — 08.1998 u 09.1998 — 07.2000. [y kaxa0ro U3 STUX UHTEP-
BaJIOB MOCTPOUM JETEPMUHHPOBAHHBIN THHEHHbIN Tpena. [lonydyaem

0= O fi(1) =-94369,716+4970,452, 1 =1,...,92;
Hr, ()= -1888494,862 +23763,6361, 1=93,...116.

CratucTiiecKre XapakTepUCTHKH MOCTPOSHHBIX TPEHIIOB MPUBETICHBI B madn. 6.3.13.

Renexwuii arperat M1

1160000

1120000

1080000 L

1040000 =

1000000 =

A
960000 /

920000 4 AR z

880000 /\\. \‘\
oL
840000 N 3
800000 / Tt
760000 .

T
720000

680000

cenoo |

a8r.00
H0%.00.

ok.00
K00
8.0
bes.01
anp.01
maii.01
K01
won.01
a8r01
cen0l
k01
Hon01

2

Danneie - - - - [porvoa 6ea obyiern_— — -T1porHoa C obyaenem

Puc. 6.3.15. IIporuos
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BepositHocTHBIIT Tporno3 M1

Tabnuya 6.3.12

TIporuo3 6e3 oOy4eHust IIporuos ¢ o0y4ueHnemM
Jara M1
pe3yiabTar ommnoka pesyabTar omnbka
aBr.00 717950 6962419 3,02 696241,9 3,02
cen.00 747446 6924452 7,36 692445,2 7,36
okT.00 750662 770796,8 2,68 770796,8 2,68
HO:.00 777139 781978,5 0,62 781978,5 0,62
nex.00 879310 806620,7 8,27 806620,7 8,27
auB.01 810517 982236,3 21,19 982236,3 21,19
¢es.01 829180 859480,3 3,65 843815,9 1,77
Mmap.01 858381 799723,9 6,83 848273,5 1,18
anp.01 918209 851240,0 7,29 851240,0 7,29
Mait.01 938533 930178,3 0,89 930178,3 0,89
nion.01 987901 971262,1 1,68 971262,1 1,68
uton.01 1015090 993563,9 2,12 993563,9 2,12
aBr.01 1040765 1018845,0 2,11 1018845,0 2,11
cen.01 1074933 1047381,9 2,56 1047381,9 2,56
okT.01 1084385 1041058,3 4,00 1041058,3 4,00
HO:.01 1058132 1156347,1 9,28 1156347,1 9,28
Cpenusist ommbKa mpor{osa 5,22 4,75
Jenenamuit arperar M2
1500000 - 1325
1400000 ," 13
- 1,275
oo I
. et

1000000
900000
800000
700000
600000
500000
400000
300000
200000
100000
0

L 1,175

115

T 1,125

' Ll

t 1,075

L 1,05

ot Lozs

= 0,975

0,95

ex.90
anp91
apr.91

nex.91

aBr.93

nex.93

anp.94
anr.94

anp.96

aBr.96

K96
anp.97

- - = - Tewn pocta

anp.98

anp.99
anr.99
1eK.99
anp.00

Puc. 6.3.16. VicxonHble TaHHBIE

asr.00

0,925

K00
anp.01
asr.01

239



Tabnuya 6.3.13

Tpenn R Hop MHFESZBaHHBm F-cratucruka t-cTaTUCTHKA Co | t-CTAaTUCTHKA C|
A1) 0,953 0,907 898,541 -10,514 29,976
y20) 0,988 0,976 893,163 -22,574 29,886

Paccmorpum BpemeHHo# psin {y,! = {x,— f( ¢)}. [loctpoum nupopmarus-
HYIO CTPYKTYpY 3-TO MOpsliKa JJIsi CUCTEMBI, cojepkameid 13 mepeMeHHbIX:
(Vo Ve Vepof- IloyyaeM 3aBUCUMOCTD TIOKa3arelisi y, oT jlara B 1 u 8 Mecsies
¢ ko3 unmeHToOM HHPOPMATHBHOCTH, paBHBIM (0,924, ITO 03HAYACT, YTO 3HAYC-
Hust M2 1 u 8 Mecs1eB Ha3al ONpeAessoT ceroaxsaiHee 3HadueHue M2 na 92,4%.
Takum 06pa3om, MozieNb MPOTHO3UPOBaHHS MHQISALINN UMEET BUL

;l =1 (t)"' %yp(y‘yl—l > Vi-8 )

Ha puc. 6.3.17 npuBeneHsl pe3ynbTaTsl UMHATAIUHN (PETPOIPOTHO3) UCXOI-
HBIX JAaHHBIX 110 NPUBENEHHON Mozend. Kak BHIHO M3 IPUBEIECHHOTO PUCYHKA,
rpadMKy NCXOMHBIX JAHHBIX U UMHUTAIWH IOYTH MTOJHOCTHIO COBIAJIAIOT MEXIY
coboii. Cpenree abcomoTHOE oTKIOHeHHE (MAPE) HMUTaIIMOHHBIX 3HAYEHUH OT
HCTHHHBIX cocrapiger 0,51%.

J1s1 IpOBEpKH KadecTBa IIPOrHO3MPOBAHMS UCTIONB30BaHbI JaHHBIC 32 IEPH-
on 08.2000 — 11.2001. IToctpoeHsl Tpu MOCIAENOBATEIBLHOCTH OJHOLIATOBBIX
MIPOTHO30B: 0e3 00ydeHHs (MCTIONB3yeTCsl YCIOBHOE paclpeaeeHre BEPOSTHOC-
teit p( ;| ¥i.1, Vr.g), TOCTPOCHHOE Ha NEPBOHAYATIBHBIX HCXOAHBIX JAHHBIX) U 1Ba
¢ oOydyeHneM (B 000MX CiTydasx Ha KaKIOM IIare yCIOBHOE pacIiperesieHue Be-
positHOCTEH p( V)| V) Vig) YTOUHSAETCS 3a CUET HOOABICHMS HOBOW TOYKH, HO B
OZIHOM HCIIOB3YETCs OIUH U TOT 7K€ TPEH[, a BO BTOPOM TPEH]] KOPPEKTHPYETCS
Ha KaxaoM mare). B mabn. 6.3.14 n Ha puc. 6.3.18 IpuBeICHBI PE3yABTATHI OJ-
HOIIIar0BOTO MPOTHO3UPOBaHNUS (03 00yueHHs 1 ¢ 00ydeHHEM) IO TPUBEICHHON
Mozenu. [Ipu 3Tom amst cirydast Iporao3a ¢ 00y4eHHEM U KOPPEKIHel TpeHAa Ko-
a¢¢unmenTs QYHKINH f, MEHSIOTCS OT mara K mary. COOTBETCTBYIOIINE KO-
¢bunenTs! npuBeaeHsl B maobn. 6.3.15. Cpenusisa ommbka nporaoza (MAPE) 6e3
oOyuenus cocrapisier 6,20%, a ¢ obyuernem — 2,47% 06e3 KOppEeKIIUH TpeHaa U
1,84% — ¢ KoppeKmuen.
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Jleneumiii arperar M2

1450000

1400000 p ;

1350000 /

1300000 //

1200000

1250000 /P‘ —// -
7 -

-
1150000 =
1100000
1050000
1000000
950000
g 8 8 g g 3 3 3 3 3 3 3 3 3 3 3
g z g H Fi E g g g = g 3 H 8 £ g
B g g g ES H 2 g H g g g g 8 g g
‘_')Kcnom- = = =lIporkos Ge3 0Gyucts === === [porHos c oGyuctme (Ge3 Koppekium Tpetta) === = =IIportos ¢ obyueHHeM (¢ KoppeKivieii Tpeaa)
Puc. 6.3.17. Umuranus
Jlenesmiii arperar M2
900000
850000
800000 /
750000

/
700000 IJ
630000
600000 /
550000 7
500000 yd
450000
400000 /[
350000
300000 /_/
250000

r~

200000
150000 /

100000 /
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0

IR T T 3 3 % 8 5 & 5 = % % % 5 5 E R % z: 22 3 s = =

s 8 8 g 3 3133 3 % % £ £ %% 850555 % %% z233323¢3 2

A t£:Ef:f:EEEFZoEEEG:E:cf:o:oicgicic:e

ERL $fEEEEE:EFZEEEEEEEEEEEEEEGE
[—— e = = = =t |

Puc. 6.3.18. IIporuos
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Tabnuya 6.3.14

Tpennosslii nporuos M2

IIporuo3 6e3 o0yue- | [Iporuos ¢ od0yyenuem | IIporHos ¢ oOydeHuem
HUs (0e3 Koppekuuu TpeHa) | (C KoppekIiuei TpeHa)

omuo
pe3yibTaT a pe3ynbTaT  |ommOKa| pe3ynpTaT | OIIMOKa

asr 00 | 960100 953310,0 | 0,71 953310,0 0,71 953310,0 0,71
cen 00 [ 992400 975420,1 1,71 975420,1 1,71 976656,0 1,59
okt 00 | 1001200 | 997530,1 | 0,37 1014510,0 1,33 1015716,3 1,45
Hos1 00 | 1036400 | 1019640,1 | 1,62 1036620,1 0,02 1039880,1 0,34
nek 00 | 1144300 | 1041750,2 | 8,96 1045420,1 8,64 1049511,2 8,28
s 01 | 1079300 | 1063860,2 | 1,43 1166410,0 8,07 1075650,3 0,34
¢des 01 | 1109700 | 1085970,3 | 2,14 1092760,2 1,53 1110230,2 0,05
Mmap 01 [ 1149500 | 1108080,3 | 3,60 1131810,0 1,54 1134921,7 1,27
anp 01 | 1210000 | 1130190,3 | 6,60 1171610,0 3,17 1174965,8 2,90
Maii 01 | 1233700 | 1152300,4 | 6,60 1232110,0 0,13 1235826,1 0,17
uion 01| 1294300 | 11744104 | 9,26 1255810,0 2,97 1259826,9 2,66
mron 01 1330200 | 1196520,4 | 10,05 1277920,1 3,93 1286713,9 3,27
aBr 01 | 1365500 | 1218630,5 [ 10,76 | 1352310,0 0,97 1335690,2 2,18
cen 01 | 1414400 | 1240740,5 | 12,28 | 1374420,1 2,83 1384629,6 2,10
okt 01 | 1441200 | 1262850,6 | 12,38 | 1436510,0 0,33 1441979,4 0,05
HOs1 01 | 1439100 | 1284960,6 | 10,71 1463310,0 1,68 1469101,0 2,08

Cpennsis omnbka Nporosa 6,20 2,47 1,84

Jlara M2

Tabnuya 6.3.15

t Co 4 t co Ci
117 |-498483,752 [6869,279 |121 |-589828,211 |7773,412
118 |-532312,207 [7205,323 [122 [-638019,335 |8245,874
119 |-560816,089 [7487,540 1123 |-646040,710 |8324,259
120 |-576472,511 [7642,044 [124 [-652322,303 |8385,443

Tabnuya 6.3.15 (npodonsicenue)

t Co Ci t Co Ci
125 1-659299,727 |8453,185 1129 |-745936,517 |19287,212
126 |-680298,565 [8656,399 [130 [-770499,627 19521,892
127 |-694883,545 |18797,091 |131 |-797546,854 19779,485
128 |-720806,658 [9046,351 [132 |-816958,807 19963,775
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PaccMoTpuM Tenepb BEPOATHOCTHYIO MOAEIb IPOrHO3UupoBaHus. ITockons-
Ky B HCXOJHBIX JJAaHHBIX SIBHO COIEPKUTCS JETCPMUHUPOBAHHBIA TPEH, TO IIpe-
oOpadyeM HX B TEMIOBbIE XapaKTEPHCTUKH, T.€. BBEIEM HOBBIH psA:

X,

< 0T L....7"  Tpahuk cOOTBETCTBYIOIIEIO BPEMEHHOTO PsiJia TAKKE

Y. =

—1

IpUBEAEH Ha puc. 6.3.16.

[MocTpouM HHGOPMATUBHYIO CTPYKTYPY 3-TO MOPSIKA ISl CHCTEMBI, COZIep-
xateit 13 mepeMeHHBIX: MOKa3aTeab TeMIa pocTta M2 U ero JaroBble 3HAYCHUS

10 12 mMecsueB, T.e. Ui CUCTEMSBI {V,, V, 1, ..., Vi 2/ 110IydaeM 3aBHCUMOCTb I10-
Kazarens Temna pocta M2 ot stara B 6 1 9 MecsineB ¢ koaddpunrenrom nHpopma-
TUBHOCTH, paBHBIM 0,940. DT0O 03HauaeT, 4YTO 3HAYEHUS TEMIIOB pocTa M2 6 u 9
MECSIIEB HA3aJ OMPEICIIIOT CErOAHSIIHINA TeMn pocTta Ha 94,0%. Takum obOpa-
30M, MOJIEJIb TTPOTHO3UPOBAHUS 0€3pa0OTHIIBI B TAHHOM CIIy4ae UMEET BH/I:

X, =X, Z yp("‘)’t—ﬁd’t»),
fing

Ha puc. 6.3.19 npuseneHsl pe3yabTaTbl UMUTAIUH (PETPOIIPOrHO3) UCXOI-
HBIX JaHHBIX 110 NPUBEJCHHON Mozeiau. Kak BHIHO M3 NPUBEIECHHOTO PUCYHKA,
rpaMKy UCXOAHBIX JaHHBIX M UMHTAIMK HA BpeMeHHOM uHTepBasie 01.1992 —
07.2000 B aTOM Ciy4ae NMPaKTUYECKU MOTHOCTHIO COBMAIAIOT CPEIHEE PACXOXK-

neane (MAPE) mMexay HCXONHBIMH JaHHBIMH M WX HMHUTALUEH COCTaBIsCT
0,11%.

Jlenesii arperar M2
950000
900000 /
850000 /
800000 /
750000 /
700000 /
650000 /

600000 /

550000
500000 /

450000 A

400000 [

350000 = ~
300000 /

250000
200000

150000 /
100000 i

50000
0

.92
anp.92
0192
okr.92
18,93

anp93
10193
0kT.93
B.94
anp94
mon.94
OKT.94
AHB.9S
anp.95
mon95
OKT.95
AHB.96
anp96
mon.96
OKT.96
1B.97
anp97
mon97
okt.97
HB.98
anp.98
mon98
0kT.98
AHB.99
anp.99
mon99
OKT.99
nB.00

anp.00
0100

Jaunpie = = = = Mvnraums

Puc. 6.3.19. Umurtauus
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I_IJ'IH IIPOBEPKU KAUCCTBa MPOTHO3UPOBAHHA, KaK W BBIIIC, HMCIIOJIb30BaHBI
nansble 3a nepuox 08.2000 — 11.2001. IToctpoeHo 1Be moCnea0BaTEILHOCTH O1-
HOILIATOBBIX NIPOTHO30B: 0e3 00y4eHNs (MCIOIb3yeTcsl YCIOBHOE PACIIpEesICHUE
BEpOSTHOCTEH P( V)| V.6 Vi.9)» HIOCTPOCHHOE HA MEPBOHAYAIBHBIX HCXOAHBIX JaH-

HBIX) U ¢ 00y4YeHHEM (Ha KaXkJIOM IlIare yCJIOBHOE paclpe/esicHHe BEPOSITHOCTEH
P( V| Vi Vig) yTOUHSIETCS 32 cueT jno0aBieHNs] HOBOW Touku). B ma6n. 6.3.16 n

Ha puc. 6.3.20 mpuBeAEHBI PE3YNbTaThl OJHOIIATOBOTO MPOTHO3WPOBAHUS IO
MIPUBEJICHHOM MOJieH. B 3TOM cityuae pe3yabTraThl IPOrHO3UPOBAHHUS C O0yUCHU-
eM 1 0e3 coBnanaroT Mexay coooit. Cpennsist omrbka nporuosa (MAPE) cocras-

et 4,96%.

1600000

Jlenesiii arperar M2

1550000

1500000

1450000

1400000

1350000

1300000

1250000

1200000

1150000

1100000

1050000

1000000 /

/
950000 — — Z - - — — - — - - — — - —
[ Jlanmsie - - - - [Iportios 63 oyuenns — — Ilportios  oyuentem
Puc. 6.3.20. Tlporuos
Tabnuya 6.3.16
BepositHocTHBIIT Tporuo3 M2
Jara M2 IporHo3 6e3 00yueHus IIporuo3 ¢ o0yuennem
pe3yabTaT omnbKa pes3ynbTaT Omundka
asr.00 960100 976434,0 1,70 976434,0 1,70
cen.00 992400 1102370,2 11,08 1102370,2 11,08
okT.00 1001200 988645,0 1,25 988645,0 1,25
HO51.00 1036400 1024720,0 1,13 1024720,0 1,13
nex.00 1144300 1146105,5 0,16 1146105,5 0,16
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Tabnuya 6.3.16 (npodonscenue)

Iporuo3 6e3 0OyueHus IIporuos ¢ obyuenuem
JaTa M2
pesyabTaT ommbka pe3yJibTaT Omudka

stHB.01 1079300 1159212,0 7,40 1159212,0 7,40
¢es.01 1109700 1120365,2 0,96 1120365,2 0,96
map.01 1149500 1094425,3 4,79 1094425,3 4,79
anp.01 1210000 1188734,2 1,76 1188734,2 1,76
Mmait.01 1233700 1172597,6 4,95 1172597,6 4,95
nion.01 1294300 1573512,6 21,57 1573512,6 21,57
nromn.01 1330200 1351701,4 1,62 1351701,4 1,62
aBr.01 1365500 1284331,0 5,94 1284331,0 5,94
cen.01 1414400 1531754,1 8,30 1531754,1 8,30
okt.01 1441200 1505436,7 4,46 1505436,7 4,46
HO:.01 1439100 1471591,6 2,26 1471591,6 2,26
Cpennss omnOKa Nporuosa 4,96 4,96

6.3.3. [JuHamuka 8HEeWHemMopP208bIX XxapakmepucmukK

6.3.3.1. Okcnopt

B kauecTBe MCXOAHBIX NaHHBIX IJISI IIOCTPOSHHS MOJENN IPOrHO3HPOBA-
HUS IKCTIOPTA UCIIONB3YIOTCS MeCs9HbIe qaHHBIe 3a iepruon 01.1994 — 04.2000.
Hannsie 3a mepuoz 05.2000 — 12.2001 ucmons3yroTcs sl MPOBEPKH MOCTPO-
SHHBIX B paszese Mojeseil MporHo3upoBaHus. [ paduk 3THX TaHHBIX MPHUBENCH

Ha puc. 6.3.21.

Okcnopr

Puc. 6.3.21. UcxonHwle TaHHbBIE

o100
0kT.00

okt.01
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B cooTBeTcTBUU C IPOBEIECHHBIM paHEE MCCIEIOBAaHUEM PsAJ 3KCIOPTa
IpeACTaBIsIeT COOOW CTAllMOHAPHBI OTHOCUTENbHO TpeHaa psa. [Toctpoum
JIETEPMUHUPOBAHHBIA JIMHEHHBIM TPEHJ psfa Ha BPEMEHHOM IIPOMEXYTKE
01.1994 — 04.2000. ITonyuaem

fH)=6,194+ 0,013z

CratucTHueckue XapaKTepUCTHKH IMOCTPOEHHOIO TpEeHIa INpHUBEICHBI B

maon. 6.3.17.

Tabnuya 6.3.17

Tpenn R HopMI{pogaH— F-cratiernka | 3nagmmocts F t-cTaTucTUKa | t-CTaTUCTHKA
HeIl R Co Ci
A 10,260 0,055 5,379 0,023 25,666 2,319

Paccmorpum Bpemensoit psin {y,! = {x,— f( t)}. lloctpoum nupopmarus-
HYI0 CTPYKTYpy 3-ro mopsiaka Jisl CUCTEMBI, cofepkauieil 13 nepeMeHHbIX:
Ve Vi - Vepof. TloMydaem 3aBUCUMOCTD 1TOKa3aTesst y, OT Jlara B 1 u 12 mecs-
1eB ¢ koaddunuenrom nHPOpMaTUBHOCTH, paBHBIM 0,874. DTO O3Ha4aeT, 4TO
3Ha4eHus dkcnopra 1 u 12 mecsneB Hazaja ONPENEeNIOT CETOAHSAIIHUN 3KCIOPT
Ha 87,4%. Takum 00pa3zoMm, MOJIETIb MPOTHO3NPOBAHUS HHQIISIIINN UMEET BUJT

X, = f(t)"' Zyp(y‘yt—l’yl—lz).

Ha puc. 6.3.19 npuBeneHsl pe3ynbTaTsl UMATAIUHN (PETPOIPOTHO3) UCXOI-
HBIX JaHHBIX [0 NMPUBEAEHHONW Moxenu. Kak BHIHO M3 NPHBENCHHOTO PHCYHKA,
rpadMKy MCXOOHBIX NAHHBIX M uMHTanuu 3a nepuox 01.1995 — 04.2000 mon-
HOCTBIO COBHIAAIOT MEXIY COOOii.

Okcnopr

195
Map.95

Maii.95

Hon.95
11896
Map.96

Puc. 6.3.22. Umurtanus
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IIJ'IF[ IIPOBEPKHU KAYCCTBA IPOTHO3UPOBAHUA UCITIOJIL30BaHbI JJAHHBIC 3a ICPU-
orn 05.2000 — 12.2001. IlocTpoeHbl TpU MOCIAEAOBATEIHLHOCTH OJHOIIATOBBIX
HPOTHO30B: 0e3 00y4YeHus (UCIIONB3YeTCsl YCIOBHOE paclpeielIeHue BEpOsITHOC-
Teit p( Vy| Vi.}» Vi.12), TOCTPOCHHOE HA MEPBOHAYATILHBIX UCXOIHBIX JIAHHBIX) H JIBA
c oOyueHneM (B 000OMX CIlydasiX Ha KaXK[OM Ilare yCJIOBHOE paclipeiesieHue Be-
positHOCTEH p( V| V), V;.j2) YTOUHSIETCS 32 CUET N00aBlIEeHHs] HOBOH TOYKH, HO B
OJIHOM HCITOJIB3YETCS OJTUH U TOT K€ TPEH/, @ BO BTOPOM TPEH]] KOPPEKTHPYETCS
Ha KaxaoM mare). B mabn. 6.3.18 v Ha puc. 6.3.23 npuUBEJCHBI PE3yAbTaThI O/1-
HOIIIArOBOTO NPOTHO3UpOBaHMs (0e3 00y4eHHs U ¢ 00y4eHnEeM) 110 MTPUBEICHHON
Mozenu. [Ipu aTom amst cirydast porao3a ¢ 00y4eHHeM U KOppeKIien TpeHaa Ko-
s duments! pynkiun f MeHsrorcest ot mara K mary. CooTBeTCTBYIOIINE KOA(]-
(uneHTHI IpUBEACHBI B mabn. 6.3.19. Cpenusis ommbka nporHoza (MAPE) 6e3
o0yuenus cocrasiseT 11,24%, a ¢ o0yuennem — 9,06% 6e3 KOppeKIMU TpeHaa U
7,06% — ¢ xoppeKuue.

PaccMoTpuM Teneph BEpOSTHOCTHYIO MOJENb MPOrHO3upoBaHus. [locTpo-
UM UH(OPMATHBHYIO CTPYKTYpY 3-T0 HOpSAKA LTSI CHCTEMBI, coziepxariei 13 ne-
PEMEHHBIX: MTOKa3aTeNb MHQIISAINY 1 JaroBble 3Ha4eHus 1o 12 mecsues. [Tomyya-
€M 3aBHCHMOCTD ITOKa3aTels SKCIopTa ot jiara B 1 u § mecsies ¢ kodhpuuueH-
TOM HH(pOPMATUBHOCTH, paBHbIM 0,836. 3TO 03Ha4aeT, 4TO 3HAYEHUsI HKcropTa |
1 8 MecsLeB Ha3a]| ONPEAEIIAIOT CeroHSIIHIO HHQIsHo Ha 83,6%. Takum 00-
pa3om, MozIeN b MPOTHO3UPOBaHUS WHQISIIUK UMEET B

X, = g‘xp(\/‘xt—l’xt—8).
XX

Ha puc. 6.3.24 npuBeneHsl pe3ynbTaTsl UMHTAIUH (PETPOIPOTHO3) UCXOI-
HBIX JaHHBIX 10 NPUBEICHHON Mozeau. Kak BHIHO M3 NPUBEICHHOTO PUCYHKA,
rpaMKy MCXOIHBIX JAHHBIX U UMHTAIIMU HOJHOCTHIO COBMAJIAIOT MEXIy cOOO0M
Ha BpemeHHoM uHTepBase 01.1995 — 04.2000 (Tax ke, Kak ¥ B cllydyae UMHUTAIAHA
C TPEHIIOM).
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Okcriopr = = = = [lporsos Ge3 oOyucius === === [[porios ¢ oGyueHem (6e3 koppeKipm Tpera) === =  =[lpornos ¢ oGyuenneM (C KoppeKipii Tpeivta)

Puc. 6.3.23. IIpocnos
Tabnuya 6.3.18
TpeHa0BbIi NPOrHO3 3KCNOPTA
am | e oo s ctmemn] e | e e
opr pesynbTar | ommOka | pe3ynbrar ommnoKa pesynbTar | ommbka

Mai.00 | 8,32 7,52 9,55 7,52 9,55 7,52 9,55
miorn.00 | 8,58 9,34 8,78 8,33 2,99 8,33 2,97
w000 | 8,61 6,48 24,73 6,48 24,73 6,61 23,19
aBr.00 | 9,13 6,49 28,89 8,62 5,57 8,63 5,53
cen.00 | 8,98 7,56 15,89 7,56 15,89 8,20 8,72
okT.00 | 9,04 8,19 9,47 8,19 9,47 6,90 23,72
105.00 | 10,20 6,43 36,94 6,43 36,94 9,01 11,62
7ex.00 | 10,23 8,72 14,74 8,72 14,74 9,21 9,92
suB.01 | 8,35 8,22 1,56 8,22 1,56 8,19 2,02
des.01 | 8,20 7,61 7,22 7,61 7,22 8,43 2,77
map.01 | 8,93 9,39 522 9,39 5,22 8,93 0,06
anp.01 | 8,73 9,36 7,16 9,36 7,16 9,41 7,78
Mail.01 | 8,77 9,37 6,88 9,37 6,88 8,09 7,70
morn.01 | 9,33 9,38 0,61 9,38 0,61 9,13 2,04
mon.01 | 8,29 8,81 6,28 8,81 6,28 8,58 3,59
aBr.01 | 9,18 8,87 3,35 8,99 2,03 8,86 3,41
cen.01 | 8,48 9,47 11,70 8,31 1,94 8,68 2,36
okt.01 | 8,23 8,89 8,03 9,20 11,76 8,20 0,42
Hon.01 | 8,41 8,52 1,30 9,03 7,35 9,28 10,34
nex.01 | 8,16 9,51 16,56 8,42 3,27 8,44 3,46
Cpennsisi ommOKa MporHosa 11,24 9,06 7,06




Tabnuya 6.3.19

t Co C1 t Co C1 t Co Cl t Co Cl

77 16,194]10,013] 82 ]6,018 0,019 87 |5,851[0,025]| 92 |5,778 | 0,028

78 [6,164]0,014] 83 |59820,021| 88 |5,831[0,026| 93 |5,760 | 0,028

79 16,130 0,015] 84 ]5,9220,023| 89 |5,8160,026| 94 |5,758 | 0,028

80 |6,09710,016[ 8 [5,865]0,025] 90 |5,803]0,028 | 95 [5,762 0,028

81 |6,054]0,018[ 86 |[5,855]0,025| 91 |5,778]10,028 | 96 |[5,762 ] 0,028

Dkenopt

Puc. 6.3.24. Umurtanus
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Puc. 6.3.25. TIporao3
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Jnist IpoBepKy KadecTBa MPOTHO3UPOBAHUS 110 MOJICTH 0€3 TPEHAa UCTIONb-
30BaHbI AaHHBIE 32 nepuog 05.2000 — 12.2001. [TocTpoeHs! 1Be HOcIe 0BaTENb-
HOCTH OJIHOLIArOBBIX IPOTHO30B: 0e3 00y4eHHsl (UCIOIb3YyeTCsl YCIOBHOE PaCI-
penenenue BeposiTHOCTel p( x,| X, ;, X, g), MOCTPOCHHOE HA MEPBOHAYAIBHBIX UC-
XOJIHBIX JaHHBIX) ¥ ¢ 00yueHHEeM (Ha Ka)XK/IOM IlIare yCIOBHOE paclpe/ieicHue Be-
positHOCTEH p( X,| X, ) X.g) YTOUHsIETCS 3a cueT J00aBjeHUs] HOBOM Touku). B
mabn. 6.3.20 v Ha puc. 6.3.25 NpUBEACHBI PE3YJBTATHI OJHONIIATOBOTO MPOTHO3U-
poBanus (0e3 oOydeHHUs U ¢ OOy4eHUEM) O TpuBeAeHHOW Mopenu. CpemHss
ommnoka mporno3a (MAPE) 6e3 oOyuenus cocrasusier 14,17%, a ¢ oOydeHueM
11,22%.

Tabnuya 6.3.20

BeposiTHOCTHBIN NPOTrHO3 IKCIIOPTA

ITporuo3 6e3 o0ydeHust ITporHo3 ¢ obyueHneM
Jara Okcmopt
pe3ynbTar omubka pe3ynbTar omnoka
Mmaii.00 8,3 9,30 11,85 9,30 11,85
nroH.00 8,6 8,90 3,68 8,90 3,68
nio11.00 8,6 7,00 18,72 7,00 18,72
aBr.00 9,1 7,00 23,35 7,00 23,35
cen.00 9,0 6,00 33,21 6,00 33,21
okT.00 9,0 8,10 10,42 8,10 10,42
HO51.00 10,2 8,10 20,56 9,13 10,43
nex.00 10,2 7,00 31,55 9,04 11,58
stHB.01 8,4 8,10 3,04 10,23 22,41
¢es.01 8,2 8,10 1,21 9,04 10,28
Mmap.01 8,9 7,00 21,59 8,20 8,16
arp.01 8,7 8,10 7,24 10,20 16,77
Mait.01 8,8 8,10 7,60 8,73 0,39
nion.01 9,3 8,10 13,14 8,77 5,99
uron.01 8,3 7,00 15,53 10,20 23,04
aBr.01 9,2 7,00 23,71 9,13 0,47
cen.01 8,5 8,10 4,45 9,04 6,67
okt.01 8,2 8,10 1,62 8,20 0,41
HOs1.01 8,4 7,00 16,77 8,93 6,15
nek.01 8,2 7,00 14,17 8,20 0,53
Cpennsist ommbKa nporuosa 14,17 11,22
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6.3.3.2. ImnopTt

B kauecTBe MCXOAHBIX AAHHBIX I MOCTPOEHUS MOJEIH IPOTHO3UPOBA-
HUS DKCTIOPTa UCHOJIB3YIOTCS MeCs4Hble JaHHbIe 3a nepuon 01.1994 — 04.2000.
Hannsie 3a nepuog 05.2000 — 12.2001 ucnonb3yroTcs 1Jisi MPOBEPKU MOCTPO-
SHHBIX B pazjeiie Mozenel nporHo3upoBanus. ['paduk 3THX TaHHBIX IpUBENEH
Ha puc. 6.3.26.

B cooTBeTCTBHU ¢ IPOBEIEHHBIM paHEe UCCIEJOBAaHUEM PsAa HMIOPTA OH
CTallUOHAPEH OTHOCHUTEIBHO JIMHEHHOro TPEeHJa Ha BPEMEHHOM HUHTEpBale
01.1994 — 04.1998. Pa3obbem Bech HHTEpBaJ HAOMIOAECHUH Ha 2 IOJUHTEpBAa:
01.1994 — 08.1998; 09.1998 — 04.2000. st Ka>ka0TO U3 ITUX UHTEPBAJIOB MOCT-
POUM JE€TEpMUHUPOBAHHBIN NTUHENHBIN Tpena. [lomydaem

_Of () =4078+0,0461,  £=1,...56;
0= gfz ()=1950+0,021:, ¢=57,..76.

CraTUCTHYECKUE XapPaKTEPUCTUKU MMOCTPOCHHBIX TPEHIOB NPHBEACHBI B
mabn. 6.3.21.

Wmnopr
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Puc. 6.3.26. Ucxoguble n1aHHBIE

Tabnuya 6.3.21

Tpeun | R | HopmupoBansblit R F-cratucruka 3naunMocthb F |t-ctatucTika ¢o| t-craTmcTHKa ¢
fi(®) 10,769 0,583 78,133 0,000 24,074 8,839
f() 10,361 0,082 2,703 0,118 2,323 1,644
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Paccmorpum BpemenHoit psa {y,} = {x, - f(¢)}. lloctpoum nHpopmarus-
HYIO CTPYKTYpYy 3-TO MOpsliKa JJIsi CUCTEMBI, cojepkameid 13 mepeMeHHbIX:
(Vo Vit oo Yep2f- [lOnyuaem 3aBUCHMOCTB 1OKa3aTesst yt oT jara B 6 u 12 mecs-
ueB ¢ koaddunuenrom nHGOpMaruBHOCTH, paBHEIM 0,803. DTO O3HAYaeT, 4TO
3HaYeHus1 HHQISIMY 6 1 12 MecsilieB Ha3aj ONpeesIsIoT CEeTOMHAIIHIO HHOIIS-
muro Ha 80,3%. Takum oOpa3zom, MoeNb MPOTHO3UPOBaHUS MHQIISIMN UMEET
BUJ:

%, =10)+ Z wr (v vis ).

Ha puc. 6.3.27 npuBeneHbI pe3ynbTaThl UMHTAIUHN (PETPOIPOTHO3) UCXOI-
HBIX JaHHBIX 110 NPUBEJCHHON MozeiaH. Kak BHIHO M3 IPUBEIEHHOTO PUCYHKA,
rpaMKy NCXOTHBIX JaHHBIX U UMHTAIMU TOJHOCTBIO COBIAIAIOT MEXITy coOon
(Tak e KaK ¥ IIPH UMHUTALHHU 3KCIIOPTa).

J11st MpoBEpKH KadecTBa IIPOrHO3UPOBAHMUS UCTIONB30BAHbI JaHHBIE 32 IEPH-
on 05.2000 — 12.2001. TloctpoeHsl TpU MOCIAEAOBATENBLHOCTH OJHOIIATOBBIX
IIPOrHO30B: 0e3 00yueHus (MCHONIB3YeTCs YCIOBHOE paclpe/iesieHne BEpOsSTHOC-
teit p( ¥, V.., ¥i.5), HIOCTPOCHHOE Ha IIEPBOHAYAIBHBIX HCXOIHBIX JaHHBIX) U JIBA
c oOyueHneM (B 000MX ClydasX Ha KaXKJOM Illare yCIOBHOE paclipeiesieHue Be-
positHOCTEH p( V4| V) Vy5) YTOUHSETCS 3a cueT j100aBIeHUSI HOBOW TOYKH, HO B
OIHOM HCITOJIB3YETCS OJIMH U TOT K€ TPEH/, @ BO BTOPOM TPEH]] KOPPEKTHPYETCS
Ha KaxgoM mare). B ma6n. 6.3.21 v Ha puc. 6.3.28 npuBeseHb! pe3ynbTaThl Of-
HOIIIarOBOTO MPOTHO3UPOBaHUS (0e3 00yUeHUs U ¢ 00ydeHHEM) IO IIPUBEICHHOM
Mozenu. [Ipn 3Tom amst cirydast Iporao3a ¢ 00y4eHHeM U KOppeKIiel TpeHaa Ko-
3¢ uIeHTs! GYHKINH [, MEHSIOTCS OT 1ara K mary. CooTBeTCTBYOIIHE KOd]-
¢unneHTs npuBeneHsl B maoa. 6.3.22. Cpenusis ommbka nporHoza (MAPE) 6e3
o0yuenus cocrasiser 11,28%, a ¢ oOyuernem — 9,79% 6e3 KOppeKIMK TpeHa U
13,32% — ¢ xoppekuueil. B nanHOM ciydae (B OTIMYHME OT NMPEIbIIYIIHNX) IPOT-
HO3 ¢ 00y4YeHHEM M KOpPEeKIHel TPeHAa SBISETCS XyALINM, a He Jy4IIHM. JTO
o0ycIIoBIIEHO BCIUTeckoM o0beMa umropta B aBrycre 2000 1.
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KoppeKiyie

(©

— = =Ilporsios ¢ oByueters

KoppeKIpH Tpe1a)

—— = [Iporsos ¢ oyuerren (6e3
Puc. 6.3.28. Tlporuos

= Tportos Ges oGyt




TpeHA0BBIH NPOrHO3 HMIIOPTA

Tabruya 6.3.22

TIporHo3 ¢ o0yueHu-
IIporuo3 6e3 o0yueHusi | em (6e3 KOppeKLUuu Iportos ¢ 06vy aetmem
Jata Nmnopt TpeHaa) (¢ xoppexieii Tperna)
pe3ynbTaT | omubKa pe:ZJT]b- ommuOKa | pe3yipTar | omuoKa
Mait.00 3,40 3,41 0,21 3,41 0,21 3,41 0,21
Wron.00 3,60 3,37 6,52 3,37 6,52 3,34 7,27
HUron.00 3,60 3,59 0,15 3,59 0,15 3,58 0,63
Azr.00 6,80 3,73 45,13 3,73 45,13 3,72 45,30
Cen.00 3,70 3,73 0,74 3,73 0,74 3,72 0,53
Oxt.00 4,10 4,33 5,70 4,33 5,70 4,47 9,08
Hos.00 4,40 4,84 9,93 4,84 9,93 4,45 1,11
Jex.00 4,90 3,98 18,76 3,98 18,76 3,23 34,15
SuB.01 3,20 3,44 7,64 3,44 7,64 4,38 36,79
Des.01 3,60 3,08 14,38 3,08 14,38 3,64 1,06
Map.01 4,20 3,73 11,25 3,73 11,25 4,31 2,58
Amp.01 4,30 4,03 6,30 4,03 6,30 3,86 10,34
Maii.01 4,50 3,50 22,13 3,50 22,13 3,72 17,34
Hron.01 4,70 4,11 12,61 4,11 12,61 3,41 27,35
HUron.01 4,30 4,11 4,52 4,11 4,52 4,12 4,11
Asr.01 4,40 4,26 3,14 4,26 3,14 4,99 13,33
Cen.01 4,59 4,13 10,01 4,40 4,11 4,26 7,29
Oxkt.01 4,16 3,96 4,65 3,96 4,65 5,26 26,61
Hos.01 4,85 3,98 17,91 4,18 13,92 4,93 1,62
Jex.01 5,07 3,86 23,92 4,87 3,91 6,07 19,67
Cpennss omunOKa Nporuosa 11,28 9,79 13,32
Tabnuya 6.3.23
t Co Cl t (&) Cl t (&) Cl t o Cl
77 11,950 |0,021 | 8 ]0,197]0,048| 87 |0,616]0,042] 92 |0,502 | 0,043
78 12,067 10,019 | 83 ]0,212]0,048 [ 88 0,631 0,041 | 93 |0,529 | 0,043
79 12,018 0,020 84 10,093 ]0,050| 89 0,622 0,042 94 0,509 | 0,043
80 [1,995]10,020| 85 [-0,221] 0,054 90 0,557 0,043 | 95 |0,625 | 0,042
81 1-0,069| 0,052 8 0,323 ]0,046| 91 ]0,449 10,044 96 | 0,551 | 0,043
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PaccMoTpuM Teneph BEpOSTHOCTHYIO MOJENb NPOrHO3upoBaHus. [locTpo-
UM MH(OPMATUBHYIO CTPYKTYPY 3-TO MOps/IKa ISl CUCTEMBI, cofepikaineit 13 me-
PEMEHHBIX: MOoKa3aTeab 00beMa UMITOPTA ¥ JIarOBble 3HAUYSHHUS 3TOTr0 MOKa3aTels
1o 12 MecsueB, T.e. Ui CUCTEMBI {X,, X, j, ..., X, ;»}. [loy4aeM 3aBHCUMOCTb I10-
kazaresst MHQuAnUK ot jara B 9 u 11 mecsues ¢ koadpuunenrom nHGopMaTrs-
HOCTH, paBHBIM 0,867. DTO 03HauYaeT, uTo 3HaYEHUsS o0beMa umiopra 9 u 11 me-
CSIIICB HA3aJ1 ONIPECIIAIOT CErOMHAIIHUM 00beM umMItopTa Ha 86,7%. Takum o0Opa-

30M, MOZieNib Oe3 TpeH ia AJis MPOrHO3UPOBAHUS UMIIOPTA B IAaHHOM CIy4yae uMe-
€T BUJ;:

X, = gxp(\f‘x,_g,x,_”).
xLX

Ha puc. 6.3.29 npuBeneHsl pe3ynbTaTsl UMHTAIUHN (PETPOIPOTHO3) UCXOI-
HBIX JaHHBIX 10 NPUBENCHHON Mozend. Kak BHIHO M3 IPUBEICHHOTO PUCYHKA,
rpad¥Ky UCXOJHBIX AAHHBIX M UMHUTAINN OJIH3KH MEXIy coOoil. CpenHsis OTHO-
curenbHas omudka (MAPE) nmutanuu 3a nepuox 01.1995 — 04.2000 cocrass-
et 0,54%.

Wmnopt
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cen.95
HOA.95
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Maii.96
o096
cen.96
10196
w97
wap.97
cen97
1Hos.97

18,00 | ]

mon97
108,99
Map.00
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Puc. 6.3.29. Umuranus
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Wmnopt

aBr.00
cen.00

Mai.00
wi0.00
wio.00

102,00
1ex.00
.01
den.01
Map 01
anp.01
Mai 01
wion.01
w001
asr.01
cen.01
okr.01
103,01
ex.01

Jlantibie = = = = [Iportios Ges obyuenis — — [Iportos ¢ oGyueriem

Puc. 6.3.30. Ilporuos

I_IJ'IH IMPOBEPKU KAYCCTBA MPOTHO3UPOBAHHA, KaK W BBIIIC, HMCIIOJIb30BAHBI
nmarHble 3a nepuoa 05.2000 — 12.2001. ITocTpoeHo Be MOCIEI0BATEIHLHOCTH O/1-
HOIIArOBBIX MPOTHO30B: 0e3 00y4YeHus (UCIOb3YeTCsl YCIIOBHOE pacIpe/iesieHue
BEPOSITHOCTEH p( X,| X, ;, X,_;5), IOCTPOESHHOE Ha IIEPBOHAYAIIBHBIX HCXOIHBIX JaH-
HBIX) U ¢ 00y4YeHHEM (Ha KaXkJIOM IlIare yCJIOBHOE paclpeesicHHe BEPOSITHOCTEH
p( x| X}, X,.;») yTOUHsIETCS 32 cUeT 10OABJICHUS HOBOM TOukn). B mabn. 6.3.24 n
Ha puc. 6.3.30 mpUBEICHBI Pe3yJabTaThl OIHOIIATOBOTO MPOTHO3MPOBaHUs (0e3
o0yueHust U ¢ 00ydeHueM) 110 puBeAeHHOI Monenu. CpeaHsis ommroKa MporHo-
3a (MAPE) 6e3 oOyuenus B 3ToMm ciydae coctaeisier 20,60%, a ¢ oOydeHueM
16,09%. Takum 00pa3oM, B JaHHOM CIIydae MPOTHO3HBIC CBOWCTBA MOJIEIIH OKa-
3aJIUCh KpallHe TUIOXUMHU.

Tabnuya 6.3.24

BeposiTHOCTHBI NPOrHO3 MMIIOPTA

ITporuos 6e3 oOyueHust ITporuos ¢ oOyueHuem
Hara HmmopTt
pe3yibTar omnGka pe3ysbTar omnbka
Maii.00 3,4 3,70 8,82 3,70 8,82
uioH.00 3,6 3,70 2,78 3,55 1,39
nr01.00 3,6 2,95 18,06 2,95 18,06
aBr.00 6.8 3,30 51,47 3,60 47,06
cen.00 3,7 5,48 48,11 5,48 48,11
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Tabnuya 6.3.24 (npodonscenue)

Jlara | Mmmopr Hgg;‘ngf (?61;‘1’;‘:;36; 3.40 17.07
pe3ynbTat ournbka pe3ynbTar ournbka

niek.00 4,9 4,10 16,33 4,10 16,33
sHB.01 32 3,70 15,63 3,70 15,63
tes.01 3,6 3,70 2,78 3,70 2,78
map.01 42 3,70 11,90 3,20 23,81
amp.01 43 3,70 13,95 4,73 10,08
Mait.01 4,5 6,40 42,22 6,40 42,22
nroH.01 4,7 3,70 21,28 4,20 10,64
nron.01 43 5,70 32,56 5,70 32,56
aBr.01 44 4,86 10,45 4,86 10,45
cen.01 4,6 6,00 30,66 6,00 30,66
okt.01 42 5,46 31,41 4,40 5,90
HOs1.01 49 5,46 12,55 5,46 12,55
nex.01 5,1 5,48 8,09 3,70 27,02
Cpennsist ommOKa MporHosa 20,60 16,09

6.3.4. bespabomuua

B kadyecTBe MCXOMHBIX JAHHBIX JUIS IOCTPOCHUS MOJICITH TPOTHO3UPOBAHUS
0e3paboTHIIBI UCTIONB3YIOTCS MeCsUHbIe JaHHbIe 3a nepuoa 01.1994 — 08.2000.
Hannsie 3a nepuon 09.2000 — 12.2001 ucnonb3yroTcst AJi1 MPOBEPKH MOCTPOEH-
HBIX B pas3jiesie Mojesel nporao3upoBanus. [ paduk 3TUX TaHHBIX MPUBEICH Ha

puc. 6.3.31.

B cooTBEeTCTBUM C IPOBEACHHBIM pPaHee UCCIIEIOBAHUEM palia 6e3padoTUIIb]
Ha BpeMeHHOM uHTepBane 01.1994 — 04.1998 nauHbIi psig aBiseTcd CTallMOHAP-
HBIM OTHOCHUTENIBFHO JINHEHHOro TpeHaa. Pa3obbeM Bech MHTEpBaJl HAOMIONEHHH
Ha 2 nonuHTtepBana: 01.1994 — 08.1998 u 09.1998 — 08.2000. [ns xaxxaoro u3
9THX WHTEPBAJIOB IIOCTPOUM JETEPMUHUPOBAaHHBIN JTMHEHHBIN Tpera. [lomyuaem

O (£) =5,051+0,064¢,

6=

O,

t=1,..56;
0 ()=15,749-0,1021, 1=57,...,80.

CraTucTHYecKue XapaKTCPUCTUKU MMOCTPOCHHLIX TPECHAOB NPUBCACHBLI B maon.

6.3.25.
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Puc. 6.3.31. UcxoaHsle naHHbIE

Tabnuya 6.3.25

Tpern R HopMI{pogaH— F-cratncruka | 3asmmocts F t-cTraTucTUKa | t-CTaTUCTHKA
Hb1l R Co Ci

fi(t) 0,989 0,978 2435,141 0,000 119,237 49,347

(D) 0,800 0,623 38,987 0,000 13,979 _6,244

Paccmorpum BpemenHo#t psin {y,! = {x,— f( t)}. lloctpoum nupopmarus-
HYIO CTPYKTYpYy 3-TO MOpsiaKa Ui CHCTEMBI, colepamed 13 mepeMeHHBIX:
{Yo Ye15-+-»> Y12} - [1odydaem 3aBuCHMMOCTS TTOKa3atess y, ot jiara B 1 u 12 mecs-
e ¢ kodddunuenrom wHGOpMATUBHOCTH, paBHEIM (0,876. DTO O3HAYaET, 4TO
3HayeHust nHQIIMY 1 1 12 MecsieB Ha3aj ONpeessiIoT CEeTOMHSIIHIO HHOIIS-

o Ha 87,6%. Takum o0pa3zom, Mol MPOTHO3UPOBAaHUS MHQIISILIMN UMEET
BUJ:

X, =1 (t)+ %yp(y‘yz—n)":—lz).

Ha puc. 6.3.32 npuBeneHsl pe3ynbTaTsl UMHTAIUHN (PETPOIPOTHO3) UCXOI-
HBIX TaHHBIX IO TIpUBEACHHONW Moaenu. Kak BUIHO W3 pUCYHKA, TPadUKH HCXO-
HBIX JaHHBIX ¥ AMATAIMH [IPAKTHICCKH COBMAIAIOT MEKAy coOoit. CpemHss OT-
HocutenbHas ommOka (MAPE) umuranuu 3a nepuox 01.1995-08.2000 cocras-
et 0,02%.

JIy1s mpoBepKu KadecTBa MPOTHO3MPOBAHUS UCIIOIB30BaHbBI JTaHHEIC 3 ITePH-
on 09.2000 — 12.2001. IToctpoeHsl Tpu MHOCAEAOBATEIBLHOCTH OJHOLIATOBBIX
MIPOTHO30B: 0e3 00ydeHHs (MCIONB3YeTCsl YCIOBHOE paclpeielIiCHIE BEPOSTHOC-
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Teit p( Vy| Y.} Vi.12)> TOCTPOCHHOE HA MEPBOHAYAILHBIX UCXOIHBIX JIAHHBIX) H JIBa
¢ oOyueHueM (B 000MX CIlydasXx Ha KaXK[OM Ilare YCJIOBHOE paclipeiesieHue Be-
positHOCTEl p( V| V), Vi.j2) YTOUHSIETCS 32 CUET A00aBlIeHHs HOBOW TOYKH, HO B
OJIHOM HCITOJIB3YETCS OJIUH U TOT K€ TPEH/, @ BO BTOPOM TPEH]] KOPPEKTHPYETCS
Ha KaxaoM mare). B mabn. 6.3.26 v Ha puc. 6.3.33 npuBEICHBI PE3yabTaThI O/1-
HOIIIArOBOTO NPOTHO3UpOBaHMs (0e3 00yueHHs U ¢ 00y4eHneM) 10 TPUBEICHHON
Mozenu. [Ipu aTom amst cirydast porao3a ¢ 00y4eHHeM U KOppeKIHer TpeHaa Ko-
3G PUIMEeHTH! GYHKINU [, MEHSIOTCS OT 1ara K mary. CooTBeTCTBYOLIHE KOd(]-
¢unneHTs npuBeaeHsl B maba. 6.3.27. Cpenusis omubka nporHoza (MAPE) 6e3
o0yuenus cocrasiseT 3,26%, a ¢ obydenuem 3,67% 0e3 KOppeKIMH TpeHIa U
4,01% — c KoppeKLHe.
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Puc. 6.3.32. Umutauus
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Puc. 6.3.33. Ilporuos
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PaccMmoTpuM Teneps NOCTPOECHUE BEPOSITHOCTHOM MOJENH IPOTHO3UPOBA-
HusA. B 3TOM ciyuyae MCXOOHBIE JAaHHBIE CUUTAIOTCA pealu3alusMU HEKOTOPOH
ciIydaitHON BeMUYMHBL. 110CKOJIBKY B MCXOAHBIX JAHHBIX SBHO CONEPXKHUTCS JH-
HEWHBIM TpeH[, To mpeobpazyeM UX B TEMIIOBBIE XapaKTEPHCTUKH, T.€. BBEAEM

HOBBIM psig: V, =

X,

t—1

psla Takxke npuBeleH Ha puc.6.3.31.

TpeHaoBblii IPOrHo3 6e3padoTHIIBI

.t =1,....7 . I'padyuk COOTBETCTBYIOIIETO BPEMEHHOTO

Tabnuya 6.3.26

TIporHo3 6e3 oOyue- TporHos ¢ oGyver- IIporuo3 ¢ obyueHueM (¢
eMm (0e3 KoppeKLuu o
Bezpabo- HUS KOppPEKLHEH TpeH 1a)
Jlara THia TpeHa)
PEYIB 1 o imka | PY™ | ommbka pe3yibTar | ommbKka
Tar Tar
cen.00 7,10 7,15 0,68 7,15 0,68 7,15 0,68
okT.00 7,00 7,30 4,27 7,30 4,27 7,24 3,41
HO51.00 7,00 7,20 2,81 6,90 1,46 6,89 1,55
nek.00 7,00 7,09 1,35 6,90 1,46 6,89 1,56
stHB.01 7,10 6,99 1,52 6,90 2,85 6,89 2,95
¢es.01 7,10 6,78 4,53 6,78 4,53 6,72 5,41
map.01 6,80 6,96 2,43 6,96 2,43 6,89 1,29
arp.01 6,40 6,81 6,43 6,81 6,43 6,75 5,53
Mmaii.01 6,10 6,45 5,77 6,45 5,77 6,33 3,72
nroH.01 6,10 6,07 0,43 6,00 1,67 5,98 1,99
nioi1.01 6,10 6,25 2,42 5,90 3,35 6,14 0,62
aBr.01 6,10 6,15 0,75 5,79 5,02 5,76 5,51
cen.01 6,20 6,15 0,88 6,15 0,88 591 4,71
okT.01 6,20 5,94 4,21 5,94 4,21 5,82 6,13
HOs1.01 6,30 5,97 5,26 5,97 5,26 5,73 9,01
nek.01 6,40 5,86 8,47 5,86 8,47 5,76 10,07
Cpennsis ommbKa NporHosa 3,26 3,67 4,01
Tabnuya 6.3.27
t Co i t Co (41 t Co (41 t Co (41
81 ]15,749(-0,102] 85 ]16,239(-0,110] 89 |16,117[-0,108| 93 [16,392]-0,112
82 [15,971]-0,106 86 |16,153[-0,108] 90 |16,267|-0,110| 94 [16,328]-0,111
83 |16,144[-0,108| 87 [16,037(-0,107] 91 [16,355[-0,111] 95 [16,242]-0,110
84 [16,226]-0,110 88 [16,020{-0,106] 92 |16,394]-0,112| 96 ([16,113]-0,108
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[MocTpouM HHGOPMATUBHYIO CTPYKTYPY 3-TO MOPSIIKA ISl CHCTEMBI, COZiep-
xamiel 13 nepeMeHHBIX: [ToKa3aTelb TeMIa pocTa 0e3paboTHIIBI U €ro JIaroBbie
3Ha4eHUs 10 12 MecsleB, T.e. AT CUCTEMSI {V,, V. p, ..., Vi.12f- [loTydaeM 3aBUCH-
MOCTB IOKa3aTelis Temia pocTta Oe3paboruilst ot yiara B 1 u 10 MecsieB ¢ koagd-
¢unuentom mHpopMaruBHOCTH, paBHBIM 0,906. DTO O3Hauaer, 4TO 3HAYCHUS
TEMIIOB pocTa Oe3padoTuibl 1 u 10 MecsieB Ha3a[ ONPEACISIOT CErOJHIIIHIIA

temi pocra Ha 90,6%. Takum 00pa3oM, MOJICITh MPOTHO3UPOBAHKS 0E3Pa0OOTHIIEI
B IJaHHOM CJIy4a€ UMCCT BU:

X, =X, Z yp(y‘yr—l’yt—lo).
v

Ha puc. 6.3.34 npuBeneHsl pe3ynbTaTl UMATAIUHN (PETPOIPOTHO3) UCXOI-
HBIX JaHHBIX 110 NPUBENCHHON Mozend. Kak BHIHO W3 IPUBEIECHHOTO PUCYHKA,
rpa¥Ki MCXOJHBIX AAHHBIX M MMUTAUM M B 3TOM CIIydYae MOYTH COBIAJAloT.
Cpemuss otHOcutenbHas ommbOka (MAPE) mvurammm 3a mepumox 01.1995 —
08.2000 cocrasnser 0,06%.
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Puc. 6.3.34. Umuranus
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Puc. 6.3.35. IIporao3
Tabnuya 6.3.28
BeposiTHOCTHBII NPOrHO3 0e3padoTUIIbI
ITporuos 6e3 o6ydeHuUs ITporuos ¢ o6yueHueM
Jara Bespaboruna
pe3ysbTar omruoka pesynbrar omnrubka
cen.00 7,1 7,31 2,99 7,31 2,99
okt.00 7,0 7,20 2,86 7,20 2,86
HO051.00 7,0 7,10 1,41 6,90 1,41
nex.00 7,0 6,97 0,36 6,90 1,41
stuB.01 7,1 6,67 5,99 6,67 5,99
des.01 7,1 7,20 1,41 7,20 1,43
Mmap.01 6.8 6,77 0,44 7,20 5,90
anp.01 6.4 6,45 0,80 6,45 0,80
Maii.01 6,1 6,07 0,46 6,07 0,46
nioH.01 6,1 5,79 5,13 5,79 5,13
nroi.01 6,1 6,08 0,36 6,08 0,36
apr.01 6,1 6,10 0,00 6,10 0,00
cen.01 6,2 6,08 1,97 6,08 1,88
okT.01 6,2 6,40 3,23 6,40 3,23
HOs51.01 6,3 6,20 1,59 6,20 1,59
nek.01 6.4 6,50 1,61 6,40 0,03
CpenHsis ommbKa Iporsosa 1,91 2,22
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I_IJ'IH IIPOBEPKU KAUCCTBa MPOTHO3UPOBAHHA, KaK W BBIIIC, HMCIIOJIb30BaHBI
nanHble 3a nepuoa 09.2000 — 12.2001. ITocTpoeHo Be MOCIEI0BATEILHOCTH O/1-
HOIIIArOBBIX IPOTHO30B: 0e3 00y4YeHus (UCIOIb3YeTCsl YCIIOBHOE pacIpe/iesieHue
BepoOsITHOCTEH p( V,| V,.;, Vs ;o) TOCTPOSHHOE Ha NEPBOHAYAIIBHBIX HCXOIHBIX JaH-
HBIX) U ¢ 00y4YeHHEM (Ha KaXkJIOM IlIare yCJIOBHOE pacIpe/esicHHe BEPOSITHOCTEH
P(Vi Vi1 Yi10) yTOUHSIETCS 32 cUET 10OaBICHUS HOBOM TOukn). B mabn. 6.3.28 n
Ha puc. 6.3.35 mpuBeAeHBI pe3yJbTaThl OIHOIIATOBOTO MPOTHO3MpOBaHUs (0e3
o0yueHust U ¢ 00ydeHueM) 1o puBeAeHHOI Monenu. CpeHsis omHrOKa MporHo-
3a (MAPE) 6e3 o0yuenus cocrapnser 1,91%, a ¢ odyuenuem — 2,22%.

6.3.5. [Joxo0bi chedepanbHo20 brodxxema

6.3.5.1. HanoroBble goxoapbl heaepansHoro 6roaxeta

B kadecTBe MCXOMHBIX JaHHBIX ISl IOCTPOEHHS MOJENIU IPOTHO3UPOBAHUS
HaJIOTOBBIX JIOXO/I0B (pemepanbHOro OI0KeTa HCIONIB3YIOTCSI MECSIUHBIC TaHHBIC
3a nepuon 01.1992 — 05.2000. Jannsie 3a neprox 06.2000 — 12.2001 ncnons3y-
I0TCS JUIsl MPOBEPKU MOCTPOCHHBIX B pas3ziene Mojaenel nporso3uposanus. I'pa-
(UK 3THX NaHHBIX IPHUBEAEH Ha puc. 6.3.36.

B cooTBeTcTBHU C MPOBENECHHBIM PaHEE UCCIEIOBAHUEM psla HAIOTOBBIX
JI0XOZI0B (he/lepaIbHOTO OFOMKETa OH SIBISETCS CTALMOHAPHBIM B Pa3HOCTIX HA
noarnepuoze 01.1996 —05.2000. B To sxe BpeMst BU3yaJIbHBIH aHan3 rpaduka psi-
Jla TO03BOJIAET MPEANONIOKHUTHh HAaIMYUe U3I0Ma TPEHIa BO BTOPOIl MONOBUHE
1998 r. Pa3zoOrem Bech mHTEepBaN HaOMrOAcHUN Ha 2 mommHTepBana: 01.1992 —
08.1998 1 09.1998 — 05.2000. s kaxA0ro U3 3TUX UHTEPBAJIOB OCTPOUM JIe-
TEPMUHUPOBAHHBIN TUHENHHBIN TpeHa. [loxydaem

f(t): O f1(r) =-2797,443 +335,083t, t=1,...,.80;

Efz ()= -246389,160+3215930¢, ¢=81,...101.

CTaTUCTHYECKUE XapPAKTEPUCTUKU MOCTPOCHHBIX TPEHIOB MPHUBEACHBI B
mabn. 6.3.29.
Tabnuya 6.3.29

Tpenn R izzt:;{pg—z F-crarucruka | 3Haunmocts F t-CTaT:CTHKa t-CTaT:CTHKa
0 1

S 0,836 0,695 181,141 0,000 -2,410 13,459

0] 0,944 0,885 155,253 0,000 10,467 12,460
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Harorossie oxozts! henepatbHoro Giomkera
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Puc. 6.3.36. UcxoaHble naHHbIE

Paccmotpum BpemenHno#t psn {v,} = {x, — f( t)}. lloctpoum uadpopmarus-
HYIO CTPYKTYpY 3-TO mopsjaka Ijs CUCTEMBI, coaepkaniei 13 nmepemeH-
HBIX: {V;, Vi1, --» Vi124- [lOydaeM 3aBUCHMOCTS IIOKa3aTess y, oT Jara B 3 u 9 Me-
csiueB ¢ koaddunmenrom nudopmarusrocTH, paBHbM 0,902. 3TO 03HAYAET, YTO
3HAUYEHUs HAJIOTOBBIX JOXOZOB 3 U 9 MecsleB Ha3ajJ ONPeeNIioT CerOHIIIHINA
00BEM HAJIOTOBBIX J0X00B (enepanbHoro oromkera Ha 90,2%. Takum oOpazom,

MOJIEITb TIPOTHO3HPOBAHUSI HAJIOTOBBIX JOXOAOB (pelepaTbHOTO OIOKETa UMECT
BULL:

X, =/ (t)+ Zyp()’b’z—s’yw)

Ha puc. 6.3.37 npuBeneHsl pe3ynbTaTsl UMHTAIUHN (PETPOIPOTHO3) UCXOI-
HBIX JaHHBIX [0 NMPUBEAEHHOW Moxenu. Kak BHIHO M3 IPHBENEHHOTO PHCYHKA,
rpaduKy UCXONHBIX TaHHBIX U UMUTALNN OIH3KH MeXAy co0or. CpemnHsist OTHO-

curenpHas ommbdka (MAPE) nmutannu 3a nepuox 01.1993—-05.2000 cocrausier
0,60%.
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Hatoronsie 200161 Qeepansinoro Giowsera
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Puc. 6.3.37. Umurtanms

Hasiorossie 10X081 (heepastsHoro Gioketa
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Puc. 6.3.38. IIporuos

I[J'Iﬂ IMPOBEPKU KAYCCTBA IPOTHO3UPOBAHUA UCTTIOJIL30BaHbI JIJAHHBIC 3a MCPU-
on 06.2000 — 12.2001. IlocTpoeHsl TpU MOCIAEAOBATENHLHOCTH OJHOIIATOBBIX
NPOTHO30B: 0e3 00y4YeHUs (UCIONB3YeTCsl YCIOBHOE paclpeiesieHue BEPOsITHOC-
Teit p( ¥, V.3 V.9, IOCTPOCHHOE HA NIEPBOHAYAIBHBIX HCXOIHBIX JaHHBIX) U JIBA

c oOyueHneM (B 000MX CITydasiX Ha KaXK[JOM Ilare yCIOBHOE paclipeiesieHue Be-
positHOCTEH p( V4| V.3 Vi) YTOUHSETCS 32 cueT H00aBlIeHUs] HOBOH TOYKH, HO B
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OJITHOM HUCIIOJIB3YETCsI OMUH U TOT K€ TPEHI, a BO BTOPOM TPEHI KOPPEKTUPYETCS
Ha KaxaoM mare). B ma6n. 6.3.30 u Ha puc. 6.3.38 npuBeAeHbI pe3yIbTaThl O1-
HOIIIarOBOTO TIPOTHO3UPOBaHus (€3 00yueHHs 1 ¢ 00ydeHHEeM) M0 IPUBEICHHOMN
Mozenu. [Ipu sToM s citydast IporHo3a ¢ 00yueHneM U KOppeKIreit TpeHa Ko-
s PUIMEeHTH! GYHKINH [, MEHSIOTCS OT 1ara K mary. CooTBeTCTBYOLIHE KOA(]-
(buIeHTHI IpUBeACHBI B mabn. 6.3.31. Cpenusis ommbka nporHoza (MAPE) 6e3
o0yuenus cocrasisier 5,03%, a ¢ oOyuenuem — 5,70% 0Oe3 KoppeKIHH TpeHaa U
7,59% — ¢ xoppeKuuen.

Tabruya 6.3.30

TpeHa0BbIi NPOrHO3 HAJIOTOBLIX [10X0/10B (peepaibHOro 0I01KeTa

Hanorossie IIporuo3 ¢ obyuenu- | [Iporxos ¢ obydeHu-
IIporHo3 6e3 oOyue- P e P YHCHE
JIOXOJIBI s em (0e3 KoppekuuH | em (¢ Koppekuuei
JMara | denepans- TpeHza) TpeHza)
Horo Gioz- €3yJbTaT ouHG- €3yJbTaT ouH- e3yJIbTaT ouH-
KeTa pesy Ka pesy Ka pesy Ka

Wrwon.00| 78032,05 | 78715,21 | 0,88 | 7871521 | 0,88 | 78715,21 | 0,88
Wrom.00| 77035,19 | 78730,34 | 2,20 | 78730,34 | 2,20 | 78003,91 | 1,26
Asr.00 | 80207,21 | 84756,66 | 5,67 | 84756,66 | 5,67 | 88946,79 | 10,90
Cen.00 | 78308,11 | 78830,00 | 0,67 | 78830,00 | 0,67 [ 76673,11 | 2,09
Okt.00 | 83175,24 | 88255,55 | 6,11 | 88255,55 | 6,11 | 89374,90 | 7,45
Host.00 [ 91118,25 | 93760,65 | 2,90 | 93760,65 | 2,90 | 115637,57 | 26,91
ex.00 | 112423,64 | 115075,10 | 2,36 | 115075,10 | 2,36 | 100166,54 [ 10,90
SIuB.01 | 88911,28 | 109833,24 | 23,53 | 115639,57 | 30,06 | 115441,47 | 29,84
@eB.01 | 97636,17 | 109944,84 | 12,61 | 94387,76 | 3,33 | 90254,42 | 7,56
Map.01| 110422,92 | 108626,58 | 1,63 | 102718,72 | 6,98 | 108484,01 | 1,76
Anp.01| 123290,04 | 127938,82 | 3,77 | 127938,82 | 3,77 | 123806,63 | 0,42
Maii.01 | 123489,51 | 120405,86 | 2,50 | 120405,86 | 2,50 | 113735,39 | 7,90
Uron.01| 118092,78 | 117306,37 | 0,67 | 116623,21 | 1,24 | 115297,26 | 2,37
Wron.01| 121577,55 | 121490,30 | 0,07 | 115626,35 | 4,89 | 118564,95 2,48
Asr.01 | 123081,87 | 120537,43 | 2,07 | 118842,28 | 3,44 | 117572,77 | 4,48
Cen.01 | 118676,28 | 132456,35 | 11,61 | 132456,35| 11,61 | 115040,88 | 3,06
Okt.01 | 125962,34 | 126846,71 | 0,70 | 130956,50 | 3,96 | 12736583 1,11
Hos1.01 | 134743,06 | 130062,64 | 3,47 | 130062,64 | 3,47 | 130363,23 | 3,25
Hex.01 | 175067,74 | 153666,26 | 12,22 | 153666,26 | 12,22 | 140685,36 | 19,64
Cpennsis ommbKa Nporsosa 5,03 5,70 7,59
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Tabnuya 6.3.31

t Co Cy t Co C1
102 -246389,160 | 3215,930 107 -217493,796 | 2888,962
103 -242643,055 | 3173,199 108 -217134,418 | 2884,939
104 -235793,167 | 3095,359 109 -229050,348 | 3017,831
105 -230566,490 | 3036,189 110 -222233,993 | 2942,093
106 -222443,028 | 2944,571 111 -220042,628 | 2917,835

Tabnuya 6.3.31 (npodonscenue)

t Co C] t [ Cl
112 -223654,253 | 2957,669 117 -238159,189 [ 3116,752
113 -231764,318 | 3046,790 188 -235064,999 [ 3083,362

114 -237120,517 | 3105,435 119 -234007,240 | 3071,988
115 -237672,240 | 3111,454 120 -235150,126 | 3084,233
116 -238299,867 | 3118,276

PaccMoTpuM Temneph BEpOSTHOCTHYIO MOJEINb MPOTrHO3UpoBaHus. [Tockonb-
Ky B MCXOIHBIX MAHHBIX SBHO COJCPIKUTCS TPEH, TO MpeoOpa3yeM HX B TEMIIO-
BbI€ XapaKTEPUCTUKH, T.€. BBEJIEM HOBBIU psll: V, = x)ji:l -t =1L...T Tpaduk
COOTBETCTBYIOILETO BPEMEHHOTO psJia TAaKXKe MpUBEJEH Ha puc. 6.3.36.

[Moctpoum mHGOPMATUBHYIO CTPYKTYPY 3-TO MOPSIKA JUISI CHCTEMBI, COIIEP-
x)areit 13 mepeMeHHBIX: MOKa3aTellb TEMITA POCTa HaJIOTOBBIX JOXOJOB (ere-
PABHOTO OFOMKETA W €ro JIAroBBIC 3HAUCHUSI JI0 12 MECSAIEB, T.€. A CHCTEMEI
Vo Ve e Vipof. TloOMydaeM 3aBUCUMOCTD TIOKa3aTessi TEMIIa pOCTa HAJIOTOBBIX
JI0X0JI0B Oromkera oT Jiara B 4 u 11 MecsieB ¢ ko3 GUIHEHTOM HHPOPMATHBHOC-
TH, paBHbIM 0,914. DTO 03HAYAET, UTO 3HAYEHUSI TEMIIOB POCTA HAJIOTOBBIX JOXO-
noB 4 u 11 MecsiueB Ha3aa ONpPEAeNisaioT CeroaHsuHui Temn pocta Ha 91,4%. Ta-
KHM 00pa3oM, MOJIEh MPOTHO3UPOBaHUS O0e3pabOTHUIIBI B JAHHOM CIydae UMEeT
BU:

X, =X, ZJ’P(’"Y;—MJ’;—H).
v

Ha puc. 6.3.39 npuBeneHsl pe3ynbTaTsl UMHTAIUHN (PETPOIPOTHO3) UCXOI-
HBIX JIJaHHBIX 10 NMpUBeACHHON Monenu 3a nepuon 01.1993 — 05.2000. Kak Bua-
HO U3 IIPUBEJICHHOTO PUCYHKA, TPA(MKH UCXOAHBIX TaHHBIX U HUMHUTAIMN B 3TOM
cllyyae COBIAJIAIoT.
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I_IJ'IH IIPOBEPKU KAUCCTBa MPOTHO3UPOBAHHA, KaK W BBIIIC, HMCIIOJIb30BaHBI
nanHble 3a nepuoa 06.2000 — 12.2001. ITocTpoeHo Be MOCIEI0BATEILHOCTH O1-
HOILIATOBBIX NIPOTHO30B: 0e3 00y4eHNs (MCIOIb3yeTcsl YCIOBHOE PACIIpEesICHUE
BeposiTHOCTEH p( V,| V.4 Vy.11), TOCTPOCHHOE HA NIEPBOHAYAIIBHBIX UCXOTHBIX JAH-

HBIX) U ¢ 00y4YeHHEM (Ha KaXKJIOM IlIare yCJIOBHOE paclpeesicHHe BEPOSITHOCTEH
P( Vi Yis Vipy) yTOUHSIETCS 32 cUET NOOABIEHHUS HOBOW TOUkH). B mabn. 6.3.32 n

Ha puc. 6.3.40 npuBeneHBI Pe3yJbTaThl OIHOIIATOBOTO MPOTHO3MpOBaHUs (0e3
o0yueHust U ¢ 00ydeHueM) 1o puBeAeHHOI Monenu. CpeHsis ommroKa MporHo-
3a (MAPE) 6e3 o0yuenus cocrapmser 26,35%, a ¢ o0ydyenuem — 24,56%.

Tabnuya 6.3.32

BeposiTHOCTHBI NPOrHO3 HAJIOTOBBIX J0X010B (heepaibHOIO OloIxKeTa

Hanorossre foxoer IIporHo3 6e3 obydeHust ITporHo3 ¢ obyueHrEM
Jlata (enepanbHOTO

GIOIKETa pe3yibrar ornbka pesynbrar orubka
nroH.00 78032,0 91210,0 16,89 91210,0 16,89
nro1.00 77035,2 49169,8 36,17 49169,8 36,17
aBr.00 80207,2 52731,8 34,26 76051,1 5,18
cen.00 78308,1 27936,7 64,32 27936,7 64,32

okT.00 83175,2 175701,8 111,24 175701,8 111,24
HO51.00 91118,3 78696,6 13,63 78696,6 13,63
nex.00 112423,6 141675,5 26,02 141675,5 26,02
stHB.01 88911,3 111704,7 25,64 111704,7 25,64
¢es.01 97636,2 116215,3 19,03 116215,3 19,03
Mmap.01 1104229 101048,7 8,49 107217,2 2,90
anp.01 123290,0 139901,5 13,47 139901,5 13,47
Mmaii.01 123489,5 113849,5 7,81 113849,5 7,81
nroH.01 118092,8 90623,8 23,26 90623,8 23,26
nroi.01 121577,6 122220,3 0,53 122220,3 0,53
aBr.01 123081,9 83221,7 32,39 83221,7 32,39
cen.01 118676,3 155141,6 30,73 155141,6 30,73
okT.01 125962,3 150399,6 19,40 150399,6 19,40
Hos1.01 134743,1 153207,6 13,70 153207,6 13,70
nek.01 175067,7 168575,2 3,71 167412,1 4,37
Cpennsist omrbka Ipor€osa 26,35 24,56
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6.3.5.2. [loxoabl heaepanbHoro drogketa

B kadecTBe UCXOMHBIX JaHHBIX ISl IOCTPOCHHS MOJEIU IPOTHO3UPOBAHUS
00X J0XOM0B (heepaTbHOTO OIOMKETa MCHONB3YIOTCS MECSYHBIC JTaHHBIE 32
nepuong 01.1992 — 05.2000. Hannsie 3a nepuox 06.2000 — 12.2001 ncnons3yroT-

Csl ISl IPOBEPKHU MTOCTPOCHHBIX B pasziesie Mojesell mporHo3uposanus. ['padux
9THX JAHHBIX NPUBENCH Ha puc. 6.3.41.

Joxowl denepanbhoro Gioukera
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Puc. 6.3.41. icxonHble TaHHBIE

B cOOTBETCTBHH C MPOBEICHHBIM PaHEe UCCIESIOBAHUEM Psiia JOXOIOB de-
nepanpHOTO Oromkera Ha moxmepuone 01.1996 — 05.2000 on sBuserca DS-ps-
JIoM. B To ke Bpemsi BU3yasbHBIN aHanu3 rpaduka psiia Mmo3BOISET HPEInono-
KUTh HaJIMYUE U3JI0Ma TPEHIa BO BTOpoil monoBuHe 1998 r. PazoOrem Bech mH-
TepBan HaOmomenuit Ha 2 mommHTepBama: 01.1992 — 08.1998 u 09.1998 —

05.2000. JJ1st kKaK10TO M3 STHX HHTEPBAIOB IIOCTPONM JACTEPMUHUPOBAHHBIHN JTH-
HeliHbli Tpena. [lonydyaem

oy O fi(t) =-3854,891+436,823r,  ¢=1,...80;
fO=07\_ _
0> ()= —246389,160 +3215,9307, ¢=81,...,101.

CraTHCTHYECKHE XapaKTEPHCTUKH IOCTPOCHHBIX TPEHIOB IMPHBEICHBI B
mabn. 6.3.33.

270



Tabnuya 6.3.33

Tpern R HOpMI{pO];aH— Focrammeruka | 3uammiocts F t-cTaTHCTHKA | t-CTATHCTHKA
HbII R Co Cl

fi() 0,818 0,665 157,917 0,000 _2,379 12,567

2 0) 0,906 0,810 86,526 0,000 _7,710 9,302

Paccmorpum BpemenHo#t psin {y,! = {x,— f( t)}. lloctpoum nHpopmarus-
HYI0 CTPYKTYpY 3-TO MOpsiiKa JUIsl CUCTEMBI, cofeprkamiei 13 mepeMeHHBIX:
(Vo Ve Vepof- IloyyaeM 3aBUCUMOCTD TIOKa3arelisi y, oT jlara B 1 u 7 Mecsies
¢ ko3 dunmeHTOoM HHPOPMATUBHOCTH, paBHBIM 0,711. ITO 03HAYAET, UTO 3HAYC-
HUSI TOXO0B (eqiepasibHOTO Oro/pkeTa 1 M 7 MecsleB Hazaj ONpeleNisioT Cero-
HAIIHANA 00hEM HAJIOTOBBIX J0XOM0B (emepanbHoro Oromkera Ha 71,1%. Takum
00pa3om, MOZIeJb ITPOTHO3UPOBAHMS HHOISIIUN UMEET BUIL:

X, =/ (t)+ Zyp(y‘yl—l’yl—7),

Ha puc. 6.3.42 npuBeneHsl pe3yabTaThl UMUTAITUN (PETPOMPOTHO3) UCXOJ-
HBIX AHHBIX 10 NpHUBeIeHHON Monenu. Kak BUAHO M3 MPUBEAECHHOTO PUCYHKa,
rpadmKy UCXOIHBIX JaHHBIX M UMUTAIMK HE Tak ONM3KHM MEXIy cO0OH, Kak BO
BCeX MpenpIaynmx ciaydasx. CpegHsas oTHocuTenbHas omuboka (MAPE) nvura-
uu 3a nepuog 01.1993-05.2000 cocrasmnset 6,23%.

Joxonst dhestepanbioro Gromkera
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Puc. 6.3.42. Umutanus
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I_IJ'IH IIPOBEPKHU KAYCCTBA IPOTHO3UPOBAHUA UCITIOJIL30BaHbI JJAHHBIC 3a ICPU-
on 06.2000 — 12.2001. IlocTpoeHbl TpU MOCIAEAOBATENHLHOCTH OJHOIIATOBBIX
HPOTHO30B: 0e3 00y4YeHus (UCIIONB3YeTCsl YCIOBHOE paclpeielIeHue BEpOsITHOC-
teit p( v, V.., ¥..7), IOCTPOCHHOE Ha TIEPBOHAYAIBHBIX HCXOIHBIX JaHHBIX) U JIBA
c oOyueHneM (B 000OMX CIlydasiX Ha KaXK[OM Ilare yCIOBHOE paclpeiesieHue Be-
positHocTelt p( y,| V,.;, V,.;) YTOUHSAETCS 3a cueT n00aBlieHNs] HOBOM TOYKH, HO B
OJIHOM HCITOJIB3YETCS OJIUH U TOT K€ TPEH/I, @ BO BTOPOM TPEH]] KOPPEKTHPYETCS
Ha KaxJoM 1mare). B mabn. 6.3.34 v Ha puc. 6.3.43 npuBEJCHBI PE3yabTaThI O/1-
HOIIIArOBOTO NPOTHO3UpOBaHMs (0e3 00y4eHHs U ¢ 00y4eHneM) 10 TPUBEICHHON
Mozenu. [Ipu aTom amst citydast Hporao3a ¢ 00y4eHHeM U KOppeKIHen TpeHaa Ko-
3G PUIMEeHTH! GYHKINH [, MEHSIOTCS OT 1ara K mary. CooTBeTCTBYOLIHE KOA]-
¢unneHTs npuBeneHsl B maba. 6.3.35. Cpenusis omnbka nporHoza (MAPE) 6e3
o0yuenus cocrasiseT 10,27%, a c oOyueHuem — 9,16% Ge3 KoppeKIK TpeHIa U
9,90% — ¢ koppeKuue.

Jloxonst (pesiepansHoro Gromukera

200000
5 J
o /
185000 II
180000
175000 II
o s
oo 7/
150000 ;I\
145000 P 7 ] N
140000 f NIZ —
oo FA Y a—— p A
125000 VAR Y / > <L 4 hi
0 7\ YA, - 4
115000 / \ J - P .7
110000 VA \ e 7~ 7
105000 AN \ ,/
100000 —
95000 A D I o2
%0000 P
85000 :
g g g g 8 g g E] 3 3 3 = s 3 = 3 3 s H
‘ Drcriopr = = = =[Ipornos 6e3 obyueiny === === [Iporrios ¢ 06yueimeM (503 KOppeKIIW Tperuia) === = = [Iporiios ¢ obyueHeM (¢ KoppeKibii Tpervia)
Puc. 6.3.43. Ilporuos
Tabnuya 6.3.34
TpeHA0BBII NPOrHO3 10X0/10B (eiepaTbHOIO OI0IAKETa
Tloxomst | Tiportos 6e3 oByue- ITporuo3 ¢ o6y4enuem |IIporHos ¢ 06yqeﬂfl—
(6e3 KOppeKIuy TpeH- | eM (C KOppeKIHei
tbene- HUS
Jara Ja TpeH1a)
paTbHOTO 5 po—
ro- -
Oro/KeTa | pesynbTar © a pe3ynbTar | ommbKa | pesyabTaT <a
Wron.00| 92225 78775,1 14,58 | 78775,1 14,58 78775,1 14,58
Hr01.00( 88387 88813,3 0,48 88813,3 0,48 89392,9 1,14
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Tabnuya 6.3.34 (npodonxcenue)

TIporHos ¢ o0yuenueM | [Iporuos ¢ o0yueHu-

Jloxor | Tlpormos 6es obyxe- (6e3 KoppeKIHU TpeH- | eM (C KoppeKnueit

Jata tere- A na €H/1a)
pasbHOTO P
ommo- ommo-
OroKeTa | pesyabTar <a pe3ynbTaTr | ommOKa | pe3yabTaT a

Apr.00 [ 96925 97386,9 0,48 97386,9 0,48 97398,4 0,49

Cen.00| 90147 | 106084,9 | 17,68 | 106084,9 17,68 106249,5 | 17,86

OxT1.00 | 97210 95566,6 1,69 95566,6 1,69 95187,1 2,08

Hos.00 | 110286 | 99903,3 9,41 999823 9,34 99918,3 9,40

Jex.00 | 136894 | 102675,7 | 25,00 | 102249,8 25,31 102287,5 | 25,28

AuB.01 | 94602 98182.,4 3,78 98182,4 3,78 100417,3 | 6,15

Des.01 | 105459 | 106656,6 | 1,14 | 106656,6 1,14 107051,1 1,51

Map.01| 117906 | 109429,0 | 7,19 | 111072,2 5,80 110978,2 | 5,88

Amp.01 [ 133929 | 1254922 | 6,30 | 109554,1 18,20 109589,9 | 18,17

Mait.01| 133450 | 109272,3 | 18,12 | 122722,0 8,04 123747,8 | 7,27

Hron.01| 125606 | 112044,8 | 10,80 | 125494,5 0,09 1273254 | 1,37

Wron.01| 135925 | 122083,1 | 10,18 | 121657,1 10,50 1234342 | 9,19

Apr.01 | 132578 | 143037,2 | 7,89 | 143037,2 7,89 139471,9 | 5,20

Cen.01 | 128974 | 145809,7 | 13,05 | 147791,0 14,59 148685,3 | 15,28

Oxt.01 | 142335 | 128836,4 | 9,48 | 137313,5 3,53 138332,0 | 2,81

Hos.01| 142814 | 133173,0 | 6,75 | 167391,0 17,21 169191,3 | 18,47

Jex.01 | 197117 | 135945,4 | 31,03 | 170163,5 13,67 145755,5 | 26,06

Cpennss omunoOKa Nporuosa 10,27 9,16 9,90

Tabnuya 6.3.35

t Co Ci t Co Ci
102 | -270413,670 3577,432 | 107 | -241473,723 3250,102
103 | -268064,691 3550,638 | 108 | -244309,058 3281,840
104 | -259203,816 3449946 | 109 | -262041,907 3479,605
105 | -256849,456 3423,293 | 110 | -247993,809 3323,515
106 | -246659,941 3308,374 | 111 -240922,558 3245,235

t Co Ci t Co Ci
112 | -240159,029 3236,814 | 117 | -245650,493 3297,443
113 | -246138,409 3302,521 | 188 | -241230,811 3249,749
114 | -249266,028 3336,765 | 119 | -241266,754 3250,135
115 | -246715,101 3308,937 | 120 | -240302,609 3239,805
116 | -247640,641 3318,997
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PaccMoTpuM Tenepb BEPOATHOCTHYIO MOAEIb IPOrHO3upoBaHus. ITockons-
Ky B MCXOJHBIX JaHHBIX SIBHO COAEPIKUTCS TPEHJ, TO MpeoOpa3yeM HX B TEMIIO-

BbI€ XapaKTepUCTHUKH, T.€. BBEJIEM HOBBIN paI: V., = x)f’] 2t =1,...,7,

I'padik COOTBETCTBYIOIIETO BPEMEHHOT'O PsiJia TAKoKe IIPUBEIEH Ha puc. 6.3.41.
[MocTporM MHGOPMATUBHYIO CTPYKTYpPY 3-TO HOpPSIIKA JUISl CUCTEMBI, COAepIKallen
13 mepeMeHHBIX: ITOKa3aTeNb TEMITA POCTa JI0XOOB (eaepabHOTO OIOKETa U €ro
JIaroBble 3HAaUeHU J10 12 Mecsues, T.e. UL CUCTEMSI {V, V,.j, ..., Vi.12}. Ilomydaem
3aBUCHMOCTbH II0Ka3arelisi TeMIa pocTa JI0X0I0B OrokeTa OT jlara B 5 u 8 mecs-
ueB ¢ kodddunuenrom mHGOpMaTuBHOCTH, paBHEIM 0,873. DTO O3HaYaeT, 4TO
3HAYEHUS TEMITOB POCTa JJOXOOB OIo/KeTa 5 1 8 MecsIeB Hazal ONPEIEIISIOT ce-
rogHsIIHNI Temn pocta Ha 87,3%. Takum o0pazoM, MoaEIb IPOTrHO3UPOBAHHMS
6e3paboTHIIEI B JAHHOM CITydae UMEET B

ft = xt*l ;yp(ylyzfs ’yt—S )
P4

Ha puc. 6.3.44 npuBeneHsl pe3ynbTaTsl UMHTAIUHN (PETPOIPOTHO3) UCXOI-
HBIX JIaHHBIX 10 NpUBeAEHHON Monenu 3a nepuox 01.1993 — 05.2000. Kak Bua-
HO W3 IPUBEIEHHOTO PUCYHKA, TPa(UKH UCXOIHBIX JAHHBIX U UMHUTALUN B ATOM
cirydae nocrarodHo Ommsku. Cpenssas otHocuTenbHast ommOka (MAPE) nmura-
LMY 33 aHATM3UPYEMBIi Tiepuo coctasiseT 1,15%.
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Puc. 6.3.44. Umuranus
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I_IJ'IH IIPOBEPKH KAYCCTBa MPOTrHO3MPOBAHHA, KaK W BBINIC, HWCIIOJIb30BaHbI
nanHble 3a nepuon 06.2000 — 12.2001. TToctpoeHo /Ba OHOIIATOBBIX MPOTHO3A: 0€3
00yueHHs1 (MCTIONB3yeTCsl YCIOBHOE pacpeseneHie BeposiTHocTel p( v, Vis, Vis)s
HOCTPOCHHOE Ha MEPBOHAYAIIBLHBIX HCXOAHBIX JIJAHHBIX) U C 00y4YeHUEM (Ha Kax-
JIOM LIare YCJIOBHOE pacrpe/ielieHue BEpOITHOCTE! p( V;| V.5, V;.g) YTOUHSETCS 32
cueT mo0aBiieHusI HOBOUM TOYKH). B ma6n. 6.3.36 v Ha puc. 6.3.45 npuBeacHHI pe-
3yJBTATHl OJHOIIATOBOTO MPOTHO3UpPOBaHUsA (0e3 00y4eHUs U ¢ OOYYCHUEM) IO
npuBeicHHOM Monenu. Cpennsis omuoOka nmporHoza (MAPE) 6e3 oOy4enus coc-
taBiser 27,97%, a ¢ odyuenuem 27,32%.

Jloxosts! resepasHOro Giomwikera
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Puc. 6.3.45. Tlporuos
Tabnuya 6.3.36

BeposiTHOCTHEII MPOTrHO3 HAJIOTOBBIX J0X0A0B (heiepalbHOro OIoIKeTa

Joxoms! (enepans- TIporuo3 6e3 o0y4eHus TIporHos ¢ o0yueHneM
flara HOro Gro/pKeTa pe3ybTaT oumoOka pe3yiabTart ommoka
nroH.00 922248 118875,39 28,90 118875,39 28,90
n051.00 88387.,4 119659,80 35,38 119659,80 35,38
aBr.00 96925,3 71616,34 26,11 71616,34 26,11
cen.00 90146,7 89927,48 0,24 89927,48 0,24
okT.00 97209,8 102599,57 5,54 86395,79 11,12
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Tabnuya 6.3.36 (npodonscenue)

Jloxoms! (enepaib- IIporuo3 6e3 oOy4deHust IIporuos c obyueHuem
flara HOro Gro/KeTa pe3yabTaT omubka pes3ysibTaT Owmnbka

HO51.00 110286,2 70618,59 35,97 70618,59 35,97
niex.00 136893,8 260729,22 90,46 260729,22 90,46
stuB.01 94601,9 155804,27 64,69 147619,60 56,04
des.01 105459,5 91764,47 12,99 91764,47 12,99
map.01 117906,2 225713,88 91,44 225713,88 91,44
anp.01 133928,6 134193,75 0,20 81480,37 39,16
Maii.01 133450,1 164458,54 23,24 164458,54 23,24
ntoH.01 125605,9 173707,92 38,30 121314,88 3,42
nroi.01 135925,3 142957,11 5,17 135447,32 0,35
aBr.01 132578,1 176360,36 33,02 130269,56 1,74
cen.01 128974,0 123006,21 4,63 123306,09 4,39
okT.01 142335,0 135366,58 4,90 160090,10 12,47
HOs1.01 142813,5 149389,85 4,60 176674,60 23,71
nex.01 197117,4 146438,65 25,71 154003,14 21,87

Cpennsist omrOka mporHosa 27,97 27,32

6.3.6. Banoeol eHympeHHul rnpodykm

B kauecTBe MCXOIHBIX TAaHHBIX JUIS MOCTPOSHHUS] MOJIENU TIPOTHO3UPOBAHUS
BAJIOBOTO BHYTPEHHETO MPOJYKTa UCIIONB3YIOTCS KBapTaJIbHBIE JaHHbBIE 33 TIepH-
oxn 1/1994 — 11/2000. danuste 3a nepuon 111/2000 — IV/2001 ucnionb3yrores ais
MIPOBEPKH MOCTPOEHHBIX B paszesie Mojelied nmporao3upoBanus. ['paduk sTux
JIAHHBIX TIPUBEJIEH Ha puc. 6.3.46.

B cootBeTcTBHEM ¢ IpOBENEHHBIM paHee uccienoBanreM psiia BBII Ha Bpe-
MeHHOM uHTepBaje /1994 — 11/2000 Henb3st clienarh BBIBOA O €T0 MPUHAIIEKHOC-
™ K DS- mim TS-psinaM. B To ke BpeMst BU3yaJIbHBIN aHaIU3 TpaduKa psijaa 1mos-
BOJISIET BBIIBUHYTDH TMITOTE3Y O HAJIMYMM M3JI0Ma TpeHJa HauuHas ¢ [V kBaprana
1998 1. Pa3oObem Bech mHTepBaJl HaOMroAeHWH Ha 2 moxuHTepBana: 1/1994 —
111/1998 u 1V/1998 — 11/2000. JInst KaI0r0 U3 3TUX UHTEPBATIOB MOCTPOUM Jie-
TEepMUHHPOBAHHBIH JTMHEWHBIH TpeHn. [loryuaem

_ 0 £i(®)=128,737+32,978¢, t=1,.,19;

fO=0

o, ()=-1953,286 +139,0007, ¢=20,...,25.

276



1700 1,50

1600 - 145
1500
N . T 140
1400 - S 7
1300 s - / - 135
1200 e / < 130
1100 — <
1000 M AR T
L B AR R
900 . ] , . 3 4120
V A . /-) : . o .
800 - — P T s
700 \ . A // . \ P .
\ ‘ S ! N e Y N L v . + 1,10
600 8 : N s / . . N *
500 /\/ . : : 3 . . 1,05
400 - L 1,00
. N
300 *
1095
200 . .. —
100 b v + 0,90
0 0.85

e 94
1 o4 |
111 kB 94 i
IV kB 94 i
I kB 95 i
1l w95 |
1l kB 95 |
IV kB 95 |
k89 |
11 w96 |
111 kB 96 i
1V i 96 |
kB 97 |
w7 |
ks 97 |
VB 97 |
kB 98 | 7]
11 w98 |
111 kB 98 i
kB 99 |
1 99 |
kB 99 |
V99 |
LB 00 |
1 w00 |
ks 00 |
IV kB 00 |
Lxn o1 |
1ot |
I k8 01

=
E
)
£
z

=
)
=
-
-
s

- = - ~Tewn pocra

Puc. 6.3.46. Vlcxonuble nTaHHBIC

CraTUCTHYECKUE XapPAKTEPUCTUKU MMOCTPOCHHBIX TPEHIOB NPHUBEACHBI B
mabn. 6.3.37.

Tabnuya 6.3.37

Tpena| R HOpMI:[pO?aHH Focratnemnka | 3naunvocts F t-cTaTUCTHKA | t-CTATUCTHKA
bIi R Co Ci

fi(H) | 0,940 0,876 128,311 0,0000 3,904 11,327

() | 0,974 0,939 93,501 0,0002 _5,886 9,670

PaccmoTrpum BpeMeHHOM psf {1} = {x, - f( ¢)}. [locTponm uHbOpPMaTHBHYIO
CTPYKTYpY 3-TO MOpSAKA AJISI CUCTEMBI, COACPIKAIIEH 5 TEPEMEHHBIX: {V, V. /...
V.4 lomryuaem 3aBHCUMOCTD IIOKa3aTelis ), OT Jiara B 2 1 4 KBapTana ¢ ko3¢h¢hu-

nueHToM uHpopMatuBHOCTH, paBHEIM 0,900. D10 03Hauaet, uyTo 3Ha4eHUs1 BBII
2 u 4 xBaprana Hazaj onpenensoT cerogusmrHmi BBIT Ha 90,0%. Takum o6pa-
30M, MoJieb TporHosupoBanus BBII umeer Bua:

X, =/ (t)+ Zyp(y|yz—2ayr—4)_

Ha puc. 6.3.47 npuBeneHsl pe3ynbTaTsl UMHTAIUH (PETPOIPOTHO3) UCXOI-
HBIX JJaHHBIX 110 IPUBEACHHON Mozeny. Kak BUIHO U3 puCyHKa, rpaduKi HCXOA-
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HBIX JaHHBIX U UMUTaLuu 3a nepuon 1/1995 — 11/2000 nonHOCTBIO COBMAIAlOT
MEXTy COOOM.
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Puc. 6.3.47. Umurtanus

J1J1st MpoBEpKH KadecTBa IIPOrHO3MPOBAHMS HCTIONB30BAHbI JaHHBIC 32 IEpH-
ox I1I/2000 — IV/2001. ITocTpoeHbl TpH MOCIEIOBATEIFHOCTH OHOIIATOBBIX
IIPOrHO30B: 0e3 00yueHusl (UCHONB3YETCs YCIOBHOE PACIIPEAEICHUE BEPOATHOC-
Teit p( ¥, V.5 ¥i.4), IOCTPOCHHOE Ha IIEPBOHAYAIBHBIX HCXOIHBIX JaHHBIX) U /1BA
c oOyueHneM (B 000MX CITydasx Ha Ka)XKJJOM IIlare yCIOBHOE paclipeieieHue Be-
positHOCTEH p( V4| V.5 Vyy) YTOUHSAETCS 32 CUET 100ABICHUS HOBOW TOYKH, HO B
OZIHOM HCITOJIB3YETCs OJIMH U TOT K€ TPEH, @ BO BTOPOM TPEH]] KOPPEKTHPYETCS
Ha KaxaoM mare). B mabn. 6.3.38 n Ha puc. 6.3.48 npuBEICHEBI Pe3yabTaThl OJ1-
HOIIIar0BOTO MTPOTHO3UPOBaHNUS (0e3 00yUeHHs U ¢ 00ydeHHEM) IO IPUBEICHHOM
Mozenu. [Ipu 3Tom amst cirydast Iporao3a ¢ 00y4eHHeM U KOppeKIrel TpeHaa Ko-
3¢ duIenTs! GYHKINH [, MEHSIOTCS OT 1ara K mary. CooTBeTCTBYOLIHNE KO3]-
¢unueHTs! npuBeeHsl B Tadn. 6.3.39. Cpennsis ommoka mporHo3a (MAPE) 6e3

o0yuenus cocrasiseT 5,93%, a ¢ oOyueHuem — 4,47% 06e3 KOppeKIHK TpeHAa U
4,63% — c KOppeKIHeH.
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-
P
Jlamie = = = =TIpornos Ge3 o0yueHis === === [Iporrios ¢ o0yuernen (Ge3 Koppekiyn Tperiia) === = = [Iporos ¢ oGyuerme (c Koppexiyieii Tperuta)
Puc. 6.3.48. Tlporuos
Tabnuya 6.3.38
Tpennosslii nporuo3 BBII
TIporios ¢ oyver- ITporHo3 ¢ obydeHuem (c
IMporuos 6e3 oOydenus | em (6e3 KoppeKIun Koppexieii Tperta)
JHara BBII TpeHa) ppekn e
ommo-
pesynbTar | ommOKa | pe3ynbrat a pe3ynbTar | omunodka
IIxs 00 | 2004 1858,5 7,26 1858,5 7,26 1858,5 7,26
IVkB 00 | 1956 1980,0 1,23 1980,0 1,23 2094,2 7,06
Iks 01 1886 2017,0 6,95 2017,0 6,95 2062,5 9,36
ks 01 | 2116 2316,9 9,49 2316,9 9,49 2183,9 3,21
ks 01 | 2543 2303,5 9,42 2560,0 0,67 2530,5 0,49
IV kB Ol | 2545 2514,0 1,22 2514,0 1,22 2535,4 0,38
Cpennsist omnbka Npor{osa 5,93 4,47 4,63
Tabnuya 6.3.39
t Co C1 t Co C1 t ) Cl
27 ] -1953,286 | 139,000 | 29| -2201,467 | 150,367 [31] -1775,636 | 131,636
28 | -2327,810 | 156,024 | 30| -1863,733 | 135,467 [32] -1989,145 | 140,787
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Paccmotpum Temnepp MOCTpOEHHE BEPOSTHOCTHON MOJENH MPOTHO3HPOBa-
HUd. B 3TOM ciiyyae MCXOJHBIE JAHHBIE CUMTAIOTCS peau3alusiMU HEKOTOPOU
ciayyailHOW Benu4uHBL. [IOCKOIBKY B HCXOAHBIX JAHHBIX SIBHO COJAEPKUTCA
TPEHI, TO Ipeodpa3yeM HX B TEMIIOBBIC XapaKTEPHCTHKH, T.C. BBEIAEM HOBBIM

X
pan: v, =——,t=1..,T.
X

I'paduk COOTBETCTBYIOIIEr0O BPEMEHHOTO psijia TakKe NpHUBEIEH Ha
puc. 6.3.46. [ToctpouM HHPOPMATUBHYIO CTPYKTYPY 3-TO MOPSIAKA JJIsi CUCTEMBI,
cozepxanieil 5 nepeMeHHbIX: Moka3aresb Temna pocra BBII u ero naroseie 3Ha-
YeHus 10 4 KBapTayoB, T.€. IUIS CUCTEMSBI {V, V; ..., V.4 . [lOonydaem 3aBucH-
MOCTB [TOKa3aTels TEMIIa pocTa J0X0/10B OI0/DKeTa OT Jiara B 3 u 4 KBapTasa ¢ Ko-
a¢dureHToM HHPOPMATUBHOCTH, paBHBIM 0,850. DTO 03HAYAET, YTO 3HAYCHHS
temnoB pocta BBII 3 u 4 kBaprana Ha3aja onpenesioT CETOAHAIHNN TeMIT poc-
ta Ha 85,0%. Takum 0Opa3zom, MojEIb NPOTHO3UPOBAHUS 0E3padOTHLIBI B aH-
HOM CIIy4ae MMeeT BUJI:

X, =X, gyp(y|yt—3’yt—4).
hing

Ha puc. 6.3.49 npencraBieHsl pe3ylnbTaThl HMATAIUA (PETPOMIPOTHO3) HC-
XOIHBIX JaHHBIX 0 MPUBEACHHON Moenu 3a epuo 11/1995 — 11/2000. Kak Bua-
HO M3 PUCYHKA, rpa)UKy UCXOAHBIX JAHHBIX M UMHUTAIMU B 3TOM Cyd4ae IOJ-
HOCTBIO COBIAAIOT.
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Puc. 6.3.49. Umutanus
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IIJ'IF[ IIPOBEPKU KAUCCTBa MPOTHO3UPOBAHHA, KaK W BBIIIC, HMCIIOJIb30BaHBI
nanHble 3a nepuox 11172000 — IV/2001. TlocTpoeHo NBe MOCIIEN0BaTEIBHOCTH OI-
HOIIIArOBBIX IPOTHO30B: 0e3 00y4YeHus (UCIOIb3YeTCsl YCIIOBHOE pacIpe/iesieHue
BeposiTHOCTEH p( z,| Z, 3, 2, 4), TOCTPOCHHOE HA MEPBOHAYATIBHBIX HCXOIHBIX JaH-
HBIX) U ¢ 00y4YeHHEM (Ha KaXKJIOM IlIare yCJIOBHOE pacIpeesicHHe BEPOSITHOCTEH
P( V| Vis ¥.g) yTOUHsIETCS 32 cueT jo0aBieHns] HOBOW Touku). B ma6n. 6.3.40 n
Ha puc. 6.3.50 npuBeneHBI pPe3yabTaThl OIHOIIATOBOTO MPOTHO3MpOBaHUs (0e3
o0y4eHus u ¢ 00ydeHHeM) Mo TpHUBeneHHOI Moaenu. CpenHsis ommbKa MPOrHo-
3a (MAPE) 6e3 00yuenus coctapisiet 15,06%, a ¢ oOyuenunem — 11,98%.

BBIT

3100

3000

2900

2800

2700

2600

2500

2400

2300 —

/o —— —— o~ -
2200 » == == / e
/
2100
/
2000
00 D2 ——
%
1800 ~
1700 /
Jlanmbie - = = =TIpornos 6e3 oGyuenns — — [IporHos ¢ odyueHnem
Puc. 6.3.50. Ilporuos
Tabnuya 6.3.40
BepositHocTHBII porHo3 BBIT
Tara BBII IIporuo3 6e3 06y4eHuUs IIporunos ¢ o6yuenuem
pe3yabTaT omnbKa pesyJsbTaT oumnbka
I k8. 00 2004 1721,8 14,08 1721,8 14,08
IV kB. 00 1956 2290,8 17,11 2290,8 17,11
Iks. 01 1886 2191,8 16,22 2191,8 16,22
M ks. 01 2116 2311,5 9,24 2311,5 9,24
IIT xB. 01 2543 2218,8 12,75 2218,8 12,75
IV k8. 01 2545 3077,8 20,93 2482,1 2,47
Cpennsist ommbKa mporao3a 15,06 11,98
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IIpoBenem KpaTkuil aHanu3 IOJYYEHHBIX pe3yabTraroB. IIpakTuyecku Bce
MOCTPOEHHBIE MOJIETM XOPOIIO ONHCHIBAIOT JUHAMUKY H3MEHEHHUS HCXOIHBIX
JaHHBIX (cmM. ma6bn. 6.3.41). VIckimoueHne coCTaBIseT JHUIIb TPEHI0Bas MOJENb
JoxonoB (enepanbpHOrO OrOIKETA, ISl KOTOpoi cpenusis omubka (MAPE) nmu-
Tauu coctasisieT 6,23%. B 1o jxe Bpems i HeHeXHBIX arperatoB M0 u M1,
nuHaMUKY dkcriopta U BBIT 06e Monenu nanu mojaHoe COBIaJieHHe UMHUTAIINU C
UCXOHBIMU JTAHHBIMM; AJIS JTUHAMUKH UMITOPTa MOJTHOCTHIO COBIIAja C HCXOAHBI-
MU JTaHHBIMM UMHUTALIMS IO TPEHIAOBOU Mojenu, a s nuHamuku BBIT — no Be-
POSITHOCTHOM MOZEIN.

Tabnuya 6.3.41

Cpennue omnOxku umutanum (B %)

Iloxa3zatenn BepostrHoctHas mo-
TpennoBast MozENb

JieNb
Wndmsamus 0,40 0,94
MO 0,00 0,00
M1 0,00 0,00
M2 0,51 0,11
Dkcnopt 0,00 0,00
Hmmnopt 0,00 0,54
Bespabotuna 0,02 0,06
HaJtoroBble 10X0/bI (eaepaabHOro O1mkeTa 0,60 0,00
Joxonsl GenepanibHOro OrHKETa 6,23 1,15
BBII 0,00 0,00

PaccMoTpuM Tak Ha3bIBAEMYIO HAUBHYIO MOJIEIBY, OTBEUAIOLIYIO CIIydan-
HOMY ONyXIaHUIO, T.€. CUTyallUH, Koraa Oymylee 3HAUCHHE BPEMEHHOTO psiza
SBJISIETCSl 3HAYEHUEM HEKOTOPOU CiyyallHOM BEIMYMHBI, CHMMETPUYHO pacIpe-
JIETICHHON BOKPYT TEKYILETO 3Ha4€HWs. B 3TOM ciydae HaMIydIIMM ITPOTHO30M
Oymymiero 3Ha4eHHs SBIAETCS TEKyllee 3HaUCHHE.

B mab6a. 6.3.42 npusenens! cpenuss ommbka (MAPE) nvurarn mo Takoit
«HaMBHOW MOJEIIN» U BEJINYNHA OTHOCUTEIILHOM TUCTIEPCHH 110 KQXKIOMY U3 pac-
CMaTpUBaeMbIX pAnoB. Kak mpaBuiio, ommbKa MMHTAINH 110 «HAUBHON MOJEII»
TEeM JydIlle, YeM MEHbIIe pa30poc NCXOMHBIX AaHHBIX. M3 obmiero npasuia pes-
KO BBITTAJAIOT Pe3yNbTaThl, OTHOCAmHMECs K psaaM « s u «BBIDy. Yrto
kacaercs pana «BBII», To 3To ckopee Bcero pe3yasTraT Majol JJIUHBI psfa: i
MMHTAIMN UCTIONb3yeTcs Becero 22 touku. s paga « HbmAmms» 1Ba 3HaUCHHS
B CaMOM HayaJle IMUTHPYEMBIX JaHHBIX (SHBaph U ¢espanb 1992 1.) pe3ko BEHI-
najaroT u3 oomeit aunamuku. Eciam yOparth 311 1BE TOUKH, TO BEIWYHHA OTHOCH-
TEJIbHOM JUCTIEPCHH psifia pasHocTel cocTasisieT 0,27%.
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Tabnuya 6.3.42

«HauBHasi mogeab». Cpegnue olIMOKH MMUTALMU

U AUCIIePCHH psifa pasHocTeil (B %)

Iokazatens Ieprox umutamu Owmnbku Jucnepcun
An@usiuus 01.1992 -08.2000 4,28 7,92
MO 01.1992 -07.2000 9,61 0,88
Ml 03.1996 -.07.2000 4,45 0,27
M2 01.1992 -07.2000 7,63 0,28
Dkcnopt 01.1995 -.04.2000 9,95 1,90
Hmmnopr 01.1995 .04.2000 10,75 2,34
Bespaboruna 01.1995 .08.2000 1,90 0,07
Hanorossie goxoze! 01.1993 .05.2000 22,95 13,37
(henepabHOrO OrOIKETA
HOX"”‘%‘ benepazbroro |1 1993 052000 28,29 19,20
H0JDKeTa
BBII 1.1995 -11.2000 13,46 1,22

Kak BumHO U3 cpaBHeHust mao. 6.3.41 n 6.3.42, BO Bcex Ciydasx MMHTAIUSL
paccMaTpuBaEMBIX MIPOIECCOB C OMOIIBIO TPEHOBBIX M BEPOATHOCTHBIX MOJE-
JIeH, UCTIONB3YIOIINX JarOByI0 CTPYKTYpPY, AA€T CYIIECTBEHHOE YIy4IICHUE TOU-
HOCTH TIOJIy9aeMOoro pesyibTara. B Tom dmcie u Ui caMoro IUIOXOTO CIIydas:
TPEHAOBAsA MOJEIb JOX00B (heZepaTbHOTO OI0KeTa HIMUTUPYET PEabHBIHN MPO-
1ecc B 4,5 pa3a TouHee, YeM «HAWBHAsI MOZCTBY.

Bce 3T0 cBUIETENBCTBYET O TOM, YTO ITOCTPOCHHBIE MOAEH IOCTATOYHO XO-
POIIIO OTpa)karoT BHYTPEHHUE 3aKOHOMEPHOCTH U3MEHEHHUS HCCIIENYyEMBIX PSIOB
Ha aHANM3WPYEeMBIX IepHoaax BpeMeHH (mepromax mMuranuu). OmgHako Ipor-
HOCTHYECKHE CIIOCOOHOCTH MOCTPOCHHBIX MOJIENEH HE CIUIIKOM yHIOBICTBOPH-
TebHEL. B mabn. 6.3.43 npruBeneHsr aOCOMOTHBIE MPOIIEHTHBIE OMHOKH (MaKcH-
MaJbHBIE W CpeIHHE) MPOrHO30B IO TPEHIOBHIM (0e3 o0ydeHus, ¢ o0ydeHHueM
0e3 KOpPpEeKITNH TPeHIa U C KOPPEKIHeH TPeH 1a) M BEPOITHOCTHRIM (Oe3 o0yde-
HUSI M ¢ 00y4YEHHEM) MOJIEISM 110 BCEM aHAJIN3UPYEMBIM BPEMEHHBIM PSIaM.

Pesymnbrarhl, npuBeneHHBIE B mabi. 6.3.43, CBUACTEIBECTBYIOT O TOM, 9TO HE
MMEETCsI HaJISKHBIX allPUOPHBIX OCHOBAHHH [T BBIOOpA MOZAEIH IIPOrHO3UPOBaA-
Hust. st psifia HaJoTOBBIX T0XOI0B (heepasbHOTO OromKeTa JIyUIIni pe3yabTar
(cpennss ommbOka mporro3a 5,0%) momaydeH mo TPeHI0BOW Moxenu 0e3 oOyde-
Hus. g psaaoB ummnopra, 1oxonoB (heaepansHoro Otomkera u BBII myummii pe-
3yabTar (cpenHsst ommoka mpornosa 9,8%, 9,2%, 4,5%, coOTBETCTBEHHO) MOIY-
YeH 110 TPEHI0BOIT Moenu ¢ o0ydeHneM 0e3 Koppekuu Tperaa. s psaaos M2
1 3KCTIOpTa JIydmuii mporHo3 (cpeanss omuoka 1,8% u 7,1%) nmomydeH mo TpeH-
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JIOBO# MoJiesu ¢ 00ydeHueM U Koppekiuei Tperaa. s psaos M0 u 6e3pabotu-
IBI JIYUIIHHA Pe3yasTaT (CpeaHss omuodka mporuosa 4,1%, 1,9%) monyden mo Be-
POSITHOCTHOM Mojienu 6e3 oOyuenust. Hakoner, jiist psiioB uHbusuu u M1 nyd-
muit mporHo3 (cpeanss oumbka 0,4%, 4,8%) nonydeH 10 BEpPOATHOCTHON Mojie-
1M ¢ o0y4enueM. B mabi. 6.3.44 npuBeneHbl CpaBHUTENBHBIC JaHHBIE O CpeIHEN
omnoke nporao3a (MAPE) mo sydmei U3 natu paccMOTPEHHBIX MOJIeNIeH U «Ha-
MBHOTO IIPOTHO32Y.

Tabnuya 6.3.43

MaxkcumaJjibHble U CpeJHHe OIIUOKHM Pa3IuYHbIX
MeTOJ0B NMPOTrHO3UPOBAHUS

TpeHnaoBBbIi IPOTHO3 BeposITHOCTHBII IPOTHO3
¢ o0yueHHeM 6e3 oOyueHus | ¢ obyueHnem
0e3 00yue-
INoka3arens s 0e3 KOppeK- | ¢ KOPPEKIH-
LUK TpeHJa | el TpeHja
MAKC. | cpel. | MakcC. | Cpenl. | Makc. | cpel. [ Makc. | cpen. | Makc. | cpen.
Wnpasiuumst 18,39 6,21 | 2,71 | 1,00 | 1,95 | 0,76 | 1,49 [ 0,45 [ 1,41 | 0,41
MO 33,45(23,99| 18,86 | 4,18 [25,82] 5,14 [12,63| 4,12 |12,63| 4,19
Ml 21,88[15,96]|14,48] 5,46 |14,45| 7,75 [21,19] 5,22 |21,19] 4,75
M2 12,38 6,20 | 8,64 | 2,47 | 8,28 | 1,84 [21,57| 4,96 |21,57| 4,96
Okcnopt 36,94 (11,24]36,94] 9,06 |23,72| 7,06 33,21 14,17 33,21 11,22
Vmnopt 45,13(11,28)45,13| 9,79 |45,30|13,32 (51,47 20,60 [48,11] 16,09
be3paboTuua 8,47 | 3,26 | 847 | 3,67 |10,07] 4,01 | 5,99 [ 1,91 [ 599 | 2,22
Hanorossie
noxonst dene- 53 g3t 503 130,06 | 5,70 | 29,84 7,59 | 1112|2635 | 1112 | 24,56
pasibHOTO OO~ 4 4
KeTa
Joxonsl hene-
pansHoro 6roa- |31,03]10,27]25,31| 9,16 |26,06| 9,90 | 91,44 27,97 (91,44 (27,32
JKeTa
BBII 9,49 1593|949 | 447 | 9,36 | 4,63 [20,93|15,06(17,11]11,98
Tabnuya 6.3.44
Cpennue omu0KU MPOrHo3a
IMoxaszarens «HausHblii mporno3» | [Iporuos no myumei
Wndasauns 0,46 0,41
MO 4,34 4,12
M1 4,05 4,75
M2 3,53 1,84
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Tabnuya 6.3.44 (npodonscenue)

IlokasaTens «HawusHelit nporno3» | Ilporuos no snyqmei
Dkenopt 5,15 7,06
Hmnopt 14,70 9,79
BespaboTuia 1,40 1,91
HauoroBsle 10x0/1p1 herepasibHOrO O10KETA 8,90 5,03
Jloxosl denepanbHOro GropKera 11,13 9,16
BBII 10,08 4,47

Jannsie maba. 6.3.44 CBUIETENBCTBYIOT O HEBBICOKOM Ka4eCTBE IPOTHO3U-
POBaHMs IO MMOCTPOSHHBIM MozesIM. Jlaxe npu Hanboliee Ka4eCTBEHHOM TPOT-
HO3€ M0 psiy MHQIIAHUY KauecTBO IPOTHO3a 10 BEPOSTHOCTHOW MOIETH C 00y-
yenueM (cpeansisi ommoOka 0,41%) He3HAYUTENBFHO MPEBOCXOJUT Ka4eCTBO «Ha-
UBHOTO ITPOrHO3a» (cpenusist ommoka 0,46%). JIuis B ueTsIpex ciuydasx (st ps-
JOB M2, uMIiopTa, HaJIOTOBBIX TOXOI0B (enepanbHoro oromkera u BBIT) kaue-
CTBO MPOTHO3a MO JIyYIeld MOJEIH 3aMETHO MPEBOCXOANUT KaueCTBO «HAHMBHOTO
nporHo3ay. [Ipu 3ToM B Tpex ciydasx (st psmoB M1, sxcropTa U 6e3pabOoTHIIB)
«HAMBHBIW TIPOTHO3» JAET JIyYIIUi pe3ysbTar ueM JIydliasi U3 OCTPOSHHBIX MO-
Jenen.

[Mpencrapnsirorcs Lesiecoo0pa3HbIMU ABa IyTH COBEPILEHCTBOBAHMUS MOCT-
POCHHBIX B IaHHOW paboTe MozeIei.

[Teperiit myTh Haubonee npoctoii. [To Mepe HakoIUIeHNsT THPOPMALIUK MOX-
HO MEPEeHTH K MOCTPOSHHI0 MH(OPMATUBHBIX CTPYKTYp Oojiee BBHICOKHX MOpPSiI-
KOB. B 3TOM cilydyae MOXHO IOJYYUTh 3aBUCHMOCTh HUCCIIEIYeMOTr0 IoKa3aTeis
HE OT JIBYX, a OT TpeX ([u1s1 HH(OPMATUBHBIX CTPYKTYp YETBEPTOTO IOPsAKA), He-
ThIpeX (111 UHQOPMATHBHBIX CTPYKTYp ISATOrO Mopsiaka) u Oonee naros. [Ipu
9TOM, €CTECTBEHHO, TOYHOCTH MOJIEJIM BO3PACTAET, HO CHIKAETCS €€ Halex-
HOCTB".

Bropoii myTh 3aKir04aeTcs B epexoie K pacCMOTPEHHUIO B3aMMOCBA3aHHBIX
BPEMEHHBIX PSJIOB M MX MOJEINPOBAHUIO BEKTOPHBIMHU CITyYaiHBIMH TpoLiecca-
M. B aToM ciyuae momy4aercst 3aBUCHMOCTH HCCIEAYyEeMOro IOKa3arels He
TOJIBKO OT €rO JIATOBBIX 3HAYEHUIA, HO U OT CBSA3aHHBIX C HUM ITOKa3aTeled U ux
3ara3AbIBalOINX 3HAYCHUM.

B CwM.: FOoun A.J]. CnoxHoctb cratucTuueckux cucrem // Jlokmanast AH CCCP, 1982.
T. 266. Ne 5.
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