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Pa3nen 1. OcoO0€eHHOCTH IKOHOMETPHUYECKOT0 AHAJIN3A
1.1. IloHATHE IKOHOMETPUKH

B coBpeMEHHOW HAay4YHOM JIMTEPATYpE CYLIECTBYET HECKOJIBKO OIPEAECICHUN
YKOHOMETPHUKH.

Haubonee TouHO, Ha HaII B3TJISI, OOBSICHII CYIIHOCTh SKOHOMETPUKUA OJIMH
13 ocHoBaresnen 1o Hayku P. @pui, KOTOpbIM M BBEI 3TOT TEPMHUH B HAaYYHBIU
obuxoa B 1926 r.: «IKOHOMETpHKA — ATO HE TO K€ caMOe€, YTO SIKOHOMHUYECKasl CTa-
thucTuka. OHAa HE MJICHTHYHA U TOMY, YTO Mbl Ha3bIBa€M HKOHOMUYECKOM TEOpHEH,
XOTs 3HAYUTEIbHASA YacCTh dTOM TEOPUU HOCHUT KOJMUYECTBEHHBIN XapaKTep. DKOHO-
METpHKa HE SBJISICTCS CHHOHMMOM IMPUIIOKEHUN MaTeMaTUKH K 3koHoMmuke. Kak mo-
Ka3bIBACT OMBIT, KaXkJash U3 TPeX OTHPABHBIX TOYEK — CTATUCTHUKA, DKOHOMHYECKas
TEOpHsl U MaTeMaThKa — HEe0OXOAUMOE, HO HE JOCTATOYHOE YCIOBHE ISl IOHUMAHUS
KOJIMYECTBEHHBIX COOTHOIIIEHH B COBPEMEHHON IKOHOMUYECKOU JKMU3HU. DTO €IUH-
CTBO BCEX TPEX COCTABIAIONMX. M 9TO eIMHCTBO 06pa3yeT SKOHOMETPHKYY .

B o6mem cnydae sxonomerpuka (Econometrics) — 3To caMocTosiTeIbHas Ha-
y4Has JTUCHUIUIMHA, 00BEAUHSIONIAs COBOKYITHOCTh METOJIOB aHAJIM3a CBI3EH MEXIy
Pa3IMYHBIMUA 3KOHOMHUYECKUMU MOKa3arelsiMu ((hakTopamMu) Ha OCHOBAHUU peajib-
HBIX CTaTUCTHUYECKUX JAHHBIX C UCIIOJb30BAaHUEM alllapara TEOPUU BEPOSITHOCTEN U
MaTeMaTH4YeCKON CTaTUCTUKH. [Ipu MOMOIIM 3TUX METOJI0B MOKHO BBISIBIISITH HOBBIE,
paHee HE W3BECTHBIC CBSI3U, YTOUHATH WJIM OTBEPraTh TMIIOTE3bI O CYIIECTBOBAHUU
OTIPEJICJICHHBIX CBS3EH MEXY SIKOHOMUYCCKUMU TOKa3aTeIsIMU, MpeIjiaraeMble KO-
HOMUYECKOU TEOPHUEM.

DOKoHOMeTpHUKa ChOpMHUPOBAIAChH B pe3yabTaTe CHHTE3a TPEX HaIpaBlICHHUM, a
HUMEHHO:

1) axonomuueckoti meopuu. llpenMeT urccieaoBaHUsSI — SKOHOMUYECKUE SIBIICHHUSL.
Ho B oTyinume oT SKOHOMHUYECKOW TEOPUH YKOHOMETPHKA JICJIaeT YIop Ha KOJIUYECTBEH-
HBIC aCIEKThl, a HE Ha KadeCcTBEHHBbIC. Hampumep, s3KOHOMHUECKast TEOPHS YTBEPXKIACT,
YTO CIPOC HA TOBApP C POCTOM IIeHBI YObIBaeT. [Ipu 3TOM MpakTHUecKu HE UCCIIeIOBaH-
HBIM OCTaeTCsi BOIIPOC, KaK OBICTPO M IO KAKOMY 3aKOHY MPOUCXOIUT 3TO yOBbIBaHUE.
DKOHOMETPHUKA OTBEYAET Ha 3TOT BOIIPOC JJIs1 KAKJIOT0 KOHKPETHOTO CITyYas;

2) mamemamuyeckux memooos. VI3yueHne 3KOHOMUYECKUX MPOLECCOB (B3aUMO-
CBsi3eil) B DKOHOMETPUKE OCYILECTBISIETCS yepe3 Maremarnueckue moxaenu. Ho B omm-
Yie OT MaTeMaTUYeCKOW SKOHOMHUKH, KOTOpas CTPOUT ATU MOJEIU 0O€3 UCIOIh30BAHUS
peaTbHBIX YHCIIOBBIX 3HAYCHHM, YKOHOMETPHKA KOHIICHTPUPYETCS HA U3yUYEHUHN MOJCTICH
Ha 0a3e YMIUPUYECKUX JIAHHBIX;

3) cmamucmuueckoil meopuy. IKOHOMHUYECKAsI CTATUCTHKA 00ECTIEeYMBaeT HCCIIe-
JI0BaTeNsl PeaTbHBIMU SKOHOMMKO-CTATUCTUYECKUMH JAHHBIMHM, OOpa0OTaHHBIMU H
MIPEJICTABJICHHBIMU B HATJBSIIHOM (hopMe. ITH TaHHbIE 00pabaThIBAIOTCS C IOMOIIBIO Me-
TOJIOB MaTeMaTU4YEeCKOM CTaTUCTUKU. OJHAKO B CHITY CHEIM(PUKU CTATUCTHUECKUX JIaH-
HBIX B DKOHOMHUKE (HampuMep, B SKOHOMHUKE HEBO3MOXKHO MPOBEICHUE YIPaBISIEMbIX

! Frisch R. Editorial. Econometrica. — 1933. — Nel. — P. 2.



HKCIIEPUMEHTOB), JIFOJISIM, 3aHUMAIOIIUMCS] SKOHOMETPUKOU, IPUXOJAUTCS pa3padaThIBaTh
CBOU COOCTBEHHBIE METO/IbI, KOTOPhIE B MATEMAaTUUECKOM CTATUCTUKE HE BCTPEUAOTCSL.

Takum oOpa3om, HeIb IKOHOMETPUKH 3aKITI0YACTCS B NPUOAHUU KOHKDEMHO-
20 KOJIUYECMBEHHO20 8bIPANCEHUS 00UWUM (Ka4yeCmBeHHbIM) 3aKOHOMEPHOCMAM IKO-
HOMUYeCKoU meopuu Ha 6asze OaHHbIX CIMAMUCMUYeCcKUx HaOIl00eHUll ¢ UCNONb306d-
HUeM MamemamuKo-cmamucmuiecko20 UHCmMpyMeHmapusl.

DKOHOMETPUYECKOE MOJIEIMPOBAHUE PEATBHBIX COLMATBHO-3KOHOMUYECKUX
MIPOIIECCOB U CUCTEM OOBIYHO peliaeT Ciaeayrolue npukiaanbe 3aaaun [11]:

1) aHanu3 NPUYMHHO-CIIEICTBEHHBIX CBA3EH MEXKIYy 3KOHOMHUYECKUMU Iepe-
MEHHBIMH;

2) MpOrHO3 PKOHOMHUYECKUX M COLMAIbHO-DKOHOMHMYECKUX IOKa3aTenei, xa-
PAKTEpU3YIOLINX COCTOSIHUE U PA3BUTUE AHAIU3UPYEMOU CUCTEMBI;

3) uMHTaLMS PA3IUYHBIX BOZMOXHBIX CIIEHAPUEB COLIMAILHO-3KOHOMHYECKOTO
pa3BUTHs AHAIMU3UPYEMOM cHCTeMbl (MHOTOBapHaHTHBIE CLIEHAPHBIE PacyeThbl, CH-
TyallMOHHOE MOJICJIUPOBAHUE).

Pa3BuTue coBpeMeHHBIX MH(DOPMAIMOHHBIX TEXHOJOTUN U HPUKIATHOTO HKO-
HOMETPUYECKOI'0 MPOrpaMMHOr0 0OeCTieueHHsl MO3BOJSET MPUMEHSITh SKOHOMETPH-
YECKHE MOJEIU U METOJbI MPAKTUYECKH BO BCEX HAIIPABIICHUSIX SKOHOMHYECKUX HC-
CJIeI0OBaHUM, BKIIIOYAs CIEAYIOLIUE:

— MakKkpO3KOHOMHKA (3KOHOMETPUYECKUE MOJEIHU KaK OTAEIbHBIX MaKpOIKO-
HOMHUYECKHUX MMOKa3aTeel, Tak 1 HAlIMOHAJIbHBIX SKOHOMUK B LIEJIOM);

— MOHETapHasi 3KOHOMHKA (PKOHOMETPUYECKOE MOJEIUPOBAHUE JACHEKHO-
KpPEJIUTHOU CUCTEMBI);

— MEXIyHapoJHasi 5KOHOMHUKA (IKOHOMETPUUYECKHE MOJIENU PErHOHAIBHON U
MHUPOBOW SKOHOMUKH);

— (MHAHCOBBIE PHIHKU (IKOHOMETPUUYECKHE MOJEIN KYpCOB M JOXOJIHOCTEH
(MHAHCOBBIX aKTUBOB M WX TPUMEHEHUE ISl MPUHATUS ONTUMAJIbHBIX WHBECTUIIN-
OHHBIX pelIeHui);

— MHUKPOIKOHOMHKA = (SKOHOMETpHYECKHE  MOJEIM  IOKa3aTeled  Xo-
3SICTBEHHOM M (PUHAHCOBOM IEATEILHOCTH (PUPMBI).

1.2. Kinaccnpukanus 3KOHOMETPHUYECKUX MoaesIei
1.2.1. Tunbl JTaHHBIX

[Tpu MoaenpoBaHuy pa3TUYHBIX YKOHOMUYECKUX MPOIIECCOB BO3MOXKHBI Clie-
JYIOIME TUIIbI TAHHBIX:

— IPOCTpPAHCTBEHHbIE NaHHBIE (cross-sectional data),

— BpEMEHHBIE PAJbI (time series data).

IIpocmpancmeennvle OanHble — ITO COBOKYIHOCTh 3HAYCHUU X|, X2, ..., Xy,
aHAIM3UPYEMON SKOHOMUYECKON MEePEMEHHOM, MOIYYSHHBIX JJIsl HEKOTOPOW TPYIIIIbI
u3 n (n> 1) 00BEKTOB UCCIEI0BaHUS B PUKCUPOBAHHBIN MOMEHT (IIEPHOJ]) BPEMEHH.

Ilpumepwr: TOKa3aTeN W SKOHOMUYECKOW, M (DMHAHCOBOM JESATENbHOCTU
MPEeANPUATAN 3a ONpPEENCHHbIA MepUuo BPEMEHHM, JaHHBIE O pacxoJaxX M J0XoAax
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noTpeduTeNei 3a KOHKPETHBIM UHTEPBAJ BPEMEHH, JaHHbIE KPEIUTHOW HCTOPUU 3a-
eMII1Ka OaHKa.

Bpemennvie psidbi — 3TO yNOPSAOYEHHOE MHOXECTBO, XapaKTEpU3YIOLIee U3-
MEHEHHE I0Ka3aTess BO BPEMEHU. B oTuiMume OT NMPOCTPAHCTBEHHBIX JAaHHBIX Bpe-
MEHHBIE PAJBl XapaKTePU3YIOT IUHAMUKY U3MEHEHUs aHAJIMU3UPYEMBIX IIEPEMEHHBIX
BO BPEMEHH.

3HaueHUs BPEMEHHOTO psifla PETUCTPUPYIOTCS ¢ PUKCUPOBAHHBIM MHTEPBAIOM
HaOmoaenus. Ilo wuHTepBamy HaAOMIOACHUS pa3IMYalOT TaKWe OCHOBHBIE THIIBI
JAHHBIX, KakK TOJOBblE, KBapTaJbHbIC, €XEMECAYHbIC, EXEIHEBHbIE. IM
COOTBETCTBYIOT T'OJOBBIC, KBapTajbHbIE U JAPYIrH€ HDKOHOMETPUYECKAE MOJEIIH,
IIOCKOJIBKY JUISI IIOCTPOEHHS] KOHKPETHOM YKOHOMETPUYECKON MOJIEIIN UCIIOJIb3YIOTCS
JaHHBIE C OAHUM U TEM >K€ MHTEpBaJoM HabOmtoneHus. JlJig aHain3a JaHHBIX THUIIA
«BPEMEHHOHN ps» IMPUMEHSIOTCA METOJAbl CTaTUCTUYECKOTO aHAJIN3a BPEMEHHBIX
PSAIOB.

Ilpumepobi: TOJOBBIE WA KBAPTAJIbHBIE 3HAYEHUSL MAKPOIKOHOMUYECKUX ITOKa-
3arenedl o0beMa BBIMYCKA MPOMBIIUIEHHOW U CENIbCKOXO3SIMCTBEHHOW MPOAYKIIMH,
Hanpumep, BBII; kBapranbpHble U eXeMeCsSYHbIE 3HAYCHUS IOKa3aTelIed JCHEKHO-
KPEIUTHOM CHUCTEMBI, HAIIPUMEDP JCHEKHBIX arperaTtos, HPOLEHTHBIX CTaBOK, KPEIH-
TOPCKOW 3a/10J>KEHHOCTH, MHICKCOB 1I€H; €KeJHEeBHbIC 3HAUCHUSI OOMEHHBIX KYpPCOB
BaJIIOT, & TAKXKE€ KypCOB LIEHHBIX OyMar.

1.2.2. O61mmii BUJ IKOHOMETPUYECKOH MO/IeJTH

Bcesikast Mmoziens ecTh ynpoleHre JeHCTBUTEILHOCTH, OHA OMKUCHIBAET CYILECT-
BEHHBIE XapaKTEPUCTUKH H3Y4aeMOro OObEKTa WIM SBJICHHUS U aOCTparupyercss otT
HECYIIECTBEHHbIX JeTaned. OOmuil BUA SKOHOMETPUUYECKOM MOAEIN MOXHO Hpei-
CTaBUTH CJIEAYIOIUM 00pa30M.

[IycTh cocTOsiHME HEKOTOPOTO HCCIEAYEMOro OO0BbEKTa WM Ipoliecca B MO-
MEHT BPEMEHH / XapaKTepU3yeTCsl HEKOTOPOU NepeMEeHHOM! ;, Ha3bIBAEMOW IHIOT€H-
HOM (3aBucUMON) nepeMeHHOM. COCTOsIHME MpoIecca, a ClieOBaTeIbHO, 3HaYEHUS
MEePEMEHHON J; MOTYT 3aBUCETh OT PA3IMUYHBIX (PAKTOPOB, CPEAN KOTOPBHIX MOKHO
BBIIEIAUTH ABE rpynmnsl [11]:

1)~ cucremaTudyeckue  KOHTpoJupyemble  (HaOmomaembie)  (hakTophl,
MPEACTABIAEMbIE OOBACHAIOWUMU NEPeMEeHHbIMU, 3HAYCHHS] KOTOPBIX CUYUTAIOTCA
U3BECTHBIMH K MOMEHTY BPEMEHH f;

2) cnyd4ailHple HEKOHTpOJUpYyeMble (AKTOPhl, MPUBOIAIINE K CAYYAUHBIM
OMKIOHEHUAM €, 3HAUCHUH YHIOT€HHON IIEPEMEHHOM Y, OT 0KUIAEMBIX 3HAUCHUH.

B cBor0 04epenb K 00OBACHSIIOMNUM ITEPEMEHHBIM MOTYT OTHOCHTBCS:

— Jlazogvie (npedonpeoesiennvie) nepemenuvie Y, 1, Vi o, ..., Yep, (1 <1 <m), xa-
paKTEepPHU3YIONINE BO3JICHCTBUS HA UCCICAYEMBIN MPOIIECC CO CTOPOHBI BHEITHUX (DaK-
TOPOB;



— 9K302€HHbIE NEPEMEHHBLE X1, X, ..., Xy (1 < k < m), XapakTepU3YIOIIUE BO3-
JEHCTBUS HA UCCIICTYEMBIH MPOIECC CO CTOPOHBI BHENTHUX (PAKTOPOB.
[{enpl0 SKOHOMETPUYECKOTO MOJACIUPOBAHUS PacCMaTPUBAEMOTO Iporecca

ABISIETCA NOCTPOCHUE MO HMIMPUYECKUM JaHHbIM {y,},{x,} (¢t =1, 2, ..., n) cratu-
CTUYECKOW MOJIENM 3aBUCUMOCTHU NEPEMEHHON Y, OT MEPEMEHHBIX Vi 1, Vi 2, ..., Vi U
X1, X125 -y X BHIAQ

yz = f(yz—]ayz—za'"yz_/)xﬂ)xtz)"'xzk;B) + 8[7 (11)

rae  f(r; B) — yHKkuA, onpeaeneHHas ¢ TOYHOCTHIO 10 HEM3BECTHBIX MTapaMeTpoB [3;
{&;} — cayuatinvie owmubku HabaOOeHUs YHIOTCHHOW MEPEMEHHOM, 00yCIIOBICHHbBIC
JCHCTBUEM HEYYTECHHBIX B MOJICIH CIIYYalHBIX HEPETYJISIPHBIX (DAKTOPOB.

[Tpu moctpoernu Mmoaenu Buaa (1.1) mpuxoaUTCs pemaTh CIeayOIIe 3a/1a4u:

1)  BBIOOp M PKOHOMHYECKOE OOOCHOBaHUE BHJA 3aBUCHUMOCTH f(-; B), a
TaKKe MPEAONPEACIICHHBIX H SK30TCHHBIX IICPEMCHHBIX;

2) CTaTHCTHYECKOE OIICHUBAHUE TTapaMEeTPOB MOJIEIH [3;

3) craTUcTHYeCKas MPOBEpKa KayecTBa MOCTPOSCHHON MOJICITH.

Mogens Buaa (1.1) MOXKET UCIIOIB30BATLCS:

— IS aHaJIM3a 3aBHCHMOCTH DHJIOTCHHOM MEPEMEHHON OT BKIFOUYCHHBIX B MO-
JIeJTb SK30TCHHBIX IEPEMCHHBIX;

— IS TIPOTHO3UPOBAHUS 3HAUYCHHH SHIOTCHHON NMEPEMEHHOM ), 1O 3aJIaHHBIM
3HAYCHUSM MEPEMEHHOM X;1, Xp, ..., Xk

— JUIS BBIOOpA 3HAYCHHUH X;1, Xp, ..., Xz IK30TCHHBIX IMIEPEMCHHBIX, 00eCIIeUH-
BAaOINX JOCTHIKEHUE 33JIaHHBIX IIEJICBBIX 3HAYCHHUI SHIOTCHHON TIEpeMEHHOM ), *.

1.2.3. OcHOBHBIE THIILI MOJEJeH

B [11] mpemnoxkena cienyroias KiaccuduKkaiusi dKOHOMETPUUECKUX MOJIEIIEH
MO0 TaKUM MpU3HAKaM, KaK Pa3MEpPHOCTb MOJENH, y4eT (akTopa BpPEeMEHH M BH]
(GyHKUHMOHATBHON 3aBUCUMOCTH.

1. Pazmeprnocme moodenu ONpenensieTcs YUCIOM COBMECTHO AHAIM3UPYEMBIX
SHJOTECHHBIX EPEMEHHBIX, T. €. YUCIOM YPaBHEHUW, BXOASAIIUX B MoJelb. [1o aTomy
MIPU3HAKY MOJAENH JIEIIATCS Ha:

— 0OHOMepHble MoOoenu (PETPECCUOHHBIE YPaBHEHUS, COCTOAIINE W3 OIHOTO
YpaBHEHUS, TPEHAOBBIE MOJIEIN BPEMEHHBIX PSAJIOB, OJJHOMEPHBIE MOJIEINU BPEMEH-
HBIX PSIZIOB THUIIA aBTOPETPECCUU U CKOJIB3SILIET0 CPETHETO);

— MHO20MepHble MoOeau. BhIIENAIOT CTPYKTYPHBIE U HECTPYKTYPHbBIE MOJEIIH.
CTpyKTypHBIE MOJAENH COJEPMk AT SHAOTCHHBIE NIEPEMEHHBIE KaK B JIEBBIX, TAK U B
MpaBbIX YaCTAX YpPaBHEHUH, OOpa3ylolUIMX HEKOTOpYI0 cucrteMy ypaBHeHuiu. He-
CTPYKTYPHBIE MOJEIN COJIEPKAT IHJOTCHHbIE NIEPEMEHHBIC TOJIBKO B JIEBBIX YACTAX
YPaBHEHUM.

[IpumepoM MHOTOMEPHOM HECTPYKTYPHOM MOJEIIU MOXKET ObITh MOJAEIh MHO-
YKECTBEHHOW JIMHEMHOW perpeccun. B xauecTBe MHOTOMEPHOU HECTPYKTYPHOM MOJE-
JI1 MOTYT PacCMaTpPUBATLCA CUCTEMbI OJITHOBPEMEHHBIX YPaBHECHUIA.

2. @akmop eépemenu. B 3aBUCHMOCTH OT TOTO, YUUTHIBAECTCS B MOJEIN (PAKTOP
BPEMEHH WM HET, PA3IUYALOT:
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— cmamuyeckue mMooenu, KOTOpble BKIIIOYAIOT NEPEeMEHHBIE, OTHOCSIIHUECS K
OJIHOMY U TOMY € MOMEHTY BpeMeHu. Kak npaBuiio, Takue MOJeau BOZHUKAIOT MIPU
aHaJIN3€ MPOCTPAHCTBEHHBIX JAHHBIX, a4 TAKKE MPU COBMECTHOM aHAJIN3€ KOMHTETPU-
PYEMBIX BPEMEHHBIX PSiJIOB;

— OuHamuyeckue Mooeau — MOJEIN BPEMEHHBIX PsI/IOB, BKIIOYAIOIIUE JIarOBbIe
3HAQYEHUSI AHAIU3UPYEMBIX TMEPEMEHHBIX. [[MHaMUYeCKHE€ MOJENH MO3BOJSIOT
aHAJIU3UPOBATH JUHAMUKY U3MEHEHUS SHJIOTCHHBIX MEPEMEHHBIX BO BPEMEHH.

3. Buo 3aséucumocmu. 1o Buny GyHKIIMOHATBHON 3aBUCUMOCTH MOJIEITHU TIO/I-
pa3eaoTCs Ha:

— JIUHelUHble OMHOCUMENTbHO NaApamMempos;

— HeJluHelinble OMHOCUMENbHO NAPaAMempoe;

— @HYympeHHe JuHelinble — HEIIMHENHBIE 110 mapaMeTpaM, KOTOPbIE MOYKHO IpHU-
BECTU K JIMHEWHBIM C MOMOIIBIO ONPEAEIeHHOr0 (pyHKIMOHAIBHOIO HpeoOpa3oBa-
HUSL.

IIpumepol mooenet

Mogens cpoca ¥ NpeayioKeHUs1 KEMHCUAaHCKOTO THTIA:

S _ .
Qz - a] + GZB + a3B—l + 81’

de = B] + Bsz +B3Yz +&,5
le — Qld,

rae Q' — cIpoc Ha TOBap B MOMEHT BpeMeHH /; O — IpeoskeHue ToBapa B MO-
MEHT BPEMEHH ¢ ; P, — 1IeHa ToBapa B MOMEHT BPEMEHHU f; Y, — 10X0J B MOMEHT Bpe-

MEHU ¢ .
[TpousBonctBennas (ynkiusa KobO0Oa — [lyrimaca mnpumeHsieTcst i OIECHKH
AIIACTHYHOCTH BBIITYCKA MPOLYKIUH TI0 OTACIBbHBIM (haKTOpaM IMpOU3BOJICTBA:

P=al"K'" "¢,

rjae P — BBITYCK NPOAYKIWU; L — 3aTpaThl Tpyaa; K — o0beM kanutana; 0<oa<l — ko-
3 PUIUEHT PTTaCTUIHOCTH.
Mogenb BpeMeHHOro psifa tTuna ARMA:

X, =00X,  H0L,X e to,x, e +Pe . +Bx .

1.3. OTanbl MOCTPOCHUA IKOHOMETPHYECCKHUX MOJIeseH

[TocnenoBaTenbHOCTh pa3pabOTKH SKOHOMETPUUECKUX MOJACICH MOXKHO OIU-
caTh cieayronmM oopazom [11].

Jran 1. IkoHOMHYECKOEe 000CHOBAHUE MOJECJIU:

— (hopMyIHPYIOTCS 3a/1a41 U 1IEJIM UCCIICIOBAHMS;

— dopMupyeTCsl COCTAaB IK3OTCHHBIX M SHJIOTCHHBIX IKOHOMUYECKUX TePEMEH-
HBIX JIJIs1 BKJIIOUEHUS B MOJICITb;



— OIICHMBAIOTCS BO3MOKHOCTH TIOJYYCHHS CTATHCTUUYECKHX JaHHBIX OIpee-
JICHHOTO 00beMa W MHTEpBaja HaOIOAeHHS (MECsIl, KBapTaj, TO1 U T. JI.) JJIS JIaHHO-
ro Habopa SKOHOMHUYECKUX IIEPEMCHHBIX;

— MPOBOJUTCS DPKOHOMHYECKUH aHAN3 alPUOPHBIX B3aMMOCBS3CH (CYIIECT-
BYIOIIIUX M TPEINOJaracMbIX) MEXIY aHATU3UPYEMBIMU MEPEMEHHBIMU, (HOPMYITH-
pyeTcs psij TUIOTE3 M MCXOJIHBIX JOIMYIICHUH 00 HCCleyeMOM SBJICHUU U pa3pada-
THIBACTCS 00IIast CTPYKTypa MOJICIIH.

Irtan 2. IIoAroroBKa CTaTUCTHYECKHUX JAHHBIX:

— cOOp M HAKOIUICHHE HEOOXOAMMOT0 00beMa CTATUCTHUCCKUX JTAHHBIX;

— IpEeJCTaBJICHNE 3HAUYCHUH SKOHOMUYCCKUX TMEPEMCHHBIX B TpeOyeMOM BHUJIC
(HampuMep, B HOMHUHAIBHBIX WM PEAbHBIX IICHaX, B BUJIC TEMIIOB POCTA WM TEM-
OB IIPUPOCTA, MEPEXo] K Jorapupmam U T. 1.);

— MpeABapUTEIIbHBINA aHAU3 C IEJIbI0 YCTAHOBJICHUS OCOOCHHOCTEH Mojeeit
(HampuMep, HEOJTHOPOIHOCTH IS TPOCTPAHCTBEHHBIX JAaHHBIX, HECTAIIMOHAPHOCTH,
HaJIM4YUs BBIOPOCOB, CKaUYKOB, CE30HHBIX (D (PEKTOB U T. 1.).

Jran 3. IlocTpoeHne u aHAJIN3 aIEKBATHOCTH MOJIEJIH:

— crienuduKaIUs MOJCICH 3aBUCUMOCTH MEXKIY SHIOTCHHBIMU U SK30TCHHBI-
MU TIEPEMCHHBIMH, TTOJIYYCHUE OOIIETO BUA MOJICIBHBIX COOTHOIIICHHM, CBSI3bIBAIO-
X MEXIY COOO0H HCCeayeMbIe TIEPEeMCHHBIC;

— CTaTUCTHUYECKOE OIICHWBAHKE MMApaMETPOB MOJICIICH 110 HMEIOIIIMMCS JaHHBIM
B paMKax OIPEJCICHHOr0 KJ1acca MOJIEIICH;

— TECTHPOBAaHUEC aJCKBATHOCTH ITOCTPOCHHBIX MOJICICH Ha OCHOBE TECTOBBIX
CTAaTHCTHK U CTATUCTUYCCKUX KPUTCPUCB;

— TECTHUPOBAaHHUE THUIOTE3, MpeIaracMblX 3JKOHOMUUYECKOW TCOPHUEH, COIepIKa-
TeJIbHAs SKOHOMHYECKAs MHTEPIPETAMSI CBOWCTB IMOJYyYEHHBIX MOJCIICH U OICHKA
BO3MOXHOCTH WX UCITOJIb30BaHUS JIJIs PEIICHUs 3a7a4 UCCIICIOBAHUS U MTPOTHO3UPO-
BaHus. Hanpumep, BeauunHa W 3HaK KO3((HUIIMEHTOB B MOJICIN JOJDKHBI COTJIACO-
BBIBAThCS C TEOPUEH.

Iran 4. Ucnojib30BaHHE MOIEJIH:

— WHTEPNpeTanus MOJyYeHHBIX Pe3yIbTaTOB, T. €. TIEPEBOJ UX ¢ (GOpMaITU30-
BaHHOTO s13bIKa MaTEMATUKH Ha COJACPKATEIBHBIN S3BIK PEKOMCHIAIMH 110 TIPUHATHIO
yIPaBICHYECKAX PEIICHUI;

— WCITOJTh30BaHUE MOJICIIH JIJISl IPOTHO3a M TIPOBEICHUS SKOHOMHYCCKOU TOJIH-
THKH.

[Ipomecc MoCTpoeHUsT SKOHOMETPHUCCKOW MOJCIH SIBISICTCS UTEPAIMOHHBIM,
JOIYCKAIOIIMM BO3BpAaT Ha O0JIee paHHKE 3TAIbI C IEJIbI0 ydeTa HOBOW MH(OpMaIUH
U KOPPEKTUPOBKU MoOENH. J[Js pereHus 3ajiad TPEThero dTama 4acTo Tpedyercs
crienpaiibHoe mporpammHoe obecrieuenne (Econometric Views, Statistica, STATA,
SPSS, COMII u ap.).
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Pa3znen 2. MHOKeCTBEHHBIH PerpecCMOHHBbIN aHAJIN3

2.1. OcHOBHAs1 MOJeJIb JIMHEHHOM perpeccun

PCI‘peCCI/IOHHBIC MOACIN TIPUMCHAIOTCA I HCCICHOBAHHA 3aBUCUMOCTHU
CPCAHCTO 3HAYUCHUA aHaHI/ISI/IpyeMOﬁ 3aBUCUMOM HepeMeHHOﬁ OT psaaga HC3aBHCUMBIX
MMCPCMCHHBIX ((I)aKTOpOB). MOI[CJ'IB MHO>KECTBEHHOM perpeccun, Uik MHOT'OMCpHAasA
pPeTrpeCCuOHHad MOACIb, OIMUCHIBACTCS COOTHOIICHUCM

Y, =Bigi(x)) + B8y (xp) +... +Brglx,) + &, 2.1)

rae {B,}(p=L...,k) — mapamerpsl Mozeny; {y,} — 3HAYCHHE 3aBUCHMON (9HIOICH-
HO¥) IEPEeMEHHON B HAaOMIOACH!H ¢; {X, | — 3HAYeHHEe paKkTopa x, B HAOMIOACHUHU [
(9K30TCHHAs TepeMeHHasl); € — Clly4aiiHple OWMOKM HalOmoneHus; {g,(¢)} — u3-

BECTHBIE JICTEPMUHUPOBaHHbIe (yHKUuU. [lapamerpsr mopenu B, B,,...B,, cuuta-

FOTCSI HEU3BECTHBIMU U IOJJIEKAT OLICHUBAHUIO HA OCHOBE METOJIOB CTATUCTUYECKOT O
aHanu3a.

Mopensb (2.1) siBnsieTcss TMHEHHOM 1O MapaMeTpaM U MOXKET ObITh HETMHEWHON
M0 OOBACHAIOMIUM MepeMeHHbIM. [Ipu mocTpoeHnn MOJENH CYIIECTBEHHBIM SIBIISIETCSA
JIMIIB IIPEAIOI0KEHUE OTHOCUTEIBHO JIMHEWHOCTH 1O IapamerpaM, T. K. HEJIMHEH-
HOCTb MO (paKTOpaM MOXKET OBITh yCTpaHEHa C MOMOIIBIO 3aMEHBI IEPEMEHHBIX. ITO
II03BOJIIET pacCMAaTPUBATh SKOHOMETPUUECKHUE MOJIEIIU B BUJIE

yz :lezl +B2x12 +"'+katk +gt‘ (22)

B anamutuueckux HCCICOAOBAaHUAX YI[O6HO HCIIOJIB30BATh  BCKTOPHO-
MaTpHU4IHOC IPEACTABIICHUC MOOCIIHN. BBCI[CM ciacayromue 0003HAYCHHUS

(yl\ [Bl\ (81\ (‘xll X o e xlk\

Y Bz €,

X0 Xpp ... X
21 22 2k
y= eR", B= eR', €= eR", X =

yn Bk Sn xnl xn2 t xnk

Ilycte  y o6o3Hawaer (nx1)-maTpuity (BekTOp-cTONOEI) ( VisVaser- yn)T;

Bz(Bl,Bz,...Bk)T — (kx1)-Bexktop K03(PHUIIUECHTOB; az(sl,sz,...gn)T— (nx1)-

BEKTOpP OMIMOOK, 3JIEMEHTBl KOTOPOrO SIBJIAIOTCS CIy4YaHbIMU BeJIMYMHAMH; X —
(n x k)-maTpuily 0ObSICHSIIOUUX MIEPEMEHHbIX.
Torna Mmoaens (2.2) MOXXHO MPECTaBUTh B BUJIC

y=XB+e. (2.3)

MHoOXeCTBEHHasl perpeccusi NPUMEHSAETCS B CUTyalUsaX, KOTJa U3 MHOYKECTBA
(bakTOpOB, BIUSAIONIMX HAa PE3YJIbTATUBHBIN MpPU3HAK, HEIb3s BBIACIUTH OJUH JOMH-
HUPYIOIUHA (HakTOp U HEOOXOAMMO YUUTHIBATh BIUSHUE HECKOJbKUX (hakTopoB. Ha-
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npumep, 00BeEM BBIITYCKA TIPOAYKIUU ONPCHACIIACTCA BEJIMYMHOM OCHOBHBIX M 000-
POTHBIX CPCACTB, YHNCJICHHOCTBIO IICPCOHAJIA, YPOBHCM MCHCI’)KMCHTA U T. HO., YPO-
BCHB CIIPpOCa 3aBUCUT HC TOJIBKO OT ICHBI, HO U OT UMCIOINUXCA Y HACCIICHUA OCHCIK-
HBIX CPCIACTB.

OcHoBHas nclib MHO>KECTBECHHOM pPeTrpeCCrun — MOCTPOUTH MOJICIIb C HECKOJIb-
KNMH @aKTOpaMI/I H OIIPCACIINTD IIPHU 3TOM BJIMAHUC KAKIOTO q)aKTopa B OTACJIBHO-
CTH, a TAKXKC UX COBMCCTHOC BOSI[CIZCTBHC Ha H3yqaeMBIﬁ ITI0Ka3aTclIb.

YacTo nojararot X, = 1. HpI/I 9TOM UMCCM MOACJIb CO CBO6OI[HBIM YJICHOM:

V=B, +Bx,+...+B,x, +€,.
B ywactHOM ciydae, Korja MCIHOJIB3YETCs JUIIL OJHA OOBICHSIONMIAS TIEPEMEH-
Hasi, UMEET MECTO MOJIEIb IPOCTOM (TTapHOi) IMHEHHOM perpeccuu:
Y, =By +Bx, g,
[TocTpoeHne Moaenu Mo peajbHbIM JaHHBIM OCHOBBIBACTCA HA PEIICHUU CJIe-
IYIOIIMX OCHOBHBIX 3a1a4 [11]:
— IIOCTPOEHHE OLICHOK HEU3BECTHBIX NapaMeTpoB mMonxenu f3,,53,,...5, ¢ momo-

IIbI0 METOJIOB CTaTUCTUYECKOIO OIICHUBAHUS MapaMETpoB IO AMIUPUYECKUM JaH-
HBIM;

— MpOBEpKa AaJEeKBATHOCTH MOJEIM C MOMOIIBIO METOAOB CTaTUCTHYECKOMN
MIPOBEPKU TUIIOTES;

— BBIOOp MOJIENM U3 YKCJIa aJbTePHATUBHBIX BapUAHTOB aJ€KBAaTHBIX MOJENEH
HA OCHOBE T€CTOBBIX CTATUCTHK.

Hcnonb3oBaHue KOHKPETHBIX METOJOB OLIEHMBAHUS MapaMeTPOB U MPOBEPKH
TUIOTE3 3aBUCUT OT «MOJICNIbHBIX» MPEANOCHUIOK, KOTOPbIE Nal0TCSI OTHOCUTEIBHO
CIIy4ailHBIX OIIMOOK HAOMIOACHUS M UCHOJb3YyEeMbIX B MOJENIU OOBSICHSIOUIUX Mepe-
MEHHBIX [7].

TpagunuoHHble NpeNOCHIIKH MO/IEJIHU:

l. y=XPB+¢ — cneuuduxanus MOAENU BBIpAXAET Hallle MPEICTaBICHUE O
MEXaHU3Me 3aBUCUMOCTH ) OT X U caM BbIOOP OOBICHSIONINX EPEMEHHBIX.

2. OOBACHAIOUIUE IEPEMEHHBIE SBISIOTCS I€TEPMUHUPOBAHHBIMU, T. €. 3Haye-
HHUA (AKTOPOB {X,,} HecilydaiiHble ((UKCUPOBAaHHBIE BeNW4YHMHBI). Yncio Habmrone-
HUM n > k + 1;a X — Mmarpuna 3HayeHuil pakTopoB. X — MaTpulia MOJHOrO paHra k,
T. €. CTOJIOLBI MaTPUIIbl — JIMHEHHO HE3aBHUCUMbIE BEKTOPHL. B 3TOM citydae maTpuiia
ABJIAIETCSI HEBBIPOKICHHOM.

3. a) MaTemMaTH4ecKoe OXMJAaHUE OIIMOOK HAOMIOACHUN paBHO HYIIO:
E(g,)=0;

0) nucnepcus ciydailHbIX BEIMUYUH {€,} MOCTOSIHHAs AJisd Bcex ¢ = 1, 2,.. n.

2 2 v
E(e;)=D(g,)=0c". JlaHHOE CBOICTBO HA3bIBACTCS «IOMOCKEIACTUYHOCTHIO» (OJIHO-

POIHOCTBIO) JUCIEPCUU OIIHOOK;
B) Cily4aifHble OIIMOKM CTATUCTUYECKU HE3aBUCUMBI (HEKOPPEIUPOBAHBI) AT
pasHbeIX HabmoneHui: E(eg,,e.)=Cov(g,,e,)=0, 11 ¢ # 5. B cily4yae HEBBIIIOJHEHUS

JAHHOTO YCJIOBHS TOBOPSIT 00 aBTOKOPPENSIIIUU OIIHUOOK.
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C YUCTOM IIPCAIIOCHUIOK 4, B KOBApUAIIMOHHAA MaTpHUlld CquaﬁHOFO BCKTOpPa
IMPpUHUMACT III/IaFOHaHBHBIﬁ BHU:

E(gg')=Cov(e,e)=0c"1,
rae [, — enuHu4Has (1 X n)-MaTpULa.

4. Ommbku €,, t=1, 2, ... n UIMEIOT COBMECTHOE HOPMAJILHOE paclpe/ieeHHe:
2
g, ~N(0, o).

Mogens (2.3), ynoBieTBopsolias MpUBEAESHHBIM MpeanockuikaM 1—4, Ha3biBa-
€TCsl KJIACCUYECKOW HOPMAJIBHOW JIMHEMHOW MOJIEJIbI0 MHO>KECTBEHHOM PETPECCHUM.
Mogens (2.3), yaoBieTBopsitolas MPUBEACHHBIM MPEANochlIkaM 1-3, Ha3bIBaeTCs
KJIACCUYECKOM JTUHEMHON MOJIEJIBI0 MHOKECTBEHHON PErpeccum.

2.2. Meron HauMeHbIIUX KBaJApaToB. Teopema I'aycca — Mapkosa

JI71s1 HaXOXKIEHUSI OLICHOK HEM3BECTHBIX NMapaMeTPOB B U G UCIOIB3YIOTCS:

— MeTo HauMeHbIuX kBajgpaToB (MHK), ecnu BeinonHsoTCs yciaoBus 1-3;
— METOJl MAKCUMAJIBHOTO MPABIONOI00Ms, €CJIU BBITIOJIHAIOTCS ycloBus 1—4.

MHK-onienka [3 BekTOopa mapameTpoB [} HaXOJIWUTCSA W3 YCJIOBHS MUHUMYyMa

CYMMBbI KBaJIpaTOB OTKJIOHEHUI HaOII0aeMbIX 3HAYEHUN SHJIOTC€HHOW MEepEeMEHHOU
¥, OT MOJIENBHBIX (TEOPETHUECKHX) 3HAUCHUH J,, ONpeaeIsieMbIX QyHKIMeH perpec-

cuu (2.3): ESS = Zef =e'e - min.

Bripazum e’e uepes X u f3:
de= (=3)" =2 (v, —Bx) =(y-XB)(y- XB)=
t=1 t=1
=y — Y XB—BXY +PXNB = yy —2BXY + P XX, (2.4)

Heob6xonumple ycinoBusi MUHUMYyMa GYHKIIUU ToJy4aroTcst nuddepeHiupoa-
HueMm (2.4) o BexTopy f3:
OESS

5 - 22Xy +2XXB=0. (2.5)

YyaursiBas o6patuMocTh MaTpuilbl X'X B CUJy NPEANOCBUIKH 2, HaXOIUM
OLIEHKY METOJ]a HANMEHBIINX KBaPATOB:

B=(X"X)"'X"y. (2.6)

Teopema I'aycca — MapkoBa. Eciu oTtHOocuTensHO Mojenu (2.3) BBINOJIHS-
I0TCSI TIPEANOCHUTKM 1-3, TO OIleHKa MeTOJa HAaWUMEHBIIUX KBAaJApaToB [3 SBISETCS
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HauOosee 3(pPEeKTUBHON B KJIacce HECMEIICHHBIX JIMHEWHBIX MO ) OLEHOK BEKTOpa
napaMeTpos f3.

TakuM 00pa3oM, OLCHKA [3 — HauIydulas JMHEiHAs HECMEIICHHAs OLCHKA
BEeKTOpa 3. DTO 03HAUYAET, YTO CPEU BCEX BO3MOKHBIX OIICHOK M3 YKa3aHHOTO KJIac-
ca MHK-o1ieHKr UMEIOT MUHUMAaITbHBIE TUCTIEPCUH, OTIpeIeIsieMbIe TTO popMyJe

D(B,)=0*(XX),",
rae (X'X),' — i-it muaronanbHbI 3neMeHT Matpunsl (X'X)~.

A

CpenHekBaipaTUYHOE OTKIOHEHUE CIIydallHON BEIMYHUHBI [3,, ONpeneiseMoe

Kak \/D(ﬁi) , HA3bIBACTCSI CMAHOAPMHOU OWUOKOL TIapaMeTpa B,--

OTKIIOHEHUsT HAONIIOJACMbIX 3HAYEHUN SHIOTCHHOW NEPEMEHHOH ), OT «MO-
JENTbHBIX» 3HAYCHUH J, Ha3bIBAIOTCS OCTaTKaMHM. /71 HUX UCIIOIB3YIOT CIIeIyIOIIne
0003Ha4YeHUs: e, =y, —), — 3HAYCHHE OCTaTKa, COOTBETCTBYIOIIEE f-My HalOIIone-

n
A N 2
HUI0; e=)— X — BekTop ocratkoB; ESS = Zet — CyMMa KBaJIpaTOB OCTATKOB
t=1
(error sum of squares).
2 2
MHK-oueHka s° qucnepcuu OMMOKU G~ -ONpeAenseTcs Kak HOpMUPOBaHHas
n
2.
el

t=1

2 ~ ~
CyMMa KBaaApaTOB OCTATKOB § = . KBaI[paTHBII/I KOPCHBb § MMPCACTABIIACT coOoii

CTaHJAPTHOE OTKJIOHEHUE 3aBUCUMOIl MEPEMEHHOW OTHOCUTENBHO (PYHKLIUU perpec-
CHM U HA3bIBAETCS CMAHOAPMHOU OUWUOKOU pecpeccuul.

Ilepeuncaum Hekotopelie cBoricTBa MHK-onienok mogenu [11].

Teopema. IlycTp nmeroT MecTo ycinoBusi 1—4, Toraa cupaBeIIuBbl yTBEPKIE-
HUSA:

1. Cnyuaiinblii BEKTOP § SABJISIECTCS rayCCOBCKHUM, MpuyeM
2 -1
B~N.(Bo (XX)).
2. HopmupoBanHass =~ cymMma  KBaJpaTOB  HUMEET Y ’-paclpelelicHHe
!
ee
. >~ X (n —k )
¢ (n= k)-aucimoM cteneHei cBo0oanl: © :

~

3. CnyyaiiHbie BEKTOpHI 3 ¥ e HE3aBUCUMBI.

~ ~ A ~ 2
4, Cny4aitHblil BeKTOp [3 U ciydaiiHas BeTMYMHA S~ HE3aBUCHUMBI.

2.3. IIpoBepka kauecTBa YPABHEHHS perpeccuu

Amnanus kadecTBa MOICIIN MHO>KECTBECHHOM pPEeTrpeCCrU BKIIFOYACT BBITIOJTHCHUC
CICAyOmuX maros:
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1. IIpoBepka CTaTHCTUYECKONW 3HAYMMOCTHU IMAPAMETPOB MOJEIU C LEJBIO
BKJIIOUEHUS B MOJICJb (MJIU UCKITIOUEHUS U3 MOJICININ) TE€X WJIU UHBIX (haKTOPOB.

2. AHanu3 J0JY BapuallMu 3aBUCUMOU MEPEeMEHHOH, OOBIACHSIEMON C TIO-
MOIIIBIO BKJIFOUCHHBIX B MOJENb (haKTOpOB, a TaKKe MpoBEepKa OOIIEero KauecTBa
ypaBHEHMUS.

3. IlpoBepka BBIMOJIHUMOCTH MOJAEIBHBIX MPEANOI0KEHUN OTHOCUTEIBHO
CITy4alHBIX OIIUOOK HAOIIOCHUH.

AHaJIM3 BapuauuM 3aBHCHUMOM nepeMeHHoil B perpeccun. Kodgduuuenr
AeTepMUHALUHA

Bapuaruio Z( ¥, —Y) MOJKHO pa30UTh Ha JABE 4acTU: OOBSICHEHHYIO ypaBHE-
HUEM PETPECCUU U HEOOBICHEHHYIO (T. €. CBA3aHHYIO C OIIMOKAMH € ).

OmnpenenuM MOIHYIO CyMMY KBaapaToB (total sum of squares) oTkiIOHEHHH ), OT
BBIOOPOYHOT'O CPETHETO 3HAYCHHUS V :

TSS = Z(yt _y)Z .
t=1
st Mmosienu (2.3) MOJIHYI0 CyMMY KBaJIpaTOB MOKHO MPSJACTABUTh KaK

TSS = RSS + ESS,

n
A —\2
rne RSS = Z( ¥, —Y) — cyMMa KBaJIpaToB, OOYCIIOBJICHHAs BKJIIOYEHHBIMU B MOJIEIIb
t=1

n
. A N2
OOBSCHSIONIMMH TIepeMeHHbIMU (regression sum of squares); ESS = Z( Y, —Y,) — cym-
t=1
Ma KBaJ[paTOB OCTaTKOB (error sum of squares), y — BBIOOpOYHOE CpeHee HabIo/Ie-
HUM IEPEMEHHON Y, .

KoadduiueHT gerepMuHaLig OnpeesiseTcs: BhIpaKeHUEM

22 RSS _I_ESS
7SS 7SS

KoaddutmenT nerepmuHanuy yka3plBaeT Ha OO BapUallMd 3aBUCUMOM Iie-
pEMEHHOM, 00BSICHAEMYIO BKIIOUEHHBIMU B MOJeIb (hakTopamMu. OH MpUHUMAET 3Ha-
uenus mMexay Ou 1. Eciu R? =0, To 9TO 03HaYaeT, uTo MOJe/b He yJIyullaeT KauecTBO
TpeaCKa3aHus y, MO CPABHEHHIO C TPUBUATBHBIM 3, = . Eciu R® =1, To 3T0 03HayaeT

TOYHYIO IIOATOHKY YpaBHEHH, T. €. Bce e, = 0. OqHako Ha R? Henb3s OpPUEHTUPOBATHCS
KaK Ha IJIaBHBIA KPUTEPUU NPU CPAaBHEHUU JABYX Pa3IUYHBIX CTPYKTYp Monenu. Koad-
(GUIMEHT JeTepPMUHAIIMY 1IeJIECO00Pa3HO HUCIOIB30BATh TOJLKO COBMECTHO C JOIOIHH-
TEJTBHBIM aHAJIM30M PETPECCUOHHOTO YPaBHEHHSI.

Koadduiuent agerepmunaimy o6yiagaeT psjaoM HETOCTaTKOB.

1. Tlpu noGaBieHuu B MOJEIbh OOBSICHSIONIUX TEPEMEHHBIX YBEIIMYMBACTCS 3HA-
uenme R,
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2. Ilpu k—n cratuctuka R’ NpUHUMAaeT 3HAYEHHS, «HEMPaBIOMOAOGHO
onu3kue K 1.

3. Cratuctuka R® He MOYXKET HCIIONB30BAThCS JUTS BIOOPA MOJEIH U3 HEKOTOPOTO
Habopa aJIbTEPHATUBHBIX BAPUAHTOB, MOIYYAIOIIMXCS MPU MTPeoOpa3oBaHUM 3aBUCUMOMN
IIEPEMEHHOMN.

4. Ctatuctnka R’ TipuHmMMaeTr Gmiskue K | 3HAYEHHS MPH IOCTPOSHHH PErPECCH-
OHHBIX MOJIEJIEH II0 HECTALMOHAPHBIM BPEMEHHBIM psZiaM, YTO 3aTPYyIHSET PacliO3HaBa-
HUE JIOKHBIX PErPECCUOHHBIX 3aBUCUMOCTEN.

IIpu cpaBHEHUM AJIBTEPHATUBHBIX PErPECCUOHHBIX MOJEIICH, OTINYAIOLINXCS KO-
JIMYECTBOM OOBSICHSIIOUINX MEPEMEHHBIX, MPEANOYTUTEIbHEE HCIIONB30BATH CKOPPEKTH-
POBaHHbBIN KOAPDUIIMEHT JeTePMUHALIH:

) ESS /(n—k)
Rad/ :1_ .
< 7SS/ (n—1)

MOKHO yKa3aTh CIEAYIOIIUE CBOWCTBA TAHHON CTATUCTUKU:

LR, =1-(- )=l
2.R*>R2, ,k>1.

adj °
3. R’

adj

IIpoBepka runore3bl 0 3HAYEHUAX KO3 (PPUIMEHTOB perpeccuu

Onenku k03(h(PUIHEHTOB PErPECCUM 3aBUCAT OT UCIOIb3YEMOW BIOOPKH 3HA-
YEHUN TEPEMEHHBIX X U Y W SBIMIOTCA CIIy4allHbIMU BeandnHaMmHu. COnocTaBisis
OLICHKH MapaMeTPOB U UX CTaHJAPTHBIC OHIMOKH, MOXKHO CI€1aTh BbIBOJ O HAJEHKHO-
CTH (TOYHOCTHU) TIOJYYEHHBIX OLEHOK.

Tpebyercst npoBEpUTH HPEATIOTOKEHUE O TOM, YTO UCTUHHOE 3HaUEHUE KO3(-
¢duLKeHTa perpeccuy paBHO HEKOTOPOMY 3aJaHHOMY 3HAYEHUIO, T. €. BBIJIBUTaeTCs
HyJIeBas TMIIOTE3A:

<1, HO MOeT npuHUMaTh 3HaYeHud < 0.

H 0- Bi = BiO
IpU aJIbTEpHATUBE
H, B, #P,.
I[JISI TCCTI/IpOBaHI/IH HYHCBOﬁ TUIIOTC3bI I/ICHOHBS}/CTCH {-CTaTUCTHUKA .
f= Bi - BiO
5
S
B;

rac s — CpCAHCKBAAPATHYIHOC OTKIIOHCHUC OLICHKHU B
B:

1

ie

Ecnu HyneBas rumore3a BEpHAa, TO CTaTUCTHKA ! UMEET f{-pacrpeereHue
CrproneHra ¢ (n — k )-ctenensamu cBoOonbl. I'unoresa /, He OTKIOHAETCS Ha 3aJaH-

HOM YpOBHE 3HAYUMOCTH ¢, €CIIU ‘t‘ﬁta/z(n—k); 3pecy t,,,(n—k) ecth

16



100(au/ 2) %-nas Touka pacnpenenenus CTeroieHTa ¢ (7 — k )-cTeneHsIMH CBOOO/IBI.

31eck n — 4UCI0 HAOIIOEHUH, k — YMCIIO OLIEHMBAaEMbIX 1apaMETPOB.
B wactHOM ciyyae, xorna B,, =0, arunoressl H,:3, =0, H, :B, # 0, coorBerct-

B q
S;,

3HAYNMMOCTH KOB(b(bI/II_[I/IeHTOB perpeccun. Ecimu runore3a H o OTKIIOHACTCA Ha YPOBHC

Byromiasi CTaTUCTUKA ITPUHUMACT BUI t= aKas I'IioTre3a U3BCCTHA KaK I'MIIOTE3a O

3HAYMMOCTH O, TO 3HAYCHHUEC OLICHKH ﬁi SHAYUMO OTIIMYHO OT HYJIA U, CICOOBATCIILHO,

i -i (pakTOp OKa3bIBACT CYHIECTBEHHOE BIIMSHHE HA 3aBUCHMYIO IIEPEMEHHYI0. JTO MO-
’KET OBITh OCHOBAaHUEM JJIS €€ UCKIIIOYEHU U3 Mojenu. OTKIOHEHHUE TUIIOTe3bl /1) B

IMOJIb3Y H 1 HaO60pOT, O3HayaeT HaJIWYHUE CTATUCTUYECKM JIMHEHHOM 3aBHCHMOCTU

MEXKY aHAIIM3UPYEMBIMU IIEPEMEHHBIMU.
t-xputepuii CTbIOJEHTA NIPUMEHSETCS B MPOLEAYPE NPHUHATHUS PEIICHUS O LIeie-
co00pa3HOCTH BKIIOYEHUs (akTopa B Mojaenb. Ecnu kospduuueHt npu ¢akrope B
YPAaBHEHHM PETPEeCcCUr OKa3bIBA€TCS HE3HAUMMBIM, TO BKJIIOYATh MAHHBIA (pakTop B
MOJIeTb HE peKoMeHayeTcss. OTMETHM, YTO 3TO IPABWIIO HE SABJISAETCS aOCONIOTHBIM U
OBIBAIOT CUTYaIlMH, KOTJa BKIIOYEHUE B MOJI€Tb CTATUCTUUYECKU HE3HAUMMOTO (hak-
TOpa OIPEAEIAETCS IKOHOMUUECKOHN 11EIeCO000Pa3HOCTEHIO.
HNuTepBajbHbIe OLEHKH KO (PUIUEHTOB perpeccuu
Hapsny ¢ Toueunoit MHK-orieHko# nmapamMeTpoB MOKeT ObITh HaliJleHa UHTEp-
BAJIbHAS OLICHKA B BUJIE JIOBEPUTEIILHOTO MHTEpBaja

[Bi —t,,(n— k)sAl_ ,Bl. +1,,(n— k)sﬁ,- J C JIOBEpUTENIbHOM BeposTHOCThIO (1—a),

OHpCHCHHeMOﬁ COOTHOILIEHUEM
P(By €Sy tus(n=K), B, +5; t,,(n=0)) =1-a.

Takom HHTCPBAJI HA3BIBACTCA JOBCPHUTCIIbHBIM MHTCPBAJIOM IJIA B C YPOBHEM

JIOBEpHS (IOBEPUTEIILHON BEPOSTHOCTHIO) 1— o, win (1— o)-0BEpUTETBLHBIM UHTEP-
BasioM, i 100(1= o)-OpOLEHTHBIM JOBEPUTEIBLHBIM UHTEPBAJIOM IS J3 .

IIpoBepka runore3bl 00 aJeKBATHOCTH MO/eJIH B 11€J10M
JlJist MOJIe pacCMOTPUM 3a7jauy IPOBEPKH TUIIOTE3bI BUIA

H,:B,=B,=...=B,=0 H,:H,

Ha 33JlaHHOM YPOBHE 3HAYMMOCTH O . 31eChb [, — albTepHATUBHOE YTBEPKICHHUE 110
OTHOLIEHHIO K 1.
CrartucTuka KpuTepus onpeaesieTcs mo hopmyiie

_ R*(k-1) _ RSS (n—k)
" (1-R»/n-k) ESS (k-1)"

I'mnore3a H, OTKIIOHAETCA HA 3aJJaHHOM YPOBHE 3HAYUMOCTH O, eciau F > F
rne F.=F (k—1,n—k) — 100a %-Has Touka pacupenenenus duiepa.
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OTKIJIOHEHHE TUIOTE3bl 03HAYaeT, YTO CPEIU MHOXKECTBA OOBICHSIOMMX (haK-
TOPOB €CTh XOTsI ObI OJWH, KOTOPBIM OKa3bIBAET CYIIECTBEHHOE BIUSHHUE HA DHJIOTCH-
HYIO0 IIepeMeHHYI0. Ecim rumore3a He OTKIOHSETCA, TO CIEAYIOT MPU3HATH MOJAENb
HEeaJIeKBaTHOM, T. €. HM OJ{HA U3 OOBSCHSIONIUX MMEPEMEHHBIX HE OKa3bIBACT CYIIECT-
BEHHOT'O BJIUSHUS Ha OOBSICHIEMYIO TIEPEMEHHYIO.

2.4. ToueyHbIi 1 MHTEPBAJIbHBIN MPOTrHO3 110 YPABHEHHUIO Perpeccuu

Opna U3 BaXKHEMIIMX 1ieJied MOJETMPOBAHUS 3aKIII0YaeTcsl B MPOTHO3UPOBA-
HUU MOBEICHUs UccaeayeMoro oorekra. Kak npaBusio, TEpMUH «ITPOTHO3UPOBAHUE
UCIIOJIb3YETCs B TEX CUTYAIUAX, Korja TpeOyeTcs mpeicka3aTh COCTOSHUE CUCTEMbI B
OynymeM. Jljis perpeccuoOHHBIX MOJieeil OH umeeT Oosee MUpoKoe 3HaueHue. Jan-
HbI€ MOTYT HE UMETh BPEMEHHOUN CTPYKTYpPBhI, OJHAKO U B 3TOM CJIy4ae MOKET BO3-
HUKHYTb 3a/1a4a OIIEHUTh 3HaY€HUE 3aBUCMMOM NIEPEMEHHOM I HEKOTOPOro Habopa
HE3aBUCUMBIX NEPEMEHHBIX. IMEHHO B 3TOM CMBICIIE — CMBICIIE TOCTPOEHUS OLEHOK
3aBUCUMOM NMEPEMEHHOMN — clie[lyeT MOHUMAaTh MPOrHO3UPOBAaHUE B IKOHOMETPUKE.

[IpeanonoxxuM, 4To BEKTOp HE3aBUCHMBIX IEPEMEHHBIX X,,, H3BECTEH TOYHO,

B,5* — MHK-0IleHKH MHOKECTBEHHON PErPecCHH.
TodeuHBI NPOTHO3 3aKIIOYACTCS B ITOJIYYEHUU MPOTHO3HOTO 3HAYCHHUS Vy+1,
KOTOPOE OIPEAEIAETCS IIyTEM II0JCTAHOBKU B YPAaBHEHHUE PETPECCUU

-)A) = x;’l+1B :
Ilockonmpky FE (B) =B, 10 E(»)=E(y,,), T.€. OIECHKA J SBIAETCH

HECMEIEHHON. B Kiacce nMHEMHBIX (110 )) HECMEUIEHHBIX OLIEHOK OHa o0jajaer
HAaMMEHbIIEH CpeIHEeKBaApaTUYHOM omuoKoil. CpenHekBaApaTUyHas OIIKUOKa
IIPOrHO3a

E(.)’}_ynﬂ)z = c32(1_'_‘)C;l+l()(‘9()71‘)“;%1) .

2 2
3aMeHUM G~ Ha €€ OLIEHKY s~ U 0003HaYuM

5= s’ (1+x,,(XX)'x,.,).

Ecan ommbku (g,€,,,) HUMEIOT COBMECTHOE HOPMAJbHOE DPACHpPEAETICHUE, TO
cnydaiiHass BenmumHa (y—p,.,)/d umeer pacmupenenenue CrteiomeHTa ¢ (11 — k)-
creneHsaMu cBoOonbl. [loaToMy HOBEpUTEIBHBIM HMHTEPBAJIOM AN ),., C YPOBHEM
nosepus o Oyzmer mHTepsan (y—9ot,,,v+0t,,), rne t,,, — 100(o/2) %-Has Touka

pacnipenenenus CteloieHTa ¢ (n — k)-cTeneHsMu CBOOOIBI.
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Paszgen 3. Mogeab MHOXKECTBEHHOW perpeccud B YCJIOBHAX
HApYUIeHUs TPAAULUMOHHBIX MPEANOCHLIOK

3.1. MeToabl NOCTPOCHUESA MOAEIHN B YCJTOBHSAX
MYJIbTHKOJJIMHEAPHOCTHBIX (PAKTOPOB

3.1.1. Conep:xanue ¥ NPUYNHBI MYJIbTHKOJJIMHEAPHOCTH

MynbTUKOJUTMHEAPHOCTh — 3TO BBICOKASI CTENEHb KOPPEIALNH MEXKIY O0BsIC-
HAIOIIMMU niepeMeHHbIMU. Eciu pakTopsl, BKIITO4aeMbIe B MOJIEIb, CBSI3aHbI CTPOTOi
JMHENHOM 3aBUCUMOCTBIO, IMEET MECTO COBEpIICHHAs (CTporasi) MylIbTUKOJUIIMHEAP-
HOCTb. B 3TOM cilyyae HapymaeTcs MNpeanochuika 2 MOAEIN MHOYKECTBEHHOM per-
peccun U MaTpuiia X sIBIS€TCS BBIPOXKIACHHOM, MOATOMY MaTpHIia (XX) HeoOpaTuma,
YTO MOPOXKAACT MPOoOIeMy HACHTUDUIIUPYEMOCTH MOJICIIH.

Ha npakTtuke npo6iemMa MyIbTUKOJUIMHEAPHOCTH CMATYACTCS B CUJTY MOTpell-
HOCTHU BBIYMCIICHUH, OIITUOOK OKPYTJCHUMN, B PE3yJIbTaTe YEro ONpeaeIuTeIh MaTpH-
111 X OTJIMYAeTCs OT HYJISA, HO MPUHUMAET OJIM3KKEe K HeMy 3HadueHus. B aTom ciydae
rOBOPST, 4TO Matpuia X sBIsSETCS MI0X0 OOYCIOBICHHON M UMEET MECTO Hecosep-
WeHHas MYTbmuKoaIuHeapuocms. B 11000M ciydae MYyJIbTUKOJIMHEAPHOCTh 3a-
TPYAHSET pa3lielIieHUe BIUSHUS OOBICHSAIONINX (PaKTOPOB Ha MOBEJECHUE 3aBUCUMOM
MIEPEMEHHOMN U JIeJIaeT OIEHKH KOA()PUIIMEHTOB perpeccuy HEHAIC)KHBIMH.

[IpyynHaMu MyJIBTUKOJTMHEAPHOCTH (PAKTOPOB SIBIISIOTCS CJICAYIOIIME TIO-
I'PEIIHOCTU B CHeNU(DUKAIIMN MOJCIIH:

1. BxiroyeHue B MOJI€NIb DK30TCHHOM MEepeMEHHOM, MpeacTaBistonieil coooi
JUHEWHYI0 KOMOMHAIMIO JPYTUX (hakTOpoB, HAMPUMEDP, CYMMApPHOTO MOKa3aTelIs Ha-
PALY C €T0 COCTaBIISIOLIUMU.

2. Hcnonw3oBaHue il MOACITHPOBAHUS CE30HHBIX M3MEHEHHH (DUKTHUBHBIX
MIEPEMEHHBIX, YUCJIO KOTOPBIX PABHO MEPUOY CE30HHOCTH.

3. IlpuMeHeHH€e B MOJIEIIH JIATOBBIX 3HAYEHHUI SK30I€HHBIX NTEPEMEHHBIX.

3.1.2. HocaeacTBusi MyJbTHKOJIJIHHEAPHOCTH

BrinensroT cneayome nocjieIcTBUS MYIbTUKOJIITMHEAPHOCTH

1. Bonbiire IUCHEPCHH OLEHOK. JTO 3aTPyAHSIET HAXOXXICHHE HCTHUHHBIX
3HAUYCHHUI OIICHUBAEMBbIX BEIWYWH, PACIIUPSET WHTEPBAIBHBIC OIICHKH, CHHUXKAET
TOYHOCTE OLIEHOK.

2. YMEHbIIATCA {-CTATUCTUKH KOI(P(DUITUEHTOB, YTO MOXKET MPUBECTU K HE-
OMpPaBJIaHHOMY BBIBOJY O CYIIECTBEHHOCTU BJIMSIHUS COOTBETCTBYIOIIECH OOBICHSIO-
eV TEPEMEHHOM Ha 3aBUCUMYIO [IEPEMEHHYIO.

3. OueHku K03()PUIMEHTOB MOJEIN U UX CTaHJAPTHHIE OTKJIOHEHHUS CTaHO-
BATCS OYEHb UYBCTBUTEIBHBIMU K MAJICHIIIUM HM3MEHEHHUSIM BHIOOPOYHBIX JAHHBIX,
T. €. OHU CTAHOBATCS HEYCTOWUYHUBBIMHU.
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4. 3arpynHseTcsi OompeaesiCHUE BKJIaa KaKIOW U3 OOBACHSIOMIUX MEePEMEH-
HBIX B OOBACHSIEMYIO YPAaBHECHHEM PErPECCUU JUCTICPCUIO 3aBUCUMON TTEPEMEHHOM.

5. Bo3MoxHO mojydeHue HEBEPHOT0 3HaKa y K03 puImeHTa perpeccumu.

Onpeoenenue MynbmukoIUHeapHocmuy. Y CTAaHOBUTh HAJIMYUE MYJIbTUKOJUIN-
HEAPHOCTU MOYKHO IO CJISTYIOIIUM MPU3HAKAM:

1. Manasi 3Ha4UMOCTh OIIEHOK KO3()PHUIIUSHTOB PErpecCuu, UX OOJbIINE CTaH-
JTapTHBIC OMIMOKH, B TO BpeMs KaK MOJIEb B IICJIOM SIBJISICTCS 3HAUUMOM, T. €. UMEET
BBICOKUM KO3 (UITMEHT JaeTepMUHAIINU R wu COOTBETCTBYIOIIIEE 3HAUYCHHUE
F-cratuctuku.

2. Bricokue yacTHbie KOA)PUITUEHTHI KOPPEIISIIHH.

B nocnennem ciyuae uzMepsieTcsi TECHOTA JIMHEHHOM CBSI3M MEXIY ABYMS Tie-
PEMEHHBIMH, OUHUIIIEHHAsI OT BIUSIHUSL HA HUX JPYTUX (PaKTOPOB.

[IpoBepka Hanmuuusg MYJIBTUKOJTMHEAPHOCTH OCHOBBIBACTCS Ha aHANM3E MaT-
PHIIBI TAPHBIX KOPPEIAIUNA MEXTY (haKkTopamu:

Ko h iy 1L r hp
ha Ty ny, _ Ut 1 ny
Ty Ty P | LTt Ta 1

e #; — BBIOOPOYHBIC MapHbIC KOIQGUUMEHTHI KOPPEIsAUUU (aKTOPOB, SICMEHTHI

KOPPESLMOHHON MaTpUIIbl BEKTOPA K30I€HHBIX IEPEMEHHBIX.

3. CunibHasi BcrioMmoraTenbHasi (JAOHMOJHHUTENbHAsA) perpeccus. MylbTHKOIIIU-
HEApHOCTh MOKET UMETh MECTO TOIHa, KOrja Kakas-Tu00 M3 OOBSCHAIOMIMX Mepe-
MEHHBIX SBJISICTCS JIMHEHHOW (Wiu OMM3KOW K HEW) KoMOWHaIuen Apyrux ooObsic-
HAIOIIKUX TIEPeMEHHBbIX. J[71s JaHHOTO aHalu3a CTPOSITCS YPaBHEHHUS PErpecCud Kax-
JI0M U3 OOBICHSIONIEH MTEPEMEHHON Ha OCTABIIMECS HE3aBUCUMBIEC TIEpeMEeHHbIE. Bhi-

2
YUCIAOTCA COOTBCTCTBYIOITHC KOG)(i)(l)I/ILII/IeHTBI ACTCPMUHAILINN R° n F-ctraTucTuKM.
Ecmu OTBCPracTcCsa rurore3a 00 AaACKBATHOCTH MOJCIIN B LICJIOM (F < E), TO COOT-

BETCTBYIOIIAs TIEPEMEHHAsl X He SBISETCS JMHEHHON KOMOWHAIMEH Npyrux U ee
MOXXHO OCTaBUTH B MOJCIIH. B IPOTUBHOM cCily4yae ClIeayeT CYUTaTh, YTO IIEPEMEHHAs
X CYLIECTBEHHO 3aBHUCHUT OT OCTaJIbHBIX HE3aBUCUMBIX IIEPEMEHHBIX U UMEET MECTO
MYJIbTUKOJUIMHEAPHOCTD.

3.1.3. MeToabl ycTpaHeHHSI MYJIbTHKOJJINHEAPHOCTH

Bonpoc 00 yctpaHeHMH MyJIbTUKOJUIMHEAPHOCTU 3aBUCHUT OT ILi€JIeH UCCIIEN0-
BaHud. Eciiu ocHOBHAs 3a7jaua MOJIETMPOBAHUS — MPOTHO3 OYyAyIUX 3HAYEHUM 3aBU-
CUMOI MEepeMEeHHON, TO MPU JOCTATOYHO OOJBIIMX 3HAUYECHUAX Kod(dduiueHra nae-
TEPMUHAIMU HAJIMYUE MYJIbTUKOJUIMHEAPHOCTH MPAKTUYECKU HE CKa3bIBAaeTCs Ha
IIPOTHO3HBIX KauecTBax Mozenu. OgHaKo 3TO YyTBEp)KJAEHHUE CIPABEJIUBO, €CIIU JIH-
HelHas 3aBUCUMOCTb MEXK/1y 3aBUCUMBIMH (PAaKTOPAMH COXPAHUTCS B OYIyILIEM.
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Ecnu e 1enbio uccieoBaHust IBISICTCS ONpeIeTICHIE CTETICHN BIUSHUS KaK-
JOW W3 HE3aBUCHMBIX MEPEMEHHBIX Ha 3aBHCHMYIO, TO HaJHYWE MYJIBTUKOJUIMHEAp-
HOCTH, IPUBOJISIICE K YBEIIMYCHHUIO CTAaHAAPTHBIX OIMINOOK, NCKa3UT UCTHHHBIC 3aBH-
CUMOCTH MEXIy MepeMEHHBIMU. B 3TOM ciydae MyJIbTHKOJUIMHEAPHOCTH MPEICTaB-
JseT co00i cephe3Hyto npobiemy [2].

MO>KHO BBIACTUTH CIEAYIOIINE METOIBI YCTPAHEHHS MYIbTHKOJUTHHEAPHOCTH:

1. UckmroyeHune U3 MOACIN OJHON WIH Psifia KOPPEINPOBAHHBIX MTEPEMEHHBIX.
OpmHaKko Ha MPAaKTHKE HE BCETJa SICHO, KAKUE W3 TIEPEMEHHBIX SBISIFOTCS JTUITHUMH B
yKkazaHHOM cMbicie. [103ToMy HCKIIOueHHEe HEe3aBUCHUMBIX MEPEMEHHBIX CBI3aHO C
PUCKOM BO3HUKHOBEHHUS OIIUOKU CTICITU(UKALINN.

2. llomy4yeHwe MOMOJHUTENBHBIX JAHHBIX WM HOBOW BBIOOpKH. Ocnabuth
npo0sieMy MYJIbTUKOJUTMHEAPHOCTH MOXKHO 3a CUET YBEIWYCHHS. CTaTUCTHYCCKUX
JTaHHBIX. YBEIWYCHHUE JAHHBIX COKpPAIAeT JUCTIEPCHUU KOA((OUIIMEHTOB PETPECCUH U
TEM CaMbIM YBEIUYHMBACT UX CTATUCTHUECKYIO 3HAUMMOCTh. OJIHAKO MTaHHBIN MOAXO/
MOJKET YCHUJIUTh MPOOJIEeMY aBTOKOPPETSIIUN OCTATKOB.

3. 3menenue criennukanuu MOACIU. 3/1eCh pedb HAET MO0 00 N3MEHEHUHU
dbopmbl Mozenu, 100 0 J0OABIEHUH HOBBIX OOBACHSIONINX [IEPEMEHHBIX, HEYUTEH-
HBIX B MEPBOHAYATBHONH MOJENH, HO CYHIECTBEHHO BIMSIOMINX HAa 3aBUCHUMYIO Tepe-
MeHHYI0. Vcronp30BaHme JaHHOTO MOIX0/1a YMEHBIIAET CYMMY KBaJpaTOB OTKIIOHE-
HUH, COKpalas CTaHAapTHYIO OMIMOKY PEerpeccHH. JTO MPUBOAUT K YMEHBIICHUIO
CTaHJAPTHBIX OMHUOOK KO3 PUITUEHTOB.

4. Ilepexon ¢ MOMOIIBIO JTMHEHHOTO MPeOOpa3oBaHMs K HOBBIM HEKOPPEIIH-
PYIOIIUM HE3aBHCHMBIM MEepeMeHHBIM. Harmpumep, mepexol K TJIaBHBIM KOMITOHEH-
TaM BEKTOpPa MCXOIHBIX OOBSICHSIOMINX IIEPEMEHHBIX (Y4TO MO3BOJISIET TaKKEe YMEHbB-
IIATh KOJUYECTBO paccMaTpUBaeMbIX (DAKTOPOB), MEpexoa K IMOCIeq0BATEIbHBIM
Pa3HOCTSIM BO BPEMEHHBIX psiiax Ax, =X, — X, ;.

3.2. I'erepockeacTUMHOCTDH
3.2.1. Coagepxxanue rerepocKeIACTUHYHOCTH

OneHku k03 HUIIMEHTOB JTUHEHMHOM MHOXKECTBEHHOUW perpeccun (2.3) sBiis-
10TCs 9QPEKTUBHBIMU (MMEIOIIIMMHU MUHUMAJIBHYIO JUCIIEPCUIO B KJIAcCe JIMHEHHBIX
HECMEIIEHHBIX OIICHOK) TOJBKO MPH BBINOJHEHUH OCHOBHBIX MOJCIIBHBIX MPEIIIONO-
*eHuil. Hapymenne npenmnocsutok 2, 3 BeaeT K yrepe 3¢ (OEKTUBHOCTH OIEHOK, T. €.
CYIIECTBYIOT OIICHKH C MEHBIIEH Iucriepcrueld (¢ MEHBIIUM pa3OpocoM 3HAYCHUH
OIICHOK).

BrinoaauMocTh npennocbuiku Moaenu (3, 0) Ha3bIBACTCS 20MOCKeOACMUYHO-
cmbio (MOCTOSTHCTBOM JIMCTICPCUH  OTKJIOHEHWH ). HEeBBITTOJIHUMOCTD TAaHHOM MPETIO-
CBUIKH Ha3bIBACTCS 2emepocke0acmuyHocmoio (HEMOCTOSHCTBOM JTUCIIEPCUH OTKJIO-
HeHUi). MaTeMaTHYeCKH TOMOCKEIACTHYHOCTh M T€TEPOCKEIACTUYHOCTh OIPEeIIs-
I0TCS CIICAYIOIIMM 00pa3oMm:

2 9
I'omockenacTuyHoCTh: D(€,) = G~ , IOCTOSIHHAA 111 BCEX HAOIIOIEHU.
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2 .
FCTCpOCKCI[aCTI/I"IHOCTbl D(Si) * G, HE00s3aTeIILHO OAMHAaKOBa OJId BCEX 1.

['eTepockeIaCTUUHOCTD MPEACTABISIET COOO0M CyIIECTBEHHYIO MTpo0IemMy, Koraa
3HAYEHUSI NIEPEMEHHBIX B YPABHEHUU PETPECCUM 3HAYUTEIBHO PA3IMYalOTCs B pas-
HbIX HaOmoaeHusx. [Ipobiema reTepocke1acTUYHOCTH MOXKET ObITh MPOUIUTIOCTPH-
pOBaHa Ha CIEAYIOUIUX IPUMEpaXx.

1. Ilpu u3ydeHuu OIOKETOB MOTPEOUTENEH MOKHO 3aMETUTh, YTO AUCTIEPCUU
OCTAaTKOB YBEJIMUMBAIOTCS C POCTOM JOXOIOB.

2. Ilpu m3yuyeHuu 3aBUCUMOCTU MEXAY pacxoaamu Ha oOpa3zoBanue u BBII B
pa3IUYHbIX cTpaHax. J{oysi rocyjapcTBEHHBIX PacXoJ0B Ha 00Opa3oBaHUE B BajJOBOM
BHYTPEHHEM MPOJYKTE OOBIYHO HAXOAUTCA B auamnazone 3—9 %. OnHako B aOCOIIOT-
HOM BbIpak€HUHU B cTpaHax ¢ OonpiiuMm BBII u3menenue pacxonos Ha 1 % Oyner
BBIPAXKATHCS 3HAUUTENIbHO OOJIBIIMMU U paMu, YEM MPU MAJIOM.

3. HenocTosiHCTBO AMCTIEPCUU MOKET HAOJIIOAAThCs MPU aHAU3€ BPEMEHHbBIX
psanoB. OHo cBsi3aHO ¢ A3dekTom MaciiTada.

Hanuuue rerepocke1acTUMHOCTH MOKHO HarJISIAHO BUAETH W3 IOJISI KOppENs-
uu (puc. 3.1).

y y

A

-\

______\_'_ -

a §)

Puc. 3.1. Pazimums MeX1y TOMOCKEJACTUYHOCTBIO U TeTePOCKEAACTHYHOCTBIO!
a — OCTaTKU T'OMOCKE/IaCTHYHBI; O — OCTATKU IeTepOCKEIaCTHYHBI

B o6oux ciydasx ¢ pocTOM HE3aBUCUMOM NEPEMEHHOM pacTeT CpeHEe 3HaUe-
HUE aHaIM3UpyemMoro npusHaka. Ho eciu Ha puc. 3.1, a qucnepens ocTaeTcst OJHOU
W TOM ke JUIsl pa3IMuHbIX YPOBHEH mepeMeHHou x, To Ha puc. 3.1, 6 nucnepcust He
OCTaeTCs IOCTOSTHHOM, a YBEJIMUUBAETCS C pOCTOM (aKkTopa.

Taxum 00pa3oM, npobdieMa reTepoCcKeTacTUYHOCTH CBsI3aHa C HEOAHOPOJHO-
CTHIO MCXOJHOM COBOKYITHOCTH JAHHBIX.
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3.2.2. IlocaeacTBusi reTepoOCKEeIACTHYHOCTH

[Ipu HEBBIMOTHUMOCTH TPEANOCHUIKH Mojenu (3, 0) (Haauuue rerepockesa-
CTUYHOCTH OCTAaTKOB) nocieacTBus npumenenuss MHK OyayT cienyromumu.

1. Onenkn kKo3()PUIIUEHTOB MO-TPEKHEMY OCTAIOTCS HECMEIICHHBIMH M JIH-
HEUHBIMH.

2. Ouenku He O0ynyT 3pheKTUBHBIMHU (T. €. OHU HE OyAYT UMETh HAUMEHBIIYIO
JUCIIEPCUIO TI0 CPABHEHUIO C JPYTMMH OIIEHKaMU JaHHOTO napamerpa). OHu He Oy-
IyT JaXe aCUMITOTHYECKH d(PHEeKTUBHBIMHU. YBEIHMUYCHUE NUCTIEPCUH OLICHOK CHH-
KaeT BEPOSTHOCTD MOJTYyUYCHHs] MAKCUMAJIbHO TOYHBIX OIICHOK.

3. Jlucniepcuu O1IEHOK OYIYT pacCUUTHIBATHCS cO cMmerieHneM. CMEImeHHOCTh
MOSIBJIIETCST BCIICJICTBUE TOTO, YTO HEOOBSICHEHHAs! YpaBHEHUEM PETrPEeCcCUH AUCIEp-

2 2
cus §° = Zet /(n—k) (k — 4yucno olleHMBAaEMbIX TTapaMeTPOB MOEH), KOTopas HC-

MOJIB3YETCS MPU BBIUUCICHUH OLICHOK JUCTIEpCHU BceX KO (PUIUECHTOB, HE SIBISETCS
0oJee HECMEIIEHHOM.

4. BeneicTBUE BBILIECKA3aHHOTO BCE BBIBOJBI, MOJYYAEMBIE HA OCHOBE COOT-
BETCTBYIOIIUX - U F-CTaTUCTHUK, a TaK)KE€ MHTEPBAIbHbIC OLCHKU OyAyT HEHaJIe)KHbI-
Mu. CenoBaTesibHO, CTATUCTUYECKUE BBIBO/JIBI, MIOJIy4a€MbI€ MPU CTAHAAPTHBIX IPO-
BEpKax KauyecTBa OIIEHOK, MOTYT OBITh OINIMOOYHBIMU M HPUBOJUTH K HEBEPHBIM 3a-
KJIFOUCHUSIM TI0 TIOCTPOSHHOU Mojiesid. BriosHe BEpOsSTHO, UTO CTaHIapTHHIE OITUOKH
KO2(pUIIMEHTOB OyIYT 3aHMIKEHBI, a CIIEIOBATEIBHO, {~-CTATUCTUKU OYIYT 3aBhIIIe-
HbI. DTO MOXET MPUBECTU K MPU3HAHUIO CTATUCTUUYECKH 3HAYMMBIMHU KO3 UIECH-
TOB, TAKOBBIMHM Ha CAMOM JIEJIE€ HE SIBJISIEOLIUXCS.

3.2.3. O0HapyxkeHHe reTepoCcKeIaCTUYHOCTH

WNnorjga nosiBieHre reTepOCKeTaCTUYHOCTH MOXHO TMpEABUICThH 3apaHee, Oc-
HOBBIBAsICh Ha 3HAHUU XapakTepa JaHHbIX. B Takux ciydasx MOXHO MPEANPUHATDH
COOTBETCTBYIOILIIME NEHCTBUS MO YCTPAHEHUIO 3TOro 3PdeKra Ha 3Tane crnenuduka-
uuu Mozenu. OJIHaKo B OOJBIIMHCTBE CIy4YaeB JIAHHYIO MPOOJIEMY MPUXOIUTCS pe-
maTh Mocjie HOCTPOeHUs! ypaBHeHuUs perpeccuu. He cyiecTtByeT kakoro-imdo oHo-
3HAYHOTO METO/1a ONPE/IETICHUS TeTEePOCKETACTUYHOCTH.

Jlisi MpOBEpKH OCTATKOB HA TIETEPOCKETACTHUYHOCTh pa3padOTaHO OoJbIIOE
YHUCJIO TECTOB, B KOTOPBIX JAENAIOTCS pa3lIMYHbIe MPEIINOJIONKEHUS O 3aBUCHUMOCTU
MEXIy BEJIMYMHON CIydyallHON OIMOKU M OOBSICHSIOIIMMU MEPEMEHHbIMU: Tpadu-
YecKUil aHaju3 OCTaTKOB, TeCT paHroBoil koppemsiuu CrnupmeHna, tect ['neiizepa,
tect ['onndenna — Kannra.

['padrueckuii aHanu3 OCTaTKOB MO3BOJSET ONPENETUTH HAJTUYHE TeTePOCKea-
cTuaHOCTHU. JIJIst 5TOro CTposTCsS rpaduKK 3aBUCHMOCTH e, Wi e’ OT 3HAYCHUH Ie-

k
peMeHHOU x; (1100 OT JNMHEHHONM KOMOMHALUM 3HAYEHUI MEPEMEHHBIX ) = ZBixl.

(puc. 3.2)). =
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X X X X

a 3] B r I
Puc. 3.2. 'padudeckuii aHaIn3 OCTATKOB:
a — TOMOCKEJIaCTHYHOCTh JUCIIEPCUH ITyMa; O—1 — ¢ OONBIION BEPOSATHOCTHIO
CYIIECTBYET MeTePOCKEIACTHUHOCTD IIIyMa

Ha puc. 3.2, a Bce OTKJIIOHEHHSI HaXOASATCA BHYTPH IOJIYNOJOCHL TOCTOSIHHOM
IIMPUHBI, TApAJJIEIBHONU OCH a0CIUCC. DTO TOBOPUT O HE3ABUCUMOCTHU AUCIIEPCUI OT
3HAYEHUI MEPEMEHHON X U UX MOCTOSIHCTBE, T. €. B ATOM CIIy4a€ Mbl HaXOJIUMCS B
ycIoBUsAX ToMockenactuyHocT. Ha puc. 3.2, 6—r HaOmogaioTcs HEKHE cUcTeMaTH-
YECKHE U3MEHEHUSI B COOTHOLIECHUSX MEXAY 3HAUCHUSIMH HEPEMEHHOM X W KBaJpa-
TaMH OTKJIOHeHHWI. Ha puc. 3.2, B oTpakeHa JuMHEWHAs 3aBUCUMOCTb; 3.2, T — KBaJl-
patuuHas; 3.2, 1 — TunepooInyYecKasi 3aBUCUMOCTh M@Ky KBaJpaTaMU OTKIOHEHUM
Y 3HAYEHUSAMHU OOBSICHAIONIEH MepeMeHHON Xx. JIpyruMu cloBamu, CUTYaIlluH, Mpe-
CTaBJIeHHbIE Ha puC. 3.2, 6—a, oTpakatoT OOJBIIYI0 BEPOSTHOCTh HAJIIMYUS TE€TEPO-
CKETACTUYHOCTH JIJI1 paCCMaTPUBAEMbIX CTATUCTUYECKUX TAHHBIX.

OtmeTuMm, yTo rpaduyecKuil aHaIU3 OTKIOHEHHH sBIsieTCsS YIOOHBIM U 10CTa-
TOYHO HAJEKHBIM B Ciydae MapHON perpeccur. IIpm MHOKECTBEHHOW perpeccuu
rpaduueckuil aHauu3 BO3MOKEH I KOKION U3 OOBSCHSAIOMIUX MEPEMEHHBIX X; , [ =
=1, 2,..., (k — 1) ornenbHo. Yaiie ke BMECTO OOBSICHSAIONIUX MMEPEMEHHBIX X; 10 OCH
abcIycc OTKIIAbIBAIOT 3HAYEHMs )i, MONydyaeMble U3 SMIHUPUYECKOIO YpaBHEHUS
perpeccuu. Takoiil aHanu3 1enecoo0pa3eH npu OOJBIIOM KOJIHMYECTBE OOBICHIIOUIUX
NepPEeMEHHBIX.

Opnako myis cTporo (opMaibHOrO BBIBOJA O HAJMYUU WIM OTCYTCTBUHU TreTe-
POCKEIACTUYHOCTU OCTATKOB CJEAYyEeT BOCIOJIb30BaThCSA (DOpMaNbHBIM CTaTUCTUYE-
CKHM TECTOM.

Bo Bcex Tectax Ha reTepoCKENacTUYHOCTh NPOBEPSAETCS HYJIEBas TUIIOTE3A

2 2
HO 0, =0,=...= Gi 00 OTCYTCTBHUU T'CTCPOCKCIACTHUYIHOCTH IPOTHB AJIBTCPHATHB-

v 2 2 2
HOW runoressl H,:6; #0, #...# 0,

Tect panrosoii koppeasuuun CrnupMeHa NpOBEPSIET HATUYUE MOHOTOHHOM
3aBUCUMOCTH MEXIy Jucnepcueil omubOku M BenuuuHou Qakropa. Habmonenus
(3HaueHust ¢hakTopa X, U OCTATKA €;) YIOPSJOUUBAIOTCS 10 BeIMUrHE (haKTopa X U BbI-
qyucigeTcs K03QGUIUEHT PaHrOBOM KOppesiuuu CanMeHa:

r,=1-6) ——

r7ie d,— pa3HOCTh MEXIY paHTaMU 3HAYCHUH X, U e, B i-HAOJII0/ICHUH.
KoaddunmeHT paHroBoii KOppessiiiuu CUYMTAeTCs 3HAYMMBIM Ha YpPOBHE 3Ha-
YUMOCTH ¢ TIpU 7 > 10, €clii BBINOJIHIETCA YCIOBUE

n(n —
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teiel ST sy

Trac fa/z 2 — TaOIUYHOE 3HAYECHHE f-KpI/ITepI/IH CTBIOIICHT& Ha YPOBHC 3HAYMMOCTHU O

Y TIPU YHCJIe CTeneHel cBoOO bl (11 — 2).

B aTOM ciiydae HEOOXOIUMO OTKJIIOHHUTDH TUIIOTE3Y O PABEHCTBE HYIIO K03 du-
IIUEHTA KOPPEIIALIHH Fre, @ CICIOBATEIBLHO, U 00 OTCYTCTBUHU IeTEPOCKETACTHIYHOCTH.
B npotuBHOM citydae rumnore3a 00 OTCYTCTBUU T'€TEPOCKEIACTUIHOCTH HE OTKJIOHS-
ercsa. Ecnmm B Mojenu perpeccuu OOJIbIlie YeM OJIHAa OOBSCHSIOIIAs NEpeMEHHAs!, TO
MIPOBEPKA TUIIOTE3bI MOXKET OCYIIECTBISITHCS C MIOMOIIIBIO /~CTATHCTHKYU IS KaXKIOM
U3 HUX OTJEIBHO.

Tect [lapka

I[pu peanusanuu Tecta [lapka npeamnosaraeTcs, 4To AUCHepcus G, =G (e;)

saBIsieTCs (PYHKIMEH i-r0 3HaYCHHS X; 0OBscHAIoNEH nepeMenHoi. P. [Tapk mpemo-
KW CIEAYIONYIO (DYHKIIMOHATBHYIO 3aBUCUMOCTh

o, =c'xle". (3.1

[Iponorapudmuposas (3.1), noayuum
Inc? =lnc” +Blnx +v,.

2
Tak kak AUCIICPCUHN O, OOBIYHO HCU3BCCTHBI, TO HX 3aMCHIIOT OICHKaAMH

v 2
KBaJaApaToB OTKIIOHCHHU ¢€; .

Kpurepnii [lapka BKItOYaET CIEAYOMINE TAIIbL:
1. Ctpourcs ypaBHeHue perpeccuu y, =f3, +,x, +€,.

2. Jlns xaxaoro HabyoeHus onpeaensercs Ine’ =In(y, — 3,)°.
3. Ctpourtcs perpeccus

Ine’ =B, +B,Inx, +v,, (3.2)

rae B, =Inc?.

B cnydae MHOXKECTBEHHOUM perpeccuu 3aBUCUMOCTH (3.2) CTpOUTCS ISl Kax-
701 0OBsICHSIOMEN TepeMEHHOM.

4. TlpoBepsieTcsi CTaTUCTUYECKass 3HAYUMOCTh KoddduiimeHnta B ypaBHEHHs

A

(3.2) Ha OCHOBE f-CTaTUCTUKH: = E Ecnu ko3 duniveHt f cTaTUCTUYECKU 3HAUMM,

B
TO 3TO O3HAYaeT HAJIMYME CBA3M Mexkay Ine’ u Inx 1, T.e. HantuumMe retepockeja-
CTUYHOCTH B CTATUCTUUYECKUX JTAHHBIX.
OTtMeTuM, 4TO UCIIOIb30BaHuE B KpuTepuu [lapka KOHKpEeTHON (YHKIIMOHAIb-
HOM 3aBUCHUMOCTH (3.2) MOXKET MPUBECTU K HEOOOCHOBAHHBIM BBIBOJIaM (HAIIpUMED,
KOd(pULIMEHT B CTATUCTUUYECKH HE3HAYHMM, a T€TEPOCKETACTUYHOCTh UMEET MECTO).
Bo3moxHa eme oana npobiema. s ciydailHOro OTKJIIOHEHUS V;, B CBOIO OuY€peb,
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MOXET UMETh MECTO IeTepoCcKenacTUUHOCTh. [loaTomy kputepuii [Tapka momosHsieT-
Csl IpYTUMHU T€CTaMHU.
Tect I'neiizepa 1mo3BOJIAET HE TOJBKO BBISIBUTH HATHMYHE T€TEPOCKEIACTHIHO-
CTH OCTaTKOB, HO W CJI€JIaTh ONPEICICHHbIC BBIBOBI O XapaKTepe 3aBUCUMOCTHU JIHC-
IIEPCUM OCTAaTKOB G, OT 3Ha4eHUi (pakropa x;. B TecTe mpoBepseTcs CyleCTBOBaHHE
(G YHKIIMOHAIBHOW 3aBUCUMOCTH CIEYIONIEro BUIA:
c,=a+px .
[To monmyyeHHBIM OCTaTKaM YpaBHEHHUS PETPECCHUU OCYIIECTBISIOTCS perpec-
cuu
€ |= o+ Bx/
MIpU pa3IMYHBIX 3HAUCHUSIX mapametrpa y (Hampumep, —1; —0,5; 0,5; 1; 1,5;2; ...) u
BBIOMPAETCsl 3aBUCUMOCTh ¢ HanOosiee 3HaunMbIM K03 duimentoM . Ecau Bce ko-
¢ uiuenTsl 3 HE3HAUUMBI, TO HET OCHOBAHUM TOBOPUTH O I€TEPOCKEIACTUYHOCTH
OCTaTKOB.
Tect IN'onagenna — Kanara. [Ipu npoBegeHnn 3TOro TeCTa Mpeanonaracrcs,

qTO CTAaHAAPTHOC OTKIIOHCHHEC O, HPOIOPHHOHAJIBHO 3HAYCHUIO HCKOTOpOﬁ HC3aBH-

CUMOM HepeMeHHOﬁ X, B 3TOM Ha6JIIOIICHI/II/I, a TaK¥kKe, 4YTO €, MMECT HOPpMAJIbHOC

pacnpeiefieHue U OTCYTCTBYET aBTOKOPPEIISIIUS OCTaTKOB. TeCT BBINOJIHAETCS B Clie-
IYIOIEH MOCIIeI0BATEIbHOCTH:

1. Bce HaOmrofeHus: ynops04uBalOTCs 10 YObIBAHUIO TOM HE3aBHUCHUMOM Ie-
PEMEHHOM, OTHOCUTENIBHO KOTOPOH €CTh MPEINOIOKEHUE HA TETEPOCKETACTUIHOCTb.

1
2. Uckmouarotcs d cpennux HabmoogeHuu, d ~ Zn

n d

3. IlpoBoasTcsi 1B€ HE3aBUCUMBIE PETPECCUU MEPBBIX 575 HaOII0ICHUN 1

n d A
MOCJIETHUX 575 HaOJFOJCHNUI M CTPOSTCSI COOTBETCTBYIOIINE OCTATKH €, €, .

T
€ ¢
T
€, &

4. Breluucnsgercs craTuctuka [ = . Uucnurenb U 3HaMeHaTeNlb B BbIpa-

)KeHuu F CICAYIOT PasacinTb Ha COOTBCTCTBYIOMICC YMUCIIO CTeNeHEeH CBO6OI[BI, on-
HaKO IJIsA HaHHOﬁ pcainzan OHU OJHUHAKOBEI.

HpeBBIH_ICHI/IC HOqueHHOﬁ CTaTUCTUKU KPHUTUYUCCKOI'O 3HAYCHUA HA 3aJaHHOM
YPOBHE 3HAYMMOCTH O CBUJACTCILCTBYCT 00 OTCYTCTBUU I'OMOCKCOAACTUIHOCTMU.

3.2.4. O0001IeHHBI METO HAMMEHBIINX KBA/IPATOB

Onenku (2.6) xk03hPUIMEHTOB JTUHEWHOW MHOXKECTBEHHOU perpeccun (2.3)
ABJSIIOTCS d(PGEKTUBHBIMU (MMEIOITUMH MHHUMAJIBHYIO JTUCIIEPCUIO B KJacce JIu-
HEWHBIX HECMEIIEHHBIX OIEHOK) TOJBKO MPH BBHIMOJHEHUH OCHOBHBIX MPEINOCHIIOK.
Hapymenue npeanocsiiok 3, 6—B Benet kK yrepe 3¢ (PpEeKTUBHOCTH OLIEHOK (2.6), T. €.
CYILIECTBYIOT OIICHKM C MEHBIIECH Jucriepcueit (C MEHbIIUM pa3OpoCcOM 3HAUYEHUM

26



orieHOK). CleICTBUEM MPEANOCHUIOK O MOCTOSHCTBE AUCIIEPCUU U OTCYTCTBUH aBTO-
KOPPEJISIIIUU CIIY4alHBIX OIIMOOK SIBISETCS IMAaroHajbHas CTPYKTypa MAaTpPHUIIBI KO-
Bapuanuii V' (€) ciyuallHOTO 4iieHa € C OJJUHAKOBBIMHU IMArOHAJbHBIMU AJIEMEHTAMHU

6° (QUCIepeHst CIydaifHOro WieHa €, ):
E(gg")=Cov(e,e)=c"1,

rae [, — eTMHUYHAs MaTpulia Ppa3sMEPHOCTHIO 7.

[Tpu Hapymenuu ykazaHHbIX npeanocbuiok Cov(e,e) mepectaeT UMETh IUaro-
HaJbHYIO CTPYKTYpYy. O003HauUM ee uepes Q.

s monydenuss 3QGEKTUBHONW OIEHKH HCIOIB3YeTCs O00O0OIIEHHBIN METO
HauMeHbluX kBagpaToB (OMHK).

Teopema AiiTkena. B kiacce JIMHEHHBIX HECMEIICHHBIX OIEHOK BEKTOpa [3

1151 00001IEHHOM perpecCHOHHOM MOJIENTH OLIEHKa
B =(X'Q'X)'x'Qly
MMEET HAMMEHBIIYIO MaTPULly KOBapUalHil.

CrenyeT OTMETUTh, YTO BBUAY CJOKHOCTH OINPEAENEHUS MaTpULbl KOBapHa-
uuii () 3TOT pe3yabTaT UMEET B OCHOBHOM TEOPETHUYECKUU xapakTep. Tem He MeHee
IIPU ONPENEIEHHBIX MPEAIIONIOKEHHUIX O CTPYKTYype (2 TEOpeMa UMEET NPAKTUUECKOE
3HaueHue [7].

0000 1meHHbI MeTOo/ HAMMEHbIIUX KBaJpaToB B ciryyae
reTepoCKeJaCTUHYHOCTH OCTATKOB

[IpeanosioxkuM, 4TO HApyHIaeTcs TOJABKO MPEANOCHUIKA O MOCTOSHCTBE JMC-
nepcuM Ci1y4ailHOro wieHa O, # G, # 6. IIpu BBINONHEHUM TPEANOCHUIKH O HO-

-1
CTOSHCTBC JUCIICPCUN MATPUIIBI Qu ) gBIAOTCA AUaroHaJIbHbIMU

1
— 0 ... 0
s 3 - o,
o, 0 i
N 0 oo ... 0 - 0 o 0
0 0 c, | |
0 0 —
! S,

Cuctema HopmanbHbIX ypaBHeHHT OMHK (2.6) umeet By
X'Q'X)B=Xx'QY, (3.3)

WU B KOOpAUHATHON (hopme

1
SEpY b R BT e T
¢ t t !

O,
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y.X X X5, X X, X X
z t 2Ict — Blz_kzt +Bzz 2t2kt +B3Z 3t 2kt + +Bkz_k2t' (34)
o, o, : o o

G t t

Cucrema ypaBHeHu# (3.4) COOTBETCTBYET MOJIEIHU, ONMPEALIIEMON COOTHOILIE-
HUSMH

1
R S Y Y - R . (3.5)
o, c c c

t t t t

KOTOpBIE MOITYYaloTCs, €CIIM UCXOJJHOE YpaBHEHUE MHOXKECTBEHHOU perpeccu (2.3),
3aMMCAaHHOE JJIs KaXKI0ro HaOJIIOJEHUs, pa3ieliuTh HaA CPEHEKBAAPATUUYHOE OTKJIIO-

o o 4 €
HCHHUC O CIIYHAWHOTI'O YJICHA &; B f-Ha6JIIOIICHI/IPI. CHy‘I&I/IHBII/I QICH U, = —LB MOICIIN

O,

(3.5) umeeT MOCTOSTHHYIO JIJIsI BCEX HAOMI0ICHUHN JUCHEPCHUIO Git =1.
3anuck Moaenu B Buje (3.5) COOTBETCTBYET YPAaBHEHUIO JIMHEHHON MHOXECT-
BEHHOH perpeccuu (0e3 cBOOOAHOIO YjieHa)
Y =Bx +B,x 4+ B x +u,
3allHCaHHOMY B HOBBIX INEPEMEHHBIX J',X/,X),...X;, 3HAYECHUSA KOTOPBIX OIpee-
JSAIOTCS 110 hopMyJiam

D /NI e 1 Xk _&
Y=t X =—yx, =2 L x, ="y =
Gt Gt Gt Gl Gl

2
CJICI[yeT OTMCTHUTDH, YTO BCJIUYHHBI O, IIPAKTHYCCKH HHKOI'Ta HC M3BCCTHBI

)
Y BMECTO HUX CIEIYET UCIIOJIb30BATh COCTOATENBHBIE OLUEHKU G .
[Ipu npaxtudyeckom wucnonas3oBanun OMHK wucnonezyercs kakoe-n1u0o
2 )
IIPEIIOJIOKEHNE OTHOCUTEIBHO 3aBUCUMOCTH JUCIIEPCUH G, CIy4YalHOI'O YICHA € OT

HAOJIOICHUS MIIU BeJIMYMHBI PAKTOPOB X,.

Meto/1 B3BeHIEHHbIX HAUMEHbIINX KBAaIPATOB

JIaHHBII METOJI OCHOBBIBAETCSI HA 3HAHUM KOBApPUAILIMOHHOW MATPHUIIbI BEKTOPA
omuOOoK. IlpeamnoysoxumM, 4To KOBapuallMOHHAs MaTpHIla ONIMOOK JHaroHajbHas,

2 2 2
D(g,) =6, , KpoMe TOro, G, =G ®,, [JIe YUCIIa O, HOPMHPOBAHBI TAKUM 00pa3oM,

qTo ZOJIZI’Z. BcnomorarensHas cucreMa MoJIy4dacTCda JOCJICHUCM KaXXIOO0IO
t

YPaBHCHUA Ha COOTBCTCTBYIOIICC 3HAYCHUC O, .

k
Vi _ xll'
=2 B, +u,
j=1 G,

O,
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€
rac u, =—L HCKOPPCIINPOBAHHBI 1 HUMCIOT IMOCTOAHHYIO IUCIICPCHUIO. HpI/IMCHHSI K
(0}

t
HpCO6pa3OBaHHOﬁ CHUCTCMC CTaHHapTHBIﬁ MCTOA HAMMCHBIIINX KBAAPATOB, IIOJIY4aCM
HanJIydymue JIMHCMHBIC HCCMCIIICHHBIC OLCHKH. COI[Cp)K&TCJ'IBHBIfI CMBICJI TaKOI'O
Hp606pa30BaHI/ISI OYCBUACH: IIPHU B3BCHIMBAHUHN KaKIOTO Ha6JIIOI[CHI/ISI C IIOMOIIIBIO

1
koadduirieHTa — ycTpaHSE€TCs HEOJHOPOJHOCTh JAaHHBIX: HAOJIOJCHUSIM C
c
t
MEHbLIEH nucrepcued npuaaercs Oonblinii Bec U Haobopor. [losTomy maHHBIN
IIOAX0/1 Ha3bIBaIOT METOJOM B3BELICHHBIX HAUMEHBIINX KBAJIPaTOB.
CraHpgapTHOE ~ OTKJIOHEHME  OWIMOKM  MPOINOPLMOHAIBHO - HE3aBUCHUMOMN
nepeMeHHON. Eciu MOKHO CUMTaTh, YTO CTAHAAPTHOE OTKIOHEHHWE OMIMOKH IPSAMO

9 2 2.2
IIponopuHuOHAJIBHO OJAHOU U3 HC3aBUCHMBIX IICPCMCHHBIX C, = O Xk , TO IIPUMCHAIOTCA
Iz

Loy = _ W
Clefylomue mpeobpasoBaHus: X, =—-, y, ==L,
Xk Xik
HpeO6pa30BaHHOI7I CUCTEMBI J1ar0T HeHOCpeI[CTBeHHO OLCHKH HCXO}IHOﬁ MOACIIN.

MHK-onieaku ko3 puirieHToB

3.3. ABTOKOppeJISAIUA OCTATKOB
3.3.1. CyTh ¥ NIpUYMHBI ABTOKOPPEIALHH

Ha mpakTrke MOKeT HapymaThCs MPEANOChIIKA O HE3aBUCUMOCTH 3HAYCHUH
CIIy4allHOTO YjieHA & U & B pa3nuuyHbIX HabmoaeHusx Cov(e, &) =0 (¢ #s). B atom
clIydae TOBOPSAT, YTO CIIyH9allHbIe OIIHOKH = a8MOKoppeIuposanHuvle.

Asmoxoppenayus (MOCaeA0BaTENbHAS KOPPEJIAIHS) ONpeaesaeTcs: Kak Koppe-
JSAIUS MEXTY HaOJI0IaeMBIMHU ITOKA3aTeIIMHU, YITOPSI0YSHHBIMH BO BPEMEHH (Bpe-
MEHHBIC PsIJIbl) WM B MMPOCTPAHCTBE (MPOCTPAHCTBCHHBIC JIAHHBIC). ABTOKOPPEIAIUS
CIIy4aliHbIX OMIMOOK YaIle BCTPEUACTCs] B PETPECCHOHHOM aHAIN3e MPHU HUCIOJIb30Ba-
HUW JAaHHBIX BPEMCHHBIX psANoB. OqHAKO HEPEAKU IMPOSIBICHUS JAHHOTO SBJICHUS W
IIPY MOJICTUPOBAHUH HA MMPOCTPAHCTBEHHBIX JIAHHBIX.

CrnyuyaitHast omuOKa B ypaBHEHHUHW PETPECCUM TMOJIBEPTaeTCsl BO3ICHCTBUIO TEX
MEPEMEHHBIX, BIMAIOININX HAa 3aBUCUMYIO TICPEMCHHYIO, KOTOpPhIC HE BKJIIOYCHBI B
ypaBHeHHe perpeccuu. Eciu 3HaueHue €, B J1I000M HAOJIONEHUH JOJKHO OBITH He-

3aBHCHMBIM OT €T0 3HAYCHHWH B MpEABLAYIeM HaOIIOJCHUH, TO U 3HAUYCHUE JI000U
IEPEMEHHOM, «CKPBITON» B €,, JOJKHO OBITh HEKOPPEIUPYEMO C €€ 3HAUCHUEM B
MpeABIAYIIEM HAOIOICHHUH.

[TocTosiHHAsT HANIPaBICHHOCTh BO3/ICHCTBHS HEBKIIFOUCHHBIX B YpaBHCHHE Iie-
PEMEHHBIX SBIIICTCS HanOOJIee YaCTOW MPUIMHON MOJIOKUTEITHPHOW aBTOKOPPEIISIIHH
(puc. 3.3) — ee 0ObIuHBIN THI 17151 SKOHOMUYeckoro ananusa (Cov(e, ;,€,)>0).

IIpumep. Crpoc Ha MOpPOKEHOE OOYCIIOBIIEH COCTOSIHUEM IOT0JIbI, KOTOPOE B

CBOIO OoUCpCOb ABJIICTCA CKPBITBIM B & Q)aKTOpOM. BepOSITHO, IIpu N3MCPCHUHN 6YIICM
HMCTBh HCCKOJBKO ITOCIICAOBATCIIBHBIX Ha6JIIOI[CHI/If/'I, Korga TCIuIas Iioroaa 6YI[CT

-1>
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6JIaFOHpI/ISITCTBOBaTB YBCIIMYCHUIO CIIPOCA Ha MOPOKCHOC, ITOCIIC 3TOI0 — HCCKOJIBKO
II0CJICA0BATCIIbHBIX H&6JIIOI[CHPII>1 IMPOTUBOIIOJOKHOI'O XapaKTepa.

YA Jleto

Jleto

3uma

» X
Puc. 3.3. [lonoxurenpHas aBTOKOppEALuUs

OTtpunatenbHas aBTokoppensanus (puc. 3.4) o3HavaeT, 4To 3a MOJOKUTEITHHBIM
OTKJIOHEHHEM cielyeT oTpuuarenabHoe U HaooopoT (Cov(e, ;,€,)<0). OTpunarens-
Hasl aBTOKOPPETAIHs BCTpeyaeTcs peako. Ho mHOrma oHa nposBisieTcs mpu npeodpa-

30BaAHUHU HCpBOHaanBHOﬁ CHeI_II/I(l)I/IKaI_II/II/I MOACIIN.
Vi

X
Puc. 3.4. OtpunatenpHas aBTOKOppEIALus

Cpenu OCHOBHBIX TIPUYHWH, BBI3BIBAIOIINX MOSIBJICHUE aBTOKOPPEISAIINH, MOXXHO
BBIJICTTUTH OITMOKH Crieln(pUKAIMU, UHEPIIUIO B U3MEHEHUH SKOHOMUYECKUX TTOKa3a-
tenei, 3 PeKT mayTUHbl, CrIAKUBAHUE TAHHBIX [2].

Owubku cneyuguxayuu. OTCYTCTBUE B MOJEIN KaKOU-THOO BaKHOU OOBsC-
HAIOIIEH TepeMeHHON JIMOO HeNpaBUJIbHBIM BBHIOOP (DOPMBI 3aBUCUMOCTH OOBIYHO
MPUBOJUT K CUCTEMHBIM OTKJIOHCHHUSIM TOYEK HAOJIIOACHUN OT JUHUU PETrPECCUU, YTO
MOXET MIPUBECTHU K aBTOKOPPEIISIIUU.

Hnepyus. MHOTHE S5KOHOMUYECKUE TTOKa3aTeau (HarnpuMmep, nHIsus, 6e3pa-
6oturia, BHIT 1 T. n.) obnagarT onpeacieHHON MUKIMYHOCTHIO, CBI3aHHON ¢ BOJI-
HOOOpA3HOCTHIO JI€JTOBOM aKTHUBHOCTU. JleHCTBUTENBHO, SKOHOMHYECKHN TMOIBEM
MPUBOJUT K POCTY 3aHSATOCTH, COKpalleHuio uHbsmuu, yBenunuenuro BHIT u 1. 1.
DTOT POCT MPOJOIIKACTCS 0 TeX MOp, MOKa U3MEHEHNE KOHBIOHKTYPBI PhIHKA U psiia
PKOHOMUYECKUX XapaKTePUCTUK HE MPHUBENET K 3aMeJICHUIO POCTa, 3aTeéM — OCTa-
HOBKE U JBWIKCHHIO BCIIATH paccMaTpHBaeMbIX Mokasateneil. B qro0oM ciydae 3Ta
TpaHc(opMaius TPOUCXOIUT HE MTHOBEHHO, a 00JaJaeT OMpEeIeICHHOW MHEPTHO-
CTBIO.

Opexm naymunvi. Bo MHOTUX chepax 3KOHOMHUKH SKOHOMHUYECKHE MOKa3a-
TEIW pearupyroT Ha U3MEHEHHE DPKOHOMHUUYECKUX YCIIOBHUM C 3ama3/biBaHHeM (Bpe-
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MEHHbIM JaroM). Hampumep, npeasioxkeHue ceabCKOX03sIICTBEHHON MPOAYKIIMH pea-
rUpyeT Ha U3MEHEHUE LIEHbI C 3ama3/blBaHuEM (PaBHBIM MEPUOY CO3pPEBaHUS YpO-
kas). bonpiias 11eHa cenbCKOX03IMCTBEHHOM MPOAYKIIMU B MPOILIOM TOAY BBI30BET
(ckopee Bcero) ee Nnepenpou3BOACTBO B TEKYILEM TOAY, a CIEAO0BaTENbHO, LIEHA Ha
HEE CHM3UTCS U T. 1. B 3TOM cuTyanuu Henb3s npearonaraTb ClIy4aiHOCTb OTKIIOHE-
HUW APYT OT Apyra.

Canascusanue dannvix. 3a4acTylO JAHHBIE TI0 HEKOTOPOMY MPOJIOJIKUTEIBHO-
MY BPEMEHHOMY IEPUOAY MOJYYaOT YCPEIHEHUEM JAaHHBIX IO COCTABIISIOLIUM €T0
MOJMHTEPBAJIaM. DTO MOXKET IPUBECTHU K ONPEACICHHOMY CIJIaXKUBAHUIO KOJIEOaHUIH,
KOTOpBIE UMEJIUCH BHYTPU PACCMATPUBAEMOI0 IIEPUOJA, YTO B CBOXO OYEPELb MOXKET
IIOCIIYKUTh IPUYUHON aBTOKOPPEISALINU.

3.3.2. IlocaeacTeusi aBTOKOPpeasiliui

IIpn npumenenun MHK MOXHO BBIIEINUTH CIAEAYIOLIUE TOCIEACTBUS aBTO-
KOPPEJISLIHH.

1. Ouenku mapaMeTpoB OCTAIOTCSA JIMHEHHBIMU U HECMEIEHHBIMHU, HO Tepe-
cTatoT ObITh 3 PexTuBHBIMU. CIIe0BATENbHO, OHU IEPecTaloT 00J1aJaTh CBOMCT-
BaMHU HAWIYUIIHUX JJUHEHHBIX HECMEIIEHHBIX OIIEHOK.

2. Jluciepcuu OIIEHOK SIBJISIFOTCS CMEIICHHBIMU, 4Yalle 3aHM>KEHHBIMH, YTO
MPUBOJUT K YBEIUYCHHIO /-CTATUCTUK. OTO MOMKET MPUBECTH K MPU3HAHUIO CTa-
TUCTUYECKH 3HAYUMBIMU OOBSCHSIONINE IIEPEMEHHBIE, KOTOPHIE B IEUCTBUTEIBHO-
CTU TAKOBBIMH MOT'YT U HE SIBJISTHCS.

52
n—k

3. Ouenka AuCHEpCUU PETPECCU G SIBJISIETCS CMEIICHHOM OIICHKOU

FCTUHHOTO 3HAYCHHS O~ , BO MHOTHX CIy4asix 3aHIKCHHOIL.

4. B cuty BbIIIECKa3aHHOT'O BBIBOJBI 110 /- U F-CTaTUCTUKAM, OTPECISIONIUM
3HAYMMOCTh KO3 (HUIIMEHTOB perpeccuu u KodpduimreHTa q1eTepMUHaIig, BO3MOXK-
HO, OyIyT HEBEepHBIMU. BemeacTBue 3Toro yxXyAlaroTcsl IpOrHO3HbIE KauecTBa MO-
JEIIH.

3.3.3. O0HapyxeHHe ABTOKOPPeEISALHA

BbIBOBI O HE3aBUCUMOCTH CITyYalHBIX OLIMOOK HAOIIOJEHUN OCYIIECTBIISIIOT-
Csl'Ha OCHOBE OLICHOK €7, MOJIYYeHHBIX U3 SMIIUPUYECKOTO ypaBHEHUS perpeccuu. Jis
O0OHapY’KEeHUS aBTOKOPPEISIMU CIy4YalHbIX OIIMOOK MUCIOJIB3YIOT CAEAYIOIINE METO-
Ibl: rpaduueckuil aHanu3 ocTaTkoB, TecT Japouna — YorcoHa.

I'paguueckuit memoo

OpHuM U3 crnoco0oB rpaduueckoro 0OHapyKeHUs: aBTOKOPPETSALUU ABIACTCS
MOCTPOEHHUE MOCIEA0BATEIbHO-BpEMEHHBIX rpadukoB. C 3TOM LENbI0 CTPOUTCS Ipa-
(UK 3aBUCUMOCTH €; OT €ro MopsiAKOBOro Homepa i (puc. 3.5)
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Puc. 3.5. I'paduaeckuit ananm3 ocTaTKoB

MOXHO TIPEANOI0KUTh, YTO HA pUC. 3.5, a—T UMEIOTCS OINpPEACIECHHBIE CBI3U
MEXY OTKJIIOHCHUSIMH, T. €. aBTOKOPPENALUI UMEET MECTO. OTCYTCTBUE CUCTEMATH-
YEeCKOM CBSI3M MEX]y OCTaTKaMH Ha puc. 3.5, J CKOpee BCEero CBUJETEIbCTBYET 00
OTCYTCTBHU aBTOKOPPESALIUH.

['paduyeckuii aHaIM3 OCTAaTKOB HE SBJISIETCS CaMOCTOSATEIBHBIM U yOCIUTEIb-
HBIM METOJIOM OOHApY>KCHHSI aBTOKOPPEISIINU, a MOXET TOJIBKO HILIIOCTPUPOBATH
pe3yabTaThl (hOpMaIbHBIX CTATUCTUIECKUX TECTOB.

Tecm /lapouna — Yomcona

JIaHHBIN TECT UCIIONB3YETCsl ISl OOHAPYKEHUSI aBTOKOPPEISIIUU TEPBOTO TIO-
psaka. BonbMHCTBO (hOpPMaNBHBIX TECTOB HCIOIB3YIOT CIEAYIONIYIO UACI0: €CIIH
aBTOKOPPEJISIIUS €CTh Y OMIMOOK €, TO OHA MPUCYTCTBYET U B OCTaTKax e, MoJiydae-
MBIX TIOCJIC MPUMEHEHUsI K MOJIeJId METOoJIa HauMEeHbINX kBajapaToB. Bo Bcex dop-
MaJIbHBIX ~TeCTax TMPOBEpsieTCs THUMOTe3a 00 OTCYTCTBUU aBTOKOPPEISIIUM:
H,: p=0. AnsTepHaTUBHBIM CUUTACTCS NPEANIONOKEHUE 1, O KOPPENUPOBAHHOCTU

OCTaTKOB.
[IpenmnonoxkuM, 4To OCTaTKU B ypaBHEHHMM perpeccun y = XP+¢& o0pa3yroT

aBTOpeI‘peCCI/IOHHHﬁ mponecc NnepBoro nmopsaaKa:

€, =pg,_ TV,

rze ‘p ’<1 — HEKOTOPBIN MapaMeTp, Ha3bIBaeMbIi KOOPPHUIIMECHTOM aBTOPErpeccuy, a
T 2 )
{vi} (E(v,)=0,D(v,)=E(vVv )=0,) — HE3aBUCHMBIE B COBOKYITHOCTH CIIy4aliHbIE
2
BEJIMYMHBI, UMEIOIINE OJJMHAKOBOE HOpMAJIbHOE pacnpeneieHue N (O,G )

Tect Jlapbuna — YoTcoHa OCHOBaH Ha CTaTUCTHUKE:
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Z (et €. )2
DW =2
D¢
t=1

MoXHO TIpOBEPHUTH, KaK 3Ta CTATUCTHKA CBA3aHA C BHIOOPOYHBIM KO3 huIim-
€HTOM KOPPEJISIUU MEXKY €; U € ;.

n n n n
2 2 2
Z(et —e.) zet + ZeH N 22 €€
— =2 _ =2 t=2 t=2
DW = p = p
2.4 2.4
€ G
t=1 t=1
n n n n
S -dr3e-d-2ee, | See
¢ ¢ e, € €€ €€
_ _t=1 t=1 t=2 _ =2
= p =21 ~ " .
2.4 24 | 2
¢ ¢ G
t=1 t=1 t=1

[Ipeanonaras yuciao HaOMIOJEHUM JTOCTATOYHO OOJIBIIMM, MOXKHO CUMTATh,

2 2
_ el + en

1 n
YTO MPUOJMIKEHHO BBITIOJHEHBI CIICIYIONINE PAaBEHCTBRA: " Zet =—¢/(n—-1)=0mn
n—1,,
1 n
" Zet_l =—e /(n—1)= 0. IloaToMy BbIOOpOUHBIN KO(D(DUIHEHT KOPPEISALUU 7
n—»1,,

MCIKAY €; U €. MOXKHO HpI/I6JII/I)KeHHO IMPpEeACTaBUTL B BUAC

n n
e, Dee
r~ t=2 1 zzzn )
n n—
S X
Zet zet !
=2 =l t=l

~
~

n
2 2 ) v 2
HpeHe6pera;I cJaraCMbIMH el 5 en 10 CpaBHeHI/IIO C 06I_HCI/I CYMMOI/I E et 5
t=1
OKOHYATEJIBbHO HOJIqu/IM

DW =2(1-r).

CoaepkaTenbHBIN CMBIC CTATUCTUKHU 3aKIIFOYaeTCs B caeayromeM. Ecaun Mex-
Iy €; W e,; CYLIECTBYET BbICOKAs IMOJOKUTEIIbHAsI KOPPENALUs, TO BeJIMUMHA CTaTHU-
ctuku DW mana. 3HaueHHs] CTaTUCTUKU, OJIM3KHE K 2, MOTYT O3Ha4aTh OTCYTCTBHE
aBTokoppessiiuu. Ecnu koadduiment » 61u30k k —1, To Benmuunaa DW ctpemutcs k
4 ¥ MOXKHO CJeNaTh BBIBOJ O HAJIMYMM OTpHULIATENIbHOU aBTOKoppemsuuu. s oboc-
HOBAHHOT'O BbIBOJAa 00 aBTOKOPPEJISIIIMM HA 3aJaHHOM YPOBHE 3HAYMMOCTH O HC-
N0JIb3yET MOPOrOBbIE 3HAYECHUS d,, d,, BBIYUCICHHBIC JIJIsl HEKOTOPBIX (PUKCUPOBAH-
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HBIX 3HAYCHUH YKclia HAOIIOICHUM 77 U KOJIMYECTBAa SK30TE€HHBIX MEPEMEHHBIX B UC-
xonHo# Moaenu. B coorBercTBUM ¢ TecToM J[apOuHa — YOTCOHA MPUHUMAIOTCS Clle-
IYIOIIHUE PEIICHHUS:

Tabmuma 3.1
[Tpunsarue pemennii no craructuke Jlapouna — Yorcona
3Hadenne craTuctuku DW BriBog

4—d , <DW <4 ['mroTtesa H,, oTBepraetcsi, €CTh OTPHIATENb-
Hasi Koppessiuus

4—d <DW <4-d, HeomnpenenenHocts

d <DW<4-d, l'unoresa H, He oTBEpraercs

d,<DW <d, HeomnpeneneaHocts

0<DW <d ; l'unore3a [, OTBEPraercs, €CTh MOJNOKUTEIb-
Hasi Koppessius

Hanuuue 30HBI HEONPEAEIEHHOCTH MPEACTABIISET ONPEIEIEHHbIE TPYIHOCTH
P UCIOJIB30BaHUU TecTa. OJHAKO OHA MOKET ObITh YCTpaHEeHa IMyTeM YBEJIUYEHUS
00BEeMOB BBIOOPOUYHBIX JaHHBIX. B 3TOM cilydae 30Ha HEOMpPENEIEHHOCTH MOMKET
OBITH YMEHBIIICHA.

Cyl1iecTByIOT omnpe/eieHHble OrpaHUuEHUs MO UCTIONb30BaHUI0 TecTa Jlapou-
Ha — YOTCOHA.

1. Kpurepuiit DW npumeHsieTcsl Tuiib IS T€X MOJENIEH, KOTOPBIE COAEPKAT
CBOOOJTHBIN YJIeH.

2. Tect lap6buna — YOTCOHA OCTPOCH B MPEIINONIOKEHUU O HEKOPPEIUPOBAH-
HOCTH PErpecCcOpoOB X U CIyYalHbIX OIHOOK € .

3. Ilpennonaraercsi, 4YTO ‘CIy4alHbIE OTKJIOHEHUS € ONPENEISAIOTCS aBTOPET-
PECCUOHHOM CXEMOM NEPBOTO MOPAIKA.

4. CratucTHYecKue [JaHHbIE TOJUKHBI WMETh OJMHAKOBYHO NEPUOJHYHOCTH
(T. €. HE TOJKHO OBITh IPOILYCKOB B HAOMIOACHUSX ).

5. Kpurepuii Jlapbuina — YoTcoHa HEe MPUMEHHUM JJIsI PETPECCHOHHBIX MOJIE-
Je, COAEPKAIINX JIarOBbIE 3HAYEHUS SHAOT€HHBIX IEPEMEHHBIX.

CrnenyeT uMeTh B BUAY, UTO OTCYTCTBUE aBTOKOPPEISALIMHU MIEPBOrO MOPAIKA HE
MCKJII0YAET BO3MOXKHOCTh aBTOKOPPEIIALMH 00Jiee BbICOKOro nopsaka. [lo atum npu-
YUHaM JJIsl aHalli3a aBTOKOPPEIUPOBAHHOCTH OCTATKOB MOJIENIN [0 BPEMEHHBIM psi-
JaM 1eJieco00pa3eH aHallu3 aBTOKOPPEAIIMOHHON M YaCTHOM aBTOKOPPEISIMOHHOM
GbyHKIUH, a Takke aHanu3 ctaTucTuku JIptonra — bokca, 1enpio KOTOporo siBsieTcs
MPOBEPKA TUIOTE3bl O TOM, YTO OCTATKU OMHUCHIBAIOTCA CIy4YailHBIM MpoIeccoM Oe-
JIOTO IIyMa.

3.3.4. OneHuBaHue B MOJEJIN C aBTOperpeccuen

Ha MMPAKTUKEC 3HAYCHUC KOB(i)(i)HHHCHTa ABTOpPCTPCCCHUHN, KaK IIPAaBUJIO, HC H3-
BCCTHO. HOC—)TOMy MMPUMCHAIOTCA HpI/I6J'II/I}KCHHBI€ MCTOJAbI OLICHUBAHHA, HAIIPUMCD,
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urepatuBHas npouenypa Koxpeitna — Opkarra. HayanbHbIM 11aroM siBisieTcsi pu-
MeHeHue oobryHoro MHK k mMozenn MHOXXECTBEHHOM perpeccuu U MOJy4eHUEe OcC-

TaTKOB {e,,t=1,n}. Jlanee mpouenypa BBIIOJIHAETCA B CIEAYIOIIEH IOCIEN0Ba-

TEJIbHOCTH:
1) B xayecTBe mnpubamxkeHHOro 3HadeHus p Oepercs ero MHK-omenka B

ypaBHeHuH (2.1);
T
2) npoBoauTca InpeodpazoBanue y, —py, , = (x, —px,,) B+v,. Uraopuposa-
HUE MEePBOTO HAOIIOCHUS MOXKET MPUBECTH K MOTEPE BaXHOU MHQPOPMAINH, TOITO-
My U1 t=1 HCIIOJIb3YETCs IIOITpaBKa IIpaiica — YuHCTEHA:

J1-py, =/1- pleT B++/1-p’e,. 3arem maxouasrcs MHK-onenku napamerpos f ;

3) BBIUMCIISCTCS HOBBIM BCKTOP OCTATKOB ¢€,,

4) mpoueaypa NOBTOPSETCS BO3BpAIllEHUEM K I1. | ¥ IpoJorKaeTest 40 TeX Mop,
II0Ka I10CJIEJOBATEIbHBIE OLIEHKHU NIapaMeTpoB P HE OyIyT OTIAMYATHCS MEHBILE JIHO-

0oro 3apaHee 3aJaHHOTO YUCIA, TM00 PUKCUPYETCS KOJTUYECTBO UTEPALIUIL.
3.4. PerpeccuOHHBIE MOJEJIM € IEPEMEHHON CTPYKTYPOM
3.4.1. ®DuKTUBHbBIC NIEPEMEHHbIEC

He3aBucuMble TiepeMeHHBIE B PErpPECCHOHHBIX MOJEISIX UMEIOT «HETpPEphIB-
HbIE» 00JIACTH W3MEHEHMH (HallMOHAIBHBIN A0XOM, pa3Mep 3apabOoTHOM MmiaThl, 00b-
eM npou3BocTBa). OMHAKO TEOpUs HE HAKIAIbIBACT HUKAKMX OTPaHUYCHHI Ha Xa-
paKTep PerpeccopoB, B YaCTHOCTH, HEKOTOPHIC IEPEMEHHBIE MOTYT MPUHUMATH TOJb-
KO JIBa 3Ha4YeHMd, B Oojee OOIIEW CUTyallud — JUCKPETHOE MHOXKECTBO 3HAYCHHI.
HeobxonumocTs paccMaTpuBaTh Takhe IMEPEeMEHHBIE BO3ZHUKAET B TEX CIydasx, KO-
raa TpedyeTcsi MpPUHUMATh BO BHUMaHHE BIUSHNAE KaueCTBEHHOTO (hakTopa ((hakropa,
HE UMEIOIIETO KOJNYECTBEHHOTO BBIPAKEHUS ), HAIPUMED, TOJI TOTpeOuTeNs, (hakTop
CE30HHOCTH, HAJIMUNE TOCYAapPCTBEHHBIX MTPOTPAMM.

YroObl yuecTh BIUSHHE KauyeCTBEHHOro (hakTopa B paMKax OJHOTO perpeccu-
OHHOT'O ypaBHEHUs, BBOJSTCS TaK Ha3bIBaeMble ¢puxkmugHvie nepemeruvie (dummy
variables) ¢ nByms 3nadenusimu 0 u 1. Hanpumep, usyudaercs 3aBUCUMOCTH MOTPEO-
JICHUsl TOBapa ) OT BEJIMYUHBI JJOXOAa X C Y4eTOM mosa notpedutesns. C ucnonb30Ba-
HUEM (DUKTUBHOI NepeMeHHOH d:

g - 0, nompebumenv — MyxHcuuna,;
=

1, nompebumens — srcenuuna.

YPaBHCHI/Ie perpeCcCruu NpUHNUMACT BUJ

yt :BO+B1xt +ydt +8t'
Torna oxxumaemoe 3HaueHHE 0OBEMOB MOTPEOJICHHUS B 3aBUCUMOCTU OT BEIIH-
YUHBI J0XO/0B OyneT
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E(y
E(y

x,d, =0)=0,+B,x, - MyX4uHsl,

x,d, =1)=8B,+7 +B,x, —KEHIIUHBI

[loTpebnenne B JaHHOM ciiyyae SIBIsieTCA JMHEHMHOW (yHKUHMEH OT Joxoaa
(puc. 3.6). Ilpuuem u U1t My>K4HH, U JJIs1 dKEHIIUH MOTpeOIeHne MEHSIETCsSl C OJTHUM
U TeM ke KOd(DPUIMeHTOM MponopuuoHaibHOCTH 1. CBOOOHBIE WICHBI B MOJENSX
OTJIMYAIOTCS HAa BelNWuMHY Y. [IpoBepka 3HaYMMOCTH KO3(P(GUIMEHTOB NpU (PUKTUB-
HOM (akTope d, MOKAKET 3HAUUMOCTb BIIMSHUS KQUYECTBEHHOTO MOKa3aTels Ha U3y-
YaeMblil TPU3HAK U HEOOXOJUMOCTh BKJIIOUEHHUSI B YPaBHEHUE PETPECCUU COOTBETCT-
BYIOILIETO YJICHA.

y=PB,+pBx

X

Puc. 3.6. 3aBucHMOCTb MOTPEOJICHHUS TOBapa OT BEIMYMHBI J0X0JIa U MOJIa

Ecnu BKiIIOYaEMBIM B paCCMOTPEHHUE KAYCCTBEHHBIN MPU3HAK MMEET He JBa, a
HECKOJIbKO 3HAYCHHI, TO MOXHO OBIJIO OBl BBECTH JHCKPETHYIO NIEPEMCHHYIO, TIPH-
HUMAIONIYIO TaKOe K€ KOJMYeCTBO 3HaueHuid. Ho 3Toro, kak mpaBmiio, He ACTIAOT U3-
3a CJIOXHOCTH JaibHeWel uHTepnperannu KodphuiueHToB. B aTom ciydae mene-
cooOpa3Hee HCIOIh30BaTh HECKOJNBKO OWHAPHBIX IMEepeMeHHbIX. OTMETHM, 4YTO B
JTaHHOW CUTYaIlH CIeAYET MPUACPKUBATHCS CIIECTYIOIIETO MPaBHIa.

Ecnu xauecmeennas nepemenHas umeem k anvmepHamuHbIX 3HAYEHUL, MO
npuU MOOeIUPOBanUU UCNOTb3YI0mcs moavko (k — 1) huxmusenvix nepemenmbvix.

B mportuBHOM ciydae cymma (UKTHBHBIX IIEPEMCHHBIX paBHAa KOHCTaHTE, W,
KaK CJIeJICTBAE, CTAHOBUTCS 3aTPYAHHUTEIbHBIM OIICHHUBAHHE MOJEIU C TOMOIIBIO
MHK; Takasi CHTyaIusi Ha3bIBaCTCSl «I0BVUIKOU (DUKMUBHOL NepeMeHHOU» (dummy
trap).

@DUKTUBHBIC TICPEMCHHBIC IMUPOKO UCIIOIB3YIOTCS JJISI MOACIIUPOBAHUS CE30H-
HBIX KoJi€Oanwuit. [[1s 3TOro BBOIAT TpH PUKTUBHBIC ITEPEMEHHBIC:

d , =1, ecin HaOJIOICHHE OTHOCHUTCS K 3UMHEMY miepuony, d, = 0 — unaue,
d, =1, ecin HaOIIOICHHE OTHOCHUTCS K BECCHHEMY nieprony, d ,= 0 — nnaue,
d,= 1, ecniu HaOJIO/ICHUE OTHOCHUTCS K JIETHEMY Tlepuoay, d , = 0 — unaue,

nepeMeHHas il OCEHHETo Mepuojia, UCKIoYaeMas U3 MoJieNu, OyIeT IpeacTaBlIATh
co0ol 3TaOHHYI0 WK 0a30BYI0 KaTeropuio. BeiOop sTaloHHON KaTeropuu HE OKa-

36



3bIBACT BO3JAECHUCTBHUS HA CYIIHOCTh ypaBHEHUA perpeccur. Ho oT 3Toro 3aBUCHT, Ka-
KHE TECThl MOKHO OY/IET BBIMIOJIHUT.

VYpaBHeHUE perpeccuu, OTpakaroliee 3aBUCUMOCTb MOTPEOJIEHUS ¥ OT HEKOTO-
pOI KOJIMUECTBEHHOM MEPEMEHHON X Y YUUTHIBAIOIIEE CE30HHBIE U3MEHEHUS, IPUMET
BU/I

Y, =PBo+ By +vidy +Y2dy+Vd s g,
Koadduuuents! y; ,i = 1, 2, 3 nmoka3pIBalOT CPEIHUE CE30HHBIE OTKIOHEHMS B

o0beMe OTpeOICHUS 0 OTHOIICHUIO K OCEHHUM MECSIIaM.

NHorna HeoO6XoauMO BBECTH B MOJICNIb PETPECCUU JIBE W Oosiee TPyHIbl (HUK-
THUBHBIX TIEpEMEHHBIX. [IpeanonoxKumM, 4To UMEETCs Ha0Op CTATUCTUYECKUX JaHHBIX
0 OroKeTax MoTpedouTeNel 3a Kaxabli U3 YeThIpeX KBapTaioB. [Ipu 3ToM mnoTpes-
neHue 3amaercs (PyHKIMEH, YUYUTHIBAIOIICH Ce30HHBIC KOJIeOaHUs W PA3IUUUs B CO-
[IMAJIbHBIX TPYIIAX, a TAKKe HEKOTOPHIE JPYrue YKOHOMHUUYECKHE MePEeMEHHBIC.

Ecnau npuHsATE BO BHHUMaHUE YETHIPE CE30HA U TPU COMHMAIBHBIC TPYIIBI, TO
MOXHO 3aJ1aTh 3Ty 3aBUCUMOCTbH B BUJIE

qz = BO + lezl + Bzxzz + B3x13 + YZsz + Y3Qz3 i Y4Qz4 + 82S2 + 83S3 + gt’
rae Q; = 1, ecnu nabGaroeHHe OTHOCUTCS K KBapTany i = 2,3, 4; S; = 1, eciim Habimo-
JIEHWE OTHOCHUTCS K COIMAIBHBIM rpynmnaM j = 2, 3, x; — MHOK€CTBO YKOHOMHYECKUX
nepeMeHHbIX. CpeiHee oXXuaaeMoe MOTpeOJeHne B 3aBUCUMOCTU OT MPUHAJICKHO-
CTH K COIMAJIbHOW TPYIIE U BPEMEHH rojia MOXKET ObITh BBIPAXKEHO CIICIYIOIIUM 00-
pazoM:

E(‘]‘l keapmai,l coy. epynna) = Bo+PB,X, + Pyx,, +Psx,s;

E(q‘l keapman,2 coy. epynna) =0, +06, +B,x, +B,x,, +B;x,3;

E(q‘l keapmarn,3 coy. spynna) =, + 9, +B,x,, + B,x,, +Psx,;;

E(q‘Z keapman,1 coy. epynna) =P, +v, +Px, +P,x,, +Psxs;

E(q‘2 keapman,2 coy..epynna)=_B,+vy,+0, +B,x, +B,x,, +PB;x,; u 1. 0.

@DUKTUBHBIC ~ TIEPEMEHHBIC TTO3BOJIAIOT CTPOUTH M OIICHMBATh KYCOYHO-
JUHEHHBIC MOJIEIH, KOTOPhIE MOYKHO NPHMEHSTH IS MCCIICIOBAHUS CTPYKTYPHBIX
n3MmeHeHui. [IycTs y — 3aBucHMas repeMeHHas, 00beM MPOAYKIIUH, BBHITYIICHHON B
Nepuoa f; X — HE3aBHCHMBIN TpPHU3HAK, OTPAKAIOIUKA pa3Mep OCHOBHOTO (oHIA
NPEANPUATHS B ITOT K€ MEPUOJ BPEMEHU; X, ) TPEJICTABICHBI B BHJIC BPEMEHHBIX
psa0B. M3 anmpuopHBIX COOOPaKEHUN CUUTAEM, UYTO B MEPHO]T BPEMEHH £ TIPOU30IILIA
CTPYKTYpHAs MEePeCTPOKa, M JTUHUS PETPECCUU OYyACT OTIIMYATHCS OT IepBOHAYAb-
HOM, HO OO0IIast IMHUSI OCTAHETCSl HeNPePBIBHOM (puc. 3.7).
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=
0 Xto X
Puc. 3.7. CTpyKTypHBIC U3MCHCHHS

Jl1st oLleHuBaHKs TaKOM MOJENN BBOAUTCS OMHapHas nepemMeHHas 7: ¥, = 0, ec-
m t<t,,nr=1,ecau t >, PerpecCHOHHOEC ypaBHCHHE UMEET BUJL

yz = BO + let + Bz(xz - xto)rt + gt :
PerpeccuonHasi 1uHMSA, COOTBETCTBYIOIIAs NEpUOLY ! < {,, UMeeT Kod(pPuuu-
€HT HakioHa f3, u B, + B, nua ¢ >¢,. Tectupys runoresy f3, = 0, nposepsieM npearno-

JIO’KEHUE O TOM, YTO (DAKTUYECKU CTPYKTYPHOTO U3MEHEHMsI HE MPOU3OIILIO.

MOXXHO OTMETUTH CJEAYIOIIME MPEUMYIIECTBA HCIHOJIb30BaHUS (PUKTHUBHBIX
NepPEeMEHHBIX:

1. IIpocToii crmocod MpoOBEPKH TOTO, SBJISIETCS JIM BO3/ICHCTBUE KAU€CTBEHHOTO
(haxTopa 3HAUYMMBIM.

2. Horna perpeccuoHHbIE OLIEHKH OKa3biBaloTCs 0osiee 3(pPEeKTUBHBIMH.

3. Onucanure S3KOHOMUYECKOTO 00BEKTA (SBJICHUS ) TOJIBKO OJJHUM YPAaBHEHUEM.

3.4.2. Tecr Yoy s HPOBEPKH HAJUYUSA CTPYKTYPHBIX H3MEHEHHH
B PerpecCHOHHBIX KO3((PpUIHEeHTAX

Tect I'. Yoy m3HadambHO pa3zpaboTaH A TEX CIydaeB, KOTJla MUMEETCS JBE
BBIOOPKHM 3HAYCHUH, OJTHA U3 KOTOPBIX (00bEMOM 71) MOTyYeHA MTPU OJHHUX YCIOBUSX,
apyras (m) — TIpd HECKOJIBKO W3MEHEHHBIX. [IpM 3TOM HEOOXOIUMO BBIICHHT,
JECUCTBUTEIBHO JIU BBIOOPKU 00HOpoOHbl (rumnote3a H ). Kpurepuii Taxke MOXKeT

OBITh MCIOJIB30BaH TIPU IMOCTPOECHUU PETPECCUOHHBIX MOjeNed NpH BO3JAEHCTBUU
KauecmeeHHblx TIPU3HAKOB, KOTJja UMEETCS BO3MOKHOCTD Pa3/IeJICHUs COBOKYITHOCTH
HaOJIOICHU 1O CTENEHU BO3JIEUCTBUSI MPU3HAKA HA OT/AENIbHbBIE TPYIIBI U TpedyeTcs
YCTaHOBUTH BO3MOKHOCTb UCIIOJIB30BAHUS €IUHON MOJIEIN PErPECCUM.

MexaHu3M TecTa: 0 KaXKA0i BEIOOPKE CTPOSITCSA PErPECCUOHHBIE MOIEIH:

k —
yt:B'l_‘_ZB'i'xti-'_g'm t:Ln;
i=2
k ———————————
y, = 1"+ZB;'-xﬁ+8,”, t=n+Ln+m.
i=2

[Tposepsiemas runoresa umeer Bun H,: B'=B"; D(e')=D(e")= o,
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Ecnu runoresa H |, BepHa, TO MOJIEIHA MOKHO OOBEIUHUTD B OJHY:
k ————
v, =B+ DB x,+e, t=Ln+m.
i=2
IIycTe CymMMBI KBaJpaTOB OCTaTKOB 4acCTHBIX perpeccuit — ESS, m ESS,;
ESS ,— cymma KBa/paToB OCTaTKOB B OOBEIMHEHHOH perpecuu. PaBeHCTBO Mexny
ESS u ESS, + ESS, Oyaer uMeTh MECTO TOJIBKO IIPH COBIAICHUH KOI()QUIIUCHTOB B

00BEIMHEHHOM M YaCTHBIX MOJEIAX perpeccuil. B obmem citydae npu pasieseHun
BBIOOpKH OyAeT HaOMI0AaThbcsl WM3MEHEHHE KauecTBa YpaBHEHHUSA, UYTO MOXKHO
npeacTaButh Kak ESS, — (ESS, + ESS,).

Hy.HeBaSI runore3a H. o OTBEPracTcia Ha YpOBHC 3HAYMMOCTH O, €CJIA BBIITOITHACTCSI

cdiceayromec yCioBUe:
o ESS, —(ESS, + ESS,) (n+m=2k)
ESS, + ESS,

> F (k,n+m—2k).

B nmpotuBHOM cilyyae rumore3a O COBHAJCHUU MOMAENICH sl 00eux BBIOOPOK
HE OTKJIOHSETCS, T. €. BIMSHHUE Ka4eCTBEHHOIO MPU3HAKA HA HUCCIIECYEMYIO BBIOOPKY
HECYIIECTBEHHO, U UX MOXHO OOBEIUHUTH B OJIHY.

Pa3nesa 4. Moaesim 1 MEeTOABI AHAJIN3A DKOHOMHUYECKHUX
BPEeMEHHBIX PAI0B

4.1. IIpodaeMbl peaACTABJICHAS] IKOHOMHUYECKNX BPEMEHHBIX PA/10B

B cdepe sxkoHOMUKN BeTpedaroTCs SIBJICHUS WU COOBITHSI, KOTOPBIE HHTEPECHO U
BAKHO M3Yy4aTh B UX IMHAMMKE, T. K. OHU U3MEHSIOTCS BO BpeMEHHU. Takke BO BpEMEHHU
W3MEHSIOTCSI 1IEHbl, SKOHOMUYECKHE YCIOBHUS, PEKUM MPOTEKAHUS TOTO WJIM HHOTO
MPOM3BOICTBEHHOT O Tipoiiecca. COBOKYIMHOCTh U3MEPEHUI MOA0OHOr0 pojia mokas3are-
Jieil B TeueHHe HEKOTOPOI'o MepHoa BpEMEHH U MPEACTABIISIET 8PEeMEHHOL PSiO.

Ilenu ananusza BpeMEHHBIX PSIOB MOTYT OBITh pa3iudHbIMU. MOXHO, Hampu-
Mep, CTPEMUTHCS TIpecKa3aTh Oy/Iyliee Ha OCHOBAaHUYU 3HAHUN MPOIIIOTO, MBITATHCS
BBISICHUTH MEXaHU3M, JISKAIIMK B OCHOBE MpoIlecca, U ynpasisaTh uM. HeoOxoaumo
YMETh OCBOOOKJATh BPEMEHHOM PsiJl OT KOMIIOHEHT, KOTOPhIE 3aTEeMHSIOT €r0 JIMHA-
MUKY. Yacto TpeOyeTcst c:kaTo Npe/ICTaBIATh XapaKTepHble 0COOCHHOCTH pAJia.

Lon epemennvim psioom (BP) moHumaeTrcs ymopsiiodeHHOE MHOXKECTBO, Xa-
pPaKTEpU3YIOILEee N3MEHEHUE MOKA3aTENs] BO BPEMEHHU. DJIEMEHTBHI 3TOTO MHOYKECTBA
COCTOSIT U3 YMCJICHHBIX 3HAYCHU MTOKA3aTelsi, Ha3blBaeMbIX YpoBHsIMU BP, u nepuo-
0B (MOMEHTOB, UHTEPBAJIOB BPEMEHH ), K KOTOPBIM OTHOCSITCSI YPOBHH [5].

PaznuuaroT nBa BUAA BPEMEHHBIX psiAoB. M3MepeHHe HEKOTOpPHIX BEIUYMH
(TemmepaTypbl, HANPsHKEHUST U T. J.) MPOU3BOAUTCS HEMPEPHIBHO, IO KpaliHEeH Mepe
teopeTrudecku. [Ipu s3ToM HaOmrOIeHUS MOXHO (QUKCUpoBaTh B Buie rpaduka. Ho
k€ B TOM CJIydae, KOTJa M3y4aeMble BEIUYUHBI PETUCTPUPYIOTCS HEMPEPBIBHO,
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MPaKTUYECKU MPU UX 00pabOTKE HUCHOIB3YIOTCS TOJIBKO T€ 3HAYEHUs, KOTOPbIE COOT-
BETCTBYIOT JIHCKPETHOMY MHOYKECTBY MOMEHTOB BpeMeHH. (IIeI0BaTENIbHO, €CIIH
BpEMsI U3MEPSETCS HEMPEPBIBHO, BPEMEHHOM PAJl Ha3bIBACTCSA HENMPEPBIBHBIM, €CIIU
&Ke BpeMs (pUKcUpyeTcst AUCKPETHO, T. €. yepe3 (PUKCUPOBaHHBIM MHTEPBAJl BPEMEHH,
TO BPEMEHHOU Pl AUCKPETEH.

B nanbHeiliiem peub OyAeT WATH TOJIBKO O JUCKPETHBIX BPEMEHHBIX psiaax.
JIucKkpeTHbIe BpEMEHHBIE PsI/Ibl MTOJIYYatoTCs ABYMs ClIOCO0aMUu:

— BBIOOPKOW M3 HEMPEPBHIBHBIX BPEMEHHBIX PSAOB Yepe3 peryssipHble MpoMe-
KYTKH BpEMEHHU (HampuMmep, YHCIEHHOCTh HACEJICHHUs, BEJIMYMHA COOCTBEHHOTO Ka-
nuTana GupMbl, 00beM JEHEKHOU MACChl, KypC aKlUK); TaKUe BPEMEHHBIE Psiibl Ha-
3bIBAIOTCS. MOMEHTHBIMH;

— HaKOIUJICHHEM TEPEMEHHON B TE€UE€HHE HEKOTOPOro Nepuoja BpeMEHH (HarpH-
Mep, 00bEM MPOU3BOJICTBA KAKOTO-I1HOO0 BUAA NMPOIYKIMU, KOJMYECTBO OCAIKOB, 00bEM
HMIIOpTA); B 3TOM CJIy4ae BPEMEHHBIE PsI/ibl HA3bIBAIOTCS HHTEPBAJIbHBIMH.

B skoHOMETpHKE NPUHATO MOJEIUPOBATH BPEMEHHOMW PsIi Kak CJOy4YaMHBIN
Npouece, Ha3bIBAEMbIH TAKKE CTOXACTHYECKHM MPOLECCOM, 0]l KOTOPhIM IMOHUMA-
€TCsl CTATUCTUUYECKOE SIBIICHUE, PA3BUBAIOIIEECS BO BPEMEHH COIIACHO 3aKOHAM TEO-
pun BeposiTHOCTEN. ClydalHbIN MPOLECC — ATO CIy4alHAS MOCIEN0BATEIBHOCTb.

Bo3MoXHBIE 3HAYEHUSI BPEMEHHOI'O Psila B JAHHBIA MOMEHT BPEMEHU ! OIHU-
CBHIBAIOTCS C IOMOILBIO CIIy4YalHON BEJIUYMHBI X, M CBSI3aHHOTO C HEN paclpeleICHUs
BeposiTHOcTel p(x,). Torna HabGnrogaemMoe 3HAYEHNUE X, BDEMEHHOTO psAjia B MOMEHT ¢
paccMaTpHUBaeTCsl KaK OJJHO W3 MHOXECTBA 3HAYeHHIl, KOTOpbIe MOrJia Obl MPUHATH
ClIy4yaliHasl BEJIMYMHA X; B 3TOT MOMEHT BpemeHu. Cieayer OTMETUTh, OAHAKO, YTO,
KaK MpaBUJIO0, HAOIIOACHUS BPEMEHHOIO PfAJa B3aMMOCBSA3aHBI, U JIJIi KOPPEKTHOTO
€ro OMMCcaHus cleyeT pacCMaTpuBaTh COBMECTHYIO BEPOSITHOCTD p(Xy, . . ., X7 ), T1I€
T — HekoTopbIi (PMKCUPOBAHHBIN OA3UCHBIN HEPUO.

BaxxnelmuM ycioBueM HpaBUILHOTO (OPMHUPOBAHUS BPEMEHHBIX PSIOB SB-
JISIETCSL COMOCTABUMOCTH YPOBHEW, 00pa3ylouux psja. YPOBHU psija, MOAJIEKAIINe
W3YUYEHUIO, JOJDKHBI OBITh QOHOPOOHbI NO IKOHOMUUECKOM) COOEPAHCAHUI0 U YUUTHI-
BaTh CYLIECTBO M3YYaE€MOLO SIBIICHUS W LI€NIb ucciaeqoBaHus. CTaTUCTUYECKUE JaH-
HbI€, TPEJICTABJICHHBIE B BUJE BPEMEHHBIX PSJIOB, IOJDKHBI OBITH cOnocmagumuvl no
meppumopuu, Kpyay 0Xeamuleaemuvlx 00beKmos, eOUHUYAM U3MePEeHUsl, MOMEHM) pe-
ucmpayuu, Memoouke paciema, yenam, oocmoseprocmu [1].

Heconocmasumocms no meppumopuu BO3HUKAET B PE3YJbTAT€ H3MEHEHUHN
I'PAaHUL] CTPAH, PETUOHOB, XO34KMCTB U T. M. JlJI1 MpUBENCHUS JaHHBIX K CPABHUMOMY
BU1Y TTPOM3BOJIUTCS MEPECUET NMPEKHUX JAHHBIX C YYETOM HOBBIX I'PAHHII.

Hlonnoma oxeama pa3nWYHBIX 4acCTEU SIBJICHUS — Ba)XKHEWILIEE yCIOBUE COIIOC-
TaBUMOCTU YpOBHeH psifa. TpeOoBaHHE OJMHAKOBOW MOJHOTHI OXBaTa pa3HbIX yac-
Tel U3y4yaeMoro o0ObeKTa 03HAYaeT, YTO YPOBHU PsJia 3a OTIEIbHbIE MEPUObI JOTK-
HbI XapaKTepHU30BaTh pa3Mep TOTO WIM MHOTO SBJIECHUS IO OAHOMY U TOMY K€ KPYTy
BXOJSIIIUX B €r0 COCTAB YaCTEM.

[Ipu ompeneneHuu cpaBHUBAEMBIX YPOBHEH psifja HEOOXOAMMO HCIOJIb30BATh
eOuHyto memoouxy ux pacdeta. OCOOEHHO 4acTo 3Ta MpodieMa BO3HUKAET MPU MEXK-
QYHAPOIHBIX COMOCTABICHUSX.
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HecomnocrtaBumocTh mokaszareneil BO3HMKAaeT B CHJIYy HEOJUHAKOBOCTH IPHMeE-
HSEMBIX eounuy usmepenus. C pa3nuuueM NMPUMEHAEMbIX €IUHUI] U3MEPEHHs TPUXO0-
JUTCSL BCTPEYAThCS IPY U3YUYEHUH TUHAMUKU: MPOU3BOJCTBEHHBIX PECYPCOB, KOTJ]a OHU
NPEJCTABISAIOTCS TO B CTOMMOCTHOM, TO B TPYAOBOM HCYMCICHHM; IHEPreTHUECKUX
MotHocTel (kB1/4); atMmocdepHoro naBnenus u T. 1. TpyAHOCTH NpU CPaBHEHUU JIaH-
HBIX 10 MOMeHmy pe2ucmpayuy BO3SHUKAIOT M3-3a CE30HHBIX SIBJICHUN. YPOBHU MPH
CpaBHEHHMH JOJLKHBI OTHOCUTBCA K ONPEIETICHHOM aTe €Kero/THO.

[Ipu aHanu3e mokasareneil B CTOMMOCTHOM BBIPOKEHHUH CJEAYET YYUTHIBATH,
YTO C TEUCHHUEM BPEMEHU MPOUCXOAUT HEMPEPhIBHOE usMeHeHue yeH. [IpuduH y ato-
ro IMpolecca MHOXECTBO — UHQIALUSA, POCT 3aTpaT, PbIHOYHBIE YCJIOBHS (CHpPOC U
MPEJIOKEHNE) U T. A. B 3TOM CBsI3U MpHU XapaKTepUCTUKE CTOUMOCTHBIX ITOKa3aTeNe
o0beMa MPOAYKIMU BO BPEMEHU JIOJKHO OBITh YCTPAaHEHO BIUSHUE U3MEHCHHMS LIEH.
Jlist pemieHust 3Toi 3aJa4ll KOJIMYECTBO MPOJYKLMHU, MPOU3BEJICHHOE B Pa3HbIE Iie-
PHO/JIbI, OLICHUBAIOT B IIEHAX OJHOTrO MEPUO0/ia, KOTOPbIE HA3bIBAIOT PUKCUPOBAHHBIMU
WM B ONPEACIICHHBIX CTATUCTUYECKUX OPTraHaX — CONOCMAGUMbIMU 1ICHAMU.

[upokoe UCIOBb30BaHUE B CTATUCTUYECKUX MCCIIEI0BAaHUSIX BHIOOPOYHOTO Me-
ToJa TpeOYeT YUUTBIBATH O0CMOBEPHOCHb KOIMYECTBEHHBIX W KAUECTBEHHBIX XapaKTe-
PHUCTUK M3y4aeMbIX SIBJICHUH B TUHAMUKe. PazinruHas penpe3eHTaTUBHOCTh BEIOOPKH 10
MEpUOJIaM BHECET CYIIECTBEHHBIE TIOTPEIIHOCTH B BEIMUUHBI YPOBHEH psja.

OpHUM U3 YCIIOBHM COMOCTABUMOCTH YPOBHEH MHTEPBAJIBLHOTO psifa, KpoMe pa-
BEHCTBA MEPHOIOB, 32 KOTOPBIE MPUBOAATCS TaHHBIE, SIBISETCS 0OHOPOOHOCHb IMANOS,
B Mpejienax KOTOPBIX MOKa3aTelb MOJAYMHACTCS OJJHOMY 3aKOHY pa3BUTHSA. B aTHX ciy-
YasgxX MNPOBOJAT MEPUOAM3ALMIO BPEMEHHBIX. PAIOB, TUIIOJIOTHYECKYIO TPYIIIMPOBKY BO
BpPEMEHHU.

Bce BbllleHa3BaHHbIE OOCTOATENBCTBA CIEAYET YYUTHIBATH NMPHU MOJATOTOBKE
uH(pOpMaIUK JJI aHau3a U3MEHEHUH SIBICHUI BO BpEMEHU (JIMHAMHUKE).

[Ipu pelieHny NMPaKTUYECKUX 33/1a4 SKOHOMETPUUECKOTO MOJICIMPOBAHUS Yac-
TO MEPEXOASAT OT YPOBHEH BPEMEHHOTO psi/la K SKOHOMHYECKUM HHJeKcaM. DopMbl
NpE/ICTaBICHUsI YKOHOMUYECKUX HHJEKCOB OMNPENENSIOT KiacCUu(UKAIMIO BPEMEH-
HBIX PSIOB IO CIAEIYIOIIUM BUAaM [S]:

— B YpOBHsX (0OBEMHOM BBIpAXKEHUU) X, (! — UHTEPBAJl BPEMEHU) — 3HAYCHUS
nokasaresisi BBIPAXKEHbl B HEKOTOPBIX E€AMHHUIIAX M3MEPEHUsT U HMEIOT HEKOTOPbIN
macmTa® (mampumep, BBII BolpaxkaeTcss B mMuunapaax pyOJied, 3KCIOpPT ChIpon
He(TH — B TOHHAX);

— B TeMIIax pocTa (B UHAEKcax) /; , C UCMOJIb30BAHUEM JaHHBIX IO OTHOIIEHHUIO
K pukcupoBanHomy nepuony 7:

[ =2t 4.1)

— B TeMnax pocTa (B UHJEKcax) I, , C UCIOJIb30BaHUEM JAHHBIX X, [0 OTHOIIIE-
HUIO K IPEABIAYIIEMY EPUOLY:
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[ =—; (4.2)

— B TeMIIax pocTa /I, , ¢ UCIOJIb30BaHUEM JAHHBIX IO OTHOIIEHUIO K COOTBETCT-
BYIOILIEMY MIEPUOY MPEABIAYILIETO TOAA:

Xk
rjae k —uucio nepuooB B roay (k= 12 — s MecsiuHbIX U k = 4 — 71 KBapTaIbHBIX
JaHHBIX);
— B Temmnax pocta I;, , C UCHOJIb30BAaHUEM JAaHHBIX HAPACTAIOIIAM HTOIOM C
Hayaja TeKYIIero rojia Mo OTHOIIEHUIO K JaHHBIM HapacTaloIIMM HTOIOM C Hayaja
MPEBIIYIIEro roja:

ik+m

2%

_ Jj=ik+l
]i,m — (i-Dk+m >
DI
J=(i—1)k#1
rage m = 1, 2, . k, 1— HOMCp rozaa, k — uucio IEPpUOJ0B B I'oy.

Bpemennsie psibl B ypoBHSX 00J1afaroT Haubosee mojaHoi uadopmaiuen, He-
00XOIMMOM JJIsI aHajdu3a M MOCTPOCHHS alleKBaTHBIX YKOHOMETPUUYECKUX MOJICIICH
MPOTHO3UPOBAHUS.

['oBopsTt, uto mokazatens (4.1) mpeacrapien B 6azucHou popme. OH xapakTe-
pU3YET TMHAMUKY COOTHOIIEHHMM X, MEXIY PA3IUYHBIMU TEKYIIUMU NEPUOIAAMHU ! U
HEKOTOPHIM (UKCUPOBAHHBIM 0a3UCHBIM TiepuogoM 1; sBIAETCS Oe3pa3MepHBIM,
MMEET 3aJIaHHbIN MaciuTad 1 0OecreunBaeT COMOCTaBUMOCTh nuHaMuku BP. Jlaxe B
TOM CJIy4ae, KOT/1a uX YPOBHU BBIPAYKECHBI B PA3HBIX €AMHUILIAX U3MEPECHUS.

['oBopsT, uto mokasatens (4.2) MpelCcTaBieH B yenHou ¢hopme B BUAEC TEMIIa
pocta. Tak ke, kak u 6azucHas, 1enHas ¢opma siBiIseTcs 0e3pa3MepHON BEIUUYUHON
Y MOXET UCHOJIb30BaThHCA JJIs1 COITOCTABIICHUS Pa3HbIX MMoKa3areneu. [Ipu aTom nepe-
X0/l K HE yCTpaHsET 3KCIOHEHIMAIbHBIA TPEH BpEMEHHOT0 psijga. OJHAKO MpU UC-
MOJIb30BaHUM PsAJia B TEMIIAX POCTa BO3ZHUKAIOT MPOOJIEMBI, CBA3aHHbBIE C €T0 UHTEP-
MpeTanuen u NepeBoOM B psii B YPOBHSX.
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4.2. Ucnosib30BaHuE MO/IEIM PErPecCHH ¢ AeTEPMUHHUPOBAHHBIMHU
(haxTopamm I MO/Ie TMPOBAHUSI BPEMEHHOI0 psijia

OkoHomuyeckue BP, kak u psiipl BO MHOTHX JIPYyTrUX 00JIacTAX, MOXKHO pac-
CMaTpHUBaTh B BUJE COBOKYIMHOCTH COCTABIISIIOIIMX JUHAMUKH, T. €. KaK (PYHKIIHIO
HecKoJIbKUX psioB. Habmonaembit BP mpeanonaraercst cocrosiuium U3 HeHabJIto-
JAEMBIX COCTABIISIOUIUX TUHAMHUKHU, KOTOPbIE B MEPBOM NMPUOIMKEHUH MOXHO CUH-
TaTh HE3aBUCHUMBIMHU. K OCHOBHBIM COCTaBIISIIOIIMM JIMHAMHUKU 3KOHOMUYECKuX BP
MIPEXJIe BCEro CIeAyeT OTHECTU TPEHAOBYIO (IBONIIOTOPHYIO), LIUKIMYECKYIO, KaJleH-
JNApHYI0, CE30HHYIO U HEPETYJISIPHYIO COCTABIISIIOLINE.

OTH BUIBI TUHAMHUKUA MOTYT KOMOMHUpPOBAThCS. TeM caMbIM 3aaeIcs pasJio-
sKeHHe BPEMEHHOIr0 pPsAJAa Ha COCTAaBISIOLIME, KOTOPHIE C SKOHOMHYECKOW TOUYKHU
3pEHUsl HECYT pa3HyI0 COJepKaTeIbHyI0 Harpy3ky. Hanbosnee BaskHble U3 HUX:

— TpeHJ (IBOJIOTOPHAs COCTABIIAIONIAS) — COOTBETCTBYET MEIJICHHOMY HU3Me-
HEHUIO, TPOUCXOSIIEMY B HEKOTOPOM HaIPaBJICHUH, KOTOPOE COXpaHSeTCs B Teye-
HUE 3HAYUTEIBHOTO MPOMEKYTKA BPEMEHHU;

— HUKJIHYecKue KojaedaHus1 — 3To O6ojee ObICTpasi, 4eM TeHJEHIUs, KBa3HuIle-
pUoIMYeCcKas JUHAMUKA, B KOTOpOil nMetoTcs ¢a3bl Bo3pacTanus u yObiBanus. Hau-
0oJiee 4acTo UK CBSA3aH ¢ PUIyKTyalusiMi SKOHOMUYECKON aKTUBHOCTH;

— Ce30HHbIe KOJ1e0aHUsl — COOTBETCTBYIOT U3MEHEHUSIM, KOTOPbIE TPOUCXOAAT
PETYJISIPHO B T€UEHUE T0J1a, HEACNU WU CyTOK. OHM CBSI3aHbI C CE30HAMU U PUTMAMHU
YeJIOBEYECKON aKTUBHOCTH;

— KaJleHJapHble 3(PPeKThI — 3TO OTKIOHEHUS, CBI3AHHbBIE C OMpPEIeICHHBIMU
MpeICcKa3yeMbIMH KaJICHIAPHBIMH COOBITUSMH, — TaKUMH, KaK Mpa3JHUYHbIC JTHH,
KOJIMYECTBO pabouymnx JHEN 3a Mecsl], BACOKOCHOCTb I'oJla U T. 11.;

— cJy4YailHasl COCTABJAKIIAA — OECropsAIOYHbIE JIB)KEHUS OTHOCUTEIBHO
0omp1Iol 4acToThl. OHU MOPOKAAIOTCS BIUSHUEM PA3HOPOAHBIX COOBITHI Ha H3Y-
JaeMyI0 BEJIUUYMHY (HECUCTEMAaTHYCCKUM Uiu ciaydaiHeiil a¢dexr). YacTo Takyro co-
CTaBJISOIIYIO HAa3bIBAIOT HIyMOM;

— BBIOPOCHI — ATO AHOMAJIbHBIE JBUKEHHUS BPEMEHHOI'O PAJla, CBSI3aHHBIE C
PEAKO MPOUCXOJAMIMMHU COOBITUSAMH, KOTOPBIE PE3KO, HO JIMIIb OYE€Hb KpaTKOBpE-
MEHHO OTKJIOHSIFOT PSJl OT OOILETo 3aKOHA, TI0 KOTOPOMY OH JIBUKETCS;

— CTPYKTYpPHbIe CABUIM — 3TO aHOMaJIbHbIE ABMKEHHUS BPEMEHHOTO psfa,
CBSI3aHHBIE C PEAKO MPOUCXOIAIIMMU COOBITUSIMU, UMEIOIUE CKauYKOOOpa3HbI Xa-
paKTep U MEHSIOIINE TEHACHIUIO.

[lepBbie Tpu cocTapistone 0ObEIUHSIOT B OJJHY IE€TEPMUHUPOBAHHYIO U pac-
CMaTPHUBAIOT BPEMEHHOM psJl B BUJIE

x, = f(6.B) +e,,
rae f(¢,p) — netepMuHMpoBaHHas GYHKIUS BPEMEHU ¢, HA3bIBaeMasi TPEHIOM, 3a/1aH-
Has C TOYHOCTBIO 10 HEM3BECTHBIX IapaMeTpoB f3; {€,} — ciydaliHble OIIMOKH Ha-

OJOACHUN C HYJIEBBIM MaTeMaTH4eCKUM OkuaaHueM E(g,)=0 M IOCTOAHHOM Iuc-

nepcueii Die}=c".
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AHaJIN3 BpEMEHHOT0 psijia 3aKJII0YAETCS B BBIJCICHUN U U3YYEHUM YKa3aHHBIX
KOMIIOHEHT PsiJla B paMKax OJHOM M3 MOJEJNEH psija: aJJIUTUBHON WM MYJIbTILUIMKA-
TUBHOMN.

Mopesu TpeHA0B
J71s1 TOCTpOEHUSI TPEHIOB YaCTO MIPUMEHSIIOTCS CJIeAYIomue GyHKIIUH.
IIpocmas nuneunas mooeny:

x, =By +PBit.

OTOT TUN TpEeHJa MOAXOIUT JUIsi OTOOpaKeHHs] TEHACHIIMU MPUMEPHO PaBHO-
MEpHBIX U3MEHEHHI YpOBHEH: paBHBIX B CpEJHEM aOCOJIOTHBIX MPUPOCTOB MU a0-
COJIFOTHBIX COKPAILIEHUI YPOBHEN 3a paBHbIEC IPOMEKYTKHA BPEMEHH.

Tonunomuanvnas mooenw:

X, =By +Bit+ B0 +...+B, 1

3HaYEHHE CTEIECHU MOJIMHOMA 1 B MIPAKTUUECKUX 3a7a4axX PEAKO MPEBBIIIAET S.
B wactHOCTH, TpeH, BEIpaXKEHHBIN Tapabosioit 2-ro mopsijika, UMEeT BU]

x, =B, +B1t+B2t2'

[TapaGonsl 3-ro u 60see BHICOKUX MOPSIKOB PEAKO MPUMEHUMBI JIJIsl BhIpaxe-
HUS TEHACHIUMU JTUHAMHUKHA U CIMIIKOM CHOKHBI JJISl TTOJYYEHHS] HAJEKHBIX OLIEHOK
[apaMeTpPOB IIPU OTPAHUYECHHOMN JNTMHE BPEMEHHOTO PsiIa.

3HaueHHUs MapameTpoB. Mapabosbl 2-ro MOps/iKa TAaKOBBI: CBOOOJHBIN UJIEH
B, — 9TO cpenHUil (BBIPOBHEHHBII) YPOBEHb TPEHJAa HA MOMEHT WU NEPUOJ, IPUHS-

TBIN 3a HaYaJ10 OTCueTa BpEMEHH, T. €. ¢ = 0; 3, — 3T0 cpeaHuii 3a BeCh IEpUOA Cpe-

HETOJ0BOM MPUPOCT, KOTOPBIN YK€ HE SIBIISIETCSA KOHCTAaHTOM, a U3MEHSIETCS PaBHO-
MEPHO CO CPEIHHUM YCKOPEHHEM, paBHBIM 2[3,, KOTOPOE M CIYXHUT KOHCTAHTOM,

TJIaBHBIM MapaMeTpoM Mapadoibl 2-ro mopsiKa.

CnenoBatesibHO, TpeHJ B (opme mapalosibl 2-ro Mopsiaka MpUMEHSETCs s
OTOOpaXKCHUSI TaKUX TCHACHIUMN AWHAMHKHU, KOTOPHIM CBOMCTBEHHO MPUMEPHO IIO-
CTOSIHHOE YCKOpeHHEe abCOMOTHBIX U3MEHEeHUH ypoBHEeH. C 0IHOM CTOPOHBI, IIPOILIEC-
Chl TAKOI'O pOJa BCTPEUAIOTCS HA MPAKTUKE ropa3o PexkKe, YEM IPOLIECCHl C PaBHO-
MEpHBIM HU3MEHEHUEM, HO, C JIPYroll CTOPOHBI, JIt0OOE OTKIOHEHHE IpoIecca OT
CTPOr0 PaBHOMEPHOTO MPUPOCTa (WM COKpAIICHHUS) YPOBHEM MOXKHO HMHTEPIPETH-
pOBATh KaK HAIMYHUE YCKOPECHUSI.

OKCNOHEeHYUanIbHas Mooeib:

X = Bo + B, exp(B,?) .
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CBOOOMHBIN 4JIEH SKCIOHEHTH! [3, paBE€H BHIPOBHEHHOMY YPOBHIO, T. €. YPOB-

HIO TPEHJIa B MOMEHT WJIU MEPUOJI, MPUHATHINA 3a HaYajio OTCYETa BPEMEHH, T. €. IPU
t = 0. OcHOBHOHM MapaMeTp SKCIOHEHIMATBHOTO TPEHJA k SIBISETCS MOCTOSHHBIM
TEMIIOM M3MEHEHUs ypoBHel (1ieHHbiM). Eciiu & > 1, umeem TpeHs ¢ Bo3pacTarouiu-
MU YPOBHSIMH, MPUYEM HTO BO3paCTaHUE HE MPOCTO YCKOPEHHOE, a C BO3PACTAIOLIUM
YCKOPEHHUEM M BO3paCTAIOUIMMU MPOU3BOJHBIMHU BCeX 00Jee BHICOKUX MOPsIKOB. Ec-
m k < 1, TO uMeeM TpeHl, BBIPAXKAIOIUNA TEHAECHIUIO MOCTOSHHOT0, HO 3aMeIsIIo-
HIETOCsl COKpAIlleHHs] YPOBHEH, MpUYEM 3aMeIJIEHUE HEMPEPhIBHO YCUIUBAETCA.

OKCHOHEHIMAJIbHBINA TPEH]I XapaKTepeH sl MPOLECcCOB, Pa3BUBAIOMIMXCS B
cpelne, He Co3Jarollell HUKaKuX orpaHudYeHud s pocTta ypoBHs. M3 aToro cienyer,
YTO HA NPAKTUKE OH MOXET pPa3BUBATHCS TOJBKO HAa OTPAHUYECHHOM IPOMEKYTKE
BpEMEHHU, T. K. JIt00as cpejia paHo WX MO3HO CO3/aeT OrpaHUYeHUs], JI00bIe pecyp-
Chbl CO BPEMEHEM HCYEPIIaeMBbl.

T'unepbonuueckas mooenn:

B,

x, =, + — — Haubosee MPOCTON BUJ THIEPOOIIBL.
t

Ecnu ocHoBHO# mapametp runep6omnst 3, >0, TO 3TOT TpeHA BBIpa)kaeT TEH-
JEHIMIO 3aMEIIISIIONErocs CHUKEHUSI ypOBHEH, u npu ¢t — oo,x, = 3,. Takum obOpa-
30M, CBOOOJHBIM WICH THIEPOOJIBI — 3TO HPEIEi, K KOTOPOMY CTPEMHUTCS yYPOBEHB
TpeHJa.

Takas TenaeHuus HaOMIOaeTCS HpPUW M3YYCHHH Tpollecca CHIDKEHHUS 3aTpar
mo0oro pecypcea (Tpyaa, MaTepuasaoB, SHEPTUM) Ha €AUMHUILY TAaHHOTO BUAA MPOAYK-
UM WM €€ ce0ECTOMMOCTH B LIEJIOM. 3aTpaThl pecypca HE MOTYT CTPEMHTHCS K HY-
JII0, 3HAYMT, DKCITIOHCHTA HE COOTBETCTBYET CYITHOCTH TPOIlecca; HYy)KHO MPUMCHHUTD
runepooInIecKyto GopMyity TpeHaa.

Ecnu napametp 3, <0, 10 c Bo3pacTaHueM f, T. €. C TCYEHUEM BpPEMEHH, YPOB-
HU TPEH/1a BO3pacTalOT U CTPEMSATCS K BeIMUMHE 3, a pU ¢ — 0.

Jloeapupmuueckas mooennv:
x, =B, + B, Int.

Takas popma TpeHaa xapakTepHa JiJIsl poliecca, IPUBOISAIIETO K 3aMEIJICHUIO
pocTa Kakoro-To Mokas3aTelsisl, HO IIPU 3TOM POCT HE MPEKpaIaeTcsi, HE CTPEMUTCS K
KaKOMY-TM00 OrpaHUYeHHOMY Ipesieny.

[IpumepoM TEHIEHIIMH, COOTBETCTBYIONIUX JIOTAPU(DMHUIECKOMY TPEHIY, MO-
KET CIYKUTh TUHAMUKA PEKOPAHBIX JTOCTHXKEHHUM B CIIOPTE: U3BECTHO, UYTO yBEIUYE-
HUe Ha | cM pekopja MphDKKA B BBICOTY WM cHUxkeHue Ha 0,1 ¢ BpemeHu Oera Ha
200 wim 400 M TpebyeT Bce OONBIIMX M OOJBIINX 3aTpaT BPEMEHH, KXl PEKOP
JaeTcs BCe OONBIIMM W OOJIBIIUM TPYAOM. B TO ke BpeMsi HET M «BEUYHBIX» PEKOP-
JIOB, BCE CIIOPTUBHBIC JOCTIDKCHHS YIYUIIAlOTCS, HO MEJJIEHHEEe U MeJJIeHHee, T. €.
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no syiorapudgmuueckomy Tpenay. Hepenko Takoit e xapakrep AMHAMUKH IPUCYII HA

OTJEJIBHBIX ATanax pa3BUTHUS JUHAMUKE YPO'KalHOCTH WM BaJIOBOI0 cOOpa KaKOH-TO

KyJbTYpbl B JAHHOM DPETHOHE, MOKa HOBOE arpOTEXHUYECKOE NOCTHKEHUE HE IpU-

JaCT CHOBA TEHJEHLUN YCKOPEHHUSI, YTO HILIIIOCTPUPYET CIEAYIOMAs MOACIIb.
Jlocucmuueckas mooenn:

a
X =—-,
" 14+ be

Jloructuueckass gopma TpeHIa MOAXOAMT MJIA OINUCAHUS TaKOro IMpoliecca,
MpY KOTOPOM H3yYaeMbIH IOKa3aTeldb MPOXOJIUT MOJHBIA LMK pPa3BUTHS, HAUU-
Hasl, KaK IMPaBWwio, OT HYJEBOIO YpPOBHS, CHadyalla MEIJEHHO, HO C YCKOPEHUEM
BO3pacTas, 3aT€M YCKOPEHUE CTAHOBUTCS HYJEBBIM B CEPEAMHE ILHKJIA, T. €. POCT
MPOUCXOAUT TI0 JIMHEHMHOMY TPEHIY, 3aT€M, B 3aBEPIIAIOIICH YaCTH LHUKJIA, POCT 3a-
MeIJIseTCsl o TUnepOoJe Mo Mepe MPUOIMKEHUS K TpeAeabHOMY 3HAUCHUIO MOKa3a-
tenst. K S-o0pa3HeiM mpolieccaMm MOXKHO OTHECTH IPOIIECC pa3BUTHSI HOBOM OTpaciu
(HOBOTO MPOU3BOACTBA).

[Tpu BEIOOpPE MOEIN TPEH/IA MOYKHO PYKOBOJCTBOBATHCS CIICAYIOIMIMMHU PEKO-
MeHaamusamu [11].

1. Eciiu 3HayeHUs BpeMEHHU ! MPEACTABISIOT CO00N aprupMETHYECKYIO Mpo-
TPECCHUIO, a TIEPBbIC PA3HOCTU COOTBETCTBYIOMINX 3HAYEHUI BPEMEHHOTO pAaa X; Mo-
CTOSIHHBI, TO TPEHJ] MOKET OBITh ONUCAH JIMHECHHON MOJIEIbIO.

2. Ecnu 3HayeHUs BPEMEHU ¢ TPEACTABISAIOT COO0H apudMETHYECKYIO Mpo-
TPECCHUIO, a p-€ PA3HOCTH COOTBETCTBYIOIIUX 3HAYCHUN BPEMEHHOTO Pslia X; IMOCTO-
STHHBI, TO TPEH/I MOKET OBITh OTIMCAH MTOJIMHOMOM CTETICHH p.

3. Eciu cBsi3b Mexay In(x;) v ¢ TuHElHa, TO ONUCAaHUE TPEHa I1eJIeco00pa3Ho
MPOU3BOAUTH MO CTENCHHON MOJECIIH.

IIpoBepka HaJIMYMSA TPEeHAA

JIns IpOBEpKM THIIOTE3bl O HAJIWMYUU TPEHAA INPUMEHSIOTCS HemapaMeTpude-
CKHME KpUTEpUM, Halpumep, 3HakoBbI KpuTepuil Kokca — Crroapra, a Takke METOA
cpaBHeHUs cperHuX U meTon Pocrepa — CTroapra.

Jlis BpeMEHHOro psiaa x, ¢t = 1,...n, mpoBepsieTcss TUNOTe3a 00 OTCYTCTBUHU
TpeHza:

H,:E{x,}=a=const
IPOTHUB AJIbTEPHATHUBBI
Hl :| E{xz+l} _E{xz} * 09

T. €. TUII0TE3a O CYILECTBOBAHUM CUCTEMATHUYECKOI0 CMEILIEHNS CPEAHETO.
s npoBepku runotessl Hy, ) uCnonb3yeTcs CAeayOINUN alrOpuTM.
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1. BpemeHHo psn pa3duBaeTcsi Ha TPU YaCTH 1 = Ny + 1y + 13 Tak, 4YTO IepBas
Y TIOCITIETHSSA COAEPKAT OJIMHAKOBOE YUCIIO HAOIIONCHUM 1| = n3.
3 ~ ~ ~
x*®) — sreMeHTBI NepBOii U TIOCHeIHEN TpeTeit BPeMEHHOTO psi-

na. Beruucisercs pasnocts x' — x

2. Tlycts x" u
+
u Quxcupyercs ee 3Hak. Ilycte n — umcio

MOJIOKHUTEIBHBIX PA3HOCTEH, 1, — YUCIIO OTPUIATEIbHBIX PAa3HOCTEH:
— + -
S =max{n,,n }.

[TpuHUMaeTCsI PEIIeHHE O TOM, YTO TPEH]] BO3pACTAIOLINiL, ecinu n," > n, (yObl-
BAIOLIMH, ecltu 1, <n, ).

3. Cratucrtuka S npu n > 30 annmpoKCUMUPYETCS HOPMaJIbHBIM pacrpe/ie/IeHU-
eM co cpeaHuM 7/6 u qucnepeueit 7/12, Toraa cTaTUCTUKA

7 _|S=n/6)

Nn/12

MOJYMHEHA CTaHJApTHOMY HOpMallbHOMY 3akoHy pacmpegenenus N(0,1). Ilpu ma-
JBIX 00beMax BeIOOPKH (7 <= 3() BBOAMTCS MOMpaBKa HA HEMPEPHIBHOCTH:

o+ _|S=nl6[-05

Jn/12

4. JInsa ABYCTOPOHHETO KPUTEPHsI TMIIOTe3a 00 OTCYTCTBUM TpEeHJA NMPUHHMA-

%
erca, ecmu |1 |<u, ,,, TAe U, ,,,— KBAaHTWIb ypOBHS 1—0/2 CTaHIApTHOrO HOP-

MaJBHOTO pacIpeieeHHMs.
Memoo cpasnenus cpeonux. BpemeHHOU psij pa3duBaeTcs Ha JABE MPUMEPHO
PABHBIC YACTH X, X,,..X, U X, ,X X C KOJIMYECTBOM YPOBHEH 11; U 715, U IS

m+12 Ty 429" n=n+n,

. - — 2 2
Ka)XJ0M 4acTU BBIYMCISIOTCSA cpenHue (X,,X,) W BbIOOpOUHBIE nucnepcuu (s, ,S,)

COOTBETCTBEHHO.
Hanee paccuntbiBaeTcs 3HaueHue kputepus CThioJeHTa o Gopmyiie

= | X, — X, |

€CJIH MPEIIOJIaracTCs, YTO 3HAYCHUS JUCTICPCHIA Ha STUX YYaCTKax HE PaBHBI MEKIY
o 2 2
co0oil, T. €. G; # G, U 110 popMmyJe
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2
rae s- — oOuras BBIOOpOYHAsi JUCHIEPCHS psijia, €CIM  MpeArnoaraercs, 4To Jucrep-
2 2
CUM OJMHAKOBBI: G| =G .

MeToabl IOCTPOEHNSI M TECTUPOBAHMS MOJIEIH

[Iporecc mocTpoeHust Mojieniel ¢ AETEPMUHUPOBAHHBIM TPEHAOM IpeaycMar-
pUBaET MpoLeaypy BbiAeaeHus Tpenaa. [Ipu BeiieIeHUN MOJTUHOMUAIBHOTO TPEH 1A K
PErpEeCCUOHHON MOJICNIM MPUMEHSETCS METOT HAMMEHBIITNX KBaJAPaTOB.

AHanu3 aJiekBaTHOCTH MOJIEJIM OCHOBAH Ha MCIOJb30BAHUK CTAHJAPTHOTO Ha-
0opa TeCTOBBIX CTATUCTHUK C IEJIBIO pellieHus cieayromux 3aaad [11]:

® aHaJIM3 3HAYUMOCTH KO3(P(PHUIIMEHTOB PETPECCUU U aleKBATHOCTH MOJIEIIU B
nenom (t- u F-crtatuctuka, kKodphUIMeHT aeTepMUHALIIT R’ CyMMa KBaJIpaToB OC-
TaTKOB);

e TMpOBEpKa MPEANOI0KEHUS O TOM, YTO OCTATKH SIBISIOTCS «OEIBIM IIIyMOM,
T. €. HeKoppenupoBaHHbIMU (Q-cTaTucTuka JIptoHra — Bokca) U UMET HOpMaJIbHBIN

3aKOH pacrnpesenenus (kputepuii x> ITupcona, XKaka-Bepa);

e BBIOOp Hambosee npoctoit moaenu (craructuka AIC, SC).

B cinyuae HenmmHEWHOTO TpeHAA, MOMYCKAIOMIET0 JTUHEAPU3AIHIO 33 CUYET CIie-
[UATBHBIX (QYHKIIMOHAIBHBIX MpeodpazoBaHuil, Takxke npumensercs MHK mo otHo-
[ICHUIO K MpeoOpa30BaHHOMY BPEMEHHOMY psily. B mpoTHBHOM ciiydae MCTIONB3YIOT
HEJTMHCHHBIA METO/I HAMMCHBIIINX KBaJIPATOB.

HecranmonapHple BpeMEHHBIE PSAbI, KOTOPBIC MOCIE BBIICICHUS JIEeTCPMHUHU-
poBaHHOTrO TpeHaa ¢ nomomrsio MHK npuBomAT K cTaliMmoHApHOMY PSAIy OCTAaTKOB,
HA3bIBAIOTCS «CTAIMOHAPHBIMUA OTHOCUTEIEHO TPEHIAY.

4.3. [IlunaMmu4vecKue MoJIeJiu ¢ pacinpeae/ieHHbIMH JaraMu

HpI/I HU3Y4YCHHUH IOBCACHHUA 3KOHOMHYCCKHUX IIPOHECCOB HAa AOCTATOYHO IJIN-
TCJIBHOM ITPOMECIKYTKC BPECMCHH C€CTb BCC OCHOBAHUSA IPCAIIOJIAaraTb HaJIU4YHUC OIIpPEC-
JACJICHHBIX B3aMMOCBSI3¢eH MCKAY HUX IMOCJICHOBATCIIBHBIMU COCTOAHUAMH, T. €. CO-
CTOAHHMEC D9KOHOMHUYCCKOTI'O SABJICHUS B I[ElHHBIfI MOMCHT WJIHU IICpHUOd BPCMCHU OIIPCIC-
JIIETCA B TOM YHCJIC U €0 COCTOAHUAMH, a4 TAK)XKC COCTOSIHUAMU OKpY)KaIOH_Ieﬁ CpCabl
B IIPCAMICCTBYOIUC MOMCHTHBI UJIN IICPUOAbI BPCMCHU. I[aHHOC 00CTOSITENNECTBO SIB-
JICTCA CICACTBHUCM HAJINMYUA 3alla31bIBaAHUS B I[CﬁCTBI/IH q)aKTOpOB 1100 HHCPIHNOH-
HOCTBIO N3YYAaCMBbIX ITPOUCCCOB.

MOI[CJII/I, CBA3BIBAIOIIINEC COCTOAHHUA S5KOHOMHUYCCKUX SIBJICHUU B InocjacaoBa-
TCIIBbHBIC MOMCHTBI (nepnonm) BPCMCHH, IIPHUHATO HA3BIBATDH ounamuyeckumu. Takue
MOACIIN TIO3BOJIAIOT M3Yy4aThb ABJICHUA B IHWHAMHUKC, B PA3BUTHU. AHanuTH4YeCcKOe
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Mpe/ICTaBlICHUE JAUHAMUYECKUX MOJENel BKJIIOYAeT 3HAUYEHUsI MEPEMEHHBIX, OTHO-
csiIMecs Kak K TEKYIIEeMY, TaK U K MPebIIyIlIUM MOMEHTaM (IIeproJiaM) BpEMEHHU.
OOBIYHO TMHAMUYECKUE MOJENHN MOPA3EIIAIOT Ha JBa Kiacca.
1. DKOHOMETpUYECKHE MOJIENHU, BKIIOYAIOUINE B KauecTBE (PaKTOPOB 3HAUCHHUS
(aKTOpPHBIX MEPEMEHHBIX B MPEIbIAYIIUE MOMEHTHl BPEMEHH, Ha3bIBAIOTCS MOOe/is-
MU € pacnpeoeneHHbIM 1a20M.

Vio=a+PBex, +Bx, +B,x ,++Bx,, +E,. (4.3)

MopensMu 3TOro THMA ONUCHIBAIOTCS CUTYallMM, KOTJAa BIMSHUE MPUYMHBI
(He3aBUCUMBIX (DAKTOPOB) Ha CIIC/ICTBUE (3aBUCHMYIO MEPEMEHHYIO) MPOSBIISIETCS C
HEKOTOpBIM 3ama3jpiBaHueM. Hanpumep, npu u3ydeHUH 3aBUCUMOCTU OOHEMOB BbI-
MycKa MPOJYKIHMU OT BEIWYMHBI MHBECTUIMH, BBIPYUKH OT PACXOJ0B HA peKIaMy
U T. 1.

2. DKOHOMETPUYECKHE MOJIETH, BKIIOUYAIOIINE B KauecTBe (PaKkTOpoB HapsIy
CO 3HAYEHUSAMH HE3aBUCHUMBIX MEPEMEHHBIX TAK)KE 3HAYECHUs pe3yJIbTaTUBHOM mepe-
MEHHOH B IPEIbIAYIIIIE MOMEHTBI BDEMEHU — MOOeNU a8mopecpeccuu.

V=0 +Box, +Bx L +Bx Y VY, et e 4.4)

OtaenpbHy0 TPyNIly JTUHAMUYECKHX MOJEIEH COCTABJISIOT MOJENH, YUYHUTHI-
BAIOIIIUE OXHUJIAEMbIE YPOBHH MEPEMEHHBIX. DTH YPOBHH OMPEIACIAIOTCS SIKOHOMUYE-
CKHMU CYOBEKTaMH Ha OCHOBE MH(OpMAINH, KOTOPOH CyOBEKThI pacroyiarator B Te-
KYIIMA Y TPEabIAYIIUHA MOMEHTBI BpeMeHn. Hanpumep, Moaenn aTanTUBHBIX OXKH-
JAHUW WK YaCTUYHOU KOPPEKTUPOBKHU.

BxroueHHble B MOJIeNb B KauecTBE (haKTOPOB 3HAUEHHUS MEPEMEHHBIX B IIpe-
IBIIYIIAE MOMEHTBI BPEMEHHU HA3BIBAKOTCS J1a208biMU nepemennbimu. llpumepom
3HAYCHUU JIATOBBIX MEPEMEHHBIX SIBIISIFOTCS BPEMEHHBIE PsIAbl MCXOJHBIX YPOBHEH,
CIABUHYTBIC Ha3aJl Ha OAWH WK 00Jee MOMEHTOB BpeMeHHU. BennunHa 3TOro ciasura
HA3bIBACTCH JIA20M.

[IprynH HaIW4YKs JIArOB B SKOHOMHUKE JOCTATOYHO MHOTO, U CPEAU HUX MOKHO
BBIJICJIUTH CACAyIomue [2].

Ilcuxonocuueckue npudursl, KOTOpble OOBIYHO BBIPAXKAIOTCS YePE3 UHEPIIUIO B
nopeJieHun groaen. Hampumep, mroam TpaTaT CBOM J0OXOJ MOCTEIIEHHO, @ HE MIHO-
BeHHO. [IpuBBIUKa K ompeaesieHHOMY 00pa3y >KH3HU MPUBOJIUT K TOMY, UTO JIFOAU
MpUOOPETAIOT TE ke OJilara B TEUCHHE HEKOTOPOI'0 BPEMEHHM Jla)Ke T0CJIe TaeHUs UX
PEATBHOrO JOXO0MA.

Texnonoeuuweckue npuuunsvl. Hampumep, n3o0peTeHne NMEepPCOHATBHBIX KOMITb-
I0TEPOB HE MPUBEJIO0 K MTHOBEHHOMY BBITECHEHHUIO UMU Oobiinx 9BM B cuity HeoO-
XOJIMMOCTH 3aMEHBI COOTBETCTBYIOIIETO MPOTPAMMHOT0 OOEcCIeueHus, KOTOpoe Io-
TpeOOBaIO MPOAOIKUTEITBHOTO BPEMEHHU.
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Hucmumyyuonanvnvle npuuunsl. Hampumep, KOHTPAaKTBI MEXIy (upmamw,
TPYJOBBIC JIOTOBOPHI TPEOYIOT OMNPEIEICHHOTO ITOCTOSHCTBA B TEUCHHWE BPEMCHH
KOHTpaKTa (J10roBopa).

Mexanuzmvl  hopmuposanuss 3xKoHoMudeckux noxazameneu. Hampumep, WH-
GAAIUS BO MHOTOM SIBJISICTCS MHEPIIMOHHBIM MPOIIECCOM; JICHE)KHBIH MYJIbTHILTHKA-
Top (CO3MaHME JICHET B OAHKOBCKOW CHCTEME) TakKe MPOSBIIAET ceOs Ha OmpeseieH-
HOM BPEMEHHOM MHTEPBAJIC U T. II.

BrirroueHne B 9KOHOMETPHUYECKYIO MOJICIb J1aroBbIX 3HaUYCHUH 3aBHCHMOM TIe-
PEMEHHOM OCJIOKHSET MPOOJIEMY TOJIYICHHUS HECMENICHHBIX U 3(()EKTUBHBIX OIICHOK
ee mapamMeTpoB. Bo-niepBbIX, HaTUYKME HECKOIBKUX JTArOBBIX MIEPEMEHHBIX Vi1, Vi 2, ...,
100 X; 1, X; 2, ... , 324ACTYIO CHUIBHO KOPPETUPYIOIINX MEXITYy COOOM, BEIET K MOTEPE
Ka4yecTBa MOJICITH BCJICJCTBUE yXYIUICHHUsI TOYHOCTH OIICHOK €€ IMapaMeTpOB, CHIKE-
HUIO0 WX 3()(PEKTUBHOCTH M YCTOWYMBOCTH K HE3HAYUTEIBHBIM KOJCOAHUSAM HMCXOJ-
HOM MH(pOpMAIIUH, OIIHOKAM OKPYTJICHHS.

Bo-BTOpBIX, Kak TpaBWIIO, CYIISCTBYET CHJIbHAsS KOPPCIAIMHMOHHAS 3aBUCH-
MOCTh M@Ky EPEMCHHBIMH V; 1, Vs 2, ... U OITMOKOH €;, BEIyIas K MOSIBICHUIO CME-
IIICHUS B OIICHKAX MapaMeTpoB MpHu ucronb3oBannun MHK.

B-TpeThux, BpeMEHHOH psii OMMOKA MOJCIIN € YACTO XapaKTePHU3yeTCsl HaJU-
YHeM aBTOKOPPEIAIMOHHON CBSI3M, BCJIEICTBHE YEr0 OICHKH MapaMeTpoB MOJEIH,
MOJIYYCHHBIE HerocpencTBeHHO Ha ocHoBe MHK, sBistoTcs HeapdekTuBHBIMEU. OT-
METHM, YTO BaYKHBIM ATAIlOM IIPH MMOCTPOSHUM MOJIEJICH C pacrpeesIieHHbIM JJaroM |
MOJICJICH aBTOPETPECCHUU SIBISETCS BBIOOD ONTUMAIbHON BEJIWYMHBI JIara U OIpejie-
JICHUE €TO CTPYKTYPHI.

J7ist olleHKH MoJieNel ¢ OECKOHEUHBIM YHCIIOM JIaroB pa3paboTaHO HECKOJIBKO
METO/JIOB.

MeTton nocJie1oBaTeJJbHOr0 YBeJIHYEeHUSI KOJIHYECTBA JIATOB

[To nanHOMY METONY ypaBHEHUsI PEKOMEHJYETCsS OIICHHMBAaTh C IOCJEI0Ba-
TEJLHO YBEJIWYUBAIOIIUMCS KOJTMYECTBOM JiaroB. [Ipu3HaKoB 3aBeplieHUs MPOLETy-
PBI YBEJIMUCHHS KOJIMYECTBA JIATOB MOXKET OBITh HECKOJIBKO:

* npu J100aBJIECHUM HOBOTO Jiara Kakou-mu6o kodduimeHt perpeccuu B npu
MEePEeMEHHON X, , MEHsIeT 3HaK. Toraa B ypaBHEHUH PErpecCUU OCTABIISIIOT NIEpEeMEH-
HBIC X7, X~ 1, seey Xi—jt 1, KOIDDUITUEHTHI TPHU KOTOPBIX 3HAK HE TTOMEHSLIIN;

* IIpu 100aBJICHUH HOBOTO Jiara K03 uImenT perpeccun P mpu nepeMeHHOn
X~ CTAHOBUTCS CTAaTHUCTUYECKH HE3HAUYUMBbIM. OUYEBUIHO, YTO B ypaBHEHUHU OyAyT
HCIIOIb30BATHCS TOJIBKO MEPEMEHHBIC X7, X/—1, ..., Xi—+1, KOIPOUIIMEHTHI IPU KOTOPHIX
OCTAIOTCS CTATUCTUYECKHU 3HAYUMBIMU.

OnHako MpUMEHEHHE ITOr0 METOJa BeChMa OrPaHWYEHO B CHIIY IMOCTOSIHHO
YMEHBIIAIOMIETOCsl Yucia CTereHeld CBOOOABI, COMPOBOXKIAIOUIEIOCS YBEIUYEHUEM
CTaHJAPTHBIX OMIMOOK M YXYAIICHHMEM KadecTBa OIIEHOK, a TakKXe BO3MOXKHOCTH
MYJIBTUKOJUTMHEApHOCTH. Kpome 3Toro, mpu HENmpaBUIBHOM OMpPEACICHUN KOJude-
CTBa JIaTOB BO3MO>KHBI OIIMOKY CIIeIU(UKAIIUH.
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Mopesau ¢ pacnpeesieHHbIM Jarom
PaccmoTpumM Mozienb ¢ pacnipeleIEHHBIM JIaroM MOPSIKa p:

yi=a+Bex, +Bx  +Bx , B, e,

OcHoBHYI0 MpoOJieMy MpH OLEHKE MNapaMeTpOB COCTAaBISAET, Kak IPaBUIIO,
CWJIbHASI KOppEJALMs MEeXIy (hakTopaMu X;, X, 1, X; 2, ... . s ee mpeogosieHus npu-
MEHSETCS NpeoOpa3oBaHUE JAaroBbIX MEPEMEHHBIX, JHOO JeNaroTcsi ONpe/iesieHHbIe
MPEANOI0KEHUs 0 XapakTepe KO3 (OUIIEHTOB PErPECCHH.

Ouenka mapamMeTpoB MOJeJIM € pacnpeae/ieHHbIM Jarom Metoaom Koiika
B merone Koiika npennonaraercs, yTto K03 (UIMEHTH MPH JIArOBBIX Iepe-
MEHHBIX YOBIBAIOT B TEOMETPUUECKOIN MPOrPECCUH:

B, =BA5k=0,1,....,

rae 0 <A < 1 xapakTepu3yeT CKOPOCTh yObIBaHUSI KOI(PGHUIIMEHTOB C YBEIUUYECHUEM
nara (c yjalieHHeM OT MOMEHTa aHainu3a). Takoe MpeArnojoKeHUe JA0CTaTOYHO JIO-
TUYHO, €CJIM CUMTATh, YTO BIUSHHUE MPOILIBIX 3HAUCHUN OOBSICHSIOMINX TIEPEMEHHBIX
Ha TEKyIllee 3HAaYCHUE 3aBUCHMOMN MEPEeMEHHOM OyIeT TEM MEHbIIe, YeM JajbIle 10
BPEMEHHM ITH MOKa3aTEIN UMETU MECTO.

B nannom ciyvae ypaBHenue (4.3) npeobpasyercsi B ypaBHEHUE

Y, =0+ Box, + BoAx, | +BAX_, +...+E,. 4.5)

Mopens (4.5) BKIIOYaeT TpU NapameTpa o, [, A, IS OmpelnesieHrus KOTOPBIX
MPUMEHSIETCS] HETMHEHHbIA METOA HAMMEHbIINX KBaApaToB. COrIacHO 3TOMY METOJY:

a) 3a7al0TCs TpaHMIbl W3MEHEHUs nmapamerpa A (B mpocTeillieMm ciiydae
Ou 1) u onpenensOTCs BCEBO3MOXKHBIE 3HAUCHUS NapamMeTpa A € JOCTaTOYHO Ma-
aeiM warom (Hampumep 0,01). Jlng kaxkaoro 3HaueHHs] mapaMeTpa A BBIUUCISIOTCS
3HAYEHHUsI HOBOM MEPEMEHHOM Z:

— 2 3 P
Z, =X M F X X A X,
r7ie BeJIUYMHA p BBHIOMpAETCs TAaKOM, 4TOOBI BO3JEHCTBHEM IMOCIEAYIOIINX JIarOBbIX
3HAYEHUH X, ,+; MOXKHO OBLIO IIPEHEOPEYD;
0) OLIEHUBAETCSl YpaBHEHUE PETPECCUU

y,=0+B,z +¢€; (4.6)

B) BBHIOMPAETCSl TaKOE 3HAYCHUE MapaMeTpa A, KOTOPOMY COOTBETCTBYET HaW-
. 2
Oonbmni ko3P GUIMEHT AeTepMUHAIMKU R™ npu orieHke ypaBHeHus (4.6). [lonyden-
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HbIC TIPH 3TOM OIICHKHM NapaMeTpOB a M b NMPHHUMAIOTCS B Ka4eCTBE OIICHOK Iapa-
METPOB UCXOJHOTO ypaBHEHUS (4.5).

Opnrako Ooiiee pacmpOCTPAHEHHOW SIBICTCS CXeMa BBIYHCICHHIA Ha OCHOBE
npeobpazosanus Koiika.

Bberuuras u3 ypaBHeHus (4.5) Takoe kK¢ ypaBHEHHE, HO YMHOXCEHHOE Ha A U
BBIYHCIICHHOE JIUIS MIPEABIIYINEro mepruoaa BpeMenu (1 — 1)

Ay, = Ao+ BAx, +BAX, + .+ g, (4.7)
TIOJTy9IUM CIICYIOIee YPaBHEHHE:
v, -y, =1=-Ma+Bx + (g, —Ae, ),
nanee
y,=1-Mo+Byx +Ay,  +v, (4.8)

TIE V, =€, — AE, | — CKOMb3AUWAS CPEOHAS MENCOY € U E|.

[IpeoGpazoBanue ypaBHeHus (4.3) o JjaHHOMY METOAY B ypaBHeHue (4.8) Ha-
3bIBaeTCs npeobpazosanuem Koiika.

[lonnyyeHHOe ypaBHEHHE MNPECTABISIET COOOM aBTOPErPECCHOHHYIO MOJENb
nepBoro nopsiaka. OIeHUB mapamMeTphl ATOT0 YPaBHEHHS, MOKHO TIOJTYYUTh OIEHKU
napaMeTpoB o, 3, A UCX0IHOTO ypaBHEeHUS (4.5).

[Tpu mpumenennu mpeodpazoBanrs Koiika BOZMOXKHBI CIIEIYIONIUE TPOOIEMBI:

* cpenr OOBICHSIONINX MEPEMEHHBIX MOSBISICTCS MIEPEMEHHAS .-, KOTOpas, B
NPUHIIUIIE, HOCUT CIyYalHBIA XapaKkTep, 4TO HapylIaeT oaHy u3 npeanocsuiok MHK.
Kpome Toro, nannas o0bsICHAIOMAs IEPEMEHHAsi CKOpee BCEro KOPPEIUpyeT co Ciy-
YaHBIM OTKJIOHCHHUEM 0y

* eCNIM JJIS CIYYAMHBIX OTKIIOHCHHWH &, €-; MUCXOIHOW MOJEIH BBHITIOIHICTCS
npeanocsuika 30 MHK, To miig cimydailHbIX OTKJIOHEHUW 0;, OYEBUIHO, UMEET MECTO
aBToKoppesinus. (s ee ananmuza BMecTo 00bIuHOM cratuctuku DW JlapOuna —
Yorcona He00X0IMMO UCIOJIb30BaTh CTATUCTUKY JapOuHa;

* IPU YKa3aHHBIX BBINIE MpobaemMax oleHKH, monydeHHbie mo MHK, sBisroTcs
CMENICHHBIMU U HECOCTOSITENIbHBIMHU.

OneHka napamMeTpoB MOJIeJIH C pacnpe/ieJIeHHbIM JIArOM MeTO0M AJIMOH

B meTone AlMOH 171 Ipeo0JICHHs CUIIBHON KOPPENISIIUU MeXay dhakTopamMu
Xty X1, X¢-2, ... UCIIOJIB3YETCS Mepexof K (k +1) HOBBIM IIEpEMEHHBIM Z; ¢ MEHBLICH
KOPPESIMOHHOM 3aBUCUMOCTBIO 110 (hopMysIam

Z,=a,X,+a,x, +a,x,_,, (4.9)
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rae ko3 puuueHTsl nogo0paHbl COOTBETCTBYIOIIMM 00pa3oM.
CornacHo MeToty AJIMOH, KO3((UIIMEHTHI MPEACTABISAIOT B BUIEC MOJTUHOMOB
3aJIaHHOM CTENEeHU k OT BETMYMHBI JIara j:

. 2 .k
b,=cy+ejt+e,j +..t¢j .

B vactHOCTH:
® JUIs IOJIMHOMA MepBOii crenenu (pu k= 1): b, =¢, +¢,j;
o . .2
® JUIs IOJIMHOMA BTOPOiA cTenenu (npu k =2): b, =c,+¢,j+¢,j” uT. 1.

Beipaxenns s kodppuuueHTos b; Monenu (4.3) IpUHUMAIOT BUA:

b, =cy;
b=cy+c +..+¢;
b, =c, +2¢, +4c,...+2"c,; (4.10)

2 k
b,=c¢cy+ pc + pc,..+pc.

IToxcrasisas B (4.3) HaliicHHBIE COOTHOINEHMA A b; M BBOAS HOBBIE IIEpe-
MEHHBIE Z; C TIOMOIIBIO COOTHOIIEHH (4.9), MpeNcTaBUM HCXOIHOE ypaBHEHHE (4.3)
B CJICAYIOILEM BHJIE:

y,=a+cyzy+cz+¢,z,+...+cz, + €, (4.11)
rae

p
Zy=X;H X X, =) X,
Jj=0
p
2, =X ,+2x ,+...tpx,_, = ZJx,_j;
J=1

)4
z,=x,_ +4x,_, +...+p2xt_p = ijxt_j; (4.12)
=1

P
_ k k _ .k
Z,=X,+2'x ,+...+px_,= E J X
J=0

ITocne ompenencHus YNCIIEHHBIX 3HAYE€HUH mapamMeTpoB ¢; Mmojenu (4.11) xo-
3P PUIMEHTBI HCXOJHOM MOAEIH b; HaxoaaTcs u3 cooTHouenui (4.10). Ilpumenenne
MeToaa AJIMOH Uil pacueTa napaMeTpoB MOJIETH C pacipeleICHHBIM JIaroM IpeIo-
JaraeT MpeaBapUTeIbHOE OIpeeiIcHne MaKCUMAJIbHOW BEJIMUMHBI Jlara p U CTENeHU
nosrHOMa k. ONTUMalbHYIO BEJIWYUHY Jlara MOKHO TPHUOJMKEHHO OINpEeIeTuTh Ha
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OCHOBE anpuoOpHON MH(OpPMAIUK SKOHOMUYCCKON TCOPHUU WU MPOBEICHHBIX paHEe
OMITUPUYCCKUX HCclieoBaHui. [IpuONIMKEHHO B KAa4eCTBE BEJIWYUHBI JIara MOXHO
B35Th 3HaUCHHWE MaKCHUMAaJIBHOTO Jiara, JiIi KOTOPOTo MapHbIH KO3 GUIIMESHT Koppe-
JISIAN MEXAY Y Y JIAarOBBIMH TICPEMEHHBIMH Xy, X; 1, X; 2, ... OCTACTCS 3HAYUMBIM.

MOKHO TaKXe MOCTPOUTh HECKOJIBKO YPaBHEHUH PErpecCHH C pa3HOM BeJu-
YMHOM JIara W BeIOpaTh Hamiydliee. YTo kacaeTcs CTETICHH MOJIMHOMA k, TO Ha TIpaK-
TUKE OOBIYHO OT'PAHMYMBAIOTCS PACCMOTPEHHEM ITOJIMHOMOB BTOPOW M TPEThEH CTe-
neHu. Benmnuuny & Takke MOXKHO ONMPENEATh MyTeM CPaBHEHUS MOJEICH, moCTpo-
CHHBIX JUUIS Pa3IUYHBIX 3HAYeHUH k. ClieqyeT OTMETHUTh, YTO NIPH HAJTWYUHU CHIIBHOU
KOPPEISAIMOHHON CBSA3M MEXITY MCXOIHBIMU JIarOBBIMU MIEPEMEHHBIMHU X;, X; 1, X 2, ...
IIEpEMEHHBIE Z;, NIPEJCTaBIAIONIE CO00H MX JIUHEllHble KOMOMHAINY, TaKxke Oy1yT
KOppeJIMpoOBaTh MKy co0o0il. OnHako ko3¢ dunueHtsl B dhopmynax (4.12) momoo-
paHbl TaKUM 00pa30M, YTO TaKas 3aBHCUMOCTh OYyJEeT CYIIEeCTBEHHO MeHbIIe. MeTon
AJIMOH MMeEET clelyIollHe JOCTOUHCTBA: OH JIOCTATOYHO YHUBEPCAJIEH U C TTOMOIUIBIO
BBEJICHUSI HEOOJIBIIOr0 KOJIMYECTBA BCIIOMOTATENIbHBIX IEPEMEHHBIX Z; B YPABHEHUU
(4.11) (k = 2, 3) mo3BoisIET MOCTPOUTH MOJICNIA C PACIPEACICHHBIM JIarOM JIFOOOM
JUTHHBI.

HNuTepnperanus napameTpoB

N3 cootHowmeHus (4.3) ciaenyer, 4To N3MEHEHNE HE3aBUCUMOM IEPEMEHHOM X B
KaKOM-JINOO MEPHO/Ie BPEMEHU f BIMSIET HA 3HAYEHUE IIEPEMEHHOM ) B JAaHHOM IIE€PHO-
7€ 1 B TEUEHME p CIEAYIOLUX NEpUO0OB BpeMEeHN. B mocnenyrommue nepuoasl 310
BIIUSIHUE MPOSIBIATHCS He Oyzaer. Takum 00pazom, BpeMEHHOM MHTEpBaJl BIUSAHUS KO-
HeueH U orpanuyeH (p +1)-nepuonom. Kospduunent perpeccuu 3, nmpu nepeMeHHOi

X; Ha3bIBAIOT KPAMKOCPOUHbIM Myabmuniuxamopom. OH XapakTepusyeT cpeaHee ao-
COJIFOTHOE U3MEHEHUE ), IPU U3MEHCHHH X; HA OJIHY €IMHUILY CBOETO U3MEPEHHUSI B He-
KOTOPOM IE€pUOJIe BpeMEHH ¢ 6€3 yueTa BO3/IeUCTBUS JIaroBbIX 3HaYeHUH (hakTopa X.

Bemnuunsr (B, +B;), (By+B, +B,) ¥ T. A. Ha3BIBAIOTCA NPOMEICYMOUHBIMU

mynvmunaukamopamu. OHA . XapaKTEpU3YyIOT U3MEHEHUE ), B TeueHue 2, 3 u T. 1.
NEPUOOB MOCIIE U3MEHEHUS X, HA OJHY €IUHULLY.
Bemnupna (B, +B, +B, +...+B,) NokaspiBaeT MakCUMalbHOE CyMMAapHOE H3-

MEHEHHUE PEe3yJbTUPYIOLIEH MEepeMEeHHON Y, KOTOpoe OYIEeT AOCTUTHYTO (110 OKOHYAa-
HUU TEKYIETo M p CIEAYIOIINX MEPUOAOB) MO BIUSHUEM H3MEHEHHs (akTopa X Ha
€AMHUILY B KAKOM-JIUOO MEPHUOJIE, U HAZBIBACTCS 00I20CPOYHBIM MYIbMUNIUKATNOPOM.

ABTOperpeccuHoHHbIE MOEJIH

PaccmoTpum Ba BaKHBIX MpUMEpPA aBTOPETPECCUOHHBIX MOJIEeH B 9KOHOMHU-
KE: MOJIEJIb aIalITUBHBIX OXKUJIAHUKN U MOJICJIb YaCTUYHONU KOPPEKTHUPOBKHU.

l1.Mopaenps ananTUBHBIX OXUIAHUN

Ponb oxunanus B 9KOHOMUUYECKUX UCCIEOBaHUIX 00YCIOBIEHA TEM, YTO P
MaKpOIKOHOMHYECKUX TOKa3arenaed (MHBECTUIMU, COEpPEXKEHHUs, CIPOC HA AKTHUBHI)
OKa3bIBACTCS YYBCTBUTEIBHBIM K OXHUIAHUSIM OTHOCUTEIBbHO Oyaymiero. OTo B
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U3BECTHOM MEpC 3aATPYAHACT MOIACIIUPOBAHUC COOTBCTCTBYIOIIUX 3KOHOMHYCCKHUX
IMPpOLECCCOB U OCYIICCTBJICHUC HAa UX 0a3e TOYHBIX IMPOIrHO30B PA3BUTHA SKOHOMUKHMU.

I[JISI MMpCOa0JICHUA I[ElHHOﬁ HpO6J’ICMBI HUCIIOJIB3YCTCA MOACJIb aAallITUBHBIX
O)KPIII&HPIﬁ. B HaHHOﬁ MOACIHU MPOUCXOAUT IMOCTOAHHAA KOPPCKTHPOBKA O)KI/II[aHI/Iﬁ
Ha OCHOBC HOquaCMOﬁ I/IH(i)OpMaLII/II/I 0 pcaJin3aliv UCCIICAYCMOTO ITOKA3aTCJIA. HpI/I
9TOM BCJIMYHMHA KOPPCKTHUPOBKU HOOJIKHA OBITH MMpOIOpHUOHATIBHA PA3HOCTU MCIKIY
PCAJIBHBIM U OKUJIACMbIM 3HAYCHUAMU.

* ~
O06o3HaunM qepes3 x,,, 0XKHUAacMocC (JIOJIFOCpO‘lHOC) 3HAa4YCHUC IICPCMCHHOH X, .
BYIICM ImojiaraTtb, 94TO 3HA4YCHHUC BCIIMYHHBI Y, OIPCACIICTCS 3TUM 3HAYCHUCM:

y, =o+PBx,, +g,. (4.13)

Ha KaXKJA0M mare OoXuaaHusd ICpeCMaTpUBAIOTCA B HGKOTOpOfI mpoIropuuun OoT
pPasHUIBI MCKIY Ha6JIIOI[aeMBIM 3HAYCHUEM H OXHIAaHUEM HCpCMCHHOfI X Ha
npeablAymeMm mare, T. €. BBIABUT'ACTCA HPCAIIOJIO0KCHHUC, YTO 3TH 3HAYCHUA CBA3AHbI
CIcayromunuM COOTHOIICHUCM

(xt+1 _xt) = Y(xt _xt) .
DTO BBEIPAXKEHUE MOKET OBITH IIPEACTABIECHO CIEAYIOIUM 00pa3oM:
X =YX + (1 . Y)xt H (414)

rae 0 <y <1 Ha3zpiBaeTcs KOOP(HUIUEHTOM OXKUIaHHUS.

Mogens (4.14) Ha3pIBalOT MOJICNIBIO aNaNTHBHBIX oOXxuaaHuid. M3 (4.14)
cleayeT, 4TO 3HaYeHUE MEPEMEHHON, OXXKHIaeMoe B CICAYIOIIHMM MEepHoJl BPEMEHH,
dhopMupyeTCsl KaKk B3BEIICHHOE CpPEHEE €€ PeajbHOro U OXKHUIAAEMOIo 3HAYCHUU B
TEKYILEeM TIEPHO/IC.

WNnterpupys (4.14) u moacrapiiss oJydeHHbIE pe3ysbTaThl B (4.13), umeem

Y= +BY(xt + (1 _y)xt—l + (1_ Y)zxz—z + ) + € -

Jlannas mozens o gopme anajgornyHa mozaenu Koiika. Mogenb anantuBHbIX
OKMJAHUN MOXKET HCIOJb30BaThCsl MPU aHAIM3E 3aBUCUMOCTH TOTPEOIEHHUS OT
J0X0fa, CIpoca Ha JICHbI'M JTUOO0 MHBECTHIIMKA OT MPOIEHTHOW CTaBKU U B JIPYTHX
CUTYyalUsIX, T/I€ SKOHOMUYECKHE TOKa3aTeId OKAa3bIBAIOTCS YYBCTBUTEIHHBIMU B
OKUJaHUH OTHOCUTEIBHO OyIyIIero.

2.Mopnensb akcenepatopa (MOJeJib YaCTUYHOU KOPPEKTUPOBKH)

B wmomenun  4YacTHYHOM ~ KOPPEKTUPOBKM  (MOJAENIM  aKceleparopa)
MPEIoIaraeTcs, 4YT0 YpaBHEHHE OINpeaelsieT He (PaKTUYeCKOe 3HaUCHUE 3aBUCUMOMN

s *
IICPEMCHHOMN ), a KECJIaCMOC (I[OJII‘OCpO‘IHOC) 3HA4YCHUC ), .
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*

v, =o+px +¢,. (4.15)

*
HOCKOJIBKy THIIOTCTHYCCKOC 3HAUYCHMHC Y, HC ABJIACTCA q)aKTI/IIICCKI/I

CYILECTBYIOLIIUM, TO OTHOCUTEJIBHO HErO BBIJIBUIAETCS MPEANOI0KEHUE YaCTUUHOM
KOPPEKTUPOBKHU:

Yo=Y =My =y, (4.16)
rie A, 0<A<1 — ko3dpduimeHT KoppekTUpoBKU. Bripaxkenue (4.16) MoxHO
3anMcarh B BUJE

yo=hy +(1-L)y,, 4.17)

T. €. ), ABJFACTCA B3BCHICHHBIM CPCAHHM JKCJIACMOI'0 YPOBHA H q)aKTI/I‘IeCKOI“O

3HAYCHUS ATOM MEPEMEHHON B MPEIBIAYIIUN MOMEHT BPEMECHH.
[TonctaBuB (4.15) B (4.17), monydum CHEAYIOMIYI0O MOJACIh YaCTUYHOM
KOPPEKTUPOBKHU:

y,=ho+ABx, +(1-21)y, , +Ag,.

3aMeTuM, YTO JaHHas Mozelb no (opme aHanornyHa monenu Koiika. OHa
TaKXKe BKJIIOUACT B ce0s ClIydaliHy0 OOBICHSIIOILYIO IIEPEMEHHYIO ), |, HO B JaHHOM

CIydac 3Ta IIEpEMCHHAd HC KOPPCIUPYET C TEKYHIMM 3HA4YCHHUEM cnyqaﬁHoro

OTKIIOHCHUA g, . HOC—)TOMY MHK MMO3BOIICT IOJYYHUTDH ACUMIITOTUYCCKH

HeCMelIeHHbIE U (P PEKTUBHbBIE OLICHKH.
4.4. Mopaesid CTATHOHAPHBIX BPEMEHHBIX PSIJI0B
4.4.1. IlonsiTHE CTAMOHAPHBIX U HECTALIMOHAPHBIX BPEMEHHBIX PSA/I0B

HaGmronenusi 3a HEKOTOPBIM sIBJIEHUEM (IPOLECCOM, SKOHOMUYECKUM TOKa3a-
TeJeM), XapakTep KOTOPOTO MEHSAETCS CO BPEMEHEM, MOPOXKIAET YHOPSIOUYECHHYIO

NOCJIEI0BATENBHOCTD {X,,f = 1,1} , HA3BIBAEMYIO BPEMEHHBIM PAOOM.

Ha mpakTuike 60JbIIMHCTBO SKOHOMUYECKUX BPEMEHHBIX PSIIOB SIBIISIOTCS He-
CTaUMOHAPHBIMHU, TTOCKOJbKY WX MAaTEMATHYECKOE OXKUIAHUE U JUCIEPCHUS] 3aBUCST
OT BPEMCHU.

OtmpaBHOW TOYKOM MpH pa3pabOTKe MoOJieNied SKOHOMHYECKUX BPEMEHHBIX
PAZIOB SBJISIETCS MOHSITUE CTALIMOHAPHOTO BPEMEHHOro psna. s omucaHus Kiacca
CTallMOHAPHBIX BPEMEHHBIX PSIAOB UCIOJIB3YETCS MOJIEIb aBTOPETPECUN CKOJIB3SIIIE-
IO CPEJIHETO.

Bpemennoit psan  {x,,t =1,n} HaspiBaeTcs cmpoco cmayuonapuvim (MU cma-

YUOHAPHBIM 8 Y3KOM CMbICIle), €CITU JJIS JIF00OTO 71 COBMECTHOE pacIpesieiCHHE BEPO-
SATHOCTEU CIIyYanHbIX BEJIMYUH X, 5---X, TAKOE K€, KAK U UIA X, ,...X,  JUIA JIFOOBIX
m +T m+T
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t,,...t,,T. B IPOTUBHOM Cilyyae CBOMCTBA CTPOrO CTALIMOHAPHOIO Psila HE U3MEHSIOT-
Csl pU U3MEHEHUM Hauaja oTcueTa BpeMeHH. M3 3Toro ciieayeT, 4To U BCE YKMCIIOBBHIE
XapaKTEPUCTUKNA BPEMEHHOTO psiia (€CJIM OHU CYIIECTBYIOT), B TOM YHUCJIE MaTeMaTH-
yeckoe oxunanue E(x,) = u mucnepcus D(x,) =G, He 3aBUCAT OT £ .

3HayeHue | ompeesseT MOCTOSHHBIM YPOBEHb, OTHOCUTEIIFHO KOTOPOTO KO-
NeGNETCS aHATM3UPYEMBIH BPEMEHHOM P X,, @ TOCTOSHHASA G XapaKTEpH3YeT
pa3Max 3THX KoJeOaHUH.

OpnHO U3 rIaBHBIX OTIIMYUNA MOCTE0BATEIbHOCTH HAOIIOIEHHH, 00pa3yIoIInx
BPEMEHHOMU psJl, 3aKJII0YAETCS B TOM, YTO YJIEHBI BPEMEHHOTO psijia SABJISIOTCS CTa-
TUCTUYECKU B3aUMO3aBUCUMBIMHU. CTENEHb TECHOTHI CTATUCTUYECKON CBI3U MEKITY
Clly4allHBIMH BEJIMYMHAMHU X, U X, MOKET ObITh MU3MEpEHa MapHbIM KOI(PPUIMeH-

T

TOM KOppCIIIUN

Cov(x,,x,,.)

)= JDG)D(x)

Corr(x,, x,

rae COV(xz > xt+r) = E((xz o E('xt ))7 (xz+r - E(xz+r ))) .

Ecmu psap {x,} craumonapHslii, To 3HaueHue Cov(x,x,, ) HE 3aBHCUT OT Bpe-

+1

MEHH, a SABJIsACTCS (PYHKIMEH TOIBKO T, T. €.
v(t)=Cov(x,x,.), D(x,)=Cov(x,x,)=7(0).

O‘{eBI/IIIHO, 4qTO AJId CTalMOHApHOI'o BPCMCHHOI'O PsiAJda 3HAYCHHC KOB(i)(i)I/IHI/I-
CHTa KOppC/AINN TaKKC 3daBUCHUT TOJIBKO OT T:

p(v) =Cov(y,,y,..)/ D(y,)=v(1)/v(0).

BpeMeHHOM psiJi Ha3BIBACTCS CMAYUOHAPHBIM 8 WUUPOKOM cmblicae (cnabo cma-
YUOHAPHBIM), €CIIH €r0 MaTEMaTUYEeCKOe 0KHMJIaHUe, TUCTIEPCUSl U KOBapUallus He 3a-
BUCST OT MOMEHTA BPEMEHH ¢ :

E(x)=u,
D(x,)=v(0),
Cov(x,,x,,.)=v(t) nas mo0ObIX 7,T.

Pan {x,} ,t= 1, ..., n, Ha3pIBaeTCs rayCCOBCKUM, €CJIH COBMECTHOE pacIpe-
JCIICHUE CIIydallHbIX BEIMYUH X, ...X, SBJISETCS N-MEPHBIM HOPMAJbHBIM pacIpesc-

JICHHUCM. I[JUI rayCCOBCKOI'o psada INOHATHA CTAIMOHAPHOCTH B Y3KOM W B HIMPOKOM
CMBICJIC COBIIaAAarOT. B I[ElJ'IBHCﬁHICM, ropopsa O CTAIMOHAPHOCTHU HCKOTOPOTO pi-
Ja X; , MBI (CCHI/I HC OroBapuBacTCA HpOTI/IBHOC) 6y}1€M HUMCTh B BHAY, YTO 3TOT
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pSAI CTallMOHApeH B IIUPOKOM CMBICIE (TaK, YTO Yy HEro CYIIECTBYIOT MaTeMaTHuue-
CKO€ OXKHUAHWE U TUCTICPCHS).
[Ipu ananuze BenuuuHbl P(T) B 3aBUCUMOCTU OT T TOBOPST 00 asmoxoppesi-

YuoHHoU yHxyuu. ABTOKOppeNSIMoHHas (QYHKIUs Oe3pa3MepHa, €€ 3HAYCHUS W3-
MEHsII0TCS B Tipejenax or —1 g0 1, kpome toro, p(t) = p(—7). ['paduk 3aBucuMoOCTH

p(T) OT T HA3BIBAIOT KOPPELO2PAMMOLL, KOTOPAsk UCTIOIB3YETCS ISl XapaKTePUCTUKU
CBOMCTB MEXAHU3Ma, OPOKAAIOIIETO BPEMEHHOU PSAI.

IIpouecc 6enoro myma
IIpoyeccom 6enoco wyma («benvim wiymom») Ha3bIBAIOT CTAIIMOHAPHBIN Bpe-
MEHHOMH psf {x,}, 1151 KOTOPOro

E(x)=0, D(x)=c">0wup(t)=0 mpu 1#0.

[TocnenHee o3HA4aeT, YTO MPHU ¢ # § CIAyYalHbIE BEJIUYUHBI X; U X;, COOTBETCT-
BYIOIITUE HAOIIOACHUSIM MpoIiecca OJIOro IryMa B MOMEHTHI £ U S, HEKOPPEITUPOBaHHI.

B cnyyae xorma x; iMeeT HOpMaJbHOE PacCHpEe/IeHUE, CIIydallHble BEJIMYMHBI
X1,..., X, B3AUMHO HE3aBUCUMBI 1 UMEIOT OJIMHAKOBOE HOopMasibHOE X, ~ N(0, 02). Ta-
KO psiJlT Ha3bIBAIOT FayCCOBCKUM OEJIbIM IITYMOM.

B 10 xe Bpemsi, B 00111eM cllydae, 1ake €Cid HEKOTOPhIC ClydyailHbIE BEIUYU-
HBl X[,..., X, B3aMMHO HE3aBUCHUMbI U1 UMEIOT OJAUMHAKOBOE PACHPEAECICHHUE, TO 3TO
elle He O3HayaeT, YTO OHM 00Pa3yIoT IpoIlecc 6enoro myma, T. K. CaydaifHas BeIH-
YUHA X() MOXKET MPOCTO HE UMETh MaTEMAaTHUYECKOTO OXXKUJAHMS W/WUIN JUCIICPCUU
(B KauecTBe mpuUMepa MOXKHO yKa3aTh Ha pacnpenenenue Korm).

BpemenHno#t psii, COOTBETCTBYIOHMIMN IMpolieccy Oenoro Imryma, BeaeT cebs
KpaifHe HeperyJIsIpHbIM 00pa3oM U3-3a HEKOPPEIUPOBAHHOCTH MPU ¢ # § CIIyYalHBIX
BEJIMYUH X; U X, YTO WUTIOCTPUPYET MPUBOIUMBIN HIKE TpaduK CMOACIUPOBAHHOM
peanu3alu rayccoBCKOro mpoitecca 6enoro myma (puc. 4.1).

0.8

08 -

04

o2

-0 ey

T
50 100 150

T LI LN B
200 250 300 50 400 450

Puc. 4.1. [Ipomecc 6emoro nryma

B cBs13u ¢ aTuM npouecc 6enoro myMa He HOJXOAUT ISl HENOCPEICTBEHHOIO
MOJICJIMPOBAHUS SBOJIOLUUA OOJBIIMHCTBA BPEMEHHBIX PSAOB, BCTPEYAIOIIMXCA B
HPKOHOMHUKE. B TO e BpeMs Takoi nporuecc sBseTcss 0a30i 1uid MOCTpoeHus Oonee
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PCATUCTUIHBIX MOI[CJICI\/i BPCMCHHBIX PAJOB, IMOPOKIAOIINX «Oonee TJIaAKHUC» Tpa-
CKTOpHUH piaa. B c¢Bsi3u ¢ 4acThIM HCHOJIL30BAHUEM mponecca OeJioro myMa gajec,
MBI 6YI[CM OoTIINYAaTh 3TOT IPOUCCC OT APYTUX MOI[CHCfI BpPEMCHHLBIX PAOO0B, UCIIOJIb-
3yA AJI1 HETO 0003HaUYCHHUE & .

4.4.2. IIpouecc aBToperpeccun

OnHoit U3 MHUPOKO UCIIOIB3YEMbIX MOJICNIEH BPEMEHHBIX PSAOB SBISETCS MPO-
1ecc aBToperpeccuu (Mojeinb aBroperpeccun). B cBoelt npocteitiieit hopme Mozenb
aBTOPErPECCHH OMUCHIBAET MEXaHU3M MOPOKIACHUS Psiia CACAYIOMUM 00pa3oM:

x;=ax,_;te, t=1,...,n,

rje € — Ipoliiecc Oenoro Iryma, MMEIONIMi HyJIeBO€ MAaTeMaTUYECKOe OXKUIaHUE U
2 ~ ~
IOHUCIIEPCUIO G ; Xo — HEKOTOpas CllydaliHas BeJIU4MHA; a £ 0 — HEKOTOpBIN IMOCTOSH-

HBIM K03 PUIIUEHT.
[Tpu stom E(x,) = a E(x,_;), Tak, 9TO paccMaTpUBAEMBbI MPOIECC MOXKET OBITh
CTallMOHAPHBIM, ToJIbKO eciu E(x,) = 0 nns Bcex ¢ =0, 1, ..., n. Otcrona

2
x,=ax,_ +¢,=alax, ,+¢, )+e,=ax, ,+ag,  +g =...=
ot t-1 t-2
=da'x,+a g, +a e, +..+¢g,

. -1 =2 t-3
XH = axtfz + SH =da )CO +a 81 +a 82 +...+ SH )

-2 t-3 -4

X, _, =ax,_ =a _x,+a g +a & +.+g

-2 tE

3 -2

X, =ax, +¢€,.

Ecmu ciydaiinasi BeIMYMHA X HE KOPPEIMPOBAaHA CO CAYyYAWHBIMH BEIIMYMHAMU

€,,€,,...€, , TO Cov(xo, &) =0, Cov(x), &) =0, ..., Cov(xr2, &) =0, Cov(X.1, &)=0n
D(xy) = D(ax..; + &) =a’D(x.1) +D(e), t =1, ...,n.

[pennonaras, uro D(x,)=D(x,)=c. a11 Bcex ¢ = 1, ..., n, HAXOAUM:
Gi = azcsi + Gﬁ.

[TociiemHee MOXKET BBIMOJTHATHCS TOJIBKO TPHU BBITOJIHCHUH YCIOBHS a <1,
T. €. |a| < 1.

[Tpu sTOM MOJTy4aeM BbIpakKeHUe JJist Gi : Gi = Gi /(1—-a®).

Yrto xacaeTcs aBTOKOBapUALU U aBTOKOPPEIISAIIHMA, TO

Cov(x,,x,, )=Cov(a'x,+a e, +..+¢,),

t+1

t+1-1 t+1-2

a“'x,+a " g +a" " e, +otE,, =
=a"""'D(x)+a"(l+a’ +..+a" " ")o’ =
=a‘[a*c. /(1-a’)+(1-a")/(1-a*)]=[a"/(1-a*)]o:
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_ T
Corr(x,,x,, )=a",
T. €. IIPU C/IEaHHBIX MPEANOIOKEHUAX aBTOKOBApUAILIUY U aBTOKOPPEIISLIUU 3aBUCST
TOJIBKO OT TOT'0, HACKOJIBKO Pa3HECEHBI 110 BPEMEHH COOTBETCTBYIOIIUE HAOIIOICHUS.
Takum 00pa3oM, MEXaHU3M IMOPOXKICHUS IOCIENOBATENIBHBIX HAOIIOACHUH,
3aJ1aHHBII COOTHOILICHUSAMU

x;=ax_ te, t =1,...,n,

MopoxKAacCT CTaHI/IOHapHBIﬁ BpeMCHHOﬁ paa, €Ciin

° ‘a‘<l;
* E(x)=0;
2
(0}
(0) (l_aZ)

e ciydaifHas BeIMYMHA X, HE KOPpEJUpOBaHA CO. ClydailHBIMH OIIMOKaMuU
€,...€, .

[Tpu aToMm p(t)=a".

PaccMmoTpenHas mMonens moposkaaer (IpH yKa3aHHBIX YCIIOBHSX) CTallMOHAp-
HBIA psjl, UMCIOIIUN HYJIEBOEC MaTeMaTH4YeCKoe oxuaanne. OHAKO €€ MOXKHO JIETKO
pacnpoCTpaHUTh U Ha BPEMEHHBIC PSIIBI V; C HEHYJICBBIM MAaTEMaTHYSCKUM OXKUaHH-
em E(y,) = W, moyarasi, 9To yKa3zaHHas MOJE]b OTHOCUTCS K IICHTPUPOBAHHOMY PSAY
Ve = Ve —H.

Xi—u=alx —wWt+e, t =1,...,n,
MO3TOMY
X;=ax;1tot+eg, t =1,...,n,

rae o = u (1= a).

CnenoBarenbHO, 0€3 OrpaHUYEHUs] OONTHOCTH MOKHO OOOWTHCH B TEKYIIEM
PacCMOTPEHUU MOJIEJIEH aBTOPETPECCUHU, TTOPOKIAIOIICH CTallMOHAPHBIA MPOIIECC C
HYJICBBIM CPEIHHUM.

[Ipononxasi pacCMOTpEHHUE paHEe OMPEeeNIEHHOro mpolecca X, (C HYyJEeBbIM
MaTeMaTHYECKUM OXKUJIAHUEM ), 3aMETHM, YTO JJIsl HETO

v(1) = E(QXiX, 1) = E[(aXi + &)X, 1] = ay(0),
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IIPU 3TOM

p(1) =y(1)/y(0) = a,

U TIpU 3HaueHUsAX a > 0, OMu3KkuX K 1, MeXay COCeTHUMH HAOIIOACHUSIMH UMEETCS
CHJIbHAS TIOJIOKHUTETIbHAS KOPPENSIIHs, 9To o0ecreunBaeT Oojiee IIIagKuid XapakTep
MOBEJICHUSI TPACKTOPUH psAZla TI0 CpaBHEHHIO C mporeccoM Oernoro myma. [Ipu a < 0
MPOIECC aBTOPETPECCHH, HAITPOTUB, UMEET MEHEe TTIaIKUE pean3allii, TOCKOIbKY B
ATOM CiIydae TMPOSBISETCS TCHICHIUS YepeOBaHUs 3HAKOB IMOCIEIOBATEIbHBIX Ha-
OJIIOICHUIA.

Crnenytomme nBa Tpaduka JAEMOHCTPHPYIOT TOBEACHHE CMOJCITHPOBAHHBIX
peanm3anuii  BPEMEHHBIX PAIOB, TMOPOXKIACHHBIX MOJCISMH . aBTOPETrPECCHH
x,=ax_ +¢, ¢ c.=0,2 npu a= 0,8 (neppslii rpaguk) u a = —0,8 (BTOpoil TpaduK).

1.5 1.5

1.0

0.5

50 100 150 200 250 300 350 400 430 50 100 150 200 250 300 350 400 450

Puc. 4.2. [Ipotiecc aBTOoperpeccuun

PaccMmoTpenHyro Mozens x, = ax, | + €, (puc. 4.2) Ha3pIBAIOT IPOLIECCOM aBTO-

perpeccuu rnepBoro nopsuka. [Ipoyecc asmopecpeccuu nopsioxa p (B KpaTrkom 000-
3HaueHuu — AR(p)) onpenesnsieTcsi COOTHOIICHUSIMU

X, =ax,  +tax, ,+..+ax,_, +¢e,a,#0,

rjie € — mpoliece 6enoro myma ¢ D(g,) =G

bynem monarate, uto Cov(x,, &) = 0 as Bcex s > 0; pu 5TOM TOBOPSIT, YTO
CITy4ailHbIEC BEJIMYMHBI € 00pa3yrOT MHHOBAIIMOHHYIO (OOHOBIISIOIIYIO) TIOCIIECIOBA-
TEJIBLHOCTD, a ClydJaiiHas BEJIMUMHA € HA3bIBACTCS WHHOBAIMCH IS HAOJIOJACHUS B
MOMEHT ¢. Takast TepMUHOJIOTHS O0BSICHSAETCS TEM, YTO HAOII0JaeMOe 3HAYCHUE Psi-
7a B MOMEHT ¢ TOJIydaeTcs 37eCh Kak JIMHEeHHas KOMOWHAIUS p TPEIIICCTBYIOIINX
3HAYCHHUH 3TOr0 psja IUTIOC HE KOPPEIMpPOBAaHHAs C 3THMHU MPEAMICCTBYIOITUMU
3HAYCHUSAMH CydaiiHas COCTaBJISAIONIAS € , OTpakarolas OOHOBJICHHYIO HWH(popMa-
U0, CKa)KEM O COCTOSTHUM KOHOMHMKH Ha MOMEHT { , BJIMSIONIYIO Ha HA0JII01aeMOe
3HAYECHHE X, .
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[Tpu paccMOTpEeHNH MPOIECCOB aBTOPETPECCHH M HEKOTOPHBIX APYTHX MOJIEIcH
yI00HO MCTOJIB30BaTh onepamop 3anasovieanus L (lag operator), KOTOpHIA BO3/CH-
CTBYET Ha BPEMEHHOU P ¥ ONPEACIIICTCS COOTHOIIICHUEM

MHOT/Ia €r0 Ha3bIBAIOT OMEPaTOpOM OOPAaTHOTO CIABUTA M HUCIOJB3YIOT /I HETO 000-
sHaueHue B (backshift operator).

Ecii onepatop 3arasablBaHds IpUMEHsIeTcsl k pas, 4To o6o3HauaeTcs Kak L'
TO 3TO JaeT B pesyibrate L'x, = x,_, .

BBIpa)KCHI/IC ax,_, + a,x, , +...+ apxtfp MOXHO 3amnucarb TEIEPb B BHIAC

2
(a,L+a,l” +..+a,L”)x,, a COOTHOIIEHHE, ONPEIEISIONIEE TPOLECC ABTOPETPECCUH
2
p-To nopsizika, B Bune  a(L)x, =g, rne a(L)=1-(aqL+a,L"+...+a,L?).

Jjist Toro 4yToOBI Tako Mpoiiecc ObLT CTAIlMOHAPHBIM, BCE KOPHU alredpanye-
ckoro ypaBHeHHS a(z) = 0 (BEIIECCTBEHHBIC M KOMIUIEKCHBIC) TOJDKHBI JIEKaTh BHE
eauHuyHOro Kpyra |z [>1. (B wactHocTH, nis mporecca AR(1) umeem a(z) = 1- az,
ypaBHeHUe a(z) = 0 umeeT KopeHb z = 1/a , ¥ ycloBUE€ CTAllMOHAPHOCTU z > 1 paB-

HOCHUJIBHO YK€ 3HAaKOMOMY HaMm ycioButo a < 1. ) Ilpu 3TOM perieHne ypaBHEHUS
a(L)x, = &, MOXXHO NPEICTABUTh B BUJIE

1 0 o]
X, = g, =) be, ., tne ) |bl<wo,
t a(L) t j_zo t7t—j JZO t

OTKYIIa cneﬂyeT, qToO
(& Y &
E(x,)= Ekz be,_, J = Zb,E(g,_j) =0.
j=0 j=0

CranuonapHnsiil pouecc AR(p) ¢ HEHyJEeBbIM MaTEMaTUYECKUM OKUIAHUEM L
yIOBIETBOPSIET . cooTHOmEeHn0  a(L)(x, —p)=¢, , wnmmm a(l)x, =0+¢,, 1O

o=a(l)p=pll-a,—-a,—...—a,)=pa(l).
ITpu 3Tom pemenune ypaBuenus a(L)(x, — ) =€, UMeeT BUJ

X, =p+ g,.

a(L)

Takum o6pa3zoMm, ecnu cranvoHapHblii Tiporiecc AR(p) 3aman B Buje
a(L)x,=d+¢,, TO cllefyeT IOMHHUTb O TOM, 4TO B 3TOM CJIy4ae MaTEeMaTHYECKOE

OXKMUOJaHUC 3TOIO IIpouecca paBHO HE 8, a
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3 d
(l—al—az—...—ap)'

T

s mportecca AR(1) umeem a(lL) = 1— al , Tak uTo (BHE 3aBUCUMOCTH OT TO-
ro, paBHO |\ HYJIIO WJIA HET)

x,—u=1/(1-al)e, =(1+alL+a,l’+.)e, =¢ +as,_ +a’c, ,+...

W3 mocnemHero BeIpaKEHUs BUIHO, YTO

p(k) = Corr(x,, xo) =a*, k=0,1,2, ....

ITpu 0 < a < 1 koppenorpamma (rpadux ynkuuu p(k) mmsk =0, 1, 2, ... ) oT-
pakaeT MmokaszaTelbHOe yObIBaHUE KOPPESIUi ¢ BO3pacTaHHEeM HHTepBaja MEXKIY

HaOmoaeHusmu; pu —1 < a < 0 KoppesnorpaMma UMEET XapakTep 3aTyXarolle Ko-
cuHycousibl. CpaBHMM TOBEJEHUE KOppesiorpaMm crainuonapHoro mnpouecca AR(1)

0.5

1.0

i e

]
[ %)

[
[

L]
(&

[0
a"_
=
I
£

Puc. 4.3. Koppenorpamma cranmmonapaoro mpoiecca AR (1)
4.4.3. IIpouecc CKOJb3SIEr0 CPeTHEr0

Enie ogHOM TIpOCTON MOJEINBIO IMOPOKIACHUS BPEMEHHOIO psjia SIBISETCSA MPOo-
1ece cCKoJib3siniero cpeanero nopsiaka ¢ (MA(g)). CornacHo 3Toil Mojienu,

x,=¢ +bg,  +bg ,+..+bg, .b #0,

rie g —mpolecc 0enoro myma.
Takoil mpouecc MMeeT HyJeBOE MaTeMaTHdeckoe oxuaaHue. Mojenb MOXKHO
0000LIUTH J10 NIPOLIECCA, UMEIOLIEr0 HEHYJIEBOE MATEMAaTUUECKOE OKMIAaHUE |1, TToJIaras
x,—u=¢g+be,  +bg ,+..+bg,

N
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x,=u+e +be,  +be ,+..+bg, .

Jl1st mpoliecca CKOJIB3SIIETO CPEIHET0o MOPSIKa g UCTIONb3yeTcss 0003HAUCHHE
MA(q) (ckomp3siiee cpegHee — moving average).

ITpu ¢ = 0 u p = 0 mosrygaem mpoiiecc 6€1oro myma.

Ecmm g =1, t0

X, — W = & + bg, | — CKOIB3slIEe cCpeaHee NMEPBOTO Mopsaka . B mociennem
crysae D(x,) = (1+5%)02, E((x, — u)(x,_, — 1)) = b62, E((x, — )(x,_, — 1) =0,k >1.

Tax 4TO IPOLECE X, IBILCTCS CTAHOHAPHBIM ¢ E(x,) =0, D(x,) = (1 + b)o,”,

(1+b*)c’,k=0,
y(k)=1 bork=1,
0,k>1.

ABTOKOPPEISALMHU 3TOTO MPOLIECCA PABHBI

Lk=0,
v(k)=<b/(1+b%),k =1,
0,k>1.

KoppenupoBaHHbIMH OKa3bIBalOTCS TOJIBKO coceqHue HaOmoaeHus. Koppens-
1A MEX]Iy HUMU TOJIOXKUTENbHA, eciu b > 0, u orpunarensHa npu b < 0. CootBeT-
cTBeHHO, npouecc MA(1) ¢ b > 0 umeer Oonee TiagKue MO CPAaBHEHUIO C OEIIBIM ITY-
MoM peanm3anuu, a npouecc MA(1) ¢ b < 0 umeetr MeHee IJIaJKUE MO CPABHEHHUIO C
OenpIM mrymMmoM peanuzanuu (puc. 4.4). 3ametum, uto ais grodoro nporecca MA(1)
p(1) £0,5, T. e. KOppeIALUOHHAS CBSI3b MEXKITY COCEIHUMU HAOIIOICHUSIMU HEBEJIH-
Ka, Torjga kak y mpomecca AR(1) Takas cBS3b MOXET OBITh CKOJb YI'OJHO CHUJIBHOM
(pu 3HaYEHUAX @, OMM3KUX K 1).

Mogenbs MA(g) KpaTKO MO>XKHO 3aliCcaTh B BUE

xt_uzb(L)Sta

rae b(L)=1+bL+b’ +.. +b,L". [lns nee

q—k

bb., |0l,0<k<q,
y(k) = E[(x, —p)(x,_, —w)]= (; m }G !

0,k>gq,
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Tak uTo MA((q) ABJISE€TCS CTAllMOHAPHBIM MPOIECCOM C HYJIEBBIM MaTEMaTUYECKUM
o 2 2 2 2
OXUIaHueM, aucrepeueit 6, = (1+ 5 +...+ b, )0, 1 aBTOKOPPENSALHAMH

—k
_ qzbjbj+k /ibf,k=0,l,.._q,

Pr =7 =0 =0

0,k=g+1,qg+2,....

3/1eCh CTaTUCTHYECKAs CBS3b MEXKTYy HAOIIOJACHUSIMHU COXPAHSAETCS B TCUCHHE ¢
€JMHUIl BpeMEeHU (T. €. «IJIUTEIBbHOCTh MaMsTHy Tpolecca paBHa ¢). [logooHOTO po-
Jla BPEMEHHBIE PSJIbl COOTBETCTBYIOT CUTYAI[MH, KOT1a HEKOTOPBIM SKOHOMUYECKUHN
MOKa3aTellb HAXOAUTCS B PABHOBECHUH, HO OTKJIOHSAETCS OT IOJIOKEHHUS PAaBHOBECHS B
CUJIy TOCJIE0BATEILHO BO3HUKAIOIIUX HENPEACKa3yeMbiX coObiTril. [lpruem cucTe-
Ma TaKoOBa, YTO BJIMSHUE TaKUX COOBITHH OTMEUAETCS Ha MPOTHKEHHH HEKOTOPOTO
BPEMEHHHOTO Tepuoja. Ecnu BiIusHUE MPOLIIBIX COOBITUN OCIa0eBaeT C TeUEHUEM
BPEMEHH TaK, 41O b; = d,0<a<1l,rto0 HWCKYCCTBEHHOE MPEAIIOTI0KEHUE O TOM, YTO
pAIl € HAUUHACTCS B «O€CKOHEYHOM MPOIITIOMY, TPUBOJUT K MOACITH 0€CKOHEYHOTO
CKOJIB34111eT0 cpeiHero MA(o):

X = iﬂ‘ Ei—j = ib_,.-"-’:—_.r ./ ‘©ae i_‘bll.|{c>c.
Jj=0 Jj=0 =0

Taxoe >xe mpejcTaBiIeHUE JOMYCKAET CTAllMOHAPHBIN MPOIIECC aBTOPErPECCUH
nepsoro nopsaka AR(1) x, =ax,_, +¢,, |a| < 1, 1. e. B paccMaTpuBaeMOM ciy4ae
nporiecc MA(x) skBuBasienTeH mnpoieccy AR(1). BooOiie, Bcsakuii cTanmoHapHbIi
nporecc AR(p) moxxno 3anucath B hopme nporecca MA(0):

=p+ g, =u+) be . =p+b(l)g,,
X, =H CZ(L) P % JUt=j H ( )’
bL)=Nbl=—— uY|b |<0.
jZO J CZ(L) JZO J

Ilpumepor:

a) paccmotpum nporecc MA(1) c h=0,8 u E(x,) =6, T. €.
x=6+¢+08¢ —1.

s wero p(1) = 0,8/(1+ 0,82) = 0,488;

0) nns nporecca MA(1) ¢ b =—- 0,8 u E(x;) = 6 umeem
p(1)=-0,8/(1+ 0,82) = — 0,488.
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Puc. 4.4. Peanuzarum nporecca MA(1)

4.4.4. CMemaHHBIA TPOLECC ABTOPErpecCHM — CKOJIB3MIIIEr0 CpexHero
(mpouecc aBTOperpeccuy ¢ 0CTATKAMHU B BHE CKOJIb3SIIIEI0 CPeIHEro)

[Ipomecc x; ¢ HyJEBBIM MaTEMaTHICCKUM OKHJIAHUEM, TIPHHAIJICKAIIHA TaKO-
My KJIaccy MpOLIECCOB, XapaKkTepu3yercs nmopsakamMu p u-g ero AR u MA cocras-
JsomuX 1 o0o3HavaeTcs kak nporecc ARMA(p, q) (autoregressive moving average,
mixed autoregressive moving average). bojee TouHO, Mpoliecc x; C HYJIEBbIM MaTe-
MAaTHYECKUM OXHUJaHueM npuHaiexut kiaccy ARMA(p, q), ecnu

q

4
X, = Zasz_j + ijat_j,ap #0,b, #0,
j=1

J=l

rjae & — mpoiiecc o6enoro myma u by = 1.

B onepatopHnoii hopme mocnenHee cooTHolienue umeet Bua a(L) x, = b(L) g,
rae a(l) v b(L) UMeroT TOT %ke BHJI, UTO U B OMNpeeieHHbIX paHee Moaeisix AR(p) u
MA(g). Ecnu npouecc uM€EeT TTIOCTOSSHHOE MAaTEeMaTHUUYE€CKOE OXKUJIAHUE L, TO OH SIB-
nsercs npoueccom tnna ARMA(p, q), ecim

p q
X, U= Zaj (x_; —p)+ Zb_,-gz-j :
= =

OrMmernMm cienyromue cBoiicTBa nporecca ARMA(p, q) ¢ E(x,) = \:

* IIPOLIECC CTAIIMOHAPEH, €CIIU BCe KOPHU ypaBHEHUsS a(z) = 0 nexaT BHE e/1H-
HUYHOTO Kpyra |z |>1;

* €CJIM MPOILECC CTALMOHAPEH, TO CYIIECTBYET SKBUBAJIEHTHBIN €My Ipolecc
MA(x):

0 0
X —p=2 8 6 =1 fe; <o
j=0 j=0
I

66



x, —u=c(L)g,,

rae c(z) = icz' b(z)

=0 a(Z)
* €CJIM BCE KOpHHU ypaBHeHUs b(z) = 0 yexar BHE €AMHUYHOIO Kpyra [z| >= 1
(ycnoBue o0paTUMOCTH), TO CYHIECTBYET HKBUBAJIEHTHOE NIPEAICTABICHHE MPOLIEcca X,
B BUJIE Mpoliecca aBToperpeccuu 0eckoHeuHoro nopsiaka AR(e0)

YT H= zdj(xt—j —Wte,
=
WIN

d(L)(x—) = &,

rae d(z)=1- Zd a(z)
= b(Z)

OTtcrona BBITEKAET, 4TO cTaumoHapHsblil nmporece ARMA(p, ¢) Bcerna MoXHO
aNIpPOKCUMHUPOBATH MPOLECCOM CKOJIB3SLIETO CPEIHEr0 JTOCTATOYHO BBICOKOTO IIO-
psiZIKa, a MPHU BHITIOJIHEHUHU YCJIOBHS 0OPaTUMOCTH €r0 MOKHO TakXe anminpoOKCUMHPO-
BaTh MPOLIECCOM ABTOPETPECCHUU TOCTATOYHO BBICOKOTO MTOPSIIKA.

Moaean ARMA, yYyuThIBaOIIME HAJIHYHE CE30HHOCTH

Ecnu HabmoaeMblii BpeMEHHOU psiji 00J1a1aeT BhIPAXKEHHOM CE30HHOCTHIO, TO
mozesib ARMA, cooTBeTCTByIOIIAasi 3TOMY DSy, JOJKHA COAEP ATh COCTaBIISIO-
e, odecrevnBaroife MPOsIBICHUE CE30HHOCTU B MOPOXKIAEMON 3TOM MOJIEIbIO
MOCJIEIOBATEILHOCTH HAOTIOACHHIA.

JIJist KBapTaabHBIX TaHHBIX YHCTO CE30HHBIMHU SIBJISIIOTCSI CTAllMOHAPHBIE MO/Ie-
JIM CE30HHOM aBTOperpeccuu nepporo nopsaka (SAR(1)):

Xr=agxeat e, lagl<l
1 CE30HHOTO CKOJB3SIIETo cpeHero nepporo nopsaka (SMA(1)):
x,=8t+b48,4.
B nepBoit Mogern p(k) = as* mus k=4m, m=0,1,2, ..., p(k) = 0 — mst oc-
TajdbHBIX k > 0.
Bo Bropoit monenu p(0) = 1, p(4) = ba, p(k) = 0 — nuist ocranbHbIxX k > 0.

Hwuxe npuBeneHsl cMoienupoBanHble peanuzaunud moaenu SAR(1) ¢ a4 = 0,8
u moaenu SMA(1) ¢ by = 0,8 (puc. 4.5).

67



04 o
2 2
4 R R RN RN R R L LR 4 L T L L (L LA L L R
10 20 30 40 S0 B0 70O BOD 80 100 10 20 30 40 B0 60 70 B8O 90 100
a §)

Puc. 4.5. CmonenupoBaHHbIE peann3anun ce30HHbIX Moieneiit ARMA:

a— SAR(1); 6 — SMA(1)

KoMOunHanmm HeCe30HHBIX U CE30HHBIX U3MEHEHHUH peain3yloTes, Halpumep, B
mozenax ARMA((1, 4), 1)

Xe=a1 X tasxes &+ bygy
u ARMA(L, (1, 4))
Xe=a1 X1 T et breatbiey.
Caenytomue a8a rpaduka (puc. 4.6) MOKa3pIBAIOT MOBEACHUE CMOICIUPOBAH-

HBIX peaju3aiui Takux psaoB npu a; = 2/3, a; = —1/48, by = 1/5 y nepBoro psiaa u
npu a; = 0,4, by = 0,3, by = 0,8 y BTOporo psa.
4

4
2 24
04 a4
-2 2
4 II| IIIIIIIIIIII | IIIIIIIIIII Il"llll‘llll'l _4 IIIIIIIIIIIIIIIIIIIIIIIIIIIIII I"‘I‘lll-1
10 V207030440 50 &80 70 B0 80 a0 10 20 30 40 S0 60 70 &80 =0 oo
a §)

Puc. 4.6. Peanmuzanuu moneneii ARMA:
a— ARMA((1, 4), 1); 6 — ARMAC(I, (1, 4))

KpOMC PACCMOTPCHHBIX TPUMCPOB aIIUTUBHBIX CC30HHBIX MOIICJICI)'I, yTIOTpe6-
JIHOTCA TAKKC U MYJIbTUINIMKATHBHBIC CHCI_II/I(I)I/IKEH_II/II/I, HaIlrpumep,

(1- a\L)x, = (1+ biL)(1+ bsL%) &,

(1- a\L)(1— asL*) x, = (1+ b1L) &, .
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IlepBas maer
X;=ay X T &t byet byeat bibyers,

a BTOpas —
Xe=a X1t as X s —a1asx s+ &+ bre.

B nepBoii Mmozaenu AomyckaeTcsl B3aUMOJICHCTBHUE COCTABIISIIONINX CKOJIB3SIIIETO
cpenHero Ha yiarax 1 u 4 (T. €. 3HaUCHUH & | U € 4), a BO BTOPOM — B3aUMOJACHCTBUE
aBTOPETPECCUOHHBIX COCTABJISIFONIUX Ha jarax 1 u 4 (T. €. 3HAYCHUH X, | U X 4 ).

4.4.5 MeToabl NOCTPOeHUs M TecTUPOBaHus Moaeau ARMA

Merogonoruss noctpoenuss moxene tuna ARMA(p, ¢) U3BECTHa Kak
Metononoruss bokca — J[PKeHKHHCAa M NpeaycMaTpuBacT BBIIIOJHEHUE CIEAYIOLINX
Tpex dtanoB [11]: wuodemmugpuxkayus  moodenu, - oyenuganue napamempos,
mecmuposanue adexeamuocmu.

Ha sTane uaentudukanuu npou3BOIUTCA BHIOOP HEKOTOPOI YaCTHON MOJEH
u3 Bcero kinacca ARMA, 1. e. BoIOOp 3HaueHuil p u q. Mcnonb3yemble mpu 3TOM
MIPOLIEAYPHI SBJISIIOTCS HE BIIOJIHE TOYHBIMHU, YTO MOKET IIPHU MOCIEAYIOIIEM aHAJIU3E
INPUBECTH K BBIBOJAY O HENPUTOAHOCTH HUACHTU(PUIMPOBAHHOM MOJAEIU H
HEO0OXOIMMOCTH 3aMEHBI €€ aIbTepPHATUBHOM Moenbio. Ha aToM ke atamne nenarorcs
npeaBapuTesbHble TpyOble OLICHKH KOAD(ULUUEHTOB ai, ay, ..., ap, by, by, ..., by
UACHTUPUIUPOBAHHON MOJEIH.

NnenTudukaiys Moeau IIpernoiaraeT BbIOJHEHNE CASAYIONUX YCIOBUM:

1) Bu3yanbHbIl aHaiu3 rpapuka BPEMEHHOTO psiia C IeNbi0 BBISIBICHUSA
«BBIOPOCOBY, «IPOMYCKOB», CTPYKTYPHBIX HU3MEHEHMI, a TakkKe MpPHU3HAKOB
HECTALMOHAPHOCTH THUIIA 3aBUCUMOCTU CPEIHETO 3HAYEHHUsI U JUCIIEPCUN BPEMEHHOTO
pAga OT BPEMEHH,  YKA3bIBAKOIIMX HAa HAIMYUE BPEMEHHBIX TPEHIOB U
reTEePOCKEIaCTUYHOCTH;

2) ananmu3 aBTOKOppesauroHHbIX (ACF) M 4YacTHBIX aBTOKOPPESLIMOHHBIX
(PAC) pynkuii, mo3BOJSAIOMKN TOATBEPAUTE JTUOO OMPOBEPTHYTH MPEAOI0KEHUE
O CTallMOHAPHOCTH aHAJIU3UPYEMOI'0 BPEMEHHOIO psla, a TAKXKE yKa3aTb Ha BO3-
MOYKHbIEC 3HaUYE€HUS [1apaMeTpPOB p U ¢.

OueHuBaHue MapaMeTpoB. /[ CTaTUCTHUYECKOTO OLICHUBAHUS IapaMeTpoB
mozaeiiu ARMA(p, g) ¢ 3agaHHBIMM 3HAYEHUSIMU p U ¢ MOTYT HMCIOJIb30BaThCS
pa3INYHbIE METOJbI: JUHEWHBIA W HEJIWHEWHBIA METOJ HAMMEHBIIUX KBaJApaTOB,
MOJIHBI W YCJOBHBIA METOJ] MakcuMaibHOro mnpasaonogodus (MMII), a Taxxe
METOJI MOMEHTOB U 0000IIIEHHBIN METOJT MOMEHTOB .

TecTupoBaHMe aIeKBATHOCTH OCHOBAHO HA AHAJIM3€ TECTOBBIX CTATUCTUK U
CTaTUCTUYECKOM  IPOBEPKE THUIIOTE€3  OTHOCHUTEIIBHO  IIapaMeTPOB  MOJEIIH.
AjexBaTHast MOJIEb JOJDKHA 00J1a/1aTh CASAYIOIUMH CBOMCTBAMM.

1. OueHku nmapaMeTpoB MOJIETHU AOHKHBI OBITh CTATUCTUYECKUA 3HAUUMBIMH.
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2. OcTaTku MOCTPOEHHON MOJEIN JOJDKHBI OBITh «OCNBbIM IIYMOM», T. €.
OBITh HEKOPPEIUPOBAHHBIMHU. [IpH 3TOM CymMMa KBaJpaTOB OCTATKOB MOXKET CIYKHUTh
OJIHUM U3 KPUTEPHUEB BHIOOPA MOJICIIH.

[IpoBepka rumoTe3sl O TOM, 4YTO HaOJMIOJAaeMble JIaHHBIC SIBIISIOTCS
peanuzaiei mpoiiecca 6e10ro IryMa, MOKeT OCYIIECTBISATHCS C TTOMOIIBIO:

— BU3yaJIbHOTO aHalu3a rpadukoB octatkoB, a Takxke ACF u PACF;

— acUMOTOTHYECKOro mecma 3navumocmu 3navenuti ACF, ocHOBaHHOTO Ha
HOpMaJbHOM TPUOJM)KEHUU TeCcTOBOM ctatucTuku: 3HaueHus ACF cuurtarorcs
CTaTUCTUYECKH 3HAYMMBIMU Ha ypoBHe 3Hauumoctu s = 0,05, ecnmu BBIXOIAT 3a
I'PaHUIBI COOTBETCTBYIOIIETO JOBEPUTEIIHHOTO HHTEPBAa;

— TecTa JJIsi IPOBEPKU THIOTE3bl 00 OTCYTCTBUH aBTOKOPPEIAIIMU 3HAUCHUM
BPEMEHHOT0 psifia {X,} Ha 3aJaHHOM JIarOBOM JIMaNa3oHe, BKIoUarouieM k > 1 yaros,
¢ noMoubto Q-cmamucmuxu Jlvtonea — boxca, pacCUUTHIBAEMOW Ha OCHOBAHUHU
sHaueHuit ACF no dopmyie

Q:n(n+2)_2@,.(n—i).

Pacnpenenenne Q-craTucTUKY (TIPU YCIOBUH, YTO BEPHA HYJIEBas TUIIOTE3a 00
OTCYTCTBHHM aBTOKOPPEJSIIIMYM 3HAYCHWH BPEMEHHOTO Psifia, Ha 33aJaHHOM JIarOBOM
JIMATIa30He) ACHMITOTHUECKH TIPH 71 —> 00 TIPUOITIKACTCS K PACIIPECTICHUIO ) C Vv =
=k — (p + g) crenensimu cBoOObI, rae p u g — unucio AR- 1 MA-KOMIIOHEHTOB B
MOCTPOCHHOM MO/IETT BPEMEHHOTO Psija.

Eciu Q0> A(a) (rme A(o) — KpUTHYECKOE 3HAYEHUE CTAaTUCTKU, PaBHOE

2
KBaHTWIN YpoBHS (1—o0) pacrpeneneHus )~ ¢ v CTENEHSIMHU CBOOOJIbI), TO HyJieBas

THITOTE3a 00 OTCYTCTBUU aBTOKOPPEIISAIIUN OTKIOHICTCS.

3. Pacnpedenenue ocmamios OO0ANCHO ObiMb HOPMATbHbIM, T. €. OCTaTKU
JOJKHBI OBITH TayCCOBBIM «O€nbIM IIymMmoM». OTMETHM, YTO JaHHOE CBOWMCTBO
BXHO IPH TCCTUPOBAHHH MOJEICH M0 KOPOTKMM BPEMEHHBIM psjiaM. B cioydae
JOCTAaTOYHO JITMHHBIX BPEMEHHBIX PSIOB JTaHHOE CBOMCTBO He Tpedyercs. s
NPOBEPKH THUIOTE3Bl. O HOPMAJIBHOM  pAcCHpeNeeHHd  OCTAaTKOB  MOTYT
WCITIOJIB30BAaThCS PA3IUYHBIC TECThI, HAIPUMEP, KpuTepHii coriacus [Iupcona, tect
XKaka-bepa (Jarque-Bera's — JB test).

JB-TecT OcHOBaH Ha TPOBEPKE CTATUCTUYCCKON 3HAYMMOCTH PACXOXKICHHS
(dakTUYeCKUX 3Ha4YeHUW KOd(P(PUIIMEHTOB aCUMMETPUU U DIKCIlecca, a TakkKe
OKHIAEMBIX JUIS HOPMAJIBHOTO paclpeIefieHUuss HYJIEBBIX 3HAYCHHH JaHHBIX
XapaKTEPHUCTHUK.

TecToBas cTaTHCTHKA BBIYHCIISACTCS 11O (hOPMYIIe

JBZW(S2+K2/4),

rie S u K — cooTBeTCTBEHHO KOA(D(UIIMEHTH aCUMMETPUM U DdKcIecca sl psaa
OCTaTKOB; p U g — 4ucio AR- 1 MA-KOMIIOHEHTOB B TOCTPOEHHOU Mozaenu BP.

70



Ecnu runoresa H, BepHa, To cratuctuka JB umeer pacnpenenesue X2 C ABYMs
CTEIEHSIMU CBOOOIBI.

4. Mooenv «Oomdcna Ovimb Haubosee NPOCMOU U3 BO3MONCHLIX Alb-
MmepHamugHuIx Moodenei». ITo TpeOOBaHWE OCHOBAHO HA «MPUHYUNE IKOHOMHOCTIUY
(principle of parsimony): W3 JBYX MOJEJIeH, NPU3HAHHBIX IO pe3yJbTaTaM
TECTHPOBAaHUS Ha OJHOM W TOM K€ Habope IaHHBIX aJleKBaTHBIMH, IydIlei
CUMTAETCA MOJIeNIb C MEHBLIUM YHCJIOM MapaMeTpoB, T. €. C MEHbIIUMH 3HAYEHUSIMHU
p u g. Jlig Beibopa Hanbolsiee «3KOHOMUYHOM» MOJEIN MOTYT HCTOab30BaThest AIC-
cratuctuka Axauke (Akaike information criterion) u SC-ctatuctuka IlIBapma
(Schwartz criterion), onipenensiemble 1o hopmynaam [11]:

AIC=1n| £33 )21
n n
sC=In| E55 |4 P,
n n

rae ESS cymMMa KBaJIpaToB OCTATKOB, /7 — YHCJI0 OLEHHBAEMbIX [apaMeTpoB, T. €.
m=p + g+06 (0 =1, eciu UCTIOJIB3YETCS MOJICNIb CO CBOOOTHBIM ujieHOM; O = 0 B
MPOTUBHOM CJIy4ae).

B coOTBeTCTBHMM C JaHHBIM KpUTEpUEM CJIEIyeT BHIOMpATh MOMAETH C
MeHbIUMU 3HaueHussMH cTaTuCTUK AIC u SC.

4.5. Mogeysn HeCTallHOHAPHBIX BPEMEHHBIX PSA0B

[Ipu3HakoM HeCTaIMOHAPHOI'O CTOXACTHUYECKOTO Ipollecca SBIISIETCS Hapyllie-
HUE OJTHOTO M3 YCJIOBUM cTarimoHapHOCTH. KOHKpeTHas peanuzaius HecTalluoOHaApHO-
ro CTOXaCTHYECKOTO Tpoliecca MPeCTaBIsIeT COO0N HECTallMOHAPHBIM BPEMEHHOM
psan. Ilpu3HakaMu HECTAMOHAPHOCTH BPEMEHHOTO psjia MOTYT CIYXHUTh HaJIU4He
TEHJICHIINH, CUCTEMAaTUYCCKUX U3MECHEHUN NHUCTIEPCUH, IEPUOINUECKON COCTaBIISIO-
ed, CUCTeMATHYEeCKH M3MEHSIIONIMXCS B3aMMO3aBHCUMOCTENH MEXIY 3JIEMEHTaMU
BPEMEHHOTO psia.

Kak mpaBuino, 3HaUeHUs, XapaKTEPU3YIOIMINE U3MEHEHUE SKOHOMUYECKHUX TIO-
Ka3aresiel BO BpeMeHH, 00pa3yroT HeCTallMOHAPHBIC BPEMEHHBIC PSIIbI.

PaznuyaroT qBa THMa HECTAIMOHAPHBIX BPEMEHHBIX PSAJIOB: BPEMEHHBIC PSIbI,
HEeCTallMOHAPHBIE TI0 CPEAHEMY 3HAUCHUIO, U BPEMEHHBIE Psi/Ibl, HECTAIMOHAPHBIC TIO
nucnepcuu [ 12].

BpemeHHoOM psag {x,} sABIsSeTCA HECTALIMOHAPHBIM 110 CPEIHEMY 3HAYECHHUIO, €C-
JU €ro MaTeMaTU4YeCKOe OXXKHJaHUE 3aBHCUT OT BPEMEHHU, M HECTAIIMOHAPHBIM IIO
JUCIIEPCUHU, €CIIA €T0 AUCTIEPCHUS 3aBUCUT OT BPEMEHH:

E(x)=u, D(x) =0/ t>1.

I[JISI OIMCaHuA BPCMCHHBIX PAA0B, HCCTAIMOHAPHBIX IO CPCAHECMY 3HAYUCHUIO,
HCIIOJIB3YIOTCA JBa OCHOBHLIX KJIaCCa MOHCHCﬁZ MoACIIM C ACTCPMHUHHPOBAHHBIM
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TPEHAOM M MOJECIH CO CTOXaCTUYECKUM TpeHAOM. Cpeau MOCIEeIHUX pa3IudaroT
MHTETPUPOBAHHBIE BPEMEHHBIE pANbI, onKcbiBaeMble Mosielblo ARIMA, «mpoueccsl
€AMHUYHOTO KOPHSI».

PaccmoTpuM aBTOpErpecCHOHHBIN MPOIIECC MEPBOT0 MOPsIKa, OMPEaAeIsIeMbIil
MOJENBIO X, = a,X, | +&€,.

Takolt mporecc SBISETCS CTAllMOHAPHBIM TIPU  BBITIOJIHEHUU  YCIOBUSA
—1< a; < 1. PaccMOTpuUM HEKOTOpBIC peau3aliuy dTOTO psija MpU HAPYIICHUU JaH-
Horo ycioBus. Ha puc. 4.7 npuBeeHbl CMOJICIMPOBAHHBIC PEAM3allMKi TaKOTO psifa
npu a; = 0,5; 0,7; 0,9; 1.
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Puc. 4.7. ABTOperpeccuoHHbIN MPOLECC MEPBOTO NOPAAKA

Bo Bcex ciyuasix B KauecTBe HAYaJIbHOT'O 3HAYEHUS Xy B3ATO Xo = 0 U HCHOb-
30Bajlach OJIHa M Ta € MOCJEI0BaTEIbHOCTh 3HAYEHUH €1, ... , €, , IMUTHPYIOLIAs
rayCCOBCKHM «OeMblil ITyM» ¢ TUCTIEPCHUEH, paBHOU €IHHHUIIE.

OpnHako MoOBeIEeHHE CMOJCIUPOBAHHBIX PSIAOB OKa3aJloCh Kaue€CTBEHHO pa3-
JUYHBIM.

[Ipu Bo3pactanuu 3HaueHus a; ot a; = 0 (6enblii mrym) 10 a@; = 1 KOJIUYECTBO
NepecevyeHnii HyJIEBOTO YPOBHsI yMEHbBIIIaeTCsl, Bce 00Jiee NITMHHBIMU CTAaHOBSTCS T1€-
pPHO/JIbI, B TEUEHHUE KOTOPBIX 3HAYEHUS PsAJla HAXOASTCS MO OJHY CTOPOHY OT HYJEBO-

ro ypoBHs. ['paduk psaa npu a; = 1 WUTIOCTpUPYET XapaKTepPHOE CBONCTBO pealin3a-
MM TIporecca

X, =X +8[ )
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COCTOSIIIIEE B TOM, YTO TaKOH IPOIIECC, HAYABIITUCh B MOMEHT ¢ = 1 cO 3Ha4YCHUS X
(B nanHoM ciydae x; = (), B JajmpHEWIIEM OY€Hb PEIKO MEPECeKaeT YPOBEHb X
(«BO3BpamaeTcs K ypoBHIO X1») M, HAXOJACh B TCUCHHE JIUTEIBHOTO BPEMEHHU IO
OJIHY CTOPOHY OT 3TOT'0 YPOBHsI (BBIIIEC WU HUXKE), MOXKET YIAIATHCA OT 3TOTO YPOB-
Hs Ha 3HAYUTEJIbHBIC PACCTOSTHUS.

Takolt mporiecc Ha3bIBACTCS CAYUAUHBIM OJIYyHCOAHUEM (RPOYECC CIYUATHO20
onyxycoanus (random walk)).

PaccmoTpum mporiecc cirydaitHoro Oysk/1aHus moapooHee:

X, =x_,+¢g,t=1,..,nm,

CTAapTOBOC 3HAYCHHC X .
MoxHO NpCaACTaBUTh Xy B BUIC

x,=x_,+¢g,=(x_,+¢, )+e =x_,+¢,  +et=
=(x,_y+¢€, ,)+eE +E =X _,+¢€ ,+¢€,  +E =...=

=x,+ (g +...+¢,),

OTcrona cpa3y noiaydaem:

E(xz | xo) = xO’
D(x,|x,)=D(g, +...+€)=D(g) +...+ D(g,)=tD(g,) = tc_.

JHanee

Cov(x,,x,_; [ %)) = E((x, —x))(x,_; — X)) [ x,) =
=E((g,+...+¢,)(& +...+¢,_))= (-1’

" HC 3aBUCHUT OT 3HAYCHHA X, , CIICAOBATCIIbHO,

(t— 1)65 B (t— 1)(55

JDGDG ) Joirfoia-1

Corr(x,,x, ) =

*/tﬁl =\/1—%.

3
IIpu xo = 0 momyyaem x, = ng t=1,...,n.

j=1
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PaccmarpuBas nocnegHui psa, UMeeM:

E(x) =0, D(x,) = fG.sz )

Takum 00pa3oM, 3TOT psiJi — HECTALIMOHAPHBIM.

OTOT ps SABISAETCS MOJEIBI0 CHIOXACMUYECKO20 MPEHOd, KOTOPbI 00Hapy-
KUBAETCS BO MHOTHX SKOHOMHUYECKHX BPEMEHHBIX pAJlax U JIOJDKEH 00s3aTEeNbHO
IIPUHUMATHCS BO BHUMAHUE IIPU [IOCTPOCHUU PETPECCUOHHBIX MOJIEIIEU CBI3U MEKIY
JBYMsI WM HECKOJIBKHUMHU PsIIaMU, UMEIOLIUMU CTOXAaCTUYECKUM TPEHA.

ITosicHuM pasznuyue MeXAy BPEMEHHBIMU psaMU, UMEIOIIUMHU TOJIBKO JETEP-
MUHUPOBAHHBIA TPEH[I, U pAJlaMH, KOTOpbIE (BO3MOKHO, HAPSAIY C JTE€TEPMUHUPOBAH-
HBIM) UMEIOT CTOXaCTUYECKUN TPEH]I.

JI1 3TOro paccMOTPUM CIEAYIOIIUE ABE MPOCTHIE MOJEIU HECTALIMOHAPHBIX
psanos. IlycTs B nepBoi

xx=o+tPt+e,t=1,...,n,

T. €. Ha JIETePMUHUPOBAHHBIN JIMHEHHBIN TPEH] HAKJIAIbIBAIOTCS CIyYaifHbIC OMUOKHU
BBHJIe Oenoro myma. Bropas Mozenb mycTb NpPENCTaBISET Cayuainoe oayrcoanue
CO CHOCOM, T. €. TIPOLIECC

x=oatx te,t=1,...,n,3a1aH0 X,

MpUpPAILEHUs] KOTOPOTO UMEIOT HEHYJIEBOE MaTeMaThdeckoe oxunanue E(A x,) = o # 0.
IIpouecc x; BO BTOpOM MOAEIN MOXKHO IPEACTABUTH B BUJIE

x,=a+x_ +¢=0+(a+x_,+& )+e =200+x_,+¢  +¢g =
=30+x, ,+€, ,+€  +g =..=x,tat+(g+...+¢€),
t
X, =xy+ar+ ) g,
j=1

Takum oOpazoMm, psiA x, UMEET U JCTEPMUHUPOBAHHBIM, U CTOXACTUYECKUM
TpeHbl. JleTpeHInpoBaHne NEPBOTO Psifa IPUBOAUT K PALY

0 _

x, =x,—(a+Pt)=¢,

KOTOpBIN SBJISIETCS CTAUMOHAPHBIM. JleTpeHAMpOBaHUE BTOPOIO psAla IPUBOAUT K
pAanxy

t
x) =X, —(x0+oct)=28j,
j=1

KOTOPBIM HE SBJISIETCS CTallMOHApPHBIM. [IpuBecTH ero Kk cTallmoHapHOMY MOYKHO, €C-
JI IEPENTHU OT psifia YPOBHEM X; K psiAy pazHOCTEeN Ax, = X, — X, | .
Takol mepexoa B TEOPUM BPEMEHHBIX PSAOB Ha3bIBAIOT Oughhepenyuposarnuem.
[Ipu Takom mepexojie noxyyaeM JJis epBOro psaa

Ax,=x, —x,_,=(a+Pt+e,)—(a+B(t-D+¢g, )=B+¢, —¢,,,
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a JUIsl BTOPOro psifa Ax, =x, — X, , =0 +¢,.

O6a npoguddepenuupoBanubix psga Ax, crauronapHsl. [lepBoiit nponudde-
PEHUUPOBaHHBIN psAf oTHOcHUTCS K Kiaccy MA(1) 1 nMeeT MaTeMaTUYECKOE OXKUIa-
Hue . Bropoil nponuddepenipoBannbiii psajn otHocutcs kK kinaccy MA(0) u umeer
MaTeMaTu4yeckoe oxuaaHue o. Takum oOpazoM, B OTIMYME OT JETPEHIUPOBAHUS
onepauus qudPepeHnpoBaHus MIPUBOAUT K CTALIMIOHAPHOMY PSAY B 000X CIydasix.

BpeMeHHOH psii X, Ha3bIBACTCS CHAUUOHAPHBIM OMHOCUMETbHO O0emepMu-
HupoeanHnozo mpenoa f(t), ecnu psa x, — f(t) — craumonapusiii. Ecau psin x, cranuo-
HapeH OTHOCUTEIHHO HEKOTOPOro JETEPMUHHUPOBAHHOTO TPEHAA, TO TOBOPST, YTO
ATOT P NPUHAMICKUT Kaaccy pAaoos, CMAUUOHAPHBIX ONMHOCUMENbHO 0emepMu-
HUPOBAHHO20 MpeHOa, Vi uTo OH siBlisieTcst TS-psaoom (TS — time stationary).

B knacc TS-paooe eéxniouaromcesa makiice cmayuoHapHle paovl, He NMEIO-
[IMe JIeTePMUHUPOBAHHOTO TpeHAa. BpeMeHHOU psll x; HAa3bIBACTCS UHMEZPUPOBAH-
Hbim nopaoka k, k=1, 2, ..., ecnu:

* P X, HE SIBISETCS CTAlMOHAPHBIM WMJIM CTAI[MOHAPHBIM OTHOCHUTENIBHO Jie-
TEPMUHUPOBAHHOI'O TPEHA, T. €. HE ABJseTCs 1S-pasiom;

* pan A" x; , HOJIy4€HHBIN B pe3yibTaTe k-KpaTHOro AugdepeHuupoBaHus psaa
Xy, SIBIISIETCS] CTAILIMIOHAPHBIM PSAJIOM;

* psg Ay, | MOJTy4eHHBIN B pe3ynbrate (kK — 1)-kpatHoro nuddepeHiupona-
HUS psja X, , He aBiseTcs 1S-psaoM.

JIJ1st ”HTErpUPOBAHHOTO Psifia MopsALiKa k UCnonb3ytoT obo3nauenue I(k). Ecnu
psa X, siBIsieTCS UHTETPUPOBAHHBIM MOPsAKa k, TO JUIsl KPaTKOCTH 3TO 0003HAYAETCs
kak x; ~ I(k). B 270l cucteme o6o3HayeHuil cooTHomeHue x; ~ I(0) cooTBETCTBYET
pSy, KOTOPBIN SIBISETCS CTAlMOHAPHBIM U TMPH 3TOM HE SIBIAETCS PE3YyIbTaTOM
muddepenunpoBanus TS-psaa.

COBOKYIHOCTh MHTETPUPOBAHHBIX PSJOB Pa3IMYHBIX MOPAIKOB k = 1, 2, ...
oOpaszyeT Kiacc pazHocmHo cmayuonapuvlx, unu DS-psaooe (DS — difference
stationary) . Eciiu HeKOTOpBIN psAll X, TPUHAIJICKUT 3TOMY KIIACCy, TO Mbl TOBOPUM O
HeM Kak 0 DS-paode. [1ycTh psia x, — MHTErpupoBaHHbIN nopsaka k. IlogBepraem 3Tot
psan k-kpatHomy nuddepenunpoBanuto. Ecinu B pe3ynbrare mojiy4aeTcsl CTaloHap-
Hbll psag tuna ARMA(p, ¢), TO TOBOPAT,UTO UCXONHBIA PAN X, AGAAEMCA PAOOM
muna ARIMA(p, k, q), wiu k paz npounmezpuposannvim ARMA(p, q) paoom
(ARIMA — autoregressive integrated moving average). Ecnu nipu 3toM p = 0 wiu
g = 0, To TOr/Aa YynoTpeOstoTcst U 60ee KOPOTKHE 0003HAUCHUS:

ARIMA (p, k, 0) = ARI (p, k), ARIMA(0, k, ) = IMA( k, q),
ARIMA(0, &, 0) = ARI (0, k) = IMA( k, 0).
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BOSBpaH_IaSICB K TOJIBKO 4YTO PaCCMOTPCHHBIM IIPUMCpaM, IIOJIydacM:

X, =o+Bt+et~I10);
Xi=a+ X, —1+et~I(1), X, — psag Tuna ARIMA(0, 1, 0).

IlepBslii psan saBisieTcss 7S-psaom, a BTopor — DS-psiaoMm.

[Ipu mocTpoeHnHn MOJENEN CBA3EN MEXAY BPEMEHHBIMH PIaMH B JOJTOCPOY-
HOM MepcreKkTrBe HEOOXOIUMO YUUTHIBATh (PAKT HATMYMUS UM OTCYTCTBHS Y aHATU3U-
PYEMBIX MAaKpPOAIKOHOMUYECKUX PAJOB CTOXACTHMYECKOTo (HEeIEeTepMHUHHPOBAHHOIO)
TpeHna. MlHaue roBopsi, MpUXOAUTCS periaTh BOIPOC 00 OTHECEHHH KaXKJIOTO U3 pac-
CMaTPUBAEMBIX PAJIOB K KIIACCY PSIOB, CTAlMOHAPHBIX OTHOCHUTEIBHO AETEPMHUHUPO-
BaHHOI'O0 TpeHAa (MM MPOCTO CTalMOHApHBIX), — TS-psaasl (trend stationary), wiau K
KJIACCy PAOB, UMEIOIIMX CTOXAaCTUYECKUN TpeH[ (BO3MOXKHO, Hapsy € JAETEpMUHU-
POBaHHBIM TPEHJIOM) U MPUBOISIIMXCSA K CTALMOHAPHOMY PsIy TOJBKO ITyTEM OIHO-
KpaTHOro wWiu k-kpatHoro auddepenuupoBanus psna — DS-psger (difference
stationary). [IpuHIIMIIHANBHOE pa3IuUe MEXY STUMHU JBYMS KJlaccaMu psAJIOB BbIpa-
KaeTCs B TOM, YTO B ciydae 1S-psiia BBIMUTAHUE U3 PSIIa COOTBETCTBYIOLIETO JETEP-
MHUHHMPOBAHHOI'O TPEHAA NPUBOAUT K CTAlMOHAPHOMY PNy, TOra Kak B ciydae DS-
psAoa BBIUMTAHHUE INETEPMUHUPOBAHHOW COCTABJISIIOLIEH psi/ia OCTABISIET PsJ HECTa-
LMOHAPHBIM H3-3a HAIMYHSA Y HETO CTOXaCTUYECKOTO TPEHIA.

TS-psinpl UMEIOT JUHUIO TPEHIA B KAa4€CTBE HEKOTOPOM «IEHTPAJIBHOW JIU-
HUW», KOTOPOH CIEAYET TPACKTOPUS PAA, HAXOAACHh TO BBILIE, TO HUXKE 3TOW JINHUM,
C JOCTaTOYHO YaCTOW CMEHOW MOJIOKEHWH BbIIIE — HUXKE. DS-panbl MOMUMO JETEp-
MUHHPOBAHHOTO TpPeHJa (€CIU TaKOBOW HMMEETCs), UMEIOT €Ile M CTOXaCTUYECKUM
TPEeH 1, U3-3a MPUCYTCTBUS KOTOPOro Tpaektopus DS-psiaa BecbMma JI0JIT0 MpedbIBaeT
M0 OJHY CTOPOHY OT JIMHUU JETEPMHHUPOBAHHOTO TpeHJa (BBILIE WIM HUXKE ITOU
JVMHWN), YAAQISSACh OT HEE HA 3HAYUTEIbHBIE PACCTOAHMUS TaK, YTO MO-CYLIECTBY B
ATOM ClIy4yae JIMHUS JETEPMUHHUPOBAHHOIO TPEHJIA IMEPECTaeT UrpaTh POJb «IIEH-
TpaJIbHOW» JINHUM, BOKPYT KOTOPOH KOJe0JIeTCs TpaeKTOpHsl Mpolecca.

B 7S-psinax BAusHUE NpeabIAyLIIMX HIOKOBBIX BO3JEHCTBUN 3aTyXaeT C TEUEHHU-
€M BpEeMEHH, a B DS-psiiax Takoe 3aTyXaHHe OTCYTCTBYET, U KayKJIbIil OTIEIbHBIN HIOK
BIIMSIET C OAMHAKOBOM CUJION HA BCE MOCIENYIOIIME 3HaUeHUA psana. [loatomy Hanuune
CTOXaCTHUYECKOIo TpeHa TpeOyeT MPOBEACHUS OMpeeICHHON SKOHOMUYECKOU TOJH-
THUKHU ISl BO3BPAILCHUS] MAKPOSKOHOMHUYECKON MEPEMEHHOW K €€ JOJIOBPEMEHHOU
MIEPCIEKTUBE, TOI/1A KaK IPU OTCYTCTBUH CTOXACTUYECKOrO TPEH/1a CEPhE3HBIX YCUIIUN
U AOCTHKEHHSI TaKOM LIeTM He TpeOyeTcss — B 3TOM CiIydae MaKpOIKOHOMHUYECKas
IIEpEMEHHAsA «CKOJIB3UT» BIIOJIb JINHUM TPEHA KaK HAIIPABJISIIOLIEH, TIEpEcEeKas ee 0C-
TATOYHO YaCTO U HE YKJIOHSSICh OT 3TOM JIMHUU CKOJIb-HUOYAb AIEKO.

Jlns peuienus Bomnpoca 06 oTHeceHuu uccieayemoro BP k knaccy cranuonap-
HBIX (OTHOCUTEIBHO JIMHEWHOI0 TPEH/A) WJIM HECTAlMOHAPHBIX MPOLECCOB UMEETCS
pAl pa3nuyHbIX TecToB. OIHAKO BCE 3TH TECTHI CTPAJAIOT TEMU WM MHBIMHU HENOC-
TaTKamMH. TecTbl, cPopMyIUpOBaHHbIE B BUE (HOPMAIIbHBIX CTATUCTUYECKUX KpPUTE-
pHUEB, KaK MPaBUJIO, UMEIOT JOCTATOYHO HU3KYH0 MOIIHOCTh. [loaTOMYy WacTto He OT-
Bepraercst ucXoaHasi (HyJieBas) TUIIOTE3a, KOTJla OHA B JIEWCTBUTEIHOCTH HE BBIIOJ-

76



HsAETCA. B TO e BpeMsi HEBBIIIOJIHEHUE TEOPETUUYECKUX IIPEAIIOCHIIOK, HA KOTOPBIX
OCHOBBIBAETCS KPUTEPUH, IPU IPUMEHEHUHU €ro K BP npuBOaUT K OTVIMYMIO pEasbHO
Ha0JII01aeMOro pazMepa KpuUTepusi OT 3asiBJICHHOrO ypOBHs 3HauuMocTH. M3-3a mo-
CJIEIHETO OOCTOSITENIbCTBA TEPAETCS KOHTPOJIb HaJ BEPOATHOCTHIO OLIMOKU TEPBOIO
poza, B pe3yibTaTe 4ero HyseBas TMIIOTE3a 3a4acTyr0 OTBEPracTcs, Korjaa B JEUCT-
BUTEJIBHOCTH OHAa BepHa. C y4yeTom 3TOro MCCIEAOBATENM IPU AHAINU3E PAJIOB Ha
MPUHAJIEKHOCTh UX K KJIACCy CTAalMOHAPHBIX WM HECTAalMOHAPHBIX OOBIYHO HC-
IIOJIB3YIOT HE OJMH, & HECKOJBKO TECTOB U IMOJAKPEIUIAIOT MOJYYEHHBIE BBIBOJBI IPa-
(buyecKUuMHU MpoLeTypaMHu.

[Ipu 5TOM HamboJIEee YacTO UCTIOJIb3YIOTCS CIEAYIOLIUE TECTHI.

B Tecte luxu — @ymiepa [5] HyseBo# (albTepHATUBHOMN) THIIOTE30M SIBISCTCS
ToT (pakt, yTo Hcchaenyembiii BP x, HecTanroHapeH (cTanuoHapeH) W OMUCHIBACTCS
OJTHOM M3 TpeX MOJEJEH aBTOPErpecCUM IEPBOTO NMOPsAKA C NOIPABKOW Ha JIMHEH-
HBIU TPEHN:

1) ecniu BP x; umeet neTepMHUHUPOBAHHBIN JIMHEWHBINA TPEH, TO OLEHUBACTCS
MO/JIEJIb

Ax;=o¢ox, g to+B+e,t=2...,n;

2) ecnu BP x, He uMeeT AeTepMUHUPOBAHHOIO TPEHMIA U €r0 MaTeMaTUYECKOe

OKHJJaHUE HE PABHO HYIIIO, TO OepeTcs MOJENb
Ax,=0x,  toate,t=2,...,n;

3)ecnu y BP X, HeT neTepMUHUPOBAHHOIO TpEHJAa M €ro MaTeMaTH4ecKoe

OKUJJaHUE PABHO HYIIO, TO BBIOUPAETCS MOJEIb
Ax;=0x, ;te,t=2,...,n,

II€ €, — HE3aBUCUMBIE Clly4YailHbIe BEIMYUHBI, UMEIOIIHUE OJUHAKOBOE HOPMAJIBHOE

pacnpesiefieHue ¢ HYJEBbIM MaTeMaTHYECKUM OXKUJAHUEM; ¢, O, 3 — OlleHUBaeMble
apaMmeTpsl.

C nomompio MHK onennBaroTcsi mapameTpsl MOJACIU @, O, 3 U BBIYUCISIETCS
3HAYEHUE [-CTATHCTHKH [, JUIs MpOBEpKH HyneBod rumoressl @ =0. IMonyyenHoe

3HaYEHUE CPABHMBAETCS € KPUTUYECKUM YPOBHEM f.. ['MIIOTE3a O HECTALIMOHAPHOCTH
BP otBepraeres, ecau f, <7,.

MomHocTs Tecta uku — @yriepa CyIIECTBEHHO 3aBUCHAT OT OLIEHUBAEMOM
Mozenu. C OJHOM CTOPOHBI, HEMPABUIBHBIA BHIOOP OIEHMBAEMOW MOJEIH MOXKET
3HAYMTENIBHO OTPA3UThCSI HAa MOIIHOCTH 3TOro tecrta. Tak, ecnu BP mopoxnaercs
MOJIEIBIO CIY4alHOTO OJIyKAaHUSI CO CHOCOM, a CTATUCTUYECKHUE BBIBOJIbI TPOBOIST-
Csl IO pe3yJIbTaTaM OIEHUBAHUS MOJCIH 0€3 BKIIIOUCHUS TPEHIOBOM COCTABIISIONICH,
TO MOIITHOCTh KPUTEPUsI CTPEMHUTCS K HYJIIO C BO3pAacCTaHHEM KOJIMUECTBa HAOIIOJIEe-
Huii [5]. C apyroit CTOPOHBI, YMEHbBIIICHUE MOIHOCTH KPUTEPHS MOXKET ObITh BhI3Ba-
HO M M30BITOYHOCTHIO OlleHWBaeMon Mozaenu. Eciau xe BP omuceiBaeTcss MOaenbio
0oJiee BHICOKOTO Mopsiaka p >1 U y XapakTepuCTHUYECKOro MHOTroujIeHa He 0osiee o/1-
HOT'O0 €IMHUYHOI'O0 KOPHS, JJIs aHAJIN3a JTAHHOTO PsJla Ha CTAallMOHAPHOCTh MIPUMEHSI-
eTcs pacmmpeHHbiid Tect Juku — ®@ymiepa (ADF-tect) [11], B KOTOpOM B mpaBbie
YacTH KaXKI0W U3 TpeX pacCMOTPEHHBIX s TecTa Juku — Oynnepa mojeneit 1o0aBs-
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JIEHBI 3ama3/plBalomue pasHoctd Ax, ;, t = 2, ..., p — 1. Ilony4eHHble IIpH OLEHHUBA-
HAU MojJelie ¢ J00aBJICHHBIMHU 3ama3JbIBAlONIUMHU  PA3HOCTSIMHU 3HAYCHUS [-
CTATUCTUK f, JUIs TIPOBEPKH HYJIEBOW rumoTe3sl @ =0 CpaBHUBAIOTCA C TEMH Ke

KPUTUYECKUMH 3HAYEHUSIMHU f., 4TO U s Tecta Juku — Pymnepa. ['unoresa o He-
craunoHapHoctn BP orsepraercs, ecin ¢, <?,. ADF-TeCT MOXKET HCIIOIBb30BATHCS U

B TOM ciy4ae, korna BP x; onuceiBaeTcs CMELIaHHOM MOJENBIO aBTOPErPECCUU U
CKOJIB3SIIIETO CPEHETO.

OtmeTuM, uto TtecThl [{uku — Dymnnepa HENb3sl IPUMEHATh K BPEMEHHBIM psi-
JaM, COJIEpKaIllMM CTPYKTYPHBIE U CE30HHBIE U3MEHEHUSI, 4 TAKXKE B CIy4ae reTepo-
CKEJACTUYHOCTU OMOOK HaOmoaeHus [12]. B ykazaHHbBIX U B APYTUX CIydyasX, CBs-
3aHHBIX C HAPYIIEHUEM MOJEJBHBIX MPEANOJIOKEHHH, CIeNYeT UCIOIb30BATh CECIIH-
aJbHO pa3pabOTaHHBIC TECTHI, HAIPUMED:

e tecT KBarkoBckoro — ®umnunca — [lImuara — uaa (KPSS-tecT);

e tect Owrnurnica — [leppona (PP-tect) npu HapyIeHMU THIIOTE3BI O HEKOppe-
JUPOBAHHOCTH U TOMOCKEIACTUYHOCTH OIIMOOK HAOIIOACHUS B TECTUPYEMON MOJIETIH;

e ce3oHHbI TecT uku — [Nacika — Oymiepa (DHF-tect) npu Hanuuum ce30H-
HBIX 3 (HEKTOB B KBAPTAIbHBIX U MECSIUYHBIX JIAHHBIX.

Mertonbl noctpoenus U rectupoBanusi Mojenin ARIMA.

IIponecc noctpoenus moaenu ARIMA Biiro4aeT ABa JTarna:

1) ompeneneHue mopsiaka MHTETPUPYEMOCTH HECTALIMOHAPHOTO BPEMEHHOTO
psia ¥ MoJTydeHue BPEMEHHOTO psjia pasHocTeit A‘x, ;

2) nonbop Hawiaydiled MOJEIM Ui CTalMOHApHOIO BPEMEHHOIO psja

asHocreii A*x B ximacce momeneit Tuma ARMA.
t

Paznea S. CucremMbl OTHOBPEMEHHBIX YPAaBHEHHU

[Tpu MoaenupoBaHUM CIOKHBIX YIKOHOMUYECKUX OOBEKTOB YaCcTO MPUXOIUTCS
BBOJIUTHh HE OJTHO, & HECKOJIBKO CBSI3aHHBIX MEXIy c000u ypaBHeHUU. Cucmema 00-
HOBDEMEHHbIX YPA8HeHULl — ITO CUCTEMAa B3aUMOCBSI3aHHBIX PETPECCUOHHBIX ypaBHE-
HHUM, OPUYEM JUJIsl KaKI0TO0 MOMEHTA BPEMEHU CPEAU YHIAOTCHHBIX IEPEMEHHBIX €CTh
TaKWE, KOTOpBIE JJISI OJHOIO PETPECCMOHHOTO YPABHEHUS SIBIISIOTCA 3aBUCHUMBIMU
MIePEMEHHBIMHU, a JIJIS IPYTrOro — OOBSICHAIOIIMMU TTIEPEMEHHBIMU (pEerpeccopamu).

VYpaBHeHUS, COCTABISAIONIUE CUCTEMY, ACISATCS HA JBE TPYIIBI: HO8eOeHUecKue
YPaBHEHMS, OIKCHIBAIOIIME ASMIIMPUYECKUE B3aMMOCBSI3U MEKAY IMEPEMEHHBIMU, U
ypaBHEHUS modcoecmaa, He CoAepKalliue CIydaiHbIX OIMIMOOK M OIEHUBAEMBIX Ta-
paMeTpoB (HarpuMep, COOTHOIICHHS] YKOHOMHUYECKOTO OajaHca).

CucreMbl S3KOHOMETPUUECKUX YPABHEHHI SIBIISIIOTCS BaXKHBIM MHCTPYMEHTOM
MOATOTOBKM OOOCHOBaHHBIX perieHnid. OHM BXOIAT B COCTaB AKOHOMETPHUUECKUX
MOJIEJIEW IPUHATUSA PELICHUMN.
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5.1. CtpykTypHas u npuBe/ieHHas popMbl ypaBHEHUI

MaxkposkoHoMuUueckass Monedb [ SBISIETCA MPOCTEMILEN BEPCUEU  MOIEIH
Keiinca. Mojenb nocTpoeHa Ha IPEAION0KEHUH, UYTO HAPOJTHOE XO3SMCTBO SIBISETCS
CHUCTEMOM 3aKPBITOro THUMa 0€3 TOCYJapCTBEHHOTO PEryJIMpOoBaHusl SKOHOMHUKHU. OHa
COCTOWT U3 JABYX ypaBHEHUM: QYHKIIUU TOTPEOJICHHS U TOXKIECTBA, OMPEACIISIIONIETO
(dhopMupoBaHUE HAIIMOHAIBHOTO J0XO0/a!

C =a+pY +¢, (5.1)
Y =C+1, (5.2)

rae Y — HanuoHanbHBIA A0X0A 3a nepuon ¢; C, — aM4HOe NOTpeOIeHne 3a MepUOs

t; I,—dJacTHple UHBECTULIMYU + FOCYIapCTBEHHBIE PACXO/bl + OagaHC BHEIIHEH TOp-
TOBJIM B NIOCTOSIHHBIX LIEHAX 3a MEPHUOJ ¢; O[3 — HEeU3BECTHbIE MapaMeTPhbl MOJECIIU:

o, — CBOOOAHBIN WieH (QYHKIIMU MOTPEOICHUS, BRIPAXKAIOIINN aBTOHOMHOE MOTpeO-
nenue, B — Kod(pPUUUEHT perpeccuu, BhIPAXKAIOIMINA KPATKOBPEMEHHYIO MpeAoa-

raeMyl0 CKJIOHHOCTb K IOTPEOJCHMIO; €, — CllydaiiHas oluOKa (BO3MYILEHHUE) B

GbyHKUMU TOTpeOIeHUS.

VYpaBuenus (5.1), (5.2), cocrapisioniie HCXOAHYIO MOJEIb, Ha3bIBAIOTCS
CMPYKMYPHbIMU, WA CMPYKmMYPpHOU ¢hopmoti moodenu. TlepBoe ypaBHEHHNE OTHOCUTCS
K YPaBHEHUIO MMOBEJICHUS, BTOPOE — K OAIIAaHCOBOMY TOXIECTBY [2].

ITpoBenem knaccuuKalyio NEPEMEHHBIX B SKOHOMeTprueckoi monenu: C,,1, —
TEKYIIIUE HJOTEHHBIE MEPEMEHHBIC, UX 3HAYCHUS ONPEACISIIOTCS BHYTPU MOJENH;
AK30TCHHOM SIBJISICTCSl TIEPEMEHHasl, 3HAUeHHE KOTOPOH OINpeeNiIeTCsl BHE MOJIETU U
03TOMY Oepercst Kak 3aJaHHOE; B JAaHHOM ClIy4ae 3To nepeMeHHas /,. Hapsany ¢ ok-
30r€HHBIMU TEPEMEHHBIMU B YPABHEHHE MOTYT OBITh BKJIIOUEHBI JIATOBBIC YHJIOTCH-
Hble. JlaHHYIO MOJIENTh MOYKHO MPEICTABUTh CTPEIOYHOMN quarpammoi (puc. 5.1).

Puc. 5.1. lnarpamma cTpyKTypHOU (popMBbI

Crpenounas auarpamma (puc. 5.1) oTpakaeT IPUYUHHBIE CBS3U CTPYKTYPHOM
dbopmbr (5.1), (5.2). 3aBUCUMBIEC NTEpEMEHHBIE M300PaKEHBI OKPYKHOCTSIMHU, OCTaJb-
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Hble — NpsAMOYroJibHUKaMHu. CTpyKTypHble KO3 (GUIUEHTh 0003HAYEHBI CTPEIKAMHU.
Hauano ctpenku yka3slBaeT Ha OOBSACHSIOIIYI0 IEPEMEHHYIO, KOHEIl — Ha OObsCHsE-
myto. Koadduiment nepemenHoii, kotopas nmpocto cymmupyercs, pasen +1. Ilepe-
MeHHble C, U Y, cBA3aHbI CTPEJIKAMU B 00OMX HAIPABJICHUSAX, T. €. OHU 3aBUCAT APYT

ot apyra. Mogaenu (5.1), (5.2) aBisitoTcsi B3aUMO3aBUCUMBIMHU.

J171s1 MpOTHO3MPOBAHUS B3aMMOCBSI3aHHBIX 3KOHOMETPUUECKHUX TTOKa3aTeleH
1es1Iecoo0pa3Ho OT CTPYKTYpHOH (OpMBI MEepexoauTh K NpUBEACHHOW (opme.
IIpusedennvie ypasHenus — 3TO ypaBHEHUs, B KOTOPBIX dHJIOTCHHBIE TIEPEMEHHbBIC
BBIPQKCHBI MCKIIOYUTEIBHO Yepe3 MpeaoNpeacICHHbIC MEPEMCHHBIC M. CIy4Yai-
HBIC COCTABJISIIOIINE:

C,=a+B(C +1)+c¢,

NN
= o + p 1 ,t g, .
1-B 1-P 1-
AHanoru4HeIM 00pa3oM CTPOUTCS IPUBEACHHOE ypaBHEHHE Wi 1, .
Taxum oOpaszom, mojydaem MpUBEICHHYIO (OPMY MOJIEIH
1
C = = 4 P I + g, (5.3)
1-B 1-P 1-
1 1
Y=t —— [ A, (5.4)
- 1-B " 1=
rae ¢ b ! napameTpbl ee IpUBEACHHON (HOPMBI
p Tp 1_p |epaverp p PMEL

[TocTpoum cTpenouHyro 1uarpammy rpuBeieHHoN Ghopmbl Mojenu (puc. 5.2).

+1.0 1.0

Puc. 5.2. luarpamma npuBeaeHHON (popMbl
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B mpaBbIx YacTsIX ypaBHEHH MPUBEAECHHOW (OPMBI BCTPEUAIOTCS TOJIBKO 3K30-
TeHHBIE NTEPEMEHHBIE (K HUM € OTHOCSTCS JIarOBbIe WJIM 3aa3/blBalolUe SHIOTCHHbIE
NepeMEeHHbIE), B3aUMO3aBUCHUMbIE TIEpEMEHHbIE OTCYTCTBYIOT. Ha nuarpamme 3TO BbI-
paskaeTcsi OTCYTCTBUEM CTPEJIOK MEXKIY 3aBUCUMBIMU NEpeMEHHbIMU. B NeBbIX yacTax
ypaBHeHu#i (5.3), (5.4) crost »HAOreHHbIE TIepeMeHHble. [loaTomy m0boe ypaBHEHUE
MPUBEICHHON (DOPMBI CUCTEMBI MOKET UCIIOJIb30BATHCS B OTJACIBHOCTU ISl POTHO3H-
POBaHUs 3aBUCUMOCTU NepeMeHHOM. Kaxibiii kKo duiinenT npuseaeHHon GopMbl co-
CTOMUT U3 PA3IMYHBIX KOMOMHAIMI KOA(P(UIIUEHTOB CTPYKTYPHOI (POPMBI.

CtpykTypHas U npuBeneHHass GOpMbl MOJAEIU JTOMOJHAIOT IPYr Apyra B T€O-
PETHUKO-2KOHOMHYECKOM cMbiciie. M3 monenu mnpuBeneHHONM (GOpMbl BHUIHO, YTO
(yHKLUs TOTpeOIEHUs 3aBUCUT OT SK30I'€HHOU nepeMeHHol /,. U oHa se mo3Bossier

BBISICHUTh, HACKOJIBKO CHJIbHO 3aBUcUT C oT /. Bo3mylieHue BIuseT CHIbHEE, YeM
0KHIAJIOCh.

B ctpykrypHO#i popme K03 PUIIMEHTHI HOCAT MPO3PAUHbIA YKOHOMHUYECKUIM
cMbici. VX merko MHTepnpeTUpoBaTh B OTIWYHE OT KOA(D@PHUIIMCHTOB MPUBEICHHOM
(GhopMBI, Cpeii KOTOPBIX HE BCE JOMYCKAIOT SKOHOMUYECKYIO HHTEPIPETAIUIO.

5.2. MyJabTHILIHKATOPHI NPUBEICHHON (POPMBI
Koadpounuentsl npuBeneHHON (OpPMBI HA3BIBAIOTCS MYIbMUNIUKAMOPAMU.

Bce MyabTHUIIITUKATOPBI OJHOTO MEPHUOJIa COCTABIISIIOT MYJIbTUIUTUKATOPHYIO MaTpH-
Iy. 3anuiieM IpuBeeHHYI0 (OpMY MOJIETTH B MATPUYHOM BUJIE:

Y=1I"X +V,
rac
€
Yt:ytl_ct) l:xn:I’ t:Vn:l_B)
Yol Y, Xo| | Via €
1-B
a p
HT:TEH nZIZI_B I_B-
T, T o) 1
1-p 1-B

UtoObl caenath MHTEPHPETAIUIO OTIASIBHBIX MYJBTUIUIMKATOPOB Oojiee Ha-
TJISITHOM, UCTIONIb3yEeM OIIEHKH (hYHKITUHU MOTpeOsIeHus, oTydyeHHble 00braHpiM MHK
Ha 0ase ToJI0BbIX JaHHBIX 3a nepuo 1961-1968 rr.:

6.=33,98 p=0,64.
ITonyyum ouenky marpuus! I1:
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>
b=}
b=}

II = =

| (94,39 94,39 —(17)
T, Ry, [1,78 2,78 v

I[JISI CHUCTCMBI ypaBHeHI/Iﬁ MYJIBbTUILIUKATOP TT i II0Ka3bIBa€T, Ha CKOJIBKO €IH-

HHUII IIPpU MPOYUX PABHBIX YCIOBUAX U3MCHACTCA j-SI OHJAOTICHHAaA IICPCMCHHAA, T. €.
¥ , €CIIU B 3TOT XK€ MEPHOJ dK30ICHHAsl IEpeMeHHast X, u3MeHseTcd Ha 1. Takum 00-
i

pasoM, T, SIBIACTCS MYJIbTHILUIMKATOPOM i-H SK30ICHHOH MEPEeMCHHOW X, OTHOCH-
TEJIBHO j -1 DHAOT€HHOU IIEPEMEHHOM.

C,| [moTtpeOiieHue

. 1| |aBTOHOMHAasI cUTyallUs

X = =

= - )
v,| | mam. moxon "L WHBECTUIIUH

Vi

IlycTh x, — WHBECTHLMH, Y, — HOTPEONCHHE, TOr/Aa T; — MHBECTHLHOHHBII

y
MYJIBTUIUTMKATOP TOTPEOICHHUS.
IlockombKy 7; BBIpaXKaeT HACTYMAIOWIUK 0e3 3aiepXeK MONHBIA d(PeKT OT

BO3JICUCTBUA I-U DK30I€HHOM NEPEMEHHOW HA j-I0 3HJIOTCHHYK) TNEPEMEHHYIO, €r0
TaK)Ke Ha3bIBAIOT MY 1bMUNIUKAMOPOM NEPBOHAUATLHO20 OClCMBUSL.

JIns paccmaTpuBacMoOn MOJIENIU UMEEM:

T,, =2,78 — MyJIbTUIUIMKATOP HMHBECTHIHUH OTHOCHUTEIHHO HAI[MOHAIHHOTO

J0X0/1a, T. €. €CIU MPU IPOYUX PABHBIX YCIOBUAX WHBECTULIUU YBEIMYNUBAKOTCS WIH
YMEHBIIAKOTCA HA |, TO HAMOHAJIBHBINA 10XOJ YMEHBIIACTCS WU YBEIUYMBACTCS
Ha 2,78;

T,, =1,78 — MyJIbTHILTUKATOP MHBECTUIIMIA OTHOCUTEIBHO MOTPEOJICHHS, €CITH

IpPYU MPOYUX PABHBIX YCIOBHUSX MHBECTHIIMM YMEHbIIAIOTCS HA 1, TO QyHKUHUA TO-
TpeOJIeHNs U3MEHSETCS B TOM )K€ HanpapiieHuu Ha 1,78

T, = 94,39 — MyNbTHIUITNKAaTOp aBTOHOMHOT'O TIOTPEOJICHHS, €CIH X, W3MEHs-
eTcs Ha 1, To u3MEHsIeTCs MOTPEOUTELCKOE paBHOBecue Ha 94,39 ;

T, =94,39 — MyNBTUIUTUKATOp aBTOHOMHOT'O IMOTPEOJICHHUSI HAIMOHAIBHOTO
70X0/1a.

Bce paccMmatpuBaeMbie MyJIbTHILUIMKATOPHI BBIPAXKatOT 00IIHH 3P deKT Bo3aeH-
CTBUSL OOBSICHSIOIIMX IEPEMEHHBIX HA 3aBUCHUMBIE NTIEPEMEHHBIE B OTIIMYUU OT CTPYK-
TYPHBIX KO3()PUIIMEHTOB, KOTOPbIE MOKa3bIBaIOT 3(h(PEKTHI YACTUYHOTO BO3AEHCTBUS.

Hpumep. Maxposxkonomuuecxas mooens (JIroouke, 1964)

Mopnens Jlroanke peaqsucTUYHO OMUCHIBAET SKOHOMUKY OTKPBITOrO THUIIA C T'O-
CYJapCTBEHHBIM PETyJINPOBAHUEM:

C=a,+aY +a,C ,+¢,; (5.5)
I, =b,+bY +b,D, , +¢,; (5.6)
J =c,+cY +c,J  +e,; (5.7)
Y=C+1,-J,+G,. (5.8)
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OHIOT€HHBIMU TIEPEMEHHBIMU MOJIENH ABIAOTCS: C, = ¥, — JIM4YHOE MOTpelIae-
Hue; [, =y, — 4acCTHBIC YMCTbIE UHBECTULMM M OCHOBHOW KamuTai;, J, =y, — HUM-
nopt; Y, = y,, — HallUOHAJIBHBII 10XO[ (B TEKYIUX LieHaxX) [2].

IIpenonpenenennusie nepemennsie: x, =1,x, =C,_,,

rae C,_, — narosas 9HIO-
reHHas TepeMeHHas (JMyHOe mMOoTpelJjieHne MPEAIISCTBYIONIEro  Iepuosa),

X, =D, , — 3ana3apIBaOLIME HA OJUH IIEPHOJ, JOXOAbl HACEICHU OT NPEAIPUHUMA-

TEJILCKOM ACATCIIBHOCTH, OTUBUJACHIBI U HCPACIPCACICHHAA HpI/I6BIJIB NpCaAnpuATHAA

J0 HaJIOFOO6JIO)KCHI/ISI, X4 = Jz—l — JIarOBBIM HMIIOPT, X5 = Gl — ToCyaapCTBCHHBIC

pacxoisl + rocyIapCTBEHHBIC YHCTHIC WHBECTUIIMA M OCHOBHOM KamuTad + U3MEHe-
HUS B TOBAPHBIX 3aIacax + dKCIoOpT + CyOCHIUN — KOCBCHHBIC HAJIOTH.

Bce mepeMeHeHHBIE B MOJICIM TIPEICTABICHBI B IMIOCTOSIHHBIX IIGHAX. Y paBHE-
Hug (5.5) — pyakuus notpedaenus, (5.6) — byHkuus uHBeCTUIUH, (5.7) — QyHKIHS
UMITOPTa SBJSIOTCS YpagHeHusMU nogedenus. Y paBHeHue (5.8) mpeacTtasisier coooit
TOXJIECTBO, WIH OANAHCOB80€ YPaBHEHUe.

Mopnens Jlroguke B 1eoM OOJBIIE COOTBETCTBYET dKOHOMHMYECKOW TCOPHH,
gyem mojnenb (5.1), (5.2), MOCKOIBKY MOCHEIHSS MBITACTCS OOBSICHUTH 3aBHCUMYIO
MEepeMEHHYI0 (QYHKIIUEH TOJIBKO OJTHOU 0OBSCHSIONIECH MEPEMEHHOM.

bnarogapst Tomy uto G, — 3K30Tr€HHasl IIepeMEHHasl, OSIBIIIETCS BO3MOXKHOCTD

KOJIMYECTBCHHO M3MEPHUTh BIUSHHUE TOCYIapCTBEHHBIX PAacX0JI0B HAa 3aBHCHMBIC TIC-
PEMEHHBIC MOJICITH.

3aMeTHM, YTO B HACTOSIIEE BPEMS B BKOHOMHUYCCKUX U COIMAIIBHBIX UCCIIEIO-
BaHUSAX MPUMEHSCTCS HAMHOTO 0oJjiee KpYITHBIC CHCTEMBI YpaBHEHUH (Hampumep, B
I'epmanckom DenepanbHoM banke mpu ITPOTHO3WPOBAHUU KOHBIOHKTYPBI MPUMCHS-
etcst 6onee 100 ypaBHeHU).

5.3. UnenTudgukanus CUCTEM JHMHEHHbIX OAHOBPEMEHHbIX YPABHCHHU I

[Ipobrema oreHUBAHUS MapaMeTPOB YpaBHEHUH CTPYKTYpHOU (OPMBI U BO3-
MOKHOCTh MPeoOpa3oBaHusl CTPYKTYpHOU (OPMBI B PUBEICHHYIO TECHO CBsI3aHA C
MOHATHEM UACHTU(DUKAIH MOICIIH.

HcxomHyto CUCTeMy YpaBHEHHUI HA3BIBAIOT uoenmuguyupyemoti (TOYHO OTpe-
JIeJICHHOM), €cu no K03 puImeHTaM MpuBeJACHHBIX YPAaBHEHUNW MOYKHO OJTHO3HAYHO
OTIPEACTUTH 3HAUCHUS KOXPPUIIUEHTOB CTPYKTYPHBIX YpaBHEHHUH.

Hexonnyro cucteMy ypaBHEHHMM Ha3bIBAIOT HeuoeHmuguyupyemoti (HeI0OM-
peACleHHOoM), ecnu 1o Kod(ppuueHTaM MpuUBEACHHBIX YPABHEHUM HEBO3MOXKHO OII-
penenuTh 3HauUeHUS KO3PPUITMECHTOB CTPYKTYPHBIX ypaBHEHUH.

HcxonHyro cucteMy ypaBHEHUM HA3bIBAIOT ceepxudenmughuyupyemoti (nepe-
OTIpe/IeNICHHOMN), eclii 1Mo KO3 (UIIMEeHTaM MPHUBEACHHBIX YPaBHECHHH MOYKHO TIOJY-
YUTh HECKOJIBKO BApUAHTOB 3HAUCHUI KOI(PPHUIIMEHTOB CTPYKTYPHBIX YPaBHEHHIA.

Jlnst OpIcTporo (hopMabHOTO OMNpeeNieHHUs] UASHTU(DUIMPYEMOCTH ypaBHEHUH
CTPYKTYpPHOH (DOPMBI IPUMEHSIOT CIEAYIOIINE HEOOXOIUMBIE U JIOCTATOYHBIC YCIIOBHSI.
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[IycTh crucTemMa OJJHOBPEMEHHBIX YpaBHEHUH BKJIIOYaeT B ce0s N ypaBHEHHI
OTHOCUTENBHO N 3HJIOT€HHBIX MEPEMEHHBIX, U M — YUCIO MpeOoNpeeIeHHbIX e-
peMeHHBIX B cucTteme. [lycTh Takke KOJIMYECTBO IHAOTCHHBIX U MPEAOIPEACIIEHHBIX
IIEPEMEHHBIX B IIPOBEPSIEMOM YPAaBHEHUU n U M COOTBETCTBEHHO. Torja KOJIMYECT-
BO TMpEJONpeeICeHHBIX NEePEMEHHBIX, HE BKIIOYEHHBIX B MPOBEPSEMOE ypaBHEHHE,
HO MPUCYTCTBYIONIUX B cUcTeMme, paBHO M —m. HeobXxoauMbIM yCI0BHEM UACHTH-
¢bukamuu (ycioBue MopsiaKa) ypaBHEHHUS SIBISETCS

M-m=>2n-1.

IIpy aHanu3e CTPyKTYPHOI'O YPaBHEHUS BBIACISAIOT TPU CIIydast:

l)eciu M —m =n—1, ypaBHEeHHE TOYHO UACHTUPUIIUPYEMO, U IS €ro Olle-
HUBaHUS NpUMeEHseTcss KocBeHHbIE MHK;

2)ecniu M —m>n—1, ypaBHEHUE CBEPXUACHTUPUUIUPYEMO, U ISl OIlCHUBA-
HUA MUCTOJIb3yeTcs AByxuarosii MHK;

3) ypaBHEHHE MOKET OBITb HE TMOJHOCThIO HMACHTU(PUUUPOBAHO, KOIAa
M-m<n-1.

Ecnu cucrema TOuHO HMIeHTU(UIMPYEMA, TO U KOCBEHHBINH, U JIBYXIIIArOBBIH
MHK paroT oguHaKOBEIE OIICHKH.

JloctatouyHoe yclIOoBUE UICHTUPUIIMPYEMOCTH (YCIOBUE paHra): ONpeaeuTenb
MaTpHIIbl, COCTABIECHHON M3 KO3((PUIIMEHTOB MPHU MEPEMEHHBIX, OTCYTCTBYIOLIUX B
HCCIIElyEMOM YPaBHEHUH, HE PABEH HYJO, U PAHT 3TOM MaTPULBI — HE MEHEE YUCila
HHJOTEHHBIX IEPEMEHHBIX CUCTEMBI 0€3 €IMHHULIbI.

5.4. MeToabl penieHrsi CHCTEM OJHOBPEMEHHbIX YPaBHEHUI

Jeyxwaeosviti MHK (2MHK). Vnes 2MHK (3a nBa miara moiayduTh OLEHKY
apamMeTpOB CUCTEMBI CTPYKTYPHON (DOPMBI) 3aKITIOUAETCS B CIEAYIOUIEM:

1. CocTaBiioT MHPUBEACHHYIO (POpPMY MOJEIU M OINPEACNAIOT YHUCICHHBIE
3HAYCHUS TTapaMeTpoB Kakaoro ypaBHeHuUs1 o0biaHbiM MHK.

2. PaccuuThIBaIOT TEOpETHUECKUE 3HAUEHUSI ¥ DH/IOTC€HHBIX EPEMEHHBIX.
3. Cunomoursto MHK omnpenensitor mapaMmeTpsl CTPYKTYPHBIX YPaBHEHHI, 3a-

MEHAS B IIPaBOM 4acTu Y Ha Y.

Kocsennwviti MHK (KMHK). CylHOCTB €ro 3aKJIt04aeTcs B CIACAYIOIIEM

1. Tlepssiit aTan KMHK coBnagaet ¢ nepsbim 3tannom 2MHK.

2. Ha BTOpoM 3Tame myTeM JHHEHHBIX TpeoOpa3oBaHU U3 OLEHOK MapameT-
POB NpHUBEACHHON (POPMBI OJYHAIOT OLIEHKU MMapaMeTPOB YPABHEHHUI CUCTEM CTPYK-
TYpHOH (OPMBI.
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Pasnen 6. [IpakTudyeckue NPUIOKEeHNsI: IOCTPOCHUE U OLICHUBAHHUE
MPOM3BOACTBEHHbIX (PYHKIMH

6.1. CBoiicTBa NPOU3BOACTBEHHON (PYHKIIUHN

[IpousBoactBennas Qgyunkuus (I1d) npencrabinser coOoll MaTeMaTHYECKYIO
(GYHKIHIO, OTpaXKaloU[yl0 CBA3b MEXAY (akTopamMu U pe3ysibTaTaMH MPOU3BOJICTBA.
[IpousBoacTBeHHbIE (DYHKIMH MPUMEHSIOTCS B UCCIIEIOBAHUAX PA3IMUYHBIX YPOBHEH
HSKOHOMMKHU B 3aBUCHMOCTH OT XapaKTepa UCXOJHBIX JaHHBIX. B oIHUX ciydasix oHU
OMMCHIBAIOT OTNENbHbIE TEXHOJOTWYECKHE MPOLECCHl, B JIPYTUX — OTPAKAIOT Jes-
TEIBHOCTH NMPEANPUSITHS, OTPACIH UM IKOHOMHUKHU CTPAHBI B LIETIOM.

[IpousBoacTBeHHast GYHKLIUS OTPAKaeT YCTOWYUBYIO KOJUYECTBEHHYIO CBS3b,
CYLIECTBYIOUIYI0 MEX]y 3aTpaTaMd M BBIIYCKOM NPOIYKIUHU, O€30THOCUTENBHO K
COJIEp KaHUIO TPOUCXOIALIUX MPU 3TOM PeaTIbHBIX MTPOU3BOACTBEHHBIX POLIECCOB.

PaccmoTpum aBa pakTopa nmpousBojicTBa — 3aTparhl Kanutana (K) u TpyaoBble
3arpathl (L). Ecmu QO — o0beM BbIMyCKaeMOM MPOMYKLHWM, TO MPOU3BOACTBEHHAs
(GyHKIUS MOXKET OBITh 3aMucaHa CIeAYIOIIUM 00pa3oMm:

0= fKL). (6.1)

Kitaccuueckast Teoprst Ipou3BOACTBA MPEAIONATAET, YTO MPEAEIbHBIE TPOIYK-
ThI KaluTajla ¥ TPpyAa MOJIOKUTEIbHBI, a YUCICHHbIC UX 3HAaueHUs yObIBatOT. DyHK-
us (6.1) sBaseTcss OAHO3HAYHOM, HEMPEPHIBHOW M ABaXIbl auddepeHnupyeMoi.
J171s1 Hee BBITIOHSAOTCS CIEAYIOIINE COOTHOIIEHHUS:

o0 o0
8_K:Qk>0;Qkk<O; a_LQL>O; 0, <0,

rne O u Ok — COOTBETCTBEHHO IMpeIeNbHBIC MTPOIYKTHI KaluTaia u Tpy/aa.
Kpusbie, onucbiBaembie ycioBueM f(K, L) = const, 0OOBIYHO Ha3bIBAIOT M30-
KBaHTaMU. MI30KBaHTHI HIMEIOT OTPUIIATENbHBIN HAKIIOH, T. €.

oL QO

IMOCKOJIbKY IJIsI MaJIbIX HpI/IpaH_[eHI/Iﬁ BIOJIb K&)I(I[Oﬁ HN30KBAHTBI MOKHO YTBCPKAATh,
qTo

A A
——dK +-—dL=Q,dK +0,dL=0.
2K o L= Oxdk + 0,

YucneHHoe 3HaUEHUE YIII0BOro KoddduureHTa kacareabHoW R XapakTepu3yeT
IpelebHYI0 HOpMY 3aMenieHus. [IpenenpHas HopMa 3aMeleHUs] IPEACTaBIAET CO-
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0ol OTHOLIEHUE, B KOTOPOM HCIOJIb30BaHUE OJHOTO (PaKkTOopa MPOU3BOACTBA MOKET
OBITh YMEHBIIICHO, a JIPYroro — yBEJIUYEHO 0€3 M3MEHEHHS BBIITYCKaeMOro o0bema
npoaykiuu. [lo mepe pocra 3HaYeHUM OJHOM W3 HE3aBUCHUMBIX MEPEMEHHBIX IIpe-
JiebHas HOpMa 3aMelIeHus JaHHOTO (aKkTopa MPOU3BOACTBA YMEHbIaeTcs. [Ipu co-
XpaHEHUU MOCTOSSHHOTO 00beMa MPOU3BOJICTBA OTHOIIECHUE dK/dL NOMKHO yBEIUYH-
BaThCs U d°K/d°L GymeT MOI0KUTETBHbIM.
Mepoit cKopoCTH U3MEHEHUSI R CIYXHUT AJIaCTUYHOCTH 3aMelieHus (akToOpoB
K u L, xotopast omnpejiensieTcss Kak OTHOIICHUE U3MEHEeHUs npomnopuuu K/L k u3Me-
HEHUIO BEJTUYUHBI R:
_(=K/L)d(K/L)
dR/R

b

MpUYEM BCE IMPHUPALIECHUS OTCUUTHIBAIOTCS BIOJIb KPUBOM MOCTOSIHHOIO Bbimycka. C
IIOMOIIBIO [TOKA3aTeNsl G MOKHO M3MEPUTh, HACKOJIBKO JIETKO 3aMECTUTh (axTop L
¢akropom K. Ilpu ¢ = 0 3ameHa HeBo3MOXkHa. Ecinu ¢ = oo, KpuBasi MOCTOSHHOIO
BBIITyCKa BBIPOXKAACTCS B IPIMYIO.

Jpyroe CBONCTBO IpPOU3BOJACTBEHHON (DYHKLMU CBSI3aHO C XapaKTEPUCTUKOU
53¢ ()EeKTUBHOCTH MpU M3MEHEHUH MaciiTaboB Mpou3BojicTBa. Ecinu o6bem Bcex 3a-
TpaT yBEJIMYUBAETCS B A pa3 U IPU 3TOM BO CTOJIBKO XK€ pa3 yBEIUUYUBAETCS 00bEM
BBIITyCKaeMOM MPOIyKUHU, TO 3OPEKTUBHOCTh HE 3aBUCUT OT MACIITA0OB MPOU3BO/-
CTBa, MPOU3BOJACTBEHHAsA (YHKLHUS SBIACTCS JTUHEHHO-OAHOPOJHON MU UMEET MECTO
COOTHOILIEHHE

FKAL) = MEK,L) = AO.

3aMeTHM, 4TO €CJIM OIllaTa KaXKJI0ro M3 HCIMOIb3yeMbIX (PAaKTOpOB MPOU3BO/I-
CTBa COBIAJAET C pa3MepaMu MPEAEIbHOIO MPOAYKTa COOTBETCTBYIOLIETO (pakTopa,
TO Ha MOKPBITHE 3TUX PACXOJ0B OyJeT HampaBieH BEeChb MPOU3BOACTBEHHBIH MpO-
OYKT O, T. €. BBINOJHACTCS PAaBEHCTBO

Q = Q[(K+ QLL

[Tonie3Hble CBOWCTBA MPOU3BOJACTBEHHBIX (YHKUUA MOXHO MOJYYUTb, €CIU
MIPEATNIOJIONKUT, YTO LEIBIO XO35MCTBEHHON JEATEIIbHOCTH NPEANPUHUMATENS SBIIS-
€TCsl MAKCHUMMU3alus TPUOBLITH.

[Tyctes VD obGo3HavaeT pa3mMephl BAJIOBOTO J10X0/1a; S/ — COBOKYITHBIE H3IEPXK-
KH; T — BEJIMYMHY YUCTOTO J0xoja. Torga npeanpuHuMaTeNb BEIOUpaeT Takue 3Ha-
yenus K, O, L, KOTOpble MAKCUMU3UPYIOT BEJIMYMHY TT IPU OTpaHUYCHUU, Hajlarae-
MOM IIPOU3BOJICTBEHHON (DYHKIIMEH, a UMEHHO:

n=VD—SI+ uf(K,L)— O), (6.2)

rac |\ — HEU3BECTHBIM MHOXHUTEIb Harpacha.
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Ecmu MMPCAIIOJIOKUTD, UTO HA PBIHKC TPpyda U KalluTajdada TOCIIOACTBYIOT YCIIOBUSA
COBCpHICHHOﬁ KOHKYPCHIIUHU, TO COBOKYIITHBIC U3ACPKKHN PABHBI

ST = WLL + W[(K, (63)

rae w; 0003HayaeT CTaBKY 3apa0OTHOM IUIaThl, BHITUIAUMBAEMON 3a €IMHUILY TPYIa;
Wk — LIEHY €JUHUIBI «yCIyT KalmuTaua», IpuueM w; U Wg MPeACTaBiIsioT co0oi mo-
CTOSIHHBIE BEJIUYUHBI.

Ha pblHKE rOTOBOH NMPOAYKIMH HE CYIIECTBYET COBEPUIEHHONM KOHKYPEHIIHMH.
IlycTh KpuBas cripoca XapaKTepHU3yeTCsl HOCTOSIHHOM AIaCTUYHOCTBIO 2. Toraa nexa
p TOTOBOM MPOIYKIIUK OTPEIESETCs COOTHOIEHHEM p = bQ", rie b ~ MOCTOSHHASA
BenuurHa. PazMep BajoBoro 10xoja Beuucisercs no popmyse

VD = pQ =bO"".

Ecnmu n = 0, To nena p npencrapisieT coO0H MOCTOSHHYIO BEIHUUHY (CUTYalHsI
COBEPIIEHHON KOHKYPEHIIMU Ha PbIHKE TOTOBOM npoaykuuu). Eciu n = —1, To coBo-
KYIHBIN 10X04 VD He 3aBUCUT OT U3MEHEHHUS BENUYHUH p Wik O U OKa3bIBaeTCs IO-
CTOSHHBIM. B 3TOM ciiyyae makcummuzanusi m B (6.2) 3KBHBaJICHTHAa MUHUMM3ALUU
BenuuuHbl ST B (6.3). Ho ST nocturaer munumyma npu L =0, K=0wu Q = 0. Caeno-
BaTeJIbHO, IPU 1 = —| 00BbEM MPOU3BOACTBA JIOJKEH COCTABISATh HEKOTOPYIO 3apaHee
3alaHHY10 Bennuuny Q.

Ucnonwsys coornomenus (6.2), (6.3), ¢dyHKIMIO NpUOBUTH MOXXHO 3aIllUCaTh
Kak

n=>b0"" “w, L — wiK + p(fiAK,L) — O).

H606XOJII/IMBIMI/I YCIIOBUAMH MaKCHUMHU3AIlUN HpI/I6BIJII/I IICPBOTO IIOpsAAKa SB-
JEIHOTCA CIICAYIOUINC!

on of
a_L:_WL_'_}\’fL:O) fL:a_L;
on of
K- TVt Me=00 =50
om
a—=f(K,L)—Q=0-
1

Ecmu Q HC IIPCACTABIIACT coOoi 34pPaHCC 3a1aHHYI0 BCIIMYNHY, TO I[O6aBJ'ISICTC$I
Cc OJHO COOTHOIIICHUC:

0
50~ (M DBO" —p=0
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YcinoBusi MaKCUMU3alUKA TPUOBLTH BTOPOTO TOPSIKA MO3BOJISIOT MOIYYHUTh
PSI alpUOPHBIX OTPAaHUYCHUN HA TIapaMeTphl Pa3IMYHbIX MPOU3BOICTBEHHBIX (PYHK-
muii. PaccmoTpuM ycioBus BTOporo mopsinka. Ecnm (O — MOCTOsIHHAsE BETUYHMHA
(O = Qy), TO 3TU yCIIOBUSA UMEIOT BUJ

TELL TELK fL
TEKL TCKK fK

Jo Je O

nim

D = 2fxififx —fir fi — fix [ - (6.4)

Ecmu Q ABIISACTCA HCpCMeHHOﬁ BCHHHHHOﬁ, TO 3TH YCJIOBHUS 3alIMCBIBAIOTCA KaK

TELL TCLK 7II:LK fL
TCKL TCKK TCKK fK
<0,

Tk Tk Txg =1

Joo Je LU0

49TO paBHOCWJIIBHO COOTHOIICHHIO

pD(M + DO " — (fxxfis — fxr') <0,

rane D ompenensietcst BeipakeHUEeM (6.4). s cioydasi coBepiIeHHOW KOHKYPEHIIHU
(n = 0) ycioBue BTOPOro Topsi/iKa MPUHUMAET BU]T

fix fir—fii” > 0. (6.5)
IIpoussoacreennas ¢pynkuus Kododa — [yriaaca

[IpousBoacrBennas ¢ynkuus Ko606a — Jlyrinaca, Biirovaromas aBa ¢akrtopa
POM3BOJCTBA, B O0IIEM BUE MOXKET OBbITh 3allMCaHa CIEAYIOUINM 00pa3oM:

O =AK“LP (6.6)
rae A, o ¥ B — mapameTpbl MOJIEIH.

Ota ¢yHKUHMS OJHO3HAYHA W HENpephIBHA MPU MOJIOKUTENbHbIX K 1 L, a npe-
JeIbHbIE IPOAYKTHI KanuTana U TpyJa paBHbI COOTBETCTBEHHO
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_oQ . _BO
0, = K,QL— 7 (6.7)

U3 (6.7) cnenyet, uto oo > 0 u B > 0, T. k. O, K u L nonoxutenbHbl. 13 Tpedo-
BaHUI OTPHIIATEILHOCTH BTOPBIX YAaCTHBIX MPOU3BOAHBIX (Okxx < 0, O < 0) mpous-
BOJICTBEHHOH (PYHKIIMM MOXHO TOJy4uTh, uTo o0 < |1 u B < 1. HerpymHo mokasarb,
4TO IMpeJieIbHas HOpMa 3aMelIeHUs onpenesiercs GopMyIon

0 _BK
OK oL’

a AIMACTUYHOCTH 3aMeleHus 3Toil Gpynkuun paBHa 1. CTeneHb OMHOPOAHOCTH (DYHK-

uuu (6.6) paBHa o + . JIeCTBUTENBHO, €CIIU 3aTPAThl KAXI0ro (akTopa yBEIUYUTD

B A pa3, To HOBoe 3HaucHHe ) (0603HaunM ero uepes O™) Gymer onpeessTbes cite-

AYIOLTUM 00pa3oM:

o™ =40 " (L) P =10

[Ipu A + B = 1 ypoBeHb 3 (HEKTUBHOCTH HE 3aBUCUT OT MacIITa00B MPOU3BO/I-
ctBa. Eciiu A + B<1, ¢ pacmmpennem MacmtaboB IPOM3BOICTBA €ro 3PPEKTUBHOCTD
camxkaercs. [Ipu A + 3>1 ¢ pacmmpenueM mMacmTaboB MPOU3BOACTBA MOBBIIIACTCS U
ero 3(pheKTUBHOCTD.

B ycnoBusix coBepiieHHON KOHKYPEHIIMU U3 COOTHOIICHUsS (6.5) MOXKHO BHI-
BECTU HEPaBEHCTBO

apQ’
K2L2 (I—OL—B)>O,

KoTopoe BeImoJiHsieTcs nmpu A + B < 1. CnegoBaTeabHO, KOHEUHBIH MaKCUMYM TIpH-
OBUTA MOXXET OBITh TOCTUTHYT TOJBKO MPHU yObIBaHUM d(PHEKTUBHOCTH 110 MEPE YBe-
JUYEHUS MacIITaboB MPOU3BOICTBA.

B cutyanuu HecoBepIieHHONW KOHKYPEHIIMHM U3 YCIOBUN BTOPOTO MOPSIAKA BbI-
BOJUTCSI COOTHOILICHYE

p(n+hapQ’
K*I?

[(a+B)m+1)-1]<0.

[lockonbKy BENMYUHEI P, d, 3, O U L MONOKUTENbHbI, HEOOXOAUMO OJIHOBpE-
MEHHO BBITIOJTHEHUE YCIOBUI

M+1)>0u (A+p)(m+1)<1.
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M3 »sToro CICOAYyCT, 4TO CIIPOC HA MNPOU3BOACTBCHHYIO IIPOAYKIHUIO HJOJIZKCH

OBITh HEANACTUYHBIM, T. €. —1 <1 <0, 1, Kpome Toro, N+1< 5 .
o+

IIpousBoacTBeHHAs] (PYHKUMS C MOCTOSTHHOM 3JIACTUYHOCTBHIO 3aMelleHUs
(CES-pynkumus)

Mopnenb nNpou3BOJCTBEHHONM (PYHKIMU C MOCTOSHHOW 3JACTUYHOCTHIO 3ame-
LICHUS UMEET CIEAYIOLIUN BUA:

Q=y[(1-8)KP +8LP]"P, (6.8)

rac v, 8, P, V — apaMeTpbl MOICIIN. HOCKOHBKy MMpCACIbHBIC IIPOAYKTBI TPYyAd U Ka-
nmyraiaa

QK Q1+p/v QK Q1+p/v (69)

K1+p L1+p
oJIoKuTeNbHbI, TO (1 — 0)A > 0 u Ad > 0. CinenoBaTebHO, UMEIOT MECTO HEpaBEH-
ctBal>0>0wu Ad>0.

TpebGoBaHue OTPUIIATENILHOCTH YaCTHBIX MPOU3BOAHBIX Qxx U (i, U YCIOBHE
(6.9) npuBoasT K HepaBeHCTBY 1+ p >1+ p/v, oTkyaa nmub6o p > —1 u p/v > 0, 1ubo
p<-lup<-l.

1
[TapameTp p XapakTepu3yeT BIaCTUYHOCTD 621—, KOTOpasi, B CBOIO Oue-
+

penb, He 3aBUCcUT OT 3HaueHui K, O, L. Ilockonbky ¢ > 0, 3HaY€HHUE P HE JOJDKHO
npesbimath (—1) u, caegoBarenbHo, p/v > 0.

[Tapametrp v mpousBoACTBeHHOU GyHKIUU (6.8) XapakTepu3yeT IMOBEJACHUE
s pexTuBHOCTH TIpou3BoicTBA. [Ipu yBenuuenun 3atpaT K u L B A pa3 00beM BHI-
MyCKaeMOM MPOIYKIIMU U3MEHUTCS CIETYIONIUM 00pa3oM:

O™ =y[(1 =N PK P + L PL PP - A1Q.

[Ipu y = 1 3@ deKTUBHOCTD HE 3aBUCHUT OT U3MEHEHUSI MacIITabOB MPOU3BOJICT-
Ba, pu Yy > | ¢ pacumMpeHueM MacimTaboB MPOM3BOJICTBA MOBBIIAETCS ero dhdek-
TUBHOCTb, IpH ¥ < | ¢ paciMpeHneM mMacitaboB MPOU3BOACTBA €ro 3PHEeKTUBHOCTD
CHUYKAETCS.

Jist CES-dyHKIMM OTHOIIEHHE MEXIY OIUIATOM TPYJa U JOXOAOM Ha KaruTas
3aBUCHUT OT BEJUYMH O, P ¥ MOKa3aTessl KaluTalOBOOPYKEHHOCTH TPYJa, 8 UMEHHO:

-G
w.K \1-8/\L/J
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B cutyanuu coBepiieHHOW KOHKYPEHIIMU KOHEYHbIH MaKCUMYM MPUOBUIH MO-
XKET OBITh TOCTUTHYT JUIIb Tpu v < 1. Iy ciiydast HeCOBEpIIEHHONW KOHKYpPEHILIUH
MO>KHO BbIBeCTH yciioBua n+ 1>0, v(in +1) <1.

OxoHYaTeNbHO anpuopHbIe orpaHnnyueHus Ha napamerpbl CES-dyHKkIMu MoryT
OBITh 3aMKMCAHBI CIEAYIOUUM 00pa3oM:

p/v>0;1>06>0;p>-1;v>0.

6.2. OnenuBaHMe NapaMeTpoOB NPOU3BOACTBeHHBbIX GyHKuuii. IIpodaeMbl
U IMYTH UX pelieHus

Jlns ompeniesieHus mapaMeTpoB U BUA MPOU3BOJICTBEHHON (DYHKIIUHA HEOOXO-
JTUMO TIPOBECTH CTaTHUCTHYecKue HabOmrofeHus. Kak mpaBuiio, moiab3yrTCs JIBYMS
BUJIaMH JIAHHBIX — BPEMEHHBIMU PSaMU M JJAaHHBIMH OJTHOBPEMEHHBIX HaOMI0ICHUH.
Jlunamuueckue (BpeMEHHBIC) PSJIbl XapaKTepU3YIOT TOBEICHHE OJHOW M TOU JKe
(dbupMbI Bo BpeMeHH. [laHHbIE BTOPOTO BUAa OOBIYHO OTHOCSITCS K OTHOMY M TOMY K€
MOMEHTY, HO K pa3JInNuHbIM (prupmam.

OcHoBHBIE TTPOOJIEMBI TIPU UCTIOJIB30BAHUH BPEMEHHBIX PSI0B BOSHUKAIOT BCIIE/I-
CTBHE TOTO, YTO CO BPEMEHEM MEHSIOTCS HE TOJIBKO MapaMeTpbl MOJEIH (OTHOCUTEIh-
Has 1IeHa, OTHOCUTEJILHOE COYETaHWE 3aTpaT), HO U cama (opma MPOU3BOJACTBEHHON
GbyHKIMU (TTOCTIEACTBUS TEXHUUECKOTO mporpecca). [lo Mepe pa3BUTHSI HAYKU U TEXHU-
KU BO3HHUKAIOT HOBBIE, OoJiee 3(h(HEeKTUBHBIE TEXHOJIOTUYECKUE MPOLIECCHI, YIyUIIAeTCs
MOJITOTOBKA U TOBBIIIAETCSA KaueCTBO pab0Odeil CHIIbl, MEHSIFOTCS HOPMBI 3aTpatr MPOou3-
BOJICTBEHHBIX (haKTOPOB, MmapameTpbl YQPEKTUBHOCTH TPOU3BOACTBEHHONW (PYHKIIUU U
ee MOBeJICHUE MPH MePEeXo/ie K IPyruM MacirabaM npou3BO/ICTBA.

[Tpu orneHUBaHWY MapaMETPOB MTPOU3BOICTBEHHBIX ()YHKITUN, MEHSIOIIMXCS CO
BPEMEHEM JICTEPMUHUPOBAHHBIM UM CIIyYaHBIM 00pa3oM, MPUMEHSIOTCS METOIbI
UJIESHTU(PUKAIIMU PErPECCUOHHBIX MOJIeeH ¢ MepeMEeHHBIMU MmapaMeTpamu. s yue-
Ta TEXHUUYECKOI0 Mporpecca npeajaraioTcs asa meroga. CorjgacHO MepBoMy U3 HUX
TeXHUYECKUHN TPOrpece yUUThIBaeTCa B (hOpME HEKOETO BPEMEHHOTO TPEH/a, BKIIIO-
4aeMOro B COCTaB Nnpou3BoicTBeHHON hyHkimu Q; = f(t, K;, L,). Hanpumep, B npous-
BojicTBeHHOW (pyHkunn Ko66a — Jlyrinaca TeXHUYECKHM MPOTpecc YUUTHIBAETCS Cie-
IYIOIIUM 00pa3oM:

0, =A4"K af.

[TapaMeTp B 3KCMOHEHIIMAIBHON (PYHKIIMM TTOKA3bIBAET, YTO OOBEM BBHITTyCKae-
MOU MPOAYKIIMU €XKETOJHO yBeluuuBaeTcs (Ha 0 %), HE3aBUCUMO OT MU3MEHECHHUH B
3aTparax MPOU3BOJICTBEHHBIX (PaKTOPOB, HE3aBUCUMO OT pa3MEpPOB HOBBIX MHBECTH-
LUH.

Jpyroi moaxona mpeanogaract, YTo TEXHUYECKUM IIPOrPecC MaTEPUATIU3YETCs B
WHBECTHUIUSAX M OKA3bIBACT BIMSHUE HA O0HEM BBITYCKaeMOMN MPOIYKIIUU TOJIBKO MOCTIEe
TOTO, KaK ATU KalMTAJOBIOXXEHUS OYyIyT OCYIIECTBICHBI. B 3TOM cilydae MpUMEHSIOT
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MOJCIN, YUYHUTBIBAIOIINC BOSp&CTHOfI COCTaB 060pYI[OBaHI/IH, IMOCKOJIbKY Ka)K,[IOI\/JI BO3-
paCTHOﬁ rpynrie Kanurajia COOTBETCTBYCT CBOA IIPOU3BOACTBCHHAA q)yHKHI/DI:

O(v) = flv, K(v), L(v)),

rae O« V) — IpoayKIus, MPOU3BEICHHAS B TIEPHUOJ ¢ HA 000PYI0BaHUH, BBESACHHOM B
cTpoil B mepuon Vv; L(V) — Tpya, 3aHATBHIA B MEPUOJ ¢ 00CITyKUBaHHEM 000pymIOBa-
HUS, BBEJICHHOTO B CTpod B mepuop V; K,(V) — OCHOBHOH KamWTaj, BBEICHHBIH B
CTPOM B MEPUOJ V U UCIOJb3YEeMbIM B niepuoj t. I[lapamerp v B TakoW IMpOU3BOJCT-
BCHHOH (YHKIIMHM OTpakacT COCTOSHUE TEXHUYECKOTo mporpecca. Tak, QyHKIUS
Ko66a — /lyrmaca mpu 5TOM TOAXOAE BBITISAUT CIEAYIOIUM o0pasoM: (O, =
= 4" K*(v)LP(v). Tlokasarenu COBOKYIHOro 06BEMa BBITYCKAEMOIl MPOLYKIIHH,
oOmrue 3aTpaThl TPy/Ja U KaluTajga Ha MOMCHT ¢ HMCIOT BUJ

Q= f@;(‘”)d% Ly= fﬂr@}dh K= Jfff;("LJ)dv.

[Ipu stom Q; = (L, K;) npencrapiusier co00il arperupoBaHHYO MPOU3BOJICT-
BEHHYIO (DYHKIIHIO.

[Ipu ucnosib30BaHUMU JAHHBIX 00CIEI0BaHUNA (PUPM, OTHOCALIUXCS K OJJHOMY U
TOMY K€ BPEMEHHU, OTHOCUTENbHbBIE IIEHbL OYAYT OCTaBaThCS MPEKHUMHU U MOKHO HE
IIPUHMMAaTh BO BHUMaHUE IOCJIEACTBUS TEXHUYECKOTO nporpecca. OQHaKko Npexamno-
Jaraercsi, 4To MOBeJEHUE BceX GUPM MOXKET ObITh OIIMCAHO C IIOMOILBIO OJHOW U TOU
xe (QyHKUMH, T. €. GUPMBI JTOLKHBI MPUHAIJICKATh OJHOM M TOM ke orpaciu. s
TOTO 4TOOBI HA YPOBHE OTPACIW HAONIOAATH T€ K€ COOTHOIICHHS] MEXIY BBIITYCKOM
MPOAYKIMU U 3aTpaTaMH, YTO M HA YPOBHE OTAEIbHON (PUPMBI, TPOU3BOJACTBEHHbBIC
(GyHKUMU JOJIKHBI ObITh aIIUTUBHO cenapadelibHbl, T. €. IPEICTaBUMbI B BUJIE

F(K, L)=g(K)+ h(L).

VYcnoBrue agauTUBHON cenapaOeabHOCTH BBIMOMHIETCS IS PACCMOTPEHHBIX
BbIIII€ BUJOB MPON3BOJCTBEHHBIX (DYHKIMH, ecnu oT QpyHkiuu Kob66a — Jlyrnaca ne-
pelTH K QyHKIIMHU

logQ = log4 + alogK + Bloga = g(K) + h(L),

rae g(K) =log 4 + log K; h(L) = Blog(L), a BMecto CES-hyHkuuu padbotaTth ¢ QyHK-
USIMU

Q,p/v _ yfp/v(l . S)KP + ,Y*P/VSL*P = g([() + h(L),

rae g(K) =y V(1 = 8)K P, h(L) = y*"SL™.
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Ecnu npeacraButh B norapupmMuueckoi (hopme Ipou3BOICTBEHHbIE (DYHKIIMH
st n UpM, TO Ha arperdpoBaHHOM YpOBHE Mepoil ) MOXKET CIIYKUTh Jorapupm
CPEIHEr0 reOMETPUYECKOr0, COCTaBICHHOIO U3 (1, ..., (J,, YMHOKEHHOTO Ha :

ool 1) =w 1) n{ T8 ) o 112

i=1 i=1

Ecnmu mapamerpsl TNMPOM3BOACTBEHHBIX (DYHKIMH BCeX (GUPM COBIAIAOT
(=0, Bi=Pp,i=1, ..., n), To 15 TOJTYUYESHHS arpeTUPOBAHHBIX 3HAYCHU I KaluTaa
U TpyJia TpeOYIOTCS CPEeIHUE T€OMETPUICCKUE, COCTABICHHBIC U3 COOTBETCTBYOIIMX
MOKA3aHMH JIJIS OTJICIBHBIX (UPM:

log[ﬁQij = log[ﬁAij + alog[ﬁKij +Blog(ﬁ2i] :

Ha ¢yuakmuu CES 3T0 yTBep)KIeHUE HE pactpoOCTpaHsIeTCs, 32 UCKIIOYCHUEM
4acTHOTO ciydas (&; = 0, = 0).

[Tpu paboTe ¢ JaHHBIMH OJTHOBPEMEHHBIX 00CIICI0BAHN OCHOBHYIO ITPOOJIEMY
MPEICTABIIICT WHTEPIPETAIMs MPOU3BOICTBCHHONW (yHKIMM. Ha ocHOBaHuuM orie-
HEHHOW (YHKIIMHU HEJb3s TOJYYHUTh JOCTATOYHYIO MH(OPMAIUI0 O CTEICHU 3aMe-
IIIAEMOCTH MPOU3BOJICTBCHHBIX 3aTpaT. BEIABIsIEMOE BIUSHAE MACIITA00B ITPOU3BO/I-
CTBa Ha ypoBeHb 3(P(PEKTUBHOCTH OYyJIET 3aBHUCETh OT CTATUCTUYECKOH XapaKTepH-
CTHKHU paccMaTPHUBACMBIX OTPACIICH.

JlanHbIe 00CIICIOBAaHUS MOPYT OTHOCHUTBHCS K PA3JIMUHBIM OTPACIISAM Pa3TMIHBIX
ctpan. Torga naxe B cirydae HAOIIOAEHUN, OTHOCAIIUXCS K OJJHOMY U TOMY € MO-
MEHTY BPEMEHHU, MOXXET BO3HHUKHYTH MpoOJIeMa y4yeTa HayYHO-TEXHHYECKOTO IpO-
rpecca, TOCKOJIbKY PKOHOMHUKA ATHX CTPaH MOXET XapaKTEPU30BaThCS HEOJIMHAKO-
BBIM YPOBHEM TEXHHUYECKOTO Mporpecca. Bo3HukaroT TpyaHocT ¢ uameperunem O, K
1 L B OMHUX M TEX KC eTMHUIAX, OCOOCHHO B TEX CIIy4asX, KOrJa BaTIOTHBIH KypC HE
COBCEM TOYHO OTPaXKaeT peajbHYI0 MOKYMATEeIbCKY CIIOCOOHOCTH Pa3IMYHBIX Ba-
moT. Pa3Mepbl aHaJIOTHYHBIX OTpAcieH B pa3HBIX CTPaHAX TAKKE OTIIMYAIOTCS APYT
OT JIpyTa, MO3TOMY MPU CTATHCTHYESCKOM OIICHUBAHWU MOYKET BOSHUKHYTH MpodIeMa
TeTePOCKEIaCTUIHOCTH.

6.3. Cnioco0bI IMIMPUYECKOr0 OLCHUBAHUS NIPOU3BOACTBEHHBIX PyHKIMIH
Pa3HBIX BH/10B

B kxayecTBe OCHOBHBIX MMCPCMCHHBIX HpOHSBOHCTBCHHOﬁ (1)YHK]_II/II/I BBICTYIIAXOT
3aTpaTtbl TpyAdad, 3aTpaTbl KallkuTaJld W 00BeEM BBIHYCKaCMOﬁ npoaAyKIHH, IpUICM C
TeOpeTquCKOﬁ TOYKH 3pCHUA CIUHUIIBI I/IBMepeHI/Iﬁ BCCX TICPCMCHHBIX HOOJIKHBI
OBITH OIHOPOIHBI. Ha MMPAKTHUKC 3TO HECBLIITOJITHUMO.
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Bce paccmoTpeHHble HaMU BUBI TPOW3BOACTBEHHBIX (DYHKIIMH HOCWIM Jie-
TEPMUHUPOBAHHBINA XapaKTep, OHU HE YUYUTHIBAIM BIUSHUE CIYYalHBIX BO3MYIIICHUI.
B kaxnoe ypaBHeHHe, TapaMeTpbl KOTOPOTO MPEICTOUT OLEHUTh, HEOOXOIUMO BBe-
CTH ciy4yaiiHylo nepemMeHHyto U, koTopas OyJeT oTpaxkaTh BO3JIEHCTBUE Ha Ipoliece
MIPOU3BOJICTBA BCeX TeX (PaKTOPOB, KOTOPhIE HE BOILLIM B COCTaB MPOU3BOJICTBEHHON
(GyHKUMU B SBHOM BUJIE:

O=AK,L)+ U

[Tapamerpor pyukiuu Ko66a — Jlyriaca HeyqJoOHO HEMOCPEJACTBEHHO OLICHH-
BaTh 10 METOJY HaWMMEHBINIHUX KBaAparoB. Kak mpaBuio, mpuberaroT K Jiorapudmu-
4ecKOMY peoOpa3oBaHUIO:

logQ = log4 + alogK + Blog a. + U.

Ecnu 3apanee npeanoyiiokuTh, YTO C MPUMEHEHHEM MacIITa0OB MPOU3BOICTBA
ypoBeHb 3 PeKTUBHOCTH ocTaeTcs npexxuuM (o + B =1, B =1 — o), To momyyaem

0 = AK°L" %Y = A(K/L)*0e”
NN
log(Q/L) = 1ogd + alog K/L + U.

OTOT MOJAXOJA MOMOTaeT YCTPAHUTh BIUSHHUE MYJIbTUKOJUIMHEAPHOCTU MEXKIY
logK u logL, a Takke yMEHBIINTh BIUSHUE I€TEPOCKETACTUUHOCTH B T€X CIIydasx,
Kornaa aucnepeus myma U koppenupyer ¢ L.

He cymectByer JHOCTaTOYHO MPOCTOrO0 MpeoOpa3zoBaHus, MPUBOASIIETO
CES-dpynkumto k ympo6Hol mist oneHuBanus opme. Ilostomy onenuBanue CES-
(GyHKUMK CBOAMUTCS TUOO K MPOBEPKE BBHIMOIHEHUS YCIOBUI MaKCUMHU3AIMU MPUOHI-
mu (o/r = (8/(1 — 8))(K/L)"*P), mbo K anmpokcHMaruu 3Toi GYHKIUH.

Hcnonb3ys ycioBre MaKCUMU3ALMK MPUOBLTH, MOxkHO g pyHkuuu CES mo-
JYYUTh PETPECCHOHHOE YPABHEHUE OTHOCUTENIBHO KaluTamia:

(2 VP SN B I )
log(Kj—logC +1+plog[p]+y(1+p)log(Q)+U,

rae C'— 1mocTossHHAS BEJIMYHHA.
i
Jist pynkimn Ko66a — yrmaca u3 toro ¢akra, uro o/r = %o, cremyer

log(Q/L) = —loga + log(r/p) + U.
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VYKka3aHHbIE BBIPAXKEHMSI MO3BOJISIOT MPOBECTH COOTBETCTBYIOIIUE 3MIMpUYE-
CKHE MPOBEPKHU.

Hns dynkuuu CES  perpeccuoHHOE ypaBHEHHE OTHOCHTENIBHO 3aTpaT Tpyda
UMeeT BUJT

Q) _oacs—L1og[ @) P2
log[Kj—logC+1+plog[pj+y(l+p)log(Q)+U,

rae C — MOCTOSIHHAS BEJIMYMHA.
Jisa pynxun KoG6a — Jlyrinaca aHalorn4HOE ypaBHEHUE 3aIUIIETCS Kak

log(Q/C) = logC + log(w/p) + U.

Ecnu npu onieHnBanuu okaxercs, 4To kodgduuument  log(w/p) 0au3ok K eau-
HUIIE, TO €CTh OOJbIINE OCHOBAHUS CUUTATh, YTO MPOU3BOCTBEHHBIN MPOLECC OMU-
ceiBaeTcs Mmojenbio Kob6a — Jlyrnaca.

PaccMoTpuM 0MH M3 METO/IOB alPOKCUMAIlAK, OCHOBAaHHBIM Ha pa3lIoKEHUU
HekoTopol QyHkiuu B psag Teinopa. [IpencraBum CES-dyHkuuio u cinyyaitHsiil oc-
TATOK, BXOJISIIHIA B BUIE COMHOXKHUTEIS €, CICAYIOIUM 00pa3oMm:

O/L = "y L' [8+ (1 =8)(K/L) *1"".
[TponorapupMupoBaB 3TO BEIpAKCHUE, MTOTYIUM
log(Q/L) = logv + (v — DlogL — (v/p)fip) + U,
rae f(p) =log[8 + (1 — d)(K/L) *].

OyHKIMIO f{p) MOKHO pa3ioxkuTh B psaj Teitnopa:

7(0)= £(0) -0 (0)+ 2 e+

Y TIOJTYYUTh NMPUOINKEHHOE BhIpaxkeHue s f{p):

2

/(p)=—p(1—8)log(K / L)+ %5(1 —8)(log(K /L))

CnepnosarenbHo, 111 CES-QyHKIIMU nMeeM perpecCuOHHOE ypaBHEHUE
log(Q/L) = logy + (v — DlogL + v(1 — 8)log(K/L) — 0,5v8p(1 — 8)(log(K/L))* + U.

Mo>kHO TOJIy4uTh aHaJIOTMYHOE ypaBHeHue s pynkiuu Kob66a — [yrnaca:
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log(Q/L) =1logd + (B — 1 + a)logL + alog(K/L) + U.

B 3akmtoueHne oTMETHM TPOOJIEMbI, BO3HUKAIONIUE MPHU MOCTPOCHUH SKOHO-
METPUUYECKUX MOJEIIEH.

Ilocnedcmeus omcymcemeusi 6 ypagHeHuu CyujecmeenHou He3asucumoll nepe-
Mmennou. Ecnu B ypaBHEHHE perpeccud He BKIIIOUEHA HE3aBUCHUMAas IepEeMEHHasl, OKa-
3BIBAIONIAs CYIIECTBEHHOE BIIMSHUE HAa PE3YNBTATUBHBIN MPU3HAK, TO B OOIIEM CITy-
Yyae 3TO MPHUBOJUT K CMEIIECHHUIO OlIeHOK Kod(ddummenToB perpeccun. CMmeleHne oT-
CYTCTBYET TOJIBKO B CIIy4ae, €Clii KOBapHallys OTCYTCTBYIOIIEH MEPEMEHHOM C mepe-
MEHHBIMU, BKIIIOUEHHBIMU B MOJIeNb, paBHa Hy0. CTaHgapTHbIe OMHOKU KO3(hdu-
IIUEHTOB PETPECCUH CTAHOBSTCS HEKOPPEKTHBIMH, UYTO MPUBOIUT K HETIPUMEHUMOCTH
COOTBETCTBYIOIIUX #-T€CTOB. KpoMe TOro, BO3MOXKHO MOSIBIICHUE aBTOKOPPENSIINUA 1
reTepOCKEeTaCTUIHOCTH OCTATKOB. |IpM3HAKOM OTCYTCTBHSI 3HAYUMOW MEpEMEHHON
MOJKET CIY)KUTh HECOOTBETCTBHE 3HAKOB KOA()(PHUIIMEHTOB TEOPETHUECCKUM MPEIIIO-
JoxeHusiM. Eciii HeT BO3MOKHOCTH BKIIIOUUTH B YPaBHEHHE PErpecCHy TaKylo mepe-
MEHHYIO, TO CIIEYeT UCIIOJIb30BaTh 3aMEIIAONTYI0 IEPEMEHHYIO.

Ilocnedcmeus exnouenuss 8 MoOenb HecywecmeeHHOl He3a8UCUMOU nepemen-
Hou. Ecnu B ypaBHEHHE pPErpecCHMU BKIIIOYCHA CYIIECTBEHHAs HE3aBUCHMas Tepe-
MEHHasi, TO B 00IIeM cllydae 3TO He MPUBOIUT K CMEIICHUIO OIEHOK KO3 PHUITNECHTOB
perpeccuu, HO 3HaUEHUS CTAHIAPTHBIX OMINOOK MOTYT BO3pPAaCTH.

Ilocnedocmesus nenpasunvHou cneyuguxayuu Gopmuvl ypasHeHus pezpeccuu.
Hcnonp3oBanue HeBEpHOU (GOPMBI ypaBHEHUSI PETPECCUU MTPUBOIUT K CMEIIEHHOCTH
U HECOCTOSITETLHOCTH OIICHOK MapaMeTpOB, HU3KOMY 3Ha4YeHHI0 Kod(ddummenra me-
TepMHHAIMK R°. BO3MOXKHO TaKske MOSBICHHE aBTOKOPPETSIINN U IeTePOCKEAaCTH-
HOCTH OCTaTKOB.
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