Kypc nexmuii cooTBeTCTBYET yueOHOM IporpaMMe Mo JUCIUTIIMHE « DKOHOMETPHKA »

Paznen Nel. OnpeaesieHne 3KOHOME TPUKH
1. IpeameT IKOHOME TPUKH.

B omHom wu3 Hambonee pacmpocTpaHeHHbIX B Poccuum BBOJHOM Kypce 3amajHOM
SKOHOMHYECKOW TeopuH  cka3aHo: "CTaTHCTHYECKUU aHAIM3 HKOHOMHUYECKHX JaHHBIX
Ha3bIBAETCS SKOHOMETPUKOM, 4YTO OyKBaJlbHO O3HayaeT: Hayka 00 HKOHOMHYECKHUX
u3MepeHusx". JleicTBUTENbHO, TEPMUH "HYKOHOMETPUKA' COCTOUT U3 ABYX YacTel: "IKOHO-" - OT
"sxkoHomMHKa" u "-merpuka" - oT '"u3Mmepenue'". DkoHOMeTpuKa (B JAPYroM pycCKo- U
AHTJIOS3BIYHOM BapUaHTE Ha3BaHUs 3TOW TUCIHUIUIMHBI - SKOHOMETPHS) BXOAUT B OOIMpPHOE
CEMENCTBO IUCLUILIMH, IOCBSIICHHBIX U3MEPEHUAM U IPUMEHEHUIO CTATUCTUYECKUX METOI0B B
pa3IMYHbIX 00JacTIX Haykd U MpakTuku. K 3TOMy cemMelcTBY OTHOCSTCS, B YacCTHOCTH,
Ouomerpuka (UM OUOMETpHUsS), TEXHOMETPUKA, HAYKOMETPHS, TMCHUXOMETPHKA, XEMOMETpUKa
(Hayka 00 M3MEpPEHUSX U MPUMEHEHUU CTATHCTUUYECKHX METOJOB B XUMHH). OCOOHSIKOM CTOUT
COLIMOMETPHUSL - OBTOT TEPMUH 3aKpenuicsd 3a CTaTUCTHYECKUMU METOAAMU  aHallu3a
B3aMMOOTHOIIICHHUM B MaJbIX TPyIMax, T.€. 3a HEOONbINON YacThiO TaKOW AMCIUIIIMHBI, Kak
CTaTUCTUYECKUI aHAJIU3 B COLMOJIOTMH. DKOHOMETPUKA, KAK U JApyrue "METpHUKH ', IOCBSILEHA
Pa3BUTHIO M MPUMEHEHUIO CTATUCTHYECKUX METO/I0B B KOHKPETHOM 00JaCTH HAYKU M MPAKTHKU
- B DKOHOMHUKE, IIPEXKE BCETO B TEOPUU U ITPAKTUKE MEHEIKMEHTA.

B MupoBoii Hayke SKOHOMETpHKa 3aHMMAaeT JocToiHOoe MecTto. HobeneBckue mpemMun mo
SKOHOMUKE TTonyuuau skoHomeTpuku AAH Tuns6epren, Parnap ®@pum, Jloypenc Kneitn, Tprorse
XaaBenbMo. B 2000 r. x HuUM aoGaBmimch eme aBoe - JDkeiimc Xekman u JlpHmens Mak-
@annieH. BeimyckaeTcs psii HaydHBIX JKYpPHAJIOB, MOJTHOCTBIO MOCBSIIICHHBIX 3 KOHOMETPHUKE, B
TOM YHCIIE:

Journal of Econometrics (Ilserus),

Econometric Reviews (CIIIA),

Econometrica (CIIIA),

Sankhya. Indian Journal of Statistics. Ser.D. Quantitative Economics (Muaus),

Publications Econometriques (®panimsi).

OpmHako B Halleil cTpaHe MO psay NPUYUH SKOHOMETpUKA He ObUTa copMUpOBaHA Kak
CaMOCTOSITEIbBHOE HANpPaBJIEHUE HAYYHOM M IPAKTUYECKOM JEATENbHOCTH, B OTJIMYHE,
HanpuMmep, oT [lompnm, koropas crapanusimu O.JlaHre W ero KoJuler MOKPBITa CEThIO
SKOHOMETPUYECKUX "HHCTUTYTOB" (B poOcCcHiickoii TepmMuHONOruu - kadeap By30B). B
HacTosulee BpeMs B Poccuu HauMHAIOT pa3BEpPTHIBATHCSI SKOHOMETPUUECKUE HCCIIECOBAaHUs, B
YaCTHOCTH, HAUMHAETCS LIMPOKOE PENnoJaBaHue STOU JUCLUTIIHHBI.

2. Oco0eHHOCTH IKOHOME TPUYECKOI0 MeTOo/1A.

Kpatko paccMoTpuM COBPEMEHHYIO CTPYKTYPY HSKOHOMETPUKH. 3HAKOMCTBO C HeEW
HE00X0AUMO JU1si 00OCHOBAHHBIX CYXKJIEHUH O BO3MOXKHOCTSAX IPUMEHEHUS SKOHOMETPHUYECKH X
METOJI0B U MOJI€JIEH B SKOHOMUUYECKUX U TEXHUKO-3KOHOMHYECKUX M CCIICIOBAHUIX

B skoHOMeTpHKe, KaK AMCHUIIMHE HAa CTHIKE SKOHOMMKU (BKIIOYAs MEHEIKMEHT) U
CTaTUCTHYECKOTO aHalIM3a, €CTECTBEHHO BBIJEIUTh TPH BHJA HAydYHOM M MPUKIATHON
JESTEeIbHOCTU (IO CTEMEHW CHEIM(PUYHOCTH METO/OB, CONPSHKEHHOM C IMOIPY)KEHHOCTBIO B
KOHKPETHBIE ITPOOJIEMBI ) :

a) pa3paboTka M HCCIEIOBAHME 3KOHOMETPHYECKUX METOJO0B (METOZOB MPUKIATHON
CTaTUCTUKH) C YUETOM CHEIU(DUKH SIKOHOMUYECKUX TAaHHBIX;

0) pa3paboTka M HCCIEOBAaHME SKOHOMETPUYECKUX MOJEIeH B COOTBETCTBUU C
KOHKPETHBIMH MOTPEOHOCTSIMU YKOHOMUYECKOM HAYKH U MPAKTUKH;

B) IPUMEHEHUE SKOHOMETPUYECKUX METOJ0B U MOJeNIel sl CTAaTUCTHYECKOTO aHaIu3a
KOHKPETHBI X DKOHOMUYECKUX JAHHBIX.

Kparko paccMOTpUM TpU TOJBKO 4YTO BBIACICHHBIX BHJAa HAYYHOM W IPUKIATHOU
nesrenbHocTU. [lo Mepe ABuKeHUsS OT a) K B) CyKaeTcs IMpOTa 00JacTh NPUMEHEHHS



KOHKPETHOTO 3KOHOMETPUUYECKOI0 METO0/la, HO IPU STOM IOBBILIAETCS €T0 3HA4YE€HUE IS
aHallu3a KOHKPETHOW HKOHOMHYECKOM cuTyauuu. Ecnmm pabotam BuJIa a) COOTBETCTBYIOT
HAy4HbI€ pPE3yNIbTaThl, 3HAYMMOCTh KOTOPBIX OLIEHUBACTCS M0 OOIIEd KOHOMETPHYECKUM
KPUTEPHAM, TO JIUIs pabOT BUJIa B) OCHOBHOE - YCIIEIIHOE peIlleHUe 3a7a4 KOHKPETHOW o0acTu
9KOHOMMKH. PaboThl Buaa 0) 3aHMMAIOT NMPOMEXKYTOUHOE IOJIOKEHHE, MOCKOJIbKY, C OJHOMN
CTOPOHBI, TEOPETUUECKOE U3YUEHNE IKOHOMETPUUECKUX MOJIENIEH MOKET ObITh BECbMa CJI0KHBIM
W MaTeMaTH3WpPOBAHHBIM (CM., Hampumep, MoHorpaduio [5]), ¢ nOpyrod - pe3ynbTaThl
NPENCTABIAIOT MHTEPEC HE JUIsl BCE SKOHOMUYECKOM HayKu, a JHIIb JUId HEKOTOPOIO
HaIIPaBJICHUS B HEH.

[lpuknannas cratucTuka - Japyras oOjacTh 3HAaHMM, YeM MaTeMaTHuyeckas CTaTHCTHKA.
Kypc MaTtematnueckoil CTaTUCTUKU COCTOMT B OCHOBHOM M3 JIOKa3aTElIbCTB TeOpeM. B kypcax
NPUKIATHON CTAaTUCTUKA M 3KOHOMETPUKM OCHOBHOE - METOJIOJIOTHSl aHalu3a JaHHBIX U
QITOPUTMBl  PacyeToOB, a TEOpeMbl MPUBOJAATCS KaK OOOCHOBAHUS JSTUX alTOPUTMOB,
JI0Ka3aTeJIbCTBA )K€, KaK IIPaBUJIO, OIYCKAIOTCS (MX MOXKHO HAWTH B HAyYHOM JIMUTEPATYPE).

Maremarnueckass CTaTUCTHKAa UIPaeT pojib MareMaTH4yeckoro ¢GyHAaMeHTa Juis
NPUKIATHON cTaTUCTUKU. [IpukiagHas cTaTHCTHKA HallelieHa Ha pellieHHWe pealbHBIX 3ajad.
[lostomy B Hell BO3HMKAIOT HOBBIE IIOCTAHOBKM MaTEMaTMUECKMX 3a7ad aHalu3a
CTaTHUCTUYECKUX JAaHHBIX, Pa3BUBAIOTCS U OOOCHOBBIBAIOTCS HOBble MeTojAbl. OOGOCHOBaHUE
4acTO MPOBOAUTCS MaTEMATUUECKUMH METO/IaMU, T.€. IYTEM J0Ka3aTelbCcTBa TeopeM. bonbiryro
pOJIb WUIPaeT METOJO0JOTHYECKas COCTABJLSIIOLE@AS - KaK MMEHHO CTaBUTh 3ajaud, Kakue
MPEANONIOKEHUS MPUHATh C LIEJIbI0 JalbHEH IIero MaTeMaTH4YecKoTo u3ydeHus. Benuka poib
COBPEMEHHBIX HH(POPMALIMOHHBIX TEXHOJIOTUM, B YACTHOCTH, KOMITBIOTEPHOTO SKCIIEPUMEHTA.

[lonBenem wutor. XoTs CTaTUCTUYECKUWE JaHHBIE COOUPAIOTCS U AHAIUUPYIOTCS C
He3alaMATHBIX BpeMeH (cM., Hampumep, Kuury Uumcen B Berxom 3aBere), coBpemMeHHas
MaTeMaTHyecKasi CTaTUCTUKA KaK Hayka ObUla co3laHa, 1Mo OOLIeMY MHEHHUIO CIEIHaMCTOB,
CPaBHUTENIBHO HENAaBHO - B IepBoid mosioBuHe XX B. MmenHo Torma Obuin pa3paOoTaHbl
OCHOBHBIE UJEM U TOJY4YeHBl pe3ylbTaThl, H3JlaraeMbleé HBIHE B Y4eOHBIX Kypcax
MaTeMaTU4yecKol craTUCTHKU. llociie 4ero crmenmuanucTsl MO MaTeMaTUYECKOM CTaTHCTHKE
3aHSUTMCh BHYTPUMAaTeMaTH4YECKUMHU TpoOjieMaMH, a Uil TEOPeTHYECKOTo O0CHyKHBaHUS
npoOiieM NPaKTUYECKOTO aHajih3a CTaTUCTUYECKUX JaHHBIX cTajga (OpMUPOBATHCS HOBas
TUCIUTILIMHA - TPUKIIaIHAS CTATUCTUKA

3. U3mepeHnsi B IKOHOMETPHUKE.

B Hacrosimiee Bpemst craTucTrdeckasi 00pab0oTKa JaHHBIX MPOBOJUTCS, KAaK MPABUIIO, C
IIOMOIIBI0 COOTBETCTBYIOIMX MPOIPAMMHBIX MPOIYKTOB. Pa3pblB MeXy MaTeMaTH4YeCKOH M
NPUKIATHON CTATUCTUKOW MPOSBISETCS, B YaCTHOCTH, B TOM, YTO OOJBIIMHCTBO METOJIOB,
BKJTIOYEHHBIX B CTATUCTUYECKUE MAKeThl IPOrpaMM (Harpumep, B 3aciayKeHHbIe Statgraphics u
SPSS unu B Oonee HOByO cucreMy Statistica), maxe He YIIOMHUHAETCS B ydeOHHMKaxX IO
MaTeMaTUYECKOW CTaTUCTHKEe. B pe3ynbTaTe CHenuamucT MO0 MaTeMaTHYeCKOH CTaTHCTUKE
OKa3bIBACTCS 3a4aCTyI0 OECIIOMOUTHBIM MPU 00pabOTKe peabHbIX TaHHBIX, a MAKEThl IPOTPaMM
NPUMEHSIOT (4TO eme XyKe - H pa3padaThBalOT) JMIla, HE HWMEIOIME HEOOXOIuMON
TEOPETUYECKOM MOATOTOBKU. ECTeCTBEHHO, UTO OHU JOMYCKAIOT Pa3HOOOpa3Hble OMOKH, B TOM
YuCjI€ B TaKUX OTBCTCTBCHHLIX JOKYMCHTAX, KaK TOCYAApCTBCHHBLIC CTaHAAPTBI 110
CTATUCTUUYECKUM MeToAaM (HUKe OApOOHEe pacckazaHo 00 yIpydaro X pe3yJabTaTax aHaIu3a
ATUX CTaHJIAPTOB; UTOTH CYMMHUPOBAHBI B CTAThE).

I[J'If[ aHaJlIn3a SKOHOMHUYCCKU X TaHHBIX MOT'YT IPUMCHSATLCA BCC pa3aCJIbl HpHKJ’I&I{HOfI
CTaTUCTUKU, & UMEHHO:

- CTaTUCTUKA CIIyJaifHbIX BEJIUYHNH;

- MHOTOMEPHBIN CTaTUCTUYECKUN aHAIIN3;

CTaTUCTHUKA BPEMEHHBIX PSJIOB M CIIy4aiiHBIX ITPOLIECCOB;

CTaTUCTUKa O6’beKI‘OB HEYHUCIIOBOU NpUpoJabl, B TOM YUCJIC CTATUCTHKA NHTCPBAJIbHLIX JJAHHBIX.



[lepeunciennble YeTbipe OOJIACTH BBIJEICHBI HAa OCHOBE MaTEMaTHMUECKOW MPUPOJIbI
3JIEMEHTOB BBIOOPKHU: B IEPBOM U3 HUX ATO - YKCIa, BO BTOPOM - BEKTOPa, B TPeThel - QpyHKIUU,
B YETBEPTOH - OOBEKTHl HEUMCIOBOW MPHUPOBI, T.€. JIEMEHTH MPOCTPAHCTB, B KOTOPBHIX HET
omeparuii CIOKEHUS U YMHOXKEHHS Ha umcio. lIpumepamMu O0O0BEKTOB HEUUCIOBOW MPHUPOIBI
SBIISIFOTCS  3HAUYEHMsI KAUeCTBEHHBIX MPU3HAKOB, OWHAapHbIE OTHOLICHUS (PaH>KUPOBKU,
pa3OueHus, TOIEPaHTHOCTH ), TTocenoBarenbHOCTH U3 0 M 1, MHOXKECTBA, HEYETKIE MHOXKECTBA,
WHTEPBaJIbI, TEKCTHI (CM. TJIaBbI 8 U 9 HUXKE)..

Kak u s npuMeHeHUH CTaTHCTHYECKHMX METOJOB B MHBIX OOJIACTAX, B YKOHOMETpPHU Ke
pemaroTcs 3a/Ja4d ONMMCAaHUs JAHHBIX (B TOM YHCIE YCPEIHEHHS), OLICHHWBAHUS, MPOBEPKU
TUIOTE3, BOCCTAHOBJICHUS 3aBUCUMOCTEH, Kiaccupukanuu OOBEKTOB M  MPU3HAKOB,
IPOTHO3UPOBAHUS, TPUHATHS CTATUCTUUECKUX PELICHUH U JIp.

OnHako B HEKOTOPBHIX OTHOMICHUSX OKOHOMHYECKHE JIaHHBIE OTIMYAOTCS OT
TEXHUYECKU X WJIM aCTPOHOMHYECKUX, U ATH OTJIMYUSI HEOOXOIMMO YYMTHIBATh IpPH BBIOOpE
METO/IOB aHAJN3a KOHKPETHBIX 3 KOHOMUYECKH X JAHHBIX.

MHorre >KOHOMHYECKHE IMOKa3aTelld HEeOTPULATeNbHBI. 3HAYUT, WX HAJO OINHCHIBATH
HEOTPUIIATEIbHBIMU  CIIydallHBIMM BEIMYMHAMH. A BOT HOPMaJbHbIE paclpeieieHUs
OPUHIUIHAIBHO HE TOJXOAAT, MOCKOJBKY JJISI HUX BEPOATHOCTh OTPHUIATEIBHBIX 3HAYCHHUH
BCET/Ia MOJIOKUTEIbHA.

OKOHOMHYECKUE TPOILECChl Pa3BUBAIOTCA BO BPEMEHH, MO3TOMY OOJBIOE MECTO B
HSKOHOMETPUKE 3aHMMAIOT BONPOCHI aHAM3a W MPOTHO3UPOBAHHS BPEMEHHBIX PSIOB, B TOM
yycie MHOroMepHsiX. IIpu 3ToM B OIHUX 3a7adax OoJbllie BHUMAHUS YAEISIOT H3YYEHHIO
TPEHJO0B (CpeIHUX 3HAYCHH I, MATeMAaTHUECKUX OKUIAHUM), HAIpUMeEp, MPU aHAJM3€ TUHAMHKH
1eH. B npyrux ke - BaXHBI OTKIOHEHUSI OT CpEAHEW TeHIEHIIUHU, HAPUMED, MPU MPUMEHEHUH
KOHTpONIbHBIX KapT (kapT Ilyxapra, KyMylIsiTUBHBIX cymMM U 1p.). OnHako B IEIOM
CHEKTPaJbHBIA aHaIM3 U BBIJCICHUE DPA3IMYHBIX IEPUOIOB, LIUKIOB M THIIOB BOJH MeEHeEe
pacrpocTpaHeHbl, YeM, CKaKeM, B OMOMETPHKE U MEeTUIINHE.

B »koHOMMKe [10J1i HEUHMCIOBBIX JNAHHBIX CYIIECTBEHHO BBIIIE, YeM B TEXHUKE U
TEXHOJOTUHU, COOTBETCTBEHHO OOJIbIlle MPUMEHEHUW IS CTaTUCTHKU OOBEKTOB HEYHCIIOBOM
NpUPObI (HUKE pazdepeM 3TO YTBEPKACHHE MOJpoOHEE).

KonmyectBo n3ydaeMbix 00bEKTOB B SKOHOMHYECKOM HCCIIEOBAHMHU YaCTO OTPAaHUUYEHO
B IPUHIMIIE, TO3TOMY OOOCHOBAaHHME BEPOATHOCTHBIX MOJENEH B pse CIydaeB 3aTpyTHEHO.
VYHUKaTbHBIE OOBEKTHI, HAmpUMep, ropoa MOCKBa, TPYIHO pacCMaTpUBaTh KaK 3JIEMEHT
BBIOOPKM U3 TE€HEpPAIbHOM COBOKYMHOCTH C KAaKUM-TO OIPEICIEHHBIM paclpe/ieieHHEM,
MOCKOJIbKY TIOJJOOHOE PacCMOTPEHHE MPOTUBOPEUUT 3PaBOMY CMBICTY. BermomuHaercst 1aBHsIA
o6mokka xypHaina "Kpokoaun', Ha KOTOPOl M300paKEeHBI /1Ba XO3SMCTBEHHUKA C MOHETOW B
pykax: "Ecnu ymaner opiom, OyneM CTpOUTh 3aBOA, €clid peukoil - He Oyaem'". IlomoOnas
paHIOMH3aLHs PEIICHUH BBIIAAUT OSCCMBICICHHON MpPH MPUHSATUH POBHO OJHOTO PEIICHUS,
OJTHAKO TIPY KOHTPOJIE Ka4eCTBa B MACCOBOM ITPOM3BOJICTBE TAKOW MOIXO0]T OMPaBIaH.

[TosTOMYy B KOHOMETpPUKE 4acTO MPUMEHSIOTCS IETEPMUHUPOBAHHBIE METO/Ibl aHaIN3a
JAHHBIX, B OTJIMYME OT, HAaIpHUMEp, TEXHUUYECKUX HAyK, B KOTOPBIX OOBIYHBIM SBISETCS
UCIIOJIb30BaHNE BEPOSTHOCTHBIX Mojenel. HeompeneneHHOCTh MPUXOAUTCS OMUCHIBATH HE B
TEPMUHAX BEPOATHOCTHO-CTaTUCTUUYECKUX MOJeNed, a HMHBIMU CIIOCOOaMHu, Hampumep, B
TepMUHAX Teopun HedeTkocTn (fuzzy sets theory) wnam wmaremMaTuku ©  CTaTUCTHKH
WHTEPBAJIbHBIX JTAHHBIX.

Urak, cnenuduka 3 KOHOMETPUKU MPOSBIISIETCS HE B TIEpEeUHE MPUMEHSIEMBIX JUIs aHAJIN 32
KOHKPETHBIX YKOHOMHUYECKAX NAHHBIX CTATHUCTHYECKHMX METOJOB, & B YaCTOTE HCIIOJIb30BAHUS
T€X WJIL UHBIX METOJIOB.



Pa3nes Ne2. Koppe/isuiuoHHAasi 3aBUCUMOCTb.

Perpeccust u xoppemnsiius MMPOKO MCHOJB3YETCS MPHU aHaIU3e CBS3eH MEXKIY SBIICHUSIMU.
[Ipexxne Bcero, B SKOHOMHKE — MCCIIEIOBAaHNE 3aBUCUMOCTH 00BbEMOB IPOU3BOJICTBA OT IIEJIOTO
psina  (QaKTOpoB:  pasMepa  OCHOBHBIX  (OHIOB,  OOECIEYCHHOCTH  TPEANPHUSITHS
KBaTU(UITUPOBAHHBIM TIEPCOHANIOM U JAPYIUX; 3aBUCUMOCTH CIIpOCa WM MOTpeOIeHus
HACeJICHUsI OT YPOBHSI JIOXOJa, II€H Ha TOBApHl U T.I. DKOHOMHYECKHE IMOKA3aTENN SIBIISIOTCS
MHOTOMEPHBIMH CITy4allHbIMU BEJIMUYNHAMH.

B OompumHCTBE ciiydaeB MeXAy MEPEMEHHBIMH, XapaKTePU3YIOIIMMH SKOHOMUYECKHE
BEJIMYMHBI, CYIIECTBYIOT 3aBUCHMOCTH, OTIHYAoNecs OT (QyHKIMOHAIbHBIX. OHa BO3HHUKAET,
Korza OoJuH U3 (JaKTOPOB 3aBHCHUT HE TOJBKO OT APYroro, HO M OT psAla Cly4alHBIX YCIOBHIA,
OKa3bIBAIONMX BIMSIHHE Ha oauH mwm o6a ¢dakropa. B 3ToM ciydae ee  Ha3bIBaIOT
croxacTuyeckoi (KOppeJsiMMOHHOI) W TOBOPAT, YTO IEPEMCHHBIC KOPpPeJHPYIOT. Bumbt
CTOXaCTHYECKMX CBs3e Mexay (akropamu MOryr ObITh JMHEWHBIMM U HEJIMHEHHBIMU,
MOJIOKUTENFHBIMU  WJIM  OTPUIIATENbHBIMU. Bo03MOXKHA Takas CHUTYalHs, KOTAa MEXIYy
(aKTOpaMy HEBO3MOXKHO YCTAHOBUTH KaKyr0—JIH00 3aBUCHMOCTb.

OpmHako Mpu U3YyYEHUH BJMSHUS OJHOTO SIBJICHUS Ha ApPYyroe yaoOHO paboTaTh UMEHHO C
(GYHKIHSME, CBS3BIBAIONMMU ITH SBJICHUS. 3a1a4U TOCTPOCHU S (DYH KIIM OHATTBHOU 3aBUCHMOCTH
MeXIy (akTopaMu, aHaiM3a IOJYYCHHBIX PE3YJAbTaTOB W MPOTHO3UPOBAHUS DPEHAIOTCS C
MOMOIIBIO PerpecCHOHHOTO AHAIU3A.

DOKOHOMHUYECKHE JaHHBIE MPEICTABIIAIOT COOOH KOJIMYECTBEHHBIC XapaKTePUCTUKU
KaKUX-JTU00 SKOHOMHUYECKHMX OOBEKTOB WM TporieccoB. OHM (GopMuUpyroTcs moja JeicTBHEM
MHO)XXeCTBa  (aKTOpOB, HE BCE U3 KOTOPHIX JOCTYMHBI BHEIIHEMY KOHTPOIIO.
Hexontponmupyembie (akTopsl MOTYT NPHHUMATH CIydailHBIC 3HAYEHUS M3 HEKOTOPOTO
MHO)KECTBA 3HAUEHUH M TEeM camblM OOYCIaBIMBATh CIy4alHOCTh JAHHBIX, KOTOPHIE OHHU
omnpenenstor. CrtoxacTudeckas  (BEpOSTHOCTHAs) MPHUPOAA  SKOHOMHYECKUX  JaHHBIX
o0yclaBIMBaeT HEOOXOAUMOCTh MPUMEHEHHS COOTBETCTBYIOIIM X CTATUCTUYECKIX METOJIOB IS
X 00pabOTKU U aHAIIN3a.

CrartucTUuecKre paclpelesieHus] XapaKTepu3YITCs HaludyheMm Oojiee WM MEHee
3HAUUTEIBHONW BapHWalliii B BEJMYMHE MPU3HAKA y OTICIBHBIX CIUHHI] COBOKYITHOCTH.
EcrecTBeHHO, BO3HMKAEeT BOMPOC O TOM, Kakhe e MPUUMHBI (GOPMUPYIOT YPOBEHb MpH3HAKA B
JAHHOW COBOKYITHOCTH U KAKOB KOHKPETHBIM BKJIAaJ KaXIOW M3 HUX. M3ydeHue 3aBHUCHUMOCTH
BapHalMy MPU3HAKA OT OKPYKAO MM X YCIOBUI M COCTABIISIET COJCPIKAHNE TEOPUH KOPPEIISLIHH .

W3yyeHue [EHCTBUTENBHOCTH IOKA3bIBAET, YTO BapHalus KaKJOro H3y4aeMoTo
MpU3HAKa HAXOAUTCA B TECHOM CBS3M M B3aUMOJCHCTBHM C BapHallMed APYyruX NPU3HAKOB,
XapaKTepU3yloUMX  HUCCIEAYEMYIO COBOKYITHOCTb SIMHMUII. Bapuarus YPOBHS
MPOU3BOAUTENHHOCTH Tpyda PaOOTHHKOB MPEANPUATUN 3aBHCHT OT CTEIIEHH COBEPIICHCTBA
IPUMEHSEMOro 000pyIOBaHMS, TEXHOJIOTHH, OpraHU3allui TIPOU3BOCTBA, TPyJa U YIIPaBJICHUS
U JIPYrU X CaMbIX Pa3IMIHBIX (PaKTOPOB.

OcHoBHas 32/1a4a KO PPeJIsIIHOHHOT0 AHAJIN3a 3aKITI0YaeTCs

¥ B BBISBJICHUM B3aWMOCBS3H MEXIY CIy4allHBIMH IEPEMEHHBIMHU ITyTEM
TOYEYHON U MHTEPBAIBHOM OIIEHKU MapHBIX (YACTHBIX) KO3 G (PUIIMEHTOB KOPPETIAIUH,
BBIYMCIICHUS U MPOBEPKH 3HAYMMOCTH MHOKECTBEHHBIX K03 ((UIIEHTOB
KOPPEISIIUH U IETSPMUHAIN U
i oT00p (akTOpPOB, OKA3BIBAIOIIMX HaMOOJEe CYIIECTBEHHOE BIMSHUE Ha
pe3yNbTAaTUBHBIA TMPU3HAK, HA OCHOBAaHUHM HM3MEPEHHS CTENEHH CBS3U MEXIy HHUMHU;
oOHapy)KeHHE paHee HEM3BECTHBIX PUYHUHHBIX CBSI3CH.

Koppensius HermocpeCTBEHHO HE BBISBISET MPUYMHHBIX CBS3EH MEXIy mapaMmeTpamu,
HO YCTaHaBJIMBAeT YHCIIEHHOE 3HAY€HHE OSTHX CBS3€H U JOCTOBEPHOCTb CYXKIEHHUU 00 UX
HaJTIHH.

[lpy  mOpoBeneHUM  KOPPENSIMOHHOTO  aHajdW3a BCS  COBOKYIIHOCTh  JaHHBIX
paccMaTpuBaeTCsl KaKk MHOXKECTBO MmepeMeHHBIX ((paKTOpoB), Kakaast H3 KOTOPBIX COASPKUT N —
HAOMIOICHUH; Xk — I-oe HaOmomeHue k-oit mepemeHHON. OCHOBHBIMH CPEICTBAMH aHaIM3a



JTAHHBIX SBJISIOTCS TTapHbIe KO3 QUITMEHTHl KOPPEISINU, YaCTHBIC KOIPPUIIHMEHTHI KOPPEIAIIUT
Y MHO>KE€CTBEHHBIE KOA(DPUIIUEHTHI KOPPETSAIUU.

PaccmaTpuBasi 3aBUCHMOCTH MEXAy NpH3HAKAMH, HEOOXOJMMO BBIJICIUTH, MPEKIE
BCET0, IBE KATETOPUH 3aBUCUMOCTH: 1) DyHKIIMOHATBHBIC U 2) KOPPEIAIHOHHBIE.

DYHKIHOHATbHBIE CBSI3M  XapaKTEPU3YIOTCS TOJHBIM  COOTBETCTBHEM  MEXKAY
W3MEHECHHEM (DAKTOPHOTO IMPH3HAKA M M3MEHEHHUEM pEe3yJIbTaTHBHOW BEIMYMHBI, U KaKIOMY
3HAYEHUI0  NpH3Haka-(akropa  COOTBETCTBYIOT  BIIOJHE  ONpEAEiCHHblE  3HAYCHUS
pe3yNbTaTUBHOTO  Mpu3HaKa.  (DYyHKIMOHANbHAs ~ 3aBUCMMOCTh  MOXET  CBS3bIBATh
pEe3yNbTATHBHBIA TPU3HAK C OJHUM WM HECKOJIBKMMH (AKTOPHBIMHU IpU3HAKaMH. Tak,
BEJIMYMHA HA4YUCIEHHOW 3apabOTHOM MJjaThl NMpPU MOBPEMEHHOM oOIuiaTe TpyJda 3aBUCUT OT
KOJIMYECTBA OTPAOOTAHHBIX YACOB.

B KoppeJisIMUOHHBIX CBS3SIX MOKIY H3MCHEHHUEM (AKTOPHOTO U PEe3YIbTaTHBHOTO
MpPHU3HAKa HET MOJHOTO COOTBETCTBUS, BO3JICHCTBHE OT/IEIbHBIX (PAKTOPOB MPOSBISETCS JULIb B
CpeIHeM MPU MaccOBOM HaOmMroAeHUHN (PakTudecKux MaHHbIX. O THOBPEMEHHOE BO3/ICHCTBUE HA
M3ydaeMbIii TPHU3HAK OOJBILNOrO KOJWYECTBA CaMBIX pa3HOOOpa3HbIX (HAKTOPOB MPUBOIUT K
TOMY, UYTO OJAHOMY M TOMY K€ 3HAUEHHIO TNpH3HaKa-(Pakropa COOTBETCTBYET IIEJ0e
pacmpesielieHue 3HA4YeHUN pPe3yJbTATHBHOTO MPH3HAKA, MMOCKOJIBKY B KAKIOM KOHKPETHOM
ciiydae Tipoure (JaKTOpHBIC TPH3HAKA MOTYT HM3MEHSATh CHUJIY W HAIPaBJICHHOCTh CBOETO
BO3JCUCTBUS.

[Tpu cpaBHeHUU (HyH KITMOHATBHBIX M KOPPEISAIIMOHHBIX 3aBUCUMOCTEH CIIeIyeT UMETh B
BHJy, YTO MpPU HAIUYUU (PYHKIHOHAJIBHOW 3aBUCUMOCTH MEXIy NMpPU3HAKAMH MOXKHO, 3Has
BENUYNHY (DaKTOPHOTO MpPHU3HAKA, TOYHO OMPENSIUTh BEIMUYMHY PE3YAbTATUBHOTO IMPHU3HAKA.
[lpy Hamumu k€ KOPPENSIUOHHOW 3aBHCUMOCTH YCTAHABJIMBACTCS JUIIL TCHACHITUS
M3MEHEHHS pe3ylNbTaTUBHOIO MPHU3HAKA MPU U3MEHEHUM BEIMYHMHBI (AaKTOPHOTO Ipu3Haka. B
OTIIUYME OT J>KECTKOCTU (PYHKIIMOHAIBHON CBS3M KOPPENAIMOHHBIE CBSI3U XapaKTEePHU3YIOTCS
MHOKECTBOM TIPHYMH U CJICJICTBUI U YCTAHABIMBAIOTCS JIUIID UX TCHICHIINH.

Yucii0Bble XapaKTEePUCTHKU CUCTEMBbI IBYX CJIYYaillHbIX BeJTHYHH

JIBe ciydaliHbple BEJIMYMHBI HAa3bIBAKOTCSA HE3aBUCUMBIMU, €CIIM 3aKOH PACHpEAesICHUs OQHON
13 HUX HE 3aBUCHUT OT TOTO, KAKHE BO3MOXHBIC 3HAYCHUs NPUHsIIA Ipyras BenudnHa. 13 storo
OIPENEIEHUs CIEeAyeT, 4TO YCIOBHBIE paCHpEACiICHUs] HE3aBUCHMBIX BEJIMYMH PaBHbI MX
0E3yCIIOBHBIM  pacHpelieieHUsIM. YKaXeM HeoOXoAMMble U JOCTAaTOYHbIE  YCIOBUS
HE3aBMCUMOCTH CIy4alHbIX BEIWYHH.

Teopema 4.1. JIns TOro 4to0bI CilydaiiHble BETHUHHBI X 1 Y ObIITH HE3aBMCHMBIMA,

(X,Y)

HCO6XO):[I/IMO 1 JO0CTAaTO4YHO, YTOOBI (I)YHKI_[I/IH pacipeaciCcHusA CUCTECMbIL ObLIa paBHa

IIPOM3BEICHMIO (DYHKIUI pacTipe/ieNeHH s COCTaBJISIOMM X :
F(z,y) = Fi(z)Fa(y).

Teopema 4.2. JIn1s TOro 4To0bl HEMPEPHIBHIE CITyJaiiHbIE BETUUMHEI X 1 Y ObLIK
HEe3aBUCUMBIMH, HEOOXOMMO H JI0CTATOYHO, YTOOBI INIOTHOCTh BEPOSATHOCTHA CUCTEMBI X.Y)
Obli1a paBHA MTPON3BEICHUIO IIJIOTHOCTEN BEPOSTHOCTEH COCTABIISIOIMX :

f(z,y) = fi(z) fa(y)-

JUisi onmucaHusl CUCTEMBI JIBYX CIYJailHBIX BEIMYMH KpOME MaTeMaTHYECKUX OXHUJIAHUN U
JMCIIEPCUI COCTABJIIOIMX HCIIONB3YIOT W JPYTHE XapaKTePHCTUKH, K KOTOPBIM OTHOCSTCS
KOPPESIMOHHBIA MOMEHT U KOA(P(QUIIMEHT KOPPEIISIIIH.

Koppenayuonnvim momenmom Iu'1“-”-"-fcnyan7IH1>IX BEJMYHH -X 1 Y Ha3hIBAIOT MATEMAaTHUYECKOE
0KUJIaHHUE IIPOU3BEACHHUS OTKIIOHEHUM ITUX BEJINYMH:

fy = M((X — M(X))(Y — M(Y))).
I[J'ISI BBIUYUCIICHUA KOppCHgHHg{-H—IOFO MOMCHTA JUCKPCTHBIX BEJIMYHUH UCIIOJIB3YIOT (1)OpMy'J'Iy

foy = 3 Y (m — M(X))(y; — M(Y))P(i,y;).

i=1 j=1



a JUIs HENIPEPBIBHBIX BEIIMYMH
KoppesauuoHHbli MOMEHT CIIYKUT JUISl XapaKTEPUCTUKU CBS3H MEKy BEIMUMHAMHE X 1 Y .
Teopema 4.3. KoppenauoHHbLI MOMEHT JBYX HE3aBUCUMBIX ClydaiiHbIX Beauuun X u Y

pPaBEH HYIIO.

U3 Teopemsl 4.3 cieyeT, 4To eclii KOPPeISUOHHBIA MOMEHT JBYX CJ1ydaiiHbIX BeTMYnH X U
Y'ue pasen nymo, To Xu Y — zaBucumeie ciydaiinbie BenuuuHel.

Kosppuyuenmom roppenayuu "rucayqaitnpix BenmmumH X u Y HashIBAIOT OTHOLICHHE
KOPPEJSILIUOHHOTO MOMEHTa K MPOU3BEIECHUIO CPEOHUX KBAAPATUUYECKUX OTKIOHEHUH 3THX
BEJIMYMH
Fj':i‘.'ﬂ-

T Ty

OueBuIHO, KOOPPUIIUEHT KOPPESALUU IBYX HE3aBUCUMBIX CJ1y4ailHbIX BEJIMUMH PaBEH HYIIO

Tey =

(TaK Kak ey = {})

JIBe ciydaiiHble BenuuuHbl X 1 Y Ha3hIBAIOT KOPPEIUPOBAHHBIMU, €CJIH X KOPPENSAIHOHHbII
MOMEHT (MaM KOd(QQUIMEHT KOppelsl[MU) OTIMYeH OT Hydd; Xu Y HasbIBaIOT
HeKoppenuposaHHbIMu BEINUYNHAMY, €CIIM UX KOPPENALMOHHBIM MOMEHT paBeH HYIIIO.

JIBe KOppenupoBaHHbIE BEIMYUHBI TAKKE U 3aBUCHMBL. OOpaTHOE yTBEpXK/IEHUE HE BCETIa
MMEET MECTO, T. €. €CJIM IBE€ BETUYMHBI 3aBUCUMBI, TO OHH MOTYT ObITh KaK KOPPEIMPOBAHHBIMH,
TaK U HEKOPPEJIUPOBAHHBIMU. J[pyrUMH CII0BaMHU, KOPPEJIALMOHHbBII MOMEHT JBYX 3aBUCHMBIX
BEJIMYMH MOXKET OBITh HE paBeH HYINIO, HO MOXKET U PaBHSATHCS HYJIIO.

Ilapnas nuHeiiHas perpeccus.

JlaeT BO3MOXHOCTH IPOBECTH 0o0Jiee TOJHBIA aHaIW3, MOJYYCHHOTO YpPaBHEHUS JIMHHUH
TPEHJa C UCIOJIb30BAaHNEM METOJ0B MaTEMaTUUECKON CTATUCTUKU.

KoadduuenTsl ypaBHEHUs IMHEHHOM perpeccMy HaXOAATCS MO BBHIOOPOYHBIM JTAHHBIM U
ABJISIFOTCSL. BEIMYMHAMU CIYY4alHBIMH, I109TOMY HAJ0 IPOBECTH AHAIM3 HUX 3HAYUMOCTH
(cymectBeHHOCTH). Hamo ompenenuTh 3HAYMMOCTh BCETO YPaBHEHHS PETPECCHU U CaMoe
[JIABHOE IIPOTHO3 110 IIOCTPOCHHOMY YPABHEHUIO U OLEHKY €0 3HaYUMOCTH.

IIpu mocTpoeHNH JTUHENHOIO TPEH1a IPUHUMAIOCh IPEANION0KEHUE O TOM, YTO JHHEeHHAs
Mo/eJIb HaudydlmM o0pa3oM XapaKTepu3yeT 3aBUCUMOCTb MEXAY X U Y:

y=B0+B1X+8i, 41
rre Bo ¥ 1 mapamMeTpbl MOJENH; € — ClydaiiHas BeITUYNHA (BO3MYIIIEHHE ), XapaKTepU3yIo iast
BIIUSHUE HEYYTCHHBIX (PAKTOPOB.

VYpaBuenue npsmoit (4.2), k03 PPUIHEHTH KOTOPOTO HAXOIAT MO BBIOOPOYHBIM JIaHHBIM,
HAa3bIBAIOT YPAaBHEHHUEM perpeccuu 1 0003HAYaIoT §:

J=bo + b1-x, 4.2

Koaddunmenter by u by perpeccun Haxomsrcss Mo METOAY HAWMEHBIMX KBAIPaTOB M
SBIISIFOTCS. TOJIBKO OLEHKAMHM I1apaMeTpOB MOJENU (COOTBETCTBEHHO [o U 1). s momydyeHus
HAWJIYYIIMX OLIEHOK HEOOXOAMMO, 4YTOOBI BBIMOJHSUIICS PAI MPEINOCHIIIOK OTHOCHTEJbHO
CIy4aliHOTO OTKJIOHeHUs ¢i=Yi—¥i=Yi—Do—D1Xi mHImekc | o3Hadaer 3HaueHuWe (QakKTOpoB B
OJIHOUMEHHOM HUCHBITaHUH. ITO YycinoBusi ['aycca—MapkxoBa (Ilpunoxenue 1), a Tak xe
MPEATIOJIOKEHUS:

e ciydaliHble OTKIOHEHHS UMEIOT HOPMAJIBbHBIN 3aKOH paclpeesICHHUS;
® OTCYTCTBYIOT OIIMOKH CIEITU(UKALINH;
® YKCIO HAONIOJCHHUI JOCTATOYHO OOJIBINOE: KAK MUHHUMYM B IIECTh pa3 MPEBBIIAET YHUCIIO
OOBSICHSIFOIM X (PAKTOPOB | IpyTHE.
Ouenky b; HaspiBaloT Ko3(¢uuueHnTom perpeccun. Ee 3HaueHHe MOKa3pIBaeT cpeiHee
U3MEHEHHE pe3ylbTaTa y ¢ U3MEeHEeHHEeM (pakTopa X Ha OAHY €AUHULLY.

TecHOTy CBSI3M MEXAYy X M y OLEHUBAET KO3 (PQUIMEHT JIMHEHHOW Koppemauuu ryy MoxkHO

YCTAaHOBUTH 3aBUCUMOCTh MEXAY KO3 QPUIIMEHTOM perpeccuu U K03 GPUIIHeHTOM KOpp eISAIUu:



r b Sy ;—;1; COV(X9Y)' 4.3
= 1 _—= =
o, 0,0, 6,0,
B kauecTBe Mepbl paccenBaHUs (paKTHUYeCKOr0 3HAYEHHS Y OTHOCUTEIBHO TeOopeTHYeCKOro
3HaueHus ¥ (HaXoAUTCS IO YpaBHEHUIO PErpeccuy) HCIOJb3yeTcs CTAHAapTHasA oOIMOKa

YpaBHEHUSI PETPECCHU, KOTOpas Onpeensercs no Gopmye:
g |Ze. 4.4
n-2

OLEHKA KAYECTBA IIOJIYUEHHOI'O VYPABHEHUNA PEIPECCUM COHAEPXUT
CJIEAYIOIIUE ITYHKTBI:
— Onenka 3HaY4UMOCTH KOI(PPUIIMEHTOB PErPeCcCu;
— TlocTpoenue 10BEepUTENbHBIX HHTEPBAIIOB I K&KJIOTO KO3 PUIIMEHTa;
— O1neHKa 3HaYUMOCTH BCETO YPaBHEHUS PErPecCuu;
— IlocTpoeHue MporHo3HOTo 3HAUEHUSI U JJOBEPUTEIBHOTO HHTEPBAJIA K HUM.
Jlyist omipenienieHrs CTaTUCTHY e CKOM 3HAYMMOCTH K03 QQUITMEHTOB PETPECCHU U KOPPEISIIUH

HeoO0XoAMMO paccuuTaTh t-ctaTHCTHMKH CTBIOJEHTA JIydIlle BCETO 3TO CIENATh C IOMO IIBIO
BcrpoeHHor Gynkiuun CThIPACIIOEP.

OHEHKA 3HAYMMOCTU KODOOUIIMEHTOB PETPECCUU 1 KOPPEJIALINA
YcraHaBIMBaeT HaAKHOCTh MOTYYCHHBIX pe3ynbTaToB. CinydaiiHble onmOKu ko3 ppuinenrta
KOPPEJAIUY U OLICHOK ITapaMeTPOB JIMHEHHON MOAETH BBIUM CIISIOTCS 1O opMyiam:

S — CTaHAapTHoe OTKJIOHeHHe Kod(pduuuenta by. 4.5
Jn oy
x? — CTaHJapTHOe OTKJIOHeHHe Kod(pduuuenta by.
4.6
-1
S, = ); — CTaHJapPTHOE OTKJIOHeHHe K03 uumeHTa koppeasiuuu. 4.7
n J—

JItoboe craHmapTHOE OTKIOHEHHWE WHOIJA Ha3blBAIOT  CTAHAAPTHOW  OMIMOKOM
COOTBETCTBYIOIIETO KO3 hduLieHTa.
PaccmaTpuBaeTcst OCHOBHAsl THTIOTE3a 0 PABEHCTBE MApaMeTPOB perpeccuu HYJIIO.
Ho: bi= 0 — ko3 bduiineHT He3HAYUM;
Hi: bj # 0 — ko> pdunreHT 3HaYMMBbIi
ITo Be1OOpKEe HaXOAT t-cTaTUCTUKHA (Tya65 ):
0 =22, =T () = 48

Xy
S,, S, S,

L=Tob)= 2 =T

Kputnueckoe 3HaueHue Ty, g t-CTaTUCTUK HAXOJAT C MOMOIIBIO pPacHpeneeHHs
CrolonenTta. Jlyig 3TOro Hago 3HaTh 00bEM BBIOOPKM U 3a/aTh yYpPOBEeHb 3HAYMMOCTH Ol.
Hanpuwmep, nna 0=0,05 u n=14, Tip=1o/2, n2=10,005, 12=2,179.

BeiasunyTas runoresa:

— TNPHUHUMAETCSl, €CJIU BbINOJIHAETCS HepaBeHCTBO | Thasa | <Twp ¥ IenaroT BbIBOJ, YTO

K03 QPUITMEHT HE3HAYNM (PaBEeH HYIIIO);

—  OTBepraertcs, ecjau | Thaea | >Typ U A€NAIOT BBIBOJ, YTO KOA(P(MULIIMEHT 3HAYUM.

Bonee moapoOHO 0 TpOBEPKE TUIIOTE3 MOXKHO MPOYUTATH B pazzaene !!! acts 1.

Yacto npu mpoBepke KauecTBa K03 PUIHEHTOB HUCIOIB3YIOT «I'Pydoe MpaBUIIo»:

e com |t]<1 (bj<Sj), To KO3 PPULIMEHT CTATHCTHUESCKH HE3HAUNM;



e com l< | t| < 2 (bj<2Sj), To K03 PPULINEHT OTHOCHTEIBHO CIa00 3HAYUM, PEKOMEHIYeT Csl
BOCITOJIB30BAThHCS TAOIUIICH KPUTUUECKIX TOUEK pacnpeneneHnss CThIOICHTA;

o ecomn 2<|t|< 3, 1o KO3GPUIMEHT 3HAYUM (ITO YTBEPXKIACHUE CUHTACTCS
rapaHTHPOBaHHBIM 1pH v>20 u a>0,05);

o ecmm 3<|t , TO KO3(OUITMEHT CYUTAETCSI CHIIBHO 3HAYUMBIM (BEPOSTHOCTH OIIMOKUA MPU
JIOCTaTOYHOM uucie Habmoaenunit He npesocxoaut 0,001).

Kaxnast omeHka JOMOJHSETCS JOBEPUTEIBHBIM HHTEPBAIOM. JIsI 3TOro ONpenemnsoT
IpeaeNbHYI0 OIMOKY Ul KaXJI0TO KO3 pUIIeHTa:

Aj=tgr2n-2-Si, 4.9
OTKyI[a r‘paHI/IHbI ,Z[OBepI/ITeJ'IBHbIX I/IHTepBaJIOB HaxXogsiaTcCAd 110 (bOpMyJIe:
b+ A, 4.10

Koapduiment perepMuHAUMM Ui TApHOM perpeccuy COBMAJaeT € KBaApaToM
K03(pPpuuueHTa KOppeEIsiHA R2:r2xy U XapakTepU3yeT JOJI0 JAUCIEPCUH Pe3yJIbTATHBHOIO
npU3HaKa y, OOBACHAEMYIO perz'peccneﬁ B oOwmielt aMcrepcuu pe3ylbTaTUBHOTO IIpH3HAKA.
CootBercTBEeHHO BemMuuHa 1-R° xapakrepu3yeT 1010 JUCIEPCHH Y, BBI3BAHHYIO BIMSIHUEM
HEYYTEHHBIX (AaKTOPOB B O0IIEH AMCIEPCUU MTPU3HAKA Y.

—2 ) = 2
2=y =2F-Y) 23 -y
o01mas cymma 00BsICHEHHAS OCTaTO4YHas 4.11*
KBaJ[paroB OTKIJI ...perpeccueit cyMMma

PaznenuB o0Oe yacTu ypaBHEHUS Ha OOIIYI0 CYMMY KBaJIpaTOB OTKIOHEHUH, TOTYIUM:
1= Z(g’l _y)z + Z(yl _Yi)2 )
-yt Xy
=R+ e’ LR o1 Se? . 4.12
>y -y’ >y -y

TaxuM 06pa3oM, KO3(MUIHEHT JeTe pMuHAIKN R sSBIISIETCS MEpOi, TIO3BOIIONICH OMPEIENTh, B
KaKOM CTENCHH HalleHHas NpAMas PErpeccud NaeT JydIuMd pe3yabTaT JUIl OOBACHEHHs TOBEIEHHS
3aBHCHMOIl TIPEMEHHOM y, 4eM TOp3OHTanbHas npsamas y= y. OueBmmHo, uto 0<R’<1. Otkyna
CEJyeT, UTO 4eM OJIbKe OH K €JUHHLE, TeM OOJbILE YpaBHEHUE PErpecCHM OOBSACHAET IMOBEICHHE
paxTrueckux 3HaueHui y. IloaTomy xorenoch Obl CTPeMSITCS HMOCTPOUTH PETPECCHI0 ¢ HAMOOIBLINM
3HaueHHeM R’

Kopens kBagpaTHbIif 13 KOd(GUIINEHTA IeTEPMUHAIIUA HA3bIBACTCS MHIE KCOM KOpPpe sl
1 0003HAYAIOT Pyy.

Jlist mpoBepKu O0IIero KayecTBa YpaBHEHHS PETPECCUU BBIABUTACTCS MPEANOIOKEHUE, YTO
k03 purteHThI Do 1 D] OTHOBPEeMEeHHO paBHBI HYJIIO, TOT/Ia YPABHCHHE CYMTAIOT HE3HAYUMBIM,
B IIPOTMBHOM CJy4ae 3Ha4YMMbIM. /[aHHas rumore3a mpoBepsieTcs Ha OCHOBE AMCIEPCHOHHOIO
aHanM3a, Py TOM CPABHUBAIOTCS OOBSICHEHHAS! U OCTATOYHAS JTU CTIEPCUH

Ho: S; =S? — ypaBHEHHE HE3HAUNMO,

Hi: S; >S? _ ypaBHEHIE 3HAYKMO.

Ctpourtcs F-craructuka:
D 4.13
> yi-v)?/n-2) 8
IIpu BemmonHenun ycnoBuit MHK cratucrtuka umeer pacnpeneneHue duiepa ¢ 4uciioM
cTeneHeit ¢cBo6oasl vi=1, vo=n-1. [Ipu ypoBHE 3HAYMMOCTH O HAXOMIAT KPUTHYEKYIO TOUKY Fg
1,n-1 = Fip c nomompto pynxuuu FUOBP u cpaBHuBaloT ero ¢ HabmonaeMbiM 3HadeHueM F. Tak
KaK paccMaTpuBaeMasi THITOTe3a MPaBoCTOPOHHsIA [1], To:

* eciu F>F, , 10 runore3a Hp oTwionsercs B monas3y Hi, uTo o3HauaeT oOBACHEHHAS
JTUCTIEPCHS] CYIIECTBEHHO OOJIbIIE OCTATOYHOM, CIIEJIOBATENLHO, YPaBHEHHE PErpecChuu
JIOCTATOYHO KAYeCTBEHHO OTPaXKaeT JWHAMUKY W3MCHCHHS 3aBHCHMOW TEPEMEHHOH OT
OOBSICHSIO ITIEH.




* ecin F<F,p, To runoresa Ho nmpuHMMaercs, T.e. 0ObsACHEHHAs IUCIIEPCHS COM3MEpUMa C
OCTAaTOYHOM AWCIEpCUei, BRI3BAHHOW CIy4aliHBIMU (JAKTOpaMU. DTO MO3BOJISIET CUUTATH
BIIMSIHHE OOBSACHSIO X MTEPEMEHHBIX MOJICIIM HECYIIECTBEHHBIM, a CJICIOBATEIBHO, 00IIee
KaueCTBO YPaBHEHUS PErpecCUy HEBBICOKUM.

B cnyuae mapHoil perpeccuHM MpoBEpKa HYIEBOM TUMOTE3bl ISl F-cTaTUCTHKU paBHOCHIIbHA
IIPOBEPKE HYJIEBOM TUIIOTE3bI [UIA ty-CTaTUCTHKU TS KO3 PPUIIMEHTa KOPPEIALUN:

B er\/n -2

LA
N

F=t2 =t} 4.14
CaMOCTOSTENBHYI0 3HAYMMOCTb K03 (hduimeHT R? mpruobperaer B Cilydae MHOKeCTBEHHOI
perpeccuu.

MosxHO J0Ka3aTb paBC€HCTBO:

I[TOUCK TTPOI'HO3HOI'O 3HAUYEHUA 1 ET'O OIIEHKA

HpOl"HOCiH()e 3HAYCHHUE yp OofpeacACTCA, €CJIM B YpPAaBHCHHC PCIrpeCcCUU INOACTABUTH
3HA4YCHUC Xp:

yp =b0 +b1Xp . 4.15
rpaHI/IL[LI AOBCPUTCIIBHOIO MHTCPBAJIA IS ITapaMeTpa yp 6y;1y1“ PaBHBI:

¥p £ Loz, n2-Sp. 4.16
YT0OB! HAUTH CTAHAAPTHYIO OMIMOKY Sp IPOTHO3HOTO 3HAUYEHH S Yp MOXHO HCIIONE30BATh

/1B MOJIX0/1a: INOO pacCMaTPUBATh MAPAMETP Y|, KAK OTACIBHOE 3HAYCHHUE TEPEMCHHOMN Xp; HITH
pasOpoc Y, HaliTH KaK yCIOBHOE CPEAHEE 3HAYCHHUE [IPH H3BECTHOM 3HAYCHHH Xp.

Hosepumenvubviii unmepean O OMOeIbHO20 3HAYEHU V), YUUTHIBAET UICTOYHUKU PACCESTHMS:
i ko3 pdunmenton perpeccuu (1.5, 1.6) u Bcero ypaBHenus perpeccuu (1.4). B atom ciydae
CTaH/apTHasl 0MMOKA MPOrHo3a S, BeIUUCIAETCA 10 hopMyIe:

\2
X —X
S, =S- 1+l+7( %), 417

no Y (x—x)’

Hoseepumenvuwviti unmepsan 0is YCI08HO20 CpeOHe20 He YIUTHIBAET TUCIIEPCHIO ISl BCETO
ypaBHeHus perpeccuu (1.4), moatromy ¢opmyra i BBIYUCIEHUST OIMOKM MPOTHO3a UMEET BUI:

(82, S -R° 4.18

Y Y%
HeJsmuelinas napHasi perpeccust

MHorve >KOHOMMYECKHE 3aBUCHMOCTH HE SBISIOTCS JIMHEWHBIMH [0 CBOEH CYTH, U
[IO3TOMY U X MOJEIMPOBAHUE JIMHEHHBIMU YPABHEHUSAMHU HE JACT IOJIOXKUTENBHOIO Pe3ylbTara.
Ecin Mexny DKOHOMHUYECKMMU SBJICHUSMHU CYLIECTBYIOT HEIIMHEHHBIE COOTHOILUCHUS, TO OHHU
BBIPAXKAIOTCS C TOMOIIBIO HEJIMHEWHBIX PETPECCU.

Bce ypaBHeHUs HEMMHEHHBIX perpeccuii MOKHO pa3OMUTh Ha JIBa Kilacca:

1. HenMHEHHBbIE OTHOCHUTENBHO OOBSICHSIONMX TIEPEMEHHBIX, HO JIMHEHHBIE 10
OLICHUBAEMBIM ITapaMeTpaMm:

y=p, + BX+ BX* +..+ B X +&(nonunomuansuas  —  MHOTOWIEH  06Oi
CTENEeHN);

Y =« + — + & — paBHOCTOPOHHSS runepooa;

y=a+pf Inx+& — noJrynorapu pMu4ecKast KpuBasi U Jpyrue.



2. HenuHeliHbIE MO OLIEHUBAEMBIM ITapaMETPaM.
y= ax’ e — crenennas;
Yy =aff"& — nokasarenbHas;

y =e“"”& —sxcnonennnansHas.

IlepBBIil KIacc ypaBHEHHUM JOBOJIBHO IIPOCTO CBOJAUTCS K JIMHEMHOW PErpeccuu IyreM
BBO/Ia HOBBIX (PAKTOPOB.

HenuneilHas perpeccus Mo BKJIIOUYEHHBIM IEPEMEHHBIM HE TauT KaKuX-JIH00
CIIOXKHOCTEN B OlLEHKe ee mapameTpoB. OHa ompenensicsi, Kak U B JMHENHON perpeccuu,
METOJIOM HauMeHbmmX kBajapatoB» (MHK), n6o 3t™u QyHKIMM JTUHEHHBI MO MapaMeTpaM.
Tak, B napabone emopoii cmenenu (3Muupryeckas MoJelb)

Yy=ao+ax +ax

3aMEH IS T1epeMEHHBIE X=X, X*=Xy, MONYInM AByX(aKTOPHOE ypaBHEHHE JIMH CitH O
perpeccun: Y = ap + & x1 + a2 X2 , IUIsL ONIPEIEIICHU S TAPAMETPOB KOTOPOTO HCIIOIB3YETCS
MHK.

[Ipumenenne MHK niist ontenku mapameTpoB mapaboJibl BTOPOM CTENEHU MPUBOIUT
K CIEAYIOIIEH CUCTEME HOPMAJIBHBIX YPABHEHUN

Sy=n-a+a -Yx+a, XX

Syx=a, Yx+a, - 3x +a, Ik

S =8, 3K 48, T +a, 3K

Cucrema COACPIKUT TPU YPAaBHCHUA C TPEMA HCU3BCCTHBIMU N €CPCHICHUEC MOKCT OBLITH
npou3sBeJieHo 1o gopmynam Kpamepa.

[TapaGona BTOpoi crenenn Y= ay + &y x + a x° npu & > 0 u a» < 0 cummerpruuHa

OTHOCHUTEJBHO BBICIIEH TOYKH, T. €. TOUKM MAaKCUMyMa, U3MEHSIOIIEH HampaBlIeHHE CBS3H, a
UMEHHO — POCT Ha majeHne. Takoro poja (GpyHKIHI0 MOXHO HAONIONATh B SKOHOMHUKE TPyAa
MPU U3YyYCHUHN 3aBUCHMOCTH 3apabO0THON IIaThl paOOTHUKOB (PM3HMYECKOTO TPyAa OT BO3pacTa,
C YBCIIMYCHHUECM BO3pacCTa MOBLIACTCA 3apa60THa;1 Ij1aTa BBUAY OTHOBPECMCHHOT'O YBCINUCHUA
OTIBITA ¥ TOBBIIICHUS KBaTU(UKAIIMU paboTHHKA. OJHAKO C OMPENENIEHHOTO BO3pPAcTa BBHIY
CTapeHMs] OpraHM3Ma W CHUKCHUS IPOU3BOJUTEIBHOCTH TpyAa AajbHEWINee IOBBIILIEHUE
BO3pacTa MOKET MPUBOJUTH K CHIDKEHHIO 3apab0THON MIaThl pabOTHHKA.

Ilpn &y < 0 u a2 > 0 mapabona BTOPOTo MOpsAKa CUMMETPUYHA OTHOCHUTEIHO CBOEH
HU3LIEH TOYKM, YTO IO3BOJSIET ONPENENATh MUHMUMYM (YHKIMU B TOYKE, MEHSIOLIEH
HaIpaBJIEeHUE CBS3U, T. €. CHU)KEHUE Ha POCT.

BBuay cummerpuyHocTM KpHUBOM mapabojia BTOpPOM CTENEHM Jajeko He Bceraa
IPUTOJIHA B KOHKPETHBIX CCIIEI0OBAHUSX, Yallle UMEIOT JIeNIO JIMIIb C OT/EJbHBIMU CETMEHTaMU
napaboJIbl.

Cpenu kmacca HeTUHEHHBIX (YHKIIUM, ITapaMeTpbl KOTOPBIX 0e3 0COOBIX 3aTpyaHEHHI
ouennBarorcs MHK, cienyer Ha3BaTh XOpOILIO M3BECTHYIO B SKOHOMETPUKE PAGHOCHOPOHHIOO
2unepoony.

B

Y=a+—+¢
X

OHa MoOXeT ObITh HCIOJIb30BaHA Ha MHUKPO- M MAakpOypOBHE, Halpumep, s
XapaKTePUCTUKA CBSI3U  YICIbHBIX PACXOIOB ChIPbS, MaTepPHAIIOB, TOIUIMBA C O0OBEMOM
BBIITYCKAEMOW TPOAYKIIMH, BPEMEHH OOpAICHUS TOBAPOB OT BEIMYUHBI TOBapOOOOpPOTA.
KnaccuueckuM ee mOpuUMeEpoM sBiisseTcss KpuBas DuWiUmica, aHIIHHACKOTO SKOHOMHCTA,
XapakTepU3YIIias COOTHOIICHUE MEKAY HOPMOW 0e3padOTHIBI M TPOLEHTOM IMPUPOCTa
3apabOTHOM TIIaTHI.

B 3aBHCHMOCTH OT 3HaKOB M [ BO3MOKHBI CUTYAIlMH, M300p@KeHHbIe Ha puc. 4.1
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Puc. 4.1.

I'paduk Ha puc. 4.1. a MoXkeT orpaxkaTb 3aBHCUMOCTb MEXIY 00beMOM BbITycKka (X) U
cpenauMu (pukcupoBaHHbiMU u3aepkkamu (Y).

I'padux Ha puc.4.l, 6 — 3aBUCHUMOCTh MEXTy J0X0A0M X U cIpocoM Ha Omara Y
(HampuMep, Ha TOBaphl NEPBOil HEOOXOAMMOCTH JTM00 TOBAPBI OTHOCUTEIIBHOM POCKOIIN ); 3TO TaK

HaseBaemble QyHkiMu TopHKBHUCTA ( B 9TOM ciiydae X = —— — MHUHUMAIBHO HEOOXOIMMBIHA
o

YpOBEHb J0X0/a). MaTemaThueckoe OIMCaHue MOJ00HOTO poAa B3aHMMOCBS3€H MOTYy4HIIO
Ha3BaHue Kpuevix Inzensa. B 1857 r. Hemenkuii cTaTUCTUK D. DHIellb Ha OCHOBE UCCIIEOBAHUS
CEeMEHHBIX PACX0J0B CHOPMYIHPOBAI 3aKOHOMEPHOCTh — C POCTOM JIOXOJa JIOJIST JTOXOJOB,
pacxoyeMbIX Ha IMPOAOBOJIBLCTBHE, yMEHbIAeTCs. COOTBETCTBEHHO C YBEIMYEHHEM J0XO0]a
JI0JIsl IOXOJIOB, PACXOAYeMbIX Ha HENPOAOBOJILCTBEHHBIE TOBaphl, OyaeT Bo3pacTaTh. OnHAKO
3TO yBeNIHMUYEHHE He OecrpenenbHo, n00 Ha BCe TOBAphl CyMMa JOJIEH HE MOXKET ObITh OOJIbINe
€IMHULIBI.

BaxubiM mpuiioxenueMm rpaguka, u3oOpaxeHHoro Ha puc. 4.1, 6, sBiuserca Kpubas
Oumuiica, oTpaxaromas 3aBUCHUMOCTb MEXIy YpoBHEeM Oe3paboruibl (X) B MHpolEHTax M
MIPOIEHTHBIM U3MeHeHrneM 3apaboTHol mathl (Y). [Ipu 3TOM TouKa mepeceueHnst KpUBOH € OChIO
0X ompenensieT eCTeCTBEHHBI YPOBEHb 0€3paOOTHIIBL.

1

Jlnsi paBHOCTOPOHHEH THIEpOONBI B ypaBHEHMH PETPECCMM — 3aMEHMB — Ha Z

OJY4MM JMHEHOE ypaBHenue perpeccun Y = + [fZ + £, OlleHKa MapaMeTpoB KOTOPOTO
moxet O0bITh Jana MHK. Cucrema HOpManbHBIX YpaBHEHUH COCTABHT:

Zy:n-a+b-2%
1

z¥=az§+uzj?

X

rae & u b — omeHKu mapameTpoB perpeccuu.

Ipu b > 0 umeem 00OpaTHYIO 3aBUCHMOCTB, KOTOpAsi P X —> 00 XapaKTepU3yeTCsl HUKHEH
ACHMITOTOH, T. €. MHHHMAJBHBIM IIpe/leNbHIbIM 3HAYEHHEM ), OIIEHKOH KOTOPOTO.CIYXKHT
napametp a. [Ipu b < 0 nMeeM MeIeHHO TOBBIIAIONIYIOCS (QYHKIUIO C BEPXHEH aCHMITOTON
TIpU X —0,.

Korma Hajmo ompeaenuTs TeMm pocTa WM MPHPOCTa KaKUX JIHOO >KOHOMHUYECKH X
HoKa3aTelieil UCIONB3YIOT noyN0ZapumuyecKkue Kpuevle

Y=a+f- "X +¢
InNY =a+ - X+¢

PaccMoTpuM 3aBHCMMOCTD, XOPOIIIO U3BECTHYIO B OaH KOBCKOM U (DMHAHCOBOM aHaJIU3e

Y =Y, (L+r),



rae Y,— IepBOHAYANbHEIA BKIAJ, I' — CIOXKHBIH TeMI mpupocTa, Y, — BKIAJ B MOMEHT
Bpemern t. Ilpomorapu¢mupyem ypasuenue (3.31) u BBemem obosmauenus: INY, =,
In(1+r)=/f, nomyaum wmogens Buma (3.30): INY =a+ fF-t+¢g . JononHurensroe

CIly4aifHO€ CcilaraeMoe &, XapakTepu3yeT BO3MOXKHOCTh H3MEHEHHU S IPOIEHTHON CTaBKH.

Hns ouenkn kod(ddunumeHToB moaymorapudmuueckux KpuBbix (3.30)
ucnons3dyror MHK. [Ilokaxxem npumenenne MHK Ha npumepe kpubon
Y=a+f-INX +&. 3amenns InNX nHa Z, onsATh moaydyuM JIHMHEHHOE ypaBHEHHE:

Y=o+ -Z+¢&. lannas QyHkuus, KaKk ¥ Opeibaylias, JMHEHHA II0 mapamerpam u
HeJlMHeHHa 1o oOBscHsIomEeH mnepeMeHHOM. OlleHKa MapaMerpoB PErpeccHd MOXKET ObITh
Haiinena MHK. Cuctema HOpMallbHBIX YpaBHEHUH [TPU 3TOM OKayKETCsI CIIEeYHO ILEH :

dy=n-a+b> Inx
Sy-lnx=a->Inx+> (Inx),

rae @ u b — ouenku napamerpos perpeccun.

B Mozensx HEIMHENHBIX 10 OLEHUBAEMBIM ITapaMeTPaM, HO IPUBOJUMBIX K TUHEUHOMY
Buay, MHK npumensiercss k npeoOpa3oBaHHbIM ypaBHEHMsM. Ecnu B nuHeWHON Mojenu u
MOJIENISIX, HEIMHEHHBIM II0 IEPEMEHHBIM, IIPU OLEHKE I1apaMETPOB HCXOAAT W3 KPUTEPHS

~ \2 . .
Z (y — yx) — MIN, TO B MOJENAX HEMMHENHHBIX 10 OLIEHUBAEMbIM ITapaMeTpam, TpeOoBaHUE

MHK npumensiercds He K HCXOAHBIM JAaHHBIM DPE3YJbTaTUBHOIO IpHU3HAKa, a K HX
npeoOpa3oBaHHBIM BelauunHaMm, T.e. Iny, 1/y. BenexcTBue 3TOro omeHka mapaMeTpoB ISt
nuHeapu3yembix (GyH kit MHK oka3zpiBaeTcst HECKOJIBKO CMEIICHHOM.

PaccMmoTpuM perpeccrto, HEIHMHEHHYIO 110 OLEHUBAeMbIM ITapaMeTpaM (BTOPOTo Kilacca).
JlaHHBIA KI1acC HEIMHEMHBIX MOJEIEH MOAPA3NENseTCs Ha [Ba TUIMA: HEJIWHEWHBIE MOJCIU
BHYTPEHHE JIMHEWHbIE M HEJIMHEHWHBbIE MOJEIN BHYTPEHHE HENMHEWHble. Ecim HemmHelHas
MOJIeSIb BHYTPEHHE JIMHEHHA, TO OHA C MOMOIIBIO COOTBETCTBYIOLIMX MPeoOpa3oBaHUN MOXKET
OBbITh NpUBEJCHA K JINHEHOMY Buy. Ecnu e HemmHellHas MOJeb BHYTPEHHE HEMHENHAs, TO
OHa HE MOXKET ObITh CBEJICHA K JTMHEWHOMN QyHKIUHU.

HampuMmep, B 5KOHOMETPUYECKUX UCCIECNOBAHUAX IIPU U3YYEHUU DJIACTUYHOCTU CIPOCA
OT LIEH IIMPOKO UCIIOJIb3YETCSl CHENnEeHHAsA Pecpeccus .

Y=a -X’-¢g,

r1e a u ff — napameTpbl MOJEIH.

CrenenHas 3aBUCUMOCTbh MOXKET OTpa)kaTh 3aBUCHMOCTH CIIPOCa Ha TOBAP OT €ro IEHbI
(rorma B<0) mwmm noxona (B atoMm ciydae 3>0). @yakmus (3.33) MOKET TaK )K€ XapaKTepU30BaTh
3aBHCUMOCTh 00BEMa  BBIIYCKA OT  KOJMYECTBA  MCIOJB3YeMOTO  pecypca  Toraa
O<PB<1(npousBoactBenHas ¢ynkuus). [Ipeamonaraercs, yTo ciydaiiHas ommoOKa CBs3aHa C
OOBSACHSIOIICH TTEPEMEHHOW MYJIBTHIIIIMKATUBHO.

[TapameTp [ umeeT yeTKOe IKOHOMHYECKOE MCTOJIKOBAHUE: MOKA3bIBAET, HA CKOJIbKO
NPOLIEHTOB M3MEHUTCH B CpeJHeM pe3y/bTaT, ecau (pakrop u3mMeHurcs:s Ha 1%, T.e. OH
sBisieTcs K03¢ e HTOM 3J1aACTUYHOCTH.

Koy nume HT 31aCTHYHOCTH BBIYHCIISIETCS 110 hOpMyIie

D=f'(x2,
y

rae D — ko3 GPUIIMEHT 3JaCTUYHOCTH.
JInst  OLeHKH I1apaMeTpoB  CTEIIEHHOM  perpeccuu npumensercs MHK  k
o o b
nmHeapusupoBanHoMy ypaBHenmio INy=Ina+b-Inx (y=a-x"-e), te pemaercsa
CHCTeMa HOPMAJIbHBIX ypaBHEHUI:



YIny=n-lna+b->Inx
Siny-Inx=Ina->Inx+b->(Inx)

rae a u b — oleHKu mapaMeTpoB CTENEHHOM PErpeccHH.
Ouenka napamerpa [J CTeNeHHOH perpeccuy D ompenensieTcs U3 CHCTEMBI, @ OLECHKA

2
’

napameTpa ¢/ — a HOTeHIMpPOoBaHueM Bhipaxkenus Ina.

B caydae mapHO#l perpeccmu OOOCHOBAaHHOCTh HCIIOJB30BAHUSI CTETICHHOW MOJIETH
POBEPUTH TOCTATOYHO MPOCTO. JIJIsi 3TOr0 Ha KOppEJSIUOHHOE mmose HaHocsTes Touku (InX;,
Iny; i=1, 2,....n). Ecnmu uX pacmoioxeHne COOTBETCTBYET MPSAMOW JHMHUH, TO MPOU3BEICHHAS
3aMeHa y/JlauHa U UCII0JIb30BaHuUeE JIorapu(pMUUYECKO MOJIeI 0O0CHOBaHO.

[IpumepoM BHYTpEHHE HEIMHEWHBIX MOJEJIEeH MOTrYT CIYyXUTb MOJEIN BHJA
Y=a+8-X"+e, Y=a[l-1(@L-X’)]+&. Dm ypasuenns He MoOryr ObITh
npeoOpa3oBaHbl B ypaBHEHUS, JIMHEHHBIE 110 KOYPPUIIHEHTAM.

Ecan Mozenb BHYTpEHHE HEJIMHEHHAsA IO napaMmerpaM, TO AJI OLICHKH €€ IapaMeTpoB
UCIIOJIB3YIOT UTEPALIMOHHBIE METOABI. Takue MOJEIN MOTYT HMETh MECTO B 3KOHOMETPUY ECKU X
HCCIIEIOBAHUSX, OJHAKO, HauOoJsbIlee paclpoCTpaHEHUE MOJYYUSIM MOJIENH, MPHUBOJUMBIE K
JUHEHHOMY BHAy. PelleHne Takoro Tuma MOZENEH pPeaJu30BaHO B CTAHJIAPTHBIX IAKETax
HNPUKIATHBIX IPOTPAMM.

[Tockonbky k03 (DOUIIMEHTHI 3JACTUYHOCTH MPEICTABISIOT SKOHOMHYECKUN HHTEpecC, a
BU/JIbI MOJIEJIEH HE OIPaHUUMBAIOTCS TOJIBKO CTETNIEHHON (YHKIMEH, mpuBeaeM GopMyiibl pacueTa
K03 QQHUITMEHTOB AIMACTUYHOCTH I HanboJiee pacrpoCTpaHEHHBIX TUIIOB YPaBHEHHI perpeccuu

(tabm. 2.).
Tabmura 2.
Bun dynkuuu Koadduument snactuunoctu
Jluneiinas Yy =a+b-X+& b-x
a+b-x
[TapaGomna BTOpPOTO mopsaKa 5 (b +2-C- X) - X
— 2 =
y=a+b-x+c-x"+e¢ a+th-X+C-X2
b —-b
T'unepbona Y =a+—+¢& J=—r
X b+a-x
okazarenphas Y =a - f - & 9=x-Inb
Crenennas Y=o - X - ¢ 2=D
[onynorapu pmuyeckas b
y=a+b-Inx+¢ T atb-Inx

B cuny Ttoro, uro ko’(pPUIMEHT 3TaCTUYHOCTH UII MHOTHX (YHKUUNH HE SBISCTCS
BEJIMYMHOW TTOCTOSIHHOW, a 3aBHCHT OT COOTBETCTBYIONICTO 3HAueHUss X, TO OOBIYHO
paccuMThIBaeTCs CPEAHUM MOKa3aTeNb 3JIaCTUYHOCTH 10 hopmyre

5-1)2
y

Henuueitnas xoppensuus

[lpy OTKIOHEHMM MApHOW CTATHUCTUYECKOW 3aBUCUMOCTH OT JIMHEWHOW KOI(PUIIUEHT
KOPPEJSILIMA TEPSET CBOW CMBICI KaK XapaKTEpUCTHKA CTEIEHU TECHOTHI CBA3U. B aTOM ciydae
MOYKHO BOCIIOJIb30BATHCS] TAKUM U3MEPUTENIEM CBSI3H KaK MHJEKC KOPPESILIMU (KOPPEISLIMOHHOE
OTHOIIICHUE).
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2_1q_ i
pxy - 1 ) '
>y -V)
i=1
BCJ'II/I‘-II/IHB. JAHHOTI'O ITOKa3aTeCJIsl HAXOOAUTCA B l"paHI/II_[aX oT O 0 1 Hepr,Z[HO 3aMCTHUTD,

YTO ISl BBIYMCIICHUS HWHJIEKCA KOPPENSIMM WCIONB3yeTcsl Ta ke ¢GopMylia, 4To W s
ko3 duureHTa AeTepMUHAIMU As JUHEHHOW mapHoil perpeccuu. [lostomy ko3 ddunmeHT

2 2
KOPPEIALIMHA UMECT TOT XKE CMBICH, YTO M KOIDQUIMEHT ACTePMHUHALMA, T.e. O~ = R°. B
2 9 o
CIIENHAaIbHBIX HMCCIIEAOBAHUAX BENMYMHY R° Ui HEJIMHEHHBIX CBA3€l HAa3bIBAIOT HHIEKCOM
JETEepPMUHALIHH.

HNupexkc perepMuUHALMKM HCIOJIB3YETCA Ul I[POBEPKA CYIIECTBEHHOCTH B LIEJIOM
ypaBHEHHUsI HETTUHEHHOI perpeccuu o F-xpurteputo Ouiepa:

izzl:(yi_yi) m pxy2 n—m-=1

_an:(yi—yi)z (n—m—1)_1—pxy2 m

rae N — 4uciao eIMHMIl COBOKYITHOCTH, M —uuciIo napaMeTpoB IpH NEPEMEHHBIX X .
Benmumna M xapakrepu3yeT 4MCIO CTEMEHEW CBOOOMABI /Ui (aKTOPHON CYMMBI KBAJpaTOB, a
(n—m—1) — uucno creneneit cBO6OBI T OCTATOUHON CYMMBI KBaJIPaTOB.

F

Haon !

F _ — 5T0 MakcMMaJbHO BO3MOKHOe 3HaueHue Kputepus mpu M u (N—m—1)

maoa

CTCIICHAX CBO6OHBI %1 ypOBHe 3HAYUMOCTU & .
Ecru F = <F

maon Habn

to H, — rumoresa o cnydaiiHOW mpUpOIE OLCHHUBACMBIX

XapaKTEpUCTUK OTKIOHSETCS M MPU3HAETCA UX CTAaTUCTHYECKasi HE3HAUMMOCTb, HEHAJAEKHOCTD
YpaBHEHHUSI perpeccuu

IIpoBepka kauecTBa ypaBHEHUS PEIPECCUU

TperbuM  3TanmoM  pelIeHUs  3aJa4d  IIOCTPOEHMS  ypaBHEHUs  PErPECcCHH,
COOTBETCTBYIOLIIETO AMIUPUYECKUM JAHHBIM U LIEJISIM HCCIIE0BAHMUS, SBJISETCS aHAIN3 KauecTBa
YPaBHEHHSL.

IlpoBepka kauecTBa ypaBHEHMS PETPECCUU 3aKIIOYAETCS B CTATUCTUYECKOM INPOBEPKE
3HAUYMMOCTH (HA/IEKHOCTH): YpaBHEHUS perpeccuu, k03 pPUIIMEHTOB PErpeccuu U KOPPEsuu,
aHaJlu3e OCTATKOB. BakHOCTh 0€3yCIIOBHOTO BBINOJIHEHHUS 3TUX MPOLELyp O00YyCIOBIMBAaEeTCA
IIOCJIEAYIO LLIEH NTPAKTUYECKOW HAIIPaBIEHHOCTBIO IMOJy4EHHBIX PE3YJIBTATOB.

Ecnu onpenenena (yHKUMS perpeccCMM M OHa 3KOHOMUYECKM OOOCHOBAHA, a TOYHOCTb
CTAaTUCTHUYECKMX OLIEHOK I1apaMeTpOB COOTBETCTBYET MPEABSIBIIEMbIM TpeOOBaHUAM, TO
IPOTHO3UpPYEMBbIE  3HAUEHHMS HJKOHOMHYECKMX IlOKa3areiaeil  00jajaioT  10CTaTOYHOM
HAJC)KHOCTBIO.

CymHoCcTh mpoleayp NMPOBEPKH 3HAYUMOCTH YPaBHEHMS perpeccuu, Kod(QUIHeHTOB
perpeccun U KOppesiuy U3JI0XKeHa Bolle. HamoMHUM JIMIb T€ (GOpMYITbI, HA OCHOBE KOTOPBIX
OCYILIECTBIISIETCA ATa IPOBEPKA.

1. JIng OmeHKH 3HAUYUMOCTH KO3 (PQUIIMEHTOB PETPECCHM HCIONb3YeTCs t-KpUTEpHid
Crbr0of€HTa

2. Jlnsd OuEeHKHM HaA&KHOCTH BBIOOPOYHOIO YPABHEHHMS pErpeccuil M MpOBEpKU
3HaYMMOCTH K03 dunmenta nerepmuHanuu npumensiercs F — kpurepuit Guiepa,

UroOb1 uMeTh 0011ee CYKICHHE O KAUeCTBE MOJEIN U3 OTHOCUTENIbHBIX OTKIOHEHUH 110
Ka)KJ0MY HaOJII0I€H U0, OTIPENIENISIOT CPEAHIO OMOKY anmnpoKCUMaIuu

-2(3’—;37)-100%



JomycTuMblii ipees 3HaueH Uit A He 6omee 10-12%.

Perpeccuonnblii anaiiu3. B perpeccHOHHOM aHaln3€ MOJIEIUPYETCS B3aUMOCBS3b O THOM
CIIy4allHOM INEPEMEHHON OT OJHOM WM HECKOJIBKMX APYTUX CIy4alHBIX IepeMeHHBIX. [Ipu
ATOM, NepBasi HepeMEHHasi Ha3bIBAETCS 3aBUCUMOI, a OCTaJIbHbIE — HE3aBUCUMbIMU. Bb1Oop nin
Ha3HAYEHUE 3aBUCHMOMN M HE3aBUCHUMBIX IEPEMEHHBIX SBIIETCS MPOU3BOJIBHBIM (YCIOBHBIM) U
OCYIIECTBIISIETCST MCCIEAOBAaTE]IeM B 3aBHCHMOCTH OT pemaeMoi uM 3amgauu. HezaBucumblie
NepEeMEHHBIE HAa3bIBAIOTCS (JAKTOpAMHU, perpeccopamMH WM TPEAUKTOPAMH, a 3aBHCHMAs
nepeMeHHast — pe3y/IbTaTUBHBIM MIPU3HAKOM, UIIHN OTKITMKOM.
Ecnu uncno npeaukropoB paBHO 1, perpeccuio Ha3bIBAIOT MPOCTOM, WM OAHO(PAKTOPHOM, eciu
YHUCJIO MPETUKTOPOB Ooibilie 1 — MHOXECTBEHHON WM MHorodakropHoil. B oOmem cimydae
PErpecCUOHHYI0 MOJIEb MOYKHO 3aIUcaTh CIAEIYIO MM 00pa3oM:

y = f(x1, x2, ..., Xn),

IJie y — 3aBUCUMas iepeMeHHas (OTKIUK),

Xi (i=1,..., n) — npeaukrops! ((PaxTOphI),

N — 4KCII0 NPEAUKTOPOB.

[TocpencTBOM PErpecCHOHHOTO aHajdn3a MOXKHO PEIaTh Psifi BaXKHBIX Ul HCCIIeIyeMOn
npoOJIeMbl 33714 :

1). VYmMmeHpumieHHE  Pa3sMEPHOCTH  MPOCTPAHCTBA  AHAJIM3UPYEMBIX  IE€PEMEHHBIX
((hakTOpHOTO MPOCTPAHCTBA), 32 CYET 3aMEHBI YaCTH (PAKTOPOB OTHOM MEPEMEHHOU — OTKIUKOM.
Bonee monHo Takast 3aa4ya pemaeTcs GakTOPHBIM aHAIU30M.

2). KomnuectBenHoe wusMepenme 3(ddekra kaxaoro (akropa, T.e. MHOKECTBEHHAS
perpeccusi, TO3BOJISIET UCCIENOBATENIO 3aaTh BONPOC (U, BEPOSITHO, MOJIYYUTh OTBET) O TOM,
«UTO SBJSIETCS JIY4IIMM MPEAUKTOPOM JUIL..». Ilpm 3ToM, cTaHOBUTCA Oojiee SICHBIM
BO3/ICHCTBUE OTICIBHBIX (PAKTOPOB HA OTKIMK, W HCCIEIAOBATEINb JIYdIlle TTOHUMAET MPUPOIY
M3y4aeMoTO SBJICHHUSL.

3). BblunciaeHue NPOTHO3HBIX 3HAYEHUH OTKIMKA HpPHU OIpPENENICHHBIX 3HAYEHUSX
(GaKTOpOB, T.€. PEIPECCUOHHBIN aHaNU3, CO3AaeT 0a3y Uil BBIYMCIUTEILHOTO 3KCIIEPUMEHTA C
1[eJIbI0 TIOJTyYeHHSI OTBETOB Ha BOMPOCHI THIa «HTO OyIeT, eclu. .. ».

4). B perpeccHOHHOM aHanu3e B Oosee SBHOW QopMe BBICTYNACT NPUYUHHO-
CIIEACTBEHHBIM MexaHu3M. IIporHo3 mnpu 3TOM Jydiie MONAAETCS  COAEPXKATENIbHOMN
UHTEpIpETaLHu.

Pa3nes 5. MHokecTBe HHbIH perpecCHOHHbIN aHAJIM3.

B npenpiayiem nyHKTe METOJ HaMMEHbIIM X KBaJpaTOB OMMCAH B MPOCTEMINEM CIlydae.
OH nonmyckaer pasnuuHble o0oOmeHus. Hampumep, Meron HauMEHbIIMX KBaJIpaToB JaeT
QJITOPUTM pacyeToB B Ciydae, €CIM MCXOJIHBIC JaHHbIE — MO-TIpexkHeMy Habop N map yucen (i,
Xy), k = 1,2,...,n, toe tx — He3aBUCHMasl IepEMEHHas (HampuMep, Bpemsi), a Xk — 3aBUCHMasi
(HampuMep, MHAEKC UHQIAIMU - CM. [JaBy 7), a BOCCTaHABIMBAaTh HAJ0 HE JMHEUHYIO
3aBUCHUMOCTb, a KBAIPAaTUUYECKYIO

x(f) = at® + bt +c.

Crnenyer paccMOTpeTh (YHKIHIO TPEX TEPEMEHHBIX
]

Flabc) =Y (x, —aty bty —c)*.
k-l
O11eHKH METO/1a HAMMEHBIIM X KBAaIPaTOB - 3TO TaKWE 3HAUCHUS mapameTpoB a*, b* u c*,
Npu KOTOPBIX GYHKIMS f(a,b,c) TOCTUTaeT MUHUMYMa IO BCEM 3HAUCHHSM apryMEeHTOB. UTOOBI
HAaWTH OTH OIEHKU, HAJI0 BBIYUCIUTH YACTHBIC MPOU3BOJAHBIC OT (QyHKUHH f(a,b,c) 1O
apryMeHTam @, b u ¢, npupaBHaTh ux 0, 3aTeM U3 MOJYYCHHBIX YpaBHEHUN HAWTH OLICHKH:
Nwmeem:



R »
Fabe) Zi(xk —atl bty —c) = 32—t x - atd - bs, — )
ok il O kel
[lpupaBHMBas 4YacTHYI0 MNpou3BoAHYI0 K 0, TMoJgydyaeM JIMHEHHOE ypaBHEHUE
OTHOCHTEIIBHO TPeX HEeM3BECTHBIX ITapaMeTpoB a,b,c:

" " o "
Ayt Byt eyt = D ta ks,
K=l Kml] K] K]

[IpupaBHUBasE YacTHYIO MPOM3BOIHYIO 1O mapameTpy b k 0, aHamoruuHbiM 00OpazoM
MOJIy4aeM ypaBHEHHUE

M ] ] ]
At FE Y et = ol
k=1 k=1 k=1 k=1

Haxonen, npupaBHUBas YacTHYHO [POM3BOJIHYIHO IO mnapamerpy ¢ Kk 0, momydaem
ypaBHEHUE
Ed Ed ]
aZﬁi +E3'Z.fs; +on= Z Xy
] k-1 [}

Pemas cucremy Tpex ypaBHEHUM C TpeMsi HEM3BECTHBIMH, HAXOJUM OIEHKH METOoJa
HaUMEHBIIMX KBaJPaTOB.

pyrue 3ama4un, pacCMOTPEHHbIE B MPEbIIYIIEM ITYHKTE (JIOBEPUTENIbHBIE TPAHULIBI [T
MapamMeTpoB M MPOTHOCTUYECKOM (YHKIIMU U [1p.), TaKkKe MOTYT ObITh pEIICHBI.
COOTBETCTBYIOIME ATOPUTMBI O0Jiee TPOMO3IKU. J[JIst MX 3aIMCH TOJIe3€H anmapar MaTpUYHOM
anreOpsl (CM., HAaIpUMeEp, OJHY U3 JIYIIIMX B 3TON oOmactu moHorpaduit [2]). s peanbHBIX
pacueToB MCMOJB3YIOT COOTBETCTBYIOIIME KOMIIBIOTEPHBIE TPOTPAMMBI.

Teopusi OLEHMBAaHMS HEU3BECTHBIX MApaMETPOB XOPOIIO pa3BUTa MMEHHO B CiIydae
JIMHEWHOTO PErpeCCMOHHOT0 aHanu3a. Eciii ke TMHEHHOCTH HET W HEeJIb3s MEPEUTH K JIMHEHHON
3ajaue, T, KaK MPaBUIIO, XOPOIIMX CBONCTB OT OIEHOK OXKHUAATh HE MPUXOJUTCS.

IIponemMoHCTpUpYEM IMOAXOABI B ClIydae 3aBUCUMOCTEH pasiM4yHOro Bunaa. Ecmum
3aBHCUMOCTb UMEET BUJ] MHOTOUJIEHA (TTOJIMHOMA)

x(8) = ag +ayf Fagtt vagtt + . +a i,

TO KO3 (PUITMEHTH MHOTOUJICHA MOTYT OBITh HailICHbI TyTeM MUHUMU3ALUHU (yH KUK
N

2 3 e, 2
Flag.a,ay,a5,. @) = Z(?fs-,—ﬂn —aly —aaly —aziy — . —Quly )
k-l

Oynkius oT t He 00s3aTeNbHO MOMKHA OBITh MHOTOWICHOM. MOXHO, Hampumep,
N00aBUTh MNEPUOJUYECKYIO COCTaBIISIOUIYI0, COOTBETCTBYIOUIYIO CE30HHBIM KOJIEOAHUSIM.
Xopomio HM3BECTHO, HampuMmep, uyTo HHOIAUS (POCT MOTPEOUTENCKUX II€H) MMEET YEeTKO
BBIPAXEHHBIM TOJOBOM ITMKI - B CPEJIHEM II€HBI OBICTpEe BCEro pacTyT 3UMOM, B Jekadpe -
SHBape, a MeJUICHHEee BCero (MHOIa B CPEIHEM JIaXKe MaJaroT) JIETOM, B uioJie - aBrycte. [lycTsb
JUIsL ONIPEIeIEHHOCTH

x(8) = ag +ayt Fagtt + gt . +a,e™ + Asin B,

TOT/1a HEM3BECTHBIE MTapaMeTPbl MOTYT ObITh HalIEHbI TyTEM MUHUMH3AUU QYHKIIUU

H
Slag.ar,ay.as... ay, A, B)= 2 (xp —apg —ayy — @ity —asty — .. —anty — Asin Bty)®.
1
ITycts I(t) -nanexc nH danuu B MoMeHT t. [IpuHINN cTaOMIBHOCTH YCIOBHIA TPUBOIUT K
TUIIOTE3€ O MOCTOSHCTBE TEMIIOB POCTA CPEJHMX LIEH, T.€. MHAekca MH(uanuu. Takum obpasom,
€CTECTBEHHAs MOJIENb JUIS MHJIEKCA WH (UIALUH - 3TO
1) = de™.
Ota MoJieNnb HE ABJIAETCS JMHEHHOM, METOJI HAaMMEHBIIMX KBAJPAaTOB HENOCPEJICTBEHHO

OPUMEHATH Helb3st. OHaKO eciy mposorapugmMupoBaTh 00€ YaCTH MPEAbLAYIIETO PABEHCTBA:
In /() =1n A+ 5,



TO TMOJIYYUM JIMHEMHYIO 3aBHCHMOCTb, PACCMOTPEHHYK) B II€PBOM ITYHKTE HACTOSILIEH
[JIaBBI.
He3aBucHMBIX TEPEMEHHBIX MOXKET OBITh HE OJHA, a HECKOJbKO. [lycTh, Hampumep, mo

YLV E k=12 .»
WCXOIHBIM JaHHBIM (X Vo 2]

B 3aBUCHUMOCTH
z=ax+bv+e,

" TpeOyeTcsl OIIEHUTh HEM3BECTHBIC TTapaMeTphl a u b

rae € - MOrpeIsoCcTh. DTO MOKHO C€IaTh, MUHUMHU3UPOBAB (DYHKIIHIO
X
2
Jla b= Z(Zs; —ax, — by )"
[

3aBHCHMOCTbD OT X M y HE 00s3aTeJIbHO JA0JDKHA OBITh TMHEHHOU. [Ipennonoxum, 4To u3
KaKUX-TO COOOpaKeHU I U3BECTHO, YTO 3aBUCUMOCTb J0JKHA UMETh BUJ

z=ax+hytexiy+dwyter + g

TOT/IA JUIS OLIEHKU MATH IMapamMeTpoB HEOOXOAMMO MUHUMH3UPOBATH (DyH KITHIO

]
2 3,2
f(fl,f?,t-‘,ff,é‘:'=Z(Zk—ﬂxk—fﬂ’k—ﬂxﬁ;.}’k—ﬂf&}’k -y ).
fiml

bonee mnoapoObHO paccMOTpUM TOpUMEp U3 MHKPOIKOHOMHKH. B oaHoit wu3
ONTHUMU3AIMOHHBIX MOJEICH TOBeACHUS (UPMBI WCIONB3YeTCs T.H. TPOU3BOJICTBCHHAS
dbynkuus f(K,L), 3agaron@as 00beM BBIITyCKa B 3aBUCMOCTH OT 3arpar kanutana K u tpyaa L. B
Ka4eCTBE KOHKPETHOTO B/ MPOU3BOJICTBEHHON (DYHKIIMH YaCTO UCIIOIB3YEeTCS TaK Ha3bIBacMast
bynkius Ko66a-[yrmaca

FIE D =K~IF
OnHako OTKyJa B3ATh 3HaYCHHS mapameTpoB o M 3?7 EcTecTBeHHO MpennoioxkuTh, 4TO
OHH - OJHM W Te€ K€ I TpeanpusaTuii otpaciau. llosTomy 1erecoobpa3Ho coOparth

napopmaunio (f, K., L), K=12,...n rue fi - o6vem Bomycka Ha k-om npeanpusitun, Ki-
00beM 3aTpar KamuTana Ha K-om mpeanpustuu, Ly - o6beM 3aTpat Tpyaa Ha K-oM mpeanpusTuun
(B KpaTKOM H3JIOKEHHH 37eCh HE MbITaeMcsd JaTh TOYHBIX OINPEAENEHHU MCIIOIb3yeMbIM
TIOHATUSM U3 YKOHOMUKH Tpeanpustus). [To coOpaHHON HHPOPMALUY €CTECTBEHHO MOMBITATHCS
OlleHUTH mapameTpsl o, u . Ho OHM BXOAAT B 3aBUCHUMOCTh HENMHEHHO, MOPTOMY Cpasy
TIPUMEHUTH METOJl HAMMEHBIIMX KBAJPaToOB Helb3d. [loMoraer gorapy MUpOBaHHE:

In f(X.L)=ah K+ &n I

CefjoBaTeNnbHO, LEIeco00pasHo CAENaTh 3aMeH)y NePeMEeHHbIX

=& vy, =Inl, .z =l f k=123 %

d 3aTCM HAaXO0AWTb OLICHKU I1apaMCTPOB & u 'ﬁ ,» MUHUMU3HUDPYS (I)YH KIIKU IO
n

gla, B8)=2, (z, —ax, — Bre)?.

-1
Halinem yacTHbIE TPOU3BOAHBIE:
dela, ) &
BETE = Z. 2z —axy — B )—xe ),
o -1
dg e, 8) &
— = Z 2(zy —axy — B )—ye )
28 1

[IpupaBHsiem yacTHbIE TPOU3BOAHBIE K 0, COKpAaTHUM Ha 2, paCKpOeM CKOOKH, IepeHeceM
cBoOOmHBIE wieHbl BHpaBo. I[lomydnm cucremy JBYX JMHEHHBIX YpaBHEHUH C JBYMs

HEN3BCCTHBIMU
E]

® ®
WZ. Xpyy + ﬁz.}’ﬁ = z
K-l k-1

=
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2
'51’2 I+ ﬁz Tp¥y = z X5Zg,
kel k-1 k-1
Taxum 00pa3oM, 115 BEIUMCIEHHS OLIEHOK METOJIa HAUMEHBIIM X KBAaAPaTOB HEOOX0ANMO
HaWUTH [IATh CyMM

X ] ] b ]
ZXE: sz;.,'}"s;: Z..J”E Zxk.z.i;r Z..J"s;zs;-
kel kel [ [ k=l

JUis ynopsimoueHus: pacdera 3TUX CyMM MOXKET OBbITh MCIIOJIb30BaHa Taliuiia TUIA TOH,
YTO NPHUMEHSUIaCh B NEPBOM IYHKTE HAcTOAIEH IaBbl. OTMETUM, YTO PAcCMOTpPEHHAas TaM

=1 k=12..n

E

IIOCTaHOBKA [IEPEXOIUT B pa3dHpaeMyo ceiuac mpu

OcHOBHOII TIOKa3aTeJib KayecTBa perpeccMoHHoil moaeau. OIHU M T€ K€ JaHHBIE
MO>KHO 00pabaThIBaTh pa3IMYHBIMU criocobamu. [lokazarenemM OTKIOHEHHH JaHHBIX OT MOJEITH
CIIY)KUT OCTaTOYHAass cymMMa KBajapaToB SS. UeMm 3TOT mokaszareib MEHbBIIE, TeM MPHOIUKCHUE
Jaydlle, 3HAYUT, U MOJENb Jydllle OMUCHIBAET peajbHble AaHHble. OHAKO 3TO pacCyKIEHUE
TOJUTCS TOJILKO JUIsl MOJAENeH C OAMHAKOBBIM YHCIIOM mapameTpoB. Beab ecnu mobasiisiercs
HOBB]fI napaMeTp, 10 KOTOpOMy MOXHO MI/IHI/IMI/ISI/IpOBaTB, TO U MUHHUMYM, KaK HpaBI/IJ'IO,
OKa3bIBAETCS MEHBIIIEC.

B kadyecTBe OCHOBHOTO IOKa3aTessi KauyeCTBAa PETPECCMOHHOM MOJENHU HCIOIB3YIOT

OLICHKY OCTaTOYHON JUCIIEPCHU

& (m) = =,

R

CKOPPEKTUPOBAHHYKD Ha YWUCIO M @apaMeTpoB, OLIEHMBAEMbIX I10 HaOII0AAEMbIM
JaHHBIM. B cinydae JMHEHHOM NPOTHOCTUYECKOW MOJENH, PACCMOTPEHHOM B MEPBOM IYHKTE
HACTOSIIECH IIaBbl, OLIEHKA OCTaTOYHOU JUCIIEPCUU UMEET BUJL
e
n—2

MTOCKOJIBKY YHCIIO OIICHMBAEMBIX ITapaMeTpoOB M=2.

[Touemy »sTa dopmyna oTiMyaeTcss OT MpPHUBEACHHONM B mnepBoM mnyHkre? Tam B
3HameHatene N, a 3gech - (N-2). [lemo B TOM, 4TO B MEPBOM NYHKTE pacCMOTpPEHA
3 —»o0)

=3

Ly

HernapameTprieckast Teopust Ipu 00IbIIoM 00beMe TaHHBIX (TIPU
BO3pacTaHWM N pa3HUIa MEXIy N 1 (N-2) CXOAUT HA HET.

A BOT mpH moadope BHAAa MOJEIW 3HaMEHaTeNlb APOOHU, OLEHHMBAIOLICH OCTAaTOYH YIO
JUCIIEPCUIO, TIPUXOAUTCS KOPPEKTUPOBATh HA YMCIO TapameTpoB. Ecim 3TOro He memnarb, TO
MPUJIETCS 3aKIIOYUTh, YTO MHOTOYJICH BTOPOW CTEMEHH JIydIlle COOTBETCTBYET JTAaHHBIM, YEM
nuHelHas (hyHKIUs, MHOTOYICH TPEThel CTETEeHH JydIle MPHOINKAECT NCXOHbIC JAHHBIC, YeM
MHOTOWIECH BTOPOM CTEIEHH, U T.J. B KOHIIE KOHIIOB IOXOJMM JI0 MHOTOUJIeHa cTenenu (N-1) cn
k03 purmeHTaMu, KOTOPBI MPOXOAUT Yepe3 BCE 3aJaHHbIe TOYKH. HO ero mporHocTuyeckue
BO3MOXXHOCTH, CKOpee BCEro, CYIIECTBEHHO MEHBIE, YeM Yy JuHeHHoOW (yHKuuu. M3iuuinee
VCA0AHCHEHUE IKOHOMEMPUUECKUX MoOelell 8PEOHO.

TunoBoe moBeIeHNEe CKOPPEKTHPOBAHHON OIEHKH OCTAaTOYHOM JUCIICPCUH

vip) = & (m)

B 3aBUCHUMOCTH OT MapaMeTpa M B CiIydae pacMpsioMIeHcs CHCTEMBI 3 KOHOMETPUYECKH X
Mojenel BeIIAUT Tak. CHadana HabJro1aeM 3aMEeTHOE YObIBaHHME. 3aTeM OlICHKa OCTaTOYHOM
JTUCTIEPCUH KOJEOIeTCs OKOJIO HEKOTOPOH KOHCTAHTHI (TEOPETHYECKOTO 3HAYCHHS TUCIIEPCHU
MOTPEIIHOCTH ).

[losicHUM cUTyalnuio Ha MPUMEPe YIKOHOMETPUUECKON MOJIETH B BUJIE€ MHOTOWICHA

x(8) = ag +ayt Fagtt vagtt + . +a

, @ IpH O€3rpaHUYHOM



B = 1. By .
[Iycte 2Ta Mozenb copaBeUiiBa MpPH [pu B CKOPPEKTUPOBAHHOMN

OLICHKE OCTAaTOYHOM JOUCHEPCUM YYMTBIBAIOTCA HE TOJIBKO IMOIPEUIHOCTH HM3MEPEHUM, HO U
COOTBETCTBYIOLIME (CTapIKe) WieHbl MHOTOUJIEHA (IIpeAroiaraeM, 4To Kod pGuiimenHTsl npyu HUX

B
otanunsbl oT 0). [Ipu U umeeM

lim vime) = o

H—r

CrnenoBarenbHO, CKOPPEKTUPOBAHHAS OLICHKA OCTaTOYHOM JMCIEpCUU OyleT KojiedaThes
OKOJIO yKa3aHHoro mpefena. [1o3Tomy B kauecTBE OLIEHKH HEU3BECTHON AKOHOMETPUKY CTEIIEHU
MHOTOWwIeHa  (IIOJIMHOMAa) MOKHO  HCIOJb30BaTh  MEPBBIA  JIOKAJTBHBIA ~ MHUHUMYM
CKOPPEKTUPOBAHHOM OLIEHKHA OCTATOYHOW JUCIIEPCHH, T.€.

p¥ = rmnd{ g viem — 1) = vien,  vie) =vim+11

B paborte [3] HaiiieHo npeesibHOE pacupeaesieHue 3TOH OLeHKH CTEIIeHd MHOTOYJIeHA.
Teopema. [Ipu cipaBeUIMBOCTH HEKOTOPBIX YCIOBUIN PETYISAPHOCTH
lim Plaw* < mp) =0, bm Plw*=my +u)=A01-D", u=012,
Mo M=
rae

1

1 x*

[expi— = tdx = 0,68268.

""..I 2?{ 1 2
Taxum o0O0Opa3oMm, mpelenbHOE pacHpeleleHre OLEHKM M™ CTEeNeHW MHOro4jieHa

(monuHOMa) SIBIISAETCS TEOMETPUUECKUM. DTO O3HAYAET, B YACTHOCTH, YTO OLEHKA HE SBJIAETCS
cocroATenbHOM. [Ipy 3TOM BEpPOSATHOCTH NONYYHUTh MEHBIIEE 3HAYEHHE, YEM HCTHUHHOE,
ucyesaroe mana. Jlagee nmeem:

Plm*=my) — 0,68268, Pl =m, + 1) — 0,68263(1— 0,68263) = 0,21663,

A= () - B(-1)=

Plem* =y +2) — 0,68268(1- 0,68268)° = 0,068744,

Plom*=my, +3) — 0,68268(1- 0,68268)° = 0,021814.

Pa3pabotansl ¥ WHBIC METOABI OIICHMBAHUS HEU3BECTHOW CTENEHM MHOTOYICHA,
HalpuMep, C MOMOUIBI0 MHOTOKPAaTHOTO MPHUMEHEHHMs IMPOLeIypbl MPOBEPKU aJeKBATHOCTH
PErpeccCHOHHOM 3aBHCUMOCTH C TIOMOIIBIO cTatucTuku Puirepa (cm. padoty [3]). IlpenensHoe
NOBEJCHNE OIIEHOK - TAaKOBO JK€, KaK B TPUBEJCHHON BBIINIE TEOpEME, TOJIBKO 3HAYCHHE

napamerpa 4 uHoe.

JIuHeHHBIH ¥ HemapamMeTpH4YecKUe napHblie Ko3(QGHUUHMEeHThI KoppeJsauuu. TepMuH
"koppensauus" o3Hauyaer "cBsA3b'. B sKOHOMETpUKE STOT TEpMHUH OOBIUHO HCIIONB3YETCS B

codeTtaHnu "Kod3 HHUITMEHTHI KOppesiun .
PaccmoTpuM cmocoObl U3MEpeHUs CBS3U MEXKIY ABYMS CIydallHBIMU TEPEMEHHBIMHU.
[Tyctpb M CXOHBIMU JTAaHHBIMU SIBJISIETCSA Habop CITydailHbIX BEKTOPOB

i) = @)y (@), 1=12,.2 Koopduumentom  koppensumu, — 0olee  MOAPOOHO,
JMHEHHBIM NapHbIM Ko3dduiimentom koppensuuu K. [Tupcona HazpiBaeTcs (cM. npuioxeHue 1
B KOHIIE€ HACTOSILEH KHUTH)

N

2.5 = Xy - F)

i=
] ] '
PHCEEINN NI
=l =l

Yy =ax +h,

c=ax +b
Ecom rp = 1, TO npuueM a>0. Ecau xe rh = -1, 1O Vi : "’ IpUYEM

a<0. Takum oOpazom, Onau3ocTh K03 hduirenTa koppemsnuu K 1 (Mo abCcoMOTHON BEIMYHHE)
TOBOPHUT O JIOCTATOYHO TECHOMW JIMHEWHOW CBSI3H.



KoapdumumenTsl koppensiiuu  THMa I, WCIOJB3YIOTCS BO MHOTUX QJITOPUTMAax
MHOTOMEPHOTO CTAaTMCTUYECKOTO aHain3a HSKOHOMETPUYECKMX MJaHHBIX. B TeopeTnueckux
PACCMOTPEHHSX YacTO CUUTAIOT, YTO CIyJ4allHBIA BEKTOP HMMEET MHOTOMEPHOE HOPMAaIbHOE
pactipenenieHue. PacripeneneHus peallbHBIX JaHHBIX, KaK MPAaBUIIO, OTIUYHBI OT HOPMAIBHBIX
(cM. tnaBy 4). Ilouemy ke pacmpocTpaHEHO MPEACTaBICHHE O MHOTOMEPHOM HOPMAaIbHOM
pactipenenenun? Jleno B TOM, 4TO TEOpUs B 3TOM ciydae mpoine. B gactHocTH, paBeHcTBO 0
TEOPETUYECKOTO  KOd(PUIIMEHTa  KOppesiuu  (CM. TpUJIOKeHHWE 1)  SKBHUBAJICHTHO
HE3aBHCUMOCTHU CIydallHBIX Benu4drH. [loaToMy poBepka HE3aBUCUMOCTH CBOJAUTCS K IPOBEPKE
CTAaTUCTUUYECKON TUMOTE3bl O paBeHCTBE () TEOPETHYECKOr0 KO3 (PPUIIMEHTa KOppesaiuu. JTa

I Pl
THIIOTE3a MPUHUMACTCS, €CIIU | 72 [< TG, :', e Cin, &) _
3aBHCAIIEE OT 00beMa BHIOOPKU N M YPOBHS 3HAYUMOCTH <

Ecan  ciywaiiuble  Bekropa (20 = (@) y (@), =12, HE3aBUCUMBI M

OJIMHAKOBO PACHpeNeNieHbl, TO BBIOOPOYHBIM KOIPPHUIIMEHT KOPPENSIUU CXOAUTCA K
TEOPETUYECKOMY IIPH Oe3rpaHUYHOM BO3pacTaHUU 00beMa BHIOOPKU:

M(xl - M(xl))(ﬂﬁ - M':}’l:':'
y O =
’ D) DO

(CX0IMMOCTB 10 BEPOSTHOCTH ).
bonee Toro, BBHIOOPOUHBIN KOIPPUIIMEHT KOPPENSIIMU  SBISETCS aCHMIITOTHYECKU
HOPMaJIbHBIM. DTO O3HAYAET, YTO

lim | -2
M=o IIDEI (-’"x:'

Pz
e () GYHKIMST CTaHJAPTHOTO HOPMAIBHOTO PACIPEACICHHUS C MaTeMaTHUYCCKUM

T Dﬂ(rx)
oxumanueM 0 w jgumcmepcued 1, a - aCHMMITOTHYECKas JHUCIIEPCUS BBIOOPOYHOTO
ko3 purmenTa koppessiiuu. OHa HMMEET JIOBOJBHO CIIOKHOE BBIPaXKCHHE, MPHUBEICHHOE B
MoHorpaduu [4, ¢.393]:
2
D _ P | My Moy | 2y dpy g dug
,:,Ii.?'mjl = —4 - t—+ +—
A Hw Mo Hadpy  Hno HoMa Hnfe

HCKOTOPOC TI'PaHUYHOC 3HAYCHHUC,

< x|=P(x),

3nech o Hen mommmatores TEOPETUUYECKUE IEHTPaTbHBIE MOMEHTHI TIOpsiaKa K u m, a
UMEHHO,

Higy =M (2 = M ()" O = M ))™

(cM. ipusniokenue | B KOHIIE KHUTH).

Jns pacyera HemapaMmeTpU4ecKOoTo koagguyuenma paneogoil koppenayuu Crupmena
HeoOxomuMo crenath cienyroomee. s KakIoro Xj pacCUMTaTh €ro paHr i B BapuallMOHHOM

Xy Ky Ky
1272 * Jlns KakIOro Yi paccuumTtarh €ro paHr Qi B

.}rls.}rjs"'

psay, MOCTPOEHHOM IO BBIOOpPKE

BApHALIMOHHOM DSy, IOCTPOCHHOM 110 BBIOOpPKE Yu s Habopa u3 N map

(7.9, i=12,. . n, N
BBIUMCIUTDh (IMHEWHBINH) KodpduuumeHT koppensiauu. OH Ha3bIBaeTCA

KO3 pPUITMEHTOM pPAHTOBOW KOPPEJSLMH, MOCKOJIBKY ONpesensieTcs yepe3 paHru. B kauecTBe
IpuMepa pacCMOTPHUM JaHHBIE U3 Ta0.2 (cM. MoHOTpaduio [S]).
Tabmn.2. Jlanusle 11 pacyera k03 pOUIINEHTOB KOPPEISIHUU

i 1 2 3 4 5
Xi 5 10 15 20 25
i 6 7 30 81 300
r 1 2 3 4 5
i 1 2 3 4 5




Hns  nmanHbIX  Tabm.2  koddduimeHT JMHEHHOW — Koppemsiuu  paBeH 0,83,
HEIOCPEACTBEHHOMN JIMHEWHON CBSI3M HET. A BOT KO3(PPUIIMEHT PAaHTOBOK KOPPEISIIIUU paBeH 1,
IIOCKOJIBKY YBEIMYECHUE OAHOM IEPEMEHHOM OJHO3HAYHO COOTBETCTBYET YBEIMYECHUIO JIPYroi
nepeMeHHo. Bo MHOTMX SKOHOMMYECKHX 3aJlauax, HalpuMmep, Mpu BbIOOpE MHBECTUILIMOHHBIX
MPOEKTOB Ul OCYILIECTBIECHUS, JOCTAaTOYHO HMMEHHO MOHOTOHHOM 3aBHCHUMOCTH OJHOU
MIEPEMEHHOU OT JIPYrou.

[TockonbKy CyMMBI PaHTOB M UX KBAApaTOB HETPYIHO MOJCUYUTATH, TO KO3 puyuenm
panzoeoti koppensyuu Cnupmena paBeH

63,0 —a)
i =1_!'13—_

B

OtMmernm, 4T0 K09hguyuenm paneosoti koppensyuu Cnupmera OCTACTCs MOCTOSHHBIM
npu J1I00OM CTpPOro BO3PACTAIOIIEM MPEOOpa30BAHUM IIKaJbl HM3MEPEHHUsI PE3yIbTaTOB
HaOMIOIeHU M. J[pyruMu ClIOBaMH, OH SIBJISIETCS a/IEKBATHBIM B TTOPSIKOBOM IITKaJIe, KaK U JPyrue
pPaHTOBBIE CTATHCTHKH (CM. CTaTMCTUKM Buikokcona, CMuUpHOBA), THIA OMera-kKBaapar Jis
MPOBEPKU OJTHOPOJHOCTU HE3aBUCUMBIX BEIOOPOK.

[Impoko wucmonabp3yeTcs Takxke Kod(PQUIMEHT paHroBoM Koppensuuu * Kenjgana,
ko3 unreHT panroBoi koHkopmaunu Kenmamia u b. Cmuta m ap. HeoOxomumbie s
MPAKTUYECKU X PacyeTOB TaOMUIIBI MMEIOTCA B cHpaBouHUK|. JMCKyccust o BbiOope BHAa
K02 PPUITMEHTOB KOPPEIAIUU TPOJOIKACTCS 10 HACTOSIIETO BPEMEHH.

CPABHEHUME KOOODPUIIMEHTOB PETPECCHUN
[Ipoctoe conocraBienne k03 HPUIHIEHTOB PErPECCUU IO MOAYII0 HE MOXKET OIEHUTH
CHITY BJIMSIHUS (PAKTOPOB Ha MPHU3HAK y: TAKOE COMOCTABJICHHE JIUIICHO cMbIcia. OHAKO UX
MO>XHO HOPMHPOBATH (CTAHIAPTU3MPOBATH), HCIIONIB3Ys GOPMYITY:

aj — bj zxj )
y
e oj- Ko3pULIHEHT perpeccuu mnocie
HOPMHPOBAHWS,
Sj— cranpaprHas oumOKa IEpEMEHHOH X;,
Sy — cTaHAapTHAasA OIMOKA TIEPEMEHHOM Y.
HopmupoBannbie k03((uEeHTh MOKHO CPaBHHBAThH
U JIeJIaTh BBIBOJ O BIUSHUM (DPAKTOPOB Ha MepeMeHHYI0 y. DakTopbl ¢ HAMMEHBIIMM 110 MOIYJIIO
3HAUCHUEM O.j OKA3bIBAIOT HAa y HaMEHbIIEE BIUSHUE.
VYpaBHEHUE PErpeccuu B CTaHIapPTU30BAHHOM MACIITade UMEET BHI:

ty =y X1+, X2+....4 ap Xm

KODODOUITIMEHT IETEPMUHAILINU

Koadgduuunent nerepmMunanim HaxoauTes o Gopmyre:

Xe
Z(Yi _y)z

OH xapakTepr3yeT JOMI0 pa3dpoca 3HAYCHHN 3aBUCHMON TepeMeHHOH Y, OOBSICHEHHOW ypaBHEHUEM
perpeccum.
CKOPPEKTUPOBAHHbBI KODOOUIIMEHT JETEPMUWHALINI

B cimydyae MHOXECTBEHHOW perpeccud Kod(h(UIIMEHT IeTSPMUHAIIMN SIBIICTCS HeYObIBaroIei
dbyHKIMEN Yncna 00bSICHAIIUX MepeMeHHBIX, T.€. J00aBJICHHE HOBOW NMEPEMEHHOH yBeJIHYHMBaeT
snauenne R’. TlosTomy mpu pacuere ko3(QHIMEHTA IETEPMHUHAIIAN NI TOTYYSHHMS HECMEIICHHBIX
OLICHOK B YHCJTUTENIC M 3HAMEHATEJIC JeJlaeTcsl TOTpaBKa HA YWCIO cTereHel cBoOoabl. HalineHHoe
3HAYCHHE HA3BIBAETCS CKOPPEKTHPOBAHHBIM KOA()PUIMEHTOM JeTePMUHALUN :

R?=1



2
Ri=]- Xe /(n_m_l)
-9’ /(n-1)
y
rae

2 < 9 < v
. Zeiz / (n —m—1)=S" - ABJIAETCA HECMEMIECHHOW OLIE HKOH OCTATOYHON UCIIe PCHM, T.€. TUCTIEPCHEH
CIy4aiHBIX OTKJIOHE HU TOYEK HAOIIOIeHUI OT JIMHUK perpeccri. Ee uucio creneHe cBOOObI

paBHO n-M-1, rme m+1 cTeneHh cBOOOMBI CBSi3aHA ¢ HEOOXOMMMOCTBIO pelieHUs cUCTeMbl m+1
JIMHEWHOTO ypaBHEHWS;

Z(y y) /(n 1) S - ABIIIETCA HECMEIIEHHON ONMEeHKOH o00Ineii Juacnepcuu, T.€. ,Z[I/ICHepCI/IeI/I
1

OTKJIOHEHHS Y OT Y rJie o4Ha CTENECHb TEPSACTCS IPU BEIYHUCIICHUU Y
3aMeTuM, Y4TO HECMEILCHHAS! OLICHKA 00'hSICHEHH O JAucnepcun (Sy), T.C. JUCIIEPCUHN OTKJIOHECHUI

Touek Y OT y, IMEeT m cTerneHeii CBoGOIbl.

Bce cymMMBI MOXKHO Ha¥iTH B cTOJOIE SS AUCTIEPCHOHHOIO aHAJIN3a, UX CPE/IHHE 3HAYCHHS B CTONIOLE
MS, a guco creneneit cBobobl B cTobue df aroro »xe 6moka (Excel).

MoxHo momyuurb  (GOpMyNy, YCTAQHABIMBAIOIIYID  CBSI3b  MEXIY  CKOPPEKTHUPOBAHHBIM
K03 puIFIe HTOM JIeTepMHUHAINY U K02 (pHIIHe HTOM JIeTe pMUHALINH:

R?=1-(-RH-_"L.
n-m-1
OueBUIHO, YTO:
R? <R’ mus m >1,
R? =R? tonsko mpu m=1.
R? MOXeT MPUHUMATB OTPHIATE IbHbIC 3HAUeHMs (Harpumep, ecim R*=0).
KoabdunmeHT KOppeKTUpYeTCs ¢ POCTOM YHCIIa OO BSICHSIONIUX MIEPEeME HHBIX.

JlokazaHo, 4TO CKOPPEKTHPOBAHHBIN KOI(D)HUIMEHT KOPPEISILUK YBEJIHY UBACTCS MPH 100aBIICHIH
HOBOMW TIEPEeMEHHOM TOI/Ia U TOJIBKO TOTJa, KOTja t- CTATUCTUKA ATOM MEepPEeMEHHOM M0 MOAYIIO OOJIbIIe
enunupl. [103TOMY 100aBJie HIE B MOJIEb HOBBIX MEPEMEHHBIX OCYIIECTBILSIETCS IO TEX IOp, TMOKa OH
pacTer.

B makete AmHanmu3 JaHHBIX NpPUBOAATCS 3HaueHMs R’y R’. 3HaumMocTh Kod(duiueHTa
JETEPMUHAIIMA ¥ CKOPPEKTUPOBAHHOTO KOX(P(PUIMCHTa MPU WCCICAOBAHAM YPABHEHHS PErpeccun
Oonbluast, oHaKo, He abcomoTHast. [Ipy HeNmpaBHJILHOW creuUKANMA MOJEIM MOXHO MOJTYYUTH
OYE€Hb BBICOKHE 3HAUCHISI ITUX KOA()(DHUIHE HTOB, TIO3TOMY R 2 i R > PACCMATPHBAIOTCSl KAK OJIMH M3 psia

TnioKa3aTeieil, KOTopble HyXKHO MPOa HAJIM3 UPOBATh, YTOOBI yTOYHUTH CTPOSIIYIOCS MOJEb.
NMHAEKC MHO>XECTBEHHOMU KOPPEJIALIMN
TecHOTa JIMHENHOW B3aMMOCBS3H B JIMHEWHONW PETPECCUU BBIIOJIHSECTCSA C IIOMOLIBIO HHIEKCA

KOPPEIISIIIHHN:
et

—\2
> yi-V)
Ecnmn X — HecnywaliHas BeNWYWMHA, TO P XapaKTEpPHU3YeT KAUECTBO IOJ00pa ypaBHEHUS

perpeccun. Ecnm xe X — ciydaiiHas IEpEeMEHHAs, TO MHICKC KOPPEIALUU SBISETCS MEPOU
TECHOTHI JIMHEHHOM B3aUMOCBSI3U Mexay Y 1 HabopoM (akropoB X.

p=1-

KOBO®OUILMEHTHI YACTHOM KOPPEJIAIUN.

Hcrone3yroTcst il BBIICIICHUS — OMpeJesiiomiero ¢akropa W BTOPOCTENEHHBIX.
Heo6xoanmo onpenenuTs YacTHbIE 3aBUCUMOCTU MeXIy Y U Xj, IPH YCIOBUH, YTO BO3/eiiCTBIE
OCTAJIBHBIX (DPAKTOPOB HCKIIOUEHO (AIMMUHHPOBAHO). B ciydae Tpex mepeMeHHBIX X, y, Z
MO>KHO ITOJIy4UTh KO3 PQUIIMEHTHI TAPHON KOPPEISLHUH Txy, Ixz U Ty IO (bopMynaM:

T r,—1, I'—I‘
fyx —Tyz “Ixz —

e —r2, - ryz \/l I' ey \/ \/1 1‘




JIOBEPUTEJIbHBII MTHTEPBAJI [TPOI HO3A

Ecnu ypaBHenue perpeccun umeet BUI: Y= Do+b1 Xg+bpXo+...... bmXm,
TO TMPOTHO3HOE 3HAYEHHE BBHIYMCIISICTCS TaK XKe Kak B Ciiydae mapHoil perpeccun. Heobxommumo
IIO/ICTaBUTh 33JIaHHBIC 3HaYeHn s mporHo3a Xp=(1, Xp1, Xp2, - -...Xpm) B YPAaBHEHNE PETPECCHU.

AHAJIN3 KAYECTBA YPABHEHUA PETPECCUN

[TepBoe moCTpOeHHOE MO BBHIOOPKE ypaBHEHHE PEIKO SIBISICTCS YIOBJICTBOPHTEIBHBIM IO TEM MU
WHBbIM XxapakrtepucTukaMm. IlosTomy crnenyromeid 3amadyeil SKOHOMETPUYECKOrO aHajIM3a SIBILIETCS
MpOBEpKa KayeCcTBa YpPaBHEHHS] PErPECCUU. DTa MPOBEPKa NPOBOAUTCS TIO CIEIYIOIIMM STaraMm:

"  pPOBEpKA CTATHCTHYECKOH 3HAUMMOCTH KO3 (PUITHE HTOB PETPECCHH;

" poBepKa OOILIEro KauyecTBA YPABHEHHS PETPECCHY;

" MPOBEpKa CBOMCTB JaHHBIX: MpoBepka BoiMonHMMocTH MHK.

AHAJIN3 3HAUYMMOCTH R®
[IpoBepsiercss rumore3a 00 OAHOBPEMEHHOM pAaBEHCTBE HYIIO BCEX OOBSCHSIOM X
MIEPEMEHHBIX — YPABHEHUE CUMTACTCS HE3HAYUMBIM:
Ho: b1= by=...bm=0.
Ecnu nanHas runotesa He OTKIOHSETCS, TO JIENIaeTCs BBIBOJ, UTO COBOKYITHOE BJIM STHUE BCEX
m 00BSACHAIONMX MTEPEMEHHBIX Ha 3aBHCHUMYIO MEPEMEHHYI0O Y MOXHO CUHMTATh CTATHCTHYECKU
HE3HAUYMMBbIM, a 00IIee KaueCTBO YPAaBHEHUS PETPECCUU HEBBICOKUM.
[IpoBepka JaHHOM T'MIOTE3bl MPOBOJIUTCS HA OCHOBE AMCIEPCHOHHOIO aHalIn3a, IPU ATOM
CPaBHUBAIOTCS OOBSICHEHHAS U OCTATOYHAS JUCIICPCUU.
Ho: §2=5°
Hi: S; >32
Jlns mpoBepku runoressl ctpoutes F-cratucruka:
_ Y@:-y/m S5
(y;-3)/(n-m-1) S’
kotopas npu BeinmomHeHnn MHK umeer pacnipenenenune ®@uiepa ¢ 4MCiIoM cTerneHeil cBoOOIbI
vi=m, v2=n-m-1. Kputndeckoe 3Hau€HNE HaXOAUTCS C TOMOILBIO:
FUOBP() = Fy, m.n-m1 = Fip TpH ypOBHE 3HAYUMOCTH QL.

* Bcou F>F, To rumoresa Ho oTwionsercs B monb3y Hj, 4ro o3Hadaer oObscHEHHas
JUCIEPCUs] CYIIECTBEHHO OOJIbIlIeé OCTATOYHOM, CII€JJOBAaTEIbHO, YpaBHEHHUE perpeccuu
JIOCTATOYHO KAaYECTBEHHO OTPAXaeT JUHAMUKY HU3MEHEHHS 3aBHCHUMOM MEPEMEHHOM OT
OOBACHSIOILIEH.

* Ecim F<F,,, To runore3a Hyo nmpuHumaercs, T.e. 0ObsCHEHHas AMCIEPCHS COM3MEPHMA C
OCTAaTOYHOM AMCIepCcHeil, BRI3BAHHOW CIy4aiHBIMU (PAKTOpaMU. DTO MO3BOJSIET CUUTATH
BIIUSHUE OOBSCHSIOIMX EPEMEHHBIX MOJIEIH HECYIIECTBEHHBIM, a CIIE0BATEIbHO, 00IIee
Ka4eCTBO YPaBHEHUS PErPECCUU HEBBICOKHUM.

Ha npaxkruke BMeCTO yka3aHHOW TMIIOTE3bl NPOBEPSETCS, CBs3aHHAs C HEW TUIIOTE3a O
CTATHCTHYECKOH 3HAYMMOCTH K03(B(HINEHTA JeTepMUH AN R?,

Ho: R*=0
Hy: R>0 -
OueBnHo, uto ecin F=0, To u R? =0, a nuxus perpeccun Y=y SBJISICTCA HaUJIydlled Mo
MHK, T.e. BenuunHa Y JIMHEHMHO HE 3aBUCUT OT X1, X2, ....Xm. AHaJH3 CTaTUCTHKH F

MO3BOJIIET CAENATh BBIBOJ O TOM, YTO IS IPUHSITUS THIIOTE3bI 00 OTHOBPEMEHHOM PaBEHCTBE
HYJII0 BCeX KO3 PPUIIMEHTOB TMHEHHOU perpeccuu KodQUIIMEHT NeTe pMUHALUH R? He I0IDKEH
CYIIECTBEHHO OTJIMYAThCS OT HYJA. Ero KpuTHuyeckoe 3Ha4eHUE YMEHBIIAETCS MPHU POCTE YKciia
HaOIIOJICHUI U MOXKET CTaTh CKOJIb YTOJTHO MaJIbIM.



Jns mpoBepKu ATOM TUMOTE3bl YMCIUTENh W 3HaMeHaTesnb GopMmyiasl 1.29 momgenum Ha
001Lyr0 CyMMY KBAJpaTOB OTKIOHCHHH Y (y. —y)? M HOIy4nM:

po LO-9/X(i-y) n-m-1_ R n-m-1
SO-W/EE-Y mo 1-RT m

Bepuemcs k pesynbratam Hamero mnpumepa 1.3. (puc.l.14).Haiinem mo Tabnuue
pactipenenenus Puimepa KPUTHYECKYIO TOUYKY JUIS YPOBHS 3HauuMocTd o Foos:28=4,46.
CpaBHuBas KpuTH4eckoe W Habmomaemoe 3HaueHus (F=175,47), MOXKHO caenatbh BBIBOM, UYTO
K03 pPUIIMEHT AeTepMUHAIMK CTATUCTUYECKU 3HAUYUM. DTO O3HAyYaeT, YTO COBOKYITHOE BIIMSIHHE
nepeMeHHBIX X U Y Ha nepemMeHHyl0 C CyIIeCTBEHHO. DTOT € BBIBOJ MOKHO CHelaTh IO
cTONOIy 3HaUUMOCTh F, KOTOpBIN XapaKkrepu3yeT BEpOSATHOCTh BbIIOJHEHUs runore3sl Ho.

ITIPOBEPKA KAYECTBA JIBYX KO3 OOUIMEHTOB AET EPMUHAILINA

Craructuky F MOXXHO HCHONB30BaTh M JIsi OOOCHOBAHMS cCliydass HCKJIIOYEHHS WU
n00aBJieHUs B ypaBHEHHUE perpeccuil k 0OBICHSIONMM X TepEMEHHBIX.

Jl06aBIIATh (MCKII0YATH) IEPEMEHHBIE HAMIO 110 OJHOMY.
Hcnonp3oBath ny4diie R%, tak kak R® Bcerma pacTeT mpu 100aBJICHUHU HOBOU OOBSICHSOIICH
IIEPEMEHHON.
3aBucuMas IepeMeHHas JOJKHa OBITh MPECTaBICHA B TOM K€ BUJIE, YTO U YK€ C YIIECTB yIOIIE
B HCCIIElyeMOM ypaBHEHUM perpeccuu. Hampumep, Y Monenupyercss ABYMsl ypaBHEHHSIMH:
JIMHEHUHBIM
Yucao HaOIIOAEHUH TIs1 00eNX MOJIENEN HOJKHO OBITh OJMHAKOBEIM.
[TycTs mepBOHAYAIBHO TOCTPOCHHOE IO N HAOIIOJCHUSM YPaBHEHHE PErpecCuy UMeJI0 BHU:

Y=b,+bX, +b,X, +...+b X , +..+b X
o D2

¥ CKOPPEKTUPOBAHHBIA KOO(DGUIMEHT IeTEPMUHALIMA PABEH R .

HckmrounM u3 ypaBHEHUsI kK IepeMeHHBIX, OKa3bIBAOIIM X HauMeHbInee BiusHue Ha Y. [lo n
HaOIIOJICHUSIM TTOCTPOUM HOBOE YPaBHEHUE PETPECCUM:

Y=c,+c X, +c,X, +....+¢c, X,

CKOPPEKTUPOBAHHBIA KO(DDUUIMEHT IE€TEPMUHALNH, TS KOTOPOIO paBeH R .

Heo6xoaumo omnpeaenuTs CYIMECTBEHHO JU YXYAIIMJIOCh KaueCTBO OMUCAHUS 3aBHUCHUMOU
nepeMeHHOU Y. st 5TOro BBIABMHEM TMIIOTE3bI:

Ho: Rf —ﬁj =( — HUYEro He U3MEHHJIOCh
D2 D2
Hi: R; -R] # 0 — ypaBHEHUE YXYALIMIOCH, €CIIU PA3HOCTH OOJIbIIE HYJIS.
[To BEIOOPOYHBIM JaHHBIM HAMAUTE CTATHCTUKY:
_R/-R) n-m-1
R* &

KOTOpast UMeeT pactpeneneHus Ouinepa ¢ YuciIoM cTeneHei csodoast vi=K, vo=n-m-1, rae

—2 -2

(R1 —R2)/k — motepst xauecTBa ypaBHEHHS B pPe3yJbTaTe TOTO, YTO K TMEPEMEHHBIX OBLIO
otOpotreHo. B pe3ynprare mossisieTcs K TOmOTHUTEIBHBIX CTeTIeHeH CBOOOIbI;

(1- Ef )/(n —m—1) — ocTaToYHas TUCIIEPCHUs EPBOHAYATBHOTO YPABHECHHUS.

CpaBHUM KpUTHYECKOE 3HaueHHE Fyp, ¥ ¢ HaOII0IaeMbIM ITPU YPOBHE 3HAYMMOCTH O
* Ecmu |F|>Fyp, To Tunoresa Hy oTknonsiercst B monb3y Hi, 9T0 03HAYaeT, OMHOBPEMEHHOE
UCKTIOUeHHe K OOBACHSIONMX TIEPEMEHHBIX CYIIECTBEHHO TMOBJIMSET Ha KAYeCTBO
IIEPBOHAYATBHOTO YPABHEHHS.
» Ecmu |F|<Fyp, To rumnotesa Ho npunumaeres, T.e. pasHocts R} —R) HesHauntenbHas. D10
I03BOJIAET CYUTATH, YTO UCKIFOUEHUE K OOBSICHSIO LM X IEPEMEHHBIX MOIEN JOMYCTUMBIM,
TaK Kak OOIIEe KAYECTBO yPABHEHHS PETPECCHU U3MEHHU TCSl HECYIIECTBEHHO.
AHaNOTMYHO TIPOBEPSAETCS THWIOTE3a O J00ABIEHWM K OOBACHAIOUMX IIEPEMEHHBIX B
YpaBHEHHE perpeccuu. B 3TOM ciryuae COCTaBIAETCS CTATHCTUKA:



_R-R} n-m-1
I-R &

IMPOBEPKA BBITOJIHUM OCTU MHK. ABTOKOPPEJISIIINA OCTATKOB. CTATUCTUKA JAPEUHA —
YOTCOHA.

Bce npenpiaynme paccyXIeHHs OCHOBAHBI HA TOM, YTO BBINOJHAIOTCS npeanocsikn MHK:
MBIl TIpeaNoJiarajy, 4TO CIydalHbIE OTKIOHEHUS €j SBJSIOTCS HE3aBHUCHUMBIMH CIy4allHbIMU
BEJIMUMHAMU CO cpefHeil, paBHOM Hymto. Ilpu pabGorte ¢ (axkTHUeCKMMU JaHHBIMH, TaKoOe
JOMyIICHUE HE Bcerna BhIONHSeTca. Hampumep, ecnu BuA (yHKIHUHM BbIOpaH HEyAadyHO, TO
OTKIOHEHHUsI OT perpeccuu Bpsi U OyayT He3aBUCUMBIMH. B 3TOM ciyuae 3ameuaercs
KOHLEHTPALMs IOJOKUTEIBHBIX WJIM OTPULIATENIBHBIX OTKIOHEHUM OT PErpeccud M MOXKHO
COMHEBAThCS B UX CIIy4JallHOM XapaKrepe.

Eciau nmocnenoBaTenpHble 3HAYEHUS € KOPPEIUPYIOT (3aBUCST) MEXY c000il, TO TOBOPAT,
YTO UMEET MECTO ABTOKOPPeISHMA 0CTATKOB.

MHK B ciydae aBTOKOppEISIIMHM AT HECMEUICHHBIE U COCTOSITENIBHBIE OLIEHKU, OJHAKO
MOJIyYEHHBIE B 3TOM CIllydae JOBEPUTEIbHBbIE MHTEPBAIBI MMEIOT MO CMbICIA B CHIY CBOEH
HEHAJIS)KHOCTH. 3HAYUTENbHAs aBTOKOPPEJAIUS TOBOPUT O TOM, YTO CHElHU DUKAIUS MOAETH
HenpaBuibHas. [IpoBepka OCTaTKOB Ha aBTOKOPPENSALMIO JIOJDKHA BBIOJHSTHCS 00s3aTENBHO.
Haubonee mpocTeiM TpeMOM OOHApYKEHUSI aBTOKOPPEINSIHUU sBsieTcs MeTon JlapOunHa—
Yotcona (DW). Unest, KOTOpOTO COCTOMT B TOM, YTO MPOBEPSIOTCS Ha KOPPEIUPOBAHHOCTh HE
Jar00ble, a TONBKO cocenHUE BENMYMHBI €i. CoceqHMMH OOBIYHO CUUTAIOTCS COCEIHHE I10
BO3pacTaHUI0 OOBACHAIOIEH mnepeMeHHOM X ( B cilydae MEpPEeKpPEeCTHOW BBIOOPKHM) WJIM TIO
BpeMeHHU (B Cllydae BPEMEHHBIX PSIIOB) 3HAUCHUS €;.

Craructuka DW paccuuteiBaercs o gopmye:

n
Z(ei - ei—l)z
d=DW=12 -
28
i=1
[lpu ycnoBum uto M(ei)=0, (i=1,2,....n) ¥ n OONBIIOE YKUCIO MOXXHO MPEIIOIONKUTH
i e’ =~ e?,» TOTIA mocre npeoOpa3oBaHUS MTOTYIUM

=2
2(iei2 _Zn:eiei-1) Zeiei—l
d=—1=2

i i=2 :2_2i:2 .

i=l

OueBuHO, yTO 0<0d<4, Tak KaK K03 PPUIIMEHT KOPPEISIIUU ‘re‘e <1

1
» d=2, eciu cov(ej, €j-1)=0 — aBTOKOPPEISIIUSI OTCYTCTB YET;
»  d=0 —mosHAas MOJOKUTETbHAST aBTOKOPPEIISIIHSL
* d=4 —nmosHas OTpUIIATEIIbHAS aBTOKOPPEIIAIIHS.
Bosnukaer Bompoc, kakue 3HaueHUs] d MOXKHO cuuTath Onu3kumu K 2? J{ns oOHapyxeHuUs
rpaHUIl HAOMIOACHWI CTaTUCTUKA d CYIIECTBYIOT CIeNHalbHbIE TaOMuIbl. [ 3aaHHBIX O-
YPOBHSI 3HAUMMOCTH;, N- YHCJIA HaOMIOACHUM W M —4uciaa OOBSCHSIOIMX IEPEMEHHBIX
yKa3bIBaeTcs J1Ba yucna: di- HUKHsA rpanuiia u do- BepxHsis rpanunia. He oOparascey k Tabmuie
KpuTH4eCcKU X Touek DW MOHO BOCIIOJIB30BaThCs MpaBuiioM, eciu 1,5<d<2,5, aBTokoppensuus
oTcyrcTByeT. M300pasuM Ha pHUCYHKE YHCIOBOM OTPE30K, HMCIOJIB3YeMbIH ISl MPOBEPKU
TUTIOTE3bI 00 OTCYTCTBUU aBTOKOPPEIISALIHH.
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OTKJIOHACTCA OTKJIOHACTCS

HOJIOKUTEJIbHAS oTpuLareNbHast
aBTOKO PP IS aBTOKOPpETAINS

Puc. 1. OGnactp A7sI IPUHSTUS TUIIOTE3bI 00 OTCYTCTBHHU aBTOKOPPEIALIUH.

Jist BBIYUCIIEHHS] 3TOM CTATUCTHUKHU 3aIlyCTUTE MHCTpyMeHT Perpeccus, BkimouuB onuuu QceTarku u
I'paduk ocraTkoB, KaK MMOKa3aHoO HA puc. 2. B pe3ynpTare noiaydure 3HaYEHUE CITy4alHBIX OTKIOHEHHUN
e; u ux rpaduku, Koropeie Excel crpour mimst Kakmoi He3aBHCHMOM TepeMEHHOM, KaK MMOKA3aHO Ha
puc.1.20 u 1.21. Yto6s! Hatitu DW, MmoxkHO nctions3oBaTh GyHkimu CY MMKBPA3H u CYMMKB.

Ecmu 3aBucumocTs Mexay C u X nuHe iHas1, TO rpaduK OCTATKOB JI0JDKEH UIMETh clydaiibiii Bua. Ha
puc.4 BUANM CUCTEMAaTHUYECKUM PUCYHOK, TIO3TOMY cKopee Bcero Mexxay C n'Y cylecTByeT HelllHe HHast
3aBUCUMOCTbD, @ 3HAUNUT HAJ0 U3MEHHUTh MOJIEJb, BKIIIOYas B HEE€ HEJIMHEMHYIO 3aBUCUMOCTb.

Perpeccha @
EixoAHEIS A SHHEIS
Ex0AHOM MHTEpsan ¥; Ol :$0412
Ex0AHOH HHTEpEan X: $EELFCHL2
- [ anerarma - vone (crpaee |
Y¥POBEHE HaAEMHOCTH: a9 TS
MapamsTpel BEIE0AS
) BeIX0AHOH HHTEpEaN: FA$50
) HoBef paBoumii amcT:
) HoBaa pabodan KHHEa
DCTaTkr
CcTaTen Cpadtic ocTaTkos
[] Cxanaapthzosanmeie octatik [ Fpadwss npoaGopa
HOpManEHaA BEEpoATHOCTE
[] rpadke HopManeHoH BEEpoaTHOCTH

Puc. 2. Okno PeI’peCCI/II/I UL U3Y4CHHA aBTOKOPPECIIAINN OCTATKOB

JInst IpOBEpKHM CTaTHCTHUECKOM 3HaumMocTH DW Hazo BOCHOJB30BaThCS TAOJMICH KPUTHYECKUX
Touek JlapOwHa-YoTcoHa, Hampumep, npu ypoBHe 3HaumMoctu o.=0,05 m uuciae HaOmromenuii n=11
d;=0,658; d,=1,604. MO>KHO CUHMTATh, YTO ABTOKOPPEISIIISI OTCYTCTBYET, TAK KaK HAWIECHHAs CTATHCTHKA
nonajgaer B Kpurmdeckuid unrepBan: 1,604<DW<2,396, uto sBisieTcs TIOATBEPXKACHHEM BBICOKOTO
Ka4eCTBa MOJCIIN.

A | 5] | ¢ | D | E |
72 |BblBOO OCTATEA
73
74 sbniodsnipedcrasantoe Oomamigei-e(i-1) (ei-efi-112
il 1 22 48852 -2 48052
i3 2 2373040854 1269591 37581114558 14123402
77 3 31,009917 -1,00992| -2 279508462 51961585
78| 4 286979627 1 302057 2311585425865 5 3451327
79 5 33493692408 1506306 0,204268621 00417257
80 | 6 3704753692 02524631 -0,553842837 03067419
a1 | 7 39531314 0 460606) -0,453777083) 0,2340403
82 | 5 3846124825 -0AB125( 0929934245 0 BB47777
83 | 9 4574075671 -1 74076 -1,279508462 1 6371419
84 | 10 5177837663 -1.77838| -0,03761992 00014153
85 11 5302026517 1 979735 37581114588 14123402

g6 Cymma 41 873935
Puc. 3. Beruucnenne nabmogaemoit craructuku d mo dopmyne 1.33




X 'pachuk octaTKkoB
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Puc. 4. I'paduk octaTkoB perpeccuu
Y Npadmk ocTtaTkoB
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Puc. 5. I'paduk ocTaTKoB perpeccuu
MVIJIbTUKOJUIMHEAPHOCTD

YBenn4eHue uncia NepeMEHHbBIX B yPaBHEHUY MHOKECTBEHHON PETPECCUU ITOBBIIIAET
TOYHOCTb OIMCAHUS B3aUMOCBSI3H, OJTHAKO IIPU STOM JIOJKHO BBITIOJHATHCS YCIOBUE, 4TO Xi—
00bsICHAIOLIME TIEPEMEHHBIE, JIMHEHHO HE3aBUCHMbIE BETMYMHBI.

[loa MyJILTHKOJIJIHHEAPHOCTH IO TOHUMAIOT B3aUMOCBSI3b OOBSCHSIO U X
nepeMeHHBIX perpeccuu. Ecnu Mexxay nepeMeHHbBIME Xn ¥ XM CyIIecTBYeT (yHKIMOHAbHAs
3aBUCUMOCTH (Xn=a XM), TO TOBOPST O CTPOroi MYJIbTH KOJUIMHEApHOCTH. Yalre Bcero Mexay
IIEPEMEHHBIMHU CYIIECTB YET JOBOJIBHO CUJIbHAS KOPPENIALMOHHAS 3aBUCUMOCTb — B 3TOM CJlydae
MYJIBTH KOJUIMHEAPHOCTh Ha3bIBAlOT HECTPOT 0.

[Ipu cTporoit MyabTUKOUIMHEAPHOCTH PELIECHNE MAaTPUYHOTO ypaBHEeHUs 1.22
CTAHOBHTCS HEBO3MOXKHBIM, TAK Kak MaTpuia X' X BBIPOKICHHAS — 68 ONPEICINTEN b PABeH
HYJIO.

Ecnu sxe MyIpTUKOJUIMHEAPHOCTh HECTPOras, TO PEIIEHUE MAaTPUYHOIO YPaBHECHHUS
(dopManbHO MOKHO HalTH, OJTHAKO BCE OL[EHKH Majo Ha/IeKHBbI.

YrtoObl 00HAPYKHUTH MYIBTH KOJUIMHEAPHOCTH HA0 HAWNTH ONPEEIUTETh MATPHUIIBI
XTX. BMecTo 3TOro mpoBepsieTcst OIpeIeiTeN b MATPHUIBI MeX (GaKTOPHOI KOPPEIISLHH,
KOTOPYIO OJIy4aroT ¢ nomoupto nHerpymenta KOPPEJL

YcrpaneHne MyJabTUKOJUIMHEAPHOCTH 3aKIIF0YAETCS B HCKIIIOYEHUU OJHOU U3 JIBYX,
HaXOSIIIM XC sl BO B3aUMOCBSI3U [TEPEMEHHBIX, JIM00 MYTEM IepecMOTpa CTPYKTYphl YpaBHEHUs
perpeccuu. Jls onieHKH BIUSIHUS (PAKTOPOB Ha pe3yabTupytonmii gakrop Y B ciaydae
U CIIOJIB3YIOTCS ITOKa3aTeNnu yacTHOU koppensuuu (1.26). Ecnu ynciio nepeMeHHBIX 00JIb11e
TPEX, TO JUISl UX ONPEeAETIeHUs YI00HO MOJIb30BaThes (POpM yIIou :

hp = ——,
vCkk “Cpp

7€ Ckp K03 PPUIIMEHTH MATPHULIBI OOPATHOM K MaTpUIle MapHBIX KO3 QPUIIEHTOB
KOPPEJSILNH.

IT'OMOCKEJACTUYHOCTD (10oCcTOSHCTBO IUCIEPCUU CITydaliHBIX OTKIOHEHUH )



Jns nmpumenennss MHK TpeGyetcsi, yToObI nucrepcusi OCTaTKOB Oblja BETMYMHOU
NOCTOSIHHON. HeBBINOIHUMOCTD 3TOTO YCIIOBUS Ha3bIBAETCS e TePOCKeACTUYHOCTBIO U BICYET
CMEIICHHOCTh TUCIEPCHH OLICHOK, TaK KaK CTaHJapTHas oumoOka perpeccuu (1.4) cranoButTcs
CMEIICHHOMH.

OO0HapyxeHue TeTepOCKeaCTUUYHOCTH SBJISIETCSl CIOXHOW 3a7adeld MOTOMY 4YTO
HeoOxonuMo 3Hath pacnpeneneHue CBY, coorBercTByromee BbIOpAaHHOMY 3HAYEHHIO
nepemeHHoi X;. B tecre ['onmdenma—KBannara nmpeamonaraercs, 4To CTaHIAPTHOE OTKIOHEHUE
OPONOPIMOHANIBHO 3HAYEHHWIO X; IepeMeHHO X © € HOpMalbHO paclpeieseHsbl,
ABTOKOPPEJSIHS OCTaTKOB OTCYTCTBYeT. IIpoBepka Ha TOMOCKEAACTHYHOCTH 10 ITOMY TECTY
COJIEP>KUT CIICAYIOIIME I1Iary :

1. Bce nHaOmoeHU# yIOPSIOYMBAIOT IO BEJTMYMHE.

2. YuopsaodeHHas BRIOOpKa pa30MBaeTCs Ha TPU MOIBBIOOPKH pa3MEPHOCTEIO
K, (n-2k) u k cOOTBETCTBEHHO.

3. LlenTpanbHble HAOMIONEHUS UCKITIOUAIOTCS U3 JabHEH [IIETO PacCMOTPEHHUSL.

4. CtposT perpeccuu Uisi IEpBOW U TOCTeIHEH TPYIIT U HaXOIT OCTaTOYHbBIE

CyMMBI KBaJpaToB S1% u S22 coOTBETCTBEHHO.
2
5. Haxonsar ux ornomenue F=—-. Ecnu ycioBue roMocke JaCTHYHOCTH
812
BBITIOJIHSIETCS, TO s1? = 522 , B IPOTHBHOM CITy4ae 12 << S22,
6. Iloctpoennas F-crarucruka, umeet pacnpenencaue Oumepa ¢ vi = vy = k-
M-1 cTenensMu CBOOO/IBI, T/I€ M YKCIIO0 O0BSICHSIO M X TIEPEMEHHBIX B YPaBHEHU U
perpeccuu.
7. Yem 6onbire F npesbimaer 3Hauenue Fy,, TeM Oosee HapyleHa
MPEANOCHIIKA O PABEHCTBE OCTATOYHBIX JUCIIEPCUN.

Pa3znes Ne6. CucreMbl 3KOHOMe TPHYeCKMX YPaBHE HUI.

Ilpy wm3ydeHUM CIOXHBIX SIBJIEHHH 4YacTO CTAJKUBAIOTCA C HEOOXOIMMOCTBIO
CTaTMCTUYECKOTO ONMCAaHUsl HE OTIENIbHBIX 3aBUCHMOCTEHN, a UX KOMILIeKca. B 3Tux ciyuasax
NPUMEHSIOT CHCTEMBbl ypPaBHEHHH perpeccuu, KakJ0o€ M3 KOTOPHIX ONHUCHIBAET OJAHY
CTaTUCTHYECKYK0 3aKOHOMEpHOCTb. Kak mnpaBuio, pasBepHyras MaTeMaTH4ecKass MOJEIb
COZICP)KUT KPOME PETPECCHOHHBIX YPAaBHEHHH ypaBHEHHU S, XapaKTepu3yro e 0alaHCOBBIE CBSI3H
MEXJly MEPEMEHHBIMU WJIM XapaKTEepUCTUKUA TEHACHLMN pa3BUTHUS OTACIBHBIX NMEPEMEHHBIX.
Tak, ecnu u3ydaercss MOZEIb CIPOCa KaK COOTHOIIGHHE LIEH M KOJIMYECTBA MOTPEOIseMBIX
TOBApOB, TO OJHOBPEMEHHO JUIsi TPOTHO3UPOBAHUSI CIIPOCa HEOOXOMMa MOJIENb MPEIOKEHUS
TOBapoB, B KOTOpPOM paccMaTpuUBaeTcs  B3aUMOCBS3b MEXIY KOJIMYECTBOM M ILICHOM
npeularaeMbpIX Oar, 4To MO3BOJIET JOCTUYb PABHOBECHS MEXIY CIPOCOM U IMPEIUIOKEHUEM.
HaunOonpmiee wMcCronb30BaHUE CHCTEMBl  B3aMMOCBSI3HBIX ~ YPAaBHEHUW MONY4YHJIA TIpU
MaKpO3 KOHOMETPUYEKCKUX pacueTax.

Cucrembl ypaBHEHUI B S5KOHOMETPUUYECKUX UCCIEJOBAHUIX MOT'YT OBITh
HECKOJIbKMX BUJIOB.

CucreMbl He3aBUCHMMBbIX YypaBHeHMil. B »ToM cnydae Kaxngass 3aBucHMast
NepeMeHHas yj paccMarpuBaeTcs Kak (YHKIHMS, 3aBHUCAINAs OT NMEpPeMEHHBIX U3  Habopa
daxropoB X=(X1 , X2 , ..Xn ). KonuyecTBO (PakTopoB Xj B KOKIOM YPaBHEHHHU CHCTEMBI MOMKET
ObITh pasnuyHbIM. OTCYTCTBHE HEKOTOpPOro (Jakropa B YpPaBHEHHM CHCTEMbl MOXKET OBITh
CIIEACTBUEM HECYIIECTIIECTBEHHOCTH €r0 BO3JIEHCTBUS Ha i TaKk W SKOHOMHYECKOU
HeleaecooOpa3sHOCThI0 €ro BKIYEHHS B Mojenb. Kaxaoe ypaBHEHHE CHCTEMbl MOXKET
paccMaTpuBaTbCS  CaMOCTOSATENbHO. JUIs HaXOXAEHUs IapamMeTpoB 3TOI0  ypaBHEHHsS
ucnons3dyercss MHK, a Qakrudyeckoe 3HaueHHWE 3aBHCHMOW TEPEMEHHOW OTJIMYAETCA OT
TEOPETUYECKOTO Ha BEJINYUHY CITyJaiiHOM OIIMOKHU €.



CucreMbl peKypCUBHBIX YpaBHeHHid. B Takux cucremax 3aBucuMasi mepeMeHHas Vi
BKJIIOYAET B Ka4ecTBE (PaKTOPOB Yi-1, Vi-2, ..., Y1 BCE MPELIECTByIOIIME 3aBUCUMBIE ITEPEMEHHbIE
U HaOOp COOCTBEHHBIX HE3aBUCUMBIX (pakTOpoB X. Kaxioe ypaBHEHHE MOXKET paccMaTpHBaThCA
CaMOCTOSITEIBHO, U €ro nmapameTpsl onpeaensorcs MHK.

CucremMbl B3aMMOCBSI3AHHBIX YpPaBHeHUWH. B HUX OIHM W Te Xe 3aBUCUMBIE
IIEpEMEHHBIE B OJHMX YpaBHEHHUSX BXOASAT B JIEBYIO 4acTh, a B APYTMX — B IpaByl0 4YacTb
cucTteMbl. B oTiinune OT NpeaplAylMX CUCTEM KaXJ0€ ypaBHEHUE HE MOYKET pacCMaTpUBaTbCs
CaMOCTOATEIbHO, M s HaxoxzaeHuss ero mnapamerpoB MHK Henb3s npumenuts. B
AKOHOMETPHUKE TaKas CUCTEMA YPABHEHUI HA3bIBACTCS TAKKE CTPYKTYPHOU ¢ opmMoil moae iu, a
JUTSL HAXOXKIEHU S €€ apaMeTPOB MCIOJIb3YIOTCS CIIEIUATIbHBIE METOBI.

Cucrema COBMECTHBIX, OTHOBPEMEHHBIX YPaBHEHUN UIM CTPYKTYpHas (opma moaenu
COJIEPKUT IHAOTCHHbIE U IK30T€HHbIE IEPEMEHHBIE.

JH/IOTeHHbIE TepeMeHHbIe 3TO 3aBUCHMbIE IEPEMEHHBIE, YMCIO KOTOPBIX PaBHO
YHCIly YpaBHEHUH cucTeMbl. B cucteme ypaBHEHN OHM 0003HAaYarOTCs Kak y.

JK30reHHbIE NepeMeHHbIe 3TO HE3aBUCHUMBbIE IEPEMEHHBIE UX, KaK IPAaBUIIO,
0003HAYaIOT KaK X, BIMSIOLE Ha YHAOTCHHbIE IEPEMEHHbIE.

IIpenonpenesieHHbIE MepeMEeHHbIe —3K30I'€HHbBIE M JIATOBBIE (32 IIPEIBIIYIIME
MOMEHTHI BPEMEHH ) SH/I0T€HHbIE MIEPEMEHHBI CUCTEMBI.

[pocteiimas cTtpykTypHas Gopma MOJENI UMEET BUI:

y1=0oy2 + 01Xy + €1
y2=Boy1 + B1x2 + €2. 5.1

CrtpykrypHas Qopma MoJenu TO3BOJSET YBUICTh BIMSHHUE H3MEHEHHH J1000ii
SK30TE€HHOW MEPEMEHHON Ha 3HaYeHU e YHJIOTCHHBIX ITepeMeHHbIX. [1o mpeanonoxkenuto cucrema
YpaBHEHHI CTPYKTYpHOH (OpMBI MOJENN NOKHA ObITh COBMECTHOM. Torma oHa MOXKeT ObITh
pelieHa OTHOCUTENIBHO JHJIOTCHHBIX MEPEMEHHBIX. Pe3ynpTar pelieHusi mpeacraBisieT coOoit
npuBeeHHYI0 popmy monenu. st ctpykrypHoit ¢opmer (4.1)npuBeneHHas GopMa Moaenn
MMEET BU/I;

y1=811x1 + 012Xz + M1
y2=021X1 + d2X2 +12, 52
rae ko> GQUIMEHTHI Jjj MOIyYuM M3 CTPYKTYpHOU (opmel Moaenu (5.1) BeIMOIHUB
npocreiiime npeobpasoBanus. Kosdduiuentsl npueneHHol (GopMbl Mofgenu Ojj SBISIOTCS
HEJIUHEHHBIMU (QYHKUUSIMUA KO3 QPUIUEHTOB CTPYKTYpHOU (OpMBI, a OMMOKMA T SBISIOTCS
JTUHEHHBIMH (QYHKIHSMH BO3MYIIICHUH &i.
B o01ieM Buie nepexos OT CTpPYKTYpHOU K IPUBEAEHHOM (hOpMe MOJIEIN MOKHO
MPEACTaBUTh UCIOJIb3YSI MATPUYHYIO 3alIMCh. 3all IEM CTPYKTYPHYIO MOJEIb KaK
I'yt+Ax=¢ 5.3
rme I' um A — wmarTpulpl HEU3BECTHBIX IapaMETPOB pPa3sMEPHOCTH NxN U Nxm
COOTBETCTBEHHO; Martpuua ' — HEBBIPOXKIEHHAS; Y,X — BEKTOpPbl dK30T€HHBIX U JHJOTCHHBIX
IIEPEMEHHBIX; € — BEKTOP CIy4allHbIX HOPMAJbHO PACHpPEACICHHBIX BEIMYUH C HYJIEBBIM
MaTEeMaTUUYECKUM OXHIAAHUEM; N — YKCIO SHAOT€HHBIX MEPEMEHHBIX; M — YKCIO 3K30T€HHBIX
IIEPEMEHHBIX.
PenmB MatpuuHoe ypaBHeHHE (5.3) OTHOCUTENIBHO Y, TTOTYIUM
y——F'le-‘m: Bx+n,
rae B=-TA.

YpaBHEHUS IPUBEACHHON (POPMBI C YHCIEHHBIMU ITapaMeTpaMH MO3BOJISIOT MOIYIUTh
3HAYEHU s YHJOTCHHBIX IEPEMEHHBIX, OJTHAKO OHU OOBSICHSIOT UX TOJILKO Yepe3 3 K30TCHHBIE
MepeMEHHbIE, TO €CTh C MEHbBILIEH JeTaTu3alueil, 4eM CTpyKTypHas gopma, Tak Kak
OTCYTCTBYIOT B3aUMOCBSI3U 3aBUCUMBIX IEPEMEHHBIX MEXKAY COOOM.

54
55

H006X0}IHMOC ycioBue I/[}]eHTI/lq)l’IKaIII/lH CUCTEM B3aMMOCBSA3aHHbBIX ypaBHeHnﬁ.

HyCTI) N — TOJHOE YHCIIO0 ypaBHeHI/If/'I, 4TO COBIIagacT C YHCIOM 3SHJOICHHBIX
IEePEMEHHBIX, M — YHUCJIO DK30T'CHHBIX IEPEMECHHBIX BCEM CUCTEMBI, Nj+Mj — YU CJIO DHJOTE€HHBIX U



9K30TCHHBIX IMEPEMEHHBIX B TOM ypaBHeHHMH. Torma s HIACHTHQGUIIUPYEMOCTH 3TOTO
YpaBHEHUSI JOJKHO BBIIOJIHATHCS YCIOBUE
n+m-( nj+m;)=n-1. 5.6
Ycnoue (5.6) sBIseTCS HEOOXOAMMBIM YCIIOBUEM HICHTHU(HUKAIIUA CHCTEMBI
OJIHOBPEMEHHBIX ypaBHEHH. To eCTh, YHCIIO OCTaBICHHBIX B TOJIHOM HAO0Ope MEePEMEHHBIX HE
JIOJDKHO OBITh MEHBIIIE YK CIIa YPABHCHUW CUCTEMBI O€3 €11 H UITHI.
1. Mooenv cuumaemcs uoenmuguyupyemot, eciu Kaxcooe YVpaeHeHue CUCmembl

udenmupuyupyemo.

2. Echu xoms 6Ovl 00HO ypasnenue Heudenmuuyupyemo, mo u 6csi  MoOelb
Heuoenmuguyupyema..

3. Csepxuoenmughupyemas moodenv codepaicum Xoms Obl 00HO ceepxudenmuduyupyemoe
VpasHeHue.

Beinmonnenue ycinoBus HASHTHGUIIYPOSMOCTH MOJIEIU MIPOBEPSAETCS I KaXKI0TO
ypaBHEHHS CUCTeMBI. [IJis I-TOr0 ypaBHEHHS HaJI0 IPOBEPHUTH BBIMTOJHECHHE YCIOBHUS (5.6)
U cJleaTh BBIBOI:
a) ypaBHEHHE UICHTU(DHUIIUPYEMO, €CIIM MEKIY JICBOM M MpaBol vacTsMu B (5.6) gocTHraercs
PaBEHCTBO;
b) ypaBHeHuwe CBepXuICHTH(DUIIMPYEMO, €CIHM JIeBas 4YacTh HEPABCHCTBA CTPOro OOJIbINE
npaBoii B (5.6);
C) ypaBHEHHE HEHUICHTU(DUPYEMO, €CIH HEPaBEHCTBO (5.6) HE BBIMTOIHSETCS.
PaccMoTpeHHOE TIPaBWIIO HE SBISETCS IOCTATOYHBIM YCIIOBHEM UACHTH (DUKAIIMU MOICIIH.

JlocTaTo4yHoe ycJa0BMe UICHTU(PUIIUKALIMY CUCTEM YPaBHEHHU I BBITIOJIHSAETCS, €CIIU
OTpEeNeNUTeNb MATPHUIIbI, COCTABICHHON U3 KO3 PPUIIHMEHTOB UCKIIOUEHHBIX U3 TaHHOTO
YpaBHEHHUSI IEPEMEHHBIX (3HIOT€HHBIX U 3K30I'€HHBIX), HO BXOJS LM X B APYTHE YpaBH EHUS
CUCTEMBI HE PABEH HYJIIO M PAHT 3TOM MaTpullbl He MeHbIle N-1.

IMpumep 5. 3aoanue 1. nenTu GuKanupynTe MOIEIb:
Y1 =byYs +a,X; +aX,
Yo =D,y + Dy +2,X%,
Ya =Dy, +ayX; +a53X,

Monens uMeeT TpH HAOTCHHBIE (Y1, Y2, Y3) M TPU dK30TCHHBIE(X1, X2, X3) IEPEMECHHBIC.
[TpoBepuM /ISl KaXKI0TO YpaBHEHHUS HEOOXOAUMOE U JOCTATOYHOE YCIOBUS MICHTH (U KAIlUH.

Ilepsoe ypasnenue.

Heo6xomumoe yenoBue: =2, my=2, m + =4, paBeHCTBO 6 — 4 =3-1 BBINMOJHSETCS,
CJIeI0BaTeNbHO YPaBHEHHE TOYHO UAeHTU QuIipyemMo. UTo ObI TP OBEPUTH TOCTATOUHOE YCIOBUE
MOCTPOMM MATPUILY U3 K03 (G(PUIIMESHTOB IPH MEPEMECHHBIX Y2 H X2 BO BTOPOM U TPETHEM
YPaBHEHHSIX CHCTEMBI:

YpaBuenue OTtcyrcTBYIOIIHIE
nepeMeHHbBIC
Y2 X2
BTOPOE -1 ar
TPEThE b3» 0

Omnpenenurtens MaTpuisl AA=-1-0—az,-D32; paHT MaTpUIlbl paBeH 2 U TOCTATOYHOE
YCIIOBHE HICHTU (U KAIINY BBITIOTHSCTCS. YpaBHEHUE TOYHO HACHTU(PHITUPOBAHO.

Bmopoe ypaenenue.
Heob6xoaumoe ycnoBue Beinoansiercs: 6—4=3—1. /111 mpoBepKu JOCTATOYHOTO COCTABUM
MaTpuIy U3 K03 GPUIIMEHTOB OTCYTCTBYIOIIM X TIEPEMEHHBIX: X1 U X3.
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D SR_RY 2R - | = A 41

|| arial cyr o - Xk Kk u=EE=EHT %, W
El | = |{=MOBP{A1:C3)}
A B | o | D E_ | F | 6
1 2 4 10 0,18254
2 a3 -G 2
3 -5 g 5
YpaBHeHUE OTtcyrcTByrome
MIEPEMCHHBIC
X1 X3
nepBoe ail a13
TPETHC asil a33

Onpenenutens MmaTpulibl AA=ajj-azz—az-az1#0, paHr paBeH 2 — ypaBHEHUE TOYHO

UJCHTU U pyeMO.
TpeTbe ypaBHEHHE CUCTEMBI IPOBEPHTE CAMOCTOSATENLHO U YOEIUTECh, YTO OHO TOYHO

UJICHTUPUITIPYEMO.
CrnenoBarenbHO, BCS MOJIENb TOYHO HACHTUPUITHpYEMA.

3aoanue 2. Vicxons u3 NpuBEICHHONW MOJICIA YpaBHEHU I
Y; = 2X; +4X, +10x,
Y, =3X; —6X, + 2X,
Y; = —5X; +8X, +5X;,
HalUTe CTPYKTYpHBIE KO3 QPUITMEHTHI UCXOAHON Mo enH. VIcTionb3yst BCTpOSHHYIO
dyr ko TTIIT Excel, naiinem o6parayio marpuny. Peums mMartprunoe ypasaerue A 1Y=X, MbI
MO>KEM 3alucaTh YpaBHEHUS BbIpaXKatoUMe X YEPe3 Vi.
x, =0,1825y, —0,2381y, —0,2698y,
x, =0,0993y, —0,2381y, —0,1032y,
x, =0,02381y, +0,14298y, + 0,095y,

N3 nepBoit crucTeMBI, CIOKHUB BCE €€ YpaBHEHUS MOIYdUM: y1+y2+y3=30xo+17X3.
[loncTaBuB X3 U3 BTOPOM CHCTEMBI B 3TO YpaBHEHUE U MTPEe0Opa30BaB €ro, MOIyIuM BTOPOE
YpaBHEHHE CTPYKTYPHOH (GOPMBI MOAETH y1+y2+ys=6Xo+17- (0,024y1 +0,143y, +0,095y3).
Beimonnum mpuBeneHNE MTOA0OHBIX U ypaBHEHUE IPUMET BU:

y2= 0,416y1—0,434 y3—4,2x;.
HckmouuM Xp, CI0KUB TPEThE U BTOPOE YpaBHEHUS IPUBEIEHHONU (POPMBI:

Yy, =3%X, —6Xx, + 2X3‘- 8
Yy =—5X, +8x, +5x,|-6 '

8y, + 6y, = —6x, + 46X,
Beipazum 13 3TOr0 ypaBHEHUS y3 U MOJIYYUM TPEThEe YpaBHEHUE CTPYKTYPHOI (hOPMBI:
y3=-1,336 y»—x1—7,664 x3.
YToObI MOJYIUTH NTEPBOC YPAaBHEHHE CTPYKTYPHOH (OPMBI YMHOKHM IIEPBOE YPaBHCHHE
Ha —2 ¥ CII0)KHUM €T0 C TPEThUM YpaBHEHHUEM MPUBEACHHON (OPMBI (BBITIOTHUTE
camocrositenbHo). [Tocne mpeobpazoBanus noryaum: y1=0,5 y3+4,5x1+7,5 x3.

Takum O6pa?>OM, CTPYKTYpHada (bOpMa MOACINU IMMPUMET BU:
y, =0,5y, +4,5x, +7,5%,
y, =0,416y, — 0,434y, — 4,2X,
Y, =—1,336y, — X, +7,664X,

OILIEHMBAHUE ITAPAMETPOB CTPYKTYPHOM MO JIEJIN
MHK 17151 peKypCuBHBIX MOJIENEH.



B Takux MoJensx HIOTeHHbIE IEPEMEHHBIE I10CIIEA0BATENBHO (PEKYPCUBHO) CBSI3aHbI IPYT C
apyroM. IlepBas sHIOreHHas EPEMEHHAs y1 3aBUCHUT TOJIBKO OT DK30TE€HHBIX IIEPEMEHHBIX Xi,
F1, 2, ...... M ¥ CIy4allHOrO OTKIOHEHMs €1. BTopas SHIOreHHas NepeMeHHas Yy, 3aBUCHUT OT
9K30TEHHBIX MEPEeMEHHBIX Xi, F1, 2, ...... M U CIydaliHOIO OTKIOHEHHS £, a TAKKE OT
MPEIIECTB YIOIIEH YHJOTCHHON ITIEPEMEHHON Y1 U T. 1.

B sTHX MOzensx CTpyKTypHBIE YPaBHEHHS OLICHMBAIOTCS IOJTAIlHO HAYMHAS C IIEPBOTO
(y1 Y2 =....m¥n). Ouenku nonydyeHHsle ¢ npumenenneM MHK sSBIISIIOTCS HECMEIEHHBIMH U
COCTOSATEIbHBIMU.

OnHako MoOJENM Takoro TUIIA BCTpeyaroTcs peako. B oOmem ciydae a1 OLIEHKU
K03 QQUIIMEHTOB CTPYKTYPHOTO YpaBHEHHUS CHadaia HEOoOXOAMMO NpeoO0pa3oBaTh HMCXOJHOE
ypaBHEHUE K MPUBEICHHOMY BUJY, a 3aT€M NPUMEHUTb OOBIKHOBEHHBI METOJI HAUMEHbBIIM X
kBagparoB. OCHOBaHHBIM Ha JAHHOM IPOLELYPE METOJ Ha3blBa€TCs KOCBEHHBIM METOJ
HaumeHbmx kBagparo (KMHK).

KOCBEHHbBIM METOJT HAUMEHBIIINX KBAJIPATOB (KMHK).
[Tpouenypa npumenennss KMHK npeanonaraer BhINOIHEHUS CIIEIYIO M X 3TaNOB:
a) CTPYKTypHas MOJENb Mpeodpa3yeTcs B MPUBEICHHYIO GopMYy;
b) ans kaxoro ypaBHEeHUs npuBeaeHHON (hopMmbl Mojenu o0biuHbIM MHK orienuBaroTcs
npuBeneHHbIC KO3DPuIueHTs! (dij);
C) 1o ko3 (puimeHTaM MpHUBEACHHOH (GOPMBI MOIEIN HAXOAUM ITapaMeTPhl HCXO THOTO
yYpaBHEHHUSL.

JIBYXIILIATOBBII METOJ] HAUMEHBIINX KBAJIPATOB (JIMHK).

Ecnu cucrema cepxunentuduiupyema, To KMHK He uncnonb3yercsi, Tak Kak OH He
JlaeT OJHO3HAYHBIX OLICHOK mapameTpoB. [Ipu ero nmpuMeHeHHH HaJ0 BBIIOJHUTH CIIEAYIOLME
JTallbl:

d) CTpYKTYpHasi MOJENIb IPeoOpa3yercsi B IPUBEICHHYIO GOpMY;

b) s kaxk0r0 ypaBHEHHS NpHBeAeHHON GopMbl Moaenu o0sruHbiM MHK orenuBaroTcs
npuBeleHHbIE KO3DPUuueHTs! (dij);

C) TOJYYHTh TEOPETUUCCKHE 3HAUCHHS Vi, COJIEPKAIIMXCS B TPABOI YaCTH ypaBH CHUS;

d) mojacTaBUTH HOBBIC 3HAUCHUs BMeCcTO (akrrueckux v npumeHuth MHK k cTpykrypHOIii
dopme Mozenu.

Ecan Bce ypaBHeHMs cucTeMbl cBepxuJeHTH puuupyemsle, To JIMHK npumensercs
KaKXIOMY ypaBHeHMIO. Eciau B cucrtemMe ecTh TOYHO HJICHTHU(GUIMPYEMbIE YpaBHEHHUS, TO
CTPYKTYpHBIE KO3 (QUIIMEHTH IS HUX HAXOAATCS M3 CHCTEMbl MPUBEICHHBIX ypPaBHEHHI.
JMHK sBnsiercst Haubosee pacnpOCTpaHEHHBIM METOIOM PEILEHUs CHCTEM OJHOBPEMEHHBIX
YPaBHCHUM, IO3TOMY OH HCIIOJIB3YETCS B pPANEC KOMIBIOTEPHBIX INPOrpamMm M I TOYHO
uaeHTHuUuIpyemMbIx ypaBHeHud, Hampumep DSTAT, omHako NpH HCHOJNB30BAaHUM 3TOU
IIPOrpaMM HEOOXOIMMO MOMHUTB, YTO OHA He paboTaeT, €CiIM B MOJIENIM BBOJATCS OTPaHUYECHUS
Ha I1apaMeTpBl.

IIpumep 6. Paccmorpum Ha mpumepe Mozaenu Buja (5.1)
yi=ooy2 toxy €1
y2=Poy1 + P1xz + &2,

[MTPUMEHEHME KMHK.
Hlar 1.ITycTs 1t TOCTPOCHUS JaHHOI MOJE M MBI pacIiojlaraeéM HEKO Topoit HH( o pManuei no msatu
peruoHam:
Pernon Y1 \ X1 X2

1 2 5 1 3




2 3 6 2 1
3 4 7 3 2
4 5 8 2 5
5 6 5 4 6
Cpennue 4 6,2 2,4 3,4

[TpuBenennas hopma Mo ienu umeet Bun (4.2):
y1=01x1 + 312Xz + M1
Y2=021%1 + 822Xz 12,

JU1st KaXKJ10TO YpaBHEHUS MIPUBEACHHON (POPMBI ONIPEACTUM O-KOI(DPUIIUEHTHI, UCIOIB3YS
Anann3 naansix [T Excel.
Jliis mepBOTo ypaBHEHMs moiyduM. Mcnonb3ys nanusie puc.10 MoxxeM 3anucarh nepBoe
ypaBHEHHE MPUBEICHHON (OPMBI:
y1= 0,852 x1+0,373 x2 +n1.
JU1st BTOPOTO ypaBHEHMsSI TOCTYIIUM aHAJIOTHYHBIM 00pa3oM U MOJTYYHM:
y2=—0,072 x1-0,006 x2+n>.
Taxum oOGpazom, mpuBeaeHHas GopMa MOJEIH
y1= 0,852 x11+0,373 x2 +1m1
yo= —0,072 x1-0,006 Xo+tn2.
[ar 2: nepeitaeM K CTpyKTypHOU Mozenu. J{Jis 3T0ro MO>XHO UCI0NIb3Ysl BCTPOCHHYIO
by ko MOBP(MaccuB), BEIpa3uM X1 B Xp 4€pe3 y1 U Yo.

x1=-0,25 Y1 -16,75 Y2 t&1 5.
x2=3,25y1 +38,25 y»+e). 5.
[ToncraBuB B MEpBOEC ypaBHEHHE MPUBEACHHON (OpMBbI 3HaYeHHE X2 U3 (5.8), a BO BTOpOE X1

u3 (5.9) momydnm CTpyKTypHYIO (GOPMY MOJIETIH :
y1=67,029y, + 4x1 + &1
y2=—0,085y1 + 0,028x, + €.

% faitn [packa Ban Borgeka Fopmar Cepeve | Dadbbe Okna 2
DEHE|(S Y|4 -éwn-n-lgmz £ mmggmww @
Avrial Cyr £

Elz = =

A [ B | © [ [5] [ E [ F [ G [ H [ 1 [ J [ K

12 |EBEIEQO l"i Oroe _l

13

14 beccuoRRER CIEanucIILKE
| 15 |MuoxecTe| 0,940574

| 16 |R-keanpar 0588468

17 |Hopmupoe 0769353

18 |CrannaptH 0.759343

19 |HabnwoeH 5
| 0|

21 | OMCcnepcHoHHEIR aHanis

22 of =5 M £ r@uMoCE £
| 23 |Perpeccus 2 BB4ABYSY 4423398 7 671498 0,11532
| 24 | OcraTok 2 1,153203 0576602

25 |Mroro 4 10

26
27 KosgapuiueBapranan onainucrml?-Snaverudusmue 35%emoue 98%mmue 95, Oypeaiue 95,0%
| 28 |Y-nepecey 0E85237 091827 0746226 0533322 -3 26576 4636236 -3,26576 4 636236
| 29 |1 0852368 0371655 2293438 0148817 -0.74674 2451471 074674 2451471
30 |2 0373259 0204351 1826556 0209295 -050599 1252512 -050599 1252512

32
|22 oL imon wracoe
M [ Tl {Ancrz S Aners / R

roToEc | r

Puc. 10. BeiBoJ UTOTOBOM perpeccuu Jisi IEPBOTO ypaBHEHU S IPUBEICHHON (OPMBI.

DTy jXe CHCTEeMY MOYKHO 3aIlicaTh, BKJIIOYNB B Hee CBOOOIHBIH YJICH YpaBH CHUM, AT 3TOTO Ha 10 Nepel TH
OT IEPEMEHHBIX B BUJIE O TKJIOHEHUH OT CPEITHETO YPOBHS K MCXO IHBIM IIEPEMEHHBIM y U X.

CB0GOAHBIE WICHBI yPABHEHHH ONpeIeuM 10 popMysIam:
a1= y1 b yo—ai1 x=429; a= y»—by yi-axn X =6,45.
Torna CTpyKTypHAas MOJIEIb MPHMET BUI:
y1=429 + 67,029y, + 4x1 + €1

oo



y2=6,45-0,085y1 + 0,028x%7 + €3.
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DEeHSRY | s2RT - (aw = £ 48 5 [ 100 -] [7)
arial Cyr -w -k kg === %, @aEsE - B> -A -
K9 = =]
H [ 1 [ J [ K | L [ Tl [ T [ [8] [ P [ [ [ R
| 1 |pervon ¥l y2 %1 2 BbIECQO MTOroOB
| 2 | 1 2 5 1 3
| 3 | 2 3 B 2 1 FaspeccUonRER CIainulcinuKs
| 4 | a3 4 7 3 2 PuoskecTe| 0,.854205
| 5 | 4 A a 2 A R-keappar 0,781818
| 6 | 5 5] 5 4 5] Hopranpoe 0563636
| 7 |CpegHue 4 B2 24 3.4 CravgaptH 1,044466
g HabnwgeH 5
o | — [ —
ﬂ JWCnepcHoHHEIR aHanua
11 oif 55 M F

sl

Perpeccus 2 7.818182 3509091 35833
OcTaTor 2 2181818 1,090209
Mroro 4 10

o}

Hoappuuuerdaprntas oumamucinu?-3raus
Y-nepeced -1,09091| 2827697 -038579 07368
V2 0363636 0401444 0905822 0460
] 1,1818158 0,4590685 2574384 0123

w

[}
o

Puc. 11. KoadduimeHTs! epBoro ypaBHEHUsI MHOXKECTBEHHON perpeccuu, HallICHHBIE C
ITOMOIIBIO AUAIOTOBOTO OKHA PErPeECCHsL.

O1eHKa KagecTBa MOJIENHN JeNaeTcs ¢ MOMOIbIo F— Tecta n R? s kaxmoro YpaBHEHUS
B OTHIEIBHOCTH. JIy1sl mIepBOTO ypaBHEHUS Fyu6,=7,67 (Halimute ero Ha puc. 8), a Frp,=19 npu
ypoBHe 3HaunMoctu 0.=0,05, 4TO TOBOPUT O HEBBICOKOM Kaye€CTBE ATOr0 ypaBHEHUs. OqHAKO
k09 pduEeHT nerepMuHanuy R*=0,94 0ueHb BBICOKHIT K MOXXHO IPEIIIONOKITE, YTO BEIOPAHO
MaJIo HaOIIOIEHU .

Ecnu k kaxoMy ypaBHEHHUIO CTPYKTYpHOH opmbl mpumenuts MHK, To pesymnbrat
MOXET CHJIBHO OTJMYaThcs oT noiaydeHHoro no KMHK, nanpumep, 117151 nepBoro ypaBHEHU s
CHUCTEMBI ITOJIyYUTCS:

KoaddunuenTs! npu nepeMeHHbIX, moaydeHHbIX 1o MHK (puc. 11), cuibHO oTarm4aroTcs ot
COOTBETCTBYIOIIMX KOI(PPUIIMEHTOB TIOJYYEHHBIX B CTPYKTYpHOW ¢dopMme I TEepBOTO
YpaBHEHHUSL.

Hano momuuts, uro MHK, npumeHsieMblil K KaKIOMY YpaBHEHUIO CTPYKTYpHOU (HOopMbI
MOJIENIH, B3STOMY B OTAEIBHOCTH, JIa€T CMEIICHHbIE OLIEHKU CTPYKTYPHBIX K03 ((UIIHEHTOB.
JlokazaHo, 4TO KO3 ()(ULIMEHT PEerpeccuH OTIMYACTCS OT CTPYKTYPHOTO KO3 (QHUIIMeHTa U
COBIIQJIa€T C HUM TOJIBKO B Cllydae, KOTJa MepeMeHHas y He COACpXKHUT ommoOok (1.e. i =0), a
OLMOKHU X UMEIOT IUCIEPCUIO PABHYIO HYIIIO.

pumep 6. Paccmorpum npumenenune [IMHK na monenu Buaa:
yi=a(y2 +x1) + €1

y2=Poy1r + B1x2 + €2
DTa MOJENb MOKET ObITh 110 TydeHa U3 NPE AbIAy el U AeH THPHUIUPYEM Ol MO eu:

yi=oy2 toxg €1
y2=Poy1 + P1xz + &2,
€CJIM HaJIOKUTh OTpaHUUCHUS Ha e€ apaMeTphl o1 =0lg. B pe3ynbrare nepBoe ypaBHEHHUE CTaJI0
CBEPXUACHTHPUITHPYEMBIM: 4-2> 2-1. Bropoe ypaBHEHHE OCTaJIOCh TOYHO
UICHTU (UL PYEMBIM.
Hlar 1: mony4um npuBeeHHYI0 GOpMY MOJEIH U HaiiieM e€ K03 GPULneHTSHI Ojj.
J1J1s 3TOTO BOCIONIB3YeMCs pe3yJIbTaTaMU MPEAbIIYIIETo TpuMepa
y1= 0,852 x11+0,373 x2 +1m1
y2=-0,072 %—0,006 x;+1>. 59
[Mlar 2: HaiileM TeopeTUUeCKUe 3HAYEHUS Yo 17151 HJIOTEHHOM MepeMeHHo Yy, . s aToro B
ypaBHeHHUeE (5.9) moacTaBUM 3HAUEHUS X1— X M X2 — X W3 TabIHIBI 2 U BEIYHCINM 3HAYCHHE y2



- ;(pacquH BeinonauM B EXxcel). Pacuernsie qannsie mist Broporo mara JIMHK npuBeneHs! B
Tadnmie 2.
Illar 3: Tereps Hcmonp3ys Berpoeruyo dynkimio JUHENH (3uau V; 3Hau X; JIoxks;) 1o
JTAHHBIM TaOMUIEI 2. HaiigeM mapamerp ou=1,243 CTpyKTYpHOTO ypaBHEHHUSA y1= 01(Yy2 + X1).
Taxum 00pazom, mepBoOe CTPYKTYpHOE YpaBHEHUE MTPUMET BU:
y1=1,243-(y2 + Xx1).
[ar 4: Tak KaK BTOpPOE YpaBHEHHUE CUCTEMBI TOUYHO UECHTUPHUITHPYEMOE, TO BOCTION b3yeMCs
pe3ynbraramu ipumepa S: y2=—0,085y; + 0,028x, + €».
B uenom crctema 0JHOBpEMEHHBIX YpaBHEHU M IPUMET BU/L;
yi= 1,243-(y2 + Xl)
y2=—0,085y1 + 0,028x, + €2,
Tabmmma 2
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A [ B [ C | D | E [ F
| 11 |Peruan wl-sxlep w2-wZop y2T=-0,072 %1 -0,005 x2 2T+ y1-yop
| 12 ] 1 -1.4 0.4 0,1032 -1 2965 -
| 13 | 2 -0.4 2.4 0,0432 -0,3568 -1
| 14 | 3 06 -1.4 -0,0343 05652 a
| 15 | 4 0.4 1.6 0,0192 -0,3805 1
| 16 | 5 16 25 -0,1308 14692 2
| 17 | Cymama u] o a o a

Paznen Ne7. OnHoMepHbIe BpeMeHHBIE Psibl

[MouTn B Kax10¥ 00JIACTH BCTPEYAIOTCS SIBJICHUS], KOTOPhIE MHTEPECHO U BAXKHO M3ydaTh B
WX Pa3BUTHHU U U3MEHECHHUU BO BPEeMEHU. B moBCeIH €BHOM KM3HU MOTYT MPENICTABIIATh HHTEPEC,
HallpuMep, METEOPOJOTHYECKHe YCIOBHS, LIEHl Ha TOT WJIM HMHOM TOBap, T€ WJIM WHBIE
XapaKTePUCTUKH COCTOSIHUSA 3[0POBbSI MHAUBUIAYYMA U T. /1. Bce OHM M3MEHSIIOTCS BO BPEMEHH.
C TeyeHUEM BpPEMEHH W3MEHSIOTCS JIeJIOBasi aKTUBHOCTh, PEKUM MPOTEKAHUS TOTO WU HHOTO
MPOU3BOACTBEHHOTO TMpoIlecca, TIAyOMHAa CHa 4YeJIOBEeKa, BOCIPUITHE TEIEBU3UOHHOM
nporpammbl. COBOKYITHOCTh M3MEPEHHU I KaKOW-THO0 OJHOM XapaKTePUCTHKH MOJOOHOTO poja B
TEYEHNE HEKOTOPOTO NIEPHOIa BPEMEHH MPEACTABJISIOT COO0H BPEMEHHOM PSJL.

COBOKYITHOCTbH CYIIECTB YIOIIIM X METOJIOB aHAIIM3a TaKU X PSI0B HAOMIOAEHUM Ha3bIBACTCS
aHaJM30M BPEMEHHBIX PSJIOB.

OCHOBHOW 4YepTOil, BBIJICISIONICH aHaIM3 BPEMEHHBIX PSIAOB Cpeaud APYrUX BHIOB
CTaTUCTUUYECKOTO AaHalM3a, SIBJIAETCS CYLIECTBEHHOCTb MOPSAAKA, B KOTOPOM IPOU3BOISATCS
HaOmoneHus. Ecam BO MHOrMX 3ajadax HAONIOACHHS CTaTUCTUYECKH HE3aBUCHUMBI, TO BO
BPEMEHHBIX pAdaxX OHHU, KaK IMPaBUIIO, 3aBUCHUMBI, U XapakKTep STOM 3aBUCHUMOCTH MOKET
OTIPEENATHCS MOJ0KEHNEeM HaOMI0ACHHH B mocienoBaTenbHOCTH. [Ipupona psima u cTpykrypa
MOPOXKIAIONIETO  psAA  Mpollecca  MOTYT  IPEAONpPEAeNiaTh  MOPSAOK — oOpa3oBaHUs
MOCIIEZI0BATEIbHOCTH.

Ilens paOOTBI COCTOMT B TMOJYYEHUHM MOJIENH JJS JMCKPETHOTO BPEMEHHOTO psiia BO
BPEMEHHOU o0jacT, oOyiagaronieil MakKCUMalbHOM MPOCTOTOM W MHUHHUMAIBHBIM YHCIOM
MapaMeTpoB U MPH TOM aJIeKBaTHO OMUCHIBAIOIICH HAOMIOACHHUSL.

[TonydyeHune TakoM MOJEIN BaXHO IO CIAEAYIO MM IIPUUYNHAM:

1) oHa MOXET MOMOYb MTOHATH IPUPOJLY CHCTEMBI, TCHEPUPYIO e BPEMEHHBIC PSJIbI;

2)  yIOpaBJIATH MPOILIECCOM, TOPOXKIAIO MM PSIT;

3) ec MOXXHO HCIIOJIB30BaTh YIS ONTHMAIBHOTO MPOTHO3UPOBAHHUS OyAyIMX 3HAYCHHUI
BPEMEHHBIX PSIOB;

BpemenHble psabl Jdydllie BCETO OMUCHIBAIOTCS HECTALMOHAPHBIMU MOJIEISIMH, B KOTOPBIX
TPEH/bI U JPYrHE MCEBI0YCTOMUMBBIC XapAKTEPUCTUKU , BO3MOXKHO MEHSIOIIMECS BO BPEMEHH ,
paccMaTpUBAIOTCSl CKOpee KaK CTaTUCTUYECKUEe, a HE JETCpPMUHUPOBaHHBIC siBJeHUS. Kpome
TOTO, BPEMEHHBIE PSIbI, CBA3aHHBIE C SKOHOMHKOW , 4aCTO O0JaJal0T 3aMETHBIMU CE30HHbIMU,
UM TIEPUOJUYECKUMHU , KOMIIOHEHTAMH; ATH KOMIIOHEHTHI MOTYT MEHSATHCS BO BpPEMEHHU U



JIOJDKHBI  ONHMCHIBATHCS ITUKIWYECKAMH CTaTHUCTUYECKUMH (BO3MOJKHO, HECTAIlMOHAPHBIMU)
MOJCIISIMU.

[TycTh HabMIOAaEMBIM BPEMEHHBIM PSIOM SBISIETCS Y1, Y2, . - ., Yn. MBI OyZieM OHUMATD 3Ty
3anmuch craeayronmM obpasom. Mmeercss T uywcen, mpeacTaBistonmX coOol HaOOACHUE
HEKOTOPOH mepeMeHHOM B T paBHOOTCTOSAIIMX MOMEHTOB BPEMEHH. DTH MOMEHTHI /s y100CTBa
MpOHYMEpPOBaHbl MHenbiMu umciamu 1, 2, . . .T. Jlocrarouno oOmeld MaTeMaTHYecKOu
(cTaTUCTUYECKON MM BEPOSATHOCTHOM ) MOJAECIIBIO CITYKUT MOJICTh BU/IA

yt:f(t)+ w,t=1,2,..., T

B 310l Mozmenu HabnrogaeMblil psi paccMaTpUBAEeTCA KaK CyMMa HEKOTOPOH IOJHOCTBIO
JeTepMUHUPOBaHHOW nocienoBatenbHoctu {f(t)}, KoTopyto MOXHO Ha3BaTh MaTEMaTHYECKOU
COCTaBJISIIONIEH, M CIydallHOM TOCIeA0BATENbHOCTU {Ut}, TOJUUHSIOUICICS HEKOTOPOMY
BEPOATHOCTHOMY 3akoHy. ( M wmHorma anst 3THX JBYX COCTABJIIOIMX HCIOJIb3YIOTCS
COOTBETCTBEHHO TEPMHUHBI CHTHal U IIyM). OTH KOMIIOHEHTHl HaOJI0AaeMoro psnaa
HEHaO0JII0/1aeMbl; OHM SBJIAIOTCA TEOPETUYECKUMU BEIMYUHAMHU. TOUHBIA CMBICH YKa3aHHOTO
pa3JI0KEHMS 3aBUCUT HE TOJIBKO OT CAMUX JAHHBIX, HO YACTUYHO U OTTOTO, YTO IOHUMAETCS MO
IOBTOPEHHEM DKCIIEPUMEHTA, PE3YIbTaTOM KOTOPOTO SBJSIOTCS OSTU JaHHbIE. 3J€ech
WCIIONB3YETC TaK Has3blBaeMas «JacToTHas» uHTepnperanusd. llomaraercs, yto, mo kpalHen
Mepe, NPUHLIMIHAAIBHO MOXXHO IIOBTOPATH BCKHO CUTYal[MIO LIEJIMKOM, IIOJIydass HOBBIE
COBOKYMHOCTH HaOmoneHuii. CiydaifHbIe COCTaBISIOIME , KPOME BCEro IIPOYEro, MOTYT
BKJIIOYATE B ce0s OMOKM HAOIIOIEHNH.

B nmannoil paboTe paccMOTpeHa MoOzeNb BPEMEHHOIO psia, B KOTOPOW Ha TPEHNI
HAaKITaJ(bIBACTCS ClydaliHash COCTaBJISIOMIAS, 00pa3yromas ClydailHbId CTallHOHAPHBIN TPOIecc.
B Takoli Mozenu NpeanosaraeTcs, YTo TEYCHUE BPEMEHU HUKAK HE OTPakacTcs Ha CIy4allHOU
coctapisitolieid. TouHee roBops, MpearnosaraeTcs, YTo MaTeMaTHYecKoe OXHAaHue (TO eCTh
cpelHee 3HaYeHUe) CIy4alHOW COCTaBJISIOIIEN TOXIECTBEHHO PaBHO HYJIO, JUCIEPCHUs] paBHA
HEKOTOPOM TIIOCTOSISHHOM W YTO 3HA4€HUs Uy B  pa3IMYHbIE MOMEHTBI BpPEMEHU
HEKOppeJIMpoBaHHBI. TakuM o00pa3oM, BCsKas 3aBUCHUMOCTb OT BPEMEHHU BKIIOYAEeTCS B
cucreMaTnueckyro cocraBisiomnyio  f(t). IlocmemoBarensHocts f(t) MoxeT 3aBHceTh OT
HEKOTOPBIX HEU3BECTHBIX KOI(QUIMEHTOB M OT M3BECTHBIX BEIUYMH, MEHSIOUMXCS CO
BpeMeHeM. B aToM cimydae e€ HaspIBalOT «(pyHKIUEH perpeccuu». MeTolbl CTaTUCTHYECKUX
BBIBOJIOB UIsI KOX(PQHUIIMEHTOB (PYHKIIMU PETPECCHU OKA3bIBAIOTCS IOJIE3HBIMH BO MHOTHX
obnactsax craructuku. CBoeoOpasue ke METOZ0B, OTHOCAIM XCSI HMEHHO K BpPEMEHHBIM psijiaMm,
COCTOMUT B TOM, YTO 3JI€Ch MCCIIEAYIOTCA T€ MOJAEIH, B KOTOPBIX YIOMSH YThI€ BbILIE BEITUYNHBI,
MEHSIIOLMECS CO BPEMEHEM, SIBJISFOTCS U3BECTHBIMU (YH KUMSIMH .

1. OcHOBHBI€ 3JIeMeHTHI BPeMEHHOTI'0 psijia
1.1. OcHOBHbBIE NOHATHUSA
W3yyenue wu3MeHEHHUs OOBEKTa HAUYMHAETCS C TIOCTPOCHUsS Tabmul, B KOTOPBIX
IpEICTaBICHBl KOJMYECTBEHHBIC MOKA3aTENIM MPHU3HAKa ATOr0 OOBEKTa 3a IMOCIEI0BATEIbHbBIC
MOMEHTBl BPEMEHU. OTH JAaHHBIE HA3bIBAIOT pAlaMHM AMHAMMKHM MJIM BPEMEHHBIMU psIaMH.
Kaxnoe KOHKpeTHOE 3Haue€Hue Ha3bIBaeTCsl ypoBHEM psina. Kaxoe 3HaueHNE BpEMEHHOTO psia
dopmMupyeTcst Mo BO3IEHCTBUEM PA3IUYHBIX (HJAKTOPOB, KOTOPHIE YCIOBHO MOXHO pa3/ieUTh
Ha TPH TPYIIIbL:
1. paxropsl, popmupyronme renaennuto psaaa (T);
2. paxropsl, opMHpyIOIIME TUKINYECKHE Konebanus psaaa (S);
3.ciyuarinbie dakropsl (E).
Monens, B KOTOpOil BpeMEHHOM psill MPEACTaBIISETCS KaK CyMMa, epedrCIeHHBIX
KOMIOHEHT Ha3biBaeTcs aanutuBHOM (Y =T + S +E).
Mogenb, B KOTOpOi BpeMEHHOM sl IPEACTaBIISIETCS KaK IIPOM3BECHHE, IePEUHCICHHbBIX
KOMITOHEHT Ha3biBaeTcs MynbTuiuinkatuBaoit (Y =T - S - E)..



OCHOBHOW 3aJa4yeii SKOHOMETPUYECKOTO MCCICAOBAHUSA BPEMEHHBIX PSAIOB SBISIETCS
BBISIBJICHUE TEHACHIIUH, [TUKIMYHOCTUA U CIIydallHOW KOMIIOHEHTBI BPEMEHHOTO psifia U OMMCAaHUE
HX KOJIMYCCTBCHHOI'O BBIPAKCHHUU.

1.2. IToxa3aTenn, XapakTe pu3ylouMe TeHICHIMIO BPEMEHHOI0 psiia

OnpenensioT BENUYMHY HM3MEHEHUS YpPOBHS psAga, Kak B aOCOJNIOTHOM, TaKk U B
OTHOCHUTEIBHOM BBIPAXEHMU (HAa KakylO 0N, MPOLEHT OT 0a30BOr0 ypOBHS IIPOU30IIIO
U3MEHEHHE). VIHTepecHO SBIAIOTCS JIM 3TU W3MEHEHMS PaBHOMEPHBIMHM WJIM HENPEPbIBHBIMU,
YCKOPEHHBIMHU WJIM 3aMEJICHHBIMU M CaMO€ IJIaBHOE KAaKUM yYpaBHEHHUEM HUX MOXHO ONHCATh?
BrepBbie mnoHsTMEe 00 ypaBHEHMM TEHICHLMHU psiga ObUIO BBEJCHO AHIIMWCKUM YYEHBIM
I'ykepom B 1902 roay. OH npeanokui Ha3blBaTh Takoe ypaBHEHUE TpeHaoM. [Ipu cocraBiiennun
9TOTO ypaBHEHHUsS CIEAyeT MpEeACTaBUTh BPEMEHHOM psi B (oOpME «HHUCTOTO» TpPEeHJa NpHU
OTCYTCTBUM KOJICOAHUH.

AOCOIOTHOE W3MEHEHHE YPOBHEH XapaKTepu3yeTcsl pa3’HOCTBIO MEXIY CpPaBHUBAEMBIM
YPOBHEM U YpPOBHEM, MPUHSITHIM 3a Oa3ucHbIM. B kauecTBe 0a3bl MOXeT OBITH BBIOpaH
NpENBIAYIIMI YPOBEHBb U TOT/A MOJYYEHHBIN OKa3aTeNlb HAa3bIBAETCS LEMHBIM, WJIM HadaJlbHbIN
(HyneBOH ypOBEHB), TOT/Ia TOBOPST O 6A30BOM ITOKazaTeJe.

®opMyibl A1t a0COTOTHOTO U3MEHEHUS YPOBHSL:

1. TenHOI: Aj =Y —Yi-1: (1.1)

. Api =Y —
2. Gasucwpni: 20 = Yi ~Y0, (1.2)
YckopeHreM Ha3bIBalOT Pa3HOCTh MEKAY a0COTIOTHBIMUA M3MEHEHUSIMH 32 TAaHHBIA TEPUO.T
¥ a0COJIIOTHBIM M3MEHEHUEM 32 MPE/IIIECTB YIO M TePHO] OTMHAKOBOW JITHTEIBHOCTH:

A/i =Aj—Ajq. (1.3)

[Toka3aTens yCKOpeHHs MPUMEHSETCS TOJIBKO B IIEITHOM BapuaHTe, HO He B 0a3ucHoM. Eciu
OH TMpPUHUMAET OTPHUIIATEIIBHOE 3HA4YEHHE, TO TOBOPAT O 3aMEUICHWU pocta. B cmydae
MOJOKUTEIBHBIX 3HAYEHUN DTOrO IIOKa3aTeliss MOJXKHO TOBOPHTH O BO3pPAacTaHWUU pPOCTa
ITOKa3aTelsl.

OTHOCHUTENBHBIE MTOKA3ATENN XapaKTePU3YIOT TEMIThI POCTa BPEMEHHOTO Psi/ia.

O06o3Haunm Temir n3ameHenus yepes k. Torna:

K Yi
i/i-1= "
[enHoit Temn pocra : i, (1.4)
y.
Kijo ==+
basucHslii Temn pocra: Yo (1.5)

Kak mpaBuiio, mokazarenu TemIa pocTa U3MepsIOTCs B mpoIleHTax. PaccMoTpuM CBsI3b
MEX]Ty a0COTFOTHBIMH M OTHOCUTEIIBHBIMH M TTOKA3aTeISIMUA TMHAMUKA. Beipazum
CpaBHHMBaEMbIll yPOBEHB Uepe3 YPOBEHB MPEABIIYIICTO rO/a TUTFOC a0COIOTHBIN MPUPOCT, TOTIA
a0COJIIOTHBIHN MOKa3aTelb:

ki/i—lzyi_1+Ai =1+ Ai WITH ki/i_l(%)zloo%(1+i)
ki/O _Yo * Ao =1+ Aoi WIN ki/o(%)=100%(1+ﬂ
Yo Yo Yoo @7

A Aoi

Benuuuny Yit ynu Y0 paspsaror omocutensibiM MPUPOCTOM WJIA TEMIIOM IIPUPOCTA.
Ecnu 3HadeHus ypoBHEH psga NPUHUMAIOT KaK MOJIOKHTENbHBIE, TaK U OTpUIIATEIbHBIC
3HAQYEHMs, TO TEMIT POCTa U TEMII MIPUPOCTA JJIA MCCIEAOBAHUS BPEMEHHOTO psja MPUMEHSTh
HEJb3sl.



PaccMOTpuM COOTHOIIEHUS MEXY LETTHBIMUA U 0a3UCHBIMU MTOKa3aTeIsiMU Ha IpUMepe
JAHHBIX U3 TAOIUIIBI 1.
1.Cymma enmHbIX aOCOMIOTHBIX M3MEHEHUH paBHA 0a3MCHOMY aOCOIFOTHOMY H3MEHEHUO:

i
Z An = Ao
n=0 ]
2.Ilpou3sBeneHue LEMHBIX TEMIIOB POCTa PABHO 0A3MCHOMY TEMITY POCTa:
i
H kn/n—l =ki/0
n=1 .

3.CxnagplBaTh TEMIBI IPUPOCTA HEIB3SL.
[Tpumep 1.1. Ilo nanHbIM TaOnuusl 1 HaliUTe MOKa3aTeNN, XapaKTepU3 YO Ie TMHAMUKY
BPEMEHHOTO psijia.

Tabmuma 1
OTHOCHUTENBHBIE U a0CONIOTHBIE TOKA3aTeNIM TEHACHIIUHU MpoAax puca B Kurtae
VYpose | AOcomoTHO Temn pocta B % Temn pocta

Howmep Hb e Yckopenu K K HQ4aJIbHOMY, B
nepuoja psna MU3MEHEHHE e IpEABIAYIIEMY %

0 591.65

1 594.58 2.93 100.4952252 100.4952

2 594.81 0.23 -2.7 100.0386828 100.5341

3 592.81 -2 -2.23 99.66375817 100.1961

4 598.25 5.44 7.44 100.9176633 101.1155

5 602.34 4.09 -1.35 100.6836607 101.8068

6 601.41 -0.93 -5.02 99.84560215 101.6496

7 597.06 -4.35 -3.42 99.27669976 100.9144

8 599.07 2.01 6.36 100.3366496 101.2541

9 597.6 -1.47 -3.48 99.75461966 101.0057

HIAT 1. Otkpoiite kaury Excel u BBeanTe 3aroioBKu CTOIOIOB M 3HAUCHUS MTEPBHIX IBYX
ctonbioB. OThopMaTupyiiTe nx Kak B Tadmmie 1.

AT 2. BcraBbTe (OpMYIIBI:

B stueiiky C3 : = B3-B2;

B siueiixy D4:= =C4-C3;

B siueiiky E3: = B3/B2%;

B sueliky F3: = B3/$B$2 %;

CKOTIUPYHTE WX B OCTAJIbHBIE SUYCH KU TaOIHIIHI.

HIAT 3. IlpoBepbTe COOTHOILICHUSI MY LIETTHBIMU U 0231 CHBIMHU ITOKA3aTEISIMU.

1.3. Cpeanue noka3aTeju TeH/1e HIIUM THHAMHUKH
Cpennue 3HaueHHsT HEOOXOAUMBI Il OOOOIIEHUS] XapaKTepUCTHUK TEHICHIMHU 32
JUIATETbHBIM  mepros. C WX TOMOIIBIO MOXHO CpaBHUBATh pa3BUTHE IIOKa3aTels 3a
HEOJIMHAKOBBIE MO JTUTEIBHOCTH OTPE3KH BPEMEHH, TIPU BHIOOPE aHATUTUYECKOTO BBIPAKCHUS
Jutst Tpenja. K cpeiHuM nmokasaTennsiM TMHAMUKA OTHOCSITCS :

>y

y=11
—  CpeIHuii YpOBEHB psla n
A= zAi _Yn—Yo
—  cpenHH abCOMIOTHBIN TPUPOCT n n .

— CpeaHeE€ YCKOPEHUC a0COIIOTHOTO H3MEHEHMUS HaxoguTCsa II0CJI€ aHaJIMTHYCCKOI'O




BLIPpABHUBAHU A,

kK=n H Ki = EALE
—  cpenHmil TemI pocTa i=1 Yo

JI7st IpaBUIIBHON MHTEPIIPETALMK CPETHHX TOKa3aTee, Halo yKa3aTh IBE CANHUIIBI
BpPEMCHHU:

1) BpEMsl, 32 KOTOPOE OH BEIYKCIICH M KOTOPOE OH XapaKTepu3yeT;

2) BpEMsl, BXOJSILIIEE B €T0 SANHUILY U3MEPEHHUSL.

MOKHO paccuuTaTh CPEIHEMECSIHBII MPUPOCT 3a MATHIICTHE, CPEAHECYTOUHOE H3MECHEHHE
3a TOJ], MECSILI, KBapTaJl; CPEIHEMECSIHBINA TEMII 3a ITOJIYrO IHe U T.JI.

[pumep 1.2. UMEIOTCS JaHHBIE O BEIMYHHE J0X0/a (X) HA OJHOTO WICHA CEMBU M Pacxoa
(v) Ha ToBap A (tabmuua 1.2).

Tabmuna 1.2

T Pacxonpl Ha TOBap , Jloxo Ha 0IHOTO YJIeHa AY A
o]l noJutap. (yi) cembH, % (x1) i Xi

2
000 147.9125 591.65

2 0.7 2
001 148.645 594.58 325 .93

2 0.0 0
002 148.7025 594.81 575 23

2 _ N
003 148.2025 592.81 0.5 2

2 1.3 5
004 149.5625 598.25 6 44

2 1.0 4
005 150.585 602.34 225 .09

2 _ R
006 150.3525 601.41 0.2325 | 0.93

2 _ N
007 149.265 597.06 1.0875 | 4.35

2 0.5 2
008 149.7675 599.07 025 01

2 _ N
009 149.4 597.6 0.3675 | 1.47

TpeOyercs:

1. OnpenenuTh exXeroanble a0COMIOTHBIE IPUPOCTHI T0XOA0B U pacxofoB. CaenaTb BHIBOIbI
0 TEHJCHIIUH Pa3BUTHSI KAXKJIOTO psa.

2.Ompenenute YCKOpeHHE pocTa J0X0A0B U pacxongoB. lloctpoiite rpaduku,
MO3BOJISIFOIIME MPOBECTH CPABHEHHME CO CPEAHMM 3HAYEHUEM YCKOpPEHMS. MOXXHO 1M clenarb
BBIBO/IBI.

3.Ompenenute TeMObl pocTa A X Wy NPOBEAUTE TIpaduueckoe CpaBHEHHE 3THUX
HoKa3aTesei ¢ UX CpeJHUMHU 3HAUYCHUSMHU.




['padrxi aGCOTIOTHOTO MPHPOCTa ATMI Y 1 eT0 cpeJHero IMpHpOocTa 3a Toj
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4 -
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Puc. 1.1. I'paduk aGcoFOTHOTO TPUPOCTA JIJISI H3YUSHUS PACXOJI0B CeMel
Ha MpuoOpeTeHre ToBapa A
AOGcomoTHBIE TPUPOCTHI HaxoaaTes 1o gopmyne (1.1). AGCoTOTHBIE TPUPOCTHI 110 Y HE
UMEIOT YETKO BBIPAKEHHOW HAIPaBICHHOCTH.

2. ABTOKOppeJIsiusl M ABTOperpeccus

PaccMoTpuM BpeMeHHBIE MOCIEI0BATENIbHOCTH HE MMEIOLME CE30HHBIX KojleOaHui, Mmpu
39TOM cocelHUue Ha0moAeHus OOBIYHO OJIM3KU, a JOCTaTOYHO JajeKhe MOTYT CHJIBHO
OTJINYAThCA. TaKOM IIaBAIOIMI PUCYHOK XapaKTEpEH [UIsi MHOTUX IIOCJIEI0BATEIbHBIX JaHHBIX
B DKOHOMUKE, HAIIpUMED, KaK [[EHbI aKIHi1 B SKOHOMUKE.

[lepBbIM mIATOM SIBISIETCS MCCIIEAOBaHHME TIpauka BpPEMEHHOW IOCIEeI0BATEIbHOCTH.
Hcxons u3 rpaduka, MOKHO MPEANOIOKUTD BHUI PETPECCUOHHON 3aBUCUMOCTH U HMCCIEI0BATh
€€ C ITOMOIIBI0 NHCTPYMEHTOB PETPECCHUMU.

2.1. MopeiupoBaHMe TeHACHIMM BPeMEHHOI0 psijia ¢ ucnoab3oBanuem Excel
Heo6xonumo moctpouTh (PyHKIIMOHAIBHYIO 3aBUCHUMOCTh YPOBHEH BPEMEHHOTO psia OT
BpemeHnu. Hambonee npocteiM criocoboM sBisiercs JloGaBieHne TpeHia K TOUe4HOMY IpaduKy,
MTOCTPOCHHOMY T10 TOYKaM (t, yi). Bocmons3yiiTech JaHHBIMHE O 3apruiaTe padounx puc. (2. 1) mis
MOCTPOEHU ST MOJEIICH.

M 3apmnara , a2 e G A DR
€CHAIT JoJuiap s1.s
1 29.5825 N
2 29.729
3 29.7405
4 29.6405 wem
5 29.9125
6 30.117 e - =
7 30.0705
8 29.853
9 29.9535
10 29.88
11 30.125
12 31.011
13 30.265
14 30.145
15 30.45
16 31.36
17 31.854
18 30.732




19 30.256
20 31.032
Puc 2.1. Jlannasie o 3apmniate u rpaduK BpeMEHHOTO psijia

[TocTpouM NMHEHHBIA TPEHI MO JaHHBIM O 3apIIaTe U HCCIEAYeM 3TO NPUOIUKEHHE C
MOMOLIBI0 HHCTPYMEHTOB perpeccuu. Pesynbratel (puc 2.2) MOKa3bIBAIOT  XOpOIlee
npuOIM>KeHHe K  HaOmoAaeMbIM — JaHHBIM. 3HaueHue R-kBajgpaT moka3plBaer, 4To
npubnusutenbHo  73%  TeopeTMuYecKMX ~ 3HAYEHUM,  BBIUMCIEHHBIX [0  YpaBHEHUIO

perpeccuu y= 5’7768+0’0098X, coBMajaeT ¢ HaOmomaeMbIMU. BenwumHa t — cratucTuk u P —
3HAUYEHMH MMOATBEPKAAIOT CYIIECTBEHHYIO 3HAYUMOCTb, II0JY4EHHOTO YpaBHEHUS.

P€2p€CCMOHHClﬂ cmamucmuka

MHoxecTBeHHbI R 0.7611045
R-xBagpar 0.5792801
Hopmupoannsii R-
KBaJpat 0.5559068
CrannaptHas
ommoOKa 0.4092016
Habnronenus 20
Kosgpdpuy Cmanoapmmuas t- P-
ueHmul owubka cmamucmuxka — 3HaueHue
1.377
Y-niepeceueHue 29.455982 0.190087 154.9605 E-29
9.73E
[Mepemennas X 1 0.078997 0.0158682 4978334 -05

Puc. 2.2. Pe3ynprarhl IMHENHON perpeccuu

2.2.11posepka BpinoaaumMocTu M HK. ABTokoppessiuus octatkoB CraTuCTHKA
JapOnna—Yorcona

Bce mpeapiaynme paccyxaeHHsT OCHOBAHBI Ha TOM, YTO BBIMOJHSIOTCS HPEINOCHIIKH
MHK: npeanonaranocs, 4To ciiydallHbI€ OTKIIOHEHUS €; ABJISIOTCS HE3aBUCUMBIMU CITYy4ailHbIMHU
BEJIMYMHAMU CO CpeaHel, paBHOW Hymo. Ilpm pabore ¢ (aKTHYEeCKUMHU JaHHBIMH, TaKoe
JONyIIeHWEe HE Bceraa BhImONHseTcs. Hampumep, ecnmu BuA (QyHKIHMH BBIOpaH HEyTauyHO, TO
OTKJIOHEHHSI OT perpeccuu Bpsa Ju OyayT He3aBUCHUMBIMU. B 3TOM ciydae 3ameuaercs
KOHIICHTPALMs IOJIO)KUTEIBHBIX WM OTPULIATEIbHBIX OTKIOHEHHUH OT PErpeccCMM U MOXKHO
COMHEBATHCS B UX CIIyJaHHOM XapaKTepe.

Ecnu mocnenoBarenbHble 3HAYSHUS €j KOPPEIUPYIOT (3aBUCAT) MEXY CO00I, TO TOBOPAIT,
YTO UMEET MECTO aBTOKOPPEIIALIUS OCTATKOB.

MHK B ciayyae aBTOKOppENSILIMM JaeT HECMELIEHHbIE U COCTOSITEIbHBIE OIEHKU, OJIHAKO
IIOJIyYEHHBIE B 3TOM Cllydac JOBEPUTEIbHBIE MHTEPBAJbI MMEIOT MAJIO CMbICIA B CUILY CBOEH
HEHA/IKHOCTH. 3HAUUTENbHAs aBTOKOPPEISAIUS TOBOPUT O TOM, YTO CHEIM (UKALUS MOJEIIN
HernpaBuibHad. [IpoBepka 0CTaTKOB Ha aBTOKOPPEISIIMIO JIOJKHA BBITOJIHATHCS 00S3aTEIBHO.
HanOonee mpocTeiM mpHeMOM OOHapyXKEHHsI aBTOKOPpENsLMM sBiseTcs Mmeron JlapOumHa—
Yorcona (DW). WUnest, KOTOPOTo COCTOUT B TOM, YTO IPOBEPSIOTCS HA KOPPEIUPOBAHHOCTH HE
ao0ble, a TOJBKO coceHue 3HadeHus e€i. CoceqHUMH OOBIYHO CUMTAIOTCS COCETHHUE 10
BO3paCTaHMIO OOBACHAIOIEH mnepeMeHHOM X ( B ciayyae MEpPEeKpecCTHONW BBIOOPKM) WM IO
BpeMEHHU (B Cllydae BpPEMEHHBIX PAJIOB) 3HAYECHUS €.

Cratuctuka DW paccunThiBaeTcs mo gopmyrie:



Zn:(ei - ei—l)z

d=DW =2
28l
i1 : 2.1

[Tpu ycnoBum uro M(ei)=0, (i=1,2,....n) u n 6OIBIIOE YUCIO MOKHO MPEITOIOKHUTH

S 2 w2
DI
i1 i

Torna mocne npeoOpazoBaHUs MOTYUUM:

OueBuHO, yTo 0<0<4, Tak KaKk K03 PPUIIHEHT KOPPEIAIUU

Z(iei2 _Zeiei—i) Zn:eiei-l

i=2 i=2 :2_2 i=2
e Y,
= = 2.2

<1,

I <
€1

d=2, ecitu cov(ej, €j.1)=0 — aBTOKOPPEI AU OTCYTCTB YET;
d=0 —monHas MOJ0KHUTEIbHAS ABTOKOPPEIAIIKS;
d=4 —noxHas oTpUIIATEIbHAS aBTOKOPPEIISIIHSL.

2.3. ABTOKOppesinMs YPOBHEH BPEMEHHOI0 Ps/Ia U BbISIBJICHHE €0 CTPYKTYPbI

OOBIYHO TPOBOAUTCS MCCIEIOBAHHE KOPPESIIMH BPEMEHHOTO psifa ¢ caMuM co0oil 10
MonenupoBanus. [Ipy HamMYuM TEHACHIMM W IUKINYECKUX KOJeOaHUN 3HAUEHHS Ka’KIOTrO
MOCIEAYIOMIETO YPOBHSA psAfa 3aBUCIT OT MPeAblAynMX 3HadyeHud. KoppensaunoHnHyo
3aBMCUMOCTb MEXJy YPOBHSMH BPEMEHHOIO psja WIM OTKIOHEHUSMHU OT TPEHJA, B3STBIMU CO
CIBUTOM BO BPEMEHH Ha3bIBAIOT aBTOKOPpESIIKEil ypoBHEH psja. B 3aBUCMMOCTH OT BEIUYUHBI
CABUTa BO BpPEMEHU TOBOPAT O Kod(dHUIMEHTaX aBTOKOPpEISAUUH TepBoro mopsaka (rl),

BTOpPOTro nopsaka (r2) u T.4.

B 3apyOexHoii nuTepaType mpeaplIylye 3HaueHUsl Ha3blBalOT 3aIa3/IbIBalONMMU, a JUINHA
BPEMEHHOTO MPOMEXYTKA MEXAY TEKYIIIMM U MPEAbIAYIIMM 3HAU€HHUSIMU Ha3bIBAETCSl BPEMEHEM
3amas3abIBaHUA. B oreuecTBenHOM JUTECPATYypC BpCMH 3alla3AbIBaAaHUA HA3bIBACTCA JIarOM.

IIpumep. [To nanubiM 0 3apmate (puc. 2.1) B HeKoTOpoit oTpaciu 3a 17 mecsiies.
Onpenenute KO3QOUIIHEHT aBTOKOPPENSAIUH TIEPBOTO MOPSIKA.

M 3ana3npiBa 3apruiara ,
€CsIIT Huel JoIap

1 29.5825
2 29.5825 29.729
3 29.729 29.7405
4 29.7405 29.6405
5 29.6405 29.9125
6 29.9125 30.117
7 30.117 30.0705
8 30.0705 29.853
9 29.853 29.9535
10 29.9535 29.88
11 29.88 30.125
12 30.125 31.011
13 31.011 30.265
14 30.265 30.145
15 30.145 30.45
16 30.45 31.36
17 31.36 31.854
18 31.854 30.732




19 30.732 30.256

20 30.256 31.032

Puc. 2.3. [ToaroToBKka TaHHBIX IS U3yICHHS aBTOKOPPEIIAIIAH
¢ 3anaznpiBanueM 1 (;arom 1)

[ar 1. BeeauTe maHnHbIe 0 MECAIax U 3aprijiaTax B cTOJONBI A u B.

[ar 2. Bergenute siueiiky Bl 1 BBI30BHTE KOHTEKCTHOE MEHIO C ITOMOIIBIO TPABOW KHOITKU
Mmbi. Beibepute Jlo6aButh staeiiku (Cronberr).

ar 3. Cxonupyiite nanusie auanasona C2:C17 B sueiiky B3. B suelixy Bl BBenute meTky
3ana3apiBanue 1.

lar4. Y nanute BTOpYIO CTPOKY.

[ar 5. B sueiiky E1 BBenute dhopmymny:

=KOPPEJI(B2:B18; C2:C18).

[ar 6. [locTpoiiTe TOUeUHYIO AUarpaMMy Juisd JaHHBIX U3 quanazoHa B2:C18.

[Ilar 7. CoenaiiTe BEIBOJ O 3aBUCUMOCTH MEXIY TEKYIIEH 3apriaToil U MPeaIecTB Yo e
enl.

OTMeTHM JIBa BaXKHBIX CBOWCTBA KOAPPUITHEHTA aBTOKOPPEIISIIUN

PaccmarpuBaeTcss nuHEHas 3aBUCMMOCTh MEXIY TEKYLMM W IPEABIAYIIM YPOBHSMU
psana. IloaToMy Mo €ro 3Ha4YeHUI0 MOXKHO CAENIaTh BBIBOJ TOJBKO O JIMHEMHOM 3aBUCMMOCTHU
MEXAy paccMarpuBaemMblMM JaHHbIMH. B mpumepe 11=0,8400, 9TO roBOpHUT O JIMHEWHON
3aBUCHMOCTH MEXJIy YPOBHSMM psAa C 3amasapiBaHueM 1. Ecnum cymiecTByeT HelaMHEWHas
TEHJICHITUS MEXTy YPOBHSIMU Psizia, TO K03 PPUITMEHT KOPPETSAIUN MOKET PaBHSTHC I HYIIO.

[lo 3raky k03 pdurmeHTa aBTOKOPPEISIIIUN HEJIB3sI IEIaTh BRIBO O BO3PACTAIOIIICH WITH
yOBIBarOILIel TEHJCHIIUU.

[ocnenoBarenbHOCTh K03 (hPUIIMEHTOB aBTOKOPPEIALUU [IEPBOT0, BTOPOTO U T.J. IOPSIKOB
Ha3bIBalOT (yHkuuei aBToxoppemsiuuu (DPA) BpemeHHoro psiga. I'paduk 3aBucUMOCTH €€
3HAQUEHHUI OT BEJIMUMHBI Jlara Ha3bIBAETCSI KOPPEIOTPAMMOM. DTH XapaKTEPUCTUKU HCIIOIB3YIOT
JUIS BBISIBIIEHUSI BO BPEMEHHOM PsJIE€ TPEHA0BON U LIMKIMYECKON KOMIIOHEHT.

AHanu3 aBTOKOPPEISIIMOHHOW (QYHKIMH U KOPPEIOTrpaMMBbl MO3BOJISIOT ONPENENUTh Jiar
(3amaznpIBaHKE) TPU KOTOPOM aBTOKOPPENAIUs HanOOoNbIasi, TO €CTh CBSA3b MEXK 1Y TEKYIIIMMH 1
MPE/IIECTB YIO IMMH 3HAaUYE€HUSIMH HanOoJiee TeCHas.

BBIBOJIBI O CTPYKTYpE BPEMEHHOTO psAfa AeatoT 0 IpaBUILy:

e Ecnmu campiM OOnbIMM OKa3ajcs KO3 (QQHUIMEHT aBTOKOPPEIALUU IIEPBOTO
MOPSI/IKA, UCCIIEAYEMBIN PSiI COAEPKUT TONBKO TeHACHIUIO (T);

e Ecnu campiM OosbImM OKazayicss KO3 (PULMEHT K-TOTO IMOpPSIKAa, TO PSAA CONEPKHUT
HUKINYecKue kosiebanus (S) ¢ laroM B K MOMEHTOB BPEMEHH;

e Eciu HU 0JMH U3 KOAPPUIIHUEHTOB HE SBISETCS 3HAYMMbBIM, TO BO3MOKHO PAI COJIEPKUT
CUJIbHYIO HEJIMHEUHYIO TEHJICHLIMIO WM PSJT 3aBUCUT TOJIBKO OT CiydaiiHoi kommoHeHTHI (E).

IIpumep. [lo manHBIM O 3apriaTe BBIYUCIUTE (DYHKIHIO aBTOKOPPENSAUH BPEMEHHOIO
psiAa U clenaiTe BBIBOJ O CTPYKTYPE UCCIEAYEMBIX TaHHBIX.

Jis  mocTtpoeHHs (YHKIUMU aBTOKOPPENSIIMM HEOOXOIUMO HCCIEIOBATh PSAAbI  C
3anazapiBaHusIMA. Ha puc. 2.3 mpencraBieHbl JaHHBIE Ui HM3ydeHHS Kol pduiimeHTa
KOpPETSIUU TepBOro mopsaka. MoKHO aHaJOTMYHO MOJATOTOBUTH TaOIHUIly JaHHBIX (puc. 2.4).
JUJist Ka)10T0 3ara3bIBaHUsI TPHUIETCS BBIYHCIATH (DYHKIIHUTO

KOPPEJI(nnanazon | ;qmanazon?2), kak moka3aHo Ha puc.2.4 ctonber; H.

CymiecTByeT Apyroi crnoco0, MO3BOJSIONMN aBTOMaTU3UPOBATh ATOT Mpoiiecc. B cronbie [
(puc.2.4) ans BeIYUCIEHUA T'l, 12,. .., 16 UCTIOIB3YeTCS (PyH KIS :

CME](auamna3oH; Jar mo cTpoKaM;jiar 1o CToJOIaM; MUPUHA; BEICOTA).

DAc
3apruiara , byHKuMEeH
Mecsiy | Jlar3 Jlar2 Jlarl JI0JLI1ap Jlar | ®A CMEI




4 29.5825| 29.729 | 29.7405 29.6405 1 0.591632 0.999388
5 29.729 | 29.7405 | 29.6405 29.9125 2 0.558492 0.998649
6 29.7405| 29.6405 | 29.9125 30.117 3 0.524824 0.996687
7 29.6405| 29.9125| 30.117 30.0705 4 0.507291 0.994042
8 29.9125| 30.117 | 30.0705 29.853 5 0.492262 0.969426
9 30.117| 30.0705 | 29.853 29.9535 6 0.463714 0.965572
10 30.0705| 29.853 | 29.9535 29.88
11 29.853 | 29.9535 29.88 30.125
12 29.9535 29.88 | 30.125 31.011
13 29.88| 30.125| 31.011 30.265
14 30.125| 31.011| 30.265 30.145
15 31.011| 30.265| 30.145 30.45
16 30.265| 30.145 30.45 31.36
17 30.145 30.45 31.36 31.854
18 30.45 31.36 | 31.854 30.732
19 31.36| 31.854| 30.732 30.256
20 31.854| 30.732| 30.256 31.032

Puc. 2.4. JIuct Excel ¢ naHHBIMH 17151 BBIYMCIICHHUS (DYHKIIUM aBTOKOPPEIISLIMH

B aToM ciydae He HaJO TOTOBUTH CTOJOLBI C 3ara3AbIBAHUEM, @ MOYKHO 0OOHTHCH OTHUM
cronbioM 3apriara, XOTs BEIMYMHY CMELICHUs NMpuaeTcs 3aHectd B ctonden G. B sueiiky 12
BBenuTe Gopmyny. B pesymprare momydnte 3HaYCHHS JUIS (PyHKIMHM aBTOKOPPEISIIHH, Kak
noka3aHo Ha puc.2.4. CpaBHHBAs 3T 3HAYCHUS, MOKHO CIENaTh BBIBOJ, YTO 3apIulaTa JIMHEHHO
3aBHCUT OT MPEAbLAYILEr0 MecsAIa, TaKk Kak Kod pduunent rl HaubonbImii, ClIeq0BaTENbHO, P
COJCPKUT TOJBKO TEHICHIIMIO M HE COACPKUT LMKIMYECKHX KoyeOanuii. Bo3MokHO, B
ypaBHEHHUE MOJIEIIH CIIEAYeT BBECTH Vi-1.

G | H | [

nar OA ¢ dyHrgmeld CMELL

1 . I—KOF'F'EJ'I;ES E18,03.018) & I=KOPPEN(CWELFES2: $EF18;G2,0;16-G2), CMEWFES 2 $EF18,0:0,18-G2))
2 =KOPPENE4:E18;C4:C18) —KOF'F'EJ'I(CMELI.I,($E$2 $EH18,53,0,18-G3); CMELLFESZ: $EF18;0,0;18-53))
3 =KOPPEN(ESE18,E5:E18) =KOPPENCMEL$ES2 $E§18;54;0;18-G4); CMELLFES2: 5EF18:0;0;18-G4))
4 =KOPFPENCMELLSES2: $EF18,55,0,15-G5), CMELL(ESZ: $EH18,0,0,13-G5))
5 ) ( )
B ) ( )

=KOPPEINCMELLSES2: $EF18; 66,0, 18-GE); CMELLFESZ: $ER15,0,0;18-GE
=KOPPENCMELLSES2 $EF18,G7.0,18-G7), CMELLFESZ $ER18,0,0,18-G7

Puc.2.5. UcnionszoBanue ¢pynkunu CMEL] ms Beruncinenus @A

2.4. ABTOoperpeccuonnnie Mmoaeu (AR)

Monenu, KOTOpbI€ UCTIOJIB3YIOT B KAUECTBE JIATOBBIX OOBSICHSIO I X IEPEMEHHBIX 3HAYCHU S
3aBUCHMOM MEPEeMEHHOM (Yi«) Ha3bIBAIOTCS aBTOPETPECCHOHHBIMU. B nmpumepe 4 ObiM Hali 1eHbBI
KOO (UIIEHTBl aBTOKOPPEINSAIIMU, KOTOPBIE CBUJIETENBCTBYIOT O CHJIBHOW JHMHEHHOM
3aBHCHUMOCTH MEX]Iy YPOBHSIMU psifia CO CMEIIEHUEM B OJIWH, JIBa Jiara.

PaCCMOTpI/IM MOJCIIb:
=a+[+y yt_1+g

Takast mozenb HazpiBaeTcst AR(1).

JUis NOCTpOEHMsI YpaBHEHHUsI PErpeccMd M OLEHKM ero Kod3(QQUUHUEHTOB YnoOHO
UCIOJNIb30BaTh MakeT AHanu3 JaHHbBIX U3 MeHio CepBuc npuiioxkeHus Excel. Bocmonbzyemcs
JIAHHBIMU TTpuMepa 4 J1st Torcka ko3 pounmentoB moaenu AR(1).

Ha puc. 2.6 npuBeneHbl Bce HEOOX0AMMBIE JaHHbIE JUI OLIEH KM [IOCTPOSHHOTO YpaBHEHUS
perpeccuu:

Yt =3,515+ 0,006t + 0,391y;_4



Koadpduument nerepmuHanmu R%*=0,777 HeMmHOTO YBEJIMUMJICST TI0 CPAaBHEHUIO CO
3HayeHueM 0,7215 B nuneiHoi perpeccuu(pucl.S). Bce ko3 phunnent AR(1) MOXKHO cuuTaTh
3HaYMMBIMH, TaK Kak P-sHadenust He npesbimaoT 15%. KadecTBo Bcero ypaBHeHHs Xopoliee
3HaYMMOCTbF=0. mporuo3

ITpornos 3aprats! i t=18:

Y15 = 3515+0,006-18+0,391y;7 =5942

Mecsn Jlarl 3apruiara , goiap
4 29.7405 29.6405
5 29.6405 29.9125
6 29.9125 30.117
7 30.117 30.0705
8 30.0705 29.853
9 29.853 29.9535
10 29.9535 29.88
11 29.88 30.125
12 30.125 31.011
13 31.011 30.265
14 30.265 30.145
15 30.145 30.45
16 30.45 31.36
17 31.36 31.854
18 31.854 30.732
19 30.732 30.256
20 30.256 31.032
BbIBOJI U'TOI'OB
Peepeccuonnas
cmamucmuxa

MHoxecTB

eHHBIN R 0.5916316

R-xBampar 0.350028

Hopmupos

aHHBIN R-

KBaJIpaT 0.3066965

CranmaptH

as oImoOKa 0.5044108

Habmronen

ns 17

JlucriepcHOHHBI aHAIN3

3uauu

Mocmb

df SS MS F F

2.05526 8.077 0.0123

Perpeccus 1 2.0552664 64 9171 608
0.25443
Ocrarox 15 3.8164537 02

Hroro 16 5.8717201
Koagppuy ~ Cmanoap t- P-  Huoien Bepxu Huown  Bepxu

ueHmsl mHas cmamuc  3Hau ue ue ue ue




ouuoka muxa enue  95% 95% 95,0% 95,0%
Y- 1.93875 0.071 1.2250 25.87 1.2250 25.876
nepeceuenne 12.325713  6.3575492 23 5825 824 6508 824 508
[lepemennas 2.84216 0.012 0.1490 1.042 0.1490 1.0428
X1 0.5959263 0.2096732 77 3608 185 8342 185 342

Puc. 2.6. Tlouck ko3 pdunmento moaenu AR(1)

BBIBO/],
OCTATKA .
Ilpeockazann -
Habnrwooenue oeY m |~
1 30.04886 0.40¢ | *>= .:'EE??““"
2 20989268  0.07( | 2.5 o
3 30.15136 0034 | 2808 b0 v
4 30.273227 0.20]
5 30.245516 0.3925162
6 30.115902 0.1624022
7 30.175793 0.2957928
8 30.131992 0.0069922
0.7330
9 30.277994 058
10 30.805985 0.5409849
11 30.361424 0.2164238
0.1600
12 30.289913 873
0.8883
13 30.47167 298
0.8400
14 31.013963 368
15 31.308351 0.5763508
16 30.639721 0.3837214
0.6759
17 30.356061 395

Puc. 2.7. 3navenus 3apraarsl ¥ rpadu KM BPEMEHHOTO psa U NPUOIMIKEHHs IO MOJIENIN

[ToctpouM rpaduky BpeMEHHOTO psiaa ¢ (GaKTUUYECKUMHU U TEOPETHUYECKUMHU 3HAUCHUSIMH
ypoBHEM psiga. JlJist 3TOT0 HaIO BBIUMCIUTD 3apIjiaTy MO MOCTPOSHHOMY YPaBHEHHUIO PErpeccuu

AR(1)




HJIX BOCIIOJIB30BATBCA IMPCACKA3aHHBIMU 3HAYCHUSAMHU IIAKETa Anamm3 JaHHBIX. Yrobbl HX
MMOJIYYUTH BKIIFOYHUTC OIIITUTIO Ocratku B JAUaJIOTOBOM OKHE Perpeccm{.

MOJIEJTb AR(2) mveer mug: Y =4 FPUHTLYa +72Ye2 T8

[TocTpoum 3Ty MoJ€mb JUIs MPUMEpPa U CPAaBHUM €€ ¢ yKe MOCTpoeHHOH Mozenbio AR(1).

B kadecTBe 00BACHSIOMIEH TepeMEeHHOW BBIOEpeM psi ¢ jJaroMm | u psin ¢ jmarom 2. J{ns
TOTO, YTOOBI TMOJYYUTh KAaK MOXKHO OOJIbINIE CBEICHWH O HOBOM MOJEIH BOCIOJIB3YHTECh
MakeToM AHaIU3 JaHHBIX.

Ecnu cpaBHUTH HOPpMUPOBAHHBIE KO3 PPUITUEHTHI AeTepMUHauu it mozaesneir AR(1) u
AR(2), To MOXHO caienaTh BbIBOA, 4T0 Mojelb AR(1) mydie onuchiBaeT JaHHbIE BPEMEHHOTO
psiza, Tak Kak:

RZ =0,743 > R? =0,715 .

CranpaptHas onmoOKa perpeccuu JUisl MepBOr0 YpaBHEHMS MEHbIIE 4eM JJisi BTOpOro. t-

CTaTUCTHKA JJIsl IEpeMEHHOM Jar 2 mpubin3nuiach K eAMHUIIE, a ee P-3HaueHue yBelIn4ymiIoch 10

29%. D10 o3HauaeT, yTo KOd(duiueHT nar2 He3HaunM. CpaBHUTE CaMOCTOSTEIBHO JBa
YpaBHEHHS PETPECCHH C TOMOIIBI0 F-cTaTrCcTHKY.

M Jla Jla 3apruiara ,
€CHILI 2 rl JoJu1ap
29. 29.
5 7405 6405 29.9125
29. 29.
6 6405 9125 30.117
29. 30.
7 9125 117 30.0705
30. 30.
8 117 0705 29.853
30. 29.
9 0705 853 29.9535
29. 29.
10 853 9535 29.88
29. 29.
11| 9535 88 30.125
29. 30.
12 88 125 31.011
30. 31.
13 125 011 30.265
31. 30.
14 011 265 30.145
30. 30.
15 265 145 30.45
30. 30.
16 145 45 31.36
30. 31.
17 45 36 31.854
31. 31.
18 36 854 30.732
31. 30.
19 854 732 30.256
30. 30.
20 732 256 31.032




BbBIBOI U'TOT'OB

Pezpeccuonnas
CIMamucmuxa
MuoxecrBen  0.85452

HBI R 17
0.73020
R-xBampar 73
Hopmuposan
HbIi R- 0.66275
KBaJIpaT 91
Cranpapraas  0.34429
onmmoOKa 1

HaGmronenuss 16

JlucriepcHOHHBI aHAIN3

3uaqu
Mocmb
df SS MS F F
Perpeccus 3 3.8498925 1.2832 10.82 0.0009
OcraTok 12 1.4224358 0.1185
Hroro 15 5.2723282
Koagpp  Cmanoapm  t- P- Bepxn  Huoicnu  Bepxnu
uyuenm  Has cmamu 3nay  Huowen  ue e e
bl owubka cmuxa enue ue 95% 95% 95,0%  95,0%
Y-
nepeceuenne  42.1340 7.96591 5.2892 0.000 24.777 59.490 24.777 59.490
Mecsing 0.13237 0.0318879 4.1511 0.001 0.0628 0.2018 0.0628 0.2018
Jlar2 -0.8022 0.2313214 -3.468 0.004 -1.306 -0.298 -1.3062 -0.2983
Jlarl 0.36153 0.2043485 1.7691 0.102 -0.083 0.8067 -0.0837 0.8067

Puc. 2.10. Hanusie st AR(2)

MoskHO caenath BBIBOA, uTo Mozesb AR(1) siBisercst mpeamoututensHeid moaenu AR(2).
PaccmarpuBaTh aBTOperpecCMOHHBIE MOJIEN 00JIee BEICOKOTO MOPS/IKa HE UMEET CMBICIIA,
TaK KakK K03 PPUITMEHTHI aBTOKOPPEISAIIMN YMEHBIIAIOTCS C YBEJIMYCHUEM JIara.

3. MopesimpoBaHue Ce30HHBIX M HUKJINYECKUX KoJie 0aHmii
AIJUTUBHASA U MYJIbTUIVIMKATHUBHASA MOJJEJIM BPEMEHHOI'O PAJIA
CynecTByeT HECKOIBKO ITOAXOI0B K aHAJIIM3Y CTPYKTYPbl BPEMEHHBIX PAIOB, COAEPKAIM X
CE30HHBIE UJIU LIUKINYECKUE KOJIEOaH M.
IIpocrelinmii MOX0 — pacyeT 3HaYeHUN CE30HHOM KOMITOHEHTHI METO/IOM CKOJIB3SIIIEN
CpeJHEN U OCTPOECHUE aJlTUTUBHON MJIM MYJIBTUIIIMKATUBHON MOJENIN BPEMEHHOIO psfa.
OOumii BUT aTUTUBHON MOJIENN CIIE YOI ;

Y=T+S+E (3.1)

OTa MoJeNnb MpennojiaraeT, 4ro KaXKAbli ypOBEHb BPEMEHHOIO pAa MOXET ObITh
npezacTaBieH kak cymma TpeHaoBoit (T), cezonnoii (S) u cnyuaiinoii (E) xommonent. O0umii
BHJI MYJbTUILTMKATUBHOW MOJICIH BBITJISUT TaK:



Y=T=+S=E.

OTa MOJenb MPEANnojaraer, uYTo KaKIblii YpPOBEHb BPEMEHHOTO psla MOXKET OBbITh
NpeACTaBlicH Kak mpou3sBenacHue TpenaoBoit (T), cesonHo (S) u cnydaitnoi (E) KoMIOHEHT.
BBIOOp OJHOM M3 JABYX MOJIEJEH OCYIIECTBIISCTCS Ha OCHOBE aHAIM3a CTPYKTYPHI CE30HHBIX
konebanuii. Ecnu amnnutyna xoneGaHuil mpuOIM3UTENBHO MOCTOSHHA , CTPOSAT aIAUTHBHYIO
MOJIENIb BPEMEHHOTO psija, B KOTOpPOM 3HAYCHHUS CE30HHOM KOMIOHEHTHI IPEIIoiararTcs
MOCTOSIHHBIMU JJIs1 Pa3IMYHBIX MUKIOB. ECyu aMImTyaa ce30HHBIX KoieOaHU BO3pacTaeT Uiin
YMEHBbIIAETCSl, CTPOSAT MYJAbTUILIMKATUBHYIO MOJIEIb BPEMEHHOTO psifia, KOTOpasi CTaBUT YPOBHU
pslla B 3aBUCUMOCTb OT 3HAYEHUN CE30HHOW KOMITOHEHTHI.

[TocTpoeHue aiIuTUBHONW M MYJIBTUIIIIMKATUBHOM MOJEJIEH CBOJMTCS K pacueTy 3HaYCHU I
T, S u E ans kax 10ro ypoBHS psina.

[Iponiecc mocTpoeHMsT MOJIETN BKIIOYAET B CE€0s1 CICYIOIIHE MIATH.

1. BeipaBHMBaHME HCXOIHOTO PsAZIa METOJOM CKOJB3AIICH CpeaHEH.

2. Pacuer 3Haue€HHI C€30HHOM KOMIIOHEHTHI S.

3. YcTpaHneHne ce30HHOM KOMITOHEHTHI M3 HCXOIHBIX YPOBHEHN psifia U MOJIydEHUE
BbIpaBHEHHBIX AaHHBIX (T + E) B agmuTuBHo# winn (T * E) B My/IbTHIIMKATHBHON MOJIEITH.

4. Ananutndeckoe BelpaBHUBaHue ypoBHel (T + E) wnu (T * E) u pacuer 3nauenuii T ¢
M CIIOJIb30BAHUEM MTOJTyYCHHOTO YPaBHEHHS TPEHIa.

5. pacyet mony4eHHbIX 10 Mozenu 3HaueHu (T + S) wiun (T * S).

6. Pacuer abCONFOTHBIX U/MITU OTHOCUTEIBHBIX OMMOOK.

Ecnu nonydyeHHble 3HaYeHUS OMOOK HE COAEPKAT aBTOKOPPEIISILIMHU, MU MOYKHO
3aMEHUTDH UCXOJIHBIE YPOBHU Psijia U B JallbHEHIIIEM HCIOIB30BaTh BPeMEHHOMU psi onmbok E
JUTSI aHAJIA3a B3aMMOCBSI3U MCXOIHOTO Psifia ¥ P yTUX BPEMEHHBIX PSIOB.

[TonpoOHee MeTOAMKY MOCTPOCHUS KKI0W M3 MOJENIel paCCMOTPUM Ha MpUMEpPaXx.

[Ipumep. [locTpoenre aqAMTUBHON MOJAEIM BPEMEHHOTO Psijia.

o0OpaTuMcst K TaHHBIM 00 00beMe MOTPeOICHHS AIEKTPOIHEPTHH KHUTEISIMUA paiioHa 3a
MOCIIEIHUE YEThIPe T0/1a, MPECTaBICHHBIM B Ta0M. 1.

[llar 1. IlpoBenem BbIpaBHUBAHUE MCXOJHBIX YPOBHEH psila METOJOM CKOJIb3SIIEeH
cpeanen. s atoro:

a) MPOCYMMHUPYEM YPOBHUH psfia MOCIEI0BATENFHO 32 KaXK/IbIe YEThIPE KBapTalia co
CIBUTOM Ha OJIMH MOMEHT BPEMEHH U OMPECIIUM yCIOBHBIC TOIOBBIE 00BEMBI MTOTPEOTCHUS
anexkTposHepruu (rp. 3 Tabin.l)

b) pasaenuB mosydeHHbIE CyMMBI Ha 4, HaliJIeM CKOJIb3sMe cpeanue (rp. 4 tadm. 1)
OTMeTHM, 4TO MOJTY4YEHHBIE TAKUM 00pa30M BHIPAaBHEHHBIE 3HAUCHHS Y)KE HE COAEpKAT
CE30HHOUW KOMIIOHEHTHI,

C) mpUBEJIEM 3TH 3HAYCHHS B COOTBETCTBUE C (PAaKTHUCCKUMH MOMEHTAMHU BPEMEHH, JUIS
Yero HalJeM CpeHUe 3HAUCHUS U3 JIBYX MMOCIEI0OBATEIBHBIX CKOJIB3SIIM X CPETHUX —
[EHTPUPOBAHHBIC CKOMIB3sIMeE cpeauue(rp. 5 Tabdmn.1)

Pacuer o11eHOK C€30HHOI KOMITOHEHTHI B aJTMTHBHOM MOJICITH Tabmumna 1
No [Torpebie
HHE Hroro CKoJp3g1mast LenTpuposa OneHka
KBapT | JIEKTPOSHEPTH | 3a YETBIPE | CPEIHSS 3a YEThIPE | HHAS CKOJb3sIIIast CE30HHOM
ana, t u, Yi KBapTajia KBapTajia cpeaHsis KOMITOHCHTBHI
1 2 3 4 5 6
1 9 — — — —
2 8.3 — — — —
3 7.6 34.1 8.525 8.45 -0.55
4 9.2 33.5 8.375 8.2875 -0.0125
5 8.4 32.8 8.2 8.35 0.75
6 7.6 34 8.5 8.3375 -0.8625




7 8.8 32.7 8.175 8.15 -0.25
8 7.9 32.5 8.125 8.3125 0.7125
9 8.2 34 8.5 8.2625 -0.5375
1

0 9.1 32.1 8.025 7.9375 0.0375
1

1 6.9 31.4 7.85 7.9125 -0.2875
1

2 7.2 31.9 7.975 7.65 -1.45
1

3 8.7 29.3 7.325 7.3125 0.4125
1

4 6.5 29.2 7.3 7.3625 0.1625
1

5 6.8 29.7 7.425 — —
1

6 7.7 — — — —

[Mar 2. HaiineM OIEHKHM CE30HHONH KOMITOHEHTHI KaK Pa3HOCTb MEXAYy (aKTHUUeCKUMH
YPOBHSMH Psifia ¥ IICHTPHPOBAHHBIME CKOJIB3SIIIAMU cpeHUMU (Tp. 6 Tabn 1). Mcnonbzyem 3T
OIIEHKHU JUTsI pa3vyeTa 3HAUYCHW CE30HHOW KOMMOHEHTHI S (Tabu. 2). [l aToro Haifaem cpenHue
3a KaXbIi KBapTal (110 BCEM rojlaM ) OLICHKU Ce30HHOW KOMIOHEHTHI Si. B Mozensix ¢ ce3oHHOM
KOMIIOHEHTONH  OOBIYHO  MPEIOJAraeTcs, 4YTO CE30HHBIC BO3JCHCTBHS 3a TEPUO
B3aMMOIIOraaloTca. B aqauTUBHONW MoOJENM 3TO BhIpa)kaeTcs B TOM, YTO CyMMa 3HAUYEHUM
CE30HHOM KOMIIOHEHTHI 110 BCEM KBapTallaM JI0JDKHA ObITh paBHA HYIIIO.

Pacuet 3HaYeHUN CE30HHONM KOMIIOHEHTEI B aAAUTUBHON MOIEIU Tabmuna
2
No xBapraina, i
[Toxazarenun Ton I II I I\
] — — -0.55 -0.0125
4 0.75 -0.8625 -0.25 0.7125
K -0.5375 0.0375 -0.2875 -1.45
4 0.4125 0.1625 — —

HUroro 3a i-if kBapTan (3a
BCE TOJIBI) 0.625 -0.6625 -1.0875 -0.75

Cpennsis o1leHKa CE30HHOM
KOMITOHEHTHI JIJIS i-TO KBapTaa,

31 0.2083333 -0.2208333 -0.3625 -0.25
CxoppekrupoBaHHast -
Ce30HHasi KOMITOHEHTa, Si 0.364583 -0.06458 -0.20625 | 0.09375

Jns naHHOM MOAEN UMEeM:
0,2083333 - 0,2208333 — 0,3625 — 0,25 = - 0,625.
OnpenenuM KOPPEKTUPYIO N K03 puiueHT:
K =-0,625/4 =-0,15625.
paccuuTaeM CKOPPETUPOBAHHBIE 3HAUEHUS CE30HHOM KOMIIOHEHTHI KaK pa3HOCTh MEXKIY €€
CpeIHEel OIIEHKOH M KOPPEKTUPYIo MM Kod pduierTom K:

si=St-K; (3.2)
roe i=1:4.




roza.

3). DTu 3HaYCHHMSI PACCUMTHIBAIOTCS 3a KAXKIBI MOMEHT BPEMEHH U COIEPIKAT TOJILKO

[IpoBepuM yciiOBHE paBEHCTBA HYJIKO CyMMbI 3HAYEHUN CE30HHOW KOMITOHEHTHI:

0,364583-0,06458-0,20625-0,09375 = 0.
Taxum 00pa3oM, MO Y4EHBI CICAYIO e 3HAUEHUS CE30HHON KOMITOHEHTHI:

[ xBapran:S; = 0,364583;
II xkBaprain: S, = -0,06458;
I xBaprain: S3 = -0,20625;
IV xBaptain: S4 = -0,09375.
3aHeceM MOJIyd€HHbBIC 3HAUCHUS B Ta0J. 2. /U1 COOTBETCTBYIOIIMX KBAPTAJIOB KAXI0TO

[Har 3. D1MMUHUPYEM BIIMSHUE CE30HHON KOMIIOHHEHTBI, BEIUNTAs €€ 3HAUCHUS U3
Ka)K/I0TO YPOBHSI UCXOJHOTO BpeMeHHOro psizia. [lonydum Benmmunsabl T+ E=Y — S (rp. 4 Ta0n.

TCHACHIINIO 1 CHy‘laﬁHYIO KOMITIOHCHTY.

Pacyer BoIpaBHEHHBIX 3HaUeHUN T n oum6(;1< E B agnuTuBHON Mozenu Tabnuna
t t Si T+E=Y:-S; T T+S E=Y: - (T+S) E?
1 4 3 4 5 6 7 8
1 ¢ 0.3645833  8.6354167 8.658088  9.022672 -0.02267  0.000514
2 3 f -0.0645833  8.3645833 8.56951  8.504926 -0.20493  0.041995
3 .6 , -0.20625 7.80625 8.480931  8.274681 -0.67468  0.455195

c

4 2 ) -0.09375 9.29375 8.392353  8.298603 0.901397  0.812517
5 4 f 0.3645833  8.0354167 8.303775  8.668358 -0.26836  0.072016
6 .6 , -0.0645833  7.6645833 8.215196  8.150613 -0.55061  0.303174
7 8 E -0.20625 9.00625 8.126618  7.920368 0.879632  0.773753
8 9 , -0.09375 7.99375 8.038039  7.944289 -0.04429  0.001962
9 2 i 0.3645833  7.8354167 7.949461  8.314044 -0.11404  0.013006
10 1 ) -0.0645833  9.1645833 7.860882  7.796299 1.303701  1.699636
11 9 f -0.20625 7.10625 7.772304  7.566054 -0.66605  0.443628
12 2 / -0.09375 7.29375 7.683725  7.589975 -0.38998  0.152081
13 .7 E 0.3645833  8.3354167 7.595147 7.95973 0.74027  0.547999
14 5 6 -0.0645833  6.5645833 7.506569  7.441985 -0.94199  0.887336
15 8 f -0.20625 7.00625 7.41799 7.21174 -0.41174 0.16953
16 .7 , -0.09375 7.79375 7.329412  7.235662 0.464338 0.21561




[Ilar 4. Onpenenum komnoHeHTy T gaHHOM Mozaenu. J{Jig 3Toro npoBeeM aHaJTuTHYECKOE
BeipaBHuBanue psiaa (T + E) c momompio mnHeiiHoro TpeHaa. Pe3ynbraTsl aHamuTHYECKOTO
BbIPaBHUBAHUS CJIEAYIOLIME!

Koncranrta = 8,7466667
Koadpdunuent perpeccun = -0,088578431
Takum 00pazom, UMEEM CIENYIOIMI TUHENHBINA TPEH:
T=28,7466667 —0,088578431 * T

IToncraBiisia B 310 ypaBHeHue 3HaueHus t =1, ..., 16, Haiinem ypoBHUM T as Kaxznoro

MoOMeHTa BpeMeHH (Tp. 5 Tabm. 3). ['paduk ypaBHEeHUS TpeH1a MpuBEIeH Ha puc. 1.
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puc. 1. IloTpebiieHne 3IEKTPOIHEPTUHN KUTEISIMHU paiioHa ((PaKTUUECKHE, BBIPABHCHHBIC U
MOJIY4CHHBIC 110 QTATUBHON MOJICIM 3HAYCHHS YPOBHEH psizia)

[Mlar 5. Halinem 3HaueHus ypOBHEU psfa , NOTYYEHHBIE 110 aJAUTUBON Monenu. /s 3Toro
npruOaBUM K ypoBHSM T 3HAYeHUs CE30HHOM KOMITOHEHTHI IS COOTBETCTBYIOIM X KBApTaJIOB.
I'padmuecku 3nauenwus (T + S) mpencraBneHsl Ha puc. 1.

Iar 6. B cooTBETCTBUU € METOAMKON MTOCTPOCHUS aAAUTUBHON MOJENIN pacyeT OIMOKU
MPOU3BOIUTCS 11O (hopmyIie

E=Y-(T+Y9S) (5.8)

D10 abconmoTHas onmmoOKa. YnciaeHHbIC 3HAUCHUS A0COFOTHBIX OMMOOK MTPUBEICHBI B TP. 7
Tab. 3.

[lo ananoruu ¢ MOJENBIO PErpeccCUM sl OLIEHKA KauecTBa MOCTPOCHHS MOAEIU WM ISt
BBIOOpa HAWJIY4IIed MOJEIM MOXHO MPHUMEHSITh CYMMY KBAJIPaTOB IMOJYYCHHBIX aOCONFOTHBIX
onmmoOoK. J[71s1 TaHHOM aTMTUBHOM MOJICIM CyMMa KBaJpaToB a0 COMIOTHRIX oMOOK paBHa 1,10.
[lo otHomeHHIO K OO0MIEH CyMMe KBaJpaToB OTKIOHEHHH YpPOBHEH psila OT €ro CpeaHero
ypoBHsI, paBHOM 71,59, 3Ta BenumunHa coctaBiseT 4yTh 6onee 1,5%:

(1-1,10/71,59) * 100 = 1,536

CrnenoBareabHO, MOXKHO CKa3aTh, UTO aJIMTHBHAS MOJEIb 00bsICHSICT 98,5% o0 mei
BapUaly YPOBHEW BPEMEHHOTO psijia MOTPEOICHUS 3JIEKTPOIHEPTHH 3a mociaennue 16
KBapTaJIOB.

3AKJIFIOYEHUE

Pasnuunble naHHBIE, WCIOJB3yeMbIE I HWCCIAEAOBAHUS SIBJICHHMHM B Makpo- H
MUKPOIKOHOMHUKE, COIUOJOTUM U B APYrUX OOJIACTSAX, BBICTYMAIOT B (OpME BpPEMEHHBIX
(XpOHOJIOTUYECKU X) PSAAOB, KOTOPBIE YacTO €Ie HA3bIBAIOT psAaMy TUHAMUKUA. B wacTHOCTH,
[EHTPAJbHBIM MOMEHTOM OIIGHKM W aHaJn3a KOHBIOHKTYPHI PBIHKA SBIISETCS HW3Yy4CHUE
TEHJCHIIMI U OCOOCHHOCTEH ero pa3BUTHUS, €r0 YCTOWUMBOCTU. /{7 BBISIBICHHS BEKTOpa U
CKOPOCTH PAa3BUTHSI PHIHOYHOM CHUTYallMU HCIIOJB3YIOTCS TUHAMHYECKHE PsIbl MOKa3aTeNeH -
WHJIMKaTOPOB PHIHKA.

Pan nuHamuky - MOCIENOBATENbHO PACHOJIOKEHHBIE B XPOHOJOTMYECKOM MOPSIKE
3HAQUYEHUsI HEKOTOPOro ToKaszareis. B CcBoeM HM3MEHEHUM TakoW ps OTpakaeT Xoa |
HaIPaBJICHHOCTh PAa3BUTHS U3y9aeMOT0 SBJICHUS. DJEMEHTAMU JUHAMHUYECKOTO psifa SBIISIOTCS



nu@poBble 3HAYEHUS MOKa3aTess, Ha3blBaeMble YPOBHSAMH psijia, U MOMEHTHl WM MEPUOIbI
BPEMEHH, K KOTOPBIM OTHOCATCSI 3T YpPOBHHU. ECiIM YpOBHH psifia OTPaKkarOT COCTOSIHUE SBJICHUS
(mporiecca) Ha KaKOW-TMOO0 MOMEHT BPEeMEHH (HarpuMep, Ha HaYaJlo MeCsAIa), TO Psili UMEHYIOT
MOMEHTHBIM; B TIPOTHUBHOM CJydae HHTEPBAIbHBIM (HallpUMep, CpeIHEMECSUYHbIE YPOBHU
IPOJaK B TEUCHUE T0J1A).

B 3aBucumocté oT GOpMBI TIPEACTABICHUS YPOBHEW PsJl AUHAMHUKA MOXET OBITH PSIOM
nokaszareseil abCONMIOTHBIX, OTHOCUTENbHBIX UM CPEAHUX BEIUMYHMH. PA1 AuHAMHKM cuMTaeTcs
MOJIHBIM WJIM C PAaBHOOTCTOSIIMMU YPOBHSIMM, €CIIM OJHOMMEHHBIE MOMEHTBHI WJIM IEPHOJBI
BPEMEHH CTPOTrO  CIEOYIOT OAUMH 3a JApyruM. Eciu  cTporod  XpOHOJIOTHYECKOM
MOCJIEZIOBATEIbHOCTU HET, s HA3bIBACTCSI HEMOJIHBIM WUIIM C HEPABHOOTCTOAUMMHU YPOBHSMHU.
Haxonen, ecin ypoBHM psija €CTb OJHOMEPHBIC BEJIWYUHBI, TO W DS JUHAMUKH OyneT
OOIHOMCPHBIM, HHAYC - MHOTOMCPHBIM.

C uenplo pa3HOCTOPOHHETO W3Y4eHUs M3MEHEHUs SIBJICHUM BO BPEMEHH PsAbl AMHAMHUKU
MOJBEPraloT  pa3HOOOpa3HOW  KOMMYECTBEHHOH  00paboTKe, UCHONB3yd TIpU  ITOM
COOTBETCTBYIOLME pa3/ieibl MaTeMaTUKd (METOJ CpPEOHUX, MPOTPECCUM, Pa3I0KEHUs,
cHeKTpaibHbld aHanu3). [IpocTeiinme BHIYMCINTENBHBIE IPOLEAYPHl CBA3aHbBI C ONPENEICHUEM
pocTa ¥ IpupocTa YpOBHS AUHAMHYECKOTO PsiJia, UHAEKCA CE30HHOCTH M JIPYTH X XapaKTePUCTHK.
21.]'[5[ BBIABJICHUA TCHACHIWHU PA3BUTHA COLHMATIBHO-3KOHOMUYCCKUX SIBJICHUH W B3aHMOCBS3U B
JUHAMUKE IPUMEHSIOTCS CIIELUAIbHBIE METOJbI, HAIPUMEpP, METOJ CKONB3AIMX CPEOHUX,
perpeccuoHHbI aHanu3. llomyuyeHHbIE HAa MX OCHOBE MOJEIM MOXHO HCIOJIb30BaTh IpU
COCTaBJIEHUHU MPOTHO30B, JUIS BHISIBIICHUS B3aUMOCBSI3U MEX1y HECKOJIBKUMU PsilaMH THHAMUKH
U BBIPAOOTKU CTPATETHH ONTUMAIBHOTO YIIPABICHHUS.

Pa3znea Ne 8. /Innamuveckune mogeJiu.

[lon oxumanusmu  (expectations) TIOHUMAIOTCS TMPEMMOJOKCHUS WA  MHEHHS
OTHOCUTENBHO OyIyIMX 3HAYCHHI SKOHOMUYECKHX MEpeMEHHBIX. M3-3a HeompeneleHHOCTH
MOBE/ICHUS PhIHKA €T0 YYACTHUKH (OPMHUPYIOT OKHUIAHUS SKOHOMHUYECKOW KOHBIOHKTYpPHI TaK,
KaK 9TO MM HEOOXOAMMO I CBOEH JesaTenbHOCTH. OmmMOOYHOCTh WM JOCTOBEPHOCTH
0KMJAHUN OYEHb BAXHBI JUISl JOCTHIKEHUS PAaBHOBECHS B SKOHOMHYECKOW cucreMe. Ecnm
YYaCTHUKHA PHIHKA NPUHUMAIOT PEIICHUS W JEUCTBYIOT, MCXOJS W3 HEBEPHBIX OXKHUJAHUM,
COCTOSIHHE YKOHOMUKH HUKOT/Ia HE Oy/IeT paBHOBECHBIM.

[TMIIO TE3A PALIMOHAJIBHBIX OXKWJAHUN

OxoHuaTenbHas TEOpHS OXKUJAHUI eme He co3faHa. l[lepBoil cpean HECKOJBKUX
KOHKYPUPYIOIIIMX SIBISICTCSl THIIOTE3a pPALMOHAIBHBIX OXHAaHuK (rational expectations
hypothesis). Ee paspa6oran B 1961 r. mpodeccop Yuuepcutera mrrara Uuaaunana (CIIA) JIx.
Myt [1]. B ocHOBe rumoTre3bl JEKUT MPHUHLUIT ONTHMH3ALNU MPHOOpPETeHUs M 00pabdoTKU
uHQOpPMAITUH C TeNTBI0 (POPMUPOBAHS MHEHHS O OYIyIIEeM Pa3BUTHH KOHBIOHKTyPHI PHIHKA.

JlaHHBI TPUHLIMIT TIPeAIoiaraeT, YTo HHANBUIbI HE JENAl0T CUCTEMAaTUYECKUX OITHO0K
B IIPOTHO3UPOBAHU U, HAPOTUB, UX B3IVISIBI SBJISIOTCS TPaBUIBHBIMH. UTPOKU HCIIONB3YIOT BCIO
JOCTYITHYI0 HMH(OPMALIMIO, COCTaBIIsAi CBOE MHEHHE O TEepCHEeKTUBAX, WM HCHOJB3YIOT
WHGPOPMAITHIO 0 TOTO MOMEHTA, IMOKa CTOMMOCTh €€ TOJIydEeHHUsI 1 00pabOTKHA HE MPEBBIIIACT
MOJIYYCHHYIO BBITOJY. B KpaliHell cuTyaluu, KOrja HMeEeTCs ToNHasg HWHpopManus u
OTCYTCTBYET HEONPEICNICHHOCTh, THIIOTE3a PALMOHATBHBIX OXHJAHWUA CBOAWUTCS K THUIOTE3E
coBepiieHHOro noBeneHus (perfect behavior hypothesis). BapuanTom panroHanbHBIX 0KHIaHUNA
ABIIIOTCS T.H. YaCTUYHO palMoOHalbHble oxuaanus (partly rational expectations),
IPEIOoJarafonpe, 4To areHThl (OPMUPYIOT CBOM OXHJIAHUS JOJTOCPOYHOTO PaBHOBECHOTO
COCTOSIHMSI DKOHOMHUKH, OJIHAKO MM HEHM3BECTHAa TPACKTOpHUs, MO KOTOpPOW cucreMa Oyaer
JIBUTAThCS K PAaBHOBECHIO. B  CBMW ¢ 3TUM  OXHUAAHUS JIOJDKHBI  MEPHOJIMYCCKI
NIepPecMaTPUBATHCS C YIETOM OTKIOHEHHS (JaKTUUYECKU X 3HAYCHH I OT MPOTHO3UPYEMBIX.



['mmoTe3a pamroHaNbHBIX OXHAAHWW TPUBOIUT K JBYM OOOOIIAIONMM TPHHITUIIAM,
MMEIOLIMM BaKHOE 3HAUYEHUE /Ui ((MHAHCOBOTO aHAIIN3a:

1) Ecim MeHsieTrcss 3akoH KoiieOaHHs HAOMIOJAEMOM IMEPEMEHHOW, TO M CIOCO0
(GopMHUPOBaHUS OKUAHUH OTHOCHUTEILHO HEE TOKE IPETeprieBaeT H3MECHEHHSI.

2) OmmbOka mporHo3a B CpeTHEM paBHA HYIIO U HE MOKET OBITh MpeJCKa3aHa 3apaHee.

KpOMe TOro, TUIIOTE3a pPallMOHAJIbHBIX O)KI/II[aHI/Iﬁ HUMECT €€ OAHO OYCHBb BAXHOC
CJIeICTBHE, 3aTparnBarollee KoHueniuo 3gdekruBHoro perka (efficient market concept). Ecnu
TEeKyIMe IeHbl Ha (MHAHCOBBIE AKTUBBI OTPAXKAIOT BCIO JOCTYIHYIO HWHQPOPMAIUIO, TO
BO3MOXHOCTDB ITOJIYUCHHU A HpI/I6BIJ'II/I B IMPHUHIMIIC UCKITIOYCHA.

LleHbl JOJDKHBI KOJIEOAThCS, T.€. HM3MEHSTHCS HEMpeAcKa3yeMo, B COOTBETCTBUH C
3aKOHOM CIIy4aifHOro OnyxknaHus. Ha mpakTuke 3TO MOXET HaXOAWTh OTpPaXKCHUE B
CTATUYECKUX WJIM HEM3MEHHBIX OXHUJaHUIX (static expectations), Korga MpearnoigaracMoe
3HAYCHHUE TIEPEMEHHOM OCTaeTcsl Ha MpexHeM ypoBHe. OJHAKO peauu (MHAHCOBBIX PHIHKOB
BEChMA JJAJIEKU OT TAKOW MJI€aJTU3UPOBAHHON MOJEIH.

CymecTByer, 1Mo KpaifHel mepe, AB€ NMPUUUHBI, IO KOTOPBIM OXHIAHUS OKa3bIBAIOTCS
HepaloHAIbHBIMU. Bo-TIepBBIX, S)KOHOMUUECKHUE areHThI, XOTS M PacloiaraloT BCei TOCTyImHOM
uH(opMaIueii, UCIONIB3YIOT €€ HEe CaMbIM ONTHUMAaIbHBIM 00pa3oM. Bo-BTOpBIX, HTPOKU pBIHKA
MOTYT YIIYCTUTb 4aCTh UH(GOPMAIIUH.

[TosTOoMy ma)ke caMblii JTy4IIIMH TPOTHO3 HUKOTA HE Oy/IeT a0COMIOTHO TOYHBIM.

TUITO TE3A AJIATITUBHBIX OXKUAHUM

KonkypeH1IMI0 TUIOTE3€e palMOHANBHBIX OKUJAHUM COCTAaBJISET TMUIIOTE3a aJallTUBHBIX
oxunanuii (adaptive expectations hypothesis). AnanTuBHbIe OXumaHus — 3T0 (GopMHUpOBaHHE
OyIyumX 3HaYeHUH HKOHOMUYECKOI MepeMeHHON TOJILKO Ha OCHOBE €€ MPOIUIbIX 3HAYeHHH, Ha
0aze amanTanuu. ATeHThl KOPPEKTUPYIOT CBOHM MPOTHO3bI, UCXOJs U3 MOCIEAHUX HAOIIOICHUN
332 PpIHOYHOW KOHBIOHKTYPOH.

B rmunore3e amanTUBHBIX OXWJAAHUW KIIOYEBYIO pPOJIb HIPAeT Jar OXHUAAHUKN
(expectations lag). Ilom HuUM TOHUMaeTcss BpeMs TMEPecMOTpa OXKHAAEMOTO 3HAYCHUS
MepEMEHHOMN B Pe3yJIbTaTe €€ TEKYIIM X H3MEHECHUH.

['mnores3a amanTUBHBIX OXKUIAHUN MOJIydnia pactipoctpaneHue B 50-60 rogax XX Beka.
Jloruka ee Majno yAOBJIETBOPUTENIbHA, MO3TOMY TMIIOTE3Y HMCHOIB3YIOT B 3KOHOMHUYECKOM
MOJICTTMPOBAHUHU JIJISl YITPOIIICHHUSI aHAJIK3a.

Ecte Heckonbko mpoOieM, CBS3aHHBIX C MPUMEHEHHEM JToW rumote3bl. OnHa u3
TPYAHOCTEW, BO3HUKAIOIMX MPU €€ HMCIOJIb30BAHUM, 3aKIIOYAECTCA B TOM, YTO HEBO3MOXKHO
omnpenenuTh nHGOpMAaIMIo, Ha KOTOPOM Oy/leT MoCcTpoeH MnporHo3. KakoBa mepcrnekTuBa: msrh,
necstb net? OTCyTcTBYeT Takke yHUuKanus B (GOPMUPOBAHUU OXKUJAHUM, U ITO JelaeT
MPUMEHEHHE THIIOTE3bl KpallHe MPOOIeMaTUIHBIM.

W, nakoHer, alanTUBHBIA MOAX0J MMEET JBa CIOPHBIX MOMEHTA. Bo-TmepBhIX, TMIoTe3a
YTBEPKIAET, YTO UTPOKH HE HCIOJIB3YIOT CBOETO MOHUMAHUS SKOHOMUUYECKUX ITPOLIECCOB, XOTs
Ha caMOM Jielie 3TO He Tak. Bo-BTOpPBIX, CYyIIECTBYET OECUMCIEHHOE MHOXKECTBO MEXaHU3MOB U
cxeM (QOpMHUPOBAHUS AaJaNTHUBHBIX OXUJAHUN, HO HET crmocoba BHIOpaTh W3 HHUX OJIUH
OOIIETIPUHSTHIN TTPU MOJICTMPOBAHUN SKOHOMUYECKON CHCTEMBI.

AJIBTEPHATUBHBIE IT'MITIOTE3bI

DKOHOMUCTBI TMPEANPUHUMAIOT PETYISAPHBIC MOMBITKH Pa3paboTaTh aabTepHATUBHBIC
THTIOTE3bl OKHUJIAHWM, HO OOJBIIMHCTBO M3 HUX TEPIAT Heynaud. Hampumep, BBIIBUTAICS
MOBEICHUYECKUM 1moxoa K oxkuaanusM (behavioural expectations approach), ocHOBBIBarOIMCS
Ha COIMATBHBIX U TICUXOJIOTHYECKUX (aKTOpax, ¢ aKIEHTOM Ha MEKIUYHOCTHBIE KOHTAKTHI U
MacCOBYIO KOMM yHHUKaIHI0. [loBeieHIeC Kt TTOIX0/T C TPYAOM MOIIACTCS CTP YKTYPHU3AIHH, €TO
CIIOXHO CMOJICIMPOBATh, YTO JEJacT JaHHBIM IOJX0J MEHEe KOHKYPEHTOCIHOCOOHBIM I10
CPaBHEHUIO C TUIIOTE3aMHU PAIlUOHATBHBIX U QJAITUBHBIX OKUIAHUH.



OKOHOMHUCTaMU TPEANPUHUMAIIUCH TAKKE IONBITKM COBMECTUTh pAllMOHAJIBHBIE H
aJanTUBHBIE OXWUJAHUSA, B pE3ylbTaTe Yero IMOSBUJIACh KOHLENUIMS OXHUJIAHUKH C
pacnpenenennsiM Jsiarom (distributed lag expectations). Ona BKIOYaeT B creluQUKAIIIIO
O’KUJAHUH HE TOJIBKO TEKYIlee 3HaYeHHE IEPEMEHHOM, OTpakarollee paliOHAIbHOCTh, HO U Psit
€e JIaroBbIX 3HaYeHUH, yIUTHIBAIOIIMX aalI TUBHOCTb.

Pacnipenenennsiii yar TpeOyeT, 4TOOBI KOX(PQUIIMEHTHI TpPH JIATOBBIX 3HAYCHUSX
HOMYMHSUTUCh ONPENEICHHON MaTeMaTU4eCKOW 3aKOHOMEPHOCTH (MM paclpeieieHHI0) 0
BPEMEHU — HAlpUMEp, paclpesielieHue MOKeT MMeTh (opMmy mnepeBepHyroil OykBel U wnim
yOBIBaTh 10 KCIIOHEHTE.

Pa3paboTanbl crenuanbHble 3KOHOMETPUUYECKUE METOJbl Ul OLIEHKH OCO0bIX (opMm
YPaBHEHUMN C pACIPEIEICHHBIM JIaroM. BO3MOXEH Taloke BapuaHT C YaCTUYHOM WJIM HEIOJHOMN
anantauueit (partly adaptive expectations), korna npeablyiias HHQOpMALIUS YIUTHIBAETCS HE
710 KOHIIa. TUNHMYHBIM cIOCOOOM aHalnM3a ypaBHEHUH C paclpe/ieleHHbIM J1aroM OeCKOHEeUHOi
BENTUYMHBI sBisieTcs: mpeoOpazoBanue Koiika (Koyck transformation). HamGomnee ycmemmoi
aIbTEPHATUBHOW Pa3pabOTKON SIBIISETCS TMIIOTE3a PErpeCcCUBHBIX UM PAaBHOBECHBIX OKUJIAHUMN
(regressive expectations hypothesis). Ona npencraBniser co0oii MONBITKY MPH BA3aTh OKUIAHUS K
MOJIEJISIM BAJIFOTHOTO Kypca Ha 6a3ze (yHIaMeHTaTbHBIX MAKPOIKOHOMHYECKUX (PaKTOPOB.

PerpeccuBHBIE OXHWJaHWS TPEANONATAlOT, 4YTO TIPOMCXOAWT HEW30EKHBIH perpecc,
BO3BpalllCHUE 3HAYEHUsI SKOHOMHYECKON IEepeMEHHOM K CBOEMY paBHOBECHOMY ypoBHI0. C
TEYEHWEM BPEMEHHM 3HAYEHHE IIEPEMEHHOW MOXKET OTKIOHATHCA B JIIOOYI0 CTOPOHY OT
paBHOBECHS, HO PaHO WM IO3JHO OHO K HeMy BO3Bpau@ercs. Takoe AOnymeHHe OOBIYHO
UCIIONIB3YETCSl B TEOPHSX, IZle BATIOTHBIA KypC MEPEOICHEH WMJIM HEJOOLEHEH, Halpumep, Mo
OTHOILICHUIO K MapHUTETaM IMOKYIATeJIbHONH COCOOHOCTH HMJIM MPOLEHTHBIX CTaBOK. OCHOBHBIE
QJIBTEPHATUBbBl TUIIOTE3€ PALMOHAIBHBIX OXKHUJIAHUH MOIYT ObITh OOBEAMHEHBI B TIPYIILY
JKCTPAINOJISTUBHBIX OKUJaHUM (extrapolative expectations). MIx 06001eHHOE ypaBHEHUE ObLIO
BoIBeZieHO [k, @penkenem u K. Opyrom [2]:

E¢(Sti) = (1= F)S¢ + fZ (1), tne

St —BaJIIOTHBINA COT-KYPC B MOMEHT BPEMEHH t;

E: (...) — o)kuIaHus BAIOTHOTO Kypca B MOMEHT BPEMEHH t;
St+1 — BOJIIOTHBIN CIOT-KypC B MOMEHT BpeMeHH t+1;
B— xoadduument, xapakrepusyroumii oxxuganus (betta)

Eciau Z= St-1, To peub uaet 00 FKCTpanoIsauy, paclpoOCTPaHEHUN TEHACHIUI
IPOLUIOro Ha Oyaynmii nepro. MoXHO pa3IMuuTh TPHU CIIydasi:

(1) betta < 0 — cragHOE MOBEACHNC,

(2) betta = 0 — cratnyeckue OKUTAHHUS,

(3) betta > 0 — oxxugaHus ¢ pacHpeeICHHBIM JIAarOM.

VYpasuenue (1) Oymer xapakrepu3oBaTh aJanTUBHBIC OXHUJAHHS, €CIU BMECTO Z
noactaButh Et-1 (St). B ciydae, korna Z paBHo Hekoemy Q, oTpaxaromeMy (yHI1aMeHTaIbHbBIN
WIM PABHOBECHBIM BAIIOTHBIA Kypc, TO ypaBHeHHe (1) OyaeT OMHUCHIBaTH PErpecCHBHBIC
OKUIAHUSL.

OB30P IMPUKJIAIHbIX NCCJIEIOBAHUI

BOABIIMHCTBO CHENMATMCTOB MO MEXAYHAPOJHONM SKOHOMHUKE CUYHUTAIOT TUIIOTE3Y
pallMOHANIBHBIX OXKWJIAHUM TJIaBHOM KOHIIEMIMEH OXHWJIaHWK Ha BaJIIOTHOM pbIHKE. B menmsax
AMIOUPUYECKOTO TECTUPOBAHUS TPOBEPKE MOABEPTacTCsS HEMpe1yOeKIeHHAs I HeCMEIeHHAs
runoTe3a panuoHanbHOCTH (unbiasedness hypothesis). Ee MoxHO BBIpa3suTh C MOMOIIBIO
CJICIYIOIIIETO YPaBHCHUS:

Sty =+ P (Sta) + Et k> TAC
Et t4k — ClydaiiHoe konebanue (white-noise error).

HecmemeHHass rumnore3a palMOHAIbHBIX OKUJAHUK IPENNoJiaraeT, uTO, BO-TIEPBBIX,
k03 (unreHT betta 1oykeH ObITh paBeH €IMHUIIE, a, BO-BTOPHIX, alfa J0KeH paBHATHCS HYIIO.



Takum oOpa3oMm, OXUJaHUS BaIOTHOIO Kypca B MOMEHT BpEMEHHU t IOJHOCTHIO
OTIPAaB/BIBAIOTCS, U (PAKTMUYECKOE 3HAYEHUE BAIOTHOTO Kypca COOTBETCTBYET €r0 OKUJIAHHUSIM.
Texymee 3HaUE€HHWE BAJTIOTHOTO Kypca pPAacCMaTpUBAETCS KaK CBOCOOpPA3HBI JTMCKOHT
OKHJIaeMbIX (PyHIaMEHTAIbHBIX MAKPOIKOHOMUYECKUX (PAKTOPOB.

DOMOupuyeckue HCCIeAOBaHUs M3Y4aloT IOBeJIEeHHE Kak KoddduimeHTta betta, Tak u
koHCTaHTHI alfa. OHOM M3 MEPBBIX BBENA B OI[EHKY OKHAAHUN BATIOTHOTO Kypca PEerpecCHOHHO -
koppessaunonHbil  aHanu3 K. Jlommures [3]. Ucnons3ys gansbie 3a 1983-1985 r1rT., oHa
MOCTPOMJIAa PETPECCHOHHOE ypaBHEHHWE HAa OCHOBE (JAKTUYECKUX JaHHBIX W CpaBHUIA
pe3ylibTarhl  pacyeToB ¢ IporHo3amu. BeiBogpl K. JloMMHIE3 CBHUAETENIBCTBYIOT, YTO
HECMEIIEHHAs TUIIOTE3a PAllMOHAIBHBIX OKUJIAHUI OTBEpraercs Ha OJHOAHEBHOM, MECSIYHOM U
TPEXMECSIYHOM MHTEPBAIAX BPEMEHU M3-3a TOT0, YTO KOHCTAHTA OTJIMYHA OT HYJIS.

AHaNOrMyHble BBIBOJABI ObUIM MOJIy4EHBI OOJBIIMHCTBOM HCCIEAOBATEIeH, U3ydaB X
MOBEJCHUE BAIOTHOTO Kypca B nepuoa 1985-1991 rr. [4]. EauHCTBEHHOE HCKIIOYEHUE
COCTaBJISIIOT MCCJIEIOBAHUSI C MCIOJB30BAHMEM KOMHTErpauuu. [IpuMeHeHue »TOM TEXHUKHU
HKOHOMETPUUECKOTO aHalli3a HEe IMO3BOJISET MOJTHOCThIO OTBEPTHYTh HECMEIICHHYIO THUIIOTE3Y
palMoOHANBHBIX OXUJaHWi. Hampumep, B onHON M3 HOBeWHmMX pabOT, MOATOTOBICHHOW B
®enepansHoM pesepBHoM Oanke Knusnenga (CHIA) B 2000 1. ¢ MCHOJIB30BAaHUEM TEXHUKHU
KOMHTETPAIlMH, TTOATBEPKIAETCS pallOHATLHOE TIOBEICHIE UTPOKOB BAJTIOTHOTO PBIHKA [5].

Hecmemennas rumote3a Tarke MpeAnojaraeT OpTOrOHAIBHOCTh, T.e. paBeHCTBO alfa
HYJII0. IHBIMU CIIOBaMHU, OKUJIAaHUS YIUTHIBAIOT BCIO JOCTYITHYIO WH(POPMAIIHIO — HEU3BECTHOTO
OCTaTKa, KOTOPBIM siBisieTcs alfa, He MoxkeT ObITh. AOCOIIFOTHO BCE MCCIICIOBATEIN, HAUMHAS C
K. Jlomunres, HaxoJsT, 4YTO SKOHOMHYECKHWE Ar€HThl HE YYUTHIBAIOT B CBOUX IMPOTHO3aX BCIO
noctynayo uHpopmaruio [6]. Hakonemn, sMnupuueckue HCCIeIOBaHHUS OOHAPYKUIH TPETHIO
MHTEPECHYIO 3aKOHOMEPHOCTh B (POPMUPOBAHUU OKUJIAHUM, T.H. UCKPUBJICHHOCTb (expectations
twist). Oka3ajnoch, UYTO JOJTOCPOYHBIE U KPATKOCPOYHBIC OXHAAHHUS pPACXOJATCA B
MPOTUBOMOJIOKHBIX ~ HAaMpaBieHUsIX. KpaTKOCPOYHBIM  OXUJAHUSIM CBOWCTBEHEH dS(PQeKT
noBasibHOTO yBieueHus (bandwagon effects), Torma kak JOATOCPOYHBIE OXKHIAAHUS JTOCTATOYHO
CTaOUITBHBI.

[lonBonmss KOpPOTKME HMTOTHM MO 0030pYy HCCIEAOBaHUM, MPOBENEHHBIX B MHpPE 32
MOCJIEIHUE ABAALATH JIET, MOKHO 3aMETUTh CIEAYIOIIIEE.

. I'unore3a panMoOHaIbHBIX 0XKUIAHUN, 10 KpaHHEN Mepe, €€ KAaHOHUYECKast

HECMEIIICHHAsT BEpCHUsl, B I€JIOM OTBEPracTcs B CpPEIHE- U JOJTOCPOYHOM IEPUO/IE.

OJIHaKO MCHOJIB30BAaHME TEXHUKUA KOMHTEIrpalii HE MO3BOJISIET MOJHOCTBIO OTBEPTHYTH

TUMOTE3y PAllMOHATBHBIX OKUJAHUM.

. OCHOBHBIC aJBTEPHATHBBI TUIIOTE3€ PAIMOHAIBHBIX OXXKUJIAHUUA MOTYT

ObITh OOBEIMHEHBI B TPYIITY SKCTPAMOISTUBHBIX OKHAaHUN. VIX TeCTUpOBaHKE BBISBHUIIO

MCKPUBJICHHOCTh B 0K AAHUSIX: JOJITOCPOYHBIE M KPATKOCPOUHBIE OKUJAHUS PACXOJISATCSI

B MIPOTUBOIIOJIOKHBIX HAITPABJICHUSIX.

. IIpoBepka TUIOTE3Bl ANANTUBHBIX OXUIAHMM HE Jajga YETKUX
pEe3yinbTaToOB: BBIBOABI HCCIEAOBAaHHUM 3aBUCAT OT TOPU30HTAa IIPOTrHO3a M METOJa
DKCTPAINOJIALHU.

. CornacHO pErpecCUBHBIM OXHAAHUSAM, B KPAaTKOCPOYHOM IIEpUOAE

BAJIIOTHBII KypC HHMKOIZIA HE COOTBETCTBYET CBOEMY PaBHOBECHOMY 3HAY€HHUIO, HO B
JUINTEJIBHOM MepCreKTuBe OH OJIM30K K PAaBHOBECHIO.

. B omnpenenenHoM npuONIMKEHUH KPaTKOCPOUYHBIE OKUJAHMS MOTYT OBITh
OXapaKTePH30BaHbl KaK PAllMOHAIBHBIE C TpU3HAKaMU d(PQeKTa TTOBATBHOTO YBJICUCHHUSI.
B nonrocpouHom nepuoje 0XKHUIAHUS YCHEIHO OOBSICHAIOTCS C MOMOIIBIO JH000H M3
AKCTPANIOJIATUBHBIX MOJEIEH: aJallTUBHBIX, PErPECCUBHBIX OKUJAHUM WM OXUJAHUN C
pacupeneneHHbIM JIaroM.

TECT JIJ151 POCCUMCKOT'O PYBJIS



Ha 3anane Oonbinoe pacmpocTpaHeHUE TMOMYYHJIA O0030pbl  YaCTHBIX IPOTHO30B
BAIIOTHBIX KypcoB. Hampumep, MOxKHO BocIonb30BaThes yeayramu Money Market Services, ubn
JAHHBIC TPEJCTABISIOT CO00M MEIMaHBl MPOTHO30B BEIYIMX CHEIHATMCTOB HA HENEIbHYIO U
MecsuHyro rneperiektuBy. M3maercs tawke Currency Forecasters’ Digest, KOTOpBIi MOKphIBaeT
CTaTHCTUKY ITPOTHO30B BAJIOTHBIX KypcOB 25 cTpaH, BKIOYas pa3BUBaromecs polHKA. O030pHbI
YaCTHBIX TPOTHO30B MO3BOJISIOT OIICHUTH THIT TPEBATUPYIOIIHM X HA PHIHKE OYKUJAaHUH.

Ha oredyecTBeHHOM phIHKE HUYETo MOJ00OHOTO HE CYIIECTBYET U, BUIUMO, €Il JI0JITOE
BpeMsi He OymeT cymiecTBOBaTh. [lo 3TOil mpUuYMHE €IMHCTBEHHOE, YTO MOXHO CJIeNaTh,
penmTh OOPATHYIO 337a9y: Ha OCHOBE (JaKTHYCCKHUX JAHHBIX ONMPEACITUTh, KAKOH THIT 0KHTaHUH
1eecoo0pa3Ho KUCIOIb30BaTh Ha POCCUICKOM BAIFOTHOM PBIHKE.

Jnst pemeHuss STOM 3aauyu  MHOM Obuta 00paboTaHa CTAaTUCTHKA €KEIHEBHBIX
HOMHUHAQJIBHBIX OOMEHHBIX KypcoB pyons k goiutapy CIIA, xotopyro Bemer bank Poccum.
OOumii mepuoa HabmOAeHU pacTsaHyIcs oT sHBaps 1998 r. go centsops 2001 r. [IpoOGHBIM
HApOM Uil ONpPENENICHHUS ONTUMATBHBIX OXHJIAHUK BBICTYIIHJIA PETPECCHOHHAs OIleHKa
ypaBHeHust (1). Ilo pe3ympTaraM pacyeToB, NMPUBENEHHBIX B Tabinuie 1, MOXHO clenarb

CJICAYIO M EC BBIBO/bI.



