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OT HAYMHOIO
EAAKTOPA NEPEBOAA

Kuura Kpicrodepa Hoyrept «BeelcHHEe B IKOHOMETPHKY» CTajla cefidac OOHHM H3
Hanbonee NONyAAPHLIX {eCNH HE CAMBIM NONYNAPHLIM) BBOIHBIM YUEOHHKOM 3KOHOMET-
PHKH IS LIMPOKOTO KPYra CTYACHTOB~3KOHOMHCTOB. [TonyrapHOCTE 3TOH KHUTH CBA3aHa
TAKKE C MOAYIMBLIHM H3BECTHOCTD, TILATENBHO NPOPAOOTAHHEIM, OYEHb TOHKO H COBpE-
MEHHO NOCTPOSHHLIM KYPCOM, KOTOPbIH ABTOD YMTACT B JIOHAOHCKOH WIKOAE 3KOHOMHKH
(LSE). 370T Kypc cAYLIAIOT B TeUCHHE OXA BCE CTYACHTBI-IKOHOMMETH LSE, oH BKNIO-
JeH TRKXKE H B porpaMMy 3HaMeHuToH TpexHeensuoi Jlerneil iukonst, Kype K. Hoyrep-
TH — OOHH H3 TeX B 2TOH 1IKONE, e, HECMOTPS HA JOBOJLHC BHICOKYIO CTOMMOCTDb 06Y-
YeHHUA, BENAK KOHKYPC CO CTODOHEI CTYACHTOB, NMpenoAaBaTeicil, MOMOOMX HCCAEIOBA-
Teneit, CaHKOBCKMX paOOTHHKOB U3 CTPAH BCEro MMpa.

B coBpeMeHHBIX NpOrpaMMax NOAFOTOBKH IKOHOMHCTOB KYPC IKOHOMETPHKH YBEpeH-
HO 32HAT OHO H3 Kmouesbix Mect. He 3HasA Z0CTaTOYHO XOPOLIO 3TOTO NPeIMeTa, He BIaaes
ero HHCTpYMEHTApHEM, HEBOZMOXHO HH NPOBEPHTD NIPeACTaBAseMble B YHeOHHKAX, KHH-
FaX ¥ CTAThAX IMNHMPUUECKUE 3aBMCHMOCTH, HM MONYYUTH HOBLIE TAKUE 3aBACHMOCTH, a
3HAYNT — W BUIBUHYTH HOBbIE TEOPHH. Be3 IKOHOMETPUYECKHX METOAOE HENb3A TOCTPO-~
HT5 CKONb-HKOYL HAAeXHOTo POrHO3a, a 3HaYHT — NOJX BOMPOCOM M yeileX B 6aHKOBC-
KoM gene, duHaHcax, 6uatece. [1o3ToMy Kype IKOHOMETPHKH BXOOMT B «ANPO» Y4eGHBIX
[porpamMM COBpeMEHHOIO SKOHOMHYECKOTO BY3a HapAay ¢ TAKMMH NpeAMeTaMH, KaK MHK-~
POIKOHOMKKA, MAKPOIKOHOMMKKA, (PUHAaHCOBK aHanu3. OH, KpoMe TOro, JONXeH OHTh
TECHO CBA3aH C MepeYNCISHHLIMH KYpPCaMy, AaBas He aberpakTHo-hopManbHbie, a NpK-
KIIaZHble 3HaHKA.

K coxaneHMio, B PoccHM coBpeMeHHbIR IPHKIIAHON KYPC YIKOHOMETPHKH MOKA €llIe
He CTaT 00A3aTeABHBIM 3EMEHTOM POrPaMMbl B KAXKAOM S3KOHOMHYECKOM By3e. BTOT npea-
MET H3Y4aeTcs B OCHOBHOM CTYAeHTaMM, CNICHHATHIHDYIOLUHMHCSE B IDHMEHEHHH MaTte-
MATHYECKHX M CTaTUCTHYECKHUX METOUOB B 9KOHOMMKE, H3YYaeTCH JOCTATOUHO TIyboKo,
HO OpManLHO, HEPENKO B OTPLIBE OT COBPEMEHHBIX IKOHOMUUYECKHMX TEOPHH M UX NpH-
noxeuuit. g npenonaBaHKA NPUKIAZHOTO KYPCa SKOHOMETPHKH CTYASHTAM MAaCCOBBIX
IKOHOMHUUYECKHX CTIELHANBHOCTEH 00bIMHO He XBATaeT HH KBAAH(DHUNPOBARHEIX Negaro-
roB, HY Y4eOHHKGB, HH MECTa B Y4eOHBIX nporpaMMax. B 1O Xe BpeMs OTeYECTBEHHbBIC
YucHBIE BHECAH BeChbMa 3HAUMTENBHBI BKIal B pa3BUTHE 3KOHOMETPHUECKHX METOIOB,
ocofeHHO Ha HauansHoM 31ane, Taxkue uMeHa, Kak A, A, Mapkos, A. M. Jlanyuos, I1. JI. Ye-
6enues, E. E. Cayukuit, 06583aTelIbHO MHOTO pa3 YNOMHHAIOTCA B IIOGOM Kypce NpHKial-
HOM CTATHCTHKM M 3KOHOMeTpuKH, [1paBra, B TeYeHHE PAAA NECATWIETHI PA3BHUTHE ITHX
HanpaeieHUii He TOOLIPANOCH, MOCKONBKY IKOHOMETPHUECKHE METOAN CIIOCOOHL! ObLITH
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BHISIBHTD T€ WJIH YHKIE HEXENATENBHBIE [T BIacTei TEHASHIIMM S9KOHOMHYECKOTO Pa3By-
THA. B HacTosilee BpeMs, Kora nepel BHICIIHM dKOHOMUYeCKHM oOpaloranueM B Poc-
CHY CTOMT {H DeillasTcs) 3aRa4a BhLIXOAA HA MHDOBOIt YpOBeHb, OTHHM H3 KAIOYEBLIX MO-
MEHTOB SBNAETCA Pa3BUTHE NPEMONABANMA IKOHOMETPHKH.

Henb3g cka3ars, YTO Y HAC HE H3AARANHCH PAHEE KHHIH MO IKOHOMETPHKE, KaK OTe-
YeCTBEHHBIE, TaK ¥ fiepesoqHble. B 1960—1970-x u B Hauane 1980-X ronoB 66114 H3TAHH
HA PYCCKOM A3biKe u3BecTHble KHHIH . THHTHepa, 3. Maneneo, T. AHaepcona, Tx. TxoH-
croHa, M. Ix. Keraganna u A. CrbloapTa, 3. Keitna u op. B 1980-¢ roast nybnukanus ne-
PEBOAHBIX H3AAHKI MO SKOHOMETPHKE NPAKTHYECKHM NPEKPATIIIACh, HO npobaeMy ¢ u-
TEPATYPOil YaCTHYHO pelsand oTedecTBeHHble KHUTH (E. M. Yetnipkyaa u H. J1. Kannx-
maHa, C. A. Aitsasaua, 1. C. Emoxora u JL JI. Mewankusa u ap.). C konua 1980-x rogos
KHHIH FO 3KOHOMETPHKE H& PYCCKOM #3bIKE NOYTH He NyOnHKOBAIKCH, H B HACTORUIMH
MOMEHT OCTPC CTOHT NpobnemMa ¢ nureparypoit moboro ypoBHS cnoxHOCTH. [IpexHue
H3J3HWA, BO-NepBbix, cTank 6ubanorpadrueckoil PEAKOCTHIO, 4 BO-BTOPBIX, B HUX He
OTPaXeHbl MIOeH M PE3YALTATH NOCASOHHMX AECATHICTHI, KOTDa SKOHOMETPHKA H €e
IPHAOXSHHA GYPHO pa3BHBANKCh, a Ha Janafe [OABUNOCH HOBOC MOKOJNEHHE NHTepa-
TYphl B JaHHO# obnactu.

Kuura K. JoyrepTH noMoxeT 3aKpbiTh HanOonee 3HaUYHTENbHBIA, Da30BbIi npoben:
OTCYTCTBHE BOHATHOrO, AOCTYMHOIO COBpeMEeHHOTO yaeGHUKa. Takoro ydebHuKa He 66110
paHee H B AHINOASKYHOM THTEpATYPE, O YEM ABTOP YIOMHHAET B TPEOUCIOBHM K aHT~
JMHCKOMY U3NaHH10. XOTH KHHTA OYeHb MPOCTA B M3NOXEHUH, B Hel € JOCTAaTOYHOH CTpO-
TOCThIO 3aTPATHBAIOTCA MPAKTHYECKH BCe OCHOBHLIE COBpeMeHHbBe GA30BbIe HAEH U Me-
TOAbE IKOHOMETPHKH, Ha KOTOPhIX CTPOATCH H HayuHble HCCAEROBaHMA, H repaino 6o-
Jiee IPOABHHYTHIE YueOHble Kypchl, [T03TOMY KHHra MOXET IHPOKO HCNONb30BATLCA KaK
B NPeNOJaBaHHK KYPCa 3KOHOMETPHKK JUIA CTYACHTOB 3KOHOMHYECKHX CIICHHANBHOC-
Tell, TAK M I CAMOCTOATELHOTO O3HAKOMNESHHS ¢ 3TOH ANCUHIIHHON. KHMra MOXeT
0KA3aTbCH OYEHb NOJE3HOH M NPH BHIGOPOYHOM O3HAKOMIEHHHM C NPUKIAJHBIMH NpPO-
OneMaMy, ¢ KOTOPLIMM YHTATe/Ib MOXET CTONKHYTRCA B MpaKTHUecKoit paboTe.

Kuwura K. Joyreptd u3naetca B Poccuu B pamkax npoexta TEMITYC, ocyectpane-
MOTO COBMECTHO 3KOHOMMYecKMM (akyneretoM MIY 1 TpeMs epponeicCKHMH YHHBep-
cureTaMu: JIOHAOHCKOM IKO/M0# 3KOHOMMKH (AHINHS ), yHHBepcuTeToM CopbonHa (Ppan-
uus), yuusepentetoM Twnbypr (Hunepnanas:). Lenbio JaHHOrO NPOEKTa ABMAETCH MO-
JEPHH3AUMA YHHBEPCHTSTCKOrO0 3KOHOMHYECKOro 0o0pasoBaHUA ¥ CONMXEHHE ero ¢ MH-
POBLMH cT2HA2pTamMi. TToMHMO ZaHHOHK KHHTH RPOCKTOM NPERYCMOTDEHO H3AaHME eiie
HEN0ro paga yieOHMKOB, TaKHUX, KakK: «[IpHHUKAR KOpropaTHBHeiX ¢HHAHCOB» P. bpeili-
nu u C. Maitepca, «MexayHaponHaa sakoHoMHKa. Teopua u momvTikas [1. Kpyrmauna 1 M.,
Qbcrdennia, «DIkoHoMHYeckoe pazeuTue» M, Tomapo, «CTpykTypa OTpacneBsIX pHIHKOR»
@, Hlepepa u 1. Pocca, «3koHOMUKa opraHu3aunit» K. MeHapa,

XoTenocs Gbi BepUTE, YTO 3TA KHHFA — JIMIUB TIEPRAA NACTOYKA B HOBOi BOJHE Nepe-
BOAHBIX W OTE€YECTBEHHBIX NYONMKALME NO IKOHOMETPUKE, ¢ TIOMOILILIO KOTOPHIX 3Ta
MHCUHNNYAA 3aiimMeT 11o06aeilee eit MECTO B IKOHOMHYECKOM 00Da30BaHHH, HAYYHBIX
HCCIEIOBAHUAX W RpakTuyeckol pabote B Poccum.

0. 0. 3amxos



NPEANCTIOBUE

BTa XHHra npeiHa3sHayeHa AAd CTYACHTOB, H3YUaloMMX TOA0B0#H Kype SKOHOMeTpHKH. OHa
OTpaXaeT ONpeNeNeHHYI0 NOTPeSHOCTD, BHIIBAHKYIO NIOCNSAHUMH HIMEHEHHAMH B [IpO-
rpaMMax SKOHOMETDPHUYECKOM MOArOTOBKK CTYACHTOB U HE YUTSHHYIC B PAHEe HAIIWCAH-
HuIX yueOHMKaX. 33 MocaegHee AECATHICTHE NIPeNoJasaHHe SKOHOMETPHKH Ha YHHBEPCH-
TETCKOM YPOBHE JOCTUINO CBOSTO «COBEPILCHHOMETHA>. Kypchl 3KOHOMETPHKY, npeasa-
rapiiHecs OGBYHO KaK KYPChl Ha BRIGOp B MarWcTepcKHX MpOTrpaMMax 10 3KOHOMHKE,
celyac Bce B GoabLIeH Mepe cTaHOBATCA oBAzaTenbHbBIMH. BT0 00YCAOBASHO HECKONBKH-
M# dakropami. BoaMoxHO, BAXHEHLINM H3 HUX ABIAETCS DACTYee NPU3IHAHME TOTO, YTO
ONpedeAcHHOS MOHUMAKHE METON0B SMIMHPHYECKHX HCCACLOBAHHA ABIACTCA He [IPOCTO
XeAaTeNbHOH, HO BEChbMA CYWECTBEHHOR YacThio 6a30B0i MOArOTOBKH IKOHOMHMCTA H HTO
OTpaHHYHMBAKOIIMECA MPUKIANHON CTATUCTHKOM Kypchl HeaaekBaTHB To# 3azaye. bes
COMHEHHS, 3TO MPHBEIO K TOMY, YTO KYPCH IKOHOMETPUKH IJIA aCMHPaHTOB CTANM Ha-
MHOIC fonee NpOABHHYTEIMH, BCASACTBHE HETO HEAOCTATOMHOE 3HAKOMCTBO C SKOHOMET-
PHKOI CTaNo NPENATCTBHEM IUIS NOCTYIUICHHA B aCMHPAaHTYPY BelyMWIMX YHUBEDCHTETOB.
Chirpan cBoio poib U «akrop Npeagnoxenys». BonHa, MogHABLIAS SKOHOMETPHKY Ha CTO/b
BHICOKHIT YPOBEHb B 3KOHOMHHECKOM O0pa3oRaHMM, HAET BCACH 3a APYroi BOMHOR, ITod-
HABNICH 3HaYeHHe MaTEMATHKY U CTATUCTHKH. be3 npedlecTBYiOWIEro yAYYILUeHHS TO-
FOTOBKM B OONIACTH KOJMMYECTBEHHBIX METOLOB AHANTH3A BBUIBHXEHHE 3KOHOMETDHKU B
«ApOs> MPOTPAMM IKOHOMHYECKHX By30B ObIN0 Obf HeBOIMOXHBIM. JIaHHBIH CABMT GBI
TAKXKE CBS3aH ¢ YBeJIMYCHMEM HHCIA KBATHOUIUKPOBAHHLIX Npenoaapatenci SKOHOMET-
PHKH,

BeneacTeHe MPOKCIUSIUINX H3MEHSHHH CAYIIATENH KYPCOB IKOHOMETPHKH B OONbLICH
CTEMSHH pa3NUYaIOTCA 710 CBOMM BO3MOXHOCTAM, YeM paHes, DTO yXe He TONBKO MEHb-
IIMHCTBO, U30paBliee CIOXHBIHA MyTh MaTeMaTHyecKoi cnemHatn3auuy. TUITHYHLIA cTy-
JeHT cefyac — 3T0 OGLIMHBIH CTYAEHT-MATKCTP IKOHOMHYECKOrO Hpoduns, H3ydTHBUIHI
HazoBble, HO He MPOABHHYTHIE KYPCEI MAaTEMATHYECKOTO AHAH3A W CTRTHCTHKH. «JleMoK~
patu3aunA» IKOHOMETPUKH cO3Aand HeoOXOAMMOCTL MOATOTOBKY GoJee WHPOKOTO CHEK~
Tpa y4eOHHUKOB, YeM npexae, B 0cOGeHHOCTH 118 HOBUYKOB. CTYAEHTH, U3YYUBLIHE PO~
JMBUHYTHIE KYPChl MATEMATHKY, YKe HECKONLKO JIET [IONLIYIOTCA DSAOM 3aBepPIUSHHEIX yyeh-
HHKOE, OTAENbHEIE H3 KOTOPHIX BHUIEPKANH Ve JIBA WIH TPH M3aanusd, MeHblle noBeaio
HOBHMKAM, H TOT TEKCT aApeCoRAH [JIABHWM 00pa3oM nu.

Llens 310#t KHHIH — obecneynTh Gasy DN H3YICHHMS FOLOBOrO Kypca, IIO2BONAIOLIEN0
3aTeM CTYACHTAM [IPOIC/DKHTE H3YYeHHE NpeaMeTa B acIMpanType. Baxuedimeit sanaveii
GbIIC COKPATHTL 40 MEUHHMYMA MaTeMaTHUYeCKHe TpeGoBaHUA K uMTaTenio. [1ouTH vy Kax-
IOT0 €CTH CBOM NIpeen MaTeMATHUYECKOH CNOXHOCTH HINOXKEHHI, KOTOPYIO OH FOTOB NPH-
HATb. ECIH 3TOT Mpelen NpeBsllicH, YHTATEAb TPATHT GOMbLIYIO YacTs YCHIKH Ha TCXHH-
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9ecKyIo CTOPOHY BOMPOCA BMECTO ero CYLHOCTH. TTosABnseTCH yCTanocTs, CTpanaeT [IoHU-
MaHHe, H NYTb HCCNENOBAHWA CTAHOBHTCS MOASHHOH paboToil MM JaXe XyXe Toro.

K cyactbio, MaTeMaTHyecKoe OpeMs HaMHOTo obneryaercs, ecn KO3 pUHHEHTHI
perpeccyH BLIPA3HTL Yepes BbIGOPOUHbIE KOBAPHALMY H gucniepceuH. [Ins npencaasarencii
H Haubonee OapCHHHIX CTYACHTOR CTEMEHb MATEMAaTHIHPOBAHHOCTH MOXET ObITH HE CTONb
BaXHOIt, HO 3TO He TaK A71A TOH ayAMTOpHH, KOTOpoit agpecoBaHa 3Ta KHHra. MHorHe U3
ITHX TK0AeH, O-BHIHMOMY, YYBCTBOBANM CeDA HE COBCEM YBEPEHHO B NPeMIICCTBYIOLIHNX
MarteMaTHYeCKHX Kypcax. [IpHHATEIA 30eCh OOXO HenacT BOIMOXHLIM PAcCTaBaHHE C Y-
TPAlAKILKHMH 0003HAYEHHIMM THNA E, CTAHOBALUKMMHCS HENPEOLONUMBIM NMPENAaTCTBH-
eM NS MHOTHX CTYACHTOB. BTO O3HAYAET, YTO ANSA 3HAKOMCTBA C COOTBETCTBYIOILMMH MO-
HATHAMH MOHAnO6ATCH onpefeNlcHHLIE 3aTpaTsl BpeMeHH (Thasa 1), HO 3TH MOHATHA NEr-
KO YCBaMBAalOTCHA M NOTPAYCHHBIC YCHIHA 3aTEM MHOTOKPATHO OKYNAKTCA. DTO HE MyCThie
paccyxneHus. Korla HeckONMsKO NeT HA3aA 4 BHeC 3TH W3MCHEHMA B CBOH Kype, rae 10
3TOro AONb30BANCH 0003HAYEHHAMH TNa I, TO OBHAPYXHI ¥V CTYICHTOB 3HAYUTENBHOS
YAy4IUEHIE BOCNPHUATHA, 0COGeHHO NIPH PACCMOTPEHHH CBOHCTB PErPeCCHOHHBIX OUSHOK.

Bropoii 3aboToit 66110 YoaneHHE HE2KOHOMETPHYCCKMX «XKaMHeli PeTKHOBEHHA», CAep-
JHMBaBIIHX pa3BUTHE MOHHMAaHKA NpeaMeTa. MHOIME CIOXHOCTH, BO3HHKAIOIMHE BO BBOA-
HOM KYpCe, HE SBIAIOTCH TEXHHYECKHMMH 110 CBOeH mpupoae (M MHOTHEe TEXHHYECKHE MO-
MEHTEL, HalIpUMEeP HCTIONE30BaHHE (PHKTHBHRIX NMEpeMEHHEIX, BOBCE HE NMpPeJCTaBAgI0T Mpo-
Onemubr). HanpuMep, MHOrHME CTYACHTHL 3ATPYAHAIOTCH OAMCATE PETPECCHOHHBIE PE3VILTaThl
CNOBECHO, B TEPMHHAX, MOHATHHIX Hecneuxanucry. Ecan paccMaTpHBaeTcs perpeccHs B
NorapugMax, HEPEAKO CTpAHHAA 3AMHHKA BO3HHKACT 1AXe B TOM Cyyae, eclIM 3apaHee Obno
MOKA32HO MATEMATHYECKH, HUTO KOMDHIIHEHT HAKNOHA XADAKTEPU3YET 3MACTHYHOCTE. [Tpo-
Onema, 6e3 COMHEHHS, 3aK/IIOYACTCA B TOM, YTO, M3ydad MACTHYHOCTE B 0asoBOM Kypce
MATEMATHKH, CTYACHTH GbUTH CTONE MOTIOLIEHB] MATEMATHYSCKHMH BONPOCAMH, YTO Y HHX
He OCTABAIOCh BPEMEHHM XaK CNEAYET pazodpaThes ¢ MX MPAKTHYECKHMU TIPHAOXKEHMAMM, [Lna
HHMX MACTUHHOCTb OCTABANACD HE 20 KOHLIA NOHATHIM MAaTEMaTHYECKHM 0DbeKTOM. BTa KHHTa
COIEPXMT PANl OTCTYTLIEHUI B BHAE BCTABOK, TAe PACCMATPHBAIOTCH MoAobHEEe mpobreMsl.

Pan OTCTYNUIEHHH, KPOME TOTO, IIOCBANIEH IIPHMEPAM 3KOHOMMYECKHX TIPHIOKEHHIA.
Henb3st OCTABUTL pacCMOTPeHHE runoTe3nl PpuaMeHa 0 NOCTOSHHOM Z0XO0AE B KAYeCTBE
OTAENbHBIX H HECBA3AHHRIX BONPOCOB KYPCOB MAKPOIKOHOMUYECKOH TEOPHH M S3KOHOMET-
puk, [TockonbKy HepeanMCTHHHO OXHIATD BKITIYECHUA SKOHOMETPHYECKHX ACNIEKTOB B CTY-
IeHYEeCKHe KYPChl 3KOHOMUYECKOH TeopHH, 3a1a4a HAXOXIEHHS ITOM CBA3H HEH30EXHO
NOXHTCA HA 3KOHOMETPHCTOB.

JxcnepumenTsl no metoay Moute-Kapno

XapakrTepHOH 4epToit 2TOM KHUIK SBASETCA IWHPOKOE HCNOAL30BAHUE IKCIIEPH-
MeHTOB o MeTtolly MoHTe-Kapno, Haubonee noaxoadiieMy Ais NpoBEAeHHS KO-
HOMETPUCTAMH IKCIIEPHMEHTOB Nab0paTOPHOIO THIIA B KOHTPONHPYEMBIX YCIOBHSAX.
MHorue CTYReHTH, CAYIIAIOWIME BBOAHBIR KYPC, APENOYMTAIOT CMOTPETh HA TaKoH
aHANU3 C ABYX TOUYEK 3PEHMA: MATEMATUUYCCKUX PACCYXKICHUH U YUCNOBOM WIAIOCT-
pauvH, MoXHO NpocaedHTE 3a MaTeMaTHYESCKHM HCCHEN0BAHHEM CBOCTB CTATHCTH-
YeCcKOH OUEHKH ¥ COTNACHTLCA ¢ ¢ JNOTHYHOCTHIO, HO BMECTE C TeM H NHONYYMTH
MONb3Y, BUAA HOATBEPXKAEHHUE BCErQ 3TOTO YHCNOBLIM MPUMepOM B GHopMe aKCIiepH-
MeHTa oo Metony MoHTe-Kapno. Takoro poaa aHaau3 moMOIaeT, TakK ¢Kas3arhk, 3ane-
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YaTJICTh BCE 3TO B MAMATH K OYYBCTBOBATh ONMPENENEeHHYIO YBEpEeKHOCTh. ¥ KaK U B
APYTHX AMCUMTAMHAX, AN MHOTHX JNIOAEH Pa3sBUTHE MO3HAHUI B 3KOHOMETPHKE
HATIOMUHAET He apHdMeTHYECKYIO nparpeccuio (Kak 6bl 3T0 HHY Ka3alack B pETPOC-
MEKTHBE), a IIPOUECC Pa3BUTUA H 060OMIEHHA, B KOTOPOM TEXHMYECKHE HaBBIKH M
HHTYUTUBHOE NOHHUMaHHE Pa3BHBAIOTCA BO B32HMOAREHCTBHH.

YnpaxueHus ¢ GpyHKuWaMM cnpoca

Ewe onHofi ocobeHEOCTBIO KHUTH ABAAETCH MOCHEI0BATEALHOCTD YIPaXXHeHHH
¢ YHKUMAMM CNIpOCa, COZTAOMMX CTepXKeHb 1A NpakTHYeckoi paGoThl H ABIAI0-
IUUXCH CYILECTBEHHBIM KOMITOHEHTOM BBOAHOTC Kypca. YpaxHeHHd ¢ GYHKUMAMH
clipoca ofecneunBaloT HeNpephIBHOCTE K JAI0T BOAMOXHOCTE HAOM0AaTh BO3AEHCTRHE
TEOPETUYECKUX TIPOABHXKEHWN HA CMeln(pUKAUHIO MOJAETH U TEXHUKY OLICHHBAHHS.
Kak ¢ sxcnepuMeHTH no Metony MoHTe-Kapno, oHM No2BoASIOT Ny4ile 3aMOMHHTS
TO, YTO yXe GBlIO NMO3HAHO AHANMTHYECKH, H 00eCNeNnBaIoT Ty AeliCTBEHHYIO BOB-
JIEMEHHOCTD, KOTODAsi YaCcTO OTCYTCTBYET IPH [TPOCTOM NPEACTABNEHNH pE3YNLTATOB
OUCHUBAHHA PErpeccHM AJis1 KOMMEHTAPHER,

Hannbie Ana ynpaxHeHWit ¢ GyHKUMSIMU cripoca npuseaeHs! B 126, b.1 u B.2 npwio-
xeuud b, [Ipeanonaraercs, YTo CTYAEHTH OYAYT paz0UTE Ha FPYINL A5 MpaKTHIECKOiH
paboTH 110 KyPCY M KAXABIH CTYACHT B TPYNNE NOAYYHT 3a0aHKe, CEA3AHHOE CO CPOCOM
Ha ollpeaeneHHoe Onaro.

Crpyxtypa xHurmn

BONBIUMHCTEO CTYASHTOB, NNPHCTYNAIOIIMX K W3YYEHHIO BBOOIHOTO KYPCa SKOHOMETPHKH,
yXe MPOCNYILAMH OAMH HIH HECKOILKO KYDCOB [0 CTATHCTHKE M, SHAMHT, HOMKHLL GbiTh
XOpOLWO 3HAKOMB ¢ PYHIAMEHTANLHBIMY MOHATHAMH. DaKT, ONHAKO, CGCTONT B TOM, YTO
MHOTHE JIOAH HYXIAIOTCA B MOBTOPHOM 3HAKOMCTBE C 3THM MaTEDHANOM, MpEXIe 4YeM
OHM JeHCTBHTENLHO OCBOAT r0. [TOCKOMBKY HET CMBICTIA NIBITATLCA H3YYATH BBOAHBIH Kype
3KOHOMETPHKH €3 SOMMKHOTO MOHMMAHHA TAKHX KaTeropHit, KaKk HeCMEIEeHHOCTh, -
(EXTHBHOCTh M COCTOSTENBHOCTE, CTOMT NMpPH HeoGXONMMOCTH HAa4aTh ¢ pacCMOTPCHUs
TaKoTO MaTepuaia. DToMY NOCEAILEH 0030p B Hauane kHUrK. B rnaee 1 onxcana Marema-
THYECKas OCHOBA, 4 OCTABLUMECs TaBhl MOKPLIBAKT OOBIMHBIC NS BEOIHOTO KYPCa TEMb
M pa3GUTH Ha TpY 4acTH. [TepBad YacTh KHHUTH (TnaBwl 2—3) CONEPXKUT OCHOBH perpeccu-
OHHOTO aHanu3a. B ee BTOpoif yacTu (raes 6—8) pacCMaTpHBAIOTCA HEKOTOpHE Hanbo-
Jee ofuKe npobneMbl, BOZHMKAIOIIME [IPY MCNOAL30BAHHH PETPECCHOHHOTO aKaNnn3a, a
B TpeTheH YacTy MpeCcTaBNEHb HEKOTOPbIE fankHeH e NpoaBrXeHHa. B sakmountens-
HOit YaCTH A2eTCH KPaTKas MoCAeAyIonlas OpHEHTAUHS.

Houdon, dexabpy 1990 200a Kpucmogpep HJoyeepmu



COREPKAHWE

O63op: Cny4aiineie NEPEMEHHBIE Ml TEOPHUA BHOOPOK ....covivieriinceccerercrierrosinees 3

1. KopapHauusa, JHCIEPCHS H KOPPEMSIIHS ...eecerrvuvenrerrrrennaeasssesserssssnsensssnnessssnnnes 34
1.1, BBOOPOUHAR KOBAPUGUUS «......eereeeaerercrmraimereesranerscsiesessssnesssssssasapmrsesssenss 34
1.2. Heck0abko OCHOGHHIX RPAGUA PACHEMA KOGAPUAUUE v vvveevrerranensierrrasserrens 38
1.3. Asvmepramuenoe aoipaxcenie 0an euibOPOMHOU KOBAPUGUHIU ..........voocvven. 42
1.4, Teopemuueckan KOBAPURLUA ......ccervvsiireriissseninnreesntasssssnnsrnineessesssssssssies 43
1.5. BoibOPOUHAR QUCHEDCUR ....ooonnveinneeeeiiriiiinccscenninesstseenesseesnsassssssssonsessnesses 38
1.6. IHpasusa pacuema 6ucnepcuu ceerrrrrrnnransseesarsnenseneens 33
1.7. Teopemuuecrkaa ducnepcun euﬁopoqnoea cpeaneeo rerrsnevesensnssenesnnens &7
1.8. Ko3Qhunuetn KOPPEARHII .....cvnveenerrirerinaisrrerresinsssmssrerrrssasssssesrsnesannans 47
1.9. Hovemy xosapuayus ne seasemcs xopome& Mepou" CEAZMUYT crvvvvnnriririsnnnn 50
1.10. Kosghduyuenm wacmuoii Koppeasiuy .. Cerreteseeseerrereernunenseensnrassnaanaenn 2

2. ITapHEIii PETPECCHOHHBIN AHATHS ...oiviriirarrieeenesesasrarrersnressassesasvnsesrsarasssassreean 53
2.1. Modeab napHol AUREUROU PEZPECCUN .......uvcorrrinnneirineernveerssieraneescennnsssasnns 53
2.2, Pezpeccus no Memody HOUMEHBIUX KBAOPAMOG ......vevevrerrnrerrerinsssssrmsesesns 55
2.3. Pezpeccus no Memody HaUMeHbUILX K8adpamoa: 08a NPUMEDY ................ 58
2.4. Jdemanvioe pacCMOMPERUE OCRIAIMKOE .....ccoevririrrinrrierossrsssisssieesassssssnesses 61
2.5. Pezpeccus no memody HOUMEHbWUX K8Q0pamoe ¢ 00Hol

HE3QGUCHMOM NEPEMEHHOU ....oovvvveceriinriireniiirinvaseecsssineersssssvereranssssasennnas 62
2.6. Humepnpemayus ypaeHEHUR PEEPECCUN ...vvveveuvrireiverrerivrrersesssessnssrassnsersons 64
2.7. Kauecmso oUeHKu: KOSDOUUUEHIN R ... o svessiesses e oeesisessses s 69

3. CpoiicTBa K03h¢pHLHEHTOR PErPECCHH U TIPOBEPKA THIOTED ...oceiecceecneeeean e 73
3.1. Cayuaiinvie cocmagasiowue KOIGOUUUEHMOB PEEPECCUM ..........cc.eerreraneene. 73
3.2. 3xcnepumenm no memody Morme-Kapao ............covvevccvovvecncivverccnnnnn 74
3.3, [IpednonodceHust 0 CAVHQEHOM MACHE .....cocoeeeercreieecaeeeareeessansesserineesssnes 79
3.4. Hecmewennocmo Ko3QEUUUEHNIO8 PEZPECCUU ......uc..eeeeeeeeeereeeninarscrrerrannns 82
3.5. Tourocmb KOIPHUUHEHMOG PEIPECCUM ..ovvevvvvreiseranenrersissareeasssiassasrserens 83
3.6. Teopema Iaycca—MaproBa ..............ccooominuecciirnininiincciesninensesseesse s 87
3.7. IIposepka zunomes, OMHOCAUUXCA K KOIPPUUUeHmam

DEZDECCHUU ..o.coovavieeeeaesaesssvisneasttssteaesassmbbettassesbbne e ta e s bbbt sessbbmsnsntbesanenats 89
3.8, H08epumentHbie UHMEPBAADE ... .. vvvveeeersesrirrirrsresseesreerrrsasssnsrransrrssassens 102
3.9, OOHOCIMOPOHHUR I-INECINBL ... veivveveieiiireneesssrraisssssssssrrrersimesssssssessassessraras 104



3.00. Femecm HA KQHECINBO DUCHUBTHIR «v.cvvevverereersesrersneeersrmssssssasssssresssesrressnes 109
3.11. Bsgumocensn Mexcoy Kpumepuamy & NapHoM pezpeccuoniom
QHOMUZ .ocvviivrreisrirassessaasssssssassserssssmeresnerrarasnrassssssanssrresanssnerasssessrannsssss 111

4, TTpeoBpPa30BaHHA MEPEMEHHDBIX ..eevvvereeerrsasrserasarrrrmrseesrssaesess sarreraeessrscrmrerrsncanre | L3

‘4.]. BasUCHAR NPOULTYPA .......oeeeeerreereeararernsterstresreeersnessassssnessresarnensssesessanss 115
4.2, Jozapugimuneckue RPeOGRAZOBAHUR ...vcvveeersveeeerriirearsraissssnrresssisssssrrrees i19
.3, CAVHAUHBIT MACH ....oveiiveiirvneeeeresissiersessssnsssrssssnsssssisssbessssnss sertersnssnasses 125
4.4, HeAUNCURAR POIPECCUR .ovvcevansivivirnrsissiisiasssirissssssssiniss e sasiinsss s rasssaais 126
4.5. Bwbop gyrrcyuu: mecmvl Boxca—Koxca............c.ovvvvivisiiiinniiiiin i 129
TIDUROHCEHUE A.] ......occovnrieernineinriicicirrsir e s e saas b rebs b esssseebenssaase s saarssanaeans 132
5. MHOX2CTBEHHBIH PErPECCHOHHBI AHAMMB ..vovveeererrrirareerarasrsrersersssssssneessassssnn 134
5.1. Hamocmpayusn: modens ¢ 06yMA HEINGUCUMBIMU NEDEMEHHBIMU ... . eeveren, 134
5.2. Buaod u unmepnpemauus ko3P uuuenmos MHONCECMBEHHOU
DOEDOOCHH ccoevviinavisiiineiininissesitissisesyasssas s ssssvass samsta s n et s aaass ssaab s s s e ana b bbb abasns 137
5.3. Mruoxcecmeennas pecpeccus 8 HEAUHEUHBIX MDODEARX ..........ooveceecerorveaeees 14]
5.4. Caoiicmea Ko3ghguyuenmos MHONCECMBEHHOU PESPECCUHU ..........covvreeeeenne 146
5.5, MyaomukOANUHEOAPHOCD ......ccovuviiveeinesingiinesirnssnnssaestvessesttvasansssnesinants 155
5.6. Kauecmeo oyenueanua: xoapguyuenm R RO 159
6. CneundrKaumnsa mnepeMeHHLIX B YPABHCHUAX PETPECCUN:
NPEABAPHTEABHOE PACCMOTPEHHE ...oveereicvereeeeeveneaerisesesassasasssrssrsansesanns 165
0.1, MOOCAUPOBARUE ..............ccoeeerieiereeinrieeeeaneereraaar e seese s e teseea e nnen 165
6.2. Baurnue omcymcmeun 8 ypasuenuu nepemenroil, xomopan
COAMHA GOIMB BHANIMEHE 1...oevseesriesaseiinersinetieciinasssonsiesssuantinntersisnssierin 166
6.3. Bausnue exaroueHus @ Mooeab nepemenHoll, xomopas
HE COANCHA OBIMD BKAIMEHE «.....ocveenneniaaeeeeieriesseeriisersesrsessassssseessararaesses 177
6.4, 3aMEHIGIOUIUE NEPEMEHHBIE ..oovevvvvererrrerrressssrssessrorarrneresinssensreesisnsserrarsons 182
6.5, HHposepra AUHEIHO20 OZPARUUCHUN ... .vvveresrievraasrrrmrrnesrsassrrmrrrrassastrsnerrres 188
6.6. Kak uzeneub MaKCuMym UHQOPpMALUL U3 GHAAUZA OCMAMKOB......o....ovenes 193
6.7. JTA208BIE NEPEMEHHBIC ..........cc.ecnreemieeriairnreasaseseeeneaeseesarsnsnseeneesassapanoas 196
7. I'eTepOCKEeAACTHYHOCTD Y aBTOKOPPEAHPOBAHHOCTD CAYHANHOTO YNEHA ........... 200
7.1. Ewe pas o6 yceaosuax Faycca—Maproga ...........ooeeveeeeevirmrirevccncnerrnnnann 200
7.2. FemepockedacmuutnOCmb U €€ ROCACOCHIBUS ........cerriuvrnasisrinsrersesirsinnransens 201
7.3. Obuapyxcenue 2emepocKeOaCIMUHHOCTIU ...........ccccorrrersinvssrsirsrarssesssanneas 204
7.4. Ymo Moxcro cOeaams & caydae 2emepocKedacmusMRocuU? . ...........oceceee... 210
7.5, Asmoroppersuus u CEAZAHHBE C HEH PAKIMOPB «ocvvvveerirernreesesrsisrrersesrnns 217
7.6. Obuapydcenue asmoxoppessyuu nepeo2o NopaoKa: Kpumepul
HaApOUHA—VOMEOHA ......coovrvviriiiecciecr e seeee st e aon s 219
7.7. 9mo modicHo cheaams @ OMHOUCHUU GEMOKOPPEATUUR? ........cocoviiinnnnnns 222
7.8, Asmokoppessuun ¢ 21020600 IGGUCHMOU NEPEMEHHOU .....covveevreersianracerneans, 227
7.9. Aemokoppeasuus xax credcmeue Henpasuavhold cneyuguxayuu
FEOOBAU ..couviieeeiveiianiserisssssrarstsssesrisssbsnreasraisstasessasrreseresnarassseserrassnssssnenrras 229

Xi



TIDURONCERIE T.L .oooeeiiiririsnrirrireesrireecsreaasseeerserenn st e e re s rrassamemersm st ansesennnnas 234

TIDUROHCEHUE T.2 oooooieeieece i vras e rrr s s virseraressssentrsesssnsesssasasemeneasasneesasss 237
TIDHAOMCEHUE T.3 ..oooioii v irciieis v eerasssstsesistnrssanessssansasessnessssanessnsmnasesasnrrans 240
TIDUAOMCERUR T ..ottt es s p bbb n s s pa s s 241

8. Croxactnyeckue o0bACHAICLINE NEPEMEHHBIE K OLIMOKY H3MEPEHHUL .........c00 243
8.1. Cmoxacmuyeciue OGBACHIOUUE REPEMEHHBIE .......vvveeeeeireeeeeeereannenserenens 243

8.2, [Mocredcmeus omubox usmepenus .. cornnees 247

8.3. Kpumuxa M. Dpudmenom cmauaapmuou Q‘Jyuxuuu nompedaenm ............ 253

8.4. HHCMPYMEHIMAADHDIE NEPEMEHHDBIE «.......oeoreereereneeraeeerssssssssssamsssssissssnsssnas 259

9. (DUKTHBHBIE TIEPEMEHHEIE ... vveve . 262
9.1. Hasiocmpauus ucnonb308anus PUKMUBHOU REPEMEHNO ..........ceeareverernn, 262

0.2, OBULT CAVHAE .....oeeerveerereeiissasvesseesisessnssinbessrsssssserssesssessnsssasssnsessnessasans 270

9.3. Muoxcecmeentivle COGOKYRHOCMI DUIKIMUGHBIC NEPEMEHHBIX ........crrverearsas 277

9.4. Duxkmusnvie nepemennvie 048 KOIDHUUUEHMA HAKAORA .......coveveernveesennnns 280

0.5, TEOM TOV-.ccaaoirrrrrireaaarririrrrrrinee s eessreseesesiasaseesamenesessnsesasnersessenresssnssnes 282
TIPURONCEHUE D1 ...ttt vt a s s avsasa s s nas s bt s 285

10. MoaeanpoBaHHEe AMHAMUYMECKHX MPOILECCOB ....vvvvrevasiessermsinssssssnsssnmsssssssassanas 288
JO.1. BEEAGHUE ........oeeeeeeaeeeeeeceeeereeeiestvsneessnesaneassesanenesssssess s s s besbssssanssanees 288
10.2. Pacnpe0enetie KOGKG .........ooveceeeeeeeimmnimieeciiieaiaeeecrrnnereseessanserssssssasssaas 289
10.3. Gacmunnan KOPPEKMUPOBKA .........ovrrriviriiirsicsnsorsenssnnirsssssssrsssasssssesssanees 291
10.4. AOGnMUBHDIC OHCUOGHUR ...occoevveverirrririscinniarisassivesssssssiraersasssrernssstenesnrann 295
10.5. Tunomesa Dpudmera 0 nOCMOAHHOM JOXOOE ............cccveeecrevrrneciennsrrrerrne. 298
10.6. Hoaunomuassio pacnpeteseHibie AQ2H ALMOH ........corurreeeecicornercrireennan 303
10.7. PautioH@ABHBIE ONCUOGHU oovvvveveveeenevrnneeseaaassseessssssmsrerrresssaserrrssssassrrrnnnns 306
10.8. JTIDEOCKABAHUE ......oo.eeeeeeninccerreeeeererrrsrassrassne s nasssiessrnrssassbabnsnsnnsssnnsnns 309
10.9. Tecmoi HQ YOMOLHUBOCMD .......oe.vevvvriennecerrirrrerrsresnmnnssssamamsessssssssasesrssrsans 315
TIDUAONCEHUE 10.] ....eeeeeeeeeeereeee sttt sb et e s ssasennaa s 319
11. QueHHBAHUE CHCTEM OOHOBPEMEHHBIX YPABHEHHM ...covvvvnrrrniniisisinsrisnnisisnssnnns 322
11.1. Chaeygenue npu oyenie o00HOBDEMENHDIX YPABHEHUL ... ..cvvuverireeanrrrraensrrens 322
11.2. Cmpyxmypnas u npugedennan GopMbl YPAGHERUI ..........oovciciinivineavinviinnns 325
11.3. Kocsennutii memod naumensuiux keadpamoe (KMHK) ...........cccecvevvvvene. 327
11.4. Hucmpymermanoroie nepemennvie (HID) ..........oovevcvineicvvneviiinvincinennnnn, 330
11.5. HeludeHMUPUUUDYEMOCID ........covuverirrermssnsesssnsrrresssssssesessrnsenessassassrnrsssas 332
11.6. CoepxuderMubUuipOBARHOCING .....cooveevereeeeriveresresesraresassassrasrasassaesssassnes 336
11.7. Heyxweazoesii memod naumensuux Keadpamoe (AMHK) .....cccc.ccovvvrinnnn 337
11.8. Yerosue paameprocmu 048 UOCHMUPUIAUUU ........ccvricemicnenevisvisinsinsnnens 340
11.9. Hoenmuguxayus omuocumenbho cmabuibroix 3aeucumocmeti ...........e.... 345
TIPUAGHCEHUE 11.] ...ttt esa st e sa b s st s 348

12, 9O BATBIIE? vt e reee e ee e e e v vsr e es e teas e e asessserasb et ebnemara basdsranmeneransns 350

i



12.1. Memod maxcumansnozo npaedonodotun (MMIT) ..........eooovvvvvciveinrieinenn. 350

12.2. CREyuguiQUUR MOOBAU ..........ccouveceareimncinrcenssineisesssmssssssnrassssssssassnssnssass 354
12.3. Hocaecaosue K QYHKUUAM CHPOCH .......vevereereareersecerenresnaesreerassnssssnsssnsiesses 363
TTpunoxeHune A. CTATHCTHYSCKHME TAOIMIIBI ...covieiiiirreinrrennsaereeeninneessensnessseassonsns 366
TMpunoxeHUue B. HABOPD MAHHDBIX .....ccveievreveseerssnresreassssmssesaessssnssserasanssssnenssnssssens 374
BHOIHOTPAMMA ...ttt et s sea s n e n b s s e bn g s basnane 384
HIMEHHOM YKABATEIID ...ooeverieeeriireeesirrrresansaneeeaerenreresnrsresasnteserrassenesssreesssnearesasnsesns 387

TIPENMETHBIH YKABATEID ....ccveriirecierinrisiniennesiretasissssessistrsissssssssasssasessasnnsenesianesas 389



BBEAEHUE
B 9KOHOMETPUKY




Ob30P:
CNYYANHBIE NEPEMEHHbIE
1 TEOPUS BbIBOPOK

RS T -

B 3r0#t KHHUTE OPpH PACCMOTPEHHUH METOIOB OLUEHHBAHMS DONbLUIOe BHUMaHMe Dyner
yAENEHO CAedYIONIMM CBOMCTBAM OLIEHOK: HECMEIUCHHOCTH, COCTOATEILHOCTH M
adrpexTuBHOCTH. LA ynTaTeRA BAXHO HOHUMAHHE 3THX CBOACTB, H B KHHre f1pe-
MON1araeTcs, YTO OH 3HAKOM C HMMM B NPEAeNax BEOJHOTC KYPCa CTATHCTHKH, B aan-
HOIl rnaBe npenaraeTcs KpaTKUi 0030p Mo 3THM BOTIPOCaM.

AuckpeTHaa cnydailHaa nepeMeHHaq

Ballle MHTYMTHBHOE NMOHYMAHHE BEPOSTHOCTH ITOYTH HABEPHSAKA COOTBETCTBYET
3a/1a4aM 3TOH KHHTH, H TO3TOMY MBI OMTYCTHM TPAOMIIKOHHLIA pasaen YMCTOl Teo-
PHH BEPOATHOCTEH, XOTS OH MOr 6bI ObITH BECHMA YBAECKATENbHBIM. MHOMME MIOIM
HEMOCPEACTBSHHO CTANKMBAIMCH C BEPOATHOCTSAMM, YYACTBYA B JIOTEPEAX M a3apT-
HBIX HIpax, ¥ MX 32MHTEPECOBAHHOCTb B TOM, YEM OHM 3aHHMAaNUCh, YACTO MPUBO-
JHAA K YAUBHTEILHO BHICOKOH NPAaKTHYECKON KOMIETEHTHOCTH, OGLIYHO NPH TION-
HOM OTCYTCTBMM GOpMaibHOM NOArOTOBKH.

ME HauHEM HENOCPEACTBEHHO C JHCKpemnbix Cayainbx nepemernsix. Cayyatinaa
nepeMennas — 3T0 Mobag NepeMeHHas, 3Ha4deHHEe KOTOpPOi He MOXET OLITh TOYHO
npeacka3saHo. Juckpemuoli Ha3bIBACTCA CAyYaiiHAA BeNUYKMHA, MMEIOLIAS ONpeacneH-
HbIH HaGop BO3MOXKHBIX 3HAYeHMIA. [IpuMep — cyMMa BRINABLIMX OYKOB Npu Opoca-
HUH ABYX MrpanbHeiX kocteif. [Ipumep cayvaliHoi BeAudMHBI, He gBASOMIedica
JUCKPETHO!, — TeMmneparypa B KoMHaTe. OHa MOXET MPUHATL J060e U3 Henpe-
PHBHOTO AHANa30Ha 3HAYECHHH U ABASAETCA MPHUMEpPOM HepephiBHOK cayyaliHo#
BETHYUHH. K paccMOTpeHHMIO TaKUX BEAHYUH B 3TOM 0030pe Mbl nepeitneM mosxe.

TMponomkas pasroBop © NpUMEpPEe ¢ ABYMS] KTPATBHBIMHU KOCTSMH, NPEANONOXHM,
YTO GJHA U3 HUX 3eN¢Has, a Apyras — kpacHas. Ecnu ux OpocuTB, TO BO3MOXHSI
36 >neMEHTApHBIX KCXOAOB IKCMEPHMEHTA, MOCKOABKY Ha 3eJIeHOH KOCTH MOXET
BbInacTh A000e uncno ot 1 0o 6 ¥ 1o Xe camoe — Ha KpacHoi. Cny4afiHas nepe-
MeHHasd, olpeJeneHHasA KaK HX CYMMa, KOTOPYIO Mbl 0003HAYMM 4epe3 X, MOXeT
MPHHUMATHL TOALKO OSHO U3 |1 4HMCNOBHIX 3HaueHMit — oT 2 go 12. Baaumocssass
MEXIY MCXONAMK DKCIIEPUMEHTA U 3HAYCHHAMM CAYYAHHON BENMYMHEI B JAHHOM
cIy4yag nmoxasana Ha puc. O.1.



KpacHa#n
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Puc. 0.1, Vcxops B NPvMepe € ABYMA HrPankHbIMKY KOCTAMMW

ITpennonoxXuB, YTO KOCTH <«HPaBUIbHBIE», Mbl MOXEM BOCHOMb3OBATHCH DHC.
0.1 ang onpeneneHysl BEPOSTHOCTH KAXIOTo 3HavyeHud x. TTOCKOABKY Ha KoCTAX
uMeeTcst 36 pasnMYHBIX KOMOHHALH, KAXALIA HCXOX HMEET BEPOATHOCTS 1/36. JIumn
OHa W3 BO3MOXHEBIX KoMb6uHauult {3eneHas = 1, kpacHad = 1} naer cyMMy, pas-
HYi0 2, TAK YTO BepOATHOCTD x = 2 paBHa 1/36. YToObI MOAYYUTE CYMMY X =7, HaM
RoTpeSyIOTCA codyeTaHHs {3eneHasa = 1, KpacHas = 6}, nu6o {3emeHaqd = 2, xpac-
Had = 5}, nubo {3eneHas = 3, kpacHas = 4}, nubo {3eneHas =4, kpacHag = 3}, mubo
{3eneHas = 5, kpacHas = 2}, nuGo {3eneHas = 6, kpacHas = 1}. B 1aHHOM cayuae Hac
YCTPOAT 6 BOIMOXHBIX MCXONOR, M MO3TOMY BEPOATHOCTH MOJAYYeHHA 7 paBHa 6/36.
Bce aTu BepoATHOCTH nipuBeneHE! B Tabn, O.1. Ecnu Bce X CROXMUTE, TO NONYMUTCH
poEHO 1. DT0 GYAET TAK, NOCKOABKY ¢ BepodaTHOCTh0 100% paccMaTpuBaeMan cyM-
Ma [PHUMET OGHO M3 3HAuEHMi oT 2 mo 12.

COBOKYRHOCTE BCeX BOSMOXHBIX 3HaYeHHH cydalfiHoi nepeMeHHOI OIIHCHBaeT-
CA 2EHEPONbHOU COBOKYRHOCMBIO, U3 KOTOPOIA M3BNEKATCHA 3TH 3HauYeHHs. B Hamem
Cly4ae reriepaibHas COBOKYNHOCTE — 310 Habop umcen or 2 go 12.

Tabnmia 0.1
3HaueHuA x 2 3 4 5 6 7 8 9 10 1 12
BepoATHOCTE 1/36 2/36 3/36 4/36 5/36 6/36 5/36 4/36 3/36 2/36 1/36




YnpaxreHune

O.1. CnyvaiiHag nepeMeHHAd X OTIPENE/IACTCS KAaK PA3HOCThL MeXIy OOMBIINM K
MEHBLIHM YHC/2MH, BHITIABRIMMH NpH OpocaHiy ABYX kocTeil, ECny oHY paBHBI MEXITY
coboit, To MepeMeHHAaA X CYHTAETCA pasHoi Hyme. Hallaute pacnpeneneHue BeposT-
HOCTEH and x.

MaTtemaTMyeckoe oOXuaaHue ANCKPeTHOH
cnydanHoOHW BeNUuHMHbI

Mamemamuueckoe oxcudanue Juckpemuoli caAy4atinol éeaunitH — 3TO B3BELIEHHO
CpefHee BCEX € BO3MOXHBIX 3HAYCHHH, MPHYEM B KAYeCTBE BECOBOTO KO3(WpHLHEH-
Ta fepercs BepOATHOCTH COOTBETCTBYIOIETO McXona. Bu MOXeTe paccuuTaTh €ro,
MEPEMHOXKB BCe BOIMOXHBIE 3HAYEHHs! CIYYAfHON BEIHYUHB] HA X BEPOSITHOCTH 1
MPOCYMMHPOBAB MONyYeHHble Ipou3BeaeHUA. MaTeMaTHYecKH ecni CnydaiHas Be-
NHYMHA 0G03HAYEHA KaK X, TO e MaTeMaTHYecKoe oxugarnue obo3Havaetcs Kak E (x).

TIpenmonoxuM, YTo X MOXET NPHHAMATD # KOHKPETHBIX 3HAYCHHH (X, X,,..., X,)
M YTO BEPOSITHOCTH MONYYEHHS X; paBHa p, Toraa

n”
E(x) =x1p) + XDyt tXp Py = Z X; ;- (0.1)

i=I

(UuTaTesan, XeNAKIUNE OCBEXHUTh B NAMATH HCOONb30BaHKHe 0003HAYeHUHA X, MOTYT
clenark 370 ¢ MoMoLILi0 NpuroxeHHa O.1.)

B cnyvae ¢ AByMA KOCTSIMU BETHYHHAMH OT X; A0 X, Oy yucna oT 2 no 12:x, =2,
=3, ., x,; =12 1 p;=1/36, p,= 2/36, ... , ;= 1/36. Maremarnyeckoe OXHAAHHE
paccYMTHIBACTCA TaK:

| 2 3 2 1
[2x¥)+[3xg]+[4x%]+...+ [llxﬁ]+(12xﬁ}

Ecne BEIMMCNIKTL 3TY BeJIMUEHY, TO AOMy4YHTCH 7.

Ipexae 4eM MONUTH Aaiblie, pacCMOTPHM elle Honee [IpoOCTOi NpuMep Ciay4aii-
HO# [epeMeHHOM — YHKCIIO OYKOB, BHINMAAALIee NP OPOCaHMK NHINb OHOH MIPATh-
HO#M KOCTH.

B naHHOM cilyqae BO3MOXHBI LIECTh HCX0O0B: X, =1, x,= 2, x;,=3, x, =4, x;= 5,
X, = 6, Kaxablil HCXOA HMEET BEPOITHOCTE 1/6, MO3TOMY 3HECH

; S P ST D BT
E(x)= Ex,p; =lx 5 +2x6 +3x g +4x g +5x € +6x = 35 (0.2)
B naHHOM ciTyyae MaTeMarMyecKHUM OXMAAHWUEM CiyyaHHOMN [IEpeMeHHOR ABgeTCA
YHC/IO, KOTOpoe caMo Mo ceie He MOXET OBITh NOAYYEHO IPpH GpocaHKK KOCTH.

Maremarnueckoe oxugaHue clydaiHOMN BeTMYHHELI YaCTO Ha3HIBAIOT €& CpedruMm
no zewepanbhoi cogoxynxocmu. JAns ciuydaitHOM BEAUYMHDI X 31O 3HAYEHHE YaCTC 000-
3HaYAeTCA KaK .



Ynpaxreune

0.2. Haiiaute MaTeMaTHYeCKOE OXHAAHKE CNYyYAlHOM BETHYHHB X B YIIpaXHe-
Huu O.1.

Maremarnyeckne oXuaanus GyHKUMn ANCKpeTHbIX
CRYYAAHBIX NEePEeMEHHbIX

[TycTs g (x) — Hekoropas byHkuus orx. Torna £ {g (x)} — MaTeMaruyeckoe oxu-
AaHue g(x) 3amnuchBacTCa Kak

E{gx)} =3 g(x)p, (0.3)

ra¢ CYMMHPORAHHE MPOU3BOAMTCS 110 BCEM BO3IMOXHBIM 3HAMeHHAM X. B radn. 0.2
NoKa3aHa NMoCcAeAOBATEIbHOCT NMPAKTHUECKOTO PACUETA MAMeMamudeckoz0 oncuia-
HUA GYRKKUL Om X,

[IpeanonoxuM, YTo x MOXET MPUHKUMATL B Pa3nMYHBIX JHAUSHUIT OT X, 10 X, C
COOTBETCTBYIOLIMMH BEPOATHOCTAMH OT p) 00 p,. B nepBoit KONOHKE 3alIHCHIBAIOTCA
BCE BO3MOXHbDIC 3HAUYeHUA X. BO Bropoil — 3anmMCHBalOTCA COOTBETCTBYIOLINE BEpO-
ATHOCTH. B Tperbelt KONOHKE pacCUMTHIBAIOTCA 3HAUCHHA HYHKLHH U1 COOTBETCTRY-
JOMWMX BeJIHMMH X. B YeTBepTOii KONOHKE NEPeMHOXAIOTCS MHCA H3 KOJIOHOK 2 1 3,
OT1BeT HPUBOAKUTCA B CYMMMPYIOUIEH CTPOKE KONOHKY 4.

TTpumep

KaxoB0o MaTEMaTHYECKOS OXHAAHHE BEMUYHHE! x?? PaayMHO AW MPeANOROXHUT,
YTO OHA paBHAeTca p2?

PaccMOTpUM NpuMep C YMCNaMK, BHINAJAOWMME NpU OpOcaHHK OMHO! KOCTH.
Hcnonv3osas cxeMy, npuBegeHHywo B Tabn. 0.2, sanonuum Tadn. 0.3,

Tabnuuya 0.2

DyHKLMA PyHKUAA,

x BepoA THOCTH oT x BaBEWESHHAA NO
BEPOATHOCTH
X 2, gix) gix)p,
Xy e gix) g x%)p,
X, p, aix) glx)p,
Beero Zg(xp=E{g (0}




Tafinwya 0.3

%, 2 xf X,
1 1/6 1 0,167
2 1/6 4 0,667
3 1/6 9 1,500
4 1/6 16 2,667
5 1/6 25 4,167
6 1/6 36 6,000
Beero 15,167

B 4eTrepTOil ¢ KONOHKE HMAHBI LIECTh 3HAYEHWIH X%, BIBELUEHHBLIX 10 COOTBET-
CTBYIOIMHMM RepOATHOCTAM, KOTOPBIE B JAHHOM npHMepe BCe paBHAwTes /s, (C Be-
POSTHOCTBIO '/s BeAWYMHA x? OYNET paBHAa €AWHHULE, MOCKOABKY 3TO MPOoM30iiaeT
npd X =1, 4T0 HMEET MECTO B OAHOM C/y4ae U3 LUeCTH, C BEPOATHOCTHIO /o 3HA-
yeHHe x? paBHseTcs 4, TaK KaK 3TO NMPOU30HAET npu x =2, u T. A.). [lo onpenene-
HHIO, BenH4MHa E (x?) paBHa Xx2p, OHa NMpHBENEHA KAaK CYMMa B Y€TBEPTOH KO-
NOHKe M paBHa 15,167,

MareMaTHYECKOE OXHMAAHHE X, KAK YKe ObIO 1ToKa3aHo, parHo 3,3, 1 3,5 B kBan-
pate paBHo 12,25, Takum oOGpaszoM, BenuyMHa E (x2) He paBHa p?, W, Clel0BaTENib-
HO, HYXXHO aKKYPaTHO MPOBOAMTE pasnudua Mexny E{(x?) u {E(x}}? (nocneatee
paBHO nipou3BeacHWI0 E (x) Ha E (x), To ecTb p?).

Ynpaxrenus

0.3, llyers x — enyyaifHas mepeMeHHasA ¢ MATEMATHYECKHM OXHIAHUEM [L, K A —
KOHCTaHTa. JoKaxuTe, YT0 MaTEMATHYECKOE OXHAAHHE AX PABHO ALL.
0.4. PaccumTaitte E(x?) ansg BeaMMHHBL X, ONIPEACNCHHOM, KaK B ynpaxHeHud Q.1.

lpaBuna pacuera MaTeMaTUYECKOro OXMAAHNA

CywiecTBYIOT TPM ITpaBuia, KOTOpHie nanee OyAyT WCMONAb3OBATBCS MHOIO pas.
DTH NpaBMna NPaKTHYECKH CAMOOMEBHIAHbI, ¥ OHM OOMHAKOBO MPUMEHUMbBI ANS
JHUCKPETHBIX W HENMPEPHBHBIX CHYYAHHBIX NePeMEHHBIX.

IIpaauno I MateMaTnueckoe OXXMIAHHE CYMMbI HECKOABKWX MEepeMeHHLIX paB-
HO CYyMMeE HX MAaTeMATHYeCKHX oxuaaHuii. Hanpumep, ecid UMEIOTCA TpM ciy4aii-
HblE MepeMeHHbIE (X, Y U Z), TO



Ex+y+=E@+EWN+EQ. (0.4)

Hpasuao 2. Ecau cnyyaitHas nepeMeHHas YMHOXAETCs HA KOHCTAHTY, TO ee Ma-
TEMaTHYECKOe OXHUIaHUe YMHOXAETCA Ha TY Xe KOHCTaHTy. Ecam x — cayvaiiHas
nepeMeHHad H @ — KOHCTAHTa, TO

E(ax) = aE (%). (0.5)

Ipasuso 3. MatemaTuyeckoe oXuaaAHME KOHCTAHTH €CTE OHa caMma, Hanpumep,

eCNH 4 — KOHCTAHTA, TO
E(a) = a. {0.6)

IMpaBunc 2 yxe nokasaHo B ynpaxHedun Q.3. [Ipasuno 3 TpUMBHANBHO, TOCKOABKY
OHO CNEAYET K3 OTIpedeNeHNS KOHCTAHTEL. XOTA AJOKA3aTENALCTBO Npapuia / JoBONb-

HO TIPOCTOE, MBI €r0 ONYCTHM.
O0peaMHAS TPU NIPABHJIA BMECTE, MOXHO YITPOCTHTE K DoJee CNOXHBIE BhIpaxe~
Hus. HanpuMmep, NMPpeanonoXuM, YTO BB XO0THTE paccuMTaTtk E(y), raoe

y=a+bx, (0.7)
rie & ¥ b — KoHcTanTh. ClenosarebHoO,
EQ)=E(@+bx) =
= E(a) + £ (bx), cornacHo npasuay 1,
= g + HE (x), cornacHo fpaeuaam 2 M 3. {(0.83)

TakuM o6pa3oM, BMECTO HENMOCPEACTBEHHOTO BhHIUMCACHUS E () MOXHO pac-
cyuTaTh £ (x) v monyyutb £ (¥) u3 ypasHeHus O.8.

Ynpaxrerune

Q.5. Ilycte x — 4yHCHO OMKOB, BRINABILEES [PH OOHOKPATHOM OpocaHUM MTpaib-
HOM KOCTH. PaccuTaiite BO3IMOXHBIC 3Ha4YeHMA y, rAe y nonyvaercs mo ¢opmymre
y=x*+3x -2, H, nanee, paccuutaiite E(y). [loKaxure, YTO OHa paBHAETCH
E(x)+3E(x)—2.

HesaBMcMMOCTb CAYHaWHbIX NepeMeHHbIX
IIBe cyyaitHble nepeMeHHbIE X ¥ ¥ HA3bIBAIOTCA He3aBUCHMBIMU, ecnk £ {f (x) £ ()}

pasuseTca E {f ()} E {g (y)} mna modeix dyHKmi f(x) ¥ g (). U3 He3zasHcuMocTH
ClieAyeT Kak BaXHBIM 4acTHBHA chay4ai, 4yTo E(xy) pasHo E (x)E(y).

Teoperuyeckas Auciepenua ANCKPETHOM

cny4aiHoOi nepemMeHHoN

B aTeit xHuMre Hac OyaeT MHTEpECOBATE OAHA H3 GYHKUMI nepeMecHHOIM X, ee me-
opemuteckan ducnepcus, ABASIOWAACA Noae3HOH Mepoit pasGpoca Ans BEPOATHOCT-
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HOTO pacrpedeneHua. OHa onpeenseTca KAk MameMamuseckoe Oxcudanie Kpaapara
PA3HOCTH MEXIY BelHYMHOMU X U e CPSAHUM, T. €, BeIMYHHB (x — )2, Tae L — MaTe-
MaTHYeCcKoe oxXuaaHue x. Jlucrnepcun oOHYHO 0603HAYAETCA KaK G2, H eClld SICHO,
O KaKoi nmepeMeHHOM HOeT pedb, TO HMXKHHH HHASKC MoXeT GLITh onyweH. Mt
rvHorga GymeM ofo03Ha4aTh NMCIIEPCHIO KaK pop. var (X):

62 = pop.var(x) = E{(x-p)*} =

il
=Y (x -5 = (q —w)? py +.t (x, = ) B (0.9)
i=l

M3 6} MOXHO NONYINTh G, — Mmeopemuseckoe crmanoapmnoe 6mraoHenue — CToNb
Xe paciipoCcTpaHEHHYIO Mepy pazbpoca IAA pacnipeleicHUA BEPOATHOCTEH; CTAHAAPT-
HOE OTKIIOHEHHE CAyYyaiiHOH NnepeMeHHOU €CTh KBaIpPATHBIN KOPEHb M3 ¢ OHUCIIED-
CHH.

MHB npOMAACTPHPYEM pacHeT JUCIIEPCHH HA NPUMEPE ¢ ONHOM HrpalibHOM KO-
crei0. ITockoneky p= E(x) = 3,5, To (x —u)? B 3TOM cnyvae paBHO (x —3,5)2. Mul
paccuMTaeM MATEMATMYECKOEe OXKHMIAHHE BeNHYMHEBL (x — 3,5)?, HCIONB3ys cXeMmy,
npeacTaBiAcHHYIO B Taba. 0.2. JononHuTensHbldt cronden (x — ) NpeacTapnseT omn-
peaeneHHbIH 3Tan pacyeta {x —u)2. Cymmupya nocneaHuit cronbeu s tabn. 0.4, no-
NyYHUM 3HAYEHHE AUCIIEPCHH G2, paBHoe 2,92. ClenoBarenbHO, CTARAAPTHOE OTKIIO-

Henue (0), paBHO 292, To ecTs 1,71

Tabnwua 0.4
% b, (- #) - ¥ (x,- up,
1 1/6 -25 6,25 1,042
2 1/6 -1.5 2,25 0,375
3 1/6 ~0,5 0,25 0,042
4 1/6 0.5 0,25 0,042
5 1/6 1,5 2,25 0,375
6 1/6 2.5 6,25 1,042
Bcero 2,82

OAHKMM M3 BAXHEIX MPHAOXKCHMIA MPABH PACYETA MATEMATHYECKOTO OXHIAAHUSA
apnserca GopMysa pacHera TEOPETHUYECKOH NUCIIEPCHH caydailHOH nepeMeHHO,
KOTOpasd MOXeT ObITh 3aMMcaHa KaK

ol=E(?) — i (0.10)

BT0 BRIpAaXEHHWe MHOraa OKa3niBaeTcA Gonee YHOGHHIM, 4eM NepBOHAYANLHOE
onpeaeneHre. JokaiaTenscTBO Aa€T XOPOWMA TIPUMED HCIIONLIOBAHMS YIIOMSHY-
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TBIX NpPaBuil, HO TIPH NEPBCM YTEHMH Bbl MOXETE, €CMM XOTHUTE, Er0 IPOMYCTHTH.
Ilo 3ToMy onpenencHHIO,

o= E{lx—p)} = E{(2— Zux+p) =
= FE{x}) + E(—2ux) + E(u?), cornacHo npaguny J,
=E()—2uE(x)+p2 COrRacHO MpasunaM 2 1 3

K ToMY QaKTy, uTo —2u
¥ U2 — KOHCTaHTHI,

= E({x?) —2u+ 2, NIOCKONBKY BeTMIHHBL E{x)
H |\ MAEHTHYHEL,

= E(x) = i, (0.11)

TakuM 00pa3oM, eClii Bb XOTHUTE BLIYUCIKTL TEOPETHUECKYIO AMCIEPCHIO NI X,
TO MOXETE PACCUMTATH MATEMATHUECKOE OXKHAHKE BEeTMYMHbBI X2 M BHINECTb M3 Hero u?,

Ynpaxrerite

0.6. PaccunTaiiTe TEOPETUYECKYIO AUCNEPCUIO M CTAHAAPTHOE OTKIOHEHUE Be-
JHYUHEL X, ONpeAe/iceHHOH, Kak B ynpaxueHuu O.1, HCMONb30BAB onpeacNeHue,
3aRaHHOe ypaBHeHHeM (0.9).

0.7. Ucnonb3opap ypasHeHue (0.10), HalilauTe AUCIEPCHUIO CAY4ailiHOM Mepe-
MeHHOH X, onpelleneHHOM B ynpaxHeuun O.1, ¥ MoKaxuTe, YTO pPe3y/bTAT [ONY-
YagTCA TEM Xe, YTO M B ynpaxHeHHH 0.6, (JT0 3aliMeT COBCEM HEMHOIO BPEMEHH,
TOTOMY YTO BB YK€ pacCYUTanH y B ynpaxHeHuu 0.2 u £(x?) B ynpaxueHun 0.4,)

BepoaTHOCTb B HENpPEepLIBHOM cnyvae

C DHCKPETHLIMH CHYYyaillHLIMM NMepeMeHHbIME ONEeHDb Jerko ofpamaTbes, [10-
CKONbKY OHM MO OMpeNeNeHHIo IPHHUMAIOT 3HAYEHUA M3 HEKOTOPOTO KOHEYHOIo
Habopa. Kaxmoe M3 3THX 3HAYeHUH CBA3AHO C OTNPELCNCHHON BEPOSTHOCTBIO, Xa-
paKkTepU3yIoLIeil ero «Bec», ECNM 3TH «Beca» MU3IBECTHBI, TO HE COCTABMT TPYIA pac-
CUMTATb meopemuveckoe cpediee (MaTeMaTHYECKOE OXHIAHME) M AUCNEPCHIO.

Bbl MOXeTe PeACTABUTD YKa3aHHbIC «BeCas KaK ONPeASHcHHbIC KOMHYECTRA «M1a-
CTUYHOH MAacChl», paBHbIe BEPOATHOCTAM COOTBETCTBYIOLIMX 3HAUYeHMI. CyMMa Bepo-
ATHOCTEH M, chenoBaTenkHO, CYMMAapHBIH «BeC» 3TOH «Macchi» paBeH eAuHHIE. 2TO
nokasado Ha puc, 0.2 And npuMepa, Tie BeNHYHHA X eCTh CYMMA O4KOB, BHINABILMX
MpH OpOCAHHHM ABYX MTPadbHBIX KocTeil. Bequuuua x npuHUMAaeT 3Ha9CHHA OT 2 A0
12, ¥ /U BCEX DTHX 3HAYEHMIA NOKA3aHO KOJNHUYECTBO COOTBETCTBYIOUIEH «MACCHI».

K coxaneHulo, aHanns B Halllei KHMIe TIPOROAMTCA OOGRINHO NG HeMpepriBHEIX
CAYYaHBIX BEMUYMH, KOTOPLIE MOTYT NPUHUMATL OECKOHEYHOE YHUCIQ IHAYEHMUIA.
[TockoibKY HEBO3MOXHO NPE/ICTaBUTE cebe «IIACTHYHYIO MAacCy», pa3ieNeHHYI Ha
OeCKOHeYyHOe YUCNO YACTeH, UCMONBL3YEM Janee APYTOH MOAXOA.

IMpounaiocTprupyeM HaLIM PAcCYXKASHHS Ha MPHMEpe TEMNEpaTyphl B KoMHate, [lna
OMpeeIeHHOCTH MPEeANooXHUM, YTO OHA MEHAETCH B Mpegeiax oT 35 g0 75° no
®apeHreiiTy, 1 BHAYaIe AOMYCTHM, YTO BCE 3HAYCHHMS B ITOM AMAMA3QHE PABHOBE-~
POATHBI,
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BenuuvHo!

BEPOATHOCTA
2R
511815
T
1 $ B8 7 8 9§ 19 11 12 X

*w 1/36
Puc. 0.2, ucKpeTHLIE BEPOATHOCTU (NPUMED C ABYMA UIPANLHEIMHA KOGTHMW)

INockonbKy HMHCNO pasnuyHLIX 3HAYEHHI, IPUHHMAEMBIX [OKA3aTeNeM TEMIE-
PaTypH, OECKOHEYHO, 30eCh OECCMBICIEHHO NBITAThCA PA3ACIUTD <TLTACTUYHYIO MAc-
Cy» Ha MaJiblie 9acTH. BMeECTO 3T0ro MOXHO «pa3Masarbs €€ [0 BceMy Quamazony. Io-
CKONBKY BCE TeMItepaTypH oT 55 go 75° F paBHOBEpOATHH, OHA JOJDKHA GHThb «pas-
MasaHa» PaBHOMEpPHO, KaK 3T0 IOKa3aHo Ha puc. O.3.

BricoTa
{MNOTHOCTE BEROATHOCTH)

0.05

Y

5§ 60 65 70 75 Temnsparypa, F
Puc. 0.3

B sroM nmpumMepe, Kak M BO BCEX OCTAJNBHBIX, MK OyIeM MojaraTth, MTO <«IHIac-
THYHA9 MAacca pasMaszaHar HA eAWHMYHON nuow@mm, 310 CBA3aHO ¢ TEM, YTO COBO-
KYITHadA BEPOATHOCTH BCErJa PaBHAETCA eIMHUNE. B JaHHOM cayyae Hallla «Maccas
MOKPbIA MPAMOYTONBHUK, W, MOCKONbLKY OCHOBAaHI{E 2TOTO MPAMOYTONBHUKA PaBHO
20, ero BHCOTA ONpeNeiaeTCAa W3 COOTHOLICHMA:

20 x Bucora = 1, (0.12)

TaK KaX NPOM3IBENEeHUE OCHOBAHHS U BRICOTH PaBHO MuoLtany, CaenoBaTeAbHO, Bhi-
cora pasHa 0,05, kak 3To mokazaHo Ha puc. 0.3,

Haitns BHCOTY NPAMOYTOJBHHKA, Mbl MOXKEM OTBETHTE Ha BOMPOCH THRA: C Ka-
KO#i BepOATHOCTHK TeMIepatypa OyaeT HaXOMUTHCA B AuanasoHe ot 65 mo 70°F?
OTper onpenensgerca BENMUMHOM «3aMa3aHHOM» IUtowany (Win, rosopsa Gonee dop-
MafLHO, COGOKYNHOU epoamuocmsio), Nexaweil B guanasoHe ot 65 no 70°F, npea-
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CTaBneHHON 3amTprxopaHHo# durypoii Ha puc. 0.4. OcHOBaHle 3ATPHXOBAHHO-
ro NpaMOYToNBHHKA paBHO 5, ero BeicoTa paBHa (0,05 H, COOTBETCTBEHHO, IO~
wams — 0,25. McxoMas BepOATHOCTE PABHA /s, 4TO B MOGOM Ciydae O4eBHAHO, T10-
CKOMBKY npoMexyTok ot 65 no 70°F cocrasnser '/4 Bcero AHana3oHa.

BricoTa 3aIUTPHXOBAHHOW IUIOWIANM MPEACTARAAET TO, YTO POPMATLHO HA3LIBA-
CTCS ALOMAROCHbIO 6epOSMHOCMU B STOH TOUKE, M €CAH 3Ta BHICOTA MOXeT BRITH 3anu-
caHa Kax DYHKINMA 3HAYCHUU chayvaifhoif nepeMeHHoOM, To 373 GYHKIIUA HA3HBaeT-
¢ pynxyueti naomuocmu eepoamrocmi. B HalueM IpUMepe OHA 3aMKCHIBACTCH KAk f(X),
roe x — TeMIeparypa, U

FX)=0,05 S55x575 (0.13)

[f(x)=0ana x<55wm x>75).

B xauecTre nepporo npuGmokeHnsa GyHKUMA MAOTHOCTH BEPOATHOCTH [TOKA3H -
BaeT BePOATHOCTD HAXOXKIEHHA cyqaiiHoil nepeMeHHON BHYTPH eAHHUYHOTO HHTEpPRA-
13 BOKPYT JaHHOH ToykH. B HaiieM npuMepe 378 PYHKIHA BCIOAY paBHa 0,05, otkyna
BBEITEKAST, YTO TEMIIEPATYPA HAXOMHTCH, Hampumep, Mexay 60 u 61°F ¢ BepogrHo-
cThio 0,05.

B HameM cayuae rpadux GyHKOWY MIOTHOCTY BEPOSITHOCTH TOPH3IOHTANEH, H ee
YKa3aHHAA HHTEPIpPeTALMSA TOYHA, OHAKO B o0UIEM Ciy9ae 31a QYHKIHNA HEMPEPEIBHO
MEHAETCSH, M €8 MHTEPIpPeTaiH KaeT Auib npubmexenue. Janee Ml pacCMOTpHM
TpHMEP, KOTAA 37a PYHKUHA HEHOCTOAHHA, MOCKONbKY HE BCE TEMIICpaTypH paB-
RBogepoarHsl. [IpeTonoxuM, YTo NEHTPANbHOE OTOIUIEHKE paboTaeT TaKKuM 00paszoM,
YTO TeMIIePaTypa HUKOLRA He nanaer Huxe 65°F, a B KapKHe AHH TeMIEpaTypa npe-
BOCXOAMT 3TOT YPOBEHB, HE INIPEBLILIAA, KaX U paHee, 75'F, Mu OyaeM cuuTaTh, 4TO
IUIOTHOCTh BEPOATHOCTH MAaKCHMATbHA NpH Temmeparype 65°F n aanee oHA paBHO-
McpHO YOBRBAeT A0 Hyad npu 75°F.

Ofmas «3aMa’aHHas» TUIOMAAE, XAK BCErda, paBHa eAMHULIE, NOCKOMBKY COBO-
KYNHas BepOSTHOCTD paBHa eaHNUe. [nonans TpeyrolsHUKA pasHa NOAOBHHE PO~
HU3BEleHUS OCHOBAHHA HA BRICOTY, MO3TOMY ITONyYaeM:

4% 10 x Bucora=1, (C.14)

u BEICcOTAa mpH 65°F paena 0,20.

IIpenmonoXxuM BHOBE, YTO MHE XOTHM 3HATH BEPOSTHOCTE HAXOXICHHUS TEMIIepa-
TYPH B TIPOMEXYTKEe Mexay 65 u 70°F. OHa npeicTapAcHa 3allITPHXOBAHHOIMN 1UI0-
maaslo #a puc. 0.6, ¥ eci BH HEMHOTO MIOMHUTE TEOMETPHMIO, TO CMOXETE TpOo-
BEpUTh, YT0 OHa pasHa 0,75. Ecnu BH NpenrioysraeTe NpOLICHTHOS U3MEPEHHE, TO

BricoTa
{RAOTHOCTD BEPOATHOCTH)

005

55 60 65 70 75 Temneparypa, £
Puc. 0.4
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flnoTHOCTS
BEPOATHOCTYU

020 ¢
015 ¢+
010 ;
0.05 |

85 70 75 Temneparypa, F
Puc. 0.5

3TO 03HAYAET, YTO C BEPOATHOCTBIC 75% TeMmeparypa monafeT B AuanasoH 65—
70°F H TONBKO C BEPOATHOCTBIO 25% — B nmanazon 70—75°F.
B AaHHOM cay4ae (DyHKLWS IULTOTHOCTH BEPOATHOCTU 3aMMChIBAacTCA Kak f(x), roe

FGd=1,5~0,02x; 65<x575. (0.15)

(Bs1 MoXeTe IPoBepHTh, YTO 312 bynkima pasHa 0,20 npu 65°F u Hymo npu 75°F.)

Mpexne yeM MPOAOAXUTL HITOXEHUE, YIOMIHEM O XOpOIled ¥ IJIOXOH HOBO-
crax. «TLlnoxas HOBOCTE» — 3TO TO, MTO €CJIH BRl XOTUTE PACCYHTAThL BEPOSTHOCTH 1A
Bosee CIOXHBIX DYHKUME ¢ KPUBOMHHERHBIMK TpadHKaMH, TO 3MEMEHTapHag reo-
METPHS CTAHOBHTCA HeNpPUMEHHMOi, Boobille ropopA, Bbl ANDKHB BOCIOAL30BATECH
HHTETPANLHLIM HCYKCAEHMEM HITH CiletHanbHNMH TaGnHaMu (eChK NOCNEAHHE CY-
mecTsyior). HHTerpaipHOe KCHHCREHHE HCITORNB3YETCA TAKKE M MPH ONpeXeNeHHH
MATEMATHYECKOTO OXUIAHMA U AUCTIepCHH HenpeprBHOA cnyJyaliHON BETMYHAHEL

«Xopollasg HOBOCTb» — B TOM, YTO crielHanbHbie TabI1ilbl CYMIECTBYIOT M1 BCeX
byuxauit, KoTopre GYAYT HHTEPECOBaTh HAC Ha npakTrke. Kpome Toro, MaTeMaTi-
YecKoe OXKIAHUE M TUCHEPCHT HMEIOT MPAKTUMECKK TOT XKe CMBICI A/ HETPephIB-
HBEIX CIyJAHHEIX BENHYUH, YTO M BN AUCKPETHHX (bopManbHEie ONpeaesieHHa MOX-
HO HaliTH B npunoxkeHuy 0.2}, U Any HUX BEPHEI Te XK€ CaMhiC NPaBHIA.

MnGT™HOCT:
BEPOATHOCTH

0.20
0.15 |
0,10 ¢
0.05

Temneparypa, F
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Nocroannan u cny4ailHan COCTaBARIOLMG
cny4aitnoii nepemenHoi

Yacto BMECTO PaCCMOTPEHHS CHY4AHHON BEAMYMHBI KaK €AHHOIO LEION0 MOX-~
HO U YAOOHO pa3dHTh e Ha MOCTOAHHYIO H YHCTO CnyyaliHyio cOoCTaBIkIOLIHE, Tae
MOCTOAHHAS COCTARIANOILAN BCErJa eCTh €6 MaTeMaTudeckoe oxuaauHe. Eciom x —
cayvyaiiHas nepeMeHHAd M | — ee MareMaTHyeckoe OXHIaHHE, TO ASKOMMAO3IKLIHA
cny1aifHoll BEIHYMHBL 3aNMCBIBASTCS CNENYIOWMM 00paioM:

x=yu+u (0.16)

TOe w4 — %icmo caydalings cocmaganioidas (B perpecCHOHHOM AHANK3E OHA OORYHO
DPEACTABNCHA CAYYATHBM SACHOM).

KouneuHo, MoxHO 65110 OH TOCMOTPETE HA 3T0 TIO-APYTOMY M CKa3aTh, MTO CNY-
4aiiHAA COCTABAAIOLUIAA i OMPEASIACTCH KAK PATHOCTD MEXDY X W jL:

u=x-u. (017D

H3 onpezencHHaA caeayer, YTO MaTEMATHYECKOC OXHMAAHHE BEAHYHHB ¥ PaBHO
Hyni©0. U3 ypasHenns (0.17) umeem:

EW=Ex~W=Ex)—EW=
=EQ)—p=p-—pn=0 (0.18)

IMockonsky Bech pasbpoc 3HadeHHI x 0GYCAORBNEH 4, HEYAKBHTENLHO, YTO TEOpe-
THYECKAS AMCNEPCHA X DaBHa TeopeTHYecKol aucnepcHH u. Tlocneaxee HETPYRHO
nmokazath. [To onpenenenuo,

o= E{(x~n)} = E{u?} (0.19)

ol=E{(u—mo.())) = E{(y— 00} = E{u’}. (0.20)

Taxum ofpaiom, g2 MOXeET GHhTh IKBHBAIEHTHO onpeleneHa KaK AUCNEPCHR X
HAH u.

O6o61asn, MOXHO YTBEPXAATE, YTO EC/IH X — ChydaiiHasd nepeMeHHas, onpene-
nexHad no dopmyne (0.16), roe | — 3aTaHHOE YHCAO M U — CNYYAHHBINK WieH C
E(uw) =0 u pop. var (¥) = 62, TO MATEMATHYECKOE OXHAAHHE BEJHYHUHB! X DaBHO |,
a JHCMepCHsT — G2,

Cnocobm oueHusanus U OUEHKIN

Jo ¢ux nop Mbl TIpeANOAArain, YTO WHMeeTcA TouHas MH(OPMANMA O paccMar-
pHBaeMoit cityyaitHol nepeMeHHOR, B YacTHOCTH — ob ee pacnpeneneHHH BEpOAT-
Hocreit (B cnydae AMCKpeTHOH mepeMeHHOM) My o GyHKUMH NNOTHOCTH pacnpe-
HeneHud (B cnyyae HenpepuiBHO# nepemexnofli). C nmoMoinsio 310t MHGOOPMALIUK
MOXHO PACCYHTATh TEOPETHHNECKOE MATEMATHYECKOE OXHAAHKE, IMCTICPCHIO # Hobbie
ApYIHe XapaKTCPUCTHKH, B KOTOPEIX MBI MOXEM ObITh 3aHHTEPECOBaHBI.

OnHako Ha npakTHKe, 3a HCKAOYEHHEM HCKYCCTBEHHO MPOCThIX CAy4aHBIX Be-
AHYUH {(TAKMUX, KAK YHCAO BLINABIUWX OYKOB Npu DPOCAHNM MIPAUILHON KOCTH),
MBIl He 3HAEM TOYHOIO BEPOATHOCTHOIO PACHPEACACHHS MM NACTHOCTH paclipeae-
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NeHUs BepOATHOCTeH. BT0 O3HAYaeT, YTO HEM3IBECTHDBI TAKKE ¥ TCOPETHYECKOS Ma-
TEMATUYECKOEe OXWNaHHe, M AucnepcHda. Mul, TeM He MeHee, MOXEM HYXKAATHCA B
OLieHKAaX 3THX WM HPYI'MX TEOPeTHYECKMX XapaKTePUCTHK reHepanbHol COBOKYM-
HOCTH.

Hpouenypa oneHusaHus BCEraa oaMHaKoea. Bepercs Buifopka u3 » Habmoae-
HMi, ¥ C MOMOLLLIO MOAXOAAILCH (OPMYAB PACCUKTHBACTCA OICHKA HYXKHOM Xxa-
pPaKTepHCTHKHY. HyXHO CACAWTL 32 TEpMMHAMM, JC/Iaf BAXKHOE PaildyHe MEXKIY
cnocoboM MMM GOpMYNoi OLEHWBAHUA M PACCYHTAHHHIM MO Heil ans aaHHOH
BOOPKH YHCIOM, ABMAIOIMMCA 3HAYCHHEM ONEHKM. Cnocol ouenueanus — 310
obulee mpasuno, win GOpMyna, B TO BpeMA KAK JHOYEHUE OUEHKU — 3TO KOHKpeT-
HOE YHCNOo, KOTOpoe MeHAeTca oT BHOOpKkY K Bmbopke!.

B 1abn. 0.5 npupenernl GopMyNL! OLIEHHBAHKRA AN ABYX BRXHEAUIMX XapaKTepHC-

THK TeHEPANBHO! COBOKYNHOCTH. Bubopounoe cpednee x OGLIUHO AACT OLEHKY NS

MAaTEMAaTHYECKOTO oXuiaHusd, a dopmyna s2 B Tabn. 0.5 — oueHKY AUCOCPCHY re-
HepaTsHOH COBOKYHHOCTH.

Tatnrua 0.5
XapakTapucTikmn
reHepantHon DOpMYNL OUBHMBAHKA
COBOKYNHOCTI
- 1
Cpeanee, B x== Zx,
n
2 1 > -2
Ducnepcus,  of s = """‘I (x; - x)
n —

OrMeTHM, 4TO 3TO 0ObvHNe GHODMYAL OLEHKW MaTeMaTH4ECKOIo OXMIAHMA M
OHCNEPCHHK TeHepanbHOR COBOKYITHOCTH, OAHAKO He ¢AMHCTBeHHbE. BoaMoxHoO,
BB HACTONBLKO MPHBHIKAKM HCMONL30BATE X B KaYeCTBe OLEHKH ANMA |, YTO AaXKe HE
JaayMptBanuce o6 ansTepHatupax. KoHeyHo, He Bce GOPMYNR OLIEHKM, KOTOphie
MOXHO fIPEACTABUTb, OAHHAKOBO XOpoluy. JIpu4unuHa, no KoTopoll B AeHCTBATEND-
HOCTHM MCIOAL3YETCHA x, B TOM, YTO ITA OLEHKA B HAWAYYLICH CTENEHK COOTBET-
CTBYET ABYM OYEHb BAXHBIM KPHTEPUAM — HECMEILEHHOCTH H 3qMPeKTHBHOCTH. ITH
KpHTepUU OyAYT paccMOTPEHBI HUXKE.

OUBHKH KaK CRy4aliHbie BennYuHbl

TNMonyuaemas ouewxa npeacTaBnsieT YacTHHIH cayyan caydaliHoft nepemeHHoff,
TpHyunHa 31€Ch B TOM, YTO COMETAHUE 3HAYeHNMI x B BbopKe cayyailHo, NOCKONBKY

' B pycCKOR3LIMHOW NWTEPATYPE U CNOCOB OUEHUBAHWA, W IHZYEHWO OUBHKH YACTO COKPALIBHHO
HA3LIBANT NPACTO OueHKol. MHOraa B AaNLHEAWEeM M TOxe ByRem TAX NOCTYNAETL, BCNK M3 KOHTEKCTA
ACHO, O 4eM WAET padb. (Tpum. pag.)
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X — cnyyalHas MepeMeHHas H, CeOBATENBHO, cnyqaﬁnoﬁ BENHYUHOR ABNACTCT M
dbyHxuus HaGopa ee 3HaueHuit. BozpMeM, HAMPUMEP, x — ONEHKY MaTeMaTHYeC-
KOro oXuaaHus:

- 1

X = ;(xl +X2 +...+ xﬂ)‘ (0.21)

MBI TOIBKO YTO MOKa32/MH, YT0 BENHYHHA X B i-M HaORIOAEHUH MOXET OhITh pa3-
JIOXKEHA Ha ABe COCTAB/AIOIUUE: MOCTORHHYIO YacTh 1 M YUCTO CIYYAHHYIO COCTABMS -

IOWYIo 4,
=u+u, (0.22)

ClienoBaTenbpHo,
X=p+y, (0.23)

rie ¥ — BBIGOPOYHOE CpEIHEe BENUYMH U,

OTCI01a MOXHO BHIETD, YTO X, IONOGHO X, HMEET KK (DMKCHPOBAHHYIO, TaK M
YKCTO ChyyaiHylo cocTassstiole. Ee GHKCHPOBAHHAY COCTABASIONIAS — [, TO €CTh
MaTEMaTHYECKOE OXMIAHKE X, A e¢ CIYyYalHAd COCTARASIOMWAs — 4, TO €CTh CPeaHEe
3HAYEHME YHCTO CIYyUYalTHON cocTtaBnmwomel B BRIGOpKE.

@yHKUMN MNOTHOCTH BEPOATHOCTH AL X M % TIOKa3aHb HA OMUHAKOBBIX rpadpu-
Kax {puc. 0.7). Kak noka3aHo Ha PUCYHKe, BEIHYMHA X CHYUTAETCA HOPMANBHO pac-
npeaeneHHON. MOXHO BHNeTH, YTO PACNpPERENEHMA, KAK X, TAK U X, CHMMETPUYHBI
OTHOCHUTENLHO | — TEOPETUYECKOro cpefHero. PasHMOa Mexay HHMH B TOM, YTO
pacrmpeneneHde x Ve M Bbuue. Benuumna x, BEPOATHO, AOJIKHA GEITh GIXKeE K W,
YeM 3HaYeHHe eNHHMYHOro HaGAIOAeHNA X, MOCKOABKY €¢ CAydaliHas cocTaBnaio-
UIaf & €CTh CPENHEE OT YUCTO CIYYAAHBIX COCTAB/ISAIOLIAX U, Uy, ..., 4, B BbIOOpKeE,
KOTOphIE, TIO-BHAMMOMY, <FacsaT» ApPYr Apyra Nnpu pacuere cpeadero, Hanee, Teoperi-
YeCKast AMCIIEPCHS BEMYMHB! ¥ COCTRBANET JIMLLE YACTh TEOPETHYECKOM TUCTIEPCHH .
B pasnene 1.7 6yxeT moKa3aHoO, YTO ecaum pop. var (¥) = 62, To pop. var (« ) = a*/n.

DYHKUMA NAOTHOCTH DOYHKUKA NNOTHOCTK
BEPOATHOCTW X BEPOATHOCTH X

N ,

u 'S 13 X
Puc. 0.7. CpaeHeHwe GpyHKUME NNOTHOCT BEPOSATHOCTH OQUHOYHOMO Habnogenns
¥ BGOPOYHOro CpeaHero
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Beauyrpa s 2 — OLEHKA TSOpETHYECKOoH JUCIIEPCHE X — TAKXKE ABAASTCA Chyyait-
Ho#l nepemeHHoi, Briuntag (0.23) uz (0.22), umeem:

X -% =7 (0.24)
CrenoBaTensHO,

2=L1>:{(x, x)2}= — 24 - u)). (0.25)

Takum 00pazoM, 5° 3aBUCUT OT (M TONBKO OT) YUCTO CAYYAHHOM COCTABNAIOILSH
Halmonenni x B BeIGopke. [TOCKOALKY 3TH COCTABMAICILNHE MEHSIOTCA OT BHIGOPKH K
BHIBOpKE, TaAK¥e OT BLIOOPKH K BHIOOPKE MEHAETCS W BENMYWMHA OLEHKH §2.

HecmeweHHOCTL

TTockoNBKY OHEHKH SBIAIOTCS CNyYalHbLIMH NEPEMEHHBIMY, X 3HAYEHUS JIMIIb
[0 CAy4aitHOMY COBITAIEHHIO MOIYT B TOMHOCTH PABHATLCH XAPAKTCPHCTHKAM TEeHE-
panbHoit coBoKynHocTH. OCGRMHC GYIET PHUCYTCTBOBATE ONnpeleieHHAs owHbKa, Ko-
Topasi MOXeT ObITh OONMBUICH WM Manoll, MONOXKHTENbBHON WA OTPHUATENBLHONM, B
33BUCHMOCTH OT YHCTO CAYYalHBX COCTABISIOUIMX BENUNHMH X B BBIGOPKeE.

XO0TA 3T0 W HEH30EXHO, HA HHTYUTHBHOM YPOBHE XEATENbHO, TEM HE MEHEe, YTOOR!
OLIEHKA B CpPeAHEM 3a JIOCTATOYHC ANWTENbHBLA nepuod Geuia akkypaTtHoii. Beipaxkasach
GOpManBEHO, Mbl XOTERK Obl, TTODLI MATEMATHUCCKOE OXMAAHME OLCHKH PABHSIOCE Obl
COOTEETCTRYICLISH XApaKTepHCTHKE [eHepa/ibHOM COBOKYTIHOCTH. EcM 310 Tak, To ougHka
HA3WBAeTCd Kecmeiyernol. EQIM 5TO HE TaK, TO OLEHKA HAZLIBAETCH CMeljernol, U pal-
HHLIA MEXIY €e MATeMATHYeCKUM OXUAAHMEM M COCTBETCTBYIOLIEH TeopeTH4eckoid xa-
PAKTEPHCTHKOIH reHepansHOl COBOKYTTHOCTH HA3BIBAETCH CMEU{eHIUEM.

HauneMm ¢ BBIGOPOYHOrO cpenHero, SBnsercd AHM OHO HecMeleHHONH OLEHKOI
TeopeTHUecKoro cpearero? Pasuw am E{x) u n? Jda, 5To Tak, YT HEMOCPEACTBEH-
HO BbiTeKaeT H3 {0.23).

BenuuuHa X BKTOYNAET ABe COCTABNAIOIME — | M & . SHAYEHUE 4 PAaBHO CPemHeil
YHUCTO CAYYRHHBIX COCTABMAICHIHX BEIMMHH X B BROOPKE, M, IOCKOABKY MaTeMaTH-
YecKoe 0XHMZAHNE TAKOH COCTABNAICWICH B KaXKAOM HabMIOOCHHH PaBHO HYMIO, Ma-

TeMaATHUYCCK O OKHMIOAHHUG !_4 pasHO HYIIO, CI[CIIOB&'I‘CJ'[bHO,
E(x)= E(qu+u)= EG)+ E@=p+0=q. (0.26)

Tem He meHee MoNyyeHHas OLlEHKA — HE eIMHCTBEHHO BO3MOXHas HeCMeLIeH-
Had oneHKa . [TpennonoXxuM And MPOCTOTHI, MTO ¥ Hac ecTh BHIGOPKA BCEro u3
IByX HaGmofeHH — X, M X,. Jl:oboe B3BeLIeHHOE CpeaHee HabmoaeHuii x, M X, 6pL10
661 HeCMEUICHHOH OLGHKOM, eCi CYMMa BECOB paBHa eauHuue. Yrobsl rnokasars
3TO, MPEeANOSOXMM, YTO Mbl MOCTPOMAH OOOGUIEHHYIO GOPMYAY OLEHKH:

Z= llxl +3.2X2. (0.27)

MaTteMaTHYecKOe OXHIAHHE Z PaRHO:
= llE(x|)+ le(xz) = llu +)ﬂ.2|.! = (7‘.] + llh" (028)
17



Ecnu cymma A M A, paBHa eIMHULE, TO Mbl UMeeM £ (Z) =y, U Z ABNAETCH
HEeCMELHEHHOR OUEeHKON U.

TakuM 00pa3oM, B MPUHLIKIE YMCNO HECMEWCHHBIX OLeHOK GeckoneuHo. Kak
BbIGpaTh 0OHY U3 HUX? TloyeMy B AeACTBHTEABHOCTH MHBl BCEIa HCMOMb3YEM BhIGO-
pOuHOE cpensee ¢ A = A, = 0,57 BoamoxHo, Bu 1onaraere, 4To 6euio 6h1 Hechpa-
BeIAMBLIM RABATh PA3HbIM HAOMOACHUAM Pa3iHIHAIe BECa UAK YTO NOXOGHOM acuM-
MeTpuu cieayeT u3berats B npuHuune, Msl, oAHaKO, He 3a00THMCA 30eCh O Chpa-
BEANMBOCTH WK 0 CUMMETPHH KaK TakoBoii. B cregywineM pasgene MH YBUBHM, 4TO
nMeeTcs B Gonee ocsizaeMad NMPUYKHA,

8o cux mop Mbl pacCMaTPHBAIH TOJIBKO OLEHKH TEOPETHUECKOrC cpeaHero. Belue
YTBEPXKAANoCh, UTO BEAMUKHHA 52, ONpeaenAeMas B COOTBETCTBHY ¢ Tabn. O.5, sena-
¢TCsl OUEHKO!H TeopeTuyeckKoil aucnepcun o2, MoxXHO NoKa3aTh, YTO MaTeMaTHYeC-
KOt OXMAZHHE 5% PaBHO 07, M 5Ta BeJHUMHA ABAACTCA HECMEILEHHON OLEHKOMN Te-
opeTHYecKoil AMCepCHM, eciu HabrioneHus B Bolbopice HeaaBUCHMb! APYT OT ApYyra.
JlokazaTenbCcTBO 3TOr0 MaTeMaTHYECKH HECTOXKHO, HO TPYAOEMKO, M NO3ITOMY OHO
BblHeceHO B npuioxenue 0.3 B KoHUe aaHRore odsopa.

.\

AP DHEeKTNBHOCTD

HecMelueHHOCTE — XeNaTelIbHOe CBOUCTBO CLEHOK, HO 2TO He eNMHCTBEHHOE
Takoe cBoicTRO. Ellle 0fiHA BAXHAA WX CTOPOHA — 3TO HadeXHocTh. KoHeyHO, HeMa-
JMIOBAXHO, 4TOOBI OHEHKA Oblia TOYHOM B CpemHEM 3a ARUTEIbHBINA epron, HO, KAk
onHaxasl 3aMetun Jx. M. KeitHc, «B J0ATOCpOYHOM NIEPHOIE MBI BCe YMpeM». MEI
xoTenu Gel, 4TOOH! Hallla OLEHKA ¢ MAKCHMANBHO BO3MOXHOM BEPOATHOCTRIO JaBana
o1 Gnu3koe 3HAYEHUE K TEOPETUYECKOI XapaKTEPUCTHKE, UTO O3HAYAET XEAHHE NO-
DYYUTH QPYHKLHIO NIOTHOCTH BEPOSITHOCTH, KAK MOXHO 60Mee «CXKATYIO» BOKPYT HC-
TUHHOrO 3Havyeuus. OnuH U3 criocoGoR BHPA3UTh 3TO TpebOBaHWE — CKAa3aThk, YTO
Mbl XOTeAW Obl NOAYYMTE CKOJIb BOIMOXHO Manylo AMCTIEPCHIO.

IMpennonoxuMm, YTO MBI HMEEM JBE OLIEHKH TEOPETMYECKOID CPEHErD, paccyu-
TAHHBIC HA OCHOBE OJHON M TOH Xe& HHGOPMAauRH, YTo 0De OHH ABNAIOTCH HECME-

DyHkuMa NRoTHOCTM
BEpPOATHOCTH

Ouenka 8
e

Ouenka 4
s

n

Puc. Q.8. 3ddexTuBHbie M HESPOHEKTUEHBIE OLIBHKW
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LWEHHBIMHA H YTO HX GYHKLUWH INIOTHOCTH BEPOSTHOCTH Noka3zaHe! HA puc, 0.8, [o-
CKONBKY DYHKLIHA MIOTHOCTH BEPOATHOCTH WA OLCHKH B Bonee «cxaras, deMm AnA
OLIEHKH A, ¢ ee [OMOLIBIO Mbl CKOpee TONYIHM Gonee ToOMHOE 3HaueHue. PopManbHO
rosops, 3Ta oueHka donee agpexmuena.

BaxHO 3aMETHTB, YTO MBI HCMOJIB3OBAH 3AECh CIOBO «CKopees. Jlaxe XOTq OLeH-
Ka B 6onee 3Q¢ekTHBHA, 3TO He 03HAYAET, YTO OHa BCceraa aaer 6onee TOUHOE 3HA-
yenue. IIpu onpeneneHHOM ¢TeYeHUH 0OCTOATENLCTB 3HAYEHHE OLEHKH A MOXET OBITH
6muxe K HCTHHe. OIHaKO BEPOATHOCTD TOTO, YTO OLIEHKa A oKaxeTcs Gonee TOMHOM,
qyeM B, cocrapnger meHee 50%.

3OTO HAMOMMHAET BOMPOC O TOM, MOABIOBATHCH JIH PEMHAMH 0e30MacHOCTH NIPH
ynpapneHun apToMobuneM. MHoxecTBo 0630p0oB B pa3HBIX CTPAaHAX MOKA3AN0, YTO
3HAYUTENALHO MEHEE BEPOATHO MOrUGHYTH MM NOAYYUTE YBEYbA B IOPOXHOM MpO-
HUCIUECTBHM, €CAM BOCITONB30BATECH peMHAMY OesonacHocTH, B TO Xe BpeMa He pas
OTMEUARKCH CTPAHHBIE CTYYaH, KOrAa HE CASNABLIHA 3TOM0 HHAHBHL YyJECHBIM 06-
pa3oM youenen, Ho norud 6bl, Hyayyu MPUCTErHYT PEMHAMHU. YIIOMSHYThIE 0030pHI
HE OTPHIAIOT 3TOro. B HUX JIMIUb AENEETCA BbIBOJ, MTO [PEHMMYLLECTBO HA CTOPOHE
TeX, KTO MONAL3yeTCA peMHAMY Ge30acHOCTH. [Toao6HBIM Xe npeHMYILEeCTBOM 06/1a-
Jaet y agihexmusnan oyenxa. (HenpHaTHBI KOMMEHTApUIA: B TeX CTpaHax, Iie NOab30-
BaHHe peMHAMH 0€30NACHOCTH CAENAHO 0DA3aTENIBHBIM, COKPATHAOCH MPEINOXeHHE
NS TPAHCTEIAHTAIIMK NMOYEK JIoAei, CTABIIMX XepTBaMH aBapMii.)

MEb1 rOBOPHAH O XeNaHMK NMOMYYHTE OLIEHKY KaK MOXHO C MEHbLISH aucnepcH-
eii, 1 a¢peKTUBHAS OIIEHKA — 3TO Ta, ¥ KOTOPO# AMcepcHs MUHHManbHA. Ceiliyac
MBI PACCMOTPHM JUCITEPCHIO 0G00LIEHHOH OLIEHKH TeOpeTHYECKOTO CPeAHEID | N0~
KaXeM, YTO OHa MHUHKHMAaJIbHA B TOM chy4ae, Koraa ofa HabMoaeHUS UMEIOT PaBHLIE
Beca.

Ecnu HabnioneHus x; U X, HE3aBUCUMbI, TEOPETHYECKAS ZUCTIEPCHST 0000 e HHOI
OLICHKH paBHA:

pop.var(Z) = pop.var(h x; + Ayxp) = (A + Ad)e?. (0.29)

(910 MOXHO NMOKAa3aTe, MCITOAB3YA NPABWIA pacyeTa AUCMEPCHH, PacCMaTpHBae-
MEIe B rase 1.)

MEI yXe BBIACHHIH, YTO A1 HECMEIUEHHOCTH OUCHKH HEOOXOMMMO DPaBEHCTBO
SAMHHULE CYMMBI A, H A,. CIeN0BaTENEHO, IUIST HECMEWEHHBX OLIEHOK A, = (1 — A ) n

M+ =+ t-2)r =23 -2 +1 (0.30)

TTockonbKy MbI XOTUM BHIGPATh A, TAK, YTOOB MHHUMH3MPOBATh AUCMEPCHIO, HAM
HYXHO MHHMMH3NPOBATh NPY 3TOM (24,2 — 2A, + 1). D1y 33134y MOXHO PEIUMTh Ipa-
HvecKd WIH ¢ NOMOLLIBIO NHbhepeHIMAREHOTO HCUHCAEHHS, B nioGoM cayyae MH-
HUMYM gocTHraercs npu A, = 0,5. CnexosarensHo, A, Taioke pasHo 0,5.

Hrak, MBI [TOKA34N1H, YTO BHIOOPOYHOE CpefiHEe UMEET HAMMEHBIIYIO TUCITEPCHIO
cpeaM OLEHOK pAacCMATPHBaeMOro THMAa. OTo 03HAYaeT, YTO OHO MMeeT Haubonee
«CXKATOE> BEPOATHOCTHOE pacnpeleneHHe BOKPYT HCTHHHOTO CpPelHerc M, clefopa-
TENMbHO (B BEPOATHOCTHOM CMbIChe), Haubonee TouHo. CTporo Topops, BpIGOpoYHOE
cpeaHee — 310 Haubonee 3¢ HeKTHBHAA OLICHKA CPEAy BCEX HECMEIUEHHBIX OIIEHOK.
KoHeuto, MBI TOKA3adH 3TO TOABKO IUIA CAY4asA © ABYMA HabMIOReHUSIMH, HO clie-
JlaHHKle BHIBOIE! BEpHbI A BHIOOPOK Mioboro pasmepa, ecitn HabnoneHUA He 3a-
BUCAT ApYT OT ApYTa.
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JBa 3aKnIOYMTENBHBIX 3aMeqMaHUS, BO-NEPBbIX, 3PPEKTUBHOCTE OUEHOK MOXHO
CpaBHHMBaTb NHHLIb TOTAA, KOTJa CHU HCHOML3YIOT OHHY M TY Xe¢ HHpOpMALIHIo, Ha-
NMpUMEpP OOMH U TOT Xe HaGop HabMOACHMHA HECKONBKHX CNYYaRHBIX MEPEMEHHBIX.
Ecnu ogHa u3 oueHOK Mcnoab3yeT B 10 pa3 Sonbiie HHGpOPMaLUK, YeM ApyTas, TO
OHA BHNONHE MOXET MMETh MCHBRIVIO HUCIEPCHIO, HO GhUI0 66l HERPABHRBHO CHH-
tarb ee Gonee 3gbexTnsHOA. Bo-BropeX, Mel orpaHHuUMBaeM modaTHe addexTus-
HOCTH CpaBHEHMEM pacrpefieneHUi HeCMeleHHAIX OneHOoK. CyLIeCTRYIOT onpenene-
Hia 20 deKTHBHOCTH, 0000IAKILNE ITO [TOHATHE HA CIy4al BO3MOXHOIO CpapHe-
HHUA CMELICHHEIX OLSHOK, HO B 3TOH KHUre MBI OyieM NpHICPXHBATRCH JAHHOIO
IPOCTOTO ONpeaeneHus.

YrpaxreHus

0.8. Paccunraitte aucnepculo oGobLLEHHON OHEHKH TEOPEeTHYESCKOrO CpelHero
IR 4acTHOTO ¢ayyasa ¢2= 1 U BHGOPKK M3 ABYX HabGaogcHU, BOCIIONL3OBABUINCH
ypasHeHHeM (0.30) ¢ seanuuHamu A; ot 0 no ! npu ware 0,1. Hanecure nonyycH-
Hbie TOYKM Ha rpaguk. Baxro au 10, yTOGB BeCOBME KOIGQPHUUHUEHTH A, H A, B

TOYHOCTH PAaBHANUCE APYT ApPYTY?

0.9. TTokaxure, ¥TO NPU HANHYKAH 1 HaGmogeHHA yenosreMm Toro, yrobnl 0606-
meHHan ¢opmyna (A, x, + ...+ A x ) Napaia HECMEUIEHHYIO OLIEHKY {1, ABJAETCA
Mt +A, =1

0.10. BooGuie rogopsa, pH YBENHYSHHY pa3sMepa BolGOPKH TUCIIEpCHA paciipene-
AcHUA oUeHKH yOriBaeT, IIpasunbHo A yIBepXAaTh NPH 3TOM, UTO OLIEHKA CTAHO-
putcs Gonee 3ddexTunroin?

NMpoTMeopeunsi MeXAY HECMELLLEHHOCTLIO
W MUHUMANbHOK Aucnepcuen

B naxnHOM 0630pe MBI YK€ BHIACHWIH, YTO And OLEHKM XKeNaTenbHa HeCMelleH-

‘DYHKIJ.HH ANOTHOCTH
BSPOATHOCTH

.~ Ouewxa B

',

WeTnHuoe 3naveHne

Puc. 0.9. Kakyio OUEHKY NpeanovecTs: OUueHKa A HeCMEeWEeHHaR,
HG ¥ 5 Menbwe ancnepcus



Notepwn

OTpuuaTensHas owmnbka NonoxurenpHaa ownbka

Puc. 0.10. ®yHkuns norepe

HOCTS M HaUMEHBIAS BO3MOXHAA AUCTIEPCHS. DTH KPUTEPHH COBEPILIEHHO Pa3NYy-
Hbl, H HHOTOA OHH MOIYT TIPOTHBOPEYNTHL APYT Apyry. MoxeT cayduThCR TaK, 4TO
HMEIOTCA ABe OLEHKH TEOPETHUECKON XapaKTCPHCTHKH, OJHA U3 KOTODLIX ABAAET-
cq HecMmelleHHOH (A Ha puc. 0.9), Apyras Xe cMelueHa, HO UMeeT MeHbBIUYK JTHC-
nepcuio (B).

OueHka A Xopolia cBoeit HeCMeWEeHHOCTHIO, HO TTPEUMYILIECTBOM OLIEHKH B
ABNSETCA TO, YTO €€ 3HAYEeHHS NpaKTHYecKH Bcerga OMHM3KM K UCTHHHOMY 3Haye-
Hmo. Kakyio u3 HHX Bil Obl BbiGpanu?

JaHHbIH BBIGOP 3aBUCHT OT 06CTOATENLCTB. EC/IM BO3MOXHBIE OIIMOKH BaC HE OYeHb
TPEBOXAT NPH YCIOBHU, YTO 33 JUTHTENLHBIR TIEpHON OHM <[IOTACHT» APYT APYTA, TO,
10-BMOMMOMY, BH BriGepere A. C Npyroif CTOpOHBI, €C/IK TS Bac MPHEMAEME]l MaJTble
OlIMOKH, HO HenpHeMAeMEbl O0NblIME, TO BaM CcleayeT BuOpath B,

({DopManbHO roBOps, BHIGOp ONpenenaeTcs @yHKyueld nomepsb, CTOHMOCTBIO CHE-
JNaHHO omwMOKHK KaK yHKUHEHR ee paamepa. OObYHO BHIOHMPAIOT OLEHKY, JAIOLLYIO
HAMMEHEBLLIee OXHAZHUE MOTEPh, H ASNMACTCA 3T NYTeM B3BEIUMBAHMA (QYHKI[AH TOTePhb
no GYHKUMK TUTOTHOCTH BeposTHOCTH. (Ecii BHL He NK0GHTE PHCK, TO MOXETe TAKCKE
ITOXEnars YUecTh AHCIIEPCHIC NOTEPE. )

TUnWYHBIM NpUMepoM DYHKLIKH OTEPh, NOKA33HHON| KBagpaTH4IHOH napatonoit
Ha puc. 0.10, MOXeT CnyXXUTb kgadpam owubxu. Ee MaTeMaTHYeCKOe OXKHIAHHKE, H3-
BECTHOE KaK cpedunexeadpamuunan owuba (MSE), MoXer OBITh pazNnoXeHO HA CO-
CTaBAIOLINE:

MSE = Jlncnepcus oueHKN + KBagpar cMmeleHus, {0.3D)

YroOel MOKA3aTh 3TO, IPERANOAOXHUM, MTO OUECHKA Z HCIONL3YETCA ANA OLUECHH-
BaHWS HEM3BECTHOrO 3HAYEHMA NapaMeTpa reHepanbHOl coBokynHoctH 6. IIpen-
NOJIOXKMUM, YTO MATEMATHYECKOE OXuAaHue Z PaBHO U, OHO OyHeT paBHATHCA ©
TONBKO B TOM CAy4ae, eclu Z — HecMellgHHAas oLeHKa. B oflueM cnydae Syaer UMeThb
MECTO CMelieHKe, paBHoe (4, —8). Jlucnepcns Z pasHa E {((Z— u ). Benuunna MSE
oUeHKM Z MOXeT ObITb padIOXeHa Ha COCTABNAIOMIME CACAYIOWHM 0Opa3oM:

MSE(Z) = E{(Z - )} = E{({Z ~p ]+, -8D%} =
= E{(Z -u )"+ 2E((Z - )(u, - ) + E{lp, - 0)* =
= pop.var{Z) + 2(u , - ) E{(Z — p,)} + Keampat cmewenms =
= pop.var(Z) + Ksaapar cMeleHus, (0.32)
nockonbky E{(Z -p )= E(Z)-p, =0
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Ha puc. 0.9 ouleHka A He UMeeT COCTABAAIOLIEH CMeIeHHsI, HO UMeeT ropas3no
OONBINYIO COCTABNSIOUIYIO THUCMEPCHH, YeM B, U MO3TOMY OHa xyXe 110 JAHHOMY
KPUTEPHIO.

Hiawatha Designs an Experiment *

M. G. Kendall

1. Hiawatha, mighty fighter,
He could shoot ten arrows upwards
Shoot them with such strength and swiftness
That the last had left the bowstring
Ere the first to earth descended
This was commonly regarded
As a feat of skill and cunning.

2. One or two sarcastic spirits
Pointed out to him, however
That it might be much more useful
If he sometimes hit the target.
Why not shoot a little straighter
And employ a smaller sample?

3. Hiawatha, who at college
Majored in applied statistics
Consequently felt entitled
To instruct his fellow men on
Any subject whatsoever,

Waxed exceedingly indignant
Talked about the law of error
Talked about truncated normals
Talked of loss of information
Talked about his lack of bias
Pointed out that in the long run
Independent observations

Even though they missed the target
Had an average point of impact
Very near the spot he aimed at
(With the possible exception
Of a set of measure zero).

4. This, they said, was rather doubtful.
Anyway, it did not maiter
What resulted in the long run;

! Mo cornacosaHUio ¢ aBTOPOM, Mbt PELLMNA COXPAHMTL B 3TOM M3AAHUM HA R3bIKE OPUIMHAN Npr-
BOAMMOE UM LUYTONHOE CruxoTeopedne M. [x. Kennanna Ha moTueet «Nectn o Maikasare». Yatarens
ENOMHE MOXET NRONYCTUTL ero 6e3 ywepba Ann NOHMMaHUA MaTepuana kHurw. {(Tpum. peg.)
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Either he must hit the target
Much more often than at present
Or himself would have to pay for
All the arrows that he wasted.

. Hiawatha, in a temper,

Quoted parts of R. A. Fisher
Quoted Yates and quoted Finney
Quoted yards of Oscar Kempthorne
Quoted reams of Cox and Cochran
Practically in extenso

Trying to impress upon them

That what actually mattered

Was to estimate the error.

. One or two of them admitted
Such a thing might have it uses
Still, they said, he might do better
If he shot a little straighter.

. Hiawatha, to convince them,
Organized a shooting contest
Laid out in the proper manner
Of designs experimental
Recommended in the textbooks
(mainly used for tasting tea, but
Sometimes used in other cases)
Randomized his shooting order
In factorial arrangements

Used in the theory of Galois
Fields of ideal polynomials

Got a nicely balanced layout
And successfully confounded
Second-order interactions.

. All the other tribal marksmen
Ignorant, benighted creatures
Of experimental set-ups

Spent their time of preparation
Putting in a lot of practice
Merely shooting at a target.

. Thus it happened in the contest

That their scores were most impressive
With one solitary exception

This (I hate to have to say it)

Was the score of Hiawatha

Who, as usual, shot his arrows

Shot them with great strength and swiftness
Managing to be unbjased
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Not, however, with his salvo,
Managing to hit the target.

10, There, they said to Hiawatha

11.

This is what we all expected.

Hiawatha, nothing daunted

Called for pen and called for paper
Did analyses of variance

Finally produced the figures

Showing beyond peradventure
Everybody else was biased

And the variance components

Did not differ from each other

Or from Hiawatha’s

(this last point, one should acknowledge
Might have been much more convincing
If he hadn’t been compelled to
Estimate his own component

From experimental plots in

Which the values all were missing

Still, they didn’t understand it

So they couldn’t raise objections

This is what so often happens

With analyses of variance).

12. All the same, his fellow tribesmen

13.

Ignorant, benighted heathens
Took away his bow and arrows,
Said that though my Hiawatha
Was a brilliant statistician

He was useless as a bowman.
As for variance components
Several of the more outspoken
Made primeval observations
Huriful of the finer feelings
Even of a statistician.

In a corner of the forest

Dwells alone my Hiawatha
Permanently cogitating

On the normal law of error
Wondering in idle moments
Whethering an increased precision
Might perhaps be rather better
Even at the risk of bias

If thereby one, now and then, could
Register upon the target.

From Kendall, 1959



Yapaxrernn

O.11. IlpupenuTe MpUMephl TIPUIOXKESHHIA, B KOTOPBIX Bbl MOriM 6bl: 1) npen-
noyecTh olleHKY THOa A (puc. 0.9); 2) npeanoyecTs OUeHKY THNa B (puc. 0.9).

0.12. W30bpasure GYHKIMKIO NOTEPE [ NPHGLITUA B A3pONOpT mo3Xe (WK paHb-
1¢) BpeMEHH OKOHYMAHMA permcTPaLuH,

0.13. NMeloTco NBe OLEHKH HEM3BECTHOIO NapaMeTpa reHepabHOR COBOKYITHOC-
TH, Obs3aTenbHO MU ABageTca Gonee 2hheKTUBHOM T M3 HUX, KOTOpaA HMEET MEHb-
YO GHCITEPCHIO?

BnusHue yBenuueHus pasMepa Bbi6opKu
Ha TOYHOCTb OLLEHOK

ByneM no-npexHeMy MpeanoiaraTb, YT0 MH MCCIEIyeM CAYYAHHYIO MepeMeH-
HYIO X C HEH3BECTHBIM MATEMATHYECKHMM OXMAAHHEM [ M TEOPETHUECKOM AucIep-

CHell 62 M 4TO IUISL OLUEHHBAHMA | Mcnonpdyvercs x. Kaxum o6pazoM TOYHOCTH
OLEHKH X 3aBUCHMT OT YMCNA HabnmogeHuit #?

OTBeT HEYAMBHTEIEH: IPH YBSIHYCHHH 71 OLIEHKA X, BOOGINE roBOPA, CTRHOBMT-

ca Gonee TOUHOI. B exHHHYHOM IKCIICpUMEHTe GONbLUAA IO Pa3MEDY BHIGOPKA He-
oba3aTensHO AACT Go/ee TOUHYIO OLIEHKY, YeM MeHbluas BrOOpXa, — BCETAAa MO-
XKeT MPHCYTCTBOBATh INEMEMT BE3ICHHA, — HO O6WEA TEHACHIUA AOMKHA ObIiTh

MMEHHO TaKoit. TTOCKONBKY OMCMEPCHA X BbIpAXaeTCs GopMyJIolt 62/, OHa TeM
MeHbIlle, YeM GONblue pa3sMep BHIGOPKH W, 3HAYUT, TeM CHIBHEE «CXKATa» (BYHK-
LMS [TOTHOCTH BEPOSATHOCTH And x.

Dro nokasaHo Ha puc. O.11. Mel npeanonaraeM, YTO X HOpMAJILHO PAcTIPEfeNeHa
€O CpeAHHM 235 M CTaHOApTHHIM OTKINOHeHHeM 50. Ecnn pasmep BoiGopky pabeH 25,

TO CTAHAAPTHOE OTKIOHEHHE BEMMYMHBI X, PaBHOE o /+n , COCTABUT: 50/ +25 = 10.

Ecnu pasmep BoiSopku paeed 100, Te 3To cTaHmapTHOE OTKNOHEHHME paBHo 5. Ha
puc. 0.11 moka3aHH COOTBETCTRYIOIUHE (PYHKHHM NIOTHOCTH BepOATHOCTH. BTo-
pas (n=100) puiIe NepBO# B OKPECTHOCTH |, YTO TOBOPHT O foNee BHCOKOH Be-
POATHOCTH TONMYYEHHS € €& MOMONIBIO aKKYpaTHOM OlIeHKH. 3a npeneaaMu >Toi
OKpEeCTHOCTH BTOpas GbyHKUUA BCIONY HHUXKE TMepBRoit.

Yem Gonblue pasmep BHIGOPKH, TEM yXe U Bhile Oyaer rpa@uK GHyHKUHH TLI0T-

HOCTH BEPOSITHOCTH MUt x. ECIH 1 CTAHOBUTCH AEHCTBHTENLHO GONBIIMM, TO Ipa-
YK DYHKLMW IUIOTHOCTH BEPOATHOCTH GyAST HEOT/IMYHM OT BEPTHKATLHOA IIpAMOit,
cooTBeTCcTBYIOIIEH x = . JIng Takoi BLIOOPKH cy4yaliHas coCTaBASIONIAA X CTAHO-

BUTCA HEHCTBUTENBHO OUSHb MAJIOM, U TOITOMY X 06s13aTeNbHO BYaET 0ueHb GU3Koil
K {. DT0 BBITEKAET H3 TOro (PaKTa, YTO CTAHNAPTHOE OTKACHEHHE x, PABHOE o /i ,
CTAHOBHUTCS O4€HB MANBIM NPH OOJNBILHX A,
B npenese, Npu CTpeMIEHHH 1 K GECKOHEYHOCTH, o/ +n CTpeMHTCH K HYMIO
X CTPEMMUTCH B TOYHOCTH K |1 DTO MOXHO 3aIACATh MATEMATHYECKH!
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¢’yH KUUWA NMACTHOCTH
BEDOATHOCTH

0.08

0,06 -

0.04 |

]
[4]]

0,02

O 50 100 150 F

Puc. 0.11. BauaHue yeenvueHnn pasmepa suibopky HA pacnpejeneHue X.

limx =p (0.33)

H oy oo

DKBHBaNeHTHBIA KU Oonee pacnpocTpaHeHHBIA clocod OIMcaHHA 3TOro (pakra
Npeaiaraer UCNoOML30BaHUE TePMUMHA plim, rae plim o3HayaeT «npemen Mo BepoAT-
HOCTH» M MOMYEPKHBACT, UTO NpPeAeN AOCTUIaeTCs B BEPOATHOCTHOM CMBICHE:

plim x=p, (0.34)

KOrHa [T MoGhIX CKOJIb YIOAHO MaNbIX € M & BEPOATHOCTS TOrO, YTO x OTIHYaeTcs
oT p Gonblue, yeM Ha £, Gyaer MeHbIIeH 5 MpH HOCTATOYHO GONBLIOM pa3zMepe Bbi-
6opxn.

CoCToaTenbHOCTL

Boo6ie roeops, ¢cAN Npelen OLEHKK MO BePOATHOCTH pPaBeH MCTMHHOMY 3Ha-
YCHHIO XapaKTEPUCTUKH FeHepaNbHoll COBOKYNHOCTH, TC 3Ta OLCHKA Ha3blBaeTcH
cocmoamensroi. UHade roBops, COCTOATENBHO Ha3bIBaeTCH TaKas OLIEHKa, KOTopas
JaeT TO4HOe 3HaYeHHe W12 6onb10H BHIGOPKH HE3aBUCHMO OT BXOIAINMX B HEE KOH-
KpPEeTHBIX HabnwaeHH!I.

B GonbIIHHCTBE KOHKPETHBIX CIYYAeB B 3TOil KHHUIC HECMELUIeHHAas: OLICHKA ABIS-
eTcA K cocToATeAbHON. st 3TOr0 MOXHO NOCTPOUTL KOHTPOPHMEPDLI, HO OHH, KaK
npaBun0, GyAyT HOCHTE MCKYCCTBEHHBIA XapakTep.

HHuorza OpiBaer, 4TO OLEHKA, CMeElllCHHAA HAa MaabiX BbIGOpKax, SABAsETCHA CO-
CTOATENBHOM (MHOTAZ COCTOATENBHOH MOXeET OBITh AaXE OLEHKAa, HE UMEKINad Ha
MaJbIX BpIGOpKAX KOHEYHOro MareMarudeckoro oxunanus). Ha puc. Q.12 nokasa-
HO, KaK NpH pa3sfiMYyHBIX pasMepax BbIOOPKHM MOXET BBIINAICTb PACTIPEACNEHHE Be-
positHocTell. ToT dakrt, Yro NpH yBeAWYeHUM pasMepa BHIOOPKH pacmpeldefieHHe
CTAHOBUTCH CHMMMETPUYHBIM BOKDYT UCTHHHOTO 3HAYEHHS, YKa3bIBAET HA acCHMI-
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ByHKUMA NIOTHOCTH
BEPOATHOCTH

WeTuHHOE 3Havenne
Puc. 0.12. CocTOATENbHAA OUEHKE, CMEeLLEHHaA Ha MaNbiX Bubopkax

TOTHYECKYIO HECMELUCHHOCTD. T0O, YTO B KOHEUHOM CYETE OHO NPEBPAIACTC B COMH-
CTBEHHYIO TOYKY MCTHHHOrO 3Ha4¢HWUS, FOBOPHUT O COCTOMTENBHOCTH OLEHKH,

Kax Mb! yBUAMM AaNee B T KHUTe, OLEHKH THIIA NOKazaHHHIX Ha puc, 0.12
BeCbMAa BaXHBLI B PerpecCHOHHOM aHannie. MlHoraa HeBo3MOXHO HAWTH OLEHKY,
HeCMEUIEHHYIO Ha MaisIX Beidopkax. Ecian npit 3ToM Bul MOXeTe HalTH xoTH GBI CO-
CTOATENBHYIO OLEHKY, 3TO MOXET OLITh nyulue, YeM He HMETh HHKAKOH OLCHKH,
oCO0EHHO €CAK BH MOXETE NMPEAIONOXKHTE HANPaBNcHNUE CMCUICHHS HA MANLIX Bbl-
6opkax.

HyxHo, ogHaKo, MMETh B BHAY, UTO COCTOATENbHAA OUCHKA B MPHHIIMITE MOXET
Ha Manblx BEIGOpKax paboTaTh XyXe, YeM HEeCOCTOATENkHAA (HanpuMep, UMeTh GOk~
WY CPeEHEKBAAPATHYHYIO OLMGKY), 4 moaToMy Tpedyerca ocTopoxHocTs. [Tono6-
HO TOMY, KaK Bbl MOXEeTE NPESANOYECTE CMEILCHHYIO CLEHKY HECMELUEHHOM, eClH ec
DUCCPCHS MEHBLLIE, Bbl MOXETE NIPSANIOYECTh COCTOATENLHYIO, HO CMEIUSHHYIO CLEH-
Ky HeCMELIeHHOM WIH HECOCTOATENBHYIO OLIEHKY MM 06euM (TakXe B C/y4ac MEHb-
e AUCTIEPCHH).

None3Hoe npasuno

HHoraa onelxa pacCUMTHBAETCSA KAK OTHOLICHWE ABYX BEJJHYMH, UMEIOUINX CIIY-
YaliHble COCTABAAIONIME, HATPHMED:

Z=X/Y, (0.35)

rae X # ¥ — BeJIHYHHDBI, pacCYUTAHHBIE O ARHHbIM BhGOPKH. OBKYHO TPYAHC CKa-
3aTh YTO-TUG0 OnpeneneHHOEe O MATEMATHYECKOM OXMOAHHK BenuuuHb Z. Boobile
ropops, OHa #e paBHA YacTHOMY OT neneHus E (X} na E(Y). Ecim Y ¢ Hekoropoii
BEPOATHOCTBIO MOXET PaBHATHCA HYJIO, TO MaTeMaTHYECKOe OXNAAHHe Z He MOXET
OnITh Daxe onpeneneHo. Ecnu, ogHako, X' u ¥ cTpeMATCA X KOHEUHBLIM BEAUYMHAM
plim X ¥ plim ¥ Ha Gonpmux Buibopkax 1 plim ¥ He papeH Hymio, BeNIHYHHA Z
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H6yaer cTpeMUTLCA K OTHoweHnIo plim X/plim Y. CnenoBarensHo, Haxe eclIy HEAb3s
CKa3aTh YTO-NUG0 onpeaeneHHOe O CBOHCTBaX Z HA MaibIX BHIGOpKAaX, Mhl MHOTAA
MOXEM CYAUTh O €€ COCTOATENbHOCTH.

[Mpennonoxum, HanpUMep, YTO TEOPETHYECKHE CPeIHHE ABYX CIy4aliHBIX nepe-
MEHHEBIX X' M Y PaBHM |1, M )1, COOTBETCTBEHHO M 4TO 00¢ OHM MOABEPXKEHB! CAyYait-
HEIM BO3XEHCTBHAM, TaK YTO

X =uy+uy, (0.36)

Y'—"'.ly + Uy, (037)

TOe Uy U 4y — CRyyaiHble COCTABISIOUIMAE C HyNeBbIM cpegHuM. Eciu Mbl o BriGo-
POYHBIM AAHHBIM XOTHM OLEHHTb OTHOLICHHE | /My, TO OLEHKA Z =X /Y Gyder
COCTOSATENBHOM, MOCKOIBKY

pimZ =plimX /plim¥Y =py /5y, (0.38)

M MOXHO CKa3aTh, YTO Z ABIAETCH XOpolleid oueHKOW nnsg GOablUINX BHIOOPOK,
XOTS, BOSMOXHO, A Manelx BRIGOpoK 0 £ (Z) Henb3a cKasaTh HUYEro.

YnpaxHeHus

0.14. ABaAeTca MM HECMELEHHOCTh HEODXOXMMEIM HITH JOCTATOYHHM YCIOBHEM
COCTOATENBEHOCTH?

0.15. Cnyyaiinas BendyuHa X IpMHKMMAeT 3HAYeHUA I U 4 ¢ paBHBIMM BEpOATHO-
cTaMH, CnyuaitHas BeTHUUHA Y npuHWMaeT 3HaYeHus J H 2 Takoke ¢ paBHBIMH BEpo-
ATHOCTAMH., BenmuyuHm X 1 Y pacripeneneHsl HE3aBHCHMO ApYT OT Apyra. IlepeMen-
Hast Z onpegenderca Kak Z = X/Y ¥ uMeer YeThipe BO3MOXHBIX SHAYEHHS, KAKAOE C
pepogTHOCTEIO (,25:

Tabnnua avavennit Z npu gauHbix aHabveHHARX X u Y

X 3 4
Y

1 3.0 4,0
2 1.5 2,0

TTokaxure, yto E(2) ne paBuo E(X)/E(Y).

0.16. BenuyuHbs X 4 Y SBISIOTCH BHIGOPOYHEIMH CPEAHHMYE X M Y, onpejeneH-
HBIX KaK B NpeAslayLleM ynpaxHeHnH. Bennunna Z — oLigHKA OTHOLIEHMSI TEOPETH-
YeCKHX CPeIHUX M onpenendercs Kak X /¥ . K KakoMy 3HaueHHIO GyaeT CTpeMUThCs

Z Ha Gonsuoit BeGoOpKe?
0O.17. BeInONHUTE OpenpiiyliKe JBA YIPaAXHEHUA, NPSANONOXHE, YTO ¥ MOXeT
NMPHHUMATEL 3Ha4eHHus 0 1 1 ¢ paBHBIMH BEPOATHOCTAMH.
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Apunoxenne O. 1

O6o3HaueHns ¢ ucnons3aocsaHueM 3vaxa X: o063op

O603HayeHHUs ¢ UCTIONL3OBAHMEM 3HAKA I JAIOT BO3MOXHOCTL BLICTPOH ¥ ynob-
HOH 3amucH psia U3 mogoOHBIX WieHOB. A YTeHHA HAHHOK KHArM HeobxomIuMo
3HAKOMCTBO € TaKOM 3aUChIO, M 316Ch JaeTcs KPatkuit 0630p ans Tex, KOMY HYXHO
OCBEXHTE 3TO B MAMSITH,

HauneMm ¢ mpumepa. ITpennonoxuM, 4To 00bEM BHIITYCKA IECOMIKH, H3MepeHHbIMH
B TOHHAX, 33 MECALl { COCTAB/IAET ¢, NpUYEM ¢, — ODLUMH BHIMYCK B AHBApE, ¢, — 06-
Wyt BeITyCK B peBpane H T. 4. O603HauHMM rogoeoi BeinycK Kak Z. Torna

Z=qt+@H+q3+qs+qs+96+q7 +q5+qGo +qio + 41 + G12-

MOXHO «MPOCYMMUPOBATE® 3TO BBIPAXEHHME HA CNOBAX, CKA34B, YT0 Z eCTh CYM-
Ma BeNUYHH ¢, (OT ¢; AC g;,). OYeBUAHO, MpK onpeneNeHUH Z HEeT HEOOXOMHMOCTH
3ATMCEIBATh BCe 12 cnarasmsix. HHorna MH GyaeM ynpollaTh 3alMch, NPeNCTABNAS
CYMMY B TaKOM BHIE:

Z=ql+...+ql2,

HMes B BMIY, YTO BCE NPOIMYIUCHHBIE YISHH BKHOYAKIOTCH B CYMMHPOBaHHE.
Januch ¢ MCMOAB30BAHHEM 3HAKa I MO3BOASET BHIPA3UTh 3TY CYMMY B YaoGHOIA,
aKKypaTHOit dopme:

Z = quf.

i=l

BuipaxeHne crpaBa OT 3HaKa X FOBOPHT O TOM, KaKOI0 BHIA YWICHE CYMMHpPYIOT-
csl, B JAHHOM Cy4a€ 3TO IeHbl BuIA ¢, ITon sHaxoM X 3amucHBaeTcst HHAEKC, KO-
TODPBIA MeHSAeTCH NP CYMMHPOBAHMM (B DAHHOM Cliyyae i), H €ro HauankHoe 3Ha-
yeHHe (B JaHHOM caydae 1). Takum oBpa3oM, ME 3HaeM, YTO MEepPBHM ClaraeMbiM
ABAACTCA ¢,. 3HAK PaBEHCTBA YKA3BIBAET, YTO UHIAEKC / /14 EPBOTO C/1aTaeMoro Jox-
XKEeH PaBHATLCH SOUHULE.

Han 3HakoM £ 3amHCHIBASTCA MOCAeAHEe 3HaveHHe i (B JaHHOM ciaydae 12), M,
TakHM 06pa3oM, MBI 3HaEM, 4TO MOCAEIHHM ClAraeMbIM ABISETCH ¢,,. ABTOMATHYEC-
KH ACHO, YTO BCE MPOMEXYTOYHEIE YNEHEI MEXAY §, Y ¢, TAKKE JOKHBI OLITH BKIIO-
YeHbl B CYMMHPOBAHHE, H Mbl MOy4aeM yaO0OHO IepenucaHHOEe BTOPOE onpenene-
HHUe Z.

TIpeanonoxuM, 9YTO CPeMHNA LEHA 33 TOHHY NPOAYKIHH JIECOMMAKH 33 MecCHLl i
paBHa p. 001 CTOMMOCTD BEINYCKA 3a MECALL { PABHA P, q,, 8 CTOHMOCTD BRITYCKa 32
roa cocraenfAeT V, rae V paccumTeIBaeTCA MO GopMyne;

V=pa+.. +pma

Teneps Mbl CyMMHpYeM 4N€HBI BUAA p;q,, IAe HIKHUI MHIEKC § MeHseTCs oT 1 go
12, ¥ Np¥ HCNEAR3OBAHMHU 3HAKA I 3TO BHIpAXEHHE MOXeET OHITh 3aMMCAHO TaKUM
obpasom:

V= g Pid;-
i=l
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Ecnu ¢; — obLixe H3mepXKH paboThl JIECONMMIKY 38 MECAL /, TO MPHOBUIL 33 MecsLl
i Byner pasHa (p;q, —~ c,) ¥, cledoBaTeibHO, obuas Mpu6sLIe 3a roa (IT) sanmckr-
BaeTCH KaK

N={(pq ~c)+...+{(P2g12 —c12),

YTO MOXHO 00OOWIMNTL B BHAE:
12
M= (p;g; - c;).
i=1

3ameTuM, YTO BHIpAXKEHHE VIS NPHOLUTM MOXHO TAKKE NEepenucarh Xak pa3HoOCTh
oBUIETD NOXORA H OBUIMX H3IEDXKEK:

O =(p1q +...+ Pag1z) —(cy +...+012),

U C MCTIONL30BAHUEM 3HaKa I 3TO BhIpaXcHHe 0000maeTCa B BHAL:

12 12
= z Pid; ~ Z ¢j-
i=l

i=1
Ecnn LeHAa MPpOAYKUOHUH B TEHYCHHE rofa moCTOAHHA H paBHa p, TO BRIDAKEHWE NN
CTOMMOCTH IOHOBOTI0O BHRIIYCKA MOXHO YNPOCTHTG:

i2
V=pg+..+pga=pla +---+4|2)=P_Z'?:-

i=1

CneroBaTeNBHO,
12 12
z pgi = PZ 4.
i=1 i=t

Ecnpt BRINYCK B KAOXIOM MecAlle NOCTOSHEH W PABeH ¢, TO BbIPAXKEHME NI TOA0-
BOTO BRIIMIYCKA TAKXE MOXHO YNIPOCTHTh.

Z=gqi+...+qr=qg+...+4=12g.
CnemoBaTe/IbHO, B 3TCM Cliydyae

12
>4 =12
=1

MBbl MpOUARIOCTPUPOBAIM TPH MApaBHIIa, KOTOPBIE MOTYT OBITH 3amucaHbl ¢op-
MAJTBHO,

Ipaeuro cymmuposarun | (MpONANIOCTPUPOBAHO pa3IOXEeHUEM TIPUOHITN Ha 06-
WHit J0X0oA MHHYC 00IIHe M3AEPXKH):

n n n
Z(x: +))= Zx,- ‘*‘zyf-

i=l i=l i=1
IIpaeuno cymmuposanus 2 (MPOWLTIOCTPHPOBAHO BhIpaXeHUeM V B cnyyae Ino-
CTOSHHOM HEHH):

n n
Y ax; =a) x,
i=t

=1
ECNH @ NMTOCTOSTHHO.
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lipaguso cymmupoganus 3 (NpOMLMIOCTPUPOBAHO BREIpaXeHueM Z B CNy4ae Ho-
CTOSHHOTO 6OBEMa BHHIYCKA):

n
Y. a=na,
=l

eCNIM d MMOCTOSHHO.
YacTo H3 KOHTEKCTa ACHO, KAKOBBI HAYANBHBLIH ¥ KOHEUHBIA CyMMHpYyeMble Wie-

Hbl. B 3TOM cyyae BHpaXeHHE
i
2%
i=]

4acTo ynpoiaercs o Zx,. Janee, 4acTo CTONb XKe OYEBUAHO, KAKOH HHIACKC MEHS-
ercst Npy CyMMUDOBAHUM, M BCe BhIpaxeHHe yIpoliaerca xo ZIx.

HHoraa npUXoIHTCA BhIIONHATE CYMMHPOBAHUE BHYTPH JPYTOr0 CyMMHPOBAHMS,
yro TpebyeT AanbHeiuux nosicHeHME. B MprHIMNE 3T0 HeTPYOHO, HO IOCKOALKY TaKKe
Oflepallii He BRIMOMHAIOTCA B JAHHOH KHUTE, MB He OyIeM UX pacCMaTpHUBAaTh.

Mounoxerne 0.2

Marematmyeckoe oXuaaHmMe U ANCNEepPCUs HerpepbiBHOA
cnyvyaiiHoi nepemeHHoki

OnpeaeneHde MaTeMAaTHYECKOTO OXHIAHHA HenpepblBHON cnyvailHol nepeMeH-
HOIA OYeHb MOX0XE Ha COOTBETCTBYWLICE ONpeAceHHe AUCKPETHON CIydaiHOM Be-
JIMYMHBI:

E(x) =[x (x)dx,

IJe MHTErpMpOBaHUE TIPOM3BOAMTCA Ha BCEM HHTepBaie, rie onpeneacHa QyHK-
tns f(x).

B o6oux cnyyasix pa3Hble BO3MOXHEIE 3HAYCHHA X B3BELIHBAIOTCA 1O COOTBETCTBY-
IOLIAM UM BEpOATHOCTAM. Jna mHCKpeTHOH cnydaiinoft BejJHYMHB CYMMHpPOBaHHE
OCYUISCTRAAETCA HAa OCHOBE NOCHAEAOBATENBHOTO Nnepefopa BO3IMOXHEIX 3HAYSHMI X,
B HenpephIBHOM ¢iiydae 9T0, KOHEYHO, NMPOM3BOAMTCA HA HENPEPHBHOH OCHOBe,
CYMMHPOBRHHE 3AMEHACTCH HHTErPUPOBRHHMEM, H 3HAYEHHA BEPOATHOCTEH p, 3a-
MEHSIOTCH 3HAYEHHUAMH (GQYHKUMH IUIOTHOCTH BepoATHOCTH f(x). [IpuHuMn, ogHa-
KO, COXpAHAETCHA TOT Xe,

OuckpeTHan HenpepwieHan

E 09 = Zxp, E (0 = [ (1) o

CyMmwpoRaHve no ecaM  MHTepHpoBaHWe B oBnacty
BOZMOXHDIM IHAMEHHAM onpegenanna f{x}
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B pasnene, NOCBAWEHHOM THCKPETHRIM CTYYaHHEIM BelHUYHHAM, MOKA3aHO, KaK
paccyMTaTh MaTeMAaTHYECKOE OXUAaHHEe QYHKIMHA g (x) — byHKUMH cyyaliHOi Be-
nuyuHbl x. beperca cnucok Bcex pasHbIX 3HAYEHAH, KOTOpPbie MOXET MPUHHMATh
£ (x), kaxaoe B3BELUIMBaeTCA NO COOTBETCTBYIOLIEH €My BEPOSTHOCTH, M NpPOM3BE-
JEHHMSA CYMMUpDYIOTCH.

Ilpouenypa ans HenpephIBHON CRydalHOI BeNHYHMHE TOYHO TaKasd Xe, ¢ TOM
UG PA3HUIIEHA, YTO Teneph OHa OCYWIECTRIAETCS HAa HelNpephIBHON OCHOBE, YTO
03Ha4YyaeT CYMMHPOBAHHE NMYTEM WHTETPHPOBAHHS BMECTO Z-CyMMUpoBauua. Ins
NUCKpeTHOMH cny4aiiHoit BenuuuHb E {g (x)} = I g(x)p;, rae cyMMUpOBaHue Apo-
H3BOJMTCS MO BCEM BO3MOXHBIM 3HAYCHUAM X. B HenmpepbIBHOM Cy4ae OHO OMpe-
JIengeTcs KaKk

Elg(x)} = [g(0)f (x)

rae MHTETPHpPOBAHHWE NMPOM3BOAMTCA Mo Beel ofmactu onpeaeneHus f(x).

Yro kacaeTcd AUCKPETHLIX CAYYARHBIX NMEPEMEHHBIX, TO 34ECh €CTh OJHA (DYHK-
LS, KOTOpas 0cOOEHHO Hac MHTEpECYeT, — TeopeTHUeCKas aucnepcus. B ob3ope oHa
6bina onpezeneHa KaK MATEMATHYECKOE OXHAAHHE (X — L), TOe | — TEOPETHYECKOe
cpenHee {(TO Xe camoe, 4yTo E (x)), Urobbl paccynTaTh JUCMEPCHIO, HYXKHO MPOCYM-
MHPOBATh 3HAYCHKA (X — |L)?, B3BEIUESHHbBIC O COOTBETCTBYIOUIMM BEPOSATHOCTSM, M0
BCEM BO3MOXHBIM 3HaueHHSAM X. [IpMMEeHUTENBEHO K HENMpephIBHOH ciy4aitnoiil nepe-
MEHHOM 3TO 03HAYAET, YTO HY)XKHO BBIMUCAHTL G2 — TEOPETHYECKYIO HUCIEPCHIO X.

o? = E{(x -} =[x - ) fx)dr.

B nosHaBaTenbHBIX LENAX OBNO OB MONE3HBIM CPABHHTL 5TO PABEHCTBO ¢ ypapHe-
HueM (O.9), roe 0aHO AHATOrHYHOE BLIPAXEHME JNA BUCKPeTHOH cayvaliHoii me-
peMeHHOIl (repeBepHHTE HECKOABKO CTPAHUIL HA3al M NpPOBEpPbLTE).

Kak U paHee, MPH pacyeTe TEOPETHYECKOH AUCNEPCHH Bbl MOXETE BBIYMCIHTH
TEOPETHYECKOE CTAHAAPTHOE OTKJIOHEHHE (G} MyTeM NMpOCTONO H3BNeYeHHs H3 Hee
KBaJpaTHOTO KOPHH.

Mounoxerne 0.3

[oka3arenbCcTBO TOro, YTO S2 — HEeCMEeLYeHHan OUueHKa
Teoperuyeckon gucnepcuu

B Taba. 0.5 yKa3aHo, 4TO HecMeuleHHAas OlIeHKa 62 pacCUMUTHIBACTCS O GopMmyne
52, roe

a__1d =2
§=— Xi—XJ) .
ey DACEEY
[IprcTynuM K A0KA3aTENLCTBY, NEPENUCAB (x; — x)? B Gonee CI0XKHOM, HO NONE3HOM

BHOES.
(=20 = {03 — ) = (X = )P = (g = 0% = 2x; — p)(x — )+ (% — p)?
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{NpH pacKpHTUH CKOBOK W COKpataTcs). CneacBaTebHO,

X (x; —xP = 50 -p) ~2G - (5 ~p)+ nx - ).

IMepBoe cnaraemoe 30eCh €CTh CYMMa MEPBLIX CIATAEMBbIX NPEAbIAYIIErO YPABHEHHS,
3aMUCAHHAA C HCTIONb30BaHNEM 3HAKA 3. AHAJIOTMYHO BTOPOE CRaraeMoe 31eck €CTh
CYMMa BTOPBIX C/IAraeMbiX MPEebLIYLIEr0 YPaBHEHHS, BHOBb C HCIONL3OBAHWEM 3HA-

Ka I ¥ Toro aKra, uTo (x - p)° — obwmit MHoXuTeNs. [lepeitas K cyMMMpOBaHHIO
TPETBHX YWICHOB MPeAbLIYIIErO YPABHEHUA, OTMETUM, YTO BCE OHHM PABHBI (x - p)?
H NO3TOMY HET HeoOXoMHMOCTH HCITOAL30BATh 3HaK X.
Bropast cocramifionmian MOXeT OHTEH [TepenHcaHa Kak “2n(x -y, TIOCKOMABKY
Z(x; —p) =2 x; - =nx — np = n(x - ),
H MBI MOJIY4aeM:
2 ~x)? =2 (x; = pP =2n(x - ) +n(x —)? = 2 (x; - p)® —n(x - ).
Beps{ B 3TOM YpPAaBHCHHH MATCMATHYECKHE OXHIAHHA, HMECM:
E(Q(x; - xY} = E{X(x; — )} - nE{(x - p)*}=
= E{(x; ~ P} + ..+ E(xy -y}~ nE{(x - p) =
= npop.var(x)-—npop.var(;) =
=no® — n(a? / n)= (n-1)o?,

HCIIONB3YS TOT (aKT, YTO TEOPETUYECKAS AHCIIEPCHS X DPaBHA 62/H. DTO NOKA3bIBA-
ercs B pasfene 1.7. ChenoparenpHo,

E() = B2 3y - 3P} = 02

M [1O3TOMY 5? — HeCMEIUeHHAs OLEHKa g2,



KOBAPWALIUA,
AUCNEPCUA U KOPPEI'IFILI,VIH

LTI TNNTRY TR T IO T TIO) AT Y ARRAR

B naHHO rnase BROAATCS NOHATHS KOBAPHALMH M KOPPEILMH, KOTOPHE JOANOTO-
BAT MOYBY A1 NPEICTOAILEIO HIN0XKEHUA HACH K NOHATHI PErPeCCUOHHOI0 aHAMH-
3a. Bropoii, He MeHee BaXXHON LEABIO SBASETCA OEMOHCTPALHSA MPABHI PACYETA BH-
GOpOYHEIX NUCHEPCHH ¥ KOBAPHALIMM M X BblpaxeHU. JIna jaxpenieHHs NpaKTH-
YeCKHX HABBIKOB NOAPOGHO pa3bupaeTcs HECKONBKO NpuMepoB. OHu GyayT yacTo uc-
HONB30BATLECS B NOCIEAYIOLUMX ITABAX, U OYEHb BAXHO, YTOGE Bbl XOPOLIO UX YCBO-
WAM. STH MPUMEPSI CYIHECTBEHHO YIPOIIAIOT MATEMATHYECKHE BRIKIAAKM M 3HAM-
TeNbHO 0BJIErYaloT IpOBEAcHUe AHATIN3A.

1.1. BmBopounas KoBapuaLmss

Bubopounas xoeapuayus ABNASTCA MepOil B3aMMOCBA3M MEXIY ABYMS NepeMeH-
HbIMHE. JlaHHOE [HOHATHE OYIZET HPOMANIOCTPHPOBAHO Ha npocToM mpumepe. Co
BpeMeH HedTAHOrO Kpu3nuca 1973 r. peanbHas LicHa Ha GeH3HH, T. €, LieHa OeH3KHA,
OTHECEHHAsA K YPOBHIO obiueil MHMNSLUMT, 3HAUMTENLHO BO3POCAA, U 3TO 0KA3ano
3aMeTHOe BO3TeHCTBHe Ha notpeburensckuii cripoc. Hpocmarpusas ganusle tabn. B.1,
MOMELUISHHON B NPIWIOXKEHHH B KOHUE KHHIM, MOXHO YBUIETE, YTO B NEPHOK MeX~
v 1963 u 1972 rr. morpeburensekuii cnpoc Ha GeH3UMH YCTOMYMBO MOBMILANCS. DTa
TeHASHIMA npekpaTraack B 1973 r., a sarteM mocaeJosand HeperylnsapHHe koneba-
HUA CIIPOCa C HeSHAYMTENBHBIM €ro naxcHueM B LesioM. B a6, 1.1 npueeneHs: gaH-
HblE 0 NOTPeOHTEABCKOM CITPOCE M pEAAbHBIX HeHax nocne wedTaHoro kpusnca. (Pe-
ANbHAs UeHA BHYUCAANACH IIYTEM ACICHHA HHACKCA HOMHHANBHOM HeHB! Ha OeH3MH,
npuseachHoro B tabn. b.2, Ha obwnit HHAeKC NOTPeBUTEIBLCKUX LIeH K3 TOH Xe Tab-
JHIB K YMHOXEHHUS pesyabTata Ha 100. Hrnekcel B Tabn. B.2 oCHOBAHEL HA HAHHBIX
1972 r.; TakuM oBpazoM, HHACKC pealbHOl 1eHbl B Tabn, 1.1 moka3nsaeT NoBLILE-
Hye ueHbl GeH3HHA OTHOCHTENBHO oblIeit HHOAIUMH HayHHag ¢ 1972 1)

Ha puc. 1.1 311 paHHBle IIOKA3aHEL B BUAC ZHarpaMMBl paccesaHust. MoXHO BHIETE
HEKOTOPYI0 OTPULUATENAbHYIO CBSI3b MEXAY IOTPEOHTEIBCKUM CIIPOCOM Ha GEH3MH U
€ro peanbHOM LICHOM.

IMokazarens BEIGOPOUYHOIl KOBApHALIMK TIO3BOAET BHPa3HTh JAHHYI) CBA3b ¢AH-
HbIM YMCAOM. [INg ero BelYuCHeHHS MbI CHAYaNa HAXOAMM CPeAHMe (U pacCMaTpH-
BagMoro BeIGOPOYHOrQ nepyosa) 3HaYeHus LeHel U cnpoca Ha GeHanH. O003RaYKB

LieHY 4epe3 p M CIPOC — uepe3 y, Mbl, TAKMM 06pa3oM, ompedenseM p H y, KOTO-
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TaGnuua 1.1

NoTtpeluTenscKne pacxonsl Ha BeH3IMH W aro peansHan ueHa s CLUA

Fon Pacxopki HMHOEKE peanbHBIX LeH
{mnap. noAN., ueHw 1972 1) {1972=100)
1973 26,2 103,5
1974 24.8 1270
1975 25.6 126,0
1976 26,8 1248
1977 27.7 124,7
1978 28,3 1216
1979 27.4 149,7
1980 25,1 188.8
1981 25,2 193.6
1982 25,6 173.9

phie 11 3TO BHIGOPKH OKA3BIBAIOTCA PABHBIMH COOTBETCTReHHO 143,36 1 26,27, 3a-
TeM AT KOKIOT0 roga BoIYHCALeM OTKINOHEHWE BEIWYHMH § N Y OT CPeAHUX H Nepe-

MHOXaeM ux. Jls nepsoro roma (2 — p) pasHo (103,5 — 143,36), wiu —39,86, u (v - )

paBHo (26,2 — 26,27), unu —0,07, a nponzpencuue (2 - P)(¥ - ¥) cocTaBuT 2,79. llpo-

JlenaeM 3TO IS BCeX TOAOR BHIGOPKM M BO3bMEM CPEIHIOI0 BENMMHHY, OHA ¥ Gyder
BbIOOPOYHOH KOBapHauLMei (KaK BIIHO, HE OYEHb CJIOXHO BBIYHCISEMOH),

Onpenenerue

ITpu Hanuuuu rn HaGnsodeHuit AByX NepeMeHHbIX (X M y) BLIGOpOYHAA KOBapua-
UM MEXOY X W y 3anaercs hopMyIoii:

Covix, ) == 3. (5 - D0, =3 = oG = D05 =P+ oot Gy =D =P (L)

i=}

3ameuanue I. B paznene 1.4 MEL ONpeaeMM TAKKE KOBAPHALIUIO FeHEPankHOM CO-
BOKYNHOCTH. JU1s pa3muueHMA 3THX OBYX KOBapHaLMi Mbl HCII0AB3yeM 0003HaueHNe
Cov (x, ¥) ¢ nponucHoit 6yKBbl C MPUMEHMTENBHO K BHIOOPOUYHON KOBapHALMU M
pop. cov (x, ¥) — A KOBapHallMK MEXKIY X M ¥ B reHepansHOH coBoKynHocTH. HHorna
niocnenHiow 6yaet yzobHo 0603HaYaTh KakK O AHanoru4yHeie 0603HAYEHHUS ML HC-
ITONIBb3YEM M AN gMcnepcuit: Var (xX) — NpUMEHUTENbHO K BEIGOPOUHOl AUCTIEPCHH
H pop. var (x) — K JMCepcHN AN TeHepalbHOH COBOKYITHOCTH (TeOopeTHYecKoit).

Sameuanue 2. B HeKOTOpHIX yyeDHMKaxX BLIOOPOYHAS KOBApHMallHa IT0 aHANOTHH
¢ BufopoyHoOll AucnepcHeil onpenensieTca nyTeM JeneHud Ha (7 — 1) sMecTo 7 Mo
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PeaanbHuit HHOBKC
ueH, 1972=100

200 |
180 ¢
160 1

T

140
120 | d

24 25 >6 27 28 26 Cnpoc Ha GeHamk
(mnpa,. gonn., ueHw

1972 r.}
Puc. 1.1, Capoc Ha BGedann B CLUA, 1973-1982 rr.

NpHYHMHAM, KOTOphle 6yayT oGbsAcHeHE: B pasgene 1.5. B npumepe ¢ 66HIMHOM JeTa-
MM NMPOBeRXeHHBIX BhIMMCNEHWH g Beeil BHIGOPKH nipmBeneHsl s Tadn. 1.2. 3gech B

cronbuax 2 U 3 MpeACTaBieHbl MCXOAHBIE JaHHbIE IUTSL p M y. B pesynsTHpylommx

CTPOKAX BEMHCAAIOTCS p U Y. B cronbuax 4 u § paccyntsisatorea (P~ p) u (¥~ ) wia
KaX[IOTO TOIA, a B cTONGUE 6 3TH ABE BEMHYMHEBI IEPEMHOXAIOTCH. B HYDKHEeH KneTke

Tabnuua 1.2
Habnogewve  p 7y S P S P Y

1973 103,5 26,2 -39,86 -0,07 2,79
1974 1270 24,8 ~-16,36 -1,47 24,05
1975 126,0 25,6 -17.,36 -0,67 11,63
1976 1248 26,8 -18,56 0,53 -9.,84
1977 124,7 27,7 ~18,66 1,43 -26,68
1978 1216 28,3 -21,76 2,03 -44 17
1979 1487 274 6,34 1,13 7,16
1980 188.8 25,1 45,44 =117 -53,16
1981 193,6 25,2 50,24 -1.07 -53,76
1982 173,9 25,6 30,54 -0,67 ~20,46

Cymma 1433.6 2627 -162,44

CpepHer 143,36 26,27 -16.24




PeanbHwil MHABKEC
ueH, 1972=100

P
200
180 |
160 |
120} ¢
100} C B
24 25 26 27 28 2 7

Cnpoc Ha GeH3uH
{Mmnpa. ponn., uenw 1972 r.)

Puec. 1.2

nocneaHero ¢Toibua onpenenaeTcs CpeaHsaa senuurHa (—16,24), oHa U 9BIASTCA 3HA-
yeHHeM BEIGOPOUHOM KOBapHALIHMH.

BEl IOMXHBI 3aMETHTb, YTO KOBAPUAI[MA B JAHHOM CAy4Yae OTpHLIATENsHA. Tax
3TO M AOJLKHO OuITh. OTpULIATENBHAN CBS3b, KAK 3TO MMEET MeCTO B JAHHOM [PH-
Mepe, BHIPAXAETCH OTPHLIATENABHON KOBapHALMeH, a MONOXUTEAbBHAA CBA3h — ITO-

NOXUTENBHOM KoBapMaliMel.
HMeeT cMBICH paccMOTpETh NPUIMHY 3Toro. PucyHok 1.2 ToyHO Takoli xe, KaK
¥ puc. 1.1, HO 30ech AMarpaMma paccesHMSA HabIIOASHMI JCNUTCA Ha YEThIpe YacTH

BEPTUKANBHON ¥ FOPH3OHTANLHONM NMHUSIMH, MPOBEACHHBIMUA Yepe3 pUY COOTBET-

creeno. [TepeceueHue STIX JTHHUMK oOpasyeT TOUKY (2, y), KOTapas [TOKa3HIBaeT Cpe-

HIOK® IIEHY M CpeOHHi crpoc 3a Nepyoa BpeMEHM, COOTBETCTRYIOLIMH Haulel BEHI-
opxe. Ucnonp3ys aHanoruio 3 (GHIMKH, MOXHO CKa3aTh, YTO 3Ta TOYKA ABIAETCA
HEeHTPOM TAXECTH COBOKYNHOCTH TOYEK, NMPEACTABNAIOLINX HaOIOneH .

Insa moSoro HAGMIONeHAA, NeXaWero B KBaJpaHTe A, 3Ha4YeHHA peanbHOM [IeHbl
M CIIPOCA BRIILE COOTBETCTBYIOLIMX CPEIHMX 3HaYeHHI. JIng saHHbIX HaGmoaesnuit kak

{(p-p), Tax ¥ (Y- ¥) ABAAOTCA MONOKVTENBHBIMH, 4 [IOSTOMY AOJDKHO GBITH TIONO-
XUTenbHEIM K (p— p)(y ~y). Habmonenne, Takum obpa3oM, JaeT MOJOKHUTENbHbIN
BKAan B KoBapMauuwo, Tak, Hanpumep, HabnioneHue 3a 1979 r, ieXxur B 3TOM KBal-
panre u (P~ p) = 6,34, (¥-y) = 1,13, a ux npousseseHue paBHo 7,16.

Janee pacCMOTPHM KBaapaHT B. 3aech HabnoaeHUs UMEIOT PEATLHYIO LIEHY HHXeE
cpemHeit ¥ crpoc Beliue cpeaterc. [Tostomy (p— P) OTpHLIATEABHO, (¥ - ¥) mONOXHU-
TEABHO, NPOU3BEIEHHE (p-p)y-y) OTPULIATENBHO, U HAOMIONeHHe BHOCUT OTpH-
HaTenbHEIA BKNAR B Kosapuatio. Hanpumep, Habmonetne 3a 1978 r. umeeT (2 - p) =
=-21,76, (y-») =2,03 u (»- P)(y-¥), Takum o6pailoM, papHo —44,17,

B xmanpanTe C Kak peanbHas [I¢Ha, TaK U CIpOC HHXe CROMX CPeIHUX 3Haye-
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unii. Takum obpazom, (#-2) u (¥-y) 0ba ABAAIOTCA OTPHLATENALHBIMH, a
(p- Xy -¥) nonoxurensHo. (B kauecTse mpuMepa cM. Habmonerne 3a 1974 r.)

Hakoner, 8 xpaapauTe D peanbHad [ieHa BhIlle CPefHe, a crpoc HUXe cpeaHe-
ro. TakuMm oGpazom, (p~p) nonoxutensHo, (V- OTPHUATENABHO, NO3TOMY
(p-P)¥~-¥) OTPMLITENBHO, K B KOBAPHALIMIO, COOTBETCTBEHHO, BHOCHTCH OTpHLA-
TensHbIA BKiIad, (B kavecrse npuMepa oM. HaGmoneHue 3a 1981 r.)

[Tockonrxy BEIGOPOYHAsA KOBapHaLUsl SBJISAETCSA CpefiHel BeNMYMHON Npou3Bene-
Hus (2~ p)¥-») ans 20 HabmoneHuii, oHa SyfeT NONOKUTENLHOMN, ECIM TONOXH-

TeNbHblE BKIaAbl OYAYT IOMMHUPOBAThH HAJl OTPHLIATENBHBIMU, H OTPHUATENLHOMR, €CU
OynyT 1OMMHHPOBATL OTPHLATENbHbIC BKNnaasl. [TonoxuTenpEble BKNAAR HCXOAST U3
kpaapaHTeoB A M C, n xopapuanua OyIeT, CKOpee BCEro, MONOXUTEABHOM, eCnn
OCHOBKOH pa3bpoc noideT no HakNOHHOHA BBepx. To4HO Tak Xe OTpHLATENLHEIE
BKJIANBI HCXORST U3 KpafpaHToB B 1 D. TlosToMy ecay eCHOBHOE PaCcesTHHE HIET Mo
HAKJIOHHOM BHH3, K&K B JAHHOM IpUMEpe, TO KOoBapuauLHs OyAeT, cKopee Beero,
OTPHLATEABHOM.

1.2. HeckonbkO OCHOBHbIX NpaEun pacuyera KoBapnaunm

EcTh HECKONMBKO BAXHBIX MPaBU, KOTOPBIE BHTEKAIOT HEITOCPEACTBEHHO U3 OI-
peneneHusa Kopapuaumu. [Tockonsky OHH GyayT MHOTOKPATHO MCNOb30OBATHECS B
MOCHEAYIOLIMX [ABAX, UMEET CMEICH C(hOPMYIHMPOBaTh UX ceiiyac:

Flpasinno 1

Ecnu y=v+w, 10 Cov (x, y) = Cov {x, y) + Cov (x, w).

fpasuno 2

Ecnun y=az, rae a — koHcradTa, T0 Cov (x, y) = a Cov (x, 2).

[pasuio 3

Ecnu y =4, rne a — xoHcTauTa, 10 Cov {x, y) =0,

CHavyana 5T npaBunia OyAyT NPOUAAIOCTPHPOBAHEI HA TIPUMEDAX, U Mbl TIPOBE-
PUM HX BLINONHEHHE, AOCAe Yero OyayT NpUBEeXeHBl N0Ka3aTenscTBa, B Gonpuiei
YacTH AaHHOW KHUTH BaXHee MOHHMATh, YTO O3HAYAIOT 3TU NPaBUNA U KAK HMH
MOIL30BATHCH, Y€M YMETh HOKA3bLiBaTh MX, HO HA CAMOM JIENe A0KA3aTENbCTBA He-

TPYAHEL.

ZeMOoHCTDaLa 1 00Ka3aTeneCTBO ripasuna 1

JlOnyCTHM, 4TO ¥ HAC €CcTh RaHHBIE N0 LIECTH CeMbAM (TOMOX034HCTRAM), NpH-
pefeHHble B Tabm. 1.3; ofwunit rogoso# noxon (x); pacxofkl Ha NUTAHKUE U omeXmy ();
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TaGnwya 1.3

Aoxon Pacxonb Ha Pacxons! Pacxoas Bropas ewibopra:
CemMbs CeMbM NUTAHWUE KU HA MUTAHWE  Ha OAeXAY pacxoabl CeMbUA HA
opexay MTAHKE ¥ OAEXTY
(% (1 (v (W) (2}
1 3000 1100 850 250 2200
2 2500 850 700 150 1700
3 4000 1200 950 250 2400
4 6000 1600 1150 450 3200
5 3300 1000 800 200 2000
6 4500 1300 950 350 2600
Cymma 23300 7050 5400 1650 14100
CpepHee 3883 1175 800 275 2350

pacxonbl Ha MHTaHHe (V) U pacxonkl Ha ofexay (w). EcTecTEEHHO, ¥ paBHAECTCA CYM-
Me vV H w. YKa3aHHYIO B TaDnMle BeAUYHHY Z PACCMATDHBATE [TOKa He SyaeM.

B 1261, 1.4 BeNMYAHB (x - X), (¥~ ¥}, {v—¥) U (W —w) BHYUCIHIOTCS AN KAOXKAOM
ceMmbu. OTCIONA MONYYAEM (Xx—X)(¥ — ), (X-xHv-v) ¥ (x-x}w—w) INd KOKIAOH
ceMbH. Cov(x, ¥) MONYIAETCS KAK CPENHEE BEAHNYMH (x — X}y — y) ¥ paBHAeTcA 266 250,
AHanoruyHo Cov(x,y) paBua 157 500 u Cov(x,w) = 108 750. Mp! NpoBEpUNH, YTO
Cov(x,y) apnserca cymmoi Cov{x,v) Cov(x,v) u Cov(x,w).

TaGnuua 1.4
Combs  X-X y-y (x-XNy-y) (v-v) (x=X)v -V) (w-w) (x - x)(w-w)

1 -883 -75 66250 =50 44167 -25 22083

2 -1383 ~325 449583 =200 276667 -125 172917

3 117 25 2917 50 5833 -25 -2017

4 2117 425 899583 250 529167 175 370416

5 -583 ~175 102083 -100 58333 =75 43750

6 617 125 77083 50 30833 75 46250
Cymma 1597500 945000 652500
CpegnHee 266250 157500 108750
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JIerko 1okasaTh, YTO MMEHHO TAK W AOIKHO OHTb, PaccMoTpuM i-10 ceMblo.
(x,-—?c)(y,-—-}) — 3TO €€ BKNajx B BenMYUHY Cowx,y). [lockonbxy Yi=Vi+w; H

y=v+w, TO

(%, = X} — )= (6 = N, + 9, =V~ W) = (x; = XY, =)+ (x; ~X)w, ~wy,  (1.2)
H, TAaKHM 00pa3oM, MBI MIOKA3aIH, YTO BKIal ceMbH i B Cov(x, ¥) ABNGeTCa CYMMON

ee exnagop B Covix, v) H Cov{x, w). To Xe caMoe cnpaBemMBO A BCeX ceMefl H,
COOTBETCTBEHHO, J1 KOBAPHALIMH B LEIOM.

LeMoHCTPaLUna u 40Ka3aTeNbCTBO npasnina 2

B TaGn. 1.3 nocnexHas KonoHKa () JaeT pacXonkl Ha MHTAKHE H OJeXEY AN BTO-
poro MHOXecTBa M3 6 cemelr. Kaxaoe HabmoreHue z GakTHYECKH NMPEACTaBRAeT Co-
foit yasoeHHOe 3HaueHHe y. [Ipeanonaraercs, YTO 3HaYeHHS BeNTHIMHHE X T BTOpPO-
ro HaGopa ceMell ABNAOTCA TaKMMH Xe, KaKk H paHee. JIna serducneHusa Cov(x, 2)

HaM, KaK M paHee, HeOOXOMMME 3HAYeHMs (x - X), a TAKKe (z-z) (Tabn, 1.5).

Tabnuua 1.5
CeMmus (x-x) (z-2) (x—x)z-2)

1 -883 -150 132500

2 -1383 -650 899167

3 17 50 5833

4 2117 850 1700167

5 -583 -350 204167

6 617 250 154167
Cymma 3195000
Cpeanece 532500

M3 Ta6n. 1.5 moxro suaets, yto Cov(x, 7) paBHa 532 500, 4T0 B TOYHOCTH paB-
Ho yapsoedHo# Cov(x, y). Takum obpaisom Mul nposepHnu, ¥yro Cov(x, 2y) cosna-

Haet ¢ 2Cov(x, y).
H cHoBa nerko suneTh, MoYeMY TAaK Monydyaercd. PaccMOTpUM 0epBYIO CEMBIO.

HockomeKy z; =2y, ¥ z=2y, 8 (% - *)(z; - 2) PaBHO (x, -x)(2y —2y) H, CNeNoBa-
TeNbHO, PABHO 2(x; -E)(yl ~¥), To BKJIal IepBoif ceMby B BeanuuHy Cov(x, 2) B

TOYHOCTH paBeH XBOHONA BenuyuHe ee Bivtana B Cov(x, y). To xe camoe crpases-
JMBO JNS BCEX OPYTHX ceMel, CpelHs s BeHuMUHA (X — E)(z - Z) MO3TOMY papHA yI-
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BOGHHOM CpenHel BemuumHe (x — x)(y — y) H, TakuM obpasoM, Cov(x, 7) = 2Cov(x, y).
O6o6man, MOMy4MM, 9TO ecld z = ay (K OTCclofa z=ay), TO

Covix, 2) = 200v(x,) = + 3. (3~ M) ~ D) = 2 3. (5 ~ ey, ~ a7) =

= 23 (x - D)0 - 3) = aCov(x,y). (1.3)

LeMOHCTPAUNA 11 OKA3ATENLTTBO 11Pasnna 3

270 copceM npocro. JJomycTHM, 4T0 KaKIas CeMbs B BEIGOpKe HMEET 110 IBA B3pOC-
JHX 4el0BeKa, H NpeanofoXKM, YTo IO HEZOPa3yMEHHMIO Bbl PEIUKAH BBIMHMCIIHTE
KOBapHAIMIO MeXay O0ILIUM J0X0oa0oM (X) M YHCIOM B3pOCibIX B cembe (a). EcrecTseH-
HO, YTO 4y =3y =...=ag =2. Takum ofpaszoM, a=2. O1CI0fa ITA Kaxuaoh cemby
(a—a)=0 W, cnegoBaTENbHO, (x —x)(a—a)=0. [Toatomy Cov(x, a) =0.

Ecnk BBl HAacTaMBAE€TEe HA IOCTPOSHUM OOEIYHO MCMONB3YEMOR B TAKMX CIYUasX
Tabnuibl, To oHa GyAeT BHIIMAACTE Kak tabn. 1.6.

Tabnwua 1.6
Cemun x a x-x (@-a) (x-x)a-3a)
1 3000 2 -883 0 0
2 2500 2 -1383 0 0
3 4000 2 117 0 0
4 6000 2 2117 0 0
5 3300 2 -583 0 0
6 4500 2 617 0 0
CyMma 23300 12 0
Cpeaxee 3883 2 0
LansHeritine 858006

ITombaysich 3TUMH OCHOBHBIMM TIPAaBUAAMH, BM MOXETE YIPOWAThE 3HAYHTEIb-
HO Bomee cNoXHEIC BRIPAXKEHHA ¢ KopapuaunaMK. HanmprMep, ecnd Kaxas-To rie-
peMeHHAas paBHA CYMMe TpexX TIepeMEHHEIX — i, ¥ U w, TO, NOAbL3YACh pasuioM [
u pa3GuB y Ha OBe vacTd (¥ ¥ v + W), HOJyduM:

Cov(x, y) = Covlx,u + v + w) = Cov(x,u)+ Cov(x,v +w) (1.4)
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W, CHOBa BOCIIONb30BABIIMCH NpaBuaoM I, uMeeM:
Cov(x, y) = Cov(x, u) + Cov(x, v) + Cov(x, w). (1.5)

Apyeoti npumep: ecnu y =a + bz, rne a u b — KOHCTAHTH, a 7 — NEPEMEHHAsA Be-
AHYUHA, TO, MOJB3YACH MOCMEAOBATEALHO NpaBunaMy [, 3 U 2, MOAYYHM:

Cov{x, y} = Cow(x, a) + Cov(x, bz) = 0+ Cov{x, b7) = bCoV(x, 7). (1.6)

ITpu HanMuuK HEGONMBIUOH MPAKTHKM BHIIIONHUTD 3TH NMpeoGpasoBaHus He CO-
CTaBUT TPYIA.

1.3. AnsTepHaTURHOE BhipaxeHne and BsI00POYHOK KoBapuaunu

BrIGOpOYHAsA KOBAPUALIMA MEXIY X W ¥ ONPENeNsAeTcs Kak
Cov(x, ») = % 3 (x; - D ~ 7). (1.7)
i=1

}lpyr HM 2KBUBANICHTHBRM BBIDAXKECHHEM SABIAETCA
l i) —_
Covix, ) =| - 3. x3; |- 3. (1.8)
i=1

UHLIMH cl0BaMH, KOBapHaluylo Bbl MOXKETC NOJYUHUTL, BRITHCAAA X )+ X305 +
* .o XpYy, OCAA PEIVNETAT HA K U BRIMHTAA 34TCM H3 MONYYUCHHOI'O 3HAYMCHHA BE-

JIMYHHY xy. DTO MOXET 0Ka3aTbest Gonee yaoOHBIM, CM BaM NPRAETCA pacCHMTLI-
BaTh KoBapKaluio BpyyHyio. Ho, KoHeuHo, Ha MpaKTHKE BBl OOBIYHO §yaeTe Aenarh
3TO [PH NOMOIIN KOMIIBIOTEPHBIX NMPOTPaMM.

Hanee, nns7 Tex, KOro 310 MHTEPECYET, NPUBOAMTCA AOKA3aTEAbCTEO IKBHMBA-
NEHTHOCTH YKa3aHHEBIX BblpaXeHui. B cilyuae BOZHMKHOBEHMS 3aTpYAHEHHH €ro
MOXHO MPOTMYCTUTD.

1< PRI £ o T—xp
Cov(x, y) = Y -y~ )= ;Z(x,-y,- ~ XYy~ Xy — Xy} =
i=| i=]

(X)) = XY = X P + XY+ XgPy = XP3 = X2V + XY + oo + XV = Xy = X ¥+ XP). (1.9)

|-

B pesynbTaTte CIOXEHHS MO CTON6LAM, a TAKKE BOCMONbL30BABLIXCH TEM, YTO
2x=nx U XLy =ny, NOTYIHM:

Cov{x, y) = %{z X;¥; - ;cz ¥ —;2 X+ n;;} = %{z X;y; — AXy — nXY + n;;}, (1.10)

oTKyIa H cnenyet (1.8).
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Ynpaxrerue
1.1. B HekoTOpoii 610poKpPaTHYECKOii CTPaHe TONOBOH AOXOA KAXAOI0 HHAKBKIA Y
onpenenseTcs no opmyne:
y = 10000+ 5005 + 2007,

Tae 5 — YUCHO feT o0ydeHUE UHAWBHAA; ¢ — TPYAOBOH CTax {B rogax); x — BO3pacr
vHauBuga. Paccuuraiite Cov(x, y), Cov(x, s) v Cov(x, ) A5 BHIOOPKM M3 MATH
HHAMBMIOB, OMUCAHHOI HMXE, M MpOBEpbTe, HTO

Cov(x, ¥) = 500 Cov(x, 5) + 200 Cov(x,1).

OGBACHHTE AHANHMTHYECKH, [MOYEMY TAK TIPOHCXOMMT.

Wramenn B(?EE:;T 061;?2:'“9 szgﬂﬁ Aoxon
1 13 11 1 15700
2 29 14 6 18200
3 33 12 8 17600
4 35 16 10 20000
5 45 12 5 17000

1.4. TeopeTnueckan Kosapvauua

Eciiu x u y — cny4aliHEe BEJIMYUHBL, TO MEOPeMU4ecKas Kosapuauus o,, onpese-
J1aeTcA KaK MaTeMaTHYeCKOe OXHIAHHE NPOH3BEACHNA OTKIOHEHKA 3TUX BeNMUYUH
OT WX CPETHUX 3HAYESHMIA:

pop.cov(x, ¥) = 0y = E{(x —p )y -1y}, (i.11)

rie g, U W, — TCOPETUYIECKHE CPEAHUE 3HAYCHUA X M ¥ COOTBETCTBCHHO.

Kak BB ¥ OXHRaeTe, e/ TEOPETUYECKAA KOBApHALIWSA HEH3IBECTHA, TO INA ee
OLEHKH MOXeT ObITh UCIONb30BaHa BROOPOYHAS KOBAPUALINA, BLIYHCACHHAA MO PARY
HabmioneHu#. K coxaneHuio, olleHKka SyoeT UMeTb OTPHUUATENBHOS CMELIEHHE, TaK
Kak

E{Cl:'v(x,y)}f—g—l pop.cov {x, y). (1.12)

[MpyyuHa 3aKII0MACTCA B TOM, YTO BLIOOpPOUHEIE OTKIOHEHHS U3MEpSAIOTCH Mo
OTHOUIEHHIO K BRIGOPOUHEIM CpPeNHUM 3HAYEHHAM BENWYHH X M ¥ M UMEIOT TCHIASH-
LU0 K 3aHMXKCHHIO OTKIOHEHHN OT MCTHHHBIX CPEOHMX 3HaucHMM. OueBUAHO, MBI
MOXEM pacCYMTATh HECMELIEHHYIO OLEHKY ITYTEM YMHOXEHUSA BLIGOPOYHON OlEH-
kit Ha #/(n - 1). JlokazarensctBo cootHoweHus (1.12) spece He npeAcTaplicHO, HO
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BEI MOXETe CaMH IIPOBECTH €To, UCIONE3YA B KauecTBE PYKOBOACTBA TIPMAOXSHHE
0.3 (npeasapUTENbHO 03HAKOMBTECH € COAepkaHHeM pasaena 1.5). [papuna and te-
opeTHYecKoit KoBapuailMM TOYHO TAKHE Xe€, KaK M AAA BRIGOpOUYHOM KoBapualMH,
HO MX AOKAa3aTeJbCTBA MBI OIYCKAEM, MMOCKONBLKY JUIS 3TOr0 TpeGyercst HHTerpaib-
HOE WCYMC/ICHHE,

Ecnn x ¥ y HE3aBUCHMBI, TO KX TEOPETHYCCKAA KOBApHALMA paBHa HyMio, IO-
CKOJIBKY

E{(x-p, )y -, )= E(x-p )y -u,)=0x0, (1.13)

Graronapsa cBOMCTSY HE3aBUCHMOCTH, OTMEYEHHOMY B 0630pe, u daxTty, 4yro E(x) u
E () paBHAIOTCA COOTBETCTBEHHO W H JL,.

1.5. Buibopounan gucnepcus

Jlo cHX NOp TEpMHH «IMUCIEPCHS» UCITOAB30BANCA B CMBIC/IE TEOPETHUYECKOM TUC-
nepcHM (T. €. OTHOCAIIEHCA KO BCefl reHepatbHOM COBOKYMHOCTH), K&K 3TO M ONpe-
gensnock B o03ope. JUis nenei, KOTopele NMPOACHATCA IPH O0CYXKIEHHH perpecCHOH-
HOTO aHanM3a, LenecoodpasHO BBECTH NMOHATHE swbopouroii ducnepcuu (Tipy >ToM Gyder
CAEeNAaHO TPU BaXHBIX 3aMeqaHHa). JIng BeiGOpKU U3 n HaOMIOOeHHUIA X, ..., X, BLIGO-
POuHAA THCTICPCHA ONMpPEAeNaeTCa KaK CPeAHEKBaApaTHYHOE OTKIOHEHHE B BRIGOP-
Ke:

Var(x) = ;,l-Z(x: ~R (1.14)

Chnenaem cregyloluMe TPY 3aMedaHHA:

1. OnpeneneHHast TaKUM 06pa3oM BHIGOpOYHAA HHCIEPCHA NMpeAcTapndeT cofoit
CMeLIeHHYIO OLIEHKY TeopeTHdeckoil nucnepcuu. B npunoxesnn 0.3 mokaszaHo, 410
52, ornpeneeHHas KaK

_l—z(xj _x)za

n-1
ABIACTCA HECMCLUCHHOM oLeHKoi o2, OTcioga CReMyeT, YT0 OXHAaeMoe 3HaYeHHe
BeMMyHKHbI Var (x) paBHo [(n — 1)/nlo? ¥ 410, cliemoBaTeNBHO, OHA MMEET OTPHIA-
TeabHoe cMeileHHe, OTMeTHM, YTO eClIH pa3Mep BRIGOPKH # CTAHOBUTCH GONBIUNM,
10 (n — 1)/n cTpeMuTCA K eOMHHLIE U, TAKUM 0Opa3oM, MareMaTHYecKoe OXHAa-
HUe BEMYMHBI Var (x) crpeMuTes K 2. MOXHO Ierko MmokKasars, 4TO €¢ Npeaesn no
pepoATHOCTH (plim) paBeH ©2 M, CNeAOBATENbHO, OHA SBEALETCH NMPUMEPOM COCTO-
ATENbHOI OLIeHKH, KOTopad cMelleHa 1A HeGONbLMX BEIGOPOK.

2. Tax Kak BeJiMYHMHA 52 ABNAETCA HeCMeleHHOM, TO B HEKOTOPLIX paboTax ee ya-
CTO ONPEACAAIOT KaK BRIOOPOYHYIC AUCIIEPCHIO M nibo naberawor cchimoK Ha Var (x),
aubo nawT eif Kaxoe-To Apyroe HaspanHe. K coxaneHuo, oSenpiHATOR AOTOBO-
PEHHOCTH 110 3TOMY ITOBOAY 10 CHX nop HeT'. B Kaxao#t pabote BaM clAeoyeT npoBe-
PATH ONPEACNEHME.

! B pycoxoRsw4HON nuTepaType BenuyvHa Var (x) o0biuHO HasbisaeTes abibopounoil gucnepoueid, a
§7 — «UCNPaBAeHHOM, AU HeCMelleHHo, BaiBopoyHoi aucnepcvei. {(/Tpwar. pag.}
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3. TlockonpKy yKa3aHHAS NOTCBOPEHHOCTh OTCYTCTBYET, OTCYTCTEYET H AOIOBO-
PEHHOCTb OTHOCHTENBHO YCIOBHONO 0003HAMeHHS AAHHOIO [TOHATHA, M AJIA 3TOTO
HCIONB3YIOTCA CaMBIC pa3IMYHBIe CHMBOAEL B naHHO! padoTe Teoperudeckas (Win
reHepanbHad) QUCIepcHda NMepeMeHHOM x of03HAYaeTCs Kak pop. var (x) wiH, eciau
310 yAobHO, o} ECIH AcHO, 0 Kakoii mepeMeHHOU HieT peub, TO HUXHMIA MHIEKC
MOXeT OBITh oImylieH. BriSopouHas aucnepceia ecerga Gyaet 0003HavaTheA Kak Var (x)
¢ TponHcHOH Gykebl V.

IToueMy BrIGOpOMHAs AUCHEPCHS B CPERHEM 3AHHXACT 3HAYCHHE TCOPETHYECKOM
Jacnepcur? IpuunHa 3aKmouaeTca B TOM, YTO OHA BHIMMCISIETCH KaK CpeHEeKBAal-
PATHYHOE OTKIIOHEHHE QT BHIGOPOYHOTO CPENHEro, A He OT UCTHUHHOIC 3HAYEHHSA.
Tax kak BEIGOpOYHOE CpenHee aBTOMATHYECKW HAXOAUTCS B LEHTPE BHIGOPKH, TO
OTKJIOHEHHA OT Hero B CpeiHeM MeHBIUE OTKIIOHEHUH OT TeopeTHueckKoro cpeaHe-
Io 3HayeHHUd.

1.6. MpaBuna pacyerta gucnepcun
Cymecrnye‘r HECKOGJIBKO ITPOCTRIX K OMEHE NMOJICIHLIX MPABKI N4 pacyera JHCIEp-

CHH, SIBJIAIOILHAXCA aHAIOTaMH IIPaBHA IS KOBapMaUuWH, pacCMOTPEHHBIX B pasgene
1.2. 9TH npaBWwIa B paBHOM CTEMeHY MOXHO HCMOAL30BATh KaK UL BEIOOPOUHOM, Tak

H L1 TEOPETHYECKOI AUCTIEPCUHU.
fTpasnno gucnepcui 1

Ecnmu y =v +w, 10 Var (y) = Var (v} + Var (w) + 2Cov (v,w).
flpasuno gucriepcuin 2

Ecnu y =az, rie a armierca noctosHHol, To Var (30 = a? Var ().
lpasuno guenepeun 3

Ecnau y = a, tae a ABNAETCA NMOCTOAHHOHA, TOo Var {y} = 0.
flpasuno gucriepciin 4

Ecnu y =v +4q, toe a ABNAeTCH NOCTOSAHHOM, 10 Var () = Var (v).

Bo-nepBbix, 3aMETHM, YTO AUCIIEPCHS NMEPEMEHHOM X MOXET PACCMAaTPUBATECA KAK
KOBapHaUMsA MEXAY OABYMA BEIHIMHAMME X:

1 ] _— l n - _

Var(x) = — Yx-xP= " 2. (x; = x)(x; = x) = Cov(x, x). (1.15)
i=1 =l

YuuTHEag 2T0 PaBEHCTBO, MBI MOXKEM BOCNIONR3OBATECA IIpaBHIAMHK pacyeTa BhI-

GOpOUHOIt KOBAapHALMH, YTOOB! BEIBECTH NMpaBWia pacdeTa aucnepchu. Kpome Toro,
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MBI MOXEM NOMYYUTh APYryio GopMyny VIS MPEACTABIEHMA Var (X), HCTIONB3YS CO-
otHowenue (1.8) ansa BEIGOPOYHON KOBapHALIMH:

1 -2
;E}xﬁ]—x : (1.16)

Var(x) = l:

Zokasarenscrao npasuna 1

Ecnu y=v+w, 10O

Var (y) = Cov (y, y) = Cov {(y,[v -+ w]) =
= Cov ([v +w],v) + Cov ([v + w],w), N0 NpaBKAy KOBapHaLHH 1,
= Cov (v, v) + Cov (w, v) + Cov (v, w) + Cov (w, W),
N0 NPaBUNy KoeapHauus J,
= Var (v} + Var (w) + 2 Cov (v, w). (1.17)

LokasarenscTBo npasnna 2
Ecnu y =az, ric g ABAACTCH IIOC'DOﬂHHOﬁ, TO, ABAaX bl UCITOMAB3YA TPABHNO KO-

BapHanuH 2, TIONYYHM:

Var (y) = Cov (y, ) = Cov(y,a0) =aCov(y, 2} =
= g Cov (az, 7) = a* Cov (z, 1) = @*Var (2). {1.18)

ZloxasarenscTeo npasuna 3

Ecnu y =a, rae a asaseTcs NOCTOAHHOM, TO 110 NPABUITY KOBapUaluK 3 UMeeM:
Var {y) = Cov(a, a) = 0. (1.19)
HCF[CTBHTCJH:HO, €CAH y — NOCTOAHHAA, TO €€ CPEIAHCC FHAUCHHC ABNACTCA TOM

Xe CaMo¥ MOCTOSHHOM M (y - y) PAaBHAETCH HYMIO Ans Beex HabmoaeHwii. Cnenoa-
TeNibHO, Var {y) paBHa HyMO,

Aokasarenscreo npasuna 4
Ecnn y=v +a, roe @ — NOoCTOAHHAsA, TO N0 MpaBUAy KOBapHaUuW I, UCNOAb-
3yA 3aTeM Opapuaa f u 3 and avcnepcuM u mpaswio 3 A KOBapHALIMH, MIONYYAcM:
Var () = Var (v + @) = Var {¥) + Var (@) + 2 Cov (v, a) = Var (). (1.20)

TGOPCTH‘{CCKEISI JUCTIEPCHA NOAYHHAETCA TEM X€ CAMBIM MpaBHJIaM, HO JOKa3a-
TENBCTBA 3A€Ch BHOBb ONYCKAKTCA, NMOCKOJIBKY OHU TDCGYIOT NpUMEHCHHNA HHTET-
PanpHOTO HCUYHMIIICHHA.
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Ynpaxrenune

1.2. Henonb3ya naHHble W3 ynpaxHenus 1.1, Beiuncanre Var (v), Var (5) u Var (1)
H [IpOBEPbTE, UTO

Var (y) = 250000 Var (s) + 46000 Var (#) + 200000 Cov s, 9,

fIpM 3TOM Pe3yabTaT OOBACHUTE AHANUTHYECKM.

1.7. Teopemyeckan gucnepcus BuIGOPONHOTO CPpepHero

Ecnu gBe nepeMeHHbIe HE3aBUCHMBI (M CIEOBATENLHO, MX COBOKYITHASE KOBapH-
auus paBHAETCH HYAK), TO TEOPETHYECKAA AUCTIEPCHA CYMMBI ITHX MEpPEMEHHBIX 6y~
HET PaBHa CYMME HX TEOPETHYECKUX RAUCHEPCHIL:

pop.- var {x + ¥} = pop. var (x) + pop. var (y} + 2 pop. cov (x, ¥y} =
= pop. var (x) + pop. var ()} = 6% + ¢2. (1.21)

H3 gaHHOro pesynsTaTa MOXHO MOJYYMTh Gonee ofliee NMpPAaBUIo © TOM, YTO
TeOpeTHYECKAA JUCNEPCHS CYMMB! JIoOOro YHUCHa NEpeMEHHEIX DABHACTCA CYMME
¥X AUCAEPCHIl MPU YCJIOBMH, UTO HabONIOAGHUS HE3aBHCHMBL Ipyr or Apyra. Ipu
3TOM MOXHO TOKA3aTh, YTO &C/IM Cy4yalHasd MepeMeHHas x MMEeT JUCIEPCUIo o2,
To Aucnepcus BrIGOPOYHOro cpelHero x GyneT paBHa o2/n, Toe # — YKCIO HaGmo-
DeHri B BRIDOpKE:

X +...+x,,} 1

pop.w(§)=pop.var{ p = —5 pop.var (x; +...+ X, ) =
n

= ﬂll{pop.var(xl)+...+pop.var(x,,)}=-’:7{02 +..40%)= ;lf{noz} =g’ /n (1.22)

Kak 6rino noxasaHo B 0630pe, BLIGOpOYHOE cpeaHee ARasgeTcs Haubonee adgex-
TUBHOH HECMELIEHHON OLEHKON TEOPETHYECKOrO CPEHHErD NPH YCIOBMH, 4TO Ha-
SMoAeHNA NPOBOJATCS HE3aBUCHMO IPYF OT APYra Ha OCHOBE OJHOTO M TOrO Xe
pacripencneHuA.

1.8. KosadpduumeHT Koppensuuv

B 3T10it rnase Gonbluoe BHUMaHHKE YAeNeHO KOBapHaLMW. JTo o0BACHAETCA TeM,
4YTO OHA BECbMa yAoOHA ¢ MaTeMaTHYECKOH TOUYKM 3peHHWs, a BOBCE HE TEM, YTO
KOBApHALIKS ABNAETCA OCOOEHHO XOPOLIHM M3MEPUTEIEM B3aAMMOCEA3H MEXTY BEN¥-
unHaMH. Mel paccCMOTPHM ee HeRoOCTATKH B pa3nene 1.9. Bonee TouHOit Mepoit 3aBR-
CHMOCTH ABAAETCH TECHO CBA3AHHBIN ¢ Hel xoapguiuenm Koppenatuil.

ToncbHO OuclepcHH M KOBApHaUMH, KCHpOHUUMEHT KOpPPeAsSUMH HMMEET JBe
OpPMBI — TEOPETUYECKYIO U BHOOPOYRYID. Teopemuneckuii Kosgguiuenm xoppean-
YUy TPAAHLMOHHO o003HAauaeTca rpeucckoil 6yKBOH p, KoTopasa NMPOM3HOCHTCH KAk
«pO» W COOTBETCTBYET NATHHCKOM «». JIns mepeMeHHBIX X U y 3TOT K03DHULIHEHT
ONpeACHseTCA CNeAyoIUM obpasom:
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pop.cov(x, y) = Sxy
Jpop. var(x)pop. var(y) ;?Gicﬁ (1.23)

Pxy =

Ecnu X M ¥y HE3aBHCHMBEI, TO P PABHO HYJIO, TAK KaK paBHa HYMIO TEOpETHYECKAA
Kopapuanusa. Ecau mexny nepeMeHHEIMHE CYINECTBYET NONOXKHUTENBHAL 3ABUCHMOCTD,
T0 G, ,, 4 CIEAOBATENBHO, U p, , GYAYT NONOXKHUTENLHBIMY. EC/IH CYLIECTBYET CTpOras
TMONOXUTENbHAs TMHEAHAs 3aBHCUMOCTD, TO p, , IPUMET MAKCUMANBHOS 3HAYCHMUE,
paBHOe 1. AHaNMOTUYHEIM 00pPa3OM NPH OTPULUATENLHON 3aBRCHMOCTH p, , Byzer oT-
pHUIATENLHEIM ¢ MUHUMANLHHM 3HaueHueM —1i.

Buibopownviii ko3@@uiguenm xoppeasyuu r ONpeNenseTCs IyTeM 3aMeHBl TeOpeTH-
YecKMX IHMCIIepCHit H KOBAPMALMH B BEIpaXeHKH (1.23) HA MX HECMELLEHHAIE OLIEH-
KH. MEl mokasand, YTo Takie OLEHKH MOTYT OBITh MOTYUeHbl YMHOXKEHHEM BRIGO-
POYHBIX AHCHEPCHIT M KoBapHauuu Ha n/(n — 1). CnenosarensHo,

n
P Cov(x, y)

ey l

Vn

MuoxuTenn »/(n — 1) coxpamaioTes, MO3TOMY MOXHO OOpENeIUTh BHIOOPOYHYIO
KOPPEeNALHIO KaK

(1.24)

n n '
V v
7 Var(x) .= Var(y)

Cov(x, y)

ey =W- (1.25)

IMogoGHo BEeNUYHHE p, r UMEST MAKCHMaNbHOEe 3HAuMEHME, DaBHOE eIMHULIE, KO-
TOpOE MONYYAeTCa NMPH CTPOroil NKHeHHOH MOMOXUTENLHONW 3aBHCHMOCTH MEXy
BEIOOPOYHBIMH 3HAYCHHAMH X M ¥ (KOIa Ha AWarpaMMe paccessHHS BCE TOMKH Ha-
XONATCA TOYHO HA BOCXONAWEH NpsAMoN NMHHHM). AHANOIMYHBIM O0pazoM r MpH-
HHUMaeT MHHHUMANbHOE 3HaYeHHe —1, KOTOa CylUIeCTBYET NHHEHHAA OTPULATENLHAA
33BUCHMOCTD (TOUKH IEXAT TOUHO Ha HUCXOZAUEH tIpAMON NHHUHK). BenuunHar=0
MOKa3HMBAaECT, MTO 3AaBHCMMOCTh MEXIY HAOMIOACHHAIMHI X H ¥ B BHOOPKE OTCYTCTBY-
eT. Pasymeerca, ToT akT, 4To r= 0, HeoOA3aTeNbHO O3HAYAET, 4T0 p =0, H Ha-
ofopoT.

HUnmocrtpayns

Jns MnnoCTpanuy BRIYHCAEHNA BRIGOpOYHOro KoadguumneHTa KOppenaAHl MH
UCMIOJb3YeM NPUMep O cnipoce Ha OeH3uH M3 pa3saena 1.1, JlaHHbIE npencTaBneHH B
Tabn, 1.1 W noxasaHs Ha prc. 1.1. Mol yxe seraucaunu Cov (p, y) (cM, Tabn. 1.2), xo-
Topad coctagaser —16,24, nosTomMy HaMm Teneps HeoGxomuMsel Tonbko Var (p) u Var (3)
(cm. Tabn. 1.7).

B nmocnenHux ABYX KoaoHkax 1abn. 1.7 MoxHO HaittH, uto Var (p) cocraBnser
888,58 u Var (¥} pasHa 1,33. CrezosaTensHo,

1624 <1624

= = -0,47.
J38838x133 34,38 (1.26)
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Tainwia 1.7

Habmonerme P y -9 -y  w-pF (y-yy
1 103,5 26,2 -39,86 -0,07 1588,82 0,01
2 127,0 24,8 -16,36 -1,47 267,65 2,16
3 126,0 25,6 -17,36 -0,67 301,37 0,45
4 124,8 26,8 -18,56 0.53 344,47 0,28
5 124,7 27,7 -18,66 1.43 348,20 2,05
6 121,6 28,3 -21,76 2,03 473,50 4,12
7 149,7 27,4 6,34 1,13 40,20 1,28
8 188,8 25,1 45,44 -1,17 2064,79 1,37
9 193.6 25,2 50,24 -1,07 2524,06 1,15
10 173,9 25,6 30,54 -0,67 932,69 0,45
Cymma 1433,6 262,7 8885,75 13,30
Cpegsese 143,36 26,27 888,58 1,33
Ynpaxrneuns

1.3. Ha c. 50 npeacTaBieHbl JaHHBIC O TEMIIAX MPHPOCTa YHCICHHOCTH 3aHATHIX
— € ¥ TeMIIax IPHPOCTa NPOH3BOAHUTENBHOCTH TpYLa — p (BHIYCKA NPOOYKIIHH 3a
ClIHH YeJIOBeKO-4ac) I NpOMHILIEHHOCTH 12 cTpau 3a nepuon ¢ 1953—1954 o
1963—1964 rr. (rogoBble 3KCMOHEHLMANbHBIE TEMMBI MpUpocTa). [locTpofite Auar-
paMMy PacCesTHUA M BBIYMCAUTE BRGOPOUHBIH KO3GPHIIMEHT KOPPENAIMH MEXIY
e u p. [PeKkoMeHIyeTCs COeNnaTh ero, Wcnoabays ypasHeHusa (1.8) u (1.16) ana Bu-
GopouHoli KOBapHALMH M JHCIIEPCHM, H COXPAHHTE BHMMCACHUSA, MOCKONBKY 3TO
C3KOHOMMT BaM EPEMd IIPH PacCMOTPeHHM APYrore IpHMepa, NPEOCTABICHHOIO B
rnaee 2.] QGBACHUTE MOJY4YeHHEBIE Pe3YbIATEl M [IPOKOMMEHTHPYHTE BO3IMOXHBIE
OPHYMHB MOMOXHUTEAbHON KOppenAUMHd MeXIy ABYMS lepeMEHHBIMH.

1.4. Tlycrs HaOnOAeHHUA ABYX CAYYAWHBIX MEPEMEHHBIX X B ¥ HAXOOATCA HA Nps-
MOH MHHMU:

y=a+bx

IMoxaxwure, uro Cov (x, y) = b Var (x} u uro Var (¥) = » Var {x), a cnegoBarenbHo,
BbICOpOYHEIH Ko3(DDNLHEHT KOppe/ILMM PAaBEH 1, €CIH HAaKIOH JIMHUH NOMOXH-
TeNneH, 1 —1, ecAH 3TOT HAKIOH OTPHULATENCH.

1.5, IlycTe niepeMeHHAS ¥ ONpeNeiaeTcs CTPOroH JIMHEHHON 3aBHCUMOCTRIO!

y=a+bx,

M TPEeanoioXHUM, YTO ANL X, ¥ H TpeThell mepeMeHHOH Z noaydeHa BHOOpKa Ha-
nogeHHit. Tlokaxure, 4yTo ecni KO>DPULHEHT b NMONOXHTENEH, TO BHOOPOYHEIH
KO3 PHUMEHT KOPPENALMHN 112 ¥ M Z JOJDKEH OBITh TAKUM XK€, KaK M ANA X H 2,
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Fogossie TEMNL NPHPOCTa NPOAYKLK (36}

FaHaTOoCTh Flpou3BonnT enshocTs
AsCTpUHA 2.0 42
Benbrus 1.5 3.9
KaHapa 2,3 1.3
Ranua 2.5 3.2
P paH U1 1,9 3.8
Mranua 4.4 42
ANoHMA 5.8 7.8
HuaepnaHabl 19 4.1
Hopserua a5 4.4
GPr 2,7 4.5
BenukoGpuTaHus 0.6 2.8
Cuwa 0.8 26

HMoroveny: Kaldor, 1966.

1.9. Moyemy KoBapMaLUa He RBANETCA Xopolueid Mepoil cBa3n?

KoathduumeHT xoppenauun apnaserca Gonee MOAXOAAUMM HIMEPHTENEM 3aBHCH-
MOCTH, 4eM KoBapHalua. OCHOBHAA NPUYMHHA 3TOr0 3aKAKYAETCH B TOM, YTO KOBa-
pHAaLKA 3aBUCHT OT €AMHHL, B KOTOPHIX H3MEPSIOTCA NePEeMEHHEIE X U ¥, B TO BpeMs
Kak Ko3DOUUHEHT KOppeasaLMH ecTh BeMyuHa Gespa3mepHad. Do GyaeT mokasa-
HO OAA ciyyas BeIOOpOYHOrO Ko3(hHUIIMeHTa KOppeasaluM, H0KAa3aTeJLCTBO s
TeopeTHYECKOro Koa3(pQuuueHTa KOppensaluy OYIeT OCTapleHO aNnd CaMOCTOATEb-
HOIO YIpaXHEeHHUS.

Bo3ppamasce K NIpMMepy €O CNpOCOM Ha OGH3MH, MBI HCCASHYEM, YTO MOXET
CAYYUTBCS, KOTAA MPH BHIMUCAEHHY HHACKCA pealbHEIX LeH B KayecTBe 6a30BOro roaa
rcronsdyetcs 1980 r. emecro 1972 1. B 3TOM ciyyae KOBapHaLIMs H3MEHHUTCS, 2 KO3 (-
GULHEHT KOppenALMH — HeET.

Ipwu nemonszoranuu 1972 1. B KadecTBe Ha30BOI0 NOAa HHASKC PeANbHBIX LeH Jns
1980 r. coctaBun 188,8. Ecau renepes npuHATh 3ToT HHEeKe 3a 100 mia 1980 r., To
HYXKHO MEpecuUTATh PARBI (IYTeM YMHOXeHHA Ha kKoapduuuenr 100/188,8 =0,53.
HoBble panbl npeacTaBneHs BO BTOpo# KonoHKe Tabn. 1.8 u Oyayt o6o3HaueHs! ye-
pes P. BennuuHa P uUMClIieHHO MEHBLUE, MeM p.

Tak Kak KaxXaoe OTienbHOoe HaOMoACHUE psiaa 1ieH OO NePECYUTAHO ¢ KO3th-
duuuenToM 0,53, To OoTCciofa cRedyeT, YTO M CpeAHee 3HAYeHHe 32 BEIOOPOYHLIN

Mepuon (P) MEPECUMTHIBAETCA C 3TUM Koa(duuuenToM. CnegoBaTesbHO, B roay f

P,-P=053p,~053p=053p, - p). (1.27)



DTO 03HAYAET, YTO B roxy f

(P~P)y-¥)=053p-p)¥-),

(1.28)

u, cneaosarensHo, Cov (P, y) = 0,53 Cov (p, ¥). OnHako Ha Ko3dduUHEeHT Koppe-
JAUNN 3T0 H3MeHeHHe He noeauseT. Koadduumenr kopperauuu ansg P u y OymeT

paBeH:
oy = B ) (1.29)
JVar(P)Vary) :
TatGnwua 1.8
Cemon ? y PP y-y (P-P¥ -y P-Ply-p
1973 54,82 26,2 21,11 -0,07 445,73 0,01 1,48
1974 87,27 24,8 -8,67 -1,47 75,09 2,16 12,74
1975 66,74 25,6 -9.20 -0,867 84,55 0,45 6,16
1976 66,10 26,8 -9,38 0,53 96,64 0,28 -5,21
1977 66,05 277 -9.88 1,43 97,68 2,05 -14,13
1978 64,41 28,3 -11,53 2,03 132,84 4,12 -23,40
1979 79,29 274 3,36 1,13 11,28 1,28 3,80
1980 100,00 251 24,07 -1,17 579,26 1,37 -28,16
1981 102,54 25,2 26,61 -1,07 708,10 1,15 -28,47
1982 82,11 256 16,18 -0,67 261,66 0,45 -10,84
Cymma 759,32 262,7 2492,28 13,30 -86,04
CpapHee 75,93 26,27 249,23 1,33 -8,60

Yycnutenn (BepxHsd 4acTh Apobu) Gbin ymMHOXeH Ha 0,53, HO HA Ty Xe BeIH-
1Hy GbLn YMHOXEH M 3HaMeHaTeNb (HIDKHAS 9acTh), Tak Kak Var (P) = (0,53)2 Var (p).
(Heobxoaumo HMeTh B BHEY, 4TO, KOfJa Bbl YMHOXaeTe MepeMEHHYIO BEIHYHHY
Ha MOCTOSTHHYIO, €€ NHCMEPCHs YMHOXACTCH HA 3TY HOCTOSHHYIO B KBaapate.) 3Ha-
MeHaTenb yMHOXaerca Ha 0,53, a we Ha (0,53)%, Tak xax M3 Var (FP) uspnekaerca
KBafpaTHHIA KOpeHB.

Ynpaxwexus

1.6. Briuncnure ko3hOUIMEHT KOppesAUMH s P U y, MCNOJNb3YA AAHHBIE
Tabs. 1.8, U mpoBeprTe, YTO OH OYIET TAKMM Xe, KaK U Koxh(pUITHeHT KOppeIalHH

g pHy.
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1.7. ITokaxure, uro Teopernyeckuit Kos3hGULIHEHT KOppPEAALMHM OCTAHETCH He-
H3MEHHBIM TIPH U3MEHEHMM SAMHHLB U3MEPEHHUA OJHON M3 NMepeMEHHBIX.

1.10. KoadpuumeHT 4acTHOW Xxoppenauumn

AHanu3 KpHTepHeB 3HAYHMOCTH LA Ko3thdHUHeHTa KoppenaluuH GylneT AaH B
rnaBe 3, rae 3TH NOKA3aTeN PACCMATPHEBAIOTCHS BMECTe ¢ KPHUTEPHSIMH 3HAUHMMOCTH
Ko3bdnuneHTOB perpeccu. byAeT BrLSICHEHO, YTO KO3DGHLMEHT KOPPENALNHU B
NMpUMEpe CO CIPOCOM Ha OSHIMH HE3HAYMMO OTNHYAECTCA OT HYIS, YTO KaXeTcsa He-
MpaBaCTIONOOHBIM € TOUKH 3peHNSA 3APABOTO CMBICHA.

OaHa M3 NMPHYHH MOJMYYSeHHUA TAKOIO Pe3YNbTaTa 3aKAK4aeTcsl B 04eHb HeGonb-
oM pa3Mmepe BHOOpKH. BoaMoxHo, 4To npy SonbuieM pa3mepe BuGOPKH MBI CMOT-
Jiit 6bl NOKa3aTh, 4TO KOG PULIMEHT KOPPEALMI 3HAYUMO OTIIHYAETCA OT HY/A. 31ech,
OMHAaKO, ECTh X SlIle OHA NMPHYUHA JULT NONYYECHUA OTPHLIATEIBHOIO pe3ybTaTa: Mbl
HE YYWTRIBANH BIAHSHUE YBEIHYEHHS AOX0HA HA MOTPEOMTEARCKUI cIpOC B LIEAOM H
Ha cnipoc Ha GeH3HH B yacTHoCcTH, [TonoxurensHutil shdekT ysenuueHus oxona B
OCHOBHOM KOMIEHCHPOBaN oTpulareNbHblit 3¢:dexT pocTa ueH, H, TaKHM oGpaioMm,
CITpoC Ha GEH3UH oCcTaBaNCH CTAOWIbHMM. CleRyIoLIMi 3Tan NCCASIOBAHUSA COCTOMT
B BbIACJIEHHH BINAHHSA 2THX ABYX (pakTopoB. MBI MOXeM CHENaTh 310, HCIONB3YS TAK
Ha3BbBaeMbIi Ko3thDUIIMEHT YACTHOH KOppeNALNH, KOTOPHI onpenenseTcs caemy-
IOUIHM 00pasoMm:

rxy - fxz!’yz

Ja-ra-rk)’

rae r,,, — X03hGhUILKEHT YaCTHOW KOPPENALINH MEXIY X M y B Clly4ae TOCTOSHCTBA
BO3ACHACTBHSA BEMHYUHEI 2, A £y, Fyy U £, — OObIYHBIE KOIPPHUIMEHTH KOPPETIUHH
MEXAY XU ¥, X ¥ Z, ¥ U Z COOTBETCTBEHHO.

B npumepe co cnpocoM Ha 6eM3UH MBI MOXEM BLIMMCIUThH KOPPESLMIO MEXIY
LUEHOM ¥ pACNONAracMbIM IMYHBIM NOXOAOM H MEXOY CIPOCOM M A0OXOAOM, UCITONb-
3yq NAHHHE LA HYXHBIX neT Ta6a. b.1 . PesyarraThl npuGausuTensHo cocrasar 0,84
¥ 0,02, IToxacrasasas TH 3Ha4YeHHUd B ypasHeHue (1.30), MBI oleHHM YacTHBIH Koad-
bHULHEHT KOppensAUMy ONA pealbHOM LIeHH K crpoca Kak —~0,91, yTo gBnderca Ha-
MHOro Sojiee NPHEMACMBM pPE3YIETATOM.

Ixp.z =

(1.30)



NMAPHbLIA
EI'ECMObIl?I AHANU3

B xannoli rnape NoKazaHo, Kak, HCMOAL3YS COOTBETCTBYIOIINE JAHHEIE, MOXHO MO~
JIYYHTH KOJHYECTBEHHOE BRIDAKEHHE THMOTETHYSCKOTO JMHEHHOIO COOTHOLUEHHS
MEXAY JBYMS epeMeHHBIMH, B rnaBe ofbsIcHsIeTCS BOXHEIN MPUHLIMI PerpeccHOH-
HOTO AHANHN3a — METOJ HAHMCHLLUIMX KBAAPATOB, a TAKKEe BHIBOIATCS GOPMYNEL,
pRipaXaroiiie Ko3GOHIHEHTE perpeccHt.

BOABIIHHCTBO CTYNEHTOR, H3YYAIOIIHX BBOAHEIN KYPC SKOHOMETPHKH, YXE 3Ha-
KOMH ¢ 0CHOBaMU IHddepeHIMANPHOTO HCYKCHASHMS, MMO3TOMY BHIBOJ, KO3thhuiIn-
€HTOB perpeccCHM He GyHeT AN HUX CIOXHBIM. TeM, KTO He MpOLIen 3TOT Kypc,
cnelyeT NMPONYCTHTSH pasnen 2.3 B NOKa3aTebCTBO B pasgeie 2.5. UM nmpugercs npH-
HATE (bopMynbl pacdeTa KoapPUUHEHTOB HA Bepy, OOHAKO B O0LINX 4epTaX OHH
CMOTYT IMOHATH, KaK GbUMH MOJYYEHH 3TH BHPaXKCHHS.

-

2.1. Mogenb napHo# NMHEWHOW perpeccuu

KoadpduureHT KOppenaLHH TOKA3kIBaeT, YTO AB¢ NEPEMEHHBIE CBA3AHB IPYT
¢ IpYyTroM, OOHAKO OH HE JAET NpPESACTaRNCHHA O TOM, Kak¥M o0pa3oM OHM CBs3a-
Hbl, PaccMoTpumM Gonee monpoBHE Te cyvay, IS KOTOPEIX MBI IIPEANONAraeM, 4ro
OfHa INepeMeHHAA 3aBHCHUT OT ApYyroi,

Cpasy xe OTMETHM, 4TO He CAeAYeT OXUAATH MONYYEHHs] TOUHOTO COOTHOLIEHMUS
MEXIY KAKUMH-JIH0O0 ZBYMA SKOHOMHUMECKHMH TTOKA3aTeNs MU, 34 HCKIIOYEHHEM TeX
ClIy4aes, KOTAA OHO CYWIECTBYET IO olpeacneHH0. B yyeOHMKaX M0 9KOHOMHHECKOM
TEOpHH 3Ta IIpoGieMa 0OLIMHO PEILASTCA NTyTeM NPHUBSACHHA COOTHOMICHHA, KaK eClH
ObI OHO OBLIO TOMHLIM, H MpegynpeXIeHUS YHTATEAA O TOM, YTO 3TO alMpOKCHMa-
uua. B ctaTMeTHYecKOM aHanM3e, odHako, haKT HeTOYHOCTH COOTHOLUSHWS MPH3HA-
eTcd IyTeM ABHOrO BKJIOMEHHA B HETO chayuafiHoro dakropa, ONHCLIBAEMOIC CIy-
Y3 HBIM OCTATOYHBIM YICHOM.

HauxeM ¢ paccMOTpeHHA NMpoCTeiiueil MOTENH:

y=o+px+u 2.1)

Bemunna y, pacCMaTPHBacMas KaK 3a6UCUMAR nepeMennas, COCTONT U3 ABYX ¢O-
crasnsolnx: 1) Hecnyuaiinoit coctarnsioneit o+ px, rae x BRICTYIACT KaK obsAc-
HAOWAR (UAY HE3GGUCUMAR) NEPEMEHNAR, A TIOCTOSHHBIE BENIMYMHBL ¢ K B — KaK na-
paMeTphl ypaBHEeHUs; 2) clydalHOro 4ieHa u.
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Ha puc. 2.1 nokasaHo, Kak KOMOHHALHA 3THX IBYX COCTABIAIIINX CINPEACAACT
sennyuHy y. [lokazarenu x,, x,, X; ¥ x, — 3TO HETbIPE HMOTETUYECKHUX 3HAYEHHA
obmsicHsfonei nepeMeHHofit. Eciiv Obl COOTHOIIEHHE MEXAY ¥ M X OBLNO TOYHBIM, TO
COOTBETCTBYIOINME 3HaYeHus1 y Obliu Obl pencraeieHsl ToukaMu Q,, Q,, @5, @, Ha
npamoit, Hanuuue cayyafHOro uieHa [PUBOAMT K TOMY, YTO B JCHCTBMTENBHOCTH
3Ha4YeHHe y Nonyyaercsa ApyruM. [lpeanonaranock, 4To cNydaiHBIA YieH BO3MYylle-
HHA MOJIOXUTENCH B IEPBOM M Y€TBEpTOM HaOMIOACHHAX U OTPULIATESICH B ABYX ApY-
rux. IToaToMy ecnM OTMETHTD Ha rpadHKe peanbHEE 3HAMCHUA ¥ IPH COOTBETCTBYIO-
IMMX 3HAYEHHSX X, TO MBI 1TONyYuM Touku P, P, P;, P,

Cnemyer nog4epKHYTh, YTO TOYKH P — 3TO eZUHCTBEHHBIC TOYKH, OTPAXaOIHUE
peanbHEIe 3HAYEHUS MepeMeHHEIX Ha pHC. 2.1. PakTHyeckue 3HaYeHUs o U 3 4, clie-
OOBATENbHO, MIONOXEHHS TOUeK () HeH3BECTHBI, TAK Xe KaK M (PaKTHYecKHe 3Hade-
HMA CJIYYAHHOro WieHa. 3agaya perpecCHOHHOrO aHanu3a COCTOHT B IOMYyYeHHU
OLICHOK & U B ¥, CIEAOBATENEHO, B OMpPeleNeHUH TIONOXEHN MPAMOH 10 To4YKaM P,

OueBHUAHO, YTO YEM MEHBLUE 3HAMEHMs 4, TEM JNerue Ta dagada. JdeicTBUTEND-
HO, ecnH Obl cayqafiHbId YleH OTCYTCTBOBaN BOBCE, TO TOMKH P COBNANH Ol ¢ TOY-
KaMH (2 M TOMHO MoKa3aiy Obl nonoxeHue npaMoit. B atoM ciayyae JocTaToMHO OEUIO
Obl TPOCTO MOCTPOMTH 3TY MPAMYIO H ONPEACTHTL 3HAYEHHA o H .

Puc. 2.1. UCTHHHARA 38BMCUMOCTD MEXAY Y W X

IToueMy Xe cyuiecTByeT caydaiiHeli wieH? MMeeTca HeCKONBKO MpPUYHH.

1. Heexarwouenue obsacusiowux nepemennsix. COOTHOLICHHE MEXAY ¥ U X TIOYTH Ha-
BepHAKA ABAsAETCA OMEHb GONBIUIMM ynpolleHHeM. B AeliCTBHTENBHOCTH CYIECTBY-
I0T ApyTHe (PaKTopsl, BANAWIINE Ha ¥, KOTOPHE He y4TeHE B hopmyne (2.1). Bau-
AHUe 3THX $aKTOpOB MPUBOAMT K TOMY, 4TO HabMoJacMble TOYKH JIEXAT BHE IIpA-
Moji. YacTo mpoOMCXOAUT TAK, YTO MMEIOTCH NepeMeHHERIe, KOTOPble MBI XOTENH Gkl
BKJTIOUMTH B PETPECCHOHHOE YPABHEHHE, HO HE MOXEM 3TOrO CAENaTh MOTOMY, YTO
HE 3HA€M, KaK MX H3MEPUTb, HANpUMEp NMCHUXONOrHYeckue (hakTopsl. Bo3MoxHo,
4TO CYIICCTBYIOT TaKXe Apyrue akTophbl, KOTOPbIE Mbl MOXEM H3IMEPHTb, HO
KOTOpEIEe OKA3BIBAIOT Takoe cnafoe BAMSIHME, YTO HX He CToMT yuuThiBarh. Kpome
TOro, MOTyT 6bITh (hakTOpHI, KOTOPEIE SBIAIOTCS CYIHECTBEHHBIMM, HO KOTOPBIE MEI
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M3-32 QTCYTCTBMA ONBITA TAKOBRIMM He cuuTacM. OOneMHHB BCe 3TH COCTABIAIO-
e, MBI MOAy4aeM TO, 4Te 0603HAYeHO KakK #. Ecnay OGB MBI TQUHO 3HANH, KaKue
nepeMeHHble TPHUCYTCTBYIOT 3/1€Ch, U UMEIH BO3MOXHOCTbD TOYHO HX M3MEPHUTH,
TO MOIJIH OBl BKIIOYHTE HX B YPAaBHEHHE H MCKTIQUHTh COOTBETCTBYIOIIUE 3/EMEHT
U3 cayyaitHoro wieHa. [IpoGremMa COCTOMT B TOM, YTO Mbl HUKOrIa He MOXEM GHIThH
yBepeHBl, YTO BXOMUT B JAHHYK COBOKYIHOCTB, 4 TO — HET.

2. Azpezuposanue nepemennvix. Bo MHOTHX Cnyvyasx paccMarpuBaeMas 3aBUCH-
MOCTBb — 3TO MONBITKA OOBEIHHKTE BMeCTe HEKOTOpPOE YHCI0 MUKPOIKOHOMHYEC-
Kux cootHoweHKi. Hanpumep, dyHKLHA CyMMapHOro norpebieHUA — 3TO TIO-
neTKa 06LIero BEIpakeHHa COBOKYITHOCTH pellieHHI OTAENBHBIX HHIMBHIOB O pac-
xopax. Tak Kak OTIeNBHBIE COOTHOLICHHSA, BEPOATHO, HMEIOT pa3Hbie IapaMeTpEl,
moGas MOMHTKa ONpedcANTh COOTHOLUCHHE MEXAY COBOKYMHBIMH pacxomaMK U
JOXOnOM ABNACTCH JIMLIL anmpoxcuMailueit. HabmoxaeMoe pacxoXxiaeHHe OpK 3TOM
NMPUINHCHIBAETCA HATHYMIO CIYYAHHOIO wWieHa.

3. Henpasusvroe onucanue cmpykxmypst modesu, CTPYKTYpa MOAENH MOXeT GbITh
ONHCAHA HEMPABWIbHO WJIH He BIIOMHE NPaBMIBHO. 34€Ch MOXXHO TIPHBECTH ONIMH K3
MHOTHMX BO3MOXHBIX MPHMepOB. Fciu 3aBUCHMOCTb OTHOCUTCS K JAHHBIM O BpEMEH-
HOM psUIE, TO 3HAYEHUe y MOXET 3aBHCeTh He OT GakTHUYeckoro 3HAYEHUA X, a OT
3HaYeHHA, KOTOPOE OXUIANOCh B npeapinyiueM neprone. Eciu oxngaemoe v dakTu-
YecKoe 3HaUYeHHA TECHO CBA3AHBI, TO OYIST Ka3aThes, YTO MEXIY ¥ M X CYLUCCTBYET
3aBMCUMOCTB, HO 3TO OyJeT MHLIb aliMPOKCHMALHA, H PACXOXICHHNE BHOBE Oyner
CBH3aHO ¢ HANWMYUEM CIy4aiHOro 4uneHa.

4. Henpasusvras gyrxyuonasvrias cneyquguxayus. OyHKLUHOHANBHOE COOTHOIIEHHE
MEXIY ¥ U X MaTeMATHYECKH MOXeT ObiTh onpenesreHO HenpaBuibHo. Hanmpumep,
HCTHHHAasA 3aBUCHMOCTR MOXKET He ABISTbCS JMHelH o, a OrTE Gonee cnoxHoit. He-
JIHHEHHRBIE 3ABHCHMOCTH GyaYT paccMOTPeHBI B Iase 4. belycsioBHO, HAXO ITOCTAPATECS
n30exXaTk BOSHUKHOBEHKA 3TOH MpobaeMBbl, HCNONbL3YS NOOXOMALIVIO MATEMaTHUEC -
KyIo gopMyny, Ho M06ag camad HM3ouIpeHHad GopMyna ABASeTCd JUUIb NPpHOMIKe-
HHEM, H CYILIECTBYIOILES PACXOXAEHHE BHOCUT BKJIAN B OCTATOYHBI YneH.

5. Owubku uzmeperus, Ecnd B uaMepeHuy ogHON Wiu Goslee B3aMMOCBA3AHHBIX
nepeMeHHBIX HMEOTCA OLIKMGKH, TO HabmogacMble 3HaUueHH He OYIYT COOTBETCTBO-
BATHh TOYHOMY COOTHOLUSHHIO, H CYLIESCTBYOLICE PACXOXAcHKe 6yIeT BHOCHTD BKAAX
B OCTaTOMHLIA WieH.

OcTarouHbIi YWieH ABAACTCH CYMMaPHBIM MPOABMACHUEM BCEX ITHX PaKTopoB. Oue-
BHOHO, YTO ec/ OH Bac HHTepPSCOBAN0 TONbKO H3MEPEHHE BIMAHMA X Ha ¥, TO GblNo
Osl 3HAMMTENBHO YI00HEee, ecnu Gbl 0cTaTOMHOTO YieHa He OpLT0, Ecii 681 OH OTCYT-
CTBOBAJI, MBI OBl 3HANH, YTO NIOGOE H3MEHEHUE y OT HabnoaeHUus K HaOMIOAeHHIO
BRI3BAHO M3MEHEGHHEM X, U CMOINH OBl TOUHO BRIYMCAHMTL P. OFZHAKO B ZeHCTBH-
TeNLHOCTH KaXIoe M3MEHEHHWE ¥ OTYACTH BHI3BAHO M3MEHEHHEM i, W 3TO 3HAYU-
TENBHO YCHOXHAET XH3Hb. I10 3TOM MPHYKHE ¢ XHOTAA ONUCHIBAETCH KakK LIYM.

2.2. Perpeccua no MeTogy HaUMMEHbLUWX KBAaPaToB

JonycTuM, YTO BRI UMeETe YeThIpe HAOMIOACHHUS VIS X M ¥, MPEACTABACHHBIE Ha
prc. 2.1, 1 nepea BaMM NOCTaB/eHa 3aja4a — ONpedeNHTb 3HAYSHHA o 4 B ypaB-
HeHu (2.1). B KauectBe rpy6oit annpoKcMMaLKi Bbl MOXKETE CHENaTh 3TO, OTIOXUB
yeTHipe TOYKK P H TIOCTPOHB MpAMYI0, B HAHGOAbLIEH CTerleHH COOTBETCTBYIOLUYIO

56



ITHM TOYKaM. DTO cAesaHo Ha puc. 2.2, Orpe3ok, oTceKacMBiil NpsSMOii Ha OCH V,
npenctapnser cobol OLEHKY o M 0603HaYeH a4, a yrnoeolt Ko3dhUiIueHT NpAMoi
npencraBnger coboi olleHKY B 1 obo3HayeH &.

C camoro Hayana HeoOXOAHMO NPH3HATE, YTO BEl HUKOIJA HE CMOXETE paccyH-
TATh UCTHHHBIE 3HAYEHHA O 1 [ TIPH MIONKITKE MOCTPOUTE NPAMYIQ H ONPEISIHTD 10~
NOXeHHe THHUY perpeccuH. Bl MOXeTe IOAYMMTh TONBKO OIIEHKH, H OHH MOTYT OBITh
XOpoLKEMK WnH rroxuMy. Hraorma oueHKH MOTYT GRTE aDCOMIOTHO TOYHEIMH, HO 3TO
BO3MOXHO JIMIIb B PE3yARTATE CAY4afHOTO COBNMANEHUS, H AAKE B 3TOM C/y4ae y Bac
He Oyaer cnocoba y3HaTh, YTO OLIEHKH abCOMIOTHO TOYHBI,

370 CNpaBeIKBO U MPH HCIIONbAOBAHHH GoMee coBeplleHHEIX MeToa0B. [locTpo-
eHHe JIMHWU PerpeccHy Ha ria3s ARAfeTca AoCTaToqHo cyObexkTHBHEIM. Bonee Toro,
KAK MBl YBUAKM B Ja/IbHeiIleM, 3TO TIPOCTO HEBO3MOXHO, €CAH MepeMeHHas y 3a-
BUCHT HE OT OFHOMM, a OT ABYX WIH 0once He3aBUCHMEIX NepeMeHHEIX. Bo3HuKaeT
BOMPOC: CYLIECTBYET AU CIOCO0 AOCTATOMHO TOUYHOM OlleHKH o K B anreGpandecKuM

myremM?

A i i 1

x, x, X, x, X
Puc. 2.2. lNpaman, NOCTPOEHHAR NO TOHKAM

ITepebiM 1MaTrOM ARAETCA ONMPEACNSHUAE ocmamia ISl KaXA0ro HaGnoneHus. 3a
MCKTIOYEHHEM CNTYZAEB YHCTONO COBINANEHMS, MMOCTPOEHHAZ BAMHM THHHS PETPECCHH
He MpoHAET TOYHO HH Yepe3 OFHY TOuky HaGmoaeuus. Hampumep, Ha puc. 2.3 npu
X =X, COOTBETCTBYIOLICH eMy TOUKOH Ha NHHUHM pErpeccM Oyner R, co 3HaueHHEM
¥, KoTopoe Mbl 0603HaYMM $; BMecTo (hakTHyeckd HaGMOAaeMOTO 3HaYeHUA y,. Be-
NMHYMHA §; OMUCHIBAETCA KAaK PacdeTHOE 3HAYEHHE ¥, COOTBETCTBYIONIEE X,. PasHOCTD
Mexay GaKTUYECKUM M PACYETHBIM 3HAYeHMAMY (¥, — §,), ONpeaenstemMas OTPE3KOM
P\R,, onuchiBaeTcs KaK OCTaTOK B nepBom Habmionenuu. O603HaumM ero ¢;. Coor-
BETCTBEHHO, JULAL APYTHX HabmogeHuH ocTaTkH 6yRyT 0GO3HAYEHEI KaK &), €, U €,

OueBHIHO, YTO MEI XOTHM [IOCTPOUTD JTHHHIO PErPEcCHH TAKMM o6pa3oM, MTOOEI
3TH OCTATKM OLUTM MHHHMATEHEIMH. OUYeBHMIHO TAKKE, 4TO JIMHHA, CTPOrO COOTBET-
CTBYIOLIAA ONHHM HaOMoOAEHUAM, He OyIeT COOTBETCTBOBATEL JPYTHM, B HA0GOpOT.
Heob6xoauMmo BuiGpars Kakoii-To KpMTepHii nonbopa, KoTopbIif GyaeT oaHOBpe-
MEHHO YYUTHIBATh BEJIMYHHY BCEX OCTaTKOB.
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CyumiectpyeT Lenslil psa BO3MOXHEIX KpUTepMes, oHU H3 KOTCDPEIX «paloTa-
0T» Aydie ApyruX. Hanmpumep, Secnone3HO MHHHMH3APOBATh CYMMY OCTAaTKOB.

CyMMa GyIeT aBTOMaTHYECKM pPaBHAa HYMIO, €C/IM Bbl CAENAeTE O PaBHLIM y, 4 P

PaBHLIM HY/IO, TIOJYYUMB TOPU3OHTANLHYIO JIMHHIO ¥ =y. B 3TOM ciyyae moaoxXu-
TEABHBIE OCTATKH TOMHO YPABHOBECST OTPHMLUATENbHBIE, HO CTPOroifl 3aBMCHMOCTH
opM 3TOM He OyIer.

OniH U3 cnocofoB pellieHUA NOCTaRNeHHOHR MpobneMsl COCTONT B MUHHMH3ALINWH
CYMMBE KBAJpATOR OCTAaTKOB 5. JIa prc. 2.3 BepHO TaKOe COOTHOLICHHE!

S=elz+e22+e§+ei. (2.2)

- e

x, X, X, X, X

Puc. 2.3. MocTpoeHHAR MO TOYKAM NMHUS PEFPECCMA,
NoKa3bIBa0Ian OCTaTKK

Benuuuna 5 6ymeT 3apUCETh OT BEIOOPA 4 1 b, TAK KAK OHH ONPEACAAIOT TIONOXE-
HVE TMHKM PerpeccHi. B COOTBETCTBHM C 3TUM KpUTEPHEM, YeM MEHBIIE S, TEM CTPOXE
cootBeTcTBHE. Ecam 5= 0, To mony4eHo aGcomoOTHO TOYHOE COOTBETCTBHE, TAK KaK
3TO O3HAYAST, YTO BCE OCTATKH PaBHLI HY/LO. B 310M ciiyyae JIMHMS perpeccum Oyier
NpOXOIHTE Hepe3 BCe TOMKHM, OXHAKO, BOODIle roBops, 3T0 HEBO3MOXHO H3-3a Ha-
AHYHS cryyaitHOro 4ieHa.

CynecTBYIOT M APYTHe JOCTATOUHO PA3YMHLIC pelUeHNT, OAHAKO [IPH EBIMOIHE-
HHH OTIpeaeNeHHBIX YCIOBHIL Memod HauMenbliux Keadpamoa oACT HECMEIICHHBIE |
s¢pexTiBHble OHEHKH o M B. [To sroit NpuyHHe METOA HAMMEHBIINX KBAAPATOB B~
ngeTcA HaKboNee MOMYNSpHBEIM B BBOJHOM KYpCe perpecCHOHHOro aHanu3a. B nan-
Hoif paGoTe paccMaTpHBaeTCH ofbunbili Memod Haumenvaux xeadpamos (MHK, win
QLS — ordinary least squares). B nmocneaywwmmx pasaenax 0yIyT pacCMOTPEHR ApY-
THE €r0 BAPHAHTHI, KOTOpHE MOTYT OBITh HCMONB3OBAHB! IS PELICHUA HEKOTOPHX
CTIELIMANBHBIX NPOGIEM,
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2.3. Perpeccua no MeToay HaMMeHbLUMX KBAARATOR: ABa NpUMepa’
flonmep 1

IIpuBeaeM OeficTBUTENBHO MPOCTON MPHMEP BCErD C ABYMA HaOMIOOSHHAMM I
TOTO, YTOOBI MPOASMOHCTPHPOBATh MEXAHM3M NpoLecca: KaK [MOKa3aHO Ha pHc. 2.4,
HaOmogaeMoe 3HauyeHHe y =3, korga x =1, H y=35 npn x =2,

QuenuM koadduLIHenTs @ H b ypaBHeHHA

P=a+bx (2.3)
8
Y.t
&t
F
5 .
‘ L
A
ar 3
2 -
1 L
00 ; 2' 31 X
Puc. 2.4. Mpumep c agyms HaGAKAEHWRMI
Tabnua 2.1
X ¥ y e
1 3 atrs 3-a-b
2 5 at+2b S5-a-2b

OYyeBHAHO, YTO NMPH HANKYHH BCEro OBYX HaOMOAeHUH MH MOXEM NONYYHTH
TOMHOE COOTBETCTBHE, NPOBElS JHHHIO perpecCHH Yepe3 OBC TOYKH, ONHAKO CAe-
naeM BUI, YTO MBI 3TOTO He IMOHMMaeM. BMecTO 3TOro mpHIEM K TOMY Xe BHIEOAY,
HCMOJb3Ysl METOHN PErpecCHH.

Ecnux=1, To§ = (a + b) B cCOOTBETCTBUM C YpaBHEHUEM perpeccHH. Eciux =2,
To § = g + 2b. CnestoBaTensHO, Ml MOXEM COCTABUTH Tab. 2.1.

3HaveHue P, (BeIMYMHA y B TouKe R, Ha puc. 2.3) pasHo (g + b), a 3HayeHHe §,=
= a + 2b. CnefioBaTeIbHO, OCTATOK €, V1A IEPBOTo HabmofeHus1, KOTOpBIH onpene-
nserca xak (y, — §,), paBeH (3 — @ — b), a OCTaTOK ¢,, KOTOpHIH ONpenenseTcs: KaK
(v, — §,), paBen (5 — a — 2b). CnenoBatennHo,

1 TeM, KTO He 3HAKOM C AuddepeHUHancHbiM UCURCAEHWEM, 3TOT PA3LEN MOXHO NPOMYyCTHTE.
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S=el+er=(3-a-b)’+(5-a-2b) =
=(9+a’ + 5% —6a—-6b+2ab)+(25+a° +4b° —10a-20b +4ab) =
= 24% +56% +6ab - 16a — 265 + 34. (2.4)

Teneps Mbl XOTHM BLIOPATE TaKie 3HaYEHUA @ U b, YTOORI 3HAYEeHUE .S GbLIO MU-
HBMaJbHbIM. [l 3TOT0 MK MCNONB3YeM A depeHIMANBHOS HCHHCICHHE M HAXO-
I¥M 3HAYCHHA g K b, YIOBAETBOPAIOLINE CACIYIOIIMM COOTHOIICHMAM:

95 a5

E =0 _BF =0 (2.5)
H
9§ _ . 95 _ -
3.a__an;:ﬁueas»-us, o _}Emsa 2b. (2.6)
TakuM 06pazoM, MBI HMEeM:
2a+36-8=0 (2.7)
H
3a+56-13=0. (2.8)

Peune 3TH aBa ypaBHeHHd, noaydnM a = 1 u b= 2. CnegosarensHo, ypaBHEHHE
perpeccuu 6yIeT UMeTh CreAyOLMA BUL!

F=1+2x 2.9

ot

P I
e B
0

) A

-]

Puc. 2.5. Mpumep c Tpems HabnogeHnamn

JUist Toro 9Tofnl MPOBEPUTh, 4TO Mbl MPUILIH K MPABHALHOMY BLIBONY, BHIYUC-
JIMM OCTATKH:

e=3-a-b=3-1-2=0 (2.10)

e,=5-a-2b=5-1-4=0. (2.11)
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Takum obpa3zom, 062 0CTaTKa pasHBI HYAIO, YTO O3HAYALT, YTO JIMHHA PErpeccHu
MPOXOOUT TOYHO 4epe3 o6e TOUKH, YTO MBI, pa3yMeeTCs, 3HAJIM ¢ CaMOro Hayana.
Ecnu y Bac Bcero qBa HaGnioneHUs, TO NPOBOAKUTE MPAMYIO Yepe3 3Tu ABe TOYKU. B
JaHHOM CNyyae B [POBEACHHH PErPECCHOHHOIO aHAIKH3A HET HEOOXONMMOCTH.

Tonmep 2

HcnonbsyeM npHMep, paccMOTpeHHBIH B NpeaplaylleM pasaene, U fob6aBuM Tpe-
The HabmoneHne: ¥y =6 npu x =3. Tpu HaGmofeHUA, MOKA3aHHEIE HA puc. 2.5, He
JIeXaT Ha OOHO# MpAMOM, IO9TOMY TOMHOE COOTBETCTBHE MOAYIMTH HEBO3MOXHO. B
3TOM CJIYYae /1A BHIMHUCIECHUA MONOXKEHHUA NPAMOIi Mbl JOJIKHB HCIIONB30BATh PEr-
PeccHIO IO METOAY HAWMEHBIIHX KBAJPATOB.

HauHem ¢ 3a7aHMA CTAHZAPTHOTO YpaBHEHUA

$=a+bx (2.12)

Jlna 3HaueHuit x, papHBIX 1, 2 ¥ 3, pacuerHbie 3HAYEHHA ¥ PaBHE COOTBETCTEEHHO
(a+b), (a+2b) u (¢ +3b); ovu npuseaeHsl B Tabn. 2.2,

Tatnuua 2.2
x ¥y Jd e
1 3 at+b 3-a-»
2 5 a+2b S5-a-2b
3 ] a+3b 6-a-3b

CrnenosareabHo,
S=etvet+el =(3-a-b +(5-a-26) +(6-a-3b)" =

= (9+a* +b% —6a—6b+2ab)+ (25+ a* + 4b —10a -20b + dab)+

+(36+a° +9b% —12a - 365+ 6ab) = 3a* +14b> + 12ab — 28a — 625 + 70. (2.13)
Yenoena 95/da =0 u 95/0b = 0 nalot;
6a+126—28=0 2.19)
H
285+ 12— 62=0. 2.15)

Pewan 3tu ypaBHeHud, noaydyum g=1,67 n b=1,50. CnenosarensHo, ypaBHe-
HUE perpeccuM MMeeT CACAYIOIHii BHI:

$=1,67+1,50x. (2.16)



2.4. fleTanbHoe paccMoTpeHUe OCTATKOB

IMocne mocrpoeHHS MMHHUH PETPeCCHH CTOMT GoJige AETanbHO PaccMOTpeTh 06-
mee BHpaxXeHHe A1 OCTATKA B KaXuoM HaGmoaeHuH. JIorHka 3TOro paccMOTpeHMA
SABIAETCA AOCTaTOYHO npocToil. OmHAKO Ha nepBHil B3I/IAN OHA MOXET IIOKAa3aThes
abcTpakTHO#M, MoO3TOMY MMONEe3HO TpadHueckoe npeacraBieHye.

A
vy

a
a
s T
x, x
Puc. 2.6
Ha puc. 2.6 nMHHA perpeccun
P=a+bx 217

nocTpoeHa mo BaI6opke HabmonaeHuit. [ist Toro yToGel He 3arpoMOXIaTs rpaduk,
NOKa3aHO TONBKO OOHO Takoe HabmomeHWe: HabMZeHNe j, NpelcTaBIeHHOE TOY-
Ko#i P ¢ xoopaHHaTaMu (x, y,).

Korma x =x, NIMHMsI PETPECCHU NPEACKA3HBALT 3HAYEHUE Y = ), 4TO COOTBETCTBYeT
Toqke R Ha rpaduke, rae

$,=a+bx, (2.18)

Hcnonpsys ycaopHble 0603HAYCHHA, IIPHHEATHIE HA PHC. 2.6, 9TO ypaBHEHHE MOX-
HO Nepernucars CAeayIOUIHM 06pazoM:

RT = ST + RS, 2.19)

TaK Kak oTpe3ok ST paBeH a, a oTpesok RS pasen bx,.
QOcratok PR — 3T0 pasHocts mexny PT u RT:

PR =PT — RT = PT— ST —RS. (2.20)
Hcnonb3yd oOBIMHYKD MATEMATHYECKYID 3ailMCh, MpeacTapuM dopmyny (2.20)

B CNSAYIOLEM BUIE:
=y, =9, =y,—a~-bx, (2.21)

Ecan 6B B MpHMepe, MOKA3aHHOM Ha Tpaduke, Mbl BRIODANTH HECKOMBKO OOME-
[ee 3HAYEHHE g WIH HECKONbKo Goblice 3HaueHue &, To mpAMas npotuta 611 Onmxke
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K P, 1 ocTaTok e, Gbut Gbl MeHbiIe. ONHAKO 3TO MOBAMANO OH Ha OCTATKH BCEX ApY-
I'ux HabMoOmeHui, K 3TC HeoGXOAMMO YUHTBHIBATh. MUHHUMK3INpYS CYMMY KBaapa-
TOB OCTATKOB, MBI NMONBITAEMCH HANTH HEKOTOPOE PABHOBECHE MEXIY HUMM.

2.5. Perpeccua no MeToAy HauMeHbLUWX KBaapaTos
C OQHO He33aBMCUMOMN nepemeHHON

PaccmoTpum cnyyait, xoraa uMmeerca n HabMoONeHU BBYX MepeMEeHHbIX X | .
IMpeanonoXxus, 4TO ¥ 3aBUCUT OT X, Mbl XOTUM Moxobparts ypaEHeHHe
P=a+bx (2.22)

PacueTHoe 3HaueHHe 3aBUCHMOI NEpeMEHHOM §, M OCTAaTOK e; Wis HaGMoNeHUs
{ 3amaHbl ypapHeHusmH (2.18) u (2.21). Mul xoTuM BHOpaT: g H b, YTOGBl MHHH-
MH3MpPOBaTh BEMUYUHY 5

§=Yel=el+..+el. (2.23)

MoxHO OGHAPYKHTH, YTO BEJIHYMHA S MUHHMANLHA, KOTIA

_ Cov(x, »}
b= Var(x) (2.24)
H
a=y-bx. (2.25)
Bapuarrtsl soipaxeHus 4na b
Tax Kak
Cov(x, )= S(x - X)y - P =+ Z xy- 3% (2.26)
H
Var(x) = %Z(x -x)?= %sz -, 227
MBI MOXEM [MOMYUHTE CNEOYIOINNE BRIPAOKEHHUA OIS b:
1 -~ - o
_Cov(xy) _ g 2E N0 s x_xy-y).
Var(x) 1 3 (< ¥ Sa-x2 (2.28)
n
13 ay-3 —
Py _ ny- nxy '
1 27 XA —nx’ (2.29)

n
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B manbHeiueM B TeKcTe OymeT HCIIONB3OBATHCA MEPBOHAYANBHOE ONpEEENcHHE
b= Cov (x, ¥)/Var (x) H 3T0 BEIpaXXeHHE, BePOATHO, JIErYe BCero 3amoMHHTh. Ha npak-
THKE IS BHIMUCACHKA KO3DPULMEHTOB PerpecCHH HCIIONL3YETCS KOMIBIOTED, 1T10-
ITOMY HeT CMBIC/IA 3AIIOMHHATb ANBTSPHATHEHBIEC BRIpakeHus. 3Had onpeaeneHus Bhi-
GopoyHo#t AMCIIEPCHH H KOBADHALIMM, BEL BCEIIa CMOXETE BRIBECTH 3TH BhIPAXCHHA.

Brisos suipaxermiang anb'

Briroa sHpaxeHuit g g ¥ b Gyaer ocylIeCTBAATLCS B COOTBETCTBMH C TOM Xe
RpoLeaypo#, KOTOpasd HCIONL30BATACh B ABYX MpHMMepax B paadene 2.3, o npeyrara-
eTCA CpaBHHUBATh OGLUKIA BapUaHT ¢ IpUMEpaMK Ha KaxaoM 3rane. Haunem c roro,
yTO BEIPAa3UM KBAJpaT {-I'0 OCTATKA Yepes & M b 1 HaOMmoaAeHNS SHaYCHUH X U y:

e,? =(y; -»ﬁl-)2 =(y;,—a-bx; ¥ = y,-2 +a° +bzx,-2 - 2ay; +2abx; - 2bx;y;. (2.30)

CYMMHPYS[ mo BceM n HaGmwOeHUsAM, 3anMiueM S B BUIE:

S= Zy,z +na” + bzzx,z - ZaZy, +2m52x,- —szxfy,. (2.31)

JamMetum, 4T0 MaHHOE BRIPAXKECHHE 1A .§ ARIACTCA KBaLpaTHYHOH GopMoii mog K
b, 1 ee KO3DPOHUUMEHTH ONpPEaENAIOTCA BHOOPOYHRIMY 3HAYCHHUAMH X H y. MEI Mo-
XeM BIMATEL Ha BEJIMYMHY S, TONBKO 3a1aBasi 3HAUSHHA @ B b, 3HaYeHKI X U y, KOTO-
phie OTIPEJENAIOT NMONOXKEHUE TOYEK HA IHATPAMME PaccesHUs, YKe HE MOTYT OBITb
H3MEHEHBI [TOCMe TOro, KaK Mbl B3sUTH onpeleneHHyio BHOopky. [lomyueHHOe ypas-
HEeHHe NpeAcTaBaaeT cobolt 06o0LIeHHbIA BapHaHT ypaBHeHUH (2.4) n (2.13).

Ycnosus nepBoro NMopsaaka I MUHEMYMa, TO ecThb d.5/da = 0 u 95/36 = 0, npu-
HMMAKOT BUI

as

= 2an-22.y;+ 262 x; = 0; 2.32)
aQ

as 2

e 262 x! +2aX x; - 22 x,y; = 0. (2.33)

3TH ypaBHEHHMSA M3BeCTHB KAK HOpMAaJsHbIe YpaBHeHHA Ami KoddbduuueHTon
PETPeCcCHH M MpedcTaBAsiOT coboii oboblIeHHRe BapHaHTH ypasHeHn# (2.7), (2.8),
(2.14) n (2.15) B aByx npumepax. YpaBHeHHe (2.32) no3BOAAET BHIPA3HTh 4 yepes

¥, X W MOKa HeM3BecTHOE b. TTOACTABMB 7y BMECTO Ty, M nx BMECTO IX;, MOMYYHM:
2an-2ny + 2bnx =0. (2.34)

CnenoraTeNBHO,
a<y—bx. (2.35)

[ToncTaBMB BHIPAXEHHE WIS a B ypaBHeHHe (2.33) M MOMHA, 4TO Ix; paBHO nx,
HMeeM:

t Te, KTO He 3HaKoM € AwbdepeHUMANBHBIM MCHUCNSHUOM, MOTYT NPONYCTHTL CASAYVIOILYIO YaCTh
[AHHOrO pazaena.
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263 57 + 2nxy - 2bnx” —2X x,y, = 0. (2.36)

ITocne neneHud Ha 2n M MeperpynnUpPOBKYU MOMYYHM:

I 2] 1 —
b{; T x2-% } =1 ¥ -3 (2.37)

C yyeroM dopmyn (2.26) 1 (2.27) 3Tc BEIpaXKCHHE MOXHO NEPENNCATE B CACAVI-
IEM BHAE:
bvar(x) = Cov(x, y), (2.38)

H, TaKUM 00pa3oM, Mul MONyYHM ypasHeHHe (2.24). Haitng u3 3T0ro BHpaXxeHus b,
BHIPA3MM 3aTeM a 13 ypaBHeHus (2.25). ToT, KTo 3HAKOM C YCIOBUSMH BTOPOTO MO-
pAnka, 6e3 Tpyaa cMOXeT yOeAUThCA, YTO OHM YAOBAECTBOPEHAL.

Bo BTOpOM 4HCIOBOM MpuMepe, npuBoauMoM B pasmene 2.3, Cov (x, y) = 1,0;

Var (x) = 0,67; y=4,67, x=2,00. CnenoparenrHo,
b=100/067 =15 (2.39)

a=y-bx=467-152,00) =167, (2.40)

YTO NOATBCPAKNACT HCXOAHBIE BBIMHCICHHA.

2.6. MnrepnpeTtauma ypasHeHUs perpeccmm

CymecTBYIOT ABa 3TAna HHTEPNpPETAllMK ypaBHeHHZ perpeccHH. [Hepsbiit 3Tan
COCTOMT B CNOBECHOM MCTOMKOBAHHMHK YPAaBHEHHS TaK, YTOOLI 3TO GBUIO MOHSITHO
YeJIOBEKY, He ABISAICIIEMYCSA ClIEHATHCTOM B 06NacTH cTaTHCTHKYU. Ha BTOpoM 3Ta-
Ne HeoOGXOAHMO DEllHTh, CAeAYeT JH OrpaHuYHTLCA 3THM HAH NposecTH Gonee me-
TANBHOE MCCACAOBAHUE 3aBHCHMOCTH.

O6a 3rana 4upe3priyaiiHO BaXHE, Bropoit 3Tanm MbI paccMOTPUM HECKOMBKO IT03-
Ke, a noka oGpaTuM OCHOBHOe BHHMaHKE Ha NepBHIH 3Tam. 310 OyAeT MpouiincT-
PHPOBAHO MOAENDIO perpeccHy misa GyHKIUMU crpoca, T. €. perpeccHeil Mexnmy pac-
XofamMu noTpeduTens Ha nuTaHue () M pacrnonaraeMbpIM AHYHEIM OBOXOAOM (X) MO
JaHHbIM, MpUBeAeHHBIM B Ta0l. B.1 xna CIIIA 3a nepvon ¢ 195% o 1983 r. MauHbie
MpeacTaBieHbl B BUIe rpaduka (puc. 2.7).

TIpeanonoXuM, YTO HCTHHHAA MOIENE OITMCHIBASTCA CASTYIOIMM BRIpAXKEHHEM:

y=o+px+uy, (2.41)
Y OUEHEeHa perpeccus
¥ =553+ 0,093x, (2.42)

TonyyeHHBIH pe3yNnbTaT MOXHO HCTOJKOBATh cnenyowmyM obpasoM. KoaddbuumeHr
mpu x (k03dORIUMEHT HaKIOHA) [TOKA3KIBAET, YTO €CMH X YBEIHYUBAETCA HA ONHY
eAUHHMIY, TO y Bo3pacTaeT Ha 0,093 exunnuet. Kak x, Tax U y H3MEPAIOTCS B MiA-
JUapIax AOUIApOE B TIOCTOSHHEBIX LIeHAX; TAKHM o0pa3oM, KosdduineHT HaKIO-
Ha [TOKA3LIBAET, YTO €C/IH NOXOA YBEJWMHMBAaeTCA Ha | MApA. KON, TO pacXoidnl Ha
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NUTaHHE BO3PACTAIOT Ha 93 MuH. momn, JApYyrHMu C0BAMM, M3 KDKAOIO AOIOJHM-
TENLHOIO ZoJUlapa Aoxoaa 9,3 meHTa GYOYT M3pacxoNoBaHbl HAa NUTaHHME.

Y10 MOXHO CKA3aTh O IIOCTOSHHOM B ypasHeHHH? DOpMaILHO rOBOPA, OHA MO~
KA3LIBAeT MPOTHO3UPYEMBIil YPOREHB ¥, Koraax =0. Horaa 310 MMeeT ACHBII CMBICH,
uroraa HeT. Ecnd x = ( HAXOTMTCS HOCTATOYHO JaNeKo OT BHGOPOUYHBIX 3HAYEHHIT X,
T0 GyKBaNTbHAs HHTEPIIPETAIMS MOXET IPUBECTH K HEBEPHBIM PEe3YJILTATAM; TAXKE €CNH
JIHEMSL PErpecCHU JOBONBLHO TOYHO OMHCHIBAET 3Ha4eHMA HAOMOmaeMol BHIGOPKH,
HET TAPaHTHH, YTO TaK X¢ OYAeT OpH IKCTPAMONALMH BAECBO WAM BIpaBo.

Pacxoge Ha
y nnTadke

0 L i A " i " x
) 200 400 800 800 1000 1200 Loxoa

Puc. 2.7. PerpeccuonHan 3aBMCUMOCTb PARCXOR0B Ha MUTAHWE OT A0X0A08
(CLUA, 1959-1983 rr.)

B paccMaTpHBacMOM CNYy4ae IKCTPANONALHA K BepTUKANbLHON OCH [MPUBOIHMT K
BHBOZY © TOM, 4TO EC/IH JOX0A G511 OBl paBEH HYJIO, TO PACXO/BE HA MUTAHHE COCTA-
BHJIU 651 55,3 Mapi. mona. TaKoe TONKOBAHKE MOXET GHTh NPAaBIOMOTOOHHM B OTHO-
[IeKHM OTAENLHOrO YeNOBeKa, TaK KaK OH MOXeT M3pacXOA0OBATh Ha MUTAHKE HAKOM-
NeHHbIE WM OAO0MXeHHbIEe CpeficTBa. OaHAKO OHO HE MMEeeT HMKAKOIO CMbICIA MpH-
MEHHTERBHO K COBOKYNHOCTH. B 1aHHOM cny4ae KOHCT2HTA BHUTOMHACT SAMHCTBEH-
HYI0 ¢VHKIHIO: OHA MO3BO/IET ONPEACANTE TION0XCHHE THHHHA PErpecCHM Ha rpa-
tduke. TIpuMep NocToAHHOMN, KOTOpaA MMeET ACHEIR CMBICH, [IPHBEACH B YIIpaXHe-
HHH 2.1,

Ilpx HHTEPNpETALMH YPABHEHHA PErpecCHi YPe3BNYAKHO BAXXHO NOMHHTE O TpeX
Bellax. Bo-nepBrIx, @ ABAACTCA JNHILD OLICHKOM ¢, 2 § — oueHkoil B. TlosTomy Bea
HHTEPIIPETALNA B ACHCTBHTENBHOCTH IIPEAICTARAAET CoO0I UL oLeHKY. Bo-BTophIX,
ypaBHeHHE PErPECCHH OTPAXacT TOMNBKO O0LIYIO TEHACHLIKIO N4 Bol6opky. Upu atoM
KaxJ0e 0TAC/AbHOE HAOMoAeHNE NOXBEPXECHO BO3ASHCTBHIO cayqaiHocTeill. B-tpeTh-
HX, BEPHOCTb MHTEPNIPSTALIMY 3aBHCHT OT MPABUIRHOCTH CIICUN(HUKALIMH YPABHEHAS.

B CyLHOCTH, MBIl TOCTPOMAN AOBOJILHO HAWBHYIO 3aBHCHMOCTB 1A (DYHKIMH CIIpO-
¢a. Mu GyaeM HeODHOKPATHO BO3BPALUATECH K STOMY B CACRYIOLIHX pajiIchax, yToy-
HAS KAK ONpenesieHue, TaKk M CTATUCTHYESCKHE METOABI, MCIIONb3YEMBIE A ONEHKH
koadpuuMeHTOB ypaEHeHHd. B T0 Xxe BpeMs uMTaTeNio peKoMeHAYeTCH, HAYWHag C
ynpaxHeHus 2.4, NpOoBOOHTh MapajUlc/AbHBIE IKCIIEPHMEHTHI JUIA OIpeAcNeHHA
dyHKIMHA crpoca I ApYTHX TOBApOB, NpeacTasdeHHbIX B Taba. B.1.
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IMocne oueHWBAHMA pErpecCHy BO3HHKAET CASAYIOIIMI BOMPOC: CYLUECTBYIOT d
KAKHE-JTHOO CPEACTBa ONpeNeNeH!s TOYHOCTH OUEHOK? BTOT OYeHb BaXKHBIN BOT-
poc Gyaer paccMOTpPEH B cReAylolleM pa3aene. MEI Xe CHayana paccMoTpHM Gonee
TOAPOGHO PONB OCTATOYHOTO WICHA M €ro BIUAHWE HA OUSHKH O U .

MIHTEDRDETALINS TIMHEITHOrO YDAaBHEHUS DErpeccum

Tpencrapum nPocToi cocod uHTepnpeTaly KO3hdUIIHEHTOB THHEHHOTO
YPaBHEHHS PETPECCUH -

¥=a+bx,

KOTga ¥ ¥ X — [epeMeHHEle C [POCTEIMU, CTECTBCHHBIMY CAHHULAMU H3-
MEpeHHs.

Bo-nepBeIX, MOXHO CKa3aTh, YTO VBEJWUYEHWE X HA OAHY eAHHHTLY (B
eIHHHLUAX MIMEPEHHs TIEPEMEHHON X) MIPUBEAET K YBEAMYEHHIO 3HAYE-
HHA J Ha b enMHUY (B €AMHHUIAX M3MEPEHUA MTepeMeHHoH ¥). BropsiM 1maroM
ABNSETCHA NMPOBEPKA, KAKOBBI JEHCTBATEARHO COMHULBL M3MEPEHHA X U J,

M 3aMEHA CJIOBA «CONHULA» (PAKTHYSCKUM KOAHYECTBOM. TPETbHUM LIArOM
ABJISIETCA MPOBEPKa BOIMOXHOCTH DoMNiee NPOCTOTO BLIPpAXEHHUSA pe3ylnbTa-
Ta, KOTOPBIfi MOXKET OKa3aTbcA He BIOMHE ynoSHEIM. B npuMepe, npuse-
AOEHHOM B JaHHOM pa3fefe, B KAYeCTBE CAMHMHBI H3MEPEHWA LI X U ¥
HCIIONL3OBAINCE MUIINHAPALI AOIAPOE, YTO [1O3BOJHAOC MPOM3BECTH OYe-
BUAHBIE YIIPOIICHUA, ' ' _

IMocToAHHAS @ AaeT NPOTHO3UPYEMOE 3HAYCHKE ¥ (B CAMHHULIAX ), €CNK
x= 0. 3TO MOXET UMETh WK He HMETh SICHOrO CMBLICAA B 3ABUCUMOCTH OT
KOHKPeTHOH CHUTYaLHH.

Ynpaxrenust

2.1. PerpeccHoHHas 3aBHCUMOCTL PAacXOOE Ha MUTAHUE ¥ (OCHOBAHHAA HA TeX XKE
JAHHEBIX, HA KOTOPEIX YX€ CTPOMIACH ONTUCAHHAN B TeKcTe (hyHKIIMS CIIpOca) OT Bpe-
MeHH, onpeAeneHHOro Kak =1 ang 1959 r., t=2 ang 1960 r. u 1. ., 3agaHa ypae-

HEHHCM:
$=953+2,531.

HHTepnpeTHpyiiTe pesyRbTaThl OLEHMBAHMSA PETPECCHH M CPABHUTE HX ¢ aHAIO-
THYHEIM#A pe3yNbTATAMY B CAYYAe ¢ MOIENLIO PerpeccHH i GYHKIMH Cnpoca, pac-
cMaTpuBacMo#t B TeKcre. O6paTHTe BHUMaHHe, YTO B JAHHOM CJydae ITOCTOSHHAN
HMEET TNPOCTOE TONKOBAHHUE.

2.2. PerpeccHOHHaA 33BHCHMOCTE PACXOA0OB HAa ONIATY XHABS OT pacnonaraeMo-

1 ¥npaxHeHve 2.4 0cobBeHHO BAXKHO 8 TOM CMBICNE, YTO OHO HAYMHAET CepHIo perpecciil Ans dyH-
KU CNpoca, KOTopble BYayT OUEHWBATLER YUTATENEM HA NDOTRKEHUH BCel KHUMW. Ecan aTo ynpaxHe-
HWE BRINONHASTCA FPYNNOH CTYOEHTOB, TO NPENo4ARaTENL OOMKEH NaTe CTYAEHTAM 380AHWA C PA3HLIMM
Toeapamu. Bonae NoAROGHYID MHPOPMAUWO 06 MMEICUIMXCA AaHHBIX MOXHO NONYYUTE B NPUNOXKeHHH B.
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fO JINYHOTO O0X0HA B COOTBETCTBUHM ¢ Tabn. B.1, rae obe BeNHYHHB HIMEPEHH B
MWLTHApAAX HoMtapoB 3a mepuod ¢ 1959 mo 1983 r., moxeT ObITH hopMan30OBaHa

B BHIES:
$ =276 +0,178x.

PCl"peCCHOHHaH 3aBHCHMOCTD paCcXGaOB Ha OInary XHaba OT BPEMCHH, OIPCACACH-
Had TakK X¢€, KaK B YIIPpAXHCHHH 2.1, MoXeT OHTD npeacTtapicHa TakKUM 06pa30M:

§ =489 +4,84z.

JHaitTe 5KOHOMHYECKOE TONKOBaHHE 3TUX perpeccHii. OHU MpeamonaraT pasTHYHbIC
00BACHEeHHS A1 OAHHX M TEX XE JAHHBIX 1O nepeMeHHOit y. B Kakoif creneHH oHn
MOTYT GBITh COTTIACOBAHBI?

2.3. IocTpolite ypaBHeHHE PETPECCHH MEXAY P H € MO JaHHBIM K3 YOpaXHe-
Hug 1.3, cHayana Hcnonb3ya Bee 12 HabnogeHM, a 3aTeM UCKIIOMHE HaGaloneHHe
ans SinOHUM, H xaitre 3KOHOMHYECKYIO KHTeprnpeTauuiol.

2.4. B Tabn. b.! npuBeaeHH ¢XerogHule JaHHBIE O NMOTPeOUTENBCKHX pacxodax 1
pacnionaraeMsix TUYHBIX goxonax ana CILIA Ha nepuon ¢ 1959 no 1983 r. BuGepure
OAMH TOBAP — HE MPONYKTH MTHTAHHA U HE XAARe, — 0003HAYBTE Ero KakK y U ole-
HHUTE perpeccUio MeXEy y U X, [ie X — pacnofiaraeMslif TUYHBIA NOXOd, HCTIONE3YA
AaHHsIe 32 25 neT. Jaitte unTepnperaunio koadpuumuenToB perpeccuul.

2.5. OueHHUTE perpeccHi MeXIy XapaKTepHCTHKAMHE TOBapa H BpeMEeHEeM, KakK 3To
cenaHo B ynpaxHeHHH 2.1, JlaiiTe COOTBETCTBYIOLIYIO MHTEPIPETALIMIO H CPABHHTE
€¢ ¢ MHTEpIpeTaUHe perpeccuu, MOMYYEHHOH B yNpaXHEHUH 2.4,

2.6. ABa yenoBeka CTPOAT BPeMEHHON TpeHA AAs OMHOTO M TOTO Xe HaGopa U3
25 HabnroaeHH# MepeMeHHOR y, UCIIONB3YA MOACND:

y=oa+pttu

rie t — ppems (Iocae0BATENLHO NIPHHEMAOLIee 3HaYeHBA OT 1 o 25), a ¥ — cay-
yaiHei uneH. Ilepsblit monyuaer ypapHeHHE!

P=6,70+1,79:

Bropoit no o1nbKe OUEHUBAET PErPECCHIO MEXAY # H ¥ U IPUXOAHT K TaKOMY ypaB-

HCHHUIO:
F = —0,25 +0,44y.

M3 3TOro ypaBHEHHs! OH I1OJIYy4acT:
§=0,57+2,27s

O0bACHUTE HAMHYKE PACXOXACHUA MEXOY HAHHLIM ypaBHEeHHEM U YpaBHEHHEM,
NOJYJ4eHHBIM MEePBhIM HCCACHOBATEICM.

2.7. Kak usMeHwICA GBI pe3ynbTaT OLEHUBAHNSA PETPECCHH B YIIPAXHEHUH 2.1, ecnu
65l B KAUECTBE # HCIIONB30BAMIKACH hakTHYecKHe AaTh! (1959—1983 T.), 2 He unCaa oT
1 no 25?

2.8. Hccnemorarens H3yvaeT 3aBHCHMOCTb MEXAY COBOKYITHBIM CIIPOCOM Ha YC-

' He cheayeT HAYMHATL BEMUChEHNE KOFPOULMEHTOR perpectin CHAYaNA, TAK KaK Bl YXEe Bbi-
NONHWAK BONBLLIYID Y3CTh ZPUEPMETUYETKUX DACYBTOR B YNp@XHeHU 1.3,

2 Mpenopagatemo HEoBXOAWMO WMETE & BUAY, YTD ECNU 3TO MYNNOBOE 33HATHE, TO YHALLMMCH cne-
Ayet BaTb 3303HWA OLUEHUTE PErpeccid AnA PasHuX BUOOE TOBAPOS, NOMUMO NPOOYKIOS NHTAHWA W
AKUABR.
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nyru (¥) ¥ COBOKYIHBIM PAacIionaracMbIM JIMYHBIM JOXOAOM {X) [0 JaHHDbIM U1 aMe-
PUKAHCKO! 2KOHOMHUKH (00e BEeNIHYHHBI M3MEpPEHB! B MUUTHAPAAX AOJIAPOB B M10-
CTOSAHHBIX LIEHAX), UCTIONB3YS €XETOXHEIE JaHHBIE BPEMEHHBIX PSAOB H MOAEIbD:

y=a+px+u

1. HccnenoBatens MOMydaeT ypaBHeHHe, MPOBOMSL perpecCHOHHBIN aHaNIH3 ¢
MOMOILBI0 OOBIYHOrO METOAA HaUMeHBINX KBaxpartoB. IIpennonaras, 4to
06¢ BENHYKMHK ¥ H X MOTYT OBITh CYLUECTBEHHO 3AHIDKEHEl B CHCTEME HALIM-
OHAJIBHBIX CHETOB H3-3a CTPEMICHHA NIoAeH YKITOHNUTBCH OT YIUIATH HATO-
rOB, HCCNENOBaTeb IPHHUMAET ABA ANLTCPHATHBHBIX METOZA YTOUHEHMS
3aHIDKEHHBIX OLIEHOK.

2. UccnepoBatens a06aBmaeT B KaxuoM rogy 90 MApa. OO, K HOKA3ATENIO ¥y H
200 mapa. RoJUI. K [TOKA3aTEN X.

3. HcenenoBatens yBeJIMYHBACT 3HAYEHHS KaK A X, TaK M 1A v Ha 10% 3a
KAXAbIA rox.

OleHUTe BIMAHHE KOPpeKTHPOoBOK (2) M (3) Ha pe3yAbLTATH OLEHHBAHHA per-

PeccHM.

2.9. Hcenenoparenk HMEET €XerofiHble JaHHBIC O BPEMEHHBIX PSAX JULS COBOKYII-
HO# 3apaboTHOI rnatw { W), coBokynHoit npubsumm (I1), U coBokynHoro aoxoaa (Y)
Ui CTpaHBl 3a nepuoA B n JieT. [lo onpeneneHuo

Y=w+11.

Hcnonb3ysa o6wYHBIA MeTOX HAMMEHBLUMX KBAaApaToB, IOJYYaeM YPaBHEHHE per-
peccumu:

W= a,+aY;
N =p+5Y

Hoxaxure, 4To KoPPHUKSHTH perpeccHH GYayT aBTOMATHYECKH YAOBJIETBOPATE
CNEeAYIOIIHM YPaRHEHMSAM:

a+b=1
a, +8,=0.

O0bscHHTE HA HHTYHTHBHOM YPOBHE, IIOYEMY 3TC AOJIXHO OHTH HMEHHO TaK.
2.10. Hccnenoparens CYUTAET, YTO B HECTOXACTHMYECKOM YACTH HCTUHHOMK MOIENH

¥ POMOPLUMOHANIEH X:
y=px+u

BriBeOuTe Ha OCHOBAHHMH MCXOOHBIX MPUHUKIIOB GopMyny aad b, ouenkn MHK

s b, TloxaxuTe, 4TO B 3TOM chy4ae (2.31) MOXHO 3alHCaTh B CACAYIONIEM BUIE:
S=Xy}+ 02X x} 263 x;y;,
H 4TO, CNeNOBATCNBHO,
b=Xxy | Lxi
2.11. Beisenute H3 HcxooHRx npeanoceutok oueuky MHK ang o B monenu:

y=oc+u



JOpyruMy caoBaMH, ¥ fpeacrapiger co0oi MpocTo ¢yMMy HOCTOAHHOMK BeRHYH-
HB ¥ caydaitHoro wieHa. CHoBa BHaYale onpenenure S, a 3atem npoauddepen-
nHpyiTe.

2.7. KavecTBo oueHw: koaponumenr R2

Lenar perpeccCHOHHOrO aHANU3a COCTOMUT B OGbLACHEHUM NOBeReHUS 33BHCHMOM
nepeMeHHo# y. B moboit nanHO# BHOOPKE y 0KAa3piBAETCA CPABHUTENBHO HHIKHM B
OZHHX HaOMOACHHUAX ¥ CPABHKUTENBHO BHICOKHM — B APYTHX. ME XOTHM 3HAaTh, MO-
yeMmy 310 Tak. Paabpoc anaueHuil y B moGoit BHGOpPKe MOXHO CYMMAapHO OTIHCATE C
NIOMOINEIO BEIGOpOMHOM aucnepcHi Var (). Ml IOMXHBEI YMETh PACCUNTHEBATE BENH-~
YUHY 3TOH AUCHEPCHH.

B niapHOM perpecCHOHHOM aHAIM3¢ MbI NIBITAeMCA OOBACHMTD TIOBEICHIUE ¥ IYTEM
ONpeHCNCHHUA PErPECCHOHHON 3aBHCHMOCTH ¥ OT COOTBETCTBCHHO BBHIGPARHOM He-
3aBUCHMOil nepemenHo# x. [Tocne mocTpoeHMsa YpaBHEHWS PETPECCHH MBI MOXEM
pa3GuTh 3HaYEHHe y; B KAXIOM HaGMONeHMH Ha JABE COCTABRIAIOUMX — §, M e,

¥ - f“ + e, (2.43)

BenuunHa §, — pacueTHOe 3HAa4YeHMe y B HAGMIONEHUH { — 3TO TO 3HAYEHHE, KOTO-

poe yMen Owl y NIPH YCAOBHH, YTO YDABHEHHE PErpeccHH OLUIO NpaBuNBHLIM, W OT-

CYTCTBHH CydaffHOTO (DAKTOpa. 310, MHEIMH CJIOBAMH, BEJIHYMHA ¥, CIPOTHO3ZHPO-

BAHHAsA MO 3HAYCHU!IO X B JAHHOM HAOMIONeHHH. Torla 0CTaToK ¢; ECTh PaCXOXIACHHE

Mexay (hakTHYEeCKHM M CIPOrHO3UPOBAHHLIM 3HAYEHHUAMM BeTHYHHLL ¥, DTO Ta 4acTb

¥, KOTOPYIO Mbl He MOXEM OOBACHUTD C [IOMOILUBI YPABHEHNA PErPECCHHE.
Hcnone3ysa (2.43), paznoxuM OUCIIEPCHIO Y.

Var(y) = Var( + €) = Var(y) + Var(e) + 2Cov(p, e). (2.44)

Hanee, okassiBaetci, 4to Cov (§,, €) RomkHa 6bITh paBHA HY/I0 (CM. YIIpaXHeHUE
2.12). CnenoBaTebHO, MBI [IOJIYYAEM:

Var(y) = Var(y) + Var(e). (2.45)

BT0 03HAYAET, YTO MBI MOXEM PasToXuTk Var () Ha gBe dacTu: Var (§) — yacth,
KOTOpas «OOBACHAETCS» YpaBHEHHEM pPErpeccuM B BHIUCOMHCAHHOM CMBICHE, H
Var (¢) — «HeOOBACHEHHYIO» YacTh!.

Cornacuo (2.45), Var (§)/Var (y) — 310 4acTh AMCTIEPCHHK Y, OOBIACHEHHAS ypaB-
HEHHMEM PErpecCHH. STO OTHOLUCHUE H3BECTHO KaK KO3 hULUMEHT AeTepMUHALINH, H
ero o6pMHO oGo3HavaloT R

r2 = V)
Var(y)’

(2.46)

YTO paBHOCHTABHO

1 CnoBa «0GBACHBHHKIA» N «HEOGLACHAHHA» B3ATH B KABLMKWY, TaK KaK OGLACHEHWE, B CYLUHOCTH,
MOXeT 66T MHUMbIM. B A8ACTEWTENLHOCTH ¥ MOXET 3aBUCETE OT KaKoR-TO APYrol NepeMeHHoN 2, u .x
MOXET OSACTROBATL KaK BEAWYWHA, 3aMel@inan z{Gonee noapobHo 06 atom oM. B raage §). Noatomy
BMECTO CAioBa «00bACHEHHBIA» 3AECH NYYLLe YNOTPebNATL BUPAXEHWE «NPaaCcTaBNAKLMACA 00LACHEH~
HeIM>,
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_ Var(e)
Var(y)’

MakcumanbHoe 3HaueHe Ko3pdHIIHeHTa R? paBHO EAUHHIIE. DTO MIPOUCXOAUT B
TOM C/Iydae, KOTOa JIHHHA PETPECCHH TOMHO COOTBETCTBYET BCeM HAGTIONEHHAM, TAK
YTO P, = y, Ais BCEX § M BCE OCTATKH paBHel Hym1o, Toraa Var (§) = Var (y), Var(e) =0
K RI=1.

Ecnu B BBIOODKE OTCYTCTBYET BHAMMAA CBE3b MEXAY ¥ U X, TO KO3 dHIIHeHT R?2
Oyner OMM30K K HYJIO.

Ilpu npoyHX paBHbBIX YCAOBHsIX XenaTenbHo, yroGbl KoadouumedT R?2 66 xak
MOXHO Gonbine. B yacTHOCTH, MH 3aMHTEPECOBAHH B TAKOM Bribope koa(duimeH-
TOB a M b, 4yToOB MaKCHMH3UpoBaTh K2, He nporuBopeudT Nk 310 HameMy Kpure-
PHIO, B COOTBETCTBHH € KOTOPKIM @ H b NOJDKHEI GBITH BHIOPAHBI TAKHM 00paioM, YToDs!
MHMHHMH3HPOBATb CyMMy KBaapaToB ocTaTKoB? Her, Ierko mokasaTb, YTO TH KPH-
TEpHH IKBMBANCHTHB!, ecau (2.47) UcnonblyeTca KaK OnpeneneHne Koadouuu-
enTta R2, OTMeTHM cHayana, 410

e=y,— §,=y,—a—bx, (2.48)

OTKyAa, Beps cpeaHee 3HaYeHHUe ¢ 1o BbLIOOpKE M WCMOJb3ys ypabHeHHe (2.25),
HOAYIMM:

R*=1

(2.47)

e=y-a-bx=y—-[y-bx]-bx=0. (2.49)
CnenopaTelBHO,

Var(e) = %Z(e‘- —eP = %Ze?. (2.50)

OTcroga cnedyeT, YTO NPHHLIMN MHHMMH3ALUHH CYMMBl KBAIPATOB OCTATKOB 3K-
BHBaJIEHTEH MHHUMH3ALHK TUCTICPCHH OCTAaTKOB IPH YCAOBHM BHIIONHeHH (2.25).
Oneako ecnd MBI MHHMMH3MpYeM Var (€), To IIpHd 3TOM B COOTBETCTBHH ¢ (2.47)
ABTOMATHYECKH MAaKCHMM3MpyeTcs koadduuuenT R2.

AflbTEDHATUBHOE NMDEACTABNCHIE KO3pPuLmeHTa R?

Ha WHTYUTHBHOM YPOBHE NMPEACTABIACTCA OYSBHIHEBIM, YTO 4eM OOJBIIE COOT-
BETCTBHE, 00SCIIeUNBAEMOE YPABHCHHMEM PEIPECCHH, TeM S0JIblUe JOMIKeH OHITH KO-
acdurmeHT Koppenauuu WA GaKTUYECKUX M MPOTHO3HBIX 3HAYEHMI y, H HA060POT.
IMoxaxeM, yro R? ¢pakTHYecKH PaBeH KBaIpaTy TAKOTO KO3POULMEHTA KOppens-
LMK MEXIY ¥ 1 §;, KOTOPHIH MEt 0G03HAYMM r, ; (3aMeTuM, uto Cov (e, §) = 0; cm.
ynpaxHeHHe 2.12):

roaeCov3 9} _ Cov({f+el.f) _ Cov(g,§)+Covie,d) _
P Na(p)Var()  JVar)WVar(h)  JVar(p)Var(5)

____Var() =JVar(ﬁ)= e
JVar(p)Var(p)  JVar(y) )

(2.51)
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Tpumep sotancrennss kospgmmenta R?

BeruuciaeHHe KoapuiineHTa R?2 BHIONHACTCH Ha KOMIBKITEPE B paMKax mpo-
TpaMMBbl OLIEHNBAHHA PerpeccHy, MOITOMY AAHHBIH MPUMEp MPUBEICH JHLUb B Le/sIX
winiocTpauyi. byaeM Hcmoap30BaTh npocredWIKMA npuMep ¢ TpeMsa HabaOgeHus-
M1, ONTHCAHHBIA B pasfene 2.3, rae ypaBHEeHHUE PErpeccHu

¥ = 1,6667 + 1,5000x (2.52)

HOCTPOEHO 110 HAOAKICHMAM X B ¥, MPHBEICHHBIM B Tabn. 2.3. B Tabmue Taxoke qaHks
§,1 e, ins KaXa0ro HAGMIOACHUSA, BLIMUCIEHHBIC C [IOMOLWIbIO ypaBHeHus (2.52), u
BCE OCTANbHBIE AaHHblE, HEOOXOAUMBIE VISt BEIMMCAeHMd Var (3), Var (§) u Var (e).

(3aMETUM, YTO ¢ AOMKHO GHITh PABHO HYJIO, TaK YTO BEWYMHA Var (e) = (1/n) Ze? )

Tabnwua 2.3
HabnogsHun  x y ¥ e y-p 9-y r-yP (y-pF e2
1 1 3 3,1667 -0,1667 -1,6667 -15 27778 2,25 0,0278
2 2 8 46667 0,3333 0,3333 0,0 0.1111 000 01N
3 3 6 6,1667 -0,1667 1,3333 1.5 17778 2,25 0,0278
Cymma 6 14 14 0 4,6667 4,50 0,1667
Cpegrea 2 4,6667 46667 0 1,6556 1,50 0,0556

M3 tabn. 2.3 MOoXHO BMAETH, 4TO Var (y) =1,5556, Var () =1,5000 n
Var (e) = 0,0556. 3ameTum, ¥ro Var (y) = Var (§) + Var (e), KaK 3T0 ¥ JOXKHO GBITh.
Ha ocHOBaHMH 3THX 3HAYEHHH MBI MOXEM BRIYHCIHTE KOSGPHLHEHT R 2, HCMONB-
3ya ypasHeHHe (2.46) unu (2.47):

_ Var(d) _ 15000

2 _ .

B = Tarty) ~ 15556 = %6 (2.53)
2 __Var(e) | 00556 _ .

R =1~ Ve =1 05336 = %% (2.54)

Yapaxwerus

2.12, Hokaxwute, uto Cov (§, €) nomxna GuTh paBHA HYMO, HCMONL3YS. PaBEH-
ctea § =a + bx, e =y —a — bx ¥ KOBAPHALUMOHHEIE NPaBUNA.

2.13. Hcnone3yda naHHKE, NpUBEA¢HHEE B TaOM, 2.3, BoluMcauTe KOMPPHIIUEHT
KOppENALIMU MEXAY ¥ H § U yOeAHTECh, YTO 3HAYeHHE K03 DHULINEHTa R, nonydyeH-
HOE NyTeM BOSBENSHMA €ro B KBampaT, ABISETCA TAKHM XK€, KaK B HalleM IpHMepe.
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2.14. 3naveHus K03dduLumMeHTa R2 g perpecCHOHHHX 3aBucumocteit (1) pac-
XONOB HA NPOXYKTHI MUTaHUA H (2) PacxXoNoB Ha XWIbE OT paclojaraeMoro JH4-
HOTO A0x0na [cM. ypaBHeHWe (2.42) ¥ ynpaxHeHHe 2.2] COCTaBUIH, COOTBETCTBEH-
HO, 0,98 1 0,99. Kakoit BBOI MOXHO ¢AeNtaTh HA OCHOBAHHH 3THX 3HaYeHHI (eCaH
Kaxkoii-n1ubo BHBOA 30¢Ch BO3MOXEH)?

2.15. Kakopo 3HauyeHHe Ko3dpPpHuMeHTa R2 B perpeccHm MeXy XapaKTepHCTHKa -
MH BEIOpAHHOTO BAMM TOBapa M pacnojlaraeMeIM JIHYHEM noxoxoM? TIpoKoMMEHTH-
pyiiTe 3ToO,



CBOVWCTBA KO3ODPULIMEHTOB
PEFPECCUM N NPOBEPKA T'MNOTES

C NOMOWLID PErPpecCUOHHOT0 aHANH3a MBI MOXEM TONYYHUTE OLUEHKH MapaMeTpoB
3aBUCHMOCTH, OIHAKO OHM ABNSIIOTCA NMUIL olerkami. T103TOMY BOTHHKAET BOIPOC
0 TOM, HACKOJBKO OHM HallexHbl. JamuM cHayana OBt oTBeT, H3YYMB YCIOBHA
HECMEIHEHHOCTH H PaKTOpHl, OfpeneAAoiiHe INCepcHO OleHOK. OCHOBBIBAACDH HA
3TOM, MBI §YEM COBEPLICHCTBOBATE CITOCOOL! MPOBEPKH COBMECTHUMOCTH PErpecCH-
OHHOIt OLEHKH ¢ KOHKPETHC anpHOpHO# rHRoTe30i 06 UCTHHHOM 3HAUCHUH Olie-
HHBaeMoOTO MMapameTpa, M caegoearensHo, MBI OydeM CTPOUThL OJOBEPUTENBHBIN HH-
TepBait ANl KCTHHHOTO 3HAYEHMs, KOTOPhIA NpeacTaBasier cofoi MHOXECTBO BCex
BO3MOXXHBIX THAQTETHYECKHX JHAYCHHUH, He NPOTHBOPSYALLMX PE3YIbTATAM SKCTEPH-
MeHTOB. Bymer Tarkoke moKasano, KaKHM o0pa3oM MOXHO NpPOREPHTH, ABSIETCH JIH
KauyecTso nogfopa Kpusoit Gonee BRICOKMM, Me€M NPH YHCTO cayyaliHoM noaGope.

3.1. Cayvaitnnie cocrapnsolne Ko3GPRRNEHTOB perpeccun

KosdpuuueHr perpecciy, BBIMHCASHHBIN METONOM HAaHMEHBIIHX KBAIpaToB, —
310 ocobad ¢opMa cayyaiiHoi BENTHYWHLI, CBOiCTBA Kofopoﬁ 3ABHCAT OT CROMCTB
OCTATOYHOTO WieHa B ypaBHeHMH. MEI NpoeMOHCTPHPYEM 9TO CHayana TeopeTHIec-
KM, a 3aTeM MMOCPEACTROM KOHTPOMHPYEMOro SKCnepuMeHTa. B YaCTHOCTH, MBI YBH-
IUM, XKaKoe 3HaYeHHe A OueHKH KO3(PHIHEeHTOR perpecci HMEKT HEKOTOpbIE
KOHKPETHBIE NPEANONOXEeHNA, KACcaloliNnecs OCTATOYHOTO YcHa.

B xone¢ pacCMOTPEHHS MB! MOCTOSHHO OyaeM UMETD AeJI0 ¢ MOOENbI0 MapHOH per-
PECCHH, B KOTOPO# y CBA3AH ¢ X ClieAyIOLICH 33BHCHMOCTBIO:

y=o+px+u, 3.1)

H Ha OCHOBe n BHIOOpOYHBIX HaOnioneHWil GyneM OLIEHWBATh YpaBHEHHE perpec-
CHM,

y=a+bx 3.2)

Msl Takke 6yoeM BPeanocnarars, YT0 X — 3TO HECAYYAiHAsA 3K30TeHHast repe-
MeHHasA. HEIMM CTOBaMK, e 3HAYeHHA BO BCeX HAOMIOACHMAX MOXHO CYMTATH 3a-
paHee 3aaHHLIMH M HHKAK HE CBA3aHHLIMHU C HCCIEAYEMOM 3aBHCHMOCTLHI.

Bo-nepBsix, 3aMETHM, YTO BEIMUMHA ¥ COCTOMT U3 ABYX COCTARAMIOIMX. OHA BKIIO-
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yaeT HeCHydaiHyi0 cocTapasiollyio (o + Bx), xoTopad He UMeeT HHuero obuiero ¢
3aKOHAMH BeposTHOCTH (ot M § MOryT GbTh HEM3BECTHBIMU, HO TEM HE MEHee 3TO
TIOCTOAHHBIE BEJIMYMHAI), U CAYYAHHYIO COCTABISIIOUIYIO .

Orciona cneayer, uro, koraa Ml BelMucsieM b no oGepyHOW (opmyne:

_ Cov(x,y)
" Var(x) ’ 3.3)

b Takxe cCOIepXHUT caydaiiHyio cocTaenanoyio. Cov (x, ) 3aBUCHT OT 3HadueRHi y, a
¥ 3aBUCHT OT 3HAYCHHH w.

Ecnu cayyaitHad cOCTARNSOIAS IPHHUMAEST Pa3HbIE 3HAYEHUS B # HAOIOAEHH-
AX, TO MbI TIONYYA€M PA3NHYHEIE 3HAYEHHUA ¥ U, CAEAOBATEAbHO, Pa3HbIC BEAMYHHBI
Cov(x, y) u b,

TeopeTHyeckH Mbl MOXEM PasAOXHTh b HA CAYYANAHYIO H HECYYaHHYIO COCTABAS-
jouMe. Bocronb3oBaBIIKCh COOTHOWIEHHEM (3.1}, a Takke TipaBuIOM / pacyeTa Ko-
BapualM¥ W3 pasgena 1.2, monydmm:

Cov(x, y) = Cov(x, [ + Bx + ul) = Cov(x, ) + Cov(x,px) + Cov(x,u). (3.4)

ITo koBapuaroHHOMY NpaBHay 3, Kesapuanna Cov (x, @) pasua HyAw. 1o xo-
BapHALMOHHOMY MNpaBHny 2, xopapuauusa Cov (x, fx) pasHa BCov (x, x). IIpuuem
Cov (x, x) 310 TOXe, 4T0 U Var (x). CregoBarensHo, MB MOXeM 3aMHCaTh:

Cov(x, y) = pVar(x) + Cov(x, u}, 3.9)
H, TaKUM oOpa3oM,
_ Cov(x,yy _ Cov(x, u)
b= Var(x) B+ Var(x) (3.6)

HMrtak, MBI MOKa3zanW, YTe Ko>DEMHUIHEHT perpecciu b, MoayueHHBH Mo modoi
BelGOpKe, TIpeAcTaB/MAeTCA B BHIAE CYMMBI AByX caaraeMbix: 1) mocTrosHHoOH Benmu-
YMHEB!, PABHOII MCTHHHOMY 3HaucHHK Koadduiuuenra B; 2) cnyyafiHoit cocras-
naoleit, 3asucsieir or Cov (X, ¥}, KoTopoit 00ycTORNEHH OTKAOHEHMS KO3pu-
LHeHTa & OT KOHCTAHTH §. AHANOrMYHBIM 00pa3oM MOXHO MOKAa3aTh, YTO & MMeEEeT
NOCTOAHHYIO COCTABAAIOWIYIO, PABHYIO MCTHHHOMY 3HAYEHHIO O, ILTIOC CydaiHyIo
COCTABAAIONIYI0, KOTOpAasA 3aBHCHT OT CaAyyaitHoro ¢axropa u.

Cneayer 3aMeTHTb, YTC Ha MPAKTHKE MH He MOXeM PaaloXUTh K03 PHINeHTH
PErpeccHH Ha COCTABMAIOUIHE, TAK KAK He 3HaeM UCTHHHEBIX 3HaYeHHW o | 5 win dak-
THYECKHX 3HaYeH#it # B BEIOopKe. OHH HHTEPECYIOT HAC MOTOMY, YTO IPH OIpeae-
JNEHHHKIX TIPEANONOXEHUAX TO3BOAAIOT MONYYNTh HEKOTOPYIO HHGOPMAIINIO O Teope-
THYECKHX CBOMCTBax a u b.

3.2. IxcnepumeHT no metoay Moute-Kapno

ITo-BHAMMOMY, HMKTO TOYHO He 3HaeT, MOYEMY 3KcHepumerm no Memody Mon-
me-Kapao Ha3plBaeTcss MMEHHO TaK. BO3MOXHO, 3TO Ha3BaHME MMEET Kakoe-TO OT-
HOIIEHHEe K M3BECTHOMY Ka3MHO KaK CHMBOJY AefiCTBHS 3aKOHOB CAYYaitHOCTH.

OcHOBHOE NOHATHE GyAeT OGBACHEHO NOCPEACTBOM aHANOIHHK. [IpearnonoxumM, Yy1o
CBHHbS 00yyeHa HaXOAUTh Tpiodeny, BTo ANKOPacTyLIHE 3eMISHEIe IPUOBI, BCTpe-
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qaommeca Bo @paHuun ¥ Hranuu M cumraniuneca genaMkarecoM. OHH JOpOTH,
TaK KaK MX TPYOHO HaiiTH, M Xopolwas CBHHBA, 00YYeHHan NOMCKY Tploderneii,
CTOMT Joporo. IlpobnemMa COCTOMT B ToM, YTOOBI Y3HATH, HACKONALKO XOPOLUQ CBH-
HbA HIET Tpiodead. OHa MOXET HAXOOWTE HX BPEMA OT BPEMEHH, HO BO3MOXHO
TAKKe, YTO OoNbIIoe KOAMYECTBO TploQesei oHa npolyckaeT, B cayuae geficTBU-
TENBHON 3aMHTEPECOBAHHOCTH BH MOIAIM Obl BRIOPATh YYACTOK 3€MJH, 3aKOMaTh
TpIodhenn B HECKONBKHX MECTAX, CTIYCTUTh CBUHBIC M IIOCMOTPEThH, CKOJNBKO IpPH-
6oB oHa 0OHApPYXUT. IToCcpeaACTBOM TAKOTO KOHTPOINPYEMOr0 SKCIEPUMEHTA MOXHO
6rin0 ObI HEMOCPENCTBEHHO OLEHUTH CTENEeHb YCIIEIMHOCTH MOMCKA.

Kakoe oTHOLIEHHE 3TO UMeeT K perpeccMcHHOMY ananu3zy? IIpoGnema B TOM,
YTO Mbl HHKOCZI2 He 3HAeM WCTMHHBIX 3HA4YeHMd o U B (MHadye 3aueM OB MBI MC-
MONB30BANM PErPECCUOHHBIA aHANH3 ANA HX oueHKHU?), [To3TOMy MBI HE MOXEM
CKA3aTh, XOPOILIHE HAH IUIOXUE OUEHKH J2eT Hall MeToj. DKCMEpHMEHT e METOmy
MonTte-Kapno — 370 UMCKYCCTBEHHBIHF KOHTPOAMPYEMBIN 3KCIEpUMEHT, Ao
BO3MOXHOCTh TAKO# mpoBepkH. ITpocTeiilmii BOSMOXHEIR SKCIIEPHMEHT IO METO-
1y MoHTe-Kapno cocTouMT H3 Tpex 4yacrteii. Bo-nepBbIX:

1) BbIGHpAIOTCA HCTHHHBIE 3HaY9eHUT o | [i;

2) B KaxgoM HaOmoaeHHH BHIOMpaeTCsa 3HAYCHHE X;

3) dcneap3yeTca HEKOTOPHIH MPoLEce NeHepauuM caydaitHelx uyucen (unu Ge-
PeTCs MOCNeA0BATeBHOCTE H3 TAOAULIEI CAYHalHBIX YHCEN) ANA MOAYYeHU 3Have-
HUH CaydaiiHOro (hakTOopa K B KAXIOM M3 HaGMIOACHHI.

Bo-BTOpLIX, B KaXA0M HaGMIOAEHNH re HEPUPYETCA 3HAYEHHUE Y C UCTIOAB3OBAHH-
eM cooTHOweHus (3.1) ¥ 3HauYeHHt o, B, x U u.

B-TpeTbuX, NPpHMEHACTCA PErpPeCCHOHHBIN aHANM3 14 OLUSHHUBAHMA MapaMerT-
POB @ U & C HCNIOJIBE30BAHHEM TONBKO MONYYECHHBIX YKA3aHHKM o0pa3oM 3HaueHMit
¥ M DaHHBIX On9 x. [IpH 3TOM BE MOXeT¢ BUAETh, ABAAIOTCA M & H H XOpOIUHMH
OLEHKAMH ¢ U 3, ¥ 3TO MO3BOJIHT IIQYYBCTBOBATE MPUIGAHOCTE METOJA MOCTPOSHMSA
PErpecCHH.

Ha nepBEIX ABYX 11arax NPOBOAMTCS MOOTOTOBKA K MTPUMEHEHHIO PerpecCHOHHOTO
Meroaa. Mu NoAHOCTBI KOHTPONKPYEM MOAEAb, KOTOPYIO CO3aeM, H 3HAEM MCTHH=
Hbl¢ 3HA4YEHHA NapaMeTPOB, IOTOMY YTO CaMH HMX onpenenuad. Ha TpetheM aTane MH
onpefensieM, MOXET JH MOCTABNEHHAA HaMU 33Ja4a pellfaThCsa ¢ MTOMOLUBIO METONA
PETPECCHH, T, €. MOIYT JIH ObITh NMOAYYEHH XOPOLINME OUEHKH ANA ¢ W  NpH HCMONb-
30BAHMH TOJbKO AAHHBIX 00 ¥ M X. 3aMETHM, 4TC NnpobieMa BOIHHKAET BCICICTBHE
BKIMIOYEHHS CAy4aifHOro ¢axropa B npouecc noay4eHus y. Ecau 6b1 5T0T (akTop
OTCYTCTBOB&JI, TO TOUKH, COOTBETCTBYIONIME 3HAYSHUAM KAXKAOr0 HabnIOmeHWs, Jie-
Xany 6b1 TOYHO Ha npsaMoit (3.1) ¥ ToyHbIe 3HAYEHUSA O M B MOXHO GbLIO 6bI 0YEHD
MPOCTO OMPEeACAHTh O 3HAYCHUAM Y U X.

TTpou3BOABHO MONOXKUM o0 =2 1 B = 0,5, Tak YTO UCTHHHAA 3aBHCHMOCTb UMEET
BIA;

y=2+05x+u (3.7

[MpennonoXuM AN NMPOCTOTHL, YTO HMeeTcsa 20 HaGmwaeHUN H 4YTo X NTPHHHMA-
eT 3HaveHuA ot 1 po 20, JIna caydaitHoit ocTaTodHol cocTapstrotteil & Oymem uc-
10Ab30BaTh CAYYaifHBIC YUCIA, B3AThIE U3 HOPMANBHO paciipefieieHHOH CoBOKyI-
HOCTHM C HY/IEBBIM CpeHHMM H eNUHHYIHOH aucnepcuei. Ham moTpebyercs Habop
13 20 3HaYeHnii, 0GO3HAUNM UX M, ..., Pty CIyyalHHM WieH ©, B IEpBOM Habmo-
AEHUH TPOCTO paBeH 1 M T.A.
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3Had 3HAYEHHSA X M & B KaXIOM HabmoJeHKH, MOXHO BEMUCAWTL 3HAYCHUA Y,
HCTIONB3Y4 ypasHeHHe (1.7); 1o caelaHo B Tabn. 3.1. Tenepb NpH olleHHBAHUH per-
PECCHOHHOMN 3aBUCHMOCTH Y OT X MONYIKM:

§=1,63 + 0,54x. (3.8)

B zaHHOM clyuae OLeHKa g NMpHHIA MeHbluee 3HaueHke (1,63) no cpaBHeHHO
¢ o (2,00), a b uemnoro sunue § (0,54 no cpaenenuio ¢ 0,50). PacxoxneHns BRI~
BaHBl COBMECTHLIM BAMSHHEM CAyJYaiiHbIX 4neHoB B 20 HaGMIOOEHHAIX.

OueBUAHO, YTO OFHOTO IKCICPHMEHTA TAKOro THMA €HBA JH JOCTATOYHO MAA
CLEHKH KayecTBa MeTona perpeccuu. OH Jan ACBOABHO XOPOLIHe Pe3yIAbTAThl, HO,
BO3MOXHO, 3T0 JHIUbL CYACTAUBHI ciayvail. s nanbHelnieil npoRepKH NOBTOPHM
IKCMEPHMEHT C Mem e UCTHHHBIM ypasHeHHEM (3.7) M ¢ memu osice 3HAYCHMAMH
X, HO C Ho8uM HAOOPOM CydaitHBIX YHCEN ANg OCTATOYHOrO WieHa, B3ATHIX M3 TOr0
Xe pacnpezneneHUA (HylleBoe CpeaHee M eMHHYHAA gucnepcus). Mcnonbsya 37H 3Ha-
YeHMA M 3HAUYCHHA X, MOMYYHM HOBBIH Habop 3HaueHHM#H y.

B uensax 3KOHOMHH MecTa TaOiMUA ¢ HOBEHIMH 3HAYSHHAMH ¥ M ¥ HEe IIPHUBOLHTCA.
Bor pe3ynsTar OUeHHBAHHUA PEIPECCHH MEXAY HOBBIMH 3HAYCHHAMY Y K X:

$=2,52+ 0,48x. (3.9)
Tatinuua 3.1

X u ¥ X 7 ¥

1 -0,59 1,91 11 1,59 9,09
2 -0,24 2,76 12 -0,92 7,08
3 -0,83 2,67 13 -0,71 7.79
4 0,03 4,03 14 =-0,25 8.75
5 -0,38 412 15 1,69 11,19
6 -2,19 2,81 16 0,15 10,15
7 1,03 6,53 17 0,02 10,52
8 0,24 6,24 18 -0,11 10,89
9 2,53 9,03 19 -0,91 10,59
i0 -~0,13 6,87 20 1,42 13,42

Bropoit akcrniepumMent Taxcke 6uu1 yenemmnbsim. Tenepb @ oxasanocs 6oabue o, a
b — necxkonvko mexsiue B. B Tabn. 3.2 npusenens oueHku g M b npn 10-xparHOoM
MOBTOPEHHH SKCMEPUMEHTA ¢ UCMNONL30BAHHEM Pa3sHBIX HaOOPOB CNYYAIHBIX 4H-
cen B KaXNOM BapKaHTE.

MoOXHO 3aMETUTH, YTO, HECMOTPS HA TO YTO B OFHUX CAYYasX OLEHKH TIPUHH-
MAIOT 3AHIDKEHHBIE 3HAYEHWS, a B APYTHX — 3aBblILeHHEIS, B IEIOM 3HAMCHHA @ K
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TaGnwuua 3.2

SKCHEDHMOHT a b
1 1,63 0,54
2 2,52 0,48
3 213 0,45
4 2,14 0,50
5 1,71 0,56
6 1.81 0,51
7 1,72 0.56
8 3,18 0,41
9 1.26 0,58
10 1,84 0,52

b rpyNnupyoTes BOKPYT UCTHHHEIX 3Ha4YeHWH ¢« U f, PaBHBIX COOTBeTCTBeHHO 2,00
1 0,50. Ilpu aTOM XOpOWIMX OLEHOK MONy4eHo Gonbuue, yeM Toxux. Hampumep,
GUMKCHPYA 3HaYeHHA & NpPH oueHb GONBIIOM 4YMCJE [MOBTOPEHMH SKCIIEpUMEHTA,
MOXHO MOCTPOMTL TAOAKLY YACTOT M NOJAYYHTH ANNMPOKCHMALHIO (QYHKLMH TUIOT-
HOCTH BEpPOATHOCTH, MOKA3aHHYW HA puc. 3.1, D10 HopMaNnbHOEe pacnpeje/ieHHe ¢o
cpexHuM 0,50 M cTaHmapTHHM oTKiioHeHMeM 00,0388,

P®yYHKUWS MNOTHOCTH
BepoRTHOCTH g b

o 025 3 675 ; b

Puc. 3.1. Pacnpeaenenve & 8 akcnepuMenTe no metoay Modte-Kapno

Bpiwre roBOpMIIOCh, YTC pacXOXIZeHHUA MeXAy Ko3bdHIeHTaMu perpeccH U
UCTUHHLIMH 3HAYCHUAMM IapaMeTPOB BRI3BAHB] CAYYAHEIM WieHOM &, OTciona cie-
AyeT, 4To 4eM OOJiblie 3MeMeHT CAY4alHOCTH, TeM, BOOOLIE TOBOP:, MEHee TOY-
HEIMM SIBJIAIOTCH OLIEHKH.

3roT BBIBOA OyAeT NPOMILIIOCTPHPOBAH C MOMOLUBIO BTOPOH cepum 3KCIepH-
MeHTOB no Meromy MonTe-Kapno, cBssauHoit ¢ nepsoit. Mu GyieM HCIONL30BaTh
Te Xe 3HAYEHHUS ¢ U P, YTO M paHbLIE, Te XKE 3HAYCHHA X U TOT XE& MCTOYHMK CIy-
YRHHBIX YHCENX RNAA FEHePHPOBAHHA cayvaHHOrO YNeHa, HO Teneps Gynem Gpats
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TaGnuua 3.3

x u' ¥ X u' y

1 -1,18 1,32 11 318 10.68
2 -0,48 2,52 12 -1,84 6,16
3 -1,66 1,84 13 -1,42 7.08
4 0,06 3.94 14 -0,50 8,50
5 -0,76 3,74 15 3.38 12,88
6 -4.38 0,62 16 0,30 10,30
7 2,06 7.56 17 0,04 10,54
8 0,48 6,48 18 -0,22 10,78
9 5,06 11,56 19 -1,82 9,68
10 -0,26 6,74 20 2,84 14,84

3HAYEHHA cny4yaffHOTO uneHa B KaxaAoM HalmiogeHHH. TTocheaHU# BoIpa3sMM 4ycpes
ut(i=1,2,..., n), 3HaU€HHA KOTOPOTO PABHBl YIBOCHHOMY CRY4aHHOMY YHCHY:
uy =210, ., Uy = 2riy. PaKTHYECKH MBI UCTIONB3YEM B TOYHOCTH TY Xe BHGOPKY
CAyJYaifHRIX YUCEN, YTO M PaHblIe, HO HA 2TOT pa3 YIBOMM MX 3HayeHUs. Teneps Ha
OCHOBE HaHHKIX TabGxa. 3.1 paccuuTaem Tab. 3.3. [Jdanee, oueHUBAsK PErPECCUIO MEXIY
¥ U X, IONYYUM YPaBHECHHE:

$=1,26 + 0,58%. 3.10)
310 ypaBHCHHE Topa3io MeHee TOYHO, 4eM ypaBHeHHe (3.8).
Tabnuua 3.4
FRCIIEDHMONT a b
1 1,26 0,58
2 3,05 0,45
3 2,26 0,39
4 2,28 0,50
5 1,42 0,61
6 1,81 0,52
7 1,44 0,83
8 4,37 0,33
9 0,52 0,85
10 1,88 0.55
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B 1abn. 3.4 npuBegeHsI pe3yaLTarel BeeX 10 axcnepuMeHTOB TIpH &= 2rn, Mt Oy-
IeM Ha3BIBaTh 3TO cepHeif 3KcnepuMeHToB II, a MEpBOHAYAILHYIO CEpUIO 3KCIEPH-
MEHTOB, PE3yRbTAThl KOTOPHIX MpUEEASHE B Tabn. 3.2, — cepueil I. TIpu cpaBHeHHH
Tabn. 3.2 1 3.4 MOXHO BHACTb, YTO 3HAYEHHUS @ U b BO BTOpOH TaGAHIIe ARNAIOTCA
3HAYMTENBHO GoNee HeYCTOMYMBBIMM, XOTA B HUX NO-MPEXHEMY HET cucTeMaTHyec-
KOl TEHIEHUMM K 3aHWXEHHUIO WM 3aBbIILIEHUIO 3HAYEHUHA OLIEHOK.

JeTaneHoe HCCIENOBAHKE MTOZBONAET ODHAPYXUTE BAXHYI) 0COGEHHOCTE. B cepiu I
3HayeHue & B akcnepumente 7 6buto paBHO 0,54, B 3aBBILIEHME OLICHKH COCTABHIIO
0,04. B cepuu Il 3navenue b B akcnepumenTe | papHanock (0,58 1 3aBriilieHHe COCTABH~
1o 0,08, 1. e. oHo Guin0 poBHO BABOE GoJbiLie, YeM paHblie. To Xe caMos NMOBTOpPS-
eTCH IS KaXaoro u3 9 Apyrux 3KCOEPHMEHTOR, a TAKKe i KoxbduuHeHTa per-
PECCHH @ B KaXIOM SKCIIEPUMEHTE. YIBOSHHE cAy4alHOro YaSHA B KaXKA0M Habmo-
JEHMM NPHUBOAMT K YABOSHUIO OWHO0K B 3Ha4YeHHUAX KO3G(PHUUMEHTOB perpeccHH.

BTOT pe3yNsTaT CReAYeT HENOCPEACTBEHHO H3 Pa3itoXeHHA & B COOTBETCTBHA C
ypaeHeHHeM (3.6). B cepun | cnydaiinag owd6Ka B b 3anaerca B uae Cov (x, u)/Var (x).
B cepuu Il ona npencraeneHa Kak Cov (x, u')/Var (x), u

Cov(x,«') _ Cov{x,2u) _ > Cov{x, 1)

Var(x) Var(x)  Var(x)

(3.11)

VYBenHY¢HUE HETOYHOCTH OTPaXKEHO B PYHKLMH MIOTHOCTH BEPOATHOCTH 1A b B
cepuH 11, nokasaHHo# Ha puc. 3.2. Bra QYHKLHA BHOBE CHMMETPUYHA OTHOCHTENb-
HO UCTHHHOro 3HayeHuA 0,50, oOHAKO eciM BBl CpaBHHTE ¢e ¢ QyHKuHel, H306-
paxeHHOH Ha puc. 3.1, TO YBHAMTE, YTO JaHHAA KpHBas OoJice IOMI0OTA H IIHPOKA,
YinsoeHHe 3HAYEHUIT ¥ MPHBENO K YABOSHHIO CTAHNAPTHOTO OTKAOHEHWI pachpe-
JeNneHusA.

DYHKUMA NROTHOCTH
BEPOATHOCTH ANA b

2
10

N 2 O &

(=]

D

b 035 0.6 .78

Puc. 3.2. Pacnpefenenve b nNpy yDBOESHWN CTAHAADTHOrC OTKROHEHWA U

3.3. NpegnonoxeHna o cNyYailHOM uyneHe

Hrax, oveBHIHO, YTO CBOjicTBa K03¢bUUMEHTOB perpeccHH CYIReCTBEHHBIM 00-
pAa30M 3aBHCHT OT CBOMCTB caydaiiHo#l cocTapnaoumiedi. B caMoM Jene, A1 TOTO YTO-
GH perpecCHOHHEIM aHANMH3, OCHOBAHHEIA Ha OObIMHOM METOI¢ HAMMEHBLUUX KBal-
pAaTOB, JaBajl HAWIYUIIHE K3 BCEX BO3IMOXHEIX Pe3yabTATHI, CIYYAHHBIA WieH A0J-
XeH YAOBAETBOPATE YeThIpeM YCIOBWSM, H3BECTHHM k2K ycnosug laycca—Map-
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KoB2. He 6yxeT nmpeyBeNHYEHHEM CKA3aTh, YTO HMEHHO MOHHMaHHE BAXHOCTH 3THX
YCROBHI OTNHYAeT KOMITETEHTHOIO HCCNEA0BATENA, MUCNOMb3YIONIE0 PErPeCCHOH-
HBIH aHaNKM3, OT HEKOMIMETeHTHOTO. ECNM 3TH YCNOBUA HE BHINMONHEHH, MCCNENO-
BaTeNb AOKEH 3TO CO3HaBaTh. ECIM KOPPEKTHDYIOLLHE ASHCTBHA BO3MOXHLI, TO
AHAIMTUK JOMXeH OBITh B COCTOAHMM MX BBHINIONHHTB. ECNM CUTYaLHIO HCMpPaBUTh
HEBO3MOXHO, MCC/IEAOBATEND HOMKeH OBITh cnocoOeH OLEHWTb, HACKONBKO Cepb-
€3HO 3TO MOXET MOBJIHATH Ha PE3YNBTATEL

PaccMoTpuM Tereps 3TH YCHOBHA ONHO 38 NDYTHM, OOBACHAA KpPaTko, MOYEMYy
OHM MMEIOT BaXHOE 3HaueHHe. TpH MOCNeOHHX YCNOBUA OYIYT Takke noapoGHO
PACCMOTPEHK! B CACHYIOINMX IJIABaX.

1-e yenosume fayeca—Maprosa: E{U) = 047a scex Habmonermi

TTepBoe yCIOBHE COCTOUT B TOM, YTO MATEMATHYECKOE OXKHIAHHE CTYYAfHOro YieHa
B MoOOM HaGMIOIeHUH OOMXKHO ObITH paBHO HymMo. HHorma ciayuaitHelit uneH Gynet
NOJOXUTEABHEM, HHOTAA OTPHLATEBHEIM, HO OH HE JONXEeH HMETh CUCTEMaTHYeC-
KOro CMEIUEHUS HH B OJHOM H3 JBYX BO3MOXHBIX HAIpAaBJCHHIT.

MaKTHYECKH eCiiM YPABHEHHE PEIPECCHE BKIKYAST MOCTOSHHBIA WieH, To 00b-
HO DBIBAET PA3YMHO NPEANOJIOXHTD, YTO 3TO YCJIOBHE BLINIOAHAETCS aBTOMATHYEC-
KH, TAK KaK pojb KOHCTAaHTHI COCTOHT B OMNMpelelneHHH NoGoii cHcTeMaTHveckoit
TeHACHIUKHK B ¥, KOTOPYIO HE YYKTHIBAIOT OOBACHIIOLIME MepeMeHHBIe, BKIIOUCH-
Hble B YPaBHCHHE PErpeCcCHH.

2-e ycnosue faycca—Mapkosa: pop. var (u) TocTosHAHa
4719 BCex HAbmoReHni

Bropoe yclOBHE COCTOUT B TOM, 4YTO JMCMEPCHs CAYYAIHOTO 4WieHA JOJKHA ObITh
NOCTOAHHA AN BeexX HaGmopeHut. BHorna cayuaitHeh aneH Gyaer Gonbile, HHOrOa
MEHblUIE, OOHAKO HE JOMKHO OHTh anpHOPHOH MPHUYKMHBI 114 TOro, YTodLl OH No-
poxnaan GoNbIUYI0 OHIHOKY B OJHUX HAOMIONEHMAX, YeM B IPYTHX,

371a nocrosHHas DUcniepcus o6pIMHO 0G03HavYaeTCsA G2, WM yacTo B Gonee Kpart-
Koit dopMe o2, a YCNIOBHe 3aIMCKIBAETCA CACOYIOLHM 0dpazom:

pop. var (4) = o2 2/t Beex /. (3.12)
Tak kak E (u) =0 u pop. var (u) = E (u?), ycnoBie MOXHO IepelIUCaTs B BUAS:
E(u?) = o2 ana Beex /. (3.13)

Bennuuna o,, KOHeWHO, HeH3BecTHa. OaHa W3 3allay PErpecCHOHHOTO AHANM3A
COCTOUT B OLIEHKE CTAHNAPTHOrO OTKJIOHSHHA CAYYAHOTO YJIeHa,

Ecau paccMmarpuBaeMoe yCiOBHUE HE BEITONHAETCS, TO KO3M@HUUHEHTH perpec-
CHH, HafiieHHble 0 OBHIYHOMY METOIY HAHMEHBLUHX KBaigpaToB, OyayT Keagdek-
THBHBI, H MOXXHO MOJAYMHTb Gosice HAneXHBIC Pe3yAbTATH NYTEM NPHMEHEHHA MO-
JRPALMPOBAHHOIG METOMA perpeccuut, 310 Gyer pacCMOTPEHO B Iase 7,
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3-e ycnoaue I aycca—Mapkosa: pop. cov (u, ui} =0(i#j)

DT YCNOBHE NpeANOaaraeT OTCYTCTBHE CHCTEMATHYECKOM CBA3H MEXIY 3HaMCHU -
AMH CIyJYaiiHOTO 4neHa B MIOOHIX ABYX HabniogeHusax. Hanmpumep, ecniu CraydaiHbIA
yneH BENMK M NOJOXUTENEH B OMHOM HAaOMIOASHH U, 9TO HE JOJDKHO O0YCIOBIHMBATD
CHCTEMaTHYECKYIC TEHACHIIHIO K TOMY, YT0 OH Oyner COAbIUIMM H HOIOXUTEABHEIM B
crenyoueM HabmogeHUH (M 6OABIIAM H OTPHUATENbHBIM, WIH MANKIM H TOJIO-
XUTENBHBIM, HIIM MAJIBIM H OTPHIUIATENBHHMM). ClyuaifHble WISHBI JOJDKHBI OBITE a0-
COMOTHO HE3aBHCHMBI Ipyr OT Apyra.

B cuny Toro, ure E(u)= E(u) =0, zaHHoe yclOBMEe MOXHO 3aNUCaTh CeAyIO-
UM oGpasom:

E(uu)=0(i+)). (3.14)

Ecau ato ycnosue He GyaeT BBIMONHEHO, TO pPErpeccHs, OlleHEHHas o o6hIv-
HOMY MeTONy HaMMEHBIUIHX KBAIPATOB, BHOBE AacT HeaddeKTHEHBIE pe3yabTaThl. B
rnaBe 7 paccMaTpPHBAIOTCA BOIHHMKAKIINME 34¢Ch NpobieMH M NMYTH HMX Npeomone-
HHA,

4-e yonosue aycca—MapkoBa: Cay4aiHbiii wWierH Jo/IKeH ObiTe
DACTIDBACIIEH HEIABUCUMO OT OOBSICHSIOLINX NEDEMEHHBLIX

B GonblIMHCTBE riaB KHATH MBI OyAeM B CYIHOCTH HCNIOAB30BATh 00Mce CUIBHOS
[peAnOA0XeHHE O TOM, 9T0 ODBACHAOLINE TepeMeHHbIe He SBAFIOTCH CTOXACTHYSC-
KMMH, T. . HE UMeIOT CIy4aliHo#i cocTapnsmoniei. 3HadyeHne MO0l He3aBHCHMOM me-
peMEeHHOR B KaxmoM HaOMIIeHHM OOMKHO CMMTAThCA IK3OreHHLIM, NOMHOCTHIO
OMpefeAeMBIM BHEIIHHMH TMPUMMHAMM, HE YYUTHIBA¢MbIMM B YpaBHEHHH perpec-

CHH.
Ecnu 310 YCNOBHE BMITONHEHO, TO TEOPETHYECKAA KOBADHALKS MEXKAY He3aBHCH-
MO¥ NepeMEHHOR M CIyJalHKM 4ICHOM paBHa Hymo, Tak Kak £ (1) =0, To

pop.cov(x;, 4;) = E{(x; — X)(u4;)} = E(xu;) - XE(w;) = E(x;34;). (3.15)
Cnenosarenbﬂo, AaHHOE YCIOBHE MOXHO 3AITMCATH TAKCKE B BUIC:
EQxu)=0. (3.16)

B rnaeax 8 ¥ 11 paccMaTpHBaIOTCA IBa BAXHLIX CNY4as, B KOTOPHX JAHHOE YCJIO-
BHE HE BBITOJHEHO, U MOCNEACTBUS 3TOrO.

[lpeAronoXxeHne 0 HOPMaIbHOCTH

Hapsaay ¢ ycnopuaMu F'aycca—Mapkosa o0b4HO TaKOKe MPEANOAAraeTCst HOpManb-
HOCTb pacrhpeaeneHus caydaliHoro wieHa. YuraTean HONXHBI 3HATE O HOPMANBHOM
pacnpeneNeH K3 BBOOHOTO Kypca CTATUCTUKH. [esio B TOM, YTO ecnu cay4aiftHbIiA
YieH ¥ HOPMAABHC PAcIpeReneH, TO TaK xe ByayT pacnipereneHN H KOSPPULIHEHTEI
perpecci. 3TO yCI0BHE NPHIOANTCA HaM MO3Xe B ZaHHOH rnaee, Koraa norpeby-
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€TCS NPOBOAUTDL NMPOBEPKY THIIOTE3 M ONPENeSIATh JOBEPHTENbHEE HHTEPBANK! Wid
o U B, MCTIONB3YS PE3YNBTATH NTOCTPOSHUSI PEIPECCHM.

IMpeanonoxeHKHe 0 HOPMANBHOCTH OCHOBBIBAETCA HA YeHMPAAbHOL npedeabrol
meopesme. B CYLUHOCTH, TeOpeMa YTBEPXKIAET, YTO €CIH CAYYAKHHAT BEMTHYMHA HBII-
eTcsl OBIMM pe3yiabTaTOM B3aUMOACHCTBHA GONBIIOrO YHCIA APYTHX CAYIaHHEIX Be-
JNAYAH, HX OJHA M3 KOTOPHX He ABASETCI AOMHHUPYIOIUER, TO oHA OydeT UMeTh
OpHOAU3UTENBHO HOPMANAbHOE pacripefc/ieHHe, Jaxe €CNH OTOSAbHBIC COCTABJIAW-
uiMe He MMEIOT HOPMAJIBHOrO pacnpejeneHus.

CryvaifHeiil YwieH u onpelensieTcs HeCKORbKMMH (GaXTopaMy, KOTOphIE He BXo-
DAT B ABHOH (popMe B ypaBHeHHE perpeccHi. [To3ToMy naXe eciiu Mb] HUYEro He 3HaeM
O pacrpeaeneHHH THX (axKTopoR (MAHM Jaxe 00 UX CYIIHOCTH}, MH HMEeM MpaBo
NpeAnOA0XHTh, ¥TO OHH HOPMaNnbHO pacnpeleneHnl. B moGoM ciydae BpsAA NH Bhl
CTOJIKHETECE 3AECh ¢ MpobneMaMu.

3.4. HecmelleHHOCTL KO3DPNUMEHTOR perpeccumn

Ha ocHOBaHUM YpasHeHHs (3.6) MOXHO IMoKa3aTh, 4To & GyneT HecMellEeHHO
OLIeHKOI B, ecau BrinmonHsAerca 4-e ycnosue I'aycca—Mapkopa:

_ Cov{x,y)| _ Cov(x, u)
Etb} = E{B L Sox ) } —p+ E{——_—Var(x) } a1

Tak Kak B — xoHcTaHTa, Ecau Mb1 npuMeM cHABHYI0 dopmy 4-To yeaosua [aycca—
Mapxopa U MpeaAnoaoXHM, YT0 X — HeCny4aiHas BeJIHYMHA, MBI MOXKEM TAKOKE CUH-
Tarh Var (x) U3BeCTHOH KOHCTAaHTOM M, TaKUM oGpa3oM,

1

Ept=B+y; 2 E(Cov(x,u)}. (3.18)
Hanee, ecmn x — HecaydaltHaa seanyuHa, to E{Cov {x, u)} =0 u, cnemqopaTensHo,
E{b} =p. (3.19)

Takum oGpa3oM, b — HecMelleHHAs olieHKa B. MOXHO NOAYYUTDE TOT Xe PE3yABTaT
co ciaboit hopmoit 4-ro yenoeusa I'aycca—MapKoga (KoTopas A0MYCKaeT, YTO nepe-
MEHHAsA X HMeeT CAy4aifHyio OIIHOKY, HO MpeNnonaraeT, YTo OHA pacnpeleieHa He-
3aBHCHMO OT H); 3TO IIOKA3aHO B Inape 8.

3a HCKIKYEHHEM TOTO Cy4yasd, Koraa ciyqaiiHee (axTopel B # HAOIIOAEHHUAX B
TOYHOCTH «TACAT» IPYT APYIR, YTC MOXET IPOU3OHTH NHUIb NTPH CAYy4alfHOM COBIIa-
ZeHuy, b OyneT OTANYATRCA OT B B KAXAOM KOHKPETHOM aKcnepumenTe. OaHaKo ¢
YYETOM COOTHOLIeHMA (3.19) He Oyaer cucreMaTHyeckoi O1IMOKY, 3aBHIIAOLICH HAN
3aHKaIoWIeH oLeHKY. To Xxe caMoe CripaBel/INBO M Uit Ko3pduimenra a. Mcnons-
3yeM ypaBHeHHe (2.35):

a=y-b% (3.20)

CrenoBare/ibHO, o
E{a} = Ely} - xE{b}. (3.21)
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[Mockonbky y onpenensercs ypasHeHueM (3.1),

E{y;} = o+ Px; + E{i;} = o + px;, (3.22)
taK Kak £ {u} = 0, ecnu seimonHero 1-¢ yonosue Faycca—Mapkosa. Cnegosaresb-
HO,

E{y} = o +px. (3.23)

IMoncTasus 310 BEIpaxeHue B (3.21) ¥ Bocmonn30BaBILKMCEH TeM, 4To E {b} =P,
TIONYYHM:

E{a}=(a+px)-Bx =0 (3.24)

Takum 06pazoM, ¢ — 3TO HeCMellleHHasA OLieHKA O [IPH YCAOBUM BHITONHEHMA 1-T10

H 4-ro ycnosrit 'aycca—Mapxoea. Beaycnosno, ang moboit KOHKDEeTHOMH BRIGOD-

KH GaKTOp CRyYaiHOCTH MPHUBEHET K PACXOXIAEHHMI) OLEHKH M HCTHHHOTO 3Haye-
HHA.

3.5. ToyHocTk KO3DPUUMEHTOR perpeccum

PaccMOTpHM Tereph TEOPETHYECKHE HHCTIEPCH OLUEHOK a K b. OHM 3a8316TCA Cie-
JIVIOLIMMHE BRIDAKCHAAMH (NOKA3aTeNbCTRA AA SKBHBAICHTHBIX BHIPAXEHHH MOXHO
HaitTy B paGore IIx. Tomaca [Thomas, 1983, section 8.3.3]):

y) ~2 2

pop.var (@)= S {1+ ot W popvar (b) = ik (3.25)

H3 ypasHeHus (3.25) MOXHO CAENATh TP OUSBHAHBIX 3aKiovycHA. Bo-mepBrIX,
JUCepCuH g U b IpAMO NpONopLMOHANbHA AMCIEPCHH OCTAaTOYHOIO WieHa o2, YeM
oonplie pakTop cny4ailHOCTH, TeM Xyxe OyIyT OUEeHKH [IpH NpOYHX paBHEIX YCIO-
BHAX. DTO yKe ObUIO POWUTIOCTPHPOBAHC B IKCTIEPHMEHTAX Mo MeToxy MorTe-Kapno
B pasgene 3.2. QueHky B cepuu I1 6611 ropasno 6onee HETOYHBIMM, YEM B cepuH I,
H 370 TPOU3OULIO IMOTOMY, YTO B KaXA0# BBIOOpKe MBI YABOWIH CHAyYalHbBIH YieH.
YaBouB 4, MBI YIBOWIH €r0 CTAHTAPTHOE OTKIOHEHHE M, CMEeJOBATCALHO, YABOWIH
CTAHAAPTHHIE OTKIOHEHHA @ U b. Bo-Broprix, yeM Gonblire YHcHo HabnOneHHI, TeM
MEHBILIC AHCTIEPCHM OLIEHOK. BTO TAICKE UMEeT ONpeRcncHHbIM cMbicn. Yem Gonbiueii
nHopMaltiredt BbI paciionaraere, TeM Gojiee TOUHRIME, BEDOATHO, OVIYT BalM OLCHKH.
B-TpeThiix, yeM Oonbile OHUCIIEPCHA X, TEM MEHblIe GyaeT gucriepcHs ko3bGuLm-
eHTOB perpeccnu. B yem nmpuumHa 3roro? HanoMiiuM, uro (1) koaddHLBEeHTE! per-
PECCHHM BRIMHCASIOTCA HA OCHOBAHMM MPEITONIOKEHH!S!, YTO HAGNIONAEMbIE H3MEHE-
HHA y MPOUCXONAT BCIAEACTBHE H3MEHEHHI! X, HO (2) B Ae#CTBUTENBHOCTH OHI AULUB
omugemi BEI3BAHBI H3AMSHEHMAMHE X, 4 om#dcmy BapHalMaMe k. TeM MeHbIue QUC-
nepcHa X, TeM O0JblIe, BEpOATHO, 6YIET OTHOCHTENbHOE BIHAHHE dakTopa Ciy-
YaffHOCTH NpH ONpERcJIcHUHN OTKIOHEHHMH ¥ M TeM 60Jice BEPOATHO, YTO perpec-
CHOHHEIH aHaIM3 MOXKET OKA3aThCA HeBEPHEIM. B IefiCTBUTENBHOCTH, KaK BHAHO U3
ypaBHenMs (3.25), BaXHOe 3HAUCHHE UMEET He aficoalominas, a OMHOCUMERLHAR Be-
nuyuHa 62 1 Var (x).
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Ha mpakTuke MBI HE MOXEM BbIMHCIHMTH TEOPETHYECKHE TUCTIEPCHH @ WIM b, Tak
KaK 02 HEH3BECTHO, OJHaKO MBI MOXEM HOMYYUTh OLEHKY O2 HA OCHOBE OCTaTKOB.
OuesugHoO, 4T0 pa3dpoc OCTATKOB OTHOCHTENbHO NHHHHU perpeccHH GyieTr oTpa-
XATh HEM3BECTHBIH pa3bpoc u OTHOCHTENBHO NHHMH y = o + Px, xoTA B 00lIEM
OCTATOK M CAYYaifHEI wieH B moboM JaHHOM HaONIOAEHUY HE paBHBI OPYT IPYTY.
CneaopatensHo, BLIGOpOYHaA AMcIepcds ocTaTKoB Var (e), KOTOpYio Mbl MOXEM
M3MEPUTBh, CMOXET ObITE HCRONBIOBAHA ANIS OLEHKH G2, KOTODYIO MBI IIONYYHTh
He MOXeM.

Ilpexae yem moiTu Aanblue, 3anaiite cebe caenyiolini BoNpoc: Kakad npaMas
OymeT 6aMXKE K TOYKaM, NMPEACTABAAIONIMM coboft BHIGOpKY HaOMIOOeHUIH MO X U ¥:
HCTHMHas npamMast y = o + Bx wiM THHUA perpeccuu § = a + bx? OTBer GydeT TaKOB:
JIHHUA PErPEecCHH, NOTOMY MTO MO ONpENcNeHUIO OHA CTPOMTCA TakuM obpasoM,
yTOOBl CBECTH K MUHHMYMY CYMMY KBaIpaTOB PacCTOAHMHA MEXIy Hell M 3HauecHH-
amu Habmonenuii. CiemoBaTensHO, pa3dpoc OCTATKOB ¥y Hee MEHBILE, ¥eM pa3bpoc
3HAYeHUN 4, U Var (€) uMeeT TeHJeHLIMIO 3aHUXATh OUeHKY o2, JleficTBuTeNnbHO, MOX-
HO MOKAa3aTh, YTO MaTEMATHYECKOE OXHA2HUe Var (e), eclii MIMeeTCH BCero OHa He-
3aBUCHMas NepeMeHHasn, paBHo [(# — 2)/n] o2. OxHAKo 0TCIONA CNEAYET, YTO ECNH Of-
pelenuTh 5 KakK

s2=_" 5 Var(e), (3.26)

T0 ¢2 Oyaer NpeacTaBasTh CO60H HECMEILEHHYIO OLICHKY 62 (CM. 10KA3aTe/NBCTBO B
pabore Ix. Tomaca).

Hcnone3ya ypasHenna (3.25) u (3.26}), MOXHO NOAYYHTh OLIEHKHA TEOPETUHYECKHX
JUCTIEPCHi ANA @ U b U Toche U3BAEUEHNS KBaAPATHOTC KOPHA — OLEHKH MX CTaH-
JAPTHBIX OTKIOHEeHHWIl. BMECTO CIMLIKOM TPOMO3AKOTC TEPMHHA «OLIEHKA CTAHAAPT-
HOTO OTKJOHEHHS (PYHKLHMH MIOTHOCTH BEPOSTHOCTH» KO3(GHULIKMEHTA perpeccud
6yleM HCIIONb30BATh TEPMHH «cmardapmuan owubragy Ko3ppuLHeHTa perpeccuH,
KOTODYIO B AaNbHeHIIeM MK OyneM 0003HaYaTh B BHUAE COKPAIEHHA «C. 0.» TaKHM
oBpa3oM, AIE NAPHOTO pPeIPeCCHOHHOINO AHATH3A Mbl UMEEM;

2 —2
i

x N 52
n l-'-Var(slt}i i c.0.(8)= {nVar(x)}' (3.27)

L]

c.o.{a)=

|

Ecny pocHenp30BaTECA KOMHLIOTEPHOH nporpaMmoil oLeHUBAHHUA PEIPECCHH, TO
CTaHNAPTHLIE OWIMOKH GYAYT 0OACYMTaHBl ABTOMATHYECKH ONHOBPEMEHHO ¢ OLCH-
KaMH @ H b.

ITonyyeHHBe COOTHOIUIEHNA GYIYT NPOMIMIOCTPHPOBAHE IKCIICPHMEHTAMU MO
Meroxy MoHTe-Kapno, onucanabIMA B pasaene 3.2. B cepuu [ # onpenensanocs Ha
OCHOBE C/Y4afiHBIX YHCEN, B3ATHIX H3 NeHePATILHOMH COBOKYITHOCTH C HYJIEBBHIM Cpell-
HUM ¥ eaMHIUYHOM ducnepcueit (62 = 1), a x npeacTasmin coboli HaGop yucen ot |
1o 20, MoxHo nerko BHYMCAUTE Var (x), KoTopasi paeHa 33,25. CnenosarensHo,

10,52
3325

pop.var(a) = %{l + } =0,2158 (3.28)
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1
pop.var{h) = 0% 3335 - 0,001504. {3.29)

Taxum 06pazoM, UCTUHHOE CTAHZAPTHOS OTKINOHEHHE ANA b paBHO JU,001504 =

=(,039. Kakue xe peaynbTaThl IOAYUeHB! BMECTO 3TOTO KOMNbIOTepoM B 10 3Kcme-
puMenTax ceprn [? OH gonxeH 6bin BHMHMCIHTL CTAHARPTHYIO OLUKOKY, HCIIONB-
3ya ypaBHeHHe (3.27); pe3ynbTaTH 3THX pacyeToB mis 10 axcnepHMeHTOB ipel-
crapiaeHsl B TaGa. 3.5. Kak suauTe, GONBLIMHCTBO OUEHOK JOCTATOMHO XOPOLIH.

TaBnuua 3.5
SRCIEDHMENT cofb) SkCIEDUMEHT c.o.fb)
1 0,043 [+ 0,044
2 0,041 7 0,039
3 0,038 8 0,040
4 0,035 9 0,033
5 0,027 10 0,033

CrienyeT MOAYEPKHYTh OAHH OCHOBHON MOMeHT, CTaHIAPTHAs OLUHOKA HAeT TONb-
KO OBWYID OLIEHKY CTeNeHM TOYHOCTR Koadduumenra perpeccun. OHa nozponser
BaM MOJYYHUTh HEKOTOPOE MPEACTABNEHUE O KPHMBOH PYHKUMHM ILIOTHOCTH BEPOST-
HOCTHM, KaxK MOKa3aHo Ha pHc. 3.1. OnHaKko 0HA He HeceT MHOPMALIMM O TOM, Ha-
XONUTCSA JIM IONY4YeHHAS OLIEHKA B CepelMHe paclpeieieHUs M, CNedOBATE/LHO,
ABAAETCA TOMYHOH MM B «XBOCTE» paclpelencHus U, TaKUM obpa3oM, OTHOCHTENE-
HO HETOYHA.

Yem ConblIE AUCNSPCHS CAYYAHHOTO uNeHa, TEM, OUEBMAHO, Doabine GyaeT Bhi-
fopoyHas JUCTIEPCHS OCTATKOB M, C/ISHOBATENIBHO, CYLlleCTBeHHee CTaHAAPTHLIE OLUKG-
KH X03¢PULMESHTOB B YPABHEHUH PeTrPecCHi, YTO MO3BONACT C BEICOKONH BepOATHO-
CTBK 3aKNIYHTh, YTO MONyYeHHBIE KOIDPUUMEHTR HeTOYHB. OAHAKO TO BCEro
JHb seposmrccms. BO3MOXHO, YTO B KakKoH-TO KOHKpeTHOH BbOOpKe BO3ACH-
CTBHA cayyalinoro (akTopa B pasnMuHLIX HabniogeHuAX OyQyT B3aUMHO MOralie-
HBl ¥ B KOHEYHOM MTOre Ko3dwbuIMeHTHl perpeccun 6yayT TouHbl. TIpobnema co-
CTOHUT B TOM, YTO, BOOOILE rOBOPS, HENB3A YTBEPXOATh, MPOHIOMAET 3TO UM HET.

YapaxwHermns

B Tex cayvyasx, KOTIa pe3yIbTAT KAKOH-TO HIphl, TpebylOileii onpelciceHHOTO
YMEHMSI, HIMEPACTCA YHUCIAOM, TOBLIUEHHE YPOBHA MIPbl, AOCTHTAEMOE [TOCTOSAH-
HOH MpaKTHKOid, MOXHO MpeACTABUTL rpaHuIecKl ¢ IOMOIULID TaK Ha3blBaeMOK
KpHuBOii o6yuenuns. 310 ocobeHHO HATNNAHO ANA BUASOUTD, KOTAA UTPAIOLIHIA B pe-
ATHHOM BpEMeHH YIIPABNAET O0BEKTOM, KOTOPBIH aTakyeT ¥ 3allMLUAETCH OT APY-
rhx oOBEKTOB, YNpPaBAAcMbIX nporpaMmoit. ToT, KTO nepeblit pa3 y4acTBYeT B Ta-
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KOit urpe, oGbIYHO TPOUTPHIBAET YXe 4Yepe3 HeCcKonbKo cexyHA. Yem Gonbuie BH
Oyaere Urpath, TeM CKOpee MPHBLIKHETE K Hrpe U TeM GoJiblllee KOMMYECTBO OYKOB
Bel Oyaere Habuparb, XOTA OMEBHAHO, YTO MOLYT MMETbh MECTO HEKOTOPEIE OTKIIO-
HEHM, BEI3BAHHBIE QakTOpOM CaydaitHOCTH. [IpeAnonacKUM, 4TO KOIHYECTBO OYKOB
onpeRenAeTcA KpHBoit oOyyeHHA

y=500+ 100x+ x,

rae y — pe3yneTaT OuYepeiHON MIphl, X -— YHCIC HIP, [POBEACHHBIX HIPOKOM A0
Tekylieit Urpbl (MOPSIAKOBLIN HOMEpP TeKyule# HIPH MMUHYC €OIMHMLA), U ¥4 — Cay-
YaifHBIA YiIeH.

B cneayroweii TabnKIie NPUBEAEHDI Pe3YNLTATH MEPBbIX 20 Urp HOBOTO MIPOKA:
X aBTOMATHYECKHM H3menserca oT § g0 19; B KauecTse 3HaYeHUI u BbUIM B3ATH YuC-
Jla, TMOAY4YEeHHHIE C MOMOILUBI) TeHEPATOPA HOPMAILHO paclpeleneHHbIX CAy4aiHbBIX
YUCEN ¢ HYMEBRM CPeAHUM M CAMHHYHON MUCIEpCcUes, KoTopsle OBLTH 3aTEM YM-
HOXeHB HA 400; BenuMuMHA y onpesensinach Yepe3 3HAUCHUS X 1 4 B COOTBETCTBHH
¢ NHHeiHOH kpuBOoH ObOyYeHM.

Habmogerme x u g Mabmongewe x u 1%
1 0 -236 264 11 10 636 2136
2 1 -96 504 12 i ~368 1232
3 2 -332 368 13 12 -284 1416
4 3 12 812 14 13 ~100 1700
5 4 -152 748 15 14 676 2576
6 5 ~876 124 16 18 60 2060
7 6 412 1512 17 16 8 2108
8 7 a6 1296 18 17 -44 2156
8 8 1012 2312 18 18 -364 1936
10 2] -52 1348 20 19 -568 2968

OueHMBas PErpeccHio MEXAy ¥ M X, NMONYy4YMM ypasHeHHue (B CKOOKax yKasaHH
CTAHAAPTHBIE OILIMOKH):
¥=369 + 116,8x.
(190) (i7,01)

3.1. TloyeMy NOCTOSIHHLIA WieH B 3TOM YpaBHEHMHU He paseH 500, a xkoadduun-
€HT nepen x He paeseH 100?

3.2. KakoBb! 3HAYEHHA CTAHZAPTHBIX OIUHO0oK?

3.3. DKCNepUMEHT MOBTOPALTCA C 9 APYTUMH HOBBIMHM HIPOKAMU (B KAXKJIOM CITY-
yae caydafiHH# WieH NoaydalT myTeM yMHoXeHHSA Ha 400 pasHbIX Habopos u3 20
CAYYAHBIX YHUCEN), A PE3yALTAThl OLIGHUBAHUA perpeccun s Beex 10 urpokos mpu-
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BefieHbl B cnexyowedt tabnuue. IloyeMy noCTOAHHBIN WieH, Ko3b(pUIHEHT NPH X H
HX CTAHAAPTHBIE OWMOKM MEHSIOTCA OT BEIGOPKH K BHOOpKe?

Hrpox flocrostnas c.o. Kosgpuyneur c.0.
FIOCT ORMH O oK X KOSPDHUNONTR
apu X
1 369 180 116,8 171
2 699 184 90,1 16,5
3 531 169 78.5 15,2
4 555 158 89,5 14,2
5 407 120 1226 10,8
6 427 194 104,3 17.5
7 412 175 123.8 15,8
8 613 192 95,8 17,3
9 234 146 130,1 131
10 485 148 109.6 131

3.4, Jucnepcus x paBHa 33,25, a aucrepcus u paeHa 160 000. Mcnonsays ypage-
HeHue (3.25), mokaxure, YTO CTAHIAPTHOE OTKNOHEeHWEe QYHKIMHM TAOTHOCTH Be-
POATHOCTH KO3(duLHeHTa npd x paeHo 15,5, SAsiaaiorest nu nipiBeacHHbie B Tab-~
JIMUe CTaHZAPTHBHIC OWMOKH XOPOLIMMH OUCHKAMM CTAHZAPTHOIO OTKAOHEHHA?

3.6. Teopema Naycca—Mapkosa

B 0630pe MBI pacCMAaTPHBAIH OLEHKH HEH3BECTHONC MATEMATHIECKOr0 OXKHAAHUA
U CTY4aifHOM BEMMYMHE! X IO NAHHBIM BRIGOPOYHBIX HaGMONeHUH. XOTS Mb! MHTYH-
THBHO MCMONB3OBAMH B KA4YeCTBE OLICHKH A ) BRIGOPOYHOE cpeaHee X, GbUI0 noka-
33aHO, YTO OHO SRIACTCA AHLIE OOHOH M3 GeCKOHEeMHOTO YHUCNAa BO3MOXHEIX HECME-
LIeHHEIX OLIeHOK 3TOro napamerpa. IpuunHa npeanouyreHua BIOOPOUHOTO CPEIHErD
BCEM JPYTHM OLIEHKAM COCTOHT B TOM, YTO NPH ONPEIENeHHbIX IPSATIONOXKEHUAX OHO
asnqgerca Haubonee ahHEKTHBHBIM.

AHAUTOTHYHBIE PACCYXCIEHKSI NPUMEHHMB M K xoaddhuimeHTam perpeccup. Mel
YBHIWM, 9TO OLEHKH 110 OGBIYHOMY METOAY HaMMEHBIIMX KBAJPATOB ABAAIOTCH HE
TOJIEKO HECMEIMeHHBIMK OT{eHKAMH KO3dupHIIHeHTOB perpeccn, Ho H Haubonee
3¢ deKTHBHLIMH B TOM CNy4ae, €C/TH BHITONHEHH ycaosusa [aycca—Mapkosa. C apy-
roif CTOpoHBl, eciu ycioBHa I'aycca—MapkoBa He BBITIONHEHBl, TO, BoOGILE TO-
BOpS, MOXHO HAATH OLleHKU, KOTOphle OyRYT Gonee 3¢ deKTHBHAHMU MO CpaBHe-
HHUIO ¢ OUSHKaMM, TONYYEHHBIMH OOLIYHBIM METONOM HaMMEHBLWIHX KBAINpaTOB.

B mauHoit paGoTe He npuBOANTCA O0LISE PACCMOTPEHHUE 3THX BONpocoB. MuI aa-
JHM JHIUb WUTIOCTpaunio. IIpeanonoxnM, YTo ME MMEEM 3aBHCHMOCTD, 3a0aHHYIO
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ypaBHeHHMeM (3.1}, 4 cocpenoToyMM BHUMAaHHE Ha OLEeHKaXx id B. YenoBek, He 3HA-
KOMBI#t ¢ perpecCHOHHBIM AHANM30M, YBHISE AHArpaMmy pa36poca ansg BelGOpKu
HAGNIOAEHMH, MOXET MOMNBITATLCH MOJNYYMTh OLEHKY TAHI€HCA YrNa HAKIAOHA Ny-
TEM NPOCTOTO OOBEAMHEHHUS MEPBOTO M NOCAEAHErO HaGNIONeHHI U AeNeHUs [IpH-
pOCTa BRICOTHI Ha FOPH3CHTANBHHI OTPE30K MeXIAy HHMH, KakK II0Ka3aHO Ha DHC.
3.3. OueHka b B 3TOM cay4ae OyneT onpelsiATbCA CACIYIOWUM 00pa3oM:

b=2o=d (3.30)

Xy — X

Kakosbl csoiicTBa 3TOl cleHKH? CHayana Mbl MCCNeAYeM, MBIAECTCA NH OHAa He-
cmeimeHHOMH. Mcmonszys ypapHeHHe (3.1) IPUMEHHUTENBHO K MEPBOMY M TOCeAHE-
MY HaOMIOOEHMAM, MONYYHM:

i = o+ fxp (3.31)
Yy = 04 Px, +U,. (3.32)
CnefoBaTenbHO,

b=an+“n_Bxl_ul '_"B“' iy — U .
Xy — X1 Xy — X1

(3.33)

TakuM o6pazoM, Mbl PA3IOXHIH «HAHBHYIO» OLeHKY HAa JBE COCTABASIOLIHE: HC-
THHHOE 3HAYEHME H OCTATOUHLIN YneH. DT0 panoxeHHe BLITOAHEHO MOXOOHO TOMY,
KakK 3TO cAgiaHo B pazaene 3.1 ana ouenkn MHK. OnHaxo ocraToyHEI) 4ieH saB-
agetca apyruM. [Ipennonaras E(u) =0, MBI MMeeM, YTO MaTeMATHYECKHE OXHAA-
HMS, KaK &, TaK U #,, PABHB HYNIIO, HO TOLJA MAaTEMaTHYeCKOE OXHIAHKE OCTa-
TOYHOrO WicHa B ypapHeHHH (33.3) Taicke paBHO HymO. Takum obGpa3oM, HECMOT-
PA Ha TO YTO 3TA OLEHKA CTOJIb <HAMBHA», OHA ABAACTCS HECMEIEHHOM.

3710, pazyMeeTcs, He eAMHCTBEHHAA OLEHKA, KOTOpas HAapAlLy ¢ OlLeHKOH, mony-
qeHHoI MeTtonmoM MHK, o6nanaer croficTeOM HecMelLleHHOCTH. Bel MOXeTe mony-
YHTH €l OAHY OLEHKY TAKOro THIA NYTeM OOBeIUHEeHHA ABYX IPOH3BOALHO BHIO-
PaHHbIX HAGAIOAEHWI, a €CNH Bbl XOTHTE PACCMOTPETh MEHEE «HAUBHbBIE» MPOIIENY-
PH, TO 34eCh OTKPHBAKTCA [TOHCTUHE Ge3rpaHHYHHE BO3IMOXHOCTH.

y
5,

By

v X X
Puc. 3.3. «HawBHaA» oueHka b

HVHTYNTHEBHO N1€TKO IOHATh, YTG Mbl HE MPEATIONTEM «HAUBHYIO» OLEHKY THIA
(3.30) ouenxke MHK. B otamuse ot oueHkd MHK, B xoTOpOit yyutsiBaeTCHd Kax-
noe HabMoneHHe, B «HAMBHOM» OLICHKE OepeTcs TOJALKO MepBoe M IOCIeAHee Ha-
OMI0OeHHS K He HCITONbL3yeTCA Gonslian 4YacTeh HMeolleiica B BeIGOpKe HHbOpMa-
unH. «HauBHAsA» OLIEHKA 3aBUCHT OT 3HAYEHHHA OCTAaTOYHOIO WISHA i B JAHHbIX ABYX
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HaGJMIOACHUAX, TOTNA KaK OHEHKa MO METOAY HAHMEHLLUIMX KBAAPATOB OGBeNUHSET
BCE 3HAYEHUA OCTATOYHOrO uneHa U 6onee 3¢ ¢eKTHBHO HUCIONB3IYET BOIMOXHOCTD
TOIO, YTO 3TH 3HAYEHUA B HEKOTOPOHN CTEMEHH B3aHMHO <IOTrAillaloTCH»,

Ilpu cpaBHeHHH C MeHee «sHAUBHLIMH» CLIEHKaMH NPpeBOCX0IcTRO otieHKH MHK
B 3(pPeKTHBHOCTH MOXeT GbITh HE CTONIb OUEBHAHBIM. TeM He MeHee B TOM Cydae,
ecnd yenoBus Naycca—Mapkosa 4ji OCTATOYHOrO 4YieHa BhIMONHEeHBI, KO3dhdH-
LIHEHTH PErPECCHM, MOCTPOSHHO OOHYHBIM METOAOM HAMMEHBIUMX KBAaJpaTOB,
OYIYT HOuaywuiuMu AuHelnuMU Hecmeutennsimu ouenamu (best linear unbiased
estimators, uau BLUE): HecMelleHHEIMH, KaK yxe ObUIO MOKa3aHO; JTNHEAHEI-
MH, TaK KaK OHH SBAAOTCS NHHCHHBIMKM (QYHKUMAMU 3HAYEHUH y; HAMNYULIH-
MU, TAK KaK OHH ABJAIOTCH Haubonee addeKTHBHBIMU B KIaCCe BCeX HECMeELIEH-
HLIX NHHEHbIX oueHoK. Teopema I'aycca—MapkoBa xokasniBaeT 2To (KpaTkoe
H3NOXeHHe, He HCIOAB3YIOLIee MATPHYHON anredpsl, naHo B pabore Jlx. Tomaca
[Thomas, 1983, section 8.3]).

YopaxeHus

1.5. Hccnenopatens 060CHOBAHHO CHHTAET, YTO JABHCHMOCTE MEXIY ABYMA epe-
MEHHBIMHM X U y 3aaeTca ypasHeRueM (3.1). Micnoabays BeiSopKy H3 n HaGmoONCHMIM,
OH OLEHMBAET B, BRIYKCHSS cpe/lHee 3HaYeHHe y, AeNIeHHOS Ha cpenHee 3JHaYeHHe X.
Tpoanamianpyiite CBOICTBA 2Toll OlIeHKH. Y TO HAMEHMTCH, €CNK NTPEINOIOXUTE, YTO
a=0?

3.6. Uccnenosarens 060CHOBAHHO CYMTAET, YTO 2ABUCHMOCTh MEXAY ABYMs MEpe-
MEHHEIMH X ¥ y 3anaeTca ypaBHeHHeM (3.1). Henoneays BHOOPKy U3 1 HabnoaeHU
BpeMEHHOro paaa, oH oueuusaeT (b kak Cov (y, N/Cov (x, 1), 11e t — nepeMeHHAA
BpEMEHHK, KOTOpas Mo ONpeAcieHHI0 paBHA eAMHMLE B NMEPBOM HaGnlOIeHUH,
ABYM — BO BTOpOM H T. &. [Ipoananusnpyiite cBoiicTsa 310 oeHKH. (MoXxHo no-
Ka3aTh, YTO €¢ TeQpeTHYecKasd AMCIEPCHS pPaBHA TEOPETHUECKOM AMCIEPCHH COOT-
percTaytomneit ouenx MHK, nenennoit Ha r2,, rae r, , — xoadbduumeHT Koppens-
HHY MEXAY X M 1)

3.7. Mposepka runoTes, OTHOCALMXCA K kKoadduumentam
perpeccun

C Yyero HaYMHAeTCH CTATUCTHYECKOE HCCAEAOBAHKE — € TEOPETHYECKOTO MOCTPO-
€HHA THIIOTES WM ¢ SMITMPUYECKOTO aHanH3a? B AeACTBUTENBHOCTH, TEOPHA M NPAK-
THKA B3aMMHO 0GOrallaloT ApYr Apyra, ¥ nogobHbie BonpocH He 3agaTc. IToatomy
BOMPOC O MPOBEPKE MMIOTE3 MbI GyleM pacCMAaTPHBATh C ABYX TO4eK 3penus. C on-
HO CTOPOHBI, MBI MOXEM MPEANONOXHTh, YTO CHayana GopMynHpyeTesa runoTe3a,
1 LEMb SKCNEPUMEHTA 3aKNIOYACTCA B BHIACHEHMH ee MPUMEHUMOCTH. DTO IPUBEALST
K NPOBEPKe TMNOTE3b! 0 3HaYUMOCTH. C Apyroit CTOPOHBI, MBI MOXEM CHAYana Ipo-
BECTH IKCIICPHMEHT ¥ 3aTEM ONPEASHTE, KAKHE M3 TEOPETHYECKHX FHIOTE3 COOT-
BeTCTBYIOT Pe3y/bTATAM IKCIIEPUMEHTA. DTO MPHBOAMUT K MOCTPOESHUIO JOBSPHTENb-
HBIX MHTEPBAJIOB.

Bam yXe M3BECTHa JIOIMKA, JEXKalasd B OCHOBE IMOCTPOSHHS KPHTepHEB 3HAYH-
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MOCTH U JOBEPUTENBHBIX MHTEPBAIOB M ONUCAHHASA B BBOJHOM KYPCE CTATHCTHKH.
TTosToMy BH yXe 3HAKOMBI C GONABUIMHCTBOM MOHATHI, MCMOAB3YEMBIX B perpec-
CHOHHOM aHanH3e. QIHAKO OOMH BONPOC MOXET OKA3AThCA IR BaC HOBBIM — 3TO
HCTIONH30BAHHE OJHOCTOPOHHUX KPHTEPHEB. TaKKue KPUTEPHHK NMPUMEHSIOTCS B per-
PECCHOHHOM aHaNi3¢e O4YeHb YacTo. B caMoM aeste, OHM SIBASIOTCH, WIHA AO/DKHB OBITh,
6onee OORMHBIMH 34eCh, YeM ABYCTOPOHHHE KPUTEPHH, TPAIKIIAOHHO HCITOAB3Y-
eMBbie B ydeOHuKax. I1o3ToMy BaxHO, 9TOOR! BBl MOHAAH 1eecoodpa3HOCTh X NPH-
MEHEHHsS, M MNyTh K 3TOMY JEXHT 4Yepe3 MOCNeA0OBATENbHLIN P HEGONBLINX aHA-
NUTHYECKMX WaroB, Hu ONMH M3 HUX HE JO/KEH [PEACTABNSTh TPYAHOCTH, HO CNEayeT
KMETh B BUAY, YTO €CJIM B! NOMBITAETECH COKPATUTD ITYTh UM, €II[e XyXKe, CHENAETe
NMONBITKY CBECTH BCIO NMpoLeAypY K MeXaHW4eCKOMY MCIIONb30BAHHIO HECKOJBKHX
dopmyn, BBl CTORKHETECh ¢ DONBIUIMMH TPYAHOCTAMM.

DopmypoBarme HyIeB0M rmnoTeas!

HayHem ¢ aonyiueHUA 0 TOM, 4TO GOPMYNHUPOBAHIHE THNOTE3b] MPEALLIECTBYET K-
CIepHMEHTY M YTO Bbl YK€ MMeeTe B BHIY HEKOTOPYIO MMIOTETHYECKYIO CBI3b MK
3aBHCHMOCTs. Hanmpumep, MOXHO c4YMTaTh, YTO TeMITHl obiuei HHGIALMH B 5KO-
HOMIKe (J, B [IPOLEHTAX) 3aBUCHT OT TEMITOB HHMAAIHH, BHI3BAHHON POCTOM 3a-
paboTHolt nathl (W, B MPOLIGHTAX), M YTO 3Ta 3aBUCHMOCTE OMUCHBAETCA JHHel-
HbIM YpaBHEHHEM:

p=a+Pwtu, (3.34)

TAe o M} — mapaMeTpH, a ¥ — caydaliHbLi uneH. Jlanee MOXHO NOCTPOUTH THIICTE3Y
0 TOM, 4TO De3 yyeTa 3D(eKToB, BHOCHMEIX CNYYaiHBIM YI€HOM, 0011asd HHONLLIMA
PaBHA MHQASALUMUHA, BBI3BAHHOI pOCTOM 3apaboTHOH mnatel. B 3THX YCIOBHAX MOXHO
CKa3aTh, YTO THIIOTE3a, KOTOPYIO Bbl COGHpAacTeCh NPOBEPHTL, CUHTACTCS Hy4esol,
o6o3Ha4aeTca Hy 1 COCTOUT B TOM, 4TO B = 1. MB! Takxe onpenenseM arvmepramus-
Ky10 2unomesy, Kotopas oGosHavaercs H, u npeacTapnaeT coboi 3aknioueHue, nasa-
€MOe B TOM CJIyvae, eciIH SKCMepHMEHTAIBHASA MPOBEPKA YKa3ana Ha NoXHOCcTh H,,. B
JAHHOM CIIYYae 3Ta MIOTE3a COCTOMT B TOM, 4To B # 1. [IBe runoressl cHhopMyTHpO-
BaHK ¢ HCMOAB30BAHHEM CICOYIOLINX O003HAYEHMH:

H:p=1;
H Bzl

B 3TOM KOHKpeTHOM ciydae, eciiu ACHCTBHTENBHO CUMTATh, YTe obLas uHbaIma
paBHa MHOMAALHK, BRI3BAHHONH pocTOM 3apabOTHON MNATbHI, MBI JelaeM IIOMBITKY
3alIMTHTL HYNEBYIO THIIOTE3Y H, NOABEPrHYB €€ MAKCHMAJILHO CTporoit mpoBepke U
HaIesCh, YTO OHA He OyaeT ornpoBeprHyTa. OOHaKo Ha npakKTHKe 6osee OGLIYHBIM SB-
JseTCA MOCTPOSHHE HYASBOH rHIIOTe3bl, KOTOpas 3aTeM OYIeT NPOBEPATEC C MOMO-
UIBIO AMBTEPHATHBHOI THITOTE3Rl, KOTOPas mpeanonaraercd pepHoit. Hanpumep, pac-
CMOTPHMM MPOCTYIO GYHKUHIO Cpoca:

y=o+px+u, (3.35)

re y — BEJIMYMHA CIPOCa, CKAXEM, Ha NPOLYKTHl NMHTaHHA, a X — noxoa. Hcxons
M3 BIIOJIHE PA3yMHBIX TEOPETHYECKHMX OCHOBAHMIL, BHI IPEAMOMATAETE, YTO CIPOC
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HA MPOAYKTH MHTAHUA 32aBHCHT OT JOXO0AA, HO BALlA FHITOTE3a HEAOCTATOMHO «CHJIb-
Hav, YTOObl MOXHO ObUIO ONMpeneuTh KOHKpeTHoe 3HayeHue ans . Tem He menee
BBl MOXETE YCTAHOBHTh HaNWYHE 3aBUCHMOCTH BEIMYHHLI ¥ OT X, MCITONb3YA OIS
3T0r0 OGpATHYIO NPOLIEAYPY, KOTAA B KAYECTBE HYAEBOH IMNOTE3sl NMPHHHMAeTCH
YTBEPXIEHHE O TOM, YTO BETUUHHA Y He 3ABHCHT OT X, T. €. 4yTo B = 0, AnbTepHATHE-
Hafl THIOTE3a 3aKTIONAeTCA B TOM, 4T0 P # 0, HHLIMM CIIOBaMU, YTC 3HAYSHHUE X 44U
Aem HAa BENWYHHY y. ECIM MOXHO OTBEpTHYTH HYISBYIO [HMIOTE3Y, Bbl TakuMm obpa-
30M YCTAHABAMBAETE HATHYME 3ABHCHUMOCTH, M0 KpaitHeil Mepe B ofmux yeprax. C
HCIIONBIOBAHHEM BBEAeHHOA cucTeMbl 0003HAMEHHIA HyneBast M anbTepHATHBHAA
THNOTe3H COOTBETCTBEHHO MPHUMYT BHI.

Hy:p=0 u H;:p=0.

IMocnegylollee pacCMOTpEeHHE KacaeTcsl MOgenu napHoit perpeccuu (3.1). OnHo
OyleT OTHOCHTBCH TOJNBKO K KOMDOHUUMEHTY HAKIOHA B, HO TOYHO TAKKE Xe Ipo-
UeAypbl IIPHMEHMMEI ¥ K MOCTOSHHOMY WieHY o. Bo3bMeM oOLUMIA cnyyaii, B X0-
TOPOM B HYASBOU THIIOTE3¢ YTBEpPXKIAETCH, Y10 [ paBHO HEKOTOPOMY KOHKPETHO-
My 3HAUEHHIO, CKaxeM, ), U ANbTEpHATHBHAA TMIIOTE33a COCTOMT B TOM, HTO B He
paBHO 3TOMY 3HaucHuio (H;: B = By, H;: B#By). B MOXETe NMPEANPHHATL NOMBIT-
KY OTKIOHHUTL WIH OATBEPAMTL HY/AEBYID THNOTE3Y B 3aBHCHMOCTH OT TOrQ, 4TO
BaM HeQOXOAHMMO B JAHHOM cilyyae. ByseM IpeanmonaraTb, 4TO YETHIPE YCAOBHA
Taycca— Mapkosa BeIDOMHAIOTCA.

Boigog cneacrewit rmnoresst

Ecnu ranotesa H; BepHa, TO OLEHKH [, MONYYEHHBIE B XONE PErPECCHOHHOrO
aHanu3a, OyxyT MMETh pacapeneneHue ¢ MaTeMATHIECKMM OXHAaHHeM B, 1 axcnep-
cueii o/[n Var (x)] [cM. ypaBuenue (3.25)). Tenepb Mb BBOAMM NONMYLIEHKE, YTO OC-
TATOYHBIA YieH i HMeeT HOpMallbHOe pacnpeaencHue. Ecam 5T0 Tak, TO BeJHYMHA
b Oyner Takoke HOpMaNbHO pachpelcneHa, KakK MoKasaHo Ha puc. 3.4. CokpallieHHe

DYHKLUMA NIOTHOCTH
BEPOATHOCTH Aana b

Bo-28d Ba-sd Py Bursd Rer2ed b
Puc. 3.4. CTpyKTypa HOpMaNLHOrO pacnpeneneHma OUeHKW b, BbipaXeHHoW Yyepea
CTaHOAPTHLI® OTKADHEHWA 0T MATEMATMYECKOrO OXMAOAAHWUA
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«.d.» Ha PUCYHKE COOTBETCTBYeT BENTHYHHE CTAHAAPTHOTO OTKIOHEHHA ONEHKH b,

o
T & V) YuUTHIBasA CTPYKTYPY HOPMANGHOIO pacripefencHus, GONBUIMHCTBO
OlLIEHOK MapameTpa B OviIeT HaxomMTLCH B NMPEASNAX JBYX CTAHAAPTHHIX OTKIOHE-
Hult or B, (ecnu BepHa runotesa Hy: B =P,).

CHayana Mbl ZOMYCTUM, YTO 3HaeM 3HAYEHHE CTAHZAPTHOTO OTKIOHEHMSA BEAU-
yuHEl b, D10 Haubonee HenpapgononobHOE JonyllcHMe, M Mkl NMO3QHee OTOPOCUM
¢ro. Ha npakTHKe Xe 3Ha4Y€HUE 3TOrC OTKIOHEHMA (TaK Xe KaK M HCH3BeCTHBIE 3Ha-
YeHHA MApPaMeTpoB o U ) momwnexuT oneHke, MoxHo, TeM He MeHee, YNPOCTHTE
PaccMOTpPEHHKE, TIPEATIONOXUB, YTO TOYHOE 3HAYEHHE OTKIOHEH!S U3BECTHO, H, Clig-
IOBaTeAbHO, MMeS BO3MOXHOCTb ITOCTPOMTH rpaduk (puc. 3.4).

[IponnnocTprpyeM 370 HA npuMepe Mogenu obmet nHdAsmuuU (3.34). Ipeano-
JIOXKHM, YTO HEKOTOPHMM O0pa30oM MEI 3Ha€M, YTO CTAHOAPTHOE OTKIOHSHHE BEH-
yuHu b coctanaer 0,1. Torna ecnu Hynesast runoTe3a Hy: B = | BepHa, TO OLIEHKK
K03 dHUMeHTOB perpeccud OyAyT pacnpeacieHsl TaK, KaK 3T0 MOKa3aHo Ha pHe. 3.5.
H3 3TOro pHcyHKa MOXHO BHAETh, YTO [IPH CHPABEARHBOCTH HYACBOI THIOTE3EH

OLEHKU OyayT HaXOAMTHCS NpHOAH3MTENBRHO Mexay 0.8 u 1,2,

ConoCTaBmMoCTb, CAYHaNHOCTS M YDOBEHE SHAYMMOCTH

Teneps MpUCTYNUM K rapHoMy. IIpeanonoxum, 4To Ml B3UIH GaKTHYECKYIO
BEIGOPKY 13 HaOmwoaeHuit obmweit HHOAAUNHE H HHPIAUKK, BH3IBAHHON poCTOM 2a-
p26oTHOI TUTaThl, ¥ NOCTPOUNHM OUEHKY f, UCMIOALIYSE ANA 3TOTO PErPECCHOHHLIN
ananu3. Ecay ouenka 6ax3ka 1,0, MBI JOMKHHE GBTH MOTHOCTBIO YAOBIETEOPEHE]
HYJIeBO rHMoTe30/, TAK KaK OHa U pe3y/IkTaT OLIEHUBAHHA 1S BRIGOPKH COBMECTH-
MBI ApyT ¢ ApyroM. Ho ¢ Apyro# cTOpOHbI, NPEANOA0KHM, YTO OLUESHKA 3HAMHTENBHO
otnuyaercs oT 1,0, JomyeTHM, HaripuMep, 4To oHa paBHa 0,7. BTO COCTABHT TPH CTaH-
JAPTHBIX OTKIOHEHHA BHH3 0T 1,0, BeposATHOCTS TOTO, YTO OTAHYHE OT CPEAHETO J0-

DyHKUMA NNOTHOCTH
BRDOATHOCTK ans &

L i —.

05 06 07 08 09 1 1.1 1.2 1.3 1.4 b

Puc. 3.5. Mpumep pacnpepeneHls BenuuHbLl & {Mogens casau obwei uidnauum
¥ MHOAAUMM, BL3BaHHOR pOCTOM 3apaboTHOR NaThl)

0
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CTHTHET TPeX CTaHOAPTHLIX OTKJOHEHHH B IMONOXHTENbHYI0 WIH OTPHLIATENLHYIO
cTopoHy, cocrapnser nuiub 0,0027, T, e. oyeHs HI3Ka. FICX049 H3 3TOIO BHI3LIBAIO-
wero GecnoKoHCTBO pe3ynbTaTa, BBl MOXETe NMPUHTH K OJHOMY M3 JIBYX BHLIBOLOB.

1. Bol MOXeTe POAOIXATE CUMTATE, YTO HyneRad runotesa P = 1,0 sepHa H 4TO
SKCIICPHMEHT Jal CNyJdalHEIH peaynbsTaT. B nonyckaere, UTO BEPOATHOCTE MOIYYE-
HHMA TaKoTo HH3KOTO 3HAaYeHUs Uig B ABALETCA O¥eHb HEGONbLION, HO, TEM HE ME-
Hee, OHa MMeeT Mecto B 0,27% caydyaeB, M Bbl HONYCKaETE, YTO ITO HMEHHO TOT
cayyai.

2, Bbl MoXeTe CHenaTh BHIBOL O TOM, YTO [HIIOTe3a NPOTHBOPEYUT Pe3yNLTaTy
OLieHUBaHUA perpeccud. Bel He ynopneTBopserech 00bACHEHHEM, AAHHEIM B INYH-
KTe I, TaK Kak BepOATHOCTE O4E€Hb Mana, ¥ NMOHUMaere, uTo Haubonee NpapIoNo-
J00HBIM OORACHEHUEM ABAAETCA TO, UTO BeJIWYMHA [ BOBCe He paBHAercs 1,0,
Apyrumu cnoBaMH, Bbl NPUHHMAETE aNbTEPHATHBHYIO runotedy H,:p#p,.

KakuM o6pazoM Bl onpenenuTte, Koraa HeOOXOAUMC BEIOPATh MEepPBLIA BHBOA, a
Koraa — BTopoii? O4eBHIHO, YTO YeM MEHBIIE BEPOATHOCTS TIOCTPOSHHUA PETPECCHHU,
NofoGHOHU TOM, KOTOPYIO BH MOJYYUIH NIPH YCIOBHH NMPABWIBHOCTH THIIOTE3RI, TEM
Ganbiue BEPOATHOCTE OTKA3A OT THIOTe3bI M BRIGOp BTOPoro BelBoga. Hackonbko ManoH
AOMXHA OHITh YKa3aHHAA BepOSTHOCTE I Brifopa Broporo BeBoga?

Ha aToT BOnpoc Her M He MOXET GLITh ONpefeNneHHOro OTEeTa. B GONbLIKHCTRE
paboT HO IKOHOMHMKE 3a KpUTHYECKUit ypoBeHb GepeTcst 5 uan 1%. Ecnu subupaetcs
ypoBeHb 5%, TO MEPEKIIONEHHE HA BTOPOM BHIEOA MPOMCXOAMT B TOM Clyuae, Koraa
NpH HCTHHHOCTH HYNEBOI THITOTE3B] BEPOATHOCTD MOMYYEHHSA CTOAb IKCTPEMANbHO-
o 3HAYeHUA b cocTaBnseT MeHee 5%. B 3TOM caydae roBopsT, YTO Hy/IEBasi THITOTE3a
JOMKHA 6HIT OTBEPTHYTA NPH 5-NIPOLUECHTHOM YPOSHE 3HUYUMOCMUY.

BTO MPOMCXOAUT B TOM Clyua€, KOrjia Be/M4HHA b OTCTOHT OT B, Sonee uem Ha
1,96 cranpapTHOro OTKNOHEHHs1. ECMU BRI NMOCMOTPHTE Ha TAGMHLY HOPMAIBLHOTO
pacnpeneneHus (Tabn. A.l B KOHIIe KHUTH), TO YBUIHTE, YTO BEPOATHOCTS TOTO, YTO
BeNMUYMHA b OyIeT NpeBoCXOaUTh CpeaHee 3HayeHHe Ha Gonee yeM 1,96 cTanmapTHO-
ro OTKJIIOHEHHSR, COCTAaBngeT 2,5% M, aHANOrHYHbIM 0GpasoM, BEPOSTHOCTL TOTO, YTO
aTa BeAH4HHA Gyner Gosee deM Ha 1,96 cTAHOAPTHOIO OTKAOHEHHA HIXE CPEOHETO
3JHaveHHs, Takxke 6yger 2,5%. O61mas BepoATHOCTS TOTO, UTO HaHHAA BEJIMMHMHA OT-
CTOHT OT MaTeéMaTMYecKoro OXuiaHua Gonee yeM Ha 1,96 CTAHAAPTHOTO OTKIOHE-
HHS, COCTABNISET, TAKMM 00pa3oM, 5%.

MoxHO oGo0OLUHTE 3TO peliatollee MPABHAO0 B MATEMaTHYECKOH GopMe, CKa3ap,
YTO HyJIeBasA TMIMOTE3a OTBEPraeTcA, €Clu

Z> 1,96 nau Z < ~1,96, (3.36)

e Z — YHCN0 CTAHAAPTHBIX OTKIOHEHUHN MeXZy perpeccMOHHON OLeHKOH U -
MOTETHYSCKHM 3HaYcHHeM f3:

Pa3nuua mexcdy ouenrol pezpeccuu

U ZUNOMEMUIECKUM SHAYCHUEM _b-Po
Z= - d (b)' (3.3?)
Cmandgpmuoe ominoHene GEAUNUNN b §.d.
Hynepaa runoreza He OyAeT OTBEPTHYTA, €CIH
—1,96 < Z < 1,96. (3.38)
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DT0 YCIOBHE MOXHO 3aITMCaTh C MOMOLULIO BeAWYMH & U B, TIOACTaBHB BhIpaxe-
HMe oA Z w3 ypaeHeHuda (3.37):

b—
196 <2 P _ 196, (3.39)

d.(b)

YMHOXHB BCE HacTH HEPABEHCTBA HA CTAHJAPTHOC OTKAOHCHHUE BEIHYHHBL b, Mox-
HO NONYYUTE:

—1,96 5.d. (b) < b — B, < 1,96 5.d. (), (3.40)
a H3 2TOor0 ypaBHCHHWA MOXHO NOAYYHUTH CACAYIOLIEE.
By — 1,96 5.d. (6) << By + 1,96 5.d. (8). (3.41)

VpapHeHue (3.41) naeT MHOXECTBO 3HAYEHHIH IIS BENUYMHBI b, KOTOPBIE HE
MPHBOIAT K OTKa3y OT KOHKPETHOH HYJEROI TUMOTE3H O TOM, 4TO B = By. 91O MHO-
JKECTBO 3HAYCHHMI NMOAYYHIO HAa3BaHWUE ofaacmu npuHamus 2unomesst 1A b npn
5-poLeHTHOM YpPOBHE 3HAYHMOCTH.

B nawem mpumepe, rae s.d. (5) = 0,1, MOXHO OTBEPrHYTh MNOTE3Y MPH YPOBHE
3HAYHMOCTH B 5%, eclH BeNHYHHA b HAXOOMTCA BEILIE HIH HHXE THIIOTETHYECKOro
CpeaHero 3HaYeHHA Ha BenuduHy Gonee 0,196, T. e. Britte 1,196 mwnu ke 0,804, TaxumM
obpa3oM, 00aacTh MPUHATHSA IMITOTE3b] BKIIOYaeT 3HAYeHHA Beaunuunysl b ot 0,804 no
1,196, DTo noka3aHO He3aITPUXOBAHHOM 06aCThIO HA PHC. 3.6.

DYHKUMA NAQTHOCTH

BEpPOATHOCTH ana b
RO an CO6nacTe NPUHATHA

runoTe3n

—— ———

0804 10 1196

Pue. 3.6. O6nacTs NpyHATHA rMNOTE3H ARG BENMUHMHE O Npy S-NPCUEHTHOM
YPOBHO 3HAYWMOCTH

AHanoryyHuM o6pa3oM CUMTAETCH, YTO HYJIERad HNOTE3a MOMXKHA OBITh OTBEp-
FHYTA TIPH YPOBHE 3HaYMMOCTH B 1%, ecaM rMmoTe3a moapasyMeBaeT, UTO BepOsT-
HOCTh NMOJMYYEHHA CTOAL 3KCTPCMANBHOI'C 3HAMCHMA INA BEIHYHHH b cocTaBnger
MeHee 1%. DTO MPOUCXOAMT, KOrIa BeJMMHHA b OTCTOMT Ha Gonee ueM 2,58 cran-
ZapTHOTC OTKJICHEHHA BBEPX WIM BHHM3 OT TMNOTETHYECKOrO 3HaYeHMA f3, T. €. KOr-

Ja
Z> 2,58 wm Z< —2,58. (3.42)

Bo3ppaliasaces K TabnHLe HOPMARLHOTO paclipesencHHA, MOXHO BHAETh, YTO BEPO-
ATHOCTh TOTO, YTO BEJIHYHHA b Gonee YyeM Ha 2,58 CTAHOAPTHOIO OTKJIOHEHUS Mpe-
BbICHT CBOE MaTeMaTHYecKoe oXxugaHue, cocrapnsier 0,5% u Ta xe caMad BEpOAT-
HOCTBH OYNET OnA BapHaHTa, YTO D OKAXeTCS HIHXEe CBOSF0 MaTEMATHYSCKOro OXM-
IaHHA Ha Oonee yeM 2,58 cTaHAAPTHOIO OTKMOHEHMA. TakuM oOpa3oM, obLuas Be-
POATHOCTD MOMYHEHMUS CTO/b IKCTPEMANTbHBX 3HaueHUIA cocrasisiet 1%. B HateM npH-
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MEpE BBl OTBEPTHETE HYJIEBYIO THIIOTE3Y O TOM, 4T0 B = 1,0, ecay olleHKa Ko3(h-
dHirMeHTa perpeccuH Gyner HaxoOuThbea Baile 1,258 unu Hinke 0,742,

MoxHO 3a0aThCA BONMPOCOM: MOYEMY HCCHEIOBATeNH OOBIYHO NMpPEICTaBASIOT
CBOM Pe3yNbTATH NPH YPOBHSX 3HAYMMOCTH B 5 ¥ 1%? TloueMy HegoCTAaTO4HO Or-
PaHUYMTBCA TONBKO OgHUM ypoBHeM? TIpHuMHA 33KTI0¥aeTCS B TOM, YTO OGLIYHO
AeAaceTCA TIONMITKA HaiTH Ganavc Mexny puckoM aonyweHus owubox I u IT poda.
Quutra I poda umeem mecmo 8 mom cayuae, Koz0aq 8t omeepzaeme UCIMUHNYIO Kyae-
ayro 2unomesy. Owubra IT poda eosnuraem, Ko20a 6bt He omeepzaeme JOWCHYIO 2Uno-
me3sy.

QOumbin 1 1 Il poga 8 nOBCEAHEBHON XU3HN

Tpobnema, kak u3bexatb ominbok I u I pona, usBecrHa BeeM. Tu-
[IHYHBIM TIPUMEPOM 3TOTO SBISIETCA paccaedOBaHWE YIOJOBHOLO Mpe-
ctyninenust. ECaAn 3a HYAEBYIO THIIOTE3y NPURATE BADUAHT, HTO MOACY-
AUMEI HeBHHOBEH, TO OWMGKa | pooa MPOMCXOAMT, KOTAA CYH NMpH-
CSKHBIX NpHU3HAeT ero BMHOBHBIM,. OwupbKa [T pona nMeeT MecTo B TOM
cay4ae, KOTAA CyA NMPUCAXHBIX OIIMOOYHO ONpABABIBAET BUHOBHOTO
NOACYAMMOTO. '

BrioniHe o4eBHAHO, YTO YeM HILXE KPUTHYECKAsA BEPOSATHOCTD, TEM MEHBILE PHCK
nomydeHrst owm6oK [ poga. Ecam Bbl MCIIONB3YETE YPOBEHb 3HAYMMOCTH, PABHLI
5%, TO BBl OTBEPIHETE MCTHHHYIO TMITOTE3Y B 5% cayvaeB. Ecnu ypoBeHb 3HAYKMOC-
TH cocraBaseT 1%, sul coBepiiute omnbky I poga B 1% cnyuaen. TakuM obpasomM,
B 3TOM OTHOUISHHMM OJHOMPOIEHTHLIN YpOBeHb 3HAYUMMOCTH Gonee HanexeH. Ecau
BB OTBEpIIM TMIIOTe3Y Ha JaHHOM YPOBHE, Bbl OYTH HABEPHAKA OBUIH BIIpaBe Ce-
aath 370. UMeHHO mo 3Toft NpUYHHE ONHONPOLEHTHH YpOBeHb 3HAUUMOCTH OIHK-
CBIBACTCA KaK ¢004ee @picokufi» B CPaBHEHHMHM ¢ 5-MPOLEHTHLIM YPOBHEM.

B 16 X BpeMA el HY/EBaq THIIGTE3a HOXKHA, TO YeM BhIie YPOBEHb SHAYHMOC-
TH, TEM IUKpe 06NACTh NPUHATHL TMNOTE3H, TEM BHIIE BEPOATHOCTE TOTO, YTO BH
HE OTBEpPTHETE €€, M TeM Bhille pUCK JonyweHua omH6ku II poaa. Takum oGpa-
30M, BBl OKA3BIBAETECH Mepen guneMmoit. Ecau Bel Oyaere HACTAMBATE HA OYeHL Bhl-
COKOM YPOBHE 3HAYMMOCTH, TO CTOJIKHETECH ¢ OTHOCHTENBHO BHICOKHM PHCKOM JA0-
nymenust omwnbku IT pona, korza rurnoresa oxaxercs JoxHo#. Ecau B BelBupa-
€Te HU3KMI YpOBeHb 3HAYMMMOCTH, TO OKA3LIBAeTeCh NEpel OTHOCHTENBHO BEICOKHMM
PHCKOM JomyineHus owubGku I pona, ecnd runoresa HCTHHHA.

BoasmwMHCTED Nioaeii BRIOMpAaOT HOCTATOMHO NpocTyio GopMy oflecrieueHud ra-
PaHTHH M OCYWIECTBISIOT NPOBEPKY HA ODOMX YPOBHSIX 3HAUMMOCTH, NPEACTABNIAA
Pe3yIbTATEl Kaxmoil Taxoit npoeepku. Ha caMoM deme gacTo HeT HeoOXOmMMOCTH
HEMOCPEACTBEHHO CChUIATLCH Ha 00a pesyabrara, Tak Kax BenwtuHa b nonxHa GHTh
fonee «3KCTpeMANbHON» ANA THMOTE3B!, OTBEPraeMoOil IIPH OMHOIPOLIEHTHOM YPOB-
HEe 3HAYMMOCTH, HO He NpH S-NpOIeHTHOM, M €CA¥ BBl OTKJIOHSAETE ee NPH OJHO-
NMPOLUEHTHOM YPOBHE, TO M3 3TOr0 aBTOMAaTMYECKM C/ISAYET, YTO Bbl OTKJIOHWUTE &€
H [PU YPOBHE 3HAYHMOCTH B 5%, U HeT HeOOXOXMMOCTH YIOMHKHATh 00 1oM. Ecam
Xe Bbl HE OTBEpraeTe TMMOTE3Y MPH YPOBHE 3HAYMMOCTH B 5%, TO M3 3TOrO aBToO-
MATHYECKH CASIYET, YTO Bbl HE OTBEPrHETE €€ U NMPH OJHOMPOLEHTHOM YPOBHE 3HA-
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YUMOCTH, H BHOBR HET CMeicna of aToM FOBROPHTD. TonbKo B OJHOM CIy4ae BH
HJOJKHBI MPEACTABHTDL oba pe3yabTaTa: CCJIM NMNOTE3a OTBEPracTCa Ha S-HPOHCHT-
HOM, HO HC Ha OJHOIIPOUCHTHOM YpPOBHE 3HAYHMMOCTH.

Yro npoucxonnT, Koraa CTaHaapTHOG OTKIOHEHNE BEST ML b Hen3BeCTHO?

Jo cux nop MBI CYHTANH, YTO CTAHAAPTHOE OTINIOHCHHE BEJHYHHBL & H3BECTHO.
OnHAKO HA MPaKTHKE 3TO AONYLUCHHE HEPCANBHO. 9TO MOXKHO MOKA3aTh Ha IPHMEpPS
CTAHAAPTHOM OIUMGKH ANA BEJIHMHHE b, B3ATOH W3 ypaBHeHHA (3.27). 3T0 NpUBOSUT
K ABYM H3MeHEHHAM MPOLeAYPH NpoBepKH runore3. Bo-mepebix, BennynHAa Z onpe-
gensgerca Ha OCHOBE HCHOJB30BaHMA CTAHAApPTHOM OWIKMOKKM c.0. (§) BMecTO
CTAHOAPTHOrO OTKMIOHEHHMA §.d. {(§) U HOCUT Ha3BaHHUE [-CTATUCTUKH:

= t—Bo

T eco(b)’ (3.43)

BO-BTOPBLIX, KPUTHYECKHE YPOBHH ! ONpeaensioTCA BEAUYHHON, UMeWeR Tak
Ha3HBAEMOE f-pacnpelencHHe BMECTO HOPMAaJIbBHOIO pacnpencncHmnsa. Mol He GyaeM
BOABATHCA B MIPHYKUHEBI 3ITOTO HIH JaXe ONNHCHBATDL f-pacrnpeneneHye MaTeMaTHIECKH.
HocTtatoyHe OyleT cKa3arb, YTO OHO POACTBEHHO HOPMaJIbHOMY pacrpeae/ieHHo, a
€r0 TOYHas (hOopMa 3aBUCHT OT UMCNa cmenerell c60600bi B perpeccHM, H OHO Bce
JAyYLUEe anIpOKCUMHKPYETCH HOPMAJNLHBIM PAaclpeleseHHeM MO Mepe YBeJHYEeHHA
yucaa cTeneHel cpofoabl. Bel, KOHEYHO, YK€ BCTpeMaNi MOHATHE /-pacHpeacicHNS
BO BBOJHOM Kypce CTaTHCTHKHU. B Taba, A.2 B KOHIE KHUTH TIpeACTaR/ieHBl KPUTH-
YeCKHUE 3HAYECHHWA 1N {, CIPYNIHPOBAHHLIX MO YPOBHAM 3HAYMMOCTH M YMCIY CTe-
neHell ¢cBoGOARL.

OUEeHHBAHNE KAXAOTO fMapaMeTpa B YpaBHEHHH Perpecciu MOornomaeT OJHy CTe-
meHb ¢BOGOOBI B BEIOOpKe, OTCIONa YKUCAO0 CTeTeHe CBOGOALI PaBHACTCA KOJAHYECTBY
HabMoAcHHU i B BEIOOpKE MMHYC KONM4ECTEO OHCHHBacMEIX IapaMeTpos. IapaMerpa-
MH ABASIOTCA NMOCTOSHHBIN 4neH (IIPH YCAOBMH, YTO OH BBEAE€H B MOAeNb perpec-
CHH) ¥ KO3 UIIHEHTD] TPH HE3ABUCHMEBIX NMepeMeHHEIX. B paccMaTpHBagMoM Cly-
Yae MAPHOH perpeccHy OLSHHBAIOTCA TOALKO ZBA [IapaMeTpa « U [, MoIToMY YHCIo
creneneit cBoboapl cocrapiseT r — 2. CnefyeT MOAYEPKHYTh, YTO, KOTAAa MH nepeit-
JeM K MHOXeCTBEHHOMY PerpecCHOHHOMY aHanu3y, noTpebyerca Gonee ofluee BbI-
paxeHHe.

Kputuyeckoe 3HaUCHUE f, KOTOPOE Mbl 0GO3HAYUM KaK 7, ., 3AMEHUT YHCI0 1,96
B ypaBHeHHH (3.39). TakumM obpa3zoM, yClOBHE TOTO, UTO OLIEHKA perpeccHi He J0M-
XHA NPUBOAMTB K OTKa3y OT HYNEBOH runoreas! f = B, O¥ACT CACOYIOLIHM:

epan < H?‘gj < lepum- (3 44)

lippmepit

B pasznene 2.6 GpyHKIMS pacxonoB Ha NMMTAHHE OLIEHHRANACH KAK 3aBHCHMOCTE OT
JIMYHOTO PAcMoNaracMoro JoXoa Ha OCHOBAHHY COBOKYITHBIX €KerOAHBIX AaHHEIX ANg
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CHIA 3a 25-nerHuit cpox (1959—1983 rr.) u ypaBHeHHEe perpeccuu Gbuio mpes-
cTaBreHo dopmynoii (2.42);

y= 55,3 +0,093x (3.45)
(2,4 (0,003)

Hudps, ykazaHHuE B CKOOKax, SIBNAIOTCA CTAHAAPTHBIMU OLIMOKaAMH.

IMpennonoxum, 4TO OfHA M3 3aAa4 OLIEHWBAHHA PETPECCHM COCTOMIA B IOATBEP-
XACHUH JOTaAKH O TOM, YTO YPOBEHb PacXOOB Ha MUTAHHE 33BHUCUT OT pa3Mepa
JLoxona. COOTBETCTBEHHO, Mbl (GOPMYNHPYEM HYNEBYIO TUIOTE3Y O TOM, YTO BENWYH-
Ha B paBHsjeTCs HyJI0, W 3aTeM IblTaeMcs ONPOBEPrHYTH ¢e. COOTBETCTRYIONIAS
t-cmamucmuxa, BbIMUCIeHHas 1o ¢dopmyne (3.43), ectb oueHKa Ko3bhduimeHTa,
IeAeHHas Ha e CTAHAAPTHYIO OWHOKY:

pob-Bo _ 5-0 0093
~c.o.(d) c.o.(b) 0003

310 (3.46)

Tax xaK B BHOOPKY BKNIOUEHO 25 HaGMoAeHWid M MbI OLICHHIIM /IBA MApaMeTpa, TO
YUCNO cTeneHeil cpoboanl cocTapasaeT 23. Kpurnueckoe 3HAUEHHE IS ¢ IPH S-npo-
LIEHTHOM YPOBHE 3HAUMMOCTH ¢ 23 crencusMu cBoGonsl pagHsaeTca 2,069, Ipuyem
#CTaTHCTHKA HE JeXHT MexXay 3HaveHuamMu 2,069 u —2,069. CnezoparensHo, Hepa-
BEHCTBO (3.44) He BBHITONHACTCS M MBI OTBEPracM HY/JEBYIO FHIIOTE3Y, CACNAB BHIBOA
0 TOM, YTO BeJIMYMKHA B B AHCTBUTENBHOCTH OTIMYAETCA OT HYIA M, CASIOBaTE/b-
HO, pa3Mep I0X0la éAusAem Ha YpoBeHb pacXoioB Ha MHTaHHe.

Ecau aTOT KpuTepit ONUCATL CAGBAMH, TO BEPXHUIT H HHXKHUH 2,5-TpoueHTHbIE
«XBOCThI» Z-pacnpeieeHns HAYHHAIOTCA CO CTaHIAPTHOro OTKAOHeHuA 2,069 BRepx
¥ BHHU3 OT €r0 MaTeMaTHYECKOTO OXHIAHMS, paBHOTO Hymo. KoaddbuiiueHT perpec-
CHH, KOTOPBIIi 110 OLEHKAM HAXOAHTCA B rpemenax 2,069 cTaHIApTHOTO OTKIOHEHUSA
OT FMIOTETHYECKOrO 3HaAY¢HUH, He ITPUBOSUT K OTKA3Y OT NOCKEAHEro. B paccmarpu-
BAEMOM CAyYae pacxoXxaeHue Oymer aKpUBaneHTHO 31,0 cTAHZAPTHOTO OTKIOHEHH,
M MBI PHXOZMM K BRIBOJY O TOM, YTO PE3Y/NbTAT OLEHUBAHUS PErpECCHU MPOTHBO-
PeuHT HYNeBOH rHMoTese.

KoHeuHO, B TOM, YTO Mbl HCTIONB3YEM YPOBEHDb 3HAYMMOCTH B 5% B KauecThe oc-
HOBB! LA NPOBEPKH CHUIIOTE3bi, CYMIECTBYET S-NPOLUEHTHBIN PHCK AONyLUEeHMA
own6xu I poma. B 3ToM cnyuae MBI MOINIM OB CHU3MTB PMCK 50 1% 3a cuet npume-
HEHUA YpOBHA 3Ha4HMMOCTH B 1%. Kpuriuyeckoe 3HauYeHWe L)t f IPH OQHOMPOLICH-
THOM YPOBHE 3HaYMMOCTH C 23 creneHsiMH cBobOonwt cocrapnseT 2,807. Ucnonbays
3TO YHCAO B COOTHOWEHMH (3.44), MBI BHIHM, YTO MOXHO JIETKO OTKAa3aThCH OT
HYNEBOH TFMIOTE3bl TaKXe W MPH ITOM YPOBHE 3HAYUMOCTH.

INpoueaypa ycTaHOBIEHKS B3AMMOCESA3H MEXIY 3aBHCUMOM M 06BsACHsIOLIEN Ne-
peMEeHHBIMH IIyTeM (QOpPMYTHPOBAHMS, & 3aTeM OTKIOHCHHUA HYACBOM THIIOTE3Bl O
TOM, 4TO B = 0, HCnronB3yeTcs oUeHb YacTo. COOTBETCTBEHHO, GONbIIAA YACTD, SCNH
He BCe NpOrpaMMbl DEerpeccuM, aBTOMATHYECKH BBIBOUAT f-CTATHCTHKY Ins 3TOrO
CTIEUMANRHOTO CAYYaA; WHLIMH CJIOBAMU, KODdUUHEHT AeNHTCS Ha ero CTaHiap-
THYIO OUHOKY. JlaHHOE OTHOLIEHHE YacTO O003HAYASTCS KAK «/-CTaTHCTHUKA».

Ecnu, oaHako, Hynepas FHMOTE3a OMpenensieT HEKOTOpoe HeHyJeBOe 3HaueHHe
BeyuHbl B, TO HeobXxodnMO HCROMb30oBaTh Dolce oblee BhipaxeHue (3.43), a
!-CTATHCTHKA BEIYMCASETCH BpyYHYIo. HanpuMep, BHOBb pacCMOTPHM MOJENH Perpec-
CHHM Mexnay obueli HHOAAUMeH W wHAALHeN, BEI3BAHHON pocToM 3apaboTHoM
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wath {(3.34), U NMpPeAmoNoXHUM, YTO BHIOPAHHOE YPABHEHHE perpecCcHH OKazanoch
creayonuM (B CKOOKaX YKA3aHB CTAHAAPTHBIE OLNIMOKH):

P =-121+08M. (3.47)
(0,05) (0,10)

Ecsn Teneps MCCHENOBATH THNIOTE3Y O TOM, 4TO 06mas HHPAALUA B RONTOCPOY-
HOM mepuone Gyaer paBHa WHGNALKH, BH3BAHHON pocTOM 3apaboOTHON IIATH,
TO HYAEBaA THI0TE3a OyeT COCTOATh B TOM, UTO Ko3dbuumesT npu w paser 1,0.
COOTBETCTRBYIOIIAA /-CTATHCTUKA MPHMET BHA:

_b-PBp _082-100
Tco.d 010

=-18. (3.48)

Ecnk B BRIOOpKE cONepXKHUTCH, CKaxeM, 20 HabmoneHUt, To YHCIO cTeneHe#H ¢Bo-
Gompr cocTaRHT 18, a KpUTHUeCcKOe 3HaUeHHe AN f TIPU 5-IpOLeHTHOM YPOBHE 3Ha-
YuMOCTH OyaeT 2,101. B sToM cnyuae /~-CTATMCTHKA JIEXUT Mexgy 2,101 u —2,101, mmo-
ITOMY MBI HE OTBEpraeM Hy/neByw rumoTe3y. OueHka, paBHag 0,82, JeXUT HUXe
Hauero runoreruvdeckoro sHavenns 1,00, HO He HACTONBKO HIDKE, YTOGB! HCKITIO-
YUTh BO3MOXHOCTD NMPaBHILHOCTH HYNEBOKH IMIIOTE3bI.

TepMUHOROrNSA MDUHSTUA (OTKIOHEHUS) rvioTessl

B aTom pa3nene GbUIO TI0KA33aHO, YTO CAELYET OTKIOHHMTH HYNEBYIO [H-
MOTe3y, SCAN I-CTATUCTHKA Gonblle, YeM 7., WIH MEHbLIE, YeM g —

H He cnenyeT OTKJIOHSITB 3TY THIIOTERY, €CJIM {-CTATHCTUKA HAXOMUTCH MEX-
y —1, {epum T1OMEMY «HE OTKIJIOHSTBY, K YeMY 3TO ycnoxHeHue? He
6b1n0 gum Mpolie CKA3aTh, YTO Bbl MTPHHUMACTE THIIOTE3Y, €CNH /-CTATHCTHKA
HAXOMUTCS MEXIY —¥,, M 7,

ApPryMEHTOM MIPOTHE UCTIOAB30BAHHS TEPMHUHA <TIPHHATL» ABISETCH TO,
YTO BBl CIIOCOGHEI «TIPHHAThY HECKOIBKO B3aMMOMCKIIOUAIOINNX MTHIIOTES B
OOHO M TO X¢ BpeMA. Tak, B MpUMEpPE ¢ 3aBHCUMOCTBIO MeXAY ofwei
uHobnguneit 1 uEQUIALIKEeH, BHI3BAHHOR POCTOM 3apaboOTHOR ITAATHI, BbI HE
Mornu Ol OTIJIOHUTD HYNEBYIO ruroresy H,: f = 0,9 unu Hynesywo runore-
sy H,: p = 0,8. JlornuHo cKa3ars, YTO BBl HC OTKJIOHACTE 3TH HYAEBEIC THITO-
TE3B, a TAKKE HYJAEBYIO TurnoTesy H,: § = 1,0, pacCMOTpeHHYIO BHILIE, HO
NMpakTH4YeCKH OecCMBICNeHHO 3a9BAATh, YTO BK ONHOBPEMEHHO NMPHHHMA-
€Te BCE TPM TMIOTE3RE. B cemyiollieM pa3ac/c Bl YBUAMTE, YTO MOXHO OIT-
PEOCAKTD LEALIA pAl THIOTES, KOTOPLIE He MOIYT GLITh OTKJICHEHBL B pe-
3yAbTaTE AAHHOTO 3KcnepumeHTa. [ToaToMy 6h17I0 OB HEOCTOPOXHO BHIG-
PATh ONHY M3 HHUX KAK «TIPHHATYIO»,

- Ormcanne pe3yasTarTos PoOBepokK 1o t-KpuTepnio

HDEI[HOHO)KHM, YTO Bhl HMEETE TCOPETHUCCKYIO 3ABHCHMOCTD
y=a+pxtu,
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M HYJNCBasi M aNbTEPHATHBHAs FHMOTE3D! 3alaHbl B Buae H: B By
H,: B =B, Ecni ans B no BEIGOPOYHBIM JAHHBIM JI0IY4€HA oueﬂxa b, To
oﬁnacm [PDHHATHA W OTKIOHEHHMS TMIIOTES VIS S-MPOLEHTHOMO M OOHO-
NIPOUEHTHOTO YPOBHEH 3HAYUMOCTH MOTYT ORTh B O0LIEM NPEACTABNEHbI
Nepoii yacTeio puc. 3.7.

[Ipasas gacTs puc. 3.7 nokasnIBaeT Te Xe caMble 006AACTH A1 KOHKPET-
" HOTO EpUMEpPa MOLEAH PErpeccHU Mexay obweit mHnsnueit v HHOAALKH-
eil, BrI3BaHHOH pocToM 3apaboTHON [WIATHL, NPHY 3TOM HyNeBas THIOTE3a
Oyner umers Bua f = 0. Hynepas runoresa He GyIeT OTKIOHEHA NP YPOB-
He 3HAYNMOCTH B 5%, ecau seyimyuHa b HaxoanTes B npelenax 2,101 crau-
JAPTHOMN OIMOKH OT SAMHULEL, T. €. B amanasode ot 0,79 no 1,21, ¢ oHa He
OyoeT OTKIOHEHA NPH YPOBHE 3HAYMMOCTH B 1%, ecin BennuKHa b Haxo-
awrcd B npegenax 2,878 craHAAPTHOrO OTKNOHEHHS OT SAWHHLBL, T. €. B AU~
antasore or 0,71 oo 1,29.

M3 puc. 3.7 MOXHO BHIETH, YTO CYINECTBYET TPH THMIIA 30H NMPUHATHA
pemeHnit.

1. 30Ha, rOe BeAKWYMHA b HACTONBKO Jal€Ka OT FUMIOTETHYECKOrO
3HAYCHHA P, YTO HyNeBasA THIOTe3a OTKNCHACTCA KAK IIPU S5-[MpOLeH-
THOM, TAK U NPH OJHOIPOLEHTHOM YPOBHAX 3HAYHUMOCTH.

2. 30Ha, ro¢ BeIMHMMHA & MOCTATOYHO AaNeKa OT FUIIOTETHYECKOro
3HaueHuA [, yTOoOLI HyneBas rumoTe3a ObUla OTKJIOHEHA MpU 5-mpo-
LEHTHOM, HO HE NPH OAHOIPOUECHTHOM YPOBHE 3HAYHUMOCTH.

3. 30Ha, rae BeNuyYMHA b 10CTaTOYHO GAH3KA K TMIIOTETUYECKOMY
3HaueHMio B, 4ToOB Hynesas TUIOTe3a HE ObL1a OTKIOHEHA HHM TIpH
OLHOM M3 [BYX PacCMATPMBAE€MEIX YPOBHSX 3HAYMMOCTH.

Ha ocHOBaHUH CXEMbl MOXHO MPOBEPUTH, YTO €CNTM HYNEBasl FHIOTe3a
OTKNOHACTCA 'IIDH OOJHONPOUESHTHOM YPOBHE 3HAYHMOCTH, TO OHA AaBTOMA-
TH‘-ICCKH OTKINOHAETCS H [TIPpH S—IlpOU,eHTHOM YpOBHE, CJ]eLI.OBaTCﬂbHO B
ciyvae J HeoOX0AMMO 3aABUTE THMLIB 06 OTKIOHECHUK THITOTE3bI NIPH OO4HO-

[MPOLEHTHOM YPOBHS 3HAYMMOCTH. 3asBNATh 00 £¢ OTKIOHEHHH Npy 5-npo-
LEHTHOM YPOBHE HeT HeoOGXOIMMOCTH. OT0 PABHO3HAMHO TOMY, 4TOOLL ¢e-
JIaTh 325BACHUE O BO3MOXHOCTH B3ATHS IIPLITYHOM BBICOTBI B 2 M, 2 3aTeM
B KAYeCTBE JOTMONHEHNA 3a9BATh O €TI0 BO3MOKHOCTH B34Th BBICOTH B 1 H
1,5 M. _

AHANOTHYHBIM 06pasoM Ans cnydas 3 BaM HeoGXOAMMO CAENATh TONb-
KO 3adRNEHHE O TOM, YTO B 2TOM KOHKPETHOM CAydae TMIioTe3a He Gyuer
OTKJIOHEHA NMPY S-IPOHEHTHOM YPOBHE 3HaYuMMocTH. OTCI0Na ABTOMATHUECKH
clenyeT, YTo OHa He OyzeT OTKAOHEHA U NPY OAHOMPOLIEHTHOM YPOBHE. A
IOTIONHEHHE K 3TOMY 3asABICHHI0 UMEI0 OBl TOT Xe 3(pheKT, Kak eciv Obl
K 3afB/ICHHIO O TOM, 4YTO [IPBIIYH B BBICOTY HE MGXET B3ATE BbiCOTHI B 1 ¥
1,5 m, Gbmo noﬁamleﬁo YTBEPXKIOSHKHE O €I HECNOCOOHOCTH B3ATh BEICOTY
B2 M.

JIume B chyyae 2 Heoﬁxonnmo (M >KenaTesIbHO} MPeACTaBHTL pe3yNbTa-
Thi. 06eHX MPOBEPOK.
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OGwwiA cnyyai PeweHue Mpumep 338MCUMOCTH
obweh rHdaauMM Y
MHGTALWK, BH3BAHHON
POCTOM 33pNAaTHl

OTrnoHEHMS H, NPU YPOBHE 3HAUWMOCTH 1%,
a Takxe W npu 5%
B+t (1%} Xco —— —1 1,29
OTrNoHEHWE H, NpK YPOBHE 3HAaYMMOCTY 5%,
HO He Npw ypoBHe 3HadmmocTy 1%

g+t (B%) X c0.  —— —4— 121
Tlpn ypoeHe 3naummocTy 5% (uanw npu 1%} | 1.00

Be —T runaTesa A, He OTeepraeTeA ’
Byt (5%} X co0. —— —+ 0,79

CTKNOHEHWE H, NPy ypoBHE 3Ha4YUMOCTH 5%,
HO HE MpW YPOBHE 3HAYMMOCTH 1%
By~ tur {1%) X C.O.  —— —— 0,71
Otknonerne A, npu ypoBHe 3HauwmocTy 1%,
a TAaKxe M nNpu 5%

Puc. 3.7. Npeacrasnceyne pes3ynbTaToB NPOBEPKHM NMNOTES NO FKPUTEPWID
{BBIBOOBI, 3aKMOYEHHBIE B cKOBKax, NPeacTasnaTs HE ThebyaTtca)

JaknoyHuTeIbHOE 3aMeyaHUe OTHOCHTENLHO MpeACTABMeHMsA Pe3yNbTaTOB OLUe-
HUBAHUA PETPECCHHM COCTOMT B TOM, YTO B HEKOTOPBIX pabotax B CKOOKax mol Ko-
3D OUUHEHTOM BMECTO CTAHRAPTHOH OLIMOKHM NPUBOIMTCH f-CTATUCTHKA, Bhi non-
JKHBl BHUMATEABHO CNEAWTE 3a 3THM, H, KOTAAa NPEeACTABAAETE Pe3yiIbTAThI, 3TO 40OJ-
XKHO ObITh CAeNaHO OpenespHO IOHATHO.

YrapaxHerus

3.7. TlpuBeauTe €lle HECKOABKO NPHMEPOB IS MOBCEIHEBHO BCTPEYAOLWUXCH
CNy4yace, Koraa NpW MPUHATHH PEINeHUI MOTYT BOSHUKHYTh ommbku I u I pona.

3.8. Mepen Hayanom kypca 06ydeHHA 36 cTyneHTOB GBI MOABEPrHYTH! TECTY Ha
npoBepKy criocofHocTeil. PeayapTaTel TecTa M Kypca ofydyeHHa (1o TUOY «npolens/
«HE Mpollen») npeacrasieHs! 8 Tabnuue Ha c. 101,

Kak BBl nymaere, noje3eH JIM TECT Ha NMPOBepKy cnocoBHOCTEH ANA NPUHATHA
Ha KypcC, ¥ eC/IH 3TO TakK, TO KakK Obl Bbl OMpenenunn npoxonnoi Gann? (PaccMor-
PHTE BAPUAHT KOMOpOMHKcca Mexay owubkamu 1 u I1 pona, ¢BA3aHHBIMM ¢ BRIGO-
poM npoxogHoro Ganna.)

3.9. CrangaptHas ommbka KoaghuuueHTa NpH ¢ B ynpaxHeHHH 2.1 coctasuna 0,08,
TIpoBepbTe HYNEBYIO THITOTE3Y O TOM, YTO MCTHHHOE 3HAaYeHUe Ko3hdPHUUeHTa paB-
HO HYJIIO:

I} npu 5-NpOUEHTHOM YPOBHE 3HAYHMOCTH;

2) Npy OJHONPOLEHTHOM YPOBHE 3HAYHMMOCTH.

3.10. B ynpaxHeHuu 3.9 cneayeT mpeACTaBUTh TONBKO PE3YALTAT NPOBEPKU NPH
OMHOIPOUEHTHOM YPOBHE 3HAYUMOCTH. [Touemy?
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Bann va Pegynerar Banm ma Pasyasrar

Cryaent TECTUPOBAHIN oOyHOHMHS Crvaent TECTHDOBaHWHW OOYIGHHT
i 30 He npowen 19 51 H8 npolwen
2 29 npoLwen 20 45 HE Npowen
3 33 He Npowen 21 22 HO Npowen
4 g2 npowen 22 30 npowen
5 59 He npowen 23 40 HE npolwen
-] 83 npotuan 24 26 HE8 npouren
7 a0 npowen 25 9 He npowen
8 32 He NpoLwean 26 as npowen
g 60 npowen 27 61 npowen
10 76 npolwen 28 79 He npoLen
1 13 He MpoLwen 29 57 H& MpoLen
12 a4 npoLw en 30 46 npowen
13 26 He npollen 31 70 HE Npowen
14 43 npowen a2 31 npowWwen
15 43 HA NMpowean 33 68 npoLwean
16 68 npowen 34 62 npow en
17 63 npow en 35 56 npowen
18 42 He npowen 36 36 npowen

3.11. TlpennonoxumM, YTO Bb NPOBEPWIH HYAEBYIC THIIOTE3Y Ip# 0GOHX ypoB-
HAX 3HAYUMOCTH B 5% M B 1%. TIpU KakuMX YCIOBHAX Bbl MPEOCTABUTE:

1) TONBXO pPesyNbTAT NPOBEPKH NpPH OJHOMNPOLEHTHOM YPOBHE;

2) TONBKO PE3YAbTAT NPOBEPKH NpPHM S-npOUEHTHOM YPOBHE;

3) pe3yaAsLTaThl NpH 0G0HX YPOBHAX 2HAYMMMOCTU?

3.12. YpaBHEHHA perpecCHM MEXIY pacxofaMM Ha KOMMYHAIBHBE ycayrH u (1)
pacronaraeMbiM JIHYHBIM ZOXoOoM R (2) BpeMeHeM B YOpPaXXHeHHH 2.2 UMET BUg
{CTaHAapTHbIE OUIHGKN yKa3aHhl B cKoOKax):

§=-27,6+0,178x; $=48,9+4 84x.
(3.4) (0,004) (L,5) (0,10)

BEITIOAHKTE I-TECT M NMPOBEPKH SHAYMMOCTH KO3()PHUMEeHTOB TaM, rae 310
HeoGxoaumo. Yerko chopmynupyiite nposepseMbie HYJIEBbIE TRIIOTE3b! K WX aTbTED~
HaTHBH. KpoMe Toro, o0BACHHTE, NOYeMY Bhl GODMYNHpYETE CHayana HyneBbie TH-

MOTE3bl.
3.13. BBINONHHTE aHANOrHYHBIE -TECTHl AN NMPOBEPKH K03GhPULIMEHTOB perpec-
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CHii, OllEHEHHbIX BAMHU B YNpaxHeHusx 2.4 u 2.5, yerko dHopMynupys HyNeBble U
albTEPHATUBHbIE THNOTE3BbI.

3.14. TIpeanonoxum, 4ro No NpUHATOH runoTese 18% npezeasHOro Aoxoaa pac-
Xoayercsa Ha muTaHue. [lpoBeppTe 3Ty TMMIOTE3Y, HCMOJbL3YA PE3y/IbTAT OllEHUBAHHS
perpeccuy, NpeACTaBACHHOH B ypaBHeHHK (3.435).

3.8. loBepuTentHble NHTEpBank

JlO cHX mop MEI [IPENIONArany, YTo THIOTE3A MPeALIecCTBYeT SMITHPUYECKHM HC-
caeaosaHuaM. OnHaKo 310 HeoOs3aTenbHo. QYeHb YacTO TMNOTE3a M KCMEPUMEHT B3a-
WMOIEHCTBYIOT, B 3TOM OTHOLIEHKH THITHYHBIM [IPHMEPOM SBSETCS PErPECCUR pac-
XOMOB Ha muUTaHHe. BHavane MEl oLieHHBaeM perpeccHio, MOTOMY YTO B COOTBETCTEHH
¢ PKOHOMHYECKOM TEOpHeil OXUAaeM, YTO pa3Mep AOXOAa BIMMET HA YPOBEHB pac-
XONOB Ha nuTanue, Pe3yabTaT OLEHHBAHUSA PErpeccHd MOATBEPANN 3TO UHTYHUTHB-
HOE CXHAaHHE B TOM CMBIC/IE, 4TC MbI OTBEPIN HYIeBYIO rHnore3y B = 0. Ho mocie
3TOTO BO3HHKIIO OLUYLUSHHE HEKOTOPO# MYCTOTHI, MOCKONALKY HA OCHOBE 3TOM Timo-
Te3bl HeNIb3A BbIABMHYTE MPEATIONOXKEHHS O TCM, YTO 3HAMEHHE B paBHACTCH HEKO-
TOPOMY KOHKpPETHOMY 4Hcay. Tenepb, ONHAKO, Mbl MOXEM NBUHYTHCA B [MPOTHBOIIO-
JIOXHOM HaMpaBJeHHWH U 3aAATECH BOMPOCOM O TOM, KAKHe rMnoTe3bl COBMECTUMEI ¢
pPE3YNBLTATOM OUEHHBAHUS PETPECCHH,

BrionHe oYyeBHAHO, YTO rHNOTE3a 0 TOM, uTo B = 0,093, GyneT coBMecTUMOR, Tak
KAaK THIOTE3a H pesy/IbTarsl SKCNePHMEHTA coBnanaioT. KpoMe TOro, COBMECTHMBI-
MH OVAYT H THIIOTE3RI ¢ TOM, 9T0 B = 0,09229 u § = 0,09301, Tak kak pazHUlIa MEXAY
THIOTE30M M pe3yNbTaToOM 3KCIeprMeHTa Oynet HeOonb1oi. Bonpoc COCTOUT B TOM,
HACKONLKO CHJIBHO T'MINOTETHUECKOE 3HAYCHWE MOXET OTNHYATHCA OT PE3YNbTATA
3KCOEPUMEHTA, MPEXAE YEM OHHM CTAHYT HECOBMECTUMBIMM M MBI JO/DKHEI Oygem
OTKJIOHHTDb HYJICBYK) THITOTE3Y.

MoO3KHO OTBETHTL Ha 3TOT BOMPOC, HCIIONb3YA NPeALECTBYIOIUNE paccyXaeHusA. Ha
ypaBHeHHA (3.44) punHO, yTo KoXphHUUMEHT PEerpeccHd b U THMOTETHYECKOE 3Ha-
yeHMe B OYOyT HeCOBMECTHMMBLIMM, BCNIA BBRITONHAIOTCA YCIOBHUSA:

b-p b-p

co ) kmm WM o gy > e (3.49)
T. €. eCTH

b—PB>coB)Xtpum MAM DB <—C.O.(0) X txpm, (3.50)

YTO COOTBETCTBYCT
b-CoBXtypm>B WM b+CO.(B)Xlpm, <B. {(3.51)

OTclofa CNeAyeT, 4TO TMIIOTETHYECKOE 3HAYEHHME P ABNAETCA COBMECTHMBIM C pe-
3yNbTATOM OLECHMBAHMSA PErPECCHM, €CNH OJHOBPEMEHHO BBIMOAHEHB YCAOBUS:

b—co®Xtpm <P M B<b+c.0.(8)Xtipmms (3.52)
T. €. €CAM BEAWYMHA [ YIOBNETBOPAET ABOMHOMY HEpPABEHCTBY:

b—C.0.(B) X typyum <P < b +€.0B) X tpyy (3.53)
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Mwboe rTMDOTETHYECKOE 3HAYMEHHE [, KOTOpOE YAOBASTROPAET COOTHOLICHHIO
(3.53), OyaeT aBTOMAaTHYeCKH COBMECTHMO ¢ OLIGHKOM b, HHBIMM CIIOBaM¥, He Oyner
ONPOBEPTaThes €10, MHOXECTBO BCEX 3THUX 3HAYCHMIA, ONpeneneHHbIX KAK HHTEDBA
MEXIY HYXHEH M BepXHeil rpaHyliaMy] HEPABEHCTBA, U3BECTHO KaK dosepumenbibili
unmepeas s BeIMUHHE P.

OtMeTuM, YTO HOCPEAMHE JOBEPHUTEABHOTO HHTEPBANA ACKHT caMa BeAWuYMHa b,
I'paHHLBI HKHTEpBAJIA OOHHAKOBO OTCTOAT OT H. OTMETHM TaKXKe, YTO, TAK KaK 3Ha-
YEHUE I, 3ABUCHT OT BeIGOpa YPOBHS 3HAYMMOCTH, TPaHULb! GYAyT Takxe 3aBH-
CEThb OT 3TOro BhiGopa. Ecay mpuHMMaeTcs S-NPOLEHTHBIM YPOBEHSH 3HAYHMOCTH,
TO COOTECTCTBYIOLMM IOBESPUTE/IbHEIM HWHTEPBANIOM CUHTaeTCad 95-NpoLeHTHBIR HH-
teppan. Ecau BLIGHpacTcA OZHONMPOLCHTHLIA YPOBEHbL, TO MOAYYAKT AOBSPUTEND-
HbI}i MHTepBal B 99% ¥ T. 4.

Tax xax 1, GyaeT Gonbie [t OAHOMPOLEHTHOTO YPOBHA, HeM NS 5-IPOLUEH-
THoro (npy noboM AaHHOM YHCNe cTeneHel ceoboakl), TO, CACKOBATENbLHO, HHTED-
Bai B 99% Gyner uiMpe uHTepeana s 95%. Tak Kak nocpeanHe 060UX UHTEPBANOB ASKUT
BEJINMUHA b, TO MHTepBaJ B 99% BKIIOYAET BCe THIOTETHYECKHE 3HaYeHus B B 95-npo-
LEHTHOM OBEPUTENLHOM HHTEPBaNE, 4 TAKXKE AONOTHHUTENbHbIE TPOMEXYTKH C TO
M IpYro# CTOPOHEL.

llosmep

Tpu oueHHBAHHH PErPECCHH MEXAY PACXOAAMH Ha MMTAaHHE U AOXOAOM BENUYU-
Ha b coctasuna 0,093, ee crannaprHas ouwmbka 0,003, a 1. NpH 5-NPOLEHTHOM
ypoBHE 3HaunmMocTH 2,069. OTcioga coOTBETCTBYIOWMI 95-npoLEHTHBIA Z0BepH-

TEABHHII HHTEPBaj COCTABAAET:
0,093 - 0,003 x 2,069 < p < 0,093 + 0,003 x 2,069, (3.54)
HHBIME CIOBAMH,
0,087 < B < 0,099. (3.55)

ITo3toMy MBI OTBepraeM MIOTETHYECKHE 3HAYCHMA TOILKO ¢Bbiwe (1,009 u Hxe
0,087. Hw6rle rumoTe3bl, He BHIXOOALIME 38 pAMKM 3THX NipedcnoB, He OyayT onpo-
BepPraThCs MOMYYEHHEIM PE3YILTATOM OlleHHBAHHUS PETPecCHi.

Yapaxrerus

3.15. Bolyucnute 99-npoLEHTHBIH NOBEPUTENBHBI MHTEPBAN I B B mpesbiny-
WeM YIPAXHEHHU 1 OOBACHHTE, IOUEMY HEKOTOPLIC 3HAUCHHMA HE ObINK BKITIOMEHE!
B 95-HipOLEHTHEIH NOBEpHUTENbHBIR HHTEPBRAL.

3.16. Beiuvcnure 95-npoUEHTHEIR J0BEPHTEALHbIM HHTEPBAT AN § B IpUMEpe ¢
3aBUCHMOCTHIO MeXIy o0mell uHbnauuel U HHOAATHEHA, BRI3BAHHONR pOCTOM 3apa-
GorHoM matsl. Kakoil BhIBOA BRI MOXETE CAGNATE H3 9TOTO BHIYUCACHHS?

3.17. Boluncaure 95- ¥ 99-NpOLIEHTHBIE AOBEPUTENBHBIE HHTEPBANbI AT KO3(h{hu-
IWeHTA HAKJIQHA B YPABHEHUH PErPECCHHU MEXITY PacXolaMy Ha KOMMYHAILHbBIE YC-
NYTH ¥ PacToIaTaéMbIM JHYHLIM OXOAOM, MPEACTABTEHHON B ynpaxHeHuu 3.12.
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3.18. Boyucnure 95- v 99-npoOUEHTHBIE NOBEPUTEABHBIE MHTEPBAIL AT KO3t~
dmumMeHTa HaKiTOHa B perpeccH#, OLeHeHHOH B ynpaxXHeHHH 2.4,

Bropas mHTepnpeTaLs A0BEDUTESIbHOM UHTEOBANA

Korza Bel CTpOUTE QOBEPHUTEILHBII UHTEPBAJ, YHCIA, KOTOPBIE Bbl OII-
penensieTe B KAYeCThe eF0 BEPXHErO M HIDKHErO MPeienon, CONePXAaT Cy-
YaiiHble COCTARMAIOIIME, KOTOPLIE 3aBMCAT OT 3HAMeHHH cly4aliHoro wie-
Ha B HaGniopenusix spibopku. Hanprmep, HepaBeHcTBO (3.33) BRIIOUaeT
BEPXHUIA Mpenen:

b+c.o (b x A~

Kak b, Tak u ¢. 0. (b} YaCTHYHO ONpeAeNAIOTCA 3HAYCHUAMY cniyvaii-
HOT'O YJeHA, TO XE NMPOUCXOAMT W C HHXKHHM npenenom. Mul Hageemcs,
4TO AOBEPHTENBHSIH HHTEPBAN OYIET BKIIOYATh HCTHHHOE 3HAYEHHE Mapa-
METpa, HO HHOTRA OH OyaeT HACTONBKO MCKaXeH cny4adBuIMH daxTopa-
MH, YTO 3TO OYIET He TaK.

KakoBa xe BepOATHOCTb TOTO, YTO AOBEPHTENLHBIH MHTEpEan OymeT
BKJIIOYATE HCTHHHOE 3HaueHHe napaMerpa? Jlerko rokasarb, HCIOML3YA 3J1e-
MEHTAPHYI TEOPHIO BEPOSATHOCTE#H, YTO B cAyyae 35-mMpoLeHTHOro AOBE-
PUTENBHOTO WHTEPBANA JaHHAA BEPOSTHOCTL COCTABHT 95%, ecln Mounenb
[paBHNBLHO OfpeaencHa u yeroems Taycca—MapKoBa BEITOMHSAIOTCA. AHA-
JIOTUYHBIM a0pa3oM B cliyyae 99-NpOUEHTHOrO AOBEPHUTENLHOIQ HHTEP-
BaNA JaHHas BEPOSATHOCTh Oymer 99%.

OueneHubIi KO3 bUIMenT [HanpuMep, b B HepapeHcTBe (3.53)] obec-
[EUMNBACT TOYEUHYIO OLUEHKY pacCMaTPUBaEMOTo NMapaMeTpa, HO NpH 3TOM
BEPOSTHOCTE TOT0, YTO UCTURHOE 3HaYeHMe GyaeT B TOUHOCTH PaBHO 3TOM
OLieHKE, HUYTOXHO Mana. JoBepuTeAbHBIA WHTEDBAI NAeT TaK HAa3kIBae-
MYK <«HHTEpPBaAbHYK OHEHKY» MapaM<eTpa, T. €. AHANA30H 3HAYCHHI,
KOTOpDRIA GyaeT BXKMIOYATL MCTHHHOE 3HAYEHHe ¢ BBICOKOM, 3apaHee ofl-
pencneHHoO BepoATHOCTBIO — 95% B chmyuae 95-npoueHTHOrO U 99% B
ciayyae 99-npoueHTHOTO JOBEPHTENBHOTO HHTEpBana. UMEHHO 3Ta HHTEp-
fIpeTalUMsA U JacT HA3BAHHME HOBEPUTEIBHOMY MHTepBany (Donee noapod-
HO 3TOT BONPOC paccMarpHeaeTea B paGore T. YouHakotrta u P. YoHHa-
koT1Ta [Wonnacott, Wonnacott, 1985, rnasa 8]).

3.9. OgHocTOpOHHUE t-TecTbl

PaccMotpeHue ~TeCTOB Mbl Hauyanu ¢ HynAesol runortessl Hy: § =B, n nposeau
NpPOBEPKY BOIMOXHOCTH €€ OTKNOHEHHS NPH KO3PDULKEHTE PEerpeccHH, PaBHOM
b. Ecny OBl MBEL OTKNOHMIM 3TY MMNOTE3Y, TO KOCBEEHHO NMPHHAIK §bl anbTepPHATHE-
Hyio runotesy H,:p=#f,.

Ho cyx nop anprepHaTUBHAA THMOTe3a Oblna JMILD MPOCTHIM OTPHLAHKEM HY-
neBoi runoTesbl. Ecnu, oaHako, MOXHO ChOPMYIMpPOBAaTh anbTEPHATHBHYIO TMNO-
Te3y OoJiee KOHKPETHO, TO CAEAYET U YCOBEPIIEHCTBOBAThL MPOILEnypy NMPOBEPKH.
[TporeseM uccnenoBaHue Tpex CAYHAEB: MepPBHIE CIy4all — BecbMa YacTHBIM, KOraa
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CYLIECTBYET eQMHCTBEHHOE aJbTEPHATUBHOS MCTHHHOE 3Ha4eHHE P, KOTOpoe Mbl
o6o3HauuM B,; BTOpoit Cciiyyait — ecnu f He paBHO B, TO OHO AOMLKHO GhITE GoNs-
we By, u TpeTHi cayvyall — eciM BenuuuHa f§ He paBHa B,, TO OHa JOJNXHA OHITh
MeHblue B,

Hy:B=pBy, H;:B=p

B 3ToM cy4ae 1o KaKHM-TO [MPHYHHAM CYLIECTBYIOT TOMBKO JBA BO3MOXHLIX HC-
THHHBIX 3HaYeHUS Ko3(duienTa npu x — fi, ¥ B,. Ana onpeneneHHOCTH AOMYCTHUM,
410 (3, Gonbie, yeM By. T1peanonoxum, YTo Mbl XOTHM TIPOBEPHTD TUnoTely H, npu
5-NpOLIEHTHOM YPOBHE 3HAYHMOCTH M MCMOMB3YEM TS 3TOr0 OGBIYHYIO NPOLUEYDY,
KOTOpas yXe pacCMaTpMBanach B 3Toi rnage. Mbl HAXOZUM rPaHMIIH NI BEPXHETO U
HUXHETO 2,5-NpOoLEHTHBIX «XBOCTOB» f-pacripeacneHus, cyurad, yro H; BepHa, u
0003HaYuM MX KakK A 4 B Ha puc. 3.8, Tunoresa H, oTknoHsercs, ecnu KosGOULUeHT
perpecchy b okasbiBAeTCH NpaBee TOYKM B HNH neBee TOYKH A

Hance, ecam 3HaveHKs b HaxonuTCA cnpaeka or B, To OHO HAMHOTO JyYlle COBMe-
CTUMO ¢ runoTe3oif H|, yeM ¢ runore3oii Hy; BepoATHOCTb €ro HaXOXAeHHs CrpaBa
oT B, ecnu MUCTHHHA rumoTre3a H|, HaMHoro Gojsuie, YeM MpH UCTHHHOCTH FHIOTE-
3bl Hj. 3mech y Hac Ke DOMXHO OBITh COMHEHME B TOM, YTOOB! OTKIOHHTH FHIOTE3Y
H,, ¥ IpHHATD THNOTe3Y H|.

EcnH, ogHako, b HAXOAWTCA cleBa OT A, TO UCIIONb3yeMad NpOLEAYpa [poBep-
KU MpHMBEAET HAC K HepepHoMy saknioueHMIo. [locneaHsas TpeGyer OTKNOHHTH TH-
noresy H, U, cleNOBATENbHO, MPHHATL TUOTEsy H,, HECMOTPSI Ha To 4TO NMPH HC-
THHHOCTH THINIOTE3bl H, BEpOATHOCTL HAXOXACHUA b cneBa OT A HHYTOXHO Mana,
Mu1 gaxe He NOCTPOHAHM KPHUBOA QYHKIMH IVIOTHOCTH BEPOATHOCTH, COOTBETCTBY-
owei runotese H. Ecnu Takoe 3HayeHHe H MOAYy4acTCs TONBKO OJMH Pa3 Ha MUJ-
JHOH CAYy4YaeB NP MCTHHHOCTH runotesbl H), HO B 2,5% cny4yaes NMPpH UCTHHHOCTH
THIIOTE3kl ), TO 37€Ch HAMHOTO MOTMYHEE CYMTATh, YTO HCTMHHOM SBIAACTCA TH-
noresa H,. KOHe4YHO, B OJHOM Cny4yae H3 MWIJTHOHA BhI CIenacTe OUIMOKY, HO B
OCTAAbHBIX CliydasX Bel OyAETe NPABLI.

CrelloBaTeNbHO, Mbl OTKNIOHMM THIIOTe3y H,, TONbKO eclii & 0Ka3bIBAETCH B BEp-
AHEM 2,5-NPOLEHTHOM «XBOCTE» pachpelieNeHus, T. €. cnpasa oT B. DTo o3Ha4aeT, 4o
Tenepb Mbl BBUMOJIHAEM TIPOBEPKY MHNOTE3bI C ONHOCTOPOHHHM KpHUTEpPHEM, COKpa-
THB B PE3yAbTaTe BEpOATHOCTL OonyiueHKA ownOKM [ poaa mo 2,5%. ITocKoubkKy
YPOBEHb 3HAYHMOCTH ONpedcicH KaK BEPOATHOCTD gonylieHNA owmnbku I posa, To
OH Teneph Takxke cocrasnset 2,5%.

Kak yxe oTme4anoch, 3KOHOMHUCTH OOLIYHO TIPEANOYHTAIOT MPOBEPKY IMIIOTE3
¢ NATH- W OOHONMPOLEHTHLIM YPOBHAMH 3HaYHMOCTH NpOBEpKam ¢ 2,5-mpoucH-
THRIM YpOBHeM. EcnH Bbl XOTHTE NPOBECTH NMPOBEPKY ¢ 5-NPOLEHTHBIM YPOBHEM
3HAYWMOCTH, TO BaM CJEAYET NEPEMECTHTh TOMKY B BNeBo Tak, YToOLI NONYYHTHL 5%
BEPOSATHOCTH B «XBOCTE» pACNpPeNeNneHHs U YBEJHYHTb BEPOSTHOCTD AOMYILEHHNA
ounbku 1 pona no 5%. (Bonpoc. TloyeMy HaMepeHHO BRIOGHPAETCA YBENWYEHHE Be-
posiTHOCTH aonyueHHA owndOkH I pona? Omeem. [loToMy YTO OOHOBpPEMEHHO CO-
KpauaeTcesd BEpPOATHOCTE HomnyleHHs ommdky Il poga, T. €. BEpOATHOCTE TOTO, YTO
HYN¢Bas TMIOTe3a He OyAeT OTK/IOHEHA, KOTZA OHAa ABNACTCA JIOXKHOIA.)

Ecnyn cTaHaapTHOE OTKAOHEHWE BETHYHMHEB b M3BECTHO (YTO IMPAKTHYECKH Ma-
NOBEPOATHO), a pacrnpeaencHie HOPMaabHO, TO TOYKA B O0yaeT HAXOAMTECH B Z CTaH-
JapTHBIX OTKIOHEHHAX BPABO OT Py, Te Z ONpenenaeTcs U3 COOTHOUEHUA A (Z) =
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GyrKUMA TIOTHOCTH
BAPOATHOCTH faAnA b

tam

A B, B B b

Puec. 3.8. Pacnpeaenarue senniunbl b & COOTBATCTBUM C FTMROTE3aMU M, 1 H,

= 0,9500 mo ta6n. A.l. CooTBeTcTBYI0Iee 3HaYeHMe ana Z pasHo 1,64. Ecau ctan-
IAPTHOE OTKJIOHCHME HEM3IBECTHO M OLCHMBASTCA KAK CTAHUAPTHAA OLUIMOKA BENM-
YUHBI b, TO ME! OOJDKHEI HCNONB30BaTh {-pacnpenencHHe. MOXHO HalTH KpUTH-
4YecKoe 3HaueHue f no tabn. A.2 U9 COOTBETCTBYIOLIErO YMCAa CTENEHEH CBOOOAR
B KOJMIOHKE, OTHOCcAelcs K 5%.

AHAIOTHYHO €CNIM BBl XOTUTE BHIMONHMTD MPOBEPKY C OJHOMPOLEHTHBIM YPOB-
HeM 3HAYHMMOCTH, TO BbI IepeMelaeTe B Bpaso J0 TOH TOYKH, LIS «XBOCT» Pacripe-
aeneHus coaepxuT 1% sepoaTHocTd, ECM BaM RpHMIIOCH BBIYUCIMTE CTAHOAPTHYIO
OLUNGKY BENHYHHE! & Ha OCHOBE BhIGOPOYHBIX HAHHBIX, TO HYXKHO HANTH KPHTHYEC-
KO€ 3HaY¢HME ! B KONOHKE, COOTBETCTRYIOWEH 1%.

B nposenesHOM aHanu3e Mbi AONYCTHNH, 4TO B, Gonblue, YyeM B, O4eBHIHO, YTO
ecau oHO Oyler MeHblIe By, TO MOXKHO KCIIO/IB30BATh TY X6 CAMYIO JIOTUKY VI NPO-
BENCHHUS OXHOCTOPOHHENH NMpPOBEPKH, BHIGPAB NEBbIl «XBOCT» paclpele/icHMA B Ka-
4eCTBEe KPHTHYSCKOH 06/1acTH THmoTe3st M.

Motrocre kpurepus

B naHHOM KOHKPETHOM CITY4ae Mbl MOXEM BBIYHCIMTL BEPOATHOCTE AOMYLUEHMUA
owrbxu Il pona, T. e. MPUHATHS NOXHOJ rUnoTe3si. [Ipeanonoxum, YTO Mbl MpPH-
HAJIW TIOXHYIO TunoTesy H: p = By U 4TO HA CaMOM €€ UCTHHHA ANLTEPHATHRHAA
runtotesa H,: B = P,. Ecan BepHyThCA K puc. 3.8, To MBI NpHMEM TunoTesy H, eciu
ko3P hUUHEHT perpeccu BEIGOPKH b 0OKa3kIBAeTCA CleBa OT TOMKHU B. Tax xax runo-
Te3a H, UCTHHHA, TO BEPOATHOCTD TOTO, YTO & OYIET OTCTOATD cleBa OT B, onuchiBa-
eTca 00NacThio, KOTOPass HAXOAMTCH CNepa OT B mon KpHBOH OYHKIMH MNAOTHOCTH
BEPOATHOCTH, COOTBETCTRYiOIIEH runoTese H|. YUro HeobxoaMMo caeaTh — 370 Bbl-
YUCUTE [-CTaTUCTUKY AAS TOoYKM B, cuutad, yto = B,, U HCNOAL30BaTL TabAHLY
t-pacnpeaeNcHus LI HAXOXICHHS BEPOATHOCTM TOTO, 4TO b GONblle, 4EM HA I CTaH-
AapTHHIX OLUHOOK, OyAeT OTCTOATh ciesa oT f3,.

Ecinu 3Ty BepOATHOCTE 0G03HAYHTB ¥, TO MOILHOCTL KPUTEPHs, ONpeae/IeHHAd KakK
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BEPOATHOCTE: HezonymeHHsa owwroku II poma, coctaBnger (1 — y). OueBHaHO, He-
00X0AMM KOMIIPOMHCC MEXAY MOLHOCTBK KPUTEPHA H YPOBHEM 3HauYUMOCTH. Yem
BEILIE YPOBEHE 3HAYHMOCTH, TEM JaNbLle BIIPaBo OyneT CABUHYTA TOYKa B, TeM Gonblie
OyoeT Y M TeM MEHBIIE — MOILKHOCTh KPHTEPHH,

Hcnone3ysa 0O0HOCTOPOHHME KPUTEPU BMECTO ABYCTOPOHHETO, MOXXHO THOJIYIUTD
O0ABILYIO MOLUHOCTD NpH M1000M ypoBHE 3HaYUMOCTH, Kax MBI yke BHASTH, TIpH Ie-
pexone K OIHOCTOPOHHEMY KPHTEPHIO ¢ S-TPOLEHTHBHIM YPOBHEM 3HAYMMOCTH TOY-
Ka B Ha puc. 3.8 capMraeTcs BA€BO, M TEM CAMbIM COKPALUACTCA BEPOATHOCTh NPUHSI-
THA NOXHOH rumotesnl Hy. HyxHO, OIHAKO, IOMHUTB, YTO BHIUTPBII B MOHIHOCTH
Oyaer mony4eH TONLKO B YCIOBHAX, KOTAA MCHONL30BaHME OAHOCTOPOHHEFO KPUTE-
pHsl OTIPABHAHO.

Hy: =8, H;:B>8,

Mbi paccMoOTpens cayyaid, KOria anbTepHATHBHAA rUnoTesa M, BKIOYana KOHK-
peTHOE THIOTeTHYecKoe 3Hadenue B, (npu B, > B;). Bnonue nousitio, 4TO JOrUKa,
KOTOpas NpHBEAA HAC K HCRONB30BAHNIO OJIHOCTOPOHHETO KPHTEpUS, MPHMEeHHMA H
B Oonee obLueM cnydyae, Koraa runoresa H| poipaxaerca s BuOe B, > B, 6es ykasa-
HHA KaKOro-nubo KOHKPETHOTQ 3HAMCHHS.

MBI o-npexHeMy xoTeNH OB UCKITIOYHTE EBBIN «XBOCT» paclpeneieHus U3 Kpu-
THYECKOH OONACTH TMNOTE3kl, TAK KAK HHU3KOEe 3HAYeHMe 105 b Oonee BepOATHO NRO-
AyduTH NpW runortese H;: P =B, yeM npu runorese H,:p > B,, a caenosarennHo,
310 GYAET TOBOPHTL B NMOAB3Y runotesbl M, a He npoTus Hee. Io3TOMY Mbl BHOBb
MPEATOYTEM OAHOCTOPOHHHH KpUTEPHI MPOBEPKHA TMIMOTE3b ABYCTOPOHHEMY, pac-
CMATpHUBas MpPaBbIfl «XBOCT» paclipeneNeHHd Kak oORacTh HEeNMPHHATHAA THIOTE3H.
OTMETMM, YTO TakK KakK B, HE OMPEAENCHO, ¥ HAC TENEph HET BO3MOXHOCTY BHIYKC-
JUTbh MOLIHOCTb TAKOTO KPHUTEPHS.

Hy:B=B,, H;-'ﬁ<ﬁ0

AHATOrHYHBLIM 06pa30M, ecliM ANsTEpHATHBHAA THIIOTE3a MPEACTABICHA B BHIC
H,: B < By, MBI MPEANOYTEM NPOBEPKY, OCHOBAHHYIO Ha OAHOCTOPOHHEM KPHTEPHH,
HCTIONB3YIOILEM JIEBBIi «XBOCT» paclpeacieHHs B KauecTee o6NacTH OTKIOHEHUs T'H-
MOTE3bI.

IpoBepkr ¢ MCNOAbL30BAHHEM OTHOCTOPOHHETY KPUTSPUA OYEHb BAXKHBI Ha TpaK-
THKE TMpH pelleHHHM DKOHOMHYECKUX 3anady. Kak Mbl yXe BUAENH, oOBYHO And YC-
TAHOBNCHMSA TOTO, YUTO HE3ABUCHMAA MEPeMEHHAA NeHCTBUTENbHO OKa3blBaeT BIM-
SHHE Ha 3aBUCHMYIO MepeMeHnylo, GopMynupyeTca Hynepaa runoresa Hy: =10,
KOTOPYIO 3aTeM NMBITAIOTCE ONpoBeprHyTh. OYeHDb YacTO THIIOTE3a OKA3BIBACTCA NO-
cTaTouHO ofua, 9robh! YTREPXKAATh, YTO €CAH X OKa3blBaeT BJAWAHHE HA V, TO 3TO
BAHAHHE HMEEST ONpEIeJeHHYI0 HanpaBNeHHOCTD.

Ecau y Hac ecTh HOCTATOYHO BECKHE NPUYHMHBI CYKHTATh, YTO 3TO BIIMAHME, CKa-
KeM, TIONOXHMTENbHO, TO MOXHO MCIIOJb30BATL ANbTEPHATUBHYIO riunoTesy H : > 0
BMecTo fontee obuieit runoressl H, : § # 0. D10 ABNAETCA NPEUMYLUECTBOM, OCKOAL-
KY KpUTHYECKOE 3HauyeHMe ! JUlA OTKJIOHEHUS TunorTeskl A npu npoBepke mo of-
HOCTOPOHHEMY KPUTepHIO OymeT MEHBLLUMM, 4YTe 00NervyacT OTKJIOHEHHUE HYNeBOH
MHITOTC3bl H YCTAHOBJIEHHUE HAanNMYMHWA 3aBHCHMOCTH.
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Flpvmepst

ITp¥ olleHUBAHWH PErpecCHM PACXOOOB HA NMPOAYKTHI IMMTAHMA Mbl MMenK 23 cTe-
neHH csobonsl. [Ipu MCHONBIOBAHKUH OOHONPOUEHTHOTO YPOBHA 3HAYMMOCTH U ABY-
CTOPOHHET0 KPUTEPHA TIPOBEPKH MMITOTE3b] KpUTHYEeCKOe 3HaYeHue = 2,807, Iene-
co00pa3HO MPEANMOAOXKHTE, YTO pa3Mep A0X0Na HMeeT IMOMOXHUTEAbHOEC BAMAHKE Ha
YpOBEHL pacxonoB Ha nutaHMe. Ho Toroa mnsa npoBepKH rMIOTE3bl MOXHO BOCIIONb-
30BaThCA MpeUMYyliecTBAMH OTHOCTOPOHHET0 KPHTEPHA, AN KOTOPOro KPHTHMECKOe
3HaYeHHE MMEeT MEHBILYIO BeTUYHHY, paBHyio 2,500. IIpuyuem t-craTiucTHKa, BRIYHC-
fesHas no Belfopke, paBHAnNack 31,0; mO3TOMY B JAHHOM ciiyyae ynydlIeHHe HE HMeeT
3HayeHHd. OneHka KoahgdHLUMEeHTa HACTONBKO BEMKA MO OTHOLIEHWIO K CTAHJAPT-
Holi ouInGKe, YTO MBI OTKIOHsIEM HYNEBYK) THIIOTE3Y HE3ABHCHMO OT TOrO, Ha Ka-
KOM KPDHTEPHU OCHOBBIBASTCS NPOBEPKA FMIIOTE3H! — ABYCTOPOHHEM MM OAHOCTO-
POHHEM.

B nmpumepe 3aBHCHMOCTH MeXay obLteit HHGMauMed 1 HHONAUHe, BR3BaHHON
pocTOM 3apadoTHON IMAThl, BOZMOXHOCTE HCIICN530BAHHA AN NPOBEPKHM OIHOCTO-
POHHeEro Kputepua uMeeT cMuica. Hynepaa runoTte3a cocroana B TOM, 4TO HHbAA-
147, BLI3BAHHAA pOCTOM 3apaboTHOM MNAaThl, MOAHOCTBIO OTpaXeHa B obulei MH-
dnaunm, 1 Mel uMeeM Hy: B = 1,0. Beiio O uenecooOpasHO MPUHATE anbIepHa-
TMBHYH TUNOTE3Y 0 TOM, 4TO P < 1 H3-3a NOBRILEHHS NPOH3BOAMTENALHOCTH TPY-
Ia, KOTOPOE MOXET NMPHBECTH K fosee HU3KCMY ypPOBHIO 06uielt HHDAALMH MO
CpaBHeHH!O ¢ UHGIIALHEH, BEI3BAHHOK pocTOM 3apaCoTHoM rmnaTel, T. e. H,: § < LG,
B pe3yneTare pacueToB moay4HM KoaduiKeHT perpeccun, paBubil 0,82, ¥ cTau-
JapTHyo ounbky 0,10; Torua -cTaTHCTHXKA JUIA HYAeBOlM rHMoTe3nl cocTaBuT ~-1,80.
310 3Ha4YeHHE HE CTOJMb BENMKO, YTOOB OTBEPTHYTh THIOTE3Y H, MpH S-MpolEeH-
THOM YPOBHE 3HAYHMOCTH M HCMOJb30BAHHMH ABYCTODOHHETO KpHTepHA (KpDWTH-
Yeckoe 3HayeHHe cocrtapnseT 2,10). OaHaxko ecid Mbl HCTIONL3YEM OJHOCTOPOHHHUH
KPUTEpHii NMPOBEPKH, TO KPUTHYECKOE 3HAYEHHE YMeHbLIMTCH 10 1,73, u Tenepsh
MBI MOMCEM OTKIOHHTE HYNCBYIO THIIOTE3Y. HApyrMil clIoBaMHu, MOXHO COC/IATE BHIBOX
o ToM, uro ofmag MHNauKa Oymer 3HAYMMO HUXe MHGNALMH, BBHI3BAHHOIM po-
cToM 3apaboTHOR mnarkl.

Ynpaxrenns

3.19. C nomMo1B10 OMHOCTOPOHHEID KPUTEPHS BLITIOTHUATE [TPOBEPKY 3HAYUMOCTH
Ko5dhduumeHTa HAKIOHA MOAEAM PErPECCHU MEXIY PacxoJaMu HA KOMMYHaJIbHbIe
YC/IYTH M pacnoNaraeMbiM THYHLIM JOXOAOM, NPEACTaBICHHON B YIpaxXHeHuu 3.12.
ObocHyHTe Lenecoobpa3HOCTh HCTIOAB30BAHMS OGHOCTOPOHHETO KPUTEPHS.,

3.20. Ucnoan3ys peaynbrarhl ynpaxHeduit 2.4 u 2.5, nposepeTe 3HAMMMOCTh KO-
apbuureHTOB perpeccun. IIpUMEHHTE OZHOCTOPDOHHHI ~KPUTEPUIl B TeX CyvYanXx,
Koraa 310 Heobxoaumo. O6ocHYkTE LHenecoobpa3sHOCTE HCITOMb3IOBAHHA OFHOCTOPOH-
HEro KpuTepHs.
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3.10. F-TecT Ha Ka4eCTBO OLEHUBAHMA

Jaxe ecau Mexny ¥ 4 X OTCYTCTBYET 3aBUCHMOCTb, NO AKO0It AaHHO BRIGOpKE
HabnoaeHUH MOXET TMOKAa3aThes, YTO TAKag 3aBUCHMOCThL CYLUECTBYET, BO3MOXHO
K cnabag. ToabKo Mo cnyvyaiiHOMY CTeueHHI0 06CTOATENRCTE BLIGOpOUHAs KOBapH-
auua GyaeT ¢ mowxocmi paBHa Hymo. CReA0BATENBHO, TONBKO YHCTO CAYYAiHO KO-
ahduuHeHT Koppenauuu K Kosgduunedt R? 6yoyr e mourocmu PaBHBI HYJIO.

D10 npeacraeager AAs Hac npobnemy. Kak y3Hath, JeHCTBUTENBHO Ny MONYHCH-
HOE MPH OLEHKE perpeccuu 3HadeHue koddduunenta R2 oTpaxaeT HCTUHHYIO 3a-
BMCHMOCTb MJIM OHO MOSBHIOCH CAy4aiiHO?

B npuHUMME MOXHO ObLT0 OBl MPUHATE CHELYIOUIYIC pouenypy. ChopMmynupyem B
Ka4yeCcThPe HY/IEBOH TMIOTE3bl YTBEPXKIEHHE, YTO CBA3L MEXAY ¥ M X OTCYTCTBYET, W
HaitaeM 3HaueHHe KO3GQHIMEHTa, KOTOPOE MOXET OHITh MPEBBILIEHO B 5% cayydaes.
3aTeM HCMONb3ayeM 3TY UHM(QpPY B KAYECTBE KPUTUYECKOTO 3HAYEHHA A8 IPOBEPKU
THUIIOTE3kI MPY S-NPOREHTHOM YPOBHE 3HAYKMMOCTH. Ecnu 310T YpoBEHE NpeBblNaeT-
¢, TO MBI OTKJIOHAEM HYJACBYIO IMIOTE3Y. ECIM OH HE TpeBhlllieH, TO 3Ta FHIIOTE3A
MPHHHMAETCH.

Takasi nipoeepka, nOUOGHO f-TeCTy nas KO3PhHLUHEHTa PErpecciid, HE CRYXHT
JoKa3zaTenbcTeoM. HeiicTBUTENRBHO, IIPH S5-NIPOIIEHTHOM YPOBHE 3HAYMMOCTU HMEET-
¢Sl PMCK JonyieHus owubku 1 pona (OTKIOHEHMS HYAEBOM TUMOTE3b!, KOraa OHa
HCTUHHA) B 5% cNyyaep, HO MOXHO, KOHEYHO, CHU3UTh 3TOT PUCK 33 CHET MC-
noMb30BaHKUsA Gonee BHICOKOTO YPOBHA 3HAYUMOCTHM, Hanpumep B 1%. Torma kpu-
THYECKOe JHAYEHHE MOXET OBbITh CNYJYaiiHO MPEBBULUEHO TONLKO B 1% cayvaes, Io-
3TOMY OHO BHILIE KPHTHYECKOro 3HAYE¢HHs AN NPOBEPKH TMIIOTE3H NpU 5-nipo-
LEHTHOM YPOBHE 3HAYHMOCTH.

KakumM 00pa3oM MOXHO ONPEACANTL KPHTHNECKOE 3HaYeHHe KoaddrumeHTa R?2
npy eGoM YPOBHE 3HaYHMOCTH? 3aeck BO3HHKaeT HebONbIIAd npobaema. ¥ Hac HeT
T20AHIBE KPUTHYECKHUX 3Havennii koaddnuneHTa R 2. TpaguuyoHHas NpoLERypa co-
CTOWT B MCMONB30OBAHWUM KOCBEHHOrO MOAXOAA W BBHIIONHEHMA TAK HAZBIBAEMOTO
F-recta, OCHOBAHHOIO Ha aHanM3e AMCNepcHy (TEOpHA, JIeXallas B OCHOBE 3TOTD
noaxoja, onuceBaeTcs 8 padore A, Myna u @. I'pefidbunna [Mood, Graybill, 1963]).

TpeanonoxXxumM, 410, KaK U MPeEXae, MOXHO Pa3NiOXHTh IUCIEPCUI0 3aBUCHMO
[epeMeHHOH Ha «O0BACHEHHYIO» M «HEODBICHEHHYIO» COCTABAAIOLIME, BOCIIONB30-
BABUIMCH YpaBHeHUeM (2.45):

Var (¥} = Var (§) + Var (e). {3.56)

Hcnone3yg onipeaeieHHe BuIOOPOYHOM! JUCIIEDCHH M YMHOXME Ha # obe yacTu
ypaBHeHud (3.56), MOXHO NPeacTaBUTL eTO CACHYIOWHUM 06pa3oM:

SE-yP=YF -y’ +3Te (3.57)

(HamomHmMM, 4TO ¢ =0 M BHIGOPOYHOE CpeaHee 3HAYEHHME § paBHsETCA BbIGOPOY-

HOMY cpenaHeMy ).}

JleBas wacTp ypaBHeHuUs npeacTasiaser coboi obluylo CyMMy KBAIpaTOB OTKIO-
HeHuit (755) zaBucHuMoli nepemenHol oT ee BEIBOPOYHOTO cpeanero 3HayeHus. [lep-
BbIH YneH B rpaBol YacTH ypaBHeHHA SBAseTcA OOBACHEHHON CYMMOH KBaIpaTos
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(ESS), a BTOopoil uieH — HeOOBIACHEHHOM CYMMOM KBagpaTOB OTKNOHEHUH (RSS),
KOTOPbB MOXET ObiTh MPOCTO Ha3BaH S

75§ = ESS + RSS, (3.58)

F-cmamucmurxa jnsg NPOBEPKM KadeCTBA OLEHUBAHUS PErPecCHH 3alMChIBacTCA
KaK OTHOlIEHWE O0BACHEHHOM CYMMbl KBAJpATOB (B pacyeTe Ha ONHY HE3aBUCH-
MYI0 NepeMeHHYI0 K OCTATOMHOM CyMMe KBaJApaTOB) B pacyeTe HA ONHY CTENESHB
CBOOOIN:

F=——k__
RSS ° (3.59)
n-k-1
rae k — 4ucno HE3ABHCHMBIX NNCPCMCHHBIX.

IMocne menenua wa T.55 uucAMTENS U 3HAMEHATeAS COOTHoUeHUA (3.59)
F-cTaTHcTHKa MOXET ObITh IKBHBANCHTHO BLIPAXEHA HA OCHOBe Koadduiuenrta R

_ (ESS /] TSS)/ k _ Rk
(RSS /TSS)/(n—-k-1) (1-RY)/(n-k-1)

(3.60)

B aanHOM KOHTeKCTe k= 1 M, TakuM obpa3om, ypaBHeHHe (3.60) MpUHHMMaeT BUA:

Fo_ R
A-R*)/(n-2)

Ilocne Boluncnenus kputepusa F o 3HadeHno Koadduuuenta R? BbI OTHLICKUBA-
€Te BeJUYHHY F;Pm — KpHMTHYECKOe 3HAaueHue F B cOOTBeTCTRYIOW:H Tabnuie. Ecau
F > F . TO Bbl OTKIOHSIETE HYJNEBYIO THIIOTE3Y U NENaeTe BLIBOA O TOM, YTO MMe-
0IUeecs «ODBACHEHHE» TIOBEACHHS BEIHYHMHBL y JyYlle, yeM MOXHO 6bLno Oul no-
JAYYUTE YUCTO CIYHaHHO.

B taGn. A.3 npeicTaBaeHbl KPpUTHYCCKHE 3HAYeHUA F NpHU yPOBHAX 3HAYMMOCTH
B 51 1%. B xaxnoM cnyyae KPpMTHYECKOE 3HAYEHHE 3aBUCUT OT YHCIA HE3aBUCHMBIX
nepeMeHHEIX &, KOTOPOe HAXOAMTCS B BepXHei| CTpoKe TaQAMilbl, H OT YMC/Ia cTene-
Heli ceobonnl (# — k£ — 1), kOTOpOE BKIIOYEHO B ee KpAlHHUH NeBbili ctonbel. B maH-
HOM KOHTEKCTE PaCCMATPHUBAETCA Clydail MapHoi perpeccHH, Koraak = 1, M Msl gon-
XHbI UCIIONBL30BATh MEPBYID KOAOHKY TabMHIIbI.

B npuMepe ¢ pacxoaamMu Ha MUTaHKue Koa(pbuuMeHT R2 cocraeun 0,9775. Iockons-
Ky 6pu10 25 HabnwomeHnit, F-cTATUCTUKA paBHSETCH:

(3.61)

R2 /{(1- R?)/ 23} = 09775 / (0,0225 / 23) = 999,2.

TlpK OZHOMPOLEHTHOM YPOBHE 3HAUMMOCTH KPUTHYCCKOE 3HAYeHHME KpuTepua F
(nepsas xonoHka, pan 23) coctasnser 7,88, [1o3ToMy B JTaHHOM KOHKPETHOM NDH-
Mepe y HAC HE OCTAETCS HHKAKMX COMHECHHH OTHOCHTENBRHO TOTD, YTO HYJIEBYIO [H-
NnoTe3y CleayeT OTKNOHUTL. JpyruMu clloBaMH, NMOJMYYEHHOE 3HAYeHUE Koaddu-
tueHTa R? CTOAB BHICOKO, YTO MBI OTKJIOHSAEM TPEITIONOXEHHE O TOM, YTO OHO
MO0 NOSBHTECA ciaydaiiHo. Ha mpakrvke F-CTAaTUCTHKA BCerda BHYHCAACTCH BMe-
cTe ¢ xo3dhuuneHTOoOM R2, No3TOMY HET HEOOXOXMMOCTH MCIONL30BATh YPABHE-
Hue (3.60).
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Kakue xe npobseMbl BOZHHKAIOT NMPH KCIIOAB30BAHUH 3TOTO0 KOCBEHHOIO IOX-
xona? TloueMmy Gbl He HMeTh TabNMLY KPHTHYESCKMX 3HadeHMIt koaddummeHTa R2?
OTBeT 3aKNKYAETCA B TOM, YTO TabMHUA 3HAYSHUR KpuTepusa F aBnaercs Moje3HoOM
N MHOIMX crnocofoB NPOBEPKH QUCHEPCHH, OAHWM M3 KOTOPBIX BBICTYIIAET pac-
yer KO3 duumeHTa R 2. BmecTo cneuManv3MpoBaHHOi TaGaUIbl A1 KAKAOIO KOHK-
PETHOI'Q CAyYasg HaMHOro ypoOHee (WnH, NO MeHbLIEH Mepe, IKOHOMHES) HMETH
ofHy 00oOnIeHHYI0 Tabauly, Aefas NpH HEOOXOAWMOCTH NpeoGpa3oBaHMs THITa
(3.60).

KoHevyHO, npH HeOGXOAUMOCTH MOXHO BRIBECTM M KpHTHUECKME 3HaueHuA R2,
Kputhueckoe 3HaveHue R 2 ¢BA3aHO ¢ KPHTHMECKHM 3HAUYCHUEM F ClneayomuM ypaB-
HEHHEM:

Rpm / k
Fopm = pum ,
0 R ) / (1~ k=) (3.62)
13 KOTOPOTO CREAYET, 4TO
_ kF,
R xpum = o (3.63)

kFypan + (n—k - 1)

B npumepe ¢ pacxogaMHu Ha MUTaAHWE KPUTHYECKOE 3HAYEHHE F pU YPOBHE 3HAYH-
MocTd B 1% cocraswno 7,88. CnenoBatenbHO, B 3TOM chyuae Ipu k=1

sz - 7.88
AT 30,88
B HallleM mpuMepe BeJHYMHa R? HaMHOTro Bhille 0,26, MOITOMY HEMOCPEACTBEHHOE

CPaBHEHHC BENHYHHBL Ricero KPUTHUYECKHM 3FHAYCHUCM MOATBCPAKAACT BBIBOI O TOM,
Y¥TO B pC3ynbTarc F-tecta MBI DOMKHBI OTKAOHHTE HYJICBYIO TUnoTe3y.

= 0,26. (3.64)

Yapaxrerus

3.21. B ynpaxueHuu 3.12 3HayeHue koadduumnenTa R2 B MOAEAH perpeccHH MeX-
AY PacXoJaMHd Ha KOMMYHAIbHBE YCAYTH H PACIIONAraeMLIM JIHYHEIM JOXOLOM CO-
CTABIIIO {C TOYHOCTHK} A0 YeThIPEX AECHTHYHBIX pa3panos) 0,9875. BeuncinTe coor-
BETCTBYIOILYIO F-CTATHCTHKY M NMPOBEPLTE, YTO OHA paBHa 1814,7, T. e. pe3yneTaTy,
BEIZAHHOMY KOMITBIOTEPOM. BHIOMHUTE F-TeCT MPH YPOBHAX 3HAYHMOCTU B 5 1 1%.
Ectb nu HEOGXOAMMOCTh NPEACTABAATD PE3YAbTAThl MPOBEPKH Ha 0GOoMX ypOBHIAX?

3.22. AHanordureiM 06pa3oM, UCTTONB3YS pPe3YAbTAT YIpaXHeHHA 2.4, BRIMHCIH-
Te F-CTATHCTHKY Ha OCHOBE 3HaY¢HHA KOo3pgpuLMeHTa R? M MpoBeprTEe, YTO OHA HE
IPOTHBOPEYHT pacyueTaM, BEITONHEHHLIM Ha KoMIbloTepe. [IpoBeauTe COOTBETCTBY-
ownit F-Tecr.

3.11. B3auMOCBASK MeXAY KPUTEPUSMW B NAPpHOM
perpeccMoONHOM aHanule

Tenepb Mbl BEIBeIeM HEKOTOpLIC 3aBUCHMOCTH MeXOy KputepueM F mnsa Koad-
¢dvuneHra R2, kpurepueM f 1na KoagpdHLIHEHTA NpH X B KpHTepHEM | s Koad-
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duieHTa KoppenaLdy MeXay X W ¥ B HapHO#H perpeccuoHnolt moaenu. Haunem ¢
MOC/IENHErO U3 HUX,

{-TECT 49 KOIPDRLUNEHTE KOPPEnaumm

B pa3nene 1.8 MuI onpegenuny BeIGOPOUHEIHN KO3POhUIUKEHT KOppendalilii 1A IBYX
mepeMeHHBIX X U )

Cov(x, )

L N varG) (3.65)

Haxe ecnu nepeMcHHEBIE X ¥ y Booblde He KOPPEIHPOBAHL! M TeOpETHYECKHHA K0ad-
GUUUEHT KOppenALMyn p paBeH HyAio, Bbl Oydere CBI3aHLI M3BECTHLIM OTpaHUYe-
HHUEM M Hen3abeXHo IIONYYKTE B pacyeTax HeKxomopyrd BeJIHMMHY BHIGOPOYHOIO KO-
AppuLKenTa Koppeaauyn. Jia KOHKPETHOM BEISOPKHU f,, MOXET TOMHO PABHATL-
Csl HYJIIO TOJILKO YMCTO CAYYAiHO, H MOXHO JIX YTBEPXAATh, YTO 3HAUEHME 7,  Aeii-
CTBUTEJIRHO YKA3biBAET HA HANMMYHE 3aBMCHMOCTH, MU X€ OHO IOSBIIOChH CRyyaii-
HO?

Kak o6niyHo, oTBeToM Gyaer dopMynnpoBaHHe HynesOH FMIIOTE3bl O TOM, YTO
3aBHCUMOCTH HET, a 3aTEM — [IONMBITKA €€ ONpOBEPrHyTh. A NpOBEPKH CHMOTE-
THYECKON NHHeHOM! 3aBHCUMORTI-MEXIY X H ¥, T. €. eIHHCTBEHHOTO THINA 3aBUCH-
MOCTHM, KOTOpEIHt OyZeT paccMaTpuBaThCa B ZAHHOH KHUTe, CTIPABEI/TMBA CICAYIO-
11as npolenypa.

Ilepeslft WIAT COCTOUT B BHIMWCAGHHMH f-CTATHCTHKH IS r:

n-2
1-72

I=sr

(3.66)

Boipas ypoBeHD 3HAYMMOCTH, CKAXeM, B 5%, BbI HAXOAHTE KPUTHYECKOE 3HAYE-
Hue t ¢ (n— 2) crenensmMM cBoboapl. Eciy BenMywHa f IpeBhIIAET €r0 KpHTHYEC-
Koe 3Ha4eHKE (B TIONOXHTENbHYI0 WIH OTPULATEBHYK CTOPOHY), Bhl OTKIOHAETS
HYNEBYIO THIIOTE3Y 0 TOM, 4TO p =0, U 3aKA0YacTe, YTO HALUUIH NUMHEHHYIO 3aBH-
CUMOCTb ([TONIOXKHTEABHYI0 HAH OTPHUATEILHYIO).

JoKa3aTenbCTBO 3TOrc BaM yxe 3Hakomo. Ecnn Hyneeas rumoTesa BepHa, To
BENMYUHA ¢ ByZeT NPEBLILIATH €70 KPHTHYECKOE 3HAYeHUE (B MONOXHTENLHYIO WIH
OTPMLIATE/IbHYIC CTOPOHY) TONBKO B 5% caydaes. DTO o3HA4aeT, YTO HPH BHIMON-
HEHHWH TIPOBEPKM BEDOATHOCTH JOIYLIeHMS owvbxd [ poma, oTKnoHAIWER Hyne-
BYI0O TMNOTE3Y, KOrda oHa (pakTH4YeCKH BEPHA, COCTaBNRCT 3%.

Bo3MOXHO, 4TO PUCK DONYLUIEHHUS TAKOMH OLLMOKM B 5% ClyuyaeB CIMIIKOM BEJIMK
ans gac. Torna Bbl MOXeETe COKPATUTL CTENeHb PUCKA, OCYIUECTRAsA PACYETh IIPH YPOB-
He 3HaunmMocTH B 1%. Kputuyecxoe 3nadeHwe ¢ Ternepb GyaeT BBIILE, YEM O CHX MOp,
MO3TOMY BaM MoTpelyeTcq 0osiee BHICOKAsA (MONOXKHMTENbRHAA WIH OTpHLIATENbHAS)
#-CTATHCTHKA AAA OTKIOHCHUA HYRCBO FHIIOTE3bl, 4 ITO O3HAYAET, YTO BAM NOTpe-
Overcd Gosee BLICOKOE 3HAYCHHE F.

O6ocHOBAHHOCTE TOTO 1-TeCTa 32BUCUT OT TOI'0, YAOBIETBOPSIOT JIH ¥ H X HEKO-
TOpBIM YCIOBHSM, HocTatouHo GyneT, YToOH BenuUunHA y GHNa cCBsAi3ana C BENHYM-
HOM X ¢ MOMOLLUBIO MOJSNH [IAPHOMA PErpecCUM paccMaTprBaecMoro Thna. JlaHuslit Tect
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CMpaBeUTUB TOJNBKO U HY/NEBOH rMoTe3bl 06 OTCYTCTBUK 3aBUCHMOCTH. Ecau Bol
XOTHTE NPOBEPUTE TMITOTE3Y O TOM, YTO TEOPeTHYECKHit KoadpOhULUUeHT Koppens-
UMK BMECTO HYNS PaBeH HEKOTOPOMY IPYTOMY 3HAMEHMIO, TO HOMXHEI OyieTe MC-
MOABb3CBATh BOMce CAOXKHYIO TPOLEAYDY.

32BNCUMOCTE MEXITY KDUTEDUSIMU

Muhr yBHARM, UTO B CAyYae MMAPHOTO PETPECCHOHHOIO aHanM3a (M TONbKO NapHO-
I0 PErpecCHOHHOTO aHAM3A) I-KPUTEPUA AAA runoTesbl p, = 0, F-kpuTepuil ans
koxpbuumenTta R? u t-kpurepunit ans rvnoress =0 SKBUBANEHTHBI Ipyr apyry. Mbr
HAYHEM ¢ ONpPeHe/ICHHSA JABUCHMOCTH MEXAY NEPBBIMH ABYMA TECTAMMU.

B pasaene 2.7 6pn0 okasaHo, 410 K03 PuumneHT R2 MOXeT HHTEPNPETHPOBATh-
¢ Kak Keazpar KOo3hGUUMEHTa KOPPeNaUMH MEXAy ¥ H ¥, TO €CTh rZ . Teneps, B
cnydae apHoi perpeccuy, § ABnsSeTCS ANHEHHOR (yHKUMeH X, noa’romy Koad-
GDUUMEHT KOppeslMU MEXTY J M y AOMKEH COBMafaTh ¢ KO3 OUUMEHTOM Koppe-
NSLMK MEXIY X U ¥, TO €CTh C 1, (CM. ynpaxHetue 1.5). CnenoBarensHo, B NapHOM
perpecCHOHHOM aHanuse (M TONLKO B MapHOM perpeccHOHHOM aHanuse) R? mon-
XeH ORITh paBeH KBajgpaTy Ko3QHIHEHTA KOPPensunUy MeXay X M ¥. Mbl jokaxem
370, HEIIOCPEACTBEHHO HavYMHasA ¢ ypaBHeHMA (2.46), T.e. ¢ onpemeneHus KO-
duuueHta R2:

g2 o Var() _ b Var(x)
Var(y)  Var(y) ’

nockonbky Var (§) = Var (@ + bx) = 5 Var (x). Nenaa 3aMeHy ana b, MONY4UM:

(3.67)

R - {cov(x,y)}z Var(x) _ Cov(x,y)? (3.68)

Var(x) | Var(y)  Var(x)Var(y)

U3 ypaeHennii (3.61) u (3.66) MOXHO BUAETH, 4TO F-CTATMCTHKA ANg KOIDOH-
uueHTa R? ABASCTCA B TOMHOCTH KBAaAPAaTOM #-CTATHCTHKYU AnA 1, .. Kak u cienosasio
OXWIATh, KPUTHYECKOE 3HAaYeHHe F GyneT paBHO KBAAPATY KPUTHYECKOTO 3HAYEHHS
{-CTATHCTHUKY TIPH N1060M YPOBHE 3JHAYMMOCTH, ¥ 3TU JBa TeCTa BCErAa JAKOT OAMH H
TOT Xe pe3yAbTaT. JpyruMu cioBaMy, KO3 (OHUUEHEHT KOPPENSHMMA MexXay x H y OyaeT
YKA3bIBaTh HAa 3HAYMMYIO 3aBUCHMOCTh, €CJIM M TONLKO €CNK YpOBeHb R2 B perpec-
CHM MEXAY ¥ U Xx OyaeT rOBOPUTH O TAKOH 3aBUCHMOCTH.

Bonee TOoro, MOXHO 10Ka3aTh, YTO BENHYUHA b 8yIeT 3HAMMMO OTIMYATECSA OT HyAs
APK HCIOMB30OBAHHM I-TECTA, €CAN Y TONBKO €CAH F-TeCT 3HAYUM NPH AAHHOM YPOB-
He 3HayuMocTU. Mcrnoas3ys Tor daxr, yro Var (§) paBHsieTca 52 Var (x), n oba on-
peneneHus koadduuuenta R2 B ypapHeHusx (2.46) u (2.47), Mbl MOXeEM Iepernu-
CATb BRIpaXEHHE AN CTAHIAPTHOH OLUHOKH BeNTUYHHEL b:

c.o.(b) = [ Var{e) ={’J Var(e) 1-R } — 2y 360
Vr-2)Var(x) ~ Y(r-2)Var(§) \J(n 2)R2 U(n o, (3.69)

CnenoparenbHoO,
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b . n-2
c.o.(by W 1_,-3‘}_’ (3.70)

M MBI NOKA3aJI|, YTO #-CTATUCTHKA JUIA NPOBEpKK runoress! B =0 Takas xe, Kak H
{-CTAaTUCTUKA U1 MIPOBEPKM runoTesu p, = 0.

Takum oBpazoMm, OIpPH HATHUYHH TONBKO OAHOH HE3aBHCHUMOHN mepeMeHHOMN
-KpuTepyit aast ruroressi B =0, r-kputepuit WA runoresst p,, =0 u F-xpurepui
ana keadduumenra R? sxBuBanenTHsl. Kak Mbl yBUAMM Aanee, IPU UCNIONH3IOBAHUH
bonee oaHOM HE3aBUCHMMOH epeMEHHOH 3TO YTBEPXKACHME NlepeCcTaeT OBITE CIIpaBea-
TIMBBIM.

VnpaxHernst

3.23. TlpoBepkTe, 4TO0 F-CTATMCTHKA B PETPECCHM, OLIEHEHHOM BAMM B YTIDAXKHE-
vy 2.4, paBHAETCS KBAAPATY I-CTATUCTMKH Il kKoaddHUMenTa b 0 4T0 KpUTH-
YeCKOE 3Ha4YeHHe F NpH YDOBHE 3HAUMMOCTH B 1% paBHAETCA KBAaJApPATY KPUTHYEC-
KOro 3HauyeHHsa f.

3.24. B ynpaxsenuy 2.6 06a nccaenoBaress NoAyYSHAW JUIA CBOHMX pErpeccHii 3Ha-
yenua Koabpuuuenta R2, pasusie 0,79. beuio 1M 3To coBnageHueM?



NMPEOBPA30BAHUA NEPEMEHHbIX

O T T TR, IR LT M S R N R S L 2P PR i T e S T 3L MR

MHorie 3KOHOMHUYECKHE MPOLECCHl HAUAYYIIUM 0OpPa30OM OMHCHLIBAIOTCH HENHHEH-
HHMH COOTHOILIEHUSMH, HAITPUMED HeMMHeHHBIMY GYHKLUWIMY CIIPOCA U IPOU3BO/-
cTBeHHEIMM yHKIMAMHU. B TaHHOM riaBe Mb1 CHaYana onpeaenM, YTo NOHUMAaETCs
NoA THHEeAHBIM PErPECCHOHHBIM aHANM3OM, & 3aTEM NMOKaXeM, Kak OH MOXeT OBITh
NpUMEHEH A1 HEKOTOPLIX ABHO HEMHHEHHRBIX cooTHOLEHMA. Jlanee MBI pacCMOTPHM,
9TO HEOOXONUMO ASNIaTh B TEX CAyYanX, KOraa HERO3IMOXHO UCTIONh30BATh NMHEHHKIE
MeTomM. B 3axnroueHHe pacCMaTPHUBAacTCA METO/, HO3BONAAIOMKIA YCTAHOBU TS CTATHC-
TUYECKOE PA3NUIYME MEXAY NTMHECHHLIMH M HEJMHEHHBIMH COOTHOLUEHUAMH.

4.1. BasaucHaa npoueaypa

OIHKM H3 HEAOCTATKOB NIMHEMHOIO PErpecCHOHHOTO aHANM3a, KAaK 3TO CeayeT
W3 CAMOro Ha3BaHMA, ABNAETCA TO, YTO OH MOXET OBITh MPHUMEHEH TONLKO K NTUHEH-
HEIM YpaBHEHHUAM. B cly4ae 1poCcTOro perpecCMOHHOro aHANM3a peyb uaeT of ypas-
HEHMSIX BUAA

y=o+Bx, 4.1)

COCTOSIIUX M3 MOCTOSIHHO BeIMMHHBI (KOTOpass MOXCET M OTCYTCTBOBATh), HE3ABH-
CHMO MepeMeHHOM, YMHOXEHHOH Ha HeKOTOpbIi xoa¢gGuimeHT, 0 U2 caydaitHoro
OCTATOYHOTO Y1eHa BOIMYILEHHA, KOTOPhIM MBI MOXeM BpeMeHHO npeHeGpedn, B o6-
neM clydae NHHeAHOe YpaBHEHHE BRITISAUT TAK, YTO KaKAbIH oOLACHAIOWIUE 31e-
MEHT, 33 HCKAIOMEeHHEM NOCTOAHHOM! BENWMHMEDI, 3alIUCAH B BHAE MPOHU3BEACHHUA Ie-
peMeHHOH U KoadhHuHeHTa:

¥ =0 +Bx; + Baxy+.. “4.2)
VpaBHeHHsI BHAA
—
y=o+ o 4.3
'
y =oxB (4.4)

ABNAIOTCA HENUHEHHBIMH. BoiGpaB 3HaYyeHMs 1 o M 3 M IOCTPOMB rpadpuKu, Mbl
ofHapyxuM, 4T0 00a OHM NMPENCTABNEHLI KPHUBBIMH,

3apucumocTt (4.3) M (4.4) cUMTAKTCA TIpHEMIEMBIMH IS ONHUCAHMS KPHBBIX
DHrenst, XapakTepU3yIOIMUX COOTHOIIECHKE MEXIY CIIPOCOM Ha ONpeleaeHHbll To-
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Bap (¥) ¥ obuieit cymmoii noxoaa (x). Kak MoxHo onpefenuTb napaMeTpol o B B B
KAaXIOM YpaBHEHMM, 3HAA 3HAYeHHT y M x?

B koHeyHoM cyeTe B 060MX CNyYasX MOXHO MPHUMEHWTD NMHEHHBIA PErpecCHol-
HbIfi aHaAW3, DA ITOro moTpedyercda NMIUbL HeGonbluad noAroToska., Bo-nepBhix,
3aMeTHM, 4T0 ypasHeHus (4.1) 1 (4.2) spAA0TCH AMHEHHBIMHU B HBYX cMbIchax. Ilpapas
YacTh JJHHEITHA [0 NepeMeHHBIM, €CIH ONpeNeIMTh UX B NPeICTABICHHOM BHAE, A He
KakK (pyHKuuu, CreoBaTenbHO, OHA COCTOUT M3 B3BEIUEHHOM CYMMbl NIEPEMEHHBIX, a
napaMeTpHl ABNAI0TCA BecaMi. Hanpumep, 8 ypapHenuy (4.1) uMeercsa npocro x,, a
e log (x|). [IpaBast yacTb TakXKe NuHERHA 110 MTapaMeTpaM, TaK Kak OHa COCTOMT U3
B3BEINCHHOM CYMMbI fTAPAMETPOB, 4 [TEPEMEHHBIE X B JAHHOM Ciydae SBAAIOTCA Be-
CaMH.

Jna geneil TMHEHHOIO PErpecCHOHHOID aHANH3a BAXHOE 3HAYCHHE HMEeT TOMb-
KO BTOpOil THO JHHeHHOCTH. HenHMHEeHHOCTE MO NepeMEHHLIM BCEraa MOXHO 060HTH
MYTEM KCIIONb30BaHMS COOTBETCTRYIOWMX onpeaeneHuit. Hanpumep, npeanonoxmm,
YTO COOTHOLIEHHNE KEMEeT BHA:

y = o+ Byxf +Bayfiry +... 4.5)

Ecau onpefenuts z; =x% 2, = Jx; ¥ T.A., TO COOTHOWIEHHE NIPUMET CAELYIOUIHUH

BHA:
y=a+pBz +Bt .. (4.6)

# Tenepb OHO ABMACTCH JHHEHHLIM KaK MO MEPEMEHHLIM, TAK M IO NapaMeTpaM.
Taxolt THN npeofpa3oBaHYil ABRNSCTCS JIMIUL KOCMETHYECKHMM, K OOBIMHO ypaBHe-
HHS PerpeccHH 3aMMCHIBAITCA C HeNMHHEeHHBIMK BBIPAXEHHUAMH OTHOCHTEIBHO Ile-
PEMEHHEIX. 3TO Mo3BoJiseT M30eXaTh JMIMHAX OO03HAYSHUIA.

C npyrofl cTopoHsl, ypaBHeHHe THNA (4.4) aBigercs HeMHeAHBIM KaK 1O mapa-
METPaM, Tak W NO MepeMeHHBIM, U ero Henb3a npeobpa3oBaTh TOABKO MyTeM 3aMe-
Hb! ornipeneneHui, (He cnenyer AyMaTh, 4TO ero MOXHO npeoSpa3oBaTe B IHHEHHOE,
€CJI OMPEACAHTE Z = X¥ M MOACTABUTD XP BMECTO Z; ITOCKONBKY B HEM3BECTHO, MBI HE
CMOXEM pacCUMTaTh BEIOOpOuYHOe 3HaueHHe z.) IIpoGneMa mpeoGpazoBaHUS Henu-
HeHHbIX N0 NapaMeTpaM COOTHOIUEGHMH ByaeT pacCMOTpeHa B CIEAYIOLUEM pasnene.

B cnyuae (4.3}, oaHake, eAMHCTBEHHOE, YTG HAM HYXHO CAENATH, — 2TO OHpeRe-
aurk 2 = (1/x). Torna ypapHeHue (4.3) mpUMeT BHA:

y=a+pz 4.7

H OHO OYAeT MHHEHHBIM, B 3TOM Ciaydae Mbl 6e3 BCAKHUX NMpolsieM OUSHHM perpec-
cuio Mexay y H z. IlocToaHHEBIM YWieH B ypaBHEHHH perpecchHH Oyler IIpeacTaBIaTh
coboll oueHKyY o, a Ko3hdUIHWEeHT NIPH 7 — OLEHKY f.

Tpmumep

Jonyctum, BBl HCCIEAYETE COOTHOIEHHE MEXIY €XerodHbIM MoTpeGneHneM Ga-
HaHOB W roNOBLIM JOXONOM, M HabmogeHus npreeneHs! B Tada. 4.1, rae cobpann
HabmogeHus i 10 cemeit (3abyaemM moka o 2).

Ha puc. 4.1 npeacrasneHo o6jako TOYEK, COOTBETCTBYIOUMX HAGNIONEHUSM, 4

TAKXKe rpaK yPaBHEHHUs PErpecCHM MeXay y U X:
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$=5,09+0,73x; R =0,64. (4.8)
(c.0) (1,23) (0,20)

W3 puc. 4.1 sugHo, yro rpadMK YpaBHEHHA PerpecCHi He BMONHE COOTBETCTBY-
eT TOUKaM HaOnijeHWi, HECMOTPS HA To YTO K03GhpHUMEHT NpHU X CYNIECTBEHHO
OT/IHYAETCHA OT HYIA [IPH OJHOMPOHEHTHOM YPOBHE 3HaYMMOCTH. OQueBMIHO, 4TO
TOYKH HaOnoaeHMI nexaT Ha KPUBOIl, TOTAA KaK YpaBHEHHE PErpecCHM xapakre-
pu3yerca npaMoit. B ZaHHOM ciydae HeTPYAHO 3aMETHTD, YTO GYHKUHOHANbHAA 3a-
BUCHUMOCTb MEXIY ¥ U X onpeaelieHa HENpaBMAbHO. B TOM cnydae, ecny BbI HE MO-
XeTe NMpeICTABUTh 3aBUCHUMOCTE B rpadHyeckoM BUAE (HAIIDHMED, €CNK BH HCIO/b-
3yeTe MHOXECTBeHHBIN perpecCMOHHBIA aHANK3), NIOHATL, YTO OIEe-TO AONYLIEHa
OLlHOKA, MOXHO ¢ TOMOILBI0 2HANTM3A OCTATKOB, B JaHHOM cnyyae 3Ha4YeHHA OC-
TATKOB IIPUBEICHH B Tadn. 4.2,

TaGbmua 4.1
banarst Aoxon
Combs {8 Pyrrax) {8 10000 poan.) tz}
174 x)
1 193 1 1.000
2 713 2 0,560
3 8,78 3 0,333
4 9,69 4 0,250
5 10,09 5 0,200
6 10,42 6 0,167
7 10,62 7 0,143
8 10,71 8 0,125
g 10,79 2] 0,111
10 11,13 10 0,100

IomoxuTenpHble WK OTPULATEABHBIE, GOABLINE WIH MANLIE OCTATKM JOMKHEI
YepeJOBATLCA CNy4YaitHRIM 00pa3zoM. 3aech xe, KaK BUOHO W3 TabauLbl, CHAYaNa oc-
TATKY OTPUUATENBHE!, 3aTeM OHH CTAHOBATCA TOJIOXMTENBHBIMH, NJOCTHIAIOT MAK-
CHMYMA, A OTOM CHOB3 YMEHBIUAIOTCA M CTAHOBATCH CTPHUATEABHBIMH: 3TO Mpefd-

CTABNAETCH HOCTATOMHO COMHUTENBHBIM.,
B naxHOM NpuMepe 3HAYSHHUA ¥ ¥ X GBUIH TONMYUYEHEI ¢ MOMOLLLIO MeToaa MonTe-

Kapno, HCTHHHOE COOTHOMISHHE HMEET BHI:
10
y=12- > + CnyqyaliHBt# yneH, 4.9)
X MPHHMMaeT Lieanie 3Hauelina ot 1 a0 10, a 3HaYeHHs cyqaliHore WwieHa nonyyalwr
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BaxaHul, PYyHTHI

=
N
F Y
»L
L]

Aoxon, THC. ponn.

Puc. 4.1. PerpeccuorHan 3aBMCHMOCTE Pacxonos Ha GaHaHe! 0T rogoBoro goxoga

¢ MMOMOILYBIG HOPMAIBHO PAcTpeNcReHHBIX CAYYAaHHRIX YHCEN CO CPENHMM 3Haue-
HeM 0 ¥ cpefHeKBAIPATHYHEIM OTKIOHEHHEM O,].

Ecnu Mbi 3HaeM 3TO W OnpeienauM z = 1/x, To ypaBHeHHe MpHMeT NHHEHHBIHR
Buf {(4.7). 3HaueHUe 7 LnA KaXIOH CeMBM yXe noacuutaHo B Tabn. 4.1. OneHus
perpeccHIo Mexny ¥ ¥ z, NONyuHuMm:

F7=12,08-10,08z; R2=0,9989. (4.10)
(c.0.} {(0,04) (0,12)

TloactaBue z = 1/x, uMeeM:

~ 10,08
p=1208- ==, 4.11)
Tabauuya 4.2
Comsn ¥ 12 e

1 1,93 5,82 -3,90
2 7,13 6,56 0,57
3 8,78 7,29 1,49
4 9,69 8,03 1,67
5 10,09 8,76 133
6 10,42 9,50 0,93
7 10,62 10,23 0.39
8 10,7 10,97 -0,26
9 10,79 11,70 -0,91
10 11,13 12,43 -1.3
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C y4eToM BRICOKOI'O KayecTBa OLEHEHHOTO ypaBHeHHWA (4.10) HeyaMBHTENbHO,
4TO cooTHouleHHe (4.]11) Gnu3ko K UCTUHHOMY ypakHeHHUio (4.9). Ha puc. 4.2A n
4,2b nokazaHbl perpecCHOHHAS 3aBUCHMOCTb M TOUKM HAOMIOaeHHHA Wi y, x 1 7. Ynyu-
[HeHHE KaYecTBa YpaBHEHMS, U3MEPAEMOro C MOMOLbID Koadhununenta R, or-
paxkeHo B Gonee MOMHOM COOTBETCTEBHM rpadukoB. Cpasuute puc. 4.1 u 4.2B.

¥ Y
2
-0
e B L]
10} ",-"
L
ol .
[
L
5} '
i
4
4k L
1
F
2F ’
[}
u L] L b L L &
a 2 4 & 8 10 X

Puc. 4.2. A — perpeccUoHHana 3asMCUMOGCTL ¥ 0T 1/x; & — pacu4eTHas nvMHuAn
ANA BEAWYKMH ¥ 1 X

4.2. Norapudmuueckne npeobpasosanns

PaceMoTpum Aaiee GyHKUMH BUaa (4.4), KOTOpbIE ABIAIOTCA HEMMHEMHBIMU KakK
0 apaMeTpaM, Tak M 110 NepeMeHHbIM:

y = ou. (4.4)

M=l cHHapyxuM, YTo cooTHOWIEHKe (4.4) MoxeT OBITH MpeodpalosaHo B INHEHHOe
YPABHCHHE NYTEM MCIONB30BAHMA 202apugdmos, 6e3yCNOBHO, 3HAKOMLIX BaM U3 Kyp-
ca MaTeMaTHKK. Bo3MOXHO, IPH H3YYeHUH ITOTO KyDCa BaM Ka3anoch, YT JA0TapH(pMsl
HMEIOT YHMCTO aKAAEMMYECKUI YMHTEpeC M HelpMMEHUMB! Ha NpakTuke. B 3KoHO-
METPHKE, OAHAKC, OHH NPOCTO HEOBXOAMMB], [IO3TOMY eC/IH Bbl He YBEpeHBL B CBOHX
3HAHIIX, TO BaM CJIeJyeT MX OCBEXUTh B NaMATH. [anee npupeneHa tabmula ocHOB-
HEIX CBOMCTR Norapu(MoOEB, KOTOpAast BaM 11oMoXeT. Ecnu BBl He MMeeTe JOCTATOMHO-
o OMBITA paGoThl ¢ TorapudMaMy, He BONHYATEeCH, BH IETKC IPHOGPETETE HYXKHBIS
HABBIKH.
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[lprmererue norapmpmos

OcCHOBHBIE NpaBUAA TIACAT: _
1.Ecin y=xz, Tologyv=log x + log z
2 Ecnuy=x/z, Tology=log x— log z.
3. Ecnuy = x* 1o log y = nlog x.

DTH NpaBUNa MOTYT NPUMEHTHCA BMECTe Juia npecbpazoBaHus Gonee
CHIOKHbBIX BbIPAXEHHH. HarlpHMep, BO3bMEM ypaBHeHHe (4.4). Ecau y= oo,
TO O npaBuny [:

log y = log o + log x® u rto mpaswiy 3
= log o + B log x. '

Jo cux mop MEI He ONpeNeNuny, Mo KaKOMy OCHOBaHHMIO Oepem mora-~
prdpM — e wnu 10. B panHo# pabore Mbl GyaeM MCMONB30BATH B KAYECTBE
OCHOBaHMS MHCHO €, T. €. HATYpalbHEIC JIorapHdMbl. Tenephb 3TO cyUTaCT-
Csl CTRHAAPTOM B 3kCoHOMETpuKe. HekoToprie 0603HAYAI0T HATYpAIBHELH
gorapupm ¢ noMombio cuMeona In, a He log, OOHAKO B 3TOM YXe HET
HeoOxogumocTu. HukTo Gonblue He MCnoab3yer norapudmel No ocHOBA-
HU0 10. Tabnuie ZecATHUHbIX IOTapH(MOB [WUHPOKC HCNONL30BATHCE IR
YMHOXECHHUSA WAH JNeneHWA HoinpmKMx yvcen go Hayana 1970-x rr. OnHako
¢ u3obpereHneM KAPMAHHBIX KAABKYNATOPOB OHM CTAJIM HE HYXHHI.
Jns HaTypandsHBIX NOrapUMMOB CPABEeAIHBO ELie OOHO [IPABUAQ:

4, Ecnuy =eX, 10l0g y =X

BoipaxeHHe e, KOTOPOE Y4aCTO 3aIIMCEIBACTCA KAK exp (X), U3BECTHO Tak~
Ke Kak asTunorapudm x.! MoxHo ckasarh, uro log (&) apjasercsa aora-
pudmMom aHTUNOrapUdMa X, M Tak Kak AorapudmM M aHTHaorapndmM r3a-
AMHO YHHYTOXAKIOTCS, HEYOIMBHTEALHO, YTO log (¢X) npeBpainaercs npo-
CTO B X.

Hcnons3ysd npHpedeHHBIE Bhbliiie TPaBHia, ypabHeHHe (4.4) MOXHO npeobpazo-
BaTh B IMHeliHOe TIyTeM Aceapudmupoeanus ero obeux yacreit. Ecnu cootHolleHue (4.4)
BEPHO, TO

logy=logoxF=1logoa+plogx. 4.12)

FEcnu obo3Hauuth y' = log v, 7= log x u o' = log @, TO ypaBHeHue (4.12} MoxHO
NEPEeNHCaTh B CCAYIOWEM BHIE:

y'=o'+ Bz ' (4.13)

ITponienypa olieHUBAHHA perpeccHH Teneph 6ymet caeaywomeit. CHayana BryMc-

1 Onepauma nepexona o x K exp (X 4acTo HalBaeTCA noreHuHposannem. (flpusm. paa.)
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UM y' M Z A KaXA0TO HabMoneHHs MyTeM B3ATHS JOTAPH(PMOB OT HCXOAHLIX 3HA-~
yeHH. Bbl MOXeTe coeslaTh 3TO Ha KOMMNBIOTEPE ¢ NMOMOILBH HMEIOLLEHCS CTATHCTH-
YyeCKOM MporpaMMbl. 3aTeM OLIEHHM PErpecCHOHHYIO 3aBHCHMOCTS ¥ 0T z. Koadubu-
LIMEHT NpH Z OyOeT npeacTasaarh coboit HenocpeacTseHHO oueHKy B. TTocToaHHBIH
YIeH ABSIETCH OLEHKON! o) T, e. log o JInA noaydeHUs ONeHKH ot HEOGXOAMMO B3STh
anmunozapudm, T. €. BRBIMUCIHTD exXp (a’).

Mouagermmposarue 3/1aCTHYHOCTH

Pyuaxuun Braa (4.4) yacTo BCIpeyaOTCd B 3KOHOMHUKe. Korda BB BH-
IUTe TaKylo (PyHKUHIO, TO MOXETE Cpady CKa3aTh, YTO IACTHYHOCTE ¥ IO
x paena . HanpumMep, B pasgene 4.1 oTMeuanocs, uTo 3T0 obIias cbopMa
KpUBLIX DHrend, y Npeacrapiser coboii cnipoc Ha ToBap, x— HOX0n, a
B — BNACTHYHOCTE COPOCA MO FOXOAY. _ '

JokaxeM yKazaHHoe cBOcTBO aracmunnocmu. He3aBUCHMO OT MaTeMa-
THYECKOM CBA3H MEXAY ¥ H X WIW ONPEACNeHHS BENHYHH ¥ M X, SNACTHY-
HOCTb J [0 X PACCYMTHIBAETCH KAK OTHOCHTENEHOE U3MEHEHHE J Ha eAUHH-
Ly OTHOCHTEILHOTO U3MEHEHUS X: :

dy/y

DRACTHYHOCTh = .
ax/x

Takum oﬁpaaou eCsiH, HaanMep, Y — 9TO CHpOC, a X — AOX0A, TO AaH-
HOE BEIpaXEHHE OMPENCNAET MACTHYHOCTD cnpoca Ha JaHHEIN TOBap no
IOXODY. .

BoipaxeHue A SMACTHYHOCTH MOXHO nepennca'rb B CIEAYIOUIEM BUTIE:
(dy/dx)/(y/x). Ana npuMepa ¢ dyHKuUME CIpoca ero MOXHO MPeACTABUTH
KaK OTHOWIEHHe IPeNeNbHON CKAOHHOCTH K NOTpeSIeHuIo ToBapa K Cpes-
HeH CKIOHHOCTH K NOTPeGJeHHI0 HAHHOTO TOBapa.

' Ecrniv cooTHOLIEHME MEXIY y U X UMEET B {4.4), To

dy/dy _By/x_g

BRacTHYHOCTE =
o : yix y/x

Takum 06pasoM, HanpuMep, €CIM MMEETCH KpUBas DHread BHiA

Cy =0,01x%%,

TO 3T0 03HAYALT, MTO AMACTHYHOCTL CTIpoca 10 aoxoay paeHa 0,3. Ecnu sbl
XOTHTE OOBACHHUTb 3TO KOMY-HHOYAE, KTO HE 3HAKOM C 3KOHOMMYECKOMH
TepMHHOROTHEH, To HanGonee npocro OGyHeT CKa3aTb, YTO HIMEHCHHE X
(moxoma) Ha 1% BrI3EIBaeT u3MeHeHUe ¥ (cmipoca) Ha 0,3%.

. OyHKuMA Bufa (4.4) MOXeET Takxe NPHMEHATRCA K KDUBBIM CIPOCa,
[e y — 3TO CIpOC HA TOBAp, X — li¢HA TOBapa, a [} — 3T0 2/aCTHYHOCTD
enpoca no ueHe. (Ha npaktuke o6biuHo Takas ¢yHKUMA cnipoca ofbeau-
HSETCA C KPHBOI DHIeas, B PEIYALTATE YEIQ [IONYYASTCH 3ABHCHMMOCTL
CIpOCa OJAHOBPEMEHHO OT AOXOAA M LEHHl. MBI BEpHEMCS K 3TOMY BOTIPO-
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CYy, Koria OyneM paccMaTpHBaTh MOAEIH MHOXECTBERHON perpeccuu B ma-
8e 5.)

YTo Npou30HIeT, €clii MATEMATHYECKANR CBA3b MEXAY Y U X HE COOTBET-
cTeyeT ypasHeHH0 (4.4)? UTo MOXHO B 3TOM CAYy4Yae CKasars 00 37acTHyY-
HOCTH? 3TO MOXHO MOHATE HA OCHOBE §a30BbiX IPHHIUIOE. [Ipeanonoxum,
HMeeTCA 0OBIYHOS AWHEHHOE YpaBHEHUE:

y=a+px

B manHOM cityuae dy/dx paBHO [}; CleaoBaTeibHO, 3MACTHYHOCTD Onpe-
IenseTcs CAeayelM o6pazoM:

DnacTHYHOCTE = ———— = —— =",
y/ix yix vy
B s10M cnyyae 3HaUCHHE NACTHYHOCTH B 060 ToUKe GYAeT 3aBHCETh He
TONBKO OT 3HAYCHHA P, HO TAIOKEe H OT 3HAYEHHIt ¥ M X B AaHHOH TOUKe.

TaxuM 06pa3om, ABa OCHOBHEIX JOCTOHHCTBA MaTeMaTiieckoit GopMei
{4.4) cocToAT B CAESAYIOULIEM:

1. Ecam 3N1acTHUYHGCTS ¥ 1O X NOCTOAHHA, TO 9TO JWHCTBEHHAA MaTeMa-
TUYeckas opMa, KoTopad ofagaer JaAHHBIM CBOHCTBOM. JTO, Oe3yCcnop-
HO, O3HAYAET, YTO €C/TM Bhi CUMTAETE, YTO 3NMACTHMYHOCTL He [OCTOAHHA,
TO AAHHOE COOTHOUISHHUE Re CNCayeT MOACNTHPOBATHh ¢ MOMOLIBLKY YpaBHE-
Hus (4.4),

2. Bl MOXETE NOAYYHTL TIPAMYIO PETPECCHOHHYIO OLSHKY /acTHYHOC-
TH MYTEM OLEHMBAHUS 3aBUCHMMOCTH log y oT log x. DTa oLeHKa, KOHEYHO,
OYIeT AOCTOBEPHA TOJIBKC B TOM Cly4ae, ec/iM 3aBHCHMOCTh ONpPEAeiAeT S
ypapHeHHeM (4.4). Ecau 3aeMcUMOCTE M HEHHA, TO MpaBIWILHAA MPOLEHy-
pa OygeT cOCTOATH B OLlEHMBAHMM JUHEHHOH perpeccud MeXOy Y U X U
NOCJIeAYIOIIEM BbIYUCTEHUH Px/y.

floxazarenbHbie QyHKLT

Hoxazamenvrvie (uau sxchoxnenyuantsusie) yuxyuuy — 310 QYHKUKU BUAA:
y = oePx, 4.19)

Haun6onee ob1NM HX NPHIOKEHHEM ABISIETCS CY4Yai, Koraa Npeaionaraercs, 4ro
nepeMeHHAas ¥ MMEET TIOCTOAHHBIN TEMIT IPUPOCTA BO BPEMEHH, B 3TOM CIyyae BME-
CTO x OGbIYHO HUCTIONL3YETCA BpeMs (f), a BMeCcTO [ — IOCTOSHHEIA TeMIl IpupocTa

(-
y=oe. (4.15)
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MonenpoBanng SKCAOHEHLIMIbHBIX BDEMEHHBIX TPEHAOB

Ecom 3aBHCHMOCTS y OT f 3aaHa ypaBHeHHeM BHAa (4.15), To abcoaromusi
NpHPOCT ¥ 3a eAAHULY BpeMeHH (dy/df), onpeaenderca Kax

Lid
dt

CnenoBaresibHO, OMHOCUMERbHBE NIPUPOCT ¥ 32 €AHHULY BPEMEHH MOXHO
3aMKCATH KAK

= rae™ = ry.

CriegyeT MOMHUTB, YTO OUEHKA F, KOTOPYH) BBl [TOMy4aeTe TIpY OLEHHBA-
HuM perpeccuu (4.17), npeacraenser cobOi OLEHKY TEMINA NpUpoOCTa & ab-
conronnom evipaxceruy. QOBIYHO FOBOPKT O APoYEeHMHbIX TEMIIAX IPUPOCTa,
YTO 03HAYAeT YMHOXeHWe nonyveHrol ouenku Ha 100, CneaorartenpHo,
ecnu ouenka cocrapader 0,053, 5T7e o3HayaeT, YTO TEMIT IPHPOCTA B NPO-
ueHTax Oyaer 5,3% 3a nepuoa.

Echu uMeioresd 3HaUCHHS ¥ Ui HEeCKOABKHX BpeMEHHBIX Mtepuonos (1, ..., T), To
rapaMeTphl O M F MOXHO OLEHHTE, ¢CAM MpoAorapHdPMUpPORATE (10 OCHOBAHMIO €)
obe yacTH ypaBHeHHsa (4.13):

logy=loga + log (¢) = logox + rz. (4.16)

3ameTHM, 4TO log (£7) — 3TO MPOCTO Ff; C/CAOBATENRHO, MEI NIPOCTO OepeM aora-
prcdM antumorapugma 7. Ecim onpenennuts ¥ = log y u «' = log &, TO U3 COOTHO-
weHus {4.16) monyyuM:

y=a'+n (4.17)

Taxum obpasoM, OLEHHBas PEerpecCHI0 MEXZY Jorapudpmom y u ¢, Mbl Henoc-
PeOCTERCHHO MONYYacM OLEHKY TeMIla npupocta #. OOLIYHO OLieHKa ¢ MMEET BTOpO-
CTEMEHHOE 3HaYeHle, HO €CJIM OHA NPEACTABIAET AN Bac MHTEPEC, TO MOXHO 10-
NMVIUTE eg, MOTEHIMpYA OLeHKY o' (T.e. Oepd ee aHTHNOTAPUDM).

lponmep

Kpusan Inzens Guvlna noctpoeHa AnA pacxonos Ha nutaHue B CILA 3a mepuon
¢ 1959 mo 1983 r. ¢ HcMONB30BaHUEM TexX Xe AAHHBIX, YTO M B ypaBHeHHM (2.42),
ONHAKO BMECTO NHHeifHON QYHKIHM B JaHHOM Cy4Yae KMCHONB30BANACH HENMHEMH-
Hag (4.4), npuBedeHHasl K JAHEHHOMY BMAY, KAK B COOTHOLueHdH (4.12), myrem
BATHA Norapudmos, TIpeobpaizoBaHHOE BHPAXKEHHE HMENO BHA:

log p=1,20+ 0,55 log x. (4.18)
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BeinonHuB o6paTHHIE MpeoSpa3zoBaHHs, MOMYYHM:
P el 20x0.55 = 3 325055, (4.19)

Ecnn ypasHeHUe (4.4) npeacraeaset coboil npaBiibHYyI0 POpMYNy 3aBUCHUMOCTH
(B HeHCTBUTENBHOCTH, 3T0, 6€3YCNOBHO, CHABHO YIIPOLEHO), TO MOAY4E¢HHRIH pe-
3YABTAT NPEANONATAET, YTO IMACTUYHOCTDb CIIPOCA HA MPOAYKTH NMHUTAHMA MO AOXOAY
cocrapmiaer 0,55, ¥To 0O3HAYyaeT, 4TO yBeNHYeHHEe NHYHOIO PACMONAraeMoro Aoxona
Ha 1% mpuBeleT K YBETHYEHHIO pacxXoaoB Ha nuTaHue Ha 0,55%. Koadduumenr 3,32
He HMeeT MPOCTOro TonKkoBaHuA. OH MOMOracT NPOrHO3HPOBATh 3HAYCHHA ¥ IIPH 3a-
JaHHBIX 3HAYEHMUAX X, IPHBOASA MX K eIUHOMY Macurraby.

Te Xe HaHHBIE O pacxoAax HA MHTaHUE ObLIY WUCNONB30BAHEI IS OUSHUBAHHA
SKCMOHEHLUIMANEHOTO BpeMEHHOTO TpeHaa Tena (4.15), Takke NMpUBSHCHHOTO K JIK-
HEAHOMY BULY [TYTEM B3ATHs NOTapu@MOB [cM. ypasHeHHe (4.16)]. OuenenHas 3apu-
CHMOCTE HMEET BHI;

log y = 4,58 + 0,020 1. (4.20)
BeinogHHE 00paTHBIe Npeobpa3oBaHUs, TIOMYYUM!:
P = A 3800207 = 97 5 0201, 4.21)

YpasHeHHE NMOKa3bIBAET, YTO PAcXoAbl Ha MPOAYKTH [TMTAaHHSA B T€YeHHEe BRIGOPOU-
HOTO NepHola POCin ¢ TeMrnoM 2% B rof. B 3ToM ciydae MOCTOAHHBIA MHOXHTENb
HMEET TOJNIKOBAHHE, TAK KAK OH <[IPOTHO3HPYeT», YTO B MOMeHT =0, T.¢. B 1958
r. oOLIKe pacxoabl Ha MUTAHUE cocTasunu 97,5 mapa. nonn. Takoit nporHos, 6esyc-
NOBHO, HE MMeET BAXHOIO 3HAYEHHSA, TAK KaK MBI IETKO MOXEM HaiiTH B cnpasoy-
HUKax AeHCTBUTENRHEE pacXodH Ha nuraHue B 1958 r,

YipaxreHus

4.1. JaHHble 0 pacxoAax Ha OINATY XuAb4 B yIpakHeHHH 2.2 OMnH ces3aHH (1)
¢ pacrnonaracMbiM JHYHBIM JOX0A0M H (2) ¢ 3KCMOHCHIIHANLHBIM BPEMEHHBIM TPeH-
IIOM B COOTBETCTBMH ¢ MoAenaMH (4.4) u (4.15), yTo Aano cneayiollue pe3yabTaThHL

Iog y==3,48 + 1,230 log x;

log y= 4,08 +0,045¢.

Halite HHTEpNpeTallMIO 3THX IBYX YpaBHEHHIA.

4.2. OUecHUTE aHAROTHYHEE PETPECCHH 1A TORApa, BHOPAHHOIO BAMH B YIIpaX-
HeHHH 2.4, ¥ JaiiTe MHTEPNPETALIEIO NONYYeHHHX KO3¢hdHIIHEHTOB.

4.3. BuBedHTe BhIpaXeHHe JJIsI 3MaCTHYHOCTH CTIpOCca IO JOXOAY sl KPHUBOMH
DHrens, Ucnonb3yd (4.3) B KadecTBe MOIENH, U MOKAXUTE, YTO NMPH OTpHLATE/Nb-
HOM P 3Ta 3MACTHYHOCTb YMEHBLIACTCA € YBEeH4YCcHHEM x. CYMTaeTe JIM B, YTO Ta-
KadA CUTYALHa MOXeT ObiTe peanbqoit? Ecnu na, To 31 Kakoro BHia TOBapa BO3-
MOXHa Taxas (pyHKUHOHANbHAs ¢opma?

124



4.3. CnyvaiiHbiii uneH

Jo cux nop Huyero He OBUTC CKa3aHO O TOM, KaK OCYLUECTBAeHHEIE peobpa3oBa-
HUS BIHSIOT Ha Cayyatinbii 4wien. B OpHBeaeHHEIX BHILIE PACCYXACHUAX BCE 3TO BLILINO
33 PAMKM PacCMOTPEHHsI.

OcHoBHOe TpeGoBaHHE 31€Ch COCTOUT B TOM, YTOOLI CAYYaiHbLIA 4WieH B npe-
00pa30BaHHOM YpaBHEHHU MIPHCYTCTBOBAT B BUAS cnaraeMorc {+iu) M yaOBReTBO-
pan yenoeuaM I'aycca—Mapkoa. B npotHeHOM cayyae Ko3hHUHEHTH perpeccui,
HONYYeHHDIE 110 METOAY HAHMEHBUIHX KBAAPATOB, He OyayT obnanathk OOBIMHEIMH
CBOHCTBAMH K TIPOBOJAMMBIE [T HHUX TECThl OKAXYTCA HEAOCTOBEPHHIMM.

Hanpumep, XenateasHo, €caM Mbl YIMTEIBaeM cayvalinoe BosaciicTBHe, yTOOR!
ypasHeHHUe (4.7) uMeNo cneayounii B

y=o+pz+a (4.22)

Ecau 310 Tak, TO HCxOmHOE (T. . Henpeobpa3zoraHHOE) ypaBHeHHE (4.3) GYIET HMeTh
BHAO:

y=arliu (4.23)

B JaHHOM KOHKPETHOM Cily4ae, eC/H B MCXOAHOM YPaBHEHHH CIyJaitHBIA WieH SB-
JIAeTCS ATUTHBHHM U yehosua Faycca—MapKoBa BBINOAHEHB!, TO 3TO TAKKe Oyaer
BepHO WA Hpeolpa3oBaHHOro ypaBHeHUsA. B aToM ciiyuae npobaeM HeT.

Uro npousoiimeT, ecaH MBI UCIIOAbIYeM MOZENk BHOA (4.4)? PerpeccHoHHas Mo-
Ienb TIoCAe NMpUBEACHUA K MMHEHHOMY BHRY NyTeM aoraptibmuposaHua Syaer npen-
cTapaATh coboil ypasHeHue (4.13), u oHO gonxHo OydeT TakKe BKNIOYATH CIy4aii-
HBIF WIEH BO3MYUIEHUSI, KOTOPhIM SIBNSETCH aAAWTHMBHBIM W YIOBJIETBOPAET YCJIO-
susiM [aycca—Mapkoga:

y=o'+8z+u {4.24)

Ecay BepHYTBHCA K HMCXOMHOMY YPaBHEHHIO, 3TO O3HaYaer, 410 Qopmyny (4.4) cie-
oyer nepenucath B cleayloeM BUae:

y = oy, (4.25)

[Ae V M Ui CBA3aHBI COOTHOIIeHHeM log v = 1. ClenyeT MOMHHTD, YTO MH IIPHBOAUM
ypaBHeHuUe (4.25) K AMHEHHOMY BHIY NyTeM NorapupMUpOBaHKs €ro 06enx YyacTefi.
B 3TOM Cliyyae Mbl TIONYYAEM COOTHOIUEHHE!

logy=logo +plogx + logv, (4.26)

KOTOpoe npenctapnaeT coboil ypaBHeHue (4.24) ¢ cOOTBETCTBYIOIUUMH M3MEHE-
HUAMH OonpeacacHHi,

ClienoBaTeNbHO, ANA MONYYEHHS JAAUMTHBHOO CIYYaHHOIO WieHa B YpaBHEHNH
PETPECCHH MBI MOJDKHB! HAYATh ¢ MYABTHIUIHKATHBHOTO CY4Yai{HOrO WieHa B HCXOM-
HOM YDABHEHHH.

CnyyailHbIi YieH v M3MeHseT BbipaxeHne oxf myTeM yBEMHYEHHS WIM YMEHb-
HIEHHS €ro B CAy4aiHON hponopyuu, a He HA CNYYANHYIO BEJIMYHMHY, 3aMETUM, YTO
=0, ecnu log v=0, yTo npoucxoant npu v= 1. CayuaitHasd coCTaBAAIOIAA B OLle-
HUBaeMOM ypaBHeHHH (4.24) 6yneT pasHa HyMIO, eciai v =1, D10 UMEET CMBICH, TaK
XaK ecnu v = 1, TO OHO HHKAK HEe M3MEHSIET 3HaYeHue oub.
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IIna Toro yToGH GBINK MPUMEHHMMBI - H F-KPHTEPHUN, BETHYHHA ¥ HOJDKHA HMETh
HOpMANbHOE pacrnpefencHue. OTO 03HAYAET, YTO log v JOMXKEH UMETh HOPMANbHOe
pacrmpeaeNeHne, YTO BO3MOXHO TOJNLKO NMpH A0TapHbMHUYECKH HOPMAJIBHOM pacIipe-
neneHud v. Yro nporaonno Ovl, eCH MPEANONOXUTh, YTO CAYYANWHBI YieH B HC-
XOZHOM YPaBHEHHMH ABMAETCA ANANTHBHBIM, 2 HE MYJIbTHIIMKATHBHEIM?

y=od+u (4.27)

OteeT TaxkoB, 4T0, KOrda Be DepeTe AorapHdM, HEBO3MOXHO MaTeMaTHUCCKHM
MyTeM YIPOCTHTD BripaxeHue log (oof + #). Hate npeobpa3zosaine He BEAST K IMHE-
apnzauuu. B 3TOM cnyyae crexyeT HCHOMB30OBATD METOM OLCHHBAHMS HeNHHeiHON
pErpeccHy, HallpUMEp METOM, PACCMOTPeHHblii B pasnene 4.5.

YapaxHeHns

4.4, Jloraprpmuyeckne perpeccuy Mexay (1) pacxogaMH Ha NPOAYKTHI THTAHHUS
WK (2) Ha OIAATY XHWbS M JHYHBIM PACnoaracMbiM JOXOAOM MMeENH caeaylommi
Brg (B ckoDKax IpuBeIeHbl CpeAHEKBAAPATHYHbIC OLIMOKH):

log y=1,20+0,55logx; R*=10,98; (1)
(0,11) (0,02)

log y=—3,48+ 1,23 logx; R*=0,99. 2)
(0,16) (0,02)

BRINONHHUTE COOTBETCTBYIOLIME CTATHCTUYECKHE TECTHI M ONpefenHTe 35-npoLeHT-
HbI# AOBEPUTENLHEI HHTEpBAN ANA 3MACTHYHOCTH MO AOXOAY B KAXKIOM CIYy4ae.

4.5, BeITIONTHATE COOTBETCTBYIOLIME CTATUCTHYECKHKE TECTDI A NorapH{pMHYecKOH
KpHBO# DHresnd, MOCTpoeHHON BaMM B ynpaskHeHHH 4.2, Onpenesute 95-nporueHr-
HBEIH JOBREPHUTENLHLIN MHTEPBAN AN SMACTUYHOCTH NO OOXOAY.

4.4. HennveitHan perpeccus

MpeanosoxXum, BBl CUUTAETE, YTO NEPEMEHHAS ¥ CBA3AHA C MEPEMEHHOR X cie-
AYIOWMM COOTHOLIEHUEM:

y=o+px+u, (4.28)

U XOTHUTE MONYYHTh OLEHKH «, B B ¥, UMSH 3HAUCHHA ¥ K X. YpaBHeHHe {4.28) He
MOXeT ObITh [TpeoGpa30BaHo B YPAaBHEHHE JTHHEHHOTO BHIA, IOSTOMY B 3TOM CIydae
HEBO3MOXHO MPHUMeHeH!He 0OLIYHON MPOoLEaYphl OLICHHBAHUMA PETPECCHH.

TeM He MeHee i MOAYYEHMS OLEHOK NapaMETPOB MBI MO-TIPEXHEMY MOXEM
NPUMEHUTD MPHUHIAI MAHHMH3ALME CYMMBI KBaNpaToB OTKINOHEHKH. lanee pacemor-
pyM KpaTkKo 3TOT METoA He IMOTOMY, YTO BaM NPHASTCS NPHMEHATH €10 CaMOCTO-
ATENBHO (MCCASAOBATENH, KAK MPABUIO, KOHCYABTHPYIOTCH CO CNEUHARKHCTOM MO
IKOHOMETPUKE), A MOTOMY, YTO 3TO MO3BOJAMT BaM Jydille TOHAThL MIEH, KOTOphbie
JIEXAT B OCHOBE DPErpecCHOHHOTO aHaH3a.
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l'lpouenypy JAYYIe BCEro Ornucarbh Kak nmocneaoBaTeNbHOCTh HIATOB.

1. ITprHUMaOTCA HEKOTOPBIE MPABIOMOAOCHEIC MCXONHBIC SHAYEHH NAPAMETPOB.

2. BolMHCIAIOTCS NPeACKA3aHHbIE 3HAYEHHA ¥ 110 DaKTHYECKUM 3HAYEHUSAM X C

MCITOAB30BAHMEM 3THX 3HAUCHUH NMapaMeTpoB.

Briyuensiiorest octarku Ans Bcex HabnloaeHU# B BEIOOpKe H, CNEAOBATENBHO,

§ — cyMMa KBajpaToB OCTATKOB.

BHocaTcn HeOonblMe H3MeHEHWS B OMHY MM Oojiee OLEHKY MapaMeTpoB,

BoluHcAsAOTCA HOBBIE MPEACKAIAHHBIE 3HAYCHUA ¥, OCTATKU H 5.

Ecnu § MeHbure, yeM mpexae, TO HOBbIe OLIEHKHM MApaMeTpOB AVYLIe Npe-

XHUX H UX CIAEOYET UCMONL30BATE B Ka4ECTBEe HOBOM OTHNPAaBHON TOYKH.

7. llaru 4, 5 1 6 MOBTOPAIOTCS BHOBL IO TeX NOp, MIOKa He OKAXeTCAd HEBO3MOX-
HBEIM BHECTH TaKWe M3MEHEeHMs B OIeHKH MapaMeTpoB, KOTOPEIE TIPUBEAH OB
K YMEHBIIEHUIO S,

8. HenmaeTca BEIBOA O TOM, YTO BeTHYMHA .S MUHHMH3IHPOBAHA K KOHEYHBIE OLIEHKH
[apaMeTpoOB ABNAKTCA OLIEHKAMH N0 METOAY HAHMMEHBIIHX KBAaJApPATOB.

[ 78]

v

lpumsep

Bepuemcsa K npHMepy ¢ GaHanaMK, pacCMOTPEHHOMY B pasaene 4.1, rae y u x
CBA3AHE CJIENYIOLIEH 3aBHCUMOCTBIO:

y=arliu (4.29)

Jng Gonpiue# MPOCTOTHI MPEANIONOKHUM, YTO MBI 3HAaeM, YTo o = 12; cienoBaTelib-
HO, HAM HY)XXHO OITIpefeNUTL TONbKO OAWH HEU3IBECTHRIA mapameTp. IIpeanonoxum,
MBIl MOHSIH, YTO 32aBHCHMOCTE HMeeT BHA (4.29), 0ZHAKO He MOXEM JOralaThCs, YTO
cIeyeT MpUMEeHHUTh Mpeodpa3oBaHia, paccMoTpeHHEe B pasaene 4.1. Bmecro s1oro
MBI TIpUMEHAEM HEJHHEHHYIO perpeccHIo.

Ha puc. 4.3 nokaszaHpl 3HaueHUsa S, KOTOphe GYAYT noiyyeHs [py J1060M Bo3-
MOXHOM BEIOOpe b NpH 3HAYEHUAX y U X, TpUBeaeHHBIX B Tabi. 4.1, [IpeanonoxumM,
YTO MBI HAYHEM, MPHHAB b paBHBIM —6,(). YpaBHeHHe NP 3TOM MPUMET BUI;

y= 12-%. (4.30)

BoluMcnuM npeackazaHHbLIE 3HAYEHMA y M OCTATKH M HAa OCHOBAHHH MOCHEMHHUX
BBIVMCITHM 3HauyeHue 5= 24,02, 3areM noactasuM b = —7, Teniepb BennusHa S paBHa
13,40, T. e. OHA YMEHBIIKIACh. SHAYHT, MEI JBUXEMCH B [PABMJIBHOM HANPAaBISHHUH.
[MoncraBum b = —8; Torma § = 5,87. IIpogosmkum ganewe. ITpH b = —9 sHaueHue S parHO
1,44; npu b=—10 aHayeHue S coctasur 0,12; npu b= —11 ono Gymer 1,89.
OueBuaHo, yTo, BHbpas b = —11, Mbl nepecTapanice, TaK XaK 3HaYeHHUe § BHOBb
Hayano pacTH. byaem aBHratebca Hasaa, HO Gonee MENTKHUMU IIATAMH, HApUMEp [0
0,1, 6epa 3navenus —10,9; —10,8 u 1. a. TTpogomxuM ABMXeHNE Ha3al JO TeX Mop,
NOKA OMATh He OyxeT «nepeGopa», 3aTeM BHOBb HAYHEM ABUraThes BIepel ewue 6o-
Jieg MeJIKUMU liaramMy (Hanpumep, pasanimu 0,01). Kaxariit pa3, korga 6ynetr Ha-
Omonathca «<nepebops, GyaeM H3MEHATh HAIPABCHUE HA MTPOTHROIIONOXHOE, COKpa-
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masa pa3mep wara. byaeM mpoaonxath jgefaTh 3TO 40 TeX op, MOKa He AOCTHTHEM
TpeGyeMoil TOYHOCTH BHIMHCAeHUA oleHKM . IlocnenoBaTeILHOCTD LWIArOB IS AaH~
HOro npHMepa noxkasana B 1abn, 4.3,

Ipotecc, noxazaHHkll B Taba. 4.3, GeiN npexpalieH mocae 32 uTepauuii, K 3TOMY
BpeMeHH CTAJI0 OYeBHAHO, YTO OLeHKA HAXOOMUTCH MexXxmy —9,92 u —9,94. dcHo,
YTO B pe3yIbTaTe AaTbHeR1LIEro NPOXOKEHHS UTEPALIMOHHOTO Npoliecca Morna Oul
GLITH HONMyYcHa G0oNce BHCOKAA TOYHOCTD.

3aMeTHM, YTO, XOTA HOMYYeHHAR OLIEHKA OUYeHb 6/IM3Ka K MCTHHHOMY 3HAYEHHIO

20
15}
1G¢

sl

7 8 9101112131415b

Puec. 4.3. CyMMa KBAAPATOB OTKIOHEHUA KaK DYHKUMA OT b

10, oHa He COBMAaAaeT ¢ OLIEHKOM, NONy4YeHHOI Wi ypapHeHuA (4.10). B npuHIMne
06a Habopa pe3yNALTATOB JO/XHEL OHITh ONHHAKOBEIMU, TAK KAaK M TOT U JAPYIOH MH-
HHMH3HPYIOT CYMMY KBaZpaTOB OTKIOHeHHMH. PacXoXmeHue BHIZBAHO TEM, YTO MH
OBLUTH HE COBCEM YeCTHB! B HETMHEHHOM cliydyae. Mul Rpelnonoxuau, YTo @ pasHo
MCTHHHOMY 3HaueHH 1o 12, a He oueHinH ero, Ecny 681 Mbl A¢fiCTBUTENIBHO He CMOT-
M HaliTH mpeoOGpazoBaHHe, KOTOPOE MO3BOMACT KCNOAL30BaTh AHHEHHRIA perpec-
CHOHHBIF aHaNMH3, TO HaM OB TPHLUIOCE MCIIONB30BATh HENHHEHHBII METON H HcC-
KaTh HAIIYULlIHe 3HAYeHHUH g H b OMHOBpeMeHHO, H TOTHA MBI TTOAYYHAN bl OLIEHKY
a, pasayio 12,08, ¥ oueHky &, pasuyio —10,08, kak u B ypaBHeHHH (4.10).

Tabnwua 4.3
b s b & b g b Ly
-6,0 24,0233 -10,7  1,030%8 -89 0,1093 -8,87 00,1133
-7.0 13,3971 -106 0,8072 -98 00,1335 -9.88 00,1116
-8,0 58706 -10,5 0.8145 -9.81 0,1297 -9.89 0,1103
90 11,4435 -10,4 0,4528 -8,82 0,1262 -9.80 0,1093
=100 0,1160 -10,3 03221 -9.83 0,230 -9,51 0,1085
-11,0  1,8880 -10,2 0,2224 -9.84 0,1201 -9,92 0,1081
=109 15713 -10,1  0,1537 -9485 01175 -993 0,1080
-10,8 1,2856 -10,0 00,1160 -9,86 0,1152 -9,94 0,1082
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OCHOBHOH HENOCTaTOK HEMMHENHHON perpecCHi COCTOMT B TOM, YTO OHA OLIEHH-
BAeTCA 3HAYWTENHLHO MeNNeHHee, YeM NHHeiHad perpeccus, ocOOSHHO B TOM Cly-
yae, Koria IPUXOIUTEA OLISHHBATE HECKONBKO MapaMeTpoB. PaspaboTaHM Hrepaliu-
OHHbIE NMPOLEAYPH, KOTOPHIE ¢ MATEMATHYSCKOH TOYKH 3PEHHS ABNLIOTCH 3HAYM-
TeNBHO 00/1ee CAOXHBIME IO CPABHEHIIO C TEMH, KOTOpbi¢ PaCCMOTPeHbI B JAHHOM
npUMepe, 0JHAKO A0 HeJaBHEr0 BpeMEHH JaXe MpH KCIIONB30BAHNH ITUX MPOLIEAYD
BBICOKAs. CTOMMOCTL KOMITBIOTEPHBIX PACYETOB CMYXWAA TOPMO30M K [IPHMEHEHHIO
HenHHeWHOIl perpeccu. B TedeHne NocAeAHUX HECKOABKHX NIET CHTYALIMA CTANA Me-
HATbCA Onarogapa HeOBIBATOMY POCTY MOLUHOCTH U OLICTPOACHCTBHA KOMIIBIOTEPOB.
BeneacTsie 3TOFO K HeJIMHEHHLIM METOAAM CTAN NIPOSIBNATECS GONBIIMIA HHTEpEC, &
Ans pAAOBEIX MTOAB30BaTeNeit pa3paboTaHo «APYXeCTBEHHOS» NpOTpaMMHOe obecne-
YeHHe.

4.5. Beitbop PyHkunn: Tectnl Bokca—Koxca

B0o3MOXHOCTE NOCTPOCHHA HeKHEHHBIX MONENSH, KaK C MOMOLUBIO MX [IpHBEaE-
HHA K IRHEAHOMY BHAY, TaK M NIYTeM UCNOAL3IOBAHMA HENHHEHHON! perpeccy, 3Ha-
YHTENBHO MOBLILIAST YHHBEPCATBHOCTL PEIPECCHOHHOIO aHAAK3A, HO H YCIOXKHAET
3agayy ucciaegosatenst, Hyxuo cnpocuts cebd, Oyaere JiH Bbl HAYHHATE C IHHEHHOM
3aBUCHUMOCTH KW ¢ HEMMHEHHOH M eCnM ¢ nociaelHei, TO KAKOro THIIA.

Ecnu BB OrpaHUYMBAETECE MAPHBIM PETPECCHOHHEIM AHAMHIOM, TO MOXETE IO-
cTpouTL rpaduK HabmomeHHA ¥ M X KaK auarpaMMy pastpoca, ¥ 3TO MOMOXET BaM
OpUHATH pelueHue. B nprMepe B pasgene 4.2 Ob110 0UEBKHIHO, YTO 3aBHCHMOCTD SAB-
JAETCA HeMMHEeAHOH, H He noTpeboranock 6bl GOARLIONO TpyAa, HTOOLI YOeAUTHCH,
4T0 ypaBHeHHE Buaa (4.3) JaeT MOYTH TOYHOE COOTBETCTBHE. OOHAKO OOLIMHO BCe
0Ka3BIBAeTCA HE TaK NMpocto. YacTo HECKONBKO PasHEIX HEMHHEAHBIX GYHKUKIT npy-
ONHU3UTENEHO COOTBETCTBYIOT HAOMIOHNEHUAM, €CNM OHM NeXaT Ha HeKOoTopol Kpu-
Boit. OOHAKO B Clyyae MHOXECTBEHHOIO PErpeCCHOHHOIO AHATA3a HEBO3MOXHO AaXKe
HOCTPOHTE TpagUK.

ITpx paccMOTPEHHH ANLTEPHATHBHHX MOAEACH ¢ OXHHM H TEM X OlpeaeieHHEM
3aBHCHMO MepeMEHHOI TIpoLeaypa BbiGopa mocTaTouyHo npocta. Hanbosee pasyMm-
HBIM SABASETCA OLEHMBAHUE PETPECCHU HA OCHOBE BCEX BEPOATHBIX PYHKUHHA, KOTO-
pbie MOXHO BoOGpa3uTh, H BRGOp $yHKUMM, B HAWOOABIUCH CTeNMeHH OObIACHSI0-
nieft #3MeHeHHA 3aBHCHMO NrepeMerHoit. Eciu ABe wau 6osee GYHKUHH TOAXOIAT
NPUMEPHO ONMHAKOBO, TO Bbl AOJLKHLI MIPEACTABKTE PE3YALTATH! LA KAXI0H M3 HUX.

W3 npuMepa & pazaene 4.1 BuAHO, 4TO NHMHeAHAn PYHKUNA 00bACHAST 64% nuc-
nepcuM y, a runepbonudeckan gpyHxkuua (4.3} — 99,9%. B stoM npumepe Mel Ge3
KoneGanuit BpiGHpaeM nocneanol. OQHAKO €C/IH Pa3HEBIC MOJESAH MCHONLIYIOT pas-
dHele PYHRHUOHAABHBIE GopMBl, To Tpobnema BolOopa Moneid CTAHOBUTCH Oolee
CNOXHOM, TAK KAK HENb3A HelTOCPEACTBEHHO CPABHHTL K03 duilneHTH R 2 WiH cyMMsl
KBAJIpaTOB OTKINOHeHHH. B yacTHOCTH — M 3To HauGonee obWHil MpUMep Ul JaH-
HOH MpoGnemMbl, — HENb3A CPABHUTEL 3TH CTATHUCTHKH ANA JWHE{HHOrO M Jorapub-
MHYECKOrC BApHUAHTOB MOACIH.

Hanpumep, THHeHHasA perpecCHa MEXAY pACXOAAMM HA XHAbE ¥ THYHBIM pacno-
naraemuiM aoxogoM ansa CIIA (cm. yapaxueHue 2.2) uMmena kozhduuueHT
R?=10,985, a cymMa kpaaparoB orinoHeHHit (CKQ) 6vina pasHa 385,2. 1aa asoii-
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HO norapugpMrIecKOd BepCHH MOAERAH, KOTIa norapudmbl GepyTes no o6eHM OCIM
{cM. ynpaxueHue 4.1), cCOOTBeTCTBYIOLLUME 3HAYEHHSA OBLIH paBHB 0,9915 u 0,02. Bo
pTOpOoM caydae, CKO 3HAYMTEABHO MEHBLUIE, HO 3TO HHYETO HE peillacT. 3HaYeHHA
log y 3HAYUTENBHO MEHBILE COOTBETCTBYIOUIMX 3HAYSHHH y, IOITOMY HEYIAHUBUTEb-
HO, YTC OCTATKH TaKXe 3HAYHTENLHO MeHble. BennuyuHa R 2 GespasMepHa, OGHaKO B
JBYX YPABHEHHAX OHA OTHOCHTCH K DA3HBIM [TOHATHAM, B OAHOM YpaBHEHMH OHA H3-
MepseT 0OBLACHEHHYIO perpeccueil JoN0 IUCIIEPCHH ¥, A B IPYTOM — OOBICHEHHYIO
perpeccueit aono aucnepcuu log y. Ecau and ooHoit Mmoaenu kosgguuneHT R2 3Ha-
qyHTeNEHO §OABLIIE, YeM AAA APYICH, TO BH CMOXETe CACNATE ONPABJAHHHIH BRIGOD
6e3 ocobbix pasmyMuii, oIHAKO, eCny 3HayeHus R?2 mas AByx Momened npubavsu-
TENBLHO PaBHE, TO npobnaemMa BLIGOPA CYIIECTREHHO YC/IOKHAETCH.

B aTOoM cnydae credyer HCHOAB30BATh CTAHAAPTHYIO NMPOUEAYDY, M3BECTHYIO TOJ
Ha3BaHueM mecma boxca— Kokca (Box, Cox, 1964). Ecam BBl XOTHMTE TONBKO CpaB-
HWTH MOACIH C MCIIONB3OBAHHEM ¥ K l0g ¥ B Ka4eCTBe 3aBUCHMOI NepeMeHHOM, TO
MOXHO UCMIONB30BATH BAPHAHT TeCTA, pa3paboTaHHBIi ITonoM 3apemOkoii (Zarembka,
1968). JaHHbIi TeCT NpPEINoNaracT Takoe npecpasoBaHue Maciutaba HaGnIOaeHHi
¥, IIpH KOTOpOM oGecnedreanack OBl BOZMOXHOCTh HEMOCPEACTBEHHOTO CPABHEHHA
CKO B amHeliHOM W norapudMuieckoit motensnx. [Tpoueiypa BXIOYAST CASHYIOLIHE
LIArH:

1. BryHcnseTcd cpeAHee reoMeTpHHecKoe 3HaueHH y B BeiGopke. (OHo co-
BMaJaeT ¢ PKCHOOHEHTON cpeaHero apudMeTH4ecKoro log y, o3TOMY €CAM Bhl
yXe OLECHHMAH NOoTapU(MMHUYECKYIO PETPECCHIO M PErPeCCHOHHAA MporpaMma
BRIIAST BaM PACIeYarTKy CPEIHEro 3HayeHHs 3aBHCHMOH NMEpeMeHHOH, TO He-
O06XOAMMO BBIMHCAMTD NHIIbL IKCMIOHEHTY OT 3TOTO 3HAYEHMS.)

2. IMepecuuTRIBaIOTCA HAOMOACHHA Y, OHH AEMATCA Ha 3TO 3HAYSHHE, TO €CTh
¥, = 5,/(CpenHee reoMmeTpuueckoe ),

rae y| — nepecyMTaHHOE 3HAYeHHe NS i-r0 HAGAIONEHHSI.

3. OQueHuBaeTcA perpeccus ANa JHHESHHOR MONENH ¢ MCIIONh3OBAHHEM )
BMECTO y B Ka4eCTBE 3aBUCHMO nepeMeHHOH U Ansa norapHdMuvecKol MOaenu
¢ Mcnionb3oBaHHeM log (V') BMecTo log y; BO BCEX APYTMX CTHOIIEHHSIX MO
JOMKHBE OCTABATBCA HeH3MeHHBIMH. Tenepk 3Hauenua CKO nns aAByx perpec-
CUil CpaBHHMBI, U, CNEROBATENBHO, MOOENAbL C MEHbINEH CYMMOHR KBagpaToB
OTKJIOHEHHIT obecrieqrpaer Nyyiee COOTBETCTRHE,

4. Ons Toro 4ro0bl IPOBEPUTH, He 0GeCNeYNBAET MM OfHA U3 MOAENei 3Ha-
YUMO Jiydlliee COOTBETCTBHE, MOXHO BHYHCIHTS BenuyHuy (7/2) log Z, rne T —
yucno HaGnoaeHu#, oTHOWeHHe 3HaYeHM CKO B nepecyMTaHHBIX perpec-
CHAX, U B3AThb ee abCOMOTHOE 3HaueHMe (T. €. UTHOPUPOBATL 3HAK «MMHYC»,
€ClH OH MMeeTcs). DTa CTATHCTHKA MMEET paclpeaencHue x2 ¢ OZHoM crene-
Hbi0 ¢BOOOABI. ECMM OHA MpeBhIIAeT KPUTHYECKOE 3HAYeHHe X2 pH BHIGpaH-
HOM YPOBHE 3HAaYUMOCTH, TO AeNAaeTCH BBHIBOA O HAMMYMM 3HAYHMOM pasSHULIEI
B KayecTBe OLIEHUBAHHS.
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flpumen

TecT OyneT BbINONHEH KAaK ANA AAHHLIX O PACXOZaX HAa MPOAYKTH MUTAHMA,
TaK M U1 DAHHBIX O pacxonax Ha xunse B CIIA, Jlorapugmuueckue perpeccuy
Jnas 3THX AByX BuAoB Onmar [ypasHetine (4.18), ynpaxrneHue 4.1] noxasanu, uro
CpeAHHe 3HadyeHun log y cocraBnsioT 4,8422 ana pacxonaoB Ha nutaHHe W 4,6662
I PacXol0B HAa XMAbe. MacwTabupyioilive MHOXUTENN paBHbl e¢+3422 y e4.6662
cooTBeTCTReHHO. B Tab6n. 4.4 npueenens 3HaueHus CKO nng nuseiiHoit u geoit-
Hoit norapudMuUecKOft perpeccuu, NPH 3TOM MCMNONL3OBaHbI NICPECYUTAHHBIC
JaHHbIEe AN ABYX BHAOE Gnar.

TabGnuua 4.4
Pacxons: 13 THTIRHE Pacxagss Ra Xuaee
JiuHelHas perpeccus 0,0119 00,0341
Norapudmmeckas 0,0119 0,0221
perpeccun

M3 taba. 4.4 BUOHO, ¥TO OAA PErpeccHH PACXORAOE HA ITMTAHHUE COOTBETCTBHE OOH-
HAKOBO XOpOIIIO B OOOMX CiyyasX. B ciiyyae pacxogoB Ha XHMIIbE JorapupMUYecKas
perpeccus AaeT Sonee TOUHOE COOTBETCTBYUE. JlorapudM oTHoOweHnA 3nadenuid CKO
IS ABYX perpeccHii papeH 3aeck 0,4337, U, cnemoBaTesbHO, NOCNE YMHOXEHUS Ha
12,5 TecToBas ctaTMcTHKA cocTasnger 5,42, Kpurinieckuit ypoBeHb ! ¢ OMHOMR CTe-
neHbio ¢cBoGOALl cocTaensteT 3,84 npH 5-1IpoLEHTHOM YPOBHE 3HAMHMOCTH M 6,64 —
[IpY OAHONPOLEHTHOM YpOBHE (CM. Taba, A.4), Tak YTO B NaHHOM CAy4ae COOTBET-
CTBHE OYOEeT 3HAYHMO PA3NUYHKIM AN ABYX PerpeccHii TONbKO MPH 5-NPOLEHTHOM
YPOBHE., DTH pe3yNbTAaThl MOTYT NOKA3ATHCA HECKOJBKO HEOXMUIAHHBLIMH, TAK KakK
MOXHO MPEANMONQXHKTD, YTO C TOYKH 3PeHHS TEOPHH MOAEND ¢ orapudMaMu gpna-
ercsa Gonee cosepweHHoi. OOHAKO NepUoa BEIGOPKH HACTONBKO MAd, YTO KPUBH3-
Ha DYHKUMY DHreasi, BEPOATHO, HE YCMEET MPOSIBUTHCS, [IOITOMY JIUHERHAS hyH-
KLHA MOXeT 00eCcneuHT, TIOYTH CTOMb XE XOPOILUEe COOTBETCTBHE, KAK W HEMUHE -
Haa $yHkuusa L.

Yapaxrerue
4.6, OueHure ewle pa3 JMHeHHYIO ¥ NOTapbMHYECKYH) PErpeccyy MU Ballero

TOBapa, BBITOJIHMB CHa4yala Mepecyer 1o Meroay 3apeMOKH, a 3aTeEM ApPOBepLTe.
MMEETCH JIM 3HAYMMOE pasdjiiyMe B KX KauecTBe.

1 Perpeccum, NepecHuTaHHBe no MeToay 3apeMbxu, MOryT BbiTs MCNOAB20BAHL TONLKO ANA TOFO,
4TOOH pPEWUTh, KARYIO MPEANoYEcTs MoAenb. He HANO o6pallaTh BHUMAHWE HA KOG EOHULMEHTH), BAXHEI
Toneko aHaveHnn CKO. Koadduumnentu cnenyer onpegeniTe HENOCPBACTBEHHO U3 HEMEPECYMTAHHOMD
BAPUAHTA BEIGPAHHOH MOLENN.
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Mpunoxexue 4.1

bonee obumit recr boxca—Kokca'

HcxonHas npouenypa boxkca—Kokca sBafercs Gonee obiueit, yeM BapuaHT,
onucaHHu B pasgene 4.5. Jx. bokxc u . Kokc samerwmn, uto y u log y — 370
cnenMansBele caydad dyHkumu (¢ *— [)/A, U3 KOTopoit nony4yaerca (pyHKIHA ¥,
korga A = 1, n dyHkuua log y (npeaensHbIli cayyai), Koraa A cTpeMHTCH K HYNIO.
Her ocHoBaHuil mpeAnonaraTs, MT0 OAHO W3 3THX 3HAUSHUE A ABAAETCH ONTH-
MaJlbHBIM, @ €CTh CMLICK MONpoOoBaTh HeNbiit pAA 3HaYeHH# ¢ Tem, 4ToOH OM-
pedenuTh, KakKoe H3 HHX JaeT MHHHMmanbHoe 3HaueHne CKO (mocne ssinonHe-
HHA nepecyeTa 1Mo Metroay 3apembku). OTa mpoueaypa H3BECTHAR NOH HAZBAHHEM
pewemyamozo noucka. 1 Hee HET CNenUaNbHBIX BO3MOXHOCTEH B THIOBHX KO-
HOMETPUYECKNX KOMINBIOTEPHBIX AporpaMMax, HO TeéM He MEHEE BBINIONHHTE €e
HeTpvaHo. Ecny Be mpenmnonaraere menonas3osaTh 10 3HaueHui A, T0 HeolGXxoaH-~
MO 331aTh B PerpecCHOHHOM naxete 10 HOBBIX 3aBUCHMBIX MEPeMEHHSBIX, HCITONb-
3y7 (PYHKUMOHAALHYIO QOPMY W PA3NIHUHBIE 3HAYEHHA A, MOCNE MpPEABAPHTENb-
HOro mepecyera o MeToay 3apeMmOxkM, JaTeM BBl HAXOHHUTE PETPECCHIO MEXIY
KaXJo0# M3 HHX K HEe3aBUCUMBLIMU NepeMeHHbIMHU. B Tabn. 4.5 npuBeneH pe3ynb-
TaThl OLIEHHBAHHA perpeccm”»[ o4 pacxonoB HA IMUTAHHE H XHNbE N4 Pa3THIHbIX
suaueHHit &, Jm1 olleHMBaHKA perpeccHii NMYHbIi pacnonaraeMslii 1oxon 6511 npe-
o6pa3oBaH Tak Xe, Kak y, 3a HCK/IIOYEHHEM Mepecyeta no Metody 3apeMOku, Takoe
npeobGpaszoBaHne He 06A3aTeNnbHO, NPH KEAAHWH BBI MOXETe OCTABHTh MepeMeH-
HYI0 (MM NEPeMEHHEIE) B MpaBolf yacTH B AMHeHHOM! dopMe MAM XKe NpPOH3BE-
CTH AN HUX ODHOBPEMEHHDLIA OTAENBHBIA pelleTYaThlil MOHCK APYTOro 3HAYeHHS A.

Tabnuua 4.5
CYMMA KBEADATOR OTKNOHEHUE

A‘ TR0 YT THTAHMT Hrnse
1,00 0.0119 0,0341
0,75 0.0117 0,0304
0,50 0.0117 0,0272
0,25 0,0118 00244
0,00 0.0119 0,0221
-0,25 0.0122 0,0202
-0,50 0,0127 0,0187
-0,75 0,0132 0,0178
-1,00 0,0139 0.0174

! A3HHOS NPUNOXEHNE COASPYHT MATEDWAN NOBLIUEHHOW CNOXHOCTA, W 810 B NPUHLMNG MOXHD
NpONYCTUTE.
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PesynbTaTel MOKA3bIBAKT, YTO ONTHMAIbLHOEC 3HAYEHHE A AN IIPOAYKTOB IUTA-
HHS COCTaBAAeT npubnusurensHo 0,5, 4TO rOBOPHT O NPYMEPHO OJAWHAKOBOM NPH-
eMJIEMOCTH JIMHEHHOH W norapuhMHUYecKoi perpeccuii. B ciiyyae pacXoIOR Ha XHIbe
perpeccus OOpaTHBIX BEIMYHH MEPeMEHHBIX Ha MEpBLIA B3rnan maeT 6ofce TOUHOE
COOTBETCTBHME MO CPaBHEHMIO ¢ AMHEeHHON U norapudMudyeckoit perpeccueit. OnHa-
KO, KaKk Gyaer BUAHO U3 CREAYIOIUX Pa3fe/loB, pacCMAaTpUBacMas [pOCTas ChOelu-
tblﬂ(al.ll{ﬂ MOJICAHN UMEET CTONLKC HENOCTATKOB, YTO ACTANBHOE HCCACIOBAHHE ONTH-
MaJIbHOH MaTeMATHYeCKOH GopMbl Ha 3TOM 3TANC HE TApAHTHPOBAHO.

Hapsany ¢ nosy4eHHeM TOYESYHOM OLICHKH UIA A MOXHO TAKXKE IIONYYHTh HOBE-
PHTENBHBIA KHTEpBaAJ, OAHAKO AAHHAA NMPOLIEAYDPA BLIXOAMT 3a PaMKH 3TOi KHM-
ru. (Ecam Bac MHTEpECYET 3TOT Bonpoc, obpatHTech k pabore Ix. Cnuuepa [Spitzer,
1982, pp. 307—313).)



MHO)XXECTBEHHbIN
PEI'PECCVIOHHbIM AHAJNINS

1 TRESTE G O, TR O SRR 9 e

B 3To0it rnaBe perpecCHOHHBIN aHANH3 MO METONY HAMMEHBIUMX KBaapaTos 0Gobnia-
€TCS ANA CNy4as, KOraa B MOAENH PETPECCHH BMECTO OIHOM He3aBUCKMOI nepeMeH-
HOM KMCITONIB3YETCH HECKOJBKO HE3aBHCHMBIX MepeMeHHBLIX. PaccMaTpuBaroTcsa aBa
HOBBIX Bonpoca, OAMH M3 HUX KacaeTcs MpobneMbl pasrpaHudenus >¢dekros pas-
JIMYHBIX HE3aBMCHMBIX NEpeMEHHEIX. Dra pobaeMa B ciyyae ee of0CTPEHHA H3BECT-
Ha NOA Ha3BaHUEM MYJIBTHKOUTHHeapHOCTH., JHpyroil Borpoc cOCTOMT B OLICHKE 00be-
JHHCHHO0 06BACHAIOMEH CMOCOOHOCTH HE3AaBHCHMBIX MEPEMEHHBIX B MPOTHBOMOMOX-
HOCTb WX OTHENEHBIM NpeaenbHbIM 3(hdexTam.

5.1. Unmoctpauna: Mmoaens ¢ ABYyMSA
HEe3aBUCHMMbIMKW NepeMeHHbIMU

MHOXeCcTBEHHBIH perpeCcCHOHHBIA AHANN3 ABNASTCA PAZBHTHEM NapHOTO perpec-
CHOHHOIO aAHANMH3a NPUMEHUTENLHO K Cy4aAaM, KOrAa 3aBHCHMASA MepeMeHHas TH-
MOTETHYECKH CBA3aHa ¢ Gosee yeM OHOH HE3ABMCHMOM NepeMmennoit. bonbiias yacte
ananuk3a 6yIgeT HenoCpeACTBeHHBIM pacUiMpeHHeM [TApHON perpecCHOHHON MOOENH,
HO 371eCh M&I CTANKHEAEMCA ¢ ABYMSA HOBLIMHE fpoGreMaMy. Bo-nepBhiX, pH OLIEHKe
BAHMAHMS NaHHOM HE3AaBHCHMOM MEPEMEHHON Ha 3aBUCHMYIO NIePeMEHHYIO HAM IIPH-
JEeTCH pellaTh npodneMy pasrpaHHYCHHA ¢€ BO3NESHCTBUSR M BO3ACHCTBHIA APYTHX He-
3aBMCHMBbIX NepeMEeHHLIX, Bo-BTOPEIX, MBI NOMXKHBI OYASM PEIUUThL MPOdIeMy ClIeLH-
tbuxkaugu Momenu. Yacro npeanonaracTes, YTo HECKOMBKO NEPEMEHHBIX MOTYT OKA-
3BIBATb BAHSAHYE Ha 3aBHCHMYIO MEPEMEHHYIO, ¢ APYToil CTOPOHLI, HEKOTOpPLIC Me-
peMeHHEIe MOTYT He [TOAXOAKWTL AN MOgeNH. MBI AC/KHEI PELUUTDb, KAKHE M3 HUX
clieyeT BKNIOYHTL B YPABHEHHE PErpeccH, a Kakue — HCK/IIOUHTD U3 Hero. Bropas
npobnema GYAET paccMOTPEHA B IlaBe 6. B 1aHHOM rnaBe MbL mofaraeM, 4To CISLH-
dukaums Moaenu npasuneHa. B GONBIIMHCTBE CHTYALH I MBIl OTpaHHYHMMCA OCHOBHBIM
cliydaeM, Iie¢ MCIIONBb3YIOTCS TONLKO ABE HE3aBUCHUMBIC TNEpeMEHHEIE,

Haynem ¢ paccMOTpeHHSR MpHMepa, B KOTOPOM oMNpelensiwoTcH (hakTOphl CORO-
KYITHOTO CMpOca Ha MPOAYKTHI NHTaHUA. PacliMpuM [iepBOHAYANBHYIO MOOEND, BRI~
YHB YMET BIMIHHUS LICHOBLIX H3IMEHEHHMHA Ha cIipoc, M AOMYCTUM, 4TO HCTHHHYIO 3a-
BUCHMOCTE MOXHO BBIDA3HTE CNEOYIOUIKM 00pa3oM:

y=oa+pBx+tppta (5.1)
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Ize y — ofulasd BeIHYiHHA PACXOAOB Ha NMUTAHHUE, X — PAClIonaracMblif AHUHBIA 00-
Xol, a p — IIcHA NPOAYKTOB MUTAHMA., DTO, pasyMeeTCsA, ABIACTCH 3HAYHTENBHEIM
VIMPOIUCHHUEM KaK ¢ TOYKH 3PEHHs COCTAaBa HE3aBUCHMbBIX NMEpPeMeHHbIX, BKIIOUCH-
HBIX B 3aBUCHMOCTbD, TAaK ¥ ¢ TOUKH 3peHHA MaTeMaTH4ecKoR dopMynel ceasn. Kpo-
M€ TOF0, MEL HEABHO NpeanonaracM HAMTHYHE NUINL MPAMOR CBA3H 34 CYST NONYIIE-
HHS O TOM, YTO pacxofbl Ha NUTAHKE HE BAMSIOT HA JOXO0O M UeHY. 310 Morno O
GHITE B TOM ¢liydae, ecny Gbl LIeHBI OMpeAeNsIHCh Ha MUPOBOM DBIHKE, HO B HONB-
IHHCTBE CHTYaU Kk Honee peanbHO HOMYCTHTD, YTO PACXOAbl HA MPOAYKTH H HX LECHE]
ONpPEeAeNsIIOTCs COBMECTHO B PE3YJIbTATE B3aMMONEHCTBUS NpPeiICKeHH K CIpoca.
[Tpobnemsl, KOTOpPHIE BOSHUKAIOT B TAKMX MOAENAX, GyayT paccMOTpeHH! B rnase 11.

Jnsa reoMeTpHYecKOi HANIOCTPALIMM ITOH 3aBUCHMOCTH HE0OXOOUMa TPeXMepHas
IMarpaMma ¢ oTAeTbHLIMY OCSAMH AL y, X M p (puc. 5.1). OcHOBaHWE AMArPaMME! CO-
IEPXUT OCH JJIL X ¥ p, U eClIHA NpeHeOpeYb TEKYLUHUM BAHMAHHUEM CIyJaifHOTO YieHa,
TC HAaKJIOHHAA TUIOCKOCTh HAJ HUM MOKA3LIBAET BEJHYUHY ¥, COOTBETCTBYIOLUYIO
moboMy COYETAHHIO X H P, H3MEPEHHYI0 PacCTOAHUEM IO BePTHKANH OT AaHHOH
TOYKH A0 3TO# INocKOCTH. Tak KaK pacXomsl HA NMMTAHHE MOTYT YBENMUMEBATLCA C
POCTOM JOXOHNOB M YMEHBLIATHCH ¢ YBEAMYEHHMEM LUEHLI, H3o0paxeHHe Ha AMar-
paMMe GLIO MOCTPOCHO HAa OCHOBE NOMYLEEHHA O TOM, YTO BEMHYKHa B, ABisgeTcs
NONOXKUTENbHON, a B, — oTpunaTeasHOi. KoHeduHo, HepeanbHo Gbiio OBl npearno-
JIaraTh, YTO OXHA M3 BENMMHMH X H P Morna On OHThH paBHOH HYNK), B CTPYKTYDY
JHArpaMMBl MOXHO ONMHCAaTh CASHYIOWMAM oOpasoM. Ecau 6nl 006¢ BEMHYHHBL X U p
OKa3alHCh PAaBHBIMH HYIIO, TO BEJIHYMHA y papHsanach Onl a. ITpu coxpaneHum p =0
ypapHeHHe (5.1) o3nauaeT, YTo AnA AKOO0roe MONOXKHTENBLHOMO SOXOAA BENHYMHA
y Gyner paBHa (o + B,x), ¥ HA pUCYHKE NpHpalleHue B x 0BO3HAYCHO KAK «YHCTBIA
atpdexr noxonas. I'lpu coxpaHeHuH x = 0 ypaBHEHHEe 03HA4YaeT, YTO Ana A0bok 1no-
NOXHTENbHOH IEHBI BeluMHa y Oyaer pasHoit (o + f,p), npupaienue f.p Ha pu-
CYHKE 0003HaYeHO Kak «4HCTHIH 3ddeKT HeHr». Tlockoneky B, Ha npakTHKe SBs-
&TCA OTPHUATENBHOM BeTMYMHOM, OTpHUATENBHBIM DyaeT U 310T 3ddekT. [Tokazau
TaKke KOMOWHUMpOBAaHHBIN 3ddexT noxona u uexs (B,x+ p,o).

a+B x+B,p

I KoMBUHUPOBEHHA
adibexT A0X04A U UeHbI

OH'Bx; e | e X tBx+B,p+u

0 P

Pue. 5.1. McTunnan Moaens G ABYMA HE3ZBUCHUMbIMW NEpPeMEHHBIMW:
pacxog Kak yHKUMA AOXOOa U LeHbt
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Hrak, no cux nop MbI npeHebperany cayq4aiiHbIM 4AeHOM. Ecny oH 0TCYTCTBYET
Ha JaHHBIAH MOMeHT B ypaBHeHHH (5.1), TO 3Ha4eHMA y B BEIGOpKe HaOMIoNeHUH WA
¥, X 1 p OyAyT HAXOAUTHCS TOYHO HA HAKMOHHOH TUIOCKOCTH W OyAET JOBOJIBHO NPOCTO
BBIBECTH TOYHbIE 3HAYeHUA B, u B, (3TO He Tak NPOCTO CAENATh FEOMETPHYECKH,
eCNIi BBl HE UMEETe AOCTATOUMHO OONbLUOTO ONbITA MOCTPOCHHMA TPEXMEPHBIX MOAE-
Jieil, OMHAKO 3TO AOBOARHO NPOCTO CAENATH anrefpandeckKuM IyTeM).

Yyer cyyaitHOTro wieHa MPUBOAKT K TOMY, HTO (haKTUYeCKHe 3HAUEHHA y OYayT
J1eXaTh HECKOABKO BLILUE HAH HECKONBKO HIDKE FHAYCHMH, COOTBETCTBYIOLIMX HAK/IOH-
HOM TmockocT. CneQOBaTeNbHO, TeNepb Mbl MMEGEM TPEXMEDHLIA aHANOr DA ABYX-
MEPHOH 3afauu, IIOKAa3aHHOH Ha pHc. 2.2. BMecTo HaXOXINeHHS NHHHMH, COOTBET-
CTBYIOLIEH JBYXMEPHOMY DACCEAHUI) TOYEK, MBI TENEPh JOJDKHEI PACTIONOXHTE IHIQC-
KOCTh TaK, 4TOObl OHa COOTBETCTBOBWIA TPEXMEPHOMY paccesaHUD. YpaBHeHHe Ans
BbIOpAaHHOH NMNOCKOCTH OyAeT MMETh BUI!

y=a+ byx + byp, (5.2)

H e€ pacnojioXeHHe OyaeT 3aBUCeTh OT BLIGOpA BENUYMH 4, b, U b), ABNAIOLUKXCS,
COOTBETCTBEHHO, OLEHKaMK o, B, u B,

Hcnoneays nanxeie g CIIA 3a 1959-1983 rr. 13 1abn. B.1 u B.2 no saTpaTtaM Ha
MHTAHHE, PACMIONATAEMOMY JUYHOMY JNOXOIY M LeHaM, MBI MOJY4YHM YpaBHEHHE

perpeccHu:

§=16,7+0,112x—0,739p; R1=10,99, (5.3)
{c.0) (9,6) (0,003) (0,114)

rie y U x uaMepeHs! B goatapax CIIA B nocTosHHEIX UeHax 1972 r., a p ABNgeTcs
MHAEKCOM OTHOCUTENLHOM LeHE!, BHIYHCAEHHBIM IYTEM JENeHUS HesABHOro aedis-
TOpa HeH NpoAYKTOR MUTaAHUS HA HeABHBIH JednaTop oGmux pacxonos (pasHbif 100
3 1972 r.) u ymMHOXeHHRIM Ha 100.

IMonyyeHHOe ypaBHEHKE CAEAYET HHTEPNPETHPOBATh CAEAYIOWMM obpasom, Tlpu
KaXIOM YBEJIM4EHHH PACTIONAracMoro NMYHOro Joxoaa Ha 1 Mapa. aomn. (mpu coxpa-
HEHHH MOCTOAHHBIX IIEH) PACXOAB! HA MHUTAHME YBeauvaTca Ha 112 MaH. aomn. Ha
KOKAYI0 ¢IMHHLY YBEIHYEHHUA HHIEKCA UeH (OpH COXpaHEHHH MMOCTOAHHEX NOXO-
IOB) STH pacxXoab! yMeHbLIATCA Ha 739 M. Aonn. Uncthid addexT B 11060 MOMEHT
BpeMeHM OYIeT 3aBKCETh HE TOJNLKO OT 3THUX KO(D(MUUMEHTOBR, HO TAKXE OT pa3Me-
pOB M3MeHeHMN X U p.

Hanpumep, B nepuon 1975—1980 rr. pacrionaraeMslif TUNHBIA JOX0A YBETHYWICA
Ha 145,8 Mnapa. Aoan., Y, COrNacHO ypaBHeHMIO (5.3), 3TO NMPUBENO K YBEAWYEHHMIO
PacXOAOB Ha MUTaHue Ha 16,3 Mapa. monn. B TeueHHe YKa3aHHOTO MEPHONA MHAEKC
ueH ynan co 111,9 go 109,7, 1.e. Ha 2,2 MyHKTA, ¥ 3TO MPUBENO K AANbHEHIIEMY
yBENH4YeHUIO ¥y Ha 1,6 Mnpa. nomn. CoBMecTHBIH 3ddeKT, NPOrHO3UPYEMBIR YpaBHe-
HueM (5.3), TakruM obpa3oM, COCTABHI YBeJMYeHHe 3aTpaT Ha NMUTAHME B pa3Mepe
17,9 mapa. nonn. Kak pugHo u3 tabn. B.1, hakTuyeckoe yBenMueHKe 0Ka3anoch He-
CKONLKO Sonblie, a uMeHHo 20,3 Mapa. nosn.

Haxe ecny 651 cneuHdHUKalKA MOAECNH OKa3anach IpaBHIbHOM (pa3yMeeTcs, 370
siBAeTCS GONBIUHM YITPOLUEHHEM), TO MEXEY NPOrHO3UPYEMBIM U3IMEHEHHEM M TO-
JYYEHHBIM Pe3y/lbTaTOM OYAET HabnwogaThes pacxoxuedHue. [Ipexne BCcero OLEHKH
B, u B, monBepxeHBl BAHAHUIO otwbku BrIGopku. Kpome Toro, dakTuyeckue ypos-
HH 3aTpar Ha nutaHue B 1975 u 1980 rr, onpenensnuch He TONBKO 3KOHOMHYeCKo#
3aBMCHMOCTBIO, HO ¥ CIYJaiHEIM YICHOM M B TOT ¥ APYToii rofbl, a CileJOBATENEHO,
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H3MEpPEeHHOE MPHpPALICHUE B TSYEHHUE 3TOrQ MEPHOLA UMEET, HAPALY C 3KOHOMMYEC-
KOH cOcTaBngiouleif, Takke H CIy4aitHY1IO COCTABMSIOIIYIO.

Yrpaxrerne

5.1. BaM HeoOXOAUMO paccUUTATb MHAEKS OTHOCHTENbHLIX LIeH Mt BbIGpaHHOTO
BAMH TOBApa 11 HCNONBb3OBAHHUSA B YIIPAXHEHUH 5.3, KOTOpOE AB/NAETCA NPOIOIKE-
HHeM ynpaxHeHHsa 2.4, Paccyurajite ero myTeM gereHus AediATopa UeH INA Ballero
ToBapa K3 1261. b.2 Ha mednsarop oburux pacxonop H ymHoXeHUA Ha 100. ITocTtpoiite
rpaHK pacCYMTAHHOTO MHAeKca. MoxeTe M BH AaTh SKOHOMHYECK0e 0ObACHEHHE
K3MEHEHHt OTHOCHTENBHOIO HHAEKCA LIEH B TeYEHHEe YKasaHHOro nepuosa?

5.2. Boisoa v HTepnpetauvs KoaddutiueHTos
MHOXE@CTBEHHON perpeccumn

Kak ¥ B ciydae ITapHOH perpeccuM, ME! Tak SeIOMpaeM 3HaYeHUS Ko3ddhHLHEeH-
TOB PErpecCHM, YTOOB 06ecmedyuTs HaMyqlluee ceoTBETCTBHE HAGNIOZEHHAM B Ha-
IeXAe MOAYYMTh ONTHUMANBHEIE OLEHKH IS HEM3BECTHBIX HCTUHHLIX 3HAYeHHHA ma-
pameTpoB. Kak 1 npexae, OLeHKA ONTHMAaNbHOCTH COOTBETCTBHSA ONMPeIcNsIeTC M-
HEMM3aLMei S, T. €. CYMMBI KBaIpPaTOR OTKIOHEHMIA:

S=e}+..+el, (5.4)
rac ¢, ARAACTCA OCCTATKCM B HabnomeHMH /, PasHHLER Mexnay dJaKTH'ieCKHM JHayc-

HUEM ¥ B 3TOM HaGMIONEHUH M 3HAYEHHEM §, IPOrHOZHPYEMBIM I10 YPABHEHUIO per-
PECCHH:

Fi=a+bx,; + by (5.5)
&=y, =¥, =y —a~bx,—bx, (5.6)

HUcnonb3ys ypasHeHUe (5.6), MBI MOXeEM 3allKCaTh:
S=Ze=X(y,— a— bx;; — by, )2 5.7

HeobxomnMmele YCAIOBHA NEpBOTO HMOPSAKA INA MHHHMYMa, TO €CTh 95/0a = 0,
aS5/eb, = 0 u 95/3b, = 0, NAIOT CAEAYIOIME YPABHEHUA:

38/3a = ~2Z (3, — a — byxy, — byry) = 0; (5.8)
35/3b, = —2Lx,(y,—a—bx,— bx,) =0; (5.9
35/3b, = ~2 X %, (y, — @ — byxy; — byxy) = 0. (5.10)

CrenosatensHo, MBI MIMEEM TPH YPaBHEHHS ¢ TPEMS HEH3BECTHBIMM: @, b, u b,. [Tepsoe
YPaBHEHHE MOXHO JIETKO MePErpynmMpoBaTh VIS BHIPAXCHRA BEUYMHEL  yepes b,
b, U JaHHbie HabnioAeHUH 114 X H ¥

a=y-bxi-bx. (5.11)
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Hcnone3ysa 210 BHIpaXeHHE M ABAa APYTUX YPABHCHHA, MYTEM HEKOTOPHIX Mpeod-
Pa3oBaHMl MOXHO MONYYUTH CJCAYIOIIEE BHIpaXeHUE Aas b

_ Cov(x,, y)Var(x;) - Cov(x,, y)Cov(x), x5) _

b Var(x; )Var(x, } - {Cov(x, x;)}?

(5.12)

AHaOrMYHOE BHIPAXEHHE ANA b, MOXHO MONYYUTb MYTEM MEPECTAHOBKU X, U X, B
ypaBHeHHH (5.12).

ITenb BaHHOro OGCYXISHHA COCTOHT B BBIICNICHHM RBYX OCHOBHBIX MOMEHTOB.
Bo-mepBbIX, NpUHLMITH, JEXALUHE B OCHOBE BBIYHCIEHUS KO3(DHIIMEHTOB perpec-
CHMH, B C/ly4asiX MAOXECTBEHHOH U mapHoii perpeccHH He payiHYaloTcA. Bo-BTophIX,
HCoNb3ayeMble TIpKH 3TOM (OpMYNLL OYAYT pasHBIMH, MO3TOMY He CAeAYET NBITAThCA
HCOONB30BATL BHIPAKEHHS, BbIBSISHHBIE IS TIAPHOM perpeccHM, B Cnyyae MHOXE-
CTBEHHO# perpeccun. OTMETHM TaKXKe, YTO BbIMUCAeHHE hOPMYJI perpeccHil MPH JABYX
HE3aBMCHMBIX MepeMeHHBIX SABAScTCs Oofee TpyaoeMKoll 3anavyel, yeM MpH OIHOM
nepeMeHHOH, U BaM NPUAETCH UCITOIB30BATh KOMIOBIOTED.

Obian Monens

B npeariaynieM mpuMepe Mbl UMelH TONBKO HBE HE3aBHCHMbIE MepeMeHHbIe, B
TeX Cay9asgx, KOrfa 3THUX NepeMeHHEIX Doaee ABYX, YK HEBOIMOXKHO JaTh FeoMeT-
pUYECKOe NPeACTaRAEHUE TOr0, YTO MPOHCXOAHUT, HO Pa3BHUTHE anreGpaHiIecKHX
BBIKIANOK B NPUHLMIE BIIOJHE OYECBHAHO. JONYyCTHM, YTO [IepEMEHHAs y CBA3aHA

¢ k He3aBUCHMbIMH MEPEMEHHBIMU X,, ..., X, HEM3BECTHOH HCTHHHO 3aBMCHMOC-
ThiO:

y=oa+px t..tBx +u (5.13)
OueHHUM ypaBHEHHE 1S JAHHOTO MHOXECTBA # HabaloleHHit Wi y, X,, ... , X, Mo

METOAY HAMMCHDBIUKX KBaIPATOB:
Vy=atbx +.. +bx,. (5.14)

DT0 BHOBL 03HAYaeT MHHHMM3AUHIO CYMMbBl KBAIpaTOB pasHocreil, a OTKNOHEHHe
B HAOMIOACHUK | BbIpaXkaeTcd Kak

&=y, —V;=y,—a—bx,— ..~ bxy (5.15)
VYpasuenue (5.15) gBngerca obobllenneM ypasueHuda (35.6). Teneps Mul BeibKpaeM
a, b, ..., b, Tak, uTOBbl CBECTH K MUHHMYMY S -~ CYMMY KBaApaTOB OTKJIOHEHUH

Ze?. Mrpl nomyvaem (k + 1) yenoeuit nepporo nopaaxa aS/da =0, a5/3b, =0, ...,
85/db, =0, uto paer (k+ 1) ypapHeHue Ans HaxoxAceHHA (K + 1) HEUIBECTHRIX.
MoxxHO Nerko MoKasarh, YTO NEPBOE U3 ITHX YPABHEHMUI MO3BOJIAET MONYIUTH AHANOT
Ins ypasHeHus (5.11), oTHocAIlerocs K Cny4alo ¢ ABYMA HE3aBUCHMBIMH MepeMeH-
HEIMH:

a=y-bx1-byxa ~...- by X. (5.16)
BeipaxkeHnua nns b, b,, ..., b, CTAHOBATCA OYEHb CNOXHBIMM, Y MATEMATHKA He Oyler

3Mech NpeAcTapieHa B ABHOM BHAE. Briuucnennsa uenecooﬁpaaﬂee choenare ¢ NOMO-
L0 MaTpu4YHOL am‘eﬁpu, HO AnA 3TOTG B KHHIC HE NPHBOAHUTCH TEOPETHYCCKHX
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WM MPAKTHYECKHX NPUAOXeHuit. JIng npaxTHYeCKUX MPUMEPOB BLIYMCIIEHUS BPYyY-
HYI0 HETMIPHEMJIEMBI, W A HAXOXASHHMS PEIUEHH CISAYET UCMONb3OBATh KOMIh-
10Tep.

Unrepnperaymsa KO3Q uLNeHTOB MHOXECTBEHHOU Perpeccin

MHOXeCTBeHHBIA PErpecCHOHHRBIN aHanu3 NO3BONAET pa3rpaHHYHMTL BAMSHHE
HE3aBHCUMBbIX NepeMeHHbIX, AONYCKAasA MpH 3TOM BO3MOXHOCTbL MX KOPpeNUpOBRaH-
noctr. KoadbuiiueHT perpeccus NpH KaxXaoi nepeMeHHOM x 1aeT OLEHKY ee BIMI-
HMS HA BEIHMYMHY ¥ B CYYae HEH3MEHHOCTH BAMSIHHSA Ha Hee BCEX OCTANbHBIX Iepe-
MEHHBIX X,

310 MOXeT GbIThH MPOAEMOHCTPUPOBAHO ABYMS cnocofaMu. OIKHH H3 HHX COCTONT
B BRISCHEHMH TOTO, YTO eCIH MOACAB [IPABMALHO Clenn(pUIHPOBAHA W BLINONHEHBI
ycnobus [aycca—MapkoBa, To OLEHKH MONY4alOTCs HecMellieHRBIMu. 310 6yaeT cae-
NaHO B chaeayolleil rage MUIA CAyyasi, KOTga UMEKTCAd TOAbKC 1B HE3aBUCHMEIE
nepeMeHHsie. Bropoit cnocob COCTOWT B OLUSHHMBAHUK PETpecCHOHHON 3aBUCHMO-
CTH ¥ OT OAHOH W3 HE3aBHCHUMBIX [EPEMEHHbBIX, YCTPAHHE [IEPEI 3THM BO3MOX-
HOCTb 3aMELIeHRA 3TOH nepemeHHONM M0bo# aApyroil He3aBHCHUMOH HepeMeHHOH M
MOKa3as Jajiee, YTO OLIEHKA ee Koad(huuueHTa B AGAHHOM Cly4yae COBMAJET € OLIEH-
Kot KoahpuLMeHTa MHOXECTBEHHOR perpecciu. 3T0T cnocot GyaeT omucaH ana
cay4as perpecCcHH ¢ IBYMH He3aBHCUMEBIMM NepeMeHHHMHE, [lpeanoaoxum, 4to

y=o+Bx +Bx +u, (5.17)

¥ ACIYCTHM, 4TC BEAMYHMHAI 3, U B, MONOXKATENBHE H X, K X, NONOXHUTEABHO KOp-
penHpeBAHBI.

Yro npousoiineT, eCNM OLIEHUTh MAPHYIO perpeccHio Mexay y 1 x,? I[lo Mepe yse-
amdeHus x, (1) y umeeT TEHASHLMIO K POCTY, NOCKOAbKY KO3 PHUKEHT B| NONOXKH-
TeAeH; (2) X, UMeeT TEHNSHLMIO K POCTY, TaK KaK X, M X, MOJOXHTEALHO KOPPEnu-
poBaHbl; (3) y MOAYYUT YCKOPEHHWE U3-3a YBENHYEHHMA X, U Haaronaps ToMy, 4To KO-
3¢ puuneHt §, nonoxureneH. Apyrumu cnopamMu, MsMeHeHHUs y OyayT npeyBeauyu-
BaTh BJAMAHME TEKYLIMX 3HAYCHWHA X, TAK KaK OTYACTH OHHU OyNyT CBS3aHbI C H3Me-
HEHHMSIMH X,

D710 NoKazaHO Ha pHC. 5.2, CTpenky, NpoBeACHHBIE CIUTOILHON TMHMeH, MOKA3kI-
BAlOT HETOCPEACTBEHHLIE BOACHCTEA X, U X, Ha y. Ecnu x, He BKAIOYaeTca B pac-
CMOTPEHHME, TO YacTh MIMEHEHMH y 3a CYeT M3IMEHEHHMH X, OyneT mpunucana x,
ecliM MEPeMeHHas X, MOXET 3aMEMIATh X,, NIEHCTRYA nofobHo ei. B pesyabrare olieHKa
3HayeHUA B, 6yner cMeuleHa. PacyeT BemMuMHBI CMenieHUA GyAeT NpeacTaBieH B pa3-
nene 6.2,

IpeanonoxmuM, OMHAKO, YTO BBl YCTPAHHAH BOIMOXHOCTL 3aMELUCHHA BEIUYH-
HO#i X, BENMYHUHBLI X,. JLONYCTUM, YTO MOXKHO Pa3NOXMUTh EPEMEHHYIO X, HA ABE CO-
CTABNAIOLHE:

X1 =fl -I-fl, (5.18)

e %, — COCTAaBNA0ILAsA, CTIOCOOHAA 3aMelIaTh Xy, M X — OcTaBillasgca vacts. [lap-

Had perpeCCHOHHAA 3aBHCHMOCTDL ¥ OT 351 AaCT OLUCHKY BIHAHNHA X, HE HMCKAXCH-
HOTO Te€M, YTO AaHHAA MepeMeHHad YaCTHYHO BBICTYIIAST B KaYyecTBe 3aMelualomei
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ans x,. Ml okaxeM, 4TO OLIEHKA B, TONYYCHHAst TAKKM 06paIoM, GBIIETCA HACH-
THYHOH OlieHKe KOo3(h(UIHeHTA MHOXECTBSHHOM perpeccun (5.12).

Jns perpecCHOHHOM 3aBUCHMOCTH ¥ OT %) KO3(hOHUMEHT HAKMOHA COCTABHT 4,
rae

j =Ly | Covix,p)- Cov(%), )
Var(x;)  Var(x))+ Var(x; ) - 2Cov(x, ;) (3.19)

TaK KaK X, paBHO (x,—%,).
Yrohbi ONpeeanTE BETHYMHY £, MOXHO OLEHUTh PErPECCHIO MEXIY X; M X; Ha
OCHOBE NaHHHIX 00 3THX MOKA3ATENAX, HONYIHB 3aBHCHMOCTD!
fi=c+dx, (5.20)
CenoBaTebHO, BENHYMHA X SBIAETCA COCTABJAIOWIEH X,, KOTOpas MOXeT GHTh
CTPOTHO3UPOBAHA C MOMOILBIO X,. Benuuna 4 onpenensercs CeaylomWUM BIpaXe-
HHEM:
Cov(x), x3)
= : .21}
Var(xz)

SddexT BeNMYUHE X,

HenocpeatTBEHHLIA

apdext X, npu Kaxyuwmics addexr

NOCTOAHHOMA X, BENHHAHLI X,,
BLICTYNAOUME B
@ --------~-'@  KAUECTBE JAMEHWTENN X,
X, X,
Puc. 5.2

IMoncrtarnas dopmyny (5.20) B ypasHedne (5.19), nonyuuM:

Cov(xy, y) - Cov({c + dx}. ¥) -
Var(x;) + Var(c + dxy) — 2Cov(x,,{¢ + dx,})

51:

- Cov(x, ) - dCov(xy. ) )
Var(x;) + d*Var(x,) — 2dCov(x,, x3)

(5.22)

{OT™METHM, YTO ¢ HCKTIOYAeTCA K3 BbIPa)XeHUi KOBAPHMALIHK H JUCITEPCHH, TAK Kak
9Ta BeIMUMHA ABNASTCA NOCTOAHHOMN.) [loacTaBUR BHIpaXeHHe IS 4 U3 COOTHOLIE-
HuA (5.21) ¥ meperpynnupoBaB YWICHH, NOAYYHM BHIpPaXeHHE Aad b, NpeacTaBineH-
HOe ypaBHeHueM (5.12).

HTak, MBl MOKa3aiy ANA Crydas ¢ ABYMS MEPEMEHHBIMM, YTO OLIEHKH MHOXe-
CTBeHHOU pPerpeccHM COBEpIIEHHO MIASHTHYHB OLEHKAaM, KOTOPhIE MBI MOIJIH 6B
MOMYYHTb NMPH NCNOAB3OBAHMM ABYX3TallHOM MpoLeAyphl ¢ UCKIKYEHHEM MepeKpe-
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CTHBIX 3hdexros. ITonydenuniil pesyabTaT MoXeT GbITb 0606GIUEN AN cryuan k ntepe-
MEHHBIX.

YripaxreHus

5.2. Humexc OTHOCHTENBHOM LEHBI KOMMYHANBHBIX YCAYT Obll MONydeH MyTeM
IeNeHUs HeIBHOTO LeHOBoro neduisropa u3 1abn. b.2 Ha nedagrop obwmx pacxomoB
H yMHOXeHus Ha 100. OueHKa MHOXECTBEHHOM PErpeccui MEeXIy pacxonaMH Ha KOM-
MYHATBHBIE YCNYTH, pacoNaracMbIM IMYHBIM JOXONOM U MHIEKCOM OTHOCUTEIBHbIX
LICH JaeT CACOYIOWM pe3yaALTaT:

§=-43,4+0,181x+0,137p.

JaiiTe 3KOHOMHYECKYIO WHTEPNIPETAIIHIO TOrO Pe3ynsTaTa. [10ueMy OH HE MOXET
BacC YIOBJIETBOPHTL?

5.3, TononHexdue K ynpaxkHeHH10 2.4. OlleHHTe MHOXECTBEHHYIO DETDECCUI0 MEX~
Ay pacxoAaMM Ha Ball TOBap, pacrnojaraeMeIM JNUYHEIM NOXOAOM M HHISKCOM LIEH,
MOCTPOSHHEIM B YIPAXHEHUH 5.1, U naliTe MHTEPApeTALMIO PE3YNLTATOB.

5.4. Ucnonb3ys dopmyny (5.21), zameHure ¢ B ypapHeHHH (3.22) M nokaxure,
YTO MOXHO INOJAYYUTH BRIPaXeHHE 1A 6, NpeACTaBleHHOe ypaBHeHHeM (5.12).

5.3. MHOXECTBEHHAas perpeccus B HeNIMHEeHHbIX MOAENAX

B rnape 4 GLINO NOKa3aHo, YTO JIMHEHHBIE MOAETH DETPECCHHU MOrYT GHITH OMIUCA-
Hbl KaK JHHEHMHEIE B JBYX OTHOLWEHHAX: KaK JIHHE{HEIE O NEPpEeMEHHBIM H KaK NH-
HelHbIE N0 mapaMeTpaM. JAng NMHEAHOTO perpeccHORHOro aHanu3a Tpebyerca nu-
HEHHOCTDb TOMBKO NO ApaMeTpaM, MOCKOABKY HEeJMHENHOCTE MO NMePEMEHHBIM MO-
¥eT GpITh YCTPAHEHa ¢ MOMOILBIO M3MEHEHHA ONpeaeneHnil. B KayecTse wunocTpa-
LMY TIOKAXEM, 4TO 3aBHCHMOCTD

y=a+B|x12+BzJ};+... (4.5)
MOXeT OBITh MepenucaHa B GopMe, KOTOpasa OyaeT NMMHEHHON 110 MepeMeHHBIM!
y=o+pBz Byt .., (4.6)

NYTEM APOCTOTO OMPERENEHHA z; = xf, 2y = Jx; u T.a. Ecnu cayuaiinpti wien (He

NOKa3aHHEIH SBHO B YPaBHEHUH) YIOBAETBOPSI ycnoeusaM ['aycca—MapkoBa B Ha-
YansHOM YpaBHEHHH, TO OH OVAET UM YAORNETBOPATD U B [IEPENHCAHHOM YPaBHCHHH,
CienoBaTe/ibHO, B KA4ECTRE NMPUMeEpa Mbl MOTTIK Obl OLUEHHUTh KBaAPaTHUHYIO 3aBU-
CHMOCTR!

y=oa+B8x+px+u, {(5.23)

3aIMMCaB 7 = x? ¥ OLIEHWB PETPECCHIO MEXTY ¥, X U Z. Briiouasg Oonee BLICOKHE CTEMe-
HH JUIA X, Mbl B IPHHLIHEIE MOTT# Obl OLEHHTH KO3 (PULHEeHTH MHOroWISHa Ni0-
00ro HyXHOro HaM BHZA.
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HenuHelHOCTE [0 napaMeTpaM ABnAeTca Gonee cepnesHol npoGaeMoil. Ecnm,
OJIHAKO, TTpaBas YacTh MOAEH COCTOUT U3 YWICHOB BHAA XP HITH &, YMHOXEHHBIX APYT
Ha Apyra, a Cay4aitHbft WieH SBASETCA MYALTUILIMKATHBHEIM, TO MOAEIb MOXET OLITh
JIHHEapH30BaHa NOCPEACTBOM JlorapnpMupoBaHua e¢ obeux vacreii. CnenosaresbHoO,
HampuMmep, GYHKLUMA Crnpoca

y = oxtpry, (5.24)

rie y — pacxoibl Ha TOBap, X — AOXOA, P — OTHOCHTESABHAA LicHa, 4 v — chiy4aii-
HBIH yned, MOXeT GbiTh nmpeofpa3opaHa B GOpMY, KOTOpasi ABIETCA NHHeHHOMR
Mo napaMeTpam:

logy=logo +Blogx +ylogp + logv. (5.25)

Ecinu Bbl OLCHHBACTE perpeccHI0 MEXIKY JaHHBIMHU L log y, log x u log p, 10
Ko3¢hduuKeHT npy log x 6YAET HenoCPEACTBEHHOMN OLEHKON B — 3nmacTHyHOCTH
crpoca 1o aoxony, a ko3gpduuneHT npH log p 6yaer OUSHKOH ¥ — 2NMACTUYHOCTH
chpoca no uUgHe.

TMoumep 1. @yHxyus crpoca

JNorapudmmdeckas perpeccuss MEXRY pacXofaMi HAa MYTAHWE M PACTIONATAEMEBIM
nuYHeIM goxoaoM Ang CHIA 6rina oueHeHa Ha OCHOBE TeX XKe JaHHBIX, KOTOPRIE HC-
T10/IL30BATKUCE A1 YpaBHEHUs (5.3), M 6UT NONYYEH CHEAYIOLMIL Pe3yILTaT (B CKOBKax
YKa3aHbl CTAHAAPTHBIE OLWIHGKH):

logy=2,82+0,64logx—0,48logp; R*=0,99; (5.26)
(0,42 (0,03) (0,12} F=1820,1.

YpaBHEHHE PErpecCHY NOKA3BIBACT, YTO IMACTHYHOCTb COPOCa MO AQXOAY COCTaB-
naer 0,64, a anacTMyHOCTh ¢npoca o Uede — 0,48, u oba kosdpuuneHTa 3HaUM-
MO OTAMYAIOTCA OT HYJIA IMPH ONHOMPOLEHTHOM YDPOBHE 3HAYHMMOGCTH.

Fipumep 2. llpoussogcrsennas QyHkuus Kobb6a—yrnaca

B 1927 r. lTon Ayraac, 3KkOHOMKCT Mo 0Opa30BaHUI, 0OHADYKUA, YTO C/TH Ha-
HECTH HA ONHY U Ty Xe auarpaMmy rpaduku horapudpMop noxkasareneil peanbHOro
obeemMa BelIycKa (¥), kanuransHeIX 3atpaTt (K) u 3atpar Tpyna (L), To paccros-
HUSI OT TOYeK rpaguka nokasarenei BHITYCKA 00 TOUCK IPAQUKOB MOKA3ATENSH 3aTpaT
Tpyda M KanuTana SyayT COCTARNATE MOCTOAHHYIO NIponopuyio. 3aTeM OH OOpaTHI-
cd K MaTeMaTuky Yapaeiy Ko60y ¢ npochboit HaliTH MaTeMaTMYECKYID 3aBHCH-
MOCTH, 0OnagaowWyr Takoil ocobeHHOCTHIO, # K066 npeanoxua caenynouyn
byHKIHIO:

Y=4KaLle (5.27)

3T1a pyuxuua 6sina npeanoxeHa npuMepHo 30 romamu paHblie OuaunoMm Yuk-
ctuaoM (Wicksteed), kak 6uu10 ykazano Y. Ko66om u I1. JIyrnacoM B MX KIaccHyec-
koii pabore (Cobb, Douglas, 1929), HO oHM OBIIM [EPBLIMH, KTO HMCINONbL3OBAN
ANl €€ TMOCTPOEHUR 3MITHPUYECKUE NAHHbIE, MpeacTABNeHHbIE B Tabn. 5.1. ABTopH
HE OMHMCHLIBAIOT, KAaKMM 00pa3oM OHM Ha caMoM Aecne noaodpanud QyHKLUMIO, HO
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NpeJmoNOXHTENBHO OHM KCTIONb30BANY HAYATBHYI0 (OPMY DPErpecCHOHHOIO aHa-
AH3a, TAK KAK OHHM CCHUIAMHCE Ha «TCOPHI0 HAUMeHbIUX KBanpaToBs, [1o ux oueH-
Ke, o.=1/4,

Echut TOBTOPUTE UX BHIYHCAEHHS, MCMONB3YA PErPEeCCHOHHBIN aHANU3, TO HEJIb3s
Cpa3y NpOBECTH JUHEAPHU3ALHIO nyTeM horapudmupoaHus 0feux yacteit ypasHe-
HHUA, NOCKGABKY TOTAA Mbl ITOJIYYHM NIBE pa3AHYHbie OUeHKH o, KosdduniuenTt npu
log K naeT HaM oaHY OLIEHKY, a Ko3d¢uuueHT npu log L, KoTophIit gB7SeTCH O1eH-
koit (I — a), NO3BOAUT HAM BLIYUCIMTH APYIYIO OUSHKY. BMECTO 3TOro MBI pasnennm
o6e CTOPOHE! YpaBHEHUS Ha BeAMdHHY L u nepermiueM ¢GyHKIHMIO CIEAYIOLIAM 06-
PaloM;

YL = A(K/Lyw (5.28)

(sxmovas cnyvaliHeiit yneH v), B 3101 dopMe QyHKIIMA MOXET GLITE HHTEPIIPETHPO-
BaHA KAK COOTHOUIEHME BHIMYCKA Ha OAHOro pabOTHMKA K KAMHTANBHEIM 33TpaTaM
Ha oAHoro pabOTHMKA, U TENEph Mbl MPOBENEM €€ JMHEAPH3ALHIO, B3AB Jorapud-
MBI: '

log (¥/1) = log 4 + alog (R/L) + log v. (5.29)

Henonblopak st OLEHMBAHMS 3TOrO YpaBHEHMS AaHHble M3 Tabn. 5.1, noaydum
(cTaHAapTHHEE OLUMOKH YKazaHH B cKoOkax):

Tabnwya 5.1

HuAaexcel peanbHore o6wema NpOHIBOACTEA, PAaNLHLIX KAMMTANLHLIX 3aTPaT
¥ PAANKHBIX IATPAT TPYAA (NpombilunesrocTs CLUA, 1899-1922 rr.)

{1899 = 100)

foq I 4 K L fog ¥ K L

1899 100 100 100 911 153 216 145
1900 Ll 107 105 1992 177 226 152
1801 112 114 110 1913 184 236 154
1902 122 122 118 1914 168 244 149
1903 124 131 123 1915 189 266 154
1904 122 138 116 1816 225 288 182
1805 143 149 125 1917 227 335 196
1906 152 163 133 1918 223 366 200
1907 151 176 138 138 218 387 193
i908 126 185 121 1920 231 407 193
1908 155 198 140 1921 179 417 147
1910 159 208 144 1922 240 431 161

Ucrow: Cobb, Douglas (1928).
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lof Y/L=0,02+0,2510g K/L; R*=0,63; (5.30)
(0,02) (0,04) F=38,0.

yTo moarBepxaaer BhiuuciacHus Y. Ko66a. Dopmyna KoG6a—/yrnaca, KoieuHo,
SBNACTCA YACTHHIM chiydaeM Oonee obuieilt GopmMynn:

Y=AKzLby, (5.31)

TA¢ JIoKa3arTeNy MacTUYHOCTH BHMYCKA NO 3aTparaM KanMTana M TpPyAa He CBAla-
Hbl Mexay coBoil. OLIEHHB ero ¢ HCMONB3OBAHMEM TEX XK€ CAMbIX FAHHBIX, M
nojy4ydM (cTaHEapTHbie omMOKM YKasaHB B cKobOxax):

08 Y=~0,18+0,23log K+ 0,81log ; R =0,9; (5.32)
(0,43) (0,06) (0,15) F=1236,1.

3To yKa3HBaceT Ha TO, YTO PNACTHYHOCTD BHITIYCKA TNIPOAYKUMH TO 3aTPaTaM KalM-
Tana coctapnfeT 0,23, 4T0 oveHb ONIM3IKO K Npennayllielf OUEeHKE, a 3MacCTUYHOCThL
no 3arparaMm Tpyaa coctapmaeT (0,81, YTo HECKOABKO BHILUE NMpeabiayilelt ONeHKH,
paBHoit 0,75,

YnipaxHerus

5.5. Onenka NorapudMuvecKoit perpeccHi MeXay PACXONaMH Ha XHIIHIIHBIE YC-
JYTH, PACTIONIATAEMBIM JTMYHLIM ZOX0AOM H OTHOCHTE/bHOM LEHOH 3THX YCIYT C HC-
TIO/IL30BAHMEM JAHHLIX, NPHBENCHHBIX B YIPaXHEHUH 5.2, JaeT CICAYIOIMIT pelyib-
TAT:

log y=—1,60+ 1,18 1og x — 0,34 log p.

JaiiTe MHTEPNPETALHIO 3TOro ypaBHeHHA. CpaBHHTE ee ¢ WHTepnIpeTauuel, AaH-
Holl and ynpaxHeHua 5.2. B xakoM cMuIcie oHa Jayume?

5.6. OneHUTE AHANOTHYHYI0 AOTAPHPMITIECKYIO PErPECCHIO MEXAY PACXORAMHA Ha
TOBAp, BHIOPAaHHBI BaMM B yIpaXHeHHH 2.4, pacmojiaracMbiM JHYHBIM NOXOXOM
W OTHOCHTENbHOHN UeHol ToBapa. JlafiTe HHTEPTIpETAUMIO Pe3yAbTATA.

Caaﬁcrsa npommeﬁﬁoﬁ qbwnmu Koﬁﬁ‘a——mqmca

B paccuorpeunu mmmnm mmycxa npozzyichuu :qu:exra OT.Mac~
11TA6a NPOUSBOACTBA H TPOIHOIMPYEMEIX HOMEH npmsnonmeunux tax-~
mpon Ml GyaeM UCTIONB30RATH Gostee oﬁntym oy ‘byuximu B aperet-
perau mlyqaﬂnuu }meﬂou

amommsumanpwu _

Bnacmqnom sm:(ycxa npo,uymnu MO Kanurany u.Ipyly pasHa. co-
mmcmuno o ¥ B, TaK Kax-
3Y /oK _ Alk*NEP _
Y/K AKSUP

=g,
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CrnegosaTenbHo, 06Ias cyMMa 3apaboTHoik. wiatk (wil) Gyaer- pasHg
BY, a nons Tpyna B o6IeM BLITYCKE OPOXYKUHH, {wL/Y} COCTABHT. lI0c
CTOSHHYKX) BENMIAHY B. AHATOTHIHEIM oﬁpaaou HopMa TipEGEils p BE-
paxaercs Yepes aY/akK: _ Jh g

=2 - m-‘xﬁ “Y

H, cliefosaTesbHO, ObLIAs IPHOHUIS (pK) ﬁynar paeiia «F, ' mons- npy-
6BUH GyNeT MOCTOsHHOM BemuuHoM . B,cBOSH mepsolt paﬁo're g, Kpﬁﬁ.x
I1. lycnac noATBEpAUAH, Y10 RONA TPYAA' ACHCTBHTENBHO cocrmnpm
MEpHO /4, KaK K NPOTHO3NPOBANOCH OLCHEHHON. MMK DYHKIMEH, . g
CymecTeyer ps npoGneM Ho NPHMEHESHWIO, ‘raxoﬁ 5 ocoﬁgh -
HO B TEX CAYYaRX, KOTHA OH& MCIIONb3yeTCH mm:a&or;g@qnﬂgn ueﬁo
YACTHOCTH, JAXe B TeX CAydYasX, KOraa uemlgamﬁb oM’ npqny
TIPOH3BOACTBEHHEIM 0GOPYIOBaHUEM H TPYAOM B Irpoaamn”c ﬁpo 5
Hecce CYUIECTBYET TeXHOAOTHYECKasT 3aBHCUMOCTh; TO- qonepmemg,n@-
06s13aTeNbHO, YTO NOJOGHAA 3aBUCUMOCTS, CYIECTEYETE, TOTHA, /KOia’ yid-
3aHHabIe $HaKTOpH KOMOHHHPYIOTCH B mmmﬁa&ammo&!ma u@gmﬁo
BTOPEIX, JaXKe EC/H TaKasi 3aBUCHMOCTD U4 IKOHOMUKH: B HBJIOM ;;?me—
CTBYeT, TO HeT HHKAKUX OCHOBaHHH CUHMTATH, YTO OHA; 63(1191: }me@ Bpog,

CTYIO GopMY.

,l

Pl“}

5.4. CroiicTea X03DpDUUMEHTOB MHOXOCTBEHHON perpeccun

Kak u B cayyae napHOro perpecCHOHHOIO aHamu3a, Ko OHIMEHTH perpecciy
JOJIKHBI PACCMATPUBATLCA KAaK CNy4YaliHbie NIEPEMEHHEIE CIICIHANBHOTC BHIA, CIy-
yaiiHbie KOMITIOHEHTH KOTOPLIX ODYCAIOBNEHB! HANMYKHEM B MOAEIH CAYIAKHOTO Wie-
fa. Kaxasrit xoagduimedT perpeccun BRiYKCaseTcs Kak byHKUMS IHAYSHHH y #
HE3aBHCHMBIX MEPeMEHHBIX B BRIOODKE, 2 ¥ B CROIO OUepe/ip ONpedenaeTesl HesaBH-
CHMBIMY MIEPEMEHHBIMU M CAYJalHbIM wieHoM. Orciona caenyer, Yro xo3dhdupu-
EHTHl PErpPecCHi ACHCTBNTENRHO OMPERC/IOTCH FHAYCHNAMY HE3ABUCHMEIX TIepe-
MEHHBIX H CAYYAHBIM YIeHOM, 4 MX CBOMCTBA CYILECTBEHHO 3aBUCHT OT CBOMCTS
NOCREIHErO.

MBI MpoROoKasM CUMTATE, YTO BHIIONHAOTCA yeaosus [aycca—Mapkoea, a MeH-
HO: 1) MaTeMaTHyeCcKOe OXUAAHHE ¢ B MOOOM HAOMIOQEeHHH PABHO HYMO; 2) Teope-
THYECKA OVCTIEPCHS ET0 paciipefieIeHus OAMHAKOBa ANK Beex HaGaonenuii; 3) re-
OpETHYECKAA KOBADHALIMSA €10 3HAYERMIT B NI0ObIX ABYX HAGMIONEHMAX paBHACTCS HYII,
4) pacripefencHHE K HE3aBUCHMO OT pacnpeneneHus mobolt obnacugomeil mepe-
MeHnO#. IlepBbic TPH YCNOBHA HAEHTHYHH YCIOBMAM A TADHOTO PETPECCHOHHON
aHanM3a, a2 YETBEPTOe YCIOBHE ARNAcTCA 0000meHMeM cBOeTO aHanmera. Ha maHHbH
MOMEHNT Mbl IPUMEM YCHACHHBIR BADHAHT YETBEPTOIO YCAOBKHA, ZONYCTHR, YTO He-
3aBHCHMBIE NIEpEMEHHBIE SRISIOTCS HECTOXACTHISCKUMI,

¥ Pauw upeT o gone tpyna 8 CLUA. (oum. peg.)
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CyllecTBYIOT elle A1Ba NMPaKTHYECKKX TpeGoBaHKd. Bo-nepBeix, HyXHO UMeTh 0~
CTATOYHOE KOMHYECTBO JAHHBIX INS MPOBEJEHUS NTHHUK PEerpeccuH, YTO 03HAYAEeT
HATHYHE CTONBKHX (He3aBHCHMEIX) HAOMIONEHHW, CKOJBKO MapaMeTpoB HeoOXoau-
MO OLLEHHTh. BO-BTOPHIX, KaK Ml YBHAHM Jajice B 3TOM pa3jie/iec, MEXKIYy He3aBUCH-
MBIMH NEPEMEHHBIMH HEe A0/DKHO CYLUECTBOBATh CTPOroi NTHHeHHO® 3aBHCHMOCTH.

HecMeLierHoCTs

Mbl nokaxem, 4Te b, ABAAETCA HECMEIUEHHOM OLEHKONA B, ANA cnyyas ¢ AByMs
OOBACHAIOIMIHMHE NepeMeHHBMMM. JI0Ka3aTeALCTBO MOXKHO JIETKO 0G001LUTE, HCIOIB-
3y8 MATPUYHYIO anreGpy ana moeboro yHena ¢OBpACHAIDILHMX NepeMeHHBIX. Kak BHuAHO
u3 ypapHeHus (5.12), senmuuba b, spnsercs GyskuMeit oT Xx,, X, 4 ¥ B CBOIO O4e-
PEAL ¥ ONIPEAENAETCHA MO X,, X, H &, CnenoBaTeNIbHO, BEIHYHMHA &, haKTHYECKH 3aBH-
CHT OT 3HAYOHHMH X;, X, U ¥ B BHIOOPKe (OHAB CyTh Npeolpa3oBaHKi, MOXHO OITy-
CTHTh AeTaNH MaTeMaTHYeCKHX BHKIRKOK):

Cov(x), y)Var(x;) - Cov(x,, y)Cov(x), Xy} _
Var(x, Var(x; ) - {Cov(x;, x;)}°

b1=

= 2 {Covx, fo + By, + Byxy + ) Var(xy) -

~Cov(xy, (& + By + Baxy +uP)Cov(xy, X)) =

- %{[pl\far(xl) + BaCov(x;, %;) + Cov(xy, w)]Var(xy) -
~[BCov{xy, x3 )+ B2 Var(xy) + Cov(xy, )l Cov(x), xo)} =

= (B + Cov(xy, ) Va(xy) — Cov(ag, w)Cov(x, %)) =

= By + - (Cov(a, w)Var(xy) - Covixp, Cov(x, 1)), (5.33)
ae A papHO Var (x,) Var (x,) — {Cov (x, x,)}2. O1ciona BenuunHa b, MMeeT ABe Co-

CTABM IO HE. HCTHHHOE AHAYMEHHE Bl U COCTABNAIOLIVI) oLMGKH. l'[epeﬁ.nﬂ K Mare-
MATHYCCKOMY OXHIAHHIO, MOMYUHM:

E)=p + -;_\l-{Vﬂl‘(xz )E[Cov(x,u)] - Cov(xy, x;)E[Cov(x;, )]} = By, (5.34)

npH AONMYIIEHHH, YTO BBIMONHAETCA ueTBeproe ycnobue Iaycca—Mapxosa.

TO4HOCTD KOSPULIMEHTOB MHOXBCTBEHHON Perpecci

B Teopeme N'aycca—MapkoBpa Ui MHOXECTBEHHOIO PerpecCOHHOTO aHANM3a 10-
Ka3plIBaeTCA, ¥TO, KAK M IUIA NApHOHN PerpeccH, OONYHBIN MeTod HAMMSHBIIMX KBaJE-
patoB (MHK) naet HauGonee aubexTHBHBIE NMHEITHDIE OLIEHKH B TOM CMBICHE, YTO
HAa ocHOBe TOl Xe camoif BEIGopouHOH HHGOpMALIMKM HEBO3MOXHO HAWTH Apyrue He-
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CMEILeHHBIE OLEHKM ¢ MEHBLIMMM IJUCIICPCHAMH TIpH BHIIOAHEHHM ycaoenii Ta-
ycca—MapkoBa. Mul He 6yneM HOKa3wBath 3TY TEOPEMY, HO MCCleayeM (akToph,
PEryAUpYIOIMe BO3MOXHYIO TOYHOCTh KO3¢hdHLNEeHTOB perpeccun. B obuem chy-
yae MOXHO CKA34Th, UTO K0P PHIUMEHTE! perpeccHu, CKopee Beero, sIBSIoTed Gonee
TOMHBIMH:

1) 4yem Donsile yHcAo HADAIOACHUHA B BRIGOpKE;
2) yem Gonblue AucoepcHA BHOOPKH ODBACHSIOIIKX NepeMeHHBIX;
3) yeM MeHbIlle TEOpESTUYECKAsA GUCIEPCHA Cly4ailHOro yneHa;
4) yeM MeHBUIE CBR3AHLI MexXay coboil 0OBACHRIOILHE NMEPEeMEHHBIE.
Ilepenie TpH M3 XKeAATeABHBIX YCAOBHH MMOBTOPAIOT TO, HA Y&M MBI YXK¢ OCTaHAB-
JHMBAKACH B CJIy4ae MAPHOTO PpeTPecCHOBHOTO aHanaKu3a. JINIUL YeTBepTOE YCAOBKE AB-

Jisierca HoBLIM. CHayana Mbl pacCMOTPHM CAy4al ¢ JBYMS HEe3aBHCHMBIMH NepeMeN-
HBIMH M 3aTeM TiepeiiaeM K Gonee oblieMy Caydal.

Z1Be HE3aBUCHMBIX TEDEMEHHBIX

EcnhM HCTHHHAS 3aBHCHMOCTDH HMECT BHA:

y=a+pfx +px +u (5.35)
W Bbl MONYYMAM YPABHEHHE perpeccuu
P=a+bpx + by, (5.36)

HCTIONB3I0BAB HEOBXOMUMEIE JAHHLIE, TO TEOPETHYECKasaA NUCNEPCHT BEPOATHOCT-
HOTO pACNpEncacHKA ans bl OyZeT ONUCHIBATHCH BLIPAXKCHUEM:

2
pop.var(f) = %u__x ! s 5.37
AVar(x)  1-rk (5.37)

rae 6,2 — TeopeTudecKas JUCTIEPCHs] BENMIUHEI 4. AHAROTHYHOE BHIPAKEHUE MOXHO
MONYYKTDb AA TEOPETHHECCKON JUCIEPCHE BETHYHHEI b,, 3amMeHUB Var (x,) Ha Var (x)).

W3 yparHenua (5.37) MOXHO BHOETD, YTO, KAK M B CJIYYAE NMAPHOTO PerpecCHoOH-
HOTO aHAIN3a, KENATeNBHO, YTOGLl BEAUMKHE! # B Var (x;) Gbind GONbLUIMMH, a Be-

MM4uHa 6,2 ~— Mano#. OnHaKo Temepb Mbl MOMY4naK ewle M wiex (1 - rf,‘ x3}, M BTIOJ-

He OYEBHIHO, YTO XENATENLHO UMETH CNabylo KOPPENsLMIO MEXIY X, H X,
BTOMY JIETKO NaTh HHTYHTHBHOE o0bAcHeHue. [IpennoaoxumM, YTc HCTHHHASA 3a-
BUCHMOCTE MMEET BUA;
y=2+3x+x+u (5.38)

TIpeAnonoXuM, YTO MEXIY X, M X, CYIECTBYET HECTPOrag AMHeAHAs 3aBHCH-
MOCTB:

X, =2~ 1, (5.39)
M JOMYCTHM, 4TO BEJHMMHHA X, YBEJMUMBAETCA Ha OXHY CAUHHLY B KaXaoM Haliio-

aeHuH. Torna x, yBelMSUTCA Ha AB¢ AMHHILBL, 2 ¥ — HA NATH eNHHHKL, KaK NOKa4-
HO, HANPUMeEp, B Tab. 5.2,
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Tabnwmia 5.2

FTOUONHIHTETEHOB SHAYOHHE FlonBAnsnrensHo8 IHaYeHNE
X, X y npn,ai’w eHust npwnim eHHA npnpa;f: eHms
¥ 2
10 19 51 1 2 5
11 21 56 1 2 5
12 23 61 1 2 5
13 25 66 1 2 5
14 27 71 1 2 5
15 28 76 1 2 5

[Mpu paccMOTpeHHUH STHX AAHHBIX MOXHO NPHHATH K M0GOMY U3 CAEOYIOLIMX BH-
BOOOB:

1) pennumHa y onpenensercd ypasHeHueM (5.38) (mpaBunbHOe yTBepxie-
HHE);

2) BenUMUMHA X, HE MMEeT OTHOLICHMS K HAHHOMY CRY4Yaio, U BEIMYHHA y
onpegenAeTCs 3aBHCHMOCTLIO!

y=1+5x +u

3) BenuumHa X; HE UMECT OTHOLWICHHA K JaHHOMY CJIy4alo, U BCJIAHYHHA y OIl-
peacnacTCA 3aBUCHMOCTLIOL

y=35+25x +u

B neicTBHTENBHOCTH 3THMH BO3MOXHOCTAMH Oeno He orpaHumumnsaerci. Jliobas
3ABHCHMOCTb, KOTOpasA ABIAETCA CpeOHHM B3BewreHHBIM ycaoBuii (2) u (3), Takke
6yneT cOOTBETCTBOBATh ONUCAHHKM JaHHBIM. Ycnopue (1) MOXHO paccMaTpHBaTE Kak
cpenHee BaBellleHHOe ycnoBuit (2) ¢ xoadduumentom 0,6 u (3) ¢ koapbuuuen-
oM 0,4,

Tpu HCMOABL30BAHUM PETPECCUOHHOTO aHANTH3a WIH MoGOoTro ApYroro MeTona npu-
MEHHTENLHO K ZAHHOMY CNYYal0 TPYAHO NIPOBECTH Pa3NUuUe MEXAY STHMU BO3IMOX-
HOCTAMH, ¥ NMONYYEHHBIE QIEHKH OYIYT O4eHb YYBCTBHTENLHEIMH IO OTHOIIEHHIO K
cyyaliHOMY YJIEeHY ¥ MOTYT COAEpXaTh 3HAYMTENbHBIE ouIMOKK, Jducnepcun Kosd-
PULMEHTOB perpeccuy OyayT OonbUIMMHK, YTO, CUYEBHUAHO, SIBAAETCA APYTUM CIIOCO-
GoM BHIpaXkeHHs1 TOrO Xe CaMOro.

Ecnu ucrunHas 3aBucuMocTs (5.39) 6blna CTPOIOid, TO NpH OUEHMBAHHYU MpEa-
CTABJIAETCH COBEPLUSHHO HEBO3MOXHBIM NMPOBECTH Pa3NHYHE MEXIY BCEMH BEPOAT-
HEIMU 3aBUCMMOCTSMH, MOCKONBKY KAXAasi U3 HUX OYIeT OIMHAKOBO XOPOLUIO COOT-
BETCTBOBATh JAHHBIM. BH Jaxe He CMOXeTe BBIYHCAHTH KO(DHIIMEHTR PETPECCHH,
TaK KaK M YMCJIHTENb M 3HAMEHaTeNb ypaBHeHHMA (5.12) OyayT paBHBI HYMIO.

Ecnau mexny x, U x, CYIECTBYET HEeCTPOrasa AMHEHHAsA 3aBUCHMOCTD, TO Kodddu-

UHEHT KODPPEAAUHHU Ty, x, OyaeT OMM3KKUM K €OWHHULE, €CNH 3aBUCHMOCTh MOMOXHK-
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TeNbHA, H K MHHYC CIUHHIIE, ¢CMH 3aBHCHMOCTE OTPHLUATCNBHA, H B ofoux cny4va-

AX r} ., GyNeT GAM3KMM K eXMHHLE. B pesynsTaTe 3HaMeHaTeb BTOPOTO YWIEHA B YpaB-

HeHHm (5.37) GyreT 6au30K K HyMO, a TEOPETHYECKME AHCHepcHu by u b, Gyayr
SonpLIMMH YKMCIaMK. B npepensHOM cny4ae HATUYUA cTporoit nuHeliHoi 3aBucH-
MOCTH AMCTIEPCHY OYIVYT CTPEeMHTBCH K GeCKOHEYHOCTH.

OTMeTHM, YTO OTCIONA HE CERAYST G8MOMAMUHECKH, YTO BeIMUMHLL by 1 b, 6yayT
MMETH OONBUIHE TCOPETUHECKHE NUCTIEPCHH, ECIIM MEXIY X, M X, CYILECTBYET HECTPOTas
NM¥HeRHasA 3aBHUCHMOCTD. JlMcrepcHit 3aBUCAT TakXe OT # U 62, KaK M B C/Iydae nap-
HOTO perpeccHoHHOro aHanuia. Ecnu n Benuko, agl — Mano, To TEOPeTHYECKHe AUC-
nepcuK b 1 b, MOTYT 66ITh HEBOMBLUAMHE, HECMOTPA Ha HECTPOTYIO IMHERHYIO 3aBH-
cuMocTb. Ecnu nmeercsa Gonbwoi o6beM HHGopMaLuu (7 BENHKO), a CryqaiHEIA dax-
TOpP ABASETCS OTHOCHTENBHO HE3HAYKMBIM (02 Mano), TO BCe €LIe MOXHO pa3rpaHi-
YUTb BIMAHHUE X, H X, HA BEIHYMHY V.

Ob1iyuii crysai

Mzei He 6yaeM BHBCOHTL BHIpRLKeHHA A AUCHEPCHA KO3dHDHLIHEHTOB perpeccu
B 061eM ciyuae. [TonoOHO BRpaXeHUAM A CAMUX KOHDOHUMEHTOB, KX JIYYIIE BCETO
PACCUHTHIBATD € IIOMOLUBI0 MATPUYHOMN anreSpsl.

BMecTo 3TOr0 GYOST [MOKa3aH OOMH BAXKHHI MOMSHT Ha OCHOBE DKCIEPHMEHTA
no merony Monre-Kapno. CornacHo ycnoeHio (4), XenaTenbHo, 4Tobbl He3aBHCHU-
Mble HepeMEHHbBIE He GhUIH TeCHO ¢BA3aHEL. YT00b HCCASIOBATH 3TO, OLEHHM MHO-
XKECTBCHHYIO PETPECCHIO TPH pa3a. Bo-mepBhIX, eCNH He3aBUCHMBIC IIEPEMEHMEIC HE
CIIMUIKOM T€CHO CBA3AHGI, TO PE3Y/bTATH OLICHUBAHHA PErpeccuu OVIyT HANCKHN-
MH. Bo-BTOpBIX, NpH GoNee TECHOR 3aBHCHMOCTH MEXIY NepeMeHHBIMH Pe3yBTaTH
perpeccui Syayr comepxarb oLMOKK. Y B-TpeThHX, NPH TOH Xe caMoit TecHoit Kop-
PensSLMM MeXIY He3aBUCKMBIMH NepEMEHHBIMK, HO MPH MEHbBIUSH QUCTISPCHHM Cly-
YyaliHoTO WieHa pe3YAbTaTH OLICHHBAHMA PErPECCHH 3HAYNTENBHO YAYYIHAIOTCA.

DT0 NOKAa3bIBACT, YTO TECHAR KOPPEAALINS MEXY HE3ABUCHMAIMH NEPEMEHHBIMHE
MOXET [TPHBECTH K HEYAORTETBOPUTEIBHEIM PE3Y/IbTATAM, HO 3TQ He IIPOHCXONMT aB-
TOMATHYECKH. JTO 3aBHCHT TAKOKE OT AKCIEPCHM CNYYaliHOrO wneHa.

ITpeanonoxuM, uro 3apaboTHas nuaTay B HEKOTOPOH CTPaHe ONPeReAsAeTCS YHC-
oM et obyyenus (S5), craxem paGoTh (X), Bo3pacToM (A), a Takxke cayyaem, Ba-
30Bada 3apaborHas Taata cocrasaseT 10000, x xoTopsiM mobasnstercd 1500 3a kax-
Oblit rojy obyvyeHHd cBepx MMHMManbHBIX 10 JeT, 500 — 3a Kaxnpii rog paboTh ¥
25 — 3a xaxawlit npoxuTeid rog. Kpome roro, cywecrsyeT ciaydaiHbifl daxrop &

y = 10000 + 1500 (S — 10) + 500X +254 + . (5.40)
B PEIYALTATE YNPOLUICHHWA 3TO YPABHCHHC NPOBONHTCA K BHAOY!
y=—5000 + 15008 + 500X + 254 + . (5.41)

[epsnie ueThipe KonoHKu Tabn, 5.3 NpeaCTARIAIOT AaHkbie BOOGPAXaeMOH BRIGOp-
xu u3 20 yuausHzos. Hudpw ona cpoka obydenua, craxa paboTel H Bo3pacTa O
B3ATEI POM3BONBHO. 3HAYSHHUS & ONMPEACHANMCh HA OCHOBe BbIGOpKH M3 20 Hop-
MANBHO PAaCpeieTeHHBIX CMYyYallHBIX YHCEA ¢ HYNCBLIM MAaTeMATHMECKHM OXMIa-
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HHEM K ¢IMHMYHOH AKcnepcHeil, KoTopelie YMHOXanucs Ha 2000. IToayueHdse B
pe3ynLTaTe U3 ypaBHeHHA (5.41) 3HayeHHMs y NoKa3aHbl B NATOH X0A0HKe Tabm, 5.3.
HonycTHB, YTO 00yyeHHe HAUMHAETCA ¢ 6 JeT, MOXHO MONYSHUTh HEPABEHCTBO!

A<A-5-5. (5.42)
Tatnuua 5.3
Hrunwenn 8 X A v ¥ A-8-5 X’ y ¥

10 20 45 -1740 19385 30 28 23385 24951

-

2 10 S 23 1880 14955 8 6 15455 13763
3 10 19 36 760 21160 21 17 20160 19476
4 11 15 50 1300 21550 34 28 28050 26880
5 1 16 42 1880 22430 26 21 24930 23238
-] 11 8 30 640 16890 14 10 17880 17314
7 1 4 21 3520 17545 5 4 17545 14377
8 12 10 34  -3540 15310 17 15 17810 20996
9 12 8 27 1720 19385 10 8 19395 17847
10 12 18 38 2680 25630 21 18 26130 23710
11 13 6 26 -5220 12905 7 6 12905 17603
12 13 10 46 2840 23490 28 25 30990 28434
13 14 10 38 -1100 20850 19 16 23850 24840
14 14 2 22 -340 17210 3 2 17210 17516
15 15 ] 32 1000 23300 12 9 23800 22900
16 18 5 49 20 22745 28 23 31745 31727
17 16 4 28 -780 20920 7 6 21920 22622
18 17 7 33 3140 27965 11 8 28465 25639
19 18 3 27 -380 23795 4 3 23795 24137
20 19 3 32 40 25840 8 6 27340 27304

B Ta6n. 5.3 nokasaHa BeaHdHHA (A — .5 — 5), H MOXHO BUAETD, YTO JaHHbe s X
COOTBESTCTBYKOT €, HO 3aBMCHMMOCTE MeXay A, 5 u X sinderca nopoasHO cnaloii,
MHOTHE M3 HHAHBHAOB, BIONTHE OYEBMAHO, MOCBAIOT YACTh CBOEIO TPYAOCHOCO0-
HOTO BO3pacTa OPYTUM 3aHATHAM, '

OneHuB perpeccHIo MeXay ¥, S, X u A, nony4aeM caenyiommii peayapTar.

9 = ~4063 + 14095 + 481X + 504, (5.43)
(c.0.) (4140) (280) (175) (BB)
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DKCepUMEHT GbUT MOBTOPEH C TEMH Xe ARHHEIMHU A S H A H TAKHMH Xe 3HauCHH-
AMH 4, HO ¢ OApYruM HaGopom HaHHBIX A1 X, KOTOPHLil 3HAMMTENbHO AyYlIe Corjia-
COBaH ¢ nokaszareaeM (A — 5 — 5). 914 zaHHsIe 0603HAUeHkl B Tabn. 5.3 kak X', a pe-
3yALTUPYIOLINE 3HAYeHHUA y 0003Ha4YeHsl KaK ¥’ Tak Kak Haille HepaBeHCTBO ceifyac
B KAKIOM CNy4ac MOYTH NPeBPAlUASTCA B PABEHCTBO, TO MOXHO HAGMIONATE HECTPO-
IYI0 THHEHHYIO 3aBHCHMOCTbL MEXIY He3aBICHMEIMH NepeMeHHBIMH. OLieHEBas per-
peccro Mexay ¥, S, X" u A, Tenepe nonyyaem:

$=—7524+ 7815 — 207X + 664A. (5.44)
(c.0.) (4204) (529) (538) (476)

Pe3ynbTarsl OLEHKH PErPECCHE TeNepb ACHCTBUTENLHO BECEMA MUTOXU.

HakoHeu, skcirepuMeHT Ob1 NOBTOPEH €Le pa3s {IPH COXpAHEHHH TeX K& CaMBIX
3HauyeHuii 5, 4 1 X, Ho ¢ NoyYeHUEM 3HAYSHMIA 4 NyTEM YMHOXCHUS CIy4YaiHBIX
yucen Ha 200 pmecro 2000. PesyapTdpylowmye 3HaYeHHA ¥ TOKasaHbl B Ta6A. 5.3 kak
¥y". QueHuBas perpeccuio Mexay ¥, S, X' U A, nony4yaem:

$ = —5252 + 14285 + 429X + 894, (5.45)
(co) (420) (53) (54) (48)

3a uckmouyeHueM KodpdHuHeHTa NpH A, 3TH pe3yabTaThl ABAAKOTCH BIIOMHE YIOB-
JETEOPMTEABHBIMY, HECMOTPS Ha CylleCTBOBAHME HECTPOTOM JNHEHHOH 3aBNCHMO-
CTH MeXAY He3aBHCHMBIMH MepeMeHHbIMU.

KoHeuno, Henb3s NMpUOaBath CAHIUKOM Goabiioe 3HAYCHME PE3yABTATAM eNWH-
CTBeHHOTI'o Habopa SKCTepuMeHTOB. KaxXanlit N3 Tpex papHaHTOB pacyeToB ObUI BbI-
MONHEH ellie 9 pa3 ¢ MCNONb30BaHWEM TeX Xe AaHHBIX gng S, A, X u X', Ho npu pas-
JMHYHBIX Hab0opax cayyaifHEIX yucen AN NoAydeHUA BeTMYKHES 4. Pe3yabTaTsl 3KCne-
puMeHTOR 00061IawTes B Tadn. 5.4,

TaGnuua 5.4
fTapgit gapwanT Bropo#d sapyuanr Toert aapuanr
{cnalan c8R3L) (recHas cs3b) ({TECHAR CBASL, HNIKMH uj)
flocromH- S X A flocroax- s X P flocronn- s X y
Han HaR Han

-40863 1408 481 50 ~7524 781 -207 &B4 -5252 1428 429 89

—_

2 -4905% 1560 508 3 ~8093 892 -218 636 -5309 1439 428 B6
3 -g9718 1812 587 33 -3147 2790 1684 -971 -4815 1629 618 -75
4 2584 935 347 83 3947 1744 1193 -608 -4105 1524 569 -38
§ -3754 1485 334 43 -4106 1998 854 -~327 -~4911 1550 535 10
6 -7628 1581 637 15 -2585 2051 1168 -522 -4759 1585 567 -30
7 -8812 1712 754 -8 -4086 1590 679 -74 -4999 15089 518 15
8 -7760 1791 636 -26 -3701 2128 1034 -446 -4870 1563 553 -22
9 -3326 1281 1533 3 =722 1288 547 =27 -4572 1479 509 20
10 -8910 1847 835 -107 -7361 985 -28 476 -5236 1449 447 70
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Hpu paccMOTpeHHH Tabl. 5.4 MBI COCPENOTOUMM BHMMaHKMe Ha Ko3hduuHeHTax
npH S u X. KoadguuneHT npn 4 1 NOCTOAHHAA CYMTAIOTCA HEHANEXKHBIMH B JII0G0M
cnydae: KoahbuiueHT npu A NoTOMY, YTO eI0 HCTHHHOE 3HaYeHHe ONKM3KOo K HY/IO,
a MOCTOAHHAA MOTOMY, STO TOYKA, onpelenseMas ycnoBuaMu S=10, X=0, A=0,
pechMa ylajieHa OT JMana3oHa BulGopKH.

B neppoM BapHaHTE KO3ddUuHeHTH OpH S ¥ X HAXOAATCA B LENOM B HYXHOM
auanailoHe. Bo BTOpoM BapMaHTe OHH 0e3HAmEXHO HeTOYHEL, 4 B TPEThEM — OHH BECh-
Ma xopourH. PesynsTaThl akcriepuMeHToB 06061aloTcd B Tabu. 5.5.

OrMeTHM, YTO 30eCh HE HaBMIOAAeTCA CMELLCHHA, XapaKTEPH3YEMOro TeHACHIM-
et xo3hPULHEHTOB CHCTEMATHYECKH OKA3BIBATLCA BBILIEG HIH HHXE HX HCTHHHEIX
3HAYCHMIA, KaKe BO BTOpOM BapHaHTe, [O¢ Pe3YAbTAThl BeCbMa HeTOUHEL. Bo BTOpoM
BApHAHTE CpedHHe 3HaueHua KoxbdunueHros mpu § u X cooTBETCTBEHHO COCTABM -
aH 1624 u 671, yTo He Tax JANEKO OT WCTHHHBIX 3HAYEHUIA.

CrangaprHeie owmnbKu KOSMHOULIMEHTOB Perpecci

CrannapTHaa ounbKa Ko3ddHimeHTa MHOXECTBEHHOI perpeccuy HMeeT Takoi
Xe CMBICN, KAK M B MapHOM PerpecCMOHHOM AHANH3€, B TOM IUIAaHE, YTO OHA SABJA-
eTCA OLEHKOM CTAHAAPTHOro OTKJIOHEHHs pacnpeleNeHHUs kKoxbdulineHTa perpec-
CHM BOKPYT €ro MCTHHHOIO 3Ha4eHUs (cM. pasgen 3.5). Kak u B iapHOM perpeccHoH-
HOM aHanuse, GopMyaa st CTAaHAAPTHOMN OLINGKH MOXeT GLITh BRIBEASHA HA OCHO-
B¢ BBIPAXKEHUA THCNEPCUM PaCMpefeNeHMs, 3aMEHE! G2 Ha HECMEILICHHYIO OLEHKY U
MIBIeYEHHA KBaAPATHOrO KopHs. Kak M npexae, 3HAYHMOCTE BhipaXeHHs, TOTy4eH-
HOTO TaKHM 06pa3zoM, 3aBHCHT OT HpaBuIbHOH cnelnduKaLH MOACNH W BBITONHE-
nus yenosuil I'aycca—Mapkosa ang cny4aiiHOro uaeHa.

Tainuya 5.5

Surgiinan 3aBHCHMOCTD MEXTY
HEIQBUC HMEIMIT FTODOMOHHEMN

Aucriepcnn
CAWRHHOrO wreHa Cnaban Tocran
JABHCHUMOCTD SABHCHMOC TS
Hunaxan HanexHas Npuemneman
Bucokas Mpuwemneman HenaggxHan

Hanpumep, eciv HMeIOTCA TONBKO B¢ He3aBUCHMBIE MiepeMeHHLIE, TO TEOPETH-
geckas mdcnepcus Koddoduuuenra perpeccud b, Bhpaxaercsa ypaBHeHHeM (5.37).
MoxHO Moka3atek, YTo B ITOM Cllydae HeCMEIleHHas OLICHKA BEIHYHHBI G2 MOXeT
GHITE NOAYYEHA TyTeM YMHOXEHHNA BeJIM4MHE! Var (e}, npeacTaBnsaiowet coGoit BrI-
fopouHylo OHCIepCHIO OCTATKOB, Ha nf{n —3). CnenoBarenbHo,

_ .s‘f, 1 _ [(n/ n —3)Var(e) 1
OO Gy T T e 1-r
_ [_ Var(e) 1
T 3Vartx) “1-72 . (5.46)
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CooTBeTCTBYIOIIEE BHIDAKEHHE ANA CTAHAAPTHON OMOKH b, MOXHO MOAYYHTH Iy-
TEM NEPECTAHOBKU HHAEKCOB.

Korna uMeeTca Gonee ABYX He3aBUCHMBIX TepeMEHHbIX, HAMHOTO YA0OHee RbIpa-
3HTb CTAHAAPTHHE OIIMOKK, Tak XKe KaK U caMH KOo3((HLIMECHTEL PETPeccHi, ¢ 10-
MOIUBI0 MaTPHYHOH anrebpai.

B Hauane 3Toro pasaeia ObeLK ¢OPMYIHPOBAHBI YETHIPE YCIOBHA, BLINOTHEHHE
KOTOPHIX TIO3BOMAET [IO/Y4ATh JOCTATOYHO HAKEXHBIE OLEHKK KO3hDULHESHTOB per-
PECCHM, IPM ITOM TPEThE H YETBEPTOE YCAOBHA HCCREIOBATHCH HENOCPELICTBCHHO
Ha OCHOBE 3KCHEPUMEHTOE o MeTony MonTe-Kapno. Kaxnoe ycmobue 0TpaXxeHo B
BhIpaxKeHUsX DA AUCHepChil Ko3thPULUHEHTOB perpeccHy, MPEeACTARNCHHHX B YpaB-
HeHHH (5.37), H KaxXnAoe B CBOIO OUEpelb OTPAXEHO B COOTHOMIEHHH (5.46).

B YACTHOCTH, TeCHas AuHeHAs CBA3b MEXIY ABYMS 06 BACHAIOIHUMH nepeMen-

HBbIMH NPHBEAET K NONYYEHHIO 3HAMCHHA rjl‘q , DIM3KOIO K eAMHHMIE, @ CACAOBA-

TeJIbHO, CTAHAAPTHBIE OLIHOKM (DK NMPOYHX PABHLIX YCHOBHIX) OYAYT OTHOCUTENE-
HO SONBIIMMU, YTO OTPAXKAET BEPOATHYID HETOUHOCTE KONDMUIIMEHTOR perpeccul,
YyTo MBl yXe Habmonanu paHee, Hanpumep, MOXHO 3aMeTHTb, YTO CTAHAAPTHEIE
olIMGKH B ypaBHERHE (5.44), rae HaOM0IANACE TECHAA NHHEHHaA ¢BA3L MeXny S, X'
H A, HaMHoro Gonsiile, yeM CTAHAAPTHBIE OUIMGKH B ypaBHeHHH (5.43), rae 314 cBAIb
6bLma cnaboii.

Kpome Toro, uenecoodpasHo cpaBHUTE CTAHAAPTHBE OLIKMOKK B ypaBHEHUAX (3.44)
u (5.45). B neppOM M3 HHX BETMYMHA K TOJY4anach IMyTeM YMHOXCHHMA Cay4aiHbIX
yucen Ha 2000, Bo BTopoM — 3TH uMciaa yMHOXaNMCh Ha 200. B pesyibrate OUEHKH
perpeccuid B ypaBHeHME (5.45) GHUIM HAMHOIO TOYHEE, O YCM CBMAETEIIBLCTBYIOT HX
ropaziio MeHblune owbkH. Koadduuuents! perpeccun okasanuch B 10 pas toy-
Hee (ecaH paccMOTPETh PA3AHYHE MEXKAY OLCHKOH ¥ HCTHHHBIM 3HAYCHHEM), 4 CTaH-
JapTHble OWKOKH COCTABMIM UMb '/ MpeXHEro pasMepa.

I-reCTs! ¥ JOBEPUTONLHBIE UHTEDBA I

£-TECTH AnA KO(hPHUMEHTOB MHOXECTBSHHOI perpecCHy BRIMONHAIOTCSA TAK X,
KaK 3TO ASIACTCA B NAPHOM PETPECCHOHHOM aHAIu3e, OTMETHM, YTO KPMTHYCCKUH
YPOBEHL { IpK NI0GOM YPOBHE 3HAYHMMOCTH 3aBUCHT OT YMCNA cTenecHel ¢BOGOIN,
Koropoe pasHO (n — &k — 1); yucs10 HaOnioneHHH MEHYC YMCIO OLEHeHHBIX napamer-
poB (oaMH KO3hDHIMEHT ANa Kaxaoi He3aBUCHMON NEPEMEHHOW M MOCTOAHHEIM
ynieH). JloBepHTENbHEIE HHTEPBANLl ONPEACSNAIOTCA TOUHO TaK X&, KAK U B DAPHOM
PETPECCHOHHOM AHATH3E, B COOTBETCTBUM € YKa3aHHBIM (IPHMCYAHHEM OTHOCHTENLHO
YHCNA cTeneHeid cBobomnL.

Ynpaxwerns

5.7. luHefiHag u norapubMuyecKas perpeccuu (YnpaxHeHus 5.2 u 5.5) mexay
PACXOAAMHM HA ¥MAHUIHLIE YCJIYTH, paCMoNaracMpIM AHYHBIM JOX0Z0M H OTHOCHTENb-
HOM LeHOR THX YCAYT HMENH BHI (B CKOOKAX yKa3aHbl CTAHAAPTHHE OUIHGKY):
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§=—434+0,181x—0,137p; R2=10,99;
(48,4) (0,009) (0,421)

logy=—1,60+1,18 logx—~0,34logp; R =0,99.
(1,75) (0,05) (0,31)

BbinO/HKUTE COOTBETCTBYIOLIME f-TECTH M CHOPMYNMpYHTE BAIIK BRIBOALIL

5.8. BrinonHHUTe AHANOTHYHBIE f-TECTH WA K03(pGUIKMEHTOB NUHEAHOH 1 nora-
pudMUYECKOR perpeccHil, OLleHeHHbIX B YIIpaXHeHMsX 5.3 u 5.6.

5.9. OTMeTHM, 4TO mMeppad YacTb ypaBHeHHA (5.46) MOXeT OHThL IepenucaHa B
BUIE:

1

= Su_
c.o.(b) Ja Ve X Jl..rz .
X)X
HCHOHBSYS ITOC BBIDAXKCHHE, obbaAcHUTE BapHalH¥ B CTAHIapTHLIX oliubkax one-
HOK INACTHYHOCTH pacxonos Inno LUeHE B Jloralei)MHlICCKHx PerpeccHax i pacxo-
OB Ha [MMTaAHHE, XHIbC, TCKAPCTBA M OTABIX (B KAXKIOM CJIyua¢ HC3ABHCHUMBIMH JIC-
PEMEHHBIMH CAVXKHIIH OOXOO H COOTBCTCTBYI’O]].[Hﬁ HHACKC ueH).

C.0. yenosod

S, yvar(log p) L 1oy x 10g 3AACTHIHOCTH
Nuranue 0,018 0,056 0,85 0,121
Kwnse 0,031 0,043 -0,88 0,314
Nexapcrea 0,037 0,155 -0,96 0,160
Orpwix 0,037 0,060 -0.27 0,128

5.5. MynsTMKONAUHEADHOCTD

Myssmurxonssuneaprocme — 3T0 MOHATHE, KOTOPOE HCIIONR3YETCS ANA OMUCAHHA
npoGieMbi, KOTAA HECTPOTasA THHEeHHAA 3aBUCHUMOCTh MeXay 00bACHAIOIIMMH Tiepe-
MEHHBIMH NPHBOAUT K HOTYUESHHIO HEHAREXHBIX OLIEHOK perpeccui. Pazymeercs, Takas
3ABHCHMOCTD COBCEM HeoDA3ATENRHO JaeT HeyIOBNeTBOpUTeNbHEIE olleHKK. Eciy Bee
IDYTHE YCIIOBHA GAaronpHMATCTIBYIOT, T. €. ecnH yucao Habmonenmii  BIGOpOYHbBIE
EHCTIEPCHH OOBACHIIOWHMX NEepEMEHHBIX BEIMKH, A ZHCTIEPCUR CAYYANHOT) WieHa —
Mana, TO B MTOTE MOXHO NOJYYHTb BIIOJHE XODOLWIHE OLEHKH.

HT1aKk, MYIBTHKONTHHEAPHOCTD JOJIKHA BBISEIBATECA COMETAHHEM HECTpOTroif 3a-
BHCHMOCTH H OmHOro (wiu Gonee) HeGAaroNpHATHOTO YCAOBUS, M 3TO — BOTIPOC
CTEMEHH BLIPAXXEHHOCTH SBAEHIA, a He ero Buaa. Ouenka noGoil perpeccun Oyaer
¢TpanaTh OT Hee B OfpelencHHON CTeNeHHM, €CH TOJMLKO BCE HE3aBHMCHMEIC Tepe-
MEHHEIC He OKaxXyTcsa abCcoNIOTHO HeKOppennpoBaHHBIMU. PaccMorpeHMe maHHO#
npoGaeMbl HAYWHASTCSA TOMBKO TOTAA, KOTAA 3TO CEPbE3HO BIHSAET HA PE3YAbTATHI
OLEHKH perpeccHH.

Ora npobaema ARNAETCA OOBIYHOM IS perpeccHii BpeMEHHEBIX PAIOB, T. €. KOTAa
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JAaHHLIE COCTOST U3 psifla HaGmoJAeHUIT B TeYEHHE KAKOTo-TO Nepuoaa ppeMeHH. Ecan
e unu Gonee He3aBUCHMBIE TMEPEMEHHBIE HMEIOT SPKO BHPAXEHHBIA BpeMeHHOH
TPEHA, TO OHU GYIYT TECHO XKOPPENHPOBAHE!, M 3TO MOXET MPUBECTH K MYJIbTH-
KOJUTMHEAPHOCTH.

Y10 MOXHO NPEANPUHATL B 3TOM Ciyyae?

Pa3nuyHble METOABI, KOTOPBIE MOTYT GbITh HCHONB3IOBAHM JIA CMATYCHUA MY/b-
THUKOJUTHHEAPHOCTH, AeNATCH HA ABe KaTelopHH: K MEPROl KaTEerOpHM OTHOCATCH
MONMBTKH MOBLICHTE CTENIEHb BRITIOHEHHSA YETHIpEX YCAORHHU, obecneuHBalOLIMX Ha-
HeXHOCTh OLICHOK PErpecCHH; KO BTOPOil KaTeropHM OTHOCHTCHA HCNOIb30BAHHE
BHeluHel unHdopmaiinn, EcaH cHavana HCAOABIORATh BOIMOXHbIC HEMOCPEACTBEH-
HO MoNyvaeMble AaHHKIE, TO, OUERHIHO, GBINO Okl MOME3HEIM YBEIMMUTE MHCIO HA-
6moaeruit. Ecny BH NpuMEHsIeTe JaHHEIE BPEMEHHBIX PALOB, TO 3TO MOXHO Cle-
NaTh IyTEM COKPALUEHUA MPOAODKHTENBHOCTH KAKAOIO nepuoia speMeHy. Hanpu-
Mep, MPH OLEHWBAHHM YPAaBHEHUH (YHKUMH CHpOCa B ynpaxHeHusAX 5.3 u 5.6
MOXHO repeiiTH ¢ HCHONBIOBAHHA eXeroAHBX AAHHBIX HA MOKBAPTAJbHbIE AaH-
nbie. TTocne aToro sMecro 25 HaGmwoneuuii ux craneT 100, 310 HacTOABKO OUEBHAHO
H TaK MPOCTO CHAeAaTh, YTe OORLUIMHCTBO HCCAEAOBaTENE, UCMONAb3VIOUIKMX Bpe-
MEHHBIE pAAbl, OYTH ARTOMATHYECKH MPUMEHSIOT MOKBAPTRNbHBIE NAHHBIE, ECIH
OHHU HMEITCH, BMECTO eXerogHBIX HaHHBIX, Aaxe ecad npobneMa MYJIBTHKOMIH-
HEAPHOCTH HE CTOHUT, MPOCTO ANl CBEAEHHS K MUHUMYMY TEOPETHYECKHX AMCNEp-
cuit xko3pPULIHEHTOB perpeccyin. B TakoM MoaxoAe CYLIECTEYIOT, OAHAKO, U Il0-
TeHIKaAAbHbIE 1poGaeMpl. MOXHO IPpHBHECTH UAHM YCHIAWTD aBTOKOPPEAALMIO {CM.
rnaey 7), HO OHa MoOXeT ObITh HelTpanu3opaHa, KpoMe Toro, MOXHO MPHBHECTH
(HAH YCHAUTB) CMeINEHHe, BRI3BAHHOE OLIMOKaMH H3MepeHHs {cM. riasy 8), eciH
[IOKBApTANbHbIE JAHHBE HAMEPEHBl ¢ MeHbile# TOYHOCTBIO, YeM COOTBETCTBYIO-
HIHe eXelrodHbe NaHHBe, JTY rpobneMy He Tak MPOCTO PEUIMTh, HO OHA MOXET
0OKa3arbCs HECYWECTBEHHOI.

Ecny BH HCIOAB3YETE AAHHbLIE NEPEKPECTHOH BHIGOPKH M HAXOIWUTECh HA CTa-
AWV NAAHHPOBAHUA UCCHEIOBAHHA, TO MOXHO YBEJIUMHTH TOYHOCTH OlIEHOK per-
peccuH U ocnadurk nmpobneMy MYNRTHKOUIMHEAPHOCTH MPOCTO 33 cYeT H0/BILero
pacxofla CpeAcTE Ha yBerddeHUEe pasMepa Belfopku. OAHAKO TaKo# MOAXOH HMeer
YMEHBIIAKILIYIOCA NpPEIeNbHYIO OTHAYY, MOCKONLKY CTAHAAPTHHE OTKAOHEHHWS KO-

b puLIHEeHTOB perpeccuy 06paTHO MPONMOPLMOHANBHE BEMUYMHE .f; , B TO BpeMi

KaK pacxolbl MPAMO NPONOPUHOHANLHEL 1.

CT10/b Xe BAXHO, €CJIH BBl HCIIOAb3YeTe AAHHLIC MEPEKpecTHON BHOOPKM M Ha-
XOOMTECH HA CTAIMM [UIAHUPOBAHUS KCCAENOBAHMA, MAKCHMH3HPORATh AKCITEPCHI
HabmoneHHH He3lABUCUMELX MEepeMeHHBIX B BHIOODKE, HAMpuMep [yTeM paccioe-
HHA BHIOOpKHA. (AHANH3 TEOPHH U METOIOB OPraHU3aLKH BHIOOPOK, CM., HATIpPHMEp,
8 pa6otax JI. Kumua [Kish, 1965]) unu K. Mozepa u I'. Kantona [Moser, Kalton,
1979].)

Jlanee, MOXHO COKpaTUTE BeNUYMHY 62. CnydaifHElii WwieH BKIoYaeT B cebs obmbe-
JUHEHHBIH 3(¢heKT BeeX MepeMeHHBIX, OKA3KBAKIUKX BAUSHHE HAa BETHYRHY J,
KOTOpbI€ He BKTIOYEHH ABHO B ypaBHeHHe perpeccuu. Ecin BH KOMycKaere MEICIL
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0 TOM, YTO BaXHad nepeMeHHas Moraa ObITh ONYIIEHA H, C/Ie0BAaTeNbHO, OKA3LIBA-
€T BIMAHUE HA U, TO MOXHO COKPATUTb BEIMYHHY G2, €C/TH N0GABUTD 3Ty MEPEMEH-
HYyl0 B YpaBHEHUE DErPEcCHH.

Ecnu, oaHako, HOBad MepeMeHHas JHHeHHO CBA3AHA ¢ OOHOM WM HEeCKONBKH-
MH MepEeMEHHBIMH, YK€ BKIIOUeHHLIMH B YPABHEHHWE, TO €€ BBEIEHHE MOXET ellie
Gonplie ycyryOuTh npobneMy MyAETHKOMIMHEapHOCTH, MB!I BepHeMcs K obcyxne-
HHIO 3TOTO BOIPOCA, KOTOPHIH NpeAcTaBnAeT GONBLUIYIO MPAKTHUECKYK) BaXHOCTE,
B KOHIle cAedyiouleil TaBsl MOCAE PacCMOTPEeHHA OMMOOK cneundHKalMH,

Hakouerl, 06 HCIons30BaHUH CAMOTO NMPOCTOre MeToAa. ECNH BB AeiiCTBUTEIBHO
uMeeTe BO3MOXHOCTb COOPATh AONOMHMTENbHBIE AAHHBIE, TO HYXHO MMOCTAPAThCH
NOAYYUTE BEIOOPKY, B KOTOPOH He3aBHCHMMbIE MepeMeHHbIe cnabo CBSA3aHHE MeXay
coboif (KOHEYHO, 3TO JIerYe CKa3aTh, YeM CHESNATD).

CyluecTBYIOT 1Ba THITA BHeWIHeH HHOPOPMALIMH, XOTOpas MOXET OKA3ATHCH MO-
JIE3HOM; TeOpeTHYECKHE OTPAHHYEHHS M BHEITHHE IMITHPUYECKHE OLEHKH, TeopeTH-
4yecKoe OrpaHHYeHHe NMpeiacTaBaseT coboil gonymieHue, Kacamwlieecs BeTHYWHBL KO-
appHLHEHTa UAKH HeKOTOPo# cBA3N MexXay KoahduuneHTamu. IToacHUM 3TO Ha NpH-
Mepe.

[Tpu nocTpoeHKH NPOU3BOACTBEHHOH (DYHKIIMH ¢ HCMObL20BaAHHEM JAHHBIX Bpe-
MeHHBIX pAAoB (KaK 3To OBUIO CAENAHO B pasgene 5.3) cneayer UMeTk B BHAOY, YTO Ha
BHIMTYCK, MPOAYKUKK, HAPALY € HIMEHEHHUAMK B KATIUTANBHBIX U TPYAOBBIX 3aTpaTax,
BEPOATHO, OyAeT OKA3LIBAThL BIHAHKE TeXHHUeCKUHA niporpece. Ecad Bbl HMeeTe AEN0
¢ arperHpoBaHHbIMH JAHHBIMH, TO HEBO3MOXHO KOJIMUECTBEHHO QLIEHUTD TEXHHYEC-
Kyt Iporpece, K nNpoule BCEro BKAIOYHTE 3KCIIOHEHIIHANLHLIH BpeMEHHOH TPEHA B
ypaBHeHHe, 3anKcaR byuxunio Kodba—dyrnaca, HanpuMep, B BUAE:

Y= AKeLPery, (5.47)

rie Y, K'u L uMelor Te XKe onpeaeNcHNs, YTO U B pasaeie 5.3; + — BpeMsA; r — TeMIl
NPHPOCTA BbINycKa Gnaroaaps TEXHHYECKOMY niporpeccy. OUeHHB 3TO COOTHOLIEHHE
110 JaHHBIM Ta6a. 5.1, monyduM (CTAHZApTHBIC OIUMOKM YKa3aHb! B cKOGKax):

log Y=2,81—-0,531log K+ 0,91 log L+0,047;, R2=0,97; (5.48)
{1,38) (0,34) 0,14) {0,021y  F=1898.

Co Bcelt 04EBUAHOCTBIO 3TOT Pe3YNBTAT MOKA3LIRAET, YTO I1ACTHYHOCTh BHIIYC-
Ka [POAYKUKHK 110 3aTpaTaM KalWTana OTpMUATeNbHa, YTO 03HAYAET CHUXXCHHE Bbi-
MycKa MpH YBeNHYEHWM 3aTPAT KAMKMTANA. YpaBHEHHe Takoke [MOKa3biBaeT TEMIT IIPH-
poOCTa BHIMTYCKA MPOLYKLIMH 3a CHYET TeXHUYECKOTO nporpecca nopsaaka 4,7% B rod,
YTO SABAAETCA HENpapAONMoAOOHO BBICOKOH OLIEHKOM ANA pacCMATPHBAEMOTO [IepH-
ofa. 34eCh MOXHO MPENNONOXUTE, YTO MO KpaiHeil Mepe OTYACTH MpobneMa cBA-
33Ha ¢ MYABTMKO/UTHHEAPHOCTBIO, TAK KaK KO3(p(PHUNHEHT KOppenaluy Mexny log
K u t cocramnser (0,997, a cTannapTHaa oluGka kosdduumueHTa npu log X' B 5 pas
fonblize, yeM B ypaBHeHME Oe3 BemuuMHm f (5.32),

OTci0la NOoABAAETCA XelaHHEe BBECTH OrpaHH4YeHHus Ha 3tdexT ot Macmraba,
pacCMAaTPHBas €ro KaK MOCTOSHHYIO BEIMUYMHY, YTO MO3BOMHT NMEPENKCaTh ypaBHe-
HHE TOABKO ¢ ABYMS HE3AaBUCHMBIMHM MTEPEMEHHBIMH, UMEIOLIUMHE BpeMeHHOI TpEHII,
BMECTO TpeX M C KanKTAIOBOOPYXKEHHOCTRIO TPYNa B KauecTBe 0ObpACHsIoIEH mepe-
MEHHOI BMECTO 3aTpar KarnuTana. STOT NOKA3ATENb No-NPeXHEMY TECHO KOPPEIHpO-
BaH ¢ BpeMeneM (Koa(ppHUMEeHT Koppensauuu cocTapnger (,96), Ho cTeneHs Koppe-
AMPOBAHHOCTH YXKe HE TaK NpeAcabHo BricoKa. OLeHKB ypaBHeHHe (5.28) ¢ akcmo-
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HEHIHANLHBIM BPEMEHHLIM TPEHAOM, MBI TIOAYYHM {CTaHAAPTHLIe olMOKKM yxas3a-
HBl B cKoOKax):

log Y/L=—0,11+0,11 log K/L + 0,006, R*=0,65; (5.49)
(0,03) (0,15) {0,006) F=195.

QUeHKH BeIMYHH o M F, XOTA M He3HAYHMO OTAHYAIOTCA OT HyNA, Telepb Gonee
PEaNUCTHYHB, YeM paHblle, A CTAHNAPTHbIE OIMOKM — HAMHOIO MEHbIIES, YeM B
ypaBHeHMH (5.48). ToT ¢akT, 4TO BEIHYHHA F HEZHAYHMO OTIHYAETCH OT HYJNA, MOA-
Teepxaaet BoiBog U. Ko66a u I1. dyrnaca o ToM, yro TeMn yBenuyeHUs obiieil po-
H3BOOMTEALHOCTH (aKTOpOs B pacCMaTpHBaeMblit TepHol GbL1 oueHp HHIKHM, Ote-
BHAHO, 4T0 OG0CHOBAHHOCTh 3TOM NpPOUETYphl 3aBUCHT OT NpPAaBHILHOCTH BBeleH-
HOTO OTPaHMYCHHs, MO3TOMY CHa4ala HYXHO CTAaTHCTHYECKM NpPOBEPHTL OrpaHH-
ygHHe, 4TO PACCMATPUBASTCA B Cliedyiouici raee.

Haxkoten, MOXHO HCII0I520BaTh BHEIUHHE OLeHKH. IIpeanonoxuM, Yyto Bl pe-
LAY BOCIIONB3OBATECA YpaBHEHHeM (5.24) B KauecTse (GOpMYNBI WA QYHKUHH CIpo-
ca, HO KMeeTcs npobneMa MyIBTHKO/UIHHEAPHOCTH, TaK KaK pacroyaraeMblil nud-
HBI JOXOM M LIEHA HMEIOT APKO BhIPDAXEHHLIE BPEMEHHbIE TPeHIB], A CIIeNOBATENh-
HO, TECHO KOppenupoBaHbl. [Ipeanosoxnm, OAHAKO, YTO Bbl TAKXKE HMEETE Mepe-
KPECTHERIE CTATHCTHYECKHE JAHHBIE AJIA Y H X, IONYYSHHEIE H3 ApyToii BLI6opku. Ecm
JOIYCTHTD, YTO BCE IOMOXO3SHCTBA B ITPOBOAHUMOM aHAMH3e TUIATIIK 38 JaHHBIK TOBAp
OAMHAKOBYIO LIEHY, TO MOIENTh NPUMET BHA:

logy =loge +Plogx +u. (5.50)

Tonyyus oueHKY b, AnA P, NpH OUSHHUBAHUH PErPECCHOHHON 3aBUCUMOCTH y
OT X, BN MOXETE MOACTABUTb €€ B ypaBHeHHe (5.24). Tenmepp onpeneasercd HOBad

nepeMeHHas log y, paBHaa (log y — &'log x), ONMCHIBAIONIAA CTIPOC, CKOPPEKTHPO-
BaHHBIN Ha W3MeHeHHA moxona. IMocne storo ypasHeHHe (5.25) mpuHUMaeT BUA;

log y =logo+ B, log p +a. (5.51)

Paccyntap logy ANS KaXROro HaOMIONeHHs, Bl OLRHHBAETE €10 PEIPECCHOHHYID
3aBHCHMOCTB OT log p, M, TAK KaK 3aech HMEETCHA TONBKO ONHA HE3aBHCHMAnA Mepe-
MeHHasA, MYyTbTHKONTHHEAPHOCTb aBTOMATHYECKHM HCKNIOYASTCH.

IIpH HCMONB30BAHHM 3TOrO METOAA MOTYT BOIHUKHYTH AB¢ NMpobiaeMbl, KOTOpDhiE
HeoBXoauMO yYHTHIBATh. Bo-nepBhiX, OLEHKA BenMYMHB B, 3aBHCHT OT TOYHOCTH
OLUEHKH Belu4MHEl ), KOoTOpas, Ge3yCnoBHO, MOABEPXKEHA BAMIHUIO OLIUOKH BH-
gopxu. Bo-Brophix, Bel JONyCcKaeTe, Yro Ko3hPULUHEeHT NpH A0XOAE UMeeT OXHHa-
KOBLEA CMBICH Jid Cy4ach BPEMEHHBIX pSAIoOB U TepeXpecTHHIX BRIGOpOK, 4TO, KO-
HeYHO, MOXeT ORITh W He Tak. JIns GOABIIHHCTBA TOBAPOB KPATKOCPOYHas M AOn-
rocpouHad MACTHYHOCTS CTipoca o JOXO0AY MOXeT 3HAYHTeALHO pasnudarscd. OaHa
H3 NPUYHMH 3TOTO COCTOMT B TOM, YTO XapaKTep PAcXOACB MOJBEpXKEeH BIHAHHIO
MHEPLUUH, KOTOPOe B KPAaTKOCPOYHOM MEpPHOAE MOXET MpeB3oHTH 3¢ddekTr Ao-
xona. Jlpyras npyyYHHEA 3aKTI09aeTCd B TOM, YTO U3MEHEHHE YPOBHS AOXOHA MOXET
0Ka3aTh Ha Pacxolbl KaK HemocpeAcTBeHHOoe (B BUIE M3IMeHeHUA OI0IKETHOrO Or-
PaHHYEHHS), TaK ¥ KOCBeHHOE BAMSHHE (33 cyeT H3MeHeHMS o0pa’la XH3MH),
NMpH4YeM KOCBEHHOE BAMAHHME NMPOMCXOAMT HaAMHOrC MEJIeHHee, 4eM npsamoe. B
KaYeCTBE NMEPBOrc NPUOMMKeH!s O0bIYHO CYHTAETCS, YTO PErpeccuu INA BPEMeH-
HBIX PSAOB, 0c0BeHHO ¢ HeGonbIIMMH MepHoJaMKu BWOOPKH, NAOT 1OKA3aTeNH
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KPaTKOCPOYHOH 3MaCTMYHOCTH, B TO BPEMS KaK PErpecCHH © HCMOJb30BaHUEM
JaHHBIX MEPEeKPEeCTHBIX BHIOOPOK AT MOKa3zaTeNd AONTOCPOYHONH 3MAaCTHYHOCTH,
(Bonee noapoGHO ATOT H APYrHe CBA3aHHbLIE ¢ HHM BONPOCH PacCMATPHBAIOTCA B
paGore 3. Ky u Ix. Meiiepa [Kuh, Meyer, 1957, pp. 380—393].)

Yapaxerue

5.10. OuexnTe norapupMHUUECKYIO PETPECCHIO PACXONOB HA BLIOpAHHBIN BaMH
NpOAYKT, BKNIOUHB B YpaBHEHHNE BpeMeHHOM TpeHA (HapAny ¢ AOXOOOM M OTHOCH-
TeNbHOM HeHoit). Ecth I npH3HAKH MYTLTHKOWTHHEAPHOCTH? YIydIIMIuCh JIH pe-
3yABTATHI?

5.6. KavecTBo oueHuBaHua: xoadpuument R2

Kak U B mapHOM PEerpeCCHOHHOM aHamu3e, KO3pbhULUEHT NETEPMUHAIIMK R2
onpeAensaeT ROMO JUCIIEPCHH ¥, OOBICHEHHYIO perpeccHeil, U SKBUBANEHTHO OIpe-
JenseTcs Kak senduuHa Var (F)/ Var (), xak {1 — Var (¢)/ Var (y)} unu KaK Ksaapar
K02 DULHEHTA KOPPENALUA MEXAY ¥ H §. ITOT K03 dHUUMEHT HHKOTAA HE YMEHb-
maercs (a 0GLIYHO OH YBeNUUMBAETCH) NpH A00aBNeHHH €llle OAHOK IepeMeHHOo B
ypaBHEHME PerpeCCHH, €CNTH BCE paHee BKOYEHHbIE OOBACHAIOUIUE IEPEMEHHBIE CO-
xpaHaioTcA. JIng HARIOCTPaUHH ATOTO NPEANONOXHM, YTO Bbl OLEHUBAETE perpeccy-
OHHYIO 3aBUCHMOCTB ¥ OT X, H X, M 1TONly4aeTe YPaBHEHHE BUAA:

$=a+bx +bx, (5.52)

I[a.nee, NPEANONOXKHM, 4TO Bbl OLHCHHUBACTC PErpeCCHOHHYIC 3aBHCHMOCTE ¥V TONB-
KO OT X, B pE3yabTare IMoAy4HB CACAYIOHICS,

§=a + b'x,. (5.53)
310 ypaBHEHHUEe MOXHO EPENMCaTh B BHAE:
$=d +b'x + Ox, (5.54)

Ecnn cpaeHuTh ypasHedud (5.52) u (5.54), To xo3hOHUIMEHTH B NepBOM H3 HHX
cBOGOAHO ONpPeNeNINCh C MTOMOIBIO METONA HAUMEHBIINX KBa/paToB HA OCHOBE
FAHHBIX UK ¥, X, W X, Tpy obecriede HMM HaUAyYLIero KayecTsa oueHkd. OaHako B
ypaBHeHHH (5.54) koadduimeHT npu x, 6bI1 MPOH3BONEHC YCTAHOBIEH PaBHBIM
HYMIO, ¥ OLIEHHUBaHHE He OyIeT ONTUMANBHEIM, ECIH TOJIBEKO MO CAY4aiHOMY COBMNa-
AEHUIO BEAUYHHA b, HE OKAXETCH PABHOM HYMO, KOraa oLeHKH 6yayT Takumy xe. (B
3TOM Cilyyae BEeNMUMHA g’ Gyaer pasHa a, a BenuMuMHa b," Gyaer pasHa b,.) Cneno-
BaTeNbHO, oOBIYHO KoadduiMeHT R2 OyaeT Bblite B ypaBHEHUH (5.52), yeM B ypas-
HeHHH (5.54), ¥ OB HUKOrIA He cTaHeT Hike. KoHeuHo, ecly HOBas nepeMeHHas Ha
CaMOM JIeJie He OTHOCHUTCS K 3TOMY YPaBHEHMIO, TO yBenuueHue KoxdduunenrTa R?
GyaeT, BepOATHO, HE3HAYHTENBHBIM.

Bbl MOXeETEe PELIHTD, YTO MOCKOALKY KOG PULIMEHT R? U3MEPSAET ROMIO AUCTIED-
CHH, COBMECTHO O0BACHEHHOH HE3aBUCHMBbIMM NepeMeHHEIMM, TO MOXHO Onpeae-
JHTH OTAEABHBIH BKJIAK Kak/IOil HE3aBUCHMOI MepeMeHHON M TAaKUM o0pa3oM Iony-
YHTE Mepy e¢ OTHOCHTENBHOH BaxXHOCTH. bolno 661 04eHb YO06HO, eCliH Gbl 3TO CTANO
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BO3MOXHBIM. K cOXalleHHIO, TaKoe palIoKeHHEe HEBO3MOXHO, €CJIH HEe3aBHCUMBIE
TIepeMEHHbBIE KOPPETHPOBaHbi, TOCKOIBKY HX OOBACHAINAA crIocoGHOCTR OyeT ne-
peKpHIBATECA. JTa ripofineMa paccMaTpHBaeTes B pasaene 6.2,

F-Tecrsi

B pazzene 3.10 F-teCT MCcnonp30Baics MiA aHaM3A gucnepcHu. Temeph, Koraa
Mbl MCIIOJIb3YEeM PErpecCCHOHHBIA aHANMH3 ANg AcleHHA AUCIIEpCHH 3aBHUCHMOI Me-
PEMEHHOI Ha «OOBACHEHHYIO®» M «HEOOBACHEHHYK)» COCTABASIONIME, MOXHO I10-
CTPOMTb F-CTAaTHCTHKY:

o ESS/k

I (5.55)

rae £S5 — obbicHeHHAA CyMMa KBRIPaTOB OTIKNIOHEHHH; RSS — ocraTounas (HeoObsac-
HEHHaA) CYMMa KBaIpaTOB; k — MMCHO CTeNeHeil cBOGOOL, HCMONB30BAHHOE HA
00msAcHeHHE. C MOMOIIBIO 3TOR CTATMCTHKU MOXHO BHITIONHUTE F-TeCT WIA ONpeae-
JIEHHMS TOTO, JeHCTBUTENbHO MH OOBACHEHHAS CyMMa KBanpaToR Gonblie TO#, KOTo-
Pasi MOXET MMETh MeCTO ciiyqaiiHo. JInA 3Toro HyXHO HAWTH KPUTHYECKNH YPOBeHB F
B KOJOHKE, COOTBETCTBYIOLICH K CTeNeHsM CBoGOAbI, U B PAAY, COOTBETCTBYIOLIEM
{n —k— 1) creneHsam cBoboasl, B ToOH MU MHOM uacTh Tabn. A.3,

Yauie Bcero F-tecT MCIIONL3YETCH LIS OLEHKH TOTO, SHAYHMO JIM OGBSICHEHHE,
JapacMoe YpaBHeHHEM B LieaoM. KpoMe Toro, ¢ DOMOMs0 F-CTaTHCTHK MOXHO BHI-
MOJHATD PSA AOTIONHUTENBHBIX TECTOB, YTO TAKXKE GYNET pACCMOTPEHO HHXE.

Vpasrerne 8 tienom

Ipu ocylecTBNeHHU F-TeécTa ANg YpABHEHUS B LIEJIOM MPOBEPAETCH, TIpeBHIILIACT
nu koabduumeHT R2 TO 3HAYeHHE, KOTOpoe MOXeT ObITh MomyYeHo cayyaiino. Mpo-
BEPHM, ABIACTCA JIK 3HAYMMOR COBMECTHAA o6BACHAIOmAS CIOCOGHOCTE kK He3aBK-
CHMBIX NepeMeRHbIX; TECT LI 3TON0 MOXET OHITE ONKCAH KaK npoBepKa HY/ISBOI I'H-

MOTE3bI:
Hy: By =B=..=B =0 (5.56)
B onpelleneHHOM CMBIC/IE ITOT TeCT AOMOJHAET [-TECThI, KOTOPhIE HCIONL3YIOTCA
1A MpOBepKH 3HAYMMOCTH BKJIana OTICAbHBIX CAyJYaHEIX [lepeMeHHbIX, KOr/a npo-
BepseTcst Kaxaad M3 runores B,=0,..,B,=0.
Ilpu pacuete F-CTAaTHCTHKH JJist YPABHEHHUSI B 1IeJI0M, BO3MOXHO, Ob110 Ob1 y106-
HO pa3zdeNnuTh YUCIMTENb H 3HaAMeHaTelib ypaBHeua (5.55) na TS5 (obmyio cymmy
KBaApaTOB), 3aMeTHUB, UT0 ESS/TSS pasuserca RZ, a RSS/TSS pasusercs (1 — R,
B pesynsTare MOXHO 3alHCaTh:

Fe Rk
(1-RY/(n-k-1)

(3.57)

B Tabn. 5.6 nokasan aHATU3 DUCIIEPCHH, HANIOCTPHPYIOIINK F-CTATHCTUKY IS per-
PECCHOHHOIM 3aBHCHMOCTH 0X0Aa OT 00pa3oBaHWA, CTaxXa paGoTH M BO3pacTa, nped-
crasnenHod ypaBHeRHeM (5.43).
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TaGnma 5.6

Cymma xeagparos  Yucno crenevait C.x.0,

OTRACOHGHIE (C.X.0.) ceolbagm AEAOHHER F-orarucriia
(MaH.) {cc.) HaC.C.
Dbsrcreno 8§, Xn A 20749 3 69,16

69,16/5,70=12,1
Ocrarox 91,18 i6 570

Kputueckuit yposeHb F ¢ 3 u [6 creneHamu ¢cBoboabl npH ypoBHe 3HAYMMO-
¢t B 1% cocraBnger 5,27; Takum ofpazom, F-cratmeTeka, paBHas 12,1, ykaseipa-
€T HA 3HAYMMBIA YpOBEHb OGBACHEHMA.

Hanureiiimnss avamma aucnepeni

IoMuMO ApoBepKH YpaBHEHHMA B 1IEIOM F-TeCT MOXHO HCIIORB30BATh IS OI-
pelleneHusa 3HAYMMOCTH COBMECTHOrO IpeeNbHOro BKAAAA IPYIINEl MEPEMEHHBIX.
TlpenmonoxuM, ¥TO BbI CHAYyala OLIEHHBAETE PErPECCHIO ¢ X HE3ABUCHMBIMH [1epe-
MEHHBIMH U OOBACHEHHAA CyMMa KBaaparos coctaenser ESS,. 3areM Bbl noOabBns-
eTe elle HECKONBKO MepeMeHHBIX, J0Beas UX ofllee YHUCAO #0 m, H oOBACHEeHHAA
cymMMa KBajaparoB BospacraeT a0 ESS,.. Takum o6pa3zoM, BEl OORACHUNN JOMONHH-
TeJBHYO Benwduny (ESS, — ESS,), UCrione3oBae Ut 3TOT0 QOTIONHUTENEHBIE (M —
k) creneneii cpofonn, ¥ TpedYeTCA BHIACHHTH, NPEBBILIAET JH JAHHOE YBEIHYE-
HHUE TO, KOTOPO€ MOXET GLITE MOMYYEHO cayvaliHo.

BHOBBL Mcnone3yeTcsa F-TecT, ¥ COOTBETCTRYIOLIAA F-CTAaTHCTHKA MOXeT OHTh
ONnKCcAHa CACAYIOUMM 06pa3oM:

YmpLiaHie RAYECTER YORBHENM] Yhiero HOTIBI0BAHHSY CTONSHER CRODOR
F= HeobbACHEHHAR CYMMMa KBADATOB OTKAHEHW] DCTRELIGOCH WG/ CTEncHEH caobons - (3.58)

MNockoneKy RSS,, — HeoOBACHEHHAsA CYMMa KBAAPaTOB OTKIOHEHUH B YPaBHEHHM CO
BCEMH M NEPEMEHHBIMH — paBHAeTCA (755 — ESS,) H RSS, — HeobbacHeHHas CyM-
Ma KBaJipaTOB OTKJOHEHHH B YpaBHeHHH ¢ Kk MepeMeHHbIMU — paBHsieTca (755 —
—ESS,), ynyquieHHe Ka4ecTBa YPaBHEHHA MpH NoGapacHHu (m —Kk) NepeMEeHHbBIX,
NPEACTABNIEHHOE KaK pasHOCTh (£S8S, — ESS,), 3anuceipaeTcs B BUAE BHPaXeHHA
(RSS, — RSS,). CnenoBate/ibHO, COOTBETCTBYIOWAsH F-CTATHCTHKA PABHA!

_ (RSSy — RSSp) / (m—Kk)

F=Rssy ftn-m-1) (5.59)

# B COOTBETCTBHH ¢ HYNCBOHU rMNOTE30 0 TOM, YTO AOMONHHUTENLHDIE [IEPEMEHHEIE HE
YBEJIKYMBAIOT BOIMOXHOCTH O0DbCHEHKA ypaBHEHUS, OHa pacrpeleneHa ¢ (m — &) #
(n~k — 1) crenenamy ceoGonsl. B Tabn. 5.7 gaercsa aHanu3 Tabauup aucnepcuit ans
COBMECTHOTO [PEACNBHOIO BKITANA HOBBIX MEPEMEHHBIX,

Hampumep, BepHeMcA K KCNepHMEHTY no Metoay Monte-Kapno, B koTopoM
10X0f1 3aBMCHT OT NPOAO/DKMTENEHOCTH 06yyeHns, cTaxa paborel M BospacTa. OleHKa
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TaGnuua 5.7

Cyamea Yuono

C.x0,
KBARLATOD CTeneHeN
OTRTONEHHT 806 AeneHran F-cratucring
HE C.C.
fc.x.0.) {c.c.)
Oj:ﬂcmﬂo HEXOqHbIM ESS, & ESS, [k ESSy [ k
Ocrarox RSS =TSS-£SS, 1-k-1 RSS, j(n-k-1)
RSS,; — ASS
OCBACHEHO HOBBMH  poo _£ss,=RSS-ASS, m-k ok B%m
TIEDOMONI LM m-k
(RSSy — RSSpy) / (m—k)
Ocrarox ASS -TSS-£55, A-m-1  RSS, /in-m=1) RASSp /(n-m-1)

MapHOH perpecCHOHHOH 3aBHCUMOCTH A0X04a OT NMPONOKHTENbLHOCTH 00yueHUA
nmaet ESS, papyio 90 020 000, T.5Scoctapuna 298 630 000, a RSS= 208 650 000 (rabn.
5.8).

Kpuruyeckoe 3Havenne Fc 1 1 18 creneHaMu cBoGOAR NMPU YPOBHE 3HAYUMO-
cTH B 5% pasno 4,41, a npu yposue 3HauHMocTH B 1% coctaBnser 8,29. Takum
06pa3oM, MoleNb, BIIIOYAIOLIAS TOABKO INPORO/DKMTEIRHOCTD O80yueHns, obecne-
YHBaeT 3HAYHMOe OOBACHEeHHE NMPH YPOBHE 3HAYHMMOCTH B 5%, HO He B 1%.

Ecnu Tenepes pacCMOTPETH PErpPeCCHIO, BKIIOHAKILYIO Takke X H A, TC MOXHO
NpOBEPUTH 3HAYKMOCTb UX COBMECTHOTO NMPEAENBHONO BKIana. Mut uMeeMk =1, m=3,
u RSS, =91 180000 (cm. Tabn. 5.8). CnenoBatensHo, (RSS, — RSS,) cocrapnaser
117 470 000. Yncno creneneit crobonw noche nobarncHua X M A pasusiercs 6.

3HaueHUe F-cTaTHCTHKHM paBHO 10,31, a kpHTHUeCKOe 3HadeHHe Fc 2 1 16 cre-
neHAMH cBOGOAEI NPU YPOBHE 3HAYMMOCTH B 1% coctasnser 6,23. TakuM oGpa3soM,
npu gobasneHu X U A HaGnopaeTcs SHAUMTEBHOS YAYYIIeHHE B O0BACHEHHH JHC-
MEPCHH V.

TaGnuua 5.8
Cymma xaagparos  Yweno crenewedt Cko.,
OTKAOHOHWH (£.X.0.) croSonn JONOHRER F-crarwcrnxd
{man.} fe.c.) Ha C.C.
OBvacHeH0 8 90,02 1 90,02
90,02/11,59=7,77
Ocrarox (kpome S) 208,65 18 11,59
Obnacrero X u A 117,47 2 58,74
58,74/570=10,31
Ocrarox 91,18 16 5,70

{xkpome S, X u A}

162




3aBNCUMOCTL MexXay F- u t-cratucrukamu

IpeanonoxumM, YTo Bhl OLIEHKUBAETe PEIPeCcCUi0 ¢ HECKONLKUMHU OOBACHAIOLIU-
MH NePeMeHHBIMH, 3 3aTeM TIOBTOPALTE pacyeT, OTOPOCHB oaHY M3 HUX. Mcnoneays
pa3zHUIY B OOBACHEHHON CYMME KBaApaTOB, MOXHO BRIIONHHTDL F~TeCT AnA Opeacnb-
HOro BK/Jaja He3aBHCHMOH nmepeMeHHOoH, KoTopas Opna otOpoiieHa. MoXHo noka-
3aTh, 4TO TaKoM TeCT DKBHUBAICHTEH ABYCTOPOHHEMY [-~TECTY IS TMIOTE3B O TOM,
qT0 1A 3Toil nepeMeHHOH B nMepBoHavanbHOW perpeccu p=0.

JpyriuMu cnoeamu, -TecTrl 0GecneynBaioT 3G GEKTHBHYIO TPOBEPKY NpeaeabHO-
ro BKJIaga Kaxmoii nepeMeHHOMH Npy JONYIEHMH, YTO BCE APYTHE MEPEMEHHRIE YXKe
BKIIOYEHBI B YPABHEHHE.

Ecnu obpacHA©INME CIOCOOHOCTH HE3aBHCHMBIX MTEPEMEHHEIX MMePEKPEIBAIOTCA,
TO NpeNeNbHbIX BKNIaA B OOBICHEHHE NPH AOOABACHHK KAXIOH K3 HUX MOXET OKa-
3aThCH COBCEM HeGonpluMM. OTCIOIA BIIOJIHE BO3MOXHO, YTO -TECT s KAXKIOH ne-
PEMEHHONA OKAXKeTCH HE3HAYHMEIM, B TO BpeMA KakK F-TecT A1 YPaBHCHUS B LIEHOM
BIIOJIHE 3HAYKM,

HanpuMep, paccMOTPHM BHOBB 3KCTEpPHMEHT no Metony Mourte-Kapno (ypas-
HeHHe 5.44), rie OoUeHMBAeTCs PEerpecCHOHHAA 3aBUCHMOCTH Hoxoxa (y) oT npo-
JoxurenbHocTH obyuenns (5), craxa paGorer (X) u Bospacra (A):

§= —7524 + 7815 — 207X" + 6644; R2=0,84. (5.44)
(c.0.) (4202) (529) (538) (476)

Tpu 16 crenexsx cBoGOABl &-TECTH MOKA3BIBAIOT, YTO HH OIHH K3 KO3DOHIMEHTOR
He OTIMYAETCA 3HAYMMO OT HYIS TNPH YPOBHE 3HAYHMOCTH B 5%. TeM He MeHee
koadpurteHT R 2 paseH 0,84, u cooTBeTCTBYIOUHIt F-TECT 3HAYKM NPH YPOBHE 3HA-
yuMOCTH B 1%. Pe3yabTaTsl OLEHKH perpecCHi OKA3BIBRIOT, YTO COBMECTHAR 0OBAC-
HSIOMAY CIIOCOBHOCTD HE3aBUCHMEBIX NEpEMEHHBIX BbICOKA, HECMOTPs Ha TOT dakr,
49TO HE MPEACTABNACTCA BOSMOXHBIM BHACTKTE BAHAHHE KAXKI0H U3 HUX. DTO Heyau-
BHTENEHO, TIOCKONEKY B PACCMATPHBAECMON MOZENH HaOMIONANACh BHICOKAA CTElEHb
MYILTHKOJUIHHEAPHOCTH, BBI3BAHHOM TOYTH CTPOroil MHHeHOH 3aBHCHMOCTLIO MEXIY
§, X'u A, a aucniepcus cayyaiHoro wieHa 6sua Gonbiuoit,

CroppexTupoBanHbist kosgguumnenT R?

Ecny BH NOCMOTPHTE HA PAcTevyaTKy YPaBHEHMI PETPECCHHU, TO MOYTH HABEPHA-
Ka HaiigeTe pagoMm c koddduuueHToM R?Z rokasarenb, KOTOPBI HA3BIBAKT CKOD-
pexmuposaribim xoadhduumenrom R 2 (adjusted R?2). MHOrma ero Takxe Ha3blBaloT <HC-
npaBneHHbIMe XKoagguyuenmom R2, x0T 3TO olpeneneHue HE O03HaYaeT, MO MHE-
HMIO MHOTHX, 4TO Takoi KoadpHUKeHT yayulueH 110 CPABHEHHID ¢ ODBIYHbIM.

Kak ormeyanocs B pasgene 5.2, npu noGaBneHUN OOBACHAIOIEH TIEPEMEHHOH K
YPaBHEHMIO perpeccuy KoadhduumeHt R 2 HUKoraa He ymeHbuIaeTcs, a 0OLIYHO yBe-
nuusaeTcs. CxoppekTHpobaHHBIH KoadduuueHT R ?, KOTOpbIH 06KHYHO 0603HAA-

=2
0T R, obecneuuBaeT KOMIEHCALIMIO IS TaKOro aBTOMAaTHYECKOro CABMIra BBepX My-

TEM HANOXKCHMA <«LuTpadas 33 yBeIHUEHHE YHUC/Ta HE3ABMCHMBIX MEPEMEHHbIX. DTOT
kK03 dhHUIUEHT ONPEnenseTcs CNeAYIOIMEM 00pasoM:
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=2 n-1 n-1 k k

R =1-(-R? = R? - =RP-—— _(I-RY),

( )n—k—l n-k-1 n—-k-1 n—k—l( ) (5-60)

rae X — YUCNO He3aBUCHMEBIX NepeMeHHBIX, [1o Mepe pocTa &k yRenHMuMBaeTCA OTHO-

mweHue k/(n—k— 1) H, cnepoBaTeIbHO, BO3PACTAET pa3Mep KOPPEKTHPOBKH KO-
abduumueHTa R? B CTOPOHY YMEHBILEHHA.

MoxxHO nokKasaTth, UTO AoGaBneHHEe HOBOH nmepeMeHHO! K perpeccHy NPHBERET

=2
K YBCIHUMEHHKD R, ecnu ¥ TOABKO ecH COOTBETCTBYIOLUAN #-CTATHCTHKA Doblie

eayHuubl (unu Meublue —1), CnenoBarenbHO, yBENHYEHHE 7 NpH O00aBNEHHH

HOBOM IepeMeHHON Heobs3aTeIbHO O3HAYAET, YTO €€ KO3POHUHUEHT 3HAYHMO
OTNHYaeTCA OT Hyas. [103TOMY OTHIONL He CAEdyeT, Kak MOXHO 6uno 68 npeano-

NOXHUTh, YTO YBEIHYEHHME R O3HAYACT yIAydlIEHHE crneunpHKaUHH YpaBHCHH:.

. —2
D10 ABNAETCA OAHOM M3 NPUYMH TOrO, MOoYemy R° HE CTan WMPOKO HCIONb30-

BaTbCA B KAUECTRE JHATHOCTHYECKON BemuHHBL, JIpyrast IpUYHHA COCTOUT B YMEHb-
WICHHU BHEMaHHA K caMoMy KoadduureHTy R 2. PaHee cpean 3KOHOMHCTOB HabJiio0-
Jajnach TEHAEHLUMA PacCMATPUBaTh KoadduumuenT R2 B KayeCcTBe OCHOBHOTO WHIH-
KATOpA yCnexa B cneundukauuy Mogean. OaHAKO HA TpakTHKe, KaK Oyaer rnokasa-
HO B CICAYIOLIHX ITIABAX, JAXe [IJI0X0 ONpelefeHHAS MOJENb PErPECCHH MOXET JaTh
BbicoKHH koathhuument R2, ¥ mpu3HaHKWe 3TOTO (PaKTa NMPUBENO K CHIDKEHMIO 3HA-
qyUMOCTH R2. Tenephb oH pacCMAaTPUBAETCH B KAY¢CTBE OAHOTO M2 LIEIOro psia JHar-
HOCTHYECKHX TIOKA3aTeNei, KOTOPRIE IOJKHB! ORITh IPOBEPEHbI MPH NOCTPOSHHH MO~
AcNH PeTpeccHH, M, BEPOSITHO, KAK OAHH U3 MeHee BAXHEIX. CleI0BaTENBHO, H KOP-
PEKTHPOBKA 3TOro KO3dpuiiMeHTa MaJo 4YTO AaeT.

YrpaxHeHus

5.11. Bemmumnua koadhduumnenTa R2 B norapudmMuleckoit perpeccun Mexay pac-
XODaMH Ha NMPOOYKTH! TMTAHMSA, PACTIONAracMbIM JTHYHBIM JOXOAOM H OTHOCHTC/h-
HO¥ LIEHO# MPOIOBONLCTBUS (CM. YpaBHeHHE 5.26) cocrapuna (,9867. ITposepbTe, uTo
KpuTepHit F okazancsa npubGIHIHTENRHO paBHEIM $20,]1 M OLEHHTE €ro 3HAYUMOCTH
(820,1 asnaerca dakTUYECKUM 3HAYEHHEM KPpUTepUs F; HHCAO0, KOTOPOE Bbl BHIYHC-
JuTe Ha ocHOBe KoadduuueHTa R 2, 6yaeT HECKONBKO OTAMYATECS OT 3TOM BEMHYH-
HEBI H3-33 OIIHOKHK OKPYTIEHHS).

5.12. TTposeprTe, YTO KpUTEPUH F B COOTBETCTBYIONIEN perpeccHH AN BhIOpaH-
HOrO BAMH ToBapa (CM. YIIpaXHeHHe 5.6) 6L NPABHALHO BBIMHCICH Ha OCHOBE KO-
aboduimenTa R2, ¥ NPOBEPLTE €10 3HAYUMOCTb.

5.13. CyMMa kBaapaToB OTKIOHEHHIH B PerpeccHy B ynpaXHeHHH 3.6 okasanacs
MeHbIIE TOM, KoTopasi Gbila NONYyYeHa B OUCHKE PerpecCHOHHOIM 3aBUCHMOCTH pac-
XOJIOB Ha BRIOpAHHBIM BAMH TOBAp OT pACMONAraeMore THYHOTO JOXOIA B YIIpaXKHe-
HYM 4.2, Ucnonbayiite F-TecT Ang OUEHKH 3HAYHMOCTH YMEHBIUCHHS YKa3aHHOMH
CYMMBI. BTOT TECT 3KBUBAIEHTEH HEKOTOPOMY TECTY, KOTOPBIil BRI YK€ BhITIONHSIH;
0OBACHHTE, O KAKOM TECTE WIET Peyb, U [POBEPbTE WISHTHYHOCTE CAEAAHKBIX BbI-
BOJIOB,



CNEUNDUKALIUA NEPEMEHHbIX
B YPABHEHUAX PEMPECCUM:
NPEABAPUTEIIHOE PACCMOTPEHHE

K xakum pe3ynpTaTaM NpHBEACT BKAQYEHHE B YPABHCHHE PETPECCHH NepeMEHHOIH,
KOTOpO# TaM He HOJKHO ObITh? KAKOBH NOCNEACTBHA HEBKIIOYEHMA NEPEMEHHOM,
KOTOpas AOXHA TaM NPUCYTCTBOBATH? YTO Npou3oiineT, ecny npH HAMUYMH TPYA-
HOCTell B MONCKE MCXOAHEBIX NAHHEIX Bbl PENIATE HCMOAL3OBATE BMECTO HUX «3aMEHH-
Tenn»? B naHHo#l rnaee, npeacrapasioweit co6oit MpeABAPHTENLHYIO NONBITKY pelite-
HHA 3THX BOMPOCOB, OCHOBHOC BHHMAHHE COCPEOOTONEHO Ha MOCNCACTBHAX Heflpa-
BHJIbHOI CrieH(DUKALMH NepeMeHHOM. bonee croXHsIll npeaMer — NpoUSaypPa Bhi-
6opa Momenn — GyAeT FaTPOHYT B NMOCAENHEH INiase KHUIHM.

B rnaee noxa3saHo, KakuM o0pa3oM MOTYT GuITh MpOBepeHs! ITPOCTeiiluKe OrpaHu-
YeHUR N0 NapaMeTpaM. [napa 3aBeplaeTca pacCMOTpEHHEM NpobneM BeeaeHNA e~
peMeHHBIX C 3ana3asipaHueM (1aroM) H ONHCaHHA $aKTOopa BpeMSHH B MOZEAX, OC-
HOBaHHbIX HA TAHHBIX BPEMEHHEIX PALOB,

6.1. Monenuposahune

ITocTpoeHKe 3KOHOMHYECKOH MOAENH BKIIOYAET CEIHGHKALINIO COCTABASIOINX
¢e COOTHOWEHMH, BEIGOD NepeMeHHbIX, BXOAYIIMX B KaXKA0e COOTHOIIeHHe, a TaK-
XKe OfipefieNICHHE MaTeMaTHUECKOH QYHKIHNK, TpescTaBAAIOLICH KaXioe COOTHOME
Hue. Iocneanuit 3neMeHT GblN pacCCMOTPEH B [NaBe 4 M 3aTeM cilte pa3 B raase 5. B
NaHHOM rNaBe Mbi pACCMOTPHM BTOPOH H3 BolilieNepeyrCICHHBIX 2NEMEHTOB B Gynem
nO-npexHeMy NPeAnosaraTh, 4T0 MOAENh COCTOMT TONBKO H3 OAHOIO YpaBHEHMs.
Bonpoc 0 npMMeHEHNH perpeCCHOHHOIO AHANM3Aa B MOENSAX, COCTOALLMX U3 CHCTEM
OJHOBpEMEHHLIX YpaBHeHHi, 6ymeT paccMoTpeH B raase 11,

Ecnu TO4HO M3BECTHO, KAKHE OOBACHAIOWHNE NEPEMEHHLIS BOKHE! ObITh BKIHO-
YeHbl B YpaBHEHHE NPH NPOBEJSHHMHM PETPECCHOHHOTO aHaAK3a, TO Halla 3aKava —
OTPAHHYHUTBCA CLIEHMBAHMEM MX KO3(P(PHIIHMEHTOB, OnpeleleHHEM NOBEPUTENBHBIX
MHTEPBANOB JNS 3THX OLEHOK M T. A. OAHaKO Ha NMPAKTHKE Mbl HUKOIZA HE MOXEM
6LITh YBEpEHbl, ¥TO yYpaBHeHHe cne{KPUIIKPOBAHO NPABUNLHO. IKOHOMHYECKAH Te-
OpHA JONIXKHA YKAIbIBATh HATIpaBieHKe, HO Teopus He MOXeT BrlTh coBepiieHHo#. He
Oyay4u YBEPEHHBIMH B Hel{, MBI MOXeM BRIIOYUTD B YPABHEHHE NepeMeHHbIe, KOTO-
pbIX TaM He JOJXKHO OLITh, M B TO X€ BpeMs Mbl MOXEM He BIJIIOMUTS JPYIHE fiepe-
MeHHbIE, KOTOpbIE NOMXHLI TAM MPUCYTCTBOBATD.
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CaoiicTBa OLLeHOK KO3dHpULIMEHTOB PErpeccui B 3HAYMTENbHOK Mepe 3aBUCAT OT
MPAaBMILHOCTY crieliMbUKALUM MoaenH, Pe3ynpTaThl HEMPaBHABHOMK ciredUKaUMM
NnepeMeHHLIX B YPABHEHHH MOTYT ORITE B 0G00UIeHHOM Bijie BHpaXeHbl CASIYIOUIHM
ofpazoM,

1. Ecnu onyileHa nepeMeHHad, KOTOpasA NODKHa GbITh BKIIOYEHA, TO
OLIEHKH KO3((HUHEHTOB pPEerpeccHM, BoobLIe rOBOPS, XOTH M He BCerpa,

0Ka3bIBAIOTCA CMELIEHHHMH. CTanaapTHele OIHOKY Ko3dHHLIMEHTOR 1 CO-
OTBETCTBYIOLIME /~TECThbl B LIEJOM CTAHOBATCA HEKOPPEKTHBIMU.

2. Ecnu BmOYeHa nepeMeHHasi, KOTOpas He JO/DKHA NPUCYTCTBOBATh B
YPaBHCHHH, TO OLEHXM KOPDULHEHTOB perpeccHi OYAYT HECMECHHRI-
MH, OOHAKO, BOCOIUE roBopa (XOTA W He Bceraa), — HeIPGhEeKTHBHBIMH,
CraHaapTHbie omuOKU OyAyT B 1eOM KOPPEKTHEI, HO H3-3a HeabhdeKkTHB-
HOCTH PErpecCHOHHHBX OUEHOK OHM OyIyT MANHIIHE OOJNbItUMH.

MRl HaYHEM € pacCMOTpeHHUs ITHX ABYX C/AYYaeB, a 3aTeM Iepeitnem K Gonee
IIMPOKKM acleKTaM CrielndHKALUKH MOAEITH.

6.2. BnugHue oTCYTCTBUS B YPAaBHOHMU NepeMeHHOM,
KOTOpas ACMXHA ObiTb BKNIOYEHA

Tpobnema cmelljeHnsa

[IpeanonoxuM, 4To nepeMeHHasn y 3aBUCHT OT ABYX NMEPEMEHHBIX X, H X, B COOT-
BETCTBHK C COOTHOLIEHHEM:
y=oa+phx +Bx, +u (6.1)
OQHAKO BhI HE YBEPEHbI B 3HAYHMOCTH X,. CUMTadA, YTO MOAENb HOJKHA BHITNAAETh
KaxK
y=a+px tu, 6.2)
Bbl OUEHHBALTE pErpeccuio
F=a+bx (6.3)

u BeluMcnneTe b, no gopmyne Cov (x;,y)/Var (x;) BMECTO NpaBHALBHOIO Bbipaxce-
Hu#s, DaHHOTO B ypaBHeHuH (5.12). [To onpenenenmio, b, 9BngeTCA HECMELICHHOI
oueHKOH BennauHb B, ecnu E (b)) papuaerca B,. [IpakTHYeCKH, €CIH COOTHOWE-
Hue (6.1) BepHO, TO

Covi(x;, 1) _ Cov(x),%3)
E{ Var(x,) }"B”ﬁ? Var(x) 6.4)

CHavyana MBI JaJUM MHTYUTHBHOE OOBACHEHME 3TOrO, a 3areM — GopMansHOE H0-

Ka3aTeNbCTBO.
B paszene 5.2 nmokasaHo, 4TO €C/iM OMYCTUTH X, B PETPECCHOHHOM COOTHOIUEHUN,
TO NepeMeHHas x, GyAeT UrpaThk ABOHYIO PONb: OTPAXAaTh CBOE MPAMOE BIMUSHHE U
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3aMEHATH MIEPEMEHHYIO X, B OTTHCAHHMH €€ BAHAHKA. JlaHHOE KaXylleecs onocpeno-
BAHHOS BAMAHHE BETHYMHBI X; HA y OYAET 3aBHCETh OT ABYX (DaKTOpPORB: OT BUAMMON
CNOCOGHOCTH X, MMMTHUPOBATh JTOBEACHUE X, M OT BAHSHHS BEIMYMHBI X, Ha ).

Kaxyuasnca cnocoGHOCTE NEPEMEHHON X; OGBLACHSTH NOBENEHHE X, OTpeaens-
eTc koathpUUMEeHTOM HAKIOHA A B NCEBAOPErpeccUH:

%) =g+hx, (6.5)

BennuuHa h, eCTeCTBEHHO, PACCUHTBLIBACTCA NPH NOMOLIK OORIYHON (GOpMYABl WA
napxoii perpeccuu, B 1aHHoM cny4ae Cov (x,, x,)/Var (x,). BausHue pennyuuHbl X, Ha
y onpenenaercs ko3dduiumentom B,. Takum obpazom, adpexkT uMuTalnU nocpen-
CTBOM BeNUWYUHBI §, MOXeT ObITh 3anucaH Kak B,Cov (x,, x,)/Var (x,). [Ipsamoe paus-
HMe BeNIMYHHEI X, Ha y ONUCHIBAeTCH ¢ NoMoIbio B,. Takum o6pa3omM, npy olleHUBa-
HUM PErPecCHOHHOM 3aBUCHMOCTH Y OT NiepeMeHHOM x| (6€3 BKIIOUEHUA B Hee nepe-
MEHHOM X,) koaphduitmeHT Mpu x; onpeaensieTca HOPMYIIOiA:

B, + B,Cov (x,, x)/Var (x;} + Ownbka sbiGopxy. (6.6)

Ipu ycnoBuMu, 4To BENHYHHA X, HE ABNAETCA CTOXACTHHECKOM, OXKUAaeMbIM 3Ha-
yeHHeM K0xbpULKeHTA OYIeT CyMMa NIepBLIX ABYX WieHOB 310k hopmynal. [IpHcyT-
CTBHE BTOPOI'O CIAraeMoro MpearnosaracT, YTo MaTeMaTHUSCKO: OoKHAaHKE KoadhdH-
upeHTa OyaeT OTAHYATECA OT MCTHHHOH BENHMYHHM 3, ADYTHMH CJIOBaMM, OLEHKA
OynmeT CMEISHHO,

ey
BdodexT senmHHb
HenocpencTeeHHLIN Nad %
addrext x; npu Kaxywmincs addokT
NOCTOAHHOR Jg BaMYHHEE X,
aedicTevoLLEeR |

KAYECTEA 3AMEHUTENA X,

Puc. 6.1

@opMallbHOE AOKA3ATENLCTBO COOTHOWIEHUA (6.4) He npencTasndeT Tpyaa. Brinon-
HHM DAN TEOPETHYECKHX Mpeobpa3oBaHHA OLUSHKH b,:

b = Cov(x), y) - Cov(xy,[o+Byx; +Byx; +u]) -
Var(xl) Var(x;)

Var ( 3 ————[Cov(x;, o) + Cov(xy, Byx;) + Cov(xy, Baxz )+ Covixy,u) =

Var(x Varcey 0+ BrVarta) + BaCovii, )+ Covien, u)] =

Covixy,xs) . Cov(x,u)
Var(x;) Var(x)

=P +PB2 (6.7)

Ecnn senMuuHBl X, H X, ABNAIOTCA HECTOXAaCTHYECKHMH, TO MPH BHYUCACHHM Ma-
TEMATHYeCKOTO OXHIAHHA BEAHUHHE! b, NepBble ABa WieHa B ypaBHeHHu (6.7) oc-
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TAKTCA HEeM3MeHHBIMH, a TpeTHil 6ymeT paBeH Hymwo. OTclOxa MBI noayuaeM Gop-
Myay (6.4).

DTHM NOATBEPXAAETCA HALIl MHTYMTHBHLIH BBIBOA, YTO b, CMELIECHA HA BENUYH-
Hy, pasHylo B,Cov (x,, x,)/Var (x,). HanpaBneHue cmelieHns OyaeT 3apHCeTh OT 3HAKa
BenuyuH B, u Cov (x|, x,). Hanpumep, ecnu B, nonoxurensia, a TakKkKe MONOXU-
TelbHA KOBAPHALMS, TO CMELUEHHE GYNET MONOXHUTENbHBIM, a by OyIeT B cpenteM
OABATh 3aBbIlIcHHbIE OHEHKH B,. CamMOCTOATENHLHO BB MOXKETE PACCMOTPETh H IPYrUe
CITyyau.

EcTk, OOHaKO, OAMH HMCKMIOYMTENILHBIA CNyYad, KOTAA OLEHKA b, OCTaeTcs He-
CMelleHHOR. DTo chayyaercd, Koraa BRIGOPOUHAS KOBAPHALMA MEXAY X U X, B TOY-
HOCTH paBHseTcs Hymio. Ecau Cov (%, x,) = 0, T0 cMmeieHue ucueaaer, JehcTBuTeND-
HO, KO?(PPUUHEHT, HOMYYEHHBI# ¢ HCMOAb3OBAHHEM TAPHOH perpeccHm, Gymer
TOYHO TAKHM Xe, KaK €ClIH Obl BEI OHEHWNH NPaBUALHO CHELHPULUPOBAHHYIO MHO-
XECTBEHHYI0 perpeccuio. KoHeyHo, BeuiHA CMELLEHHS 30eCh PABHAAACH Obl HYNIO
M npu B, =0, HO B 3TOM Cllyyae HENpPaBUALHOMN CREeU(pPUKANMM He BOZHUKAET.

HernpumeHnmMocTs CTaTueTHIeCKkux 1ecTos

JIpYTUM Cephe2HBIM CNEACTBHEM HEBKJIIOYEHHS MEePEeMEHHOI, KOTOpas Ha CAMOM
Aene NOMXHA MPHCYTCTBOBATE B PEIPecCHH, ABRNAETSH TO, uyTo GopMynbl IAa CTaH-
JapTHBIX OWHOO0K K03(h(PHLKHEHTOB U TECTOBLIE CTATHCTHKH, BOOGILE TOBOPS, CTa-
HOBATCA HENPHUMEHUMBIMH, JT0, pa3yMeeTCd, 03Ha4YaeT, YT0, OCHOBLIBASACH Ha I10-
JIYYEHHBIX pe3yALTATaX OLIEHKH PErPECCHM, B IPHHLIMITE HENb3S 3aHUMATLCS NMPOBEP-
KOl Kakux-nuGo rumorea.

UnmocTpaums, OCHoBaHHas Ha metone Mownre-Kapno

[TpoBeNeHHBIN HAMK AHANM3 MPOHJIOCTPHPYEM [IPH NMOMOIUH 3KCIEPUMEHTA,
ABAAIOINErocs ONHOM U3 BapHauuii Mmetoaa MoHnre-Kapno, paccMorpeHHOro B pa3-
aene 5.4. TIpenmonoxuM, 4TC JOX0A B KAaKOK-TO CTpaHe OMPeNenaeTes MpoaoKu-
TeNbHOCTRIO O0yueHusa (S), MHIekcoM uHTennekTa (/) U cTeneHbo yaauyu, K oc-
HOBHOMY goxony, cocTapmsaiowemy [0 000, noGasnserca no 1500 3a kaxawlil ron
oByyeHHA cBepX MHHMMaNbHBIX 10 neT u no 250 3a kaxapiit 6ann 7Q cawime 85.
KpoMme Toro, uMmeetcsa eule daxktop ynayu (u):

y = 10000 + 1500 (S —10) + 250 (JQ —85) + . {6.8)
[Mocne ynpoieHus 310 YpaBHEHHE CTAHOBHTCH TAKHM:
y = —26250 + 15005 + 250/Q + u. 6.9)

ITepBbie TPY KOMOHKH B Tabn. 6.1 npefcTaBadioT JaHHbIE 1N BooGpaxaeMoit BbGop-
KH M2 20 yenopek. 3HayeHHA S U /( BHOpaHE! NpOH3BOAbLHO, HO OHH OKA3bIBAIOTCH
MONOXHTEABHO KOPPEMHPOBAHHEIMU, [TonoXuTeNbHAA KOPPENsLMA 3TUX BeMMYUH Ha-
GiomaeTcd BO MHOTHX CTpaHaX, M OMHHUM M3 obBbACHeHH!T (HO HHM B KOEM CNy4dae He
SMHHCTBEHHBIM) ARIASTCH TO, YTO CTYAHTH ¢ GONBUIMMH CIOCODHOCTAMM Yallle Bhl-
IepXHEBAlOT KOHKYPCHBIE 3K3AMEHEI, OTIpEAcNAOIINE PEATHHT And AOMycKa K Tpo-
JO/KEeHHWIO 00pa3oBaHHs. JHAYCHMA BEJMYMHLI & OBUIM OTIpeAeNeHb! IIYTEM IIOIyYe-
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HUA BRIGOpKN M3 20 HaONKACHKIT HOPMANBHO PACTIpeie/IEHHOM CIyaliHOH BenuYH-
HBI C HYAICBOH cpedHeli H eAMHMYHONW AMCHepCcHEdl H YMHOXEHHA KaXIoro Habmo-
Jenus ha 2000. B tabn. 6.1 nokasadsl TakKe KTOrOBbIE 3HAYCHHS BETHUHHBI ¥, [100Y-
yeHHbBlE No dopMyne (6.9).

HccenenoBarenb uayuaer ¢akTophl, onpeensoude J0X0% 8 AAHHOM CTpaHe, He
NOAO3peBas BaXHOCTH BeHYUHB [/, U OLeHKBAET NAPHYIO PETPECCHOHHYIO 3aBH-
CHMOCTDb JOX0J3 OT NPOAOKUTENBHOCTH O00y4eHHA B rogax;

J=a+bhs (6.10)
Tatawua 8.1
IrTnepHMENT | Sxcrepument 2
Hnaunsun
s o u y LN ¥
1 10 g5 1380 13880 100 15130
2 10 100 1560 18310 120 20310
3 10 100 ~3280 10470 105 11720
4 11 105 780 17280 100 16030
5 11 85 980 12480 125 22480
6 11 15 -340 18660 100 14910
7 11 a5 720 14720 115 18720
8 12 100 2640 19380 100 18390
g 12 100 -1240 15510 105 16780
10 12 110 340 19590 95 15840
11 13 40 20 15770 90 18770
12 13 120 -460 22790 105 19040
13 14 110 -1340 20910 100 18410
14 14 95 -1780 16720 95 16720
15 15 105 700 23200 95 20700
16 16 110 -560 24890 100 22190
17 18 100 380 23130 90 20830
18 17 125 4440 34940 105 29940
19 18 105 780 27780 B85 22780
20 19 105 1880 30380 100 28130
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HcecnenosaTens ONy4aeT pe3ynbTar:

§=—6418 + 19855, R1=0,78. 6.11)
(c.0) (3349) (248)

K HecyacTsio A MccnegoBsaTens, BeNWYHHH S u /Q xoppemiposaHbl. Jng naHHoit
BbISopKH Bhipaxenue Cov (S, /Q)/Var (S} paBHo 1,29, Takum obpa3zom,

Ey) =By +BZ_C9$§I‘%§1=ISDD+ZSOXI,29=1823. (6.12)

TMocKONBKY KCCEHOBATEND HEe BKTIOYWA B YPaBHEHHE BenUYUHY /Q, TO OUEHKA KO-
adbummenTa npu S OyaeT MMETh NONOXUTEALHOE cMelueHHe Ha 323. KoneyHo, dax-
THYECKH TIONYyMeHHAS OLIeHKA MOXET paBHAThcA 1823, Ho 310 OyaeT npocTo coBIla-
OEHHUEM, €CNIH ToNkKo GakTop yoaym NpHUMeET HYyNEeBo¢ 3HayeHUe, MEI BUIUM, 4TO
Hceneaosareb GakKTHUSCKH MOMYYMA HECKOJIBKO fojiee BRICOKYIO OLEHKY, PABHYIO
1685. Pasnnune 00BACHACTCA BAMSHHMEM OCTATOMHOTO YICHA B JaHHOM BHOOpKE.
Ecan 66 uccnegopaTens BKUIOYHA B YPaBHEHHS perpeccHH mepeMeHHyio 10, To
PE3YNLTaT OUECHHBAaHHUS U1 TOH Xe BHIGOPKH MOAYYHACA Obl CAeAYIOUIMM:

§=—29586+ 16405+ 2687Q0; R2=093. (6.13)
(c.0) (4155) (151) (43)

IMony4eHHBlE HCCACROBATENEM OLEHKH KO3thPHLHEHTOB OBUIH OBl HECMENICHHBIMK
M, 110 KpaliHel Mepe B JaHHOM CIIy4ae, cymecTeeHHo fonee GNM3KHMH K UX MCTUH-
HbIM 3HAYEHUIM.

OueBuaHO, YTO KAK MONYYEHHOE HCCIEAOBATENEM YpaBHEHHME PErpeccHH, Tak U
YpaBHEHHE, COCTABJICHHOE C MCNONL30BAHHEM MPaBWILHOH crieundHKaLHy, 3aBH-
¢AT OT paKTHYECKUX 3HAYCHUH cayvaliHoro yneHa B BuiGopke, u Obtno 6b1 Hecnpa-
BEIUIHBO NIPHAABAaTh OONBILOH BeC OMHOMY IKCNIEPHMEHTY, AAXKE CC/IH OH JaeT Npel-
CKa3yeMBIE PeIynbTaThl. B COOTBETCTBHH C 3THM AAHHLIA 3KCICPUMEHT ObLI NPOBE-
JEH ele 9 pa3 ¢ HCIONB30BAHUEM TEX XE 3HAYEHHH BeMHYHH S H /O B KaXIoM Ha-
GniofaeHUHM M TeX Xe 3HauYeHHUN BeAHvuH o, B, u B,, HO C PAINMUYHEIMH HabopaMu
cayyaliHbIX peanu3aumii 0CTaTOYHOTO YNeHa.

Pe3ynbTaThl OLLEHMBAHHA COOTBETCTRYIOIMX perpeccii aHbl B 06061eHHOM BIIe
B Tabn. 6.2. Y3 atoit TaGRULLI MOXKHO BMIETH, YTO (IOJY4EHHLIE pe3ybTATH NOATBED-
XKIAIOT HALUK MpexXHKe BuIBoIbl. HMcenegopaTens nonyvaeT oUeHKH Ko3dpULIHEHTOB
MpH S, KOTOPBIE NPOKU3BOJIEHO paibpocaHbl 0KOMO CMelteHHOro yMcna 1823 (ux cpen-
Hee 3HayeHWe paBHO 1854). [Npu npaBunbHOM cneuupHKaAUMK OLEHKHU pasGpocaHil
BOKPYT UCTMHHOTO 3HayeHud, pasHore 1500, Takue xe 3aMeyaHusa MoryT ObITH clie-
NaHbl OTHOCHTENBHO NOCTOSHHOI'O 4Y1€Ha YPaBHEHM.

A yTto 6Bl OpoH30WING, ecAM OBl HCCTEHOBATENb BMeCTO BelimuuHbl /O He BKMIO-
YMN B ypaBHEHHE perpeccuu nepeMeHHyo S7 B aToM ciyyae BennyuHa 7Q 4acTHYHO
IeitcTBoBana Onl B KayecTBe lepeMeHHOM cama 1o cebe 1 0TYacTH B Ka4YeCTBE 3aMe-
HHTE/s OTCYTCTBYOLL el MepeMeHHOI S, [TOBTOpeHHEM NPOBEAEHHOTO BHILUE aHANU-
33, MOXHO MOKa3aTh, YTO €& Ko3bPHUHEHT OHN Obl cMeWeH HA BEeNHYHHY
B,Cov (S, I1Q)/Var (IQ). TTockoneky B, = 1500 u Cov (S, IQ)/Var (/)= 0,104, 10
Ko3thdHUKeHT Gb1 Obl CMELLUCH BBEPX HA BeMIHYMHY, pasHyw 156, u ero martema-
THYECKOE OXHAAHHME cOocTaBao Obl 406, Takoil BRIBOA MOSKPEILILETCA OLeHHBAHH-
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€M PErpeccHM ¢ UCTIONb3OBaHMEM JaHHLIX M3 MepBoit YacTy Tabi. 6.1. B peaynsrare
OAYYUM:

P = —25488 + 43810; R2=10,47. (6.14)
{c.o) (11362) (109)
Tabnuua 6.2

He- CnounQuxaln HeeasgoBarens flpasnnvhan caelspnkainn

.qu:: ; ::]: c.0. & 2.0. f::; e.0. Ly c.0. Q c.0.
1 -6418 3349 1985 248 -20586 4153 1640 151 268 43
2 -6576 2718 1979 201 -19269 5067 1790 184 147 52
3 -1729 3880 1642 287 -27713 5150 1255 187 301 83
4 -1788 4070 1541 301 ~31621 1097 1097 155 345 44
5 -3752 3796 1774 281 -30785 4371 1372 158 313 45
] -7083 3483 2052 256 -32992 3352 1667 121 300 35
7 -7147 3038 1998 225 -22978 5330 1763 193 183 58
8 -6124 4075 1986 301 -34437 5005 1565 181 327 51
g 631 35568 1465 263 -21634 5254 1134 180 258 54
10 -B372 3263 2112 241 -30088 4386 1789 159 251 45

H&'ﬂp&ﬂﬂ&ﬁh& CMELLIERNST

Bosppamasce Kk obuieMy cay4yaio, Mbl BHAWM, YTO €CIM MCTHHHAA MOJENE BHI-
paxaerca ¢opmynoit (6.1), tie y — PYHKIIMA NEPEMEHHBIX X, U X;, H €CNIK B YPaB-
HEHHH PErPECCHH ONYCTUTD X,;, TO KOMMDULMEHT NPY X, CMELU2AETCS HA BETHYUHY,
paBHyio B,Cov (x,, x,}/Var (x,). [lockonbKy BesiMYuHa Var (x,) He MOXET GbiTh OTPH-
LATENBHOM, TO HANpPABNEHHE CMEILEHHs ONpelensiercs 3HaKaMH BeauyuH f, u
Cov (x,, x,). B npumepe ¢ akcnepumexToM no Metony Mowte-Kapno senmunia B, 66ina
NONOXUTENbHOM, a .§ B JQ HMeNH NOMOXUTENLHYIO KOPPEAALHUIO, O3TOMY CMelIe-
HUe OKa3aN0Ch MOMOXHUTEALHLIM, a HEBKIIOYEHUE NepeMeHHO /@ pHBeno K cuc-
TEMATHUECCKOMY 3aBblilieHUI0 KoadduuueHTa npu S. 310, 0AHAKO, He ACKHO O3HA-
4aTh, YTO CMELIEHHA 0043aTENbHO ABNAIOTCA NONOXHTENLHBIMU, Ecnu B, oTpuua-
TENbHA UMK XK€ OTPHLIATENbHA KOBapUAlLMA MEXIY X, K X,, TO cMmelueHue byner or-
puuatenbHsiM. ECTecTBEHHO, YTO ec/y 0be 3TH BEMMYUHB OTPULIATENBHBL, TO CME-
IleHHe B pe3ynbraTe OyAeT MONOXUTEALHBIM.

[pounncTpupyeM 3710 1IpY NMOMOLUM CACAYIOUICrD 3KCIEPUMEHTA MO METOLY
Monre-Kapno, asngoueroca MoaMdukaurel npeapayiuero skcnepuMeHTa. Mol
HCMIOMB3YEM TY X€ MOZENb onpelesieHua pa3Mepa aoxoda [ypasuenue (6.9)], Te xe
JaHHBIE 14 S M CIYYaHHBbIX peann3auuil 4, Ho Apyrue paHxele ans JQ. Tpeanono-
KHUM Terepb, YTO Mbl HAXOAMMCS B CTpaHe, rde HHAMBMAH ¢ HanGonee HHU3IKUMM
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CnocoOHOCTAMMU, OMNpeneNsIeMbIMN BeAMYMHOR [(), MPOXOAAT caMoe ANHTENbHOE
oByyeHne AN JOCTHXEHHS MMM OIHHAKOBOTO CO BCeMH ypoBHs ofpazosanuni, Ho-
BRl¢ ZaHHEIEe MO BenkuyHe [, ofoauayeHHble Kak (', JaHBl BO BTOPO#H YacTH
Tabn. 6.1. U3 Tabaniibl BHAHO, YTO BeAMMMHHN S ¥ /Q' OTpHIIATENLHO KOppENHpo-
BaHHI.

Tabnuua 6.3
OBBRCHMOLINE OuenKn (CTAHAIPTHHIE OLWHOKK)
OGMEHHNS Koncranra b, b, F- 3
S -35864 1776 312 0,89
(5808) {155) {44}
s 3309 1213 - 0,55
(3483) {258)
0 13875 - 54 0,01
(11070} {109)

B 1abn. 6.3 npHBeAeH ! pe3yNLTATE OLCHHBAHUS perpecciii: MHOXeCTBEHHOI per-
peccHi (IPAaBHABHO CeUH(HIHPOBAHHOM) ¥ ABYX NApHLIX perpecciil (HenpaBunb-
HO crienudrumpoBaHHMx). KoadbduuneHTs! 1ipu S 1 /OB napHbIX perpeccusax aHa-
YUTENLHO HHXE COOTBETCTBYIOIMX 3HAYEHUH k03D PHLIMeHTOB MHOXECTBEHHO per-
peccur. Ecnu onycTHTe nepeMeHHyo /Q', To cMewenue xo3dduIMeHTa perpec-
cuM npu § Gyner pasuuiM B,Cov (S, 7Q)/Var (§) = 250%(—1,80) = —450. Ilpu He-
BKNICYEHHH nepeMeHHOW § cMmemeHHe Ko3bduunenra npu 7Q° cocTaBuT
B,Cov (S, 7Q")/Var (IQ") = 1500%x(—0,145) = —217. OueBUAHO, YTO PE3YNBTATH
OLUEHHUBAHUA PErPECCHYU MNMOATBEPXAAIOT HALIM BHIBOAK.

HurtynrTusHoe obpacHeHHE TOBOPHT, YTO B COOTBETCTBHHM ¢ JaHHOH MOAensio
MHAMBHMIL! C ANMUTEILHBIMH CPOKAMK OOYYEHHA UMEIOT 33 CYET ITOTO OTHOCHTENLHO
BHICOXHIA AOXOH, HO OHHM B TO X¢ BpeMs 00bIYHO obnagaioT Oonee HN3KUM J(, a 3T0
YMEHbLUIAeT NX oxod. CnenoparTebHO, B ApHON PErpeCCHOHHON 3aBUCHMOCTH A0-
xoIa OT HakTopa NPOACIKHTENBHOCTH obyyeHUd 3hdeKT mocneaHero HeaqooUeHH!-
paeTcA. TOYHO TaK Xe HHAMBHALL ¢ BEICOKHM /@ NONY4aOT BCASNCTBHE 3TOTO OTHO-
CHTEeNbHO BHICOKHE ZOXOAbl, HO OHH B TO Xe BpeMA, KakK fIPaBHN0, HMEKT OTHOCH-
TeABHO KOPOTKHH CpOK 06yueHHS, Y10 COKpaltaeT X npeumytectea. OTCIONa B nap-
HO# perpecCHOHHON 3aBHCHMMOCTH A0XO0Ra OT BeAuuuHE JQ pausuue J( neqoorne-
HUBAETCA.

Huoraa 310 cMewmes e OLIBACT JOCTATOMHO CHALHEM N5 TOTO, YT00b] 3aCTABMTD
KO3 hHUMEHT perpeccy CMEHUTD 3HAK. JIonycTUM, YTo B paccMaTpuBaeMoit Moae-
M UCTHHHBIR Xoadduumenr npu JQ 661 paBeH 25 Bmecto 250, Henmonb3ysa Te Xe,
4YTO M paHbllte, RaHHse no 5 ¥ JQ', nonyyum cMemernue kosdpbuunenra npu JQ',
pasHOe —217, ecan nepemeHHas § onyuweHa. OTciolla MaATEMATHYECKOE OXHIAHUE
xoaddnumenta npu 1Q', paBHoe 25— 217 =—192, BMecTO MONOXHUTENBHOFO CTa-
HET OTPHLATENbHLIM. B 1abn. 6.4 npeacTaBneHb! pe3ynsTaThl OLEHHBAHUS TIPaBHIb-
HO U HEMPaBUNbHO crlienUbMUMPOBAHHLIX perpeccuit. B TpeTbeil perpeccun Koad-

172



et npu 7O peiicTeuTensHo otpuuarener (—171). (810 Heckoapko Goablie,
YeM MAaTEMaTHYECKOE OXMAAHHWE, M PACXOXISHHE 30eCh OOBACHASTCA HANWYHEM B
MOAEAH CHYYaHHOrQ YieHa.)

lTosenenmne aHa4eHns koagduumnenta R2 npu HEBKIIOYEHN
OOBACHSIOLLEH NEPEMEHHOM

B pasgene 5.6 yKa3nBanoch, YTO NPYU aHANH3E MHOXECTBEHHOI perpeccid HeBpo3-
MOXHO ONpefeNuTh BKN3A Kakaoil o0hacHAPILEH NepeMeHHOM B BENUYUHY KO-
duuMenTa R2, ¥ ceiyac Mbl NOACHUM, MOYEMY 3TO TakK.

Talnwua 6.4
ObvacHaoume Oyerryt (CTaHABPTHEE OWwHOK)

NEREMEHHE Koncranra b, b, At
S5, K -35864 1776 87 0,90

(5808) (155) (44)
s ~24898 1618 — 0.88

(1942) {144)

Qr 13875 - -177 0,12

(11070) (109)

CHauana MBI pacCMOTPHM JaHHYI0 npoGneMy, HCMOAL3YSA SKCIICPUMEHT MO Me-
tony MoHTe-Kapno «aoxoa—oGyueHHe—MHTeUICKT>, IIe NPOJO/KHTENBHOCTD 00y-
YeHHUA M BenuuuHa J MONOXUTENLHO KOppenupoBadbl. Mbl BUOSNH, 4TO IIpH oue-
HUB2ZHHM PErpecCHOHHOM 3aBUCUMOCTH BEMYHHBEI Y TOALKO OT BEAMHMHHB 5, 3HA-
yeHue kodpbunuenta R2 6eiao pasHo (,78; npu OllEHUBAHUM PETPECCHOHHOMN 33~
BUCUMOCTH Y TONBKO OT BenM4YuHbl /Q 3HayeHue KodppuuMeHTa R? paBHANOCH
0,47. O3HayaeT AK 3TO, 4TO BeIMYUHA S obbiacHaeT 78% mucnepcHH J0Xoda, a Be-
anunHa JQ — 47%? KoHeuHo, HeT, TaK KakK 3TO noapasyMmeBayio Gbl, YTO BMEcTe
oHM ofbacHaNK Obl 125% aucnepcuM, 4TO HEBO3IMOXHO. TIpakTHYecKH UX cOBMe-
cTHadA OOBACHAIOWIANA COCOBHOCTE, BhipaxeHHas Ko3ddulLueHToM R2 B0 MHOXe-
CTBEHHOH perpecchn [ypasHenne (6.13)], cocragasier 0,93.

OObACHEHUE COCTOMT B TOM, YTO B MAPHOH perpecCUM Mexiy HOXOAOM H Ipo-
BOJDKHUTEABHOCTBIO 00YUeHHS BENHYHHA S HrPaeT COGCTBEHHYIO POTb H OTHACTH POilb
3AMEHUTENs OTCYTCTBYIOLICH nepemenHoit 7Q (puc. 6.1). CaegoparensHo, xo3dhdu-
uMeHT R? nng NaHHO# PEerpeccHM oTpaxaeT obLIyio o6BACHAIOILIYIO CIIOCOBHOCTE Be-
JAUYHHEL S B 06EHUX 3THX POSISIX, 2 HE HEMOCPEACTBEHHYIO OOBSCHAIOIYIO COCOGHOCTL
nepemenHoi S. Otcioaa uucao 0,78 ABNseTCR 3aBLIIIEHHOR OUEHKOR nocaenHelt.
AHaJOrMyHO nNepeMeHHas fQ B MapHOH perpeccHH MeXIy AOXOAOM M ITOKAa3aTejieM
YPOBHA MHTeNAeKTA /() oT4acTH 3aMEHACT OTCYTCTBYIOLIYH) MEePEMeHHYIo S, U ypo-
BeHb Ko3dhKimeHTa R? B 3T0M perpeccun otpaxaer of1uyi0 00bICHAIONLYIO CIOC00-
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HOCTB B&JIHMYHHB FO B 06¢HX yKa3aHHBIX possAX, a HE NPocTe OGBACHAILYID CMNO-
cobHOCTL caMoi BeuuuHbl (.

B aaHHOM 3KcnepumMeHTe o Mereay MonTte-Kapio ypoeHH koxbdunMeHTa R2,
HaONOIABLIMECA B [IPOCTOM perpeccHHU, YBEIHYMBAOTCH 3a cuer 3pdekTa 3aMmelile-
HHA. B akcnepuMenTe no meroay MonTe-Kapno, peaynbTaThl KOTOPOro NMpHBEACHL! B
Ta6n. 6.3, npoucxoauT o6paTHoe. B 3TOM 3KCNIEpHMEHTE UMENA MECTO OTPHULIATE ILHAS
KOppensuua Mexny BesuumHamu S u 7@ B pezyabtare aToro koapHUENEHTE NpU
MEPEMEHHEIX B MAPHBIX PErPeccHsIX OKa3aMTHCh CMELIEHHMMH B CTOPOHY 3aHHXEHHS,
Beina nogopsaHa Takxe W MX KaXylasacs o0bsacHsaowas cnocobuoctb. IepemeHHas
S o6wscHsANa TonbKo 55% AucnepcHu Aoxona, a IQ' — toneke 1%. Takum obpa-
30M, BMECTE OHH OOBACHSNH ToNbko 56% aucnepcuu. B To xe Bpems kKoadbuum-
eHT R? B npaBHNbHO cneuuUUHPOBAHHOK MHOXECTBEHHOH perpeccHy nokaisl-
BACT, YUTO MX COBMeCTHAaA 00BACHAINAL CTOcOGHOCTE haKTHReCKH cocraBnana 89%.

B napHoii perpeccHM Mexay J0oXo4oM H BenuuuHoi TQ' atot adpexT G611 oco-
GeHHO peskuM. Pazpyunarouuit sddexT oreyrerBus nepemeHHol S B GYHKIMHK no-
YTH YPABHOBSCHI NPAMOE BIMAHME NepeMeHHoOi JQ' B pesyabTare 4ero Koadodu-
LHEHT PErPeccCHH COCTABMI JIMIUb MAaAYl0 YacTh HCTHHHOM BENHYMHDLI, & KaXyLia-
Aacs OOBACHAIOMAA CMOCOOHOCTh, COCTABUBILAA HHMYTOXHEE 1%, 30eck SBHO mpe-
YMEHBIICHA.

Ta6nuua 6.4 UANIOCTPUPYET WHON BapHAHT MCXOAR, KOTOPbIi ABASETCS BMOJIHE
OOBIYHBIM. 34eCEH CHOBA HMEET MECTO OTPHLATENBHAA Koppenanusa mexny Su 710,
OMHAKO HCTHHHBIH KO3(h(hHIHEHT NpH nepeMeHHolt JQ' pasHsica Bcero numie 25
pmecTo 250 npexae. B aeACTBHTENLHOCTH BEJIMYHMHA S ABHIACH «OTBETCTBEHHOM» 3a
GONBLUIYIO YACTh AMCNIEPCHH JOXO0A, a YPOBEH KO3 duiMeHTa R ? B napHO#t perpec-
CHH MEXy BETUYHHOM ¥ H .§ NOYTH TaK Xe BHICOK, Kak ¥ Koddduuuenra R ? 8o MHO-
XEeCTBEHHOI perpeccuy. B napHoii perpeccuu MexXay 0XOHOM M BenHduMHOH [Q'pa3-
pytuaiclnii a¢dekT OTCYTCTBHA [IepeMeHHOi § TOMUHUPYET HAX IPAMBIM BIHAHH-
eM BennuuHbl JQ' PeayabTaToM 3TOrO ABASETCA TO, YTO NOCNCIHAA UMEET OTpHLA-
TeAbHblIH Ko3thdHUHEHT MTPH AOBOALHO BHICOKOM 3HaueHMH koadduuueHrta R2Z, HO
JaHHOE 3HaYeHHe R? B OCHOBHOM MOXHO OOBICHHUTD TEM, UTO NepemeHHas [Q' Bol-
MMOJNIHAET POAL 3AMEHHTENA OTCYTCTBYIOWEH nepeMeHHOH S.

YnipaxHerus

6.1. [Tpennonoxus, YTO MHOXECTBEHHAS perpeccHa [ypasHenue (5.3)] mexay pac-
XOJaMU HA NUTaHHe {y), pacnojaraeMblM JMYHBEIM JOXOAOM (X) M OTHOCHTEABHOI
UeHOH (p) NpaBUNBHO cReUM(ULUMPORAHA, ONMPEACAMTE HANPARACHUE CMELICHHA
ko3¢ dHLKHEeHTa TIPU IPYrofl NMepeMeHHOi, ecnM He BKAYSHA: 1) nepeMeHHas p
M 2) nepeMeHHas x. BocrnonsayilTech TeM, YTO OTHOCHTENHHAA 1[EHA MPOAOBONL-
CTBMA B TeUEHHMe BHIOOPOYHOIO NEpHOIA CAESTKAa BO3pochna H, TakuM obpasoM, p U
X NOMOXMTENbHO KOPPEeAUPOBaHLl. B Tabnuue npupoadarca pe3ynpTaThl OUEHHBAHHA
MHOXECTBEHHOR M MapHOoii perpeccuit:
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Ouerrit KOIPPuiptonTos

O sacHROLNG (CTanaapTHEE oW bKkn)
epeMennLe Kowcranra x P R?
X, p 118,7 0,112 -0,739 0,09
(9.6} {0,003) {0,114)
s 55,3 0,083 - 098
2,49 {0,003}
o -126,9 —_ 2462 0.62
{42,1) (0,407)

IIpoeepbTe, NOATBEPXKAAIOT W 3TH Pe3yNbTAaThl BalllM BBIBOLbL, i RaHTe KOMMEH-
TAPUU OTHOCHTENBHO YPOBHA KO¥pduumMeHTa R2 B 3TUX TpeX perpeccHix.

6.2. B Tabnnue npupeneHH B 06061IEHHOM BUAE JOrapudMHUIeCKIe aHANOTH YKa-
3aHHBIX BBIiie TPEX PerpeccHit cnpoca:;

CUOHK K KOSDDHUNEHTOB
ObuacHMIOLIE {CTRHABDTHLI® OLUIMOKI}
ettt Howcranta fog x log p R?
log x log p 2,82 0.64 ~0,48 0,89
(0,42} (0,03) (0,12}
log x 1,20 0,55 — 0,98
(0,11} {0,02)
log 2 -4.62 - 2,04 0.63
{1,52) {0,33)

ITpoxoMMeHTHpYiiTe pasnuuns B KOadhUIMEHTaX TPeX YKalaHHbLIX YpaBHEHHIR.

6.3. B ynpaxneHuu 2.4 Bu NOCTPONAY MAPHYIO PETPECCHIO MEXIY PACXOIAMH Ha
BeIOpaHH&I BaMK Bl Gnar (¥) U pacnonaraeMbiM NUUHLIM JOXONOM (X), a B yIIpax-
HEHMH 5.3 — MHOXECTBEHHYIO PETPECCHIO MEXAY BENHIHHAMHE Y, X ¥ p — LIeHO#i Ba-
wero 6nara oTHocHTeAbHO obiero ypoBHa uHbAALKH. [TocTpoiTe Teneps napHy
PETPECCHIO TONLKO MEXOY BENMYMHOM y U noxalatenem p. [IpeyucrappTe pe3ynsTaThi
3THX Tpex perpeccHii B ¢opMe, HCOOAL30BAHHOMN B yrnipaxXHeHUHM 6.1, 1 mpoKoM-
MEHTUPYATE BapHaury xo3DpULHEHTOB NPH X M p, 8 TakXKe YPOBHeH xoadopuuu-
enta R2. Ykaxute, B HACTHOCTH, HanpaBleHHe CMELICHUSA, KOTOPOE Bbl OXWAAMH
Obl B 3TUX XK€ PErpeccHsxX MNpH NpaBHNIbHOHR MHOXeCTBEHHOI cnieLnubuxauuu,
NPUHUMAR BO BHUMAHHE TeHAeHLUHIO (eChM TAKOBAA CYWIECCTBYET) 8 OoOMACTH OT-
HOCHUTEJAbHbIX UEH 32 TOT X€ NepHol, YTo ¥ B yipaxHeHHH 5.1, W Hcnoab3ys
ypaBHeHHe (6.4).

6.4. ITorropure ynpaxuzHue 6.3, ucnonsayn norapudmMuseckre HYHKUMH CIpo-
ca BMeCTO JuHeHHHIX.
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6.5. B TaGaunte npupeneHs! AaHHbIE (B MAH. . CT. B MOCTOAHHBIX LieHaX [975 r.) no
pacxoaaMm Ha Tabak () ¥ nmo pacrionaraeMeEM JHYHBIM Xoxomam (x) ans Bemuio6-
PHTaHHH 3a nepuon 1962—1981 rr. IlepemeHHan BpeMeny ¢ onpeaensnach Tak: ¢ =1
B1962r., =28 1963 . u T. 4.

fog t ¥ x fog ? y X

1962 1 2701 51484 1972 bh | 2747 70214
1963 2 2787 53684 1973 12 2918 75089
1964 3 2753 55754 1974 13 2885 74049
1965 4 26562 56970 1975 14 2748 74005
1966 5 2737 58278 1976 15 2653 73437
1967 & 2753 59226 1977 16 2523 72288
1968 7 2740 60367 1978 17 2746 78259
1968 8 2707  BO576 1979 18 2731 83666
1970 ] 2702 62485 1980 19 2685 84771
1971 10 2605 64544 1981 20 2492 82903

Crenywilue perpeccHi 6plAM MOCTPOSHK ¢ HCMONB30BAaHHEM JAHHBIX U3 NPEAbIIY-
el Tabnuukl:

Ouenor ko3QPutinerToR
COvacnnoune {CTanfapTHNE DWHOKH)
; hd Korcranra x 4 R?
X ¢ 1257 0,031 ~57.7 0,586
{3561} {0,007} (12,6)
X 2794 =0,001 _— 0,02
{152} {0,002)
t 2783 — -4.8 0,08
{46) (3.8}

ITpokoMMeHTHPYiiTE Bapnauun KoadpHIMEHTOB NMpK X U 1, a TAKXKS YPOBHEH Ko-
3 duumenTa R2. B Kaxoii cTeneHu AaHHBE H3 TaGNHUEI HENOCPEACTBEHHO NOATBED-
XIA0T Balk BHIBOAL? (TwaTeNpHO paccMOTPHUTE OTIACNbHEIE HabloAeHms.)

6.6. B axcriepumenTe o Metogy Moure-Kapno, otpaxeHnHoM B Taba. 6.4, ucTun-
HOE 3HaYeHue KoapduLmenTa npu § Goino papHeiM 1500, B napHoi perpeccun Mex-
Iy DOXONAMHM ¥ [UTMTEABHOCTRIO 00ydeHHS KO3((HIUHEHT NPH NepeMeHHOMi S go-
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*eH 6BITh cMeLIeHHBIM BHH3. Kax 651 Bbl OTHECTHCE K (haKTHYECKOH pacyeTHOMH Be~
nuyuHe (1618), KoTopass npeswiaem UCTHHHOE 3HaueHue?

6.7. B akcnepuMenTe no Metony MoHTe-Kapno, onucaHHoM B pasaene 5.4, noxo-
apt (Y) onpeaensauck AMMTENBHOCTLIO 00yuYeHHA (5), cTaxeM pabotsl (X') M BO3-
pactoM (A ). Beaudunb X ¥ A 6611 NOT0XUTEIBHO KOPpeJTUpPORAHHBIMMU, 2 5 Oblia
KOPPENHPOBAHA OTPHLATENBHO ¢ KaXa0i W3 HUX. JleBas yacTb NpUBEAEHHOR HUXeE
Tabnuub moxasepaeT YpOBHH xo3ddunumnenta R2, koraa 6bvina OLECHEHA 3aBHCH-
MoctTh: 1) TONBKO OT BeAMYMHBL S, 2) oT BenuuuH S U X 3) or BenuuuH S, X u A.
B npapoii yacTH TaGaMIM AaHB YpOBHH KoadduuueHTa R?, Xoraa 6mna oleHeHa
perpecCHOHHAs 3aBUCHMOCTh: 1) TOnbKO oT A; 2) oT Am X; 3Yor A, A u &

& 0,301 A 0,189
& X 0,688 A X 0,213
5 XA 0.6895 A X 8 0,695

Q0psacHuTE, NOYeMY BUAMMAas O0BACHSRIOIMAA CNOCOBHOCTL NMepeMeHHOH A, Kor-
Ia OHA B KA4YeCTBe NONONHUTENLHOM NepeMeHHOH Obina BKIIOYEHA B YPaBHEHHE TOC-
AenHel, oxkazanach MEeHblueii, yeM mpu HobGasBleHMH e [epBOH, B TO BpPeMs Kax
CcOOTBETCTRYIOWAA o0bACHAOMAaR cliocoOHOCTE nepeMerHO#t § Sonblle, Korda oHa
BKJIIOYAETCH B YpaBHEHHE NOCHEIHEH.

6.8. AonycTuM, 4TO BEAMYMHA Y ONPEENACTCA BEAMYUHAMU X, U X, B COOTBETCTBHH
¢ ypasHeHHeM (6.1) u yro Cov (x|, x;) paBHa Hymo. Mcnonesydite 3T0 mis ynpo-
werus Gopmyan (5.12) BuiuuncieHnsa xo3hPHUHMEHTa MHOXECTBEHHOA perpeccuu
b, ¥ NOKAaXUTE, 4TO OHA CBOAMTCSA K BbIPAXKEHHIO AN NMapHO# perpeccuu. Kak Ou
Bbl BHIOpAnu 3mech CrieUMPHKALMIO YPABHEHUS PEIPECCHU H movemy?

6.3. Bansinye BIJIIOHEHUR B MOAENL NEpPeMeHHON,
KOoTOpas He A0MKHa ObiTb BKAOYEHA

JonycTiM, 4TO MCTHHHAA MOJENH MPEICTABASETCA B BUOE:
y=oa+fx +u (6.15)
a Bbl CYHTAETE, YTO €10 ABIAECTCA
y=a+px +Bx, +u, {6.16)

H PacCHRTHIBAETE OLEHKY BEMHYHHLI b, ucnonbsya dopmyny (5.12) smecTo Bblpa-
xeHus Cov (x,, y)/Var (x)).

B Lenom npoGneMbl CMELLIEHHA 3€Ch HET, AaXe eciu b, OyAeT paccyuTaHa Hempa-
BUIBHO. Besnunna E (b)) ocTaeTcs pasHOH B, HO B o61ieM olienxa OyzneT Headdek-
THBHOM. OHa Gymer Goee HEYCTOMYMBOK, B CMBICAS HANUYHA GOnbluel AUCIEPCHH
OTHOCHTENBHO B, YeM NPH NPAaBUILHOM BbIYHCIEHHA. DTO IPOWUIIOCTPHPOBAHO Ha
puc. 6.2,
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DYHKUMA NNOTHOCTH
BEQOATHOCTH

Benuduna B, oueHenHan no ¢opmyne
Cov (x,, ¥) / Var (X)) © #cnonbaosaHnem
uhdopmalm o Tom, yro §.,=0

Benuuuua f,, OUEHEHHERA no
dopmyne (5.12) 6e3 nenone-
30BANUR UMPOPMALIKK O
TOM, 410 B,=0

B, b,

Puc. 6.2

3T0 MOXHO Nerko 06bICHUTE HHTYUTHBHO, HctunHag Monens MoxeT 6HITE 3anucaHa

B BHHe:
y=a+fx+0x,+u 6.17)

Takum ofpa3oM, ecjiu BBl CTPOHTE PETPECCHOHHYIO 3aBHCUMOCTD ¥ OT X; U X, TO b,
DyzeT ABNATHCA HECMELIEHHON OlleHKON peauyMHH By, a b, Byxer HecMemenHoi
oHeHkolt Hy/ms (Mpu BuinoAHeHUH ycnoBHi Taycca—Mapxkoga). TpaxrTevecku Bu
obHapyxusacte Lis ¢ebs, 4T0 B, paBho Hyto. Ecnu 661 B 3apaHee NMOHAAH, YTO §,
paBHO HYJIO, TO MOIMM 6b! UCMONBIOBATL 3TY HHOOPMALIHIO AN HCKITIOUCHHS X, H
OPUMEHHTDb MAPHYIO PETPECCHID, KOTOPaA B JAaHHOM Ciydae aBnAercA 6onace addex-
THBHOMHA,

Yrpata 3G PeKTHBHOCTY B CBA3W CO BKIIOYEHUEM X, B Cy4yae, KOTAa OHa He Jon-
XHa GblNna GbITk BKIIOYEHA, 3ABHCHT OT KOPPENALIMM MEXAY X, H X,. CpaBHUTE ANC-
NEePCHU BEJHYHHB b; NPH NOCTPOEHUH NAPHON W MHOXECTBEHHOH perpeccus
{Tabn. 6.5).

Hucnepcus B o81eM okaxercs Donbmei npu MHOXECTBEHHOI perpecclu, H pas-
Huua Oynet Tem Gonbiieit, yeM Onuxke koabhuLHEHT KOppeIsIluy K enUHANE HIH
—1. ETMHCTBEHHBIM HCKITIOYEHHEM B CBA3H ¢ MpodaeMoil yrpaTel 3hdeKTHBHOCTH 4B-
JISIETCA BApHAHT, KOria Ko3hGULIMeHT KOppensuyH TOYHO paBeH Hya1o. B aToM cny-
yae OLeHKAa b, IS MHOXECTBEHHOH PErpecCHH COBMANAET C OLEHKOR Mt maphof
perpeccui. JJoxa3aTennLCTBO STOr0 ONYCTHM, MOCKOALKY OHO HOBOJLHO MPOCTOE.

Tabnuua 6.5
napuae POrRECCHR MuoxecraeHHan POrpeccHs
2 2
o a 1
op.var (b )= —4 pop.var{8;) = —x
pop.var (%) nVar (x;) Y vVar(x) 1-12

xl.n
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B BEIBOAE O HECMELISHHOCTH €CTh OOHO HCKITIOUEHRE, KOTOPOE HEOGXOTHMO HMETh
B BUay. Ecnu Bendusna x, KOPpenupyer ¢ &, To KoapduuueHTs perpeccud Syayr B
KOHEYHOM cYeTe cMeLeHHBIMU. Eciu MoJens 3anucars Kak ypasHeHue (6.17), 1o 310
6ymeT 03Ha4aTh, YTO YeTBepTOe yenoBue aycca—MapkoBa npUMeHHTEABHO K BeNH-
YHHE X, HE BHIMOJHACTCA.

UnmoCTpaLns, OCHOBAHHARA Ha IKCRDUMEeHTe 1o meTany Morre-Kapho

B skcnepumenTte o Meroay MouTte-Kapno, ONHCAHHOM B pasuene 6.2, Heeneno-
BATENb NEPEOLICHWT BAHSHHE 00pa30BaHMA HA NOXOA H3-3a TOI'C, YTO OH HE Y4ei 3a-
BUCMMOCTH A0XOJA B ZaHHO# cTpaue 0T BenHuMHBI Q@ ¥ Toro 06CTOATENLCTBA, YTO
BeTHYKMHA § TaM OTYACTH Mrpaja ponb 3aMelualolefi nepeMeHHoM ana /0 B Henpa-
BWILHO cneun¢HLMPOBAHHOM YPaBHEHUH napHO#t perpeccuu. byaeM noMHUTE 00 3TOM
H NPEATIONOXKKM, YTO HaLl HCCAEAOBATEND, ABNIOLIHACH YKe DKCNEPTOM B JAHHOM
BONpPOCE, MPUTNALISH B KAYECTBE KOHCYNLTAHTA 1A [TPOBEIEHUA aHAJOTHYHOIO UC-
CeloBaHUS B cocedHel CTpaHe.

MoxerT oxasaThes, 4T0 B HOBOH cTpaHe noaxon 6onee dopmancH, yeM B HEPBOif,
H JOXOR 3HECH ONpeReNneTes TOABKO Obpa3opaHMeM (M yhayeit) 6e3 yyera cnocol-
HocTelt Kak TakoBwX. ITycTh 6azoBhlii foxod aneck cHopa paseH 10 000, ¢ noSasne-
HHeM 2000 3a Kaxamiil roa yyebhl cBepx MHHMMANBHBIX 10 net, muoc (MM MHHYC)
HEKOTOpad BEAHYUHA, 3aBUCALIAs OT (akropa ynauu. UICTHHHHM COOTHOLLIEHHEM I10-
ITOMY GynmeT:

y = 10000 + 2000 (S— 10) + & = —10 000 + 20005 + «. {6.18)

HecnemonaTens CHOBa AeNacT BIGOPKY U3 20 Yenosex, M MO YAUBHTENbHOMY COBMA-
AeHHIO BCe OHH MMEIOT OAWHAKOBBIC XapPaKTePHCTHKH, TTOKa3aHHbIe B [TepBoit yacTH
1abn. 5.2. B 370M cyuae MMEIOTCA TakoKe JaHHbIE O BennyrHe JO. Cyutas, yTo BKIIO-
YyeHHEe BeNMHyuHel JQ B ypaBHEHHE perpecCHM He MPUYMHMUT Bpela, UCCIENOBaTEeNb
MPOBOAMT 3TY ONEPALIMIO U MTONYYACT CAEOYIOLIEE COOTHOLIEHWE (CTAHIAPTHBIE oK G-
KH YKa3aHbl B cKoBKax):

§= —13336 + 21405+ 18J0. (6.19)
(4155) (I51) (43)

PeaynbTaT AeCTBHTCABHO HEITOXO0MH, F5-IIPOLEHTHEI% ROBEPHTE/IbHEIA KHTEPBAT JUTA
KOHCTAHThl BKIIOYAeT B cebd ee HCTHHHOE 3HayeHue —10 000, u aHanOrHMHBIN HH-
tepsal ana S sknoyaer 3HaveHye 2000. Takum o6pasoM, NOMyYeHHBIE OLIEHKH He-
FHAYKMO OTVIMMAKOTCA OT HCTHHHBIX BENHYHH ¢ S-TIPOLEHTHBIM YPOBHEM 3HAYHMOC-
TH. TouHo TaK xe kozhduuMeHT /Q HEIHAYHUMO OTNHYAETCH OT HYJS.
Ecnu 66 npy 3TOM OBLIA HCITONL30BAHA NPABUNbHAS clleUudUKaAUNA, TO pe3yab-
TaTOM OBING GBi;
$=—11782 + 21638 (6.20)
(c.0) (1851) (137

OueHKa KOHCTAHTH 34eCh JIY4Ile, OTHAKO OLEHKA KOG (MULIMEHTA NPH NepeMeH-
HOit § HeAOCTaTOYHO Xopolia (BNHAHHe GaKTOpa yAaun 0Ka3anoch OTHOCHUTENBLHO

He3HAYUTEABHEIM).
U BHOBD 34€ChH HENB3A CIMIIKOM MONATATHCH HA PE3YABTATH OJIHOTO SKCIEPUMEHTA,
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Tabnwua 6.6

Swo- FIpasunsran creLupuxasing Creyudrukaims Hooaan OBarens

’:,?::; ;‘:ﬁ: z.0. 5 e.o. f::g e.o. s c.o. 2 oo
1 -11781 1851 2163 137 ~13336 4155 2140 151 18 43
2 -11940 2490 2157 184 -3019 5067 2290 184 -103 52
3 -7092 2342 1820 173 -11463 5150 1755 187 | 53
4 -7152 2138 1720 158 -15371 4273 1597 155 95 44
5 -9116 2044 1952 151 -14535 4371 1872 158 63 45
6 -12446 1573 2230 116 -16742 3352 2167 121 50 35
7 ~-12510 2462 2177 182 -6727 5329 2263 193 -67 55
8 -11487 2361 2164 175 -18187 5005 2065 181 77 52
g ~4733 2329 1644 172 -5384 5354 1634 190 8 54
10 -13742 1943 2290 144 ~13839 4386 2289 159 1 45

B Tabn. 6.6 cBeASHE BMECTE Pe3yILTATDI TOBTOPEHH! €1Ue JEBATH TAKHUX Xe 3KCIepH-
MEHTOB ¢ MIMEHEHUEM B KaXaoi BLIOOpKe TONBKO 3HAUYEHUH cayvaitHolt cocTaBns-
owmeir. Y3 1267, 6.6 MOXHO CNenaTh ClenyioliHe BEBOIbI.
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1. Pe3ynuTaThl HCCIEO0BATENA HE BRITASAAT CMELUEHHBIMM, JAKE €CNH CIIe-
unHUKALUSA ABAAETCS HENPABKALHOM. OLEHKA KOHCTAHTBI KOnelNeTcs oK
—10 000, a oueHka Ko2(dUIMeHTa peanuHHbL .S — okono 2000. (EcTecTsen-
HO, YTO PE3YJILTATbl OLUEHHUBAHXS NIPABMILHOM ceMGpUKAUUM ToXe OyayT
HEeCMELIEHHBIMH. )

2. Pe3ynbTAThI OLEHUBAHKA NpaBUABHOM cneumdUKaLUM B LenoM Gonee
TOUHbI, IOCKONLKY 3Ta CIIELMGHKALUS OKa3HBACTCH 6onee 3hPeKTHBHOI.
Ho nanHoe yTBepXAcHHe HE BCErIa BEPHO, U B pAle CNyyacB HEMPaBMib-
Has cnielMPUKALNA DaeT pe3yabTar 6anxe K ucTHHe. [IpuunHoii atoro se-
JeTcs TO, YTO OTHOCHTENbHAA HeapheKTHBHOCTD CrieLH(pHKALIMK HCChc-
JOBAaTENA 3aBHCHUT OT KOppeAsuHu Mexay S u 1O, a KoppeasLHA oKa3biBa-
eTCsl He JOCTATCYHO TecHOii (B BuiGopke 13 Tabn. 6.1), 4Tobb! BhI3BATEL BOAL-
HIME PACXOXACHMSA C MCTHHHBIMH 3HAYEHHAMM,

3. bonee Boicokan adeKTHBHOCTE MPaBUALHOM CeLUPHKALMK JONXKHA
OTPaXaThca B MEHBIUMX CTAHAAPTHLIX OLUGKaAX, H 3TO B LEIOM OEHCTBY-
TENLHO NOATBEPXKAACTCS.

4, Quenku ko3t PruneHTOR NPy J@ B cellMPUKALINK UCCNENOBATENS B
LeIoM He3HAYHTEIBHO OTHMYHBI OT Hynf. B sxcnepuMenTe 4 UMeeTCa emiH-
CTBEHHOE OTKJOHEeHHe, KOrMa HCTHHHAA TMNOTe3a O HYJIEBOM 3HaY¢HMH 0T-
BEPracTcs MPH S-NPOUSHTHOM YPOBHE 3HAMHMOCTH. JTO ARNSETCH XOPOLLUNM
npuMepoM oGk I poaa (cM. Q6z0p).



YnpaxHerus

6.9. CouHonor CYMTACT, YTO YPOBEHb AKTHBHOCTH B «T€HEBOM» 3KOHOMHKE (1))
3aBMCHMT NGO NONOXMTENLHO OT YPOBHs Ranorosoro 6pemenw (X, ), nubGo orpmnua-
TEJIbHO OT AKTHBHOCTH FOCYIAPCTBA B CTPEMICHHH CIENaTh HEBLITOMHOW AEATENRHOCTD
B cepe «TeHeBOI» IKOHOMHKH (Z,). BenminHa ¥, MOXET 3aBHCETh TaKXe OT X, 1 Z,
ofHoBpeMeHHO., MMEIOTCS rofoBLie JaHHHIE BPEMEHHOTO pAda 3a 20 NeT, rie Besiu-
YUHH Y, X, U Z, U3MePEHDI B OAHHX H TeX XKe eAHKLaX. COLHOMOr CTPOHT PErpeccH-
OHHEE 3aBUCUMOCTH: 1) ¥, TOALKO OT BeAKYMHREI X ; 2) ¥, TONBKO OT BEMUYUHE Z,;
3) ¥, ot o6eux pemuuuH X u Z,, (PUMEHUTEABHO K KAKAOMY rOPOAY CO CACAYIOH-
MH pe3yibrataMit (B cKoGKkax AaHbI CTaHAAPTHEIE OLIHOKH).

QOLeHKH KOIDPHUROHTOB
Kowncraura X, Z, R?
fopon A
) 3157 1,54 - 0,12
{18,5) {0.97)
2 128,6 — -0,96 0,94
{50,9} {0,06)
3 218,0 285 -1,21 0,99
(76.6) {0.25) {0,03)
Fopopn 8
7 197.6 2,86 - 0,88
{16,8) {0.25)
2 512,2 - -0,05 0,02
{202,6) {0,08)
3 2308 2,94 0,01 0,88
{82,5) {0,27) {0,03)

IMpou3eeast COOTRETCTBYIOLEYKY CTATUCTHYECKYIO MIPOBEPKY, HANHMIUKTE KpPATKHil
OTYET ¢ PEKOMEHNAUMEH COLMONIOTY O TOM, KAK HHTePNPETHPOBATL 3TH PE3YILTATHL.

6.10. TIpoBeayTe 3KCNepHMeHT No metony MouTe-Kapno, no ananoruu ¢ a3xcne-
PHMEHTAMM JaHHOTO W NpelbLAYLIEero pa3ienoB, HCCACAOBaB cHavana 3¢upekTH He-
BKITHOYEHUS TIEPEMEHHOM, KOTOpasi AO/KHa ObITh BKITIOYEHa B YpaBHEHMUeE, a 3aT¢M CO
BKITIOYEHUEM NEPEMEHHOMN, KOTOPOH TaM He AOIDKHO OblTh. ITpH Xenanuu ncnonbayii-
Te MOZEND «A0XOA—o00pa3zoBaHvie—I(», HIMEHAR TPH ITOM KOIPDULIMEHTsI, HO NpH
IOCTATOMHOM BOOGPaXEHHH MOXHO H3MEHHTD B caMy Moensb. ([laHHoe yripaxXHeHHe,
BEPOATHO, NoTpedyeT onpegeneHHoHi NOMOLLK CO CTOPOHB! MPENOJABaTENs. )
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6.4. 3ameltaoue nepeMeHHbIe

YacTo OpIBAET, YTC BBl HE MOXETe HalTH AaHHBIX NO NEPEMEHHCH, KOTOPYIO XO-
Tenoch Obl BKIIIOYUTD B YPABHEHHE perpecci. Hexoropsie nepeMeHHbIe, OTHOCALLH-
€CAl K COLIMANBHO-3KOHOMHYECKOMY MONOXKEHHIO MK K Ka4eCTBY 00pa3oBaHHA, HMEIOT
TAKOE paclNbIBYATOE ONpENeNeHHe, YTO MX B IIPHHOUNE JaxXe HEBOIMOXHO H3IMe-
pHTh. Jpyrye MOTYT NOAAABATECA U3MEPEHHIO, HO OHO TpeGyeT CTOMbLKC BPEMEHH H
3IHEPTHH, YTO HA MPAKTHUKE HX MPUXCAUTCA oTOpackiBaTs. MHOrDa BBl MOXETe ORITh
paccTpOeHEl TEM, YTO MONA3YETECh KAKHMU-TO NaHHEIMU, COOPAaHHEIMH APYTHM 4e-
JIOBEKOM, B KOTOPBIX (¢ Balleil TOYKKM 3peHHI) ONyIUEHa BaXHas lepeMeHHAA.

HezapHCHMO OT NPHYMHEL OORIYHO OBIBAET MONE3IHO BMECTO OTCYTCTBYIGLUCH Ie-
peMeHHOIi HCIT0AB30BATE HEKOTOPLIH ee 3amenument (Proxy), a He NpeHedperarTes ew
COBeplleHHO. B KayecTBe nokazaTens 06LIEro COLUANBHO-3KOHOMHUYSCKOTO TI0NI0XKe-
HHUA BH MOXETE HCNOMB30BATE €70 3AMEHHTENb — IMOKA3aTeNk J0X0NA, €CTH JAHHEIE
0 HeM UMeTCA. B KavecTBe mokasarens KavecTBa 06pa3soBaHHE MOXHO HCNOIB30BATh
OTHOLIEHHE YUCJIA NpenoiaBarTeeid H COTPYAHUKOB K YMCHTY CTYASHTOB MIIH pacXo-
Abl Ha OOHOTO CTyAeHTa. BMecTO nepeMeHHOMR, onylleHHO B KakoM-1uGo 0b3ope,
BH MOXeTe 00pPaTHTRCH K APYIMM, yXe (DakTUYeCKH COGpaHHBIM HAHHBIM, €CNH B
HUX HMeCTCA NOoAXoqaInas 3aMeniarolas ncpeMeHHan.,

HmeoTca OBe NpHYHHLBI LA IIOUMCKa TAKOH nepemeHHOH. Bo-nepBHX, eCH B
MPOCTO OMYCTUTE BAXHYIO NEPeMeHHYIO, TO PerpecCHs MOXET MOCTpalaTh OT CMe-
IIEHMS OLEHOK, ONHCAHHOTO B pasnene 6.2, M craTHCTHYeCKAs NpoBepka GymeT He-
MOJHOUEHHOA. Bo-BTOPBIX, pe3ynbTaThl OUEHKH PETPECCHH ¢ BKIIOYEHHEM 3aMella-
ouel mepeMeHHOR MOTYT AaTh KOCBEHHYI0 HHGpOpPMALHKIO © TOW NEpeMeHHOH, Ko-
TOpasd 3aMelleHa JAHHOH NepeMcHHOM.

flpumep 1. Bpems Kkax 3aMeLaoias rnepemMeHHas s
110Ka3aTe/17 TEXHNYECKOro fiporpecca

MH yxe BCTpeyanuch ¢ 3aMellalolleit IepeMeHHOI B pa3aene 5.5, rae BpeMa uc-
MONS3083/0Ch IUTS OIMMMCAHUS POCTA BHIMYCKA BCNEACTBHE TEXHHYECKOTO TIporpecca. B
paccMaTpHEBABILEMCH TaM MEPUOAE POCT NPOM3BOAUTEABHOCTH, CBA3AHHBIN C TEXHU-
YeCKHM MPOrpeccoM, 0Ka3ancs OTHOCHTENBHO MANO3HaYHTeNbHbIM dbaxTopoM. B noc-
AeYIOlINE rogsl TEXHUYECKKIT NpOrpece ¢ran 3HayuTeNbHe DoNee BaXHLIM (PaKTo-
pPOM, M I1pH NMOMHOM er'¢ MCKIIOYEHHMH H3 crielM(pUKaLMM TPOH3BONCTBEHHOMH (YH-
KIHK QUEBHAHO, 4TO PE3YABLTATH OUCHKH PErpecCHMH OKAa3amnMch Obl CHALHO MCKa-
KEHHbIMH.

Korma Ha 0CHOBE COBOKYIMHBIX AaHHBIX MO 3KoHoMEke CIIA 3a nepuon 1949—
1978 rr., noaroroeneHHBIX JIx. Kenapukom U 3, F'poccmenom (Kendrick, Grossman,
1980), 6vuta nocTpoeHa npoussoAcTBeHHas dyHkumus Kob66a—JJdyrnaca U nomyyeHo
caeqyiolee YpaBHeHMe (B CKOGKaxX AaHbl CTAHAAPTHEIE OLIKMOKHM):

log ¥==1,03+0,17 logKk+ 0,93 logL+0,024:; R?=10,99; (6.21)
(2,33) (0,66) 0,17) (0,016) F=1297,

rae ¥ — unaexc obbeMa BRINYCKa BHYTPEHHETO YacTHOTO ceKTopa; K — MHAEKC 3aT-
par KanuTana; L — WHAEKC 3arpar Tpyda; ! — BpeMs, paBHOe eaHHHLE B 1948 r.,
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ZByM — B 1949 r., u T. 1., Bce 3TH MHICKCH ObUIH B3ATHI B PeaibHOM BLIpAXKEHHU
(1967 = 100).

Ecnu He cyuTaTh BeChMa BBICOKOH 31aCTMYHOCTH BBINYCKA IO TPYAY, TO MOAY-
YeHHBIA peaynbTaT BRcnHe npasonoaobeH. IIpapia, HU OLICHKA 3MACTHYHOCTH BhI-
NycKa 110 KamuTalny, HY OLIEHKA TEMITOB POCTa, CBA3AHKBIX ¢ TEXHUYECKHM NpOrpec-
COM, He OTIMYAIOTCS 3HAYMMO OT HYASA, HO 3TO MOXET ObITh OTHECEHO HA CYET MYJib-
TUKOJUIMHEAPHOCTH.

Ecnu 651 Bpemst He GBLIO HCNOAL30BAHO B KayeCTBE 3aMelaoltedt nepeMeHHOM
JU1S [IOKa3aTens TeXHHYECKOTo nperpecca, TO OLeHeHHOE YPaBHEHHE BBITNANEN0 OB
CHERYIOINHM 0OpazoM:

log Y= —4,50+1,191ogK+ 0,77 logl; R2=0,99; (6.22)
{c.0.) (0,57) (0,10) {0,15) F=2012

B ypaBHeHuH (6.22) 8BMAHO, YTO pOAk 3aMellaicllelt mepeMeHHOH AnA nokasare-
NS TeEXHHU4eckoro nporpecca urpaet log K. Koadduuuenr npu log K Henpaeaono-
BOOHO BEMHK C ABYX TOYEK 3peHHA. Bo-1tepBbIx, OH yKa3blBacT, YTO YBCAHUEHHE 3aT~
PaT KamKTaNa AOAXKHO MPHBECTH K eie Ooasluemy (MpOnOPLMOHANBHO) YBEIUYE-~
HMIO BBIMTYCKA MPH COXPAaHEHMH 3aTpaT TpyaAa nocrosHHbIMU. Ha npakTuke Xxe npu
HEH3IMEHHOCTH APYTUX (PAaKTOPOB MOXHO OXKHIATH CHHXEHHI OTAAYH AaHHOrO dak-
Topa. Bo-BTOpHX, €CNM NPEANONOXHTE, YTO PBHKH UMEIOT KOHKYPEHTHBIH XapaK-
Tep, TO MONYYESHHEIH pe3ynbTaT 03Hayal Obl, 4TO 01 Z0XOA2, IPHXOJAINETrocs Ha
KAnuTad, NpeBblluacT eAMHHILY, YTO, €CTECTBEHHO, siBAsercs abCypooM.

Ipu pobaBneHiK B ypaBHEHHE NIEpeMeHHOH f KoshuuneHT npH log K yxe Gonsiie
He CMeLIAeTCA MO ASHCTBUEM TOTrO, 4TO log K vrpan pons 3aMmelnasouleil nepeMeH-
HOH IS MOKa3aTeNs TeXHHYECKOro MPOrpecca; Tak YTo 3ToT KO3¢h¢GUIMEHT CTaHo-
BUTCH Honee OBOCHOBAHHEIM B 0GOUX OTHOLWEHHNAX. EcTecTBeHHO, thakTop BpeMeHH
MOXET 3aKII0vaTk B cebe u Apyrue (hakTopel, OTHOCAIIMECS KO BPEMEHU U BIMAIC-
u[Me Ha BRITYCK [TOMHMO TeXHHYeckoro nporpecca. Ho 370 Tonbko ycunueaer apry-
MEHT B NIOAb3Y BKJIIOUSHMA €T0 B YpaBHEHME, XOTA BCE 3TO 03HAYAET, 4TO B MHTED-
NpeTauyy 3HaueHuA ero KoadhduiKeHTa cnenyer ObiTh OCTOPOXHBIM.

fTpmmep 2. Bamearias nepemeHHas 415 rnokasarens
Zoxona B Gy crpoca

B xadecTBe BTOPOro puMepa, KOTOPLIH XOTA M He KOHTPONUPYETCS IMOIOGHO
AKCNEPUMEHTY Mo MeToay MoHTe-Kapio, HO TeM He MeHee MO3BONSET CYAUTDh 00 yC-
nexe TOW MM MHOM 3aMeluaroilieli MepeMeHHOMN, paCCMOTPUM e1lie pa3 MOAeNb, CBA-
3pIBAICILYIC PACXOAbl NOTPeOMTENd HA NUTAHUE (¥) ¢ pacronaraeMbiM JTAYHBIM A0-
X0#0M (X) ¥ ¢ OTHOCHTENBHON LieHOH MpoAoBONLCTEUA (p):

log y = a + plog x + Blog p + u, (6.23)

H TPEANONIOXHM, YTO 10 KAKOA-TO NPHYHMHE MBI HE KMEEM HOCTYNa K HAHHLIM O
pacmosnaraeMoM NUYKOM JoXojie. JOmycTHM, 4TO HaM, TeM He MeHee, XOTeaoCh Ghl
NONY4YHTh OLEHKY LEHOBOM 3MaCTUYHOCTH CIIpoca.

Kak Mbl BuIenu B pasgene 6.2, napHas perpeccust Mexay log y u log p naet cme-
IEHHYI0 OLEHKY BENMUMHBI B,, DK 3TOM TECTOBbIC CTATUCTHKH OKAa3BIBAIOTCA He-
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KoppekTHbIMH. [1ycTh, OAHAKO, MBI CHHTaeM (I CYMTAEM NPABUNLHO), YTO log x HMe-
eT SPKO BEIPAXCHHBIH BpeMEHHOHA TpeHa. B 3TOM cayyae Mbl MOTJIH 051 YACTHUHO pe-
WHThL MpoGieMy ITyTeM UCHONB30BAHUS BpeMEHH B KaYecTBe 3aMeILAIoLLei nepeMen-

HOM I X, MOCTPOUB PErpecCuio:

logy=a+ b,logp+ byt (6.249)
Tabnuua 6.7
OriaHki KON puLneHTOS
ObssicHaumHe {CTaRGAPTHEIE OLINOKH)
FBDEMEHIBE b, b, b, A2
log x log o 0,64 -0,48 - 0.99
{0,03) {0,12)
fog p — 2,04 — 0,63
{0,33)
log o, ¢ — -0,47 0,023 0,98
(0,13) {0,001)

B 1a6n. 6.7 gaHbl pesynbTaThl, DONYMEHHEE: 1) AMA NpaBWwibHO crielnRLIKPOBAH-
HOM perpeccHH Mexay log v, log x u log p; 2) inda HenpasBWIbHO cnelHGNUNPOBAH-
HOM MapHOil perpeccHy TONBKO MEXZY log y H log p; 3) And MHOXECTBEHHOH per-
PecCHH TPK MCIIONb30BAHMH ! B KayecTBe 3aMeluaroweit nepemenHoit and log x (c
YKA3aHMEM CTAHAAPTHHIX OMIKHGOK B CKOOKax).

Bo eTOpO#i perpeccHy MpU HEBKIIOYEHHMH B YPaRHeHHE log x OUEHKa LIeHOBOIH
2/IACTHMHOCTH CIIPOCA HACTONBKO CUIIBHO CMEULaeTCa BBEPX, YTO CTAHOBHUTCH NONO-
KUTEIBHOH, a ypoBeHb kK03thduimeHnTa R2 3HAYHMTEABHO HUXE, YEM B MEPBOit per-
peccuu. B TpeTheit perpeccHi BBENEHHE 1 ABHO YCTPAHSET CMELLEHHUE B OLIEHKE LISHO-
BOM 3IACTHYHOCTH, a KO3PPHUUUSHT R? BOCCTAHABIHBACTCA A0 MPEALUECTBYIOLIEO
BRICOKOT'O YPOBHA. YCTpaHEHHE CMELUEHHMS BEI3LIBACTCA TEM, 4TO ! B 3TOM Clyvae Ge-
per Ha cebs ponp 2aMewmialclie nepeMernHoOR ans OTCyTCTBYIOUIero log x, ocTapisis
And log p BeiNOAHeHUe TOABKO ¢oOCTBeHHBIX GyHKUMA, [1oYTH IOAHOE BOCCTAHOBAE-
Hue Ko3dhduumnenTa R 2 1o NpeAblIyILErQ YPOBHA MOXHO OOBACHUTL TEM, YTO BENH-
yHHA ! 3HAYMTEJILHO JYYLIE BBIMIOAHAET PONb 3aMelIaloLLei mepeMeHHO Ang 0TCyT-
cTBYIoLero noxasarens log x, yem log p.

Obobuerne

Tenepps Mbl MOXeM 0600GIIMTL cAenaHHbe BEBOABL. [IpeAnonoxumM, YT0 MCTHH-
HOH MOZenblo ABNALTCA

yEoatBx By o Bt (6.25)

M ZOMYCTHM, YTO Mbl HE MMEEM JAHHBIX MO NEPEMEHHOI X, HO Ipyras nepeMeHHas
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(7) BrICTYMAET HACANLHBIM 3aMEHUTENIEM I HE¢ B TOM CMBICNE, YTO UMeeTCH CTpo-
ras THHCRHAS CBA3b MEXIY BEIHYHHAMH X M Z-

X =h+ps (6.26)

A€ A H L ABASAIOTCS MOCTOAHHBIMH, HO HEM3BECTHHIMM BENHYMHAMH. (3aMEThTE, 4TO
ecii 661 A ¥ (L 6BUTH H3BECTHLIMH, TO MBI MOITH OB BEIMHCNHUTD X, 110 BENHYHHE Z H
TOTAA He OhINO 6Bl HEOOXOMMMOCTH UCTIONB30BATh Z B KaueCTBe 3aMeniaiouleil nepe-
MEHHOH Ins Hee, 3aMeTbTe TAKKe, YTO MBI HE MOXEM OLEHUTD BEIMYHHE! A M ) NO-
CPEACTBOM PerpeCCHOHHOrC aHANM3a, TOCKOMALKY RN 3TOTO MOTpeGOBATHCH OhI JaH-
HHle IO BeIMYMHE X,.)

Ecau Mbl MOCTpOMM perpeccuio

$=atbx,t..+hx +ez, (6.27)

T0 OLEHKHN BEANYUH b,, ..., b, NX cTaHAAPTHHE OMMOKH M Koadduiment R2 Gyayr
TAKMMH K€, KAKUMH OHM GbinM Obl MPU HANMYMHMK BOSMOXHOCTH NMOCTPOCHUA per-
PECCHM ¢ MCTONB30BAHUEM X,. EXHHCTBEHHBM HEROCTATKOM SABIAETCH TO, YTO HET
OlIeHOK KOadGuiMeHTa NPY CaMoil BeAUYHHE X, 4 BEIMYKHA @ He ABNACTCH OLEH-
Koit . Koadduuuent ¢ 6yner ouenkoit peanuusl fu. g Toro 4Todsl nonyaurs
OLEHKY f,, HYXKHO pa3eNuUTh BENHYHHY ¢ Ha . 3a4acTYIO BH MOXETE HE HMETDb Npen-
CTABRCHHA O BEJHYMHE |4, H TOTAA Ha 3TOM aeno Oyner 3akoH4ueHo. Ho mHorna BH
CMOXETE COENATh O Hefl CyOREKTHBHOE TPEINONOXEHHE HA OCHOBE OMbITAa, HHTYH-
IBH HIH JIOTUKH.

Hanpumep, npeanonoXuM, UTO Bbl HCCHIEAYETE BONPOC 06 «yTeUKe MO3TOB» U3
cTpaHsl A B cTpany B U ucmonb3yeTe (BeChbMa HAMBHYIO) MOIC/b;

y=a+px+u (6.28)

e y — IMOKa3aTeNb OTHOCHTENbHOTO YPOBHSA MUIPALMH ONpPEAcIeHHOTO BIAA TPY-
IOBHIX PECYPCOB M3 CTPaHbl A B ¢TpaHy B; x — nokasaTtenb OTHOWEHUS YPOBHS 3apa-
GotHo# nnaTh B cTpaHe B K 3apabotHolt naare B cTpaHe A. Bul nonaraeTe, 4TO MIpH
fonee BoIcOKO! pasHHUE B 3apaboTHOIL nMaate Gyner 6onee Buicokoi U Murpauusa. Ox-
HAKO MpeInoloXUM, YTO ¥ BaC €CTb JAHHEIE TONBKO MO BANOBOMY BHYTPEHHEMY NIpO-
aykry (BBIT) xa ayiuey HaceseHHS, Ho He mo 3apaboTHoil mnare. B 3ToM cayyae MoX-
HO BBECTH 3aMeLLAIOLIYI0 NEpeMEHRYI0 p, KOTOpaa apage1ca oThomeHuem BBIT c1pa-
Hiei B x BBII crpans A.

B 3ToM cayuae B KauecTBe Nepeoro npuéauxenusa Guono ObI pa3yMHO NPEATIono-
XUTh, YTO OTHOCHTENLHBE YPOBHH 3apaboTHOM NJIaTH NPOMOPUHOHANLHE OTHOCH-
TeAbHBIM BeanurHaM BBII. Ecau 661 31a 3aBHCHMOCTE GbINa CTPOTroii, TO YpaBHEHHE
(6.26) MoxHO ObO Gbl 3aMMCaTh C BEANYHHON A, paBHON HYMIO, ¥ BENWYMHOMU M,
paBHoO#it exnHKUe. O1CIONa ¢ — KO3¢PPHIMEHT IipH oTHOCHTeRbHOM BBIT nan 6b1 He-
MOCPEACTBEHHYIO OUEHKY BeNUYMUHE] f — xoadduiiueHTa NpH OTHOCHTENEHOH! 3apa-
GotHoit mnare, [lockonbKy nepeMeHHbIE B PErPECCHOHHOM AHANM3e 3a4acTyIO OMpe-
ICNAITCA B OTHOCHTEABHOH GOpPMeE, TO 3TOT YacTHHIH ¢ayyail B AeHCTBHTEIBHOCTH
HMeET LHHPOKOE IPUMEHEHHE.

B IaHHOM paccyXACHHUM MBI IPHHAAN, YTO Z ABNACTCHA MASANBHOMN 3aMellatoLLeii
nepeMeHHOM JUIg X, ¥ CIPaBeIMBOCThL BCEX NPUBEIEHHBIX BhlLle PE3YNbTAaTOB 3aBM-
CHT UIMEHHO OT 3TOr0 ycnoeusA. Ha 11pakTike oOpYHO HEBO3MOXHO HAMTH 3aMeilalo-
LIYI0 NEPEMEHHYIO, MMEKHLYIO CTPOTYIO JIMHEHHYIO CBA3b ¢ HEAOCTAIOWEHR NepeMeH-
Holi. Ho ecnM cBa3b OnM2Ka K TMHEHHO, TO pe3yasTaThl 6yayT npubnusUTeNBLHO Ha
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TOM Xe ypoBHe, OCHOBHOH NpoGneMOi ABAAETCS OTCYTCTBHE CPEACTB IS IMPOBEPKH
TOTO, YIOBACTBOPHTENbLHO WK HET BHIMOIHACTCSA YKa3aHHOE YCAOBKE. 346Ch TIPUXO-
JHTCA ONpaBAbIBaTh UCIICNB3OBAHKE 3aMEINAIOLIETH NepeMEHHOI Ha OCHOBE CYODbeK-
THBHBIX KpHUTepueB. Mcnions30BaHKe HECOBEPLUEHHDBIX 3aMEILAOILMX NePeMEHHBIX OyaeT
PACCMOTPEHO Najlee B rnaee 3.

HenpeaaHamepeHHoe 1CIOMb30BAHNE SaMELLSIOLLINX NEPEMEHHbIX

HHoraa caydaerca, 4TO BH MCMIOAB3YSTE 3aAMEIUAIOIUYIO TEPeMeHHYI0, HE 0C03-
HaBas aToro. Bel nosaraete, 4to ¥ 3aBHCHT OT Z, a B NSHCTBUTENILHOCTH 3T BEAKYN-
Ha 3aBMCHT OT X.

Ecnu KOppensiua Mexay BeIHYHHAMH Z U X HE3HAYHTE/NBHA, TO Pe3YyAbTaThl Gy-
JAYT IIOXMMH, H BBl NoiiMeTe, 4TO TYT 4YTO-To HenaaHo. Ho ecnu xoppendums rec-
Hasl, TO PE3YALTaThl OKAXYTCH YAOBJIETBOPUTENBHBMH (K03 dHLNEHT R ? GymeT 61u-
30K K X€MaeMOMY YPOBHIO M T.I11.), ¥ Bhl MOXETE AAXE HE NCA03pEBaTh, YTO MOMY-
YEHHOE COOTHOMIEHHE HEBEPHO.

HMeer nu 310 Kakoe-T1O 3HayeHHe? D10, BO-NEPBBIX, 3aBUCHT OT TOFO, ¢ Kakoi
LEABIO BB CTPOHTE JAHHYIO perpeccHio. Ecan Lenbi oHeHHBAHUA PerpeccuH sSBi-
eTcsl peAcKazaHue Oyaymux 3HadeHHI BEMHYUHB! ¥, TO MCIIONB3OBAHME 3aMELLAI0-
el nmepeMeHHOM He OyaeT MMeTh GONBIIOFO 3HAYCHUS TPH YCIIOBMH, KOHEYHO, YTO
KOppensusa TeCHast U He SABAAETCA B TO XK BpeMs CTATUCTHYECKOM cYacTIHBOH Ciy-
yafiHOCTBIO. OHAKO eC/IH Bbl HaMepeHbl UCIOIL30BaTh OOBACHAIOILYIO HEPeMEHHYK
B KAYeCTBe MHCTPYMEHTa 3KOHOMHYECKOH NOMUTUKH A OKAa3aHUs BAHAHMS HA Mno-
BelcHHE 3aBUCHMOI MepeMeHHOH, TO [OCNEACTBHA MOTYT OKA3aThCs KaTacTpodu-
yeckKUMHK. Echu TOnbKO He GyaeT GYHKUNMOHANBHOM CBA3KM MeXay 3aMeluaroLueil ne-
PEMEHHON W UCTHMHHOK 00bACHAIOLIEH NepeMEHHOH, MAHUITY/IMPOBAHHE 3aMELIAl0-
wieit nepeMeHHOMN He OKaXeT HHKAKOr0 BAWAHHA HA 3aBUCHMYI) MepeMeHHYI0. Ecnn
MOTHBOM NOCTPOSHHUS PErPecCHH ABAACTCA YHCTO HAYYHOE MIOOOMBITCTEBO, TO HEXOA
OyIeT CTO/b XK€ HeyIOBJISTBOPUTENBHBIM.

HenpennaMepeHHOE MCIIOAB30BAHHE 3aMEIHAIOLUMX EPEeMEHHEBIX 0C00EHHO pac-
NPOCTpaHEHOo MPH aHANK3E BPeMEHHBIX PANOB, B YACTHOCTH B MaKPOIKOHOMHYECKHX
Monenax. Ecan ucTHHHas 0GBACHAIOILAA TTEpeMEHHAA HMEeT BPEMEHHON TpeHH, TO
Bbl, BEPOATHO, MNOAYYHTE XOpOLUYIO OLESHKY (POPMYNLI, €CIM 3aMeHHTE (NpeoHaMe-
PEHHO WM HEeT) ee Ha MIobYio APYryio MepeMeHHY) ¢ BpeMEHHBIM TpeHmoM. Taxe
€CNd BBl CBS3bIBACTE MPHPALUEHNA 33BUCHMOMR NepeMeHHOM ¢ MPUPALIEHAIMU 00BAC-
HAKUeH epeMeHHOH, BB, BEPOSTHO, NO/YYUTe AHANOTUYHbIE PE3YAbLTATH HE3aBH-
CHMO OT TOTO, HCTIONL3YETCA JIM NpPaBUIBHasg OOBACHAIOIIAA NEepeMeHHas WK Xe
3aMeilamnmas nepeMeHHas, NOCKOAbKY MAaKPOIKOHOMHUYECKHE MepeMeHHble 00hIY-
HO M3MEHSIOTCA B3adMOCBA3aHHO, B COOTBETCTEHH C DKOHOMHYECKHM LIMKIIOM.

Vnpaxreris
6.11. B npuBeneHHOM HUXe TA6AKUE DaHb! KOMPOHLIHEHTH! (C YKAZAHHBIMH B CKOG-

KAX CTaHJAPTHLIME OLIHOKaMM ) TorapudMHyecKoli perpecCHOHHON 3aBUCUMOCTH pac-
XONOB Ha XMiEe: 1) OT pacrionaraeMoro JHYHOrQ moxonaa (dpi) M UEHBI; 2) TONBKO
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OT HEHHI; 3) OT UeHbl ¥ BpeMeHH, TTokasarens dpi M HeHa, BEIMHCICHHBIE MO JAHHBIM
BHIGOPOYHOTO MEPHONA, OKA3aMNUCh OTPHLATENLHO KOppeaupoBaHBkiMH. ITpoxoMMen-
TUpYHTE Pe3yaAbTATHL.

Ouerku kosduuynonTos

api Llena i 2

(1) 1,18 -0,34 — 0,99
(0,08) {0,31)

{2} — -8,72 —_ 0.80
0,70}

{3) — -0,63 0,041 1,00

{0,13) {0,001)

6.12. Ucmons3ys JaHHEIE O TOBapy, BHOPaHHOMY BAMK B YIIpAXHEeHKH 2.4, no-
CTPOTE MAPHYIO NOTApHMMUYCCKYIO PErPECCHOHHYIO 3aBHCHMOCTD CIIPOCa OT OTHO-
CHTENLHOM LIEHB ¥ MHOXECTBEHHYIO PEFPECCHOHHYIO 3aBHCHMOCTD CNpOCa 0T OTHO-
CHTENbHOM LeHBI ¥ BpeMeHH (#e BKiTlouas dpi). ConocTaBbTe pe3yNbTATH CO MHOXE-
CTBEHHOI perpecCHOHHOI 3aBUCHMOCTBEQ CIPOCA OT PACNONAraeMoro NUYMHOIO 40-
X0Ha ¥ OTHOCKTENLHOM HEHE:, OLEHEHHOHU BaMu B ynpaxHeHHu 5.6. Caenaau 6bl Bh
BEIBOM, UTO BPEMA MOXET CNYXKHTb YIOBNCTBOPUTENBHOM 3aMellaloIueii nepeMeHHOM
L5 pacnojaracMoro JMYHOTO KoXoJa, ¢cii Obl BaM He yAaNnOCh NMONYYKMTE NaHHLIE O
nocaeaHeM?

6.13. HccnemoBarenb CYMTAET, YTO COOTHOUIEHHE MEXIY I'OJOBBIM AOXOOOM HH-
IMBUZA (), YMCIOM NeT TPYIOBOTO CTaxa (X) M KOMHYeCTBOM neT o0yueHuA (S) BH-
paxaeTcsH GopMyoH:

y=atpx+pS+a

rie 4 — CAy4aitHb1i wien, Viccnenopatens pacHonaraeT AAaHHBIMH NEPeKPecTHOM Bbi-
bopxu no ¥y H S mas 1000 yenopex, HO He UMeeT NPAMEBIX JaHHBIX 0 x. UMeloTca
IaHHBIC O BO3pacTe KAaXAOro MHAMBHMAA, a OTCIOAA 7 — YHCIO NET, MPOLUEALIHX C©
MOMEHTA OQUUHAALHOTC 3aBePLIeHHA OBYUSHHA, MOXET OBITh BEIMHCAEHO 11O Gop-
Myqe;

z= Boapact— 86,

MCXOIS U3 MPEANONOXKEHHS, YTO KX UHAMBUA HAuan YYUTECS B BO3pacTe 6 JeT.
[ToruepKHMTE MPeUMYILECTBA H HEROCTATKH [TOCTPOSHUA PErPECCHOHHOM 3aBHCHMO-
cTd y: 1) Tonsko OT Benu4uMHH 5; 2) 0T S U 2, HCTIONB3YA Z B KAUECTBE 3aMeLIalo-
uledt nepeMerHol ana x. O6cyauTe B KAXIOM cayyae, KakuM o6pa3oM BOMXKHEI HH-
TEPRPETHPOBATRCA PE3YNBTAThI PErPECCHH M KaKHE MOCYT GBITh BLITOMHEHB CTATHC-
THYECKHE TECTEHL.
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6.5. Mpoeepka NUNEHHOro orpaNMyeHHs

B pasnenax 5.3 u 5.5 66110 NOKazaHO, YTO YKUCHO OGBACHAIOWINX MePeMEHHEIX B
YPaBHEHHH perpeccMy MOXHO YMEHBIUUTh Ha SIMHULYY, €CJIM M3BECTHO, YTO Mapa-
METPHRI 3TOTO YpaBHEHUS NHHEHHO 3aBUCHMBL. Bocnonb30BaBIIUCEH 3TOR 3aBUCHMOC-
TbIO, BBl CAeAaeTe OUEHKHU perpeccui Gonee addexrususimu. Ecnu ao aroro umena
MecTo npobnemMa MyIbTHKOTHHEAPHOCTH, TO OHA MOXeT ObITh cMArdeHa. Jaxe ecau
3Ta MpobiaemMa B HCXONHO MOBENHN OTCYTCTBOBAA, TO BHIMIPHILI B 3ddexTrBHOCTH
MOXET JATh YIVYIIEHHE TOYHOCTH OLEHOK, YTO OTPAKAETCA MX CTAHAAPTHRIMU OLUHG-
KaMH.

Hanpumep, B pazgene 5.3 Ml BMIOENH, 4YTO HauGonee obwas gopMa GYHKUHY
Ko66a—/yrnaca

Y= AKaLby (5.31)
NpH HaNOXeHHH orpaHuueHHUA f = 1 — & morna Gbl 661Th NpeobpazoBaHa K BHAY:
Y/L = A(K/Lyv. (5.28)

COOTBETCTBEHHO 3TOMY PerpecCHM, NOCTpOSHHBIE HA OocHOBEe PYHKUMH Kobba—
Jyrnaca, paccyHTaHHOM And Npou3BoacTeHHOrO cekTopa CILA 3a 1899—1922 rr,,
BBITAANENN TaK (B CKOOKaAX YKA3AHBI CTAHJAPTHLIE OMIHOKHM);

log ¥= —0,18+ 0,23 log K+ 0,81 log L; R2=1096; (5.32)
(0,43) (0,06) (0,15) F =1236,1;
M (C Y4ETOM NMHEHHOrO OrpaHMYeHHs1 HA MapaMeTphl):
lof ¥/L= 0,02+ 0,25 log K/L; R2=0,63; (5.30)
(c.0) 0,02) (0,04) F=380

OueHky BennyuH o 1 B B hopmyne (5.32) gelicTBUTENbHO B CYMME AalOT NPUMEp-
HO eAMHHILY, YTO MOXET CTVXKKHTE 000CHOBAHHEM 151 HCNONB30BAHHUA OrpaHHYeHHs,
YYET KOTOPOro, Kak BHAHO, NOBHILIAeT 3bheKTHBHOCTE, MOCKOABKY CTaHAAPTHaA
olMGKa OLIEHKH BEHYMHB! & B BEPCUHM C OIrpaHH4eHKEM cocrapaer Beero (0,04 npo-
THE 0,06 npH OTCYTCTBUH OrpaHHYeHUsA. ONHAKO NpeXIe, YeM HCIOIb30BATh BEPCHIO
C OrpaHMYEHUEM, MB JO/DKHEI HPOBECTH (POPMATBHYIO MPOBEPKY THITOTE3B! O HANH-
YUK orpaHAYCHUA. MMeeTCA HECKOABKO CIIOCOOB CIENaTh 3T0, HO Mbl PACCMOTPHM
nBa Haubonee pacrnpocTpaHeHHBIX, KOTOPhIE OKA3LIBAIOTCA IKBUBANEHTHBIMH.

TIpoBepKa OrPaHNYeHUS C MOMOLUBIO KDHTEPUS F

IocTpofite obe GopMbl perpeccy — Kax ¢ Y4eToM OIpaHvyYcHIs, TaK u Oe3 Hero —
¥ 0603HAYHTE CYMMY KBaIpaTOB OCTATKOB (aBTOMATHYECKM PACCYHUTAHHBIX KOMIIbIO-
TEPOM) uepe3 RSS; — B BapHAHTE ¢ OrpaHudcHuEM U RSS,; — B BapuanTe O3 orpa-
HUueHHA. [TockonbKy BBOA OTPAHMYEHHA BelleT K CYXEHHMIO BO3MOXHOCTEH noabopa
YPaBHCHHA perpeccuH, ofecneyuBaiolero HauGoblIee COOTBETCTBHUE ¢ MMEIOLIK-
MHCS AaHHBIMH, RSS,; He MOXET GrITh MeHbIIE, YeM RSS,, a OyzeT B obmem cnyyae
oonsie. HaM xoTenock OB NPOBEPUTD, ABMACTCA JIM YAYYLICHHE KAYECTRBA perpeccuu
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[IPH fepexae OT BAPHAHTA C OrPAHHYSHMEM K BapuaHTy §e3 OrpaHHYeHMs CTaTHC-
THYECKH 3HAYMMBIM. ECNH 3TO TaK, TO OrpaHH4YeHNe J0MXKHO ObITh OTGpOILEHO.

JIna 3TOM HeaK Mbl MOXeM HCIIONb30BaTh KpUTEPHH F, CKOHCTPYHPOBAaHHBIN Tax
Xe, KAK W B pa3ddene 5.6:

Yaywwenue xavecman ypaenenus / Hucav ucnorszgeannsx cmenesed cgobodni
F= Ocmaewasca cysna xeadpamoe omiaonenuil | Oemasuieecs wucao cmenened ceobody

(5.58)

3zeck ynydilleHUe Ka4yecTBa perpecci, MoyqaeMoe NPy Mepexose oT MOoJenu ¢
OTPaHHYCHHEM K MOAENH Be3 OrpaHMYeHHs, BHPAXASTCS BEIHIUHOH (RSS, — RSS,),
B Monean Ge3 OrpaHMyeHMs NOABAAETCA OAHA AONOSHMUTENbHAd CTENEHL CBODOALL
(ROCKONBKY OLUEHMBAETCA HA OOMH MapaMmeTp Gonbile), ¥ CYMMa KBaApaTOB OTKJIO-
HEHUI{, OCTAIOWAACA MOCAE MEPEXOAA OT OTPAHHYSHHOTO K HEOTPAHWYEHHOMY Ba-
puaHTy, coctapnaer RSS,. CnemoparensHo, F-CTATUCTNKA B AAHHOM C/Iy4ae paBHa:

__ RSSp- RSSy
T RSSy [(n~k-1)’ (6.29)

rae k — 4ucao oOBACHAIOIMKX NepeMeHHBIX B BapHaHTe De3 orpanvdyeHus. Oua pac-
npeaeneHa ¢ OAHOH U (r — k— 1) cTeneHsIMU cBOOOABE MPH NPEANOACKEHUH, 4TO
OTpaHUYEHUE BEDHO,

B cnyuae ¢ npou3sBoAcTBeHHOH dyHKuHeid Kob66a—JIyrnaca cymma KBaapaToB OT-
KI1oHeHu# coctasuna 0,0716 B Monenu ¢ orpannueHueM ¥ 0,0710 — B Mopenn Ge3
orparudeHua. OTcioaa F~-cTaTUCTHKA PaBHANACD:

0,0716-0,0710 _
F=—0omoja1 -8 (6.30)

Kpurtndecknii yposeHs BenuuuHol F ¢ 1 u 21 cTeneHsio ceoboanl NpH S-MpoLEHT-
HOM YPOBHE 3HAYHMOCTH paseH 4,32. [1ocKoAbKY 3HaYeHHe F-CTATHCTHKH OKA3TOCEH
HUXE KPHTHYECKOTO YPOBRHA, MbI He oTOpachiBaeM orpaHuvenne, JdpyruMmu cmosa-
mu, Y. Ko6G u II. Jdyrnac ObIIM IpaBbl, HCNOMB3YA OrPAHHYEHHE O MOCTOSAHHOM
aexTe OoT MaciuTaba NPpUMEHHUTENLHO K pacCMaTPHBAGMOMY NepHoay.

flposepka orpamHnyeHns ¢ NoMOoLUbIO Kpurepus t1

TIpx nmpoBepKe OIPaHHYeHMs ¢ MOMOLILIO KPUTEpKHA ! UCTioAB3yeTesl dakT, YTo
MOZEIE ¢ OTPAHNUYEHHEM MOXKET OBITh CBeACHA K MOAEAU 663 orpaHHueHut myreM
s0o06aBlIeHHS B YpABHEHHE COOTBETCTBYIOLLErO yneHa. Ina yanobeTea MBI HAZ0BEM 3TY
GOPMYNMPOBKY MOAENH «BapuaHT J»2. KoadpUMUMEHT AOIONHUTENLHOTO WICHA B
BapuaHTe 3 GyaeT paBeH HY/IO, €CNH U TONBKO SCAW CIpaHUYEHUE BhinonuseTcd. To-
ITOMY BBl MOXETE MPOBEPUThL OTPAHHYCHHE, OUCHHB PErPecCHIo ANA BapuaHTa 3
BBIACHME, 3HAYHMO HIK HET OTIHYACTCA OT HYAA KOSDPULHEHT JOMONHHTEABHOTO
YJI€HA.

B cnyuae dpyukimmy Ko66a—yrnaca nobasnenmue unena (B + o — 1) log L B ypas-

! Hanuwi Noapazaen MOXHO NPONYSTUTL 663 NoTepk LENOCTHOGTA M3N0XEHWA.
2 [JaHHoid TepMMH HE SBNNETCR CTANNAPTHLIM.

189



HeHHe Mpeobpa3yeT MOACAD C OrPAHHYCHMEM B MOAE/R Oe3 orpaHMyYeHMIA. Ecity pac-
IINpUTL ypasHeHHe (5.29) nns nepexoia K BapMaHTy 3, TO

log /L=1log A+ alog KL + (B+a—1)logL + log v. (6.31)
Orciona
log Y—log L=1log A+ oflog K—log L] + plog L + adog L —log L + log v. (6.32)
[TyreM ynpolueHMs MOXHO BEPHYThCA BHOBL K Moaeay 0e3 orpaHu4YeHUH:

log Y=1log A + alog X + plog L + log v. (6.33)

Takum oBpazoM, dopmyna (6.31) sBraseTcs HOBhIM CnecofoM 3amucH MoIeau Ge3
orpaHuyeHHi. Ecnu orpaHe4eHue BepHO, To ko3dduuueHT npu log L He momxen
3HAYMMO OTIMYATECA OT HyNd (eClNU MBI He COBEPLUKM, K HECHACTho, oluubky I pona),
M TOTOA MBl HMEEM IIPaBo UCKIIOYHTE 3TOT 4NieH, T. €. HCTIONL30BAaTh MOIENb C Orpa-
HHYEHUEM,

B paccMaTpHBacMOM C/IyYae, OLUCHHUBAS PErPecCUio IS BapHAaHTa 3, Mbl MONYYHM
(B cKoBKax gaHbl CTAHOAPTHHIC OLIMOKHU):

log Y/L= —0,18 + 0,23 logK/L +0,041og L; R2=0,64, (6.34)
(0,43) (0,06) {0,09)

KoadduumeHt npu log L He oTnHyaeTcs 3HAYUMO OT Hy/I4. DTO [10Apa3yMeBaeT,
yT1o (0 + B) He oTAIMYaeTCsA 3HAYHMO OT eAUHKLSL. [TosTOMY OorpaHHYeHHE MBI HE OT-
OpaceiBaecM.

Kakum obpazoM HaiiTH JOMONHUTENLHBIM WieH, KOTOPLIH npeobpasyeT Moaesb ¢
OorpaHMueHKeM OOpaTHO B Moaenb 6e3 orpanndeHniH? [onpakTHKOBAaBIIMCh HEMHO-
IO, Bbl CMOXETE AeNaTh 3TO NYTEM M3yueHMA KM npoeepKu. Ecam Bel npeamouuracte
(hopMannHO CTPOTHIL, HO Boslee MEXaHMYECKUN MYTh €ro Qnpene/ieHHs, TG HAMULIH-
TE CHayana BapuaHT MoIeny 6e3 orpaHUdYcHUiA, a 3aTeM — C OrpaHHYEHUEM CO BCe-
MU 4JieHaMK B JIeBOIl CTOpOHE YpaBHeHUA W MPOBEAUTE BM4YMTaHHe. PasHocTh u Oy-
IET TEM BLIpaXEHHEM, KOTOPOE Bhl HIUETE.

Moyemy 3TOT CrIoCOG 3KBUBAIEHTEH MCMOAL3OBaHMIO F-recTa? HanoMHuM, 4YTo
F-TecT npoeepseT yny4yllieHHE Ka4eCTRa perpeccHH [IpH Mepexone 0T MOASIH C orpa-
HUYeHUeM K Moleny 0e3 orpaHMdeHHil. JTO OCYLMECTRASETCH NYTeM BKIIIOYEHUS B
YpaBHEHHEe AOMONHUTENBHOTO WieHa, HO, KAK HAM U3BECTHO, F-TecT AN mMpoBepKy
YIYYIICHYS KAYECTBA PETPECCHH MYTEM BKJIOUYEHHS B YPABHEHHE AONIC/IHUTEIbHOIO
YleHA 9KBUBAIEHTEH f-TeCTY AN NPOBEPKM 3HAYUMOCTH KO3QdHLMEHTa 3TOro Wie-
Ha (cM. paznen 5.6).

Ewe ogqun npmmep

HonyctuMm, BBl npeanonaraere, YT0 COBOKYRHbIA pacxon Ha NponoBonbCTBUE ()Y)
3aBHCHT OT COBOKYITHOTO JIMYHOTO Aoxoaa (Z), COBOKYIMHOIO JMYHOrC Hanora (fax)
¥ OTHOCHUTEJIBHOM LIEHB MPOIOBOALCTRUSA (p). BE 1onycKaeTe HAMHYKME 3ABUCHMOC-
T™H;

y=oa+pz+pBax+pp+u (6.35)
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Ioaw3yscy aaHHbeIMK to CHIA 3a nepuoa 1959—1983 rr. u3 taba. b.1 u B.2, a Taicke
U3 ynpaxHeHus 6.17 1 BLIYUCHAR HANOT (fax) KaK pasHOCTb MEXAY JUYHLIM J0XO0-
DOM H pacmofiaracMbIM AHYHBIM KOXOHOM, MbI IIOYYUM PErpeccHio;

§ = 116,7 + 0,113z — 0,115¢ax - 0,741p, R2=10,99. (6.36)
(c.0) (9,8) (0,009) (0,040) (0,120)

3ameTue, yro ko3QdUuIMeRT Npu fox OAM30K K KO3DGhUIMEHTY TIpH Z o afco-
NIOTHOH BEMUYHHE, HO MTPOTHBOMOJIOXEH MO 3HAKY, Mbl BUOHM, YTO BEIHYHHA ¥ B
KOHEYHOM CYETE MOXET 3aBUCEThH B OONbLIEH CTENEHK HE OT Z WUIM 14X O OTAS/IbHO-
CTH, a OT PacnoiaraeMoro JNYHOTO J0X0Aa, T. €. PA3HOCTH MEXAY HUMH, U ITO3TOMY
MBI HM&EM NMPAaBO BBECTH OTPAHHYCHUE

B, = =By, (6.37)

TSI TOTO YTOGHE MOBBICHTD 3¢xbeKTUBHOCTE oLieHOK. [ToceaHee ypasBHeHHe MOXET GBITh
nepenMucaHo B BUOE:
y=o+Bx+Ppp+u (6.38)

re x — pacrnojaraeMbiil AMYHBIE JOX0A, 8 COOTBETCTBYIOLIAS PErPECCHA BHITASAUT
KaK
$=116,7 +0,112x ~0,739p; R2=0,99, (5.3)
{c.0.) (9,6) (0,003) (0,114)

Mel aeitcTBUTENBHO EMAUM YAyuLIeHHEe 3hDEKTHBHOCTH, TAK KAK CTAHAapTHaA olIKnd-
xa KoatdduuneHTa npu goxofe ceilyac coctaBager toaeko 0,003 smecto 0,009,

CyMMB! KBAIPATOB OTKAOHEHHWH B BApMAHTAX YpABHEHMH 6e3 orpaHHYeHHHA U ¢
OTpaHMYSHMAMHM COCTaBAMIOT 65,379 1 65,398 cooTBeTCTBEHHO, U F-CTATUCTUKA ANA
MPOBEPKM OrPAHUMEHUST PABHA:

0,019

F=%am /21

= (,006. (6.39)

Kpuruueckuit yporeHb F ¢ 1 1 21 cTenennio cBoSOAL NPH 5-MPOLIEHTHOM YPOB-
HE 3HAYKMMOCTH COCTABAsIET 4,32, ¥ MBI, TAKMM 00paioM, He OTBEpPraeM OrpaHuye-
Hug. QakTHyeCckKy 310 GBI10, B CYLIHOCTH, IOYTH NPEAPCIICHHLIM BLIBOXOM, [TOCKOMb-
Ky KoxbdbHUMEHTE perpeccuy B ypaBHeHuH Oe3 orpaHuyeHnit (6.36) ouenn Gnusku
K 3HAYEHHAM, MONYYCHHLIM NPU BHIMIOJHEKNUH OTPAHNYCHMSL.

MOXHO, KOHEUHO, NCNONS30BATD ITOAXOM € /-TeCTOM. B faHHOM cJy4ae BADHAHT I3
HpeACTABNSSTCH B BUAE:

y=o+Bx+ P+ (Bt By tax +u. (6.40)
CooTBeTCTBYIOILEH perpecciuelt apasgeTes (B cKOGKax NaHbl CTAHKAPTHBLIC OLIUOKY):

§=116,7+0,113x - 0,741p — 0,002¢ax; R2=10799; (6.41)
9,8 (0,009 (0,120) (0,031)

H MB! IPHXOAMM K BHIBOZY, YTO OueHKa Kodpduumenta (B, + p,) He oTauvaercs
3HAYMMO OT HYJA, T. €. 4TO B, He OTNHYAETCs 3HAYUMO OT —B,.
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Ynpaxrerys

6.14. B pasnene 5.5 MH paccMoTpen noGapieHHe BpeMeHHOIO TPeHIa K TIpOH3-
BoncTeeHHO Gyukiuy KobGa—Idyrnaca ¢ Uennio yuera reXHudeckoro nporpecca. Mel
OOHAPYXXHIH, YTO 3TO BH3BAN0 MYILTHKOIHHEeapHOCTh [ypaBHenne (5.48)], u no-
JNYYHIH 3HAYHTENIBHO NYJIHe PE3Y/IbTAaThl, KOTIA BBEU OTpPaHHYEHHE, ONpPeaensio-
uiee mocTosHHE 3¢hdexT or MaciuTaba [ypaBHeHHE (5.49)]. CyMMBI KBagpaTOB OT-
KJIOHEHMi B ypaBHeHHIX Ge3 orpaHM4YeHNIA U € OIPaHMYEHHUAMM ObUIM, COOTBETCTBEH-
Ho, paBHbl 0,056 u 0,068, [IpoBeanTe NpoBepKy OrpaHHYEHHA, NIPEANIONATAIOLLETO
NOCTOAHHHIR 3ddexr oT Macmraba.

6.15. INocTpoeHue perpecCHOHHOM 3aBHCHMOCTH PACXOA0B HA XWHHIIHBIC YCIIYTH
OT JTHYHOTO AOX0IA, HAJIOrAa M OTHOCHTEJILHOM CTOMMOCTH XM/bS JaeT CIAeayIoLHe
pe3yAbTaThl (B CKOGKAX YKa3aHH CTAHIAPTHEIE OIIMOKH):

§=—41,6+0,177z7 —0,160tax + 0,131p; R2=10,99.
(50,0) (0,026) (0,094) (0,432)

CpaBH#UTE HaHHOE YPaBHEHHE ¢ Perpeccrell MeXay CIpOCcOM, pacronaraeMbIM JH4-
HBIM JIOXOLOM H OTHOCHTeNBHOIA [IeHOil, npeacTapleHHOH B YIPaXHEHMH J.2. CyM-
MBI KBAZPATOB OTKIOHEeHHUI B BapuaHTax 6e3 orpaHH4YeHHH | ¢ orpaHMYeHHeM Dhinu
paBHbl 382,4 u 383,3 coorBercTBeHHO. [IpoBeauTe MpoBepKY OrpaHMUYeHHA, TIATENBHO
CHOpMYNHPOBAR HYAEBYID [HITOTE3Y.

6.16. PerpeccHOHHAA 3aBUCKMOCTD JUIA <BAPMAHTA 3» OT PACIIONAraeMoro JUYHOTO
0X0/a, OTHOCHUTEIbHOM! LIEHB H HAJIOTOB JacT CHICAYIOWUE pe3yabTar (CTaHAapTHLIE
OluMOKHK yKa3aHbt B cKODKax):

J=-41,6+0,177x + 0,131 + 0,017zax; R2=0,99.
(50,0) (0,020) (0,432) (0,075)

[MpoBenTe NpoBepKY OIPaHHYEHHUA H CPABHUTE 3ITC YPABHEHHME C YpaBHEHHEM H3
ynpaxHeHus 6.15.

6.17. TIocTpoiiTe perpecCHOHHYIO 3aBHCHMOCTDb PACXOROB HA BHIGpaHHBIA BaMK BUI
6J1ar OT JIMYHOTO AOX0AA, HAAOTOB X OTHOCHTEbHOK HEHL! K CPABHHMTE PE3yNbTATH
C pe3yNETaTaAMM OLEHHBAHKS PEIPecCHM MEXAY pacXofaMM, PACronaracMelM IH4-
HBIM JOXONOM M OTHOCHTENLHOM HeHOo# B ynpaxHeHun 5.3, YKaxuTe, KaKyio U3 per-
pecCHit creqyeT CYUTATD Aydile cneudbuLMpPpOBaHHOIK,

2. Perpeccud B YIpaXxXHeHHH 5.3 MOXeT pacCMaTpHBATBECA KAK MOJENbL HOBOM per-
pecCHH ¢ orpaHu4deHneM. CHOPMYITHDYIiTEe COOTBETCTBYIOLUEE OTPAHMYCHUE H MPO-
BeauTe ero GopMaabHYIO NMPOBEPKY.

Hobasn perpeccust cOOTBETCTBYET TOM Xe MOACAH, 4TO H perpeccus QyHKLHH
CIIPOCa HAa MPOJOBOALCTBHE B ypaBHeHMH (6.35). [Ipu pabote ¢ nporpaMMmoit perpec-
CHOHHOTO AHAJNIM3a BaM HYXHo OyIeT MCNO/b30BaTh JAHHEIE O IMYHOM JOXOIS, B3A-
Thi€ M3 [IpHBEOEHHOMN HHXKe TaGAHLK (¢. 183). OnHako HeT HeoGXOAUMOCTH BBOIKUTE
OTAENBHO AAHHEE IO HATOraM: 3TH JaHHbi€ Bbl MOXETE BEIMMCAHTD (MU «TTOPYIUTL
3TO CHe/AaTh 34 BaC KOMIMbBIOTEPY) KAK Pa3HOCTh MEXAY JMYHBIM AOXON0M M paco-
JaraeMbIM JTHYHBIM AOXOJOM.

6.18. B cBoeit knaccuueckoit crarbe M. Hepnos (Nerlove, 1963) Beisen cnenyio-
1yio GopMyny GYHKLIMM H3IepXeK 1A NPOM3BOACTBA 3NMEKTPOIHEPTHH!
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Shnaneid goxon 8 CliA B 1959-7983 rr. (mapa. aoan. CUA, 8 nocroasmbix yanax 1972 r.}

1959 5449 1966 7406 1973  1007.9 1980 1209,5
1860  559.7 1967 7744 1974  1004.8 1981  1248,6
1961 5754 1968 816,2 1975 1010,8 1982 12544
1962  602,0 1969 B8535 1976 10562 1983 12846
1863 6229 1970 8768 1977 11054
1964  B58.0 1971 900,0 1978 11623
1965 7004 1872 9514 1879 12007

C=aYP pl‘h PZY: P;’V,

tae C -— MOAHbIE U3ACPKKH NPOU3ROACTEA; ¥ — BHIMYCK (M3MEpPeHHHI B KMIOBATT-
yacax); P, — CTOMMOCTDL 3aTpaT TpyAd; P, — LeHA UCMOJIB30BAHMA KanuTana, P —
CTOMMOCTD TOILIMBA (BCe MOKAIATENH U3MEPHIOTCA B COOTRETCTBYIOWMX eMUHULIAK)
M v — cayuaiiHplit 4ieH. TeopeTHYeCKH CyMMa NoKa3aTenel HeHOROH ANaCTHSHOCTH
NOMKHA PABHATBCH EANHKLE!

ntntn=1,

H, ClelloBaTelbHO, (hopMya HYHKIIMH HANCPXEK MOXET ObiTh MepenucaHa;

T b
-]
Py A A
3T aBa BapHaHTa (bOpMYﬂbI (by’HKI.lHH H3OCPAKEK OUCHEHBE LA 29 (prM CpCAHEro

pazmepa, B BuiGopke Hepnosa, co creayiouMMKy peaynsTaraMy (CTaHIapTHEIE OLIHGKH
NaHel B ckofxax; RSS — cyMMa KBanpaTos OTKIOHEHMi):

lof C=-4,93+0941log¥+ 0,31 logP, — 0,26 logP, + 0,44 logP;; RS5=0,336;
(1,62) (0,11) (0,23) (.29) 0,07)

lof C/P,=~6,55+ 0,91 logY+ 0,51 logP, /P, + 0,09 logP,/P,; RSS=0,364.
0,16) (0,11) (0,19 (0,16)

CpaBHHTE pe3y/ibTAThl OLUEHUBAHMS PErpecCHi 10 YKA3aHHLIM ABYM ypaBHEHHMSIM 1
nposeauTe GOPMANLHYIO MPOBEPKY BBIONHEHUS OTPaHUMEHNS.

6.6. Kak uasneub makcumym nHdopmaumnu
U3 aHanu3a OCTaTKOB

CyluecTByeT ABa NYTH PacCMOTPEHUA OCTaTKOB, NMOAYYEHHBIX B PE3YALTATE OLe-
HHBaHMSA YPABHEHMSA PETPECCHH 10 KAKOMY-TO Habopy aaHHbIX. Ecau BuI no HaType
NECCUMMCT WIN NPOSBASETe MACCUBHOCTE, TO GylAeTe CMOTPEThL HA HUX KAK HA CBH-
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IeTeNnhCTBO cBoelt Heyaayn. YeM Gonkblle ocTaTKH, TEM XYXe PErpeccHs H TeM MeHb-
e ko3dduiment R 2, O6uieii Lenbio ABASETCA TaKas OLEHKA YPaBHEHHA PErPECCHH,
4yT0Obl CBECTH OO0 MHHMMYMa CYMMY KBaapaTOR OCTaTKoB. OfHaKO MpH HEeKOTOpoOit
NpeanpUHUMMHEOCTH B GYAeTe BUAETh B 3THX OCTAaTKaX MOTEHUHANBHO HEOTPAHHYCH-
HBIft HCTOMHHK A 3apOXICHUA HOBBIX HAOEH, a BOZBMOXHO, H HOBBIX Teopuit. OHH
JAIOT OAHOBPEMEHHO OCHOBY T4 [TOCTAHOBKM 33434 U KOHCTPYKTHBHOH KpUTHKH. Dop-
MYTUpPYEMBIE 33Ja4H CO3TA0T CTUMYN A1 HAYYHBIX HCCACAOBAHKIA: HEOGXOIMMOCTD
HAWTH nyquiee 0GbACHEHHE AN HabMonaeMblX cOGbITHIA. A KOHCTPYKTHBHAs KPUTH-
Ka BLI3bIBAETCA TEM, YTQ OCTATKM, B3AThIE [0 OTAENBHOCTH, YKA3bIBAalOT, KOTIa, Ile
M B KaKoli CTeNeHH CYLLEeCTBYIOWAA MOAeNb He CMOTIa OOBACHUTE HaGmiomaeMble
cobpTHA. M3BaeueHHe NONb3L U3 TAKOH KOHCTPYKTHBHOR KPHUTHKHK TpebyeT oT Hc-
cneanopartena 6oabioro TepneHud. Ecnu BeGopKa AocTaTOYHO Mana, TO BaM cieayeT
O4YeHb BHHMAaTeNRHO PACCMOTPETh KAXA0e HAbmoaeHHE ¢ OOBIUTHM MOJ0XKHTEABHBIM
WAH OTPHLATEABHBIM OTKIOHEHHEM M NMOMBITATHECH CHOpMYJIHPOBATE JJIS HUX THITO-
TeTHYeCKKe 00BbACHeHHA. HekoTophle H3 3THX 00BACHEHHH MOIYT BKIIOYATE KAKHE-
TO ocobkle daxTopsl, KOTOpPEIE BPA M MOBTOPATCA B AaibHeiiteM. Takue daxropn
HE MPHUHOCAT TEOPETHKY Gonbiioit mons3el. OHH MOCYT MOMOYL BaM JaTh OOBICHEHHE
ABNCHUAM B IPOLLNOM, HO HE MOTYT 0KazaTh GONblIO# IOMONM B NPOrHO3HPOBa-
HKUH GyaviiIero.

[Ipeanonoxum, YTO BBl UCCNEAYETE CBA3L MEXIY Mpoaaxel KaKUX-TO MpeaMeTOB
ONUTEABHOTO MONB30BAHUA M PACTIONATAeMbIM JIHYHBIM JOXOOOM, NOAL3YACh JAHHH-
MH MOTOA0BOTO BpEMEHHOTO psiga. Ecau Bbl HAXOMHTE, YTO OTPHLATE/IBHLIA OCTATOK
B KAKOM-TO rogy MoXeT OblTh OTHECeH K AMTeNLHOI 3a6acTOBKe ¥ BEAyIUEro 1o-
CTaBIIMKA, TO 9THM BBl CAeNaeTe BKIaZ B UCTOPHUIO, HO HE B TEOPHID.

JApyrue ¢akTopel, OJHAKO, MOTYT OKA3ATHCA CBA3AHHEIMHM C OTKJIIOHEHHAMHY,
NOABNAOUIMMHKCA B HECKONBKHUX HabmoaeHuax. Kak ToabKo BH 0GHApyXHBaeTe 3a-
KOHOMEPHOCTh TAKOTO XapaKrepa, Bbl AefaeTe war pnepes. CNeaylownM [WaroM Ko-
XKHO GBITh HAXOXACHHE pasyMHOro crnocoba AN KOAHYECTRCHHOTO ONMMCAHMA IaH-
HOro (hakTopa ¥ BKUTIOUEHHS ero B Modenb. HanpuMep, B CBOHX HCCNEAOBAHKAX NPO-
JaXH [PeAMETOB JIMTENLHOIO TONb30OBAHHSA Bhl MOXETe OOHADYXHTb, YTO MMEIH
MecTO GONbIUKE TONOXUTENLHLIE OCTATKH B roabl Sonbitteii HGAALUA. TyT GbL10 O
€CTeCTBEHHBIM BBIABHUHYTH FHIOTE3Y, YTO MOKYMATENH NBITAIOTCA 3aLIHTHUTDL ¢e64 oT
HHODAAUMK NyTeM NMpHoOpeTeHUs TOBAapoOB BMeCTO cOepeXeHWA OeHEer, M BbI, pa3y-
MEETCA, JOJDKHEL BKJHIOYHTE TEMIT 3TOH HHGAALMHK B YpaBHEHHE B Ka4ecTBe 0ODBAC-
HAOWER MmepeMeHHON,

3aMeTHM, YTO IAHHKIM NIPUMEPOM HILTIOCTPHPYETCS UCXOAHBIH MoMeHT. Onpene-
JIeHHE BEMYMHB] OCTATKOB ABAACTCA TOJBKO YACTBIO pelueH s 3azayi. Bam Heobxo-
AUMO TaKXe UMeTk 0a30Bbl¢ 3HAHHMA M BoODpaxeHHe, YTOOB OLEHHTH (PaKTOPH,
crnocobHbIe OGBACHITD HX. YXe N0 OOHOH TONLKO 3TOi IPHYHHE SKOHOMETPHYECKO:
MOJENHpOBaHHE NpEACTABIAeT coBoil BO MCKYCCTBA.

Unnmioctpatms

Ina Gonee nmompoGHOM MAMIOCTPALUM PacCMOTPEHHBIX MOMEHTOB BEPHEMCA K
akenepumMenTy o Metony MonTe-Kapno, oncaHHOMY B pasfgene 6.2, rae uccaeao-
BaTe/lb M3YYaeT COOTHOLUEHHE MeXAY A0XO0A0M ()) M NMpOoROIXKMTENBHOCTRIO 06yye-
HuA {5) B HexoTOpoli cTpaHe, UCTUHHEIM COOTHOIEHHEM GbL10;

194



y = ~26250 + 15008 + 250IQ + u, (6.9)

OJHAKO HCCAEAOBATCNE HE YHHUTHIBACT BAHAHUA cbax'nopa crocoOHOCTeH M OLeHHBAET
YpaBHCHHE pErpeCcCHH B CACOYOLWIEM BHAES!

$= —6418 + 19855 (6.11)
{c.0) (3349 (248)

daxTuyecKHe 3HaYeHUE BEJIMYMH Y, MX PacUeTHHIE 3HAYEHUA M OCTATKM I10Ka3aHH B
1267. 6.8.

TaGnvua 6.8
Hab mogerne y y & Habmoaeume ¥y 4 e
1 13880 13430 450 11 15770 19380 -3610
2 15310 13430 1880 12 22790 19380 3410
3 10470 13430 -2960 13 20910 21370 —460
4 17280 15410 1870 14 16720 21370  -4650
5 12480 15410 -2930 15 23200 23350 -150
6 18660 15410 3250 16 24690 25340 -650
7 14720 15410 ~690 17 23130 25340 2210
8 19380 17400 1990 18 34940 27320 7620
9 15510 17400 -1890 19 27780 29310 -1530
10 19590 17400 2180 20 30380 31290 -910

3aech, KaK Bbl BUOMTE, MMEIOTCA GOMblUUe MONOXHTENbHBIE OCTATKH ¥ HHOUBH-
1o 6, 12 v 18, a Taxoke Gonbilie OTPHLATENBHbIE OCTATKH ¥ HHAMBHAOB [ 7 u 14, Ecnn
05l HecieaoBaTenb NoGecenoBal ¢ HHMH, TO OH BBIACHWA Gbl, YTO MHAWBMI 6 Mpo-
HCXomMT M3 padoyelf ceMBH H YTO OH PaHO OCTABHJ IIKOJY, KAK U BCE €r0 TOBapH-
M, 4, TEM HE MeHee, JOCTHUT MONOXEHUA PYKOBOAUTENS B chepe Menkoro 6usHe-
ca, rIe NMpoABIXKeHHEe OCHOBBIBAeTCH Ha pesyabratax paborsl. HHausuan 12 u I8,
KOTOpble HMEIOT oiee BBICOKOE 06pa30BaHueE, TAKKE HCKIIIOYUTENLHO XOPOLIO MPo-
IBHTATHCH O cAyx0e, 4TO He ObINo YAUBHTENBHBIM LA TEX, KTO 3HaA O TOM, 4YTO
OHH Ecerga Obinu cpeau ny4yiiux B yyeGe. Ecnu mocMOTpeTs Ha OTPUIIATEALHBIE OC~
TaTKH, TC OpH ohpoce HHAUBHAOE ]I u 14 wccnenoparens ycraHoBHn Ob1, uro oba
oHM ObUIH BeCbMa HeCcmocoOHHI K ydehe 1 ¢ pazocThio OCTABMIM LUKOMY, KOrda 3710
UM TO3BOJAMIM COENaTh KX POTUTENH.,

Ecnn 6b1 3TH ompockl 6blad cAacnaHbl, TO UCCASLOBATENb, MYCTh BaXe CMYTHO,
noHAN GH, YTO NPpHUPOAHLIE CNOCOGHOCTH ABAAIOTCA BAXHBIM (haKTOpOM B onpenc-
NEHUH YPOBHSA LOXOHAA U 3TO [IPUBEIO GBI €r0 K PErpeccuy ¢ NPaBUALHOM criemudbu-
Kaluued, ¢ NpeANnoNokKeHUeM, 4TO MOXET BbITh H3MepeH mokazareib fQ Kaxioro
yHauBuaa. (CormacHuMcs, YTO 3TO ABNAETCA YIIpoweHneM: JQ oTpaxaer TORbKO OIHH
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BI CMOCOOHOCTEH, HE CAMBIM BaXKHBIM UL yCriexa B OM3HECe WNM AEATEIbHOCTH
TAKOTO Xe pofa.}

AHaNHM3 OCTATKOB MMEET TAKOKE BAXKHOE 3HaUeHMEe NpU Beibope Haubonee nmogxo-
oaiieit opMynsl ypapHeHHA perpeccHi. Kak Mbl yBHAUM HUXKe, B pasdene 7.9, mo-
BEIEHHE OCTATKOB MOXET YKa3uBaTh Ha MATEMATHYSCKH HelNpaBHABHYIO criciMbH-
Kaluio Moaeny. M HakoHeLl, aHAIM3 OCTATKOB MOXET ObITh MONE3HHM MPH MPOBEPKe
TOrO, YAOBNETBOPEHBI JIM BTOPOE M TPeThe YCnoBuA ['aycca—Mapkosa, Ycnoeus I'a-
ycca—MapKoBa OTHOCATCA K CAyYaiiHOMY YneHy i. M3MepeHne BENHYMHD! ¥ B KaX-
IOM OTAENLHOM HabNIOACHUH HEBO3MOXHO, HO OCTaTOK B 3TOM HaGAOAeHHHM MOXET
ObITh B3AT B KaUeCTBe 3aMeLanoweii nepeMeHHOMU 1ast 4. Orcroaa eciM OCTATKH MOA-
YHHSOTCA BTOPOMY K TpeTheMy yCnoBMAM ['aycca—Mapkoga, 10 OyaeT pasyMHBIM
CYUTATh, YTO UM NMOAUHHACTCA ¥ caydafiHbii wieH. K 3ToMy BONpocy MBI BEpHeMCA
B rnaee 7.

6.7. Narogble nepementnie!

Jo cHX nop MB!I CHYHMTUIM, YTO HA TeKylliee JHAYEHHE 3aBUCHMON NepeMEHHOMH
BAMAKT TOJBKO TEKYLUUE 3HAYCHUA O0BACHAIOLIKX nepeMeHHBIX. Takoe mpeanono-
KeHHe JSNaeTCA, KOrAa MbI MOMb3YeMCA MEPEKPECTHRIMHY JAHHBIMH (CTATHCTHMEC-
KHMHK JAHHBIMH, OTHOCAIUMMHMCA K PAa3NMYHBIM OTpaciAM SKOHOMMKH, K paijind-
HBIM HpMaM H T. i1.), re BrSopKa GepeTcA N3 COBOKYMHOCTH MHAHBHIOOB, (UpM,
CTpaH U T. 11. B COOTBETCTBUMH C TEMH HMAH MHLIMHA YCIAOBUAMHK HA KaKOH-TO OOHH MO-
MeHT BpeMeHH. OIHAKO NPH NOJIB30BAHHUH JAHHHMM BPEMEHHOIO pAa Mbl MOXEM
ocabuTh 3To YCIOBKME M MCCAEO0BaTh, B KAKOH CTENMEHM 3ana3gbisaeT paccMaTpuBa-
eMoe BAMSHKE. TeXHHYECKH 2TO M3BECTHO KAK /14208a% cmpyKmypa 3aBHCUMOCTH
(cTpyKTypa ¢ 3ana3gblBaHHEM).

Hanpumep, ecnd HAC HHTEPECYET HCCENGBAHHE COOTHOIIEHHSA MEXAY pacxoaa-
MH Ha Xuaee (¥), pacroitaraéMblM THYHBIM JOX0OI0M (X), H MHHAEKCOM PeajibHBIX LIEH
Ha XWIbE (p) M ECAM MBI AONYCTUM, UTO JiorapudMuuecKas perpeccus spisercs fonee
nonxonsikeii, 4eM NHHeHRHas, TO MBI MOXEM MOCTPOUTH PEerpeccuio;

log ¥, = « + B/log x, + B,log p, + «,, (6.42)

HHAEKC ! fo0aBACH 30eCh K IEPpeMeHBRIM 15 TOro, YTOObI ITOKAa3aTh, YTO MBI CBA3H-
BaeM TEKYLUME PACXOObl HA XHJIbE C TeKYLUMUM AOXONOM. BOCTIONB30BABLUKMCH JAHHBI-
MH 3a 19591983 rT. ¥3 Tabn. B.1 u B.2 npunoxeHus, Mbl ONYYNM:

log y,=~1,60+1,18 log x,— 0,34 log p; R1=10,992, (6.43)
(co)  (1,75) (0,05) (0,31)

B COOTBETCTBUM ¢ JaHHOM PErpecCHeiil PACXOAB! HA XIS HMEIOT MONOKHUTENLHYIO
3MACTHYHOCTD MO J0X0XaM, GAM3KYI0 K EAMHULIE, W OTPULIATENBHYIO 3MACTHYHOCTh
MO LeHe, 4TO U CNICIOBAN0 OXUIATh.

Hpyro# uccaeaoBaTenb MOXET NPEANONOXHTL, YTC MO Honee CKIOHHB COOT-
HOCHTb CBOM PacXofbl Ha XUMbe HE C TEKYIMMH NOXO4AMM M LIGHAMH, a ¢ Npeate-

! laroeas nepemMeHHas — aTo NEPEMEHHAsA, BAUAHWE KOTOPON XapakTepuIyeTca HEKOTOPLIM 3anas-
Ameaduem. {(flpimm. peg.}
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CTBYIOIUMMH, HANpUMep ¢ NPOLIOTOIHMMY JOX0N0M W LIEHAMM, KOTODbIe Mbl 060-
3HAYMM X,_, U p,_, COOTBETCTBEHHO:

log y,= o + Blog x, + Bjlog p_, + u,. (6.44)

MOXHO yTBEpXAATh, 4TC PACXOAB Ha XUJbE NMOABEPXEHH MHEPLUM M MelJIeHHO
COTNAaCYIOTCS ¢ UIMCHEHHAMM AOX00B M LeH. B Tabn. 6.9 npupeaeH JaHHbIE MO X, U
P, 3a pacCMaTpUBacMbii nepuol. g Toro 4robsl Mojy¢uTh JAHHBIE AAS X, H P,
HYXHO TIPOCTO CABHUHYTH JaHHLIE 1A X, A p, HA OJWH YPOBEHL HHXE B TaGauLE,

B 1980 r. moxon cocrasmsan 1021,6. TTo orHomexnuo K 1981 I. 3ra CyMMa CTAHOBUTCA
MPOLUIOTOXHUM AOXOROM, TO €CTh X, ,. TO Xe MPOMUCXOAUT M MO OTHOLIEHHIO K APY-
ruM rogam. TouHo Tak xe MHAeKC LeH B 1980 r. pasHsanca 93,0, a B 1981 r. on cTaHo-
BUTCA 3HaYECHUEM p,_, U T. A. MBI cTankusaemcs ¢ npobGneMoit HaGN0ACHUS BENHYHH
X,y ¥ P, TPUMEHUTENBHO K 1959 1. OnM paBHbI BenHuUHaM x, # p, 1958 r., xoTopsix
HeT B Taba. B.1 u B.2. Mbl A0JDXKHB! 10060 OTAEALHO HAKTH 3HAYEHHS STHX BeJIHUWH,
nu60 OrpaHHYHTH nepHoa BeIGopku 1960—1983 rr. 3mech Mbl BoIGpann nepselii crio-
cob gelicTBHIL.

OueHHB perpecCHOHHYIO 3aBUCUMOCTS log y, oT log x| U log p,_|, mony4yuMm:

log y,= 0,42+ 1,10logx,_,—0,66logp_,;  RZ=0,995. (6.45)
(c.0.) (1,74) (0,05 (0.31)

ITepBoHayansHOM ABAAETCA perpecchs Mexay log y U TexyIUMK BenUYAHAMH logx U
log p, BTOpoit — perpeccust Mexay log y 1 BernuHHaMn 1og x u log p, BIATEIMH ¢
sanasAbiBaHHEM Ha OAHH NEPHOA.

ECTeCTBeHHO, YTO HHYTO HE MOXET MOMELIATH BaM OUEHHTb PErpeccHI0 MEXIy
log y u BeanurHaMH log x U log p, B3ATHIMY ¢ 3ama3ibiBAHHEM Ha ABA nepuoga. Be-
NTHYMHA X,_, B 1982 r. — Ta xe, 4To x, B 1980 r., u T. 1. JlaHHbIe ANA X, ., M p,_, TOKA-
33Hbl B MATOR U BOCbMO# KONOHKAX Tabn. 6.9. OLeHUB perpecCHOHHYIO 3aBUCHMOCTD
log y, ot log x,_, ¥ log p,_;, TOAY4UM:

lof y,=0,95+ 1,08 logx,_,— 0,72 log p,_,; R2=0,995; {6.46)
{c.0.} (1,77} (0,05) (0,31)

B ofuieM, eCH KaKas-TO NepeMeHHAd MOABISeTCS B MOLENH € 3ana3iblBaHHeM
HA § MEPHOINOB, TO OHA 3alIMCBIBACTCH ¢ HHXKHMM MHIOEKCOM (7 —§). Kak Mbl YBHIHUM
B rnage 10, ogHa M Ta Xe nepeMeHHAd MOXET B JAHHOM YPaBHEHHM IMOABNATLCA HE-
CKOJIBKO pas3 ¢ pa3sHBEIMH 3aNa3nbBaHuamMin. HanpuMep, npu aHanu3e yHKIHME clipoca
Ha XHAbe GbL10 OBl pA3yMHBIM BBUIBMHYTh FHIIOTE3Y, YTO TEKYIMH JOX0H, TIPOILIO-
rOAHHA DoXx0od M, BO3MOXHO, OOXO0A 3a HECKONBKO MPENbIIYIIMX JET, BMECTE B3f-
Thi¢, BAMAIOT HA TEKYLIME pacXodbl Ha Xuibe. CneundHKaUng 3anassiBaHdi npu-
MCHMTENLHO K MEepeMeHHLIM B MOJend Ha3blBaeTcs NaroBoil cTpykTypoit (cTpykry-
poli ¢ 3ana3gbIBaHUEM); OHA MOXET ABASTECS BAXKHBIM ACHEKTOM MONENM H BBICTY-
I'aTh B KAYECTBE CHeUMObHUKAUME CAMHX [TepeMEHHBIX. MBI BCTpeTUMCH C ONHOM CIle-
H#ANBHOR J1aroBOR CTpYKTYpPOI MPH pacCMOTPEHHK aBTOKOPPENSLMH B Cleaylotueit
mase. PaciumpeHublit aHamu3 37oit npoGnemsl Gyner AaH B riiase 10.
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Tanuua 6.9

Pacxoqut Ha Ku/THHEIG YORYrH, PAacTIQAaraeMeiit TuHbil [0X08 # HHABKC DEANTEHLIX HOH
Ha xume B CLUA 8 1959- 1988 rr. (pacxoge Ha yonbe (v} » goxoq (x) 8 mapg. goan. ClliA
8 ysHax 1872 r.; niaexc yen (p) gne 1872 r. = 100).

fog ¥, x, x,_, X, A, P, P
1959 60,9 479,7 460,7 4555 104,5 1046 104,6
1960 64.0 4897 479.7 480,7 104,5 104,5 1046
1961 67.0 503,8 4887 478,7 105,1 104,5 104,85
1962 70,7 5249 503,8 489,7 105,0 105, 104,5
1963 74,0 542,3 524.9 503.8 104,8 105,0 1051
1964 774 580,8 542,3 5249 104,5 1048 105,0
1965 816 616,3 580,8 5423 1040 104,5 104,8
1966 85,3 646,8 616,3 580,8 102.6 1040 104,5
1967 89,1 673,5 646,8 616,3 102,2 102,6 104,0
1968 93,5 701,3 6735 646,8 1009 102,2 102,86
1969 93,4 7225 701,3 673,5 100,0 100.9 102,2
1970 102,0 7516 7225 701.3 89,6 100,0 1009
1871 106.4 779.2 751,86 7225 100,0 996 1000
1972 112,5 8103 779,2 751,6 100,0 100,0 99.6
1973 118,2 8653 810,3 779,2 99,1 100,0 100,0
1974 124,2 858.4 865,3 8103 95,1 99,1 100,0
1975 128,3 87548 B5B,4 865,3 83,3 95,1 99,1
1976 1349 906,8 8758 858,4 93,7 933 95,1
1977 1413 942,9 906,8 875.8 94,5 83,7 93,3
1978 148,5 o88,8 942,89 906,8 94,7 94,5 93,7
1979 154,8 1015,5 988,8 9429 93,8 94,7 94,5
1980 1588 10216 10155 988,58 93,0 93,8 94,7
1981 164,8 10493 10216 1015,5 94,2 93,0 938
1982 167.5 1054,3 10493 10216 96,7 94,2 83,0
1983 1713 1095,4 1058,3 1049,3 99,2 06,7 94,2

Herovrsnas: TaGnnuel B.1 v B.2 A210T MHABKCK peanbHbIX UeH, BEIYHCAASMBIX NYTEM ASNEHNn ABdg-
NATOPE LUEH HA XuMbe Ha AehNRTOR BCEX PACXOAOE M YMHOXEHWA pe3ynbTatos Ha 100. JanHwe no
narossiM nepemerHeM 8 1959 1 1960 rr. Gy B3ATH HENOCPEQCTREHHO W3 XypHana «Survey of
Current Businasss.
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Ynpaxrerne

6.19. TTocTpoiite norapudMUYECKyIO PerpeccHio MexXay pacxoaaMH Ha BbIGPaHHBbIH
BaMM TOEap M JOXo#aMH (C 3ana3isiBaHWeM Ha OMH rofl} Wid OTHOCHTENBHOM 1e-
HOM (C 3aMa3ARIBAHWEM HA OfMH rom). 3aMeThTe, UTO U 3TOr0 BaM HPHAETCH YKO-
POTHTh Iepuoa BeIGOpKH a0 1960—1983 rr. ITocTpoiite Takyio Xe perpeccuio 6e3 3a-
MA3ABBAHUIA Ha 2TOT Xe NEpHOI H CPaBHKTE PE3YJIbTarhl.



FrETEPOCKEOACTUMHOCTD U
ABTOKOPPEJIMPOBAHHOCTD
CJ'IY'-IAMHOI' O HJIEHA

T IR e L PO 1 T P A e LT A

MeauupHa TPAsKLUWOHHO MOAPA3IENAAETCA HA TPH OTPACIH — aHATOMHIO, husHono-
CHIO M DATONOTHIO, COOTBETCTEEHHO M3YJYAIOIHE CTPYKTYPY OPraHu3Ma, ODPHHLKM
JeHCTBUA ero CHCTEM M HapylleHMs UX GYHKIKOHMPOBAHHA. AHANOTHYHO, Ceifvac
HACTYMUA MOMEHT JUIf PACCMOTPEeHHUA HEeLOCTATKOR («MATONOTHU») PErPecCHOHHO-
rO aHANHM3a, OCHOBAHHOID HA METOAE HaHMeHLIINUX KBANPATOB.

CgoiicTBa 0LeHOK KO3(DPULMEHTOB Perpeccy 3aBUCAT OT CBOHCTB CAy4aiHOTO
YjeHa B PErpecCHOHHOMN Moaend. J1o cux rop Mbi IPeANONAraiiM, YTO 3HAYEHMS CIy-
4alfHOro 4ieHa B BbIOOPOUHbIX HAGIIOJeHUAX HE3ABUCHMBI M ONHHAKOBO pacripene-
neHbl, Teneps paccMOTPHM, YTO APOHCXOAUT NMPH HAPYIISEHHH 3TOTO DPEATIONIONE-
Husd. Mb! oGHapyxuM, yTo oObMHbI MHK B HekoTOpbIX CHTYalMAX OyAeT AaBaTh
TUIOXHE PE3YALTATBL M YTQ MOXHO NMONYYHTh JIY4IHHE PE3YNLTATHL MPU UCMOAL30BA-
HUU APYIrUX MeTOH0B.

7.1. Ewe pa3 o6 ycnosuax Faycca—Mapkosa

o cux rop Mel APeAnoAaradi, YTO CAy4alHbIi YieH B PerpeCCHOHHOI MOAETH
YROBACTBOPACT BCEM YeTblpeM ychosusaM [aycca—Mapkosa, HanoxeHHBIM B pa3fe-
ne 3.3. Ecnu perpecCHOHHOS YPABHEHHE HMEST BHI

y=a+Bx+u (7.1)
TO 3TH YCNOBHA COCTOAT B CACOYOLUEM.

E(u) = 0 nna scex Habmonenui;

aucnepcust pop. var (4) oAMHaKoBa L Beex HabAIOAEHUI;

pop. cov (i, u) =0, npy i # j;

0HBACHANLIAS NepEMEHHAA ABNACTCA HECAydalHOM (TaK 410
pop. cov (x;, &) = 0 Ang Kaxaoro HabAOACHUSA),

rae w1 X; — 3HaYeHW u u X B i-M Habmionenuu. Ecn perpeccus He napHas, a MHo-
KECTBEHHASA, TO YCHOBMA OYAYT Te Xe CaMbie ¢ TEM PA3NTHYHEM, YTO NOCAEaHEMY H3
HHUX JO/KHA YIOBNETBOPATH Kaxaasn o6bsacHaomas nepemeHHad. Kak noscuanocs s
pazaene 3.3, ecin He MPUHUMATL BO BHUMAaHHE OCOOBIE CTYYau, NEPBOE YCIOBHE M0
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CYTH SABJSETCS YaCTbI0 ONPEACNEHHUs, eCIH NOCTOAHHBIN YAeH BKIIOYEH B ypaBHeE-
Hee. B nocnenyioLmx asyx rnasax OyayT paccMaTpUBaTbCs MOCEACTBUS CHTYALHIA, IPH
KOTOPBIX HE BBIMOJHEHBI OCTABHbIC YCJIOBKA. B 3T0i miaBe MBI pACCMOTPHM BTOpPOE |
TpEThe YCNOBHA. B KaxioM caydae paccMoTpeHHe OyJeT OCYLUSCTBAATHCH B TaKOi
nocneaoBaTeNbHOCTH: 1) ITOYEMY pacCMATPHBAEMOE YCIOBHE BAXHO; 2) KaK OHO
MOXeT ObITh HapyIueHO; 3) 0030p BO3MOXHBIX CPEOCTB, MCMPABIAIOWIHX [TOIOXE-
HHE.

7.2. TeTepocKkefACTUHHOCTL U €€ NOCneACTBUS

Bo sTopoM ycnosuu [aycca—MapKkoBa yTBEPXAAeTCH, YTO AMCIIEPCHS CAYYaii-
HOTO WieHa B KaXIOM HAGMIONSHMHM HOMXHA ObiTh MOCTOAHHOH. Takoe yTRepXne-
HHE MOXET IT0KA3aThCA CTPAHHLIM, M 3aech Tpebyercd noacHeHne. CnydailHbIf yneH
B K&XI0M HaOMogeHHH HMesT TONBKO OAHC 3HAUSHHE, H MOXET BO3HMKHYTH BOII-
POC © TOM, YTO O3HAYAET eT0 «IHCHEPCHsI».

HiMeeTca B BHOY €TI0 ¢03MOMCHOe TIOBEACHHE Jo moeo, KaK cleNaHa BuGopka. Koraa
MH 3anuceiBaeM Moaeab (7.1), neppnie Ara ycaosus Iaycca—Mapkopa yka3blBa-
10T, YTO CAy4aiiHble YWIEHBI U, Uy, ..., U, B 1 HAONIONEHUAX MOABIAKIOTCA HAa OCHOBE
BEPOSTHOCTHBIX pacnpefeneHuil, MEIOLIHX HYNeBoe MATEMATHYECKOE OXUIAHUE M
ORHY ¥ Ty Xe aucnepcHo. Ux axmuveckue 3HaueHud B spI60pKe HHOraa 6yayT no-
NOXHUTENbHBIMH, HHOIGA — OTPHUATENBHEIMH, HHOTIA — OTHOCHUTE/IBHO AaNeKHMH
OT HY/Isl, HHOTAA — OTHOCHUTENbHO GNH3KMMH K HY/IO, HO ¥ HAC HET NPUYHH a priori
0XVJATh MOIBACHUA 0CODEHHO GoNplUMX OTIVIOHEHHMH B M0OOM AaHHOM Habmiome-
HuH. JIpyrUMH CJIOBaMH, BEPOSTHOCTE TOTO, YTO BEIMYMHA 4 IPUMET KaK0e-TO JaH-
HOE NONOXKUTENsHOE (MM OTPHLATENBHOE) 3HAUCHHe, GyNeT OOAMHAKOBOK nnsd Beex
HabmogeHHIE. DTO YCNOBHE U3BECTHO KaK 20MOCKedacmusHocMs, YTO D3HAYAET «O0AH-
HAKOBBIH pa3bpocs, OHO MPOWLIICTPUPOBAHO B ISBOH YacTH puc. 7.1,

BmecTe ¢ TeM s HEKOTOPBIX BBIGOPOK, BO3MOXHO, Gonee uenecoobpaino npen-
NOJIOXHUTb, YTO TEOPETUYECKOE PACIIPEAeHHE CAYYAHOTO Y1eHa ABAAETCA pa3HBIM
Ang pasnHYHBIX HabaoaeHUN B BROopke. B mpaBo#t yacTu puc. 7.1 aucnepcns senu-
YMHB! 4; YBETMYHBAETCA O Mepe MPOLO/KEHHS BRIGOPOYHBIX HabnioaeHuit. 910 He
03HAYaeT, YTO CAy4alHbIA yneH ofg3amenrsro OYAET UMeTh 0cobeHHO Gonbuie (1o-
JOXHTENbHEE WIH OTPHLIATENBHEIE) 3HAYEHHS B KOHLE BLIGOPKH, HO 3TO 3HAYMT,
YTO aripHOPHAS 8EPOAMHOCHE TTIONYUEHHA CHIBHO OTKNOHEHHBIX BEAHYHH GyIeT oT-
HOCHTEJIFHO BBICOKR. DTO NPUMED 2emepockedacmudiocmi, YTO 03HAYAET «HeOAHHa-
KOBBIi1 pa30poc». MaTeMaTHuecKy rOMOCKeaCTHMHOCTE U TeTepOCKeNacTHIHOCTD MOTYT
OTIPEACNATECA CNEAYIOIIAM 06pazom:

Tomockedacmuunocms: pop. var (4) = G NOCTOAHHa AN BeeX HabmogeHMi;

Temepockedacmuunocmy. pop. var (#) = ¢2, oOHa He 00A3aTeNbHO ONYHAKOBA
ang Beex i

Ha puc. 7.2 nokasaHo, Kaxk 6yAeT BHINSAETE XapaKTEPHAA NMArpaMma paccesHus,
€CIH ¥ — BO3pacTaouias GbyHKUUA OT X MU MMEETCH TeTepOCKEAaCTHYHOCTh THIA,
nokazaHHoro Ha pHc. 7.1, MoxHo BHACTB, 4TQ, XO0T4 HabnoaeHHa He obsA3aTenbHO
Bce Janblie OTCTOSAT OT OCHOBHOH HECTOXACTHYECKOM COCTABISIIOLIEH JIMHMM per-
peccu y = o + Bx, No Mepe pocTa X BCE Xe UMEETCH TeHJeHUHUS K YBeHYSHHID HX
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TomockepacTMyHOCTe  FeTepoCKeAaCTMYHAOCTD

Habmopenuwe 7

Ha6niopenne 2

Habnonenwve i

U, U,

Puc. 7.1. Pasnuuna mexay reTepockesacTMHOCTRO U TOMOCKEAACTUMHOCTEIO

pasbpoca. (CnedyeT HMETh B BHAY, 4T0 TETEPOCKEAACTHYHOCTh He 003aTeBHO OT-
HOCHTCH K THITY, IOKAa3aHHOMY Ha puc. 7.1. [laHHOe MOHATHE OTHOCHUTCA K AOGOMY
CAyJyaio, B KOTOpPOM AHCIIEPCHS BEPOATHOCTHOTO PACTIPEAENEHHA CMYYARHOTO Yyne-
HA pa3iMyYHA ANA Pa3HbIX HaOMoacHMi.)

Bo3xuxaeT BONpoC, MOYeMy TeTEPOCKSAACTHIHOCTh HMEET CYUIECTBEHHOE 3HA-
yeHMe, B caMoM nene, cooreercTRyOice ycnosue [aycca—Mapxora moka He M¢-
MONL3CRANIOCE B MPOBOAMMOM AHANK3E, H OHO MOXET MOKA3aThCA MPAKTHYECKH He
HYXHBIM. B 4acTHOCTH, NpU pPaccMOTPEeHUN NpocToll Modenn (7.1) U OLLEHEHHOTO
YPaBHEHUA

P=a+ bx, 7.2

B AOKA3aTEAbLCTBE TOTO, YTO & ABAAETCSA HECMEIMCHHOH OUSHKON f M @ — HecMe-
IEHHOK OUEeHKON o, 3TO YCMOBHE HE MCTIONb30BANOCH.

910 obbsacHAeTCA ABYMS NpuuMHaMy. [TepBas kacaeTcd AUCMEPCUM OLEHOK @ W b.
XKenartenpHo, 4TO6H OHa OBIa KAK MOXHO MEHbIUE, T.. (B BEPOATHOCTHOM CMBIC-
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Puc. 7.2. Moaens ¢ reTepockeacTiyYHbIM CIYHAAHBIM YISHOM

Jie) obecneurBana MaKCHMANbHYIO TOUHOCTL, IIpH OTCYTCTBHH IeTepOCKeNacTHy-
HOCTH 00BuHBIC KO3(hMHLIHEHTR PETPECCHM HMEIOT Hanbonee HU3KYIO JHCNEPCHID
CpellH BCeX HECMELUEHHEIX OLIEHOK, ABNAIOINXCA THHEHHBIMH QDYHKUMAMA OT Ha-
tmogennit y. Ecnu MMeeT MecTo rerepockenacTHyHocTh, 10 oucHKe MHK, koro-
pEle MBI JO CHX MOp Hcmoab3oBanu, He3dgekTHBHB. M0oXHO, 00 MeHbBLUEH Mepe
B [IPUHLMKIE, HARTH ApyrHe OUeHKH, KOTOPbIE HMEIT MEHBIUYID JUCIIEpCHIO H,
TEM HE MEHee, ABAAITCA HECMEINEHHEIMHA.

Bropasi, He MeHee BaXHas MPHYHHA 3aKII0YAETCA B TOM, YTO CASNAHHbBIE OLEHKH
CTAHOAPTHLIX OWIHOOK KO3(pdULIHeHTOB perpeccUi GYIyT HEBEPHBL. OHU BRIMHCASA-
IOTCSA HAa OCHOBE NPEANONOXEHHS O TOM, YTO pacnpeAcicHie CNY4aHHOro YWieHa
TOMOCKEIACTHYHO, eC/IK 3TO He TaK, TO OHHM HEBEPHHL. BrnonHe BepoATHO, YTO CTraH-
JNapTHEIC OIUMOKKM GyAYT 3aHMXEHBI, a C/CAOBATE/IBHO, [-CTATUCTHKA — 3aBhILICHA,
H OymeT [Oy4eHO HENpPABWILHOE NTPEACTABNIEHHE O TOYHOCTH OLIEHKH YPaBHEHHA per-
peccui. Bo3aMOXHO, Bb PEIIMTE, YTO KO3(hDUIHEHT 3HAYUMO OTIMYAETCH OT HYAA
MPH AAHHOM YPOBHE 3HAYKMOCTH, TOrIA KaK B Je#CTBHTEABHOCTH 3TO HE TakK.

CaoiicTB0 Hea(hPEKTUBHOCTH MOXKHO JIETKO OOBICHHTL HHTYUTHBHO. [Ipeanono-
KHM, YTO UMEETCH reTepOCKeNacTHYHOCTh THIA, MOKA3aHHOTO Ha puc, 7.1 n 7.2.
HabmoneHue, I KOTOPOTe TEOPEeTUYECKOE pPachipedeneHue CIyyaitHoro yneHa MMeer
Malo¢ CTaHIAPTHOE OTKIOHeHKe (Kak B HaGnioneHuy ! Ha pHuc. 7.1), 6yaeT obriyHO
HaXoAMTLCA ONM3KO K TMHKM PerpeccHH y = o + fx U, CjleaoBaTeNbHO, MOXET CTaTh
XOPOLIUM HalpaBasiolIMM OPHEHTHPOM, YKA3hiBaloUM MECTO 3TOH niauy, B mpo-
THBOTNIONOXHOCTE 3TOMY HAGMIONEHHE, [I€ TCOPETHYECKO: paclipeaeneHe UMEeT
Gonblioe CTAHZAPTHOE OTKIOHEHKME (KaK B HaGnIoAEHUHK r Ha pHc. 7.1), He cMOXeT
CYIIECTBEHHO TIOMOYbL B ONpeaeeHHH MECTOTIONIOKEHHA JTHHUK perpecchr. OObId-
Helit MHK He aenaeT pasnuuus MexXay KadecTBoM HabmogeHH#, puaasasg OoHHA-
KOBBIE <«BECA» KAXAOMY K3 HUX HE3ABHCHMO OT TOTO, SBAdeTcA A HaGmoaeHHe Xo-
POLIAM KNH IVIOXHM JA ONPeIeNeHHA MECTONONOXeHHS 3ToM nuHHH, U3 3Toro cie-
AyeT, YTO, €CAM Mbl CMOXEM HaHTH crioco0 NMpuaaHHA OOMBIIETO <Beca» Halnoge-
HHSM BBLICOKOTO KAYECTBA H MEHbUIero — HAOIIONEHHAM HH3KOTO KAYECTBA, MBI,
BEPOSITHO, NOMYYHM Gojiee TOYHEIE OLEHKH. JpyrHMH cloBaMu, OLIEHKH g ¢ U B
Gyayr Gonee adbexkTUBHBIMH. O TOM, KaK 3TO Jenaercs, Moiger pelb B pasaeie 7.4.
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BO3MOXHLIC TDWYNHI

[eTepocKenacTHYHOCTh CTAHOBUTCA MpoGieMoii, Koraa sHaueHnA NepeMeHHHX
B YPaBHEHHH peIpecCHH 3HaYMTEABHO pasnHyaloTcs B pasHbix Habmonexnax. Ecan
HCTHMHHAS 3aBUCHMMOCTh OIIHCHIBAETCH ypaBHeHMeM (7.1) M M3MeHeHUs 3HAueHu
HEBIUTIOYEHHLIX MEpPEMEHHBIX, H OMOKH H3MepeHMs, BAUAR HA CAYYAiHLIA WwieH,
ASNAK0T €0 CPaBHUTENBHO MAABIM MPH MALBIX ¥ H X H CPABHUTENbHO 60NBIINM —~
{1pH GONBIUKX ¥ H X, TO SKOHOMHYECKHE MepeMeHHBIE YACTO COBMECTHO MEHSIOT CBOI
MacIuTag.

Tlpenmonoxusm, HAPKMED, YTO BBl MOAB3YETECH MOIENLI0 MAPHO perpeccin (7.1)
MU paCCMOTPEHHS 3aBUCHMOCTH MEXIY rOCYAapCTBEHHBIMU PACXOAaMH Ha ofpaso-
paHHe (y) ¥ BANOBHIM BHYTPEHHHM MIPOAYKTOM (X} B PaziMYHbiX CTpaHaX H BH
caeaany BuOOPKY HabmopeHuil, npeacTaBieHHbIX B Taba. 7.1, BKIOHAIOIIYIO KAK
Manele CTpaHhl, TakHe, Kak CuHranyp, Tak 4 o4YeHb Ooasiunpe, Takne, kak CIIIA.
Jons rocymapCTBEHHEIX PacxoAcH Ha oGpa3oBaHHe B BANOBOM BHYTPEHHEM Ipo-
AVKTe OBBIMHO HaxomuTcs B AuanaszoHe 3—9%; 11o-BUAMMOMY, OTACABHEIE CTPaHh
yoeaaoT Goiklle BHUMAHHA YaCcTHOMY o6pasoBaHHID, YeM JAPYTUe, HIH MpaBHUTeNh-
CTBA OAHMX cTpaH B Gosbiuell cTenmeHM, YeM IPABHTEALCTBA IPYTHX, OCO3HAKT
HeobxoaumocTh 00pasopanis!. 10 conranbHeIM WM HHBIM NIPUYMHAM Ta Wi HHaA
CTpaHa TpaTHT Ha obpasoranMe aoaro BBII, xoropag Moxet konebaThca B Npene-
Jax 00 3% Bhlllle MM HIXKe HOpMbL. QueBHAHO, 4TO npH 6onbloM 06beMe BBII
u3MeHeHHe Ha 1% ero aGCOMOTHOM BeMMyMHB! OyAET BHIPAXKAThCA 3HAYUTENBHO Gonb-
IUAMU LUghpaMiu, YeM [MPU ManoM.

TeTepoCcKeIacTHUHOCTD MOXET TAKKe MOABAATLCA TIPH AHANK3E BPEMEHHBIX pi-
noB. Ecnu HaGnogesus, HCIONbL3YeMEIE I IOCTPOeHKA perpeccuy suaa (7.1), npen-
cTaBsAKT coboit JaHHbBIe BpeMEHHOIO pAla M €CAK X H y YBEIUUYHBAIOTCS €O BpEMe-
HEM, TO MOXET CAYYHTHCH, YTO H AUCIIEPCHA CNYYAHOro YWieHa €O BpEMEHEM TOXE
OyaeT pacTH.

7.3. O6HapyxXeHue rerepockesacTUHHOCTH

OueHb yacTo NoABaeHKe NMPOGNEMBL IeTePOCKEIACTHYHOCTH MOXHO MPEABUACTS
3apaHee, OCHOBHIBASICH HA 3HAHMM XapakTepa JaHHBIX. B TaKMx cnyuasx MOXHO npei-
MIPHHATE COOTBETCTBYIOLIME ACHCTBHA MO YCTpaHeHMIo 3ToT0 2¢ibeKTa Ha ITane cre-
UMPHKALMH MOIEAH PETPECCHH, M 3TO [O3BOANT YMEHBILMTb UM, BO3MOXHO, YCT-
paHHTh HeoOxoaMMocTh dopmMansHoi nposepKu. K HacToAleMy BpeMeHH AN Takoit
MPOBEPKH NMPEANMKEHO OONBLIOE YMCNQ TeCTOR (M, COOTBETCTBEHHO, KPUTEPHEB 1A
HEX). MBI paccMOTpHM TpH 0OBIYHO MCTIONB3YEMEIX TeCTa (KPMTEPHA), B KOTOPRIX Ag-
JIAl0TCA pa3IHYHBIE NIPSANOAOXKEHNSA O 3aBMCHMOCTH MEXIY Aucnepcuei caydalino-
ro YneHa M BENHYHHON ofpAcHAOWER nepeMeHHOM (NN 00BACHAIOIINX MEPEMEH-
HbIX): TeCT paHroeoii koppenauuu CnupMmeHa, tect Ionadenna—Keanara u Tect
[neiizepa.

1 B suifopKe MMEIOTCR HEKOTORLIE PASMNYMA OUSHOK PACXQOOE Ha ofpasosaHie, BLIABAHHLIE pac-
XONAEHWSIMW B METOOMKE MX ONPeneneHus.
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TaGnmia 7.1

FocynapcreeHHbie pacxoas wa oSpasonanwe (EE), ganoeoil evyTpeunuii npoayxr

{GDP) » yscneHHOCTE Hacaneuns (P) & embopke cTpan, 1980 r.

Crpana EE GDP EEIGDP P EE/P GOPWP
Nkcembypr 0.34 567 6,0 0,36 944 15750
Ypyraai 0,22 10,13 2.1 2,90 76 3493
Cunranyp 0,32 11,34 2.8 2,39 134 4745
Wpnanpua 1,23 18,88 6,5 3,44 358 5488
Wapanns 1,81 20,94 8,6 3.87 468 5411
Beurpua 1,02 2216 4,6 10,71 a5 2069
Hoeaa 3enaHaua 1,27 23,83 8,3 3,10 410 7687
Ropryranus 1,07 24,67 4.3 9,93 108 2484
TOHKOHT 0,67 27,56 2,4 5,07 132 5436
Yunu 1,25 27,67 4,5 11,10 113 2484
fpeuws 0,75 40,15 19 9,60 78 4182
DUHNAHAMA 2,80 51,62 54 4,78 586 10799
Hopeerua 4,90 57,71 8,5 4,09 1198 14110
iOrocnasun 3,50 63,03 56 22,34 157 2821
BaHua 4,45 66,32 6.7 5,12 869 12953
Typuwa 1.60 66,97 2.4 44,92 36 1491
ABCTPUS 4,26 76,88 5,5 7.51 567 10237
s eiiuapua 5,31 101,65 5,2 6,37 834 159538
CaypoBckaa Apaswa 6,40 115,97 5,5 8,37 765 13855
Benbrua 7,15 119,49 6.0 9,86 725 12119
Ulseuuna 11,22 124,15 2.0 8.31 1350 14940
ABCTpanusa 8,66 140,98 6,1 14,62 592 9643
ApreHTuHa 5,56 153,85 6.5 27.06 205 5686
HuaepnaHabl 13.41 168,38 7.9 14,14 948 11979
Mekcuka 5,46 186,33 2,9 67,40 81 2765
Wcnauus 4,79 211,78 2.3 37,43 128 5658
Bpazunus 8,92 249,72 36 123,03 73 2030
Kauana 18,90 261,41 7.2 23,94 789 10919
WUranun 15,95 395,52 4,0 57.04 280 6034
BenukobpuTtaHus 29,90 534,97 5,6 55,95 534 9562
®paHuun 3359 665,29 5.1 53,71 625 12201
OPT 38,62 815,00 4,7 61,56 627 13239
AnoHuA 61,61 1040,45 59 116,78 528 8809
CLUA 181,30 2586,40 7.0 227,64 796 11362

HMorounmx: [laHHbie O rocyAapcTBeHHLIX pacxonax Ha 06pa308aHue W O HACSASHWW BIATH
w3 T1abn, 1.1, 4.1 u npunoxexHns C crarucrnieckora exeroaHuka KOHECKO «Statistical Yearbook=
{1984). NanHe o pacxopax Ha obSpasoaavue ans Mtanuu U Mpeunn oTHocaTea K 1979 r. Jan-
HHIE 0 RANIOBOM BHYTDEHHEM NPOAYKTE BIATH M3 MCTOMHWKA MexayHapoaHoro Ba/oTHoro Gonaa
«International Financial Statistics», Supplement (1984).
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Tecr parrosoi koppenaumu CnpMera

Ipk BoimoAHEHUM TeCTa paHIOBoit KoppensuuHu CriupMeHa IIpeanoaaraeTcs, 4yro
AUCTIepCHs CaydaiHoro yaeHa Gyaer nubo ypenHYWBATHCA, TUOO YMEHBIIATHCA MO
Mepe YBENMYEeHWUA X, M MO3TOMY B perpeccHH, oueHuBaeMoil ¢ nomomsio MHK,
aBGCoNIOTHRIC BEMMYMHE OCTAaTKOB K 3HAUSHKA X OyOyT KoppearpoBaHbl. JlanHsle 1o x
H OCTaTKH YIIOPAAOUMBAIOTCA, U KOI(DDULHMEHT paHroBoii Koppeasauuu onpeaenser-
Cq Kak

X

Tre =1 __ﬂ(ﬂz —l)’

(7.3}

rae D, — pasHOCTL MEXAY PAHIOM X H PAHIOM &.

Ecau OpeAnonoXuTs, YTo Ko3dbHULMEeHT KOPPeNsuMH AN reKepaibHoH COBOKYI-
HOCTH paseH HyNio, TO K03 PULIMEHT PAHIOBO# KOPPENALUNA MMEET HOPMANTBHOE Pac-
npeencHHe ¢ MaTeMaTH4YecKHUM oxuzaHuem 0 u aucnepcuedt 1/(n — 1) B Gonbunx

BbIGOpKax. ClieA0BaTeNbHO, COOTBETCTBYIOLASA TECTOBAS CTATHCTHKA PaBHa ry (Vi -1,

M IIPH HCTIONB30BAHNH JBYCTOPDOHHETO KPUTEPHA HYMepas THIOTE3a 06 OTCYTCTBHH
reTepoCKeJaCTUMHOCTH GYNET OTKNOHEHA MPH YPOBHE 3HAYHMOCTH B 5%, eclM OHa
npepbicuT 1,96, 1 nipy ypoBHE 3HAaYMMOCTH B 1%, ecnu oHa npepricuTt 2,58. Ecau B
MOJENH perpeccuu WMeetcd Bonee oaHOM 0OnsICHAIOMEH NepeMEHHOR, TO MPOBEPKa
FUIIOTE3bl MOXKET BBIHOHATLCH C HCHONbL30BaAHUEM M060H U3 Hux,

fTpumep

Ho aauubiM, npaseaeHHbIM B Taba. 7.1, ¢ nomowbio MHK ouexeHa crenyroimas
perpeccHOHHAS 3aBHCHMMOCTb pacxonoB Ha obpasopanme (EE) OT BaNOBOIO BHYT-
peHHero npoaykTa (GDP) (cTaHoapTHbhle OMIMOKM YKa3aHH B cKoOkax):

EE = —-2,32 + 0,067GDP; R*=10,98; 7.4
(0,91) {0,002) F=1,524.

3STo npeanonaraer, yTo npu KaxaoMm yseawyeHun BBII B nepexpectHoit Bbifiopke
Ha 1 Mapa. gonn. Ha obpazopaHue GyAET 3aTPaYyHBATECS JONONHUTENALHO 67 MIH. DO
{(apyremm cnosamy, 6,7 LeHTa Ka JOTIONHUTENBHBIR AoLTap). OTKNOHEHNS OT JTMHUH
perpeccuy, a Takke odnrembl BBII npuseaeHs B yNOPAZOYEHHOM O BO3IPACTAHHMIO
suIe B TaGn. 7.2, U Ha X OCHOBE BLIMMCJIEHBI nokazatean D, u D2 CymMma nocneanux
cocrasuna 2,676. Takum o6pasoM, K03QPUIIHEHT PAHTOBOR KOPPETALIHH PABEH:

6(2,676)

e =1- 3401,155) 0,59, (7.5)

¥ TECTOBAsk CTaTMCTHKa cocraBaser (0,59)(v33)=3,39. Dro Beiute, yem 2,58, u, cie-

IDOBATENBHO, HY/IEBasd THIIOTE3 06 OTCYTCTBMH [eTEPOCKENACTHYHOCTH TIPH OAHONDO-
LIEHTHOM YPOBHE 3HAYHMOCTH OTKIOHAETCA.
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Tafinuya 7.2

X Peur |e| Pawr p o d X Paur €| Pawr D Fo d
5,67 1 228 17 -168 256 10165 18 0,83 3 15 225
10,13 2 186 14 -12 144 11597 19 0,96 4 15 225
11,34 3 1.88 15 =12 144 11949 20 1,48 7 13 169
18,88 4 229 18 ~14 196 124,15 21 5,24 27 -6 36
20,94 5 273 21 -16 256 140,98 22 1,55 8 14 196
22,16 6 1,86 13 -7 49 153,85 23 241 20 3 9
23,83 7 2,00 16 -9 a 16938 24 440 25 -1 1
24 67 8 1,74 12 -4 16 186,33 25 468 26 -1 1
27,56 9 1,156 5 4 16 211,78 268 7,06 30 -4 16
27.57 10 1,73 11 -1 1 24972 27 546 28 -1 1
40,15 1 0,38 1 10 100 26141 28 373 24 4 16
51,82 12 167 10 2 4 39552 29 8,19 32 -3 )
57,71 13 336 22 -9 81 b3497 30 356 23 7 49
63,03 14 1,60 9 5 25 655,29 31 792 I 0 0
66,32 15 233 19 -4 16 81500 32 13,58 34 -2 4
66,97 16 0,56 2 14 196 104045 33 567 28 4 16
76,88 17 1,44 3] 11 121 258640 34 1061 33 1 1

fecr Fonagenna—Ksanara

BepoartHo, HanGonee nonyaApHbBIM GOpMaNbHBEIM KPHTEPHEM SIBJIACTCA KpHTE-
puit, npemnoxexnbili C. Nonagenzom u P. KeanaroMm (Goldfeld, Quandt, 1956). Ipu
NPOBEISHHH NPOBEPKH [0 ITOMY KPHTEPUIO [IPEAIIONATACTCH, YTO CTAHAAPTHOE OT-
KIOHeHHe (0) pacmpeneNeHHA BEPOATHOCTEH u; MPONOPLMOHANEHO 3HAYEHHIO X B
srom HaGnopeHHu. TTpennonaraeTca TakKe, YTo ChyqaitHblii WwieH pacnpeneneH HOp-
MaAbHO M HE NOJABEPKEH ABTOKOPPENALMH.

Bce n nabmioneHnit B BRIOOPKE YIOPSIOUMBAKTCA 110 BEIHYMHE X, [IOCHNE vero
OLUEHHBAIOTCA OTHENAbHbIE perpecCHH And NEpBhIX 2’ H LA NOCNeaHUX n' Habnione-
HHit; cpeanne (n — 2n) HabmogeHHit oTOpacpiBaloTea. ECIH NpeanoaoxeHUe OTHO-
CHTEAbHO MPHPOABI [ETEPOCKENACTHYHOCTH BEPHO, TO AMCIEPCHA & B MOCACOHHX #'
HabnioneHHAX SyaeT Gosblie, 4eM B TIEPBLIX #', H 5T0 OyAeT OTPaXeHO B CYMMe KBaj-
PATOB OCTATKOB B ABYX YKa3aHHbIX «4aCTHEIX» perpeccuax. Obo3Havyan cyMMbI KBafI-
paToB OCTATKOB B PECPECCHAX IAA NEPBAIX 1’ ¥ NOCASAHUX n° HabmoaeHK# COOTBET-
CTBeHHO 4epe3 RSS, # RSS,, paccunracm oTHOweHHe RSS,/RSS,, KoTopoe uMeeT
F-pacnipenenenne ¢ (n—k— 1) u (n'— k— 1) creneHamMu csoGonrl, rae k — YKCIO
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O6BACHAKILMX NepeMCHHEIX B PETPECCHOHHOM YpaBHeHMH. MolHoCTE KpHTepHA 3a-
BHCUT OT BbIGOpa n' M0 OTHOWIEHHKIO K /. OCHOBBIBAACH HA Pe3YBTATAX HEKOTOPEIX
NMpoBeAeHHBIX UMM 3kcrnepuMeHToB, C. lonadena u P. Kpasar yrsepxaaior, yto n’
JDOJKHO COCTABIAITh nopsaka 11, xorna » = 30, # nopsaka 22, xoraa n = 60. Ecnu B
MOZeNnH umeetcd 6onee OAHON OObACHAOWIEH NepeMeHHOR, TO HabNIoAEHHS AOK-
HbI YIIOPSAOYHBATLCA [0 TOH U3 HUX, KOTOpaf, KaK NpeanoNaracTcs, CBA3aHA C O,
M n'ROJXHO ObITL GONbLre, yeM Xk + 1 (rae k — YHCNO OOBACHAIOILHX TepeMEHHBIX).

Meton Tonndenna—Kpanara MoXeT Takke WUCIIONb30BATbCA AN NMPOBEPKU Ha
reTepoCcKeNacTHYHOCTS NPH NIPEANON0KEHKHH, YTO 6, 00pPaTHO NPONOPUHOHANLHO X,.
Tlpu 3TOM HCHORB3YETCS Td XKe IPOLeRYPa, YTO ¥ ONHUCAHHAA BbIllE, HO TECTOBOM
CTATUCTUKOM Ternepb ABJsACTCA NoKasaTens RSS,/RSS,, koTophiit BHOBL HMeeT F-pac-
npegeneare ¢ (n'—k—1) u ('~ k—~ 1) crenedamu csobones.

flomumepsi

Ha ocHoBe aaHHbIX TaGna. 7.1 ¢ nomouibio ofsriroro MHK Gbutk owteHeHn per-
peccHr cHavana no HabmoneHuAaM mna 12 ¢TpaH ¢ HAMMEHLILMM BaIOBHM HALHO-
HanbHEM nponykrom (BHIT), a zatem mna 12 crpan ¢ HauGoasiium BHII. Cymma
KBaIpaTOB OTKAOHEHHMIA B nepsoii perpeccuy Gsia pasHa 2,68, a Bo BTopoit — 388,24,
CootHolnenne RSS,/RSS,, cnenosatensHo, coctasuno 144,9. Kpuruueckoe 3Have-
Hpe F(10,10) pasuo 4,85 npH ONHOTPOIIEHTHOM YpPOBHE 3HAYHMOCTH, H HYJepas
THIIOTE3a 0F OTCYTCTBHM IeTEPOCKENACTHYHOCTH CHOBA OTKNOHSAETCA.

Tecr Mneitzepa

Tect I'neitaepa nO3BONAET HECKONLKO BOJiee TUIATENIBHO PACCMOTDETH XAPAKTED
reTepocKeNaCTHYHOCTH. Mbl CHUMaeM NPEAIIONOXEHHE O TOM, YTO G, HPOTOPIHO-
HATBbHO X, M XOTUM MPOBEPUTH, MOXET AW ObITh Gonee noaxoasiuei Kaxkas-nu6o
Apyraa QyHKUHOHanbHaA (opMa, HampuMmep

o; = o+ Bx}. (7.6)

YTo6Bl HCIONB30OBATE ZaHHLIH METOI, CNCHYET OLUEHKTE PErPECCHOHHYY 3aBUCK-
MOCTD ¥ OT X ¢ moMouibio 06biuHoro MHK, a sateM BeiyncauTh aBCONMIOTHRIC Bean-
YHHB! OCTATKOB |¢;| no pyHxuuu {7.6) nns naHHOTO 3HaveHKa Y. MoXxno nocTpouts
HECKOMBKO TAKHX QYHKUNMH, H3MECHAA 3HAUYCHHE ¥. B KaxioM ciyvae HyneBas rHIIO-
Te3a 06 OTCYTCTBUM reTEpOCKEIACTHUHOCTH OyneT OTKIOHEHA, ecnu OleHKa B 3Ha-
YUMO OTAHYAETCS OT HyAA. Ecau npu oueHHBaHMK Gonee YeM onHONH HYHKLUHH no-
JAyvaercs 3HAYMMAsi OLIEHXA [, TO OPUEHTHPOM MPH CNpPeScTeHHH XapaKTepa rere-
POCKEAACTHYHOCTH MOXET CAYKHUTb HAUNYJIUAd U3 HEX.

lToumep

Ha ocHoBe aaHHbIX Ta0L. 7.2 1o x v | e| ¢ UCNOAB30BaHHEM 3HaYeHHIt ¥ or —1,0
2o 1,5 6puin oueHenbl ypaBHeHNA (7.6). PesynbTaTs! npencTagneHsl B 0GOCLIEHHOM
BHAe B TAGN. 7.3.
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Tabnuwya 7.3

Y a c.o.fal b c.o.fb) R2 F
-1,0 419 061 -28,0 14,0 0,11 4,0
-0,5 574 0,80 -17,1 5,0 0,27 11,7
0,5 0,58 0,51 0,24 0,03 062 52,7
1,0 237 0,42 0,0044 0.0008 0,48 31,1
1.5 290 0.44 0,000077 0,0000t9 035 17.5

Crnenyer OTMETHTB, UTO pa3nUYHLIEe OLeHKH § HecpaBHUMEL, TaK KaK onpeaene-
HUe O0BACHSIOLLEH MepeMerHOI (xY) B KaXxnoM cay4yae pazHoe. CTaTMCTHYECKU 3HAa-
YHMBIE OUeHKH OhUTH MOAYIEHHE LA NOCAEAHMX YeThIpeX JHAYEHHHA ¥. YpoBRH Koad-
tunuenTa R2 cpaBHMMBI B TOM CMbIC/IE, YTO 3aBHCHMAsl IIEPEMEHHAsA B KAXAOM CIIy-
yae ofHa K Ta Xe. Haunyyuunii pe3ynsTar cooTBeTcTBYET 3HadeHuoo y= 0,5, u, cne-
IOBaTeNbHO, TeTEPOCKEAACTHYHOCTD AMIPOKCHMHUPYETCA YpaBHEHHEM:

5; = 0,58+ 0,24.fx;. .7

HpyruMy cnoBamu, CTAHZAPTHOE OTKAOHEHME pacnpefcneHNs BeAUdMUHB u Aefi-
CTBUTENbHO YBEIUYMBAETCA C POCTOM X, HO HE B TaKOU Xe IIPONOPLMU.

Yrpaxrerst
7.1
Crpara M G Crpana M &

Benkrus 849 2652 Niokcembypr 1368 3108
KaHana 78 3888 HupepnaHas 704 2429
AaHua 853 3159 Hopeerus 634 2881
PpaHUKA 1000 2777 FtapTyranua 215 718
fepMaHua 1331 3005 Wenanua 239 957
Mpeuus 185 1091 LUseumns 1025 4101
Wpnangus 399 1331 BenuxobpuTaHua 609 2174
Wtanua 554 1731 CLHA 1248 4799
RNOHUA 679 1887
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Hcnonsaya DaHHble U3 NpHBeAeHHOM BbllIe TaGAMIILI, HCCIEAOBATENE OLeHUBAST
PErPECCHOHHYIO 3aBUCHMMOCTH BRIMYCKA NMPOAYKLnH o6pabaTBalomeit pOMBILUICH-
HOCTH Ha aywry HaceneHus B 1970 r. (M) oT BanoBoro BHyTPEHHEro MpOAYKTa Ha
AYLIY HaceseHUs1 B ToM xe roay (G} (kak M, Tak 1 G usmepsiiotes B nosutapax CIIEA)
H noayuaeT Gopmyny (B cKOOKax MpUBOAATCH CTAHNAPTHEIE OLUMOKH):

M =742+ 027G; R2=10,69.
(128,1) (0,05)

1. U300pa3ure guarpaMMy paccedHHA, KCNOAL3YA AaHHble U3 Ta0Au-
Ibl, ¥ 0OBACHHTE, MOYEMY MCCNENOBATE/NR MOXET MOJ03PEBATE HAHYHE
reTepoCKeJaCTHIHOCTH,

2. HccnenosaTens OUSHUBAET ABE «HACTHRIE» PEeTPECCHH IUIA IIECTH CTPaH
¢ HaMMEHBWHMH 3HAYEHUSMU NoKazatens G ¥ And LeCTH CTpaH ¢ Hau-
OONBIIMMY 3HAYEHUAMH 3TOTO MoKazaTena, CyMMa KBaJpaToR OTKAOHEHUI
cocrapmaeT 20,523 B neproM cayuae u 313,842 — Bo BTOpOM. BHmonHUTE
IIPOBEPKY Ha reTePOCKENACTHYHOCTD 110 KpUTepHio Fonngenaa—Ksanara.

3. Kak retepockeJaCTUMHOCTE OYIeT BAHATEL HA CBOMCTBA OLIeHUBASMBIX
k03¢ dHuLHeHTOB?

7.2. Yro kacaeTca DpUMepa ¢ FOCYRapCTBEHHBIMHM pacXodaMmH Ha ofpajoBaHue, TO
3eCh MOXKHO BHICKA3aTh MHCHHE O TOM, YTO FeTepOCKEIACTHMHOCTD B 3HAYMTENbHOH
creneHH oGycnoencHa HabmoneHueM ana CIHIA, KOTopsie [0 CPaBHEHHIO C ADYTH-
MH CTpaHaMH B BbIGOPDKE HMEKT 3HauUuTensHo Conbiine 3HayeHMsa EE u GDP. Tlo-
3ToMy OB NMOBTOPHO BeINONHeH TecT Tonadenga—KBaHATA ¢ UCKIIOYEHUEM M3
BBIGOPKH 3TOre HaGAoAeHMA. CyMMb! KBaAPaTOB OTKJIOHEHUI B PErpeCcCHsIX ¢ UCIIONb-
sopaHueM neperix 12 ¥ nocnenuux 12 u3 33 HabmoaeHnit COOTBETCTBEHHO COCTABH-
nu 2,68 u 202,9. Kako#t BHBOS BB cAenaeTe?

7.4. Y70 MOXHO caenartk B CNyYae retepockenacTUIHoOCTU?

IMycrs 6; — craHaapTHOE OTKIOHEHHE ChydaliHOTO wieHa B HaGnioneHuu i. B oM
caydae ecnu Gbl GbiN0O U3BECTHO G; LA KaXIOro HabmoaeHHA, MOXHO 66110 Obl ye-
TPaHHTDh TETEPOCKEAACTHIHOCTD, PAACIKUE KaXA0e HAGMoAeHHe Ha COOTBETCTRYIO-
iee eMy 3HaueHHe ¢. Toraa cnyyaitHbiit uneH B S-M HaOMIOREHHM CTAHOBUTCA paB-
HBIM /G, U €r0 TEOpPETHYECKAs AMCNEPCUs NPEACTABIACTCA B BHAE:

2
glY
0;’

1
— E@).
6.

]

YUTO PABHACTCH.

10 BRIPAXKECHHE MEPCMTHCHBASTCA KaK
1
'_2 (GE )a
LoH
H, CNenoBaTensHo, OHO paBHO CAMHHLE. Takum 05[33301\«[, Kaxnoe HabGmoneHHe ﬁyne'r
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HMETh CAYYAWHBIA 4ieH, MOJYYeHHBIA U3 reHepanrbHOH COBOKYMHOCTH ¢ eNHHHY-
HOI aucniepcueit, M Molens Symer romockenacTHuHOH, Teneps Momens HMeer BUI:

Yi _ & g Ui
“=—=—+p—+—,
g; O; B g; O; (7‘8)

49T0 MOXeT ORITh NMepernucaHo Kak
y'=av+px'+u’ (7.9)

Yi. *i.
1T il ’ —_—
e y;  oNpeAensieTes Kak o’ x;" npeacrasnseT coboi o, Y — HOBad NepeMeHHas,

1 o;
i-¢ HabmoaeHKEe KOTOPON paBHO > BEMHYMHA U, €CTh ;;- CneayeT OTMETHTD, YTO
!

B JAHHOM YPABHCHHH HE KOJDKHO OHITH NOCTOAHHOrO YneHa. QUeHMBasA perpecCHoH-
HYIO 3aBHCHMOCTE ¥ 0T v H X, MBl NoAy4uM 3(DeKTUBHRE OLUSHKH A ¢ U ¢
HeCMEWIEHHBMY CTAHIapTHRIMH OITHOKaMHU,

MaTtemaTHyecKoe JOKa3aTENBCTBO TOTO, YTO ypaBHekHe (7.9) pacr Gonee athdek-
THBHEIE OLIEHKH, YeM ypaBHeHHe (7.1}, BEIXOIWT 33 PAMKHM JAaHHOH KHMTH, HO 3AeCh
MOXHO JIaTh MPOCTOS HHTYHTHBHOE 06bacHenHe. HaGnioieHisa ¢ HaHMEHBIIHMH 3Ha-
YeHWIMH G, OyayT HauGosee NMONESHBIMH 1A ONpPEASHEHUS HCTUHHON 3aBUCHMOCTH
MEXIY ¥ M X, TOCKONBKY BENMYMHA CAY4aiHOro ‘WicHa B HHUX, KAK OPABIIO, HAK-
meHslIas. Mbl BOCOAB3YeMCA 3THM, OLleHHBAA TaK HA3BIBACMYI) 836€HIEHHYI0 pezpec-
curp, IPHIABAA HaUOONBIIIME Beca HabMIAeHUAM CAMOTC «BRICOKOTO KA9eCTBA», 4 HAM-
MEHBILHE BECa — COOTBETCTBEHHO, HAGMIOAe HAM CAMOr0O «HU3KOIO KavecTBas. Ypag-
HeHue (7.9) MOXHO paccMaTpHBaTh KaK «B3BeIUCHHBIit» BapHaHT ypaBHeHHuA (7.1),
TAE 3HAYEHMs Y ¥ X OBLLIM YMHOXEHB! Ha BeNMMUHE! 1/0,, KOTOpHIE, KOHEYHO, TEM
fonbllie, 4eM MEHbILE O,

[TpemaTcTBHEM 405 ITOM MPOLICAYPE ABNAETCH TO, YTO BaM MOMTH HAaBepHAKa 0y-
AyT HEM3BECTHBI (haKTUYECKHE 3HAYEeHHUS 0, ONHAKO npoueaypa OyaeT NpUMeHHMONH,
eCTH MBI CMOXEM MOAeDPaTh HEKOTOPYIO BENHYHHY, NPOMOPUHOHUIBHYIO, MO Ha-
WeMy MHEHHMIO, ¢ B KaXA0OM HaDNIOAeHMH, W DA3fendM Ha Hee o0e 4acTH ypaBHe-
HIL

JONYyCTHM, €CTh OCHOBAHUS TPEANOIOXHTD, YUTO HEKOTOpasl BeAMYMHA Z 1po-
NOPUHOHATBHA ©; U ;= A0, TAe¢ A — HEKOTOpas KOHCTaHTa. [Tocne neneHus Ha g
ypaBHEHHe NMPUHUMAET BHA!

Yi @ o X Y
Lo ply L,
i I B Iy I (7'10)

Jucriepcusa CydaliHOro 4ieHa MpeACTaBleHa KAk

910 paBHO 1/A%, CnepoBatenbHO, 3TA BENMYMHA NOCTOHHA JUIS BCeX HabmoaeHuii,
1 npobaeMa YCTpaHeHa.
Hanpumep, MOXeT 0Ka3aThes LIENECOOOPa3HBIM NIPEANONOXHTE, YTO G NPUGAH-
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3HTEALHO NPONOPHKHOHANLHO X, KAK B KpuTepud Nonadenna—Kgeayara, Ecnu nocne
3TOrO MBI PA3NENIMM Kaxnoe HabJlofeHNe Ha COOTBETCTBYIOIIEE eMy 3HAYEHHE X, TO
ypaBHeHHe (7.1) npuMet BUm:

Yoolyps®

x-ux+|3+x, {7.11)
U TIPH 3TOM, €C/Y ITOBe3eT, HOBLIHK CaydaidHBIH uieH u/x OyleT UMeTh HOCTOAHHYIO
AHCIIEPCHIO, 3aTEM MBI OLieHHBAEM PErPECCHOHHYIO 3aBRCHMOCTD ¥/X oT 1/X, BKIIO-
YuB B ypaBHeHHe nocTogHHbI# yreH, Koadbguuuent npu 1/x Oyret sdbdexTuBHOi
OLIeHKOM! a, 2 TOCTOIHHEIN YneH — 3PHeXTHBHO olieHKokH B. B npuMepe ¢ pacxo-
JaMH Ha o0pasoBaHHe, pacCMOTPEHHOM B NMPEALLIYIIEM pas3iene, 3aBHCHMOMN nepe-
MeHHOH OynYT rocymapcTReHHEIE pacXonkl Ha o6pa3oBaHue kak aoag BBII, a o6pac-
HAWEeH NnepeMeHHO — obpatHas x BBII Bennunua.

HHorma B HameM pacnopsXeHHH MOXET 0Ka3aThbCAd HECKONABKO NMEpeMEHHBIX,
KXY M3 KOTOPBIX MOXHO HCIIONB3I0BATh A1 MacluTa0HpoBaHusa YpaBHeHMA. B npu-
MEpE C pacxoNaMi Ha 06paloBaHHE ATKTEPHATHBHON NepeMEHHOA ABASETCH TUCIEH-
HOCTDb HacesieHusA cTpaHHl (7). Pasaenus obe vyactu ypaBueHud (7.1) Ha 3Ty BeAH4HU-
Hy, noay4acm:

2 oalspXiX, (7.12)

H MBI CHOBA HaIeeMCA Ha TO, YTO CIYJailHBIN WieH #,/F; 6yJeT MMETh NOCTOAHHYIO
JucnepcHio s Beex Hatmonennit. TakuM o6pa3oM, Tenepb OLEHHBAETCS perpeccH-
OHHAA 3aBHCUMOCTh FOCYNAPCTBEHHAIN PAaCX0Oa0B HA 06pa30oBaHHE Ha AYILIY Hacene-
HUA oT BBII Ha ayury HaceneHHs U 0GpaTHOH BenWYMHEB OT YHCASHHOCTH Hacene-
HUsA, TIpHYeM Ha 3TOT pa3 0e3 NOCTOAHHOTO YieHa,

Ha nipakTixe HMeeT CMBEICA NONpoSoBaTH HCNONB30BATh HECKOALKO Pa3HEIX Ne-
peMeHHHX 1ns MacluTablpoBaHia HaGMIONSHUI H CPAaBHUTE 3aTeM Pe3yNmETarThl, ECH
KaX/blit pa3 nony4yalTcs CXOAHbBIE Pe3YNbTATH M TECThl HE AAlOT OCHOBAHHH OTKIO-
HATH HYJIEBYIO FHIOTE3Y O MOMOCKEIACTHHHOCTH, TO NpofieMy MOXKHO CYKTATH pe-
{HEeHHOI.

pmmepsi

PerpeccrioHHas 3aBMCHMOCTE FOCYIAPCTBEHHEIX Pacxonos Ha oGpalopanue ot BBII
OBlTa IOCTPOEHA B ABYX BapHaHTax: 1) ¢ gencuuem Ha BBIT u 2) ¢ meaenuem Ha
YHCAEHHOCTh HaceneHHs. JlaHHble 0 UNCNSHHOCTH HACENEHHA, CPeaHENYIUEBLIN [0-
CYAAPCTBEHHHRX pacxoaax Ha obpasopanue ¥ BBIT Ha ayuy HaceneHUs NPHUBOAATCS B
Tabn. 7.1. PesyapTaThl 0KA3ANKUCh CACAYIOWMMH (B CKOGKAX NIPUBOAATCS CTAHAAPTHBIE
OIHOKH):

EE __oo66—L + 0053 2 _ols.
eop = ~0066 = +0,053, R =05; (7.13)
(0,094) (0,004) F=0,48;
EE 1 GDP 3 aex
= =005 +006272—;  R2=083, (7.14)
(0,057)  (0,003) F=160,9.
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B xaxnoM cnyyae OlEHHBATHCH «4AaCTHBIE» PETPECCHH MO MEPBLIM 12 M NOCHEAHMM
12 HaGnioaeHUAM B BLIGOPKE, KOTOPLIE ONPEAEIANUCH YIOPANOUECHHEM 110 NIEPEMEH -
noit GDPp niepeoit perpeccun u o GDP/P — o sropoit. B nepsom ciyyae RS'S, Guino
Gonble, yeM RSS,, 4TO MOKA3EIBaET, 4TO MepecyeT Gonee yeM KOMAEHCUPOBAN re-
TEPOCKEAACTHYHOCTR, HO MpU 3ToM oTHoweHue RSS,/RSS, papHsocs 1,37 u,
CENOBATENBHO, OBUIO HENOCTATOYHO BBICOKHM, 4YTOOBI YKa3nBaTh Ha CTATHCTHYEC-
KH 3HaYHMYIO TeTepOoCKeIaCTHYHOCTD. Bo BTopoM ciydae RSS,/RSS, 6pino pasHo 4,60,
YTO YKA3bIBAST HA TO, YTO HYJIEBasd MMIOTE3a 0 FOMOCKEIACTHYHOCTH JOJDKHA GHITh
OTK/IOHEHA ITPH YPOBHE 3HAYUMOCTH B 5% (KpuTiieckoe sHadeHue F coctamiger 2,98).

ITocne npeobGpa3oBaHNA 3THX YpaBHeHul o0paTHO K GopMme (7.4) MOXHO BUAETE,
YTO OLIeHKH KOoxpohuuHeHTa npu GDFP — 3T0 TAKOro Xe nopsAgka BeJIMMMHEL, YTO H
B JAHHOM YpPABHEHHM, HO OHHM HeCKONBKO Hixke. Ha aroit ocHoee GbU10 GBI Lignieco-
06pa3Ho CeNaTs BEIBOA O TOM, YTO YKa3aHHBIH koabhduLiueHT 6amxe X 0,06, yeM K
0,07. CrangaprHeie OIIHOKH, KaK 3T0 BHAHO, CTANK GoJblle, HO CPaBHEHHE WX CO
cTaHgapTHolt owKbKoit kosbduunenta npu GDP B ypapdeHun (7.4) Opuio Obl He-
KOPPEKTHBIM 110 TOH MpudYMHe, YTO NOCAEAHKA NOYTH HaBepHAKA GbU1 CEpLE3HO 3a-
sixeH. OLeHKY BEIHMYMHE ¢ HE3HAYMMO OTANYAIOTCA OT HYNA KaK B YpaBHCHHHM
(7.13), Tak u B ypasHeuuu (7.14).

MoXeT BH35IBATE OECIIOKONCTRO TO, YTO YPOBEHE KO3 (hHIIMEHTA AeTEpPMUHALIMA
R? ctan HuXe, yeMm B ypapueHHH (7.4). JdeiicTBuTeNbHO, B YpaBHeHuH (7.13) oH Ha-
CTOMIBKO HHU30K, YTO F-CTaTUCTHKA HE OTIIMYACTCA 3HAYMMO OT HY/IA JKE NPH YPOB-
He 3HaUMMOCTH B 5%. Cnenyet, OAHAKO, MOMHHKTE, YTO OfipeaescHHe 3aBUCHMO# ne-
peMEHHOM B KaXA0M YPaBHCHHH CBOE, MO3TOMY 3HaueHUs Ko3dduuneHTa R? B HHX
HecpaBHUMBI. B ypapHeHUM (7.13) koadduiineHT R ? H3MepaeT oOBACHAIOMYIO CIIO~
coGHOCTE MepeMeHHOM 1/GDP, KoTopas 3aBHCHT OT 3HAYMMOCTH B HCXOOHOM YpaB-
HEHHMH NOCTOAHHOTO YiIcHA &, a He . Teneps xe napaMeTp P cTaj] NOCTOAHHBIM 4Jie-
HOM ¥ MO3TOMY He MOXET BHECTH Kakoi-nu0o BKIaA B BeNHYHHY R2

Nogxon Medsepa

ITocne BHINOAHEHHS TecTa [ Aeii3epa Mbl MOTTIH YCTPAHHTE IETEPOCKEIACTHYHOCTD
33 CYeT MPUPaBHUBAHMA Z; B ypasHeHHH (7.10) K o, B ypaBHeHHH (7.6) ¥ oLecHMBa-
HHSE PETPECCMOHHOM 3aBUCHMOCTH Y/S; OT 1/5; H X, /5, ThEe 5, ABNAETCA OLEHKOM G, Tlocne
pacdera s; Ha ocHOBe dopmMynbl (7.7) Oblaa oLeHeHa cnenyoLas perpeccus (B cKob-
KaX JaHbl CTAHAAPTHLIE OWKUOKH):

EE 1 GDP 2
P _0,32}; * 0,059—3;—, R* =089, (7.15)

(0,30) {0,003) F=1263,8.
B cywrocTH, nanHOe ypaBHeHMe ¢XOXe ¢ ypaBHeHMaMH (7.13) u (7.14). Oue-
HUBAaHWE PErPecCUOHHON 3ABMCHMMOCTH €ro OcTaTKoB OT GDP7Y, rae y paBHo —0,5,

0,5 u 1,0, He npuUBeno K OTKNOHEHHIO HYJMCBOH MIOTE3H O HANMMYKKM TOMOCKena-
CTHYHOCTH.
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HemHeirbie QyHkuymn

IMpexnonoxuM, YTo UCTHHHAR MOIENb MMeeT HenuHeiiHylo dopmy (7.16), pac-
CMOTPEHHYIO B pasfence 4.3, ¥ 4T0 1A OIPEeACACHHOCTH B MOTOXHUTE/NBHA, TAKUM
o0pasoM, y ABnfeTcd Bo3pacTaomeil pyHkumeil ot x;

y=oxby. (7.16)

MynsTHIAHKATHBHEIE CAYYaHHB YieH v yBe/HUHBAeT MWK YMeHBILAET ¥ B CO-
OTBETCTBYOUICH cnydaifHoit nponopuuu, Pacnpeaenenye peposiTHoCTEH v OIHHAKO-
BO ANg BeeX HaOmoaeHN, YTO O3HAYAET, HAMPUMED, YTO BEPOATHOCTh BO3PACTAHHA
y Ha 2% o mefcTBHEM 3TO# BEIMYMHBI OAMHAKOBA, HE3ABUCHMO OT TOTO, ABJACT-
¢S 1M x MansiM wiM GonenimM, Tem He MeHee aBCONIOTHAA BeTMYNHA IPHPOCTA ¥ Ha
2% oxasbiBaeTcd Oonblielt, KOrIa x MPUHUMAET BHICOKWE, 3 HE HU3KWE 3HAYEHHL.
CnenosatensHo, OyaeT NpoaBIATECS TeHIeHUHs K Bojlee CHMABHOMY pa3bpocy Ha-
OnNeHH BOKPYr MCTHHHON 3aBUCHMMOCTH 110 MEpe YBeNHYeHHWs X, W JIUHelHas
PerpecCHOHHAY 32BUCHMOCTE ¥ OT X MOXET, CIeA0BATeNFHO, TOKA3bIBATE FETEPOC-
KeJACTHYHOCTS,

PemesvieM 31eChb, KOHEYWHO, SBIAETCA Nepexoll X NorapudpmMuueckoil perpeccun.
3ro He TonbKo Gbito OBl Gonee MoaxoNsieil MaTeMaTHYECKOR ciieudHKAIMENH, HO
H cenano Obl MOAENb perpeccuy roMocKedacTUHHOM:

logy=loga+ Plogx+ logv. (7.17)

Cayuaiinptit unen log v Tenepb BO3ZeHCTRYET HA JABHCHMYIO nepeMeHRYI0 log y an-
IWUTHBHO, [OITOMY abCOJNIOTHAA BEAMYMHA €70 BO3ACACTBMA HE 3aBUCHUT OT BEIWMN-

HHI log x.

fipmmep

Onenka norapudmuyeckoii perpecCHOHHONR 3aBHCHMOCTH rOCYJAPCTBEHHHX pac-
xonoB Ha obpasosasue or BBII ¢ Menonb3obaHMeM HaHHbIX TaGn. 7.1 qaet cnenylo-
1fide Pe3yabTaThl (B CKOGKaxX MPUBOMATCS CTAHAAPTHRIE OLIHOKH):

lof EE=—3,31 + 1,06 log GDP; R2=0,93; (7.18)
0,24y (0,05) F=420,4,

OTKYlla BHIHO, YTO MacTUYHOCTb Beu4iHel EE no obbemy BBIT npubnnaurens-
HO paBHA earHULe. s MOBHILCHYN Ka4eCTBa pacyeTos Guina Taxke OHEHEHA JIo-
rapuMudecKas perpecCHMOHHAL 3aBUCHMOCTb TOCYNAPCTBEHHEIX PacxXofoB Ha 06-
pasosaHue HA Ayiuy HaceneHusi ot BBII Ha myiiy Hacenequs:

log %‘g =-375+137 Iog GﬁP ; R? =089, (7.19)

{c.0) (0,17 {0,09) F=2548.

Pe3yasTaT ONMH30K K NpeAIicCTBYIOILEMY ¢ HECKONBKO Goiee BBICOKON 3MACTHYHO-
crb10. Jins o6oux BapuaHTOB OBLIM ONpeReNeHbl «YACTHLIEY PETPECCHH A TEPBBIX
12 u nocneauunx 12 naGmonenuit, u B o6oux cnyyanx RSS, 6o Sonbiie, 9em RSS,,
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a otHowieHua RSS,/RSS,, cooTBeTcTBEHHO, cocTaBuin 1,92 n 2,78, Kpurnaeckoe
3HaueHue F-cratucTHKH npu 10 ¥ 10 crenenax cBo0OAK H YpOBHE 3HAYHMOCTH B
5% coctasnser 2,98. Takum obpazoM, B 000X cyyasix HylneBas IHNOTE3a O rOMOC-
KeAACTHYHOCTH He OyIeT OTKIOHEHA.

Himeer s B AeACTBUTETbHOCTH JHAYEHNE reTePOCKERACTHIHOCTE?

OTBeT Ha 3TOT PONPOC 3aBUCHT OT CTEIICHH BApbUPOBAHHA HaGMOAaeMBIX 3HAYE-
HUl O0BACHAIOIMKUX NEPEMEHHBIX (TIPEANONAraeTCcs, YTO MX pa3opoc ABNIETCS OpU-
EHTHPOM UIA OTpeAc/eHHA BeNWYHHBI CTAHIAPTHLIX OUIMOOK CAYHalHOIO YWIEHA).
HekoTtopoie BeluMcieHa, BuitonHeHHble P, Tupu (Geary, 1966), mokaseBawT, 4TO
€CNY CTAKIAPTHOE OTKJIOHEHHWE CNy4YaiHOro YieHa MPONOPIMOHANBHO 3HAYEHHAM
o0BACHANOIIEN NepeMEHHON B NapHoii PerpeccHM, TO AMCIIEPCHA OIEHKM Ko3(d-
(HIMEHTAa HAKNOHA MOXET OBITH B TPM pa3a OOMNble NPH UCTOAB3OBAHHM OOBIY-
Horo MHK no cpaBHeHHIO ¢ TeM cliydaeM, KOTAa AeNaeTCA IOoNpaBKa Ha reTepoc-
K€A2CTHYHOCTD.

Ynpaxwrennsa

7.3. VeraHOBUB (aKT HAWYMSA FeTePOCKEOACTUYHOCTH, MCCIICHOBATEND B YIIPAX-
HeHuu 7.1 nepemien K OUSHUBAHUIO CEIYIOWNX 3aBUCHMOCTE:

% =0,32-394 27, R1=10,03;

(c.0) (0,03) (56,9)

log M = --1,66 + 1,05 log G, R2=0,84,
{c.0) (0,92) (0,12)

TIe Z apasiercs o6paTHOR BenHUMHOHN o1 G (JlorapudMbI DepyTcs Mo OCHOBAHHIO ¢),

1. TToyemy npobneMa reTepoCKeTACTHIHOCTH MOXET B 3THX YpaBHEHHAX
CTaThb MEHee CYLLECTBEHHOR?

2. CpaBHHTE MOOYYEHHEIE Pe3yNLTATH IS 3THX YpaBHeHW# W ANA ypaB-
HeHHA B ynpaxHeHuw 7.1

7.4. Ctynenty (HazoseM ero A) many 20 HabmoneHuit A8yX nepeMeHHRX — ¥ H X,
EMy coolBiupnm, 4to y MuHeiHO 3aBUCHT OT X Y cyyailHOro 4iaeHa #, H DonpocHiu
IONYYHTh OUEHKY Koadduumnenta npu x. UcTHHAA 3aBUCHMOCTD, HEH3BECTHAA CTY-

NeHTY, KMEET BHA:
y=100+ 10x + .

Henonesys obbuablll MHK, cTyneHT oneHuBaeT ypaBHeHNHE perpeccun y = a + bx,
noxyvas (B ckobKax yKa3aHbl CTAHAAPTHBIC CLUIMOKH):

$=920+114x; R2=0487. )
(12,2) (1,0

3aTeM CTYNEHTY coobLIaloT, YyTo Cay4yafiHbIll YNeH u, B i-M HabnoAeHNH NOTyYeH
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NyTeM YMHOXEHMS CyYaHOTO YHCA €; Ha 3HA4EHUE X B STOM Hab/IIONCHHH, TO eCTh
;= X.£, THE €, NOJYYEHO H3 HOPMAIIBHOTO pacnpeleNieHKA ¢ HyJICBaIM MaTeMaTHYeC-
KM OXUZAHMEM H eQHHMYHON aucnepcrei. CTyAeHT OnpelensieT HOBRIE NepeMeH-
Hble Y M X', IAe y = y/x, X'= 1/x, u oLcHWBAeT ypaBHEeHME y' = ¢ + 4x', monyyas:

$'=10,2 + 101,7 x* R2=0,99. )
(c.o} 0,7y (2.3)

Hersath Apyrux cryaeHToB (B, C, ..., J) BBUIONHAIOT TAKHE X¢ SKCIIEPUMEHTH ¢ Ha-
fmoneHUAMH TIepeMeHHOH ¥, NoJYyYeHHBIMH TeM Xe cnocoBoM K I1pH TaKHX Xe 3Ha-
YeHUAX X, HO C APYTHMM HaGopaMM cnydyaiHbIX Yuces ag €. TlomydeHHEIe pe3ynabTa-
TH 00cGLieHE B TaGmuue,

Perpeccus 1 Parpeccia 2
Cryaenr

a co.fa) b cofb) R? ¢ Gofc) d cofd) AR
A 820 122 114 1,0 087 10,2 07 1017 23 099
8 836 75 11,3 06 095 107 05 98,1 1,7 0,59
o 890 111 102 09 0,87 10,1 0,6 998 20 099
D 994 83 9,6 07 09 9.3 04 1025 14 0499
£ 1148 1941 7.8 1,6 057 9.7 0.8 877 28 0,99
F gg4 126 122 1.1 0.88 112 086 978 23 058%
G 996 68 100 08 089 29 0.6 539 20 099
H 1003 641 9.8 05 095 9.9 05 1002 17 098
! 1047 94 99 08 078 107 05 973 18 0998
J 211 11,3 11,0 089 088 10,0 06 1002 21 0,99

1. OOpsAcHNTE, NOYEMY CTYOEHTEI OLEHNUNH perpeccHIo (2), KOTaa HM
CTAM M3BECTeH XapakTep MOBeAcHHs CAY4aiiHOTO yieHa u.

2. ABnAr0TCcA MM pe3yALTaThl, MONYYEHHBIE ANA perpeccHy (2), AydILH-
MM, YeM Pe3YNBTaTHL, OAYUeHHsIe Ana perpecchu (1)?

7.5. IIByM MOJIOIIBIM MCCEROBATENAM MOPYYEHO MTOYYHTh OLIEHKH (X; H X,) MaTe-
MAaTHYeCKOro OXHIAHWA N CAydaliHON nepeMeHHO x. VI3 IpOLINOro onbiTa HaM M3-
BECTHO, 4TO 00a OHM MOJNYYAT HECMELUCHHbIe OUeHKH. OMHAKO OIMH M3 HUX MeHee
AKKypaTeH, YeM Zpyroii, U Aucrepcus x, OyneT B TpH pasa Gosslile, 4eM UCNEpcHd
X,. Bbl JOMXHBI, KCTIONB3YA PE3yAsTaThl paboThl ABYX MCCAENOBATENCH, PEACTABUTh
eXMHBIA pe3ynbTaT. Bo3eMeTe /11 Bbl CPEeNHEE OT X, M X, [IONHOCTBIO IIPOUTHOPUDY-
eTe X, WIH NIOCTYIIHTE KaK-HUOyAb uHaye?
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7.5. AsToKOppensumMs U cea3anHble ¢ HeW dakTopbl

Jo CHX Mop npeanonaranoch, YTO 3HAYECHHE CAYYalHOro wieHa ¥ B JioboMm Ha-
OnioneHKH onpeneNaeTcsa HE3aBUCHMO OT eI'0 3HaUYeHMIl BO BeeX ApYTUX HaGnioneHK-
fx. JIpyraMu cI0BaMH, MBI TIPEAIIONAraiM, YTO YAOBIETBOPEHO TpeThe ycnaosue Ia-
ycca—MapkoBa, 10 ecTh pop. cov (4, #) = 0 IpH i # ji,

TlocneacTsHa asmoxoppessiyuit B HEKOTOPOH CTENMEeHH CXOAHB! ¢ MOCASACTBUSIMU
retTepockesacTHYHOCTH. KoathdHUHEHTH perpeccHM 0CT2I0TCH HeCMellleHHBIMHY, HO
cTaHoBATCA HeAh(MEKTUBHBIMU, U MX CTAHAAPTHbIE OLIMOKH OLEHHBAIOTCS HENPABHIb-
HO (BEpPOSITHO, OHM CMeLalTCcd BHH3, T. €. 3aHMXAIOTCH).

BO3MOXHEIE FpHYMHE GBTOKOPPE/ SN

ABTOKOpPpETAIMA OGBIMHO BCTPEYAETCH TONBKO B PErPeCCHOHHOM aHAMHM3E TIPH
HCIIONB3OBAHMM JAHHBIX BPEMEHHBIX pAnoB. CayyaltHbLI#k WieH & B ypaBHEHUH per-
peccHM TOABEPraeTcsl BO3ACHCTBHIO TEX NepeMeHHBIX, BAHAIOIIUX HA 3aBHCHMYIO
nepeMeHHYIo, KOTODEIE He BKIICMEHSI B YpaBHeHHe perpeccHH. Ecnu sHaveHHe u B
nGoM HaGMIOASHUH JODKHO OLITh HE3aBHCHMBIM OT ©r0 3HAYCHHA B MpPEABAYILEM
gabmogeHiy, TO M 3HauMcHHE M0G0l mepeMeHHOMN, «CKpbITOi» B &, DOXHO ORITH
HEKOPPEANPOBAHHHIM ¢ €€ 3HAYCHHEM B MpeablIymieM HalmoacHHH.

IlocTosiHHAA HampaBAeHHOCTh BOSACHCTBHA HE BKIKYCHHHX B ypaBHEHHe me-
pPeMEHHBIX SIBJIETCS HauboNee 4acTol NPHYHHON NOAOXCUMEALHOU G8MONOPPEARYIIU
— ee OOBIYHOrO WIS SKOHOMHYCCKOro aHamusa tHna. IlpeanonoxuM, YTo BH OLE-
HHUBAETE YPaBHEHME CIPOCa HA MOPOXEHOE MO eXEMeCAYHLIM JAHHBIM U YTO CO-
CTOAHME TOTONbl ABJAETCA €OIMHCTBEHHBIM BAXHEBIM (akTOPOM, «CKPBITEIM» B I.
BeposaTHo, ¥ Bac OydeT HECKONBKO MOCHENOBaTC/IBHEX HaOaloaeHuit, Koraa Ten-
Jas [I0F0Ja CNOCOBCTRYET YBETHYEHHIO CIIPOCA H2 MOPOXEHOE H, TaKHM o0pa3soM,
U TIONOXHUTENBHO, W NOC/E 3TOr0 — HECKOJBKO MOCAeNOBATE/IBHEIX HAONIOAeHHH,
KOTZa CUTYAIIMs CKAARIBAeTCH NPOTHBOMONOXHEIM 06pa3oM, MOCIe Yero UAET eLle
OAMH PAN TEIUIRIX MECALEB W T. I.

Ecay Joxoa IoCTOAHHO BO3PacTaeT CO BpeMeHeM, CXeMa HabmoaeHUt MOXeT BhTh
TaKo#, Kak noxasaxo Ha puc. 7.3. Ilpn obo3HaueHHM 06beMa Npodax MOPOXEHOro
yepes y K m0x04a 9epes x 6yaeT HMeTb MECTO TPEHAORAS 3aBHCHMOCTD, OTPAXAIOLIAN
pocT ofbema rpoaax: ¥ = « + px. @axrudeckye HabAOAeHHA OYAYT B OCHOBHOM CHA-
yana HaXOAMTLCH BbIILIE AMHUM PETPECCHH, 3aTEM HIDKE €€ H 3aTEM ONATH BHILIE.

H3MereHHUA 9XOHOMUYECKOA KOHBIOHKTYPEL HacTO MPHBOIAT K MTOXOXHM Pe3yb-
TaTaM, oCobeHHO HArNAAHSHIM B MaKpOIKOHOMHYECKOM aHallH3e, H B JIMTEpaType o
UMKIAX DeMOBOH aKTHMBHOCTH €CTh MHOTO T2KHX NPHMEPOB.

3mech BAKHO OTMETHTB, B YACTHOCTH, YTO aBTOKOPPEMALMA B LEJIOM NpeACTaB-
nAeT TeM Gonee CyLUeCTBEHHYKO npobiieMy, YeM MeHblUe HHTepBal Mexay Habmio-
aeHusaMH, OYeBHIHO, YTO YeM GONbile 3ITOT MHTEPBAN, TEM MEHee TNpaBgonoact-
HO, YTO NIPH NEepexole OT OAHOI0 HAONIOACHHA K ADYIOMY XapaKTep BAHSHUA
HEYYTEHHKIX NEPeMEHHRIX OyIeT COXpaHAThCS.

' Tax kak Mol npeanonaraeM, Yto (4} = £(4) =0, 970 ycnosne MOXeT GbiTb TAKKE 3AMMCAH0 KaK
E(y, u) =0. Korpa aaH{oe YCNoBUE HE BLINOJHRETCH, FOBOPRAT, 4TO CNYHAHLIA YNeH NoOBEpXEH agro-
KODDESALEAA, KOTOPYIO YACTO HAILIBAIOT CEDHATBHON KODPEAALHEH 3TV B TEPMUHA B3AUMOIBMEHAEMS),
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Puc. 7.3. (MonoxutenbHan aBToxkoppenauma

Ecau B mpvMepe ¢ MOpOXeHbIM HaGAIOACHMA MPOBOAATCA HE £XeMeCHYHOo, &
£XEroJHO, TO ABTOKOPPENALMHM, BEPOATHO, Boobile He GyAeT. Mano BepoATHO, YTO-
6bl COBOKYITHOE BAHSHNE TOrOAHbIX YCIOBHII B ONHOM TORY KOpPenHpOBaIC ¢ aHA-
JOTMYHBIM BIMAHUEM B CIEIYIOHIEM TOLY.

IMoka MBl pACCMATPUBATN TOJBKO NOJIOXUTENBHYIO aBTOXOPpeNaLuio. B mpuHum-
ITe aBTOKOPPENSsILHA MOXET Takoke OBITh OTpHIATeNbHOI. B Hautem cyyae 310 03Ha-
Y4aeT, YTO KOPPEILIUA MEXIY NoCNeA0BaTE/IbHEMY 3HAYCHUAMH CIYYAiAKOTO WieHa
OTpHLATENbHA. B 9TOM ciydae, CKOpee BCero, 3a NOJOXHTENbHBIM 3HAYEHMEM B Of-
HOM HaGMIOAeHMH HAET OTPHUATENbHOES 3HAYEHHE B CNeAyiolieM, H HaobopoT; au-
arpaMMa paccesHHs TP 3TOM BLIISAMT Tak, Kak MOKa3aHO Ha puc. 7.4.

3nech cHOBA MPEANOaracTCs, Yro X o BpeMeHeM pacTeT. JIMHKA, COSANHAIONIa
ROCAeAOBAaTe/IbHbIE HAONIOAEHHA APYr ¢ ApPYroM, GYIeT Mepecekars JIMHUIO0, NoKa-
3BIBAIOLIYIO 3aBMCHMOCTD MEXIY Y U X, Yalle, 4eM MOXHO ObiI0o 0XKAATb, eCiIu Obl
3HAYEHHKA CAYYaITHOTO YieHa HEe 3aBMCEnH ApYr OT Apyra.

y .

Puc. 7.4. OtpuuarensHas aBToKOpPEnALvA
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B axoHOMMKe ompuyamersias GemoKoppesijiA BCTPeYaeTCA OTHOCHTEALHO PEAKO.
Ho nHorna oHa MosBAAETCA MpH NMpeobpasoBaHMK NepBOHaYANbHON cienHdukan
MOJENH B GopMy, MOAXOIALLYIO ISl PErPECCHOHHOIO aHANM3a. MBI BCTpEeTHM Taxkoii
npumep B pasnene 10.2.

TIpy pac¢MOTpEeHUH aBTOKOPPENALHHA MBI GyIeM Npeamnoaarate, Y7o KMeeM AEN0
¢ JAHHBLIMH BpEMEHHOIO pAlda, H [TOITOMY CTAHEM CChLIATBCA HA HalalogeHHe £, a
He { ¥ 06o3HauaThk pa3Mep BHIGOPKHU wepes T eMecTo n. Takum obpasoM, GazoBast Mo-
IJenp OygeT 3anmMcaHa B BUAS:

y=o+px,+u (7.20)

7.6. O6Hapyxenne anToxoppenauun Nepeoro nopsaxa:
kputepui flapbuHa—YotcoHa

HauHeM ¢ yacTHOTO chayyasi, B KOTOPOM ABTOKOPPC/ALMA MOOYHHACTCA aBTOper-
PECCHOHHOH CXEME IIEPBOTC IMOPSAKA:

u,=pu_, +e,. (7.21)

D70 03Ha4YaeT, YTO BeJIHMMHA CNy4aiHOro wieHa B mM000M HabNQIeHUM paBHa
€ro 3HaYeHHI0 B NpedIecTBYIOWEM Ha0N0aeHUA (T. e. €ro 3HAYEHHIO B IIEPHOR { —
1), YMHOXEHHOMY Ha ¢, IUTIOC HOBHIH &, JlaHHAd CXeMa OKa3HIBAETCH ABTOpErpec-
CHOHHOH, MOCKONBKY 4 ONpPeacnaeTca 3HAYCHHAMH 3TOH Xe caMol BeNMHYHHEH ¢
3anasabplBaHHEM, U CXeMOf NepBOre Nnopsiaka, MOTOMY 4YTO B 3TOM NPOCTOM Cydae
MaKCHMMalbHOE 32na3ibipaHue paBHO enuuuue. [Tpeanonaraercs, 4To 3HaAYEHHE € B
KaXIOM HaOMOZeHUH He 33BMCHT OT €ro 3HaYeHW BO BCexX APYTHMX HaGMIOgeHHax.
Eciau p NonoXuTENBHO, TO ARTOKOPPENSIHA MOJ0XWTENRHAS; ECTH P OTPMLATENb-
HO, TO ABTOKOppEeNAlMg orpuuarensHas. Ecan p =0, T0 aBTOKOppensLiHH HET H
TpeThe yenosue laycca—Mapkora yIOBIETBOpASTCS.

KoHe4yHO, MBI H¢ pacmonaraeM crocooM HaMepeHus 2HaueHMI cnyyaifiHoro ywie-
Ha, [TOTOMY Mbl He MOXeM OLIeHHTE perpecchio {7.21) HenocpeacTeHHO. TeM He MeHee
Mbl MOXEM OLIEHHMBATh P [TYTEM OLEHHBAHHA PETPECCHOHHOI 3aBHCHMOCTH €,0T ¢,_, C

Cov(e,_;,e,)
ucnonbzosanueM o6pryHoro MHK. TIpu aroM oleHKa p pasHa W.

Tak xak cpefHee 3HaYeHHe T OCTATKOB PAaBHO HYJIO, €r-1 {CpeaHee 3HaYeHHe OC-

TaTKoBR B HaOmiogeHusAx ot 1 A0 T— 1) ¥ er (cpeaHee 3HaYeHHe OCTATKOB B Habmio-

JeHuax oT 2 ao T') 6yayt OaM3Ky K HyMO, ec/lH BHOOpPKA OOCTAaTOMHO BEJIHMKA, M
Cov(e,e,_) u Var(e, |} OyayT annpoKCHMHDPOBATHCH BhIpAXEHHAMU

L Y18 M . Y €2 |, COOTBETCTBEHHO
T—l =151 T_l -1 -
Kpome Toro, Ye?, Gyler MpHGNUZHTENHHO PaBHO Y2, CleNoBaTenbHO,
Cov (ey_1.&) 28
Var () 2MIDOKCHMMUPYETCS BRIDAKEHHCM ~ 3 2
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IIupoko u3apecTHasa cTaTHCTHKa JapOHHa—YoTtcoHa (d) onpenesiseTcs cieny-
IOIMM oOpazoMm L

I 2
Z (e — 1)
d= 1=2

T
e
=1

MoxHo mokasate (cM. npunoxenue 7.3), yto B GonbiumX BbIGOPKAX
d—-2-12p. (7.22)

Ecny aBTOKOppENILMA OTCYTCTBYET, TO p = 0, H MOITOMY BEIMMHHA 4 JOJDKHA OHITh
omu3kolt K aAyM. TIpH HATHYKMH MONMOXKUTENARHOH aABTOKOPPE/BIIMH BeTHYHHA 4, Bo06-
1LIe roBops, Gymer MeHbLUE UBYX; [P OTPHLATENLHOH ABTOKOPpEMISUMK OHA, Boob1Ie
ropops, Gyaer npeBuIAaTh 2. Tak Kak p AODKHO HAXOOUTHCA MEXIY 3HAYCHHSAMHM 1 M
—1, To 4 momxHo nAexars Mexay O u 4.

Kputnyeckoe 3HaYeHHe 4 npH TI060M TaHHOM YPOBHE 2Ha4YMMOCTH 3aBHCHT, KaK
MOXHO NpearnoiaraTth, 0T YMcAa 00bACHAIIMX NTEpeMEHHEX B YPaBHEHHH perpec-
CHH U OT KOJH4YecTBa HabMmoacHMH B BRIGOPKe. K cOXaNeHHIO, OHO TAKKE 3aBUCHT
OT KOHKPETHBIX 3HaueHUH, NpPHHIMAaeMBIX OOBACHSIOIMMHE NepeMeHHEIMH. [1o3To-
MY HEBOSMONHO COCTABHTb TAGNMILY ¢ YKA3AHMEM TOUYHBIX KPHTHYECKUX 3HAYCHHIA
IUtsi BceX BOSMOXHEIX BBIOOPOK, KAK 3TO MOXHO CHENATh Wil - H F-CTATHCTHK, HO
MOXHO BBHIYHCIMTb BEPXHIOW H HUXHIOW epanuis IS KPHTHUSCKOTO 3HAa4YeHHUA 4.
Ansi MONOXUTENbHOM ABTOKOPPENALMHA OHH 00BYHO 0003HAYAIOTCA KaK dy M d.

Ha puc. 7.5 naHHast CHTyallus NMpeACTaB/leHa B BUIE CXEMBI; CTPEIKa YKa3blBaeT
KPUTHYECKHUI YPOBeHb d, KOTOpbIii 0603HavyaeTcs kak 4, , . EC/IM §b1 MBI 3HANH 3Ha-
ueHue d,,,,, TO MOLIK Obl CPABHHTE ¢ HHM 3HAYEHUE a‘m PACCYMTAHHOE LT HaLleid
perpecc:m. ECJm Gul okasanoch, 4v0 d 2 d,,,,, TO Mbl HE CMOI/IH G5l OTKIIOHUTB HY-
JIEBYIO THIIOTE3Y OT OTCYTCTBHH an’rorcoppcnﬂuuu B cayuae d<d,,,,, Mbl Gbl OTKIIO-
HHIH HYNEBYIO THIIOTE3Y M CASNaTH BHIBOA O HAMHYHH MONOXHTENLHOMN ABTOKOp-
PENSILMH.

e

I

0 9 d,, 9 2 ¢ 4

Puc. 7.5. Tect JapbuHa—YoTcoHa Ha aBTOKOPPEASUNIO
(nokasaHa 30Ha HEONPAAENEHHOCTH B Cny4ae npeanonaraeMoi NCACKUTENLHOM
ABTOKOPPEnALMK)

BmecTe ¢ TeM MBI 3HaeM TONBKO, 4TO d,,,,, HAXOAUTCA [Ae-TO MeXny d; U d;. 3T0

MpeAroaaraeT Haau4YHe TpeX BO3MOXHOCTEH:

! B pyccrosanMHOM MMTEpAaType aTta CTATUCTUKA sawie ofasnavaerca kak DWW (fpwssr. peq.)

220



1. BenmuuuHa d MeHb1IE, YyeM &,. B 310M cayyae oHa 6yEeT TAKKe MeHb-
we, YeM d,,,,, U MO3TOMY MBI CAENAeM BRIBOA O HANMYUU [ONOKUTENb-
HOH aBTOKODPETALMH,

2. Bennuuna d 6onvine, yeMm 4. B sToM ciyyae oxa Takke 60osble KpU-
THYECKOTO YPOBHA, K IOITOMY MB!I HE CMOXeM OTKAOHHTb HYNEBYIO TRIIO-
TE3y.

3. BenuyHHa d HaxonuTCA Mexay d; u dy. B 3TOM cydae OHa MOXET GbITh
OOnpille UKW MEHBIIE KPHTHYECKOTO ypoBHS. [TockoneKky Henb3d Onpene-
NIUTB, KOTOpas M3 IBYX BO3MOXHOCTEH HaNMLO, MH HE MOXEeM HH OTKIO-
HMTb, HM IPHHATb HYJEBYIO THIIOTE3Y.

B cnyyasx 1 u 2 trect Japbuxna—YorcoHa AaeT ofipene/ieHHbId OTBeT, HO Cayyail
3 OTHOCHTCA K 30HE HEBO3MOXHOCTH MPHHATHA PELUSHHNA, U H3MEHHMTb CO3TABILES-
ecA NOJIOXECHHE HEeNb3s.

B Tabn. A.5 B KOHLi¢ KHUTH AaHb! 3HaYeHud (d, U d,), CTOALHE Ha MEPECEdEHUH
CTPOK M cTONOLIOB, COOTBETCTBYIOWMNX KOMUYECTBY HAGMIONeHHIA K Yucay O6BACHA-
OLUIHMX [epeMeHHbIX AA YpoBHeH 3HaYUMOCTH B 5 1 1%. B Tabanue moxkasaHel Xpu-
THYECKHE JHAYEHHUA B CAYYAE NOJOXHUTEIBHON ABTOKOppPENALNUY, Hanbolee 4acTo
BCTPEMAIOLEMCS B SKOHOMHYECKHUX MOAENAX. MOXHO BHAETE, YTO YeM Gonblue YHC-
Jio HabMIOACHKI, TeM Y)Xe 30Ha HEOMPEISNCHHOCTH, NIPEACTABASHHAA OTPE3KOM MEXIY
d, u dy

- - i

I
I
I
i
1
i

0 2 4-d,d,

p— d 4

Puc. 7.6. Tect JapbuHa—YorcoHa Ha ABTOKOPPansuno
(noxasaHa 30Ha HEONPEAENEHHOCTY B CRYYAE NPeANConaraeMon oTPMUATENEHON
ARTOKOPpEenaLUn)

ITpopepka Ha OTPHOATENbHYI0 ABTOKOPPENALHIO IPOBOSUTCA IO AHANIOIHYHOMN
cXeme, MPHYEM 30HA, COACPXKAlasd KPUTHYSCKMH YPOBEHb, pPaclioNoXeHa CHMMET-
pu4HO crpaea oT 2. Tak KaK OTpHUATeNbHAA ABTOKOPPENALMA BCTPEYaeT s OTHOCH-
TENBHO PeaKko, NPEANnOAaraeTca, YTo IpH HeoDXOIHMMOCTH BbI CAMH BBIMKCIIHTE Ipa-
HHL(EI 30HBbI HA OCHOBE COOTBETCTBYIOIUMX 3HAYCHUNA LA MONOXHTENBHOK aETOKOD-
PeJBILMH NIPH JAHHOM YMcie HaGnogeHHH M o0BACHAIOLINX MepeMeHHRIX. BT0 H0C-
TaTO4HO Nerko caeaarte. Kak nokasaxo Ha puc. 7.6, semauuHa (4 — dy) ecTb HIOKHRI
npeaes, HIDKe KOTOPOro MPHIHACTCS OTCYTCTBHE aBTOKOPPENSUNH, a (4 — d,) — Bepx-
Huit Ipese, BbILIE KOTOPOTO AeJAeTCs BRIBOA O HATHYHK OTPHUATENLHOM aBTOKOD-
PeAALNH.
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7.6. PaccMoTpuTE CTaTUCTHKY JapbuHa—YoTcoHa Jia norapudpMuyeckoit GpyH-
KUHH CTpoca, KOTOPYIO BHI MTOCTPOWIM B YHpaXHeHHH 5.6. EcTe nu TaMm aBToKkop-
penauua? Ecau ga, To KaK 3TO OBAHANAO Ha pe3YyIbTaTH BRIMOJHEGHHEIX BAMH CTa-
THCTHYECKHX TecTOB?

7.7. Ecnu Baul perpecCHOHHEIN MAKeT [03BONAET PACTIEYATATE OCTATKH VI YpaB-
HEHHMSA perpeccHy, caenaiite 310 114 oueHeHHBIX Bamu o MHK ypaBHeHuii gyHK-
uuu cnpoca. [logTBep:KOaeT IK pacCMOTPEHUE OCTATKOB HaNH4Me (MIH OTCYTCTBHE)
ABTOKOPpe/ILMY, HA KOTOPYK YKasblBaeT cTaTucTiKa Japb6una—Yorcona? Moxere
JIH BBl JATh SKOHOMMYECKOE 0OBACHEHHE MOBEASHUS OCTATKORB?

7.7. 4ro MOXHO CAENaTh B OTHOWEHWK ABTOKOppPEensaLun?

B0O3MOXHO, BaM YIACTCA YCTPaHHUTDL ABTOKOPPEILLIHIO TIYTeM ONpeie/IeHHS OTBET-
CTBEHHOIO 3a Hee (akTopa WiK GaKTOpOB M COOTBETCTBYIOILEIO pacCIUMPeHHA ypaB-
HeHnA perpeccHd. Korma Takoe BO3MOXHO, 3T0 MOXET OKa3aTbCA HAMMYYILHM pe-
wieHueM, IIpuMep NpUBOAKTCS B yipaxHeHHH 10.4,

B Apyrux cnyyasax mpougaypa, KOTOpYo CheayeT NPHHATh, OYaeT 3aBHCETh OT Xa-
paKkTepa 3aBUCUMOCTH MeXAy 3HAYEHHAMH CyyajiHoro wieHa. B nurepatype Hanbonb-
11ee BHHMaHKHE YAENAETCA TAK Ha3bIBAeMOUN aBTOPErPECCHOHHOIM CXeMe MEPBOTo Mo-
paaka (7.21), Tak KAK OHA MHTYMTHBHO NMpaBIonoAodHa, HO ST TOrO, YTOOB OBLIO
uenecoodpasHeIM €€ UCTONLIOBAHKE B H0/1ee CIOXKHBIX MOJSNAX, OCHOBAHHII O00HY-
HO He XBaTaeT. BMecTe ¢ TeM ecnmn HaGMIONEHHA IPOBOIATCA €XCKBApTAAbLHO HIH
EXEMECAYHO, MOTYT 0Ka3aTkeA Gosiee MOAXOOALMMH IPYTHE MOIE/IH, HO MEI He OyaeM
HX 31€Ch pacCMaTpHBaTh,

Ecnu 6w ypapHeHHe (7.21) 6bin0 npaBunpHOI crieduKanmued Ana UsMepeHus
BEIMYMHBI CAYIAHHOIO 4JICHA, TO BBl MOIAM GBIl MOJHOCTBK) YCTPAHKThL ABTOKOppE-
JALHIO, eci Gbl 3HANMH BEAMYUHY p. D10 Gyaer MpoaeMOHCTPHPOBAHO HA TIPUMEDE
YpPaBHEHHS PETPEcCHHM, BKAIOUAIOLIETO TOJLKO OLHY 00BACHIIOMYIO IEPEMEHHYIO, OX-
Hako MpH OosablieM HX YUCAS AEHCTBYET TOT Ke NMpHHLIHIIL.

TIpeanonoxumM, u4To WCTHHHAA MOJENb 3ajaeTcia BeipaxeHueM (7.20), Tak 4TO
HabmoaeHus ¢ M 1 — 1 GOpMHPYIOTCA KaK

y=a+px tu; (7.23)

Yooy =t Bx oy (7.24)

Tenepp BHYTEM U3 obewx uactel ypaBHeHUs (7.23) yMHOXEHHOE Ha p COOTHOLLES-
HHe (7.24) H nmony4yuMm:

Yimpya = all—py+ Blg—px,_) + u,—pu,._,. (7.25)

OGo3HauMM ¥, =y, —p¥i_1, X =% —px,_y B § =1-p. Torma popmyny (7.25) mox-
HO MepenucaTh Kak
Y, = ag, + Bx, +u, - pyy_y. (7.26)
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BMmecTe ¢ TeM U3 ypaBHenua (7.21) uMeeM u, — pu,_, = €, TakuM obpaszom, dop-
myna (7.26) npUHHUMaeT BHA:

V; =g, +BX, +¢,. (7.27)

MBb! IpeAnonoXunIm, YTo p U3BecTHO. Toraa MOXHO BRIMMCIMTD BEMYKHM ¥, X, M §;
{nocaenHAA OAMHAKOBA AN BCeeX HAOMoneHHH) Ans HaOModeHHH, BXINOYAIOITHX OT

2 mo T ucxonHbix gaHHEIX. Ecny Tenepb oLIEHUTDL perpeccHio Mexny v, X, u g, (3a-

MEeTHM, YTO B YpaBHEHHE HE A0DKHA BKIKYATRCH MOCTOSHHAA), TO GYIYT NOMYIeHbI
OLISHKH ¢ M 3, He CBA3aHHBIE C NMPOBAEMOit aBTOKOPPENALIMH, TTOCKOAEKY, COTACHO
NpEeanoJOXEeHHIO, 3HAYSHHS £ HE 3aBUCAT APYr OT ApPYra.

Qcraercs, oaHako, Hebonbiuas npobnema. Ecnu B BRIOOpKe HeT JAHHBIX, TIped-

HISCTBYIOLINX NNEDEOMY HAGNMIONCHHUID, TO MBI HE CMOXEM BHIMMCAHTD j”-l H f} H I10-

TepaeM nepsoe HabmwoaeHKe. Yucno creneHeit ¢BoGoabl YMSHBLIAETCA HA SAMHHMLLY,
1 3TO BBI30BeT TOTEPIo 3P heKTUBHOCTH, KOTOPAasa MOXET B HEGONBIHX BEIOOPKaX Me-
PEBECUTDh MOBbILIEHHE 3 eKTHRHOCTH OT YCTPAHEHUA ABTOKOPPESLMH.

D1y npobaeMy, K cHaCTB), MOXHO JOBOJIBHO JIETKO O0ONTH, MONB3YACH TAK Ha-
3bIBaeMoit nonpaexoii Hpaiica— Yunemenq (Prais, Winsten, 1954}, CnyJyaiinsiif uneH &,
COTNACHO ONpPeNe/IeHHI0, He 3aBUCHT OT 3HA4eHH ¥ B TI000M MpequlecTBYIOLEM Ha-~
OmoneHnn. B 4aCTHOCTH, BCe BEMHUMHBI &,, ..., £ HE 3ABUCAT 0T 4,. CNeaoBaTenbHo,
eCHM NMpPH YCTPaHEeHHM ABTOKOPpensuMH BCe Apyrve HabmioneHus mnpeobpasyroTed,
TO He TpeOyeTcs nmpeoGpaloBbiBaTh Mepsoe HaGmoneHue. MOXHO COXpAaHMTD ero,

BKJIIOYMB B HOBYIO CXeMy, Mofaras, uto 5, =y, § =1 % =x.
MEI MOXXeM TaKMM cIoCOBOM CNAcTH nepsoe HabaIoNeHUE, HO 31eCh eCTh HeGOMb-
wasa npobleMa, KoTopyic Tpebyerca pewnTs. ECIK p BelMKoO, TO nepBoe Habmoxe-

HUe OyaeT 0KashBaTh HEIPOMOPUHOHANEHO GOJBiIOe BO3AEHCTEHE HA OLICHKH, HC-
YUCNEHHBIE [TO YPaBHEHHIO perpeccHi. YToGH HelTpaau30BaTh 310T 3thdexT, YMEHb-

MMM BeC JAHHOro HaGMIONeHHA YMHOXCHMEM €ro Ha BeJMUYHHY ‘)l— 2, Imojaras

Gi=dl-py, FH=yl-pxy M § =y1-p?. [puuuna BeIGOPA TAKOTO CTONb He-
0OBIYHOTO Beca OOBACHAETCH B IPHUAOXKeHHH 7.4.

Koneuro, Ha NpaKTHKe BEAMYHHA p HEH3BECTHA, €TO OLIEHKA [TONIYYAETCH ONHO-
BPEMEHHO ¢ OLEHKaMK o ¥ . AMeeTcss HECKONBKO CTAHAAPTHHIX CMOCO00B TaKoro
OLUeHHBAHMA, H, BEPOATHO, OOWH HIH HECKOJNbKHX TAKHMX CNocobGoB MOryT OHITE pe-
ATH30BAHBI B HMEIOILEMCH ¥ BaC PEerpecCHOHHOM MaKeTe.

Mertor Koxpana—OQOpkarra npencrapnser cobol MTepaTUBHBIN NpoLece, BKII-
YACWIHN CIEayKOIUe 3TANbl.

1. Quennpaercs perpeccus (7.20) ¢ HcXOnHEIMM HenpeoOpa30BaHHBIMHE JaH-
HEIMH.

2. BLUMCNSAIOTCA OCTATKH.

3. OLUEHHBACTCS PErPecCHOHHAA 3aBUCHMOCTE €, OT ¢,_,, COOTBETCTBYIOLIASL
dopmyne (7.21), u KoaPUIMEHT NpPH e,_, NpeacTaBasieT coboi OLEHKY p.

4, C 31011 oueHKoM p ypaBHetHe (7.20) npeobpasyerca g (7.27), oueHuBa-
HHUE KOTOPOI'O MO3BOAAET NOAYIU'TH MePeCMOTPEHHBIE OLIEHKHK O U .

5. I1oBTOPHO BBINHCIAKTCA OCTATKH, M TIPOLECC BOIBpAIlaeTcd K 3Tamy 3,
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YepenopaHue 3TAMOB NMEpecMOTPa OLIEHOK O M B M OLIEHKM p NPOJO/KaeTcA A0
TeX Nop, MOKa He SymeT moayyeHa TpebyeMast TOUHOCTh CXOMHMOCTH, T. €. 0 TeX 1op,
MOKa OLIEHKH Ha IMOCNEAHEM M IpeanociefHeM LIMKIAX He COBMNAAYT ¢ 3afaHHOM
CTeleHbI0 TOYHOCTH.

Meton Xunapera—Jly, Takke [IHPOKO MIPUMEHAEMBIH B PETPECCHOHHRX MaKeTax,
OCHOBaH Ha TeX X CaMbIX MPHHLHMNAX, HO UCTIONB3YET APYTOH aNIrOPHTM BHIYHCIIE-
Huil. 3aece perpeccusa (7.27) oleHUBaeTCA AN KaXXA0ro 3HAYCHHS p U3 ONpPEAC/iCH-
HOTO JHAIIA30Ha C 3afaHHLIM IaroM BHYTpy ero. (Hanpumep, HccienoBaTelb MO-
XeT 3amark AHanasod ot p = —1,00 o p = 1,00 ¢ marom 0,01.) 3Hauyenne, xotopoe
JasT MHHMMAaJIBHYK} CTAHAAPTHYIO OIUMOKY 1A Mpeobpa3oBaHHOTC YPaBHEHUA, TPH-
HHMAeTcsi B Ka4eCTBE OLEHKH p, 8 KO3QOUIHMEHTH perpecCuu ONpeaeaaioTcs Mpu
OLIEHHBaHUU ypaBHeHUA (7.27) ¢ MCMONBIOBAHHEM 3TOTO 3HAYEHHA.

Koraa cratueruka Jap6MHa—YOTCOHA YKa3biBaeT HA OMEHE TECHYIO MOIOKHTENb-
HYIO aBTOKODPETAIIHID, MOXHO IIPHMEHHTD YIIPOILEHHYIO TPOLEAYPY, 3aKTI0HAIOY-
K0¢A B mpennonoxeHvwy, 910 p= 1. Toraa ypasHeRue (7.25) NpHHHMAET BHI:

V1~V =By —x_ ) tu—u (7.28)

JpyruMu C/IoBaMH, OLEHUBAETCS perpecCMOHHAsA 3aBHCHMOCTh Pa3HOCTH 3HAYEHHH
¥ B TIOCAEAOBATENBHBIX HAOMOAeHUAX OT PA3HOCTH 3HAYeHH# x. OHA K3BeCTHA KaK
ypaBHEHHE PErPecCHM MEPBLIX Pa3HOCTEM M YaCcTO 3aMHUCLIBAETCA B BHIE:

Ay, = PAx, + u,— u,_,. (7.29)

Tak kak ¢akTHHeCcKOe (HEU3BECTHOE) 3HAYEHHE p, BEPOATHO, GyXeT MeHbIIHM eIM-
HHUB, 3TA NPOUEAYPa, NO-BHAUMOMY, KOMIICHCHPYET aBTOKOPPENALHIO ¢ HEKOTO-
PBIM H3OBITKOM. MOXHO [10Ka3aTh, YTO TEOPETHYECKAA KOPPEMALMNI MEXAY [1OCHe-
AOBATENbHBIMU 3HAYEHHUAMM (1, — ¥,_,) paBHa —(1 — p)/2. Hem Gamxe p K eAMHULE,
TeM 5Ta KOppeJMlyd MeHblIe H, CIeA0OBATENRHO, TeM Oosiee BEPOATHO YAYMIUCHUE
Pe3yabTaToB.

ITIpMephl HCITOAB3IOBAHUA METOMA IICPBHIX Pa3HOCTEH MOXHO HAWTH B IMTEpaTy-
pe 00 KoHua 1970-x rT., HO B COBpEMEHHEBIX HCCICIOBAHHAX OH OOBIYHO HE NMpHME-
HAeTcA. JJo OTHOCHTE/IbHO HEJABHETO BPEMEHH NPHBICKANA IPHCYLEAA EMY NTPOCTOTa
BBIYHC/ACHHN, HO Tenephb, KOroa MTEpaTHBHBIC MpoLecch Onaromapsa pa3paboTke
fonee MOWHBIX H GHICTPOISACTBYIOIHX KOMIILIOTCPOB CBS3AHK ¢ MCHBIUHMH 34T-
paTaMH BpeMEHH M CTAIHM MeHee JOPOrOCTOAINMMH, 3TOT METOMA CYATACTCA YCTapeB-
LIHAM, <

Tabnma 7.4
Aoxaq Uena
Merag -
SnacTnwocTs 0.0, SAICTHMOCTE 0. F ol 0. d a2
MHK 0,637 0.026 -0,476 0121  — — 063 00987
CO—PW 0,651 0,034 -0,578 0130 067 0316 174 0999

B 1a61. 7.4 npeacrapieHb! pe3ylbTATH [IOCTPOSHMA JOTAPHPMHYECKHX peTpecCHii
MEXIY pacxolJaMK Ha NMUTaHue (y), TMUHKM AOXOAOM (X) ¥ LEeHOI (p) ¢ CMOIB30-
paHHeM aaHHBIX At CIHA (1959—1983 rT.), npuBeneHHMX B Ta6a. B.1 n B.2; npume-
HAMWCH O0BIMHEBIN MeTOA HAUMEHBIUMX KBaapaToB M MeTon KoxpaHa—Opkarra ¢ no-
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npaekoi [lpaiica—YuncreHa (CO—PW). Tak Kak perpeccHH SBASIOTCH A0T2pH(pMH-
YeCKHMHM, K03(¢QUIUHUEHTH IPH ¥ K p CHEIYET MHTCPIPETHPOBATE KaK MOKasaTenH
AMACTUYHOCTH.

Hna perpeccurt no MHK J-craThHcTHKA yxainIBaeTr HA TIONOXHTEALHYIO ABTO-
KODPENSALKIO, CTATHCTUYECKH 3HAYMMYIO NP YPOBHE 3HAYMMOCTH B 1% ¥ BblluE; 3T4
THIOTE32 MOATBEPXKAAETCH 3HAYHMOCTLIO OLEHKH p B perpeccii KokpaHa—QOpxarra.
TlpuBeaeM npuMep CHTYALHH, B KOTOPOIl 4acTO BO3HHKAaeT HemopasyMeHue. Ha-
NOMHMM, YTO CTAHJapTHas owubKa npeacrasnger cob0i OLEHKY CTAHAAPTHOTO OT-
KIOHEHHsA paccMaTpuBacMoro KoscgduuueHrta (310 aHamm3upyercs B pasaenaax 3.1
H 3.5). lpearonoxXuM, 4T0 Mbl OUSHUAH PErpeccHIo U craTHcTHKA Japbuna—Yor-
coHa (d) yKa3LIBaeT Ha TECHYIO MOMOXHTEIBHYIO aBTOKOppendalio, Ilpeanonoxum
TAKOKE, YTO PACCHMTAHHAH CTAHAAPTHAA oIMOKA maHHOre KoxpouuMeHTa cocTaB-
aser 0,40, o npuynHe aBTOKOPPENALHN CTAHAAPTHAA OWUOKa [IPSACTABIACT CO-
Golf cMEIUeHHYK) OLIEHKY HCTHHHOIO CTAHAAPTHOTO oriioHeHMA. IlocnemHee Mor-
Ji¢ ObITh 3HAYMTENLHO BBIIE, HanpHuMep 0,90. IIpH OLEHHBAHUH peTpPecCHH ¢ He-
nonp3osaHueM CO—PW unu apyroro nono6HOro Merosa HCTHHHOE CTAHAAPTHOE
OTKJIOHEHHE ¢ MOBHIIEHHEM 3D(PEeKTHRHOCTH HODKHO CHU3NWTRCA. [Uis onpeneneH-
HOCTY PEIrnooXNM, YTO OHO cHipxaetcd ¢ 0,90 zo 0,70. Cranpapthas omubka B
3TOH perpeccuM HOAXHA TMPeacTaBndaTe cOO0Ml MPUONUIUTEABHO HECMELICHHYIO
OLIEHKY CTAHOAPTHOIO OTKIOHeHMd. IIpeanonoxuM, uro oHa cocraensiet (,68. Ya-
CTO GHIBACT TaK, YTO CTYIEHT OeNaeT BHIBOA O TOM, 4to perpeccua CO—PW meree
abdekTUBHA, YEM MEPBOHAYANBHAS, [IOTOMY YTO PACCYMTAHHAA CTAHAAPTHAA OLUIHD-
Ka Boapocna ¢ 0,40 no 0,68. D10, KOHEe4HO, HEBEPHO, TIOCKONLKY oleHKa (0,40
HEBEpHa, M CPaBHEHUE HEe MMEeeT CMEIcna, Taxas cuTyaluus orpaxeHa B taGm, 7.5.

Tabmua 7.5
F100BOHAYT LHAR Perpeccun
DOIpEcCHA co—PW
CTanpapTHoe OTKNOHEHWE 0,80 0,70
(MCTMHACA)
CrangapTHan cunbxa 0,40 0,68
{paccuvTaHHan)

B paccMaTpHBaeMOM CIyvae IPENCTABNAETCA, YTO CTAHNAPTHHIC OLIHOGKM 3nmac-
THYHOCTH CIIpOCca o HOX0OY H LieHe B perpeccui nmo obprdauoMy MHK Hike, yem
B perpeccuur no CO—PW; moxer noxazatecs, yro MHK Sonee adpexTHBEH,
OnHako Mo yka’aHHHM BbIIIEe MPHYMHAM 3TO, BEPOATHO, ABAAETCA He Oonee ueMm
wmosret. JToT Bonpoc Gonee noapoGHO paccMaTpHBAeTCA B MPHIOXKEHHH 7.1,
rie paercs rTaicke obwaa cpasHurensHan ouedka MHK u CO—PW,

Yrpaxrerns

7.8, Baut perpecCHOHHBI! MAKeT, CKOpee BCEro, BIJIIOYAST OOHH MM HECKOIBKO
METOJIOB, MIPHMEHSIEMBIX B CAy4ae asToKoppenstun. Henonbsyiite Takoit MeTon g
OLEHUBAHMA M3MEHEHHOTO BapHaHTa GYHKUMH CIpoca, ecu cTaTUCTHKA Jap6u-
Ha—YOTCOHA B YIIpaXHeHHH 7.6 yKasana Ha Hanuuue aBToKoppeniuuu. CpaBHHTE
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MEePEeCMOTPEHHEE OLCHKH KOXMPHUIIHEHTOB H CTAHIAPTHEIE OLMOKH C NIpeALIeCTBY-
OLIMMHA H JafiTe COOTBETCTBYIOLIAE KOMMEHTapHH,

7.9. CryneHT {Ha3oBeM ero A) nonyyun 30 HaGuiogeHMit MO IBYM nepeMeHHBIM (¥
u x). EMy coobuidnu, yTo ¥ IMHEHHO 3aBUCHT OT X 4 OT CNy4aflHOro YneHa i:

y:=a+ﬁx:+“r’

M eMy MOPY4YeHO MOAYYMTE oleHKY B. UcTuHHOe 3HayeHMe B, He W3BECTHOE CTy-
IOEHTY, cocTaBaseT 5. CTyaeHT npeanpyHUMaeT caedylolee:
1. Ucnoap3oeaB OOBIMHBIN METOA HAMMEHBUWMX KBAAPATOB, OH NONMYYaeT
olLeHKY B, pasHyto 4,64, CtaHmapTHas omn6ka cocrapnger 1,30; craTHCTH-
xa JRapbura—¥YotcoHa (d) pasHa 0,70,
2. 3aTeM CTYACHT MoaydaeT WHQOPMALIHIO O TOM, YTO CiydaitHEBIR uneH
noAsepraeTcsi BO3ZeACTBHIO ABTOKOPPENAALUMH MICPBOrO MOPAOKA, OIpeas-
JeMoil BHpaXeHHeM:
u,=0,70u,., +¢,

TAe €, YOIOBAETBOPSET oObIYHBIM ycnoBuaM Iaycca—Mapkosa B HopManb-

Ho pacnpeaencHo. CTyAeHT onpenenset, yro ¥, = y,— 0,70y, u X, = x,—

0,70x,_, oueHUBaeT perpeccHIo Mexay ¥, u X,, moayyas oUeHKy 5,14 ans

B co cranmapTHo# omnGKoit 0,75 u cratucTky JapbuHa—Yorcona 1,91,

Hesate apyrux ctyneutoB (B, C, ..., J) BRIOJHAIT TAKHE Xe IKCTICPHMEHTH ¢

HaOMmoneHUsIMM BETHYMHDBl ¥, MOMYYEHHBIMM MO TAKOH Xe MOBENH H TIPH TEX Xe

3HAYEHMSX X, HO ¢ APYTHMHU CAYYAIHBIMU YHCAaMU U €, Pe3ynbTaThl NPUBOASTCS B
TabnuLe.

Sxcrepimant 1 Sxcnepument 2
CrygeHT
Orjorka B c.0. d Ouyomxa B .0, o
A 4,64 130 a,70 514 0,75 .9
B 456 1,57 0,60 4,96 087 1,20
c 6,54 1,77 064 557 0,98 2,11
B 519 0.90 1,08 549 063 2,35
E 581 1,30 076 537 077 249
F 524 1,22 062 492 065 225
G 4,27 1,10 0.63 4,19 0,61 2,09
H 526 0,97 120 470 0,71 2,23
1 680 1,65 046 6,17 0,76 1,57
J 3.83 1,72 0.48 533 082 1,54

1. OGbACHUTE, TTOYEMY CTYAEHTBI, JOJDKHO ObITh, HE YAOBACTBOPEHH pe-
3yNbTATAMHK 3KcNepuMeHTa I,
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2. O6bsacHUTE, MOYEMY CTYACHTH [POBENM 3KCIEPUMEHT 2, KOTja CTail
M3BECTEH XAPAKTEP ABTOKOPPESILIUH,

3. CpaBHNTE pe3yNETaThl 2KCIepuMeHTOB. (CHayana mocMOTPHTE Ha KO-
3¢ dHIIHEHTH! 1 3aTEM — HA CTAHMAPTHRE OIIHOKH.)

7.8. ABTOKOppPENAUMS C NAroBOW 3aBMCMMOW NEPEeMEeHHOMN

ITpeamonoxuM, 4To MMEETCS MOAENb, B KOTOPOil 3aBHCHMas NepeMeHHas, B3ATas
C MaroM B OOMH TEPHOL, UCNONB3YETCA B KaYeCcTBE OXHOM M3 OOBACHAIOLUMX mepe-
MEHHBIX (MBI BCTPETHM TAKHE MpuMepsl B fnase 10). B arom ciyyae BansiHHe aBTO-
KOppeAALUUA, NO-BUAMMOMY, CAENAET oueHKHU Mo oberyHoMy MHK Hecocrosrens-
HBIMH,

HanpaMmep, npeiiioroxuM, YTo MOIENb UMeeT BUA:

y=a+Bx +By._, +u, (7.30)

M JOMYCTHM, YTO CIY4aitHBIH YIEH 4, MOABEPXEH BO3AEHCTBUIO ABTOKOPPEIALIMH
NepPBOro MOPSAKA:

u,=pu,, +e (7.21)
Toroa ypaeHeHEe (7.30) MoxeT OBITH IIEPElINCAHO Kax
y=a + ler + B:!yr“l + Pt + £ (?31)

BmecTe ¢ TEM y,_) 3aBUCHT OT #,_,, TAK KaK ecid cootHoweHue (7.30) BepHO AnA
!, TO OHO CTIpaBedinBo M A (f— 1)

Y =0 + ler—l + Bzy:—z + U (7-32)

CnenoBaTellbHO, HMESTC CHCTeMATUYECKAA CBA3b MeXay OMHONU U3 OOBACHAIOLIMX
nepeMeHHBIX B YpaBHeHHHM (7.31) H nepBbIM KOMITOHEHTOM chyvaliHoro yneHa. Her-
pepToe yeaosne [aycca—MapkoBa He YAOBIETBOPEHO, U OIIEHKY OYAYT CMeUICHHEI-
MU Jaxe B GonbiHx Bubopkax (cM. pasgenss 3.3 u 3.4),

OBHaPYXeHNE aBTOKOPPENSLMA B MOJEMN C NarOBON
3aBUCHMON TEPEMEHHON

Kax orMeTHAH B cBOcit meppoHavyanbsHol cratke k. JdapOouu v Jx. Yorcow,
d-craTHcTHKa JapOuHa—YoTcOoHAa HenpUMEHHMa B CAydae, KOTIA YpaBHEHHE per-
PECCHH BKTIOYAET IATOBYIO 3aBUCHMYIO TIepeMeHHY10. B TaKoM cy4ae MOXHO HCTIONb-
30BaTh A-cTATHCTUKY Jlap6uHa (Durbin, 1970), koTOpas Takoke BHIMHCISIETCA HA OC-
HOBE 0CTaTKOB. OHa onpeAenseTcs Kak

{ n
h=p 1= avarpy’ (7.33)

Ie f — OLEHKA p B aBTOKOppeNSHMH nepBoro nopaaka (7.21); Var (b)) — oueHeH-
Had aucnepcHa koxpOHLIHEHTa TIPH Narosoii 3ABHCHMON NMEpEeMEHHOH, 1 — YKCIO
HaOmogeHUi B BHOOpKe. [IpHGIM3NTENLHAA OLIEHKA p MOAYYASTCH M3 BHPAXECHHA
(1-0,54), tne d — ob6prunas cratHernka Japouna—YorcoHa u Var (b) — ksanpar
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craHgapTHo# omubku b, [TosToMy h MOXHO BHYHCTHTE HA OCHOBRE OOBIYHBIX pe3yilb-
TaTOE OLUEHHBAHMA PETPECCHH.

B 6onbiux BiGopKax # pacnpenensiercs Kak N (0,1), T. e. Kak HOpMajbHas nepe-
MEHHasl CO CPpeXHUM 3HauyeHHeM () W amcmepcueil, paBHOH egTMHHLE MO HyNEBOM
TMIOTE3€ OTCYTCTBHA aBTOKOppenduuy. CneaoBaTe/bHO, THIOTE3A OTCYTCTBHA aBTO-
KOPpensiuy MOXeT OBITh OTKJIOHEHA NTPH YPOBHE 3HAYHMOCTHU B 5%, ecnu abcomoT-
Hoe 3HauyeHue h Gonbiue, yem 1,96, u npu ypoBHe B 1%, ecnH oHo Gonbiue, YeM
2,58, npu npuMeHeHHU ABYCTOPOHHero Kpurepus u Gonbluoit BeIGOpKe.,

OcCHOBHad mpoGrema, CBI3aHHAS ¢ HCMOJMB30BAHNEM 3TOTO TECTA, 3aKIIOYAETCA
B HEBO3MOXHOCTH BBIYHC/ICHHS A B TOM Clyuae, eciid 7 Var (5) Gonplue eMHULIbL.
AJNIETEpHATHBHAA MIPOLISOYpa, COCTOANIAA B MPUMEHEHHH TeCTa ¢ MHOXuTeneM Jlar-
paHXa, ONMKHCAaHa B MPWIOXEHUH 7.2, Tle MCIONB3IOBAHME NAroBoi 3aBHCHMOI me-
peMeHHoif B KayecTBe o0BACHAOLUSH MepeMeHHON He RIMAET Ha pe3ynbraT. Kak u
A-TecT, 3TA NpOLEAYPa NIPHMEHHMA TONBKO IN7 GONBIIHX BHOOPOK.

Ecau B yucno o0BACHAIOMIMX MepeMeHHBIX BKIIOYEHA JaroBas 3aBUCHMasn Tepe-
MEHHad, TO UCIoNk30paHue Metoda KokpaHa—OpKarra MOXeT MPUBECTH K JIOKaAb-
HOMY, a He K 00HIeMy MUHHMYMY, 4T0 yKasanu P. Berankyp u X. Keneitan (Betancourt,
Kelejian, 1981) u JI. Oxcnu u K. PoGeprc (Oxley, Roberts, 1982). [To 3toit npuiuHe
B JAHHOM CJIyYae IPH MOCTPOSHHH MOOEIH PeKOMEHAYETCS HCMONBIOBATE pPelleTYa-
Thiii monek Xunapera—Jly UIH MOACOHBIN €My METOM.

YrpaxHerus

7.10. B skcniepumenTe o meroay MoHte-Kapno Mmozens
yf = + Byp—l + u:

oueHHpanack; 1) ¢ ucnons3zopanuem MHK; 2) ¢ ucnonpaosaHueM metoma Kokpa-
Ha—Opkarra (CO); nmpH 3T0M UCTHHHBIC 3HAYEHHA O U [} PABHANMCE COOTBETCTBEHHO
10 u 0,8. Cryyalinpiil 4ieH & [TOJBEPIAJCHA BO3ACHCTBHIO ABTOKOPPESALME IEPBOro
nopsaKa:

uf = P":—l + En

rhe p 6ui10 pasHo 0,7, a 3HAYEHMS €, OMpENENANUCE YMHOXCHHEM HA 4MCNO 5 He-
33BMCHMBIX 3HAYeHUH HOpPMAIBHO pacrpelelleHHONH clydaiiHol nepeMeHHOM ¢ Hy-
JICBBIM MaTeMaTHYSCKHM OXHMIAaHMeM H eIMHHUYHOR aucnepcueit.

Jror akcnepuMeHT Obin mposeneH 10 pa3 ¢ pubopkaMi K3 30 HabMomeHuit; pe-
3y/bTaThl IPEACTaBIcHR B Tabnuue. BenHyHHa g peacTapisaeT coboit onenky o, b —
oueHka B; c. o. (b)) — craHaapTHas omubka b; d ecTb d-cratucTka JapbuHa—YoT-
coHa;, A — aro A-cratuctHka JapObuna.

1. OGpACHKTE, KAKUM OGpasOM perpeccHH, MOCTPOeHHBIE ¢ TOMOIIBID
obsryHoro MHK, yKasbIBaloT Ha HATMYHE ABTOKOPPEISAIMNH.

2. O6pacHuTe mocnencTens aeroxkoppenauuy 11 MHK-oLeHok B 3TO#
MOIESTH.

3. O6pAcHUTE, TOATBEPXAAIOT JIH PE3yAbTATh OLIEHUBAHUA PETPECCUM ITO
MHK sBair oTBET Ha BONpoOC (2) WIK NMPOTHBOPEYAT €MY M JAIOT JH Ka-
KOE-TO YAY4iLEHME OLICHKH, MOMyYeHHble ¢ MoMolubio MeTonz Koxpana—
OpkarTa.
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MHK co

3xcrepn-

MEHT a b cofy d h a b cofy o h
1 47 095 007 1,94 250 173 079 0,10 205 -0,16
2 50 092 007 095 308 19, 070 0,14 194 026
3 08 094 005 040 447 40 084 011 206 -0,20
4 61 084 011 089 368 142 065 0,15 150 2,32
5 51 083 007 1,11 260 85 075 0,13. 208 -034
6 -1,7 101 005 104 270 50 081 009 201 003
7 53 09 008 078 365 174 071 013 193 0,27
8 -1,3 096 004 083 322 24 080 011 162 126
9 -06 098 004 055 4,01 38 083 o010 18 054
10 -09 100 007 103 28 11,8 08 0,12 170 1,08

7.9. ABTOKOppPEnALUA Kak CNeACTBUE HenpaBvuihbHOM
cneunduxkaumun Moaenm

ABTOKOppENAlMA B MONEAN perpeccuy ¢GopManbHO BRIIBIBAETCH 3aBUCHMOCTBIO
MEXAY 3HAaYeHUSTMH cayyafiHoro yneHa B Baibopke. Ho 3TOT BONpo¢ MOXHO paccMoT-
peTh H Gonee rayGoxko. [IpuunHoit HANKMYUA CAY4altHOTO Y1eHa MoXeT OHTE KaKad-
JUO0 HETOMHOCTh B CieUMPHKALKHY MOICAH, HATIPUMED MPOIYCK KakoH-Mnb0o Bax-
HO# 0GBbACHAKLWEH NepeMeHHOR UM HCITOAbIOBAHWE HEMOAXOASILEH MaTeMaTHYeC-
ko#t dyHKUMH {cM. pasgen 2.1). CnegosaTeNbHO, ABTOKOPPENALMA HEPEAKO MOXET
06 BACHATECA HENMPABHABHOW cienudUKaupeii MOOENH; B 3TOM Cy4ae, MO-BHANMO-
MY, My4llie BMECTO MCIONb30BAHMSA MeXaHHMYeCKOH NMpOoLenyphbl ¢MCIpaBleHHA» He-
MOCPeRCTBeHHO MOMKTATLCA YCTPAHUTE OIKMOKYU B crieludukauui, KoHe4Ho, O6BIY-
HO JIyqlle YCTPaHAThH NPHUKMHY, YeM CHMIITOM.

ABTOKODRE/ITUNSG, BBISBAHHAR HENPAaBNTIbHON
CreLnGuKaLmnest NePeMeHHsIX

ABHas aBTOKOppENALMA MOXET O5ITh BoI3BAHA IIPOMYCKOM BAXHOI 00BACHAIOWEH
nepeMeHHo, W MOJOXeHMe MOXHO HCIPAaBNTh, ¢CIH 3Ta NepeMeHHad Gymer ompe-
geneHa ¥ BkoyeHa. (TIpumep nan B ynpaxueruu 10.4.) pyras ee npuymHa MOXET
3AKTIONATRCA B TOM, 49TO HE NMPHHATA BO BHUMaHUE CTPYKTYPa MOJERH, BKIIOYAIO-
was 3ana3aeiBaHue. Meroz Koxpana—Opkarra asnserca 3dqeKTHBHHM criocofoM
oTpaXXeHHWd CTPYKTYDHI 3afa3dkiBAHNA B MOAEIH, KOTOPas paHee ObLIa CTATHEECKOM.
Boamoxxo, OyaeT NPU3HaHa NpeANouTHTeNbHO Gosee ob1as cneundukanmus. Mp
BHAENH, YTO NPH HATHYHMH ABTOKOppPenauuu B Momeau (7.21) ee MOXHO YCTPAHMTh
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B CJIy4ae napHoit perpeccuy myTeM npeoGpa3osaHya Moaenu K Buay (7.27). Bro MoxHo
nepenucaTh TAKKM 00pa3oM:

y,=ao(l —p)+ py,_, + Bx,— Ppx,_, + ¢,. (7.34)

PaxT4eCKH Mbl OUEHUBAEM PErPECCHOHHYIO 3ABHCUMOCTL ¥, OT y,_y, X, M X,_,,
Hanaras crpaHMMEHHeE, 3aKTIoMalolIeeCs B TPeSOBAHNM PABEHCTBA KOAGDDUIIMEHTA TIPH
X,_, MPOM3BEAcHHIO KOIDPHULHEHTOB MPH APYTHX ABYX NEPeMEHHBIX B [IPaBoit yacTu
ypaBHeHHA. Tak KaK YpaBHEHHE SIBASIETCS HENMMHEHHBIM [0 MapaMeTpaM, Mbl He MOXeM
Ang ero oueHuBanua ucnoneioeBats MHK. BMecTo 3TOro MBI mpuMeHseM MeTos,
Kokpana—OpkartTa Ul Kakoid-ainbo npyroii nogoOHBIA eMy METON OUSHMBAHMA, B
CYLUHOCTH, HENUHEHHOH perpeccui.

B uenoM MuI He MMeeM [pABa 3apaHee YTBEPXKIATh, YTO YKA3aHHOE OrpaHHYEHHE
obocHoBaHO. KpoMe Toro, Mbl AOMKHBI NIPOBEPATL BCE OrpaHHYMEHHA, e 3TO BO3-
MOXHO, U B JAHHOM CHIy4ae CAENaTh 3TC HECA0XHO. Ml BBOOMM APYTYIO, HE BKIIO-
YAOWYIO OrpaHKYEHHSA MOOCIh:

Y=yt Myt A te (7.35)

M NpOBEPAEM, PABHO JIH A, BENHYHHE —AA,. ECIK 3TO orpaHd4eHHE He OTKIOHEHO,
MBI [IPHHUMAEM TIPEAIMOJCKEHHE, YTO MOIEAs a0EKBATHO NPENCTABEHA BRIpAXKEHH-
samu (7.20) u (7.21), u npogonxaeM OLIEHUBATh €€ MapaMeTPbl, HCTIONB3YSl METOM
Kokpana—Qpxkarra unu apyroit nonoGHbI# eMy MeToA. Ecni orpaHMYeHHe OTKIOHE-
HO, TO HEMOCPEICTBEHHO OUCHUBaeTcA perpeccus (7.35) ¢ ucnone3oBaHKeM 06GbIY-
Horo MHK.

Cnenmyer OTMETUTD, YTO €ClIM My4llei cneuudukanneids Moaeny okaxercs (7.35),
TO M3 3TOTO CNEAYET, YTO MbI OTKA3bIBAEMCA OT FHITOTE3I, YTO CIYYaliHLIH YwieH dop-
MHPYETCH aBTOperpeccHOHHbIM npoueccoM (7.21) u tect Japbuna—VYoTcoHa ne-
pecTtaeT OHITb NIPUMEHMMLIM NPH OleHUBAaHKMHM perpeccui (7.20). Tem He MeHee oH
MOXET ObITb NONe3eH B AMATHOCTHYSCKHMX UCHAX, M YaCTO MEpBBEIM YKa3aHMEM Ha
HaJIHYHe KaKoH-nnbo npobneMbl B HCXOOHOM’ perpeccHH CAyXHUT d-CTATHCTHKA, He-
ACCTATOMHO QIM3KAS K JIBYM,

TeopeTHyecKkHe MONOXKEHKH, 000CHORLIBAIOLIKE PACCMAaTPHBAEMYIO IIPOLIEAYPY
NPOBEPKH, 30eCh HE MpeacTaBicHBl (0OHKM KpaTKo uanarawTcs B pabote JI. Xenapn
u I'. Maiizona [Hendry, Mizon, 1978]). 114 naHHOTO Cy4ast MOAXOMMT TECTOBAs CTa-
TUCTHKA

Tlog (RSS,/RSS,), (7.36)

rae RSS; u R§S,; — HeoOBACHEHHbBIE CYMMb! KBaAPaTOB OTKIOHEHUH COOTBETCTBEHHO
B BapHaHTaxX ¢ orpaHHYcHHEeM W Oe3 orpaHuveHHH; JTorapudMbl BEIYUCAAIOTCA MO
ocHoBaHHIO e U T — xoanuecTBo HaGiiogeHuit B Bolbopke. B Gonbmnx BhIGOpKax
CTAaTUCTHKA, JieXallasg B OCHOBE KpUTepHH, UMEET pacnpefencHue x2 ¢ YHCAOM
CTencHel cBOOOOBI, paBHEIM KONHUYECTBY HANAraeMblX OrpaHUYeHHH,

MoxeT BOSHUKHYTH BOTIPOC O KONMYECTBE HANAraeMbIX orpaHu4eHHi. Jo cux mop
AHANM3HPOBaNach HCXOMHAA MOAENE ¢ OAHON 00BACHAIONIEH NTepeMeHHOi. B 3ToM cny-
wae orpaHHYEHHE OLINO TONBKO OAHO: A, pasHO —AA,. [Ipi HanuyHH k OGBACHAIOMMX
NMepeMEHHBIX KONUYECTBO OrpaHHueHuit Takke 6nino Obt paBHO k. Ecam McxomHnas
MOOeNEL HMECT BHA.

yy=atpx,+.. +Bx, +u, (71.37
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Tae u, GopMHpyeTCA Ha OCHOBE cooTHoweHuA (7.20), To mpeobpaszoBaHHas MOAENb
GyIeT nMpeacTaBNeHA BHIPAKCHUEM:

yy=o{l=p)+py_; +B, 0, —px,_)t..+Blx,—px, )Fe, (7.38)

#, TAKMM 06pazoM, Kaxgoi oGpaCcHAILEH nepeMeHHOR COOTEETCTRYET OTpaHUYEHHE,
COCTOAINIEE B TOM, ¥TO KO3GDHUHEHT TPH NarOBOM 3HAYeHHH OOBACHAIONEH Mepe-
MEHHOH J0/KeH PABHATLCH MPOHIBSAEHUIO CO 3HAKOM ¢«MHHYC» KO3dhHUNEHTa TpH
TEKYILEM 3HAUYCHUH 3TOM MepeMeHHOH n koadduumenTa npu y,_,.

floumep

INpeoGpa3opanyasn no Metoay Kokpaxa—Opkarra norapubMuyeckas perpeccus
MEXIY pAcXolaMH Ha XWIbe, pacroiaraeMbiM AHYHBIM JOXOAOM 4 OTHOCHTENLHOM
UEHOH MMeeT caeayonil B (B cKODKaX MpUBENEHbBI CTAHNAPTHBIE OLLUOKH);

log y,= 4,47 + 0,40 log x, — 0,26 log p,; (7.39)
(1,05) (0,11) {0,14)

R1=10,9994; RSS = 0,0014; =098 d4=193

PezynbTaTe! oueHuBaHUs perpeccud (7.34) mo MHK 6e3 yueta orpanuyeHUH MOryT
ORITE NPEACTABACHD! B BHJIE:

lof y,=0,73+ 0,87 log y,_, + 0,22 log x,—
(c.0.) (0,48) (0,06) 0,09)

—0,11logx,_,—0,19l0gp,+0,01log p,_,; (7.40)
0,11y (0,14) 0,17)

R2=10,9997; RSS = (,0008; d= 227, h=-0,67

PaccMOTpHMM 3TO ypaBHEHHE, [IPEXKIE YEM IIPUMEHHUTD mecm Ha obuiuli daxmop. Mbl
nosydaeM OHEHKY p U3 KoagpduuneHta npu log y,_,. BepHo nu, uto koaddrumeHT
npy log x,_, NpHGAU3UTENRHO paBeH yMHOXeHHOMY Ha —0,87 koaddHLMEHTY npH
log x, u 410 K03QPUUHMEHT IpH log p,_, NPHONMIUTENBHO PABCH YMHOXEHHOMY Ha
—0,87 xoapdunuenty npu log p,;? O4esnaHO, HET, MO MEHbIUCH Mepe Ha MEPBhIi
parnaAn. CTaTHCTHKA, J€Xallas B OCHOBE KPUTEPHUA, PACCUYMTLIBAETCH KakK
2410g(0,0014/0,0008), uto paBHsAeTca 13,4. KpuTHyeckoe 3HaUeHHE %2 ¢ ABYMA CTe-
NEHAMH CBOOOIH NPH YPOBHE 3HAYMMOCTH B 1% coctarnseT 9,2 (cm. Taba. A.4). Cne-
LOBATENbHO, OrPaHHYCHHE OLICAUT O0OOCHOBAHHOMY OTKIOHEHHIO (HO TIPH 9TOM
He HYXHO 3a6bIBaTh, YTO HaHHBIH TECT CASAYET HCIIONbL30BATh TOALKO M GOBILIMX
BrIGopoxK). Ele 0MHO CBHACTENLCTBO B MOAL3Y ypaBHeHHua (7.40) obecrnevnBaercsa
TEM, YUTO A-TECT MOKA3LIBALT OTCYTCTBME CTATHCTHYCCKH 3HAYMMON aBTOKOppEsfA-
IHH.

Ecnu MBI BBITIOAHKM [-~TECT MPHMEHMTENBHO K KO(pPULIMEHTAM ypaBHeHHA Ge3
orpaHHYEHHH, TO YBMIHM, YTO TOJLKO OAHa Jarosasd nepeMeHHas (log y,_,) uMeer
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3HAYUMBIA KO3 PUILIHEHT. DTO 03HAYAET, YTO MB MOXEM OMYCTHTH ABA APYTHX JJaro-
BeIX WieHa. Ecin MBI caenaeM 3TO M IOBTOPHO OLEHHM PErpeccri) (CHOBAa HCMOMAB3Ys
o6pruHuit MHK), To nomyyum;

lof »,=0,49+0,85l0g y,_, +0,151log x,~ 0,16 log p,; (7.4D)
{c.0.) (0,38) (0,04) {0,05) {0,07)

R2=10,9996; RSS = 0,0008; d=194; h=0,16.

3mech HET CTATHCTUYECKH 3HAMMMOM aBTOKOppenauuu. Betgod: SIpko BripaxeHHas
aBTOKOPpPEIALKA B NEPBOHAYANLHOH PerpecCHH MEXIY pacxoJaMy Ha XHUIbe, J0X0-
JoM U UeHOH dakTHyecKd obbACHASTCH MPONYCKOM NAroBoil 3aBUCHMOIT epeMeH-
HOMA.

Pesiome

B ceA3H ¢ npoBedcHHBIM AHANH30M CACOYET OTMETHUTD, UTO ECIH IPH OLICHHBA-
HHH PErpeccHy Mbl MOJMy4aeM d-CTATHCTHKY, KOTOpad ABHO YKAa3blBaeT Ha aBTOKOp-
PeAALMIO, TO B [IEPBYI0 OYepeAh CACAYeT BRITOJIHUTE 00NN PaKTOpHBIH TecT, Kc-
MoJIp3ys Kak npeoGpazosaHue rno metony Kokpara—QpkaTra, TakK K BapHaHT 6e3 or-
paHuyeHu#. Ecnu orpaHuYeHte He OTKIIOHSETCS, CNeNyeT NPHIEPXABATHCA Pe3ylh-
TaTa, noay4eHHoro no Mmetoay Kokpana—Opkarra. Ecti OHO OTKIIOHAETCH, CEnyeT
COCPENOTOUNTLCS HA BapHaHTe Ge3 orpaHnyeHM H MONpo6oBaTh BHECTH HOBBIE YCO-
BeplueHCcTROBAaHNA, Hanmpumep, He Bcerga HeoOXOOHMO COXPaHATH Bee JIATOBHE M1e-
peMEHHBRLE,

ABTOKOPDEASALMS, BEIZbIBAEMAES OLLINDOYHOM
QYHKUNORATEHONH CREUNQDUKALINEH

ABTOKODPENsALMA OCTATKOR B PETPecCHH MOXET HMETh MeCTO NpH OlUHOOYHOI
dynxumoHanvHo# cnenuduKauuu ypapHeHHd perpeccHH. Hanpumep, B pasfmene
4.1 MBl BHACNH, YTO €CIM MCTHHHAS MOAEAb UMEET BHI:

y=arLon, (7.42)

M Mbl OLICHHBaeM JIMHEHHYIO perpeccHIo, TO MOMYHaeTCH pesyabTar, npelcTaBneH-
Hblil Ha puc. 4.1 1 B Taba. 4.2; OTpULIATENBHEI OCTATOK B NIePBOM HabMIOMEHMH, MO-
JIOKHMTENBHBIE OCTATKH B CIGOYIOILMX LIECTH H OTPHLIATEILHEIE OCTATKH B MOCMGAHHX
Tpex. JApyruMu cnopaMi, 0GHAPYXKHBAETCH OUeHb CHIbHASR NONOXHKTS/IbHAS ABTOKOP-

pensiuug, OaHaKo KOraa perpeccus umeer Gopmy
J=a+bx! (7.43)

rae x’ onpeaendgercs Kak 1/x, To He TOALKO JOCTHTaeTcs ropaso JMydlice KayecTBo
OLIEHOK, HO ¥ MCYE3AEeT ABTOKOPPEISLHS.
Camulit npsmMoit criocod oGHapyXeHNI ABTOKOPPEIALINM, BEI3BAHHOMN 0IIHGOYHOH
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QyHKIHOHANBHOM cneuduKkalrell, 3aKNIOYAETCA B HEMOCPEACTBECHHOM PaccMOT-
PEHHH OCTATKOB. DTO MOXET ZATh OfNpeAc/IeHHOE NPEACTaRNeHHE O NPAaBUALHOM ce-
uudukauuu. d-craTucrika JapSuHa—YOTcOHa Takke MOXET CHTHANIH3HpOBaTh of
clunGoyHOH GYHKIHOHAABHOM CrelH(pUKALIMH, XOTH, KOHEYHO, BHNOJHEHHAA HA
ec OCHOBE MpoBepKa Obina 661 He0O0CHOBAHHOM, TaK Kak CAyuAHHI YieH He COOT-
BETCTBYET NPOLECCy, OITHCAHHOMY thopmynoii (7.21), M HenoAbzoBpaHHe MeTo1a THITA
Kokpana—Qpxkarra 6bino 6u1 Helienecoobpa3HeiM. B onmUcaHHOM BBILLE MpUMEpe
d-cratuctuka Japbuna—YorcoHa cocrasnana (0,86, uTo yKaskiBaeT Ha HATHYME OHING-
KH.

Yapaxwenus

7.11. B ynpaxHeHuH 6.9 d-CTATHCTUKY 1S LIECTH YpaBHEeHuil Gby clenysoll-

MH.
TFopon 4 (1) 1,18;  (2) 1,42, (3) 1,98;

Topox B (1) 2,28; (2) 0,76;  (3) 2,13.

PaccMOTpHTE TTOBeJeHHE 4-CTATHCTUKM B CBETE BallIero OTBETA HA 3aiaHHe, chop-
MYJIHMPOBaHHOE B YMPAXXHEHHH 6.9.

7.12. DyHKUMA clipoca Ha MPOAYKTHl MUTAHMA € MPpeobpa3’oBaHHEM IO METORY
Koxpana—OpkarTa nMeeT caenyiouuit Bua (B ckobkax yKasaHbI CTAHAAPTHEE OLUHG-
KM):

log y,= 3,11 + 0,69 log x,~ 0,61 log p,;
(0,55) (0,04) (0,14)

R2=0,9930; RSS= 0,0033; d= 193,
BapuauT 6e3 orpaHHM4eHU BBITASANT CAEAYOIUMM 0BpazoM:

log y,= 0,94 + 0,54 log y,_, + 0,56 log x, —
(c.0.} (0,59 {0,15) {0,17)

—0,28logx,_,—0,68logp,+ 0,55 log p,_,;
0,200  (0,13) (0,13)

R?=0,9949; RSS = 0,0024; d=2,20.

[poaHanu3KpyiiTe NONYYeHHbIE 3HAYEHHS KO3DDHUHEHTOR B ABYX YPABHEHHAX U BbI-
noNHKTE OBMMHA aKTOpHBIH TecT.

7.13. IMpeanonaoxuM, 4T0 MOIENE: MOABEPXEHA BO3ACHCTBHIO ABTOKOPpPENALMH
NEPBOTO MEOPANKA M, CICI0BATEe/IBHO, MOXET OBITE MpeAcTaBieHa BeipaxeHueM (7.34).
[ToyeMy NMpH NOCTPOSHHUM PErpeCCHOHHOID YPaBHCHHMA HE CIeIyeT HCIIONB3OBATH
MHK?
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Npunoxenue 7.1

HUccnepnosanue, nposegenHoe P.3. Mapxom n b. Murvennom
Ha ocHose meroga Monre-Kapno

IoueMy B mocneaHeM MpeAnoXeHWU pasgena 7.7 Mbl ynoTpebisieM cliOBO «BEpo-
ATHO», a He «onpedefeHHo»? TIpHYMHA 3TOrC 32KMIOYASTCA B TOM, YTO OLIEHKH, MC-
noAb3yIoNIKe npecbpasopaHHoe ypapHedwue (7.27), OyAyYT HMeTh XelaTeaAbHble 1A
MHK croticTBa, TONBKO €C/TM B MpeoOpa3oBaHHH HCMONB3YETC HCTHHHOE 3Haye-
Hue p (U ecny coxpaHeHo nepeoe HaGmioaeHue). Ecau TakuM cnocoGoM TOYHO yCT-
paHeHa aBTOKOPPEIALMA, TO MOMYUEHHAs OLEHKA SBASSTCA OLEHKOH mo oGoliweH-
HOMY MeToay HauMeHbwHX kBanparoB (OMHK). OzHako BeAMYWHY p MBI SOIXKHEI
ObLTH CLEHMTE. ITO 03Ha4aeT, yTo Merod CO—PW Gyner paGoTars onpeaeneHHO nyd-
we, 4eM o6piyHBIH MHK, TOnbKo ansa Gonbliux BRIGOPOK.

3a mocnexHHEe roAbl YCUITHA MHOTHX HccneaoBarenedt GbIIM HanpaeieHbI Ha mo-
HCK PYTHX cNocoBOB OLIEHKH p ¥ Ha HCCNENoBalue CBOMCTB Npeobpa3opaHuA Mo
metoay Koxpana—OpKaTTa 1 noayyaeMbIX C €10 NIOMOIILIO BAPHAHTOB Moaeael s
Manpix BEIBOpoK, CylllecTBeHHBIH BKIaA BHecHa ¢tatha P.O. [apka u B, Mutuenna
(Park, Mitchell, 1980), o630p koTOpoli U NPUBOAMTCA 31eCh, TAK KaK pPe3yAbTAThI,
MoNyYeHHEIe aBTOPaMM, HMEIOT OONBILOe 3HAYECHHE, A TAKKe [0 TOH NMpHYHMHE, YTo
OHAa XOpOLIO WLUIKCTPHUPYET BOIMOXHOCTD NMpUMeHeHHsT Metoaa Monrte-Kapno pa
BbISIBACHHUS CBOMCTB OLICHOK B MaJIbIX BbIGODKAX.

OcHoBoIt aHalK3a, seinonHeHHOro P.3. Tlapkom 1 B. MuTye/LiOM, ABIIETCH MO-
Aent napHoi perpeccuu (7.20} ¢ KoppenUpORAHHEIMH OCTATKAMU, TOXMHHAIOIIN-
MHCS 8BTOPEIPECCHOHHOMY Mpolieccy nepsoro nopAaka (7.21). belto mpuHATO, Y10
Kak o, Tax ¥ § B ypaBrenuu (7.20) pasunl eqyunie. Iag nepeMeHHOH X HCNOAK3O-
BaJINCH TP PA3NMHYHbLIX PSAA JAHHBIX {M KCIEpUMEHTEI ORUTH MOBTOPEHEI OTACNLHO
RIS KAXKAOr0 M3 HMX): MpocTol BpeMeHHON TpeHH, QaKTHYECKHE CXETOAHEIE AaH-
Hble 0 BaNoBOM HalHoHajbHOM npoaykTe CUIA HauMHas ¢ 1950 r.; dakTHuecKue
€XErOAHbIC HAHHBIE O KO3(hhULMeHTe UCTIONB30BAHUA NPOM3BONCTBEHHBIX MOILI-
Hocteit (CAP) B CIIA takke HauHHaa ¢ 1950 r. CayualiHblit 4neH £ reHepUpOBAN-
CsA C MCTNIONbL30BAHMEM HE3ABUCHMBIX HOPMANLHO PacTipefefeHHBIX CAy4ailHBIX 4i-
CeJl C HyNEBbIM MATEMATHYECKHM OXMIAHUEM W eAMHHYHOM aucnepeveil. JIns 6onb-
L[HHCTBA 3KCMEPUMEHTOR pasMep BIGOPKH paBHANCH 20, M KaXIbli 3KCMEPHUMEHT
6rin nmostoper ang 1000 sriGopok.

IpuuuHa, MO KOTOPO# 3KCIIEPUMEHT TPOBOAUICA C TPEMS PA3TMYHBIMU PATAMH
OaHHBIX WA X, 3aK104a0ach B TOM, 4TO, KaK noxasanu GoNiee paHHHe MCCIEAOBa-
HHUA, KA4ECTBO MONYYaeMBbIX OLUEHOK 3aBUCUT {B YMCNE APYTHX (AKTOpOB) OT TOrO,
COEpXAT N4 NaHHbIC BpemeHHol TpeHa. [Tepeniil psaa morycKaeT ¢paBHeHHE CBOUCTB
OLICHOK B IKCTPEMAJLHOM Cydae NpH HANIMYMH YUCTOro Tpeuaa. Bropoit pan, rae
PACCMATPUBaETCA BAIOBOH HaUUoHankHBIA npoaykT (GNP), aonyckaeT cpaBHe-
HHME B HEIKCTPEMANIBHOM CNyuae, rae OOBACHIIOUAs nepeMeHHass uMeeT Oonpene-
JICHHYIO TEHACHLUHIO, YACTO BCTPSUAIOIYIOCH B 3KOHOMHMYECKHX AaHHBIX. UTo Kaca-
eTcsl TPETHEro psua, TO 3AeCh AOMYCKAETCH CpaBHEHME, Koraa ofbACHAIOUIAA niepe-
MEHHAS BOOOINE He MMEET KaKoro-nnbo Tpewnaa.

B kaxnoM akenepumenTe P.3. Tlapk u b. MuTUenn BBIMHCAWNH CpeaHEKBAIPATHY-
Hy1o o1HOKy otteHoK B 1000 Bpibopkax. TIoToM OHM onpeaemwIn OTHOCHTENBHYIO 3(h-
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(beKTHBHOCTD OLEHKH KaK OOpaTHYIO BeIHMMHY OTHOUISHHMS €€ CpeMHEeKBaJipaTHY-
HO# OIIMOKM K COOTBETCTBYIONIEH Omubke no odbpidHoMy MHK ana tex xe psaaos
AAHHBIX W 3HaYEeHUAX p. Pe3ynstaTel npyBoadTcs B Tabn. 7.6. A6opesuatypamu CO u
CO—PW oboaHauaeTca Meron KokpaHa—OpKaTTa COOTBETCTBEHHO (23 MOnpaBKH
Ipaiica—¥YvHcTeHA M ¢ nonpaskod, B Tabn. 7.6 NpHBOASTCA Pe3yAbTaThI IS OLEHOK
Ko3xbduuUKreHTa HakioHa B perpeccuu (7.20). TaGnuua BKIOYAET pPe3yNbTaThl OLe-
HuBaHug no ofobmeHHomy MHK, xoTopele aBTOMaTHYECKH MMEKT HaUGOABIIYIO
OTHOCHTERBHYIO 3(DPEKTHBHOCTD, KOTOPast HCHOAL3YETCA KaK Kpurepuil. OTHOCH-
TeAbHAA 2(PPeKTHBHOCTD YCTAHABNHEBACT NPEAEA BBIMIPLILLA, KOTOPbIA MOXeT ObITh
DOCTHrHYT 3a c4eT 3aMeHbl 06piHoro MHK apyruM MeTOOOM OLCHHBAHHS.

Tabmua 7.6

3¢ JekTmHocTs merofos OMHK , CO n CO—PW s cpasHeHHn
c ofsiunbme MHK

o4 2.8 a9 0,98
BpemesHon TeHa
OMHK 1,02 1,09 1,10 1,08
Co 0,85 0,69 0,56 0,64
CO—PW 1,01 1,07 1,08 1,05
GNP
OMHK 1,02 1,14 1,20 1.26
CO 0,85 0.80 0,83 0.88
CO—PW 1,01 1,09 1,13 1,12
CAP
OMHK 1,14 1,86 2,21 252
co 1,03 1,65 2,03 2,27
CO—PW 1,05 161 2,00 2,15

Ha ocHoBe Tabn, 7.6 MOXHO COENAThL CHEAYIOLIME BEIBOIDI:

1. Beirpeim B 3thbexTusHOCTH, 0becieynBaeMbii 3aMeHoit o6syHoro MHK Ha
merog CO unu CO—PW, MoxeT ObITh 3HAYUTENBHBIM MPH HaNWYHH HESPKO BEHI-
paXEHHOTo TPEHAA M BHICOKOM 3HAYEHHUH p.

2. B ycnoeuAx cunsHoro TpeHaa obbyHelit MHK Moxet 6uiTE He oyeHb 3¢dex-
THBHBIM QaXe /1A BbICOKHX 3Ha4deHuii p. Hauxynmuid pesynsrar MHK aaer ansa no-
kasarens BHII mpu sHaueHuH p, 6;1M3K0M K eaMHULE. B 3ToM ciayuae ero adybexTs-
HOCTB Ha 26% HuXe 1o cpaBHeHHIO ¢ 06061meHHsIM MHK. PasHnua B addbexTHBHO-
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CTH MeHblle JIA cay4as ¢ IPYTHMM paccMaTpHBacMbIMH OLICHKAMH: 34€Ch ¢ Hal-
Gonblilee 3HaYcHNe paBHO 13%. dpyrue HecnenoBaHUA noxasanu, yro o0evHsid MHK
AeiicrauTensHO Gonee shdekTHBeH, yeM Mobolt Apyroit MeTon, ecnH AaHHBE TOH-
BEPXEHbl CHIBHOMY TPEHIY M 3HaueHKe p Mano. ClenoBaTeNbHO, OCHOBHOM MPUYH-
HOM, MO KOTOpoil B 3THX YCAOBHAX He Hcnonb3yerca oOpdHbil MHK, spasercs He
HEROCTaTOuHO Bhicokafd 3¢hdeXTHBHOCTD, @ CMELICHHE OLEHOK CTRHAAPTHRIX OMIi-
6ox — mpofnema, KOTOpas BCKOpe 6yIeT pacCMOTPEHa.

3. Ucnonb3oBaHre MeTona KokpaHa—OpkaTTa B YUCTOM BHAE 3HAYMTENHHO Me-
Hee addekTuBHO, YyeM CO—PW, Korna AaHHble IOABEPXeHBl CUARHOMY TpeHay. B
3TOM Ciy4yae NaHHbIfi MeTol Head¢geKTHREH JaXe B cpaBHeHHH ¢ 00sMHbM MHK.
Korma xe naHHble He MOABepXeHH TpeHay, CO paboraer Tak xe, Kak 1 CO—PW.

Busod: Cnenyer pcerga ucrmonszopatk CO—PW unu Kakoit-nubo apyroit Meton,
MO3BOJISTICIUKI COXpaHHTh MEpBoe HaOMIDACHME.

P.9D. Mapx u B. MuTuenn paccMoTpent Takke 3pGeKTHBHOCTE MPHMEHEHHA pas-
JIMYMHBIX OLCHOK [IpH MpPOBepKe THUIIOTE3, Onpeaensas, cKOoMbKo pa3 B Kaxmaol co-
BOKyNHOCTH M3 1000 npo6 npoBepka Mo /~KPUTEPHIO NMPH YPOBHE 3HAYMMOCTH B
5% npuBeleT K OTKIOHEHHI0 BEPHOM MIMOTE35l O TOM, YTO KOKDMUMEHT HAKIIO-
Ha P B perpeccuu (7.20) paBeH eamHMle, U K o1#OKe 1 poma. CneayeT MOMHHTE,
YTO JaXe MPH HACANbHNX YCIOBMSAX TECT PH YPOBHE 3HAUMMOCTH B 5% OyaeT MpH-
BOIUThL K OTKNOHEHHIO BEPHOI HYNEBOI THMOTE3H B 5% cnyyaeB M, TAKMM obpa-
30M, JaXe HCnonbaoBaHHe olleHKH OMHK BrizoBeT noArieHUe MPpUONAM3UTENEHO
50 owmmdok I poaa.

TaGnwua 7.7

Konuvecrso ownbox | poaa npu nposanenun 1000 npob
NPy YPORHEe IHaYWMOCTH B 5%

' I

o4 0.8 0,9 0,98
Bpemennof TooHg
MHK 197 490 571 709
CO-—-PW 131 285 336 474
GNP
MHK 185 449 596 €66
CO—PW 136 248 322 397
CAP
. MHK 143 294 323 322
CO—PW 113 101t 86 a6

P. 3. Hapk u JI. MuTUe/T He NPUBOAAT Pe3yNbTATOR olgHUBaHKA mia CO, noro-
My 4T0 CO—PW okasbiBaeTcst Gonee MPEANOYTUTENBHEIM METOLOM, HMEIOIMHUM 60-
Jiee BHICOKYIO 2dhekTBHOCTE. B Tabn. 7.7 NpocnexuBaeTcs 04eHb CIWILHAS TEHACH-
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LA K HEAOOLEHKE CTAHAAPTHBIX olInboK ans o0srynoro MHK, uro nmpusoauT k no-
ABNCHHUI0 olmboK I pona. Dta TabnKMuA TaKKe MOKA3BIBAET, UTO TOT X& HEAOCTATOK
MOXeT OWTh cBoitcreeHeH Metony CO—PW, XoT4 3gech B 3T0M OTHOWEHUH Haba0-
aaerca ynyamerue. OcobeHHO APKO ITa npobaeMa NpossNsAeTca, KOTAa AaHHLIE oI~
BEPXCHEI CHILHOMY TPEHAY M 3HAYEHWE p BHICOKO. Bugod. B 3THX YCIOBHAX NIPH Npo-
BepKE TMMOTE3 NO/MKHBI MCTIONb30BaThCA §0Nee BHICOKHE YPOBHHM 3HAYHMOCTH, YeM
00bIYHO.

P. 3. lTapx u JI. MuTyenn cpaBHWIK TaKKe KAYeCTBO PAIMUYHBIX OLEHOK [1pH 60-
Jiee KPYNHOH BHIGOpKe, YBeAMYHB YHCAo HabmomeHHUil zo 50 B kaxnol cepun (uc-
neiTaHuK), OHM COODIIAIOT TONEKO O pe3yNbTATaX HCMOAb30BAHUS PANOE NAHHEIX 110
BHII B ka4ecTBe OOBACHAIOLWICH NepeMeHHOMN (IpHYeM HE €XKerogHLIX, a eXeKBap-
TaNbHBIX NAHHHX). OCHOBHBIC BHBOAB 3aechk caeaywouine: CO—PW ocTtaerca Gonee
NPeAMOYTHTENBHEIM Mo ¢paBHeHHIO ¢ CO; adpdektusHocTs CO—PW 110 OTHOWIEHHID
K o6biyHOMY MHK Bo3pacraet, ocoGeHHO A BHICOKMX 3HaYEHHIl p; MCMOMb30BA-
Hie 00sMHoro MHK npHBoaHT K nosenaeHH0 omGok I poma maxe yale, uyem
11 MeHBUWHX Mo 00beMy BHOOpOK; nmpH npuMeHeHHH MeToma CO—PW omubOku
I poda BO3HMKAKOT peXxe, HO 3TOT METOAd MOXET MO-MpeXHeMY B 3HAYMTeNbHOMR
CTeMEeHH BBOAUTL B 3a61yXaeHUe MPH NPOBEpKe THMOTE3.

MpunoxeHue 7.2

Asroxoppensayus Gonee BbICOKOIro Nopsaxa:
oSHapyXeHue n OLeHNWBaHNe

Jo cux nop MBI pacCMaTpUBANKM OYEHb IPOCTOR BUA ABTOKOPPENALKHH — aBTOper-
pecCHOHHBIH MpoLECC NepBOTo NMOPAAKA, ONNCAHHEIN BhipaXeHueMm (7.21). Tlpuuu-
Ha 3TOTO B TOM, YTO OH ODOBIYHO paccMAaTpPHBacTCA KaK MpHeMmiaeMBIR crocob arn-
IpOKCHMALMH O0LIETO RUIA ABTOKOPPENALKH, H B OONBIIMHCTBE PErPECCHOHHEBIX
MakeToOB 4-CTAaTHCTUKA BEIYMCAACTCA ABTOMATHYECKH.

B HekoTophIX MakeTax B HACTOAULEE BpeMs TAOKe HCMOMAB3YeTCH TecT ToMaca—
Yonnuca (Thomas, Wallis, 1971} Ha aBTOKOppPENSLIMIO YETBEPTOrO MOPAAKA, KOraa
CBH3k CNYYANHBIX WICHOB ONUCHIBaeTes npoueccoM AR(4):

u=pu,_,+¢,. (7.44)

ABTOKOPpPERALHA TAKOTO THIA MOXET MMETh MECTO MPH HCIIONL30BAaHHU B Ka-
4eCTBE JAHHBIX €XEKBAPTAIBHEIX Ha0NOACHUH, M Ce30HHEIE KoneGaHns NMepexomIT
¥2 roaa B roa. CTaTHCTHKA, JieXKalad B OCHOBE AJAHHOTO TECTa, no cBoel cTpykType
cxomHa ¢ d-ctaTHcTHkOM JapOnHa—YoTcoHa, HO MMeeT APYTroe paclpenecHHe,

Bmecte ¢ reM BcTpeqaloTes cayyau, Koria LenecoodpasHo NMpeanonoxXuTh obiyio
JBUCHMOCTD §0JIee BHICOKOTO MOPS/IKA:

U= Py + Pty o ¥ Pl + (7.45)

RIH KOTOa CJIY'-IaﬂHI:IC WICHH CBA3IMBAKTCA HE ABTOPETPECCHOHHEIM NMPOLECCOM, a
NpOLECCOM CKOMB3SIMX CPEAHMX, KOTOPBIA MOXET OMTH ONHCAH YpaBHCHHEM!
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U= o, + og, |t og (7.46)

HIH Aaxe KakoH-mHOo koMOMHALMel 3THX JBYX BBIPAXCHHH,

IIns oGHapyXeHNA aBTOKOpPe/ALKMH Golee BRICOKOrO nopsnxa paspaboraHo He-
CKOJIBKO TeCTOB. 3aech OyaeT MPeacTaBIeH TONLKO OMHH NPHMEP — TECT ¢ MHOXHTE-
Jem Jlarpasxa, BBIOPAHHBIN TOTOMY, YTO BHITIOHATD €10 OTHOCHTENBHO NIETKO, AAXKE
KOrZa 3TO CIIENHaZIbHO HE MpEeayCMaTPHBAETCA B perpeccHOHHOM makete. ITo aToit
MPHYHHE BO3PACTAET MOMYIAPHOCTE JAHHOTO TecTa. TeopHuA, 0BOCHOBLIBAKOILAA €T0
IpHMEeHEeHHKE, HE BXOAMT B KPYI' BONPOCOB, PacCMaTPHBAEMBIX B JaHHOM KHure. Or-
HGCUTEABHO NMPOocTOH 0630p 3T0H TeopuH, BHNONHEHHNH ee aBTOPaMH, COAEPXHUT-
cs B paote T. Bpoiima u JI. Tondpwu (Breusch, Godfrey, 1982).

BHayane cneayeT peluiTh, HACKONBKO IyGOKO BaC HHTEPECYET BOMIPOC O MOPAI-
Ke ofHapyxuBaeMoli aBTOKOppeaauuu. s npoleccoB, MPeAcTaBIAEMEIX BhIpaXe-
HuaMHu (7.45) u (7.46), aToT nopsagoK 0603HAYAETCA ¢ MOMOIMBIO HUXXHETO HHAEKCA
5. 3aTeM Bbl 06BIYHEIM 06pa3oM oLleHHBaeTe perpeccuio ¢ noMoulbio MHK M «3ano-
MHHACTE» OCTATKU. B KOHEYHOM MTOTE Bbl OLIEHHBAETE CASAYIOLIYIO PETPECCHIO:

& =cqtee_toe v tee  tdx,tdx, .. +dx, (7.47)

e ¢,_, — OCTAaTOK B HabniofeHuM (¢ — p); NepeMeHHbIC X — OGBACHAIOWME Tepe-
MEHHHE MepBOHAYANLHOM perpeccui. PerpeccHs oUeHUBAETCS O NaHHBIM ANA Ne-
puonos ot (s+ 1} Ao 7, Tak Kak BeTUYMHBI €,_; HE OMpEAeNeHHl JUIA MEPBLIX 5 Me-
pHonoB. 3aTeM AnA 3Toil perpeccuu puuucngeTed (T XR2), W npu HyNEBol THIO-
Te3e 00 OTCYTCTBMM ABTOKOPPENALMM 3Ta CTATUCTHKA MMEET pacrnpefeneHHe X2 C §
CTENEHAMH CBODOMRI.

Heof6xonuMo caenath IBa mpeaynpexnaeHHA. Bo-nepBHIX, TecT ¢ MHOXHTENEM
JlarpaHxa, KaK ¥ anbTepHATHBHLIE €MY BapHAHTH, paccyMTaH Ha pabory ¢ GonbUIK-
MH BpIGOpKaMK. [103TOMY HYXHO NPOABAATH OCTOPOXHOCTD [TPH HHTSPIPETALIMH pe-
3yNbTATOR, NOJYYeHHBIX Ha ManblX BHIGopKkax, Bo-BTOpEX, B oTAHYMe OT TecTa Jap-
O1Ha—YoTcoHa OH ODHApYXUBAET HE TONBKO aBTOPETPECCHOHHYIO KOPPENSIIHIO OC-
TaTKOB THNA (7.21), HO ¥ aBTOKOPPENALUID, OMUCLIBAEMYIO CKOMBIIUIHMH CpeaHu-
MU (7.46). 3nech TAKKE HE0OX0AMMA OCTOPOXHOCTE IPU TONKOBAHUH Pe3y/bTATOB.

lTpsumep

Tect ¢ MuoxuteneM Jlarpanxa GbUT NPUMEHEH 110 OTHOIIEHHUIO K JIOrapudMHu-
YyeCKON (PYHKUMK CIIpOCca Ha NPOAYKTHI THTAHU, TOXYYEHHBIE PE3YABTATH [IPEACTAB-
NEeHH B ypaBHeHUH (5.26), rue 3HaueHu s MeHa10TesA OT | 1o 4. PesynpTaThl 06061ue-
Hbl B TA0N. 7.8, e nokasaHo, YTO HyNeBask THIIOTE3A OTKJIOHSETCS N0 MEHbIIEH Mepe
Ha ypoBHe 5% Ins Bcex 3HAYEHHH 5, HO TECTOBAsA CTAaTHCTHKE YBETMYMBAETCH OYEHb
MEIUIEHHO JUIA 3HaueHUH 5, 60ABIUX €MUHUIIS], B NPEANONOXKEHHH O TOM, 4TO aB-
TOKOPPEISILMA XOPOLUO ANNPOKCHMUPYETCA ITPOLIECCOM NEePBOro nopsiaka. (BoamoxHo,
¥ BAaC BBI3bIBACT YIMBJICHHUE TO, YTO KO3dpuiineHT RZ B NeHCTRUTENBHOCTH YMEHb-
UIAETCA, KOT/Ia B YpaBHEHUE N00ABIAETCS €, _,; OOBACHASTCA 3TO H3MEHEHUEM NEPH-
ona BriGopku. IIpy s= 1 nepuon BeiGopku oxparsiean 1960—1983 rr.; mpu s= 2 ne-
puoa BeGopkH Bruiovuan 1961—1983 rr. CnexosaTeNbHO, 316Ch He AedCTRyeT 06bIY-
HO¢ TIIPaBWJIO, COMNMACHO KOTOpOoMY ko3bduiuneHT R2 He MOXET YMEHBIUATHCA MpPH
n06aBEHUH K YPABHEHUIO HOBBIX NIepEeMEeHHBIX. )
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OueHuBarme perpeccin ¢ aBTOKOPPES LM
B0s1ee BbICOKOrO YDOBHS

IMpennonoxuM, 4To Mbl OGHAPYXHIH aBTOKOPPEIALMIO G0jiee BLICOKOIO IO~
psaka. Kak B 3TOM cayyae olUeHWTE perpeccHio? Ecau y Hac ecTh NpUYHHEL ped-
MOJIaraTh, YTO ABTOKODPPENALHA MpeacTaBnsieT coboi aBToperpeccMOHHRIN Mpolece
Tuna (7.45), TO MOXHO WCMONB30BAaTh OO0OOIIEHHBIH BAPMAHT OLIEHKU MO METOAY
Kokpana—Opkatra. Ilpeanonoxum, 910 ¥ Hac MMeeTcd MOOEAL MapHOH perpec-
cuu (7.20). Ecau onpeaeaunts

Pi = ¥t =Pict = - = Ps¥ros; (7.48)

X =X —PrXyl = ooe — PeXy_gl (7.49)

G=all—p; —..—ps), (7.50)
TO MOXHO NIErKO NMOKA3aTh, YTO

Fp=a+px, +e (=s3+1...,T) (7.51)

Tabnuua 7.8

Mposepxa Ha asToxoppenauuio Bpoikwa—Toadpy ¢ MHOXHTaENEM
Narpasxa: GyHKUMA CNROCa HA NPOAYKTH NMATAHMA

Kpountisgokoa 3Ha4611e

fopsgok Txg/?
5% 1%
1 11,9 3.8 6.6
2 11,4 6,0 9,2
3 7 7.8 11,3
4 1.9 9.5 13.3

Ecnn Ov1 Mbl 3HAIH BEAHYKHY p, TO 110 ZaHHHIM HAGMAIOAeHUA ¥ ¥ X MOXHO ObLITO
bl pACCUMTATL ¥ M ¥ W OUEHWTHL AAHHOE YpaBHEHUE, YCTPAHMB IpoGneMy aBTOKOp-
pensunu. BooGme ropops, MbL He 3HAeM BeJIHMYHHEI p, U €€ NPUXOAUTCH ClLICHWBATh
Hapaay ¢ o ¥ 3. ObobwenHbIk BapyaHT oueHKH no metony Kokpana—Opkarra cie-
IyeT TOH XK€ CXeME, YTC M NepBOHAYANbHEIA, B TOM CMLICHE, YTO CHAYana OLEHNBA-
e1cs ypaBHEHMe perpeccuu ¢ noMolubio obbrunore MHK, a sateM oueHUBaeTca per-
peccus (7.45) c 3aMeHO# cayyalHBIX YN€HOB HAa PACCUWTAHHEIE OCTATKH, Jlanee Bol-
WHCIAITCH ¥ M X M oueHmBaeTca perpeccusi (7.51), nawomas nepecMoTpeHHbIE
oueHku o ¥ B. TIonyuHB HOBYIO COBOKYTIHOCTh OCTATKOB, BHOBb OlieHHBaeM ypaR-
HeHue (7.45) ¥ 1. 0. 8o Tex Mop, moka He GyIeT JOCTUIHYTA CXOAMMOCTh NpoLecca.

3aech HYXHO CIenaTh Takoe Xe MPEAOCTEPEeXeHHe, KAK U B Cy4yae aBTOperpec-
CHM IepBOro nopsaka. Tak Kak Tpebyerca OLeHHUTE p, 00001eHHAs OLEHKA [TC Me-
Tony KokpaHa—Opkatra 6yaeT uMeTh TpeOyeMble CBOMCTRBA TONLKO HA HOABMIMX
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BuIGOpKax, MMeercd Takke npobieMa OTHOCHTENBHO MPpHMEHEHAA noapabky [paii-
ca—YMHCTEHA, KOTOpad CTAHOBUTCH BCe MEHEE HAOSXKHOR MO Mepe BO3pacTAHHA
nopsiaka aproperpeccuu. B npunumne s1a npofnema npeononuma [cum. paboty 3. Xap-
U (Harvey, 1981, p. 206)], HO TpeGyeMas KODPPEKTHPOBKA HEUACTO BCTpeYaeTca B
KOMIIBIOTEPHAIX PETPeCCHOHHBIX MaKeTax,

Ypasreuwe (7.52) npeacTaBager pe3yNbTaThl OUSHKBAHKA PETPECCHH IO METOLY
KokpaHa—QpKarTa 4YeTBEpTOre MopAaKa AAA GyHKLMH CIpOoca Ha NPoAyKThI MHTA-
Hud (6e3 nonpaeku [Ipaitca—VYuHeTeHa):

log y,= 3,12 + 0,73 log x,— 0,68 log 2, R2=10,991; (7.52)
(c.0) (0,63) (0,06) (0,16)

f,=0,61y,_, — 0,03u,_, ~ 0,28u,_, +0,23u,_,. (7.53)
0.26) (0,29  (0,30) (0,27)

YpasHeHue (7.53) noarsepXoaeT, 4To eCiH aBTOKOPpeasiliig OCTATKOB ABIAETCA
aBTOPErpecCHOHHBIM TIPOLIECCOM, TO OHA ROJKHEIM O0pa3oM ANNMPOKCHMHDPYETCSH
MOZENBI0 MEPBOTO MOPALKA.

Ynpax+erne

BrinoftHHTe AHANOTHYHBIA TECT ¢ MHOXHTeNeM Jlarpanxa mng torapupMHEdeckol
perpeccuy GYHKUKH CNpoca Ha BRIGpAHHEIH BaMM ToBap!.

MpunoxexHue 7.3

Unmoctpauns Toro, yro d-cramicruka JapbuwHa—Yorcona
npubmuxaerca k (2 - 2p)

T r
Ye,~e ) D(e} -2, +el )
d=1=1 = I= =

T T
Y e? Y e?

=1 t=l

Fil il
Ze} Zerz—l 2-?:—19: Zer—!er

—21=2 =2-21=2
2125 £52-215%5 s

=2
T T
Ye e Y e? Y e?

1=l =1 r=l r=1

(7.54)

T Mpw BLINOAHEHWK TRCTA BAM MOXET NOTPeBOBATLCH TEXHMYECKAN MOMOWbL CO CTOPOHE NPEnoaa-
eatand. Ecnu 8 BalieM perpeccHoHHOM NaKeTe peanw3osaH meton Koxpana—OpxarTTa Gonee BeICoKoro
NOpAAKA, TO cneayeT BiNOAHWUTL OLEHWBAHWE YPABHEHWA G €r0 UCNDNLIDBAHMEM.

240



T T
Ze!z Z*-’f—l
TaK XaK ‘52— " -'f;‘f— GyayT OAM3KMMH K eOMHHLE, €cNH BHIOOpPKA JOCTATOYHO
D X -
r=1 =1
T
2 e 18
Gonswan. Ilockoneky "2T—2 ABNACTCH OUEHKOMN p, TO d ABIAETCA OUSHKOH 1nd
2

t=1

(2—2p).

NMpunoxeHue 7.4

Basetumsare rnepaoro HaOMOBEHUS NN UCTIONL30BAHIN
merona Koxparna—QOpkarra

Mu! Bunenu B pasaene 7.7, YTO €CNH Y, CBA32HO ¢ X, COOTHOLIEHHeM (7.20) u u,
BHIDAXAETCH Yepe3 #,_; M €, B POpPMe aBTOPEIPECCHOHHOIC MPOLECca NepBOro mo-
pagka (7.21), To MOXHO YCTPAaHMTER ABTOKQPPENALMIO IIyTeM OLeHUBAHHA perpec-

CHH §, OT X, rae

Fo=n ana Habmoaenua 1,
Y=y -pya oA HaGmoneHuii 2, ..., T
g =1 A HabmoneHus [
g =1-p ana nabmoaenuii 2, ..., T;
X =x N4 HabnwaeHus 7,
X =% —px ana rabnwoneHni 2, ..., T,

Torma cnyvaiineie Unexsl B T HaBmoXeHUAX (#; B MEPBOM HAOMIONEHHR H &, ..., £y
B OCTANLHEIX) GYAyT pacnpefencHbl He3aBHCHMO. OcTaeTca oiHa npobreMa: Teope-
THYECKaA TUCHEPCHA ¥ B MEPBOM HabGNMIOREHUH (G2) OTANYACTCA OT TEOPETHYECKOH
AMCTIEPCHM B OCTANbHBIX HabmogeHusX (02). TakuM 06pa3oM, Mbl pelinay npoGnemy
aBTOKOPPENALIMHY 3a CYeT BBACHHA 0co00ro cny4as rerepockenactiyHocti. Mecnonsays
dopmyny (7.21), MBL MOXEM BBIPa3UTh G2 Hepes G2

6= pap. var (#,) = pop. var (pu,_, +¢,) =
= p2pop. var (4,,) + pop. var (g,) + 2p pop. cov (4,_,, £,) = p?62 + &2, (7.55)

TaK KaK ¥, ¥ € He3aBUCHMEL. (Mb1 mpeanonaraem, yro | p| < 1, U 3T0 HEPaBEHCTRO,
KaK MOXKHO 1I0KA34Th, BAAETCA YCTOBHEM, YTOOBI AUcTIEpcHa ¥ ObLNa He3aBHCHMOI
0T f, YTO [O3BOJIAET HAM 3ATIMCATSH pop. var (#,) = pop. var (i, ) = ¢2.) Takum obpa-
30M,
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0‘2— Oé
u - 2"
l-p

(7.56)

Ecau p Gnusko K ennHuLe, T0 62 OyneT 3HAYUTENEHO GOMbLIe, YEM G2, U TIEpBOE
HabJlloAeHHE CTAHET OKa3blBaTh, BOQGILE FOBOPA, HEMTPOMOPHHOHANEHO CHILHOE BO3-
neicTBUE HA pe3ybTaThl OUCHUBAaHUS perpeccHH. BMecTe ¢ TeM MCIIONB30BaHHE CO-
oTHoweHUA (7.56) MO3BONAET YCTPAHHMTD IETePOCKENACTHYHOCTE, ECiH MBI yuTeM nmep-

BOe HAONIOICHHE C «BECOM» ‘h -p?, TO cAyYa#HHII 4NEH B 3TOM HabMIONEHHH MpH-

MET BUA "l—pz u. Jlucnepcus 3Toi BeJIMMMHBI PaBHa (1~ p?)a2, YTO, KOHEYHO, PaB-

HO JHCIICPCHH 0’% CNyYaifHOrO 4YA€HA 8 OCTANBEHBIX HAGMIOMEHUAX.



CTOXACTUYECKUE OBBbACHHAIOWUE
NEPEMEHHbIE U OLLUABKU M3MEPEHWi|

o 4N Y R SR SE IV T T SRR

B 6a30Boit perpeccHOHHOI MoneNu, MOCTPOEHHOM HA OCHOBE MeToda HaMMEHBINMX
KBaApaTOB, NPEATIONATaeTCs, YTO OOBACHAIOLIHE TIEPEeMEHHLIE IBNIIOTCA HECTOXaC-
THYecKUMU. YacTo 3TO PEANIONOXeHNE OKA3BIBAETCA HEPECATUCTHYHEIM, H MTOSTOMY
BAXHO 3HATh, K KAKMM MOCNEACTENAM NpUBeaYT Gonee cnabele MoAeNbHEIE OTDAHH-
yeHUs. MBI YBHAKM, 9TO B HEKOTOPBIX CHTYALIHAX CMOXEM MPOROIIXKATh HCMOAB30-
sath MHK, Ho B Apyrux, Hanpumep, Koraa ofbAcHAOMAs nepeMeHHas (WK nepe-
MEHHBIE) moaBepxKeHa Bo3zeiicTBHio omnbox uamepenust, MHK npusonuT K cme-
[IEHHBIM W HECOCTOATE/NBHEIM OLieHKaM. [JiaBa 3aKaHUYMBASTCA BBEJEHHEM APYTOLO
METOAA OLCHUBAHWA, OCHOBAHHOIO HA MHCTPYMEHTANBHEIX MMEPEMEHHBIX, KOTOPLIMA
MO3BCJACT NMOAYYATh OHEHKH ¢ Goee MPHEMAESMBIMH CBOHCTBAMH.

8.1. CroxacTuueckue 06BACHIIOWME NEPEeMEeHHbIe

Je CHX MOp MBI CMHTAJAW, YTO OOBACHAIOLINE [TEPEMEHHLIE B PErPECCUOHHOMN
MOOENH SIBJAIOTCS HECTOXACTHUYECKMMU. DTO 03HAYACT, YTO €M Okl HAM NMPHLUIOCH
NOBTOPUTE perpecCHOHHEIR aHaNu3 ¢ HOBOH BEIOOPKOI, TO 3HaYeHHS OOBACHAIOIIIHX
nepeMEHHBIX OCTARUCh OBl HeM3MeHHBIMH. TIpH 3TOM 3HaUeHUA 3aBUCHMOI NepeMeH-
HOM M3MEHUNHCH OBI, MOTOMY YTO HORAd BRIDOpPKA comepxana Obl HOBYIO COBOKYI-
HOCTBL 3HAYEeHWH cny4alHOro 4ieHa.

Taxoe monyiieHne MOXET NOKa3aThCA CTpaHHBIM. Ha npakTuKe B 9KOHOMETpHKE
Mbl OHEHHMBAEM MapaMeTpPbl MONENK PErpecCHH TOMLKO OAHH pa3. Peaxo Oelaer BO3-
MOXHOCTD [TGBTOPHUTE PACYET € TEMH K€ WM C ZPYTHMH 3HAYEHUSMH OOBACHSIOMMX
nepeMeHHBIX. EAMHCTBEHHBIM COLIHMM UCKAIOUCHHEM ABISIOTCA 3KCIEPHMEHTH! fa-
fopaTopHOro THIA, CCHOBAHHBIE HA MCNIOAB30BaHYK MeTona MouTe-Kapno,

[IpyusHA BBIABMXESHHA JAHHOrO [PENMONOXEeHHs Obila TeXHHYECKOH M 3aKmo-
4ajach B YIPOLUCHHH 2HAMH3A CBOMCTB OLEHOK perpecci. Hampiamep, Mbl BUAETH,
YTO B MOOENH NAPHOH perpeccHu

y=o+px+u (8.1}

oeHka MHK xoadbHiHeHTa HaknoHa MOXeT ObITh IIPENCTABNEHA B BHIE PA3Io-

XECHUA.
_ Cov(x,y) _ ., Cov(x,u)
= Var) Pt Var) 8.2)

243



Teneps ecin X — HeCTOXacTHYECKas MepeMeHHas, TO Var (x) TaKke ARIASTCA He-
CTOXacCTHMYECKOi BeIMYMHON, M MaTeMaTUMECKOe OXHIaHHE OmMGKH MOXET OHITh
sanucaHo xak E[Cov (x, u})/Var (x). Kpome Toro, ecnu nepeMeHHas X HecjiydaiHa,
to E[Cov (x, )] = 0. [ToaroMy A0Ka3aTeibCTBO TOrO, YTO b — HECMELUEHHAA OLIEH-
Ka B, He BHI3BANO 3aTPyAHEHMA. XOTA HOKA3ATENBCTBO He ObUNO NIPEACTABICHO, Mpei-
MOJOXECHHE 0 HECTOXaCTUYHOCTH HCIIONB3OBANOCh M NMPH NMOJNYYEHHU BHIPAXKEHMS
At cTaHgaprHoil owudku Koaddunuenta. Kpome Toro, 0HO HCIOAB3YeTCH B Te-
opeMe I'aycca—Mapkosa, JoKa3bIBaAKIIEH, YTO €CAH YAOBACTBOPEHB! YCIOBHSA
Iaycca—MapkoBa, To oteHkd MHK 3drpexTHBHEL

B 2KOHOMHYECKO# IPAKTHKE NPEANON0KeHHE O HECTOXACTMYHOCTH 4acTO OKa-
3bIBAETCA BecbMa HepeaTHCTHUHBIM. O0bIYie 06HADYXKHBACTCH, YTO GOBACHRAIOLHE
MepeMeHHbBIe MOJCAM caMM GbUIM Onpeae/ICHBl M3 APYTHX 2KOHOMMUECKHX 3aBHCH-
Mocrteit. Kak MBl yBMAuM B rmape 11, yacTo XenaTensHO paccMaTpHBaTh He OOHY
3aBUCHMOCTL H3OJAMPOBAHHO, a LEAYID CHUCTEMY 3aBUCHMOcCTed, NeHCTRYIOIUX O4-
HOBpPEMeHHO.

ML H3Y4HM TP THNA MOJeneH CO CTOXACTHUYECKMMH OOBACHAIOIMMY NePeMeH-
HBIMH, KNAacCHMHIMPYEMBIX B COOTBETCTBHM C TEM, KAKOBa CBSI3b MEXIY pacrpe-
OeIeHHAMHM ITHX TIePeMEHHbBIX K pacnpenencHueM cmydaitHoro unexa. Bee oHHM uMelor
BaXHOe MPAKTHYECKOC 3HAUSHHE.

1. B Moensax nepporo THNa ofBICHAIILNE NIEpEMEHHBIE pacipeaee bl
HE3aBUCUMO OT CAYYAlHOTQ YIEHa.

2. B MOZeNsIX BTOPOro THNA OOBACHSIONUIME TIEpeMEHHBIE U CTy4aiHBIA WwieH
He ABIAIOTCS HE3aBUCHMBIMU, HO MX 3HAYEHMs B KAKABH MOMEHT BpeMe-
HU HEKOPPEAHPOBRHEI (T. €. TEKYILHE 3HAYCHNS 00BACHAIOLINX NEPEeMEHHBIX
He KOpPEeNUPYIOT ¢ TEKYIMM 3HaYCHHEM CIy4YaifHOTO uneHa),

3. B Mogensx TpeThero THIA 3HA4YeHWS O0BACHSIOLIMY NEepeMeHHBIX Y
CJIydaltHOrO YJIeHAa KOPPeNHPYIOT B KAXABIIA MOMEHT BpEMeHH.

Ipexpe yeM HauyaTh PaCCMOTPEHUE YKA3ZAHHHIX THIIOB MoIenei, HeoOXxoauMo
AOpPOSCHHTE BONPOC, ¢ KOTOPOM HEPEAKO 3abLIBaloT, — O AUCHIEPCHAX M KOBAPHAIK-
AX 00BACHAIOIIHUX NepeMEHHEIX B 60nbmMx BoOOpKax. OCHYHO NPeANoaaracTea, YTo
OHH CTPEMSITCA K KOHEHHBIM mpefenaM. st yIpoleHuA Mbl NPUMEM 30ECh CIIBHYID
dopMy 2Toro ZONMyLIEHKA, 3AKNIONAIOIYIOCH B TOM, YTO OGBACHAKIIMHE NepeMeH-
HEIE MOTYT PACCMATPHBATLC KaK 0coOblfl BUA caydafHBIX NepeMEHHEBIN, ANA KOTO-
PpbIX BBIGOPOUYHEIE 3HAMECHHA M3BNEKAlOTCA (He 00:A3aTe/IbHO HE3aBHCHMO) M3 NeHe-
DAIbHLIX COBOKYITHOCTEN ¢ KOHEYHBIMH CPEHUMH, AMCTIEPCUAMH H KOBapHaLMa-
MH.

CrpapeiIMBOCTH PagH CJIEAYET OTMETHTh, YTO, NO-BUANMOMY, MOTHBALMS JUIA
3TOrO MPEANOA0XKEHHNA — NPEXKIE BCETO MPAKTHYECKAN, TAK KaK 3TO AENAACT HEC/IOX-
HbIM ONpEAc/ceHKE MTOBEACHHUA OLICHKH B OOnBIIMX Balbopkax. JleicTBUTEABHO, 3T0
MPEATIONOXEHUE ABNAETCA LUENecoobpa3HBIM, €CNIH Bbl MMEETE SN0 CO CTaTUCTHYEC-
KHMH JaHHLIMH, OTHOCAIUMMMCA K PA3/IMYHBIM OTPaciAM 3KOHOMMKM, H Habnione-
Hus GepyTcA (CNYyYailHO MW B paMKaX CXeMbl paccroeHHOW BHIGOPKH) M2 MaHHOM
reHepanbHOM COBOKYITHOCTH. BT0 NPENnoioXeHHe MOXET ObITh TaKKe 0G0CHOBaH-
HBIM B TOM Cly4ae, KOrma Bh MMEETe IEN0 ¢ JAHHBIMU BpEeMEHHOTO pAa, CHOopMHA-
POBAHHBEIMH CTALIMOHAPHBIM MTPOLIECCOM, T. €, TAKHM, B KOTOPOM pacrpeReieHue X He
3aBHCHT OT BpeMeHHd. YpabheHue (7.2]) gpnseTca npUMEpOM CTallHOHAPHOICG HpO-
Lecca NpU BeIMONHEHWH YCNOBUA yeroiuusoctH —1 <p < 1.
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TeM He MeHee BO MHOTHX MOAENNAX, OCOOEHHO B TEX, TAE UCMONBIYIOTCH JAHHBIE
BPeMEHHBIX PAROB, 3TO MPSATIONCKSHHE HE ABAAETCA Le/Aeco00pa3HeiM. BechMa oue-
BUZHO, YTO KOTAAa MOJENb BKIIOMAcT IIepEMEHHbIE C TPEHAOM, HMEeT CMBICH CUM-
TATb, YTO Var (X) HeorpaHA4€HHO YBEJIHUYMBAcTCA MO Mepe paclIMpeHHs nepHoaa
ppbopku. TIpuMepoM ABAAIOTCA QYHKLMH CIIpoca, KOTOPbIM B 3TOi KHHIE yHesd-
eTca ocoboe BHUMaHue. TToaToMy Mbl 6yieM DacCMATPUBATD TAKXKE M 3Ty ANkTepHa-
THBY. AHANKU3 OTPAHKHYHM PACCMOTPEHHEM MONenu nmapHok perpeccuu (8.1), Ho pe-
3YABTATHL JIETKO PACMPOCTPAHAIOTCA U HA CIydail MHOXECTBEHHON pErpeccuM.

Crywait, Koraa pacrpeneneqHne X MeeT KOHEYHOE MaTeMaTniecKkoe
OXUAAHNE 1 KOHEHHYIO JINCTIEDCHIO

CHauana pacCMOTPHM CNy4aii, KOria X U3BMeKaeTCA U3 PFeHEPATLHOM COBOKYTIHO-
CTA C KOHEYHBIMM MaTeMATHYECKUM OXHMIXAHHUEM M HHCIepcheit, 0bo3HavaeMoil ¢2.

al X # U HE3aBHCYIMO DaciipanensHst

Ecnu x u u pacnpenensiorca He3aBUCUMO APYT OT Apyra, To o6urunbii MHK co-
XpaHgeT BCEe CBOU BaXHbie cBoiicTsa. Ciona OTHOCATCA HeCMelteHHOCTb, 3P GeKTHB-
HOCTB H COCTOATEABHOCTh. KpoMe TOro, KpUTHYECKAS CTATHUCTHKA MOXET HCTIONB30-
BATBECA, KaK OOGBIYHO, IIPU YCIOBHH, YTO PACTIPedeNicHUE x HE 3aBHCUT OT IMapaMer-
poB ¢, § K G,. MBI MOKaXeM, 4TO BLITONHSAIOTCA YCIOBUA HECMEILEHHOCTH H CO-
CTOSTENBHOCTH, a cobmioneHue Tpebosanua 3¢PeKTHBHOCTH NPpUMeM Ha Bepy.

Hecmergennocmn

EcaM x — CTOXacTMYECKas fepeMeHHasA, TO Var (x) He MOXeT pacCMaTpUBaThCA
KaK CKaiagp, Mo3ToMy MBI He MoxXeMm nepenucarb E[Cov (x, #)/Var (x)] kak
E[Cov (x, w))/Var (x). CneaopaTesbHO, OOBIMHOS A0OKA3aTENLCTEO HeCMEINIeHHOCTH
Jech HE MpoXoAuT. OMHAKO MBI MOXEM HANTH ZPYroil cnocof pazioXeHHS OLUMB-
KH:

Coviza)y 201~
Var(x) Var(x) "

l - - 1 -
=;2[$;r(;‘) u;-u):;Zf(x,-)(u,--u), (8.3)

e f(x;)=(x; — x) / Var(x).
Ila.nce, eCIN X M i pacnipeaceHbl HE3aBHCHMO, TO TakKe HE3ABHCHMO GYIIYT pac-

npegeacHsl f(x) U &. CreaoBaTensHO, HCTIONB3YA OHO U3 CBOWCTBE HE3aBHCHMOCTH
(cm. OB30p), noaydaeM:

ELf (x)(t; — )] = ELF ()] Elu; ~ 4] = ELf(x)]% 0, (8.4)
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TaK Kax £ (#,), COMIACHO IPEANONONKEHHIO, PABHO HYNIO B KaXAOM HaGMIONCHMH.
CrenoBaTeNbHO, €C/IM MB BepeM MaTEMATHYECKOS OXMOaHHE o0eHX yacTeil ypae-
HeHua (8.3), To mpaBaf YacTk MPHUBOAMTCA K BHAY: (1/#), YMHOXEHHOE HA CYMMY
A WIEHOB, KaXIGIA H3 KOTOPBIX paBeH HYAK. CacoBaTeNbHO, MATEMATHYECKOE
OXHAAHHe OWMOKH PaBHO HYNIO.

Cocmoamensiocmo

IToxasaTk COCTOATENLHOCTD TAXKE JIETKO, €CITH X MMEET KOHEUHYIO TeOPETHYEC-
Kyio aucriepcHio 62, Mbl 3HaeM, yTo B ofutem cnysae plim (4/8) paseH plim (A)/
plim (B), rie A U B — npOU3BONbLHBIE CAYMAHHLIE BENIHYMHEL, ¥ KOTOPHX plim (4) u
plim (8) cywecteyior u plim (B} e pageH Hymio {cM. O6z0p; plim ozHa4daeT npe-
DeNBHOS 3HAMeHHE TIPH YBeNMYEHHH 00beMa BEIOOpKH). ME! Takke 3HaeM, 4To plim
Cov (x, 4) paBeH pop. cov (X, &), KOTopas paBHA HYJIO, ECIA X H ¥ HE3aBMCHMO pac-
nipepeneHsl. CneaoBare/ibHO,

plimCov{x, &) _

plimb =B+ plimVar(x} -

0
ﬁ+;; =B. (8.5)

6} X ¥ U OQHOMOMEHTHO HEKODPENNPOBaHA

Knaccuyeckuit mpumep (eAMHCTBEHHBIA, KOTOPHIN MBI 3I€Ch pACCMOTPUM), KOTIa
06BACHAIOIAA NepeMeHHas M CIyJYaiHbIR WIeH OJHOMOMEHTHO HEKOppelIMpOBa-
Hbl, 3aKAI0YaETCA B MCMOJIb30BAHUU JIAarOBOA 3aBUCHMMOA nepeMeHHON B KauecTse
OHOM H3 OOBACHAIOMX NEPEMEHHBIX. ECAH Mbl UMEEM MOAEID

y=a+px +By,, +u, (8.6

TO y,_, HAXOQMTCS HEMOCPENCTBEHHO M0 BO3ICHCTBHEM i,_, Y KOCBEHHO — IO, BJIH-
SHHEM BCEX MPEALUECTBYIOLMX 3HAYCHUA cayyaliHoro yneHa. CnenosaTenbHO, OOHA
H3 OOBACHAIOLUINX TEPEeMEHHBIX B 3TOH MOAENM He HMEET He3aBUCHMMOrO OT Crydait-
Horo 4neHa pacnpegencHusa, K MHK He maeT HecMellleHHBIX oLeHOK. TeM He MeHee
HECMOTPA Ha TO, 4TO IPHBEICHHOE BhILIE JOKA3ATENMbCTBO HECMEIHEHHOCTH CTAHO-
BHTCH HEKOPPEKTHBIM, TOKAIATENLCTBO COCTOATENLHOCTH OCTAeTCA CHIPABEANNBLIM;
€CNH y,_, H U, HCKOPPENUPOBAHH, TC MOXHO 1MOKa3aTh, yto plim Cov (y,_,, #,) pa-
BeH Hynio. Takum o6pasoM, MHK coxpaHseT xenarenbHeie cBOMCTBA 8 GOMBILMX BHI-
fopxax, xoTd B MaiblX 3T0 He 00s3aTelbHO TaK.

B) X N U O[HOMOMEHTHO KOPDEANPOBAHS!
Ecnm x ¥ u ONHOMOMEHTHO KoppearpobaHsl, T0 Cov (x, 4) He GyaeT cTpeMHTE-
cd K HYMO gaxe B DonplIHX BRGOPKax, M OLEHKA, moayuyeHHad obeiubiM MHK,

SBIAETCA KaK CMeleHHOH, TAK B HecocToATeIbHON. CMeineHue B 6onbiuol BRIGOpKe
paBHO mpefeny no sepositHoctd Cov (x, u)/c2.
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Var (x) HeorparmnyeHHo BO3pacTaeT

IIpu pasyMHBIX NPEANOCHIIKAX NPEACTABACHHBIE BLILIE BLIBOABI, 332 OQHUM HC-
KJIIQUCHHEM, OCTAIOTCS HEM3MEHHBIMM M B Ciydyae, KOLAA B3aMeH NMPUMEHABIMETO-
CA paHee OENAeTCA NPEANONOXKESHUE O TOM, YTO IO Mepe YBeAHueHHs oObeMa Bbi-
Gopku Var (x) HeorpaHuueHHO pacTeT. OCHOBHOE OTNIMYME COCTOHT B TOM, 4TO,
Jaxe KOTHA 3Ha4YeHUS X H I KOPPEMHPOBAHBL B KAk JAHHBI# MOMEHT BPDEMEHH,
MHK MoxeT ofecneyrBaTh coCTOATENLHOCTE Nony4yaeMbixX oueHok. Ecnu Cov (x, 4)
HMEeT KOHeYHEIH npenen, a Var (x) yBelMUYUBAaeTCA HEOrpPaHUYEHHO, TO OlUHOKa
B oueHke B Gyaetr B Gonbliux Bribopkax ucue3daTb. C ApYroit CTOpOHBI, eCilu
Cov (x, ¥) He UMeeT KOHEYHOTO MpeNena, 70, OYEBHAHO, MANO YTO MOXHO CKa3aTh
NpU QTCYTCTBHM JAONONHUTENBHOH MHbDOpManuK. B 3TOM caydae BO3HHKAET TakOKe
npobneMa MHTEPNIPETALIMKM [IPOBEPOK CTATUCTHYECKO# 3HaYuMocT. Haubonee ner-
KOg pelIeHHMe COCTOMT B TOM, 4TOOB TPaKTOBaTh MX KaK YCJIOBHBIC, B3AThIE NpHU
thakTHYeCKMX BHIOOPOYHBIX 3HAYEHHMAX OOBACHAKCLUMX NMEPEMEHHDIX.

Mul He OyaeM pacCMaTpUBaTh 30eCh OTAENBHO MOAENL ¢ HE3aBUCHMO pacnpese-
NeHHOoI! cToxacTU4ecKoit oGbACHAILLENH MNepeMeHHOH. JIOCTATOYHO cKa3aTk, 4TO HOJIk-
WIMHCTBO MpefblayLIKX MPHMEPOS U YNPaXHEeHUA B KHUTE, BepOATHO, B BonpuieH
MEpE COOTBETCTBYIOT 3TOH MONE/IH, YeM NePBOHAYANEHOI MOJEMN ¢ HECTOXaCTHYEC-
Kol obbacHAwILel nepeMeHHoi. Mogenu ¢ 1aroBeIMU 3aBUCHMBIMU NEPeMEHHEIMHA
ByoyT paccMaTtpMBaThed B rnaBe 10. OcraBiuancs yacts rnassl 8 U Bes rnasa 11 Gyayr
NOCBALLEHbI JBYM BRXHbIM CNIY4asAM, KOLAA X H ¥ B KaXKAbIN OTAENLHBIR MOMEHT KOp-
PENMHPOBAHEL: KOra JaHHLIE TIOABEPXEHBl BO3ACHCTBUI OLUUGOK H3aMmepeHUA (rna-
Ba 8) ¥ KOrma OCYIMECTBIASTCA OLEHKA MApaMeTpOB YpPaBHEHMA, BXOJALLETO B CO-
CTaB CHCTEMEI OBHOBPEMEHHBIX 3aBUCHMOCTe (rnapa 11). B o0oHX 3THX cny4asax ecliu
Mbl XOTHM TIONYYUTE COCTOATENbHbIC OLEHKH, TO AOXKHB HalTH KaKyio-ITHO0 anb-
TEpPHATHBY METOIY HaKMEHBIIHX KBaAPaTOB.

8.2. Nocneacreua ownboK uaMepeHus

B 3kOHOMHKE NMpPH UCCASAOBAHUH KAKON-1HOO 3aBUCUMOCTH UCIONB3yeMBIE Ie-
peMEHHBIE YACTO OKAa3blBAIOTCA HENpaBUILHO H3MepeHHEIMH. Hanpumep, B obcne-
JOBAHHAX YACTC HMMEIOTCH OI.I.[HﬁKH, CAcNaHHLIE MO BUHE OMNpALIMBaEMOro, Hefpa-
BH/IEHO MMOHHMAKILErO BONPOC (4 B HEKOTOPAIX C/YYasx ¥ [0 BUHE ONIpaLIMBAICLIS-
10). BmecTe ¢ TeM coofLieHHe HeNPABUIBHBIX CBEACHHH SBAACTCH He eNUHCTBCHHBIM
HCTOMHMKOM HeTouHocTell. MHoroa cayyaercs, YTO BHl KaKMM-TO 06pa3oM onpene-
JWIH TIEPEMEHHYIO B MOASNM, HO UMEIOWIMECH JaHHBIE CBUAETENLCTBYIOT O HECKOMIBKO
Ipyrom onpeneneduu. [IIMpoko K3BECTHRIM MPUMEPOM TAKOTO CIIVYas ABAAETCSH pac-
cMaTpuBaeMblit B pasnene 8.3 kpurtudeckuii aHanns M. OpuaMeroM crasmaprHot gyH-
KUMi MOTpeONeHMs.

[TepBOHAYANBHO MB!I PACCMOTPHM KNaCCHMECKMi Cryudaii, B KOTOPOM AMCIEpPCUs
OOBACHSIONIEH NepeMEHHON CTPpEMUTCA B GOABIIMX BEIGOPKAX K KOHEUHOMR TEOpeTH -
yeckoi aucnepcui. B KOHLE 3TOrc pasnena Mbl NPOAHANH3HPYEM MOCNCICTBHA NPH-
HATHA AABTEPHATUBHOIO JOMYLUISHHA O TOM, YTO AUCNEPCHA HEOTpaHKYEHHC YBe1d-
YHBaeTCH.
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Ot bin nIMEPEHNST OOBACHAIOLLMX TEDOMEHHBIX

JIOMyCTHM, NMEpEMEHHAS ) 3aBUCHT OT TIEPEMEHHOH Z, YTO 3aJaHO CACAYIOLINM
COOTHOLUCHHCM:
y=a+pztv, (8.7)

rae v — CNyYailHEIA 4NeH ¢ HYNeBbIM CPENHMM M AMCIEpcHeil o 2.

[IpeAnonoXuM, YTO Z HEBO3IMOXHO M3MEpUTh abCOMIOTHO TOYHO, K Mbl HyldeM
MCHONB30BATH X AL 0003HAUEHUSA €ro H3MEPEHHOTO 3HaYeHUs, B i-M HaGmoneHun x;
PABHO MCTHHHOMY 3HAYEHUIO Z; MIIOC OMOKA MU3MEPEHUS W)

%=z 4w (8.8)

AonycTHM, YTo w KMEET HYNEBOE CpeaHEe U AHCHEPCHIO ©,2, uyTo Var (2) B Gonb-
uX BEIGOpKAX CTPEMHMTCA K KOHEYHOMY Npedeny 6,2 U YTO Z U v pacmpeaecHu
HE3aBHCUMO.

IMoacraenssa ¢popmyny (8.8) B ypapHeHue (8.7), moayuum:

y=oa+px+v—pw {8.9)

D10 YpaBHeHMHe UMEET ABC CAyJaltHbIe COCTABMAKILUHE — TEPBOHAYANBHEIK cyqaii-
HBlit YJeH v U outulbxy HaMepeHHsa w (YMHOXeHHYI0O Ha —[). BMecre oHi o6pasyior
COCTaBHYIO CAYYaiiHYI0 MEPpEeMEHHYIO, KOTOPYIO MBI HA30BEM U

H=v— pfw (8.10)
CooTHolueHHe (8.9) MOXHO Tenephb 3amuUCcaTh Kak
y=o+px+tu (8.11)

HMesa 3HaueHUA nepeMeHHBIX y (BpeMeHHO OyIeM MpeanojaraTh, YT0 OHU HM3Me-
peHbl TOYHO) M X, Mbi, HECOMHEHHO, MOXEM OIEHHTh PETPeCCHOHHYIO 3aBHCH-
MOCTB ¥ OT X.

Koadgduupeut perpeccud b, Kax 00uIHHO, NpPeACTABNAETCS BhipakenneM (8.2).
AHanu3upya ownOKy, MOXHO 3aMETHThb, YTO CHA, BEPOATHO, NMOBeAET celbA He Tak,
Kak Tpedyerca. [TepemeHHaa x 3aBucuT oT w (8.8}, 0T 3T0{T BETHYMHEB! 3aBHCHT TAKOKE
¥ & (8.10), Korga omnoka ysMepeHus B HaGn0aeHHH OKa3bIBAETCA NOJOXHUTENLHOH,
NPOUCXOAAT ABE BEWIM: X, HMEET MMONOXUTENBHYIO COCTABIAIOUIYIO W, & U, MMEET
OTPHUATENBHYIO COCTABAAIONYIO —fw,. AHAIOTHYHO, eCTH OLUIMOKA H3MEPEHHs OTPH-
LATE/IbHA, OHA BHOCHT OTPHUATENBHBIA BKAA B BENHYHHY X; H TIOAOXUTENBHBH BKIal
B BeJIHYUHY #;, CACROBATENbHO, KOPPEAALIHA MEXIY X U ¥ OTpULIaTenbHa. Benuuuna
pop. cov (x, ) HE paBHa HyNi0, a M3 cooTHoweHUA (8.2) cnenyer, uto b ABNgETCH
HECOCTOATENbHOH OLleHKO# B.

Haxe ecnu 661 y Hac GeUIA OueHE G0AbILAA BHOOpKa, OLIEHKA OKa3anachk 061 He-
TouyHoff. OHa O 3aHu:Kana f Ha BEINYHHY

o

-, 7 B (8.1)

o7 + 0y

Jokazarenscrso 3Toro aaercs Hwke. CHayana Mbl OTMETHM €ro QUeBHAHBIE CASICTEML
YeMm Gonbllie TeopeTHUECKAs AMCMEPCHA OWIHOKK H3MEpPEHUA NO OTHOILEHKIO K Te-
OpeTHYeCKOMN TUCMEpCHM Z, TeM Oonblle OyaeT oTpUiaTensHoe cMellenue. Hampu-
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Mep, eciu 661 62 65110 pasHo 0,2502, TO OTPHLATENLHOE CMELIEHUE COCTABANIO GBI

_ 0,250%
1,250¢2

yro paBHsierca 0,2B. Maxe ecau 661 BriGopka Gbina oueHb GONBILIOH, OLIEHKA OKAa-
3anach 6b1 Ha 20% HMXEe WCTHHHOTO 3HAYEHUA MPU MOMOXHUTENLHOM B # Ha 20%
BHIIE ero MpH OTPULATEIBHOM B.

PucyHoxk 8.1 noka3ssipaeT, Kak omInfKa HIMepeHHA NIPUBOANT K [TOSBISHHUIO CMe-
IEHHbIX K03 hOHLUHEHTOB pErpecCHH, eCH KCTIONb30BATh MOAEb, TIPEA