Haym Lllesenesuy KPEMEP — npodeccop,
3aseqyoumin  kadeapoii Buicieid Matematnku B3O,
\‘ YIeH-KOPPECNOHAEHT AKafieMun 3KOHOMMUYECKUX HaykK
1 NPEANPUHAMATESLCKOW AeSTENbHOCTH.
Astop Gonee 115 neyarHbix pabot. Cpeay Hux y4ebHUKu 1 y4ebHble nocooms
1S BY30B MO 3IEMEHTApHOMN, BbICLUIEN W NPUKNALHOI Matematike, OpOLIIOpbI
11 Hay4Hble CTaTbW MO MPUMEHEHUIO MATEMATUYECKMX METO0B B SKOHOMMKE
ABTOMATWU3WUPOBAHHbIX CUCTEMAX YNPABNEHUS BY30M.

Bopuc Anekcanaposuy NMYTKO — kananpar
bUM3MKO-MaTEMATUYECKMX  HAyK, AOLEHT Kadeapbl
BbicLien mMatematvki B3D3IN.

Astop Gonee 40 nevatHbix pabot. Cpeay HUX HayuHble Tpyabl B 00nacTy

anbdepenLmManbHoi reoMeTpim, MaTemMaTiyeckoin Gpuankn 1 Teopin BEPOATHOCTEN,

MeToauyeckune pabotsl. CoaBTop Tpex y4eBHUKOB 1 y4eOHbIX MOCOOMIA MO BbiCLIEN
1 NPUKIAOHON MaTeMatuke.
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[Mpeaucnosue

«IKOHOMETPHEA» KAK JMCUHTUIHHA CAepaisHOro (perHoiaib-
HOTO) KOMOOHEHTA TI0 LHEY OGLIMY MATEMATHYCCKMY M ECTeCTREH-
HO-Hay4ILIX AHCIMITHE BIEPBLIC BEO4EHD B OCHOBHYIO 00pa3os:-
TEMBHYIO MPOTPaMMY [OAIOTORKH IKOHOMHCTOR, onpeigtaeMyio [o-
CYAAPCTBEHHBME 0DPAZ0RATEILHEIMH CTAHAAPTAMM BbiCluery obpa-
IORAHKA BTOpOro noroaeHua, O0HAKO B HACTOSINEE BPeMA OLLYLLE-
ETCH HEXBATKA JOCTYIHBIY y4eGHHKOE M y4eOHBIX 1ocofnid no 3xo-
HOMCTPHES 118 CTYIEHTOR 3KOHOMMYECKHY CITENHATBHOCTCR By30s,

ABTOPRL JaAHHOrD yqeDHMKA TONBTATHCE XOTH O B HEKOTOpRO
CTENEHH BOCOOMHWTE HMCIOIMACH npoben. YUeDHMK HanUMcaH B co-
OTRETCTEMH ¢ Tpebopanmiami [OCYIapeTBeHHOrG odpaAz0RaTEIBHOID
CTAHJAAPTA N0 JMCUMILTHHE «ZKOHOMETPHEA» [UIH JKOHOMHUSCKHUX
chcuManeHocTER By30R, TIpe wanosendy yuebHOro MaTepdana npem-
NOTATASTCA, YT HMTATENL BIAAeeT OCHOBAMH TCOPHH BEPOSTHOCTEH,
MATEMATHYECKOH CTATHCTHRKM M JHHeHHOA atrebphl B 00BCME Kypoa
MATEMATHEHW IKOHOMHYCCKOTO syaa (HanpuMep, [2] u [12]).

YUchiuK cOCTOMT M3 BBENSHM, OCHOBHOTO yUHedHOTD MaTepHana
{ro 1—107 v mpuaesenmd (. 11—12).

Bo ppegenpy NaH0 OMPETSTEHHE IKOHOMETPHKH, TIOKAIAHO o0 MCCTO
I} PHIY MATEMATHEO-CTATHCTHYECKHY M SKOHOMHYCCKHN THCLMIUIMH.

B zagee | MaN0xeHsl OCHOBHEIC ACTICKTLI 9KOHOMETPHIECKOTO MO-
AEMUPOBAHMS, ETO TIPSANOCEUIKH, THE BRIDOPOUHBIN JAHHLIX, BWAL
MOJEICH, Jranbl NPOBEIeHrsT ¥ BOSHHEAICILIHE NPH 3TOM NpobaeMbl
MOAETHPOBAHWA,

B cBAzM ¢ teM, 4TO OCHOROH MaTEMATHYCCKOID HHCTRPYMEHTAPHA
JKOHOMETPHEKH ARMACTCA TCOPHH BEPOSTHOCTEH W MATCMATHYSCKAsN
CTATHCTHKA, B 22gge 2 NPENCTARICH KPATKMI 0030p £ OCHOEHBIX
NOHATHI M peayaeTaToB, Cleiyer MMETh B BHIY, 4TO daiiiui obsop
HE MOMCT 3aMEHMTE CHCTEMATHYSCKOMD W3YHEHNA COOTRETCTEYIOLIG-
TO BYIOBCEOTO EVPCA,

B cageax 5.4 paccmoTpeHbl KTACCHYCCKHE NHISHHLIE perpeccH-
OHHEE MOIEIH: B 2dgee § — DAPHRIE PETPCCCHOILIE MOASIH, Ha
NpUMEPe KOTOPRIX HAMG0Iee A0CTYIIHO W HAMIHO YIACTCA [pocie-
AUTL DUI0Rke NOHATHA PCIPLCCHMOHHOTD AHANTA3A, BHHCHWTL OCHOB-
HEIC NPEANOCHIIKH KAACCHYECKOR MOLSIK, TATL OUEHKEY 88 MapaMeT-
POR M IEOMETPHAMECKYID MHTEPNPETALMIO; B 2idee 4 — oDOBIIeHME
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perpeccud  1a <Iv4all HEeCKOMRKHX  OOLACHHAWOWMX [CPEMEHHBIX,
[MpuMenenue & riape 4 ANMapaTs MATPHYUHOR AIredpbl MO3BOIACT
JATh KOMITAKTHOE ONMCAHME H AHANMI MHOMKECTBEIHON PErpeccHH,
IOKAZATENLCTRO €€ OCHOBHBIX MOIOREHHH.

B eaase 5 paccyMOTPEH PAL MRODAEM, CBASAHHEIX ¢ HCNOLIOBAHHEM
PETPECCHOHHBIX MOLCNEH, TAKMX, KAK MYTBTHKOUTHHEAPHOCTh, (DMK~
THEHRIE TIEpeMEHHBEIE, THHSAPHIALN MOTENH, YACTHAH KOPPEIHLIH,

B eqase 6 nanul 001IHE TIOHATHA W MPOAHATHIMPORAHLL BOIPO-
ChI, CEHZAHHLIC ¢ BPCMCHHBIMH (IHHAMMHUSCKMMH] PUIAMH M HC-
MOTR3I0OBANHEM HX MOACACH 118 TPOTrHOIMPOBAHMA.

B zigee 7 npencrapicHpl 0DOBITEHHAR THHEHHAH MOIENL MIIOKE-
CTBEHHOH PErpeccHM M oDOBIIEHHEIH METON HAMMEHBLLIMX KBAIPATOR,
Meenenyercd KOMIUIEKE BOMPOCOB, CBA3AHHBIX C HAPYLIEHHEM JIpeil-
NOCLUIOK KIACCHYECKOH MOMenM PerpeccMi — TeTepOCEelacTHYI0-
Crbi0 M ABTOKOPPETHPOBAHHOCTRID OCTATKOBR BPEMEHHOMO PALA, WX
TECTHPOBAHMCEM M YCTPAaHCHMEM, WISHTHHMKAIHEH BPEMENHOIO PHIA,

Figagr & MOCBALLGHA DACCMOTPEHHK) CTOXACTHUMECKHMX PErpecco-
POB M HMCTIONBIOBAHWID CTEIHATRHLEIX METOMOE HMHCTPYMEHTAILHBIX
NepeMeHHBX. 30eCE ®E JMAHO ONMMCAHME CHEUMAILHLIX MOLCICH Bpe-
MCHHEIX PAOOE (ARTOPETPECCHOHHBLIY, CKONB3ALEH CPelHed, ¢ pac-
NPEISTEHHBMY JaraMi M MX MOTH(MUEALKA), [03BOIHIOWHY Haubo-
aee  ppeKTHREHO pPEUIATE  3a0dtM dHaNM33d W [IPOTHO3SHPOBAHMA
BPEMEHHRIX MHI0B.

B zrase U mayueHbl SKOHOMETPMYCCKHE MOISNH, BRIPAKEHHRE
CHCTEMOH  OOHOBPEMEHHLIX  YpapHeHHA. PacocMoTpedr npobiemal
HACHTHOUUHPYEMOCTH MapaMeTPoB MOMSIH, KOCREHHBIR W Tpexiia-
FOBBIA MCTON, HAHMCHBUIHMY KBEAOPATOR.

B aragee 10 oTpaxensl npobnembl crelMDHEAILME DKOHOMETRH-
HECKHMX MOJETeH.

B rnagax (1—10) apToOpel OrpaHHMMIMCE PACCMOTPCHMEM B OG-
HOBHOM AUNEIHBN SKOHOMETPUUECKHY Monelel Kak Rawbonee mpo-
CTBi M OBIATAIOLIHY MEHBIIMM PHCKOM [OJVHCHHMA 3HAYHTETRHbLIX
owmbor mporHosa, o Tol &e npHYrHe M3VHEHHE BPEMEHHBIX PSLIOR
OB OFPaHHYEHO PACCMOTRCHMEM B OCHOBHOM CHRAMIOHAPIGN PHIOE,

VyuThIEAA MATPHIHYID GopMy HanomeHus & yaebIHKe BONpocos
MHOKECTREHHONH PerpeccHu, B npanomeddu {(erase 1T) NPHBEOCILI
OCHOBHBIE CBEACHMA M3 IHHEAHON anrebpel. KpoMe Toro, B 2iaee [2
PACCMOTREHD TIPHMEHSHHE KOMOLIOTCPHEN TTAKETOB JUTH OUEHWBA-
HHUS 3IKOHOMETPHYCCKHN MOICHCH, 4 TAKHE NPOBENSHHE 3KCTSpH-
senta no serody Monre- Kaphio, OoCHOBAHHOIMO HA KOMIBIOTEPHOM
MOICTHPORAHMHE CTYYAITHBIX RETHUMH.
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Manoskenue marepuana CONMPOBOXKIAETCS  WUTIOCTPHPYIOILIMMH
ErO NPHMeEpaMH M 3a1auaMi. PelieHte 3THX 33139 NPOBOIUTCH JIHGO0
BPYUHYHR: — 108 OTPaDOTKH COOTBETCTBYIOLLMY MCTOUOL MX pelie-
HHd, THO0 ¢ MOMOLLBD KOMIOBIOTCPHOTD JKOHOMETPHUSCKOND TTHAKETH
aLeonometric Viewss, [Ipu noaroropke satay ObUIH MCTIONMBIOELHEL
PASIHIHLIE TOCODUH M METOAHYeCKHe MaTepuans. YacTe 3amau co-
CTARJEHA ARTOPAMM CNENMANRHO A0 yiebHMEA, 3ada4uM ¢ pellcHMAa-
MH TMPUBOOATCS B OCHOBHOM TEKCTE NAHHOH [MIaBLl, 4 3ajadW [Uid
CAMOCTOSTENBHOH padoThl — B KOHLUE MMABLH B PYOPHES «¥ Ipasie-
Huse. (Hymepaluus 32084 no riase — eumiad.)

HeoBxoaumple U151 pelieHus 38080 MATEMATHKO-CTATHCTHYSCKHE
TabNHLEL JAHEL B MTPHAGKEHMH. B KOHIIE KHHTH NMpMEEIEH DA3REpHY-
THIH NMPeIMeTHRIH YKA3aTeh OCHOBHBIX NOHATHH Kypca.

ABTOPEL BRpa#aloT MvBokyio Graronapiocts npod. B C Mxumapsny
u npod. M0.C. Xoxaosy 33 peUCHIMPOBAHME PYKOIIMCH M CASllaH-
HBEIE MMHA 3daMEUdHMH.



Beenenue

[Mociennue AECATHICTHR JKOHOMCTPHEA KAk HAaydlas QHCLKI-
JNHHA CTPEMHTENLHO p&lﬂ]iH]SHB’J'CH. Pﬁ(ﬁ'l'@'l’ YHCIO ]E}]}"‘-[!lhlx ]1}'6:3}'{}(':1—
[1Hif'T H HCC..'IE,"[GFLEHHﬁ C NpHMEHEHHEM JEOHOMETDHYECKHX METOIORE.,
CB[«‘L‘I&TEJT[—;CTBGM BCEMHPHOMD TIPHIHAHKA SEOHOMETPHEW AENAETCH
MPMCY#ICHME 38 HauDoAce BRIOAKIMECA paIpaloTKH B 3Toi obnac-
H HobeneRcknx npeMud no skoHoMHke P, @pumy 1 A, THudepry
(1969), JI. Kacitny (1980}, T. Xaasenemo (1989), Ok, Xexksany n
O. Maxdaaaeny (2000).

H'ji:i}( AKOHOMHEKH BCe DIVILIIE CTAHOBUTCH H3LIKOM MATEMATHEH,
il IKOHOMBEY BCE MAINE HAZhLBAKT (}J'LH{‘.IH H3 H?l[«iﬁDJ'iEE MATEMATHIW -
PORAHHKIX HAVE,

JoCTH®EHTA CORPEMEHHON IKOHOMMYCCKOH HAVEH NpolbABs-
KT HOBBIE TREOOBAHMA K BBICIUCMY NPOccCHONAILHOMY 0BpatoBa-
HHID ZEOHOMHCTOR, CU(FPE‘.“IIE:‘HH(J‘&" AROHOM I ECK e GﬁpﬂB()ﬁﬂHuE, = ¥i%
pepekaaeT ampexkrop U2MM PAH axanemux B I Makapon, —
ﬂ{?pJH:Hm{,'H 1 mpe_x KUMAX, MOKMNIZEORHMUKE, MUKPOIKODHOMUES W 5RO~
HOMERTDIRCE. ECJ[H B [NEpHOIL LEE]-[']PEL'I}'{JUHHHHUﬁ TUTAHORBOH AKOHO-
MHEH VIIOP ACJELNCH Hel DWTAHCORLIX H OOTHMHIAIIHOHHREIX METOAAX
HCCNeLOBaHHA, Ha ONHCAHHWH «CHCTEME] EI}}"HK[L]{{TIHHDGBHHHH COIMA-
JHCTHUECKOH IEKOHOMMKH:, NOCTPOSHHH ONTHMWIAHOHHBIX MOIC-
JeH orpacied W TPEINPUSTHIL, TO & Repuod Repexoda K palHounol
INONOMINKE EOSPACHIAERT Ml SHOHOMEMDUHECKEY .M(?mﬂl'jﬂﬁ. 563 FHA-
HHA ZTHX METOA0E HEBOIMOMHD HY WMCCIENOBRAHMS W TCOPRETHYCCKOD
DﬁDﬁU_ICIIHG :JMI]HPH‘!ECK}'{X FBWCHMOCTEN FKOHOMHUECKHWNY TIEpEe-
MEHHEIX, IIH [HOCTROEHHME CKDI!]?KO—HHﬁ}"JIh HAJZXHOTD NMPpOrHe:sa B
DAHKORCKOM HCie, (hMHAHCAX MAKH BU3HeCS,

Eauioe oblelpuHaToe onpeisieHHe IKOHOMETPHKM B HACTOA-
mee BpeMs oTcyTeTiver. CaM TEPMUH «3KoHOMeTpukas! 61in BReacH
B 1926 1. HOpBeKCKUM yuedkiM P @puilieM W B JOCTOEHOM NMEPCRO-
Je OFHAYACT eIKONOMETPHUECKHE MaMepeHMsts, Hapany © Takum
HIHPOKHM MOHHMaHKEM SEOHOMSTPHMEH, NOPpoAIacMbiM MCPCREOLOM
CHAMOM TEPMHJIH. BCTPEHAETCH M BCCBMA V3KAH TPAKTOBKA IEOHO-
METPHKH Kdk JE&E{}}'}H MATEMATUEO-CTATHCTHYCCEMX MCTOILOB, MWC-
MOALRIVEMEIX B ITPHITOAEHHAX MATEMATHEKR B DEOHOMHEC,

I B nuTeparype MCIIOABSYCTCH W OPYIOH, MEHEE VIOTPEGHTEALHEN, TEpMUH «3KOHO-
:1.1{‘:51}555-'.
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[MpHBOOHMBIE HHXE OTNPSICTCHHA M BLICKAIMBAHUA HIBECTHBLIX
YVUEHRX TIO3BOIAIT NOAYYHTE NPEACTARICHHE O PANIHYHEIY TOIKO-
BAHHAX IKOHOMETPHEN.

DHOHOMEMPUKG — M0 pA30en SKOHOMUKY, 3UHEMAIMHECT paspa-
GOm0 W NPUMEHEHLIEM CAMucmuseckcux memodog dan  uamepenu
ERAUMOCERIel mexedy mconomuseckimu nepeserntevin (C. Duwep 1 dp).

Ocrosnan sadaua IKOHOMEMPUKE — NAROIHUME IMAHPUYECKUM CO-
depucanuem anpuoprsie Iconomudeckue paccyycdenus (. Kaetin).

Heas anonomempury — IMAUPUSCCKUE ebieod FKOHOMUNECKUY 30~
wonos (2. Masenso).

Dronomempura Aeifemca He Ooaee wem nabopoM HHCONPYMEHINOE,
XOMA W OENL ROAEIHIX, . IROHOMEMPIKG A&IAeMCA DOHOBDEMENND -
LM MERECKONOM I HEUM MUKPOCKONOM 048 NIVHENUS DKPYICAIOME)
scontasmuneckazo mupa (L Fpaauxec),

P, Dpunn yvEAIBIBACT HA TO, UTO IKOHOMEMPUIR €Ctib etuHcmen
PR COCTIOETARIENY — CHIGMUCHIUKN, DKONOMUSECKOT Meopuy i Mma-
MEMAMUKH.

CUA. AdiBazsai oarder, uTo 3KOHOMETPHEA 00BbEIMHAET CORO-
EYIHOCTE METOMOR M MOISTCH, No3Bsomwuy ga Dale axoposmiiye -
CRON MEOPHN,  DKONOMUEYECKOH  cRamucmuky  § MOmeMamixo-
CMEMUCTIHYECKOS]  UHCIMPRMERMApLS  TIPUOABATE  KOJHUECTBEHHEID
BRIPLKEHWH KAYCCTECHHBIM 3ABHCHMOCTSIM.

OCHOBHBEIE pesyiLTaATH SKOHOMWYSCKOH TCOPHM HOCHT KavecT-
BEHHBIA XAPAKTED, A IKOHOMEMPHIG SNOCHR 6 HUX AMALMMECKOE Co-
depricanue. MaTeMATHYCCKAA IKOHOMMEKA BRIPAKACT IKOHOMMYCCKME
IAKOHBI B BHIE MATEMATHYECKMX COOTHOLUCHMI, 4 IKONOMEMpPLKd
CUVMECHIGTAEI  ORLINKYI0  APOBEDKY  INHX  3aKOH08. DKOHOMHUSCKA
CTATHCTHEA JaeT MHPOPMALUOHHOE obecTeeHHe HCCASIyCMOTo npo-
NECCa B BHUE HEXOAHLIX (0GpadoTAHHBIX) CTATHCTHYECKHMX JTAHHLIX H
JKOHOMHYECKMX TIOKA3ATENEN, A IKONOMempPLINd, NCTIONR3VE TPaTHIIH-
OHHBIE MATEMATHEO-CTATHCTHYCCKHE M COELNMANRHO pa3zpaboTaHHbIC
METORI, APOSodiEm audan: KOINHECHIGEHRMX G3QHMOCERIel MeXedy s~
M ROKELSQMETRMIL

Muorve DAz0RRE MOHATHA IKOHOMETPHKM MMEWT JARa olpencic-
HUA — «3KOHOMHYCCKOS» B emaremariueckoes, [MonobHas ABoRCT-
BEHHOCTb MMEET MECTO W B (POPMYIHPORKAY Pe3VILTATOR. XapakTep
HAVHHLIX PaboT Mo IKOHOMETPHES BADLHPYETCH OT «KIaCCHMECKMX»
JKOHOMHYECKMX paboT, R KOTOPLIX TOMTH HE MCTIONRIYETCA MATCMA-
THYCCKHE Allnapar, A0 CONMWIHEX MATEMAaTHYCCKMY TPYIOB, MCHOMh-
SYIOUIIHX AOCTATOMHO TOHEHH anMapar cOppeMedoi MaTeMaTHim.
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FROHOMUYECKAR COCMARIIOWAR IKOROMempPuiy, DE3YCIOBHO, AR-
anemes nepewnol. UMEHHO SKOHOMHEA OTIPENeseT TIOCTAHORKY
3ANAYH M WCXOAHBE TIPSIMOCRIIKK, 4 PesyviILTaT, (opMHPYCMBIA HA
MATCMATHYCCKOM A3RIKE, NMPEICTARTAST HHTEPEC JIMWL B TOM CIYHac,
Sl YOAcTeA Cro KOHOMHYCCKAA WHTERNPRETALIMA. B 1o e BPCMA
MHOIHE IKOHOMETPHYCCKHME PE3VIIBTATH HOCAT XAPAKTEP MATEMATH-
HECKHX YTEEPHASHHA (Teopen).

LIMpoKOMY Snedpeniang IKoHOMEMMMeck iy Memodog crocodomen-
G40 HOAEACHUE BO BTOPOI nonopuHe XX B, DAeKmpOiby Guidicii-
IMEALHBY MAWIH W B TACTHOCTH REPCONGABNBL KoMnsiomepos, KoM-
MBIOTEPHBIE 3KOHOMETPHUECKHE MAKETHL CASTAIH 3TH MeToLL Dojee
AOCTVIIHBIMM M HaTAAZHBIMM, TaKk Kak Hanbomnee TPYI0eMKYIo (py-
TUHHYIO) PabOTY MO PacuyeTy PasiMYHBIX CTATHCTHE, MAPAMETPOE,
RAPAKTCPHCTHE, TTOCTPOCHKWID TAGAMI M Fpﬂd}l'iKOB B OCHOBHOM CTAI
BLITIOIHATE KOMIBIOTED, 4 SKOHOMCTPHCTY OCTANACE TIABHEIM 06[)?1'
30M THOPHECKARA paﬁu‘m: MOCTANOBRA 3308491, BI:rIﬁ'C!]ZI COOTBCTCTBYH)-
LIEH MOMSTH B METOIA &8 PeLISHM., MHTCPOPCTALMA pC3VIALTATOR.

— i

[naea -l

(OCHOBHbIE QCMEKTBI IKOHOMETPUYECKOTO
MOAENUPOBAHMS

1.1. Beegenne B 3koHOMETPHMUECKOE
MOAENUPOBAHKE

PaccMoTpusM caenyoiyio cHTyauum, JonmycTHM, MBl XOTHM [Ipo-
JATL ArTOMODMIL M PEHIMAN AaTk ODRIBIEHME O OpodaXe B razere
a3 PVE B PYKHe, EGT{,‘CTBCEIHD, neped HaMH BCTAcT BONPOC KAKVIO
HEHY VKAZATE B OOLABIEHNNAT

(OUeRHIHG, MBI ﬁ}’ﬂt}}d PYROBOICTEOBATHCH HtI{fJCIIIJ."-iHLLMEﬁ o Le-
HE, KOTOPYHI BRICTABTAIOT APYIUe NPOIARIL MOMobHEX ARTOMODH-
aeii. HMTo smayMT snonobieie asroModnnm:? — OuesMiano, 310 aB-
TOMODHIK, obnamaoinipe GAMIKHMH 3HAYEHHAMH TakMx (akTopos,
KAk rofl beiiyeka, npober, Mowocrs dpuratend. [poranes konoH-
Ky OOBABIEHWH, MBI QOpPMHpYEM CROS MHEHME O pPBIHKS HHTEpe-
CYEDLLEIO HAC TOBAPL H, BOIMOMKHO, IOCIE HEKOTOPOIO PaiMbiLLIe-
HHA, HAZHAYACM LICHY,

‘Ha 2T1oM npocreiiiem NpuMMeEpe Ha CAMOM JIEIE MOXHO npocie-
OHTE OCHOBHEES MOMCHTH SEOHOMCTPHYCCKODD  MOACTHPOBAHHWA.
Pacemorpum Hamm geiictens Hosee hopMaATHIOBAHHO,

MBIl CTARMM 3A049Y OMPEACIHTE LIEHY — BEIHUYMHY, dopMHpye-
MY T BOMIEHCTEHEM HEKOTOPBIX (DAKTOPOR (MOdd BRINVCKL, NPO-
Bera u T. 4.), Tagkne 3ABMCHMBIC BCOWYHHBEL ODBYHO AL RAIOTCA
JagucmMnimi (00RACHAEMBME) TIEPEMEHHEIMH, 4 (QaKTOpR, OT KOTO-
DBIN OHH 3ABHCAT, — OOaHCHSIOM LMY,

(PopMupys 0DIIEE MHEHME O COCTOSHMN PRIHKL, MLl ODpaLaemM-
CH K HHTCPCCYRIICMY HAC Dﬁ’bﬂl{']’}.-' H MOIYYacM oacudaenoe 3HAME-
HHE JABHCHMOH nepeMeHHoN NPH 3aJAHHEIX 3HAMEHHAX 0DBACHHAK-
HIHX MepeMCHHEBLK.

VKasHBas KOHKPETHHH LeH) — Mafnodaemos SHAMEHHE 34BHCH-
MOH MepeMeHHO IABMCHT TAKXKE M OT cavuaiHay ARIEHHH — TakHy,
HAMPHMED, KAK NAPAKTep MPOoiasia, ero norpedioeTs b KOHEPeTHOH
ACHERHON CYVMME, BOSMOMKHLIE CPOKH TIPOTLKE aBTOoMODMIN W ap.

4



[Mponagen-ooIMHOUKA BPAT MM OVIET CTPOMTE KAKVIO-THDO MaTe-
MATHYCCKYHEY MOIOETR, HO MEHELAED KPVITHOTID CATOHA, CTIENHLUTHIH-
PYEMLEIOCH HA TOProwe asToMODMIgME  HA BTOPHYHOM pPLIHEE,
CKOPCC BCETD, 3AX0YCT MMETEH DoMee TOUHOS MPeacTARICHHE 00 0XM-
JacMOoH 1EHE W O BOIMOMKHOM TOBEIeHMH cayuaiiHOW cocTaris-
ll-lﬁﬁl. CJ’[Eﬂ}"}DIII,}'{H HIAr H 8CThE IKOHOMETPHHECKOE M(Jﬂﬂ.-'alﬂl]-'dHHt.

QBnIHM MOMeHTOM 1T A6 SKOHOMETPHUSCKON MOTSTH SIRIA-
eTCA PAITHeHNE IARUCUMOL Hepemennod Ha dee dacrty — oDBICHENHVIO i
cavaaiyio, ChHopMyIHPYeM 32034y MOACTHPOBAIMA CaMbiM ODLLHM,
I'IC/dJGHMiUlb]IblM 06[]&3'&)3-'1: MO QCHOS NN 3KL'HEPM1£:‘HHI&"!MIMI d‘anubm'
cmpeﬂe.fiuma Gﬁﬁ}i{.‘ﬁéﬂm}'}ﬂ HOCmb W, NMICCHAMPUEOH c;-‘ayrfa&rr_];m O -
SHANREYHE FCQK L }’qffﬁfiylﬂ FEQUHUNY, FAVHURD I:BI'.HML]I}KH{‘.I, 10208 HEKO-
TOPRIX TIPEANMNGEEHUN ) OleRKl HapaMempos ee pacapedeienia.

Tarym ofpazomM, IKOHOMETPHYSCKAA MOISTE HMEET CNeIVICLLUIA BHI,

Hadmonaeyos OOBACHCHHAY YACThH, HBH- . .
i : Chyuaiinag co-
AHAYCHMWC 38BN - — CIIAR OT IHAYSHHH O~ g CTARTAIONAN
CHMOH nepemMaeH- SICHAKMUHY TepeMCHHEBIY
HOM
4 - X + e (L)

OCTAHOBHMSH TeNeph HA wensx Monennposadus. [lpennonosms,
MOAYYCHO CICAVIOWE: BLIpAKeHHe And 0DBACHEHHOH 1acTH nepe-
MEHHOH ¥ — LeHBbl aproMobuis:

¥ =18000 - 1000, — 0,5x,,

rg ¥ — oMaaeMan UeHa arToMOOMIT (B VOIL ACH. &0, 300CE M TANee V.o, );

A — CPOE SKCTUIVATALNK ABTOMOOMAA (B ronax);

Xy — npoBer (8 Teic. kM)

Kakoso npakTHueckoe MPUMCEHCHHE MNONVUCHHOTO pe3yIBTATA?
OteBMaHO, BO-TIEPBRIX, O IO3BOAHET NOHATL: KAK MMeHHo dopMu-
DYETCS PACCMATPHBACMAH IKOHOMMYECKAA MepeMeHHas — I[IEHA Ha
apromobink, Bo-prophix, OH ITACT BOIMOXKIOCTE BBIABHTEH BIMsIINE
KON W3 00BRACHAIOMIMK NEPeMEHHBIX HA LUeHY ABToMODHIA {TaK, B
JaHHOM  Cliydae LeHa  HoBoro  astoMobnaa  (npu =0, x=0)
18000 v.e., npu 3TOM TOTRKO 38 CUET YRETHUCHMSI CPOKA IKCTLIVATA-
UUH Ha 1 rod neda aproMoDWid  YMEHLIIASTCH B Cpeldem  Ha
1000 y.e., a TomEKO 32 cuer yBenuueHus npobera Ha | THIC. KM — HA
0.5 y.e.). B tpethux, uTo, noxanyii, HauGonee Ba¥HO, 3TOT PE3YIlb-
TAT TIIO3BROAET MPOTHOSIH poBpdarT L HeHY Ha ApToMobun b,

1
Hepesenmae obosmayacm MPFOIHCHBIM K BYKBAMH TATHHCKOID ATHasHTa, 4 WX IHa-
HCHHA — CTPOYMHBIMHE.
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ECNM WIBECTHRI €r0 OCHOBHBIC TApaMeTphl. TCHeph MeHe/Kepy He
COCTABHT BOABIIOTO TPYIA ONPEAEINTE OXMIAEMYE) 11EHY BHOBR MO-
CTYMMEBHIETO JUTSE NPOJAKU ABTOMOOGMIA, TaXKEe SCIH CTo TOjl BIMVCKA
H NpoBer He BCTPEYANNCE PAHEe B IaHHOM CATOHE.

1.2. OcHoBHbE MATEMATUYECKKME NPEANOCHIKM
3KOHOMETPHUYECKOTO MOAENUPOBAHMS

[Mycre nmeetca p oDBLACHARIMXK NEPEMEHHRIX X|,..., X, W 3aBH-
cuMaa nepeMenHas Y [MepeMchnas ¥ OsBIACTCS cayuainion eeaiyi-
H{Jﬁ. HAMEULEA I ZalaHHBIY AHAMCHHHX tbamnp(m HEKOTOROES Pelc-
npeacaerye, Foau coyyalinag BeIWYMHA ¥ HENpepLIBHA, TO MOXIO
CHHTATE, 4T0 &C pﬂﬂ[lpEME]EHHE [P Kl OM TONYCTHMOM I-luﬁﬂ].’]ﬁ
IHaueHHH (AaRTOpoB (Xy, X),., Xp) MMEET VCAOBHYIO MNAOTHOCTh

S sy () -

OBRYHO OemacTesd HEKOTOPOS MPCIMoIeHeHHe OTHOCHTCILHO
pacrpegeiedus ¥, Yawe pecero Npeanoiaraered, 4o yeloBHbIe pac-
npeneneHns ¥ npH KLOIoM JONVCTHMOM 3HaueHHH (hakTopoB —
HOPM BB, MNogoGHoe NPCIMOIAHCHHE MO3BCTACT NOIYYHTE 3H4-
HUTENBHO O00ee  «[IPOABMHYTLIES PEsyvIETATE, Bnpouem, 3aMeTHM
IMECh HE, UTO TOPOH TIPEANOIOKEeHWE O HOPMATEHOCTH VCIORHBIX
pACTPeOETEHHA Y]'[[JI‘I}{OD.HTCH OTBEPTHYTh.

ObuacnAomne nepemennsie Xy (7 = ..., p) MOIYT CHUMTATLCA KK
CAVHQUHBMY, TAK W demepMusuposarisme, - T. €. TPHHUMAKITHMH
CIPCIeeHHBIC 3HAYCHHA. nﬂDHIIJIIDCT[JHP}'GM ITOT TE3IHC HA YHCE
PUCCMOTPEHHOM OPHMEpPe npomwxu asroMobuneid. Me momem sa-
paHee oTPENeInTh A8 ceda napaMeTpsl aRTOMODHIH W MCKATE 00hL-
ABACHHA O NpOoIasc ABTOMODHIA € TAKHMH NapaMCcTPasH. B atomMm
CAVUAE HEVIIPARMHEMOMH, COyuafHOH BEHUMHOR OCTAETCH TONLKO
JABHCHMAS MepcMCHHAA — 1IEHA, Ho MBI MOXEM TaK#E M}"Tal‘:fHHM
OBpasoM BLOMpATE OBBABIEHMA O NPOLAXS, B ITOM Clydae napa-
METPEL ARTOMOBUIA — ODRACHMIONIME NEPEMEHHEIE — TAKHKE OKAIEI-
BAIOTCA COVUaiHbIME BETHHYHHAMH.

Krnaccuueckas 3KOHOMETPHUECKAH MOIEL PacCMarpHsacr ofb-
ACHTIONINE TEPeMEHHBIE X, Kak demepMunuposanise, OMHAKO, KAK
MBI YEHAMM B JaBHEHIICM, OCHOBHBIC PCIVIRTATE CTATHCTHYUECKOTO
MCCIENOBAHMA MOLEIH OCTAIOTCH B 3HAYHTSILIOR CTENeHH TeMH KE,
YTO M B CIYYAE, BCAH CUNTATL X CAVHaUHbME NEPEMEHHBIMH.
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OfuicHeRHas uacTh — obosHayuM ee ¥, — B modoM caytae
fpeacTamifeT coboil PWHKIMIO 0T 3HavyeHnid dakTopos — ODRAC-
HAIOWWX NePeMCHHRIX

Y= ()
Takum 00pazoM, IKOHOMETPHUECKAsN MOIENL HMEET Bl
Y=f(X,.. X,)+e.

Haubonce ecTECTBEHHBIM BRBOPOM 06BACHENIION vacTH CIydai-
HOI BEMTMYHHE Y ABIACTCH e¢ CPelIHee 3HAYeHHE — YCNOBHOS MaTe-

watuyeckoe oxuganme M, . . (Y), TOAY4EHHOC TIPH AaHHOM

Hafope 3HaueHuit ODLACHAIOIWMX MEpeMeHHbIX (X), X2,., Xp). (B
nanmbHeiueM MaTeMaTHUecKoe oXuaanue Gyaes obosuadate M, (¥).)
B caMoM Jeae, 0o cpoeMy CMBICITY oOBACHEHHAA YacTh — ITO KM~
JacMoe IHAYSHKHE 3ABHCHMOM MepeMeHHOR TPH 340anbIX 3HAMeHH -
A% OO LACHAOIIMY,

Vpasuenue M, (¥) = flx...., X,) HASLIBACTCH YPAGHEHUEM PEEPECCUN,

[Py TAKOM ecTecTBEHHOM BLIGOpE 0OBACHEHHOH JACTH IKOHO-
MCTPHYSCKAH MOOCTE HMeeT BHI

Y= M} + &, (1.2)
e £ — CHydaiiHas BEIWUWHA, HASLIBACMAS SOIMPIUEHUEM WIH Omui-
fcoti, B Kypee MaTeMaTHUeckol cTATMCTHRM ypaBHeHue (1.2) HassiBa-
ETCH YPUGHEHUEM PEPECCUOHHON MOORAU,

Cpazy e OTMETHM, YWI0O 3IKOHOMETPHYCCKAS MOACIR HE
ob#3aTensHO HABIASTCH PErPeCCHOHHOM, T.6.  OOBACHEHHAS
YACThE HE BCerda MPefcTaideT coboil yOIOBHOE MATEMATHYECKOE
DCHIAHME JABHMCHMOR [IepeMeHHOH,

PaceMoTpls, HanpuMep, CICIVIOUIYIO 3a0avy, ONpeleiHTh 3aBH-
CHMOCTB 3aTpar ¥ Ha Kakoii-nubo tosap or aoxoga A, Honyerum,
HMEIOTCH JIAHHBIE ONpOca CTa 4EJI0BEK M CTO [ap MMCEN (X, ¥i).--s
(X150, J100). AHLIHMIMPYA 3TH JaHHBIE, Mbl MOAYHAEM (OTAOXKHMM 11OKA
BOTIPOC — KAKHM 08pasoM) sapucumocts Y= f(X).

OIHAKO MOXET OKA3ATRCHA, UTO AaHHBE O A0XNOLE, TONYYEHHLIE B
pe3yIETATE Ompoca, Ha caMos Jone GRIHEYTCH HMCK@MCHHIBIME, —
HanpuMep, B CpaiHeM FAHMHEHHRIMHA, T.C. OﬁTyHEIlHED].T.IHE nepeMet-
HBIC M3MEPHIOTCA C CHCTEMATHYECKHUMH O HOKAaMMN,
B srosM coavvae mioau, AcHCTEMTENLHO oDlafalouniMe JoXomoM X, Dy-
I¥T HA caMOm JIefe TPATHTE HAa Hocaeayvembtil TOBAD B CpedlcM Be-
JHMUMHY, MeHBIIVE, deM f{X), T.e. B paccMoOTpeHHOM NpUMepe 0Db-
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ACHEHHARA MACTL He eCTh YCIOBHOL MATEMATHYECKOS QA HIAHKWE 3ALK-
CHMOH MepeMeHHON.

CHCTEMATHYECK NS UlJJHEI'KH H3MEPCHMA {‘.Iﬁ'E:HCHH]{JI.I.le MnepeMeti-
HEIX — HIL H3 BOIMOXHBLX MPUYWUH TOMD, STO AKOHOMETPHYSCKAA
MOAETE HE HBIHCETCH perpeccHoHHOR. B 3ROHOMMYECKHN MOCICI0bA=
HUAX TIOLODHAY CHTYALMS BCTPEMASTCH TOCTATOMHO dacTo. OnmuM
M3 BOIMOMHLIX l'l}'"["{:ﬂ VOTPAHCHHA 3TOT0, K4K HpdBMid, L0BOJABHO
HENPUHATHOTY ODCTOATCALCTEA, ABASETCH BRIDOD Apyrux OObLACHALD-
HEHE MEPEMEHHLIX {:_'.'I'I'H BOMPOChH pACCMATPHBAIOTCH 1§ 101 8 HACT O~
WCTO VeeDHHKL).

C MaTeMaTHUECKOH TOYKH 3peHHs PeTPECCHOHHREE MOAEIH OKa-
IRIBAKTCH CYIIECTBCHHO G0ee NPocThiM 0OLEKTOM, HeM JKOHOMET-
PHYECKAN MOACTE 00ero THna. OTMETHM 3ICCh HOKOTOPLIE CRONCT-
[A PETPECCHOHHON MOIEIH,

Paccmotpum pasenctso V= M. () + & 1 possMes o1 oDCMX
ACTEH MATCMATHYCCKOS OMMIAHHE NP 3aIamioM Habope 3HaueHuit
OOBACHARIHY Tepesenyoy X B arom covaae M, (V) et yncnopan
BETHUMHL, PAaBHad CROCMY MATEMATHUECKOMY HHIAHHE, W MBI N0-
JIY4acM PABCHCTEO

My () =10 (1.3)

(@ sHaumT, n M) = 0}, T.c. B PErPecCHOHHON MOIEIH OXHUIAEMOS
JHaueHWe caydalHod owndry papHo nyaio, MoxHO nmokazarts, 4To
OTCIONA cAeayeT (ecau OOBACHIIONINE TepeMEHHLIE PACCMATPHBAIIT-
CH KAK CIYYAAHEES BENMUHHL) HEKOPREIPOSaHROCHTE CAVRIIHDI OWL-
GoK o O0RRCHARMEY mepeventiay X, D10 obCTOATENLCTBO GKa3hBACTCR
HaMBOIes CYIISCTREHHBIM YCNOBHEM COCHIOMMGILHNCHIL TONYYASMBIX
KOJTHYECTEEHHLIX Pesy/ILTATOR AHATMEA SKOHOMETPHYCCKOH MOmeny.

1.3. SxoHoMeTpHueckas momdens
M 3KCNEPHUMEHTANBHLIE AOHHbIE

UToBE MOAVIHTE AOCTATOUHO JOCTOREPHEIE M HHQOPMATHRHEE
TAHHKE O PACOPEICTICHEN KAKOH-THB0 cliydaifliiol BeTyumMHE, Heod-
XOOMMO HMETE awfopr)y ee Habmodeiil 10CcTATOUHO B01LIOTO 00h-
eMa, Bubopra wabiuoicHyi 3aRMCHMONE nepeMcHiol Vo u o obhsic-
HAWIKX [epeMeHHbx X (f = 1,..., p) ABAAETCA OTOPABHOA TOYKOH
M0DOrD FKOHOMETPHUIECKOID HECISTDBAHMA.

Takue spBopky npeacTasisw! coboil Habope! 3HaveHHA (X7,...,
Xipe W), TR £ = 101 p — KOMHUECTBO OBBLACHSIOLINX TTEPEMEHHBIX,
n— qreno nabnoneHmnit
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Kaxk npasuno, 4Heao nabiioneHni 1 T0CTATOYHO BEANKO (1eCHT-
KM, COTHM) M 3HAYMTENLHO MPEBBILACT YMCIO p ODRACHAIOWINX Te-
peMenipy, [pobrema, OOHAKO, SAKNOMASTCH B TOM, Wro Habmwooe-
HUH V;, PACCMATPHEACMbBlE B PAIHBIX BLIDOPKAX KAk Ccaydvadi -
H Bl & BEAMYHHL ¥ ¥ NoaydasMbe TpH PasiuIHbIY nabopax 3HaMe-
MUt OORACHSIOIIMY NepeMeHHRX A, HMeoT, Boodie ToBODH, pai-
THYHOE pacnpengiedmne. A 1o OIHAMAGT, UTO U Kamao# cuydai-
HOH BeAHIHWHE F; MBI HMeeM BCETO JHWE oaHo Halmogenue, Paiy-
MEETCH, HAE DCHOBEHHWH DOHOT( HADTIOAEHHT HUKAKOTO AleKBATHOTO
BRIBOOA O PACHPETSIcHHH CNyuaifHOi BETHYHHL! CASTaTh HEAb3A, W
HY#RHE TOMOTHHTCILHEE MPETTOIOHEHHA,

B EnaccHueckKoM KYPoe SKOHOMETPHMKH PAcCMaTPMBAcTCH  LBa
THOA BRDOPOUIILIX TaHHBIX,

[lpocTpancTReliian  BRIDOPKA WIH  IPOCTPAHCTBENHLIC JAHHBIE
(cross-sectional data), B 2KOHOMHKS TIOL npocmpaucineeniol esiog-
KO TIOHUMAIOT HAabop Mokazareied SKOHOMHYCCKHX NEPeMEHHBIN,
MOAYHEHHBIH B JAUHBIH MOMEHT BpoMeHH. JId IKOHOMETPUCT, O-
HAKQ, TAKOE ONpefelcHde He oueHb yaodio — Hi-3a HeoOHO3IHAY-
HOUTH MOHATHA «MOMEHT BPCMCIHs. 3TO MOMKET OLiTh H J8HE, M He-
Jend, o roa. OUeBMano, © TpoCTpaHcTBeHHON RRIOOPKE HMeET
CMBIC TOBOPHTE B TOM Cly4de, €cid Boe HADMOIEHWS TIOYHEHL
[PUMEPHO B HCHEMEHHEIX VOIOBMAX, T. €. NPefcTasisoT coboll Ha-
DO HEIABMCHMBIY BREIOODOUHBIX JAHHBIX H3 HEKOTOROH TCHEpLIBEHOH
COBOKYTTHOCTH,

Takusm ofpazoM, MLl OvaeM HAIBBATL APOCHIPOHCMBERNGE ghifop-
KON CEPHIO M3 A He3aBHCHME X HaDmogeHwd (p+[)-Meproi
caydainod senuynne (X, Ay V). (Tlpu stoM B LanpHeiinem Mox-
HO HE PACCMATPHEATEL X; Kak ciyuaiinble peinunnbl.) B atom ciyvae
PASITHYHBIE CIYYAHHBIE BelHMYMHBL ¥ OKA3bIBAOTCH Memay coDoi
HEZARHCHMLIMM, HTO BaeueT 3a CcO00H HEeKOPPeMMPOBAHHOCTL WX
BOIMYUIEHHI, T, €.

rie, &) =0mpui=j (1.4)

rie rig. g) — KOIPPHLUHERT KOPPEAALMM MEXKTY BOIMYLIEHMAMH &;
g

Yenorde (1.4) cyulecTREHHO YNPONIAET MOAEIL H 28 CTATHCTHURCKHH
AHATNS,

Kax onpenendTh, SRIACTCH MW BHIOOpKa cepWed HEIABMCHMBIX
nabmmoaeiuin? — Ha 3ToT BONpoc HeT ouHo3HauHoro oroera. Pop-
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MANLHOE OTPEICHCHNE He3aBHCUMOCTH CHYVUANHBIX REIWYHMH, Kak
MPABKID, OKAIBIBASTCH PEANBHO HEnpoRepAeMuM. OOBYHO 31 He3a-
BUCHMBIC [IPHHHMAKTCH BeAHHWHEL, HE CEATAHHBIC TPW Y M HH O
(IHAKO Ha TPaKTHKE OAIeKO HE BCErla BOTIPOC O HE3aBMCHMOCTH
OKAZLIBASTCH DECCTIOPHEIM,

BepHeMca K npuMepy o mpojixe Mammiet (eM. § 1.1).

Ilycre ¥ — ueHa manmmHel, X — rom BHIVCKA, a (X). Fij...
{xy, ¥o) — CEPHA JAHHEEK, TOMYYSHHAS W3 razeril «M3 pyE B pykHs.
MozHo TH CHMTATE 3TH HARIOASHHST HEZABHCHMBIMEY

PayivaHEIC NPOJABIET HE 3HAKOME! MEAIV CODON, OHM JA0T CBOM
OOLMIIEHNS HE3ARKCHMO TPYT OT NpYrd, TaK UTO TPeinonoReHe o He-
JABMCHMOCTH HABIIOAeHWH BBRITIAANT BNOMHE pasyMuo. C apyroi cro-
POHLL, MEMOEEK, HAZMAMTAIONTHA LEHY 34 CEOW ARTOMODH b, PYEOBOICTEY-
STCH LeHAMW MPSIbayiIHy ODBIBICHIH, TAK UTO H BOIPLKEHHE TTPOTHE
HEZARMCHMOCTH HADMIOIS M TAKKE MMCET 1TPABD HA CYLICCTROBAHMHE,

Mz aroro sMowHO cOenark BRIBON, YTO pelleHHe O MpoCTpaHcT-
BEHHOM Xapaktepe BHDOPKH 1 W3IBECTHOH CTENEHW CYDBEKTMBHO W
CHH3AHO ¢ YOIOBHIMM MCIIONB3YEMON wMomend, Bhnpouem, To Xe ca-
MOC MOEHD CEKAZATL O MBOTHX H?CHIIDJIDKEHMHX, KOTODRIE NENaTCH
B MATCMATHYUSCKOH CTATHCTHES H ﬂmﬁﬁHH{} 22 NMPHICECHHAX,

Mtak, SEOHOMETPHYCCKAM MOJETh, [OCTPOSHHAT Ha DCHOBE TNPO-
CTPAHCTECHION BRIDOPKH JKCIEPUMEHTATEHLI JAHHBLIX (X J;), HMCET BHI:

Y= FIETRE F= boyn, (1.5)
e OIUWBKH perpeccHi VIOBAETEOPAIOT YCIOBHIM

M{e)=0, (1.6)

rig;,e;)=0, (1.7)

Diz;) =o}. (1.8)

Yro kacaetcs voropust (1.8), TO 3M0CH BOIMOMHE IEA Cy4as:

a) o =o? npu RBeex i # j. CBOHCTBO MOCTOSHCTRA JHCIICPCHI
OUIMDOK PEIPeccHM Ha3hBACTCH comockedacmusnocmnio. B aToM Clty-
Yyae pachnpelelieHds CAYYAHHLIX BETHYMH }; OTAM=0TCS TOMBKO
FHAYEHMEM MATCMATHYECKOTO OXMIAHMS (OBBICHCHHON 4acTh);

6) of =07, B 3T0M cirydae UMEET MCCTO 2€MEPOCKefacmutnocns
sodean, [eTepocKelacTHMHOCTL <TIOPTHT» MHOMHE PE3VIbTAT CTATH-
CTHUECKOTO ANAMH3A W, KAk Npapuio, Tpedver verpaHeHws. ([lon-
pobnes ob 3TOM CM, B 1L 7.)
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Kak onpedenurs, Swisercd 14 HIy4acMan MoJenk ToMo- WM re-
TEPOCKEMACTHYNONA? — B HCKOTOPBIX CTYUASX 3T0 AOCTATOMHO OUe-
puano, Hampuscop., UcHA aBTOMODHAS, KOTOPOMY HHTHAIUATE JCT,
BPAI M MOXKCT MOAHATRCS Beimme 2000 v.e., Tak 410 CrangaprHasd
OIIMOKA LEHE B 3TOM COVYAE BT M MOKET DLITh DONBIIE, 4YeM
J00—400 v.e. Memay TeM ApTOMODWIL, KOTOPOMY ABA [OIA, MOKET
cToMTh M 7000, w 17 000 ye | Te crangaprias oliddKa 3aRCIOMO He
seHbie 15002000 y.e,

OnHAKO BO MHOIMMX CIVYasX TeTePOCKCIACTHYHOCTE MOETH na-
JEKO He CTONE OMEEMTHA, W TPeOYeTcH NPHMENSHHE MCTOO0E MaTe-
MATHUECKON CTATHCTHEW JJIA TIPHHATHA DEILEIMA O TOM, KaKoH THIT
MO BYIAET PACCMATPHBATHCS,

Bpemenuoit (quuamugeckuil) pan (rime-series dara). BpeMeHHBIM
(AMHAMMHECKMM) PHAOM HAZLIBASTCH BRDOpKa HATIIDACHWH, B KOTO-
POH Ba#HB HE TOILKO CaMM HabogaeMble 30a4ellds cavdaiHex
BeMHYHH, HO M T o P S0 0K MY CHeJoBaHNA IpyT 34 apyrom. Yaie
BCETO YIOMLIOUEHHOCTE OOVCIORAEHA TEM, HTO JKCNEPHMEHTUILHLIE
JAHHEBEIC MPCACTARTAIOT cODOH CEpMID HADMHIeHNH QIHOH M ToH XKe
CAYYARHOH BCMTHYHHE B NOCTSIOBATENLHEIE MOMEHTH BpeMeHuH. B
FTOM CAVYAC THHAMMMCCKMIT PAL HAZBIBACTCA dpemennoiy padom. [lpu
FTOM [PCLNOAAracTed, YTO THII PACTIPeacIcHHT HabmomacMoill cay-
HaHHOH BeIHUMULL OCTASTCH ONHMM W TeM e (HanpuMep, HopManh-
HBIM), HO IEPAMETPLL 10 MEIHIOTCH B 3AEMCHMOCTH OT BPEMEHN.

Mongead BpeMeHHbIN PHIOE, KaK [IPABHI0, OKASLIBAKOTCA CIOM-
Heg MOgeasi npocTpaHcTBeuHOR BRDOPpKH, TAK KaK HADIIOOCHHT B
CIYHAE BPEMEHHOMD pPHId BOODWE roBopH He ABASNTCA
HEeIALBMCHMBE MW, 4 3T0 3HAYHT, 4T0 0UUDKH PETPCCCHH MO-
IVT KOPPEAHPOBATE APYT ¢ Apvros, T. e, yenosue (1.4} poodwe ro-
BOPA 1IE BRIMONHAETCHA. B MOCHEOVIOMIMX [aBix MBl YRHAMM, 410
HERRMOIeHKe vernosus (1.4) 3HAUMTENRHO VENOKHAET CTATHCTHYE-
CKMIL AHAMW3 MODETH.

ChenyeT ocofeHHD OTMETHTL, 4TO WMES TOTLKO psiil Hafnwone-
HHH 082 MOHNMAHKA MX OPHPOIEL, HEROIMOKHO ONPEIETNTL, HMEEM
MEL TICJI0 © MPOCTPAHCTEEHHON BRIDOPKON MAH BRPEMEHHBIM DHIOM.
Mycrs, nanpumep, umeetes 500 nap umucen (xy, ¥),..., (Xsup. Vool
rae ¥ — uiena asroMobuis, a X — ron mpmycka. [aHHBE BIATH W3
razethl «M3 pyk B pykus, BoamokHul crenyione papHaHTbE:

[) n raser GBUIO YHOPANOMEHD MO faTe WX BBITIVCKA, M M3 KAX-

MOM TazeTsl GBUIO BEIGPAHO (Cavuaiiibv ofpaIoM) Mo OHO-
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My obbsaBnenuio. — B aToM cnyvae Mbl, OUCEHAHD, MOKEM
CHMTATL, YTO WMEEM JEA0 ¢ BPEMEHHLIM DHIOM,
) razersl OLUIM MPOM3BOALHLIM 00pa30M NepeMelliadbl, M He-
B3MPad HA JaTy BRITYCKA COyTaidHBM 0BpasoM Belio oTtodpa-
HOo M ODBsmIeHiE, — B 2ToM civyac Mb, cKOpee BCero, Mo-
WEM CUHTATE, UTO Hallli BLIDOPKE — NPOCTPAHCTREHHAS.
[Tpu 3TOM, ROOBILLE FOBOPS, BOIMOKHO, YTO B 0DOMX CiAy4asx Mbl
MOAYYIHM OJHH M TOT #HE Jfﬁﬁ{]p UCNOBRIX QAMHEX. bones TOTO, TCO-
STHUECKH BOIMOAKHO Ndxe H To, UTO OHH OEAHNVTCH B TOH #e o-
chenoraTeLocTi! OnHako Bo BTOPOM CAYYAe MBI JOMAHEL 11O -
CTYNWPORATE HEKOPPEIHPOBAHHOCTL OWMOOK  perpecciH
(seimoaHeHue yoiosud (L4)), Mexidy TeM KaK B 1neppoM ClIyddae no-
N0BHAH TPCIMOCEUTEL MOKCT OKAZTLECH HEPABOMEDHOM,

1.4, Jluneitnas perpeccMoHHas MOAENb

[TyeTh ONpeneteH XapakTep IKCNEPHMCHTATRHBIX LAlTHBIX W BhI-
JeneH ONpelcaeHHR Hatop OOBACHIOWIHA NEPEMEHHLIX.

Mns toro, uTofnl HAaWTH ODEACHEHHYIOD YACTh, T. € BCIWYHHY
M, (Y), TpebyeTea 3HAHME YCAOGHHX PACAPEdeieHiyl CAVHALNON 8eal-
yuwst ¥, Ha NPAKTHES 3TO NOYTH HHKOTTA HE HMCST MECTd, NOJTOMY
TOMIIOE HAXOAIEHHe 00BICHEHHOH YACTH HERBOIMOXKHO,

B Takux cayuasx NMPHMeHsieTcs CTAaHOapTHaA npouedypa ceaamci-
ganyy JKCMEPHMEHTAILHBIX JAHHLIX, TTONPODHO ONHCAHHAR, HANPH-
sep, 8 [1]. D1a npouelypa COCTOWT H3 ABYX 3TANOL

1) onpeneaseTcs  NapaMeTpMueckos CeMeMCeTiO, Ko KOTOROMY

NpHHamAexmuT Hekomas (yukuua M ( ¥) - (paceMaTpuBagmas
KaK (BYHKDMA OT 3HAYSHHH ODLACHIKNINX [NEPEMCHHBIX X).
O MOKET OBITL MEOMKSCTBO JIMHCHHBY (ivHKUMA, MOoKad-
TENLHLIX YHKIHA W 1.0,

2) HAXODATCA OUEHKH [ApaMeTpos 2T0H (QYHKIMH ¢ NOMOUIKID

OAHOMO M3 METOIDE MATEMATHUECKOA CTATHCTHRH,

DopMAALHO HHKAKMX ¢0CODOB BRIGOPA NAPAMETPHUECKOTO Ceé-
MCiCTBa He cyiuecTByeT. ONHAKO B MOTaBNAI0IWEM DOBIIMHCTES CIY-
YACB IKOHOMETPHUCCKHE MONENN BREIOHPAOTCA 11 M H € M H bl M H.

KpoMe Brionne OUERHAHOTO NPCHMYIIECTBA JIMHCHHON MOICIH —
Co OTHOCHTENBHOH Ap0cimmad, 0 Takoro Beidopd MMEewTes, no
KpPafHed Mepe, JBe CYIMBCTREHHLIE MPHEIHHDBIL
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[eppas mpuuMHa: ecmu CTYIARHAS BENWTHHA (X, ¥) umeer cormect-
HOE HOpMaiblhioe PACTIDENENCHHE, TO, KAK WIRECTHO, YPAeHERIA pepeccut
Auneineee (eM. § 2.5). TMpeanonokenye o HOPMATBHOM PACTIPEIE I HMH
ARIACTCH BIONHE eCTECTBEHHLIM W B PAIC CAYYAEE MOKET ObITh 0BOCHO-
BAHO C MOMOTIIBIO TIPEACIILHEIY TEOPEM TEOPHH BEPOATHOCTEH (M. § 2.6).

B apyrux cmyuagx camu Beamuumnl ¥ wnm X MOTYT HE MMETh
HOPMANEHOTO PACIPEACICHNA, HO HEKOTOPLIe (YHKIIMH OT Hux pac-
lpeaencHel HOPMANLHO, Hanpumep, M3BeCTHO, 4TO NorapHdM aox0-
A0B HaceneHMsA — HOPMANBHO PacTpencieHHas ClydyaiiHas BeTuyH-
Ha. Brionine ecTecTBeHHO cuMTaTh HOPMAILHO PACTIpeOCIeHHOMH CTy-
HAHHOH BeMMYMHOH mpofer astomobing. Yacto rumoresa o |me—
MANLHOM DACTIPCALNEHHH MPHHHMACTCH BO MHOIMX CIyvasx, Koria
HET $BHOTO €H NPOTHBOPEYMS, M, KAK NOKa3BIBACT npax'mka, no-
NOOHAS NPeANOCEUTKA OKA3BIBASTCS BIIONHE PazyMHOH,

Bropas npuqnHa, o kotopoi auHeinas PETPECCHOIHAN MOTETh
uxaithBacTcﬂ NPEelMOUTHTENLHEE DYTHX, — 3TO MeHbmud puck na-
HUMEABHOU OWUOKU Hpoziosa.,

-

Pue. 1.1

.,PHF.‘ I.1 mnmoctpupyer asa srGopa QYHKUHW perpeccun — -
HEHHOH H KBAAPaTHMHOH, Kak BUAHO, HMEIOUIEecH MHOKECTRO 3KC-
NEPUMEHTANBHEIX JAHHEIX (TOUeK) mapabona CriakuBaeT, MOXKAIVA,
AdKe ayduie, qem npaMas. OnHako napabona OBICTPO }"J'li'IHﬁ’TCH-ﬂT
KOPPe/IALHOHHOTO TIONA M s AoBaBieHHOro HaGmoeHa (oBosna-
HEHHOTO KPGLTHKGM} TEOPETHYECKOS SHAUMEHHS MOMeT OHEHB 3HAYMH-
TCILHO OTIHYATECA OT IMITMPHYECKOTO,

MoxHO NpuIate ToYHLIH MATEMATHYECKHHA CMLICIL 3TOMY YTBEp-
HIACHMI OXCHOdeEMOe IHAYCHUE DUIOKL AMOIZHOZE, T.C. MATEMATHYS-
CKOC OAXMIAHHE KBaapaTa OTKIOHeHHA HABMIONACMBIX 3HAMEHHN OT
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crmaxeHHbx (Wu Teopetnueckux) M (Ypen — Yreop)® okazmaaemen
MERBIE & WOM CAVHAE, CCil VPAEHEHUE PEZDECCHU GhIOMAHD AMACHHBIM.

B nactosmmesm yueDIHKC MBl B OCHOBRHOM OVIEM PACCMATPHBATH
JUMICHHBE PErpeccHONLIC MOISTH, M, N0 MHEHHIO akTopos,
STO BIOAHE COOTBETCTEVET TOH PONH, KOTOPVH) WIPAKT JTHHEH LIS
MOIETH B 2ROHOMCTPHEES,

Hambosiee Xopollo HIVYEHR THHEAHLIE PErPECCHOHHRIE MOISTH,
yaoBdeTROpIILME verosuaM (1.6), (1.7) u cBoiCTBY MOCTOAHCTEA
AHCTIEPCHEN OGO PCIPCCCHE, — OHHW HA3LIDAWOTCA AKAQCChYeckiiMy
MOFEAAMU.

3AMCTHM, ITO YCIOBHAM KIACCHYSCKOW perpeccuoilioil Momenn
YAOBILTEOPAIOT W TOMOCKEIACTHYHAS MOIETR NPOCTPAHCTBeHIOH
BRIDOPKM, M MOJCTE BPEMEHHOIO paid, HaBMIOJEHHS KOTOPOTO He
KOPPENUPYINT, 4 AUCOEpCHH TocTosiibl C MATEMATHUECKOH TOUKH
3PEHMS OHM ASHCTEHTCIRHO HEPLITNHMHMLL (XOTH MOTYT ZHAUWTENLHO
PATHUATRCH JKOHOMHYCCKME MHTEPTPETALUHHE NONYISHHRIX MATEMA-
THUYGCKHX PEIVILTATON),

TMoapobHoMY PACCMOTPCHMIO KIACCHUECKOH PErpecCHOHHON Moe-
au nocedneHs! ™. 3, 4 pacroaniero yaebauka. [paktiaeckn peck no-
CACOYIOUIMH MATEPHAT NOCBALICH MOOENAM, KOTOPLIC TAK HIHW WHaUe
MOMYT OLITL CRGICHR K ETaccHUecKod, HYacTo pasiel JKOHOMETPHEH,
HAVEAIILMA  KJACCHUECKME  PETPeCcCHOHHEIE  MOOSIM, HASBIBASTCH
«DJEOHOMETPHEOH- v, B TO BPEMS KAK EVPC «DEOHOMETDHKA-2¢ OXBA-
THIBAET OOACE CIOMHEE BOMPOCLL, CBA3AHHEE C BPEMEHHLIMH PIIAMM,
a Takse DOIes CIORHBIME, CYIIECTBEHID HETHHEHHEIMH MOIETAMH.

1.5. Cucrema OQHOBPEMEHHLIX YDABHEHMA

Ao cux nop MB PACCMATPMUEANH JKOHOMETPHUESCKHE MOICTH, 3a-
JARAEMBLIE  YDABHCHHAMM, BLIPLAKAIOITHMH  3aBHCHMY10 {O0OBsSCHE-
MYHI) TIEpeMEHHYVIo Jepes obuaciaiomue nepeMenasie. Oonako pe-
ANMbHBE 3KOHOMHYCCKME ODLEKTBI, HCCIACOYEMBIE © NOMOLEID 3KO-
HOMETPHUECKHX MCTOAOR, TPHBOUNT K PACHIHPEHMIO IIOHATHA 3KO-
HOMETPHUSCKOM MOMCTH, ONWCHIBASMOR CHCMEMOE  PeEpeccionibix
VpaaHeHUl N TORIECTE,

OcobeHHOCTRIO ITHX CHCTEM HBIALTCA To, STO KOO M3 Ypas-
HEHUH CHCTCME], KPOME «CLOMN» O0aACHAOMEY [ICPCMEHHBIX, MOXKET
BEJIIOYATE O8sAcHaemble NCPEMEHHEIE W3 ApYTX YpapHedHil. Takuy

VB oranume o PErpeCcNOHHBIX }'pamHEHHii TORIECTE: HU COEPHAT DOMUICHALTHX
OUEHEE NAPEMETROR MOIENK M 138 BRI GOy IaHHni coCTARASIONIEA,
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0Dpa3OM, MBI MMCEM HE OOHY 33BMCHMYIO NepeMeHHYW, a Habop
JABHCHMBIX (ODBACHHEMEIX) NepeMeHHbBIN, CBAAHHBLIX j}pam-mHMHmu
CHCTEMBL. TAKYID CHCTEMY HA3bIBAIOT TAKKE CUCHEMOD OOHOBREMEH -
HELX YPAeRenud, TOTYePKHELS TOT (haKT, YTO B CUCTEME OOHM U Te XKe
MEPEMCHHBIE OdHOEPEMeNID PACCMATPHBAIOTCH KaK 3aBUCHMBIC B Q-
HHX YDABHEHMAX H HEZFABHCHMBIC B APVIHX,

CHeTeMbl OAHOBPEMEHHBIX YPABHCHMH Hauboles NMoano onMch-
BAIOT IKOHOMHUCCKHH OOLEKT, CONepalMi MHOKECTEO BIAHMOCHS -
3aHHLIX 3ndoeennux (QOpMUpYIOIWLHECS BIYTPH (DY HKIHOHMPOBAHMsL
ODREKTA) M 9KI02CHIY (3ajaBaeMbIY HIBHE) NepesMedHbix. | IpH oroM
B KAHECTBE SHIOTEHHBIX M 3KIOTEHHBIX MOTYT BLICTYTIATL 102066E
(B3ATRIC B NPEABLIYIIMA MOMEHT EPCMEHH) NepeMeEHNHbLE,

Kltaccuueckum  npuMepoM  Takoll  cHeTeMbl SBASCTCH  MOACIEL
cipoca ¢ W npewioxenus Q¥ {em. § 9.1), korna cnpoc Ha TORAD
QAREACIATCS ero ueHod P u joxonom noTpetuTens f, npemnoxenne
TOBAP — €TO UEHOH £ M JOCTUIAeTCs PABHOBCCHE MEXILY CIPOCOM
M NPELTCKEHHEM: '

O =By + B P+ Bl g
=Py +BsP+5,:

Q.-.l' - Q.&I
B oroi cucteme 3xzorensoi NEPEMCHNON BRICTYMAET HOXOM [10-
TpeouTens f, 4 IHIOreHHBIMM — CIpOC  (Ipeniokenune) Tosapa

O =0 = w 1uena Torapa (LieHa paBHOBCCHH) P
B npyvroit smoncim COPOCA W TIPSILIOAKEHMA B KAYCCTRe OOLUCHT -
e npeaaoseHme OF MepeMeHHoN MOXET DLThL He TOMBKG LEHE TORI-

v ] o’ -
pa f 13 JAMHEIR MOMEHT BDEMEHHM |, T.€. P, 1o u uena Toeapa B MPEhI-
AVIIHAH MOMEHT BREMCIIH P,.-_ |« TLEL JIAIORES IHOOreHHAs TEPEMErH AN

OF = Bs +BsB + BeBy + 5.

OGodImAT MITOKECHHOE, MOMHO CKAZATD, HTO IKOHOMEMMYECKan
MOdeh ROIEOIAEM  OFBACHUMY nogederite andocerisn HEDEMEHHBY &
FHEHCHMOCIL R 3adHeniin FEIOFEHHBIY 1 AG206600 BH(?OEE"HHM_‘J.' Hene-

Meibx {(MHAYE — B 3ABHCHMOCTH OT #apedonpedeaching, T.¢. JapaHes
ONpeaeneHHBIN, MePCMEHHRIX],

3apepluag  pACCMOTPEHME  [OHATHS FKONOMETPHYECKDH  MOaETH
CIEAVET OTMETHTE CRevIIe:, He Boukad skoHoMM m—mwrumzwwrecmsg
MOIETL, MPEICTARMAOIAA MATCMATHKO-CTATHCTHIECKOE  OMHCAHME
MCENCIYEMOTO JKOHOMHYECKOTO OFRCKTA, MOKET CUMTATRCS JKOHO-
METPHYRCKOR. (na cmamnswmes AROHOMEMPUUECKON MOdsc0 & Moy
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cayyae, ecad Oydem ompaXcams SmMom o0BEKM HA OCHOSE XapaKmepu-
IVHOLLUY EMEHRD E20 IMALPUMECKUX (CHAmUuCHHYeckiy) DaHAbx.

1.6. OcHosHble 3Tanst U npobnems
3KOHOMETPUYECKOrO MOLENHPOBAHMS

MOMHO BEIEAHTE WECTL OCIOBHLIX 3TANOE 3KOHOMETPHUECKOTO
MOTETMPOBAHKMA. TIOCTAHOBOYNEN, anmpHopHBIH, 3Tan napaMeTpHs3a-
WM, HIGOPMALTMOHHRIN, 3Tank WISHTH(OHKALHM W BepUhHKALHK
sonend [1].

OcraiobiMcd NMOApoDHES Ha KAXAOM M3 3THX 3TANOE M pac-
CMOTPHM TTPOGAIeML], CEASAHHEIC ¢ WX peanH3almeil,

I-ii aman (nocrmanogounsi). COPMHUPVETCA 4eAh MCCAENOBAHMH,
HATOR YIACTREVIONIHY B MOLENH HONOMEYECK LY TIEPEMEHHBIX,

B xauecTee 1eaM SKOHOMETPHUYCCKOTD MONSTHPOBAHHE ODLIYHO
PACCMATPHBAIOT  OHEINE  WCCHEAYEMOrD SKOHOMWYECKOTO O0BEKTA
(npolecca); ApoeHo3 ero SKOHOMHYEeCKHX TIoKaszaTenel, wwumauuio
PAIBHTHA OOBCKTA TIPM PATHMHLIX JHAYSHWAN SKIOTEHHBIX Tepe-
MEHHBIN (OTPAXAA MX CAVMAHHBIN xapaktep, H3MEHCHHE BO Bpeme-
HHW), gupatomy)y YipaeieHyeckux peienud.

Mpu pwibope IKOHOMHYECKMX TIEPEMEHHLIX HEODNONHMO Teope-
THueckoe oBOCHOBAIIHG KAKIOH nmepeMeHHOR (NpM 2TOM pPCKOMEH-
aveTost, 4Tofsl HHCa0 HY ObLIO He oueHk DOMBILMM M, KAK MHHHMYM,
B HECKOJILKO Pas MEHLLIC YHcaa HaGmoaenuit). OBLACHAIOLINE ne-
peMEHHBIE HE NOLKHLL OLITH CBA3AHBI (MYHKITMOHATLHOM WIH TeCHOH
EOPPEmIUMOHHOE 3ABMCHMOCTEID, TaK KAK 3T0 MOKET NPHBCCTH K
HEBOIMOKHOCTH OLUEHKW NApaMeTpoB MOIEMM WM K IONYYeHHIO
HEYCTOHYMBLIN, He HMEIOWMM DPCATBHOTO CMBICAD OUEHOK, T, €. K
ARTCHWIO MPabmukoLiureapocmy (CM. ob 31oM 11, 5).

3aberaa EBMEpen, OTMETHM, YTO A OTOOPA MEPEMEHHBIX MOIYT
OLITE MCIOTL30OBAHE! PAITHYHEIE METOOb, B JaCTHOCTH NPOUEenypbl
nowazoenzo ombopa nepemenntex (§ 5.2). A IUiA OLCHKH BIHAHHA Ka-
YECTBEHHLIX TPHIHAKOB (HAMpUMep, noj, obpa3obaHHe M T. 1) MO-
YT BRITE HCNOALIOBAHE dukmugnbie nepemerHe (§ 5.3). Ho B mm0-
BoM chyude ONPereNAoIIHM OpH BEMOUEHHH B MOIEIb TeX HITH
MHEIX TIEPEMEHHBIX HEISETCH IKOHOMHYECKHI (KauyecTBeHBIH) aHa-
W3 MECIEAYEMOTO ODBeKTA.

2-n sman (anpuopwbid). [1pOBOIHTCH anaiu3 cyiguocmiu H3yyac-
MOTO ofserma, HopMHpoBaHie M dopMaTnzanus anpHOpHOH (13-
BECTHOM IO HAMATE MOACTHPOBAHMA) MHHOPMALIHH,
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J-ii sman (napamempuzauus). OCyIECTRIACTCA HEMOCPEICTEEHHO
Modeayposanue, T.e. BRIDOD 0BLIEro sudo MOOCTH, BRISBICHHS EXO-
IAHX B Hee CEA3eM.

OcHoBHas 3anada, pelnaeMas Ha 3ToM 3Tane, — Babop BHAL
dvnkid f{X) B okoHOMeTpHdeckoit Modeayn (1.1), B uacTHocTH,
ROAMOAKHOCTE  MUCIIONLIOBAHWSE  JTHHCHITON MOICTH Kak HE’[HEGJ'[{:C
MPOCTOH W HATEXHOH (0 HEKOTOPLIXN BOIPOCAX NUHEAPHIALNE MOLC-
M cM. § 5.5). BeceMa maxuod npoBaemoll Ha IToM (M npeinioy-
LX) ITANE SKOHOMETPHYSCKOTO MOJENMPOBAHMS SEIAETCA npobiema
cnetiduraugn MOnem (cM, o1, 10), B YacTHOCTH: BHIPAKEHME B MaTe-
MATHHECKOH (opMe oblapyCHHBIX CBAICH W COOTHOLUCHWH, VCTAHOR-
JERHE COCTaBa DKIOMEHHLIX KM 3HAOMSHALIX l'leEMElElEL-l){. B TOM YHC-
Je NaroBhix; EI}U[]M}.-'_HH[]{‘.IHKH MCXOMHLIX NPpEeanOCLUTOr H CII'FI"—.'[![MHC-
HHi Moaeau. OT TOTe, HACKOMLKO VIAUHO peleHa npobiaesa cne-
I],LIEI'JHKHTLHH MOJETH, B SHHlIHTE;.FEhHOi"[ CTENMNEHW 3ARWCHT YCIexX Reero
IKOHOMETPHYECKOTD MOIETHPORIHM.

4-ii aman (unpopmayuonnsir), OcylICCTRIACTC chop HeobxonM-
MOH CTATHCTHYECKOH MHMDOPMALMH — HAGII0NAeMBIN 3HAYEHUI IKO-
HOMHYCCKHMX TCPEMEHITBIN

UXils Kool Vit YizsWighs = 1,0, m

3acch MOTYT ObITH HAOMONCHMA, [OIYYCHILIC KAK ¢ VYACTHEM
HCCASAOBATeNA, TAK U Oe3 ero yuacTud (B YCIOBHAX akmushozo WK
RACCUENOZE ICCREPIMENNG).

S-ii sman (ndenmucpurauuns modean). OCyILECTBINETCH cmamu-
CHINMECKUE  anaau3 modean W olewxa ee napamempod. Peanuszaiium
JTOIY ITANA NOCHANIEH OCHOBHAA YacTh vueOHMKA.

C npobnesoil vaesHTHhMKATIMKM MOTenn He crneayer TYTATE TIpo-
Diemy ee wdenmughtpyemocnu (rn. 9), T, e. IPOBIEMY BOIMOKHOCTH
HONYMEHHA OIHOIHAMHO OTIPEISNeHHBIX MapaMeTpOR MOAETH, 3adaH -
HOH CHCTEMOH OJHOBPEMEHHBIX YPABHEHMH (TOuHee, MapaMeTpoB
CHVKIRYPHOG (hopysl MOTETH, PACKPBIBAIOLICH MeXaHH3M hopMUpo-
BAHMA 3HAMEHMH SHIOTEHHBIX NEPEMEHMBIN, 10 TapaMeTpaM Apuse-
dernoll hopmel MONENH, B KOTOPOH SHAOIEHHLIC MEPeMEILIE HEO-
CPEACTREHHO BRIPAXAIOTCA YEPES NIPCIONPEAeIeHHIBIC IEPEMEHHDIE ).

6-ti sman (sepughurcanun modeau). [povonurcs nposepica tems-
Hoemy, adexeamuocmu ymodeau. BRIACHASTCH, HACKOILKO yaasuHo pe-
eHB MPoBaeMbl CNCITHGRKALIMY, HASHTHDHKALIMY W MAEHTHDHITN-
PYEMOCTH MOJIEIH, KAKOBA TOYHOCTL PACYETOR 110 JAHHOH MOIETN, R
KOHEYHOM CYETE, HACKOIBKO COOTBETCTBYET MOCTPOSHHAS MOIelh
MOMETHPYEMOMY PCAaTBEHOMY KOHOMHMECKOMY ODBEKTY MAM Mpouec-

22

cy., OBcy#aeHMe YKAHHBIX BOTIPOCOB NMPOBOINTCH B DOTBIIHICTRE
MAE HACTOHALIETG yHeOHMKL.

CHeoveT 3aMeTHTL, 9TO SCiH MMERYTCH CTATHCTHUECKHE TAHHLLIE,
NAPAKTEPHIVIOWNE MOACTHPYEMBIT 3KOHOMUYECKHH ODBEKT B JdH-
HBLIE M NPEIIECTEYIONIME MOMEHTLI BpEMENH, TO Uis BepHpuUKalnm
MOUIEH, TIOCTPOSHHOH I 1MporHo3da, JOCTATOMHO CPABHHTL pealb-
HEIE SHAYEHWA TIEPEMCHHBIX B NMOCHEIYIONIHE MOMEHTLl BPEMEHH C
COOTRETCTEYIONIMMM WX SHAYCHHAMM, MUIVMCHHRMK Ha OCHOBC pac-
CMATPHEBAEMOR MOLCIW MO JAHHBIM TIPEAIIECTEVENIINN MOMEHTOE,

TMpuReneiiHOE BLILLE PA3LEIEHHE SKOHOMETPHYECKOrD MOLCTH-
POBAHMA HA OTHESALHLIE 3TANLl HOCWT B M3BECTHOHM CTENCHW YCNOB-
HBI xapakTep, TAK KAk 9TH 3Tankl MOTYT MEpPeceKaThis, BIaAMMHO
JNOTIOAHATE OPYT APYTA W T. 11

Mpexne yeM WIVYATH OCHOBHLIE Pasielbl 3KOHOMETPHKM —
KAaccHYeckyio W 0D00IIEHHYI0 MOAeld PETPECCHM, BPEMEHHLIC pi-
ACH Y CHCTEMbI ONMHOBPeMeHHBIX YpasHeHNH (11, 3—10), paceMoTpHM
B caeoviomei rmase (1. 2} OCHOBHLIE TTOHATHA TEOPHH BepOATHO-
CTeil M MaTeMaTHYSCKONH CTATHCTHEH, COCTARIANMIHE OCHOBY MHTEI—I
MATHHECKOTO WHCTPYMCHTAPHA  FKOHOMETPHEKH. [loAroToRNEHHBIN
COOTBETCTRYIOILAM 0ODPasoM UMTATENh MOXKET Cpasy nepeliTh K u3y-
YOHMIO 171 3.
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Mmaea 2

DNEMEHTBI TEOPUM BEPOATHOCTEI
M MATEMATUYECKOW CTATUCTUKM

B aroil rnage mpupoaMrca KpaTkMi 0630p OCHOBHEIX
NOHATHH M PE3VABTATOB TEOPMM BEPOATHOCTEH M MATCMATHYECKON
CTATHCTHEKH, KOTD]TJHB HL‘J[OJ]E:B}’}{)TCH B E¥YPCC DKDHDME'IPHKH. J_E,EJI]-,
3TOH TIABBL — HAMOMHHMTb YHTATENI0 HEKOTOPBIE CRENEeHMS, HO HH-
KaK HC 3AMEHWTR MIVUCHMC KYPCa TeODMM BEPOSTHOCTCH M MaTemi-
THYECKOH CTATHCTHRM, Hanpumep, & ofbeMe yuebinka [12].

2.1. Cnyuaitiblie BennymHbI
M MX YMCTIOBLIE XAPAKTEPUCTMKM

Beposmnocmeio P(A) cofmmus A nazsieoemcs wnciennas Mepa
CHIERCHI ODBERMUGHOI BOIMONCHOCIMU NOSEIERHA INOC0 COPBIMNA,

COrNacHo KiaccuieckoMy ONpPEACIeHNK GepORMOCTy COBbIMIS
A PEIENT ORISR HICIT cayuges m, :i-m.armpzmmcmﬁymmux gy, K
ofuemy wicay caywaee n, T.¢. P(A)= m/n. TIpn onpemciebx VEA0-
BUAX B K44ECTBE OIEHKM BEPOATHOCTH cODBITHA A(A) MoxerT ORITH
HCIONIB30BAHA cmamucmuteckaa sepoamuocms P*(A). T. e. omuocu-
medsiag vacmoma (qacmocns) W{A) nogsaenus cofwmus A 8 n HpHes-
GEOSHHBIX HCHBIIR X,

OnHuM M3 BaKHeRIIIX NOHATHI TCOPHH BEpOATHOCTEH ABIACTCH
MOHATHE CAVMAHHON BETHUHHEL

[lod cayuatinei seatuunold nouuMaeTcs NEpeMEHHAA, KOTOpas B
PEIVIRTATE HCIIWMTAHHT B FABHCHMOCTH OT CITYYad MPHHUMAST OIHO
H3 BOIMOMHOI0 MHOMKECTEA CBOMX 3HaueHMH (KaKoe MMeHHO — 3a-
PAHEE HE H3BECTHO).

Lonee crporo caywatnas seamuna X OMPCOCISETCH KAk (ivrKie,
3qdannas na MHONCECMEe Jaemenmaprux ucxodos (wau 6 HPOCTRPHCT -
6 DAEMEHIAPHBY COfbnIng), T.0.

X = flm)

THe © — ICMENTAPHBEI MCXOT (MM 3IeMEHTApHOS coDLITHE, TIPH-
HRULICKALLee NPOCTPAHCTRY O, T. e, we (2 ),
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Hna ducipempod Cnyuaiivol BEIHYHIE MHOXKECTRG = BOIMOMK-
HEIX SHAYCHHE cTyualHOMH BemHuuiel, T.e. (IVIIKLHH _f(m}. KOHETHO

WAH cueTHo!, st nenpeprianol — BECKOHETHO M HECHETHO,

[MMpHMEepH COyIailHBIX BETHYHIL

X — "Ne0 poIHBLIMECA OeTel B Tevedue cytok o I, Mockse;

Y— YMCA0 MPOHEEEIEHHBIY BRICTPENOE 00 TEPROTO TONATAHWI;

£ — MANEHOCTL MOACTa ApTHAIEPHHCKOTO CHAPSIA,

3neck X, ¥ — mUckpeTHBIE ChiydadHLIe BEIHYHHBL, 4 7 — Henpe-
PLIBHAS CAVUAHHAH BETHYMHA,

Haubonee NOMHBIM, HCYSPORBUOIWMM ONHCAHHSM CAYIARHOR
BEAHYHHBL ARIAETCH €€ 3AKOH PACTIPEISTIeHM.

Jaxonom pacnpedeienus cAYHQIHON GeTuiiiee HOTHEAENCT 8CAKOE
COOMHMUERUE, VCMAHAGTHEMOMEE CARTh MENCOY SOIMONCHBIMU IHAYEHI -
MU CAOVHEENOE BEALHIRY W COOMBEMeMEVIHUME UM GEPOTIMHOCITLAMLL,

Jng nmuekperiof ciydaliHOE BeTHUMHLL 3aK0H PacnipeneieHmns
MOMCT DRITH 3203H B EMae 1abiulb, aHATHTHUECKH (B BuLe QOpMYy-
kL) M TP HYECKH,

Hanpumep,

dl 42 i ] X
JAN . e ) B n

X

e
Xj X ok
WK X= L
VB P e )
Takasn Tabnuua HazesaeTeH padom pacnpedetedia NUCKPETHOMH
CAVIAHHONH BEIHYHHEL ‘
Ina moboi TMCKpeTHOR CIvdaiHol BEMTUYHHLL

M i
Y PX=x)=)p =1 (2.1)
i=l =1

Eciuy no ooy abocumpce OTKIAIRBATE 3HATEHM CIv4aiinol Bemm-
YHHEL, 00 OCH GPOIHHAT — COOTHBETCTBEVIOLIMG HX BEPOSATHOCUTH, TO
HOAYYACMAd (COSTMHEHHEM TOUCK) JOMAHAS HASKIBACTCA MHGE0VE010-
HEHOM WITH MOGTiieonos pam:peda-?emm U&:‘pﬁﬂi‘ﬂﬁﬂc‘mé‘if.

: HJ_’IT!DHH}IM. YO MHOHECTED HAIBBAS TR CYemnoi, S0 20 CMCHTRL MORHD ne-
PEHYMIDOBATE HATYPRABHRIMH YHOTHMM,
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P [lpumep 2.1. B sotepee pasblirpuisaetcs: aRTOMOBHIL CTOMMO-
cTeio 5000 men. en., 4 TeaerM3Opa crowMocTeio 250 aeH. en., 5 BH-
aeoMarHurooror  cToMMocTLe 200 med. cn. Beero  nponaetes
| 000 Suaeror no 7 gcH. ¢i. COCTARMTL 3aKOH PACTIPENENEHHA YHCTOTO
BBIMIPBLIIEA, MOIVYCHHOID YYACTHHKOM JI0TEPeH, KVIIHBIUHM 0JHH
Duner.

Pewmwenwe BosMomHBEe 3HaveHUs cIydaiiinoil sennumHe X —
YHCTOTO BRIMIPEINAE HA ondH Guner — pasnw (0 — 7 = =7 e, en.
(e Duner He BRIATPaAN), 200 — 7 = 193, 250 — 7 = 243, 3000 — 7 =
=4003 nen. gl. (cCM HA GHIET BBIEUL BRIMIPHIL — BHASOMATHHTO-
ihoH, TENeBM30p MK ARTOMOOHIL COOTEETCTECHHO). ¥UMTRIBAS, 4TO
ua 1000 Guieros YMCIO HEBLIMIPARIINX cocTapiderT 990, a yvikazad-
HEIX BBRIHIpbLWeH 3, 4 W | COOTRETCTRCHIIO, HCMOARIV KIACCHYEe-
CKOC OIpeieneHie BCPOATHOCTH, MOTYYHM:

P{X==T) = 990/1000 = 0,990; P{X=193) = 5/1000=0,003;
P(X=243) = 4/1000 = 0,004; P (X=4993)=1,/1000=0,001,

T.€. PAN pacrpengieHA

X —7 193 243 4993

£ Jef 01,930 0,005 {1,004 0,001

o

JBC cnyuaiiHble BCIHYMHEL HASEIBAIOTCH HEIQeNCMbaiME, SCIH 3a-
KOH PAclpeaeneHus O0HOH M3 HUX HE MEHAETCH OT TOr0, KAKHE BO3-
MOAHBIE SHAMEHWA TIPHINL IPYTAT BEIMYHHA

3akon (psan) paclpeleneHus JHCKPETHOH CIyd4afllol BenWUMHEB]
TAET MCUEPNLIBAOIIYID WHDOPMALIO O Hell, TAK KAK [03B0IHET BhI-
UHCIHTE BEPOATHOCTH JIODEX CODBITHH, CEA3AHHBIY CO CayadiiHON Be-
AMYHHOH. OnHAKO TAKOH 3aKOH (pAa) pacnpefeleHid OLIBAET TPYIHO
O003PHMBLM, HE BCCra wIOOHRM (1 Jise HeobOXomMMBIM) JUTH aHaTHaa,

[MosroMy A7 ONMCAHKA CAYYaiHBIX BEMHYMH YACTO HCIOJB3Y-
HTCA HN HECIOSBE XAPAKMEPRCIMUKE — YUcid, 8 cxcamod fopme an-
paxcaiowue HAufoiee CYIeCmEeninie HEpml pacnpedetenus cayuainol
GEAWSINEL, HHHEI'DI[CC B HEIMH K3 HHX HBTAIOTCH MaTeMaTHYeCKOEe
OMHAANKE, JHCTEPCHA, CPeNHe: KBAIpATHYCCKOE OTKIOHEHHE M ap.
OfpaliaeM BHMMaHHC Ha TO, YTO B CHIIY OINPCICHEHMS, YUCIO8HE
AOPRRITEPECIRE R c;i_wm}rwx SBEANYUN AEAMOMICH YReaMh o e cAay-
8¢ H M U, ONPCACIEeHHBIMH,

Mamemamuneckum oxcadanuem, WIW cpeduum 3nawenues, M(X)
duckpemuoll cayuaunod geauduns: X Ha3bigaemcs cymma npouseeden i
HOEX 28 SHIIHIEHM& Ha COMmaemoia Viomlie n SEPOAMHOCIR,
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M(X) = i X P (2.2)

=l
([Lma MaTeMaTHHecKoro OKHIAHHA MCNONL3YIOTCH Takke oDo-
sHavenus: F(X),X.)

P [Ipamep 2.2, Burumeants M(X ) mns ciiyualiHol peauyHHBl X —
HUCTOTD BRIMTPRITIA N0 TadHBbIM npusepa 2.1,

Fewenue Ilo dopyyne (2.2)
M(X)=(- 7)- 0,990+ 193 0,005 + 243 - 0,004 + 4993 0,001 = 0,

T.C. CPCAHMA BRIMIPLI paBeH HVAW. [loiyueHurll pe3yabTaT os3ia-
WAET, UTO BCA BLHPVYYKD OT IOROIKH EHHCTQ J‘IO'l'E}'JEH HO2T H:A
BLIHIPLILM. P

[lpy s—oo MRTEMATHYECKOC OHOMIAIIME NPEACTABIAST CYMMY PHLA

1
ZJ;J B, ey 0H abconnTHO CROOHTCA.
i=1

CrRofCcTEA MATEMATHYECKOID OXWIAHMA,

1) M{C )= C, me C — NocTOSHHAA BEIMYHHA,

2y MikX )= EMIX )

MY Y= MAYE MY )

4) M{XY )y = M(X)- MY ), rne X, ¥ — HesasHouMee cnydaiiine
BENHSIHHB;

SYMX+ O = M(X)+ C

B MY —a) =0, tae a = M(X).

Hucnepeueit D(X) covuaiinod seaumunss X nasseaemos MOnemMamuMeckoe
OHCUCIHIE KEATPAME €€ OMICIONERIA O MAMEMAMUEYECKO20 ONCUOANUA

DXy = M[X— M(X)2, (2.3)
MM DXy = M{X — a)?, roe a = M(X).
(fia AucnepoMu CcnygadHol BEMMYMiLL X MCNONpIyeTeH TAKKe
oboaHavedre Var(A).) -
Jucrepeus xapakTeEPHIVeT ampcionenue (pastpoc, pacceatie, fapiauin)
IHAMEHNH CIVIAHHON BEIHMMBLL OTHOCHTENLHD CPENHETD 3HAUCHTHA.

EL'.-'EH -{_‘..‘-'.I}-"!HﬁHﬂii BEMTMYMHA X — AHCKPCTHAH C KOHevHEIM YHC-
a0M IHAYMCHHEA, TO

DX =35, —af pi. (2.4)
il
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Hucnepeua [ X) MMEeT pasMepHOCTL KBaapaTa CayIaitof pe-
JIHYHHEL, YTO He Beeraa yaobHo. TMoaToMY B KauecTBE NOKA3aTeNnd

pACCed A HCITOAbIVIOT TAKKE BEIHUUHY x.lr INA) .

2.2. DyHkuua pacnpepeneHus CnyqaiHON BENMYAHDI.
HenpepbieHble cnyvaiHele BenUYUHb

Cpednum Kkeadpamuseckum omiaonenuem (Cmandapmupin omiio- ﬂ:‘_vufcmfeﬁ pm;npeﬂe_-?em"m f;_i'qu}nmi geduniite X Hazwagemcs
Heruem WK cmandapmom) o, cayeqinol aeauuunnt X ngIseaemcs dyryus *F (x), empadcaioman a3 Ka)edozo X 6eposmHoCMb MO0,
apudmemueckoe nauenue Kophs Keadpammozo u3 ee duchepcul: WG CAVHATHAR eARMURG X NpuMem INGUeRie, Menbluer X

Fx)=P(X <x). (2.6)
By = ..".‘IJ{X} ) (2.5)

P Tlpumep 2.5. Mau pan pacnpenenedus ciuyuaiivoil BeansmHbl

P Ilpumep 2,3, BBMHCIHTE THCHEPCHIO M CPEHEC KBAIPATHHECKOE

. X 1 4 5
OTKIIOHEHHE CTYUAHHON BelHYHHE! X N0 AaHHEM TipiMepa 2.2, - & 7 0,4 0.1 0.5
Pemwenue Bnpusepe 2.2 Ob10 BHYHCICHD MX)y =10, Haiimit 1 waobpainte rpadmnuecki e QYHKIND pacnpeisineHus,

I ; 3
0 dopmynam (2.4) u (2.5) FeweHue. BcoorBeTcTBHE € ONPEICICHHEM

D(X)=(=7-0) 0,990+ (193 —0)? -0,005 + Flx)=0 npu x<1; Flx)=04 npu 1<x<4;
+(243-0)2-0,004 + (4993 - 0)2 - 0,001 = 25401, F(Ju;} =04+01 =05 npn 4<x=5; F[x?.lz 05+05=1 npu x> 3

Mrak (cM. puc, 2.1
G, =/ D(X) =+/25401 =15938 (nen.en). P

0 npu x<];

CepoMcTBa AMcnepc CayYailHOH BEIHUHHBI D4npu 1<x<4;

1) (C) =0, rie C — NOCTOAHHAA BEIHUMHAS Flx)= .
2) INEX ) = I2D(X ); 05 npu 4<x<5;
3) DX )= MX2) — a?, tne a = M(X); | npu  x=5.

HDX+TY)=DX—-F)=DX)+ D¥), roe Xu ¥ — Heaa-
BHCHMEIE CllyualHBIE BEITHUYHHLI.

Flx) 4
P Ipvep 2.4. Haifti MaTeMaTHUECKOE OKMIAHME W THCTIGPCHIO CTy- e e S s N
ualfHOW BemmumHe £=8X — 5Y + 7, ecam manw M(X) = 3, M(Y) = 2, 3; T _
DY) = 1,54 D(Y) = | ¥ u3BecTHO, 4To X M ¥ — HEe3aBUCHMBIE CITy- 04 e e -
YAHEE BCIHYHHRL i R *
5 2.4 i : !
Fewenwe Hemoabiva cpoiicTBa MaTEMATHUCCKOrO OMMIA- j i i
HHA H THCTIEPCHH, BRITHCITHM: ”—T T 5 3 4 = £ 7 _1" .
M(Z) =8M(X) —SM(N +T=8-3—-5-24+7=21; Puc. 2.1
D(Z) =8DX) + 52N +0=8+1,5+5-1=121.» ' CROMCTEA (BYHKIMM pacripeneneHus:

|, DvHKLWA PACNPCACNCHHMA CAVYaiHOH BENWYHMHEL ECTR HEOT-
pULEATCALHAR QYHKLHA, JaKTI0UCHHAT MEKIY HYICM W eNWHHLESH,

0= Fx)<l,
28 . 29




2. DYHKIMS PAcNpeleacHid CIVYaiHOW BEINUMHREL CCTh HeyhbI-
BAIOWEAA (DYHKLMA HA BeeH YHCNIOBOH OCH, T.¢, HPH X)»XT

Fx)z Flx ).

3. Ha munye GeckoHewHOCUTH hWHKIIHS PACnPEICIeHus pasHa
HYJ0, HA T BECKOHETHOCTH — PABHA EIMHALE, T.C.

F{_ :j(:.}: litm }-’{x)—ﬂ,‘ F{+ ::c}: .[I'l"l'l F{I_]"—].

4, BeposTHOCTL MONAAAHWA CHyuaiion Beludnasl X & HHTepBa
[x!,.r:.] (BKIIOUas X)) papHa NPHPALLEHWIY ee (DVHKLMKA pacnpene-
MeHHA Ha 3TOM HHTCpBATE, T.e.

Plx, 2 X < x3)=Flx)-Flx) . (2.7)

P Tlpumep 2.6, OyHKIMA pACOPRIENCHMS CIYIAIHON BEINMHHEL X
MMEET BUIL

[0 npu x=0
Flx)=4x2 npu 0=x=<2;
I 1pu Il

HufiT BepogaTHocTs TOro, uTo cnyaaipas seauanna X npumer
3HAMEHHE [ UHTepBLIe [1;3).

Pewenue, Mo gopmyie (2.7)
Pll< ¥ <3)=F(3)- F{l)= —-é- = % >

Cayuatinas eeawquna X nazntéaenmcs renpeputenod, ecau ee hyusc-
U PUCAPedEenids Henpepuend & wotold mouke u duddepenutpyena
acioty, KpoMe, GuMb MOXCEm, omOeisHbix moser.

Aiis HETIPEPRIBHOM CAVUARHON Beavunisl X BeposATHOCTL f060-
Mo OTAENBHO B3ATOIO 3HAYEHMS PaBHA HVIK, T.C, P[X _xt}.—i}. a pe-

POATHOCTR Honamanus X B WHTCpBAT (x), X3) HC 3ABHCHT OT TOIo,
ARTACTCH MM DTOT MHTEPBUI OTKPLITBIM MM 33KphITEIM (T.e., Ha-
npumep, Plx < X <x;)=Plx £ X <x,)).

Haomocmbio GEPOATIHOCHIN (RaomHocmelo  pachpedetenas  WiK
NPOCTO meomuocHinio} olx ) wenpepmenoll caysatinol seaudtiine X haioi-
AAeMeR NPOU3BOdHAR e yrkyun pachpedeienia

olx)=F{x). (2.8)
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[TaoTHOCTE BEPOATHOCTH u:p{x], KaK M (DYHKIIMH pachpeieneH s

Flx), spAACTCH OOHOH W3 (hopM 34KOHA PACTIPEIC/IEHM, HO B OTAH-
qMe 0T (hyHKIMH pacnpelc/ieHus OHa CYIUECTRYET TOJMBKO JUIA
HETIPEPH BB X CAYMAAHBIN BEIMYNH,

[MpaepvK MIOTHOCTH BEPOATHOCTH HAIBIBACTCH KPUEOH pachpedesenusd,

P [pumep 2.7, Mo nanHbeM opusepa 2.6 HAHTH MAOTHOCTE Be-
POATHOCTH CNyMaiiol BeTHYHHE X

Pew e u e [notHocrs sepositioctn ¢ (x)= F'{x), T e.

(0 upm x<Qux>2,
¢ (x)=4 >
(/2 mpu 0<x<2.

Cro#cTpa TMIOTHOCTH BCPOHTHOCTH HENPEPBIBHON CIvdadii-
HOH BEnTHIHMHBL .
1. [InoTHOCTE BEPOATHOCTH — HEOTPHUATENRHAA (VHEIIMH, T.E

rpl[x} =1

2. BepoaTHOCTe MONAMAHHA HENPEPRIBHOH cayvdafiuoil RelHYuHn
B HITEPRAI [a,b] paBHa ONPEICIeHHOMY HHTErPATY OT €8 TUIOTHO-
CTH BEPOSTHOCTH B MpCIeiax oT @ 10 h (cM. pue. 2.2), T.e.

P{a <X 5’3;:}: f:(p[x){f_x: : (2.9)

o]

{4 x

Puc, 2.3

'-:"“'

Puec. 2.2

3. MyHKINA pACTIPENCAEHH HENpepsIBHON cayvaiHOR Bennyn-
HED {cM, prc, 2.3) MoxeT OulTh BRIPAKEHA Y2DE3 [TAGTHOCTL BEDOAT-
HOCTH no hopMye:

Flx)=] " olx)ar. (2.10)



4, HecoborreHunlH  MHTETPAT B DECKOHEMHBIX Npenciax  oT
NANTHOCTH BEPOATHOCTH HETIPEPLIGHOH CIVHAHHOR BEAMUHHE] Py
ENMHMLE:

J{p (x)dx=1. (2.11)

lMeoMerpryeckyn ceoitcTea / W 4 [I0THOCTH BCPOATHOCTH O3HA-
AT, UTO e¢ IpadMK — Kpusdas pacnpedesenin — AeNcum He Huwee
ool aficyuee, W R0aRan waotiadt ueypel, 02panyHensol KpUeon pac-
Hpedesenun y ockio A6CHICT, Paaia couriiige.

s wenpepslGHol  cmvgadiion  peamuvbnt & MateMarvueckne
omnnanre MUY woauenepewa IXX) onpeaensioren o opMyTam:

a=M [k} = j A.:x P flt Jetx (2.12)
{emn WHTErpa abeoloTHO CXOIMTed )
D(x)=[ "(x-af o lx)ax, (2.13)

HIH Dix)= J‘_—:Iz:‘{) (x)edx —a?

{CCMH NPUBENSHHBIC HHTEIPALL CROAATC ),

Hapsany ¢ OTMEUCHHBIMH BLIUE THCTOBBIMH XAPAKTEPHCTHKAMM
15T ONHCaHW Cayeaiiod BenmrYMHD MCIIONE3YETCH TIOHATHE KBaH-
THAEH M MPOIEHTHRIX TOYEK.

Keanmuwiem yposna ¢ (WIH §-Keaumuiem) Naieeaemes  macoe
IHAYENUE Xy CAYHAGUOU GEAUYUHB, RPU KOMOpoM (hniyus ee pacnperde-
AEHIR NPEREMICM IRAHERNE, DAEHOE g, T. €,

Fx=P{X<x)=q (2.14)

100g %o-0lf mowcoil Hazueaemes Keanmi:th X,—,.

P [Ipumep 2.8.

Mo nanuwM npivepa 2.6 HATH KBarTWIE X3 W 30%-Hvio Touky
CAYYARHON BLIMYNHEL A,

Pewenwue [lo onpeasescnwno (2.16) F{.ru_;_)——{},i‘ﬁ, T, &
x -
'h;—‘*—=ﬂ_.3, DTKYA2 KBAHTWIL x4 =06, 30%-Hag Touka caydalHoit
BENYMHbl X, WAM KBaHTUIb X g3 = Xp7, HAXOUMTCH AHATOIMTHO M3

- Xa, 7 i , i
YPARHEHHE o7y =07, orkyma x5 = 1,4, P
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Cpens HHCHIOBBRIX XAPAKTePUCTHE CAVIAHHOH BeNHYMHEL BRILE-
JMIOT REUWQALHLE Vi U HERMpaibibie |, MoMeHmbl Kk-20 nopaoxa, on-
PEABTACMBIS IR JHCKDETHRIX H HENPEPBIBHEX CAVHARHLEIY BeTHYIH
(e QOPMIITEN;

T i o
ve=2 oty ve=] xFolx)dx;

o

2.3. Hekotopsle pacnpeaeneHus
CNYUYAWHBIX BENUHMH

PaceMOTPUM  HAMDOIED MaCTO MCMNOILIVEMEIC B DJKOHOMETPHES
PACOPEICIEHNA COYAilHLIX BeAHYKE,

V. Auckpemnas capuainan eeaunung X wneem GunoMuaasnnil saq-
KOH pacnpededenss, ecau ona npunumaem spaqerus O, 1, 20, m, w0
© GEPORMBOCIAMU

PIX =m)=Cpprg'r, (2.15)
e D<p<l,g=1—-pm=10, l.... 4

BuHOMHATEIEH J3K0H pacipeaciedns npeictasnger coboil sa-
KOH pacnpeacieHus qHcha X = m pacrynieuui cobbitng A4 B # He-
JABMCHMBIY MOTIHITAHWAY, B KEKIOM M3 KOTOPLIX OHO MOMET [Opo-
HIOHTH C OIHOR W TOM e BEPOATHOCTRID f.

Mopmyna (2.15) vazweactes opaaod bepuyau,

Yucaoebie xapaktepuoTnrn, M(X) = np, X)) = apg.

e . m
B wacrtHooTH, Das ygcmocmy cobbumes o= —
A

HCTIRITAHHAY (I A= m HMeeT OUHOMHAILHBIE 3aK0H pacnpeaenc-
HHH C NApaMeTpoM £) MHCIOBBIE XAPUKTCOHCTHRH!

M(W) = p, Diwy = 24

B 7 HEZIBHUCHMELX

I
2, Auckpempan cayuatinas seausyna X iMeen 3akon pacnpedeienun
fvaceona, ecan ong npawicsgen apavequa 0,1, 2o m, . (Jeckomey-
HOE, HO CHEMNOE MEONCECMAO THGYEHUL) © GEPORMHOCTAMY
:,\Lh-.lc_,—f'.
PlX =m)= = (2.16)

LrH
rmem=10.1,2,..
Yucnoene xapakrepuerukn: MX) = o, DX = 2,
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3. Henpepwenan cayuainan seaniiina X umeem paeioMeprbiil 3aKon
pacnpedeaenun na ompeske |a, b, ecan ee nIOMAGCRTD BEPOAMHOCINU
FOCRIOAHHE NG SI0M OMIPEINe 1 POGHE NG00 8HE 220, T.E.

npH @< x =4,

P(x)=1b-a (2.17)
0 npy x<a, x>h
a+h h—ua)*
Yuenopole xapakTepuetukn: WX ) = Sty DY) = L T

4, Hempepwgnan caywaunaa geawsuna X weem HORGIGIIEABI b
{3KCnONERUAIbNBIN) 3AKON pacnpedeiehun © Napavempos h. eciu ee
RAORFOCHE SEPOSMEOCIIL Uneem aud:

(e M opr x = ()
{ npu x<0.

olx)= (2.18)

PV |
YUHCIOBLIE ¥apaKTepHCTHEH: M(X ) =—, Ui.1]=-:;-!—.

5. Henpepwanaa cayuaiinan aeasiiie X uveent HOPMatonoill 3akon
pacnpedeaenus (3axon laycea) ¢ napavempamu a u o, ecau ¢¢ Ha0m-
HOCHD GEPOAMHOCMI HMECH atd

ly—a

oul)=——e = . 2.19)

L

Kpupyvio  HOPMATEHOIO  3aKOHA

o fx) e pACTIpencieHrs HAIRBAIT HOMMAAL-
ol HOG WM 2ayccoaon Kpteod (pue. 2.4,
\N(a:sh) Y HCAQBLIC XapaKTCPHETHEM:

M(xy=a, D{X)=0o.

[ : — [lpn BaMEHCHHK TOMBKO HAPaMeT-
(f @T8gddyg ¥ 3 AN .

Mo :mpmm.mm K}')T‘-.j:ii-l ]Ic"}'}l‘_?'.-l'll‘[.l[d—

Puc, 2.4 T oAt oon Oy, NP WEMEHCHMH

TOABKO NApaMeTPa o° MEeHseTeH DUPMA HOPMATLION KPHEOH.
Hopsmansiuiit  3aKon  pacnpeieienns ¢ lapaMmetpaMu a = 0,
ot = 1, res ML), HasplBacTC Cmandapinibia WK HOPMRUPOSEHR B,
DVHKONA pAcnpeneIeins CIyviaiHoi BeAWuKERL &) pacripens-
JEHNON 110 HOPMAILHOMY 3AKOHY, Belpaxaercs vepes dvikumnmo Ja-
miaca Mix) no poprvie
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Fy(x) = mff - ] , (2.20)

Lo

[+ |

b,
2
y 2
e m(ﬂf}=—§;jne di — hvuruua (unmeepan eeposimsocmei) Jan-
\I Y

Addcd, PABNES TUOMIAAM  Mod CTAlJapTHOR  HOPMANLHOH KpHREOH
M 1) Ha oTpeske |—x, x].

Croitcrea  ciyyalHOH BeIWYMHEL,  paclpencleHHOH Mo
HOPMANBHOMY 3aKOMY:

I} Bepoarnocts nonasaHus ciydaiHoi senuumanl X, pacnpenc-
JCHHON N0 HOPMANEHOMY 3aKOHY, B MHTEpBan |x, x|, pasHa

PlasX<x)= —l [l - @fn )] (2.21)

n—a Xo—d
riae |'| = N rj! ———
o o
2) BeposTHOCTE TOrO, YTO OTKIOHEHHME CAVIAHHON Beawauie X,
PACIPEICIEHHOR O HOPMAILHOMY 3aKOHY, OT MATCMATHYSCKOTO
ODHHIAHMS ¢ HE TIPEBRICHT BETHYMHY A > () (no aBcomornoil senm-
HMHC), paBRHA

Px —d|= )= D), (2.22)

i
rae f=—,
s

Wi Broporo cpolcTra BRITCKAET, B YaCTHOCTH, NPABHID TPEX CHIM:

Ecnn cayuaiinan BonmnHa X MMceT HOPMATBHEIA 3aKOH pacripene-
JIEHMH © MApAMETPAMH & M o, T.e. .-"»"{a;ﬁz). I RPEICTESECK Y docmio-
HEPHD, YO C¢ HAYENUA JARAIOHEHS! § UHINEPELIE {c? ~3a, a+ 35).

6. Henpepwenan cavwainan eeawstuna X umeem avzapudmseciu
HOPMUALROC (COKPAUERRG — ADNOPMATBIOE pacnpedesenue), ecau ee
AORAPUPM ROTHUREN HOPMAABHOMY 3AKORY.

7. Pacnpedescuuem 3¢ (xu-kegdpam) ¢ k cmenenamu ceofodnt va-

INEASTCA PACAREACACRUE CYMMB Keddpamog K Hemgueumei CAy aiinmg
BEAUHUN, PACAPEIeierHny Ho CIaNOaIRHOMY HODMEILROMY 3GC0HY, T.8,

I3
=3 2, 2.23)
=1

rae Z; (i =1, 2,..., k) uMeeT HopMankHOe pacnpeneicune A0:1).
Ei el ey
[lpu & > 30 pacnpetencive cTydaiHOM Bemmumin Z= 42y > — 2k ~1
DUM3IKO K CTAHAAPTHOMY HOPMAILHOMY 3akouy, T.e. AN0; 1),
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8. Pacnpedesenues Cmuviwodenma (1iu t-pacnpedetenueM) Ha3niea-
el PacHPedeieHie caVainot aeatstim

7
=

- : .
_}i—

Ve
rie 7 — cIvd4aiiad BeiHUMHA, PACTIPENENeHHAS MO CTAHIAPTHOMY
HOPMANTEHOMY 3aK0HY, T.e. MO;1); ¢° — He sasncumas ot £ cnvuaii-

(2.24)

HaS BETUUMHA, MMEIOIIAA ¥ -PACTIPCICICIIME ¢ k CTENEHAMH CROBOTHI.
Mpu k-t FpacnpelcIcHHe NPUBIMEASTCH K HOPMATEHOMY.
MMpakruyeckn yxe npu k=30 MOXKHO CYHTATL [-pacrpeleieHHe
npnﬁnnmmnm HNOPMATLHBEIM,
0. Pacnpedesenuerm Pumepa— Cuederopa {wi F-pacapedeaennen)
Ha3bIEAEMEH pAcCHPEAeACHIE CAVMAINON BEAUINb
- 14 U‘ | }

ot (2.25)

TR
w2,
k;x{‘)

tie 33k ) m y2{ky) — coyuaiineie BETMMMHBEL, HMelOWMe %2-pac-
npefeneHie CoOTREETCTBCIID ¢ k) U Az CTENEHIMI CBOGOIbL.

2.4. MHOoromepHble CRy4arHBIE BENTUYMHBI.
YCnoBHbIE 30KOHB PACNPEeaeneHms

Ynopadowennwdi natop X=X, X5,..., X)) couainex eeausun nazot-
BACMCE MEOZOMEPHOR (n-pmepuod) cayuainol seAusunoR (i cucme-
MOH CAVREANBIY GeAUHUH, H-MCIHBIM GEKTHOPOM).

Hanpusep, norofa 5 JaHHOM MECTE B OTIPEISICHHOE BPEMS CY-
TOK MOWET OThL OXapaKTEPHIOBAHA MHOMOMEPHOH clyuaiHol Beiu-
aunoil XA=(X), X, X)), tie X; — Temneparvpa, A3 — BIAXHOCTH,
Ay — nasnenue, Xy — CKOPOCTL BETPA W T..

Dyuuuerr pacnpedeaenun  n-meproi  ciywainoi  eetuduns (X,
A5, X)) HazmBacTeH yHkuMs  Fxp, X3,...,%,}), BEPAKAOWAS BEPO-
ATHOCTL COBMECTHOTO BHITIOMIEHMH 71 HepareHcTR X\ <x), X3<a....,
XS Xy, T.C.

PR s B = PR 8 K St Ny 2 206
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B apymepHom cayuae! mwis cyvuaiinoil petMunHbL (X, Y) dyuruma
pacopefneneHus Flx, y) onpeaenuTcs paBeHCTBOM:

Flx,y)= P[X v Yegl (2.27)

CroidtcTBa (hyHKUMM pacnpeneneHud Fx, ¥), ananornunee
CHOHCTEAM OOHOMEPHOH CNyaaiHOH BEMHYMHLL

) 0<Fx,v)el;

2) npu x> x) Py, p)z Flxy,p); npu >y Flx, ya) 2 Flx, y);
3) Flx, ~w)=Fl-e0,y) = F-w-x)=0;
) Flx,+0)=Flxh Flro,2)=Fp), me F) n Al —
(DYHKLMM pacTipeienesms ey ailHex Benmiud X u V:
3) A+, +m)=1.
Tlaomuocmuoio aepoamuocmu (naomnocmuto pacnpedeienun uay co-
GMECHIHOE RAOMHOCIbBIO) HENPEPHIGHON DBYMEPHOI CAVYAINON BeAN UG

(X, ¥} nasweaemca smopan cmewanwas wacmnan npouzeodwan ee
vty pacnpedesenus, T.e,

N PFEGY) _
¢lxy) T wlx, y) (2.28)

CBOWHCTBA NIOTHOCTH BEPOSTHOCTH ABYMEPHOH CIyuaiHOH
BENHYHHBL (X, V) AHAMOTHYHB! CROHCTBAM MJOTHOCTH BEPOSATHOCTH
QIHOMEPHOH CIVIaHH0l BeIHYHHBL

1} olx, y) = 0
2) P{(X, NeD] =[[plx.y)dcdy;
. :

3} Flx,y)= _Etﬁﬁfl" (x, ¥)dx dy;
4) _[;m‘[j{n (x,¥)dxdv=1.

..Vc..f.-ﬂﬁjﬂbm IAKOHOM PACHPEdeienuss ooHol W3 DOHOMEPHBIX COCIMAG-
Astougux deyvmepnolt cayyaunol geawsanne (X, Y) nazweaemes ee 3axon
pacnpedeaciun, aWHUCASHNBIE RPY YCAOSUY, ¥MD OPY2aR COCMIARARIONIIT
APUNARG Onpedeetoe InaHERIE (WAl RORAAG & KaKol-mo unmepaan),

VCIOBHBIE [LIOTHOCTH BEPOATHOCTH P, (x) ¥ @ (y) aBymepHO#H

cayuaiiHo# sennunnel (X, ¥) onpenensiored no dopMynam:

' B aisneiines 1A NPOCTOTE HATOKEHHE BEICM B OCHOBHOM /IR nsymepHoi (n=2})
SUVUARHOH DENNUMHEL TIDH JTOM (IPEKTHHMECKH BOU MOHATHA W YTRE[WICHI MOCYT
ORITE NepEeHECCHBE 16 Chvsai 72,
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@, (%) = ‘F’—U{if‘f)!ﬁ iyl (2.29)
2

" {J")

9ylx)= "'{PM—; P y)= —M

a0 N
[olx,y)dx [l p)dy
—0

YenosHeE NAOTHOCTH ¢ (x) W @, (V) ODMALAIOT BCEMH CBOMHCT-

BAMH «6e3VCA0BHOI TUIOTHOCTH, paccMoTpeHHoN B § 2.2,

YHcAOBKE XAPAKTCPHCTHEM YOIOBHBIY PACTIPENENeHM YCNOBHEE
sarematHueckue oxuganna Mo Y) u M (X) u yeaosHee AMCnepeHn
DY) u D,(X). DTH XapaKiepHCTHKN HAXOasTes 1o oOTHEIM thop-
MYIaM MATEMATHYCCKOTD OMHAANKMH H THCIERCHY, B KOTOPRIX BMCCTO
BEPOSITHOCTEH CODBITHI WM NIOTHOCTER BEPOSTHOCTH MCTIOTB3YIOTCS
YCIOBHBIE BEPOATHOCTH WIH YCIOBHLE THIOTHOCTH BEPOATHOCTH.

Yeaosnoe mamesmamuueckoe oxcudanie cayuainod eeantins ¥ npu
X=x, 1.e. MAY), ecme hynrwua om x, Hasueaemas ipnruuet pez-
peccri WK TIpocTo peepeccuet ¥ no X, ananorwudo M (X)) HasbiBa-
eTca yakiued pegpeccuy Win npocto perpeccueid X no ¥ Mpadurn
STHX  IWHEIMA  HA3BIBAIOTCH COOTBETCTHEHHO AUHUAMU  PESPeciuu
(win kpugsimu pezpeccun) Y no X u X no ¥

CpoidcTBa VOIOBHOID MATEMATHHECKOTO (KMIAHWA:

1. Eenn 2= giX), me g — HekoTopas HecayaaiHas dwvHKams ot X, To

MAM (X)) = MAY).

HITH

B uacruocu,
MIMAY) = M(Y).
2. Ecan Z = g(X), o MAZY) = ZM (1.
3. Ecnu ciyvaitHele BeMMYHHBL X M Y HesanucHML, TO
MY = M.

Jag He3aRHCHMBLX CAYVHAHHBIX BETHYMH
P(x, ¥) = @ (x) 2y} wm @, (x) =9 (x) 1 Q.(¥)=9a(p),

e @ (x),@:(¥) — NNOTHOCTH COOTBCTCTEYIOLIMX OIHOMEPHBIX PAC-
npeneneHui coydainex sennuue X v ¥ @, (x), ¢, (¥} — MAOTHOCTH

WX VCAOBHEIX pacnpeneiednidi X mo ¥u ¥Foo X

Jagycumocme mewedy JeVMA COVHQERLIME EEAURUNGMUY HATWEACMCH
HEPOSMHOCHIHOL | CIOXACMUMecKol WITH CIAMUCMuYecKon), ecil Kayo-
doMY IHAYEHRNH OOHOI U3 HUX CoomBEMCcMayem ohlpedeteniioe (Yeana-
noe) pacnpedeieiue dpyaod.
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Hanpumep, 3aBHCMMOCTE MEXIY YPOXAHHOCTLIO H KONMYECTROM
BHECEHHBIX ¥A00PEHNH — BEPOATHOCTHAS.

Kosapuanueds (um xoppeasuuonnst smomenmon) Cov( X, ¥) eay-
wanneLs eeauvun X u Y nasweaemes samesamuneckoe oxeudanue npo-
HS@EC]E:'HHJI ﬂmKI!O}IEHHﬂ MHUX BEINHUN O CEOUX  MOMEMOIMUYECKUY
oxctdannd, T.e,

Cov(X,T) =M[X -a. (¥ -a,)ll, (2.30)

e ay = M{X, ay = M( ).

(s KoBApMALIMK CAVYARHBIX peawuuH X u YV Henoapsviores
rakke obosHaveHus Ky, o.,.) -

Kosapuaums JBYX crnyuaifiHbix ReIHYMH XapaKTepuaveT Kak cme-
Henh IAEUCUMOCHIT EJI}.-"-TFAFIHHX BEAHUMMH, TAK U HX Pacceghitie BOKDYT
TOUKH (ay, ay). KoBapHauma — BenwyiHA pasMepHad, UTo 3aTPY/IHA -
CT £ MCTIQILS0BAHHME I8 OIEHKH CTEMCHH JaRMCHMOCTH CITYUANHRIX
BCAMMMH, 3THX HEIOCTATKOB JIMiueH KOAhhUIHeHT Koppeasuuy.

Kosghpuuuenmom woppessuun deyx caynalinnx eenuuun Haswaaen -
CH OMHOWENIEe UX KOSApUayuy K npoussedenuio cpednux Kaadpamiaie-
CRUX OBFCADHENIT THUX ST

R Cov(X,Y)

o0,

(2.31)

Mz ompenenedus cheayer, uto Ko3ddHUMeHT Koppeasiun —
BCIMYHHA Oespasmeprand — XapaKTepH3VET mecHOMY AunelHol aeu-
CUMOCHN MEKAY CITYMAHNLIMMY BEIHYHHAMH,

CrofcCTBa KOBADHAIMH JIBYN CIYIANHBIX BETHYMH

Ly Cov(X, 1) = 0, ecit X u ¥ HesaBHCMMEL;

2) Cov(X, V1 = M(X, 1) — Aty

3) |Cov(X, Nl 2 8,0,

Cpoofictea koabduumenra xoppensunn:
D—-1zp=l;

2) p =0, ecnn cayuaiinbe peHYHHEl X M Y HesaBHCHMDL:

3) ecnnt | p|=1, To Mexny cryuaiHbiMi BeansHHamn X u ¥ cy-
IECTBYET AMHEHHAN (PVHKITHOHATBHAS JABMCHMOCT L.
W3 nesaaucumocmu deyx cayuaiines eeauuun caedyem ux wexoppe-
AUPORAHHOCHG, T.€. PARCHCTEO p = (). ONHAKO HEKOPPETHPOBAHHOCT
ABYX ﬁl}"!aﬁl{bl}{ BEMHYHMH CLUEe HE O3HAYAST MX He3aBHCHMOCT L,
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2.5, NeymepHslit (r-mepHblid) HOPMANEHBIA BAKOH
pacnpeneneHus

Caywatinan seawiuna (caywaineid sermop) (X, ¥) vazweaenica pac-
Hpede e MO RO BEVMEPHOMY HOPMEIBHOMY 3AROHY, ECIll 8¢ COsMErt -
FEH AORINOCET LMEeH diid:
|

polr.y)= gt (2.32)
ing,o,41-p*
e
| r—a i r—a. ¥y—d Vi ¥
Lix,y)= [ | —2p- -‘---‘--—'ﬁ'+ﬁ' L1 (233
{x -}’J 2{1_92} W O, 4 . 0, G_'.' U_'I' ,'| [ }

Rl

Yucnoswe xapaxrepucruku: M(X) = a,, M(Y) = a,, D(X) = o3,
: . B
D¥)=03, py=p
Mpy 3ToM oIHOMEPHBIE cavaainble senmunne X v ¥ pacnpene-
JeHLE HOPMELTLHO € NApAMETPaMH COOTBETCTBeHHO (g, , 07 ), {r:._.,ﬁ_?. )

YeIopible 3aK0HB pacnperenedus X mo Y u Y no X — raxwe
HOPMATBHES © WHCTOBRIMH XADAKTEPRPHCTHRKAMEL

M (X)=a, -.p:* (y-a,). (2.34)
D X)=a2(1- p;].: (2.35)
M ¥)=a, + 02 x-a,), (2.36)
D ()= —p;}. (2.37)

M3 chopyyn (2.34), (2.36) cuenyet, 4To aynia peepeccun M, (X)
M, () HopMaibio pachpedeiesiplx cOVHainmx aeauiin Rpedcmaaiaion
CODON APSMBie THUN, M. €. nopuaasieie peepeceus ¥ ono X ouw X no Y
Brea0a AlHEHEL,

L HOpMAIRHG  PACAPOSACHRBIX  COVHAINBIN  GEANHUN  NIEPMUNIE!
SHERODPEAHPOSANROCTRES [f «lEIQEHCHMOCT b DOGROCHABR Y,

[Moxatie apyMepHoro (# = 2) HOpMaTbkHOrO 3akoHa obobiastos
I3 NHBON0 HATYPATBHOTO AL

Hopymaantivtll 20508 PECRPedeienien -Mepiol  COVMAinei  seausins
(n=seproen civaaiinoso eekmopd) X = (X, Xo..., X)) sapaxrepusyercs na-
PAMETRAEMM, 3ATARIEMBIMH BEKTOPOM CPEMHMX 4 = (d),4d7,...,4,) W KOBd-
PHALIMOHHOH MaTpiiied » = {:3_:,- Jl';.x.,n e o, =M[(X,—a (X, —a)].
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KOBAPHALMOHHAT MATPHUA M 22 ONPeneiuTClb, HASHEIEMBI ofoi-
WEHRON duenepeuet R-MEPHOl CAVHQIIION geatiisd, ABISIOTCH AHAJO-
FAMH AHCAEPCHH OANOMEPHON CAYYAHHON BEIHUHHB M XapaKTepusy-
KIT CTENEHDL CAYUaliHOre pasdpoca OTIeTsHO NO KAXI0H cocTaIson-
LICH M B LeoM [0 H-MEPHOH BCITHYHHE.

2.6, 3akoH Bonblumx ymcen
W MPeaenbHLe TEOPEm

[Mon saronom Goabmux anced B WHMPOKOM CMBICIE NOHHMAETCH
O0ILE APRANER, COZIACHO KOMOpomy, 1o (OPMVINPOBKS aAKALEMMEKA
AH. Konmoroposa, cogoxynroe deiicmene 0oamuocn wucad cayeaiinoy
haxmopos apusodum (HpL REKOMOPHIX BechMa DOWUY VOAORUAX) K pe-
IMTWRAMY, HOumE e 3aeucaeny om ciysag. IpyruMu caiosaMH, npw
DOALIIOM 4HCae CAVIaHHBIX Be/IHHMH HUX CPeTHHA pesyllbTar nepe-
craeT OBITE CAYYARHLIM M MOXeT ORIThH NPEICKasan ¢ BONBIIOH CTe-
NEILIO ONPEAENCHHOCTH.

Teopema Yedsnuesa. Foay duchepoun R HEIGRUCUMBX COVHETINBIN
aeayun Xy, Xy, X, ocpanasennt odnot u mol wee nocmoarmol, mo
Hint HE:"U&’PE.’HH‘!’E.’H}:'GM VeECAUYeHUN Y0caa B L'fJEdHﬂﬂ ﬁpi{tﬁﬂfé’.’ﬂ”‘fﬂﬁﬁ'ﬂﬂ
COVHALRKY geAlti cxodumen no eepoamuocmi! «© cpediei apudmenti-
HECKON X MAMEMAMEYCCKNY oacudanui a|, a1, ...d,, T, ¢

¢ .
UX, + X+ 4K, aytat.+ta,

lim F

e

| i i |

HIITK

" H—vt i
Teopema bepuyamm. Yacmocme cofsonus & 0 HOSMOPHHX HE3aey -
CHMBLC HCRBURGHUAY, & KaNCDOM 13 KOMOPHY 0RO MONCEM RPOUIoNm o
ool g Mol e SEPOTINHOCINGIO P, AP NEUSPANUNERHOM VReAUYeH Iy
HUCTE N CXOTUINCT N0 BEPORMNOCIAN K BEPORIMNOCINNG [ 020 CoBBINIA
A OMdErsioM UCRbIMAariu, T.2.
m 1
lim F (i— - pl2g = 1. (2.39)

o \ il | ¥

Meoapafsee o TOHATHE «CXOIHMOCTH 110 HEUMTHOR e O, HanpHsep, [12].
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n 3{:‘
HAH —_— F.
" =

Coraaco Teopeme Jlanynosa', eciu nezaeucumvie ciyaunbie ge-
ausiennt Xy, Xoo.... X, WMEHOM KONEYHbIC MAMEMAMUHECKUE 0XCUTGHUR U
ducnepeut, RO CENEMY FHAMEHWID HU OOHA U3 IMUX CAYHAIHWX BEAUHUN
PEIKO He andersemca cpedi OCmAnbRBX, Mo APU N—>% 3aK0H pacnpede-

i
AEHUR WX CYWMbl Z X HEQSPARIHERRD Hpuﬁ-?u;u(‘ﬂemc‘ﬁ K HopmdAsioMy.
i=1

B wacTHOCTH, celu Xy, Xa,..., X, odumakoeo pacnpedeiedns, TO 3a-
[

KOH pACHpPEfeIeHis WX cymMmbl 3 X, MpPH A—»e0 HEOTPAHHHEHHO
i=1

NpMBANAAETCS K HOPMAJIEHOMY.

2.7. ToueyHble U MHTEPRANLHLIE
OUEHKM NapaMeTpoB

Ouenkoti 0, napavempa B Haswadom GCAKVI0 (AVHKNHIO pe3yih-

mamos Hafuodenun nod cowainol seanquwoll X (lnaue — cmami-
CINUKY), © ROMORBH KOMOPOL CYOAm 0 IHQUEHUAX napamempd .

B oTniuMe oT napaMerpa, €ro olleHka 8, — BENHUMHA cayual-
Han, « Hawaywiwan oyenrcas 8, doaxcna ofiadamn HauMensius pac-

CERNUEM ORTHOCHMEIRND OUenisaemose Rapaxempa U, HAMpuMep, Hak-
MEHBLICH BEAHIHMHON MATEMATHYCCKOTO OXHUIANWA KBAIPATA OTKIIO0-

HEHM# OLIEHKH 0T OleHHBaeMoro napaverpa M( 0, — 8)%.
Ouenieca .é,, napamMempa § Hassieaemcd HECMCIEHHOH, eCni e Mame-

MAMBYECKOE DXHCUdaHIE paeto oxenueaesony napavempy, 7. e. M{ ﬁ,,} =1,
B mpoTMBHOM CIIVYAC OICHKA HAILIBAETCH CHEWEHHON.
Ecin 270 paBeHCTRED HE BRIMOGIHASTCH, TO OLUEHKA ﬁﬂ, MOJaVYeH-

HaA 110 PA3HHEIM BRIDOpKaM, Byner o cpeiHeM THBO 3aBLILIATE 3HA'E-

HHe 0 (ecaw M{E,,J > 0, NUOD 3AHWKATE eT0 (CC/TH M{?:i,,j < ). Ta-

KHM 00pazoM, TpeboBAHHE HECMENIEHHOCTH MPAHTHPYVET OTCYTCTBME

CHCTEMATHIIECKNX ':}].Lli‘lEI'DK TpH OUEHHBAHMH.

l np}|ug‘1‘.[¢HH;|g POPMYIHPOBRL HE HERASTCR TOMHOH W OEET JHIUE DOHATHES O Teope-
se JlanvHons.
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Ouenxa O, napavempa 0 xazweaemcs COCRIOAMEAbION, ecin oHa

yoogIeMBOPSEM 3AKOHY BOABIUX Hucen, m.e. cxodumes o GEPOARTHO-
CHIU K OHEHUBAEMOMY RAPAMEMPY,

lim (6, 6| ) =1, (2.40)

L ] !
HiIH
=~ P
8, —— 8,
J—hio
B CAVHAS MCMOAB3IOBAHMA COCTOSNTENBHLIX OICHOK OTPARL B BAET-
CH YBRTHYSHHE 0DBeMa BLIDOPKH, TAK KakK MPH 3TOM CTAHOBATCS Ma-
MOBCPOATHRIMH 3HAUTENbHLIE OMHOKK npy ouenmsanun. [MosToMmy
HNPAKTHYSCKHNE CMBICT HMEIOT TONLKD COCTOATENLHBLIC OUEHKH,

Hecwewennan ouenka B, napamempa 0 wasweaemca shexmus-

HOW, @A OHG UMEEm HauMelbiovn diwcnepeiio cpedi 8oex woIMoNchn
HECMEMENNDBIX DUENOK Napasempd B, GuUCIEHHIY no eudopikan ooHoz0
020 Moe oDBeMd R,

Tak Kak ang HecmeuleHHOH oneHkn M __E-},,_ ~ 0)¢ ecTh ec auc-
[EpCHA """i;} . TO 3PEKTHBILOCTE SIRIACTCH Peliaouim CROHCHIE0M,

OTNPEIETIIoIAM KAYeCTRO O1EHKH,

A naxowIeHHs OLEHOK NAPaMeTPOB (XapaKTePHCTHE) TeHEPLTnL-
HOT COBOKYMHOCTH MCTIONIL3YETCS PR METOOE.

CornacHo Meroay MOMEHTOB ONPElCieHHOE KOIMMECTBO BLiGO-
POMHELX. MOMEHTOB (HA“ATbHBIX v MM UCHTPAABRHEIX Ly, WIH TEX W
APYTHX) TIPHPABHHBAETCA K COOTBCTCTEYIOUIMM TEOPETHYCCKMM MO-
MEHTAM PACTIPCIENEHHST v HIKW Uy COVUARHON BEIMYMHEL Y,

IUCHOBILHM METOIOM NONYUCHMS! OLEHOK [1aPAMETPOB reHepasibh-
HOH COBOKYTMHOCTH N0 J3HHLIM BHOOPKM SRIACTCH METON MAKCH-
MAIBHOIO NPABTOTON00HA.

OcHoRy MCTOOa COCTABAAET dhyinuus npasdonodofun, awpaxcan-
MR BACHIROCHE EDORMBOCING (GEPORMBOCHTD) COBMECIHO20 HOTRICHIUS
HEIVALIMAN0G erlOpKL Xy, X3,..., X,y ;

Elxt, Xayens X3 0) = (plx1,0) plxg,6)... plo0)... plx,,0),
HITH

LX), Xgpeey X0 B) = ﬂcp(,r,,e}. (2.41)
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CornacHo MeToly MakKCHMATEHOIO upaﬁ;lonﬂ,:[oﬁuﬂ B KAYECTBC
OLIEHKM HEWIBECTHOTO TapaMeTpa § npuHHUMacTes TAKOE JHA4SHHC

9, . koTopoe makcuwmusupyem dynkumio L. EctecTBeHHOCTh Moioo-

HOTO OIX003 ¥ Onpelene Ui CTATHCTHYECKHMX OIEHOK BBITCKACT H3
CMBICTA (DYHKIIMH NPABIOMOR00HA, KOTOPas [IPH KAKAOM (PHKCHPO-
BAHHOM 3HAYCHWM TAPAMETPA #RIHETCH MEPOH MpapionoaofHocTH

noaydeHust Habmonenui, M oleHka E},, TAKOBA, YTO WMMELIMecH

y Hac HalnoneHns saenaoTed nHanbonee MpaBaAoTOLODHBIMU.
TTOCTOMHCTEOM METOAd MAKCHMATLHOTO MPaBlonoaobis ARIACT-
CST TO, HMTO NOIYYACMBIE MM OHEHKU COCOSMEAbHbl, ACUMAMOMIteckl
(npu n—x) ofhdemuenn W UMelm acuMumomuiecku (1pu p—m)
HOpMLIBNOE pacnpedeterie.
MycTs A8 OLEHKH MAPAMETPOB PACIpPEICACHHA CAYUaiHOH Be-
AWunHel X orobpada caydadHas BLIDOpPKEA, COCTOALLAT H3 IHAUEH N

M

Z'r.inf

o Eh
Xy, X2,..., X Haiinensl BuGOPOUHEIS XaDAKTEPHCTHKH. X —'—n— —

S~ FF

i=1

BLIBOPOYHAA CPETHAA; §° = — BHIGOpOYHAN TMCNEPCHA

L

m -
(rae n; — 4AcTOTHI 3HAYEHHH X;); w:: — BEIDOPOYHAA Aona (roe m

IEMEHTOR BRIBOPKH W3 # OOMANAIOT MaHHBIM NPHIHAKOM).

Torna T M W — HecMewenime, cocmoameinhne u sfhiexmusiore
(011 HOPMATRHO pacnpefeleHHoH FeHEPANBHOI  COBOKYIHOCTH)
OLECHKH COOTESTCTREHHO MAMEMOmuYeckozo oXcudanua a u &epuﬂm—

Hocrie p,od $2 - CHMENeRHAR, RO COCRIOAMEIRHR OUENd ductepoiui G’
i

i
Z(—"f -5,
~ i=1
Henpagaennan embioposnas ducnepeust 57 ——r?l = J'T —
HECMEWENNAA 1 COCMORMEIbHAR OUeHKa ducnepeii a,
Hapsimy ¢ moweunbowy OUEHKAMH [MApamMeTpoR (B BALE OIHOTO
YMCTA) PACCMATPHEBAIT MHTEPBAILIILIC OLEHKM.

Humepaaasnoi ouenkol napavempa 8 nassieaemc YU HH-
mepaar (01, 01), xomopeii ¢ 300aRN0H 6ePORMHOCHILIO ¥ HAKPUWEaEN
HELFRECMHOE IHarerlie rapamenmpa 0,
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Takoil HHTEpBL (a,[,”, 5}12]) HAILIBASTCA doGepUmelbitbim, 4 Be-
POATHOCTL ¥ — dosepumetsioll REPOSMHOCIHBIO WIH  HADeHHOCHIbIO
OUEHEL.

BenwunHa A0BCpPMTENBHOTO MHTCPBAIA CYVIIECTBCHHO SABMCHT OT
ofBeMa BHIDOPKM # (YMEHBINAETCH ¢ POCTOM M) M OT 3HAMEHMS TOBCPH-
TeNBLHOA BEPOSTHOCTH v (YBEIIHYHBAETCS C MPHEITMKEHHEM ¥ K SIMHHILIE).

[pueeneM TPUMEPH NOCTPOSHMS JOBEPUTENBHBIX WHTEDBAIOB
fem. [12]).

MycTs: x5, X3,..., X, — MOBTOpPHAa# BRIODOPKA H3 HOPMAILHO PACHPE-
degenkod TeHEPATEHOH COBOKVYITHOCTH;

X — BLIOOPONHAT CPEIHAA;

Xy — TeHEpPUTRHAS CPCAMsH;

5 — BLDOPOYHOS CPCIHER KBATPATHUYCCKOS OTENOHEHHE,

52
T =1l|| ] — Cpealce KBLUIPATHYECKOD: OTKIOHEHHE BRIGOpOY-
h—

HOA cpeaHe (cpelHas KBauparvueckas olubka seibopru),

I-X xI-—-X% =
YuuTeBas, YTO CTATHCTHKA 0 -2 0 n—-1 umeer f-pac-
Gf 5
npeaeieHde CrelodeHTa ¢ A — | cTencHsMu CRODOAL, dogepumeit-
Hbtll UHMEPEQT (48 cenepaibiol cpedied X, Hd VPOBHE IHAYHMOCTH o
CHIPELENHETC N0 QopMyie:
i Iy
-1
',

& 5
G __,.f'i'f -] ——= |- {2.42}
- I-Jr!—l ] IJH—]J

M
Y"-]H'l'b]HH.H., UTO CTATHCTHERA Py HMEET xz-p&cnpenene:-me c H—1
¥

CTCHEHAMM CBODOLLI, dogepumetbiul wHmepsdi i zenepaibron duc-
Aepcun o Ha YPORHE 3HAYMMOCTH ¢ onpeiemsieTea no (popmyae:
'
] 2 o .'l
s 1S
B 2.43)
'\:{":;3‘”' | }:l‘—m:’lu—l

2.8. Mposepka [rectuposanme)
CTATUCTUYECKMX TUNOTE3

Cmamucmuyyeciool 2uRomesoil nazsidgemon aofoe Rpednotodcenie
0 GUdE Wl RAPEMEMPE HEUIGCCHMHOZ0 JAKOHA PacnpedeleHuA.
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[Mporepsemyto rMnOTe3Y OORMHO HAILIBAOT myiesond W obo3Hava-
1wt Hy. Hapany ¢ Hyneroil runotesoit Hy pacemarpusadT wismepnd-
PRUAHYIO, HIH  KORKYPUPWOWIo, THNOTe3Y J, aensouyiocs J10rny4e-
CKMM OTpuuaHueM My Hynesas o anbTepHaTHEHAS TMNOTEIE Opei-
CTABNSIOT CODOH ABe BOIMOMKHOCTH BeIDOpPA, OCVIICCTRISEMOTD B
Jaladax HpDBCEJK.H CTATHCTHYUSCE WY HITOTEE.

Cyib NpoBEepPKH (TECTHUPOBAHMH) CTATHCTHICCKOH
THIOTEILL 3ak0Y9acTCH B TOM, 4YTO MCTIONR3YVETCH CHOELHLILHO CO=
CTABICHHAA BRHDOPOUHAS XapakTepMeTHEAL (cratucTural B,  (x,
X340y Xy)y TIOAVYEHHAN Mo BROOpKe X, X7, X, TOMNOC WIM MpH-
BIMACHIIOE PACTIPEACICHHE KOTOPOH M3RECTHO, 3aTeM 110 ITOMY Dhi-
ﬁl)l’](‘.l‘!HUMlu" p}jﬂllpﬂﬂ{:}ml[lilﬂ OMNpeIenyacTe KPpHTHYECKOE IHA'EHWME
B, — TAKOE, YTO CCIM THIIOTE3a My RepHa, To BeposTHoCT A0, > Bg)
ML, TAK HTO B COOTBCTCTBHMM C TIPHHIWITOM TPAKTHUECKOH yBe-
PCHHOCTH B YCTOBMAX JAHHOTO WCChenomaHnda coboitne 8, > O

MOAHD {C HEROTODLIM ['.IHCKEIM} CMHTATE NPAKTHHSCKH HEROIMOMN -
HBIM. HGHTOH}“, CCITH B JAHHOM KOHKPETHOM CA1VHAC Uﬁl!ﬁp}’}ﬁlﬂjﬂ{:'i'-

ca otknoHenue €, > By, TO runoresa My orsepracTes, B TO BpeMs

Kak NOABICHHC 3HaYCHHS H',f = E}Kp CHUHUTASTCH COBMECTHMMEIM C M-

NoTe3ed Hy, XoTopas Toraa NPUHWMAETCS (TOUHEE, HE OTBEPraercs).
fIpasuio, no xomopomy 2unomeza Hy omaepzaemea Wik HPUHEMAEMEA,
HEIWEGEMCE  CAMUECTHIEYECKIM  KPEMEPUIEM AN CRIGHECEYECRKIM
FRECTOM,

Taxum 0513&130&1. MHOMCCTEO BOIMONHBEIX 3HAYEHWH CTATHCTHKMH

KpHMTepHst (KpuTHYeCcKol ctatHeTurn) ), pasfusasten Ha apa Hene-

PECEKAKIIIMECH TIONMHOKCCTBAL KNIRUYECK VIO EERAEETTE {Uﬁ-‘ia(:ﬂm o=
FADHEHUR EMHI‘?PHE‘EM} W' w oiaaoms I'.TJI‘?H_L’C}IIH.-HE:-DC Freauenni | ohidacms

rpnsmug cunomess’) W Ecuw diakrruccky HalmodacsMoe 3HaTeHME
CTATHCTHKEH KpHTepHA B, MonajacT B KpUTHYeCKYW obnactk W To
runotesy Hy orsepraor. TIpH 2T0M BOIMOMHET YETHIPE CTYUAS

I'nnoTesa iy [Mpunnuaetcs l OTeepracics
Bepaa [[paBHILHOE PEUICHHE | Owudka 1-ro poda
Herepra Ouwnbra 2-ro pona | Mpasuisroe peuieHus

Beposmuocms o donyemums owuoxy [-20 poda, m. e omeepenyms
eunomesy Hy, woeda ona eepra, Hozelcaemcs PPOGHEM INAMUMOCTIN
KPHIMEPUs.
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BeposiTHOC TS OnverHTh o MOKY 2-ro pona, T. ¢. NPHHATL FHMo-
Te3y Hy, Koraa ona vesepna. oBLYHO ofosHavaior f.

Beposmuocmn (1 — B we donyvemun, ouuiKy 2-20 poda, 1. e. om-
geperymy eunomesy Hy, xoada ona wesepua, nasmeaemen MOUFOCITBI
(wau ghynkunen mownocmu) EUmepus.

BepostHoctn onmbox |-ro u 2-ro pona (oo 1 ) OUHOZHAYHO OM-
PCLSASIOTCH BRIDOPOM KPHTHYECKON 00TacTy. OucBuiHo, Kemarein-
HO CIACHATR KaK YTOOHO ManbiMM o ¥ B. OaHako 370 [POTHROPE -
BRIC TPEGOBALNA. TPH MKCUPORAHHOM 06beme BHIDOPKH  MOMHO
CIAENATE RAK YTOAHO MATOH THILL OAHY W3 BETMYUH — o MW [, uTo
crmpﬂ}ﬁer}m C HEHABERHLIM VBEIWTEHHEM APYTOH. Hunes npu yeetu-
HCRUN ODREMG SMODINH  BOIMONCHD othioapemeinoe IMENbLCHIE  gepo-
AmHocmer o Wi

Kpumuweckyro ofsacms W caedvem EB0UPAmME Mmak, 4mobe eepo-

ARIHOCING RORODANUA & Hee cmamueiiiy wpumepas 0 Gsaa M-

MAIGHON U PAGHOL o, ecay 6epra HYAeoas 2unomesa Hy, W Makcumais-
HOW & RPOMUBONOTONCIOM CaVHade:

PB, ewitl, )=0,
»’-"(E]..r = WY ): max,

Apyrumn caosamu, KpUmieckad  oftaoms  doaxena  Ghime  marcod
HIOOB APL 3addanton VPUBHE IHAHIMOCHIY MOIKOCmE Kpumepis 1 — Ew:
A MARCHMAiHON. 3040 TIOCTPOEHIA  Takoi KpUTHYCCKOR  obnacty
(MK, KaK TroBopsT, noctpochiva Hauonee MOWHOTO KpuTepud) jans
HPOCTLIX THTIOTES PELUAETCST ¢ 1IOMOIIBIO TeopeMbl Hefinar a—ITHpcona
H.'HEEEIEMGFI B BOTEC HONHRIX KYPCaX MaTeMaTHIeCKOH CTATHCTHIN, ,

JABHCHMOCTH OT BHIA KOHE i : ;
HIT  AaencinepoH R o .aesﬁi-n:;z:ﬁ;mﬁ:m; 1:”””1"@351 (st 34
: g F ] VERTOROMNNR PRI e~
Ciyic oogaome. Tpanuius Kpuriveckoi obJacrs TPH 3ATAHHOM YPOR-
HE SHAYUMOCTH o OTIPCHENAIOTCH COOTEETCTBEHHO M3 COOTHOWEHME:
® AU Apdeccmopoirkel KpHTHYECKOH obaacTu

(2.44)

M ﬂ 0=, (2.45)

= JUTH AEROCHIOPONHCE KPUTHUECKDN obaacty

PO, <8,) = u (2.46)
o 108 deyomoponned KPUTHYECKOH oBIacTy
P8, <0,00) = P(D,>0,,) = % (2.47)
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CJR}II.}'ET OTMETHTL, YTO B KOMITBIOTC M HEIX AKOHOMCTPHYMECKHX
nageTax ODLIYHO HE HAXGIATCH FPaHHILB KPHTHYCCKOH ObIacTH Oxeps
HEOBXOOHMMBIE U4 CPABHEHWS KA C (PAKTHMECKH HADT R TAS MBI M

THATEHHAMY BLIDOPOMHEI XApakTepHeTuk 8., M NPUHATHA PellC-
HHS O CTPABELIMBOCTH runoTestl fly. A PACCHMTRIBAIOTCH TOHHLIC
JHAYCHMA YpoRH# 3HauuMocTH (p-valio), MCXOas M3 COOTHOINEHHH
P{E,, }Fl’j,,;._[\,,j = p. Eciy BepostTHOCTD p 0MeHk Mald, TO THIOTEIY Hy

NPHHUMAIOT (TOYHEE, HE OTBEPTAoT).

[puHuun npoGepku | MeCmupoeanis) CIRARILCIIUMECION  SURIOMTEEb!
e daan A0sHHeckosn doRk@IAIMEIRCINGD €8 GEPHOCIIL [ REGCHRDCRIL
MpuusTie THnoTessr Hy CIEIyeT paclieHHBaTh HE Kak pas M HaBce-
T YCTAHOBIEHHBIN, abCOoTHO REPHEI  CONEpManniicn B HEH
(hakT, 4 JIMLIL KAK DOCTATOMHO Npagiononodnoe, He NPOTHROpEHA-
Lee OTRITY YTBEPAACHHE,

YnpaxHeHuA

2.9, Jlad psd paclpensnenus CyHaiion BETHIUHLL X

X5 o l _| ? 1
o 0,06 0,29 | 0,44 'D,E_!

HeofxoauMo: @) HAWTH MaTeMaTHUCCKOS OXMHAAING MUY, ame-
nepocury X)) W cpedtce KBaapaTHuecko (cTaAHMAPTHOE) OTKIOHE-
HHe o cayuaittol BeTHInHE X; §) ONpenennTh iy HKLIHIO pacnpene-
neHMa FIX) W IOCTPOMTE €€ TpathrK.

2.10. Jana thyHkums pacipeneneHs ciyHaiHol BeTn HHEI X

( ;
i nm x<l:
03mpr 1<x=2;
Flx)= 5
07upn 2<x <3,
I npu x>3
HaiiTh: @) pai pacnpeleneHns; #) MAreMaTHUECKOE OMHIAHHC
M(X) n aucnepermio O(X); #) NOCTPOUTE MHOTO¥IOALHHK PACcTpeie-

nenua W rpaduk fx),
2.11. Cayuaiinas seauduHa X, CoCpeioTOMCHHAA HA HHTEPBAILC

i |
|=1:3], sanana QyHKIKER pacnperencHus FLT}:;—J:+E.
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Haittu BepodTHOCTE MOMNAZAHMA Ciydaitnodl  peamumHe X B
unTepsan [0:2].
2.12, Croyuahivan seauwdarua X saaada dywHKiel pacnpeieieaus

0 upu x5
Flxy=qxf mpu 0O<x=l;

1 npu =,

HafTi: &) NACTIOCT: BEPOATHOCTH @(x); §) MATCMATHYCCKOS OMH-
fauue M(X) w nucnepomo D(X); #) eepogtHocTH PLA=0,5), PAX<0.5),
P0,5<X<1); &) nocTpouTh rpadMk o(x) 1 Ax) W Nokasate Ha HUX
MaTeMaTHUYeckoe oiaate M{X) v BepOATHOCTH, HAWNEHHBIC B 1. &);
d) KBAHTHAL Xy 3 # 20%-Hyi0 Touky pacnipesenenna X,

2.13. Hawua dhyHrims
['D pH ¥ < ()
plx)=

]_Gw‘* npu x =0,

[Mpu kakom 3HageHun napadeTpa € oTa yHKLRS HRIASETCA
ILIGTHOCTRID  PACTIPEAENEHHA  HCKOTOPOH  CIVYaiHOR  BeaMIMHEIY
Haitth MaTeMaTHISCKOS DXHUAANNHE W AHCNEPCHIO CIyaiHoil Bent-
HHMHRL X

2,14, Hauel ape cnydaiinsie semauder X w ¥ Bemmunba A pacnipe-
AeNCHA M0 GHHOMMLILHOMY 3aK0HY ¢ mapametpaMu r = 9, p = O.1;
BEMMHA Y pacnpensncHa no sakony [vaccona ¢ napaverpos A=2.

[MocTponTs pagel paclipelciclind clydaiHex menyand X n ¥
Haiitu M(X), DY), M(Y), D(Y): PLA<2), A(Y=1).

2,15, Jagpl OBe cydafiee penuwumael X n Y, eeaumumrHa X pac-
npene/icHa Mo PaBHOMEPHOMY SakoHy Ha otpeike |0;1]; seanumna V

|
PACTIpEOENeHA 110 TOKAIATCALHOMY 3aK0HY C NADHUMETROM A= ﬁ

CnpedenuTs AOTHOCTH BEPOATHOCTH W (VHKUMK pacipeicne-
1us caydaifaeIx Beanaui X u Y. Haittw ALY 2 0,05), A Y < 100).

2.16. Covualivad pelvyuna X pacrpeleiecHa 110 HOPMATLHOMY
IAKONY ¢ Napamerpamu a = 15, ot = 0,04, !

Haruears Buipasxenus MIOTHOCTH W GYHKIWY PACTIPCICIcHUA CITy-
yaiinoi semavHel X Hadiry peposmiocrs Y < 153), AX = 154,
P49 < X £ 15,3). P(X—15)20,3; kBavTHIb X4, 30%-HyI0 TOUKY
pacnpeaesienus X0 C MOMONBK NPAEWIa TpeX CHUTM  ONPENeIHTh
FPAHHULL U 3HAYEHHA CIyHaitHOH BennurHe X
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[nasa 3

[MTapHLIM perpeccuoHHbIn aHANKU3

B rmpaktike  IKOHOMHYSCKHN  HMCCHEAOBAHME  HMERHeCH
JaHHBIE HE BCETTA MOMHO CYMTATE BRIOOPKOH W3 MHOTOMEPHOH
HU}JM&T]’&HDH COBOKYTTHOCTH, KOTOA 0O0Ha H©H3  pAacCMaTpHBASMBIX
NEPCMCHHBIX. HC SRIACTCH CJT}’LI{'I.HHGﬂ HITH KOTOA IUHHA perpccCcid
ABHO HC NpaMdad BT, IL B arHx CAYHAHK TILITAKTCA OTPCIcinTh
KPHBYI0 (MIOBEPXHOCTL), KOTOPAS J4eT HAWIyULIee (B CMBICIE MeTod
HAMMEHLIIMY  KBATPATOR) NpHbIMmente K HCXOAHBIM  TAHHBIM.
COOTBETCTEYIONIME  METOAR  OPUENMMEHWS TOAYUMIH  HAZRAHWE
PESPECCUORNO aHATAA.

MeTonel W MOJSIH  PErpeccHOHHOTC  AHATH3A  3aHHMAaoT
ITEHTPAABHOS MECTO B MATCMATHYCCKOM annapaTse JEOHOMETPHEH.

Jadauamu  pecpeccRONROZ0  AREINIA  ACIAIOMCA  VOMAHOSAENIE
(hopael  dgeucumMocniy  Medcdy  HepeMenHbiMu,  ONeHKA  iyHKNu
PEAPECCUN,  ONENKO  HeNISeCMNBX  3Hawenun  (HpacHed  3HAWeHU)
FAEHCUMON NEpesenno.

3.1. OyHkUMOHANLHAS, CTATUCTUYECKAS
M KOPPENSUMOHHOA 3ABUCMMOCTH

B ecrecTReHHMY HAVKAX YACTO PEYb WACT O ghywicuuonainiog -
sRCHMOCmE (CBAIW), KODIA KEXI0MY 3HAUCHMED OIHOH NepeMeHHoR
COOTEETCTRYET ROOIHC onpedetennoe mavenie dpyeod (Hanpumep,
CHOPOCTR CRODOAHOTO NAJCHHA B BAKYYME B 3ARHCHMMOCTH O] BPCHE-
HH M T..).

B 3xoHOMHKE B GONBIWMHCTES Cllydaes MEXLY [NePEMEHHLIME Be-
JAHYHHAMM CVIICCTEYIOT 3ABMCHMOCTH, KOMA KAXIOMY SHAUEHHH
QIHOH TMepeMeHHON COOTBCTCTEVET HE KAKOE-TO ONpeleleHHOs, a
MHOXECTREO BOSMOMHLIY 3HAMCHMI Apyrol nepeMedHod. Maa-
HE TOBOX, KAXKIOMY SHAMCHMIO OAHOH DepeMeHHON COOTBETCTEVET
onpedesennoe (Veaoshoe) pacnpedetenae dopyeorn nepesenwon.  Takas
FABHCHMOCTE TIOTYMMIA HASBAHWES CRIGIUCIINYECKOR (MY coxachii-
HeckE, eeposmrocriiod) (0 Hel vnoMubanocs 8 § 2.4).
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BozuukHoDeHHe NMOHATHA CTATHCTHYCCKON Co#3M ODYCIABITHEA-
BTCH TEM, UTD 3aBMCHMAd TEPeMEeHHAad MOIRePHEHa BRIMAHMIO pAaa
HEKOHTPOJIMPYEMBIX MW HEYYTEHHBX (akTopos, a Takxe Tem, 4To
M3MEPCHMC  3IAYCHME  [NEPEMEHHRIX  HeMI0eWHD  CONpPOBOMAITASTC
HEKOTOPRIMH CIYIalHbIMKE owubkamu, [lpyMepoM CcTATHCTHYCCKOH
CLEHIH HBIASTUS SBICHMOCTR YPOAXaliocTH 07 KOJMIECTRE BHECEeH-
HEIX VIODPCHHH, MPOH3BOIAMTENLHOCTH TPYIA HA TPCONPHATHH OT
EI'0 SHEPrOROORYKEHHOCTH W T.IL

B cuny neodnoiHayHOCTH CTATHCTHYECKOH 3aBMCHMOCTH MEXUTY
Y u X nmna vceacnoBaTend, B YACTHOCTH, MPENCTARIAET HWHTEPEC
yepeldueduas nmo X cxeMa JABHCHMOCTH, T. €. ZaKOHOMED-
HOCTE B HM3MCPCHHM YCIOBHOTO MaTeMaTHIecKoro oxutanus M Y)
i MU¥/X = X)) (MaTeMATHHCCKOID OMMIAHWH CTyvaiiHOE nepe-
MENUOH Y, BLIMHCISHHOTO B NREANOAOKCHMM, 4YTO nepemennan X
NMPHHAIA ZHAYCHHE X) B 3ABMCHMOCTH OT X

Ecnn aapMeMMocTh MERIY IOEYMA [OCPEMCMILIMM TAKOBA, T
Kaycdomy angyenuin odnoli nepesmeniol coomeemcMayem onpedeitennoe
VeAoEroe Mamemamuveckoe oaudanue (cpeduee 3nauenue) dpyeod, mo
RAR CHIMNCIIENCCK AR J08HCHMOCIE HOINadeinc s KOppeaniuoniol,

Wnave, roppeasuuonnoi 3asucumocmsio vexcdy deyMma nepemen-
HELMI ROZBIGGEMEH (VIKIHONGIBHAR FA8UCHMOCTE MENCAY TROUEHTMY
CEMOE 13 HEY 0 VETREHIIM MAMeMamuseciuym oxcudanuen dpveod,

KopperdiHodiad 3aBHCHMOCTL MOKET DEITh NPEACTARIEHA B BHIS

MA(¥) = qlx) (3.1)

My(X) = wip),

HITH

e plx) = const, wi)) # const.

B perpeceuonton aHamHIe PARCCMATPHEAIOTCA 00HOCMOPORNAR 3a-
gncuMacE cayyaiinof nepemennon Y om oduoll (10 HECKOADKUX) He-
cayveaiion  wesasucimold pepemennod XD Takad 3ABMCHMOCThL  MOGET
BOFHUKHYTR, HANPHMED, B CIVYHAS, KOCIA NPH KLxgoM purcHpoBan-
HOM 3HAMEHHK X COOTRETCTRYIOIIME 3HAYCHMA } MOABCACHE CTY-
HARHOMY Pazdpocy 34 CHCT HeHCTENH Pild HEKOHTPOIHPYEMBIX hak-
Topos. Takas 3apMcuMocTh ¥ 0T X (MHOMIA ¢¢ HA3LIBAIOT pespeccuon-
HOH) MOWCT DRITh TAKKS NPCUCTABICHA B BAIE MOJEIEHOMD VpRUBHE-
His perpecenn ¥ no X (310 [pyr s3ToM sgeucusyo IEpeMEHHYI0 ¥
HAZRIBAKOT TAKKC hymicqued omeinia, obBachaeMol, ewxodnoln, pe-
IPAGMUPYHREE,  AHdezernol REPEMERRON,  PeIVALMMUEHEM  HPUING-
KOM, A HEe3IARMCHMYIO mepeMervvio X —  ofsfcnsioneti, sxodwod,
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NPEGCKasueaIomed, NPeJRKmMopHot, NcIoeenion nepeMennol, garxma-
POM, PEEPECCOPOM, (PAKINOPRBIM RPUFHIKOM. 4

Ypapneuue (3.1) HAILIBASTCH MOOSTsHBM VPASHEHUEM Pe2pecciy
{Wnn npocTo Vpassesnesm pezpeccui), a OyHKIMA plx) — modessiod
fvriceE PETPCCCHM (MITH IPOCTO ghynniiess pedpecciid), a ee rpadime —
ModeabHol Aunuel pezpeccun (WIN [POCTO Auluel pezpeccii).

s TOMHOTO  ONUCAHWS  VPABHEHWS PETPECCHM  HenDXoaHuMo
MATE YCNOBHBLIH S1KOH pACpeieneHus 3aBHMcHMOl nepeMeHHOR }
NpH YCIAOBHM, 9TO MepeMeHHas X nMpHMeT 3Hadeuue x, 1.c X=x. B
CTATHCTHYECKOH NMPAKTHKE TAKYIO MIHDOPMALIMIO NOJVYHTD, KAK Npa-
BMJIO, He YAdeTes, Tak Kak 0DBMHO MCCIeNOBATCIb PACIOIaract
aHmk BEOOPKOH nap aHaveHMi (x, ¥) orpaHddcHHoro obLema n. B
STOM CAYIAE PEUR MOXKET MATH 00 ouenke (Apuiiuieennom gupayee -
Hul, antpokcumauy) 1o BeiBopke yHKUMK  perpeccud. Taxoi
oleHKON ! SIRTACTCH anidoposnan awus (Kpueds) peapecciar

_‘!i':l :{]‘1{.:"1!5[”&-‘“...._!}_‘._. ]: (3'2}
re v— yeaognas (zpynnosar) cpeduas TepeMeHHOH Y npu dukeH-
POBANHOM 3HAYEHUH NepeMeHHOl X = X, &y, by,..., b, — napaMerphl
KpHBOH,

Vpapnenne (3.2) HAIWBACTCH GWOOPOYHEM YPABNENTEM PEaPECCH.

[Tpn npasuneHO onpeneneHHOW ANMPOKCHMUPYIOWEH (yHKLMK
wlx, by, by, by € yBEIHYCHHEM 0DBEMA BLIBOPKK (A—»w0) OHa Byaet
CXOAMTLEH 110 BEPOATHOCTH K (hYHEIIHH PETPECCHE ofx),

3.2. Iluneinana napHas perpeccus

PaccMoTpiM B KAUCCTEE NPUMEPE JEABMCHMOCThE MEXIY CMeHHOH
AoOpME VI HA odnoro pabotero YT) M MOIIHOCTEIO TacTa X(M)
N0 CHCOYIOWMM (YUTOBHBIM] MTAHHBIM, XapakTepHIvIoHM Dpouece
noBeMH yra oo = 10 maxrax.

Tabnuna 3.1

i ] 2 [, 3] & [ 5] 6 7 8 | 9 [10]
% | 8 [ | 1219 [ 8 8 [9 |9 | & |12
w | 5 [0 w7 [ 56| 6| 5| &=

! Kag Mbl YEHAHM TUTBIE, HAWIVUIISH OUEHKOR MIGICTCE IHHKE cpedickaadpatie -
CREH PETPRCCHH.
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M300pasiM NOAYHEHHYIO 32BMCHMOCTE IpadMYecKH TOUKAMH
KOOPAMHATHON miaockoeTH (pue. 3.1). Taxkoe w300pamkeHHE CraT-
CTHHCCKOH 3aBHCHMOCTH HAZLIBASTCH NOMeM Koppeasiil,

Y ik

F==2,75+1,016x

t f } T t Ll
il 2 4 & 8§ 10 12 14 16

Puc. 3.1

[Mo pacnonoxeHHID 3MNUPHUYECKHX TOYCK MOXHO [IPeANOIaraTh
HaTHuie THH e H HoH KOoppelnsluMoHHOH (PerpeccHOHHO) 3aRH-
CHMOCTH MEXTY NEpeMEHHEIMHM Xu ¥

MozroMy ypagHeHKe perpeceun (3.2) Bynem MCkaTh B BHIOS JIM-
HEHHOID YPABHEHMH

: y=by+hx. (3.3)

OTBENeYCMCT HA BPeMA OT PACCMATPHBAEMOTO TIPHMEDA W HalmcM
(hOPMYILL pacieTa HEWIRECTHRIX MAPAMETPOR VPABHEHHH AMHEHHOH
PerpeccHHM,

Cornacuo METOIY HAHMCHBIDHX KBAMPATOR HEUIGECHINBE NAPMAMEn -
pot by Wb ewbuparomes makuy 00paIoM, Motk CYMMa  Keadpamos
CIUCAORENUI IMPUPUHECKIX IHAYEHI ¥; OT IHAYeHUN ¥, , Haidenrwx no

vpagnenuo peapeconts (3.3), Goltg MunMaIsHOW;

- 2 ]
§=Y(;-») =X (b +bx,— ) — min, (3.4)
i=1 i1 !

CreayeT OTMETHTB, 4YTO JUIA OLCHKH [apaMerpos by »
£ BOIMOMHE! W Ipyrie noaxonsl, Tak, HANpHMep, cordacHo Memody
MOUMeH LI .-Hﬂd_l«",f!{.’ﬁ CACAYET MHIMMHIHPOBATE CYMMY ADCOMKTHRIX

M
BEMNYMI  OTEAOHEHHH ZL}?,- - yj|. OnHako MeTon  HAMMEHBITHX

KBANPATOE CVILCCTBCHHO TPOLUE TIPH NpoBeieHHH BRMHCIUTETRHOH
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MPOTEIYPEL M JEAET, KAK MEL YBMIMM lafee, XOPOIWME N0 CTaTHCTH-
YECKHM CBOHCTBAM OLEHKH, STHM M OORACHAESTCA €ro IMTHPOKOS
NMPUMEHCHHE B CTATHCTHUECKOM AHATHES,

Ha ocHOBAHMM HeoBXOMMMOr0 YCIOBMH BKCTPeMyMa (yHKLHM
ABYX nepeMeHex S=5(8y, &) (3.4) npupaBHHBASM K HYNIO €8 "HacT-
HBIE TMPOHIBOAHLIE, T. ¢

A 2

— =23 (Bt b0 =y )=
3k, g{‘ %3

lﬂS .'|_‘

.M..._:z h '|‘|‘IJ‘x s ;\}xazﬂ:l
o, %[u 1y — Vi,

OTKYIa ToChe MpeodpazoRaHui MOOVUMM CUCRIEMY HOPMOLIDHMY Vpde-
HERWA D09 ONPeIeIcHRA TapaMeTPoR THHEHHON Perpeccuu;

buﬂ =+ IEJ| zx,' - ZJJ?';
=1 1=l {3'5}

Ll L I
by > X + B Y xF =3 X ¥
i=l i=| i=]

Tenepn, pasienup ode vacTH ypabHeHH# (3.5) Ha », DONYYHM
CHCTEMY HOPMAILHLIX ¥pasHeluil B puie:

!r.'-'.:} +- .I'I.'-'|.-X-: = _I}";
N "t e, (3.6)
By + X = xy,
e COOTEETCTEYIONIHE CPENIHUE ONPEaetaTea mo GopMyIamM:
il M
% Y
f: = {3.?} xy = i=1 J (39)
n "
¥ X
¥ =4=L . {3.38) e S | M (3.1
H H
MogcTagnas aHaueHHe
by =V —ix {3.11)

H3 NEPBOTO YpaBHeHWH cuetembl (3.6) B ypasHeHue perpeccun (3.3),
Oy MM
p=F-bT+bx,

W
J-y=blr-%). (3.12)
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KoadmumeHT by HaswBaeres endopounsin Koodduyuenmom pes-
peceri (MW pocTo koadiunuenmon pezpeccuy) ¥ no X
Koodwbuwwenm pezpeccun ¥ no X noxazmadem, na ckoabko eoduniin
6 cpednem uiMensemca nepemensan Y npu veeiuwewuu nepemenwol X
na odiy eduniy.
Pemas cucreMy (3.6), Haiioem
b]=£ J,y:ILm{X?l"}J (3.13)

-

xt—-x? .

re §7 — awdopounan ducnepeun nepementoi X-

: w3y Ia et
si=xi-x =L—{x] 5 (3.14)
E‘.ﬁv{ﬁi’ ; Y}— EWOOPOUHNE KOPPEARUNOHNEBIE MOMEHIT WITH &0i00p04 -
HOA KOSQPUALUT

[
Z 'xl'.]'ia'

Cov(X,Y)=xy-xiy=21  —F7 (3.15)
n

OTMeTHM, 4TO M3 IIONYYEHHOTO YPaBRHeHMA perpeccuu (3.12)
CHELyeT, “TO JHHHA PETPCCCHM  TIPOXOAMT 4epes Touky (X, ¥),

T. B F=h +hX.
P Tpavep 3.1. Mo mammeiv tadn. 3.1 HaiiTv ypaBHEHHE perpec-

cuy oo X
PeureHuye BelMHCAHM Bee HEOBXOAMMBIE CYMMERL

10 ' :
3, = 8+ 1IH1249+8+8+9+9+8+12=94;.

=1

1
2,57 = 81134122492+ 824 824+ 024924824 122=008;

i=l
1}

3y = SHI0H10+7+5+H6+6+5+6+8=68;

=l
10
> xy = 8-5+11-10+12- 1049 7+8 - 5+8 - 6+9 - 6+
=l
+0-548-6+12- 8 = 664,

3ateM no dopmyiaM (3.7)—(3.15) HaxonuM BHIGOPOYHBIC ¥apak-
TEPHCTHEM H MapaMCTPH YPARHCHMI perpeccHu;
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T =94/10 = 94 (m); ¥ = 68/10=6.8 (1)
52 =9008/10— 9,4?= 2.44;
Cov(X,Y)=664/10-9.4-6,8=2,48 b=2,48/2,44=1,016.
Mrak, ypasHeHue perpecciu ¥ no A
F-68=1016(x-94) wm F=275+1016x

M3 nonyueHHOro YpaslicHHs perpeccui (Cv. pHE. 3.1 cmenyer, vro
HPH YBEIHYCHHH MONTHOCTH [UIACTA X oHa 1 M noduida ¥ras Ha QIHOTO
padodero ¥ VBETMUMBAETCH § CPEIHEM HA 101G T (o el en, ) {(oTMaTHM,
YT CROOOLHEIT WIEH B JTAHHOM YPABHCHHM PErPecciH HE HMCCT Ppeaih-
Horo eviicia), P

TaMeuwanue JNaUcHUs TePeMEHHLIX X; H ¥ MOTYT OhITh 13-
MEpeHbl B OTKIOHEHMAX OT CPEIHUX SHAYCHHH, T. €. Kak

¥ =x, —X, yi=y—¥. Havano KoopaHHaT Npp JTOM MCPEMECTHTCA
B OTOUKY (X, V), @ THHHeHd perpeccui DYICT Ta e npsiMas Ha nioc-

KOCTH, YTO M 18 HCXOAHBIX JaHNLIX X;, ¥ Clenosareinio, x =0

;-_’ =), u vpasnenue pecpeccuy (3.12) & omiaonennax NPUMET BHIL
_]:'J = blxl .

a thopyyia (3.13) Toro ke kosddMinenTa perpeccun by ynpocTuTes:

e L
b= =, (3.16)
x# *2
___..".
=1
_ .n A £ G
nGo xy =LZX'_L’$ [ 2= 2a? i,
i=l| r =1 J

3.3. KoaddmumeHT koppensumu

[Mepeiitem K oUCHKE TECHOTL KOPPeAAHOHHOH 3an1-
cuMocTH, PacoMorpiy Haubonee BAUKHLIA LUK OPARTHKW W TEOPHH
CAVHAN AUHEION J08HCHEMOCE BUIA (3.12).

Ha nepsblil B3rasi, NoaxoMsiiHM HIMEPHTCICM TCCHOTRI CRIT3NH
Y or X snamerca kosdduument perpeccun b ubo, Kak yxe OBUTO
OTMENEND, 01 MOEASRIBAST, HA CKOILKG e0HHHI B CPeLHCM HMIMEHS -
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eres ¥, Koraa X vsenuueasTes Ha oony eduduiry. OnHako &) 3asd-
CHT OT CAMHMIL H3MepeHud nepeMeninx. Hanpusep, b nomysennof
pAHEE FABMCHMOCTH OH vBeaudures 8 100 pas, cclv MowmHocTs naa-
cra X BLIDAIHTE HE B METRAX, 4 B CAHTHMOTPRAX.

(MeRMIHO, YTO W14 «MCTIPABIEHNU» H) KAk HOKASATENS TECHOTH
CEAZM HVANIAA T4Kad CTAHAAPTHAA CHCTCMA CHOMHMIL M3MEPEHWA, I
KOTOPOH JaHHLIE 710 PAATHYHBIM XAPAKTEPHCTHKAM OKAZAIHCL Dbl
CPABHHML Mexty coBol, CTaTHCTHKA 3HAET TAKYIQ CHCTOMY CoH-
HHLL, FTd CHCTEMA HCNOALIVeT B KauecTne eMMHHIE H3MCpeHnsa 1e-
NeMEHHON B8 CREdHee Keadpamieckoe OmKARERIE 5.

[Mpencrarum ypasienne (3.12) B 3KEMBATCHTHOM BHIE!

] 5, r—X
: : __bl ot
Lo T
B 3Toi CHoTeMe BeIHYrHA
5,
F=h == {3.17)
5

.'.'.

IOKASLIBAET, HA CKOABKO Geiuyun 5, uimenonca & cpediem Y, xozda X
VECAUGYMICA i O8I0 Sy

Beaung v Aaagenica OKOIEMeAes MEeCionis CEE3I 1 HAINAaeMeR
gpIdOpodBIM  Koddiuyucnmonm Koppeasqiin (WM NpocTo keagighusu-
ENIIGM KOpPeaiiii).

Hue koppensiiMOHHREIE 3ABHCHMOCTH nepesmeHHoil Yot X npuee-
aensl Ha puc. 3.2, OUeBHaHo, YTo B ciiyyas @ 3aBHCHMOCTh MEXIY
HEPEMEHHEIMH MEHES TCCHAA W KOJ(MPHIIMEHT KOPPENAINH A0JKCH
DLITh MEHLINE, HeM B CIy4ae 4, T8k KK TOHKH KOpPensuUoHHOro
HNONTH ¢ JANBIIE OTCTOAT OT JMHHK PErPEcCHM, HeM TOUKH 008 &,

¥ o4 ¥ oA

T =
L3

Puc, 3.2

5




Ecnu 7> 0 (b > 0), TO KOppe/ALMOHHA CBA3bL MEKIY TEPEMEH-
HBIMW HaswiEaeTcs npavoi, ecan r< 0 (B <), — oipampod. Tpw
npsmoit (0BpaTHON) cBAIM YBETHYCHHE OJHOH H3 NCPEMEHHBIX BLACT K
VEETHUEHMIO (YMCHBIIIEHHIO) VCIOBHOH (rpynnoBOit) cpenHel Apyrom.

Yuurkigas (3.13), dopmyny wid r NPeACTaBUM B BHAE:

(3.18)

Ormeruy apyrie Moaudmrauuu Gopmyisl r, MOTYYEHHBIS Ha
popmyait (3.18) ¢ nomouso GopMyn (3.7)—(3.10), {3.13)—(3.15):

i(xe —X, ; i -7)
o= ) . (3.19)

1
ns,s,

\lfn'l i

a .=
nzxi}"l’ _i le‘ |LEJ’JJ
=i wi=l o A=l

. - : , (3.20)
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u‘lz () (3]

Tng mpakTHHueckux pacueToR Hambonee viobHa Qopmyna {3.20),
Tak KAK 110 Heil # HAXOMWTCS HETOCPEICTBEHHO W3 JaHHbIX Habmo-
ASHMIT M HA 3HAYEHMM I HE CKAKYTCH OKpyrieHus JaHHBIX, CBHIAH-
HBIE C PACUETOM CPEIHHX H OTKAOHEHWH OT HHX.

Bribopounsii Koz@hHimeHT Koppernaimin (NpH ILOCTATOUMHO
GONBIIOM OOBeMe BRIBOPKM 1) TAK KE, Kak M Kod(QHHIHEHT Koppe-
JATHKM ABYX coydaineix Beawune (§ 2.5), obnanaeT CleayIOLIMMU
CBOHRCTEA MM,

|. Kosghipuuuenm Koppeqsyui NpUHEMAen SHAYERNA Ha ORIpesKe
[—~1;1], T.e. =1 £ r=l.

Uem Ganxe |r] K equidue, TeM TECHEE CBA3D.

2. flpu r=+1 Koppeasquonndd CER3b NpeJemasiRem AURETHY
gvrkyuoraasyio sacucumocms. Hpu smom see HAIO0AEMBIE SHAHEHUR
PACTOAQZAIOMCA HA APAMOIL Aunui (PHC, 3.3

3. fpu r= 0 Juxeldnas KOPPeAALUOHNAS COR3b OMCYRICINBYEM. Hpu
ImomM aunua pezpeccun napatieasna ocd Ox (pue. 3.4).
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Puc. 3.3

Caneayver OTMETHTL, 4TO MBI BREC-
A swDOPOUHBE  xoadpuimeHT
KOPPEnSiMA & MCXOAH W3 OLCHKH
OIM30CTH  TOUCK  KOPPersiMoHHOID
notg K Npasoil perpeccud ¥ ono X
OaHAKO ¢ gBIMeTCS HEMOCPCACTREH-
HO OQUCHKOH reHepanbHoro koadg-
PMLHEHTA KOPPeAsLMK p MexTy A H
¥ nmmn B cyyae ABYMEPHOTO HOpP-
MUTRHOTO 3AKOHE PACTIPENSICHWA CyIaiHeX BeIHudH X1 ¥ B opy-
CHX CAYYadax (Kormd pacapencienus X u ¥ oTKIOHAOTES OT HOPMATh-
HOMO, O0Ha& M3 HCCHeTYeMbLIX BeNWUMH, HanpiMep X, He SBARETCH
CavHaitioi v 7.0.) eebopoUHBE Koad@UUHEHT KOpPemSIHK e cie-
NYET PACCMATPHEATE KAK CTPOIYID MepY BIAHMOCEAZH MepeMCeHTEIX.

¥

Puc. 3.4

P Tpumep 3.2,
[To mavueM Tabin. 3.1 BRIYHCIHTL KO(pHUIKHEHT KoppensuHu
MOHY TIepeMeHHLIMH X' 1 ¥

1
Pewen e Bnpumepe 3.1 6bUIH BuvucaeHsl ) x, =94
1=l
1 T

10
> xf =908%; 3y =68, ¥ x) =664, BeIYUCIHM CYMMY
il fl =l

IE .

D=0 1P+ T 45T+ 67+ 67 + 52+ 62 +82 =406,

Mo gopyyae (3,200

<5



10- 664 — 9468
P =
J10-908 - 942 4/10- 496 — 68°

=1{),866,
T. €. CBA3b MEXIY [EPEMEHHBIMH TOCTATOYHO TECHA. 4

3.4. OCHOBHbIE NONOXEHWS PErPECCUOHHOTO
ananuza. OueHka NapameTpos
NApPHONA PErpeccroHHON Moaenu.

Teopema [aycca—Mapkosa

Kak ordedero B §3.2, paccMarpupacMas B perpecCHOHHOM aHa-
M3e 3aRMcuMocTk ¥ or X MOXKeT OwiTh NPEACTABICHA B BHIE MO-

IeABHOTO ypapueHns perpecchu (3.1).
B cuny BOILCHCTEHSA HEYUTCHHEBIX cray4aiHeX (aKTOpOB W NPU-
qHH OTACIbHBIE HADIIOAEHWS [EPeMEHHOH Y GvayT B OOALILCH WM

MEHBIIEH Mepe OTKIOHATECH OT (PYHKIMM PerpeccHi o{X) B atom

CIIVUAC YPaaHerie e3quMocsasi Oayx nepemennolx (RAPHAR Pespeccion-
Haa modeans) MoKeT OBITh IPeACTABICHD B BHIS

Y=o(X)+e.
rae £ — cayuainan nepeMennas (cAY4aunbil waer), XapaKTepHIvi-
Hias OTKIOHeHHe oT QYHKIIMM perpeccuu. DTy HepeMeHHyio Byiem
HA3LIBATE GOIMVIaMEed WIH TIPOCTO GORMVIEHHEM (mubo  owui-
xoi)!. Taxum 00pazoM, 8 pezpeccununol Mo0eIl 3agucuman nepesen-
nas ¥ ecme HEKOMOpai QyYHKIEUA q:n(X ) ¢ mounocmeio do caywatinozo
BOZMVUENUS E.

PaccMOTPMM IuHElbIl  PERPECCUDHIBI  GRAAUZ, JUIA KOTOPOro
thyHKIHK Lp(X ) AMHe il Ha OTHOCWICIBEHO ONEHHBACMBIX NApd-
METPOL:

M AV =By +Bix (3.21)

MpeanonoxuM, 9T0 T8 OUEHKH NapaMeTpos JTUHEHHOH iyK-
iy perpeceny (3.21) B3aTa puBopka, conepxaulas n nap SHAMCHAH
nepeMeHHBEIX (X, vy, rae i=1.2,..., n B 3T0M Cilydac dureunas napias
PezpeccuorHan Modeab MMEeT BHIL

Vi :ﬁu +B|,I.; +E;. {3.21}
| B omreparvpe NepeMeldiyig o HA 3B BRHYT TAKAHC OCRTARTEHGE W GOREHIOM,

OTMeTHM OCHOBHBE TT peanoCchbldKH PErpeccCHOHHO-
o aHaATKu3a,

1. B moderu (3.22) soamyuenue! = (MM 33BHCHMAN NepeMeHHAs
Vi) ecb gedliunag CAYHARRGR, A O0BRCHAKNNAA REPEMENHAR X; — 6edu-
HUHG HECAYMaiHAT? .

2. Mamesamuneckoe oxeudanue aoIMPeRis & PAagra Ko
Mz )=0 (3.23)

(MAH MATEMATHYECKOE OXMAANHE 3aBMCHMON NCPEMEHHON ) paBHO
JAMHEWHOH (DVHKINKY PErpeccHm: M{v,-]=ﬂﬂ + X,

3. Auenepeun gozmyuenud &; (WIH JABUCHMOH 1epeMeHHON V) no-
crmoanna dag aodozo f

(3.24)

(e D J',-}#GZ} — VCNOBHE 2oMOcKedacimuocnily WAH PagHouIMen -
HUAOCHIN BOIMYLIEHHSA (3ARHCHMOH NepeMeHHOR)),
4. Boavytgenus g5 1 & (Wi NEPEMEHHBIC ¥; W )} HE KOPPEAUpOBLIb:

M {Hr-f:_,}l:ﬂ(f' = f1. (3.25)

5. Boamywenue g (WIH 31BHCHMAA NCPEMEHHES V) cmb HOPMAb-
HO pacHpedecHiin CAMannas aeiiiia,

B srom oiyaae monens (3.22) HALBAETCA KAQCCUHEcKon Hop-
MaapHoil aunernon peapeccuonnon modeanio ( Classical Normal Linear
Hegression model).

Ana nojydennst YPREHEHRA PerpeceHd QOCTATOMHO NPEenmoch-
nok I—4. TpeBosane BHIMONHEHMS NPEANOCEUIKK 5 (T. €. paccMorT-
PEHUE «HOpMAIbHON pecpeccuies) ACODXOMHMMO 18 OUEHKM T O Y -
HOCTH YPARHSHHS PEIPECCHN M ETO MAPAMETROR,

Ouenkoit Moaeau (3.22) no BubDOpKe ABASETCS VpaBHCHHE per-
pecenn y=by + by (3.3). [apameTpsl atoro ypagHeHMs by ¥ b onl-

! Bo poex npeanocsikax =102 A

T py 9ToM NPeINOmATasTcd, (TO CPedd SHAMEHMHE X (=12, 1e ke oauHako-
BRIC, TAK 4T0 HMEET CMEIC dhapayaa (313) mna koodunniewa perpecci.

! Tpefiosanme HeROpPCAMPORAHHOCTH Covic, =0 o ovmerom (2,.30) 0 (3.23) npuno-

AMT K yenomrre (3251 Covie, =Mz, Mg, 0] = Mig; ) = 0. TIpy Beinomiens

OREAMOCLIKY F oo mﬁ&ﬂﬁ-ﬂ][}{c PARHOCHIABEHD HCIABHCHMOCTH NMepeMEHHBIX Ly H Ky
11w,
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PEAEIANTCA HAa OCHOBE METOAd HANMEHBIINX KBANPATOR, Dﬁ HX Ha-
XOXKICHMM noapobino oM. § 3.2.

Boanelicrsme peyurentnix omaafidey faxropos v omubdox Ha-
omodeiui B oMoseny (3.22) onpeaciacres © NOMOWBID diychepoun
goaMyienld (owutor) WK ocmamonnod ducrepcuy o, Heomelennoi
QUEHKOH IT0H AUCIEPCHH SIRIASTCH GnO0podNas OCTICRmHTT due-
nepeus’.

Z (-Df = Vi }? i ‘f.-]

gledd k= (3.26)
n=2 -2
rae 1, — ZPYyRnoeas cpedias, HaHNeHHAs N0 YPABHEHUWIO PCIPCCCHM]
€ =T, ~ v, — GHO0POUHAS OHENKd BOIMVIMERIAT & WITH GCHEMOR pee-
PECCUL.

HanoMHHM, YTO B MATEMATHUECKOH CTATHCTHED AIH HOIYUEHMS
HECMEIICHHOH OUSHKK TNCOEPCHE CAVIAHHOH BeIMYMIE COOTEETCT-
EVIOIIVIO CYMMY KBAIPATOR OTKIOHCHHA OT cpegHell gendT He Ha
YHCH0 HADMUOAEHW 1, a4 Ha wucao emenenen capbodn (degress of free-
dom) » — m, PARHOE PATHOCTH MOMIY MCIOM HEIABUCHMBIX HA-
DUIOAeHHH cnyuaifHod ReNHYHHEL /4 M HUCIOM CBIIEH, OTpalM4n-
RADIIKK cBobDOLy MY MIMEHCHMH, T. €. HMCI0 M YPAaRHEHHH, CBA3E-
palownx ot Hatmoaesud, [lodromy B SHAMEHATENE BLIpAACIKMS
(3.26) cTodT TMcan cTencHed coofoakl r — 2, TAK KAK ABC CTCIEHM
CRODOALL TEPATCA NPH MIPEACTIEHHH JBYX TAPAMETPOD NPsMOi 3
CHCTEMBl HOPMATBHBIX ¥pastedni (3.5).

BosHUKAET BOMPOC, SAWIHIOTCH TH ONEHKH by, &, & napaMeTpon
Bg, B of sHamwiyaumus? OTEET Ha 9TOT BONPOC A48T CIeayoiasn
TeOpEMa,

Teopema Taveca—Mapkosa. Fesn peapeccuonnas modeas (3.22)
vdowiemeonpaem npednocetacan f—4 (¢ 61), mo oweniy by (3.11), by
(3.13) wmewom Rausensiuyio JUCREPCIID & KAACCE BUEX ANHELNBIX He-
cxewennnx ouenor (Best Linear Unbiased Estimator, win BLUE)?

Taxun 0OpazoM, OUEHKH by M ) B OOPCACICHHOM CMBICIE SIB-
asrmed Hanbonoe agbermuanbiyig THHCHHLIME OUCHKAMM NAPaMET-

poB Byu [y

U ebopayan (3260 npr p = 1 awineton qacTaby civsed o (821, aokaass-
HOjE HH#e T § 4.4,

l [

£ @ HATLHAKT THEKE Neamico,

OB TeILe TG TR0 1 Faycen—Maprora o oBwes wnae aprecitcas k5 4.4,
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Ao cHX 1op Mbl HCHIOABIOBAIH ONEHKH NAPAMETPOB, MOTYICH-
HBIE MCTOAOM HAMMCHLUIMX KBaaparon, PaceMoTpum elle OmuH
BUAHLL METOL NOMYHEHHA OLCHOK, LHMPOKO HMCNONLIVEMBI B KO-
HOMETPHKR, — METO/] MAKCHMAUTLHOTO NPARIONonobus,

Meron MakcuMmMaibhoro npasiononedus. Las ero npMMeHEHHA
AOMKCH DLITE H3BCCTEH B W 1 33KOHA PACIpene/eHns LeposTHOCTE
HMMEIOLIMXCH BRIOOPOYHRIY TaHHLIX.

[Moaaras BRINOAHEHHE NpeanocklIkM 5 (c. 61) perpeccHoHHOTO
s, T e HOPDMalbdy o KIECCHISCKYID PErPecCHOHHYID
Mudeth (3.22), 6VIEM PACCMATPUBATE 3HAYEHMS }; KaK HE3ABHCHMBIE
HOPMANLHG PACAPCICIEHHBIE CAyHailHRIE BEAMAIMHLT ¢ MATEMATHYC-
cknv owonnanmenm M{y, )=, +Bix, . sanamowmmes GyHkumei ot x;,
W NocTosHEOH THeiepereil o,

CaeaoBaTeILHO, TUIOTHOCTE HOPMLILHO pacnpeseIeHHol cay-
HAHHOH BOAHMWHEL M

(¥, ~Ba-Bun, I

1
LP-*.'{.."'[]: IIr"' g gt
g i

Dyuxuusa npacdoncdofus, BLPIKAOWEAT HIOMHOCH BEPOAITHOCHIL
COEMECRNOSN ROREICHIA PETVILMARINE anO0pi, NMEET BRI

i[.‘"r ~[u—H % :'2

n 1 gL

L{)", |'1 .'J .1 ﬁih I.L'j } H —".e Ten
i=l i{j’ 2 f

Cocracho Memady MaKcuMatonozo npasdonodobus 6 Kavecmee oye-
HOK  napamempos P, B WM 08 APUANMMIOMER  MAQNNE  ZRANEHUN

fo, P10 &7, womopue smakcususipyronm dyicuuro npasdonodotua 1.

OUEBNIHD, YTO NPH 3ANAHHBIX IHAYCHHHX X|, X3ieees X, OODBIC-
HsioleR nepemedHod X M nocTosiHOB HMCCPCHM o (YHKLHS
MPaRIONOLOOHS [ NOCTUIEeT MAKCHMYMd, KOLJA LOKAATEIb CTene-
1 ApH ¢ ByneT MUHHUMATBHEIM 110 48COTIOTHON BeTHINHE, T. C. IpH
FCOOBHH MEHIMYMA (hyH KIS

>_£v o~y I,

UTO CORMAJEET ¢ yenosHeM (3.4) Haxowieuus oUSHOK by ¥ by METO-
A0M HAMMEHBILKX KBanpaTos, Crencmatcivin, ogeas by (3.11) u b
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(3.13) napamempos Sy, [ cosnad@on ¢ OMEHKAMU Memodd Maxcd-
Maavnozo npasdonododius i, 1 [

s HAXORIEHUS OUSHKH G° MaKCHMUILHOIO Npasiononodus
napaMeTpa of, MAKCHMMIMpYIOmei dyHKUMIo L, KaYecTBEHHRBIX CO-
DOPAKEHMN yaAe HMEIOCTATOUHO, W HeOGXOAMMO NPHOCTHYTL K METO-
gaM audpbepeHiMatLHOro HeUMeaeHa, [Ipupaguss 4acTHYD Mpo-

HIBOMIYI0 =1} {ﬁﬂ(‘:?]ﬁﬁ'['u’l‘ﬂ}rlﬂlﬂﬂ{: BRIKAAIKH Npe/naracs 1npo-

BECTH UMTATENI) CAMOCTOATCIBHO), MTOIYIHM

W e
1 = . /:.Il v
== (s -ty — b, ) ==,
s [

(3.27)

rae napaMeTtpel By M fij saMelcHB MX olueHkaMu by u by Cpasiubas
¢ MOAYYeHHOH paHee HecMmelnelniol oueHkoi 0 (3.26), suauM, 410
oneHka o (3.27) meroda MakcHMAaThHOTO Npasionolobus napa-
METPA o° ABTACTCH CMEWEHHON.

B coorpercTBMH O CBOMCTEAMM OLEHOK MAKCHMATBRHOTD TIPAR-
nonogobus ogensu (by, b)) w &7 (a sHauur, o §%) SIRMISIOTCSH COCnos-
meanisim owercant, MOKHO MOKAATL, Y4TO 2pi GWHOIHEHIN RPpedno-
CHLIKI 5 0 HOPMAIBHOM 3akone pacnpededenud aozvyiuenua g (S, 1)
NN OUCHKY AEITIOMCA NEILEUCHMBIME,

3.5, MntepeansHas oueHKa GYHKLUM DErpeccuu
W ee NapaMeTpoB

Hopepurensnniii HHTepBaAn A71A GiyHKUHN perpeccun. TlocTpoaum
dogepumedsibili  WRIREPSAT AR HKNLN  pespeccun,  T.e. LA
VCIIOBHONO MarteMaTHyeckoro oxmmanus M (1), KoTopeii ¢ sataHHoi
HATEHHOCTLI) (JIOBEPHTCILI0H BCPOATHOCTRID) v = 1—0 HAKPRILAST
HeuapecTHo 3Hadenwe M ¥

Haiinem aucrepcuio rpyiioBoil cpelHeit 1, NpeacTaBasiolei
erifiopodnyio oueuky MY, © 370l nennio ypasHenwe perpeccui
(3.12) npeacrasny B BHIL

F=¥V4+hix—3). (3.28)

Ha puc. 3.5 awima perpeccuy (3.28) wiobpamena rpadmuccrn,
Mg npoM3BoaLHOTO  HADMIONAGMOTD  IHAMEHMWS )V, BRIAEIEHB] €10
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COCTARTAKINIHE. CPCIHAA ¥, npupaimeHue b (x;, —¥), obpasviomme
PACHETHOE FHAYTeHHE f.. , H DCTATOK [=F8

Ouenepenst rpynmoBoi cpeniieil pasHa cyMMe JUCIIEPCHH EYX
HEe3aBWCHMB X | ClaracMeix BLpaxeHus (3.28):

o} =0 +af (x—7%)*,

(3.29)

(3neck yuTeHO, 410 (X—X) — HECIVYaiHas HEMHUWHA, TIDH

BLIHECEHMH KOTOPOH 33 3HAK [MCIIEPCHH €8 HeoDXOAMMO BOIBECTH B
KEAIPAT.)

|x,.p :I-'w
: dk LA
: it "2
o ‘ bz, — %)
= .l",' ke
5 {}.._L/J
X =X ¥
) ol Ethrj' v 4
Ir. i
0 | x X X
Pue. 3.5
Hucnepens pLBOPOUHON cpemncii v
M ll ||'. . n
SIS R S
oy e Y W T SO (3.30)
E 1 nt nt n?
A

Jna Haxomaenus aucnepeuu sﬁl MpencTaEuM  KoadhuieHT

perpeceud (3.16) B BMc
" M
pIEATIED N ER ()
i=1 e

lf-"| = L — =l

Ll i

Ser S(u-3F

Tl

(3.31)

-
1]

T dnkasaTeaseTho 1o HAKTL BTECT HE TR TN
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Torna

o} =it s o L (3.32)

HafineM ousHKy [JHCTEpCHM  TPYANOBRIX  cpenHux  (3.29),
vudrnisas (3.30) 1 (3.32) v saMenaa of ee oLUEHKOH 5%

R

omis Lﬂ _ (3.33)
i Z{x TP

. P

OCHOBBBAACE HA TPCANOCLUTKAX [—5 perpeccHOHHOIO aHannsa
_j\" = "1’1-; {Y]

i

F
t-pacnpenenehue CTeicHTa ¢ k = n — 2 cmenenamu ceododu W 1O~
CTPONTE JOBEPUTEARHEI MHTEPRAT AMH YCIOBHOTO MaTeMATUYECKOTO
oxunanns M, (F):

(§ 3.4), MONHO MNOKAZATE, YTO CRIGMUCINKG | = HMEeT

_ll':'_'r| ok 9 EL{T(};}"—CIT O i {3‘34)

roe §; = .,H.E — CTAHAAPTHAA ONTMDKA IPYHIOBROH cpeiHei .17'_
Jdopspatcistne I"'i'] {}]{]ph‘{yﬂ (3.33} H [3.34]
bl BHALO, 9TO BEMHYKMHA (MIHHA) d0Be-
4 Yu R f’ PHMTEALHOTD WHTCPBLNA 3ABMCHT OT
Y HaueHHA OOLACHSIOWER MepeMeH-

HOW X MpH ¥ =X OHa MHUMMATREHA,
a M3 Mepe VIancHHA X OT T BEIH-

: ; \\'_’In‘ntp'“'mh“m, YMHA  AOBEPHTCILHOTO  WHTEpBana
7 i yEGAMUMBaeTes  (pue. 3.6),  Takuw

A MiY __ oBpasom, ApoeHos AHANEHHH (0npe-

0 X X ICIEeHHE  HEM3BECTHRIX  3HAHMEHWH)
Puc. 3.6 FABHCHMON TCpeMedHHo ¥ no ypag-

HEHMHED PCTPECCHM  ONPABUAH, BClM
HAYCHHE X OGBACHAWNIER NepeMeHHol X He BRIXOOMT 34 JManasoun
ge 3HAMEHUN MO BHDOPRKE (Npuuesm Tewm Dolee TOYHBIN, ueM DIMme X
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K ) JpVTHMM COBAMM, IKCMPAROAANNE KPUGOH pespeccun, M.e. ee
HoROALIOEAHNE  GHe  npedetos  ofciedpediiozo  OUaRazIona  IHAHEHUT
olmackalngell nepemernofd (JLOKE eClM OHA ONpaRIaHa ol pac-
CMATPHUBAEMON NEPEMEHHON HCXOIH M3 CMBICHE peluaeMail 3a1amu)
MOMNCEM RPNEECE K IHQYUMEI b bl RO LR OCTTAM,

JopepuTeIbibIH HHTEPBAT AT8 HILIHBHIYAILHBIX 3HAYCHHI 3aBHCHMOi
nepementoit. [loctpochuas nosepurenstas ofnacte s MAY) (o
pue. 3.6) onpenenser MecTONOIOAEHHE MONETEHON AMHMI perpecciu
(T2, YCIOBHOTO MATEMATHYCCKOND ORMIAHM), 110 HE OTICILHBIX BO3-
MOBILIX ZHAYCHMA 33BHCHMON MICPeMeHHOM, KOTOPEIC OTKIOHSIOTCS
o1 cpenrei. TMosToMy 1IpH ONpeleneHUN dosepumelbioss HRmepaad
i UHdUeUdVAIDHNX SHAYCHUE V) 3A6UCHMON RepeMeHHON HeoDXOMHMO
VUMTBIGATE E10E OJWMH HCTOMHHE BAPHAUMH — NCCEAHUE GORVE AN
pespeccri, T, B OUEHKY CYMMAPHOH JMCIICDCHM 53 CIEemyer
BEMTHIYHTL BETHYH HY 52. B DE3}'J'J LTATE OLEHKA OHCnepcHH
HHAHMBAAYATBHLIY 3HAYCHHA ¥y MPH X = X papHa

( ™
L FELE el | (3.35)
TN, - F)
: o )
i COOTBCTCTEYIOILIMI I0BEPHICAEHRIA  MHTEPRAT LIH  TIPOTIIOZ0OR
HHAMBHAYATRHBIY 3HadeHui y; DyIeT OlpeaefaTeed 1o hopMyie:

,DIJ B 'r]—ot:.-u—"_-""-}.: = .]'JE e .;'L'I +fl--0c;.l|—l"’-";}.?- {336}

HoseprTeipnbii HATEPBAT 118 DAPAMETPOB PErPECCHONNO MOTETH.
Hapsamy ¢ Mirrepsanbibiy oUeHHBaHHEM GYIKLUMHM PErPeccHH MHO-
Litd TPEACTABIHET MHTCPEC NOCTPOSHHUE AORCPHTENRHEIX HHTEPRATIOB
A0 TAPAMETPOR PCrPecCHOHHON MOJENH, B YACTHOCTH A8 mapa-
METPOB PErPECCHOHHON MOCIN, B YACTHOCTH 114 B 1 o2,

MosxHO MOKasaTh, 9TO [PH BRINOAIEHUH MPCINOCHIAKH 3 (c. 61)

b-B

Gll-h

DErpecCHONHOrD aHIH3a CTATHCTHRA [ = HMeeT CTAHTapT-

HEI HOPMATIBHLIA 3aKOH PACOPENSACHMA, 8 BCIH B RRIPAKCIIMH
(3.31) nst i) suMeHHTE of ee OLCHKON 52, TO CTATHCTHKA

p= 2B J}E(x,. 5 (3.37)
-

i=l
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umeer -pacnpenenenve Cruonenta ¢ k= 7 — 2 crencHamu crobo-
ael. Noztomy (eM. § 2.7) unmepsaiwdan ogensa napamemps [y va
YpoBHE JHAYHMOCTH o MMEET BHI.

) &
bl. —fl I:(;”_z ok I'r_=_— EI.JH i: bl '{'fl—u;ﬂ—z F v
Zl[.r;-— Ak
1=l :

1}'5 (x; - x] 2

[lpy nNoCTPOBIMH  AOREPUTENLHOTO WHTEPEBANA JUIH  MAPaMeTpa
2
e
o2 HCXOIAT W3 TOTO, YTO CTATHCTHKA —— MMeeT ¥ ? -pacnpeieneHue ¢
2
k= n— 2 cmenenamy ceododnr. TlOITOMY unmepeaissan ouenka 0aa o2
HA YPOBHE 3HAYHMOCTH ¢ MMeeT BHA (cwm. (2.43)):

net 2 nyl

solte——" (3.39)

z g
xw'l;li 2 x-f—rr.-'ﬁ;aj 2

{(MOBCPUTENRHEIN WHTCPBAT BRIOHPACTCH TAKMM ODPA30M, (TODE

(3.38)

Pl{:{z = }{?' u."l;r.'—E}z P(l".z & I.i.-'z;r.-—z}: %}

P Mpumep 3.3,

[Mo pansasM Tabil. 3.1 1) OUCHMTL CMeHHYID CPeTHIon Tolbuy
YT/ HA OIHOTO PABoYero s IAXT ¢ MOUTHOCTRIO faacta 8§ M,

2) wailti 95%-Hble NOBEPHTENLHEIE MHTCPBAILI A HILIMBM-
OYVALHOTG W CPeaHero 3gadeuuil oMeHHofl sobwuM yois Ha |
pabotero UM TAKHX e [axT;

3) vafth ¢ panesHocTLe 0,93 MHTCpBUILHLE OUCHEM koaddgn-
LIMEHTA PErpeccHH 3| M AHCTIEPCHH o2,

Pewenwne Ypapuenne perpeccun ¥ mo X OuU0 mOAVYEHO B
npuMepe 3.1: p=-275+1,016x, T.c. NpM YRETHYCHMM MOUIHOCTH
naacta A na 1 M ao6ei4a vrng Ha onHoro pabouero ¥ yBennuMpacTces
& cpednem ta 1,016 1 (B veu. en),

1. Ouenny  venosiog MaTeMaruueckos oxMianue Mo (D).
Buibopounoii ouenxoi M,—y( ¥) aBaseTca rpynnosas cpeaHns v,

KOTOPYI0 HAHAEM 110 YPAaBHCHHIO PErPeccHi:
Vg =—2,75+1,016 - 8=5,38 (1)

Jna  nocrpogsua  AoBepuTensHoro  uHTeprana  win Mg ))
HEODXOAHMO 3HATh JIMCNEPCHID ero oueHkd, T.c. s . Cocrasnm

K
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BCTIOMOTATeALHYO Tabmuiy (tada. 3.2) ¢ yyetoM Ttoro, yte x =94
(M), a& JHAYSHMA ONpPelensloTCH MO TONYYeHHOMY VPABHEHHIO
[ETPECCHH.

Tatnuna 3.2

L P 5 [n |12 Js [s [8 Jo [9 Js e [z
. 196 | 2,56 | 6,76 | 0.16 | 196 | 1.9 | 0.16 | 0,16 | 196 | 6,76 | 2440
. l ™
a7, | 398 | 843 [ 94 639|538 |53 69| 639 [ 538 |0M | —
¥y L
+1,006x;
=Gy | o [ 2 [t [os Tona o [oas ] uss [oso | 2 539

Teneps uMeem no (3.26): :.3——?!]%1,1}49? no (3.32):
. —9,4]2

$2 =1,049 —+——2 |=0,189
Fors 10 244

i sy, = 0,189 =0,435 (1).

[Mo Tadn, 11 npunoxenwid fose=2,31. Tenepr nmo (3.34) ucko-
MBI TOBEPHTENEHRIH HITEPBLT

5,38—2,31-0,435 = M —s(¥) < 5,38+2,31 - 0,435,
HITH 4,38 < Mg(N <638 (1). .

WTak, cpenuas cMclilas A0DRIYA VIIS HA OJHOTO padousro Jims
WAXT ¢ MOLHOCTRID TUIACTE 8 M ¢ HalexHocThio 0,93 HaxoguTes B
npenenax or 4,38 oo 6,38 1.

2. Yrobe! NOCTPOHTE DORSPHUTETEHEIN HHTEPRAT 18 MIIHENTYATEHOM
SHAYEHMS !, . HAiIEM JHCTIEPCHIO €0 OLICHKH 110 (3.35)

2 =104 14 2+ B2 ) 53
by 10 244

Hs =4/1,238 =1,113 (7).

Hanee MCKOMBIA NOBEPHTENBIBIA WHTEPEAN DoayaumM 1o (3.36):
3,38-231- 1,113< y7 o< 5,38+2,31+ 1,113,
HIIH 1,31-5}!;"__“ < 7,95,
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Takum 0BOpa3oM, WMHIMBMIVAILHAs CMEHHas no0bMa yris Ha
OMHOTO PaGoYero AN WIAXT C MONIHOCTBLIO TUIACTA 8 M ¢ Hajex-
HocTeio (0,95 paxonures B npenenax ot 2,81 no 7,95 1.

3. Huitnem 93%-HbIi NOBCPHTELILIA HHTERBAN L5 NApaMe1pa B

o dopyyne (3.38)

* 1.049
L016-2313042 g <1016+231 0294
J24.4 J244°

win 05370, 1495, 1 e ¢ HagexuocTeio (L93 MpH M3MCHEHHH
MOLIHOCTH mracTa X Ha | M eyvTounas peipafoTka Y DVICT H3MEHHTE-
sl HA BEJHUMHY, 3aKTiodcHiyo B nuteprane oT 0,537 mo 1,495 (7).
Hajinem 95%-1piii TOBePUTEBHE HUTEPBAR A1 TAPAMETPA o,
Vupreman, uto o=1—0,95=0,05, naiiaem no tadmuue 11 npuno-
AEHHH
e gl _ .
Lerzm 1 = Xoozsy = 17,333

Kuz-u.-'z-,n 2 =15,9?5;3 =2,18.
Mo dopyyie (3.39)
101,049 co? 10 10-1,049
17,53 238
HIH 0,598 <c?<481, u 0,773<c<2,19

Taxim obpasom, © HAZEKHOCTBIO (L85 nucnepcHa BOIMYLIEHHH
sakmoyeia B npeaenax ot 0,398 go 4,81, a ¥X CTAHIAPTHOE OTKIO-
HeHue — ot 0,773 no 2,19 (1). P

3.6. OueHka 3HOYMMOCTM YPUBHEHWA perpeccum.
KoadbduumeHT petepmuHaLmm

[TpoBepHTh ZHAMMMOCTE YPABHEHHH perpeccHM — 3HAYMT yomd-
HOBUMD, COOMBEMCMEVEN A1 MAMEMAMUHecKaa Modetn, Suparcanian
IARUCUMOCHE  MENCAY  HEPEMERHOIMY, IKCHEPUMEHMAALHHM  dauHb U
docmamouio Al SKAKMERHELY ¢ VPOSHEHUE O0HACHAIOUINX  HEPeMeHNbY
(D0HOI WAl HECKOABKIL) O0R ONNCAINS JAEUCHMOU HEPEMENIDN.

MpoRCpKA ZHATUMOCTH YPABHCHMA PETPECCHH NMPOMIBOIHTCA HA
OCHOBE JHCIEPCHOHHOTO aHATH3A,

B maTeMaTHyeckol cTATHCTHES IHCHEPCHOHHBIR GHAIHI PUCCMOTREH
KK CAMOCTOATEILHEBIE MHCTRVMCHT (METOI) CTATHCTHUCCKOM AHATH3A.
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3aech Xe OH MPHMEHSETCA KAK  BCTIOMOTATEALHOC CPEICTBO U
HIYIEHHH KaueCTRa PeIPECCHOHHON MOTSIH,

CornacHo oCHOBHOH Hige TUCTICPCHMOHHOND ananwia (oM., Ha-
npumep, [12])

> [G -3+ (=5 =
i (3.40)

- rz_:{y -vy +§?‘{y _mz +g§:{j=|. _;)[},f s J"f:-},

> -77 =3[0

HIH

Q= Ort Q.. (3.41)

rne ) — ofas cyMMa KBapaToR OTKJIOHEHMH 3aBMCHMON Ilepe-
MEHHOH oT cpesHei, a Og M (J, — COOTBETCTEEHHO CyMMa KBALPATOR,
ODYCIOBICHHAA perpeccHell, W OCTATOMHAT CYMMA KBAIPATOBR, XApak-
TEPHIVIOLLAS BIHAHME HeyuTeHHBIN (hakTopos!,

Yheaumen B TOM, uTo MponyiledHoe B (3.41) TpeTwe caaraeMog

g, =2> {;Ia - ?]{y,- - j,-} pasae (0, Yuuromwasn (3.28), (3.11), nMeemM:
=1

Fi-¥=hlxy %),
Vi—¥=y—by—bx =y _G’blf}—blxﬁ '_“{J"f

Teneps?

0: =23 (5 - ¥y = ji) = zb[
I=]

~¥)-blx —%).

(x; —x}[vl

lbl Z[x —-%) =0

(¢ yaeToM coorHomeHnd (3.31)).
CxeMa IMCHEPCHOHIONG aHATH3A WMEST BMHI, NPEACTARAEHHLIA
B rabm 3.3

I B ugpesonnoil avrepatype O Op O oBo3mauanen cooTeeTcTRENRD T8 (fotal sam
af sguares), RSS (regression sum of squares) v ESS (ervor sum of sguares).

"
M3 0oyMEHHOID COOTHOIMEHM BIJHO, YTO Z[y;—_ﬁ.}-:[r. Boodwe ronopsa, 570
i=|
PABCHCTED, 4 C HEM B KOHCUHOM CHeTe W paanosente (3d41), BLINOAHASTCH TOOBKO
NPH Saakens ceedooR0s0 Wi B PEIPECCHOHHON Moaenn,
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Taﬁ;[uua 3.3

Komnare umnt Cyanee eadpamos | Hueso emenened Cpeduue
dnenepci cendodnl raadpams
7,
e O -1
PerpeccHa Gp =2 (5:— 7P -1 55 =——
i=l m—1
“ Qe '
QcTaTouHad 3. =2 (v, —3)? M= 4 =
| =1 n—m
M
Obwas @=X i~ n—1
i=l |

Cpennye Kpanpatel s§ W &8 (Taba. 3.3) npeacTasnaoT coboil He-

CMeleHHRIE OTIEHKH AUChepcHii 3aBHCHMOM NepeMeHHOH, 0bYCnoB-
NeHHEX COOTRETCTREHHO perpeccHil MM 0OBACHAIOMEH MepeMeHHON
X W Bo3NeHCTEMEM HEYUTEHHBIX CIyYAlHEX (DAKTOPOR U OWMOOK: m —
YHCETO ONEHWBACMEIY TAPAMCTPOR VPABLCHMA PCTPECCHM, n — YHCIO
HabAIEHMHE,

Jameuwanne [Npu pactere obmei cymmpl Kpagparos  no-
NMe3HO HMCThE B BHIY, HTO
L. %2

v

L"=’ L (3.42)

=

n
Q=23
1=l

(Dopmyna (3.42) cneayer ni painoxeHH

]

L L S .8 =
0=3{r- FF =Y p2-23% y, +ap* ¢ yaeroum (3.8).)

i=| i=1 1=l

TIpy OTCYTCTBHMY JIMHEHHOH 3aBUCHMOCTM MEXAY 33BUCHMON H
OBBACHAIONIMMH{EH)  TICPEMEHHBIMH  CVHaWHBlE  BEIHYHHLI
§3 =0y im—11 1 $2=0,/(n—m) MMeT % -pacnpelencHie COOTRET-
CTREHHO ¢ m—1 W A—m CTeneHsMH crOBOALL, a WX OTHONIEHWE —
F-pacnpenenenue © Temu ke cTeneHamu ceofonsl (eM. § 2.3). Ilo-
STOMY VPABHEHME DPErPecCcHd  3HAUMMO  HA  YPORHE o, €CIH
thakTHHECKN HABTIOAAEMOE 3HAYCHUC CTATHCTHEH

doln—m) 53
g Caln—m) =20 B (3.43)
Q,m-1) s 7
rie  Foy., — TabauuHoe 3HaueHMe  F-KpUTEpHA duiepa—

Cuenexopa, ONpeneacHios Ha YPOBIC IHAYMMOCTH o npu kj=m—1 ¢
Ea=n—m CTCNEIHN CBODOLL
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VYuurhiBag CMBICA BENMUWH §F W %, MOKHO CKasdTh, 4TO

gHauerie F rogaidedem, 8 kakod Mepe Pespeccus [IvHiie OueHueaem
FHEHENUE SAUCHMOU NEPEMENION Ne CPAGNENn © 28 Cpedieil.,

B cnoyuae audeduod napHo# perpeccuyw m = 2, W yDARHOHME

PErpeccHH 3HAYHMO HA YPOBHE o, CCJIM
)
O,

CrnegyeT OTMETHTh, TTO 3HAYMMOCTL VPARHCHMH [APHOW AHHCH-
HOR perpeccHy MoXer OniTh TIPORENCHA W APYTHMM CNoOCcoDOM, eciu
OUEHNTE FHasumocais xosgbuuuenma pezpeccuy B, KOTOPLIA, Kak
orvedeno B § 3.4, uMmeer f~pacnpeneachue CrpioneHTta ¢ k=n—2
CTENEHAMH CBODOLL.

YpasHedHe MapHoH JauHeitHOH perpeceun uan  KosdpHLMEHT
PETPECCHM by 3HAuMME HA yposHe o (MHauYe — runoresa ffy o pa-
BEHCTBE mapamerpa [ Hymo, T.e. Hy =0, oTbepragrcs), ecnw
(hakrHuecky HabmwooaeMoe sHaueHHe craTHerury (3.37)

b =0 ‘["“': 5
Ir.—-'__lllllzl':_rﬁ—x} (3.45)
=1
Gonpuic  KpurHyeckoro (o abConiTHOH  BeMYHBE), T €.
|f='}'rl—u;.-1—2-

MoXHO MOKA3ATL, YTO /UM Adpuoi IMHEHON Monend oba cio-
coba MPOBEPKH 3HAYMMOCTH ¢ MCMONB30BAHMEM [- M [-KPHTEPHER
PABHOCHIBHEL, MO0 3TH KPHTEPHH CRAJAHLL COOTHOWEHMEM F= 1

B page MpHK@iHLY 33039 TpedyeTed OUSHHTh INAYuMOchs Ko-
aghepuiguenma koppeanusy r(§ 3.3). Tpu 370M HCXOAAT W3 TOTO, 4TO

piicl.
=2
N1-r?
wsmeeT -pacnpenciciue CTIONEHTa ¢ # — 2 CTeneHIMK CRODOALL

Koapdmument Koppemiliy 7 3Ha4uM Ha YPOBHC o (Miate —
runoTesa Hy o paeHCTRE TCHEPAIBHOMO KOFDMHIHCIHTA KOPPETHIINNT
p vy, T. e, Hy p=0, orsepraeTtcsa), cCiu

o HYn -2 (3.46)
| = —

»
1 ~xpdi=2

V-2

ITE § oy — TAOIHYHOC 3@denue FRpUTepid CIbonenT:, onpee-

= Fr,g;l =2 (3+44)

NpH OTCYTCTRHH KGppﬁ.‘]HlIHﬂHHGﬁ CBH3H CTATHCTHMEA [ =

TEHHOE 114 YPOBHE 3HATHMOCTH o TIPH 4Mcie cTeneHed cpoboan n—2.
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Jlerko 1OKa3aTh, YTO MOAYYAEMbLIE 3HAUEHHMS [FKPHTCPHH s
nporepku runotes =0 no (3.45) 1 p=0 no (3.46) cAuHAKOBHI

P [pumep 3.4.

Mo ganuws Tadn 3.1 omenuts Ha ypoBHe o=0,05 sHAYMMOCTH
ypaBHeHHs perpeccHy ¥ mo X

Pewenwue I chocof. Bee, B npumepax 3.1, 3.2 6wnum

in 10
HalloeHb: Yy =68, Y ¥f =496,
=1 i=l
Buiunennwm  HeoDXOOUMBIE CYMMEL

(3.40), (3.42):

KBAOpATOR 10 hopMyaaM
fim e

|
Q= Z{y—»}’ 'Zy, il J—st%—%:zm;

0.=Y5-7)

Zrﬂ =839 (oM. Tadn. 3.2);

e O, =33s6 -§,39=2521.
Mo dopuyae (3.43)
& 5
iz 232102 =24.04.
8,30
Mo vatnuue  Fpacnpegesicuud  (tabn, IV DpunomeHwdit)

Fops: 174,20, Tak kax £>F o515, TO YPABHEHHE DETPECCHH IHAMHMO.

10
2- cnocod.  Yuuteisag, uro  p=1,016, Z(x —x}l =24.40,
i=l
#=1,049 (cm. npumep 3.3, Tabn. 3.2), no dopMyie (3.45)
i= BT 24,40 =490,
1,049
Mo tanuuam  f-pacnpeneacHus  (tabn. 1l mpumoxenui)

fo95:5=2,31. Tak Kak [ > # 955, TO KOo3PPUHLMeHT perpeccHu by, a 3Ha-
YT, M YpABHEHWE TIAPHON MMHEHHON perpeccui ¥ no X 3HAUMMbL =
Onuoit w3 Haudosee HhermMUBHLY OUEHDK GOeKEaMHOCHIT Pezpec-

CHOHHOE MOdeau, Mepod xawecmed Ypaewewus pespeccut, (WIH, KAaK
I Tor #e pesyibTaT MOKET GHTh 10 Ly-u,u o dopmyie (3.46), yaRTRBAA, 4T
= (LE6G {cm, npisiep 3.2): f 0 H“" IU =450,
- ,366“
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FOBOPAT, MERO Kadcoroa MOATOHKM perpeccloHHOol Mouend X Ha-

DIOOEHHBIM  3HAUCHMAM V). XaPOKmEPRCHILON  RPOSHOCHIMECKo

Cridsl ANEAUIUPYEMON  PEIPECCUORHON Modean asasemcn wodhdmmment
JETEPMHHAIAN, ONpelensteMbld 1o Gopmyne

Re=Zn_y &

& g

Beauwuna R? noxasweaem, xaxas socms (doan) eapuauuu 3a8uci-
MO nepemenkol ofyeiogiena sapuanell oimacHRIowel RepemerEo.,

Tak kax 0 = QR <Q,Tol< R<1.

Yewm flaunce R K edunuue, mem AV4He pespeccun annpokcumupyen
asRupHeckue danneie, TeM TecHee HaGMOAEHWUA TIPHMBIKAIOT K JTH-
1K perpeccu, foiu RE=1, mo amnupseckue mouy (X, y;) aexcam
Ha Aunuy peepeccun (M. puc. 3.3) w mexcdy nepemennsivu Y u X cp-
Wecmayem Auneinas pyRKuonatbnas aeucumocms. Feaw R21= 0, mo
RAPLAKEA FAFUCUMOL nepementoll HOIROCMbI0 DAVCIORIEHa sozdencn -
GUEM HEVHRIEHHBIX & MOJeAu REPEMEHAbLY, [ AWHNA PeEpeccun napai-
Aeania ocu adeice (ov. pue. 3.4),

SametuM, uTo KoodmuueHT R? MMeer cMmbicT paccMaTpHBaTh
TOULKO NIPH HaAwdsn Ccenindro20 yiend 5 YPABHEHWN PErpeceHu, Tak
KAK MG B O3TOM CHYYde, KAK VHE OTMEHANOCh, BEPHD PABSHCTREO
(3.41), a cacmoBatensHo, W (3.47).

Ecnu uzsecten kosddmuumenT aertepmunanun R, 10 Kputepwii
SHAUMMOCTH (3.43) ypaBHEHMA pErpeccdH MM caMoro koadwbuiim-
EHTA JEeTEPMHIALMN MOKET OHTE 3a1IHCAH B BHIC

Rin—m) .
m” '1:f'f|1-"tz' (3-48)

(3.47)

F
B cavuge RAPHONE ARHEINON PeapeccioHHod Modean rposdidiuuenm de-

MEPMINALILE Pager Keadpamy Koagbuutenma Koppeasuui, T e. R2=r2,
Heicrsurennuo, yauthman (3.12), (3,17,

ﬁ:b]i I:xi = ?}J
— i=l

gr=Er il = = B
C - S0 S
- i=1 i=l
Jhse f)l*xﬁ-.;-z.
5y Sy J
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P Ilpumep 3.5.
Mo naddeiM Tada. 3.1 HadTH KoahQHUKMEHT AETEpMHHALMM H
MOACHHTE 70 CMBICT,

Pewenne B npumepe 3.4 Gouo noayseno Qg =2521,
Q= 33,6,
_On _

Mo ¢opmyne (3.47) Rl_-ué _%‘53%1

=0,750 . {(KoathduumenT
ACTEPMHUALMH MOXHO BBUIO BLIMMCIMTE M MHA4E, ECIH YUECTh, HTO
g npumepe 3.2 Geul BRMHCIEH KO3(QGMUIMEHT KOPPETALHH r=0,866,
Torna R2=r=0,8664=0,750.)

D10 OIHAUACT, YTO BAPHALMA 3ABMCHMON NepeMeHHoR ¥ — cmen-
HOi HOBLMK yIs Ha oaHOro pabotero — Ha 73,0% 0OBACHAETCH WIMEH-
YHBOCTHIO OOBSICHAIOLIEN NepeMeHHoMi X — MOLIHOCTBID) NIAcTa. |

3.7. TeomeTpHYeCKas MHTEPNPETALMS PEerpeccum
U KO3GIUUMEHTO AETEPMUHALMK

PaccMOTpHM  TCOMCTPHYCCKYIO  MHTEPIIPETALHIO  PErpecCHU.
[MpeanooXKKM, YTO MEL HMeeM n=13 nabliofeHus: ¥y, ¥z, ¥3 — 3aBH-
CHMOI NepeMeHHoi ¥ 1 xy, X2, X3 1 _ pfescHAIIed nepeMeHHoR X
PaccMaTpUBas TPEXMEPHOE TIPOCTPAHCTBO ¢ OCMH KoopnuHar I, 2, 3,
MOKHO TIOCTPOUTE BEKTOPLL Y=(y, ¥2, y1), A=(x|, x3, x3), & TaKKe
sextop S=(1;1:1} (puc., 3.7). Torma 3HAYCHUA Iy, ¥y, Vs , 1ONYHAEMBIE
0 YpapHeHWIO perpeccuu V' =fy +bx, MOKHO pacCMaTpHUBATE KAK

KOMTOHCHTE BeKTopa Y, NpeacTamisionero coboil THHEHHYIO KoM-

GUHaLMIo BekTopos S u X, T. €. Y=hS+hX.

HeoBXoIiM0 HAATH TAKME SHAYEHHS OLEHOK by M by, MPH KOTO-
pLix mekTop ¥ HAMAYYIIMM 00pa3’oM AanmpoKCHMMpPYET (JameHser)
BeKTOp Y, T.¢. ReKTOp OCTATKOR ¢ = (e, €, ), e &= ¥; — yj{i= 1,
2, 3) GyIeT MMETh MuumatsHyio AauHy. OQUEBHIHO, PelICHHEM 3ala-
yi OyaeT TAKOH BEKTOP ), M KOTOPOTe BEKTOP € MEPNCHINKYIIAPEH
naockocTH ., obpasyemod sextopamu X w § (puc. 3.7), A 3HAUYMT,
MEPHeHIMKYIAPEH W caMuM BekTopam X u S, 1e ¢ L Anm e L S

|
MMonaraemM, 9To PABCHCTBRO X7=X2=X5 HE BLITIOJHASTCH.,
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¥oIopHeM NepmeHIMKYIHPHOCTH 4Pkl BEKTOROE ARTACTCH PABEHCT-
RO HYIK MX CRATApuoro nporasenesus (11,27

{tl‘ Aj:n L ch' -'I = i{hﬂ +b|'x|' —.}'Il'}z l};

i=l =1

L K
(e, X)=0 unu 3 ex, =Z{-{]‘D +bx; - y,-}x,- =0
=l i=1
(rme n=3), T. €. MLl NOJAYYHM TE Xe YCIOBHA, W3 KOTOPLIX HAXOMATCH

SHAMAYYLIME» OUEHKH &y, &y (eM. (3.13), (3.11)) meToga HAUMEHD-
KX KBAUPATOR,

Puc. 3.7

Bexkrop OF ecTh oproroHanbHas LIpoekisa BeKTopa ¥ Ha BEKTOp
5. M3 pexropHoil anrebprl W3BCCTHO, 9TO AJHHA TAKOTO BCKTOpA
PABHA OTHOIIEHHIO CHKAUMHPHOTD [IPOH3BEICHHA BERTOPOR ¥Yu 8K
LIMHE BeKTopa S, T. ¢

T Yi
GF; _ (Y ;q.l) _ ¥ - j +_]_J2] |- Fs 1 . i=l o e
o7 S Nesrsr 33 =l

e ¥ — cpeiHee 3HAYCHHE nepeMeHHoH Y.
CrnenosarensHo. pextop OP = 1S,

P



Bexrop ¥ ecrh OPTOrOHATRHAA [POCKLIMS BEKTORA ¥ HA [LIOCKOCTE
m. o H3BeCTHOH B CTEPEOMETPHN TEOPSME O TPEX MepreHIHKYIapN

npoexuus BekTopa ¥ na sextop N copnasacr ¢ OF. Cnenopateiiblio,
NPAIMOYTONLHBIH TPeyToarHHK PMY obpasvior BeKropu PM =Y — WS,
PN =Y —38, NM=Y-Y = ¢ (cM. puc. 3.7}, [lo reopeme [Tuibaropa
2 2
|PM|" =|PN +
HBEl BEKTOPOB. 30 PABEHCTREO COOTBEICTBYET painoxcHuo (3.41) ob-
mei cyMMbl ) KBAIPATOR OTKJIONECHWH JaBMCHMOH nepeMeHHol ¥ oT
CcpolHeid ¥ Ha cyMMy Kpaaparos p OOVCIORIEHHYIO perpeccHeii, u
OCTATOHHYRY CyMMY KBampatow (L, T.e, =0+ 0. [ostosy xoaddi-
LIMEHT JIETEPMMHALIMA K2, onpeneasemuli o (3.47), npuMeT BuL:

I
NM|™, rae BepTHRANBHBIMH YEPTAMW OTMEYEHE K-
PT pPT

R? =[PN|'t|PM|" =cos? g,

rie p — YIOa Meay pexTopamy PN 1 PM.

leoMeTpHYCCKAsE HHTEPTIPETALIMS PEIPECCHH, TTPORCICHHAN HamMH
npH /=3 HADMONEHHAX, B TIPHHLNWOE COXPAHASTCA W npu A=3, of-
HAKO TIPH 3TOM OHA TEPSET CROIO HAIIHIHOCTh.

3.8. Koadduument parroson
koppenaumMk CnMpmena

o cux nop MB AaHATHZHPOBLTH 3AEHCHMOCTE MEXTY IEYMA KoIu-
YECTIEEHHBIAE TIEPCMelHBIMH. BMeCTe ¢ TeéM B NPAKTHES JKOIOMETRM-
CTA MHOTIA BCTPCYATOTCH CyiaH, KOTaa HeoDXoIHMO YCTaloBHTL Tec-
HOTY CBSIH MERIY 0pdunaibinimi (Ropadicogsii) TIEPeMCHibIMH (Ha-
MPMMER, KAYECTRO MUIHITHEX VOIOBHA, TecToRMe OAfThl, DKIAMEHA-
HHONHBIE OUEHKH H T T.). B 31oM chyuae 0DREKTEL aHalMsa yoopsi-
JOOUMBAKIT WA Saracupyion! Mo CTCICHH BRPAMEHHOCTH HiMepaeMRIX
niepemeHHEN. TlpH oToMm kaxaoMy ODLEKTY NPHCBAMBACTCH ONpene-
JIEHHLIM HOMEP, HasblsaeMEIT parcos. Hanpuwep, obbexTy © Han-
MEHLUIHM TPOARICHHEM (3HAYCHHEM ) NPMIHAKA TPHCEanBasTes paHr 1,
CHEIYRNIEMY 33 MM — padr 2 u 1 0. Ecan obBCeKTE PaHAMpPORAHL
1o AB¥M TIPU3HAKAM, TO HMECTCH BOIMOMHOCTE OLUEHMTE TECHOTY
CUHOM MEXIY [IepeMeHHRMH, OCHOBRIBAACK HA PANIax, T. 8. TECHOTY
POUHZOROE KOPPETRITHL.

Kosghdhunuenm panzosoi rwoppeasuun  Chupyena HaxoaMrcs 110
opayne
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I
DAV
p=l-—t (3.49)
nt—n
e F WS PAHTH -ro 0DReKTa Mo nepeMendtiM X W Vo o — umcno
nap HabmooeHui.
Ecau paHTH BeeX o0LEKTOR paBHbl (1 = 5, =1,1,..., 1), TO p=1,
T. &, TIPH nonuo# npaMoi ceask p=1. Tlpw nonnoi obparHoll cra-
3H, KOria paHrd o0BCKTOR 10 JABYM TIEPEMCIINILIM PUCTOAGKEHB B
obpaTHOM TIOPSANKE, MOXHO TOKasaTh, 4o p=—1. Bo Beex OCTank-
HLLX CYUasy ||ﬁ| 4’:1 .

IMpyu palCKMpOBAHHKY MHOMIA CTATKHEBAIOTCA CO CAYYAHME, KOLaa
HEBOIMOMHO HAWTH CYILCCTEEHHEER PAVIMUMA MEKIy ODREKTAMH TIo
BEJIMYHHE MPOMBICHHA pRCEM}lT]]HBHBHOI'G l'lpi']'jl{é![('d.: Oﬁ'bEKTbl, KAk
IOBOPAT, OKAIBIRAMWTCH CEAITHHWME, CBHS&HEIHM OOREKTAM MPHITH-
ChIBAHT OMHHAKOBRIC CPE,ELI-[HE paHrd, TakHe, YTOOh CyVMMa  BCCK
pﬂl!l'l'.}l*} OCTARANTACE TAKOH #e. Kak H peH ﬂ'i'G}"I'f_‘TH-}'{H CREAZAHHEBIX
paHror. HampuMep, ecny uethipe ofbCKTe OKAZLTHCE PABHO3HAYNLI-
MH OB OTHOIICHHH PACCMATPHEACMOTD TIDHIHAKE H HEBOAMOAIO Ol11-
PEICANTE, KAKHE W3 MeThIpex patiros (4,5.6,7) MpHUMHCeaTh ITUM 00b-
BKTAM, TO KLXIOMY OOLEKTY NPHOHCLIBAETCH CPEAHHNH palir, pasHbi
(4+5+6+7)/4=5,5. B Moaudukauuax dopvyasl (3.49) na ceazad-
HBIE PAHTH BROIATCA TOTIPABKM.

Tpy DpoBepre IHAYHMOCTH p MCXOOHT W3 TOTO, YTO B Cloyvae
CAPABCUTHEOCTH HYAEROH THIIOTESL 00 OTCYTCTEMM KOPPCIALMON-
HOW CBA3H MEeXIly NepeMeHHBIMU 1pu > 10 cTaTHCTHEA

pyvn—2 -
=|rl—"_ {3+3U}
yI=p*

uMeeT f-pacnpenenenue CThioocHTa ¢ (A—2) CTENMeHSIMH CBODOILL
[Mo3ToMy p 3HAUMM L YPORHE o, el || > ypna, 10 fog, w2 —

TabIHYHOe spadeHe  ~KpHTepud  CrblogeHTd, OnpensicHHoC Ha
VPOLHE SHAUMMOCTH o OPH 4KUCIe cTeneHeld croboin (n—2).

P Ilpumep 3.6. Mo pesyasratam TecTHpobaling 10 cTYAeHTOR MO
ABYM IMCHMITTHHAM A ¥ B Ha ocHORe HaGpaHHLIX DaIOE NOAYYEHE
CASIYIONIAE paHTH (Tadn. 3.4). BeraucanTe KoddubpuuMenT paHroBoi
koppemsiiiid CniMpMelia ¥ JpoBEPHTE €10 3HAYHMMOCTL Hi YPOBHE
a=0,05,
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Peieuue PasHOCTH PAHTOB M HMX KBAUPATEL MOMECTHM B 10~
CHCHIMX AByx cTpokax Tabm. 3.4, 2

TaGnanwuma 3.4

s |32 [30 [36 [40 [41 [a7 [s6 [sa [eo [s5 [e1 [67 [69 |76 |

o (20 e Jos a0 31 |33 [aa |37 [3s a0 |41 [4 J4s 4

Parau ho Peapasmanios mecmufasanus omydernog Aee-
Al - 20
MM Pegi | 2-a | J-0 | 4-a | 5-4 | 6-& - | &-u | 9| f0-u
4 | n 2 4 | 3 1 | 75135 735 V25| 3 1 | 53
i 5 T i 4 | 25 7 H 4.5 ) & S 35
Fi_ihy =[] =2 l M 5 05|05 -2 -2 0.5 -
(ri_s)® | 0,25 | 4 I i 25 1025 025 | 4 4 | 025 | 39

639
104 —10
Ans npoecpky sHasmmocTH p No qopsyie (3500 BRYMCTHM

J10-2
J1-0,7632

fross = 2,31, Tak Kak f > fjesg, T0 xKo3ddHLMeHT panrosoi xoppe-

MIMAK p 3HAYMM Ha 5%-HoM ypobie, Cusds MexIy ONUCHKAMH JHC-
TIMTITHH JOCTAETOMHO TeCHaH, b’

o thopyyne (3.49) p=1- =[,T63.

t=0,763 =334 wu wuaiigem no Tabn I npuaomenwnit

Panrosriit KoadupuuMeHT KOPPENIIME p MOXKET DbITh MCTIONLIO-
DAH W L5 OIEHKH TCCHOTLL CBSI3H MEXIY ODLIYHEIMHA KOMHIECTBCH -
HEIMH TICPEMEHHBIMH, Joctouncrso [po3feCh FARMEMACTCH B TOM,
UTO HAXOMieHHe 3TOro KoddubuumeHTa He Tpedyel HOPMATLHOTO
PACTIPCOCIEHNS MEPEMEHHBIN, JTMHEHHON CRAZM MeAOy HuMmu. OaHa-
KO HCODROIMMO YUWTEBATL, H9TO OPH TIEPEX0IC OT NEPBOHAMATEHEIY
3HAYCHMA NEPeMEHHLIX K MX PAHTAM MPOHCXOAMT ONpeIeieHHAd 1o-
Tepd wHbopMatuu., Hem TecHes CRA3b, YoM MeHBIIE KOPPETSLLHOH-
Han JABHCMMOCTL MEATY TEPeMEeHHLIMKM OTIMUABTCS OT JIMHSHHOM,
TeM DAHKe KoapHiMeHT Koppendunn CoupMeHa p K koadgibiam-
EHTY MapHOH KOPReTaiyy /.

YNpaxHEHKA

3.7 MimeloTesl chedyioniie Tannbie ob ypoRHe MexaHHIauWW pa-
Dot A(%) » npou3lsoaHTeLHOCTH Tpyda ¥ (/) wna 14 oanoTHiHsx
MPeLITPHATHR:
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Heobxoaumo: o) OUEHWTE TECHOTY M HANPAWIEHME CBAIM MEKIY
NEPEMEHHBIMH € MOMOLLBI KODGHIMEHTa KOpPpeadausy; J) Hafimi
yparHeHWe perpeccuy ¥ no X

3.8, [lpu MecnemoBaHWK KOPPCIALMOIIIOR JABNEHMOCTH MEX Ty
HeHol Ha HeMTE X M HiekcoM HedTIHRX KOMIAHWE ¥ noavyenns
CHSAYVIOLUIHE DAHHRIE

% =162 (zen. en), ¥ =4000 (o en), s7 =4, 53 =500, Cov.X,Y]=40.

HeobxoauMo: &) COCTABMTL YPABHEHNE perpeccuu ¥ no X ) ne-
MNLEIYH YPARHEHHE DPETpeCCHH, HAHTH CpeaHee JHaAMEHHE WHISKCA
npy lene Ha Hedrs 16,5 nex. en,

3.9, o mavHmM npuMepa 3.7: a) HalTH YPaRHEHHE PETPEcCH ¥

ne X; #) naitH koahGUIHEHT DeTepMUHALHK Ry noscaurs ero
CMBICT; &) TIPOBEPHTL SHAMMMOCTL YPARHEHHA PETPeCCHM Ha 3% -HoM
ypOBHE MO F-KPUTEPHIO; 2) OLEHHTE CREiHIon MPOMIRMIHTETRHOCT
TPYIA HA MPCANPHATHAX C YPOBHeM MexaHwianuy pabdbor 60% u 1o-
CTPOMTD st Hee 95%-HBIH DOBCPHTENLULI HHTEPBAT, AHATOTHUHBIH
AOBCPHTEILHBIH MATEPBAT HAWTH M8 HHIMBHAVAJIBHBX 3HAYeHMHH
NPOHIROIMTENEHOCTH TPYIA HA TeX He IPEanpHATHAX.

3.10. IMo sanues 30 gedTanux KOMTAaHHE TOIYHCHD CHCAYIO-
lee YpaBEHeHHE PCeIPCeCHi MEesay oueHkoi ¥ ined. ea.) u darrie-
CKO crommocTbio X (MeH. efl.) 3THX KoMmnaHui: y, = 0,8750x + 295
Haii: 95%-HBI¢ DOBCPHTEABHLIE WHTEPBANL JIIA CPEAHETD W MHIK-
BHAVAILHOTO 3HAYEHWH ONCHKH TIPCAMPHATHA, akTHyeckas CTom-
MOCTR KOTOPRIX coctasuina 1300 men. en.. ecau kosdqubiumeHT Kop-
PCAMLIMK MERTY MepeMeHHEIMH pakeH 0,76, a cpolHee KBaaparuye-
CKOE OTKIOHCHUE nepeMernuoi X pasdo 270 aeH. en.

311 Tpu npuesMe Ha paBoTy ceMd KauIuuataM ObUlo NPeUIoKeHo
AR TCCTa, PeayiisTars! TecTHpOBaHMA MPUBENEHR B TADITHIIE:

Tecm o Pervasmampe mecmuposaiys Kavdudamos (g 0aaiax)

- lg | 20 | 34 | 44 | S | 6-a 7-ii

I 31 | %2 | 25 | 26 | s3 | 30 29
- 2 55 | & 27 | 32 42 | 6

Briguennts  kosdduuuedT padrosoil koppenauuy  CoupseHa
MEMIY PeIyILTATAM TCCTHPROBAHMA [0 AByM TECTAM M Ha ypouMie
=05 OlUeHNTL ero IHAYMMOCTE,
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lnaea 4

MHOXeCTBEHHbIM PErpeccUOoHHbIM AHANKU3

4.1, Knaccuyeckaa HOPMQnsHAsS NMHERHOA MOLENb
MHOXECTBEHHOW pPerpeccmu

DKOHOMMYCCKHE  ABICHMH, KAk [PaBuio,  ONpPeaelsiorcsd
DOARIIHMM  HHCIOM  OJHOBPEMEHHO M COBOKVIIHO  eHCTRVIOIINX
thakTopos. B CBA3M ¢ 3TMM YACTO BOSHMKAST 3aladd MCCTETOBAIIMH
ABMCHMOCTH OMHOH JABMCHMONH JlepeMeHHOH I OT HECKONLKHX
OOBACHAIOWWY nepeMedney Xj, As...., X, DTa sagaqa pemracTced
ROMOUELID MHONCECHIGENN0Z0 PEEPECCHONNNZD RO,

Obo3HaunM  /-¢  HaDNOIEHHC 3aBHCHMONH  TNepeMeHHONH Jj, 4

OOBACHAIOIMINY  TICPEMEHHEIX  — X7, Xy, Xjp. loraa Monenk

MHILKECTREHHOH NIMHEHHON pCIPeccHH MOAHO NPEIcTAENTL I BHAE;
¥ =Bo + Pixy +Baxi "'-"+Bpx.l,u T (4.1)

rae i = 1, 2,.., 1 g VIOWAETBODICT NPHBEASHHBIM BRIIE TIPEi-

nocwakaM (3.23)—(3.25).

Monens (4.1), B KOTOPO#H 3aBMCHMAR NepeMeHHad ), BO3MYILCIINS
E;H {‘.IE'LHCHHJU[ILHE MEPCMEHHELE Xits Kidyeeos X,-F VIOBRNCTRODAKT NpHBe-
JeHHBIM Bbine (§ 3.4) npennocklIKaM f—35 PerpeccHOHHOTO aHAIM:
H. KPOMC TOIO, OPEANOCLUTKE (0 O HEBLPOXISHHOCTH MaTPUULL {Hesa-
BHCUMOCTH CTOADITOR) 3HAMEHWH ODLACHIIOIINK NepeMeHHRx’, Haskl-
BAETCH KAGCCHMECKON NOPMAALHOE AunelHol Modeasio MHONCECmEer Hol
peepeccun (Classic Normal Linear Multiple Regression model).

Bronovenue B perpecCHOHIVIO) MOAETE HOBWX OBBACHHIOIIAY
MEPEMEHHRIX YVCIOMHAST TONYHaeMbIE (hOPMWILL H BRYTHCICHHA, DTO
OPHBOAMT K HCHecoobPazHocTH HCMOAbIoBAHHA MATPHUHERY ofos-
HAYSHHH. MﬁTjJI‘]‘!HDE OINHCAHHE perpéccHH ODTErIacT Kak TEQPLCTH-
HeCKHE EKOHUeNNWH aHaidzd, Tak o HE.DEPXOEHMI:]&.‘, PACYCTHLIE
TIPOLETYPHL,

P Cwe nanie, oo 8.
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Brcnem oboaHaenus: Y=(3 yo.. ) — Mampuya-cmoafier, wan
FERIOE, SHAHEHUE 080CUMON NEPEMERHOT PAIMepd n';

I TR T P
l X2 X X3
¢ P
K=
1 ) B S R 'xrrp

— MaMpEin sHaseni oDpACHRIMUY REPEMERNRIX, WA MAMPung naana
pasMepa mx(pt1) (obpamacy BHUMAHKME HA TO, 4TO B MaTpuily X no-
DOMHWTENREHD BREACH CTONDEL, BCE BAEMEHTRI KOTOPOrO papHB |,
T.£. YCAORHO Tomaraercd, arto B Monend (4.1) csobomHeii 4nch
fig YMHO®)aeTCs Ha (HMKTMBHYIO NEPEMEHHYIO Xp, NPHHHMAKONIYI
suauenne | ana gcex fxp=1{i= 1,2,..., u);

B =(fy By ... B — mampuna-cmoabey, wau 8eXmop, RAPAMEMPOE
pasMepa (pt1); £ = () 2. §,) — Mampuya-cmoabey, i gexmop,
EOEMPIEHME { CAYSaIIbX QURE0K, OCMAMIOs) pasMepad n.

Torna B MaTpuunoi opme moaens (4.1} npumer
BML

Y= Xp+e. (4.2)
(MeHKOH 3TOH MoAcK 10 BROOPKE ABTACTCH YPaBHEHHE
Y= Xbte,
rae b=(bpby... b)), e=1(e ey... &)

(4.2')

4.2. OueHka napameTpoB KNACCUHECKOM
pPErpecCMoOHHON MOAENH METOLOM
HOWMEHbLUKMX KBOAPATOB

s OUeHKN BEKTOPA HCHM3BCCTHLIX NAPAMETPOR [B NPHMEHHM
memod naumenniix Keadpamos. Tak Kak TIPOM3BEIEHHE TPAHCIIOHM-
POBaHHOH MATPHLBL ¢ HA CaMy MaTpHLy ¢

F_f]\k

Bl e .
ee=(e ¢;..e,) |=ef+ei+.tel=3}¢l,

i=l

)

"

Fnkon o' OGDFIANASTEA QONEMALHE TPAHCIHTOHADORAIHA MATIHLL,
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TO YCIOBHE MHHUMHIAITMH OCTATOMHOM CVMMBI KBATPATOR 3amMlLeT-
CH B BUE: :

'r:l-| - L ] roal .
S=Y (P, —y¥= Mel=ce=(Y - Xb)Y(Y - XB)—>min. (4.3)
i=l i=l
Yuureiag, 410 TpH TPAHCIOHMPOBAHHM TPOM3BEAEHMST MATPHLI
MONYYAETCH  MPOMIBEISHHE  TPAHCNOHHPOBAHHKYX MATPHIL, BIATHLIX B
obpartHoM nopaake, T.e. (Xb)'=b" X, mocne packpeITia cKoGOK MOTyYHM:

S=YY-bXY-YXb+HXXb

[Mpoussenenne Y'Xb ecte matpuua passepa (Lxa)[mx(p+1)] %
x| (pH1)=1]=(1x1), T.e. BenwuMHA CKRANAPHAH, CACNOBATENLID, OHO
He MEHACTUH NMPH TPAHCTIOHWHPORAHMM, T8, V' Xh= (VX = X' ¥
[NoaToMy yenoere MuHuMuszanun (4.3) npuser By

S=¥Y-25XY+HXXH— min. {4.4)

Ha ocHoBanuu HEODXOAMMOIO YCIOBMS 3KCTPEMYMA (DYHKIIHM
HCCKOMBKHX nepeMcunsX S(hy, 6,... b,), npescrapiaouei (4.3),
HEODNOAHMO MPUPABHATE HYNK MACTHRIE TIPOMIBOANLIE TIO JTHM
nepeMCHHBIM - MIM B MATPWIHOR (hopMe —  BEKTOP  YACTHRIX
[IPOMEBOAHRIY

nee 4 e
as | a5 a5 a8
8b | ok, ob ok, |
% ?
dinst BeKTOpa YACTHRIX TIPOMAROMHLIX [OKAJAHH  CHETYIOLIME
hopmyist! (§ 11.10):

L #y=e, ——(b'Ab)=24b,
&b i

rae b M ¢ — pekTop-cronfibl; 4 — CHMMETpHYecKas MaTpHia, B
KOTOPOH 3ACMEHTHI, PACTONOMCHHEIE CHMMETPHYHO OTHOCHTEILHO
IMABHOH AMATOHATH, PABHEIL,

! CRipangiuiMBoCTs NPHBEIEHHER OPMYT TIPOHINOCIPHPYENM HA NpHMEepe,

e ] () f}] 2?3 . 5 'i'-‘bzllﬁjwl i i

ye h= L e=| T, A= i HE  Kak c=lnn)l (S20p+&n  n
xbiz' Lq/ '\.3' SJ I";i)l
2 3k 2 i 3
3 5k we @ ¥

8 a L (48 +6F 2 3R
0 —f—-{h’.»fbj = -__f_—{?.b? + By bs + 383 = EE R =2 e d 1 B ]—- b,
fih i b oty + 1 R Y
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Mosromy, nogarasg ¢= A" ¥, a marpuuy A= X'X (ona arngercs
cHMMeTpHueckod — oM. (4.0)), Hallnem

-y

—=2XY"+2XXb=0,

ch
OTKYIA IMOIVYACM CHCTEMY HOPMATBHBIX YPAEHEHHMH B MaTpHYHOH
(hopMe ansa onpeneleHus BeKTopa b

XXb=X"Y, 4.5)

Haitnem MaTpuubl, Bxogsuime B 370 ypasHenue!. Martpuia XX
NPeicTABAACT MAaTPHIY CyMM TCPBLIX  CTEMeHeR, KBaaparoB M
MOMAPHLIX NROM3BECICHUA  #  HabmogeHHid  oDbACHANILIMX mepe-
MEHHBIX:

1 ] S 1 Xip |
XT: Xi Az I,ﬂ i Lo x;.:l”
ij.ﬂ Xip e -ru‘ﬂ/; 1 gl e g

(4.6)
( n TE e X
3 X ¥ .. Emn

2
sz{p Z-xdxl}) ti4 E'xn'p p
MaTpuua X' Y ecrh BekTop NpOM3BeAeHMI a1 HabnooeHwi

OBBACHAIOWUY W IARMCHMOH NepeMeiHbIx:
. E o 4 ¥ ¥

X x AR + NE

11 21 nl ya s Z i (4.7
L Lip o Xy Y Z Yiip

B yacroom Cydac M3 pacCMATPHBAEMOND MATPHUHOTO YDab-

Hepua (4.5) ¢ yuetom (4.6) w (4.7} ans onHOM ODLACHAOIIEH
nepeMeHHOMA (p=1) HETPYAHO NOTYYHTL yHe PACCMOTPEHHYIO BERILLC

L
! 3necn non amakom T noapaiysesactes 9.
i=1
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cHeTEMY HOpMatuHex ypasuedauit (3.5). JelcTeHTCILHD, B 3TOM
cinyuae MaTpHunoe ypasHenue (4.5) npUHHMaeT Bum. -~

\ i
OTKVIA HEMOCPEACTEEHHO CHSIYET CHCTEMA HOPMAIBHBIX YPABHEHWH
(3.5).

Jna  pewleHds MarpuuHoro ypasneHws (4.5) OTHOCHTCIBHO
BEKTOPA OLEHOK NapaMerpos f HeoDXONMMO BECCTH  elle Oy
npennocHAKyY & (cM. . 61) QI8 MHOKECTBEHHOD per-
PECCUMOHHOTO ananusa: wampuua X' X seinemcs weocodenHol, T, €, ¢e
onpeneAMTenL He pasen Hymo, CHSAOBATENBHO, panr MaTpuubl X' X
paseH ee nopaaky, Te. r(XX)=ptl. H3a marpuudHoil anredpw
uasectHo (oM. § 11.4), yto r (X" X)=r(X), snawmt, r(X)=ptl, T. C.
PAHE MATPHITBL TUIAHA X PABCH 4MChy ee CToNDUOB. DTO [I03B0ISCT
chOPMYIHPOBATE [IPE AN OC bl I KY 6 MHOKECTBEHHOIO PETPEC-
CHOHHOTO AHATHEA B CACUYIONEM BHIE

6. Bexmopst JHAWEHWE OOBSCHSIDWLY NEPEMENRNBL, AW CMDADKb!
Mampuupne Raana X, doavcan Obims AUHCIHO REIAEUCUMBIMY, M. €. DAK
sampuusr X — saeccamaannnd (v (X)=p+1).

KpoMe Toro, TONAraiT, uTO 4wcao WMEHIUNXCH Halwodenul
{snarteHnH) Kavedod 43 OOBRACHANMIY W 30BUCUMOL NEPEMEHHBLY R[N -
gocxodum pape vampuyss X, T.eo pze () wan pept ), ubo B IpOTHE-
HOM CHy4de B NPHHLATE HEBO3MOKHO NMOTYYSHHE CKOILKO-HUOVIDL
HAZLKHBIX CTATHCTHMECKHY BRIBOIOL,

Hike, 5 § 4.3, paccMaTpHBacTed KOBAPHMALMOHHAA MATPHLA BEK-
TOpa BOIMVUICHME Y, ARGHNANCT MHOTOMEPHBIM 8HATOTOM AMC-

nepeHy oaHOH nepeMentoi. TlostoMy B HOBLIX TepMuHax! npHBencH-
Hele panee (c. 61, 82 u sneck) Apednochliky dan MHONCECHIGENNDZO Péa-
PECCUOHHOZ0 GHE3A MOTYT BHITH JANHCAHE! CISAYIOWHM 0Bpazom %

1. B monenn (4.2) ¢ — coyyaiiumil BexTOop, X — HoowyuaiiHan
(AETEPMUHUPOBAHHAR ) MATPUIIA.

2. M (=)=0,

3.4. E =M (e )=cE,,.

VB cnyuge ocnnoil obeacisnomel nepeMoHioR oToameT HeoBEoaMMOcTE B SanHcH
IO CHMAOAOM ¥ BTODOMD HHACKCH, VEATRHAHWICTO HOMED (TepeMeiHoi.
P pst MepBoM YTEHHH ITOT MLTERMLL MOREeT ObTh OOYILEH. fy — COMHHYHLN MAT-
pHUA #-T0 nopiiks; by — HyACBoN BEKTOD pasMepa M.
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5. ¢ — HOPMANLUHO PACHpPensteHHLIE COV4aiiHed DexTOp, T.B.
£~ N, (0;02E, ).

6, r(X) = pt+l<a.

Kak yxe ormeueHo B § 4.1, monens (4.2), yiopieTropaiouian
MPHBCLEHHRIM [IPEANOCEUIKAM [—6, Ha3BIBAETCH KAdccuuecikod Hop-
MOAABNOT AUHEENON MOORThHY MHOMCECIBERNON PESPECCUL BCIIH Xe Cpe-
IH NMPHBCICHHWY HE BRITONHHETCA THWE MPeLIOceIkKa 5o Hop-
MATEHOM 23KOHC PACTIPGIEIEHHA BEKTOPA BOIMYIISHH £, TO MOIenh
{4.2) HAZRIBACTCH MPOCTO KAGCCHHECKOH AUNEHHOR MO0eanio MHOMNCECH -
aepHa PGEpEUC'MU.

Penreriem ypagHeHWs (4.5) ApIACTCH BEKTOD

b=(XX)'XY, (4.8)
e (X'X17! — mampuua, ofpamuas mampuue xoadunuenmoa
cucmemst (4.5), X'Y — mampuya-cmoafieq, unn gexmop, ee ceobodibix
AT,

Teopema TI'aycca—MapKosa, paccMOTpeHHAas Buitlle LA napHof
PETPECCHOHHON MOIenH, OKa3lLIBAETCH BEpPHOH W B ODILCM BHIE I
MOIeNH (4.2) MHOKECTEEHHON PETPECCHH.

TIpu swnoanents RPeOnocKiaok! MHOMECMEERROZD pezPecClONROZD
anaauIa owenxa memada Haumens Keadpamog b= (X'X) ' XY mean-
epicad Haufoaee apdexmuanod, m. e. ofaadaem anaumentiel ducnepcu-
el 8 ’Agece aunetnnx ecsetennnx ouenor { Best Linear Unbiased Fs-
timator, unu BLUE).

3uas  mexTop b, BHIDOPOYHOE ypaBHCHME MHOMXECTBEHHOM
PETPECCHM TIPEACTABHM B BHIE!
y=Xyb, (4.9)

rig J— [PYNNoBad (YCNOBHASA) CPeMHAA llePeMEHHON } pH 3alaHHOM
BCKTOPE 3HAYeHMH ODBHCHTILER MepeMenHoi
o= xg Xp - Xp)
P Ipumep 4.1. Muewores creayiowme fnanuvle’ (YOIoBHBE) O
CMEHHOA A06RYe YITA HA 04Horo padouero V (T}, MOIMHOCTH IL13aCTa

' He menwkeias Npeinocsnky 5 — TpefoBaiHe HOPMATBIOCTH JAKOHA DARCpE1eneHHE
BEKTOPE BOAMYILCHRE 2, RoTopad & Teopesc layeca—Mapxosa He tpebyetea,

; JoRABATEALCTED TCOPEMEL TTpMBeICHo B § 4.4,

S B oaToM upHMepe MCNOb30BAHE SaHHHC TpHsdeps 31 ¢ nobERlcHHeM PeIYARTATOR
Halonew i Han HoEoi olbacHAIomER nepeMeHHOR X, TIPH OTOM CTAPYED TIEPEMEH-
Hym X 03 npusepa 3.1 ofosnavasd Tencps ;.
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A (M) W ypoBHE MexaHMzaUun pabor A%, xapamcpmymmne

npotece To0sMH vena & 10 waxrax,

Tabnuua 4.1

f Xl Xz H i X0 i ¥y
[ 8 3 5 G B 8 i}
2 11 8 10 T 2 f &
3 12 8 48] 8 9 4 5
4 9 3 7 9 a o fi
5 8 7 5 I 12 7 8 |

[Mpennonaras, 4yTo MCoEAY nepemeHHwMHA Y, A7 1 XS cywecteyer

AHHeilHas EOPPCIALHOHHAR 3ABHCHMOCTE,

BRIDAMECHHME (YpasHeHue perpeccHu ¥ no Xpu X).

Pewenne OB0O3IHAYHM

¥

(5

10

| 8

I/

HAFTH B¢ aHATMTHYSCKOr

(HAMOMMWHACM, YTO B MATPMITY TAaHA X BROLWATCH AOMOTHHTCILHLIT
CcTOABSl YMCE/, COCTOMIING H3 eIWHMLL).
Jna vinoBori BEMHCTEHUEA COCTALTHEM BCIOMOTATSILHYIO TABIMITY.

Tabnuua 4.2

i X | Eg | W 3 xh | ¥ | x| pen | e i | & =0 - )
r

I | 85| 5| 6 [25] 5] @0 4 | |50 0,016
2000 |8 w0 |12 |4 (100 | ss |10 [s0 | 879 1464
3012 |8 [w |14 |64 |00 | 96 [ 120 [50 | 964 1,127
alo|s| 7| s a5 || a5 | 63|35 |59 1,038

5| 8|7 | 5| 64|40 25| 56| 40 |35 |58 0,741

6| 8|8 | 6| 64 68| 36| 64| 48 a8 |623 0,052

7 o6 | 6| 8 | 36| 36| 54l 54|36 |63 0,121

s |9 |a| 5|8t 16| 25| 36|45 |20 |56 0.377

9 | 8|5 | 6| 64|25 | 36| 40| 48|30 |53 0,762

0 |12 | 7| % [144 | 49 | 64 | 84 | 96 |56 |98 1631 |
v |94 |63 )68 908 [a17 [496 [603 [o6a [aas | — 6529 |

Teneps
I 8 3
(o P (l 1 | (10 94 63)
X’X=|'E 11 pon 212 =194 908 603
R R 3 7
\ ) [ 12 _U W63 603 41.;
(CM. CYMMEL B MTOTOROH cTpoke Tabm, 4.2);
5 ;
1 1 HE
. 10
X'¥=|8 1l 12 =| 664
5 8 7 |1 445
8 )
Marpuuy A7'=(X"X)~! onpeneaum no thopMyne A‘]=ﬁ§,
me |4 — onpemenurens Martpuum XX, 4 — MATPHILA,

npUcOeiHHeRHas K Matpuie XX Momyaum
| (15027 —1209 5227
Al =———| —1209 2001 —108
3738
~522 108 244

(pexoMeHIyeM HUTaTeMo vOeIHThCA B 3TOM CAMOCTONTENRHO),
Teneps 5 cooTeeTcTBUM ¢ (4.8) YMHO®AS 3TY MATPHILY Ha BCKTOD

(68"
XY =|664]
445 |
: [-lEZSDW (-353931
nonyuuM b=—— 3192 0,8539 |
3738

L 1372) | 03670

C yuetom (4.9) ypaBueHHe MHOKECTBEHHOH perpeccHM HMeer
Ban P =—3,54+0.854x,+0,367x;. OHO nokasbiBacr, uTo [pH
VRECTHYEHHH TOMLKO MOIIHOCTH 1wiacta A) ([pu HeMsMeHHoM JX5) Ha
I % nofeua yraa ua oaHoTo pabodero ¥ yBeliMuuBaeTcd B cpeaHeM
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na 0,854 1, a IpH yREIMYEHHH TOALKD YPOBHA MEXaHW3AIMA patoT
X; (npu HemamenHoit X)) — B cpeanem Ha 0,367 .

JoGapieHne B PErpecCHMOHHYI0 MOLelb HOBOH OOBLACHAONEHR
nepeMeHnoit X M3MeHHI0 Koahduunent perpeccun &y (¥ oo X)) ¢
1,016 ans napHoil perpeccuu (oM, npumep 3.1) 1o 0.854 — mna
MILOXECTREHHOI perpeccuM. B 3T0M HMKAKOIO NPOTHBOPEYHA HET,
TaK Kak BO BTOpoM caydae Koadepuiuent perpeccHM Modsonaet
QUEHHTL HPUPOCT 3aBHCHMOH mepeMeHoi ¥ mpH M3MeHeHWH Ha
EMUHHIY  OBBACHAIOWEA  MEePeMeHHON A}B uMMCTOM  BHAC,
Hesapucumo oT Xp. B ciydac napHol perpeccuw By yUHTBIBAeT
BO3MEHCTEME Ha [ He TONBEO NepeMeHHOH X), HO W KOCBEHHO
KOPPensiiMOHHO CBA3AHHON ¢ Hell nepeMeHHoi X;. |

Ha npakTike vacTo DbiBaeT HEODXOAMMO CPABHEHHC BAMAHMA Ha
JARMCHMYIO NepeMEHHYIO PAZTHIHHEX ODLACHMIOIINAX TI8PEMEHHEIX,
KOTIA [IOCTeTHHE BHPLKAITCA PasHbIMM eTMHHLAMM HiMepeHid, B
STOM  CliyHAe  MCTIONLIYIOT  Cmandapmuzosanise Ko e

pezpeccut b W kosgiduguenmu 3aCmuMHOCRIY E (j= | FRe JRRER -] |

=i
¥y

Cmandapmuzosanusiil Kosgguyuenm pezpeccuy by noKasweaem,

E; =, (4.11)

M8 CKOABKO BEAURUR S, WIMEHUMCR § CPeoHEM 3A8UCUMAR NEPEMEHRAA ¥
npu Veeiuserus mModeco j-i o ofsacusioued nepeMennol Ha S, , O

KoL NeRm  2AACMUMHOCTIH .-5). — MG cKOABKO  Rpouenmos  {om
cpeduel) uamenumes @ cpediem ¥ npu yeaudentin Moavko Xjna 1%.

P [ipumep 4.2.

Mo nanHeM npumepa 4.1 CpapHHMTE pasiensHOE BIMHHHE HAa
cMeHHYI0 00bMY yrst OByX (BAKTOPOB — MOLIHOCTH NidacTa H
VPOBHA MEXAHHIALHK pabor.

Pewen e N1a cpaBHeHns BARAHMA KOKI0H 13 0DLACHAIONIHY
nepeMeHHpX 10 Gopyyne  (4.10)  BHYMCIHM  CTAHIAPTHEGBAHHBIC
Koo(HpHITHEHTE! PErPECCHH:

2
5 = 0,8539- 129 0,928 8, =0,3670- 222 _ 0,285,
183 183

¥

a o thopmyne (4.11) — xkoadhHIIHEHTH JNACTHYHOCTH!

9;
I —-f},8539-£—: L180; £, =—-D,3fﬁ’ﬂ-f'%= (0,340,

* =
(3leck MLl ONYCTHAM  pacyeT  HeoOXOOMMBIX  XapAKTEPMCTHE
IEPEMCTIMLIX,
5=94x%=063 =08 5, =1,56:5, =142; 5. =183.)

Taxnm  0bpazoM, VBEAHYEHHE MOIIHOCTA TIACTA M YPOBHA
MONAHM3aLMKM  paboT ToABKD HA OIHO 8 HAM HA OI0HO 8

X T
VRENWYMBAET I CPElIeM CMEHHYIO J0DBMY VIR Ha OIHOMO padouero
coorsercTBenHo Ha (,728s, wim Ha 0,2855, a yBelwuclMe 3ITHX
MepeMeHHLx Ha 1% (0T CROMX CPeIMMX 3HaUeHMH) TIpHBOIMT B
CpelHeM K POCTY LODBUM YTIH COOTBETCTRCIING Ha 1.158% n 00,34%,
Hrak, ro oboHM NoKalarelaM Ha cMeHHYIO N00LMy VITH Oo/blies
IHIHAHHE OKA3LIBAET q)élKTOI} SMOILIOCTE TLTACTA» 10 CPapHeHMIr C

(BAKTOPOM ¢VPOLBEHE MexaHH3aHH paboTs, 2
Mpeotpazyem gekrop ouenok (4.8) ¢ yaetom (4.2):

b=(XX)Y'X'(AP+s)=(XX)V (XX P+ XX) ' Xe=
=Fp+ (XA XE
HITH
b=PB+(XX)'X'g, (4.12)

Tz ogencd Hapamempos (4.8). HalnenHble 1o smbopke, Gedem
COUERMCAmD CAVYATHWE NG,

Tak xak mareMarHuecKoe OXMIAHME OUEHKH b PABHO OLEHM-
BagMOMY mapaMeTpy §, T. e.

M{b)=MIB+ (XX XE]= MPB)+ (X)X mle)=p.

ubo B cuny (3.23) M(e)=0. 10, oueBunHO, UTO sexmiop b ecinb ne-
CMEUEHRAN OUeRKG Hapavenpd [,

4.3. KoBOpMQUMOHHQS MaTRULA
1 ee BLIBOPOYHAS OLEHKO

Bapuaiiu olleHoK mapaMetpol GyIyT 8 KOHEUHOM CHETE onpe-
AeATE TOMHOCTE VPABHEHMH MHORMCCTBEEHION perpeceHu. Jing wx




M3MEPEHHA B MIIOMOMEPHOM PErPecCHOHHOM AHANNIE PACCMATPHEA-
HOT TAK HAZLIBACMYW KOGOAPUOUNONRYIG Mampugy sexmnpa OUEHOK Hd-
PaMeEmpoe Z . ABTHIOWIYIOCH MOMPUYHBIM GHAA020M duchepcul od-
i Hepemenioi

*

Doy Ton - Gﬂ_r.l
[ Cw T o Oy |
Z & : I*
lkﬁpl:l Gm v G_.'.l_.'.l)l
roe MeEMEHTE] G-E" = KOSQPHQLILT |:|’T:|H KOPPEIAHORHME Mw.{eumt-t}

ougHok napamerpos f; u [, Kobapuaiua OBYX NMepeMeHHEIX Onpe-

JIEIASTCH KAK MATeMaTHUECKOS OMNIAHHE [POHIBSICHHA OTKIOHEHHH
STHX MEPEMEHHEBIX OT HX MaTeMarHueckux oxuaaHuil (eM. § 2.4). [To-
DTOMY

oy =M — M (b))b; = M (b )] (4.13)
KUBB.FPHI’IL[HH XKAPAKTCPHIVCT EKak CTENMEHR PACCEAHHH JHAMEHHH
IBYX TEPeMEeHHEIX OTHOCHTENBHO MX MATEMATHHECKMX OMMIAHNAN,
TAK M B3AMMOCES3h STHX NepeMeHHBIX.

B cuiy TOro, 4To OLUCHKH &, TOIYUeHHBIE METOAOM HAMMEHLIIHY
KBANPATOR, HBIAKITCH HECMCIHNEHHLIMH OUEHKAMH NMapaMCcTpOoR ﬁj i

Taig: M{.!,}_,-]:ﬁj, peipaxende (4.13) npuMer BHI
oy = M =P b =B
PaccMaTpHBas KOBAPHAUMOHHYIO MATPULLY 3. ,» JICTKO 3amMe-

THTL, YTO HA €& DaBHol THATOHAIH HAXOIATCH THCTIEPCHH OLEHOK
MapaMeTpoR perpecHu, ubo

oy =Mb; =B, Mo, =B )= Mlb, B, =0} . @414)

B COKPAIIEHHOM BHAE KOBADHAIMOHHAAN MATPHLA BCKTODG OULe-
HOE [TapaMeTpon Z . MMEeT BHI:

S, = M| (e-po-p) |

(B 3TOM JIerKo VOemUThEA, TepeMHOKUE BekTopsl (B — [ u (h—[ ).
Yurroivas (4.12), npeofpasyeM 9T0 BhIpAAKCHHE,
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2= M{ [yt e ey e l 5

:MEHH*XELHXWTq-
= (XX xmee)x (XY ), (4.15)

MO0 AMEMEHTRE MATPHLEE X — HeclyuaiiHbie ReAHYHHEL
Marpuua M [aa'} npeacTasngeT cobol KOBAPHAITHOHHYIO Mampu-
Wy Eermoha ﬁﬂ?ﬁfymermﬂ

\ M [E-.Z”H,} M {E,,.Eg] we M [Ffi) /';

B KOTOPOH Bee 3NeMeHTH, He NexalllMe Ha [IABHOH JMATOHAIH, pas-
Hel HYJIK B CHIY NPEANOCBUIKH 4 0 HEKOPPEIHPOBAHHOCTH BO3MY-
et &, W &; Meway coboit (eM. (3.25)), a Bee MEMEHTLI, fexa-

WIHE Ha MABHOH IMATOHANM, B CHAY Npeanockiok 2 M 3 perpeccu-
OHHOrO anansa (oM. (3.23) u (3.24)) pasHsl onHOH W Tol ke nuc-
MCpCHK 2

M(e2)=M(e, ~0) = D(e?)= 2.
[Mo3ToMy MaTpria
Mleg')=02E,,

rae By — eqMHMIHAS MATPHUA #-TO NOPAIKA. Clel0BaTeNbHO, B CHILY
(4.13) KOBAPHATIHOHHAA MATPHIIA BEKTOPA OLEHOK MAPAMETPOR:

Y, =Xy x(etE Ja(xx ) = ) xE,x N xx)
I — 32 v
L1 2, =¢ (XX (4.16)
Hrak, ¢ nomowsio ofpaniot sampuuss (XX ) onpedensemen ne

Moteko cam aekmop b oouenox napasvempos (4.8), wo u ducnepeun u
KOBQPUALIIN 220 KOMITONENM,

93

_—___



4.4, Nokasarenscrso teopemsl [aycca—Mapkosa.
OueHka AMCNEPCHU BO3MYLLIEHM

Tenepbs Mbl HMEEM BOIMOMHOCTL [PHBCCTH  JOKA3ATEIBLTBO
Teopemsl I'ayeca—Mapkosa, cdopMyauposannodi o § 4.2

Brime (§ 4.2) Mbl VKe [OKA3ATM, HTO OUEHKA MeT0ld HAWMEHb-
wHx Keagpatop b= (X" X)X’V ectb HeCcM eI CHH ad OUEHKA
T BekTOopa napamerpon B, T ¢ M) = B JhoByi apyryie OLeHKY
by BexTopa [ De3 orpaHUdeHMs ofIIHOCTH MOXIO NPEACTAEMTE B BUIE

b =[{XX)y'X'+C1Y,

rne ' — Hekoropada MATPHLE pasmepa (pr1)xa.

Tark kak paccMarpMBacMble B TeopeMe OHEHKH OTHOCATCH K
KIIACCY HECMEIIEHHBIX oueHok, 1o W Mib) = wm Mih)) =
= M[(XX)'"X'+C] Y=

YUHTEIRAS, YTO MATPHIE B KBAApaTHBIX CKODKAX — HecnyuaiHas,
a B CHAY Npeanocklikh 2 perpeccHonHoro adanmsa M(e)=0, nonyaum

M )=[(XX)" X' +CIMT) =[(XX) ' X +ClXp=
=[XX)VIXX +CX|P=(E+CX)B =B,
oTkyna cnenyer, @10 CX = 0.
Hanee
b =P=[XXY' X' +C]Y—PB=[(XX)' X' +CUXB+5)-B=
= (XX XXB+ CAB+H[( XXV X'+ Cle—B=[(XX)'X"+C] &,

Tak Kak CX =0, (XYX) ' XX P=EB=p

Tenepk ¢ NOMOLILI TPeodpasoBalivil, AHATOMMUHEIY TIPOBETEH-
HEIM T moayueHus dopumyn (4.15), (4.16), nalineM, uTo KorapHa-
LMOHHAA MATPHIA BEKTOPA OLEHOK by, T. &

Y, , =MIlb—B)A B} 1=c2(xx) " +e2CC,
wnK, yauteisas (4.16),

Y, =3 +iCC.
e
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HuaroHankHeie a0eMenTsl MaTpuupl CC' HeoTpHI@TensHb!, 1Go
OHM PARHBEI CYMMAM KBAIPATOB WICMEHTOB COOTBETCTBYIMIMX CTPOK
ITOH MATPUIBL, A TAK Kak JHATOHAILHLIE 3MeMEHTE MaTpMIL Z , H

L]

x , ECTh IHMCTICPCHU KOMTIOHEHT BEKTOPOR OUEHOK by W by, TO OMe-

EPCHA “i., zof (=12, pt1). DTo o3HaYaeT, UTO ouenKy Ko -
UUENMOE pecpeccult, Haidennsx Memodom nausMeHbux Keadpamos, of-
aadaiom Haumenbien ducnepcueti, yTO W TpeBOBATOCE TOKA3ATE.

Mrak, Mbl IOKA3aIM, UTO OLCKA & METONA HANMEHBILIHY KBATPATOR
ARACTCH «HAWIYIIEH» [IMHeHHOH OleHKOH napaMerpa B, [epeinem
TENEPh K OUeHKe CLUe 0IHOrO MapaMeTpd — THCTIEPCHH BO3MYUIeHW o2,

PaceMoTpuM BEKTOP OCTATKOR e, PaBHBLL B COOTBETCTEMH C (4.2

e= ¥—Xh

B cuny (4.2) 1 (4.8)

e=(XB+e)- x[(xx)" X'(XBte)l=
= XB+e- XXX (XX PB-x(xx)" xe=
=XB+e- XEB- x(xx)' X%,

HITH e=g-X(X%) Xk
(yuam, uro npoussenenne (X'X) (X' X)=F, 1. e. paBHO eHHHHYHOM
Marpdue £, (p+1)-ro mopsiaka).

HaiaeMm TpancnoHMpoBaHHEIH BEKTOP 0CTaTKOB e'. Tak Kak npu
TPAHCIOHMPOBAHHK MaTpHua (X X! ve MeHgeres, 1. e.

[ 071)= [(X 2y~ = (X,
T
e’ = [e=X (X" X! Xgl=e—e' X (X' X) VX"
Tenepn
Mg ' e=M{e—e X ("X X)e—X (A XNV )=
=MEe)=-M X (XD X e]=M[eX (X X0 Xra)]+
FM X (Y0 (Y0 )

Tak xak nmociennue npa CIATACMBIY BIAHMHO VHHYTORAIOTCH, TO
: Martpuua ©CF ik ®e, Kag KOBAPHANMOHHEIE MATPHLED Z B H Z b | HETSETCR
Heampagametsne onpedetdinod {ev, §11.8). B 2ToM cupliae MOS0 3ANHCATL, 9TO
MaTpUi Z i .‘-*Z i T BEKTOP OLERoX &= (X X) 714 ¥, nomydceimit veranos

HAMMEREILNE KALAPATOR, OBIALALT MCHBILAM PACCEHBAHMEM OTHOCHTEIRIG NADIMET-
P [} D0 cpaBRenHIo ¢ Al IpyrHM BCKTOROM HECME e HH R O1C HOK.
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Mie'ey=M(z'e)—Mle'X (X' X)) X'e]. (4.17)

MMeppoe cnaraemoe sripaxkenyua (4.17)

5 I" k. 3 N - i
Mle'e)= MiZe:}'-J =3 Mgl )= Yol =nol, (4.18)

wbo B cuy NPennockor 2,3 perpecCHOHHOMD aHaTH3A
M(e?)=M(e; - 0) = Dlg; )= o*,
Marpyua B =X(X'X)"' X' cummerprueckas (§ 11.8), 1ax xax
=X 0 =XXY01 e =8

TosroMy &' B NPeNCTARIACT KBANPATHYECKYIO QOpMY Z.b EE;
L=l
CC MaTCMATHYECKOE OXHMIAHHE
M
M8y =M Y (s

fg=l

J)zl:i,:r‘bgf-'w(ﬁ,-ﬁj}.

HocneaHom CyMMY MOXHO pa30MUTh HA JBC COCTALIOLIME CY¥M-
MEl 3NeMEHTOR HA MIABHOH IHAFOHATH MATPHUE B W BHe ee:

MeBy = Yo M)+ 3 BaM (e, ).

i=1 I IFE]
Bropoe craraemoc pasHO HYIO B CHITY TIPEANOCHUIKM 4 perpeccH-
OHHOM anannza, T.e. M {!I_.E,-)=ﬂ_ CyMMa OHATOHANBHLIX 2IEMEHTOR

MATPHLLL B obpasyer caen MaTpiuel t(8) (§ 11.8). TToayuuM
M(e'Be) = 3 buo? =623 by = o*r(B), (4.19)
Jamenns MaTpuuy B c;\‘;lﬁmpmerm‘:m, MOTYYHM
M Be) = o2t XXXV X' = o{(X X% ) (X% )] =

> G"-H'(E_,m }: ci{p+1),

TAK KAK CAEd MaTpHilbi HE MeHIeTosl MPH CC TPAHCIOHUPOBAHHH (CM.

§ 11.14). 1. e. triAC)= tr{ CA), a cnen enMEMMHON MATPHLLL (T.e. CyM-

Mi &€ THATOHAILULIY MIEMEHTOR) PABCH TOPSAKY 3TOH MaTPHLELL,
Tenepr no dopmyae (4.17), vauteiean (4.18) 1 (4.19), nomryumum:

Mie'e) = no? — a?(pty=(n— p— 1) o,
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A
M{c'e} =M| > ef |= {n —p— ]} e (4.20)
wi=l
Pdnc}mrm (4.20) o3HaaeT, YTO HecMelleHHAs OLICHKA 52 mapa-
MeTpa ol WM BmbopoUlan OCTATONHAN ANCHepeHs 5 OlpengIacTes

1o opayne:

: ie,-"
e e e @.21)
n—-p-1 n-—p-1

Hoayyeinan Gopmyna nerko obbscHiMa. B ssamenarene mripa-
xKenns (4.21) crout n— (p+ 1), a He #—2, KaK 210 BRUIO BLILE B
(3.26). 3ro cBA3AHO ¢ TeM, 4TO Teneph (p+1) cTenciedi crofomel (a
HE MIBE) TEPAIOTCH TP ONMPECHeHHH HEHIBECTHRIX MAPAMETPOR,
HHCILO KOTOPBIX BMECTE CO CBODOIHBIM “wieHOM pasua (p+ ).

Moxne DoKasals, uTo ])accmﬂ"peHHLm B 3TOM Naparpade oucn-
Ki b w57 napaMeTpor fou of npu emmoanenuu npednocstaxu 5 pespec-
CUDHHO20 GHAIUZA O HOPMAABHOM PUCRPEOCAEHUN 8EKIMOPA GOIMVILCHIL
e (e ~ Ny (ol E)) seamomen wesasuciostbony, Tt 3TOM0 B TAHHOM Gy -
Hae NOCTATOYHO yDEAHTRCH B HEKOPPETHPOBAHHOCTH OUEHOK b 1 52,

4.5. OnpegeneHue aOBEPUTENLHBIX UHTEPBANOB
AR KOSPPUUMEHTOR M dYHKLMM perpeccuu

[epelinem Teneph K OLUEHKE 31AMMMOCTH KoahUnUCIITOB per-
PECCHM &y M NOCTPOCHMIO A0BEPHTENLHOTO HHTEpBATA IS [TApaMeT-
poB perpeccnonnoi Momnenu i (=1.2...., p).

B cuy (4.14). (4.16) 1 MITOKECHHOIO BHIIIE OLEHKA 5§ IUCriep-
CHH G,-]r Ko3PhHIMe T PeTpeceHd b; onipenenuTes no hopmyne:
=1
sp=e R T
e §° — HecMellgHHAA OLeHKa rnapaMetpa oo

[(ew) ] — AMArOHATLHBI 2eMeHT Marpuun (X e

Cpeitiee  KBAAPATHHECKOE OTKIOHEHHE (CTaHaapTHas olwnbka)
Koathdmiinenta perpeceun by mprMer B

5 =.n-1,f[[,1-'x}“Jﬁ ; (4.22)
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3nauumMocTk Ko3dqHUIHenTa perpeccHs & MOKHO NMPOBEPHTE, CCIH
VUECTh, 4TO cratueruka (b, — [, Vs, nmeeT f-pacnpeienenne CTRIO-
genta ¢ k=n —p — | crenensmu ceobonpbl. TloaToMy By sHa4YHMO
OTIIMYASTCH OT Hyns (Mpase — runoTesa Hy O PaBeHCTBE NMAapaMeTpa
B, nymo, T.¢. Hy B; = 0. oTsepraeres) Ha YPOBHE SHAMUMOCTH i,

b

4

eCim |:|= Sty T Tdmsg-l TABAMUHOE FHAYCHHE

S"-H
f-KpuTeprs CThinenTa, ONPefe/ieHHOe Ha YPOBHE FHAYWUMOCTH o
MpM Yuene creneleit ceodolm k=n—p— L

B obueit noctanoeke rMnoTtesa My o pascHeTBe napamerpa

SAMAHHOMY yucy Py, T e Ay iy = [}y, OTBEpraeTes, I

b=,
|fi - } : “-. IJU| i _ain-p-1- {4'23}
Bl

£

TMoaToMY A0BCPHTEILHLI MHTEPBAT A napaMerpa [J; ecThb
IErj_'rl-u:.l—‘.u 1¥6, —f’ {"l:' Tl g -t - (4.23')

Hapaiy ¢ MHTepBaibHLIM OUZHHUBAHHEM koapHUHeHTOR por-
peceuy 1o (4.23') pecLMa BKHBIM U OLEHKH TOYHOCTH OMPEacic-
HHS 3ABHCHMONH NEpeMCHHOR (NPOrHosa) ABIHETCH TMOCTPOSHHE N0-
BEPHTEILHOTO MHTEPRANA 115 (DYHKIMH PErpeccHl Mk Aai ¥CIOBROTO
MaTeMATHYECKODD OXKHIANNA 3aBHCHMOI nepementoi M, ( ¥), HalacHHo-
ro B TPeMoIOKEHHH, YTo 00BACHAIOINE 1IEPEMEHHbIE X, Ao X

MPHHALH SHAMEHMS, SaTABAeMEe BEKTOPOM A = {] Xjg Xap - _x_.,uj.
Briiiie Takoil MITEpEal NoayueH 108 VPABHEHWS NMAapHOH perpecchy
(cv. (3.34) u (3.33)). OGo0uwas COOTBCTCTRYIOMME BLIPALKEHUT Ha
CAVYAH MHOKCCTECHHOH PETpecCH, MOXHO TOJTYIHTE JOBCPHTEIL-
HE uaTepsan aas M ¥

Potigas; SMY)ET + 6008 (4.24)
Thg ; —  TPYIIoBas CpEﬂHE[ﬂ, Dﬂ}ﬁﬂ}lﬂﬂﬂfﬁh’[ﬂﬂ o ‘_\"IJHHHE![}HD
perpeccHy,
$ =5l X[ XX Xy {4.25)

— B¢ CTAHAAPTHAN OIIHOKL.

28 o . "

Mpu obobwenny gopmya (3.36) 1 (3.33) aHaToruuHbi Josepu-
TeNLHLIH HHTEPBA] LTA HHIHBHIYAALULIX 3HAYCHHH 3ABHCHMOH nepe-
MENHOIH V) MPUMET B

%

F¥a _ff l:(:r.'—_.'.l—l's._fu i:y'.'; g.ﬁﬂ +£I—u; I l:l—l'-l"‘_[-“" {4'16}

e

sl 1w (T Xy (4.27)
MosepuTe bublii HHTEPBAT A4 HapaMerpa o B MHOXeCTECHHOM
peErpecciy  CTPOMTCH AHANOIMUIHO OapHOW Mouend no dopMyine
(3.39) c COOTBETCTEYIOLIMM HIMEHEHHCM 4MCAA CreneHel cpofiolbl
KpUTEpHs »2:
net sl
— gl (4.28)
}:,6-'2;.‘1—_:;—1 }r -1 20 - =l

P [Ipumep 4.3. Mo ganusiM npusepa 4.1 OLEHHTL CMEHIYIO 10~
DRIYY YIDISE HA OQHOTO paboyero U WEANT ¢ MOUHOCTRIO miacta 8§ M
M YPOBHCM MexaHuzauun pabor 6%; naitn 95%-uple J0BepUTETE-
HLle MHTEPBALL] A8 HIHIHBUIVATILHOTO W CPEHErD 3HaHeHni eMen-
HOH aobwau yrns Ha | pabovero Mns Takux e waxr. llpopepurs
SHAMHMOCTE  KOuPHITMEHTOR  pETPeCCHM W NOCTPOMTL 005 HMX
95%-HEIe NOBEPHTENBHLE WHTCpBaikl. Halith MHTCPBUIRHYIO OLEHKY
UL AHCTIEPCHE o2, -

Pemwenwue B npumepe 4.1 ypamienwe ]:}DI"_DEDLHH MONyHEHe B
e 1= —3,54 + 0,854x, + 0,367x;,
[Mo yenomwo Hago ouenuts MUY, tae A, = (1 & 6). Bubopou-

Hoit ouenkoit M ¥) spngeTcs rpynnopas cpenHLas, KOTOPYIO HaHaeMm
[0 YRPABHCHHIO PETPCCCH N

¥= =354 + 0,854 8 +0,367 - 6 = 3,4%7).
Aag nocTpoeHHA I0BEpHTEILHOMO Hirreprana wost MW Y) neobxo-

AHMO 3HATR AUCHEPCHID €10 DISHEN — ?f . s ee BEYHCHEHRT OD-

patimea K tabn, 4.2 (Tounee K ¢o 2BYM MOCISTHHM cTonbiaM, 1pu
COCTARBNEHHH KOTOPBIX VUTCHO, UTO IPYIONOREE CRETHUC ONpeaetd-
HITCS Mo moayueHHOMY YPARHCHHIO PErpeccHM),
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,329 - _
Teneps no (4.21): 57 - ﬁ}% l—={:a,r~m4 1 5 =4/0,904 = 0,951 (r).
OnpenenseM CTaHIAPTHYH OLMOKY [PYNNOBOH CpelHeH ¥ mno
opmyne (4.25). Buavane Haiaem
(15027 —1209 —522“\(1\
3 1
XxxY' X, =0 8 6)—| ~1209 201 -108 |8
3738 |
-522  -108 244)\6

4
1

:_!. __.[2223 ~249 78)| 8 .——|—[¢399}:{],[8T{J.
3738 1] 3738

¥

4]

O

Teneps s; —-1}.95]\."'{1!8?0 =04111(T).

o tadn. [ npuaokecHHi npu uKce crenedeil cpodbonsl k= 10—
—2=1=T7 maxoanm fygs.7=2,36. o (4.24) nopeputenbHbIH MHTEPBAT

ana M. Y) paBeH
5,49—2.36+ 0,411 = M(Y) £ 5,49 +2,36 0,411,

HITH
4,52 < M (V) < 6,46 (1).

Hrak, ¢ Hagexuocteio 0,95 cpeausa cMEHHad a0Dwra yris Ha
oanoro paGodera U MaxT ¢ MOLHOCTRIO Naacta 8 M M yPoBHEM
Mexanm3annu pabor 6% naxomures ® npencaax or 4,52 1o 6,46 1.

CpaBHHBAas HOBLIH JOBCPHTENBHBIH HHTEPBAT AT (PYHKLHK perT-
pecen M (Y), moayyeHHbIR C y9eTOM ABYX ODBACHAIOUIMK TIEpe-
MEHHEIX, ¢ AHATOrHYHEIM WHTEPRAIOM € Y4eTOM OAHOH OOBIACHIIO-
e nepeMedHoi (ov, npusep 3.3), MOKHO 3aMCTHTL YMEHBILICHHE
Er0 BEAMMMHEL D10 CBAZAHO O TEM, 4TO BKTIOUCHHE B MOIETE HOBOH
OOBACHAIOMER TIEPEMEHHOIT [TO3BOAMET HECKQUILKO MORBBICHTL TOU-
HOCTL MOJETH 34 CUET VBEIMYCIHIMA BIAMMOCHAIM 3aBUCUMOH M 00h-
SACHHIOUIENR TIEPCMEHHEIX (M, 1IHAKE).

Hapnem nopepuTenbHBI MHTEPBAT T4 MHAHEHAYAILIOIO 3HA-

wernsa vy npn Xj=(1 8 E:):
g T A
no (4.27): 55 =0,95141+ 01870 = 1,036 (1)
u o (4,261 5,49-2.36+ 1,036 <y £5,49+2,36 - 1.036,
T. &. 3,05 = yi £7.93(1).
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Mrak, ¢ nanexnoctsio 0,95 MHAMBHIYATBHOE 3HAYEHHE CMEHHOI
JODLIMKM VIIH B LUAXTAX ¢ MOILHOCTEIO 1UTACTA & M M YPOBHEM Mexa-
HuzanMK pabot 6% HaxonuTes B npenenax or 3,05 a0 7,93 (1),

[MposepuyM 3HaYMMOCTE KOIDOUIMEHTOR perpeccun M H Hy. B
npuMepe 4.1 noaydens &= 0,854 u »=0,367. CTaHnapTHas OILIKHG-

Ka &, B cooTReTcToMM ¢ (4.22) pasHa

[ -
s, =0951 ,|——-201=0,221,
’ V3738 '
0,854
Tak kak 1= o) =381 > £ 957 = 2,30 . 7O KoxppuumeHT by anamim,
AHATOrMYHO BRYHCHHEM 5, = (0,95 I\/——| — 244 =0,243 u ¢ = D367 =
: 3738 0,243
=151 <tpgsy =236, T. 2. KoapuiMenT by He3HAUMM Ha 5%-HOM

VPOBILE.
JoBepUTENRHE MHTEPBAT MMEET CMLICT TOCTPOMTL TOMBKO 11
spatuMoro koadbruuenTa perpecciu by no (4.23'):
(0,854 — 2,36- 0,221 < B, = 0,854+2,36- 0,221, win 0,332 = P, = 1,376.
Mrak, ¢ HaneaHOCTLIO 0,95 32 cyUeT H3MCHEHMa Ha 1 M MOLUTHOCTH
iacta Xp (MpM HeMasmeHHOM X5) CMeHHad a06HYA YA Ha OJHOTO
pabovyero ¥ BvaeT MaMeHaTecH B npenenax ot 0,332 no 1,376 (7).
HaitneM 95%-Hblit NOBCpHTENBHEIH MHTEPBAN /LTS MApaMeTpa o
Yuureieas, yro a=1-0,95 = 0,05, maiinem no rtabmiue 111 npuao-
oM p—p— l=n-—2—1=n— 3 crencHax crobO/In
xi.-'?:r.'—;.'—l =xl.;;‘ﬁ1ﬁ;'.‘ = |6!D1;
apd —_ -
ﬁ1 alZim-p-| —Knms;? - [‘59

10-0904  10-0,904
- - Lt ——
16,01 1,69

MITH 056520 £5349 n 0,751£5=2313.

Mo dopmyne (4.28)

]

Takum oDpazoM, ¢ HAZCKHOCTLIO (0,95 nycnepeus BOIMYIICH it
JarmoueHna & npencihax ot (0,365 no 5,349, a MX CTaHIapTHoe OTKI0-
Henue — ot 0,751 go 2,313 (1), P

Dopyvaneiio NepeMeHHBIC, WMCIOUINE Jie3HaYUMble KOa(hHUM-
SHTRI perpeccHy, MoryT OrTh HCKTIOHEeHB 13 paccMoTpeHnd. B ako-
HOMHYCCKHY MCCTEIOBAHHIY HCKTIOYeHH D nmepeMEeHHEIX H3 perpec-
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CHH JHUGKEH TIPEANIECTEOBATE TIMATE/ILHLIA Kadecmeentbil AHATNI.
[MosroMy MOMET OKAlaThCd UenecoobpaIHLIM BCE JKE OCTABMTL B
pPErpeccHOHHOM MOIeIM OQHY WIH HECKONbKO OOBACHAIOLIMX Tepe-
MEHHBEIX, HC OKAILIBAIIMIMX CYUIECTEEHHOTO (3HAYMMOIO) EIUSHMA
HA JABHCHMYIO TIEPEMEHHYH.

4.6. OueHKa 3HAYMMOCTUM MHOXECTBEHHOW PErpeccmu.
Koadbduumentsl netepmuHalmm f2n £

Kak ¥ B cyyac [ApHOH perpeccHOHHOW Momenu (cM § 3.6), B
MOTETH MHOKCCTBEHHOM perpeccun obas BapHaums (0 — cyMmma
KBAIPATOE OTEJIOHEHHH 3aBMCHMMOH MepeMentoid ot cpenneii (3.41)
MOKET ObITL PA3IOKEHA HA RS COCTARMAIOIME:

0=0rt0Q,.

rie Oy, 0, — COOTEETCTREHHO CYMMAa KBAIPATOB OTKTOHEHMH, 00Y-
CTORICHIAA perpeccHeil, W OCTATOYHAA CYMMA KBATPATOR, XApakTe-
PHIVIOIAR BARAHME HEVUTEHHBIN (DaKTOpOs.

Momyuum Bonee ynoGHee, YoM (3.40), hopmyas ang CyMM KBal-
patok @, Op w (2,, He TPeOVIOWNC BLIMHCIEHHA 3IHAYCHUH ¥,

OBVCAOBICHIILIX perpeccHel, i 0CTATKOE €.
B cooreercrenn ¢ (3.407, (3.42)

a %%
(} _ v]li =Y yi- e A — ny? (4.29)

s=j "

.—"" T
a

[“"]=

0 =

K
(1160 Yt =pityi et yi=(n yoog)| " |=YT).

C yuerom (4.4) uMcom

0, = 2{» -3 Y =YY 26XV 4+ b XXb=YY -bXY (4.30)

i=|

(ubo B cuay (4.5) B XNB=HXTY),
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Hakowet,

Op=0-0,. =YY —ni? (Y'Y -bXY)=b'XY - ny?. (4.31)

VpasHeHHE MHOXECTBEHHOH DPETPecCHH 3HAYMMO (MHade — TH-
noresa Hy 0 paseHCTBE HYTIO MapaMeTpoR PErPecCHOHHON MOIelH,
T. e Hy B = B =..= B~ 0, oteepraercs), ecnu (yauThiBad (3.43)
npu m=p+ 1}

F= Q'l‘l—{!:?—TT__ll - F\:'.ji'.w—.'.‘—\'- (4'32}

e Fypepa— TabnwuHoe sHaveHMe F-kpuTepus PHuepa—

Cuenckopa, a O u O, onpenenatores no (opmynaM (4.31) 1 (4.30).

B & 3.6 buun EBencH Koaunuenm demepmunanuu R wax odua ws
Hauboaee IPexmusHuy OUeROK AdeKEaMHOCIU Pe2peccloNROl Model,
MEPQ KGHECMEA VPAGHENLA Pezpeccult, XapaKmepucimuid €20 nposio-
CREYECKON CHAN.

Kosdhmunent AETEPMUHAIIMH (MILH MEONCECMEBeHHIE KO-
exm demepmunauny) K onpegensercs no (opvyne (3.47) uam ¢ yue-
o (4.31), (4.29):

z =Q_ff - H_X"}ﬂ—i (4.33)
Q0  YY-np? '
OrrMeTHM elte oaHy Qopmyity Ais KooppuiHuenTa JeTepMMHALINN:

R? =1.._%=1_{Y—Xb) {Y XbJ, (4.339)
o Y—¥/
HITH RE I_E‘,E* (3350
¥y

P= (}’ _}') — H-MEepHBIC BEKTORH;

£ = Z‘*’E = Z{ Vi —J:‘fjlz-

=1

fﬁ’:z{,}"r _.T.’JI:

i=]

raec e=¥-Xb, ¥ =(7,7,....7),

Hanomuum, 410 R? XapakTepHIveT doao sapuaiiy Ja8ucimon ne-
PemenHOl, 00VCAOEIEHROE Pespeccueli Wil HIMEHHUEOCMBID O0BACHIIO-
Wux nepemennbix; em Gauvce R° o edunuue, mem ayume pespeccun
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CRUCHBEER 3ERUCUMOCIE MeXedy OfFBacHSMUME W 306UCUMONT Repe-
MENHBLMU, W

Baecte ¢ TeM MCHOIBIOBAHMC TOABKO OOHOTO kKosibdmuuenta
netepMuHanny R 18 BHBOpA HAMIYIEr) YPABHEHMS PerPeccHH
MOMET OKA3ATLCH HenocTaTouHEIM. Ha NPpakTHES BCTPCHAOTCA CITY-
qald, KOrma naoxo onpejeileHHdads MOOedb pPerpecCiHd MOKeT J4Th
CPARHHTENRHO BRICOKHI Koa(ibuumnenT R2.

Hemoctatkom koadupuunenta IeTepMHHANMH K2 sipnseTcs 1o,
YT OH, BOODINE FOBOPH, YREAAYMBACTCH MPH J0DARTEHMH HOBELX
OOBACHAUINY TIEPEMEHHLIX, XOTA 3T0 W He 00A3aTeTRHO O3HATH@ET
VIIVULICHHE KAYecTBd PETPECCHMOHHOI Moiend., B 3ToM  oMbicne
MPEANOUTHTENRHEE HCTIOOR30BATE  CKOpRekmuposanisgl  {adanmupo-

gaunniil, nonpagaennei (adiusted)) woahuyuenm demepmunauquu R*
OTIPEASAHEMBIH 110 (POpMyIe

fr=1-—""L (_g2), (4.34)
n—p—1
Had ¢ yuetos (4.33")
R =1—.[L]JE’—“,, (4.34")
(n—p-1y

M3 (4.34) caenver, aro veM DOILILE YHCI0 ODBACHAIONIMY Nepe-
MEHHBIX p, TeM MeHBlIe R mo cpakHeHWE) ¢ RZ. B omnuume or R?

CKOPPEKTHPORAHHLI KOs pumenT R MOXeT yMeHBIIaThCsi npw
REEEHHH B MOJENbL HOBBIX ODLACHAIOIINHY NEPEMEHHBIN, HE OKakbl-
BAIOIIMX CYLIECTBEHHOTO BIMAHHA HA 3aBMCHMYID mepemeHHyo. On-
HAKO JTEKE YBSIMYeH e CKOPPeKTHPOBAHHOTO KoaddunuerTa netep-
MHHAIMH K2 MpY BBEIEHHM B MOTENL HOBOH OULACHAIOLICH Tepe-
MEHHOI He BCEMMA O3HAMAeT, 4T e KOOMQULUHCHT PCTPeccHy 3Ha-
UM (3TO NPOHCKOANT, Kdk MOKHO TI0KA3aTh, TOABKD B CAy4ae, ecin
COOTRETCTBYIONIEE HAMEHHE CTATHCTHRK OOMBLIC CAMHMLE (MO ab-
COMIOTHON Bemuumue), T, e. |l =1, JApyruMmu clopaMu, VGCIU4CITHE

2 ewie HE O3HAYAET YIVUIMCIIHA KAYCCTBEA PErpecCHOHHON MONenn.
Ecan uapecten koodupuumMenT aetepMuHanin B2, To kpurepuit

aaiumMocTy (4.32) ypasHEeiue Perpeceii MOsKeT BRITE 3ANUCAH B BUJTE:

P RZI:H P I]I

s Lt i N (4.35)
(1-R2)p o

e Ki=p, ke=n—p—1, OO B YPABHEHWH MHOMECTBEHHOH pPerpeccii
BMECTE C0 CRODOIHBIM IEHOM OLUEHHBACTCH M = p+] 1apaMerpos.
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P [lpumep 4.4, Mo nanHeM npiMepa 4.1 onNpenennTh MHOKECT-
BEHHLI KODMUUHEHT TETEPMUHALIHE W TIPOBCPHTL 3HAYMMOCTR TTO-
JVMEHHOTO YPABHEHHS perpeccHH ¥ o &) 1 A5 va yposre o = (0,05,

Pewenwne Bruvcnud TpOMIBCACHHA BeKTOpon (oM. OpH-
sep 4.1):

68
BXY =(-3,54 0,854 0367)| 664 |=
445 )

o

=-3,54- 68+ (L8554 - 664 + 0,367 - 445 = 489,65

10
W Y'Y =2y =496 (cM. uTorosyio crpoky Tada. 4.2). Mz taba. 4.2
=1
1k ] "
HAXOIHM TAKKE ) ¥, =68, orkyaa ¥=2 ), /n=68/10=6,8(1).
i=l =l
Teneps mo (4.33) MHOKCCTEEHHLIA Ko3tpMIHERT JETEPMUHAITAN

pr_ 4896510682
496 - 106,82

KostbuuneHT netepmubanun RZ=0811 counerenscteyer o
TOM, UTO BAPHANMSA HCCISIYeMOH 3aBHCHMMOR nepemennoit ¥ —
CMEHHOH D0BMKM yrns Ha oaHoro padouero Ha 81,1% ofwacuacres
HAMCHYHBOCTLIO BEILOHMEHHLIN B MOAETE OOBACHTIONIMY TepeMeHHRIX —
MOLLHOCTH MIacTa Y] M YPOBIH MexXaHMialMy pador Xs.

Iponenap aHATOTHYHEE PACYCTE! N0 JaHeM npuMepa 3.1 s omHoil
ODLACHAOLIEH NepeMenHoi X|, MoxHO ObUio nomyumts &2 =0,731 (3ame-
THM, YO B CIYEE 0OHOH ofkRacHmoned nepeMeHHol KosddhMIMeHT 1e-
TepMMIEALHE A7 pased Kmupary napHoro Kos(dd iIHeHTa Koppeasui
r2). CpapHuBas 3HaueHMs R M R, MOKHO CKAMIb, 410 H0GLRIEHHE
Eropoil odkacHaNed nepeMedHoH A5 HESHAYMTCILHD YEEIHHWIO BETHYH-
Hy kosfxpripenTa AeTepMHHAINN, ONPeIemnollers KauecTso Monend. K
FTO HOHSTHO, TAK KK BLIe, B npusepe 4.3, ME] vORTIWIHCE B HEIHAYIMO-
CTH KOMPOMITHEITA PEIPeCeHH B NP nepesenHon Y.

Mo dopmyae (4.34) BLMUCIMM CKOPPEKTHPOBAHHEIH  Koadifn-
LHEHT JeTEpMUHALLHN:

=0811.

pn p =1 R'2 = | —%{1—0,?51]: 0,720;
; 9
npu p=2 R =1-Z(1-0811)=0,757,
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BuipM, 4TO XOTd CKOPPEKTHPOBAHHBIA KOMQMUMEHT AeTepMuH-
HAIHK M YBCAWYKICH TP 100aBIeHWH OORICHAKMIEN TepeMEHHON
X, HO 3TO 1118 HE TOBOPUT O 3HAYMMOCTH Ko3MMHUMEHTA By (3HAaUeHHe
f~cTaTHCTHEM, pasdoe 1,51 (em. § 4.4), xora W Donswe |, Ho Henocrta-
TOYHO AT COOTBETCTRVIITIIETO BRIBOMA HA NPHEMIEMOM YPOBHE 3HAYH-
MOCTH),

3nas RZ=0811, npopepHM 3HAYHMOCTE YPAEHEHMS PETPECcCHM.
DaxTHueckoe sHAMeHne KpuTepud no (4.35):

P 0811{10-2-1) 150

{(1-0811)-2

fonbiie TaBaMYHOTO Fips.0.9=4,74, ONpPEAENeHHOTO Ha YPOBHE 3Ha-
gumoctd o =005 npu k=2 ¥ k=10-2-1=7 crenenax croboikl
{em, Tadn., IV npunosenwi), 1. ¢ YPABHCHHG PerpeccCHH 3HAYMMO,
CASOBATETRHO, HCCTEIYeMLH SUBHCHMAS TIepeMenias ¥ 1oCTaTouHO
EOPOIIG OMUACEIBASTCH BEAKMEHHBIMH I PEIPCCCHOHINYIO MOOCTEL TIC-
peMeHHBEIMU X 1 X3 P

YnpaxHerua

4.5. Umewres coeayiowie Gaiiele © BepaboTe MTUTEA HA OIHO-
ro paboraowero X7 (1), Gpake b A (%) M cebectomMocTd | T
nuThd ¥ {py0.) o 25 aMTelHLIM UeXaM 3aB010B:

i Xy Xz | ¥ i Xy Xy | W i X Xy ¥i

1 146 (42 | 23% 10 253 | 0% | 198 19 17,0 | 93 | 282
2 13,5 6,7 | 234 |11 | 56,0 L3 [ 170 | 20 | 33,1 3.3 196
3 21,5 55 [ 262 |12 | 402 L& | 173 |21 | 30,1 33 146
4 17.4 7.7 |25l 13 | 4046 | 33 197 | 22 | 63,2 1.0 | 176

3 44,4 1,2 158 14 | 73,8 34 172 | 23 | 226 52 | 238

6 | 11,9 |22 [0 15 |276 |10 |20 |24 |334 |23 im
7 200 |84 [259 Die |884 |01 |30 |25 | 197 |27 | 205
|
g | 221 |14 [136 D17 | 1686 |41 |29 :.
9 | 223 |42 |24 18 | 334 |23 st
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Heobrxonumo: @) HaliTh MuoxecTBeHHBH Koa(QHLHEHT neTep-
MUHALIMK M TIOACHUTE CIO CMBICIH, §) HAHTH YPABHEHHE MHOMeCT-
EEHHOH perpeccHd Y no Xjw A3, OUEHHMTH 3HAYMMOCTL 3TOTO Ypab-
HEITHA W ero kosfubuuneHTos Ha yposHe o=0,03; &) cpasnuth pa3-
NENIBHOE BIHMAHWE Ha JABMCHMYIO NEPEMEHHVIO KaXIoi M3 obmsac-
HAKIIMY TMEPEMCHHBIX, HCNONBIYA CTAHIAPTHIOLAHHBEE EO3hGhMIN-
EHTHI PETPECCHH H KOMDHITMEHTH INACTHYIOCTH; &) HaHTH 93% -HEIC
JOREPHTENBHEE HHTEPBANE 118 KoadbgUUHenTOs perpeccii, a TaK-
We LIA CPeIIIETo M MHAMBMIVANBHBIN 3HadeHuil cebecToMMocTH 1 T
JTHTBA B LENAX, B KOTOPBIX BRPAOOTKA IMTLH HA OIHOTO padoTame-
ro cocTasnser 40 T, a Gpak 1iTb — 5%.

4.6. MmerwTcs cacnyiolive jaHHbBE O TOMOBBIX CTABKAX Mecsv-
HEIX JOXOIOB IO TPeM AKLWUAM 33 WIECTHMECAYHLI nepuon;

Arygien Aloceocha o secrigos, %
A 5.4 5,3 4,9 4,9 5.4 | 6.0
) 6,3 6,2 B, 5.8 37 | 57
C 9.2 9.2 a1 9.4 8.7 | BG

Ecrs OCHORAHMA MPEOTIONATATE, HTo Aoxoak Y no axumu C sa-
BHCAT 0T Aoxonos A H AL no akuway 4 v B HeoBxoouso: a) cocra-
BHThL ¥YPARHEHHE PerpeccHd ¥ no X v A7) ) HAlliTH MHOXeCToe HHLIE
KODOUIHMEHT JeTepMUHALMN K2 ¥ MOACHHTE €I0 CMLICH; &) IpoBe-
PMTE 3HAYMMOCTL IOJAYHEHHOMO YPABHEHWA PEIPECCHM HA YPOBHE
a=0.05; 2) 0UeHNTL CpemHHH OoX0L No akudd . 8cauM JOXOIE TI0
AKUMAM A ¥ B cOCTAaRMAN COOTBETCTBEHHO 3,5 u 6,0%.
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[naea 5

HekoTopele BONPOCH NPAKTUHECKOro
MCMOJIbL3OBAHMUS PErPECCUOHHBIX MOAENEM

B npeamayuipx raasax Oplia vEydeHa KIACCHUHECKan nuHeliHag
MOOENE PETPECCHH, NIpHBEIgHA OIEHKA DapaMeTpoR MOIETH W [Ipo-
BEPKA CTATHCTHYECKMX THTIOTE3 O PCTpecCHM. OnHako MH 1€ Kaca-
NMHUCE HEKOTOPLIX I'J}'J'DEFJT"?M, CEBAJAHHLX ¢ NMPAKTHYCCKHM MCNONL3I0-
RaHWEeM MONETH MHOMECTBCHHON pPerpeccHM. K wx YHCIY OTHOCATCA:
MYTETHKOIUIMHEAPHOCTE, CC MPHYMMHEI M METOOB VCTPAHEHMA, MC-
MOABIGBAHNE {|}HKTHBHHK TMCPEMEHHLIY MTPY BEAIOHSHWK B DETPECCH-
OHHYIO MOJIEIh KaUeCTRCHHBIY OOLSCHIIONIHY NEPeMEHHLIX, THHEAPH -
3ALMA MOJETH, BOMPOCE YACTHOH KOPPETALIHA MERTY NMePEMEHHBIMH.
Mayuennio yKasaHHLIX npobneM NMOCEAINIGHA JaHHas TTARA,

5.1. Mynst1konnMHEapHOCTL

Hod  MyIemuaKo I HHeaPROCINGID  NONUMIEHCT  GBICOKAA 830K
KOPPeauposguiocme  obpacHawouus  nepemennn. MynTbTHRKOILINHEAD-
HOCTE MOET TIPOABIATLC B (PVHELUHOHANEHOH (ABHOA) ¥ cTOXacTH-
HeCKOH (CKPBITOH) dropmax.

Mpu dywiciuonaasiol dopme MYILTHEOITHHSADHOCTH 1o Kpaki-
IeH Mepe OHA W3 MapHBIX CBA3CH Mexny ofBIACHAIWMMH TIepe-
MEHHBIMH ABRIACTCH NTHHEHHOA (QYHEUNOHATLEHONH 3aBHCHMOCTRID, B
ITOM CIyuae MATpHUa XX ocoBEHHAdA, TaK KaK COACPKHT JTMHEHHO
FABHCUMBIE BEKTOPBI-CTOMDIR W CC ONPEaeTuTENE PABCH HYMIO, T. €.
HAPYLIAETCS MPCANIOCLIIKA § PErpecCHOHHOND AHANH3A. 3TO TIPHRBO-
AT K HEBRDIMOKIOCTH PEIIEHMA CODTBETCTRYVIMICH CHCTEMEL HOp-
MATLHBIX YPABHEHMI M TOJIYICHMA OLEHOK MapaMeTpoR perpeccH-
QHHOW Moacnu,

OnHAKO I 3KOHOMMYCCKMX HCCAeToRAHMAX MYMTETHEMITHIICAD-
HOCTL Yallle NPOARTACTCH B CAROXACHEYeckow (Dopye, KOTIa MEmry
XOTA Gbl AByMA ODBACHAIOWHMH MEPeMEHILIMH CYIIECTRYCT TeCHas
KoppensuHoHias csgis. Matpuua XY B 3TOM ciyuae apmAcTCH
HeocoDEHHOR, HO ee ONPeIeIdTe L OHeHb MAT,
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B 10 xe BpeMs BEKTOD DIEHOK b M ero KOBAapHAUMOHHAS MATPHUIA
% B coorsercTBHE ¢ hopMyaamu (4.8) v (4.16) nponopuHoHAlLEHE

Lt

obpatHol Matpuue (X' X)7!, a 3paguT, UX 2nemeHTR! 0bparHO Mpo-
NOPUHOHAILHEL BeTHYMHe onpeneautens | XX |, B peaynnrate mony-
YARITCS SHAMMTENRHBIC CPEAHWE KBAAPATHYECKME OTKIOHeHMs (cTan-
NAPTHEIE OWHOKK) Koa(WpuLmeHTOR perpeccun by, by..... b, W oneHKa
WX 3HAYMMOCTH 1D -KPHTEPHH? HE HMCET CMEICTA, XOTH B UETOM per-
PECCHOHHAA MONEAR MOKET OKAZATRCH 3MAYMMON Mo fSKpUTEpHIO.

OueHKH CTAHOBATCH O4eHB YVBCTBHTEIRHEIMM K HEIHAMHTEL-
HOMY H3MEHEHWIO PeIVILTATOE HallwjeHHH M obLeMma BRIOODKH,
YpasHeHHd perpeccHM B 3TOM CIIVUAE, KAk TIPABMIO, He WMCIOT pe-
ANBHOMD CMBICTA, TAK KAK HEKOTOPLEE W3 ero KodhhMIHeHTOR MOryT
HMETh HEMPABHIEHLIE ¢ TOUKH 3PeHM JKOHOMHYSCKON TEOPHM 3Ha-
EM W HEQMPABLAHID BOABITHE 3HAMEHW,

TouHEIX KOTHYSCTEEHHEIX KPHTEPHER T ONPEAeNeH T HATHY ki
MM OTCYTCTEMA MVALTHKOAIHHEAPHOCTH HE CVILECTEVET., TeM He
MeHee HMMEIOTCH HEKOTOPhlE 2 BPUCTHYCCKHE MOoOXo-
1 Ll N0 &8¢ BEABIEHHE.

ONMH M3 TaKMX MOIXOO0B SAKNFOUAESTCA B GHAANIE KOPPEANUUOH-
Hof mampuube Mexcdy ofescusioupumu nepemennsivu Xy, Az, X, u
BRIARACHHH 4D NEpeMeHHBIX, MMEIQIIHMY BHICOKHE KOMDOHIUHeHTH
koppemauni (obsHo Gonblue 0.8), Ecnw Takue nepeMeHHBIE oylue-
CTBYIOT, TO TOBOPHT O MYJIbTHEXUIMHEADHOCTH MEXIY HHMH,

MonesHo Takxe HAXOIWUTh MUOMCECHAERNNE Koafhuuyenmib de-
MIEPMEHQN MEKDY OTHOH W3 oDLACHAKNINY MMEPeMEHHEIX H HCKO-
TOPOH rpynnoi W3 Hux. Hanruyue Belcokoro MHOMECTHBEHHOTO KO-
adupuumMeHTa JeTepMUHAauHK (08BIMHO Boakie (,6) CEMILTETLCTBYET
O MWILTHEOITHHEAPHOCTH.

JApyroil Momgxol cocTOMT B HCCIeAOBaAHHH MaTpuusl XX Eoau
onpedeaimeis mampugte XX audo ee MunuMaisnoe cofCmeerroe 3ia-
HEHLE hpin DAMIL & B0 [HATPUMER, OIHOTD NOPAAKA ¢ HAKANIM-
BAKIHMHCH OITHOKAMH BLIMHCTEHWH), Mo NG 2080DWIN 0 HAATHUL
avanrcogauneaprocity. O TOM Ke MORET CRMACTENLCTRORATE M 31a-
YHTCAILHOE OTKAOHEHHE MAKCHMMATHHOTO CODCTBEHHOD IHAYCHMH Ay,
Marpuitkl A X OT ee MUHUMaNBHOIO CODCTBEHHOTO JMAMEHMS Agin.

Jma yerpaHeHWs MM YMEHLIIEHHA MYJIBTHKONIWHEAPHOCTH HC-
MOTEIVETCA pPAA MeTolo b CaMeli MpocToll M3 HMX (HO Dancko
HE BCETNA BOSMOMKHEL) COCTOMT B TOM, MTO N3 deyx odnpacHaiominy nepe-
MERHBE,  WMeowux evicoitdl xoadhduaguenm xoppeasqun (Donwme 0,8),
OOHY NEPEMERHVIO nCKmovam 43 pacevomperun. TIPH 9TOM, Kakyio Tie-
PEMEHHYIO OCTARNTB, A KAKYIO ¥IATHTRE M3 AHANKHIA, PELIAIOT U [IePEYH)
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ouepenb Ha OCHOBAHWH JKOHOMHHECKUN coobpaxeHuit, Ecnu ¢ aKoHO-
MUIECKOH TOUKH 3pCHMA MK OIHON M3 NepeMEHHBIX HCILI OTIETH
[peAnouTeHHE, TO OCTAWIAIOT Ty W3 ABYX NEPEMEHHDIX, KoTopas HMeeT
Gaabtinit Ko3hQULIMEHT KOPPENsSIHH ¢ 32BHCHMON TICPEMEHHOM.
JIPYTON METOI YCTPaHEHMST WIH YMEHBLICHW MYILTHKOIINEEAD-
HOCTH 3QRUOMAemca 8 NEPexode om HECMEEenHbiX OUEHOK, OTPENeIcH-
HBIX [10 METONY HAMMEHBLUIMX KBAIDATOB, K CM € W{ € H H 6t M Ouel-
KaM, 08aa0aonuM, OTHAKO, MeRbUUM PACCEAHUEM OMHUOCHMEAbNn OUe-
JuageMosn napamempa, T. €. MEHBIIHM MaTeMaTHHYCCKUM Ommmr;mem
KBAIPATA OTKIOHEHNs OIEHKH &; oT napaMeTpa iy uiu M (b= B2

{x) ﬂ"
i)

@id )

b —p-
U I L i M{f&j} Bi+a x

Pue. 5.1

Ouenxi, onpenendeMele pexropoM (4.8), obmagator i COOTBETCT-
puu ¢ Teopemoit Taveca—Mapkosa MHHUMATBHEIMH AHCIIEPCHAMA B
Jracce  BCeX JMHCHHLIY fecMerdelHby OUCHOK, HO NpH HATHTHH
MYTBTHKOATHHEAPHOCTH 3TH JUCTIEPCHE MOTYT OKAJATECS CAHILIKOM
AOMBRIIMMY, H OOpAlleHHe K COOTBETCTEYIOLUMM cMetehibiM OLCH -
KaM MOKET [OBLICHTE TOUHOCTh OLCHHMBAHMH MAPAMETPOB PCIpec-

cun. Ha pue. 5.1 nmokasa cayuad, Korld CMelIeHHas OlCHEA B,

BEIBOPOYHOE PACIIPEIENeHHE KOTOPOH 3a0aeTCd NNOTHOCTBIO PP, ).
“TyHIIE» HECMEIIEHHON ONEeHKH by, pacnpeneieHue KOTOPOH npe-
cTaBIAeT TIOTHOCTE b, ).

JelcTBUTEILHO, nycﬁ"b MAKCHMAIBHO TOMYCTHMBIH M0 BCIHYHRAE
MOBEPUTCNBHDIR HHTEPRAA AT OLEHMBASMOTO NapaMeTpa B, ecrb
[B_.;—ﬂ,[.’; j+ﬁ:]_ Torna NOBCPMTEILNAY BepoaTHOCTh, WM HALEX-
HOCTL OLIEHKH, OlpeiendeMas MIOLANbLIO NO1 KPUBOI PacTipeiene-
HUS Ha HHTCpBLIE [B; - A, By +i\,}_. KAK HETPYTHO BHACTL B3
puc. 5.1, ByaeT B JaHuom cayvae GOABIIC L4 OUEHKH [; mo cpap-
HeHMIO ¢ by (Ha pue, 5.1 3TH naomanm samTpuxosanu). CooTReTeT-
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BEHHO U}'}E,F[Hl’lﬁ KEANDAT OTERIOHCHAA OUSHEKY OT OUCHMBACMOID a-
paMeTpa ByIer MeHbue AN CMelleHHOH OeHKN, T, €.

¥ Y2 i

M, -, )2 <Mlb, -B,)2
[lpu ucnonszosanum «puduc-peapeccuu» (WK «2pediesoi pezpec-
CHis ) BMECTO HECMEUIEHHBIX oUeHOK (4.8) pACCMATPHBAIOT CMEIIEN-
HELIE OUEHKH, JUAEASMLIE REKTOPOM [3. = {X X+ *:JE‘P.l )"X Y, re T —
HEKOTOPOE NOIOAWTEILHOE YHCIO, Ha3blBAEMOC «TpeiHeMs» WM
sXpedroM», Ky — enMHuuHas Matpuua (pt+1)-ro nopanka. Jdodas-
ACHNE T K JHATOHATBHLIM 20eMeHTaM MaTpuunl XX desgem ouenku

NAPOMEMPOR MOJEA CMEWEHNBIME, HO R IROM Yaeqiaqemen onpe-
deaumets Mampliiis CACTCME HOPMATBILIX vpasHeHuH (4.5) — sMe-

cro (XX) on GyneT pasen |XX +1E, l

Takum 06{3&3".]&1. CTAHOBHTCH  BOIMOMHEM WCRJINOUMEHRE MYILETH-
KOIUIMHEADHOCTH U CAYVYAL, KOQda OnpeisiuTelb |X X | DAMI0K K HVWTIO.

s verpaHeHHH MYJIBTHKOLIHHEAPHOCTH MOXET ObiTh HCIOABI0-
BaH hepexod om ucx0unx ofegcrmiomx nepemernoix Xy, Xa,..., X, cBi-
SAHHBIN MERTY CcOoDOM LOCTATOMHO TECHOH KOPPeTdUMOHHOR 3aRHCH-
MOCTLID, & NOAWM REPEMENHLM, NPEICTATTIOIIHM THHEAHRE KOMOBH-
HAIMH Hexomiux. [1pu 3TOM HOBLIE NMepeMEHHBIC A0MKHB! DRITE Clia-
DOKOPPEIMPOBAHHMME AME0 BOODBIIC HEKOPPEIMPOBAHHEIMH, B Kaue-
CTES TAKHX NEPEMCHHBIX DEpPYT, HAOPHMED, TAK HAILIBASMBIC 2446HbE
KOMRONENM b BELROPA UCXOOHBX 0O8ACHIMONI REPEMERHBIX, HIYIACMBIE
B OKOMAOHEHTHOM aHANHIE, H PACCMATPHBAIOT PETPCCCHIO Hi TMABHBIX
KOMIIDHEHTAN, B KOTOPOH TMOCHEIHHE BLICTYIAIOT B KadecTBe 0b06-
WEHHLIX DUBHCHIKNUNY TNIEPEMEHHLIX, TIOANEKALLNX B JaibHeHmeM
CONBPHATENRHON (9KOHOMMIECKON) HIITEpAPCTALIMNA,

OpTOToNAILHOCTL TAABHEX KOMTOHCHT NPCIOTEPALLEET [POSE-
AeHue afberTa MYNTETHROTIMHEAPHOCTH, KpoMe 10T0, npaMeHse-
ML MOTOR NOZBOITET OrPAHMMUTRC] MAThIM HMCAOM TTABHLIX KOM-
HOHEHT MPY CPABHMTENLHO DONBILOM KOLMMECTEE MCNOIHLIX ODLAC-
HMIOHLAX NEPEMEHHBIX.

52. Ot6op Hanbonee CylLECTBEHHLIX OOBACHAIOLLMX
NepemeHHbx B PErpecCUOHHON MOoaENH
Emge QUEHHM 13 BOSMOAHBIX MCTOJIOR VOTRANCHHA WM YMOHLIe-

M MYIBTHKOQIUIMHGAPHOCTH  HBIASTCH  WCAILOSANUE  HOWAI0860X
npoyedyp ombopa woutoaee wdopsamusiiy nepexennny, Hanpusen,
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Ha MEePBOM LWAre pACCMATPHBACTCH JIMIL OAHA ODBACHAIOWLAA nepe-
MEHHAH, MMEIONIAS € 34BHCHMON TepeMeHHON ¥ Haubonemvil Ko-
aippHUMeHT nerepMubanuy,. Ha BropoM wiare BKIIOMACTCH B perpec-
CHID HOBAH OOBACHAIDIAN NEpeMeHHad, KOTOPad BMECTe C NepBoHa-
UANRHO OTOOpaHHONH 0DpasyeT napy O0LACHAIILHX TEpeMEHHRIX,
HMEIOLIVID © ¥ HAUDOAEE BRICOKHH (CKOPPCKTHPOBAHHEIN) Koadgm-
UMEHT geTepMuuatuu, Ha TpeTsem ware BBOIMTCH B PEIPECCHIO SIIE
oA ODRACHARLLAN [epedMeHHas, KOTOPAd DMEeCTe © OBRYMA NCpno-
HATATRHD OTOOpAHHEME ofpasver Tpoiky obbACHAIDNIMA NEpeMe-
HBIX, HMEIYKD © V HauDonsinui {CKOPPCKTHPOBAHHEIR ) Kooddgu-
UHEHT AeTEPMHHALMM, W T. .

[Mpouenypa BREOCHMA HOBBIX MEPEMEHHBIX NPOIOIKASTCH 10 TEX
mop, MoEd DyaeT YEeIHYHBATBCH COOTEETCTEYIOWMEA (CKOPPEKTHPO-

BAHHBIN) Ko3dpUUMeHT neTepMUHAUMH &7 (Donee TOUHO — MuHu-
MEAbROE AAYeHne B2,

min

P Ipumep 5.1. Mo ganuey 7= 20 CEILCKOXOMMNCTREHHEIN paii-
OHOR OONACTH MCLIeAVeTes 3ABHCHMOCTE nepeMeHHol ¥ — vpoxait-
HOCTH 3ePHOBRIX KYIRTVE (B 1L/TA) OT paia nepeMeHHBIX — akTo-
POR CCNIBCKOXOISHCTREHHOIO [IPOMIBOICTRA;

A — YHCIO TRAKTOPOR (MPHBCASHHON MomHOCTH Ha 100 ra);

X7 — uucno zepnovBoposHix KoMBafnos Ha 100 ra;

Ay — dueno opyiui nocpxiocTHOW obpaloTki tnodsw Ha 100 ra;

X: — woaWuccTno yaoGpeHMH, pacxoayeMex Ha | ra (1/ra);

A5 — KOMMYECTEO XMMMYECKHY CPEOCTE JALUMTH pacTeHuil, pac-

sodayeMnx Ha 1 ora (1/ra).

Mexoansie aanupe! npusenchsl 5 tabn. 5.1,

TaGnuua 5.1

;
HEMED ) i i i i1 x i3
I 9,70 1,59 (b, 26 2,05 (1,32 .14
2 a.40 0,34 0,28 (1,46 1,59 66
|9 ................. ]'5|[J{|Ug ........... .;]}2\ ............................ “j% ............... .:] ?D ......
20 L [.36 0,26 0,17 .99 0,42

B cnyiae obuapyxeHs MyILTHKOUTMHEAPHOCTH [IPMHATE MEPLL
Mo ¢ YOTPAHEHHWIO (YMEHBLINEHHIO), WMCTIONLIYH TIOWATORYIO TIPOILE-
nypy othopa naubones MHOOPMATHEHEIY TTEPEMEIILIX.

! Tpeiviep savmeroonait M 1], Tam e na oo 632 0pMBeIcHE TOTHOCTRG HCXOTITEE
JELH H R4z,
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Pewenne [No dopmyie (4.8) HalieM BCKTOp OLUCHOK Iapa-
MCTPOB PEIPECCHOHHON Monenn b= (3.315; —0.006: 15,542; 60,110;
4.475; —2,932)', Tak uTO B COOTBETCTEMM C (4.9) BRIGOPOUHOE ypaBhc-
HHE MHOAKECTEEHHOW PeTPECCHM HMEET B

#=3,515-0,006X+15,542X,+0, | 10X:+4.475X,—2,932Xs.
(5,41) (D.60) (21,59  (0.85) (1,54) (3,09

B crobkax YKa3aHbl CPEAHHE KBAAPaTHIECKHE OTKIOHSHMH {crali-
JAAPTHBIE OUIMBKH) §; KOUKDPULIMEHTOR PETPECCHN by, BEIMMCIEHHLIE 10O
dhopuyne (4.22). CpasHuBad 3HAYEHWA -CTATHCTHRA (mo abeomoTHoH
REAMUMHE]  KOKIOTO  KOMPMHUMEHTA  perpeccHi B, mo dopmyne

= b (=012345),1.¢ t;, =065 1, =— 001; £, =0.72; &, =013
' Sn
t,, = 291; 1, = — 0,95 ¢ KPUTHHECKHUM 3HAUEHHEM fn 9500 = 2,14, onpe-

MeneHHLIM 10 Tada. [l npuIoKCHHA HA VPOBLC 3HANHMOCTH o={},05
npu uKene crencHed ceoboaw k=n—p— 1= 20=35—1=14, Mul
BHIMM, UTO 3HAMHMBIM OKAGICH TOMRKD KOMPQHIMEHT PerpeccHi by
fpH MEpEMEHHON Xj — KOMAUECTRO YIOOPEHHH, PACXOMYEMBIX 1A TER-

TAP 3EMIH. ) |
BhiumcaeHHp 1o (4.33) MuokecTBeHHB Kod(MIMenT 1etep-

MUHANMK YPOKAHITOCTH 3ePHOBLIN KyABTYD ¥ 1o cOROKYTTHOCTH TIATH
thakTopos {(X;—X5) CENLCKOXO3AHCTREHHOIO MPOHIBQICTEA  OKAZAACH
pasisM B2 5 =0.517, T. & 51.7% sapHaly 3dBUCHMOH NMEpeMeH o

OFBACHAETCH  BITIOUEHHBIMM B MOTENh  TATBIO  OOLACHAIOIIAMH
nepeMenibiMi. TaK  KAK  BHUWCTEHHOC  TO (4.35) dakTHueckoe
enne F=3.00 Gonblue TaGmuHoro  fgs.5.14= 2,90, TO YpaBHEHHE
perpeccuy SHAYMMO 1o F-KpHTEPHIO HA YPODBHE =005,

Mo dopwmyae (3.20) Gplia paccuntada MaTpHLA [APHBIX road-
HMIMEHTOE KOPPEIATIMKIL

flepeseniie ¥ | Xi Xy A3 Xy Xy
¥ .00 0a3 | 037 0.40 0,38 0.33

X, (1,43 1,00 (.85 01,55 0,11 0,34

Xy 0,37 0a5* b0 08 | 003 01,46+

X (1,40 008 | 088 .00 0,03 0,28

' X, 0,58 0,11 0,03 0.03 1,00 0,57*
X | 033 0,34 046* | 028 0.57* 1,00
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. * - .
3naxoM* oTMeueHR roapprumrenti KOPPeTALMY, 3HAMHMBLIE Mo
I-KpUTEPHIO (3.46) Ha 5%-HoM yposne. -

AHATTH3MPYA  MATPHUY TApPHbIX KOMPOUUHEHTOR  Koppeisiium,
MOAHO OTMETHTL TECHYIO KOPPEIALMOHHYIO CBAZL MEXTY IepeMcH-
HbiMH Xy 1 Xy (rp=0,83), X, u X (3= 098), Lhn Xy (r3 = 0,88),
HTO, OYCBMAHO. CBHMACTEALCTBYET O MYILETHKOITHHCAPHOCTH 0Bhac-
HHIOIIMX MepeMerHbIX.

s yeTpanenus MYILTHKO/LIMHEAPHOCTH NPUMEHHM [POLCIYPY

d} £ X

I-i waz. Mz of '

‘ 3 ODLACHHIONIMY TePEMEHHbBIX AX—=A5 BRIICasieTCn ne-
PeMeHHas Xy, WMEIONIAS ¢ 3aBHCHMOR nepeMeHHol Y yavbonsuimii
Koadbmimen : 2 (e [ i

thdbmitiein JCTEPMHHAITAH R}. j {paBHBIE  mam NAPHOH  MOonenH

KBAAPaTy KObHUMEHTA KOppenaiHi ). Ouesuano, o nepeMeH-
HH:I ; As, Tk KakK Kosdpuument JETEPMHHAITHK
Rl =r) =058 <0336 — MakeuMaauunii, C YUETOM [ONPABKH Ha
HECMELICHHOCTE 1m0 dhopMyne (4,34) CKOPPEKTHPOBAHHLIH Ko3hu-
LHHEHT MeTCPMHHALHHK fc’j_4 =]- %(] 0,336)=0,299 .

21 wraz. Cpenm BeeBoaMOMHRIX 4P OBLACHSIONMY HEPEMEHHELX Xi
Xj i =1,2.3.5, Bubupacten napa (X, A3), iMenias ¢ sasucumoit ncp-:::
MEHHOW ¥ HambBomee  BLICOKMiD KoolpdmiinenT  aetepmuHaim
REG=RL,=DABT ® & YUCTOM  nompask  no  (4.34)

- (¥
Rly = ——;;;-ﬁ —0,483)=0,422 .

F-ti wae. Cpenn BCEBOIMUKHBIN TPOEK OOBSCHIIONIHY HepeMeH-
I[E:.]X“ (X, A5, A J = 1,25, nanbonee HHPOPMATHEHON OKa347ach
TpouKa (Xy, A5, X5), uMelomas MAKCHMAALHEH KoadhiinmenT aeTep-
MHHAUMK  RY, = R2..=0513 4 coorsercrieHHo CKOpPPEKTHPO-

BAHHRIH KO3(uinenT R2,.. = 0,422,

Tak kak CROPPEKTHPOBAHHBIN kosddmnueirr IETEPMHNAIIHNE Ha
3-M IATE He YBeAMMMICH. TO B PCIPECCHOHHON MOICIH T0CTaTOMHO
OIPaHHIUTLCH THILE ABYMS OTODPAHHRIMH  panee OO LACHA KITTHMY
TIEPEMCHHRIMM Ay 1 X5, '

ACCUNTAIIHOS NO hopmynam (4.8), (4.9) VPABHEHME PerpeccHu
MO ITHM [EPEMEHHBIM MPHMET BMI:
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$=7.29+3,48X5+3,48.X,.
(0,66) (0,13) (1,07)

HetpynHo yBeluThcd B TOM, 4TO TeMeph Boe KoahhHIHEHTH
PETPECCHM JHAMHMEL, TAK KAK ELKIOS M3 JHAMEHWH ~CTATHCTHEM

7,29 3,48 3,48
:_:11, : !.h.:_: (7; 2 IJ.?;: :3,25

I,
Y066 0,13 1,07
OOJIBLIE COOTBETCTRYIOMICTO TADNHYHOTO 3HAYCHHA {4597 =2,11.

Jameuwanwue Tak Kak 3HAYCHWS KO3QOHIHMEHTOR KOppems-
LMK BechMa Bricokme (Boasire (,8): #,=0,85, r:1=0,98, r;=0.88, 1o,
OMEBMIHO, M3 COOTBETCTBYIOUIMY Tpex nepeMentsx X, Xi, X nse
NEPeMEHN LS MOMKHD DETO Cpaly HCEMIOYHTR H3 perpecCiHd | bes
MMPOECICHHA OIArdBEoro 07‘601}3. HO KdKHE HMCHHO NEPREMEHHERIE
HCKAKYHTE — CASIORAIG PEIATE, HCXOAA W3 KEMeCTBEHHBIX CO0b-
PAKEHHE, OCHOBAHHEIX HA SHAHMH NPeIMeTHOR obnacTy (B 1arHoM
CAYYAE BIHANNA 1A YPoKARHOCTE (PAKTOPOR CENMBCKOXOITHCTREHHO-

ro mpouiroacTea) P

KpoMe paccMOTPCHHON BEIIIE MOWATOROH MPOLENyPE Hpucoedy-
Heria OOBICHTIMY MePEMEHHEIX HCIONBIVIOTEH TAKME NOWATORLLC
NpOUENYPEl ppacoedinenns— ydaienus W NPOLEIYPa ydadesus obbsac-
HAWWNHY MepeMEHHBIX, H3NoKeHHRe, HampuMep, B 1], Creaver or-
METHTE, YTO KAKAH DL MOWATOBAS [POUSIyPa HH MCoNb30BaAach,
OHil HE TAPAHTHDYET ONPCACICHHA ONTHMANBHOTO (B CMBICIE MONY-

HEHMH MAKCHMATLHOM KOMPUIIMenTa AcTepMHHALINN R*) Habopa
OOBACHHIOIIME MepeMeHHBI, OaHako B DOARIIMHCTEE CNyHaenR no-
AY9aeMEE © TTOMOTIBID TIOIATORRIX OPOUENYD HABODH NepeMCHHBIX
OKASLIBANTCH ONTHMOUILHBIMK HITH EIIH.'EKHHH E ONTHMAIdRHRIM.

5.3. JluHeiiHble perpeccuoHHsle Moaenm
C NepemeHHol cTpykTypoi. PUKTUBHEIE NepemeHHble

o cMx mop MB PACCMATPHEATH PErpecCcHOHHYIG MOLEIL, B KO-
TOPOH B K@MECTRE OOLACHIIIML [NEPEMEHHLIY {PerpeccopoR) BH-
CTYIAIH EONHYSCTRCHNBE NCPEMEHHBIC (MPOMIBOINTENRHOCTE TRY-
14, ceOeCTOUMOCTR MPOAYVKIIHH, noxon W 7. n.). OnHako na npakTHES
JIOCTATOUHD YACTO BOIHMEAET HeoOXOIMMOCTh MCCICAORAHMA RIAMA-
HHHA  KAYMECTBEHHLIX TIPH3HAKOE, HMCIOIIHX B3 HIH HECKOJILKD
VPORHEH (rpamanuit). K uMchy TAKUX TPH3IHAKOE MOXUI0 OTHCCTH:
Mon  (MysCeoi, edckdi), obpasoBanMe  (HavalbHOS, CpefiHee,
BRICILCC ), (DAKTOD CEIOHHOCTH (3HMMi, BECHA, JTETO, OCEHL) H T. 11,
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Kan:emﬂacrmmc NPH3HAKKH MOIYT CYILECTBCHHO BIMAThH Ha CTPVK-
TYPY MHHEMHBIX CBA3CH MEKIY MepeMeHHbLIMH M NTPHBOAHTE K CKay-
KOODPa3HOMY M3IMEHEHMIO TAPAMETPOB PErPECcCHOHHON Momenn. B
STOM CyHae roBOpAT 00 wcciedosanul pezpeccuonimx Modeield ¢ ne-
pmr;ﬁnm}_ CHPYRRYDOE HWITH  HOCMPOCHIE Pe2peccuonsix Modeied 1o
Heodnapoduns dannem,

“Hanp}mep. HaM HA10 M3IYUHTE 3aBHCHMMOCTL pazMepa sapabor-
HOH MIarsl ¥ paboTHHKOB He TOMBKO OT KOAWYeCTREHH LY ihakTopon
Xi, A5, X, HO M OT KauecTBeHHOTO NMpU3HAKA 2| (HanpuMep, hak-
TOPA 10 PADOTHHK» ),

B npunumne moxuo Geio MONYHUTE OUECHKH PeIPeccHOHHON
MOJIETH

.v.: =El'| +ﬁ|.'{'_.[ +"'+B.'?"r.:') + Hl’! |r= Is-"s i {511]

AU Ka#AOTO YPOBHS KAYeCTRCHHOTO lIpH3Haka (T. e. RuBopoylioe
YP4BHCHWE DErPeccHy OTAEABHO M4 PabOTHHKOB-MVEYHH W OT-
ASTBHO — JUIR KCHUIMH], 4 3aTeM M3y4aTh PARTMYNA MEXAY HHMH
(cM. § 5.4).

Ho ecth u apyroit nomxon, nossonsiouwdii oneHWBaTh BAMSHME
3HAYCHUH KOMWYECTBEHHBIX MEPEMEHHBIX M VPOBHEH KadeCTBEHHLIX
NPHIHAKOB € NOMOLUBI0 00H020 YPARHEHWS PETPECCHH, DTOT MOAXON
CBA3AH C BBCAEHHCM TaK HAIKIBASMBIX PuKmuanbly (Manexertsix) ne-
pevennnx! |, WK sanexenoa {dummy variahles).

B kavecTne GUKTHBHLIX MEPeMEHHBIX 0BLIMTHO MCTTONBIYVIOTCH i
xomomuseckue (Gunapnsie, Gyieen) NepeMeHHEE, KOTOPRIE TIPHHH-
MarT BCETO ana sHaueHus: «U» uam «ls» (HanpuMep. IHAYEHHE TAKOH
NEPEMEHHON &) no dakTopy «noms: Z)= 0 118t paboTHHEKOB-3Ke HITHH
M7= — WA MyEdIun),

B otoM cayuae nepBoHaMANLHAS PETPECCHONNAT MOIET: {5.1)
3apaloTHON ILTATEL MAMCHNTCH M MPHMET BHIL f

Ve =Bo+ By +.+Bxy +oz + 8, =1, 0, (5.2)
f P
e 2= L, ecawm -5 paboruuk MymcKoro mona:
=i PR
i{} CCIM -0 paloTHUE ReHCKOTO Toaa,

Takim oﬁpa_izsom, APHEMMAA wmooets (5.2), ML cuMTiaeM. uTo
CPedliss 3apaboTHas I1aTa ¥ MYKYMH HA o 1= o, e, HeM ¥
AMCHIIHH, [IPH HEMIMEUHBIX SHAYSHUAX APYTHX APAMETPOB MOJICIN.
A nposepas tunotesy Hy: o) = 0, ME MoXeM YCTAHOBHTL CYILIECT-

1 i T i ‘
B oneuscTrenHON mimepaType HETICIESYETON THREE TERMEIE CMPRERYINEE NEpeAotine,
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BEHHOCTL BAMSHHS (DAKTOPA «Nofi» HA pasMep 3apaboTHON TNars
pAadOTHHEL

Clieaver OTMETHTR, YTO B TMPHHLMIE KAMECTBEHHOE pasiHume
MOKHO (POPMATHIORATE C [OMOLUL 10DOH nepeMeHHOH, TPHHN-
MAIOWEH [Ba pasHBIX 3HA4YeHMA, He obszarentHo «0» WM «ls, On-
HAKQ B 3IKOHOMETPMYCCKOH NPaKTHKE MOYTH BCEra HCMOIL3VIOTCH
(hHKTHBHEIE MEPEMEHHbIC THNA «J—1», TaK Kak MpH STOM HHTEpNpe-
TANMA MOAYUCHHLLY PEIVILETATOR BRITIIIMT Haubonee npocto. Tak,
cony Bl B mogenn (5.2) B kauecTBe QUETHBHOH BLIODANH NepeMeH-
HY10 2|, TPHHIMAIOIIYIO 3HAUCHUA z;;=4 (113 PaBOTHHKOB-MVXYHH)
Hozp=| (1 xeHmuH), T0 Ko3(hDOULUHCHT PerpeccHH oy MpH 3ToM
HepeMeHHOl paruanca 6w [/(4—1), 1. €. ONHOR TPETH CPENHETD W3-
MeHeHHs 3apaboTHOH MITATEl ¥ MYHUHH.

FcAM paccMaTpUBASMBIH  KateCcTREHHEIH TMPHIHAK HMeeT He-
CKONBKO (k) yporHedt (rpanaimit), TO B MPHHLIMIE MOXHO BLUO BBe-
CTH B PErpecCHOHHYID MOAENh THCKPETHYIO NCPEMEHHYIO, NPHHH-
MAIOLIVIO TAKOE e KOMMYECTRO 3HauyeHWH (HAlpHMEp, NpH Hccie-
OBAHMM 3ABMCHMOCTH 3apaboTHOH miarsl ¥ or yporua obpasopa-
HUH Z MOMHO PACCMATPHEATE =3 auadenud: zj)=I nNpH HATHIHH
HauATEHOTO 06pa3oBaHus, zp=2 — CPEeIHEro M zp=3 NIPH HATHYHH
REICIIEre Oobpasosanma), OuHako 0ORFIHO TAK HE TIOCTYTIAIT Hi-3a
TPYAHOCTH CONCPKATEILHONH WMHTEPNPETAIIHH COOTEETCTRYIOLIHX KO-
SBPNLHENTOR perpeccun, a BEoaAT (k—1) BHHAPHBIX NepeMeHIbIX.

B paccMarpuBaeMOM npuMepe mma yyeta dakTopa oOpazoBaHus
MOXKIO OBUIO B perpeccuonayie Momenk (5.2) srectu k — 1=3—1=2
OHHAPHBIE EepeMeHHBIE £ W Ay -

Vi =Bo + By bk B Xy F 0z + 0y 2 + 02 +8;,  (5.3)
JL eoan - paDoOTHHE MMeeT Bhciee obpasosanne;
e zp =
[CI RO BCCX OCTANLHLIX CAYHANX;

1, ecny - paboTHWE HMCCT Cpoines obpasnaHHe;
0 BO BCCX OCTANBHBIX CIIYHanx.

=

Tperueit Gunaphoit nepemeHHoi Xyi, 0UeBHAHO, HE TpeOyeTCs:
eciy i-il paboTHMK MMeeT HavaneHoe obpasoBanue, 910 Dyler o1pa-
KCHO napoi sHavenui zp, = 0, zo2 = 0.

Bojee Toro, BBOAMTL TPETRED OMHapHyio nepemenyiny Zpz (€0
SHAMCHMAMK ;1 = |, ecan i-i paBOTHHK MMeeT HavaabHoe obpaso-
BAHME, Zp=0 — B OCTAILHBIX CIYYadx) HE k3§, TaK Kak TpH
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HTOM [LIH 0010 i-ro pafoTHuka 2 +tzpatzy=1, 1. e. IpH cyMMH-
POBAHMM 3ACMEHTOR CTONGLOBR OBLIEH MaTPHULI NIAHA, COOTRETCT-
BVIOUIMY (DMKTHEHBIM TEPEMEHHLIM Z21, . Zoy, MBI NOTYIHAH O
CTORBEN, COCTORTIME W3 OMHHX SAMHMIL A TAK KaK b MaTpMIC IUiaHa
TAaKOH CTONDEN W3 eNMHMIL Ve ecTh (HanoMmuum (§4.1), yro 310
MEPRLIH cToABEL, COOTBCTCTEYIOWNAN CoobOIHOMY WIeHY YPARHEHHA
perpeccuu), TO 370 OIHAYMATO Dbl JHHEHHYID 38BMCHMOCTL 3HAYCHHA
fcTonbios) ofweil Marpuusl aada X, T. C. HAPVIITWIO Ok TPCLNo-
CBULKY 6 perpeccHoHHOre aHanusa. Takum ofpazoM, Mbl OKa3401HChH
DLl B YCAOBHAX MYTBTHKOITMHCAPHOCTH B (hyHKIHOHLTEHOH dQopye
(§ 5.1) M Kak cneacTsue — HCBOIMOMHOCTH MOTYHEHH OUCHOK Me-
TOMOM HAMMEHBIIHA KBEAAPDATOL.

Takan cHTYalKuH, KOTOA CYMMa 3HA4MeHWH HeCKOABKHX NepeMol-
HEIN, BESTIOMEHHBIX B PErPeCCHI), PABHA MOCTOSHHOMY 4ueny (eiu-
HHLE), MOAVYHIL HAIBAHWEe «dymmy fraps WK «JoBYIWEH», UTobn
M3DEMATE TAKHE TOBYILUKH, YHCI0 BEOJAMMBIX DMHAPHBIX MEPEMEIHBLIX
JOMEKHO DRITL HA eIMIMLY MEHBLUE SIHCha YPOERHEW (rpamaliii) ka-
YCCTEEHHOTO NPH3HAKA.

Craenyer OTMETHTL He COBCeM VIAMILIA TEPCnOT Ha pPYCCKHH
A3LIK TePMMHA sdimmy variabless ¥ak «pDUKTHBEHAAS TTEPCMEHHA,
Bo-nepBeix, B MOOead PerpeccHOHHOID AHANHIA MBI VKe HMEeM
(DUKTHBHYIO MepeMeHHyYio X npH kosdipulimedTe By, BCETAA PABHYD
envipie. Bo-gropeix, W 5T0 TAABHOE — BCE NPOLCAYPE PeIPeccH-
CHHIOTO AHATM3A (OLCHKE TAPAMETPOR PEIPECCHOHNON MOICIK, Npo-
BCPKA IHAMHMOCTH ¢e KOQQHUUMEHTOE M T, M.) NPOBOIATCH TIPH
BEIOUEHHH (PHETHBHLIX MEPEMEHHEIX TAK KE, Kak M <00LIYHBINS,
KOMHYECTEEHARIY ODLACHIIIUNY TePeMEHHRIN, «(DHKTHEIOCTR Ke
NepeMeHHLIY £ COCTOMT TOALKG B TOM, YTO OHM KOTHYCCTBESHHBIM
ofpazoM OITMCRIBAINT KAYCCTUEHHRIH NIPHIHAK,

PacemaTpHBacMple RRIILC PETPECCHOHHEE Monend (5.2) w (5.3)
OTPENAIH BIMAIKE KaUCCTBEHHOTO NPH3HAKA ((PUKTHRHLIX MepeMeH-
HEIX) TONLKO Ha JHAMEHMS NEPEMCHHOH ¥, T. e Ha ceobodwed wiek
VpaBHCoHUA perpeccuM, B Gones CRomHBEX Momensy moxeT GuTL OT-
PAKCHA TAKKE JABHCHMMOCTL (hHETHBHEIX MePEMEHHRBIX Hi camy Rapa-
Memped TIPH NepeEMEHHBIX PETPECCHOHHOR monend, Hanpusep, npo
HATHYMM B MOASTH 0DBACHARIIHX TMEPeMCHHEIX — KOTHUSCTBEHHON
A1 ¥ DMKTHRHBIX 2. Zy2, Z01, £a7, M3 KOTOPRIX 24, £77 BIRAIOT TOMh-
KD Ha sHadeHWe wkoadubuimenta npr Xy, a4 25y, d — TOIBKO HA
BETMYMMIY CROBOAHOND YieHA VPAGHEHM, Takas PCIPeccHOHHAH Mo-
AENRE MPHMET B
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¥i =Po +Hixi; + Bulznixa)+ BralziaXn )+

+ a2y + Cpadion +E;, i= l,. vy The

(5.4)

Moneny Tvna (5.4) HeoILIYIOTCH, HATIPHMED, MPH HCCICIOBAHHA
JABMCHMOCTH 00beMa noTpebneHus ¥ HEKOTOPOTo MPOAYKTL OT JOXO/A
notpebuTend X, KOrma OOHH KavecTREHHLIC npM3HaKKH (HampuMep,
thakTop CEINHHOCTH) WIHHKIT JHINL HA KOTHHECTRD TOTPEDAASMOTO
npoaykTa (crofomipii WieH YpaBHEHHA perpeccum), a Apyrue (HanpH-
MED, YPOBCHD MOXQIHOCTH JOMAIIHETO xosaiicTea) — Ha mapamMeTp
[y npu &, HHTEPTIPETHPYEMEIH KaK «CRIOHHOCTL K norpedneHHIos,

P Tipumep 5.2, HeoOxoauMmo MCCagioBath 3ABUCHMOCTD MEKY
PeIVABTATAMH TIMCBMEHHDLIX BCTYIMTCIBHBIX M KYPCOBbIX (va | kyp-
ce) SKIAMEHOB M0 MATCMATHKE. [MonyueHs! CASIyOWHe JaHHBIE O
YHOIC PelIeHHBIX 3408 Ha BU’I’}'IIH’I'EJIMIM."{ IKIAMCHAX X {ﬂ-ﬂ,ﬂﬂﬁ HE —
10 2an144) M KYPCOBBIX 3K3aMeHax ¥ (3amaHue — T sanaq) 12 cTymeH-
TOR, 2 TAKXKE pElCIlpt,{lﬂ.llQHHG ITHX CTYICHTOR MO i.'hf-lKTD[}}’ L AT H b

M e WD pER fod | A8 empdenma g P;;MHH“I o
P ’ sadax cHip- 2aekad cmy-
denm ferme
{ X ¥ I X ¥
1 10 & MY 7 f 3 BEH.
2 6 4 HEH. b 7 4 MY
3 3 4 MY ) 9 7 MY
4 S 5 HCH, 1n f 3 BELH,
5 [ 4 WEH, i1 5 2 MYH
f 7 7 M. 12 7 3 HCH.

[MocTpouTh AMHEHHYI0 PErpecCHOHHYIO MOAEThL Y no X ¢ wue-
NonpsoBaeM GHKTHEHOH NepeMeHHOH 1o r_pamc!py s [ M;:mm
JIH CUHTATR, 3Ta MOJETL OOHA B TAa Mo OAH OHOIEH ¢ ,i.lt’:ﬂ‘-}']:\l_[(:K.

Peweit ue BHauane paccuMTaesM YPABHCHHC MApHOH perpec-

cun Yo X, nenoarsya (opuyiisl (3.7) — (3.15):

$=-1,437+0815x. (3.5)

[1o qopmyie (3.47) xosdduunent leTepMHialiii R?, =0,530,
1. c. 53.0% papHanny 3ABMCHMON CPEMEHHOH Y obycnoBieino per-
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peccHeil. YparHEHME PErpeccHM 3HAYHMO M0 F-KpUTEPHIO, TAK Kak
B COOTBETCTEBUH © (3.48) F=9,46> K js5.4.0 = 4,96,

OnHAKo MONYHMEHHOS YDPABHCHME HE VUMTLIBAST BIMSHMC KAuecT-
BEHHOTO MpHIHAKA — DakTopa «1mamns.

Hna ee yieta BBefeM B PETPECCHOMHYIO MOAETh (PUKTHBIVIO
(DuHapHYIO) TepeMenHYIo 2| |
- [1, ecnm i-# cTynenT Myxckoro nosa,

= ‘
{0 ecnm {-# cryaedT eHCKOTo nona,

[Monaras, 4to Gakrop «Mois MOKET CKAZATLCH TONBKO HA MHCILE pe-

MIEHHDIX 337849 (CEOOONHOM YWIEHE) PErpeccHM, MMeeM Monens! THna
(5.2):

¥ =—L165+0,743x+0,466x,. (5.6)
(2,410} (0,053) (0,405)
Taknm ofipasom, MOAYHHIM PErPECCHOHHYIO MOAETh
¥Y=XP+g {5.7)

¢ obieh MaTpHLed nnaHa 2
l’l O O S I AN
A=I06BE676796S57
Lol oagro1r1o1o,
[To dopmyne (4.8) Haiinem sexTop ouUeHOK HAPAMETPOB PETPCCCHN
b={—1,163; 0.743; 0. 466)".

Tak HTO B COOTBETCTBHH C (4.9) BHIDOPOUHOE VPABHEHHE MHOME-
CTBEHHON PErpeccHil NPUMET BH;

F=—1,165+0,743x+0,466z,.

(2,410} (0,053) (0,405) (5.8)

Kosdpuunent nerepmunanmn R =0549.

YPDABHEHME PErpeccHH  3HAYMMO MO F-xkpuTepuio Ha 5% -HoM
YPOBHE, TAK KAK B COOTBCTCTEHU ¢ (4.35)

I i . ;

3aeck ¥ rance B cKoBKAX 008 koxhdnUHcHTaMK PETRECCHM YEASBIRAMITCN WY -
HHE KBRIDATHYCCKHE (CTARDADTHLIE) OTEIOHEHHIL,
2 6 ;

COHUEN METPHUE TUIaHE X BRAIGHAET BOE IHAMEHMNA NEPEMCHHLIN, B TOM Yuene sHa-
HEH M HETHHHBIX NepeMeiibly 2
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B

F= 548> F) gs.0.9 = 4.26.

Ha (5.8) cnemyer, 4T0 ONpM TOM #e YUCIC PELUEHHBLIX 3a7ad HA
BCTYTIMTEALHEBIX SR3AMEHAN X, Ha KY¥PCOBRIX DKIAMOHAX HWHOIIH pe-
AT B cpeiHeM Ha (0,466 = 0,5 sanaun Gonewe. Ha pue. 5.2 noxa-
ULl TMHWW perpeccHM ¥ no X jpas woHoweH (npy =1, T. e,
p=—1,165+0,743x+0,466 - | wim §=-—10,699+0,743x) u nasn nery-
wex (npu z;=0, 7. e, 3 =—1,165+0,743x).

STH YPABHEHHSA OTITHYAKTCH TOALED EBOEO,[“IIJ].M HIIEHOM, 4 CO-
OTBETCTRYIOUIHE THHHKW perpeccHy Tapallcieinl (cM. puc. 3.2}, Tlo-
AVIEHHOS  YPAabHeHMe  MHOMECTBeHHON  perpeccwd (5.8)  no-
APeHHeMY SHaUMMO N0 FrpuTepiio. OnHako ko3@duIMeHT perpec-
CHM 1) NpH DHETHEHOH lepeMedHOR 27 HCIHAYMM No -KPUTEPHIO

0,466

{Hbo = =115H t<f00e =2.20), BOIMOKHO, HI-38 HEJOCTA-

Kk
TOUHOTO ofbeMAa BLIDOPKW aWd0 B CMIY TOro, uTo rMmoTesa My
iy = 0 pepHa).

¥oa
4
fhiomnn
I+ (£=1]
2
Heavucn
I T (=0
. t t '-‘-:.x
0 ¥ LA 3 o4 5
_l -+

Puc. 5.2

B arom Takse nerxo vOemMTRCA, CCIM BLIMMCIWTE No QopMymie
(4.34) CrOpPpPeKTHPORAHHEIN KOb(hMLUMEHT AeTEPMHHAIIMH, KOTOPBIH

VMEHBLIUACH OT 3HaYeHMH ﬁ"frx =483 nma napuoit mozesn (5.5) ao

sHAYCHMA K7 . = (0,449 nnn MHOKCCTBEHIION monend (5.6). Ciaenosa-

_!.'..Tl"
TENLHO, TI0 MMERIIHMEA TaliHbiM BIMAHHE (DAKTOpPa «TION» OKAZAIOCH
HECYIIECTREHHEIM, M V 1HAC €CTh OCHOBAHMA CUMTATE, YTO PEIPECCHOH-
HiH MOISTR PCIVIETATOD KYPCODLLIX 2KEIAMEHOR MO MATCMATHRE 1 34BH-

CHMOCTH OT BCTYMHTEIBHEX 0114 W T4 Xe 175 oHoWeH | depyluek, P
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3amewanwne Ccuu Bul B perpeccHOHHON MOJAETH MBIl XOTETH
YHeCTh Ipyrue (pakTopel ¢ BONBIIHM, 4eM JBC, YHCIOM ki TPt
TO, KaK OTMENEHO BLhilue, CAEN0Bano Obl BBECTH B MOACHL (k—1) Gu-
HAPHBIX TepeMeHHblx. HanpuMep, ecan Gbino 6b HeoBxonuMo Hay-
UHTE WIMSHHE HA PESYALTATEL KYPCOBOTO IK3aMeHa (aktopa Zy—«THIl
yueBHOTO 3aBCIEHMS», OKOHYEHHOTO CTYIEHTOM (LUKOTA, TEXHHMKYM,
[MTY), To B perpeccHonnyo Moeidh (5.6) ClEMOBANO BEECTH
k—1=3-1=2 OGunapHele nepeMente 7, u Zay:

Wy = E}D -rf:,.‘(,-, +'|:1|_Z“ + f_'{2-|zl:2[ + Cﬁ.zzzfzz T E;, (5-9}

[, ccn erynent okonumn wkony;
e zp=
0 B OCTANBHLIX CMyYasx:

[l ecnm crysent okonymn TEXHHKYM;
2=
: 1[] B OCTANEHBIX CITYYaax.

Ho npu stoM, Koneuno, cieaosano ¥BENHUHTE 00bLeM BRIDODKH
fl, TAK KaK HAOCKNOCTE CTATHCTHUECKMX BLIBOMOB CYIWECTBEHIIO a-
BUCHT OT OTHOWEHNA 00BEMA BHIDOPKH # K ODIUEMY UHCTY BeEX Ma-
PAMETPOR PETPECCHOHHON MOMENM, Yem Orlbliie geiiuling omuoeHLs
nf(ptl), mem mownee coomeememeyiouue ORENEL, Mem  Radeychee
CIMAMUCIUYECKIE fWE00,

5.4. Kpurepuii I. Yoy

B 1npakTHKe JKOHOMETPHMCTA HEPCAKM CAVYAH, KOTMA HMEITCH
ABE BLIDOPKH TAD 3HAYEHHH 34BHCHMON M OGBACHAIONINX lepeMeH-
HBIX (x5 y). Hanpusep, onna swiGopka nap 3nauesnii MepeMeEHHRIX
ODBEMOM #| TIONIYYEHA TTPH QIHHX YCIOBMSAX, a Apyras, o0beMoM Ha, —
NPH  HECKONMBKO  WIMEHCHHBIX YCIOBHAX. HeoBxomMMo BLISCHWTH,
AEHCTBMTENLHO JIM /B¢ BLIGOPKH ONHOPOAHE B PETPCCCHOHHOM
cMBIcie? JIpYTHMM CTOBAMM, MOKHO IIH ofseduiums TRe BLIDOPKH B
OIHY H pacCMaTpPHBATE EMHHYK) MOICIL perpeccHu ¥ mo X7

Mpyu nocratounnx 06beMax BRIGOPOK MOKIHO OBLTO, HanpusMep,
NOCTPONTE HHTCPBAIBLHBIC OUEHKM TApaMeTPOB PErPecCcHH no Kak-
MOH W3 BRIGOPOK M B C/IVYAS MepeceueHHs COOTBETCTRVIOLLHNY TOBC-
PHTCIALHBIX MHTCPBATOE CAENATE BBIBOA O €OMHOH MONCAM perpec-
CcHH. Bo3MO®HEL ¥ ApYTHE Noaxonml.

B cnyuae, ecan ofbeM xoTa 6Bl 0aHOM U3 BRIDOPOK HelHaynTe-
AEH, TO BOSMOKHOCTH TAKOrO (M aHAIOTHYHBIX) NOAXOAOB PE3KO Cy-
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I

WAIOTCH M3-32 HEBO3MOXKHOCTH [IOCTPOEHHH CKOMBKO-HUOVAL HA-
MEXHBIX OUEHOK,

B kpumepuu (mecme) I Yoy 3TH TPYIHOCTH B CYIUECTBCHHOM
creneHd npeoaonesanTted, [To Kaxnoi swiopke cTposTesa Ipe au-
HEHIBIE PEIPECCHOHHBIE MOTETTH!

i

] sl r i i
yi=Bo+ Y Bx, 46, i=1,., ny;
i1

i
¥ = ::-i—Zﬁ:‘rxu H-::.r : [= n]‘i‘],..., H]+ﬂj.
4=

[Nposepsiemas Hynegad THOOTE3Aa Hmeer Bul — Hy [F=p";
M )=Ne")=a?, e p'=p" — BEKTOPL! IAPAMETPOR JTBVX MOTEIcH;
ELE" — HX CIyHaHBIC BOGMYIIEHHA,

Eciad Hyneeas rMOOTC3a Hy BepHa, TO MBS PETPECCHOHHBIC MOIC-
AW MOKHC 0DREIHHHTE B O0HY obbeMa # = # |t

B
Vi=Pe+2Bix e, (=120
Al

Cornacno xputepuio I Yoy Hynesaa runoresa Hy otsepraetca
Ha YPORHE IHAYMMOCTH o, CCIM CTATHOTHE

(iel? —ief - .” e? W{n—?p—z}

F= = :=| _;—-'Il____\_'l/ = ‘r:r;:,"-i':-'l"?f{-‘ 2, (510}
2et+ et [(p+)
1=l i=m, _}.l

[l il T
e ¥ el el Y el — OCTATOUNBIE CYMMLI KBAADATOB COOTBETCT-

i=l il P=n

BEHHO A7 0BReIHHEHHOH, NepEoi 1 BTOPOH BLIBOPOK; A=H T H).

B [Ipumep 5.3.

[lo pannsbim npuMepa 5,2, wcnonssys kputepui T, Yoy, spiac-
HUTh, MOKHO M CHHMTATE OOHOW W TOW Xe JTHHEHHVID perpeccHio
o X and mnowei 1 aesymex. )

Pewenue INo =6 napam nafinonenuid (x;, 3 A8 joxoter —
(10:6), (84, (7.7, (T4, (97, (5;2) (l-am pwfopxa) W 71O
Hy=6 napam HabmoaeHui ana deaywer — (6:4), (8:3), (6:4), (6;3),
(6:3), (7:3) (2-aa pLGopKa) paccuMTaEM YPABHCHMS PCIPCCCHE:

¥ =—1000+0,783x (aas 1-i EMGOPKH);

123




¥ =—0,048+0,57 lx (s 2-it BEGOpKK). .

Mo seem n=n+ny;=12 napam HabrloneHnit paccynTaeM yparHe-
HUE perpeccuu 1A obbeinnerHoll Babopkn (oM. mpuMep.5.2):

¥=—1437+0,815x
Tax kak swumcneHHoe no (5.10) sHaucuue
F= D.,QI*'x’ﬁyﬂgig;H = 4.46,

T BOIHIAHME d}ﬂ}(—['ﬂpﬂ AT HECYHIECTRBCHHO, W B KAMECTRC OLUSHEM
PErpeccHOHHON Moaemn Y mo X MOKHO pPaccMarpuBaTh vpasHeHue
PETPECCHU, MOAYYEHHOE N0 ofheIuHCHHOI BebopKe. P

Kpumepuii T. Yoy moxer Buimh MenoabioBaH mpH MOCTPOEHHH
PETPECCHOHHLIY MOARIEH 1NPH BOSAEHCTEHM KaueCHaetnnx NpH3Ha-
KOE, KOTO4 MMEeTCH BOZMOMHOCTR PASACIEHWS COBOKVIIHOCTH Ha-
OMIOACHHA NO CTENCHW BOINEHCTBHA JToro (aKTOPa Hi OTIEIbHbIE
TPYTIIEL W TPEBYETCH YCTAHORHTE BOSMOKHOCTE HCIONBIOBAHUS CM-
HOH MOIENH PCrPeccHn.

OueHMBAHME DPETPECCHH € MCNONbIOBAHMEM PrKmMuGHHX Hepe-
Menkby Goliee MHOOPMATHBHO B TOM OTHOWEHWH, YTO NO3BOISCT
HCMOTMBIOBATE SKPHTCPHI 108 OUCHKM CYyIIEcTECHHOCTH RIMAHHA
KaXa0# IMKTHEHOH nepeMeHHOi 1a JABMCUMYIO TePeMeHHYIO,

5.5. Henuneitnble mopenn perpeccuu

Ho cHx mop MBI pACCMATPHBAIM A M HE H I bl & perpec-
CHOHHLBE MOIen H, B KDTpr]K NEPEMCHIILIE MMeTH l'il.?p]jj.-'l(}
CTENCHL (MOMENM, AHNEEHME HO RepeMernbinM), a MAPaMETPRl BLICTY-
namm o sune KOOUUNEHTOR NpY 3THX NEPeMEHHBIX (MOeH, au-
Helibie o mapamempar), OaHAKO cOOTHOWCHHE MEXIY COUHATRHO-
IROHOMHUECKHMHE  SRIEHHAMH W NPOUCCCAMM  JANCED He BCerIa
MOKHO BRIDAIMTE THHEHHLIMH (DYHKIMAMM, TAK KaK [IpH 3TOM MO-
YT BOIHWKATE HEONPARIAHHG BOALITHE OLUHGKN,

Tak, Hampumep, HeNMMHEHHB MU OKAIBLIBAIOTCSH Apou3-
dodemeennnie v (3ABUCUMOCTH MEAULY OOBEMOM HpOREEEIEH-
HOH HPOAYKIMH B OCHOBHBIMM (iakTOpaMu NPOHEROACTER — TRYIOM,
KAMTANOM M T, IL), fssuuny capocd (3A6MCHMOCTh MERIY CTIPOCOM
Ha TOBAPEL FIIH VCOIVTH M HX LeHaMH WM ,'J,UXU..'IDM} H ApyIHe.

Hins OUEHKM napaMeTpoB HeaMHEHHBIX Momenei HCTIONRIVIOTCH
JBA 1T0aX004.
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[Meponlii NOAXGD OCHOBAH HA AWHEdpU3aUNHY MONEITH W SaKITA-
STCS B TOM, MTO € [IOMOLULIO [TOAXOAALMX Npeodpa3oBaHni MCXO-
HEIX TIEPEMEHHBIX HCCMEVEMYE) SABMCHMMOCTL NPEACTARIAIOT B BAIS
ANHEER020 COOTHOTIEHMS MERTY APE00PIZ0EaHHBMI TIEPEMEHHEIME,

Bropoil moaxon ofkYHO NMPUMEHSIETCS B Clyd€ae, Korua nonod-
pﬂTh COOTRCTCTRVHOIIEE MHHEAPMAVHINIEE H}'JIEUEF[]EMUB&I-IHG He }‘ﬂﬂﬁ'l‘—
CH. B ITOM CAyHas NPHUMEHAKITCH METOMb] HEL-THH'E‘!L:"HL’JI? ORI R HIANHR
Ha QCHORE MCXOOHEIX NEPEMEHHBLIX,

JAng nwvHeapu3alw i MOICIH B PAMKAX NIEPROTO OOIX001
MOCYT MCNOILIOBATLCA KAK MONCIH, He NHHEHHERIE NO TepeMeHHBIM,
TAK W 11¢ THHCHHEIC MO MapaMeTpaM.

Ecan MoIenh HeTHHeHHA M0 TepeMeHHBIM, TO BBCICHHEM HOBLLX
NEPEMCHHBIX B2 MOXHO CEECTM K JIMHERHON MOLEIH, LIS OLUCHKH
MAPAMETPOR KOTOPOH HCMONLIOBATE ODLIYHLIA METOT HAWMEHEBIINY
KB IPaTOR,

Tak, HANPHMEP, €CHM HaM HCODNOIMMO OLUEHHTE NapaMerpbl
PETPECCHOHHON MOICITH

Yo =B+ Pixd £Banfxe 45 i= Lm,
- N . | ]
TO BBOASI HOBHE nepemeHHble Z,=X7, Z; =X, , MOIyunM JH-

HefyI0 MOk

Vi =Pg +Pizi +Bazis + &, =l n
NapaMeTphl KOTOPOH HAXOAATCH ODBIMHBIM METOAOM HAMMEHLIIMX
keapatos 1o opuyne (4.8).

Clefyer, OIHAKO, OTMETHTE M HETOCTATOK TAKOH JaMeHbl NEPeMCH-
HLIX, CBA3AHHBIA ¢ TCM, YTO BEKTOP ONEHOK h NMONy4aeTes He H3 YCIOBHS
MHHHMHIALNAA CYMMBI KBAIPATOR OTKJIOHEHMH VIR wexodisx NepeMeH-
HEIX, 4 M3 YCNOBHA MHHHMMIAIHH C}'.‘-']."ribl KBEANPATOR OTETOHEHHE A
HPEOAPAINGAHANY TIEPEMEHHLIX, 4TO HC OIHO M TO #e. B ceaan ¢ arum
HEODXOTINMO QPSS HIOC YTOYHCHHS MOIYHMEHHEIX OLEHOK.

bonee cnoxnei npobneMoil ABASETCH HENHHEHHOCTE MOICTH MO
NAPAMETPAM, TAK KaK HENOCPENCTEEHHOE NPUMENCHIME MCTOIA Haw-
MEHBIUMX KBaIpaTOR /A MX OUSHHMBAHWH HCBOZMOXHO, K umcny
TAKHE MOAEAeH MOKHO OTHECTH, HaOpHMEep, MuALHERIKGIEER )0
{cmeneniyia) MOLEITE

B :
¥ =ﬁﬂ.‘mﬁ'.‘g3"a,, = (5.11)
IRCHORERNRLIBH PN MOJETR
pi= I TR IR £ o= I-.--., " {5‘12}
W APYTHE.
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B page cnyvyacs 1myTeM NoOxoasiiuy npeodpasopaiiil 9T Moaenu
VIAeTCsH MPHBECTH K MHeitHoi dopme. Tak, momeau (5.11) i {5.12)
MOTYT OBITEL [PUESIEHB K JTHHEHHBIM JI0rapHiMuporadieM obenx
yacted vpasuenwil, Torna, HanpuMep, Molein (5.11) npuseT BUm

Iny, =Infy + B Inx; +Paxs +Ing,, i=1,...n  (513)

K monenn (5.13) viKe MOXHO NPMMEHNATL OOBIMHBIC MCTOABI HC-
CNEA0RdHMI THHEHHON perpeccun, wanoskeHHwe B 01, 4. Ouuako
CNeayeT FIDI[LICDK[!}"FL, HTO KPHTEDHH 3IHAYHMOCTH H HHTCPBAIIEHEIE
OLEHKHM TApaMerpol, NPUMEHAEMBIE M8 HOpMalbHO#  JIu-
HeHHOH perpeceuu, TpedyoT, YTo0h HOPMAILHLIA 34KO0H pacripenc-
AcHHA B Mogensx (5.11), (5,12} MMen norapuiv BEKTOPA BOSMYLIC-
HHi £ (T. €. Ine =N, (0, o’F, ), a Boece ne & Hdpyrumu caoeamiu,

BCKTOD BOIMYIMEHHH & TODKEH HMCTh A0rapiiMMISCKH HOPManbHoS
pacIpsicisHe.
3aMeTHM MOTYTHO, YTO K MOJENH

Vi =Bosn" 5 ve, i= 1 m, (5.14)

PACCMATPUBAEMON B KavYecTRe ANLTCPUATHEHOH TIO OTHOWICHHIO K
MOACHH (5.11), M3nOXEHHBIE BHILLC METOILI MCCIEIOBAHHA JTHHCH-
HOH peIpeccHH VHe HENpHIodlbl, Tae Kak Moaedh (3.14) ueinis
MPHBECTH K THHeHHOMY BHOY. B orom ciytae MCTONB3VIOTCH COElM-
AlbHBIe (MTEPATHRHBIC) NMPOLEIYPE OLUEHUEAHWA TAPAMETPOL,

B kauecTee mpuMepa MCIONBIOBAHWS THHEAPHIHPYIOLIETCG TIpe-
ODPA30OBAHMS  PETPECCHM PACCMOTPHM  APouIco0cmeennyio yHIKLino
Kotita—Mveraca

Y=AKeLB, (5.15)
rae ¥ — obweM npoMsposcrsa, K — 3aTparhl KanmuTana, L — satpa-
Thl TPy

Mokasarenn o W [ ABNSOTCA Koddihunuenmanmu wacmuoi oia-

cuunocmy' 00beMa NPOWIROACTEA V' COOTHETCTEEHHO TO 34TPaTaM

I Koaghunieentions saempong aaaomusnocii Ee 0 dovHkin v = T a0, X)) OTHOC TS k-
e MEpEMeHReE K (T 1,2,00,0) HATRBACTCH TIPSICT OTHOIUEHHS OTHOCHTCIBHOTO
SACTHOTD OPHEANEHMA (IYHELRE K OTIOCHTEN LHOMY 1 DMPHLECHHIO ITOH epemMeHHoi

[ Avr Ax B

: Apr Ax
npu Ax—, 1.0 Etl.i_vj = lim e —
R T

X .

=—1, . Herpraino yBeanThes & ToM, 4T0
¥

r ¥

ant fvukime Kobba—yrnaca £ ¥ = a, £;(H=p.
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vanutana K ® tpyna £, OTO 03HAYACT, UTO MPH YEEIWYCHMH OOHUX
TOBLKD 3aTPaT KanuTana (Tpyaa) Ha 1% ofbeM NpoH3BoacTia YBCIH-
quTeH Ha o% (R%).

VUNTRIBAA BIMHHME COVIARHBLIY BOSMYIIEHMH, DOPHCYIINX KL#-
JOMY IKOHOMHYCCKOMY dBncHuIo, dyikimio Kobba—Dyrnaca (5.15)
MOXHO TTPEACTARMTE B BHIC

Y=AK®LVg, (5.16)

“UJJ}-“!BI!JI}‘JU M}r‘fib’l’l‘lEJJE}[K}.I']'HHH}"EG {C'i'GIIGJIJI}‘JO) MOOCHE JICTEO
CRBCCTH K AMHEHHON nyTeM norapudMHupoBaHma obeHx uacTel ypas-
Henus (5.16). Toraa s 1o HabIIe NS 100YY M

In,=Ind+alnk, +flnL +Ing,, i=1..n (5.17)

Ecnn B mMonenn (5.16) ot+p=1 (7. e Monens TakoBa, HTO NpM
PRCHIMPEHMH MACINTADA LIPOMILOLCTEE — YBSJIMYCHMY 3aTPaT KallH-
Tana K v Tpyoa L B HeKOTOpOE YMCIO pas — OOBEM MPOHIBOIACTRA
BOGPACTAST B TO e umeno pad) dwakunw Kobda—dyrnaca npen-
CTABNAKOT B BHOC

Y= AKe L
HITH
¢ e
1:A£¢s (5.18)
r L1

Takum obpazoM, MOIVYAEM 3ABMCHMOCTRE MPOMIBOIMTETRHOCTH
tpyaa: (Y1) or ero kanwranosoopyxenHocTH (KAL), A oLCHKR
napaMeTpos Monciy (5.18) nyteM norapHdMUPOBAHHA MPHBOIHM ee
K RMAY (A0 -T0 HaBmoae W )

In(¥/L),=In4+aln(K/L), +1ng,, i= L,..,n. (5.19)

ks Kobba—Idyrmaca © yUIeTOM TEXHWTYECKODD TIpOTpeccd
HMEET BT

Y = AKeLPe¥g (5.20)
rie f— BpeMd; napaMeTp § — TeMIn npupocta ofbeMa NpoM3BEoACTRA
Baarogaps TexHHYeCkoMY mporpeccy. Monens (5.20) npusonures K
THHEHHOMY BHAY AHANOMHYHO Moteu (5.16).

b Ipumep 5.4, [Mo ganpeiv a1 o= 50 NpeanpyaTHid Jerkod npo-
MBIITEHHOCTH  OIEHHTh  NpoH3soacTsedny  diviakumo  Kobba-
Myvrnaca s suae (5.18).
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Femenne Or uexoliiplx sHaueHMA nepeMenibx K/L n ¥/L
MEPCHAEM K MX HATYPATBbHBIM JOrapudMaM M, MCTONLIYH METOI
]['d}’iMEHbTI_EH’lX KBANPATOR, PACCYHTACM OUEHKH HRPEEMEH}DB MOAEH
(5.19)1. TToaydum
In(y 7 2)=0.43+0,251n (K/1),

(0,32} (0,04}

MITH YL =1,537(K / L)0

(B CKODKAX YKa3aHBl CTAHJAPTHBIC OTKJIOHCHHH KO3(hMHLMEHTOR
perpeccun). Koasgubruwent perpecenu, paedwii 0,25 (on xe kosdi-
GULMEHT 3TACTHYHOCTH B Molean (5.18)), roropHT 0 TOM, uTo npw
HEMEHCHHH KaMUTATOBOOPYHCHHOCTH TRYAA Ha 1% NpoHsnoIMTen h-
HOCTE TPYIOA Hd NPSANPHATHEY OTPACiH YRETHYHBASTCA B CpeaHeM
Ha 0,25%. C noMouisio -KPUTEpHS eTKO YOEIHTRCT B TOM. UTO KO-
HUPUITHCHT PETPECCHM, 4 3HAYMT, W YPABHCHME NAPHON pelrpeccHy,
SHAYHMEL

5.6. HactHaa koppenauus

Brimie, o § 3.3, 104 oleHKY TEeCHOTH CBAIH MEXTY MepeMeHHBI-
M OBIT Buened BDopouHE Kosdubuiment TuHeliHOi koppena-
umvy. Lo nepeMerisie KOPPEIUPYIOT IPYT ¢ APYFOM, TO HA ZHAYC-
HHH KOogubriienTa KOPPENAUMM YACTHYIIG CKAZBIBACTCH RIMAIIME
APYTHY nepeMeHiLX. B CBAZH ¢ 59THM 4YacTo BOIHMKAST HEODXOMMH-
MOCTL MCCNENOBATE YACHAHYIO KOPPEAAKUuo MEXTY NMEPeMEHHBIMH 11pH
HCKIOMEHHH (JMMHUHHPOBAIMM) BIMAHHA OTHOH WIM HECKOMLKHX
NepeMEHHRIX,

Beifoposisin sacmnsin kosfbuunenmom KoppeadAny (MM npo-
CTO MACIRLIM Kod{uguenmosm Koppeiauue) meycdy nepesennsi X;
W X npu (PUKCUpOGaIRBIX IRAYENIAX OCMGABHEX (7 — 2) nepemennmx
HEEHAGEMOE Euldadenie

"?J'.I

Bz =F—:
"'\II f?;‘.-'q _.'_‘.:
e gy W gy — AnTeOpaiieckue T0MONHCHMA NEMCHTOR 7y H rj MaT-
PHITEL BBIDOPOUHBIX KO3(POULHEHTOR Koppensimm

(5.21)

U Mexoniiee JaHHBIC W enorseTeTRYIoN e PACHETI (HONHOCTLEY WACHTHEHBIE (1[0 Ee-
MEHHLIM B 17, 2) Jech HC OpHBOLHETEE,
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T

N

(1 # fip
o Py 1 k] )
qlﬂ 3
Y 'P‘_r.ll 4 ‘,'r'.:! Ll l /

a ry onpegensiores no QopmynaM (3.18)—(3.20). B wactHocTH, B
Cityuze Tpex nepeMeHHBX (#=3) U3 (3.21) chedyer. uto

1 (5.22)

Mosicnuy  nmoaviaeddyie  dopyyny (5.22), . Tlpeanonosis, Yro
WMeeTes] OORIMHAA PETPCCCHONTAN Modenl x= Byt Bt Bagtes o
HeoBNOIHMO QUEHHTh KOPPCIALHIO MERIy JABUCHMOH nepeMeHHol
X; v oORACHAIWCH nepeMennoil Xy Npu HCKIKIEHNH (3AHMHHHPO-
BAMIH) BAHAHUA Ipyrofl obbacHsiomeld nepeyMertoit Xy C 310 ne-
MR HAWAEM YpaBHEHHMA NapHoil perpeccun X, no X (& = bythixg)
X no X (% =5 +bix, ), 3 33TEM YIAMHM BIMAHHC NCPeMEIHON
Xt B3SIB OCTATKH e, =X, — %, u e, =x; —x,. OuennaHo, 4To KO-
(PMLMEHT KOPPENANUN MEXAY OCTATKAMH e, W e, OYICT OTPaXATL

TECHOTY YACTHON KOPPe/SINK MEXIy TepeMeHHbIMH X; u A, TIpH
HMCKIIIOMEHWH BIMAHWS nepeMeHHoH Xy, MoxHO nokKasarh, 4To Hak-
denuel no Qopmyne (3.18) obwpuHbE  koopduunenm xoppeasyun
mexcdy ocmamcaMi e, W e, PABEH JacTHOMY Ko3(QMIMEHTY Kop-
PEMALLIN £ 4, ONIpeaeienHoMy no opmyne (5.22).

YacTHuH KOIHHLIMEHT KOPPETHIUMM Py |2, KAK M TEPHEIT KO-
opMIMEHT Fy, MOXET TIPMHMMATh 3HaycHuAa or —1 no +1. Kpome
TOTO, Ff|2...p BBMHCACHHBI Ha oCHOBe BLIDOPKH ODLEMA M, MMEET
TAKOE e pacnpeleneHHe, Kak W fy BBRMMCICHHEIA No #'=a—p+2 Ha-
monenmaM, [MoatoMy 3HAYMMOCTE HACTHOTO KOSMHULIMEHTE KOppe-
TALMK Fy17..., DUEHNBAKT TAK K€, KK M 0BRYHOTO KoaddhimwenTa

koppesasuuu F{ev. § 3.6), Ho npu 3TOM nonaranT /= ptl

P TIpumep 5.5. diux vecaetoBaius SABMCHMOCTH MEXKTY TPOH3-
BOAMTEIBEHOCTRIO TPVaa (X)), Bospacrom (A7) M IIPOMIBOACTBEHHLIM
cTaxesm (X3) BGuna npoussencHa BwGopka w3 100 pabouux onHoll W
ol Me CcheunmwibHocTH. Brunoiennme napHbe kKo HIHEHTH
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KOPPENSLMH  OKA3ANHMCE 3HAYMMBIMM M cocTanunm:  rp=0,20;
ri3=0,41; r2=0,82. BHYMCAHTE YACTHBIE KO3(PMHULHCHTH KOppeid-
UHH M OLUCHHTL HX 3HAYMMOCTL HA ypopHe o=0.05.

Pewenue T[lo dopmyne (5.22) vacrusle xoaddmuments
KOPpensunn

L 020°-041-082
123 =
Ji-041(1-082)

H AHATOTHYHO 11 2=0,44; raqy 1=0,83.
O1eHMM 3HAYMMOCTE ry3 3. SHAYCHME CTATHCTHKM [~KDHTEPHE 1O
{3.46) npu n'=n—p+2=100—3+2=99 (no abconwTHON BENH1YMHE)

|s 0 26;»4'99

J1-(-0.26)
bombure TABIHYHOTD Igrgg;g?=l,99 (cM. Tadn. 11 npunoxenwit), cne-
JORATENEHO, YACTHRIH KoapQHLMeHT KOppeldluMy rz3 3HAYHM,
AHATOTHYHO VCTAHARTHBACTCH 3HAYMMOCTL JPYIMX HaCTHRIX KO3(h-
QHUHMEHTOR KOPPeLsLnK.

CpaBHMBas YacTHbie KOMPDUUMEHTL! KOPPENALIMU Fy i € COOTBETCT-
EVIOIIMMY TapHBIMHE Koad@HIMeHTAMH, BHIHM, YTO 33 CYET <OMMINE-
HHA CBAIM» HAHDONBIIEMY MIMEHEHWID TOIBEPICT KoS(MPMIMEHT Kop-
PESALIMM MEXTY TIPOMIBONHTEBHOCTEIO Tpyaa (X)) M BospactoMm (X3) pa-
DOUMX (M3MEHWIOCE He TONMEKO €ro 3HaueHWe, HO M 3Hak: =020,
F23=—0,26, mpuyesm oba 3TH KoagpHLMEHTA 3HAMMMBI).

HTak, mexay npoM3RoIMTEIREHOCTEIO TpyIa (X]) M BospacTom (A7)
pabouuX CYINECTBYET NPAMARA KOppPeldlUMoHHad cBask (r;=0,20). Ec-
M KE VCTPAHHTE (IMMMMHHUPOBATL) BIMSAHUE MNepeMeHHOH «mpom3-
BOACTREHHBIM cTaks (A3)., TO B 4MCTOM BHIE NPOH3IBOIHTEIRHOCTE
Tpyaa (&) HaxoaMTed B oBpaTHOM 0 HAMPABTEHWIO (W OTIATE e clia-
00l Mo TecHoTe) CBA3W ¢ BO3pacToM paboumx (X3) (r23=—0,26). Bro
BIOMHE OOBACHHMO, SCTH PACCMATPHBATE BOAPACT TOILKO KAK MOKAa-
3aTenk padoTOCMOCODHOCTH OpralM3Msa Ha OLPSIeNeHHOM 3Tane ero
AM3HeneaTensHoCTH, Tlonodubiv 0Opa3oM MOTYT OBITE MHTEPTIPETH-
POBaHBI M APYIHE YACTHBIE KO3 puuMeHTs Koppensuny, P

=—0.26

= 2,65

YnpaxHeHus
5.6. UmewTes cnenylolliie JAHHBIE O MOTPEDAEHHH HEKOTOPOrD
npoaykra ¥ (ven. ¢f.) B 3aBMCHMOCTH OT YPORHS ypOaHH3alMy (oo-

130

JTH FOPROICKO) HHUEJ’[EHH}I} X[, OTHOCHTEARHOT O DﬁpﬂSDBHT‘EJleOF'D
ypOBIA XS H OTHOCHTENRIOrO 3apaborka A5 ans aessti reorpaduye-
CKMX paloHOR;

{ !
{ ey a5 Xz Xn ¥ {Hm.eep X Iq x,;; ¥i
jaitatia) pasiana)
| 42,2 iz 3.9 67,1 f 44,5 10,8 B3 1746
Z 48,6 101,16 13,2 174.4 7 a0 10,7 243 163,7
1 426 YN 28,7 160,58 8 40,1 10,0 18,6 174,53
! 3.0 10,4 20,1 162,0 4 459 12,0 20,4 1857
5 34,7 9.3 30,10 1408

Cpennue anaqsenust X, =4185; X, =10,62) X, =24.42; v=16707.
Crannaprieie oTKinodenus s, = 4,176, s, = 0,7463; 5, = 7928,

5=12,645.
KoppeasiiMoHHAT MaTPHIA:

| X X Ay | ¥
X B 01,684 —0,616 | 0,802
Xs | 0654 1 ~0,173 | 0,770
A | —0616 —0,173 1 | —0.629
Y | D802 0,770 —0,629 | 1

HMenonkays nolaroryo npoienypy otbopa Haubonee MHpOpMa-
THEHRE OFRACHAKIINY TepeMeHHEIX, OTPeIeliThE TONXOASIIV per-
DECCHOHHYIO MOENh, MCKIIOUWE TIPHY 3TOM MYJTETHKONITHHEAPHOCTE.
(NEHATH IHAYHMOCTE KOMOWITHEHTOR PETPECCHH TIONYUEHHOH MO-
JEedH Mo FEPUTERHID,

5.7. MMeioTca cneayiowme JaHHBE © Bece Y (B dyHTax) W BO3-
pacte A (B Hegenax) 13 Muacck, BepallleHHBIX B obmacrax A, B, C

| . . CHiaactih mpo- ; . | Chiraceis npo-
[ i i HCXONCOEH T f i HCTOMCOE R

I 78 12,3 A ) 2 g | I

2 20 3,9 A 9 21 11,5: | c

3 12 15,1 A 1 7 14,2 | C

4 22 10,4 A L1 29 15,4 c

5 29 13,1 | a i |2 23 131 ‘ C

f 27 124 | B | 13 25 13,8 C

7 22 13,2 | ] |

FCTh OCHOBAHHC TIOJIATATE, YTO HA BEC HHISCK OKAILIBAST RAMHHME
HE TOABES HX BOIPACT, 1O W 0baacTe npovcxokaeHusd. Heobxoammo:
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g) HAWTH ypapHeHue NApHO#H perpecedd ¥ no X M oueHwnTh BTO
FHAYHMOCT L,

) BEEOA COOTESTCTEYIOWIME DMKTHBHLIE TepeMeHibe, HalTh
OoDIee YPaRHEHWS MHOMECTBCHIIDNA perpeccHH ¥ no BoeM obwsc-
HAIOIAM [ICpeMeHHBIM {BXINIOUNAT PUKTHBNLE),

#) OUeHHTH SHAMHMOCTE 0DUIEro YPABHEHHS MHOMECTREHHON
PETPECCHH 10 F-KPHTEPMED W 3HAYMMOUTE ero kodibidunmenros o
-KPHTCPHIO Ha ypoeae o= (3;

2) MPOCACANTL 33 HAIMCHEHMEM CKOPPeKTUPOBRAHNOND Komddgim-
NMHEHTA NeTEPMUHALKK TIPH TICPEXOLE OT Maplod K MHOMCCTRE HHOH
pPerpeccuu;

d) oueHuTe Ha yposie a=0,05 IAUUMOCTE PAMTHYMI  MCHILY
CRODOAHEIMHE WICHAMW VPABHEHWN, TOAVYAEMBIY N3 ODLULIO YPABHE-
HHA MHORCCTBEHHON perpeccdy ¥ M kKawno# obinacTy.

5.8. [py noCTpoeHAM TMNEHHON IAEMCHMODCTH DARCXOI0B HA O1e-
AY OT PACTIOAATACMOIO A0%X003 No BeOOPEe Ltd 10 KeHLWHH noay-
HEHE CAEOYIOWIHE CYMMEL KBATPATOR H J‘[p{m:mencmrﬁ HABTFOICTIMIT:

i 1

Z}x,-: Z ?=1540, ¥y, =60, Zx}-,—& 8, Z»—_w%

]

| i= l i=1 i=]
AHANOTHYHLIE BLIMHCICHHA CYMM IO Lih]ﬁD[JKC 3 3 MYARUMH M

zx_’af. '>—¥~—32:: ij.z 5, 34y, =140, 3 )7 =6l.

=1 i=]

V

Mo obiei tuﬁ'be;lnﬁeﬂﬂom BEIDOPKE OUEHEHA PCIPeceH ¢ MC-
[O/IL3OBAHHEM hHKTHBHOR nepeMcllol & (Z= 1 nng My#HMMHB H
A=) mast HKeHIMHLL), KOTOPAY HMEeeT BMI;

P =—0,06+ 0,438 + 0,462 + 0,072( zx).

Ha yposne anaunvoctd a=0,05 NposcpuTe rUIOTE3Y O TOM, YTO
(BVHKIMA MOTPebNeHH OHA M Ta KE ANd MYKUYHH M HeHLIMH, eclli
BE!EIDJIILEHH BCC [IPeAnoChi/iKK KIACCHYCCKON HOpPMAILHOE Auief-
IO perpeccum.

5.9, Pemuts 3anauy 5.8, ucnonniva kpurepuii T Yoy,

5.10. C uenp MCCACAOBAHWS BANUAHAS (haKTopoB X; — cpenHe-
MECHYHOIO KOIHYCCTB NMPO@MIaKTHIECKUX HATATOK anToMaATHUG-
CKOM JIMHMM K A7 — CPeoHeMecsyHOID YMcaa obpLiBOE HHTH Ha no-
KasaTelb ! — CPeiHeMEeCHTHVIO XAPAKTEPHCTHKY KAYCCTEA TEAHM (B
damlax) no JanHeiM 37 OpennmpHATHI Terkoi IJ}'J{‘.IML-]LLLTLCHL-JOCTH
OBUTH BBIMMCTEHB NapHsle KoadpunuenT koppetsauuu: 1y =0,105,
ra=0.024 u r7=0,996. Onpenenuth yactHbie KoadhuumMeHTH Kop-
PCNALMM Fyp 3 M 240 | U OUEHHTE MX 3HAMMMOCTL Ha 3%-HOM ypoORHE.
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[nasa 6

BpemeHHbie psabl M NPOrHO3UPOBAHKE

[Ipy paccMOTPEHMM KNACCHUECKOH MONENH PErpeccHy Xapakrtep
IKCMEPUMEHTATLHBIX ITAHHBX, KaK TIPABMIO, HE MMCCT TIPHHIHITH-
AJBHOTD FHAMEHMA. G‘)’LHHKD ATO OKAZBIBACTCA HE TAK, ¢CAH YCOOBWA
K.HHCCHT‘ICCKDﬁ MOOSTH HapyILCIIbL, )

MeTOIE HCCICIOBAHMS MOIENeH, OCHOBAHHEX Ha JIAHHBIX NPO-
CTPAHCTBEHHEIX BLIDOPOK W BPEMEHHBIX DPS0OE, BOOOIIE TroBops,
eyiecTreHHO ommvalTes. ODRACHASTCA 3TO TeM, MTO B OTIHYHE OT
NPOCTPAHCTBEHHKIX BHIBOPOK HabmiooeHHMA BO BPEMCHHBIX pALax,
KAK MPpaBUIo, HEMR3A CHHTATL HCIABHCHMEIMH.

B 5Tof ©Makc Mbl OCTAHOBHMCH HA HEKOTOPLIX ODLIMX TTOHATHHX
M BONPOCAX, CBA3AHHLIX C BPEMEHHBIMW PHIAMM, HCNOJLIOBAHHEM
PErPECCHOHHBIX MOJeNei BPEMEHHEIX PAIOB [T MPOTHO3HPOBAHIS.
HDH AHAMH3E TOYHOCTH 3ITHX Momeaed M OMNPeteIeHHHE HHTCPBEAIb-
HBEIX OLIHOOK MPOrHO3a Ha HX OCHOBC, 6}’.[[0&1 Monarark, 4To pac-
CMATPHEBACMEIC B rnapge pCprCCI‘IDHHhIL MOIETH BPEMEHIBIX P0G

YAOBJACTEODALOT YOTTOBHAM KIACCHUSCEON MOIETH. MO;J.(“».IIH BpeMCIl-
HBIX PAIOB, B KOTOPBIX HAPYLIEHLL 3TH }LIIDB}{H DYIYT pacCMOTPEHDI
B 7, 8.

6.1, Oblume ceeneHus O BPEMEHHBIX PAAAX
M 3a004Y0X MX AHONK3A

[Mon epemennbiv padom (Ounavuseckum paoom, win padom -
Miki) B 3KOHOMHKE T0ApasyMeBaeTcsl MoCneioBaTe/ThHOCTh HADITH-
QeHWI HEKOTOPOTO NMpH3IHakKa (CIydaiHol BeTHUMHE) ¥ B TIOCIENo-
BATeNBHEIE MOMEHTH BpeMeHH, OTNensHRE HabDMIONeHHs HAZRIBAOTCH
VpoeraMu PATE, KOTOpRe Gyaem obosvavark y, (1= |,2,...;, n), rHE L —
YHCIO YPOBHEN.

B Tatn. 6.1 npusefcHB! JaHHBIE, OTPAXAWUIME CMPOC Ha HEKO-
TOPRIH TOBApP 3a BOCAMUIETHMIl mepuon (yci, en), T. ¢, EpeMeHHOH
PHO COPOCA ¥
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Tadauua 6.

Fom,r | I 2 3 4 |5 AR E B

| Copoc,y, | 213 | 171 | 201 | 300 | 317 362 351 361

B xauectee npusepa Ha pue. 6.1 BpeMEeHHON pad y, H3oDpaxeH
rpauecKH,

B ofiicM puae MpH MCCHenOBAHHH JKOHOMHYCCKOTO HpPEMEHIIO-
ro pAafa ¥ BLUIENAITC] HECKONBKO COCTABNSIIOMIMX:

yieutvede (1= 1,2, n), (6.1)

TOe 4 — Mmperd, TUABHO MEHSIOWANCH KOMIIOHEHTA, OMHCLIBAKIIAA
YHCTOE  BAWAHME [OATOBPCMCHHLIX  QAKTOPOB, T, ¢, IIHTETBHVIO
(«BCKOBYIO®) TCIUIBHIIMID HM3MEHEeHHMS MpPHIHaka (HanpuMep, pocT
HACEIEHHA, JKOHOMWISCKOS DAIBMTHC, H3MEHEHME CIPYKTYPEL No-
TpeBAeHHA U T, n.);

V, — CEINNHAR KOMAONEHING, OTPEAAKILIAST NOBTOPIEMOCTL 3KOHO-
MHYECKHY NPOLUECCOB B TEMEHHE 1 OUeHb UTHTENLHOTO TIepHona {To-
M3, MHOTAa MeCAla, Heaenw W T, 1., HanpiMep, obmeM Mpoilak ToRa-
POR MM NEPERO30K IACCaRHPOL I PAINHYHLIC BPEMEHA Tomd);

O — HURANYECKaR KOMAONEHMa, OTPAKAIIAS TOBTOPAEMOCTL
IKOHOMMUECKHN TIPOLECCOB B TeUeHHEe MIMTENLHBIY [IEpHOT0R (Ha-
MpuMep, BIHAHHE BOTH IKOHOMHYECKOH akTHBHOCTH KoHapaTbesa,
IeMOrpaiHYCCKHY «AM», UHKIOB CONIEYHON aKTHBHOCTH M T, 11.);

By — CAVMAORGR KOMIOHSHMG, OTPAKAIONIAN BIMAHIEC He TOIa-
UIHXECE YUeTy W PerHCTPAlHN COVYARHBY DAKTOPOE.

¥,
[yea. om.)
300

2004~

I

Puc 6.1

Ciigayer ofpaTiTh BHUMANHKE HA TO, YTO B OTIHYHE OT &£, [ICPBLIE
TPH COCTARTAINE (KOMOOIEHTRI) Hp, V;, € SRTTIOTCH 3EKOHOMEDHN -
Mid, NECAVHALHBIM,

Baxcneliwend kaaccuneckoi zadauei npu wecaedogauuil IKONGMUNe-
CKUX BPEMCHNBLX PAOOE AGARENICH GWAGIENNE W CMAMUCIMUYECIAR OUCH-
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G OCHOGHOU MEHOEHIHN PASEUMUA UZYHAEMO20 RPOUECCa U OMKADHERU
am Hee,

OTMeTHM OCHOBHMBIE 3 T A T bl AHANM3A BPEMEHHBIX DATOR

»  TpAaHYCCKOs TIPENCTARMEHHE M OIHCAHME MOBEICHMS Bpe-

MEHHOID PHIL; |

s BLUIETEHWE H VIATCHME 34KOHOMEDPHBIX (HeCHydalHLIX) co-
CTABRTHIINY BPEMEHHOIO pafa (TPEHIA, CC30HHLIY M IIMETH-
UECKHY COCTABIAINLMY);

o CITAXHBAHMC M uABTPAUMA  (VOAIEHME HM3KO-  HIH
BEICOKOUYACTOTHHIX COCTARMAILIMX BPEMEHHOTO pAIa);

s HCCHenoBaHWe caydaiHol cocTapiHiowel BPeMEeHHOTO P,
NOCTPOeHHE W TIPOBCPKA ANEKBATHOCTH MATEMATHYCCKOR MO-
NEnM IR e OTTHCAHNN;

s  NPOTHO3IMPOBAHUE PA3BMTHMSA M3VUAEMOTO TPOLECCA HA OCHO-
BE MMEHUICTOCH BPEMEHHOTD PAIA;

e HCCASNOBAHME B3AWMOCBA3IH MEXIY DAUIHYHBIMM BpeMeH-
HBIMMH DHAAMME.

Cpend sauboree pacnpocTpaHeHHBIY METOIOE aHATH3A BPeMeH-
HBIX PHAOE BRIAENTWM KOPPeAsUUORHbd W CHEKMPATbHBI GHAAUS, Mode-
Al aemopezpeccut W ckoabiswed cpednell. () HEKOTOPBIX W3 HHUX peb
noiaeT HUEe,

Ecmu BHMOODEA V. Viyeees Fieews ¥o PACCMATPHEBACTCA KAK OfHa M3
pean3IauMil CIyYAiHON Be/IMHMHED Y, BPEMEHHOW DAL Vi, ¥2,.0s Fieoos Yo
pACCMATPHBACTCA KAK OIHA M3 peaiudauid (mpaexmopuli) ciy4aiHo-
ro mporecca' Fi). Bmecre ¢ TeM CneayeT MMeETh B BMIY NDPHHUMIH-
ansHEC OTIMYHA BpemeHHoro pama y, (/= 1,2,.., ®) oT nocnenoea-
TENBHOCTH HAGMIOOEHWH ¥, M., Vu OOPASYVIOLIMX CAYYANHYIO BHI-
Gopky, Bo-IlepBLIX, B OTAHUME OT IMEMEHTOB CHyHaiHON BHIOOPKH
WIEHB! BPEMEHHOIO piia, Kak TPaBWwio, He HBIHIOTCH CTATHCTHYE-
CKM HE3ABHCHMEIMH. BO-BTOpPBIX, WICHBI BpeMEHHOTO Psda He $B-
TSFIOTCA OIMHAKOBD PacTpeieNeHHRIMIU.

6.2. CTOUMOHApPHLIE BPEMEHHEIE PADLI
M UX XOPAKTEPUCTUKM. ABTOKOPPENALUMOHHAA PYHKLMS

BaxkHoe 3HaYCHUE B AHANTM3E BPEMEHHBIX PAIOB HMEIOT CT A -
UHOHADHL ¢ BPEMEHHEIE PSIM, BEPOATHOCTHBIE CBOHCTBA KO-

U Copwatines rpoyeccos (unn covednod dowkgued 10 vecmyuwalinoro aprymenta |
HathigaeTes GyHELML, KOTOpaa NP 1odosM IHAYEHWH | SERACTCH CRy4aiHol peiun-
HUHHOM.
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TOPBIX HE HIMCHHIOTCH BO BpemMeHH, CTALMOHADHBIC BPEMEHHEBIE Pi-
SR TIPUMEHAKTCH, B JacTIOCTH, TIPH OIMMCAHWE CIVYaiiBLIY COCTAR-
JAOILHY AHATHIHPVCMLIX PHIOE,

Bpemennon pan y (¢ = 1,2,..., #) HRIBIBACTCH cMposo cRIquuonap-
Hoty (WM CIRGRUOHAPHBUM @ YIKOM CMBICAE), CCM CORMECTHOE pac-
[OpeleneHHe BePOATHOCTEH 4 HaAOAKOEHMH ), Vo...., )y TAROE XKE,

KaK H # HaDMONEHIH Y| + ¢, Y2 4+ 1, Fuer OPH THODLIX 2, £ 1 7. dpy-
MMM CTOBAMH, CEOHCTEA CTPOrO CTAUMOHAPHBX! PATOL ¥y He IARM-
CHT OT MOMEHTA f, T. €. 34KOH pPACTIPCLENcHHT H €ro YHCIORRIC Xa-
PAKTCPHCTHEM HE 3aBMCAT 0T /. CHeIoBaTeNbHO, MATEMATHYCCKOES
ORHLaHHe  adl) = 4. Cpellice KBAIPATHHECKOE OTKIOHEHHE
05.4:’]:()' MOTYT OLITL DleHEeHB! 110 HabmwIcuuaM v, (6= 1,2...., #)

[0 OPMyTaM:

Z ¥
v, =5 (6.2)

n

N
ZU’r _.77:)
sp=tl (6.3)
i

NpocteliniuM NPUMEPOM CMAUEOHAPHO2D SpeMerNoen pada, ¥ Ko-
MOPOAO MAMEMAMUECKOE OXCHOARUE PAGHD HYA0, @ MUUOKY &) HeKoppe-
Aupogans, seidemen ofeabrfl giyvs, CIHCIOBATENRHO, MOMHO CKAZATL,
UTO GOIMPILENIA [OUORN) £ & KAGUCHMCCKON AUHERHON PeepecclonHm
modein ofpazyon Gedsdl WEA, 8 B CIyIae Y HOpMATEHOTO pacnpenc-
JEHHA — HOPMEABHIE {2AVecoreid) feanil nyM.

Crenedk TCCHOTL CRAZH MEXIY NOCICI0BATENRHOCTHMH HaBmIo-
JeHHH BPCMEHHOTO PAAR Vi, ¥1,-00s ¥ ¥ Flac, Firrees Mpbr (COBHIIVTRIX
OTHOCHTEALIIO APYT JIPY¥Ta Ha T 6AHHHLL, WK, KaK [OBOPAT, © Ad2oM 1)
MOKET DRITL OIPEASICHA € NOMOIBID Ko3(pdHIMeITa Koppetdumn

o M[{y_. —ul}-‘_”,? —a}] B lﬂ'[ v, —ujI_VH: — a‘}]
RN R

HaO M= My.0=a, a, () = o, (tH1)=0.

I Hapsoy co cTporo CTALHOHAPHEME BPEMEHHEIME DATAME (B YIKOM CMLICHE) 5
FROHOMETPHKE DUCCMATPH BIKYTCH CHQNUONEPHBE DANLL (8 mupoRos chmeie), B KOTO-
phix TpelonaHue HEHIMeHHOOTH OpH J00kE 8, ¢ H T PECUPOCTPAHAETSH JHILE Ha
UHCITOREE XAPEKTCPHCTHEHR YEAIAHHOID PACTIRSTENEH il
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e —

Tak kak koaddmunesT p{t) HEMEPSLT KOPPemalg MeaIy die-
HAMH QIHOIO M TOTO #C PHAL, BI0 HAILIBAKT Koaguileenmon aemio-
KOpPETaEE, & 3ABMCHMOCTh p{t} — GEMOKOPPEARYIORHON (fviiciied.
B cuny CrauMoHAPHOCTH BpeMclinore pdaaa v, (r= 1,2,..., #) agTo-
KOPPEmIIHoIas PyHKIIHS p[r} JABMCHT TOIBKO OT Jara T, IpHieM
pl=t)=plt), 7. e npu wayuennn plr) Moxuo orpannuuThes pac-
CMOTPEHHEM TOMBKD [OUIOKHTEIBHBIX SHAYCHMHH 1.

CratucTHyeccknil olenKoi p{t) ABHETC  garfopaur woogbu-
yiertn agmaoroppetsiuy [TY, onpefeasemuiil no dopmviae wosdidn-
nuenTa Koppemstun  (3.20), B KOTOPOH X;= Jn. = Ver a M
IAMEIHETCH HA /1 — 1

=T =1

K=T
{H —T)Z_V:yah _Z.}Jr}z Pise
1=] =1 1=

r(r)= e R f . (6.5)
H-1 R=% = h n-t h
||{H ) T]Z_l’l.}' _| Z}’Ir] *{H - T} Z,}’-‘Fl: _l Zy:-l--.
\ll 1=l W 1=l A ’\ f=lit \ =1 A

Pypknmio A1) HABAOT  ewbopounon  Q8MOKOPPEIRUIOHHON
gmcieen, A ee rpadiur — Koppeaozpammo.

Tpu paciere A7) cagnyeT NOMHATR, UTO C YBEAHYSHHEM T YHCIO
M= T nap HAOTIOASHHA vy, Yo, YMEHBUIAETCA, [MOITOMY JAT T AONKEH
DbITL TAKMM, YTODBE MHCA0 4 — © BLUTO JOCTATOMHBM I8 ONpejene-
HuA At Q0RO OpHEHTHPYIOTCS HA COOTHOLIEHHE T =1/ 4,

At cTauWHoUaAapHOTO LBPEMEHHOTD Psd © VESIHYSHHEM
Jara T B3AHMOCEI3L WIEHOB BPCMEHHOTO PHIAA ¥y M Ve, OCHAGCEAET H
ARTOKOPPECIALHOHHAA Dy HKEIHST p{t} aonxHa yEears (no abco-
MOTHOH BEAMunNe). B To e ppems Ans ¢¢ BLDOPOUHOTO (IMIIMPH-
YCCKOTD) AHATOM MT), 0CODCING IPH HeOOILLIOM HHCIe nap Habnw-
AeHui = 1, CBOHCTEO MOHOTOHHOrO yOblBauus (Mo abCoMOTHOH
BCIIMMMHE) TIPH BOIPACTAHMH T MOXET HAPYLIATLCH.

Hapnay ¢ ARTOKOPPETSIHOHHON GYHKIUHSH 11pM HCCEA0BAH MK
CTAIHOHAPHLIX BPEMCHHBLX PANOB PACCMATPUBASTCH 4GCMHAA Qgmo-
KOPPETAULOHHAR (BVIKUIA Do (T), The pune(t)ecTh wacmusi xosgh-
riUENN KOPPEARULE Mencd)y Saenamy BReMeniozn pada Y, W Y., T. e
KOPPULUHEHT KOPPSIHIMH MERIY ¥, B ¥eoo TIPH YCTPAHEHHH {301H-
MUHHPOBAHUH) BAMAHUS [IPOMERVTOUHBLX (MERTY Ve M ¥i—y) HICHOB.

CraTHcTH4ecKoH OLUSHKOH pqm.{r] ABNAETCS GuOOPOHIAR HACH -

Has AEROROBPEARUHORRGR VKU P {IJ, | i AP If'r} — anfogoy-
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Hbll yaemasil Koagduyuenm Koppedsyyu, ONpefendeMui mo GopMy-
ae (5.21) wam (5.22). Hanpumep, BolbopouHbld 4acTHe ko3ddu-
LMEHT ABTOKOPPENsiny |-TO MOpAJKA MEXIY WIEHAMH BPEMEHHOTD
DAL Yy M Verg TIPH YCTPAHEHHHM WIHAHHA Vi) MOXET GBITL BBIMHCTEH
no qopMyie (5.22):
r(2)—r(l)r(l2)
L (2) =lp| = —F7—— 4
! JI= P2 M1-r2(12)

rae A1), H1,2), {2) — BriGopouHse Ko3MGOUIMEHTE ABTOKOPPEIA-
UHH MEXKIY ¥y 1 Vre gy Vel HVp2, Y M Ypsa, 51,0 0

(6.6)

P Ilpumep 6.1. [lo naHHeM TaGn, 6.1 ans BpeMEHHOro pama V,
HANTH CpelHee 3HAYCHME, CPETHEE KBAIDATHYCCKOE OTKIOHEHHE,
koaQUUMeHTH asTOKOppenaluy (ansg naros t=1;2) ¥ JacTueiif Ko-
FPphHIMEHT ARTOKOPPENALHY 1-r0 mOpaIKa.

Pewenwue CpenHer 3HAYEHHE BPCMEHHOTO PALA HAXOIMM [0
thopmye (6.2):

_ 213+171+...+361
Y 2

Jducnepcuio W cpelHee KBAIPATHYECKOS OTKAOHEHHE MOKHO Bbi-
YHEAHTRE MO GopwMyae (6.3), HO B JaHHOM CTYYAS [POLE HCTTOIL3I0-
BATR COOTHOLIEHHE

s2 = y? — J? =92478,38— 296,88 = 4343,61;

=[4343,61 =653 1(ea.).

f:yf
132 I z
_— y}t: :2 3 +l’?18|- + 361 ~92478,38.
i

Haiinem kos(hhMIMeHT aRTOKOPpensiundy A1) BpeMeHHOIo pana
(nag mara ©= 1), T. &. KO3QPHUUMEHT KOPPeNauHE MEKIY ToCTeIo-
EATENEHOCTAMN CeMH nap HabnoneHui wu v (1= 1,2,...,7):

=296,88 (en ).

—

[y 203 | 17l 291 309 317 | 362 351

[y 171 | 291 309 317 62 | 351 361

qunmﬂem HEOOXOIMMEIE CYMMEL

ZJ’ =213+171+...+351=2014;

i=l

7

Y 2 =2132+17124__+3512=609 506;
=l -
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iyri-‘: =171+291 *|361=21621
i=l

3, =17124291 24+, +3612=694 458;

=]
Y Yo, =213+ 1714171+ 2914 ,,+351 - 361=642 583,
1=l

Teneps no gopmyie (6.3) koappuUMenT ABTOKOPPEIALNH

7-642583-2014-2162
J7-609 506 - 20142 /7694 458 — 21622

=0,725.

#1)=

KoadipuimedT agToKoppensuun A2) mna mara ©= 2 Mexay une-
HAMM PAAA ¥y | Ve (0= 1,2,.,6) MO MecTH napaM HalnoneHui Bel-
qHCIAeM aHanorudio: f2)=0,842,

Nna onpenenchus uwacTHOTO Koadduumenra xoppenaimuyd |-ro
MOPAAKA fugerl2) = fy2 | MEAKLY YWICHAMM PAIA ¥y M Yya TIPH HCKIIIO-
UEHWH BIHAHMA Y+ | BHAYATE HARICM (110 aHAOrHE ¢ MPEIBLIVILIHM)
koaphULHenT asTokoppenanid A 1,2) mexay uneHaMy pala Ve H
Vet r= (1,2)=0,825, a 3aTeM BBIUMCIHM Fyyey (2) O dopmyne (6.6):

0,842-0,725.0,825

A e =0,627. I
(B =104 = e J1-0,825°

3HaHHMC ABTOKOPPENSAIHOHHBIN QYHKUMHA AT) M Fygelt) MOXCT
OKAZATH CVILECTBEHHYIO MOMOIIL NpH nosbope W MASHTHOUKALWMW
MOIEIH  AHMIHPYEMODD  BPCMCHIOrO pAfa H CTATHCTHUCCKOH
QLEHES €ro NapaMerpol (M, 0D 9T0M JIAkIIE).

6.3. AHONUTHUYECKOE BHIPOBHWBAHME (CrNAXUBAHUE]
BPEMEHHOro PAAa [BbiieneHne HecnyyaiHoM
KOMMOHEHTBI)

Kak vae oTMCYCHO BblLe, OAHOH W3 BAXHCHIIMX 3alad uecne-
AOBAHWA IKOHOMHYECKOTD BREMEHHOID PALA ABIMHETCH BLIABMEHHE
OCHOBHOH Mendenyiy N3YY4EMOTO TIPOLIECCa, BEPAKEHHOH Hecayuai-
Hoil coctapnAomel fif) (Tpedna mubo TpeHIa ¢ LMEIHHMECKOH MITH
(1) ce30HHON KOMIIOHEHTOH ).
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Ara polieHus 310 3a0aYH BHAMATE HeoDXOAHMO BROPATE BT
dpyukuny ). HanBonee qacTo HCIONEIVIOTCH caemyiomme (hyHKLMK:

AuneiHan — fin= byt
CICTHHOMHA L - fin= bg byttbyti+ A+ fiﬁi“
SKCTIOHEH LIMA LS — 1) = ghth;
&
JOTHCTHYECKAS — fin = o
|+ be o
lNoMnepiia log(.f[r}: a-brt, e < r<l.

3TO peckMa OTBETCTEEHHLIA 3Tan uccrenosaHms. [Ipu seibope
COOTRETCTRYIONICH (DYHKIIMKM A1) HCNOLIVIoT Coaep#aTebHBH ala-
W3 (KOTOPBI MOXKET YCTaHOBHTE XapakTep MMHAMMKM npolecca),
BHIVAILHEE HabmomeHus (Ha ocHoue Tpadwiieckoro wiofpaxeHuns
BpeMenHoro paaga). [Mpu peibope NONMHOMHATEHOH DYHKITHNE MOXeT
BRITE HPHMEHCH METOI [OCASTOBATEIEHRIX PAIHOCTEH (COCTOAILMI B
BRIYHCAEHHY PAIHOCTER MepROID MOPAAKA A, =y, — V., BTOPOIO

NopsKa i‘n.*f’ =A,—A,; WT L), 1 NOPALOK PasHOCTEW, NP KOTO-
POM OHW DYIVT MPHMCPHO OTHMHAKORBIMH, NPMHUMACSTCS 334 CTeneHb
NMOAMHOMA,

M3 apyx dvHEUMA npeanodredue obuitHO OTLaeTcd TOoH, npH
KOTOPOH MEHBLIE CYMMA KBAMDATOE OTEAOHEHWH (akTHISCKHX TaH-
HEIX OT PACHETHRIX HA ocHOBRe 2THX dvnkuwid. Ho 371or npuHiun
HEeNL3H A0ROIMTE A0 aDCYRAAl Tak, Jnd modoro psaid M3 p Touex
MOWHO TIOI0GPpaTe moaMuoM (A#—1)-0 cTeneHn, MPOXOJAIIHE yepes
BCE TOYKM, W COOTBETCTBOHHO ¢ MUHMMANBHONW — HyNeBOH — CyM-
MOH KBALPATOR OTKIOHEHHH, HO B JTOM Clydae, OUMEBHAHO, HE Cle-
AVET TOBOPUTE O BBITENEHHUM OCHOBHON TeHACHUWW, YUMTLIBAA Clv-
YaliHbIH xapakTep JTux Todex. [lo3ToMy mpH NpOdHX paBHELK YCIO-
BHHX MPCIIOYTEHHE CAEIVeT OTAAEATE Donee NpocThM QyHKITHAM.

L5 BLISBIEHUA OCHOBIHON TEHICHUMMK YALLE BCET0 MCNOMh3VeTcs
MCTOA, HAMMEHBIUMX KRANPATOR, PACCMOTPEHHLIH B mi. 3. 3nadcuus
BPEMEHHOIO PAAA ¥, PACCMATPHEAIDTCH KAK 3ABMCHMAA [epeMeHlas,
a ppemMs { — Kak oDBACHTIOMA;

y=fn+e, (6.7)

Tig g, — BOIMYLIEHWS, VADETETBOPHIONIME OUHOBHBIM NPennoChUTKAM
PEFPECCHOHHOND Ananuza, npuseicHubM B § 3.4, 7. ¢, npencTamisn-
[IHe HEFABHUCHMEIC H OMHHAKOBO DACNIpEneneHiibie cayiaidue BeiIuin-
HBl, PACTIPCAEIEHHE KOTOPLIX 1IPEATIONAraeM HOPMATRHBIM.
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HaloMHuM, YTo COIMEACHD MET00Y HAMMEHBIUMX KBAPATOBR l1a-
pamerpsl npamoir! P, = () =h + 5 HAXOAHTCA U3 CHCTEMEL HOP-
MallbHLIX yparHedrd (3.5), & KOTOPOH B KauecTse x; BepemM £

byt + by if = i)

(6.8)
lbuzr | .’JZI “Z‘L .

YUWTRIBAS, YTO dHaueHMs rnepemenHoit 7= 1.2, n obpasyvieT Ha-

M L 3
T}"D?L'I]:-Hb]n pAIL YHCET OT | oo F, CVMMEL ZF‘ d ZIL MORHO BLIPE3NTH
=1 te]|

yepes TUCIo WICHOB PAaa / 110 M3BECTHRIM B MATEMATHEES d]OPM}"J'EHM'_

i£= nf_n; I}; }i!; _ nin + ]§2n+ 1) ©9
=1 1=1

P Ipumep 6.2.

[To nandsM Tada. 6.1 HAHTH ypasHeHHE HecaydailHoH COCTARIAID-
e (TpeHma) A8 BPEMEHHOTO PAAA ¥y, [IOAras TpeHI THHCHHLIM.

Pemenue lo {{mpuwm (6.9}

S 5 T
Z 3&1 391 =204,

Hanee

¥, =213+ 171+..+361=2375;

~+3612=732 827;

M M

yE=2132+171%+
=l
B

3yt =213+ 14171 - 2+..+361
=]
CHCTeMa HOPMAILHEE YPABHCIHA (6.8) myveeT pun

1368, + 2045, =11 766,

&=11 766,

PR gnyuae, comd ivuEian T HCIMHCHIEN W HE PCACTABIHECTCH BOTMOKHLIM 1IPH-
MENWTE Aremoh alieapiaagey sonead 0§ 5.5), TO NApaMeTpel TPCHIOE HANGNAT W3
COOTRSTCTEVIONIMK (B SHBHCHMOCTH oF Byin (PYHKOEN 0] CHETEM HOPMAIBHEIX YPEl-
HeHRE, KOTOPLIE JISCh He IQKEOANTEA (oM., Hanpusep, [17]), 1nbo ¢ nosonuer cne-
IHAIBHEIE IPOULCOYE OGUSHHEIHKY,
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OTKyAa By = 181,32; by = 25,679 u vparHeHue Tpenma 7, = 181,32 +
+ 25,6797 (puc 6.1), T. &. clipoc exeronio YEEIHYMBAETCA B Cpe/iHeM
Ha 237 en,

Ilpu pelieHun samaum MOXHO OO He BEITIHCLIDATE CHCTEMY
HOPMANBHBIX YPABHEHHH, & NPENCTABHTE YPABHEHHE PerpeccHH B
suae (3.12), 1. ¢. 3, — ¥=Mk(r—1), e

Fadi o R g
i 2 ]

a KoahHLMeNT perpeceid b Haiiti o dopMyme (3.13):

rne
—_— M ;]

.}):f = Z.yr”lm ; =
=1 1=l
t=(rn)2; 2 =(a+1)2n+1)6,

[lpoBepuM  3HAYUMOCTE  TIOIVIEHHOTO YPABHCHHH  TPpeHia 110
F-KpuTepuio Ha 5%-HOM YPOBHC 3HAMMMOCTM. BHIMHCAMM C NOMO-
Wk Gopmynel (3.40) cyMMBl KBATpaTOB:

a) oBYCIOBNEHHYIO perpeccHel —

QR: (" —V) Zb;zﬁ_EJR:b‘ Zf2 sl =i
r=1 r=| 113
¥,
i 2
= 25,6797 204 -3%1 = 27695,3:
8 r
o) obiyio —

. ()
) ZJ‘A _r]/:

739 §27 -%f‘- =34 748.9;

.4-'_-\

Q'—il(.vf
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B} OCTATOYHYIO—
0.=0— QJg=34 748,927 £95,3=7053,6.
Hainem o diopmyne (3.44) 3HaueHHe cTATHCTHEM!

QR{H - 2}_ 27 6953-6
0, 7053,6

F= =23,56.

Tak kax F> Fyos.0.6
TPEHA 3HAMHMO,

ITpy MpHMEHEHHH METOJA HAMMEHBIINX KBAIPATOB IUTd OLCHKH
MApaMeTPOBE  JKCNOHEHUHANbHOH, JMOTMCTHYECKOH GyHKUME wnu
(PYHKLUMH [oMnepua BO3HMKAIOT CAOKHOCTH C pellieHMeM MOoayuae-
MOH CHCTEMBI HOPMANBHBIX YPABHEHMH, NO3TOMY TPeIBEAPHTENRHO,
0 NOAYMEHWS COOTBETCTBVIOLLEH CHCTeMbl, NpUOerawT K HEKOTO-
PLIM NPe0DPA3OBAHMAM 2THX (YHKUMA (HAIpUMED, JOTAPHMMHDO-
RaHMIo W Op.) (oM. § 5.5).

JApYyTHM  METOIOM BLIDABHMBAHWS (CTTAXWBAHMA) BPEMEHHOID
pAOA, T. €. BLUISJEHHH HecayuailHoH COCTARMNAKONICH, ARIASTCH Me-
TOI CEOJb3AmMX cpennEx. OH OCHORAH HA TEPeXols 0T HAYAILHLIX
JHAYCHWH uYneHoB pAgad K WX CPENHHUM 3HAYCHHAM Ha WITepBanle
BPEMEHH, [NTHHA KOTOPOTO onpenencHa sapance. Ilpu sroM cam sei-
DpPAHHLIH WHTEPRAT BPEMEHM <«CKOMLIUTS BAOIL Psld.

[MonyuaeMbli TAKHM 00pasoM Pl CKONB3SUIMX CPEIHUX BENET
ceba Domee TMagKo, 4YeM HCXONHBIR pHO, M3-32 YCPeOHEeHHS OTKIO-
HeHuid paga. JefcTBHTENBHO, eClH MHAHBMIYATEHEIH pa3bpoc 3Ha-
HeHHI uJAeHAa BPEMEHHOTO DA ¥, OKONO CBOErO CpegHero (Croa-
AEHHOTO) 3HAYGHMA @ XapaKTepHavercd nMcnepcued o, 1o pazbpoc
CPEOHEH M3 M YWICHOB BPEMEHHOIO pHia { B S S ym}a’ M OKOMD
TOMD e IHAYeHWd g OVICT XapaKTCpPH30BATLCH CYUIECTEEHHO MeHhb-
el BEMWUWHON IMCTIEPCHM, PABHON of/m . Ilna yepenHeHus MOTyT

DRITE HCTOMRIOBAHH CPEOHAA apHdMeTHYeCKas (ITpoOCTan W C HEKO-
TOPHMM BECaMM), MCIHAHA W Op.

(eM. Tabn. IV npwioxenwuit), To ypagHeHHE

P TIpumep 6.3. TTpoBeCcTH CrIAKHMBAHWE BPEMEHHOTO PR V, MO
TaHHBIM Tabm 6.1 MEeTONOM CKOIL3HIIMX CPENHUX, MCTIONB3YH Mpo-
CTYI0 CPEeOHIoK apuhMEeTHYECKYID C WHTEPBATOM CTIAKMBAHNA
m =3 roga.

Pewenwne Cronbiguide cpegHMe HAXOTHM TIO QopMyIe:
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= (6.10)
i

Koraa m= (2p — |)— HeUeTHOE 4yueno; npu m= 3 it B
Hanpusep, npy =2 no diopmyne (6,10):

S \
.rz=;Lv.+,u;~_+y3]::{2|3+|?|4-291)_125(.3_&,;;
: 3
npu (=3
1
7 1{32+n1 Ya)== {1?|+291—3{}9j 241,0 (ex) m . 1.

B pesynbrare nomyumM criaameHHIN pam

7, e ‘ 1350 | 2410 | 057 | 329.3 36,3 | 3580 | —
i |

Ha pue. 6.1 ator paa naobpaken rpaduyecku B RUIC MYHKTHD-
HOM THHum. P

6.4. MNporHosuposarHe Ha OCHOBE MOoLEne
BPEMEHHBIX PAOOB

OnHa w3 BamHedIMX 3a1aq (ITANOR) AHATMIA BPCMEHHOTO (-
HAMMMECKOTO) PHia, KAK OTMEYEHO EBBILE, COCTOMT B NPOTH O -
IMPORAHHMN HA eTO OCHOBE PAIBUTHH MIYUACMOrD TPOLICCe:.
an FITOM HCXOAAT M3 TOMO, UTO TCHASHLWSA [MAZBHUTHA, YCTAHORIIEH-
Hasg B APOLULIOM, MOXET BLITE pACTIPOCTPAHEHA (JKCTPanoIHpOLaHa)
Ha DYAVILKA TEPHOL,

3alaya CTABMTCH TAK: MMECTCH BPEMEHHOH (IMHAMUYCCKMiL) pag
y,{r=|,2,...._n} M TpeGyeTes naTh NPOrHo3 YpOBHs 3TOMO psaid Ha
MOMEHT n+1.

Briwe, 5 § 3.5, 4.2, 4.5, MBI paccMaTpHBAIH MouetHat; W HHIMEPAAAL-
Hb Bpozio3 AHAIEHWI 3aBUCHMON Neperendal T, T. e. arpedetenie mo-
HEHHLLX I HMEPEETbib0 oderox Y, NOMrIeHHBIX M TAPHOH 1 MHOMECT-
BEHHOH perpeccHi s 3HauYCHWI OOBACHSIOWNK nepeMceinnx X, pac-
MOMOAEHHBIY BHE [IPEIET0B 00CII0BAHHOID 1HANAS0HA 3HaeHH X,

Ecitn paceMmatpusats BpeMeHHON paa Kak PETPECCHONHYRY MODE/L
HEYHACMOTO TIPH3IAKE IO TICPEMEHHOH sBReMA», TO K HEMY MOTYT DbiTh
TPHMCHEHEI ])HCCMU'['}'JEHHHC BLILEe METOMOL] dAHANM3A, C’iﬁjl}'ﬂT, OTHAKLY,

T . 1

BCTIOMHKMTE, YTO OJHA H3 OCHOBHBIX JII}EJH‘_}G]::T:!'DK [‘.IE]'[?IEEEHUHHU!D
AHWTMEE COCTOMT B TOM, HTD BOSMYLICHHA g lt= I,E,._.,n]l NpeiLCTasIs-
0T CoBoi HEIARMCHMBIE  CIYHARNBIC BCTHUMHE C MATEMATHHCCKHM

OMIAHMEM (CPEIHMM 3HAUEHMEM), PABlLIM ITymo. A npu pabote ¢
BPCMEHHBIMH PHLAMH TAKOC JIOMYNIEHHE OKA3LIBACTCA BO MHOMMX Ciy-
gty HeRepHBIM (oM. 00 oTom . 7, 8).

B nampoil roase ME To7araeM, 4To BoaMmyiieHus g (1= 1., #)
VIORIETEOPAIOT [PEANOCHUTKAM PerpeccHOHHOTO aHaus, T. €. uum-
BHSTM HOPMAILIOH KITACCHUECKOH PErPECcCHOHNON Moaemu ( (& 3.4

P [pusep 6.4, Tlo gaHHBIM Tatun. 6.1 14Tk TOUEUHYIO W C HLACHK-
HoeTelo (0,95 MHTEPBLILHYIC OUCHKE NPOTHOZL CPEAHETe H HHIMBEK-
NVAILHOTO 3NAYCHMIT CNPOCa Ha HEKOTOPHIH TOBAP HA MOMCHT [= 9
(nepsiThiil roi). ([MonarasM, y4To TpeHa JMMHCHHBIA, a4 BOZMYLICHHS
ﬁ-uoanernnpmw TpeBoBAHMAM KIACCHYECKON MONETH (CM. JIallbLic,

npuMep 7.5.)
PeweHue Beue, 5 npuMepe 6.2, mony4eilo ypaBHeHHe per-

peccHH ¥, = 181,32+ 25,679, T. e. eXeroaHo CHpoOc Ha TOBAP yBeJld-
ynBaIcs B cpenHes ua 23,7 ¢o. Hano oneHurn YCJIOBHOE MATEMATHHC-
ckoe okumarme M, _o(¥)=p(9). Onenxoid 3(9) ABngeTcs rpyniosasd
CPRIHSA

P0 =181,32+25,679.9=412.4(en.).

Haitnem 1o dopmyne (3.26) oleHKy §° TUCnepein o? (oM. Janee,
Tﬁﬁ_.l'[. il
e any
) 2
paim L IOUE a4
n-2 8-12
BompciiM OLEHKY AMCTIEPCHI TPYIINOROH cpeitHei 1o gopyne (3.33):

1 (9-457] -
52 =11765 F+u}: 7143,
R 42 )
55, =+ 1143 =126,73 (en.)
(30CCH MBI MCTIO/L30OBATH JAHHBIE, NOiyUciHble B npumepe 6.2




8 2
/] “ M {Z!]
3 (e~t) =§;2 1L=2L}4—1§=42).

=1 M
[lo 1abn. II npunoxenmi Iy956=2,45. Tenepp mo Qopmvie
(3.34) uHTEpBAIEHAS OLIEHKA MPOrHO3a CPEAHEro 3HAYeHMA CIIpoca;
412,4-2,45+ 26,73 < 3(9)<412,4+2,45.26,73 ,

Wi 346,9< 7(9) <4779 (en.).

AN HAXOKIEHUS WHTEPBATHHON OLUEHKM NporHo3a WHIMEHMAY-

ATLHOTO 3HaueHHa 1'(9) BLIMMcTHM OUCTICPCHID €r0 OUEHKH 1o
thopmyne (3.35):

Fig=

1 (9-457
s =1176.5 1 T |y :
3 5 J 890,8;

5, =43,48 (en),

Yigun

4 3arem 1o (opmyne (3.36) — camy MHTEPBATBEHYIO OTEHKY LIS y"[?):

412,4-2,45-43,48 < y%(9) = 412,4+2,45- 43,48,
WM 305,9 = y*{ﬂ'} = 518,9 (en.).

Hmﬂx, ¢ HanekHOCTBIO 0,95 cpenHee sHaueHMe crpoca Ha TOBap Ha
AEBATHIA ron Oyzer sakmoueHo ot 346,9 no 477.9 (en.), a ero MHIHEH-
AyaNbHOE 3HaYenue — ot 305,9 o 518,9 (eq.) P

[pornos paseuria u3ygaemoro MPOLECCA HA OCHOBE 3KCTPAIO-
JHUWH BPeMEHHEIX DITOE MOXET OKAZaThLeH DHEKTHEHEIM, Kak
MPaBHIIO, B PAMKAX KpamKocpownozo, B KpaiiHeM ciyuae, cpednecpoy-
HOZ0 NEPHODA RPOZHOIUPOSAHUN.

6.5. MoHatie 06 ABTOPErPECCHOHHBIX MoLEnsx
M MOOENAX CKONb3ALEH CpeaHen

Hnsi nanHoro BpeMeHHOTo psja [aneko He Bcera VIdETCs 110-
nobpath adexeamuyio modeis, dar Komopoil pad S0IMYWERN £ Oydem
YO06.1€mB0PAMy OCHOBHBIM NPEONOCBIKAM PE2PECCUONHOZ0 QHALSG. Ho
CHX TIOp MBI PACCMAaTPHBATH MonemH Buta (6.7), B KOTOPBIX B Kaye-
CTBE PErpeccopa BLICTYTIANA MEPEMEHHAs ! — <BpeMs». B SKOHOMET-
PHKE [OCTATOMHO IUHMPOKOE PACTIPOCTPAHEHHE MONYYHTH M ADYIHe
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PEFPECCHOHHBIE MOAETH, B KOTOPRY PETPRECCOPAME BRICTYTIAIOT Ade0-
ahi€ NEPEMENNBIE, T. €. NEPEMEHHBIC, GINARME KOO & IKOHOGMER -
PUHECKON MOGey Xaparmepuavemes Hexomopbis 3anazdweanuen, Ene
UMMM OTIHYMEM PACCMATPHBASMEIN B 3TOM naparpade perpeccu-
OHHBIX MOOCACH ABISACTCH TO, YTO NPEICTABIEHHBIE B HUX 00BIC-
HHIOWIHE MCPCMCHHBIC HRENHIOTCH BelMYBUaMu  caysainsimn. (Tloj-
pobHee 00 3THX MOISAAX oM. 1. 8.)

Asmaopespeccuonnan modeas p-2o wopadie (MW Monent AR (p)
HMEET B

¥e = Bf} + BI.}'.'—I + B‘!.]'Jr—l +...4 ﬁ,‘.’.}lf—p + & (I = |$2’1"'=ﬁ|}.‘- (6‘-11)

rae BBy, — HEKOTOPBIE KOHCTAHTEL

OHa OMWCKIBAST HIVIAEMBIH MPOIECC B MOMEHT [ B 3aBHCHMOCTH
OT CI0 3HAYCHHHA B OPCILLAVIIHE MoMenTel 1 — 1, t— 2., 1 — .

Ecax MconenyeMblil mpolecc ¥, B MOMEHT [ ONpenenseTcsa ero
WAYCHHAME TOILKO B NPeJIUeCTEYIOWNH nepiol ¢ — 1, To paccMaTpu-
RANOT asmapeepeccuoriye Modeis 1-2o nopadka (Maw modeas AR (1) —
MUPKOGCKUN CAVHaninii npogecc):

Y= ﬂﬂ + BI.:"".'—I TE, “ = I‘l"" H:I'. {EJZ}

P IIpumep 6.5. B Tabauue npencTapieHbl JaHHBE, OTPLKAIIHE
AMHAMMEY KYPCH AKUMI HEKOTOPOR KOMIAHHH (Hen. en.):

Tadnuuoa 6.2

f | 2 3 4 5 fi 7 5 9 1 11

_'. a7l 166 i 11]4-4_ M7 457 7 752 1414 u72 H1a 823

i 12 13 14 15 16 17 18 19 LA 11 n
Iz 1386 1428 1364 | 1241 1143 1351 1325 1236 1159 k2|1_

Henonksys asToperpeccHoHHEY0 MOAeak |-ro nopsanka, JaTh To-
YEYHLIA M MHTEPBLILULI Npornod CpeiHero M MIIHBMIYAIBHOTO
JHAYEHHH Kypoa akiyi B MOMeHT = 213 7. e, Ha TAyDMHY OJIHH UH-

TCPBAL.
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Pewenue IMonbrka noaobpath K 4aHHOMY BPEMEHIOMY [H-
Ay aneKBaTHYK MOACHL BHAA (6.7) ¢ MMBelHBIM HAW TOIHHOMHAE-
HEIM TPEHIOM OKA3LIEACTCH DECIoIesHOM,

B COOTBETCTRHM ¢ YCAOBMEM NPUMEHHM ABTOPETPECCHOHHVIO MO-
aenk (6.12). Tonywms (auaioriuno npuMepy 6.2) s

$, =284.0+0,7503y,_,. (6.13)

HalilenHoe ypagHeHHe perpeccHy 3HAYMMO Ha 3%-HoM YPORHE
0 F-KpUTepHio, Tak Kak (PakTHYeck HabiiomacMoe sHAYCHME CTa-
THCTHKH = 24 32 > Fyps.0.00 = 4,35, MoxHO noxasars (Hampumep,
¢ noMollbio kKpuTepua dapbuna—Yorcona) (em. nanee, § 7.71). uro
BOIMYUIEHHA (MUHMDKM) &, B JaHHOH MOmean YAORIETROPAIT YCmo-
BHAM  KIACCHUECKON MONCHH W JUIA NPOBEAEHMS [POTHO3A MOTYT
DLITH MCTIONILIOBAHLL VS HIVIEHHBIC HAMH METO/Ibl,

BrIMMCIEHMA, AHATOTHUHBIE TIPUMEPY 6.3, 13I0T TOYeYHLI npo-
IHO3 MO ypasHenui (6.13):

Freas =284,040,7503-1213=1164.|

H MHTEPBANILHEIN Ha ypoBHe sHauumoctd 0,05 ang cpeaHero M wH-
AHBHAYATLIOID 3JHAMEHWH —

1046,6 < 3,_,, <13416; 879.1<y*_,. <1509,1.
=23
HMrak, ¢ natexuoctow 0,95 cpeanee suavenue K¥pCa aKnMi aam-
HOM KOMOAHMU HA MOMEHT /= 23 Gyger 3armouedo B npenciax or

1046.6 no 13416 (acu. en), a ero MILIMBHAYAILHOE MIA4EHHE — OT
§79,1 no 15091 (zzi. en). P

Hkipﬂ,"[‘_t;' C ABTORCIPLCCHOHHBIMK  MOJBTAMK BPEMCHHEIX PHIOB B
IKOHOMETPHES PACCMATPHBAIOTCH TAKMKE MOl chodbisiues cpediet’
B KOTOPOH MONEAHPYEMAA BEAMIMHA JATACTCH THHEIHOH tpyuKIIeH
OT BOSMYILCHHEH (OLMOOK) B NPEABLIYVLIME MOMEHTEI BpeMeHH.

Modets crobaamenl cpeduett g-1o nopadicae (M wmodeas? MA (g1,
HMEET BH.

Yo TE + VB + FaBpop T d Yol - (6.14)

B sKOHOMETpHEKE MCNOMBIVIOTCH TAKKE KOMBHHMPOBANHBE MO-
e BpPCMEHHBIX panos AR u MA

Tepuny soninzmas cpedusm He CHCUVCT NYTATE € AHAROHYITLM TeDMUEOM, |C
IOIILSYEMEIM B TCRIRS COIERMBAHMA DREMUHHLIN prios (§ 6.2},
S e Mds — o1 arianickUr coos #EROVING SVERGEes — CEOU WIS CpEnHsL
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Asmopezpecccuonnas modeqs ckoav3Aueld cpedned nopadkos p W g
coomaememeenno (M modeas ARMA (p, g)) nMeeT BuI:

M= Bl.‘:' + ﬁl.}:a—l + o +li_.:|_}’1r—p TE TT1iEL +..ot ll'frfat—q d {5'15}

B 3aknioucHHe 3TOH TAARB OTMETHM, 49TCO HCIIOANLIOBAHHE COOT-
BCTETEVIOLHY aBTOPEIPECCHOHHBIX MOmeneH s NpOrHOZHPOBRAHHA
JKOHOMHYECKMX TIOKA3aTeNnei, T. ¢. asmonpozdo3 Ha Da3e paccMor-
PEHHBIX MOJETeH, MOKET OKAZATECH BechMa 3PEKTHBHBIM (Kak npa-
BMI0, B KPATKOCPOYHOH IepCriexkTHRE).

YnpaxHeHus
B npumepax  6.6—6.8 uMmelorcs chnegyiouiMe  JaHHBC ob
VPORKAUHOCTH OZMMON MITeHUUL! ¥, (1/Ta) 3a 10 net:

[+ I 2 3 4 5 6 7 8 9 10
¥ 63 202 [170 177 |53 (163 [ 199 [1aa [187 | 207

6.0. Hafiti cpennee sHaveHHE, cPeMHEE KBAIPATHYECKOE OTKIO-
HeHHe M KO3(hHIHEHTH ABTOKODPE/sMM (nna aaros © = 1;2) Bpe-
MCHHOTO DALTA.

6.7. HaiiTH ypaRHCHHE TpeHila BpEMEHHOTO pAaa ¥, Moaras, 4ro
OH THHEHHBIH, M [POBCPHTE Ero 3HAYMMOCTE Ha ypoeae 0,05,

6.8. TIpOBECTH  CIIAXMBAHME BPEMEHHOTO DPANA ¥, METOAOM
CKOTBIALLNY CPEIHMY, MCIIONLIYA TPOCTYI0 CPEIHIOWw apudmerrie-
CKYHD ¢ HHTCPBAIOM CITIDKUBAHMA: g) m= 3, §) m= 3.

0.9, B rabnuue npeictaEneHbl TAHHBIE, OTPLKAOLWHE THHAMHKY
poCTa JOXOIOE HA OYWY HACENEHHA ¥, (I¢H. ¢0.) 33 BOCLMWIETHME
MepHoL;

[: r ] 2 3 4 5 6 7 8
v | 1133 | 1222 | 1354 | 1389 | 1342 | 1377 | 1491 1684

[Monaras, 4To TpeHa THHeHHBH M YCIOBHA KIACCHYECKOH Mome-

JH BLINTOMHEHBID

d) HAaHTH ypaBHEHHE TPeHOA M OUEHMTE Ero 3HAYMMOCTh Ha
vposHe (0,05,

A} naTh TOYEYHBIH M ¢ HanexHocTein 0,95 MHTEpPBANBHBH Mpo-
THOARL CPEIHETo W HHAMBHAVANLHOIO 2HAMEHHI AOXONOB Ha ACBdA-
TLIH TOMI,
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[nasa 7

O606LeHHas NMHeRHAas Moaens.
| eTepockenacTMUHOCTL 1 aBTOKOPPEnaLMS
OCTATKOB

”]’.'I‘T"I MOMETARORAHHK PEUTBHBIX IKOHOMHUSCKHX NPOLUeCcCOn MEI
HEPEAKO CTAMKMBAEMCS C CHUTYALIMMMM, B KOTODBIX YCIOBHS KIIACCH-
UECKOH JIMHeMHOW MOEIH PErpeccHi OKA3LIBAIOTCS MAPYIIEHHBIMH,
B wacTHOCTH, MOTYT He BRINOIHATLES NPELNOCLIKH 3 1 4 perpecc-
OHHOrO aHamusa (eM. (3.24) u (3.25)) o TOM, YTO ChayHaiiHEC BOS-
MYMEHHA (OLMOKH) MOLCIH MMEIOT TIOCTOSHHYI0 AHCIEPCHI) W HE
KOppenuporaHel Mexay coboi, i nuHeiiHofl MiuosecTReHHOH Mo-
AENH ITH NPEAnOCckIIKH o3uavaT (cM. § 4.2), uTo KoBapuanuoHHasa
MATPHIIA BEKTOPA BOIMYILCHWN (ONTHBOK) £ MMERT BMI:

Z i GT.!-'il-'—:.'.l U

B Tex cayuasx, korna HMEIOLIMECS CTATHCTHMECKHE MANHLIE 0C-
TATOYHO ONHOPOMHBL, IHONYUIEHHME » . =a’F, BNOIHE ONMPAaBIAHO.

OnHAKO B APYIHX CHTYALIMAX OHO MOXET OKAIATRCH HETIPHEMIEMBIM,
Tak, vanpuMep, IpM HCTONBIOBAHHM 3ABHCHMOCTH PACKOIOE Ha
NOTPEBNCHHE OT YPOBHA HOXOAOR CeMCil MOKHO OXKMIATD, YTO B HO-
ne¢ oDeCneueHHbIN CEMBSX RAPMALIHA PACXONOB BrILIE, YEM B MI0-
ODECNEYEHHDIX, T. €. THCTICPCHM BOIMVIUCHMWIT HE ONMHAKOBEL [Tpw
PACCMOTPEHHHN BPCMEHHLIX DAIOE MLI, KaK TIPABHIO, CTATKHBAEMCH
C CHTYAIMEH, Korms HaGModacMble B JAHHBIH MOMEHT 3layeHms 3a-
BUCHMON nepeMeHHOH KOPPemTUpPYIOT ¢ MX IHAYCHHAMH B TPCaLLY-
HiHe MOMEHTEl DpeMeHH, T, ¢ HADAKOACTCH KOPPemsilus  Mexmy
BOBMYLUCHHAMK B Ppa3HLIE MOMEHTRI BREMEHT.

/.1. O6obueHHas nuHelMHas Mogens
MHOXECTBEHHOM perpeccuu

Obodwennan aunelinas modeas Muoxcecmeennol peapeceuu ( Genera-
lized Linear Multiple Regression model)

Y=XP+e, (7.1)
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B KOTODPOH TIEPEMEHHBIC M TIApPaMeTphl OMpEleneHbl TAK Ke, KAK B
§ 4.1, ONMMCHIBAETCA CACHVIOLICH CHCTEMOMH COOTHOW e -
HHH H YCITOBHIL

1. & — coyuaiinnit gextop; X — HecayuadHaa (MeTepMMHHPO-
BAHHAA )} MATPHIE;

2. M (£)=0,;
LA EE=M'[1-;E')=Q, rie @ — NOIOAMTETRHO ONpeieneHHas
MATPHLA,

4. HX) = p+1<n,
e p — YHCIO 0OBACHAIOLMX NepeMEHHBIN, 71 — YHCIO HabIIOneHWH,
CpasHueas ofoDwiennyio Moneis ¢ kiaccHdeckoit (§ 4.2), bu-
AMM, 4TO OHa OTIMYACTCH OT KJIACCHYCCKON TONBKO BH I O M

KOBAPMAUMOHHONW MATPHIUB: BMECTO Y. ,=aF, mis
KJIACCHYECKOH MOIEMH uMeeM » =0 ma obobueHHol, D10 03Ha-

JAET, UTO & ORLINHUE OM KAdCcudeckol, 8 ofobWerHol Modeau Koea-
PUARMYE 1 OUCHEPCHN ODBACHANYUY HEPEMEHHDIX MOZYM Obimb HpOuz-
gotskbiMy. B 910M cocTOMT cyTh 0G00ILEHHS PEIPECCHOHHON MOIETH.

dna ouenkw napaderpos monenu (7.1) MOXHO NPHMEHHTL
OOLUHBIF METOM HAMMEHBIIKHX KEAQPATOB.

Ouenka b :{X WJ'JX Y, nonyveHHas padee W ONPeIesIeHHAd CO-

OTHOUWEHHeM (4.8), OCTASTCA CIPABSLIHBON M B coydae obobDileHHO
monend. OieHka b mo-mpexHeMy HecMelleHHas (I0Ka3aTenhcTBO
TOYHO TAKOE Xe, KaKk npueegeHHoe B § 4.2) ¥ cocToaTenbHAS.
OnHako nomydeHHan paHes opMyIa AN KORAPHAIIMOHHON MaT-
PHIIE! BEKTODRE OULEHOK Z b OKA3LIBAETCH H&l‘l[]HEh-'[ﬂﬂMUﬁ B YCIOBHHX

0000IEHHOH MOTETH.
HeticteuTensio, yuuThieas (4.15), noayaus ang obobueHHOR

MOTEITTH
] = —1

Y= e (e (i ) = (xx ) X Qe (xx)t,  (1.2)

B TO BREMS KAK U KIACCHYeCKOH Modend uMeny no gopuyine (4.16)
) -1
Y =or{xx)’, (7.3)

FlafiageM sareMarHdccKoe OMIAHME OCTATOYHOH CYMMEBl KBAIDATOR
"

Zel? =¢'e, Momonn3yd npeofpasoBaHMs, AHATOrHYHBIE TIPHBEISH-
=1
HEM B § 4.4, MOXHO ToKasaTh!, 4To wis obobeHHOM Monenn

M{e'e)=tl(E, - X(XX)' X)Q], (7.4)

'O, HanpuMep, [1] nan [13].
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. E. B COOTEETCTEMH C (4. 21)

{7.5)

M(s2) M‘ 1“ e{(E, ~ X(XX) X)0)

= p—|
TE CHMBO [T O3HAAET CIIE/T COOTBETCTBYIONICH MaTpHust (§ 11.2).
CreaoBaTelibHO, CCOM B KAMBCTBE OUEHKH KOBAPHALIHOHHO
MATPHIIBI Z, B COOTHOWEHMK (7.3) 3aMeHnTh o Ha 52, T. ¢, BIATh
tl

MATPULY 3 L= X)L To ee MaTemaTHUECKDE ORMIAHME
£

M( f,l— (s2 )ax)

B OfteM ClIyyae HE COBNANAeT ¢ KOBADHALMOHHON Marpuiieil, onpene-
JIeHHOH cooTHoteneM (7.2). D10 o3HauaeT, YTO ofsiubdi Memod wau-
MEHBUIUX KEAAPAMoa & 0000MenROE TUNETHOI peepeccuninol Modety daem
CMEUERIYHO OUEHKY KOBAPUAKUOHRON MAmplanl » . BEKMOpaQ OUEHOK b,

- EI(FJI _X{X’){}—l_}(’@{){
n-p-I

X ) (7.6)

Ouenka b, onpenencimas no (4.8). xota u Gyner cocmoame BN,
HO He OYIeT ommMaisnoi B CMBICTE TEOPEMEI Faycca—Mapxora,
g nonyuyerHus Haubonee ipermueHol OUEHKHW HYXHO HCIIOIEI0-
BATE APYIVED OLEHKY, NOYYACMYIO TAK HASLIBIEMLIM 0800IEHHBIM
METOA0M HAMMEHBIIMX KBAIPATOR.

7.2. OB0BLWEHHBI METO HAUMEHbLLMX KBQAPATOR

Bonpoc ob adubeKTHBHOCTH AMHERHOH HecMElleHHOH OLeHKH
BCKTOpa [ oaas 0000leHHOH perpecCHONHON MONean PewaeTes o
TMOMOTITERY CAEAVIOWEH TeopeMEL.

Teopema Aiikena. B wiacce auneninbx HECMELEHABX GUEHOK BEK-
mopa [ dar 00o0wernol pezpeccuoiioll modein ouenica

b= (X' QI X X'Q-Y (7.7}
HMECT HAUMERBIIVIO KOSAPUALLONNYIG MAMPULY.
doxkazaTenscrso. ¥oeuumea B TOM, 4TO OlieHKa b aB-
NAETCA HECMEWMEHHOH, YunThiad (7.1), npeactaBum ee B BHie:
b= (XXX AR+ aj =
=(X'Q' X)X QTP H(X QX)X D=
=B+ (X' X X0, (7.8)
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£ M[ ‘}:B, HBO
M {E}: (), T. e, bUcHKa A° BCTR HecMewenias OIEHKA i,

Hast nOKA3ATENBCTEA ONTUMLIEHEIX CBOWCTE OUEHKW b* npeod-
PAIVEM MCXOMHBIE JAHHBIE — MmarTpuiy X, BekTop ¥ o BOIMYIIEHHE &
K BUIY, TPH KOTOPOM BEITIOMHEHE TPEDOBAHMS KIQCCHYETKON MOgE-
TN PETPLCCHE.

M3 marpuisoil anrefpbl MEBECTHO, YTO BCAKAH HEBLIDOXICHHAH
CHMMETPHYHAA (#*n) Marpuua A JOTYCKACT NPeICcTARICHHME B BHIE
A=FF e P — HeKOTOPAS HeBRIPOMISHHAA (1 XA) MATPHIA,

IoaToMy CyIICCTEYeT Takan HEBRIPOMICHIAH (AXH) MaTPULIA £, 910

G=pr (7.8

npejicrapiese MATPHUH & 5 suae (7.8 He COMHCTBEHHO, HO 104
HAC ITO HE MMEET 3HAYCHNA ),

MaTeMaTHYCCKOE OaHIAHME OLUCHKHM A*, T

YuuTRIBAA  CBOHCTBY  ODPATHREIX  KBAAPATHHIX  MaTpHll, T. €.
[_.JIB::I =4 (P) —{P“)' , 3TO O3HAYAET, YTO
Q- =(p)p. (7.9)

JaMeTHM, 4TO cclu oDe wacTH paseHeTEa (7.8') YMHOXWTE CIcEa
Ha MaTpuuy P! a cnpapa — wa Marpuuy (P)7!'=(PF1Y, t0 B npo-
H3BCISHMK TTONYIHM SIHHHYHYI MATRHITY.

JeficTRUTenRHO,

PIQ(P) = PUPPYP) = (PP PP (F) = E
e, PQ(P) = E,. (7.10)

Tenepr, yMHO®HE 0D vacTy obOGIICHHOH PEIPECCHOHHOR MO-
aenn Y= Xp+ez na matpuny P! ciesa, noayams

Y. =X pte., (7.11)
riae Y=P ¥, X=PlX =P (7.12)

Yoenumed B TOM, yto Monens (T.11) ynorneTsopder seeM TpebogRa-
NS KAGCCHYECKOE AUHetHon Modea muoxcecmeenion pezpeccuu (§ 4.2)

Mg )= M(P-'g)= P-'M(e) =0, ubo M(g)=0;
Zn_:M{'s-s'.]=MUP"E}(F-‘F,“}F} il pE lgg'(P- }J—

= P M (ee")(PY = PAQ(P }r =y
Cvapresaa (71000
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AX)=p+ 1 < n(TaK xak MaTpHua P — HeBLIPOWICHas).

Ciiefopatebio, Ha OCHOBAHMH TeopeMbl [aycca—Mapkosa
Haubonee 3ddexTMBHON OuBHKON B Kiacce Beex NHHEHILIX HecMe-
WEHHBIX OLUcHOK fBIdeTes oueHka (4.8), 1. c.

= X, (7.13)

Bosppamasgct k McXonHeM HabmoaeHuaAM X W Y M yuMTHIBas
(7.9}, momyumm

b* =[(PXY(P- X (P-LXY PY =
=[X(PYPIXT X (PYPIY = (X' QX)) X' QY

T. . BeIpaxenne (7.7), uto W TpebOBaANOCh 10KA3aTk.
HeTpyaHo NMpOBEPUTH, YTO B CAyuae KidCCuMecKou Modeiu, T. e,
[PpH BHIMIONHEHUH NPeINOCHIIKH E~=L“J.:cﬁfjf:?,i., OUEHKA O00GeH-

HO20 Memoda waumenswux xeadpamos b* (7.7) cosnadaem ¢ ouenkod
sofitearozoe smemoda b (4.8).

[Ipy BRINONHEHWH OpPEANMOCBUIKM 35 © HOPMATBHOM 3aKoHe
pacTpedcneHms BeKTOpa BOSMYLUEHWH & MOXHO YOEIMTRCH B TOM,
uto ouenka b* ofobwennoco memoda naumenviux xeadpamos dag
nrapamempa [} npu uzgecrnuoll mampune L) cosnadaem ¢ ez2o OWEHKOU,
HOAVHEHHOT MEMOdOM MAKCUMAIbHO20 Rpasdonodobiua.

B coorsetcteimM ¢ (4.3) ouenka b :{X.X.] XY, spaseTcd

TOUKOH MUHMMYMA 110 H OCTATOMHON CYMMBI KBAIpPATOR

§=Y et =ee, = (¥, - X.5) (¥, - X.B),
1=l

MMepexons K HexXoaHBM HaGmOnCHHUAM,
=[P-I(Y - XB]'[P-(Y — XB)] =
= (Y~ XBY(P)YPNY - Xby=(Y - Xb) Q-'(Y - Xb)=

=0 e, (7.14)

1. e. oyenka bF obobujerHozo Memoda nauMensliix Keadpamos MoMcem
Obimb onpedeiena Kak MOHKa MUrumMymd ofobuennozo Kkpumepus e'()-le
(7.14).

Chenyer oTMETHTE, YTO 18 0600LUEHHON PErpeccHOHHON Moe-
M, B OTIMYHE OT KIACCHYECKOH, koadubhMUMeHT neTepMHHALMH,
BRYMCAEHHBIH no dhopmyne (4.33)
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(¥ = xb* ) (¥ — xp*)

Y

(rme A" — ouenka oBOBLIISHIOr0 METOa HAMMEHBINHY KEANDATOR
(7.7)), He ABMACTCH VIOBICTEOPUTENEHOH MEpOH KatecTRA MOUEnM.
B obuem cayyac R? MOKET BLIXOAMTL JAKC 34 Npeiensl MHTepBata
[0:1], & mobagacHue (VIATEHHE) OTLHCHIRICH NepeMedHOR He adi-
S TeNBHD NPHBOOHT K 200 VBECITHYCHHEY {}’Mﬂl’[bﬂlﬁllﬂ]ﬂ}.

[MpuumHa COCTOUT B TOM, 4TO PANOEKEHHE 0DWel CyMMBL KBal-
patos ¢ Ha coctagmsiiomwme Qp v O, (em. § 4.6) BuBOIMIOCE B
MPEINIOKEHNH HaTHYMA ceoBoaHOore wWieHa & oboblueHioit Mone-
nH. OoHako, ecad B oMcxoadoi Moncad (7.1) conepsuTed CBobo-
HEIH WICH, TO MBbl HE MOXEM FEAPRAHTHROBATL €r0 NPHCYTCTOEHE B
npenbpazoraminoi vonend (.10 TostoMy kosbiuageenm demepmi-
wanau R 8 ofofwennoll Modeay MONCErm UCROABIOSIRIBCA AWML KAk
SECBAT }?pufi-?fﬁ?fﬂ(.’ﬁﬁﬂ'.if XAPAKINEMHCRIIG Kaiechlean .-WGC}E,’L&H.

B saxnwrieHMe OTMETHM, 4TO 1A [puMeHeHWsa oboblueHHOTO
METONA HAHMMEHBIIHX KRAIDATOR HED@T{DHHMU SHAHWE KOBADHALIM-
OHHOH MATPHITRL BEKTOPA BOIMVITEHHA (2, uTo BCTPCYACTCH KpaliHe
PEnKO B [IPdETHEE 3KOHOMCTDHUMECKOTO MOAEMTHUPOBAHNWA, Ecnu e
CUMTATh Boe wlr+1)/2 aneMeHTOR CMMMETPHMYHON KoBAPMALIHOHIMOH
MATPHIIEL () HEMIBECTHRIMM [apaMeTpaMi oboflueHHol Moncin (B
nonomieHnd k (p+1) napaMerpas [}, 70 oDulee MHCIO NAPaMETROR
THAYHMTENBHO 1PEERICHT YHCH0 HADMONSHME A, @m0 CIenaeT OUueHKy
ATHX TAPAMCTPOR HepaspeluMoil sanaved. TooroMy Aa9 MpaKTHYE-
CEOH peanMzaliy oDODMEHHOMD METONd HAMMCHBIIMX KBANPATOR
HeoDXOAMMO BROOMTL JOMONHUTENBHBIE YCTOBHA HA CTPYEK-
TYpPY MATPHUB L2 Tak MBl NPUXOIMM K HpaKmuieckn pedii-
svemomy (MAM docmynnomy) 0660mennomMy METOAY HAMMCHLLINX KBajl-
PaToB, paccMaTpuBacMomy B § 7.11,

Hange paccMoTpHM HAHDONEE BAMHBIC M HACTO BCTDET-IaIOJJJ.HLL-H
BHIB CTPYKTYP MATRHLBL L2,

K= (7.15)

7.3. [eTepockenacTMYHOCTs NPOCTPAHCTBEHHOM
BbIOOPKH

KAk Ve OTMEMaTock BRIE, PABEHCTREO TUCTICPCHE Bo3MyNIEHHH
(IHBOK) PEerpeccHun &) (20MOCKe0acinuyrOCTb) AWIHETCH CVINECT-
BEHHBIM YCIOBMEM NHHeHHOH KIacCHUecKOl PerpecCHOHHON MOng-
JIM MHOMKECTREHHOH perpeccuy, 3antchiBieMbIM B BHIOZ ZE'— ok, .
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OnHaKo Ha MPAKTHKE 3TO YCIOBHE HepedKO HAPYUIASTCH, M MK HMe-
EM JETI0 C ZemepockedacmuMHOCsio MOIETH,

[TpeanonoxumM, 4To HEOBXOAMMO HIYYHTL 3ABMCHMOCTL PA3MCpa
OTNaThl Tpyaa Y (B yen. OeH. en.) cOTPYIHMKOE (PMPMB!I OT paipana
A, npuHuMalowero 3Hadenus ot 1 no 10, Monvdaenw n = 100 nap
HabmwoneHui (x;, 3;). ['padmk 3aBHCHMOCTH MepeMeHHOH ¥ oT HoMe-
poB HabMIOAEHWH, YIIOPSAOUYEHHEIX 110 BO3PACTAHMIO YPOBUM 1HAUE-
HHH obBACHAIIEH nepeMeHHol X, nokasam ua puc. 7.1.

00 = =

600 T —

400 m Wv |

200 Y ;
i 20 40 [ B0 X

Pre. 7.1

e

M3 puc. 7.1 omieTnHBO BHAHO, YTO BAPMALIMA PA3MEPA OIAATH
TPYJa COTPYOIHMKOB BBEICOKMX VPOBHEH 3HAYHTENRHO TIPSBOCXOANT
ET0 BAPHAINIO IAf COTPYAHMKOB HH3KMX VpoRHei. CHenopatensHo,
MBI BNPABE NPennoloXKHTh, YTO PEIPecCHOHHAHS MOAETb IOIYIHTCH
TETEPOCKEAACTHYHON, W YCIoBHe Y .= G2 F, He BRIMOTHACTCS.

MBI clile BEpHEMES K 3TOMY IIPHMEPY, 4 110Ka 0BCYAMM, K KaKuM
NOCHENCTENAM TIPHEBOANT TCTEPOCKETACTHYHOCTR,

IMpeanonoxumM, 4To I OUEHKH PElPEcCHOHHOH Momenn Y no
Xpso.s Xy MEI TPUMeHHIH OOBIYHLIH METON HAMMEHBIUMX KEAIPATOE U
HallUIM OueHKY b napamerpa B no dopmyne (4.8). Torma ¢ yvuetom
(4.12) ByneMm uUMmeTw

b=(XX)' XY =p+(Xx%)" X%, (7.16)

Kak 6o ormeueno B § 7.1, b — HecMellleHHAH M COCTOATENLHAST
OLRHKR TapaMerpa P s ofofwennod TUHEHHOH MOIETH MHOKeCT-
BCHHOW PETPECCHM; CNENOBATENRHO, H B YACTHOM CIIVYAS, KOTIa MO-
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Neib FeTepoOCKenacTHYH, OUEHKA & — HECMEIEHHAS W COCTOHTEN B
Has, DTH CBOHCTRA OUeHKH b merko yeMarpueaoTesa u3 (7.16), ecaw
yueeTh, 410 Mie)=0.

Takum obpaiom, 008 ONPefcieHud HeHIBECTHRIX [ Hpo2ioa s
JHAYEHWN SABMCHMON NepeMedAol 00BMHLIT MeTon HAMMEHLITAX
KBIPATOR, BOODULE TORODS, TIPHMEHHM M T8 TeTePOCKeIacTHIHOH
MONSAH.

Tak, B HAWEM MPHMEPE MEYHEHHS IABMCHUMOCTH PRIMEPa OTIATLI
Yor paspsina X coTpyanuKEoR (hMpPME] PEIPECCHOHHAT MOASAL ¥ o X
NPHMET BHIL

KOTOPAA GHOAHE MOXET ObLlTh HMCTOMBIORAHA ANH  NPAKTHUYSCKMY
OPHAOEEHKUH.

OiHAKO Pe3yIbTaATLL, CBASAHHBIE C AHATMIOM SIOMHOCHE MOICIIH,
OUSHKOH 3HGUUMocmy W NOCTPOSHHEM WAMEPELIDHLY OHeHDK CC KO-
FPOMIHEHTOR, OKAIEBAIOTCT HCNPHIOAHBIMH.

B camoM peste, Npy NOCTPOCHMM - W F-CTATUCTHE, KOTOPLIE G-
AT MHCTPYMEHTOM [T [PORBEPEN (TECTHPOBAHMA) I'MIIOTE:, CYIIISCT-
BEHHOE 3HAUNEHHE MMCIOT OLUSHKW THCMEPCHHA W KoBapvanWd napa-
MeTpoB [y (F= 1,..., #), T. €. KOBAPHAIIHOHHAS MaTpHLA Z,, . Meway

TeM, BCIH MOAEIL He SRIAETCH KIAaCCHHMecKoi, T. 8, KOBAPHALIMOHHN
MATPHIEA BEKTOPA huamy‘L[LeHHi#E i = =gk, , To, KaK NOKa3ano B

§ 7.1, KOBAPMALUMOHHAA MATPHLA BEKTOPA OLCHOK  IAPAMETROR
Y=V X Qx (XX Y (7.2) cywecsenno otamuaeTes o1 noy-
uenHoll A Kiaccuueckoil Monemn Y ,=a? (XX ) (1.3). A suauur,
MCTTIOMB3I0BAIME MATPHILL 2, (7.2) s OUEHKH TOUHOCTH Perpeccu-

oo Monenu (7.1} MOXET NPUBESCTH K HCECPHLIM BEIBOIAM,

Hanosuus Takse (§ 7.1), uto oucnka b (7.16), ocTamasch He-
CMENMIEHHON M COCTOATENBHON, He VAT ONTHMATRHOW B CMBICAC
reopeMel Tayveca—Mapkosa, T, e, Hanbosnee adipekTMRHOH, D10 03-
IEMAET, YTO TPH HEDONBILMY BHOOPKAN ML PUCKYEM MOTYUHTE OLEH-
Ky b, CVILECTBEHHO OTAMYAKILYIOCH OT HCTHHHOTO TapaMelpa B

7.4. Tectsl HO reTEpPOCKERACTUHHOCTE

B npuMepe, paceMoTpeHHOM B § 7.3, llannine reTepockelacTHY -
HOCTH HE BISLIBACT COMHEHHH, — YTODR YOCIMTLOH B 3TOM, JA0CTA-
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TOUMHO B3HHYTh HA puc. 7.1, OOHAKO B HEKOTOPLIX CNYYadx rerTepo-
CKeMACTHYHOCTE BU3YAIBHO HE CTOME OUCEHIHA.

PaccMoTpiM ellie OIMH OpUMED, B KOTOPOM MCCACIYETCH 3aBH-
CHMOCTL Lox0Aa HHOMBUAYYMa (Y) oT ypoBHaA ero obpasopanus X,
NPHHAMAICILErD 3HAYCHMA oT | 10 5, no JadHeM 2= 150 Habmone-
HUA. B uucio obLACHAINX NepeMeHNLIX (PETPECCOPOB) BKIIOYEH
TAKKE M BoIpacT As.

Ha puc. 7.2 npupened rpaduk sasicHMocTH nepeMeHuoi Y or
HOMEPOE HaG/IOTeHHH, YIOPAIOUCHHLIX TI0 BO3PACTAHHID YPOBHA
HAMEHNI 0DBACHAIONIEH NlepeMerHOl X).

XOTH IMarpaMMa MMECT JIOKLTEHO PACHONOKEHHBIC [THKH, B Le-
TOM TMOAODHBIH PHCYHOK MOXCT COOTRETCTBOBATH KAK TOMO-, TaK M
FETEPOCKeIacTHIHON pibopke,

6l { v

20

100 120 140 X,
Puc. 7.2
HTOOB ONpefennTh, KAKAg e MMeHHO CHTYAINS UMEeT MEcTo,
HCMIONLIVIITCA mechmb ha eemepociiedacmiinocis, Bee oHM Henoms-
IVIOT B KAYECTEE HyNeBOH Tunoredwl Hy cunomesy of omcyvmemen
FEMEPOCK eda UKo,

Tect panrosoi Koppelauun CnHpmena McmoiL3veT Hanboiee o6-
HIME NPEANOIeRCHHT O 3ABUCHMOCTH AMCMEpCHi owmboK perpec-
CHM OT 3HAYEHHH PCIpeccopos

o= filx) i=1,.., n
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[Mpy 3TOM HHEKAKHX JOTONHHTEIEHLIX MPeInoiloeHHil oTHOCH-
TeIBHO BHAA QYHKUMH f; He menaercd. He HaknanwiBawmes TakKe
OrpaHHYeH s HA 33KOH PACTIPeNcIeHHA BOSMYLIeHUI (ommbok) per-
PECCHH £/

Mnes Tecta 3aK04aeTcs B TOM, 4TO aBCONIOTHRIE REAMUHHEL OG-
TATKOB PETPECCHM ¢; ABMAINTCA OLICHEAMH o, NOSTOMY B cnyuae re-
TEPOCKENACTHYHOCTH abCOMOTHEE BEIMYMHE OCTATKOB € M 3Haue-
HH# Perpeccopor X; BYIVT KoppelHpoBaHkl.

Ing HaxoxeHWs Ko3QOHULUMEHTA PaHTOBOH KOPPEIALHH Py,
{cu. § 3.8) cnenyer paHXWPOBRATE HADMOJEHWS TO IHAYCHUAM Me-

pEMEHHOH X; H OCTATKOB ¢; H BHIYMCIHTE p, . 110 dopmyne (3.49):

6y d?
=l

b ]
n-n

Pro=1- (7.17)

rae d; — PAZHOCTL MEXITY PAHTAMM IHAYEHWH X; H &
B coorsercreuu ¢ (3.50) koaddmumeHT PAHTOROH KOpPPenALHH
3HAYMM HA YPOBHE 3HAMHMOCTH o NpH # > 10, ecniu cTaTHCTHEA

= ]':'_J=__ Bt
1= pﬁzf.e '

TIE f)_gn_3 — TAGMMYHOE 3HAYCHHE -KpPUTepHA CrhIONEHTH, onpee-

(7.18)

JIEHHOE HA YPOBHE 3HAUMMOCTH o, IPH YHUCNe cTeneHei ceobonsl (#—2).
Tecr lonnbeaga—Keauara. 3TOT TECT NPHMEHAETCA B TOM CITY-
yae, ecad OWMOKM PErpPeccHM MOXHO CUMTATE HOPMAAbHO pacnpede-
AeHHbiMi CIIVHANHBIME BEIMYHHAMH.
TpeMmonoKmM, YT CpEeIHHE KBAIpaTHYeCKHe (CTaHIAPTHBIE) OT-
KNOHEHMS BOIMYUIEHWH ¢; TIPOTIOPUMOHANLHBI 3HaUCHHAM 0ObAC-

HAHIOLEH NepeMeHHo X (370 03HauaeT TOCTOSHCTRO YACTO BCTPEYAlo-
IIErocs HA NPAKTHKE omuocumetsiozo (4 He abCOMOTHOTO, KAK B KITAC-
cHueckol Monenw) pasbpoca BO3MYIIEHWH £; PETPECCHOHHON MOJETH.

Yoopanouusm # HaOM0ASHHE B TIOPAAKE BO3IPACTAHMA IHAYEHHH
perpeccopa X W BelfepeM m NEPBEIX ¥ M TOCHETHUX HADMIOAEHHH.

B 3TOM Cllyyae TUMOTE3d O NOMOCKENAaCTHYHOCTH OYIeT paBHO-
CHIBHA TOMY, YTO 3HAYEHUS €1,..., En U €yt [se-es Ep (T. E. OCTATKHM €
PETPECCHM TIEPBLIX M TIOCHENMMX m HabMIONeHNIT) TPEACTABIAIOT CO-
SoH BEIOOpOYHLIC HAGNIONEHWS HOpMAAsHO pacnpedeterHbx Clyqan-
HBIX BeMWYHH, HMCIOIIHY OIMHAKOBRE THCTICPCHH.
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[mnoTesa o paseHcrse MCOEPCHEA QBYX HOPMANLIO Pacrpenc-
JACIILIX COBOKYTTHOCTCH, KaK M3IBECTHO (CM., HanpuMep, [12]), npo-
BEPACTCA ¢ MOMOIIBIO KpuTepua Ouimepa—Creaekopa.

H:»':lr:BafF FHOOTEZA O PABCHCTBE AMCMEPCHE AByX HAGODOE 10 m
HaBA K IEHHI (. c. rtHnoOTE3 0D OTCVICTBMM TETEPOCKEAACTHYHOCTH)
OTBCPIAeTCs, ECTH :

M
Se
Bl B (7.19)
Set
f=n—m+]
Fie p — YHCIO PErpeccopoR.

34METHM, YTO YMCIMTENh M 3HAMEHATENh B BBIPLKEHUH (7.19)
CACHOBANG PAIETHTE Ha COUTBETCTEVIOLLEE HMCI0 CTCOCHEH CROAD-
AL, HO B JaHHOM CITYIae 5TH YU OIMHAKOBLL ¥ PABHEL (m — p).

Mowrocms mecma, T. 8. BEPOATILOCTE OTREPTHYIL [HMOTE3Y 0f
OTCYTCTBHH TETEPOCKCAACTHIHOCTH, KOAa JMeHCTEMTCALHO TeTepo-
CKEMACTHYIIOCTH HET, OKAIbIBALTCH MAKCHMAILHON, eClH BLIGHpPaTh
m IopsaaKa 1,

[1pu npumenenun recta Nomadensa—Ksannra Ha KoMisoTepe Her
HEODXOIHMOCTH BRIMHCIATL 3HA4eHHe CTATHCTHEN F BPYIHVIO, TAK Kak

M

w
2 2 T o s
BEHHTHHERI Zl’::‘.. H Z{fr- MPCACTABTHIIT CODOH CyMME KBAIDATOR

=1 f=a ]

OCTATKOL PETPECCHM, OCYIUECTRACHHBIX M0 «YPe3aHHBIM» BLBOpKaM.

P Ilpuvep 7.1. Tlo namwbiM 1 = 150 wabmogenwit 0 moxome
UHIHBHAYYMa Y (pue. 7.2), yposHe ero obpasosaHus X M BoapacTe
X; BRISICHUTL, MOXHO JH CYMTATE HA YPOBIE 3naunmocTH a=0,03 nu-
HEHHYIO PErPECCHOHHYI0 MOAEEL F o X) v A5 reTepockenacTHYHOR.

Pewenne Bospmem mo m=n/3=150/3=50 3nauenmii 10X010B
JIALL € HAMMEHLIAM M HAHOOALLIMM YPOBHCM 00pa3oBatms X).

BelMeIuM CyMMBL KBAAPATOB OCTATKOB (CAMO yDABRHCHME per-
peccun (7.22) npuseaeHo Huxe)!:

1501 150
> et =8940 > e? =39182; F=3918,2/494,1=4,38.
i=l =101

k. ke f
Bmech Honanes (CCAM HE NPMEHEICHO HEOE) HCXOIHBIC IHAYSHIA HEPCMCHIILIX W BLI-

MONHEHNEE Hil MX OCHOBE KOMIBKIEPHOE TROMAMMOI CTAHAGPTHIE PacicTH, 13-
JEVASHHBIE B T 3.4, HE IPHBOIITCR. i
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Takx Kak v cooTBeTcTsuu © (T.19) F=4,38>Fjos.a5.45 =1.01, TO
FHMOTE3A 00 OTCYTCTEMH TETEPOCKENACTHHHOCTH pe rPECCHOHHOH MO-
el OTBCPracTed, T. €. Q0K Gosee obPAsOBAHHBIX NIOACH TedcT-
RMTEALHO HMEIT CYLICCTREHHO DANBIIYI0 BAPHALIMIO. B

Teer Vaiita. Tecr patroeoil Koppenauwun CnHpMeHa H o TecT
Conadenia—Kpanara nossoasior OOUAPYENTE JHLIE CaMO HATHIHAE
i'{:TEpDCK{!ﬂHC’FH‘!][DET}L HO OHK HE AT ROIMOKHOCTH ﬂ[]{flCJIEEI.l.HTh
KONHYECTBEHHBI XAPAKTER JABHCHMOCTH OHCMEPCHIA OMMOOK per-
pECCHM OT 3HaueHuH PETPECCOpOB M, CICNOBATCIEHO, 1I¢ NPEcTas-
THIOT KAKMX-TTHO0 cr1ocofoB VCTPAHCHHA TeTepOCKenacTHHHOCTH.

QuEeBHIHD, UTH TIPOABMAKCHHSA K JTOH 1enu HEOONOIMMBLL HEKO-
TOPLLIS OQOMONHHTCIIEHBIE [[ptﬂl]UJTGH{E]lHH OTHOCHTCABEHO XHPHKT’CE&
reTepockenacTHaiocTH, B camom neae, Ges NOTODHLIX TIPEINOI0HS -
HUH, OMCBHIHO, HCBOIMOBHO OBUIO 0Ll OLUEHWTL # NapaMeTpoR
(n AMcHepcHil olKUBoK perpeccHu a?) ¢ HOMONILK 7 HABMIOKEHHH,

HauBonee npocToit ¥ HacTo YIoTpedIaeMbli TeCT Ha TeTepoCcKe-
HACTHUHOCTE — TecT YaiTa. [1pH HCmons30BaHNH 3TOI0 TecTd npel-
[IOAATAETCA, YTO AMCACPCHH OWKHOOK perpecciy NpelcTaRmaioT Co-
GOl OOHY H Ty XC PYHKUWW OT HabmEaeMbIN 3HAMC-
HUH perpeccopoR, T.e.

ot = f(x), i= Lo, n (7.20)

Yarre seero GyHkUMa [ BROHPACTCSA KBAIPATHIHOM, YTO COOTBET-
CTOYET TOMY, YTO CPEaHAs KBaapaTHHCCKas OwHbKa pPerpecciy SaBM-
CHT OT HABNIONAEMEIX 3HAYCHUWIT Perpeccopor NpHBINKEeHHO TTHHEHR-
1o, TOMOCKE1ACTHYHOMN BLIDOPKE COOTBETCTRYET Cityyai f= const.

Mues tecta Yaiita 3ak/u04actest B OLCHKE (hyHKLHK {(7.200 ¢ momao-
(LK COOTBETCTEYIOWIETO YPABHEHHA PEIPCCCHH UIH KBAIpaTon OCTATEOR,

E{E :Ifl'{_‘{'l_.]ﬁ-{.{';‘ i= ].,..-.. M, (T'ZI]

e i, — CAOYUIAAHLIA Ynen.

Iui0Tesa 08 OTCYTCTRMM [ETCPOCKEIACTHIHOUTH (YCTOBNE = const)
NPMHHMACTCA B CIVYAC HEIHAMHMOCTM PEIpeceii {7.21) B nenoM.

B AoULIIHHCTEE COBPEMEHHLIY TAKETOR, TAKHX, KiK « feonomerric
Viewss, perpecciio (7.21) He NpHXOIHTCH OCYIIECTB/IATE BPYHHYIY —
tect Vaiita BXOAMT B NAKET Kak CTaHaaprTHas noanporpamma. B
aToM ciyuae yHKUMA  BRIDHPACTCA KEQapamuyRoE, PETPECCOPEL B
(7.21) — =10 perpeccopsl paccMAaTPHBASMOI MOMENH, MX KBAAPATHI
1, BOSMOXHO, TOTEAPHLIC MPOUIBEICHNA,
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P Ipumep 7.2. Peinurs npumep 7.1, uenosbays Tect Yaiita.

Pewen e IpuMeHeHHE MeTOIA HAMMEHLIINY KEAADATOB 4~
&T CACAYIDIIS: VPABHCHHE perpeccHH nepeMciHol ¥ (noxons wHIM-
BUIAYYMa) TI0 X (vpoBsHio obpasosanus) u Xs (Bospactv):

F=-3,06+325x +0,48x,.
(—140) (3.96) (835)

(B ckoDKAX YEA3IAHE 3MA4eHHA FCTATHCTHE  KoaQibHLHeHTOR
perpeccun.) CpaBHHBaa MX ¢ TaGuuuHeiM aHadcHwem (4.23), 1. e,
i ns-147= 1,98, BHAMM, TO KOHCTAHTA OKAZLIBACTCH HEIHAYMMOF.

Obpawenue k nporpamse White Heteroskedascity Test (Tecm
Yaiima na  cemepockedacmuunocms)  DAET  CHeaVIOUWIME  3HAMEHW
Feratucruxkn: F=7,12, eciu B YHCIO Perpeccopos ypasHeHWs
(7.21) He BKIKFIEHB OOTAPHBIE TIPOMIBCIEHWS MEPEMCHHBIX, M
F=778 — cenm pmiotedsl. Tak Kaxk B cootseTerenm ¢ (4.32) u &
TOM B APYIOM cavaae F > Fjps0.047=3,07, 1. e. rinoresa ob oreyvreT-
RHU IeTepOCKenacTHYHOCTH OTRepraeTea, B

3aMeTHM, UTO Ha TIPAKTHKE NPUMeHEHHe TeCTa Yaiira ¢ BrIoue-
HHEM M HEBKITIOYEHHWEM NOTIAPILIX TPOUIBEACHHI TAI0T, KAK NpasH-
T, OMHH ¥ TOT #e Pe3VILTAT,

(7.22)

Teer P'neiizepa. D107 TecT BO MHOMOM AHANOTHYEH TeoTy Vaikita,
TOMRKO 1 KAYCOTBE 3ABHCUMON I'IE:J{:M%:HHDIF] AT M3YUEHHA TFeTepo-
CKETACTHITHOCTH BHIOMPAETCH He KBANPAT OCTATKOB, 4 X abconor-
Hafd BEAMYHHA, T. €. OCYINCCTENAETCH PErpeCccHs]

le|= Flx) +u,, =1, a (7.23)

B kayecrme ¢yvuknuil f oObiuHo BRIGHpaloTes (DYHKIMK BHIA
S =a+yx®, Perpeccust (7.23) OCYWIECTRINETCS NPH PATHBIX 3HAYE-
HHAX &, 3aTeM BLIOMPAeTCH TO 3HAUEHME, MPH KoTOpoM Koadipuim-
CHT 7 ORAILIBACTCH Havbdoice 3HAYMMBIM, T. &, HMEeT HAXDOI LIS
FHAMSHWE -CTATHCTHEH.

P [pumep 7.3. Mo saonpy n= 100 #abuionenuil 0 pasmepe on-
farel Tpyaa ¥ (puc. 3.1) corpyaauMkos HpMel W Mx paspane X sei-
ABATL, MO0 TH CHHTATEL Ha YPOLHEe 3HAYUMOCTH o ﬂHHE‘ﬁIl}'It} PEer-
PECCHOHYID MOETE ¥ mo X reTepockenacriniadnil. Ecak Moncin rete-
POCKEJACTHUHA, TO YCTAHOBMTE €€ XAPAKTCD, OLUCHMB YPaBHEHMe
o =.ﬂxi}~
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Pewenue IlpennoaokisM, YT JHCIEPCHH O HOOK o; CBi-

FAHL }’PH.HHEHHGM ]')ET'[J’EECHH
(7.24)

Menonpival OOBIMHBIT MeTo/l HAHMEHBITHX KBANPATOD, OUEHHM
perpeceuio ¥ o X, a sateM — PETPeccHio OCTATKOB € No X B BMDE
(pyHEIMN (7.24) TIPH PAsIMMHEIX SHANERMNX &, MonmyunM (B croDKax
VKAMAHBD SHAUEHMS [-CTATHCTHKH KO3MGMUUMENTA ) NP1 PasniuHbIX
SHATEHWAX &

o =o+yxk.

5=1 |&;|=826+1033x (1="T18)
5=2 |&]=30,75+0.89x7 {r =6,90);
5=3 16| =39,89 + 0,08x (1=632);
5=1/2 [6] =3280+ 4338x; (1 =6.99).
TaK KAk BCC IHAUCIMS {-CTATUCTHEM DOABIIE fyg5.08= .99, TO TH-
HoTe’a of OTCYTCTEHH TeTEPOCKENACTHYHOCTH OTBCPracTes. YeHTL-

Rasl. UTO HAMBOIEE 3HAYHMEBIM KO(PQUUHERT perpeccHn v OKasepacT-
cH D CIveae 5=1, IeTepoCKedcTHIHOCTh MOKHO anlpOKCHMHUPOBATE

HEPBLIM YPABHEHHEM. | 4

7.5. YcrpaHenue reTepockeacTUIHOCTH

IyeTh paccMAaTPHBACTCA PETPECCHONIEAA MOLLE {4.2)

¥= Xp+e {7.25)
HITH
i =B+ S By 8y 0= Ly (7.25)
=l

Byues cumtaTk, 410 Monens (7.25) reTepockenacTHY -
Ha, T. €. JUCTICPCHH BOIMYILEHMH (ommnbok) of {r’=i,,.,,n) HE PaB-

Hbl Mexdy coboit, M caM¥ BOIMYLIEHNWSA & W & (k= 1,..., n) ue Kop-
PEAMPOBAHEL. DTO 03HATAET, YTO KOBAPHALIMOHHAA MATPHLA BCKTOPA

BOIMYLLEHHA » =) — dudzondibHas:

ot 0 .. 0 "l
asl ¥ B ¥ (7.26)
0 0 GﬁJ
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Ecim aucnepeun soavytenwii o2 {(f=1,...,n) M3BecTHLI, To reTe-
POCKENACTHYHOCTE JIETKO yeTpansercs, B camom nene, Gynem paccmar-
PHBATE I KauecTBe /-r0 HabMOMeHHs 3anucuMoi ¥ u ODBSICHSTIOIINY
MepeMeHHbIX X (j=1..,p) HOpPMHUpPpOBaHHL e mo o, Mepe-
MEHHLIE, T, €, '

£=Ylo), V;=X,lo, i=1,.

Toraa monens (7.25) npumer su:

I
Z;=PBo+ ZE'J'VL:' + Vi,
A=l

rae fo =0y /o, vi= gjfo;.

Ouepnano, nncnepcus Div)=1, 1. e. monens (7.27) TOMOCKENAC-
THYHA. [Ipy 5TOM Kosapuaumouxas MATPHIIA }:tﬂ CTAHOBMTCH
COMHMYHON, a caMa Mofenb (7.27) — KiaccHyeckois.

[puMenss K nuueliHolt perpeccHonHOl Monenu (7.25) Teopemy

AliTrena (§ 7.2), HanbGonee athbexTHr
& T HOH ougHKOH BexTopa -
eTca oueHka (7.7): BeP-

H,

o]

=

(7.27)

b =(x'@xY'xqr. (7.28)

HpumeHc}m-:E thopmynst (7.28) ana oTmickaHug napaMerpa
T. €, qﬁaﬁmm:ﬁm Memod nausmensuux keadpamoe das modery ¢ aeme:
Pockedacniumnocmeio, KOTIa KOBAPHALMOHHAS MATPHIIA BO3MYILEHWH
> =0 ecTh IMaroHanbHasn Matpuua (7.26), wasseaemca essemten-
HOLM Memodoy naumenviuux keadpamos.

[Mpumensa ofnumsii meton HaUMEHBIIUX kBanpaTor (§ 4.2), He-
H3BECTHBIE MAPAMETPBl PErPECCHOHHON Monetu HAXOUM, MHH:TMH-

SUPYA OCTATOYHYIO CYMMY KBampartor S :e’e:i( Vi — y,-}z, HCTIONT B~
. =]

3ya obobwennsi Meton (§ 7.2), — MUHHMH3MPYS S =e'0)-le, u, Ha-

KOHEIL, B YACTHOM CIy9ae, NPHMCHSS @38etentbil METO HRHM"E!HI-.-

IIHX KBANPATOB, — MHHUMMIHPYH _5'='2£:J L(_;,f — )z

=l ¥
«B3RelnBasy» kaxawii ocratok & = ¥; — )y ¢ MOMOLILK Kohdm-

uueHTa 1/o;, MB goBMEBacMes PAGHOMEPHOZ0 BRIG0G OCTATKOR B 06-
LYK CYMMY, MTO MIPUBOMHT B KOHEYHOM CUCTE K NoTy4eHUD HaubBo-
nee 3hheKTHBHBIX olleHoK MAPAMETROL MOTETH,
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T

Ha nmpaxTvke, 0iHaKo, 3HAYEHUS o) NOYTH HHKOTIA He DRIBAIT H3-
pecTHbl. B 3ToM ciydae NP HaXOXISHMM [EPEMCHHBIX B (hopmyie
(7.27) 30aUeHM o; CISLYET 3AMCHHTE MX COCTONTENLHBIMH OLIEHKAMK &,

Ecmi uexomute w3 npemmonokedus (7.20), To COCTOATENEHBIMH
OUEHKAME o7 fRAsiOTCA OBLACHEHHHE (IPOTHOZHBIC) 3HAYEHUs &}
perpeccuu (7.21).

OiieHka [APAMETPOR PETPECCHOHHONR MOOETH BIBELICHHBIM Me-
TOOOM HaMMEHLIWHY KBAIPATOR PealHI0BAHA E DOTBUIMHCTBE KOM-
NROTePHEY maketon. [loKakeM ee nmposeneHye NpH MCTIONBEIOBAHHN
maketa « Econometric Viewss,

CHauyana Cnenyer TPHMEHHTE ODBYMHBIA METOI HAWMEHBIIHX
KBAIPaTOR K Momems (7.25), aareM Hago HaiiTH perpeccHio KBaapa-
TOE OCTATKOE HA KBaOpaTHYHBE (DYHKLHH PeTPeccopoB, T. ¢, HAHTH
yparHeHWe perpeccHM (7.21), roe f — kBamparWuHan yHKUMA, ap-
MYMeHTAMHY KOTOROH SABMAKTCA KBAIPATLL 3IHAYCHHE pPerpeccopob W
Hx TonapHele nponsseaednd, [locne wero caelyeT BRIYMCIMTE Npo-

FHO3HBIE 3HAYEHHS & [0 NOMYUSHHOMY VPABHCHHMI) DErpeccH M
MoAy4HTEL Habop pecos (eweight): &, =,[é}. 3aTeM Hamo BBECTH HO-
BRE TepeMeHHBIE X, =X, f&,.{;&l,,..,p}, Y, =Y /6, W naiitu

vpapHeHue Y, =X.b. [llonyuennad npd 3TOM oueHEa & M ecTh
OIEHKD BIBEIICHHOTO METOHa HaMMeHBINMX KBANPATOR MCXOLHOIO
vpasHeHu# (7.25),

P Hpumep 7.4. Mo ganubeiM npuMepa 7.1 OUgHHTL NAPAMETDEI
PErpeCCHOHHON ModenH Y mo A) M A5 B3BCIICHHBIM METOAOM HAau-

MEHBIIHY KBAIDATOB.
FPewedne BapuMepe 7.2 K Moneny 0BT IpuMeHeH ODBMHEI

METON HAMMCHBITHX KBagpaTok, [IpH 3ToM nojy4eH pai OCTATKOR e;,
OHieHHM TCMEPh PErpeccHio BHIa

e =Ya +x] Y2+
[prseHan oBLMHBIA METON HAMMEHLUIHY KRAIPATOB, TONYYHM
ypaBHEHHE '
el =3,6+03x% +0,1x3 +0,05x,x,.
(0.1) (0,07) (0,1)

U 3nece w nanee o cxoBrax non xodhhHUNCHTAMK PETPECCHH VKAIBIBAKYTCA MX Cped-
1IHE KREVTPETHUCCENS (STAHTAPTHRE ) OTRIOHEHHA.
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I npyMeHEeHra BIBENICHHOTO METOAA HAMMEHBIIMY KBAIPaTOD
PACCMOTPUM BENMYHHBL (0, = 1,_."'5,-5 H BEEICM HOBLE MCpeMeHiibe

Ouenupan perpecero ¥, mo X, 0 X, DOTyIacM ypabHeHWe:

V. =—0,21+3,58x, +0,53x.,,
(2,18) (0L38) (0,08)
UYTD M AT HAM OUICHKH BIBENICHHOMO MeTOma HaWMCHLIITHX KH&JI'[JH"I"DB.
Ecnu npuMeHuTs Teer YaiiTa K nocnefHeMy VPABHEHHIO, TIONyIHM
F=076< Fgs.004» = 3,00, OTKyna Cleayer, 4TO TreTCpPOCKEnacTHY-
HOCTE MOMHO CHMTATE yeTpateHHoi, P

Ha npakTke TpOLEnypa VCTPAHEHHS reTepoCKeIacTHUHOCTH MO-
KET TIPEACTABAATE TEXHMYECKUE TPYIHOCTH. e B TOM, 410 PEAILHO

i thopsynax (7.26) UpHSYTCTRVIOT HE CAMMH CTAHAAPTHHE OTKIOHEHUS .

OHBOK perpecciy, a WUk MX OSHEH. A 9TO IHAYTHT, UTO MOISIL
(7.27) BoBRCe He ODH3ATEILHO OKAKETCH FOMOCKETACTHYHOM.

IMpuauie 37000 oUcsUARLL. Bo-Nepaeix, JaleKo He BCETHA OKa-
SLIBACTCS CHPABCIUIMERIM caMo npeinonoxedue (7.21) wau (7.23).
Bo-sropeix, dwvHkumsa f 8 dopmyae (7.21) wi (7.23), soodiue ropo-
pa, He obH3aTeNLHO cTeneHHas (W v Tem O0lee, He 0DAZATENLIG
KEAIPATHYHAR ), M B 3T0M Clydae c¢ noadop MOmeT OKazaThox gane-
KD He CTOJIkL NMPOCThIM,

Hpyrim HEJOCTATKOM TecToB Yaiita n Mefizepa senderca vo,
uTO (hakKT HEBBIMATSHUH MMM TeTCPOCKCIACTHYHOCTH, BoDDWE TORD-
pA, He O3HAYACT e OTCVTCTL WA B caMomM nene, nNpHHHMAanN
THIIOTE3Y Hy, MLl MPHHHMAEM THLIL TOT (DaKT, UTO OTCVICTEVET OM-
PEAENeHHONO BHAA 3ABWCHMOCTE SHCTICpeHii obor perpecchu oT
IHAMEHUH perpeccopon.

Tak, eclid NpHMEHWTE K PACCMATPHBAEMON palee MOIeTH 3aBH-
cuMocTd aoxona ¥ oot paspaga X RIBCLUSHHEH MOTOM HAMMCHBLIITX
KB4APATOR, MCMONLIYA ypasHenue (7.23) ¢ nuHCHHOR (yHKuMeR f
TO TOAVUMM ypagHeHue ¥ =19047+350.6x ¥ kosdupuuueHT netep-
suHaumu R = 0,94,

Ecid Tenepkh HenonbioraTh TecT [nefzepd A NPoBepKM OTeyT-
CTBHA (ETEROCKETACTHYHOCTH «B3REIIEHHOIDs YPARHSHMN, TO COOT-
BETCTRYIONIAN TMIIOTEIA NOATREPAMTCS.
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OnHako, eciy 1A 3TOH Xe Nea NpHMEeHHTh tecT [onndenna—

33 0 L
K RAHTA, TO [OIYIuM: P & = 26,49, Zﬁeﬁ = 49,03, F= 1,85
i=| frery

CpaBHHBanA ¢ Fypsaz32=1,84, AcnacM BRIBOA O 'rmt,ltrm Ha 5?{':-—1 :E
VPOBHE 3HATHMOCTH THIIOTE3A 0f OTCYTCTRMH TeTEpPOCKEIACTH anKH
BCe e OTBEPracTCd, XOTA M BRIYMCIEHHOE apauete F-oTarHeT

DUTH: ATHUSCKOMY.
O“E]I{Z)barljl‘a]i;}.m;;;g}ecnm ¢ [OMOLIBIO B3BEIIEHHOTO Mf&-'l"(fl..'.lﬂ HAW-
MEeHBIIHX KBAIpATOR HE YA4e1cd YCTPaHuTh reTepoCKelacTHIHOCT,
KOBAPHAIIMOHHAR MATPHUA Z,?. QUEHOK [ApaMeTPOB PErpeccHy [

BCE KE MESKeT DulTL COCTOATCIBHA OUEHEHL [uaucr:ummf, uTo HMZP:. -
HO HECOCTOATEALHOCTE CTAHAAPTHOW OUCHKH QHCTIEpcHH M Kp b
pHanuit B HBIACTCH HauDOIEE HETIPHATHLIM NOCTEOCTRHEM 1:‘E_‘[f:[2\10—
CKEeMACTHYHOCTH, B PEIYIBTATE KOTOPOIO uxasblﬁa}qjasa HEJ]ULH_:;‘L‘;];_
HEIMK PE3YALTATH TECTHROBAHMA ocHOBHEIX THroTes). CooTB
ByI0LIAs OLEHKL HMEET BHIL
g k'
A | = :
-1 s #
Y = al XX V| =Y e xf }{XX] :
i M =1
CradaapTible OTEAOHEHHA, BEIMMC/ICHHBIE MO ITON (hOpPMYIE,
HLLIBAIOTCS CmandapmubMu owubicamy & gopae Yaima. g
Tak, [T pacCMATPHBAEMOTO TIPHMEDE :saani:mrmcm au;i%ga v
paspsaa X crapiapTHasd ommbka B dhopMe YaHTa pasHa 2,87, uME_
RpeMi KAk CC 3HAUSHME, PACCYMTAHHOE € TIOMOIIBIO 0OBIYHOTC
rofa HAMMEHEBIINY KBALpaTos, PapHo 2.96.

7'6. ABTOKOpPENaUMs OCTATKOB BPEMEHHOTO paaa.
MoOnOXMUTENLHOA W OTPULATENLHAS QBTOKORPENALMA

PaccmMOTPHM PETPECCHOHHYI0 MOIACIb gpemeno2y | DUnaMuHecKo-
! E'?!?S[.]HR{)‘IBHH{JCTI: HABMIOAeHWH ORASLIBACTCH cyfluecrrueru:?;m 1;
TOM €Y4ae, CCAH MPOCeXHBASTCH MEXAHHIM R_."]HHHHH pmﬂa—mma-
MpeabUIYUTHN wabneuii Ha pesynhTaThl Ifluculcwmmﬁx. : o
THMECKH 3TO BHIpaXAeTcs B TOM, HTO CIYTARHbLE BC,'TI"I‘-EHHI:!.?.I, B :
pecCHOHHOH MOACHH HE GrasMBapTCA He3aBH

C W MBl MM, B HACTHOCTH, YCIOBHC r{;:,-,s,-)z[] HE BREITIOTHASTCH.

Takue MOICIH HAIBIEAKTCH Modeaamu ¢ HOIMHUEEM uﬁmmmppmmguu
(cepuaasroi xoppeisiiy). Ha MPAKTHEE MMH OKA3RIBAKTCH MMENHO
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BPCMEHHDBIC DAL (HATOMIMM, YTO B CITYYAS NMPOCTPAHCTREHHON Bhi-

DOPKM OTCYTCTBME ABTOKOPPCIHIMH NOCT YA KU p VeTea.
PAcCcMOTPHM B Ka4eCcTRe NpUMEpa BpeMetHoH pa M — psa Mo-

CAEMOBATENBHLIX 3HAYCHMIT Kypoa HeHHoi 6vvary A, HadlonaenMbey

B MOMEHTBE ppeMedt 1, ..., 100, Pesynetatel Habmosesuil rpachuye-
CKH H30DpaxeHsl HA pue, 7.3

A, vea.
el
G004
kil
400 L - ;
] 20 4l all 80 10
Puc, 7.3

OueBnaHo, KYPe HEHHOH GyMarn 4 UMeeT TCHASHLMIO K POCTY,
NTO MOZKHO NPOCTCINTE Ha IpadmEe.

OueHHBas 0DLMHEIM METOIOM HAUMEHBITHX KBAIDATOR 3ABHCH-
MOCTE KYPCd OT lomepa nabmioacHui (T, e. 0T BpeMeHm), TIONYTHM
CACAVHIITHG PE3VILTATH!

¥, =490,4247 + 07527 R? = 0,17, (7.29)
(9.85) {0,17)

Hackoneko noctosepusl v ypasiedna? OUEBHIHO. COTECTBCH-
HO MPCLIONOKNTE, YTO PEIVALTATE NPENBAYLIMY TOPrOB OKA3RIBAIOT
WIMAHHE Hd PEIVILTATEL MOCISTVIOWINY, £CIM B KAKOH-TO MOMeHT
K¥YPC OKdKETCH 3dBBILIEHHBIM IO CPABHEHHI) € PEWTRHBIM, TO CKO-
pee BCLTO OH OYACT 34BBILECH HA CHEIVIOWIMX TOPrax, T. €. HMeeT
MECTO HadoMCi e Thiri R CHER ORI LT,

I'pagitiecku MONOAMTEILHAS ABTOKOPPIAIMS BRIPAKASTCS B HEpE-
AOBANKM 3011, TI¢ HADTIOACMEIE 3HAMEHMA OKA3IBIIOTCH BEILC OFRIC-
HEHUBIX (TIPEACKASAHHEIX), H 30H, 118 HaliIONAeMble THAYEHMWS HixKe,

Tag, na pue. 7.4 npeacrasnens rpadiuky HabIIOMAEMBIX 3HAYC-
HUH y; M OGBHCHEHHEIX, CIILKEHILIX T,
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Omplegamebias aemoKoppeiiyia BCTPEYAcTCs B Tex cnryaaxm Ef{:
Fia HABMIONCHHS AEHCTEVIOT IPYT Ha APYTa 1O NPHHLIHITY «MasTt
ki — JARBILISHHLIE 3HAYSCHHUA B NPSILUIVIIIY Haﬁnm,rmmmlx mpH-
ROAAT K 3AHHAEHHIO MX B HADMIOAEHMAX nuc_uE,rmomwx; [jpd(l]l’]'-ic:
CKH 3TO BRIPLKAETCA B TOM, MTO PesyJILTATh HADJHACHMH }IFHQCRHE-J?H
KOM YACTO» «TIEPECKAKHEANT Yeped ijiil]MK OBBACHEHHOH vact
7. TpumepHoe NOBEIeHHE TPMpHKA HADMIONAEMBIX JHAMCHHE Bpe

MCHHOPG pajia u30BpakeHo Ha pHc. 7.5

700

B

500

o 0 20 40 60 it 100
Puc. 7.4

Puc. 7.5

Kak w B ciydac mroboil ofo0weHHO mmm”, 11H0>Kec'rue|g;?iﬁ_1
PETPECCHM, METOA HAMMCHBITTMX KBALPATOB NPH chmqm:t :Tgﬂpﬂyfr o
POBAHHOCTH OWHGOK PErPECCHH MIAeT HECMELUCHHBE W €O ke
Hbte (XOTs, pasymeercsd, HeaupCKTHBHBE) OUEHKH goatdiim

169

T $ |




PETPECCHH, OIHAKO, KAK yke OGN0 OTMEYEHO BBIE, OLCHKH Hx
AUCTIEPCHI HECOCTOATENLHEBIC M CMCLUEHHBIC (KaK npaeuno, B cro-
POHY JAHHKCHHUSA), T. €. Pe3YNbTATHI TECTHPORANMS THIOTeS OKa3h1-
BAIOTCA HENOCTOBEPHBIMH.

7.7. AsToperpeccus nepsoro nopagka.
Cratneruka Japbuna—Yorcong

Kaxk TIPABKIG, eCOH  aBTOKOPPET LM NPHCYTCTBYET, TO HawM-
Boblee BIMAHHE Ha NOCACOYIOMES HabloIeHHe OKa3bpaeT pe-
IYNLTAT Npenblayiiers Habmone . Tak, nanpumep, ecnu PACCMaAT-
PHBACTCH DAL 3HAYCHMH Kypea Kakoii-nnGo wLeHHo tyMaru, TO,
UHCEHAHO, HMEHHO PE3VIBTAT TOCHETHUX TOPTOE CIYMKHUT OTHPABHOH
TOYKOH 115 hopMupoBama K¥pCd Ha CAemyloWMy Toprax,

CHTYallls, KOIda Ha aHavcHue HabmOACHHSA ¥, OKA3bIBAeT OC-
HOBHOC BAMAHME He PEIVALTAT Yr-1, @ Donee panHHe JHAYEHUWA, gB-
JBICTCH TOCTATONNO pedkod. Yawe peero MpH 3TOM BAIHAHKME HOCMT
CE3OMHBIH (LIMKIHYECKHT) NAPAKTED, — HANPUMEDP, Ha 3uaueHue Y,
ORKAILIBACT HAHOOMLIICE BIMANINE Y, -, ecTH HADMTIONEHHA OCYILECTR-
JAHIOTES CKETHEBHO W MMEIOT HENEABHEI HHKL (Hanpumep, cBop
Kunotearpa). B atom cayuae moxao COCTARBMTL PSRl HaGII0mMe HI T
OTACTBHO MO cybBoTaM, BOCKpECEHRAM M Tak AATCE, MOCHe Yero
HauBoiiee CHiILHAs KOPPCHALHA DVAST HabIHoIaThey MERIY COCCI-
HHMH YWieHaMM.

Takum 0bpaioM, oTcyTcTBHe KOPPETALHH  MERTY COCETHMMH
HIEHaMy CINYAEHT AOPOIMHM QCHOBAHHEM CHUHTATE, MTO KOpReIAanmMa
OUTCYTCTRYCT B 1IENOM, W OORMHLIH METOL HAMMCHBLUTHX KBAAPATOR
AAET ANCKBATHRIC M 3QpeKTHEI bIE PCAVIRETATLI.

Teer Mapuna—Yorcona, Dot NPOCTOH Kpumepui (mecm) onpe-
ACTHET HUIMYHE ABTOKOPPENSALMHE MEX/Y COCETHHMM YNEHAMH.

Teer Mapbuna—Yorecona ocHopaw Ha NpOCTO# Hiee: ecin Kop-
PCARIIMA ONIMBOK PEIPECCHM HE pasHa HYIH0, TO OHA NPHCYTCTRYET
H B OCTATKaX Perpeccum e, MOoMy4aIIHXes & pesyarTaTe npuMeHe-
HUA OGLIYHOTO METONA HAMMEHBILNX KBanpaton. B tecre Jap6una—
YoTcoHa s olueHKy Koppensiziy HCTIONLIYVETCH CTATHCTHEA BHIA

L

2le —e_ )

daizl _
26

=l
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HecnomHee BRMACIEHUS 1O3BOAAIOT TPOBEPHTE, YTC CTATHCTH-
ki Hdaptuna—Yorcona crneayiownmg ofpazosM CBI3aHA ¢ BHE!GDGIT—
HeM KoM OUUIHEHTOM KOPPemILMH  MEKILY COCSIHHMHM Habmione-
HHAAMM,

d= 2{1—r). (7.30)

B camom nenc

T [l il L
i{gr —& 1}2 Z':?r3 'E'ZE.;-I - EZE’:E:-j
:]F = =2 = =2 =2 1=3 P

L I 7
el b
1=l =1

Ll

n i M
FR R < O S N _ — ;
> el —¢ +Zer el ZZzeIe,_] é O] ol
fal = 1= = 5
= n i H
2 2
p 3 e e
i=] =1 =1

2 2 AT i
MMpw Bonpnom uucte HabmooeHWH # cyMMa ¢f +¢ aHauYMTElb

=2/1-

N
2
HO MEHLLIE ZE; H

=1

o ™
Zf‘-'r €1

d=2 -5 ; (7.300)
>
1=l

OTKYAA M CHeayer NpudiikeHHoe pareHCTRO (7.30), Tak Kak B cHy

z
venosus ) e =10
S

I
LE.'E.I—I
p=2

=2
p
=1
EcTeCTECHHD, UTO B COyHae OTCYTCTEHA ABTOKOPPRENsINK BLIDo-
POUHEBR Ko3fhHIHeHT » OKamercd He CHIBHO orﬂwtiamlllgnt?ﬂ ET
HyiH, a 3HauYe¢HMe CTATHCTHKM o Oyner DUMIKO K AEvM. bBansocrsb
HADMIONACMOTO IHAYEHMA K HYIIO OOCAHA 03HaYaTh HaanMe ncm.u-
AUTEALHOH ABTOKOPPEAMIINH, K HeTLpeM — OTPHUATETEHON, Xu.1.e—
JN0Ch 0Ll MOIYYHTE COOTRETCTEYIOWIME MOPOTOBLIC 3HAYEHMS, KOTO-
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PEIE NPHCYTCTEVIOT B CTATHCTHYSCKMX EpuTepuax 1 aubo NO3BOTAIOT

MPHHATE FHIOTE3Y, NHOO 3aCTARNSIOT ee OTBCPIHYTE (cM, § 2.8), K
COKANCHHIO, ONHAKO, TAKHE NOPOTOBLIE (KPHTHYECKHE) 3HAYCHMs
OMHO3HAYHO YKA3aTh HEBOIMOXKHO,

Tect Japbuna—Yorcoua MMEET OIHH CYLUECTBEHHLL HEAOCTATOK —
PACTIDLAENCHHE CTATUCTHEM  3aBMCHT He TWILKO OT 4ucTa Habmmo-
NMeHMH, HO B OT 3naveHui perpeccopos A (=1, ..., p). Bro o3Haua-
T, YTD mecm ﬂapfiwm—ymnmﬁa, BOODILE rOBOpH, He npedemasigem
coboit emamucruseckul KPUMepui, B TOM CMBICIC, 4T HeNb3s Yka-
34Th KPUTHYCCKYIO 0f/1acTh, KOTOpas Mo3BoNsia OBl OTBEPrHYTHL TH-
noTesy ob OTCYTCTBHK KOPPCIAIHH, ecTH OBl OKasanoch, uTo B Ity
0bnacTs nonato HaGroaeMoe 3HAMEHHE CTATHCTHKH o

Onnako cywecteyior ama NOPOTOBLIX SHAYEHMH d, U d,, 3aBncs-
HWHE TOMbEKO OT YHCIa HaBaKIeH i, YHCAA PErpeccopos M vpoR-
HA SHANHMOCTH, TakMe, YTO BEITOTHAIOTCS CNEMVIOUIME YCIORMA,

Ecmu daktiueckn nabnonsemoe sHaYeHue o

a) dy< d < 4=d, 1o runoTesa ob oTCYTCTEBMM ABTOKOPPETALIHK
He OTBepraeTcs (MpUHMMaeTCs):

6) dy< d <d, unn 4 — gy d < 4
HIH [PHHATHM THNOTESL OCTAeTCes
TEHHOCTH KpUTepua);

g) 0 <d< thy, TO IpUHMMaeTCs WIBTEPHATHBHAA THIIOTE3d O To-
JOKHTENBHON ABTOKOPPETTIHY:

2) d—dy< d < 4, 10 MPHHUMACTCH ANLTEPHATHBHAN MMNIOTEa OF
OTPUNATENLHOH aBTOKOPPENsLIMH,

M306pa3uM pesvisTar Hapduna—Yorcona Ipaiyecky;

—dy, TO BOTIpOC 06 OTBEAHEHHH
OTKPBITLIM (ODIaCTE HEeoTpere-

#, omnepra- 3oma Jokia #, orsepra-
ETCA (TI00- Hl:.t’nﬂ[;t}— H, npunnsaeTen Heonpe- CTCH (OTpHL-
HHTEbHAA el (uTCyYTCTEHE Bty TEALMAH
ABTOR- fiet ABTORUDRENALHH) ’HDm{ AHTOKOR-
_ penaua) _ peaAHsE) <
- - - - b o N
d, d, 2 4—d 4= 4 d
Puc. 7.4

A d-cratuctvrm HajiieHy BEDXHAN dy M HWKUAS dyy rpaHMR
Ha YPOBHSIX 3HauMMocTh a = 0,01; 0,025 1 0,05.

B rafin. V npunoxenuii TIPMBENCHB] 3HAYCHUA CTATHCTHK o, M iy
kputepus Hapbuua—VYorcona na YPOBHE 3HaYuMOCTH o = 0,03,

Henocratramu Kputepus [lapbuna—Yorcona apasercy HaTHYKe
OBIaCTH HeonpeaeneHHOCTH KPHTEPHA, 4 TAaKKe TO, MTO KPHUTHUE-
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CKHE 3HAUEHMH @-CTATHCTHKM ONpPefeneHsl Ui obLeMoB BRIGOPKH
He mMeHee 15, Tem He smenee Tect Japbupa—Yorcoua ABAeTCH HAM-
fonee ynoTpednaeMEIM.

P TIpumep 7.5. Brieuth Ha ypoBHe 3HaummocTd 0,05 naimuue
ARTOKOPPENALHH BOIMYUWIEHHH A8 BPEMCHHOTO PANA J; NO JAHHBIM

aba. 6.1. _ ,
' Pemenwne B npumepe 6.2 noaydeHo YpABHEHHE TPeHIa

v, = 181,32 + 25,6797 (en.). B Tabn. 7.1 npuBeneH pacueT CyMM, He-
OBXOIMMEIX IS BRIMHMCICHUA (-CTATHCTHEM.

Tatbawua 7.1

]
f | W ¥, &= F—¥% B 8 8 L
= 6.0
070 6.0 — 36,
é ?'ﬁ 22,7 617 6.0 370.2 3806,9
3 291 258,4 32,6 —61,7 ~2011,4 quz.z
4 309 2440 25,0 32,6 15,0 5,5.3
7.3 25.0 182,5 53,
5 317 309,7 . 2 33
6 162 3354 2.6 7 1942 X
' = ' —268.7 102.0
7 151 61,1 10,1 26,6 :
g 6] 386.8 —25.8 ~10,1 260.6 665.6
H#
' Z — — = —1198.0 7059,2
" B J
' =l

Teneps no Gopmyae (7.30') craTHeTHEa

d = 2(1+1198,0/7059,2)=2,34.

[Mo Taba. V npwiokeHud npu n=13 Kpmuq&cmer JHEi'-!rﬂl:Ii
dy=1,08; d,=1,36, 1. e. hakTHYeCKN HailnenHoe d=2,34 deu},?;a mn ;
npegenax or d, mo 4—dy, (1,36 < 4< 2,64). Kak yxe oTMeue : {i‘—
< 15 KPUTHYECKHX 3HAMeHHHA d-CTATHCTHKH B TADJIHIE HET, HO C)
5 IO TEHICHIHH MX HIMEHEHMI ¢ YMEHBIIEHMEM 7, MOKHO n[ffgu
JATaTh, 4T0 HANICHHOE 3HAUSHME OCTAHETCA B HHTB]JBB:JI{: (dy; ;{;
T. &, I8 PacCMATPHBAEMOTO BPeMEHHOTo pPAma Crnpoca Ha YpoB
sHauuMocT (1,05 runoteza ob oTCYTCTEMH ARTOKOPRENHLHM BO3MY-
(IeHKIT He oTBepraerca (MpHHUMaeTca), P

[py HCHONLIOBAHMH KOMIBLIOTEPIULIX PETPECCHOHHBIY TAKETOR

' B yE-

3HayeHue cTaTHCTHEM Japbuna—YoTcoHa NPMBOIMTCH ABTOMATHYE
CKH IIpH OUSHHUBAHHMH MOOEMH METOIOM HAMMEHRIIINX KHMP&TGB.
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Bepremcss K paccMorpeHHOMY B § 7.6 npuMepy zaBHCHMOCTH
Kypca LeHHOH ByMarn 4 oT BpeMenmn. 371eCh CTATHCTHEA Hapbuna—
Yorcona o = (0,993, T. ¢. MeHblie enunuiel, Takoe HHIKOE 2e 3Ha-
HEHHE BRIARIAET HATHHMWE MONOXKHTCNRHON KOPPe i MERIY Co-
CEMIUMM HabMIONeHHIMH. 3aMeTHM, 9T0 TAKOH BBIGOI MpeACKA3bI-
Banca HaMu B § 7.6 Ha OCHOBAHWH IKOHOMMUSCKUX cnoﬁpamemﬁ

7.8. TecTsl Ha HaNWuMe aBTOKOPPENALMN

Cratnernka JapGuna—Yorcona. Des3venoRHO, dBTAeTCH Hanbo-
JIEE BAKHBIM MHIHKATOPOM HATUYUH ARTOKOPPEISIE, OTHAKO. KAk
¥YEe OTMCUATOCh, TECT Uﬁ.‘]aﬂ.ﬁﬂ']' H ONPEACNeHHEIMK HedoUTATEAMM.
DT0 M HaTH4ME 30UBI HCONPEACIEHHOCTH, M OrPAHHMEHHOCTE Po-
IYALTATA (BRIBIACTCH NHITE KOPPESILNI MEATY COC e U HH M |
wiieHaMM). Huuero iennsa ckazats 1 o XApuKTepe HRTOKt}m)EﬂHII;iH

370 MPUBOIHT K HEODXOAMMOCTH HCMOMBIORATE TAKES W ﬂ.p’)’l'r::e
TCCTHI HA HATHY MHe ABTOKODPCIATIMH, Bo BCCX 3THX TECTAX B KausoT-
Be OCHOBHOH rumoTesst [y hmrypupyer runotesa of oTevTeTsuy ap-
TOKOPPEALIHM. ,

HekoTopeic u3 3THX TeCTOB MBI PACCMOTPHM B TaHHOM naparpadhe.

_ TLTT_CEpHﬁ (bpeywa—Toadpn). Tect ocuopan ua CHEIyIoIe i
HIEE: CCilM MMEETCA KOPPCIALMA MEXAY COCENHMMM 11aBTH0NeH s~
MH, TO eCTCCTHEHHD QFMIATE, ITO B VRABHEHHH

; (7.31)

(e € — OCTATKM PCIPEcCHH, MOMYYEHHBIE OBBIHLIM METOIOM HAM-
MCHBIIHX KBAIpaTOR), KOZQMUIMCHT p OKAKETCH 3HAMMMO OT1H-
YAIOTIHMCS OT Hynd, _

3ameTum, uto vpaeienuwe (7.31) apngercs ABTOPETPLCCHOHH LIM
YPaBHEHHEM TICPBOTO NoOpanka (cM. § 6.5).

[MTpakTHYcCKOE NPUMEHEHWE TecTa 3aKTIOYAETCS I OUEHHBAHHMH
METONOM l}‘an MEHLITMX KBaapator perpeccy (7.31) (HanomuumM, uro
BPEMEHHOH DAL €, NPECTABIAET PAN ¢, CO CIRHIOM N0 npemcHL Ha
CAMHMLLY! KOMITRIOTEPHRBIC PETPECCHOHHBIE TTAKETH HMEIOT KoMaHmy
KOTOpast hopMupyeT IO naHHOMY BPEMEHHOMY Dly €, Dol e,_;} ’

Llpcnmynmc'nm TecTa bpeyvina—Tondpu no cparHenno ¢ -récmm
Hapbuna—Yorcona sakmiouaetcs w MCPBYH OUEPEIh B TOM, MTO OH
NMPOBEPACTCH € MOMOIILID CTATHCTHYECKOT O K-i';}'j'l'f.‘,—
PH A, MeRIY TEM Kak TecT Japbuua—Yorcona COTASPAMT 30MY HE-

g =pg_ tv s i=1, an
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ONpeleNeHHOCTH U1 3HaUeHHH CTATHCTHRK . IpyrusM npenMyLLe-
CTROM TECTd ABANETCH BO3MOXHOCTL ODODIIEHMA: B YMC/I0 PErPecco-
poB MOIYT GBITh BKTIOUEHB HC TOARKO OCTATEM C JIATOM l, HO M ¢
garoM 2, 3 T L, YTO TIO3BOMHAET BLIABUTL KOPPEAHLUIO HE TOMLKO
MERILY COCEBOHHMH, HO H MEARILY bonee OTITEHHBIMH HaGmHIeHHHMH,

BepHemMcs K NpMMEPY 3aBHCHMOCTH KYpPCA LEHHOH DyMard A or
BPEMCHH W [IPHMEHHM TECT CePHH bpeyma—[oabpy.

PaceMoTpuM  ABTOPETPECCHONHYK) 3ABHCHMOCTE OCTATKOB OT HX
HPEIBIIVIITHY 3HAYEHHHA, MCTONEYs ABTOPETPECCHOHHYIO MONEThR p-10
nopaaka AR(p). [puMeHAsS MeTO HAMMCHBIIMY KEAIPATOR, MOTY-
MM CACIYIOUIES VPABHCHHE!

¢, =0,56e,_, —0,12¢ »
(00)  (0.12)

Kak BUIHO, SHATHMBIM DKAIRIBACTCH TONBKO PErpeccopn €, T. &
CHYIMECTREHHOE BIWAHKE Ha pe'_s‘_-r.'lb’l“{ﬂ Habmomema &, OREAILIBACT
TOABKO OMHO NpeALLIyInee 3HaueHMe €. [TonoKUTCIBHOCTE OLeH-
KM COOTBETCTEYIONETD KoadihuiMenTa perpeccuy YRAILIRACT Ha [0~
ACKHTETRHYIO KOPPETALMI0 MEXKIY OLNOKAMH PErpecciu & W & . K
TakOoMY KT BRIBOLY I]{}HBO,[LHT W OIHAMEHHE CTATHCTHERH ﬂ,ﬁ])EHHH—
Yoreona, nonyuensoe o § 7.7,

B GOIBIIMHCTEE COBPEMCHHBIN KOMIILIOTCPHRIX MAKETOB (Hampu-
vep, &« Econometric Viewss) TPUMEHEHHE TCCTA CeEpHI OCYLLECTRIHA-
eTCH CHEUMAIBHON KOMaHUOH, M HeT HeoOXomMMocTH OLCHHBATH

perpecerio THna (7.29) HenocpeacTREHHO.

ﬂ.__l:.] |E"-I__'_\_.

7.32
(0,10) (732

Q-teer Jlponnra—Bokea, TecT OCHOBAH 1A PACCMOTPEHMM Bbl-
BOPOHHBIX ARTOKOPPENAIMOHHON M) H YACTHOH ABTOKODPETHIHOH-
HOM Fyacr() yHKIME BpemeniHoro paaa (em. § 6.2).

Feau pad cmauuosaprbid, TO, KaK MOXHO 10K33aTh, BAOpoY R bl
wacmie  Koxhduyuenm  Koppeaii Faerd p) cognadaem ¢ OUERKON
GBRIEHO0 MERIOD HAUMEHMWUX Kaadpamos koapiunuenma iy & demo-

pezpeccuonnon modean AR(pP):
¥ =Bo+ B+t B, T8

3710 VTREPAIACTIHG TEWHT B ODCHOBES BRISTHCHCHHA IHAMEHHE YacT-

1O ABTOKOPPEIALHOHHOH yHKLHH.
KoMMBIOTEPHBIC PETPECCHOHNLIC TAKETED NPEAYCMATPHBAIOT BO3-
MOMEHOCTE ¢ TTOMOTIL CTCLIMATEHOH KOMaHIE NoaydaTh 119 JTaH-
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HOTO BPEMEHHOTO paga BRIOOPOMHLIE aRTOKOPPENSUHOHHBE dpyiik-
unn. HanoMmuamM, uro rpadms BRIDOPOMHON aBToKoppe/s ioHHO
(PYHKUMY  HaskIBaeTCA Kappeisveparmoi. Koppenorpavsva ssinsetcy
ORCTPO  yBRBaOIEH hyHKIMe. (Ecaw dopmansio nocrpoeirmas
KOPPEIOrpaMMa  He  YNOBIETEOPACT JTOMY CBOWCTBY, 370, CEOpee
BCETO, OZHAMAET, YTO Pl HA CAMOM JeJIe HEeCTALMOHA PHBIL)
Ouesmiio, ato B ciayuae OTCYTCTBHA ARTOKOPPETSIIHA Bee 3HA-
HEHHE ARTOKOPPEIHIHONHON (DYHKUMK PaBHLL HYMIO. PasyMeercs, ee
EHOOGPOYHWE 3adeHmus MT) OKEMKYTCH OTAMYHEIMH OT HYJTA,
HO B OTOM CAy4ae OTIHMUE HE [OJNKHO OBIThH CVILECTBEHHBIM. Ha
ITOH HACC OCHORAH ENIE OIHH TECT, NpoBepaowni ruaoTesy of of-
CYTCTBHH asrokoppelsim, — O-tect Nuwounra—Bokea,

Teer Jbtonnra—Bokea. CTatiernia Juonnra—Bokca MMeer sy

0, =nln+ EH.Ii rz[ﬂ.

.
LT

(7.33)

MoxHO ToKasdaTh, Y4TO ecin BCpHA FHMoTesa My o pareHoTBe Hy-
T Beex KoauhHUMCHTOR Koppenatinu plee, ), rae = l,..., p, TO

CTATUCTHKA (), MMCeT pacnpeteneHue 2 ¢ p creneHsIMu CBODOIRL,

4 [Ipumep 7.6. [posepurs, runotresy /ly ob oTeyTeTBUM aRTOKOD-
PEIALMK B MOIETH 34BMCHMOCTH KVDCA LIEHHOI oyMaru 4 oT Bpe-
MeHH { (§ 7.6).

Pewewnne 3Iuavenue d-crarucryiy Hapbuna—Yorcona,
APHMEPHO DABHOE EOHHMIE, TAeT OUCHKY Ko3(duiIHeHTA EOpPEna-
LMW MCHKAY & H e, T, ¢, /{1)=0,5.

Orciona no dopuyne (7.33)

100102 -0,25

h=——-—"""""-735314
a9 d

Tak kak dakTuueckoe 3naveHme CTATHCTHKH BOMLLUIE KPHUTHE-
CROTO ¥jiost = 3,84, To runotesa @) = () otsepraeTcs.

3aMETHM, YTo runoreaa (= 0 u runoresa p=0 0 pase ICTBE HYIIO
KOa(hHLMEHTA p B ypaBHEHHH (7.31) npeacrasnaior coboii 1o CYTH
OIHO W TO Ke YTBCPAUIEHHC 08 OTCYICTBHM aBroperpeceHm MEpROTD
nopanka. Peayabrar TecTHpoRaHHA 5THX THNOTES MOULKEH COBNANATE ¢
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BRIBOJOM, K KOTOPOMY MPHBOAMT 3HaudeHWe cTaTHCTHEW Japbuna—
Yoreoa.

BHMMCANTE «BPYYHYIO» 3HAYeHWe (J-CTATHCTHKH mpH prl, kak
NPABHID, JOCTATOMHO TPYIHO (HATOMHHM €IIe pas, uTo 3HaueHMe
CTATHCTHEN [TapbuHa—¥oTcoHa JaeT uHGOpMaMio Ik O 3Hade-
HUH ABTOKOPPETALHOHHOH (WHELUMH T e p RO T 0 TOPATKa), OmHa-
Ko, B DONBLILWLCTEG KOMIBIOTEMILIX NakeTos TecT JlsouHra—Bokca
BRITOIIACTCH CHCUMATBHOA KoMannoi, B «fconometric Viewss RRIIA-
NTCH  IHAUEHHS BRIDOPOSHOR ARTOKOPPensiiMoHHoi (M 1),
HACTHOH ARTOKOPPETALMOHHOH QVHKIHN A lt), 3HaueHns  (J-cra-
THeTHKM Jlbionira—bokea u seposrioctd P (Q > () ana Beex no-
paakos T 0T 1 1o HekoToporo p. HanpuMep, Tak BEIFHINT COOTBEETCT-
BYIOWIME  pe3yILTAT IS PACCMATPHBAEMOTD TIPHMEPA ZABHMCHMOCTH
Kypea LeHHo# GyMard A oT HoMepa Habmoneswmsa (Tabn, 7.2).

TatGawua 7.2

Ammowsppessionnag) facnias aemokoppe- CrRamucigs
frnsagus | asmgeonnag finkges | Terownea— boxea Bepoamuactin

T Flr) Fiaer LT) IQ,r. i l:':-_:-"> Q,'J}
I {1,498 1,498 25,5104 0,000
[ s 0,158 (1,120 27875 {1,000
3 0,024 — 0,045 27,937 {1.000
35 | —0,063 —0,052 58,423 0,008
a6 | 0,059 1,143 38,975 0,009

Kak BHOHO. BCE BEPOSTHOCTH, MPUESIEHHLE B crondUe 3, 1K
YPOBHA 3HAYMMOCTH, TAK YTO TUNOTE3R (L= () 0O OTCYTCTBHMEN aBTo-
ROPPETHNHH OTBEPIANYTCH. "

(.:J'[E_"JEIEM CUIHO CYVIHSCTRCHHOC 3aMeUaHHe. K[}HTHT-TECKHE FHAYE-
HHH 7L, CTATHCTHKH PACTYT ¢ yBenuuenweM p. Bennunun O, Taicke

PACTYT, HO, BOIMOMHO, MeateHHee. Takum obpaszos, dopManksHoe
npMMeHeHHe TecTa JIRoUHTa—bBoKCa MOKeT NpMDeCTH K Mapagok-
CANBHBIM, HA NepBRH B3MIam, BRIBOMAM. HANPUMED, OTRCPTACTCA TH-
notesa o0 OTCYTCTEMH ABTOKOPPENSIIMM NEPBOrO NOPALKA, HO HE
OTBEPracTea THITOTE3A 00 OTCYTCTEMH ABTOKOPPEIHIMH BOCX [TOpsl-
Kon a0 36-ro sonoadtensHo! Ha camos nege MPOTHEOPEYHS 3CCh
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HCT, — Db TOT (AKT, MTO MIOTEZA HE OTBEPraeTCs, He O3lauaer,
UTO OHil Ha caMoM Jeie BEDHA, — MOXKHO JHIIL YTREDETATL, HTO
ECIIH OHA BCPHA, TO HabmOJAacMbli PesyNLTAT BOIMOXKEH C BEpPOST-
HOCTBKY, DOMLIIEH, YEM YPOBCHE 3HAYUMOCTH, Bripouem, nonoBHoTO
poa CHTYALMH Ha NPaKTHKE BCTPEYAIOTCS JOCTATOUHO PEIKO.

/7.9. YcrpaHeHue aeTokoppensumu.
Mnentudmkaumus spemeHHoro paga

OnHEH 13 NPUMUH ABTOKOPPEIALMN OIHOOK PErpeccH SRACT-
CH HAMHUHE «CKPLITLIX» PEFPECCOpOB, BAWAHWE KOTOPBIX B PE3YIIETA-
TC NPOARNACTCA 4eped CAYYAHHBIH 4ieH. BeIABICHIMe 3THX sCEpbI-
TEIX# PEFPECCOPOB HACTO MO3ROIACT ILOAYVIHThE PETPCCCHOHHYIO MO-
T8k Be3 ABTOKOPPETALNH,

Haubonee 4acTo sCKPLITLIMH» PETPECCOPAMM OKAILIBRIOTCS 1d20-
gote OOBACHHEMBIE TepeMcHbibie (cM. § 6.5). B caviae BpeMeHHoro
PAana BIIOJHE CCTECTBEHHO MPEATHVIORHTE, YTO 3HAUeHHa o0BACHAE-
MBEIX  TICPCMCHHLIX  3aBHCAT He TOABKO OT BEIOYCHHBLX WD
PETRECCOPOR, HO W OT TPSALIAYIIEMX IHAUCHHHA obbacHaeMol nepe-
MEHHOH. PaccMOTpEHHEIE TCCTLI NOKA3BIBAIOT, YTO 5TO NOUTH BCeria
HMEET MECTO B C1YYAE ARTOKOPPEIHLHM,

Hpyroit MexaHn3M OBPAZOBAHHA ARTOKOPPEIAINE CICAVIOLIN.
Cayualitibie BOIMyLICIIHA NpeaCcTARIAKYT cobol Denbli wys £, HO
Ha pesyneTar Habiiojenust ), RIMAET He TOMbKO BeinuuHa L, HO
(X079 ODLIMHO W B MEHLLIEH CTeNeHH) HECKOThKD NPELBITYIINE BC-
AHYHH £y, S p

Hanpumep, pacemarpueas Mofenb (hopMUpoBanng Kypca 1eH-
HOM O¥Maru A, Mbl MOMEM CUMTATH, YTO KPOME BPCMEIHON TeHaeH-
HHH Ha K¥pC ellle BIHACT KOHBIOHKTYPA PLIHED, KOTOPYIO B MOMEHT
BRCMCHM T MOKHO CHMTATH CHYHAHHOA BEAMUMHOR &, ¢ HYICEBIM
CPEOHMM M HEKOTOpPO# aucnepcueld. bynem nmpennoaarats, uto se-
JHYHHBL &; HE3ABMCUMEL, LECTCOTBEHHO OMHIATE, 4TO HA thopmupo-
BAHME KYPCa B MOMEHT BPEMCHM { DyIeT OKa3lblBaTl BAMIHUC B 1ep-

-

BYI) OMEPCAL KOHBHOHETYRA o H I:B MEHBLLEEH L'TEJTGHH} KONBIOHKTY -
Pbl B THH NPeiBITYIUHX TOPIOB £, M T. 1.

‘Haubonee pacnpoctpadeHHBIM NPUEMOM VCTPAIIEHHS ARTOKOP-
PEMALHH BO BPEMCHHLIX psiiax ABASETCH noabdop COOTBeTCTRYIOLUICH
MOMENH — aemopezpeccuonnol AR(p), cxoanzaigen cpedned MA(g) wan
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aamopeapeccuonrol  smodean  croasztued  cpedneli ARMA(p.g)  (owm.
§ 6.5) 1N cyIaHHBIX BOIMYUIEHHH perpeccHu.

B 4HCIo perpeccopos b MOASTAN BPCMEHHBIN PHIOD MOIVT OLITL
BIIOHCHBL M KOHCTANTA, W BpeMellol TpeHi, W Kakue-nubo apyrue
OOLHCHHIOUIME [epeMentble, OWHDKH perpeccii MOIYT KOPPeaHpo-
BATE MEXAY cOBOH, OMHAKO, MB!I NPEANOTATAEM, YTO OCTATKH PETpec-
CHH ODPA3YIOT CTANMOHADPH K H BPEMEHHON pat.

Hdenmudburaupeli epemennoso pada Mbul DyICM  HashiBaTh Tio-
CTPOEHWE T4 PAAA OCTATKOR adexsampoit ARMA-modean, 1. 2. TakoR
ARMA-monenu, B komopod ocmamicy npedemasismiom  codoid  Heasi
WM, o ece pespeccopst 3ngunme. TaKOS NPELCTABICHHE, KAK MPaBio,
HE EIHHCTEEHHOE, HANPHMER, OIMH H TOT XKe PHI MOKeT ObITh WIEHTH-
PHIMpoRIH | ¢ noMolib AR-Moneaw, e nosmontke MA-monean. B
ITOM chyuas BpGupasTes Haubonee NPpocTas MONETb.

Kak moaduparh W08 JaHHOIO BpeMEHHOrO pata Mouens ARMA?
BeaycIoRHO, paszyMeH (M 9acTo MPUMEHSASTCS Ha TIPAKTHKE) Memod
atemenmapioze nodfopa — NPoBYIOTCH PAalIMMILIE MOZCIW; [IPH JTOM
HAMWHASTCS TIOHCK © CAMBIX NPOCTRIX MOAENell, KOTOPRIE TTOCTENEHHO
YCIMKHAIOTCH, MOKa He DyAeT JOCTHIHYTA HACHTHOUKALMS,

Moneziyn HHOOPMALTHI0 MOKHD MOAYYHTE C HOMOEBD Ga00p0y-

HEX QAMOKOPPEIAYUORHOE I HACHHEONT dEMOKOPPRCIRYUORROR iRk,
B camos mene, BCHOMHMM, ¥TO BRIDOPOHMHAA HACTHAS ABTOKOPPELA-
HHOHHAA (YHKNWS Fyge(p) €CTh OLEHKA NAPAMETPA [, B aBTOperpec-
CMOHHOH MOICIH p-To nopanka. OTclona ACTacM BBIBOMI:

Ecau wee 3Hatedds BRDOPOTHON YACTHOH ABTOKOPPENALHOHHON
(PYHKIMM TOPAAKAL BLULE P HESHAYMMO ODIMMAIOTCH OT HYILH, Bpe-
MEHHOR pAad Cleayer H.HCE]THLtJHHH[JOBH’IEJ C MOMOWEBR MOIETH, M-
PAOGK ABTOPETrpeccHH KOTOpoH HE BRILE p.

Teneps paccMOTPAM MOIENL CKOML3AIIEN CPeIHEi

Y=g e Tt T Y By

3 ToTo. UTo BENHYHHBLL & NPH PANIMYHLIX { 1€ KOpPPeIHpYIoT,
CHEAYET, YTO BEIMMMHLL ¥ W V—r MOTYT KOPPEIHPOBATE TONLKO NpH
1<g. Takum oBpazoM, cClH BCE 3IHAYCHHA BH OOpPOYHON as-
TOKOPPEAAUMOHHGH QYHKIHKM NOPIIKa BRINE g HEsHd-
UHMO OTIHYAITCSH OT HYJI8, BPEMEHHOH psil caeayer MienTHHUIHpo-
BATh € NOMOUIER) MOIENH CKOAbLIHUIECH cpelHEH, nopd-
NOK KOTOPOH He BLILE . :

Tunnunoie MPHMEPLL KOPPCTOTPaMM BRCMCHHEBIX DAAOE, WASH-
THPHOMPYEMBIX ¢ noMowbio  mogenn  ARMA, wsobpakedsl Ha
pue. 7.7 (AR u 7.8 (MA(L)),
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Bepremcs K npusepy GOpMMpPOBAHMS Kypca HeHHOH Oymary A,
[Mpusenennre B § 7.8 3HaveHHa ABTOKOPPenAlHMOHHON M yacTHOH
AHTOKOPPENSIHOIoR  QYHKIHE VEA3LIBawT Ha TO, YTO MOIETh
ARMA 0cTaTKOB perpeccun MMECT MOPAIOK 3aREIOMO HE BLIILE BTO-
poTo.

OugHuM  pag ocTaTkoR © noMoumsio AR D-monenm. Monyaus
CNEAYIOIIEE YPABHEHHE:

é =0,5¢_;d =186,
(0,08)

[NoavyeHHoe 3HaueHMe d-cTaTHeTrkl flapfiHa—YorcoHa gocTa-
ToUHO GIMIKO K JBYM, THIOTE3a 0D OTCYTCTBHH ABTOKOPPETALIMH
npuHuMaeTed. Tect JIbioMHra—bokea Takke NMOATBEP#IaeT THIIOTe-
3¥ O PABCHCTEE HYMIO ABTOKOPPENANMOHHON (BYHKLMM BCEX OpAI-
k0B, Takum obpazoM, JOCTHIHYTA MISHTHOHKALKUA PSAa DCTATKOB C
noMOLIEI Monenn AR(1).
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[popeaeM Tenepn oueHky Moneiy M4(1l). ¥pasHenue noayuaer-
Cs CISIYIOLIMM,
& =& —0,5158,_; d=1,87.

M 8 wroMm cnyuae kak 3HaveHue cTaTMcTHKH JlapbuHa—YoTcoHa,
tak W TecT JislouHra—Bokca TIOATBEPHAAT TMOOTESY 00 OTCYTCT-
BHH ARTOKOPPENSUMH, T, &, DAl OCTATKOR WCXOAHOW MONCAM MONXET
OBITE MACHTHOMUMPOBAH U ¢ noMolbio Mogend MA(D). Tlpuuewm
CPABHCHHEG TMOAVYCHHBIX PE3VALTATOS [OKAILIBAET, YTO Ka4ecTBO
WICHTHOHEALMN [IPAKTHYECKH QIAHAKOBO (BO3MOKHO, MOAETL AR (1)
HECKOIBKO NPEANOITHTENLHEE B CHIY TOMO, YTO 3HaYeHHE (VHKIHH
npasnonofobus uyTh Beie: InL=—3504 nag mogenu AR u InL=-—308
i Monen MA. Bripoucs, pasnuuie 310 HECYLLECTBeHHO),

[MpakTHycck NOIHOS COBNAISHHE PedyILTATOR HIEHTHIPMKALIMH
MOMET MMETE H EOHOMKMYUECKOE OOOCHOBAHMKE. -|'F_1K, HANpPHMED, 20—
TECTEEHHO CHMTATE, YTO KOHBHIHETYPRE DhIHKA El_!‘-'I(}MEHT MPEILLIY-
[[THX TOProEp — AT B QOCHOBHOM KYPC IIEHHDﬁ ﬁ}’h‘[EFH A HA 3ITHX
TOPTAX,

Ecnu ymactea noctpouTh ARMA-Moaene mnd pana OCTaTkos, TO
MOBKHO TIOMYyHHTh 3QPeKTHBHBIE OLUEHKH napaMeTpa i, a TakXe He-
CMELIEHIBIG B COCTOATENEHBIE OLUCHKH JMCTCPCHH [ ¢ MOMOIILID
pOODIIEHHOND MeToda HaMMCEHLIIMX KpanpaTon. Mbl paccMOTPHM
ITY NPOLEAVPY Ha npocTeiinieit (M B To XKe vpema Haubonee 4acTo
BCTPEUAIIIENCH) ABTOPETPECCHOHHOR MOJENH TIEPBOTO IOPALKA.

7.10. ABTOperpeccMoHHas Mogenb NepPsBOro NopPaaKa

BiioBL BOSBPATHMCA K perpeccHontoil monean (7.25)

Y= Xpte (7.34)

P .
HIH .}'?-' =ﬁﬂ+ Zﬁ).xb +E” 1= 1, viag H, (7.34“}
=

Tae y, x; — nabnoaenus nepeMentnix ¥, X {j=1,..., P) B MOMCHT /.

ByiesM Momarath, 4To CAyIadHBIE BOZMYLIEHHS KOPPEnMPOBAHDL
i ODpasVIoT HAMGONCE TIPOCTON MPOLECC — AGMOPEEPECCUOMKIT Npo-
yece nepeo2o nopsdia, T. €,

B =pE_ Y, (7.35)
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rac v (0= 1., M) NpEacTABNACT deabtd VM, T. ¢ [OCAENOBATE Th-
HOCTL HE3RBHCHMBIX HOPMANTEHO PACTIPEIeTeHHRIN CAVIAHHBIY BEIH-
YMH ¢ HYJeBOH cpellHel v aWcnmepcHed «f: p — napaMeTp, Hasbl-
BACMBIA KOIPHuybienmom agmopezpeccul.

YuuTbibas, uto B cHay (7.35) g ¥ v; HE3aBHCHMBI, HMCnepcHA
BOIMYUICHHH

Dz,)=p?Dlg, , )+ Dv,) (7.36)

Tak Kak npouecc g, — CTAUHOHAPHBINA, TO D(a,]: Dlg.)=0a2.
Taxum ofipasoM, nonaras Div, )=o}, nMeem
o' =pla? +oj,
HITH

(7.37)

Dopmansio, YTo0E MCMONBE3IOBATL PaReHCTBo (7.35) Mwma 3Have-
s 1= 1, nam Hago BBecTH Cnydalinyio BeTMYHHY &5 JIerKo
YOEAMTRCH B TOM, YTO A8 COXpaHeHWs paseHcTsa (7.36) cayvuaiuyeo
BCIHMMHY £y HALO ONPEAE/MTL KaK HOPMAalbHO DPacTpCieneHHYIo

"?

HYICBOH cpenHei W aucnepeueit Digg) =

1—p
Mz paeencrea (7.37), yuWTHIBasg, 4T0 AMCIICPCHMA — BEJIMYMHA
rofoknTeNbHa, creayet, wro |pj<l. fpu |p|=1 pad oxasweaemes

HEC‘H‘E&L{H{}HHPH!:-LH.

HaitieM aproxkoppenaunonmyio GyHKUMIO Tponecea & ¥MHOMAA
(7.35) HA &) ¥ BHOBL YUUTHIBAA HEIABHCHMOCTDL &) Vv, Halnem
1 }= pD{H,_, }Z pos,

Mge, )= Cm'l[&:_,, £

OTKYAA KO3DOULHEHT KOPPCisuum

(0"-{2—..,.,?, l) pﬁ?-
Jﬂmqfﬂfal ,} oo

T. €. Kosfiunienm aemopezpeccu p npedcmagisem cobod Koz -
€N KOPPEARKUL MENCDY COCEORUMU BOIMVIEHURME £; W E—), WAL KO-
agpifueuennt asmoxappeanuy pil).

AHLIOTHYHO [OTYIHM

[En' H 'EI I.
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Covig,.e,_. )= pra? (7.38)

H
F'{En Er-tj =P
Yuurwean (7.37), (7.38), KOBADMAUWOHHYIO MaTpHMLY BeKTOpa

BOAMYILICHKA & 14 MOIENH ¢ ABTOKOPPERSIMOHHBEIMHM OCTATKAMM
MOAKHO TPeacTaBuTE B BHOC:

pr.'—]
pr.'—i

‘I'\pn_| p.-:—'z | }

Hast monyuenus Haubonce adupexTHBHEIX OUEHOK NapaMerpa f B
TUKOH MOJSIH, eClH NAPAMETP  WIBECTEH, MOMHO NPUMEHUTE ofod-
LEENIBIE METO HAHMEHBITTHY KBAADATOR, _

Mcxnwuag E,{z‘ g ﬁ'} u3 paseHCTE (7.34), (7.35), nomyausM

Boll—p) LB (x,

Moavyeiiias MOIens (7.39) ARTCTCH KAGCCHMECKON, TAK Kak Te-
Meph COydaiiLe Bo3MyIneHua v, (= 1,..., #) HEIABHCHMEL H HMEIOT
NOCTOSHHYIO AHCTICPCHIO o7 .

Papencteo (7.39) MmeeT cMEICT TOABKO NpH {2 2, Tak Kak NMPH
t= 1 He onpeIeNecHE]l 3IAYSHHA JTarOBRIX NepeMeHHbxX. MoxHo no-
KAZATL, HTO MAPAMETPE MOIEIM COXPAHATCH, eclH TIpH = | ymHo-

Vo — PP = —px, U}+w Lt=1,.,n (7.39)

KHTL 0Be “acTH ypaBHeHWA (7.34") na /1 —-p? -

— §!

J1-p? _yl=1|'|] =p* Bo++/l-p% 2 B;x, ty1=p? g, (7.40)
A=
Mpeodpazopanue  (7.40)  nalueacted  Aonpaskon  [ipatica—

Yunemona nns nepporo vabnwgedus. [Ipe BOALILOM KOAHYECTREe
Hafutonenui nonpaeka [pafica—YuHeToHa MPAKTHYCCKH HE HaMe-
HALT PEIVALTAT, TOITOMY CE HaCTo He YMHTHIBAWOT, OCTAENAA 3Haue-
HHE NepROoro HabIKIeHHA HeoTPeICICHILIM,

Takum obpazoM, TP wisecninom 3HAHeHUN p aemoKOpPeIiung
aeeke yempansemcs. Ha npakruke, oiHako, 3HaveHHe p He Obisact
HIBECTHO, TTOITOMY B DABEHCTEC (7.39) NpHCYTCTBYET He TOUHOE 3HA-
U¢HHE p, 4 HAGTIOAEMOe 3HAMEHHE ero OlLIEHKH .

Hautonee npoctoil cnocob OUEHNTE p — MPHMEHHTE ODBMHEIR
MOTON HAMMCHLLIKX KBAIPaTos K PEIPECCHOHHOMY ypasHenuo (7.35).
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B xayecTse npuMepa BHOBL PACCMOTPHM MOJENh (DOPMUPOBAHHS
Kypea uetiodt dymary A, B npeasovinem naparpade Obuia nomviacHa
oueHKa p = 0,5

IMepeitnem ot Habmomenwit y, 1 ¢ (1= 1,..., n)! K naboneHnam

W= =Py =3 —-05y, (7.41)
£ =t —ptg=t —05y,

[Mpumennn OBBIYHBIH MeTON HAMMEHBIIMX KBAIDATOR, MOAYYHM
YpaBHEHME

W, =24532+0,7z,.

ITpu arom 3HadeHue cratheTurd HapBuna—VYorcona J=1.864
DOCTATOMHO BITHIKO K JIBYM, TAK 4TO MOMHO CMMTATH, YTO ABTOKOQ-
PEMALMA ¥CTPAHEHA M NONIYYEHO OLCHOMHOE 3HaYeHne napaMerpa i

f =7

Perpeccus OKa3IRIBACTCH SHAYHMONH HECMOTPA HA HEBRICOKOS Ki-
HECTBO NOATOHKH (HM3Koe 3HaueHue R?=(),05). 3amerum, 4To 1nomy-
UEeHHAS OLeHka R’ 3HAMMTEARHO OTIMUAETCS OT OLEHKM A0 YCTpaHe-
HHS ABTOKOPPeAIUHE (cM, (7.29)).

Jsyxmarosas npoueaypa dapbuna. Kak npasuno, Gonee TouHyio
OUEHKY Mapamerpa i 0acT AByNIIAropas nponenypa JapbuHa, Koro-
pas saknovaeTed »oocneaymowem.  Mcornodan g, W3 ypasHeHMit
{7.34)—(7.35), zanuiueM pPerpeccHOHHYIO MOIEIE B BUIC

Yo=PBoll=p)+Bx, +pyey —Bpxo +v,. 1=l n  (7.42)

[Mpumennm ¥ ypasHeHuio (7.42) obRYHBIH MeTol HAMMEHEIIMX
KBAUAPATOR, BKIOHAS p B YMCA0 OUCHHBASMEX Mapametrpos, [Moay-
MM OLEHER F M B BeimauHe p M —fp. Torma ouedHkKoi dap-
OMHA SBIIeTCH] BeIHiIHHAa

Iﬂ —
=

Hanpuwmep, B Momenu dopMHpoBaling Kypea LenHoi GyMary A,
NPUMEHIS NBYXIWATORYIO npouenypy HapfwHa, nmojvuaem sHayeHwe

OLEHKH mapaMerpa f, paeHoe [ = 0,698 u diM3K0e K nonyueHHOMY

{7.43)

paHes E =07

! [epemeHHan Bpesa § Aeck BRICTYIIET B DOTH PErpLeComa.
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B GOALWHHCTEE KOMOBIOTEPHLIX TAKETOR PCATHI0DBAHLL TAKKE
HIERARTIENEE TIPOLEIVPLEL, [O3BOIHIDINIME OLUCHHEATE 3HAYEHHE Tia-
paserpa Morend (7.34) npH yoIoBMH, YTO OCTATKM MOIenw obpasy-
0T CTANMOHAPHBEIH BpeMedHOl pag, MoOeidpyeMblil Kak aBRTOpEr-
PECCHOHHEBI MPOLECe NEPROTO MOPAIKA, T. €. ARTOKOPPETSUHA Hie-
eT Xapaktep (7.35).

Onuies npe HAHGOICE YACTO UCNOARIVEMBIE NPOLEAVPLL.

[Tponenypa Koxpeitna—Opgarra. YKazanuas npougnypa 3akiio-
HACTCHA B TOM, 4TO, NOTYYHE METOLOM HAMMEHRIIMX KBAIPaTOB OLE-
HOYHOC 3HAYEHWE P TApPAMETpa p, OT HAGMIONESHWIT ¥, H [ [CPeXOLAT

K HabTIOOCHHAM Wy, 2, 00 opMynaM (7.41) ¥, noayade oleHKY a-
PaseTPd [51 1 Oﬁﬂﬁﬂ}-’]ﬂ'i' HOBRIH BEKTOD OCTATEOR
e =W —-20,. (7.44)
H_aﬂcc I'JDHMEHH[{‘.IT METON HAMMCHBILIHMY KEAADATOR K PETPSCCH-

OHHOMY ¥PaBHeHHID
':inﬁ } =P[‘f| }.’—| 'I'{Vl]la*

NOMYYAI0T HOBVIO OUEHKY [, TapaMeTpa p H o7 HablogsHui wy ¥ z,

(7.45)

NEPEXOIHT K HOBRM (w)); H (z));
{W| _}r =W =W, [31 }r =z - Pz

Hopyio oueHky [3; TOIYYA0T, NPHMEHHS METO] HaWMEHBILHX
KRadparon K sotead (7.43), 1 npolueaypa NosTOpASTC! BHORR,

7.11. Docrynubit (06obuientsii) meton
HOUMEHBLIKX KBAAPATOB

B § 7.1 paccMaTtpiBatack oDoDleHHAT MOMETE MHOMCCTBCHHON
]}CJ'[]ECC HH

V= Xp+=. (7.40)
B cayuae, Korma KOBAPHALMOHHAS MATPHIE Y E'——'ﬂ—-GZQD H3-

BECTHA, KAX Nokasaio b § 7.2, Haunyamiedl AMHCHHOA HecMeLLEeHHOH
oHeHkoH sekropa B osaanseTtes olleHKa obollUeHore MeTona HauMeH -
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LIHX KBAIPATOR {CORBIANAIONIAN ¢ OLEHKON MAKCHMAILHOTO TIPARIOI0-
Jiofen)

b =(X'QX)Y X0, (7.47)

Bra oleHKa MOIVYAeTed M3 YCIOBHS MHHHMH3auMK 0B061IeHHO-
o kpuTepua (7.14):

S=(Y=Xbror ~\( ¥—Xb).

[Ipy paccMoTpeHHH HOPMAIbBH O H  0DODILCHION MOJETIH
PETPCCCHM, T. €. B CAY4He HOPMATBHOIO 34AKOHA PACIIPENeleHHS BO3-
mymeHuit, T. e. & ~ N, (0,520, ), ouenka b* Taxke pacnpenenseHa Hop-
MATBHO!

B~ N(Bo (X' Q' X))

Ha npakruke MaTpvia BOIMYILCHME 0 TOMTH HHKOrId HeMs-
BECTHA, M, Kak y&e DBBLIO oTMedeHo B § 7.2, oucHuth ee a{n+1)/2
NAPAMETPOR MO # HAGMOASHMAM e NPEACTARTACTCH BOIMOMHBIM,

[Mpennonoxum, uTD 3a0aHa CTPYKTYpa Marpuuw £ (M co-
OTECTCTHEHHO ), T. e dopMa e hyHKIHOHANLHON 3aBEHCHMOCTH
OT OTHOCHTCALHO HEDOMBILOI0 MMCIA MapaMetrpor Oy, O, .., O, T. &
Marpuua | . =51£'1U{Hl,ﬂz ...,Hm} Hampusep, B MOGEAH © ABTOKOP-

PEAMPORAHHBIMM OCTATKAMM (CTPYKTYPA MATPHLIET Y . onpenenser-

CH NBYMS HAPAMETPAMH ol M 6 =p, TAK 4TO MATpHua {2 UMECT BHI
{cm. § 7.10):
n-1"

(1 p p
g ) aw phER

jjr.'—] pr.'—:-! oo 1 J
I8 p — HEWSBECTHHRA DapaMeTp, KOTOPLIH HeoDXOAMMD OUEHHT.
HMnea oleHkKH MaTPHLE Z i =g’(), COCTOMT B CHEIVIOILCM.

Buauane no HCXOOHBIM HaGTIOOCHHAM HAXOOAT COCMOAMETBHBIE
OUCHEN napaMeTpoB 8=(8), O,..., B,). 3aTeM [IONYIADT OLUEHKY 1a-
pameTpa o°, B cooTpeTcTBuM ¢ (4.21) Takas ONEHKA 18 KIACCHYG-
CKOH MOICTH HAXOIHTCH [IeleHHeEM MHHUMATRHOH O0CTaTONHON CyM-

»
MBI KBANPATOE » ¢f =¢'e 11a wMeno crenedeii ceobonw (n— p— 1).

i=l

Has 0Go01eHHON MOLEIH COOTBETCTBYIONIAN OLCHKA
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o el (r- ') o;y - )

(7.48)

n—p—1 n—p -1

3HAA 52, BLUHCTACM MATPHILY ... :.-;f«'flu. JokazaHo, uto npu
HEKOTOPBIX JIOCTATOUYHO OOIIMX YCIOBMAX MCMONL30BAHWE TOMYIEH-
HbIX OUEHOK B OCHOBHEIX (QopMyiax oDoDIICHHOMD METONA Hau-
MEHBIIMX KBAUIPATOR BMCCTO HEM3IBECTHBIX MCTHHHEIX 3HAMEHHI o H
X L= 070d) JACT TAKKC COCTOSTENbHBIC OLEHKH mapaMmerpa i u xo-

EAPHALIHOHHOH ManHLILiZ 5 OnMUcAdHBIA METOI OLUSHMBAHWA Ha-

IWBACTCH docryanum (MW Aparmuvecsy peaiuzyemsm) ooomueRHaM
MEMOOOM RAUMERLIY Keadpamos,

Takum obpazoM, OUEHKOH LOCTYNHOTO OB0DLIEHHOTO METOMLA
HAMMCHBIIHY KBAIDATOE BCRTORA ﬁ CCTh

b= (X' X)X O (7.49)

[Ipuseraa Merod MAKCHUMAaAbiore npapnononodus (cd. § 2.7,
3.4) nna olUeHEM HOpManhkHOH oDo0weHHOR AMHEAHOR MOAETH per-
PECCHH, MOKHO [IOKAZATh, 9TO OUEHKM MAaKCHMAILHUOIO NpaBIono-

JobHa [.0,67 HAXOIATCH M3 CUCTEMBI YPABHeHWH TPABIONOIODNI:

B0 X)L X0;Y, (1.50)
aw Lo
<G":;€flﬂ,f?, {?'51]
eee | .
=% c}_ﬂ . .:!:---, n, (?52)
gCle r(_ Q) J !
A 00y (1)
e e=Y¥-XB, ¢; = —0od
& AR ¢, "

i

Ananuampys cucteMy (7.500—(7.52), puaum, uto oyenku PR
o’ memoda Maxcumaisnoee npasdonodobus cosnadaiom o ouencamu bt
W i obobuenHoze Memoda MauMEHbLY  egdpamoe (NpaBna, coiu
B =8 to 6% =5 ¢ TOUYHOCTHIO JO ACHMOTOTHYECKH YCIPAHMMOTO
CMOLLEHWH ).
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Hns penrenua cucTeMsl (7.50) — (7.52) nuorna ynaercs HalTH
MoyKoe PeleHUE, ONHAKO 4Yaule NpuxonuTed npuberars K wmepayu-
oHHOU npoyedype, HanpHMep, IBYXLIATOBOH.

/-4 war BHayame HaxoOsT OLUEHKY METOMd MAKCHMANRHOTO
npasgononoéus By =(XX ) XY, eeumensior ocrarki ¢ =Y - AB,
H peusoT momyeHuym cueteMy (7.50) — (7.52) npu 3atanib oo-
TATKAX.

Haxonar m>1 sexrop 6, u marpuuy ﬁmn =QU(@[1}).

2-ii w ar. Haxonar oueHky pekropa f no dopmyne (7.49):

B, = (xo5x Frasy.,
[TonyueHHeie TakuM 00pazoM OLIEHEM [ TTPH HEKOTOPLIX, BEChMa

CHabLIX MpernoIoReHay (KaK, HAampHMep, COCTOATENLHOCTE OLIEHOK ﬁ}
BymyT AcHMITOTHYECKH (MpH GONBLIOM #1) IKSUSEIEHIMHD OHEHIAM
Memoda MarRcHMaAbho20 npaedonododug, 4 3HauMT, DYIVT acuMRmo-
mydecky  dubemusnst B OLIWPOKOM  Kiacce ciyvaek. OnMcannas
JABYXUIATOREA MTePALMOINAA Hpolenypa Oena (hakTHYeCKH pealim3o-
paHa B npoueavpe Koxpedna— Opramma (§ 7.10).

YnpaxHeHus

7.7. B Tabnune npuBencHbl AaHHBE 10 18 HabmwoneHUsM Mome-
JIH NPOCTREHCTREHHOH BRIDODKH;

! X C”r-: i Xy el |
l 21,3 2.3 10 71.5 238
2 2.4 5,6 11 75,7 43,7
3 327 12,8 12 76,0 4.7
4 41,9 10,1 13 78,9 56,49
5 438 14,6 14 79,8 56,8
6 49,7 | 139 I3 50,7 449 8
7 56,9 240 16 808 | 5RO
8 M.7 219 17 96,9 BT.8
g 67.8 19,7 1% | 970 87.5

[Mpegmonarag, 4r0 OWMOKH PEFPECCHMM  TPCACTABIHINT coboil
HOPMATBHO PACNpeigneHHbBEe CIYIAHHBIC BEIHYHHLL, NPOBEPHTR TH-
noTe3y o TIOMOCKEAACTHYHOCTH, Henoibsva Tect lomadenaa—
Kranara.
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7.8. IlpH oueHWBEAHMH MOISIH [IPOCTPAHCTEEHHOH BRIDOPKM
OOBIYHBIM METONOM HAMMEHBLUMX KBAIPATOR MOJVIEHO YPABHCHWE:

y=3+0,6x-12x.

YpaBHeHHE PETPECCUM KBAIPATOR OCTATKOL Ha KBalpaTkl perpec-
COPOB MMCET B!

& =2+03x +0,lx3; RI=0,2.

Fnan, uTo 0O6beM mpocTpadcTEedHod BMbopkH A=200., npose-
PHTE THIIOTE3Y YailTa 0 roMOCKeNacTHYHOCTH MOIENH.

7.9, Tlpy OUCHMBAHMM MOICTH TPOCTPAHCTBEHHON BRIDODKH C
NOMOLUBIY OOLIMHOMG METONd HAMMEHLIUMX KBAAPATOB TOIYYEHO
clienyioues ypapHeHHE:

P=12+343x, —045x,; d=12.

(0.1) (0.4) (01)
[Tpu ocywecTRTEHMH PETPECCHM KBA/IPATOB OCTATKOR HA KBAIpa-
Thi PErPECCOPOR TIOMYUCHO YPARHEHHE BUAA:
e? =4+ 2xF +0,4x3.
(0.7) (0,3)
O6neM peIGopkH n=3000. C KaKMMM H3 NEPEYHCIEHHBIX HMKE
BBIBOOOB CHEAYeT COrAacHTRCA:
@) IDJYYEHHBlE 3HAYeHHA KoadupuUueHTos Mogenn ¢ GoabLIoH
BEPOATHOC TR 6.TIH3KH E HCTHHHEBIM,
) perpeccop X MOXKET ObITL HESHAYMHMBIM;
8) TAK KAK 3HadeHWe crarverurd lapduHa—YotcoHa o nanexo
OT JBYX, CJICOYET YCTPAHMTL ABTOKOPPEIAIIHIO OCTATKOR?
7.10. [Ip¥ OUCHHBAHHH MOOENH BPEMEHHOTO PAJA MOMYYSIHL
CITEMVIOUIHE Pe3yIIbTaThL
YpapHeHHME MOIEIH HMEET BHI:
¥ =2-12t d=19.
(0,7)
C KakuMH M3 TepeddcIeHHEIX HHUAE BLIBOLOB CIETyeT corna-
CHTBCH:
a) TAK KiK JHaveHWe cTaTHCTHKY Jdapbuna—YorcoHa d Ganiko K
JOBYM, ABTOKOPPENALMA OCTATKOB OTCYTCTBYET;
) Ko3hHMIIMEHT MOICTH [TPH § 3HAUMM
g) ecnu 0ObeM BHIDOPKM JOCTATOMHO BelHk, 3HadeHWe Koadpu-
IMEHTA TIPH { B Jd0DoM cayyae ¢ Someiloif BepOSTHOCTLIO
OAHIKO K HCTHIHHOMY;
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¢) ipuMeHeHMe TecTa Bpeyia—Toadpi MoXer BuISIEUTE ARTOKOpD-
PEIHLMI OCTATKOL Mexay OTAATCHHBIME HabmiomeHHaAMK?

7.11. [lpH ouUCHMBAHMK MOASIH BPEMEHHOID pAA  METOAOM

HAMMEHBITHY KBAAPATOR NOAVUSHDl CACAYIOLINE PE3YIbTATE
¥=12-02¢; d =18
(0,00

Mapecroo, vTo komuuectso vabmoacnui #=150. C noMouisg
Tecra JletouHra—Dbokea npoBepHTE THIOTE3Y OO OTCYTCTBHH ABTO-
KOPPEISIIHY NICPROI0 NOPSIKA,

7.12. Tlpusmenenne TecTa JbOHHra—BoKCA Q88T CARIYIONUIHE Po-
SYNETATLL

r{t) Paaer 1T &, PLO >0
0,34 0,33 21.45 (2,00
0,12 0,11 2412 0,00
0,01 0,00 24,13 0,00
0,00 0,00 24,13 0,00

Pan ocTaTkos HIeHTHQUUHPYETCH © NoMOTIRIo Modenn ARMA (p, o).
Kakue 3Ha4Ye¢HMs p W ¢ UEACCO0DPA3HO BRIOPATL HA OCHOBE TIONY-
HEHHBIX PCIVALTATOR TECTHPOBAH MY
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[naea 8

Pe PECCHMOHHbIE JUHOMUYECKHE MOLENH

8.1. Croxactuyeckne perpeccoptl

J1o CUX 0P MBI TIPEATIONATANH, YTO B POIPECCHOHHON Momeny (4,2)
Y=AR+e (8.1)

obbacusioue nepemennse X; (f= 1., p), ofpasyiomiue MaTpuiy
X, He ABAwTeH cayuaiHpiMe. HanoMiuM, 4To, Mo CVIH, 3T0 03Ha-
HAET, YTO CCAM Dbl MBl TIOBTOPHAM CEPHIO BRIBOPOuHBIY Habmone-
HUH, SHAMEHMA NCPEMeHHBIX A; GLLIM BB TEMU Ke camMbIMM (MeXIY
TEM, KaK 3Ha4cHMH Y M3MEHMIHCHL OBl 32 CUCT CIY4ARHOTO WICHA £).

[MogobHoe npeInoaoKeHHe, NPUBOANIIEE K 3HAYNTEILHBIM TEXHH-
HECKMM ¥IPOUIEHHAM, MOxeT ORThL ONPABIaHO B TOM Cilyuae, KOTIE
SRCMEPHMEHTATRHRE JAHHLIE NPEACTARTAIT COBOH NpOCTPaHCTEEHHYIO
pLbopry. B caMowm Jene, MBI MOKEM CHHTATH, YTO JHAUSHWAA TEPeMEH-
He X Mil BRIOMpAcM 3apaHee, a 3aTeM HaBIIOJACM NOIYMANIHECs
NP 3TOM JHadMeHua ¥ (30ech uMesTed HCKOTODEA AHATOTA © SaildHM-
oM IVHKINK o TOUKaMs — 3HAYeHHsT HeZABHCHMON mepeMeH1lion
BRIDMDRIOTCS NPOH3IBOALHG, 4 3HAYCHHH 3aBMCUMOH BhlducnswoTesa). B
CIYMAS BPCMEHHOTO DAGA, PEIPECCOPR KOTOPOID NPEACTARIAIT coboit
BPEMEHHON TPCHI, UMKTHYECKYIO M CE30HHYID KOMIOHEHTH, OfhAc-
HAILLHE NEPEMEHHBIC TAKME, OUERHIHG, He CNviadHBL

(OoHAKO B Tex Cnydadx, KOrga cpefM perpeccopoB BPEMEHHOTD
PAAA NPHCYTCTRYIOT IEPEMeHHEIE, JHAYEHH KOTOPLIX caMy obpazy-
0T BPCMEHHOE paf, TPEANnioxede 00 MX ASTEPMHHHPOBAHHOCTH
HenparoMepHo. Tak uTo & Modeasx apemennsix pados Mbl, KK Rpacu-
Atk deddenbl culname HAOAr00eHuR Xplt= 1., m j= 1., p) caynai-
FOLMIE BEHYIHEMI,

B srom ciyyac ecTeCTBEHHO BO3HMKAET BOMPOC O KOPPETHPO-
BAHHOCTH MERTY perpeccopaMi H ownbramMy perpeccun &, [Nokaken,
ITO 0T ITOIO CYIIECTREHHO 3ABMCAT PE3VIBTATLI OLEHHBAHHA — lIpU-
HYEM HE TOJRKO KOAMYECTEEHHO, HO M KatledTREHHO,

Mupr GyoeM Npefnoaarate, 4To XyM¥y;— CTAUMOHADHBL
EPCMEHHBIC PALLL, T. €. BCE CHYUAHHBIE BETMYHHEB! X, MMEIOT OIHO H
TO e paclperensHe (W aHaIoTHYHO ¥,
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[Tpeanoiomny NoKa A48 NPOCTOTRL, Y10 WMEETCH BOEro oaMH
perpeccop X, T. e. MONC/L MMEET BHA: §
Ve =0+ Px, +E. (8.2}
PaceMoTpusM Kosapuanyi ofeux wacteil pascuctea (8,2) co any-
YARHOA BeIMUHIION X

Cov(x,, ¥, )= PCovix, x ) Covlx, &l

Orcioga (yuuthiBad, yro Cov(x,,x, )= D{x,)) noayunm:

1
p=
x)
{OTMETHM, YTO TAK KAK X, V; — CTAIHOHAPHRIE PSOBL, TO KOBAPHA-
UMK, BXOIALIHE B TIPABYIO vacTh papclicTsa (8.3). s Beex sHade-
HMH [ coBNazawT). PaccMoTpHM BRIGOPOYHEIE OLCHKH 3THX KOBa-
PHATIHH!

[Covix,, ) - Covx,, }l} (8.3)

M 1'11
. Z{ % 5_1_ W
I =1

CG‘-"{IJ 2 } 7 z KW —

H o= " "

(8.4)

Cparnupag (8.4} ¢ (3.13), nonyvyaeM CleayiINee BEIPLKEHHE 1A

DIIEHKH TapaMeTpa B
b= Co 1.:{_1':, }_}
U(x,)

WK, TOACTABLAN V, = ot + Px, + &, , HAXOIHM:

I f |/ \'.l
- i i 3
h=f+——=f+—| —
INx) n| Dix,)
i
PacemoTpHM OTIenEHO TDUW C Y 4 H.
I, Peepeccop X 4 owudicu pespeccuu £ He KOppeaupyom, T. ¢, I e -
HepankHaa rkosapwauuda Cov (x, =0 ana reex s, /= 1,..., 0

i (8.5}
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B atoM caydae ¥z (8.3) coenyer:

'/ n
l ZJC_,HJ
Mb)=p+—M|S——ro: |
H D{x.‘}
4

(OTciona B CHITY HEKOPPCIMPOBAHHOCTH X' M & W YCIOBHA Mi=)=0,

OTVIAEM:
A / iy 3
M(by=p+ 3. M| '~ [M(e,)=B,
=1L D(Xr :| ’)
T. €. OLEHK: fJ‘ OKASBIBLSTCH B 3TOM CIVUAE HEE:.-HEH{EHHGE?.

3’]'}1 OLEHEKD HBEIHSTCH TaARMXE CGEMDHME.QH:HGB:!. B caMoM aene, npH
Hﬂ()r[}E’LH}'{‘[EHHDM }"BEIIH‘]EHHH OOReEMa BhIﬁl[‘.l]f‘.lKH QI2HEHM EORApHA-
1Hit CXOAATCS MO BEPOSTHOCTH! K MX TeHEPATbHLIM 3HaueHHAM. I3 TO
*e BPEMsT Ipefen 1o BepoaTHOCTH OTHOIIEHHS JIBYX CHYYAHHBIX Be-
JHYMH PABEH OTHOIIEHHID WX MPEIeIos, T. €,

: CEJ\*{J;,, }r‘,.} P Cm'[.x,, y,)

h= f)(..l.‘, ] 0 D{-‘-‘a }

(8.6)

2

CCI"-"{.I“_}’J B
Dix,) '

2. Juavenun pezpeccopos X He KOPPEAUpoeansl ¢ OWUOKAMU pespec-
CU £ 8 OaHHBI MOMEHI EPEMEHW, HO KOPPEIUpYOM © owudkamy pea-
ecouy o feliee POAEIE MM eNTel anEMeEny E=T

B arom civuae ouenka (8.2) ocraercs COCTOATENLHOM: JLOKala-
TENBCTEG JOCIOBHO TOBTOPHET TO, KOTOROE NMPHBEIEHO B Nnpeablay-
LemM ITYHETE. GJLHELK{} (OH:d VAE HE ﬁ}'!lET HECMEHLEHH{JQ. B camom
aene, BHIBOpOUHAT AHcrepeud [(x,) CONepPRMT 3HANEHWH BO BCE MO-
MEHTBL BPCMCHH, T. €. D(X;) KOPPCIMpPYeT ¢ & W, CTano 0BT, paBcH-
cTne (8.6), HCMOALIVEMOE B NPCALIAYIIEM IIYIKTC 108 10Ka3aTeIRCT-
i HECMENIEHHOCTH [J, HEREPHO.

3. 3nauenus pezpeccopos Xy KOpPEAUpOsansl ¢ ONOKAMU &;.

B arou ClYYAZ, OUCBHAID, HE ll[.lCIXULI.}l'Ji IIH AOKAZATCILCTBO HC-
CMELUEHHOCTHE, HH AOKASATENLITRO COCTOHTEILHOCTH, CocToaTe L-
HOC T, BoODIE ropopH, MORET CUXFIU.![H'!'J;UH._ SEJIH Bhiﬁﬂpﬂ'—lt[ﬂ}l
THCNEPCHA i}{x,} HEOUPAHHMEHHO BOSPACTAET © YECAHYCHHEM OEYLEME
Bb!ﬂUpKl‘l. QAHAKD, B 3TOM CAVHAD Kadd1AaH K_L'I]-[I{FIETHEtH Jaada rpe-
6}"._‘-']' OTAEMLHAM dHOTHIE.

Ho e Cov (x,e)=0, To n3 (8.3) caenyer, uto

U Cw. cinoeky Ha . 4.
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MTak, coin paccMaTPHUBARTES MOIENE
Y=X+s
CO CTOXACTHUIECKMMHM PErpeccopaMi, 10 0 11 € H K M napaMerpa B,
NOIVYEHHBIE METOAOM HAMMEHBLIHY KIUIPATOR:

o HECMEWennsie H cOCMORmMERbine, BCIM ODLICHIIONING nepe-
MEHHLIC H OIHOKH PerpeccHi HE KOPRenupyioT;

*  COCMUNMETBHBE, HO CMeuennne, eClTi O LACHIOMNG NepeMeH-
HRIE KOPPEIHMPYIOT ¢ OlMDKaMH perpeccun B GOICE paHHHE
MOMEHTEI BPEMEHH, HO HC KOPPETHPVIOT B 0JHH W TOT He Mo-
MEHT BPEMCHH;

o CMEWERHBIE W HeCOCMORMenvihie, ECIH 0DLACHAIOIINE Tepe-
MEHHRIE W OIIHDKH PErPECCHM KOPPETHPYIOT B TOM YHCHE o
B OUHMHAKOBHIC MOMEHTR] BPCMEITH.

B TOYHOCTM TakMe ke peIyaRTATH MOIYT GhITh [OAVIEHH W B
CAYYAC MHOMECTBEHHOH PETPECCHM, Kora [ — gexmopHwd niapa-
seTp. Mul 1te Gyaes 3nech HPHEBOANTE COOTRETCTBYIOMINE BHKIAIKH.

Takum 00pasoM, KOpPeIMpOBAHHOCTL PErPEcCOPOl M OUIMBOK
PCIPECCHE OKa3LIBAETCH 3HAYHTENLHO DONCe HenpuaTHLM oboTod-
TCABCTBOM, &M, HANPHUMED, TCTEPOCKEIACTHYIOCTE HIH aRTOKOpPE-
aanud, HeanekpaTHbIMK OKA3BIBAIOTCH HE TOMBKO PelyThTATEL TeCTH-
POBAHHA FRIOTES, HO M CAMM OUSHOYILIE JHAYEHHA [IADAMETPOR.

Mu paccMoTpUM OB e  HauboACe HACTO  BCTPEHARNIIMCCH
MpPHHHHB KOPPEIMPOBAHHOUTH PETPECCOPOB M OIIMDOK perpecciH.

1. Ha caywaunnitl wien £ sosdeidcmeyiom me yce (axmops, 4mo u
Ha thopmuposanue nasenui peepeccopos.
MycTh, nanpuMep, cyulecTRYCT nepeMerHas [, taxas, yTo B per-
PECCHOHHBIX MOASTN
Y4B, + v, + vy,
X, = A+ du, E-..:
koxfupruMenTel v 1 8 3nauuMo oTaMYaTes o7 1y, (ByneM saecs
CHHTATE AN [IPOCTOTHL, YTO MMEeTCs JIHILL OMWH porpeccop X, pac-
CMATPHBAEMBIH Kik cAyuaiHag BennaiHa,)
[MpeanonoxiuM, OIHAKD, YTO ML HE MMCEM HaBTIOIAcMELY 3HA-
“eHHIH [/ W paccMaTpuBaeyM Moaein

y=at+ly +e.

EcTecTrefine oxunath B 3T0M Cllyude KOPPEIHPOBAHHOCTL per-
peccopor X u ommbok perpecenn e {(Cov (X, £) = vaCov( L/, 1)).
PacemoTpim Ccaenyiommi MotersHbi IpUMep,
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B noceike A npoMagoamrcs cuipbe asyx BUAOE | 1 11, Ceipe ne-
PERO3HTCA B ropod £, 1ae Ha 3aR0IC NPOHIBOAMTES CYDNPOIYKT, KO-
TOPRA TPOTACTCH PUPME-NPORIBECINTCNO o weHe X QupMa M3ro-
TORIAET M3 cYOTIPOIYKTA KOHEUHBIH TORAP, KOTOPBIA NEPEBOINTCA B
ofUIHCTHON MeHTP H peanusyercs no tede ¥ Heun wa chipee nepeo-
T M BTOROrO THITA MCHAKTES ¥ ODPAZYVIOT BPCMCHHLIS psjikl 2 U .

JdonveTus, GHPMA-NPOMIROAMTENR XOHET NOCTPOMTE 3AEHCH-
MOCTE LLCHE! Peatiialidd ¥ oT ucupl X M paccMaTpHEIET PerpoccH-
U0 MOJIEN B

ve=o+fx +g,.

“r.IH MEHEHHE K '}KCH{:IJH MEHTANRHEIM  JAHHLIM @ MeTOod HaW-
MEHBIIIHY KBAAPATOR HACT CASAVIONINN pe3yibTaT:

¥=13,64+1 415x, 4=2,14, R*=0,96. (8.7)
(4.82) (0,01)

Hackonksko MocTOREpHEB MOmyueHERIE PeVARTATH? OUYCBHANO, W
AOCTARKA CHPRA B TOpon B, M HOCTARKA KOHEMHOMD TIPOIVETA B Io-
poi C CBAZAHEL C TEPEROIKAMM, 4 3HAYKT, TAKHE (DAKTOPHI, KAK 3a-
IPHTLL Hil TOTLTHMRQ. 3apAAaTa BOAMTSASH, COCTOSHWE TOpor W T. I,
OVIYT BIHATE M HA QOPMUPOBAHHMES LBl &, U HA KOHETHYIO leHy V
MM 3aaanuom X T.e. HE BETHUHHY OLUNDOK pPErpeccHd Moae-
A, TaksM o0pazoM, perpeccophl W OUIHDKH Perpeccid ORLILIBAIOT-
cil KOPPCIMPOBAHHLIMKA, B OHEHEM, TMOAYYeHHBIE METOMNOM HaM-
MEHBLUHX KBAUPATOB, HECOCTOATENRHEI,

B creoyiomes naparpae ME BEDHEMCH K JTOMY MOLSTLHOMY
MPUMERY, & NOKA OTMETHM BTOPYI) THOHUHYIO TTPHUYHITY KOPPeIHpo-
BAHHOCTH ODBACHSINUMAX HEPEMEHHBIX M cIY4alHOTO wiclia.

20 Cwuiicn wpu winepenun peepeccopos. Tlvers npy MaMepeHnn
perpeccopa X; nonyckaetcs caydaiiiaa olinbka . ynosnetropsio-
AT YCIORWID .'W{HL;]:G. T. e. B 0DpaGOTEY NHOCTYIAST HE MCTHHHOES
HADIIOMASMOE SHAYEHHE Xyt a4 HCKARCHHOC

[‘.‘c_.j }‘: X+ Uy

[Mp OHeHUBAHAKM MOTCTH (RAKIMYECKH PACCMATPHEASTCS [er-
pCCous |

Y=Jp+ v

HMumenno vz storn YVOABHEHHH ML B TOMTYYHM OUEHKY ﬁ 2
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Mexny Tesm, B IEHCTEHTENBHOCTH, HMEEM:

Y=XB+e=(X=ip+e =X+pp +{c —UPR),

T.e. v=g — UP, K, cnenopaTefbHo, B (PAKTHYECKM PacCMATPH-
RACMOH MOAETH WMEETCH KOPPENSUMS MEXIY (MMKCHPYEMBIMK 3ila-
ycHuaMKu perpeccopon X. M cavuaiinws wiedoM v, CoviXe, v) =
= —Cov ({/ 7).

Orderny, 4T0 002 VKASAHHBIE TIPHYMHL KOPPEIHPOBAHHOCTH
perpeccopol M oubOK perpeccid MMemyT OIMH M TOT Ke MaTeMa-
THUSCKHH CMBICT, IHAYCHHA ODLICHASMBIX NCPeMEHHRX QopMHpYy-
FOTCH HE NMPUCYTCTEYIOWNM B MOASTH PerpeceopoM, 8 KaKHM-TO Jpy-
UMM, U, CTATO OLITL, OUEHMBACTCA «He TOT» MAPaMETP.

ITpH paccMOTPEHHH KOHKPETHRIY PETPCCCHOHHBIX MOAENCH Bpe-
MEHHBIN PSADE C KOPPEIMPOBAHHOCTRIO PErpeccopoR M 0WMGOK
MEHXMIHMTCH CTAMKHBATLCH TOBOALHO 4Hacto. Ml paccMoTpus npH-
MEDPE] TAKHX MOdened B HACTOAWEN rI4Re, a Moka npueeieM Hambo-
JIEE YACTO MCMOABIVEMLLA NpHeM, MPHMEHeMBLIH B NoaobHLIx CTy-
HAAN, — METON HHCTPYMEHTATRHBIN NEpeMEHHBIX,

8.2. MeTog MHCTPYMEHTANLHBIX NEPEMEHHbIX

HMoes metona 3asiioqaercd B ToM, YToOsl NonodpaTs HOBLE Mepe-
MEHHBIE £ (= 1,..., i, xoTopbie DLl TECHO KOPPEIHPOBATH C X;. H He
KOppenupoBati ¢ & B vpardeHuH (8.1). Habop mepeMenHs {Z} Mo-
WET BKJIOMATE TS PErPeCCaphl, KOTOPRIC HE KOPPETHPVIOT ¢ &, 4 TAKKE
apyrue genuyrHnl. [lpy 31oM, BOOGIIE TOROPS, KOMNYECTRO TIEPEMEH-
HBIX [ £} MOAET OTAHYATBCH OT HMCXOJHOTO KOJMMECTRA PCIPECtOPOR
(obno Habop {2} conepxnT DOBILEE YUCAD MEPEMEHHBLIX).

Takue nepeMeHHble Zp,..., £, HABRIBAOTCH WHCMPYMEHIREABHBMU.

Oun no3BOJIAI0T NOCTROUTL COCTOATENRHYE) OLEHKY napaMerpa [
monerny (8.1). Takan oleHKA MMeeT BT

w1
B =(zx ' 27 = (l Z'XJ ('-?:ﬂ. 8.8)
_ o \ i .
3neck Z, X, ¥ — Matpuiibl HABAHOAAEMBIX 3HAUEHHH TICPEMEHHBIX.
EClH paccMaTpHBACTCH MOJASTE NAPHOH perpoccuu, M eluHCT-
BEHHasd nepeMeHHas X 3aMeHseTed Ha eNMHCTBCHHYIO MHCTPYMEH-
Ty nepeMeiiyie 7, dopymyaa (8.8) npumer sun;
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LV
_'_2’-’;, L izl =)
sy by e i "
.ﬂfp = t=] " x a {89}
A
14 22 ZY‘
—-Zz,z =l =]
o S

Eciu pan z; — TAKKe CTALUHOHAPHBIA M, CHEIOBATCIBHO, CIY-
uaiiible BeJIMYHHEL Z, OIMHAKOBO pacnpeneiensl, 1o qopmyna (8.9)
MOKET OhITR 3AMMCAHA B BHIOE.

1 ]
: }: -
Covlzm)

i 4= 8.10
Cﬁw{z,,x,] Cov {Za,x.] @10

Efl' s

Tak Kak Z M & He Koppemnpylor, paseHcTeo (8.10) o3nauaer, 4to
OLEHKA En- ARAGETCH COCTOATEAbHOH (OUEBHAHO, HTO KOP-
pennporanHocTh X v Z ozsauaer, uto Cov (z,x) He CTpeMHICH K
UYNI0 ¢ YBEIHYCHHeM obheMma BhIDOpKH). B TO ke npems M3 paren-
ctBa (8.10) He cAenyeT HECMEIUEHHOCTL OUCHKH [3],.
Taxke 3Ta OleHKa, Boodlle TOROPA, He 0fnalaeT MUHHMAILHOR KO-
rapuatmed. B camom nene EJ-, HBHO 3ABHCHT oT Z (TO OHH pa3HBIC
NPH PasHBX HABOPAX HHCTPYMEHTAIBHEIX NEPEMCHHBIX). Mexumy TeM
OUEHER, OOTANAKIIAA  MHHHMATLHOR KoBapualuei, 04Y¢BHIHO,
ETHMHCTREHHAS.

ECTECTREHHD, BOJHHKAST BOMNPOC: KAK BHOPAThL «HAHIYYLIHC»
WHCTPYMEHTAIBHEIE MepeMeHHbIE, T, 8, TAKME NEepeMeHHbLIE, TIPH KO-
TOPLIX OHEHKA F[‘;,-L. UMETD Dbl HAMMENLUIYIO BOIMOMHYIO KOBApHA-
1. OCHOBOI AMA pelleHMs STOH Sa1ad COVEMT CIACIYIOWAM TeO-
PeMa, KOTOPYE) MBI TpUMeM De3 MoKa3aTenLeTBa.

Teopema. FPacnpedetenie p-MepOl CiyHUGHON BEAUUHbE E,-,. npu
HenZpARIHEROM Yeeautentn 00seMa aoldopl CIMpeMumes K HOPMaib-
HOMY © MAPEMAMUMECKUM oX¥cudanueM B 1 KOGUPUARHONNOU Mampl-
wedi, nponopuyuonaisnod mampuwe (RR)™, ede R — koppeaaguonsas
MAPIPUME MENCTY LHEMPYMERMANLHBMI REPEMEHHBIMIL £ U HEXOOHBIMIU

nepeMersnmn X
Anech p — UHCHO HCXOOHBIN PErPLCCopo, { — 4MCcno MHCTPYMEH-

TATLHBIX ICPEMCHHBIX ([ = p); MATPHLIA R MMEET PasMepHOCTL [%p.
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Tagusm obpazomM, yeM TecHee KODPCIAHPYIOT HCXOAHEIE TIEPEMEH-
HBle X W MHCTpYMEHTaAbHLE Z. Tem Doinee sduhekTHBHOMN oyner
oueHka fi,. . [lpu 5TOM, OIHAKO, AOMKHO BLUIIOIHSTHCH VCITORME
Cov(Ze)=0. Orciona creayer, 410 ONTU MAAbHB MU HUCT-

PYMCHTAILILIMY 1EPEMEHHBIMMY SRISIOTCN MEPCMEHHEIS BMA

Zi=X; -MX ), =1,

3neck X, Z — p-MepHBE CIyHaiiHbEe BETUYTHE],
Onnaro cnyuafinble sennuunsl 7% HeHaGaODae M bl Ta

KMM 0DpasoM, peaisHO Hawmydinero Hafopa HHCTPYMEHTLTRH BRI
NEPEMEHHBLIY HE CYHIECTRYET.

Ilyers  cyniecTBYeT MPOM3BONLHLII HADOP MHCTPYMEHTATLHBIX
NEPEMEHHRIX {7}, WUMCIOWIMX PEUILHEIH 3KOHOMWYECKH CMBLC,
TIPHYEM MX YHLIO, BOODILE FrOBOPs, MOKET NPEBOCXOMHTE P — HUCIO

HCXOAHLX perpeccopor Ay PaceMorpum npoeximn Y ; berpeccopon
Ay Ha mpoctpancreo {Z}1 Jlna 9T0r0 HAIO OCVILCCTEMTL PErPECCHD
BHIA

"](_n'- = E-:I.-—F\'_:

AN BCEX perpeccopos X M R3ATh X 00LHCHEHHBIE (MPOTHO3HEIE)
SHAMEHMWT X,

X, =Zy=2(22)' 2%, . (8.11)
MepeMennbie X, He KOppenupyioT ¢ olwHiKaMu PEIPECCHH, TAK
KAK JIMHEHHO BHIPAKAIOTCS YePe3 UHCTPYMEHTANRHEIE TIEpeMCHHBIC

Lleey Lo PacoMorpum X, KaK HOBBIC MHCTPYMEHTATRHEIE Mepe-
MCHHBIE,

) 3 i

B, =(XX) XY, (8.12)

T. €. COBNAMSET ¢ OUEHKOH, NONYY4eHHOH OOBLIMHREIM MCTOLOM HaM-

MEHBIIMX KBauparon, Moaenn ¥ = AB+z¢,

| 5 =
Hanouwyus, u e B § 3.7 v POCCMATRHEAIN L‘&:];:g’@nqccx}-]n HHTENMPETALL WK pur-
PeLeHE B, B SECTHOCTH, Npoekin BexTopa Fia NPOCTPAHCTED PEIPECoopoR.
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Onucanias MpoLenypa HA3LIBASTCS deyXwazossiM Memodom Hali-

sensnix keadpamos. T1o CYyTH MCTON HAMMEHLUIHY KEANPATOR I1PH-

MEHACTCH 3EeCh IBa#ILl CHAYATA [UIA TOAYIeHHs Habopa perpecco-
poR X, 3areM LIS MOTYYeHMH OLEHOK Tapaserpa .

MNoncrasmas (8.11) s (B.12), monyvdes BRIPAKEHHE OLCHKH
ARYNIIATOBOTD MCTONA HARMEHBIUHY KRAMPATOR Hepe3 HCXOAHLE Hil-
CTPYMECHTATRHBE [EPEMETTible &

=y p -t L B
By =[X'2(Z'z_‘rzw] XozZa ey, (8.13)

Mponeaypa IBVXINATORONO METOOA HAMMEHBLIIMN KRAIPATOB PEa-
JTHM30BaHA B DOIBILMHCTES KOMIMEKOTEPHBIX PETPECCHOHHBIX TAKeTOR,

Pacemotpun npumep u3 § 8.1 Crpog Monens 3aBHCHMOCTH HEHLL
KOHEMHOTO TOBAPE OT CTOMMOCTH CyDIPOIVETA, B KAYECTBC WHCTPY-
MCHTATBLHBIY TICPEMEHHBIX MOMHO BRIOPATL UCHB Ha cwipbe [ 1 1L

[MpuMeddad IBYXINATOBLIA MCTON HAMMENLUINE KBAIPATOR, TIONY-
HACM YPABHEHHE:

§=16,72+1,408x, 4= 2,16, R? = 0,997.
(4,86) (0,01}

CpaBHHMBUH TOTVICHHEIE PE3VIETATH © NOIVYCHHBIMHM ODLIMHEIM
METOA0M HAMMEHLIIHX KBANpaTon (eM, (8.7)), MOXKHO 3aMETHTL, HTO
MOMETBHEIE YPABHEIHA DAZTHUAIOTCA, XOTA M OKAIBIBAKTCH NLOBOTh-
HO BIMIKHMH IPYT K APYTY.

Ha npaktuke, kak MPARWI0, BOIMOKHOCTH BLIGOPA MHCTPYMEH-
TANLHLIY [ICPEMEHHLIX HE CTOME WMPOKH, Tak, B paccMAaTPHBAEMOM
MPUMEPE MBI HMENW, 110 C¥TH, SIMHCTBCHHO BO3MOXHLIR Habop £,
5. Hepeuko GEaer, 410 HET M BOBCE IMKAKWMX HabllogacMBIx M-
CTPYMEHTLILILIX TIEPEMEHHLIX,

B cremyiouiesM naparpadic Mbl ONUINEM €IUE HEKOTOPLIC BO3IMOK-
juic cnocofisl OUCHWRAHMA MOIEAEH, B KOTOPEIX PErpeccophl Koppe-
JIMPVIOT C© OIMKMOKAMH PETPECCHM,

8.3. OueHuBaHKE MoaEnen C pacnpeaeneHHbIMMI
naramm. OBbIYHLIA METOL HOUMEHBLLMX KBAAPTOR

Kax Mbl vEEe OTMEHATH, B MOUENHN BPEMEHHLIX DPALOR 4ACTO
IHAYEHUH OOLACHASMBIX MEPEMEHHLIX JFARBHCAT OT MX 3HAYEHHH B
MPEaBAYIINME MOMEHTEL BPCMEHH.
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Aamopezpeccuoniol Modeanio © pacnpedeiennsmi Ad2ami nopadios
P w g (i mogensio ADL (p, ) HazeisaeTcs Monens! puna

¥ ={I+B-{?-ra ! ﬁlxr 1 _:""1'B,-:--tr ] Y- +--'_-'Ir¢.1"'r—r,u +&,. {814]

ITpu 2romM, BOODILE TOROPS, MMEET MECTO KOPPETALMH MEXIY
Y=t H &g

MMeHHD Takoro BHAA MOABRTH HMMEBIOT HAWDODABIIES NpPaKTHUC-
CKOE 3HAYCHHE, M MMEHHO TaKOTOo BMIA MEXAHWIM BOIHMKHOBEHHH
KOPPEIALMY MERIY perpeccopamy M oludkaMu perpeccHy Hanbo-
TEE YACTO BCTPLUASTOH B IKOMOMMYSCKMN npunosendsy, Ha npak-
THKE W4Ne  Beero  BO3NMEaoT Mooenn  ADL  oopanka (0.1,
T. €. MOJEAH BH1al

ye=w+Pr, o +E (8.13)

© OMTUOKAMK PETPCCCHM £, TIOTUHHAIDIIMACH 2RTOPCTPECCHOHNOMY
Opoueccy NeproTo nopaaka AR MK 3aK0oHY CKONBIsNER cpeaneit
neproro nopagka MA(1):

(8.16)
& =% +pEi (8.17)

B oboux cnyuagax E, — He3ABMCMMBIE, OIHHAKOBO PACTIPEIEICi-
HBIE Ccoyuafilibie BETHUMHE ¢ HYICBLIMM MATCMATHHECKHMM OXMIA-
HUAMM M JIMCIepeHAMMA o2 (Bebiit wys).

B gainHeieM Mel DYACM MMEThH Ie10 NOUTH MCETHMHTEILHO ©
Monenamu suna (8.15).

PACCMOTPHM CHAMATA PCIVILTAT TPHMeHeHd K wmonenu (8.14)
oBBIYHOIO METOAA HanMeHbIMX Keanparos. Haunem c monenn (8.15).
HpenmnonoxyM cllauana UIH HpOCcTOTH, HTo perpeccop X B YpasHEHHH
(8.15) orcyTCTRYET, T. €. AIOBas TICPEMEHHAA V,—| HRIACTCH eHHCT-
BEHHOH obBACHAWMIEN NepeMerHOH, 0 MOTETL HMeeT RHIL

& =&+ &,

(8.18)
(8.19)

Ye =MV TE
Er = PE; 1 + ‘i:-:.r +

Vedfle — 0T aHrnickny cios sqwtogressive distribated lages. CNenycT oTMETHTD, HTO
Hapaly © ABTOREIPECCHOIiad Molcise A00(p g B IKOHOMCTPHES MOHOALIYETCH W
DO PCrpecCcHOHHAN madedn ¢ PachfedeseNaME AdeaMi P-To NOLUIKA (KM
sogen S8

W=t Ppxe PPz APk &

2 [pw zanmci stonetd AP 1) yaobnes gosddumsenT By ofOIHauTE NpocTo [
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Torna OUeHkKa v, HoiydeHHas OOLMHBIM METOMOM HAHMEHBLINX
KBATPATONG, HMEET BHIL

n
Z}’r—lﬁ;
= L . JV — S
¥ = =P+ :
Z.L’rz—'.
el

HanoMH#M, 970 Bee pabl NPEAnonaralores CralHOHApHBIMH,
T, B. UMEWT MCCTO PARSHCTREA,

D{}";_J = "'j{-}": }=
fJ{_z;,_I] = Dlg, ),
Cov{y,..5 }= Covly,.e, ).

(8.20)

(8.21)

Taxum obpazom, onenxa y (8.20) npu ysejiuucHul OOREMA Bbl-
GOPKM CXOLHTCA N0 BEPOATHOCTH K BEIHYHHE BRI

_ Covlyi.e)
- ol

Haiinem seamuniy (8.22) B AEHOM BHIC, Baar aucnepcuu oT obe-
ux uacteil pasencts (8,18) u (8.19) 1 uCnOME3YA (8.21), 1OIygHM:

(8.22)

o2 ’
)= - (8.23)
Dle,) =T
D)= Dl ) 2Covr8)+ D) 824
Hanee: -
Conlyi)= Gy D) 629
Cov(yi 1,6, )=Covlyy 1P, +8,)=pCoV(y1.801 )= (8.26)

= pCr.n-'{ yr.zl.}l

Wexmoman Coviy, ) u3 pasencrs (8.23), {8.26), nOaYYUM, HC-
noakave (8.23)

C i g g e

8= Y ()

[loncrasngs eBepaxkende (8.23) B {8.24),
(8.27%

(8.27)

MOIYYAEM C YHOTOM
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D(y,)= - SHlye) (8.28)

)(1-v)(1-1p)

HNoacrasasa (8.27), (8.28) B (8.22), nonyuaeM, uto npenca no
BECPOATHOCTH oueHku (8.20) pagen A

74P
L+yp

OYeBMIHO, YTO HECOCTONTENBHOCTL OLIEHKN (8.20) Tem Gonbiie,
HEM CHNBHCC dBTOKOppensiiMa owubok £ Ha MPaKTHEE, OLHAKG,
HACTO BLIMOAHAETCA YCMoBME p<<y. B aroM cavuae mpeder ouenicy
Hawmenaux keadpamos Gvdem Gawzor & HCMUHHOMY 3HAYEHWO napa-
MEMPa, Xoma U HE Pacen emy,

anHﬂﬂClillh[E AICCh BRIKITALKHW MOXHO ITOUTH TOCIOBRHO [MOBTO-
PUTE W B TOM CIyWde, CCiM B MONENH MPHCYTCTRYET oOOLACHIIOLIRS
nepeMeiias X, He KOPPEIMPYIOMIAs ¢ OMHGKaMH perpeceun. Ilpu-
BEAEM HX OKOHYATEARHBIH peaynetal. Quenka (8.20) cxoamtes o
BCPOATHOCTH K BETHYMHE RHIA

5% apll-?)
BD(x ) (1-p2 ) (1-yp)+ o2 (1 +9p)

Leau yeaosue p<<y ne BOAOANACIICA, DOBYHWE Memod HOUMEHbL Y
KEAIPAMos Moxcent daeams cVigecmaernoe omiaoenue om HCRILHHOZ)
Pe3VAbmMAma dasce Ha WO0PKAX GoAbUINZ0 00beMa.

AHAIOTHIHBIC BEIKTALKM MOXIO TPOICIATE W L1 Momee
(8.15), (8,16). TlpureneMm xoHeulibii pesvianrat, [lpe yeednuesun

obbeMa BEIOODKH OLUCHEKA MAPAMETA ¥ CXOAHTCH 110 BEPOATHOCTH K
BEHYHMHE

" poi{l-v2)
" BD(x )+ o1+ 2yp +p2)

(8.29)

8.4. Ouenusarue mopeneii c pacnpeneneHHbiMu
naramu. HenuHenHei Meton HaumeHbLLMx KBAAPATOB

Pacemorpum Mogens (8.15) w1 sanumrem YPABHCUME MOICHH B
MOMEHT BPEMEHH { —|

Yo =0+ B—xr—l g E . {830}
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IoncrasusM seipaxeduwe (8.30) & (8.15). NMomyapw:
V= a{l_.—*,fjl+ B, + PByx, v v g 4 TE . (8.31)

Hanee 3anumewm ypasuHeHune (8.15) B momedT BpEMeHH (2 W
MOOCTABMM MOAVYEHHOC 3HadeHMe ¥, B (8.31). MMponomsas stoT
npouece 40 GECKOHCUHOCTH, TIOTYTHM!

w a3
o=t B, +BY phx L+ Y e (8.32)
]—';-" k-l k=0

Monear (8.32) naswieacTca Moaelnslo ¢ pacapedesenuem Kodia
AArOBLX  OOLACHAIOWMY TepeMCHHEN. Ee ene wroria HasuBawoT
MOOZIRKY ¢ 2POMERIDINMECIKUM PAcApedetenies, UMes B BHAY, 910 KO-
SHEUUMEHTRL TTPH JATOBLIX NepeMelHbix 00PaIVIOT FEOMETPHYECKYIO
NPOTPECCHIO GO 3IAMEHATETeM 1) (HamoMHuwM, uto 11<1). [Ipeobpa-
yonanme Monenu (8.15) & suay (8.32) HazmigasTCs ofpamubiy npeof-
pazoeanten Kolka.

JaMeTHM, YTO TepeMeHHbe X He KOppeliupyloT ¢ OUTHDKAMM &,
TaK 4TO, NPUMCHHMB 0fpaTtHoe npeobpaszosanne Koika, MBI pemmnu
npofieMy KoppeaHpoBAHHOCTH PETPeccOpoBl ¢ CHYYaHHBIMM ie-
Hanmn, OaHako NpUMCHCHHME ODKYHOMD METOLd HAMMCHBUIMX Kean-
pator kK mooein (8.32) oKA3RIBASTCA Ha NPAKTHES HEBOSMOMHEIM
M3-34 BECKOHEMHO DOILIOTD EOAWYecTRa perpeccopos, PadvseeTcs,
B CHTY TOTO, 4To KOaduDHIIMCHTR BXONSMETs B MOACIL pia yOu-
BAIOT B TEOMETPHUECKONR NPOrpeccHH, H, CTANO ObITL, CaMm psll ObICT-
PO CXOMHUTCH, MOMHO OLUI0 OBl OTPAHHUMTRCH CPABHMTENLHO HE-
DOABIIMM uMcaoM naros. OuHako # B 3TOM CITYIae MEL CTONKHYIHCE
BBl MO KpaiHeil Mepe ¢ ABYMS TPYIHO pElaeMbIMK NPobieMaMH.
Bo-neperix, BOZHMENE 0Ll CHALHAT MVTRTHEMUTHHEAPHOCTL, TAK KaK
ECTCCTBCHHO OXMIATE, YTO JATOBLIC NEpPeMEHHbBIE CHIBHO KOppPelH-
PDOBAHBL BO-BTOPBIX, YpaBHENME OKAZANOCchE ORI HenaeHTHHIHPYE-
MLIM. B MOZETH Ha caMom e 1IPUCYTCTBYET RCero HeThipe Hapa-
serpa. Mewny TeM Kak, Baun Beero ML TPW J4ra, Mbl OBl OJ0YYH-
M OUSHEW MATH MapaMeTpon.

Vpapienue (8.32) mMoxeT OmITL OUSHEHO © MOMOIIBR NPOUELY-
PLI, KOTOPAH HA3BIBACTCS HEAUHEHNbIM MEMOOOM RAUMEHBIUUYX KEao-
pampg. Onuiies 3Ty MpOLeIypy. .

|. C aocTarodio MCIKiy maros (Hanpamep, 0,01) nepedupawr-
CH BCE 3HAMEHMS v W3 BOIMOXKHOH 0DnacTH 3HadMeHMi 91000 napa-
MeTpa (CCTH HHKAKOH alpyopHoit MHQOpMaUK He MMEETCH, TO 3Ta
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obaacTk — watepsan (0, 1). IMoayuaeres MocIeloBATETBHOCTD aHa-
YeHHH d).

2. s kaknoro snadenns yi°' wnmcasercs sHaueHe

&
xf'u} =57 + Z(?[ﬂ:l}*xr-'t .

k=
[penen cymmuporanus K seiupacrca TAK, 4YTO JikHeilue
WICHL PATA BHOCAT B €T0 CYMMY HE3HAYMTENBHBIA BKIAT (0UCHMI-
HO, 4CM MeHbIIC BLIOpaHHOC 3MaveHue @), TeM MeHblE WIGHOB
PAAA MPHXOIMTCH YUMTHIBATE).
3. Oas kaxaoro X mMeTomoM HauMeHbIIHY KBAIPATOR OLEHHBA-
eTCH ¥paBHeHHe

yo=a+pe . (8.33)

4. BumbupaeTca To ypasHele (8.33), woropoc obecreunpaet
HauBonbHi KoadipuiHeHT detepMupalmun K2, CooreeTcTRYIOW S
sHaueHue ) IDHHAMACTCH 32 OLECHKY napaMeTpa v. Brumucisiores
OIEHEW o, [},

5. ONEHKM MCXOHBIX [APAMETPOB HANOISTCH CHEAYEHIMM 0DpasonM;

& =all-v), fi, =py.

[Mpotenypa HeMMHEHHOTO MeToma HAMMEHBITHX KBAIPATOR pea-
TH30BaHa B DOMBLIIMHCTBE KOMITLIOTEDPHBIX [TAKETOB.

OBparuM BHHMAHME Ha TO, YTO XOTH € MOMOLIBIO afpaTtHoro
npecbpazopanng Koitka yerpanena KOPPENHPOBAHHOCTL PETPECCO-
POB © OLIMDKAMH, HO ABTOKOPPENAINA OLIHBOK NIPHODPETAET CIOXK-
HYIO CTPYKTYDY, H YCTpaHCHHE €€ MOXeT OKA3aThCd NpakTHYeCKu
HEBOIMOKHEIM. Tak YTO XOTH nomAv4aeMble TaKHM 0DpazoM OLEHKH
OKASLIBATCA COCTOATE Nk HB MW, OHH ODJANAIOT BCEMH Te-
MH HeNOCTATKAMH, O KOTOPEIX NOIPOBHO rOROPHUIOCE B TIL7.

8.5. Ouenmsanue mogenei ¢ Narossimm
nepemeHHuiMu. MeTon mMakcumansHoro
npaenonogobus

Buoen obparumes K monend (8.15)—(8.16) u uckmouns u3
YPRABUHEHHH CNYYAHHYIO BCAMYMHHY £ anumem ypaeHeHHe (8.15) B
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MOMEHT BPCMCHH f—1, yMUOKHMM ET0 HA p M BRIYTEM M3 MCXOMHOMG
yparHeHWs! (B.15). YuuThiEan, uTo &, — pge) = 5, NOMYHHM:
Yo =+ oy —Ppx =y Hp )y — 1y + & (8.34)

Ecnu cayualinele BETHYMHE £ WMET HODMATBHOS DACIIpeaeie-
HHE, To ypasHeHHEe (8.34) someT OWTh OUSHEHO METOAOM MAKCH-
MATLHOIO npastonotobus (oM. § 2.7). Tak Kak B cayyae HOpManhb-
HOTO pacnpeieliedds omnbox perpeccid oUeiky MakCHMalabHOTO
NPAaBIoNoIoDua COBIATAINT ¢ OUEHKAMMH METONA HAMMEHLIINXK KDAl-
PATOB, HA IPAKTHKE NPHMEHEHHE 5TOTO MeToga K Monend (8.15)
CBOAMTCA K HeMMHeiHOH 3agade MHHWMM3AMH 1o o, B, v ¥ p
Y HKILHA

Lo Boyap) = Y[ —a =P, + By + (v + phyiy — ¥py,2 )2 (8.35)
=L

Kak WM3BCCTHO, OLUEHKH, MOAYHASMBIE METOIOM MAKCHMAIBLHOTO
NpaBAONOIOGHs, OKAZBIBAKTCA Hawbonee >dpeKTHBHBIMM, OIHAKO
MPUMEHEHHE 2TOT0 MeTola TpebveT 3HAHWA BMIa pacnpe-
nenedus owudor perpeccui. Tak, MUMEMUILDVR  ghivHEWLG
(8.35), Mbi noayus Haubodee MOYibe ORERKN NAPAMEMPOs, HO AUL €
MOM cyuae, ecau smd hvnius delicmaumensio 2819eMCA A02apu-
MoM vhcguy Rpagdonododus, M. e. 0WuoKy & delicmemeibio WMeom
HOPMUABNOE PACHPedeacie,

B HCKOTOPEX COVUAAX HOPMATBHOS Pacipeic/lenic OolHbox
PEIPECCHH MOKCT CIGIORATE M3 HEKOTOPBIX TEOPETHHECKMX coobpa-
KEHME, HATIPHMED, MOMET HCMOAL30BATECH UEHTPANbHag Tnpe-
JENbHAH TEOPEMA, OnHaKo Jallle BCero HODMANBHOS DACHPEICICHHE
OHIHOOK HBIHETCH MOICIEHBEIM JTOTIVIIEHWEM, KOTOPROE NPHHHMACTCA
B CHITY TOTO JIML, YTO €MY HET ABHEIX npoTHRopetui. B sroM cny-
A MCTOB3OBAHME METOAA MAKCHMANBHOrO npaprononobus tpeby-
ET OTPENeNeHHON OCTOPKHOCTH, B JTy4IIe HCTOMB30RATL Er0 B CO-
UETAHWM C IPYTHMH METOIAMH.

OTMETHM Takke chemyiolee oBeTodTe1LeTe0, Eeny ocTaTku pi-
J4 MOICTH TOOYMHEHB TIPOHEccy CEONb3sed cpeaiei, YparHeHMWe
¢ HOPMUILHO PacTIpeleleHHBIMK olubKamMi ByiaeT coacpxarth bec-
KOHEMHOE 4MCI0 Naron nepeMeHHol ¥ K(uatiztljmuylcll'l'hl npH HUX
VORIBAKT B FEOMETPMUCCKOR TPOTPECCHM,- M MOXHO OIPalHHYHTBCS
HECKOTBKMMH [ICPBLIMH YneHaM¥d. B 3ToM cioyddae METON MAaKCH-
MATEHOTO NPABIONOL0DHA MPAKTHUECKH PABHOCHAEH HEIMICHHOMY
METOMY HAMMEHLLIHY KBaApaTos.
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B nocioeayromiux  taparpadax Mul paccMOTPUM  KOHKPETHLIG
npUMepsl Momedei M NpuMeHMM K WX OLUSHMBAHHK BCC lepetHc-
JEHHBIG METOMRL,

8.6. Mogens 4acTHHHOM KOPPeKTUPOBKM

B 3K0HOMMYECKHY OPHIHCHHAN SACTO BCTPEUASTCH CHTYALINA,
KOTIA 1o BoytedcTonen ofwdacHsiomeld nepeseHdol X dopyupy-
eTcd He cama ReMWumHa ¥, a ce wieanniioe, sxedacmoes {desired)
sHadeHue Y98, PeannHoe ®e, nabrwgacMoe 3HaucHue ¥, NpelcTas-
ageT coboi BIBCLIEHHYID CYMMY #ETaCMOr0 IHAYCHMH B MOMEHT
BPCMEHH { W HADMIOIAcMOro B MPeaeavimi MoMenT 1,

[MycTh, nanpuMep, lekasds GHPMa BHMTAYMBAST B MOMEHT Bpe-
MEHH T THBHIEHR] ¥ ECTECTBL'_‘.]UIL] CHMTATh, 4TO CYVMMA AHBHICHIOND
OpencTapiseT cobol HeKOTORVIO JLOUTHY TIPHOLLTH DHpMLL X,

Yo =K (8.36)

Ha npaktuke, oadako, ypasuedde (8.36) nomsepraeres vacrmi-
HOM KOppexTHpoBke. Eciy NpuObab OKAKETEH Maiol, Ha Jo0m ay-
BHACHAOR YHNET DOBILANA HACTR, YeM v, MD0 M3DECTHO, YTO yMeHRIIE-
MHEe THBMISHIOR HAHOCHT CePLesHBLIR yiap no npectiky doupse, To
ITOH KE IPHUMHE B cnyaae Doupuiell mpuOsiny 0008 AWBHICILION
OKOKETCH MeHBITCH — (puUpMa IIPOHRHT QCTOPORHOCTE, BOIMONII0, B
DyAyLUIeM NepHole NpHBRIE YMEHRUIMTCA, ¥ TOTIA NPUIASTCA VPEIaThH
AUBHACHALL (APYTHM CASPUKHBAINNM | pOCT AWBHACHAOE (DAKTOPOM
MORCT HOCTYARUTL Heaanue dJH[}M]rT HNBCCTHPOBATL MACTh I'l[.'JHEII:]JH G
pacliipeHme NMpodseoncTra)l. B pesyibrare peaibiloe HiaMeHcnne au-
BHACHIHEY BLITLTAT A (OPMPPVETCH CNenyiommm ofpason:

Ay, =n(yis -y v, (D<h<l) (8.37)

Ypaercune (8.37) Ha3bIBACTCH VPABHCHHEM YaCmiuHold Koppex-
mupoEkl  (COOTHETCTRYIOUIAT MOULENE BRIILIATEL AHBMISHIOR OLiia
Haubonee noapobro paceworpena Jhx. Jluuthepom). Papciicrso
(8.37) mmecte ¢ papeHCTBOM (8.36) D4OT CACAVIOUIYVIO MOETE!

Y= (1= Ry + vy (8.38)
J'er“ L B.l'.. '
Moncin (8.38) HASLIBACTCH MOdeisi0 HACIRWYHON KOPPEKMUPOsK Y.,

(s MOaeny BBUTATH THBMISHIOR MOMHO CuuTaTth, 410 o = 0, &
obeM ke cavyae cBODOAHEBIH WACH NPHCYTCTEVET B YPABHEHWH
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HOPMUPOEAHHT HEAACMOT0 3HAMEHNA.) 3meck BAXKHO OTMETHTH, YTO
genvunHa ¥ grumercs Henabnwaac Mo . (B vpasHenpe ee
dJDpMHjJDBH}IHﬂ TAKKE MOXRHO 700aBHTE CBODOMHEIA 4NeH, HO 3TO
HHUSTO HE M3MCHMT npv pACCMOTREHHH MOICcIn B8 l.L*:J]UM.}

OueBualio, perpeccHoHHOE YpaBHeuue sogenn (8.38) MoxeT
OLITL 3ATLACAHD B BHAS,

Y=o +Phx +{1=Ahy +v,. (8.39)
Vpasuenue (8.39) npencraenget coboit ypasuenue ADL nopsaka
(0,11 ¥ Momer BUThE ONEHCHO HEAHHCHILIM METONOM HANMEHBITHX
kpadparton nocie obpaTHoro npeobpasosanna  Koika, 3aMeTHM,
BIPOMEM, ITO COCTOATENbHBIE OLUEHKHN NApaMeTPOR YPaBHeHHA (8.39)
MOKHO TIONVYUTE M O0sMHbM MEModoM HAUMCHEUX Keadpamos, TaK
KAK B YPABHCHMM OOLACHMIONIAA NepeMenHas ¥ He KOppelupyer
CO IHAUeHUEM CTYIAiHOTO Wicla & B MoMeHT BpeMenu 7 (cM. § 8.1},

8.7. Mogene apanTUMBHEIX OXUOQHWH

JIpyriM BaKHBIM TPHMEPOM pecpeccuonnol modeau ¢ pacnpede-
ACHHBIMU AG2aM SBIACTCH MOJEL AMANTHBHAX OXMAAHHH,

Mycth ¥,=log (M,/F). e M — HOMHHaARHOC KOMHYCCTBO le-
Wer B oopalteiuu, P — yposens neH. Bemwunna M/P naseisaercs
peadbabimy derexcrboan ocmamiamy. [lyets 1Y — Cnpoc Ha peaib-

HEIE IEHEKHBIC OCTATKH.

@, Kejiran, M3vyas IMHAMHKY 3T0H BEIWYHWHBEI B TICPHOMLI [H-
nepHHdIALHH, BLUIBHNYL [PEANOImKeHHe, YT0 ¢¢ IHAYCHUE B MO-
MEHT [ ONpPEeIeNsercs oxcudaembid YPOBHEM HHQWISILMH B MOMEHT
t+1, Monenp, npentoxennas KeiiranoM, MMeeT BHA

¥, =o+ P, +E,, (8.40)
re X% — OWUIAeMBIT yposeHs WH{AsIHU. OUeBHIHO, 3T0 HeHa-
GmonaeMan eanamia, Keitran nononsun ypasHeHHe (8.40) ypasHe-
HHMEM

Axle =K% —x¥ (8.41)

[Tepenuiem ypasHeHus (8.40), (8.41) & sune:

rae AxY, =xt, —a,
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x =:"'*x'; +{I—?'.}x_.“', (8_41.-}

rne y, =o+pat, +& . (8.42)
Tenept CTAHOBMTCH TOHATHEIM CMBICH ypasieina (8.419)
MEPBOTD YPABHCHH cMCTeMbl (8.42), CoCTOAIIMA B ToM, 4YTO OXM-
MaeMBIA  ¥POBCHEL MHIAUMKM B MOMeHT | npencrasmaer cofoi
B3BCLIEHHYIO CYMMY OXKMIAEMOTO H PeLTEHOTO VPOBHS B MOMEHT /.
Monens (8.42) HaswisaeTcn modenio adanmusnsix  OXcudanuy.
(Monene runepuadnauun @, Kefirana, mo-BuanMoMy, 1IPecTALIs-
er coD0il BOEpBRIC PACCMOTPEHHEIN TpMMep Takoi mogend.) M3
ypasHeHui (8.40), (8.41) Momer DuITh Mekmoucia HeHaboaaeMas

BeTHUMHA X, B camoM nene, samimwes ypasienwe (8.41) B moMenr
EpeMenn f—1:

V-1 = o+ B +E .
B o we BpeMA mMee:
¥B=a+ Blix+ (1-2) x})+E, =

= + fAx+ (I-2)Bxr + & =a+Phx, + Ifl —},IF'.-',__, sl JTHE

OXOHYATENEHO TTONYHHM:

yo= ok Bl +H{1- Ay +ey (8.43)
Toe

g =5 _{.] = ?'-}E_u—: : (8.44)

Mogenn  (8.43) ecTh Mogeak ¢ pacnpelefieHHBIMM - JTaTaMu
ADL{DLT), npudem TUHAMBKA CIVHAHHOMO YICHa NOIYHHEH: 3AKOHY
CKOMbaned epenneit MAD).

Avpniit Bug (8B.44) cayualivoro waeHa NOKAZRIBACT, MTO WMEET
MECTO  KOPPCAALNS MCOKIY JTAropBod nepeMeHHol Yo v omMdkoi
pﬁi‘pECCMH Ep TO CCTL ONEHEH MEeTOIa HAMMEHBLIMX KRAIPATOR He
OVIYT COCTOHATENRHEIMM.

Momaeis (8.43) MOKHO OLEHWTR, TIPHMEHHE 0DPaTHOE Mpendpazo-
saHne Kofika o 3aTeM HEMHUCHHRIN MOTON HAHMCHLLLIY KBAIPATOR.

Pacemorpus npusep, Tlvers X, — ueHa Ha CLIPRE B MOMEHT Bpe-
MEHH f, d ¥, — liena HopBapaHOi CaeiKM HA TOBAP B MOMEHT BPCMe-
HE 1. Ouesimio, Y, 3apucuT B SOABIIEH CTENeHH 07 OXHIACMOID
JHAUCHMH A7) HA CWPhE B MOMEHT BpeMeHM 1, T. . 3aBUCHMOCTL
Y or X Moxer GBITh 0NHCAHA MOAETRIO ATANTHENLIX OXUIanuil (8.42)
WITH (B IpeofipasoBalHOM Buie) vpasueHueM (8.43).
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Mmeetcst peibopka M3 k= 230 HabmoneHui, 1aHHbeE © KOTOPOH
npelcTarneHst Ha puc. 8.1, 8.2,

o ﬁ
Series: ¥

40 Sample 1 250
Chaservations 25

Mean 41, 28021

i M Medizn 41,37566
b Muxirmurn 4765741
o [ Minimum 2673767

0 i el Dew 2, SO0

r_' - Shewness - (UERAGA2
! Kartasis 66364961
L Jarque-Rerz 71,0017
Probabalicy 0000000
I !_‘l - L E{ -
46 il a4 18 22 48
Puc. 8.1
15
Series Y \
A Sample 4 249
-[ —1 I Dbserations 246
[ Mean §23,4976
" 1] fodian  325,7072
H Kdaxirnum G2, 2783
Kl 280 5822
( Lt ey, 14,7541 1
K Bhewness  —0,24315%
| Humesis 3 b T
57 larque-Hert 2580791
Probutility (273162
SR |
O 0 | 3 0 36D
Puc. 8.2

[puMEHHM CHAYATA K YPABHEHHIO (8.43) OOBIYHBIA METON Hau-
MeHbLMX Keaapatos, [lonyuns ypasHCHHE BAAA.

Yy == {}:15'—4,’181'1 4= f],3g_§’l- Is d =2155'
(3,32) (0,06) (0,01)

M3 ypagHenus (8.43) cnenyeT, uTe SHAUCHUA OUEHOK TAPAMET -
poR o, B, A HAXOMATCHA KakK PElIeHHs CHCTEMLI

20%

T $




[ ah =—0.15;
[ = 4,78,
[1-A= 039,

Taxum ofipazoM, noayvuaem caenyiomme onenku:
=06, B=T7.88; o=-0,248, (8.45)

. ”aLfmeKD, rrmx{Hr:r AOBEPHTE TONYYEHHEIM pesyibrataM? One-
HM Iipanyio vacTh (8.29). Mmeem D(X)=2,592 = 6.7. BuBopoun
AUclepcHa octatkos pana HNe)=4,516 — npu:s-m.»; ge 3a (I:[Icﬂaﬂ
sz;}.( Torna ouenkon INE) Gyaer meamamna Dic,)/[1 + (- }L,‘IEIK—'};r
o B89, Tonaraem rakke p — (I1—-L)=—y=04, TMoncTaBins BCC 3TH
sHadeHus B (8.29), nomyyuM oneHky A npenena ; g
ctu: 0,97576y. ' = R S
Oreiona cnenyer, MTo npH GoabILNuK BEIDOPKAX 3HaseHMe v Ovier
HECKOMBKD JaHMMCHO, BOPOMEM, HHHACHHE 3T0 He OYCHL '35-15:1
TEALHG, TAKUM 00PaioM, MEl MOKEM OXMIATE, YTO OHEHKH oﬁb::niu—
' METONd HAHMEHBIHY KBAAPATOE HC OMeHh SJIH‘iH'I.'C_.'IbHO :::TJ[WD—
HTER OT HCTHHIBIX IHAYSHHH, XOTH, BeIveIOBUO, SRINIOTCS (e 25
HLIME, " J s

“[JHMEHHM TenepL i 4 THO
K ypasuerun (§.43 : 5 K
nne Koiixa: [ } Oﬁpd HOE n;)Eﬂﬁpa.iDBﬂ-—

A=0

Y=o+ I+£{[—}v}"‘x,_x-‘+v,, (8.46)

o
rae v, =5 (1-4)"¢ H :
*Zu{ )" & iy ¥ OLEHUM yparHeHHe (8.46) HemHHeHHBIM

Me AL
TOAOM HAHMEHBIUMX KBAAPATOR. [IONYUMM CICAVIOUINE 3HAYCH HsT

oue : ;
yua::ﬂ napimc'rpr.m o, fi, & (30€Ck psaa. CTOAWMH B NParOd 4acTH
PaBHeHUsE (8.46), NpUONMKEH HEPRBIMY TBAILATEIO Yl HAMH )

@ =-22; B=793% =06 (8.47)

Kﬂﬂganﬁtmee JAMETHOE painnume ouenok (8.47) u (8.45) xacaetca
HHT ; ,
s Hc3[f:111 ::;xn;?iagu M B TOM, H B APYTOM CIYYAe KOHCTAHTA SBIs-
AUUMOH. DLIEHKH [§ W 2 OKaseiBaIOTCH GBI
s i ’ IM3KHMH, HO BCE
He : 4
pasinialMuct, OueBHiIHG, ¥V Hac Golbine OGHDBEHE;ﬁ none-
PATH oLeHKaM (8.47), .
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8.8. Mogens notpebnerus Ppuamena

Haubomee MIBSCTHRIM FI]'!'H}H‘:[JDM MOMIEH AAATTHEHBIX (M -
il sRnaeTcd Monent notpedaenna M. Dpuiavena. PaccMOTpHM ¢t
noapohaes,

Mayias 3aBHCHMOCTE MEKIY HOTpefneHMeM M TOX0A0M HHAKBEN-
ayyson, M. Dpunamen npeanoioxl, uTo NPONOPLHNCHAIEHAS Sabi-
CHMOCTE MOMKHA CTPOMTLCA He MeXdY (PaKTHYCCKMMN BEIHUHHAMHE,
4 MCHUTY MX [TOCTOHHHLIMH COCTABITIONMMHE. Hocmoannsili doxod —
STO CYMMA, HA KOTODPYIO 4C/I0BEX MOKET PACCHHTHIBATL B OTHOCH-
FeLHO JOAMOCPOUHHIA Mepuon (3apaboTHas 1UIATE, cTaDHILHAEE T0-
HOPAPL], TPOLEHTH C BRJIANOB W T JL). PagTHHECKHI JoX0l B pac-
CMATPHBAEMBIH MOMEHT BPEMEHH MOKCT SHAUMICIBHO OTIMHUATRCH
AT TOCTOTHHOUD, AHATOTHYHO, HOCRIOARNDE nompefagtue — 370, 1O
CVTH, IPHBBIMHLIA YPOBEHD norpebnenna. Lro (lakTHueckoe sHane-
{HE OKA3BLIBAETCS CHIBHO OTHHUAIIIMMCS OT NOCTOAHHOTO B CAYHAE
KPYNHOI TIOKYNKH AW HEUPCABHACHHLIX pAcKOLoR (moapoiHes o
MOHATHAX TOCTUHHHOTO W BPEMEHHOIO Joxola M noTpebAEHIH
MOXHD 03HaKoMUTECH B [3]).

M, @puamMen HCXOMHA W3 TPEANOIOKRSHWI, HTO NOCTOAHHOE T10-
TpedicHHe HHAMBWA Y1 NPONOPLUHOHATEHD ero moCTOHHHOMY 10X0-

iy }I.-'r.' LT L.

e = B (8.48)

B to %e spems (akrnucckoe noTpebneHne ¥ v hakrHIeckui
moxo X NPeicTaBiawT coDOR cyMMy MOCTOHHHREIX M BPEMEHHLLY

BEIMYMIL

Y= ¥° 4+ ¥T X= X"+ xr (8.49)

[pHYEM BPCMEHHBIE BEAHUMHEL X T ¥T ppnaoTes cayvaaideivu. Tu-
NoTesa DpHAMEHA JAKMIONANACE B TOM, YTO 3TH BCIMIHHLL HE KOP-
PEAMPYIOT B PASIMUIEIE MOMEITH BPEMEHN 0 MEHKILY coBoi, MX Ma-
TEWMATHMECKHE QA MIAHEH Dilﬂ]ll‘ﬂ HYIIO, a J',[H{_‘l[ﬂ‘:DCH[»'I MOCTOIHHEL BO

BPpesMEeHH,
[ogcranne suipakenne (8.48) v (8.49). noayunm poTpeccHoll-

HYH) MOICTh
3 =Pl 4 W (8.50)

Mpofirema 3AKMONACTCH B TOM, MTO TOCTOSHHLIC AOXOIL WoTIo-
T ]‘}L:EIJ'IC:HHE SBJTSTHOTCH L'}"ﬁ"hEK'I'I']'HHhI-‘vH/].. A CHenoeaTeibHO, ]Eﬂllilﬁﬂk{}—
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JaeMbIME BenruMiaMu. M, @puaMel IpUMEHKA K UIYHEHUIO 398H-
cumocti (8.500 modean adanmuesvix oXcHddRud, TPEINOIOKNR, HTO
MIMEHEHME NOCTOSHHOTD JOX0IE MPONOPUHOHAILHO PAIHOCTH ME#-

oy g PCAILHBIM 3HaveHHCM B OPCABLTYVIIMM NOCTOAHHBIM ZHAHE-
HHEM, T. €.

Axs =M —xe, ). (8.51)
?)‘T‘D O3HAYAaeT, 4TO TPpH }KB{:‘,HW-ICIIMH PEALHOrD JOoXOnd HHIMBH-
bl KOPPEKTHPYIOT CROC NPEACTABIEHUE O NOCTOSHHOM LOXOae, HO
HE 114 MOJHOES 3HAYCIHE TMPHPOCTd, 8 1A HEKOTORYKD er0 4HAacTh, 1o-
HHMaH, 9TO NPUPALIEHHE MOMeT OKalaThCd OOVCIOBRNCHHEIM Bpe-
MEHHOH, T. e, CIV4aiiHoH, coctapnaloued. YpasHenue (8.51) moxer

BLITR 3AMWCAHO B CTAHAApTHOH QopMe MOLe n aganTHEHEIX :HI1A-
HM !

I =hx + f_l -7 }.r,“_'i . (8.52)

[MowTopas yae TpHBeleHHBE PAHCE BEIKTALKY, MOXHO 3aNHCAThH
MOOEIE AJANTHBHEX oxnganuit (8.50), (8,51) 8 RHIc Cneaylowero
YPABHEHHA:

¥ =Bhx, +(1-A)x  +e,, (8.53)
me & =[y -(1-api,]

Ouerdano, B Molend (8.53) MMeer MecTo KOpPPeIHpORaHHOCTE
perpeccopa Y| co ¢yqaiHbIM WiIeHOM.

Monens (8.53) MoxeT DLITE OLUCHEHA C NOMOLLLIY HEAUHELHOZ0
Memoda naumenbiuux Keéadpamos (CM. npenblayiiMe npuseps), Tak-
#e K Moncad (8.50) moxer OTh NpMMeHeH MeTol MHCTPYMOHTATb-
HblX TCpeMeHHLIX. BeposTHO, BROepBERle 3T ORJIO  COSTAHO
H. JepuataHoM, KOTOPHE HCMONBE3IOBAN B KAYECTEE HHCTPYMEHTATL-
HEIX TIepeMeHHRIX g X© daxTHueckue goxon W noTpediieHue Ha

OPYTOM BPeMeHHOM OTPC3Ke (MONpOBHEE O PAITHYHLIX ACTICKTAX MO-
oenn M. @puaseia oM. [3])

8.9. AsTokoppenauma oWwnboK B MOAENax
CO CTOXACTUHECKMMM PErPECCOPaMM

BammarensHEi yMTaATCIE MOT 0DPaTHTL BHHMANME HA O0HO, Ka-
340Cs ﬁbl, MPOTHROPETHEOE OOCTOATEIRCTEO. B PACCMATPHBASMBIX

i

fpHMepax 3HateHue cratHeTukH Japbuna—YorcoHa (JKE.':‘-]-:IH-E‘LIIU?L
(OCTATOMHO DIHM3KHM K JIBYM, HTO, Kasanoch Obl, YKA3bIBAET Hi Ul:
CVTCTBHE ABTOKOPPEIAIIHH. JIMUIE B MOAETH A0anTHBHEIX OH{HILEFIITHH
u3 § 8.7 3uayeHne CTATHCTHKH ¢J NonagaeT B KPHTHUCCKYIO 0OAACTb,
0 HA CAMYID €2 TPpaHyLy.
w Hﬂjli;m:cnulmi SHEEpr‘iEHb MpOCToe: Mec ﬂapﬁmm—-}’bmm&a He-
APUMERIM & TOM CAyHae, ecal UMeemcs Koppeanyua .we.xf.'clly gezper:m—
paM W ORUBKAMIE PEEPECCUi. B camom Aee, Mg TecTa 3aKiliouacTca
§ TOM, YTO KOppe/siluus OWMOOK perpeccii HMeel MECTO 1511“92?.{ "
[ONBKO TOM CIyYae, KOrjid oHa SHa4uMo l]pHILI'.},-‘[‘{:’I‘B}'{:T B DCTATKAX
perpeccud. Ho ais Tor0, yTOGL! 210 DHJD AEHCTBUTENLHO Tk, HE-
ofxomMMo. uToBLE Habop 3HAYCHMWI OCTATKOR be:.KHn Ehum_ﬁb{ WH-
TEpIPETUPOBATh KaKk Habop Habmmonenunit ombok. Mexay TeM 370
e TAK, CCJIH PETPECCOPhl KOPPETHPYIOT C DIIMGEAME, ,
MoxHo TIOKA3dTh, YTO B OTOM CHYHAe IHAHEHHE CHIAMUCTURH
Napbuna— Yomcona fivdem wacmo nonadame & abAGCHD HPHHEI?IHIH 2-
homesst 00 oMEYRICMgUY asmMOKoppeli U & moM caydae, ecid ha
cumoM deie sma 2uRomesd Heageplid. D10 0DCTOATEARCTED M negqc'r
reet Japfuna—YorcoHa HenpuMEHUMBIM H eﬁywum:mlﬂaw Heobxo-
AUMOCTh APYTHX HICTPYMEHTOR il oOHApPYKEHHA ABTOKOPPENALMA
QUMBOK PEFPECCHH B MOIGASX €O CTOXACTHUCCKUMH perpeccopamm.
B MOICTH ¢ pacnpelcIcHHBIMM jJaraMi ADL (0,1 (3aMCTHM, “m,
BCE pacCMaTprBagMble HAMH MOMETH OTHOCHIHMCE MMEHHD K ﬂTDh-:l
THTTY) /LIS BRISIBIEHWA ABTOKOPPEIAIMH GIIHB0K MOKHO [PHMCHS
h-meem Hapfuna. PaccMOTPHM MOIETE

(8.54)

y, =+ px v e

[TpefroNoXyuM, HT0 [ONO3PERAETCH HATHINE ABTOPETPECCHH

NepEOro mopaikd i THHAMHWKE &2

g, = P&y +5 - (8.55)
PaccMoTpuM CIEAYIONIYIO CTATHCTHKY
— 8.36)
h=(1-05d =3 (
{ ) 1 —nD(y)
re o — 3HaveHue CTATMCTUKH Mapbuna—YoTcoHa ypapHeHHA
(8.54), § — oueHKA mapaMcrpa ¥, noIy4yeHHas TPHMEHEHHCM K
(#.54) obBIHHOTD METOMA HAMMEeHBLLHE KBALDATOR,
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[Mpu crpaseiMBocTH runoTesn p = () PACTIPENCIEHHE CTATHCTH-
KM f TIPH YBETHYEHHH oDbLeMa BLIOOPKH CIpeMiTes K HOPMATEHOMY
€ MATEMATHHECKMM OMHAAHHCM, PARHBIM HYIIO, W THCNEpCHEN,
pasioi enHHuie. Takum ofpasoM, THoTesa O OTCYVTCTBHHE ABTO-
KOPPEAUHK OIIHOOK OTECPIASTCA, CCiiM  HabloTieMoe JHAYCHME
CTATHCTHRW /I OKaXeTes Dojible, YeM KPHTHUYECKOE 3HavTeHHe CTaH-
JAPTHOTO HOPMANILHOTO PACHPENeIeHMST,

PaccMoTpiM cenyiowmit MomenbHEi npuscp, Metooosm Mon-
Te-Kapio (oM. §12.2) Geuia chiMuTHpoRaHa Moes

Fe =AY T8,

(8.57)
(8.58)

& =pe, 1 +E,

€ MOACIBHLIMI SHaueHuamn o = 10, v =06, p =13,
Mpumenns k ypasuennam (8.57), (8.58) obwuHbll MeTon Hau-
MEHBLIMX KBALPATOR, NOTYIHIH CIEAYIOUNE PEIVIIBTATH:
Vi =52574+0,79y, ., d =1,7 nns ypasHenus (8.57) u 2,=0158;1
(L15)  (0,045) (0,07)
d =1,96 nna yparvenus (8.58).
TaknM 0BpazoM, NOIVUCIE! CACAVIONTHE OLEHKH:

& = 5,257, §=0,79, p=0,15.

Kak Mbl 3HAaeM, 3TH OUEHKH 3HAYHTENLHO OTIMYAIOTOS o1 Me-
THHHBIX 3HAYCHHH Mapametpob. Tak kak B PACCMATPHLAEMOM TIDH-
MEPE JHAYCHKS [§ M p BNIOAHE CPABHMMBI, MBI J0/TKHE] OWHMIATE, YTO
MCTON HaUMEHBIIMX KBAAPATOR TMPHBEIST K CYLICCTREHNOH HEeCo-
CTOATENLHOCTH OLCHOK, YTO MBI M HaBAOIAEM B ACHCTBHTCIBHOCTH,

Obparum ocoboe BHMMAHHME 12 AOCTATONMHO bnnakoe K apym
stlauenne craternkn dapdbuHa—Yorcona ana vpasHenwus (8.57).
Ha ator pas swavenue d nonadaem & ofaacme RPUHARIA 2LROMesnt,
HT0, OYCRHIHO, NPOTHBOPEMUT ypasHeHuio (8,38). [1pasuanyblii pe-
SYABTAT MOKHO HOTYIHTL C TOMOMLID fA-recTa Japbuna. Mwvecewm:

d= 1,7, b(HHr=0.045: n = 185,

Moacrasnaa yru sHavenns 5 (8.56), noaydacs f = 2,04, Tak wax
IT0 3HAYEHME DOILIIE KPUTHUYECKOTD Jig gs =196, onpeneasemoro
At HOPMAABHOTO 3aKOUA, TUMIOTEa of OTCYTCTEMH ABTOKOPPEISTIHH
CLIHBOK OTBEPTASTCS, MMEET MOeCTo ABTOPErPeceHs OLMDOK 11EPROTO
NOPAIKA (€11 PAS 3AMCTHM, YTO /15 PacCMaTpUBIEMOi MOACIH 3TOT
BLIBO GbLI ANPHOPHO O4eBHICH).
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B HacToHlIEM NPHMEPE WIBECTHO, 4TO CIYYaifHBIE BENWUIHHE S
HMEHIT HGPMHJ[I:!-[UE ]:PHG]'I[J'ELIEJTEHHE,, TAK YTO ]'IHHEGJTEE TOUHLIE
ONEHKM JAET METON MAKCHMAanbHOTO npaptonogobusd. [IpuMedss

2Ty, TIOUTY M,
(. =9,338376; =0,313694; §=0,627373,

TTH 3HAUEHHH VAL D0CTATOUHO GNIMIKM K MOASIBHBIM, bonbiuei
TOMHOCTH MOKHO OBUI0 OB 10BHTLCH, CHIMHUTHPOBAL MOICTE HA Bhi-

fopke BOALWIETD ODREMA.

8.10. GARCH-mopnenu

3aeck ML OTMCTHM ellle OfIHH THMIL MOJeneldl BpeMeHHBX PANOR
CO CTIeHHUECKOR JABHCHMOCTRID O1UMOOK PErpeccHu.
— CTAUMOHApHEIE BpeMelHBie paasl, = 1., A
Myvets x; 8 ¥ cTall p P
PaccMOTPUM PErPEecCHOHHYI0 MOMETR

y, =Px, +5,, (8.59)

VIOBICTROPTIONUIYED CHEAVIOLIHM YCIOBUAM!
M, (e)=0 (8.60)
rje D, (& )=a,+a0},, (8.61)

G.ri--l = D(ﬁl-l }

i Ouepnano, venosue (8.61) oznauaer, wro HOBIIEE OTKIOHCHHE
o ODLACHEHHOTO (NPOrO3HPYEMOra) JHaueHua B rIpE:,’lh!,"L‘_v’u.lﬂ..\i z-m:
AINIOLEHHH TMPUEOIHT K DOMbIUEH BEpOATHOCTH 3HAYHTENRHOIO OT-
KENOHEHWA TAKAE W B MOCIeIVIOUTCM HabmomeHHH, .

MeenellopaHHA NMOKAZRIBAKDT, 49TO J'ICIII,DE:JH]:[E ABICHHI ‘tiﬂE'T{r] Ha-
BMIOAAKTEH AHAITMTHEAMH  (PUHANCOBOTO PHIHKAD [EPHOIR «.m'r;—
WhA», KOrAa (PMHAHCOBBIE TTOKAJATENH JIHIIE HE3HAYHTEIBLHO Knne‘ -
JOTCA ROKPYT CPEdHEro, YePEnyioTes ¢ Neproaamu «ucnpccmv,fa—
PAKTEPHIYIMIHMHCH WHPORHM pasMaxon IHAMEHHH TEX XC HD}.Q-L‘}E[-
teacit, Ha pwe. 8.3 npueencH npuMepHbl rpaduk 1ogobHBX Ha-

H.
mm{:ﬁ}%i:nmm k yeioeusy (8.60), (8.61). Mz (8.60) u;:eayﬁ, T
a'[t, |‘E,:]=U, T. €. ABTOKOPPEALINS OCTATKOB oreyrersyeT, M3 atoro

#E YCNOBWA CHEAVCT, 9TO
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Dle,)=M(D, (&),

HITH Dle, )=, +qed ;.
Ecan Blg) =20,
-y
TO D(ﬂ, }: D{ﬁH |I

U De3VCA0BHAS AMCTIEPCHS] QIHGOK PEMPECCHM TTOCTOAHHA, T. £, MO-

AENb MOMOCKCIACTHYHA,

&
- * ‘..i
e
a ® e @ a - @
_____________ N e
s .' s L ] ] .. L
® *
@ ® ™
e
A
] o
Puc. 8.3

B 1o e Bpems cooTHOWeHHe (8.61} oznauaet, yto UMeeT mecto
FCAOSHAR 2eMEPOCKedadcmysacmg OLINPOK perpeceun. Monens, vaog-
JleTBOpAloNEan yenosnaM (8.60), (8.61), nasuipaetcs fffrmﬂp{?t‘pé"ﬂ;'ﬂﬂﬂ-
HoW - yerosHo  eemepockedacmusnoi modegsio,  Wan ARCH -modeanio
(AwtoRegressive Conditional Hereroskedastic moeled).

_C-}Ta MOAGIL  donycKaer ofolwenna, Ecow pmecto  venroris
(8.61) pronuTe venorme _

- | = ' .2
B g, P{L,J—uu HOEL ) a0 El

1o Moncin Hasmpaercs ARCH(p) (apu-sonens F-To napanka). Pac-
CMATPHBAIOTCS Takxe Goliee obIIME (DOPMBI 3ARHCHMOCTH YOIORHOH
AHETICHCHKA OITHDOK, a HMEHHD JABHCHMOOTH CASIVIOWEro BMia:

H a
D?.:I. |'"$-'_.|'-' {E'.' } = a’il 3+ Z I:--:!:'ré‘l?—.: =+ Z -:'r."ﬁl?—i r
i=1 i=1

szmcm'r:;ymman MOIC/L HA3BIBACTCS ofoduennon asmopespec-
cHontou yeiosro cemepockedacmusnod modeasio ( Generalited Auto Re-

gressive Conditional  Heteroskedastic model) nopsakon p oW
GARCH (p, g). PR B TR
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KHK AL ONPENENMTh, MMEETCH JIH B MOJEITH },-'C.I]E}HIHIH I"‘;‘.‘-'!'EFIUGKG—
AACTHYHOCTR? Kak u B chyvde NPOHEPKM FHOOTESL 00 OTCYTCTEHM
ﬂﬁbi*—IHDﬁ METEPOCKCTACTHUHOCTH, BMECTO HEHHﬁ.‘IHH[_EIEMhJK BEJIHYHIL
OUIHMGOK PETPeccHM — paceMaTpHBamTea ocTaTtky. K monenn (8.59)
NPHMCHACTCA ODRIYHBIE METON HAMMEHBIIMX KBAAPATOB, BEOWUpIET-
¢H TOPAIOK f M PACCMATPHEBACSTCS PETPECCHS

Bl =qp +alel + .t ahel,,

Ecnw npu stom runoTtesa 0 HEIHAYHMOCTH PErpeccHM OTECPTacT-
cA, TO MOKHO CUHTATE, 410 HMeetes ARCH(p)-Moneib.

Monenn ARCH u GARCH ynoBnersopaioT BeeM YCIOBHAM Kaac-
CHMECKOH MOAETH, W METO] HAMMEHBLIIMX KBAADATOR [MO3BONACT [0-
JAYYUTE ONTHMATEHERE dpkeiiane oeHry. B 1o e ppems MOXHO Mo-
JVUHTE Oofee 3dubekTHEHRE HetuMelHbie OLUEHKH METOL0M MAKCH-
MaNBHOTO Tpastononobus. B omouime o MOBEnH ¢ HC3aBMCHMBIME
HOPMANEHO  pacmpefeleHHEMY  oiubkami  perpeccin & ARCH-
MOOCTH OLEHKW MAKCHMMAILHOTO Mpaplonoiobud OoTIHYAnTed  oT
OLUEHOK, MOAYUEHHRIX METOIOM HAMMEHBLIINY KRAIPATOE,

Hampuwep, ans ARCH(1)-sodenn aorapudmudeckan yHKIN

I pﬂﬂﬂﬂﬂﬂﬂ{iﬁﬁ A HMEET BHJIL
2

o1& ; pay 1 &;
InL 3 %ln{uu + 011‘*:-1] 2 ,Z.l—aL ey
Fe MHHMMHIALNE ¢ NOIYUSHHEM COOTBCTCTRYIOUINY OIEHOK Hi-
SRIBAGTCS OueHugannem wodean semoedon ARCH. CooTreTcTryiimas
MPOUETYPL NPHCYTCTBVET B JKOHOMETPHYMECcKHMX makeTax. [lpw ee
KOMMBIOTEPHOR PEAIM3ALHM TPCOYETCA YEAZATE MOPSADK MOIEIH.
Henonwaosanuue ARCH- v GARCH-moneneil okaseisaeTed B psic
CAYUASE IKOHOMMKO-MATCMATHYECKOTO MOMSNUPOELHNS (HANPHMED,
npoueccos HHEIALHKY W BHEIUHEH TOPTORIM, MEXAHHIMOB (QopMH-
POBAHMA TIOPMBL TIPOLEHTA M T. 1.) Donee alekBATHBLIM NCHCTBH-
FEIBHOCTH, YTO [O3IROAAET CTPOMTE Donee >dupekTHBILIC OLEHEH
[APAMETPOR PACCMATPHEAEMEIX MOJENEH 00 CPaBHEHHIO ¢ OUEHKA-
MM, TMOAYYCHHBIMM ODRIMHEIM M Taxe oboDILeH LM MCTOOOM HAaW-
MEHBLIHY KBEAIPATOR,

8.11. HecraunoHopHbie BpemerHsie pagsl

Jo cux nop ML pacCMATPMBATH RETPECCHOHHBIE MOJENH THIA
Y=AP+e, B KOTOPHX P OCTATKOB DACCMATPHEBANGH KaK CTAITMOHAP-
HbIf, 4 HECTAUMOHAPHOCTL CAMWY DAAOR X M ¥, ODVCIABTHELIACK
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HaTHIHCM HecayuaiHoi KoMnoHeHTrl (Tpeuna). [locae belueneHmng
TPEHAA BCC PSJIRE OKA3BIBAIMCL CTANMOHAPILIMK, TIPHYCM CTALIMO-
HAPHOCTE CHMTATACH 3apalice W3BECTHOM, anpuopHoi, Ha NPAKTHEE,
OJHAKOD, TAKAS CHTYALHA peaKo MMeeT MecTo. Mexuy TeM. BRIoue-
HHME B MOJI2NE HECTAIIHOHAPHBIX DANOB MOXET MPHBCCTH K COBEp-
IIEHHO HeBePHBIM PE3VALTATAM. B YacTHOCTH. cTaMaapTHBIR aHami:
C MOMOMILKY METOMA HAMMEHLIITHX KEAIPATOB MOIenH

yi=a+bx +g (8.62)

MOKET NOKASATE HATHYHE CYUIECTBEHHOR 3HAYHMMOCTH Koaddmim-
CHTA B MAKE B TOM Chyyae, eC/IH BEIWSIWHBL X, M ¥, HBISIIOTCA Heda-
BHCHMBIMH. Takoe ABMEHUE HOCHT Ha3BAHWE 10XCHOU pespeccut W
MMEET MCCTO WMEHHO B TOM Ciy'uae, KOTIa B MOAETH HCIONLIYIOTCH
HECTALIMOHADHRIE BPEMEHHRIE DSLITHL.

Takum obpazoM, Npu MOAETHPOBANMH KAKOH-THOO 3aBHCHMOCTH
MCAKIY BEMHYHHAMM X; ¥ ¥, ECTCCTBEHHO BOIHUKACT BOTIPOC: MOXHO
JH CHMTATh COOTBETCTRYIOIME BPEMEHHRIE DAL CTAIIMOHAPHEIMK?

B wactosiuem naparpade ML paccMOTPHM HEKOTOPBIC BONPOCH,
CBA3AHHBIC ¢ HECTALMOHADHB MU BPEMEHHBIMH PHIAMH.
[lpy 3moM MBI He ByIeM CTABWMTEL 33039y ODCTOMTEARHOIO HANOKEHHS
TEOPHH HECTALHOHAPHLIY PAAOE, TAK KAK 39T0 NOTPeOOBATO BRI Ho-
NMONB30BAIIMS MATEMATHUECKOTO ANNAPATA, CYIMECTBCHHO BRIXOITIE-
rO 3@ paAMKM Haliero paceMmorpetius. [lostoMy Mbl orpaHuyuMcs
JHIE TEM, HTO 3aTPOHEM OCHOBHEIC NPOBAEMEL, BOZHHKAIKE [1pH
FKOHOMETPHUECKOM MONEMHPOBAHNWH HECTAIHOHADHBIX BPEMCHILIX
IMLIOE.

Mrak, nycTh MMeercs BPEMCHHLLA Psi ¥, TIPH 3TOM Mbl CHHTASM,
UTO B HEM OTCYTCTBYET HecHydailiad cocTarmdiowas. Jus mpoctors
TAKKe DyieM CHMTATh, YTO CPEQHEC €10 3HAUCHME PABHO HVIID (oue-
BHAHO, Pl OCTATKOB PerpecCHOHHON MOIETH VAOBIETROPACT ITHM
VCIAOBHSM),

Ecim paa aBmaercst cTalliOHADHLIM, TO B KaAKLLUA CACAVIOLIMI
MOMCHT BpeMEHH CI'O ZHAMIEHHE QC'['FEMHTE}I BCI]II}"]'E:CH K H}.-','IGLHJM}'
cpeanemys. MHBIMM cnoBaMd, ¢ciin Mbl GyneM 08bHCHATE 3HAYEHHE
Vi MIPCABLAYIIHM 3HAMCHMEM V. TO OGBACHEHHAH 4acTh ¥, Dyier
HAXOIHTLCH DAMKE K HYINO, UeM IHAYCHME ¥, .

METCMHTH'WEKH C'l'pf.‘.ll'{‘.l ITO VCIOBHE MOXKHO E{l}O}}M}-’HHﬂDBEl'I'b
CHEAYIOLUNM ODPA30M: PACCMOTPHM PErPECCHOHHYID MOMETh

Yo =py +E,. (8.63)
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HMeTHIHOe SHAYCHHE TIAPAMETRA p IOIKHO YIOBIETEOPATE YEI0-
BHIC ||:1|{ I. B ciyuae, ecau p=1, MBI HMCCM CHTYALHIO, KOLIA MO~
CICIVIONUIEE IHAYEHME ONMHAKOBO JICTKO MOXKET Kak npuiIHKaTECH 15
[-i‘\-':II:EBD."-i}' CpeIHEeMy. TaKk M OTJIAIATECS 0T HEro, CoOTBETCTRYIOWHEA
U.‘-]‘u-"-IEiﬁHhiﬁ LPOHECE HABLIBACTCH wed VAl nyycdaniess, One-
111»{:-1110, OUCTEPCHA B 3TOM CIyJae pacTeT. B camosm gene, U3 paBeH-

crea (8.03) Mmeen,
DU"rj: Dly, j Fot,

1. ¢, mucnepeda Ny HeorpaHWHeHHO BO3PACTACT, d IHAHUMT, PAL Vi
HE ABRTAeTCH CTALLHOHAD 1LIM.

PazyseeTca, B CIyuae |pl::-1 pan TteM Doaee He ByaeT CrTalMo-
HAPHBIM, 3HAYCHMS ero CTPEMMTENLHO HAPACTAIOT. CoOTReTCTEYIO-
K npongce HHOMA HASLIBACTCH E206EHLIM. D,EEHHKU B pPCATEHBLLX
AKOHOMHAYSCKHAX 3a0a4ax OH HHEODDA HE BOZHHAKACT.

[lpakTHKa TOKA3BIEAET, 4T0 Yalle Beero B SEOHOMETPHUCCKHX
HCCAeNOBAHHIY HeCTaUHOHAPHOUTE ]}{-ICC}.!u'l‘DHB}IEM{Ji'G BREMEHIITOTO
PHIA HOCHT MMEHHO XapakTen ciyHalHOTO DIYATAHHA, Taxum UG[;:na—
30M, BOMPOC O HeCcTAUHNOHAPHOCTH DAL V. KAK ITPEIE!M.EG, CROIMTCEA
K CACMYIOLLEMY: BEPHO JIH, UTO B PETPECCHU ¥y = Py + 5, HCTHHHOS
THAYCHHE TIAPAMETPR p PABHO eaMiMiEe? CoOTBeTCTEYIOWAN 3a0a4a
HAILIBACTCS NPOBIEMON eduURUUHO20 KOPHA.

MTak, Nyerh MMEeTeH BPCMEHHOH Pl Ve PacemMoTpuy MONEIL
ABTOPCTPCCCHA

¥=pY, HE- (8.64)

GydeM Npennoiaratb, YTo OWMOKH PErPeCcCHM G, He3QEUCHUMB U

oduiakode  pacnpedeacisg M. e ofipazyiom Oeapif wym, [lepexoas K
PAIOCTHRIM BEIHYHHAM, TEPENHIICM COOTHOLICHNE (8.04) B BHAC:

Ay, =y +E, (8.65)

e Ay, =¥ — Vs A=p—L
Torna npofinema EIHHMUHOIO KOPHH CBOAWTCH K CASAYIOINEH.
EEpHO 1M, uTO B Mozenn (8.65) MCTHHHOE 3HANCHME IIAPAMETPA A
pARHO HY/NOT : ‘
Ha MepBwIf BIrmal KaKeTcs, 4TO BOOPOC MOKET EH:ETT—: peu.u_..lr
TeCTHPOBAHHEM ruioTeshl A=0 ¢ NOMOLILKY CTATHCTHRH CrhioneHTs
(§ 3.6). OnHaKo CHTYAIMH OKAsLIBACTCH CNOEHCC. B ToM coyuag,
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CCTH DAL ¥y HA CaMOM JeNe HeCTAUMOHAPHRIA, T. €. &CIH HA CAMOM
nene =0, cTAHAAPTHAN f-CTATHCTHEA BMaa [ =/ G, He HMeeEm pac-
npedeaenus Cmeiodenmal

Pacnpenenenue f-cratveTukM B 9roM cayuae onMcano Auky u
Dyiviepod. MMU Ke nonyueHbl KPHTMUECKHE 3IHAYCHNA s OTBEp-
ACHHA THINOTCIB O HECTAMOHAPHOCTH Puaa, OHM CVILECTEEHHO OT-
AMHAKITEA OT KPHTHHECKUX 3HadeHuil pacnpenencuus CreonenTta, B
PEIYILTATE  OKA3LIBAETCS, YTO MCHONLIOBAHME ODBIYHOTO (-TecTa
IIPUBOANT K TOMY, MTO THIIOTE3a O HECTAIMOHAPHOCTH BPeMeHHOIO
PAIA OTBEPLACTCA CMIIKOM YACTO, B TOM MHCIE W TOIIA, KOTIA psai
ACHCTBHTENLHO ABNHETCH HECTALIMONADHEIM,

Taxum obpazom, npobaeMy eauuuIHOrO KOpHs ClenyeT pellarth
¢ nomouelo mecma Auku—Dyaiepa, KOTOPHIH PEATUIOBAH B HOIh-
LIMHCTBE COBPCMEHHBIX DPETPECCHONHLIX TAKeTOB. B «Econometric
Fiewss NPHCYTCTBYET Tak Ha3bIBACMEIA nonoduennsiti mecm Muku—
Dyanepa (Augmented Dickey— Fuller test — ADF). On ABnAeTes obob-
eHuem obeYHOTO Tecta JIukn—Myinepa: B NPALYH) JACTh Bbipa-
Kenun (8.65) mobapmsioTes craraeMele Bua Aptivos B¥yope To 8

TECTHPYETCH THIMOTE3a A = 0 ans Monci
"ﬂ-".!"'r = ?“.}':n'—l + ".""’l":.}':.vf i+t :""_.uﬂyj—,.u +§."

5TO COOTBCTCIBYET TOMY, YTO BMECTO ypaBuciud (8.64) Mbl pac-
CMﬂTPHH-El'EM }'EJEIBHEHHE

Y= p¥—1Tpal—n + . F Pot 1 ¥ —p—1.

T. & TbITAEMCH MASHTH(OMUMPORATE Pl KaK ARTOPCIPECCHOHHBIH
nopanka p+1. [dofasneHue npupanieHuii Ay, NPOM3BOAMTCH LIS
TOTO, HTOGE ¢ BOIMOXHO BOMLLOEH JOCTOBCPHOCTLEY M3GABMTLOH OT
4BTOKOppe/AlMH ownbok, (Hanomuns, yto pacnpenenenine dukn—
Dy/uiepa 1-CTATHCTHKM MMEET MECTO ML & TOM  CAVYAE, ©CnH
OWHDKM ABNAROTCH Benty mymom!) Onako Aoasne Hue npﬁpame—
HHH B IPABYIO YACTL CHMKAET MOLIIOCTL TECTA Huku—bynnepa.

HTo Aenate B TOM cayuae, ecau Psa Y, OKA3ANCH HecTAIHOHAp-
veiM? Yacto npu atoMm OKAJBIBAETCH, Y10 CTAUMOHAPHBIM HBTASTCH
PO TIPHPALLEHUE A,

Eciu psg Ay, apisercs CTALHOHAPHRIM, TO MCXOIHHE HecTa-
MHOHAPHLIA PAN ¥, HAILIBAETCH whmezpupyesmsm (Wi GOHOPON BLM).
B Bonce obues ciyyae HECTATTHOHAPHLIN PAN ¥, HAILIBASTCS Lrmes-

pupyesmuim (odwopodnsn) k-z0 nopadica, ecnm nocne k-kpatHoro mne-
PEXOTA K NPUPALIEHHIM
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L ——————S =

'urk.}"r =ﬂ”_l.1"'r N a”'_].}":—l s

tae d'y, = Ay, , NOMYIAETCA CTALHOHAPHEI pan d* y,.

Ecau npu oToM cTalMoHapHblil pan d*y, KOppexkTHO WaeHTHGH-
unpvetcs kak ARMA(p, g), To HecTALMOHAPHEIH pail V, 0DO3HAYASTCS
ARIMA(p, g, k). Monens ARIMA(p, g, k) 03HavaeT Mmodeas asmopespec-
CHE — RPORERICSpUpOGARRON CRoabIRwen cpedrel (AutoRemressive Inte-
grated Moving Average model) nopsaxos p, g, K W M3BECTHA Kak
modeas Boxca—dweenrunca, Dra MOIETE MOMET JOCTATOUHO VCTIEN-
HO ONMHCEIBATL MOBEAEHME HECTALMOHAPHBIX EPeMEHHBIX pATOR (B
TOM WHCHE COUSPKANINK CE30HHYIO H{MIW) IHEIMHMECKVIO KOMITO-
HCHTRI}, 9TO NOIGOAACT IQPEKTHRHO HCMONBINBATE 2 B 34Ja4ax
KpATKD- W CcpefHecpodioro asTonporHosa. [pouenypa noabopa Mo-
aenn ARIMA peanusonana BO MHOTHR 3KOHOMETPMHYECKHY MAKeTax.

OpyTHM TIpHEMOM YCTPAHeHMS HECTALMOHAPHOCTH SBIAHETCH Ko-
HHMEAPAUIT HECKOIBKUN HCCTALMOHAPHELY PAIOE B HEKOTOPYID CTA-
IMOHAPHYIO IMHEHHYI0 KoMOMHAUMO, OnuileM 3TV TPOLIeIypy Ha
MPOCTOM HPUMCPE TBEYX HECTALMOHAPHEX PHIOE,

HecTanmoHapiele pAaR X; M ¥, HASLIBAIOTCH KOUNHMEZPUpVEMBIMI,
GO CYIMECTBYIOT YHCTA A, WM A, TAKHE, UTO DA A\X, + Ay, SBAs-
eredl CTANMOHAPHEIM, Tak KAk YMHOMEHHE Ha HeHvienol MHO#H-
Tellh, OYCBMAHO, HE WIMHCT HA CTANMOHAPHOCTE, AIA KOWHTCTPH-
PYEMBIN PAOOR CYUIECTEVET CTALMOHAPHEIR Pl BuAa v, — Px, .

OKA3BIRACTCA, ECIK PATBL % W ¥ Hi CaMOM DEJe SRISITCH KOWH-
[CIPMPYEMBIMH, TO COCTOATENLHAS OLCHKA TapaMerpa [ nogyuasres
KAK OLEHKA ODLIMHOIO METO04 HAMMEILIUHX KRAIPATOR, MPHMEHEH-
HOIO K MOOe1H
(8.66)

Kazanocs 6w, 9I0 pas Tak, TO BOIPOC O HATHSMHK KOMITCIPATIMY
MOACT DHThH pelleH CAeaAVIoMM ofpasoM, MeTonom HAMMCHRIIMX

v, =Px, +&.

KEANPATOR OUeHHBacTea ypasHenue (8.60) M & paay p, —[r, mpume-

HaeTesn TecT duku—DPynaepa.

OnHako okaswieaeTes, dto tecT Juku—dhouepa B 3TOM caydac
HenpuMedus! Tlpd ero MenonLIoBaHUH THIIOTES O HECTAITHOHAPIO-
CTH KoMOMHALUWH ByNer oTBepraThed COMimkos yacto. Ha camowm
OeC KPHTHUHECKHC SHAYEHWSA JUIM /-CTATHMCTHEH B OTOM CNTydde apy-
rue, OHH OBUTH OLUCHEHR MEeTOLOM CHMVASIHH (MerogoM MaoHTe-

Kapmo, oa. o 12),  CpasieHwe  HaDAmmaeMOTo  3HAUEHMH
~CTATHCTHEHW C THMH ‘_\-"!'D'IHEJIHI:JMI".I DIEHKAMMW Kpl'i'['}iT-ICCKHx THA-
o]




NEHWH  COCTABTAET C¥IL KOUHMEDaUIONNG0 mecma | Cuointegration
Test). KoTopoiil TakKe, kax npapio, PCATMIVETCA I DKOHOMETPHYE~
CKHX Nakerax,

Mospobree Boupocs, crgsaiLe ¢ HECTALHOHAPHBIMH BpeMeH-
HbIMU paaaMu, usnoxenns B [1], [13]. -

YnpakHeHus

8.1. Ouenupacres monenn ¥ = BA + & OBBIMHLIM METOTOM Hau-
MCHBLIMX kBanpatos. [lomayyacTes ypapsenne nua
y=12x
(0,3)
M3BCCTHO, 0MHAKO, YT0 HIMEpelius perpeccopa X npou3BoasTes
C OLIHOKAMM, THCTICPEHS KOTOPBIX OHEHMBACTCS kak 10, Moxkuo om
(PH 3TOM CHHTATE, STO MCTHHHOE 3HAYCIIHE koahduunenTta B no-
JAOANTEALHO, ecnnt a) ancnepcna X pasna 100 &) IHenepecuy X

parHa 07
8.2. llna ouenku narosoro YPABHEHMA ¥ = vV + g NpUMeHeH
O0BLIYHBIN METON HAMMEHBILHX KBAIPATOLR M MONYISHO VPaBHEHHC

=09 ,, d=109s.
(1)

CuMTaeTes1, 410 0lHGKM PETRECCHE DpecTaBAqoT coboll cra-
HHOHAPHRI ABTOPETPSCCHOH H R npounece meproro nopanka, Mox-
HO JIW - caenath Buisod, uTo  kosdupmident i - @) Boamne (,35;
@) Bonswe 0,77 OGbeM BHBOPKH 10CTATOUHO BETHE.

8.3. Paccmatpuiaetes Moneis NAPHOH perpeccy

Y= Ap +e (8.67)

B cheayiomedn tabnmnne npupomsites
MEHHBIX X, ¥

JanHpie Habawachui nepe-
HHCTPYMEHTANLUONR NepeMelingii 2

|

T
i Xy L | I I Ll K Z;
| 0.0 | 205 110 7 s | 232 T3
2 10,1 20,6 10, B 1,1 2.4 1,1
3 02 | 206 10,2 9 11,3 239 1,5
4 w3 |25 | 103 1 10,2 20,7 10.2
s o |22 | g I g | 20 10,1
6 1.6 7| 234 1.6 2| ne | 243 119
222

Haiiti oleHKd napaMeTpa [, NpMMeHsas K ypasuennio (8.67)
ODBIMHE MCTON HAWMEHDLIHY KBAIPATOL W METO] HHCTPYMEHTANR-

HLIX MEPEMEHIILIX, i _
8.4, Nocne NpHBCIEHNA MOUCIH ATANTHBHLIY OXHIAHWA K JIarid-

pl[‘.IL'.é.tllHijl MO W CC OUEHEM MCTOIOM HAMMEHLUTMX KBAIDATOR
HOAVIEHD YPABHEHMED

¥, =12+02x, +03y,,.

HafiTv OueHKH TapaMerpoB HMCXOTHON MOIENH  a7anTHBHBIX

CoE HITAHHH, _
8.5, MeTogonM HAMMEHBIIMY KBALPATOR TOAYMEHD CAEIYHILLE:

VPARHEHME!
Fr=2-02x, +0ly,_,,
(0,03) (0,04)

InadcHue cTaTHeTHRN Japbuna—Yorcona o = 1.9, Ken;mm ce-
IVET CASNATh BRIBOA O HATHYHK ﬂHTE}KGppBJ'EF[HHH B MOIZTH!
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Cucremsl OLHOBPEMEHHBIX YPABHEHUIA

2.1. OBuwmit BUO cUCTEMBI
OAHOBPEMEHHBLIX YPOBHEHMHM.
Mopenes cnpoca v npeanoxeHus

OnHOH M3 NPMHRH KOPPEIHPOEAHHOCTH PETPECCOPOR €O CIy4ai-
HLIMH ICHAMM MOTYT CIIYKHTE (paKTOpLL, ASHCTRYIOLINE OAHOBPE-
MEHHO W Ha CaM Perpeccopbl, W HA ODBACHHAEMERIC NEpeMeEHHRBIC LIPH
(PUKCHPOBANHMIX HAUCHUAX PETPCCCOPOR. MHBIMK cioBaMK, G pac-
CMATPHEACMON 3KOHOMWYECKOH CHTYAUWH 3HAYCHMH OOBACHHCMEIX
]]Epﬂ‘.‘-’IGI-IHJ.:IX M PETPECCOpoR QOPMHPYIOTCT O T HOBPEMCHHO
NoJ BOAIEHCTRHMEM HEKOTODHY B H e 1 H WX daxTtopos, 310 o:Ha-
YAET, YTO PACCMATPHBAEMAT MOICIL He MOAHA ee CASIYeT 40moi-
HHTE ¥PABHEHHAMH, B KOTODBIX OOBACHACMBIMM NMEPEMEIHRBEIMHA BEI-
CTYIAMH On CaM#u perpeccopil. TakuM oDpasomM, Mbl HNPUXOIHM K
HCODXOMHMOCTH PACCMATPUMBATL cHomembl odnodpemeniny WKW pes-
PECCHORRBIX POaenernl.

KOaccHYeCKnM NPHMEPOM SIRTACTCH DAHOBPEMEHHOE dopMupo-

BAHME crpoca Q"f W mpolioxeHud OF Toeapa B 3ABHCHMOCTH OT ero
UeHk P

O =B, + PP+ Pod +5,;

(9.1)
Q" =P, +B: P +e, .

3aeck { — noxan.

Ecamn npeaionosiTe, 410 PRIHOK HAXQIHTCS B COCTOMIHMM DaBHO-
BeCHs, TO B paseHcTrRax (9.1) cnenver nomsoxute 09 = (5 = @ B
TOM COVIAS HabnonacMoe sHAUeHHe f — 3T0 UeHa PARHOBCCHH, KO-
TOPLH POPMHPYETSS OO HOBPEMEHHO CO COPOCOM M NPeaTo-
sennes, Tagns oDPasoM, Ml JOMKHLL CIHTATE P v () ofascimemiety
MEpeMEHHBIMK, & BETMUHIY TOX00a § — o0RICHRINUEH NEReMEHHON.
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Panenenue poicH MekIy nepeMedHBIMM B CHCTEME OIHOBPC-
MEHHEIY VDARHEHWH MOXCT BRTE NPOMHTEPIIPETHPORAHG CREAYI0-
MM obpasoM: mepeMeHHbie O M P hopMHUpYIOT CBOM 3HAYSHMA,
noguMHANCE ypasHeHHAM (9.1), Te. BHYTPH smonern, Tagkue ne-
peMEHHBIE HAILIBAOTCH 2HO0ZEHHBMU. Mezary TeM nepemenHas [ cuu-
raetcid B ypasHeHuax (9.1) JanaHoH, ee aHaueHus QOPMHUPYIOTCH
e MOaen TaKHﬁ Hﬂj}EMEHHbI@ HAZBIBAMTCA IEI0SETBMIL.

C MATeMaTHIECKON TOYKH 3PeHMH, [MABHOC OTIHIHE MERKIY K-
JOFEHHBIME M SHIOTEHHBIMK TIEPEMEHHBIMH 3AKIIOUACTCA B TOM, HTO
JCIOSEHHBE NEPEMENILIE HE KOppeaupyion QO aMI peepercin, Me-
Hiy TeM KakK 3HIOrCHHBIE MOTYT KOpPpeIMpoBaTh (M, Kdk MPABHIC,
KOpPEIUPYIOT). EcTecTBeililo MPelioIadTh, Y10 CXOWHE Coryda-
jple AKTOpPLL ACHCTRYEDT KAK HA LUCHY PaBHOBECHH, Tak U Ha CTIpOC
pa ToBap. [TpHuMIan 3aRUCHMOCTE MERILY nepeMeHHLIMH W TPHEO-
AT, OYCBUIHO, K KOPPEIHPOBAHHOCTH HX CO CAVMAHHEIMK WICHAMH,

Hafop 2K30TEHHBIX [TEPEMEHHBIX MOKET BLITh pasiuuHbM. Tak,
HATIPMMED, B MOICAW CMIPOCA W NPCUTOKEHNH B KAHCCTBE AKINTEH-
Hulk TEPEMEHHLIX K JOXOAY MOryT ObiTh NODABNEHE POLEHTHAR
CTABKA, BpeMeHHOH TpeHd 1 T. 1L

[Ipuseacs OOIIMHA BUI CHCTEMB OIHOBPEMEHHBIX  YPABHEHHH,
[Myete Yi,...y Yy — 3HAOTEHHLIC TICPEMEHHBIE, Xisoeiy Xj — DKIOTEH-
Hee epeMerHbie. Boenem BIotuHbIE MATPHLLP Bu I suna:

;?’H---'."uw
Bl e o 3 L

|
'\E’.-.-ul v [-j’rrm.' A

Vil S ] ,'l
Torma oBHMi BHL CHCTEMBl OIHOBPCMCHHBIX ypasHeHHi npen-
cTapIueIcH B MATPUIHOH (hopMe Kak

BY+TA=zg, _ (9.2)
re Y| |, ¥el 1) &=
LY Y 4 [ X A LEw

KpoMe perpecCHOHHBLIX VpaBHeHUH (OHH HA3KIBAKOTCH TAKKE 00-
cedenuecicum YPABHEHIHIMA ) MOLETh MOKET COLCPARATR mHCHEC T,
koTopele npeacTasisioT coboit anrebpanteckne COOTHOIEHNA MEK-
ay SHAOTCHHRIMH [lt:DGHEHHl:CIMH.
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Hanpumep, ang smoaeny hopMMpoBAHMS CNPOCE M IPELUIOKeHHT
H HEHH ABHOBCCHH HMMeeM IBa NOBEAeHYSCKHX YpapHedus (9.1) u
0HO ToRACCTEY (=4,

Tosnecrsa, BOODIIE TOBOPH, NOIBEOAMINT HCKIIOUHTE HEKOTOPEIC
SHACTSHHLIE MEPEMEHHBIC M PACCMATPHBATE CMCTEMY PEMPeCCHOH-
HEIX VPABHEHHH MEHBIUCH pasmepHoCTH, Tak, B MOTEnH ¢npoca M
MPeLIcKeHNs MOXHO MoioxuTs F = @“’ = () ¥ PACCMATPHBATE
CTRPYKTYPHYIO (hopmy (9.2), ruel

o) 1 & |
}’=\ ; A= J; g= -
& ! £
e B oy e Ey _\
B= 1 [ : I"‘—{ B_- ﬁ;|
1 =Bs) —ps 0

B nacroanied rmase mpl OrPAHMYHMCH COYUMagM JBYN vpasHeHHH
C IBVMH JHIOTCHHBIMM NepeMeHHBIMH. ZT0 He NMPUBEIST HH K Ka-
KOH comepwaTeabliol notepe — Bee HeoDXOMHMBIE ACHEKTh TCOPHH
MOXHO TIPOCICNHTE Ha 3TOM NpocTedimes cayuae. B 1o e ppemsa
THEOE OTPAHHYCHHE DOIROAMT HaM M308KaTh HANWIIHEH TPOMO3IKO-
CTH B BBIYMCIEHMAX,

OHEBMAHD, YTO MBI BCCINA MOMKEM BBUIC/AMTE B JEROH 4acTH cHE-
TeMBl JUAOTEHHRIE TIEPCMEHHRIE, T, €, 3AMHCATL VPABHCHHH B B,

=+l 4yl +e: (9.3)
R CIR R SRR FHES S (9.4)

Hadope! nepemenss Xy w Xy Moryr GuTh TponanwibHeME, [la-
paMeTprl [§, soobine ropops, sekTopHee. Eciu npHMEHHTL K ypas-
neHusam (9.3), (9.4) obRIYHLIA METON HAMMCHLIIIMX KBAAPATOR, TO,
KiK TOKazano B riase 8, nonyaarcs HeCOCTORTENRHEIC OLEHKM Md-
paMerpor o, [, v Takus o0pazoM, OUeHHBAHHC CHCTEM OAHOBPE-
MEHHBIX YPARHEHHIT TpedyeT caeiudabibix Memodog, KOTOPRM W n0-
CRSMICHA HACTOTILAA ITiana.

?.2. KocBeHHbIA METON HaMMEHBLLWX KBAOPATOR

I ocuope npeataracMoro Mertoda jesuT npocras waeds. [lo-
CKOBEY TIPSITCTRHGM K NPHMEHSHHIO MEeTOIA HAHMeHRIITHY KDail-

I B warpnic-crondlie X eudHHLA 0aHa4asT (IHKTHEHVIG NEPEMCHIVED, VA HOHKAC YD
Hil CEODOHLIE WICHB YDABIEHHA CHOTCMEL,
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PATOR ARMIETCH KOPPeTHPOBAHHOCTE SHIOTEHHbLLX [IEPEMEHHBIX €O
CAVYARHBIMM UTEHAMM, CAEIYET PAIPENIUTE CHLCTEMY VPABHEHHHA OT-
HOCHTEILHO Y, TAK, YTOGEI B TTPABLIX YACTAX YPABHEHHH OCTABAIMCD

TedIbED JK30MCHHBIC TEPCMEHHBIE X. QuesdaHo, UTO LA }"PHBHEIIHﬁ

(9.3), (9.4) 9T0 BCCIAA MOMKHO CACHATE. 3ATEM MPHMEHHTL OB LY H LI
AMeT0] HAMMEHBITMXY KBMPH‘IUH K ﬂﬂﬂ}'qCHHbEH YPABHCHHAM W TNy -
YHUTR OUEHEW HEKOTODBIX Hhip&l}Kt‘,HHﬁ 0T HMCXOIILIY [MapaMeTpoR, Hi3
KOTOPBLY TIOTOM HRHTH OIEHKH M CAMHX NAPAMETPOR.

Takaa npoUenypd HAZBIBACTCH KOCEEHNBM MEMOTOM  HEUMERBIEIY
scaodpamod. TIPOACMONCTPHPYEM €0 HA TPUMEPE CHCTEMB (9.3)—(9.4).

Paspeias ypassenns (9.3)—(9.4) oTHocuTeabHo Yy, Yo, sanu-
WM YPABHSHWH B BHIE:

H=a+hX +od, v,

(9.5)
Y_: =g 4 bin_{,'zXz‘l‘ Voo
rne
< n o +" - LT _\i
o oy s @y = Oy 720 . F}_ b, = ol | ;
b=¥i%s L=1v2 | TiYa 1-%Y: (9.6)
ik ¥iEx aE B
P, ). AU . SR | . N o s
L= 1=¥i¥2 1—-¥1¥2 L=%¥it2

(WILACKC § LTS IPOCTOTE OTYLIEH).

Ina nanbHEIeTs YNPOIEHWH BYIeM CHMTATh, YTO DNEPEMEHHLIC
Y oruenTpupoBaHl, T. e. @ = (L (Ilpy NpaKTHYECKOM MPMMEHEHHH
weTona oro abeonoTio HecvinectrenHo.) [lpuvenus K (9.5) OORIMTHLIA
METO HAMMCHBLIHY KBATPATOR, MONYIHM OLSHKH MapaMeTROR h, e

Q00 - (KN

XM - {6

(YR~ (R K )
(XX XX - (XX, 5

5:{/'{3){3){)('.13) {XIXE}{X_{I_”;E;
X)X - (Xda),

_ X Kah) - (XXX T)

EaNG) -5

L

il

E|_=

(9.7)

T
v
|
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e (X

% )=S0

Xiiy xﬁ": ¥ y_[;' —

Yj)zé_}-‘ﬂ-}'ﬂ- g <XEY,|'> = ri}xﬂ.yﬂ. i

JHAYCHUA [lepeMeHHBIX X;, X, Y, ¥,

Mexay vem pagercTBa (9.6) nMo3BOASIOT 0o HO3IHAYHO
BRIPATHTE WCXOTHEIC [TAPAMETPRI o, [, ¥ uepei a, b, ¢
. bhi,-bd s Bé b
e Y
: ! (9.8)
Oy oo
N=% o hir=
4 b

= AXENID) - (KFNX )
{XX)( }{XX)(XY

B, - AXRNAD) (X K)(X 1)

T XXX (X ) n)

5 XXX - (X, X Hx %Y (9.9)
XX NGE) (X lr‘fg}X};}

e EX, }:;{XY} :(i XX MX,5,)

XX Xah)

Ouenrn (9.8) BaiLIBAIOTCSH oueHamy Kocseniosn Memoia HALEMEH -
tx keadpamos. B 0TTHINE 0T OUEHOK TIPAMOIO TPUMEHCHHMA MeTona
HAHMEHBIINY KBAIPaTos olcHkH (9.9 ) coCcTOH Te T b H bl

PaccMoTpisM npuMep HCCIenoBaHUS CHCTEM B (9.3)—(9.4). IlycTs
HMEKTCa fandvie no # = 200 HabmoTeHHAM nepeMeHHbBIX.

Ha puc. 9.1 npueeachnl rucTorpaMMel M OCHOBHLIE MHCIOBLE
NAPAKTEPHCTHEH COOTBCTCTEYIONINX BROOPOK.
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[pHMeHUM cHavand ofsmisd METOI HAMMEHBIIMY KBAAPATOR,

[Monyuus caenyiue pesyasTaTh:

7, =3153,451415,73x —L.2y,; d=1,894, R? =0,9999;
(5,127) (0,687) (0,001)
1 =2606,23+12.88x, —0,83y,; o =1,893, R' =0,9999,
(L7%) (D,581) (0,001)

B oboux cmyaanax Mbl MMeeM TIPAKTHYCCKH CTONPOUCHTHYEY MOI-
roHxy: ko3QEGUUACHT AeTepMHHALMM PARSH CAMHHIE ¢ TOUHOCTHED
A0 YeTBCPTOrD 3HaKA, OLHAKO, KAK MBIl 3HaeM, TTONYYCHHEE OIEHKH
HECOUTONTEABHDL, W, CABNOBATCIBHO, WX 3HAYECHMH MOTYT 3AMETHO
OTKIOHATLCH OT MCTHHHBIX JHAMEHHH MapaMeTpos.

[TpuMeHHM TCHEDPhE KOCGeHNBIE METOL HAMMEHBIUMX KBAADATOR:
NIEHHM PelIPECCHOHHYIO 3ABMCUMOCTE ¥ o Xy u Xy

By, =2242.755+471,19x, ~241,07x,; d =1,96, R* = 0,778,
(361,2) (19.04) (28.83)
¥, =727,7-376,37x,+201,29x,; d =1,96, R* =0,769,

(297.35)(15,67) (23,74} .
Taxum 0BpAsOoM, [IOTYIASM!

by =471,19; ¢, = —241,07; b = —376,37; ¢, = 201,29,

i {9.10)
a) = 2242,755; dy = T2
OTKYA, HCmoae3vd (9.8), momvyaes:
o= 3114,286; oy = 2519,134; B, = 20,43; B, =8,73; (9.11)

ki

—1,198; y» =035,

Kak BMIHO, HOOyIeHHBIC TAKMM ODPAIOM OUEHKH 3AMETHO OTIH-
HAKITCA OT NOUYHEHHBIX NPMMBIM METOAOM HAWMEHBIIKMY KBANPATOR,

9.3. Npobnemsbl UAEHTUGULMPYEMOCTH

B paccumorpedHoM puMepe ypabdedus (9.6) Oniny oIHO3IHAMHO
PAIPCLUMMEL OTHOCHTENRHO HCXOAHKX TAPAMETPOR, YTO 1O3B0IMIO
HAHTH WX COCTOHTEMRHBIC OUEHKM, OUCBMIOHO, HTO TAKAS CHTYALMA
MMEET MECTO He Beeraa. PacoMoTpum sty npodacMy Donee noapobHo.
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Mopma (9.2) HalLlBaeTCH cRIpYEMYpHOl iopaod CHCTEMEL YDaB-
HeHWit. B cayuae npyx YparRHEHWA © JIBYMS HEMZIRECTHRIMM CTPYK-
TypHOIT thopmoit ByneM HaspBaTh TAKOKE VPaBHEHMS {9.3)—-(9.4).
[lapaMeTphl CTPYKTYPHOH (opMbl HA3BIBAIOTCA CRpYKHVDHBMY 110~
pasempamy. PopmMa (9.5) HasplBacTCA npuaedennol Hopmold CHCTEMBL.
MapaMeTpsl NPHBEAeHHOR (POPMEL OLEHHBAKTCH € NOMOLLBIO METO-
1A HAMMEHRIINX KBAnpaTok. (MHAKO 3KOHOMMMECKHH CMBICT M MH-
Tepec 1A AHATH3A TIPSICTABIAIOT RAPAMEMPEl CHPVICHYPHOU hopmb,
Msenio crpykrypiad hopMa PacKpblBacT JKOHOMMUECKMH Mexa-
HU3M (DOPMAPOBAHKI IHAMEHNA SHLOTCHHBIX TEPEMEHHBIX,

CrpyKRIYpHLE NAPAMEMD HAZLGACMCA ROCRMUDUUUPYEMbIM, CCU
it MoMcem Gbitb OOHOIRAUKO OWEHEH © MOMOWLI0 KOCREHH020 Memada
HEUMERBILX KEAdpamos.

Vpagnenue wdenmudbuqupyemo, eciu udenmudhaqupyesst Gee 6x0-
ORIMUE 8 HE20 CRIDYEMYPHME NAPAMERDL.

Cmpysmyprbid napamMemp Hasnigaemes HeudenmuduUUpyemMbM, c-
AN €20 IHQUEHWE HEEOIMONCHO MOAVHUMb, OaMce 3HAA MO W H b€
swawenus napaMempos npusedennot chopmet, Hakowen, napa-
MEMP HATWEACHICH CEEPXRICHMUGUUUPYEMBIM, €CAN KOCEERHBIE MEMOD
HAUMEHBILX KEOAPAMOs dder ReCKOIbO Pttt €20 OHEHOK,

FlycTh, HANPUMEP, B PACCMATPHBAEMOH MOIEIH MBl NPCANOIALa-
eM, YTO MepeMeHHas F| 3aBUCHT OT ABYX 3JKIOICHHLIX [EPEMCHHBIX
X, Xo, MEAAY TeM KaK AMHaMMKa 15 onpeenseres TOALKO 3HIL0-
FeHHOH TIepeMeHHoH Y, T. €. CUCTEMa YPaBHEHHI MMEET BMIL

Y= +B X B A+ T B

2.12
¥, =a, +a ¥ - ( )
B npupenennoi dopme vpastenna (9.12) umeior Bua (9.5}, rae
b= fi o e Biya .
1=yva =%y {(}‘13}
— _B? - Bavs
1= 7
-y, | =772
YTO MOMET ObITh MEPENHCAHD B BHIE
B 5. B il 9.14)
=172 I=1y72
sty (9.15)
B R
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CuesiiHe, UTo TpH KoagimenTa [, Poy HE MOTYT GbiThL Haji-
HeHBl W3 ABYX ypasHeHuid (9.14). 310 03Ha4acT, 410 cvecmayem
{j&:’('.‘ff).’n’{’*‘i’-’fﬂf MHEORCECTTE0 WX 803MOMCHMNX JIfH‘Q'E‘H{H;’, JF,{JHHG{}H!HHX Koo
HOoW W mon xee npuecdesnod dopme. Takne KoapuumneHTH HA3LIBA-
WoreH  readenmubungapyesmepiin W, COOTBETCTREHHO,. NewdeNmudiuin-
PPEMBLM HASRIBASTCH YPaBHEHWE, COOERKALLes 3TH MmapaMeTphl.

B 10 e Bpems 118 OnUpefeneHMS 72 MBI MMEEM IBC PAIMMHEIE
BOIMOMIOCTH, 3aJaRaeMble coorHowerdnen (9.15). Tipu »ToM 3amMe-
THM, HTO HECDXOIHMO BRIMOTHEHNWS DRBEHCTEY

b, ¢

7

b

Ho xora 3To paBeHCTBO BRIMOMHACTCH LIS HCTHHHEIX (HEM3BECT-
HBIX) 3HAYCHMI NMapaMeTpor ¢ M b, 108 WX OUEHOK OHO, KOHEuHO,
BhUTOIHATRCT HE OVIEeT.

B kauccTse nmpuMepa paccMoTpHM Moaein (9.12) ¢ manueiMu 13
npamepa | (eM. § 9.2). OUeHKM NApaMeTpoR MpHBeieHHON MOLCIH
MMeloT dHadedms (9,100,

OTtciona uMees:
by, ©
b, =g

Tlapamemp, dig Komopozo CHECmBVEm HECKOABKO CROCODOS 8bi-
PANCCHUA  Hepes  Kodfubuguenmo npugedesnod  thopsut,  HaIblGaemcn
ceepxudenmugbunpyensir. TAKOBLIM ARTAETCA NAPAMETD vy M3 pac-
CMATPHBAEMOTO TIPHMEepa. Jast CRepXHACHTHDHIHPYCMOrG T1ApAMEeT-
P HMeeTesH HeCKONRKG, BOODLLEe [ORODA, PARTHYHLIY OLSHOK,

JaMeTHM, uTo fpodieMa  CEePXHACHTHMUUMPYEMOCTH — 3T0
npobiemMa KOITHYCCTBA HabDNIoae dHHE ¢ vBeadte-
HHEM 0DLeMA BRIDOPKH Bee padTHYlLEe COCTOATSIBHLIE OleHKH 1a-
paMeETpa CTPEMATCH K OOHOMY M TOMY KC HCTHHHOMY 3HAYSHWIO.
Mexiy rtem npodiaema HEeMISHTH(HUMPYEMOCTH — 3T0 M PO -
BaesMa CTPYETYDP W wMMoaend, Hewaewrudummpyesmoots He
HCUCZAET ¢ POCTOM KOJNMIECTRA HAG/IOAEHHH M O3HAYAET, UTO CYLLE-
CTRYET DECKOHEMHOE MMCI0 CTPYKTYPHBIX MOIenel, MMCIOUIMX OIHY
H LY KE TIPHBEACHHYKY hopMy,

HenaenrndmnupyeMocTs BORCE HE ARIHETCH PedkHM sHEieHHeM, B
CAMOM J1e7e LT MASHTHHHUUMPYEeMOCTH, TPVE0o 1oBOPRT, HALO, uTo6H
KOTHYCCTBO OUEHHBACMBIX CTPYKTYPHBIX DEPAMETPOE OLi10 BH PaBHo
KOIMMECTRY OLUCHEHHBIX TIAPAMETPOR NPHBELEHHOH (hopmMbl, OueBHITHG,
OTHAKD, vTe B ODIIEM Clydae CTRVKTYPHBIX DapaMeTpol Ooeiie.

OueBHalo, HeMIeHTHOHUHPYEMOCTE MOJETH O3HAYACT, MTO KOC-
BCHHLIA METON HAMMEHBIIHX KBAIPATOR Henpusenws. B nocne-
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F

M BT ﬂﬂj)ﬁr]}ﬁlfhﬂ?{ Mbl PACCMOTPHM OPYTHE METOHOLL OLEHMBAHKWA
CHCTEM QIHOBPEMEHHRIX YPARHEHHI.

9.4. MeTtog UHCTPYMEHTANBHLIX NepemeHHbIX

Memod uncmpysernmansiaix nepesennsix (M. rnapy 8) — 0oMH M3
HanBOACE PACTIPOCTPAHCHHLIY MCTOLOB OUCHMBAHMA YPABHEHWH, B
KOTOPLIX  PErPeccopbl  KOPPEIMPYIOT O CBODOMHBIMH  ‘LIEHAMU.
MuMeHHD 3TO ABIEHHME OKAIBIBAETCN XAPAKTEPHBIM LTA CHCTEM OIHO-
BPEMEHHBIX VParHeHWH, MR paccMoTpHM OTOEfMEHO IEA Clydas —
WACHTHRUIHPYEMOH W HEMICHTHOHMIHPYEMO CHCTEMBL,

1. Cucrema vaentapruppyema.

Paccvorpusm motens (9.5), das ee koaguhHMERTOR METON HaK-
MCHBIIMX KEANPATOR man oucHrkW (9.8). Jlerko vEBMIETh, 4TO 3TH
OUCHEHM COBNAMAIT ¢ OUCHKAMH, NOMYyHCHHBIMH MCTOIOM HHCTPY-
MEHTAILHLX NEPEMCHHLIX WTH YPABHEHHH

Yl=0v|+|g’|X1:—":"gX3:—E1L
YE :(_'1?4_[-'5:}[’2 "":"':XH'E] 5

(9.16)

TaguM 0DpaszonM, IKIOFEHHBIC MepeMeHHBIE A B A Henoab3yioT-
CH KAk WHCTPYMCHTANENEE DT NEpeMeHHEBLX }"|., ]"'_':g. BTOT PE3VIETAT,
nojiyaennbiil mavn 8 § 9.2, sepent 1 B obweM cnydae:

Eeau npu ouenke woeHmuuuuEpyeMozo VpAaelenis & Kavecmee -
CHIPVMEHIMEALHEX REPEMERHIX UCAOALIVIONICR I0CEHNBIE REPEMENHBE,
MO HOIVHACMBE HPU 3MOM OHEHKU CORNANAIONT ¢ OREHKAMY KOCEEHHO0
Memoda HAUMEHLIIX KEAOPamos.

M3 3TOr0 CAenveT, YTo KOCBCHHHI Memod HAUMERLIIK Keadpamos
AEAREMCH HOCRINBIM CAVHAEM MeEmood FHEMPVMEHIIQANEY REPEMERRNX.
Ha HPAKTHKS METOO HHCTPYMCHTANBHBIX NEPCMCEHHBIX MPHMEHASTCHA
6 (hOpMe JBYXILATOBOID MCTOLA HAHMCHBIUMX KBAIPaTOB, NOApoHHO
ONMCAHHOTO B fape 8. A MMEHHD, B KEUCCTEE HHCTPYMCHTAIBHEX
HEPEMEHHBIX MCHOIBIVIOTCH ODBLACHEHHLIE (IPOTHO3HEIC) SHAYCHUA
Vi,V nepemendsx Y, ¥, noaysennbie Npu OUCHHBAHMH TPHEBE-
AeHHOE POpMEL 3aTeM STH JHAYCHMH I0ACTABIMIOTCH B MPABYHD
HaCTh CTPYKTYPHON thopmit (9.5).

Foau clomema udenmuguupyena, 1 Koaunecmao I30eunux e-
pesennnix X cosnadaem ¢ Koausecmeom 3ndozennnx nepemennsix ¥,
ogenKy O8VXINaeosn0 Memodd COSRAAMIOM © OUEHKAMU KOCECHHOZN
Megiodd RaMerbaiy Keadpamos.
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[Mpouecaypa aByxXUIaroBOTo METOLA HAMMEHBIIHX KBALPATOBR pea-
AH30BaHA B OOMBIIMHCTEE KOMIIBIOTEPHBIX MAKETOB. Tak, npH Mc-

CIeA0BIHUY MOIETH U3 § 9.2 0pH IPUMEHEHHH JT0r0 METOIa Moy~
HHAWCE BBl YpaBHeHU:

P =3114,286 + 20,43x, — 1198%,; d =1,96, R = 0,778,
(462,53) (57,53) (0,14
¥, =2519,134+8,73x, - 0,87, d =196, B2 = 0,769
(326,42) (252} (0,08)

Kak W caenopano OXHIATE, MOAYVYCHHBIC OUSHKH COBIAIAIOT C

oueHkaMu (9.11), noayMeHHBIMH KOCECHHBIM METOZOM HaHMCHBIIMY
KRAIPATOL,

2. Cucrema HengenTHHUMpYema,

B sToM enyqac Meron MHCTPYMEHTAILHBLIX MEPeMEHHBIX, BOODLIE
FOBORS, TOXE NPHMEHHM, QIHAKO VT8 G0 MCIOIRIORAHMA HeOBXOMLM-
MO DACTIONATATE «BHELIHMMM» HHET{}}’MCHTS’L{IIJHHMH NEPEMCHNILIMKH —
FKIOTEHHBIX [IEPEMEHHEIX He XBaTact. (OueBHIHO, 3TO HE 410 MHOE,
Kak Ipyrad HHTEPTPETAIIMA HCHACHTUMUIMPYEMOCTH MOUETH, )

[Tpeanonozum, MMeeTes MIBLITOK MHCTPYMCHTAIBHEX MEPEMEH-
HEIX I K(OJIHUECTRE |"? H HMECTCH BOIMOAKHOCTE MCIOUILIOBATRE WX pa3-
JHYHLIE HADOPRL B aToM coyuse NBYNIDATOBBI METON HAMMCHBLLIMY
KBAApaToB NPefocTamiaet onTUMAnbHEIR poibop. [lvetk {4} — nabop
HHCTPYMEHTANBEHBIX NepeMeHHRBIX I:KHK BHYTPEHHMX, 3KI0ONCHHLIN, TaK
U apHeltHuN» ), [IVeTh ¥, — NpoeKkuny SHAOMEHHBIX TIEPEMEHHLIX Ha

NPOCTPAHCTBO Z (T MX NO/yHeHHS CIEIYET OCYIIECTENTE PETPECCHIO
. '
Y=a+ ZEJJ}.Z :
P

OOBLIYHBIM METOLOM HAMMEHBIIMX Kaipator). OUeBHIHO, HepeMeH-
Hele ¥, npencrapasior coboll THHeliHbe KoMOUHATIMK HHCTPYMEH -

TAILHLIX MEPEMEHHBIN, HAMDOIEE TECHO KOPPEIMPYIOIMHX C [epe-
MCHHLIMH }

JameHy B CTPYKTYpHO# thopMe cucTeMmbl ¥ Ha Y, MHOrIA HA3LI-

BAOT «oyientieM» SHIOTCHHOA nepemerHoi. TIpu sToM viansgercs ta
“HACTb» NEPEMEHHON, KOTOPAs KOPPETHPYCT ¢ OLMOKaMu PETPLCCHA,
B kauecTre MpHMEpa pACCMOTPMM MOC/L

Y=o +BX+y Y, +g;
Vo=a, +y.0 +g,

234

w

¢ HMHCTPYMEHTAIIBHEIMH TeépeMeHHBIMH £y 1 £, Ha puc. 9.2 npexn-
cTARAEHbl rpahudeckie H300PaXeHUs COOTRETCTBYKILIMX BpPEMEH-
HBIX PAIOE.
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MpuMenas K MOIeH oOBYHRH METOI HAHMENBLIMY KBAIPATOR,
NOUIy4acM OLEHKH |

'&.] = 4183?;
&-2 - |,| ]6-:.

B=0263; % =0,206;

9.17)
;= 0,385, (
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KOTODEIE, KAK MIBECTHO, HECOCTOATCABHEI, W, CACHAOBATC/ILHO, HX
JHATEHHS MOTVT CYIECTBECUHID OTAHYATLES OT WMCTHHHBIX 3HAUEHMWN
MAPAaMCTPOB. anMCJ[HM TENEP: METON WHCTRPYMEHTAIBHBIX [ICpPe-
MEHHLEIX, BRDPLE B KANECTRES HHCTPYMEHTAIBHBIX NMepeMeiine &, 21
Ay T1oAVYEHHBIS TIPH 2TOM OLEHKN MMEIT BHIL 1

G, =365 P=0,239: 7,=0518

: (9.17)
&, =-1,795; ¥, =0,675

M, KK BHOHO, 3HAYUTENRHO OTIMUAKTCT OT oucHoK (9.17) Hau-
JYHILHE OUSHKH MOKHO TOAVYHTh C MOMOUIBEY IEVXIWATOBOIO METO-
A4 HAMMEHBITMY KBATPATOR, OHH HMCIOT BHIL:

G, =363 B=0,241: ¥ =0,522;
G, =—1,783; ¥, =0,675.

9.5. OBHOBPEMEHHOE OUEHWBAHUE PErPeCCUOHHbIX
ypaBHeHuid, BHelwHe He CcBA3AHHLIE YPABHEHUS

KocReHHRBIH MCTOO HAHMEHLLIAX KBAIPATOR MO CVTH CROIHTCA K
OUEHHBAHMIO N0 OTACILHOCTH YPABHEHMWH NPUESIEHHOR fopMbL,

Y=g +hX, +v,. (9.18)
L=a,+8X, +v;. (9.19)

MpH 2roM, soobwe rosopsa, Covivy,we) = 0. OTclona cneaver, vro
PPEKTHBHOCTE QUEHMBAHMA MOXHD TTOBBICHTE, CCIM OOLCLHHHTE

ypasHeHus (9.18), (9.19) B 0aHO W NPUMEHNTE K HeMy 0800 meHH LI
MCTOL HAHMEHLIIKX KRAIIPATOR.
[Mvern

'/}'r 5 '/i ™y ™y
& 5 Wi
X 0], B, |

- P A=l [ Belas 5 v o

0 Xl P
REY B2 Vi

Torna ypaprerns (9.18)—(9.19) momHO 3aNMCaTh B BIIAC

Y=Xp+v. (9.2(h
TIyeTh

211 = Covlvy, vi). X2 = Covivy, va), gy = Covivy, va). (9.21)
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Ecau ypagHenuna (9.18), (9.19) no oTIAENRHOCTH YAOBIETROPSIOT
VCILOBMAM KNACCHHECKOH MOAEIH, MaTPHILL Ty = CKAIAPHbBLE,

Toraa

“we | 7

Z__ 2‘:! ;Z:.‘-

= EEpeT

Yl
eCTh  KOBAPHALIMOHHAS MATpHUA OWHOOK PETPECCHH  YPABHEHUMH
(9.20), CooTueTCTBEHHO, OUgHKA 0DOBILCHHOTO METOLA HAWMEHE-

Ny Keanpator vpasHeHus (9.20) wmeet mua (7.7)

RO A e B O

TSt paKTHYeckoro NPUMCHEHHs ODOBHIEHHOIO METOMa HaM-
MEHBIIMX KBAAPATOR CIGIYET OLEHMTh MATPHUUY X, ITO MOKHO Cle-
J@Th, TPUMEHHE METO HAMMCHBLINX KBALPATOR CHAYATA K ypapic-
Husm (9.18), (9.19) no oTIenbHOCTH, HAUTH OCTATKH PCIPECCHH M
HPHHSTE B KAUECTRE OUCHOK Matpuil Xy BRIOOPOYHBIC KOBAPHALMN
Covie,e,). OUCBUIHO, HTH OLEHKN OYAYT COCTOATCIBHBIMU.

[Tpuselss MeTol OIHOBPEMEHHOTD OTEHHBANIH, MOKHO MOBB-
CHTh 3PEKTHEHOCTE KOCBEHHOTO MCTONA HAWMCHBIIHMX KHAIPATOR.
JAMETHM. OIAHAKO, UTO ecid HQOOPH JI0SCHHHX NEPEMERHLIX & 000UX
ypfmueuuﬂx c'rmnadu.'c:lm, o OReRKd I‘?I’ﬂ”ﬂ{l‘ﬁ{:‘,ﬂ(ﬁ:ﬂﬂ?ﬂ ERNEARNR o
Wadeaem © oUeRKon Memoda HaumeR b KEaadnamog, NPHMEHENHOS0 I
vpagrenuaym Ao omdeispocmy. TAK, Ans pacCMOTPEHIOTO B 504
T[[)HME}'}ﬂ U.‘IHOHPEMCHIIOE QUEHHBAHHE HE }'JI}'IH.[[HT KAYCCTRD KOC-
BEHHOTO METOIA HAHMCHBITMY KBALpatoR (WM, YTO B Qal(IOM CIy-
YAC TO KE CAMOE, IBYXLIAFOBOTO METOLA HANMEHBIINX KBALPATOR).

Mpolieaypa OIHOBPEMCHHOTO OUSHWUBAHMS PEIPECCHOHHLIX Ypak-
HeEHHE cHeTeMbl KAk BHELWMIHS HE CRH3AHHRIY pEHJJHSDEHHEl . CTaH-
NAPTHBIX KOMIIGIOTCPHEIX 1aKeTax. B 3amantbix IKOHOMETPHHMECKHX
MAKETAN COOTEETCTEVIONIAT METOI ONEHMBAIIA HASLIBACTCH Seemingly
Linreleased Regression (SUR) (BHCLIHE HE CBATAHHRIE VPAGHCHNA .

PacemoTpus nipumep M3 1. 8, Tam Delia paccMoTpeHa Moleilb
BHIA

Y= mtyX e (9.22)

re X — croumocTh nonviabpukara; ¥ — UCHA KOHeMHOH MPOayKLUHH.
[TpuMeHssl METON WHCTPYMEHTATBHBIX NEPEMEHHBIN, MOIYHHITH
CAETVEOLCE VPABHEH [ [

$=16,72 + 1,408x. (9.23)
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B 210l rnaBe mBr venomHuM MOUEE, COCTARME CHCTEMY peipec-
CHOHHBIX YPaBHCHMH. BYIeM CUHTATE, 4TO CTOMMOCTh nunyrﬁaﬁpnmxa
A 3ABMCHT OT CYMMBI LIEH Ha CHIPLE, T.€. OT BEMYHHE W= 7, + 7,
;lxpennoilaraercﬂ, 4TO 063 BUIA Chiphs PARCXOAVHIOTCA B PABHOH [pO-
[IOPUHH — OYCBUAHO, 3TO HE ECTh OIPAHHYEHHE, A -~IHIlb BOLIPOC
Buiopa civHML HaMepeHus). [Tyers Takke Z — 0BOBLEHHbI thaxk-
TOp TNPOM3BONCTEBA KOHEYHOro mponykta. Chaemyviolas TMHATPAMMA
NOKA3BIBACT BRIDOPOUHOE pacrpeleicHie NPUiHAaKa 7, N

b -

- Sarbesy: £ |
x i Samole 1 &

g U | St G0
IMﬂill

|Mesiian
Masiiem

B3 4R37
H2AT0L
B2
AV EGTS
&,0570110
L9
2425195

1285308

s

PaceMmorpum sonens ruma

A=+ B W+e,

Y=a+pZ+ yX+a (9.24)

[Tpu sToM &y, £ KOppeaHpyIOT (Ha Hux oeicTeyioT obume dakro-
Pbl, CBH3AHHBIC CO CTOMMOCTBIO NEPEBO3OK), TAK 4T0 X — SHIOTCHHAS
nepemcnnan. [pueenchian dopma cuctemsr (9.24) umeer su:

X=o;+ B W+eg,

Y= {ﬂz‘i“r’ﬂ” - 1322'-!- 'rlﬂ.] W+ {'}"E] + E:.‘}} (9_25}

KoceeHHBIR METON HAMMEHDbIIMK KBaapaTos (ypasHenwns (9,25)
ULEHHBAOTCH [0 OTAETBHOCTH) JaeT CACAYIOUIHE IHAUYEHHA OLeHOK:
& =1931; B, = 1,77
&, =18,0; f, =0,55;
_ v= 1,325
lenicpr ouenum ypasuenus (9.25) OUHOBPEMUHHO KAK BHELINE
HE CHA3AHHLIE, ]i’ca;,umra'mm OKA3LIBAKOTCH CASTYOLHE YPABHEHU:
r=1931+177TW, d =19, R?=0,984
(6,98) (0,03
P=444 00772 4247, d =2.0. R? =0.97.
(13,01) (0,1)  (0,06)
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(9.26)

k8

OTCIONA MEIYHACM CISIYIOILME IHAYCHHS OLEHOK:

a=19,31; B, =177,
d,= 17,00 (= 0,08 (9.27)
3= 140

OuCBHIHD, MBI JIOUKHLL CYMTATh oueHKH (9.27) Bojee TOUMHLIMA.

JaMeTHUM TIpH 3ToM, 41o Koaddmment B, HesnadumM.

9.6, Tpexwarossiit METOR HOWMEHBLUMX KBOAPATOB

HauGonee bhexTHiHAad NPOUSAYPE OLEHUBAHUSA CHCTEM pPer-
PECCHOHHBIX YPABHCHMI codeTaer MCTOA OMHOBPEMCHHOTO OUEeHW-
BAHMA M METO] MHCTPYMCHTAMBHBIX NepeMeHHBIX. COOTBCTCTRYIO-
WMl METON HATHIBACTCH MPEXMAe0abiM MEMOTOM HAUMEHBIIUX KEad-
pamos. OH 3aK10MAETCA B TOM, UTO HA [CPBOM 1are K MCXOIHOH
Momesn (9.2) mpuMensiercs 00o0uerHbE METOL HAUMEHELLMN KBAll-
PaTOR € UEILI0 VCTPAHEHHs KOPPEISUNHT CllydaiHBIX WIEHOB. 3arTem
K TIOAVMEHHLIM YPABHEHUSM [IPHMCHASTCA de)uaeoebili METOL HaH-
MCHBLIMY KELIPATOB.

OYEeBHAHO, 4T0 CCTHM caydaiHpic wieHs (9.2) He KOppenHpyioT,
TPeXIIATOREI MEeToL CBOAWTCH K ABYXIIATOBOMY, B TO JKC BpeMmi,
ecaM Marpuua B — enuMHHYHAS, TPeXLWATOBHIH METOM [PCICTARISET
coboi npoLUeIvpy OOHOBPCMEHHOTO OUCHHBAHWA YPABICHUH  Kak
RHENIHE HE CBA3AHHBIX.

MpuMenuM TPEXIAropLi MeTon K paccMaTpUEaEMOR  MOIEIH

(9.24%:

v—=1,4.

(0,016)

o=19.98;
(4.82)

f2=0,05;
(0,08)

my=19.31; B=1,77;
(6,98 {(0,03)

Tak xax koadduumedT [z HCIHAYWM, TO YPaBHEHHME HBUCHMO-
et Y or X umest BHI
#=16,98 + 1,4x,

JaMCTHM, UTO OHO NPAKTHUECKH COBMATAeT ¢ ypasHeHueM (9.23).

Kak W3IBEECTHO. OUHMIICHHE YPABHCHHA OT KOPPEIALUMH ciayHak-
HBIX LUIEHOB — T[E‘.I(‘.IFJ.EGC- Mﬂ!ﬁf)ﬂmﬂﬁﬁmﬂ. B COOTRETCTEHH ¢ 3THM Ilpld
HCMOABL30BAHMH TPEXIIATOBOND METOAa KOMIMbIOTEPHAd MMPOTPaMma
JAMPanMBEAeT YUCIO WTepauMid uiu TPedYEMYI0 TOMHOCTE, OTMETHM
BAXHOE CBOACTBO TPEXWATOBOTO METONA, ODecreqnBaioliero ero
HAWOOMBIYIO 2(GERTHBHOCTE.
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flpu QoemamoeysD DoALEoM SHCAE UMEPauInl OReNKE MPEXRarocosn

MEMOO HAUMERBIUILY KEAOPENoe CosRaarm ¢ ONecamiy MarcHMdth-
nozo npasdonodobua.

Kak H3BeCcTHO, OUSHEM MAKCHMATBHOID NOPaRIONOLOOHST  HA
DOABIMINY BRGOPKAY ABIHIOTCH HAWIYIILHMH. '

9.7. DKOHOMUHECKM 3HAYUMBIE NPUMEDEI CUCTEM
OLHOBPEMEHHLIX YROBHEHKM

308Ch MbI PACCMOTPHM KJACCHYECKHE NPHMED D
CHCTEM YPABHEHMH, KOTOpPHE MOLPODHO M3VHAOTCH B CTAHILAPTHEIX
IKOHOMHISCKHN KypCax,

1. Kedncuanckas smodeas hopymuposgnus doxndoa,

C= a+ph+ g, (9.28)

Y= E i, (9.29)

rae Y, O, { COOTROTCTREHHO MPCACTARIAINT CcobOl COBOKYIHBIA Bri-
nmyck, ofeeM morTpedneHnit W HuBecTHUKE, 30echL f paceMaTpuBaeTes
KAK 3KI0TEHHAR (epeMedHan, 4 ¥ — KakK JHUOreHHas, Xopouwo Hi-
BCOTHD, UTO TAKAH MOJSAL OIMCEIBAST 3aKPLITVHD JKOHOMMEY DC3
FOCYAAPCTECIIOND BMEIIATEIRCTRS,

Maodelb COIEPARNT OUHO NOBSICHYCCKOE ypartcime (9.28) 1 oo-
HO TORICCTEO (9.29),

Ouepnaso, Moaeib (9.28)—(9.29) upaseTcsd HACHTUHHITHPYEMOI.
Ee npubeaennas Qopma MMEET Baa

- J—
=B 1~B  1=B

_ @ ] ; £

2. Modean dhopuuposanus cnpoca u Rpedioycenis.

B upoctefiiiem prie 3Ta Mogenk paccMarpueanace s § 9.1,
30ECh ML PACCMOTPHM HEKOTOPLIC e MOIHHKALINH,

Yuer tpenaa Ecau npemoaokurs, UTO MPUBLEIKH M-
JACIHO MEHAIOTCH CO BPCMEHEM, TO B YPaBHEHHE (POPMUPOBAHNY

crnpoca cieaver AoBaBMTE BpeMeHHOR Tpeda. Torfa monels Oyiaer
HMETE BHA!

OF =B+ P+PsS +pr g ; (9.30)

Q' =P, +PP+e,. (9.31)

[MpueeaenHan (hopma 3alHCHEAETCR B BHLE

-_[51‘34_ ﬁa i [ 8 —Ex
P88 BB BeBr Bsh: _—
0= BiBs —PaPs +——BSB—5—I+ pPs s Pse —BaE; 1

Bs—B:  Bs-Br  Ps—Pe Bs —Ba

OTKYAA ChAeayer, 4To CHOTEMa HE HBIHCTCH yaeHTHpHuHpyeMoil. B

TO ME BpeMd apaMeTp Bs OKAZLIBACTCH CREPXMIEHTHHHIMPYEMEIM,

B casow nene, 3anMcak ypaBHeHHs perpecCHi B BHIES
P=a+bi+ct,

O=d+el+ fi,

e I
NErKo 3AMETHTh, UTO - M — JaloT OleHKY fs.
i o

YyeT Halora [MpennolokKuM Tenepk, 1o [poLaBlbl TOBI-
pa 0BaaraTeA CICLHATBHBIM HILTOTOM 7. BeauuuHa HALOTA MeHA-
ETCH o0 BpeMEHEM H I Bblﬁﬂ])KE ]'[ijiE'l’ﬂB.llCH?l BpeMEeHHLLM ]JH.[LOM,
. &, HBIACTCA 3KIOICHHON TEPEMEHHOM. Torma vpasHeHHE CIpOCca
HE MEHACTCH (Cnpoc OUpelelaeTes nTHlL OOHOH FHAOTeHHOH nepe-
MEHHOI — PBIHOVHOH UgHON TOBapa), & B ypaBHCHHE TIPELILOAE A
JoGaRIgeTed COOTBETCTRYIOLMA WicH. Tormd MOIEIE NPHMET BHIL

O =P +P, P+Pyd +E
O =R, +Ps P +pT + 8,

OueBUIHO, B 3TOM Caydae Moleas Oyner HAeHTHEHITHPYe MO,

[Tpeanonoxum TEreph, 410 LOX0I 4 cumTaercd MOCTOMHHBIM Ha
(POTAKEHHN JUIHTEIBHOTO BPEMEHH. Torna B ypaBHCHHM CTpoca
CACAYET HCKTIOUHTE [ICPEMEHHYIO I, W NoAy9aTeH YPAanHeHHA,

O =p, +B.P+&;; (9.33)
Q‘: = [5_45 +BSF+PT T 3-2. {9.34}

Cucrema (9.33)—(9.34), OYCBMOHO, HE ABIHACTCH WIEHTHHLIH-
pyesoit. K el MomeT DeiTL NPHMEHEH METOLL HHCTD}’M?H'['H_ILM[LI}-{
fepeMeHHBIX. TIPH 3TOM 0H4 3K30TEHHAA TIepeMCHHAR T, pacemar-
PUBAGMAS KAK MICTPYMEHTWILHAS, TIO3ROIALT, BODBIIE TOBOPH,
MICHTHRMNUPOBATL TONRKD ypaBHeHWE (9.33), 5 KOTOpOE OHA HC
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BXOUMT. JIng vuentHuranmnn (9.34) TpeOyeTen sEHELHA HHCTPY-
MEHTALHAS [epeMeEHHAs, '

Apyrum crocofoM  nonyuuTE  MAeHTHOULMPYEMOE  ypaBHeHHE
E!'I'Oi_}iHHpDHHHHH APCLIGKEHHA OKASLIBASTCH QIpaHHIEH P{{:i!lﬂ CTPVE-
rypHble KOI(QhpuumenTr: Bs=—p. CMBICH 3TOTO orpdHMueHIHs o4e-
BHISH! MBI CHHTACM, 4T MPGIABLLE HCXOQMAT M3 CYMMBL, KOTODRYHD
OHH MOAyMawT Nocie ynnaTel Hanord, T.e, P*=PP—7 Torma cuceteMa
MOKET DRITh MEPCIIMCAHA B BILLC

Q4 =B+, P+eg;

O =Py + PP +u,,
H JK3OTEHHAd nepemeHHads T MoxeT GBITL HCTONB30BAHA KAK WHOT-
PYMEHTATBHAA [L08 HISHTHOUKAINN 080MX VPAaBHCHMA.

YnpakHeHus

9.1, PaccmaTpHBacTCH CUCTEMa YpaBHeHMI Bua

Y =PX +v%; +e;;
}’2 = 5 }’: =+ ﬁz.
[TpopepnTs, AmnseTca nu nawHas cucrTema HIOCHTHBHIHPpYe MO,
HameHuTCa MM OTRET, coiM B YHCTO PEPECCOPOD BTOPOrD YpABHE-
IMA BKIMHTE: @) KOHCTAHTY; ) nepeMedayvio X ?
9.2, K cucreme IByX yparHeHMI BHaa
J’}] =0, X+ ¥y 48y

!L}Kz:ﬁgX3+'rr2Y: +8, (9.35)

[IPHMEHCH KOCBEHHBIH MeTON HAMMeHuUMN KsaupaTos. s koad-
(PHITMEHTOL NPUBEICHHONH (hopMbl

V=X +c,X,+v
=o X ey +vy

NOIYHEHB! Cleayioute oueHkl ¢=2.2, r;=0,4, c3=0,08, cy=—0,3
HaliTi OueHKH ABYXIIATOBOIO METOMA HAMMEHBIIMX KBAPATOR,
NPHUMEHCHHOTO K cHereme (9.35). '

; p
9.3. [lpu ouenupanun cictemel (9.35) IBYXIIATOBLIM ¢ TPEXILa-
MOBBIM  MCETOOOM HAMMEHBIITHX KELAPATOLR [MOVIVHEHE OOHHAKOBRLIE

[naea ] 0

[Tpobnembl cneundukaumn MOAEnu

K npofiiemam  crenuduxayuy  TPAAMUMOHHO OTHOCAT L B a
Tuna zagad. ffepasii — 3T0 BRIOOD CTPYKTYDH YDABHCHHA MOACH.
Bropoti — 5T0 onpeneienne Habopa 0OBACHAIIINX NEPEMEHHEIX, B
HacTosINeil rIaBe Mbl OCTAHOBHMCHA Ha npodieMax BTOPOro THIAE,
OCTABASICh B PAMKAX THHEHHEIX MOLEACH.

MopmanbHo © npobaeMaMy crneurUKANMK IPHXOAHTCA CTalKH-
BATRCH TOCTOAHHD NPH AHANHIE MOAENH, HATPUMED, (IPH TECTHPO-
BAHMM THIOTES O 3HAMMMOCTH TEX MM WHBIX perpeccopos, OmHAKO,
KAK Mbl VBMAMM 3IECh, TIPUHATHC WIH OTBEPXKCHME FMIOTEIBI CAMO
no cebe He TOMASCTRCHHO TIPHHATHID PEIleHMsH, KakKVi) HMEHHO MO-
ek MCIob30BaTh, B 4acTHOCTH, Mbl YBHIMM, 4TO [TA MaAKCHMATb-
HO PEKTHBHOMO OUEHUBAHNA NMAPAMCTPOR NIPH HauboMee BAMHLIX
perpeccopax BOMPOC O BKITIOYEHHM WIM HEBKIIOHMEHHH OCTAMBHLIX
PEIPECCOPOB PELIAETCA ¢ NMOMOLIBID 1 P Y I'0 T O KPHTEPHA, HEXEIH
[IPOCTAS TPOBEPKA THTIOTE3bL 00 HX HEdHAYHMOCTH.

10.1. BuiBop OfHOM U3 ABYX KNOCCUYECKUX MOAENEN.
TeopeTnyeckre acnekTsl

B aroM maparpade Mbl pACCMOTPHM npofieMbl crieldpHKANH
KITACCHUCCKON MOIENH, YIORIETROPAIDIIEH npelnockinkaM f—6 (oM.
§ 4.2). CoOTBETCTRYIOWIAA 3a1a4a MOWET OblTh cipopMyIHpoOBaHa
caenyiowmM obpazom. [1ycte perpmmpm PAIEICHEL HA JIBE TPVIITIR
— X u Z, npWdeM perpeccopbl X SB/SIOTCS BAKHLIMH, W MapaMeTphbl
npu HUx TPEOYETCA OUEHUThH € MAKCHMATBHO BOAMOAHON TOUHO-
CTRID, MEXIY TEM, KaK perpeccopsl Z MPEeNcTABIAIOT 3HAYHTENLHO
MEHBLUIMIT MHTCPEC, W OUSHEHM COOTBEICTEYIOIIMX MM MapaMmeTpon
caMi Mo cefe Wig Hac He BakHb. CnenyeT BHOpaTL OOHY M3 MOIE-
Jei: '

ONeHKH, BynyT 1 oueHkH, NOonyaeHHbIC OBBUHBIM METOTOM HAM-
MEHBLLIHX KHMQ{I'J'UH, CUI:TOH'I'CJ[!:HHMH?

Y=XB+Zy +z (10.1)
Y=AXp+e (10.2)
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Monenr (L0L1) npu perneHiy 3a0a494 CriellUgUEaLNE HAZRIBAIOT
<IUIMHLIOH, 2 vonenk (10.2) — exoporeois. [pi 2rom MCTHHHOES
sHaucHHe koa@duumenra [ oboux momensay oaHo 1o xe. Msen-
HO 3TOT apaMeT) HaM M rpedyeTcd OUcHMHT L.

dnst toro, wrobe coenars BeGop Mexay sosemsivd (10.1) u
(10.2), mpexac Beers HAIO ONPCLeIHTE KPHTEpHMHW MPC-
NOMTEHHM A, THKH}{ EPHTEPHCE MOEET Eﬂal‘]’h OB,

1. B cayyae papeHetra Koad@UUMEHTOR ¥ N0 HCTHHHOC 3Ha-
HEHHE MapaMerpa o ofHO M TO e, HO IHAYCHHUH OHSHOK &, roay-
HEHHLIX C TIOMOLULIY MEeT0da HAHMCHBITHE KBﬂIJ.pEi’I'(‘.IH- M3 Moae1er
(10.1), (10.2) ByayT paziaHEIMA, ClelyeT TPeanouects Ty oLeHKY,
KOTOPAH «DAMMEs K HOTHHHOMY 3HAUCHNW. Taxol XapakrepucTHKOR
ONHIOCTHe HENHETCH CPEOHHIT KBATPAT OTEIOHEHHS

piy = M (& — Bb — Byl

JaMeTum, UTO | NPEACTABRTAST Cof0i KBATPATHYIO MATPHILY Mo-
psaKa p, roe p — aMeno perpeccopos X (Hanowmuns (ov. § 11.8),
4TO KBAMPATHAA MaTpuia A HaswiBaeTes «DoAblieiis, 4eM KBanpar-
Had matpuua B, eclin ux pazHocTs A— 8 ecTh MNOMOAUTETRHO Onpe-
JENEHHAA MATPHIA)

Taxkum obpazom, 3 apyx mogenei (10.1), (10.2) crenyer sLigpath
TY, AN KOTOPROH O0yiaeTos Ouenka b o Melbllel BelavaMHon o,

2. Tlyere p,,, — NPOTHOZHOE 3HAHEHHE, KOTOPOS MOTYYACTCA M3
MOIEMH UTS ¢l He HABMLAaeMuX 3HadeHuil perpeccopos, BemmuHa
M Toey = Paer))? MOKET PACCMATPHBATLCH KAK CPCAHAN OUMOKA 11po-
rHoa. Caenyer BLOPATE Ty MOUSL, LT KOTOPOH 314 OIHOKA MEHBIIES,

MoxkHO moKasate, 4To KpuTepud | u 2 {T.e. Bubop MOIETH N0 MH-
HuMyMy  wib)man My, — Voo )? ) pasiociisHel. MK yeiosns sami-
ChRIBAIOTCH © TIOMOLLLIO QMHOMD M TOMD e COOTHOLEH I, TTOIVUSHHO
A. Marnycow B pabore [20]. B HACTOAWENR THaRe Mbl LPHBEISM COOT-
BETCTEVHILLAC PEIVARTATE B HCCKOIRKO yIpoweHH0H dopme.

Ilvers &y, 2 — ONEHKM HApaMeTpoB B M 7, NOAYYCHHBIE ¢ T10-
MOWEBH METOL# HAMMEHBIUMX KBAAPATOB M3 sogers (10.0); B. —
oueHka 3 u3 monend (10.2). puMencuue obrIMHBIX QopMyn (4.8)
HACT CABMYIOUINNA BHI 3THX OLEHOK:

By = (XM XXM, Y (10.3)
g = (LMD 2 My Y- (10.4)
By = (XWX, (10.5)

rae My, M: — sarpsusr suia;
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My=E— X (XXX, My=E—Z(Z227'2  (10.6)

(E — eamnuadag matpuua), OTMETHM, YTO MaTpHILb My, Mz anns-
wores wdexnomennmisivu (M, § 11.8).
M.\iEET MECTD COOTHOWEHNAG

XMX KX — (XXX 2 (Z My2)\Z' X = E,
iE] tlipﬂBCMHBOCTH KOTOPOro  Jerko }'ECHHT]}EH HenoopelCTRCHHO,

Henoibayst 910 cooTHOMESHUE, paseHctso (1003) MoXHO nepenuears
B RHTS

by =(XX)IX ¥ — (X X\ 22 MyZY\ Z MY,

roe, (oM. (10.4)):

by=by— (XX XZg. (10.7)

OBosHaunM (X' X)X Z) = b, (3ameTnnt, 410 BHL MATPHULL by
TaxOW We, KAK ¥y OUeHKHM mapaMeTpd AKOHOMETHYECKOH M?EIEJ'IH.
[Mpu arom, onHako, HOpMaTLHO b, HEIB3S HAIBATL OLCHKOM, TiK
Kak BenuvMHE X, £ — Heoayaa il Howte)

Mepemmes pasencreo (10.7) B Brae:

by = b + by & (10.8)

[puBeacy TCHCphb (ONYCKas NPOMEAKYTOUHRIE BRUMCICHHS) hop-
MYIIBI U150 BRIMMCICHHA KOBAPHAITMOHHLIX MATPHLL GIIEHOR by, Ba, g

Covlp )= o2 [(XX) 1+ (XX X Z(Z M ) ZX (X)),

Cov(g)=c"(ZM.Z)"; (10.9)
Covib, )= XX)T,
e g — OUCTEPCHA &
Menoneays dopyyne (10.9), nonyuaen:
Covih) = Covi{dn)+b, (Cov ()b - (10.10)

Mpoanatnaupyem noayyexxse pesyivratel (10.8) o (10.10). B
CHAY BRITIOIHEHHS YCIOBHH KACCHIECKOH MOIeTH OueHKa &y B 1 el
DoM Clyyac ARIAETCA HeeMelennoi (1 npu ¢ = U Apu ¢ = i,
Mexy Tes papeHeTo (10.8) nokaspiBaet, 470 €Lt HCTHI:IHUE aHa-
qeHME v HE PABHO HV/IIO, OUEHKA by SBJIACTCH CMENIEHHOH CO CME-
nieHueM by . [lpyu 5TOM ABHBEIH BHI CMENIEHWA YRA3IBIBAST HA TO,
4TO OHO BYIET MOAOKMTENBHEIM, ECHH Z sOIHHAKOBO HATPABIEHEL:
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Mo OTHOWEHHID K X M Z) W oTpHuaTebHo B MPOTHEONOIOKHOM
Chyyac,

B 1o e ppems pasexctio (10.10) oauavaer, uro oncHka bio
MODOM Ccayuac HMeeT GAILLIVIO KoBAPHALIMIO, MeM OUeHkKa .

M3 dopuya (10.8)—(10.10) nosyaaewm: .

F“}I} = 51('{"'2}:&:_1' @"l-"l.-xs (10.1 1)
Lae
& = Covig)— v (10.12)

Taknm oBpa3oM, ML MOXCM CHETATL BRIBOL:

Eeae mampuna (10.12) seasemcs nosodcumensto onpedeaennol,
M. . UMEER MOALKD NOAONCUIMENBHIE CODCIMAEHHBE THAYEHUN, MO MO-
deas (10.2) ayuwe ouenusaem napavemp R, damee ecaw ha cason deae
gepua smodeas (10.1),

Ecau matpuua (10,12) wMeeT kak MOIGKHTELHEBIE, TAK W OTPHLA-
TCBLHBIC CODCTBEHHBIC SHAYEHUA, TO BONPOC HE PELIAETC CTOMb O1-
HO3HAYHO. BOIMOMHO, B 9TOM CIV4ae MMCeeT cMBICT NPENToYecTs KO-
poTKy10 Mouenk (10.2), ecau caen marpuuer (10.12) NonoxHTEICH,

OBpaTumes TeHeph K KPUTEPIID MUHWMAILHOCTH OLIMGKU npo-
rHo3a. llyets nveetes Habmosenne Xoats To € (e, Zpey) B CvMAE

MOIENH (10.1) 1 X0 B cayuae MoTeTu (10.2). TlporHo3Hble IHAUE-
HHHA B 3THX CYYASX PABILLE

W= Xps 1B+ zpe1 & (10.13)
P2 = Xprp B (10.14)

3AMETHM, Y10 CAYYARHAT BEeIHTHHA (10.13) umeeT TO xe MaTe-
MATHUECKOE OKHIAHHE, YTO W HabMIOIaeMoe IHAYEHHE CAv4ailHOMN
BCMUHHEL ¥y . HemocpoucTreHHbie BRIMHCIEHIT Dai0T mc:uymume
SHAHCHHS U CPefiMy olUbOK TIporHoa;

I-';.f{_f-} - .l’?-'.'—[:;IE = GE + GE* r;+|{/¥m_lxln‘] + \.'C{}y‘{g}y"

-

M ,ﬁ': = _}'ﬂ.|.|}‘? =g+ 52 X (AN Ix',|.,_| + v,
rac v = .,f,.r_fb.-l- “TE
ChenoparenbHo,
My =312 M(P — ) =ve v, (10.15)
re & — marpuua (10.12),
Taknm o8pazoM, W 30eCL NOTOKHTEALHAS O PEACAEHHOCTE MAT-

puiel (10.12) osuavaeT 6OAMUYIO NPEINOYTHTENBIOCTE KOpPOTKOH
mogean (10.2) — naxe, ecad MCTHHHOS 3HAYCHME napaMerpa y He
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pasio o, Ecaw me matpuua (10012) HMecT Eak MONOKHTEILHBIE,

TaK H OTPHUATC/ILHLIC CODCTBEHHLIE 3HAYEHMA, TO MOKHO Bhlﬁpﬂ']'h

sKOPOTKYIO» Moo (10.2), echu nonokuTeneH ciel MATpHULL
(10,12},

Moo HoKazaThL, uto Marpuud puaa (10,.12) apnasTea nonosn-
TENRHL L}][[‘.Iiij.iﬂ.llﬂHHUﬁ B TOM H TOJRKO TOM Cly4dac, CCIMH BbIIIONHA-
eTCA YCIOBHE:

B=v (Covighly <1, (10.16)

Takus 0bpaszom, sodeas (10,2) 0Ka3IBBAETCA ¢ MATEMATHYECKOMN
TOUKKY 3peHus dpeduowmumessaed modean (1001), ecau swnoansemcs
veaoaue (10,16).

10.2. Boibop 0QHOM M3 ABYX KNACCHHECKMX MOLENEN.
HPGKTH'-IECKME‘ CICNekTEl
Bemwumua 0, crodwan o onesoil yacty pasencrsa (10.16), sapm-
CHUT o1 HEMIBECTHOTQ napaMerpa ¥a T. €. ABNAETCA
HeHabhmwaaeMoi, Tak uTo nomyueHHuid & § 101 kpuTepmii
BLULE HE Q48T OTBETd HA BOOPOC, KAK OCYILECTEINTE ILTEPHATHEHRIH

apGop Mexay Monemsami (1001) 1 (10.2) va mpakTHEe.
B pea/ibHOCTH e Mbl PACTIONAraeM JHIIL IHAYEHHEM OLEHKH,

0=g'(Covig)'g.
[Mpeobpasves BCMYMRY 6. Mas atoro MPCICTABHM OLCIHEH £
Cov(g) B ynobuoit n1a nac dopme. Mmeem:
‘e (z:wxz}']z’,u Y =(ZM 2V ZM J(XP+Ty+e).

HenocpelcTREHHO NEPEMHOMAN MATPWIBL, JETKO VOSIHTRCH, UTO
HMEET MECTO papeHCTRO My X=(. Takum ofpasomM, noayuasm:

g=7+(ZM 2V Z'M . ' (10.17)
B 1o xe Bpemsa
Covig) = ;Cw{gj =FZ'M 207,
ee,

Loe G- S OlleHKA TapaMeTpa o (oM. (4.21)). 3neck e) —
.P‘I'! = ;) -

cronber octatkos perpeccHi (L0LL). Taxkum 00pa3oM. HCOOILIYH
papcHeTRo (10.17), monyvuaem:
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T ——

L

~ ! v ¢ : - 1
0= [y + &My Z(ZMAZ) ZMAZ)y +(Z M Z) 20 6] =

' Py 5 dapd ¢ |
=-:L—}‘HZ:WXX‘}'— 3 {'r’ﬁ."}’jr_k-ﬁﬁ'gﬂﬂrxzd:u’}‘:':T H'-'WA«E.'{Z'.'W I'Z]_IZJ.'MVE
G G G'\- g # o 1
- 8 gy St (10.18)
o T
w ] ded ] -
rie E=—(yZM e +e'M  2y):

]

B=MyZ (£ MyZ)~ L2 My.
MoxHO MoKa3aTh, YTo BETHYMHA £ MPUHMMAET C PaBHON Bepo-
ATHOCTRED KAK IONOMHTCIBHBIE, TAK M OTPULATENLHLIE IHAYSHMS, B

]
TO BpeMs, Kak BelWYMHA —e'Be NPHHHMAST JHIbL MON0KHTE b=
&2

Hble 3HavdeHusn, Ecan uueno wabmonenwit # goctatodHo BLIIMKOD

F 3 d E
IHAUEHHA o M DLEHKH & , Kak npaeiio, daMake. Takum obpazom,
HCIOme3yAa paseHCTEO (10U18), Mb1 MoMesM CYHTATH Maiule 3HAYCHU

HaboaeMoi BenuuriLl ) TocTaTogHol NPeanoceIKOH MATOCTH U
napamerpa 0, B yacTHocTH:

Eeau B<1, MEYMHG Bpednaanxciime, wo u B<]. (10.19)

Oxaswpaerces, semmuuna F=0/0 (rae / — yncno perpeccopos )
CCTL HE HTO WHOE, Kak HaliomaeMoe 3HaYeHMEe CTATMCTHEM npH
O0LITHOM TECTHPOBAHMN THILOTESR! O PABEHCTEE HYI0 KoadguumeH-
ToR v b moaenn (10.1). Ecmu napaserp v na camom nede pPaBEH Hy-
0, £ UMeeT pacnpeacieHme Ouwepa—Cuenexopa). '

B camoM lene, SBHLLT B 9TO# CTATHCTHKY (c™m, Hanpumep, [13])

; (egel ~ee, }

Fel (10.20)

o
B To e mpemy, nenanssys (10.9), nomyvaaew:
o M ¥ z’filg = X-‘r)] + .Z;:F; + e — X.I")| = XJ'J_-I i M);?g
Orrewna

eye; — e)'ep = 67 g (Cov(g)) g, (10.21)
H YTECpAICHHE MoKa3bBaeTea noactadoskoi (10.21) s (10.20),
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Takum oDpazoM, MOKCT OBRITE MPCUIOKEH CHCIYIOMWIMI 10AX0L K
ANBTEPHATHEHOMY BRIDOPY MOAIM. BROHPASTCA HEKOTODOE 3HaYe-
Hue ¢ Ecni Habmiodaewmoe 3HAYSHME FCTaTHCTHKH MCHBLLIE ©, TO
npesnounTaeTes Monens (10.2), ecnu Bonelwe ¢ — 1o Monens (10.1).

[Mpu 3T0M MOPOroBoc 3aY¢HHEe ¢ Bulupaercs, sooble rosops,

1
IIPOU3BOJILHO, Kak TIPaBMIO, B TpaHHLax E-{c-{FMn_ gy T8

obBIYHO o = 0,05,

Pacemorpus Bostee noapobHo ciydai [ = 1, 7. e, MMEeTCH OUMH
perpeccop #, OTHOCMTENBHO KOTOPOTO CTABMTCS ROTIPOC O BKIAKYVE-
HHM WIH HEBKTIOUEHHH erTo B Moneab. B stom ciyuyae F=0. He-
nooibaya (10.19), nomvdacs cieayiowmil KpHTepHiA NpeanodTeind,

B coywae | = 1 (watuwsie odHpzo scRopHo2os pespeccopa) Modets
(10.2) oxazmeagemcn Rpednoumumensrel, ven smodeas (10.1), ecau Ha-
fiodaesoe snadenue F-cmamucmusy Api MECUPOsari 2HRMMEsL
v =} oxaswaaerca Merbiue 1. '

[Monyurs ewe oany OPMYIHPOBKY TPHBEISHHOTD KPHTEPHS,
Menoneayesm Beipaxedne (4.34°) ana ckoppexTHporaHHoro kosdibn-
UHCHTA ICTEPMHUHALINKN R2,

Coorpercraciio g perpecerid (10013, (10.2):

[{:'|E:'| ez*?_"
Rp=1-— — Ri=- 2L
1, . I
— 'y — ¥
B n—1 =1
poe y = Y=,
OTcmoaa
feopporlde  da | (=00 (o g9
TR le-p n—p1] (a-ply

Takum ofipazom, sodeas (10.2) oxazmeaemcen npednoanumeisied
sodeay (10.1), ecin croppexmuposannil Koaguyuenm demepmuna-
Wi apu yodadenny pespeccopos £ veeauwuoeaemcd (3aMeTHM, YTO Tpo-
cToit  koadipuumMeHt netepmuHaumn moneind (10.1) Bceraa
Bonbue, 9eM Mozeau (10.2)).

10.3. Cneundukaumns MOaen1 NPOCTPOHCTBEHHOM
BEIBOPKM MPU HANUYMM TETEPOCKENACTUYHOCTH
B cayyac MOmenM MPOCTPAHCTBEHHOH BLISOPKHM [IOKAIATEICM

HEBENHMEHMAH B MOLETE CYLICCTBCHHBIXY TEPREMEHHBIX MOMKET CHY-
HHTE HEVOMDOHACMaR eemepr&t‘xeﬂac‘murr:mc'ma.
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BermoMumns, 4ro mauBoiee vacto ynoTpeGiasieMbie MPOLCILYPLT
YCTPAHCHUSA TETCPOCKETACTHUHOCTH TAK WM WHAYE GLity OCHORAHEL
Ha npenoioxKeHHH, YT0O THCIEPCHS OWHD0K PCIPeccHi o SRIAeT-
T pyHKUMEH OT Kakux-To perpeccopor. Ecam of cyiiecTBenno 3a-
BUCHT OT PErpeccopa £, o npH cnenMOUEAHE Momeiy perpeccop £
HC OBl BKIKMEH B MOJENb, CTAHIAPTHBIE MPOUETYPL MOTYT He
NPHRECTH K YETPAHCHHED [eTepOCKedACTHYIHOCTH.

Pacemorpus crienyiotumit npusep. Tlyets X, 7 — perpeccopur, ¥ —
ODBACHAEMAA BLINYMHA, THCTOCPAMMEBl KOTODEIX M OCHOBHBLIE Yii-

CIOBLIE XAPAKTEPHCTHEYW PACIPCIENEHHA IPHBEICHR HA pue. 10,1,

LR ER

25 e
Swnes: X - B
I d Samplo | 200 |
20 | | ctaumatians 200
1 | | |
|-§ . | wnean 5 IHGI0E
18] 4y | | Madizn S.26BETI
e Mammun 0. 73253
n R E I I Fe Miamu= - LA
u 4= 1 ‘ | |=d e FOTad
[43] | | Bz -acgapze |
P N (R {41 Wi ETTAE
5 et et |
: 1A
4 | I+ | | Rl 1 | | duyun Born Lid |
ol TR 7 Pectabity (700672
o ) 4 ] u 10
Boews 2
| Garmpk 1 21K
Dbsareling A
Maan £ATTIGS
Redan A 5GON0E
| Mamimem 11,5493
| Mnirm -8, 32800
| =62, D 3, 74R1R1
Ekowrass 0124451
LATL 3425803
Jangpse-Dura 2005 |
| Probaiziity e |
)
r Saras ¥ B
2 Eampl 1 200
CIbsareatens 2
|
20 | { Mugn A2bAn1E
: Mischn 72 35805 |
1w i | tacimum 208 350 |
v I | | | Minimum 230000 |
i o | { | . (it D 41,0165 !
' I (& §| Skaurass SATIEN
A | i I [ | .- | Karriirkis 3 AT
5. B i | |
el RN (e sgsari
.||:.!-| LSS [Frababiry

QUEeHHM JIMHEHHYIO Perpeccrio 3aBHCHMOCTH Y oT X, T. ¢. pac-
CMOTPHM MOICTE

¥= a+ pX+e (10.23)

TMpumcisd O0bIYHBIH MeTl HAMMEHBIUMX KBAIPATOR, MOMY4HM
YPUBHEHHE:
=342+ 15,23x, =038
(7,7 (1,37)
(KaK BHIHO, KOHCTAHTA OKA3LIBACTCH He3HauMMoit). [lpumenenue k

MONVMEHHOMY YPABHEHMIO TeCTa YaHTa Ha [CTCPOCKENACTHHHOCTD
[AET CACAVIOLIMI Pe3YILTAT:

F=19,62> Fﬂ.ﬂ.ﬁ: 1; 99+
T. 8. MOMENE OKAILIBASTCH FETEPDCKEI[ECTHT-IHGﬁ,r
[MpuMeHUM K YPABHEHHIO MOIEIH B3BCIUCHHBIA MCTONL HaW-
MEHBIUMX KBAIpaTos, TOTHA YPaBHeHHe PErpecci IIPHMET BHAL
¥= 5098 + 14.67x.
(4,92) (1,H1)
MpuMeHAD K HeMY TCCT Yajira, nonydacM:
£=3,6> Fyps: 1; 90

T, £. THIOTE3A O TOMOCKCTACTHYHOCTH BHORE OTBCPTACTCA,

MonpoByeM HCMPABHTh MONOXCHHUE, BKIIOYHE B MOLCIE TAKXKC H
perpeccop Z. T. ¢. OLCHHM MOLENE

Y= a+BX+ 3Z+e.

Dﬁh]‘iHh[i"ri METOA0M HAMMEHBIIIHMX KHHJT.DETOH I'IDJ'[}"‘IHE.M }'pBHHE—

HHE []EF[)EECHH,' '
y=498 + 8,53x + 7,50z, =047
(7,15) (1,73} (1,31)

BT MOLeNs TAKXE HABIAETCH MeTepOCKEefACTHYHOM, TAK Kak TecT
ValTa 148T cnefyiiies 3HaueHue F-CTATUCTHEM!

F= ”]?4 > FI:I'.,LI'E; -l; 0.

COaHAKD TeMeph, Nocie NpHMeHeHHT BIREIICHHOTO METOMAa Hal-
MEHBUIMY KBAOPATOR, MBI TOMYHASM VIHBHEHUHCE!
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y=1504 + 7 54x + 6,19z,
(3.64) (1,08) (1,03)

Al KOTOPOTO [HITOTE3A O MOMOCKEeTacTH I HOCTH YAC NPUHHMAETCA
" . ; ’
TaK Kik MCMOILIOBAHKHE TecTa Yaiita naer IHAMEHHC F-CTATHOTHEM:

F=LIT < Fyps, 1; 00.

10.4. Creundukaumns perpeccuonHoii mogenm
BDEMEHHbBIX PANOB

B Mmomensx BpeMeHHLIX pszos HEBCPHAA ClendbMEaHT MoXeT
CILYXHUTh NPHYHHON ABTOKOPPENAIIMH OWHBOK Perpeccun.

Pacemotpum caenyioumit npumep. Myers X — IOX00 CeMBH
TRIC, IOAT.] ¥ — ee pacxomdbl HA OTALIX B 3apyGekHbIX CTpaHax, Thli:’
noan. Ha pue. 10.2 npegcrapnensl anarpaMmbl pacnpeneneﬁnﬂ H
ocrm;am;’ KOMHYECTRCHHLIE XapPAKTEPHCTHKH PACTIPElenceHus Be/li-
U X' i K

20 T I
|EE|r'u5: X ]
Sample 1 200
£ i-] Dbzarvations 200
_HH Maan TASLS5E
Madan FaTery!
10 Maximum 180818
Minimum 0,015588
. { |54 Dav. 3445309
Shawnass 0563800
5 i Kuraogis 354579654
|-| e : | |-|_' daruan-Berg 13,077T34
! ! I | Prongsilit [,00
oL gl Bl b | [ omi
0 W o1z 14 16 1@ 2
16, SR S
i |S‘-ur'x:5: ¥ —]
Samals 5 200
Obsarvations 195
!r.unan #1495a3
s | Mimdian 187
} | Maimmum 4, 196202
Minimizm [LE0A035
S Daw, {65837
] Shewness Q50323
Ttk T Humtasis 33262
i E. . darqua-Bem B,124230
o i | Frosnitzy 0.010438
T l r'r| | 1 I
o 85 40

IQI

Puc, 10.2
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[pu >ToM ClEOyeT MOMHMTb, 410 X U ¥ — BpeMeHHB €
P H LB, NO3TOMY KPOME HATPAMM PACTPENeNeHHA BAKHB H Koppe-
aoepasMmb, puBeneHHse B Tabauuax 10,1 u 10.2.

Tabnuua 10.]
Koppeaozpamma X

T » (1) raa® | g, » P(O>0)
1 | 0,750 | 0,750 114,34 | 0,000
2 0,547 —-0,036 | 175,46 0,000
....... 9!_‘]“9?!_“0“11”2!(”&“
10 —0,126 0068 | 218,11 0,000
Tabnuua 102
Koppeaoepamma ¥
T | r (1) Pz | 0 | P(Q>Q,)
1 0.813 | 0,813 | 131,55 | 0,000
2 0,629 ~0,094 210,78 00,004
........ 9|—0191|—0n98|27|43|0mm
10 —0,227 0,056 282,20 0,000
OueHMM MOIenb BHIA
Y= a+pX+ ¢ (10.24)

3ABMCHMOCTH pACXONOB HAa OTORX B 3apybexee VY or goxonos
X Tlpumenasa ofpYHEH METOI HAHMEHBIIMX KBAIPATOR, MOAYUHM

VPABHEHHUE PerpeccHi:
§=0,745+0]17x, R2=0,69, d=128.
(0,066) (0,008)

CyILIECTBCHHO OTAHYAIOIESCA OT JBYX 3HAYEHME CTATHCTMKM o
HapGuHa—Y0TCOHA VKA3blBa€T Ha TO, YTO HMEETCH TOMOMHTENbHAA
arToKOppeaAnuA ouKboK perpeccin. OoHa M3 BOIMOXHOCTEN — 1O-
npofoBath MICHTUGUUKMPOBATE pPAL OCTATKOR Kak pag Monenu
ARMA(p, g). Tpu srom camas npoctasd Moneae AR(1) okaswiBaeTcs
BIOJIHE ATEKBATHOM:

e, = 0,35, R =0,125 d=2,03.
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Ha 370t pas snaveHue cratveTHry o Hapbuia—YoTcoHa oka3biea-
ETCH DOCTATOMHO BIHIKHM K TEYM. TAKMM 0DPAZOM, B KAYeoTEe MOOc-
J11 MBI MOKEM NPUHATL MO/IENE ABTOPEPECCHH NEPROTO [IOPSIKA

= a+BX+e, &= psyty,
C OUCHKAMM 3HaYeHmnit mapamerpos § = 0,17, p = 0,35

OuHako eCTeCcTBEHHO IPEANONIOKHTL, UTO PACXOIR HA A0pOTO-
CTOALIMH TOBAP — OTABIX HAa 3ApYOEXHBIX KYPOPTAX — JABUCHT He
TONRED OT TEKYILHX OOXOI0R, HO H OT J0OX0I0E B NPCOLIAVIIIHG T1e-
puonel, MsMeHuM cnenmdmkaumo Momein, BKIIOYMB B KadecThe
PETPECCOPOB JIATOBLIE MEPEMEHH ke Y,

Jlerko yGenuTees, 4To vauBonce ANeKBATHON OKA3BIBAETCS MO-
Lejib © YCTBIPLMA BKIIOMEHHBIMH naraMi. COOTBETCTEVIOIEE ypas-
HEHHME PEIPEcCHM MMEEeT BH,

Pe =032+ 0,08 x,+ 0,07 Xy + 0,037 X + 0,007 x5 + 0,012 x4,
(0,044 (0,0066) (0,008) (0.008) (0,008)  (0,006)
R =091, d = 2,09,

KaK BUIHO, 3HAYEHWE CTATHCTHKM o Hapiuua—YoT1cona oueHb
QIM3KO K JIBYM, TAK YTO B HOBOH MoLen npofiema ABTOROPRET -
UHH OLIMOOK perpecchi orcyTeThyver. OTCIONA ClenyeT, 410 ee npH-
YMHA DbUIA B HEBEPHOH cneunduEauuy Monenu. CTONT TaKxe afpa-
THTE BHUMAHMWE, 4TO KOMMPHUIMCHT PETPECCHI NMPH X, YMEHBILIICH
BIABOE — HA TOBAPL! POCKOIIM, NOAOOHBIS LOPOroMy OTHRIXY, PACKo-
Ibl «PACCPELOTOMHEBAIOTCHY MO HECKOTRKHM DUHAINLIMM TogamM.

10.5. BaxHOCTb 3KOHOMUYECKOrO QHANM3a

B mofiom cayuse npu peibope CHEUMPHKALMM MOICIH CIeyeT B
MEPEYI} OUEPCLL PYKOBOACTRORATLOH IKOHOMMYECKHM AHATHIOM.
HeobxoauMo noMHNTE, uTo BRIGOPOYHBEIE JAHHBIE — 5T0 BCEO
JHWE COBOKYIHOCTE UH(P, M, MAHWOVIHPYA MMH, MHOTIA MOXKHO
NOAYIHTE YPEIBRIMAHHO XOPOLIVID, © TOYKH 3PCHMH MATEMATHKM,
MOAETh, THIIEHHYID, OAHAKD, KAKOTO-THO0 CMBICTE.

Pacemorpum npumep. X — npoM3BoacTeo GaHAHOR B Bpasuanm,
¥ — npowzsoncrso wiHH na HpocnasckoM 3apons. Ha puc, 10.3
H30DPAKEHE! TPad UK BPEMEHHEBIX HABTIONEHHH 3THX BCITHMMH,

PacemoTpuM perpeccuonsyio Monent 3asucusoctn ¥ oT X M
OUEHHM €& ODLIMHBIM METOLOM HAHMEHBIIHX KBATPATOR:
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N T

§=—83,8+1,93x, R¥=0,97, d=196.

(7,31) (0,035)

C MaTEMATHUECKON TOYKH 3PEHHA 374 MOUcllb BEITHEMIENHA 1o
pcem napasetpam! B To e Bpems 3KOHOMHueCKM OHeBHIHA Oec-
CMBICTEHHOCTE TAKOTO pesynerartd. OObAcHeHHE 31eCh OYCHL [IpOo-
CTOE — B PACCMATPMBAEMBIN MEPHOL BPEMEHH 00¢ BEMMYMHLL HMENIH
BPEMEHHON TPeHI, KOTODBIH M MPHEED K BLICOKOMY 3HAMEHUIO KOp-

pensund Mexay Xu ¥

360 ’—-|
|

1+H GRS N S S B —ahas

Puc. 10.3

OcroBoauM  PACCMATPHBAEMEIC BETHYMHEL A H V' OT RAMAHHA
TpeHaa. J1as 3T0re paccMoTpHM YPABHEHMS PErpeCCHi:
% =19892+02¢, R?2=097,d=2]l2

(0,186) (0,003)
5, =300+0,4¢, R =0994, d =1.885.

(0,175) (0,003)
[MocTporM ocROGOAIEHHBIC OT TPEHIA BETHTHHEL
Xy =X =028,
Yiarr = ¥ — 0,41,

Ecau Tenepb Mbl PaccMOTPHM MOIETE
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]/clcrr =0 gt —BXtJ-.':Tr TR

H MPUMEHHM K HCH ODBIMHBIH METON HaMMCHBITHY KBAIPATOR, 1O
MOMIYHAM CCAVINLHHA DEIVIBTAT '
Yiaer =312,6-0.05x,,, R =0.004.
(0,09)

Teneps MBI NOMTYYaEM IKOHOMMEYCCKH OCMBICTIEHHBIH pesyaLTaT —
DPErpeccHua HC IHAYHMA.

MareMatuuecky 310 O3HAYACT, 4YTO YacTHBRIA KoadwhuumenT
r-:oppcinﬂmm MEXIY BelmaMHamMu X 1 ¥ pasen Hynio, MEXILY TEM KAk
THHEHHBIH KOMMPHIHEHT KOPPenauuy 10cTaToqno BEJIMK,

B paceMoTpennom NPHMEPE MBI OTKASLIHCE OT BBIBOAA O IHAYM-
MOCTH nepeMeHHol X HeeMoTpa Ha To, uTo MATEMATHIECKHE COOR-
PaHEHMA (Ha nepseii Barmaz!) CBHACTENBCTBOBANM 0f ofpaTHoM,
AHATOTHIHO, eCH IKOHOMHYCCKHE COODPANKEHUA NPHBOAST K Bhi-
BOOY O TOM, YTO JABMCHMOCTE OT NEPEMCHHOM CYIIECTEEHHA, RO3-
wo;:EHn. LE CACAYET BKIIOMHTE B MONETH, 1aXKe ooy MATEMATHYECKHE
CBOMCTEBA MOICHH VXVIIAKTCA, H NOMCKATR MATEMATHYECKHY anck-
BATHYIO (hopMy Momenm.

“THKHM 0DpazoM, OpH clelMDUKALMH MOTSIM  TO/LKHO GLITh
HARICHO MATEMATHYECKOC PEIliCHME B PaMKax. OTNPEISICHHBIY SKO-
HOMHYECKHM aHATHIOM,

YnpaxHerus

10.1. H}-fGHTITCH ABa perpeccopa X' w 2 1 onHa ofwacumeMan me-
peMerHas ¥ OGBIYHBIM METOIOM HaUMEHBLIUX KBAIPATOR MOayue-
HBL CACAYIOLUHE PCIPECCHOHHBIE YPABHEHHH'

¥=1.2+114x - 0,2z

(0,2) (0,8) (0,12 (10.25)
P=L0+11 9
(0.2 (0.7 (10.26)
z=274+0 8
{((L3) (0,1

, BriGpato vpasuenue (10.26). B Kaxyio cTopony cMemena OIIEH-
Kd MIpY perpeccope X B TOM CIVYae, ecild Ha CaMoM Oene BepHa Mo-
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Jetk, BRIYammas perpeccop 27 (CUMTATE, YTO VCAOBMSA KJIACCH-
qecKoH MOIenY BRIMONHEHDL )
10,2, PaceMaTpUBAKOTCH ABC ANBTCPHATHBHLIE MOAETH, YIORTS-
TROPHIOUINE YCIOBMAM KIACCHYECKON MOJIEnH:
Y= Xp+&FHts; (10.27)
Y= Xp+e, {10.28)
MpH 3TOM CYMMBE KBAAPATOE OCTATKOB pabubl 1010 ana sonenu
(10.27y w 1075 — ona momenn (10.28), a8 konmuecrso HabnoaeHHH
pasro 2000, Kakyio w3 qeyx Mogeneil cieaver npeginouecTs i Bo-
NEE TOMHOIO NPOTHOIMPOBAHMA 3HAMEHHH NepeMeHHoi )Y
10.3. IlycTh cnpaBenivBa CACOVEOLIAT MOOETb, YIOBICTEODSIH-
LA YCIOBMAM KAACCHMYCCKON MOIEIM:

Y=k A yptog,
e 3KCNePUMMEHTLILHLIE JaHHBIE TPEICTARIAIOT coBOIl BpeMEHHbIE

panel, a4 TReTHH 'wieH B Npagoil uacty zanaer Tpeda. [lycre npw
ATOM OIEHMBAETCHA «HENPABMIRHAT?, KOPOTKAA MOMENE

Y= at+Xp+v (10.29)

Bes TpeHaAa.
ByiyT nu BRITONHEHED CHEAVIOMHE Veaosus L Moteny (10.29):

ay Miv,) =10,
) CyMMA OCTATKOD PCIPCCCHH paBHa HyIw?
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[Mpunoxerus

[naesa ] ]

DNEMEHThI NMHEHON anreGpbl

ANnNapar AMHEAHOH, H B YaCTHOCTH, MATPHYHOH alreGpel Sp/is-
ETCH HEODXOMMMEIM MHCTPYMEHTOM 118 KOMIAKTHOrO | spderTun-
HOPQ OMHCAHHA M aHAIH3A 3KOHOMETPHYECKHN MOTENEH W METONOR,
Huke (kak mpasmio, Ges DOKA3ATENBCTR) MPUBOAAT KPATKHE CREIE-
HHH M3 THHEHHOH anrefprl, HeolXoaumMele s HAIVUEHHA IKOHOMET-
PHEH. boace noapofHo ¢ MeTonaMu aHHEHON AnredDPBl MOMHO [10-
SHAKOMMTRBCH, HAmpuMep, B nocodusx |2], [3].

11.1. Matpuusl
Mampuyeii pasmepa (m * n) win MA-MAMPUNCH  HAIWEaemes

madauya wucen, codepueauas M cmpox W o cmoadyos. Martpuiisl odo-
FHAYLAOTCH NPOTHCHBIME JATHHCKMMH BYKBAMH, HATPHMEp,

;all dz -ia, \
[ G2y gz oy,
A=| (11.1)
@1 iz . dy ooy

|I.'.a.l7!| a."‘i‘z '“ﬂmlf sl /.I
MIH Ay, = (az), Toe dj — BNEMEHT MaTpuukl. Hapsuty ¢ kpyribimm
CKODKAMM MCIONL3YIOTCA H apyrue obossauenms: | ], || 1],

Budu mampuy

Ecan m =110 Ecmun=1, 10

Ahch' =|:|!'{|_|ﬂ|_:|... alr_'}— I/":TH\I\

Mampuya  (MIH  eekmop)- a2

CMPOKa PAIMEDA n. Al = — Mampuga (WM gex-

&y, J

MOP)-cmoatey pasMepa .
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'!T

Eciau m = #, T0 Ayxn=A, — Kkeadpamnaz mampuga n-ro nopadia.

Eenm ay = Onpu | Ecau | Ecwm aﬂ"_T_ﬂl |
.fl'l'-;.l‘l1 T Aﬂ:D — d[ﬂ]‘ 0 = U TIPH I v,?I.. [.{ — ;!'"1 ni _lru— :-"EHI[};
SOHLABHIH MAmPILa: T Appp i

\a, =1 npu i=J,

TO A:J:‘Elﬂ (win E),
eOUNURRAR  Manpl-

1 — mpaesan mampi-
L, WIH A b-MOmPIULa

ua n-ro nopadea:
a, © nw 1 0.0 (0 0 g 0
i 0 a, .. 0 | B 01 .. ﬂ_ 0. = () I:I []
Lo 0 .a 001 00 .. 0

J l\_ nn g
= diag(a)| az2...dpn)-
PaseHCman Mampuy g
= ; = B, ecny
Marpiibl Apuen=(ay) ¥ Bpxny = (by) papHbr, T. €. A
= b i = L, m F= L s
Onepawuu Had Mampunami q
1. [pouzsedenue mampuubi Ayx,=(a;) na 4icio L eCTh MATPHIA

Bpen={bgh.

B= A, ecnm by=ayh, i =

l,....m; j=1,.,n (11.2)

B uactrocTtu, A 0=0. .
2. Cymma dayx mampui Apxy= (85) 1 Bysy= (by) £CTH MATPHLA
C’:’F.')'Cp =|:c.l_,l}:
{11.3)

C = A+B, ecnu ¢ = ay Ty, i=1,...mji=1l..,mn

B uactaoctu, A+H0=A. _ . RS
3. [pouseedenue mampuipi Ape, =(a5) Ha Mampuyy Lyxp=(0
eerh MATPHUE Cohpep=(ay):

1 —_
C= AB, ecan ¢y =3 by 1= Lo J= Lug (11.4)
k=1

W3 onpegenenust CILenycT, 4T0 IS YMHOKCHHA MaTPULILL Aun B
JONEHLI OGRITE COTHNACOBAHHE MU Hucido H CHUAOLGE Madm
gt A dogocno Obimb PAGHO HUCAY CRIPOK 0 MQmMpulst i
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P Mpumep 11.1. Jaunt matpuus:

A=ﬁ ? Bl T 8
h ‘ 1920/
56)

Haiitu A8 u BA.

Pewenwe Pasmep Marprns MPOUIBEACHHA A3z * Brwi=Chny:
3:2+4-9 3.7+4-2 3-8+44-0) (42 20 24

Cog=4B=|12+29 1.742:2 18+2.0|=|20 11 8
5:2469 5-7+6:2 5:-8+6:0) |64 47 40

AHATOTHIHO Byxs * A3x9=Chua;

CMEHA:(E-3+?-I+8-S 2-4+7.2+8-6 \l 53 70
’ 9:3+2.140'5 9-442.240.6 | (29 40)

Moayunmu, yto npouseeneHs MarpHl A8 u B4 cyiuecteyioT, Ho
ABAIOTCA MATPHLAMM Pa3HLIX pa3Mepos (nopsakos). P

B yacTtHoM cnyyae

AE=EA= A (11.5)
4. [leran nosoxcumensias cmenews A™ (m>1) KBALPaTHOH MaTpy-
Lbl 20Tk A™ = A 4.4,
———t

n'JI]}B
Mo onpenenenno,

AY=E, A'=A, A" 4% = gob |
(am ) = Agmi | (11.6)

OcobdenHocTH OMEPANMHH Hall MATPHILAM H

B obuiem cayuae A8 = BA, 1. e, YMHOKEHHE MaTPHL HCKOMMYTa-

THBHE. EEJIH A"=0 nunn AB =0, 10 370 eure e O3Havaer, yto 4 = 0
wm B=10.

Tpancnonuposanue mampuyps — nepexod om mampuune A © mam-

puve A (M A7), & Komopoi CHPORE ¥ COA0KB ROMEHRINCE Mer-
MaMi ¢ coxpaneniem ux nopadia.
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Ecnu A, = {a,_r- ] , 10 AL, = (a;). Hanpumep, ecin
2 5)
3 4) J
Az[i 4 UJ,TO A=|3 2
40
Corofdcrpa onepauUHid TPAHCOOHHDPOBAHMS
1. (A=A, 3. (A+B) =A'+B.

2. (hd) =24,

i e
4, (AB) =B'A. (11.7)
3ameTuM, ecH A, =(ay), 10 AL 1 A'A ecThb KEAOPamubie MAT-
PHILB COOTRETCTBEHHD M-TD W H-T0 NOPHAKOE.
B uactHocTd, ecnd A = (ay az.. 4,) €CTh MaTpMua (BeKTOP)-

ki
cronbeu, TO A’A=E’a[—’ — KpBapaTHas MarpHia l-ro nmopanka.

i=1

e
QF L 51 T * 114
T e uwueap, a AA'=|a.a, @i .. ai@, |— KBAApaTHad MATPHUA
@y Gy e A

F-TO TIOPHIKE.

11.2. Onpepenutens 1 Chef, KBOAPATHOH MATPHLUbI

Onpedeaumenrem  (WIH demepmunaniom) Keadpamuou  Mampib
H-TO Ropadica (WK onpedeiumedem n-20 nopaoxa) Ag.,=A,.= (ay) na-
InGaEMcR HHCaD, 0fosHaraemMoe lzi,.l (unn A, detd) n onpedernemoe

10 CAedVIoNiEM HPaaLLaan,

MpH # = 1 ﬂ|=!.’{||:|ﬂ|||=ﬂ[|; {11+E}
i, e

npu n =2 Ay =lds|=[ " = aan —agap; (11.9)
31 81

gy Qi a3
npu =3 g3=|f13|= fdz  dzz dnl=

dyy  Hiz dn

261



= @@y + @250y +ay3y,04; -

(11.10)

T Oi3faaty) < @y — 8dnd0,

P Tpumep 11.2. Brrumenus OTPEIETHTENH:

,4 5 5 -8 7

ay A, =/ : Ny =1— -
F |3 --E ﬁ.] 3 ‘ z 4 5 .

= 3 2

Peuwrewune:
a) No dopmyne (11.9)

n=f 74
2 B —S!_ (—8)-3.7=-53;

6) ITo chopmyae (11,10)

| 5 -8 7
aj=‘-3 4 5|=54.24(-8)-5(-6)+7-(-3)-3~
e .F 3
=7-4(-6}—(-8)(~3)-2~5-5.3=262.

(Tpn sermcaeHuy OTIPESAUTENS 3-T0 NOPALKA Ay MCTIONBIORAIH
FRNIELET0 mpE_}'EOﬂE:HHKOH, CONMTACHO KCITUDGM}" COCTBETCTRYIOL S npoa-
HIBEACHWA TPCX 3TCMEHTOL MATPHITE DEPYTCH CO THAKAMM ot H e—w:

5,
P

|\—!
r

)
.

@y gy

gy tyy b

@3 @y sy

Onpedeaumens Keadpamuoi mamputpr n-20 nopadia (uan onpede-
AURIEAE N-20 ROPAORA) TIPU arofiom n olpeaciaeTcas Gonee c.lmxcr-lé
On moxer GuiTh BoiuMcien o MOMOUIBIO PaTONEHUR Ho :—mem'mnm;
CMPORH wal cmoatya (meopessi Aarnaaca): J
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!A|: ic.rh..d!l.f F 7 L BRE= Vo), (11.11)
i=1

{ =0

A g — HMEMEHTHL TI000i ¢TpoKH (cTonbua),
Ay — wiredpanyecKoe A0N0JHCHHC JIeMeHTa ay

Ah :[—E}J-I;-'wf_f; {.[1+12-)

i

My — MHHOD 3neMeHTA @y — ONpe/ieiuTedh MATPHIBI {n—1}-ro no-
PALKS, NONYYCHHOH W3 MaTpuubl A BEYEPKHUBAHMCM [~ CTPOKM H j-
TO CTOIDA.

P Tlpumep 11.3. BoiuMcAHTE ONPENenuTels A, MATPHULL M3

npusepa 11.2, padioXuE cro No WICMEHTAM CTPOKH (cToabia).
Peuennec
Packiianeipan (10 2eMelTand, HanpuMep, |-of cTpokH, nmoavuus
no opyvae (1111 ¢ yuerom (11.12):

5 -8 7
3 04 5 |=54,-8B4-+74,=
-6 3 2
= §{—1y+! 1R !+L—s}{—n'--‘ 5‘ + ?(—1}"“‘ - ‘=
3 2 -6 2 =6 3

=5(=7) +(-8)(=24) + 7-15=262. I

CepolcTRa onNpelelMTeNe i

. 4] =|4.

2, Mpu nepecTanoBre NDOLIX CTPOK MATRHULE MEHASTCS TOARKO
3IHAK ONPETeTUTENSE MATPHLIE. :

i !.4;:&, CCH MEMEHTRl IBYX CTPOK (in cronbuoB) mpomop-
HHOHANTBHEL (B HACTHOM CIIYMAC — PABHEL).

4. 3a 3Hak onpeleiMTells MAaTpMUbl MOXHO BBIHOCHTH OOLLIMI
MHOGKHTET L 3MEMEHTOR 110000 crporn (croadiaa),

5. OnpenenuTent MATPHIEB HE W3IMCHHTCH, CCIH K JIEMEHTaM
MODOR CcTPOKK (WK cTonGua) npubasnTs 2ACMEHTEL IpYTOH CTPOKK
(1M cTONBUA), VMHEMKEHHEBIE HA 0JHO H TO HKE HHCIO,

f. :.4E|=|B;J|= A|-|E‘ L e A, — KBUAPATHBIC MATPHLLL
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7. A= 24|, rae & — wneao, a — NOPHACK MATPHUL A
8 |d!ﬁg I:{Jf;_| ﬂ'_‘_}z...ﬂm,j =y ol
9. E,[=1.

Lol

Ciredom Kaadpamua Mampuust A r-ro nopsaxa (0Bo3HaYaeTCs

tr(A) (oT anraniickoro crosa “races)) HAIBGaEMcs cymma e dugeo-
HEABEY ATEMEHIN0E:

Erf_AJl-—-a“.—'alg—'-.._I-a,,;a:Zaf”. . (11.13)
=l

Ceoiicrea cnena MAaTpHu
1; tr{En]_n_

2. tr{hd)=2tr(4).

3. 1r(f1"J: tr(A}.

4. w4+ B)=tr{4)+ t(B). (11.14)
5. tr{4B)=1tr{BA4).

B wacrroctu, ecnn A4 — {HXI:J BEKTOP-cronden, B =4, 1o

r(A4")= tr(44), (11.15)

Fag, HanoMHumM, A4 1 44 — COOTBETCTREHHO KUaIpaTHRIC MATPHIIE
#-ro M 1-ro nopagxos.

11.3. O6parHas marpuua

Mampuua 4 NATLEACINCA  HeGBIPOMCOLHHOL (Heocotennod), ecau
|4|=0. B npomussos ciyeae (pu |4 =0) A — soposcdenuas (vco-
Bernas) MaTpuLa.

Mampuya A nazweaemca obpamnoi no onutomenu i Keadpam-
HOE Mampuue A, ecau

ATl A=A 1=F {(11.16)

Has cywecmeosanus oipamuol Mampuyst A~ weodxodumo W doc-
HICFOMMD, Hofn |A';: 0, m e AMarpua A Geia HESBIPONCOCHHO.
OBpatHas Marpuna moxer OBITH HalileHa no dhopyye

[~

Al=— 4, (11.17)

I :’I — NPpHCOCIMHEHHAR MAaTPHIA:

L

{-’111 Az o Ay, { Ay Ay e A y

-.4_: ! .r"le Zi:: ...Azlu _-: ."11| -'4?2 _..A”:

}\Arﬂ Ami"'Ann_) '\_‘ﬁrl.l.' Ar.-? ---A::.-:;

T. €. MATPHLUA, MCMEHTHEL KOTOPOH ecTh anrchpanycckie 0oroiHe-
HHA Ay 37EMEHTOB MATPHIIE A", TPAHCIOHMPOBAHHON K A.

» Ipumep 11.4.
Hana MatpiUa

4 3 46
A=|-1 0 =3
e

Haittu 471,
Femenwue
I |4 ==27 (Bbruncasem no dopmyre (11.10) win (11.11)). Tax

Kak |4 # 0, 1o A”! cyuiectayer.

4 -1 3
Zo4=l3 0 -1|
6 -3 2
-3 ~I2 =9
34=] -7 10 6 |
113 3

MIE BEMEHTE ECTh Wl'eBPAMYECKNE TOMNOIIICHHA /{U AMEMEHTOR Mat-
puibl A, onpeaenaemere no (11.12).
4. Mo dopmyne (11.17)
-3 =12 =97 [ 1/9 4/9 1437
A7 =L =T =10 & |=| 727 10/27 --P.ff}i- g
B WD TS T S I D V5 S Y51 S V)
CooficTea 0OpPAaTHOW MaTtTpWil b

A=t
4
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4 {AE]"' =814, e A, B — kuanpatubie MATPHLIBL.
S {a)'=(a)".
6

. (diagla,, azl__.u,,,,]}'l = diag{n]:‘ agz‘...a;}}.

(11.18)

11.4. PaHr Martpuubl U nuHeiHaa 30BUCHMOCT,
ee cTpok (cronbuos)

Panzom Mamipiigy A {oBosHavaeTos rang A wnu r{ A)) naswsaemen
HOUBBICLING NOPSIOK pe MUHOPOS, ORLAUMHBY 0T HY18.

P IMpumep 11.5.
Haiitu pasr matpuuw

(40 2 0
2]
PERRE]
& 0 3 U|
8 0 4 o0
Pewmenne Jlerko yhennrses B roM. wro mee MUHOPEL 2-10)
| | |
MOPSUIKA PaBHLI HYIO (HanpuMep, * D|—_:1 ‘ﬂ l::I'=II:, * 2|—-ﬂ
2 o o o 6 3|

MT. L), @ CAENOBATEILHD, PABHBL HYITH} MHHOPBLI 3-10 TOpsika o
MHHOD 4-10 nopanka.

Tak kak cpenu mMuHOpoR |-ro NMOPSAKA CCTh HE PaRHBIE HVILO
(Hanpumep, 4 =0 u 1. 1), T0 r(A)=1_P

CroitcTra paara MaTpWI L
I 0= r(A) = min{m, n).

2. (=0 rorma ¥ TOMLKO TOrua, Korma A — Hyierad maTpuua
T. e, A=0. ) 1

3. Ona kpaapaTHof MATPUUEL A #-ro nopsaxa »r(4) = n Toraa W
TONBKO TOTAA, KOFAA A — HeBBIPOKACHHAS MATPHLIA.
4. r{A+ BYs r(A)+r(B).

5. r(A+B)z | A)-r(B)
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b, r(AB) = min{r{A},r'{B} :'
7. r{ABY=r(A4), ecin B — KBaupaTHam MATPHIA #-10 NOPSIKA
panTa A

8. r(BA)=r{4), ccnv F — xBagpatias MATPHUA M-TO TODAIKA
panTa m.

9. 1Ay =r(AAD =rid), tie AA' U A'A — KBaAPaTHRIC MaTpu-
LBl COOTBETCTEEHHD M-TO M #-TO TTOPALKOR,

10, #(ABYZ r(A)+r(B)—n, rie # — YUCA0 CTONOUOE MATPHIE A
HAW CTPOK MaTpHubl B,

[MouATHe padra MaTPHIEl TECHO CEA3AHO ¢ NOHATHEM THHEeHHOI
FABHCHMOCTH {HEZABHCHMOCTH) CC CTPOK (MW CTONOLOE).

[ycTh CTPOKH MATPULIBL A:

e = (ay @z a,)s € =@y Gy s, ), -y 8y =(“5m! -‘im:--~€m}-

Cmpoxa e nHaswedemca JuHelHol KomBuKanyed CmpoK ey, €3..., €y
MATPHLILE, ECTH

(11.19)

=g +A8; ..t Ah,e,,

[ Ayshg,.o b, — Kaite-mo uncna, (Pasencrso (11.19) nonumaeTcs
BOMBICHE TTO3INEeMEeHTHOT O CIOEKCHHA CTPOK, T. €. DPABEHCT-
ny (11.19) cOOTBETCTRYET # PABEHCTE ANH WIEMCHTOB CTPOK C HOME-

pamu 1.2,..., 1)
Cripoki MAMPUYSK €], 1., €y HOINEAIOMCE ARHENHO JARUCHEMBIMY,

EeAl CVIQECREBVION MAKNE MUCAa hy ha,.oh,, , W3 Komopsix xomsa Ow
OARO OMALYHG OW VLT, YN0 ANREGHGN KOMOBUNAULE CINPOK PARHA HYIE-
GOl CIpOKe.

R+ haes +. A hne, =0, (11.20)
rae 0= (0 0. 0).
Ecnu pasederso (11.20) BrnmonHseTcs Toraa M TOALKO TOLIA,
KOTIHA A=Ay =...=A, =0, TO CTPOKH MaTPHLIL HAZLIBAIOTCS AUHERNO
HEICHCHEMBLMIL.

Pare mampuupl paoer MOKCUMAIBHOMY HHCTY €€ AUHENRD HeIqeuc-
MBX CHPOK HAN CHIOATUO8, Yepes KOMOopsie AUREHN0 ShpaNCaioncs 6ce
OCTEABINBE €€ CMPOr {CRIOTONL). '
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11.5. Cucrema nuveittiix ypasHeHuii

Cuerema m nHefHBIX YPABHCHUH C A NEPEMEHHBIMHM HMeeT BHI

r

3 + : 3
1% faty F ok oG+ L+ gy, = B
dary A
ffetl T odndg + Lo @ v L+ ogyx, = by
- _ (11.21
i T Gk o+ oap ¢ L+ oagx, = b }
Xy +
lr.[l Az + .+ By + 0+ Xy = "er
WK B KPaTKOH 3aIlMCH C NOMOLUBID 3HAKOR CYMMMPOBAHMA!
I
Z,HJA,-J. =8y F =t {11.22)
J=1
B maTpuunoii dopMe cuerema (11.21) umeer B
AX= 5, (11.23)
e
dp  dp . Ay, («‘ﬂ By
A= By Gy . Ay ey R g by |
\ @i Qpz o Ay, o b

m

Ecnu uneno ypasuennii PABHO THCIY MEPEMEHHLIX, T.e. m = n, |
Keadpamuan mampuya A — HeaupoXcdennas {|A|i0}, M0 CHCIEM
(11.21) umeem eduncrmesennne peliene:

o

S A=41p, (11.24)
0 MC pellicHHe, T. . MepeMeHHLIe Xy X2y Xy Xy TIPM 1 = 11
MOTYT OBITb HAIIEHB N0 Gopayaam Kpamepa J

Ay
—E-,j— {11.25)

FA¢ A — ONPENeNUTEN: MATPHLE A, T, e, A= 4

X

Ay — ‘::Ilpe,uemm‘lb MATPHUBL A;, moaywaeMol K3 MATPHUET A 3a-
MCHOI j-ro cTonfla cronbuoM cBOBOIHEX YieHoR, T. e ﬁ.=,A |
* _|' ¥
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P TIpumep 11.6. PewnTh MeTomnoM ofpaTHOH MaTpHMUE CHCTEMY
YParRHEH M
dx) +3x,+605=12,

_xl —3.]:3 = 01,
3_):| — X2 +2I3 = 5.
Fewe#ue Ilyets

£ 3 6 X 12
A=|-1 0 -3|; X=|x|; B=| 0
I ~1 2 X3 5

Vpapnenue B MaTpuyHoii dopme npumer Bua AX=B. Haiinem
OOPATHYH) MATPMLLY:

2Aagd
o :"2!?- -7 =10 6J{-:M, npumep 11.4).
I 13 3
[Mo dopsyne (11.22)
-3 —12 -9){12) ~81 3
X=-;—? ~7 <10 6|0 :_2_1:: —54|=| 2|,
l 13 3] 5 27 -1

T & x=3, =2, x;=—1.P

Cuemema auneinsix o0nopodusix ypasHenud, 1. . cucrema AX = 0
C HYIEBBIMHM CBOﬁDﬁHHMI‘I YWICHAMH, HMEEM HEHVASRONE PENEHNE o=

20a i moavko mozda, koeda mampuia A — suipodcdernan, T. €. [A| =1.

11.6. Bektopsi

H=MEQHBIM AGKMOPOM HAILIFACTCA YIIOPAOOYEHHAH COBOKYNHOCTL
# NCHCTBHTEARHEIX YHCEN, 3alMCLIBAEMBIX B BHIE X = (Xj, X2,-.., X,),
rae x; — i~9 KOMIIOHEHTa BEKTOpa X.

Pagencmes gexmopos .

BexkTopsl X ¥ ¥ paBHBL, T. €. X = Y, eCMK X; = ¥, | =1,..., f.

Onepanun nad sexmopamy

|. Munomcenue gerxmopa Ha HUCAD,
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wREh, SO =N = [an
2. Caoscenne dayx HEKMOPOE;
EXT Y e =g o, = | T

Bewmopnin (tuneitnsiv) npocmparncmesomn HAIBIFAEIMCE MEONCECH -
40 GEKMOPOs (INEMERINOE) © OeiicmMEumelhioi KOMUOREHMIAMY, & fo-
MOPOM OHpeaeariing OREPANNL CADHCENUA GERRIOPOE | uwm.xcem;ﬂ FEk -
MOpa Ha HICA0, YAOGICMBOPIIOWIE CAEOVIOmLN C B O i ¢ T Bam:

Lx+y=yp+ux 1

o at(+z).

3oalp)={afix
- alxty) = axtap
Autpx = axt B

6. CylecTByeT Hyieroil BekTop U=(0 0..0) takoii, yto x+0 =
AH MOBOre BeKTOpa X ?

7. Ons moBoro sextopa x CYHIECTBYET NPOTHLOTOMMEHE Bek-
Top (—x) Takoi, uyro x+(—x)=0,

8. 1+x = x ans moboro BCETOPE X

Touarne auneinog KOMOURQEME, TUNCHHOG sasucuMocm o Med-
BUCHMOCIN BEKMOPOG €. €5,.... €, AHATOrHYHLI COOTRETCTEY LM
nc:rm_{mﬂrr[ AN CTPOK MATPHLBT €], €3,..., €, (§ 11.5). ) |

Huneinoe npocmpancmen R HAZWEAEMCH H-MEPHBIM, 2011 & He
CYHLECHEVER R AURCINO e 306 0CUMbLY SEKMOPASR, & HOfRe W3 {JT'|'£}
GE:‘RI.?HOPU&' VMCE  RRAHORCH FEUCUM bW HHH‘W. pﬂiﬁﬁpﬂﬂﬂﬂi‘ﬁ =
CHIPAICINGA — IO MAKCUMAIEHOE YUCAO CODEPHCAIUUXCH 8 He AUkEL-
HO HEIABLCUMBY dexmopog, T, ¢. dim( Ry = .

Cosorynnocms n auneino HEIQGUCUMBIX BEKMOPOR N-MEPHOZO Rpo-
cpancmen R® naamsaemen bazucom,

Kasedsui secmop x aunednosn Hpocmpancmea R moxcdo npedemea-

GUMB eUNCMEEHITNM CROCOBOM 8 sud THOG
: L HOE AUHERHON KOMOURALLE e
deraue: 4 i

Ln

X = xertxaet. e, (11.26)
rie xj, xz,.., X, —
€2avcry Ep

~ Craaapusivt npouseedenen deyx eexmopos x = (X1, X230, X0 M
F = (V1. Yooy V) mazwsaemes wucio J"

KOOPAMHATEL BEKTOPA X OTHOCHTEALHG Gaanca e,

{I, ']'} e '}‘xz}’ﬂ ik k= Z'T.'.]"'II f (l |.Zﬂ
ol
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Eoraudogoim npocmpaucmecd Ha3blgdemed gexmoproe | AluHelHoE)
APOCRIPARCINGD, & KOMOPOM 3adaH0 CRATAPHOE HPOUIGE0eHIE REKMOPOE,
VODEAEMBOPRIOEE CACOVIOWEM CROUCIEAM,

1 {x, ¥) = (», x). 3. (e, ¥} = alx, y).

200, yra)=(x, o vHx, 2) 40 (x, o x) 2 0, ecnn x o= 0 (x, x)=0,

ecau x = 0.

Saunoi (Hopmoll) gexiniopa X & eskaludosns HPOCHPanCINge Hazhlaa-

EMCR KOpens Keadpaisill 42 e2o CRAIAPROZ0 Keadpama,

b= /(%) = fo? + 23 + b x2 (11.28)

ﬂﬁa SEKMOMG AAdIEdKMCE OpIOZONAIeNGLME, ECTH WX CROTRpRoe

HpOUIRECHUE DARHD HYAHD.
BekTopel @), €3,..., €, H-MepHO2e eakandosa npocmpancmed o0pa-

IVOM OPIRONOPMEPOSGUABIE Da3ue, Wil OpRIOROPMUPOSIRHYIY CHCIREMY
GERMOPOB, ECAN MU GEKMOPH HOHAPHO OPMOZOHAILHb W OAUHA KaXcdo-

a0 u3 Mux pagna 1, T. e ¢CM (g, g) = 0 npH i=jH |e,-|=l =1, n

11.7. CobcreeHHule sekTopsl U cobCTBEHHbIE
3HQYEHMA KBOAPATHOW MATPMLI

Bermop x+0 Hazweaenca cofCIMGEHHbBIM BEKIMOPOM Keadpammuoi
Mampuyst A, ecam HARLETCA TAKOS YHCIo A, 4TO

Ar=ix.

Yuedo . HO3LEAEMCH COOCMEeHRBIM sHayenem (WIH colomeentnim
HECAOM) MATPHIIRL A, cOORBEMEMEVIHIGUM GOy X,

CoficTEEHHBIH BEKTOP X ONPEIENed ¢ TOMHOCTBIO OO0 KO3gpHLIK-
CHTA MNMPONopliHOHATEHOCTH,

Jas cyliecTeoBaHus HeHyiesoro peweHua (x=0) ypasHeHus

(11.29) MK PARHOCHARHOTO eMY YVPABHEHMHA

(11.29)

(4-3Ex=0 (11.30)
HeODXOLHMMO M DOCTATOUHO, YTOOR onpensanTenb cHeteMbl (11.30)
|4-1E|=0. | (11.31)

Onpeaenures A—M?| HAIBIBACTCH XAPAKMEPUCRINEECKIM MHO -

conaenom smampuis: A, a ypasHeHue (11.31) — ee xapaxmepucmiuye-
CKUM FIMIEHENEEM.
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P Tlpumep 11.7.
HaiiTy cofcTRCHERIE FHAMEHHS M CODCTEEHHBIC BEXTODE MATPHIIR

4 4]
o) .
Fewenwe CocTaBuM  XapakTepMOTHYCCKOE  VPARHSHME
(11.31)
|1 -k 4]
I/i' :‘ILE_'TI: “ ':_ [
g1 -

wan A0 =23 -35=0, oTkvia cofCTEEHHRIE 3HAUEHMA MaTpuunl A:
A=—3, =T

MMpu 2,=—3 ypassenue (11.30% npuMer su

5
{A—?qf:‘)ll( ')=ﬂ,
A1)
|” 64y (xY /D
_ : ]:\ . OTKYIA % = —1,5x). [lonomun x=¢, DoyauM,
I'\g 6) LXEJ' 0

M

wro Bextopht xU = (e;—1,3¢) npr mobom ¢ # 0 sEsoTea CoBCTREH-

HEIMH BEKTOPAMEM MATPHUE A C CODCTRCHHBIM 31aMeHHeM A =—5.
' o Y
i [ &
AHATOTHYHO MOKHO TTOKA3aTh, YTO BEKTOPH ¥\ =/ =¢jj¢ | Tipu
LA A
modoM ¢ # 0 ABN90TeH cOBCTEEHHBIMM BEKTOPAMH MaTpHULL 4 ©
COBCTRCHHEIM 3HAMEHHEM Aa=7. P

Paanbim coOCRBEHNBIM FHEMEHIAN MAMPUEL CONTEERCMaVon -
HEUHO HEIARUCHMNE CODCIMBENNDIE BELRIONN,

11.8. CummeTpuueckie, nonNoOXMTENEHO
OnpefeneHHsIe, OPTOrOHANbHbIE
M MOEMNOTEHTHLIE MATPULLL

Kegdpamuan sampuya A wa3neaemes CuMMempuieckoi (cumem-
piemod), ecm A = A, 1. e.gy=ap i= 1., mj=l,..,n

Cusmmemprueckan mampuya A R-10 ROPAOKE HOIMEAEMCE HOA0-
weumedsho (Heompuuameatio) onpedetentol, ecau dig ar00020 HeHyie-
G20 GERMOPE X = (X[, X2, X} SHROIHACHICR HEDABEHCMED

X'Ax =0 (x'4x = 0), (11.32)
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Hanpumep, matpuia A4 HEOTPHIATEILHO prnpefeneHa, TaK Kax
w1 noforo sexTopa xx’ (A'A)x = (x4 Ax=(AxyAx=yy=z 0, ubo
V') MpeNCTARIAET CRANApH LU KBAIpar sexropa y = Ax.

DoHaTHe DOJOAHTZIEHD {(HEeOTPHUATENLHO) onpencneHHOH
CHMMETPHYECKOH MATPHIlhl A TECHO CBAIAHQ C nuuﬂ't;ucm OO -
meavro onpedesennoi { noayonrpedeieHHON) KeadpamusrOl (opatbl.

iwoon
L(x) o Xy ) = X dx = }:}:aﬁx,-xf{!, S O L2 0)
i=1 =l

Mg (ONOKMTENAbHO (HEOTpHUATEN BHO) OTIPeflefieHHBIX MATPHL
wenonpaveres sanuck A > 0(A 2 0).

CootHomenue A > B (A z B) o31aqacT, “TO MaTpuia A— 8 nono-
HUTETBHO (HEOTPHUATENBHO) OIIPEIEIICHA,

CepofcTREA MONOARUTENEHD
TenNbHO) OMpeneneHHBX MarpHl

1. Eciitu A =B, 10 ay »by, i=1,.., n, T. & NHATONANBHBIE 2018
MEHTEl MaTpUlbl A He MEHEE COOTRETCTBYIOUINX AHATOHATEHBIY S1E-
MEHTOR MATPHLLL B.

3 Eem A> B Cz0,T0o A+C>B —

3 Een A > B roe An B — HEBLIPOKIEHHLIE MATPHLIBL, TO Fiam e B

4. Ecin A > 0 (4 =z 0), To Bce CODCTBEHHBIE 3HAUEHMA MATPH L
A FOROKHTENBHEL (HEOTPHUATCIEHBL), T. €. A, =0 (&, 20), i=lLo.n
CHMMETPHYECKOTM NoNoHW-
MaTpHWUH A H-I0 0HO-

(HeoTprua-

CpoHCcTBA
TeNbHO ONpeleneHHOH
pPHIEA. _ | )

1. Beaw # 2 m, tang {By,) = B, TO B AB — NONo#HTEABHD 0T
pefleneHHas MaTPHLA. ) _ ;

7. Marpuua A~!, obpathas K A, Taxkme CHMMETPHYCCRAA H MO
JIOHHTETEHO {‘.II'I[JEH:E.']BH] 1asl.

3. OnpefenuTenk |.4| = (), & 3HAYHT, M BCC 21A8HLIE MUHODD MaT-

putsl A (nosyuaeMble 11 NOAMATRHIL, ODpA3OBANHLIX W3 MATPUILE
A BRINEPKMBAHHEM CTPOK W CTONBIOR € ONMHAKOBLIMA HOMEPAMH)
MOAOAHTENRHBI. o s
4, Cnen MaTpHisl A pasei CYMME ¢¢ cORCTREHHBIN AHAHEHHI
i
tr{A)=h, +hy ok, T2 A (11.33)
. = =l

Keadpamuas mampud C HanEaemecs opmMoZoREAbION, eoAl

C-l=(". (11.34)
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CooficTBa OPTOTOHANBHON MaTpuUL O
1.:C'C=E.
2. Onpegenntens |C|=1 wan |C|=-1.

3, B opToroHaikHol MatpiLe KaK CTPOKM, TAK M cTonGIN oGpa-
3YIOT OPTOHOPMHUPOBAHHYIO cHCTeMy BekTopos (§ 11.6).

4. C NoMOIIBI OPTOrOHATEHOH MaTpius € CHMMETPHYHAT MaT-
pHiIa A MOKeT OLITh IPHBEACHA K MHATOHATBHOMY RHIY

C'AC= A, (11.35)

rae A=diag (hp.hz,.-y Ay);

21,4250y Ay — CODCTBEHHBIE IHAYCHMS MATPHLE! A.

5. CummeTpuuHas Marpiia A MOKeT DRITh [IPENCTABIEHA Hepes
OPTOIOHATBHYIO M IHATOHAABHYK) MATPHUY B Buje

A= CACY (11.36)

rne A = diag (hha,.... b )i
Ay A2y yhy — COBCTBEHHBIE 3HAYEHMS MATPHIL! A.
Cumstempuveckan' mampuna A nazweaemes HOEMBOMERNHOT, ccilt
nHA cognadaem co ceéoum Keadpamom, T. .

A=A

CrofcTBEa HOIEMOOTEHTHRX MATP ML

1. A% =A, rae k — HaTYpaiLHOE YKCTO,

2. CoGCTBEHHBIE 3HAYCHWA HOEMAOMERmMHOE MATPHLEL A PABHLI
HB0 Hyno, NMBo enuuuie: A= ) Wi L = |.

3. Bee MAEMTIOTEHTHBIC MATPHLLL HEOTPHUATENLHO ONPEASTCHLL.

4. Panr vIcMnoTeHTHOH MATPUILLl PaseH ce Ciely, T. e. YHCTY
HEHVICERIX COBCTBEHHBX 3HAYCHMIT,

(11.37)

11.9. bnounsie MaTpULL.
NpousseneHue Kponekepa

B pame cavuaes HCXOAHYIO MATPHLY Ag., YA0DHO pasbuTe Ha
fiaoxy, HAlpHMED,

A= (A 4 (11.38)
|LA2|A;:22, l
rne Ajp — (mpXn)-matpuua; Ap —  (mypXm)-Matpuua; Ay —

(¥ ) -MaTpuua, dxn— (mX #y)-MaTpuua.

| BooBwe ropops, Tpedosanme CHMMETPHUHOCTH MATPHI A He cTparo ofaiareisiio
074 QNPCECTEHHE HIEBMOOTCHTHGN MaTRIhl, HO WMEHHD CHMMUTPHHECKHE WAEMI0-
TEHTHLIE MATPHIIE BCTPEMAKITCA B IKOHOMETH K,
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B 9ToM Ccayuae cama Marpuua A Hasnimsaercn faounod.

Onepanii CIOKEHUH W YMHOKEHHd DI0UHBLIX MATPHL 11pOBO-
A4TCA MO TPaBMiaM COOTEETCTEYIOLIMX OTIEpAUMH HAl MaTPHIIAMM,
ECAM 3AMCHHWTE HX SJCMEHTRI DTOKAMM,

Ay Am\' g fBH H|3\' _(-‘JH + By
By B::J Az + By

A+H:( A + B;-‘:_IJ

\ Ay A )

A By + Ay Bzzx
Ay Bz + A By

[ Ay By + AnBy

43_(-’111 1412\ By Bzﬂ_
: B, By \AZIBH"'AHB!I

A A

Myers marpuua A pasduta Ha DNOKK Takue, 1O Agu A =

KBANPaTHBIE MATPHLLL
Torga onpenenyies MaTprlbl A:

1 Pl =| Ay Az — A il

|4l =| Ay = ApAzidn|,
!AEI Axn

Az

B uacTHOCTH, A8 Giouno-duazonatsiol mampuin A.

1, 0}
= =) (11.39)
0 dy|
Matpuu, ofpamias Ta0sHe-0ua20HaTbHN
| f e 3
A “] A L (11.40)
L0 An) L0 Ag)

Hpouzsedennem Kponewepa deyx mampuiy Ay, W B hariniggemes
faoanas mamputa AS B pasmepa km¥in.

&L']]B leB s ﬂ!_.rﬁ A

AR B = an8 anfd - a2 (11.41)

'\.anﬂB I:I-'.'J:"Eij' " a-"i-'iﬂf"
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P Tpnvep 11.8.

Hauo A:[3 47, A= i 01
20, 6?)

Haiite A& 8,
Pewenwne.

3f1 WP 0 4 4::1
S 6? r? 18 21 24 28
2[1{} i{} 2 0 0 of
Lt’:? 67} 12 14 0 0

CeolicTBAa mpousBencHug Kpounekepa;
l. EcimAu B — HEBBIPOMIASHHLIE MATPHILEL, TO

4@ B =4 @B,
2. Ecin A w B — xsagparuwie MATPHLL COOTBETCTEEHHO M-T0
" A-r0 MOPSIKOB, TO |4 ® B|=|4" |8[".
3 (4@B)=A'®B"
w(4® B)=tr(4)-u(B).

11.10. Matpuuroe nanpdepeHuMposanme

flpouzsodnoii ckasnpuoi Pyrxunu q:l{_r) 0N BEKMOPHOZD APSVMERMY
(sexmopa-cmonfua) x = (x,, Moy

) Haseieaemen gexmop (sexmop-
CHIpOKa) P sexmor

aq:»(x}:[ dolx) dolx) aw(x}]_

a, oax, 7 gk
Hpouseoduou eexmophoi (m % 1) hynrgun b I[ } OM GEKMOpITZ0

(11.42)

R

(nx1) apeysmenma x = (X1, X2,..., X,)" nazmeaemes IR -MampuLgG:
(9h(x)  an(x) ﬂ{"(_w
)
o) ik, ehiy ek,
P ‘ (11.43)

L ox e, dx, J
(Mampuya Hxobu, win AROGHAK),
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Onpenenenne (11.42) asnacTca 4acTHEM ciaydae (11.43) mpm
m=1.

YacTHBEE CIYTau

1. Ecnu c._[:-{,r]l=a'x, e a = (ay, a,...,
BEKTODE-CTONOUE, TO

ﬂn}' HXx == {-xh Adgenay -"c.'i!}‘l -

oplx) _ ola) _ .
o’ dx’
2. Ecau q:u{x):x'Ax, roe A — CHMMETPHYECKAA KBANPATHAA MAT-
pPHILA H-TO MOPHAIKE, TO
oplx) _ olx'4x)
Ti-x-’“ ox'
Ax, tne A — ma-MaTpHLa, TO
ox' dx’

=2x'A.

3. Ecnu f[x}:

YrpaxHeHus

11.9. BoluMCIHTE MATPHUY D=(AB)' -C*, rne
20

13)
frosy 23 od)
05

11.10. Bruuciurs npou3BeNcHHE M HaWTH caen marpuu A8 W
BA, ecan:
1)

A=(2 -3 0), B=|3|.
IJ

11.11. BoigucanTh ONPEIeIHTENH MATPHLL

1 2 3
S ! :
101 2
ay e wkt REGKLos B g
4 =t =%
& 27 [ o4
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11.12. Haittu mMarpuwy, o6parHyio 1aHHo:

£ 4w _ &Y
TR
L—S 6)" | 4
-3 5 1)
11.13. HaiiTit panr MaTpHue:
i
{1 2 14 i
4
ay| 0 5-1 4; 8 . z ; :
k—l I 46 7
1011 12

11.14. Pewnts cHCTeMy ypaBHeHHIt:
¥ t2x,+ x, =8,

@) 4 —2x,+3x, -3, =5, )
| 3x, —4x, +5x,=10;

11.15. Peuuts MarpuuHoe yparHeHue AXE = ¢, ecan

K -
1 1) 8§ 1 2

s (5 4 | ; ;
A:[S s;J B=|1 1 7| c:L] 1{’.
o 011,

11.16. HBamores K IMHeHO SaBHCHMBIMM BEKTOPLL ay=(2; — 1;3),

a4, =1, a0 =952
11.17. Haiiru cobcTBeHHBE 31aU8HU U COBCTRCIHHLIE BEKTOPB!
] o
2 4 2 -2 I
i) —|—3J‘ ﬁj‘l D 3|
]

11.18. Halith coBcTREnHbIE 3HAYSHHA H COBCTREHILIE BEKTODEI
MATPHILL

A=(1-0)E, +aSs',
rae 5 = (1,1....,1)—nx1-sekTOp.
HMasectho, uto Marpiua A unemnorentHags. Y6eauTues B TOM,
4T MaTpHua 8 = L —4 Takke wieMnoreHTHan u BA=0,
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[naea .I 2

=) KOHOMETPUYECKUE
KOMNBIOTEPHLIE MAKETHI

12.1. OueHnBaHMe MOAENU C NOMOLWBIO
KOMMBIOTEPHLIX MPOTrPaMM

Ha npakTike COROKYTHOCTE BHIGOPOUHEIX JAHHLIX COLCPKUT DOTb-
M0e KOMMYECTHO HABMIOIEHMI (MHOMA HECKONBKO ThicHY). PasymecTcs,
«BPYUHYIOR TPOHIBOIHTE BEIMHCICHHSA TAKOr0 00heMa HEBOIMOXHO.

KOoMMBIOTEPHEE 3KOHOMETPHHMCCKHE (HX TAKKE HAZLIBAKT pPEr-
PECCHOHHBIMH) MAKETH COINEPAKAT B KAYCCTBE TOTOBRIX MOANPOTPAMM
QCHOBHBIC, HAHOOMEe YaACTO BCTPEUAKOIIHECH BLIYHCIEHHA, KOTOpBIE
MPUEOAUTCSA BLIIOIHATE HCCIEIDBATENH).

B nocneqnue rofdel DOABHIMCE AECHTKH SKOHOMETPHYCCKHX Ma-
keror!, B Tom umcae u paspafoTaHHeie B Poccun. B nactosllem
yUCGHMKE MBI DACCMOTPMM B KAYCCTBE TPHMeEpa nakeT «Econometric
Viewss, KOTOPHI HCHOMBIVETCH, Hanpusep, ams odyuenus s Poc-
cubickoit IxoHoMmuueckoil Wrone,

MMepeurcaiM OCHOBHEB € BO3IMOMHOCTH, NPEIOCTAR-
nReMLe naKeToM « Eoonametric Viewss.

1. Ananus Jannbx.

[MeppeiM 2TANOM IKOHOMETPHUECKOTO MOLCIHPOBAHHUA ARIASTCA
AHATHI  3KCOEPMMEHTANBHBIX  (BRIGDPOMHBIN)  LAHHBIX, KOTOPHIE
PeARAPUTENLHO  UOMKHEL  OBITH  BRegeHn B padounit  daiin
{« Workfiles). TaM oHM XpaHATCA B BHIOE MOCAEA0BATENbHOCTER Y-
oo, TIPHYenM Kaw s BpiD0pKa MMCET CROS MMH.

MMeeTcd BOIMOMKHOCTL TPEICTABMTE TaHHbE rpaduycckl, no-
AVYWTE FHAUEHWST OCHOBHLIX KOMHYCCTREHHBIX XaPaKTEPHCTHE BRIGO-
POMHBIX JAHHBIX.

B ka4ecTBE MPHMEPd PACCMOTPHM Monenuporadune GopMupora-
HMA LUCHBE HA ABTOMOOHIN HA BTOPHYHOM PHHKE B JABMCHMMOCTH OT
rona BLINYCKA ManMHel 1 oee npodera, [yets X) — cpok axoiyara-

L) posM oM HOCTHY HEKOTOPRIY M3 HHY ox., HanpuMep, [13], [14].
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UMK asToMobunn — PEIHOCTE MEXAY TEKVIIHM TOAO0M H TOI0OM BRI-
nycka apTomMobuan, Xy — mpoder (B THC. EM), ¥ — UCHA (B Y.C.).
Patounit dailn nakera coAepaMT OCHOBHBIC YHCIOBLIE HAHHEIE —
BBIDOPOYMEIE IHAYCHHMA BCCX [EPEHHCIEHHBIYN NepeMedAnx. YTobw
Ilﬂ.i]}"[l'l'['b :—JKC[]G}'}HMEH'['H_ILE:HI:JE HadHHBIE B RHIOES CTDJTﬁIIﬂB YHCET,
HLO BRIMOJIHMTE KOMaHAY «Opets, DKCNEPHMEHTANTBHBIE TaHHBIC
MOTYT DBITE MOIVISHE HA 3KPaHe B BHIS CTONBLOD!

Ohs Xy X y
I 6,000000 91, D000 14800,00
2 7,000000 L L6, D00 14200,00
3 2, 0000010 14, 00000 17000,00
4% 5,000000 90, (M0 15300,00
49 14,00000 217,0000 L0400, 00
30 4 000000 64,00000 15800,00

Ipauueckoe nzobpasenie THHHBIX TIPEACTARNEHO Ha puc, (2.1,

[Tpy enaHn MOXKHO NOAYIHTE BCe rpachiKH HA OTHOM PHCYHES.

Perpeccnonnrie nporpaMyMel TONYCKAIOT NpcobpasoBaius SKe-
NEPUMEHTANBHEIX AaHHBX, Tak, HANPHMED, MMEETCH KOMaHia, no-
IBONAKDNIAS VIOPSIOUHTE BRIDOpOYHBIC HABNIEHUA 110 BO3pACT-
HHIO KakoH-1HD0 nepeMeHioi, ODBLIMHO ¥T0 MMEET CMBICT B CIV4Yae
NPOCTPAHCTREHHOH BeGopEyr. Takae HMERTCH BOIMONKHOCTE «PelaK-
THPOBATE> IKCICPHMEHTLILHEE JaHHBIE, HanpUMep, MCCAENoBATE b
MOKET YAAMMTE CHOMILKOM SHETHMHYHBE» HAOMIONEHMA, KOTOPLIE
MOPYT HEAMCKEATHO MCKAZHMTR MOTETh,

bonee nogpoduoe npefcTABIEHHE O PACNIPCACACHMH BLIDOPOY-
HBEIX JAHHBIX 13T THCTOTRAMMEL,

B «Feonometric Fiewss MMEIOTCH KOMAHABL, € MOMOLWLI KOTORKIX
CPRa3y MOMYHTAKTCH OCHOBHBIC KONHYCCTBCHHBIC XAPAKTEPHMCTHEHW Bhi-
DopouHRIX pacnpeicieHui. BoT Kak BRIMALHT COOTBETCTBYIOUIAN
PesyILTAT A8 HALLErD NpHMepa:

X | x| ¥

Mean TAAOOOO | V17,9400 I 3%18,00
Median &, 300000 103, S0} 14450,00
Maximum 24 Q0000 373,000 17500,00

| Minimum |, RPN L5 00000 SO0
Stl. Dwev, 5107657 T, 26470 27R3.530 |

| Skewness 11277498 1,157630 —1,123340
Kurtosis 3994277 4115747 3973437
Jargque-Bera | 1265894 1376109 [ 2 48990
Frobability 001783 00102 01, (00
Observations | 3 A0 A0 bl
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BroaeTcs MareMaTHUCCKO: RHIANHC (miean), MAKCHMYM, M-
HHMYM M MEIMANHA PACTPCACICHME, CTAHUAPTHOE oTKIoHEHHE {Sid.
Dev.), acummerpust ((Skewness), skcuece (Kurtosis). CraTMcTHEa Jar-
gue-Bera — 3710 CTATHCTHKA TIPOREPKH FMNOTE3IB O TOM, YTO COOT-
BETCTEYIMLAA BRIDOPKL B3ATA M3 HOPMANRHD PACIPCICACHHON CcoBo-
KEYTMHOCTH. e NPHEBQINMTCA COOTBCTCTRVIOIICCS SHAYCHHME HEDOAT-
HocTH ( Probability). B crpoke Observations (HabmoneHHa) YKa3Ibipa-
eTCsH YMeNo HADI0NEHUA 1.

2. QueuuBaHde MOTEIM,

[Tocne TOTO, KAK AHAIME QALY 3ABEPIIEH, MOXHO TPHCTYIATE
K ¢cOBCTEEHHO Modcimposannio. Jonyerus, MBI XOTHM OLEHWTE 34-
BHCHMOCTE ¥ o1 X 0 A5 ¢ nOMOIER METOIA HAMMCHBIIMY KBadpa-
Toa. Mng aroro B «Feonometric Viewss HMeCTCA CIICUHANBHAR KOMAH-
JA, PEIYALTAT BRITTOIHEHMA KOTOPOH HMECT CHEMYIOLUIHE BRI

LS/ Dependent Varable i5Y

Sample: 1 50

[meluded observations: 30

Variable Coefficient Std. Ereor Fsralistic Prob,
[y [#046,00 14,98577 1203974 01,0000
X —483,3043 3293229 — 1467732 01, B}
X —4, 017735 2, 149205 =1 BER0G 0,078
R-squared 1,999614  Mean dependent var [3915,00
Adjusted R-squared 0.99959% 5. I dependent var 2783.330
5.E. of regression 5383376 Akaike info criterion E 102442
Swrm squared resid L46518,2  Schwarz criterion & 217603
Log likelihood —2T0,3190  Festatistic GOEGD O3

Derhin—Watzon
skal.

[,924700  Prob. ( Fstatistic) (1 ANI000

B cronbue «Cogfficients HaXOAATCA 3MAYEHHH OLEHOK COOTBETCT-
BYIOLLMY TTAPAMETPOR PETRECCHH, B cronbue «Std. Erors — WX cTaH-
LAPTHLIE  OTKIOHEHWH, B CTONOUC  ef-staffstfce  —  3HAYCHHH
f-xpumepua UTRIONSHTA NPH NPOLCPKE THIIOTESR 0 HE3HAYHMOCTH
COOTBETCTEVIONIMX perpeccopons. B nocneanes croabiie MPHEOIMTCH
BEPOATHOCTE P {1 2 faanh

Hitke ocHOBHOH tabiuubl MOMEIAKTCA HEKOTOPBIC KOIHMECT-
BEHHBIE XAPAKTCPMCTHKH PerpeccHOHHOH MOICHH: kKomebuioneHT
netepMuHauui R? ( R-sguared), cKOppeKTHPOBaiLid KoaddminesT
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gerepMmuHalmn R (Adjusted R-squared), crannaprHas omméka per-
PECCHH — OUCHER o B NPEINOIGKEHHH, YTO BRIIOIHAIOTCH YOIOBMA
rrraccHUeckoil moneny Fayceca—Mapkora (S E. of regression), cymma
KEIPATOR OCTATKOR (sum sguared resid), norapudmt (pyHKOHKM Mpae-
nononeta oz lielihood).

Ferpeccoliias AporpavMMa MMeeT Aeno ¢ HADOpoM YHeel, oHa
HE MOMET JIOHUMATL ux npepoty. [To3ToMy npd HCHoAb3oBaAHMY
METOI HAMMEHLINIHY KBAAPEATOE BRUTAIOTCA PE3yILTATL, HMEKLINE
CMBICT, BOODIEE TOBOPHA, TOABKO AN BPEMEHHLIX panon. Takoww
crarucTira dapbuia—Yorcoua ( Durbin— Waitson sftar) W eue HeKo-
TOPLIE XAPAKTEPHCTHEMN, KOTOPRE MBI HE PACCMATPHBAIH B JAHHOM
yuebHHUKE.

B xoHUE BRUIASTCA IHAYCHMC FACTaTHOTHEN NPH NPOBEPKE THITO-
Te3kl O HEIHAMMMOCTH PErpeccHH B LENOM M 3HAMEHHE COOTBRETCT-
WVIOICH BEPOATHOCTH.

Kok BUAHO, Ha MATHAPOIEHTHOM YPOBHE 3HAYHMOCTH pelpeccop
Xy (npofier arTOMODMIA) OKAIANCA HCIHAYMMBIM (XOTS OH 3HHAMHM
HA JCCATHIIPOLEHTHOM YPOBHC, HDO figs, 45 = 2015 fyo. g5 =1,67).
MpHYHHGH 2r0r0 MOMCET DLITh BLICOKAH KOPPEIHPOBAHHOCTE MEXITY
ABYMA BeaMdiiaMu X u A5 W Manui obseM BLIGOPKH.

OORUHLIT METOI HAMMEHBLIIMX KBAIPATOR SIBAAETCH Hauboaee
PACHIPOCTPAHSHHEIM, HO, KAK M3IBECTHO, JANEKO HE BCErma HaWmyi-
(UM METOMOM QUEHHBAHWI, PerpeccHoHHas mparpaMMa No3ponacT
ERIDPATE METON HaubDoNee OTBEYAWIMH XapakTepy IKCICPHMCEH-
TANBHBIX NAHHBIX W MX BE3aMMO3aBHCHMOCTH. TIpH 3TOM B OQHOM Me-
HID Ha BBIBOP NPELTaraldTes Kak MCTOLbl, CHCUHMYCCKHE, Kak
MPABHIIO, [UTA [POCTPAHCTBCHIOA BLOOPKK (HAalPUMEp, B3BEIIEH-
HBLH MOTOO HAMMCHBIIMK KBAAPATOB), TAK M HPHMEHHMBLIE HCKITIO-
HUTEALHO U BPEMEHHLIX proos — Hanpumep, ARMA. OrveTum
CIUE P, HTO POTPAMAME HE PANTMIAET XAPEAKTEDD IKCTIEPHMEHTATR-
HEIX JAHHLIX, ¥ 28 HEOCO3HAHHOE MCNOIhIORIHHE MOMET TPHBECTH
K abeomoTHD DecCMEBICTEHHOMY PEIVIETATY.

Jag oueHMBAHKA CHCTEM PerpecCHOHHBIN YPaBHCHMH npennara-
ETCHA OTOCARHOZ MCHIO, B KOTOPOC BXOLAT ODBIMHBIE METON HAM-
MEHBIIHX KBLAPATOBR, ABYXIATOBEIH W TPENILATOBLI METOAB HAaH-
MEHBIIMY KEBUIPATOB, A TAKKE METON OIHOBPEMEHHOID DIIEHMBAHHA
YPUABHEHHH KUK BHEUIHE He CBssaHHb. [lpH sRbope AByXuiarosoro
WM TREXILATOBOMD METOAA NPOTPAMMA 3aMPOCHT TAKKE BRECTH HME-
Had MHCTPYMEHTLIEHEIX MePeMEHHBIX.
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3. Ananus Moxenn.

Mocne nonyuenus agekeaTtHOro PErpecCHOHHOTO YPABHCHMS,
YAOBNETBOPHIOLIETO MCCAENOBATENA HA QaHHEI MOMEHT, HACTYTIAET
ITAll aHaMK3a MomTenH. OBBYHO NpH 3ToM MPOBEPAITCH HEKOTOPLLIE
NPCANOIONEHUA — [MNOTE3Rl, ONMHCAHHEIE B OCHOEHOM TEKCTE [10-
cobua. [Ipu 3TOM NPUMEHAIOTCH OCHOBHHIE TECTHl — TaKHE, KAK
TecT Yaiita, tect Yoy, nHHEHHLIH TecT u IPYTHE. Embmnmm;m [7k]
HHX (YT Takke OBUIO OTMEYEHO B OCHOBHOM TEKCTE) BBINOMHITIOTCH
CTICUMATBHOH KOMAHION.

Bor kak BLIETAINHT, HanpHUMep, TIPHMEHEHHe TecTa Yaiita s
PACCMATPHBACMOTO MPHUMepa QOPMUPOBAHHH 1IeHEl ABTOMOGMH. S

While Heteroskedasticity Test;

F-statistic 0, 146379 Probability 0963094

Ohs* B-squared 0,642001 Probability 958254
Test Equation:
LS // Dependent Variable is RESID 2

Sample: 1 50

Included observations: 50

Variable Coeflicient Std. Error t-statistic Prob.

C 2027021 2099,532 0,365463 0,3395

X —3481,3234 6434929 =11, 5019949 06181

Xz 192,2855 449, 3960 0427875 L6708

Az 2388014 451 63586 (,528920 0,500

X 0,846622 1.87108% —=0,452474 0,6331
R-sguared 0.012840 Mean dependent var 930,364
Adjusted R-squarced =0, 074908 5D dependent var 4618 038
5.E. of regression 4787.578 Akaike info criterion 17,04232
Sum squared resid 1LOSE+05 Schwarz critericn 1723353
Log likelihood —492 ()50 Fostatistic 0,146319
Drurbin—Watson stat. 2006108 | Prob. { F-statistic) {,963694

KaK BUAHO, HM3IKOe 3HaucHMe F-CTATHCTHKH M COOTBETCTBYIO-
LIee BHICOKOE 3HAYEHHE BEPOATHOCTH TIO3BOAAET NPHHATH THITOTEIV
0 TOMOCKCAACTHYHOCTH, '

IlpyuBenem Takke mpuMep MpoBepKH IHMMOTEss! o BBIIOJIHEHHH
HEKOTOPOTO YCNOBHA, JAIABACMOTO THHERHBIM PABEHCTEOM,

Hekotopeie muneps cymtamoT, 4o rom «xmsHms HE CAMIIKOM
AOPOTOre  aBroMODHIN YMCHBIIAET €0 CTOMMOCTE NPUMEPHO  HA
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300 nonnapos. [IpoBepHM THNOTEIY O TOM, YTO MCTHHHOE 3HAUYEHME
{no aGcomwoTHON RenuuuHe) napaMerpa By pasHo 500 (pasymeerca,
SHAYCHHE OUEHKH OVIET NPH KLKI0M BHOOPOUHOM HAQIKIEHHH
HECKOILKO DPYTHM).

Bor kak BLITAIMT TECTHPOBAHME THNOTE3IH B KOMIBIOTEPHOM
nakete «Econometric Viewss.

Mull Hypothesis: {12y=—500

F-statistic 0,255174 Probakility (1.613%16
Chi-square 0,235174 Frobability 1.611453

MunoTesy O BLINOIHEHWH IHHCHHOTO YCITIOBHS MOXHO NMPOBEPSThH
¢ [oMOLIBID F-Tecta W A2-Tectd, KoMNbiOTEpHAs NPOrpaMMa MpHBO-
IUT 3HAMEHHS COOTBETCTEYIOILMX CTATHCTHK M 3HAYEHUH COOTBLTCT-
BYEOUIMX BeposTHOCTeH. Kak BHAHO, pe3ynbTarthl TECTHPOBAHMA [10-
FBONAIOT TIPHHATL COOTBETCTBYIOWYID THITOTE3Y.

12.2. Meton Moute-Kapno

7

BKCIEPUMEHT Mo MeToay Monte-Kapio — 370 IKCOEPHMEHT, OC-
HOBAHHLIA HA KOMOBIOTEPHOM MOJSTHPOBAHUH CIVHARHBIY BEIHYHH,

PerpeccuoHHbIe 1IPOrPaMMbl (B YACTHOCTH, «Econometric Views»)
MO3BONAINT TEHEPHPOBATE BLIDOPKH PABHOMEPHO pacnpensneHHOR
CAVYAHHOM BEMHUMHEIL, 4 TAKAE BEIHUYMHBIL, PACAPSIENEHHOR HOp-
MANLHO © MPOMIBOARHEIM MATEMATHYCCKHM OXRHIAHHCM W JHCTIER-
cueit. Tak Kak OCHOBHBIC pacrpencneHus ( A2, 7, F) onpenenaiorca
UEPesd HOpMANBHOE, TO KOMILIOTCDHBIS TMPROTPAMME] NOSBOJIH KT re-
HEPHPOBATE BRIOOPKM M 3THX PACNpeleNcHH.

Cyrte MeTona MoHTe-Kapno 3agnodaetesl B TOM, YTO C MOMO-
WK KOMIOBIOTEPE MOMHO MHOTOKpPAaTHO HabIoIaTe cioy-
‘[ﬂi‘]H}"H’.} BEMWYHHY ¢ 3apaHCE M IBECTH B M’ pHCHDCﬂf_HﬂHHEM.
DITO MIOSBOIHET OMYYHMTE (MW MPOREPHTE) CTATUCTHYSCKHE pEe3vih-
TATH IKCTEPHMEHTANBHO,

METD,'I ].UHFICIKD NPHMCHHM HE TOJTBKO B HKU]-IUMC'IPH‘{CCKDM MO-
JeAHPOBIHHM, HO | ooBLI¢ B CTATHCTHYMECKOM Hecnenopanii, Tak,
C ET0 MOMOIILK MOMKHO OLUCHMBATE BEPOATHOCTH COBBITHH, CBA3AH-
HEX CO COYUAHHBIMM BETHYHHAMM, :

[MpupenesM npocreidwnii npuMep. [IyeTs X MMeEeT pasHOMEpPHOL
pactipeaciacHie Ha otpeske [—1; 1], ¥ — HopManbHOe pacnpengne-
HHE ¢ MATCMATHYSCKHM (DKMIAHHEM, PABHBIM HYIK, W IHCTIEpCHE(,
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pasHOi carnune, Tpedyercs OUEHHTE BEPOATHOCTE TOMO, YTO CIV-
yaiiHag peanunpa =X Y2 npuser 3HaueHdne ua orpeske [0;1]. _
FerpeccHonsan nporpaMaa NosBoAKT CIEHEPHPORATE CEPUI0 Bbl-
BOPOYHEIX HAGMIOZCHNE  BENMMHHE TPOMARGILHOIG, JAPAHEE Bh-
Bpavnoro ofweMa. BoT kak, HANPUMEP, BRIDSIIWT rUCTOIPAMMA

pacnpenenedid £ NoAvHeHHas ¢ NOMOLIEID NPOTPpaMMel « Economer-
rie Flewss:

Sarian: ¥

1 Jarque-Dem 524 5085
| [ - | Priotahility

0 - Il PR R e

0D

120 . Sample § 400
i { Obzervatians 400
| ' Mean -0 (FS3ER
a0 | | Madian e
| &l Kaimrum 4,703745
it | Mirvmuny 3, TG0
| Sid. Doy [H2163S
40 | | | Brawnrass DOZATAD
i | Kurasis 10,44784

-4 =2 [ Z I 4
Pue. 12.2

B cepun w3 yerpipexcor HAGmoOAeHHA BenHYuHAa Z NPHHAIA 3HA-
HeHHe Ha HHTEpBajle [0; 1] 173 paza, Takum 0Bpa3oM, IKCIIEPUMEIl-
TANLHOH OUEHKOH BEPOATHOCTH MOKHO cumTare |73,/400 = (0,4325,

B akoHoMeTPHYECKOM MOLSTHPOBAHMM 3HAYCHMe wMerona Mowx-
Te-Kapino ocoberHHo penuko. C ¢ro MOMOLUBD MOXHO O0CTPOMTL
MOMEMb C 3APAHCE HILECTHH MU OaPAMETPAMH (OTMETHM
CLIE paz, YTO B PEAILHEIX MOMETIX OapaMerdbl HHKOTIA de GLiBaoT
HARECTHRI).

Meton MonTe-Kapno nospoaser NpoBepHTh 3KCHEPHMEHTATRHO
PEIVALTATEL, NOMYYSHHBE Teoporriecku. [ KavecTbe npuMepa pac-
CMOTPMM 3atady seidopa cneundmkaunu Monend, TlyoTh umMeTes
PHECHPOBAHHLIC BLDOPKK TIEpeMEHHEX A, Z, a4 coyualiiHue BRBop-
KH LepeMeHHOR Y reHepupyiotes no opMyne

Y=12+8X+Z+e,

[e & — HOPMANRHO pACTIpeiedeHHas chyaafiHas ReNHYMHA ¢ MATe-
MATHYHCCKHM OAMIAHKHEM, PABHBIM HYIIO, M CTAHIAPTHLIM OTKAQHE-
HHEM, DABHEIM ITHTH.

MeTonom HAMMCHBIUMX KRALPATOR OLEHWBATCA MOMCIH, BKITIO-
:_mml_uue nepeMeHHyo £ M He BRInouaiomye ce (ov. (10.1) 1 (10.2)).
DKCNIEPHMEHT TOBTORACTeR dorsipe paza. [MomyawTes cleayiolme
PETRCCCHOHHBIE YDARHEIIM !
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$=123+78x+0,7z; y=121+79x,

(0,09) (0,08)
p=lL6+8lx+1,22] $=118+815x;
(0,09 (0,08}
P= 11,4 +8.,08x =13z y=118+812x;
(0,09) (0,08}
$=128+793x+0.8z; Pp=12,1+79%.
(0,09} (0,08)

Kax BMOHO, OLIEHKa NapaMeTpa npH nepeMeHHOl X B KOPOTKOH
WOIETH OKA3HIBAETCA CMelUernoil Bhepx. B TO XKe BpeMsA TOUHOCTH
OUEHOK BIM3IKA B 0DOHX CIyHanX,

Pasymeercs, B PEAIBHON NPAKTHES SKCICPUMEHT DOILKEN TTOBTO-
PATRCS HE UeThIpE Pasd, d 3HAMHTENBRHO DOALLIES KOIHYSCTED Pad,

C nomomsio Metora MoHTe-Kapro MOMHO HALIMIHO AEMOHCT-
PHPOBATE PE3YABTATH TPHMEHCHUA TECTOR, & TAKKE ZKCMEPHMEH-
FUILHO OLICHHTE MOCAGICTBHA HAPYIICHHA TEX HIH WHEIX VCITORMIL

HakoHell, OTMETHM OCODCHHO 3HAYMMYIO POk IKCMEPHMMEHTOR
no sertony Modrte-Kapio s npouecce poyeenun, FIMCHHO ¢ TIOMO-
MIEHY TAKHE T.-JKCHEPHMEHTUB MOEH O }'HHJCTI: pﬁSJIHHMH MO METO-
NAMM OTIEHWRAHUA Moaenei, HabloLar sthiperThl, BR3BANHBIC Ha~
PYIISHHEM TEX WKW WHBIX yemoBHE U T. [

YnpaxHeHus

12.1. C nomouwei metoga Monrte-Kapio nocrpouThb CACTYIOLIHE
BETHIHHEL

x = 10 + 0.3,

e £ — HOPMANBHO PAcNpeieICHHAN cIyyaitHAsl REIHUWHA © MaTe-

MATUMECKHM OXWIAIHEeM, DPABHBIM HYIW, H ancnepcueil, papHOH
enuHuLe (Belpit wym), QUCHUTE MOIETh

yi=a+ gt

yi =24 3t g,

¢ nomomplo Tecta Yafita yOCOWTRCA B HAnMIUK TeTepoCKeIa-

CTAMHOCTH.
C[JHFI-HH'TE DlEHKN ODBMROTD B BIBELIEHHOID METOAE HAHMEHB-

UIHY KBAIPATOR NpH perpeccope X. Mosropurh IKCICPHMCHT HE-
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CRONBEO paz, }'ﬁEﬂH'J'hCF], UTO OUCHKH BIECLIEHIOrD MeTOoaa HaM-
MEHLLIHX KBAIPATOB B OCHOBHOM BilM#C K 3MaMeHMo 3,

12,2, Mertogom Monre-Kapno CTCIEPHPORATL  CASTYVIOUTHE
BPEMEHHKIE padb; _

A1=2+g;

Ar=1+2ey;
(r=|:|,."_3 4'1._2X|—D.3X3'|'323: (121}
2:],5+2,U_«¥|TD,?X2+“,5E41 {12.2}

TIE & — HOPMAlLHO PACTIPEIEACHHbIE CAYUAHHKIE BETHMYMHLL ¢ FHy-
ACBBIM MATCMATHUECKMM (KHIAHWEM M CAMHNUYHOI AMCHepcued, )
Paccmorpers cueremy OIHOBREMEHHBIX YPaBHCHHIT

h=a,+fXx, +y9¥,,

(=0, +f,X, +1, 1.
.“f]H.‘-IEHHTh K YPALHEHHSM CHCTeMBI OOBIMHBIE 1 EOCBEHHBIN
MCTOINB HAMMEHBLINX KRAapaTon. CPaBHUTE NOIVYEHHBIE OLeHKH.

{,IHEHEHH']'[-: MOMMCHHBLE PETPECCHOHHLIE YPARHEHHSA C MOMENLHBIMI
(12.1)=(12.2). MorTtoputs IKCTICPHMEHT HECKOIRKO pas.

6.

1.
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