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IpeaucioBue

[IpyumeHeHne acmeKTOB MaTeMAaTHKH B Pa3IMYHBIX O0NACTSIX 3HAHUU
(okoHOMMKA, (HU3MKA, XUMHS, OHUOJIOTHs, COLMOJOTHS W T.I.) HMPHUHECIIO
3HAYUTEINIbHBIE yCIEXU. s SKOHOMHYECKUX creruanbHOCTEd «DHHAHCH U
Kpenut», «MeHeKMeHT», «HanoroBoe eyo» CTyJAeHTaM YATAOTCs OOJIbIIINE
no o0BeMy KypCchl MaTeMaTHKH, BKJIIOYas CIEHKypchl «MaTeMaTrudeckue
METOBl ¥ MOJICTTH B SKOHOMHKE» U «IKOHOMETPUKA», KOTOPHIE MOTYT OBITh
YCIEITHO HCIOJb30BaHbl B YUeOHOU MPAKTUKE CTYJAEHTAMH JJISl BBITOJHECHUS
KYpPCOBBIX W JIUIUIOMHBIX paboT. B HacTosiiee Bpemsi HAET HAKOIUICHUE
uHpopManuu B  PA3IMYHBIX  OOJACTAX HIKOHOMHUYECKHX 3HAHUH C
MCII0JIb30BAaHUEM SKOHOMETPUKH.

[Tocobue comepXUT Kypc JIGKIIMA TI0 OCHOBHBIM  pa3jeiam
DKOHOMETPHUKM. TIapHasi MW  MHOXKECTBEHHAasl  PErpeccusi, CHUCTEMBbI
SKOHOMETPUYECKUX YPABHEHUN U BPEMEHHBIE PSIbI.

[To Bcem pazmenaMm OpeACTaBIEHBI TECTbl U BAPUAHTBI KOHTPOJIBHBIX
pabot. [l BBIMOJIHEHUS KOHTPOJIbHBIX 3adgaHuid mo 10 Bapuantam
PacCMOTPEHBI TUIIOBBIE 3a]1a4H.

[TocoOue mpeaHa3sHaueHo AJIsl CTYJEHTOB JHEBHON (OpPMBI O0ydeHUSs, HO
MOKET OBITh MOJIE3HO CTYACHTaM 3a0YHON U JUCTAHIMOHHOUN (popM oOydeHuUs

AJI1 CaMOCTOATCIIBHOI'O U3YUCHUSA JUCHUIIIINHBI.



BBenenune

DKOHOMETpUKa — OJHa M3 0a30BBIX JUCUUIUIMH 3KOHOMHUYECKOTO
oOpa3zoBanusi BO BceM mupe. OgHAKO 10 HEJaBHEro0 BpPEeMEHU OHa He Oblia
npu3Hana B CCCP u Poccun. 310 ObLUIO CBSI3aHO C T€M, UTO U3 TPEX OCHOBHBIX
COCTAaBIIIOUIUX DKOHOMETPUKH — HKOHOMHYECKOW TEOPUH, SKOHOMHUYECKOU
CTaTUCTUKM M MAaTEMAaTHKW — JIB€ NEpBble ObUIM MPEACTaBIEHbI B HallIeH
CTpaHe HeyIoBIeTBOpUTENbHO. HO Tenepp cuTyanus M3MEHWIACh KOPEHHBIM
obpazom.

Cy1iecTBYIOT pa3IMYHbIE BAPUAHTHI ONPEAEICHUS IKOHOMETPUKU:

1)  pacmmpeHHBIC, IPU KOTOPBIX K SKOHOMETPHKE OTHOCAT BCE, YTO
CBSI3aHO C U3MEPEHUSIMHU B DKOHOMUKE;

2)  y3KO WMHCTPYMEHTAJIBHO OpPUEHTHPOBAHHBIC, TPH KOTOPBIX
MOHUMAIOT OIpPEACICHHbIH HAa0Op MaTeMaTUKO-CTaTUCTUYECKUX CPEJCTB,
MO3BOJIIIOIINX ~ BEPUPUIMPOBATH  MOJEIbHBIE  COOTHOLICHUS  MEXIY
aHAIU3UPYEMbIMH SKOHOMHYECKUMU MTOKA3ATEISIMU.

Ha nam B3rmnsia, Hanbosnee TOYHO OOBSACHUII CYHIHOCTh SKOHOMETPUKH
OJIVH W3 OCHOBAaTEJIe 3TOU HayKu P. @puill, KOTOPBIA U BBEJ 3TOT HA3BAHUE B
1926 r.: «OKOHOMETpHKAa — 3TO HE TO XK€ camMoe, YTO SKOHOMHUYECKas
cratuctuka. OHa HE UIEHTUYHA U TOMY, YTO MBI Ha3bIBAEM SKOHOMHUYECKOU
TEOpPUEH, XOTSA 3HAYMUTENIbHAS 4YacTb 3TOW TEOPUM HOCHT KOJIUYECTBEHHBIN
Xapakrep. JKOHOMETPUKA HE SABJISIETCS CAHOHUMOM NPWIOKEHUI MaTeMaTUKU
K 3KOHOMHKE. Kak moka3bIBaeT OMbBIT, KaXKJasg U3 TPEX OTIPABHBIX TOYEK —
CTaTUCTHKA, SKOHOMHUYECKasi TEOpUS U MaTeMaTHka — HEO0OXOIMMOE, HO He
NOCTATOYHOE YCIIOBHUE [Ji1 MOHMMAHUS KOJWYECTBEHHBIX COOTHOLIEHHU B
COBPEMEHHON HIKOHOMHUYECKOM KHU3HHM. OTO E€IMHCTBO BCEX Tpex
COCTABISIOMIKX. M 5TO €MHCTBO 00pa3yeT SKOHOMETPHKY> .

OKOHOMETpUKAa — 3TO CAaMOCTOSATEIbHAs Hay4dHas JHUCLMIUIMHA,

OOBEAMHSIONIAsl COBOKYITHOCTh TEOPETHUYECKHX pEe3yNbTaToOB, IPHUEMOB,

! Frisch R. Editorial. Econometrica. — 1933¥e-1. — P. 2.
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METOJIOB U MOJENel, MpeAHa3HAYeHHbIX s TOro, 4YToObl Ha 0ase
HSKOHOMHUYECKON TEOpHUH, SKOHOMHYECKOM CTATHCTUKM W 3KOHOMHYECKUX
U3MEPEeHUH, MaTeMaTHKO-CTAaTHCTUYECKOTO0 HWHCTPYMEHTapus MpPHUIABAThH
KOHKPETHOE  KOJHMYECTBEHHOE  BBIpAXKEHHE OOmMM  (Ka4yeCTBCHHBIM)
3aKOHOMEPHOCTSIM, 00YCIIOBIEHHBIM YKOHOMUYECKOH TeopUeH.

DKOHOMETPUYECKUNA METOJI CKJIAJAbIBAJICS B MPEOJOJICHUU CIEIYIOIINX
TPYAHOCTEH, MCKAKAIOUIMX  pe3yJbTaTbl IMPUMEHEHUS  KJIACCUYECKHUX
CTaTUCTHYECKUX METOJIOB (CYIIHOCTh HOBBIX TEPMHHOB OyIET pacKphiTa B
TaJTbHEUIIIEM)

1.  acUMMETPUYHOCTH CBS3EH;

2 MYJIbTHKOJUIMHEAPHOCTH CBSI3CH;

3 s dekTa reTepocKeJaCTUIHOCTH;

4.  aBTOKOPpEISLHH;

5 JIO’KHOW KOPPEJIALINH;

6 HaJIUYHMsI JIaroB.

Jlyis onucaHus CYIIHOCTH SKOHOMETPUUYECKON MOJENH yI0OHO pa3OUuTh
BECh MPOLIECC MOIEIMPOBAHHS HA IECTh OCHOBHBIX ITATIOB :

1-i1 »Tan (IOCTAaHOBOYHBIN) — OMNpeAelcHHE KOHEYHBIX LeJIeH
MOJIETUPOBaHUs, Ha0Opa y4acTBYIOIIMX B MOJENU (PAKTOPOB U MOKa3aTesei,
UX POJIH;

2-i1 oran (anmpuOpHBIA) — TPEIMOJEIBHBIN aHaIn3 3KOHOMHYECKOM
CYUIHOCTHU U3y4aeMOro siBJeHus, popMupoBaHue 1 popManu3alius anpuopHon
MH(POpPMAIMK, B YACTHOCTH, OTHOCAIICHCS K MPUPOJE M T€HE3UCY UCXOIHBIX
CTaTUCTHYECKUX JAHHBIX U CIIyYaHHBIX OCTATOYHBIX COCTABIISFOIINX;

3-i1 aTan (mapamerpusanus) — COOCTBEHHO MOJEIHPOBAHUE, T.€. BHIOOP
oO01Iero B1Aa MOJIENH, B TOM YUCJIE COCTaBa U (hOPMBI BXOIAIINX B HEE CBSI3EH;

4-i sran (MHGOPMAIMOHHBIN) — cOOp HEOOXOIUMOW CTATHCTUYECKON

uH(popMaIuH, T.€. PETUCTPallMsl 3HAUCHHUI y4acTBYIOIIMX B MOJIeNU (PaKTOPOB

2 [Monpo6ree M. [9], c. 31-37.



U TOKa3aTelied Ha pPa3JIMYHBIX BPEMEHHBIX WIIM MPOCTPAHCTBEHHBIX TaKTaxX
(GYHKITMOHHPOBAHUS U3y4aeMOTO SIBJICHUS,

5-i1 atan (MaeHTH(DHUKAIUSA MOJICTN) — CTATUCTUYCCKUN aHAIN3 MOJICITH
U B MIEPBYIO OYepeb CTATUCTUICCKOE OIICHUBAHKNE HEM3BECTHHIX MapamMeTpOB
MO/IEJIH;

6-ii sran (BepudUKaHUS MOJEIH) — COINOCTABJICHHUE pEaTbHBIX U
MOJICTIPHBIX JIaHHBIX, TPOBEpPKa aJeKBATHOCTH MOJENH, OIEHKa TOYHOCTH
MOJICTIbHBIX JTAHHBIX.

DKOHOMETPHUYECKOE MOJICITUPOBAHUE peaTbHBIX COIMATILHO-
HPKOHOMHYECKHX TPOIECCOB M CHUCTEM OOBIYHO TIpecleayeT JBa THUIIA
KOHEUHBIX TPUKIAAHBIX Tened (uwmm omHy u3 HHUX). 1) mnporHo3
YKOHOMHYECKHUX " COLIMATTbHO-9KOHOMHYECKHIX moKazaresei,
XapaKTepU3YIONIMX COCTOSHUE M Pa3BUTHE aHAIM3UPYEMOW CHCTEMBI; 2)
UMUTAIUIO PA3JIMYHBIX BO3MOXKHBIX CIIEHAPHEB COIUATBHO-IKOHOMHYECKOTO
Pa3BUTHS aHAIU3UPYEMOU CUCTeMbl (MHOIOBAPHAHTHBIC CIICHAPHBIC PACUETHl,
CUTYaIlMOHHOE MOJICTTUPOBAHNE).

[Tpu mocTaHOBKE 3a7a4 AKOHOMETPUUYECKOTO MOJCIUPOBAHUS CIICTyeT
OTIPEICIIUTh UX HePAPXUUECKUN YPOBEHB U MPOGHIh. AHATU3UPYEMBbIC 3a/1a4U
MOTYT OTHOCHTBCS K MakKpo- (CTpaHa, MEXKCTPAaHOBOW aHaIM3), ME30-
(pernoHbI BHYTPH CTPaHbI) U MUKPO- (peanpusiTysi, GUpMbI, CEMbH) YPOBHSIM
U ObITh HANPaBICHHBIMA HA PENICHHUE BOIPOCOB PA3IMYHOTO MPOQHIIL
MHBECTUIIMOHHOMH, ¢dbuHaHCOBOM UJIN COILIMAJILHOM HOJUTHUKH,
IIEHOOOPAa30BaHMsI, paCIPEICTUTEIbHBIX OTHOIICHUH U T.II.

JlanHoe mocobme HamwcaHo Ha ocHoBe KHUT [1], [2] w ¢
UCTIONIb30BaHWEM JPYTHX yKa3aHHBIX HCTOYHUKOB. YYeOHBIH MaTepuan B
MOCOOWH YCIIOBHO Pa30MT Ha YETHIPE YaCTH U MPHIIOKCHHS .

B mepBoii yacTi pacCMOTPEHBI MOJICIU TTAPHOU perpeccuu (JIMHeWHas

HEJIMHEHWHbIC MOJICIIN).



Bo Bropoii wacTm mgocTaToOdHO MOAPOOHO pa3dupaeTcs MOENb
MHOXCCTBCHHOM JIMHEHHOW pErpeccMr W KpaTKo O0OCYKAaeTcs MpoOIIeMBbI
TOMOCKEJaCTUIHOCTH M aBTOKOPPEITUPOBAHHOCTH OCTaTKOB.

TpeTbst 4acTh HIOCBSIICHA cucTeMam OJTHOBPEMEHHBIX
OKOHOMETPUYECCKUX YPABHCHHIA.

B yueTBepTOi wacTH paccMaTPUBAIOTCS MOJICITH BPEMEHHBIX PSJIOB.

[punoxenue A COIEPKUT KpaTKUE CBEACHUS M3 TCOPUU BEPOSATHOCTEH
¥ MaTEeMaTHYECKON CTATHCTUKH.

B npunoxennsx B, Cu D comepxarcss TecToBbIe 3aqaHUs, BAPUAHTHI
KOHTPOJILHBIX PabOT 10 BCEM TEMaM U K3aMEHAIIMOHHBIC BOTIPOCHI.

[Mpunoxxerne E COmepXUT CTaTHCTHKO-MaTEeMaTHYECKHE TaOJIHIIBI

pacnpenenennii @umepa, CterogenTa u lapouna-YorcoHa.



1. IlapHasi perpeccusi 1 KOppeJsiiius
[Mapuas (mpocras) perpeccus MpencTaBiIsieT cOO0N MOJIEIb, TAE CpeIHEe
3HAYEHUE 3aBUCUMOHN (OOBSICHSAEMOH) MEPEMEHHON paccMaTpuBaeTcsl Kak
GyHKIUS OJHON He3aBHCHMOW (OOBSCHSIONIEH) mepeMeHHOW X, T.e. 3TO

MO/JIeIb BUJIA:

¥, = f(x).
Tak e Y Ha3pIBAlOT PE3YJbTATHUBHBIM MPU3HAKOM, a X MPU3HAKOM-
dakTopoM. 3HaK «”» 03HAYAET, YTO MEXKAY MEePEMEHHBIMU X U Y HET CTpOroi

(GyHKIIMOHABHOM 3aBUCUMOCTH.

HpaKTI/I‘ICCKI/I B KaXXJIOM OTACJIbHOM CJIy4dac BCIMYMHA y CKJIadbIBACTCA

U3 JBYX CJIara€MbIX:
Y=Y, té,
rae Y — Qaxkrtuyeckoe 3HAYEHHE Ppe3ylbTAaTUBHOIO IpH3HaKa, Y, -—

TEOPETUYECKOE 3HAYEHUE PE3YyJIbTaTUBHOIO NPU3HAKA, HAWJIEHHOE UCXOMAS U3
ypaBHEHMS perpeccuu; &£ — CilydalHas BEJIMYMHA, XapaKTEpPU3yHoIlas
OTKJIOHEHMSI  PEJIbHOIO  3HAYEHMsI  PE3yJbTaTHUBHOIO  IIPU3HAKA  OT
TEOPETUYECKOT0, HANACHHOTO 110 YPABHEHUIO PETPECCUM.

CnyvaiiHass BenMYMHA & Ha3bIBAeTCs Takxke Bo3MmyulieHueM. OHa
BKJIFOYAET BIUSHUE HE YUYTEHHBIX B MOJIEIN (DAaKTOPOB, CIIydallHbIX OLIMOOK U
ocobeHHOcTel u3MepeHusa. Ee mpucyrctBue B MOAENH MOPOKACHO TPEMS
MCTOYHUKAMHU: crielu(UKaIei MOIeTH, BHIOOPOYHBIM XapaKTEPOM MCXOTHBIX
JaHHBIX, 0OCOOEHHOCTSIMHU U3MEPEHUSI IEPEMEHHBIX.

OT npaBUIbHO BHIOpAaHHOW CrieU(PHUKAIMU MOJETU 3aBHCHUT BEIIMYMHA

CIIy4ailHBIX OIIMOOK: OHU TEM MEHBIIE, YeM B OOJIbIIEH Mepe TEOpEeTUYECKHE

~A

SHAYCHHA PC3YJIbTATUBHOI'O ITPU3HAKA yX’ IoaxXoasiT K CbaKTI/I‘-IeCKI/IM JaHHBIM

Y.

K ommbkam cnenudukanuu OTHOCATCS HEMPAaBUIBHBIN BHIOOP TOM MU

~

MHOW MaTeMaTu4ecKoi QyHKIMHU A Y, U HEJOY4eT B YPaBHEHUH PETPECCHU

9



KaKoro-mmbo CyIIeCTBEHHOro (akTtopa, T.e. HCIOIb30BaHUE MapHOU
pErpeccu BMECTO MHOKECTBEHHOM.

Hapsiny ¢ ommOkamu creuu@ukanui MOTYT MMETb MECTO OIIMOKHU
BBIOOPKH, KOTOpPHIE HMMEIOT MECTO B CHIy HEOJHOPOJHOCTH MJAaHHBIX B
MCXOIHOW CTaTHUCTUYECKON COBOKYIMHOCTH, YTO, KaK MPaBUIIO, OBIBAET MpHU
M3YYEHUHU YKOHOMHUYECKUX MPOIecCOB. Ecu COBOKYMHOCTh HEOJHOPOAHA, TO
ypaBHEHHE PETPECCHMU HE MMEET MPAKTHUECKOro cMbicia. J[is momydeHus
XOpOILIEro pe3ysibTraTa OOBIYHO MCKIIOYAIOT M3 COBOKYIMHOCTH E€AMHHIIBI C
aHOMAaNbHBIMM 3HAYCHHMSIMH HCCIEIyeMbIX Npu3HakoB. M B 3TOoM cmyuae
PE3yNIbTaThl PETPECCUU MPECTABISIOT COO0M BEHIOOPOUHBIC XapaKTEPUCTHUKH.

Hcnonp3oBaHrne BpEeMEHHONM MH(POpPMAIMU TAKXKE MPECTaBIsIeT coO0M
BBIOOPKY U3 BCEro MHOXKECTBA XPOHOJIOTHMYECKHX AaT. MI3MEHUB BpeMEHHOM
MHTEPBAJI, MOKHO MOJIYYUTh IPYTHe PE3yNbTaThl PErpPEeCcCUu.

HauGonpiryto omnacHOCTb B MPAaKTHUYECKOM HCIOIb30BAaHUM METO/IOB
pErpeccuu MpeaCTaBIAIOT OOk u3MepeHus. Ecim ommOku cnierudukanum
MOXXHO YMEHBIIUTh, W3MEHsAsA QopMy Moaenu (BUA MaTeMaTHYECKO
dbopMyIibl), a OMMOKKH BHIOOPKH — YBEIUYHMBAs 00BEM MCXOJIHBIX JAaHHBIX, TO
OMMOKKA W3MEpPEHUs TMPAKTUYECKH CBOASAT Ha HET BCE YCWIHS IO
KOJIMUYECTBEHHOM OILIEHKE CBS3U MEXy MPU3HAKAMH.

Oco0eHHO BeNMHMKa POJb OMMOOK W3MEpPEHUs MPH HMCCICIOBAaHUH Ha
MakpoypoBHe. Tak, B HCCIEJOBaHHIX CIpoca M MOTPeOJSEHUsT B KauecTBe
OOBSCHSIONIEH TEPEeMEHHOW UIIMPOKO HCIOJIb3YETCS «I0XOJ Ha AyILy
HacelleHus». BMecTe ¢ TeMm, CTaTUCTHMYEeCKOe M3MEpEeHHE BEIMYHMHBI J0X0]1a
CONPSKEHO C PSIOM TPYAHOCTEH H HE JIMIIEHO BO3MOXKHBIX OIIMOOK,
HanpUMep, B pe3ysibTaTe HAIUYUS CKPBITHIX JOXO/IOB.

[Ipenmonarasi, 4Yro OIMMOKA W3MEPEHUS CBEACHBI K MUHHUMYMY,
OCHOBHOE BHHMMAaHHME B OSKOHOMETPUYECKHUX HCCICIOBAHUAX YACIAETCS
omuOKam crenudUuKauu MOJENH.

B mapnoii perpeccum BBIOOp BHAA MaTeMaTHYECKOW (YHKIIMH

A

Y, = f (X) MOKET OBITh OCYIIECTBIICH TPEMS METOAMU:
10



1) rpaduyeckum;

2)  aHANUTUYECKUM, T.€. UCXOJIS U3 TEOPHH U3y4aeMOi B3aUMOCBSI3H;

3)  9KCIEepUMEHTAIbHBIM.

[Ipu M3y4eHUU 3aBHCHMOCTH MEXIY BYMs NpPU3HAKaMH rpadudecKkuit
METOJl TMoadOpa BUAA YPaBHEHHsI PErPEecCHH J0CTaTOYHO HarisiueH. OH
OCHOBaH Ha moJie Koppeusiuu. OCHOBHBIC TUIIbI KPUBBIX, HCIIOIb3yEMbIC MTPH

KOJIMYECTBEHHOM OIIEHKE CBSI3eH, MpeicTaBieHbl Ha puc. 1.1:

y

{ y

0 X 0 13
y, =a+bX y, =a+bX+cx

y

\ {

0 X 0 X
y, =a+b/x y, =a+bX+cOl+d 53

11



A

y, =ak y, =alb”

Puc. 1.1 OcHOBHBIE TUIIBI KPUBBIX, HCIIOJIb3YEMBIE IPH
KOJIMYECTBEHHOM OLICHKE CBSI3€i MEXIy JBYMS IEPEMEHHBIMU.

3HAYNTETbHBI MHTEPEC MPEACTABISET aHAIMTHYCCKUNA METOJa BhIOOpa
TUMa ypaBHeHWs1 perpeccud. OH OCHOBAaH Ha HW3YyYCHHH MAaTEepPHAIbHOM
MPUPOJIBI CBS3U UCCIIECTyEMBIX TPU3HAKOB.

[Tpu 06paboTke MHGOpMaLMK HA KOMIBIOTEPE BHIOOpP BUIA YpaBHEHUS

perpeccun OOBIYHO OCYIICCTBILCTCA OKCIICPUMCHTAJIbHBIM METOAOM, T. €.

2

IIyTEM CPaBHEHMS BEIMYMHBI OCTATOYHON qucnepcuu O, ., pACCUNTAHHOM IIPH

Pa3HbIX MOJIETISIX.
Ecnu  ypaBHeHue  perpeccuu  MOpPOXOJUT  4Yepe3 BCE  TOYKHU

KOPPETSUOHHOTO MOJIs, YTO BO3MOXHO TOJBKO MPH QYHKIIMOHAIBHOM CBS3H,

KOorJa BCC TOYKHM JIC)KAT Ha JIMHHUHU PErpCCCHU yx - f (X), TO q)aKTI/I‘{CCKI/IC

e

3HAYCHHS Pe3y/IBTATUBHOTO IPU3HAKA COBIIANAIOT C TEOPETHICCKUMH Y = Y,

T.€. OHM MOJHOCTHIO OOYCJIOBJIEHBI BIMsHHEM (akTopa X. B atoM ciyudae
2 _

ocrarounast gucnepenst 0, = 0.

B MNPaKTUYCCKUX HCCICAOBAHUAX, KaK IIpaBUJIO, HMECT MECTO
HCKOTOPOC pPACCCAHUC TOUYCK OTHOCHUTCIIbBHO JIMHUKW PCTPCCCUM. Ono

0OyCIIOBJIIEHO BIUSHUEM IMPOYUX, HE YUUTHIBAEMBIX B YPABHEHHH PErPECCHUHU,

12



CbaKTOpOB. NubpiMU CJIOBaMH, HMCKOT MCCTO OTKIIOHCHHUA CbaKTI/I‘-IeCKI/IX JaHHBIX
OT TCOPETUUCCKHX (y - yx) . BenuunHa 3TUX OTKJIOHEHHUM U JIEKUT B OCHOBE

pacyera OCTaTOYHOM JUCIIEPCHMU:

ot =2 2fv-5)
ocr n y yx .

YeMm MeHBIIIE BEJIMYUHA OCTATOYHOU AUCIICPCHUH, TEM MCHBUIC BJIMAHUC
HE YYUTBLIBAEMBIX B YPABHEHHMHU Perpeccuu (pakTopoB M TEM Jy4llIe YPABHEHHE
perpeCcCruur NoAX0AUT K UCXOJHBIM JIaHHBIM.

CuuTaeTcs, 4TO YKMCIO HAOIIOICHUN TODKHO B 7-8 pa3 mpeBbImaTh
YHCIIO PACCUHMTHIBAEMBIX IIAPAMETPOB IIPU MEPEMEHHON X. DTO 03HAYAET, YTO
MCKaTh JMHEWHYIO PETPECCHUI0, UMEst MeHee 7 HaOJIIoIeHHi, BOOOIIE HE UMEET
cMbicia. Ecnu Bug QyHKIUM yCI0KHSAETCS, TO TPEOyeTcs yBeIndeHne 00beMa
HaOJIIOIeHHI, 00 KaXAbIH mapamMerp mpu X JO/DKEH PacCUUTHIBATHCH XOTS

Obl 0 7 HAOMIOACHUSM. 3HAYWT, €CJIM MBI BhIOMpaeM Mapaboily BTOPOM

crenenn Y, =a+blX+ cX®, To TpedyeTrcss o0beM HH(pOPMAIIUM YyKE HE

MeHee 14 HaOnroneHni.
1.1.)Iuneiinasi MoJeJIb NAPHOI Perpeccuy U KOppeJssuuu

PaccmoTpuM mpocTelinyr0o MOAENb MAapHOW PErpPeCcCUr — JIMHEHHYIO
perpeccuro. JIuHeWHass perpeccusi HAaXOAUT MIHUPOKOE MPUMEHEHHUE B
DKOHOMETPUKE BBHJIY YETKOM OKOHOMHMYECKOM  HMHTEpIpPETalMu €€
apaMeTpoB.

JIuHeHas perpeccusi CBOAUTCA K HAXOXKICHUIO YPABHCHHA B4

A

yX:a'I‘bD(I/IJII/I y:a+bD<+£. (1.1)

Vpasuenue Buna Y, = a+b[X nmo3Bossier Mo 3aJaHHBIM 3HAYCHUSM

(I)aKTopa X HaxoOUTh TCOPECTUYCCKNEC 3HAYCHUA PC3YJIbTATUBHOI'O IIPHU3HAKA,

MOJICTaBIIsIs B HETO (akTUUYeCKue 3HaueHus pakropa X.
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[TocTpoeHue JIMHEWHON PErPECCHU CBOJAUTCS K OLIEHKE €€ apaMeTPOB —
a u b. Knaccuuecknii moaxon K OlEHMBAaHMIO IApaMETPOB JIMHEHHOI
perpeccuu OCHOBaH Ha MeToje HamMeHbmuxX kBagparoB (MHK). MHK
II03BOJISET MOJNYYUTh TAKME OLICHKM IapaMeTpoB & u D, mpu KOTOphIX cyMMma

KBaJIpaTOB OTKJIOHEHUN (PaKTUYECKUX 3HAUCHUU pPe3yIbTaTUBHOIO MpHU3HAKA

A

Y oT TeopeTHUeCKUX Y, MUHHMMaJbHA!
n A \2 n
Z(yi—y&) =>& - min. (1.2)
i=1 i=1

T.e. U3 Bcero MHOXECTBa JIMHMM JIMHUS pErpeccuud Ha rpaduxe

BBIOMpAETCS TaK, YTOOBI CyMMa KBaJPaTOB PACCTOSIHUM MO BEPTUKAIU MEXKIY

TOYKAMH M 3TOM JUHHUEH OblLTa ObI MUHUMAIBHOU (puc. 1.2):

di

Vit

Y 4+ &

P
x
Puc. 1.2.JIunus perpeccuu ¢ MUHUMAJIBHOM TUCIIEPCHUEH OCTATKOB.

Kak wu3BecTHO M3 Kypca MaTeMaTHYe€CKOro aHajln3a, 4YTOObl HAWTH

MuHUMYM GyHKIuH (1.2), HaJZO BBIYUCIUTH YaCTHBIE MPOU3BOIHBIC IO

2
KaXJIO0MYy U3 HapaMeTpoB A U D u npupaBHATH HX K HyI0. O603HaYUM Zé‘l
i

uepes S(a, b),TOFI[aZ

S(a, b) :Z(y—a—b&)z.
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§:—2Z(y—a—bD<):o;

oa

<aS (1.3)
—==2 -a-blXx)=0.

75 > x(y-a-bx)=0

[Tocne HeCHOXKHBIX NMPeoOpa30BaHMM, MOJYYUM CIEAYIOUIYI0 CHCTEMY

JIMHEHHBIX yPaBHEHUIA 171 OLEHKH mapameTpos a u D:

alh +bD> x =>y;
ald x+bDD x*=> xLy.

Pemass cucremy ypaBuenmii (1.4), HaiizeM HCKOMBIC OICHKHU

(1.4)

napamMcTpOB a u b MO>XHO BOCIIOJIb30BaThCS CICaAyrOIMMHU TOTOBBIMU

dbopmynamMu, KOTOPBIE CISAYIOT HEMOCPEACTBEHHO U3 pelieHus cuctemMsl (1.4):

azy-bx, b= XY s
0-)(
rae cov(x,y) = yX—-Y[IX - xosapuanus mnpusHakoB X u Y,

Uf = X° —X? — qucnepens npusHaKa X u

YZEZX’ V:EZy, yﬁ:lZyD(, X_Z:EZXZ_
n n n n
KoBapuanus —4yucinoBas XapakTEpUCTUKA COBMECTHOIO PACIIPEACIICHUS
IBYX CIIy4aWHBIX BEJIMYMH, pPaBHAsd MaTEMAaTHYECKOMY  OXXHUIAHUIO
IIPOM3BEICHUS OTKJIOHEHUN 3TUX CIyYalHbIX BEJIMYMH OT UX MAaTEeMaTUYECKUX
oxuaanuu. Jlucmepcuss —  XapakTEpUCTHKA  CIYyYalWHOW  BEIMYMHBI,
ompezesieMas Kak MaTeMaTH4YecKoe OXUJIaHue KBajapara OTKIOHEHUS
CJIy4allHOW BEJIMYMHBI OT €€ MATEMAaTUYECKOTO OXUJaHusA. MaremaTnuueckoe
0XXUJAHUE — CyMMa IIPOM3BEACHUM 3HAYEHUM CIIy4YallHOM BEJIMYMHBI HA

3
COOTBCTCTBYIOIIHEC BCPOATHOCTH .

® Bouee moxpoGHo cMotpu [Tpuinoskerue A.
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[apamerp D nasbiBaeTcs xosapduuuentom perpeccun. Ero Bemuuuna
MOKa3bIBACT CpPEeHEE U3MEHEHUE pe3yibTaTa ¢ U3BMEHEHUEM (paKkTopa Ha OJIHY
CAVHUILY .

B03M0OXXHOCTD 4ETKOM 3KOHOMUYECKON MHTEprpeTanuu Ko3ppuurenrta
perpeccud  caenajia JIMHEHHOE  ypaBHEHUE  PErpeccMd  JI0CTATOYHO
pacpoCTPaHEHHBIM B SKOHOMETPUIECKUX UCCIICTOBAHUSIX.

®opmanbHo @ —3Hauenue Y mpu X = 0. Eciou npusnak-daxrop X He

MO’KET UMETh HYJIEBOTO 3HAYEHUS, TO BbIIIEYKa3aHHAsI TPAKTOBKA CBOOOIHOTO
yjleHa d He HMEET CMbBICIa, T.€. MapaMeTp d MOXET HE HMETh
OKOHOMHUYECKOTO COAEPIKAHUS.

YpaBHEHUE perpeccuy BCerga AOMOJIHAETCA I10Ka3aTeieM TECHOTHI

cBa3u. lIpym HCHONB30BaHMM JMHEWHOM pPErpeccuM B KadyeCTBE TaKOIo

MoKa3aTesis BBICTYIAET JUHEWUHBIN KOADPUIIMEHT KOPPESIIun Iy KOTOPBIIL
MO>KHO PacCUUTaTh MO CIEAYIOMUM (HopMyIam:
cov( X,y
r, =bfx = ( ). (1.6)
g, o, o,

JluneitHsli  KO3(G(UIMEHT KOPPENSUUU HAXOJUTCS B Ipenerax:

-1< I’Xy < 1. Yem 6numxke aGCOTIOTHOE 3HAYECHHE rxy K €IUHHIIE, TEM CHJILHEE

7 =4+
JUHEHHAas CBs3b Mexay (dakropamu  (pu Y +1 wumeem crporyro

(GYHKIMOHANBHYIO 3aBUCHMOCTB). Ho ciiexyer umers B BHIY, YTO OJM30CTH
a0CONMIOTHOW BEIMUYMHBI JUHEHHOr0 KO3 (ULIMEHTa KOPPEIALNH K HYJIIO e1le
HE O3HauaeT OTCYTCTBUS CBSI3M Mexay npusHakamu. Ilpu apyroii
(HenuHelHOW) crnenuUKAMA MOJEIH CBSI3b MEXIY HPH3HAKAMH MOXET
0Ka3aThCs TO0CTATOYHO TECHOM.

JInst olleHKH KayecTBa Mojdopa JMHEHHON (DYHKIIMH PAcCUUTHIBAETCS
. 2 .
KBajpaT JHMHEHHOro Kkodp¢uumenta xoppemsiuuu Iy, Ha3bIBACMBIA

ko3 punreHTOM JeTepMUHAITUH. Koaddumuent JeTepMUHAITUN
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XapakTepu3yeT O  JUCIEPCHM  pe3yJbTaTUBHOIO  IpuU3Haka Y,

00BSACHIIEMYIO perpeccuei, B o0mel JUCIepCuu pe3yIbTaTUBHOTO MPU3HAKA'

2 2

r2 - Jq)aKT zl_h, (1.7)
Xy 2 2
Jy Uy

me 0t ==Y (y=3) 08, =2 X% -9) L ok ==X (v

2
COOTBETCTBEHHO BeJIMUMHA 1— Iy XapaKTepusyeT A0II0 auctepcuu Y,

BBI3BAaHHYIO BIIMSTHUEM OCTABHBIX, HE YYTEHHBIX B MOJIEH, (PAaKTOPOB.

[Tocne Toro kak HauJIEHO YPAaBHEHUE JIMHEMHOU PErPECCUH, TPOBOAUTCS
OLICHKAa 3HAYMMOCTH KaK YpPaBHEHHUS B IE€JIOM, TaK M OTAEIbHBIX €ro
apaMeTpoB.

[IpoBepuTh 3HAUYUMOCTh YPABHEHHS PETPECCUU — 3HAYUT YCTAHOBUT,
COOTBETCTBYET JIM MATEMaTH4e€CKas MOJIEIb, BBIPAXKAIOMIAS 3aBUCHUMOCTD
MEXIy IEePEMEHHBIMHU, 3KCIEPUMEHTAJIbHBIM JaHHBIM M JOCTaTOYHO JIH
BKJIIOUCHHBIX B YpaBHCHUEC OOBSCHSIONIMX IEepeMEHHBIX (OgHOW WA
HECKOJIbKUX) JJIsl OTMCAHUS 3aBUCUMOMN MIEPEMEHHOM.

Uto0bl HMETH 00I1Iee CYX ICHUE O KAUECTBE MOJIEIN U3 OTHOCUTEIbHBIX
OTKJIOHCHHH M0 KaXIO0MYy HAOJIOMCHHIO, OMPEACISIOT CPEIHIO OIIHOKY

allIIpoOKCHUMal .

A= lz Y=Y n00%. (1.8)
n y

CpenHsisi ommoOKa anmpoKcuMaIuy He JokHa mpeBbimath 8—10%.

Ornenka 3HAYUMOCTH YPAaBHEHHSI PETPECCHUU B IIEJIOM TTPOU3BOIUTCS HA
ocHoBe F -xpurepus @uiiepa, KOTOPOMY IPEMIIECTBYET AMCIEPCHOHHBIN
aHanu3. B MareMaTWueckol  CTaTUCTHUKE JHCICPCHOHHBIA  aHaU3
paccMaTpuBaeTCs KaK CaMOCTOSTEIbHBIH HWHCTPYMEHT CTaTUCTHYECKOTO
aHanu3a. B sKOHOMETpUKE OH NMPHMEHSACTCS KaK BCIIOMOTATEIIbHOE CPEICTBO

JUISl U3YUYEHHUsI Ka4eCTBA PETPECCUOHHON MOJENH.
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CoryiacHO OCHOBHOH HJiee NUCIEPCHOHHOIO aHajau3a, olmas cymMma

KBaJIpaTOB OTKJIOHEHUM TMEpEeMEHHOM Y OT cpeAHero 3HadeHus Y

pacKiIagbIBaACcTCA Ha ABC 4YaCTHU — (06’b}ICHCHHy}O» )51 «HCO6’b}ICHCHHy}O»Z
—\2 ~ )2 ~ )2
S(y-y) =2 (-9 +2(y-v) .

~ 2
rae Z(y - y)z — 00mIasi cymMmMa KBaJIpaTOB OTKJIOHCHHIA; Z(yx — y) —

CyMMa KBaJIpaTOB OTKIJIOHEHWH, OOBSICHEHHas perpeccueil (wim QaxTopHas

~ \2
CymMMa KBaJpaToB OTKHOHGHHﬁ; - — O CTaTO4YHasa1 CyMMa
X

KBaJPaTOB OTKJIOHECHHH, XapaKTEPU3YIONIasl BIMSHUE HEYYTECHHBIX B MOJICTU
(haxkToOpOB.

CxeMa AWCIEPCHOHHOTO aHajiu3a WMEeT BHJ, MPEACTABICHHBIA B
tabime 1.1 (N — 4gwmcio HaGmoAeHMH, M — YHUCIO MapaMeTpoOB IMpHU

nepeMeHHon X).

Tabnuma 1.1
KomnoneHTs! Cymma CTIiIr{[CeJII{Zﬁ Jucnepcus Ha ogHy
IUCTIepCUun KBaJIpaToOB CBOGOTEL CTEeMNeHb CBOOOIbI
—\2
—\2 -
Oobmas Z(y—y) n-1 So26u1 :Z(y 1)/)
n —
A 2
~ 2 -V
dakTopHas Z(yx - 7) m 2 _ Z(yx y)
¢axt m
2 A 2
OcrarouHast Z(y—yx) n—-m-1 g2 :Z(y_yx)
OoCT n _ m _ 1

OmnpeneneHne AWCIEPCUU HAa OJHY CTENEHb CBOOOJBI MPUBOIUT
Aaucriepcuu K cpaBHUMOMY Buay. ComocrtaBisisi (DaKTOpPHYIO M OCTaTOYHYIO
JIUCTIEPCUM B PacyeTe Ha OJHY CTENEHb CBOOOJBI, MOJTYy4MM BenuuuHy F -

kputepus Ouiepa:
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F =2 (1.9)

dakTtuueckoe 3Hayenue F -kpurepus ®uiepa (1.9) cpaBumMBaeTcs ¢

TabIMYHBIM 3Ha4YeHHeM F . (0’, Ki; kz) Opy ypoBHE 3HAYMMOCTH O U

crenensix cBobonsl KL =M u K, =N—m-1. [Ipu stom, ecnu daxtnudeckoe

3HAYCHHC F -KpHUTCPUA 0oJbIIIe Ta6J'II/I‘{HOFO, TO IMPHU3HACTCA CTaTUCTHYCCKAas
SHAYUMOCTDb YPABHCHUA B ILICJIOM.

Jliis mapHo# MHelHo# perpeccun M =1, mosromy

5. 2(59)
Sa S(y-v)

2
Bennunna F -kpurtepus ceszana ¢ koapUIHEHTOM JeTEPMUHALIMH My

2
F ~[n-2). (1.10)

U €€ MOXHO pacCcuuTaTh Mo cienyromei Gpopmyse:
r 2
F:illgmn—zy (1.11)
—r

B mapHOW NMHEWHON PETPECCUU OLIEHUBAETCS 3HAYMMOCTb HE TOJIBKO

ypaBHEHUSI B 1I€JIOM, HO M OT/AEJBHBIX €ro mapameTrpoB. C 3TOH LENbIO MO
Ka)KJIOMY M3 IapaMeTPOB OIPEJENsAeTCs ero CTaHJjapTHas omuoka: My u M, .

CrangaptHas omubOka Kod(pduIMEeHTa perpeccuu OmpeaemseTcs: o

dhopmyie:
2 S
m, = = (1.12)
S(-x) o4
A 2
) Z(y- Y,
e S, = > — ocTaToyHas JUCIEePCHs Ha OJHY CTCICHb
n —
CBOOO/IBI.

Benmuuuna cranmapTHOi omuOKM CcOBMeCTHO ¢ l-pacmpenenenuem

CrerogenTa npu N—2 cremeHsx cBOOOAbI NPUMEHSETCS U IPOBEPKU
19



CYUIECTBEHHOCTH  KO3(puIMeHTa perpeccu MW Ui pacyera  ero
JOBEPUTEIHLHOI'O HHTEPBAIA.
JlJis OLIEHKH CYHIECTBEHHOCTH KO3((PHIMEHTa perpeccun ero BeInurnHa

CPaBHHUBAETCS C €r0 CTaHAAPTHOM OIIMOKOM, T.€. onpeensercs GakTHIecKoe

b

snauenue U-kputepus Crerogenra: {, =—— koTopoe 3arem cpaBHUBAeTCS C

TaOJIMYHBIM 3HAUYCHHEM Impu OonpcACICHHOM YPOBHC 3HAYMMOCTHU a u yucie

cTeneHer cBOOOIbI (n— 2). JloBepuTenbHbI UHTEPBAN I KO3 dUieHTa

perpeccuu onpenensercst kak D+t . [ . [Tockonbky 3nak KosdduimenTa

a0

perpeccu yKa3blBaeT Ha pOCT pe3yJbTaTUBHOTO TNpU3Haka Y 1pu

yBenuuenun npusHaka-pakropa X (b >0), ymensmenue pesynsraTuBHOrO
nmpusHaka npu  yBenmuenun npusHaka-pakropa (D<0) wmm  ero
He3aBUCUMOCTh OoT Hesapucumoii mepemennoii (D=0) (cm. puc. 1.3), T0
IPaHUIBl JOBEPUTEIHHOTO HMHTEpBaia IS KO3(P(UIMEHTA PErpeccuu He
JOJDKHBI  COJEpXaTh  NPOTUBOPECUYMBBIX  PE3YyJIbTaTOB,  HAIpHUMeED,
—1,5<b< 0,& Takoro poma 3amuch yka3blBaeT, YTO HUCTHHHOE 3HAYECHHE
Koo puIMeHTa perpeccuu OTHOBPEMEHHO COICPKHUT TOJIOKHUTEIbHBIE U

OTPHULATCIIBHBIC BEJIMYMHBI MU JaXKE HOJIb, YETro HEC MOXKET OBITh.
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b>0

> b=0

b<0

Puc.1.3.HakjI0H IMHMY PErPECCHHU B 3aBUCUMOCTH OT 3Ha4eHuUs napamerpa D.

CrannaptHas omuOKa napameTpa a onpenensercs no Gopmyiie:

2 / 2
rna - SOZCT D ZX 2 - SOCT GL
n@(X_Y) 0.x|]-l

Hpouez[ypa OLCHUBAHUA CYIICCTBCHHOCTH JaHHOI'O IIapaMCTpa HC

(1.13)

OTJIMYAETCS OT PpACCMOTPEHHOW BbIme [ KoO3((UIMEHTa perpeccuu.
. _a

Boraucnsercst  t-xpurepmit: {, =——, ero BennumHa cpaBHHBaeTCs C

TaOJIMYHBIM 3HaYE€HHEM NpH N — 2 CTeNneHsaX CBOOOIBI.

3HAYUMOCTH JIMHEHHOTO KO3 (UIIMEHTa KOPPENSIUU MpOBepseTcs Ha

OCHOBE BEJIMYMHBI OIIMOKH K03 dHuLneHTa Koppensauuu M, :

(1.14)
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CymectByer cBsa3b Mexnay [-xkpurepuem Crhromenta u F -xputepuem

@umepa:
t,| =[t|=+F. (1.15)
B mporHo3HbIX pacyeTax IO YPaBHEHUIO PErPECCUU  ONPEHENACTCS
IPEICKA3hIBAEMOE MHIUBUAYAILHOE 3HaUYEHHE Y, KaK TOUYE€YHBIN IPOTHO3 IIPH
X=X,, T.e. NMyTeM IOACTAHOBKUA B JIMHEHHOE YpPaBHEHUE ﬁx =—a+blX

COOTBETCTBYIOIIErO 3HaUeHHUsI X. OHAKO TOYEUYHBIN [IPOTHO3 SIBHO HEpEAJEH,

IIO9TOMY OH AOIIOJIHACTCA pacucTOM CTaH,HapTHOﬁ OIINOKH

2 2
1, (5% 1, (%)
.= |S2 |1+ = i = |S2 | 1+ =+2 : 1.16
rnYo ocr +n+Z(X—Y)2 ocT +n+ nl]jf ( )
A \2
rac Sz - Z(y yx) N TIOCTPOCHUEM JOBCPHUTCIBHOI'O MHHTCPBAJa

OCT n_2 !

ITPOTHO3HOI'O 3HAYCHHUSA ygl
~ _ D ~
yO m§/0 EﬂTa6n < yO < yx + rn)A/x EﬂTa6n

Paccmorpum mpumep. [lo maHHBIM HPOBEAEHHOrO OMPOCa BOCBMHU
IPYII CEMEN M3BECTHBI JAHHBIE CBSI3U PACXOJOB HACEJEHHUS HA MPOIYKTHI

IMUTaHUA C YPOBHEM JOXOJ0B CCMBbBHU.

Tabmuna 1.2

Pacxoapl Ha TPOAYKTHI

0,9 1,2 1,8 2,2 2,6 2,9 3,8 38
nuTaHus, Y, TiC. pyoO.

Jloxonel cembH, X,

12| 3,1 53| 7,4 9, 11,8 145 18,7
TBIC. PYO.

HpC,Z[l'[OJ'IO}KI/IM, 4TO CBA3b MCXKAY A0XOAaMH CCEMbU KM pacxoJaMH Ha
IMPOAYKTHI IIUTAHUSA JIMHEWHAs. I[JI}I MNOATBCPKACHUS HAIICTO IIPECAIIOJIIOKCHUA

IMOCTPOUM ITIOJIC KOPPCIIALHUH.
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4,0

3,5+
3,0—-
25
20-
15
1,0—-
05

0,0

10

12 14

Puc. 1.4.1lone xoppensuuu.

16 18

20

[To rpadguky BHIHO, YTO TOUYKH BBICTPAUBAIOTCSA B HEKOTOPYIO MPSMYIO

JIMHHIO.

s ynoOcTBa nalbHEHIITUX BEIYMCIICHUN COCTaBUM TaOJIHUILY.

Tabmuna 1.3
A 2
oy |5 Lyeg | y%)
XY XY e LYy, [y, A%
1 2 3 4 5 6 7 8 9 10
1 12 | 09| 108| 144 081 1,038 -0188 00190 15,33
2 31 | 12| 3,72| 961 144 1357 -0157 00246 13,08
3 53| 18| 954| 2809 324 17246 0074 00055 4|11
4 74 | 22| 1628 54,76 484 2079 0121 00146 5|50
5 96 | 26| 2496 92,16 6,76 2449 01151 00228 5|81
6 11.8| 29| 3422 13924841 | 2,818 0,082 00067 283
7 145| 33| 47,89 210,2510,89| 3,272| 0,028 0,0008 0,85
8 18,7| 3,8| 71,08 349,6914.44| 3978] —0,178 0,0317 4,68
Wroro | 71,6 | 18,7| 208,71885.24| 50,83 | 18,717 —0,017| 0,1257 | 52,19
Cpemiee | g g5 | 234| 26,09 11066635 | 2,34 - 0,0157 6,52
BHAYCHUC
o 553 | 0,935 — — — — — — —
o> |3056/0874] - — - — - - —

PaccuuTaeM mapameTpsl JMHEWHOTO YpPAaBHEHHsS NAPHOM pETPECcCUH

A

Y, =a+bX. lns aroro Bocnonssyemes popmynamu (1.5):
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cov(x,y) _ xOy-Xy _ 26,09~ 8,9512, 34 4 168
o; X —X? 30,56

X

a=y-bXx=2,34- 0,16818,95 0,8:

b=

Homyaunu ypasuenue: Y, =0,836+ 0,168X. T.e. ¢ yBennuenuem

noxona cembu Ha 1000py06. pacxoapl Ha MUTaHUE yBenuuuBaroTcs Ha 168pyo.
Kak ObUIO yKa3aHO BBIIIE, ypaBHEHUE JIMHEHHOW pErpeccud Bcerna

JOITIOJIHACTCA ITOKA3aTCJI€M TCCHOTHI CBA3HM — JIMHEUHBIM KOB(I)(l)I/II_[I/IeHTOM

KOppesanun I‘Xy
=b G"— 0168222 = 0 90.
0,935

bnuzocte koddduuumenta koppensauuun K 1 yKka3blBa€T Ha TECHYIO

JIMHENHYIO CBA3b MEXKITY IPH3HAKAMH.
Ko>duumenr aerepMuHALUH I’xi, =0,987 (mpumepHo TOT XK€

pe3yNbTaT MOJIYYUM, €CITU BOCIoIb3yeMcs popmyroii (1.7)) mokaspiBaeT, 4To
ypaBHEHHEM perpeccun oOwsicHseTcs 98,7% aucniepcur pe3ysbTaTUBHOTO
IpU3HaKa, a Ha JI0JII0 MPpoYux (GakTOpOB NpUXOoauTcs uib 1,3%.

OLEeHUM KauecTBO YPaBHEHHMs PETPECCHU B LIEIOM C IoMompio F -
kputepust Gunrepa. Cocunrtaem pakTuueckoe 3Hauenue F -xpurepus:
_g)=_0.987

1- 0,987

[6=455,5<

r.2

Tabmuunoe  smawenme (k, =1, k,=n-2=6, a=0,05):
=599 Tak xax F,_>F

(baKT Tabn

F

. TO TIPU3HAETCS CTAaTUCTUYECKas
3HAYMMOCTb YPABHEHHUS B LIEJIOM.

JIst OTICHKHM CTAaTUCTUYECKON 3HAYMMOCTH KOA((PHUITMEHTOB perpeccuu
U Koppensiuu paccuutaeMm {-kputepuit CThIOJICHTA W JIOBEPHUTEIIBHBIC

MHTEPBAJIbI KaXIOTO0 U3 TMokaszaTeneld. Paccumrtaem ciydaiiHple OIMIMOKU
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nmapaMeTpoB  JIMHEHHON  perpeccun W KO3(QPUIUEHTAa  KOPpEeIsLuu

A~ \2
i = 23] = 04257_ ¢ 921
n-2 8- 2

SCT 0,921 _ 009:

o, 5,53@&3

s D\/Zx _J0,021885,24 0 097t

m, =

o 5,538
/1 r? /1 0, 987_0 046E
dakTHYeCKHe 3HAYEHUS t -cTaTucTHk: t, = 0,168 =18, 06,
0,0093
t, = 0,836 _ , 974, t = 0,994 =21,37€. Tabnuunoe 3Hauenue -
0,0975 0,0465

kputepuss Crerogenta npu & =0,05 wu uucne cremenmeit  cBOGOIBI

V=n—-2=6ecr t . =2,447. Tak kax t, >t t, >t . ut >t

TabI Ta0JI ! TabI Taba ?

TO IMPHU3HACM CTATUCTHUYCCKYIO 3HAYUMMOCTb IMapaMETpOB PpPErpeCCuu M

1oKas3aTellsi TECHOThI CBsI3UM. PaccumTaem JAOBCPUTCIIbHBIC HWHTCPBAJIbI JIA

[IapaMeTpoOB perpeccud a u b: aitﬂna u bitm. [Tomyunm, dyTO
a’0[0,597; 1,075x b’0[0,145; 0,19

Cpennsist omuOKa anmpokcuManuu (HaxoJuM ¢ MOMOIbo cTooma 10

Y=Y,
Y,

tabmanpr 1.3; A = [100%) A=6,52% rosopur o xopoluem

KaueCcTBE ypaBHEHUSI PErpecCUH, T.€. CBUIETEIBCTBYET O XOpOIIEeM Moadope
MOJIETU K UCXOJIHBIM JTAaHHBIM.

W, HakoHeI, HaiiieM MPOTHO3HOE 3HAYEHUE PE3yNbTAaTHBHOTO (DakTopa

Y, TpH 3HaueHHMH Ipu3Haka-¢akTopa, cocrapisromeM 110% or cpenmero
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ypoeas X, =1,1[X = 1, 118,95 9,84, r.e. naiinem pacxonpl Ha muTaHwue,

€CJIM JOXO0JIbl CeMbH cOoCTaBAT 9,85ThIc. pyo.

A

Y, =0,836+ 0,168]19,845 2,4 (rsic. pyb.)

3HAUYUT, €CIaN JO0XOAbl ceMbU cocTaBsiT 9,845tbIC. py0., TO pacxobl Ha
nutanue Oynyt 2,490tbIc. pyo.

Haiinem noBepuTtenbHbI HHTEPBAT MporHo3a. Onmodka mporuosa

__2 2
n = 1+1+(Xp X) _ lo.02 ll_}Jr(9,845— 8,9¥ | _
p

0,15
< n nio? 8 880,56

a JloBepUTENbHbIH uHTepBal (Y, — my . < yE <y + m, )

2,113< y,/'< 2,86

T.e. IPOTHO3 SIBISIETCS CTATUCTUYECKU HAJIEKHBIM.
Tenepr Ha onHOM Tpaduke M300pa3UM HMCXOJHBIE AHHbIE U JUHUIO

perpeccuu:

4,0
3,5
3,0
25-
20-
154

1,0 H

0,6 +—————————————————————

Puc. 1.5.VcxonHble JaHHBIE U TEOPETUYECKAS IPAMasl.
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1.2. Henuneiinvle moodenu napHoil pezpeccuu u Koppeaayuu

Ecnn Mexy SKOHOMMYECKMMU SIBJICHUSMH CYIIECTBYIOT HEJIMHEHMHBIE
COOTHOUICHHUS, TO OHU BBIPAKAKTCA C TOMOILIBIO COOTBETCTBYIOLIUX
HEJTMHEUHBIX (DYHKITHA.

Paznuyaror 1Ba Kiacca HEIMHENHBIX PETPECCHUM:

1.  Perpeccun, HeIMHENHHbIE OTHOCUTENIBHO BKJIIOUEHHBIX B aHAJIN3
OOBSCHSIOIIUX TIEPEMEHHBIX, HO JHMHEWHbIE MO OLICHMBAEMBIM IapaMeTpam,

HaIrpuMmep

— [ONMHOMBI Pa3iuyuHbIX crenened — Y, =a+bX+cC X,
y, =a+bx+cX +d X’

— PaBHOCTOPOHHsA runepodona — Yy, =a+ b/ X;

A

— nonysnorapudmuueckas Gpynxuus — Y, =a+bh x.

2. Perpeccun, HenuHEWHbIE T1I0 OLEHUBAEMBIM IapaMeTpam,

Harpumep

A

_ b
—crenennas — Y, = alX";

A

— IIOKa3aresibHast — Y, = a [D*;

S _a+bhi
— OKCIOHEHIHANIbHAS — Y, = e .

Perpeccun HenuHEWHBIE MO BKJIIOYEHHBIM MEPEMEHHBIM MPUBOJATCS K
JIMHEWHOMY BHJYy IIPOCTOM 3aMEHOW TMEPEMEHHBIX, a JajibHEWINas OLICHKA
MMapamMeTpoB MNPOU3BOAUTCS C MOMOIIBK0 METOJIa HAMMEHBIIUX KBAJIPATOB.

PaccmoTpuM HEKOTOpBIE DYHKITUU.

IapaGoma Bropoii cremenn Y, =a+b[X+c[X® npuBomurcs K
JUHEWHOMY BHJIY C IIOMOIIBIO 3aMEHBl. X = X, X = X,. B pesynbrare

NpUXOJUM K JBYX(akTopHOMy ypaBHeHHio Y, =a+ b D(1 +C D(Z, OIlCHKA

napameTpoB kotoporo npu nomomn MHK, kak Oyzaet nmokazano B naparpade

2.2 IPUBOAMT K CUCTEME CIEIYIOIINX HOPMATbHBIX YPABHEHHIA:
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(alh  +bD>'x  +cDx, =D

ald x+b x  +cl x =) X0

alD % +bDD x O,+cD x; =) X,

A T0CITe 0GPATHOM 3AMEHBI IEPEMEHHBIX TIOTYHM

(alh  +bD> x +cD . x*=>y;

al) x +bDD x*+c) x*=> xOy; (1.17)
ald x*+bD) x*+cD x*=) x*[.

[Tapabosa BTOpoil cTeneHru 0OBIYHO MPUMEHSIETCS B ClydasiX, Koraa s

N

N

OTIPEICICHHOTO HMHTEpBajia 3HAUCHHH (PakTopa MEHSETCS XapakTep CBSI3U
paccMaTpuBaeMbIX IMPHU3HAKOB. MpsiMasi CBSA3b MEHAETCA Ha OOpaTHYIO WU

oOpaTHas Ha MPSMYIO.

PaBHocTOpOHHAA runepbona Y, =a+ b/ X MOXeT OBITh UCHOJIb30BaHa

JUTSL XapaKTEPUCTHUKU CBS3HU YJIEIbHBIX PACX0J0B ChIPbs, MaTEPUAJIOB, TOIIMBA
oT o0beMa BBITYCKAEMOM MNPOAYKIMU, BPEMEHU OOpallleHUs TOBAapOB OT
BEJIMYUHBI TOBAPOOOOPOTA, MPOLIEHTA MPUPOCTa 3apabOTHOM IJIaThl OT YPOBHS
O0e3pabortuisl  (Hampumep, kpuBas A.B. ®wimnca), pacxomoB Ha
HEMPOJIOBOJILCTBEHHBIE TOBapbl OT JIOXOJIOB WU OOIIEed CyMMBbI pacxo/0OB

(HanpuMmep, KpuBbIe D. DHTENs) U B APYTUX caydasx. [ unepOosa mpuBOAUTCS
K JUMHEMHOMY YPaBHEHHUIO MPOCTOW 3aMEHOU: Z = %( Cucrema NUMHEHHBIX
ypaBHeHuii pu npuMenennn MHK OyzaeT BoIrisaaeTs crieayomumM o0pazom:

alh +bDZ% =>y;

X 1 1 1 (1.18)
SR I it

AHaJIOTHYHBIM o6pa30M IMPpUBOIATCA K J'IPIHCﬁHOMY BHUAY 3aBUCHUMOCTH

-

S\/X =—a+blnx, ’)\/X =a+b@&/x ¥ IPyTHE.
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Heckonbko WHa4Ye OOCTOUT JEJI0 C PErpecCHsIMH HETMHCHHBIMHU I10
OLICHMBAEMbIM I1apaMeTpaM, KOTOPbIE MCIATCS Ha JBa THIA. HEJIHMHEHHBIC
MOJICTT! BHYTPEHHE JUHCHHBIC (IPUBOIATCSA K JIMHCWHOMY BHIY C TTOMOIIBIO
COOTBETCTBYIOIIUX IIPEOOPAa30BaHMM, HAIPUMEp, JOrapu(pMUPOBAHHEM) U
HEJIMHEWHBIC MOJEIN BHYTPEHHE HeNMHEHHble (K JHHEHHOMY BHIY HE
MIPUBOJIATCS).

K BHyTpeHHE JIHMHEWHBIM MOJESAM OTHOCSITCS, HallpUMEpP, CTEICHHAA
y. =aX y =ab"
(byHKuHﬂ - Y= a , MOKazaTenpHast — Y, = a , DKCIIOHCHIIMAJIbHAsI —

,)\/ = eaerEt JJOTUCTHYECKASI — 9 = L 06paTHa;1 — § = L
" ’ * 1+bE™’ X a+blX

K BHYTPCHHC HEJIMHEHUHBIM MOJICIIEIM  MOJKHO, HaAIIpUMEpP, OTHCCTHU

cnenyrouue mozemu: Y, =a+bX°, y =a 1_1—b
- X

Cpenu HeMHENHBIX MOJIENIel HanboJIee YacTo UCIIONIb3YETCs CTENEHHAs
dynkums Y =alX’[F, koropas mnpuBoguTcs K IMHEHHOMY BHIY
norapu(GMHUpOBaHUEM:

Iny= In(aD<b Dz);
Iny=Ina+blnx+In¢g;
Y =A+bIX +E,
rie Y =Iny, X =Inx, A=1Ina, E=In&. T.e. MHK wmbI npumensem ajs

npeoOpa3oBaHHBIX JaHHBIX:

Ah  +bD) X =DV,
AD X +bD) X?=> XLV,

a 3aTeM MOTEHIIMPOBAHUEM HAXOUM UCKOMOE YpaBHEHHUE.

[upokoe uCMONb30BaHUE CTENEHHOW (YHKUMU CBS3aHO C TEM, YTO
mapameTp D B Heli HMMeeT 4YeTKOe SKOHOMMYECKOE HMCTOJKOBAHME — OH
sBisieTcss  Koaddumuentom snmactuaHoctd. (Koaddunuent smactuaHOCTH

ITOKAa3bIBACT, HAa CKOJIbKO IIPOLECHTOB M3MCHUTLCA B CPCAHEM PE3YIIbTAT, CCIU
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dakrop wm3menutcss Ha 1%.) dDopmyma s pacdera kod(hdumeHTa

3JJAaCTUYHOCTHU UMECT BHU.

2= f'(x) .

y

Tak kak nmns OCTaNbHBIX (GYHKIUN KOA(DPHUIMEHT >TaCTUYHOCTH HE

(1.19)

SIBIISICTCS TIOCTOSIHHOM BCHH‘{HHOﬁ, a 3aBUCHUT OT COOTBCTCTBYIOIICTO 3HAYCHUS

daktopa X, TO OOBIYHO pacCUMTHIBAETCS CpeaHud KO3 ULIHUEHT
AIIaCTUYHOCTH!
D= f'(Y)Ef—. (1.20)
y
[IpuBenem dopMynsl I pacuera cpeaHux Kod(p UIIMESHTOB

AIIACTUYHOCTU JJisi HauOoJiee YacTO HCIOJNb3yeMbIX THIIOB YypaBHEHUU

perpeccuu:
Tabmuma 1.5
[epBas mpousBoanas, | Cpenuuii ko3 dumreHT
B , f —
A pysictt, y AIIACTUYHOCTH,
1 2 3
y=a+bX+¢ b b—DZ
a+bX
b+2cX)X
y=a+bX+cX +¢& b+ 2cX ( ) ~
at+tbX+clX
b b b
y=a+—+¢ -— -—
X X alX+b
y=alX’ & albx°? b
y=alb*[& an b [B* Xnb
y=a+blhx+e& E L
X a+blnhX
a alblee™ b [¢ X
y - 1+ bl]e—c&h&‘ (1+ bl]e—c&) b+ ecﬁ
1 ___ b b[X
y= z ——
a+bx+e (a+bx) a+bx




Bo3MoOXxHBI cilydad, KOrja pacyeT KOo3((QUIUEHTa 3JIaCTUYHOCTU HE
MMEET CMBbIC/Ia. JTO MPOUCXOAUT TOrAa, KOrga sl pacCMaTpUBAEMBIX
MPU3HAKOB OECCMBICIICHHO OMPEIEICHNE N3MEHEHUSI B IPOIICHTAX.

YpaBHEHNE HETMHEWMHON PETPECCHH, TaK K€, KAK U B Cllydac JIMHEUHON
3aBUCHUMOCTH, JOIOJHAETCS MOKAa3aTeIeM TECHOTHI CBA3M. B maHHOM cirydae

3TO MHJIEKC KOPPEISLIHHN:

Py = |1——5, (1.21)

2 _ 1 o 2
rane O y = EZ( Yy y) — 00111as qucnepcus pe3yJbTaTUBHOTO MIPU3HAKA Y,

A

2 _1 2
g, = E z ( y-— yx) — OCTaTOYHAas TUCIIepCHs.

Benuunna naHHoOro mokasarens Haxomutcs B npenenax: 0< Py S 1.

Yem Onumke 3HaYCHUE WHACKCA KOPPENSALMU K €AMHHIIE, TEM TECHEE CBS3b

paccMaTpyBaeMbIX IPU3HAKOB, TEM 00Jiee HAZE)KHO YPaBHEHUE PETPECCUH.
KBazapar nHaekca Koppenasiiuyd HOCUT Ha3BaHUE UHAEKCA JEeTEPMUHALUN

U XapaKTEpU3yeT [OJII0 JHCHEPCHH pe3yJIbTaTUBHOIO IpU3HaKa Y,

O0BSICHSIEMYIO perpeccuei, B 001Iei qucnepcun pe3yabTaTUBHOTO MPU3HAKA!

2 2

O-OCT —_ J‘baKT
Py, =1-— =% (1.22)
Jy Jy

T.e. HMEeT TOT JKE€ CMBICH, 4YTO W B JIMHEHHOW pETPECCHH,
> 1 A~ _\2
U(baKT - EZ yx y :

2
NHnexc nerepMuHainiu Py, MOXHO CPaBHHBATH C ko3 dureHToM

2 ..

AeTepMUHALMK [ s 000CHOBaHUSI BO3MOXKHOCTH NMPUMEHEHHUS JIMHEHHOU
2

¢dbyukiuu. Yem Oosbllie KpUBHU3HA JIMHUM PErpecCHMU, TEM BeJIUYUHA Ny

2 o
MCHBIIC pxy A OJM30CTHh ATHX MOKa3aTeien YKa3bIBaA€T Ha TO, YTO HCT

HEOOXOAMMOCTH YCJIOXKHATh (OPMY YypaBHEHUSI PErpecCUd M  MOXKHO
UCIOJIb30BATh JIMHEHHYIO (QYHKIIHIO.
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HH,Z[CKC ACTCPpMHUHAIIMKU UCITOJIB3YCTCA AJIA ITPOBEPKU CYIMICCTBCHHOCTH B

11€JI0M ypaBHeHus perpeccuu o F -xpurepuro ®umepa:

_ o -m-1
F = ek ,
P m

(1.23)

riue ,Ofy — UHJACKC aerepMuHaIiu, N — yuciao HaOmoaeHUH, M — Yucio
IapaMeTpoB Ipu nepeMeHHoi X. @aktudeckoe 3Hayenue F -kpurepus (1.23)
CpPaBHHMBAETCsl ¢ TaOJIMYHBIM MPH yPOBHE 3HAUUMOCTH O W YHCIE CTereHen
cBoGomsl K, =N—m=1 (anst ocrarounoii cymmbr kBaaparos) u K, = M (s
(bakTOpHOI CyMMBI KBaIpaTOB).

O KayecTBEe HETMHEHHOI'O YPaBHEHUS PETPECCUU MOXKHO TAKXKE CYIAUTh
U IO CpelHeH OmMOKe anmpoKCUMAIMHU, KOTOpasi, Tak K€ Kak U B JMHEHHOM
cirydae, Beraucisiercs o gopmyne (1.8).

Paccmorpum mpumep u3 maparpada 1.1, mpeamosoxkuB, 4YTO CBSI3b

MEXAY TMpU3HAKAMH HOCHUT HEIMHEHHBIM XapakTep, M HaWJeM MapaMeTphl

CIIELYIOLINX HEJMHEHHBIX YPaBHEHHIA: y=a+blhx+eg,
y=a+bQ/x+cuy=alX &.
Jlnn Haxoxpuenus mapamerpos perpeccun Y, =a+bONX nenaem

sameHy Z =N X u cocraBisem BeromoratenbHyo Tabiuiy (€ =Y — Y. ).

Taomuma 1.5
X z y zly z° y2 g/x & &? A

1 2 3 4 5 6 7 8 9 10 11

1 12 | 0182 09| 0164 0033 081 0499 0401 0,1618458

2 31 | 1131 12| 1,358 1280 144 1508 -0,308 (0042564

3 53 | 1668| 18| 3,002 2781 326 20718 -0278 @0F71543

4 74 | 2001| 22| 4,403 4,006 484 2433 -0,233 @,05410,57

5 96 | 2262| 26| 5881 5116 6,76 2,709 -0,109 ®O0I1 4,20

6 11.8| 2468 29| 71571 6,092 841 2929 -0.029 GROD 0,99

7 145| 2674| 33| 8828 7,151 1089 3148 0152 3202 4.62

8 18,7| 2,929| 38| 11,128 8576 1444 3418 0,382 4591 10,05

Wroro | 71,6 | 15,315| 18,7| 41,918 35,035 50,83 18,120 -0/0205688 | 116,08

Cpeance | go5 | 1914| 234| 5240 4379 6,35 - . 0,011 14
BHAYCHUC

o — | 0846 | 0,935 — — _ — — - —

o2 - | 0,716 | 0,874 — - — — - - -

Haiinem ypaBHeHune perpeccun:
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cov(z,y) _5,240- 1,91412,34 .
- > = :1,06\:,
ag 0,716

z

a=y-blz=234-106311,914 0,3

b

T.e. nonyuaem ciexnytomee ypasuenue perpeccun: Y, = 0,305+ 1,063] Ix.

Teneps 3anonHseM cToa016I 8-11Hamel TaGIuIbI.

Nunekc koppensuun HaxoauM 1o popmyne (1.21):

o’ 0,0711
= [1—=0 = /1— ! = 0,95¢,
Py aj 0,874

a MHIEKC IeTePMHHALUU pfy =0,91€, xoropeii noxaseBaer, uto 91,8%

BapMallMi PE3yJILTATUBHOIO IPHU3HAKA OOBICHIETCS BapHalMedl MpH3HaKa-
dakrtopa, a 8,2%npuxoautcs Ha AOIIO IPOUYHX (HaKTOPOB.

Cpenuss ommbka anmnpokcumauun: A =14,51%, uro HexomycTHMO
BEJIMKO.

F -xpurepnii ®umiepa:

0,919 D8— F1 68,07

,0X2y dﬁ—m—lz
1- 0, m 1-0,919 1

3HaYMTENBHO peBbimaet tabmuanoe F_ . =95,99.

N300pa3um Ha rpaduke UCXOIHBIEC TAHHBIE U JIMHUIO PErPECCUU:

4,0
3,5—-
3,0—-

2,5—. /
20

1,5

1,0 H

0,5 -




s HaXOXKIEHHs IapaMeTpoB perpeccuu Y, = a+bE«l& JeJIaeM

3aMeHy Z = \/; M COCTaBJIsIE€M BCIIOMOTraTenbHyI0 Tabmuiy (€ =Y —Y, ).
Taomuna 1.6
2 " 2
X | z y |1z 2 |y Yy £ £ A

145| 3,81 3,3 12,5714,5| 10,89| 3,259 0,041 0,0017,20
18,7| 4,32 3,8 16,4318,7 | 14,44| 3,740 0,060 0,0036.,58
Hroro | 71,6| 22,5 18,7| 60,2471,6 | 50,83 18,700 -0,001| 0,0619 39,82

1 2 3 4 5 6 7 8 9 10 11
1 12| 1,10 0,9 099 172 0,81 0,734 0,1p6 0,0218,46
2 31| 1,76 1,2 2,11 3,1 1,44 1,353 -0,153 0,02B577
3 53| 2,30 1,8 4,14 5,3 3,24 1,8%7 -0,057 0,003319
4 74| 2,72 2,2 598 74 4,84 2,247 -0,047 0,002212
5 96| 3,10 2,6 8,06 9,6 6,76 2,599 0,001 0,000005
6 11,8| 3,44 2,9 99 118 841 2912 -0,012 0,00042
7

8

Cpemsce | g g5 | 2go| 234| 753 895 635 - —-|  0,007%,98
BHAYCHHUC
o — [ 1,00] 0,935 — — — — — — —
o2 — | 1,00| 0,874 - - —~ - - —~ -
Haiinem ypaBHEHUE perpeccuu:
cov(z, 7,53- 2,8212,34
b= (2 V) £ 0,931,
g, 1,00
a=y-blZ=2,34-0,93112,82 - 0,2¢.
T.e. [0JIy4yaeM CIenyroLIee ypaBHEHUE perpeccuu:

9X =-0,286+ 0,93L/x. Teneps 3anonnsiem cronOupl 8-11 Hamei

TaOIALIBL.

WNunekc koppensuun HaxoauM 1o popmyne (1.21):

o 0,0077
= 1-— = 1-———— = (,99¢,
Py ‘\/ aj \/ 0,874

a MHIEKC JeTEPMHHALUM ,02 =0,99], xoropsiii mokaseBaer, uto 99,1%

BapHallMyl pe3yJbTaTUBHOTO MpH3HAKAa OOBSICHSIETCS BapUalMeill MpHU3HaKa-

dakropa, a 0,9%npuxoautcs Ha AOTO NPOUYHX (HAKTOPOB.

Cpennss omubOKa anmpoKCHMALUH: A=0,04997100% 4,98¢

ITOKa3bIBACT, YTO JIMHUA PErpeCCUU XOPOLIO HpI/I6J'II/I}KaCT HCXOJHBIC NaHHBIC.
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F -xpurepuiit ®Gumepa:

2
,OXy2 f-m 1_ 0,991 D8— 1l 660 67,
1—pr m 1- 0,991 1

. =5,99

N300pa3um Ha rpaduke UCXOAHBIEC TaHHBIE U JIMHUIO PErPECCUU:

3HAYUTEIBHO MpeBbInaeT Tabmuanoe F

40
35 ]
3,0-
25
20
154

1,0 -

0,5

0 2 4 6 8 10 12 14 16 18 20

Puc. 1.7

Jns HaxoxIeHus napamMeTrpoB perpeccun Y = alx’ & HEO00XO0AUMO
IMPOBECTU €€ JIMHCAPU3AINTO0, KAK OBLIO ITOKA3aHO BEIIIIE:

Y=A+b[X +E,
rie Y =Iny, X =Inx, A=lna, E=In¢.

CocTaBisieM BCIIOMOTATENbHYIO TaONMUIly A MpeoOpa3oBaHHBIX

TAHHBIX:
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Taomuna 1.7

X Y | XLIY | X2 Y? Y, £ £? A

1 2 3 4 5 6 7 8 9 10
1 0,182| -0,205 -0,01%9 0,033 0,011 0,8149,0851 | 0,0072 9,46
2 1,131 | 0,182| 0,206 1,280 0,033 1,37440,1747| 0,0305 14,56
3 1,668 | 0,588| 0,980 2,781 0,345 1,8473,0473| 0,0022 2,63
4 2,001| 0,788| 1,578 4,006 0,622 2,2203,0203| 0,0004 0,92
5 2,262 | 0,956| 2,161 5116 0,913 2,562D,0373 | 0,0014 1,43
6 2,468 | 1,065 2,628 6,092 1,134 2,8718,0287 | 0,0008 0,99
7 2,674 | 1,194| 3,193 7,150 1,425 3,2169,0835 | 0,0070 2,53
8 ¢ 2

2929 | 1,335 3,910 8,57 1,78 3,7009,0996 | 0,0099 2,62
Hroro | 15,315| 6,002 | 14,637 35,035| 6,266 | 18,608 0,0919 | 0,0593 35,14

Cpennee 1,914 | 0,750/ 1,830 4,379 0,783 - - 0,0074139

BHAYCHHC

o 0,846 | 0,470 - - - — - — —
ok 0,716 | 0,221 - - - — - - -

Haiinem ypaBHeHune perpeccun:

. cov(X,Y) _1,830- 1,91410,750

) =0,55],
Oy 0,716
A=Y -b[X =0,750- 0,55111,914 - 0,3
T.e. 1ojry4yaem cienyoliiee YpaBHEHHE perpeccuu.

Yx =-0,305+ 0,551X . Ilocme noTeHIMPOBAHUSA HAXOAUM HCKOMOE

YPAaBHEHHE PETPECCHUMU:
y, =0,7370°%".

Tenepb 3anonHseM cToa01bl 7-10Hamel TaGIuIbI.

Nunekc koppensuun HaxoauM 1o popmyne (1.21):

o? / 0,0074
= []-=0r = [1-21""" = ()’985,
Py aj 0,221

a MHIEKC JEeTePMUHALMH ,02 =0,967, xoropslii nokassiBaer, uro 96,7%

Bapualuu PpeE3yJIbTaTUBHOI'O IIpHU3HAKa 00BACHSICTCS Bapnauneﬁ IIpU3HaKa-

dakrtopa, a 3,3%npuUxoaAUTCs Ha A0 NPOYHX (HaKTOPOB.

Cpennsis ommbOka anmpokcumanuu: A =4,39% noxaseiBaer, uTO

JIUHUA PErpeCCrumr XOpoI1Io HpI/I6J'II/I}KaCT HCXOJHBIC NaHHBIC.
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F -xpurepnii ®umrepa:

2
F= ,0Xy2 -m 1_ 0,967 D8— i 1:175,82,
1- 0y m 1- 0,967 1

=5,99.

3HAYUTCIBbHO IMPCBLIIIACT tabmuunoe F

TalI

N300pa3um Ha rpaduke UCXOAHBIEC TAHHBIE U JIMHUIO PErPECCUU:

4,0

3,5

3,0 H

2,5 -

2,0 -

1,5

1,0

05 +—1—"7+—"F—"—"F—+—F—""T—"—"1"

Puc. 1.8.
CpaBHHM ITOCTPOCHHBIC MOJICIIU 110 MHACKCY NETEPMHUHAIIUN U CPEAHEH

omnOKe anmpoOKCUMAIINU:

Tabmumna 1.8
Wunexc nerepmMuHanuy, Cpennss omubKa
Moner R? (r)g/! ,Ofy) aIIpOKCHMALHH, A, %
JInnelinas MO€eb,
S\/X — a+bX 0,987 6,52
[Tomynorapudmuyeckas
_ MOACT®, 0,918 14,51
y, =a+blnx
Mopaenb ¢ KBaApaTHBIM
_ KopHewm, 0,991 4,98
y, =a+b Q/x
CrerieHHast MOJICIIb,
y=a OC (& 0,967 4,39
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HaubGonee xopomo HCXOOHBIE AAaHHBIE ANMPOKCUMHUPYET MOJAEIH C
KBaJIpaTHbIM KopHeM. Ho B JaHHOM cilydae, Tak Kak MHAEKChI AETEpMUHALUU
JUHEHHON MOJENIM U MOJENIH C KBaJAPATHBIM KOPHEM OTJIMYAIOTCS BCErO Ha

0,004,10 BnosiHE MOXXHO O0OHTHUCH O0JIee TPOCTOMN TMHENHONU PYHKIIHEH.
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2. MHO)kecTBeHHAsl perpeccus U KoppeJasauuns

[lapnasi perpeccusi MOXKET JaTh XOpPOLIUM  pe3ylbTaT MpH
MOJICJIMPOBAHUHU, €CIIM BIMSHUEM JpYyrux (HakTOpoB, BO3ACHCTBYIONIMX Ha
OOBEKT HCCIEOBAHUSA, MOXXHO TIpeHeOpeub. Ecmm ke O3TUM BIUSHHUEM
npeHeOpeyb Helb3sl, TO B 3TOM CJIy4ae CJeAyeT NOMbITaThCs BBISIBUTDH BIUSHUE
apyrux ¢GakTopoB, BBeAs UX B MOJENb, T.€. IMOCTPOUTh YypaBHEHUE

MHO>KECTBEHHOW PETPECCUU

y="f (X, X, o X,) +E,
rae Y — 3aBucuMas mepeMeHHas (pe3yJNbTAaTUBHBIA INpPU3HAK), X —

HE3aBUCHMBbIE, WM O0BACHSIONINE, TIepeMeHHbIe (TPU3HAKU-(PAKTOPHI).
MHOKECTBEHHAsi pEerpeccus IIMPOKO KCIOJB3YETCd B  PEIICHUU
npoOjemM crpoca, JAOXOAHOCTU aKIUW, MPU HU3YyYEHUU (PYHKIUU H3AEPIKEK
MIPOU3BOJICTBA, B MAaKpPOIKOHOMHUYECKUX pacyeTax U IeJIOM psiie APYrux
BOIIPOCOB 3KOHOMETPUKHU. B HacTosiee BpeMsi MHOKECTBEHHAs perpeccust —
OJIUH U3 HauboJiee PacIpOCTPAHEHHBIX METOAOB B AKOHOMETpHKe. OCHOBHAS
11eJTh MHOXKECTBEHHON PETPECCHUU — MOCTPOUTH MOJENb C OOJBIINM YHUCIOM
(aKkTOpOB, ONMPENETUB MPU ITOM BIUSHUE KaXKJOTO U3 HUX B OT/AEJIBHOCTH, a

TAKKC COBOKYITHOC NX BOBH@ﬁCTBH@ Ha MOI[eJII/IpyeMIJﬁ I10Ka3aTcCliib.

2.1.Cnenuduxanus moaeau. Otéop ¢paxkTopoB Npu NoCTPOEHUH

YPaBHEHHs MHOKeCTBEHHOH perpeccuu

[TocTpoeHne ypaBHEHUsST MHOXECTBEHHOW PErpeccHd HayMHAETCA C
penieHust Bonpoca o creuuukanuu Mmoaenu. OH BKItouaeT B ceOs JBa Kpyra
BOIIPOCOB: 0TOOP (DaKTOPOB U BHIOOP BHUIa YPABHEHUS PETPECCUH.

BxitoueHue B ypaBHEHHE MHOKECTBEHHOM PErpeccuy TOr0 WM WHOIO
Habopa (PaKTOPOB CBSA3AHO MPEXKIE BCETO C MPEICTABICHUEM UCCIIEI0BATENS O
NPUPOJE  B3aMMOCBSI3U  MOJECIMPYEMOIO  IOKa3aTedass C  APYIUMH
HKOHOMUYECKUMH SIBJICHUSIMU. DaKTOPBI, BKIIOYAEMble BO MHOKECTBEHHYIO

perpeCcCuro, A0JKHBI OTBCYATL CIICAYIOIIHUM TpC6OBaHI/IHM.
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1. OnHu [0WKHBI OBITh KOJMYECTBEHHO u3MepuMbl. Eciu
HEOOXOAMMO BKJIIOYUTHh B MOJENb KAaYECTBEHHBIM (HakTOp, HE HMEIOIIUN
KOJIMYECTBEHHOI'O H3MEPEHUS, TO €My HYXHO NPHAATh KOJIMYECTBEHHYIO
ONPEAECICHHOCTD.

2.  ®akTOophl HE AOKHBI OBITh MHTEPKOPPEIUPOBAHBI U TEM OoJjee
HAXOJUTHCS B TOYHOM (DYHKIIMOHAIBHOMN CBS3H.

Bxitouenue B Mojienb (hakTOPOB € BBICOKOW UHTEPKOPPEIISIIIUEH, MOXKET
IPUBECTH K HEXKEJIATEIbHbIM IOCIEACTBUSAM — CHCTEMA HOPMAaJIbHBIX
YpaBHEHUN MOXKET OKa3aThbCs IUIOXO OOYCIOBJICHHOW W TOBJEYh 3a COOOMU
HEYCTOMYUBOCTh U HEHAJIEKHOCTh OLIEHOK KO3 (UIIMEHTOB PErPECCUH.

Ecnu mexnay ¢dakropamu CyIiecTBYeT BBICOKAsh KOPPETSAIUs, TO HENb3s
ONPEACINTh UX U30JMPOBAHHOE BIMAHUE HA PE3yJIbTATUBHBIN MOKA3aTENb U
napaMeTpbl YpaBHEHUS PETPECCUH OKA3BIBAIOTCS HEMHTEPIIPETUPYEMBIMH.

Bxirouaemble BO MHOXKECTBEHHYIO pErpeccrto (akToOpbl JOJIKHBI
OOBACHUTH BapHAILIMIO0 HE3aBUCUMOUN mepemeHHou. Eciau ctpoutcss Monens c

HabopoM M (¢dakTOopoB, TO [JII HEE PACCUUTHIBAETCSA IOKa3aTelhb

JeTepMUHALUN R?, KOTOpBIM (UKCUpPYET 00 OOBSCHEHHON BapHaluu
pEe3yNbTATUBHOIO IPU3HAaKa 3a CYET pacCMaTpPUBAaEMbIX B perpeccur M
¢daktopoB. BiusiHue Apyrux, He yYTEHHBIX B MOJENH (PAKTOPOB, OLIEHUBAETCS
kak 1— R? ¢ cootBercTByrowmeii ocratouHoi aucmepeueii S°.

[Ipy JOMOJHHUTENBHOM BKIKOYEHMH B perpeccuro M+1  ¢dakropa
KO3 (ULMEHT NEeTEPMUHALIMN JTOJKEH BO3pacTaTh, @ OCTaTOYHAs JUCIIEPCUS

YMEHBIIATHCSL:
2 2 2 2
R..2R, n S..<S.
Ecy ke 3TOro He NPOUCXOIUT U JJaHHbIE MOKA3aTeIN NPAKTUUECKU He
OTJIMYAOTCS JPYT OT JAPYra, TO BKIIOYAaEMbId B aHamu3 Gakrtop X .. He

yIIydliaeT MOJEIb U MPAaKTHUECKH SBIIACTCS JUIIHUM (PaKTOPOM.
Hacpiiienue Mozaenu JUIIHUMHM (AKTOPaMHM HE TOJBKO HE CHMXKAET

BCIIMYHHY OCTaTOYHOM AUCIICPpCM W HC  YBCIIMYMBACT  110KA3aTCJIb
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JeTepMUHAIIMHU, HO U TIPUBOJUT K CTATUCTUYECKON HE3HAUNMOCTH MapaMeTpOB
perpeccuu no kputeputo CThIOICHTA.

Taxum 00pazom, XOTS TEOPETHUECKU PETPECCUOHHAS MO/IETh MO3BOJISIET
ydecTb J1000e 4ucio (pakTopoB, MPAKTUUYECKH B 3TOM HET HEOOXOIUMOCTH.
Ot60op (HakTOpOB MPOU3ZBOIUTCA HA OCHOBE KAY€CTBEHHOTO TEOPETHUKO-
HPKOHOMHMYECKOro aHanmu3a. OJHAaKO TEOPeTHUECKH aHalu3 dYacTo He
MO3BOJISIET OJJHO3HAYHO OTBETUTH HA BOMPOC O KOJUYECTBEHHOW B3aUMOCBS3H
paccMaTpUBaeMbIX NMPU3HAKOB U LIEJIECOOOPAa3HOCTH BKIIOYEHHS (akTopa B
Mozensb. [ToaToMy 0T60p pakTOpOB OOBIYHO OCYILIECTBISETCS B IBE CTAAUU: Ha
nepBoi moaduparoTcsi GakToOphl UCXOS U3 CYITHOCTH MPOOJIEMBI; HA BTOPOU —
Ha OCHOBE MAaTpPHIIBI MOKa3aTeNel KOPPENsSUud ONpPeNesiioT CTATUCTUKH IS
HapaMeTPOB PErPECCHH.

Koadpdummentsr  uHTEpKOppENSIUU  (T.6.  KOPPEISIIHA  MEXKIY
OOBSICHSIOIIMMHU ~ MEPEMEHHBIMH)  IMO3BOJIIIOT ~ WCKIIIOYaTh M3  MOJEIH
ayonupytomue  ¢dakropbl. CuuTaercs, 4YTO JBE IEPEMEHHBIE  SBHO

KOJUTMHEAPHBI, T.€. HAXOAATCS MEXKIy coO0M B JIMHEHHOM 3aBUCUMOCTH, €CIIU

I’Xixj >0, 7. Ecmu Gakropsl SBHO KOIUIMHEAPHBI, TO OHHM IyOIUPYIOT APYT

apyra ¥ OJMH M3 HHX PEKOMEHIYETCS MCKIIOUUTh W3 PErPecCHUM.
[Ipeanourenue npu 3TOM OTHAAETCS HE (PakTopy, O0jiee TECHO CBA3AHHOMY C
pe3ynbTaToM, a ToMy (akTopy, KOTOpBIM MPHU JTOCTATOYHO TECHOU CBS3H C
pe3ybTaTOM UMEET HAaWMEHBUIYI0O TECHOTY CBSI3H C Apyrumu (aktopamu. B
TOM TpeOOBaHUU MPOSBISETCS crenu(rka MHOXKECTBEHHOM PErpeccHu Kak
METO/1a UCCIEA0BaHUSI KOMILIEKCHOTO BO3ACHCTBUSA (DAKTOPOB B YCIOBUIX UX

HE3aBHCUMOCTH JPYT OT JApyra.
[IycTp, Hanpumep, NpU MW3YYEHHM 3aBUCUMOCTH Y = f(Xl, X, X3)

MaTpulla NapHbIX KOAOUIIMEHTOB KOPPENSALUU OKa3adach CleTyONIei:
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Tabmuna 2.1

X % X3
y 1 0,8 0,7 0,6
X, 0,8 1 0,8 0,5
X, 0,7 0,8 1 0,2
X, 0,6 0,5 0,2 1

OueBuaHO, 4TO (QakTOpbl X, M X, XyOnupyroT apyr apyra. B anamus
1IeJIECOO0Pa3HO BKIIOUUTH (akTop X,, a HE X, XOTA Koppemsiuus X, ¢

pesyneratoM Y  cmabee, uem Koppemsinus (Qakropa X ¢ Y

(I‘yx2 =0,7< My, = O,%, HO 3aTO 3HAYUTENBHO ciabee MexdaKkTopHas

koppemsius - Ty =0,2< lx, = 0,5 Tlostomy B panHOM ciyuae B

YPaBHEHHE MHOKECTBEHHOM PErpecCcuy BKIIOYAIOTCS GakTOphl X,, X;.

[To BenwumHe MapHBIX KOIPHUIIMEHTOB KOPPEISAIMU 0OHAPYKUBACTCS
JUIIb SIBHAS KOJUIMHEAPHOCTh (akTopoB. Hambombmime TpyaHOCTH B
WCIIOIb30BAaHUM ammapara MHOXXECTBEHHOM pEerpeccr BO3HUKAIOT IIPHU
HAJIMYUU MYJIbTUKOJUIMHEAPHOCTH (PaKTOpoB, Koraa Oosee ueM nBa (axTopa
CBSI3aHBI MEXAy CO0OH JIMHEHHON 3aBUCHMOCTBIO, T.€. HMEET MECTO
COBOKYMHOE  Bo3jciicTBUEe  (akTopoB Japyr Ha apyra. Hamwuwme
MYJTbTHUKOJTTHHEAPHOCTH (DAKTOPOB MOXKET 03HAYATH, YTO HEKOTOPHIC (PaKTOPHI
OynyT Bcerja ACHCTBOBAaTH B YHHCOH. B pe3ynbTaTe Bapwarus B UCXOJHBIX
JAHHBIX TIepecTaeT ObBITh TOJHOCTHIO HE3aBUCHUMOW W HENb3s OICHUTH
BO3/ICHCTBUE KAXKI0TO (haKTopa B OTACIbHOCTH.

Bxmtouenue B MozieNib My IbTHKOJUIMHEAPHBIX (PAKTOPOB HEKETATEITHHO
B CHUTY CIIEAYIOIIUX MTOCIIEICTBUN:

1. 3arpyaHseTcss UHTEpIpeTalus MapaMeTpoB MHOXKECTBEHHOU
perpeccur Kak XapakTEPUCTUK JCUCTBUS (PAKTOPOB B <«HHCTOM» BHJE, OO
(GakToppl KOPPEIWPOBAHBI, MMapaMeTpbl JMHEHHOW perpeccuu TepsioT

YKOHOMUYECKUI CMBICII.
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2. OneHkd mnapaMeTpoB HEHAACKHBI, OOHAPYXKHUBAIOT OOJbIINE
CTaHJapPTHBIC OIIMOKK M MEHSIOTCS ¢ M3MEHEHHEM o0beMa HaOmoaeHuil (He
TOJILKO T10 BEJIMYHMHE, HO U IO 3HAKY), YTO JeJaeT MOJIEIb HEMPUTOTHON st
aHaJn3a 1 MPOrHO3UPOBAHUS.

JUi1st OLIeHKH MYJIbTUKOJUIMHEAPHOCTH (PaKTOPOB MOXKET UCIIOTIB30BAThCS
OTpeAeNUTeNb MATPHUIBl MApPHBIX KOIPPUIUEHTOB KOPPEISALUUA MEXKIY
(dhaxkTopamu.

Eciu Obl ¢akTopbl He KOpPpEIUpOBalid MEXIy COOOH, TO Marpuia

napHbIX  KOA(G(ULIHMEHTOB KOppemsiuuu Mexay (axtopamu Obiia  Obl

€IMHAYHOMN ManHHCﬁ, INIOCKOJIBKY BCC HCAMWAroHaJbHLIC J3JICMCHThLI rxix_
J

(i # j) Obun Obl paBHBI HymO. Tak, AJ ypaBHEHHUS, BKIIIOYAIOIIETO TPHU
OOBSICHAIOIIUX MTEPEMEHHBIX

,)\/:a+bl)(1+b2X2+b3XE
MaTpula Ko3()(PUIMEHTOB KOppemsiuuu Mexay QakTtopamMu wumena Obl

OTIPEACIUTENb, PABHBIN €UHHUIIC:

rxlxl rx1x2 rxf<3 1 O
DetR =1 T, Txx=|0 1 0=1
rxsxl rX3X 2 rX X3 0 O

Ecnu e, Hao00poT, Mexay (akTopaMu CYIIECTBYET MOJIHAS JUHEHHAs
3aBHCHUMOCTh W BC€ KOI(D(PHUIMEHTHl KOPPESLUU pPAaBHBl EIUHUIE, TO

ONpeIETUTENb TAKOW MaTPUIIbl PABEH HYJIIO:

rxlxl rx1x2 rxf<3 1 1
DetR =, T, Txl=11 1 1=C
rxsxl rX3X 2 rX X3 1 1

Uem Ommke K HYJIIO ONPEAEIUTENh MATPULIBl  MEX(PaKTOPHOU
KOPPETSIUHU, TEM CUIIbHEE MYJIbTHUKOJIIMHEAPHOCTh (PAaKTOPOB U HEHAJEC)KHEE

pe3ynbTaThl MHOXKECTBEHHOU perpeccuu. M, Ha060poT, uem Oinke K eJUHULEe
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OTpeAeNUTeNb MAaTPHUIBl MEXK(PAKTOPHONH KOpPPENAlHMH, TEM MEHbIIE
MYJTbTHKOJTHHEAPHOCTH (PaKTOPOB.

CymiecTByeT psl MOIXOJOB TPEOJOJICHHS] CUIBHOW MexX(paKTOPHOM
Koppemsiiuu. CaMblii TIPOCTON TMyTh YCTpPaHEHHs] MYJIbTUKOJUTHHEAPHOCTH
COCTOMT B HCKJIIOYECHHH W3 MOJEIHA OJHOTO WM HECKOJIbKHUX (aKTOpPOB.
Jpyroii moaxon cBsizaH ¢ TpeoOpa3oBaHueM (DAKTOPOB, MPH KOTOPOM
YMEHBIIIAETCS] KOPPESIIIHS MEKTy HUMHU.

OnHuM W3 MyTeH ydeTa BHYTpPeHHEH Koppemsuuu (akTOpOB SIBISETCS
MepexoJ K COBMELIEHHBIM YpPaBHEHHSIM pErpeccud, T.e. K YpPaBHEHHUSM,

KOTOPBIC OTpaXKarOT HC TOJIbKO BIUAHHC q)aKTOPOB, HO U HUX BSaHMOHCﬁCTBHC.

Tak, ecmu Y= f (Xl, X2,X3), TO BO3MOXXHO IHOCTPOCHHUE CIEAYIOIIETO

COBMCIICHHOI'O YPaBHCHUA.

y=a+bx +bx,+bx;+b XX ,+b Xx b X% Fe€.

PaccmaTpuBaeMoe ypaBHEHHE BKJIIOYAET B3aMMOJICHCTBUE IEPBOTO
nopsizika (B3auMojielicTBre IBYX (pakTopoB). Bo3MOXKHO BKIIIOUECHHE B MOJICITH
M B3aMMOJICHCTBUI 0Oo0jiee BBICOKOTO IMOpsAKAa, €Clu OyAeT M0oKa3aHa WX
CTAaTUCTUYECKAs 3HAYUMOCTH 10 F -kpurepuro ®Pumepa, HO, KaK IPABMUIIO,
B3aMIMOJICHCTBUSL TpPEThero W 0o0Jiee BBICOKMX TMOPSIKOB OKA3bIBAIOTCS
CTaTHUCTUYECKU HE3HAYMMBIMH.

Ot60op (akTOpOB, BKIIOYAEMBIX B PETPECCHIO, SBISIETCS OJHHUM U3
BRKXHEHUIIUX HSTAnoB MPAKTUYSCKOTO HCIIOJIB30BAHMS METOJIOB PErPEeCCHUH.
[Tonxompl k 0oTOOpPY (DaKTOPOB Ha OCHOBE TMOKa3aTeseld KOPPENSAIHUA MOTYT
ObITh pasHble. OHU TNPUBOAAT IOCTPOCHUE YPAaBHEHHS MHOXKECTBCHHOMN
pETrpeccu COOTBETCTBEHHO K pa3HbIM METOJHWKaM. B 3aBUCHMOCTH OT TOTO,
Kakasi METOJWKa ITOCTPOCHHUS YpaBHEHUS PETPECCHH IPHUHSATA, MEHSICTCS
IrOpHUTM €€ penieHus: Ha OBM.

Haubonee mupokoe MpUMEHEHHE TMOIYYMIA CICIYIOIINEe MEeTObI
MOCTPOCHHMS YPAaBHEHHUS MHO)KECTBEHHOU PErpecCcuu:

1. Meroa UCKIIOYEHUS — OTCEB (PAKTOPOB U3 MOJIHOTO €ro Habopa.

44



2.  Meron BKIIIOUCHHUS — JOTIOTHUTEIHLHOE BBEEHNE (haKTOpaA.

3. [ITaroBepiii pPETPECCHOHHBIM AHAIIU3 — MCKIIOYECHUE paHee
BBEJICHHOTO (haKTOpa.

[Ipu orbGope (akTOpoB TaKkKe PEKOMEHAYETCS  IO0JIb30BAThHCS
CICAYIOIIMM MPABUJIOM: YHCJIO BKJIIOYAaEeMbIX (PaKTOpOB OOBIYHO B 6—7 pas
MEHbIIIe 00BbEMa COBOKYITHOCTH, IO KOTOPOM cTpoutcs perpeccus. Ecmu 31o
COOTHONIIEHHE HAPYIIEHO, TO YHUCJIO CTEMeHedl CBOOOJbl OCTATOYHOM
JTUCTIEPCUU OYEHb MaJIO. DTO MPUBOAUT K TOMY, UYTO MapaMeTphl YPaBHEHUS
pErpeccHn OKa3bIBAIOTCS CTAaTUCTUYECKM HE3HAYUMbBIMHU, a F -kpurepwmii

MEHBIIIE TAOJIMYHOIO 3HAYCHHUS.

2.2.Metoa naumenbiux kpaaparos (MHK).

CsoiicTBa onieHOK Ha ocHoBe MHK

Bo3MOXHBI pasHble BUABl YPAaBHEHHW MHOXKECTBEHHOW PETPECCHUMU:
JINHEWHBIC U HEJIMHENHBIC.
BBuay derkoil uHTepmpeTanMM MapaMeTpoB HauOoyiee IMIUPOKO

UCIOJNIb3YyeTCs JUHeHas QyHKuusa. B nuHeHONW MHOXECTBEHHOW perpeccuu

A

y,=a+bx +bXx,+...+b X mapamerpsr npu X  Ha3BIBAKOTCA

koaduimenTaMu  «aucTon» perpeccud. OHU  XapakTEPU3YIOT CpeaHee
W3MEHEHHE pe3yJabTaTa C HM3MEHEHHEM COOTBETCTBYIOIIEro (hakTopa Ha
€MHUILY TIPU HEM3MEHEHHOM 3HAY€HUU JIPYTuX (haKTOPOB, 3aKPEIJICHHBIX Ha
CpPEAHEM YPOBHE.

PaccMoTpuM IMHENHHYIO MOAENIb MHOKECTBEHHON PETPECCUN
y=a+bx +bXx,+...+b x +¢&. (2.1)
Kiraccuuecknil moaxoa K OLEHUBAHUIO IMAPAMETPOB JTUHEUWHOW MOJEIIH
MHO>KECTBEHHON PETPECCUM OCHOBAaH Ha METOJAEC HAMMEHBUIMX KBaJIpaTOB

(MHK). MHK mo3BosisieT moJryduTh TaKHe OLEHKU MapaMeTpoB, PH KOTOPHIX

CyMMa KBaapaToOB OTKJIOHCHUM (I)aKTI/I‘ICCKI/IX 3HAYCHUU PE3YIbTATUBHOTO

~

npu3Haka Y OT pacueTHBIX Y MUHHMAaJIbHA.
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Z(yi_glxi )2 -~ min. (2.2)

i
Kak u3BecTHO W3 Kypca MaTeMaTHYeCKOTO aHalu3a, JJIsl TOTO 4YTOObI
HAaWTH SKCTpeMyM (GYHKIUU HECKOJBKUX MEPEeMEHHBIX, HAJ0 BBIYUCIUTH
YaCTHBIE IIPOU3BOJHBIE IEPBOI0 IMOPsAAKA IO KaXIOMY M3 IapaMeTpoB U
IIPUPABHATH UX K HYJIIO.

Urak. Umeem pynkuuo M+ 1 aprymenra:

— 2
S(al b_ls b21 ""bm)_Z(y_a_blxl_bZXZ_ ..._bmxm) .
HaXOI[I/IM YaCTHBIC ITPOU3BOJHBIC IIEPBOIO IMOPAJIKA.

[0S
a =-2> (y-a-bx —bx,~..=b x,)=0;

_:_zle(y_a_blxl_bzxz_"'_bmxm) =0

[Tocne »sneMeHTapHBIX MpeoOpa3oBaHUM MPUXOAMM K CHUCTEME
JIMHEVHBIX HOPMAJIBHBIX YPAaBHEHUH JUIS1 HAXO0XKIACHUS [IapaMeTPOB JJMHEUHOTO

ypaBHEHHUs MHOKECTBEHHOM perpeccu (2.1):

na+b > x +b,> x,+..+b Y x =>"y,
< ay X+ X +b,> XX, +h > XX =)y, 2.3

@Y X, T Y XX, +0,) XX+t Y X =Dy
s aByx(akTOpHOM MOJIeNIU JaHHAs cucTema OyJ1eT UMETh BU/I:
‘na +hY % +bh Y x, =)y,

ay x+hY xf +b,) xx,=> yx,

Lasz +b ) XX, +b, > X5 =D yx,

N
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Merox HaWMEHBIIMX KBAAPAaTOB NPUMEHMM M K YPaBHEHHUIO

MHO>XE€CTBEHHOU perpeCCrun B CTAHAAPTHU3UPOBAHHOM Macimirade:

ty = lgltxl +ﬁ2tx2 +"'+ﬁmtxm +&, (24)

CpelHee KBaJpaTHYeCKOe OTKIOHEHWE paBHO exuHuue: d, =0, =1; ,3, -
y

CTaHIapTU3UPOBAHHBIE KOAP(PUIIMEHTHI PETPECCUHU.
CrannapTu3oBaHHble KOX(PQUIIMEHTb PErpeccuy IMOKa3bIBalOT, Ha

CKOJIBKO €IMHUIl U3MEHUTCS B CPEAHEM PE3YJbTAT, €CIM COOTBETCTBYIOIINAN
(GakTop X HM3MEHHMTCS Ha OJHY €IMHHILy IPU HEU3MEHHOM CPEIHEM YPOBHE

apyrux (GaktopoB. B cmiy TOoro, u4tro Bce mepeMeHHble 3aJaHbl Kak

LEHTPUPOBAHHBIE M HOPMHUPOBAHHBIC, CTAHAAPTU30BaHHBIE KOA(DPUIIUEHTHI

perpeccuu [3 MOKHO CpaBHHBAaTH MeXmy coOoil. CpaBHMBas UX Jpyr ¢

IPYroM, MOXHO paHXUPOBaTh (AKTOpPhl MO CHJIE HUX BO3ACHCTBUSA Ha
pedynpTaT. B 3TOM  OCHOBHOE  JOCTOMHCTBO  CTaHAApTHU30BAaHHBIX
KOd(PhUIIMEHTOB perpeccud B OTIWYHME OT KOAI(PPUIIMEHTOB «IUCTOMN»
perpeccuu, KOTOpble HECPAaBHUMBI MEX]Ty COOOM.

[Ipumenss MHK k ypaBHEHHMIO MHOMXECTBEHHOW pETPECCUM B
CTaHAAPTU3UPOBAHHOM  MaciuTtade, TOJYy4YUM  CHUCTEMY  HOPMAaJIbHBIX

yYpaBHEHUM BHA
(

ryxl = '81 + 182rx1x2 + :B?;rxlx3 Tt lgmrxf(m ,
J ryx2 = lBlrxlxz + 182 + ﬁerlxg Tt ’erxf(m ‘

ryxm = IB:erlxm +ﬁ2rx2xm -I-ﬁ3r1x3xm Tt m?

(2.5)

rae fy, ul — K03 puLMeHTHI mapHOil 1 MeK(AKTOPHOU KOPPETSAIUH.

XX
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Koaddurmentor «IUCTON»  perpeccuu b CBSI3aHbI co

CTaHapTH30BaHHBIMU  Kod(duimentamu perpeccun 3 creayroumm
oOpazom:
g,
b =5 o (2.6)
X
[TosTOMy MOXHO TIEPEXOIUTh OT YPABHEHUS PEIPECCHH B CTAHIaPTH30BAHHOM

macmtabe (2.4) K ypaBHEHUIO pErpeccHd B HATypalbHOM MaciiTade

mepeMmeHHbIx  (2.1), mpm 9TOoM mapamerp @  ompejemsieTcs  Kak
a=y-bx -bX,-..-b,X..
PacCMOTpEHHBII ~ CMBICI  CTAaHAAPTH30BAaHHBIX  KO3((UIHEHTOB

perpeccuu Mo3BOJIIET MX HCIOJb30BaTh IPU OTCEBE (PAKTOPOB — U3 MOJEIU
MCKIIIOYAIOTCs (DAKTOPBI ¢ HANMEHBLIMM 3HaueHneM [ .
Ha ocHOBe ITMHENHOTO YpaBHEHUSI MHOKECTBEHHOU PETPECCHH
y=a+bx +bx,+...+b x +¢ (2.7)

MOTYT OBbITh HAlJIEHbI YaCTHBIE YPABHEHUS PETPECCUU:

fyxllitz,xg),...,xm = f (Xl)’

) 9x2&1,x3,...)<m = f (XZ)’

kyxm@llxzv'"xm—l = f (Xm)’

T.€. YPAaBHEHUSI PETPECCHM, KOTOPBIE CBA3BIBAIOT PE3YyJbTATUBHBIN IPU3HAK C

(2.8)

COOTBETCTBYIOIIUM (AKTOPOM X HPHU 3aKPEIUICHUH OCTalIbHBIX (DAKTOPOB Ha
cpeaHeM ypoBHe. B pasBepHyTrom Buje cucrtemy (2.8) MokHO mepenucarh B
BU/JIE:

Yo xan — AT bX;+bX,+b X *+..+b X, +€,

) YsoBy e — AT bX;+bX,+b X *+..+b X, +€,

1 = a+b171+b2)_(2+bS)_(3-|-'"-'-mem tE.

yxmiitl,xz,...,xm_
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[Ipy momcraHoBKE B OTM  ypPAaBHEHMSA  CPEIHHUX  3HAYCHUU
COOTBETCTBYIOIIMX (DAaKTOPOB OHU IPUHUMAIOT BUJ MApPHBIX YpaBHEHUH

JMHEWUHOU PETPECCHH, T.€. IMEEM

 ~

yxlljtz,xg,,...)(m = Al + blxl’

) yX2&1,X3,...,Xrn = A2 + b2X27

kyxmlitl,xz,...,xm_l = An + mem!

(2.9)

DIS

rAl = a+b272+bj3+...+bm7m,

) Az = a+b171+b373+...+men,

(An=atbX +bX,+bX,+..+b X, .

B omnmuue ot mapHOM perpeccuM 4YacTHbIE YPAaBHEHHSI PErpeccuu

XapaKTepU3yIOT U30JMPOBAHHOE BIUAHME (aKTOpa Ha pe3ynbTar, ubo Apyrue
(akTOpbl 3aKperuieHbl HA HEM3MEHHOM YpOBHE. D(PGEKTbl BIUSHUS IPYTUX
(akTOpOB MPUCOEAMHEHBI B HHUX K CBOOOJHOMY 4YJIEHY YpaBHEHUS
MHOXECTBEHHON PErpeccuu. DTO MO3BOJISIET HA OCHOBE YAaCTHBIX ypaBHEHUI

pETrpeCCHM ONPCACIIATL YaCTHBIC KOC—)(I)(I)I/IHI/ICHTBI 3JJaCTUYHOCTH.

5, =h B—-" , (2.10)

y
yXi B, X2, %=1 X415+ Xm

rme B — xospouumment perpeccunm s dakropa X B ypaBHEHUH

A

MHOKE€CTBEHHOM perpeccuu, — YaCTHOC YpPAaBHCHHUC

yXi5¢1:X2v---Xi—1,Xi+1----Xm
perpeccuu.

Hapsiny ¢ dactHbiMH KO3 UIIMEHTAMU 3JIACTUYHOCTH MOTYT OBIThH
HalJIeHbl CPEeTHUE 110 COBOKYITHOCTH MOKA3aTeNI 3JIaCTUYHOCTH

5=h3%, (2.11)
2
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KOTOpbIE TIOKa3bIBAIOT HA CKOJIBKO IIPOLIEHTOB B CPEIHEM W3MEHHUTCS
pe3ynbTaT, Mpu U3MEHEHUU COOTBETCTBYMOIIEro Qakropa Ha 1%. Cpennue
MOKa3aTeJM 3JIACTUYHOCTM MOYKHO CpaBHMBATh JIpyr C JAPYIOM U
COOTBETCTBEHHO pPaHXXHUPOBaTh (AKTOPhl MO CWJIE HX BO3ACHCTBUS Ha
pe3yJbTar.

Paccmotpum  mpumep”! (w1 cokpamieHHs 00beMa  BBIYMCICHHI
OTPaHUYMMCS TOJIBKO JECAThIO HaOIr0AeHUsAME). [IyCTh UMEIOTCS Clleayromue

naHHble (YCIIOBHBIE) O CMEHHOW HOOBIYE YIiisi Ha oxHOro padouero Y (1),

MOIIHOCTH TMIacTa X, (M) M ypoBHe MexaHusamuu pabor X, (%),

XapakTepusyomme npoiecc 1004 yrias B 10 maxrax.

Tabmuna 2.2
Ne 1 2 3 4 5 6 7 8 9 10
X 8 11 12 9 8 8 9 9 8 12
X, 5 8 8 5 7 8 6 4 5 7
y 5 10 10 7 5 6 6 5 6 8

[Ipennosaras, 4yro MeXAy NE€peMEHHbIMU Y, X, X, CYyIIECTBYET
JVMHEWHAas KOPpEIsLMOHHAs 3aBUCHUMOCTh, HAWJEM ypaBHEHME perpeccuu Y
mo X u X,.

Jlnst  ymoOcTBa  AaNbHEWIIMX BBIYMCICHWA COCTABISIEM TaOIUILy

(E=y-Y,):

Taomuna 2.3

Ne X | Y| % | ¢ |y | %D |" ¥ Oy, | £

1 2 3 4 5 6 7 8 9 10 11 12

1 8 5 5/ 64 25 25 40 40 25 5,13 0,016
2 11 8 10 121 64 100 88 110 80 | 8,79| 1,464

3 12 8 10 144 64 100 96 120 80 | 9,64| 0,127

4 9 5 7| 81 25 49 45 63 35 598 1,038
5 8 7 5/ 64 49 25 56 40 3 586 0,741
6 8 8 6| 64 64 36 64 48 48 6,23 0,052
7 9 6 6| 81 36 36 54 54 36 6,35 0,121
8 9 4 5@ 81 16 25 36 4% 20 5,61 0,377

* Jlannble npuMepa B3STHI 13 [5]
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1 2 3 4 5 6 7 8 9 10 11 12

9 8 5 6 64 25 36 40 48 30 5,13 0,762

10 12 7 8 144 49 64 84 96 56 9,28 1631

W
c=3

Cymma | 94 63 68 | 908 417 49¢ 60 664 445 68 6,329

7

Cpemiee 4 | 63| 68| 90,8 41,7 496 60[3 66/4 445 |- -

SHAYCHUC|

o? 244 | 2,01| 3,3§ - - — - — _ _ 1

o 156| 1,42 183 - - - — - — — _

JI1st HaXOoXACHUST TapaMETPOB YPABHEHUSI PETPECCUU B JAHHOM Cllydae

HEOOXOAUMO PEILUTH CIIEAYIOUIYI0 CHCTEMY HOPMAIIbHBIX YPaBHEHUIA:
10a + 94 + 6B,= 68,
94a+ 908 + 608, = 66¢
63a+ 60 + 410, = 44¢
Ortkyna nomydaem, uro a=-3,54, b =0,854, b, =0,367. Te.

HOJIYUYHIIU CIIEAYIOIIee YpaBHEHHE MHOKECTBEHHOMN perpeccuy:

y, = —3,54+ 0,854% + 0,360k,.
OHO moka3bIBaeT, YTO MpPU YBEIUYEHUU TOJBKO MOIIHOCTH Iuiacta X (mpu
Heu3sMeHHOM X,) Ha 1 M 100bI4a yriis Ha OJHOro pabo4ero Y yBeIHUYUTCS B
cpennem Ha 0,854 T, a mpu yBeIMUYEHUU TOJIBKO YPOBHS MEXaHU3AMHU padboOT

X, (npu HensmenHoM X;) Ha 1% —B cpennem Ha 0,367T.

Haiinem ypaBHeHUE MHOKECTBEHHON PErpeccuu B CTaHAAPTU30BAHHOM

macuraoe:
ty = lgltxl + ﬁthz tE,

P 3TOM CTaHJAPTU30BaHHBIE KOAPPUIIMEHTHI perpeccuu OyayT

g
B =b 4= 0,85443@: 0,72
g, 1,83

o, 1,42
=ph,—2 =0,3671
P =0, o 1,83

y

= 0,28L

T.e. ypaBHeHUE OyeT BHITIISAIETH CISAYIOMNUM 00pa3oMm:

ty =0,7281, + 0,285, .
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Tak kak cTaHZapTHU30BAHHBIE KOIPPUIMEHTHl PETPECCHH MOXKHO
CpaBHUBaTh MEXIYy COO0OH, TO MOXHO cKa3aTh, YTO MOIIHOCTh ILIacTa
OKa3bpIBaeT OOJbIllee BIMSHAEC HAa CMEHHYIO IOOBIUy YIJisi, YeM YpPOBEHb
MeXaHU3aluu padorT.

CpaBHuBaTh BIMSHUE (DAKTOPOB Ha pe3yJlbTaT MOXHO TakXke IpH
MOMOIITU cpeaHuX KodhurmenToB amactuarocTy (2.11):

5 =hE-
Yy

Brruucisem:
3, = 0,854@2% =11, DO,= 0,367B2’7: = 0,3

T.e. yBeNWYCHHWE TOJBKO MOIIMHOCTH IUIacTa (OT CBOETrO CpPEIHETO
3HAYCHHS) WIA TOJBKO YPOBHS MexaHuszanuu pador Ha 1% yBenuuuBaeT B
cpenHeM cMmeHHYO no0bay yras Ha 1,18% wmm 0,34% cooTBETCTBEHHO.

Takum o00pa3om, mnoATBEpKAaeTcss Oosblliee BIUSHUE HaA pe3yiabTar Y

(akropa X, yem dakropa X,.

2.3.IIpoBepka cymecTBeHHOCTH (haKTOPOB

H MMoKa3aTe/Iin KaveCcTBa perpeccuu

[IpakTueckass 3HAYMMOCTh YpPaBHEHUS MHOYKECTBEHHOM perpeccuu
OLICHUBAETCA C IMOMOIIbIO0 TOKAa3aTesii MHOXXECTBEHHOW KOPPENSIIUU U €ro
KBaJpaTa — 0Ka3aress JeTEPMUHALIUU.

[Toka3aTenb MHOXXECTBEHHOM KOPPEJSILUU XapaKTEPU3YET TECHOTY
CBSI3U pacCMaTpUBAEMOro Habopa (GakTOPOB C HCCIIEyEMbIM TPU3HAKOM WJIH,
MHaYe, OIICHUBAET TECHOTY COBMECTHOTO BIUSHUS (PaKTOPOB HA PE3yJIbTaT.

HezaBucumo ot (popMbl CBSI3M MOKa3aTeIh MHOKECTBEHHON KOppesuu

MOJKET OBIThH HalJCH KaK MHIEKC MHOKECTBECHHOM KOppEIsanru.

Rox, =4 1= (2.12)
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2 2
rac Uy - 061118.}1 JUCHICPCHUs PE3YIBTATUBHOIO IIPU3HAKA, JOCT — OoCTaToO4YHasi

TUCIIEPCHS.

['panunel U3MEHEHUs MHAEKCAa MHOKECTBeHHOU Koppemstuuu ot 0 1o 1.
Yem Omrke ero 3HayeHHe K 1, TeM TeCHEe CBSA3b Pe3yJIbTAaTUBHOIO MPHU3HAKA
co BceM HabopoM wuccieayeMbix (akTopoB. BenuunHa —uMHIEKca
MHO>KECTBEHHON  KOppEeJsIMH  JODKHAa ObITh  OoOsibllle  WJIM  paBHA

MaKCHUMaJIbHOMY TapHOMY MHJEKCY KOPPEIISLIIH:

RWZ_“Xm 2 Ty (max) (I = 1,m).

[Ipy mpaBUIBHOM BKJIIOYEHHH (HAaKTOPOB B PETPECCUOHHYIO MOJEIH
BEJIMYMHA MHJEKCA MHOXKECTBEHHOW Koppeisiiuu OyIeT CyIIECTBEHHO
OTJIMYATBCA OT MHAEKCAa KOppesilMU IapHOW 3aBUCHUMOCTH. Ecimm xe
JNOTIOJIHUTEIBHO BKJIIOYECHHBIE B YPaBHEHHME MHOYKECTBEHHOW perpeccuu
(bakTOpbl TPEThECTENEHHBI, TO MHJEKC MHOXXECTBEHHOW KOPPEISAILUU MOKET
NPAaKTHYECKH COBNAAATh C HMHIEKCOM MapHOW Koppemsaiuu (pazinudusi B
TpeTheM, 4YeTBepTOM 3Hakax). OTcCioja sCHO, 4YTO CpaBHHMBAs HWHICKCHI
MHOKECTBEHHOW M IIAPHOW KOPPEISALNHM, MOXHO CHEIaTh BBIBOA O
1IEJ1€CO00Pa3HOCTH BKIIIOUEHHS B YpPAaBHEHUE PETPECCUU TOTO WM HHOTO
daxTopa.

Pacuer wuHAEKCa  MHOXECTBEHHOM  KOpPPEISLUMHA  OPEAIOIAraetT
ONpPEACIICHUE YPABHEHUSI MHOMXECTBEHHOM pErpeccMM M Ha €ro OCHOBE

OCTaTOYHOU TUCIEPCUH:

Oy = %Z(y ~ Yoo, )2 - (2.13)

MoxHo 10JIb30BATHCS CIENYIOLIEN hopmymoit AHAEKCA

MHO>XE€CTBEHHOU JACTCpMUHALIH.

(Y=Y )
>(y-y)

(2.14)

R5><1X2---Xm =1-
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dbopmyna uWHIEKCa

MHO>XE€CTBEHHOU KOoppeisinun  MOXKET OBITH npeacraBjicHa CJICAYIOIIUM

[Ipy nUHENHOW 3aBUCUMOCTM  IPU3HAKOB

BBIPAKEHUEM!

Rogso o =4/ 228 Oy

rne [ — crampapTuzoBaHHblE KOO()(HUIMEHTH perpeccum; M — MapHbIC

(2.15)

KO3 (DULIMEHTHI KOPPENALUU Pe3ybTaTa ¢ KaKIbIM (PaKTOPOM.
dopMyJia HUHIEKCA MHOMXKECTBEHHOM KOPPEISALMUA UL JIMHEHHOU

pEerpeCCrn IoJJydnJia Ha3BaHHC JAUHEUHO20 Koscj)dmuueHma MHOIHCECMBEHHOU

Koppensyuu, WIW, 4YTO TO IXKE CAMOE, COBOKYNHO20 KOI(puyuenma
KOppeayuu.

Bo3MOXHO Takxke TpH JIMHEMHOW 3aBUCUMOCTH  OINPEAEIICHUE
COBOKYITHOTO  KO3((UIMEHTa KOppEeSIIMM  4epe3 MaTpUIly  IapHbIX
KO3 (HULIHEHTOB KOPPETSIIIH;

Ar

Ry = (J1=— (2.16)
X2, Xp Ar
11
rae

Ior, Ty o Ty
P N (N
Ar =11, T Mo,
ryxp XpXy rxpx2 1

— OIPEAETUTENb MAaTPHIIBI TAPHBIX KOA(DPHUIIMEHTOB KOPPETSAIUHY,

1 rX1X2 rX]_Xp
Arll — rX2X1 rXZXp
rX p X rX p Xo 1

— OIPEACTUTENb MATPUIIBI MEK(PAKTOPHON KOPPETSIIHIH,
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Kak BuauMm, BeaMuMHAa MHOXECTBEHHOTO KO3 (UIIMEHTa KOPPEIsSIuu
3aBHCHT HE TOJIBKO OT KOPPEJSIUU pe3ysbTara ¢ KaXxapIM U3 PaKkTopoB, HO U
oT Mex(pakTopHON Koppemsiuuu. PaccmoTrpenHas ¢opMyna TO3BOJISET
OTIPEENATh COBOKYITHBIN KO (DUIIMEHT KOPPEISIIK, HE 00paIasch mpu 3TOM
K YpaBHCHHIO MHOJKECTBEHHON pETrpecCHH, a WCIOJIb3ys JIMIIb TapHbBIE
K03 (HULIUEHTHI KOPPEISLIUU.

B paccMOTpeHHBIX MMOKa3aTensiX MHOXECTBEHHOW Koppessiiuu (MHIEKC
u K0d(h(PUIIMEHT) HUCHONB3yeTCs OCTAaTOYHASs IHUCIIEPCHs, KOTOpas HMeeT
CUCTEeMAaTUYECKyl0 OMMOKY B CTOPOHY TMpEyMEHbLIEHUs, TeM Ooiee
3HAYUTENbHYIO, 4YeM OOJIbIIIE TMapaMeTpOB OIpPEAENseTCS B ypaBHCHUU
perpeccun Tpu 3aJaHHOM 00beme HaOmoaeHud N. Ecnu yucio mapameTpoB

npy X paBHO M u npubiamkaercs K o0beMy HaONIOJEHUH, TO OCTaToYHas

aucnepcrs Oymer Oym3Kka K HYIMIO M KO3PQGUIMEHT (MHAEKC) KOpPENSIud
NpUOIU3UTCS K €AUHUIIEC daKe MpHU caaboi cBI3U (HAKTOPOB C Pe3yTbTaTOM.
Jlyist Toro 94ToOBI HE TOMYCTUTh BO3MOXHOTO TIPEYBEINYEHUS TECHOTHI CBSI3H,
UCIIOJIB3YETCSl CKOPPEKTUPOBAHHBIN MHICKC (KOA(D(GUIIMEHT) MHOXKECTBEHHOM
KOPPEJSIIIHH.

CKOppEeKTHUPOBAHHBI MHACKC MHOKECTBEHHON KOPPETSIIUUA COMECPIKUT

IONMPaBKy Ha YHUCIO CTENeHeH cBOOOMABI, a MMEHHO OCTaTO4YHas CyMMa
~ 2

KBaJIpaToOB Z(y— yxlxz__xm) JEIATCS Ha 4YHUCIO CTENEeHEeW CBOOOIbI

OCTaTOYHOM BapHaluu (n - m—l), a o0mrasi cyMMa KBaJpaTOB OTKJIOHEHHI

—\2 o
Z(y— y) Ha 4YHCJIO CTeleHed CcBOOOABI B IIEJIOM IIO COBOKYITHOCTH

(n-1).

dopmyiia CKOPPEKTUPOBAHHOTO UHJEKCa MHO>KECTBEHHOMN

ACTCPMHUHAIIUN UMECCT BUI.

o 2(v-Y) n-m-y)
R ¥ (N Ce
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rae M —49ucio mapaMeTpoB MpH MepeMEHHbIX X; N —4ucio HaOII0ACHHI.

)2
_ 2
IToCKONBKY ——=1-R’, TO BEITUUUHY

CKOPPEKTHPOBAHHOTO MHJEKCA JIETEPMUHALIMH MOKHO NPEICTABUTH B BUIE:
~2 n-1
_ 2
R =1-(1-R)3———, (2.13)
n-m-1
A2
2
Yem Gosblie BeanuuHa M, TeM cuibHee pasmmunsd R u R,
Kak ObLJI0 IIOKa3aHOo BBIIIE, PAHXKUPOBAHUE (PAKTOPOB, YYACTBYIOIIUX BO

MHO>XECTBEHHON JIMHEHHON perpeccuu, MOXKET ObITh MPOBEIEHO Yepes

CTaHapTH30BaHHbIe K03(pduuenTs! perpeccuu ( [ -kodppuimenTs). JTa %ke

1edb MOXET OBITh JOCTHUTHYTa C TOMOIIbIO YacTHBIX KO3()HUIIMEHTOB
Koppermsinuu (Uit TMHEeWHBIX cBsi3eil). Kpome Toro, 4actHele TOKa3aTemu
KOPpEJSALMK IIMPOKO MCHOJB3YIOTCS TpPH  pelIeHuH mpolieMbl oTtdopa
(hakTOpOB: 1e1eco00pa3HOCTh BKIIFOUECHHS TOTO WU MHOTO (PaKkTopa B MOJENb
MOYHO J10Ka3aTh BEJIMYNHOW IMOKA3ATENS] YACTHOM KOPPEISLUH.

Yacmuvle koaghguyuenmol Koppenayuu XapakTepu3yloT TECHOTY CBSI3U
MEXIy pe3yJIbTaTOM U COOTBETCTBYIOIIUM (PAKTOPOM IMPHU SITUMUHUPOBAHUU
(ycTpaHeHHMW BIUSHUS) JAPYruX (HaKTOPOB, BKJIIOYECHHBIX B ypaBHCHHE
perpeccuu.

[TokazaTenu 4acTHOW KOppENSIUMU MPEACTaBISAIOT cO00l OTHOIIEHUE
COKpAILEHHS] OCTaTOYHOM TUCIEPCUU 34 CUET JOMOJHUTEIBHOTO BKIIOUCHHUS B
aHaiM3 HOBOTrO (pakTopa K OCTATOYHOM MAMCIIEPCUH, HMEBIICH MECTO 0
BBEJCHUA €r0 B MOJIETIb.

B o6mem Buae npu Hanmuuuu M GaxTopoB A ypaBHEHUS
y=athx +bX,..+bx, +&
KO3 (ULHUEHT YaCTHOW KOppEeNsluu, U3MEPSIOMN BiIusHUE Ha Y QakTopa
X, TIIpY HEU3MEHHOM YpPOBHE APYIUX (PAKTOPOB, MOXKHO OIPEAEIUTh IO

bopmye:
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2

— _ - X0 X X
ryxi&1X2---Xi—1xi+1---xm =k 1- 2 ! (2'18)
RY><1X2---Xi—1Xi+1--)<m

2 .
rae Ryx1><z---><i---xm — MHOKECTBEHHBIN KO3()(PHUIMEHT aeTepMUHAIMU Bcex M

. 2
(GakTOpoB €  pe3ynbTaToM, Ryx1><2---><i-1><i+1---><m — TOT K€ II0Ka3aTelb

JeTepMHUHAIIMU, HO O€3 BBEIeHH B MOJeNb pakTopa X .
[Tpu nByX (hakTopax hopmysa (2.18)mpumer Bu:
_ D2 2
r — 1_1 R>/><1X2 . Y .
1

y* X, 1-r1 2 yxzal

2 (2.18)
My
[Topsimox  yacTtHOro Kod(p¢uUUKEHTa KOPPEIsLUUUd  OINpeaAenseTcs

KOJIMYECTBOM (haKTOPOB, BIUSHUE KOTOPBIX HCKmoyaercst. Hanpumep, I, —

KOO(PQUIIMEHT YacTHOH KOppensiuu mepBoro mopsiaka. CoOTBETCTBEHHO
KOO(DPUIIMEHTH MapHOW KOPPENSAIUM  HA3BIBAIOTCSA  KOAPDUIIECHTAMU
HyJeBoro mopsaka. KoadduimenTsl gacTHO koppensuuu 0ojiee BBICOKHUX
MOPSAIKOB MOKHO ONPENENUTh uepe3 Kod(D(PHUIMEHTHl YaCTHOW KOppesluu
0o0Jiee HU3KUX MOPSAKOB MO PEKYPPEHTHOH dopmyIie:
r
Y% DXa. K- X4 1+ Xm

VX DX X e K1 ryxmlitf(Z..xm_ 1|]Xixm|31< 2% X+ 1 ¥m- 1 (2 19)

_y2 _ ¢ 2
\/(l ryxmleZ-"Xm—l) [ql rxixmmlxz-“xi—f(ﬁl“xm—l)

[Tpu nByX (hakTOpax naHHas popmysia IPUMET BUI!

— r - EX1X2 — ryxz B r)’Xl EX1X2 . (21%)

A = A N R

Jnsa  ypaBHeHusi perpeccud C  Tpems (pakTopaMu  YacTHbBIE

KO3 (PUIIMEHTHI KOpPPENSIMU BTOPOro MOPSAKA OMPEACNAIOTCS Ha OCHOBE

YaCTHBIX KO3()OUIMEHTOB KOPPENALMHU IIEPBOTo nopsaka. Tak, Mo ypaBHEHHIO
y=a+bx +bX,+bX,+& BosmoxnO wucuncnenmne Tpex wacTHBIX
K03 (HULIHEHTOB KOPPEISILIMA BTOPOTO MOPSIIKA!

r

Y% ox3 ? ryxz Byx3? ryxs DX, !
57



Kbl U3 KOTOPBIX OIMpEAeNsieTcs mo pekyppentHou ¢opmyne. Hampumep,
npu | =1 umeem popmyiy 1s pacyera oo

— ryX1&2 B r')’X35¢2 Exﬁéiz (2.20)

oatiors \/ (1— I’yzxgﬁtz )(1_ rxfx?’m) |

Paccuntannble o peKyppeHTHOH (opmyse YacTHbe KOI(PPUIUEHTHI

KOppeNsiuu U3MEHSIOTCs B mpeaenax or —1 no +1, a mo ¢dopmynam uepes
MHO>KECTBEHHbIE K03 uimenTs! aerepmunanuu — ot 0 no 1. CpaBHeHue ux
APYr € IPYroM MO3BOJISIET PAHXHUPOBATh (PAKTOPHI MO TECHOTE MX CBSI3U C
pe3yabraroM. YacTHble KO3(QQHUIMEHTH KOPPENSLUU Tal0T Mepy TECHOTHI

CBS3M Kaxnoro ¢akropa ¢ pe3yapTaTOM B 4YHCTOM Buae. Ecom wu3

CTaHnapTH3OBaHHOTO ypasHenus perpeccnn t, =St + B, + [, +&
cnenyer, uro 3, > [, > [3;, T.e. NO cuile BIMSHUS HA PE3YJIBTAT MOPSIOK

(akTopoB TakoB: X, X,, X3, TO 3TOT k€ NOPAJOK (PAKTOPOB ONpENEIAETCA U

I10 COOTHOIICHUIO YaCTHBIX KOB(b(bI/II_II/ICHTOB KOppeJsinuu,

r >r

yXDloX3 > ryleitlxs yxgXx g’

B skoHomerpuke yacTHble KO3(DPQHUIMEHTHl KOPPETSALUH OOBIYHO HE
UMEIOT  CaMOCTOSITENIbHOTO  3HadeHHs. MX UCHonp3yloT Ha  CTaguH
dbopmupoBanus monaenu. Tak, cTpost MHOTO(GAKTOPHYIO MOJENIh, Ha TEPBOM
mare OnpejessieTcss ypaBHEHHE PErpeccCHy C MOJHBIM HAabopoM (akTopoB M
pacCcUMTHIBAETCS MaTPUIIA YaCTHBIX K03 duireHnToB koppensauuu. Ha BTopom
mare oToupaeTcs GakTop ¢ HAMMEHbIIEH U HeCylecTBeHHOH 1o {-kpureputo
CrplofieHTa BeIMYMHON MOKa3aTelNsl 4YaCTHOW Koppeniauuu. VckiouuB ero us3
MOJIENIH, CTPOUTCA HOBOE ypaBHeHHe perpeccu. [Ipouenypa mpomomkaercs
70 TeX MOp, MOKa HE OKaXKETCs, YTO BCE YaCTHBIE KOA(PPUIIMEHTHI KOPPEIALUH
CYUIECTBEHHO OTJIMYAIOTCI OT HyJds. Ecin HCKIIOUeH HeCyIIeCTBEHHbIN
bakTop, TO MHOXXECTBEHHbIE KOI(PPUIMEHTH JETEPMUHAIMU HA JBYX
CMEKHBIX IIarax IMOCTPOCHUS PETPECCHOHHON MOJEIH MOYTH HE OTIMYAIOTCS

IpYT OT Apyra, Rri Wi Rri, rae M —yucio GpakTopos.
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W3 npuBeaeHHBIX BbIIIEe (HOPMYIT YACTHBIX KOI(PPHUIIMEHTOB KOPPETISIUU
BUJ/IHA CBSI3b ATHX IOKAa3aTeNiel ¢ COBOKYIHBIM KO3 (GUIIMEHTOM KOPPEIISALIUU.
3nas yactHble Kod(dunmeHTs Koppermsanuu (MOCiIeqoBaTeIbHO MEPBOTO,
BTOpPOro ¥ OoJiee BBICOKOTO TMOPSIKA), MOXHO OIPEICIUTh COBOKYITHBIH

Kod(pbULMEHT Koppesiuu no Gopmyre:

Rooen. =\/1—(1— 2 )12, ) a2, o e, ). 221

B uactHocTH, mas  aByxdakTopHOro ypasHeHus ¢opmyna (2.21)

IIPpUHUMACT BU.

Ry n = \/1— (1— ryle) [@1— ryizﬂl) | (2.23)

[Ipy moTHOM 3aBUCUMOCTH PE3YJIbTaTUBHOIO ITPU3HAKA OT UCCIIEYEMBIX

(bakTopoB KOAh(UIIMEHT COBOKYIMHOIO HX BIMSHUS paBeH enunuie. U3

CANHHUIBbI BBIYHUTACTCA  OOJIA OCTaTOYHOM Bapuanuu pe3yjJbTaTUBHOI'O

2
ITpU3HAKa (1_r ), O6YCJ'IOBJ'ICHH&H MNOCJIICAOBATCIIPHO BKIKYCHHBIMH B

aHanu3 (aktopamu. B pe3ynpTaTe MOAKOPEHHOE BBIPAKEHUE XapaKTEPHU3YyeT
COBOKYMHOE JIEUCTBHE BCEX UCCIIEyEMbIX (haKTOPOB.
3HAYMMOCTh YPABHEHUSI MHOXECTBEHHOW PErpeccHd B LIEJIOM, TaK K€

KaK U B IIAPHO PErPECCHH, OLIEHUBAETCS ¢ OMOIIbI0 F -kputepus @umepa:

S 2 n—m-
F = S _ R s Lkl o (2.22)
S 1-R m

OCT

rie S — (pakTOpHAsA CyMMa KBaJpaTOB HA OJHY CTENEHb CBOOOABL, S —

aKT oCcT

OCTaTOYHasi CyMMa KBaJI[paTOB HAa OJJHY CTEIICHb CBOOOIBI; R? — ko3 dunueHt
(MHIEKC) MHOXKECTBEHHOH jAeTepMuHAIHU;, [N — YuCI0 MapamMeTpoB IIPH
nepeMeHHbIX X (B JIMHEHHON perpeccuy COBIAAAET C YUCIIOM BKIFOYCHHBIX B
MoJielTb (aKTOpoB); N —YKCII0 HAOIIOICHU.

OrneHrBaeTCsl 3HAYMMOCTH HE TOJBKO YpPaBHEHHS B II€JIOM, HO U
(dakTopa, JIOMOJHMUTEIBHO BKIIOUEHHOTO B PErPECCHOHHYI0  MOJEb.
HeoO6xoauMocTh Takoil OIEHKH CBsSi3aHA C TEM, YTO HE KaxIblid (hakTop,

BOIIEIINN B MOJIENIb, MOKET CYIIECTBEHHO YBEJIUYUBATH 100 0OBSICHEHHOM
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BApHALMU PE3yJbTATUBHOIO Npu3HaKa. Kpome TOro, mpu Haauuuu B MOJEIU
HECKOJIbKMX ()aKTOPOB OHM MOTYT BBOJUTBCA B MOJEIb B pa3HOU
MOCIIEZIOBATENbHOCTU. BBUAYy Koppemsauuu Mexnay (akropamMu 3HAYUMOCTb
OJTHOTO W TOro e (akropa MOXKET OBbITh pPa3sHOW B 3aBUCUMOCTH OT

NOCJIEA0BAaTEIbHOCTH €T0 BBEICHUS B MOI€NIb. Mepoi 711 OLIEHKU BKJIFOUEHUS
(akTopa B MOJIENb CIYKUT YacTHbIM F -kpurepwii, T.e. in :
Yactueiii F -xputepuii noctpoen Ha cpaBHeHuM npupocra (pakTOpHOMI

AUCIICPCUH, O6YCJIOBJIGHHOF0 BJIIMAHUECM  JOIIOJTHUTCIIBHO BKIHOYCHHOI'O

¢dakTopa, C OCTAaTOYHOW JUCHEpCHMEll Ha OJHY CTeleHb CBOOOABI IO
pPErpecCHOHHOM Mozenx B LenoM. B oOmem Buae ansd gakropa X YacTHBINA
F -xpurepwmii onpenenures kak

2 2
— Ryxl...xi Xn Ryxl--xi—lxi+1--xm Erl -m-1

F
" 1- ijl...xi X 1

2 .
rae Ryxl---xi % T KO2(pULIMEHT MHOYKECTBEHHON JIETEPMHUHAIIUM JIJII MOJICIIU C

, (2.23)

2
MOJIHBIM Ha0OpoM (haKTOPOB, Ryx — TOT e MOoKa3arenab, HO 0e3

g K-+ 10 Xm
BKJIIOYEHUS B MoJenb (Qakropa X, N — yncio HabmoxeHuid, M — 4ducio

napamMeTpoB B Mojieu (0€3 CBOOOTHOTO YiieHA).
DaKkTUYECKOE 3HAUEHHWE 4YacTHOro F -kpurepus cpaBHuBaeTcs ¢

Ta0MYHBIM TIPH YPOBHE 3HAYUMOCTH ( W 4HUCJE CTeneHeu cBobompl: 1 u

N—m-1. Ecin dakruueckoe 3uavenne F, npessmmaer F (0’ , K, kz),

X
TO JIONOJIHMTENBHOE BKIIOYEHHE (akropa X B MOJEIb CTaTHCTHYECKH
onmpaBIaHHO M Kod(duumeHT umcToil perpeccun B mpu  dakrope X
cTaTUCTHYeCKH 3HauuM. Ecou ke QakTtuueckoe 3HaYeHUE in MEHBIIIE
TaOJIMYHOrO, TO JONOJHUTEIbHOE BK/IIOYEHUE B MoAenb (akTopa X He

YBCIMYHUBACT CYHICCTBCHHO JOJIO 00BSICHEHHOM Bapualnu IIpU3HAKaA y,

60



CJIeIOBATENIbHO, HEIEeIecO00pa3Ho €ro BKIIOYEHHE B MOJENb; KO3 ULIUEHT
perpeccuu Npu JaHHOM (PaKTOpe B ATOM Cllyyae CTaTUCTUYECKH HE3HAYUM.

JUis 1BYX(paKTOPHOIO YpaBHEHUS 9acTHbIe F -KpuTepuu uMeror Bu:

2 _rz 2 _r2
F, =% _Yerin-3), F_=-2%_%{in-3). (2.23)

X 1_ X 1_ R,Xl

4%2 X2
C IIOMOIIIBKO YaCTHOI'O F-KpI/ITCpI/IH MOXHO HpOBCpI/ITB 3HAYHUMOCTDH

BCeX KOIP(MUIIMEHTOB PETPecCud B MPEANONOKEHUU, UYTO KaKIbIN
COOTBETCTBYIOIMH (akTOp X BBOAWICA B YpaBHEHUE MHOXKECTBEHHOMN
pEerpeccuu MoCICIHUM.

Yactuelii F -kpurepuii oneHuBaeT 3Ha4MMOCTh KO3()(QUILIMEHTOB YHCTOMN

perpeccur. 3Hasg BEJIUYUHY in, MOXHO ompeaenuTh u {-kputepuit s

ko2 uULEeHTa perpeccuu Ipu | -M pakTope, th , @ UMEHHO!

t, =\/F, - (2.24)

OreHka 3HAYMMOCTH KO3(PHIIMEHTOB dHMCTOW perpeccuu 1o t-
kputeprio CThIOZEHTa MOXKET OBbITH IMPOBEIEHA U 03 pacyeTa 4acTHHIX F -
KpuTepueB. B 3ToM ciyuae, Kak U B TapHOU perpeccuu, A Kaxaoro gakropa

UCIOJIb3yeTCs popMmya:

t :ﬂ, (2.25)

rae B — xooddunment uncroit perpeccun npu dakrope X, m, — cpenmss

KBaJparuyeckas (cranuaprtHas) ommnbka Kodpduuuenta perpeccun b .

st ypaBHEHUS MHO>KECTBEHHOMN perpeccuu

N

y=a+bx +bx,+...+b x_ CpelHss  KBaJpaTH4YecKas  OIIMOKa

Kod(puImenTa perpeccuu MOXeT ObITh ONpe/esieHa 1Mo cieayomen hopmyre:

T\ Ry s, g 1 (2.26)
o, 1-R, . Yn-m-1
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riue Jy — CcpeaHee KBaApaTH4YE€CKOE OTKJIIOHEHHE IJIs MpHU3HakKa Y, in —

2

CpelHee KBaJpPaTHMYECKOE OTKJIOHEHUE JJs INpu3Haka X, Ryxlxm —

KO3 (ULUEHT AeTepMUHALMU ISl YpaBHEHHUS MHOKECTBEHHOH pPErpeccHH,
2

qul__xm — KOO(QQUIMEHT AECTEPMUHALUHU IJIs 3aBUCHMMOCTH (DakTopa X CO

BCEMH JpYruMH (akTopaMud ypaBHEHHS MHOXKECTBEHHOW PErpecCuu;
N—M-—1 — uncno creneneil cBOOOALI I OCTATOYHOM CyMMBI KBaJpaToB
OTKJIOHCHMH.

Kak BuauMm, 4TO0OBI BOCIOJIB30BaTHCS TaHHOU (HOPMYIION, HEOOXOIUMBI

MaTpuiia MeX(PaKTOPHOW KOPPENAINH W pacyeT MO HEW COOTBETCTBYIOIIUX

2
KO3 (PUIIMEHTOB  JI€TEepMUHALINU Rmxm Tak, 1 ypaBHEHUS

y=a+bx +b,X,+bX. onenka snaunmoctu kosdpduumentos perpeccun

b, b,, b, npemmonaraer pacuer tpex mexdaxropHsx KOdhDHUKEHTOB

JCTePMHUHALINN: Rfﬂzxg, szQle, R<23|31X2'

B3anMocBsa3p mokaszaresneld 4acTHOTO KOX(PQUIMEHTa KOPPEISIHH,
yactHoro F -xpurtepus u t-xpurepus Crplomenta it Ko3()(OUIHUEHTOB
YUCTOW PETPECCHUU MOXKET HCIOJIb30BATLCSA B MPOIEAype 0TOOpa (hakTOpOB.
OtceB (akTOpOB TMpH TOCTPOCHUH yPABHEHHS PErPecCHd  METOJIOM
UCKITIOYCHUS TPAKTUYCCKH MOXKHO OCYIICCTBIIATH HE TOJIBKO IO YacCTHBIM
K03 duIMeHTaM KOpPPENSAIUN, HCKIYas Ha KaKAOM Imare QakTop ¢

HaMMCHBIIUM HC3HAYUMBIM 3HAYCHUEM YaCTHOI'O KOB(b(bI/IHI/ICHTa KOppeJsinuu,

HO Y 1O BEJIMYMHAM th U in . Yacthpiii F -xpuTepuii mupoko ucnonb3yercs

U IpU MOCTPOCHUU MOJIENIM METOAOM BKJIIOYEHHUS MEPEMEHHBIX U IAarOBBIM
PErpECCUOHHBIM METO/IOM.
IIpumep. OuieHMM KauyecTBO ypaBHEHUS, OJYYEHHOTO B MPEAbIIYIEM

naparpade. CHauana HaiiieM 3Ha4€HHs MAPHBIX KOAPPUIIMEHTOB KOPPEISALIHUN:

(= yx - yIX _66,4- 6’819’420,869;

" o, 1,83(1,56
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P YDV, _445- 68063 (o0
* o,b, 1,831, 42

_ %06 -% X, _60,3-9,416,3

o 0,48
w g, b, 1,5601, 42

3HaueHusT MapHbIX KOA(P(GULIMEHTOB KOPPEISLMU YKa3bplBAlOT Ha

JIOCTATOYHO TECHYIO CBSI3b CMEHHOM JOOBIYM YIJIA HA OAHOTO pabodero Y ¢
MOIIHOCTBIO TUIACTA X, M HA YMEPEHHYIO CBSA3b C YPOBHEM MEXaHH3alUHU
paboT X,. B To ke Bpems MmexdakTopHas cBsb [, HE OUEHb CHIbHAA
(N, =0,49< 0,%), uro rosopur o Ttom, uro oba dakropa SABASIOTCA
MHPOPMATUBHBIMH, T.€. U X, U X, HEOOXOIUMO BKIIOUHTH B MOJIEIb.

Teneph paccuuTaeM COBOKyMHbIH Kod(hduument xoppemsmn R, .

Jjist 5TOrO CHayana HalJeM ONpeaesIuTeNb MaTPUILbl HapHbIX KOA(DPHUITMEHTOB

KOPPEJISIINU:
1 0,87 0,6
Ar=|0,87 1 0,49= 0,1390¢
0,64 0,49 1
U OTIPEJICTIUTENb MATPULIBI MEXK(AKTOPHON KOPPEIISALINU:
1 0,4
r,= =0,759¢.
0,49 1

Toraa ko3 puIEEeHT MHOKECTBEHHON Koppesiuu o ¢popmyie (2.16):

R = h-Ar_ [;_0139064_
e A, 0,7599

T.e. MoxHO cka3ath, uyto 81,7% (oddduument perepMUHAIUN

R;&Xz =0,817) Bapmanmm  pesymbrara  OOBACHSAETCA  BapHalUei

MpCACTAaBJICHHBLIX B YPABHCHHUU IIPU3HAKOB, YTO YKA3bIBACT HA BECbMa TCCHYIO

CBA3b ITPHU3HAKOB C PE3YyJIbTATOM.
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[lpumepHO TOT K€ pe3yabTar (pa3muyuus CBS3aHBI C OIIMOKaMU
OKpYTJIeHUN) I KO3 PHIIMEHTa MHOKECTBEHHON PErpecCHy MOIYYHM, €CIIH

Bocmonb3yemcs popmynamu (2.12)u (2.15):

2
T [0.6329_ o0
o’ 3,36

Ry, =+ 2.4 [, =+0,72870,87% 0,285 0,64 0,9.

CkoppekTupoBaHHbIN KOADPUIIUEHT MHOKECTBEHHOH JeTepMUHAIIUU

R=1-(1-R?) 3= 1—(1—0817& 0,76
n-m-1 2-1

Ry, =

YKa3bIBa€T HA YMEPEHHYIO CBSI3b MEXIY PE3YJIbTaTOM M IMPU3HAKAMH. IDTO

CBA3aHO C MaJIbIM KOJIMYE€CTBOM H36HIOI[CHI/H7L

Tenepsr HaligeM yacTHble KOI(PPUIMEHTHI KOppessiuu 1no Gopmyiam
(2.1&) u (2.1%):

|, 1-R,. [ 1-0817__ __.
I’yxlaz—\/ —W—\/l———O,S&;

2 1- 0,408
1- R? -
Fom, = 1_%: 1_L’817: 0,:50¢
o X 1- ryxl 1- 0’755
o T he Dy, 0,869 0,63010,488 _ oo
4Dl | |
) i) Jo-odes)(x 069
e Ty B, _ 0,639 0,86910,488 _ o0

Moy, = \/(1_@)[@1_ rfoZ) ) \/(1— 0,488)( = 0,869)

T.e. MOXKHO czenaTh BBIBOJ, YTO (DakTOp X, OKa3bpIBacT 0oJiee CHIBHOE
BIIMSHUE HA PE3yJIbTAT, YEM IPU3HAK X, .

OLIEHHM HAJEKHOCTh YPABHEHUS DPETPECCHU B IEJIOM U IOKA3aTeNs
CBA3U C nomomplo F -kpurepus @uiepa. DakTnueckoe 3HaueHue F -

kputepus (2.22)
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2 — —
F.. = R : dﬂ m-1_ 0,817 D10— 2 1=15,6€.
1-R m 1- 0,817 2

Tabnuunoe 3HavyeHue F -xkpuTepus 0OpM HATHIIPOLEHTHOM YPOBHE

snaunmoctu (@ = 0,08, kK =2, k, =10-2-1= 7): F,

a0

=4, 74. Tak xak

Fpoe =15,63>F 5, = 4,1( 10 ypapHenne npusHaeTcs CTATHCTHYECKH
3HAYMMBIM.

OneHnM 11e1ec000pa3sHOCTh BKIIOYEHU (QakTopa X mocie dakropa X,
u X, mocne X; ¢ momomiso gactHoro F -kpurepust @uinepa (2.23):

F, =Ty gy gy 0817~ 0,408, _ g ¢,
1- 0,817

2 _y2 _
. :an_g):w“ 0.79%;_ 5 33
1- 1- 0,817

TabinMyHOe 3HayeHWe 4acTHOro I -KpuTepus mpu NATUIPOLEHTHOM
yposue suaunmoctn (@ =0,08, k =1, k, =10-2-1= 7). F_, =5,59.
Tak xak F, =15,65>F , =55, a F =237<F

= C

Tabn TabI 5’ 5" TO
BKJIIOUCHUC (baKTopa Xl B MOJICJIb CTATUCTUYCCKH OIIpaBAaAHO U KOC—)(I)(I)I/IHI/ICHT
YUCTOU perpeccun bl CTAaTUCTHUYCCKHU 3HAUYUM, a4 JOIIOJHHUTCIBbHOC BKIKOUCHUC

(daxTopa X,, Iociie Toro, KaK y»e BBeZIeH (GaKTop X, HelenecooopasHo.

YpaBHEHHE pEerpeccuy, BKIIOYAIOIIEE TOJBKO OJWH 3HAYMMBIN
aprymeHr X,:

y=-2,754+ 1,016;.
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2.4.JInHeliHble perpeccCHOHHbIE MO/IEIH

C rerepoCcKkeJaCTUIHBIMA OCTATKAMHU

[Ipu olieHKEe MapamMeTpOB YpPaBHEHUS PETPECCUU MPUMEHSETCS METOJ
HauMmeHbIux kBaaparoB (MHK). Ilpu »ToM nenaroTcsi Ompe/eieHHbIS
MPEANOCHUIKA OTHOCUTEIIBHO CIIyYalhHOM COCTaBIIsArOIIEN £ . B Monenu

y=atbhx thx,+..+bx, +¢&
CiyJaiiHasi COCTaBJsIoOmas & TPEACTABISICT Co00M  HEHAOI0MaeMyro
BenmunHy. Ilocie TOoro kak mDpou3BeleHA OIlIEHKa [apaMeTpoOB MO/ICIH,
paccuuThiBas  pa3HOCTU  (DAKTUUECKUX M  TEOPETUUECKHUX  3HAUYCHHU

pPEe3yJbTaTUBHOIO NPU3HAKA Y, MOXKHO ONPENCINTh OLEHKH CIy4auHON

cocrapisromerd Y —Y, . Ilockolbky OHH HE SBISAIOTCA PeaabHBIMH

CIIy4allHBIMM OCTaTKaMH, WX MOXXHO CUYHTaTh HEKOTOPOW BBHIOOPOUHOM
peanu3anuei HEM3BECTHOrO OCTaTKa 3aJaHHOI0 YpaBHEHUS, T.€. &, .

[Ipn u3meneHuu cnenuduranuu MOJEIH, T00aBICHUU B HEE HOBBIX
HaOJII0ZICHUH BBIOOPOYHBIE OLIEHKH OCTATKOB & MOTYT MeHAThCA. [looToMy B
3a/1a4y PETPECCHOHHOTO aHaju3a BXOJIUT HE TOJIBKO MOCTPOECHHE Camou
MOJIENIA, HO U HCCIEI0BAHUE CIYYaWHBIX OTKIOHEHHMH &, T.e. OCTATOYHBIX
BEJINYVH.

IIpu wucnonw3oBanuu kputepueB @Pumepa u CTbrOAEHTa J€HarOTCA
IOPEANOIOXKEHU OTHOCUTEIBHO IIOBENEHUS OCTaTKOB & — OCTaTKH
NPEACTABISIIOT CO00l He3aBUCHUMBbIE Clly4ailHble BETUYMHBI U HX CpEIHee
3HayeHue paBHO O; OHM HMMEIOT OJMHAKOBYIO (IIOCTOSIHHYIO) JHMCIEPCHIO M
MTOJYUHSAIOTCS HOPMAJIBHOMY PaCIIPEIEIICHHUIO.

CratucTuyueckre TMPOBEPKH IMapaMeTpOB PpErpeccuu, Ioka3arenei

KOpPPEJSIIAM OCHOBAHBI HAa HEMPOBEPSEMBIX IMPEANOCHUIKAX PACIPEACICHUS
ClIy4aliHOM cocTaBismowen & . OHU HOCAT JIMIIb ITPEIBAPUTEILHBIN XapaKkTep.

ITocne mocTpoeHus ypaBHEHUSI PETPECCUM NMPOBOIUTCS NMPOBEPKA HAIMYMS Y
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OIIEHOK & (CIydaiHBIX OCTAaTKOB) TEX CBOWCTB, KOTOpBIE MPEAINOIAraInCh.

CBs13aHO 3TO € T€M, YTO OLUEHKH MapaMeTPOB PErPECCHH TOJIKHBI OTBEYATh
onpeeNeHHbIM  KpuTepussM. OHM  JOJKHBI  OBITh  HECMELIEHHBIMHU,
COCTOSITEJIBHBIMU U 3((EKTUBHBIMU. DTHU CBOMCTBA OLIEHOK, MOJY4YEHHBIX 10
MHK, wumeroT d4pe3BbYaHO BAXKHOE MPAKTUYECKOE 3HAYCHUE B
UCIIOJIB30BAHUU PE3YJIBTATOB PEIPECCUU U KOPPEIALUU.

Hecmewennocms OLCHKH O3HA4aeT, YTO MATEMaTUYECKOE OXHUAAHUE
OCTaTKOB paBHO Hym0. Ecnu onieHkn 001ana0T CBONCTBOM HECMELIEHHOCTH,
TO UX MOXKHO CPaBHHUBATH I10 PA3HBIM MCCJIEIOBAHMSIM.

OLEHKH CcuuTarTCs 2¢dexmuenvimu, €CIM OHU XapaKTepU3YHTCS
HauMEHBIIEH JucIiepcued. B IpakTHYecKUX MCCIEIOBAHUAX 3TO O3HAYAECT
BO3MOHOCTb II€pEX0a OT TOYEYHOI'O OLICHUBAHUSA K HHTEPBAJIILHOMY.

Cocmosamenvhocmsb OLIEHOK XapaKTEPU3YeT YBEIMYEHUE UX TOUHOCTH C
yBelInYeHueM o0beMa BbIOOpPKM. bBombiiol  npakTuueckuid  MHTEpec

MPEJCTABISIIOT T€ PE3yJbTaThl PErpeccCUu, AJisi KOTOPBIX JIOBEPUTEIbHBIN
MHTEPBAJ OKHAAEMOr0 3HAYEHHs MapameTpa perpeccud D mmeer npenen

3HAYECHUN BEPOSTHOCTH, PaBHbIM eauHHIE. MHbIMH ClIOBaMu, BEPOSITHOCTH
MOJIYYCHHUS] OIEHKH Ha 3alaHHOM pACCTOSSHUM OT MCTHUHHOTO 3HAYCHUS
napamerpa OJu3Ka K eIMHHULIE.

VYKka3aHHbIC KPUTEPHHU OIICHOK (HECMEIIEHHOCTh, COCTOSTEIBHOCTh U
3G (EeKTUBHOCTB) 00S3aTENbHO  YYHMTBIBAIOTCS MPH  Pa3HBIX  CIocoOax
olleHWBaHUs. MeTo HaUMEHBIINX KBAJAPATOB CTPOUT OIICHKUW PETPECCHU Ha

OCHOBE MHUHHMH3AIMA CYMMBI KBaJIpaTOB OCTaTKOB. [[03TOMY O4YeHBb Ba)kKHO
HCCIIEA0BAaTh IOBEJEHUE OCTAaTOYHBIX BEIMYMH perpeccuu & . YcCioBus,
HEOOXOMUMBbIE I TOJYYCHHsS  HECMEIECHHBIX, COCTOATEIbHBIX U
3G (PEeKTUBHBIX OIEHOK, TMPEACTABIAIOT cobOoi  mpenmockuiku  MHK,
COOJTIOICHHIE KOTOPBIX KENATEIBHO JJIS TIOJTYYSHHS TOCTOBEPHBIX PE3YJIbTaTOB

perpeccum.
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HCCJ’ICI{OB&HI/I}I OCTaTKOB EI nmpeamnojgararorT IMIpOBCPKY HaJIIUYUA

cneayromux natu npeanocbuiok MHK:

1)  cioyyaiiHbIi XapaKTep OCTaTKOB;

2)  HyneBas CpeJHss BeIMYMHA OCTATKOB, HE 3aBHUCAILAs OT X ;

3)  rOMOCKEIACTHYHOCTb — IUCHEPCUS KaKAOTO OTKJIOHEHus &,

OJIMHAKOBA JJI BCEX 3HAUECHUU X;

4)  OTCyTCTBHE aBTOKOPPEALUM OCTATKOB — 3HAYEHHs OCTATKOB &

pacrnpezielieHbl HE3aBUCUMO JIPYT OT JIPYTra,;

5)  ocTarKu MOAYUHSIOTCS HOPMaJIbHOMY PACIIPEIEICHUIO.

Ecnum pacnpeneneHue Ciy4alHBIX OCTaTKOB &

. HE COOTBETCTBYET

HekoTopbIM npennocsikam MHK, To cienyer koppektupoBaTs MOAEND.
Ilpexne Bcero, NpoBepsETCsA CIy4alHBIM XapaKTep OCTaTKOB & —

nepBas npeanoceuika MHK. C 3710l menpio croutcss rpaduk 3aBUCUMOCTH

OCTaTKOB & OT TEOPETUUYECKUX 3HAUYEHM Pe3yJbTaTUBHOIO IpU3HAKa (puC.

2.1). Eciin Ha rpaduke nojyuyeHa rOpH30HTalIbHAS II0JIOCA, TO OCTATKH &

NpEeCTaBIsSIlOT  coboil  ciyvaiinele BenuuuHsl W MHK  onpaspaw,

TCOPETUYECKHE 3HAYEHHMsA Y, XOPOIIO anIpOKCUMHMPYIOT (AKTHUECKHE

3HaYeHUA Y.
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Puc.2.1 3aBucuMoCTb CiTyd4aliHBIX OCTATKOB & OT TEOPETHYCCKUX 3HAYCHUH Y, .

A

B03MOXHBI CIEYIOIIHUE CIIyYan, €Clu & 3aBUCHUT OT Y, TO!

1)  ocratku & He ciaydaiinsl (puc. 2.2);

2)  ocTaTKu & He UMEIOT IOCTOAHHOM aucnepcuu (puc. 2.2);

3)  ocraTku & HOCST CUCTeMaTHuecKuil xapakrep (puc. 2.28).
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B

A

Puc. 2.2 3aBucuMocTb CllydaifHBIX OCTaTKOB & OT TEOPETHUECKNX 3HAUCHUH Y, .

B sTux ciydasx HeoOXoauMo MO0 MPUMEHATh APYTy0 (GyHKIIHIO, JTUO0

BBOJAUTDH OOIIOJIHUTCIIBHYIO I/IH(bOpMaI_[I/HO H 3aHOBO CTPOUTH YPABHCHHC

perpeccuu 7o TexX Iop, OKa OCTaTKH & He OyAyT Cly4alHbIMH BEIMYHHAMHM.

Bropas npeanoceuika MHK  otHOCHUTENBHO HyNIEBOM  CcpenHER
BEJIMYMHBI OCTATKOB O3HAYaeT, 4TO Z(y— yx) =0. D10 BHINOIHUMO IS

JIMHEVMHBIX MOJEJIEM W MOJICJICH, HEJIMHEMHBIX OTHOCHUTEIILHO BKIIIOUAEMBIX
MIEPEMEHHBIX.

Bmecte ¢ Tem, HECMENIEHHOCTh OLIEHOK KOA(PHUIIMEHTOB pPErpeccuw,
nonydeHHbix MHK, 3aBUCUT OT HE3aBUCHMOCTH CIy4alHBIX OCTaTKOB M
BEJIMUYMH X, UYTO TaKXe HCCIeNyeTCs B paMKax COOJIIOACHUS BTOPOM

npeanocbuikn MHK. C 53Toil menbio Hapsiay ¢ H3JI0XKEHHBIM TrpaduKoM

3aBUCHUMOCTH OCTAaTKOB EI OT TCOPCTHUYCCKHX 3HAYCHUU PE3YIbTATUBHOTO

npusHaka Y, CTpPOMTCA rpaQMK 3aBHCHMMOCTH CIIy4alHBIX OCTATKOB & OT

(haxTOpOB, BKIIOUCHHBIX B perpeccuto X; (puc. 2.3).
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Puc. 2.3 3aBUCHMOCTD BEITMYHMHBI OCTATKOB OT BEIHYHHBI (akTopa X;.

Ecnmu ocratkum Ha rpaduke pacmojoKeHbl B BHAE TOPU3OHTAIBHOMN

IMOJIOCBI, TO OHU HC3aBUCHUMBbI OT 3HAYCHUU Xj . Ecim ke Fpa(bI/IK IIOKa3bIBacT

HaJIM4Yue€ 3aBHCHUMOCTH gl u Xj’ TO MOJACIb HCAACKBATHA. HpI/I‘-II/IHBI
HCAJCKBATHOCTH MOTI'YT OBITH Pa3HEIC. BOBMO)KHO, 4TO HapylmcHa TpCETbhbsa

npeanocbuika MHK m nucnepcuss OCTaTKOB HE TOCTOSIHHA U1l Ka)KZIOTO

3HaueHUs QakTopa X;. MOKeT ObITh HENPABHIIbHA CIICLU(HUKALIMST MOICIIH 1 B
2
HEe HEOOXOIMMO BBECTH [OIONHHUTCIBHBIC WICHBI OT X;, Hampumep X;.

CKoIlTeHHE TOYeK B ONPEIEICHHBIX y4aCTKaxX 3Ha4CHHI (akTopa X; roBOpHUT

0 HAIMYMHU CUCTEMATUYECKOU ITOTPENTHOCTH MOJENH.

[Ipeanocelika O HOPMAJIBHOM PACHPENEICHUN OCTATKOB I103BOJIAET
IPOBOUTE MIPOBEPKY MAPAMETPOB PEIPECCHU M KOPPENAIUK C ITOMOIIbI0 F -
n U-xkpurepumeB. Bwmecte ¢ TeM, OLEHKHM perpeccud, HaWJCHHBIE C
npumenennem MHK, oOnamaior Xxopomumu CcBOWCTBaMH Jake MpU
OTCYTCTBUH HOPMAaJbHOI'O DPACIpENEIeHNsl OCTAaTKOB, T.C. IPU HAPYLICHUH
naroil npeanocsuiku MHK.

CoepiuieHHO HeoOXoauMbIM 117151 osyudeHus: mo MHK coctostenbHbIx
OLICHOK [apaMEeTPOB PErpeccuu SIBISETCS COOJIIOJEHUE TPETbEeW U YETBEPTOMH

MMpEAIOCBIIOK.
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B cootBerctBuM ¢ Tperbein mpeanockuikoi MHK TpeOyercs, 4ToObI

JUCIIEPCHS OCTATKOB OblIa 2coMocKkedacmu4HoLl. ITO 3HAYUT, YTO JJIs1 KKI0TO

3HaYCHUS (aKkTOpa X; OCTATKHU & HMEIOT OAMHAKOBYIO Aucnepcuto. Ecimu ato

ycinopue npumenenuss MHK wHe coOmromaercs, TO HMEET MECTO
eemepockedacmuyHocms. Hanuuue rerepockeacTUYHOCTH MOKHO HATrJISITHO

BUJICTh U3 MOJIs Koppensuun (puc. 2.4).

y# Y

xy
xy

x ¥

B

Puc. 2.4 TIpumMepsl reTepoCKeTaCTUIHOCTH.

Ha puc. 2.4 u3zo0paxkeHo: a — AUCIEPCUST OCTATKOB PACTET MO MeEpe
yBenmn4deHus: X; O — AUCTIePCHUsl OCTATKOB JOCTUTACT MAaKCHMAJIbHOM BETMIMHBI
MIPU CPETHUX 3HAYEHUSAX TIEPEMEHHON X M YMEHBIASTCS TP MUHUMAIBHBIX U

MAaKCUMAJIbHBIX 3HAYECHUAX X; B — MaKCHUMaJbHas AUCIICPCHUA OCTATKOB IIPpH
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MQJIBIX 3HAYEHUSIX X WU JUCIEPCHUS OCTATKOB OJTHOPOJIHA [0 MEPE YBEIUUYEHHUS
3HaYeHUuu X.
Hannune roMoCKemacCTUYHOCTH WM TE€TEPOCKETACTUYHOCTH MOXKHO

BUJIETh U TI0 PACCMOTPEHHOMY BblII€ TPa(UKy 3aBUCHMOCTH OCTaTKOB & OT

A

TEOPETHYECKUX 3HAYEHUH pe3yabTaTuBHOro npusHaka Y, . Tak, nus puc. 2.4

A

3aBUCUMOCTBb OCTAaTKOB OT yx IMpeACTaBJICHA HA puUC. 2.5.
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Puc. 2.5 I'erepocke1acTHYHOCTS. O0bIIAs AUCTIEpCUs &£ JUIA OOJIBIINX

A

3HAYEHHUH Y, .

COOTBETCTBEHHO ISl 3aBHUCHUMOCTH, M300paXEHHONM Ha  TOJAX
Koppemsiuu puc. 2.40 u 2.4 reTepoCcKe1aCTUYHOCTh OCTATKOB MPEACTaBIICHA

Ha puc. 2.6u 2.7.
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Puc. 2.6 T'eTepocke1acCTUYHOCT, COOTBETCTBYIOLIAS OO KOPPEISIIUU

Ha puc. 2.40.
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Puc. 2.7 T'erepocke1acTUIHOCTh, COOTBETCTBYIOIIAS TIOO KOPPEISIIIHA

Ha puc. 2.48.

Jlis MHO>KECTBEHHOW perpeccuy MJaHHbIA BUA TpaUKOB SBIAETCA
HauOojee MpPUEMIIEMbIM BH3YyaJbHbIM CIOCOOOM U3y4E€HHS TIOMO- U

IreTCPOCKCAACTUIHOCTH.

[Ipy DOCTPOEHMM PETPECCHOHHBIX MOJEIEH YPE3BBIYANHO BaXXHO

cobmonienue uyerBepror npennoceiiki MHK — oTcyrcTBHe aBTOKOppensuuu
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OCTaTKOB, T.€. 3HAYEHHUS OCTATKOB &, PACIPENENECHbl HE3aBUCHMO IpPYr OT
apyra. ABTOKOppESLUS OCTATKOB O3HAYAET HAIMYKME KOPPEISLHUH MEXIY

.5
OCTaTKaMHM TEKYIIUX W MpeAplaymux (HOCASAYIOMUX) HAOIIOACHUI .

Koaddumment xoppensiuun Mexmay & n & j» THe & — OCTaTKH TEKYIIHX

Habmonenuif, & — OCTaTKM TpeABITYNMX Habmonenuil (Hampumep,
] =1 —1), MmoxeT OBITH ONpe/ENeH KaK
co )
oo b,

T.€. IO OOBIYHOM (hopMyIie JTUHEIHOTO KO3 duIneHTa koppensauuu. Ecim 3ToT

KOO(DPUITMEHT OKaXETCS CYMIECTBEHHO OTJIMYHBIM OT HYJsl, TO OCTAaTKU

aBTOKOPPENUPOBAHBI U (DYHKIMS IJIOTHOCTH BeposTHOCTH F (5 ) 3aBUCHUT OT

| -i ToukM HAOJIOAECHUS U OT paclpeesieHus] 3HAUeHUI OCTaTKOB B JPYTUX

TOYKaX HAOIIOICHUS.

OTCyTCTBHE aBTOKOPPENSALMUA OCTAaTOYHBIX BEIMYMH 00eCreynBaeT
COCTOSITEILHOCTh U A(PGHEKTUBHOCTh OIEHOK KOI(D(PUIIMEHTOB pPErpeccHi.
OcoOenHo akTyanpHO coOmoaeHue naHHoil mnpeanocsuiku MHK  mpu
MMOCTPOCHUHM PETPECCHOHHBIX MOJEIeH MO psaaM IWHAMHUKH, TNI€ BBHIY
HAJIMYUSl TEHJEHIMW TIOCIEAYIONINEe YpPOBHU JMHAMHYECKOTO psAla, Kak
MPaBUJIO, 3aBUCAT OT CBOMX MPEIBIIYIINX YPOBHEH.

[Ipu HecoOmomeHnn ocHOBHBIX mpeanocsuiok MHK  mpuxomutcs
KOpPPEKTUpPOBaTh  MOJZETb, W3MEHsA €€ crnenudukanuoo, 100aBIsATh
(MckITr0YaTh) HEKOTOPBIE (PAaKTOPBI, IPEOOPA30BHIBATH UCXOAHBIC JTAHHBIC TSI
TOTO, YTOOBI TMOJYYUTh OIIEHKH KOd(DPHUIMEHTOB perpeccuu, KOTOPhIC
00Jafal0T CBOWCTBOM  HECMEIICHHOCTH, HMEIOT MEHbIlee 3HAuYeHUe
JMCTIEPCUM OCTATKOB M 00ECIEUMBAIOT B CBSI3U C 3TUM Oojiee 3(PheKTUBHYIO

CTATUCTUYECKYIO TPOBEPKY 3HAUMMOCTH MapaMeTPOB PErPECCUH.

® [Moapo6Hee 06 aBTOKOPPEIISLIHAY CM. B pasieie 4.
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2.5.00001meHHbIIiI MeTOA HanMeHbIINX KBaaApaToB (OMHK)

[Ipu HaApyHmICHHH TOMOCKEIACTHYHOCTH W HAJHYUH aBTOKOPPEISIIUN
OIIHMOOK PEKOMEHAYETCSI TPaJUIMOHHBI METOJ HAMMEHBIIMX KBaJpaTOB
(u3BeCTHBIN B aHIIMICKOM TepmuHoyiorun kak meron OLS — Ordinary Least
Squarespamensatb 0606wennbiM memooom, T.e. memooom GLS (Generalized
Least Squares).

OO6OOIIIeHHBI  METOJ] HAMMEHBIIUX KBaJpPaTOB MPUMEHSAETCS K
npeoOpa3oBaHHBIM JAaHHBIM M IO3BOJISIET IOJydYaTh OIIGHKH, KOTOPBIC
00/1aal0T HE TOJBKO CBOMCTBOM HECMEIICHHOCTH, HO M HMMEIOT MEHBIIHUE
BBIOOpOYHBbIe aucnepcuu. OcraHoBuMcs Ha ucnonb3oBannn OMHK s
KOPPEKTUPOBKH I'€T€POCKEIACTHYHOCTH.

Kak u panbine, OyaeM mpeanojararb, 4YTO CpeIHEe 3HAYCHUE
OCTAaTOYHBIX BEJIMYUH PABHO HYJIIO. A BOT JUCIEPCHS WX HE OCTACTCS

HEM3MEHHOU /I Pa3HBIX 3HAaYeHUU (pakTopa, a MPOMOpIHUOHATLHA BETUINHE
K, T.e.

g, =0’ [K,,
rae ngi — IACTIEPCHUS OITUOKHY TTPU KOHKPETHOM | -M 3HAYCHHUH bakTopa; O 2 _
MIOCTOSIHHAsI ~ JIUCIIEPCHUS OIMMOKH TPU  COONIOACHUW  TPEANOCBUIKH O

TOMOCKEIACTUYHOCTH OCTATKOB, Ki - KOC—)(I)(I)I/IHI/ICHT MMpOoNnopuruOHAJIbHOCTH,

MEHSIOIIUICSA ¢ W3MEHCHHEM BEIWYMHBI (hakTopa, 4TO U OOYCIOBIMBAET

HEOJJHOPOJAHOCTh AUCIEPCHUH.

[Ipu »TomM mnpeamonaraercsi, 4ro O ° HeW3BeCTHAa, a B OTHOLICHHUH
BenmmurH K. BBIZABHIalOTCS ONpEIENCHHBIE THIIOTE3bl, XapaKTepH3YIOLIHe
CTPYKTYPY I'€TepOCKETACTUUHOCTH.

B obmem Buze Uit ypaBHeHus Y, = a+ in +& npu ngi =g [K,

MOJENb IpUMET By Y, =a+ b)g +\/Ki£‘i. B el ocraTouHble BEIUYUHEBI
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IreTCPOCKCAACTUIHBI. Hpennonaraﬂ B HHUX OTCYTCTBUC aBTOKOPPCIINH,

MOKHO HCpCﬁTH K YpaBHCHHUIO C T'OMOCKEAACTUYHBIMHU OCTaTKaMH, IIOACIINB

BCE IEpeMeHHbIe, 3a(UKCUPOBAHHBIC B XOJe |-ro HaOMIOJeHUs, Ha 1/Ki .

. . 2 _ 2
Torna nucnepcus ocTaTkoB OyIeT BENMYMHOM MOCTOSHHON, T. €. O, =0 .
1

WMHubIMH cioBaMH, OT perpeccur Y mo X MbI IEPEUIEM K PErPECCUU Ha

HOBBIX IIEPEMEHHBIX y/ VK u X/ v K . Ypasuenue perpeccun npumer BU:

: a .
V Ki V Ki \Y Ki
a UCXOAHBIC JAHHBIC IJI JaHHOI'0 YPAaBHCHHUS 6y,HYT HUMCTH BUI.

Yi X

[Io oTHOmIEHMI0O K OOBIYHON perpeccuy ypaBHEHHE C HOBBIMH,

nmpeoOpa3oBaHHBIMU  TEPEMEHHBIMH  TMPEJCTABIsACT COOO0W B3BEIICHHYIO

perpeccuro, B KOTOpou nepeMeHHsle Y U X B3SITBI C BECAMHU ]/ VK.

OneHka mapaMeTpoB HOBOIO ypaBHEHUSI C MNpPeoOpa3oBaHHBIMU
MEPEMEHHBIMU MPUBOAUT K B3BEHIEHHOMY METOJly HAUMEHBIIUX KBaJpaToOB,
JUISE KOTOPOTO HEOOXOJUMO MUHUMU3UPOBATh CYMMY KBaJpaTOB OTKJIOHEHUH
BHJIA

n

S(a.b) =2 (v -a-bx)"

COOTBETCTBEHHO  MOJYYHM  CIEAYIOIIYI0O CUCTEMY HOPMAaJIbHBIX

YPaABHCHUU:
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-V _ 1 X

2 TR P
YK _ o X x

LZ < —aDZK+bDZK.

Ecnu mpeo6pa3oBanHbie epeMeHHbIe X U Y B3STh B OTKJIOHEHHUSAX OT

CpeHUX ypoBHeii, To kodduuuent perpeccun D MoxkHO onpenenuts kak
1
— Oy
= ZK—
1 :
2 X
K

HpI/I O0OBIYHOM MNPUMCHCHNHN MCTOAAda HAMMCHBIOMX KBaJpaTOB K

b

YPaBHCHUIO JIMHECWHOM perpeccun 1Jjid INCPEMEHHBIX B OTKIIOHCHHAX OT

CpelHUX ypoBHei ko3 dumenT perpeccuu D onpenensercs no popmyine:

PR
b= ? .

Kak BuaMM, 0OpU HCIONL30BaHuM 0000mensoro MHK ¢ 1uensio
KOPPEKTHUPOBKHM  TeTepPOCKENACTUUHOCTH  Kod(huiueHT perpeccun D
IPENCTABIAET COOOM B3BELIEHHYIO BEIUUYUHY 110 OTHOIICHHIO K OOBLIYHOMY
MHK c Becom /K .

AHAaJOTUYHBIN [TOIXO01 BO3MOXKEH HE TOJILKO JJIs yPABHEHMS IIAPHOM, HO
U IS MHOXKECTBEHHOW perpeccuu. IIpeamonokuM, 4T0 pPacCMaTpUBAETCS
MOJIENb BUJIA

y=a+bx +bx,+¢,
IJIsL KOTOPOM JAMCIIEPCUS OCTATOYHBIX BEIMYMH OKAa3alach IPOIOPLIMOHAILHA

2 y
K. K, mnpeacrasmser coboil KO3DGUIMEHT MPOHOPLHOHAIBHOCTH,
IPUHMMAOIIMIT pa3jIMdHbIe 3HAYEHMS I COOTBETCTBYIOIIMX | 3HaueHMit

(daxTopoB X u X,. Beuny Toro, 4ro
2 _ 2 2
o, =0° K,

paccMaTtpuBacMast MOACIb IIPUMCT BU/|
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Y =atbx; +bx; +Kg,
/i€ OINOKH reTepOCKEIACTHYUHBI.

Jdns  Toro 4roObl MOJYYWTh YPaBHEHHE, TA€ OCTaTKu &

TOMOCKEJACTHYHbI, MEpeIeM K HOBBIM MNPeoOpa3oBaHHBIM IEPEMEHHBIM,
pa3fenuB  BCE  WIEHBl  HUCXOJHOTO  YpaBHEHMs Ha  KOd(UIMEHT
nponopuuonansHoctd K. YpaBHenue ¢ npeoOpa3soBaHHBIMU HEPEMEHHBIMH
COCTAaBUT

i:i+blﬁ+b2ﬁ+gi_

Ki K K K

DT0 ypaBHEHUE HE COAEPKUT CBOOOIHOTO WieHa. BMecte ¢ Tem, Haiias

NepeMeHHbIE B HOBOM NpeoOpa3oBaHHOM Buje U mpumenss oobruabii MHK k
HUM, MTOJIYYMM UHYIO CHEU(PUKALUIO MOJEIIN:

T A+h Lt

K K K

[TapameTpbl TakoW MOJEIM 3aBUCAT OT KOHUEMIMH, OPUHATON s

koo duimeHTa  MPOMOPIMOHATHLHOCTH K.. B  skoHOMeTpHYeCKHX

HCCICOAOBAHMUAX MOOBOJBHO 4YaCTO BbIABHUIACTCA THUIIOTEC3a4, 4YTO OCTAaTKH (":I

MPONOPLHMOHATBHBI 3HaUeHUSIM pakTopa. Tak, eciiv B ypaBHEHUHU

y=a+bx +bx,+..+b x +e
MPEIIONI0KUTE, uTo €= E[X, re. K =X u Jgi =g? [X,, To 06006mIeHHBI

MHK npeanojaraet OIICHKY napameTpoB CJIEIYIOLLETrO

TpaHC(HOPMUPOBAHHOTO YPABHEHHUS:

X
l:bl+b2—2+...+bmﬁ+g.
X X X
[Ipumenenue B 3Tom cirydae o6o0menHoro MHK nmpuBoaut k Tomy, 4To
HAOJII0/IEHUS ¢ MEHBIIMMH 3HAYEHUSIMU TPEOOPA30BAHHBIX MEPEMEHHBIX X/ K

UMEIOT TIpU OMNpPEJEICHUN MapaMeTPOB PErpecCUr OTHOCUTEIBHO OONBIIHIMA

BC€C, 4CM C IICPBOHAYAIIbHBIMU IICPCMCHHBIMU. Bwmecte ¢ TEM, CJICAYCT UMCTH B
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BUIYy, UTO HOBBIE MNPeoOpa3OBaHHbIE MEPEMEHHBIC MOIY4al0T HOBOE
HPKOHOMHMUYECKOE COAEpPKAHUE U MX pEerpeccuss MMEEeT HHOW CMBICH, 4YeM

perpeccus 1o NCXOAHBIM JaHHBIM.
Ilpumep. IlycTs Y —HU31€pKKH IPOU3BOJICTBA, X —00BEM IPOLYKINH,
X, — OCHOBHBIE IIPOM3BOJICTBEHHBIE (DOHBI, X; — YUCIEHHOCTh PAOOTHHUKOB,
TOI'Zla YpaBHEHUE
y=a+hx +bx,+bx,te
ABIIIETCS MOJIEBbI0 M3IEPKEK IPOU3BOACTBA C OOBEMHBIMU (DAKTOPAMH.

2
IIpennonarass, uyro O

¢  TPONOPUMOHANLHA  KBAJAPATy  YHCJICHHOCTH

PabOTHUKOB X, , MBI IIOJIy4HM B Ka4e€CTBE PE3yJIbTATUBHOTO IPU3HAKA 3aTPaThI
Ha OJTHOTO pabOTHHKA y/ X5 , a B KayecTBe (PaKTOPOB CJIETYIONINE ITOKA3ATEIN:

MIPOM3BOJAUTEIBHOCTL TpyJa Xl/ X; ¥ (QOHIOBOOPYKEHHOCTh Tpynaa X, / X;.
Co0TBETCTBEHHO TpaHC(HOPMHUPOBAHHAS MOJIETH IPUMET BU/T
X
l:b3+blﬁ+b2_2+£’
X3 X3 X3
rae napamerpsl B, DB,, DB, uucnenno we cosmamaror ¢ amamormunbMu

napaMeTpamu npeapiayiei moaenu. Kpome atoro, koadpummeHTs perpeccuun
MEHSIOT JKOHOMHYECKOE COJACpKaHWe. U3 TIIOKa3aTelell CHJIbl CBSI3H,
XapaKTEepU3YIOIINX CpeiHee a0COMIOTHOE U3MEHEHUE U3IEPKEK TPOU3BOICTBA
C W3MEHEHHWEM a0COJIOTHON BEJIMYMHBI COOTBETCTBYIOIIEro (QakTtopa Ha
equHUIly, oHU (ukcupyroT npu ob6odbmenHom MHK cpennee wn3MeHeHwme
3aTpaT Ha pabOTHUKA; C U3MEHEHHEM MMPOU3BOAUTEILHOCTH TPYAa HA SAUHUILY
MIpU HEU3MEHHOM YpPOBHE (DOHIOBOOPYKECHHOCTH Tpyda, U C H3MECHEHHEM
(OHIOBOOPY)KEHHOCTH TpyJda Ha €IWHHUILy TPU HEU3MEHHOM YpPOBHE

IMPOU3BOJUTCIbHOCTHU TPYyAaA.
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Ecnu MpCAIIOJIOKHUTD, qTo B MOACIN C IEPpBOHAYAJIbHBIMHA

NEPEMCHHBIMU AUCIICPCHUA OCTATKOB IPOIOPHHUOHAIbBHA KBaAgpaTty oO0BeMa

2 _ 2m2 .
npoxykuuu, 0, =0 [X", MOXKHO mepeiiTi K ypaBHEHHIO PErpecCry BHAA

l: +b§+b§+£
TP TR T

B Hem HOBbIE NTepeMEHHbIE: y/ X, —3aTpathl Ha eauHULY (wnu Ha 1 pyo.

IPOIYKIIHH), X, / X - (GhOHI0EMKOCTh MPOTYKIINH, X5 / X, — TPyAOEMKOCTb
MIPOAYKIAH.

['unoTe3a 0 MPOMOPIUOHAIIBHOCTH OCTaTKOB BEJIMYKHE (DAaKTOpa MOXKET
UMETh peajlbHOE OCHOBaHHE. MpH 00pabOTKE HEIOCTATOYHO OJHOPOIHOM
COBOKYIIHOCTH, BKJIFOUAIOUIEW KAaK KPYIHBIE, TAK U MEJKUE NPEANPUAITHS,
00JIbIIUM 00BEMHBIM 3HAaYEHUSIM (PaKTOpa MOXKET COOTBETCTBOBATH OOJIbIIIAS
JUCTIEPCUsST PE3yIbTAaTUBHOTO MPU3HAKA M OOJIBINAs TUCIIEPCUS OCTAaTOYHBIX

BCJIIMYUH.

o o o 2 _ 2,2
ITpn HayM4uKU OHON OOBACHAIONIEH NTEPEMEHHOM TunoTe3a 0, = 0 X
|

TpaHC(POPMUPYET JIMHEHHOE YpaBHEHHUE

y=a+bx+e
B YpaBHEHUEC
a
X:b+—+5,
X X

B KOTOPOM MmapameTpbl @ M [ HOMEHSIHMCh MeCTaMu, KOHCTAaHTa CTaja
K03 (HUIMEHTOM HAKJIOHA JIMHUU PErpeccuH, a KO3(PQUIMEHT perpeccun —
CBOOOJIHBIM YJICHOM.

IIpumep. PaccmaTpuBas 3aBUCUMOCTb cOepexkeHul Y oT qoxona X, 1o

INEPpBOHAYAIIbHBIM JaHHBIM OBL10 IMOJIYYCHO YPAaBHCHUC PETPECCHUU

y=-1,081+ 0,1178x.
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[Tpumenss o600menubii MHK k manHOW Monmenu B MPENIOIO0KESHHH,
YTO OUIMOKHA MPOMOPLHUOHANIBHBI JOXOAY, OBLIO TMOJIY4EHO ypaBHEHHUE IS
peoOpa3oBaHHBIX JaHHBIX:

¥ -0,1026- 0,8538F.
X X

Koadpduuuent perpeccun mEpBOro ypaBHEHHS CPAaBHUBAIOT CO
CBOOOAHBIM YjieHOM BTOporo ypaBHeHus, T.e. 0,1178u 0,1026 —ouenku
napametpa D 3aBucumocTu cbepeskenuii oT 10xoa.

[lepexon K OTHOCUTENbHBIM BEJIMYMHAM CYIIECTBEHHO CHMXKAET
Bapuanuio (pakTopa M COOTBETCTBEHHO YMEHBIAET AUCIepcuto ommuoOku. OH
npeacTaBisieT co0oi Hanboee MPOCTON Ciydail yueTa reTepoCcKe1aCTUYHOCTH
B PErpeccMOHHBIX MoAensx ¢ mnomoipio 0600menHoro MHK. Ilporecc
mepexojla K OTHOCUTEIBHBIM  BEIMYMHAM MOXET OBITh  OCIIOKHEH
BBIJIBUKEHUEM HMHBIX TUIIOTE3 O MPOMOPIUOHATBHOCTH OITMOOK OTHOCUTEIHHO
BKJIFOUEHHBIX B MOJieNb (pakTopoB. Vcnonb30BaHUE TOW MM MHON TMIIOTE3BI
MPEANoJiaracT CIeIHAIbHBIE WCCICIOBAHUS OCTAaTOYHBIX BEIWYUH TS
COOTBETCTBYIOIIMX PErpecCHOHHBIX Mojenel. [Ipumenenne 0000IIEHHOTO
MHK mo3BosiseT TOoJyduTh OIICHKH TapaMeTpPOB MOJEIH, OOJadaroriue

MEHBIIEN JUCIIEPCHUEN.

2.6.PerpeccuoHHbI€ MO/IeJIM € TIEPeMEHHOH CTPYKTYpoii

(pukTHBHBIE IEpeMeHHbIE)

Jlo cux mop B kadecTBe (haKTOPOB pPacCMaTPUBAIUCh IKOHOMUYECKHE
MEpEMEHHbIE, MPUHUMAIOIIUME KOJUYECTBEHHbIE 3HAYECHHS B HEKOTOPOM
uHTepBajge. BMecte ¢ TeM MOXeT OKa3aThCs HEOOXOAMMBIM BKIIOYUTH B
Mojenb (akTop, MMEIONMIMK JBa WiM 0oJjiee KAa4eCTBEHHBIX YpPOBHEW. ITO
MOTYT OBITh Pa3HOTO pojia aTpuOyTHBHBIC MPU3HAKU, TaKWe, HAIPUMED, KaK
npodeccusi, noj, oOpazoBaHue, KIMMATUYECKUE YCIOBUS, MPUHAIIEKHOCTD K
omnpeNeeHHOMY  peruoHy. YrtoObl BBECTHM Takue TE€pEeMEHHbIE B

PETPECCHOHHYIO MOJCIIb, UM JOJIKHBI OBITh IMPUCBOCHbI TC HWJIW HWHBIC

82



yugposvie memku, T.€. KaueCTBEHHbIE II€PEMEHHbIE IpPeoOpa3OBaHbl B
KOJIMYECTBEHHbIE. Takoro BHJA CKOHCTPYHUPOBAaHHBIE IIEPEMEHHBIE B
HKOHOMETPUKE MIPUHATO HA3BIBATb QUKMUSHBIMU NEPEMEHHBIMU.

PaccMoTpuM mnpuMeHEeHHE (QUKTHUBHBIX IEPEMEHHBIX i1 (PyHKUUU
cupoca. [IpeanonoxxkuM, 4To MO TpyIIE JIML MY’KCKOIO M JKEHCKOro IoJia
U3y4aeTcs JIMHEWHas 3aBUCUMOCTbh MOTpedsieHus Kode OT IeHbl. B obmem
BUJIE JIUIS1 COBOKYITHOCTH 00CIEAYEMBIX YPAaBHEHUE PETPECCUN UMEET BU!

y=a+bx+eg,
rae Y —koimdectBo norpedisseMoro kode; X —eHa.

AHaNOrM4HbIE ypaBHEHUS MOTYT ObITh HAWACHBI OTAEIBHO IS JIWIL
Myx)kckoro nona: Y, = @, + X, + £, u xenckoro nona: Yy, = a, +b,X,+ &.,.

Paznmuuns B motpebineHuu Kode MpOSBITCS B Pa3iM4UM CPEIHUX Y| U

Y,. Bmecre ¢ Tem cuina BamsiHUS X Ha Y MOXKeT ObITh OJMHAKOBOI, T.e.

b=Db =b,. B srom cnyusae Bo3MOXHO TOCTpoeHHE OOIIETO ypaBHEHHS

perpeccuu ¢ BKJIIOUYEHHEM B HEro (Qakropa <«moim» B BHAE (UKTHUBHOU

nepemeHHoil. OObenuHsis ypaBHeHus Y, ¥ Y, H, BBOJAA (DUKTUBHEIC

nepeMeHHbIE, MOXKHO MPUITH K CIEIYIONEMY BbIPaXXEHUIO:
y=azt+a,z,+bx+e,

rae Zyu Z, — GUKTUBHBIE IEPEMEHHbIE, IPUHUMAIOLIIE 3HAUCHHUS:

1 - myxckoil nod, 0 — MyXcKoii o,
Z = zZ, =

O — >KeHCKHUH IO, 1 — >xeHCkHH DOJI.
B oOmem ypaBHEHHMH perpeccuu 3aBUCHUMas IepeMeHHas Y
paccMmaTpuBaeTcs Kak (YHKIMS HE TOJBKO LIEHBI X HO M ToJa (Zl, 22).

Ilepemennas Z paccMarpuBaeTCs Kak JUXOTOMHUYECKass IE€peMEeHHas,
npuHUMaromas scero Asa 3HadeHus: 1 u 0.IIpu sTom korna Z, = 1, to Z, = 0,

1 Ha000pOT.
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Jns nui My»KCKOro Tona, Korzaa Z =1u Z, =0, oO6benuHEHHOE
YPaBHEHUE DPErPECCHU COCTaBUT. Y = & +bX, a mas nun xenckoro mona,

korra Z =0 n z =1 9:a2 +DbX. WnbiMu cnopamu, pasnuuns B
NOTPEOJICHNH IS JIMIl MY>KCKOTO M JXEHCKOTO TI0JIa BBI3BaHbBI Pa3IHUMSIMU
CBOOOJIHBIX YIIEHOB ypaBHeHHs perpeccuu: & 7 @,. Ilapamerp D sBnsercs
OOIIMM JJIs1 BCEH COBOKYITHOCTH JIUII, KaK JJIsl MY>KYUH, TaK U JIJIsl )KEHIIKH.

OnHako Ipu BBEIEHMU JBYX (DUKTHBHBIX IIEPEMEHHBIX Z U Z, B
monens Y =&z +a,Z,+bX+& mnpumenecane MHK mnst ouenuBanus

apaMeTpoB & U &, NMPUBEAET K BBIPOXKICHHOW MAaTPUIIE HCXOJHBIX JTaHHBIX,
a CleJ0BaTeNIbHO, U K HEBO3MOXXHOCTH TOJYyUYCHHUS UX OLICHOK. OOBsACHSIETCS
3TO TeM, 4YTO MNpu ucnoyb3oBaHnu MHK B maHHOM ypaBHEHUH NOSBISETCS
CBOOOHBIN YJICH, T.€. ypaBHEHHUE IPUMET BH/]I
y=A+az+a,z,+bx+e¢.
[Ipeamnonaras npu mapamerpe A He3aBUCHMYIO TIEPEMEHHYIO, PABHYIO

1, umeem cleAyIONIYI0O MATPUILY UCXOAHBIX TAHHBIX:

(1 1 0 x|
1 1 0 x
1 0 1 x
1 1 0 x,
10 1 x|

B paccmarpuBaeMoil Matpuie CyHIECTBYET JIMHEWHAs 3aBUCHMOCTH
MEXAY TEpBbIM, BTOPBIM M TPETbUM CTOJIOLIAMH. TEPBBIA pPaBEeH CyMMe
BTOPOTO U TpeThero cronbmoB. [loaTomMmy Marpuiia HCXOAHBIX (HAKTOPOB
BBIPOXKJICHA. BBIXOZOM W3 CO34aBLIIETOCS 3aTPYIHEHUS MOXKET SIBUTHCS

IIEPEXO] K YPaBHEHUAM
y=A+Az +bx+¢

1587051
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y=A+Az +bx+¢,
T.€. K&KJJ0€ YPaBHEHHE BKJIIOYACT TONBKO OIHY (DUKTUBHYIO IIEPEMEHHYIO Z;

unu Z,.

[Ipenmonoxum, 4To ONpEeaeIeHO YpaBHEHNE
y=A+Az +bx+e¢,
rae Z, NpUHUMACT 3HAYCHUS 1 nna MY>KYWH U O st JKEeHIMH.

Teopernueckue 3HaueHUs] pazMepa NOTpeOJeHUs kode Uil MYKUYUH

OyJyT IIOJTy4EHBI U3 YPaBHECHHS
y=A+A +bx.
J.IJIH JKCHIIWH COOTBCTCTBYIOINC 3HAYCHHUA IIOJIYYUM U3 YPABHCHUA
§/ = A+Dbx.

CormocTaBiisis 3TH pe3yijibTaTtbl, BUIUM, YTO pPa3JiMiuad B YpPOBHC

NOTPeOIEHHsT MYKYUH U KEHIIMH COCTOAT B Pa3iMYUM CBOOOIHBIX UYJIEHOB
JAHHBIX ypaBHeHUI: A — st sxeHmmH 1 A+ A — ot MyxauH.

Tenepp KauecTBEHHBIM (PAKTOp MPUHUMAET TOJBKO JBa COCTOSHUS,
KOTOpPBIM cOOTBETCTBYIOT 3HaueHus 1 u 0. Ecim ke uuciao rpaganuit
KauyeCTBEHHOT0 NpH3HaKa-(aKTopa MPEBHIIIAECT Ba, TO B MOJEIb BBOJUTCSA
HECKOJIBKO (DMKTHBHBIX MEPEMEHHBIX, YUCIO KOTOPBIX JAOHKHO OBITh MEHBIIE
qrclia KaYeCTBEeHHBIX rpaganuid. TonbpKo Mpu cOOII0IEHNN 3TOTO MOJ0KEHUS
MaTpHIIA UCXOAHBIX (PUKTUBHBIX MEPEMEHHBIX He OYJEeT IMHEHHO 3aBUCUMA U
BO3MOYKHA OIICHKA [TapaMETPOB MOJIEIIN.

IIpumep. IIpoananu3upyeM 3aBHCUMOCTb LEHBl JBYXKOMHAaTHOU
KBAPTUPBl OT €€ Mosie3Ho Iomaau. Ilpy sToM B Mojaenb MOryT OBbITh
BBEJICHbl (DUKTUBHBIE IEPEMEHHBIE, OTPAXKAIOUIME TUIl JIOMA: <«XPYILEBKa»,
ITAHEJIbHBIN, KUPIIUYHBIN.

HpI/I HCIIOJIB30BAHUU TPEX KaTCFOpI/Iﬁ JOMOB BBOJIATCA ABC (I)I/IKTI/IBHBIC

nepeMeHHsle. Z u Z,. Ilycte mepeMeHHas Z, NMpUHHMAaeT 3HadeHue 1 i

IMa"HCJIIbHOT'O A0Ma H 0 JJIL BCEX OCTAJIbHBIX THIIOB OOMOB, IIEPEMCHHAas 22
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npuUHUMAaeT 3HaueHue 1 s KupnuyHbIX A0MOB U O 711 OCTaNbHBIX; TOTIA
HiepeMEHHbIe Z U Z, NPUHUMAIOT 3HaueHus O 171 JOMOB THIA «XPYHIEBKH».

[Ipeanonoxkum, 4YTO  ypaBHEHHE perpeccud ¢  (UKTUBHBIMU

INEPEMECHHBIMU COCTABHUJIO.

y =320+ 500+ 220@ + 16Q8).
YacTHple ypaBHEHUs PETPECCHUM U1 OTACIBHBIX THUIIOB JOMOB,

CBUACTCIILCTBYA O HanOoJiee BBICOKHX HEHax KBApTUP B HAHCJIBHBIX J0MaX,

OymyT uMeTh caemyrommii Bua; «xpymebkn» — Y = 320+ 500; manensnbie

— §/: 2520+ 500; kuprnuunbie — §/=l920+ S50k.
[lapameTpsl NpH (QUKTHUBHBIX MEPEMEHHBIX Z M Z, NPEACTABISIOT

co0Ol pa3HOCTh MEXK]Yy CPEIHHUM YPOBHEM pPE3yJIbTATUBHOTO MPHU3HAKA IS

COOTBETCTBYIOILIEH rpynmbl 1 0a30Boii rpynmnsl. B paccmarpuBaeMom npumepe

3a 6a3y CpaBHEHHS LICHBI B3ATHI JIOMa «XPYIIEBKN», I KoTopblx Z = Z, = 0.

ITapamerp npu Z, passeii 2200, o3Hayaer, 4To IpH OJHOM M TOH XKe

MOJIe3HOM mIomaan KBApPTHUPBI IICHA €C B IAHCJIBbHBLIX JOMaX B CPCIHCM Ha

2200m0mn. CIIA BeIie, uem B «xpyiieBkax». COOTBETCTBEHHO MapaMeTp MpH
Z, TOKa3bIBaeT, YTO B KUPIHUYHBIX JOMax ILieHa Bblme B cpeaHeM Ha 1600

JOJUI. IIPU HEU3MEHHOM BEJIIMYHMHE IOJIE3HOM IUIONIAU II0 CPAaBHEHUIO C
yKa3aHHBIM THUIIOM JIOMOB.

B oTnenbHbBIX Cilydasx MOXET OKa3aThCsl HEOOXOIMMBIM BBEJIEHUE JIBYX
u Oonee rpynn (PUKTUBHBIX MEPEMEHHBIX, T.€. ABYX U 00jee KaueCTBEHHBIX
(akToOpoB, KaXIblii U3 KOTOPBIX MOXET HMMETh HECKOJBKO Tpajalui.
Hanpumep, mpu wusydeHuun mnoTpeOJIeHHs HEKOTOPOTO TOoBapa Hapsay C
¢dakTopamMy, HMMEIOUNIMMH KOJHYECTBEHHOE BBhIpakeHHE (IIEHa, JOXOj Ha
OJHOTO 4YIEHa CEMbH, IICHa Ha B3aUMO3aMCHsEMbIe TOBapbl W [p.),
YUUTBHIBAIOTCS U KadecTBeHHbIE (hakTopbl. C UX MOMOIIBIO OIEHUBAIOTCSA
pa3auuus B MOTPEOJEHUM OTAEIbHBIX COLMAIbHBIX TIPYNI HACEIEHHUs,
auddepeHanys B NOTpeOICHUN MO MOJy, HAIMOHAIBHOMY COCTaBY H Jp.
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[Ipu mocTpoeHnn TaKoW MOJICTH U3 KaXKIOW TPYIIbl (PUKTUBHBIX MIEPEMEHHBIX
cleAyeT WCKIIOYUTh 10 OJHOM MepeMeHHOW. Tak, eciau Mojenb OyaeT

BKJIIOYaTh TPU COLMAJIBHBIE TPYIIBI, TPU BO3PACTHBIE KATETOPUU W PN

3KOHOMHYECCKHUX IICPEMECHHBIX, TO OHA IIPUMET BU.

y=a+hs +bs,+bz,+bz +tbx +bx +..+b  x +¢,

rae Y —notpebieHue;

1 — ecnm HaOMIOACHUS OTHOCATCS K | -i COIMAIBLHOM rpyIie (i =1, 2) ,

S =

O — B OCTaJIBbHBIX CIIydasix;

1 — ecnu HAOMIOJCHUST OTHOCSTCS K | -if BO3PACTHOM rpyIie (j =1, 2) ,
Zi =

O — B OCTalbHBIX CIyYasX;
Xy X5, +.uy, X, —OKOHOMHUECKHE (KOTNYECTBEHHBIE) TIEPEMEHHBIE.

Jlo cux mop Mbl paccMaTpuBaiId (PUKTUBHBIEC TEpEMEHHBIE KaK (PaKTOpHI,
KOTOpPBIE  MUCIOJB3YKOTCS B  PETPECCHOHHOM  MOJENM  Hapsay C
KOJMYECTBEHHbIMU IEPEMEHHbIMH. BMmecTe ¢ TeM BO3MOXHa perpeccus
TOJIbKO Ha PUKTUBHBIX IepeMeHHbIX. Hanpumep, uzyuaercsa nuddepennmanus

3apabOTHOM TIaThl paboYMX BBICOKOW KBAIM(PUKALMK MO PETMOHAM CTPAHBI.

Mozerns 3apabOTHOH ITaTH MOXKET UMETh BHI:
y=a+hz +b,z,+..+b,7,

rae Y — cpenuss 3apaboTHasi uiata pabo4yuX BBICOKOM KBaTM(pUKAIMU IO

OTJCJIBHBIM NPCAIIPUATHIM,

1 - ecnu npegnpustiue Haxoaurcs B CeBepo-3amna HoOM paiioHE;

0 — ecnu nmpeanpusITHE HAXOAUTCS B OCTATHHBIX paliOHAX;

1 - ecnu npennpusitue HaxoauTcsi B Bonro-Bstckom paiione;
0 — ecinu npeanpuaTHe HAXOAUTCS B OCTAIbHBIX palioHax,

1 - ecnu npenpusTue HaxoAUTCs B J|abHEBOCTOYHOM paiioHE;

0O — ecnu NpCaApuATHC HAXOAUTCA B OCTAJIBHBIX paﬁOHaX.
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ITockonpKy nocaeIHUN palioH, yKa3aHHBINA B MOZEIH, 0003HA4YeH Z  , TO

B HCClIeI0BaHue BKIoyeno M+ 1 paiion.

Ms1 paccmoTpenu Mojenu ¢ (UKTUBHBIMU IEPEMEHHBIMHU, B KOTOPBIX
HOCIEAHNE BBICTYNAKOT (akTopaMu. MOKET BO3HUKHYTh HEO0OXOAMMOCTH
IIOCTPOUTh MOJIENb, B KOTOPOW IMXOTOMHYECKHMU IPU3HAK, T.€. NPU3HAK,
KOTOPBIM MOXET NMPUHUMATh TOJBKO J1Ba 3HAYCHUS, UTPAET POJIb PE3yJIbTaTa.
[Tomo6HOrO BHIa MOAENTU MPUMEHSIOTCS, HAIlpUMED, TPH 00pabOTKE TaHHBIX

COUOJIOTUYCCKHUX  OIIPOCOB. B kadectBe 3aBHCHMOU HepCMCHHOﬁ y

pacCMaTpuBAOTCA OTBCTBI HAa BOIIPOCHI, JAHHLIC B aHBTCpHaTHBHOfI (I)OpMC:
«aa» HJIN «HCT>». HOG)TOMy 3aBHCHUMAas IICpEMCHHAsA MMCCT JBa 3HAYCHUI. 1,
Korga MMECT MECTO OTBCT «Ia», U O —BO Bcex OCTaJbHBIX ClIy4dasix. MOI[GJIB

TaKOW 3aBUCUMOUN MIEPEMEHHON UMEET BU/L:

y=a+hx +..+hx, +e.

Mogenb SBISETCA BEPOSTHOCTHOM JIMHEWHOM Mojenbto. B Hen Y
npuHuMaeT 3HadyeHuss 1 u O, KOTOPBIM COOTBETCTBYIOT BEPOSITHOCTH P
1-p. TMosromy mnpu pelmieHHd MOJEIM HAXOAAT OILEHKY YCIOBHOM
BEPOSITHOCTH COOBITHS Y Tpu (PUKCUPOBAHHBIX 3HaueHUsx X. g oneHku
apaMeTpPOB JIMHEHHO-BEPOSTHOCTHON MOJCIH MPUMEHSIOTCS MeTo bl LOgit-,
Probit- u Tobit-ananuza. Takoro poma MoJenu HCHOJB3YIOT MPU padoTe ¢
HEKOJINYECTBEHHBIMHM TIEpeMeHHBIMU. Kak mpaBuiio, 3TO Mojelu BbIOOpa U3
3aJlaHHOr0 Habopa ajdbTEepHATHB. 3aBUCHMas MepeMeHHass Y MpeacTaBieHa
JTUCKPETHBIMU 3HAYCHHUSAMH (HAOOp aIbTEPHATHB), OOBSICHSIONIUE IEPEMEHHBIC

X; — XapaKTePHCTHKH aJbTCPHATHB (Bpems1, 1eHa), Z; — XapaKTepUCTUKH

uHAUBHIIOB (BO3pacT, JOXOJ, YpOBEHb 00pa3oBaHWs). Mojaenb Takoro poja
MO3BOJISIET NPEACKa3aTh JOJIIO0 HHAMBUIOB B TIE€HEPAIbHON COBOKYITHOCTH,
KOTOpbI€ BEIOMPAIOT JAHHYIO aJIbTEPHATHUBY.

Cpenn wmogneneil ¢ (QUKTUBHBIMM TEPEMEHHBIMH HAaHOOJBIIUMHU

IMPOrHOCTUYCCKUMHU  BO3MOKHOCTAMHU O6J'Ia,IIaIOT MOACIHN, B KOTOPHBIX
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3aBHUCHMasl TepeMeHHass Y  paccmarpuBaeTcs Kak (QyHKOusS — psana
OKOHOMHYECKUX (DAaKTOPOB X M (UKTUBHBIX IepeMeHHbIX Z;. Ilocienmue

OOBIYHO OTpaXarOT pazNuyusi B (POPMUPOBAHMH PE3YJIbTAaTUBHOTO MpHU3HAKA
II0 OTHAEIBHBIM TIpyNnaM €IWHUIl COBOKYNHOCTH, T.€. B pe3yJbTaTe

HEOJHOPOJHON CTPYKTYPhI MPOCTPAHCTBEHHOI'O UM BPEMEHHOI'O XapaKkTepa.
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3. CucreMbl JKOHOMETPUYECKUX YPABHEHM i

IIpy ucronp30BaHNK OTAEIBHBIX YPABHEHUN PETPECCHUH, HAIPUMED IS
HPKOHOMMUYECKHUX pacCyeToB, B OOJIBLIIMHCTBE CIy4aeB IPEANONaraercsi, 4To
apryMeHThl ((haKTOphl) MOKHO M3MEHSTh HE3aBUCUMO JPYT OT npyra. OqHaKko
3TO NPEAINOJIOKEHUE SBIAETCI OYEHb TIPyObIM: MPAKTUUECKU H3MEHEHHE
OJIHOH MepeMEeHHOM, KaK MPaBUIIO, HE MOXKET MPOUCXOAUTH MPU a0COJIIOTHON
HEU3MEHHOCTH Apyrux. Ee nusmeHenue nopuever 3a co00 U3MEHEHHUS BO BCE
CUCTEME B3aMMOCBA3aHHBIX NPU3HAKOB. CIIEI0OBATEIBHO, OTHEJIBHO B3STOEC
YPaBHEHUE MHOKECTBEHHON PETPECCUU HE MOXKET XapAKTEPU30BATh HCTUHHBIE
BIIMSIHUSL OTAEIBHBIX IPU3HAKOB HA BAPUALUIO PE3YIBTUPYIOLIEH TIEPEMEHHOM.
NMeHHO mo3TOMYy B IIOCHEAHUE  JCCATWIETHS B DKOHOMUYECKUX
HCCIIEIOBAaHUSX BaXKHOE MECTO 3aHsjIa MpobieMa ONMMCaHUs CTPYKTYPHI CBSI3eH
MEXIy IEPEMEHHBIMU CUCTEMOM TaK HAa3bIBAEMBIX OJHOBPEMEHHBIX
YPaBHEHMUH, HAa3bIBAEMBIX TaK)K€ CTPYKTYPHBIMU YPABHCHUSIMH.

Cucrema ypaBHEHUH B 9KOHOMETPUUECKUX UCCIIETOBAHUAX MOKET OBITh
[IOCTPOCHA IIO-PA3HOMY.

Bo3moxxHa cucmema Hezasucumvix  ypaHnenuii, KOTJAa Kaxzaas

3aBHCHMasl TIepeMeHHasl Y paccMaTpuBaeTCs Kak (GyHKIHS OJTHOTO U TOTO JKe
Habopa ¢akTopoB X:

yl = a11X1+a12X2+"'+a1]Xn +€1,
) y2 = a21xl+a22x2+"'+a21Xn +£2’

\ym = a'mlxl-'-a'm2X2+"'+amnxn +€m'

Habop ¢aktopoB X; B KaXIOM YpAaBHCHHHM MOXCT BapbUPOBATb.

(3.1)

Kaxnoe  ypaBHEHHME  CHCTEMBl  HE3aBUCUMBIX  YPaBHEHHUHM  MOXKET
paccMaTpuBaThbCS  CAMOCTOSTENBHO. [[ HaXOXKIEHWS €ro IapameTpoB
UCIIONB3YeTCsl METOJ HauMEHbIIMX KBajaparoB. Ilo cymecTtBy, Kaxmoe
YPaBHEHME JOTOM CHCTEMBI SIBJISIETCS YpPaBHEHUMEM perpeccuu. Tak Kak

(I)aKTI/I‘ICCKI/IC 3HAa4YCHMUA 3aBUCHUMOU HCpCMCHHOﬁ OTJIINYAaI0TCA oT
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TEOPETUUYECKUX HA BEIMYUHY CIydalHOH OMMOKH, TO B KaXKJIOM ypaBHEHUU
NPUCYTCTBYET BEJIMYMHA CIy4aliHON OMIMOKH &, .
Ecnu 3aBucnuMast nepeMeHHass Y OJHOTO ypaBHEHHS BBICTYIIA€T B BHJIE

¢dakTopa X B IpyroM ypaBHEHUH, TO UCCIEAOBATENb MOXKET CTPOUTH MOJEIb B

BUJIE CUCTNEMbL PEKYPCUBHBIX YPABHEHUU:
Yi=apXtapXsttagX, +&,

y2 :b21y1+a29(1+a22( 2+"'+a an tE 2
y3:b31y1+b32y2+a22(1+a22( 2+"'+aI2Xn+g 2 (32)

ym = mly1+"'+bm,m—lym—1+amlxl+am2X2+"'+aman +£m'

B nanHON cucteMe 3aBHCHUMas NEPEMEHHas Y BKIIOYAET B KaXI0€

-

N

nocleyroliee ypaBHeHHE B KauecTBe (PaKTOPOB BCe 3aBUCHUMBIE NTEPEMEHHbBIE
NPEAIIECTBYIONIMX YpaBHEHUN Hapsaay ¢ HA0OpoMm coOCTBEHHO (akTOpoB X.
Kaxnoe ypaBHEHHE 3TOI CUCTEMBI MOXKET PaCCMATPUBATHCS CAaMOCTOSITENBHO,
U €T0 TapaMeTphl ONMPEILSIISIOTCS METOA0M HauMeHbIX kBajapato (MHK).
HauGounbiiee pacrnpocTpaHeHre B 3KOHOMETPUYECKHX HCCIIEIOBAHUSIX
MOJY4YNJIa cucmema 63aumMo3a8UCUMbIX ypasHeHul. B HeM OonHM U Te XKe
3aBHCUMBIC MEPEMEHHBIE B OJHUX YPAaBHCHMUSX BXOJAT B JIEBYKO 4acTh, a4 B
IPYTUX YPAaBHEHHSIX — B MIPABYIO YaCTh CUCTEMBI:
ylzb12y2+bly3+"'+bmym +a12(1+a1%( 2+"'+anl.xn+£1

Y, =byy, + byt by, taXfraXotaX +é,
Vs =byy, thyy,+..+bgy, ta Xita X taX +&, (3.3)

CucreMa B3aMM03aBUCUMBIX YPABHEHUI IMOIY4YWJIa Ha3BAHUE CUCHEMbl
COBMECMHbBIX, 0OHOBDEMEHHBIX YpasHeHuli. TeM caMbIM MOTYEPKUBAETCS, YTO B
CHUCTEME OJIHU M TE€ K€ NEPEMEHHBIE OJHOBPEMEHHO PACCMATPUBAKOTCS KaK
3aBUCUMbBIE B OJHHUX YPaBHEHUSIX M KaK HE3aBUCHUMbIE B Jpyrux. B

SKOHOMETPUKE 3Ta CUCTEMA YPAaBHEHHMI HA3bIBACTCS TAaKKE CMPYKMYPHOU
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¢opmoti modenu. B ornuune OT MpenbIAyIIUX CUCTEM Ka)J0€ ypaBHEHHE
CUCTEMBI  OJHOBPEMEHHBIX YPAaBHECHHMH HE MOXKET pPacCMaTpUBaTHCS
CaMOCTOATENIBHO, U Ul HAaXO0XKIEHUS €ro nmapamerpoB TpaauiuoHHbeii MHK
HenpuMeHUM. C  3TOH  LENBI0  HCHOJIB3YIOTCA CIELUAIbHBIE IPUEMBI

OLICHUBAHMSI.
3.1.CtpykTypHas u npuBeAeHHasi popMbI MoeIH

CucrtemMa COBMECTHBIX, OJTHOBPEMECHHBIX YpaBHEHHH (WM CTPYKTYpHas
dbopma Mozenu) OOBIYHO COACPIKUT YHIIOTEHHBIC M SK30TCHHBIE IIEPEMCHHEIE.

OHOo2eHHble nepemeHHble — OTO 3aBUCUMBIE IEPEMEHHBIE, YHUCIIO
KOTOPBIX PaBHO YMCIYy YPAaBHEHHUH B CUCTEME U KOTOPbIE 0003HAUAIOTCA Yepe3
Y.

OK302€eHHble nepemeHHble — 3TO IPENOIpPEEICHHbIE IEPEMEHHBIE,
BIMSIOIIME HA DSHJOTECHHbIE IIEPEMEHHbIE, HO HE 3aBHUCSIIHE OT HHUX.
Obo3nauatorcs yepes X.

Knaccudukanus nepeMeHHBIX Ha YHIOT€HHbIE M 9K30T€HHbIE 3aBUCUT OT
TEOPETUYECKON KOHIEIIUN MPUHATON MOJEIN. DKOHOMUYECKUE ITEPEMEHHbBIE
MOTYT BBICTYNaThb B OJHUX MOJENAX KaK DHIOTEHHbIE, a B JIPYrUX Kak
DK30TCHHBIC TEepeMeHHbIe. BHEIKOHOMHYECKHE TMepeMEeHHbIC (Hampumep,
KJIMMaTUYECKHE YCJIOBUS, COLMAJIBHOE IOJOXKEHUE, I0J, BO3pacTHas
KaTeropus) BXOISIT B CHCTEMY TOJIbKO KakK SK30T'CHHBIC IepeMEHHbBIC. B
KayeCTBE DSK30T€HHBIX IEPEMEHHBIX MOTYT pPAacCMAaTPUBATBCA 3HAYCHUS
DHJIOTEHHBIX MEPEMEHHBIX 3a MPEAIISCTBYIONINI MEPHOA BPEMEHH (1acogvle
nepementole).

CrtpykTypHas ¢opMa MOAEIU MO3BOJISIET YBUIETh BIMSIHUE U3MEHEHUMN
0001 SK30T€HHOW MEPEMEHHOM Ha 3HAYEHHs] HHAOTEHHOM IEPEMEHHOM.
[lenecooOpa3HO B KauecTBE SK30TE€HHBIX IEPEMEHHBIX BBIOMpATh TaKHe
NEepPEeMEHHbIE, KOTOPbIE MOTYT OBITh OOBEKTOM pPEryaupoBaHMs. MeHss Ux u
yOpaBisisi UMH, MOXHO 3apaHee HMETh LeJeBble 3HAYCHHUS SHIOTEHHBIX
IIEPEMEHHBIX.
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CtpykrypHas ¢opmMa MOAEIM B TMPABOW YaCTH COJEPKHUT TIPHU

SHIOTEHHBIX MEPEMEHHBIX KOO(GUIMEHTI D, 1 9K30TeHHBIX TIEPEMEHHBIX —
KO3 PUITUEHTHI a;, KOTOpbIE Ha3bIBAIOTCS CMPYKMYPHbIMU

Koagpuyuenmamu wmonenu. Bce mepeMeHHbIE B MOJIETH BBIPAKEHBI B
OTKJIOHEHHUAX OT CPEIHETO YPOBHS, T.€. oA X moapasyMmeBaeTcss X — X, a IOJ

Yy —cootBercTBeHHO Y — Y. [103TOMY CBOOO/IHBIN WICH B K&XKIOM YPaBHCHUH

cuctembl (3.3)0TCyTCTBYET.

HcnonszoBanne MHK mist oneHuBanus CTpyKTypHBIX KO3(h()UIIMEHTOB
MOJENN JaeT, Kak [PUHATO CYHATATh B TEOPUH, CMEUICHHBIE W
HECOCTOSITENbHBIE OIEHKU. [10ATOMY OOBIYHO [JIs1 OIpEIeCHHS CTPYKTYPHBIX
KOA(Q(UIMEHTOB MOJENHU CTPYKTypHas ¢(opma Mozenu mpeodpasyercss B
npueeoenHyo hopmy MOJEIH.

[IpuBenennas ¢popma MOAETH MPEACTABISAET COOON CUCTEMY JTUHEHHBIX
(GyHKIUH HJIOT€HHBIX IEPEMEHHBIX OT 3K30I'€HHBIX
(Y1 =0 Xt 0 Xt ..t 0 X, tU,

) Y2 T 0%t 0, Xt ..+ 0%, T U, (3.4)

kym :5mlxl+5m2X2+"'+5man +um'

rae 5”- — ko023 unuenTel nmpuBegeHHON (GopMel Mogenu, U — ocraTodHas

BEJIMYMHA I IPUBEACHHON (HOPMBI.
ITo cBoeMy Buay npuBEACHHAS OpMa MOJIETN HUUYEM HE OTJIMYAETCS OT

CUCTEMbl HE3aBUCHUMBIX YpPaBHEHHI, MapamMeTpbl KOTOPOM OLIEHUBAIOTCS

tpaguuuoHaeiM MHK. Ilpumenss MHK, moxHO oueHuTh 5”-, a 3aTeM

OLICHUTh 3HAYEHUS SHJOTCHHBIX TIEPEMEHHBIX YEPe3 IK30TCHHBIE.
Koadhdumuentsl npuBeneHHoir GOpMbI MOJEITH MPEIACTABISIOT COOOU

HeJuHEeWHbIe (QYHKIUU KOI(PQOUIIMEHTOB CTPYKTYpHOH (OPMBI  MOJCIH.

PaccmoTpuM 3TO moJiokeHne Ha mpuMepe NPOCTEUIIEN CTPYKTYPHOM MOJENH,
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BBIPa3UB K0P PUIIUEHTHI IPUBEICHHON (POPMBI MOIETH Uuepe3 KOdPPUIIUEHTHI
CTPYKTYPHOI MOJETH.

JIns CTpyKTypHOU MOJENH BUAA

{yl = b12y2 ta, X, té&, (3.5)
Y, = b21y1+ a,X,t &,
npuBeIeHHAs popMa MOJIEITH UMEET BU]
{y1:511X1+512X2+u1 (3.6)
Y, = 521X1+ 522X tu,

13 nepBoro ypaBHeHus (3.5) MOXKHO BBIPa3UTh Y, CIEAYHIOLIUM

o0pa3oM (paau yrnpoIeHus OIyCKaeM CIIydaiHyIO BETUYUHY):

— Yi a1 X .
by,

[Toncrasisist BO BTopoe ypaBHeHue (3.5), umeem

Yi—aX, _

Yz

bl b21Y1+a22X2’
2
OTKYyJa
y, = Ay X, + a22b12 X
1 2
1- b12b21 1- b1p 21

[locTymass aHAaNOTHYHO CO BTOPHIM ypaBHeHHEM cuctembl (3.5),

IMOJIy4YuM

— a11b21 X, + ay, X,
1- b12b21 1- b1p 21

T.¢. cucrema (3.5)nmpuHrMaeT Bu

Yz

-

y, = Ay X, + a22b12 X,,
) 1- b12b21 1- blp 21
— a11b21 Ay
Y, = X, + X,
L ’ 1_b12b21 1- b1p21 ’
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Takum 00pa3oM, MOXHO CAeNaTh BBIBOA O TOM, YTO KOI()PHUIIMEHTHI
NpuBEIeHHON (OpMBI MOJenu OYyAyT BBIpaXaThCs 4depe3 KOod(PHUIMESHTHI
CTPYKTYpPHOU (POPMBI CIEIYIOIINM 00pa3oM:

J. = &y .= a, D,
11 ’ 12 '
1-b,b,, 1-bp,,
3, = ab,, , 0,,= A _
1-b,b,, 1-b,p,,

CrnenyeT 3aMeTUTh, UTO IPUBEACHHAS (pOpMa MOJAECIN XOTS U MO3BOJSET
MOJIyYUTh 3HAYEHUS SHIAOTEHHOW MEpEeMEHHOM uYepe3 3HaueHHUs SK30TE€HHBIX
HepeMEHHbBIX, HO aHAJIMTHYECKHA OHA YCTYMaeT CTPYKTYpHOU (opme Mozen,
TaKk KaKk B HEW OTCYTCTBYIOT OLIEHKH B3aMMOCBSI3U MEXIy HSHAOTCHHBIMU

IEPEMEHHBIMH.
3.2.11pobaema uaeHTUPUKATTAT

[Ipu mepexone OT mpuBENEHHON (GOPMBI MOJIETH K CTPYKTYpHOMH
HKOHOMETPUCT CTAJIKUBAETCA ¢ MpoOiaemMol naeHTugukannu. nenrudukanus
— 3TO €AUHCTBEHHOCTb COOTBETCTBHSI MEXKIY INPUBEICHHOW U CTPYKTYPHOH

dbopmamu MOIETH.
CrpykrypHas mojenb (3.3) B IOJHOM BUJIE COIEPXHT M [q m+n —1)

apaMeTpoB, a MpUBEICHHAs (opMa MOJCIIH B ITOJTHOM BHUAE coaepkut MLN
napameTpoB. T.e. B MOJHOM BHUJE CTPYKTYpHas MOJIETb COJEPKUT OoJbliee

YUCJIO TapamMeTpoB, 4YeM mnpuBeicHHas Gopma wmonenu. COOTBETCTBEHHO
m[ﬂm+n—1) napaMeTpoB CTPYKTYpHOW MOJEIM HE MOTyT OBITh

OJTHO3HAYHO ompenaeneHsl u3 MLN mapameTpos nmpuBeneHHON GOPMBI MOZIEIH.

YTOoOBI MONYYUTh €IUHCTBEHHO BO3MOKHOE PELIEHUE JJI CTPYKTYPHOM
MOJIEJM, HEOOXOAMMO IMPEANOIOKUTh, YTO HEKOTOPBIE W3 CTPYKTYPHBIX
KO3(}(ULIKMEHTOB MOJEIM BBHAY CcIa0OW B3aMMOCBSA3M TPU3HAKOB C
OHJOTE€HHOM NMEPEMEHHON U3 JIEBOM YaCTH CHCTEMBI PaBHBI HYJIIO. TeM cambim

YMEHBIIUTCS YUCIO CTPYKTYPHBIX KOI(PPUIMEHTOB MoOjeNU. YMEHbIICHUE
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9HUCiIa CTPYKTYPHBIX KO3(POHHUIIMEHTOB MOJEIH BO3MOXXHO M APYTHM ITyTEM:
HampuMmep, MyTeM NMPUPABHUBAHUS HEKOTOPHIX KO3PGUIIUEHTOB IPYT K APYTY,
T.e. MyTEM TWPEANOJIOKEHUH, YTO WX BO3JAEHCTBHE Ha (HOPMHUPYEMYIO

SHAOTEHHYIO TEpPEMEHHYI0 OAMHaKoBO. Ha cTpykTypHble KO3(DPUIIMEHTHI

MOTYT HaKJIaJbIBaThCsI, HATPUMEP, OTPAHUYCHUS BUIA b||< + aﬂ. =0.

C mno3uuuu UACHTUDUIMPYEMOCTH CTPYKTYpPHBIE MOJIEIU MOKHO
NO/Ipa3ieNIuTh HA TPU BUA:

1)  wupeHTHUIUpPYEMBIE,

2)  HewaeHTU(HIHpYEMBIE,

3) cBepxuaeHTH(DHUIUPYEMBIE.

Mopenb uoenmuguyupyema, €Ciivi Bce CTPYKTYpHBIE €€ KOd((PUITUEHTHI
OMpENENSAI0TCS OAHO3HAYHO, €JUHCTBEHHBIM 00pa3oM Mo KodpduuueHTam
NpUBEACHHON (POPMBI MOJENH, T. €. €CJIM YUCIO MapaMeTpOB CTPYKTYPHOU
MOJIeJId PaBHO YHCIy TapameTpoB MpUBENCHHOW (popMbl monenu. B stom
cllydae CTPYKTypHbIe KO3 (PHUIIMEHTHI MOJIENIN OLICHUBAIOTCS Yepe3 mapaMeTphl
NpUBEACHHON (POPMBI MOJICIH U MOJIETh HACHTU(PHUIIpYEeMa.

Mogenbs  meuoenmugpuyupyema,  €cld  YUCIO  NPUBEICHHBIX
KO3 (ULIMEHTOB MEHbIE YHClIa CTPYKTypHBIX KO3(h(UIHUEHTOB, U B
pe3ynbTaTe CTPYKTYpHbIE KOX(GOUIIMEHTh HE MOTYT OBITH OLICHEHBI 4epe3
K02(pULIMEHTHI TPUBEICHHON (POPMBI MOJICIIH.

Monens  cgepxudenmugpuyupyema, €CId  YUCIO  MPUBEIECHHBIX
kod(pdunrieHToB OO0JbINE YHCIA CTPYKTYPHBIX Kod(dduiueHtoB. B 3tom
cllydae Ha OCHOBE KO3(DPHUIIMEHTOB MPHUBEACHHONW (OPMBI MOXKHO MOTYyYUTH
IBa WM 0oJiee 3HAYCHWH OJHOTO CTPYKTypHOro kKodddurmenta. B sroit
MOJIEJIA YUCJIO CTPYKTYPHBIX KOA((PHUIIMEHTOB MEHBIIIE Ynciaa KO3PHUIIMEHTOB
npuBeieHHONH (Gopmbl. CBepxuaeHTHGUIUPYEMass MOJEIb B OTJIHYUE OT
HEUJECHTUDUIIMPYEMOIN MOJIeNIA MPAKTUYECKHU pelraemMa, Ho TpeOyeT ISt 3TOro
CHEIHAIbHBIX METO/I0B UCUUCIICHUS TapaMETPOB.

CtpykTypHas MOJIellb BCerja MpeicTaBisieT coOoil  cucremy

COBMECTHBIX YpaBHEHUH, KaXKJ0€ M3 KOTOpPBIX Tpedyercs MpOoBEpsATh Ha
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uaeHTHPUKaMoo. Mojenb cuuTaeTcs UIACHTHPUIUPYEMOM, €CIH KaxIoe
ypaBHeHHUE cucTeMbl ujaeHTuduimpyemo. Ecinu xots Obl 01HO U3 ypaBHEHUH
CUCTeMbl  HeuAeHTU(UUHUpyemMO, TO U  BCSI  MOJAEIb  CUHUTAETCS
HeugeHTupunrpyemoit. CepxujieHTUPUIIUPYEMast MOJENb COJEPKHUT XOTs
OBl OIHO CBEPXUJACHTU(DUIIPYEMOE YPAaBHEHHE.

BrinonHnenue ycnoBust HACHTUPHUIIMPYEMOCTH MOJIETH IPOBEPSAETCS AJIs
KaXXJI0TO ypaBHEHHs cucTeMbl. YTOOBI ypaBHEHUE OBLIO MIAECHTUDUIIMPYEMO,
HE00X0IUMO, YTOOBI YHUCJIO peAoIpEeaeIeHHBIX MIEPEMEHHBIX,
OTCYTCTBYIOLIMX B JIJAHHOM YPAaBHEHUH, HO MPUCYTCTBYIOIINX B CUCTEME, OBLIO
PABHO YKCIIy H/IOT€HHBIX NTEPEMEHHBIX B JAHHOM YpaBHEHUHU 0€3 OJHOTO.

Eciau 0003HAa4UTh YHCIO HIOTEHHBIX IIEPEMEHHBIX B | -M ypaBHEHHH
cucremsl uepe3 H , a uncio sk3oreHHbx (MpemonpeneseHHbix) NePEMEHHBIX,
KOTOPBIE COAEPIKATCS B CUCTEME, HO HE BXOJAT B IaHHOE YpPaBHEHUE, — YEPE3
D, 1o ycnosue naeHTHGUIMPYEMOCTH MOJETH MOKET OBITh 3AIIUCAHO B BUJIE

CJICAYIOIMICTO CYETHOIO IIpaBuHiIa.

Tabmuua 4.1
D+1=H ypaBHEHHE HICHTHOUIIUPYEMO
D+1<H ypaBHEHUE HEUJICHTHHUIUPYEMO
D+1>H ypaBHEHHE CBEPXUICHTUPUIIPYEMO

Jlisl OLIEHKH MapaMeTpoB CTPYKTYPHON MOJENN CHCTEMa JO0JDKHA OBITh
UACHTUPUIIIpYEMa WK CBEPXUICHTUPUITIPYEMA.

PaccMoTpeHHOE cuUeTHOE TMpaBWIIO OTpakaeT HEoOXOoAMMOE, HO
HEJOCTaTOUYHOEe  ycjoBue  wuiaeHTUuKanuu. boimee ToyHO — ycioBus
UICHTU(DUKAIIUN  OINpPENEeNSIIOTCS, €eCIM HaKJIaAblBaTh OTpaHUYEHHUS Ha
K03(pPHUIMEHTHl MaTpul] MapaMeTpOB CTPYKTYpPHOH Mojenu. YpaBHEHHE
UACHTUPUIIMPYEMO, €CIM [0 OTCYTCTBYIOUIUM B HEM [EpEeMEHHBIM
(?HIOTEHHBIM U 3K30TCHHBIM) MOXHO M3 KO3((QHUIMEHTOB MPH HUX B JAPYTUX
YPaBHEHUSX CHCTEMBbI MOJYyYUTh MATPHILy, ONpPEIEIUTENh KOTOPOH HE paBeH
HYJIIO, @ paHT MaTPHUIbl HE MEHbILIE, YEeM YHCIIO SHIOTEHHBIX NMEPEMEHHBIX B

cucreme 0e3 OAHOTIO.
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[{enecooOpa3HOCTh MPOBEPKU YCIOBUS UACHTU(HUKALIMA MOJEIU Yepe3
OTPEACIUTENh MaTpPUllbl KO3 (UIIMEHTOB, OTCYTCTBYIOIIMX B JaHHOM
YpaBHEHUH, HO MPUCYTCTBYIOMINX B IPYTUX, OOBICHICTCS TEM, YTO BO3ZMOXKHA
CUTyaIus, KOorja Il KaXKJOro YpPaBHEHHS CHCTEMBI BBITIOJIHEHO CUETHOE
IIPaBUJIO, a OTIPEACIIUTENh MATPHUIIBI HA3BAHHBIX KOA(P(GUIIMEHTOB paBeH HYIIIO.
B aTrom ciydae coOrogaeTcs Ui He0OX0IMMOe, HO HEIOCTAaTOYHOE YCIIOBUE
UJeHTU(UKAIIUH,

B skoHOMETpHYECKHMX MOJEISIX 4YacTO HapsAAy C YpaBHEHUSMH,
nmapaMeTpbl KOTOPBIX JOKHBI OBITh CTATUCTUYECKHU OICHEHBI, UCTIOJIb3YIOTCS
OanaHCOBBIE TOXKIECTBA MEPEMEHHBIX, KOA(PPUIIMEHTH TPU KOTOPBIX PaBHBI
+1. B sToM ciydae, XOTS caMO TOXKIECTBO M He TpeOyeT MPOBEPKHM Ha
UAeHTUPUKAIIMIO, W00 KOI(PGUIMEHTHI MpPU TEPEMEHHBIX B TOXKICCTBE
W3BECTHBI, B TMPOBEPKEC HAa WACHTU(GUKAIUIO COOCTBEHHO CTPYKTYPHBIX
YpaBHEHU CUCTEMBI TOKECTBA YIaCTBYIOT.

PaccmoTpum mpumep. Mzyuyaercs Mojenb Buaa
(

Ct :a1+bllwt +b12|:(|:t—1+€1’
I, =&, +b21Et +b22|:|t—1+£2’
f :a3+b31wt +b32|:W|t T &y

\Yt =G+l +G,
rne C, — pacxoxsl Ha norpebnenue B neprox t, Y, — coBOKymHBIH 10X0x B
neprox t, |, —wuHBecTHumm B nepuon t, I, —mporenrtras craska B nepuon {,
M, — nenexnas macca B mepuox t, G, — rocymapcrBeHHbBIE pacxombl B

nepuon {, Ct_1 — pacxozbl Ha norpednenue B nepuon t —1, |t_l WHBECTUILIUHA

B nepuox [ —1. Ilepsoe ypaBHeHHe — QYHKIUS HOTPEONIEHHS, BTOPOE
ypaBHEHHE — (PYHKIIMS WHBECTULIUH, TPEThE YpaBHEHUE — (PYHKIIHS JEHEKHOTO
PBIHKA, UETBEPTOE YPABHEHUE — TOXKIECTBO JOXO/A.

Mopenb npencraBiser coOOM CHUCTEMY OJHOBPEMEHHBIX YpaBHEHH.

[IpoBepuM Kaxaoe ee ypaBHEHUE HA UACHTU(DUKALINIO.
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Mogens BKIIIOYAET YEThIpE IHIAOTCHHBIC IIEPEMEHHbBIC (Ct, |t , Yt , rt) "

YETBIPE MPENONPEIEICHHBIE EPEMEHHbIE (IBE DK30I€HHBIE MEPEMEHHBIE —
M, u G, u nBe narossie nepemennsie — C_, u |,_,).

[IpoBeprM HEOOXOAMMOE YCIOBUE HMACHTH(HMKALUM IS KaXIOTO W3
YPaBHEHHUUN MOJIEIIH.

Iepsoe ypasuenue: C, =a +b, Y, +b,,[C_,+ &, Dro ypasuenue
coztepkuT 1Be sHuoreHnbie nepemenrsie C, u Y, 1 01HY IpeIonpeeeHHYO
nepemennyto C,_;. Takum obpasom, H =2, a D=4-1=3 re,
seinonaserca ycnosue D +1> H . Vpasuenue ceepxunentudumpyemo.

Bropoe ypasuenue: |, =a, +b,, [ +b,, [, _,+&, Ouno Bxmouaer
JIBe DHJIOTCHHbIE TlepeMenHbie |, u I, ¥ oaHy 9K30reHHyt0 nepemMennyio |, .

Brinosasiercst YCIIOBHUE D+1=3+1>H =2 VpaBHeHHE

CBEPXUICHTUDHUIIHPYEMO.

Tpetbe ypasuenue: I, = &, +b,, [Y, + b,,[M, + £.. Ono Bxmouaer nse
SHJIOTEHHbIC MEepeMeHHbIE Y, M [, W OXHY JK30TeHHy mepemenHyro M, .
Beinonnsercs YCIIOBHE D+1=3+1>H = 2, VpaBHenue
CBEPXUICHTUDUIIHPYEMO.

Yerseproe ypashenue: Y, =C, +1, +G,. Ono mpencrasuser coGoi
TOX/IECTBO, MapaMeTpsl  KOTOpPOro  m3BecTHH. HeoOxomumoctn B
UACHTU(PHUKAIIUU HET.

[lpoBepuM It  KaKAOTO  YpaBHEHHS JOCTaTOYHOE  YCIOBHE

uaeHTuQuKanuu. [{ns 3Toro coctaBUM MaTpuily Ko3(DPHUIMEHTOB Mpu

MMCPCMCHHBIX MO CIIN.

C, l Iy Y, Cou | M, G,
| ypaBaenne | -1 0 0 b, b, 0 0 0
Il ypaBHEeHUE 0 -1 b,, 0 0 b,, 0 0
Il ypaBuenue | O 0 -1 b, 0 0 b, 0
ToxnecTBO 1 1 0 -1 0 0 0 1
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B cooTBeTrcTBUM C [OCTaTOYHBIM YCIOBHEM HWIACHTHU(GUKALUUA pPAaHT
MaTpUIBl KO3(P(UIIMEHTOB MPU MEPEMEHHBIX, HE BXOISIIUX B HCCIEIyeMOe
ypaBHEHHUE, JOJHKEH ObITh PaBEH YHCITy SHJOTEHHBIX IEPEMEHHBIX MOJEIN 0e3
OJIHOTO.

[lepBoe ypaBHeHue. Marpuna ko3hUIIMEHTOB MPU MEPEMEHHBIX, HE

BXOJAIINX B YPABHCHUC, UMCCT BU]

l, Iy = M, G,

Il ypaBHEeHHE -1 b,, b,, 0 0
[l ypaBHeHuUe 0 -1 0 b,, 0
ToxnectBo 1 0 0 0 1

Panr nanHOM MaTpuIbl paBEH TPEM, TaK KaK ONPEAEIIUTENb KBAAPAaTHON

HOAMATPHIBI 3X 3HE paBeH HYIIIO:

b,
0 b,

0

=b,b,,# 0.

I[OCTaTO‘—IHOG YCIIOBUC I/II[CHTI/I(i)I/IKaI_II/II/I A1 JAHHOTO  YpaBHCHHA

BBIITOJIHACTCS.

Bropoe ypaBHenmne. Martpunia kod3pQHUIIMEHTOB MpU MEPEMEHHBIX, HE

BXOJAIINX B YPABHCHUC, UMCCT BU]

C Y, Ca M, G,
| ypaBHEHHE -1 b, b, 0 0
[l ypaBHeHuUe 0 b,, 0 b,, 0
ToxnecTBo 1 -1 0 0 1

Panr nanHOM MaTpuIbl paBEH TPEM, TaK KaK ONPEACIIUTENb KBAAPATHON

moaMaTpuilbl 3X 3He paBeH HYIIIO:

b,

0 b,

0

= 12b32 Z 0.

I[OCTaTO‘—IHOG YCIIOBUC I/II[CHTI/I(i)I/IKaI_II/II/I A1 JAHHOTO  YpaBHCHHA

BBIITOJIHACTCS.
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Tpetbe ypaBHenue. Matpuna kKo3(p(PUIMEHTOB MpU NEPEMEHHBIX, HE

BXOIIHUX B YPAaBHCHUC, UMCCT BUJ

C, l Ciy iy G,
| ypaBHEHHE -1 0 b, 0 0
Il ypaBHEeHHE 0 -1 0 b,, 0
ToxnaecTBO 1 1 0 0 1

Panr HaHHOﬁ MaTpuObl PaBCH TPEM, TAK KaK OIPCACIINTCIIb KBaHpaTHOﬁ

HOAMATPHIEl 3X 3 He paBeH HYJIIO:

b, O

0 b,
0 0

= 12b22 # 0.

JlocTraTtoyHOE YCJIOBHE WMJACHTH(PUKAIMK JJI1 JaHHOTO YpaBHCHHUS
BBIIOJIHSCTCS.

Takum 00pa3oM, BCE ypaBHCHHUS MOJICIH CBEPXUACHTHU(DUIIHPYCMBI.
[IpuBenennas hopma Mojenu B o0meM Buae OyAeT BHITISAACTH CICTYIOITIM
oOpazom:

(Ct =A+0,C1+0,d,;+O, M +0 .5 +u,
l, =A+ 521Ct—1+ 522|t—1+ 52Nt +52£;t tu,
[ =A+0,C 0, ;1O M, +0 5 tU,
\Yt =A+0,C,+0,l ;+O M +0,65 +u,

3.3.MeToabI OlIeHKH TApaMeTPOB CTPYKTYPHOI GopMbI MOAeIH

KoadhuiuenTsl cTpyKTypHOM MOJIETH MOTYT OBITh OLIEHEHBI Pa3HbIMU
crocobaMy B 3aBHCUMOCTU OT BHJIa CUCTEMbl OJJTHOBPEMEHHBIX YpaBHEHHIA.
Haunbonbiiee pacnpocTpaHeHre B IUTEPATYPE MOTYUUIIN CICAYIOIMINE METOIbI
OLICHUBaHUS KO3PPULUEHTOB CTPYKTYPHON MOJIEIIH:

1)  KOCBECHHBIH METOJI HAMMEHBIIINX KBaJIPaTOB;

2)  JBYXIIaroBBIH METOJ HAUMCHBIIUX KBaJIPaTOB,;

3)  TpexmaroBblii METOJ HAUMCHBIIUX KBaJIPATOB,;

4)  MeToJ MaKCHMAaJILHOTO IMPaBIOTIOI00HS ¢ TTOJIHON HHpOpMAITHEH;
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5) Merom MaKCHUMalbHOTO TIPABIONOAOOHMS TPH OrPaHUYCHHOM
uH(opmarumu.

PaccMoTpuM Bkpartiie CyIHOCTh KaXKJ0TO U3 3TUX METOOB.

KocBennsiii Meron HaumMeHbmux kBaapaToB (KMHK) mpumensiercs B
cillydae TOYHO MJEHTU(ULUpPYEeMON CTpyKTypHOH Mozenu. [Ipouenypa
npumenennss KMHK npenmnonaraer BeIITOJHEHUE CIIEYIONIMX 3TAIlOB PaOOTHI.

1. CrpykrypHas Mojeilb MpeoOpa3oBbIBACTCS B IPUBEICHHYIO
dbopMy mMozenu.

2. Jlna Kaxaoro YypaBHEHHUS TPUBEICHHOM (QOpMBI  MOJenu

06sruHbIM MHK orniennBaroTcs npuBeeHHbIe KO3PHUITUESHTHI 5”- :

3.  Koaddumnuents MIPUBEIECHHON dbopMbI MOJIeNN
TpaHCPOPMUPYIOTCS B IapaMETPhl CTPYKTYPHON MOJIEIH.

Ecmu cuctema cepxuaentuduuupyema, o KMHK He ncnonb3yercs,
100 OH HE JaeT OJHO3HAYHBIX OLEHOK JUIsl MapaMeTpPOB CTPYKTYPHOU MOJEIIH.
B aTOM ciydae MOryT MCHOJIB30BATBHCS Pa3HbIE METOJBI OLICHUBAHUSA, CPEAU
KOTOpBIX HanboJyiee pacrpoCTpaHEHHBIM M MPOCTBHIM SIBISICTCS ABYXIIIArOBBIN
MeTOJ1 HauMeHbINuX kBaapatoB (JIMHK).

OcnoBnast uges JIMHK — na ocHoBe mpuBeneHHONl (QOpMBI MOaenu
HOJyYUTh U1l  CBEPXUACHTUPUIMPYEMOTO YpPaBHEHHUS TEOPETUUECKUE
3HAYEHMsI DHJOTCHHBIX IIEPEMEHHBIX, COJAEpPXKALIUXCS B IPaBOM 4YacTH
YpaBHEHMUS.

Hanee, moacTaBUB HUX BMeCTO (DAKTHUUECKUX 3HAUEHUH, MOXKHO
[IPUMEHUTH OOBIYHBIN MHK K CTPYKTYpHOMU dopme
CBEPXUIACHTUPUIUPYEMOTO  ypaBHEHHUS. MeToq  TOMydyusa  Ha3BaHUE
neyxiaroporo MHK, n6o naxasl ucnonb3yercs MHK: Ha nepBom 1mare npu
OTIpeZIeNIeHNU TPUBEIECHHON (DOpMBI MOIEIM W HAXOXKICHWU Ha €€ OCHOBE

OLCHOK TCOPECTUYCCKUX 3HAYCHUU BHHOFCHHOﬁ HCpCMCHHOﬁ

A

Y. =0, X 0, X,+...+40,X, ¥ Ha BTOPOM IUare NPUMEHHUTEIBHO K

CTPYKTYPHOMY CBEPXUACHTU(PUIMPYEMOMY YpPAaBHEHUIO TPU OIpEACTCHUU

102



CTPYKTYPHBIX KOO(DPUIIMEHTOB MOJENM TO JaHHBIM TEOPETHUYECCKUX
(pacueTHBIX) 3HAUCHUH SHOTCHHBIX TEPEMEHHBIX.

CepxuneHtudunupyemMas CTPYKTypHasi MOJETb MOXET OBITh JBYX
THIIOB!

1)  Bce ypaBHEHHUsS CUCTEMbI CBEPXUICHTU(DHUIIUPYEMBI;

2)  cuCTeMa COACPKUT HAPSIy CO CBEPXUACHTHPHUITUPYSMBIMHA TOUHO
UACHTU(ULIMPYEMbIE YPaBHEHUS .

Ecnmu Bce ypaBHEHHS CHUCTEMBI CBEPXHACHTHPUIIUPYEMBIC, TO IS
OIICHKUA CTPYKTYPHBIX KOI(P(OUIIMEHTOB KaXKIOTO YPAaBHEHUS HCIOJIBb3yeTCS
JIMHK. Ecau B cucteMe €cTh TOYHO HIASHTU(PHUIIUPYEMBIE YpPaBHEHHS, TO
CTPYKTYpHBIC KOI(P(GUIIMESHTHI 10 HUM HAXOJSATCS W3 CUCTEMBI MPUBEICHHBIX
YPaBHCHUU.

Jlnst  mpumepa, pacCMOTPEHHOTO B MpeasiayieM —maparpade,
HEOOXOAUMO TPUMEHHUTh HWMEHHO JBYXIIArOBBIA METOJ HAWMEHBIINX
kBagpaToB. Ho MOXHO caenars ciepyrponiee 3amedanue. Ecnu u3 monaenu

HCKJIFOUUTh TOXIECTBO JOXOJA, YHCIO HSHJIOTCHHBIX IMEPEMEHHBIX MOJEIHU
CHM3WTCS HA CIAMHUIY — HEPeMEHHas Y, CTaHeT 3K30TCHHOH. A d4mcio
MPEIONPEACIEHHBIX MEPEMEHHBIX MOJEIN HE H3MEHUTCS, T.K. U3 MOJEIH

OylleT WCKIodeHa SHporeHHas nepemenHas (G, HO ee MecTo 3aiimer

mepeMeHHas Y,. B mpaBbix 4acTsIX (GyHKIHMH TOTpeONeHHs U (GyHKIHMH

JACHCKHOT'O PBbIHKA 6YIIYT HaXO04UTbCA TOJIBKO npcaonpeCaACICHHBIC

IMCPCMCHHBIC. (I’YHKHI/IH I/IHBCCTI/IHI/Iﬁ MMOCTYJIUPYCT 3aBUCHUMOCTD BHHOFCHHOﬁ

nepeMeHHoO# |, oT sHmOrenHoi mepemenHoi I, (KOTOpasi 3aBHCHT TOJIBKO OT

MPEeIONPEICICHHBIX IEPEMEHHBIX) W IPEJONPEACICHHON mepeMenHon |, .

Taxum 00pa3oM, MBI IOTYYUM PEKYpPCUBHYIO cucteMy. Ee mapameTpbl MOXHO
ouieHuBath 00bIYHBIM MHK, 1 HET HEOOXOUMOCTH HCCIEAOBAHUS YPaBHEHUS
Ha UJCHTU(DUKAITUIO.

KocBeHHBIM M JBYXINAroBeli METOABl HAaWMEHBIIMX KBaJApPaTOB

MOAPOOHO OMHCAHBI B JIUTEPATYPE M PACCMATPHUBAIOTCS KaK TPATUIIMOHHBIE
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METOJIbI OLEHKU KOAP(PUIMEHTOB CTPYKTYPHOH MOJEIH. OTH METOIbI
JOCTATOYHO JIETKO Peasni3yeMbl.

MeTon MakCUMAaNbHOTO  TMPABIOMONOOMS  paccMaTpUBAETCs — Kak
HauOoJiee 001K METO OLIEHUBAHUS, PE3YJIbTAaThl KOTOPOTO MPU HOPMAIHLHOM
pacnpeaenenun npuszHakoB coBnanaT ¢ MHK. Ognako npu 60ab110M YKcIie
YpaBHEHHUI CHUCTEMBbl 3TOT METOJ MPUBOAUT K JOCTATOYHO CIIONKHBIM
BBIUMCIUTENbHBIM — TpouienypaMm. IlosTomy B KadecTBe MoOJIUPUKALNH
UCIIOJIb3YETCSl METOJ MaKCHMaJbHOTO MPaBAONOAO00US MPU OrpaHUYCHHOU
uHpopMmaru  (METOJ] HAWMEHBIIETO  JUCIIEPCHOHHOTO  OTHOIICHWS),
pazpaborannsiii B 1949r. T. Aunepconom u H. PyOounsim.

B omnnume oT Meroga MakKCHUMalbHOIO MpPaBAONON00MS B JAHHOM
METOJIE  CHSThl  OrpAaHMYEHHMS  HA  THapamMeTpbl,  CBA3aHHbIE  C
(GYHKIIMOHMPOBAHUEM CHCTEMBI B LIEJIOM. OJTO JelaeT peuieHue Ooiee
IIPOCTBIM, HO TPYAOEMKOCTb BBIYMCICHHI OCTA€TCSl JOCTATOYHO BBICOKOM.
HecMoTpst Ha ero 3HaAYUTENbHYIO MOMYJISIPHOCTD, K cepeaune 60X rogoB oH
OBLT MPAKTUYECKU BBITECHEH JBYXIIIarOBBIM METOJIOM HAMMEHBIINX KBAJAPaTOB
(AMHK) B cBsi3u ¢ Topa3ao OOJbIIIeH MPOCTOTON MOCIEIHETO.

Hanbnedimum  pazsutueM [MHK sBiaserca tpexmaroeiii MHK
(TMHK), npennoxxennsiii B 1962r. A. 3enpaepoM u I'. Teimom. DTOT MeTon
OLICHUBAHUS MPUTOJCH MJii BCEX BUJIOB YpaBHEHUM CTPYKTYPHOM MOJEIH.
OpHako MpU HEKOTOPHIX OTPAHUYECHUSX Ha MapaMeTpsl 6oiiee 3PPEKTUBHBIM

okasbiBaetTcs JIMHK.
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4. BpeMeHHBbIE PSAbI

[Tpu mocTpoeHuu 3KOHOMETPUUECKOW MOJAENH MCIOIB3YIOTCS /IBa TUIIA
TaHHBIX

1)  maHHBIE, XapaKTEPU3YIOIINE COBOKYITHOCTh PA3JIMYHBIX OOBHEKTOB
B OTIpE/ICIICHHBII MOMEHT BPEMCHH;

2) JaHHBIC,  XapaKTepU3yIOIIME  OJMH  OOBEKT 3a  psif
MOCJIEI0BATEIILHBIX MOMEHTOB BPEMEHH.

Mopnenu, TOCTPOCHHBIE IO JaHHBIM TEPBOTO THUIIA, HA3BIBAIOTCS
npocmpancmeenHuiMu Mooenamu. Mojenu, mocTpOoeHHbIE Ha OCHOBE BTOPOTO
TUTIA JTAHHBIX, HA3BIBAIOTCA MOOEAMU BPEMEHHBIX PAOOE.

Bpemennoii psio (psi0 Ounamuxu) —>3TO COBOKYITHOCTh 3HAUCHHH KaKOTO-
1100 MmoKaszaTess 32 HECKOJBKO MOCIIEeI0BATEIbHBIX MOMEHTOB HIIU TIEPUOI0B
BpeMeHH. Kaxaplii ypoBeHb BpeMEHHOro psga QopMmMupyercs TMOf
BO3JCHCTBUEM OONBIIOTO 4YHucCia (HAKTOPOB, KOTOPHIE YCIOBHO MOXKHO
MOAPA3ACIUTh HA TPU TPYTITIHI:

1)  daxropsl, GopMHUPYIOIIKE TEHACHIUIO PSA;

2)  dakropsl, popMupyONIME IUKINICCKHE KOJICOAHHS PSa;

3)  ciydaiiHbie PaKTOPHI.

PaccMoTpuM Bo3melcTBHE Kaxaoro (akTopa Ha BPEMEHHOH psI B
OTJIETTLHOCTH.

BONBIIMHCTBO BPEMEHHBIX PSIOB SKOHOMUYECKUX TMOKa3aTelield UMEIOT
TEHICHIINIO, XapaKTEePHU3YIOIIyI0 COBOKYITHOE TOJTOBPEMEHHOE BO3JEHCTBUE
MHOKeCTBa (PaKTOpPOB Ha JAMHAMHKY H3y4yaeMoro Imokasarens. Bce stu
(dakTophl, B3ATHIE B OTACIBHOCTH, MOTYT OKa3bIBaTh pPa3HOHAIIPABICHHOE
BO3JICHCTBUE HA HUCCIeNyeMblid Mokazarenb. OJHAKO B COBOKYIHOCTH OHHU
(GhOopMHUpPYIOT €r0 BO3pacCTalNIyI0 WK YOBIBAIOIIYIO TeHJeHIuto. Ha puc. 4.1
MMOKAa3aH THUMOTETUYECKHUM BPEMEHHOM PN, COJCPKAIMIMK BO3PACTAIOLIYIO

TEHACHIIHUIO.
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Yed

0 t
Puc. 4.1.Pan, cogepxaiuii TOJIbKO TEHICHIIUIO.

Takoke U3yyaeMblii MOKa3aTelb MOKET OBbITh MOJIBEPKEH HHUKINYECKUM
KoJeOaHusIM. DTU KoJieOaHUS MOTYT HOCUTh CE30HHBIM XapakTep, MOCKOJIbKY
AKOHOMMYECKAs] JESATEIbHOCTh psJa OTpaciel SKOHOMHUKHU 3aBUCUT OT
BpeMeHHU roja (Hampumep, IICHbl Ha CEJIbCKOXO3SHCTBECHHYIO MPOIYKIIUIO B
JICTHUHW TIEPUOJ] BBINIC, YeM B 3WUMHHI; YPOBEHb 0€3pa0OTHIBI B KYpPOPTHBIX
ropoJiax B 3MMHHI IEPHOJ] BBIINIE 10 CPABHCHHIO ¢ JIeTHUM). [Ipu Haamaun
OOJIBIIIMX MACCHUBOB JAHHBIX 3a JJIUTEIbHBIE MPOMEXYTKH BPEMEHU MOMXKHO
BBISIBUTH IHUKIWYECKUE KOJeOaHUs, CBsA3aHHBIE C OONIeH JWHAMHKON
KOHBIOHKTYpHI phiHKa. Ha puc. 4.2 npeacTaBieH runoTeTHYECKUN BpeMEHHOM

pAax, cozxepmamﬂﬁ TOJIBKO CC30HHYIO KOMIIOHCHTY.

Yed

0 t
Puc. 4.2.Psp, conepxaiiuii TOIbKO CE30HHYIO KOMITOHEHTY.

HekoTopble BpeMeHHBIE PSAbl HE COAEPKAT TEHICHIIUN U HUKINYECKOU
KOMIIOHEHTHI, a KaXIblil CIEAYIOIIMNA HUX YpPOBEHb OOpa3zyercs Kak cyMma
CPEIHEero YPOBHS psijia U HEKOTOPOHU (IOJOKUTEILHOW WU OTPHUIATEIHHOM)
CIy4yalHOM KOMIOHEHTHI. lIpumep psaa, coaepikamero TOJNbKO CIIyYalHYIO

KOMITOHEHTY, IpUBEJIeH Ha puc. 4.3.
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Yi 4

\

Puc. 4.3.Psn, conepxaniuii TOIbKO CIy4aiiHyr0 KOMIIOHEHTY.

O4eBUIIHO, YTO peayibHbIE JAaHHBIE HE CIEAYIOT LIEIUKOM U MOJTHOCTHIO
13 Kakux-MOO OMHMCAHHBIX BBINIE MoJenel. Yaile Bcero OHM CoaepkKaT BCe
TpU KOMIIOHEHTHI. Kaxkaplii ux ypoBeHb (opMuUpyeTcs MOJ BO3JAEHCTBHEM
TEHJICHIIUH, CE30HHBIX KOJICOAHUI U CITydallHOW KOMITOHCHTHI.

B OonpmmHcTBEe ciydaeB (haKTHUYECKUMH YPOBEHb BPEMEHHOIO psijia
MOYHO MPEACTABUTh KaK CYMMY WJIA MPOU3BEICHUE TPEHAOBOM, IUKINYECKOM
Y CIIy4allHOM KOMIIOHEHT. MoJeinb, B KOTOPOM BPEMEHHOW PsiJl MPEACTABICH
KaK CyMMa MEpEeYUCICHHBIX KOMIIOHEHT, Ha3bIBACTCS A0OUMUBHOU MOOEbIO
BPEMEHHOTO psiaa. Mozaensb, B KOTOpOM BPEMEHHOW psi HPEACTABIECH Kak
MPOU3BEICHUE MIEPEUYHCIEHHBIX KOMITOHEHT, HAa3bIBAETCA
MYTbMUNIUKAMUBHOU  MOOenbl0  BpeMeHHoro psiga. OcHOBHas —3ajaya
SKOHOMETPUYECKOTO HCCIIENOBAaHUS OTAECIBHOIO BPEMEHHOIO pAxa —
BBISIBIICHUE W NPUIAHHE KOJWYECTBEHHOI'O BBIPAXKEHUS KaXIOW U3
NEPEUMCIICHHBIX BBIIIE KOMIIOHEHT C TEM, YTOOBI UCIOJIH30BATH MOJIYYCHHYIO
uHpOpMaNUIO TSI TPOTHO3WPOBAHUSA OyAYIIUX 3HAYECHUW psAga WU TIPU

IOCTPOCHUU MOJIEeJIEH B3aUMOCBS3H JIBYX UM 00Jiee BpEMEHHBIX PSAJIOB.
4.1. ABTOKOppEJSALUA YPOBHEH BPEMEHHOI0 psAaa

HpI/I HaJIM4Yuy BO BpPCMCHHOM pPAAC TCHACHLIHWHN W MNHKINYCCKHX
KOJICOAHUN 3HAYCHUS KaXXO0T0 IIOCIICAYIOIICIO YPOBHA pada 3aBUCAT OT
MpCAbIAYIIHX. KOppeJ'IHI_II/IOHHYIO 3aBUCUMOCTb MCIKAY IOCJICA0OBATCIbHBIMHA

YPOBHSIMU BPEMEHHOTO Psifia Ha3bIBAIOT asmoKoppenayuell ypoBHEH psijia.
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Kosm4uecTBEHHO €€ MOXHO U3MEPUTh C TOMOIIBK) JIMHEWHOTO
Kod(pdunreHTa KOPPEIAIUA MEXITY YPOBHIMH UCXOTHOTO BPEMEHHOTO psijia U
YPOBHSIMH 3TOTO PSAJIa, CABUHYTHIMU HA HECKOJIBKO IIATOB BO BPEMEHU.

®dopmyna 11 pacuera KodhPuimeHTa aBTOKOPPEIAINT UMEET BUJL!

n

Z(yt - 71)(Yt—1 - 72)

—_ t=2

n=— n , (4.1)
Z(yt _71)2 (yt—l_y2)2
=2 t=2
rac
v=_LN v-_1%
M= Ve n_léyt_l-

DTy BEIIMYMHY HAa3bIBAIOT KOIPPUYUEHMOM A8MOKOppeniyuu yposHel

pA0a nepeo2o nopAoKa, Tak Kak OH U3MEPSIET 3aBUCUMOCTb MEKY COCEAHUMHU
YpPOBHAMHU psifa Y, v Y, ;.

AHAJIOTMYHO MOXHO OMNpeneauTh KOA(P(UIUEHTH aBTOKOPPEIALUU
BTOPOTO U 0o0jiee BBICOKMX MOPsAKOB. Tak, KO3()PUIMEHT aBTOKOPpEIILUU
BTOPOI'0 MOpPsJAKa XapaKTEPU3yeT TCCHOTY CBA3M MEXIY YpOBHAMHU Y, U Y, _,

U orpeJenseTcs o popmyie:

n

DY~ ¥a) (Vi Vi)

—_ t=3

r, == n , (4.2)
Z(yt _73)2 (yt—2 _y4)2
t=3 t=3
rme
1 o1
ys——n_zéyt, Ve =52 Ver

Yucno mepuoAoB, MO KOTOPBIM pPacCUUThIBAeTCS KOA(P(ULIHUEHT
aBTOKOPPEJSILIMM, Ha3bIBAIOT Jacom. C yBEJIMYEHHEM Jara 4YHCIO Hap
3HAUYEHHUM, MO KOTOPBIM pPACCUUTHIBACTCS KOA(DPUIMEHT aBTOKOpPpPEISAIUH,

YMEHBIIIAECTCH. Cunraercs 1eJeco00pa3HbIM TUTS oOecrieueHus
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CTaTHUCTUYECKON  JOCTOBEPHOCTH  KOA(D(PUIMEHTOB  aBTOKOPPEISALUU
MCIIOJIb30BaTh MPABUJIO — MAKCUMAJIbHBIH JIar JOJKEH ObITh HE OOJIbIIe n/ 4,

CpoiicTBa KO3 puIIMEHTa ABTOKOPPEISALUY.

1. On crpouTcs MO aHAIOTHU C JMHEWHBIM KOAPDOUIHESHTOM
KOppEeJSIUM M TakuM 00pa3oM XapaKTEpU3yeT TECHOTY TOJbKO JIMHEWHOMN
CBSI3M TEKYILEro M MpeablAyliero ypoBHel psaaa. Iloaromy no koadpdunuenty
ABTOKOPPEIIAIIMA MOXHO CYAWTh O HAJIWYUU JIMHCWHOH (WM OJM3KON K
JWHEHHON) TeHACHUUHU. J[Is HEKOTOPBIX BPEMEHHBIX PSIOB, HMEIOIINX
CIJIbHYIO HEJIIMHEHHYIO TCHICHIHMIO (Hampumep, mapadoiy BTOPOTO MOpsIKa
WINA SKCIIOHEHTY), KO3()QHUIMEHT aBTOKOPPEISIIA YPOBHEH HCXOIHOTO psiaa
MOJKET NPUOIMKATHCS K HYJIIO.

2. Ilo 3Haky k03 puIeHTa aBTOKOPPENAIIMH HENb3s JENaTh BHIBO
0 BO3pacTarouleil uin yObpIBaroe TEHJEHIIMU B YPOBHSX psaaa. boapmMHCTBO
BPEMEHHBIX pPSAJOB OSKOHOMHYECKUX JaHHBIX COAEPKAT IOJOKUTEIbHYIO
aBTOKOPPEJIALINIO yYPOBHEH, OJHAKO MPU 3TOM MOTYT HMETh YOBIBAIOIIYIO
TEHACHIIUIO.

[TocnegoBarenbHOCTh  KOA(PUIIMEHTOB  aBTOKOPPEIAINN  ypOBHEH
IEpBOro, BTOPOrO U T.JI. IMOPSAKOB HA3bIBAOT AGMOKOPPENAYUOHHOU
¢yHkyueii BpeMeHHOro psiaa. ['paduk 3aBUCUMOCTH €€ 3HaUEHUH OT BETUYUHbI
nara (mopsiaka KodduLrenHTa ABTOKOPPEJISIINN) Ha3bIBACTCS
KOppenocpammoll.

AHanu3 aBTOKOPPENAIMOHHON (YHKIIMU ¥ KOPPEIOrpaMMbI TIO3BOJISET
ONpeAeNuTh JIar, MpPU KOTOPOM aBTOKOPpENSlus HauOoyiee BBICOKas, a
CJIEIOBATENILHO, U JIar, IIPU KOTOPOM CBSI3b MEXAY TEKYILIUM U MPEAbIIYIIUMU
YpOBHSIMU  psAga Hauboiee TecHas, T.6. TpU TOMOIIM aHAIU3a
aBTOKOPPEJIALIMOHHOM ~ (QYHKIMM M KOppEJorpaMmbl MO>KHO  BBISIBUTH
CTPYKTYpY psija.

Ecniu nambonee BBICOKMM OKazaics KOd(DPHUIMEHT aBTOKOPPESIUU
IEPBOr0 MOPSAJKA, MCCIEAYEMBIH Pl COAEPKHUT TOJIBKO TeHAEHLHUI0. Ecmu

Han0o0Jee BEICOKUM OKazaJjcs KOG)(i)(bI/IHI/ICHT ABTOKOppPCIIOUHA ITOPAAKA k, TO
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PAIl CONEPKUT IUKINIECKUE KOIEeOaHUs ¢ MEPUOIMYHOCThIO B K MOMeHTOB
BpemMeHu. Ecnu HU 0MH U3 KO3()(PUIMEHTOB aBTOKOPPEISLMHU HE SIBISETCS
3HQYUMMBIM, MOKHO CIE€JIaThb OAHO W3 JABYX IPEIIIOIOKEHUH OTHOCUTEIBHO
CTPYKTYpPBI 3TOrO psia: NU0O0 psig HE COACPKUT TEHACHIMH U LUKINYECKUX
KoneOaHui, JuO0 PSAA CONEPKUT CHIBHYIO HEIMHEWHYIO TEHICHIUIO, AJIs
BBIBJIICHUS KOTOPOW HYXKHO IPOBECTH JONOJHUTENbHBIM aHamu3. [loaromy
KO3 (ULIUEHT aBTOKOPPEISLUN YPOBHEN U aBTOKOPPEISLUOHHYIO (PYHKIIUIO
1eJeCO00pa3HO HCIOIb30BATh JJI BBISBICHUS BO BPEMEHHOM PSJE HaTUYMS
WM OTCYTCTBHS TPEHIOBOW KOMIIOHEHTHI W IMKJIMYECKOH (Ce30HHO)
KOMITOHEHTHI.

Paccmorpum mpumep. Ilycte HMEIOTCS HEKOTOPBIE YCIOBHBIE JTAHHBIE
00 0011eM KOJMYECTBE NMPABOHAPYIICHUNH HA TaMOXXHE OJJHOTO M3 CyOBEKTOB

P® (manpumep, Peciyonmuku Tarapcran).

Taomuna 4.1
r KomnnuecTBO
on Ksapran t
BO30YXKJIEHHBIX JIel, Y,
| 1 375
> T 2 371
% M 3 869
W, 4 1015
| 5 357
S T 6 471
Q M 7 992
W, 8 1020
| 9 390
S T 10 355
Q M 11 992
Wi 12 905
| 13 461
S I 14 454
Q M 15 920
W, 16 927
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[TocTpouM 1nosne KOppensinu:

1100
1000 9 o 5

900 / \o

800

700
600

500

J O—o0
400 /

| 90 3 O\o
300

T T [ T T [ T I T
0 2 4 6 8 10 12 14 16 18
t
Puc. 4.4.

VYxe wucxonms wu3 Tpaduka BHIHO, YTO 3HadeHUs Y 00Opasyior
nuiooOpasHyro  gurypy. PaccumrtaeM  HECKOJIBKO  ITOCIIEIOBATEIIbHBIX
K03 PUITMEHTOB  aBTOKOppesaiuu. JlJIg 3TOro  cocTaBisieM IEpPBYIO
BCIIOMOTATENIbHYIO TaOJIHILY.

Taomuna 4.2

— — (yt - 71) X _\2 v \?
t Vi Yia Yi =V [ Yia ™Yo — (yt - yl) (yt_l yz)
X(Yt—l - yz)

1 2 3 4 5 6 7 8
1 375 - - - - - -
2 371 375 | -328,93 -288,13| 94774,60 108194,94 83018,90
3 869 371 169,01 -292,13 -49390,42 28584,66 85339,94
4 1015 869 315,07 205,87 64863,46 99269,10 42382,46
5 357 1015| -342,98 351,87| -120666,78 117600,98 123812,50
6 471 357 | -228,93 -306,13| 70082,34 52408,94 93715,5§
7 992 471 292,07 -192,13 -56115,41 85304,88 36913,94
8 1020 992 320,07 328,87 105261,42 102444,80 108855
9 390 1020 | -309,98 356,87 | -110604,77 96056,60 127356,20
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1 2 3 4 5 6 7 8
10 | 355 | 390 | -344,95 -273.13| 9421073 | 11897670 7460000
11 | 992 | 355 | 292,01/ -308,13-8999553 | 85304,88 94944, 1(
12 | 905 | 992 | 20507 328,87 6744137 4205370 1088554
13 | 461 | 905 | -238,98 241,87| -57790,00 5708754 5850110
14 | 454 | 461 | -24593 -202,13| 4970983 | 6048156 40856 54
15 | 920 | 454 | 22007 -209,13-46023,24 | 48430,80 4373536
16 | 927 | 920 | 227,01/ 256,87 5832747  51560,78  65982,20
Cymma | 10499| 9947| 0,05 005 7408518 1153760,9387469 73
S}f;{fﬁ 699,03| 663,13| - - - - -

CJ'IC,IIyCT 3aMCTHUTDB, UTO CPCAHCC 3HAUCHUC IMOJIYUACTCA IMYTCM ACIICHUA

He Ha 16,a Ha 15, T.K. y HAC Teneph Ha OJJHO HAOJIOICHUE MECHBIIIE.

Tenepp BbuncasieM KOIPPUIUEHT aBTOKOPPEISAIUU MEPBOTO MOPSAKA

o hopmyse (4.1):

=
\1153760,3911187469,

74085,13

73

=0,06329<,

CocraBnsieM BCIIOMOTaTeNbHYIO TaOMUIly 7S pacuera KoddduineHra

ABTOKOpPpPC/EIOUU BTOPOTO IMOpAIKaA.

Taomuna 4.3
_ — (yt - 73) X 2 2
t Vi Yie [ Vi 7Y | V2™ Vs _ -y LY
(ya-.) (%= %) | (%2 Va)
1 2 3 4 5 6 7 8
1 375 — - — — - —
2 371 — — — — — —
3 869 375 145,57 -269,79 -39273,38 21190,62 72486,6
4 1015 371 291,57 -273,79 -79828,96 85013,06 79860,
5 357 869 -366,43 224,21 -82157,2V 134270,9460270,12
6 471 1015| -252.,43 370,21 -93452,11 63720,90 134@55
7 992 357 268,57 -287,79 -77291,76 72129,84 82823,0
8 1020 471 296,57 -173,79 -51540,90 87953,76 30802,
9 390 992 -333,43 347,21 -115770,23 111175,5620554,78
10 355 1020| -368,43 375,21 -138238,62 135740,6640782,54
11 992 390 268,57 -254,79 -68428,96 72129,84 6441y,
12 905 355 181,57 -289,79 -52617,1) 32967,66 82478,
13 461 992 -262,43 347,21 -91118,3p 68869,50 120854
14 454 905 -269,43 260,21 -70108,38 7259252 672400,
15 920 461 196,57 -183,79 -36127,60 38639,76 336738,
16 927 454 203,57 -190,79 -38839,1P 41440,74 38200,
Cymma | 10128| 9027 -0,02 -0,06 -1034792,71 1037835,4316776,36
Cpemiee | 753,43| 644,79 - - - - -

112



CrnenoBaTebHO

. = ~103479271  _ 6115
J1037835,4311116776,36

AHaJIOTMYHO HAXOAUM  KO3(PUIMEHTHl aBTOKOppessuu  Oosee
BBICOKMX TOPSAIKOB, a BCE TMOJYYCHHbIC 3HAUYCHHUS 3aHOCUM B CBOJHYIO
Ta0IHILy.

Taomuma 4.4
Jlar KoadhumueHnT aBTokoppesanuy ypoBHEH
1 0,063294
2 -0,961183
3 —0,036290
4 0,964735
5 0,050594
6 —-0,976516
7 —0,069444
8 0,964629
9 0,162064
10 -0,972918
11 -0,065323
12 0,985761
Koppenorpamma:

1,0 H

M A /Oo\ |
VY

-1,0 4




AHnanu3 KoppenorpaMMmbl U rpaduka UCXOJHBIX YPOBHEH BPEMEHHOTO
pslla MO3BOJAET CHENaTh BBIBOJ O HAJIMYMHU B U3y4aeMOM BPEMEHHOM Dpse

CE30HHBIX KOJIeOaHU MTEPUOANIHOCTHIO B UETHIPE KBapTaa.
4. 2.MoaenupoBaHue TeHAeHIMHA BPEMEHHOI0 psiia

PacnpocTpaneHHbIM croco6oM MOJEIINPOBAHUS TEHJCHLUN
BPEMEHHOTO psAla SBISAETCA TMOCTPOCHHE AHAIUTHYECKOM  (PYHKIIHH,
XapaKTEPU3YIOLIEH 3aBUCHUMOCTh YPOBHEH psila OT BPEMEHHM, WIH TPEHJA.
OTOT c10c00 Ha3bIBAIOT AHATUMUYECKUM BbIDAGHUBAHUEM PEMEHHO20 PAJA.

[IOoCKOJIBKY 3aBHCHUMOCTb OT BpPEMEHM MOXKET INPUHUMATH pPa3HbIC
dopmbl, g ee (opMaTu3alUU MOYKHO HCIOJIb30BATh Pa3INYHBIC BHJIbI
bynakuit. s mocTpoeHus TPEHAOB Yalle BCEro MPUMEHSIOTCS CIEAYIONne

GbyHKIUU:

nuHelHsi Tpenn: Y, = a+b;

runepoona: §/t —a+ % :

a+blf]
e

(nm /)\/t =ab');

DKCIIOHEHIIUAIBHBIN TPEHI! Y =
Ly = b.
cTereHHast QyHKIUS: Y. = al;

MOTMHOMBI pa3iaHbIX cTereneit: Y, =a+0b [@+b, @ +...+b_[".

[TapameTpsl KaXIOro W3 IIEPEYUCICHHBIX BBIIIE TPEHIOB MOYKHO
onpenenuts oO0blyHBIM  MHK, wucnons3ys B KadecTBe HE3aBHCHUMOM

nepemennoit Bpems t =1, 2,...,N, a B KayecTBe 3aBUCHMOI NEPEMEHHON —

e

(axkTnyeckue ypOBHM BPEMEHHOro psaga Y,. s HEIMHEHHBIX TPEHIOB

NPeIBAPUTEIIHHO TIPOBOIST CTAHAAPTHYIO MPOIEAYPY UX JTUHEAPU3AIIHH.
CymiecTByeT HECKOJBKO CIOCOOOB ompenenieHus Tuma TeHaeHuu. K

qrclly Haubojiee pacnpoCTPaHEHHBIX CIOCOOOB OTHOCSTCS KadyeCTBEHHBIN

aHAJIN3 M3y4aeMOTO MpOIecca, MOCTPOSCHNWE W BHU3yalIbHBIA aHamu3 rpaduka

3aBUCUMOCTH YPOBHEM psaa OT BpPEMEHU. B 3Tux ke Mensix MOXKHO
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UCIOJIb30BaTh U KOI(DPUIIMEHTH aBTOKOPPENSIIIMK YpOBHEHW psga. Tum
TEHJACHIIMM MOXHO OIpPENEIUTh IYyTEM CpaBHEHHUS KOI()PUIMEHTOB
aBTOKOpPpEISILIMM  IIEPBOT0  IOPSAJAKA, PACCUUTAHHBIX II0 HCXOAHBIM H

npeoOpa3oBaHHBIM YPOBHSM psifia. Eciin BpeMEHHOU psij UMEET JIMHEHHYIO

e e

TEHJICHIIMIO, TO €r0 COCEJHHE YPOBHM Y, M Y, ; TECHO KOppEIMpPYyIoT. B sTOM

ciydae K03 (HULIHUEHT aBTOKOPPENAIIMH IIEPBOTO MOPSAKA YPOBHEH HCXOTHOTO
psina JOJKEH OBITh BBICOKMM. Eciii BpeMEHHOU psii CONEPKUT HEITUHEHHYIO
TEHJCHIMIO, Hampumep, B (GOpME OKCIOHEHThl, TO KO3(PUIMEHT
aBTOKOPPEJIALINU NIEPBOTO MOPSAIKA M0 Jorapudmam ypoBHEH UCXOTHOTO psia
OyAeT BbIlIE, YEM COOTBETCTBYIOIIUN KOA(Q(ULHEHT, PACCUUTAHHBIM 110
YPOBHAM psifa. UeM cuipHee BbIpaXkeHa HEJIMHENHAs TEHICHINS B U3y4aeMOM
BPEMEHHOM psJe, TeM B OOJblel cTeneHu OyayT pa3inyarhCs 3HAUCHUS
yKa3aHHBIX KOA()PUIIMEHTOB.

Beibop Haumyumiero ypaBHEHHS B Cllydyae, KOT/Ia PsII  COIAEPIKUT
HEJIMHEWHYI0 TEHJICHLMIO, MOKHO OCYILIECTBUTh IIyTEM Iepedopa OCHOBHBIX
dopM TpeHaa, pacueTa MO KaXJIOMY YPAaBHEHHUIO CKOPPEKTUPOBAHHOIO
KodpuLMeHTa ACTEPMUHAIMU U CpeAHEil OMMOKH anmpoKCUMaluu. OTOT

METO]I JIETKO peau3yeTcs MPU KOMITbIOTEPHOU 00padOTKE JaHHBIX.
4.3.MoaeaupoBaHue Ce30HHBIX KoJieOaHu il

[Ipocreiimmii MOAX0 K MOAECIMPOBAHHUIO CE30HHBIX KOJEOAHUN — 3TO
pacyeT 3HAYEHHUUM CE30HHON KOMIIOHEHTHI METOJIOM CKOJB3SIIEH CpeIHEer U
MOCTPOEHUE AUTUBHON WIIM MYJIbTUILIMKATUBHON MOJIEJId BPEMEHHOTO PSIa.

OOt BUA aiIUTUBHON MOJICTTU CIICAYIOITUH:

Y=T+S+E. (4.3)
DTa MoJieNlb MPENoaaraeT, 4To KaXAblii YPOBEHb BPEMEHHOTO psifia MOXKET
OBITH TIpejcTaBieH Kak cymma tperaosoi (1), cesonnoit (S) u cinyuaitnoi
(E) xomnonent.

OO6muit BUI MyJITUIUIUKATUBHON MOJIEIIH BBITJISIUT TaK:

Y =T [B[E. (4.4)
115



Dta MOojeb MPEANoaraeT, YTO KaXKIblii YPOBEHb BPEMEHHOTO Psiia MOXKET
OBITH TIPEACTAaBICH Kak ImpousBeaeHue TpeHgosoi (1), cesonnoit (S) m
cayuaitnoi (E) kommonenr.

Br10op omHOM W3 ABYX MOJEJCH OCYIIECTBIIICTCS Ha OCHOBE aHAIM3a
CTPYKTYpbl ~ CE30HHBIX  KojecOanuii. Ecim  ammmryna — koseOaHMit
NpUOIM3UTEIBHO MOCTOSHHA, CTPOST aJUTUBHYIO MOJICIIb BPEMEHHOTO PsJIa,
B KOTOPO# 3HAYCHMsI CE30HHOW KOMITOHCHTBI MPEAIOJIAraloTCs OCTOSTHHBIMU
JUTA pa3IMyYHBIX IUKI0B. ECIM aMIuIMTya Ce30HHBIX KOJCOaHU BO3pacTaeT
WA YMEHBIIIAETCS, CTPOAT MYJIBTUIUIMKATUBHYIO MOJEIb BPEMEHHOIO psja,
KOTOpas CTaBUT YPOBHU psija B 3aBHCHUMOCTh OT 3HAYCHHH CE30HHOM
KOMITIOHEHTHI.

[TocTpoeHne agAUTUBHON U MYJIbTUIUIMKATUBHOM MOJEJICH CBOAUTCS K
pacuery 3Hauenuii 1, S u E m1s xaxmoro ypoBus BpeMeHHOro psiza.

[Tpoiiecc MOCTPOSHUSI MOJICITU BKJIFOYAET B ce0sI CIICYIOIINE IIaTH.

1)  BeIpaBHUBaHUE UCXOHOTO Psijia METOJOM CKOJIB3SIICH CpeIHEH.

2)  Pacuyer 3HaYEHUN CE30HHOM KOMIIOHEHTHI .

3)  VYcrpaHeHuWe CE30HHON KOMITOHEHTBI M3 MCXOHBIX YPOBHEH psija
u nonydeHne BeipoBHEHHBIX naHHbIX (T + E) B ammurusnoin wmm (T [E) B
MYJIbTHILTUKATHBHON MOJICITH.

4)  Amammtnueckoe BelpasauBanue yposHed (T + E) wma (T LE) n
pacuer 3Ha4eHui | ¢ UCIOIB30BAHUEM IIOJYUYEHHOTO YPABHEHHMS TPEHIA.

5)  Pacuer noayuennsix mo moaenu sHauenui (T + E) wma (T [E).

6) IIporHo3 Oyaymux 3HAYCHUH YpPOBHEH BPEMEHHOTO psga Ha
OCHOBE TOCTPOCHHON MOJIEIIH.

MeToauKy OCTPOSHUS KaXKI0W U3 MOJIEIe PaCCMOTPUM Ha IpUMEpax.

IIpumep. IlocTpoeHne anIUTHUBHOM MOJAENM BPEMEHHOIO psija.
OOpatumcst K JaHHBIM 00 00BbeMe MpaBOHAPYIICHUI Ha TaMOXHE 33 YEThIpe

rojia, MpeJiIcTaBjIeHHbIM B Ta0J. 4.1.
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bpulo mOKa3aHO, YTO [AHHBIA BPEMEHHOM PSJ COAEPKUT CE30HHBIC
KoJIe0aHUsl EPUOJUYHOCTBIO 4, T.K. KOJIMYECTBO MIPAaBOHAPYILIEHUIN B IEPBBIN-
BTOPOM KBAapTAJIbI HUXKE, YEM B TPETUM-4ETBEPTHIM. PaccunTtaeM KOMIIOHEHTHI
aAUTUBHOM MOJIEIIM BPEMEHHOTI'O PAa.

Hlaz 1. lpoBeneM BbIpaBHUBAHME MCXOJHBIX YPOBHEW psiia METOJIOM
CKOJIb3s11IeN cpenHen. [{ns aroro:

1.1.IIpocymmupyem ypoBHH psijia MOCIEIOBATEIBHO 3a KaXKble YETHIPE
KBapTajga CO CIBUIOM Ha OJWH MOMEHT BPEMEHM M OIPEIEIUM YCIOBHBIE
roZI0BbIE 00bEeMBI TOTPEeOICHHS AeKTpodHepruu (rp. 3T1abdmn. 4.5).

1.2. PaznenuB mosiydeHHbIE CyMMBI Ha 4, HaliJIeM CKOJIb3AIIUe CPpEeaHHE
(rp. 4 Tabxn. 4.5).[lony4yennple TakuM 00pa30M BHIPOBHEHHBIC 3HAUCHUS YKE
HE COJIepKAT CE30HHON KOMITOHEHTHI.

1.3.IlpuBenemM STH 3HAYEHHS] B COOTBETCTBHE C (DAKTHUECKHUMHU
MOMEHTaMH BPEMEHH, IS YEero HaWAeM CpedHUE 3HA4YEeHHS U3 JIBYX

MMOCJICAOBATCIIBHBIX CKOJIB3AIMNX CPCAHUX — HCHTPUPOBAHHBIC CKOJIB3AIMIUC

cpenuue (rp. 5tadn. 4.5).

Taomuna 4.5
Ne Hp:fagig;;f;:gnﬁ, HUroro 3a CCI;(:;::HH;T LenTprupoBanHas OueHKav
KBapTana, YETBIPE deTBIpe CKOJIB3A111ast CE30HHOMI

t Y, KBapTaja Kpaprana cpenHss KOMITOHEHTBI

1 2 3 4 5 6

1 375 — — — —

2 371 2630 657,5 — -

3 869 2612 653 655,25 213,75
4 1015 2712 678 665,5 349,5

5 357 2835 708,75 693,375 -336,375
6 471 2840 710 709,375 -238,37%
I 992 2873 718,25 714,125 277,87%
8 1020 2757 689,25 703,75 316,25
9 390 2757 689,25 689,25 -299,25
10 355 2642 660,5 674,875 -319,875
11 992 2713 678,25 669,375 322,625
12 905 2812 703 690,625 214,373
13 461 2740 685 694 -233

14 454 2762 690,5 687,75 -233,75
15 920 — — — —

16 927 — — — —
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Hlaz 2. HaiineM OIEHKH CE30HHONW KOMIIOHEHTHI KaK Pa3HOCTb MEX]y
(aKkTUYECKUMU YpOBHAMM psiga U LEHTPUPOBAHHBIMU  CKOJB3ALIUMU

cpenaumu (rp. 6 Tadm. 4.5).Vcronb3yeM 3TH OIEHKH ISl pacueTra 3HauYeHU

CE€30HHOM KOMIIOHEHTHI S (Tadm. 4.6).J1ns 3TOr0 HAAEM CpEIHHE 3a KaXK IbIi

kBapTai (110 BCEM T0/1aM) OLIEHKH CE30HHON KOMIIOHEHTHI 3.

Tabmumna 4.6
Ne kBaprana, |
[Tokasarenu Lox | T I A\
1999 213,75 349,5

2000 | —336,37%-238,375 277,875| 316,25
2001 | —299,25] -319,875322,625| 214,375
2002 —233 —233,75

Bcero 3a | -ii KBapTal —-868,625 —-792 814,25 880,125

CpenHsist olieHKa
CE30HHOH KOMTIOHEHTBI —289,542 -264 271,417 293,37%
s | -ro kBaprana, S
CxoppeKTupoBaHHas
CC30HHAs KOMIIOHCHTA, —292,355 -266,813| 268,604 | 290,562

S

B Mopemsix ¢ ce30HHOW KOMIOHEHTOW OOBIYHO TPEAroJiaraeTcs, 4To
CE30HHBIC BO3JICHCTBUS 3a MEPUOJ B3auMomoramarTci. B agguTuBHOU
MOJIESIA 3TO BBIPAXKAETCS B TOM, UTO CyMMa 3HAYECHUH CE30HHONW KOMIIOHEHTHI
0 BCEM KBapTaJiaM JJOJDKHA OBITh paBHA HYIIIO.

JIJ1s1 TaHHOW MOJIEIM UMEEM:

—289,542- 264 271,41% 293,3%5 11.
Koppekrupytommii koodpdumment: K =11,25 4= 2,81.
PaccuntbiBaeM CKOPpPEKTUPOBAHHBIC 3HAYCHUS CE30HHONW KOMITOHEHTHI
(S = § — K ) n 3aHOCHUM mONy4yeHHbBIe 1aHHbIe B TabmuILy 4.6.

[IpoBepuM paBEHCTBO HYJIIO CYMMBI 3HAYEHUN CE30HHOW KOMIIOHEHTHI
-292,355- 266,813 268,664 290,562 OQ.

Hlaz 3. VickiaioyuM BIMSIHUE CE30HHOW KOMIIOHEHTHI, BBIUMUTASI €€

3HAUYEHUE W3 KaXJOr0 YPOBHS HCXOJHOTO BpPEMEHHOro psnaa. llomyunm
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seanuunbl | + E =Y =S (rp. 4 1abn. 4.7). DT 3Ha4€HHs PACCUNTHIBAIOTCS

3a K&)KI[LIﬁ MOMCHT BpPpCMCHHU MU COACPIKAT TOJIBKO TCHACHIHUIO H cnyqaﬁHon

KOMITOHCHTY.
Taomuna 4.7
t Yi S yt_S T T+S E:yt_(T+S) E?2
1 2 3 4 5 6 7 8
1 375 | -292,355 667,355| 672,684 380,329 -5,329 28,3982
2 371 | -266,813 637,813| 673,610 406,797 -35,797 1281,425
3 869 | 268,604 600,396 674,53943,139 -74,139 5496,591
4 1015| 290,562 724,438 675,46966,023 48,977 2398,747
5 357 | -292,355 649,355| 676,386 384,031 -27,031 730,67%
6 471 | -266,813 737,813 | 677,312 410,499 60,501 3660,371
7 992 | 268,604 723,396 678,23P46,841 45,159 2039,335
8 | 1020| 290,562 729,438 679,16869,725 50,275 2527,576
9 390 | -292,355 682,355| 680,088 387,733 2,267 5,139289
10 | 355 | -266,813 621,813 | 681,014 414,201 -59,201 3504,758
11 992 | 268,604 723,396 681,98950,543 41,457 1718,683
12 | 905 | 290,562 614,438 682,86973,427 -68,427 4682,254
13 | 461 | -292,355% 753,355| 683,790 391,435 69,565 4839,289
14 | 454 | -266,813 720,813 | 684,716 417,903 36,097 1302,993
15 | 920 | 268,604 651,396 685,64954,245 -34,245 1172,720
16 927 | 290,562 636,438 686,56977,129 -50,129 2512,917

Ilaz 4. OnpemenviM KOMIOHEHTY | namHOM Mojend. s 3toro

MPOBEIEM aHAIMTUYecKoe BhipaBHuBanue psga (I +E) ¢ momomsro

JIMHEWHOTO TPCHAA. PCBYJ'IBT&TBI AHAJIMTUYCCKOI'O BRIpPABHMBAHUA CICAYIOIIUC.

T =671,759% 0,9258.

[oxcraBnss B 510 ypaBHenwe 3Hadenus (=1 2, ..., 1€ mnaiizem

ypoBHM | Ul KaX10ro MoMeHTa BpemenH (rp. 5tabdun. 4.7).

Illaz 5. Haiinem 3HaueHMs] ypOBHEH psiaa, MOJIyYEHHbIE IO aJAUTUBHON

MOJICIIN. I[JI}I 9TOTO l'IpI/I6aBI/IM K YPOBHAIM T 3HAYECHMS CE30HHOM KOMITOHEHTBI

I COOTBETCTBYIOIINX KBapTaioB (rp. 6 tabdmn. 4.7).

Ha onHom rpaduke oTIOXHM (aKkTUUECKHE 3HAUYCHHS] YpOBHEU

BPCMCHHOT'O pAda U TCOPCTUICCKUC, ITOJTYUYCHHBIC I10 a,II,IIPITPIBHOP'I MOJICIIN.
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Yy

Puc. 4.6.

JIns OmeHKM KadecTBa IIOCTPOCHHOM MOJEIM IPUMEHUM CyMMY
KBaJIpaTOB MTOJIyYE€HHBIX a0COJIIOTHBIX OIINOOK.

2
g ZE_ 1 37O0L872_ o
S (v, -y) 1252743,75

CnenmoBaTeiIbHO, MOJKHO CKa3aTh, YTO aJAJWTHBHAs MOJCIb OOBICHSET
97% oOmeil Bapuanuu YpPOBHEH  BpPEMEHHOTO psAga  KOJWYECTBA
MpaBOHAPYIIEHU 1O KBapTajiaM 3a 4 roja.

a2 6. TTporHo3upoBaHue Mo aaIuTUBHON Moaend. [Ipenmonoxum, 4To

[0 HaleMy TMpUMEpy HEOOXOAWMO JaTh NpPOrHo3 o0 obmem oObeme

npaoHapyurernii Ha | u Il kBapransr 2003 roza. IIporrosHoe 3Hauenune F

YPOBHSI BPEMEHHOTO psAla B aJJIUTUBHOM MOJIEIHA €CTh CyMMa TPEHIOBOM U
CE30HHOM KOMIIOHEHT. [Jlng omnpeneneHuss TPEHAOBOW  KOMIIOHEHTHI

BOCIIOJIb3YEMCSl YPABHEHUEM TPEHA

T=67177+ 0,9234.
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[omyuum
T,=67177H+ 0,9238 1% 687,4;

T,, =671,777 0,9238 18 688,3.
3HAUCHHS CE30HHBIX KOMIOHEHT 3a COOTBETCTBYIOIIME KBApTAIbI
pasmei: § = —292,448u S, = ~266, 78.. Taxiy oGpazow,
F, =T, +S,=687,473- 292,448 3¢
Fio =Ts+S,=688,396- 266,78% 4.

T.e. B mepBbie nBa kBaptana 2003r. cienoBano oxunate nopsaaka 395u
422 nnpaBoHAPYIICHUI COOTBETCTBEHHO.

[TocTpoeHne MyJIBTUIUIMKATUBHOW MOJEIH PACCMOTPHM Ha JTaHHBIX
HPEIBITYIIET0 MPUMEpa.

Hlaz 1. MeTonvka, MpuMeHsieMasi Ha 3TOM II1are, TOJTHOCTHIO COBIAIACT

C METOJAMKOW MOCTPOEHHUS aJTUTUBHON MOJIEIIH.

Taomnuma 4.8
Ne Hpigizgfff;:gnﬁ, Hroro 3a (5:11()(:;{?{3;11@? IlentpupoBanHas OI.[CHKav
KBapTana, YeTbIpe CKOJIb3A11ast CE30HHOU
t /)\/ KBapTaja HeThIpe CpeaHss KOMITOHEHTHI
t KBapTaja

1 2 3 4 5 6

1 375 - - - —

2 371 2630 657,5 - -

3 869 2612 653 655,25 1,3262
4 1015 2712 678 665,5 1,5252
5 357 2835 708,75 693,375 0,5149
6 471 2840 710 709,375 0,6640
7 992 2873 718,25 714,125 1,3891
8 1020 2757 689,25 703,75 1,4494
9 390 2757 689,25 689,25 0,5658
10 355 2642 660,5 674,875 0,5260
11 992 2713 678,25 669,375 1,4820
12 905 2812 703 690,625 1,3104
13 461 2740 685 694 0,6643
14 454 2762 690,5 687,75 0,6601
15 920 - - - -
16 927 — — — —

IIlaz 2. HaiineM OLEHKH CE30HHOW KOMIIOHEHTHI KaK YacTHOE OT

neneHus (PaKTUUYECKHMX YpOBHEW psia HAa LEHTPUPOBAHHBIE CKOJIB3SIINE
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cpennue (rp. 6 Tadm. 4.8).3TH OLEHKHM UCTIOIB3YIOTCS ISl pacyeTa CE30HHOM

KOMIIOHEHTHI S (Tabn. 4.9).J[s 5Toro HaiijeM cpefHue 3a KaXIblii KBapTal

OLICHKU CE30HHONW KOMIIOHEHTHI S Tak ke Xak M B aJJUTUBHOA MOIEIIH

CUHUTACTCA, 4YTO CC30HHBLIC BOBHCﬁCTBHH 3a IICpUOd B3aMMOIIOI'alIatOTCA. B

MYJIBTHHJIHKaTI/IBHOﬁ MOJCIIM 3TO BBIPAXACTCA B TOM, 4TO CyMMa 3HAYCHUU

CE30HHOM KOMIIOHEHThI 110 BCEM KBapTajdaM JOJIKHA OBITH paBHa 4YHUCITY

IMEprUoa0B B IUKIIC. B namem CJIydac 4ucCJjio nnepruoa0B OJHOTO IHUKJIA PaBHO 4.

Taomuna 4.9
I No kBaptaina, |
OKazaTein Ton I ; o v
1999 — — 1,3262| 1,525p
2000 0,5149 0,6640 1,3891 1,4494
2001 0,5658 0,5260 1,4820 11,3104
2002 0,6643 0,6601 — -
Bcero 3a | -ii KBapTal 1,7450 1,8501 41973 42850
Cpennss oneHka
CE30HHOM KOMIIOHCHTHI 0,5816 0,6167 1,3991 1,4283
ns | -ro kBapTana, S
CKoppeKTUpOBaHHAS
CE30HHasA KOMIIOHCHTA, 0,5779 0,6128 1,3901 1,4192
S

HNmeem

0,5816+ 0,616# 1,399 1,4283 4,0.

OmnpenenseM KOPPEKTHPYIOMUN KOIDPUITUEHT:

=4 =
k A,0257 0,993€.

CKOpPPEKTHPOBAHHbIC 3HAYCHHS CE30HHOM KOMIIOHEHTBI 3 TOJIYYaroTCs

IPH YMHOXKCHHH €€ CPEHE OEHKM § Ha KOPPEKTUPYONHii KodhduiueHT

K.

[IpoBepsiem ycioBue paBeHCTBO 4 CyMMBbI

KOMIIOHCHTHI.

0,5779+ 0,6128 1,390 1,4182 .
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Hlaz 3. PaznenuMm KaxAbld ypoOBEHb HCXONHOTO psAa Ha

COOTBETCTBYIOIME 3HAYCHUS CE30HHOM KOMIIOHEHTHI. B pesyibrare moaydnm
pemmunbel 1 [E =Y/S (rp. 4 T1a6n. 4.10), KOTOpPHIE COMEPIKAT TOIBKO

TEHICHIMIO U CIIy4YalHYO KOMIIOHEHTY.

Taomuma 4.10

t |y, S Y./S T TE | E=y/(TH)
1 2 3 4 5 6 7

1 375 0,5779 648,9012 654,9173378,4767 0,9908
2 371 0,6128 605,4178 658,1982403,3439 0,9198
3 869 1,3901 625,1349 661,4791919,5221 0,9451
4 1015 1,4192 715,191V 664,7600943,4274 1,0759
5 357 0,5779 617,7539 668,0409386,0608 0,9247
6 471 0,6128 768,6031 671,32118411,3860 1,1449
7 992 1,3901 713,6177 674,6027937,7652 1,0578
8 1020 1,4192 718,7148 677,8836962,0524 1,0602
9 390 0,5779 674,8572 681,1645393,6450 0,9907
10 355 0,6128 579,3081 684,4454419,4281 0,8464
11 992 1,3901 713,617V 687,7263956,0083 1,0377
12 905 1,4192 637,6832 691,0072980,6774 0,9228
13 461 0,5779 797,7159 694,2881401,2291 1,1490
14 454 0,6128 740,8616 697,5690427,4703 1,0621
15 920 1,3901 661,8229 700,8499974,2515 0,9443
16 927 1,4192 653,1849 704,1308999,3024 0,9277

Illaz 4. OnpenenviM KOMIIOHEHTY | B MyJILTHIUIMKATHBHOM MOJIENIH.
JUIsL 3TOro paccyuTaeM IMapaMeTpbl JUHEHHOTO TPEHJA, HUCIOJb3YsS YPOBHHU

T [E. B pe3ynbTaTe Moay4uM ypaBHEHHE TPEHIA!

T =651,6364 3,2804.

[ToncraBnsis B 510 ypaBHenwe 3Hadenus (=1 2, ..., 1€ mnaiizem

ypoBHH | 171 Kakmoro MomeHra Bpemenu (rp. 5tabmn. 4.10).

Ilaz 5. Haiinem ypoBHHM psjga, YMHOXHB 3HaueHus | Ha
COOTBETCTBYIOIIME 3HAYCHUSI CE30HHOW KoMIOHEeHTHI (rp. 6 Tadn. 4.10).Ha
OJTHOM TpaduKe OTKJIaabIBacM (haKTHUSCKHUE 3HAUYCHUS YPOBHEH BPEMEHHOTO

paaa 1 TCOpECTUIYCCKHUC, ITOJTYUCHHBIC 110 MYHBTHHHHKaTHBHOfI MOACIIN.
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Puc. 4.7.

Pacuer ommOkM B MyJbTUIIMKATUBHON MOJENIM MPOU3BOAUTCSA IO
dhopmyie:
E=Y/(TC8).
JIns cpaBHEHHMS MYJBTHUIUIMKATUBHOM MOJEIH MW JPYyTHX MOJENEH
BPEMEHHOI'O psiJa MOXHO, II0 QaHaJOTMU C AJJUTUBHOW MOJEIBIO,
2

MCIIOJIb30BaTh CYMMY KBaJPaTOB A0COJIOTHBIX OIIHMOOK (yt -T [S)

2
o 2% TOB) . 4306502 _ o

S(y.-y) 1252743,75

CpaBHuBas MOKa3aTeiu JNeTepMUHALUN aaAUTUBHOM U
MYJIbTUIIMKATUBHOW MOJIENIEH, IETTA€M BBIBOJ, YTO OHU IPUMEPHO OJMHAKOBO
AMMpPOKCUMUPYIOT UCXOJHBIC TAHHBIE.

Ilar 6. IlporHo3upoBaHue MO MYJbTHIUIMKATUBHOW Mojaenu. Eciu
MPEINOI0XKUTh, YTO IO HAlleMy IpUMepy HEOOXOAMMO JaTh HPOTHO3 00
obmem ooweme npaBoHapymeHuit Ha | u |l kBapransr 2003rona, mporao3Hoe
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3HAa4YCHHC Ft YPOBHA BPCMCHHOI'O psia B MYHLTHHHHKaTHBHOﬁ MOACIIN CCTh

MPOU3BEACHUE TPEHAOBOM M CE30HHOM KOMIIOHEHT. /[l omnpexneneHus

TpCHI[OBOﬁ KOMITOHCHTBI BOCITIOJIb3YEMCA YPABHCHUCM TPCHIA

T =651,6364+ 3,2804.
[Tonyunm
T,, =651,6364+ 3,2809 1% 707,41

T,,=651,6364 3,2808 18 710,69.

3HaueHUSI CE30HHBIX KOMIIOHEGHT 3a COOTBCTCTBYIOINMC KBapTaJbl

pasus: § =0,577¢u S, =0,612¢. Takum o6pazom
F,=T,05,=707,411710,5778 A4
Fe=T,5,=710,692610,6128 4.

T.e. B mepBoie nBa kBaptana 2003r. cienoBasno oxunats nopsaaka 409u
436 paBOHAPYIIIEHUN COOTBETCTBEHHO.
Takum o0pa3zoM, agAWTUBHAsS W MYJIbTUIUIMKATHBHAS MOJETH HafOT

MPUMEPHO OJIMHAKOBBIA PE3YIbTAT IO MIPOTHO3Y.
4.4. ABTOokoppeasinusi B octaTkax. Kpurepuii Jlapouna-yYorcona

ABTOKOppESIHMs B OCTaTKaX MOXKET OBbITh BbI3BaHA HECKOJIBKMMHU
MPUYUHAMH, UMEIOIMMHU PA3IHYHYIO TIPUPOY.

1. Ona MOXeT ObITh CBfi3aHA C MCXOJHBIMH JAHHBIMH W BbI3BaHa
HAJMYHEM ONTHOOK M3MEPCHHUS B 3HAUCHHSX PE3yIbTaTHBHOTO MMPU3HAKA.

2. B psage cioydyaeB aBTOKOPPEISIMS MOXKET OBITh CJIEICTBHEM
HETpaBUIbHOM crierdukanuy Moaean. Moieiab MOKET He BKIII0YaTh (GakTop,
KOTOPBIN OKa3bIBACT CYIICCTBEHHOE BO3JCHCTBHE HA pPE3ysbTaT W BIUSHHUEC
KOTOPOI'0 OTpa)kaeTcs B OCTAaTKax, BCIEACTBHE 4YEro IOCIEIHHUE MOTYT
OKa3aThCs aBTOKOPPEIUPOBaHHBIMH. OUYEHb 4acTO 3TUM (PAKTOPOM SIBIIACTCS
dakrtop Bpemenu 1.

OT UCTUHHON aBTOKOPPENISAIUN OCTATKOB CJAEIyeT OTJAMYaTh CUTYaIlUH,

Koraga IMpUirHa ABTOKOPPCIIAALINU 3aKJII049acTCsA B HeraBHHLHOﬁ
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cnenudukanuu QyHKIUOHATBHOW Gopmbl Moaenu. B aTtom ciywae ciemyet
U3MEHUTH (GOPMY MOJICIH, a HE MCIOJIb30BaTh CICIHAIBHBIC METOBI pacueTra
MapaMeTpOB YPaBHEHUS PErPECCUU NTPU HATUUUHU aBTOKOPPEISALINHU B OCTATKAX.

OmnH w3 Ooiee  pacHpOCTPAHEHHBIX  METOJOB  OMPEICICHUS

aBTOKOPPEJIALINY B OCTaTKax —3TO pacyeT kpurepus Japobuna-YoTcoHa:

n

Z(‘gt _‘5t—1)2

d=122 - . (4.5)
Q&
t=1

T.e. Bemmunaa O ecTs OTHOmEHHME CyMMBI KBaJpaTOB pa3HOCTENd

IMOCJICA0BATCIIbHBIX 3HAUYEHUHU OCTATKOB K OCTAaTOYHOM CyYMMC KBaJApaToB IIO
MOICIN PETPCCCHUH.
Mo>xHO IIOKa3aThb, 4YTO IIpH OONpIIMX 3HAYCHUAX N CymCCTBYCT

cleylollee COOTHOIIEHHe Mexay kpurepueMm Jlapouna-Yorcona d wu

K09 HUIMEHTOM aBTOKOPPEISILIME OCTATKOB IIEPBOTO TopsiaKa I :
d D20{1-r,). (4.6)
Takum 006pa3oM, €CIM B OCTATKAX CYLIECTBYET MOJIHAS MOJIOKHUTEIbLHAS
asrokoppensims u I; =1, to d = 0. Ecnn B ocTaTkax nosHas oTpunaTenbHas
agrokoppemsimss, 10 I[=-1 u, cnenosarensno, d=4. Ecmu
aBToKOppensus octatkos orcyrctyer, 70 ; =0 u d =2.T.e. 0<d < 4.

ANTOpPUTM BBISIBIIEHUS aBTOKOPPEISIUU OCTATKOB HA OCHOBE KPHUTEPHUS

Jlap6una-YorcoHa ciexyromuii. Beyisuraercs runoresa H,y 06 orcyrcrun

*
ABTOKOppC/IOIUN OCTATKOB. AHBTCpHaTI/IBHBIC THUITIOTC3bI Hl 151 Hl COCTOAT,

COOTBETCTBEHHO, B HAJIWYUU  IIOJOXKUTEJIBHONM WJIM  OTPULIATEIBHOU
aBTOKOppEIIIIMA B oOcTaTkax. Jlajgee mo crenuaapbHbIM Tabmumam (cM.

npwiokenne E) ompenensrorcs kpuTUUecKue 3HaueHUs kputepus JlapOwna-
Yorcona d,_ U du UIT  3aJaHHOTO 4uciaa HaOmomeHud N, uywuciaa
HE3aBUCHUMBIX MEPEMEHHBIX MoJenu M u ypoBHS 3HaUUMOCTH & . Ilo 3TUM

3HAQYEHUSAM YHUCIOBOM IPOMEKYTOK [O; 4] pa30MBalOT Ha ISATh OTPE3KOB.
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HpI/IH}ITI/IC NI OTKJIIOHCHHC K&)K,IIOﬁ N3 THUIIOTC3 C BCPOATHOCTBLIO 1—0’

OCYLIECTBIISIETCS CIEAYIOIUM 00pa3oM:

O<d< dL — €CTh TOJIOKUTEIbHAS aBTOKOPPEIISIIIUASI OCTATKOB, H0
OTKJIOHSIETCSI, € BeposiTHOCThI0 P =1— @ npunrumaercsa H;
d,_ <d< du —30Ha HEOIPEICIIEHHOCTH;

d, <d<4-d, - wuer ocuoBanuii orkmonsts H,, Te.
aBTOKOPPETALNSA OCTATKOB OTCYTCTBYET,

4-d, <d <4-d, —30na Heonpenenennocry;
4-d, <d <4 —ecrp orpunarensras asrokoppensius ocratkos, H,

OTKIIOHSIETCS, ¢ BeposaTHOCTEI0O P =1— @ npunumaercs HI .

Eciu akTrdeckoe 3HaueHne Kpurepusa JapOuna-YoTcoHa IIONanaeT B
30HY HEOINPEEICHHOCTH, TO Ha MNPAaKTHUKE IPEINOJIaraloT CyHIeCTBOBAHHE
ABTOKOPPEJIILIN OCTATKOB U OTKJIOHSIOT rumotesy H,.

IIpumep. [IpoBepUM TUIIOTE3Y O HAIUYUHM ABTOKOPPEIALUHN B OCTATKAX
IS afJUTUBHONM MOJENU HAIET0 BPEMEHHOTO psa. McXomHble NaHHBIE U

IMPOMCIKYTOYHBIC PACUCTBI 3dHOCHUM B Ta6JII/II_Iy:

Tabmuma 4.11

t Yi & =E 2 (5} _5}—1)2 gtz
1 375 -5,252 — — 27,584
2 371 -35,843 -5,252 935,8093 1284,7
3 869 -74,183 -35,843 1469,956 5503,1
4 1015 48,937 -74,183 15158,53 2394.8
5 357 -26,946 48,937 5758,23 726,09
6 471 60,464 -26,946 7640,508 3655,9
7 992 45,124 60,464 235,3156 2036,7
8 1020 50,244 45,124 26,2144 2524 .5
9 390 2,361 50,244 2292,782 5,574
10 355 -59,229 2,361 3793,328 3508, 1
11 992 41,431 -59,229 10132,44 1716,5
12 905 -68,450 41,431 12073,83 4685,4
13 461 69,668 -68,45 19076,58 4853,6
14 454 36,078 69,668 1128,288 1301,6
15 920 -34,263 36,078 4947,856 1174
16 927 -50,143 -34,263 252,1744 2514.,3
CymmMma -0,002 50,141 84921,85 37911,97




dakTnyeckoe 3HaueHue Kpurtepus JlapOuHa-YoTcoHa sl JaHHOU
MOJEIN COCTABIISAET:

q= 84921,85_
37911,97

Coopmymupyem runoress: H, —B ocraTkax Her aBrokoppessiuunn; H,

— B OCTaTKax €CTh IMOJIOKUTEIbHAS aBTOKOPPEIISIIHS; HI — B OCTaTKax ecTh
OTpHUIIATENbHAS aBTOKOppENALUs. 3anaauM yposeHsb 3Haunmoctu @ = 0,085,
Ilo Tabmuue 3HaueHuid kputepus JlapOuHa-YoTCOHa omnpenenum g Yucia
Habmoaennit N =16 u yucna HezaBucHMBIX mapameTpoB Mogead K =1 (Mbl
paccMaTpuBaeM TOJBKO 3aBUCHMOCTH OT BpeMeHU ) kputudeckue 3HaUCHUS

d, =110 u d, =1,37. ®akruueckoe 3uauenue d-kpurepus JlapOuna-
Yorcona momamaer B wuHrepBan O, <d <4-d, (1,37<2,24<2,63).
CresI0BaTeNbHO, HET OCHOBAaHHMS OTKIOHATH rumote3y H, 06 orcyrcrsum

ABTOKOPPETSLNYU B OCTaTKaX.

CymiecTByeT HECKOJIbKO OrpaHUYEHUH Ha TPUMEHEHHUE KPUTEPUs
Jlapbuna-¥YoTcoHa.

1. OH HenpuMEHMM K MOJENSAM, BKJIIOYAIONIUM B KayecTBe
HE3aBUCUMBIX IEPEMEHHBIX JIaroBble 3HAUYCHHUS PEe3yJIbTATUBHOTO IPU3HAKA.

2. Meroguka pacueta W UCHOJNb30BaHus Kputepus JlapOuHa-
YoTcoHa HampaBiieHa TOJbKO Ha BBISIBICHUE aABTOKOPPENALMH OCTATKOB
MEpPBOrO MOPSIAKA.

3. Kpurepuii [lapOuna-YorcoHa naeT AOCTOBEPHBIE PE3YJIbTAaThI

TOJIBKO JIJIs1 OOJIBIIINX BBIOOPOK.
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Mpuno:xenne A°
CiayyaiiHble epeMeHHbIe

JAuckperHasi cayyalHas nepeMeHHast

Bame WHTYWTMBHOE DIOHMMAaHHE BEPOSTHOCTH IIOYTH HABEPHSKA
COOTBETCTBYET 3ajJadaM »dTOr0 MOCOOWs,, W TIOITOMY Mbl OIyCTUM
TpPaJULIMOHHBIA pa3/iesl YUCTON TEOPUH BEPOSITHOCTEHM, XOTsI OH MOT' Obl OBITH
BECbMA YBJIEKATEJNBbHBIM. MHOTHE JIIOAM HENMOCPEACTBEHHO CTAIKHUBAINCH C
BEPOSTHOCTSIMHM, YYacTBys B JIOT€pesX M a3apTHBIX Wrpax, MU HX
3aMHTEPECOBAHHOCTL B TOM, YE€M OHM 3aHUMAJIACh, YacTO MNPUBOAWIA K
YAUBUTEIBHO BBICOKOW MPAKTUYECKON KOMIIETEHTHOCTH, OOBIYHO MTPU MOJHOM
OTCYTCTBUM (pOpMabHON OJATOTOBKH.

MBI HaYHEM HENOCPEACTBEHHO C JUCKPETHBIX CIy4arlHbIX EPEMEHHBIX.
CnyuaiiHas mepeMeHHass — 3TO Jr00asi MepeMeHHasi, 3Hau€HUEe KOTOpPOW He
MOXET OBITh TOYHO IpeAcKa3aHo. JIuCKpeTHOW Ha3bIBaeTCs CllydaiiHas
BEJIMYMHA, UMEIOIIas ONpeIeIeHHbII Ha00p BO3MOXHBIX 3HaueHU. [Ipumep —
CyMMa BBINIABLIIMX OYKOB IpPH OpOCaHWM JIBYX MIrpasibHbIX KocTel. Ilpumep
CIIy4YallHOW BEJIMYMHBI, HE SABJSIOLICHCS JHCKPETHOM, — TeMIleparypa B
KoMHaTe. OHa MOXKET NMPUHSATH JIF000€ U3 HENPEPHIBHOTO 1MAINa30Ha 3HAYEHU N
U SIBIISIETCS IPUMEPOM HEPEPBIBHOM CilydaiiHOM BennuuHbl. K paccMoTpenuo
TaKUX BEJIMYMH B 3TOM NPHWIOKEHUU MBI IIEPENUIEM TTO3KE.

IIponomxkast pa3roBop O HIpHUMEPE C ABYMS HIPAJIbHBIMH KOCTSIMH,
IIPEAIIONO0KHUM, 4YTO OJHA W3 HUX 3€lIeHas, a Apyras — KpacHasd. Eciom ux
OpOCHTBH, TO BO3MOXKHBI 36 3JIeMEHTAPHBIX UCXOJ0B IKCIIEPUMEHTA, TOCKOJIBKY
Ha 3€JIEHOM KOCTH MOYKET BBINACTh JIK000€ 9uciio oT 1 10 6 u To ke camoe —Ha
KkpacHoi. Ciry4yaiiHasi mepeMeHHasi, ONpeaeIeHHas KaKk UX CyMMa, KOTOPYIO MbI

0003HaAYNM qcpe3 X, MOXET INPpUHUMATL TOJIBKO OJHO H3 11 ymcnoBBIX

® 3a ocHOBY mpHITOKEHHS A B3AT yaeOHUK [4].
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3HaueHUuN — OoT 2 10 12. B3auMocCBs3b MEXAy HCXOJaMU SKCIIEpUMEHTa U
3HAYEHUSIMU CIIy4aiiHOM BEJIMUYMHBI B JAHHOM clly4yae noka3aHa B Ta0n. A.1.

Tadomuma A.1

3enenas

Kpacnas

O OIN OO
O N O®

10

OO N O~

10 11

U~ |WIN|F

N OO WINIEF
ONOO U~ WIN
O N0~ W

10 11 12

[TpeamnonoXuB, 9TO KOCTH «IIPABUILHBIE», MBI MOKEM BOCIIOJIH30BATHCS
tabsn. A.1l 1yt onpeenieHus BEPOSITHOCTH Kaxxaoro 3HadueHus X. [Tockoibky
Ha KOCTSX HMMeeTcs 36 pasmuYHbIX KOMOWHAIMMA, KaKIbIH HMCXOJ HMEEeT
BeposTHOCTH 1/36. Jlumb ofHa W3 BO3MOXHBIX KoMmOwHanuii {3eneHas=1,
kpacHas=1} maer cymmy, paBHyI0 2, Tak uTo BeposTHocTh X = 2 pasHa 1/36.
YT10o0bl IONY4YUTE CyMMy X = 7, HaM IOTpeOyroTcs coueTanus {3enenas=1,
KpacHas=6}, nubo {3enenas=2, kpacHas=5}, nubo {3enenas=3, kpacHas=4},
6o {3emenas=4, kpacuas=3}, maubo {3cnenas=5, kpacHas=2}, MO0
{3enenas=6, kpacnas=1}. B nanHOM ciydae Hac ycTpoAT 6 BO3MOXHBIX
MCXOJ0B, W II09TOMY BEPOSATHOCTh IoJydeHusi 7/ paBHa 6/36. Bce st
BEPOSITHOCTH TIpUBENEHBI B Ta0u. A.2. Eciu Bce MX CIIOXKUTH, TO TOJTYIUTCS
poBHO 1. 3T0 Oyner Tak, mockoybKy ¢ BeposaTHocThio 100%paccmarpuBaemas
CyMMa IPUMET OJIHO W3 3HaueHH# oT 2 10 12.

Tabmnuma A.2

3HayeHusa X 2 3 4 5 6 7 8 9 10 11 12

Beposrtaocts | 1/36| 2/36| 3/36| 4/36| 5/36| 6/36| 5/36| 4/36| 3/36| 2/36| 1/36

COBOKYIMHOCTh BCEX BO3MOXHBIX 3HAUEHUU CIy4alHOU NEpEeMEHHOMU
ONKCBIBACTCS TE€HEPAIBHOM COBOKYITHOCTBIO, U3 KOTOPOM HU3BJIEKAIOTCA ATH

3HaueHMs. B Hamem ClIydac recuepajibHasl COBOKYIITHOCTb — 3TO Ha60p YUCClI OT

210 12.
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MareMaTn4eckoe 0:kuJIaHNe JUCKPETHOM CAYy4YailHOM BeJIUYUHbI

MaremaTnyeckoe OXUIaHUE TUCKPETHOM CIy4alHOW BEJIWYUHBI — ATO
B3BEIICHHOE CPEIHEE BCEX €€ BO3MOXHBIX 3HAYCHUH, MPUYEM B KAYECTBE
BeCcoBOro ko3dduimenta 0epercsi BEpOSATHOCTh COOTBETCTBYIOIIETO MCXOJA.
Bel MoxeTe paccuuTarth €ro, IEPEMHOKHB BCE€ BO3MOXHBIC 3HAYEHUS
CIIy4YallHOW BEJIMYMHBI HA UX BEPOATHOCTU M HPOCYMMHPOBAB IMOJYUEHHBIE

IMPONU3BCIACHHA. MaremMaTH4eCKHd €CIIU cnyqaﬁHa;I BEIMYMHA 0003HAYeHA KakK

X, TO ee MaTeMaTUYecKoe OXKuaanue ooo3Havaercs kak M (X) uma M .

HpC,IIHOJ'IO}KI/IM, 4170 X MOXKET IMPpUHUMATDH n KOHKPCTHBIX 3HAYCHUU

(Xl, ) CTRNT Xn) U UTO BEPOATHOCTL NojydyeHus X pasHa [J. Torma
M (X) =X Py +XPo+ ot X, Py = DX (A1)
i=1

B ciywae ¢ 1ByMs KOCTSMH BEIMYMHAMHU OT X, 10 X, ObUIM 4mcIia OT 2

1o 12.Marematuueckoe OKuJaHHe PACCUUTHIBACTCS TaK:

M(x):2G£+3G3+4G§+...+1133+123—1:
36 36 36 36 36

[Ipexxne yeM MOWTH Jajbllie, pacCCMOTPUM elle 0oJee MpOoCcToil mpumep
CIly4ailHOM MepeMeHHOM — YMCJIO OYKOB, BbIMAAaroliee Mpu OpOCAHUM JIHIIb

OJHOM UTPATbHOMN KOCTH.

B nmanHOM ciydyae BO3MOXHBI IIECTh HCXOJIOB! " :1, X5 :2, ceey

Xs = 6. Kaxmprii BcXo1 UMeeT BEPOATHOCTH 1/6,mo3TOMY 371€Ch
M (x) =10+ 20 + 30+ A0+ 5+ 6= 3L (A2)
6 6 6 6 6 6

B nmanHOM ciydyae MaTeMaTHYECKMM — OXHUJAHUEM  CIy4alHOU
NEePEMEHHOM SBJIAETCS YHCJIO, KOTOpOE caMo I0 cebe He MOXKET OBITh

MOJIy4E€HO MPU OPOCAHUU KOCTH.
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MareMaTnyeckoe 0)XKUJaHUE CIIYHYaliHOM BEJIMYMHBI YaCTO HA3BIBAIOT €€
CPEOHUM NO 2eHepalbHOU cO8OKynHocmu. JIs ciiydaliHOM BETWYHUHBI X 3TO

3HAUCHHE YacTO 0003HAUaeTCs Kak L.

MaremaTuyeckue 0:KMIaHUA (PYHKIMI JUCKPETHBIX CIYYalHbIX

IMEPEMECHHBIX

ITycTp g(x) — uekoropas ¢yHkuus or X. Torma M (g(x)) -
MaTEMaTUYECKOE 0KUIAHUE g(x) 3aIMCBIBACTCS KaK

M(g(x)=>a(x)p. (A.3)

rie CyMMHPOBaHHE IMPOU3BOAUTCS O BCEM BO3MOXKHBIM 3HaueHHsM X. B
Tabn. A.3 TmokazaHa TIOCIEIOBATEIBHOCTh MPAKTUYECKOTO  pacuera

mamemamuiecko2o oxcudanus gyukyuu ot X.

Tabmuma A.3
X BepositHocth | DYHKIMS OT X q)yHKH]:Ie?O?:;(IiiI;Ha’I 1o
X P g(x) g(x) py
% P, g(%) 9(x,) P,
X, P, g(x,) g(x,)p,
Beero M(a(X))=>g(x)p

IIpennonoxum, 4t0 X MOXKET NPUHUMATEL [ pasiIM4YHBIX 3HAYEHUH OT
X, 70 X, C COOTBETCTBYIOUIMMH BEPOATHOCTAMU OT [ no P,. B nepsou
KOJIOHKE 3alMCBIBAIOTCA BCE BO3MOKHbIE 3HaueHuss X. Bo Bropoun —
3allUCBIBAIOTCA  COOTBETCTBYIOLIME BEPOATHOCTU. B TpeThelr KOIOHKE
PACCUUTHIBAIOTCSA 3HAYEHUS (QYHKIMHU JJIs COOTBETCTBYIOIMX BenuuuH X. B
YETBEPTOH KOJOHKE IEPEMHOKAIOTCA 4YHMClIa U3 KOIoHOK 2 u 3. OtBer

IPUBOAMUTCS B CYMMUPYIOIIEH CTPOKE KOJTOHKH 4.
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2
Paccunraem marematnueckoe oxkupanwe BenuuuHbl X . g 3TOTO
paccMOTPUM IPUMEP C YUCIaMU, BBINAIAIOIUMHU MPU OPOCAHUU OJTHOU KOCTH.

Hcnonb3oBaB cxemy, npuBeaeHHYIO B Tab. A.3,3amoiaHuM 1adi. A.4.

Tabmuna A.4
X Y X X' P
1 2 3 4
1 1/6 1 0,167
2 1/6 4 0,667
3 1/6 9 1,500
4 1/6 16 2,667
5 1/6 25 4,167
6 1/6 36 6,000
Bcero 15,167

o o 2
B YCTBCPTON €€ KOJIOHKC JJaHbl MICCTh 3HAYCHUU X", B3BEIICHHBIX I10

COOTBETCTBYIOIIUM BEPOATHOCTSIM, KOTOPBIE B [HJaHHOM [pPHUMEpPE BCE
2 2
pasusirorcss 1/6. ITo onpenenenuio, Benuunna M (X ) paBHa Z)ﬁ P, , oHa

MpHUBEJICHA KaK CyMMa B YETBEPTOM KOJIOHKE U paBHa 15,167 .

MaremaTnueckoe oxxupaHue X, Kak yxke ObLIO MOKa3aHo, paBHO 3,5,

3,5 B kBazgpare paBHo 12,25.Takum o6pazom, Beauunna M (Xz) HE paBHa

/,12, M, CIIeJIOBATEIIbHO, HY)XHO aKKypaTHO TPOBOJIUTH PA3IUYHS MEKIY
2
I\/I(xz) I/I{M(X)} .

HpaBmIa pacuera MATEMATHYECCKOI'0 OKHIAHUA

CylecTBylOT TpH MpaBHia, KOTOPBIE YAacTO MCIOJIB3YKOTCS. OTH
paBuia MPAaKTHYECKH CaMOOYEBUIHBI, U OHU OJWUHAKOBO NPUMEHUMBI IS
JUCKPETHBIX U HETPEPBIBHBIX CIyYalHBIX IEPEMEHHBIX.

Ilpaguno 1. MartemMaTuyeckoe OXHUAAHUE CYMMBbl  HECKOJIBKHX
IIEPEMEHHBIX PAaBHO CyMME MX MaTeMaTHYeCKUX oxuaaHuil. Hanpumep, ecnu
MMEIOTCS TPU CIIydalHble nepeMeHHble X, Y u Z, To

M(x+y+2z)=M(x)+M(y)+M(z). (A.4)
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Ilpasuno 2. Ecnu cnydaiinas mepeMeHHass YMHOXKaeTCsS Ha KOHCTAHTY,
TO €€ MaTeMaTUYECKOE OKUIaHUE YMHOXKAETCs Ha Ty e KOHCTaHTy. Eciin X —

clly4ailHasi nepeMeHHas U & — KOHCTAHTa, TO
M (alx) =alM (x). (A.5)
Ilpasuno 3. MatemaTn4yeckoe OXKHIaHWE KOHCTAaHTHI €CTh OHA cama.

Hanpumep, eciim @ —KOHCTaHTA, TO
M(a)=a. (A.6)
Cneocmeue 3 Tpex MPaBUIL:

M(a+bx)=a+bM(x).
He3aBucMMOCTD CIy4YaHHBIX NePEeMEHHbIX

JIBe ciyuaiinble nepeMeHHble X U Y Ha3bIBaIOTCS HE3aBUCUMBIMHU, €CIIU
M (x)m(y))=M(f (x)) ™ (g(y)) (A7)
st TIOOBIX  (pyHKITHI f(X) 5 g(y). W3 HE3aBUCUMOCTH ClEeAyeT Kak

BaKHBIN YaCTHBIN ciayyaii, yuto M (X Ey) =M (X) [M (y)

Teoperuyeckasi AUCHEPCUs TMCKPETHOU CJAYYANHOU MEPEeMEHHOM

Teoperuueckass  pucmnepcust  sIBAsieTcss  Mepoll  pazOpoca  mns
BEPOATHOCTHOTO pacnpeaeneHus. OHa omnpenensercss Kak MaTeMaTU4ecKOe

OXKHMIAHHUC KBaApaTa pPa3HOCTH MCKAY BCJIMYUHOM X MU €€ cpcaHumM, T.C.

2
BCJIMYMHBI (X—/J) , rae M — marematudeckoe oxupanue X. Jucmepcus

2 o o
00BIYHO 0003HAYaAETCS KaK Jx NI D ( X) y A €CJIN SICHO, O KAKOU IICPEMCHHOHN

HUACT pCYb, TO HIKHUA HHACKC MOXCET OBITH OITYIIICH.:

n

02=D(x)=M((x-4)°) =D (x -4)*p. (A8)

i=1

2
U3 O, MOXHO NOIy4uTh O, —cpedHee Keaopamuieckoe omkioHeHue —

CTOJIb K€ PpAacIpoCTpaHEHHYIO Mepy pa3dpoca uig pacmupeaeicHuUs
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BEPOATHOCTEM; CPEAHEE KBAAPATUUECKOE OTKIIOHEHUE CIIy4YalHON IEPEMEHHON
€CTh KBAaJIPATHBIN KOPEHB U3 €€ JUCIIEPCUM.

MBI OpOWJUTIOCTPUPYEM pacyeT AHCIEPCHH Ha NpPHUMEPE C OIHOU

2

UrpanbHOM KocTbio. Ilockonsky U =M (X), TO (x—,u) B OTOM Clly4ae
2

paBHO (X—3,5) . MBI paccuuTraeM MaTeMaTHU4YECKOE OXXUIAHUE BEIUYUHBI

2
(X—3,5) , UCIOJNB3yS  CXEMy, T[peiacTaBileHHyro B  Tabm.  A.D,
JlononHuTENBHBIN  cTONOEI (x—,u) NPEACTABISIET OMpPEACIICHHbIA HJTam

2 .
pacuera (x—,u) . Cymmupys mocnennuii cronber; B Tadu. 1.5, momyunm
2
3HaueHue gucrnepcun J,, paBHoe 2,92. CienoBaresbHO, CTaHAApPTHOE

otkioHenue (T, ) paBHo /2,92, 1o ectb 1,71,

Tabmuma A.5
X p (x=4) | (x-#) | (x-#)p
1 2 3 4 5
1 1/6 -2,5 6,25 1,042
2 1/6 -1,5 2,25 0,375
3 1/6 -0,5 0,25 0,042
4 1/6 0,5 0,25 0,042
5 1/6 15 2,25 0,375
6 1/6 2,5 6,25 1,042
Bcero 2,92

OgHuM W3 BaKHBIX MNPWIOKEHHI MpaBWII pacuera MaTeMaTHUYE€CKOIO
OKHJIaHUsI SIBIISIETCA (OpMyIIa pacueTa TeOPETHIECCKON AUCTIEPCHH CITyIaitHOM

HepeMeHHOﬁ, KOTOpasa MOKCT OBITH 3aIIMcaHa Kak
2 _ 2\ _,,2
aX—M(x) J7 (A.9)
10 BBIPAKCHHC HHOoraa OKa3bIBACTCA 6onee yI[O6HBIM, qyeM

IICPBOHAYAJIBHOC OIIPCACICHUC. I[OKEBaTeJIBCTBO NpeaOCTABIIACTCA YUTATCIIIO

B KaUCCTBC YIIPAKHCHUA.
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BeposiTHOCTH B HENPEPBIBHOM cJIy4yae

C nucKpeTHBIMU CITy4yalHBIMU MTEPEMEHHBIMU OYEHb JIETKO 00palaThCes,
MIOCKOJIbKY OHHU M0 ONPEACIICHUI0 MPUHUMAIOT 3HAYCHHUS U3 HEKOTOPOTO
KOHeuHOoro Habopa. Kaxjnoe u3 3THX 3HAUYEHHM CBA3aHO C OMpEETIECHHOMN
BEPOSITHOCTHIO, XapaKTePU3YIOIIEH ero «Bec». Eciii 3Th «Beca» U3BECTHBHI, TO
HE COCTaBUT TPyAa PACCUUTATh meopemuueckoe cpedHee (MaTeMaTHUECKOE
OYKUJIaHUE) U JUCIICPCHIO.

Bel MoxeTe mpeacTaBUTh YKa3aHHbIE «BECa» KakK OMNpeAcCeHHbIE
KOJINYECTBA «ILJIACTUYHOW MAaCChI», paBHBIE BEPOSITHOCTSIM COOTBETCTBYIOIIUX
3HaueHnit. Cymma BEpOSITHOCTEH U, CIEAOBATENbHO, CYMMApHBIN «Bec» 3TON
«MAacChl» paBeH eIuHMIE. DTO MoKazaHo Ha puc. A.l qis nmpumepa, rae
BEJIMYMHA €CTh CyMMa OYKOB, BBINMABIIMX MPU OpOCAHUU ABYX HUTPATBHBIX
Koctel. Benmumaa X mpuHuMMaer 3HaueHus oT 2 1o 12, m qis Bcex ITUX
3HAYEHUH MOKA3aHO KOJIMYECTBO COOTBETCTBYIOIIEH «MacChI».

BennunHebl
BEPOATHOCTU

Puc. A.1.

K coxamenuto, aHanm3 dYacTO TIPOBOIUTCS I HENPEPBIBHBIX
CIIy4allHbIX BEJIMYMH, KOTOPbIE MOTYT IPUHUMATh OECKOHEYHOE YHUCIIO

3HAYCHMU. HOCKOHBKy HCBO3MOKHO IMPCACTABUTDb cebe CIACTHYHYIO MAacCCy>»,
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paslencHHyl0 Ha OECKOHEYHOE YHCIIO YacTed, HMCIOJb3yeM jaaliee APYrou
IIOJIXO/I.

[TpowmmtocTpupyeM HaIlM PACCYXKICHUS Ha TMPUMEPE TeMIIepaTyphbl B
KoMHate. [[J1s onpeIe ICHHOCTH TPEAOI0KHM, YTO OHA MEHSETCS B TIpeiesiax
oT 55 10 75° no dapeHreiTy, U BHavae AOMYCTUM, YTO BCE 3HAYEHUS B 3TOM
JMATIa30HE PAaBHOBEPOSITHHI.

[TockobKY YMCIIO pa3IMYHBIX 3HAYCHHM, MPUHUMACMBIX TOKa3aTelieM
TEeMIIepaTypbl, OECKOHEYHO, 37eCh OCECCMBICIICHHO TIBITAThCS pa3einuTh
«IUTACTUYHYIO MacCy» Ha Majible 9acTh. BMECTO 3TOro MOXKHO «pa3MasaTh» ee
no Bcemy pauamna3oHy. Ilockoiabky Bce TemmepaTypbl OoT 55 g0 75° F
PaBHOBEPOSITHBI, OHAa JOJDKHA OBITh «pa3dMa3aHa» PaBHOMEPHO, KaK 3TO

noKa3aHo Ha puc. A.2.

BuicoTa
(NNOTHOCTL BEPOATHOCTW)

0,05

55 60 65 70 75 TemnepaTypa, F

Puc. A.2.

B sTrom mpuMepe, Kak U BO BCEX OCTAJIBHBIX, MBI OyJIeM I0JIaraTh, 9TO
«IJIACTHYHAS Macca pa3MaszaHa» Ha €JUHUYHOM IUIOIaan. DTO CBI3aHO C TEM,
4YTO COBOKYITHAsi BEpOSTHOCTh BCEr/la paBHSAETCS eIuHHIC. B maHHOM ciydae
HaIlla «Macca» IMOKphbLIa MPSAMOYTOJIbHUK, W TIOCKOJbKY OCHOBAaHHE 3TOTO
npamMoyronsHuka pasHo 20,ero Beicota N onpenensercs n3 COOTHOIIEHUS:

20h =1, (A.10)
TaK KakK IIPOM3BEJCHHE OCHOBAaHUSA H  BBICOTBI PaBHO  ILIOMIAIM.
CrnenoBatenbHO, BhicoTa paBHa 0,05,kak 3TO MOKa3aHO HA PUCYHKE.

Haiins BBICOTY NPSAMOYTOJBHUKA, MBI MOXEM OTBETHTh Ha BOIPOCHI

THUIIA. C KaKOH BEPOSITHOCTBIO TeMIIepaTypa Oy1eT HaXOAUThCS B IHANa30He OT

65 no 70°F?OrtBeT onpenenseTcs BEIUIHHON «3aMa3aHHOW» Tutomann (Wi,
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roBopss Oonee (GOpPMANBHO, COBOKYNHOU 6epOSAMHOCMbIO), IIeKAIMECH B
nuarna3one ot 65 qo 70°F, mpencraBieHHON 3alITPUXOBAaHHOW (UTYypod Ha
puc. A.3. OcHOBaHHE 3alITPUXOBAHHOTO TMPSMOYTOJIHHUKA DPABHO S, €ro
BeicoTa paBHa 0,05 u, coorBercTBeHHO, MIomaas — 0,25, Mckomas
BEpOSATHOCTh paBHa 1/4, uro B JI00OM ciydae OYEBHIHO, ITOCKOJBKY
npoMexyTok ot 6510 70°Fcocraisier 1/4 Bcero nuana3oHa.

BricoTa
(NNOTHOCTB BEPOATHOCTH)

0.05 +

55 60 65 70 75 Temneparypa, F

Puc. A.3.

BricoTa 3amTpuxoBaHHOM MIOIIAIU MPEICTABISIET TO, UTO (POPMATHHO
Ha3bIBACTCS NJIOMHOCMbIO 6EPOAMHOCMYU B OTOW TOYKE, M €CIIM 3Ta BBICOTA
MOJKET OBITh 3amucaHa Kak (PYHKIIMS 3HAQUYEHUU CIIydalHON MepeMEeHHOM, TO

3Ta (PyHKUIMS Ha3bIBACTCA @YHKYyueu niomHocmu eepoamuocmu. B Hamem

IIpUMEpEe OHA 3alIUCBhIBACTCS KakK f (X) , re X —TeMIeparypa, u
f(x)=0,05 55 x< 7t (A.11)

B kauectBe mepBoro npuOinkeHus: (pyHKIHs MIIOTHOCTU BEPOSITHOCTH
ITIOKA3bIBAET BEPOATHOCTh HAXOXKICHMUS CIy4alHOM NEPEMEHHOU BHYTPH
€AMHUYHOrO HHTEpBaJla BOKPYr JaHHOW Touku. B Hamem mnpumepe 3Ta
¢ynkus Bcrogy paBHa 0,05,0TKyna BeITEKAeT, 4YTO TeMIlepaTypa HaXOIUTCH,
Harpumep, mexay 60u 61°Fc BepostHocThio 0,05.

B Hamem cnyuyae rpaduk (QyHKUMHM IUIOTHOCTH BEPOSITHOCTH
TOPU3OHTAJIEH, M €€ YyKa3aHHas HMHTEpIpeTanus TOYHA, OAHAKO B OOLIEM
ciiydae 3Ta (PyHKIIUS HEMPEPHIBHO MEHSETCS, U €€ MHTEepIIpeTalysl JaeT JIUIIb
npubmkeHue. Jlagee Mbl pacCMOTpUM IpuUMeEp, Korjaa 3Ta  (QyHKIUS

HENOCTOSIHHA,  IIOCKOJIBKY HE  BCE€  TEMIEepaTypbl  pPaBHOBEPOSTHBI.
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[Ipenmnonoxum, 4To LEHTPaAIbHOE OTOIUICHHE PabOTaeT TaKUM 00pazoM, 4TO
TeMIepaTypa HUKOTJa He majgaeT Huxe 65°F,a B kapkue OHU TeMmieparypa
MPEBOCXOAUT ATOT ypOBEHb, HE MpeEBbIlIasA, Kak u paHee, /5°F. Msl Oynem
CUMUTATh, YTO IUIOTHOCTh BEPOSATHOCTH MaKCUMaJIbHA NpU Temneparype 65°Fu

Jajiee OHa paBHOMEPHO YObIBaeT 10 HyJis ipu 7/5°F puc. A.4).

flnoTHOCTL
BEPOATHOCTH

0201
015 ¢
010 ¢
0,05

T

65 70 75 Temnepatypa, F

Puc. A4.

OO6mias «3amMaszaHHas» IUIOIIaAb, KaK BCErjJa, paBHAa EIUHUIIE,
MOCKOJIbKY ~ COBOKYITHasi ~ BEpPOSTHOCTh  paBHa  eauHuie. Ilnomanp
TPEyroJbHUKAa paBHAa IIOJOBHHE TIPOM3BEJCHUS OCHOBAaHHUS Ha BBICOTY,

IIO3TOMY IIOJIy4acM.

%D.O[h =1, (A.12)
u BbicoTa nipu 65°Fpasna 0,20.

[IpenmonoXuM BHOBB, YTO MBI XOTHM 3HATh BEPOSTHOCTh HAXOXKICHUS
TeMmrepaTypbl B MpoMexyTke Mexay 65 m 70°F. Ona mnpencraBieHa
3alITPUXOBAaHHOW IUIOMIAApI0 Ha puc. A.5, M eciii BBl HEMHOTO TIOMHHTE
TE€OMETPHUIO, TO CMOXETe MpOBepHUTh, 4To oHa paBHa 0,75. Ecmum BB
NpeIoYnTaeTe TMPOIEHTHOE W3MEPEHHe, TO JTO O3HA4aeT, 4dYTo C
BEpOSTHOCTHIO /5% TemmepaTrypa momnageT B auana3on 65-70°Fu toxbpko ¢

BEepOSTHOCTHIO 25% —B nuamazon 70-75F.
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fMnorHoCTL
BEPOSTHOCTH

0.20 |
6,15 |
0,10
0,05

65 70 75 Temnepartypa, F

Puc. A.5.

B nanHom ciydae ¢yHKIMS TUIIOTHOCTH BEPOSITHOCTU 3alMCHIBACTCS KaK
f (X) , TIIE
f (x)=1,5-0,0X; 6% x< 7. (A.13)

[Ipexne yeM npoJOKUTE U3JI0KEHUE, YIIOMSHEM O XOPOILEN U III0OXOU
HOBOCTSX. «{lmoxas HOBOCTB» — 3TO TO, YTO €CJIM BBl XOTUTE PACCUMUTATH
BEPOSITHOCTH ISl O0Jiee CIOKHBIX (YHKIUI ¢ KPUBOJUHEHHBIMU TpaduKaMH,
TO DJIEMEHTapHas reOMETpUs CTaHOBUTCS HempuMeHMMOW. BooOie roBops,
Bbl  JIOJDKHBI  BOCIIOJIB30BAaTbCSl ~ MHTETPAJIbHBIM  HCUHCICHUEM WM
CrelHaIbHBIMU Tabmuamu (eciau TOCJIeIHUE CYIMECTBYIOT). MHTerpanbHOe
HCYMCIICHUE MCIOJIB3YETCd TAKXKE W IPU OINPEAEICHUM MaTeMaTHYECKOIro
0’KMJAHUA U TUCTIEPCUN HETIPEPHIBHOW CIIy4YalHOW BEJIMYMHBI.

«Xopo1iasi HOBOCTb» —B TOM, YTO CIlelHaIbHbIe TaOIHIIbI CYIIECTBYIOT
1 BceX (YHKIUI, KOTOpble OyAyT MHTEpecOBaTh HAc Ha npakTtuke. Kpome
TOr'0, MAaTEMATUYECKOE OKHUIAHUE U JAUCHEPCUS UMEIOT ITPAKTUYECKU TOT XKE
CMBICJI JUIsl HEIIPEPBIBHBIX CIYYaWHBIX BEJIUYUH, YTO U JUIS AUCKPETHBIX, IJIS

HUX BEPHBI TE€ XKE caMble IPaBUIIA.
IHocTosiHHAA M cJIyYaliHAs COCTABJAIOLIME CIYYaHHON NlepeMeHHOI

YacTo BMECTO pAacCMOTPEHHUS CIIy4allHOW BEJIMYMHBI KaK €IWHOTO
L[EJIOr0 MOKHO U yA0OHO pa30UTh €€ Ha MOCTOSIHHYIO M YHUCTO CIy4alHYIO

COCTaBJIAOIIIUC, rac IIOCTOSHHAasA COoCTaBJIArOmIass BCCraa €CTb €C
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MaremMaTuyeckoe oxunanue. Ecam X — ciywaliHas nepemeHHas U 4 — ee
MATEMATUYECKOE OXKHUJIAHUE, TO JCKOMIIO3ULMUS CIIYYaWHOW BEJIMYHHBI
3aMKUCHIBACTCS CIEAYIOLUIUM 00pa3oM:
X=U+E, (A.14)
rae £ —4YUCTO CIydalHasi COCTABISIONIAS.
KoneuHo, MOHO ObLJIO OBl MIOCMOTPETHh HA ATO MO-APYIOMY M CKa3aTh,
YTO Clly4aliHasi COCTABJIAOIIAS £ OINpENENsaeTcs KaK pa3HOCTh Mexay X u U
E=X—U. (A.15)
W3 omnpeneneHus cienyer, 4TO MaTeMaTUYECKOE OKUIAHUE BEIHMYHHBI
£ paBHO HYIIO:
M(g)=M(x=u)=M(x)-M (u)=p-u=0.
[TockonpKy Bech pa3zdopoc 3HaueHu X OO0yCIIOBIEH &£, HEYAUBUTEIHHO,
YTO TEOpEeTHUYecKas Jucrnepcusi X paBHa TEOPETHUYECKOW AuCIepcuu & .

[Tocnennee HeTpyaHO A0Ka3aTh. [1o onpenenenuto,

g>=M ((x—,u)z) =M (52)

g’ =M ((5— M (5))2) =M ((5—0)2) =M (52).

2

Takum oOpazoMm, O  MOXET OBITh SKBHBAJICHTHO OIpejeicHa Kak
nucrniepcusa X uiu €.

O0600111as1, MOKHO YTBEP)KIaTh, UTO €ClM X — cllydaiiHas rmepeMeHHas,

ompenenenHas mo ¢opmyne (A.14), rne M — 3amaHHOE YHCIO B & —

. . — 2 _ 2
cinydaiineiii uien ¢ M (8 ) =0wuo -~ =0, TO MareMaTH4eCcKoe OKUIAHUE

2
BeIMYMHBEI X paBHO AU, a mucnepcus — O .

CnocoObI OLICHUBAHNUA U OLICHKH

]_IO CUX IIOp MBI IIpeAmnoJiarajlid, 4To UMCCTCA TOYHAA I/IH(i)OpMaHI/I}I 0

paccMaTpuBaeMoW CilydalHOW TEepeMEHHOM, B 4YacTHOCTM — 00 ee
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pacrpe/ielIcHHH BEPOSTHOCTEH (B Cilydae JHCKPETHOH IMEPEMEHHOW) WA O
(GYHKIHMU TUIOTHOCTH pacmpeeneHus (B cliydae HEMPEPhIBHOW MEPEMEHHOM).
C mnomompio 3TOH WMH(POPMAIMK MOXKHO PAaCCYUTATh TEOPETHUECKOE
MaTEeMaTUYECKOe OXKUAaHue, JUCIIEPCHUIO U JI0ObIE IPYTUe XapaKTEPUCTUKHU, B
KOTOPBIX Mbl MOXKEM OBITh 3aMTHTEPECOBAHBI.

OngHako Ha MOpPaKTUKE, 3a HCKIIOUYEHHEM MCKYCCTBEHHO MPOCTHIX
CllydaliHBIX BENWYMH (TaKMX, KaK YMCJIO BBINABIIMX OYKOB NMPU OpOCaHUM
UTPaJIbHOW KOCTH), MBI HE 3HA€M TOYHOI'O BEPOSTHOCTHOTO pPACIpECIICHUS
WM TUIOTHOCTU pachpeiesieHus BepOsSTHOCTEM. OTO O3HA4yaeT, 4To
HEU3BECTHBI TaKXKE M TEOPETUYECKOE MaTEeMaTUYecKoe OXHUAaHUE, W
aucrniepcusi. Mbl, TeM HE MEHEE, MOXXEM HYXIAaThCsl B OIICHKAX JTHX WJIU
IPYTUX TEOPETUUECKUX XapAKTEPUCTUK T€HEPATbHON COBOKYITHOCTH.

[Iponenypa ouneHuBaHus Bcerga ojauHakoBa. bepercs BbiOOpka u3z N
HaOIIOZICHUH, W C TIOMOIILI0 TTOAXOAIIEH (POPMYIIBI paCCUNTHIBAETCS OIICHKA
HY>)KHOM XapakTepucTuku. HyXHO cliequTh 3a TepMUHAMHM, Jejlas Ba)KHOE
paznuyue MEeXIy crocoboM mim GOpMyYJION OTIEHUBAHMS U PACCUYUTAHHBIM T10
Hel JUIsl JaHHOUM BBIOOPKH YKCIIOM, SIBIIIOIIMMCS 3HaUeHHeM olleHKU. Cnocob
oyenuganusi — 3TO 00I1Iee MpaBwiIo, Wik Gopmysa, B TO BpeMsl KaK 3HaueHue
OYeHKU —ITO KOHKPETHOE YHCIIO, KOTOPOE MEHSETCS OT BRIOOPKH K BRIOOPKE.

B Ta6:a1. A.6 mpuBeneHsl GOpMYIIbl OLICHUBAHUS JJIS IBYX BOXKHEHIITHUX

XapaKTEPUCTUK TCHEPATBHON COBOKYITHOCTH. Bbibopounoe cpednee X 0OBIYHO

2
JaeT OLEHKY JJii MaTeMaTH4YecKoro OXuiaHus, a gopmyna S~ — OLIEHKY

JUCIIEPCUU TeHEPATbHON COBOKYITHOCTH.

Tabomnura A.6
XapaKTepUCTUKH T'€HEPATIbHOU
dopmybl OTICHUBAHUS
COBOKYITHOCTH
_ 1
Cpennee, U X = _Z X

n

1 —\2
Jlucnepens, O° s* = -1 ()ﬁ B X)
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OTMmeTuM, 4YTO 3TO OOBIYHBIE (DOPMYJBI OLIEHKH MAaTeMaTHYECKOTO
OXKUAAHUA W JUCHEPCUHM TE€HEPAJIbHONM COBOKYIHOCTH, OJHAKO HE
CIMHCTBCHHBIC. BO3MOXHO, BBl HACTOJBKO TMPHUBBIKIN KCIIOJIB30BaTh X B

KadCCTBC OLCHKH HJIA /,l, 4TO HaXC HC 3ayYMBIBAJIMCh 00 AJIbTCPHATHUBAX.

KOHC‘{HO, HC BCC q)OpMy.TIBI OOCHKH, KOTOPBIC MOXHO IIPCACTABUTD,
OJMHAKOBO  XOpPONIH. HpI/I‘II/IHa, I10 KOTOpOﬁ B I[CﬁCTBPITCJ'IBHOCTPI
HCIIOJIb3YCTCA Y, B TOM, 4YTO 23Ta OLNCHKa B HaI/mqueﬁ CTCIICHU
COOTBCTCTBYCT [IBYM OYCHb BaXHBIM KPUTCPUAM — HCECMCIICHHOCTH U

3¢ (HeKTUBHOCTU. DTH KPUTEPUHU OYAYT paCCMOTPEHBI HIKE.
OueHkM Kak cjy4yaiiHble BeJIHYNHBI

[Tomyyaemass oyewxka TPEACTABISIET YACTHBIM Ciydal CIy4auHOM
nepeMeHHou. [IpuunHa 37€ch B TOM, 4TO coueTaHWe 3HAYCHU X B BBIOOpPKE
CIy4allHO, TOCKOJbKYy X — cily4aliHas I[E€pEeMEHHas W, CIJIEeI0BaTENbHO,
CIIy4aiiHOM BeIMYMHON siBiseTca U QyHKIUs Habopa ee 3HaueHUU. Bo3pMme,

HanpuMmep, X — OLEHKY MaTeMaTHYeCKOTO OKUIaHMUS:

__ 1
X=X+t x,).

Bpbimie mbl mokasaju, 4ro BeJuunHa X B | -M Ha6JII-O,IICHI/II/I MOJKET OBITH

Pas3Io’KEeHa Ha ABE COCTABJIAIOIIMEC. IIOCTOSHHYIO 4aCTh /,1 N 9YUCTO cnyqaﬁHon

COCTaBJIAIONIYIO &, !

X =U+E. (A.17)
CnenoBaTennHO,
X=U+E&, (A.18)

rae € —BBIOOPOYHOE CpeIHEe BEIHYUH &, .

Orcroga MOXHO BHIETh, 4YTO X, IMOJOOHO X, HMeEeT Kak
(UKCUPOBaHHYIO, TaK ® YHCTO CIydYalHyl0 cocTaBisomme. Ee

(I)I/IKCI/IpOBaHHaH coCTaBJaromas — /,1, TO €CTh MAaTEMATHYECKOE OXKUAaHUE X,
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a ee CiIyyanWHas cocTaBisomias — &£, TO €CTb CpeAHEe 3HAYEHUE YHUCTO
CITy4aliHOM COCTABJISIONICH B BEIOOPKE.

DyHKIMKA IUIOTHOCTH BEPOSATHOCTH Ui X © X II0Ka3aHbl Ha
onuHakoBbIX Tpadukax (puc. A.6). Kak mokaszaHo Ha puUCyHKe, BeIMuMHA X
CUMTAETCS HOPMAJIBHO pacupeaeaeHHON. MOXHO BUIETh, UTO PaCIpeeICHHUS,

Kak X, Tak U X, CHMMETPHUYHBI OTHOCHTCIBHO [ — TEOPETHYECKOI'O

cpenHero. PasHuia Mexay HUIMA B TOM, 4TO pacmpejeneHine X YK€ U BBIIIIE.

Benmnunaa X, BepOSITHO, JOJDKHA OBbITH OMke K L/, 4YeM 3HaAuYCHHE
EIMHUYHOrO HaOMIOAcHHS X, IOCKOJBKY €€ CllydaiHas COCTaBjsmiomas &

€CTh CPEJIHEE OT YUCTO CIyYaWHBIX COCTABIAOMUX &, &,, ..., £, B BBIOODKE,

KOTOpBIE, MO-BUIUMOMY, <«TacsaT» JIPYyr Apyra IpH pacdeTre cpeaHero. Jlamee

TCOPCTUHCCKAd  JUCIICPCUS  BCIMYMHBI £ COCTAaBJI€CT JHUIIb  4aCTb

TEOPETHUYECKOMN aucnepcun £ .

CDYHKLWIQ NAOTHOCTH CDyHKLI.MFI NAOTHOCTU
BEPOATHOCTN X BEPORTHOCTU X

/\ :

M x u

>

Puc. A.6.

2 o
Beauuuna S — OIICHKAa TCOPCTHICCKOU NUCIICPCHUHA X —TaKXKe sABIIETCA

cirydaiiHoi nepeMenHo#. Berautas (A.18)u3 (A.17), umeem:
X —X=&—E.

CnenoBaTenbHO,
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2 -
Takum oOpa3oMm, S 3aBUCHT OT (M TOJBKO OT) YHCTO CIIy9aliHOH
cocrapisitoleii HaOmoaeHnit X B BbIOOpKe. [IO0CKONBKY 3TH COCTaBIsIOLINE

MCHAIOTCA OT BBI60pKI/I K BBI60pKC, TAaKKC OT BBI60pKI/I K BBI60pKC MCHJACTCA U

2
BCJIMYMHA OLICHKHU S .
HecMmenienHocThb

[TOCKOMBKY OILICHKH SIBJISIFOTCA  CIy4allHbIMH IIE€PEMEHHBIMHU, HUX
3HAYEHMS JIUIIb MO CIy4alHOMY COBIAJICHUIO MOTYT B TOYHOCTH PaBHSATHCS
XapaKTepUCTUKaM TEHEPAITbHOU COBOKYITHOCTH. OObIYHO Oyner
IPUCYTCTBOBATh OIPEICIICHHAs OIMOKA, KOTOpas MOXET ObITh OOJIBIIION HIIH
MQJIOW, MOJIOKUTEIbHOW WJIM OTPULATEIBHOW, B 3aBUCHUMOCTH OT YHCTO
CITy4alHBIX COCTAaBJISIFOIIMX BEJIMUYUH X B BBIOOpPKE.

XOTs 3TO U HeM30€)KHO, HAa UHTYUTUBHOM ypPOBHE KeJIaTeIbHO, TEM HE
MEHee, YTOOBI OIICHKA B CPEAHEM 3a JOCTATOYHO JJIMTEIBHBIN Mepuoj ObLia
aKKypaTHO#. Beipaxasch popManbHO, Mbl XOTEIH Obl, YTOOBI MaTEMaTHYECKOE
OXXHJaHUE OLEHKH PAaBHSIOCh Obl COOTBETCTBYIOUIEH XapaKTEPHUCTHKE
FEHEPAIIBHOM COBOKYIHOCTH. Ecim 3TO Tak, TO OLEHKAa Ha3bIBACTCs
Hecmeuwlennou. Ecin 3TO HE Tak, TO OILIEHKA Ha3bIBACTCS CMEUleHHOU, W
pasHUIlAa MEXAYy €€ MATEMATHYECKUM OXHUIAHHUEM K COOTBETCTBYIOLIEH
TEOPETUYECKON XapaKTEPUCTUKON T€HEpadbHOW COBOKYIHOCTH HA3bIBACTCS
cmeueHueM.

HayneM c BBIOOPOYHOrO CpeaHero. SIBisercs JuM OHO HECMEIICHHOU
OLIEHKOMU TeopeTrdecKoro cpeanero? Pasust mu M (X) u U? ]la, 310 TaK, 4To

HEnocpeCTBEHHO BhiTeKaeT u3 (A.18).

Benmnunna X BiiIrouaer nBe cocraBisiome — L u € . 3HaueHue &

paBHO CpCI[HCﬁ YucCTO CﬂyqaﬁHBIX COCTaBJIAIOIINX BEINYUH X B BBI60pKC, ",
ITOCKOJIBKY MAaTCMAaTHYCCKOC OXHUIAHUC TaKOM COCTaBJISIONICH B Ka>X10M

Ha6J'HOI[eHI/II/I PaBHO HYJIIO, MAaTCMATHUYCCKOC OXKHU/IAHUC £ pPaBHO HYJIO.

CnenoBaTenbHO,
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M(X)=M(u+2)=M(u)+M(&)=p+0=x. (A.19)
Tem HEe MeHee IMOJIydCHHasA OLCHKAa — HC CAMHCTBCHHO BO3MOYKHAasA
HecMelleHHast orieHka /. [Ipeamnonoxkum aias mMpOCTOTHI, YTO y HAC €CTh

BBIOOPKA BCETO U3 [BYX HaOMoAeHUN — X, 1 X, . JIro0oe B3BELIEHHOE CpeHEe

HaOmrOAeHNH X, 1 X, ObLIO OBl HECMEIICHHOM OLICHKOM, €CII CyMMa BECOB
paBHa enuuune. UToObl MOKA3aTh 3TO, MPEANONIOKHM, YTO MBI HOCTPOMIM
0000111eHHYI0 (OPMYITy OIICHKH:
Z =A%+ X, (A.20)
Martemaruueckoe oxunanne Z paBHO:
M (Z)=M (A% +A%,) =AM (X)) + AM (x,) =(A+ A Ju. (A.21)
Eciu cymma A, u A, pasna enunuue, 1o Mol umeem M (Z) =Unul”l

SBJISIETCSL HECMEILIEHHOW OLIEHKON U .

Takum 06pa30M, B TPHUHOUIIC YHCJIO HCCMCHICHHBIX OILICHOK

6eckoneuno. Kak BbiOpath onny u3 Hux? [louemy B NEHCTBUTEIBHOCTH MBI
BCer/[a MCTonb3yeM BbiGopounoe cpeanee ¢ A = A, =0,5? BosmoxkHo, BbI

rmojgaracte, 4To OBLIO OBI HCCIIPABCAJIMBbIM AdBaTb Pa3HbIM Ha6JHOI[eHI/I$IM
pa3iindHBbIC BCCa WU YTO HOI[O6HOI>'I ACUMMCTpHUHN CIICAYCT n3oerate B
IIPUHIIAIIC. MI)I, OJHAaKoO, HEC 3a00TUMCS 34C€Ch O CIIPaBCAJIMBOCTU HIIN O
CUMMCTPHUH KaK TaKOBOMU. I[aJ'IBIHC Mbl YBHIAUM, YTO HMCCTCA H Ooiece
ociaA3acMaid IMpuirHa.

I[O CUX IIOp MbI pacCMaTpuBaJId TOJIBKO OHICHKH TCOPCTHYCCKOI'O
2
CPCOHCTO. Bpimie YTBCPKAAIOCH, YTO BCIIMYMHA S, ompeacisicMas B
o o 2
COOTBETCTBHHU C TaOJI. A6, ABJACTCA OLCHKOU TCOPCTUYCCKON NUCIICPCHUU o .

2 2
MoXHO MOKa3aTh, YTO MAaTEMaTUYECKOE OXXUJIaHWe S paBHO O , U 3Ta
BEJIMYMHA SIBJISICTCSA HECMEILEHHON OLIEHKON TEOPETUUECKON TUCIIEPCUH, €CIIH
HaOJII0JEHUsI B BBIOOPKE HE3aBUCUMBI APYT OT Apyra. JloKa3aTeabCTBO 3TOrO

MATEMATUYCCKU HECIIOKHO, HO TPYIOCMKO, U ITIO3TOMY MBI €TI0 OITYCKAaCM.
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¢ PeKTHBHOCTD

HecMmemeHHOCTh — JKeJIaTeIbHOE CBOMCTBO OIICHOK, HO JTO HE
€IMHCTBEHHOE TaKoe€ CBOWMCTBO. Eme oagHa BaxkHasi HMX CTOPOHA — 3TO
HagekHOCTh. KoHeyHO, HeMaJlOBa)KHO, 4YTOOBI OIICHKa OblIa TOYHOH B
CpeHEM 3a JUIMTEIbHBIA MEPUO, HO, Kak ofHaxael 3ametuis [[x. M. KeliHc,
«B JIOATOCPOYHOM IEPUOJAEC MBI BCE yMpem». MbI xoTenu Obl, 4TOOBI HaIla
OIlECHKa C MAaKCHUMaJbHO BO3MOXXHOW BEpPOSTHOCTHIO JaBajia Obl OJIM3KOE
3HAYEHUE K TEOPETUYECKOM XapaKTEPUCTHKE, 4YTO O3HAYaeT IKEJIAHHE
MOJyYUTh (PYHKIUIO TUIOTHOCTU BEPOSATHOCTH, KaK MOXHO OOJiee «CKaTyro»
BOKPYT HICTUHHOTO 3HaueHus. OJIUH U3 CIIOCOOOB BBIPA3UTh ATO TPEOOBAHHUE —
CKa3aTh, YTO MBI XOTEJIA ObI MMOJTYYUTh CKOJIb BO3MOYKHO MATYIO TUCIIEPCHUIO.

[IpennoJsioxkum, 4TO Mbl UMEEM JIBE€ OLIEHKU TEOPETHUYECKOTO CPEIHETO,
paccuMTaHHbIE Ha OCHOBE OJHOM M TOM e uH(OpManuu, 4To 00€ OHHU
SBJISIFOTCS. HECMENICHHBIMH M 4YTO WX (YHKIUH TUIOTHOCTH BEPOSATHOCTHU
noka3anbl Ha puc. A.7. IlockonbKy (DYHKIHS TIJIOTHOCTH BEPOSTHOCTH IS
onenku B Gonee «cxkara», yem mg ouenku A, ¢ ee MOMOIIBIO MBI CKOpEE
noiydyuM Oosiee TouHOe 3HaueHue. dopmalbHO TOBOPS, 3Ta OLIEHKa OoJiee
s pekTuBHA.

MyHKUMA MIOTHOCTN
BEPOATHOCTU

. Ouenka B

- OueHka A

Puc. A.7.

Baxno 3daMCTHUTDb, YTO MbI UCIIOJIB30BAJIN 31CCH CIIOBO «CKOPCC>». I[a)KC

X0Ts1 oueHka B Gonee sdpdexTnBHA, 3TO HE 03HAYAET, YTO OHA BCErJA JAET
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Oonmee TowyHOEe 3HaueHHWE. [Ipu OmMpeAeICeHHOM CTEYCHHH OOCTOSITEIIbCTB
3HayeHnre oueHkH A Moxer ObITh Onmke K ucTHHe. OIHAKO BEPOSTHOCTH
TOTO, yTO OIleHKa A okaxkercs 6osee TouHoll, ueM B, cocrasnser menee 50%.

DTO HalNOMUHAET BOMPOC O TOM, TOJb30BaThCS JHU PEMHSIMU
0€30MacHOCTH MPHU YIPABICHUH aBTOMOOUIIEM. MHOKeCcTBO 0030pOB B Pa3HbIX
CTpaHaX TOKa3aJio, YTO 3HAYMTEIHHO MEHEE BEPOSTHO TOTHOHYTH WIIH
MOJIYyYUTh YBEUbS B JIOPOKHOM MPOUCIIECTBUHU, €CJIM BOCIOIb30BATHCS
peMHsaMu Oe3omacHocTH. B TO ke BpeMs He pa3 OTMEUalINCh CTPaHHbBIC
Ciy4au, KOrJa He CAEJaBIINNA 3TOTO0 WHIWBH] YyJACCHBIM 00pa30oM yIienes, HO
noru® Obl, OyTly4Hd IPUCTETHYT PEMHSAMHU. Y TOMSHYTbIE 0030pbl HE OTPULIAIOT
3TOr0. B HUX U JeiaeTcs BEIBOJ, UTO MPEUMYIIIECTBO HA CTOPOHE TEX, KTO
noJib3yeTcss peMHAMH Oe3omacHOCcTH. [logOOHBIM K€ MPEeuMYIIEeCTBOM
obnamaer um dpdekTuBHas oreHKa. (HempusATHBI KOMMEHTapuid: B Tex
CTpaHax, TJ¢ MOJb30BaHNE PEMHSIMH OE30MACHOCTH CIIETaHO 00s3aTeIbHBIM,
COKpaTWJIOCh MPEAJIOKEHUE JUIsl TpaHCIUIAaHTAI[MU TOYEeK JIIOJEH, CTaBIIMX
’KepTBaMH aBapHii.)

MBI TOBOPUIIM O JKEJAHWUU TMOJYYUTh OIEHKY KaK MOXXHO C MEHbIIEH
nucnepcuedt, u 3dQexkTuBHAsS OLIEHKA — 3TO Ta, Yy KOTOPOW AUCHEPCHS
MuHAMaJTbHAa. Cefidyac MBI PACCMOTPHM JHCTHEPCHIO OOOOIICHHOW OIEHKHU
TEOPETHUYECKOTO CPETHEr0 M MOKAKEeM, YTO OHa MUHUMAaJbHa B TOM CIyyae,

Korja o0a HaOMIOACHUST UMEIOT paBHBIC Beca.
Ecnu HabmroneHust X, U X, HE3aBUCHMBI, T€OpeTHYECKas IUCIEPCHUs

00001IEeHHO OIIEHKH paBHA!
D(Z) =D (Ax +Ax,) =(A% +A3)0. (A.21)
Mpbl yXe BBISACHWIM, YTO JUISI HECMEUICHHOCTH OIICHKH HEO0XOIUMO

pasenctBo emuuuie cymmbl A, u A,. CienosatensHo, 1 HECMEIIEHHBIX
ouenok A, = (1—/]1) u
2 2 _ 12 2 _ 2
A+A7=A0+(1-1) =247 - 24+ 1. (A.22)
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[TocKONBKY MBI XOTUM BHIOpaTh A, Tak, 4TOGB MHHMMH3MPOBATH
2
JTUCIIEPCHUIO, HAM HYKHO MMHUMM3HUPOBATH IPU 3TOM (2/]1 - 24, +1). Oty

3a/layy MOKHO PEIHTh rpaduyueckl WIH ¢ MOMOIMIbI0 TuddepeHITHaTbHOTO

ucuncienus. B mobom cinyuae munumym gocturaercs npu A =0,5.

CnenosarensHo, A, Takxke pasuo 0,5.

Wtak, Mbl MOKa3ajid, 4TO BBIOOPOYHOE CpelHEe MMEET HAMMEHBIIYIO
JTUCTIEPCUIO CPEU OIICHOK PAacCMaTpUBAEMOTO THMA. JTO O3HAYAET, YTO OHO
uMeeT HanboJee «CKaToe» BEPOATHOCTHOE paclpe/iesieHne BOKPYT HCTUHHOTO
CPEIHEro |, CleJ0BaTelIbHO (B BEPOSATHOCTHOM CMBICIIE), HanboJee TOYHO.
Ctporo roBopsi, BRIOOPOYHOE cpeHee — ATo Hanbosee 3P heKTUBHAS OIEHKA
CpelIu BCEeX HECMEUICHHBIX OIICHOK. KOoHEeuHO, MBI MOKa3adu 3TO TOJBKO IS
ciydas ¢ AByMs HaOJIOJCHUSMU, HO ClIeJIaHHBIC BHIBOABI BEPHBI IS BEIOOPOK
JT000T0 pazMepa, eciid HaOII0AEHUS HE 3aBUCAT APYT OT Apyra.

JIBa 3aKJIIOYMTENHHBIX 3aMEYaHUsI: BO-TIEPBBIX, 3P(HEKTUBHOCTH OIEHOK
MOKHO CpaBHUBATh JIUIIb TOT/A, KOTJAa OHH HWCIOJB3YIOT OAHY M Ty XK€
uH(pOpMaLIMIO, HAIPUMEP OAMH U TOT e HAaOOp HaOMIOACHMH HECKOJBKHX
CJIydaiiHbIX epeMeHHbIX. Eciu oHa u3 oreHok ucnosb3yeT B 10 pas Gonbiie
uHpOpMalMM, YeM Jpyras, TO OHA BIIOJHE MOXET HMETh MEHBIIYIO
AUCTIEPCHI0, HO OBLIO OBl HEMPABHIBLHO CUUTATh ee Oosee 3pdekTuBHON. Bo-
BTOpPHIX, MBI OrpaHMYWBaeM TIOHATHE DJ(PPEKTUBHOCTH CpaBHEHUEM
paclpeneNeHnii  HEeCMEIICHHBIX  OIeHOK. CyIIecTBYIOT  OINpeiesieHus
adpexkTuBHOCTH, O00O0OIIaOMKe 3TO TOHATHE Ha CilIydaid BO3MOXKHOTO
CPaBHECHHSI CMEIIEHHBIX OIICHOK, HO B 3TOM IOCOOMH MBI MPHUACPKUBACMCS

JAHHOTO ITPOCTOr0 OIIPCACIICHUA.
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IIpoTuBOopeuns Mexay HECMEILIEHHOCThI0 U MUHMMAJIbHOM AUcCnepcuet

B nanHoMm 0030pe MBI YK€ BBISICHWJIM, YTO JUIsI OLICHKU >KEJIaTeNIbHbI
HECMEILEHHOCTh W HauMEHbIIAs BO3MOXXHAs JUCHEpCcusi. OTH KpPUTEPUU
COBEpPUICHHO PA3JWYHbl, U UHOTA OHU MOTYT MPOTUBOPEUYUTH APYT IAPYTY.
MoxeT CiIy4yuTbCsl TakK, YTO MMEITCS JBE OLEHKH TEOPETUYECKON
XapaKTEPUCTHKH, OJJHA M3 KOTOPHIX sBjsieTcs HecMmernennoi (A na puc. A.8),

Apyras ’e cMelleHa, Ho UMeeT Menbiyro aucrnepcuio ( B).

DYHKUMA NNoTHOCTH
BEPOSATHOCTH

- Ouenka B

OueHka A

McTuHHOoe 3HauyeHue

Puc. A.8.

Ouenka A xopoma cBOEH HECMENEHHOCTBIO, HO IPEUMYLIECTBOM
onenku B sBusercs 1o, 4To ee 3HAUEHUS NPAKTUYECKM BCETAA OJIM3KH K
UCTUHHOMY 3HaueHu0. Kakyro u3 HUX BbI Obl BEIOpAn?

JlauHBI BBIOOP 3aBHCHUT OT 00CTOSATEILCTB. ECIIM BO3MOKHBIE OIMMOKH
BacC HE OYEHb TPEBOXKAT MpPHU YCIOBHM, YTO 3a IJIMTEIbHBIA NEPUOJ OHH
«moracar» ApPyr Apyra, TO, NO-BUAMMOMY, Bhl BeiOepere A. C gpyroi
CTOPOHBI, €CIIH JJIS Bac MNPUEMJIEMbl Mallble OMIMOKH, HO HEMPUEMIIEMBI
OoJIbIIKE, TO BaM ClIeAyeT BeIOpath B.

dopmanbHO TOBOpS, BHIOOpP ompenensercs (GyHKIUEH MOTepb,
CTOMMOCTBIO ClIeTaHHOM OomuOKKM Kak ¢GyHKuuel ee pasmepa. OOBIYHO
BBIOMPAIOT OIEHKY, JAIOLIyI0 HAUMEHbIIIEE OKUJIAHUE TOTEPh, U JIETAETCS ITO

MyTeM B3BEIIMBAaHUS (PYHKUUU MOTEPh MO (PYHKIHUU TUIOTHOCTU BEPOSTHOCTH.
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(Ecnm BBI He JIOOUTE PHUCK, TO MOXKETE TAKXKE IMOXKEJIATh YU4eCTh TUCIICPCHIO

0TEPb.)
BinsiHue yBeJIHUeHHUsI pa3Mepa BLIOOPKH HA TOYHOCTh OLIEHOK

Byaem mo-npexHeMy mnpeamnosiaratb, 4TO Mbl HCCIEAYyEM CIy4alHYIO

IMCPCMCHHYIO X € HEU3BECTHBIM MATEMATUYECKUM OXHIAHUEM /,1 141

. o 2
TCOPETUYECCKOU JUCHEePCHEH U | 4YTO JJIA OLlCHMBaHUS L/ UCHOIB3YyeTCs X.

Kakum 06pa3om TOUHOCTH OIICHKH X 3aBUCHUT OT yuclia HabmoaeHuin N?
OTBeT HEYAMBMTEJIEH, IIPH yBeIUUYeHUH N oreHKa X, BOOOIIE roBops,
CTaHOBUTCS OoJiee TOUHOU. B eIMHUYHOM 3KCTIepUMEHTE OOJIBITIas IO pa3Mepy
BBIOOpPKA HEOOs3aTeNIbHO 1acT 00JIee TOYHYIO OIIEHKY, YeM MEHbIIas BRIOOpKa,
— BCErJa MOXKET MPUCYTCTBOBATh JIEMEHT BE3€HUS, — HO O0IIas TEHIACHIIMS

JIOJDKHa OBITh MMEHHO Takod. Ilockonbky pgmcrepcuss X — BbIpakaeTcs
L 2
bopmynoit T / N (mokazareabCTBO 3TOro (hakTa MBI OMyCKacM), OHA TEM

MEHbIIIE, 4eM OoJibllle pa3Mep BBIOOPKH, M, 3HAYUT, TEM CUJIbHEE «C)KaTa»
(GYHKIHS TIOTHOCTH BEPOSTHOCTH Jist X .

Oto mokazaHo Ha puc. A.9. Msl mpenmonaraeM, yTo X HOPMAaJIbHO
pacripesienieHa co cpeAHUM 251 cTanaapTHeIM oTKiIoHeHHeM S50. Ecnu pasmep

BBIOOpDKK paBeH 25, TO CTaHAAPTHOE OTKJIOHEHHME BEIUYHHBI X, PaBHOE

g / Jn, cocrasut: 50/ v 25= 1(C. Ecnu pasmep Bei6opku pasen 100, To 510

CTaHapTHOE OTKJIOHeHUe paBHO 5. Ha puc. A.9 nokasaHbl COOTBETCTBYIOLINE
¢ynkuu 1otHoctu BepostHoctd. Bropas (N =100) Beimue nepsoii B
OKPECTHOCTH [/, YTO TOBOPUT O GOJIEE BBICOKOM BEPOSITHOCTH MOJIYUEHHS C €€
IIOMOILBI0 aKKYPaTHOM OIIEHKH. 3a MpeaeiaMd JTOH OKPECTHOCTH BTOpas

(GyHKIUS BCIOY HUXKE TIEPBOM.
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DYHKLMSA NAOTHOCTH

BEPOSATHOCTH
0.08
n =100
0,06 |
0.04 }
0,02} n=25
/I'l =1
0 . : ' =
0 50 100 150 X
Puc. A.9.

Yem Oonblie pa3mep BBIOOPKH, TeM YK€ M Bblle OyneT rpaduk
GYHKIMH  TUTOTHOCTH BeposiTHocTH it X. Ecmm N craHoBUTCS
JAEUCTBUTENBHO OOJBIINM, TO TpaduK (YHKIUU IUIOTHOCTH BEPOSITHOCTU

OyIeT HEOTIMYAM OT BEPTUKAIBHOM MPSAMO, cooTBeTCTBYIOmEeH X = . Jlyis

Takol BBIOOPKM cCIlydailHas cocTaBisitomiass X CTaHOBUTCS JEUCTBUTEIBLHO

OYECHb MaJoOf, U MO3TOMYy X 00s3aTejbHO OyAeT o4eHb Onm3Koi K L. DTO

BBITEKAET M3 TOro ()akTa, YTO CTAHIAPTHOE OTKIOHEHHE X, paBHOE O, / An,

CTAaHOBHUTCA O4YCHb MaJIBIM IIPU oonpmmx N.

B npenene, npu crpemnenun N Kk 0€CKOHEYHOCTH, T, / v N crpemurcs k

HYJIIO U X CTPEMHUTCS B TOYHOCTH K [ .

CocTOoATEIBLHOCTDH

Boobmie roBopsi, ecnum npenen OIEHKH 10 BEPOSTHOCTH paBEH
UCTUHHOMY 3HAUEHUIO XapaKTEPUCTUKU I'€HEpalbHONM COBOKYIHOCTH, TO 3Ta
OLICHKA Ha3bIBACTCA cocmosimenvbHou. VIHadue TOBOps, COCTOSITEIBHON
Ha3bIBAECTCS TakKas OLIEHKA, KOTOpas HaeT TOYHOE 3HAYEHHE i OO0JIbIION

BBI60pKI/I HC3aBHUCHUMO OT BXOJAIINX B HEC KOHKPCTHBIX H&6JII-O,IICHHI>1.
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B GonpImmHCTBE KOHKPETHBIX CITydaeB HECMEIICHHAS OIEHKA SBIISACTCS
U COCTOATEIBHOM. {7151 3TOT0 MOKHO MOCTPOUTH KOHTPIPUMEPHI, HO OHH, KaK
MpaBuiIo, OyIyT HOCUTh UCKYCCTBEHHBIN XapakKTep.

WNuorna ObIBaeT, 4YTO OIIEHKA, CMEIICHHas Ha MalbIX BBIOOpKAX,
SIBJISICTCSI COCTOSITENIbHON (MHOTZIa COCTOSITEIILHOM MOYKET OBITh JTaXKe OLICHKA,
HE MMCIOIIasi Ha MaJIbIX BBIOOPKAaX KOHEYHOTO MATEMATHYECKOTO OXKUIAHHUS).
Ha puc. A.10 nmokazaHo, Kak HpH pa3IUYHBIX pa3Mepax BBIOOPKU MOXKET
BBITIIAJICTh pacrpeelieHue BeposTHOCTEH. ToT ¢akT, 4To Mpu yBETUYCHUHU
pasMepa BBIOOPKH pacCIpeseiCHHEe CTAaHOBHUTCS CHUMMETPHYHBIM BOKPYT
MUCTHHHOTO 3HAUCHUs, YKa3bIBACT HA aCUMITOTHYECKYI0 HECMEIEHHOCTh. To,
YTO B KOHEYHOM CYETE OHO MPEBPAIACTCS B CAMHCTBEHHYIO TOYKY HCTHHHOTO

3HAa4YCHU:A, TOBOPHUT O COCTOATCIBHOCTH OLICHKU.

MYHKUNS NNOTHOCTH
BEPOATHOCTY

n =1000

n =100

i
3

NcTUHHOE 3HadYeHue

Puc. A.10.

Onenku, Ttuna mnoka3zaHHelXx Ha puc. A.10, BecbmMa BaxHB B
pPErpecCMOHHOM aHanu3e. MIHOr1a HEBO3MOKHO HAaUTU OLIEHKY, HECMEILICHHYIO
Ha MaiblXx BbIOOpkax. Eciam mpu 3TOM BBl MOXKeTe€ HAWTH XOTSA Obl
COCTOSITEJIBHYIO OLIEHKY, 3TO MOJKET OBITh JIydllle, YEM HE MMETh HMKAKOH
OLICHKH, 0OCOOCHHO €CIIM Bbl MOXKETE MPEANOI0KUTh HAPABICHHE CMEIICHUS

Ha MaJIbIX BBI60pKaX.
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Hy»xHo, ogHako, UMETH B BUY, UTO COCTOATENbHAS OLICHKA B IPUHLIUIIE
MOKET Ha MalblX BBIOOpKAax paboTaTh XyXe, YEeM HECOCTOATEIbHAs
(HanpuMep, UMeETh OONBIIYI0 CPEIHEKBAAPATHYHYIO OIIUOKY), U IOITOMY
TpeOyeTcst OCTOpPOKHOCTh. [10100HO TOMY, Kak Bbl MOXETE MpPEANOYECTb
CMEILEHHYIO OLICHKY HECMEILEHHOM, €CIIA €€ JUCIEPCHUS MEHBIIE, BBl MOXKETE
IIPEAIIOYECTh COCTOSTENBHYIO, HO CMEUIEHHYIO OLICHKY HECMEIIECHHOW WU

HECOCTOSTEIIBHYIO OIICHKY UM 00CHM (TaKKe B CIIydae MCHBIICH TUCTICPCHUH).
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IIpunoxenune B

TecTOBLIE 3aaHUA

Ilapuasi perpeccusi 1 KoppeJsinus

1. Haubonee mnaznaouvim 6u0om 6vl00pa ypAaeHeHUs NApHOl
pezpeccuu A6aAEMCA.

a) aHAJIMTHYCCKHIA;

0) rpadudeckui;

B) 9KCIICpUMEHTAIbHBIN (TAOJUUHBIN).

2. Paccuumuleamov napamempul NAPHOU TUHEHHOU PezPecCuil MONHCHO,
eciu y Hac ecmo:.

a) He MeHee 5 HaOII0IeHUH;

0) He MeHee 7 HAOJIIOICHUA,

B) He MeHee 10 HaOIr0IeHUH.

3. Cymb memooa HaumMeHbUUX KEAOPAmMo8 coOCIoum é.

a) MUHAMH3AIHA CYMMbBI OCTaTOYHBIX BEJIMYUH,

0) MUHMMHU3ALUU JUCIICPCUU PE3YJIbTATUBHOTO MTPU3HAKA,

B) MUHHUMH3AIIUH CYMMBI KBaJJPaTOB OCTATOYHBIX BEJTUIHH.

4. Koyppuuyuenm nuneiitnozo naprozo ypasnenus pecpeccuu’

a) TIOKa3bIBACT CPE/IHEE M3MCHECHUE pe3ylibTaTa ¢ U3MECHEHHEM (akTopa
Ha OJIHY €JUHUILY,

0) OlLICHUBACT CTATHCTUYCCKYIO 3HAYMMOCTh YPABHEHHS PETPECCHHU;

B) MOKA3bIBaCT, HA CKOJIbKO TIPOIIGHTOB M3MEHUTCS B CpEIHEM
pe3ynbTat, ecinu dhakTop usMeHuTcs Ha 1%.

5. Ha ocnosanuu naonrwoenuii 3a 50 cemvamu nocmpoeno ypasuenue

pezpeccuu §/=284,56+ 0,672, 20e Y — nompebnenue, X — 00x00.

Coomeemcmeyom Ju 3HAKU U 3HAUEHUA KoIduyuenmos pecpeccuu
meopemuuecKum npeocmaeieHuIm?
a) 1a;

0) Her;
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B) HHUYCTO OMMPCACIICHHOI'O CKAa3aTh HCJIb34.

2
6.Cymv KoI(ppuuuenma Oemepmunauuu Iy cocmoum ¢

cneoyruiem.
a) OLICHWBAET KAa4yeCTBO MOJCIM U3 OTHOCHUTCIBHBIX OTKJIOHCHHU II0
Ka)KJJOMY HaOII0ICHUIO;

0) XapakTepusyeT OO JHCIEPCHH PE3yJIbTaTUBHOTO MpH3HaKa Y,

00BSCHIIEMYIO perpeccuei, B o0Iell JUCepCuu pe3yIbTaTUBHOTO MPU3HAKA;

B) XapaKTepU3yeT MO0 TUCHCPCUU Y, BBI3BaHHYIO BIHUSHHEM HE

YUTEHHBIX B MOJIeNIU (haKTOPOB.
7. Kauecmeo moodenu uz omnocumenpbHvlX OMKIOHEHUI RO KAHCOOMY

HAONI00EeHUIO OUeHUBACH .
a) ko3 HUIMEHT AeTepMUHAIIUN rxf,;
6) F -kpurepuii Ouinepa;
B) CpeIHsA OMIMOKA allpOKCHUMAIINH A.
8. 3nauumocms ypaenenus pezpeccuu 8 yeaom oyeHuUBaAem:
a) F -xpurepuii ®uinepa;
0) t-xkputepuii CThIOICHTA,;
B) KO3 PUITUESHT TeTePMUHAIINH I‘Xi.

9. Knaccuueckuit memoo K OUeHUBAHUIO NAPAMEMPO8 pezpeccuu
OCHOBAH HA

a) METO0JIec HAMMEHBIITNX KBaJIPATOB:

0) MeTo/Ie MAaKCUMAJIBHOTO MPaB0IO0100HUS:

B) IIarOBOM PETPECCHOHHOM aHAIN3E.

10. Ocmamounaa cymma Keaopamoe pagHa HyJo:

a) KorJa MpaBUJIbHO MOJA00paHa perpecCHOHHAs MOJICIb;

0) Korjga MexIy MpU3HAKAMHU CYIMIECTBYET TOYHAs (PYHKIIMOHAJIbHAs
CBSI3b;

B) HUKOT/Ia.
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11.Oovsacuennan (pakmopnas) cymma Keaopamos OMKIOHEHUN 6

JIUHEUHOU RAPHOI MOOeIU UMeem YUCI10 CHeneHell c60000bl, PAGHOE:

a) N—1,;
0) 1,
B) N—2.

12.0Ocmamounaa cymma keaopamoe OMKIOHEHUIl 6 JIUHEHUHOI

RApHOIL MOOeNU UMeem Yucio cmeneHeil c60000bl, pasHoe:.

a) N—1;
o) 1;
B) N—2.

13.06wan cymma keaopamoe OmMKIOHEHUI 6 JIUHEUHOU RNAPHOU

Moodenu umeem Yucio cmeneHneil c60000ul, pasHoe:.

a) N—1;
o) 1;
B) N—2.

14./lna  ouenku  3nauumocmu  Kodpguuyuenmoe  pezpeccuu
paccuumaoleéaron.

a) F -xpurepuit ®umepa;

0) U-kputepuii CThrofieHTa;

B) KO3(PPHUIIUEHT TeTePMHUHALINH I’Xi,.

15. Kaxoe ypasnenue pezpeccuu nenv3sa ceecmu K TUHEUHOMY 8UOY.
a) §/X =a+blnx;

0) §/X =alx’:

B) §/X —a+bX.

16. Kakoe u3 ypasnenuii aeisaemcsa CmeneHHbIM.

a) §X =a+blnx;

0) §/X =alXx’:
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B) 9X —a+bX.

17. Hapamemp D ¢ cmenennoit modenu aenaemcs.
a) ko3¢ (HHUIIMEHTOM JIeTepMUHAIINH,

0) K03 HUITUEHTOM dJaCTHIHOCTH;

B) KO3 PHUIIUSHTOM KOPPEAIUH.

18. Kosgppuyuenm xoppensyuu 1, mosicem npunumams 3HaUeHUus:

a) ot —1 10 1;
0) ot 0 1o 1;

B) JIIOOBIE.
b N

19./Ina  ¢yukyuu Yy=a+—+E  cpeonuii  xkoIppuyuenm
X

IIACMUYHOCIMU UMeem GUO.

5= b
a+blX
0) §=——b ;
alxX+b
B) 52——bDZ :
a+bX

20.Kaxoe u3 cnedyrouwjux ypasHeHuil HeJIUHEIHO NO OUCHUBACMbIM
napamempam.

a) y=at+tblXx+eg;

6) y=a+blnhx+c¢;

B) y=alX’[¥.
MHokecTBeHHAsI perpeccus U Koppeysuus

1./lobasnenue 6 ypagnenHue MHOICECHEEHHOU pezpeccuu HOBO
00vACHAIOW Il NEPEMEHHOU:
a) yMeHbIIaeT 3HauYeHue Kod(huimenTa neTepMuHAIINH;

0) yBeIMUYUBaCT 3HaYCHHE KOAPPUITMCHTA ICTCPMHUHAIINY;
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B) HE OKa3bIBACT HUKAKOTO BIUSHUE HAa KOO(PPHUIIMECHT IeTEPMUHAIUH.

2. Ckoppekmuposanuwlit KoIhpuyuenm oemepmunayuu.

a) MEHbIIIEe 0OBIYHOTO KO3 PHUIMEHTA TeTEPMUHAINH;

0) 6obIie 00BIYHOTO KO3 (DHUIIMEHTA JeTePMUHAIUY;

B) MCHBIIIC WM PaBeH OOBIYHOMY K03 (PHUIIMEHTY IeTepMHUHAIINY;

3.C  yeenuuenuem yucna 00vACHAIOWUX nepemMeHHbIX
CKOppeKmupo6anHvlil KOIPpuyuenm oemepmuHayuu.

a) yBEIIMYUBACTCS,

0) yMeHbIIIaeTC,

B) HE U3MEHSCTCH.

4. Yucno cmeneneii c60000bl 0711 OCMAMOUHOU CYyMMbl KBAOPAM 08 8

JIUHEHHOU MOOEIU MHOMCECHBEHHOU Pezpeccuu PaGHO '

a) n—1;
0) m;
B) N—m-—1.

5. Hucno cmeneneit c600600vl 011 oOWell CyMMbl Keaopamoe 6

JIUHEUHOU MOOeIU MHOMCECHBEHHOU Pezpeccu PAGHO '

a) N—1;
0) m;
B) N—m-—1.

6. Hucno cmeneneit c60600bl 01 hakmopHoil cymmol Keaopamos 6

JIUHEUHOU MOOeIU MHOMCECHBEHHOU Pe2peccuu PaeHo.

a) N—1;
0) m;
B) N—m-—1.

(. Muoowcecmeennwtit  KoIppuyuenm Koppenayuu folxz =0,9.
Onpedenume, Kakou npoyeHm OUCHEPCUU 3A8UCUMOL nepeMeHHou Y

obvacHaemca enuAHUeM PaKkmopos X u X, .

a) 90%;
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0) 81%;
B) 19%.

8. /Ina nocmpoenus mooenu AUHENUHOU MHONCECHBEHHOIL pezpeccuul

éuoa Y = a+bx +b,X, neooxooumoe xonuuecmeo naéniodenuii donxncno

Obimb He menee:.
a) 2,
6) 7,
B) 14.

9. Cmanoapmusosannsie koygppuyuenmot pezpeccuu 3

a) TO3BOJIAIOT pPaHXXHPOBaTh (AKTOPHI IO CHJIC WX BIUSHUA Ha
pe3ynbTar;

0) OLIEHUBAIOT CTATUCTUYECKYIO 3HAYMMOCTH (PAKTOPOB;

B) SIBJIIIOTCS KO3 (PHUIIMEHTAMH 3JTACTUYIHOCTH.

10. Yacmmnuie ko3hpuuyuenmal Koppenayuu.

a) XapaKTepU3yIOT TECHOTY CBS3H pacCMaTpUBAEMOro Habopa (pakTopoB
C HCCJIETyEMBIM MPU3HAKOM;

0) comepkar MOIpaBKy Ha YUCJIO CTENEHEH CBOOOJBI U HE JIOIMYCKArOT
MIPEYBEIMUCHUS TECHOTHI CBSI3H,

B) XapaKTePU3yIOT  TECHOTY  CBSI3M  MEXKIY  pE3yJIbTaTOM |
COOTBETCTBYIOIIMM (DAKTOPOM TIPH ISIMMUHUPOBAHWUU JAPYTUX (PAKTOPOB,
BKJIFOUEHHBIX B YpPaBHEHUE PETPECCHUMU.

11. Yacmnoui F -xpumepuii:

a) OIICHWBAET 3HAYUMOCTh YPABHCHHUS PETPECCUU B IIETIOM,;

0) CIy)KUT MepOU JJIsl OLICHKH BKIIOYCHUS (DaKTOpa B MO/ICIIb;

B) paHXXUPYET (PaKTOPHI 110 CUJIC UX BIIMSHUS HA PE3yJIbTarT.

12. Hecmeuiennocms oyenku napamempa pezpeccuu, Noay4eHHol no
MHK, o3nauaem:

a) 94TO OHA XapaKTEPHU3YETCsl HAMMEHBIIICH JUCTICPCHCH;

6) 94TO MAaTCMATHYCCKOC OKHJAHHUE OCTAaTKOB PABHO HYJIIO,
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B) YBEJIMYCHHE €€ TOYHOCTH C YBEIUICHHEM 00beMa BEIOOPKH.

13.3¢phexmuenocmo oyenku napamempa pezpeccuu, noay4eHHOI no
MHK, o3nauaem:

a) 4TO OHA XapaKTePU3yeTCsl HAMMEHBIIICH JUCTICPCHEH;

0) 4TO MaTEeMaTUYECKOE OKUIAHUE OCTATKOB PABHO HYIIIO;

B) YBEJIMYCHHE €€ TOYHOCTH C YBEITMICHHEM 00beMa BEIOOPKH.

14. Cocmoamenvnocms oyenku napamempa pezpeccuu, HOaY4eHHOU
no MHK, o3nauaem:

a) 94TO OHA XapaKTEPHU3YeTCsl HAUMEHBIIICH JUCTICPCHCH;

0) 4TO MaTEeMaTUYECKOE OKUIAHUE OCTATKOB PABHO HYIIIO;

B) YBEJIMYCHHE €€ TOYHOCTH C YBEIMICHHEM 00beMa BEIOOPKH.

15. Ykastccume ucmunnoe ymeepitcoenue:

a) CKOPPEKTHUPOBAHHBIM W OOBIYHBIA KOA(P(UIIMEHTH MHOKECTBCHHOMN
JETEPMUHAIIMA COBMAJAIOT TOJBKO B TEX CHydasx, Korja OOBIYHBIN
KO3 (PUITMEHT MHOKECTBEHHOH JIeTepMHUHAIIUU PABEH HYJIIO;

0) cTaHmapTHBIC OMMUOKUW KOI(PPHUIIUESHTOB PETPECCHH OMPEICIISIOTCS
3HAUYCHUSIMU BCEX MapaMeTpOB PErPecCuH;

B) MIPU HAJMYUHU TETEPOCKETACTUIHOCTH OIICHKH [TapaMeTPOB PErpeccuu
CTAHOBSITCSI CMEIIICHHBIMHU.

16.IIpu nanuuuu cemepockedacmuunocmu ciedyem npumMeHamy.

a) o0brunbIli MHK;

0) 0000menubii MHK;

B) METOJI MAaKCUMAJILHOTO MPaBI0TO00uS.

17. Dukmuenvie nepemennvie —ImMo.

a) aTpuOyTHBHBIC Tpu3HAakK (HampuMep, Kak Tmpodeccus, o,
o0pa3oBaHue), KOTOPBIM NPUIAIN ITUPPOBBIC METKH,

0) PDKOHOMHYECKHE IepEeMEHHBIC, TPUHUMAIOIINE KOJUYCCTBCHHBIC
3HAUYEHUs B HEKOTOPOM MHTEpBAJIE,;

B) 3HAUCHMSI 3aBUCHMOM TICPEMEHHON 3a MPEAMISCTBYIOIINUNA TEPHO.T

BPCMCHU.
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18.Ecnu kauecmeennwlii axkmop umeem mpu zpacayuu, mo

Heo0Xxo00umoe Uucno qbukmuenbtx NEePEeMEHHbIX.

a) 4,
0) 3;
B) 2.
CucreMbl 3KOHOMETPHYECKUX YPABHEHUH
1. Haubonvuiee pacnpocmpaneHnue 6 IKOHOMEMPUYUECKUX

UCCN1e006AHUAX NOTYUUTU.

a) CUCTEMBbI HE3aBUCUMBIX YPaBHCHUH,

0) cuCTEeMBbI PEKYPCUBHBIX YPaBHEHHIA;

B) CHCTEMBI B3aHMO3aBHCHMBIX YPABHCHHM.

2. 9n0ozennvie nepemennbvle —IMO.

a) IpeoNpeICTICHHbIC [EPEeMEHHBIC, BIMSIONINEC HA  3aBHCHMEIC
IIEPEMEHHBIE, HO HE 3aBUCAILME OT HUX, 0003Ha4ar0TCs yepes3 X.;

0) 3aBUCUMBIC MTEPEMEHHBIC, YKCIIO KOTOPBIX PABHO YMCITY YPAaBHCHHI B

CHCTEME U KOTOpBIe 0003HavatoTCs yepes3 Y ;

B) 3HAUCHUS 3aBHCHUMBIX IEPEMEHHBIX 3a MPEAMIECTBYIONIHA TTEPUOT
BPEMEHU.

3. 9K302ennvle nepemennvlie —IMO:.

a) IpeoNpeICJICHHbIE [EPEeMEHHBIC, BIMSIONINEC HA  3aBHCHMEIC
nepeMeHHbIE, HO HE 3aBUCSIIUE OT HUX, 0003HAYal0TCs uepe3 X;

0) 3aBUCHMBIE TIEPEMEHHBIC, YHCIIO0 KOTOPHIX PABHO YUCITYy YPaBHCHHI B
CUCTEME U KOTOpble 0003Havar0TCs yepe3 Y ;

B) 3HAUEHUS 3aBHCHUMBIX IEPEMEHHBIX 3a MPEAMIECTBYIONIHA TTEPUOT
BPEMEHU.

4.Jlazoevie nepemennvie —IMO:.

a) IPEJONPE/ICICHHBIC MEPEMEHHBIC, BIMAIONINEC Ha  3aBHCHMBIC

MepEMEHHbBIE, HO HE 3aBUCSAIIME OT HUX, 0003HAUYal0TCs yepe3 X.;
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0) 3aBUCHMBIE TIEPEMEHHBIC, YHICIIO KOTOPHIX PABHO YUCITYy YPaBHCHHI B

CUCTCMC U KOTOPLIC 0003HAYaIOTCs qcpe3 y,

B) 3HAUCHUS 3aBHCHUMBIX IEPEMEHHBIX 3a MPEAMICCTBYIONIMA TTEPUOT
BPEMCHH.

S5./lna onpedenenus napamempog CHPYKMYPHYIO Gopmy moodenu
Heo0x00umo npeodpazoeams 6.

a) IpUBEICHHYIO (hOPMY MO/IEIIH;

0) peKypcuBHYIO (hOpMY MOJICIIH;

B) HE3aBHCHUMYIO (POPMY MOJIEIIH.

6. Mooenv uoenmuguuupyema, ecau.

a) YMCJI0 TPUBEJACHHBIX KO3()(PHUIIMEHTOB MEHbIIE YUCIA CTPYKTYPHBIX
K03 (HULIUEHTOB,;

0) ecii  YKMCIIO TPHUBEACHHBIX KOI(DPHUIMEHTOB OOJbIlle YHCIa
CTPYKTYPHBIX KOX(DPHUITUEHTOB;

B) €CIIM YKCIIO TIApaMETPOB CTPYKTYPHOW MOJCIA PABHO YHUCITY
napameTpoOB MPUBEACHHON POPMBI MOJIEIIH.

1. Mooenv neuoenmugpuyupyema, ecnu.

a) YMCJI0 TPUBEJACHHBIX KO3()(PHUIIMEHTOB MEHbIE YUCIA CTPYKTYPHBIX
KO2(PUITMEHTOB;

0) ecmu  YHCIO TPUBEINCHHBIX KO3(PQHIMEHTOB OOJblIe dYHcia
CTPYKTYPHBIX KO3(P(UIIUEHTOB;

B) €CIIM YHCIIO TIApaMETPOB CTPYKTYPHOW MOJCIM PABHO YHUCITY
napaMeTpoOB MPUBEACHHOW (POPMBI MOJIEIIH.

8. Mooens ceepxudenmugpuyupyema, ecnu:

a) YUCJIO MPUBEICHHBIX KO3(PPUIIMESHTOB MEHBIIEC YHCIIA CTPYKTYPHBIX
K02 (P UITEHTOB;

0) ecmu  YHCIO TPUBEIACHHBIX KO3(PQuIMEeHTOB Oojblie dYucia
CTPYKTYPHBIX KOI()PHUITUEHTOB;

B) €CJIM YHUCIIO [apaMeTPOB CTPYKTYPHOW MOJICIH PABHO YHCITY
napaMeTpoB MPUBEACHHOW (POPMBI MOJIEIIH.
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9. ¥Ypasnuenue uoenmugpuuupyemo, ecau.

a) D+1<H:

6) D+1=H:

8) D+1>H.

10. Ypasnenue neuoenmugpuyupyemo, ecnu:

a) D+1<H;

6) D+1=H:

B) D+1>H.

11. Ypasnenue ceepxudenmupuuyupyemo, ecau:

a) D+1<H:

6) D+1=H:

8) D+1>H.

12./Ina onpeodenenus napamempos mouHO UOeHmMUDUUUPYEMOTL
Mooenu:

a) mpuMeHsieTcs apyiraroseiii MHK;

0) npumensieTcst kocBeHHbIH MHK;

0) HY OJIMH U3 CYIIECTBYIOIIUX METOIOB IPUMECHHUTD HEJIb34.

13./lna onpedenenus napamempoe ceepxuoeHmupuyupyemoi
Moodenu:

a) mpuMeHsieTcs aByiraroseiii MHK;

0) npumensieTcst kocBeHHbIH MHK;

0) HU OJIMH U3 CYIIECTBYIOIMUX METOJOB MPUMEHUTH HEIb3sI.

14. /Insa onpeoenenusn napamempos HeudeHmuuyupyemoi mooenu.

a) mpuMeHsieTcs npymarosrii MHK;

0) npumensieTcs kocBeHHbi MHK;

0) HE OJIMH U3 CYIIECTBYIOIINX METOIOB IPUMEHHUTH HEIb34.
BpemenHnbie psaabl

1. Aooumuenas mooenv epemennozo paoa umeem uo:
a) Y =T [BI[E;
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6) Y =T +S+E;

B) Y =T[S+E.

2. MynbmuniaukamueHas mooeib 8DEMEHHO20 PAOA UMeent UO.
a) Y =T [B[E;

6)Y=T+S+E:

B) Y =T[B+E.

3. Koagppuyuenm aemoxoppenayuu:

a) XapaKTepu3yeT TECHOTY JIMHCHHON CBS3HM TEKYIIETO M MPEABIAYIICTO
YPOBHEM PAA;

0) XapakTepu3yeT TECHOTY  HEJMHEHHOW CBA3M  TEKYIIETO |
MPEAbIIYLIET0 YPOBHEN psia,;

B) XapaKTepU3yeT HAJIMYKE WIIK OTCYTCTBUE TCHICHIINU.

4. A0OumueHnas mooenv 6pemMeHHoz0 pAoa CMpPOUmca, eciu.

a) 3HAUCHUS CE30HHOW KOMIIOHCHTHI IPEIIOIArafoTCsl MOCTOSHHBIMU
JUTSL pa3JIMYHBIX IUKJIOB,;

0) aMIUTHTYy/1a Ce30HHBIX KOJIeOaHWI BO3pacTaeT WIIH YMCHBIIIACTCS,

B) OTCYTCTBYET TCHCHIIUS.

S. Mynvmuniaukamuenas mooeinb 8DEMEHHO20 PA0A CIPOUMCA, eCIU.

a) 3HAUCHUS CE30HHOW KOMIIOHCHTHI IPEIIOJArafoTCsl MOCTOSHHBIMU
JUTSL pa3JIMYHBIX IUKJIOB,;

0) aMIUTHTYy/1a Ce30HHBIX KOJIeOaHUI BO3pacTaeT WIH YMCHBIIIACTCS,

B) OTCYTCTBYET TCHICHITHS.

6. Ha ocnoee nokeapmanbHulX OAHHBIX HOCMPOEHA AOOUMUGHAA
Mooenb epemenno2o paoa. CKoppekmupoeanHvle 3HAYEHUA CE30HHOU
Komnonenmul 3a nepevie mpu keapmana paeuwt. { — | keapman, 9 — |l
keapman u —11 — |l xkeapman. 3nauenue cezonnoit komnonenmot 3a |V
Keapman ecmo.

a) b;

6) —4;

B) —5.
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7.Ha ocHoge HOK8ApManbHbIX OaHHBIX nocmpoena
MYJTbMUNTUKAMUCHAA MO00€Tb 6peMeHH020 paoda. CKoppexmuposanHble
3HAYEHUA CE30HHOII KOMNOHeHmbl 3a nepevle mpu keapmana paeust. 0,8 — |
keapman, 1,2 — |l keapman u 1,3 — |ll xeapman. 3nauenue cezonnoi
Komnonenmot 3a |\ keapman ecmo:

a) 0,7;

0) 1,7;

B) 0,9.

8. Kpumepuii /lapouna-yYomcona npumensemcs 01.

a) OINpeIeTICHHS aBTOKOPPEIISIIUK B OCTATKAX;

0) ompe/elIeHNs HaJTMYHs CE30HHBIX KOJIeOaHUM;

B) HJI OOCHKH CYIICCTBCHHOCTHU HOCTpOCHHOﬁ MOJICIIN.
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[puaoxenne C
Bonpocsl Kk 3k3aMeHny

1. OnmnpexneneHre SKOHOMETPUKH. OKOHOMETPUYECKUUA METOHA H
3Tanbl 3KOHOMETPUYECKOTO UCCIEIOBAHUS.

2. Ilapnas perpeccus. CnocoObl 3afaHusi ypaBHEHUS MapHOMN
perpeccuu.

3. Jluneiinas Mmognens mnapHod perpeccur. CMBICT W OLEHKa
napameTpoB.

4.  OueHka CyHIECTBEHHOCTH YpaBHEHUS B LEJIOM M OTHAEIBHBIX €0
napameTpos ( F -kpurepuit ®umepa u t-kpurepuii CrbronenTa).

5. Ilporno3 mno nuHeliHOMY YypaBHeHUIO perpeccuu. CpenHss
omuOKa anmpoOKCUMAIINH.

6. Henuneiinas perpeccus. Kinaccbl HETMHEMHBIX pErpecCuil.

7.  Perpeccunm HenuHEHHbIE OTHOCHUTEIBHO BKJIIOUEHHBIX B aHAJIN3
OOBACHSIOIUX EPEMEHHBIX.

8.  Perpeccuu HenuHEHHbIE IO OLIEHUBAEMBIM MapAMETPAM.

9.  Koaddumnuentsr AIaCTUYHOCTHU TSt pa3HBIX BUJIOB
PErpecCUOHHBIX MOJIETIEH.

10. Koppensamus u F -xpurepuii ®umepa g HeIMHEHHOM
perpeccuu.

11. Ot6op ¢akTopoB HMpH MOCTPOCHUU YpPaBHEHUS MHOMKECTBEHHOM
perpeccuu.

12. OueHka mapaMeTpoOB ypaBHEHUS MHOKECTBEHHON PETPECCHH.

13. MHoxecTBeHHas1 KOPPEAIIHUS.

14. Yacrtabie K03QPUITUEHTHI KOPPETSAIUH.

15. F -xpurepuii ®umepa u yacTHeli F -xpurepuii @uiiepa mus
YpaBHEHUSI MHOXECTBEHHOU PErPECCHH.

16. t-kputepuit CrplofeHTa Ui ypaBHEHUS MHOXECTBCHHOM
perpeccuu.
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17. ®uxkTuBHBIE IEPEMEHHBIE BO MHOKECTBEHHON PETPECCHUM.

18. [Ilpenmocelaku MHK: TOMOCKEIAaCTUYHOCTh u
reTEPOCKETACTUYHOCTb.

19. TIlpennoceinku MHK: aBTOKOppensus 0CTaTKOB.

20. OO6o060menusiit MHK.

21. OOumue NoHATHUS O CHCTEMaX SKOHOMETPUUIECKUX YPaBHCHUM.

22. CrpykrypHas u npuBeeHHas (HOPMbI MOCIIH.

23. Ilpob6nema UACHTU(PHUKAIUY. Heobxonumoe yCIIOBUE
UACHTUPHUITUPYEMOCTH.

24. TIlpobGrema UJIeHTU(UKAINH. JlocTaTouHoe yCJIOBHE
UACHTUPUITUPYEMOCTH.

25. Merosl OIIEHKH MTapaMETPOB CTPYKTYPHOH (OPMBI MOICITH.

26. OcHOBHBIE 3JIEMEHTHI BPEMEHHOTO ps/a.

27. ABTOKOppeNsIus YpOBHEH BPEMEHHOTO Dsifa W BBISIBICHHE €TO
CTPYKTYPHI.

28. MogenupoBaHne CE30HHBIX KOJICOAHWI: aaIWTUBHAS MOJIEIh
BPEMEHHOTO psija.

29. MogaenupoBaHHe CE30HHBIX KOJICOAHHWH: MYJIbTUIUIMKATHBHASL
MOJICJTb BPEMEHHOTO PSJIa.

30. Kpurepuii JlapOuna-YotcoHna.
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IIpunoxenne D

BapuaHThl MHAMBUAYAJbHBIX 32JJaHUN

D.1.Ilapnas perpeccusi u KoppeJsinusi

Ipumep. I1o TeppuTopusiMm pernoHa npuBoAsATCs nanHblie 32 199Xr,

Tabomuma D.1
Howmep CpenHenymeBor MpoKUTOYHBII Cpe e HeBHas 3apaGoTHAs
erUOHA MUHHMYM B J€Hb OJHOTO nnara, py6., Y
p TPyAOCTIOCOOHOTO, pyo., X
1 /8 133
2 82 148
3 87 134
4 79 154
S 89 162
6 106 195
7 67 139
8 88 158
9 73 152
10 87 162
11 76 159
12 115 173
TpeOyercs:
1. TlocTpouTh JTMHEHHOE YpaBHEHHE MAPHOU perpeccuu Y mo X.
2. Paccuntate nuHEHHBIN KOX(POUIIMEHT MapHON KOpPPEsILHH,

K03 (HULKUEHT AeTEPMUHAIIUU U CPEAHIOIO OIINOKY anmpOKCUMAIUH.

3.

OueHNUTh CTaTUCTUYECKYIO 3HAYMMOCTh YPABHEHUS PErPECCHH B

CJIOM U OTACIBbHBIX IIApaMCTPOB PCIrpCCCUU U KOppCiOuU C IMOMOIIBIO F -

kputepus Oumepa u t -kpurepust CTbrOIEHTA.

4.

BoinonHuTh mporuo3 3apaboTHON 1miaTel Y MpU MPOTHO3HOM

SHAYCHHUH CPCAHCAYIICBOI'O IIPOKUTOYHOIO MHHHUMYyMa X, COCTaBISAIOIIEM

107%oT cpeanero ypoBHs.

5.

O1eHUTh TOYHOCTh MPOTHO3a, PACCYUTAB OLUIMOKY MTPOTHO3a U €T0

,IIOBCpI/ITCJILHBIﬁ HHTCPBAJI.
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6. Ha omgHom Trpaduke OTIOXKUTH WCXOMHBIC JaHHBIE U

TEOPETHYECKYIO MPSIMYIO.

Pemenue

1. Jlna pacuera mnapaMeTpoB YypaBHEHUs JIMHEWHOW perpeccuu

CTpPOMM pacyeTHyo Tabuity D.2.

Tabmumua D.2

No X y y Lx NG y’ Ve |Y~Ys (Y‘)A’x)z A

1 2 3 4 5 6 7 8 9 10

1 78 133 | 10374| 6084 17680 148,78 -15/78 249,01 611,8

2 82 148 | 12136| 6724 21908 152,46 -4,46 19,89 3,01

3 87 134 | 11658| 7569 17956 157,06 -23/06 531,76 117,2

4 79 154 | 12166 6241 23716 149,70 4,30 18,49 2,79

5 89 162 | 14418| 7921| 26244 158,90 3,10 9,61 1,91

6 106 | 195 | 20670 11236 38025 174,564 20,46 418,61 4910,

7 67 139 | 9313| 4489 19321 138,66 0,34 0,12 0,24

8 88 158 | 13904| 7744| 24964 157,98 0,02 0,00 0,01

9 73 152 | 11096| 5329 23104 144,18 7.8 61,15 5,14

10 87 162 | 14094 7569 26244 157,06 4,94 24,40 3,05

11 76 159 | 12084 5776| 25281 146,94 12,06 145,44 7 58

12 115 | 173 | 19895 13225 29929 182,82 9,82 96,43 8 5,6
Wroro | 1027 | 1869| 161808 89907 294377 1869,080,08 | 1574,91 | 68,97
Sﬁgﬂgg;e 85,58 | 155,75 13484,0| 7492,25| 24531,4| 155,76 - 131,24 | 5,7t

g 12,97 | 16,53 - — — — — —

og? |168,31|27334| - - - - - -

Haxonum onenky nmapameTpoB ypaBHEHHS PETPECCUMU:

o= yk-y X 13484 155,751 85,58 154,915, o,
X2 — %2 7492,25 85,58 168,31 '

a=y-b[X=155,75 0,92185,58 77,(

IonyueHo ypaBuenue perpeccun: Y =77,02+ 0,9ZX.

C yBenn4yeHHeM CpeHeyIIeBOr0 MPOKUTOYHOIO MUHUMYMa Ha 1 pyo.
cpenHeaHeBHAs 3apaboTHAas TuiaTa Bo3pactaer B cpenneM Ha 0,92py6.

2.  TecHOTy TMHEHHOMN CBSA3H OLEHUT KOIPPUIIUEHT KOPPEIALINU:

r, =bx 20,0032 = 0,72;

g, 16,53
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T.x. 3nauenne kodpduruenta koppemnsuuu o6omnpiie 0,7,To 3TO TOBOPUT
O HAJIMYMH BeCbMa TECHOU JIMHEWHOM CBS3M MEXIy MPU3HAKAMHU.

Koadhpumuent nerepmunarim:
2 _
ry =0,521
Dro o3Havaert, uro 52% Bapuanuu 3apaboTHOM ATl (Y ) 00BsICHAETCS

Bapuanuen pakrtopa X —cpeaHeaylIeBOro NpoXUTOYHOIO MUHUMYMA.

KauecTBO MOzIeNIN ompeieIisIeT CpeIHss ommOKa anmpokcumanuu (2,7):
— 1 68,97
A== A=—""=575%
n 12

KauecTBO IOCTPOEHHOM MOJIENIN OLEHUBAETCS KaK XOpoIlee, Tak Kak A
He npesbimmaetr 10%.
3.  Ormenky 3HAYUMMOCTH ypaBHEHUS PETPECCHH B IICJIOM MPOBEIEM C

nomomuisio F -xpurepus @uniepa. Pakruueckoe 3Hauenne F -kpurepus:

r2

= _n-2)=_252! ng=10.8¢
1-r2 1- 0,521

tbaxt

TabnuuHoe 3HaYeHUWE KPUTEpPUS TNPU MATHUIPOLEHTHOM YpOBHE

sHauumoctu U crenensx csodomsl K, =1 m K, =12— 2= 1(C cocrasnsier

F

TalII

=4,96. Tak kak Fq)am =10,88>F . = 4,9¢ 10 ypaBHeHHe

perpeCCumn NMMpU3HacTCA CTATUCTHUYICCKH 3HAYNMbBIM.

OLICHKy CTaTUCTUYECKOU 3HAaYMMOCTHU mapaMCTpoOB perpeccun
nmpoeacM C IMOMOLIBIO t -cratucTuku CTBIOI[GHTa H IIyTEM pacucra
HJOBCPUTCIIbBHOT'O HHTCPBAJIa KAXKI0T'O U3 MOKa3aTeleu.

Tabnuunoe 3uauenue {-kpurTepus I umcaa cremeHed CBOOOMIBI

df =n-2=12- 2= 1(u a =0,0%cocraur t_, =2,23

OnpenenuM citydaiiHbIe OMTHOKH m, m,m (OCTaTqua;I JTUCIIEPCHUS
xy

Ha OAHY CTCIICHb CBO60,IIBI

A \2
SfCT:Z(y yx) :1574’91:157,45):
n-2 1
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rna: SZ ZXZ _ 157 4g] 89907 — 24 4
" 12%[164,94 C

2
m, = | = | 19749 _¢ g7
nw? \120164,94
1-r2 [1-
rnr = Y o= ﬂlz 0’219
9y n-2 12— 2

Torma
a 77,02
““m, 2442
= b 0,92 =326
m, 0 282
r
t =2 20’722:3,30.
» m 0,219

xy

daxTnueckne SHAYCHUS t -ctaTucTukM IMPCBOCXOJIAT Ta6J'II/I‘—IHOC
3HAUYCHUC:

t =3,26>t =25t =316>t

21:1 tl‘xy :3125>t = 2’57

Tabx TabM

MOJTOMY MapameTpel &, b U I He Cly4aiiHO OTIMYAOTCS OT HyJs, a

CTaTUCTUYECKU 3HAYUMBL.
Paccunraem noBepuTenpHbIE HHTEPBAIBI ISl TAPAMETPOB PETPECCUU A

ub. I[JI}I 9TOTr0 OIIPCACIIUM ITPCACIBHYIO OIHI/I6Ky JUJISL KaKO0T0 ITOKa3aTesid.

A, O, =2,23024,42= 54, 4;
A, On, = 2,230,282 0,6.

Ta6n

Ta6n

I[OBCpI/ITCJIBHBIe HHTCPBAJIbI

y.=atA =77,02t 54,4(x 22,56< a” < 131, 4
y.=b+A, =0,92+ 0,6 0,29<b”< 1,5¢
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AHanu3 BepxHEd M HWXKHEH TpaHUll JIOBEPUTEIbHBIX HWHTEPBAJIOB

IPUBOJUT K BBIBOJY O TOM, UYTO C BEposTHOCTRIO P =1-a = 0,95 mapameTpsi

a u b, HaxosCh B yKa3aHHBIX IPAaHUIAX, HE TIPUHUMAIOT HYJICBBIX 3HAYCHHH,
T.€. SIBJISIIOTCSI CTATUCTUYECKU 3HAYMMBIMU U CYIIECTBEHHO OTJIMYHBI OT HYJIA.
4.  TlonmyuyeHHbIE OLEHKM ypaBHEHUS PErpeccHUd  MO3BOJSIOT

HCITIOJIB30BATh €0 AJIA IIPOTHO34a. Ecau IMPOTrHO3HOC 3HAYCHUC ITPOKUTOYHOI'O

MHHHMYMa ~ COCTaBHT: X, =X[1,07=85,611,0&# 91, py6., Torma

HHAWBUAYAJIBHOC TIIPOTHO3HOC 3HAYUCHUC 3apa60TH0171 IUIATBI COCTaBUT.

§,=77,02+ 0,92191,6 161,%py6.

5.  Ommubka nporHo3a COCTaBHUT:
_\2 2
-X 91,6- 85,
my = SOZCT 1+£+—(X0 2) = 157’4 :H-i+( Q — 13’1
0 n nlo 12 12(164,94

X

[Ipenenbras ommOka mporHo3a, kotopas B 95% ciydaeB He Oymer

IIPEBBILICHA, COCTaBUT:
A, =t O, =2,2300317% 29,3.
JloBEpUTENBbHBIN HHTEPBAJ IIPOTHO3A!
Y, =920, =161,29 29,3 1131,92< y;'< 190,6.
BrInoaHEeHHBIN NPOrHO3 CPEeIHEMECSIYHON 3apa00THOM IJIaThl SIBIIAETCS
HagaexkHbeM (p=1-a=1-0,05= 0,9) u maxomgurcs B npenenax or 131,92

py0. no 190,66py0.
6. B 3akirodeHue pelieHHs 3aayd MMOCTPOMM Ha OJHOM rpaduke

UCXO/IHBIC TaHHBIE ¥ TEOPETHUECKYIO mpsimyto (puc. D.1):
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T T
60 70 80 90 100 110 120

Puc. D.1.
BapuaHTbI MHAMBUAYAJIbHBIX 32IaHUH

3apmauya 1. [Io TepputopusiMm peruoHa mpuBoaATcs naHHbie 3a 199X .

(cM. TaOIHMITYy CBOCTO BapHaHTA).

Tpedyercs:
1. TlocTtpouTh ATMHENHHOE YpaBHEHHE MapHOU perpeccuu Y oT X.
2. Paccuurtate nuHEHHBIH KOAI(POUIIMEHT HApHON KOPPENISIIUU |

CPEIAHIO0 OMIMOKY anmpOKCUMAIIH.

3.  OILEHUTh CTaTUCTUYECKYIO 3HAUUMOCTh TapaMETPOB PErPeccUuu U
KOppensanuu ¢ nomompo F -kpurepus @umepa u t-xpurepus CtoronenTa.

4.  BpINOJHUTH TPOTHO3 3apabOTHOW IUIATBl Y TMpU TPOTHOZHOM
3HAUYEHUH CPEJHEAYIIEBOTO MPOXKUTOUYHOIO MHUHUMyMa X, COCTABIISIIOIIEM
107%o0t cpegnero ypoBHs.

S. O1eHUTh TOYHOCTH MPOTHO3a, PACCUUTAB OMMUOKY MTPOTHO3A U €T0

,IIOBCpI/ITCJILHBIﬁ HHTCPBAJI.
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6.

Ha omHom rpaduxe

TEOPETHYECKYIO MPSIMYIO.

Bapuant 1

MTOCTPOUTH

HCXOOJHBIC  JAaHHBIC

u

CpennenynieBoi mpoKUTOYHBIN

Howmep CpennenHeBHas 3apaboTHAas
eLOHA MHUHUMYM B JICHb OJTHOTO nata, py6., Y
P TPYA0CTOcOoOHOTO, py0., X

1 81 124

2 77 131

3 85 146

4 79 139

5 93 143

6 100 159

7 72 135

8 90 152

9 71 127

10 89 154

11 82 127

12 111 162

Bapuanr 2
Howmep Cpenue/1ymIeBoit MPOXKUTOUHEIH CpennenHeBHas 3apaboTHAas
MHHUMYM B JICHb OJTHOTO 1nata, py6., Y

periona TPYAOCIOCOOHOTO, PYyO., X » PYO-

1 74 122

2 81 134

3 90 136

4 79 125

5 89 120

6 87 127

7 77 125

8 93 148

9 70 122

10 93 157

11 87 144

12 121 165
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Bapuanr 3

CpennenymeBoil mpoKUTOUYHBIN

Howmep CpenneHeBHas 3apaboTHas
MHHUMYM B JICHb OJTHOTO 1nata, py6., y

perrona TPYA0CIOCOOHOTO, PYyO., X  PYO-

1 77 123

2 85 152

3 79 140

4 93 142

5 89 157

6 81 181

7 79 133

8 97 163

9 73 134

10 95 155

11 84 132

12 108 165

Bapuant 4
Howmep CpeaHEAyIICBO’ NPOXKUTOUHEI] CpennenHeBHas 3apabOTHAS
MHHUMYM B JICHb OJTHOTO 1nara, py6.,

pernora Tpy10CcmocoOHoro, pyo., X  PYO-

1 83 137

2 88 142

3 75 128

4 89 140

5 85 133

6 79 153

7 81 142

8 97 154

9 79 132

10 90 150

11 84 132

12 112 166
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Bapuanr 5

CpennenynieBoi mpoKUTOUYHBIN

Howmep CpenHenHeBHas 3apaboOTHAs
MHUHUMYM B JICHb OJTHOTO 1nata, py6., y

perrona TPYAOCIOCOOHOTO, PyO., X  PYO-

1 79 134

2 91 154

3 77 128

4 87 138

5 84 133

6 76 144

7 84 160

8 94 149

9 79 125

10 98 163

11 81 120

12 115 162

Bapuanr 6
Howmep CpeAHEAyIICBOH NPOXUTOUHEIH CpennenHeBHas 3apabOTHAS
MHHHUMYM B JICHb OJTHOTO 1nata, py6.,

peTrond TPYAOCIOCOOHOTO, PyO., X ' PYO-

1 92 147

2 78 133

3 79 128

4 88 152

5 87 138

6 75 122

7 81 145

8 96 141

9 80 127

10 102 151

11 83 129

12 94 147
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Bapuant 7

CpennenymeBoil mpoKUTOUYHBIN

Howmep CpenneHeBHas 3apaboTHas
MHHHAMYM B JICHb OJTHOTO nnata, py., Y

perrona TPYA0CIOCOOHOTO, PYyO., X  PYO-

1 75 133

2 78 125

3 81 129

4 93 153

5 86 140

6 77 135

7 83 141

8 94 152

9 88 133

10 99 156

11 80 124

12 112 156

Bapuanr 8
Howmep CpennenyeBoi MpoKUTOYHBIHN CpenHeuesHas 3apaGoTHas
MHHHAMYM B JICHb OJTHOTO 1nara, py6.,

pernora Tpy10CcmocoOHoro, pyo., X  PYO-

1 69 124

2 83 133

3 92 146

4 97 153

5 88 138

6 93 159

7 74 145

8 79 152

9 105 168

10 99 154

11 85 127

12 94 155
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Bapuant 9

Homep CpenueaymIeBoit MPOXKUTOUHEIH CpennenHeBHas 3apa0oTHas
MHHHMYM B JI€Hb OJHOTO nnata, py6.,

perrona TPYJOCIOCOOHOTO, PYyO., X  PYO-

1 78 133

2 94 139

3 85 141

4 73 127

5 91 154

6 88 142

7 73 122

8 82 135

9 99 142

10 113 168

11 69 124

12 83 130

Bapuant 10
Howmep CpeAHEAyIICBOH NPOXUTOUHEIH CpennenneBHas 3apaboTHas
MUHHMYM B JI€Hb OJHOTO nnata, py6., Y

peTrond TPYJ0CIOCOOHOTO, py0., X ' PYO-

1 97 161

2 73 131

3 79 135

4 99 147

5 86 139

6 91 151

7 85 135

8 77 132

9 89 161

10 95 159

11 72 120

12 115 160
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D.2. MHo:xecTBeHHasi perpeccusi 1 KoppeJsiius

Ipumep. Ilo 20 npeanpusTHsiM peruoHa HU3y4daeTcsi 3aBUCHUMOCTH

BBIPAOOTKM TPOAYKIIMU HA OnHOTO paboTHmKa Y (TBIC. py0.) OT BBOJA B

neiicTBHE HOBBIX OCHOBHBIX (poHIOB X, (% 0T crommocTH (OHIOB HAa KOHEI]

roja) W OT YJCIbHOI'O Beca pabOuYMX BBICOKOW KBaNIM(PHUKAIMU B OOIICH

4uCcIeHHOCTH pabouux X, (%).

Howme Howme
npez[an;FI)THﬂ y % %o npez(npngmﬂ y % %o

1 7,0 3,9 10,0 11 9,0 6,0 21,0
2 7,0 3,9 14,0 12 11,0 6,4 22,0
3 7,0 3,7 15,0 13 9,0 6,8 22,0
4 7,0 4,0 16,0 14 110 7,2 25/0
5 7,0 3,8 17,0 15 12,0 8,0 28/0
6 7,0 4.8 19,0 16 12,0 8,2 29,0
7 8,0 5,4 19,0 17 12,0 8,1 30,0
8 8,0 4.4 20,0 18 120 85 31,0
9 8,0 5,3 20,0 19 140 9,6 32,0
10 10,0 6,8 20,0 20 14,0 9,0 360
Tpedyercs:

1.  TlocTpouTh JIMHEHHYIO MOJENb MHOKECTBEHHOW pETrPECCHH.

3anucarth CTaHAAPTU30BAaHHOE YpaBHEHHE MHOKECTBEHHOU perpeccuu. Ha

OCHOBC CTAaHAAPTU30BAHHBIX KOB(b(i)I/IHI/ICHTOB

perpeccur U

CPCOAHUX

KO3 (ULHUEHTOB 3JaCTUYHOCTH PAHXKUPOBAaTh (HAKTOPHl IO CTENEHU HX

BJIMAAHUA HA PC3YJIbTAT.

2. Haiitn ko3¢ duimeHTsl MmapHOW, YacTHOW W MHOKECTBEHHOM

Koppensaunu. [Ipoananm3npoBarts ux.

3. HaifTu ckoppeKTHpPOBaHHBIM KOIPGUIIMEHT MHOKECTBECHHOMN

nerepmuHanuu.  CpaBHUTH

K02 PUITMEHTOM JTeTePMHUHAIIIH.

€ro

C

HECKOPPEKTUPOBAHHBIM

(oOmmmm)

4.  C nomompio F -kputepus ®duinepa OLEHHUTH CTATHCTHYECKYIO

2
HaJEKHOCTh YPaBHEHUS perpeccuu u KodppuurenTa qeTepMuHalium Ryxng'
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5.  C nomomplo 4YacTHeIX F -kputepueB ®wumepa

OLCHUTD

I.ICJICCOO6p&3HOCTL BKIIFOYCHHUA B YPAaBHCHUC MHO>XE€CTBEHHOU perpeccuun

(daxTopa X, mocue X, u gakropa X, mocie X.

6. CocTaBUTh ypaBHEHHE JMHEHHONW MApHOW PpErpeccuu, OCTaBUB

JIUIIB OJWH 3HAYaIui HakTop.

Pemenue
Jnst  ynoOcTBa MpOBENEHUS  PACUETOB TOMECTHM  PE3yJbTaThI
IPOMEXYTOUHBIX PACUETOB B TAOJIUILY:
N | Yo% [ %] Y| Y | X% | X | x| Y
1 2 3 4 5 6 7 8 9 10
1 7,0 3,9 10,0 27,3 70,0 39,0 15,21 100{0 49,0
2 7,0 3,9 14,0 27,3 98,0 54,6 15,21 1960 49,0
3 7,0 3,7 15,0 25,9 105,0 55,5 13,69 2250 49,0
4 7,0 4,0 16,0 28,0 112,0 64,0 16,0 256|0 49,0
5 7,0 3,8 17,0 26,6 119,0 64,6 14,44 2890 49,0
6 7,0 4.8 19,0 33,6 133,0 91,2 23,04 3610 49,0
7 8,0 54 19,0 43,2 152.,0 102,6 29,16 361,0 64,0
8 8,0 4.4 20,0 35,2 160,0 88,0 19,36 400,0 64,0
9 8,0 5,3 20,0 42,4 160,0 106,0 28,09 400,0 64,0
10 10,0 6,8 20,0 68,0 200,( 136|0 46,p4 40Q,0 100,0
11 9,0 6,0 21,0 54,0 189,Q 126,0 36,0 441,0 81,0
12 11,0 6,4 22,0 70,4 242 ( 140,8 40,06 484,0 121,0
13 9,0 6,8 22,0 61,2 198,0 1496 46,24 484,0 81,0
14 11,0 7,2 25,0 79,2 275,( 1800 51,84 625,0 121,0
15 12,0 8,0 28,0 96,0 336,( 2240 64,0 784,0 144,0
16 12,0 8,2 29,0 98,4 348,( 2378 67,24 841,0 144,0
17 12,0 8,1 30,0 97,2 360,( 2430 65,61 90Q,0 144,0
18 12,0 8,5 31,0 102,( 372,( 2635 72,25 961,0 (0144,
19 14,0 9,6 32,0 134,4 448,0 307,2 92,16 1024,0 ,0196
20 14,0 9,0 36,0 126,( 504,( 3240 81,0 1296,0 0196,
Cymma| 192 123,8| 446| 1276,3 4581 2997,837,74| 10828,0| 1958,(
3§§;{_ 9,6 6,19 22,3 63,815 229,0b 149,841,887| 541.,4 97,9

Haiinem cpennue kBagpaTndecKkue OTKIIOHEHUS TPU3HAKOB!

g, = \/?—72 :\/97,9— 9,6 = 2,39;
0, =X ~X? =\/41,887- 6,18 = 1,89
.=\ -% =\/541,4- 22,3= 6,64
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1. Brrancienue [1apamMeTpoB JIMHEWUHOTO YpaBHEHHUS
MHO>KECTBEHHOM PETPECCUM.

JIns HaxOXIeHHsl NapaMeTpOB JIMHEMHOTIO YPAaBHEHUS MHOKECTBEHHOMN

perpeccuu
=a+hx +byx,
HEOOXOAMMO  PEHIUTh  CIEAYIONIYI0 CHUCTEMY JIMHEWHBIX YpaBHEHHM

OTHOCHUTCJIIbHO HCU3BCCTHLIX IIApaMCTPOB a, bl’ bz:

(na+hy % +b,> x,= >,
a) X+ X7 +b,) XX, =3 yX;
Lazxz +b12X1X2+bZZX22:ZyX2

00 BOCHOIB30BATHCS TOTOBBIMHU (I)OpMYJIaMI/I:

bl — y Dyxl B ryxzrxlxz . bz — Jy Dryxz B ryxerIXZ .
o 1-r2 1-r2
X X1X2 X X1X2
a=y-bx —byX,.

PaccuntaeM cHayana nmapHbie KO3 PUITUEHTH KOPPEIAIUU:

_cov(y,x) _63815 6,1919,6

My = =0,97€,
o, W, 1,890012,396
covliy,
= (y,%) _ _229,05- 22,8196 ) o,
: o, 6,642(12,396

r _cov(x,X%,) _149,87- 6,19122,3 3 0,942

e g, I, 1,89006, 642
Haxomum

bl_2396 0,976 0,941 0,943 ¢,

1,890 - 0,943
b, = 2,396.0,94% 0,970 0,943 ) (o

6, 642 1 0,943
a=9,6-0,94616,19 0,0836 223 1,8
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Takum 00pazoM, MOMYyYMIH CIEAYIOIIEe ypaBHEHHE MHOKECTBEHHOMN

perpeccuu:
y=1,835+ 0,946% + 0,085K,.

YpaBHEeHHE perpeccuy MOKa3bIBaeT, YTO MPU YyBEIWYCHUH BBOJA B
AeicTBre OCHOBHBIX (oHIOB Ha 1% @[pu HEM3MEHHOM YPOBHE YICIBHOTO
Beca paboYMX BBHICOKOHW KBaTU(UKAIMK) BBHIPAOOTKA MPOIYKIIMU HA OJHOTO
pabouero yBenuuuBaercs B cpenHem Ha 0,946 Twic. py0., a Ipy yBEIUUYCHUHU
YVACIBHOTO Beca padovMX BBHICOKOW KBaMH(pUKAIMU B OOIIEH YHCICHHOCTU
pabounx Ha 1% @[@pu HEM3MEHHOM YpOBHE BBOJA B JICHCTBHEC HOBBIX
OCHOBHBIX  (DOHJOB) BBIpa0OTKA MPOAYKIMH HA OJHOTO  pabodvero

yBenuuuBaetcs B cpeanem Ha 0,0861wIc. pyo.

Kosdduuuentsr 5, u [, cranfapTU30BaHHOTO yPaBHEHHS PErPECCHH

t, = ,Bltxl + ,thxz + £, HaxXOATCS 10 HOpMYyJIam:

o, ,890
=b,—% =0,946 = 0,74t
A blay 2,396
o, ,642 .
=b,—2 =0,085 = 0,23,
£ =b, % 2,396

y

T.e. ypaBHeHUE OyI€T BHITIIAETH CIASAYIOMNUM 00pa3oMm:
t, =0,7460,_ + 0,237, .
1 2

Tak kak cTaHAApTHU30BAHHBIE KOIPPUIUEHTH PETPECCHH MOKHO
CpaBHUBATh MEXIy COOOI, TO MOKHO CKa3aTh, YTO BBOJ B JECWCTBHE HOBBIX
OCHOBHBIX (JOHJIOB OKa3bIBaeT OOJbIlIee BIUSHUE HA BBHIPAOOTKY MPOAYKLHUH,
4YeM yAENbHBIN Bec paboYnX BHICOKOM KBaNIH(DHUKAIIUH.

CpaBHMBaTh BIMSHUE (DAKTOPOB Ha pe3ylbTaT MOXHO TakXke IpH

MTOMOIIH CPETHUX KOIPDUIIMEHTOB dTACTUIHOCTH
J=hE-.
2

Beraucisem:
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3, = 0,946@%’—169 =0,6; 3,= 0,0856322—’5: 0,2(

T.e. yBeqWUYeHHE TOJBKO OCHOBHBIX (DOHIOB (OT CBOEro CpPEIHETO
3HAYEHUs) WU TOJBKO YACITHLHOTO Beca pabovmX BHICOKOW KBaTU(UKAIMKA Ha
1% yBenuuuBaeT B cpeaHeM BbIpaboTKy npoaykuuu Ha 0,61% umu 0,20%

COOTBETCTBEHHO. Takum 00pa3oM, MOATBEp)KIAcTCs OoJbllee BIMSHUE Ha
pesynbrar Y Qakropa X, ueM dakropa X, .
2. KoadoduimeHTsl mapHOi KOPPEISIUU MBI YK€ HAILIH:
ry, =0,97G My, = 0,941 M, = 0,945
OHM yKa3bIBaIOT Ha BEChbMa CHJIBHYIO CBSI3b KaXI0ro (Qakrtopa C

pe3yIbTaToM, a TAK)Ke BHICOKYIO MEX(AKTOPHYIO 3aBUCUMOCTD ((hakTopsl X U

X, sBHO Kommumeaphsl, T.k. F,, =0,943> 0,7). Ilpu Takoit cuibHOkH

MeK()aKTOPHOI 3aBHCUMOCTH PEKOMEHAYETCSI OJIUH U3 (PAKTOPOB HCKIIOYUTH
U3 PaCCMOTPEHHUSI.

YactHble K03()PHUIHMEHTH KOPPEIALUN XapaKTepU3YIOT TECHOTY CBS3U
MEXIy pPEe3yJIbTaTOM U COOTBETCTBYIOIIUM (PAKTOPOM IMPH STUMUHUPOBAHUU
(ycTpaHeHHMW BIUSHUS) ApPYruxX (HaKTOPOB, BKIIOYCHHBIX B ypaBHCHHE
perpeccumu.

[lpu nByx Qakropax yacTHble KOIPQPUUUEHTH  KOPPEISIUU

PaCCUYUTBIBAOTCA CICAYIOIINUM 06pa30M:

o r-r. M,  0970- 09400943 _ _ __
s, = = =0,734
Ja-rz)di-rz ) |J(1-0,942)f + 0,943
_ T M, 0,941- 0,97@0,943

=0,32¢.

)] -os){E o

Ecnmu cpaBHUTH KOA(GOUIIMEHTHl MApPHONW WM YACTHOW KOPPENSIUHU, TO
MOXKHO YBHUJIETh, YTO U3-32 BBICOKOH MEX(aKTOPHON 3aBUCUMOCTHU
KO3 (PUITMEHTHl MApHOW KOPPENSIUU JAl0T 3aBBIIIEHHBIE OLICHKU TECHOTHI

cBs3u. IMEHHO 110 ATOH IMPUYIHUHC PCKOMCHIAYCTCA IIPpU HAIUYIHNH CHJIBHOM
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KOJUTMHEapHOCTH (B3aMMOCBsI3H) (haKTOPOB UCKITIOYATh M3 MCCIESIOBAHUS TOT
¢dakTop, y KOTOPOro TECHOTa MapHOIl 3aBHCHMOCTH MEHbIIE, YeM TECHOTa
MexK(PaKTOPHON CBS3H.

Koo uuueHT MHOXKECTBEHHON KOPPENSALUH  ONpPEeNUTh 4Yepe3

MaTpPHUILy MapHbIX KO3(PPUIIMEHTOB KOPPEISIIUU:

Ar

= [1- ’
Rmxz A

rac
1 ryX1 ryxz
A = o, 1 M,
ryx2 IFX2X1 1

— OIPEACTUTENb MATPHIIBI TAPHBIX KOA(DPHUIIMEHTOB KOPPETSAIUHY,

1 r

X1 X2

r 1

XoXq

A =

N1

— OIPEACTUTENb MATPHUIIBI MEK(PAKTOPHON KOPPETSIIHH,

1 0,970 0,941
A, =l0,970 1 0,943 % 0,8607 0,866
0,941 0,943 1 ’
-0,8855- 0,8892 0,9409 0,0058

1
0,943

1

0,94
1 =1-0,8892= 0,110.

KoadhduimeHT MHOKECTBEHHON KOPPEIALUU

0,0058
=, [1-= =0,97¢
Rois 0,1108

AHaNOTUYHBIA pe3yibTaT TMOJYYUM I[P HCIOJIB30BAHUHU JPYTUX

bopmyu:

| 0,305
= [1-Ze = 1-2222 0, 97:
R o? 5,74
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R, =1/ A O, =4/0,74600,976- 0,237 0,941 0,9
Ryxlxz...xm = \/1_ (1_ ryle) [Ql— I‘yizgl) =

:\/1—(1— 0,976)rf + 0,324 = 0,97

KoaduimeHT MHOKECTBEHHOW KOppPENSIMU IMOKAa3bIBA€T Ha BEChMa
CHJIbHYIO CBSI3b BCET0 Habopa (haKTOPOB C PEe3yIbTATOM.

3.  HeckoppekTupoBaHHbBIN kodhpurmeHT MHO>KE€CTBEHHOMN

J€TEPMUHALIN ijm =0,947 onenuBaer nomoO BapuanMu pe3yJbTaTa 3a

CYET MPEACTABICHHBLIX B ypaBHeHMH (DAKTOPOB B OOWIEH Bapualyuu
pesynbTaTa. 3aech sta goas cocrasmsier 94,7% u ykaseiBaeT Ha BechbMa
BBLICOKYIO CTENEHb OOYCIIOBIEHHOCTH BapvalMu pe3yjbTaTa BapHaluen
(GakTOpOB, MHBIMH CJIOBaMHM — Ha BECbMa TECHYIO CBf3b (DAKTOPOB C
PE3yILTATOM.

CxoppeKkTHpoBaHHBIA KOADPUIIMEHT MHOKECTBEHHOHN AeTepMHUHAIIUU

R =1-(1- Rz)ﬂ =1-(1- 0,047-22"1 = 0,04
(n-m-1) 20- 2-1
onpeacisiCT TCCHOTY CBA3U C YUCTOM CTEIICHEHN CBO6OZIBI 061116171 U OCTaTOYHOU
nucnepcuii. OH aeT TaKyr OLEHKY TECHOTHI CBSA3M, KOTOPas HE 3aBHCHT OT
ypcia (GakTOpoOB M IO3TOMY MOMKET CPaBHMBATHCSA IO PasHBIM MOJEISAM C

pasHeiM uymuciaoMm ¢akTtopoB. Ob6a kodpdunmeHTa ykKa3plBalOT Ha BechMa

BhICOKYIO (Oonmee 94%) neTepMUHHPOBAHHOCTH pe3yiabTara Y B MOJEIH
(daxTopamu X U X,.
4.  OueHKy HaJEXKHOCTM YpaBHEHUsS pErpeccud B LEIOM U
II0Ka3aTeNIsl TECHOTHI CBS3H Ryxlx2 naer F -xpurepnit ®umepa:
R p-m-1
1I-R* m

B namem cinyuae paxrtuueckoe 3Hauenue F -xpurepus @umepa:

F
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o 0978 20- 21 . o
1-0,973 2

Monyanm, uro Fy > F o =3,49 (mpu n=20), r.e. BeposTHOCTE

CAy4allHO TIONyYUTh TAaKOE€ 3HAueHWe F -kpuTepus He NpeEBBINIAET
JIOMYCTUMBIA ypoBeHb 3HauuMmoctd 5%. CrenoBaTtensHo, MOIYYECHHOE
3HaYEHUE HE CIIy4yallHO, OHO C(POPMUPOBAIIOCH O/ BIUSHUEM CYILECTBEHHBIX

(GakTOpOB, T.e. TOATBEPKIAETCS CTATUCTUYECKAass 3HAYMMOCTH BCETO
2
YPaBHEHHS U MMOKA3aTEIA TECHOTHI CBSI3U F\’mx2 :

5. C nomompr 4YacTHeIX F -kputepues @uinepa OLEHUM

1[e7IeCO00Pa3HOCTh BKIIIOYEHUSI B YpPaBHEHUE MHOXKECTBEHHOUW perpeccuu

(daxTopa X mocue X, u GpakTopa X, mocie X npu IoMomu GopMyi:

4acT, Xl 1 _ 2 lx2 1
2 D2
_ RWlxz Ryxl dq —m- 1
qacT X2 1_ ij 1
X2
Haiinem >y R?

R%, =rZ% =0,97C°= 0,94;
R =r2 =0,94F = 0,88!

HNmeem
= 0,947- 0,88% 206 2 ]:'19,89;
i 1-0,947 1
= 0,947- 0,94]D 206 2 ]:_1’924.
e 1-0,947 1

[Tonyunnu, uro F , < F _ =3,49. CnenoBarenbHo, BKIIOUEHHUE B

4acT, X Tabn
Mozenb (akropa X, Iociae TOro, Kak B MOAEIb BKIOYEH (QakTop X
CTaTHUCTUYECKU HELEIECO00pa3HO: MPUPOCT (PAKTOPHON AMCIEPCUU 3a CUET
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JOITIOJIHUTCIIBHOT'O IIpU3HAaKa X2 OKa3bIBACTCA HC3HAYUTCIIbHBIM,

HECYIECTBEHHBIM; (akTOp X, BKIIOYaTh B ypaBHEHHE IOcCie (akTopa X, HE

clenyer.

Ecan nomeHsITh HCpBOHa‘{aHLHBIﬁ MMOPAAOK BKIIFOUCHUA (I)aKTOpOB B
MOACIIb U PACCMOTPCTH BAPHUAHT BKIHOYCHUSA Xil. mociie X,, TO pe3yiibTaTt

=3,49,

pacuera yactHoro F -kpurepus mus X Gyner muem. F > F

4acT, X Tabn
T.C. BCPOATHOCTL €ro cnyqaﬁHoro (I)OpMI/IpOBaHI/IH MCHBIIIC IIPHHATOIO

cranaapta a =0,05 ( 5°/<). CrenoBarebHO, 3HAUEHUE YacTHOro F -xpurepus

IS JOTOJIHUTENBHO BKIIOYEHHOIO (akropa X He CIydalHo, sBIAETCA
CTaTUCTUYECKU 3HAYUMBIM, HAJEKHBIM, JTOCTOBEPHBIM: MPHUPOCT (HhaKTOPHOM

AUCIICPCHUHN 3a CUYCT HOIIOJHUTCIBHOI'O (I)aKTopa Xl ABJACTCA CYHICCTBCHHBIM.
CDaKTop Xl HOJDKCH IMPUCYTCTBOBATb B YPABHCHUU, B TOM YHCJIC B BAPHUAHTC,

KOorJaa OH AOITIOJIHUTCIBHO BKIKOYACTCA ITOCJIC q)aKTopa X2'

6. OOmMA BBIBOA COCTOMT B TOM, YTO MHOYKECTBEHHAS MOJEIH C

(dakTopamu X, 1 X, ¢ R%xm = 0,947 conepxur HenHPOPMATUBHEIN (HAKTOP

X,. Ecimn uckmounts Qakrop X,, TO MOXKHO OIpPaHMYHMTHCS YpaBHEHUEM

napHOM perpeccumu:

¥, =a, +ax=1,99+1,23%, r, =0,941

BapuaHTbl MHIUBUAYAJIBHBIX 3aJaHUI

[To 20 mpeanpusTUsSIM pErvoHa HM3Yy4aeTcs 3aBUCUMOCTH BBIPAOOTKHU

IPOAYKIUU HA OJHOTO paboTHHKA Y (THIC. py0.) OT BBO/A B JACHCTBUE HOBBIX

oCHOBHBIX (GoHIOB X, (% oT crommocTu (OHIOB Ha KOHEI[ roja) U OT
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yIETBHOTO Beca pabo4ynX BBICOKOW KBalM(UKAIMM B OO0IIEH YHMCICHHOCTU
pabounx X, (%) (cMoTpu Tabnuily CBOEro BapHaHTa).

TpeOyertcsi:

1. IlocTpouTe JMHENHYIO MOJEIb MHOKECTBEHHOW PETPECCHM.
3anucaTh CTaHAAPTU30BAaHHOE YpaBHEHHWE MHOXECTBEHHOM perpeccuu. Ha
OCHOBE CTaHJapPTHU30BAaHHBIX KOA(DPUIMEHTOB perpeccu U CpeaHuX
KO3 (ULHUEHTOB 3JAaCTUYHOCTH PAHXXKUPOBAaTh (HAKTOPHl IO CTENEHH HX
BJIMSIHUS HA PE3yJbTar.

2.  Haiitu xo>QduiueHTsl MapHOM, YaCTHOW U MHOKECTBEHHOM
Koppemsiiuu. [Ipoananu3upoBaTh HX.

3. HaifTu cKOppeKTHpPOBaHHBIM KOIPHUIIMEHT MHOKECTBECHHOM
nerepmuHanuu. CpaBHUTH €ro €  HECKOPPEKTUPOBAaHHBIM  (0OIINM)
Kod(pduLeHTOM AeTEPMUHAIUH.

4.  C momomsto F -kpurtepuss @uinepa OLEHUTh CTATUCTUYECKYIO
2
HAaJIe)KHOCTh YPaBHEHUS PErPECCHU U KOG GHULIMEHTa JeTEPMUHALIH Ryxng'
5. C nomomplo 4YacTHeIX F -kpurepueB ®umiepa OLEHUTH
11€716CO00PAa3HOCTh BKJIIOYEHHS B YPABHEHME MHOXECTBCHHOW PETPECCHU
(daxTopa X mocue X, u gakropa X, mocie X.

6. CocTaBUTh ypaBHEHHE JMHEHHONW MApHOW PpErpeccuu, OCTaBUB

JIUIIb OJWH 3HAYAIuH HaKTop.
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Bapuant 1

Howmep Howmep
PEAIPUATHS y % %o OpEeNIPUATHS y % %o
1 6 3,6 9 11 9 6,3 21
2 6 3,6 12 12 11 6,4 22
3 6 3,9 14 13 11 I 24
4 7 4,1 17 14 12 7,5 25
S 7 3,9 18 15 12 7,9 28
6 7 4,5 19 16 13 8,2 30
7 8 9,3 19 17 13 8 30
8 8 5,3 19 18 13 8,6 31
9 9 5,6 20 19 14 9,5 33
10 10 6,8 21 20 14 9 36
Bapuanr 2
Howmep Howmep
PEITPUATHS y % %o IpEeNIPUATHS y % %o
1 6 3,5 10 11 10 6,3 21
2 6 3,6 12 12 11 6,4 22
3 7 3,9 15 13 11 7 23
4 7 4,1 17 14 12 7,5 25
S 7 4,2 18 15 12 7,9 28
6 8 4,5 19 16 13 8,2 30
7 8 5,3 19 17 13 8,4 31
8 9 5,3 20 18 14 8,6 31
9 9 5,6 20 19 14 9,5 35
10 10 6 21 20 15 10 36
Bapuanr 3
Howmep Howmep
NpeaNpUATUS y % %o PEIPUATHUS y % %o
1 7 3,7 9 11 11 6,3 22
2 7 3,7 11 12 11 6,4 22
3 7 3,9 11 13 11 7,2 23
4 7 4,1 15 14 12 7,5 25
S 8 4,2 17 15 12 7,9 27
6 8 4,9 19 16 13 8,1 30
7 8 5,3 19 17 13 8,4 31
8 9 5,1 20 18 13 8,6 32
9 10 5,6 20 19 14 9,5 35
10 10 6,1 21 20 15 9,5 36
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Bapuant 4

Howmep Howmep
OpENIPUATHS y % %o PEAITPUATHS y % %o
1 7 3,5 9 11 10 6,3 22
2 7 3,6 10 12 10 6,5 22
3 7 3,9 12 13 11 7,2 24
4 7 4,1 17 14 12 7,5 25
5 8 4,2 18 15 12 7,9 27
6 8 4,5 19 16 13 8,2 30
7 9 9,3 19 17 13 8,4 31
8 9 9,5 20 18 14 8,6 33
9 10 5,6 21 19 14 9,5 35
10 10 6,1 21 20 15 9,6 36
Bapuanr 5
Howmep Howmep
IpENIPUATHS y % %o PEIITPUATHS y % %o
1 7 3,6 9 11 10 6,3 21
2 7 3,6 11 12 11 6,9 23
3 7 3,7 12 13 11 7,2 24
4 8 4,1 16 14 12 7,8 25
5 8 4,3 19 15 13 8,1 27
6 8 4,5 19 16 13 8,2 29
7 9 5,4 20 17 13 8,4 31
8 9 9,5 20 18 14 8,8 33
9 10 5,8 21 19 14 9,5 35
10 10 6,1 21 20 14 9,7 34
Bapuanr 6
Howmep Howmep
MPEIIPUATHUS y % %o NpeaNpUATUS y % %o
1 7 3,5 9 11 10 6,3 21
2 7 3,6 10 12 10 6,8 22
3 7 3,8 14 13 11 7,2 24
4 7 4,2 15 14 12 7,9 25
5 8 4,3 18 15 12 8,1 26
6 8 4,7 19 16 13 8,3 29
7 9 5,4 19 17 13 8,4 31
8 9 5,6 20 18 13 8,8 32
9 10 5,9 20 19 14 9,6 35
10 10 6,1 21 20 14 9,7 36
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Bapuant 7

Howmep Howmep
PEAIPUATHS y % %o OpEeNIPUATHS y % %o
1 7 3,8 11 11 10 6,8 21
2 7 3,8 12 12 11 7,4 23
3 7 3,9 16 13 11 7,8 24
4 7 4,1 17 14 12 7,5 26
S 7 4,6 18 15 12 7,9 28
6 8 4,5 18 16 12 8,1 30
7 8 9,3 19 17 13 8,4 31
8 9 9,5 20 18 13 8,7 32
9 9 6,1 20 19 13 9,5 33
10 10 6,8 21 20 14 9,7 35
Bapuanr 8
Howmep Howmep
PEITPUATHS y % %o IpEeNIPUATHS y % %o
1 7 3,8 9 11 11 7,1 22
2 7 4,1 14 12 11 7,5 23
3 7 4,3 16 13 12 7,8 25
4 7 4,1 17 14 12 7,6 27
S 8 4,6 17 15 12 7,9 29
6 8 4,7 18 16 13 8,1 30
7 9 5,3 20 17 13 8,5 32
8 9 9,5 20 18 14 8,7 32
9 11 6,9 21 19 14 9,6 33
10 10 6,8 21 20 15 9,8 36
Bapuant 9
Howmep Howmep
NpeaNpUATUS y % %o PEIPUATHUS y % %o
1 7 3,9 12 11 11 7,1 22
2 7 4,2 13 12 12 7,5 25
3 7 4,3 15 13 13 7,8 26
4 7 4.4 17 14 12 7,9 27
S 8 4,6 18 15 13 8,1 30
6 8 4,8 19 16 13 8,4 31
7 9 5,3 19 17 13 8,6 32
8 9 o,/ 20 18 14 8,8 32
9 10 6,9 21 19 14 9,6 34
10 10 6,8 21 20 14 9,9 36
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Bapuant 10

Howmep Howmep
OpENIPUATHS y % %o PEAITPUATHS y % %o
1 7 3,6 12 11 10 7,2 23
2 7 4,1 14 12 11 7,6 25
3 7 4,3 16 13 12 7,8 26
4 7 4.4 17 14 11 7,9 28
5 7 4,5 18 15 12 8,2 30
6 8 4,8 19 16 12 8,4 31
7 8 9,3 20 17 12 8,6 32
8 8 5,6 20 18 13 8,8 32
9 9 6,7 21 19 13 9,2 33
10 10 6,9 22 20 14 9,6 34

D.3. CucreMbl 3KOHOMETPHYECKUX YPABHEHU
IIpumep pemieHus TUIIOBOH 3a7]a4 CMOTPH B pazzene 3.
BapuaHTbl HHAUBUAYAJBbHBIX 3aIaHUN

JlaHBI cUCTEMBI 2KOHOMETPUYECKUX YPABHEHNM.
Tpebdyerca
1. Ilpumenusn HEO00X0IUMOe " JOCTAaTOYHOE yCIIOBHE

UACHTU(PHUKALMY, OTPEEIUTEe, HACHTHPUIIUPYEMO JIM KaKJ0€ U3 ypaBHEHUU

MO/IEJIH.
2. Ompenenure METOA OIICHKH IMapaMeTPOB MOJIEIIH.
3.  3anumuTte B 00IIE€M BUJIE IPUBEICHHYIO (OPMY MOJIEIIH.

Bapuant 1
Monens npotekiuonnsma CanpBaropa (YnpoIlieHHas: BepCusi):

M, =& +b12Nt + b1§ +b1zEt— 1+b15Mt— T &y

N, =a, +b21Mt +b23§ +b2(¥ tE&,

3 =& +b31Mt +b32Nt +b36Xt tE&,
rne M — nons umiiopra B BBII; N — o6mee uwmcio npouieHud 00
OCBOOOKIEHHH OT TAMOXKEHHBIX IOLUIMH, O — YHCIO YIOBIETBOPEHHBIX
NpOUIEHUH 00 OCBOOOXKIEHHU OT TAMOXEHHBLIX HouumH, E — ¢ukrusnas
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nepeMeHHas, paBHas 1 g Tex JeT, B KOTOphIe Kypc Joiiapa Ha
MEXKTYHAPOIHBIX BATFOTHBIX PhIHKaX ObUT HCKYCCTBCHHO 3aBblllieH, u 0 — st
BCeX OCTalbHBIX JeT; Y — peansubiii BBII; X — peanbHblii 005€M 4KCTOTO
skcnopra; t —rexymuit nepuon; t —1 —npenpiaymuii nepuo.
Bapuant 2
MaxkposkoHOMUYecKast MOJIeTh (yrpoiieHHas Bepcust Mojaenu Kieiina):
C =a +h,Y +b, +¢,
I, =a,+b,Y, +b,K_,+¢€,
Y =C +1,,
rne C —nmorpebnenue; | —unectuiun; Y —noxox; T —manoru; K —3anac
kanuTana; U —rekymmii nepuon; t —1 —npexsiaymmii nepuo.
Bapuant 3
MaxkposkoHomudeckas Mojieiab skonomukn CIIIA (ogHa u3 Bepcuid):
(Ct =a,+bY +b C_,t¢€,
I, =a, +b,Y +bJ, + &,
L =a; +hyY +b,M, +byy_,+ €,

Y =C +1, +G,
rne C —norpebnenne; Y —BBII;, | —unBecTuiuu; I' —nponenTHas cTaBKa;
M - nenexnas macca; G — rocymapctBennbsle pacxonsl, { — Texymmii

nepuox; t —1 —npeasiaymmit nepuo.
Bapuant 4

Monens Keiinca (oaHa U3 Bepcuii):

Ct = al +bllYt + blZYt—1+gl7

lt =a, +b21Yt T &,
Yt = Ct + It + Gtv
rie C — noTpeoIIeHuE,; Y — BBII; | — BanoBeie mmBecTmimu, G —

rocyaapcteennbie pacxonsl; U — texymmii nepuon; t—1 — npemsimymmii

MEPUO]T.
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Bapuant 5

MO,IICJ'IB JCHEXKHOI'O U TOBAPHOTO PBIHKOB.

R =a +b,Y +b M, +¢,
Y, =a,+b,R +b,J, +b,G +¢&,
I, =a, +byR + &,
rae R —mnponentnsie crasku; Y —peansusiii BBII; M — nenexnas macca; |
— BHyTpennue napectuinn; (G —peanbHbIe TOCYAaPCTBEHHEIE PACXOIEL.
Bapuanr 6

MoaudurupoBanHas mojaens KeitHca:

G :a1+bllYt t &y,
l =8, +b21Yt +b22Yt—1+€2’
Y, =C+l +G,
rne C —mnorpednenue; Y —noxox; | —unBectunmu; G —rocynapcrsennsie

pacxomsl; U —Texymuii nepuon; 1 —1 —npeasiaymmii nepuo.
Bapuant 7
MakposKOHOMHUYECKAst MOJICTIb:
(Ct =a *+b,D +¢,
) I, =8, +Db,Y +hY_,t¢,
Y =D +T,
D =C +1 +G,

rne C —pacxonpl Ha morpebnenune; Y —49uCTBIM HAMOHANBHBIN npoaykT; D
— YUCTBIA HALMOHANBHBIA Hoxox;, | — uHBecTnimu; T — KOCBEHHBIE HAJOTH;
G —rocynapcreennsie pacxonsr; { — rexymmit nepuon; t —1 — npenpraymmii
TIEPHO/I.

Bapuanr 8

['nnoreTnyeckast MOJECIIb SKOHOMUKHU.
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(C,=a +b.Y +b,J +&,
J=a,+h,Y_ t¢,

T =a;+hyY + &,

Y, =C +J, +G,

rne C — cosokynnoe norpebinenne B nepuon t; Y — cOBOKyIHBIN 10X0x B

nepuon U; J — umsectumum B mepuon t; T — manoru B mepuon t; G —

rOCyapCTBEHHbBIE TOXObI B mepuon 1.
Bapuanr 9

Monenp eHEeKHOrO PhIHKA!
R =a +b M +b,Y ++e,
Y. =a,th,R +b,l +¢,
I, =a, +bR +¢&;,

rne R — mpouentnwie crasku; Y — BBII; M — nenexmas macca, | —

BHYTPEHHUE HHBECTUIUH.
Bapuant 10

KOHBIOHKTYpHAs1 MOAENb UMEET BU!
C=a+hY+b L te,
I, =a, +h,r +byl_ t¢&,
L =a;+hyY, +tb M, +&,

\Yt =G+ +G,

rne C — pacxomel ma morpeGnenme; Y — BBII; | — umBectuumu; I —

nponenTHas ctaBka, M — nenexnas macca; G —rocymapcTBeHHBIE PACXOIBI;

t —rexymmit nepuox; t —1 —npenpiaymii nepuo.
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D.4. BpemeHHbIe pSAbI
IIpumep perieHust TAIOBOM 3a1a4ll CMOTPH B pazjene 4.
BapuaHTbl HHIUBUAYAJBHBIX 32JaHUI

Nmerotcs YCJIOBHBIC JaHHBIC 00 oOBemax HOTpC6J'ICHI/IH QJICKTPOIHCPIUn

(Y,) xuTenasmu pernoHa 3a 16 kBapranos.

TpeOyercs:

1.  IlocTpouTh aBTOKOPPEISAIHUOHHYIO (GYHKIIMIO U CAEIaTh BBIBOJI O
HAJIMYUHU CE30HHBIX KOJCOAHHIA.

2. TloctpouTh AIIUTHBHYIO MOJAEIb BPEMEHHOTO psa (s
HCYETHBIX BapHUAHTOB) WM MYJIbTHILIHKATHBHYIO MOJEIb BPEMEHHOIO psiaa
(1t YeTHBIX BAPHAHTOB).

3.  Cpenarp mporHo3 Ha 2 KBapTaJia BIIEpe/.

Bapuantei 1, 2

t Yi t Yi

1 5,8 9 7,9
2 4.5 10 5,5
3 51 11 6,3
4 9,1 12 10,8
5 7,0 13 9,0
6 5,0 14 6,5
7 6,0 15 7,0
8 10,1 16 11,1

Bapuantsl 3, 4

t Yi t Yi

1 55 9 8,0
2 4,6 10 5,6
3 5,0 11 6,4
4 9,2 12 10,9
5 7,1 13 9,1
6 51 14 6,4
7 59 15 7,2
8 10,0 16 11,0
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BapuanTtsi 5,

6

t Yi t Y

1 5,3 9 8,2

2 4,7 10 5,5

3 5,2 11 6,5

4 9,1 12 11,0
5 7,0 13 8,9

6 5,0 14 6,5

7 6,0 15 7,3

8 10,1 16 11,2

Bapuautei 7, 8

t Yi t Yi

1 55 9 8,3

2 4.8 10 5,4

3 5,1 11 6,4

4 9,0 12 10,9
5 7,1 13 9,0

6 49 14 6,6

7 6,1 15 7,5

8 10,0 16 11,2

Bapuanter 9, 10

t Yi t Yi

1 5,6 9 8,2

2 4,7 10 5,6

3 5,2 11 6,4

4 9,1 12 10,8
5 7,0 13 9,1

6 5,1 14 6,7

7 6,0 15 7,5

8 10,2 16 11,3
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Ipuioxenue E
MaTeMaTHKO-CTATHCTHYECKHE TA0JIHNIIbI

E.1. Ta6imua 3navenuii F -kpurepus ®@umiepa npu ypoBHe 3HAYUMOCTH

a=0,05
" K 1 2 3 4 5 6 8 12 24| oo
2
1 2 3 4 5 6 7 8 9 10 11
1 161,5| 199,5| 215,7| 224,6| 230,2| 233,9 | 238,9 243,9| 249,0| 254,3
2 18,51| 19,00 19,16| 19,25| 19,30, 19,33 | 19,37/ 19,41 | 19,45| 19,50
3 10,13] 955 | 9,28| 9,12 9,01 8,94 884 8,74 864 8
4 7,71 | 6,94 6,59 6,39 6,26 6,16 6,04 591 577 85
5 6,61 | 5,79| 5,41 5,19 5056 4,95 482 468 453 A4
6 599 | 5,14| 4,76/ 4,53 439 4,28 415 4,00 3|84 3
7 559 | 4,74 4,35 4,12 3,97 3,8/ 3,13 3b7 341 3
8 532 | 4,46| 4,07, 3,84 3,690 3,58 344 328 3|12 72
9 512 | 4,26| 3,86 3,63 3,48 3,37 3,23 3,07 290 72
10 496 | 4,10, 3,71 3,48 3,33 3,22 3,07 2091 2,74 4 2
11 484 | 3,98 359 3,36 3,20 3,09 295 2/7/9 261 02
12 475| 3,88 349 3,26 3,11 3,00 2,85 2,69 250 02
13 467 | 3,80, 3,41 3,18 3,00 2,92 2,¥7 2,60 2,42 12
14 460| 3,74| 3,34 3,11 29 285 2,0 253 2,35 32
15 454 | 3,68, 3,29 3,06 290 2,79 2,64 248 2,29 72
16 449 | 3,63 3,24 301 28b 274 259 242 224 12
17 445 | 3,59 320 296 281 2,70 2,55 2,38 2,19 61
18 441 | 3,55 3,16 2,93 2,7/ 2,66 2,51 234 2,15 21
19 438| 352 3,13 290 2,74 263 248 2,31 2,11 81
20 435| 3,49 3,10 2,87 2,71 260 245 2,28 2,08 41
21 432 | 3,47 3,07 284 268 257 2,42 2125 2,05 11
22 430| 3,44, 305 282 266 2585 240 2,23 2,03 81
23 428 | 3,42 3,03 280 264 253 2,88 2,20 2,00 61
24 426 | 3,40, 3,01 2,78 26 251 2,86 2,18 1,98 31
25 424 | 3,38) 299 2,76 260 249 2,84 2,16 1,96 11
26 422 | 3,37 298 2,74 250 247 2,82 2,15 1,95 91
27 421 3,35| 296 2,73 25 246 2,80 2,13 1,93 71
28 420 3,34 295 2,71 256 244 2,29 2,12 1,91 51
29 418 | 3,33] 293 2,70 254 243 2,28 2,10 1,90 41
30 417 | 3,32 2,92 2,69 2583 242 2,27 2,09 1,89 21
35 412 | 3,26 2,87 2,64 248 2,37 2,22 2,04 1,83 71
40 408| 3,23] 284 261 24 234 2,18 2,00 1,79 11
45 406 | 3,21 281 258 24 2,31 2,15 1,97 1,76 81
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1 2 3 4 5 6 7 8 9o 10| 11
50 | 4,03| 318 279 256 240 229 213 195 174 41
60 | 4,00| 315 276 252 237 225 210 192 1,70 91
70 | 398| 313 274 250 235 223 207 1)89 167 51
80 | 396| 311 272 249 233 221 206 1)88 165 11
90 | 395| 310 271 247 232 220 204 1)86 164 81
100 | 3,94 3,09 2,70 246 230 219 203 185 163261
125 | 3,92| 307 268 244 229 217 201 1/83 160211
150 | 3,90 3,06] 266 243 227 216 200 182 159181
200 | 3,89| 3,04 265 242 226 214 108 180 157141
300 | 387| 303 264 241 225 213 107 1,79 155101
400 | 3.86| 302 263 240 224 212 196 1,78 154071
500 | 3,86| 3,01 262 239 228 211 156 1,77 154061

1000| 385| 300 261 238 222 210 105 1|76 15303
o | 384 | 299 260 237 221 200 194 175 152

E.2. Kpuruueckue 3nauyenus {-kpurepus CTb0eHTa NIPU YPOBHE

snaunmoctu 0,10, 0,05, 0,01aByxcToponnmuii)
LII/ICJ'IOU a LII/ICJ'IOU a
CTCIICHCHU CTCIICHCHU
CB°d6?I“’1 00,10 | 005| 001 CB°d6?I“’1 00,10 | 005| 001

1 63138 12,706 63657 18 | 17341 21009 28784
2 20200 43027 909248 19 | 17201 2,0930 28609
3 23534| 31825 58400 20 | 1,7247 2,0860 28453
4 | 21318 27764 45041 21| 1,7207 2,0796 2.8814
5 20150 25706 40320 22 | 17171 2.,0739 28188
6 10432 24469 37074 23| 1,7189 20687 2,8073
7 1,8046] 23646 13,4995 24 | 1,7109 2,0639 2,7969
8 1,8595| 2,3060 3,3554 25| 1,7081 2,0595 2,7874
9 18331 22622 32498 26| 1,7066 20855 2,7787
10 | 1.8125 22281 31693 27 | 1,7033 20518 2,7707
11 | 1,7959] 2,2010 3,1058 28 | 1,7011 2,0484 2,7633
12 | 1,7823| 2,1788 30545 29| 16991 20452 2.7564
13 | 1,7709] 21604 30123 30| 1,6973 20423 2,7500
14 | 1,7613| 2,1448 29768 40| 1,6839 20211 2,7045
15 | 1,7530| 2,1315 29467 60| 16707 20003 2,6603
16 | 1,7459] 2,1199 29208  120| 16577 1,0799 2.6174
17 | 1,7396] 2,1098 2.8982 o | 1.6449]| 1.9600 25758
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E.3.3uavennsn cratucruk Japouna-Yorcona d d, npu 5%-uom

YPOBHE 3HAUMMOCTH

201

k=1 k=2 k=3 k=4 k=5
“"ld [dy [ d [d [ d [d[d [d | d [d
6 0,61 1,40
7 0,70 1,36 0,47 1,90
8 0,76 | 1,33 056 1,78 0,37 2,29
9 0,82 1,32/ 0,63 1,70 0,46 2,13
10 0,88 1,32 0,70 1,64 0,53 2,02
11 0,93| 1,32 0,66 160 0,60 1,93
12 0,97 1,33 0,81 158 0,66 1,86
13 1,01 1,34 0,86 1,56 0,72 1,82
14 1,05 1,35 0,91 15b 0,47 1,78
15 1,08, 1,366 095 154 082 1,75 069 197 (056122
16 1,10, 1,37, 098 154 086 1,73 O,/4 193 0(0,6252,1
17 1,13} 1,38 102 154 090 1,712 O,//8 190 (Q,6702,1
18 1,26 1,39 105 1583 093 169 0B2 187 0Q,7162,0
19 1,18 1,40, 1,08 1583 0,97 168 O0B5 185 0Q,7522,0
20 1,20 1,41, 1,10 154 100 168 O0pPO 183 0,7991,9
21 1,22 1,42/ 1,13 154 103 167 03 181 0,8361,9
22 1,24, 143 1,15 154 105 1,66 0096 1,80 0,864 1,9
23 1,26 1,44 1,17 154 108 1,66 0099 1,79 (0,902 1,9
24 1,27 1,45 1,19 15 1,10 1,66 1,01 1,78 (0,9391,9
25 1,29| 1,45 1,21 15b 1,12 166 104 1,77 Q9591,8
26 1,30 1,46/, 1,22 15b 1,14 165 106 1,76 Q0,988 1,8
27 1,32 1,47, 124 156 1,16 165 1,08 1,76 1,0161,8
28 1,33| 1,48 126 156 1,18 1,65 1,10 1,75 1,0351,8
29 1,34 1,48 127 156 1,20 1,65 1,412 1,74 105418
30 1,35 1,49 128 15¢ 1,21 1,65 1414 1,74 1,0731,8
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