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BBenenue

DKOHOMETpUKA — OJHAa U3 0a30BbIX JUCIUIUIMH 3KOHOMHYECKOTO
oOpa3zoBanusi Bo BceM wmupe. OmHAKO 10 HETABHETO BpEeMEHHW OHa HE Oblia
npu3Hada B CCCP u Poccun. D10 ObLIO CBSI3aHO C TEM, YTO U3 TPEX OCHOBHBIX
COCTaBJISIIOIIMX JKOHOMETPUKMA — 3IKOHOMHYECKOM TEOPUH, 3KOHOMHYECKOU
CTATUCTUKUA M MAaTEMAaTUKU — JIBE MEpBble ObUIM MPE/ICTABICHBI B HAIIEHl cTpaHe
HEeyloBIeTBOpUTENbHO. HO Teneps cuTyanus u3MeHuIach KOPEHHBIM 00pa3oM.

Cyl1ecTBYIOT pa3auyHbIe BAPUAHTHI OMPEACIICHHUS YKOHOMETPUKH:

1)  pacummpeHHbBIE, NMPH KOTOPBHIX K JKOHOMETPUKE OTHOCAT BCE, YTO
CBSI3aHO C U3MEPEHUSIMH B SKOHOMUKE;

2)  Y3KO MHCTPYMEHTAJIBHO OPHUCHTHPOBAHHBIC, IPH KOTOPHIX MOHUMAIOT
OTIpEeNeCHHBIH HA0Op MaTeMaTHUKO-CTaTUCTUYECKUX CPEICTB, TO3BOJISIOIIMX
BEpU(PUIIUPOBATh  MOJICJIBHBIE  COOTHOIIEHUS  MEXAY  aHAJIU3UPYEMBIMU
AKOHOMHMYECKUMH MOKA3aTEISIMU.

Ha nam B3risiz, Hanbosiee TOYHO OOBSICHUI CYIIHOCTh IKOHOMETPUKH OJIMH
13 OcHOBaTenen 3tov Hayku P.Dpwuir, KOTOpsI U BBEN 3TOT Ha3BaHue B 1926 r.:
«JKOHOMETPHKA — ITO HE TO KE CaMO€, YTO SKOHOMHYECKas craTucTtuka. OHa He
UJEHTUYHAa W TOMY, 4YTO MBI Ha3blBaéM HKOHOMHMYECKON TEOpuen, XOTS
3HAQYUTENbHASA 4YacTh O3TOW TEOPUM HOCHUT KOJUYECTBEHHBIM  Xapakrep.
DKOHOMETPHUKA HE SIBISECTCSI CAHOHUMOM IPUIIOKEHUN MAaTEMATHKH K 9KOHOMUKE.
Kak mnoxka3piBaeT ONBIT, KaxkJaas M3 TPeX OTIPaBHBIX TOYEK — CTATUCTHUKA,
HPKOHOMHUYECKass TEOpHs M MaTeMaThka — HEoOXOIUMOe, HO HE JOCTaTOYHOE
YCJIOBHE IS TIOHMMAaHUS KOJIWYECTBEHHBIX COOTHOUIEHHM B COBPEMEHHOMU
AKOHOMHUYECKOM KU3HU. ITO €IUHCTBO BCEX TPEX COCTABIISIOMMX. M 3TO € IMHCTBO
06pasyeT SKOHOMETPUKY» .

ODKOHOMETpUKAa — 3TO  CaMOCTOSITeJIbHAs  Hay4yHas  JAUCUUIUIMHA,
00BEUHSIONIAs COBOKYITHOCTh TEOPETHUECKUX PE3yJIbTaTOB, IPUEMOB, METOJIOB U

MOJIeNIel, TTpeIHa3HAYeHHBIX JJI TOT0, YTOObI Ha 0a3e SYKOHOMUYECKOW TEOpHH,

! Frisch R. Editorial. Econometrica. — 1933. — Ne 1. — P. 2.
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HSKOHOMUYECKOM CTAaTUCTUKA U HKOHOMUYECKHUX H3MEpPEHUH, MaTeMaTHUKO-
CTAaTUCTUYECKOTO HWHCTPYMEHTapus NpPUIaBaTh KOHKPETHOE KOJUYECTBEHHOE
BBIpOKEHHE OOMMM (Ka4eCTBEHHBIM) 3aKOHOMEPHOCTSIM, OOYCJIOBIIEHHBIM
DKOHOMHMYECKON TEOPUEH.

DKOHOMETPUYECKUNA METOJ CKJIAJbIBAICS B MPEOAOJCHUU CIEIYIOUIUX
TPYIHOCTEH,  MCKaXaloUuX  pe3yibTaTbl  MPUMEHEHUS  KIIACCUYECKHX
CTATUCTUYECKUX METOJO0B (CYHUIHOCTh HOBBIX TEPMUHOB OyJeT pacKpbiTa B
JATbHEUIIIEM ):

1. ACMMMETPUYHOCTH CBSI3€EH;

2 MYJIBTUKOJUTHHEAPHOCTH CBSI3EH;

3 s dekTa rerepocKkeIacCTUIHOCTH;

4. aBTOKOPPENSALNY;

5 JIO’KHOM KOPPEISIIUY;

6 HaJM4us JIaros.

JIist onrcaHusi CyIIHOCTH SKOHOMETPUUYECKON MOJENH YI0OHO pa30uTh BECh
MPOLIECC MOICINPOBAHMS HA MIECTh OCHOBHBIX 3TaIloB’:

1-if »oranm  (MOCTAaHOBOYHBIM) —  ONpPEACIICHHE KOHEUYHBIX  Ilejei
MOJIEJIMPOBaHMs, HabOpa y4yacTBYIOIIMX B MOJENU (aKkTOpOB U MOKazaTesel, Ux
ponu;

2-ii ostan (ampuOpHBIM) — TMPEAMOJCIBHBIN aHaMU3 HSKOHOMUYECKOU
CYUIHOCTU HM3y4aeMOro SsiBJIeHUs, (opMupoBaHue U GopMaiuzanus anpuopHON
uHPOpMAIlMK, B YACTHOCTH, OTHOCSIICHCS K MPHUPOAE W TEHE3UCYy MCXOTHBIX
CTaTUCTUYECKUX JAHHBIX M CIYYailHBIX OCTATOYHBIX COCTABIISIFOIINX;

3-ii aTan (mapameTpu3aiusi) — COOCTBEHHO MOJECIUPOBAaHUE, T.€. BBHIOOP
OO0IIIeTo BHIa MOJIEJIH, B TOM YHCJIE COCTaBa U (DOPMBI BXOSIINX B HEE CBSI3EH;

4-i1 stan (uHPOPMAIMOHHBIN) — CcOOp HEOOXOAMMOW CTATUCTHUYECKOM
uHbOpMaInK, T.€. PETUCTPALlMs 3HAYCHUH YYacCTBYIOIIMX B MOJEIH (DAaKTOPOB U
MoKasaTeleld Ha pa3jMuHbIX BPEMEHHBIX WJIA TPOCTPAHCTBEHHBIX TaKTax

(bYHKHHOHHpOBaHHH N3yqdaCcMOI0 SBJICHUS,

2 Ioxpobuee cm. [9], c. 31-37.



5-if stan (upeHTUPUKAINUS MOJEIN) — CTATUCTUYECKUN aHAIN3 MOJEIN U B
MIEPBYIO OUEPEb CTATUCTUYECKOE OIICHUBAHUE HEM3BECTHBIX TAPaMETPOB MOIENH;
6-i1 aTan (BepuduKaIus MOJEIN) — COMTOCTABICHUE PEAIbHBIX U MOJIETBbHBIX
JTAHHBIX, MPOBEPKa aJ€KBATHOCTU MOJIEIH, OLICHKAa TOYHOCTH MOJICJIbHBIX JAHHBIX.

DKOHOMETPUYECKOE MOJCIUPOBAHUE PEATIbHBIX COLUAIbHO-PKOHOMUYECKUX
IPOLIECCOB U CUCTEM OOBIYHO MpeceAyeT JBa TUIa KOHEUHBIX MPUKIIAIHBIX LEIeH
(wmu oaHy W3 HUX): 1) MNPOrHO3 PKOHOMHYECKUX M COLUATBbHO-3KOHOMHUYECKHUX
MoKasareyiel, XapakTepU3YIOIIUX COCTOSHUE U  Pa3BUTUE aHAIU3UPYEMOU
CUCTEMBI;, 2) UMHUTALMIO PA3JIMYHBIX BO3MOXHBIX CIIEHAPUEB COLUAJIBHO-
SKOHOMHMYECKOTO Pa3BUTHUSI aHAJIM3UPYEMOM CHUCTEMbl (MHOTOBAapHUAHTHbBIC
CLIEHAPHBIE PACUYEThl, CHTYallHOHHOE MOJICJTUPOBAHUE).

[Ipy mocTaHOBKE 3aJa4 SKOHOMETPUYECKOTO MOJICTUPOBAHUS CJIEIYET
OMPENEINTh UX UEPAPXUYECKUN YpOBEHb U MNpoduiib. AHaNIU3UpyeMble 3aauyu
MOTYT OTHOCHUTBCSI K Makpo- (CTpaHa, MEXKCTPAaHOBOM aHaiM3), Me30- (PErHOHbI
BHYTPU CTpaHbl) U MHKpPO- (MpEeanpHsITHS, (PUPMBI, CEMbH) YPOBHSIM U OBITh
HaIpaBJICHHBIMU Ha PEIICHHE BOMPOCOB PA3IUYHOIO MPOGUIIS UHBECTUIIMOHHOM,
(hMHAHCOBOM WJIM COLMATBHON MOJIUTHKH, IIEHOO0pa30BaHUs, pACTIPEICIUTEIIbHBIX
OTHOLIEHHM U T.II.

JlanHoe mocoOue HamwcaHO Ha ocHOBe KHMT [1], [2] U ¢ ucmonb30BaHUEM
JIPYTUX YKa3aHHBIX UCTOYHUKOB. YUeOHBIH MaTepral B TOCOOUM YCIOBHO pa30ouT
Ha YEThIPE YaCTH U MPUIIOKEHUSA

B mnepBoil yacth paccMOTpeHbl MOJENM MapHOW perpeccun (IMHEWHas u
HEJIMHEHHBIC MOJICIIH).

Bo BTopoli YacTM JOCTaTOYHO TOAPOOHO  pa3doupaeTcs  MOJeib
MHO>KECTBEHHON JIMHEWHOM PErpeccuu MW KpaTKo oOCyXaaeTcss MpoOsieMbl
FOMOCKEJACTUYHOCTU U aBTOKOPPEIUPOBAHHOCTH OCTATKOB.

TpeThs 4acTh MOCBSILIEHA CUCTEMAaM OJHOBPEMEHHBIX 3KOHOMETPUYECKUX
YpPaBHEHUM.

B deTBepTO YacTH paccMaTpUBAOTCS MOJIEIIA BPEMEHHBIX PSIIOB.



[Ipunoxenue A COIEpPKUT KpPaTKUE CBEIEHUS U3 TEOPUH BEPOSTHOCTEH W
MaTE€MaTUYECKON CTATUCTHKHU.

B npunoxenusix B u C conepxarcs TecToBble 3a/1aHUs U SK3aMEHAIIMOHHBIE
BOIIPOCHI.

[Ipunoxxenne E  comepKUT  CTAaTUCTUKO-MaTeMaTHYECKUE  TaOJIUIIbI

pacnpenenenuit @umepa, CtorofenTa u Jlapouna-Yorcona.



1. [TapHasi perpeccusi 1 KOppeJasinusi
[Tapnas perpeccus NpPEACTaBISIET COOOW PErpecCUi0 MEXIy ABYMs

IEpEeMEHHBIMU — Y U X, T. €. MOJCIIL BHJA!

y=f(x),
rae Y — 3aBucuMas repeMeHHas (pe3ysbTaTHUBHBIM MPU3HAK); X — HE3aBUCHUMAs,

Wi OO0BACHAIOIIAsA, TepeMeHHas (mpu3Hak-pakTop). 3HAK «™» O3HAYAeT, YTO

MEXJy MEepeMEHHbIMU X U Y HET CTpOroil (QpyHKIMOHAIBbHON 3aBUCHUMOCTH,
[IOTOMY IPAKTHUYECKH B KaXKJIOM OTAEJIbHOM Cllydyae BEJIMYMHA Y CKIIaJbIBaeTCA

U3 JIBYX CJIaracMbIX:
y=y,+¢,
rae Y — GakTuuecKoe 3HaUE€HHME PE3YNETATUBHOIO PU3HAKA; Y, — TEOPETHYECKOE

3HAQYEHUE PE3yJbTATUBHOIO MPHU3HAKA, HAWUJIECHHOE MCXOOd W3 YpPaBHEHUS
perpeccuy; & — cilydailHas BEJIWYUHA, XapaKTEPU3YIOLIasi OTKIIOHEHHs PEaIbHOIO
3HAQYEHUSI pE3yJbTATUBHOIO IIPU3HAKA OT TEOPETHYECKOTO, HANIEHHOTO 10
YPAaBHEHUIO PEIPECCUM.

CrnyudaiiHas BeJIMUMHA £ HA3bIBAETCS TakkKe Bo3MmylleHMeM. OHa BKIIFOYAET
BIIMSIHUE HE YUYTEHHBIX B MOJIENU (PAKTOPOB, CIyYailHBIX OMIMOOK M OCOOEHHOCTEN
usMepenusd. Ee mpucyrctBue B MOACIH IOPOXKIAEHO TpeMs HCTOYHUKAMM:
cnenupuKanuen MOJENH, BBIOOPOYHBIM XapakTEPOM HCXOAHBIX JaHHBIX,
0COOEHHOCTSIMU U3MEPEHUS NTEPEMEHHBIX.

OT npaBWIBHO BHIOpAHHOW crHeUU(UKAIMM MOJEIN 3aBUCUT BEJIMYMHA

CIIyJalHBIX OIMMOOK: OHM TEM MECHBIIE, YeM B OOJBIICH MeEpe TEOPETHUCCKHE
3HAYEHHUs PE3YJILTATUBHOIO NPU3HAKa Y, , MOAXOMAT K (PaKTHYECKUM JJaHHBIM Y .
K ommOkam crnenudukamuu OTHOCATCS HEMPaBUIBHBIN BBHIOOp TOW WIH

MHOM MaTeMaTUYECKOM (QyHKUMU i Y, ¥ HEAOYYET B YPAaBHEHUM PETPECCUM

KaKoro-JIn0o CyIIeCTBEHHOro (hakTopa, T. €. UCIOJIb30BAHUE MAPHOW PErpeccHu

BMECTO MHO>KECTBEHHOI.



Hapsiny ¢ ommOkamu conenudukanidd MOTYT HMETh MECTO OIIUOKU
BBIOOPKH, KOTOPbIE UMEIOT MECTO B CHJIy HEOAHOPOJHOCTH JAHHBIX B MCXOJHOM
CTATUCTUYECKOW COBOKYIHOCTH, 4YTO, KakK IpaBUiO, OBbIBAET NpU H3YyYECHUH
HIKOHOMHUYECKUX TpoIeccOB. ECIu COBOKYMHOCTh HEOAHOPOIHA, TO ypaBHEHHUE
perpeccu He HMMEET NPAaKTHUYECKOro cMbiciaa. [l MOoyd4eHHs XOPOIIEro
pe3ysibTaTa OOBIYHO HMCKJIIOYAIOT U3 COBOKYNHOCTH €AMHUIBI C aHOMAaJbHBIMU
3HAYCHHUSIMHU UCCIIEyeMbIX MPU3HAKOB. M B 3TOM ciydae pe3ysbTaThl perpeccuu
IPECTaBISIIOT COOON BEIOOPOUYHBIE XapaKTEPUCTUKH.

Hcnonb30BaHne BpeMEHHOW WHGOPMAalMK TaKKe MPEJCTaBIIeT COOOU
BBIOOPKY M3 BCETO MHOXKECTBAa XPOHOJOTHYECKMX naT. V3MEeHMB BpeMEHHOMN
MHTEPBAJ, MOXKHO MOJyYUTh APYTUE PE3YIbTaThl PETPECCUU.

Haubonpmyro omacHOCTh B TMPAKTHUYECKOM HUCHOJIB30BAaHUU METOJIOB
perpeccuu MpencTaBIsloT omMOKM u3MepeHus. Ecnm ommbku cneuuduxanuu
MOKHO YMEHBILIUTh, U3MEHsIST (hOpMy MOJENH (BUJ MaTeMaTH4YeCKOH (opMyJibl), a
OIIMOKA BBIOOPKM — YyBEIMYMBAsE OOBEM MCXOAHBIX JAHHBIX, TO OIIUOKH
U3MEPEHUS MPAKTUYECKU CBOJAT Ha HET BCE YCHJIMS MO KOJIMYECTBEHHOW OLIEHKE
CBSI3M MEX/1y TPU3HAKAMH.

OcobeHHO BelMKa pOJb OIMMUOOK H3MEPEHHS TPH MCCIEIOBAHUU Ha
MakpoypoBHe. Tak, B HCCIEAOBAaHUAX CIpoca M TMOTPEOJEHUsT B KauecTBE
OOBSCHSIONIEH TIEPEMEHHON MIMPOKO MCTIONB3YETCS «0XO0J HA AYIIY HACETCHUS.
BwMmecre ¢ TeM, cTaTUCTHUECKOE U3MEPEHHE BETMUUHBI 10X0/1a CONPSKEHO € PSIoM
TPYAHOCTEH M HE JIMIIIEHO BO3MOXKHBIX OMIMOOK, HATIPUMED, B pe3yIbTaTe HATUIUs
CKPBITBIX JT0XOJIOB.

[Ipenmnonarasi, 4To OMIMOKM M3MEPEHMsI CBEAECHbI K MUHHMYMY, OCHOBHOE
BHAMaHUE B OKOHOMETPHUECKHX  HCCICNOBAHUSAX  yIEIsIeTCs  OIIMOKaM

crenupuKauyu MOJICIIH.

B mapHo#i perpeccur BeIOOp BMJAa MareMaTH4ecKod QyHkuum Y, = f (X)
MOKET OBITh OCYIIECTBJICH TPEMSI METOaMHU:
1)  rpaduyeckum;

2) AHAIMTUYECKUM, T.€. UCXOJ U3 TEOPUH U3Yy4a€MOU B3aUMOCBS3Y;



3)  9KCIEepPUMEHTAILHBIM.

[lpu u3yd4eHUW 3aBHUCUMOCTH MEXIy JBYMSI TpU3HAKAMH TpadHuSCKHii
METO]I Mo00pa BUAA YPABHEHHSI PETPECCHU NOCTaTOYHO HarisaeH. OH OCHOBaH
Ha mone Koppemsaiuu. OCHOBHBICE THIBI KPHBBIX, HCIOJIb3yeMbIC TIPH

KOJIMYECTBEHHOM OLCHKC CBHSCﬁ, IMpCaACTaBJICHBI HA PUC. I1.1:

y

4 i

0 X 0 X
yX:a+b.x yXZEEI.JI—lZ)-X—l—C-X2

y y

4 It

0 X 0 X
y, =a+b/x y,=a+b-x+c-x*+d-x°
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y =a-x° y,=a-b’

Puc. 1.1. OcHOBHBIE TUIIBI KPUBBIX, UCIIOJIb3YEMBIE MTPU
KOJIMYECTBEHHOM OLIEHKE CBS3E€UM MEXAY NBYMsS IEPEMEHHBIMU.

3HAUUTENTBHBIN UHTEPEC MPEACTABISAET aHATMTUYECKUM METO/T BEIOOpA THUIIA
ypaBHeHUs perpeccud. OH OCHOBaH Ha M3YYCHHH MaTepUATBLHON MPHUPOIBI CBSI3U
UCCJIeTyEMBIX MMPU3HAKOB.

[Ipu oOpaboTke uH(OpMalMM HAa KOMIIBIOTEPE BHIOOP BHUIA YpaBHEHUS

perpeccuu OOBIYHO OCYIIECTBIISIETCSI DKCIIEPUMEHTAIBHBIM METOJIOM, T. €. IyTeM

2

CPaBHEHMS BEJIMYMHBI OCTATOYHOM JMUCIEPCUU O ., PACCUMTAHHON IIPH Pa3HBIX

MOJEIIAX.
Ecnu ypaBHEHME perpeccru MpOXOIUT YEpPe3 BCE TOUKH KOPPEISIIUOHHOTO

T0JISI, YTO BO3MOKHO TOJIBKO MPHU (HYHKIIMOHATIBLHOM CBSI3H, KOTJ[a BCE TOUKH JIE)KAT

Ha JHUHHHN PEIrpeCCHU = f X TO (PAKTHUYCCKHUEC 3HAYCHUSA PC3YJIIBTAaTHUBHOI'O
X >

NMpU3HaKa COBMAJAOT C TEOPEeTHYEeCKUMH Y =Y , T.6. OHU TOJTHOCTHIO
oOycnoBneHbl BiausHueM ¢aktopa X. B 3Tom cinydae ocrarodHas aucnepcHst
2 _
o..=0.
B npaktuyeckux HccieqOBaHMUAX, KaK MPABUIIO, UMEET MECTO HEKOTOpPOE

pacCeAHNC TOYCK OTHOCHUTCIIBHO JIMHHUHN PCTPCCCHU. Ono O6YCJ'IOBJ'ICHO BIIMSAHUECM

IPOYUX, HE YUUTHIBAEMbBIX B YPAaBHEHHH perpeccud, (akTtopoB. MIHbIMH cliOBaMH,

11
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UMEIOT MECTO OTKJIOHEHHS (DAaKTHUUYECKHX IAHHBIX OT TEOPETUYECKHX (y— yx).

BennunHa 3TUX OTKIIOHEHHH U JIEKUT B OCHOBE pacueTra OCTaTOYHOM AUCIIEPCUU:

: _1 2
O oer :_Z(y_yx) .
n

UeMm MeHbIIE BEJIMYMHA OCTATOYHOM AMCIIEPCHM, TEM MEHBILE BIMSHUE HE
YUUTBHIBAEMBIX B YPAaBHEHMH perpeccuu (akTopoB M TEM JIydllle YpaBHEHHE
perpeccuy MOAXOAUT K HCXOAHBIM JAHHBIM.

Cunraercs, 4yTO YMCIO HAOMIOACHUN OJDKHO B 7-8 pa3 MpEeBBIIATh YUCIIO
pPacCUMTHIBAEMBIX IMapaMETPOB IpPH NEpeMEHHOM X. DTO 03HAYaeT, YTO MCKATh
JUHEHHYIO perpeccHro, uMesi MeHee 7 HaOJtoIeHHd, BOOOIE HE UMEET CMBICIA.
Eciu Bup ¢QyHkumm ycnoxHsieTcs, TO TpeOyercs yBelndeHue oObema
HaOI0AeHUH, MO0 KaKblil mapaMeTp Npu X JOJKEH pacCUUTHIBATHCS XOTS ObI MO

7 wabmoneHusM. 3HAYUT, €CJIM Mbl BbIOMpaeM Mapaboily BTOPOMl CTENEHU

Y, =a+b-x+c-x2, TO Tpebyercss o0bemM uHbOpMAIMKM Yyxke He MeHee 14

HaOJIIOICHU.
1.1. JIuneiinasi MoJeJIb IAPHOM perpeccu U KOppeJasiiiun

PaccMoTpuM  mpoCTEHIIyI0 MOJENb MapHOM PErpecCud — JIMHEWHYIO
perpeccuto. JluHeWHas  perpeccusi HaXOAUT I[IMPOKOE NPUMEHCHHE B
SKOHOMETPHUKE BBUIY YETKOM SKOHOMUYECKON MHTEPIPETALNU €€ ITapaMETPOB.

JInnennas perpeccusa CBOANUTCA K HAXOXKICHUIO YPABHCHUA BU/14
y,=a+b-Xwm y=a+b-X+e¢. (1.1)

VYpaBuenue Buma Y, = a+b-X nosponser mo 3amaHHBIM 3HAYEHMAM

¢dakTopa X HAXOIUTh TEOPETUUYECKUE 3HAYCHUS pPE3yJbTaTUBHOTO MpHU3HAKA,
MOJ/ICTABJISIS B HETO (hakTHUeckue 3HayeHus daxkropa X .

ITocTpoeHne TMHEWHON perpeccuu CBOJUTCS K OLIEHKE €€ apaMeTpoB — a U
b. Knaccuueckunii momxoi K OLEHMBAHMIO TapaMeTPOB JIMHEHHOW perpeccuu

OCHOBaH Ha Meroje HanMmeHbIHX kBaaparoB (MHK). MHK no3Bosisier mosyduTtsb

12



TAKHNEC OLICHKH IMapaMCTpPOB au b, IIpU KOTOPBIX CYMMa KBaJpaTOB OTKJIOHCHUH

(paKTHUECKMX 3HAYEHMH PE3yJLTATUBHOIO NPU3HAKA Y OT TEOPETUYECKHX Y,
MUHUMAJIbHA:

n

Z(yi—yxi)zzief — min. (1.2)

i=1 i=1

T.e. U3 Bcero MHOXeCTBa JIMHUM JIMHUS PErPEecCUM Ha rpaduke BeIOUpaeTCs

TaK, YTOOBI CyMMa KBaJApaToB paCCTOSIHI/Iﬁ IO BEPTHUKAJIN MCKAY TOYKAMH U ATOM

JuHUEH Obl1a 661 MUHMMAaIBHOM (puc. 1.2):

Yi+ €

P
0 x
Puc. 1.2. JIunus perpeccuu ¢ MUHUMAaJIbHOM JUCTIEPCUEH OCTATKOB.

Kak u3BecTHO M3 Kypca MaTeMaTUUYE€CKOTO aHaJIN3a, YTOObl HAUTH MUHUMYM

byakuun (1.2), HagO BBHIYUCIWTH YaCTHBIE MPOU3BOAHBIC IO KAXKIOMY U3

napameTpoB a u D u npupaBHATH HX K HymM0. O603HAUUM Zé‘iz uepes S (a, b),

|
TOrAa:

S(a, b)=>(y-a-b-x)".

-

é=—22(y—a—b-x)=0;
gg (1.3)
%:—ZZx(y—a—b-x)=O.

13



[Tocne HeCNOXHBIX NpPeoOpa30oBaHMd, MOIYYUM CICAYIOUIYIO CHCTEMY

JIMHENHBIX ypaBHEHHUH JUIS OLIEHKH apamMeTpoB a u D

a-n +b- > x =>y;
a- ) x+b- Y x*=>x-y.

Pemiast cucremy ypaBHenuii (1.4), HaliileM UCKOMBIE OIIEHKH MMapaMeTpoB a

(1.4)

151 b MO>KHO BOCHOJIB30BAThCS CICAYIOIIMMHU T'OTOBBIMH (l)OpMy.]'IaMI/I, KOTOPBIC

CJIEIYIOT HEMOCPEICTBEHHO U3 pelieHus: cucteMsl (1.4):

_cov(x, )
BT

a=y-b-X, b (1.5)

(o}

Trae COV(X’ y): Y'X—V-Y — KOBapuanus nNpu3HakoB X u Y, Gf = )(2 _fz _

JAUCIIEpCUs PU3HAKa X U
1 1 1 — 1w,
X==>X =Dy, yx==>y-x x*==>x%.
n n n n

KoBapuanusa — umncioBasi XapakTE€pUCTHKAa COBMECTHOIO pAacIpeIeiICHUs
JIBYX CIIyYalHbIX BEJIMYUH, PABHAsI MAaTEMATHYECKOMY OXKUJIAHUIO IPOU3BEICHUS
OTKJIOHEHUW OTHUX CIy4YalHbIX BEJIMYMH OT HMX MATEMATHYECKHUX OXKUIJAHUU.
Jucnepcuss — XapakTEpUCTUMKA CIIy4YalHOM BEJIMYMHBI, OIpeleisseMas Kak
MAaTeMaTUYECKOE OKHUJIAHME KBaJpaTa OTKIIOHEHHWs CIyYalHOW BEJIMYUHBI OT €€
MaTeMaTUYECKOTO  OXUJaHWd. MaremMaTH4eckoe  OXKHMIAHME —  CyMMa
MPOM3BEICHUN 3HAYEHWM  CIIyYallHOM  BEJIMYMHBI HA  COOTBETCTBYIOIIHE
BEPOSITHOCTH .

[Mapamerp D HaseiBaerca ko>dduuuentom perpeccud. Ero BenuuuHa
MOKa3bIBAET CpPEJHEE M3MEHEHHE pe3yibTaTa C MU3MEHEHHEM (akTopa Ha OAHY
EIUHULLY.

B03MOXXHOCTh 4YETKOW SKOHOMHUYECKON WHTeprpeTanun KodhduimenTa

perpeccuu  caenajia  JMHEWHOE  YPaBHEHHUE  PErPecCUd  JOCTATOYHO

PacipoCTpaHCHHBIM B DKOHOMCTPHUYCCKHUX MCCIICAOBAHUAX.

¥ Bounee noapoGHO cmotpu Ipunoxenue A.
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®opmanbHo & — sHauenune Y npu X =0. Ecaum npusHak-pakTop X He

MOXCET HMMCTb HYJICBOI'O 3HA4YCHHUA, TO BBIINICYKA3aHHAA TPAKTOBKaA CBO6OI[HOFO
4jeHa d HE MMEET CMKICIIA, T.€. mapamMceTp d MOXET HE UMETh 3KOHOMHYECKOIO
COOCpIKaHUA.

YPaBHeHI/IC perpeccrun BCCraa AOIOJHACTCA ITOKA3aTCJICM TCCHOTBLI CBA3U.

HpI/I HCIIOJIb30BAHUN JIMHEWMHOMN perpeCCun B KA4YCCTBC TAKOI'0 IIOKA3aTCIIA

BBICTYIIACT JIMHCHHBIA KOdbuumenT koppemsiuuu I, KOTOPBI MOXKHO

paccuymuTaTh Mo CIeAYIOMUM (PopMyiam:

r _p.Ox_ V(¥ Y) (1.6)

Xy
o o, 0,

JIuneitHpli  KO3((UUUEHT  KOppEeNsSIIMM  HaXOgUTCS B IpeAenax:

-1< Ny <1. Yem Gunuke aOGCOMIOTHOE 3HAUYCHHE Iy K CHMHHIE, TEM CUIbHES

NMHCHHAs  CBA3b  Mexnay Gakropamu (mpu [, = +1 wumeem crporyo
(yHKUHOHAIBHYIO 3aBUCMMOCTh). Ho crenyer umeTs B BUAY, 4YTO OJIM30CTH
aOCOJIIOTHOM BEJIMYMHBI JIMHEMHOTO KO3(P(ULHUEHTAa KOPPENSIUN K HYJIO €Ile He
O3HA4YaeT OTCYTCTBUS CBSA3M MEXAy HpusHakamu. [Ipum npyroil (HeJIMHEWHON)
cnenuuKaMyu MOJIETU CBA3b MEXAY MPU3HAKAMU MOXET 0Ka3aTbCs JI0CTATOYHO

TECHOI.

JIist OlleHKM KayecTBa Moja0opa JWHEHHON (YHKIIMHM pPacCUUTHIBACTCS

. 2 .
KBaJpaT  JIMHEWHOro  Kod(duiueHta  KOppemsiuuu Iy>  Ha3bIBaeMBbIil

kodhurmentom nerepmuHanuu. KosdduimeHnT nerepMuHanuu xapakTepu3yeT

JIOJIF0 TUCIIEPCUM PE3YJIBTATUBHOTO MpHU3HAKA Y, OOBICHIEMYIO perpeccueil, B

oOlLIel aucnepcuun pe3ysibTaTUBHOTO MpU3HAaKa:

r2 =1—%, (1.7)
y
2_£ _ 2 2:1 _ ) 2 _ g2
rae GOCT_n (y yX) ’Gy nZ(y y) y y '
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2
COOTBETCTBEHHO BejaMunHa 1— Iy XapakTepusyeT NOII0 IMCIEPCHH Y,

BBI3BAHHYIO BIMSIHUEM OCTAJIbHBIX, HE YUTEHHBIX B MOJIEH, (PAKTOPOB.

[Tocne Toro kKak HalJACHO YPaBHEHUE JIMHEWMHOW PETPECCHUM, ITPOBOIUTCS
OILICHKA 3HAYMMOCTH KaK YPaBHEHUS B LIEJIOM, TaK U OTAEJIBHBIX €r0 IMapaMeTPOB.

[IpoBepUTh 3HAYUMOCTH YPABHEHHSI PETPECCMU — 3HAYAT YCTAHOBUTH,
COOTBETCTBYET JIM MaTeMaTH4yecKass MOJENb, BbIPAXKAIOIIAs 3aBUCUMOCTb MEXKIY
MIEPEMEHHBIMU, JKCIEPUMEHTAIBHBIM JAHHBIM M JOCTATOYHO JIM BKJIOUEHHBIX B
ypaBHEHUE OOBICHSIOUIUX NMEPEMEHHBIX (OJHOW WUIIM HECKOJBKHUX) JIJISi OMUCAHUS
3aBUCHMOU NIEPEMEHHOM.

Yro6bl UMETHh 00lIllee CYXJAEHHE O KAaueCTBE MOJEIM W3 OTHOCUTEIIBHBIX
OTKJIOHEHMM 1O KaXJIOMy HAOJIOACHUIO, OIpPEAEAIOT CPEAHIO OIIMOKY

AIlIIpOKCUMalumn:

A= 12 Y= ¥4l.100%. (1.8)
n=| y

Cpennsist omuOKa anmpoKCUMAaIMK He TOJDKHA TpeBbimath 8—10%.

OueHka 3HAYMMOCTH YPaBHEHHUS PErPECCHMU B IIEJIOM MPOU3BOJMUTCS Ha
ocHoBe F -xpurepus ®umiepa, KOTOPOMY IIPEAIIECTBYET JUCIIEPCHOHHBIN aHAIN3.
B Maremarnueckoil CTAaTHUCTUKE AUCIIEPCUOHHBIM aHAIU3 PacCMaTPUBAECTCA Kak
CaMOCTOSATENbHBII MHCTPYMEHT CTaTHCTHYECKOro aHaiu3a. B 3KoHOMeTpuKe OH
MPUMEHSETCA KaK BCIIOMOTaTeIbHOE CPEACTBO Il H3Yy4YEHUsS KayecTBa
PETPECCUOHHON MOJIEIH.

CorynacHO OCHOBHOM HJee AUCHEPCHOHHOTO aHaiu3a, o0mas cymMma

KBaJpaToB OTKIOHEHHWW IIEPEMEHHOM Y  OT cpexHero 3HadyeHus Y

PaCKIaAbIBACTCA HA ABC 4aCTHU — «06'B$ICHeHHYIO» u «HeO6'BﬂCHeHHYIO»:
2 2
—\2 —
D (y-9) =2 (v-5) +2(v-v.) -

\2 —\?
rae Z( y— y) — o0urast cymMmma KBaJipaToOB OTKJIOHEHU; Z( Y, — y) — CyMMa

KBaJpaTOB OTKJIOHEHUM, OOBSCHEHHas perpeccueid (wiu QakTopHas Ccymma

16



2
KBaJIpaTOB OTKJIOHEHUN); Z(y—yx) — OCTaTo4yHasi CyMMa KBaJpaToB

OTKJIOHEHUH, XapaKTepU3YIoIas BIUSHUE HEYyYTCHHBIX B MOJIeNId (PAaKTOPOB.
Cxema TUCIIEPCUOHHOTO aHAJIM3a UMEET BHJI, MPEACTABICHHBIA B TaOIUIE

1.1 (N — 9ucno HaOMrOIEHU, M — YKCIIO TapaMeTpPOB NPU TIEPEMEHHOM X ).

Tabmura 1.1
KoMnoHeHTsI Yucno crenenen | [lucnepeus Ha onHY
CyMmMa KBaJpaToB
JCTIEPCUN CBOOO/TBI CTEIMEeHb CBOOO/IbI
—\2
2 (y-Y)
O6as Z(y—y) n-1 Sozmzz
n-1
2
) o
dakTopHas Z(yx —7) m g2 — Z(yx y)
aKT m
, 2
Ocrarounas Z(y—yx) n—-m-1 52 :Z(y_yx)
ocCT n _ m _ 1

Omnpenenenre AUCIIEPCUN HA OJIHY CTENEHb CBOOOBI MPUBOAUT AUCIIEPCUU
K cpaBHUMOMY Buay. ComocTaBisisi (PaKkTOPHYIO M OCTATOYHYIO JUCIEPCUHU B

pacuere Ha OJHY CTENEHb CBOOOIBI, OIyYMM BEIUUUHY F -kputepus Ouiiepa:

2

F e (L.9)

dakTuueckoe 3HaueHue F -xpurepus ®umepa (1.9) cpaBHuMBaercs ¢

TabanyHbIM 3HadeHueM F (a; Ki; kz) IIPY YPOBHE 3HAYMMOCTH (X W CTEIEHAX

cBoGombr K, =M u K, =Nn—m—1. Ipu stom, ecnu dakruueckoe 3nauenue F -
KpuTepus OOJbLIE TAOIMYHOTO, TO MPHU3HAECTCS CTATUCTHYECKAsS 3HAYUMOCTh
YPABHEHHMS B LICJIOM.

Jlis mapHOM nMHeNHON perpeccur M =1, mosTomy

sh, 2ny)

= -(n-2). (1.10)

= S(?CT Z(y_yx)Z
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2
Bennuuna F -kputepus cesasana ¢ kod(QpUIMEHTOM AeTEPMHUHALMH Ny U

€€ MOKHO paccuuTaTh MO Cleayromie popmyiie:

2

.
E—_% .(n-2). 1.11
1-rg (n-2) AL

B mapHOW IMHEWHOW pErpecCMy OLEHMBAETCA 3HAYMMOCTH HE TOJBKO
YpPaBHEHHUS B LEJIOM, HO M OTHEIbHBIX €ro mnapamerpoB. C 3TOH LEIBIO 11O
Ka)KZIOMy M3 IapaMeTPOB ONPENENIAETCs €ro CTaHJapTHas omuoka: My u M, .

CranpaptHas omuOka Kod(PQuIMEHTa perpeccur OmpenesieTcss o

dhopmyiie:

2
_ SOCT — SOCT ’ (1 12)

A PSS
 S(y-v)

rac SOCT = 2 — OCTaTO4YHadA JUCIICPCHUA HAa OJHY CTCIICHDb CBO6OIII>I.
n —_

Bemuuuna craHgapTHoM  ommMOKUM  coBMecTHO ¢ [ -pacnpenenenuem
CrerogenTa mpu N—2 crenmeHsx CBOOOALI IPUMEHSETCS MJS  IIPOBEPKU
CYILLIECTBEHHOCTU KO3((ULIMEHTA PETPECCUH U ISl pacyeTa €ro JOBEPUTEIHLHOrO
HMHTEpBaa.

J{nsi OLIEHKM CYIIECTBEHHOCTH KO3 (UIMEHTa perpeccuu €ro BeJMYrHa

CPaBHHMBAETCSI C €r0 CTaHAAPTHOW OIIMOKOHW, T.e. ompenenseTcs (aKTHYECKOe

b

sHaueHue [-kpurepus Crbrogenrta: f, = — koTOopoe 3aTeM CpaBHHBAaeTCs ¢
b

TaOJIMYHBIM 3HAYCHUEM IIpH OIIPEACIICHHOM YPOBHC 3HAYMMOCTH (X W 4YHCIIC

CTeneHel CBOOOIBI (n—2). JloBeputenbHbIi UHTEpBaN 1s KoddduimenTa

perpeccun ompenensiercss kak DEt . -m . Tlockonsky 3HaK KoddduimenTa

Ta0
perpeCcCrumn yKa3bIBACT HA POCT PC3YJIbTATUBHOTO IIPpU3HAKA y IIpru YBCIIMYCHUU
an3HaKa—(1)aKTopa X (b > O), YMCHBIICHHUC PE3YJIILTATUBHOIO IIPpHU3HAKA IIpU

yBenuyeHuu npusHaka-gpakropa (D < 0) umu ero nesaBucumocTs 0T He3aBUCHMOI
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nepemennoii (0D =0) (cm. puc. 1.3), To rpaHuIIEl JOBEPUTENBHOTO HHTEpPBAsa JUIs
KOd(pPUITMEHTA PErPEeCcCH HE JOJDKHBI COIEP)KaTh MPOTUBOPEUNBBIX PE3yIbTaTOB,
nmanpumep, —1,5<Db<0,8. Takoro poma 3amuce ykaswiBaeT, 4TO HCTHHHOE

3HaueHHEe K0P PUIIMEHTA PErPECCUN OJHOBPEMEHHO COJIEPIKHUT MOJOKUTEITHHBIC 1

OTPHUHATCIIBHBIC BEJIMYHUHBI U JaKC HOJIb, UYCTO HC MOJKCT OBITb.

b>0

b<0

Puc. 1.3. Hak/IOH ITMHUM PErPECCUU B 3aBUCUMOCTH OT 3Ha4eHus napamerpa D .

CranpaptHas ommbka napaMmerpa a omnpenensercs no Gopmysie:

e XX ZX

— [S2 . =S .= (1.13)

ma ocT n.Z(x—X)Z oCT O-X'n

IIpouenypa oOLEHHMBAaHMA CYLIECTBEHHOCTH JAaHHOIO IapamMeTpa He

OTJIMYAeTCSI OT PACCMOTPEHHOM BBIMIC i1 KO3 (UIIMEHTA PErpecCcum.

a
Borancnsercsa t-kpurepnii: 1, = —, ero BenmunHa cpaBHUBACTCS ¢ TaOJIMYHBIM

a

3HayeHreM npu N — 2 cTeneHsx cBOGOIBL.
3HAYUMOCTh JIMHEHHOTO KOd(PUIMEeHTa KOppeIsluu TMPOBEPSETCS Ha

OCHOBE BEJIMYUHBI OIINOKH K03(uireHTa koppemsuuua M. :
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1—r?
- 1.14
- (1.14)

daKTHYECKOE 3HAYCHHUE t-KpI/ITepI/ISI CTBIOI[CHT& OIIpCACIICTCA  KaK

r
t,=—.

ml’

CymectByer cBsa3b Mexnay {-xpurepuem Crerogenta um F -kpurepumem
Ouinepa:

t,=t =/F. (1.15)
B IIPOTHO3HLIX pacCdYCTax II0 YPAaBHCHHUIO PCTPCCCHUU OIIPCACIIACTCA

peacKa3bIBacMoe yp 3HAQYEHWE KaK TOYEYHBIH MPOrHo3 Y, mpu X, =X, T.€.

IyTeM TNOJCTAHOBKM B ypaBHeHHe perpeccun Y, =a+b-X coorsercrByrouero

3Ha4YeHud X. OIIHaKO TOYCUHBIN IIPpOrHo3 ABHO HC PCAJICH. HOBTOMY OH

AOITIOJIHACTCA paCcuCTOM CTaHHapTHOﬁ OIMOKHU yp’ T.C. my , H COOTBCTCTBCHHO
p

MHTEPBAJILHON OLIEHKON IIPOTHO3HOI'O 3HaYCHUs Y o
— < <
Yo—A, SY, SV, FA
rae Ay = my e, @ my — cpemHsAs omMOKa MPOTHO3HPYEMOTO
p p p

HHIVNBUAYAJIbHOI'O 3HAYCHUA!

_\2

1 (Xp_x)

my :SOCT' 1+—+—2.
P n n-o,

(1.16)

Paccmorpum mpumep. [Io 1aHHBIM IPOBEAEHHOTO ONPOCAa BOCBMHU TPYII
CEMEW W3BECTHBI JAHHBIE CBSI3M PACXOJ0B HACEJIEHUS HA MPOIAYKTHI MHUTAHUSA C
YPOBHEM JI0XOJ0B CEMBHU.

Ta0muna 1.2

P
acXOoJIbl Ha MPOJTYKTHI 09 121182226129 33|38
nuTaHus, Y, Teic. pyo.

Jloxonwt cembu, X, Toic. py0. | 1,2 | 3,1 | 53 | 7,4 | 96 | 11,8 |14,5| 18,7
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HpCI[HOJIO)KI/IM, 4TO CBiA3b MCXKAY OJ0XO0AaMH CCEMbU H pacxogaMH Ha

MMPOAYKTHI ITUTAHUA JIMHEHHAs. I[J'If[ IMMOATBECPKACHNA HAIICTO IPCAIIOJIOXKCHHA

IOCTPOUM ITIOJIC KOPPCIIAILNH.

4,0
3,5
3,0—_
25
20
151
1,0—-
0,5—-

0,0

Puc. 1.4.

10

12 14

16

18

20

IIo rpaq)m(y BHAHO, 4YTO TOYKH BBICTPAHMBAIOTCA B HCKOTOPYIO IIPAMYIO

JIUHMUIO.

Jlns ynoOcTBa TalbHEUIIMX BBIYUCICHUM COCTaBUM TaOIHITy.

Tabmuna 1.3
. 2 2
x LY Xy e Ly oy y-y () | A
1 2 | 3 4 5 6 7 8 9 10
1 12 | 09 | 1,08 | 1,44 | 081 | 1,038 | 0,138 | 00190 | 1533
2 31 | 12 | 372 | 961 | 1,44 | 1,357 | 0,157 | 0,0246 | 13,08
3 53 | 1,8 | 9,54 | 2809 | 324 | 1,726 | 0,074 | 00055 | 4,11
4 74 | 22 | 1628 | 54,76 | 4,84 | 2,079 | 0,121 | 00146 | 550
5 96 | 2,6 | 24,96 | 92,16 | 6,76 | 2,449 | 0,51 | 0,228 | 581
6 118 | 2,9 | 3422 (13924 841 | 2,818 | 0082 | 00067 | 2,83
7 145 | 3,3 | 47,85 [210,25| 10,89 | 3272 | 0,028 | 0,0008 | 0,85
8 187 | 3,8 | 71,06 | 349,69 | 14,44 | 3978 | 0,178 | 10,0317 | 4,68
Wroro | 71,6 | 18,7 | 208,71 | 885,24 | 50,83 | 18,717 | 0,017 | 0,1257 | 52,19
Cpentice | g o5 | 234 | 26,09 |11066| 6,35 | 234 | - 00157 | 6,52
3HA4YCHHC
o 553 | 0,935 | - - - - - - -
o? |3056|0874| - - - - - - -
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PaccuntaemM napamMerpel JIMHEMHOTO YpPaBHEHHs MAapHOW perpeccuu

Y, =a+Db-X. ins aroro Bocnonssyemest popmynamu (1.5):

b= —
Gf X _fz 30,56

a=y-b-Xx=2,34-0,168-8,95=0,836.

cov(X, X-y—X-y 26,09-8,95-2,
~ cov( y)_x_;zl Xy _2609-895-234 . .0

Homyamnu ypasHenwe: Y, =0,836+0,168-X. T.. ¢ ysennmucHnem

noxoja cembr Ha 1000 py6. pacxoapl Ha MUTaHUE YBETUUHUBAIOTCS Ha 168 pyo.
Kak Obulo yKa3zaHO BbIlIE, YpaBHEHHE JIMHEHHOW perpeccuu Bcerja

JOTOJHSAETCSL IOKa3aTelieM TECHOThl CBSI3M — JIMHEHWHBIM KO3 (QHUIIEHTOM

KOppeIsinuu rxy :

o, 35

Xy

bnuzocth ko3 durnenta koppensauuu K 1 ykazbiBaeT Ha TECHYIO JTUHEHHYIO

CBSI3b MEXTy ITPU3HAKAMU.
Koaddunment nerepmunanuu I‘Xi = 0,987 (upumepHO TOT XK€ pe3ymbTar

MOJIYy4YUM, €CJIM BocmosibdyeMcsi ¢opmyison (1.7)) mokasplBaeT, 4TO yYpaBHEHUEM
perpeccun oobsacHsaercs 98,7% nucnepcun pe3yabTaTUBHOTO NMPU3HAKA, a HA JTOJIIO
npoyux (GaKTopoB NPUXOAUTCS JAUIIb 1,3%.

OLeHrM KaueCTBO YPaBHEHHS PETPECCHU B LIEIOM € IOMOIBI0 F -kpuTepus

®umepa. CocunrtaeM pakTuueckoe 3Hauenne F -kpurepus:

I
F = XVZ-(n—Z):—O’987 .6 =45554.
1—rW 1-0,987

Ta6mmunoe 3uauenne (K, =1, kK, =n—-2=6, ¢ =0,05): F_. =5,99.

aon

Tak Kak Fd)m > F

a6 2 TO MPU3HACTCA CTATUCTUYCCKAA 3HAYUMOCTb YPAaBHCHUA B

L(EJIOM.
JIsl OLIEHKM CTaTHUCTHYECKOM 3HAYMMOCTU KOA(DPUIIMEHTOB perpeccuu u

Koppesiuu paccuntaeM [ -kputepuii CThIOJEHTA U JOBEPUTEIIbHBIC HHTEPBAJIBI
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KOXIOro U3 TMoka3areneil. Paccumraem ciydaiiHple OMIMOKM —MapaMmeTpoB

JMHENHOU perpeccun U Koa¢pumenTa KOppeJsiLuu

2
52 - Z(y_yx) _ 01257 o |
n—2 8-2

m, = Soer__ 10,021 —0,0093,
o, Jn 553.8

nos_ \/Zx _+/0,021-885,24 _0.0975.

Ao 5,53-8
/l r? /1 0 987 _ 0.0465.
dakTHUecKue 3HAYCHUS t -cTaTucTHK: b = 0,168 =18,065,
0,0093
0,836 =8574 = 0,994 =21376. Tabnauunoe 3HaueHue -

* 00975 " 0,0465
kpurepus Crerogenta nmpu o = 0,05 u uncine creneneii ceoGomsr V=N—2=06

=2,447. Tak xak t >t t. >t

CCTh t Tab ! a TaOI

u t >t TO TpPHU3HAEM

Ta0I TaOJI

CTATUCTHUYCCKYIO 3HAYMMOCTHb IIapaMCTpPOB PETPECCHMHM M II0KA3aTCIsI TCCHOTLI

cBsi3U. PaccumTaeM JOBepHUTENbHBIE UHTEPBAIIBI Ul TAPAMETPOB PErPECCHU A U
b: axt-m, u bxt-m,. Tomnyunm, uro ae[0,597; 1,075] u
be [0,145; 0,191].

Cpennsiss ommbOKa amnmpokcuManuy (HaxXoJWM C TOMOIIsI0 cTonboma 10

Yi — yxi

Tabmunpt 1.3; A = .100%) A =6,52% roBopuT 0 XOpOIIEM KauecTBe

i
YpaBHEHUSI PETPECCHH, T.€. CBHJCTEIBLCTBYET O XOpPOIIEM MOa00pe MOJETH K

HCXOOHBIM JaHHBIM.
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U, HakoHerl, Hai/leM MPOTHO3HOE 3HAYEHHE PE3Y/BTATHBHOTO (hakTopa Y
Mpy 3HAYCHUU TMpuU3HaKa-pakTopa, coctapiswomeM 110% oT cpeaHero ypoBHs
X, = 1,1-X=1,1-8,95=9,845, 1.c. naiinem pacxoasl Ha MUTaHKE, ECIH JOXOMIbI
CEMbH COCTaBAT 9,85 ThIC. pyo.

y, =0,836+0,168-9,845= 2,490 (teic. py6.)

3HAUUT, €CIIM JOXOIbl CeMbH cocTaBAT 9,845 Tteic. py0., TO pacxonabl Ha
nutanue 0ynyt 2,490 Teic. pyo.

Haiinem noBeputenpHbIil HHTEpBAI IporHo3a. OmmudKa nporuosa

X, =X 9,845-8,95
m =S - 1+E+M: 0,021- 1+1+( )
Yp n n-o, 8 8-30,56

=0,154,

a JIOBEpUTENbHBIA nHTEpBaN (Y — Ay SY,SY, Ay ):
p p

2,113<y,<2,867.

T.e. IMPOTrHO3 ABJIICTCA CTATUCTHYCCKHU HAACKHBIM.
TGHGPB Ha OJHOM I‘pa(l)I/IKC I/I306pElSI/IM HCXOAHBIC HaHHBIC W JIMHHIO

perpeccuu:

40
3,5
3,0
25
2,0-_

1,5

1,0 H

05 +—1T——+—r"+—17—""""7"—"—7—"—T1"—T1"—""—T1—"—1——7
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1.2. HesimHeiiHbIe MO M MAPHOI perpeccuy U KOppeJsauuu

Ecnmun Mexny SKOHOMUYECKMMM SIBJICHUSMHU CYLIECTBYIOT HEJIWHEHHBIC
COOTHOIIIEHUSI, TO OHU BBIPAKAIOTCS C MOMOIIBIO COOTBETCTBYIOIINX HEIMHEUHBIX
byHKIHiA.

PaznnyaroT 1Ba Kiacca HEIIMHEWHBIX PETPECCUM:

1. Perpeccun, HEIMHEWHBIE OTHOCUTEIBHO BKJIIOUYEHHBIX B aHAIU3
OOBSCHSAIONINX TIEPEMEHHBIX, HO JIMHCWHBIC IO OIICHMBAEMBIM IapaMeTpam,

HaIpumep

— IIOJIMHOMBI Pa3JInYHbIX CTeneHen — Y, =a+ b-x+c-Xx? ,
2 3.

y,=a+b-x+c-x"+d-x’;

— paBHOCTOpOHHsIs runep6ona — Y, = a+b/X;

— nonysorapudmueckas Gpynkuus — Y, =a+b-Inx.

2. PGFPGCCI/II/I, HEJIMHEHHEBIC 110 OIOCHHMBACMBIM IIapaMCTpaM, HAIIPUMCP

b
— CcTeneHHas — Y, =a- X"

— IoKas3aTe/ibHas — Y, =a- b*;

a+b-x
— OKCTIOHCHIMAabHAsA — Y, = e .

Perpeccun HenuHEWHBIE TO BKJIIOYEHHBIM MEPEMEHHBIM MPUBOIITCA K
JVMHEMHOMY BHJY IIPOCTOM 3aMEHOM IIEPEMEHHBIX, a JAJbHEWIIAsl OLEHKA
MapamMeTpoB MPOU3BOJMUTCA C TOMOUIBI0 METOJA HAWMMEHBIIMX KBAaJIpPaTOB.

PaccMoTpuM HEKOTOpBIE PYHKIUU.
ITapabona BTOpOK cCrenmenn Y, =a-+ b-x+c- X NPUBOJAUTCA K
. 2
JUHCHHOMY BHJY C IIOMOIIBIO 3aMEHBI: X = X, X™ = X,. B pesynbrare npuxoaum

K JBYX(AaKTOpHOMY ypaBHeHH0 Y, =a-+ b- X, +C-X,, OIEHKa MmapamMeTpoOB

koToporo mipu nmomorn MHK, kak Oynet nokaszano B maparpade 2.2 mpuBOJIUT K

CHUCTEME CIICIYIOIIUX HOPMAJIbHBIX YPABHEHUI:
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‘a-n +b-Yx  +C DX =DV

a- > X +b X +C Y XX =D XY

a-D X% +D- Y X X +C DG =D %Y.

A TI0CTTe OGpATHOI 3AMEHB TIEPEMEHHBIX TIOTyTHM

(a-n +b- Y x +c- Y. x°=>y;

a- > x +b- Y x+c ) =D x-y; (1.17)
a- D> X +b-Y X 4c Y xt=) %"y

[TapaGona BTOpOM CTElEeHH OOBIYHO MPUMEHSIETCS B CilydasX, Korja s

/.

N

OIIPCACIICHHOI'O HHTCpBAJa 3HAYCHUM (baKTopa MCHACTCA XapakKTCp CBA3U
paccMaTpuBacMbIX IIPU3HAKOB: IIpsAMass CBA3b MCHACTCA Ha 06paTHy10 501041

oOpaTHasi Ha IPSIMYIO.

PaBHocToponHss runepbona Y, =a+ b/ X MOeT ObITh MUCHOJIb30BaHa JIsl

XapaKTEpUCTUKU CBSI3U YACIBHBIX PAcCXOJIOB ChIPbSl, MaTE€pPUAIOB, TOIUIMBA OT
o0beMa BBIITYCKAEMOUW TPOIYKIIMU, BPEMEHU OOpallleHUs] TOBAPOB OT BEJIMUYMUHBI
TOBapo0OOpOTa, MPOIIEHTA MPUPOCTA 3apadOTHON TIATHl OT YPOBHS 0€3pabOTHIIbI
(mampumep, kpuBas A.B. ®@umunca), pacxol0B Ha HEMPOJOBOJbLCTBEHHBIE
TOBaphI OT JJOXOJOB WJIM OOIIE CyMMBI pacxo/I0B (HarpuMep, KpuBbie D. DHTes)

U B Apyrux ciaydasx. ['unep0boria mpuBOIUTCS K JUHEHHOMY YPaBHEHHUIO MPOCTOU

3aMEHOM: Z = % . Cucrema nuHeHbIX ypaBHeHul npu npumeHeHnun MHK Oynet

BBITTIAACTD CICAYIOIIUM 06p330M:

a-n +b-2§ = Y

) . ) . (1.18)
R I

AHanoruyHeiM 00pa3oM NPHUBOAATCS K JMHEHHOMY BHUIY 3aBUCUMOCTH

y,=a+b-Inx,y, =a+b-\/§ U pyTHE.
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Heckonbko wHade OOCTOMT [0 C PErpeccusiMi  HEIMHEWHBIMUA TIO
OIICHMBAEMBIM ITapaMeTpaM, KOTOPBIC JCNATCS Ha JBa THMA: HEIMHEWHBIE MOJIEIH
BHYTpEHHE JMHEWHbIE (IPHUBOIATCS K JIMHEWHOMY BHAY C TIOMOIIBIO
COOTBETCTBYIOIIUX IMpeoOpa3oOBaHUid, HampuMep, JorapuGMuUpPOBaHHEM) W
HEJIMHEWHBIE MOJICIM BHYTPCHHE HEJHWHEWHbIE (K JMHEHHOMY BHIY HE
MIPUBOJIATCS).

K BHYTPCHHC JIMHEHHBIM MOJCIIAM OTHOCATCA, HAIIPpUMEP, CTCIICHHAA

byHKIU — y,=a- Xb, nokasarejpHas — Y, =a- bx, JKCIHOHCHIMAJIbHAS —
a+b-x a 1

y,=¢€ , JIOTUCTHYECKasd — Y, = —————, obparnag — Yy, = ——.

1+b-e a+b-x
K BHyTpeHHE HEJIMHEWHBIM MOJCISIM MOKHO, HalpuMep, OTHECTHU

c 1

cnepyromme mogenu: Y, =a+b-x", y, =a- 1—1—b

— X

Cpenu HeNMMHEHHBIX MOjeNed Hanboyiee 4acTO HCIOIb3YETCS CTEMEHHAs
bynkuus  y=a- X" -&, KOTOpas  TPUBOJUTCS K  JIMHEHHOMY  BUIY
JorapupMUpPOBAHUEM:

Iny = In(a-xb -g);
Iny=Ina+b-Inx+Ing;
Y=A+b-X+E,
rie Y =Iny, X=InXx, A=Ina, E=Ing. T.e. MHK wmbl npumensem mis

npeoOpa30BaHHbBIX JAHHBIX:

A-n +b-) X =),
2
A-D X+b- D X2=> XY,
a 3aTeM MOTEHUMPOBAHUEM HaXOJIUM UCKOMOE yPaBHEHHE.
[Ilupokoe WCHOMB30BAHUE CTEMEHHOW (YHKIMM CBS3aHO C TEM, YTO

mapameTp b B HEH MMEET YETKOE PKOHOMHYECKOE MCTOJKOBAaHHUE — OH SIBJISCTCS

koddummenTom snactuanoctu. (KoadduimeHnt snactTiyHOCTH TOKa3bIBaeT, Ha
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CKOJIBKO TIPOILIEHTOB M3MEHUTHCS B CPETHEM DPE3yJbTaT, eciau (aKTop U3MEHHUTCS
Ha 1%.) @opmyna s pacyera KoahHULMEHTa STaCTHYHOCTH UMEET BU:
, X
A=f (x)-—.

Tak kak Ju1st ocTadbHBIX QPYHKIMI KO3(POUIUEHT 3JaCTUYHOCTU HE SIBIISIETCA

(1.19)

MMOCTOSTHHOW BEJTMYMHOMN, a 3aBUCHUT OT COOTBETCTBYIOIIETO 3Ha4YeHUs daktopa X,

TO OOBIYHO PACCUUTHIBACTCS CPEAHUMN KOIPPUIIUEHT AIACTUYHOCTH:

d=f'(x)-=. (1.20)

< |

[TpuBenem opmyssl 11 pacuera cpeaHuX KO3((PUIMEHTOB 3JaCTUYHOCTH

JIIA HanOoJIee YacTo HCIIOJIB3YCMBIX THUIIOB ypaBHeHI/Iﬁ perpeCcCuu:

Tab6anma 1.5
[lepBas mpon3BOaHAs, Cpennuit ko3pduLeHT
Bun dyskiun, _
by y y’ 3IACTHYHOCTH, O
1 2 3
y=a+b-X+¢ b b-x_
a+b-X
b+2c-X)-X
y=a+b-x+c-x’+¢ b+ 2c- X ( — )_2
a+b-X+c-X
b b b
y=a+—+¢ —— S —
X X a-X+b
y=a-x"-¢ a-b-x" b
y=a-b*-& a-Inb-b* X-Inb
b b
y=a+b-Inx+e¢ —
X a+b-InX
—C-X
y a a-b-c-e b-c-X
= 2 —_—
14 p.e o* (1+b.e—c-x) b+ e%*
y 1 b b-X
= 2 -
atb-X+e (a+b-x) a+b-X
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Bo3MoHBI ciyyau, Korja pacuer Kod(p@puiueHTa 31acTUYHOCTH HE UMEET
CMbICHA. OJTO NPOUCXOAUT TOIAA, KOraa JJs paccMaTpUBAEMbIX IPU3HAKOB
OECCMBICIIEHHO OIpe/IeNIeHUe U3MEHEHUS B ITPOLICHTAX.

YpaBHEHUE HEIMHEMHOM PErpecCHuH, TaK K€, KaK U B Cllyyae JIMHEHHOHU
3aBUCHMOCTH, JOMOJIHSIETCS MOKAa3aTelIeM TECHOTHI CBS3U. B maHHOM ciydae 3TO
WHJIEKC KOPPEIISIIUU:

2
GOCT

2
Gy

1 _\2
rIe 05 :EZ(y_ y) — o0lIas AUCHEpCHsl Pe3yJbTaTUBHOTO NpH3Haka Y,

2 _1 ?
O, = - Z( y— yx) — OCTaTOYHAs JTUCIIEPCHS.

BennunHa JaHHOTO MOKasaTens Haxomurcs B mpexenax: 0 < Py <1. Yem

Onm>ke 3HAuYeHUE HHACKCA KOppc/iouhn K CAUMHHUOC, TCM TCCHCC CBA3b
pacCMaTpuBACMBIX IIPU3HAKOB, TCM Ooiee HaJCKHO YPABHCHUC PCTPCCCHUM.
KBa):[paT HNHJACKCA KOPPCIIIUKN HOCHUT HAa3dBaHMWC MHACKCA JACTCPMHUHALIUMN U

XApPaKTCPU3YCT AO0JIO AUCIICPCHUH PC3YJIbTATHUBHOI'O IIPHU3HAKA y, O6T)SICHSI€MYIO

perpeccueit, B o01el JUCepCHH pe3yIbTaTUBHOTO PU3HAKA!

2 2
2 _ GOCT _ 0061);{0}1
Py =1——20F =2, (1.22)
Gy Gy

T.e. HMEeT TOT K€ CMBICI, YTO MW B JIMHEMHOM  pErpeccuu;

6361,;1@1 = %Z(yx - 7)2 :

2
WHpeke nerepMuHAauMM O, MOXHO CPaBHHBATH C KOI(QHUINCHTOM
2 N
perepmunanuu I, 11 0OOCHOBAHHSI BO3MOXKHOCTH IMPUMCHCHHUS JIMHCHHOM
2
¢ynkun. Yem Oospiie KpUBU3HA JTUHUHM PETPECCHUHU, TEM BEITUYMHA Iy MCHBIIC

2 .
Pyy- A OIM30CTH THX IOKa3aTeNeil yKashBacT Ha TO, YTO HET HEOOXOAMMOCTH

YCIOXKHATh (OPMY YpaBHEHUS PETPECCMU M MOXKHO HCIIOJIH30BaTh JIMHEWHYIO

byHKIHIO.
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I/IH,Z[CKC ACTCPMUHAINN HCIIOJIB3YETCA TJIA INPOBCPKHU CYHICCTBCHHOCTHU B

1IEJIOM YPaBHEHHMs perpeccuu 1o F -xpurepuro @uinepa:

,Ofy .n—m—l

F = >
1-py m

, (1.23)

rIe pfy — UHACGKC JeTepMUHAIMU, N — uuciao HaOmoaeHud, M — Yucio
mapaMeTpoB Ipu nepeMeHHoi X. daktuyeckoe 3Hauenue F -xpurepus (1.23)
CpPaBHUBAETCA C TAOJWYHBIM IPU YPOBHE 3HAYMMOCTH (f W YHUCIE CTENEHEH
cBoGoasl K, =N—m—1 (anst ocrarounoii cymmbl kBampatoB) u K, =M (mis
(haKTOPHOU CYMMBI KBaJIpaTOB).

O kaudecTBe HEJIMHEWMHOTO YPAaBHEHUS PETPECCUH MOKHO TAKXKE CYJIUTh U 110
CpenHel omulKe anmpoKCUMAallUU, KOTopas, TaK K€ KaK M B JIMHEHHOM ciyd4ae,
BbIuKCIsieTcs o gopmysie (1.8).

Paccmotpum npumep u3 naparpada 1.1, npeanonokuB, 4TO CBSI3b MEXKIY

IIPU3HAKAMU HOCHUT HEJIMHEMHBIM XapakTep, W HaWJIEeM IapaMeTphbl CIIEIYOIINX
HENMHEHWHBIX  ypaBHenmii: Y=a+Db-Inx+g, y= a+b-Jx+e wm
b
y=a-X -¢.
Jlnst HaXOXKIEHUS MapaMeTpoB perpeccun Y, = a+ b-InX nemaem 3ameny

Z =InX u cocrasnsem BenomorarensHyio Tabnuuy (£ =Y —Y, ).

Ta0muma 1.5
. 2
X A y z-y 72 y Y, & g? A
1 2 3 4 5 6 7 8 9 10 11
1 12 [ 0,182 | 09 | 0,164 | 0,033 | 0,81 | 0,499 | 0,401 | 0,1610 | 44,58
2 31 | 1,131 | 1,2 | 1,358 | 1,280 | 1,44 | 1,508 |-0,308 | 0,0947 | 25,64
3 53 | 1,668 | 1,8 | 3,002 | 2,781 | 324 | 2,078 |-0,278 | 0,0772 | 15,43
4 74 | 2001 | 22 | 4403 | 4006 | 484 | 2,433 |-0233 | 0,0541 | 10,57
5 96 | 2262 | 2,6 | 5881 | 5116 | 6,76 | 2,709 | -0,109 | 0,0119 | 4,20
6 11,8 | 2,468 | 2,9 | 7,157 | 6,002 | 841 | 2,929 |-0,029 | 0,0008 | 0,99
7 145 | 2674 | 33 | 8825 | 7,151 | 10,89 | 3,148 | 0,152 | 0,0232 | 4,62
8 18,7 | 2,929 | 3,8 | 11,128 | 8576 | 14,44 | 3,418 | 0,382 | 0,1459 | 10,05
Wroro | 71,6 | 15,315 | 18,7 | 41,918 | 35,035 | 50,83 | 18,720 | -0,020 | 0,5688 | 116,08
Cpemuee | a5 | 1914 | 234 | 5240 | 4379 | 635 - — 10,0711 | 14,51
3HAYCHUC
o — 10846 | 0,935 — — — — — — —
o2 — | 0,716 | 0,874 _ _ _ — — _ _

30




Haiinem ypaBHeHue perpeccunu:

_cov(z,y) 57240-1,914-2,34
0,716

b
o,
a=y—b-7=234-1063-1,914=0,305.

=1,063,

T.e. nomyuaem cienyrouee ypasHenue perpeccuu: Y, =0,305+1,063-Inx.
Tenepsp 3anonHseM cTonaoOIb! 8-11 Harnei TabIuIbL.
NHunexc koppensiuu HaxoauM 1o ¢opmyie (1.21):

O _ |y 00711
o 0,874

= 0,958,

2 .
a MHIOEKC JIeTEepMHHAIIUU =0,918, xotopsii mnoxazsiBaet, uyto 91,8%
Xy

BapuallMyl pe3yJbTaTUBHOIO TpHU3HAKa OOBSACHAETCS Bapualuuend NpU3HaKa-

dakTopa, a 8,2% NpUuxoaUTCsS Ha JOJIIO MPOUYHX (HaKTOPOB.

Cpenusts  oummbka annpoxcumanuu: A =14,51%, uyro wnemomycrumo
BEJIHKO.
F -xpurepuii ®uinepa:

Py n-m-1_ 0919 8-1-1

F = - -
1-p3 m  1-0919 1

= 68,07,

. =5,99.

3HAYUTEIIBHO MpeBblnaeT tadnuanoe F

N306pa3um Ha rpaduike UCXOHBIE TaHHBIE U JIMHUIO PETPECCUU:
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4,0
35
3,0-
25
20
154
104

0,5+

8 10
X
Puc. 1.6.

Jlis1 HaxOKIeHUs mapameTpos perpeccun Y, =a+b- \/; JEJIaeM 3aMEHY

Z= \/; M COCTABJIIEM BCIIOMOTaTeIbHYy0 Tabauiy (€ =Y —Y,).

Tabmuua 1.6
. 2 2

X z y Z-y z? y Y, & & A

1 2 3 4 5 6 7 8 9 10 11

1 12 | 110 | 09 | 099 | 12 | 081 | 0,734 | 0166 | 0,0276 | 18.46

2 31 | 1,76 | 1.2 | 211 | 31 | 144 | 1,353 | -0.153 | 0,0235 | 12.77

3 53 | 230 | 18 | 414 | 53 | 324 | 1,857 | -0,057 | 0,0033 | 3,19

4 74 | 272 | 22 | 598 | 74 | 484 | 2247 | -0,047 | 0,0022 | 212

5 96 | 310 | 26 | 806 | 96 | 6,76 | 2599 | 0,001 | 0,0000 | 0,05

6 118 | 344 | 29 | 996 | 11.8 | 841 | 2912 | -0,012 | 0,0001 | 0,42

7 145 | 381 | 33 | 1257 | 145 | 10,89 | 3.259 | 0,041 | 0,0017 | 1.20

8 18,7 | 432 | 38 | 1643 | 18,7 | 14,44 | 3,740 | 0,060 | 0,0036 | 1,58

Mroro | 716 | %5° | 187 | 6024 | 716 | 5083 | 18,700 | -0,001 | 00619 | 39,82

Cpemnee | goo | g5 | 234 | 753 | 895 | 6,35 - — 100077 | 4,98
3HAYCHUC

o — 171,00 | 0,935 - - - - - - -

o2 — | 1,00 | 0874 - - - - - - -

Haninem ypaBHEeHUE perpeccuu:
cov(z, 7,53-2,82-2,34
b SV(ZY) _ ~ 0,931
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a=y-b-7=2,34-0,931.2,82=-0,286.

T.e. momyuaeM cienyromee ypaBHenne perpeccun: Y, =—0, 286+0,931-\/; :

Tenepsp 3anonnseM cTonaoO1b! 8-11 Harnei TabIuIIb.

Nunexc koppemsiiuu Haxoaum 1o Gopmyie (1.21):

2
p = i _ [ 00077

2 — 0,996,
o’ 0,874

a WHIEKC JeTepMUHAIUU p2 =0,991, KOTOpBIA TOKa3biBaeT, 4to 99,1%
Bapuallid PpPe3yJbTAaTUBHOTO TIpU3HAKa OOBSCHAETCS Bapuanyeld mpu3HaKa-
daktopa, a 0,9% npUxXoAUTCS HA TOJIO MPOIHX (HaKTOPOB.

Cpennss  ommb6ka  annpokcumaman: A =0,0498-100% = 4,98%
MOKAa3bIBAET, YTO JIUHUS PETPECCUU XOPOIIO MPUOTMKAET UCXOIHbBIC JaHHbIE.

F -xputepuit Ouinepa:

- _ Py n-m-1_ 0991 8-1-1
1-p3 m  1-0991 1

=5,99.

= 660,67,

SHAYHUTCIILHO IIPCBLIIIACT TaOJIMYHOE FTa6J'I

I/I306pa31/IM Ha rpa(bmce HCXOOHBIC JaHHBIC U JIMHUIO PCTPCCCHUH:

4,0
35-
3,0-
25-
2,0-
151
1,0-

0,5
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JInd HaxoXIeHUs 1apaMeTpoOB PErpeccuu y:a-xb -& Heo0X0IuMo

ITPOBCCTHU €C JIMHCAPU3ALINIO, KAK OBLIO TTOKA3aHO BBIIIIC:

Y=A+b- X +E,

e Y =Iny, X =Inx, A=Ina, E=Ine.

CocraBnsiem BCIIOMOI'aTCJIbHYTO Ta6JII/IHy JJIs1 HpCO6p&30BaHHBIX JaHHBIX

Tabmuna 1.7
X Y | XY | X% | Y? Y, & & A
1 2 3 4 5 6 7 8 9 10
1 0,182 | -0,105 | -0,019 | 0,033 | 0,011 | 0,8149 | 0,0851 | 0,0072 | 9,46
2 1,131 | 0,182 | 0,206 | 1,280 | 0,033 | 1,3747 | -0,1747 | 0,0305 | 14,56
3 1,668 | 0,588 | 0,980 | 2,781 | 0,345 | 1,8473 | -0,0473 | 0,0022 | 2,63
4 2,001 | 0,788 | 1,578 | 4006 | 0,622 | 2,2203 | -0,0203 | 0,0004 | 0,92
5 2262 | 0,956 | 2161 | 5116 | 0,913 | 2,5627 | 0,0373 | 0,0014 | 1,43
6 2468 | 1,065 | 2,628 | 6,092 | 1,134 | 2,8713 | 0,0287 | 0,0008 | 0,99
7 2674 | 1,194 | 3193 | 7,151 | 1,425 | 3,2165 | 0,0835 | 0,0070 | 2,53
8 2929 | 1,335 | 3,910 | 8576 | 1,782 | 3,7004 | 0,0996 | 0,0099 | 2,62
Uroro | 15,315 | 6,002 | 14,637 | 35,035 | 6,266 | 18,608 | 0,0919 | 0,0595 | 3514
Cpennee | 4 914 | 0750 | 1.830 | 4,379 | 0,783 - - 0,0074 | 4,39
3HAUYCHUC
o 0,846 | 0,470 _ _ _ _ _ _ _
o2 0,716 | 0,221 _ _ _ _ _ - —
Haiinem ypaBHEHUE perpeccuu:
cov(X,Y) 1830-1,914-0,750
b= ( ) = =0,551,

2
Oy

0,716

A=Y —-b-X =0,750-0,551-1,914 = -0, 305.

T.e. momyuaem cnenyromee ypasHenue perpeccuu: Y x =—0,305+0,551- X .

ITocne noTeHIUpOBaHUSI HAXOAUM UCKOMOE YPaBHEHHE PETPECCUU:

y, =0,737 - X%,

Teneps 3anonHsieM cToa01b! 7-10 Haliel TaOIHILIbL.

Nunexc koppensiuu Haxoaum o ¢popmyse (1.21):
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2 .
a unuexc paerepmunanmu O =0,967, xoropeiii mokaseiBaer, uto 96,7%

Bapnalyu Ppe3yJIbTATUBHOI'O IIPpU3HAKA 00BsACHSACTCS BapI/IaHI/Ieﬁ IMpU3HaKa-

dakTopa, a 3,3% TpUXOAUTCS HA TOJTIO MPOYHX (PaKTOPOB.

Cpennsas ommo6ka armnpoxcumanun: A =4,39% mnokaseiBaet, 4TO IHMHUA

perpeccuu XopoIo NpuOImKaeT HCXOTHbIE JaHHbBIC.
F -kpurepuii Oumepa:

2

Py n-m-1_ 0967 8-1-1

F = ~ -
1-p3  m  1-0967 1

=175,82,

SHAYUTCIBbHO IIPCBBIIIACT TaOJIMYHOE FTa

. =5,99.

N300pa3um Ha rpadyke UCXOIHbIC JaHHBIE U JTUHUIO PETPECCUU:

4,0 -

3,5

3,0

2,5+

2,0 H

1,5

1,0 4

s+ +—1+

Puc. 1.8.
CpaBHHM TIOCTPOCHHBIC MOJICTH IO WHJACKCY IETEPMHUHAIIMU U CpeaHEH

omuOKe anmpoOKCHMAITUH:
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Tabmuna 1.8

M I/IHI[CKC ACTCPMUHAINH, CpeﬂHHﬂ OIIINOKA
ozae ~
S R® (rxi, ,Ofy) anmpokcuMaimu, A, %
JInHelHas MOIeIb,
0,987 6,52
y,=a+b-X
[Tomynorapudpmuueckas
MOJIEIb, 0,918 14,51
y, =a+b-Inx
Mojenb ¢ KBagpaTHBIM
0,991 4,98
Kopem, Y, =a+b- Jx
CreneHHast MOJICIID, 0.967 4.39
y — a . Xb . g 1) 1

Hanbonee Xopomio HCXOAHBIE JaHHBIE AaNMpPOKCUMHUPYET MOJENb C
KBaJIpaTHbIM KOopHeM. Ho B JaHHOM ciydyae, Tak KaK WHIEKCHI JCTEpMUHAIUU
JIMHENHOW MOJIENTA U MOJENM C KBaJpaTHBIM KOpHEM oTim4aroTcst Bcero Ha 0,004,

TO BIIOJTHE MOXXHO O0OHTHCH 00JIee TPOCTOM JIMHEHHOM (PyHKIIHECH.
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2. MHOKeCcTBeHHAasl perpeccusi U KOppeJsinus

[TapHas perpeccust MOXKET 1aThb XOPOLIMM PE3yJIbTAT IPU MOJCIUPOBAHUU,
eclii BIMSIHUEM Jpyrux (akTopoB, BO3ACHUCTBYIOMIMX Ha OOBEKT HMCCIEIOBaHUS,
MOXHO NpeHeOpeub. Eciu ke 3TUM BIUsSHUEM NpeHeOpeub HEeb3s, TO B 3TOM
cllydyae cleAyeT MOMBITaThCS BBIABUTH BIMUSHHUE APYTruX (PaKTOpOB, BBEIsS HX B

MOACJIb, T.C. IOCTPOUTDb YPABHCHUC MHO>KECTBEHHOM perpeccuu

y=f(X, X oy X)),
rae Y — 3aBucHMasi nepeMeHHas (pe3yNIbTaTUBHBIM NIPU3HAK), X; — HE3aBUCHMBIE,

WIN 0OBSACHSAIONINE, TIEPEMEHHbIE (TPU3HAKU-(PAKTOPHI).

MHOXeCTBEHHasl perpeccusi MMPOKO HUCIOJIb3YyeTCs B PELIEHUH NpoOsieM
CIpoca, JOXOJHOCTH aKUWW, IPU U3yYeHHH (PYHKIUU U3JIEPKEK MPOU3BOJCTBA, B
MaKpO’KOHOMHYECKUX pacyeTax U LEJIOM pslie APYTMX BOIPOCOB SKOHOMETPHUKH.
B Hacrosimiee BpeMsi MHOXKECTBEHHAs perpeccuss — OIMH U3 HauOoliee
pacIpoCTpaHEHHBIX METO/JOB B dKOHOMeTpUKe. OCHOBHAs LI€Ib MHOKECTBEHHOU
perpeccur — MOCTPOUTh MOJENb C OOJBIIMM YUCIOM (AKTOPOB, ONPEICINUB IPU
TOM BIIMSIHUE KaXJOr0 M3 HUX B OTAEIBHOCTH, a TaKXKE COBOKYIHOE HX

BO3JECHUCTBUE HA MOAECIUPYEMBIN ITOKA3aTEb.

2.1. Cnenuduxanus moaeau. OTéop pakTopoB npu NocTpoeHUn

YPaBHEHHsI MHOKeCTBEHHOIi perpeccun

[TocTpoenune ypaBHEHUSI MHOKECTBEHHOM PErpecCur HAYNHACTCS C PEIICHUS
Bompoca o cnernudukanuu mojaenn. OH BKITIOYaeT B ce0s JABa Kpyra BOIIPOCOB:
oT00p (pakTOPOB U BHIOOP BUA YPaBHEHUS PETPECCUU.

BxitoueHue B ypaBHEHHME MHOKECTBEHHOW PErPEeCCHH TOTO WIIM HHOTO
Habopa (aKTOpOB CBSI3aHO MPEXKIE BCETO C MPEACTaBICHHEM HCCIEIOBATENsS O
MPUPOE B3aMMOCBSI3U MOJCIUPYEMOTO TOKa3aTessl ¢ APYTUMH YKOHOMUYECKHUMHU
sBIcHUSIMU. DaKTOphI, BKIIOYAEMbIE BO MHOXKECTBCHHYIO PETPECCHIO, IOKHBI

OTBEYATh CIEAYIOIINM TPEOOBAHUSIM.
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1. OHHM JODKHBI OBITH KOJWYECTBEHHO HM3MEpUMBbI. Eciin HeoOXoamMo
BKJIFOUUTh B MOJIEIb KAYECTBEHHBIN (DaKTOp, HE HMMEIOIINN KOJUYECTBEHHOTO
U3MEPEHHsI, TO €My HYKHO MPHUIaTh KOJTUYECTBEHHYIO ONIPEICIICHHOCTb.

2. @®akTopbl HE JOJDKHBI OBITh WHTEPKOPPEIUPOBAHBI U TeM Oojee
HaXOJHUTHCS B TOUHOUN (PYHKIIMOHATHHOMN CBSI3H.

Bxurouenne B Mojienb (DaKTOPOB € BBICOKOW HHTEPKOPPEISIHEH, MOXKET
MIPUBECTH K HEKEIATEIBHBIM ITOCIICICTBUSAM — CHCTEMa HOPMAJbHBIX YPaBHCHHM
MOJKET OKa3aThCs TIOXO OOYCJIOBIEHHOW W TIOBIIEYh 3a COOOW HEYCTOMYMBOCTH H
HEHAJISKHOCTh OIEHOK KOA((DHUIIMEHTOB PErpecCuH.

Ecmm Mexny (akTtopamMu CymiecTByeT BBICOKAs KOPPEIALHS, TO HEJb3s
OTIPEICTUTh WX W30JIMPOBAHHOE BIMSHUE Ha PE3YJIbTaTUBHBIN TOKa3aTelnb |
napaMeTphl ypaBHEHUS PErPECCHN OKA3bIBAIOTCS HEMHTEPIPETUPYEMBIMH.

BrirouaeMbie  BO  MHOXECTBCHHYIO  perpeccuio  (DakTOpbl  JOJKHBI
OOBSICHUTh BapHalMi0 HE3aBHUCHUMOHN TmepeMeHHOW. Ecimm cTpouTcst Monmensb ¢

HabopoM M (akTopoB, TO AJIsI HEE PACCUMTHIBACTCS MOKa3aTeNlb JETCPMUHAIIUU

2 o o
R ,  KOTOPBIA (1)I/IKCI/IpyeT JOJIIO 00BICHEHHOU Bapualyuu pe3yJIbTATUBHOI'O

IpHU3HAKa 33 CYET pacCMATPUBAEMBIX B perpeccud M ¢pakTopos. BiusiHue Apyrux,
2 y
HE YYTEHHBIX B MOJeIH (pakTopoB, oneHuBaercs kak 1— R” ¢ coorBeTcTByromei

y . Q2
OCTaTOYHOM aucrepcueit S°.

[Ipy JONONHMTENBLHOM BKIIOUEHMH B perpeccmo  M+1  dakropa
KO3()(PUIMEHT JETEPMUHALMU JOJDKEH BO3pacTaTh, a OCTATOYHAs AUCIEPCHS

YMCHBIIATBHCA:

Rr$1+1 2 Rr121 n Sr121+1 < Sri
Ecmu xe »Toro He IMPOHUCXOAUT W AJAHHBIC IIOKA3aTCIM IIPAKTHYCCKH HC
OTJIMYAIOTCS APYT OT APYra, TO BKJIIOYAEMBbIH B aHann3 (paktop X..,, HE yIydllaeT
MOZACJDb U IIPAKTUYCCKHU ABJIACTCA JIMIITHUM (I)aKTOpOM.

HaCBIH_IeHI/Ie MOACIN JIMIITHUMH Q)aKTOpaMI/I HE TOJBKO HE€ CHHXACT

BCIIMYHNHY OCTATOYHOU JAUCIICPCHHU N HC YBCIMYHBACT IMOKA3aTCJIb ACTCPMUHALINY,
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HO ¥ TPUBOJUT K CTAaTUCTUYECKONW HE3HAYMMOCTH MapaMeTpOB PETPECCHH II0
kputeputo CTbIOJIEHTA.

Takum 00pa3zoMm, XOTSI TEOPETHUECKH PErpPEeCCHOHHAs MOJENb IO3BOJSET
YUYeCTh JTI000€ Yuciio (aKTOPOB, MPAKTHUECKU B 3TOM HET HeoOXxoaumocTu. OTéop
(bakTOpOB MPOU3BOJUTCS HA OCHOBE KAYECTBEHHOI'O TEOPETUKO-PKOHOMHYECKOTO
aHanu3a. OJHAKO TEOPETUYECKHM aHaiu3 4YacTo HE TO3BOJISIET OJIHO3HAYHO
OTBETUTh Ha BOMPOC O KOJMYECTBEHHON B3aWMOCBS3U pPacCMaTPUBAEMBbIX
MPU3HAKOB U 11€JIECO00pa3HOCTU BKItOUeHUs (akTopa B Mojelb. [loaromy oTOOp
(bakTOpoB OOBIYHO OCYIIECTBIISIETCS B JIBE CTAJMU: Ha TEPBOM MOAOHMparOTCS
(bakTophel MCXOJ W3 CYIIHOCTU MPOOJEeMbl; Ha BTOPOM — HA OCHOBE MAaTpPHUIIbI
noKa3aTesel KOPPessIiuy ONPEIEISIIOT CTATUCTHKY JJISl TApaMETPOB PETPECCHH.

KoadpunmenTs WHTEPKOPPEIALNU (T.e. KOppeJALun MEXKITY
OOBSCHAIONIMMHU  TEPEMEHHBIMU)  TO3BOJIAIOT  MCKJIIOYaTh M3 MOJIEIH

I[Y6J'II/Ipy1-OIHI/IC (1)aKTOpI>I. C‘-II/ITaeTCH, 4TO ABC IICPCMCHHBIC SIBHO KOJIJIMHCAPHEIL,

T.e. HAXOIATCA MEXIy coOOM B JIMHEWHOW 3aBUCUMOCTH, ecid [, >0,7. Ecu
i

(bakTOphl SIBHO KOJUIMHEApHBI, TO OHU AyOIUpPYIOT APYr Apyra W OAWUH W3 HHX
PEKOMEHIyeTCSl MCKIIFOUUTh U3 perpeccuu. lIpenmnourenue npu 3ToM oTAAETCS HE
dakTopy, 0oJjiee TECHO CBA3aHHOMY C PE3YyJbTAaTOM, a TOMY (PaKTOpy, KOTOPBIH MPH
JIOCTATOYHO TECHOM CBSI3U C PE3YJIbTATOM MMEET HAUMEHBIIIYI0 TECHOTY CBSI3H C
apyrumu  (aktopamu. B »sTOM  TpeboBaHMM  MpOSBISETCA — crieLM(UKA
MHO>XECTBEHHOM  pErpeccMM Kak METOAA MCCIEIOBAaHUS  KOMIUIEKCHOTO

BO3/ICHCTBUS (PaKTOPOB B YCIOBUAX UX HE3aBUCUMOCTH JIpYT OT Apyra.
IlycTte, Hampumep, @IpU H3YYEHUH 3aBUCHUMOCTH Y = f (Xl, X5, X3)

MaTpHIla MapHBIX KOI(PPHUIIMEHTOB KOPPETAINHA 0Ka3a1ach CICTYIOICH:

Tabmuma 2.1
y X, X, X;
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
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OueBuaHO, 410 (pakTopel X, M X, Ayomupyroor apyr apyra. B anamms
1eJecoo0pa3Ho BKIIOYUTH (GakTop X,, a He X;, XOTd Koppeminuia X, ¢

pe3yabTaToM y cmabee, dYem  Koppensamus  ¢dakTopa X ¢ y
(ryXZ =0,7<r,, = 0,8), HO 3aTO 3HAYUTENHbHO ciabee  Mex(paKTOpHas
xoppemsius I, = 0,2< M =0,5. I[TooTOMy B HaHHOM CIly4a€ B YPaBHEHHE

MHOKECTBEHHOMN PETPECCUU BKIIIOYArOTCs (akTophl X,, X, .

[To BenuurHe mapHbIX KOAP(HUIIUEHTOB KOPPEISIIIMU OOHAPY>KUBACTCS JIUIIIb
sBHAsl KOJUTMHEApHOCTh (pakTopoB. Hambonplime TpyAHOCTH B HCIOJIb30BAHUU
anmapata = MHOXKECTBEHHOW  PErpecCMM  BO3HUKAOT  NpU  HAJIUYUH
MYJIbTUKOJIJIMHEAPHOCTH (HakTOpoB, Korga Oosee uyeM jBa (hakTopa CBSI3aHbBI
MeXIy CcoOOH JMHEHHON 3aBUCUMOCTBIO, T.€. HMMEET MECTO COBOKYITHOE
Bo3JeiicTBUE (DaKTOpOB JApyr Ha JApyra. Hamuume MyJIbTHUKOJIIMHEAPHOCTU
(bhakTOpOB MOKET 03HAUATh, UYTO HEKOTOPbIE PaKTOPhI OyayT BCerAa NEHCTBOBATH B
yHUCOH. B pe3ynpraTe Bapuanmusi B HCXOJHBIX JIAaHHBIX [E€PECTaeT ObITh
MOJIHOCTHIO HE3aBHCUMON W HEJb3S OLIEHUTH BO3JEHCTBHE KaXXI0ro (akTopa B
OTJICIBHOCTH.

BxutoueHne B Mojienb MYJbTUKOJUIMHEAPHBIX (PaKTOPOB HEXKENAaTEIbHO B
CHITY CIIEAYIOIIUX TTOCIICICTBUM:

1. 3aTpyaHsieTcss  MHTEpHpeTalnuss  [MapaMeTpoB  MHOKECTBEHHOM
perpeccuu Kak XapaKTepUCTHK JeHCTBUS (AKTOPOB B «UHCTOM» BHUIE, HOO
(bakTOpbl  KOppeIMpOBaHBI; MapaMeTpbl  JIMHEWHOH  perpeccud  TEpsIoT
AKOHOMUYECKHUN CMBICI.

2. OueHkn mapamMeTpoB  HEHAAECKHBI, OOHAPYKUBAIOT  OOJbIIME
CTaHJapTHhIE OIIMOKM M MEHSIOTCS C H3MEHEHHEeM oObeMa HabmoaeHuiu (He
TOJIbKO TIO0 BEJIMYMHE, HO W MO 3HAKYy), YTO JEJNaeT MOJENb HENPUTOJHOW Iis

aHaJIn3a U IMPOTHO3UPOBAHHAL.
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JIJIst OIeHKH MYyJIbTHUKOJUIMHEAPHOCTH (PAKTOPOB MOKET HCIIOIh30BATHCS
OTIPENICNUTENIb ~ MATPHUIlBl MApHBIX  KOY(PQOUIIMEHTOB  KOPPEIAIHUA  MEXKITY
dhaxkTopamu.

Ecnu Ob1 akTOphl HE KOPPETUPOBATU MEKIY COOOM, TO MaTpUIlA TAPHBIX

K03 GUIIMEHTOB KOppesui MeXay (hakTopaMu Oblia Obl €TUHUYHOW MaTpPUIICH,

IIOCKOJIbKY BCC HEJMAroHaJIbHBIC 3JICMCHTHI I, . (i # j) ObLIIM OBl PaBHBI HYJIIO.
i%]
TaK, I ypaBHeHI/Iﬂ, BKJIIFOYAKOIICT O TpI/I 06’[>$ICH$IIOH_[I/IX HepeMeHHBIX
y=a+bx +b,Xx, +b,x,

MaTtpuiia Kod(pGUIMEHTOB Koppensuuu Mexay (akropamu uMena  Obl

OIIpCACINTCIIb, paBHLIﬁ CANHUIIC:

XX rxlxz rx1x3 1 O O
DetR=|r,, T, hx/={0 1 0=1
0 01

rX3 X1 rX3 Xo rX3 X3
Ecnu ke, HaoOopoT, Mexay ¢akTopamMu CYIIECTBYET MOJIHAs JIMHEHAas
3aBUCUMOCTh M BC€ KOI(PPUIIMEHTHI KOPPEJSIIIUU  pPaBHBI  €IMHUIIE, TO

OIIPpCACINUTCIIb TaKOU MaTpHIbI PaBCH HYJIIO!:

I‘-Xlxl rxlxz rX1X3

DetR=|r,, T .| =

XoXo XoX3

= = =

1 1
1 1=0.
rX3X1 rx3x2 rX3X3 11
Yewm Ommke K HYJTIO OMPEACIUTEh MATPHUITEI MEK(PAKTOPHOU KOPPEISITIH,
TEM CHJIbHEEC MYJIbTUKOUIMHEAPHOCTh (DAKTOPOB W HEHANEKHEE PEe3yIbTaThl
MHOKECTBEHHOU perpeccuu. U, HaobopoT, yeM Omke K €IUHULIEC ONPEACIIUTEh
MaTPHUIBl MEXK(AKTOPHON KOPPEISIIIUN, TEM MEHBIIE MYJbTHKOJTMHEAPHOCTh
(bakTopoB.
CymiecTByeT ps TMOJXOJOB TMPEOJOJICHHUS] CHJIBHOM MEXK(PaKTOPHOU
koppensaaun. CaMblil TPOCTOH MyTh YCTPAHCHUS MYJIbTHKOJUTMHEAPHOCTH COCTOUT

B MCKIIFOUCHHH W3 MOJIEIHM OJHOTO WJIM HECKOJbKHUX (akTopoB. [pyroit momaxon
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CBsI3aH C mpeoOpazoBaHueM (AKTOPOB, MPU KOTOPOM YMEHBIIIAETCS] KOPPEISITUS
MEXy HUMH.

OanuMm M3 myTed ydera BHYTpPEHHEH Koppeisuuu (akTopoB SIBISETCS
Mepexo/i K COBMEIICHHBIM YPaBHEHUSIM PETPECCHUH, T.€. K YPAaBHEHUSIM, KOTOpPbIC

OTPa)kaloT HE TOJILKO BJIMSAHME (DAKTOPOB, HO M MX B3auMojeckcTeue. Tak, ecnm
y= f(Xl, X5, X3), TO BO3MOXXHO IIOCTPOCHHE CJICIYIOIMIETO COBMEIICHHOTO

YpaBHECHHUS:
y=a+bXx +b,X, +0b,X; +0,X X, +D X X, + DX X, + €.

PaCCManI/IBaCMOC YPaBHCHHUC BKIIIOYACT BSaHMO,HCfICTBHG IICPBOT'O IIOPAAKA
(B3ammopeiictBue JByX (akTopoB). Bo3MOXHO BKIIOUEHHE B MOJEIb U
B3aMMOJICUCTBUN 0o0Jiee BBICOKOTO TMOpsJKa, €ciIu OyJdeT JoKa3aHa HuX
CTAaTUCTHUYCCKAsd 3HAYHUMOCTH IIO F -KPpUTCPHIO CDI/IIHepa, HO, KaK IIpaBHIIO,
BBaHMOﬂeﬁCTBHH TpeTLero n 60.]'[66 BBICOKHX HOp)II[KOB OKa3bIBAOTCA
CTAaTUCTHUUYCCKU HC3HAYUMBbIMMU.

OT60p (1)aKTOpOB, BKIIOYAaCMbIX B PCTPCCCHIO, ABJIACTCA OIHHUM U3
BEI)KHCIZHIPIX 3TaIlOB HpaKTI/I‘-I€CKOFO HUCIIOJB30BaHUA MECTOIOB perCCCI/II/I.
IToxxonpl kK 0T60pY (haKTOPOB HAa OCHOBE IOKa3aTelied KOPPEISIIIUA MOTYT OBITh
pasHple. OHU TPUBOIAT IOCTPOCHUE YPABHEHUS MHOKECTBEHHOW pErpeccuu
COOTBCTCTBCHHO K paBHBIM METOOUKaM. B 3aBUCHUMOCTH OT TOI'O, Kakasa METOAHNKA
HOCTpOGHI/Iﬂ ypaBHeHI/IH perpeccm/l HpI/IHSITa, MCHJICTCA aJ'IFOpI/ITM cC peHIeHI/IH Ha
OBM.

HaH60J1ee HII/IPOKOG HpI/IMeHeHI/Ie HOJ'IyLII/IJ'II/I CHG,Z[YIOHII/IG METOAbI

MIOCTPOCHUSI YPABHEHHSI MHOKECTBEHHOM pPErpeECCUu:

1. Merton uckiiroueHus — 0TceB (PAKTOPOB U3 MOJHOTO ero Habopa.

2. Merton BKIIFOUEHUS — JOTIOJIHUTEIIBHOE BBEJIeHHUE (paKTOopa.

3. [ITaroBeIii perpeCCUOHHBIN AaHAIN3 — UCKIIFOYEHUE paHee BBEICHHOIO
(daxTopa.

[TIpu otGope ¢hakTOpoB TakKe PEKOMEHIYETCS TOJb30BAThCS CIEAYIOIIUM

MPaBUJIOM: YHMCJIO BKJIIOYaeMbIX (haKTOpOB OObIYHO B 6—7 pa3 MeHblle o0bema
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COBOKYNHOCTH, IO KOTOpPOW cTpouTcs perpeccus. Eciaum 3TO COOTHOLIEHHE
HaApYIICHO, TO YHCIIO CTENeHel CBOOOAbI OCTaTOUYHOM IHUCIIEPCUU OYE€Hb Majo. JTO
OPUBOJUT K TOMY, 4YTO NIApaMeTpbl YpPAaBHEHHUS PETPECCHH  OKa3bIBAKOTCS

CTaTUCTUYCCKHN HC3HAYMMBbIMH, a F -KpI/ITCpI/Iﬁ MEHBIIIE TAOJUIHOIO 3HAUCHHS.

2.2. Metoa naumenbmux kpaaparos (MHK).

CsoiicTBa onieHOK Ha ocHoBe MHK

Bo3MOXHBI  pa3Hble BHUIbl YPABHEHHM MHOXECTBEHHOM PErpECCUM:
JIMHENHBIC U HEJIMHEHHBIE.
BBugy derkoil  MHTEpHpeTauuyd  [apaMeTpoB  HaumboJjiee  IIUPOKO

UCIIONIb3yeTCsl JuHEHHas (yHKUMs. B JIMHEWHONW MHOKECTBEHHOW perpeccuu

y,=a+ blx1 + b2 Xy +...+ bm X nmapaMeTphl pu X Ha3bIBAIOTCS

KO3 PUIUEHTaMH «9UCTOI» perpeccuu. OHU XapaKTepU3YIOT CpeHEE U3MEHEHHE
pe3ynbTata C U3MEHEHHUEM COOTBETCTBYIOUIETO (akTopa Ha €AMHMIYY IpHU
HEU3MEHEHHOM 3HAUEHUH JIPYruX (PaKTOpOB, 3aKPEIJICHHBIX HA CPETHEM YPOBHE.

PaccmoTpum nMHENHYI0 MOJIETTE MHOKECTBEHHOM PETPECCHA
y=a+bx +bXx, +..+b X +¢. (2.1)
Knaccuuecknii moaxoa K OLECHUBAHUIO MMAPAMETPOB JMHEWMHOW MOJIEIU
MHOYKECTBEHHOM perpeccuyd OCHOBaH Ha MeToj¢ HauMeHbImnX kBaapaToB (MHK).
MHK mno3BoJsii€T MOJy4YuTh TAKWE OLIEHKH IMapaMeTpoOB, MPU KOTOPBIX CymMMa

KBaIpaTOB OTKJIOHEHHH (PaKTHUECKUX 3HAYEHUI Pe3yJIbTaTUBHOTO MpHU3HAKa Y OT

paCUYCTHBIX y MUWHHUMAJIbHA:
2 -
Z(yi -y, ) — min. (2.2)
i
Kaxk n3BectHO M3 Kypca MaTEMaTH4YCCKOI0 aHajin3a, IJIs1 TOro I—ITO6I)I HalTH
9KCTPEMYM CI)YHKHI/H/I HCCKOJIbBKUX IICPCMCHHBIX, HAJAO0 BbIYMCINTH 4YaCTHEIC
IMPOU3BOAHBIC IICPBOTO IOPAAKA IIO0 KAXKJAOMY M3 MAapaMCTPOB U IMPHUPABHATL UX K
HYJTIO.

Urak. Umeem Gpyrkuuo M+1 aprymenra:
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S(a, by, by, ., by) =D (y—a-bx —b,x, —..—b,x,)

HaXOI[I/IM YAaCTHBIC IIPOU3BOIHLIC IICPBOI'O IIOPAAKA:

0S

& 2% (y-a -tk bx,) =0

[Tocne snemMeHTapHBIX MPeoOpa3oBaHUN MPUXOAUM K CHUCTEME JMHEUHBIX
HOPMAaJIbHBIX YPaBHEHUW [JIi HAXOXKICHUA MapamMeTpPOB JIUHEHHOrO YpPaBHEHUS

MHOYECTBEHHOM perpeccud (2.1):

(na+b > % +b,> %, +..+b, > X, =Dy,
< aY X +b D X b, > XX, + by D XX, =Dy, 23

A X, +B ) XX+, D X+ b D X2 = yx
TUst TBYX(hAKTODHOM MOJICITH TAHHAS CHCTEMA GYJIET UMETh BHIL:

na  +b Y x +bD>x, =Dy,

aY x+b > X +0,> XX = yx,

A X% +D D XX+, X5 =D yx,.

Meron  HaMMEHBIIMX  KBagpaTOB NPUMEHUM M K  YPaBHEHHUIO

/.

MHOKECTBEHHOM PEerpeccuy B CTAaHIapTU3UPOBAHHOM MacIiTade:

t, = ,6’1tx1 + ﬂtiZ + ot ﬁmtxm + &, (2.4)
_ Y-y
TIe ty, txl’ ey '[Xm —  CTaHJapTU3MPOBAHHBIC IIE€PEMCHHBIC: '[y =
o,
X % .
t, = , Ul KOTOPBIX CpeaHee 3HAa4YCHHE pPaBHO HYJIIO: '[y =1 =0, a
1 0 1
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Cpe/IHee KBAIPATHYECKOS OTKIOHEHHE PABHO CIMHHMIE: Of = Oy =1, B -
1

CTaHJAPTU3UPOBAHHBIE KOAPPUIIUEHTHI PErPECCUU.

CrangapTuzoBaHHbBIE KO3(PPHUIIMEHTbI PETPECCUM MOKAa3bIBAIOT, Ha CKOJIBKO
CIMHHLl M3MEHHUTCSA B CPEIHEM PE3yJbTaT, €CIU COOTBETCTBYIOIIMHU (GakTop X

HU3MCHHUTCA Ha OAHY CAWHHUIOY IIpU HCHU3MCHHOM CpPCAHCM YPOBHC IOpPYIrux

dakTopoB. B cuiy TOro, 4to BCe MEpEeMEHHBIE 3aJlaHbl KaK IICHTPUPOBAHHBIC W
HOPMHPOBAaHHBIE, CTaHIAPTH30BaHHbIe KOd(hduimeHTsl perpeccun [ MOXHO

CpaBHHUBaTh MEXIy co0oil. CpaBHUBAs MX APYT C APYTOM, MOXXHO PaHXHPOBATh
(bakTophI MO culie UX BO3JCUCTBUS Ha pe3yibTaT. B 3TOM OCHOBHOE JOCTOMHCTBO
CTaH/JAPTU30BAHHBIX KO3(P(MULIHUEHTOB PErPECCUU B OTIIMYUE OT KOA(DPUIMEHTOB
«YHUCTOI» perpeccuu, KOTOpble HECPABHUMBI MEKY COOOM.

[Ipumensis MHK K  ypaBHEHHMIO MHOXKECTBEHHOM  perpeccud B
CTaHJAPTU3HUPOBAHHOM MAcCIITa0e, MOJYYHMM CHUCTEMY HOPMAJIbHBIX YpaBHEHHI

BHUJIA

-

Ifyxl :ﬂl +ﬂ2rxlx2 +ﬁ3rxlx3 +"'+ﬁmrx1xm’

Ifyxz = ﬁlrxlxz + :82 + ﬂBrx1x3 ..t ﬂm Ifxlxm ! (2 5)

\ryxm = ﬂlrxlxm +ﬂ2rx2xm +ﬂ3rx3xm ..t m?

rae I, u I, — Kod3hdHUIHCHTHI NAPHOH 1 MEK(DAKTOPHON KOPPEIISIIHHL.
i i%j
KoabduuuenTs! «anctoii» perpeccuu D, cBs3aHbI cO cTaHIAPTU30BAHHBIME

Koo duireHTaMu perpeccud f; cieayomum o0pasom:

bi = ,Bi - (2.6)

(o}

O-y
X

[ToaTOMY MOXHO NEPEXOAUTH OT YPAaBHEHUSI PETPECCHMU B CTAaHIAPTHU30BAHHOM

Macitade (2.4) Kk ypaBHEHHIO PErpecCHH B HATYypallbHOM MaciiTade rnmepeMeHHBIX

(2.1), npu sTOM Mapametp @ ompexensercs kak =y —bX —b,X, —...—b_X .
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PaccMoTpeHHBI CMBICT CTaHAAPTU30BAHHBIX KOI(PPUIIMEHTOB PErpecCHU

MMO3BOJBICT UX HUCIIOJIB30BATH IIPU OTCEBC q)aKTOpOB — U3 MOACIIN HCKIIOYarOTCs

(haKTOpBI ¢ HANMEHBIITUM 3HAYCHUEM ﬂi :
Ha ocHoBe 1uHEHHOTr0 YpaBHCHUA MHO>XECTBEHHOM perpeccun
y=a+bx +b,Xx, +..+b.x +¢ (2.7)

MOTYT OBbITh HAalJIEHbl YACTHBIC YPABHEHUS PETPECCUU:

-

yxl-xz,x3,...,xm = f(xl)’
yxz-xl,xs,...,xm = f(XZ),

Lyxm-xl,xz,...,xm_l = f (Xm )’

T.€. YPaBHEHHSI PErPECCHH, KOTOPBIC CBS3bIBAIOT PE3YyJIbTATUBHBIA NpPHU3HAK C

(2.8)

COOTBETCTBYIOIIMM (aKTOpPOM X; IPH 3aKPEIJICHUU OCTaJIbHBIX (PAKTOPOB Ha
cpeaHeM ypoBHe. B pazBepHyTOM Buje cucteMy (2.8) MOXKHO Iiepenucarh B BUJIE:
ywﬂwhza+q&+@@+@&+m+mM+a

yWW%M:a+QE+@@+Q&+W+m&+a
<

\ﬁm&ﬁﬁza+QE+@E+Qﬂ+m+mM+a

[Ipy moacTaHOBKE B 3TH YPAaBHEHUS CPEIHMX 3HAYEHUU COOTBETCTBYIOLINX

(akTOpOB OHU MPUHUMAIOT BUJ MApPHBIX YpPaBHEHUW JIMHEWHOW perpeccuu, T.e.

HMCEM
yX]_'X2,X3,...,Xm = A + blx:I.’
yxz-xl,x3,...,xm = AZ + bZXZ’ (29)
kyxm~x1,x2,...,xm,1 = Aﬂ + bmxm’
rac
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(A =a+bX,+bX +..+b X_,

(A, =a+bX +b,X, +b,X, +...+b X

B omimnune oOT mDapHOW pPErpeccHr YacTHbIE YPAaBHEHHS PETPECcCUU
XapaKTepU3yloT HW30JUPOBAHHOE BIMSHUE (akTOpa HAa pe3ysbTar, U00 Ipyrue
(bakTophel 3aKperyieHhl Ha HEU3MEHHOM YpoBHE. OD(QEKThl BIUSHUS IPYTUX
GbakTOpoB  NPHUCOETUHEHBI B HUX K CBOOOJHOMY 4JIEHY YypaBHEHHS
MHOYKECTBEHHOM pEerpeccuu. OTO MO3BOJSET HAa OCHOBE YACTHBIX YpPAaBHEHUH

perpeccuu onpenesaTh YaCTHbIC KOG PUITMEHTHI AIACTUYHOCTH:

2, =b - % , (2.10)

yXi'Xlrxz e X1 XL Xm

rae . — koopdunment perpeccuu s GakTopa X. B ypaBHEHMH MHOXECTBEHHOM

perpeccuut, Y, o oo — YaCTHOE YpaBHEHUE PETPECCUM.

i+ Xm
Hapsiny ¢ yactHpIME KO3 dUTTMEHTaMU STTACTUYHOCTHA MOTYT OBITh HalICHBI

Cp€aHunC 110 COBOKYITHOCTH ITOKA3aTCIN 3JIaCTUIHOCTHU:

I |_><|

D =b -, (2.11)

<

X
KOTOpbIE MOKA3bIBAIOT Ha CKOJBKO MPOLEHTOB B CPEAHEM HM3MEHUTCS pe3ysbTarT,
Ipyu M3MEHEHUM COOTBETCTBYIomero (akropa Ha 1%. Cpemnue mnoxaszatenu
AIACTUYHOCTH MOKHO CPaBHUBATh APYT C IPYTOM M COOTBETCTBEHHO PAHKUPOBATh
(akTOphI MO CHJIE UX BO3JICHCTBUS Ha pe3yybTar.

PaccMoTpuM mpumMep” (I71st COKpaIeH s 00beMa BBIYHCIICHHI OrPaHHIMMCS
TOJIBKO JiecaThio HaOmoaeHusmu). IlycTp uMeTCs clenyroumme AaHHbIE

(YycioBHbBIE) O CMEHHOH n00blue yrisi Ha oxHOro pabouero Y (T), MOUIHOCTH

wiacta X, (M) 1 ypoBHE MexaHu3auuu padoT X, (%), XapakKTepHU3yIOILIHE MPOLECC

no0brun yrist B 10 maxrax.

4 JanHble npuMepa B3AThI U3 [5]
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Tabmuna 2.2

N | 1 | 2 3 [ 4 | 56 | 78] 910
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

IIpennonaras, 4ro Mexay nepeMeHHbIMU Y, X, X, CyIIECTBYET JIMHEHHAS

KOppEIALMOHHAs 3aBUCUMOCTb, HalIeM ypaBHEHUE perpeccun Y mo X, u X, .

Hns  ymoOcTBa  JaJbHEHINIUX  BBIYMCIGHUM  COCTaBlIIeM  TaOJuUIly

(e=YyY-Y,)
Tabnuua 2.3
Ne X, X, y X12 Xz2 y2 XX | XY | XY Y« &
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 35 | 5,86 | 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 45 20 | 561 0,377
9 8 | 5 | 6 | 64 | 25 | 36 40 48 30 | 513 | 0,762
10 12 | 7 8 | 144 | 49 | 64 84 96 56 | 9,28 | 1,631
Cymmva | 94 | 63 | 68 | 908 | 417 | 496 | 603 | 664 | 445 | 68 | 6,329
Cpemice | g, | 63 | 68 | 908 | 41,7 | 496 | 603 | 664 | 445 | - -
3HA4YCHHUC
o2 | 244(201(336| - | - | - _ _ _ _ _
c 156 | 142 183 | — | — | = - — . - -

JInsi HaxoXJIeHUs TNapaMeTpOB YpPAaBHEHHSI PErpeccUd B JAHHOM Cllydae

HEO0OXOMMO PEIIUTH CIAEAYIONIYI0 CUCTEMY HOPMAJIbHBIX YPaBHEHUH:

10a +94b, +63b, =68,
94a +908b, +603h, = 664,
63a+603b, +417b, = 445.

Otkyma momydaem, uro a=-3,54, b =0,854, b,=0,367. Te.

MOJIYYWIIH CIEAYIOIIEE YPABHEHNE MHOKECTBEHHOM PErPECCHH:
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y, =—3,54+0,854- %, +0,367-X,.
OHO TNOKa3pIBAacT, YTO IIPU YBEIMYCHUHU TOJBKO MOLIHOCTH Iutacta X, (mpwm
HEU3MEHHOM X,) Ha 1 M nmoOpl4a yrias Ha OJHOrO pabo4ero Y yBEIUYUTCS B
cpennem Ha 0,854 T, a IpH yBEJIMYEHHUU TOJNBKO YPOBHS MEXaHM3alUUH padoT X,

IIpy Hen3MeHHOM X, ) Ha 1% — B cpennem Ha 0,367 T.
(p 1) p

Haﬁ,Z[CM YpPaBHCHHC MHO>KE€CTBECHHOU perpeCCui B CTAHAAPTU30BAHHOM

maciiraoe:
ty = ﬂltxl + ﬂthz +é,

IIPU 3TOM CTaHAAPTU30BaHHBIE KOA(PPUIMEHTHI perpeccun 0y1yT

b= =0,854- @—0728
Gy 1,83
1,42
=D, =0,367-—=0,285.

y 1

T.e. ypaBHEeHUE OyA€T BBITTIAAETh CACAYIOUM 00pPa3oM:
t, =0,728-t, +0,285-t,

Taxk xak craHzapTu3oBaHHbIE KOI(DPUIMEHTHI PETPecCUH  MOKHO
CpPaBHUBATh MEXIY CO0Oi, TO MOKHO CKa3aTh, YTO MOUIHOCTH IJIACTAa OKa3bIBAECT
OoJblIee BIMSIHUE HA CMEHHYIO I0OBIYY YIJIA, YEM YPOBEHb MEXaHU3ALUH PadOT.

CpaBHuBaTh BiIusiHUE (AKTOPOB HA PE3yJIbTAT MOKHO TaKX e MpPU IOMOIIU

cpelHUX KO3(p(UIMEHTOB 3acTUYHOCTH (2.11):

D =b-

;<||><|

Breraucnsgem:

3, =0,854- 9—4—118 2, =0,367- E—034
6,8 8

1 1
T.e. yBenuueHue TOJIBKO MOLIHOCTH I1acTa (OT CBOETO CPEIHETO 3HAUCHUS)

WM TOJBKO YPOBHSI MeXaHu3aIuu padboT Ha 1% yBeIMYMBaET B CPETHEM CMEHHYIO
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no6eruy yrna Ha 1,18% wmm  0,34% coorBercTBeHHO. Takum 00pasom,

HOJTBEpKAAETCs OoJiplliee BIMSHUE HA pe3ynbrar Y ¢akropa X,, yeM Qakropa

X2-

2.3. IIpoBepka cynecTBeHHOCTH (haKTOPOB

H IMMOKA3aTECJIN KaYeCTBa PErpecCumn

[IpakTyeckass 3HAYMMOCTb YPAaBHEHUS MHOXECTBEHHOM pErpeccuu
OLICHMBAECTCA C IOMOIIBI ITOKA3aTENs MHOXXECTBEHHOM KOPPEIALMU U €ro
KBaJipaTa — IoKa3aTesl 1eTepMUHALNN.

[loka3arenb MHOKECTBEHHOW KOPPEIILMHU XapAKTEPU3YET TECHOTY CBS3U
paccmarpuBaeMoro Habopa (hakTOpOB C HCCIEIYyEeMbIM IMPU3HAKOM WJIM, MHAue,
OLIEHHMBAET TECHOTY COBMECTHOI'O BIUSHUS (PaKTOPOB Ha pE3yJIbTar.

HezaBucuMo oT (opMbl CBA3M NOKa3aTellb MHOYXECTBEHHOM KOPPEIALHH

MOJKET OBITH HaﬁHGH KaK HHICKC MHO>XECTBEHHOM KOppCJAIun:

o)
— __ _ocr
YXXo .. X 1 2 (2.12)
o)
y
2 2
rmne o y ” oO1as AUCHIEpcuss pe3yjIbTaTUBHOIO NpU3HAaKa;, O ., — OCTaTOYHAsA

JUCTIepPCHSL.

['paHuLIbl ©3MEHEHUST MHEKCA MHOKECTBEHHOU Koppensanuu ot 0 1o 1. Uem
OJ>ke ero 3HayeHue K 1, TeM TecHee CBSI3b PE3yJIbTATHBHOTO MPHU3HAKa CO BCEM
HaOopoM wucciaeayembix (aktopoB. BenuumHa WHAEKCAa MHOXKECTBEHHOMU
KOPPEJAINU JI0JKHA ObITh OOJIBIIE WM paBHA MAaKCUMAJIbHOMY TTAPHOMY MHJEKCY

KOPPEIISIUH:

RVX1X2~--Xm 2 ryxi(max) (I =1,m).
[Ipy NpaBUILHOM BKIIOYEHHH (DAKTOPOB B PErPECCHOHHYIO MOJEINb
BCJIMYMHA UHACKCA MHO>KECTBEHHON KOppesionu 6y)1€‘T CYHICCTBCHHO OTJIMYAaTbCA
OT HMHACKCA KOPPCIIALIHNA HapHOfI 3aBUCUMOCTH. Ecimm xe JOIMTOJIHUTECIIBHO

BKJIIOYUEHHBIEC B YPABHEHNE MHOXKECTBEHHOM perpeccuu (PakTopbl TPETbECTETICHHBI,
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TO HHJIEKC MHOYKECTBEHHOW KOPPEJLILUU MOXKET NPAKTUYECKH COBHAAaTh C
WHIEKCOM MapHOM Koppeisiuu (pa3iuuds B TPETbEM, YETBEPTOM 3HAKax).
Otcroza sICHO, YTO CpaBHMBAsl MHJEKChl MHOKECTBEHHOW M NapHON KOPPEISILUH,
MOJKHO CJIelaTh BBIBOJ O L1€JeCO00pPa3HOCTH BKIIIOUEHHUSI B YPAaBHEHUE PErPecCUu
TOTO WM UHOTO (haKkTopa.

Pacuer nHIEeKkca MHOKECTBEHHOM KOPPESALMU MPEATIONAracT ONpECICHUE

YpaBHEHUSI MHOKECTBEHHOM pETrpeccCrr U Ha €r0 OCHOBE OCTATOYHOM JUCIIEPCUU:

1 2
2 _
Ooer = EZ( y-— yxlxz...xm ) ' (2.13)
MoxHO MOJB30BaThes cleayronieid (GopmMysiol HHIEKCAa MHOKECTBEHHOMU
J€TepMUHAIUY:
2
’ B Z(y_ yxlxz...xm )

1— _ (2.14)

R X X9 Xm —
y 2.(y-y)

[Ipyu  nuHeliHOW  3aBUCMMOCTM  NOpU3HAKOB  (dopMmylia  HHJIEKca

MHO>XE€CTBEHHOM KOppCiiounu MOMXCT OBITH IpcaAcTaBjiCcHa  CJICAYIOIIUM

BBIPAKEHUEM:
SEN) W 219
rne [ — cranmaptu3oBaHHble KOd(duuMeHTH perpeccuu; [, — mapHbie

yXi
KO3 (PUIIMEHTHI KOPPEIALMH pe3yibTaTa ¢ KakabIM (DaKTOPOM.
dopMyia MHIEKCA MHOXKECTBEHHON KOPPESALMU Il TUHEUHOM PErpeccuu
NOJIyYHJIa HA3BAHUE JTUHEUHO20 KOIPDOUUUEHMA MHONCECMEEHHOU KOpperayul,
WIH, YTO TO XK€ CaAMO€, COBOKYNHO20 KOIGhduyuenma Kopperayuu.
Bo3M0XHO Takxke npu JIUHEWHOM 3aBUCUMOCTH OIPEACICHUE COBOKYITHOTO
kod(hduieHTa  KOppesisuuu  4Yepe3  MaTpuily MapHbIX  KOA()PHUIIMEHTOB

KOPPEJISIUU:

(2.16)

rac
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A PR (VA
e, 1 Ny By
Ar=r, T, S
Lo Tox T o 1

— OMPEeNICAUTENIb MATPHUIIBI MAPHBIX KOADPHUIIMEHTOB KOPPEIAIUY;

1 Lo T,
I 1 ...r
R XoXp
Ar, =
Low Do o 1

— OIpEAEIUTENIb MAaTPULIbI MEK(DAKTOPHON KOPPESILIHH.

Kak BuamMm, BenuymHa MHOXECTBEHHOTO KO3(DHIMEHTa KOppesuu
3aBUCHUT HE TOJIBKO OT KOPPESLUUU Pe3ysbTaTa ¢ KaKIbIM U3 (DAaKTOPOB, HO U OT
Mex(paKTOpHON Koppensuuu. PaccMoTpeHHass Gopmyia MO3BOJISET OINpPEAEATh
COBOKYMHBIA KO3PPUIUEHT KOPPENSLHHU, HE o0paliasch Mpu 3TOM K YpPaBHEHHUIO
MHOKECTBEHHOM perpeccud, a UCHOJib3ys JHIIb HapHble KO3(p(UIUEHTHI
KOPPEIALHH.

B paccMOTpeHHBIX MOKa3aTeNlsiX MHOKECTBEHHOW KOppensuuu (MHACKC U
KO3(pGUIIMEHT) HCHOJB3YETCS  OCTAaTOYHAas  JUCIEPCHUs, KOTopas  HMeeT
CUCTEMAaTUYECKyl0 OIIMOKY B CTOPOHY IHpEyMEHbIIEHUsA, TeM Ooree
3HAUUTEIBHYI0, YeM OOJIbLIE MapaMETPOB OIMPEACIAETCS B YPAaBHEHUU PETPECCUU
IpH 3alaHHOM 00BbeMe HaOmonenni N . Ecim unciio mapameTpos npu X; paBHO M
U TIpUOJIMKAETCs K 00beMy HAOJIIOICHHI, TO OCTaTOYHAs Aucrepcust OyaeT O6am3Ka
K HYJTI0 U KO3QGUIMEHT (MHAEKC) KOPPEJSLUUA NMPUOIU3UTCS K EUHULE JaXKe NpU
cnaboit cBsizu  (pakTopoB C pesyabraroM. s TOro 4YtoObl HE JOMYCTHUTh
BO3MOXKHOTO TPEYBEIMYEHUSI TECHOTHI CBSI3H, UCTIOIB3YETCSI CKOPPEKTUPOBAHHBIN

uHAeKC (KO3 PUIIMEHT) MHOKECTBEHHON KOPPEISAIUU.
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CKOppEKTUPOBAaHHBIM HHIEKC MHOMXECTBEHHOM KOPPESLMU COJIEPKUT

I[IOIMpaBKy Ha YUCIIO CTCICHEH CBOGOI[BI, 4 UMCHHO OCTAaTO4YHas1 CyMMa KBaJApPaTOB

2
Z(y ~ Y. x ) JEUTCS. Ha YHUCIIO CTENEHEH CBOOOJbI OCTaTOYHOW Bapualuu
X

(n —M —1), a oOmas cymMMmMa KBaJpaTOB OTKIOHEHUH Z(y— y)2 Ha YHUCIIO

CTEIEeHEH CBOOO/IBI B 11€JI0M IO COBOKYITHOCTH (n —l).

CDopMyJIa CKOPPCKTUPOBAHHOTO HHJCKCA MHO>XE€CTBEHHOM ACTCPMUHAIIUA

HUMECCT BU:

) EXy—yfﬂh—m—n

R =1— - , (2.17)
2.(y=-9)/(n-1)
rae M — YuciIo napaMeTpoB NpH IEPEMEHHBIX X ; N — YUCII0 HAOIIOAEHHMIA.
2
Z(y_ yXlxz---Xm ) 2
[ToCKOJIBKY ——=1-R", TO BEIMYHHY
2.(y=9)
CKOPPEKTUPOBAHHOIO UHIEKCA JIETEPMUHALINM MOYKHO TIPEACTABUTH B BUJIE:
2 n-1
R =1-(1-R*). ———. (2.172)
n-m-1

2
Yem Oonplre BeanuuHa M, Tem cunbHee pasanuns R u R*,
Kak Opu10 moka3aHo BbIllIe, paHXHpPOBaHHE (HAaKTOPOB, YUACTBYIOLIUX BO
MHO>KECTBEHHOW JIMHEMHOW pEerpeccur, MOXET ObITb MPOBEAEHO 4Yepes

CTaHjapTU30BaHHble Kod(pduumentsl perpeccun ([ -koddduimentsr). D1a Ke

11eJ1h MOKET OBITh JJOCTUTHYTA C MOMOIIbIO YACTHBIX KO OUIIMEHTOB KOPPESIIUH
(mns nuHEHBIX cBsA3eil). KpoMe Toro, yacTHble moka3aTeian KOPPENSIUU MIHUPOKO
WCIIOJB3YIOTCSL TIPU PElIeHUU MpobsieMbl 0TOOpa (PakTOpoOB: 1EJIecCO00pa3HOCTh
BKJIFOUEHUSI TOTO0 WM HMHOTO (hakTopa B MOJEIb MOMKHO JI0Ka3aTh BEJIMYMHOMN

II0Ka3aTess YaCTHOU KOPPEALNHU.

53



Yacmuvie roaguyuenmol xoppenayuu XapaxTepusyloT TECHOTY CBSI3U
MEXIy pe3yJlbTaTOM U COOTBETCTBYIOIIUM (HaKTOPOM TMpU DIUMUHUPOBAHUU
(ycTpaHeHUHU BAMSHUS) JPYTUX (GAKTOPOB, BKIOUEHHBIX B YPAaBHEHHUE PETPECCUU.

[TokazaTenn dYacTHOM KOPPENAIMUA TPEACTABIAIOT COOOW OTHOIICHHE
COKpAIIEHUs] OCTaTOYHOW TUCHEPCHUU 3a CYET JONOJHUTEIBHOTO BKJIIOYEHHS B
aHaJIU3 HOBOTO (pakTopa K OCTATOYHOM JAMUCIIEPCUM, UMEBLIEN MECTO 1O BBEACHUS
€ro B MOJIEJIb.

B o0uiem Buze npu Hanuuuu M GakTopoB A ypaBHEHUS

y=a+bx +b,X,...+b.x +¢&
K03(P(OUIIMEHT YaCTHOM KOPPEIALMH, MU3MEPAIOIMK BIMsAHAE Ha Y QakTopa X,

MIpU HEM3MEHHOM YPOBHE IPYTUX (PaKTOpOB, MOKHO OMPEETUTH M0 (hopmyIe:

1_R§xx Xi ... X
_h o (2.18)

YXi X X3 Xi 1 X1+ Xm 1— 2
YX X2 Xi—1Xi 41+ Xm

2

N MHOXECTBCHHBIM KO3(P(UIIMEHT JaeTepMHHAIIMA Bcex M
XXy

rie R

2
¢akrTopos ¢ pesymsrarom; R

Yo i gk, — TOT K€ TOKA3aTeNlb JCTEPMHUHALNY,

HO 0e3 BBeIeHUs B MOJENb (pakTopa X;.

[Tpu nByX (hakTopax dopmyna (2.18) mpumeT BUA:

2 2

[ = 1_%; r, = Lm_ (2.18a)
1 X2 1—r YX2-Xq 1_r2
YX2 VX

[Topsimok ~ wacTHOoro  Kod(duIMeHTa  KOPPEJSIIUU  OMpPEAeIsIeTCs

KOJIMYCCTBOM Q)aKTOpOB, BJIMAHHUC KOTOPBIX HCKIIHOYACTCA. Haan/IMep, ryxl_X2

KOd(DPUIIMEHT dYacTHOW Koppessiiuu  TepBoro mopsiaka. CoOTBETCTBEHHO
KOd(DPUITMEHTHI MapHON KOPPETSAIMK HAa3bIBAIOTCA KOd(PPUIMEeHTaMu HYJIEBOTO
nopsiika. KoadduineHTsl 4acTHOM Koppesiuuu 0oJiee BBICOKUX MOPSIIKOB MOXKHO
OTIPEICIIUTh Yepe3 KOA(DPHUIIMCHTH YaCTHOM KOPPEIAIUU 00JIee HU3KUX IOPSIKOB

M0 peKyppeHTHOU hopmyre:
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— YXi XX X Xipg - Xmog YXm X1 Xo Xm_1 " XiXm X Xp.. Xj 1 Xjp1. - Xm—1 (2 19)

r =
YXi XX - Xj 1 Xi 41+ Xm (1_ I'2 ) (1_ r2 )
YXm X Xp - Xm 1 XiXm XX - Xi 1 Xj11---Xm-1

[Tpu nByX (hakTOpax manHas Gopmyna NPUMET BHI:

_ ryxl B ryxz ) rX1X2 . _ ryx2 B ryxl ) rX1X2 (2 193)

ryxl-xz o 5 2 ! ryXZ'Xl o 2 2 )
\/(1— e )-(1-1,) \/(1— ) (1-r2, )

Jlnis ypaBHEHUS perpeccuu ¢ Tpemsi (akTopaMu YacTHbIE KOIPPUIIMSHTHI

KOppeJsIMA ~ BTOPOTO  IOPsAKAa  ONPEACIAIOTCS Ha  OCHOBE  YAaCTHBIX
KOA(POUIIMEHTOB  KOppENAllMKd TMepBoro mopsiaka. Tak, 1O  ypaBHEHHIO
y=a+bx +b,x, + b3X3 +&  BO3MOXHO  HCYMCICHHME  TpE€X  YaCTHBIX
KO3 () (PUIIMEHTOB KOPPENSIIUU BTOPOTO MOPSIJIKA:

ryX1~x2X3 ! ryxz-xlx3 ' ryx3~xlx2 '
KKl U3 KOTOPBIX OINpEAeNaeTcs Mo peKyppeHTHOil ¢opmyne. Hanpumep, npu
I =1 umeem popmyiy 1 pacyera M xxs -

ryxl-xz ryx3'xz ' r><1X3‘X2 (2.20)

I = .
YX-X2X3 2 2
\/(1_ rst'Xz )(1_ r><1X3'X2 )

PaccuntanHble MO pPEKyppeHTHON QopMylie dYacTHble KO3()PUIUEHTHI

KOppeJsilMd M3MEHSIIOTCS B Tipeaenax oT —1 go +1, a mo Qopmynam uyepes
MHOKeCTBEHHBIE KodhduireHTs! nerepmunanuu — ot 0 1o 1. CpaBHeHUe uX Apyr
C IpyroM MO3BOJISIET PAHXKUPOBATH (DAKTOPHI IO TECHOTE UX CBS3U C PE3YJIHTATOM.
YacTtHbie KOAI(DPUITMEHTH KOPPENSIIUU JTal0T MEpPYy TECHOTHI CBS3H KaXJIO0TO

dakTopa ¢ pe3yJpTaTOM B YMUCTOM Buje. Eciau U3 cTaHAapTU30BaHHOTO YPaBHEHMUS
perpeccnu t, = Bt + Bt + St +& cnenyer, uro S > f, > [, Te. no
CHJIC BIIMSHMSA Ha PE3ylbTaT MOPANOK (PakTopoB TakoB: X, X,, X3, TO OTOT XKe

MOPSAAOK (DAKTOPOB OMPEAENISICTCS U IO COOTHOIIIEHUIO YaCTHBIX KOA(h(HUITMEHTOB

Koppenauuu, I >, >

YX-XoX3 YXo-¥1X3 YX3- %X *
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B sxkoHOMeTpuKe yacTHbie KOA()(DUIMEHTHI KOPPETISAIUN OOBIYHO HE UMEIOT
CaMOCTOSITENILHOTO 3HaUeHHs. VX UCTOIB3yIOT Ha cTaguu (POPMUPOBAHUS MOJIEIIH.
Tak, cTposs MHOro()akTOpHYIO MOJIENb, HAa IIEPBOM IIAre ONPENEISAETCS ypaBHEHUE
perpeccuu ¢ MOJHBIM HA0OpOM (DAaKTOPOB M PACCUUTHIBACTCS MaTpPUIla YaCTHBIX
kod(pdunmenTop koppensuuu. Ha Bropom miare orOupaercs (dakTop C
HauMEHbIIEW W HecylmecTBeHHOW 1o U-kpurepuio CThIOAEHTa BEITUYMHOM
noKasaresisl YacTHOM Koppessiuu. VICKIIouuB ero U3 MOJEH, CTPOUTCS HOBOE
ypaBHeHue perpeccud. [Iponenypa npoaomxaercs 10 Te€X MOp, IOKa HE OKaKeTcs,
YTO BCE YaCTHBIE KOA((OUIIMEHTHI KOPPEISIHUH CYIIECTBEHHO OTIIMYAIOTCS OT HYJIS.
Ecnu uckiIo4eH HeCylIeCTBEHHBIN (PaKTOp, TO MHOKECTBEHHbIE KO3(DPHUIIMEHTHI

JIETEPMHUHAIIMA Ha JIBYX CMEXHBIX IIarax IOCTPOEHHs PErpecCHOHHON MOIENH
2 2
IIOYTH HE OTINYAIOTCS APYT oT Apyra, R© ., =& R, rme M — gucno paxropos.

W3 npuBeAeHHBIX BbIIIE (OPMYJT YaCTHBIX KOA((UIUEHTOB KOppEIsIuu
BUJIHA CBSI3b 3THUX IIOKa3aTelied C COBOKYIIHBIM KO3(D(QHUIMEHTOM KOpPpEIsSLuu.
3Has yacTHbIe KOA(DPUIIMEHTHI KOPPENSIUK (IIOCIEI0BATENBLHO IEPBOTO, BTOPOTO
U 0ojee BBICOKOTO MOPSAIKA), MOKHO OIPEAEIUTh COBOKYIHBIH KO3()PUIMEHT

Koppensiiuuu 1no popmyie:

Ryonn = \/1— (1-12)- (112, ) (L= ) (1= ) 220)

B wactHOCTH, 1151 IByX(paKTOpHOTO ypaBHeHUs: Gpopmyina (2.21) npuHumaer

BHUA:

R = (1= (112 ) (1-12,.,)- (2.21)

[Ipy MOAHOM 3aBUCMMOCTH PE3YyJbTATUBHOIO INPHU3HAKA OT MCCIEAYEMBIX

(bakTopoB KOA(PHUIIMEHT COBOKYITHOTO MX BIIMSHMS paBeH enuHuiie. M3 enuHuIbl
. 2
BBIYMTACTCS JIOJISI OCTATOYHOW BapHalluu pe3yJbTaTUBHOTO IMPHU3HAKA (1— r )

oOyCJIOBIIEHHAsT TIOCTIEOBATEIbHO BKJIIOYEHHBIMU B aHaimu3 (aktopamu. B
pe3yabpTare MOJKOPEHHOE BBIPAKEHUE XapAKTEPU3YET COBOKYITHOE JIEUCTBUE BCEX

HccleTyeMbIX (pakTOpOB.
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3HAYMMOCTH YPaBHCHUA MHO>KECTBEHHOM perpecCuu B LCJIOM, TAK KC KaK U

B [IAPHOM PErpeccuH, OLIEHUBAETCS C TIOMOIILI0 F -kpurepus ®uuepa:

S 2 —m-—
F = S(ba“ =1—RR2'n rrnn L (2.22)

OoCT

— (akTOpHAs CymMMa KBaJpaToB Ha OAHY CTEIEHb CBOOOIBL, O . —

OoCT

rie S

thaxt

OCTaTOYHAsl CyMMa KBaJ[paTOB Ha OJHY CTENEHb CBOOO/IBI; R* — Kod(purmeHT
(MHIEKC) MHOKECTBEHHOW JeTepMHuHaIu; M — YHCIO TapamMeTpoB IpHU
nepeMeHHbIX X (B JTUHEWHOW perpeccH COBMAJAaeT C YHCIOM BKJIIOYCHHBIX B
Moieb (hakTopoB); N — YKCIIO HAOIOICHHIA.

OrneHnBaeTCs 3HAYUMOCTh HE TOJBKO YpaBHEHHUS B IIEJIOM, HO M (akTopa,
JIOTIOJTHUTENIHHO BKJIFOUEHHOTO B PETPECCHOHHYIO MOJiesib. HeobXxoaumMocTh Takon
OIICHKU CBsI3aHA C TEM, YTO HE KaXAbld (PaKTOp, BOMICAIINA B MOJEITH, MOXKET
CYIIIECTBEHHO YBEIIMYUBATH JOJI0 OOBSICHEHHOW BapHallMM PE3YJbTATUBHOTO
npu3Haka. Kpome Toro, npu HaqIu4uu B MOJIEIH HECKOJIBKUX (DaKTOPOB OHU MOTYT
BBOJIUTHCS B MOJICNIb B PAa3HOM IMOCJIEAOBATEIILHOCTH. BBUIY KOPPEISIHN MEXITY
dbakTopamMu 3HAYUMOCTh OJHOTO W TOro ke (akTopa MOXKET OBbITh pa3HON B

3aBUCHUMOCTH OT IIOCJICAOBATCIBbHOCTH €0 BBCACHHUSI B MOJCIIb. Mepoﬁ JJIA

OLICHKH BKJIIOYCHHUs (pakTopa B MOJIEIb CITY)KHT YacTHbIH F -kpurepwii, T.e. F, .
1

Yactuplii  F -xkpurepuii moctpoen Ha cpaBHEHHM OpPUPOCTa (PaKTOPHOM
JUCIIEPCUH, OOYCIIOBIEHHOTO BIIMSHUEM AOMOJIHUTENIBHO BKJIOYEHHOTO (hakTopa,

C OCTaTOYHOM JUCIIEPCUEH HA OJIHY CTETEHb CBOOOJIBI 10 PErPECCUOHHON MOIETH

B 11esioM. B oGuiem Buze muist paktopa X, wactHblid F -kputepuit onpenenures kak

2 2
_ Ryxl...xi...xm Ryxl...xi_lxi+1...xm ) n-m-1

F, R T (2.23)
YXq oo Xj oo X
2 .
rae Ryx1 « x. — KOO(pQUIUEHT MHOXKECTBEHHOH NETEPMHMHALMH [UI1 MOJIEIU C
X Xey
2
nonHeM Habopom (dakrtopos, R — TOT € ToKaszaTrelb, HO 0e3

VX X X1 e Xm
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BKJIFOUEHUSI B Mojenb (akTopa Xi, N — 4ucio HaOMIOAeHUH, M — YHCIO0

napaMeTpoB B MoJjienu (6€3 CBOOOHOTO UJieHa).
DdaKkTUYECKOE 3HAYEHUE YaCTHOTO F -KpuTepus cpaBHMBAETCS C TaOINYHBIM

IpY YPOBHE 3HAYMMOCTH (X M 4HCie creneHeil ceobonp:: 1 1 N—M—1. Eciu

akriueckoe 3navenme F, mpesbrmaer F (05, K,, kz), TO JOTOJHUTEIHHOE
1

BKJIIOUEHHE (paKTopa X; B MOJENb CTaTUCTUYECKU ONPABJAHHO U KOO(D(PULHEHT
yuctoil perpeccun D mpu daxrope X. crarucruueckum 3HaumM. Ecim ke

CbaKTI/I'-IeCKOC 3HAa4YCHUC Fx- MCHbBIIC Ta6J'II/I'-IHOFO, TO AOIIOJIHHUTCIIBHOC BKIIIOYCHHUC
1

B MoJenb (akropa X, HE YBEIMYMBAET CYILECTBEHHO OO OOBSICHEHHOM
BapHallMKi TpH3HAKa Y, CIeJ0BaTeIbHO, HEIEeNeCO00pa3HO €ro BKIIOYECHHE B

MOJIeNb; KOA(Q(QUIMEHT pErpeccuu IpU AaHHOM (PakKTope B ITOM CiIydae
CTATUCTUYECKN HE3HAYUM.

Tl 1Byx(akTOpHOro ypaBHeHus yacTHble F -kpurepun nmeror Bu:

R2 2 2 _r2
F, =—2-.(n-3), F =—_"%.(n-3). (2.23)
1- ijlxz 1- ijlXZ

C moMoIIbK 4acTHOro F -KpuTepys MOKHO HPOBEPUTH 3HAUYMMOCTH BCEX

KO3 (UIIUEHTOB PErpeccuy B MPEINOJIOKEHNHU, YTO KaXKIbl COOTBETCTBYIOLIUI
(akTop X, BBOAMJICA B yPaBHEHHE MHOKECTBEHHON PErPECCUU MOCIIETHHM.
YactHeiii F -xpurepuil onenuBaer 3Ha4MMOCTh KOA(G(UIMEHTOB YHCTOM

perpeccun. 3Has BEIUYUHY in, MOXHO omnpeaenutb u {-xpurtepuit s

koddduumenta perpeccuu npu 1 -m paxrope, t, , a umenHo:
1

t, =./F, . (2.24)

d Xi
OrieHka 3HAYUMOCTH KO3(D(DHUIIMEHTOB YHUCTON perpeccuu mo [ -kpurepuro
CThrofileHTa MOXET OBbITh IIPOBEAEHAa U 0O€3 pacyera 4acTHBIX F -kputepues. B

ATOM cilyyae, Kak M B MapHOM pEerpeccuu, s Kaxaoro (Gakrtopa HCMOIb3yeTCs

dhopmyina:

58



t, =—, (2.25)

rae b — xoodduument uucroit perpeccun mpu dakrope X;, M, — cpenmss

KBaJIpaTUyecKas (CTanaapTHas) onmmbka kodddumuenra perpeccuu b .

s ypaBHEHUSA MHOXECTBEHHON perpeccun
y=a+ le1 + b2 X, +...+ bm X CpeaHss KBajJgpaTHyeckas omunoKa
KO3 pUIIMEHTa PErPEeCCUN MOXKET OBITh ONPEENIeHa 0 clenytomen popmyne:

o ,\fl— RZ
d Y ! (2.26)

m, = : ,
i Gxi\/l—R2 Jn-m-1

X Xq e Xm

rac Uy — CpCAHCC KBAAPATHICCKOC OTKIIOHCHHUC IOJIA ITPHU3HAKA y, O'Xi — CpCaHCC

2
KBaJPaTUYECKOE OTKIOHEHUE I Ipu3HaKa X, Ryxl...xm — ko3 PuiueHt

o 2
ACTCpMUHAIIMN  JIA  YPABHCHHUS  MHOXCCTBCHHOM  PCIrpcCCuM, in X X -

KOI)(b(bI/II_[I/ICHT ACTCPMHUHAIIMU JIs1 3aBUCUMOCTH (baKTopa Xi CO BCCMHU AOPYIHMH

(akTopaMu ypaBHEHHsI MHOXECTBEHHOM perpeccun; N—M—1 — uucno creneneit
CBOOO/IBI JIsl OCTATOYHOM CyMMBI KBaJpaTOB OTKJIOHEHUH.
Kak BuguM, 49ToOBI BOCIOJIB30BATHCS JAHHOW (HOpMYJIOH, HEOOXOIUMBI

MaTpuia MexX(AKTOPHOM KOPPENSIIIUM U pacueT MO HeW COOTBETCTBYIOIIUX

2
ko3 ureHToB JNeTepMUHALINT in XX Tak, TUTSt YpaBHEHHUS

y=a+bXx +b,X, +b;X, ouenka smaunmoctn xo>pduimentor perpeccun b,

b,, Db, npennonaraer pacuer Tpex mexbakTopHBIX ~KO>pUIHMEHTOB

2 2 2
X XoXg ! XXXz T Xy XgXp

nerepMuHanuu: R

B3aumocBs3p nokazareneil yacTHOro Ko3(huireHTa KOppeisiun, YaCTHOTO
F -xpurepus u 1-xpurepus CrhromenTa mis K0d(p(UIUEHTOB YUCTON PErpeCCUr
MOKET HMCIIOJIb30BaThCA B mpoueaype ordopa daktopoB. OTceB (PakTopoB MpH

MMOCTPOCHUHU YPAaBHCHHA PCTPCCCUN MCTOAOM HCKIIIOYCHUS IMPAKTUICCKU MOKHO
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OCYIIECTBIISITh HE TOJBKO MO YACTHBIM KO3(DPHUIMEHTaM KOpPPENAlUU, UCKIIouas

Ha KaXJOM IIarc (l)aKTOp C HaMMCHBIIMM HC3HAYMMbIM 3HAYCHHUCM YaCTHOI'O

kod(ddurmenTa Koppensiuu, HO W IO BEITUYMHAM '[b_ u FX_. Yactasit F -
1 1

KpUTEpUI IIHPOKO HCIOJB3YETCd W NpPH MOCTPOCHUH MOJAEIA METOA0M
BKJIFOUEHHMSI IEPEMEHHBIX U IIarOBBIM PErPECCUOHHBIM METOIOM.
Ipumep. OrneHMM KauyecTBO ypaBHEHUS, MOJYYEHHOTO B MPEAbIAYIIEM

naparpade. CHauana HaiiZleM 3Ha4eHUs1 TapHbIX KO3 (HUIIMEHTOB KOPPEISAIUU:

= y-X =YX :66,4—6,8-9,420’869;
! o, 0, 1,83-1,56

= Y X%—-V-% _ 44,5—6,8-6,320,639;
2 o, 0, 183-1,42

- X, — X+ X 60,3—9,4-6,3:0’488_
v Oy, Oy, 1,56-1,42

X1

3HayeHUs ITapHBIX KOB(b(bI/I]_II/IGHTOB KOPpCJLIOUH YKA3bIBAIOT HA JOCTATOYHO

TECHYIO CBSI3b CMEHHOW JOOBIUM YIJIS Ha OJHOTO paboyero Yy ¢ MOIIHOCTHIO
mIacTa X; U Ha yMEPEHHYIO CBA3b C YPOBHEM MeXaHH3aluu pador X,. B To xke
Bpems MekdakropHas cBasb I, He ouenb cunbHas (I, =0,49<0,7), uro
TOBOPUT O TOM, 4TO 00a (akTopa ABIAIOTCA MHOOPMATHBHBIMH, T.€. U X, U X,

HCO6XOI[I/IMO BKJIFOUHUTH B MOACJIb.

Teneps paccuMTaeM COBOKYMHBIA KOI(P(ULIHUEHT KOPpEISTIUU RyX1X2. s

ATOr0 CHayaja HaWJEeM OMNpEeNeNuTeNlb MaTpUlbl MNapHbIX KO3(PPUIMEHTOB

KOPPESALNHU:
1 087 0,64
Ar=|0,87 1  0,49|=0,139064,
0,64 0,49 1

Y OIIPEACIIUTENIh MAaTPUIIBI MEXK(PAKTOPHON KOPPEISAINU:
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1 0,49

=0,7599.
0,49 1

Arllz‘

Toraa ko3¢ hUIUEeHT MHOKECTBEHHOH Koppemsiuu 1o Gopmyiie (2.16):

Ry, = _Ar 1_M:0,904_
2 Ar, 0,7599

T.e. wmoxno cka3ate, uto 81,7% (xk0od3pduimeHT aeTepMUHAIIH

2 _ .
RyX1X2 =0,817) Bapuanuu pesynbTaTa 00BACHAETCS BapHalUel IIPEICTaBICHHbBIX

B YPaBHEHHMH IMPHU3HAKOB, YTO YKa3bIBAET Ha BEChMa TECHYIO CBSA3b MPU3HAKOB C
PE3YNIBTATOM.

[IpumepHO TOT ke pe3yabTaT (pa3uuus CBS3aHbI C OIIMOKAMU OKPYTJICHHI)
U1t K03 (UIIMEHTa MHOYKECTBEHHON PErpecCHy MOJYYUM, €CIIA BOCIOIb3yeMCS

dbopmynamu (2.12) u (2.15):

Ry, = / /1— 0. 6329 =0,901;

= Zﬁ T \/0728 0,87 +0,285-0,64 =0,903.

X1 X2
CKoppeKTUPOBAaHHBIN KOIPHUIIMEHT MHOKECTBEHHOU JIeTepPMUHAIIUN

ML g (1-0817) 2271 o765
n-m-1 10-2-1

2
R=1-(1-R?):
yKa3bIBaeT HA YMEPEHHYIO CBSI3b MEXKy pPe3yJIbTaTOM U MPU3HAKaMHU. DTO CBA3aHO
C MaJIbIM KOJIMYECTBOM HAOJIO/ICHUH.
Tenepr HalimemM dacTHble KOI(POUIMEHTH Koppensauuu 1o (opmynam

(2.18a) u (2.19a):

1-R? —
Cpx, = 1_# — 1_% =0,831;
. 1-r 1-0,408

yXo

1- R? _
TR [T0RT
2 1-r 1-0,755
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r., —r,. -r — .
" fwfhy _0869-0639.0488 .00

) ) oo

r, —r, T - :
" fy _ 0639-0869.0488 00

" o)) o )-ose)

T.e. MOXHO CACJIaTb BBIBOA, 4YTO (I)&KTOp Xl OKa3bIBacT 00Jjiee CHIIBHOE

BJIMSTHHUC HaA PC3YJIbTAT, UYCM IIPHU3HAK X2 .

OI_IeHI/IM HAaICKHOCTD ypaBHeHI/I}I perCCCI/II/I B IICJIOM H IIOKA34aTCJIA CBA3U C
nomoieio F -kpurepus Oumepa. @axtnueckoe 3Hauenne F -xpurepus (2.22)
_— R® n-m-1 0817 10-2-1
dbar—q _R? m 1-0,817 2

=15,63.

TabnmuuHoe 3HaUYCHHE F -KpUTCpHA IIpU  IIATHUIIPOLNCHTHOM  YPOBHC

smaunmoctn (o =0,05, k, =2, k,=10-2-1=7): F,

a0

=4,74. Tak xak

Fioe =15,63>F 5 =4,10, 10 ypaBHenwe mpu3HaeTCs CTATHCTHHECKH
3HAYKMBIM.
Onenum 1enecooOpa3HOCTh BKIOYeHHA (akTopa X; mocie dakropa X, H

X, mocie X, ¢ nomomiso yactHoro F -kpurepust @uuiepa (2.23a):

RZ, —T —~
F,o= e ey 3) 981720408 5 g 6
TR 1-0,817
RZ _r2 i
. :Lﬂ.(n—s)ﬂ’zm 0.755 ,_, 47
= 1_R 1-0,817

¥YX1Xo
TabnuuHOe 3HaYE€HHE YaCTHOTO F -KpUTepHs NpH MATHIIPOLEHTHOM YPOBHE

smaunmoctn (@ =0,05, k =1, k, =10-2-1=7): F_,,
F, =1565>F

TabI

=5,59. Tax kax
=559, a F_=237<F

a6 25, 59, TO BKJIIOYECHHE

(dakTopa X, B MOJAEIb CTATUCTUYECKH ONPABAAHO U KOXPQHUIMEHT YUCTOU
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perpeccun bl CTaTUCTUYCCKHN 3HA4YuMM, a JOIIOJIHUTCIBbHOC BKIIFOUYCHUC (l)aKTOpa

X, , Iocje TOro, KaK y»ke BBeieH (pakTop X, HeLeIecooOpasHo.
VYpaBHeHUE perpeccuu, BKIIOYAIOIIEe TOJILKO OAWH 3HAYMMBIM apryMeHT

y=-2,754+1,016X,.

2.4. J/Inneiinble perpeccHOHHBIE MOAEIN

C rerepoCckeIaCTHYHBIMU OCTATKAMHU

[Ipy omeHke mnapamMeTpoB YpPaBHEHUS PErPECCUU MPUMEHSETCS METO]
HauMenbliix  kBagpatoB (MHK). Ilpu »5ToM jgenaroTcst  omnpeselieHHbIE

MPEINOCHUIKM OTHOCUTEIIBHO CIIY4aiiHOM cocTaBisiionier & . B Mmongenu
y=a+bx +b,x, +...+b X +¢

CllydailHasi COCTaBJSIOLIAs & MPEACTABISIET cO00M HEHAOIOIAEMYI0 BEIHYHHY.

Ilocne TOro kKak IIpOM3BEACHA OLEHKA I1apaMETPOB MOJEIIH, PACCUUTHIBAsS

pa3HOCTH (PAKTHUECKUX UM TEOPETUUYECKUX 3HAYEHUN pPE3yJbTaTUBHOTO IMPHU3HAKA

Y, MOXHO OIPEIEINTL OUECHKH Cy4anHoW cocraisomei Y — Y, . Ilockonbky

OHHM HC ABJIAIOTCA PCAJIbHBIMH CHy‘I&ﬁHBIMH OCTaTKaMH, HX MOXHO CYHTATb

HEKOTOpPOM BBIOOPOYHOM peanu3alnuedl HEW3BECTHOr0 OCTaTKa 3aJaHHOIO

ypaBHEHMS, T.€. &;.

HpI/I HN3MCHCHHU CH@HI/Iq)I/IKaHI/II/I MOACIu, I[O6aBJ'I€HI/II/I B HEC HOBBIX

HAOMIONEHUI BBIOOPOYHBIE OLICHKH OCTaTKOB & MOTYT MeHAThCA. IlosTomy B

3a1a4y pCrpCCCUOHHOI'0 aHa/In3a BXOAUT HC TOJIBKO IIOCTPOCHHC caMoiu MOICIIN,

HO Y UCCJIEJOBAHKE CITYYANHBIX OTKIIOHECHHUI &;, T.€. OCTATOYHBIX BEINYHH.

IIpu wucnons3oBanuu kputepueB Puiiepa u CThIOIEHTa JIENIAIOTCS

IPEAIOJI0XKEHUA OTHOCUTCIBHO IMTOBECACHUSI OCTAaTKOB & i — OCTaTKH IIPCACTABIIAIOT

co00#1 He3aBUCHUMBIE CITydaiiHbIe BEJIMYMHBI U UX CpPelIHee 3HaueHue paBHO (0; OHH
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UMEIOT OJIMHAKOBYIO (ITOCTOSIHHYIO) JUCIEPCUI0 M MOAYMUHSAIOTCS HOPMAaJIbHOMY
pacupeneneHuro.
Craructuyeckue TNPOBEPKM  IMApaMETPOB  PErpeccuu,  IOKas3aTeei

KOppENSALMA OCHOBAHBI HA HEMPOBEPSEMBIX MNPEANOCHUIKAX PaCHpeeIeHUs
CIly4alHOW COCTaBIAomEd &;. OHM HOCAT JMIIb NPEABAPUTENBHBIM XapakKTep.
[locne mocTpoeHHs ypaBHEHHUS PErpeccUy MPOBOAUTCS MNPOBEPKA HAIUYUSA Y
OLEHOK ¢&; (Coy4aiHBIX OCTaTKOB) TEX CBOMCTB, KOTODPBIE IPEAIOJArajuCh.

CB43aHO 3TO C TE€M, YTO OLIEHKH IIapaMETPOB PErpecCHu OJKHBI OTBEYaTh
omnpeneneHHbIM  KpuTepusiM.  OHM  JIOJDKHBI  OBITh ~ HECMEIEHHBIMH,
COCTOSITEIbHBIMU U 3()P(PEKTUBHBIMU. DTHU CBOWCTBA OIICHOK, IMOJYYEHHBIX IIO
MHK, uMeroT ype3BhlUaiiHO Ba)KHOE MPAKTUYECKOE 3HAUYECHHE B HCIIOJIb30BAaHUU
PE3YJIbTATOB PETPECCUU U KOPPEIISLIUN.

Hecmewennocms OLIEHKM 0O3HA4aeT, 4YTO MATEMAaTHYECKOE OXHUIAHHE
OCTAaTKOB paBHO HyIt0. Ecnu oneHkn 0051a71al0T CBOMCTBOM HECMEIIEHHOCTH, TO
MX MO’KHO CPaBHUBATH MO Pa3HBIM UCCIIEIOBAHUSIM.

OueHKH CUMUTAIOTCS 9 ekmueHbiMu, €CIM OHU  XapaKTepPU3YIOTCA
HaMEHbIIEH JAucnepcuerd. B NpakTHUYEeCKUX HCCIENOBAHUSAX 3TO O3HAYaET
BO3MOKHOCTh TI€pEX0/la OT TOUEUHOT'O OLIEHUBAHUS K UHTEPBAIILHOMY.

CocmosimenbHocmb OLICHOK XapaKTEpPU3YeT YBEIWYEHUE WX TOYHOCTH C
yBEIMYEHHEM 00bemMa BHIOOPKHU. BoblIoi MpakTUYECKUii MHTEPEC MPEACTaBISIOT
T€ pe3yJIbTaThl PErPEeCCUM, JJIsI KOTOPBIX JIOBEPUTEIIbHBIM MHTEPBAI OXKUIAEMOTO
3HAUEHWs TapameTpa perpeccun D umMeer mnpenen 3HaYEHWl BEPOSTHOCTH,
paBHbId enuHuile. WHBIMH CIIOBAaMHM, BEPOSTHOCTh TIOJYYEHHUS OLIEHKH Ha
3aITaHHOM PACCTOSIHUM OT UCTUHHOIO 3HAYEHUS MapaMeTpa OJIM3Ka K eAUHUIIE.

YKkazaHHbIE KPUTEPUM OIICHOK (HECMEIIEHHOCTh, COCTOSITEIbHOCTh U
3¢ (PEKTUBHOCTB) 00S3aTEIILHO YUUTHIBAIOTCS MPU Pa3HBIX CIIOCO0AX OIICHUBAHUSI.
MeTon HauMMEHBIIUX KBAJAPATOB CTPOUT OIEHKHM PErpecCMd Ha OCHOBE

MHUHHUMHU3AIUU CYMMBI KBaApPaTOB OCTATKOB. HOBTOMY O4YCHBb BAXHO HCCJIICOOBATDH

MOBCACHNEC OCTATOYHBLIX BCJIWYHH PETPECCHU 8i . yCJ’IOBI/ISI, H€O6XOJII/IMBIC JJIsA
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MOJlyYEHUSI  HECMEIICHHBIX, COCTOSITENBbHBIX U 3()(PEKTUBHBIX  OILCHOK,
npeacTaBisitoT cobort mpeanocbuikn MHK, cobmioneHne KOTOpbIX KelaTelnbHO

I IIOJTYUYCHUS JOCTOBCPHBIX PC3YJIBTATOB PCIPECCUMU.
HCCJ’IGI{OB&HI/IH OCTaTKOB & i IpeanojararoT NpoBECpKy HaJIMYIHA CICAYIOIMINX

natu npeanocbiok MHK:

1) CIIy4alHBIN XapaKTep OCTaTKOB;

2)  HyneBas CpeJHss BEIUYUHA OCTATKOB, HE 3aBUCAIIAs OT X,

3) FOMOCKEIACTUYHOCTL — JUCIEPCHS  KaXKJIOro OTKJIOHEHHA &,
OJIMHAKOBa /I BCEX 3HAUCHUMN X |
4) OTCYTCTBHE aABTOKOPPENALMU OCTaTKOB — 3HAYEHMsI OCTATKOB ¢&;

pacnpeiesieHbl HE3aBUCUMO APYT OT APYTa;

5) OCTaTKH IIOAYHUHAKOTCA HOPMAJIbHOMY PACIIPCACICHUIO.

Ecin  pacnpenenenue ciay4alHbIX OCTaTKOB & HE COOTBETCTBYET
HekoTopbeiM npeanocsikam MHK, To cienyeT koppekTnpoBaTh MOJIEb.

IIpexne Bcero, NMpoBeEpsAETCs CIlydyalHBIM XapaKTep OCTaTKOB &; — IepBas
npeanocbuika MHK. C 310l nensto crontcs rpaduk 3aBUCHMOCTH OCTaTKOB &; OT

TEOPETUYECKUX 3HAYEHUU pe3yJbTaTUBHOro mpu3Haka (puc. 2.1). Ecam Ha

rpaduke MoyrydeHa rOpU30HTalIbHAA [10JI0CA, TO OCTATKU &; MPEICTABISAIOT COOO0M

ciyvaiinele BennuuHbl ¥ MHK onpasiaH, TeopeTudecKkue 3HaYeHHUs Y, XOpOIIO

anmnpOKCUMUPYIOT (paKTUYECKHUE 3HAUCHHS Y .
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Puc. 2.1. 3aBUCUMOCTD CITy4aMHBIX OCTATKOB &; OT TEOPETUYECKUX 3HAUECHUM Y, .

B03MOKHBI CIIEAYIONINE CIIy4au, €CIIM &; 3aBUCHUT OT Y, TO:
1)  octatku & He ciayuaiinsl (puc. 2.2a);
2)  OCTaTKH &; HE UMEIOT MOCTOSHHOM aucnepcuu (puc. 2.20);

3) OCTaTKH &; HOCAT CUCTEMAaTHYECKUH Xapakrep (puc. 2.2B).
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B

Puc. 2.2. 3aBUCUMOCTb CITy4alHBIX OCTATKOB &, OT TEOPETHYECKUX 3HAYECHUMH Y .

B s1tux cnaydasx HEoOXoAuMoO KOO MPUMEHATH APYTyI0 (YHKIHIO, JTHUOO

BBOJIUTH AJOIIOJIHUTCIBHYIO I/IH(i)OpMaI_[I/II-O H 3aHOBO CTPOUTH YPABHCHUC PCIPCCCHUU

J0 TEX IOp, IIOKA OCTAaTKU & i HC 6YILYT CHY“I&I?IHBIMI/I BCIIMYNHAMU.

Bropas npennoceuika MHK OTHOCHUTENBHO HYJNEBOW CpEOHEN BEIMYHUHBI

OCTaTKOB O03HAYyaeT, 4To Z( y—Yy X) =0. Dro BBHIIOIHUMO Ui JIMHEWHBIX

MoJIesie U Moiesie, HEIMHEMHBIX OTHOCUTENILHO BKIIOUAEMbIX IEPEMEHHBIX.
Bmecte ¢ TeMm, HECMENIEHHOCTh OIEHOK KOA(D(UIIMEHTOB perpeccuw,
nonydeHHbIx MHK, 3aBUCUT OT HE3aBUCHUMOCTH CIIyYalHBIX OCTATKOB M BEIIMYHH

X, 4TO TakKe UccleayeTcs B pamkax coonmoaenust Bropoit npeanocbuiku MHK. C

ATOM WLENBI0 Hapsly C H3JI0KEHHBIM Ipa(MKOM 3aBHCUMOCTH OCTaTKOB &, OT

TEOPETHYECKUX 3HAYCHWM PpE3yNbTaTUBHOIO NpU3HAKAa Y, CTpOUTCA Trpaduk

3aBUCHMOCTH CIIy4ailHBIX OCTAaTKOB &; OT ()aKTOPOB, BKJIIOUEHHBIX B PErPECCHUIO

X; (puc. 2.3).
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Puc. 2.3. 3aBHCUMOCTD BETHYHHBI OCTATKOB OT BEAUYUHEI (haKkTopa X;.

Ecau ocratku Ha Fpa(i)I/IKe PAacCIIOJIOKCHBI B BHUIC FOpH3OHT8JIBHOI>i ITOJIOCHI,

TO OHM HE3aBUCHMBI OT 3HaueHHd X;. Ecin ke rpauk moxaspiBacT HalMdue

3aBUCHUMOCTHU gi )51 Xj , TO MOJICJIb HCAACKBATHA. HpI/ILIHHI)I HCAACKBATHOCTHU MOTI'YT

OBITH pa3Hbie. Bo3MokHO, 4yTO HapyiieHa TpeThs npennockuika MHK u qucnepcus

OCTaTKOB HC IIOCTOAHHA I KaXXIO0I'o0 3HA4YCHMHA @aKTopa X i MoskeT OBITH
HCIIpaBHUJIbHA CHC]_II/I(i)HKaIII/ISI MOACIIM MU B HCC HGO6XOIII/IMO BBCCTH

2
JOITIOJIHUTCIIBHBIC YJICHBI OT Xj’ HaIIpUMCP Xj . CkomieHne TOYEK B

ONMPEJCNICHHBIX ~ YYACTKaX 3Ha4YCHWH (aktopa X; TOBOPHT O HAIHIHH

CUCTEMATHYECKOW MOTPEIIHOCTH MOJEIH.

[Ipennmoceuika O HOPMaJIbHOM PpACHPENEICHHH OCTAaTKOB I103BOJISET
IPOBOINTH IIPOBEPKY MAPAMETPOB PETPECCUM U KOPPEJIALHHK ¢ ITOMOLbo F - u 1-
KpuTepueB. BMecTe ¢ TeM, OIIEeHKH perpeccuu, HaleHHble ¢ npuMenennem MHK,
o0NagaroT XOpPOIIMMH CBOWCTBAMHM JaXX€ TP OTCYTCTBUM HOPMAJIbHOTO
pacnpeneneHus OCTaTKOB, T.€. IPU HapyleHuu 1saroi npeanocsuiku MHK.

CosepiieHHO HeoOxomuMbiM it monydeHust mo MHK  cocrositenbHbIx
OIICHOK TIapaMETPOB PETPECCUU SIBIACTCA COONIOACHUE TPEThe U YETBEPTOU
MPEANOCHUIOK.

B cootrBerctBUM C Tperhedt mpenmockuikoi MHK TpebGyercs, dYToOBI

AUCIICPCHUA OCTATKOB ObLIa 2comockedacmuynou. DTO 3HA4YUT, 4YTO MJIA KaXXJIO0I'O
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3HaueHHs (pakTopa X; OCTATKH & HMEIOT OJAMHAKOBYIO auciepcuio. Ecim 510

YCJIIOBHC IMPUMCHCHHA MHK HC CO6J'II-0I[8,€TCSI, TO HNMCCT MCCTO
2emep001<edacmutm0cmb. Hanmuuwne TCTCPOCKCAACTUIHOCTH MOKHO HarsiAHO

BUJIETh U3 MO Koppeusiiuu (puc. 2.4).

Yi

xy
xy

'

B

Puc. 2.4. ITpumepbl reTepoCcKeIaCTUIHOCTH.

Ha puc. 2.4 wuzoOpakeHo: a — AUCHEPCUS OCTaTKOB pacTeT MO Mepe
yBeIM4eHUsT X; 0 — JUCHEpCHs OCTaTKOB JOCTHTaeT MAaKCUMAaJbHOW BEITWYMHBI
NpU CPEAHUX 3HAYCHUSIX MEPEMEHHONM X M yMEHbIIAeTCs] MPU MUHUMAIIbHBIX U
MaKCHMAJIbHBIX 3HA4YEHUSAX X; B — MaKCUMaJlbHas JUCIEPCUS OCTATKOB IMpH
MaJlbIX 3HAQ4YEeHUSX X M JUCIEPCHs] OCTAaTKOB OJHOPOJIHA MO MEpPE YBEIUYECHUS

3HAUYECHUU X.
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Hamuune rOMOCKEAACTUIHOCTHU HJIKM I'€TCPOCKCAACTUIHOCTH MOXKHO BHACTDH

U 10 pPAacCMOTPEHHOMY BbIlle TpaduKy 3aBHCUMOCTH OCTaTKOB &, OT

TCOPETHYECKUX 3HAYECHWH pe3ysbTaTUBHOro mpusHaka Y, . Tak, mma puc. 2.4a

3aBUCHMOCTbL OCTaTKOB OT Y, IpeJCTaBlieHa Ha pHC. 2.5.
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Puc. 2.5. I'eTepocKe1aCTHYHOCT: OO0JIbIIAs AUCTIEPCUS &; JUIA OONBINMX 3HaYeHHA Y, .

COOTBETCTBEHHO JJIsl 3aBUCUMOCTH, M300pKCHHON Ha TMOJISIX KOPPETSIUU

puc. 2.46 u 2.4B reTepoCKeIaCTUYHOCTh OCTATKOB MpeJICTaBlIeHa Ha puc. 2.6 u 2.7.
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Puc. 2.6. 'erepocke1aCTUIHOCTb, COOTBETCTBYIOIIAS MIOJIIO KOppEALUU Ha puc. 2.40.
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Puc. 2.7. I'erepockeJaCTUYHOCTh, COOTBETCTBYIOIIAS MO0 KOPPEISAIMU Ha puc. 2.4B.

Jlji1 MHOKECTBEHHOM perpeccur JaHHbIA BUJI FpaUKoB sBisieTcs Hanbosee
PUEMIIEMBIM BU3yaJIbHBIM CITIOCOOOM U3Y4YEHHS TOMO- U F€TEPOCKENACTUYHOCTH.

IIpy 1OCTPOEHMHM  PErpeCcCHOHHBIX  MOJEIEH  YPE3BBIYAHO  BAXKHO
cobmonenue 4erBeprod mnpeanocsiku MHK — orcyTcTBHE aBTOKOppensuuu

OCTAaTKOB, T.C. 3HA4YCHHUA OCTAaTKOB 8i , pacClIpCaCIICHbI HE3aBUCUMO APYI OT Apyra.

ABTOKOppEIISIHS OCTATKOB O3HAYAET HAJUYHE KOPPEISAIUA MEXKIYy OCTaTKaMu
.5
TeKYyIIUX © TOpeAplaymux (mocienyromux) Haomoaenuii . KoaddunueHnt
KOppEISILME MEXKAY & U &, TAC & — OCTaTKH TEKYIINX HaOIIOIEHHH, & —
OCTaTKH TIPEABIAYIIUX HaOMOACHUN (Hampumep, j: 1—1), Moxer OBITH
ompeJielieH Kak
cov(z, &)
r —

Eié‘j - !

G&‘i ’ GEJ

T.. IO OOBIYHOU (opMylie JIMHEHHOro K03 duumuenTa xoppensuuu. Eciu 3ToT

KOB(I)CI)I/IHI/ICHT OKaXCTCA CYIICCTBCHHO OTJIMYHBIM OT HYJI, TO OCTAaTKU

aBTOKOPPEIMPOBAHBI ¥ (PYHKLMS IJIOTHOCTU BEPOATHOCTU F (8) 3aBHCHT OT | -if

® [ozpoGHee 06 aBTOKOPPEIAIMH CM. B paszee 4.
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TOYKH HAOJIOACHUS U OT paclpelesieHHs] 3HAUeHWH OCTAaTKOB B JIPYTMX TOUYKax
HAOIIOICHUSI.

OTcyTCcTBHE  aBTOKOPPENSIMUM  OCTAaTOYHBIX  BEIMYUH  00€CleuynBaeT
COCTOSITENIBHOCTh W 3(PPEKTUBHOCTh OICHOK KOIPPUIIMEHTOB PErpecCuu.
OcobeHHo akTyasibHO coOmtofienne nanHou npenanocsuik MHK npu noctpoenun
PErPECCUOHHBIX MOJIENEH MO psigaM JUHAMHUKH, TAE BBUAY HAIWYUS TEHACHUUU
MOCJIEIYIOIME YPOBHU JAMHAMUYECKOTO psAJla, KaK MPaBHIIO, 3aBUCAT OT CBOMX
OPEABITYIINX YPOBHEN.

[Ipyu HecoOmoneHnn OCHOBHBIX mnpennocsuiok MHK — npuxonutes
KOPPEKTUPOBATh MOJIENIb, U3MEHSA €€ crenu@ukamnuio, 100aBiIiITh (MCKIIOYATH)
HEKOTOphIe (DaKTOpPbI, MPEOOPA30OBBIBATE HCXOAHBIE JaHHBIE ISl TOTO, YTOOBI
MOJIYYUTh OLIEHKU KOI(P(DUIIMEHTOB PErpeccuu, KOTOphbie 00JadaloT CBOMCTBOM
HECMEIIEHHOCTH, HMEIOT MEHbLIEE 3HAY€HUE JUCHEPCHH  OCTaTKOB U
o0ecneunBaroT B CBSI3U € 3TUM Ooiiee 3(PPEKTUBHYIO CTATUCTUYECKYIO MPOBEPKY

3HAYMMOCTH TTapaMEeTPOB PETPECCUH.
2.5. O000meHHbIH MeTOo HauMeHbIIUX KBajpaToB (OMHK)

[lpy HapylIeHUH TOMOCKEAACTUYHOCTH W HAJIMYHM aBTOKOPPESAIMH
OIMMOOK PEKOMEHIYETCS TPaJWIMOHHBIA METOJ HAMMEHBIIMX KBaJpPaToOB
(M3BeCTHBIM B aHIIMHCKOM TepMmuHONorun kak merom OLS — Ordinary Least
Squares) 3ameHsTh 0000weHHbiM memooom, T.e. memooom GLS (Generalized
Least Squares).

OOOOIICHHBI  METOA  HAWMMEHBIIMX  KBAaApParoB  MPHMEHSETCS K
peoOpa3oBaHHBIM JaHHBIM M IMO3BOJISCT IOIYYaTh OIEHKH, KOTOPBIE 00JamaroT
HE TOJBKO CBOWCTBOM HECMEIICHHOCTH, HO W HMCIOT MEHbBIINEC BBIOOPOUYHBIC
mucniepcun. OcrtaHoBumcs Ha wucnonb3oBanun OMHK s koppektupoBku
reTePOCKEIACTUIHOCTH.

Kak u paHblie, OyneMm mpeanojiarath, 4YT0 CpeaHee 3HAUYEHUE OCTATOYHBIX

BCJIMYMH PAaBHO HYJIO. A BOT JAUCIICPCHA UX HEC OCTACTCA HEU3MEHHOU AJIs1 pa3HbIX

3Ha4YeHuH (Bakropa, a nporopimonaisHa Benmnunte K., T.e.
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2 - 2
rae O, — JUCIEPCHs OMIMOKM IPH KOHKPETHOM |-M 3HadeHuH (akropa; O~ —
1

MOCTOSIHHAsI ~ TUCTIEPCUSl  OMMOKH TPU  COOJIOACHWUM  MPEANOCBUIKH O
rOMOCKeacTHIHOCTH ocTtatkoB; K, — koad¢uumeHT nponopruoHaIbHOCTH,
MEHSIOIIMICS C W3MEHCHHEM BEJIWYMHBI (aKkTopa, UYTO H OOYCIOBIMBACT
HEOTHOPOTHOCTH JTUCTICPCHUH.

[Ipu sTOM mpeanonaraercs, 4To 0 Hen3BeCTHA, a B OTHOLICHHH BEIHYHH
K. BBABUraroTcs ONpENENIEHHBIE THUIIOTE3bI, XapaKTEPU3YIOIIUE CTPYKTYPY

T'CTCPOCKECAACTUIHOCTH.

B oOmem Buze 1 ypaBHEHUS Y, =a+ in + & npu O'; = 0'2 . Ki MOIE/Ib

mpumer Bux: Y, =a+bx +,/Kig. B Hell ocrarouHsle  BENHYUHBI

I'CTCPOCKCAACTUIHEI. Hpezmonaraﬁ B HHUX OTCYTCTBHC aBTOKOPPCIIIIHNHU, MOKHO

HepeﬁTH K YpaBHCHHIO C TOMOCKCAACTUYHBIMU OCTATKaMH, IIOJACIUB BCC

IICPCMCHHEIC, Sa(bHKCI/IpOBaHHI)Ie B XO0A€ i-FO H36JII-0,Z[€HI/IH, Ha “’Ki . Torz[a

o o 2 2
AUCIICPCHA OCTATKOB 6YI[CT BCINMYMWHOMU ITOCTOSIHHOMU, T. €. Gg_ =0 .
|

NHbIMu ciioBamu, OT perpeccud Y 1o X MBI IIEpEeHlieM K pPerpeccud Ha

HOBBIX [IEPEMEHHBIX: Y / VK u X/ N K . YpasHenue perpeccun npuMeT BUI:

Y _ & p. 5,
N

a NCXOOHBIC JaHHBIC IJIs1 JaHHOI'O YPAaBHCHUA 6y,HYT HUMCTb BU:
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[Io oTHOWIEHHWIO K OOBIYHOW pErpeccuu ypaBHEHHE C HOBBIMH,

MpeoOpa3oBaHHBIMK  MEPEMEHHBIMU  MPEJCTABISIET  COOOW  B3BEIICHHYIO

perpeccuto, B KOTOpO! IepeMeHHbIE Y U X B3SThI C BECaMU ]/ VK.
OneHka mapaMeTpoB  HOBOTO  ypaBHEHHA C  MpeoOpa30oBaHHBIMH
IIEPEMEHHBIMUA IIPUBOJAUT K B3BELUICHHOMY METOAY HAMMEHBIINX KBAaJApPaToB, I

KOTOpPOIo HeO6XOI[I/IMO MHUHHUMU3UPOBATE CYMMY KBaJApPAaTOB OTKJIOHCHUH Buaa

n

S(a, b):ZKi(yi_a_bxi)z.

i=1 i

COOTBETCTBEHHO IOIYYUM CIIEAYIOLIYI0 CHCTEMY HOPMAJIBHBIX YPABHEHU:
( 1 X
Yi-ay by,
K K K
2
- X X X
XX 2y Eip T
8 K K K

Ecnu npeoOpa3oBaHHble mepeMeHHble X M Y B3ATh B OTKJIOHEHHUSAX OT

CpEIHNX YPOBHEH, TO KO3(DPUIMEHT perpecchu ) MOKHO ONpeIenTh Kak

= h

[Ipy 0OBIYHOM MPUMEHEHUHM METOJIa HAUMEHBIITUX KBaJIPaTOB K YPaBHEHUIO
JIMHEMHOW PErpecCuy Il NMEPEMEHHBIX B OTKIOHEHHUSX OT CPEIHHUX YPOBHEU

kod(pduiment perpeccun b onpenensercs mo popmyne:
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b 2 XY
DS
X
Kak BumuM, mnpu wucnonb3oBanuu o0odbmenHoro MHK ¢ wmensio

KOPPEKTUPOBKH  TETEPOCKETACTHYHOCTH  KOd(DPUIMEHT  perpeccuu b

IpEeCTaBIsIeT COOOM B3BEIICHHYIO BEIMUUHY 0 OTHOMIEHUIO K 00bryHOMY MHK ¢
Becom 1/K .
AHaJIOTMYHBIM MOAX0J BO3MOXEH HE TOJIBKO Ul YPaBHEHUS NApHOW, HO U
JUIsI MHOXKECTBEHHON perpeccuu. [Ipeanosokum, 4To paccMaTpuBaeTCs MOJECIb
BHJIA
y=a+bx +bx, +¢,
JUIsl KOTOPOM TUCIIEPCUA OCTATOYHBIX BEJIMYMH OKa3aJ1ach IPONOPLUOHAIbHA Kiz.

K, mpencrasmsier co6oit K03 HUIMEHT MPOMOPIHOHAIBHOCTH, MPHHUMAFOIIHA

pa3Iu4yHbIC 3HAUYCHHUS I COOTBETCTBYIOIIHMX | 3HaueHwmii pakTopoB X, m X,.
Bsuny toro, 4ro
2 2 2
o, =0 -K’,
I
paccMaTpuBaeMas MOJACIIb IPUMET BUJI
yi =a+bx; +b,x,; + K,
IJle OLUMOKYU TeTepPOCKEJaCTUYUHBI.
Js1 TOro 4ro0BI MONYYUTh YPaBHEHHUE, TJIE OCTATKU &; TOMOCKENACTHYHBI,

nepeieM K HOBBIM IPEoOpa3OBaHHBIM IEPEMEHHBIM, pa3feliiB BCE YJICHbI
MCXOIHOTO ypaBHEHUs Ha Kodduument nponopuronansaoctu K. Vpasaenue ¢
npeoOpa30BaHHBIMU IEPEMEHHBIMH COCTABUT

yp _ a
K. K

. X...
+b a1 b, 2 +¢,

i K, K,
DTO ypaBHEHHE HE COIEPKUT CBOOOJIHOro ujieHa. Bmecte ¢ Tem, Haiias

nepeMeHHble B HOBOM IpeoOpa3oBaHHOM BuAe W mpumeHsisi oObiuHbii MHK k

HUM, ITOJTYYHUM HHYIO CHCI_[I/I(I)I/IKaL[I/IIO MOOCIN:
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: . X...
Vi _ A+b1ﬁ+b2i+gi.
Ki I‘<i I<i

[TapameTpbl TakoW MOJENM 3aBUCAT OT KOHIIENIUU, MPUHATOU JJIst

koa¢uumenta npornopuroHanbHocTH K. B 9KOHOMETPHYECKUX HCCIEIO0BAHUSX
JOBOJIbHO 4YacTO BBIJBHTaeTCsA THIIOTE3d, YTO OCTaTKU &; NPONOPIHOHAILHBI
3HaueHusAM (akTopa. Tak, ecau B ypaBHEHUH

y=a+bx +bXx, +..+b x +e
PENOI0oKUTh, 4To €=¢ X, T.e. K=X mn 0'82i =c’- X, TO 00OOIIECHHBIN

MHK npenmnonaraet OIeHKY MapameTpoB CIEAYIOHIEro TpaHCHOPMUPOBAHHOIO

ypaBHEHUSI:

y X5 X
—=b+b,—~+...+b " +e&.
X "% X

[Ipumenenue B 3tom ciydyae o0o6menHoro MHK npuBoaut k ToMy, 4TO
HAOMONEHNS ¢ MEHBITIMH 3HAYEHHAMH TpeoOpaszoBaHHbIX Tepemennbix X/ K

HMCIOT IIPHU OMIPCACIICHHUHN IIapaMCTPOB PCTPCCCHHU OTHOCHUTCIIBHO OonpIIMI BCC,
4cM C IICPBOHAYAJIbHBIMHA IICPCMCHHBIMU. Bwmecte ¢ TEM, CIICAYCT UMCTh B BUAY,
YTO HOBBIC Hp606p2130BaHHBIC MNEPEMCHHBIC IIOJIYYalOT HOBOC 3KOHOMHYCCKOC
COACPIKAaHUC U HUX PCIrpeCCusd MMCECT WHOM CMBICJI, YCM PCIrpecCusd 1o HMCXOIHBIM

JAHHBIM.
IIpumep. IlycTe Y — H31EpKKM IPOU3BOJACTBA, X, — 00BEM NPOAYKIUH, X,
— OCHOBHBIE IIPOM3BOJCTBEHHBIC (OHMBI, X; — YMCICHHOCTh PAOOTHHMKOB, TOTJA
YpaBHEHHUE
y=a-+bx +b,x, +bx, +e
ABJISIETCSI  MOJIENIbIO  M3JIEPIKEK MPOU3BOACTBA C OOBEMHBIMU (DaKTOpaMHU.

2
Ilpennonaras, 4ro O, NPONOPLMOHAILHA KBAJAPaTy YHMCICHHOCTU PaOOTHUKOB
I

X5, MBI TIOJIyYUM B Ka4yeCTBE PE3yJIbTATUBHOIO INpPH3HAaKa 3aTpaThl HAa OJHOTO
paboTHUKA y/ X;, a B KadecTBe (DAKTOPOB CIEAYIOIIME IIOKA3aTEIIH:
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MIPOM3BOAUTEIIBHOCTE Tpyda X, / X; ¥ (QOHIOBOOPYKEHHOCTH Tpyaa X, / X5 .

COOTBETCTBEHHO TpaHC(bOpMI/IpOBaHHaSI MOJCIIb ITPUMCT BUI

y X X,
~ =h —+b < +¢,
" 3+b1x3+2x3+8

rac ImapamMcTphbl b, b2, b3 YUCJICHHO HC COBIIaJalOT C aHAJIOTHYHBIMH

napamMeTpaMu mpensiayie moaenu. Kpome storo, koaddumueHTsl perpeccuu
MEHSIFOT JKOHOMHMYECKOE  COJEp)KaHWE: W3  IIOKa3aTeled CUJIbl  CBSI3H,
XapaKTepU3yIIIHNX CpeHee a0CONIOTHOE U3MEHEHUE U3JIEPKEK MPOU3BOJACTBA C
U3MEHEHHEM aOCOJIIOTHON BEIMYUHBI COOTBETCTBYIOMIErO (pakTopa HAa CIUHHMILY,
onn (Qukcupyror npu o6o00menHom MHK cpeaHee wu3MeHeHue 3aTpar Ha
pabOTHUKA; C HW3MEHEHHEM MPOU3BOJAUTEILHOCTH TpyJda HA €AUHUILY TMpHU
HEU3MEHHOM YpOBHE (POBIOBOOPYKEHHOCTH TpyJda; U C HU3MECHEHUEM
(GOHIOBOOPYKEHHOCTH  TpyJa Ha €IUHUIYY TPU HEU3MEHHOM  YPOBHE
MIPOU3BOAUTEIIBHOCTH TPYAQ.

Ecnu npennonoxute, 4TO B MOAENAM C NEPBOHAYAIBHBIMU MEPEMEHHBIMU

AUCIICPCHUA OCTaTKOB  IIPOIIOpHOHMOHAJIbHA  KBaApaTy o0beMa IIPOAYKIIHH,

2 2 2 .
O, =0 - X/, MOXKHO IIEPENTH K yPAaBHECHHUIO PETPECCUU BUIA

y X, X3
—=b +b,—~=+b,—+¢.
X, XX

B HeM HOBBIE TIEpEMEHHBIE: y/ X, — 3arparel Ha equHULy (Mau Ha 1 pyo.

MPOAYKITUN), X2/ X, — (OHIOEMKOCTH NPOIAYKIHUH, X, / X, — TpPYyIOEMKOCTh
MIPOTYKITHH.

['unore3a O TPOMOPIIMOHATILHOCTH OCTATKOB BEJIMYMHE (DAKTOpa MOXKET
UMETh pealbHOE OCHOBaHWE: TIpH O00pabOTKE HEIOCTAaTOYHO OTHOPOIHOU
COBOKYITHOCTH, BKJIFOYAIONICH KaK KpyHHbIC, TaK W MEJKWC TMPEANPUSITHS,
OonbIIMM OOBEMHBIM 3HAYCHHUSIM (PaKTOpa MOMKET COOTBETCTBOBATH OOJbINIAs
JTUCTIEPCHUS  PE3YJIbTAaTUBHOTO TpHU3HAKa W OOJbIIas JUCTICPCHS OCTaTOYHBIX

BCINYHH.
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. o o 2 22
HpI/I HaJIn4uy OIJHOH 06’I)}ICH$II-0HICI/I INEPEMCHHOMU THUIIOTE3a O'g_ =0 X
I

TpaHCPOPMUPYET TUHEHHOE ypaBHEHUE

y=a+bx+e
B YPaBHEHUE
a
X:b+—+g,
X X

B KOTOPOM HapaMeTphl @ M D MOMEHAIMCh MecTaMH, KOHCTaHTa CTala
KOA(h(UIIMEHTOM HaKJIOHA JMHUM perpeccuu, a KodpPHUIMeHT perpeccun —
CBOOOTHBIM YJICHOM.

IIpumep. PaccmarpuBas 3aBUCUMOCTBH cOepexxeHuii Y oT goxoxa X, IO

MepBOHAYAIILHBIM JJAHHBIM OBLIO MOJIYYE€HO YPaBHEHUE PETPECCUU
y=-1,081+0,1178- x.
[Tpumensisi 0606mennbii MHK k manHOM Mojenu B OpeanojioKeHUHU, 4To
OIMMOKKA  MPOIMOPIMOHANBHEI  JOXOAY, OBLJIO TOJYYEHO ypaBHEHHE JUIS

peoOpa30BaHHbBIX JaHHBIX:

Y _0,1026-0,8538- %
X X

KoadduumeHT perpeccunrt nepBoro ypaBHEHUs CpaBHUBAIOT CO CBOOOHBIM
4jleHOM BTOporo ypasHenus, T.e. 0,1178 u 0,1026 — ouenku mnapamerpa D
3aBUCUMOCTH COEpEeXEHUI OT JOX0/a.

[lepexoq K OTHOCHUTEIBHBIM BEJIWYMHAM CYIIECTBEHHO CHM)KAET BapUALUIO
(akTOpa M COOTBETCTBEHHO YMEHBIIAET IUCIEpPCUI0 omuOku. OH mpencTaBiser
co0oll HanboJiee MPOCTOM ciTydaid yyeTa reTepOCKEeJaCTUIHOCTH B PErPECCUOHHBIX
Mozensax ¢ nmomoibio 0606menHoro MHK. Ilporecc mepexoga kK OTHOCUTEIbHBIM
BEJIMYMHAM MOXET OBITb OCJOXHEH BBIABM)KEHHUEM MHBIX THUIIOTE3 O
MPOMOPLUUOHATIBHOCTA OIIMOOK OTHOCUTENFHO BKJIIOYEHHBIX B MOJENb (DaKTOPOB.

Hcnonp3oBaHnne TOW WM HWHOM THUMNOTE3bl IPEANOJAracT CIElUaIbHbIC

HCCIICAOBAHUA OCTATOYHBIX BCIWYMH I COOTBETCTBYIOIIUX PCTrPECCCHMOHHLBIX
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mozenei. Ilpumenenne o0006menHoro MHK mo3Bossier MnoayduTh OLIEHKH

napaMeTpoB MOJIENH, 001aJatoIIe MEHbIIEH TUCTepCHen.

2.6. PerpeccuoHHbI€ MO/IeJIM C TIEPEMEHHON CTPYKTYpPOM

(puKTHBHBIEC IEPEMEHHbIE)

Jlo cux mop B KadecTBe (PAKTOpPOB pacCMaTPHBAIMCh SKOHOMHUYECKHE
NIEPEMEHHBIC, TPUHUMAIONIUE KOJWYCCTBEHHBIC 3HAYCHHS B  HEKOTOPOM
uHTepBaje. BMecTe ¢ TeM MOXET OKa3aThCs HEOOXOIWMBIM BKJIIOYUTH B MOJEIb
dbaxkTop, UMEIOIMIMKA JiBa WM 0OJiee KAYECTBEHHBIX YPOBHEH. DTO MOTYT OBIThH
pa3HOTO pojaa aTpuOyTHBHBIC MPHU3HAKH, TaKWEe, HAIpUMeEp, Kak mpodeccus, 1o,
oOpa3oBaHHEe, KIMMATHYECKUE YCIOBHS, NPHHAMICKHOCTh K OIPEACICHHOMY
peruony. UToObl BBECTH TaKHe IIEPEMCHHBIE B PETPECCHOHHYIO MOJEIb, UM
JIOJDKHBI OBITH TPUCBOEHBI T€ WM WHBIC yugposvle memiu, T.e. Ka4eCTBCHHBIC
IIepEeMEHHbBIC npeoOpa3oBaHbI B KOJINYECTBEHHBIE. Takoro BHJA
CKOHCTPYUPOBaHHbIE IIEPEMEHHBIE B OJKOHOMETPHUKE IIPUHSATO Ha3bIBaTh
PuxmusHvIMU NepeMeHHbIMU.

PaccmoTpum npuMeHeHue (PUKTUBHBIX MEPEMEHHBIX sl (DYHKIIMU CIpoca.
[Ipeamnonoxxum, 4TO TO TPYMIIE JIAI MYKCKOTO M KEHCKOTO TI0JIa H3Yy4aeTCs
JUHEWHAs 3aBUCUMOCTh NOTpeOsieHus kode ot 1meHsl. B ob0mem Buae mis
COBOKYITHOCTH 0OCJIeTyeMBbIX YpaBHEHHUE PETPECCUU UMEET BUI:

y=a+bx+eg,
rae Y — KoiaumdecTBo noTpediasieMoro kogde; X — 1eHa.
AHaNOTHYHBIE YpaBHEHHS MOTYT ObITh HaiJeHBl OTHENBHO JUIS JIHI]
MyxkcKoro nona: Y, =@, + 0, X, + & u kenckoro nona: Y, =a, +b,X, + &,.
Pasznuuns B moTpeGueHnn Kohe MPOSBATCS B PA3IM4UU CPEAHUX Y, U Y,.
Bumecte ¢ TeM cuna BiusiHuS X Ha Y MOKET ObITh oauHaKoBo#, T.e. D=0 = b,.

B »3TOoM ciiydae BO3MOXKHO TIOCTPOCHHE OOIIEr0o YpaBHEHUS PErPECCHH C

BKJIFOYEHHEM B HETO (paKTopa «1moy» B BUJE PUKTUBHON nepeMeHHON. O0beanHsIs
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ypaBHeHHst Y, W Y, W, BBOAA (UKTHBHBIC IEPEMEHHBIC, MOXHO INPHHATH K
CICAYIOCMY BBIPAKCHUIO:

y=4a2 +a,z, +bx+¢,
Tac le/I 22 — (1)I/IKTI/IBHBIG IMCPCMCHHBIC, ITPUHUMAIOINUC 3HAYCHU !

1 — myxckoii nox, 0 — MyXCKoii o,
Z, = Z, =
1 2

0 — >KCHCKHUH 1OJT; 1 — >KeHCKwuii MoJI.

B oOmem ypaBHEHMM perpeccuM 3aBHCHMas  IE€peMeHHas Y
paccMmaTpuBaeTcs Kak (QYHKIMS HE TOJBKO IEHbI X HO U TMoja (Zl, 22)-
Ilepemennass Z  paccMaTpuBaeTcsi Kak  JIUXOTOMHUYECKass  MepeMeHHas,
NpUHUMAOIIas Becero aBa 3HaueHus: 1 u 0. Ilpu atom korma Z, =1, 10 2, =0, u

Ha000POT.

st nmn myxckoro moma, korma z, =1 wu Z,=0, oObenunenuoe
YPaBHCHHC PEIPECCHH COCTaBUT: Y = a, + bX, a ans nun skeHckoro mona, Koraa

Z = Om Z, =1 y= a, + bX. MapiMu cnosamu, paznuyus B MOTPEOJSICHUH IS
JUI[ MY>KCKOTO M >KEHCKOTO TOJia BBI3BAHBI PAa3IUYMsIMU CBOOOJHBIX YJICHOB
ypaBHeHHs perpeccun: @, #a,. Ilapamerp b sBnsercs obmumM s Beeit
COBOKYIHOCTH JIUIL, KaK JUISI MY)K4YHH, TaK U IS )KEHILUH.

OnHako IpH BBEIEHHMHU IBYX (PMKTHBHBIX IIEPEMEHHBIX Z, M Z, B MOJENb
y=az +a,Z, + bX + & npumenenne MHK uisi olleHMBaHHS apaMeTPOB a u

d, IPHUBEJET K BBIPOXKICHHON MATPUIIE MCXOAHBIX JaHHBIX, & CJIE0BATENLHO, U K
HEBO3MOXKHOCTH TIONy4eHHSI HMX OIEHOK. OOBsCHAETCS 53TO TEM, 4YTO TMpHU
ucnonb3zoBanun MHK B nanHOM ypaBHEHUU TOSIBISIETCS CBOOOJHBINA YJICH, T.€.
YpaBHEHHUE PUMET BU/T
y=A+a2 +a,z, +bx+¢.
[Ipeamonaras mpu napamerpe A HE3aBUCUMYIO NEPEMEHHYIO, PAaBHYIO 1,

MMEEM CIEAYIOIIYIO MAaTPUILY UCXOIHBIX JAaHHBIX:
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1 1 0 x
1 1 0 x,
1 0 1 x
1 1 0 x,
1 0 1 x|

B paccmarpuBaemoil MaTpulle CyHIECTBYET JIMHEWHAS 3aBUCUMOCTH MEXKIY
NEPBbIM, BTOPHIM M TPETbUM CTOJIOIIAMHU: TEpPBBIA pPAaBEH CyYMME BTOPOrO H
Tperbero ctTonouoB. IlosToMy wMarpuna HMCXOIHBIX (AKTOPOB BBIPONKACHA.

BBIXOIIOM N3 CO30aBIICTOCA 3aTPYAHCHUA MOXKCT SABHUTHCA IICPEXOA K YPABHCHUSAM
y=A+Az +bx+¢

NI
y=A+Az, +bx+eg,

T.C. KaXKIO0C YPAaBHCHHC BKIIOYACT TOJIBKO OOHY (1)HKTI/IBHYIO IICPCMCHHYIO Zl nIn

Z,.

[Ipennosioxkum, 4TO ONMPENEICHO YPABHEHUE

y=A+Az +bx+g,

rjae Z, IpMHUMAeET 3Ha4eHus 1 1uid My>xuuH U 0 17151 JKEHILKH.

Teopernyeckue 3HaUeHUS pazMepa NMoTpedieHus kode s MyK4uH OyayT

IIOJIYUCHBI N3 YPABHCHUA
y=A+A +Dbx.
I[JISI KCHIIWH COOTBCTCTBYIOIIUC 3HAUYCHUA ITOJTYIHUM U3 YPABHCHHUA

y = A+bx.
ConocraBisiss OTH  PE3ylbTaThl, BHAWM, 4YTO pa3jiduus B YPOBHE
NOTPEONEHUS MYKYMH M JKCHIQWH COCTOSAT B Pa3AM4MM CBOOOIHBIX UJICHOB
naHHbIX ypaBHeHuit: A — st sxenume 1 A+ A — st MyxauH.

Tenepb KauecTBEHHbIM (PAKTOp MPUHUMAET TOJBKO JIBa COCTOSIHUS,

KOTOpPBIM COOTBETCTBYIOT 3HaueHuss | wu 0. Eciam xe uwucio rpaganui
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KauyeCTBEHHOTO MpH3HaKa-(hakTopa MPEBBIIAET JIBa, TO B MOJEIb BBOAUTCSA
HECKOJIbKO (DUKTHUBHBIX TNEPEMEHHBIX, YUCJIO KOTOPHIX JOKHO OBITH MEHbINE
qyclla KaueCTBEHHBIX rpajnanuii. ToJbKO Npu COOMIOJEHUH 3TOTO IOJIOKEHUS
MaTpUlla UCXOAHBIX (PUKTUBHBIX MEPEMEHHBIX HE OyAeT JMHEHHO 3aBUCHMa U
BO3MO’KHA OLIEHKA I1apaMeTPOB MOJEIH.

IIpumep. IIpoananuzupyeM 3aBUCUMOCTb 1I€HBI ABYXKOMHATHON KBapTHUPBI
0T ee MmoJie3HoH mom@aau. [lpu 3ToM B MoieTb MOTYT OBITH BBEJCHBI (PUKTHUBHBIC
IIEPEMEHHBIE, OTPAXKAIOIINE TUII I0MA: «XPYILEBKa», TaHEJIbHbIN, KUPITUYHbIH.

[Ipu umcmonB30BaHMHM TPEX KATETOPUH TOMOB BBOJAATCSA JiB€ (DUKTHBHBIC

nepemMenHnle: Z; u Z,. Ilycte mepeMeHHas Z, NpUHMMAaeT 3HadeHue 1 s

IIaHCJIBHOT'O JO0Ma U 0 IJI1 BCCX OCTAJIBHBIX THUIIOB AOOMOB; IICPCMCHHASA 22
IMPUHUMACT 3HAYCHHUC 1 IJIT KUPpIOUYHBIX AOMOB H 0 JJIA OCTaJIbHBIX, TOIrJAa
IMCPEMCHHBIC Zl n 22 IMPUHUMAIOT 3HAUYCHUA 0 JJIS1 TOMOB THUIIA «XPYIICBKW)).

HPGI[HOJIO)KI/IM, 4TO YpaBHCHHC PCIpCCCUHU C (1)I/IKTI/IBHBIMH IICPCMCHHBIMHA

COCTaBHIJIO:

y =320+ 500x + 2200z, +1600z,.

YacTtHble ypaBHEHMSI pPErpeccud JUisi  OTACIBHBIX THUIIOB  JOMOB,

CBUJIETENBCTBYSI O HanOOJIee BHICOKHUX LIEHAX KBAPTUP B MAHENbHBIX JAOMax, OyayT

uMeTh  caepyrommid  Bum:  «xpymeskm» — Y =320+500X; nanencubie —

y = 2520+ 500X; kuprnnunsie — Y =1920+ 500X.

ITapameTpbl npyu (QUKTUBHBIX NEPEMEHHBIX Z; W Z, NPEICTaBIAIOT COOOU

Pa3sHOCTb MEXKJIYy CpPEIHUM YPOBHEM  pE3yJbTaTUBHOIO IMpPU3HAKA  JUIA

COOTBETCTBYIOILIEH I'pyIIbl U 0a30BOM rpymnmsl. B paccMaTpuBaeMoM mpuMepe 3a
6a3y CpaBHEHHs IIEHBI B3SThl JOMa «XPYIIEBKH», s Kotopbix Z, =Z, =0.
[Tapamerp npu Z;, paBubid 2200, 03Ha4aeT, YTO NPU OJHOM M TOM K€ IMOJIE3HOM
IJIONIAIM KBAPTUPHI 1IEHA €€ B MaHEJIbHBIX JoMax B cpenHeM Ha 2200 gosut. CIITA

BBIIIC, YCM B «XPYIIICBKAX». COOTBETCTBEHHO napamMceTp 1Ipu 22 ITIOKAa3bIBACT, 4TO
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B KHPIMYHBIX JIOMax LE€Ha BhllIe B cpeaHeM Ha 1600 moy1. mpu HEM3MEHHOMR
BEJIMYMHE MOJIE3HOM TUIOLAAN 10 CPABHEHUIO C YKa3aHHBIM TUIIOM JJOMOB.

B otnenbHBIX cilydasxX MOXKET OKa3aTbCs HEOOXOJMMBIM BBEJIECHUE JBYX U
Oonee Tpymn (UKTUBHBIX TEPEMEHHBIX, T.€. JABYX U 0oJjiee KaueCTBEHHBIX
(akTOpOB, KaXKABIA U3 KOTOPBIX MOYKET MMETh HECKOJIbKO rpanauuii. Hanpumep,
OpU M3YyYEHUU TMOTPeOIEHUs HEKOTOPOro TOoBapa Hapsay ¢ (akTopamuy,
MMEIOLIUMH KOJIMYECTBEHHOE BBIpaXXKEHHUE (LI€HA, JOXOJ Ha OJHOTO 4YIEHA CEMBH,
[IEHa Ha B3aUMO3aMEHsSEMbIE TOBAPHl U Jp.), YUUTHIBAIOTCA M KAauECTBEHHBIC
¢dakroppl. C WX MOMOIIBIO OLIEHWBAIOTCS Pa3UYMs B MOTPEOICHUU OTIEIBHBIX
COLIMAJIBHBIX TPYNIl HacelleHus, AuddepeHuuanus B MNOTPEOJICHUH N0 IOy,
HAllMOHAJIBHOMY cOCTaBy W JAp. IIpy mocTpoeHMHM Takod MOAEIM W3 KaXAOu
rpynibl (PUKTUBHBIX MEPEMEHHBIX CIEAYET HCKIIOYUThH MO OAHOW MEPEMEHHOM.
Tax, ecnu Monenb OyneT BKIIIOYATh TPU COLMAIIBHBIE IPYMIbI, TPU BO3PACTHBIC
KAaTErOPUHU U Psii SKOHOMUYECKHUX IEPEMEHHBIX, TO OHA MPUMET BH/I:

y=a+bs +b,s,+b,z, +b,z, +b.x +b.x, +...+b_ X, +&,

m+4

rae Y — norpebieHue;

1 — ecau HAOJIOCHHST OTHOCSTCS K I-i COLMAIbHOM TPyIIIe (i =1, 2),

S. =
1
0 — B OCTaJIBHBIX CIyYasx;
1 — ecim HAOIIOICHUST OTHOCSTCS K |-i BO3PACTHOM rpyIie ( j=1 2),
. =
1
0 — B OCTaNbHBIX CITy4asX;
X, X5y very X, — DKOHOMUYECKHUE (KOJIMYECTBEHHBIE) IEPEMEHHBIE.

Jlo cux mop Mbl paccMaTpuBaJd (PUKTHBHBIE MEpEeMEHHbIE Kak (DaKTOpBI,
KOTOPbIE MCHOJB3YIOTCSI B PErPECCHOHHON MOJENN HapsiAy C KOJIMYECTBEHHBIMU
NepeMEeHHbIMU. BMecTe ¢ TeM BO3MOXXHAa perpeccusi TOJbKO Ha (PUKTUBHBIX
nepemMeHHbIX. Hampumep, wusydaercs auddepeHumanus 3apaO0OTHOM MIIATHI
pabounx BBICOKOW KBamu(UKAIMU MO pEeruoHaMm cTpaHbl. Mojenb 3apaOoTHOU

I1aTbl MOXET UMCTDb BU!

y=a+bz +b,z,+..+bz,
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rine Y — cpenHss 3apa0oTHas Tuiata pabodyMX BBICOKOW KBaTU(UKALUU IO

OTACJIBbHBIM ITPCAIIPUATHAM,

1 — ecnu npennpusitue Haxoautcs: B CeBepo-3anagHoM paloHe;

Z =
1 o
O — CCJIU IPCANPUATUC HAXOOAUTCA B OCTAJIBHBIX pPAaOHAX]
1 — ecnu npennpusTUe HaxoauTcs B Bonro-BsarckoM paiioHe;
Y
2 o
O — CCJIN IPCANPUATUC HAXOAUTCA B OCTAJIBHBIX PAMOHAX
1 — ecnu MMPCIpUATUC HAXOOAUTCA B I[aHBHeBOCTOLIHOM paﬁOHe;
Z =

" |0 — ecnu npeAnpHUATHE HAXOAUTCS B OCTAIBHBIX PaifoHaX.

ITockonbKy mociaeqHUN pailoH, YKa3aHHBI B MOJENH, 0003HaUeH Z, TO B
nccnenoBanue BKIodeno M+ 1 paiiow.

Mgl paccmoTpenu MoAenu ¢ (DUKTUBHBIMU TIEPEMEHHBIMU, B KOTOPBIX
nmocjaeAHue BbICTymaroT (akropamMud. MOXKET BO3HUKHYTh HEOOXOIWMOCTD
ITIOCTPOUTH MOJIEIb, B KOTOPON TUXOTOMUYECKHUM MPU3HAK, T.€. IPU3HAK, KOTOPHIN
MOXET NMPUHUMATh TOJIPKO JBa 3HAYEHHUS, UTpaeT poJib pe3yibraTta. [logoOHOrO
BHJa  MOJEIM  TPUMEHSIOTCS,  HampuMmep, IIpd  00pabOTKe  JTaHHBIX

COLIMOJIOTUYECKUX  ONpOCOB. B kadectBe 3aBUCUMOM IEpeMEHHOU Y
paccMaTpUBaOTCS OTBETHI HAa BOIPOCHI, JaHHBIE B albTEPHATUBHOU QopMe: «aa»
umn «Het». [losTroMy 3aBHcHMas NEepeMEHHass MMEET ABa 3HaueHus: 1, Koraa
MMEET MECTO OTBET «Ja», U 0 — BO BCEX OCTAIBHBIX Ciy4asx. MoJenp Takou
3aBUCUMOU MIEPEMEHHON UMEET BUJ:
y=a+bx +..+b. X, +&.

Mopens sABiseTCd BEpPOATHOCTHOM JIMHEWHOW Mozensro. B wHen Y

npuHUMaeT 3HadeHust 1 u 0, KOTOPBIM COOTBETCTBYIOT BepositHoctd P u 1— .

[TosTOMY MpH peIIeHuH MOAETH HaXOAAT OIIEHKY YCIOBHOM BEPOATHOCTH COOBITHS
Y mnpu (UKCHpOBAHHBIX 3HAa4YCHUsAX X. JIJI OLEHKH MapaMeTpoB JIMHEHHO-
BEPOSATHOCTHOM MOJICIM TPUMEHSIOTCS Metonbl Logit-, Probit- u Tobit-ananu3a.

Takoro poxa Mojend HCHOJB3YIOT Mpu paboTe ¢ HEKOJWYECTBEHHBIMU

nepemeHHbIMU. Kak mpaBuio, 3TO Mojenu BbIOOpa M3 3aJlaHHOTO Habopa
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AJIbTCPHATHUB. 3aBucuMas IMEPEMCHHAasA y MpcaCTaBJICHA AUCKPCTHBIMHA

3HAYCHMSAMH  (HA0Op ~ anbTepHATHB), OOBSCHAIOIME MEPEMEHHbIC X; —

XapaKTEPUCTHKU aIbTCPHATHB (BpEMs, LICHA), Z; — XapAKTEPUCTHKU HHIMBHIIOB

(Bo3pacT, 40X0HA, YpOBEHb oOpa3oBaHHsA). MojJenab Takoro pojaa MO3BOJSET
npefcKa3aTh [JIOJII0 HWHAWBHUIOB B TI'EHEPAIbHOM COBOKYITHOCTH, KOTOpBIE
BBIOHPAIOT IaHHYIO AJIbTEPHATUBY.

Cpenun wmogzeneid ¢  (UKTUBHBIMH  TEPEMEHHBIMH  HAHOOJBIIMMHU
IPOTHOCTUYECKMMHU BO3MOKHOCTSAMHU O00JaJal0T MOJENH, B KOTOPBIX 3aBUCHMAas

nepeMeHHas Y paccMaTpuBaeTcs Kak (PyHKIHS psiia IKOHOMHUYECKUX (haKTOpOB
X; ¥ QUKTHBHBIX MEPEMCEHHBIX Z;. llocnepHne OOBIYHO OTPAKAIOT PasiHYHs B

(GOopMHUPOBAHUN PE3YJBTATUBHOIO MpHU3HAKA IO OTIECJIbHBIM TIpyMHIaM €IuHULL
COBOKYITHOCTH, T.€. B PE3yJIbTaT€ HEOAHOPOJHOM CTPYKTYPhI MPOCTPAHCTBEHHOTO

HJIX BpECMCHHOI'O XapaKTepa.
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3. CucTtemMbl IKOHOMETPHUYECKUX YPABHEHUI

[Ipy ucnonb30BaHUU OTAECIBHBIX YPaBHEHUH pPErpeccuu, Hampumep s
DKOHOMHUYECKUX pacyeToOB, B OOJBIIMHCTBE CIy9aeB MPEIIOIATaeTCs, YTO
aprymeHThI ((hakTopbl) MOKHO U3MEHSATh HE3aBUCUMO JAPYT OT Apyra. OJIHAKO 3TO
MPENOJIOKEHUE SIBISICTCSI OYEHb TPYyObIM: NPAKTUUECKH HW3MEHEHHE OJIHOU
NEPEeMEHHOM, Kak TNpaBUIO, HE MOXKET MPOUCXOJUTh TMpU  aOCOIIOTHOU
HEU3MEHHOCTU JIpyrux. Ee m3MeHeHue moBiieyeT 3a co00il M3MEHEHHUs BO BCei
CHUCTEME B3aMMOCBSA3aHHBIX Mpu3HaKoB. ClenoBaTelbHO, OTACIBHO B3STOE
YPABHEHHE MHOXECTBEHHON PErPECCHM HE MOKET XapaKTEpPH30BATh WCTHUHHBIC
BIIMSIHUSL OTAC/BHBIX IMPU3HAKOB HA BApUAIMIO PE3YJbTUPYIOIMICH MEpEeMEHHOM.
NMeHHO mO3TOMY B MOCJEIHHUE ACCATUIIETHS B AKOHOMUYECKUX HCCIEIOBAHUIX
BAKHOE MECTO 3aHsula Tmpo0sjemMa ONUCAaHUS CTPYKTYpPbl CBSI3€H MEXKIY
MEPEMEHHBIMU  CHCTEMOM TaK Ha3bIBAEMBIX OJIHOBPEMEHHBIX YypaBHEHUH,
Ha3bIBAEMbIX TAK)KE€ CTPYKTYPHBIMU YPABHEHUSIMU.

Cucrema ypaBHEHHI B SKOHOMETPUUYECKHX MCCIIEIOBAHUSX MOXKET OBITh
MOCTPOEHA MO-Pa3HOMY.

Bo3MoxHa cucmema Hezasucumvlx ypasHeHui, KOTJa KaxKJaas 3aBUCHUMAas

nepemMeHHass Yy paccMarpuBaercd Kak (PYHKIMS OZHOTO M TOro >Ke Habopa

(haxkTopoB X:

~

Yi=apX +a,X, +..+a, X, + &,

Y, =a, X, +a,X, +..+a, X +&,,
J 2 21X1 2272 2n“'n 2 (31)

Y = X +a,,X +...+a X, +&,.
Habop ¢axtopoB X; B KaXIOM ypaBHEHHH MOXET BapbupoBath. Kaxmoe

YpPaBHCHUC CHUCTCMblI HC3aBUCHMBbIX ypaBHeHI/Iﬁ MOXCT paCCMaTpPHUBATLCA
CaMOCTOATCIIBHO. I[J'IS{ HaXxO0XACHUA €TI0 MapaMCTpPpOB HCIOJIB3YCTCA MCETO/
HaMMCHBIIMX KBaJApaToOB. ITo CYHECTBY, KaXI0€ YpPaBHCHHC 9TOM CHCTEMBbI

SBJISICTCSI YpaBHEHUEM perpeccuu. Tak Kak (PaKTHYeCKHuEe 3HAYCHUS 3aBUCHMOU
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NEPEMEHHOM OTIMYAIOTCS OT TEOPETUUECKUX Ha BETUUHUHY CIIy4aliHOM OLINOKH, TO
B Ka)KJIOM YPaBHEHHU IIPUCYTCTBYET BEJIMYUHA CIIy4aiiHOM OIIMOKHU &;.
Ecnn 3aBucumas mepemeHHas Y OJHOIO YpPaBHEHHUs BBICTYHAeT B BHUIE

dakTopa X B ApPYroM ypaBHEHWH, TO HCCIIEIOBATEIh MOXKET CTPOUTHh MOJCIH B

BUJIE CUCTNEMbL PEKYDCUBHBIX YPAGHEHUU

Yi = a X +apX, ... +a, X, + &,
Y, =0, Y, + 8, X +8,X, +...+8,, X, + &,

-

.

Y;:=0,Y, + b32Y2 + a8, X +8,X, t...+ 3, X, + &, (3.2)

ym = bmlyl +.o.t bm,m—1ym—1 + amlxl + am2x2 +ot a'man + gm'

"

B II&HHOI?I CUCTCMC 3aBHUCHMaA IICPCMCHHAA y BKIIIOYAaCT B KaXXJO0C

MOCJIEIyIOIEe ypaBHEHUE B KauecTBE (PAaKTOPOB BCE 3aBUCHUMBbIEC TEPEMEHHBIE
MPEAIIECTBYIONIUX YPAaBHEHUN Hapsaay ¢ HaOOpoMm cOOCTBEHHO (akTopoB X.
Kaxnoe ypaBHEHHE 3TOW CHUCTEMBI MOYKET PACCMATPUBATHCA CAMOCTOSITENBHO, U
€ro mapameTphl ONPEALIISIIOTC METOI0M HauMeHbIux kBajapatoB (MHK).
HaunOosnbuiee pacnpocTpaHeHME B 3KOHOMETPUYECKHUX —HCCIEAOBAHMSIIX
NOJIYYWJIa  cucmema 63auMo3d6UCUMbIX YpaeHeHuti. B HeW OZHM W Te XKe
3aBUCHUMBIC TIEPEMEHHBIC B OJIHUX YPABHEHUSAX BXOJAT B JIEBYIO YaCTh, a B IPYyTHUX

YPaBHEHHSAX — B IIPABYIO YaCTh CUCTEMBI:
y, =b,Yy, + b13y3 +..+b Y, +a X +ayX, +..+a, X, +é&,
Y, =0,y +hy, +..+ b,y T8, X +3,X, +...+ 38, X, + &,

+ 821 (33)

.

Y; = b31y1 + b32YZ +ot bSmym tayu X +a,X, +...+a,,X

n

\ym = bmlyl + bm2y2 Tt bm,m—lym—l + amlxl + am2X2 Tt a'man + gn'

Cucrema B3aMMO3aBUCUMBIX ypaBHEHUH TOJydniia Ha3BaHHUE ClUCHEMbl
COBMeCmHbIX, 0OHOBPEMEHHbIX YpasHenuti. TeM caMblM NOJYEPKUBAETCSA, YTO B
CUCTEME OIHHM M TE K€ TCPEMCHHBIC OJHOBPEMEHHO pPacCMaTPHUBAIOTCA Kak
3aBUCUMBIC B OJIHUX YPABHEHUSAX M KaK HE3aBUCHUMBIC B JIpyruX. B skoHOMETpUKE
ATa CUCTEMa YPaBHEHHMM HA3bIBACTCS TAKXKE CMPYKMYpHOU Gopmoti moodenu. B
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OTJIMYKE OT MPEIbIAYIIUX CUCTEM KaXKJI0€ YPABHEHUE CUCTEMbI OJTHOBPEMEHHBIX
YpaBHEHUI HE MOXET paccMaTpPUBATHCS CAMOCTOSITEIBLHO, U JIJI1 HAX0XICHUS €ro
napameTpoB Tpaauimonuslii MHK wenpumenum. C 3TOH LIENTBI0O HCHOIB3YIOTCS

CHeIMaIbHbIC PUEMBI OIICHUBAHMUS.
3.1. CrpykrypHasi u npuBeieHHasi GopMBbI MO/IeJIH

Cucrema COBMECTHBIX, OJHOBPEMEHHBIX YpaBHEHHM (MJIM CTPYKTypHas
dbopma MojIeH) 0OBIYHO COACPKUT PHAOTEHHBIC U SK30TCHHBIE TIEPEMECHHBIC.
DHOO2eHHble nepemenHble — 3TO 3aBUCUMBIE NIEPEMEHHBIC, YUCIO KOTOPHIX

PaBHO YHCITy YPaBHEHUW B CUCTEME U KOTOpbIe 0003HauYaroTcs uepes Y .

OK302eHHble  nepeMeHHble — ITO IPEAONPENEICHHBIE IIEPEMEHHBIE,
BIMAIOIIME HA DHJIOICHHbIE TIEPEMEHHbIE, HO HE 3aBHUCSIIME OT HHX.
O6o3Hayvarorcs yepes X.

Knaccudukanusa nepeMeHHbIX HAa SHAOTEHHBIE M 3K30T€HHBIE 3aBUCUT OT
TEOPETHUYECKOW KOHUENIUU IMPUHATOM MOJENIH. DKOHOMUYECKHE IEPEMEHHBIC
MOTYT BBICTYNaTh B OJJHUX MOJEJISAX KAaK SHJOTCHHBIE, a B IPYTUX KAK 3K30T€HHBIE
nepeMeHHble. BHesKOHOMHUYECKHE TepeMEHHbIE (HalpuMmep, KIMMaTHYECKUE
YCIJIOBUSI, COLIMAJIBHOE TOJIOKEHUE, T0JI, BO3PACTHASI KATErOpHs) BXOJAT B CUCTEMY
TOJIKO KaK JK30T€HHbIE IMEepeMEHHble. B KauecTBe 3K30I€HHBIX MEPEMEHHBIX
MOTYT  pacCMaTpUBaTbCi  3HAYEHHs  DJHJOTEHHBIX  IMEPEMEHHBIX 34
NPEAIECCTBYONIHMIA IEPUO BPEMEHH (J1a208ble nepemMeHHble).

CrpyktypHasd ¢opma MOJAEIM MO3BOJIET YBHAETh BIUSHUE HW3MEHEHHM
000N 9K30TCHHOM TEPEeMEHHOW Ha 3HAYEHUS DHJIOTCHHOW TEPEeMEHHOM.
[lenecooOpa3HO B KayecTBE HK30TCHHBIX IEPEMEHHBIX BBIOMpaTh TaKue
MEpEMEHHBIE, KOTOPbIE MOTYT OBITh OOBEKTOM pEryJupoBaHus. MeHsd HUX U
YOpPaBJISIL MMM, MOXHO 3apaHee UMEThb LEJNEBblE 3HAYEHHUS SHIOTCHHBIX
MEePEMEHHBIX.

CrpykrypHas ¢opma MOJIETU B TIPABOM YaCTH COJEPIKHUT MPH IHIOTECHHBIX

TnepeMEHHBIX KOOQGUIMERTHI D, 1 IK30r€HHBIX TEPEMEHHBIX — KOO HUIIMEHTHI
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8;;, KOTOpbIC HA3BIBAIOTCS CMPYKMypHbiMU Kodp@uyuenmamu Moznenu. Bcee

MNCPCMCHHBIC B MOJCJIN BBIPAKCHBI B OTKIIOHCHUAX OT CPCAHCIO YPOBH:A, T.C. IIOJ

X mompasymeBaetcss X—X, a mojg Y — coorBerctBeHHo Y —Y. Iloatomy

CBOOOJHBIN YJIEH B KaKJOM YpaBHEHUHU cUCTEMBI (3.3) OTCYTCTBYET.
Ucnons3oBanne MHK ns oneHuBaHUS CTPYKTYPHBIX KO3((UIIMEHTOB
MOJIEJN JaeT, KaKk MPHUHATO CUUTaThb B TEOPUM, CMEILEHHBIE U HECOCTOSATEIbHBIC
oueHku. [loaTomy OOBIYHO Ui oOmpeAeNeHus CTPYKTYPHBIX Kod(hduineHTon
MOJICIM CTPYKTypHasi (Gopma MOJACIH TpeoOpazyercst B npusedeHHyio Gopmy
MOJIETH.
[IpuBenennas Qgopma Monenu MPEACTaBIICT COOON CHUCTEMY JHMHEUHBIX

(bYHKI_[I/Iﬁ OHAOI'CHHBIX IICPCMCHHBIX OT 3K30I'CHHbIX!

(Y, = O, X + O Xy + o+ S X + UL,

In“*n

Y, =0, % + 0% .o+ 0,, X, +U,, (3.4

\ym - 5m1X1 +5m2X2 +"'+5mnxn +um’

rae 5ij — KO3(QQHULMEHTHl INpUBENCHHOW (opMbl Mozend, U, — ocraTodHas

BEJIMUMHA JIJIs1 IPUBEICHHON (DOPMBL.
[To cBoeMy Buay mpuBeAeHHas (Gopma MOJEIW HUYEM HE OTIMYAETCS OT

CUCTEMbl HE3aBUCUMBIX YpPaBHEHMM, MapaMeTpbl KOTOPOM  OLICHUBAKOTCS

tpagunmonabiM MHK. Tlpumensis MHK, MOXHO OLIEHUTH O.., a 3aTeM OIICHUTh

ij >
3HAYEHUS SHJOTECHHBIX IEPEMEHHBIX YEPE3 IK30TCHHBIE.
Koaddummentel npuBegeHHo (opmMbl MOAENM NPEACTaBIAIOT COOOM
HeJIMHEHbIe  QYHKIMH  KOI(DPUIIMEHTOB  CTPYKTypHOH  (OPMBI  MOJIETH.
PaccMOoTpuM 3TO MOJIOXKEHHE HA TPUMEPE MPOCTEUIIEH CTPYKTYpPHOM MOJIEIH,
BbIpa3uB KO3(PPUIMEHTH NpUBEACHHOW (OpMBI MoJenu 4vepe3 KOI(P(OUIHEHTHI

CTPYKTYPHOU MOJEIIH.

J{ns cTpyKTypHOUM MOZEn BUaa
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{Y1:b12Y2+a11X1+‘91’ (3.5)
Y, =b, ¥, +a,X, +&,
npuBeAeHHas (hopMa MOJICTTH UMEET BUT
{y1 = 511)(1 + 512)(2 +Up, (3.6)
Y, = 521)(1 + 522)(2 +U,.

13 nmepsoro ypaBHeHus (3.5) MOXHO BBIPasHTh Y, CIEAyIOLIMM 00pa3om

(paau ynpoIieHus OIyCKaeM CIy4aiHyIO BEJINYUHY):

Yi —aX
Yy, =—"""".
2 by,

[Toacrasmsist Bo BTopoe ypaBHeHue (3.5), umeem

yl_bl& - b21Y1 + Ay X,
2

OTKyJia

all X1 22b12

1_b12b21 1- b12 21

[TocTymasi aHaIOTMYHO CO BTOPBIM YpaBHEHUEM CUCTEMBI (3.5), MOTyduM

a11b21 X, + azz X,,
1_b12b21 1- b12 21

T.€. cuctema (3.5) mpuHUMaeT BUJ

Yi=

Y, =

~

y, = - aﬂb X, + — 22b12
) - b12 21 b12 21
Y, = a11b21 X, + Ay, X,.
L 1- b12b21 1- b12 21

Takum 00pa3oM, MOXHO cJieJaTh BBIBOJ O TOM, 4YTO KO3((PUIMEHTHI
npuBefeHHOW (QopmMbl Moaenu OyayT BbIpaXkaTthcs uepe3 KodhGUIMEHTHI

CTPYKTYPHOU (POPMBI CIEAYIOMMUM 00pa3oMm:

90



5 _ a11 5 a22b12

11 — 1 b , 12 — 1 b ,

_b12 21 _b12 21

S, = a11b21 - azz

21 — 1 b 1 2 — 1 b .

_b12 21 _b12 21
Cﬂez[yeT 3aME€TUTH, YTO IIPUBEACHHAS Q)opMa MOJEIN XOTS U I03BOJISIET
MOJIYYUTh 3HAYCHUs DSHIOINCHHOM IIEPEMEHHOW YEpe3 3HAYEHHUS SK30TEHHBIX
MIEPEMEHHBIX, HO AHAIMTUYECKU OHA YCTYNAeT CTPYKTYPHOU Q)opMe MOJEIIN, TaK
KaK B HEM OTCYTCTBYIOT OLECHKH B3aUMOCBSI3U MEXIY OSHIOTCHHBIMU

NEPEMEHHBIMH.
3.2. IIpodaema uaeHTUPUKALUHA

[Ipu mnepexome OT mpuBeACHHOM (GOPMBI MOAEIU K CTPYKTYypHOM
HPKOHOMETPUCT CTAJKUBAETCS C MpoOsieMol maeHTudukanuu. Mnentupukanms —
3TO EAMHCTBEHHOCTb COOTBETCTBUS MEXKIy IPUBEACHHOM U CTPYKTYpHOH

dbopmamu MOJIEIH.
CrpykrypHas monaenb (3.3) B IOJTHOM BHJIE COJCPKHUT m-(m+n—1)

napamMeTpoB, a NpuUBeACHHas (GopMa MOJEIM B IMOJHOM BHUJE COJIEPXHUT M-N

napaMeTposB. T.e. B IOJIHOM BHJE CTPYKTypHasl MOZEIb COACPKUT OONbILIEE YUCIIO

napaMeTpoB, 4eMm mnpuBeseHHast popma mojeau. CooTBETCTBEHHO M - (m +N —l)

rapaMeTpoB CTPYKTYPHOH MOJICIH HE MOTYT OBITh OJHO3HAYHO ONPEICIICHBI W3
M - N mapamMeTpoB NpUBEAECHHOU POPMBI MOJEIH.

UtoOBl TONYYUTh €IWHCTBEHHO BO3MOXKHOE pEIICHUE ISl CTPYKTYpPHOMH
MOJIEIH, HEOOXOAMMO TMPEANOJOKUTh, YTO HEKOTOPhIE U3 CTPYKTYPHBIX
K03 GUIIMEHTOB MOJECIN BBUAY CJ1a00H B3aWMOCBSI3M IMPU3HAKOB C YHJIOTCHHOMN
IIEPEMEHHON U3 JIEBOW YaCTHU CUCTEMBbI PaBHBI HYJNKO. T€M CaMbIM yYMEHBIIUTCSA
YUCJIO CTPYKTYPHBIX KOA(PPHUIIUEHTOB MOJIETH. Y MEHBIIICHUE YHUCIIa CTPYKTYPHBIX
KOO (PUIIMEHTOB MO BO3MOXKHO M JPYTUM TyTEeM: HampuMmep, IMyTeM
MPUPABHUBAHUS HEKOTOPHIX KOA(DPUIMEHTOB Jpyr K JApyry, T.e. IyTeM

NPEANOJIOKEHUM, YTO MX BO3JCHCTBUE Ha (POPMHUPYEMYIO HHIOTCHHYIO
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NEepPeMEeHHYI0  ofauHakoBo. Ha  cTpykTypHble  KO3(GQUIMEHTHI  MOTYT

HaKJIaAbIBATHCS, HAIIPUMEDP, OTPAHUYECHUA BUIa b, +a. =0.
’ > ik 1j

C nmno3uuuMu  UACHTHQHUIMPYEMOCTH  CTPYKTYpHBIE MOJEIH  MOXHO
MOJIpa3/eNIuTh Ha TPU BUAA:

1)  upeHTHGHUIUPYEMbIE;

2)  HeWACHTUDUIHPYEMBIC;

3)  cBepXUACHTH()HIIMPYEMBIC.

Mopenbs udenmuguyupyema, €Clii BCE CTPYKTypHbIE €€ KOA(h(PHUIIMEeHTHI
OTIPEICTSAIOTCA OJHO3HAYHO, EAMHCTBEHHBIM 00pa3oM 1o KodduiueHTam
IPUBEIEHHON OPMBI MOJIENH, T. €. €CJIM YUCIIO TAPaMETPOB CTPYKTYPHOI MoJenu
paBHO YHCIy [apaMeTpoB MpUBENACHHOM (GopMmbl Moxaenu. B 3Tom ciyuae
CTPYKTYpHBIE  KOX(PQHUIIMEHTHI MOJETN  OIICHUBAIOTCS  4Yepe3 IMapaMeTphl
MPUBEICHHON (OPMBI MOJIETN U MOJIEbh UACHTUPUITUPYEMA.

Mogenb Heudenmuguyupyema, €Ciu 4UCIO MPUBEACHHBIX KO3(PDUITUEHTOB
MEHbIIIE YHCJIa CTPYKTYPHBIX KOA(D(PUIIMEHTOB, U B pe3yibTaTe CTPYKTYpPHbIE
Kod(PUIIMEHTHI HE MOTYT OBITh OLIEHEHBI 4epe3 KOI(PPUIMEHTHI MPUBEICHHON
(dhopMBbI MOJIEITH.

Monens  ceepxudenmuguyupyema,  €clid ~ YHUCIO  HPHUBEIECHHBIX
K03 PUIIMEeHTOB OO0JIbIIE YHCIa CTPYKTYPHBIX KO3(ppuumeHToB. B 3Tom ciiyyae Ha
OCHOBE KOA((DUIIMEHTOB PUBEACHHOU (HOPMBI MOXKHO TOJYYUTh JBa WK OoJjee
3HAQYCHUH OJHOTO CTPYKTypHOTro Kodddumuenta. B »Tot mopenm dmcio
CTPYKTYPHBIX KOX(h(UIIMEHTOB MeHbIIe 4Yucia Kod(PQGUIMEHTOB MNPUBEACHHOMN
dbopmbl. CBepxuaeHTUGUIIMpYyEMasi MOJCIb B OTIWYHE OT HEUJCHTH(PHUITUPYEMOM
MOJIETI TIPAKTHYECKH pelraemMa, HO TpeOyeT UIsi 3TOr0 CHEeNHalbHBIX METO/I0B
MCYHCIICHUS TTapaMEeTPOB.

CtpykTypHas MoJenb BCErja MpeiCTaBisieT co00M cHCTEMY COBMECTHBIX
YpaBHEHHH, KaXKI0€ W3 KOTOPBIX TpeOyeTcs TpOBEpsATh Ha HICHTU(DHUKALUIO.
Mopenb cuuTaercs HIACHTUPUITUPYEMOH, €CIM KaXXJ0€ YPaBHEHHUE CHCTEMbI
uneHtuunupyemo. Ecimu  Xxors Okl ONHO W3  YpPaBHEHHM  CHCTEMBI

HEUJEHTU(ULIUPYEMO, TO M BCS MOJEIb CUYUTAETCS HEUACHTHU(PUIUPYEMOMH.
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CepxuaeHTHPUIIIPYEeMast MOJEIb COZIEPKAT XOTs OBl OJIHO
CBEPXUACHTU(DULIIPYEMOE YpaBHEHHE.

BeinonHenne ycnoBus HACHTUQUIMPYEMOCTH MOJEIU IPOBEPSETCS s
KaXIOr0 ypaBHEHHUS CHCTeMbl. UTOOBI ypaBHEHHE OBUIO HIACHTH(PHUIHPYEMO,
HEO0XO0MMO, YTOOBI YHUCIIO MPEAONPEACICHHBIX IEPEMEHHBIX, OTCYTCTBYIOLUX B
JAHHOM YPaBHEHMH, HO NPUCYTCTBYIOIIUX B CHUCTEME, ObUIO PABHO YHUCILY
SHAOTEHHBIX TEPEMEHHBIX B JAHHOM YPaBHEHHUH 0€3 OJHOTO.

Ecau 0003HAYMTh 4YMCIO SHIOTEHHBIX IMEPEMEHHBIX B |-M ypaBHEHHH
cucreMbl yepe3 H, a umcno sk3orennsix (mpemonpeneneHHbIX) HEPEMEHHBIX,
KOTOPBIE COEPIKATCS B CUCTEME, HO HE BXOJAT B JaHHOE ypaBHeHue, — depes D,

TO YCIIOBHUC I/II[eHTI/I(bI/II_[I/IpyeMOCTH MOACIIN MOKECT OBITH 3aIlMCaHO B BHJIC

CJICAYOHICTO CYCTHOIO IMpaBuJia:

Tabnuua 4.1
D+1=H ypaBHEHHE HAECHTHOUIMPYEMO
D+1<H ypaBHEHHE HEUJICHTUDUIIUPYEMO
D+1>H ypaBHEHHE CBEPXUACHTUPUIIMPYEMO

JUIs OUEHKH MapaMeTpoB CTPYKTYpPHOM MOJIENTU CHCTEMa JIOJKHA OBITh
UACHTU(ULIPYEMa WM CBEPXUIECHTUPUIIPYEMA.

PaccMoTpeHHOE  cYeTHOE  NpaBWIIO  OTpakaeT  HEOoOXOAMMOE,  HO
HEJ0CTAaTOYHOE YCJIOBUE UJeHTHUUKaMU. boee TOUHO yclioBus UISHTU(PUKALUU
OTIPENENSAIOTCSA, €CIAM HaKJIaJbIBaTh OrPaHUYEHHS Ha KOAIPPUIUEHTHl MATPHIL
napamMeTpoB CTPYKTYPHOU MoOJenu. YpaBHEHHE WACHTUPUUIUPYEMO, €CIH IO
OTCYTCTBYIOLIUM B HEM MEPEMEHHBIM (PHIOT€HHBIM U 3K30T€HHBIM) MOXHO M3
KO3((PUIIMEHTOB NIPU HUX B JAPYTUX YPAaBHEHHUAX CHCTEMbl MOJYYUTh MAaTpHILY,
ONPENENIUTENIb KOTOPOM HE PABEH HYJIIO, & PAHT MAaTPULbI HE MEHBLIE, YEM YHCIIO
9HJIOT€HHBIX [IEPEMEHHBIX B cUCTEME 0€3 OHOTO.

[lenecooOpa3HOCT, TPOBEPKH YCIOBUSA HACHTUPUKALKUKA MOJEIH Yepes3
OTIpEeAETUTENIb MATPHUIIBI KO3()PUIIMEHTOB, OTCYTCTBYIOIIMX B IaHHOM ypaBHEHUH,
HO MPUCYTCTBYIOUIUX B IPYTUX, OOBSICHAETCSA TEM, YTO BO3MOKHA CUTYaIMs, KOTa

AJI1 KOKIO0TO YPaBHCHHA CUCTEMbI BBIIIOJTHECHO CUCTHOC IMIPaBUJIO, 4 OIPCACINUTCIIb
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MaTpHUIIbl Ha3BaHHBIX KO3 (ULIMEHTOB paBeH Hym0. B aTOM ciydae cobmrogaercs
JMIIb He00X0IUMOE, HO HEJJOCTATOYHOE YCIIOBUE UICHTU(UKALINU.

B sxoHOMETpHUYECKUX MOJEINSX YacTO Hapsiiy ¢ YpaBHEHUSMHU, IMapaMeTphl
KOTOPBIX JOJKHBI OBITh CTAaTUCTUYECKH OILICHEHBI, HCIONb3YIOTCS OallaHCOBBIC
TOXKIECTBA IMEPEMEHHBIX, KOd()(GHUIMEHTH TPH KOTOPHIX paBHel 1. B sToM
ciydae, XOTsl caMO TOXKIECTBO M He TpeOyeT MpOBEpPKHU Ha UJIEHTU(]HKAIMIO, U0
KO (PUITMEHTBI TpU TMEPEMEHHBIX B TOXKICCTBE HW3BECTHBI, B IIPOBEPKE Ha
UACHTU(PUKALIMIO COOCTBEHHO CTPYKTYPHBIX YpaBHEHUW CHCTEMBI TOXIECTBA
YYaCTBYIOT.

Paccmorpum npumep. U3yuaercs moaens Buaa
(C,=a,+b, Y, +b,-C, +&,

I =8, +Dy - +b, - 1 + &,
L=a;+0; Y, +0; M +&,
Y, =C +1,+G,,

rIe Ct — pacxoabl Ha moTpebicHue B mepuon t, Yt — COBOKYIHBIA J0XOJ B
nepuon 1, |t — UHBeCTUIMH B iepuox U, I, — nmpouenTHas craBka B nepuof t, |\/|t
— JIeHeXHas Macca B repuof [, Gt — rOCyIapCTBEHHBIE pacxosl B epuon t, Ct_l

— pacxoxusl Ha notpebnenne B mepuon t—1, |, mnaBectnumm B mepmox t—1.

IlepBoe ypaBHeHHME — (QyHKUUS TOTPeONEHUS, BTOPOE ypaBHEHHE — (PYHKUUS
VMHBECTUINI, TpeThe ypaBHEHHE — (PYHKLUMSA JEHEKHOIO pbIHKA, YETBEPTOE
YPaBHEHHE — TOXKJIECTBO JT0XO/A.

Monens mnpencraBisger coOOH CHUCTEMY OJHOBPEMEHHBIX YPaBHEHM.

[TpoBeprM KaXkK0€ €€ yPaBHEHUE Ha HIEHTH(OUKALHIO.
Moeap BKIIOUAET YETHIPE DHAOTEHHLIE IIEPEMEHHBIE (Ct, ., Y,, I’t) u
YeThIpe TpeIolpe/ieeHHbIC TepeMeHHbIe (IBe dK30reHHble nepementsie — M, u

G, u xBe narossie nepemennsie — C,, u |, ).

[IpoBepuM HeoOXOaUMOE YCIOBHE UACHTU(DUKALMKM Il KaXAOro U3

YPaBHEHUHN MOJEIIH.
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Iepoe ypasuenue: C, =a, +b,-Y,+b,-C _,+&. Dro ypasuenne
COZICPKHT JBe dHIOreHHble nepemennsie C, u Y, U OIHY Npeonpee/eHHYO

nepemennyro C, . Takum obpasom, H =2, a D=4-1=3, r.e. Bomonnsiercs

ycnosue D +1> H . Vpasuenue ceepxunentuduuupyemo.

Bropoe ypasuenue: |, =a,+Db, - +b,, -1, +&,. Ono Bxmouaer nse
SHJIOTCHHble mnepemeHnble |, W I, W onHy sK3oreHHyl mnepemenuyo |, ;.
BrinonasieTcst YCIIOBHE D+1=3+1>H =2. VpaBHeH#e

CBEPXUICHTUDUIIPYEMO.

Tperse ypaBHenue: I, =a, + b31 Y, + b32 M, +&;. Ono Bxmodaer naBe

SHIOTCHHBIC MepeMeHHble Y, W I, W O;Hy O5K30reHHyro mepemennyio M, .

Brinonuasercs YCIIOBUE D+1=3+1>H =2. VpaBHenue
CBEPXHUICHTU(DHULIIPYEMO.
Yerseproe ypasuenue: Y, =C, + 1, +G,. Ono mnpexncrasuser coGoii

TOXJECTBO, MapaMeTpbl KOTOPOro u3BecTHbl. HeoOxonumocTu B ujieHTU(UKAIUN
HET.
[TpoBepuM 17151 KaXKA0TO0 YpaBHEHUS IOCTATOYHOE YCIOBUE UJICHTU(DUKAIUH.

J171st 3TOrO0 COoCcTaBUM MaTpuily KO3(Q(PUIMEHTOB IPU MEPEMEHHBIX MOJENH.

C, l, Iy Yy Cis s M, G,

| ypaBHEHME -1 0 0 b, b, 0 0 0

Il ypaBHEHUE 0 -1 b,, 0 0 b,, 0 0
Il ypaBHEHUE 0 0 -1 b,, 0 0 b., 0
ToxzaecTBo 1 1 0 -1 0 0 0 1

B cooTBEeTCTBUM C TOCTATOYHBIM YCIOBHEM UJEHTU(DUKAIIMU PAHT MATPHUIIBI
KOd(O(PUIMEHTOB TIpH TIEPEMEHHBIX, HE BXOJSIIMX B HCCIEAyeMOE ypaBHEHUE,
JOJDKEH OBITh PaBEH YHCITY SHJIOTCHHBIX TICPEMEHHBIX MOJICTTH 0€3 OTHOTO.

[lepBoe ypaBHeHue. Matpuiia KOdDPUITMEHTOB TMpPU TIEPEMEHHBIX, HE

BXOJIAIINX B YPABHEHUE, UMEET BU]]
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l, I s M, G,

Il ypaBHEHHE -1 b,, b,, 0 0
Il ypaBHeHue 0 -1 0 b,, 0
ToxXaecTBo 1 0 0 0 1

Panr naHHOM MaTpuubl paBeH TPEM, TaK Kak ONPEACIUTENb KBAJAPATHOU

IOMATPULBI 3 X SHE PABEH HYJIIO:

b, 0 O
0 b, 0/=by,b,=0.
0 0 1

I[OCTaTOLIHOC YCIIOBHC I/II[eHTI/I(l)I/IKaI_[I/IH L AaHHOIO  YpaBHCHHA

BBIIIOJIHSIETCS.
Bropoe ypaBHenue. Marpuna ko3(p(UIHEHTOB MpU NEPEMEHHBIX, HE

BXOIJAIIHUX B YPABHCHHUC, HMCCT BU

C, \f Ci M, G,

| ypaBHEHUE -1 b, b, 0 0
Il ypaBHEeHUE 0 b,, 0 b,, 0
ToxectBo 1 -1 0 0 1

Panr naHHOM MaTpuubl paBEeH TPEM, TaK KakK OINPEACIUTENb KBAJAPATHOU

HoAMATpUIEl 3 X 3HE PaBeH HYIIIO:

b, 0 0
0O 0 1
JloctatrouHoe ycrnoBue uACHTUGUKAIMK Il  JT@HHOTO  YpPaBHEHMUS
BBITOJIHSETCS.

Tperbe ypaBHeHue. Marpuna Ko3(QQUIMEHTOB NpU TEPEMEHHBIX, HE

BXOJIAIINX B YPABHEHUE, UMEET BU

C, l, Cis |y G,
| ypaBHEHUE -1 0 b, 0 0
Il ypaBHEHME 0 -1 0 b,, 0
ToxkaecTBO 1 1 0 0 1
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Panr naHHOM MaTpuubl paBeH TPEM, TaK KakK ONPEACIMTENb KBAJAPATHOU

HOAMATPULIEL 3 X 3 HE paBEH HYIIIO:

b, 0 O
0 b, O=b,b,=#0.
0O 0 1

JlocratrouHoe ycimoBue HWACHTH(GUKANMK JUIsl JAHHOTO  YpaBHCHHUS
BBITTOJIHACTCS.

Takum 00pa3oM, BCe YypaBHEHHS MOJIEIN CBEPXUACHTH(DUIIUPYEMBI.
[IpuBenennass gopma monenu B oOmEeM Bujae OyJET BBIMISIACTh CICAYIONIUM
obpazom:
rCt =A +0,,Cy + 0,1 +03M + 0,6, +up,

) I, = A, +0,Cy +0y,l +05M +0,,G, +u,,
L =A+06;C i+ 51 +03M, + 05,6, +Us,
\Yt = A +0,4C + 0l +0,5M +0,G +Uu;.

3.3. MeToabl OlIeHKH MMapaMeTPOB CTPYKTYPHOU (opMBbI MOI€JTH

Koadp¢uuumentsl cTpyKTypHOH MOJAETU MOTYT OBbITh OLIEHEHBl Pa3HbIMU
cnocobaMyM B 3aBUCHUMOCTH OT BHJA CUCTEMbI OJIHOBPEMEHHBIX YpaBHEHUH.
Haubonbiiee pacnpocTpaHeHUE B JIMTEpAType MOJYUYWIH CIEAYIOIIUE METObI
OLICHMBaHUs KOA()(PUIIMEHTOB CTPYKTYPHON MOJIEIH:

1)  KOCBEHHBI METO/ HAUMEHBIINX KBAJIPATOB;

2)  JBYXIIAroBbIi METOJl HAMMEHBIINX KBAJ[PATOB;

3)  TpexmiaroBblii METOJI HAUMEHBIIIUX KBAIPATOB;

4)  MeToa MaKCUMAaJIbHOTO MPaBIOIOI00Ms C MOJIHOW HH(pOpMaIIEH;

5) Merom  MakKCHMMaJbHOTO  MPABIONOAOOMS TPH  OTPAHUYCHHOU
uHpopManuu.

PaCCMOTpI/IM BKpPAaTHeC CYNHOCTb KaXXJI0T0 U3 9THUX MCTOIOB.
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KocBennblii meton HamMeHnblinx kBaaparoB (KMHK) npumensercs B
cllydae TOYHO uACHTU(PUIHpPYEeMOH CTpykTypHoil wmogmenu. [lpouenypa

npumeHeHuss KMHK mnpeamnosnaraer BbIOHEHHE CIEAYIOMIMX 3TAIOB paOOTHI.

1. CrtpykTypHast MOZENIb MPeoOpa3OBHIBACTCS B NPUBEICHHYIO (GopMy
MOJIETH.
2. Jlnsg Kaxaoro ypaBHEHMs IPHUBEACHHON (POpMBI MOJENU OOBIYHBIM

MHK oneruBaroTcs mpuBeieHHbIE K0P PUITHESHTHI 5ij .

3. Koaddunmentsr npuBeieHHON (GOpMbI MOJIECIIH TPAaHCHOPMUPYIOTCS B
IapaMeTpbl CTPYKTYPHOU MOJEIIH.

Ecnmu cucrema cepxunentudpunupyema, To KMHK He ucnonssyercs, n6o
OH HE JIa€T OJIHO3HAYHBIX OLEHOK JJIsl MapaMeTpOB CTPYKTYpHOU Monenu. B atom
Cllydya€ MOTYT HCIOJIb30BaThCS pPa3HbIE METO/Abl OLIEHUBAHUS, CPEAU KOTOPBIX
HauboJiee pPACIPOCTPAHCHHBIM U TPOCTHIM SBJISIETCS JIBYXIIIArOBBIM METOJI
HauMeHbIUX KBaaparos (JJMHK).

OcunoBuass unes JMHK — Ha ocHOBe mnpuBeAcHHOW (OPMBI MOJEIH
MOJIYYUTh JIJISl CBEPXUIACHTU(DUIIUPYEMOTO yYpaBHEHUS TEOPETHYECKUE 3HAYCHUS
SHJIOTEHHBIX NMEPEMEHHBIX, COACPKAIIMUXCS B TIPABOM YacCTH ypaBHEHUS.

Jlanee, mojncTaBuB UX BMECTO (PaKTUUECKHX 3HAYCHUH, MOKHO MPUMEHHTH
oObruabli MHK K cTpykTypHOH (opMe cBEepXUAECHTU(ULHUPYEMOTO YpABHEHUS.
Meron momyuun HazBanue aByxmaroBoro MHK, ubo nBakapl HCHONB3yeTCs
MHK: na mepBoM miare mpu OMNpeAesieHWH MPUBEACHHON (GOpMBI MOAETH U

HaXxO0XACHHKM Ha €€ OCHOBC OICHOK TCOPCTHUUYCCKUX 3HAUCHUI 3HI[OF€HHOI71

nepeMeHHON Y, = 0,/ X, + 0,,X, +...4+ 0, X, 1 Ha BTOPOM IlIare IPUMEHHUTEIBHO K

CTPYKTYPHOMY CBEPXUICHTU(UIUPYEMOMY YPABHEHUIO TIPU  OIMPEIACICHUH
CTPYKTYPHBIX KOA(D(PUIIMEHTOB MOJACIH IO JaHHBIM TEOPETUYECKHUX (PACUETHBIX)
3HAYEHUMN SHJOTCHHBIX MTEPEMEHHBIX.

CepxuneHTuGUIIIPYyEeMasi CTPYKTYpHAsi MOJIETTh MOKET OBITh JIBYX THIIOB:

1)  Bce ypaBHEHUS CHCTEMbI CBEPXHUICHTH(DUIIUPYEMBI;
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2)  cuCTeMa COJCPKHT Hapsay CO CBEPXHICHTUPHUIUPYEMBIMH TOYHO
UJACHTUDUITUPYEMbIC YPAaBHEHHUS.

Ecnu Bce ypaBHEHUs CUCTEMBbI CBEpXUIACHTU(DULIUPYEMbIE, TO ISl OLEHKU
CTPYKTYPHBIX KO3 (DUIIMEHTOB Kakaoro ypaBHeHus ucnonb3yercs JIMHK. Ecnu B
CUCTEME €CTh TOYHO WJECHTU(DUIMpPYEMbIE YpaBHEHHUS, TO CTPYKTYpHBIE
K02 PUIIMEHTHI 110 HUM HaXOJSATCS U3 CUCTEMbI TPUBEIACHHBIX YPABHEHHM.

Jlns mpumepa, pacCMOTPEHHOTO B MpeAblAylieM maparpade, HeoOX0IuMo
MIPUMEHUTh UMEHHO JBYXIIAroBbI METOJ HAMMEHBIINX KBaapaTtoB. Ho MOxkHO

clienaTh Clenyrolee 3amedanre. Ecny u3 Moienu UCKII0YUTh TOXKAECTBO JOXO0/a,
YHCIIO HIOTCHHBIX [EPEMEHHBIX MOJICIIN CHU3UTCS Ha CMHUIL — epeMEHHas Y,
CTAHET DSK30IN€HHOM. A 4YHCIIO MPEIONPENCIICHHBIX IIEPEMEHHBIX MOJEINA HE

HU3MCHUTCA, T.K. U3 MOACIIN 6yI[€T HCKIIIOYCHA SHAOICHHAA IICPCMCHHAsA Gt , HO €€

MECTO 3aiiMeT mepeMeHHast Y,. B mpaBbeix 4acTsx GyHKUMH MOTpEOJICHHS H

(YyHKUMHA JIEHEKHOTO pbIHKA OyAYT HAXOJIUThCA TOJBKO MPEIONpeesieHHbIE

IICPCMCHHBIC. (DYHK]_II/IH I/IHBGCTI/IHI/Iﬁ IOCTYJIIUPYCT 3aBUCHMOCTL OSHAOT CHHOM

nepemeHHO# |, OT SHmOreHHO# mepemeHHOW [, (KOTOpasi 3aBHCHUT TOJBKO OT

TPeIOTPECIICHHBIX IEPEMEHHBIX) M MPEAONPEICIeHHOI epeMenHoii |, ;. Takum

o0pa3oM, MbI TOJYYUM PEKYpPCUBHYIO cucTeMy. Ee mapaMeTpsl MOKHO OIEHUBATH
o0bruebiM  MHK, ©u HeT HEOO0XOJUMOCTH HWCCIEAOBaHUS ypaBHEHUS Ha
UICHTU(UKALIMIO.

KocBeHHbIli ¥ ABYXIIAroBBIA METOJbI HAMMEHBIITUX KBAJAPATOB MOAPOOHO
OMHCaHbI B JTUTEPAType U PaCCMATPUBAIOTCA KaK TPAJUIIMOHHBIE METOJbI OLICHKU
KOO(POUIIMEHTOB CTPYKTYPHOM MOJENU. OTH METOAbl JOCTaTOYHO JIETKO
peaau3yeMsl.

Metoa MakCHMaJIbHOTO TPaBIONOAO00US paccMaTpUBAETCs Kak HauboJsiee
o0t  METON  OIICHWBAHUSA, PE3YJbTaThl KOTOPOTO TIPH  HOPMaJIbHOM
pacnpenenenun npusHakoB coBnagaroT ¢ MHK. Oxnako mpu OoJbIIOM dYuUCIE
YpaBHEHUH CHCTEMBI O3TOT METOJ TMPUBOJUT K JOCTATOYHO  CJIOKHBIM

BBIYHCIUTENLHEIM  mponieaypam. [losTtomy B KkadectBe  MoauduKaIiuu
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UCIIONIB3YETCSl METOJI MAaKCHUMAJIbHOTO MpaBAONOAO0OMs TpPU OrpaHUYCHHON
uH(bopMaIuu (meTon HaUMEHBIIETO JUCIIEPCUOHHOTO OTHOILIEHHUS ),
paspaborannbiii B 1949 r. T.Aunepconom u H.PyOunbIm.

B oTiinume OoT MeTo/la MAaKCHUMAJIBHOTO IPAaBAONOAOOUS B JTAHHOM METOJIE
CHSITHI OIpaHUYEHUSI HA MapaMeTphl, CBSI3aHHbIE C (PYHKIIMOHUPOBAHUEM CUCTEMBI
B IIEJIOM. JTO JeNaeT pelieHue 0ojiee MPOCThIM, HO TPYJOEMKOCTh BBIUYMCIICHUN
OCTAaeTCsl TOCTaTOYHO BBICOKOM. HecMOTps Ha ero 3HaYMTENbHYIO MOIYJISIPHOCTD,
K cepeauHe 60-X TOJ0B OH ObUT MPAKTUYECKU BBHITECHEH JBYXIIATOBBIM METOJOM
HanMeHpx kBanmpaToB (JIMHK) B cBsism ¢ ropa3mo OombIneidl mpoCTOTOMH
ITOCJIEAHETO.

Hanbneitmum pazsutuem JIMHK siBnsercs tpexmaroseiii MHK (TMHK),
npemnoxeHusii B 1962 1. A.3enpHepoMm u ['.Teinmom. DTOT METO OLICHUBAHUA
MPUTOJIEH I BCEX BUJIOB YPAaBHEHUM CTPYKTypHOMl Mozaenu. OpHAKoO Mpu
HEKOTOPBIX OrpaHUYCHHUSIX Ha TapameTpbl Oojee 3(D(PEKTUBHBIM OKa3bIBACTCS

JIMHK.
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4. BpeMeHHbIE PSAAbI

[Ipy mOCTpPOEHMM SKOHOMETPHUYECKOW MOJIEIN HCHOJIb3YIOTCS JBa THIIA
JAHHBIX:

1)  naHHBIC, XapaKTCPU3YIOIIUE COBOKYITHOCTh Pa3jM4YHBIX OOBEKTOB B
ONPEICIICHHBIA MOMEHT BPEMEHU;

2)  JaHHBIC, XapaKTEPU3YIOIIME OJUH O0BEKT 3a PsJ MOCICI0BATEIbHBIX
MOMEHTOB BPEMEHU.

Mopnenr, NOCTPOEHHBIE 1O JAHHBIM II€PBOIO THUIA, HA3bIBAIOTCA
NPOCMPAHCMBEHHbLIMU MoOdenamu. MoJienu, TOCTPOCHHbIE HAa OCHOBE BTOPOTO
THUIIAa JAHHBIX, HA3bIBAIOTCS MOOENAMU BPEMEHHBIX PO08.

Bpemennou pso (ps0 ounamuxu) — 3TO COBOKYNMHOCTh 3HAYEHUN KaKOTO-
a100 moKazareisl 3a HECKOJbKO MOCIEAOBATEIbHBIX MOMEHTOB WJIM INEPUOIOB
BpeMeHU. Kaxaplii ypoBEHb BPEMEHHOTO psiga (pOpMHUPYETCs MOJ BO3AECUCTBUEM
0onbIIOr0 YKcia (PaKTOpPOB, KOTOPHIE YCIOBHO MOYKHO MOJPA3AEIUTh Ha TPH
TPYIIIIbL:

1)  dakropsl, hopMUpyOIIKE TCHACHIIUIO PSIa;

2)  dakropsl, GopMUpYIOIIHE IUKINYSCKHE KOTeOaH s Psia;

3)  cnyyaiiHble (haKTOPHI.

Paccmotpum  Bo3neiicTBHE KaKIOro (pakTopa HAa BpPEMEHHOW Pl B
OTJEJIBHOCTH.

BONBIIMHCTBO BPEMEHHBIX PSIOB SKOHOMUYECKHUX IIOKazareled HUMEIoT
TEHJEHLHUIO, XapaKTEPHU3YIOUIYI0 COBOKYIIHOE JOJTOBPEMEHHOE BO3JECHCTBHE
MHOKECTBa (DAKTOPOB HA JMHAMHUKY M3Y4aeMoOTro Iokaszateis. Bece aTu ¢akTopsl,
B35ThI€ B OTAEJBHOCTH, MOTYT OKa3bIBaTh Pa3HOHANpPABIECHHOE BO3JCUCTBHE Ha
uccleyeMblil mokaszarenab. OJHaKO B COBOKYIMHOCTH OHU (OPMHUPYIOT €ro
BO3pACTAIONIYyI0 WM YOBIBaWOIIYO TeHAeHHuioo. Ha puc. 4.1 mnoxkazan

TUIIOTETUYECKUN BPEMEHHOW Psifl, COAEPKAIIMN BO3PACTAIOLIYO TEHICHIHIO.
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Ye b

Puc. 4.1.

Takke H3ydaeMblil IOKa3aTelb MOET OBITh MOABEPKEH IUKINYECKUM
KoJeOaHusIM. OTU KoyieOaHHS MOTYT HOCUTh CE30HHBIM XapakTep, MOCKOIbKY
DKOHOMHUYECKAsL JEATEIBHOCTh psAfa OTpaciell dKOHOMUKHM 3aBUCUT OT BPEMEHU
rojia (Hampumep, LeHbl Ha CEJIbCKOXO3AMCTBEHHYIO MPOAYKIHIO B JIETHUNA TEPUOT
BbIIlIE, YEM B 3MMHMI; YpOBEHb 0€3palbOTHULIbI B KYPOPTHBIX FOpOAax B 3UMHUI
MEpPUOJT BBIIIE MO CPABHEHUIO C JeTHUM). [lpm Hammyumm OOJIBIIMX MAacCHBOB
JAHHBIX 3a JIJUTENbHBIE MPOMEXKYTKH BPEMEHHM MOKHO BBISIBUTH LIMKINYECKUE
KoseOaHusl, CBA3aHHbIE C OOIIEN TUHAMUKON KOHBIOHKTYpHI pbiHKa. Ha puc. 4.2
MIPE/ICTABIICH TUIIOTETUYECKUI BPEMEHHOM psijl, COAEpPKAIIUN TOJIBKO CE30HHYIO

KOMIIOHCHTY.

Yih

Puc. 4.2.

Hexoropbsie BpeMEHHBIE PAIBI HE COAEPKAT TEHACHUUH W IUKIMYECKOMN
KOMITOHEHTBI, a KaXIbIi CIEAYIOIMHUA UX YypPOBEHb 0Opazyercs Kak cymma
CpPEIHEro YpPOBHSI psila U HEKOTOPOUM (IMOJIOKUTEIbHOW WIM OTPUIATEILHOMN)
CIIy4allHOM KOMIIOHEHThI. llpumep psga, comepXk amero TOJBKO CIIyYalHYHO

KOMITOHEHTY, TIpUBe/IeH Ha puc. 4.3.
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Y:

\

Puc. 4.3.

Ou4eBHIHO, YTO pEaIbHbIE JAHHBIE HE CIEAYIOT LEJIUKOM M IOJHOCTHIO U3
KaKuX-IMOO OIMMCAaHHBIX BbIIIE Mojenied. Yaie Bcero OHU COAEpIkKaT BCe TPHU
KOMMNOHEHTHI. Kakplii ux ypoBeHb (hOpMUPYETCS IO/ BO3ACHUCTBUEM TECHICHIIUH,
CE30HHBIX KOJICOAHUI U CITy4aiiHOW KOMITOHEHTHI.

B GonbmmmHCTBE CcitydaeB (hakTUUYECKU YpOBEHb BPEMEHHOIO Psifja MOXKHO
[IPEICTABUTh KAK CYMMY WJIM [POU3BEACHUE TPEHAOBOW, LMKIWYECKOU U
CIIy4allHOM KOMIIOHEHT. MoJeiib, B KOTOPOW BPEMEHHOW Pl IPEIACTABJIEH Kak
CyMMa TMEpPEYUCICHHBIX KOMIIOHEHT, HAa3bIBACTCA AO0OUMUBHOU  MOOENbIO
BPEMEHHOI0 psfa. Mopaenb, B KOTOpPOW BPEMEHHOM psJ NPEACTABIEH Kak
IIPOU3BEACHUE TEPEUNUCICHHBIX KOMIIOHEHT, Ha3bIBACTCSA MYIbMUNIUKATNUSHOU
MoOenbio BpeMeHHOro psana. OCHOBHAs 3a71aua SKOHOMETPUUECKOTO UCCIEI0BAHUS
OTACJIBHOIO BPEMEHHOIO pPsJa — BBIBICHUE W NPUIAHUE KOJIMYECTBEHHOTO
BBIPDAKEHUS KaXIOW M3 TEPEUYUCICHHBIX BBIINIE KOMIIOHEHT C TEM, 4YTOOBI
UCIIOJIb30BaTh TOJYYEHHYI0 HMHGOPMAIMIO [IJIi MPOTHO3UPOBAHUSA OYIyIIUX
3HAUCHUU psfa WIM TPU TMOCTPOCHHHM MOJIENe B3aMMOCBSI3M ABYX WM Oolee

BPEMEHHBIX PsIJIOB.
4.1. ABTOKOppeJIuNs YPOBHEH BPEMEHHOI0 psiia

[Ipy HayMuuKM BO BPEMEHHOM psifie¢ TEHJCHIIMU U IUKINYECKUX KOJeOaHuu
3HAQYEHMS] KaXJIOTro TNOCJEAYIOIIEr0 YPOBHS psla 3aBUCAT OT NPEAbIAYIIHX.
KoppersiimoHHyr0  3aBUCMMOCTh ~ MEXKIY  IOCJIEAOBATEIBHBIMU  YPOBHSIMHU
BPEMEHHOI0 PsAJIa HA3bIBAIOT ABTOKOPPEISIIUEN YPOBHEU PsIa.
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KonnuecTBeHHO €€ MOXHO HW3MEPUTh C  MNOMOLIBIKO  JIMHEWHOrO
Kod(purmenTa Koppessiiui MEeXIy YPOBHSIMHU HCXOAHOTO BPEMEHHOTO psiia U
YPOBHSIMHU 3TOTO psifia, CABUHYTHIMU Ha HECKOJIBKO IIar0OB BO BPEMEHHU.

®opmyna s pacyera KodhUIMeHTa aBTOKOPPEISAINI UMEET BU:

n

Z(yt - 71)(yt—1 - 72)

r=—55 : (4.1)

n n

Z(yt - 71)2 (yt—l - 72)2

t=2 t=2

rae
_ 1 _ 1 <
Yi= o1& Yo YoF E; Yea-

OTy BEJIMYMHY Ha3bIBAIOT KOA(PPUIIMEHTOM aBTOKOPPEISIIIMU YPOBHEHN psna
IIEPBOTO MOPSAAKA, TAK KaK OH H3MEPSET 3aBUCUMOCTb MEXKIY COCEIHUMU
ypoBHsmu papa t u Y, .

AHaJIOrMYHO MOKHO OIPENETUTh KOAPPUIMEHTH aBTOKOPPEIIALIUU BTOPOTO
u OoJsiee BBICOKMX NOPAAKOB. Tak, KO3(QQUUMEHT aBTOKOPPEISALHUH BTOPOrO

MOopsJIKa XapaKTepU3yeT TECHOTY CBSI3M MEXIy YpOBHAMH Y, m Y, , ©

onpenensercs no Gpopmyie:

n

Z(Yt o 73)(Yt—2 o 74)

r,=——=2 : , (4.2)
Z(yt_ys)z (yt—2_74)2
t=3 t=3
rae
_ 1 _ 1 &
ys_ﬁtzg Yis y4_ﬁéyt—2'

Uucno mepuomoB, MO  KOTOPBIM  PacCUYUTHIBACTCS  KOADPHUITUEHT
aBTOKOPPEISAINH, Ha3bIBAIOT sigeom. C yBETTMUCHUEM Jiara Yrcio Tap 3HaUYeHHUH, 1Mo
KOTOPBIM ~ PacCYUTHIBACTCS KOA(D(PHUIIMESHT aBTOKOPPEIAIUHA, YMCEHBIIACTCS.

Cuunraercs 1enecooOpa3HbIM sl 00€CIeUeHUs CTaTUCTUYECKOW OCTOBEPHOCTH
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KO3 (PHUITMEHTOB aBTOKOPPEIISIIHNK HUCIIOIH30BaTh MPABUJIO0 — MAaKCHUMAJIbHBIN Jiar
JIOJKEH OBITH HE 0O0JIBIIIE n/ 4.

CaoiicTBa K03 PUIIEHTa aBTOKOPPEIISIIHH.

1. OH cTpouTCs MO AaHAIOTMU C JIMHEHHBIM KO3 PUIEeHTOM
KOppEJSIIIMM U TaKUM 00pa3oM XapaKTEepPHU3yeT TECHOTY TOJbKO JTMHEHHOMN CBSI3U
TEKYIIEr0 ¥ Tpeaplaymero ypoBHed psga. [lostomy mno koaddummenty
ABTOKOPPEIAIMNA MOYKHO CYJAUTh O HAJTUYUH JTMHEHHOHN (MM OJIM3KOU K JTMHEHHO)
TEeHJICHIIUU. J[JIsI HEKOTOPBIX BPEMEHHBIX PSI0B, UMEIOLIUX CUIBHYIO HEIMHEIH VIO
TEHJEHIMIO (HampuMmep, Mapaboily BTOPOTO TOPSAAKA WM  IKCIIOHEHTY),
KOA(PPUIIMEHT aBTOKOPPEIISIIIUN YPOBHEN UCXOTHOTO PsiJia MOKET MPUOTINKATHCS K
HYJIIO.

2. [To 3HaKky ko3(duimeHTa aBTOKOPPESAIMN HEIb3s JIeJaTh BBIBOJI O
BO3pacTarollell WM yObIBarolleld TEHACHIMU B YPOBHAX psiaa. BonblIMHCTBO
BPEMEHHBIX PAIOB SKOHOMHYECKHX JAHHBIX COJEPKAT MOJIOKUTEIBHYIO
aBTOKOPPETSIUI0O YPOBHEH, OJHAKO TPU ITOM MOTYT HMMETh YOBIBAIOIIYIO
TEHJEHLUIO.

[TocnenoBarenbHOCTh KOA(DPUIIMEHTOB aBTOKOPPEISAIMUA YPOBHEH NEPBOTO,
BTOPOIO U T.J. MOPSAIKOB HA3bIBAIOT A8MOKOPPENAYUOHHOU DYHKYUeli BPEMEHHOTO
psana. I['paduk 3aBUCUMOCTM €€ 3HAuYCHMM OT BEJUYMHBI Jlara (MopsaKa
Koa(puIIeHTa aBTOKOPPEIISIINKN ) Ha3bIBACTCS KOPPEN0ZPAMMOU.

AHaJIU3 aBTOKOPPESLMOHHOW (PYHKIMH U KOppEIOorpaMMbl IO3BOJISIET
ONpENENUTh Jiar, TPH KOTOPOM aBTOKOppENSIHS HauOojiee BBICOKas, a
CJIeI0BaTeIbHO, W JIar, MPU KOTOPOM CBSI3b MEXKIAY TEKYIIUM W MNPEAbIIyIIUMHU
YpPOBHSIMM  psiga  Haumbojiee  TecHas, T.e. TpH  TOMOLIM  aHaju3a
aBTOKOPPETSAIMOHHON (YHKIIUA M KOPPEIOTrpaMMbl MOXKHO BBISIBUTH CTPYKTYPY
pana.

Ecnu nanbonee BEICOKUM OKazalicst KO3 PHUITMESHT aBTOKOPPEIISIIIUN TIEPBOTO
MOpsIJIKa, HWCCIEAYEMBbIN PSAI COIASPKUT TOJMbKO TeHAeHnuio. Ecnu Hambomee
BBICOKMM OKa3zaJcsi KO3(P(UIHUEHT aBTOKOPPESALUUU NOPSAAKa T, TO PAJ COAEPKUT

OUKINYCCKUC KOJIEOAHHS C IIEPUOANYHOCTBIO B 7 MOMCHTOB BPCMCHH. Ecau vu
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OMUH U3 KOA(D(PUIIMEHTOB aBTOKOPPENSIIIUM HE SBISCTCS 3HAYUMBIM, MOKHO
cIenaTh OAHO W3 JIBYX NPEAIOJI0XKEHUM OTHOCHUTEIBHO CTPYKTYpPBI 3TOTO pPsa:
b0 P HE CONEPKUT TEHJCHIUMU M LUKJIMYECKUX KojeOaHuil, naubo psn
COAEPKUT CUWIbHYIO HEIMHEHMHYIO TEHIICHIUWIO, JUJIS BBISBICHUS KOTOPOM HYXKHO
IPOBECTU JOMOJHUTENbHBIA aHanu3. [losTomy KO3(pPUIIMEHT aBTOKOpPPENSIHUU
YPOBHEW M aBTOKOPPENALMOHHYIO (PYHKIHIO IEJIECO00pa3HO HUCIOJIb30BATh IS
BBISIBICHUSL BO BpPEMEHHOM DpSi€ HalW4dds WIM OTCYTCTBUSL TPEHJIIOBOMU
KOMITOHEHTHI U IUKJINYECKON (CE30HHOI) KOMITOHEHTHI.

Paccmotpum mpumep. IlycTh MUMEIOTCS HEKOTOPBIE YCIOBHBIE JTaHHBIE OO
001lleM KOJMYECTBE MPaBOHAPYIICHUM HAa TaMOXXHE OJIHOrO0 U3 CyOBhekTOB PD

(manpumep, Pecriybnuku Tarapcran).

Taomnuma 4.1
KomnuecTBo
Ton KBapran t
BO30YXK/JICHHBIX €T, Y,

| 1 375

Pl 1 2 371
% I 3 869
AV 4 1015

| 5 357

S 1 6 471
< 11 7 992
AV 8 1020

| 9 390

P 1 10 355
I 11 11 992
AV 12 905

| 13 461

S I 14 454
< 11 15 920
AV 16 927

HOCTpOI/IM I1OJIC KOppCIdInun:
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1100

1000 —
900 —
800 —
700 —
600 —

500

400 / / /
| ©—o© d ~o
300 ]
T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18
t
Puc. 4.4.

Vaxe ucxoas u3 rpaduka BUIHO, UTO 3HaUEHUA Y 00pa3yloT NUI000pa3HyIo

¢urypy. PaccumtaeM = HECKOJBKO  MOCIEAOBATENIBHBIX  KOA(PPUIMEHTOB
aBTOKOppesauuu. /st 3Toro coctaBiseM NMepBYyI0 BCIOMOTATENbHYIO TaOIUILY.

Tabmuna 4.2

_ _ ( yt - 71) X 2 2
t Yi Yia Yi= Y1 | Y Yo — -V, a2y

(Y= .) (V=) | (Ya—V2)
1 2 3 4 5 6 7 8
1 375 — — — — — —

2 371 375 | -328,33 | -288,13 94601,72 107800,59 83018,90

3 869 371 | 169,67 | -292,13 -49565,70 28787,91 85339,94

4 1015 869 | 315,67 | 205,87 64986,98 99647,55 42382,46

5 357 1015 | -342,33 | 351,87 -120455,66 117189,83 123812,50

6 471 357 | -228,33 | -306,13 69898,66 52134,59 93715,58

7 992 471 | 292,67 | -192,13 -56230,69 85655,73 36913,94

8 1020 992 | 320,67 | 328,87 105458,74 102829,25 108155,48

9 390 1020 | -309,33 | 356,87 -110390,60 95685,05 127356,20

10 355 390 | -344,33 | -273,13 94046,85 118563,15 74600,00

11 992 355 | 292,67 | -308,13 -90180,41 85655,73 94944,10

12 905 992 | 205,67 | 328,87 67638,69 42300,15 108155,48

13 461 905 | -238,33 | 241,87 -57644,88 56801,19 58501,10

14 454 461 | -245,33 | -202,13 49588,55 60186,81 40856,54

15 920 454 | 220,67 | -209,13 -46148,72 48695,25 43735,36

16 927 920 | 227,67 | 256,87 58481,59 51833,63 65982,20

Cymma | 10499 | 9947 9,05 0,05 74085,16 1153766,39 | 1187469,73

Cpennee | 699,33 | 663,13 - - — — -
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| 3HaueHue |

CHGI[YCT 3aMCTUTb, YTO CPCAHCC 3HAYCHUC IIOJTYyHaACTCA IIYTEM ACJICHUS HC

Ha 16, a Ha 15, T.K. y Hac Teneph Ha OJTHO HAOJIIO/ICHUE MEHBIIIE.

Tenepp BoluHCIsAeM KOA()(PUIMEHT aBTOKOPPENSIUU MEPBOTO MOPSAIKA IO

dbopmyne (4.1):

r =
'~ [1153756,39-1187469, 73

74085,16

=0,063294.

CocraBisieM BcroMorarelbHyr Ta0auity (cm.tabn. 4.3) mais pacuera

K03 UIIMEeHTa aBTOKOPPEISILIMKA BTOPOTO TOPSAKA.

Tabmuua 4.3
_ _ Yi = Y;)%
t Yi Yio Yi—=Ys | Yia—VYs ( ) (yt - ys )2 (yt—2 - 74 )2
X( Yio — y4)
1 2 3 4 5 6 7 8
1 375 - - - - - -
2 371 - - — - - -
3 869 375 145,57 -269,79 -39273,33 21190,62 72786,64
4 1015 371 291,57 -273,79 -79828,95 85013,06 74960,96
5 357 869 -366,43 224,21 -82157,27 134270,94 50270,12
6 471 1015 | -252,43 370,21 -93452,11 63720,90 137055,44
7 992 357 268,57 -287,79 -77291,76 72129,84 82823,08
8 1020 471 296,57 -173,79 -51540,90 87953,76 30202,96
9 390 992 -333,43 347,21 -115770,23 111175,56 120554,78
10 355 1020 | -368,43 375,21 -138238,62 135740,66 140782,54
11 992 390 268,57 -254,79 -68428,95 72129,84 64917,94
12 905 355 181,57 -289,79 -52617,17 32967,66 83978,24
13 461 992 -262,43 347,21 -91118,32 68869,50 120554,78
14 454 905 | -269,43 260,21 -70108,38 72592,52 67709,24
15 920 461 196,57 -183,79 -36127,60 38639,76 33778,76
16 927 454 203,57 -190,79 -38839,12 41440,74 36400,82
Cymma | 10128 | 9027 -0,02 -0,06 -1034792,71 1037835,43 | 1116776,36
Cpemtiee | 753 43 | 644,79 | - - - - -
3HAYCHUC
CraenoBaTeibHO:
r 1034792,71 __0,961183.

~ /1037835,43-1116776,36

AHQJIOTUYHO HaxOJUM KO3(P(UIIMEHTHI aBTOKOPPENSALHNU 00Jie€ BBICOKHUX

IMOpsAAKOB, @ BCC IMMOJIYUCHHBIC 3HAYCHUA 3aHOCHUM B CBOJAHYIO Ta6JII/II_Iy.
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Jlar KoadduimeHnT aBToKOppeIsaiun 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 1

o) o) O
0,5 \
| i
O o
T 2 3 3
O @]

-1,0 4

Puc. 4.5.
AHanmu3 KoppenorpaMMbl U Tpaduka UCXOIHBIX YPOBHEH BPEMEHHOTO psizia
MO3BOJISIET CJIeJaTh BBHIBOJ] O HAMYUHM B M3y4aeMOM BPEMEHHOM pPsJIe CE30HHBIX

KOJIeOaHUM MEPUOUIHOCTHIO B YEThIPE KBapTaja.

4. 2. MoaeaupoBaHue TeHJAEHIIUN BPEMEHHOT0 PSAa
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PacnipocTpaHeHHBIM CIIOCOOOM MOJIETTUPOBAHMSI TEHICHIIUM BPEMEHHOTO
psAna SBISETCA TOCTPOCHHE AHAIUTUYECKOW (DYHKIMHM, XapaKTepu3yromen
3aBUCUMOCTh YPOBHEW psAlla OT BPEMEHM, WM TpeHAa. DTOT CHOCOO Ha3bIBAIOT
AHATUMUYECKUM BbIPDAGHUBAHUEM 8PEMEHHO20 PAOa.

[TockonbKy 3aBUCUMOCTb OT BPEMEHH MOKET NMPUHUMATh pa3Hbie (POPMBI,
st ee GopMaliv3alii MOXHO HCIIOJIb30BaTh PA3IMUHbIE BUABI (QYHKUUN. J{7s

MOCTPOCHHUS TPEHIOB Yallle BCETO MPUMEHSIOTCS Cleayomue QyHKIUU:

NUHEHHBIA TpeHa: Y, = a+ b-t:

runepbona: Y, =a+ % X

a+bt

(mm Y, = a-b'y;

SKCIIOHCHIINAIBHBIA TPeHI: Y, = €
b
creneHHas Qynxmmsa: Y, =a-U;

MOJIMHOMBI Pa3IH4HEIX creneneit: Y, =a+b -t+b, -t +..+b_-t".

[TapameTpbl KaXAOro W3 IIEPEYUCICHHBIX BBIIIE TPEHIOB MOXKHO
onpenenutb 00biuHbIM MHK, ucnosb3ys B kayecTBE HE3aBUCHUMOW MEPEMEHHOMN

spema 1=1 2,..., N, a B KayecTBe 3aBUCUMON IEPEMEHHON — (PaKTHUIECKHE

YPOBHU BpEMEHHOro psna Y,. s HEIMHEHHBIX TPEHIOB IPEIBAPUTEILHO

MPOBOJIAT CTAaHIAAPTHYIO MPOIEAYPY UX JIMHEAPU3AIUH.

CymiecTByeT HECKOJIBKO CIIOCOOOB orpesesieHus Tumna TeHaeHuu. K auciy
HauOoJiee paclpOCTPAHEHHBIX CHOCOOOB OTHOCSTCS KaueCTBEHHBIM aHaIu3
M3y4aeMoOTo MpoIecca, MOCTPOCHUE U BU3YalIbHBIN aHaNU3 rpaduka 3aBUCUMOCTH
YpOBHEHW psna OT BpeMeHH. B 3THX ke Mensx MOXKHO WCIIONb30BaTh U
KOO (PUITMEHTEI aBTOKOPPEISIIIMM  ypOBHEW psga. THI  TEHICHIIMA MOYKHO
OTIPENIENTh IMyTEeM CpaBHEHUS KOA(DOUIIMEHTOB aBTOKOPPEISAIUUA TEPBOTO

MOPsIIKA, PACCUUTAHHBIX IO UCXOJHBIM U NMPe0oOpa30BaHHBIM YPOBHAM pana. Eciou

BPEMEHHOM PsAJl UMEET TUHENHYIO TEHIECHIIUIO, TO €r0 COCEIHUE YPOBHU Y, U Y,

TECHO KoppenupyroT. B aTom cimydae kodphUIIMEHT aBTOKOPPEISAIUUA TEPBOTO

MOpsiKa YPOBHEN MCXOHOTO psifia TOJDKEH ObITh BRICOKUM. EcCiiu BpeMeHHOU psif
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COJEPKUT HEIMHEWHYI0 TEHICHIUIO, Hampumep, B (opMe SKCIOHEHTHI, TO
KOA(pGUIUEHT aBTOKOPPEJSIMKU TEPBOr0 MOpsiAka Mo JjorapupMaM ypoBHEH
UCXOJTHOTO psina Oyner BbIIE, YEM COOTBETCTBYIOIIMK  KOIPPUIIMEHT,
pacCCUMTaHHBIA II0 YPOBHSM psAga. Yem CuiabHEE BBIPAKEHA HEJIWHENHAA
TEHJEHIMS B M3y4aeMOM BpPEMEHHOM psjie, TeM B OOJbIIel cTeneHu OyayT
pa3nnuyaThCsl 3HAUYCHUS YKa3aHHBIX KO3 PUIIMEHTOB.

BeiOop HawiIydmiero ypaBHEHHs] B Clly4ae, KOIJAa psI COIAEPKHUT
HEJIMHEHHYIO TEHICHIUIO, MOXHO OCYIIECTBUTH MyTeM Iepedopa OCHOBHBIX (hopM
TpPeHJla, pacyeTa Mo KaxJAOMy YPaBHEHHIO CKOPPEKTUPOBAHHOTO KO3 HUIIMEHTA
JEeTepPMUHAIIMM M CpeIHEeW OIMOKM AammpoKCUMaluu. OJTOT METOJ JIETKO

peanu3yeTcsi Ipu KOMIBbIOTEPHOU 00paboTKe JaHHBIX.
4.3. MoaesupoBaHue C€30HHbIX KOJIeOaHUH

[Ipocreiimmii MOAXO K MOJETUPOBAHUIO CE30HHBIX KOJIEOAHUUW — 3TO
pacdyeT 3HAYEHUM CE30HHOM KOMIIOHEHTBHI METOJAOM CKOJB3SLIECH CpeaHen u
MOCTPOCHUE AJAUTUBHON MU MYJIbTUIIMKATUBHOW MOJIEITU BPEMEHHOTO Psijia.

OO0t BUA aTATUBHON MOJIETH CJICTYIOIITHI:

Y=T+S+E. (4.3)
Ota MoJeNb MPEANoaraeT, YTo Kax/Iblii YpOBEHb BPEMEHHOTO psijia MOXKET OBITh
npencTaBieH kak cymma TpenmoBoil (1), cesomnoit (S) m cmyuaiinoin (E)
KOMIIOHEHT.

OO0mwmit B MyTbTUIUIMKATUBHON MOJIENN BBITJISIUT TaK:

Y=T-S-E. (4.4)
DTa MoJielib MPEJIoiaraeT, YTo KK/l ypOBEHb BPEMEHHOTO psifia MOXKET ObITh
IpeNCTaBIICH Kak mpou3BeaeHue Tpenaosoii (T ), cesonnoii (S ) u cayuaiinoii (E )
KOMIIOHEHT.

Beibop onHOW W3 JBYX MOJeNeld OCYHIECTBISIETCS Ha OCHOBE aHaju3a
CTPYKTYpPBI CE30HHBIX KoneOanuii. Ecu ammimnTyna konebaHuii mpuOIu3UTEIHLHO
MOCTOSIHHA, CTPOAT aAAUTHUBHYIO MOJEIb BPEMEHHOTO PsA/ia, B KOTOPOW 3HAUYECHUSA

CE30HHOM KOMITIOHEHTBI IpeaIoJaararoTCsa IMOoCTOAHHBIMU IJIA PA3JIMYHBIX ITUKJIOB.
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Ecmm ammumtyna ce30HHBIX KoieOaHWN BO3pACTaeT WM YMEHBINAETCS, CTPOST
MYJIbTUIUIMKATUBHYIO MOJEIb BPEMEHHOIO Psifa, KOTOpasi CTABUT YPOBHU psiia B
3aBUCHUMOCTh OT 3HAYEHUIN CE30HHON KOMITOHEHTHI.

[TocTtpoeHne anAUTUBHOM W MYJbTHUIUIMKATUBHOM MOJEJNEH CBOIOUTCS K
pacuery 3nauenuii | , S u E mna xaxnoro yposus psna.

[Ipoiiecc mocTpoeHus MOJIENIH BKIIOYAET B CeOsl CIIETYIONIHE MIary.

1)  BrlpaBHUBaHHE UCXOMIHOTO Psia METOJOM CKOJB3SIICH CPETHEMH.

2) Pacuer 3HaUEHUI CE30HHON KOMIIOHEHTHI S .

3)  VYcrpaHeHHe CE30HHON KOMITOHEHTBHI W3 MCXOJHBIX YPOBHEH psna u
noylydeHre BBIPOBHEHHBIX naHHBIX (1 +E) B ammurusmoir wmm (T -E) B
MYJIbTUITIMKATUBHOW MOJIEIH.

4)  Amanumtnueckoe BoipaBHuBanue ypoBHel (1 +E) wm (T-E) n
pacuer 3Ha4eHHi | ¢ UCHOJIBL30BaHUEM TIOJYYEHHOIO YPABHEHUS TPEHIA.

5)  Pacuyer moaydeHHBIX 10 Mozenu 3nauenuii (T + E) wm (T - E).

6) Pacyer aOCOMIOTHBIX W/MIKM OTHOCHUTEIBHBIX omuOOoK. Ecmu
MOJIyYeHHbIC 3HAYCHHUS OMIMOOK HE CcojepkKaT aBTOKOPPEISIUU, WMHU MOXKHO
3aMEHUThH UCXOJIHBIE YPOBHU PsA/ia U B JAJTbHEUIIIEM HCIIOJIB30BATh BPEMEHHOMU PsiJI
ommnbok E g amanmsa B3aMMOCBS3M MCXOMHOIO psga M APYTHX BPEMEHHBIX
PAIOB.

MeToauky NOCTPOCHUS KaXI0M U3 MOJEJIEH PaCCMOTPUM HA IPUMEpPAX.

IMpumep. [TocTpoenre agaUTHBHON MOJENH BpeMeHHOro psiga. OOpaTtumcs
K JaHHbBIM 00 o0beMe TMpaBOHApPYLIEHWH Ha TaMOXHE 3a YeThIpe Toja,
MPEAICTABICHHBIM B Ta0. 4.1.

bruio mokazaHO, YTO HAHHBIM BPEMEHHOW PN COACPKUT CE30HHBIC
KOJIeOaHUsI MEePUOJUYHOCTHIO 4, T.K. KOJIMYECTBO MpPaBOHAPYIICHU B MEpPBBIN-
BTOPOW KBapTaJibl HUXKE, YEM B TPETUHU-UETBEPTHIA. PaccunMTaeM KOMITIOHEHTHI
aJIUTUBHOW MOJIEJIM BPEMEHHOTIO psija.

Hlaz 1. TlpoBeneMm BbIpaBHMBAHHME MCXOIHBIX YpPOBHEH psja METOJI0M

CKOJIb3s11IeN cpeanei. [l atoro:

112



1.1. TIIpocymmupyem ypoOBHM psiia MOCIEIOBATEIBbHO 3a KaXIble UYEThIpE

KBapTajla CO CIBUI'OM Ha OJJMH MOMCHT BPECMCHU U OIPCACIINM YCIOBHBIC I'OOOBbLIC

00BbEeMBI TOTPEOICHUS AIEKTpodIHEPTHH (Tp. 3 Tab. 4.5).

1.2. Pa3znenuB nonxy4deHHbIE CyMMBI Ha 4, HalJIeM CKOJIb3SIUE cpeaHue (Ip.

4 Ttabn. 4.5). llomydyeHHble TakuM OOpa3OM BBIPOBHEHHBIC 3HAUEHHUS YK€ HE

CoacpiKar CE30HHOM KOMIIOHEHTHI.

1.3. IlpuBeneM 3T 3HAYCHHUS B COOTBETCTBHE C (PAaKTUUECCKUMH MOMEHTaMHU

BpEMCHH, I 4YCro HaﬁﬂeM CPCOAHUC 3HAYCHHA N3 JIBYX IIOCJICIOBATCIBbHBIX

CKOJIB3SIIIUX CPEIHUX — [IEHTPUPOBAHHBIE CKOJIB3sIMEe cpeaHue (Tp. 5 taoin. 4.5).

Tabmuna 4.5

No Komriecrso . | Hroro 3a Cromb3smas enTpupoBanHas Orenka
KBapTasa, NpaBOHAPYIICHHIH, YEeThIpe CPeA 32 CKOIB3S1ast CE30HHOH

t y KBapTasa HETBIPe cpenHsis KOMIIOHEHTHI

t KBapTaja

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 708,75 693,75 -336,75

6 471 2840 710 709,375 -238,375

7 992 2873 718,25 714,125 277,875

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 703 690,625 214,375

13 461 2740 685 694 -233

14 454 2762 690,5 687,75 -233,75

15 920 - - - -

16 927 - - - -

Illaz 2. HailineM OLEHKM CE30HHOW KOMIIOHEHTBI KaK Ppa3HOCTb MEXKIY
(aKkTUYEeCKUMHU YPOBHSMHU Dsiia M LIEHTPUPOBAHHBIMU CKOJIB3SIILUMU CPETHUMHU
(rp. 6 Tabn. 4.5). Ucnons3yeM STH OIEHKH JIJIsi pacdera 3HAYCHW CE30HHOMU

KOMIIOHEHTBI S (Tabi. 4.6). Jlns 5T0oro HaliaeM cpemHMe 3a KaxIbli KBapTai (1o
BCEM TrO0JiaM) OIIEHKM CE30HHOW KOMITOHEHTHI Si. B ™Mogmensax ¢ ce30HHOU

KOMITOHEHTOM OOBIYHO [npearojaaracTcia, 4To CC30HHEBIC BO3I[€I>'ICTBH$I 3a IICPpUOL
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B3auMoIoramiarorcsa. B aﬂﬂHTHBHOﬁ MOJICJIN 3TO BBIPpAKACTCA B TOM, YTO CyMMa

3HAYEHHUW CE30HHOM KOMITOHEHTHI 10 BCEM KBapTajlaM J0JKHA ObITh paBHA HYJIIO.

Taomnuma 4.6
[Tokazarenu Ne kBaprana, |
Ton | I i IV
1999 - - 213,75 349,5
2000 -336,75 | -238,375 | 277,875 316,25
2001 -299,25 | -319,875 | 322,625 214,375
2002 -233 -233,75 — —
Bceero 3a | -if kBapTan -869 -792 814,25 880,125
Cpennsig olieHKa
CE30HHOIT KOMITOHEHTHI 289,667 | -264 | 271,417 | 293,375
mst | -ro kBaprana, S,
CxoppeKkTupoBaHHas
Ce30HHAs KOMIIOHCHTA, -292,448 | -266,781 | 268,636 | 290,593
S,

JU1s TaHHOM MOJEIIN UMEEM:

—289,667 — 264+ 271,417 +293,375=11,125.
Koppextupytommit kosddurment: K =11,125/4 =2,781.

PaccuuTbiBaeM CKOPPEKTUPOBAHHBIE 3HAYECHUS CE30HHOM KOMIIOHEHTHI

(S; =S; —K) n 3anocum nonyuennsie 1anubie B Tabuiy 4.6.

[IpoBepuM paBEHCTBO HYJIIO CYMMbI 3HAUEHU CE30HHOW KOMIIOHEHTHI:

—292,448 — 266, 7181+ 268,636 + 290,593 =0.

Ilaz 3. VIckat0uyuM BIIMSHUE CE30HHOM KOMIIOHEHTHI, BEIUHMTAS €€ 3HAUCHHE

U3 KaXJI0ro YpOBHA HCXOAHOTO BPEMCHHOIO psaa.

HOJ'Iy‘H/IM BCINYHHBI

T+E=Y—-S (rp. 4 1a6:1. 4.7). DTU 3HAYEHUsS PACCUUTBHIBAIOTCSA 34 KaXKIbIH

MOMCHT BPCMCHHU M COACPKAT TOJIbKO TCHACHIUIO U cnyqaﬁHyfo KOMIIOHCHTY.

Ta0numna 4.7
1 2 3 4 5 6 7 8
1 375 | -292,448 | 667,448 | 672,700 | 380,252 -5,252 27,584
2 371 | -266,781 | 637,781 | 673,624 | 406,843 -35,843 1284,721
3 869 | 268,636 | 600,364 | 674,547 | 943,183 -74,183 5503,117
4 | 1015 | 290,593 | 724,407 | 675,470 | 966,063 48,937 2394,830
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5 357 | -292,448 | 649,448 | 676,394 | 383,946 -26,946 726,087
6 471 | -266,781 | 737,781 | 677,317 | 410,536 60,464 3655,895
7 992 | 268,636 | 723,364 | 678,240 | 946,876 45,124 2036,175
8 [1020 | 290,593 | 729,407 | 679,163 | 969,756 50,244 2524,460
9 390 | -292,448 | 682,448 | 680,087 | 387,639 2,361 5,574
10 | 355 | -266,781 | 621,781 | 681,010 | 414,229 -59,229 3508,074
11 | 992 | 268,636 | 723,364 | 681,933 | 950,569 41,431 1716,528
12 | 905 | 290,593 | 614,407 | 682,857 | 973,450 -68,450 4685,403
13 | 461 | -292,448 | 753,448 | 683,780 | 391,332 69,668 4853,630
14 | 454 | -266,781 | 720,781 | 684,703 | 417,922 36,078 1301,622
15 | 920 | 268,636 | 651,364 | 685,627 | 954,263 -34,263 1173,953
16 | 927 | 290,593 | 636,407 | 686,550 | 977,143 -50,143 2514,320

Ilaz 4. Onpenenum KOMIIOHEHTY | IaHHOM Momenu. JIjisl 3TOro mpoBeneM

ananutuueckoe BhlpaBHuMBanue psaga (T + E) ¢ momompsro nuHelHOro TpeHza.

Pe3yJ'IBTaTBI AHAJIMTUYCCKOI'O BBIPABHUBAHUS CJICOYIOIIUC!

T=671777+0,9233-1.

[Moxcrapnss B 510 ypaBHenue 3Hadenus 1 =1, 2, ..., 16, naiinem yposuu T

JUISL KaKJIOTO MOMEHTa BpeMeHH (Tp. 5 1abi. 4.7).

Illaz 5. Haiinem 3HadeHHMs YpPOBHEM psiia, MOJYyYEHHBIE MO aJJIUTHUBHOMN

MOACIIN. I[JIH 9TOTIO HpI/I6aBI/IM K YpPOBHAM T 3HAUCHUSI CE30HHOM KOMIIOHCHTHI

JIUIS COOTBETCTBYIOIIMX KBapTasioB (Tp. 6 Tab. 4.7).

Ha ogHom rpaduke oTi0KuM (pakTHUECKUE 3HAYECHHSI YPOBHEW BPEMEHHOTO

psada 1 TCOPCTUICCKUC, ITOJTYUYCHHEBIC 110 aI[HHTHBHOﬁ MOJCIH.
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Puc. 4.6.

JIns OLeHKM KayecTBa NMOCTPOCHHOW MOJENIHM IIPUMEHHM CyMMY KBaJIpaToOB

MOJTYYEHHBIX a0COJFOTHBIX OITHOOK.

2
Ri_q By 37911078 _
(y,—y) 125274375

0,970.

CnenoBaTeabHO, MOJKHO CKa3aTh, YTO aJUTHBHAsA MOJEIb 00bsICHIET 97%
oOImelt Bapuanud YpoBHEH BPEMEHHOTO psijia KOJWYECTBA IMPaBOHAPYIICHUU 10
KBapTaiam 3a 4 rona.

Ilaz 6. ITporHo3upoBaHue MO AAAUTUBHON Moaenu. [Ipennonoxum, 4To mo
HalmieMy TMpuUMepy HeoOXOAMMO JaTh MPOrHo3 o0 obmem  oObeme

npaBonapyuennii Ha | u 1l xBapramsr 2003 roma. IlporHosnoe 3nauenue K

YPOBHSI BPEMEHHOTO ps/ia B AJJAUTUBHOM MOJEIM €CTh CyMMa TPEHAOBOM H
CE€30HHOM KOMIIOHEHT. /{151 onpeneneHus TpeHA0BOM KOMIIOHEHTBI BOCIOJIb3YEMCS

YpPaBHEHUEM TPEHIA
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T=671777+0,9233-t.

[Tomyunm
T1,=671777+0,9233-17 =687,473;

T,=671777+0,9233-18 =688,396.

3Ha4YeHUs CE30HHBIX KOMITOHEHT 3a COOTBCTCTBYIOIIHMC KBapTajibl PABHLI:

S, =-292,448 u S, =266, 781. Takum o6paszom,
F,=T,+S, =687,473—-292,448 ~ 395;
Fe=Tg+S, =688,396—-266,781~ 422.

T.e. B mepBble 1Ba kBapTana 2003 r. cinegoBano 0kuaaTh nopsaka 395 u 422

paBOHAPYIIEHUI COOTBETCTBEHHO.

HOCTpOCHI/Ie MYHBTHHHHKaTHBHOﬁ MOACIM PAaCCMOTPHUM Ha OAdHHBIX

MPEABIIYIIETO PUMEDPA.

Hlaz 1. MGTOI[I/IKa, MNpuMCHACMAA Ha 3TOM INarc, rnoJHOCTBIO COBIIAAACT C

MGTO,Z[I/IKOﬁ IIOCTPOCHUA aﬂﬂHTHBHOﬁ MOJCJIN.

Tabnuua 4.8
Ne npigiﬁgfrfgggnﬁ, Uroro 3a CCI;(:;I;{?;;ZH LlenTpupoBanHas OI_ICHKav
KBapTana, YETHIpe deThipe CKOJIB3SIIIIAst CE30HHOMU
Y, KBapTaia KBapTana cpenHsis KOMITOHEHTBI

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 708,75 693,75 0,5146
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 — — — —

117




IHlaz 2. Haiinem OLIEHKH CE30HHOM KOMIIOHEHTBHI KaK YacTHOE OT JICJICHHS
(bakTUYeCKUX YpOBHEH psga Ha LEHTPUPOBAHHBIE CKOJb3AIIME cpeanue (rp. 6
Tabn. 4.8). DTH OLEHKM UCIONB3YIOTCA IS pacdeTa CE30HHOM KOMIIOHEHTHI S
(Tabm. 4.9). Ilist oTOTO HAWAEM CpEIHWE 3a KaXKAbId KBapTaJl OICHKHA CE30HHOMN

KOMIIOHCHTHI Si . Tak ke Kak u B aI[I[HTHBHOﬁ MOACIIN CUHUTACTCA, YTO CC30HHBIC

BO3JICUCTBHUS 3a NEPUOJ] B3aUMOIOTaIAOTC. B MyIbTUIIIMKATUBHON MOJAEIHN 3TO
BBIPAKACTCA B TOM, YTO CyMMa 3HAQYE€HUM CE30HHOM KOMIIOHEHTHI MO BCEM
KBapTaJiaM JIOJDKHA OBITh paBHA YMCITY MEPUOJIOB B ITMKJIE. B Hamem ciydae 9uciio

IMEPUOJ0B OJJHOI'O IUKJIA PABHO 4,

Tab6anma 4.9
IToka3aTenu Ne kBaprana, |
Ton | T i W,
1999 1,3262 1,5252

2000 0,5146 0,6640 1,3891 1,4494

2001 0,5658 0,5260 1,4820 1,3104

2002 0,6643 0,6601

Bcero 3a I -if KBapTal 1,7447 1,8501 41973 4,2850

Cpennsisg olieHKa

CE30HHOH KOMIOHEHTHI 05816 | 06167 | 1,3091 | 1,4283

U1 | -ro KBaprana, Si

CxoppekTupoBaHHas

Ce30HHAs KOMIIOHEHTA, 05779 | 0,6128 | 1,3901 | 1,4192
S,

Nmeem

0,5816+0,6167 +1,3991+1,4283 =4,0257.

OmnpenensieM KOPPEKTUPYIOMIHNI KOADPUIIUEHT:

k = 44 0257 = 0,9936.

CKOPPEKTUPOBAHHBIE 3HAYEHHUS CE30HHOM KOMIIOHEHTBI O IOJIyYaroTCs

TIPM yMHOKEHHUH €€ CPEIHEN OLEHKH S; Ha KoppeKTupyrommii kooddurment K.

[IpoBepsieM ycnoBue paBEeHCTBO 4 CyMMbl 3HAYEHUN CE30HHOW KOMITOHEHTHI:

0,5779+0,6128+1,3901+1,4192=4.
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Illaz 3. Paznenum Kaxablii YpOBEHb HCXOJHOIO Psiia HA COOTBETCTBYIOLIUE

3HAQYEHUS CE30HHOM KOMIIOHEHTBl. B  pe3yinprare IOIy4YWM  BEJIIMYHHBI

T-E=Y/S (rp. 4 1abn. 4.10), xoTopble comepaT TOIbKO TEHACHIMIO |

CIIy4ailHyI0 KOMITOHEHTY.

Tabmuua 4.10

t Yi Si yt/Si T T-S E:yt/(T’S)
1 2 3 4 5 6 7

1 375 0,5779 648,9012 654,9173 | 378,4767 0,9908
2 371 0,6128 605,4178 658,1982 | 403,3439 0,9198
3 869 1,3901 625,1349 661,4791 | 919,5221 0,9451
4 1015 1,4192 715,1917 664,7600 | 943,4274 1,0759
5 357 0,5779 617,7539 668,0409 | 386,0608 0,9247
6 471 0,6128 768,6031 671,3218 | 411,3860 1,1449
7 992 1,3901 713,6177 674,6027 | 937,7652 1,0578
8 1020 1,4192 718,7148 677,8836 | 962,0524 1,0602
9 390 0,5779 674,8572 681,1645 | 393,6450 0,9907
10 355 0,6128 579,3081 684,4454 | 419,4281 0,8464
11 992 1,3901 713,6177 687,7263 | 956,0083 1,0377
12 905 1,4192 637,6832 691,0072 | 980,6774 0,9228
13 461 0,5779 797,7159 694,2881 | 401,2291 1,1490
14 454 0,6128 740,8616 697,5690 | 427,4703 1,0621
15 920 1,3901 661,8229 700,8499 | 974,2515 0,9443
16 927 1,4192 653,1849 704,1308 | 999,3024 0,9277

Ilaz 4. OnpenenyM KOMIIOHEHTY | B MyJbTUILIMKATUBHOM Mozenu. [lis

5TOr0 PAcCYMTAEM IIapaMeTPhl JTMHEWHOrO TPEHMa, MCIoab3ys yposau | -E. B

pe3yJibTaTe MOJyYuM YPaBHEHHUE TPEHAA!

T =651,6364 +3,2809-t.

[Moxcrasnss B 510 ypasHenue 3Hadenus { =1, 2, ..., 16, maiinem yposau T

JUJISL KaKJI0T0 MOMEHTa BpeMeHH (Tp. 5 1adi. 4.10).

Ilaz 5. HaiineM ypoBHU psijia, yMHOKHMB 3HAYEHUs | Ha COOTBETCTBYIOLIME
3HAYEHUS CE30HHOM KOMIOHEHTHl (rp. 6 Tabn. 4.10). Ha oaHoMm rpaduke
OTKJIaZbIBaeM  (paKTHUECKHEe 3HAYeHHs]  ypOBHEM

BPEMEHHOTO psna U

TCOPECTUICCKUC, ITOJTYUYCHHBIC 110 MYHBTHHHHKaTHBHOﬁ MOJCIH.
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Yi

Puc. 4.7.

Pacuer ommOku B MYJbTUIUIMKATUBHONW MOJEIH TMPOUZBOIAUTCSA IO
dhopmyie:
E=Y/(T-S).
Jnsg  cpaBHEHMST MYJIbTUIUIMKATUBHOM MOJEIU U JPYIUX MOJEIEH

BPECMCHHOI'O psAda MOKHO, IO aHaJIOTUH C EU:[I[PITHBHOﬁ MOJACIBIO, HCIIOJIB30BAaTh

CYMMY KBaJpaToB aOCOIIOTHBIX OMINOOK ~T.S)":
Yi

2
Rz:1_(yt—T:’~:2) _,_ 4306502 oo
(v,-) 1252743,75

CpaBHuBas MMOKa3aTeIy ACTEPMUHALIMU aJIUTUBHON U MYJIbTUILIIMKATUBHO M
MOJIeJIel, JieJlaéM BBIBOJA, YTO OHHM MPUMEPHO OJMHAKOBO aMMPOKCUMUPYIOT

HCXOAHBIC JaHHBIC.
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Ilar 6. IIporHo3upoBaHue IO MYJbTHUIUIMKATUBHON Mozaenu. Eciau
IPEINOJIOKUTh, YTO MO HALlIEMy MpUMEPY HE0OXOIUMO J1aTh MPOTHO3 00 o0IIeM

o0veMe npaBoHapyuieHuid Ha | u |l xBapTansl 2003 roma, MpOrHo3HOE 3HAYEHUE

Ft YPOBHA BPpECMCHHOI'O psAJ1a B MYHBTHHHHKaTHBHOﬁ MOJICIIN CCTh IIPOU3BCIACHUC

TPEHJIOBOM M CE30HHON KOMIIOHEHT. JlJi1 ompeaeneHusi TPEHA0BONH KOMIIOHEHTHI
BOCIIOJIb3YEMCSl YPABHEHUEM TPEHIA
T =651,6364+3,2809-t.

[Tonmyunm

T,, =651,6364 +3,2809-17 =707,4117;
T, =651,6364 +3,2809-18 = 710,6926.

3Ha4YeHHUs CE30HHBIX KOMIIOHEHT 3a COOTBCTCTBYIOIIHMC KBapTaJlbl PaBHBI:

S,=0,5779 u S, =0,6128. Takum o6pazom
F,=T,-S =707,4117-0,5779 ~ 409;
Fe=Tg S, =710,6926-0,6128 ~ 436.

T.e. B mepBble 1Ba kBaptana 2003 r. cnenpoBano oxuaaTh nopsaka 409 u 436
MPaBOHAPYIIEHUN COOTBETCTBEHHO.
Takum o0pa3om, anIuTUBHAs W MYJbTUIUIMKATUBHAS MOJCIU JAIOT

IIPUMEPHO OJIMHAKOBBIN pe3yibTaT MO MPOTHO3Y.
4.4. ABToxoppessauus B ocrtatkax. Kpurepuii [lapouna-Yorcona

ABTOKOppenaiusi B OCTaTKax MOXET ObITh BbI3BaHA HECKOJbKUMH
MPUYMHAMH, UMEIOIIMMH PA3INYHYIO IPUPOLY.

1. Ona MoOXeT OBITh CBSI3aHa C MCXOJHBIMU JAaHHBIMU U BbI3BaHA
HAJIMYHUEM OITMOOK U3MEPEHUS B 3HAUCHUAX PE3yJIbTATUBHOTO MPU3HAKA.

2. B psage ciydaeB aBTOKOpPENSIIUS MOXET OBbITh  CJIEACTBUEM
HEMpaBWIBLHOW crienupuKanuu MoAeid. Mozenb MOXKeT He BKIII0YaTh (haxTop,
KOTOPBIM OKAa3bIBAE€T CYIIECTBEHHOE BO3JCHCTBUE HA PE3yIbTaT M BIHSHUE

KOTOPOIro OTpaxxacTcCsa B OCTATKax, BCJICACTBUC YCTO IIOCICOAHHUEC MOI'YT OKa3aThbCAa
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aBTOKOppeNUpoBaHHbIMUA. OueHb YacTO OSTHUM (AKTOpOM sBIsieTcss (akTop
Bpemenn {.

OT UCTUHHON aBTOKOPPENSIIMH OCTaTKOB CIIEAYET OTIMYaTh CHTYyalluH,
KOTJIa MPUYHMHA aBTOKOPPEISIMH 3aKJII0YacTCs B HEMPABUIILHOW CHEIU(pUKAINH
byHKIMOHANBHOH (opMmbl Mojenn. B 3ToM ciyuyae cieayeT M3MEHHTh (GopMmy
MOJICJIM, a HE WCIOJIb30BaTh CICIHUAIBHBIC METOABI pacyeTa HapaMeTpOB
YpaBHEHUS PErPECCUH MPU HAJTMYNH aBTOKOPPEISIIIUU B OCTATKAX.

OnuH u3 OoJiee pacrpoOCTPAHEHHBIX METOIOB ONPEIEICHNS aBTOKOPPEIISAIIHU

B OCTaTKax — 3TO pacyeT kputepus Japobuna-Yorcona:

n

Z(gt - gt—l)z

=2
d - n
2
th
t=1

T.e. Benmuumna O ecTh OTHOLIEHHME CYMMBI KBajgpaToB pa3sHOCTEH

(4.5)

MOCJICTIOBATEIBHBIX 3HAYCHUN OCTAaTKOB K OCTATOYHOH CyMMe€ KBaJpaTOB IIO
MOJICIIA PETPECCHUHU.

MOo’KHO TTOKa3aTh, 9TO TP OOJBIIMX 3HAYCHHSIX N CYIIECTBYET CIICTYOIICe
COOTHOIIEHHE MeXkny kputepueMm Jlapbuna-Yorcona O u kxosddurnmentom

ABTOKOPPEIISIIMHI OCTATKOB TIEPBOTO mopsiaka I
d=2-(1-r). (4.6)
Takum 06pa3oM, €claM B OCTaTKaxX CYLIECTBYET IOJIHAS MOJIOKUTEIbHAS
asrokoppemsiumst 1 I, =1, to d =0. Ecnm B ocratkax mosnHas oTpunarenbHas
asrokoppemsiumsi, To I =—1 u, cnenosarensno, d =4. Ecnu aBrokoppessimust
ocrarkos orcyrctByer, 70 [ =0 m d =2.T.e. 0<d <4,

AJITOPUTM BBISIBJICHUSI aBTOKOPPEJISIIMM OCTAaTKOB HA OCHOBE KPUTEpUS

HapOuna-YoTcoHa crnenmyromuid. BpiaBuraeTcss rumoresa H0 00 OTCYTCTBHH

*
ABTOKOppPCIIIHUU OCTAaTKOB. AJ'IBTepHaTI/IBHBIe THUITIOTE3BI Hl )41 Hl COCTOIT,

COOTBETCTBCHHO, B HaJIn4Yun MOJIOKUTEIbHOMN 501041 OTpHHaTCHBHOﬁ
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aBTOKOppENsiMUU B ocTaTkax. Jlamee 1o coenuanbHbBIM —TabmuuaM  (CM.

npuioxkenue E) omnpenensrorcs KpuTHYecKHe 3HaueHus Kpurtepus JlapOuHa-
Yorcona d, u d, s 3anannoro uucna HabmoneHuii N, 9ucina HE3ABUCHMBIX
NepeMEHHBIX Mojiesii M U ypOBHA 3HAUMMOCTU ¢ . [10 3THM 3HAYEHUSIM YUCIIOBOM

IIPOMEKYTOK [0; 4] pa30MBalOT HA MATH OTPE3KOB. [IpUHATHE UM OTKIOHEHUE

Ka)KI[OI\/II N3 THIIOTC3 C BCPOATHOCTLIO 1—a OCYHICCTBIACTCA CICAYIOIIUM

obpazom:

O<d<d, - ecrb monoxurenbHas aBTOKOppensuMs ocratkos, H
OTKJIOHSIETCS, ¢ BepositHOCThI0O P =1— & npunumaerca H;

d, <d <d, - 30na HeonpenenennocTy;

d, <d <4-d, - mer ocuoBaumit orknonsts H,, T.e. aBroxoppensums
OCTAaTKOB OTCYTCTBYET;

4—-d, <d <4—d, - 30na vHeonpenenennocTy;

4—d, <d <4 - ecrp orpunarensHas aBTOKOppessMS OcTatkoB, H,

OTKIIOHsIeTCs, ¢ BepositHOCThI0 P =1— ¢ mpunumaercs H, .

Ecnu paktrueckoe 3HaueHue kputepus JapouHa-YoTrcoHa nmonaaaet B 30Hy

HCOIIPCACICHHOCTH, TO Ha IIPAKTHUKC IMpcaIojiararoT CyIIcCTBOBAaHHUC

ABTOKOpPCIAIHUHU OCTATKOB U OTKIIOHAIOT 'MIIOTE3Y H 0-

Mpumep. [IpoBeprumM runore3y 0 HaJIUYUKU aBTOKOPPEISALMHU B OCTaTKaxX JJIs
aqIUTABHOM MOJIENIM HAIIETO BPEMEHHOro psaa. FMcxogHele paHHBIE U

MPOMEKYTOUYHBIE paCYEThl 3aHOCUM B TAOJIUILY:
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Tadbmuma 4.11

t Y, g =E &4 (& - 5t_1)2 &

1 2 3 4 5 6

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 23948
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 2036,2
8 1020 50,244 45,124 26,2144 25245
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 4947856 1174
16 927 -50,143 -34,263 252,1744 2514,3

Cymma -0,002 50,141 84921,85 37911,97

dakTruueckoe 3HaueHue kpurepusa JlapOuHa-YoTcoHa Ajid JaHHOW MOAENId

COCTaBJIAACT.

d— 84921,85 _ 294
37911,97

Coopmynupyem runoress: H, — B ocratkax Her aBrokoppesnsiun; H, — B

OCTaTKaxX CCTb IIOJOKUTCIbHAsA aBTOKOPPCIIALMA,

*

H, - B ocrarkax ects

OTpHUILIATENbHAs aBTOKOppensmus. 3agaauM yposenb 3Haunmoctn o = 0,05. Ilo
Tabnuie 3HaueHui Kkpurtepus JlapOuHa-YoTcoHa omnpeaenuMm Ui YHucIia
Habmonenuii N=16 u uucna HesaBucumbix mapamerpoB Mogean K =1 (mbr

paccMaTpUBaeM TOJIBKO 3aBUCHMOCTh OT BpeMeHH 1) KpHUTHUECKHE 3HAYCHUS

d, =110 u d, =1,37. ®axruueckoe 3nauenue 0 -xkpurepus Japouna-Yorcona
nonanaer B murepsan O, <d <4-—d, (1,37<2,24<2,63). CnenoBarensHo, HET

OCHOBAHHA OTKIJIOHATH TUIIOTC3Y H 0 00 OTCYTCTBHUH aBTOKOPPCIIMU B OCTATKAX.
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Cy1ecTByeT HECKOIbKO OTpaHHMYEHUN Ha MpUMeHeHue Kpurepus JlapOuna-
Yorcona.

1. OH HENpUMEHUM K MOJEIISIM, BKIIOYAIOIIMM B KaU€CTBE HE3aBUCHMBIX
IIEPEMEHHBIX JIarOBbIE 3HAYEHUS PE3YJIbTATUBHOTO IIPU3HAKA.

2. Metonuka pacueta U ucnosb30BaHusl Kputepus JlapOuHa-YoTcoHa
HaIIpaBJI€Ha TOJIBKO Ha BBISBICHUE aBTOKOPPEIALMU OCTATKOB IIEPBOTO IMOPSAAKA.

3. Kpurepuit J[apOuna-YoTcoHa AaeT TOCTOBEPHBIE PE3YJIbTAThl TOJIBKO

JUTs1 OOJTBIIMX BEIOOPOK.
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IIpunoxenue 1

CiayuaiiHble epeMeHHbIe

JAvckpeTrHas ciyyaiiHasi mepeMeHHast

Bame WHTYWUTMBHOE TOHMMAaHME BEPOATHOCTH TIOYTHM  HABEPHSKA
COOTBETCTBYET 3aJayaM 3TOM KHHUTH, U MO3TOMY MBI OIYCTUM TPaJWLMOHHBIN
paszlie]l 4YHCTOW TEOpPUM BEPOSITHOCTEW, XOTs OH MOr Obl ObITh BeEChMa
yYBIEKATEIbHBIM.  MHOrMe  JIOAM  HENOCPEACTBEHHO  CTAJIKMBAINCH €
BEPOSITHOCTAMM, ydacTBys B JIOTEpesiX M  a3apTHBIX Urpax, U HX
3aMHTEPECOBAHHOCTh B TOM, Y€M OHHM 3aHHMalMCh, YacTO MPUBOJIWIIA K
YAUBUTEIIBHO BBICOKOW MPAKTUUECKONM KOMIIETEHTHOCTH, OOBIYHO IPH MOJHOM
OTCYTCTBUHU (POPMaATBHOM MOATOTOBKHU.

MBI HauyHEM HENOCPEACTBEHHO C JUCKPETHBIX CIIyYaWHBIX NMEPEMEHHBIX.
CrnyuaiiHasi mepeMeHHasi — 9TO Jito0asi IepeMeHHasi, 3HaYeHUE KOTOPOM HE MOXKET
ObITb TOYHO Tpelcka3aHo. JIUCKpeTHOW Ha3bIBaeTCs Ciy4yaiiHas BEJIMYWHA,
MMEIOIasl OMPENICNICHHbI HAa0Op BO3MOXHBIX 3HaueHuu. [Ipumep — cymma
BBITIABIIIMX OYKOB MPU OpOCAHWU JBYX WUTpalbHBIX KocTeil. [lpumep ciyuaiinoit
BEJIMYMHBI, HE SIBIIOLICHCS TUCKPETHOW, — TeMIleparypa B KoMHare. OHa MOXKET
MPUHATH JI000€ W3 HEMPEPHIBHOTO JUANa3oHa 3HAYCHUNU U SBISETCS MPUMEPOM
HEMPEPBIBHOM CIy4alHOM BeIWYMHBI. K pacCMOTpEHHIO TakMX BEJIMYUH B 3TOM
IIPUJIOKEHUU MBI IEPEUIEM TTO3KE.

[Iponomkass pa3roBop O MNOpPUMEpPE C JABYMS UIPAJIbHBIMU KOCTSIMH,
MPEANOJIOKMM, YTO OJJHA U3 HUX 3€JieHas, a Jipyras — KpacHas. Eciu ux Opocurs,
TO BO3MOKHBI 36 3JIEMEHTapHBIX MCXOJ0B JKCIIEPUMEHTA, MIOCKOJIBKY Ha 3€JIEHOU
KOCTH MOXET BBINACTh JI000e uncio oT 1 10 6 U To ke camMoe — Ha KPacHOM.
CnyuaiiHasi mepeMeHHasi, ONpeAesIeHHas Kak UX CyMMa, KOTOPYIO Mbl 0003HA4MM
yepe3 X, MOXKET MIPUHUMATh TOJIBKO OAHO M3 11 4MCIOBBIX 3HAYEHUM — OT 2 10
12. B3auMOCBsS3b MEXAYy HMCXOAAMH SKCIEPUMEHTA M 3HAYCHHUSIMH CIy4alHON

BEJIMYMHBI B IAHHOM Clly4ae rmoka3asa B taou. 1.1.
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Tabmuma 1.1

KpacHas 3eneHas

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

[IpeanonoxuB, 9TO KOCTH «IPABUIBHBIC», MBI MOXEM BOCIIOIH30BATHCS
tabn. 1.1 nus ompeneneHus BEpOATHOCTH Kaxkaoro 3HaueHus X. Ilockonbky Ha
KOCTSIX UMeeTcsl 36 pa3InyHbIX KOMOMHAIMMN, KaXAbId UCXOJ] UMEET BEPOATHOCTh
1/36. Jlump onHa W3 BO3MOXKHBIX KOMOMHaAnui {3eneHas=l, kpacHas=l} maer
CYMMY, PaBHYIO 2, Tak 4TO BeposATHOCTH X =2 paBHa 1/36. UT0OOBI MOJYyYHTH
cyMmy X =7, HaMm moTpeOyloTCcs codeTaHus {3eneHas=l, kpacHas=6}, 10O
{3enenas=2, kpacHas=5}, nubo {3eneHas=3, kpacHas=4}, naubo0 {3eineHas=4,
KpacHas=3}, nubo {3eneHas=5, kpacHas=2}, nubo {3eneHas=6, kpacHas=1}. B
JAHHOM CJIy4ae Hac yCTpOAT 6 BO3MOXKHBIX HMCXOJOB, U MO3TOMY BEPOSITHOCTbH
nosiyueHusi 7 paBHa 6/36. Bce 3Tu BeposSTHOCTH npuBeieHbl B Tad. 1.2. Ecnu Bce
UX CIIOKUTb, TO MOJYYUTCS POBHO 1. ITO OyneT Tak, MOCKOJIbKY C BEPOSITHOCTHIO
100% paccmaTpuBaeMasi cyMmMa IpUMET OJIHO M3 3HAYEHUH OT 2 10 12.

Tabmuma 1.2

3HauyeHusa X 2 3 4 5 6 7 8 9 10 11 12

Beposithocts | 1/36 | 2/36 | 3/36 | 4/36 | 5/36 | 6/36 | 5/36 | 4/36 | 3/36 | 2/36 | 1/36

COBOKYIIHOCThP BCE€X BO3MOXHBIX 3HAUYEHUN CIIy4allHOM IIEpEMEHHOMN
ONMUCBHIBAETCA TEHEPAIBHOW COBOKYNHOCTBIO, M3 KOTOPOW W3BJIEKAIOTCS JTH
3HayeHus. B Hamem ciydae reHepaibHas COBOKYNHOCTh — 3TO HAOOp yucen OT 2

no 12.
MareMaTn4yecKoe 0:KUIaHHe JUCKPETHOMN CJOyYaHHON BeJIUYMHBI

MaremaTndyeckoe OXUJaHUE IUCKPETHOW CIIy4alHOM BEJIWYMHBI — 3TO
B3BEUICHHOE CpEIHEE BCEX €€ BO3MOXKHBIX 3HAUYEHHM, NpUYEeM B KadyecTBE
BeCcOBOTrO Kod(duimenta 6epercs BEpOSTHOCTh COOTBETCTBYIOIIETO HMCX0/a. Bbl
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MOXCTC pacCUuTarb C€ro, INHNCPEMHOKHUB BCC BO3MOKHBLIC 3HAYCHUA cnyqaﬁHoﬁ
BCIIMYMHBI HAa HMX BCPOATHOCTH W IMPOCYMMHUPOBAB IIOJTYYCHHBIC IMPOU3BCIACHHA.

MaremMaTU4ecKu €Clin cnyqaﬁHaﬂ BeIMYMHA OOO3HAYCHA Kak X, TO €€

MAaTCMAaTHYCCKOC OXKHNIAAaHUC 0003HaYaeTCs KaK M (X) NI mx .

HpCI[HOJIO}KI/IM, qT0 X MOXKET I[MPUHUMATDb n KOHKPCTHBIX 3HAYCHUH

(X11 Xoy ey Xn) U YTO BEPOATHOCTL MosrydeHust X; pasHa [);. Toraa
n
M (X)= XD, + X, P, + oot X, Py = DX Py (1.1)
i=1

B ciydae ¢ ABymMs KOCTAMHM BEIMYMHAMM OT X, A0 X ObuIM yucia OT 2 110

12. MaremaTnyeckoe 0KUJaHUE PACCUUTHIBACTCS TaK:

1 2 3 2 1
M(X)=2-—=+3-—+4-—+..+11. —+12. —=7.
36 36 36 36 36
[Ipekae 4yeMm IMOWTH Jalibllie, pacCCMOTPHM ele OoJice MPOCTOM MpuMep
CﬂyqaﬁHOﬁ HepeMeHHOI?I — YHCJIO OYKOB, BBIIIAJArOIICC IIPH 6pOC3HI/II/I JINIIb

OJHOM UTPaIbHOU KOCTH.
B [1aHHOM cilydae BO3MOXHBI IecTh ucxonoB: X =1, X, =2, ..., X, =0.

Kaxxnprit ucxoq umeeT BEpOATHOCTH 1/6, T03TOMY 371€Ch

M(x)=1-E+2-E+3-1+4-1+5-l+6-l=3,5. (1.2)
6 6 6 6 6 6
B naHHOM cilyyae mMaTeMaTUYECKUM OXKUJIAHUEM CIIyYalHOM MEPEMEHHOMN
SIBJISIETCS YUCJI0, KOTOPOE caMo Mo ce0e HE MOXKET OBITh MOJYyUYEeHO IIPU OpocaHuun
KOCTH.
MareMaTtndeckoe OXXHJaHUE CIIyYalWHOW BEJIMYMHBI 4YAaCTO HA3bIBAIOT €€

CPEOHUM NO 2eHepalbHOU cogokynHocmu. JIJisi CiydyaHOW BEIMYUHBI X 3TO

3HAYE€HHE YacTO 0003HAYaeTCs KakK M.

MaremaTnyeckue O;KUAAHUA PYHKIUN TUCKPETHBIX CJIYy4alHBbIX

nepeMeHHbIX
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ITycth g(x) — wuekoropas ¢ynkuus or X. Torma M (g(x)) -

MAaTCMAaTHICCKOC OKMAAaHHC g (X) 3aIIMCBhIBACTCI KaK

M(g(x))=>9(x)p: (1.3)

rac CyMMHUpPOBAHUC IMPOU3BOAUTCA IO BCEM BO3MOKHBIM 3HAYCHHAM X. B Taom.
1.3 moka3zaHa IIOCJI€I0BaTEIbHOCTh IMPAKTHYCCKOI0 pacucra mamemamuiecKkozo

odrcudanus pynkyuu ot X.

Tabmuma 1.3
X BepositHocts | @yHKums OT X q)yHKH;/I;;OB;:;gf;HM 1o
a P g(%) 9(%) P,
X, P, g(XZ) g(xz) P,
Xn pn g (Xn ) g (Xn )
Bcero M(g( ):Zg(x

[Tpeanonoxum, 94ro X MOXKET NPUHUMAThL N pa3IUYHBIX 3HAYEHUH OT X; IO
X, C COOTBETCTBYIOIIMMU BEPOATHOCTAMU OT [J; 10 P,. B mepsBoii KOJIOHKE

3alUCBIBAIOTCS. BCE BO3MOXKHbIE 3HaueHus X. Bo BTopoli — 3amuchIBarOTCSA
COOTBETCTBYIOIIINE BEPOSITHOCTU. B TpeThel KOJIOHKE pacCUUTHIBAIOTCSI 3HAUCHHUS
GyHKIIUU 111 COOTBETCTBYIOIIMX BeauyuH X. B uerBeproii  KOJOHKE
MEPEMHOKAIOTCS YKCia U3 KOJIOHOK 2 U 3. OTBET NPUBOAUTCA B CYMMUPYIOIIEH

CTPOKE KOJIOHKH 4.

2
Paccuntaem wMarematuueckoe oxujgaHue BeauuuHbl X . Jlis 3TOrO
PacCMOTPUM TIPUMEP C YHCIIaMH, BBIMAAAIOMIUMH TPH OpOCaHWU OJHOU KOCTH.

Hcnonb3oBaB cxemy, MpuBeAEHHYO0 B Ta0u. 1.3, 3anonaum tadmn. 1.4.

Tabmura 1.4
X Pi X! X P,
1 2 3 4
1 1/6 1 0,167
2 1/6 4 0,667
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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 YCTBCPTOU €C KOJIOHKC [daHbl MCCTh 3HAYCHUH X , B3BCIHICHHBIX IIO

COOTBETCTBYIOIIIMM BEPOSITHOCTSAM, KOTOpPBHIE B JaHHOM IMPUMEpPE BCE PaBHSIOTCS
2 2
1/6. Tlo onpenenenuto, Benuuuna M (X ) paBHa in P, , OHa IpuBeIEHa Kak

CyMMa B UETBEPTOM KOJIOHKE U paBHa 15,167.

MaremaTudeckoe oxuganue X, Kak y»ke ObLIo mokazaHo, paBHO 3,5, 1 3,5 B

kBajpare paBHo 12,25. Takum oOpasom, Benuuuaa M (Xz) HE paBHa yz, U,

CIENOBATENBHO, HYKHO aKKyPaTHO MPOBOAWTL pasmuuus Mmexay M (XZ) u
2
M9}

HpaBmIa pacuera MaTEMATHYIECCKOT0 OKUTaHUSA

CylmecTByOT TpU MpaBuiia, KOTOPbIE YAaCTO HCMOJB3YIOTCA. JTHU MHpaBUia
MPAKTUYECKA CAMOOYEBUIHBI, U OHU OJMHAKOBO MPUMEHUMBI JJIsI JUCKPETHBIX U
HENPEPBIBHBIX CIYyYANHBIX IEPEMEHHBIX.

Ilpasuno 1. MaremaTtndeckoe OXUJAAHUE CYMMbI HECKOJIBKUX MEPEMEHHBIX
pPaBHO CyMME€ WX MATE€MAaTHUYECKUX OXHuJaHuwil. Hampumep, eciu uMerOTCs TpU

Clly4alHbI€ IIepeMeHHble X, Y U Z, TO
M(x+y+z)=M(x)+M(y)+M(z). (1.4)
Ilpasuno 2. Ecnu cnydaiiHas IepeMeHHas YMHOXKAETCsl HA KOHCTaHTY, TO €€

MAaTCMAaTUYCCKOC OXHAAHUC YMHOXACTCA Ha Ty KC KOHCTAHTY. Ecim X -

cily4yaiiHasi IEpeMEHHasi U d — KOHCTaHTa, TO
M(a-x)=a-M(x). (1.5)
Ilpasuno 3. MaremaTtnueckoe OXXHJIaHHE KOHCTAaHTHI €CTh OHa cama.

Hanpumep, eciin @ — KkoHCTaHTa, TO
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M (a)=a. (L6)
Cnedcmeue U3 TpeX NPaABUIL:

M (a+b-x):a+b- M (x)
He3aBI/ICl/IMOCTL CﬂyqaﬁHbIX HepeMeHHLIX

I[Be cnyqaﬁHLIe ICPCMCHHBIC Xu y Ha3bIBAIOTCA HC3aBUCHUMBIMH, CCJIN

M(f(x)-9(y))=M(f(x))-M(g(y)) (L.
st moobix (yHkumii (X) u g (y) N3 He3aBUCUMOCTH CIENyeT KAaK BaXKHBIN

YacTHBIN ciy4ait, yto M (X- y) =M (X) M (y)

Teopernueckasi AMCHEPCUS TUCKPETHOM CJIyYaHOU NepeMEeHHOM

Teopernyeckas aucnepcus sBIsETCS Mepoil pazOpoca Il BEPOSITHOCTHOTO

PaCIpCaACICHUA. Omna OIIpCACTIACTCA KaK MATCMATHYCCKOC OXHUAAHUC KBaJpaTa

o 2
Pa3HOCTH MCKAY BCIIMYHMHOUN X uee CpCaHuM, T.C. BEINYHUHBI (X - ILI) , rae 1 —

2
MaTEMATUYECKOE OXHUJIaHUE X. I[chepcml 00BIYHO 0003HAYaeTCsI Kak O'X HniIm

D(X), Y €CJIM SICHO, O KaKOW MEPEMEHHON UJET PeUb, TO HUKHUN UHIIEKC MOXKET

OBITH OMYIIEH:
n

o2 =D(x) =M ((x= )" )= 2 (x — 1) ;. (1.8)

i=1

2
U3 GX MOXHO ITOJY4YHUTHb Gx — cpeOHee Keac)pamuttecme OMKJIOHEeHUe —

CTOJIb K€ PacIpOCTPAHEHHYIO Mepy paz0Opoca AJisi paclpeaeeHus] BepOsTHOCTEH;
CpelHee KBaJApPaTUUYECKOE OTKIIOHEHHE CIIy4alHOM MEPEMEHHOM €CTh KBaJIpaTHBIN
KOPEHb U3 €€ JUCIIEPCHH.

MBI IpOMJUTIOCTPUPYEM PACUET AUCIIEPCUU HA TPUMEPE C OJTHOW UTPATbHOM

kocThio. [Tockonbky 1 =M (X), TO (X — ,u)z B DTOM CJIyd4ae PaBHO (X —3,5)2.

2
MBI paccuuTaeM MaTEMAaTHYECKOE OXHUJAHUE BEIUYMHBI (X—3,5) , UCIIOJIb3YS
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CXeMy, HpeICTaBiIeHHYI0 B Taba. 1.5. JlomosHuTenbHBIA CcTONIOEN (X— ,u)

o 2 .

IIPEICTABIISIET ONpPEAEIEHHBIM 3Tall pacdera (X— ,u) . Cymmupys nocienHui
2

cronbery B Tabn. 1.5, momy4uM 3HadyeHHe JUCIEpCUM O, , paBHoe 2,92.

Ciie10BaTesIbHO, CTAHAAPTHOE OTKIOHEHHE (O, ) paBHO +/ 2,92, 10 ectp 1,71.

Tabmumna 1.5
X Pi (Xi —,u) (Xi _ILI)Z (Xi _/1)2 P
1 2 3 4 5
1 1/6 -2,5 6,25 1,042
2 1/6 -15 2,25 0,375
3 1/6 -0,5 0,25 0,042
4 1/6 0,5 0,25 0,042
5 1/6 1,5 2,25 0,375
6 1/6 2,5 6,25 1,042
Bcero 2,92

OaHuM U3 BaXHBIX MPUIOKEHUW TMPaBWI pacyeTa MaTEMaTUYECKOTO
OXKUJIaHUA SIBISIETCS (opMysia pacuera TEOPETHUYECKOM TUCHEPCHH CIy4dalHOM

MIEPEMEHHO, KOTOpasi MOKET OBITh 3alMcaHa Kak

2 _ 2 2
O'X—M(X )—,u : (1.9)

OTO  BBIp@XEHHWE WHOTJA  OKa3blBaeTcs  Oojiee  yIOOHBIM, YeM
nepBOHavalibHOE omnpeneneHue. JlokazarenbCTBO MPEAOCTABIACTCS YHUTATEN0 B

KAaueCTBE YIPaKHEHHUS.
BeposiTHOCTH B HENPEPBLIBHOM CJIy4yae

C NUCKpeTHBIMU CIIy4aWHBIMU TIEPEMEHHBIMU OUYEHb JIETKO O0Opalarhcs,
MOCKOJIBKY OHHM MO ONPEACICHUI0 MNPUHUMAIOT 3HAYEHUS] W3 HEKOTOPOTO
KoHeuHOTO Habopa. Kaxmoe u3 3TUX 3HAYEHUN CBS3aHO C OMNPEACIICHHON
BEPOSATHOCTBIO, XapaKTEPU3YIOUIEN €ro «Bec». ECIM 3TH «Beca» HW3BECTHBI, TO HE
COCTaBUT TpyJAa pPacCUMTaTh meopemuyeckoe cpeoHee (MaTeMaTHYECKOe

OKHJIaHUE) U TUCTIEPCHIO.
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Bel  MokeTe mpeacTaBUTh YKAa3aHHBIE «BECa» KaK OMNpEJICJICHHbIC
KOJIMYECTBA «IUJJACTUYHOM MAacChD», PAaBHBIE BEPOSTHOCTSIM COOTBETCTBYIOIIHUX
3HayeHuid. CyMma BEpOSTHOCTEW H, CIIEIOBATEIIBHO, CYMMAapHBIM «BEC» 3TOMU
«MaccChl» paBeH €IUHUIIE. JTO MOKa3aHO Ha puc. 1.1 pis mpumepa, rae BeIUYMHA
€CTh CyMMa OYKOB, BBIIABIIUX MpU OPOCAHHH JIBYX UTPANIbHBIX KOCTeH. BennunHa
X mnpuHUMaeT 3HadYeHHWs OT 2 1o 12, m ayisg BceX STUX 3HAYEHHUM MOKAa3aHO
KOJIMYECTBO COOTBETCTBYIOLIEH «MaCcChI».

BenuyuHebl
BEPOATHOCTU

g 10 11 12 X

Puc. 1.1.

K coxanenuto, aHanu3 4acToO MPOBOAUTCS Uil HEMPEPBIBHBIX CIy4YalHbIX
BEJIMYMH, KOTOPhIE MOTYT MIPUHUMATh OECKOHEYHOE yucio 3HaueHui. [Tockomabky
HEBO3MOXXHO TMPEACTaBUTh Ce0€ «IUIaCTUYHYI0 Maccy», pas3AelieHHYl0 Ha
OECKOHEUHOE YUCJIO YaCTeH, UCTIONb3YeM JaJiee IPYron MOaXo/I.

[IpowsrocTpupyeM HalllM PAacCyKAEHUS Ha IPUMEPE TeMIlepaTyphel B
KoMHare. J[Ji1 onpeneaeHHOCTH MPEANOI0KUM, YTO OHA MEHSETCSl B Ipeliesax OT
55 no 75° mo dapeHrenTy, U BHaydaje MOMYCTHUM, YTO BCE€ 3HAYEHHUS B OTOM
JIMana30He PaBHOBEPOSATHBI.

[TockonbKY 4YHCIO pPa3NUYHbIX 3HAYCHHM, MPUHUMAEMBIX I[TOKa3aTesieM
TEMIEPaTypbl, OECKOHEYHO, 3/1eChb OECCMBICIIEHHO TBITaThCA  Pa3JCIHUTh

«IUIAaCTUYIHYH0 MAcCCy» Ha MaJIbIC 4acCTH. BmecTo 3TOro MoxHo «pasmasaTtb» €€ II0
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BceMy auana3oHy. Ilockosbky Bce TemmepaTypsl oT 55 1o 75° F paBHOBEpOSTHBI,
OHa JI0JDKHA OBITH «pa3Ma3aHa) PaBHOMEPHO, KaK 3TO MOKa3aHo Ha puc. 1.2.

BuicoTa
(NNOTHOCTL BEPOATHOCTI)

0.05

55 60 65 70 75 Temnepatypa, F

Puc. 1.2.

B sTom mpumepe, Kak U BO BCEX OCTAJIbHBIX, MBI OyJeM Mojaratrb, 4TO
«IUTACTUYHAsl Macca pa3Ma3aHa) Ha €UHUYHOM IIOIMIAAU. ITO CBSI3aHO C TEM, UTO
COBOKYITHAsl BEPOATHOCTh BCET/a paBHAETCS enuHUIE. B TaHHOM ciiydyae Haiia
«Macca» TOKpbUIa  MNPSMOYTOJBHHUK, W  TOCKOJBKY OCHOBAaHHME  3TOTO
npAMOyToJbHUKA paBHO 20, ero Beicota N ompenensercs U3 cOOTHONIEHUS:

20-h=1, (1.10)
TaK Kak MPOM3BEIACHUE OCHOBAHMS U BBICOTHI paBHO muomanu. CreaoBaTeibHO,
BbIcOTa paBHa 0,05, Kak 3TO OKa3aHO HA PUCYHKE.

Haiinst BBICOTY MPSMOYTOJIbBHUKA, MBI MOYKEM OTBETUTHh Ha BOMPOCHI TUIIA: C
KaKOW BEPOATHOCTHIO TeMmIieparypa OyaeT HaXOAWUThCs B JAWamna3zoHe oT 65 1o
70°F? OTtBer ompeAeisieTCs BEIMYMHOM «3amMa3aHHOW» Turtomanud (WUiad, TOBOPS
6osiee hOpMaILHO, COBOKYNHOU 8EPOAMHOCMbIO), JSXKAIIEH B Uamna3zoHe ot 65 1o
70°F, mpencraBieHHOW 3amTpuxoBaHHoOW (urypoit Ha puc. 1.3. OcHoBaHwue
3aIITPUXOBAHHOIO IMPSMOYIOJIbBHMKAa paBHO S5, ero Bbeicota paBHa 0,05 wn,
COOTBETCTBEHHO, riomas — 0,25. MickoMas BepoaTHOCTh paBHa 1/4, uto B m000M
cilydae OYEBHJIHO, MMOCKOJIbKY TPOMEXyTok oT 65 no 70°F cocramnsier 1/4 Bcero

Irarna3oHa.
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BbicoTa
(NNOTHOCTb BEPOATHOCTN)

0,05 r

55 60 65 70 75 Temnepartypa, F

Puc. 1.3.

BbicoTa 3amTpuxoBaHHOM IJIOWIAAM MPEACTABISAET TO, YTO (POPMAJIbHO
Ha3bIBACTCSl NIOMHOCMbIO 8€POAMHOCIU B 3TOM TOUKE, U €CJIM 3TA BBICOTA MOYKET
OBITh 3alMcaHa Kak (yHKIHS 3HAYCHUN CIIy4ailHOM mepeMeHHOM, TO 3Ta (QyHKIIHS

Ha3bIBACTCS @)yHKyuel niomHocmu eepoamHocmu. B Hamem mnpumMepe oHa

3anmuchIBaeTcs Kak | (X), rae X — reMieparypa, u

f(x)=0,05; 55<x<75. (1.11)

B kadectBe mnepBoro npuOIMKEHUS (PYHKIUS IUIOTHOCTH BEpPOSITHOCTH
ITIOKA3bIBAET BEPOSITHOCTh HAXOXKJIECHUS CIy4YalHOW TNEPEMEHHOM BHYTpHU
€IMHUYHOIO0 MHTEpBala BOKPYT JaHHOW Touku. B Hamem npumepe sta QyHKIMS
Bcroay paBHa 0,05, OTKyzna BBITEKAET, YTO TEMIIEpATypa HAXOAMTCS, HAIpUMeEp,
mexay 60 u 61°F ¢ BepositHocThIO 0,05.

B namewm cnyuae rpaduk QyHKUIMU MIOTHOCTH BEPOSTHOCTU TOPU3OHTAJIEH,
U €€ yKa3aHHas MHTEpIIpeTals TOYHA, OJHAKO B OOmIeM ciy4ae 3Ta (DyHKIHS
HENPEPHIBHO MEHAETCS, U €€ MHTEepIpeTalus JaeT JUlb npudiamkenue. Jlaaee Mol
paccCMOTpUM TNpUMEp, Korga ASTa (PYHKIUS HEMOCTOSHHA, IMOCKOJbKY HE BCE
TEMIIepaTypbl PaBHOBEPOATHHI. [IpeAnonokUM, YTO UEHTPAIbHOE OTOILICHUE
paboTaeT TakuM 00pa3oM, UTO TeMIlepaTypa HUKOrAa He najgaer Hmwke 65°F, a B
KapKue IHHU TeMmIeparypa MPEBOCXOJUT STOT YpOBEHb, HE IMpEBbIIIas, KaK U
panee, 75°F. MbI OyzieM cuuTaTh, 4TO MJIOTHOCTh BEPOSATHOCTH MAaKCUMaJIbHA MPHU

temriepatype 65°F u nmanmee ona paBHOMepHO yObiBaeT no Hyms mpu 75°F (puc.
1.4).
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flnoTHOCTL
BEPOATHOCTH

0201
015 ¢
010 ¢
005

65 70 75 Temnepatypa, F

Puc. 1.4.

OOmast «3aMa3aHHas» IUIOLIA/b, KaK BCErJa, paBHA €IMHHIIE, MOCKOJBKY
COBOKYITHAasi BEpPOSTHOCTh paBHa enuHuie. Ilnomanp TpeyroibHHKa paBHA

ITOJIOBUHC IIPOU3BCACHUA OCHOBAHUS HA BBICOTY, ITO3TOMY IIOJIYydacM:

%-10-h=1, (1.12)
u BbIcoTa ITpu 65°F pasna 0,20.

[IpeanonoxuM BHOBb, YTO MBI XOTHUM 3HATh BEPOSTHOCTh HAXOXKICHUS
TeMIepaTrypel B IpomMexyTke Mexay 65 wu  70°F. Ona npexacrasieHa
3AIITPUXOBAHHOW IUIOMIAABI0 Ha puc. 1.5, M ecim BBl HEMHOIO IIOMHUTE
T€OMETPHIO, TO CMOXKETE MTPOBEPUTH, YTO OHA paBHa 0,75. Eciu Bl peanoynraere
MPOLICHTHOE U3MEPEHUE, TO 3TO O3HAYAET, YTO C BEPOATHOCTHIO 75% TeMmepaTrypa
monaneT B auara3oH 65-70°F u Tonbko ¢ BeposSTHOCTBIO 25% — B auarna3on 70-

75°F.

fMnorHoCTL
BEPOSTHOCTH

0.20 |
6,15 |
0,10
0,05

65 70 75 Temnepartypa, F

Puc. 1.5.
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B nmanHOM ciyyae (yHKIMS IUIOTHOCTH BEPOSITHOCTH 3allMCHIBACTCA Kak
f (X), rae
f(x)=15-0,02x; 65< X< 75. (1.13)

[Ipexxne 4yem NpOJOJDKUATH H3JI0KEHHE, YIOMSHEM O XOPOLIEW M IIOXOH
HOBOCTSX. «llnoxas HOBOCTB» — 3TO TO, YTO €CIAM BBl XOTUTE PACCUUTATH
BEPOSITHOCTH JJIsi 00Jiee CIOKHBIX (DYHKIHMN C KPUBOJMHEHHBIMH TpaduKaMu, TO
DJIEMEHTApHAsT TEOMETPHsS CTAaHOBUTCS HENMpUMEHWMOW. BooOimie roBops, BbI
JIOJKHBI  BOCTIOJIB30BAThCSl MHTETPAIBHBIM HMCYUCICHUEM WA CIHEHHaTIbHBIMU
TabnmumamMu  (€CIM  TOCJENHHUE CYMEeCTBYIOT). VIHTerpanpbHOE HMCYHCIICHUE
HCTIOJIB3YETCSI TAKXKE W TPU OMNPEICIICHUM MAaTeMaTHYECKOr0 OXHUIAHUSA |
JIUCIIEPCUN HENTPEPBIBHOW CIIYYaNHOU BEJIMYUHBI.

«Xopolias HOBOCTb» — B TOM, YTO CIEIUaIbHbIC TaOIUIIbI CYIIECTBYIOT s
BceX (yHKIMH, KOTOphle OyAyT HMHTEpecoBaTh HAc Ha mpakTuke. Kpome Toro,
MAaTEMATHYECKOE OKUJAHUE U JUCIIEPCUS UMEIOT IPAKTUYECKHU TOT K€ CMBICH IS
HETIPEPBIBHBIX CIYYAUHBIX BEJIMYUH, UTO U JJISI TUCKPETHBIX, JIJI1 HUX BEPHBI TE K€

caMbl€ IIpaBUJIA.
ITocTosiHHASA U cayYallHAsA COCTABJSIIOIINE CJOYYANHON NepeMeHHOH

YacTto BMECTO pPacCMOTPEHUS CIIyYalHOM BEJIWYMHBI KAK €IUHOTO LEJIOr0
MO>KHO U yJI0OHO pa30uTh €€ Ha MOCTOSHHYIO U YUCTO CIYy4YalHYIO COCTaBJISIOLINE,
/i TOCTOSTHHAs COCTAaBIIIONIAs BCEra €CTh €€ MaTeEMaTHYecKoe oxuaanue. Ecmm

X — ciydailHas TepeMeHHas W [ — €€ MAaTeMaTHYeCKOe OXKHJaHuEe, TO

JEKOMIIO3ULIMS CITy4ailHOW BEJIMUMHBI 3alMCHIBAETCS CIIEAYIOIIUM 00pa3oM:
X=u+e, (1.14)
IZle & — YUCTO CIlydaliHasi COCTaBIIAIOIIAs.
Koneuno, MoHO ObUIO ObI TOCMOTPETH HA 3TO MO-APYrOMY M CKa3aTh, YTO

Clly4aiiHasi COCTABIISIIOIIAs & ONpPENENsIeTCS KaK Pa3HOCTh MEXIYy X U L

£=X— L. (1.15)
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N3 OIpeACICHUS CICAYCT, YTO MATCMAaTHYCCKOC OXHNJIAHUC BCINYHUHBL &

PaBHO HYIIIO:
M (g): M (X—,u): M (X)—M (,u):,u—,u:0.
[Tockonbky Bech pa3Opoc 3HaueHu X OOyCJIOBJIEH &, HEYJIUBUTEIHHO, YTO

TCOPCTUYUCCKAA AOUCIICPCUA X PaBHA TeOpeTI/I‘{eCKOﬁ JUCIICPCHU & . HOCJ’IG,ZIHCG

HCTPYAHO NOKA3aThb. IIo OIIpCACIICHUIO,

o’ =M ((X—,u)z): M (52)

o’=M ((E—M (8))2)2 M ((5—0)2): M (52).

2

Takum o00pa3zoM, O~ MOXeT OBITh DJKBHBAJEHTHO OIpEACieHa Kak
aucnepeust X Wi & .

O600masi, MOKHO yTBEpXkAaTh, YTO €cld X — CiydaiiHas IepeMeHHas,

onpexaeneHHas no ¢popmyne (A.14), roe 4 — 3aJaHHOE YUCIIO U & — CIy4YalHbIN

2 2
HJICH C M (5)20 n Gg =0 , TO MaTEMaTHYE€CKOE OXHUIAHWE BEIUYUHBI X

2
paBHO [/, a TUCHEPCUS — O
Cnoco0bnI OLICHUBAHUSA U OLEHKH

Jlo cux mop MBI Tpeanoiaraid, 4YTO HUMEETCsl TouHas HHQPOpMAIUS O
paccMaTpuBaeMoM CIydyailHOM MEPEeMEHHOM, B YaCTHOCTH — 00 €€ pachpeiesieHUH
BEPOSATHOCTEH (B Cilyyae JUCKPETHOW MEpPEeMEHHON) WM O (PYHKUIHMH TUIOTHOCTH
pactipeneneHus (B cliydae HENpepbIBHOM mnepemeHHoM). C MmoMOIIpl0 3TOMU
MHpOpMAIIUU MOXHO pPacCYUTaTh TEOPETUUECKOE MATeMAaTHYECKOE OXKHUJAHUE,
JTUCTIEPCUIO U JIFOOBIE NPyrhe XapaKTePUCTUKH, B KOTOPBIX MBI MOXKEM OBITh
3aMHTEPECOBAHBI.

OpmHako Ha MPaKTHUKE, 3a UCKITFOYEHUEM UCKYCCTBEHHO MPOCTHIX CIIyYalHbBIX
BEIIMYUH (TaKWX, KAK YMCJIO BBIMABIIMX OYKOB MPU OPOCAHWH UTPATHHOU KOCTH),

Mbl HC 3HAacM TOYHOI'0O BCPOATHOCTHOIO PACIpPCACICHUA WX IIJIOTHOCTH
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pacripefiesieHuss BEpOSITHOCTEH. OTO O3HAYaeT, YTO HEU3BECTHBbI TaKkKe W
TEOPETUYECKOE MaTeMaTHYEeCKOe OXHJaHue, U Aucrnepcus. Mbl, TeM He MEHee,
MOKEM HYXJAThCS B OLIEHKAX ATHUX WM JIPYTUX TEOPETHUECKUX XapaKTEPUCTUK
TE€HEPaJIbHON COBOKYITHOCTH.

[Ipouienypa olieHMBaHUSI Bcerna oJuHaKoBa. bepercs BbiOOpka u3 N
HAOJIOACHUM, U C MOMONIBIO MOAXOJAIIEH (OPMYIIBI PACCUUTHIBAECTCS OIICHKA
HY)KHOW XapakTepUCTHKU. HyXHO clneauTh 3a TEpMUHAMHU, Jejas BaXKHOE
pazinyue MeXIy criocoOoM i (OpMyJIoi OLIEHUBAHUS M PACCUUTAHHBIM IO HEl
JUIs. JTAHHOM BBIOOPKM 4YHUCIIOM, SIBJIIOLIIMMCS 3Ha4YeHUEeM OueHku. Cnocob
oyenuganus — HTO 00IIee MpaBuiIo, WIK (QopMyla, B TO BpPEMs KaK 3HauyeHue
OYeHKU — 3TO KOHKPETHOE YUCJI0, KOTOPOE MEHSIETCSI OT BHIOOPKH K BBHIOOPKE.

B Tabn. 1.6 npuBeneHbl ¢GoOpMyINbl OIEHUBAHUS [JIs1 JBYX Ba)KHEMIIMX

XapaKTEPUCTHK T'CHEPAIIbHOW COBOKYIHOCTH. Bblibopounoe cpednee X OOBIUHO

2
AacT OLCHKY M1 MAaTCMATHYCCKOI'O OXHIAaHMWA, a (1)OpMYJIa S — OICHKY

AUCIICPCHUHA reHepam,Hoﬁ COBOKYIIHOCTH.

Tabnuua 1.6
XapaKkTEepUCTUKN I'€HEPATIBHOM
DopMyIIbl OLICHUBAHUS
COBOKYITHOCTH
_ 1
Cpennee, U X = HZ X,
1 2
2 —
Hucnepcus, o’ S = ﬁ. (Xi — X)

OtmeTuM, dYTO 9TO OOBbIYHBIE (OPMYJIBI OLEHKH MaTEeMaTUYECKOTO
OXXUJAHUSI U TUCIEPCUM TE€HEPATbHOM COBOKYITHOCTH, OJJHAKO HE €IMHCTBCHHBIE.

BOSMO)KHO, BbI HACTOJIBKO ITPHUBBIKJIN UCIIOJIb30BAaTh X B KadecTBe OLCHKHU IJid U,

4TO Ja)k€ HEe 3aJyMBIBAINCh 00 anbTepHaTHBaXx. KoHeuHo, He Bce (HOpMyIbI
OIICHKH, KOTOPBIE MOXHO MPEACTaBUTh, OJAMHAKOBO Xopomu. IlpuumHa, mo
KOTOPOil B JCHCTBUTEILHOCTH HCIOJB3YyeTCS X, B TOM, YTO OJTa OIEHKA B
HAWIY4YlI€W CTENEHU COOTBETCTBYET JBYM OYEHb BAXXKHBIM KPUTEPUSIM —

HECMEUIEHHOCTH U 3()PPEKTUBHOCTU. DTU KPUTEPUU OYIYT PACCMOTPEHBI HUXKE.
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OueHKH Kak cJiy4yaHble BeJIUYUHbI

[lonyyaemass oyenxa TPEACTABIAET YACTHBIM  ClOydaldl  CIIy4yalHOU
nepemeHHoi. [IpuynHa 37€Ch B TOM, YTO cOoYeTaHHE 3HAYEHUH X B BBIOOPKE
CJIy4allHO, MOCKOJbKY X — CllydalHasi IEpEMEHHAas U, CIEA0BATEIIbHO, CIIyYalHOU
BEJIMYMHON sBIsieTcs M QyHKIMs HaOopa ee 3HaueHuil. Bo3smem, Hampumep, X —
OLIEHKY MaTeMaTU4YECKOTO OKUJIaHHUS:

Y:%(x1+xl+...+xn).

Brimme Mbl IIOKa3ajii, 4TO BCJIMYHMHA X B i-M Ha6J'IIOI[eHI/II/I MOJKET OBITh

pa3jio)K€Ha Ha OBE COCTABJIAKOIIUE: MOCTOSIHHYIO 4YacThb A W YUCTO cnyqaﬁHy}o

COCTaBJIAIOIIYIO &; .

Xi=u+g. (1.17)
CnenoBaTelbHO,
X=u+e, (1.18)

rie & — BBIOOPOYHOE CPeHEE BEIMUNH &; .

Otcroia MOXHO BHAETh, 4TO X , MOJAOOHO X, MMeeT Kak (PMKCHPOBAaHHYIO,

TaK M YUCTO ciayyaiiHyto cocraBistoniie. Ee pukcupoBanHas coctapistomas — U,

TO €CTh MaTEMaTHYECKOE OKUIaHHe X, a ee ClydaifHash COCTaBJSIOmas — & , TO
€CTh CpeJiHee 3HAaUCHUE YUCTO CIIy4YalHOM COCTaBJIAIONIEH B BHIOOPKE.

DYHKIUK TIOTHOCTH BEPOSATHOCTH A X W X IMOKa3aHbl HA OJWHAKOBBIX
rpadukax (puc. 1.6). Kak mokazaHo Ha puUCYHKE, BeIMUYMHA X CUMTACTCA
HOPMAaJILHO pacmnpenesieHHOW. MOXKHO BUJIETh, UTO paclpeiesieHus, Kak X, Tak U

X', CHAMMETPHUYHBI OTHOCUTEIBHO LI — TEOPETUYECKOro cpeaHero. Pazuuna Mexay

HUMH B TOM, YTO pacrpeieieHue X yKe W Boimie. Bemuunna X, BEpOSITHO,

JO0JKHA OBITH ONKKe K L4, 4YeM 3HaU€HUE €IMHUYHOrO HAaOMoIeHusT X , TOCKOJIbKY

cC cnyqaﬁHaﬁ COCTaBJAOIIASA & CCThb CpCaAHCC OT YHCTO CquaﬁHBIX

COCTABISIIOILUX &, &,, ..., &, B BBIOOPKE, KOTOPBIE, I0-BUJUMOMY, «TacsT» APYT
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Apyra mpu pacdere cpemero. Jlamee TeopeTHUYECKasl AMCIEPCHUS BEIUYMHBI &

COCTAaBJIACT JIMIIBb 4aCTb TeOpeTquCKOﬁ JUCIICPCHHA & .

DYHKUMA NAOTHOCTU DYHKUMA NIOTHOCTY
BEPOATHOCTN X BEPORTHOCTU X

N .

i X B

>

Puc. 1.6.

2 .
BenmnuunHa S° — OLEHKAa TEOPETHYECKOW TUCIEPCUM X — TaKKe SIBIIAETCS

cinyyaiiHoi nepemeHHoU. Berautas (1.18) u3z (1.17), umeem:

X —X=¢&—¢.
CraenoBaTteibHO,
1 _ 1 _
SZ:EZ(Xi_X)ZZE (Ei—g)z.

2 Lo
Takum o0Opazom, S° 3aBUCHUT OT (M TOJBKO OT) YHUCTO CIIy4ailHOU
cocTaBisitonieil HaOmogeHuit X B BblOOpKe. IIoCKOJIBKY 3TH COCTaBISIOLIUE

MEHSIOTCSI OT BBIOOPKH K BBIOOpKE, TakKe OT BBIOOPKH K BBIOOpKE MEHSIETCS U

2
BEJIMYWHA OIICHKHU S° .
HecMmemeHHocTh

IToCKOJIbKY OLICHKH SABJIAKOTCS CIYYalHBIMU TEPEMECHHBIMHM, UX 3HAUYCHUS
JUIIb [0 CIy4alHOMY COBHNAQJAEHHUKD MOTLYT B TOYHOCTH  PaBHATHCA
XapaKTepUCTUKAM TEHEPAIbHOU COBOKYMHOCTH. OOBIYHO OyJeT MPUCYTCTBOBATh
ompeNelicHHas OmuOKa, KOTopas MOXET ObITh OOJBIION WM MAaJIOH,
TOJIOKUTEIIbHON WJIM OTPULATEIBHOM, B 3aBUCUMOCTHM OT YHCTO CIIyYalHBIX

COCTABJISIIOUIMX BEJIMYUH X B BHIOOPKE.
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XoTst 3T0 ¥ Hen30eXHO, HAa MHTYUTHBHOM YpPOBHE >KENATeIbHO, TEM He
MeHee, 4YTOOBbl OIlEHKa B CpPEeJIHEM 3a JIOCTATOYHO JUIMTEIbHBIA TMepuoj ObuLia
aKKypaTHOH. BpIpaxkasichk (opManbHO, Mbl XOT€IH Obl, YTOOBI MaTEMaTHYECKOE
OKUJAHWE OLEHKH PaBHIOCH OBl  COOTBETCTBYIOUICH  XapaKTEpPUCTHKE
IEeHEPAIBHOM COBOKYITHOCTH. ECIIM 3TO Tak, TO OLICHKA HA3BIBACTCS HeCMeueHHOU.
Ecnu 3TO HE Tak, TO OLIEHKA HAa3bIBACTCS CMeEWeHHOU, U Pa3HHLA MEXIY €€
MaTeMaTHUYECKUM 0KHJIaHUEM U COOTBETCTBYIOIIEH TEOPETUYECKON
XapaKTEPUCTUKON I'eHEPAIIbHONW COBOKYITHOCTH HA3BIBACTCS CMEUjeHUEM.

Haynem c¢ BbIOOpOYHOTO CpemHero. SIBiIseTcss U OHO HECMEIIEHHOM
OLIEHKOM Teopernueckoro cpeanero? Pasuer mu M (X) u (? Jla, 310 TaK, 4TO

HETOCPE/ICTBEHHO BhITeKaeT u3 (1.18).

BenuurHa X BKJIFOYACT JIBE COCTABISIONME — L U & . BHAYCHHE & PaBHO

CpPEIHEeW YHCTO CIyYailHbIX COCTABIIAIOIIMX BEIMYUH X B BBIOOpKE, U, MOCKOJIBKY
MaTEeMaTHYECKOEe OXHUJIAHNE TaKOW COCTABIAIOLIEH B KaKJIOM HaOJIOJICHUU PaBHO

HYJTI0, MATEMATHYECKOe OXUIaHne & paBHO HyIr0. Clie10BaTeNbHO,
I\/I(Y):I\/I(,u+§)=M(,u)+M(E)=,u+O:,u. (1.19)
Tem He MeHee moJlyuyeHHas OLIEHKA — HE EIUHCTBEHHO BO3MOJKHas
HECMEIlIeHHas oleHKa /. [IpeanonoxuM st pOCTOTHI, YTO y HAC €CTh BBIOOPKA
BCETO U3 JIByX HaOmoneHui — X; u X, . JIroboe B3BemenHoe cpeiHee HaOMoAeHUH

X; 1 X, ObIO OBl HECMEILEHHOW OLICHKOM, €CIIM CyMMa BECOB PaBHA EIMHUIIE.

UtoObI TIOKa3aTh ATO, MPEIOI0KHUM, YTO MbI IIOCTPOUIN 0000IICHHYIO (HOpMYITY

OLICHKM:

L =L)X+ X (1.20)

MaremaTuueckoe oxuaanne Z paBHo:
M(Z)=M (A% + 4% ) =AM (X )+ ALM (X, ) =(4 + 4, ) 1. (A21)
Ecim cymma A, u A, paBHa emuHuue, To Mbl umeem M (Z) =unl

ABJISIETCA HECMEICHHON OLICHKOU /L .
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Takum o0pa3zom, B IMPHUHILIUIIE YUCIO HECMEIIEHHBIX OIICHOK OECKOHEYHO.

Kak BbIOpath oaHy U3 HuX? [lo4eMy B JI€HCTBUTENLHOCTH MBI BCET/IA HCTIONB3YEM
BeIOopounoe cpeanee ¢ A, = A, =0,5? Bo3moxHo, BB onaraere, 4To GbLIO ObI

HECIPaBEUIMBbIM [1aBaTh pa3HbIM HAOIIOACHUSM pa3JIMYHbIE BECa WM 4TO
no00HON acuMMeTpUH cleayeT wu30eraTb B MpuHIUNE. Mbl, OAHAaKO, HE
3a00TUMCS 371€Ch O CIPABEMJIMBOCTU WIIM O CHMMETPUHU KaK TaKOBOM. Jlanpiie mMbl
YBUJIMM, YTO UMEETCS U OoJiee ocsizaeMas pUUrHa.

I[O CUX IIOPp MbI paCcCMAaTpPUBAIIA TOJIBKO OLCHKHW TCOPCTHYCCKOTO CPCIAHCTO.
2
Brime YTBCPIKAAIOCH, YTO BCIIMUHMHA S, omnpcaciricMas B COOTBCTCTBUU C TalJI.
o o 2
A.6, ABJIACTCA OLICHKOM TCOPCTUYCCKOM AMCIICPCHHU O . MoxHO II0OKa3aTb, 4YTO

2 2
MaTeMaTU4ecKoe OKHJaHue S~ paBHO O, M 3Ta BEIWYMHA SBISETCA
HECMEILIEHHOM OLIEHKON TEOPETHUECKON AUCTIEPCUH, €CTIU HAOII0CHUS B BEIOOPKE
HE3aBHCHMBI IpYT OT Apyra. JloKa3aTelIbCTBO 3TOr0 MaTEMATHYECKU HECIIOKHO, HO

TPYIOEMKO, ¥ TIO3TOMY MBI €T0 OITyCKaeM.
dPpPpexkTHBHOCTH

HecMmemeHHOCTh —  JKEJaTEILHOE CBOMCTBO OIIGHOK, HO JTO HE
€IMHCTBEHHOE TaKO€ CBOMCTBO. Ele o/1Ha Ba)kHasg UX CTOPOHA — 3TO HAJCKHOCTD.
KoneuHo, HEeMasloBa)KHO, YTOOBI OIICHKA OblJIa TOYHOM B CPETHEM 3a JJIUTEIIbHBIN
MEPUO/I, HO, KaK OJHaX bl 3ameTun Jx. M. KellHC, «B JOJITOCPOYHOM MEPHUOJIE MBI
Bce yMpeM». MbI xoTenu Obl, 9TOOBI Hallla OIEHKa C MaKCHMMaJIbHO BO3MOYKHOM
BEPOSTHOCTHIO J1aBaja Obl OJM3KOE 3HAYEHUE K TEOPETUUECKON XapaKTepHUCTHKE,
YTO O3HAYACT YKEJaHHUE MOIYYUTh (DYHKIIMIO INIOTHOCTH BEPOSTHOCTH, KAK MOYKHO
0oJiee «CKaTyrO» BOKPYT UCTHHHOTO 3HadYeHHs. OOuH U3 CIIOCOOOB BBIPA3UTH ATO
TpeOOBaHUE — CKa3aTh, YTO MbI XOTEJH Obl MOJYYUTHh CKOJIb BO3MOXKHO MAJTyIO
JIUCIIEPCHIO.

[Ipennosio’kum, 4TO MBI MMEEM [IBE€ OILIEHKHM TEOPETUYECKOIO CPEIHETO,
paccuMTaHHbIE HA OCHOBE OJIHOM W TOM e WH(popMaIiuu, 4To 00€ OHM SBIISIOTCS

HCCMCIICHHBIMH W 4YTO HX (I)YHKI_II/II/I INIOTHOCTHU BCPOATHOCTH IIOKA3aHBI HA PHUC.
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1.7. TTockonbKy (yHKIUS IUIOTHOCTH BEPOATHOCTH Ul OLleHKH B Gonee «cxaTan,
ueM Ui OleHKH A, ¢ €€ MOMOIIBIO MBI CKOPEE MOIy4HM 00JIee TOYHOE 3HAYEHUE.

dopmaibHO TOBOPS, 3Ta olleHKa Oosiee 2hdEeKTUBHA.

MYHKUMA MIOTHOCTN
BEPOATHOCTU

. Ouenka B

- OueHka A

Puc. 1.7.

BaxHO 3aMeTUTh, YTO MBI HUCHOJIB30BAJIM 3/I€CH CIIOBO «CKopeey». Jlaxe XoTs
onenka B 6Gomee >dpexTuBHA, 5TO HE O3HAYAET, YTO OHA BCETAA JAET OOJEE
To4YHOE 3HaueHue. [Ipu onpeeneHHOM cTedyeHur 00CTOSATEIBCTB 3HAUCHUE OIICHKU
A Moxer ObiTh Ommke K ucTHHE. OIHAKO BEPOATHOCTH TOTO, YTO OLEHKAa A
okakeTcs 6oJiee TouHOM, ueM B, cocrasisier menee 50%.

DTO0 HAMOMHUHAET BOMPOC O TOM, MOJIH30BATHCA JIM PEMHSIMU O€30MaCHOCTHU
Ipy  yOpaBICHUH aBTOMOOMWJIeM. MHOXeCTBO 0030pOB B pa3HbIX CTpaHax
MOKa3aji0, YTO 3HAUYUTEJIbHO MEHEE BEPOSTHO MOTHMOHYTh WU MOJYYUTh YBEUbS B
JIOPO’KHOM TIPOUCIIIECTBUH, €CITU BOCIOJIB30BAaThCS peMHSIMHU Oe30macHoCTU. B TO
KE BpeMsl HE pa3 OTMEYAIHMCh CTPaHHBbIE Cllydyad, KOrJia HE CHENaBIIMM 3TOTO
WHIUBU]l 4YyJACCHbIM 00pa3oM yiienena, HO Morud Obl, Oyayud NPHUCTETHYT
peMHSMH. YTIOMSHYTbIE 0030pbl HE OTPHUIAIOT ATOro. B HUX nuimib aenaercs
BBIBOJI, YTO TIPEUMYIIECTBO Ha CTOPOHE TE€X, KTO TIOJB3YEeTCS PEMHSIMU
6e3onacHocTh. [1og00HBIM ke mpenMyIIiecTBOM o0anaeT u 3pPpeKTrBHAS OIICHKA.
(HenpusaTHbIi KOMMEHTapui: B TeX CTpaHaxX, TIJ/i€ IOJb30BaHUE PEMHIMU
0e30macHOCTH  ClIeJIaHO  00S3aTeNbHBIM, COKPATUJIIOCh MPEIJIOKEHUE  JUIs

TPAHCIUIAHTALIMU TTOYEK JIHOJICH, CTABIINX KEPTBAMU aBAPHUIA. )
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Mpl rOBOpWIM O >KEAHUM TOJYYUTh OLIEHKY KaK MOXKHO C MEHbIIEH
nucnepcuedt, W 3¢¢eKTuBHasg OIEHKa — J3TO Ta, y KOTOpOH [ucnepcus
MuHUManbHa. Ceilyac Mbl pPacCMOTPUM JAUCIEPCUI0 OOOOIIEHHOW OLEHKHU
TEOPETUUECKOTO CPEAHETO M MOKaKEeM, YTO OHA MUHUMAaJIbHA B TOM clly4yae, KOoraa
00a HaOIIIOJeHU UMEIOT paBHbBIE Beca.

Ecin naOmomennss X, ¥ X, HE3aBUCHMBI, TEOPETHYECKAs JHMCIEPCH

0000IIIEHHOH OIICHKH paBHa:

D(Z)=D (A% +A%)=(4+4)o’. (1.21)
Mpg1 YK€ BbIACHWIIM, YTO JI1I HCCMCHICHHOCTH OICHKHU HCO6XOI[I/IMO

paBeHCTBO equHuLe cyMMbl A, 1 A,. ClieoBaTebHO, sl HECMEIICHHBIX OLEHOK
A, = (1— ﬂl) i
MR+ 22 =22 +(1-4) =222 =22, +1. (1.22)
[TOCKONbKY MBI XOTHM BbIOpath A, Tak, 49To0bl MHHUMH3HPOBAThH
JMCIIEPCHIO, HAM HYXXHO MHHUMHU3UPOBATL IIPH OTOM (2212 — 24 +1). Dty

3aJa4y MOXHO pPCIOUTb rpa(bnquKH nin ¢ IIOMOIIBIO III/I(l)(i)CpCHHI/IEUIBHOFO

ucuncienus. B mobom cnydae mumHEMMYM gocturaercss mpu A =0,5.

CrenoBarensHo, A, Takke pasHo 0,5.

Wrtak, MBI TOKa3aqu, YTO BBIOOPOYHOE CpEIHEE HMEET HAUMEHBIIIYIO
JUCTIEPCHUIO CPENIN OLIEHOK PacCMaTPUBAEMOTO TUIA. JTO 03HAYAET, YTO OHO UMEET
HanOoJIee «CKATOE» BEPOSTHOCTHOE paclpe/ielieHUe BOKPYT UCTUHHOTO CPEIHETO
U, CJIeA0BaTEIbHO (B BEPOSATHOCTHOM CMBbICIIE), Haubosee TouHo. CTporo rorops,
BBIOOpOUHOE cpefHee — OTO Haubosee H(dQeKkTuBHAs OIeHKa Cpeau BCex
HECMEIIEHHBIX OIeHOK. KOHEeYHO, MBI TIOKa3ajii 3TO TOJBKO IS CIydasi C ABYMS
HaOJII0JICHUSIMU, HO CJICJIaHHBIE BBIBOJBI BEPHBI ISl BHIOOPOK J0OOr0 pasmepa,
ecJIi HaOJIIO/IEHUST He 3aBUCST APYT OT JApyTa.

JIBa 3aKIIOUUTENHHBIX 3aMEUaHUs: BO-TIEPBBIX, I(DPEKTUBHOCTH OIICHOK

MOXXHO CpaBHHUBATb JHUIIb TOorga, KOIrJa OHHM HCIIOJB3YIOT OJHY H Ty IKC
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uH(pOpMaLlMIO, HAONpUMEpP OJAMH M TOT € HaOOp HaAONIONEHUN HECKOJIbKHUX
Cllyd4allHbIX nepeMeHHbIX. Eciau ogHa u3 omeHok ucnonb3yeT B 10 pa3 Oosblie
MHQOpPMALIMU, YeM Jpyras, TO OHa BIOJHE MOXET UMETh MEHBIIYIO JUCIEPCHIO,
HO ObUTO OBl HEMPaBWJIBHO cUMTaTh ee Ooinee 3¢dekTuBHON. Bo-BTOPBIX, MBI
OrpaHuYMBaeM  MOHATHE  A(PGPEKTUBHOCTH  CPaBHEHHWEM  paclpeaeieHUui
HecMeUIeHHbIX  oueHok.  CymiecTByroT — ompeneneHuss  3(pQekTUuBHOCTH,
o0o0Iarole 3To0 IMOHSATHE Ha Clyyail BO3MOXHOI'O CpPaBHEHHSI CMELIEHHBIX
OLIEHOK, HO B J3TOM MOCOOMHM MBI TPHUAEPKUBAEMCS JAHHOTO IPOCTOTO

OIIpEICIICHUSI.
IIporuBopeuns MexITy HECMEIIEHHOCTHI0 I MUHUMAJILHOM AUCTIepcHei

B nanHoM o0030pe MBI YK€ BBISICHWJIM, 4YTO JJIsl OIICHKU >KENaTelIbHbI
HECMEIICHHOCTh W HauWMEHbIIAs BO3MOXKHAsl JUCIEpCHs. OTU KpPUTEPUHU
COBEPUIEHHO Pa3JIMYHbl, U HHOTJA OHU MOTYT IPOTUBOPEUUTH APYT Apyry. Moxer
CIIyYUTHCS TaK, YTO UMEIOTCS JIBE OLIEHKA TEOPETUUYECKOW XapaKTEPUCTUKH, OJHA
U3 KOTOPHIX sABIseTca HecMemenHoi (A ma puc. 1.8), npyras ke cMmelieHa, HO

yMeeT MeHbIIyIo aucnepcuio (B).

BYHKUMA NAOTHOCTH
BEPOATHOCTH

_ OueHka B

OueHka A

McTuHHoe 3HauyeHune

Puc. 1.8.

Ornenka A xopolia cBOEl HECMEIIEHHOCTHIO, HO TIPEMMYIIECTBOM OIIEHKH
B sBnsercs To, uTO €€ 3HAUEHMs MPAKTUYECKH BCETNa OJIM3KM K HUCTHHHOMY
3HaueHuto. Kakyto u3 Hux Bbl Obl BBIOpain?
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JlaHHbBIN BBIOOP 3aBUCUT OT OOCTOSITENHCTB. ECiau BO3MOXHBIE OIIMOKU Bac
HE OYEHb TPEBOXKAT MPHU YCIOBHH, YTO 32 JJIUTEIBHBIN MEPUOJI OHH «IIOTACAT
APYT Ipyra, TO, HO-BUAMMOMY, BbI BeiOepeTe A. C Jpyroi CTOPOHBI, €CIIM JUIS Bac
npueMJieMbl Majble OIIMOKM, HO HeNpueMieMbl OOJbIIMEe, TO BaM CIEIYyeT
BBIOpatsL B.

dopmanbHO TOBOPS, BEIOOP ompeaensieTcs QyHKIMeH MoTepb, CTOUMOCTHIO
clenaHHOW omMOKM Kak (yHKuuen ee pasmepa. OOBIYHO BBHIOMPAIOT OLCHKY,
JAIOIIYI0 HauMEHbINee OXHJAHHE MOTEPb, U JIENAeTCs ITO IyTEM B3BEIIMBAHUS
byHKIIUM ToTeph MO (YHKIUU TIOTHOCTU BepositHOocTU. (Ecnmu Bbl He moOute

PHUCK, TO MOXETE TAK)KE MOXKEJIaTh YUYECTh TUCTIIEPCHUIO TTOTEPD.)
Bausinue yBeJin4eHusi pa3Mepa BbIOOPKH HA TOYHOCTh OLCHOK

bynem mno-mpexHeMy mnpeamnosiaraTh, 4TO Mbl HCCIEAYEM CIYyYailHYIO

IICPCMCHHYIO X C HCU3BCCTHBIM MATCMATHYCCKHM  OXHUIAAHHCM M )51

o o 2
TCOPETUYCCKOU OUCTICPCUEU O U 4YTO I OLICHMBAHUA [/ WCIIOJIB3YETCA X.

Kakum 06pa3oM TOYHOCTH OLIEHKH X 3aBUCHUT OT 4Hciia HaOmoaeHuid N ?

OTBeT HEyIWBUTEJICH: NPU yBeIWYeHUH N oOleHKa X, BOOOIIE TroBOps,
CTaHOBUTCS OoJiee TOYHOW. B eauHMYHOM 3KCHepuMeHTe OoJjbllas Mo pa3Mepy
BBIOOpKA HEOOsA3aTeNIbHO JAcT 00Jiee TOUHYIO OLIEHKY, YeM MEHbIIas BhIOOpKA, —

BCET]a MOXKET MPUCYTCTBOBATDH 2JIEMEHT BE3€HHUS, — HO 00IIIasi TEHACHIIUS JOJKHA
. - L 2
ObITh UMEHHO Takou. [lockonbky mucnepcus X BbIpaxkaeTcs Gopmynoit O / n

(TokazaTenbCTBO ITOTO (hakTa MBI OMyCKaeM), OHa TEM MEHbIIE, YeM OOJIbIle
pa3Mep BBIOOPKHM, U, 3HAYUT, TEM CHJIbHEE «Ckaray (YHKIHS TUIOTHOCTH
BEPOSTHOCTH IS X .

D10 mokazaHo Ha puc. 1.9. Mwl npeamnonaraem, 4yto X HOPMAJIBHO

pacrpesiesieHa o CpeHMM 25 M CTaHJapTHBIM oTKIoHeHneMm 50. Ecmu pasmep
BBIOOPKM PaBeH 25, TO CTaHAAapTHOE OTKIOHEHHE BEJIUYMHBI X , PABHOE (7/ Jn,
COCTABMT: 50/ 25 =10. Eciu pasmep Boibopku pasen 100, To 3T0 cTanmapTHOE

oTKJIOHeHHe paBHO 5. Ha puc. 1.9 mnoka3zaHbl cOOTBETCTBYIOUIME (YHKIUH
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wiotHocTH BepositHocTd. Bropas (N =100) Beiine neproii B okpecTHOCTH 4L, UTO

TOBOPUT O 0oJiee BBICOKOW BEPOATHOCTH IMOJYYEHUS C €€ MOMOILBIO aKKypaTHON

OLICHKH. 3a MpeaeiaMH 3TOM OKPECTHOCTH BTOpasi (PYHKIIHS BCIOAY HIDKE MEPBO.

DYHKLMSA NAOTHOCTH

BEPOATHOCTH
0,08
n =100
0,06 |
0.04
0,02} n=25
/I'l =1
0 : : s =
0 50 100 150 X
Puc. 1.9.

Yem Oosbilie pazmep BBIOOPKH, TEM YK€ M Bblille Oyner rpaduk (QyHKIHH
TUTOTHOCTH BEpOATHOCTH Ui X . Ecmu N cTaHOBHTCS JEHCTBUTEIHLHO OOJBIIHNM,
TO TrpaduK QYHKIIMH TUIOTHOCTH BEPOSITHOCTU OyI€T HEOTIMYHUM OT BEPTUKAIbHOU

OpsMOW, COOTBeTCTBYyromied X = 4. Jlng Takoit BBIOOPKH  ciydaiiHas

cocTaBysomas X CTAHOBUTCS JACHCTBUTEIBHO OYEHb MAJIOM, W MOITOMY X

00s13aTesIbHO OyJeT OYeHb ONMM3KOM K /. OTO BBITEKaeT M3 TOro (hakra, 4yTo

CTaHIapPTHOC OTKIIOHCHHUC X, paBHOC O-/‘\/n , CTAaHOBHUTCA OUYCHbL MAJIbIM IIPpH

oospmx N.

B npenene, npu crpemsieHnn N K OECKOHEYHOCTH, J/ AN crpemutest K

HYJIIO U X CTPEMMTCS B TOUHOCTH K L.

CocTOoATEeJIBbHOCTDH

BooOmie roBopsi, eciii npeaen OUeHKU M0 BEPOSITHOCTH PaBEH MCTUHHOMY
3HAUYEHUIO XApAaKTEPUCTUKH TE€HEpPaJbHOM COBOKYMHOCTH, TO JTa OIICHKA

Ha3bIBaeTCsl cocmosmenbHol. VIHaue roBops, COCTOSITEIbHOM Ha3bIBae€TCA Takas
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OLIEHKA, KOTOpasi Aa€T TOYHOE 3HaueHUe JUIsi OOJBIION BHIOOPKU HE3aBHCHMO OT
BXOJISIIINX B HEE KOHKPETHBIX HAOIIOICHUIA.

B GosbIIMHCTBE KOHKPETHBIX CIIy4aeB HECMEILCHHAsl OICHKa SIBJISETCS U
COCTOSITENBHOM. JIJIsI TOTO MOYKHO IIOCTPOUTH KOHTPHPUMEPBI, HO OHM, KakK
paBuio, OyyT HOCUTh UCKYCCTBEHHBIN XapaKTep.

WNHorna ObIBaeT, 4TO OLIEHKA, CMEIIEHHAsl Ha MaJIbIX BBIOOpKaX, SIBIAETCS
COCTOSITEJIbHOM (MHOTa COCTOSATEIHHON MOXKET OBITh JaKe OIIEHKA, HE MMEIoIas
Ha MaJIbIX BBIOOpKaxX KOHEYHOTro MaTematuueckoro oxkupanus). Ha puc. A.10
MOKa3aHO, KakK IMpH pa3JIMyHbIX pa3Mepax BbIOOPKH MOXET BBITIAJIETh
pacnpeneneHue BepossTHOCTER. ToT GakTt, 4TO IpH yBEIMUEHUU pa3Mepa BEIOOPKU
pacnpeneNnieHne CTaHOBUTCA CHMMETPUYHBIM BOKPYI MCTUHHOTO 3HA4YEHMS,
YKa3bIBa€T HA aCUMITOTHYECKYIO HECMEUIEHHOCTh. 10, YTO B KOHEUHOM CYETE OHO
npeBpallaeTcs B E€AMHCTBEHHYIO TOYKY HWCTUHHOTO 3HAuY€HUs, TOBOPUT O

COCTOATCIIBHOCTH OILICHKM.

MYHKUAS NNOTHOCTH
BEPOATHOCTYU

n =1000

n =100

n
T

McTuHHOEe 3HaYeHue

Puc. 1.10.

Ouenku, TMna nokasaHHeix Ha puc. A.10, BecbMa BaXKHbI B pErPECCUOHHOM
aHanuze. lHorga HEBO3MOXKHO HAWTH OIEHKY, HECMEIICHHYI0 Ha MaJbIX
BbIOOpKax. Eciau mpu 5TOM BBl MOKETE HAWTH XOTSI OBl COCTOSITEIBHYIO OICHKY,
ATO MOXKET OBITh JIydllle, YeEM HE MUMETh HUKAKOW OIIEHKH, OCOOCHHO €CJId BBI

MOIKCTC IIPCAIIOJIOKHNTD HAIIPABJICHUC CMCIICHUA HAa MaJIbIX BI)I60pKaX.

151



HyxHo, ogHako, UMETh B BUIY, YTO COCTOATENbHAs OIEHKA B MPUHIIUIIC
MOET Ha MaJIbIX BBIOOpKaxX paboTaTh XyKe, 4YeM HECOCTOsATeIbHas (Hampumep,
UMETh OOJIBIIYI0 CPEIHEKBAJPATUUYHYIO OIIUOKY), U TO3TOMY TpedyeTcs
OCTOPOKHOCTH. [10100HO TOMY, KaK BBl MOXKETE MPEATIOYECTh CMEIIEHHYIO OIICHKY
HECMEIIIEHHOW, €CIM €€ JUCIepPCHs MEHbBIe, BBl MOXETE TMPEaIOUYeCTh
COCTOSITENIEHYIO, HO CMEIICHHYIO OIEHKY HECMEIICHHON WJIM HECOCTOSTEIBHYIO

OLIEHKY UM 00€eHuM (TakKe B ClIydae MEHBIIICH TUCTIEPCUN ).
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IIpunoxenue 2

TecTOoBBIC 3a1aHUA

Iapnas perpeccusi U KOppeJsinusi

1. Haubonee naznadnvim 6uoom 6vl60opa ypasHeHus NApHoil pezpeccuu
AeNACMCA:

a) AaHAJIMTUYECKUI;

0) rpaduUeCKuii;

B) DKCIIEPUMEHTAILHBIN (TaOTMYHBIN).

2. Paccuumpvleamv napamempsvl HAPHOU JTUHEHUHOU PeZPeccuu MOMCHO,
eciu y Hac ecmp:

a) He MEHee 5 HaOJIIOACHUI;

0) HE MeHee 7 HaOII0IeHUH;

B) He MeHee 10 HaOmoneHui.

3. Cymb memooa HaumMeHbUUX K8aopamoe cOCmoum @:

a) MUHUMU3AIIMA CYMMBbI OCTaTOYHBIX BEJIMYUH;

0) MUHUMM3ALUK TUCTIEPCUH PE3YJIbTATUBHOTO NPU3HAKA;

B) MUHUMU3AIIMU CYMMBbI KBaJIPATOB OCTATOYHBIX BEJTUYHH.

4. Koappuuyuenm nuneiinozo napnozo ypasnenus pecpeccuu:

a) TIOKa3bIBaeT CpeHee U3MEHEHHE pe3ysibTaTa ¢ U3MEHEeHHueM (hakTopa Ha
OJIHY €IVHHUILY;

0) OLIEHUBAET CTATUCTUYECKYIO 3HAYMMOCTh YPABHEHHUS PETPECCHH;

B) TIOKa3bIBAET, HA CKOJBKO MPOIEHTOB M3MEHHUTCS B CPEIHEM pPE3yJbTar,
eciu dakTop usMeHurcs Ha 1%.

5. Ha ocnosanuu naonrodenuii 3a 50 cemvamu nocmpoeno ypagueHue

pezpeccuu Y =284,56+0,672X, 20e Y - nompebnenue, X — 00x00.

Coomeemcmeyiom 1u 3HAKUW U 3HAUEHUA KOIPpuuuenmos pezpeccuu
meopemuyecKum npeocmasieHuam?

a) na;
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0) HeT;

B) HUYETO OINPEJEIECHHOIO CKa3aTh HEb3S.
2
6. Cyms Kkosgppuyuenma demepmunayuu I, cocmoum ¢ ciedyouiem:

a) OLICHUBACT Ka4€CTBO MOJACIHN K3 OTHOCUTCIIbHBIX OTKJIOHCHUH TIO
KaXXI0MYy Ha6JIIOI[€HI/II-O;

0) XxapakTepusyeT JOJI0 JUCHEPCHH PE3YJIbTATHBHOIO MpHU3HAKa Y,

OOBSICHSIEMYIO perpeccueil, B 001eil AUCIepCHu pe3yIbTaTUBHOTO MPU3HAKA,

B) XapaKTEPU3YyET JIOJIIO AUCHEPCUH Y , BBI3BAHHYIO BIMSIHUEM HE YUTEHHBIX

B Mojie) (paKTOpOB.
7. Kauecmeo moodenu u3 omuocumenbHvlX OMKIOHEHUN NO KAMNCOOMY

HaO100eHUI0 OUeHUusaen:
a) Kod(hPUIMEHT JeTepMUHAITUN I‘Xi;
6) F -xpurepuit ®umepa;
B) CpelIHsIsl OIIMOKa anmpoKCUMaluu A.
8. 3nauumocmo ypagnenusa pezpeccuu é yenom oueHugaem:
a) F -xpurepuit ®uepa;
0) U-kputepuii CThroeHTA;
B) KO DUIIMEHT NeTepMUHAIIUN I‘Xi.

9. Knaccuueckuii Memoo K 04yeHueanuio napamempos pezpeccuu 0CHO8aH
Ha:

a) METOJIc HAUMEHBIITUX KBAJPATOB:

0) MeTo/ie MaKCUMAJILHOTO NPABAONOA00US:

B) IIIarOBOM PETPECCHOHHOM aHAJU3eE.

10. Ocmamounas cymma Keaopamoe pagHa HyJio.

a) KOr/ia MpaBuJIbHO MOI00paHa perpecCUOHHAs MOJICIIb;

0) Korga MeX Iy MpU3HaAKaMH CYIIECTBYET TOYHAs (yHKIIMOHAIbHAS CBS3b;

B) HUKOT/A.
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11. Oovacuennan (paxmopnas) cymma Keaopamoe OMKIOHEHUN 6

JIUHEUHOU NAPHOI MOOEU UMEeH YUC0 CHeneHell c60000bl, pagHoe.

a) n—1;
0)1;
B) N—2.

12. Ocmamounaa cymma Keaopamoe OMKIOHEHUI 6 JTUHEHUHOU NAPHOlU

MoOeu umeem 4ucjio cmeneHeil c60000vl, pasHoe:

a) n—1;
0)1;
B) N—2.

13. Obwaa cymma Keadpamoe OmMKIOHEHUI 8 TUHEHUHOU NAPHOU MoOoeu

umeem uucio cmeneneu 6‘80600bl, pasHoe:

a) n—1;
0) 1;
B) N—2.

14. /Jina  ouenku  3Hauumocmu  KolI(hppuuuenmoe  pecpeccuu
paccuumoléarom:

a) F -xpurepuit Gumepa;

0) t-xkpurepuii CThIOEHTA,;

B) KO3 PUIIMEHT IeTepMUHALIUN rxi,.

15. Kaxoe ypasuenue pezpeccuu Heav3a c6ecmu K 1UHEUHOMY 6UOY:

a) Yy, =a+b-Inx;

6) Yy, =a-x":

c
B) Y, =a+b-X".
16. Kaxoe u3 ypasuenuii a61:1emcs ceneHHbvIM:

a) y,=a+b-Inx;

6)y, =a-x":
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B) Y, =a+b-x".

17. Ilapamemp D ¢ cmenennoii mooenu aenaemcsa:
a) Ko PUITMEHTOM JeTePMHUHALINH;
0) K03 PHUITMEHTOM PTTACTUIHOCTH;

B) KO3 (DHUIMEHTOM KOPPEIISIIHH.

18. Kosgppuyuenm xoppenayuu I, mosicem npuHuMamo 3HA4eHUA:

a) ot —1 5o 1;
0) ot 0 1o 1;

B) JIOOKIE.
b "

19. Jlna  ¢ynxkyuu y=a+—+¢ cpeonult  KoIPppuyuenm
X

JIACMUYHOCIU UMEEeH 6UO:

— b-X
a) J = :
a+b-X
6) D =— b :
a-x+b
_ b-X
B) J=— :
a+b-X

20. Kakoe u3z caedyrnouiux ypaeHeHUIl HEJAUHEHUHO NO OUCHUBAEMbIM
napamempam:

a) y=a+b-x+eg;

6) y=a+b-Inx+¢;

B)y=a-x*-¢.
MHokecTBEeHHAsl perpeccusi i KOppeJisinus

1. Jlobaenenue 6 ypasnenue MHONCECHBEHHOIU pecpeccuu HOBOI
00vACHAIOW eIl NePEeMEHHOU:
a) yMEHbIIaeT 3HaueHne KodhpuireHTa neTrepMuHaIuy;

0) yBeIMUMBaET 3HaueHUE KorpHUIIMEHTa JeTepPMUHAIUY;
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B) HE OKA3bIBAE€T HUKAKOTO BIUSHUE HA KOAD(PHUITMEHT NeTepMUHAIINN.

2. Ckoppexkmupoeannwlii KoIphguyuenm oemepmunayuu.

a) MeHbIIIe 00BIYHOTO KO3 UITMEHTa JeTePMUHAITUY;

0) 60mbI1Ie OOBIYHOTO KOIPPUIIEHTA JeTEPMUHAIINH;

B) MEHBIIIC WJIM paBeH OOBIYHOMY KO3 (PHUITUEHTY JeTEPMUHALINH;

3. C  ysenuuenuem yucna 00bACHAIOWUX nepemeHHbIX
CKOpPeKmuposanHulili KoIghhuyuenm oemepmunayuu:

a) YBEITUUMBACTCS;

0) yMeHBITIaeTC;

B) HE U3MEHSETCS.

4, Yucno cmeneneii ceo0600bl 011 OCMAMOYHOU CYMMblL K6AOPAMO8 6

JIUHEHOU MOOeNU MHONCECH 8EHHOU Pe2peccuu PaeHo.

a) n—1,;
0) m;
B) N—m—1.

5. Hucno cmeneneit c60000vl 01 06uiell cymmsl K6aopamoe 6 JUHeuHol

Moo0enu MHOIHCECMBEHHOU pezpeccuu pagrno:

a) n—1,;
0) m;
B) N—m-—1.

6. Hucno cmeneneit c60000vbl 011 (PaKkmopHol CyMMbL Keaopamoe 6

JIUHEUHOU MOOeIU MHONCECMBEHHOU pecpeccul pasHo:

a) n—1;

0) m;

B) N—m-—1.

7. Mnunoxncecmeennwviii  koyppuuuenm  xoppenayuu R . =0,9.

YXi %o

Onpeodenume, Kakoii npoyeHm OUCHEPCUU 3ABUCUMOI nepeMeHHou Y

o0vACHAemcA 6nuAHUCM PaKmopoe X, u X, .

a) 90%;
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0) 81%;
B) 19%.

8. /Ina nocmpoenusn mooenu 1uUHEUHOU MHOMCECMBEHHOIL pezpeccuu uoa

y=a+Db X +Db,X, neooxooumoe xonuuecmeo navniooenuii donxcno 6ormo ne

Menee:
a) 2;
0) 7,
B) 14.

9. Cmanoapmusosannvie Kosppuyuenmol pezpeccuu 3, :

a) TMO3BOJIAIOT PAHKUPOBATh (PAKTOPHI MO CUIIC UX BIMSHUS Ha pPe3yJIbTaT;

0) OLIEHUBAIOT CTATUCTUYECKYIO 3HAUUMOCTh (DAKTOPOB;

B) SIBIISIIOTCS] KOO (DUIIUEHTaMU JaCTUYHOCTH.

10. Yacmmnuoie korppuyuenmut Koppenauuu:

a) XapakTepU3yIOT TECHOTY CBSA3U paccMarpuBaemMoro Habopa (paxTopoB c
HCCJIEYyEMbIM IPU3HAKOM;

0) coaepkaT MOMPaBKy Ha YMCIO CTENEHeW CBOOOABI M HE JOMYCKAIOT
MIPEYBEIMYEHUS TECHOTHI CBSI3U;

B) XapaKTEpU3YyIOT TECHOTY CBSI3H MEXKY pPe3yJbTaTOM U COOTBETCTBYIOITUM
(hakTOpOM TMpH AIMUMHUHUPOBAHWH JIPYTUX (PAKTOPOB, BKIFOUCHHBIX B ypaBHCHHE
perpeccuu.

11. Yacmnuoui F -xpumepui:

a) OIIEHMWBAET 3HAYMMOCTb YPaBHEHUS PETPECCUU B IIEJIOM;

0) CIIy>KHT MEpO# JIJIs OIIEHKH BKJIIOUEHHUS (paKTopa B MOJICTIb;

B) pamXHUpyeT PaKTOPHI IO CHIIC WX BIMSHUS Ha pe3ysIbTarT.

12. Hecmewiennocmov ouyeHKu napamempa pezpeccuu, noay4eHHOU HO
MHK, o3nauaem:

a) 4TO OHA XapaKTEPU3YETCS] HAUMEHbIIIECH NUCTIEPCUEH;

0) 94TO MaTeMaTUYECKOE OXKHJIaHUE OCTATKOB PaBHO HYIIIO;

B) YBEJIMUEHUE €€ TOUHOCTH C YBEIIMYEHUEM 00bEMA BHIOOPKH.
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13. Ipghexkmusnocmov ouenku napamempa pezpeccuu, noOJAYy4eHHOU NO
MHK, o3nauaem:

a) 4TO OHA XapaKTepu3yeTcs HAauMEHbBIIEeH ucIepcuei;

0) 94TO MaTeMaTHYECKOE OKUIAHNE OCTATKOB PAaBHO HYJIIO;

B) YBEJIMUEHHE €€ TOYHOCTH C YBEIIMYEHUEM 00beMa BHIOOPKH.

14. Cocmoamenvnocms oyeHKu napamempa pezpeccuu, nojy4yeHHOoU no
MHK, o3nauaem:

a) 4TO OHAa XapaKTepU3yeTcs HAaMMEHbBIIEeH TucIiepcuei;

0) 94TO MaTeMaTHYECKOE OKUIAHNE OCTATKOB PAaBHO HYJIIO;

B) YBEJIMYEHHUE €€ TOUHOCTH C YBEJIMYEHUEM 00bEMaA BHIOOPKH.

15. Ykasxcume ucmunnoe ymeepicoenue:

a) CKOPPEKTHUPOBAHHBIMN U OOBIUHBIA KOIPOUIIMEHTHI MHOXECTBEHHOM
JIETEPMHUHAIIUN COBIIAJIAl0T TOJBKO B TE€X CIIy4asiX, KOT/la OOBIYHBIN KOIPPHUIIUEHT
MHOKECTBEHHOM AETEPMUHALINK PABEH HYIIIO;

0) craHgapTHble OIIMOKK KO3(P(PUUMEHTOB PETPECCUU  OINPEAEISIOTCS
3HAYEHUSIMH BCEX MapaMETPOB PETPECCHH;

B) NpU HAJUYUU TE€TEPOCKEIACTUUYHOCTH OIICHKH TapaMeTpOB PErpeccuu
CTAHOBSTCS] CMELLIEHHBIMH.

16. Ilpu nanuuuu zemepockeoacmuiHocmu cieoyem nPUMEHAMD |

a) oObrunbIil MHK;

0) o606menasit MHK;

B) METOJI MAKCUMAJIBHOTO MPABAOMOI00USI.

17. Dukmuenvle nepemenHvle — IMO:

a) arpuOyTHBHBIE TpuU3HAKU (HampuMmep, Kak mpodeccus, IO,
o0pa3oBaHu€), KOTOPHIM NPUIATH LU(PPOBBIE METKH;

0) OSKOHOMHYECKHE TIIEPEMEHHbIC, TMPUHUMAIONINE KOJIMYCCTBCHHBIC
3HA4YEHUS! B HEKOTOPOM MHTEPBAJIE;

B) 3HAUCHHUS 3aBUCMMOW TIEPEMEHHOM 3a MPEAIICCTBYIOIIUNA MEePUOJT

BPEMEHU.
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18. Ecau Kkauecmeenuwlii paxkmop umeem mpu 2paoauuu, mo
Heo0xXo0umoe Yucio uUKmMuEHbvIX NePemMeHHbIX:

a) 4;

0) 3;

B) 2.

CucreMbl S5KOHOMETPUYECKUX YPABHEHHUI

1. Haubonvuiee pacnpocmpanenue 8 IKOHOMEMPUUECKUX UCC/IC008AHUAX
noayuunu:

a) CHCTEMbI HE3aBUCUMBIX YPaBHCHUH;

0) cucTeMbI pEeKYPCUBHBIX YPaBHEHU;

B) CUCTEMBbI B3aMO3aBUCUMBIX YpaBHEHUH.

2. DHoozenHnvle nepemenHvle — IMO:

a) TpeNonpe/eeHHble TEepEMEHHBbIC, BIHUAIONIME HAa  3aBUCHUMBbIC
NepeMeHHbIE, HO HE 3aBUCSIINE OT HUX, 0003HaUaloTCs uepes X .;

0) 3aBUCHUMBIC TMEPEMEHHBIC, YHCIO KOTOPHIX PAaBHO YWCIY ypaBHEHUH B

CUCTCMC U KOTOPEIC 0003HAYarOTCs qcpe3 y ;

B) 3HAYEHUS 3aBUCUMBIX TMEPEMEHHBIX 3a MPEANICCTBYIONIUNA TEePHUOJT
BPEMECHH.

3. IK302eHHbIe nepemMeHHble — IMO:

a) TpeAoNpeNe/ieHHbIe TEePEeMEHHBbIC, BJIUSIOINIME HAa  3aBUCHUMBIC
MepEMEHHbBIC, HO HE 3aBUCSIINE OT HUX, 0003HAYar0TCs yepe3 X

0) 3aBHCHMBIC TEPEMEHHBIC, YHCIO KOTOPBIX PaBHO YHCIY ypaBHCHHH B

CHCTEME U KOTOpble 0003HaYaroTcs uepes Y ;

B) 3HAUYEHUSI 3aBUCHUMBIX IEPEMEHHBIX 3a NPEAMICCTBYIOMUNA TMEPUO
BPEMEHU.

4. Jlacoevle nepemeHnHble — IMO:

a) TpelonpeleieHHble IEepPEMEHHbIe, BIHUAIONIME Ha  3aBUCHUMBbIE

IICPCMCHHBIC, HO HC 3aBUCAIIIUC OT HUX, 0003HAYarOTCs acpe3 X,
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0) 3aBHCHMBIE MEPEMEHHBIE, YUCIO KOTOPHIX PABHO UYWCIY ypaBHEHUU B

cucTeMe M KOTopble 0003HavatoTcs yepes Y ;

B) 3HA4YCHHUs 3aBUCHUMBIX TME€PEMEHHBIX 3a TMPEAIICCTBYIONINA TEePHO/T
BPEMEHHU.

5. /Jlna onpedenenusn napamempos cmpykmypuyw dopmy mooenu
Heo0X00umMo npeoodpazoeams 6.

a) IpUBEJEHHYIO0 (OpMY MOJIEIIH;

0) pexypcuBHYIO (HOPMY MOJICIIH;

B) HE3aBUCUMYIO (DOPMY MOJICIIH.

6. Mooenv uoenmugpuyupyema, eciu:

a) YHUCJIO NPHUBEACHHBIX KO3(P(PUIMEHTOB MEHBIIE YHUCIA CTPYKTYPHBIX
K03 PUIIEHTOB;

0) eciM 4KMCIIO MPUBEIECHHBIX KOA()(PUIIMEHTOB 0OJIbIIE YUCIa CTPYKTYPHBIX
K03 PUIIEHTOB;

B) €CIIM YKCJIO TTapaMeTPOB CTPYKTYPHOU MOJIETH PAaBHO YUCITY MapaMeTpoB
NPUBEAECHHON POPMBI MOJENH.

7. Mooenv neuoenmugpuyupyema, eciu:

a) YUCJIO NPUBEACHHBIX KO3(P(PUIMEHTOB MEHBIIE YHUCIA CTPYKTYPHBIX
K03 PHUIEHTOB;

0) eciM YKCIIO MPUBEICHHBIX KOA((PUIIMEHTOB OOJIbIIE YUCIa CTPYKTYPHBIX
K02 UIIHEHTOB,;

B) €CIIM YKCJIO TTapaMeTPOB CTPYKTYPHOU MOJIEIH PAaBHO YUCIY MapaMeTpoB
NpPUBEACHHOU POPMBI MOJENH.

8. Mooenwv ceepxudenmuguyupyema, eciu:

a) YHUCJIO TPUBEACHHBIX KOIPODUIIMEHTOB MEHBIIE YHCIA CTPYKTYPHBIX
K02 UIIMEHTOB;

0) eciu 4KMCIIO MPUBEICHHBIX KOA(DPUITMEHTOB OOJIbIIIE YHCa CTPYKTYPHBIX
K03 puIeHTOB;

B) €CIIM YKCJIO TapaMeTPOB CTPYKTYPHOU MOJIEIN PAaBHO YUCITY MapaMeTpoB

pUBEACHHON (POPMBI MOJIEITH.
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9. ¥Ypaeuenue uoenmuguyupyemo, eciu:

a) D+1<H:

6) D+1=H:

B) D+1>H.

10. Ypasnenue neuoenmugpuuyupyemo, ecnu:

a) D+1<H;

6) D+1=H:

B8) D+1>H.

11. Ypaenenue ceepxuoenmugpuyupyemo, eciu.

a) D+1<H:

6) D+1=H:

5 D+1>H.

12. /Tna onpedenenusn napamempos mouHo uoeHmupuuyupyemoi mooeau:
a) npuMensercs apymarossii MHK;

0) npumensiercst kocBeHHbli MHK;;

0) HU OJIMH U3 CYHIECTBYIOIIUX METOJIOB IPUMEHHUTH HEIIb3Sl.

13. /Ina onpedenenusn napamempoes ceepxudeHmupuuupyemoi mooeu:
a) npuMensercs npymarossii MHK;

0) mpumensiercst kocBeHHbIi MHK;

0) HM OJIMH U3 CYIIECTBYIOUIUX METOJ0B IPUMEHUTH HEJTb3SI.

14. /Tna onpedenenusn napamempos HeuoeHmupuuupyemoi mooenu:
a) npumeHsercs aApymarossii MHK;

0) npumensiercst kocBeHHbli MHK;;

0) HU OJIMH U3 CYIIECTBYIOIUX METO/I0B IPUMEHHUTD HEJb3Sl.
BpemMeHHbIe psabI

1. Aooumuenan mooenb 8peMeHH020 PAOA UMeen 6UO:

a)Y=T-S-E;
)Y =T+S+E;
B) Y =T -S+E.



2. MyavmunaukamueHas mMooenb 6PEMEeHH020 PAOA UMeem UO:

a)Y =T-S-E;
)Y =T+S+E;
B)Y=T-S+E.

3. Koaghpuyuenm aemoxoppenayuu:

a) XapaKTepHU3yeT TECHOTY JMHEWHOW CBS3M TEKYIIEr0 U MPEIbIAYIIETro
YPOBHEM psifa;

0) xapakTepu3yeT TECHOTY HETWHEWHOU CBSI3M TEKYIIEro U MPEeAblayIEero
YPOBHEM psifa;

B) XapakTepU3yeT HAIMYHUE WIH OTCYTCTBUE TECHIACHIIUH.

4. AOOumuenasn mooenb 8PEMEHHO20 PAOA CIMPOUMCSA, €CIU:

a) 3HAYEHUSI CE30HHOW KOMIIOHEHTHI MPEIOaratoTcs MOCTOSHHBIMU IS
Pa3INYHBIX ITUKIIOB;

0) aMIUTUTY1a CE30HHBIX KOJIEOAaHUHN BO3PACTAET WIIM YMEHBIIACTCS;

B) OTCYTCTBYET TEH/ICHIIMS.

5. Myavmunauxamuenas mMooejib 8DEMEHHO20 PAOA CIMPOUMCA, €CTIU:

a) 3HAYEHUSI CE30HHOW KOMIIOHEHTHI MPEIOaratoTcs MOCTOSHHBIMU IS
Pa3TUYHBIX ITUKJIOB;

0) aMIUTUTYy1a CE30HHBIX KOJICOAHWUN BO3PACTAET WIIM YMEHBIIACTCS;

B) OTCYTCTBYET TEH/ICHIIUSI.

6. Ha ocnoge noxeapmanbHblX OAHHBIX NOCMPOEHA A0OUMUBHAA MOOE/Tb
eépemenno2o paoa. CKoppeKmuposantvle 3HAUEHU CE30HHOII KOMNOHEHMbl 34
nepevle mpu keapmana pasuwvi: 7 — I keapman, 9 — Il keapman u —11 — 111
Keapman. 3nauenue ce30HHou Komnonenmol 3a IV keapman ecmo:

a) 5;

6) -4,

B) —O.

7. Ha OCHOGe NOK6apmMaibHbIX OaHHBIX nocmpoena
MYJTbMURIUKAMUGCHAS  MO0eTb  épemenno20 paoda. CKoppekmuposanHvie

3HAYCHUA CE30HHOU KOMHOHEHmbl 34 nepeénle mpu Keapmaiia pasHbl: 0,8 — |
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keapman, 1,2 — II keapman u 1,3 — IIl keapman. 3nauenue ce30HHOU
Komnounenmal 3a IV keapman ecmo '

a) 0,7;

0) 1,7;

B) 0,9.

8. Kpumepuii /lapouna-Yomcona npumensemcs 0.

a) OIpeJIeTICHUs AaBTOKOPPEIISIIMU B OCTaTKAaX;

0) orpejieiICHUs HATMYUS CE30HHBIX KOJICOaHMIA;

B) JUIsl OLICHKH CYIIIECTBEHHOCTH MTOCTPOCHHOU MOJIEIIH.
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IIpunoxenne 3
Bomnpocsl K 3K3aMeHy

[Tpenmer 3xoHOMETpUKH. OCOOEHHOCTH 3KOHOMETPUYECKOIO METOIA.
MecTo ’KOHOMETPUKH B CUCTEME DIKOHOMUYECKUX UCCIIETOBAHUI.

33I[a‘—II/I 9KOHOMCTPHKH B o0JacTu COIIMAJIBHO-3KOHOMHUYCCKHX I/ICCJIGI[OB&HHﬁ.

> e

SKOHOMCTpI/I‘IeCKaH MOACIIb — TJIaBHBIN HHCTPYMCHT 3KOHOMCTPHYCCKUX

HCCHGHOB&HHﬁ. 331[3,‘11/1, peuracMbIC Ha €€ OCHOBC.

o1

DTanbl 5)KOHOMETPUUECKOTO MOJICTUPOBAHUS.

6. IlpeacraBieHwe MaHHBIX B  OSKOHOMETpUKE. Buabpl mepeMeHHBIX B
SKOHOMETPUUYECKUX UCCIEIOBAHUSIX.

7. Ucrounuku cratuctuueckol uHpopmaruu. [IpobdieMbl cTaTUCTUYECKON
uHdopmaruu. OTceB rpyObIX MOTPEIIHOCTEH.

8. HopmanbHas nuHeitHas perpecCHOHHAs MOJIETb C OAHON IEPEMEHHOM.

9. Craructuueckue corictBa MHK-o1eHOK (COCTOSTENBHOCTD, HECMEIIEHHOCTD,
3¢ (HEKTUBHOCTS).

10. I'eTepockeqaCTUIHOCTD CITYYaliHOM COCTaBIISIOIICH.

11. ABTOKOppENAIMS CIIydalHBIX cocTaBisitomux. OOHapyKEHHE aBTOKOPPEIISIIUN
ciyyaiiHbIX cocTaBisitomux. Kpurepuit Jlapouna—YoTcoHa.

12.Tlokazatenn  kauectBa perpeccuu. OIllEHKa  JUCIEPCUU  CIIyYalHOU
COCTaBJISIFOLIEN

13.TTocTpoeHne MpOrHO30B Ha OCHOBE JTYUIIICH MOJICTTH.

14 JIuneapusyroiue npeodpazoBanust (s QyHKIMN, HETUHEWHBIX TIO (aKTOpam
U Juist QYHKIMHN, HEJTMHEHHBIX 10 MapaMeTpam).

15.Henuneitnas perpeccusi. Bunbl HenuHelHoU perpeccuu. OlieHKa napaMeTpoB.

16.MHOXecTBeHHas perpeccuonHas Mojieiab. OT6op pakTopos.

17.IIponeaypa NpoBEpKH 3HAUUMOCTH MapaMETPOB YPABHEHUS PErPECCHUMU.

18.T1pouemypa mpoBEpKH 3HAUMMOCTH YPABHEHHUSI PETPECCHH.

19.0cHoBHBIE XapaKTEPUCTUKHU MOJIEITH MHOXKECTBEHHON PETPECCHUM.

20.1TpobseMa MyIbTHUKOJITTUHEAPHOCTH.
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21.YacTHble ypaBHEHUSI MHOKECTBEHHOU PErPECCHH.

22 UcnonwzoBanne MHK ms pacuera OIEGHOK MapamMeTpoB pPErpecCHOHHOTO
ypaBHEHMUS.

23.0npeneneHne JOBEPUTEIbHBIX HHTEPBAIOB ISl KOI(DPHUIMEHTOB U (yHKIUH
perpeccuu.

24.00uwmit F-xputepuii.

25.00muit t-xpuTepHii.

26.KoadhpurimeHTsl MHOKECTBEHHOM IETEPMHUHAIIUUA U KOPPETISALIUHN.

27.00HapyXeHUE KOPPESAIUH OOBICHSIONIMX TIEPEeMEHHBIX M CIlydalHOM
COCTaBJIAIOLIEN

28.CuctemMbl dKOHOMETpUYecKUx ypaBHeHuil. Wx Bumpl. CrpykTypHas u
npuBeeHHas (hopMa MOJIEIH.

29.1lpobnema wunentudukanuu. HeoOxomumMoe U JAOCTaTOYHOE  YCJIOBHE
UIeHTHPUKAITNH.

30.0meHka TOYHO WACHTU(PHUIIMPOBAHHOTO YypaBHEHHS. KOCBEHHBI METON
HAaUMEHBIIUX KBAJIPaTOB.

31.0menka CBepXUACHTU(DHUIIMPOBAHHOTO YypaBHEHHUS. JIByXIIaroBblii MeTOX
HAaUMEHBIIIUX KBAJIPaTOB.

32.TlonaTue BpeMEHHOTO psijia, €r0 XapaKTepHble 0COOCHHOCTH.

33.1Iponeaypsl criakuBaHUsI BPDEMEHHBIX PSIOB.

34. ABTOKOppEIISAIMS YPOBHEH BPEMEHHOTO Psi/ia U BBISIBIIEHUE €TI0 CTPYKTYPHI.

35.MopaenupoBaHre TEHACHITMN BPEMEHHOTO psijia (TOCTPOCHUE TPEHIA).

36.MonennpoBaHUE CE30HHBIX U IUKIMYECKAX KOJICOAHHIA.

37.Cnenupuka M3ydeHHUs] B3aMMOCBSI3€H TIO BPEMEHHBIM psiaaMm. HckimrodeHue
CE30HHBIX KoJieOanuii. Mckimrouenne TeHACHIIUH.

38.Mozens aqanTUBHBIX 0KUIAHUI.

39.Mopenb aBTOKOPPEIISIIHH.

40.ITonsiTie aBTOKOppENSALMHU, aBTOKOppeNsauuoHHON ¢yHKkunu. Koadduument

ABTOKOPPETISLIUH.
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IIpunoxenne 4

MaTeMaTHKO-CTATHCTHYECKHUE TaﬁJII/IIIBI

4.1. Ta6auua 3navennii F -kpurepus @uuiepa npu ypoBHe 3HAYUMOCTH

a =0,05

k1

) 1 2 3 4 5 6 8 12 | 24 | o
2

1 2 3 4 5 6 7 8 9 10 | 11
1 | 161,5 | 1995 | 215,7 | 224,6 | 230,2 | 233,9 | 238,9 | 243,9 | 249,0 | 254,3
2 1851 | 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,37 | 19,41 | 19,45 | 19,50
3 10,13 | 9,55 | 9,28 | 9,12 | 9,01 | 8,94 | 884 | 8,74 | 864 | 853
4 | 771 | 694 | 659 | 6,39 | 6,26 | 6,16 | 6,04 | 591 | 577 | 563
5 | 661 | 579 | 541 | 519 | 505 | 495 | 482 | 468 | 453 | 4,36
6 | 599 | 514 | 476 | 453 | 439 | 428 | 415 | 400 | 3,84 | 3,67
7 | 559 | 474 | 435 | 412 | 3,97 | 3,87 | 3,73 | 357 | 3,41 | 3,23
8 | 532 | 446 | 407 | 3,84 | 369 | 358 | 3,44 | 328 | 3,12 | 2,93
9 | 512 | 426 | 3,86 | 3,63 | 3,48 | 3,37 | 3,23 | 3,07 | 290 | 2,71
10 | 496 | 410 | 3,71 | 3,48 | 333 | 3,22 | 3,07 | 2,91 | 2,74 | 2,54
11 | 484 | 3,98 | 359 | 3,36 | 3,20 | 3,09 | 295 | 2,79 | 2,61 | 2,40
12 | 475 | 3,88 | 3,49 | 3,26 | 3,11 | 3,00 | 2,85 | 2,69 | 2,50 | 2,30
13 | 4,67 | 380 | 3,41 | 3,18 | 3,02 | 2,92 | 2,77 | 2,60 | 2,42 | 2,21
14 | 460 | 3,74 | 334 | 3,11 | 2,96 | 2,85 | 2,70 | 2,53 | 2,35 | 2,13
15 | 454 | 3,68 | 3,29 | 3,06 | 290 | 2,79 | 2,64 | 2,48 | 2,29 | 2,07
16 | 4,49 | 3,63 | 324 | 3,01 | 2,85 | 2,74 | 259 | 2,42 | 2,24 | 2,01
17 | 445 | 359 | 320 | 2,96 | 2,81 | 2,70 | 255 | 2,38 | 2,19 | 1,96
18 | 4,41 | 355 | 3,16 | 2,93 | 2,77 | 2,66 | 2,51 | 2,34 | 2,15 | 1,92
19 | 438 | 352 | 3,13 | 2,90 | 2,74 | 2,63 | 2,48 | 2,31 | 2,11 | 1,88
20 | 435 | 3,49 | 3,10 | 2,87 | 2,71 | 2,60 | 2,45 | 2,28 | 2,08 | 1,84
21 | 432 | 3,47 | 307 | 2,84 | 2,68 | 257 | 242 | 2,25 | 2,05 | 1,81
22 | 430 | 3,44 | 305 | 2,82 | 2,66 | 2,55 | 240 | 2,23 | 2,03 | 1,78
23 | 428 | 3,42 | 303 | 2,80 | 2,64 | 2,53 | 2,38 | 2,20 | 2,00 | 1,76
24 | 426 | 340 | 301 | 278 | 262 | 251 | 2,36 | 2,18 | 1,98 | 1,73
25 | 424 | 3,38 | 299 | 2,76 | 2,60 | 2,49 | 2,34 | 2,16 | 1,96 | 1,71
26 | 422 | 337 | 298 | 2,74 | 259 | 2,47 | 2,32 | 2,15 | 1,95 | 1,69
27 | 421 | 3,35 | 296 | 273 | 257 | 2,46 | 2,30 | 2,13 | 1,93 | 1,67
28 | 420 | 3,34 | 295 | 271 | 256 | 2,44 | 2,29 | 2,12 | 1,91 | 1,65
29 | 418 | 3,33 | 2,93 | 270 | 254 | 2,43 | 2,28 | 2,10 | 1,90 | 1,64
30 | 417 | 3,32 | 2,92 | 269 | 253 | 2,42 | 2,27 | 2,09 | 1,89 | 1,62
35 | 412 | 3,26 | 2,87 | 2,64 | 2,48 | 237 | 2,22 | 2,04 | 1,83 | 1,57
40 | 4,08 | 323 | 2,84 | 2,61 | 245 | 2,34 | 2,18 | 2,00 | 1,79 | 1,51
45 | 4,06 | 321 | 2,81 | 2,58 | 242 | 231 | 215 | 1,97 | 1,76 | 1,48
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1 2 3 4 5 6 7 8 9 10 11
50 | 403 | 3,18 | 2,79 | 256 | 240 | 229 | 2,13 | 195 | 1,74 | 1,44
60 | 4,00 | 3,15 | 2,76 | 2,52 | 2,37 | 2,25 | 2,10 | 192 | 1,70 | 1,39
70 | 398 | 3,13 | 2,74 | 250 | 2,35 | 2,23 | 2,07 | 1,89 | 1,67 | 1,35
80 | 39 | 3,11 | 2,72 | 249 | 233 | 2,21 | 206 | 1,88 | 1,65 | 1,31
0 | 39 | 3,10 | 2,71 | 247 | 2,32 | 220 | 204 | 1,86 | 164 | 1,28
100 | 3,94 | 3,09 | 2,70 | 2,46 | 2,30 | 2,19 | 203 | 1,85 | 1,63 | 1,26
125 | 392 | 3,07 | 268 | 2,44 | 229 | 2,17 | 201 | 1,83 | 1,60 | 1,21
150 | 3,90 | 3,06 | 2,66 | 2,43 | 2,27 | 2,16 | 200 | 1,82 | 1,59 | 1,18
200 | 3,89 | 3,04 | 265 | 242 | 226 | 2,14 | 198 | 1,80 | 157 | 1,14
300 | 3,87 | 3,03 | 264 | 241 | 225 | 2,13 | 1,97 | 1,79 | 155 | 1,10
400 | 3,86 | 3,02 | 263 | 240 | 224 | 2,12 | 196 | 1,78 | 154 | 1,07
500 | 3,86 | 3,01 | 262 | 239 | 223 | 2,11 | 196 | 1,77 | 154 | 1,06
1000 3,85 | 3,00 | 2,61 | 2,38 | 2,22 | 2,10 | 195 | 1,76 | 1,53 | 1,03
o0 384 | 299 | 260 | 237 | 221 | 2,09 | 1,94 | 1,75 | 1,52 1
4.2. Kpurnuyeckue 3Hauenus {-kpurepuss CThI0IeHTa IPH YPOBHE
3nayumoctu 0,10, 0,05, 0,01 (xByXcTOpOHHUIH)
qI/ICJIOV o LII/ICJIOV a
CTEICHEH CTETICHEH
"B‘f]?ﬂ“ 00,10 | 005 | 0,01 CB‘f]?HH 00,10 | 005 | 0,01
1 6,3138 | 12,706 | 63,657 18 1,7341 | 2,1009 | 2,8784
2 2,9200 | 4,3027 | 9,9248 19 1,7291 | 2,0930 | 2,8609
3 2,3534 | 3,1825 | 5,8409 20 1,7247 | 2,0860 | 2,8453
4 2,1318 | 2,7764 | 4,5041 21 1,7207 | 2,0796 | 2,8314
5 2,0150 | 2,5706 | 4,0321 22 1,7171 | 2,0739 | 2,8188
6 1,9432 | 2,4469 | 3,7074 23 1,7139 | 2,0687 | 2,8073
7 1,8946 | 2,3646 | 3,4995 24 1,7109 | 2,0639 | 2,7969
8 1,8595 | 2,3060 | 3,3554 25 1,7081 | 2,0595 | 2,7874
9 1,8331 | 2,2622 | 3,2498 26 1,7056 | 2,0555 | 2,7787
10 1,8125 | 2,2281 | 3,1693 27 1,7033 | 2,0518 | 2,7707
11 1,7959 | 2,2010 | 3,1058 28 1,7011 | 2,0484 | 2,7633
12 1,7823 | 2,1788 | 3,0545 29 1,6991 | 2,0452 | 2,7564
13 1,7709 | 2,1604 | 3,0123 30 1,6973 | 2,0423 | 2,7500
14 1,7613 | 2,1448 | 2,9768 40 1,6839 | 2,0211 | 2,7045
15 1,7530 | 2,1315 | 2,9467 60 1,6707 | 2,0003 | 2,6603
16 1,7459 | 2,1199 | 2,9208 120 1,6577 | 1,9799 | 2,6174
17 1,7396 | 2,1098 | 2,8982 o0 1,6449 | 1,9600 | 2,5758
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4.3. 3nauenns cratucrux Jlapouna-Yorcona d, d, npu 5%-tHom

YPOBHE 3HAUMMOCTH

k=1 k=2 k=3 k=4 k=5
“ld [ dy [ d [dy | d [dy [ d [dy | d | dy
6 0,61 | 1,40
7 0,70 | 1,36 | 0,47 | 1,90
8 0,76 | 1,33 | 0,56 | 1,78 | 0,37 | 2,29
9 082 | 132 | 0,63 | 1,70 | 0,46 | 2,13
10 088 | 1,32 | 0,70 | 1,64 | 0,53 | 2,02
11 093 | 1,32 | 0,66 | 1,60 | 0,60 | 1,93
12 097 (133|081 | 158 | 0,66 | 1,86
13 101 | 1,34 | 0,86 | 1,56 | 0,72 | 1,82
14 105|135 | 091 | 155 | 0,77 | 1,78
15 108 | 1,36 | 095 | 154 | 0,82 | 1,75 | 0,69 | 1,97 | 0,56 | 2,21
16 1,0 | 1,37 | 098 | 154 | 0,86 | 1,73 | 0,74 | 1,93 | 0,62 | 2,15
17 1,13 | 1,38 | 1,02 | 154 | 090 | 1,712 | 0,78 | 1,90 | 0,67 | 2,10
18 1,16 | 1,39 | 105 | 153 | 093 | 1,69 | 0,82 | 1,87 | 0,71 | 2,06
19 1,18 | 1,40 | 108 | 153 | 097 | 168 | 0,85 | 1,85 | 0,75 | 2,02
20 1,20 | 1,41 | 1,10 | 154 | 100 | 1,68 | 0,90 | 1,83 | 0,79 | 1,99
21 1,22 | 142 | 1,13 | 154 | 103 | 1,67 | 0,93 | 1,81 | 0,83 | 1,96
22 124 | 143 | 1,15 | 154 | 105 | 166 | 096 | 1,80 | 0,86 | 1,94
23 126 | 144 | 1,17 | 154 | 1,08 | 166 | 099 | 1,79 | 0,90 | 1,92
24 1,27 | 145 | 119 | 155 | 1,10 | 166 | 1,01 | 1,78 | 0,93 | 1,99
25 1,29 | 145 | 121 | 155 | 1,12 | 166 | 1,04 | 1,77 | 0,95 | 1,89
26 1,30 | 1,46 | 1,22 | 155 | 1,14 | 165 | 1,06 | 1,76 | 0,98 | 1,88
27 1,32 | 1,47 | 124 | 156 | 1,16 | 1,65 | 1,08 | 1,76 | 1,01 | 1,86
28 133 | 148 | 1,26 | 156 | 1,18 | 165 | 1,20 | 1,75 | 1,03 | 1,85
29 134 | 148 | 1,27 | 156 | 1,20 | 165 | 1,22 | 1,74 | 1,05 | 1,84
30 135|149 | 1,28 | 157 | 1,21 | 165 | 1,14 | 1,74 | 1,07 | 1,83
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VYueOHOE n3ganue

OkoHoMmeTpuka. KpaTtkuii kypc.

VY4eOHO-METOINYECKOE ITOCOOHE.

®opmat A4.Yu.-u3n.7,0 n.u.

Tupax — 20 k3.



