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1. Buabl cBA3en Mmexay ABrneHnsmMmu

= 3HaHWEe xapaKkTepa u CUnbl CBA3EWN
NMO3BOSIAET YNPaBNATb COLManbHO-
9KOHOMUNYECKUMU ABITIEHUSAMMU U
npoLeccamMn 1 npeackasatb UX pa3BUTUE

@@



s Cpean MmHornx oopm cBa3en BaKHEULLEN
aBnaeTcs npuvnHHag. [NpnyinHHo-cneacTBeHHbIE
OTHOLLEHMNS - 3TO CBSA3b ABMEHUN N NPOLIECCOB,
Korga uameHeHmne ogHoro n3 HUX (MPUYnHLI)
BedeT K USMEHeHUto apyroro (cneacreug).

= [IpnymnHa- 3T0 COBOKYMNHOCTbL YCITIOBUN,
0DCTOATENBLCTB, AENCTBUE KOTOPbLIX NPUBOAUT K
NOABMNEHUIO CNeaCTBUS.




N MG)K,EI,y Pa3rimMiyHbiMN ABJIEHUAMU U NX
NMNPMN3HaKaMWn BblOENAT ABa TUlla CBA3EW:

m QYHKUUOHAaIbHYIO ()KECTKO
O0ETEPMUHNPOBAHHYIO)

s I cmamucmu4ecKkyro (CToOXaCcTU4YeCKu
O0EeTEPMUHUPOBAHHYIO)



CBsi13b NpU3HaKa y ¢ NPU3HaAKoOM X Ha3blBaeTCS
YHKUUOHAaIIbHOU, €CNN KaXXOaoMy BO3MOXHOMY
3Ha4YeHN0 HE3aBUCMMOTO NMPU3HaKa X COOTBETCTBYET
OHO NN HECKOSIbKO CTPOro onpeaenieHHbIX 3Ha4YeHum
3aBMUCMMOro npuaHaka y. OnpegenexHmne
doYHKLIMOHANIbHOW CBA3M MOXET ObITb Nerko o6o0bLeHo
Ons cryvyas MHOrmx npusHakos x7, x2, ..., xn.

QyHKUUOHa IbHYI0 C8513b MOXXHO NPeACTaBUTb YpaBHEHMNEM:
yi=f(xi),
roe yi- pesynesraTuBHbIM Npu3Hak (i=1,...,n); f(xi)- naBecTHas
dyHKUMA CBA3U pe3ynbTaTUBHOIO U dakTOPHOro
NPU3HaKOB; X 7- paKkTOPHbLIN NMPU3HaK.



Cmoxacmu4yecKkasi ces3b- 3TO CBA3b MEXAY BernnmyinHamm, npu KOTopon ogHa u3
HUX, Cny4YanHas BenuyuHa y, pearmpyet Ha U3MeHeHne OpYyron BeNUYMHbI X
NN OpYyrux BesnmunH x1, x2,..., xn (Cny4amHbIX Unn HeCny4yamHbIX)
N3MEHEHMEM 3aKOHa pacnpegeneHnsa. 3To obyCcrioBnMBaeTCs TEM, YTO
3aBuCMMas nepemMeHHas (pesyrnsTaTtuBHbIM NPU3HaK), Kpome
paccmaTpBaeMbIX HE3aBUCUMBbIX, NOABEPXKEH BIINAHUIO pAfda HEYHTEHHbIX
NI HEKOHTPONMpYeMbIX (CIlydanHbIX) (0akToOpOoB, a Takke HEKOTOPbIX
Hen3beXHbIX OLLNOOK N3MepeEHNS NEPEMEHHDIX.

[ockonbKy 3Ha4YeHNst 3aBUCUMOIA NepeMeHHON NoABEPXKeHb! CIly4YanHomy
pa3bpocy, OHW He MOTyT BbITb NPeACKasaHbl C AOCTAaTOYHON TOYHOCTLIO, a
TONbKO YKa3aHbl C ONpeaeneHHon 8eposiMHOCMBbIO.

MoOerib cmoxacmuyeckol ces13U MOXET ObITb NpeacTaBreHa B obLliem sBmae
YpaBHEHUNEM: A
Vi = f('xi)+gi9

rae - pacyeTHOe 3HayeHue pesyrsTaTMBHOIO NpuaHaka; f (Xi)- yacTb
pe3ynbsTaTUBHOIO Npu3Haka, coopMnpoBaBLLIAACA No4 BO34ENCTBUEM
YYTEHHbIX U3BECTHbIX (PAaKTOPHbLIX MPU3HAKOB (O4HOIo UMM MHOXEeCTBa),
HaXO4ALMXCA B CTOXaCTUYECKOWN CBA3WN C NPU3HAKOM;

€i- YaCTb pes3ynLTaTUBHOIO NpM3Haka, BO3HUKLLASA BCreaCTBME OEeUCTBUSA
HEKOHTPONUPYEMbIX UITN HEYYTEHHbLIX AaKTOPOB, a TaKKe N3MepeHUs
NPU3HaKOB HEN3DEXHO COMPOBOXAAIOLLENOCA HEKOTOPBbIMU CITyYanHbIMU
omndkamu.



" A
YacTHble crydYan ctoxacTUYecKnx CBSA3en- aTo KoppernsunoHHas
N perpeccmoHHas.

a Koppernsyus- 9To cTatucTtudeckas 3aBMCUMOCTb Mexay
clly4YamHbIMM BENMMUYNHAMMN, HE UMEIOLLIMUMWU CTPOro
dyHKUMOHaNbLHOro xapakrepa. KoppensaunoHHbIW aHanus
NWMEET CBOEN 3aJa4en onpeneneHne TeCHOTLI CBA3M
MexXxay ABYyMS rnpusHakamu (Npu napHoOU Koppenauum) um
MexXay pe3ynsTaTMBHbLIM U HECKOMbKUMU 0aKTOPHbLIMM.

m PeepecCcuoHHbIl aHanu3 - 3aKknoyaeTcs B onpeaeneHnm
aHaNUTUYECKOro BblpaXXeHNS CBA3MN.

n KoppernsauuoHHbIU aHanu3: N3AMepPEHNEe TECHOTbI CBA3N,
HanpaBreHUsa U YCTaHOBNEHNSA aHaNUTUYECKOro
BblpaXXEeHUS CBSI3M.



n [Ipsivbie U 0bpamHbie c853ul.

n [IpsamMorniuHeUHble U KpUBO/IUHEeUHbIe
ces3u.

a OOHOGbakmopHbIe U MHO20haKmMopHbIe
CBS3Ul.



2. [IpocTenwmne metoabl U3yvYeHUs
CTOXaCTUYECKUX CBA3EMN.

s MemoO conocmaerneHus oe8yx
naparineribHbIX pS008.

s MemoO aHanumu4eckux apyrnrnupo8oK



3. CtaTuctnyeckoe mogenupoBaHune CBA3N METOAOM
KOppensLunoHHOIo U perpecCMoOHHOro aHanusa.

» a) [eyxmepHas riuHelHas MoOesib KOpperiauuoHHO20 U
pe2peccuoHHO20 aHasiu3a (00HOaKmMopPHbIU JTUHEUHbIU
KOPPENAYUOHHbIU U pe2peCcCUOHHbIU aHau3s).

» Haunbonee paspaboTtaHHON SBNSAETCA METOAONOrMS Tak
Ha3bIBAEMOW r1apHoOU Koppesrayuu, paccMmaTpusatroLlas
BNUsIHUE Bapuauun pakTopHOro rnpusHaka x Ha
pe3ynsTaTUBHbIM NPU3HaK y 1 npegcTasnarouas cobom
OO0HOaKmMOopPHbIU KOPPETAYUOHHbIU U Pe2pPeCcCUOHHbIU
aHarus.



s BbIOOp TMNa yHKUMM MOXKET onnpaTbCs
Ha TeopeTnveckne 3HaHns ob nyvyaemom
ABMEHUN, ONbIT NpeablayLmnx
aHanorn4yHbIX nccnegoBaHUn, Nnu
OCYLLUECTBNATLCA AMMUPUYECKN —
nepebopoM 1 OLEHKON PYHKLINN pa3HbIX
TUMNOB U T.M.
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Mpumeps! paccerBaHMA 1 COOTBETCTEYHOWMX KOS(PULMEHTOB KOPPEnaLmMm



TIpH H3y4eHHH CBA3H SKOHOMHYECKHX IOKa3aTeleH IMPOH3BOJACTBA (JEATEIBHOCTH) HCIOIB3YIOT
Pa3THYHOTO BHJA YPaBHEHHA MPAMOIHHEHHOH H KPHBOTHHEHHOH CBA3H.

¥, =4, + @, - X — NPAMONUHELIHAA 3A8UCUMOCTY

¥, = a, + a,- Lq x— nonyrozapu pmuveckaa Gyuxyua

Yy, = Gy + @ — NOKA3AMETbHAA

¥y, = a,-x" — cmenennaa

¥, =a,+a-x+a, x — napadoruyeckaa

1 -
Y., =a,+a = 2unepoéonuyeckas u op.

CHcTeMa ypaBHEeHHH:

J71 IPAMOH Y, =ay+a-x

n-a,+a,-Xx =2y
dy-2X+a,-2x" = 2yx

-

1714 napadoIIbl V,=Qy+ G -X+ay-X°

a,-n+a-Ix+a,-2x* =3y

a,-Zx+a-Ix'+a,-Ix° = Opx

~
~

a-Ix’+a I +a,- It = O
L 1
I1A THIIEP 50IBI Yy, =a,+a- =

1
ay-n+a,-Z—=2y
X
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s YpasHeHue o0HogbakmopHou (rapHou) MuUHelUHOU KoOppernsayuoHHOU
CB53U UMeEEeT BUA.

Vo

y:a0+a1x,

m e — TeopeTndecKne 3Ha4eHna pe3ynsTatTMBHOINO NpU3Haka,
nonyyeHHble No ypaBHeHUIo perpeccun; al, a1l — KoOadpPUUMNEHTDI
(mapamMeTpbl) ypaBHEHUSI PErPECCUN.

= [lockonbky a0 sBnsieTca cpeaHUM 3Ha4YeHneM y B Touke X = 0,
9KOHOMUYECKasi UHTepnpeTaLns 4acTo 3aTpydHeHa unm BoooLle
HEBO3MOXXHA.



" S
MHTepnpeTauuns:

x KoadpdpuumeHTt napHon nmHenHown perpeccumn at
MMEET CMbICI NoKa3aTensa cusibl ces3u Mexay
Bapmaunen dpakTopHOro npnu3Haka x u
Bapuaumnen pesynstatuBHOro npusHaka y.
YpaBHeHMe nokas3bliBaeT cpeaHee 3Ha4YeHune
N3MEHEHNS pe3ynbTaTMBHOMO Npu3Haka y npu
N3MEHEHNN PaAKTOPHOIro npu3sHaka x Ha ogHy
eOVHNLY ero UsmepeHud, T.e. Bapuauuo y ,
NpPUXoAsiLLYOCH Ha eanHuLy Bapuaunm x. 3HaK
a1 ykasblBaeT HanpaBleHne 3Toro MUSMeHeHus.



i ITapaMeTphl YpaBHEHHA dp, @) HAXOIAT MEMOOOM HAUMEHbWUX KBAAPaTOB (METOJ pemIeHH:T
CHCTEM YVpaBHEHHH, IPH KOTOPOM B KadeCTBe pEIIeHHS NPHHHMAeTCd TOYKAa MHHHMYMa CYMMBI

KBaJpaToB OTKHOHGHHfI), T.€. B OCHOBY 3TOTO METOOa IIOJIOXKEHO I‘peﬁoBaHHe MHHHMAJIBbHOCTH CVMM

KBaJIpaTOB OTKIOHEHHH SMIHPHIECKHX JAHHBIX }j, OT BEIPOBHEHHBIX ) :
Xy, -9) =2y~ a4~ ax) — min
JI14 HaXOKISHHI MHHHMYMa JaHHOH QYHKITHH IpHpPaBHIEM K HYIIO e JacTHbIE IIPOH3BOJHEIE H
MOJIYYHM CHCTEMY JBYX JIHHEHHBIX YPaBHEHHH, KOTOpas HA3BIBACTCH CUCIMEMOLl HOPMATbHLIX YPAGHEHUIL:

na, + a2x = Xy,
Ap2x + aZx” = Zxy.

PemruM 3Ty CHCTeMy B 06IIeM BHIE:

- TyZx? - TaySx -l nZxy — ZyZx
) > S 352 R )2 S >’ 5>

ITapaMeTphl YpaBHeHH NapHOH THHeHHOH perpecCHH HHOIIa YAOOHO HCYHCIATH 1O CIEeAYIONTHM
dopMyIaM, JAIOIIHM TOT JKe pe3yIbTaT:

_Z-Fx-%) L _T-T
Se—xf © .

ao = "" _alx.
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Onpenemm 3Ha4UCHHA dy, d; H IIOOCTAaBHE HX B VPaBHCHHE CBA3H }“’=ao+a1x, HaXO0IHM

3Ha4YCHHA 5/ . 3aBHCANTHE TOJBKO OT 3aJaHHOT O 3HAYCHHA X.



s [Iposepka ad0eksamHocmu peapeccuoHHou mooesnu. Ans
NPAaKTUYECKOro NCNONb30BaHUA MOAENEN perpeccum
bosbLlOe 3Ha4YEHNE NUMEET UX aEKBATHOCTD, T.€.
COOTBETCTBME PAKTUYECKMM CTAaTUCTUYECKUM OaHHbIM.

» [lpn yncneHHoctn obbekToB aHanu3a go 30 eanHUL
BO3HMKAET HEOOXOAMMOCTb NPOBEPKN 3HAYNUMOCTU
(CYyLLLECTBEHHOCTU) KaXkaoro KoapduumeHTa perpeccun.
[1pn 3TOM BbIACHAKOT HACKOSBLKO BblYMUCIIEHHbIE
napamMeTpbl XapakKTepHbl A1 OTObpaXeHusa Komnrekca
YCNOBUN: HE ABNAKOTCA NN NONYYEHHbIE 3HAYEHUS
napamMeTpoB pe3ynsraTaMmn JEUCTBUSA CNyYanHbIX
NPUYKH.



3Hauumocmy  K03(pPuyuenmog TPOCTOH THHEHHOH perpeccHH (IPHMEHHTEIBHO K
COBOKYMHOCTAM, ¥ KOTOPBIX 7 < 30) OCYIIECTBIAIOT C IOMOMIBIO [-Kpumepusa Cmuiooedma. IIpH 3ToM
BBIYHCIIAIOT pacyeTHble (pakTHIeCKHe ) 3HaUYeHHA [ —KpHTEepHA

IUIS TIapaMeTpa dg:

3
b =|ao|—::m - (1.3)
171s TIapaMeTpa aj:
=2
t, =|a| 0., (1.4)

rae n- o6béM BEIGODKH; O, = 1/2(}* — ) /n- cpennee KBagpaTHUECKOE OTKIOHEHHE Pe3yIbTATHBHOTO

IPH3HAKA } OT BEIPDOBHEHHBIX 3HAYSHHH V|

c,= 1/Z(x - f)‘ /In umuo, = %—[%} —CcpemHee KBaJpaTHYeCKOe OTKIOHeHHe (aKTOpHOTO
IIPH3HAKA X OT 00mmeH cpelHeH X .

BrrauciaeHHsle o GopmynaMm (1.3) H (1.4) 3HaYeHHA, CPAaBHHBAIOT ¢ KPHTHYECKHMH, [, KOTOpBIe
ompenensArT 1no Ttadnune CThIOAeHTa ¢ YIETOM IIPHHATOTO YPOBHA 3HAYHMOCTH O H YHCIOM CTeleHeH
cBOGOAB! BapHAIlHH VvV =N —2. B COLHATHHO-?KOHOMHYECKHX HCCIeJOBAaHHAX YPOBEHb 3HAYHMOCTH O
OOBIYHO MpHHHMAKOT paBHBEIM 0.05. ITapameTp IpH3HAETCHA 3HAYHMBIM (CYIIECTBEHHBIM) IPH YCIOBHH,

€CIIH Mtnﬁ;. B TakoMm ci1y4dac IPakKTHYCCKH HEBCPOATHO, HUTO HaHIeHHBIE 3Ha4YeHHA nmapaMeTpoOB

oﬁycmomenm TOJBKO C.le‘IaI:'IHBIMH COBIIAJCHHAMH.



[lposepka adek8amHoOCmMU pegpecCUOHHOU MOOeriu MOXET ObITb
AOMNOMHEeHa KoppensiuMoHHbIM aHannaom. [nsa atoro Heob6xoanmMo
onpeaennTb MecHomy KoppensunoHHON CBA3N Mexay
NepEMEHHBIMU X N Y/ .

TecHoTa KoppenaumoHHOM CBA3U, Kak 1 nobon apyromn, MoXeT ObITb
N3MepPEHa 3MIUPUYECKUM KOPPEAUUOHHbIM OMHOWeEHUEM N3,
Korga 02 (MexXrpynnoBasi AUCMEPCUs) XapaKTepnsyeT OTKITOHEHUS
rPYNNOBbIX CPEeOHUX Pe3YribTaTUBHOIO NpM3Haka oT obLen cpeagHen:

[oBOPSA 0 KOPPENSALMOHHOM OTHOLLEHUN KaK O rnokasaTtene
N3MEpPEHNS TECHOTbI 3aBUCUMOCTU, CrieayeT oTnnyaTtb OT
SMMUPUYECKOTrO KOPPENALMOHHOIO OTHOLLEHUS — MeopemuyecKoe.



Teopemuuecxoe KOppetayuoHHoe omuouiedue 1| IpeacTaBIAeT coboH OTHOCHTCIBHVIO BETHIHHY,

MIOAYVIAaKIIYCA B PE3VIbTAaTI€ CPAaBHCHHA CPEOHCTO KBaJApPAaTHYCCKOI'O OTKIOHCHHA BbBIPOBHCHHBIX

3HAYeHHH pe3yIbTaTHBHOTO IPH3HAKa . T.e. PACCUHTAHHBIX IO YPABHEHHIO PErpPecCHH, CO CPeIHHM

KBaJPAaTHICCKHM OTHOIICHHEM 3MITHPHICCKHX (q)alcmqecxnx) 3Ha4YeHHH PE3VIBTAaTHBHOCTH IIPDH3HAKA O:

(1.6)

V3MeHeHHe 3Ha4eHHA 1) 00bACHASTCA BIHAHHEM (JaKTOPHOTO NMPH3HAKA.

B ocHoBe pacdeTa KOPPEIAITHOHHOIO OTHOIICHHA JCKHT IMPaBHIO CIOKCHHA annepcm‘:I_. T.C.

c’=35%+0], rae 6] - oTpakaer BapHAIMIO ) 33 CYeT BCEX OCTATBHBIX (GAKTOPOB, KpOME X , T.€.

ABIACTCA OCIMAIMOYHOU oucnepcueil:

Torza dopMyIa TEOPETHIECKOTO KOPPEIAIHOHHOTO OTHOMIEHHT IIPHMET BHI :

’52 o’ -co? o’
n= = =J—,m= 1——==, (16)
a- c” a~

1.7)

HIH 7] =

HOHKOpeHHOG BBIPa’KCHHE KOPPEIAIMHOHHOTO OTHOIICHHA IIPEACTaBIACT coboH K03¢(puuueﬂm

OemepmuHayuu (Mepsl OTpeIeTeHHOCTH, IPHIHHHOCTH).



TeopeTnyeckoe KOppensunoHHOe OTHOLLEHME NMPUMEHSETCA a4
N3MEPEHUA TECHOTbI CBA3W MPU JIMHEUHON U KPUBOSTMHEWUHOM
3aBMCUMOCTAX Mexay pesynbTaTUBHbIM U (DaKTOPHbIM MPU3HaKOM.
[Tpn KPUBOSTMHENHLIX CBA3AX TEOPETUYECKOE KOPPENALMOHHOE
OTHOLLEHMe, ncymcnaemoe no popmyriamMm 4acto HasbiBatoT
uHOeKkcom koppernsauuu R. TNpn 3Ha4nTENBLHOW KOppenaummn pacyeT
no coopmynam (1.6) u (1.7) 3Ha4MTENBLHO MpoLLe, Tak Kak
OTKINOHEHME (), Kak NpaBunIio, Mo 3HAYEHUID MEHbLLE, YeM
OTKIOHEHMeE ().

KoppensaunoHHOe OTHOLLIEHNE MOXET HaxoauTbes B npegenax ot 0
oo 1, 1.e. (). Yem bnmxe koppenaunoHHOE OTHOLLEHME K 1, TEM
CBA3b MeXxay nNpu3HakamMun TECHee.

Kpome Toro, npu nnHenHon dpopme ypaBHeHUA NPUMeEHAETCSH
OpYyrov nokasatesib TeCHOTbI CBA3UN — NUHENHbIU KO3 PULMEHT
Koppenauuu.
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w-37  Ex-3)(y-7)
= = ; (1.8)
O-XO- - O-xo._v

¥

rJe n — YHCIO0 HalIIIeHHH.

Jn1d TpakTHYECKHX BBIYHCIEHHH IMPH MaloM dHCIe HalaroaeHHH (n < 20+ 30) THHEHHBIH

K03 HIIHEHT KOppenAlHH yao0Hee HCYHCIATH M0 clIeayiomeH dopmye:

2x2y
ny .
r = " — (1.9)
(=), ()
Zx‘ o (— Zy‘ 2z u
n n

3Ha4ueHHe IHHEHHOTO KO3¢)¢)HIIHCHT3 KOPpE&IAIHH BaXHO MIO1I4 HCCICOOBaHHA COIIHAJIBHO-

SKOHOMHYECKHX SfBI€HHH H IPOLIECCOB paclpeleleHHe KOTOPBIX OIH3KO K HopMaldbHOMY. OH
IIPHHHMAET 3HA4YEHHA B HHTepBale : —1<r <1.

OTpHIATEIbHEIE 3HAYEHHS VKA3hIBAIOT Ha OOPaTHVIO CBA3b. TMOJ0KHTETbHEIE — Ha NMPAMVIO. IIpH

r =0 I1HHeHHas CBA3b OTCYICTBYeT. UeM Ommke KO3 (HIIHEHT KOPPEIAIHH 110 a0COTIOTHOH BeTHYHHE K
eIHHHIIE, TeM TeCHee CBA3b MEeKIY NMpH3HAKaMH. 11, HaKOHell, IPH ¥ = £1 cBA3b — (QVHKIIHOHAIbHA.
Keagpat nHHeHHOTo K03 GHIHEHTAa KOPPETAIHH /¥ HAa3BIBACTCH TUHEHbIM KO3D@uyuermom

oemepMuHayuu.



daKkT coBnageHumn n HecoBnageHMm 3Ha4EeHNN TEOPETUYECKOTO
KOppensauMoHHOro OTHOLLIEHUA N N NMMHEUHOIO KoadhduumneHTa
KOppenaunm r UCnonb3yeTcd a9 oueHKU oopMbl CBSA3H..

[TocpenCcTBOM TEOPETNYECKOTO KOPPENALMOHHOIO OTHOLLEHUS
N3MepPAETCA TECHOTA CBA3UN N0HOoN popMbl, a C MOMOLLLHO
NIMHENHOro KoadopuumeHTa Koppenaunm — TonNbKO MPAMOSTMHENHOWN.
CnepgoBaTenbHO, 3Ha4YeHUA N 1 r coBnagaroT TOSbKO NP Hannyum
NPSMOSIMHENHON CBA3N. HecoBnageHme aTnx BefnnymH
CBUAOETENbLCTBYET, YTO CBA3b MeXay n3ydaemMbiMy NpU3Hakamm He
NPSAMOSIMHENHAs!, a KPUBOJTIMHENHAA. YCTAHOBIIEHO, YTO €CNU
pa3HOCTb KBagpaTtoB n2 v r2 He npesbiwaeT 0,1, To rmnortesy o
NPSAMOSIMHENHON DOPME CBA3N MOXXHO CYMTATb NOATBEPXKOAEHHON.



= [lokasaTenu TecHOTbI CBA3WN, UCHYUCITIEHHbIE MO AAHHbLIM
CpaBHUTENBbHO HEDOSbLLOW CTAaTUCTUYECKOM
COBOKYMHOCTW, MOTYT UCKaXaTbCs OENCTBUEM
CllydauHbIX NPUYMH. ITO Bbl3biBAET HEODXOOMMOCTb
NPOBEPKN NX cyuwlecmeeHHoCcmu, aarLen BO3MOXHOCTb
pacnpoCcTpaHATb BbIBOAbLI MO pe3ynsraTtamM BbIOOPKN Ha
reHeparibHYy COBOKYMHOCTb.

» [1Nnsa oueHKn 3HayuMmocmu KoaghgpuuueHma Koppenayuu r
Ncnonb3yoT -kputepun CTblogeHTa, KOTOPbIN
NPUMEHSIETCA Npu t-pacnpeneneHnmn, oTrIM4HOM OT
HOPMaSIbHOrO.



[1pn NnMHENHON ogHOMAaKTOPHOU CBA3U -KPUTEPUN MOXKHO
paccuymTaTtb No popmyne:

n—2
fpao: =T\7 -2 - (1.10)

rae (n—2) — yncno cteneHen ceoboabl Npyn 3agaHHOM YPOBHE
3HA4YNMMOCTU a U 06BEME BbIBOPKK N.

[TorlyyeHHOe 3HaveHune tpacy cpaBHMBAKOT C TAONMUYHBIM 3HA4YEHNEM
t-kputepua (ansa a = 0,05 n 0,01). Ecnun paccyntaHHOEe 3Ha4YEeHUE
tpacy npesBocxoanT TabnnyHoe 3Ha4YeHue Kputepus tmabrn, 10
NPaKTUYECKN HEBEPOSATHO, YTO HaWEeHHOE 3Ha4YeHne obyCrioBieHO
TONBLKO CnyYanHbIMU KornedbaHnaMn (T.€. OTKITOHSIETCS rmnoTesa o
ero cry4amHocTn).




6) MHozohakmopHbIl KOpPEensayUOHHbIU U pegpeCcCUOHHbIU aHarnuas.

Mexay dbaktopaMmu CyLLLECTBYIOT CITOXKHbIE B3aUMOCBSI3M, MO3TOMY UX
BIIMSIHME KOMMMEKCHOE U ero Henb3sl paccMaTpuBaThb Kak MPOCTYH CyMMY
N305TMPOBAHHbIX BITUSIHUNA.

MHorodakTopHbIN KOPPENALMNOHHBIN N PErPECCUOHHLIN aHann3 No3BonsaeT
OLUEHUTb MePY BIUSHUSA HaA UCCIieayeMbI pe3ynbTaTUBHbLIA NoKa3aTtesib
KaXQoro U3 BKIMOYEHHbIX B MoAenb (YpaBHeEHME) hakTopoB nNpu
doMKCMpOBaHHOM MOJSIOXEHUN (Ha CpeaHEM YPOBHE) OCTanbHbIX 0akTOPOB, a
Takke nNpu nobbIX BO3MOXKHbBIX COYETAHUAX (PaKTOPOB C onpeaerieHHON
CTEMNeHbK TOYHOCTU HAaNTMN TEOPETUYECKOE 3HAYEHME ITOro nokasarend
(BaXXHbIM YCITOBUEM SABIISIETCA OTCYTCTBME Mexay doakTopamu
doyHKUMOHANbHOM CBSA3N).



s Matemartundecku 3agada popmynmpyeTcs
criegyrowmnm obpasom. Tpebyetcs HaUTH
aHanuTu4eckoe BblipaXeHne, Hanny4dwnm
obOpa3oM oTpaxatoLlee YCTaHOBIIEHHYIO
TEOPETUYECKUM aHaNM3oM CBA3b
He3aBMCUMbIX MPU3HAKOB C
pe3yneTaTuBHbLIM, T.e. PYHKLUIO

W= f(x1,x2, ...,x,,) + €
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ITocmpoerue u cMAMuCMuYecKull axHaiu3 O08yX(paxmopHou IuHelHou Mmooeiu ( mpexmepHoll

pezpeccuu ). Jnd4 pacdeTa MapaMeTPOB MPOCTEHIIEro YypaBHEHHI MHOKECTBEHHOH IHHEHHOH
IBYVX(aKTOpHOH perpeccHH

Vo = Qp + QX + A, .
rme v

V.x, - DacueTHsle 3HAYEHHS 3aBHCHMOH MepeMeHHOH (Pe3yIbTATHBHOTO NpPH3HAKA)X), X2
He3aBHCHMBIE ITepeMeHHBbIe (haKTopHBIe MPH3HAKH): g, 4], 2

napaMeTphl YpaBHEeHHA.
ITOCTPOHM CIEAVIOMYIO CUCTEMY HOPMATLHBIX YPAGHEHUTI

AN+ a,2X, + A, 2X, = 2,

Ap2X, + A 2X] + A, 2X X

2 = 2V
Ap2X, + A 2XX, + A, 2K, = 2):

= gt B

[TapaMeTphl 3TOH CHCTEMBI MOTYT OBITh HaHIeHBI, HanpHMep, MeToaoM K.I"aycca.
[Tocte TOCTPOEHHS PErpecCHOHHOH MOJEeTH HeoOXOOHMO HCYHCIHTH PpasdIHJIHOTO poJa
XapaKTePHCTHKH TECHOTHI CBA3H MEJKAY 3aBHCHMOH H HE3aBHCHMOH IepeMeHHBIMH: MapHbIe, YacTHBIE H

MHOZKeCTBeHHBIe KO3(QQHIIHEeHTE KOPPEeIALHH, MHOKEeCTBEHHBIH K03(hHIIHeHT JeTepMHHAIIHH, a 3aTeM
IIPOBEPHTH aJeKBATHOCTh JaHHOH MOJETH.



"

ITaphvie ko3¢ puyuenmsvl xopperayuu. JI1 H3IMEPEHHA TEeCHOTHl CBA3H MEXIY JIBYMA H3
paccMaTpHBaeMBIX IepeMeHHBIX (0e3 ydera HX B3aHMOJEHCTBHA C JPYVIHMH IIepeMeHHBIMH)
IMIPHMEHAITCA MapHbele Ko3(QQHIIHEHTE KOppeaanHH. MeToaHKa pacdeTa TaKHX KO3()(HIHEHTOB H HX
HHTEpNpeTalHid aHaJTOTHYHBl METOJHKe pacdera JIHHEHHOTO KorbdHIHEHTa KOppeIilHH B CiIydae

OJIHO(I)aKl'OpHOﬁ CBA3H. ECIH H3BECTHEI CPpE€OHHE KBAaJPATHHYCCKHC OTKIOHCHHA aHATIH3HPYEMBIX

BEIHYHH, TO HAPHble KO3p@uyueHmsl Kopperayuu MOXKHO PpacCUYHTaTh IPOIe, IO CISIYIONIHM

dbopmynaMm:
X y—Xxy
= 2 (1.12)
Cx Oy
X,y —X,7
R e — (1.13)
a0,
Xy — X
L =2



Yacmuvle ko3¢p@uyuenmst Kopperayuu. OOHAKO B pealbHBIX YCIOBHAX BCE IEpeMEHHBIE, Kak
IIPaBHTO, B3aHMOCBf3aHbl. TecHOTa 3TOH CBA3H OIpedenderci YacTHRIMH KO3 QHIIHeHTaMH
KOPPEIALHH, KOTOPhIe XapaKTePH3YIOT CTeNeHb H BIHAHHE OJHOTO H3 apryMeHTOB Ha (QYHKIHIO IPH
YCIOBHH, YTO OCTajlbHble HE3aBHCHMEIE IIepeMeHHBIE 3aKpeIlIeHbl Ha IIOCTOSHHOM YpOBHe. B
3aBHCHMOCTH OT KOJIHYECTBa MepPeMeHHBIX, BIHAHHE KOTOPBIX HCKIIOYaeTcs, JacTHbIE KO3(QHIIHEHTEHI
KOPpPEIAIHH MOTYT OBITh pPaxTHYHOIO NOpAAKAa: NPH HCKIKOYEHHH BIHAHHA OJHOH IepeMeHHOH
moaydaeM 4YacTHBIH KO3(QQHIHEHT KOppeIdlHH IEepBOro IMOpsAAKa; NPH HCKIIOYEHHH BIHAHHA JBYX
MepeMEeHHBIX - BTOPOrO IHopsAaka H T.A. ITapHBIH KO3QOHIHEHT KOppemAlmHH MeXIy OGQyHKUHEH H
apTyMeHTOM OOBIYHO He paBeH COOTBETCTBYIOMIEMY JacCTHOMY KO3 QHIHEHTY.

Yacmuwili Ko3(pPuyuenm xoppelayuu TEpBOrO IOpAAKA MeXKIy NpH3HAKaMH X; H ) IIPH
HCKTIOYEeHHH BIHAHHA IIPH3HAKa X; BEIYHCIAIOT IO GopMye:

¥: T

- T T xx,
r."xl{xi) - b " (1'15)
\/(l = r."'X: )(l = r":": )
TO K€ - 3aBHCHMOCTB V OT X7 IIPDH HCKIHOYC€HHH BIHAHHA X!
r\y"Xﬂ - r\x] rx]x~
B 5% (1.16)

r.w:{"l} = \/(1 o r}i] )(1 = rr:;!:)

MOKHO pacCYHTaThb B3aHMOCBA3b (AKTOPHBIX IPH3HAKOB IPH YCTPAHEHHH BIHAHHA

PE3VIBTAaTHBHOTIO IIPH3HAKA!

.
= e , (1.17)

rae v — napHsle Ko3bhHIHEHTH KOPPETAIHH MEKIY COOTBETCTBYIOITHMH IIPH3HAKAMH.
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Ha ocHoBe mapHBIX KO03GGHIHEHTOB KOPPEIAIHH H CPEJHHX KBaJpaTHUYECKHX OTKIOHEHHH

MOJKHO  JIETKO  pacCYHTAaTh  I[apaMeTphl  VYpaBHEeHHA  JHHeHHOH  JIBYXGAaKTOpHOH  CBA3H

YPons a,+ a,X, + a,x, 1o CIeOYIOITHM Q)OPMYJIaMI
z8 2z o T " llom Oy Ty Tl Oy
Qo =Y~ ~ 05 &= 2 Y = 3 :
1 = FX]X: O-Il 1_ rx;x; O.I“

CogoxynHblll KO3 puyuenm MHoxcecmeenHoll kopperayuu. IIoKazaTeneM TECHOTHI CBA3H,
VCTaHABIHBaeMOH MEXKIY Pe3yIbTaTHBHBIMH H JBYMA HIH Goslee GaKTOPHBIMH MpPH3HAKAMH, ABISETCA

COBOKYNHBIIL KO3 puyuenm MHodxMCecmeeHHol  Kopperayuu R . B cayuae nHHeHHOH

VX] X2 1o X
IBYX(GaKTOpHOH CBA3H COBOKYNHBIH KO3(GGHIHEHT MHOXKECTBEHHOH KOppEeIsAlHH MOXKET OBITh

paccdHTaH 1o GhopMyIe:
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CoeoxynHulil K03¢p@uyuenm MHodxcecmeenHoll xKopperayuu. ITIoKazaTeleM TEeCHOTHI CBS3H,
yCTaHABITHBaeMOH MeKIy pe3yIbTaTHBHBIMH H JABYMA HTH Goiee GaKTOPHBIMH IIPH3HAKAMH, SABISETCA

COBOKYNHYIL KO3 Puyuenm MHONMCeCmeeHHoll  kopperayuu R . B caygae JHHEHHOH

XY X2 X
IByX(GaKTOpHOH CBA3H COBOKYNHBIH KOA(QGHIHEHT MHOXKECTBEHHOH KOPpEIAlHH MOXKeT OBITh

paccdHTaH 1o dhopmyie:

r_wc] + ’fw; = 2};*1 ’3": ’;J":
xxy 1- 712 ’ ]

rae r- THHeHHble KO3()GHIHEHTh! KOppeIAlHH (IapHbIe); IOACTPOYHbIE HHASKCH IOKA3bIBAIOT, MEKIY
KaKHMH IIPH3HAKaMH OHH HCYHCISIOTCH.

CoBOKYIHBIH KO3()QHIIHEHT MHOXKECTBEHHOH KOPPEIAIHH H3MepsAeT OJHOBpPEMEHHOe BIHIHHE
(GakTOpHBIX NPH3HAKOB Ha pe3yiIbTaTHBHBIH. Ero 3HadeHHi HaxoadTcd B Ipererax —1 go +1. Uem
MeHbpIIe HalIroJaeMble 3HA4YeHHSI H3y4aeMOIo IIOKazaTellsd OTKIOHAKTICA OT JHHHH MHOXKECTBEHHOH
pPEerpeccHH, TeM KOppelIflHOHHAs CBA3b fABIAeTCA 0ojee HHTEHCHBHOH, a ClIeIOBaTeIbHO, 3HaYeHHe R

OIHKe K eITHHHIIE.
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Co8oKYNHYII KO3 PuyueHm MHOMCECMEEHHON OemepMUHayuu.

BenHduHHa R? HaA3BIBACTICA COBOKYMHLIM KO3 @uyueHmom MHoxcecmeenHoll oOemepmuxayuu. OHa
MOKa3bplBaeT, Kakasd 074 BapHAIlHH H3Yy4aeMOro IIOKa3aTensd OOBACHAeICS BIHAHHeM (aKTOpoOB,
BKIIOYEHHBIX B YpaBHEHHE MHOKECTBEeHHOH perpeccHH. 3Ha4deHHe COBOKYIIHOTO Ko3ddHIIHeHTa
MHOJKECTBEHHOH JeTepMHHAIIHH HaXOJHTCA B mpenenax oT 0 go 1. ITostoMy, dem Omike R? K eIHHHIIE,
TeM BapHalHi H3y49aeMOro IOKa3aTeld B OOIbIIeH Mepe XapaKTepH3yeTIcs BIHAHHEM OTOOpaHHBIX
dakTopoB.

OngHako TOKazaTelH MHOKECTBeHHOH perpecCHH H KOPPeIdIHH MOIVT OKa3aThbCd
MOABEP KEHHBIMH JeHCTBHIO CIy4YaHHBIX (pakTopoB. I103TOMY TOJIBKO MOCTEe NMPOBEPKH aJeKBaTHOCTH
VpaBHEHHA OHO MOXKeT OBITh IPHIOJHO. HampHMep, MIi BBIABICHHA pE3€pPBOB IIOBBINICHHI
IPOH3BOJHTEIBHOCTH TPVA.

OO0mas oleHKa aJeKBaTHOCTH VPaBHEHHA MO:KeT OBITh IOTYYeHa C MOMOINBIK JHCIEPCHOHHOTO
F-kpurepHa PuHmepa. [IpHMeHeHHe K€ B 3THX LEeIIX MHOKeCTBEHHOIO Ko3(pdHIHEHTa KOppeIalHH
HEZIOIYCTHMO BBHAY TOTrO, YTO MHOTOGAKTOPHBIH pEerpecCHOHHBIH aHAIH3 ONEpHpYeT CIydaHHBIMH
HaOMIOJeHHAMH, HO He 00:A3aTelbHO pachpeleleHHBIMH 10 MHOTOMEPHOMY HOPMAaIbHOMY 3aKOHY
(3TOMY 3aKOHY IOMKHBI IOAYHHATECA OTKIOHEHHH (PaKTHYECKHX 3Ha49eHHH (QYHKIHH OT pacyYeTHBIX).
CoBOKYIHBIH KO3QQHIHEHT MHOKECTBEHHOH JeTepMHHAIHH OIpeJenseT TONBKO KadecTBO

BEIDABHHBAHHA 110 YPABHEHHIO PErPEeCcCHH.
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ITpoBepKY 3HAYHMOCTH VPaBHEHHS PErpecCHH MPOH3BOIAT HA OCHOBE BBIYHCIEHHA F-KpHTEpHA

dumepa:

rJe M — YHCIO TapaMeTpOB B YPaBHEHHH PerpecCHH.

ITomydeHHOe 3Ha4YeHHe — KPHIEPHA Fpu, CPAaBHHBAIOT C KPHTHYECKHM (TaOIHYHBIM) I

MPHHATOIO0 VpOBHA 3Ha4HMOCTH 0,05 wiH 0,01 H 9Hcen cTeneHeH cBo0oabl v;=m-1 H v;=n-m. ECcI1H 0HO
OKa:kercsi OonbIne COOTBETCIBYIOMIErO0 TaO0MHYHOTO 3HA4YeHHd, TO [JaHHOE€ VpaBHEHHE pPErpecCHH
CTaTHCTHYeCKH 3HAYHMO, T.e. JOJA BapHalHH, OOYCIOBIEHHAs perpeccHeH, HaMHOIO IIpeBhIIIAeT
CIIVIaHHYIO OITHOKY.

IIpHHATO CYHTATH, YTO YpPaBHEHHE PETPECCHH MPHIOJHO A MPAKTHIECKOTO HCIIONb30BAaHHA B

TOM Cly4ae, €CTH Fpuey >Fipas; HE MEHEe 4eM B 4 pasa.
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JI7Is OLIEHKH 3HAYHMOCTH KO3GGHIHEHTOR pPerpecCHH IMPH THHEHHOH 3aBHCHMOCTH ¥ OT X H X

— (aByX GaKTOpOB) HCIOIB3VIOT [-KpHTepHH CThIOJIeHTa IIPH N-M-1 CTEeNeHAX CBOOOIBI:

a,c qHl—r{- n—m-1
. ik S : (1.19, a)
1 Oy !J b= R‘.Wflx:

Mf Nn—m-—
(1.19, 6)

= o, ‘/l R’ ¥x,%y

CymIecTBeHHOCTh COBOKYITHOTO K03¢ QHIIHeHTa KOPPEIAIHH OIpeIeaoT o dopmyie :

Rmxn\fn m-—1

tR.u]s: ] — R

VX1X2

(1.20)

3Ha4YEHHT OLIEHHBAeMBIX 4, a2, R

 xyxs » OEPYTCA [0 MOZY.IIO.
EciH B ypaBHeHHH Bce KO3(QHIIHEHThl perpecCHH 3HAYHMBI, TO JaHHOE YpaBHEHHE IMPH3IHAIOT
OKOHYATeTbHBIM H IPHMEHAIT B KadecTBe MOJETH H3Y4aeMOro IIoKaszaTelsd IId IMOCIeAVIOIEro

aHaIH3a.



OugeHKY 3HaYMMOCTN KO3 PULIMEHTOB PErPECCUN C MOMOLLLIO f-KpUTEpPUS
MCNOSb3YOT ANS 3aBepLUeHna oTOopa CyLLeCcTBEHHbIX PakTOpOB B
npoLecce MHOroLwaroBoro perpeccnoHHoro aHanmsa. OH 3akrno4vaeTcs B
TOM, YTO NOCIe OLUEHKMN 3HAYMMOCTN BCEX KOIPPULNEHTOB perpeccum s
MOLENU NUCKIYaT TOT pakTop, KO3PPUUMEHT NPN KOTOPOM HE3HAYNM U
NMEET HaUMeEHbLLIEE 3HaYEeHNE KpuTepus. 3aTeM ypaBHEHNE perpeccum
cTponTca 6e3 UCKITIYEHHOro akTopa, 1 CHoBa NPOBOAMUTCS OLIEHKA
ageKBaTHOCTU ypaBHEHUA U 3HAYNMMOCTU KOI(PPULNEHTOB perpeccun.

Takoun npouecc anTcs 4o TeX nop, noka Bce KOadPULUNEHTbI perpeccumn He

OKaXyTCS 3HAYUMbIMU, YTO CBUAETENBCTBYET O HANM4YMn B PErPECCUOHHON

MOAENN TONbKO CYLWECTBEHHbIX (0akTOPOB. B HEKOTOPBLIX cny4vasx

pacyeTHOe 3Ha4YeHue tpacy HaxoauTcs Bbnuan tmabs NO3TOMY C TOUKM

3peHUs cogepxaTenbHOCTN Modenu Takomn dakTop MOXHO OCTaBUTb AN

Cnbocne,qyrou_leﬁ NPOBEPKN €r0 3HAYMMOCTU B COMETAHUN C APYrMM Habopom
aKTOpPOB.



OpgHako Ha ocHoBe KO3 PULIMEHTOB perpeccumn Herb3s ckasaTtb
Kakon n3 oakTOPHbIX NPU3HAKOB OKa3blBaeT HanbonbLiee BAUsHNE
Ha pe3ynbTaTUBHLIN MPU3HAaK, Tak Kak KoagoPULUNEHTbI perpeccum
MeXxay cobon He conocTaBuUMbl, MOCKOSTbKY OHU U3MEPEHbLI pa3HbIMK
eanHUUammn. Ha nx ocHoBe Henb3s Takke YCTaHOBUTL B pasBUTUU
Kaknx pakTopHbIX NPU3HAKOB 3anoXXeHbl Hanbonee KpyrHble
pe3epBbl UBMEHEHNS pe3ynbLTaTUBHOIO rnokasaTens, NOTOMY YTO B
KoadpduumeHTax perpeccum He yuyteHa Bapunaums gpakTopHbIX
NPU3HaKOB.

YTOObl NUMETb BO3MOXHOCTb CYAUTb O CPaBHUTENBHOW CUME BITUAHUS
oTAEenNbHbIX aKTOPOB U O TEX pe3epBax, KOTOPbIE B HUX 3aNOXEHHbI,
OOSTKHbI BbITb BbIYUCIIEHbI YaCMHbIe KO3hUUUEHMbI
arnacmu4yHocmu 3i,, a Takke 6ema-koaghgbuyueHmel .
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|Pasnmans B equHHIAX H3MepeHHS HAKTOPOB YCIPAHAIOT C OMOIIBIO YACMHBIX KOIPPUYUEHMOE

21acmuyHocmu, KOTOPBIC paCCIHTBIBAKOT I1I0 (pOpMy.TIeI

2. =

I 1

=

rae a; - Ko3OHITHEHT perpeccHH IpH i -M GakTope; X; — CpelHee 3Ha4deHHe [-To dakTopa; ¥, - cpeaHee
3Ha4YeHHe H3y49aeMoro IoKa3aTensd.

Yacmuuie K03¢¢ul{ueHMbl 21acMuUYHOCMU NOKA3b16adrmM Ha CKOJIBKO IIPOICHIOE B CPEIHEM

H3MEHAeTCS aHATH3HPYEeMbIH IToKa3aTelb ¢ H3MeHeHHeM Ha 1 % kaxzaoro ¢akropa ImpH QHKCHPOBAHHOM
MIOJIOKEHHH APYTHX (aKTopoEB.

Jaa ompeneneHHd (DaKTOPOB, B Pa3BHTHH KOTOPBIX 3aT0KeHBI HaHOOIee KPYIHBIE PEe3epBEHI
yAy4IIeHHA H3y4aeMoro IIOKa3aTensd, HEeoOXOOHMO Yy4YecTb pa3IHYHi B CICNIeHH BapbHPOBaHHA
BOINEJIIHX B ypaBHeHHe (aKTOpOB. DTO MOJKHO cAelaTh C IMOMOINBIO [ -K03dhPuyueHinos, KOTopse

BBIYHCIAIOT 10 hopMmye :

-
g =a—,
‘ ‘o,
rme 6. — eIHee KBaIpaTHUYeCKOoe OTKIOHeHHe [-To dakropa; & — eqHee KBaIpaTHYeCcKoe
X; oS ? 7

OTKIOHEHHe TOKazaTeld; [ - Kko3gpuyuenm noxaswpiéaen Ha KaKyi 9acTh CPEIHEro KBaJpaTHYECKOTO

OTKIOHCHHA H3MCHACTCA pegynbramsrmﬁ IIpH3HAK C H3MCHCHHEM COOTBEICTIBYVIOOICTO (baKTOpHOI"O

IIpH3HAaKa Ha BEIHIHHY €TI0 CPEOHET 0 KBaIPaTHICCKOT O OTKIOHCHH .




" EE———

-~
-

n
Hcxons H3 COOTHOmeEHHT » A7, =R
i=1

H IpHHHMad BO BHHMaHHe, HYTO KO3(hdHIHEHT

MHOJKECTBEHHOH JeTepMHHAHH R? eCcTh JONA H3y4aeMBIX (AKTOPOB B HATIHIHOM IIPHpaNIeHHH
pe3vIbTaTHBHOTO IIOKa3aTeld B aHATH3HPYEMOH COBOKYIIHOCTH, MOJKHO cAelaTh BBIBOJA, HYTO
npouseefeHe [Ar(1<i< n) sBIfercs MOKA3aTelNeM CHIBl BIHAHHA COOTBETICTBYIOMEro (akropa Ha
JaHHBIH [TIOKa3aTelb.

IToxenHe mpoH3BedeHHE Pi; . HA KOAOOHIIHEHT MHOKECTBEHHOH JeTepMHHAIHH R? ., MOIYYHM
ko3 dHIIHEHT, KOTOpPBIH MOKa3blBaeT KaKoBa J0Jd BKIajJa aHAIH3HpyeMoro ¢daxkropa B CyMMapHOe

BITHJIHHE BceX 0TOGpaHHBIX GakTopoB. OG03HAYHB 3TOT K03 puyuerm A; MOTyIHM

¥
A B
R

VBeIHYEeHHE YHCIAa CVIIECTBCHHBIX (baKTOPOB, BKIKYacMbIX B MOICIb HCCICOAYVEMOIO
IIOKa3aTelId, IIO3BOJIACT BBIABHTL IOOIIOTHHTICIBHBIC PE3€PBBI IIPOH3BOICTEA. Jasg 3Toro MOIVT OBITh

HCIIOIb30BaHBI TpeX-, YeThIpeX- (H T.1.), 11 -aKTOpHBIe PEerpecCHH.



MHorodgakTopHbIN KOPPENALMOHHbIN U PErPEeCCUOHHbLIN aHann3
MOXXET ObITb UCMOSIb30BaH B 9KOHOMUKO-CTATUCTUYECKUX
nccrnenoBaHUSX:

AN NPUBIMKEHHOW OLIEHKMN (PaKTUYECKOro U 3a4aHHOro YPOBHEN;

*B Ka4eCTBE YKPYMHEHHOro HopMaTumBa (4 3Toro 4oCTaTo4YHO B
YpaBHEHME perpeccumn nogcrtaBUTb BMECTO (PaKTUYECKUX 3HAYEHUI
dpakTopoB UX CpeaHne 3HaYEHNS);

a4 BblABNEHNA pe3epBOB NMpPon3BoaCTBa,

*an4a npoeeaeHnda Mmexx3aBoa4CKOro CpaBHUTESIbHOIO aHalrin3a u
BblABIIEHNA Ha €ro OCHOBE CKPbITbIX BO3MOXHOCTEWN NpeanpunaTmnn,

119 KPAaTKOCPOYHOro NPOrHO3MpPOBaHUS Pa3BUTUSA NPOM3BOACTBA U
Aap.



"
4. HenapameTpunyeckme metoabl

m  Herapamempu4eckue memoodbl, C MOMOLLbI KOTOPbIX YCTaHaBNNBaETCS
CBSA3b MeXOy KadecmeeHHbIMU (ampubymuesHbiMu) rnpusHakamu. Cdepa nx
NPUMEHEHNA WMpe, YEM NapaMeTpPUYECKNX, NOCKOSbKY HEe TpebyeTcs
cobnoaeHnsa ycrnosma HoOpMarbHOCTU pacrnpeneneHns 3aBuCcUMon
nepeMeHHOWN, OQHAKO Mpu 3TOM CHMXKaETCS rMyObnHa nccnegoBaHns CBA3EN.
[Mpn N3y4yeHnn 3aBUCUMOCTU MEXAOY Ka4eCTBEHHbLIMU NPU3HAKaMWN He
CTaBUTCS 3aJadva npeacraBneHns ee ypaBsHeHMeM. 30eCb pedb UOET TOSbKO
00 yCTaHOBMEHMN HANMN4Yns CBA3N U NU3BMEPEHUN €€ TECHOTHI.

s B npaktnke akKoHOMUYeCKnxX nccrnegoBaHnm NpMxXoamMTca NHoraa
aHanmanpoBaTb CBSA3N MeXAy albmepHamueHbIMU rpu3Hakamu,
npeacTaBfeHHbIMU TOSbKO rpynnamMmn ¢ NPOTUBOMONOXHbIMU
(B3aMMOUCKITIOHaAOLWNMK) XapakTepUcTukaMmn. TEeCHOTY CBSA3M B 9TOM
Crlydae MOXHO OLEHWUTb, BbIYUCNUB KO3ghghuyueHm accoyuayuu.
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Jna pacdera xo3gguyueHma accoyuayuu CIPOHICA HeTBIPEXKISTOYHAsd KOppenslHOHHAT

TabIHIA, KOTOpas HOCHT Ha3BaHHE TaOIHIIB! "JeThIpex MoIeH" H HMeeT CIeAYIONIHH BHI:

2 b ath
c d ctd
atc bd atbrcrd

IIpuMeHHTEIbHO K TalnHIe "deTelpexX MoideH" ¢ dHactoTaMH 4, b, ¢ H d Ko3ddHIHEHT
accOIHAIlHH BBIpakaercs GopMyIIoH:
_— ad — bc
@ Ja+bc+dla+c)b+d)

KoadduiseHT acconHamHa H3MeHAeTcsa 0T —1 10 +1; dem Oamke K +1 HIH —1, TeM CHIbHee
CBA3aHbl MeXKAY COOOH H3y4aeMble IIPH3HAKH.
Ecan k, He meHee 0.3, TO 3TO CBHIETEIbCTBYET O HAJIHYHH CBA3H MeXIY KadeCTBEHHBIMH

IIpH3HaKaMH.
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[ipmvep. VMeromuecs aHHBIE O POCTE OTHOB H CHIHOBEH MPEICTABIEHH! B Ta6m. 1.1.

Tabauya 1.1
PacrnpenerneHHe OTIOB H CHIHOBEH 10 pOCTY, 4ell.
: Poct ceiHa PocTt oTHia Bcero
| Hizxe CPEeOHETOo Brime
CpeIHero

Huxe cpeaHero 70 30 20 80 90 110

Baime.

CPEIHETO

Hroro 100 100 200
0

IToacunTaeM Ko3QHIHEHT acCOIHAIHH 10 JaHHBIM Tadn. 1.1:

70-80—30-20
= ~ 051
+/90-110-100-100

TTOCKOIBKY k, 0.3, MEKIy POCTOM OTLOB H CHIHOBEH CYIIECTBYET KOPPETAIHOHHAS CBA3b.
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Ecau 1o KaKIOMY H3 B3aHMOCBA3AQHHBIX IIPH3HAKOB BBIICIACTCA THCIO I'DVIII Ooiee ABYX., TO
J18 TI0J00HOTO poaa TaOlIHII TeCHOTa CBA3H MEXKIOY Ka4YCCIBCHHBIMH IIpDH3HAKaMH MOJKET OBITH

H3MepeHa C IOMOIIBI0 NOKA3amena 63auMHoll conpaxceiHocmu A.A. 9ynpoea:

-
-

= 1 .
% S -1k -1)

rae k; — 9HCI0 BO3MOJKHBIX 3HAYEeHHH MePBOH CTaTHCTHYECKOH BETHYHHBI (JHCIO TPYIII IO CTOA0HAaM);

k> - 9HCI0 BO3MOKHBEIX 3HaYeHHH BTOPOH CTAaTHCTHYECKOH BEeTHYHHEI (YHCIO TPYIII IO CTPOKAM); Q°—

MoKa3aTelb B3aHMHOH COIIPAKECHHOCTH (onpe,ne.fmeTcx KaKk CyMMa OTHOIIIeHHH KBaIpaToOB HYacCTOT

KIeTKH TaOIHLBl pacOpeieleHHs K MPOH3BEISHHIO HTOTOBBIX YacTOT COOTBETCTBYIOMIErO CTOIOLA H
CTPOKH).

BEIMTA H3 3TOH CYMMBI JHHHITY, IOTYIHM Q7.

KoaddHHeHT B3aHMHOH CONPSKEHHOCTH A.A-UynpoBa H3MeHAeTca oT 0 1o 1, HO yike IIpH

3Ha4eHHH 0,3 MOJKHO TOBOPHTH O TECHOH CBA3H MEKIY BapHaIlHeH H3y4aeMBIX IPH3HAKOB.
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IIpumep. Janasle 00 ypoBHe 00pa3oBaHHA 4i1eHOB 100 ceMeH mpHBeaeHs! B Tad1. 1.2

Tabauya 1.2
PacnpezneneHHe cemeH 10 YPOBHIO 00pa30BaHHA My:Ka H JKEHBI
OO0pazoBaHHe O0pa3zoBaHHE KEHBI Htoro
MyzKa
HEIIOJIHOE CpeaHee CpeIHee H cpeaHee BEBICIIIEE A B
CIeIHATbHOE
Henoaroe 15 11 2 23
cpeance (225) (121) 4) -
9,375 2,373 0,160 19.08 0.425
CpenHee H 8 32 8 48
cpeance (64) (1024) (64) -
CHCHHANRHOC 2.666 20,078 2,560 25,304 | 0,527
Bricmee 1 3 15 24
(D (64) (225) -
0,042 1.255 9.00 10,297 | 0.429
Hroro 24 51 25 100 1,381
IIpaMeyaHHe: 9aCTOTH — EEPXHHE CTPOKH; X KBaIpaTel (B CKOOKaxX) - CpegHHE CTPOKH; KBaAPaThl 9aCTOT, JAeIeHHbIE
HAa CVMMEI 9acTOT IIO0 CTOJIOLY — HMJKHHE CTPOKH, B HTOTOBBIX CTOJIOLIAX — CYMMa 9YacTOT, CVMMa Pe3ViILTaTOB
genenud (A4). a Taxcke pesviIbTaT Je/IEHHA HUCKHET 0 9HCJIa Ha BepXHee — IOCJIe Hm cTonder (B).

Torma ¢? =1.381-1=0.381 :
KoadduuHeHT B3aHMHOH CONPAKeHHOCTH A.A.UynpoBa

ki=k> =3.

0.381

- ~

ko= "
* JG-1(3-1)

Ero sHaueHHe MMOKa3bIBaeT 3aMETHVH CBA3b MCKIY VPOBHAMH oﬁpagogamm MyZKa H JKCHBI IIDH

bOpMHpPOBAHHH CEMBH.



KOPPEAAUMSA

HE TIOAPASYMEBAET
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OBYCAOBAEHHOCTY




