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OCHOBHbIE NOHATUSA:

PerpeccroHHbBIN aHA/TN3

KoppenssunoHHbIM aHaTNU3

KoBapuauus

CTaHaapTHOE OTKJIOHEHUE

OueHKa 3HAUMMOCTH KO3)PUIIEeHTa KOPPETSIUU
MHK

KoadpuiimeHT JeTepMuHaILin

[IpoBepka 3HAUMMOCTHU MOZe/ien
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BBeaoeHue

Cy11ecTBYIOT TPU OCHOBHBIX KJIaCCa MOZAesIer, KOTOPhIe
MIPUMEHSIIOTCS IJIS1 QaHA/IM3a U IPOTHO3UPOBAHMUSA
SKOHOMMWYECKHUX CUCTEM:

MOZie/I1 BDEMEHHBIX PSZOB,
perpecCMOHHbIEe MOZE/IU C O0HUM YPaBHEHUEM,
CUCTEMbI OJHOBPEMEHHBIX YDAaBHEHUMH.
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= PerpeCCVIOHHbIe Mmoaesimn ¢ ooHMM ypaBHEeHUNEM

B perpeccroHHbBIX MOzie/IsAX 3aBUCHUMas (0ObsICHsIEMast)
nepeMeHHass Y MOXKeT ObITh NMpeJCTaB/eHa B BUje QYHKIIUU
f(X, X, X y ...X, ), Te - He3aBucHuMble (06BACHAIONIME)
nepeMeHHme 15917 (l)aKTOpr k - xonmumyecTBO PpakTOpOB. B
KauyeCcTBe 3aBUCHUMOU ITepeMeHHO MOXKeT BBICTYIIATh
MPAKTUYECKH JIF0O0U MOKa3aTe/Tb, XapaKTePHU3YIOIIHH,
HaNIpUMeD, IeSITeTbHOCTD MPEAIPUSTUS UTU KyPC LIeHHOM
o6ymaru. B 3aBucumocTu oT Buga QyHKIMH

X, X, oy X))

MOJIEe/TH Ie/IATCS Ha IMHEeHbIe U He/lMHelHble. B 3aBucuMocTH OT
KOJIMY€ECTBA BKIIOYEHHBIX B MO/Ie/Tb GAaKTOPOB X MOZE/IN
nenasaTcst Ha omHOGAKTOpHBIE (TTapHast MOJe/ib PerpecCcuu) u
MHOTO(daAKTOPHbIE (MOZE/Ib MHOXX€CTBEHHOM PErPECCHH).
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PeepeccuUoHHbIU aHanu3

3daHMUMAET B€AyLHIeC MECTO B MATEMATHUKE CTATUCTHUYCCKHUX
METOLaX OKOHOMETPHKHMU.

/1o perpeccCMOHHOrO aHa/IM3a ceAyeT NIPOBOAUTD
KOPPEeIALMOHHBIN aHA/IN3, B [IPOLiecce KOTOPOro
OLLleHMBAETCS CTEeIIeHb TECHOTHI CTAaTUCTUYECKOU CBS3U
MEeXAy UccaeayeMbIMU liepeMeHHbIMU. OT cTerneHun
TECHOTBI CBSI3U 3aBUCHUT MMPOTHOCTUYECKAS CUJIA
perpeCcCUOHHON MOZEJIN.

PerpeccroHHBIN aHAIU3 TpegHA3HAYEH /s MCC/IeOBAHUS
3aBMCHUMOCTH UCC/IelyeMOU IIepeMEeHHOHU OT
Pa3TAIHBIX (PAKTOPOB U OTOOPAKEHUST UX B3aUMOCBSI3U
B popMe perpecCHOHHOU MOJeTH.
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OcHOBHas 3afay4ya KoppensiLMOHHOro aHanu3a
3aK/TI0YAETCs B BhISIB/IEHUN B3AUMOCBSI3H MEXTY
C/TyYaHBIMU ITePEMEHHBIMHU ITyTeM TOUYEYHOU U
MHTEpPBa/IbHOM OLIEHKU MaPHbBIX (YaCTHBIX)
K03(pPUIIMEHTOB KOPPESIIINY, BBIYUCTIEHUS U
IPOBEPKH 3HAYMMOCTH MHOXXECTBEHHBIX
K03(pPUIIMEHTOB KOPPEJSIIIUU U JleTEPMHUHAIIHU.

[Tpu mpoBeseHHNH KOPPEISAIIMOHHOIO aHA/IN3a BCs
COBOKYITHOCTH JAHHBIX PaCCMAaTPUBAETCS KaK
MHOXEeCTBO IepeMeHHbIX (PaKTOPOB), KaXKIast U3
KOTOPBIX COAEPXKUT N —HabmomeHui. [Tpu nsydenuu
B3aMMOCBSI3U MEXIY ABYMs PaKTOpAMH HX, KaK
MTpaBHJI0, 0003HAYAIOT

X=(X;, X5, o0, X, )N Y = (¥, V5s -5 V,,)-
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Koeapuauus - aT0 cTaTUcTUYeckas Mepa B3anMoaencTBus

[BYX MEepeMeHHbIX.

| o N —
Cov(d,)) = ﬂZ(xf =XNYi = ¥h|
R

rae (x,, ¥,), (x5, ¥,), ooy (x,, ¥,) — (paKkTHUECKME 3HAUCHWS NEPEMEHHBIX
AnY,

n
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A= Ons ABYX NepeMeHHbIX 06pasom:

KoaghpuyueHm napHoU Koppesiayuu onpeaensieTcs crneayowmm

——————— Z(x — XWYy; — V)

F o = = =

. S,.S S.S,

D (x; — XNy, — )

=1

\[Z(x — x)zz,(y, — 3)?

e 52 S2 — OLEHKH IUCTIEPCHIA BETHMYMH X U ¥, DTH OLEHKH Xapak-
Tepmym cienet pasBpoca SHANERMHI X, Xy, .y X, (¥, Yy v, ) BOKPYT
CBOETO CPENHETO X (J COOTBETCTBEHHO), M1 3apua§e/zbuocmb (H3MEH-
YHBOCTD) ITUX MEPEMEHHDBIX HA MHOXECTBE HAOMIOICHUA.



Oucnepcusa (oueHka gucnepcmn)

XapaKTepHu3yeT BaprabeIbHOCTh (M3MEeHYUBOCTH) STHUX
ITepeMeHHBIX Ha MHO)XeCTBe HAOTIOTeHUH.

s2 =1 S (x - 52

B o611iem ciryyae a/1st mosydeHHs: HeCMeIleHHOM OLleHKH
OVCIIePCUU CYMMY KBaZPaTOB CJIEAYET Ae/IUTh Ha YUCIIO
cTereHeil cBOOObI OLIEHKH (N—p), Tae n - 00 beM BhIOOPKH,
P - YMCJI0 HAJIOXKeHHBIX Ha BBIOOPKY CBsi3el. B JanHOM
cjIy4ae p = 1, T.K. BBIOOPKa y)Ke MCIOTb30BaIaCh OUH Pa3
IS oTnIpeie/IeHUs1 CpeJHero X, Mo3TOMY YHUCJIO
HAJIOXKEHHBIX CBSI3€U PaBHO eJUHULIE, A YUCJIO CTeleHen
CBOOO/IBI OLIEHKH (T.€. YMC/I0 He3aBUCHMbIX DJIEMEHTOB
BBIOOPKH) paBHO (N —1).



Bonee ecrectBeHHO M3MEPSATH CTENEHDb pa3dpoca 3HAYEeHU
IIepeMEHHBIX B TEX K€ e IUHUIIAX, B KOTOPBIX U3MEPSIETCS U
cama repeMeHHas1. DTy 3aZla4dy pelllaeT IT0Ka3aTelb,
Ha3bIBAEMbIM CpeAHEKBAAPAaTHIE€CKUM OTKIOHEHHUEM
WJIA CTAaHJAPTHBIM OTKIOHEHHEM, WM CTaHIAPTHOM
OIINOKOI mepeMeHHOM X (mepeMeHHOM Y),
OIIpeeIsIeMbII COOTHOLIEHUEM
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OueHka 3Ha4YyuMocmu Ko3aghuyueHma
Koppensayuu

IIpY MaJIbIX 00'beMax BIOOPKU BBITIOTHSIETCS C
HCIIOb30BaHNeM t - kpumepua CmbrodeHma.

/

[Tpu aToM pakTrdeckoe (Haba0gaeMoe) 3HaYeHHE STOTO
KpUTEPHsI OIIpeieIsieTcs Mo popmye:

Hadsl N 1‘__ l‘2




larpamMmy paccestHHsI, Ha KOTOPOM M300pakaeTcs
COBOKYITHOCTH 3HAaY€HHUH ABYX ITPU3HAKOB, HAa3bIBAIOT
elle KoppeaauuoHHbim noaem. Kaxmas Touka aToi
AvarpaMMbl MeeT KoopAauHatel X. u Y. [1o mepe
TOT0, KaK BO3pacTaeT CHjia TUHeHHOM CBS3H, TOYKH Ha
rpaduke OyayT jexkaTh Oojiee GIM3KO K IMIPSIMOM
JINHUH, a BeTMYHHA T OyzeT O/IFKe K 1.
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[Tpumep

Ilpumep 3.2.1. Buiuucaernue kos3ghguyuenmos naproii, mMuoxcecmeer-
HOU U YACMHOU KOpPeasuul. |

B Ta6x. 3.2.2 npencrasieHa uHdopMaLMs 06 obbeMax Mpoaax M
3aTpaTax Ha pekJiamy OAHOI (PMPMBbI, @ TAKXKE UHAEKC MOTPEOUTETHLCKIX
pacxo0B 3a psi TEKYLIMX JIET. |

1. TlocTpouTs AuarpaMmy paccesiHusi (KOppeasiLMOHHOE Toe) sl
TIEPEMEHHbBIX «00BEM MPOAAX» U «MHJACKC TIOTPEOUTEIbCKUX pacXxo-
IOB». ' '

2. OnpenesuTh cTeNeHb BAMSHNS UHIEKCa ITOTPEOUTENBCKUX pac-
XO0[10B Ha 00beM IMpoJax (BBIYUCIUTL KOIPPUUMEHT TapHON KOoppe-
JISILAN).

3. OueHnTh 3HAYUMOCTh BBIYUCAEHHOro Ko3ddpuumreHTa napHou
KOPPESALMU. | »

4. TlocTpoutb MaTpuLy Ko3()dULUHMEHTOB TAPHOI KOPPEISLUHU MO
TPeM IIEPEMEHHBIM.

5. Halith olleHKy MHOXeCTBeHHOIo Ko dHULIMeHTa KOPPEISILUH.

6. Haiity orleHKM KO3 (PULIMEHTOB YaCTHOM KOPPESILIUN.
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PaccmoTpum tenieps pemenne npumepa 3.2.1 B Excel.

UToObI BLIYKUCIUTD KOPPETALMIO cpeacTBaMy Excel, MOXHO BOCHIONB-
30BaThest DyHKLMeEH =KOPPEII( ), yKa3aB alpeca ABYX CTOIGLIOB YHCel,
'Kax nokasaHo Ha puc. 3.2.2. Orset nomeinex B D8 u paseH 0,816.

(MpuMevyaHue. ApryMeHTbl GYHKUMH KOPPEI NOJIXHBI ObITh
YMCJIaMUA WJIM UMEHAMM, MAaCCUBAMHU WIHM CChUIKAMHU, CONEPXKAIIUMU
yucna. Ecam apryMeHT, KOTOPBINA SIBASIETCS MAaCCUBOM MJIM CCBHUTKOH,
COIEPXMT TEKCT, JIOTMUECKUE 3HAUCHUSA MU IIYCThIE SYCHUKH, TO TAKUE
3HAYECHHMA UTHOPHUPYIOTCA; OOHAKO SUYECHKHU, KOTOPBIE CoAepXKaT HyJie-
Bbl€ 3HAYEHUS, YUUTHIBAIOTCS.

Ecnu maccuel U Maccus2 UMECIOT pa3quHoe KOJIMYECTBO TOYEK
OaHHBIX, TO QYHKI KA KOPPEI BO3BpalllaeT 3HauYeHUE OLIMOKY #H /1.

Eciu Mmaccusl nubo MmaccuB2 IyCT WIM €CIU G (CTaHAApTHOE
OTKJIOHEHME) MX 3HAYEHUM PaBHO HYJIIO, TO (byHKum[ KOPPEII BO3Bpa-
LIaeT 3HAYEHHWE OLIUOKY #OEJI/ 0! .)
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~ £ =KOPPEf(A2:A17,82:817)
- |Obrem Hagexc
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Puc. 3.2.2. Beiuucienue K03 ULIMEHTA ITapHOR KOPPETSLIUU
C NOoMoubIO GYHKIMK KOPPEI
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Puc. 3.2.3. Kpurnueckoe 3HaueHUe 1-CTATUCTUKH paBHO 1,7613
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Puc. 3.2.4. Boryucnervie Marpuibt Kosdduiertos TApHOI KOppenaLyy
C OMOLLbIO MHCTPYMeHTa Koppenaimua

Puc. 3.2.5. MaTtpuua Ko3hdHUUUMEHTOB NapHO KOppensuuu

O6vem |3atparsi [MHgexe |
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OCHOBHAA 32242 PErpecCHOHHOIO aHAJIM3a 3aKJII0YaCTCs B UCCIIENO-
BaHWM 3aBUCUMOCTH U3Y4aEMO# MEPEMEHHOM OT pa3InuHbIX (PaKTOPOB
1 OTOOpaXEeHNH UX B3aUMOCBS3U B (pOpME PErpeECCUOHHOM MOMIEITH.

B perpecCMOHHbBIX MOJENSX 3asucumasn (OOBbSICHAEMAsT) IEPEMEH-
Hasi Y MOXeT ObITh TIpeAcTaBieHa B Buae dynkuuu f(X,, X,, ..., X)), rae
X,, X,, ..., X, — He3aeucumvie (0ODBSICHAIOLLME ) NEPEMEHHBIE, WIN (PaK-

TODBI. |
Cps3b MEX1y TIepeMeHHoi Y M k He3aBUCUMBIMU (pakTOpamu X
MOXHO OXapakTepu3oBath giynxuyuei peepeccuu Y = f(X,, X,, ..., X)),

KOTOpas MOKa3bIBaeT, KAKOBO OYIET B CPEAHEM 3HAUCHUE MEPEMEH-
HOI1 Y, eciu niepeMeHHbIe X, IPUMYT KOHKPETHBIE 3HAYCHUA. HaHHOE
00CTOSITEJILCTBO TTO3BOJISIET UCTIONB30BATH MOAETH PErPECCHH HE TOJIb-
KO IUISl aHAJIN3a, HO U IS TIPOTHO3MPOBAHUA IKOHOMHYECKUX SIBJIC-
HUMN.
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Caopmyxipyem perpeccHORHYI0 352ty 415 CIy4as OHOTO (akTop-
HOT'O TIPH3HAKA.
[TycTs Hmeetca Habop 3HaYEHHI! ByX MepeMeHHBIX, Y = Wp Iy
sy J,) = 00BACHAEMaS TIEPeMeHHA I A= (X, Xy oy X ) — 0OBACHS-
folliad MePEMEHHas, Kaxaad 13 KOTOPBIX COLEPXHUT 1 Ha()JIIOﬂeHI/II/l

[1ycTh MeXzy mepeMeHHbIMM X i ¥ Te0peTUECKH CyILECTRYET HeKOTO-
pas THHEHHAA 3aBUCHMOCTE

F=1K)=flx, x, ., x ) =0+ .

910 YpaBHeRHe GY/1eM HA3LIBATD UCTUHHNM pasHeHHeM pecpeccil



OTKJ/IOHEHUS OT MpeIioaaraeMoi ¢opMbl CBSI3H,
eCTeCTBEHHO, MOT'YT BOBHUKHYTh M B CHITY
HelmpaBH/IHOTO BbIOOPA BH/Ia CAMOTO ypaBHEHUS,
OITMCBIBAIOILETO 3TY 3dBUCUMOCTbh. YYUTHIBAS
BO3MO)XHbIE OTK/IOHEHHSI, INHEIHOe ypaBHEeHHEe CBSI3H
IBYX MlepeMeHHbIX (MTapHYyI0 perpeccuio) mpeacTaBuM
B BUJIE:

Yy, = o+ Px; + €,

'
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II€ 0. — MOCTOSHHAS BEAWYMHA (MM CBOOOAHBII YeH YpaBHEHHS);
B — KoatduLmeHT perpeccutr, ONpeeSIONIHil HAKNOH THHMM, BIOJD
KOTOPOH pacCestHbl JaHHBIC HAOMIONEHHUIA € — CIIyYailHad TiepeMeHHas
(cTyyaliHag COCTaBAAIONIAA, OCTATOK, WK BOMYLLEHHE).

KoaQuument perpeccuut [§ xapakTepusyer H3MeHEHME EPEMEH-
HOM y, TIDU H3MEHEHIMH 3HAYEHHA x. Ha enunuty. Ecim B> 0, nepemen-
HHIC X, H y; TOJNOXUTEIbHO KOPPENUPOBAHHEL, ecli f< 0 — oT-
PHUATEIbHO KOPPETUPOBAHHBL

Chyyalinag cocTaBsioLas €, 0TPAXaeT TOT q)aKT YTO H3MEHEHHE ),
OyIeT HETOYHO OMHUCHIBATHCA MIMEHEHUEM X,, TaK KaK [IPUCYTCTBYIOT
Ipyrue (akTophl, HeYYTEHHbIE B JAHHOM MOJEIH,
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= [Mpeanocbinkmn MHK

CBoticTBa KO3(PpPHUIITMEHTOB perpecCcuy CyIlleCTBEHHBIM
00Pa30M 3aBUCST OT CBOMCTB C/TyYaliHOM
cocTaBstonieid. J[/1st Toro 4ToObl perpeCcCHOHHBIN
aHaJIN3, OCHOBAHHBIN Ha OOBIYHOM MeTO/Ie
HAaMMEHbIIWX KBaIPAaTOB, JaBaJl HAWIYYIIUe U3 BCeX
BO3MOXHBIX P€3Yy/IbTAThI, JO/DKHBI BBITIOTHATHCS
CJIeAYIOLMe YCIOBUS, U3BECTHbIE KaK

ycinosuia Iaycca - Mapkosa.



1. Mamemamuueckoe oxcudaHue cay4atiHoli cocmasastowel 8 11060m

HabatodeHuu doaxcHo 6bIMb pagHoO HYJIO.

M(g;) = 0.

2. B mooeau (3.3.1) gosmyuierue €, (Uau 3a6UCUMASl REPEMEHHAA Y ;)
ecmo GeAUMUHA CAY Y a Il H A A, G 00BACHAIOUWAS NEPEMERHAA X; — GENUHU~
Ha HecayuailHas. Ecnu3To yCnoBye BbINTOJIHEHO, TO TECOPETHUYECKAS
KOBapUaLMsi MeXIy He3aBUCHMON NEpEeMEHHOM U CIy4YalHBIM WICHOM
paBHA HYJIIO. | .

3. B a106bix 08yx HAbAlOOEHUAX omcymcmaeyem cucmemamuue-
CKasl C8A3b MeHCOy 3HAYEHUAMU CAYHAUHOU cocmasnsioweii. Haripumep,
ec/M CJyyaiiHas COCTAaBJsIOUIasi BEJIMKA WU MNOJIOXUTEIbHA B OGHOM
HAOJIOACHUH, 3TO HE JOJ/DKHO OOYCIIOBJIMBATh CUCTEMATUYECKYIO TCH-
JIEHLIMIO K TOMY, YTO OHa OyaeT GOJNBLION U ITOJTOXHUTEIbHON B CIEIY-
joleM HaGmoaeHuy. CiydaiiHbie COCTaBISIOLIME JO/DKHBI ObITh HE3a-
BHCHMBI ApYT OT ApyTa.




. S

B cuity Toro uro M(g)) = M(e) 0, mTaHHOE yC/10BUE MOXHO 3aIlTUCATb
CAEOYIOIUHWM 00pa3oM:

/

M(g,e))=0 (i=)). » (3.3.3)

Bo3mymeHnus €; n €; HEKOPPEIUPOBaHHBI (YCJIOBHE HE3aBHCHMOCTH
CJHYYAHHBIX COCTABIAIOIUMX B PAa3TUUHbIX HAOTIOAEHUAX). DTO YCIOBUE
O3HAYaCT, YTO OTKJIOHEHUSI perpeccuu (a 3Ha4YuT, U caMa 3aBUCHUMas
NepeMeHHasi) He KOppeaupylor. B ciiyuae BpeMeHHOro psiia Y, ycio-
Bue (3.3.3) o3HayaeT OTCYTCTBUE aBTOKOPPEJISILIUM pPslia €.

4. [ucnepcus cayuaitnoit cocmaensiroweti 0oaxcHa 6ovimo n OCMOSAH-
Ha 0aa eécex Habarodenui. UHorna ciaydaiiHas cocTapisiiouias 6Gyaer
Oosibllle, HHOTAA MEHbLIE, OJHAKO HE JOJIKHO ObITh allpMOPHOI NPU-
YUHBbI IJisl TOTO, YTOObI OHa Nopoxaana 0dJbUIVIO OUIMOKY B OLHUX
HAOJIIONECHUSIX, YEM B IPYIrUX.

IlocTtosiHHasa nucnepcus OOBIYHO OOO3HAYAETCS 02(8) U G
a yCJIOBHUE 3alIMCbIBAETCS CAEAYIOLIMM O0Opa3oMm:

D(g;) = 0 . (3.3.4)

3JTO yc/i0BMEe rOMOCKEJACTHIHOCTH, H/TU PABHOM3IMEHYMBOCTH, CIydaii Hou
cocTaBasolleil (BO3MVLULCHUS).
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[lpeanonoXxeHue o HOpManbHOCTI
HecmeweHHOCmMb OUEeHKU O3HAYaeT, YTO MaTeMaTHU4YeCKOoe

OXKHMJIaHWEe OCTATKOB PaBHO HY/I0. Ec/iu ojfeHKH 06/1a1a10T

CBOMCTBOM HeCMEIEeHHOCTH, TO UX MOXHO CPaBHHWBATDb I10
Pa3HbIM NCCJIE€EJOBAHHUAM.

Il st mpaKkTUYeCcKuXx 1esiel Ba)KHa He TOJIBKO HeCMEIlleHHOCTh, HO U
3P PEeKTUBHOCTH OIIEHOK.

Ouenku cuumatromcea 3¢hekmueHbIMU, €C/TU OHU
XapaKTepPU3YIOTCSI HAUMeHbllen aucnepcuei. [loatomy

HEeCMELIeHHOCTH OLLeHKHU J0/DKHA JOIOIHATHCS MUHUMa/IbHON
AUCIepcuen.

CTerneHb JOCTOBEPHOCTH JOBEPUTETbHBIX MHTEPBA/IOB apaMeT
POB perpeccuu 00ecIieqyuBaeTCsl, eC/TA OLIEHKH OYZIYT He TOTbKO
HecMellleHHBIMH U 3G PeKTUBHBIMH, HO 1 COCMOSAMENbHbIMU.

CocmosmenbHOCMb OUEHOK XapaKTepU3yeT YBeTUUYeHUE UX
TOYHOCTH C YBeJTMIeHHeM 00'beMa BRIOOPKH.



= MeToa HauMeHbLUUX KBagpaToB

IaeT OLeHKH, UMEeIoI1ie HAUMEHBIIYIO IUCIIePCUIO B
KJIaCCe BCEX JIMHENHBIX OLLeHOK, €CJIN BBIMTOTHSIOTCS
MPEeAIOChUIKU HOPMaJIbHOU IMHEUHOU
perpecCuOHHOU MOZEH.

OueHKH O, 3 HAXOASIT MYTEM MU HHMMH3Aa1LUU CYMMbl KBaIpaTOB
n £
O, B) = Y (¥, — 9)* = D (3 — e~ Bx;)*
i=1 i=]

110 BCEM BO3MOXHbIM 3HAUEHUSAM O M 3 Npy 3adaHHBIX (HaGI100aeMBbIX)
3HAYEHMSAX X, ...y X, V|, ...y V,. 3alla4a CBOJAUTCSA K MATEMATUYECKOM
3ajade rnouckKa mouxku munumyma pyHKLUUU ABYX nepeMeHHbIX. Touka
MHUHUMYMAa HaXOIUTCs NMyTEM MpUpPaBHUBAHUWS K HYJK YaCTHBIX MpPO-
N3BOOHBIX PYHKUUU Z = Q(a, B) MO mepeMeHHbIM O U 3. DTO NIPUBOAUT
K CUCTEME HOPMAaJIbHbIX YPABHEHUH

00, B) _
do.
90, B) _
aB ’

pelLleHUEM KOTOPOIi M aBJsieTca napa &, B.



B pesynbrare npumenenust MHK monydaem ¢popmyss
ZL71s1 BBIYUCJIEHUS TIapaMeTPOB MOZE/IU TIapHOU
perpeccumu:

Z(y: j)-)(xi _:x_)
B: =1 ,
Z(x,- _55)2

i=1

7 — Bx.
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Takoe pelieHUe MOXET CYLIECTBOBATh TOJIbKO IMPU BbINOJHEHUU
YCJIOBUSA

zn:(x,ﬁ—- x)* #0, (3.3.6)
=l

YTO PABHOCWILHO OTJIMUMIO OT HYJISI ONIPEAEHUTENISI CUCTEMbI HOPMAJTh-
HbIX YPaBHEHUH. deUCTBUTENBHO, 3TOT ONIPEACIUTE b PABEH
H

2
anf = zn:x,- =n ixf —nx’ | = ni(x,- - x)%
i=1 i=1 | i=l

=]

Ycnosue (3.3.6) HaspiBaeTCsl yCIOBHEM HICHTHOHUMPYEMOCTH MOJIE-
I HaOJoAeHHUi y, = (o + Bxl.) + &, i =1, n, ¥ 0O3HaYaeT, YTO He BCE
3HAYEHHUS X,, ..., X, COBOANAIOT MeXay coboii. [1pu HapylIeHUHN 3TOTO
YCJIOBUST BC€ TOYKM (X, y,), i = 1, 1, 1eXaT HA ONHOW BEPTUKAJIbHOU
MpSAMON x = X.

Fa
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~ KoadhdpuumeHT aeTepMUHaLUK

TTOKA3bIBAET /IOTI0 BAPHAIIMH PE3Y/TbTaTHUBHOTO
MPHU3HAKA, HAXOSIIETOCs IO BO3/IefiCTBHEM
M3y4aeMbIX PaKTOPOB, T. €. OTIpeiesisieT, KaKas 0/
BapUaIlluy MpU3HaKa Y yYTeHa B MOJIeTU U
oOycIoB/IeHa B/IMSIHHEM HA HEro $baKTOpPOB.

- Koagpgpuuuenm demepmunayuu onpenensior cnenylomnm obpa3zoM:

R? = OObsICHEHHAs CyMMa KBalpatoB
O6uas cymMmMa KBajipaToB

n n
— i=l — i=1

— =] - _ .
> (=¥ > (=¥
i=1 i=]

(3.3.12)




111 IpoBepKU 3HAYUMMOCTH MOJE/IN Perpeccuu
ncnosnb3yetcs F-kpurepuu Puniepa, BEIYUCAIEeMbIN
KaK OTHOLLEHWEe JUCTIePCUN UCXOSHOTO PSAZila U HeCMe
II€EHHOU JVCIIePCUU OCTATOYHON KOMIIOHEHTHI.

JJiA Moae M NapHoil perpeccuun

2 2
R n-2)= : fﬂ;‘z (n-2). (3.3.15)
Y,X .

B xauyectBe mepur mounocmu NPUMEHSIIOT HECMEULCHHYIO OUECHKY OUC-
nepcuu ocmamounoi xomnonenmo: S°’, KoTopasi IpeAcTaBisieT coboii
OTHOWIEHHE CYMMBI KBAApPaTOB YPOBHEM OCTATOYHONW KOMIIOHEHTHI K
BeauuurHe (n — k — 1), rae kK — Koqan4ecTBO (PaKTOPOB, BKJIKOUYEHHBIX B
Moaeb. KBaapaTHbI KOPEHb U3 3TOM BEJUWYUHBI HA3bIBACTCS crmaH-
dapmHuoi owubKoli: '

' 1 LI
S = ___2 < 3.3.16
’ \/”_k_liztel ( )
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= [Tpumep

[Ipumep 3.3.1. B 1abn. 3.3.1 npuseacHa uHdopMaLms o cpeaHeny-
LUEBBIX MECAYHBIX JOXOAAX M PaCcxoaax Io ]_leHTpaJIbHOMy denepanb-
Homy okpyry B 2002 r. [17]. Tpebyercs:

I) mocTpouTh 0XHOGAKTOPHYI0 MOJIENb PETPECCUU 3aBUCHMOCTH
PacXoflOB OT JOXOJIOB;

2) NpoBEPUTb 3HAYMMOCTb MAPAMETPOB MOJACITH pErpeccuu
(=0,1);

3) TOCTPOMTD AOBEPUTE/IbHbIA WHTEPBAJ )14 NOJYYEHHON MOJENH
perpeccud (o = 0,05). Orobpa3utb Ha rpaduke UCXOAHBIE JAHHBLIE,
PE3yAbTaThl MOLETMPOBAHUSA Y IPOTHO3HPOBAHUSI;

4) OLEHUTH Pacxobl, €ciu A0xox coctaBut 3600 pyo.
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Tabauua 3.3.1

Obnacmo Non/n Hoxodst, pyb. Pacxodbt, py6.
Benropoackas | 2784 2478
bpsiHcKas 2 223535 2034
Bragumupckasi 3 2062 2019
Boponexckas 4 2533 2501
WUBaHoBCKas 5 1595 1668
Kanyxckas 6 2254 2188
KoctpoMmckasd 7 2371 2217
Kypckas 8 2518 2202
JIuneukas 9 - 2742, 2392
MockoBcKast - 10 3416 3354
(6e3 r. MockBa) |
OpJioBckast 11 2540 2347
PazaHckasi 12 2510 ‘ 2309
CMonenckas 13 2843 2671
TamboBcKas 14 2648 2201
Trepckas 15 - 2204 1932
Tynbckas 16 2561 2160
ApocnaBckas 17 3311 2921




g Pemeunne. |

1. Jins BBIYMCIEHUS NIapaMETPOB MOJEJN BOCHOAb3YeMCS (popmy-
namu (3.3.5). [IpoMexyTouHble pacyeThl NpUBeAeHbI B Tabn. 3.3.2. [1o-

Jlyyaem
43

X —xNyv. -y
;e L =R0=D S ssanze s
R w 2993601,06 ~
| Z(xi —X) _

=]

6 = 7 ~ B¥ = 2329,06 + 0,85 2539,24 = 170,47.
[IpeacraBUM pacyeT nmapaMeTpoB MOJEIN B MATPUIHOI popme:
( AL

| Yy
A=X'XY'X'Y = 1= =

H
inyi

\ i=1 J \ i=1 J

(22127 -0,0008) ( 39594,0 | (170,47
~1-0,0008 0,0000) {103083326,0) | 0,85 )

=
-MZS
Ra
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I
e
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Tabauya 3.3.2
Nen/n | Joxombl | Pacxomwt | Y;—=YV | X —X (x, - ) (=YX - %) Y OcTtatku ef
X Y | e,

1 2784 2478 148,94 | 244,76 59 909,76 36455,54 | 2537,13 | —59,13 3496,59

2 2255 2034 | 295,06 | —284,24 80 789,70 83 866,13 2087,43 | —53,43 2854,98

3 2062 2019 | -310,06 | —477.24 227 753,53 147 971,01 1923,36 95,64 9146,30

4 2553 2501 171,94 13,76 189,47 2366,72 | 2340,76 | 160,24 | 25676,82

5 1595 1668 | —661,06 | —944,24 891 580,29 624 195,07 1526.37 { 141,63 | 20059,17

6 2254 2188 | —141,06 | -285,24 81 359,17 4023496 | 2086,58 | 101,42 | 10285,64

7 2371 2217 | -112,06 | —168,24 28 303,11 18 852,25 | 2186,04 30,96 958,34

8 2518 2202 | -127,06 | -21,24 450,94 2698.13 2311,01 | —109,01 | 11 882,49

9 2742 2392 62,94 | 202,76 41 113,53 12762,25 | 2501,43 | —109,43 | 11974 48
10 3416 3354 1024,94 | 876,76 768 716,35 898 632,25 | 3074,39 | 279,61 | 78 180,82 |

11 2540 12347 17,94 0,76 0,58 13,72 | 232971 17,29 298,98

12 2510 2309 ~20,06 | —29,24 854,70 586,43 | 2304,21 4,79 22,98

13 2843 2671 341,94 | 303,76 92 273,00 103 869,66 | 2587,29 83,71 7007,78

14 2648 2201 | —128,06 | 108,76 11 829,76 —13928,28 | 2421,52 | —220,52 | 48 628,67

15 2204 1932 | —397,06 | —-335,24 112 382,70 133 108,13 2044,08 | —112,08 | 12 561,29

16 2561 2160 | —169,06 21,76 473,70 —-3679,52 2347,56 | —187,56 | 35179,08

17 3311 2921 591,94 | 771,76 |  595620,76 456 839,31 2985,13 | —64,13 4112,88

Cymma |43 167,00 | 39 594,00 0 0 2993601,06 | 2544 843,76 | 39 594,00 0 282 327,28

Cpennee | 2539,24 | 2329,06 0 0 — 149 696,69 — 0 —




INMocTrpoeHa Moaesib 3aBUCHUMOCTH PACXOJ0B OT AOXONA:
P, = &+ PBx, = 170,47 + 0,85x;.

I'pu yBeammueHHUH 1oxona Ha | pyo. pacxonbl YBEJIHUYMBAIOTCS B CpeaHEM
Ha 0,85 pyo. _
A 2. PacyeTHOE 3HAUYUEeHMUE I-KpUTEepMs (1"3 p,dcq) BBEIYUCAUM 110 GOopMy-
JijamMm (3.3.17) 1 (3.3.18), ucrmonp3ysi paHHbie Tadsn. 3.3.2:

2 2
Sy = Se = 1.9, 1 — 0,079,
” = 2993601,06
2 (x; —X)

i=1

IBpacy = 1[31 = Hg = 10,72,
Si- 0,079
1 2. o 282 327,28
ronec .S, = |——— e; = > = 137,19.
== e e 22_:' Y 15
TabiamuHoe 3HadeHue 7-kKpurepus npum 10%-HOM ypoOBHE 3HAYH-—
MOCTHM M 15 crenneHsix ¢sodoans: (17 — 1 — 1 = 15) cocTasiuser 1,75

(cm. IMpunoxenne 2). Taxk Kak |7, | > 7,6, TO KO3bDDuLMEeHT B 3HaAYMM.
3. JoBepMTEJIbHbLIH MHTEpBaJl AJisi TIPOTHO30B HHAMWBMUIAYAJIbHBIX
3HAYEHWH Y, ONPEaCAsieTCH N3 COOTHOUICHMUS!

P & I (x; — X)?
yie[yiiUi]Z yiiSetcx 1+_;l_+ r *
pMETEE N
i=]
Koadduumneur CreioaeHTa 7, Ansti v = 15 creneHelu cBoSoasl

(v=rn—2) u yposHsa 3HaAadYumMmocTu 0,05 pasen 2,13, Toraoa

1 (x; — 2539,24)2

U v 17y =137,19-2,13- /1 + — +
s ik el ? \/ 17 2993601.06

- Pe3ynbTaThbl BBIYUCJIEHUNR NIpUBEAEHbI B TaGs. 3.3.3 1 Ha puc. 3.3.1.
4. st TOro 4roomsl oripeaeyjimTbh pacxonbl TIpu naoxone 3600 pyo.,
HeOOXOAMMO TIOJIYHHUTbh TOYECUHHBIN M UMHTEPBaAbHBIH MTPOrHO3 aHalo-
TMYHO TOMY, KaK 3TO CAEJIAaHO B IIyHKTe 3. JIiis 3Toro ciaeayeT rNnoacra-
BHMTb 3HAYCHUE X praBHoe 3600, B IMMoOoaydeHHYIO MOOC)1b:

Npory?>

Faporn = 170,47 + 0,85 - 3600 = 3230,81.
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Tabruua 3.3.3
; U Bepr)ﬂ}? Huscrss ; L Bepxrsis Huoscrsis
i SpanuLa epanuta i epanHuya eparnuua
1 303,73 2840,86 2233.,40 10 335.41 3409,80 2738,99
2 304,71 2392.14 1782,72 11 300,90 2630.61 2028,81
3 311,52 2234 88 1611.84 12 300,949 260514 2003.27
4 300,91 2641 .,67 2039.,85 13 305,25 2892 .53 2282,04
5 340,60 1866,97 1185,77 14 301.46 2722 .98 2120.,06
6 304,73 2391.32 1781.,85 15 306.18 2350,26 1737.,89
7 302.249 2488.28 1883.81 16 300,92 2648,48 2046,64
8 300,92 2611.93 2010,09 17 327,95 3313,08 2657.,18
9 302,84 2804,27 2198,59
3500 T
3250 +
3000 +
2750 +
‘S, 2500 +
ol
= 2250 +
=
S 2000 +
3
& 1750 +
1500 +
1250 +
1000 § t + + H

1500 1700 1900 2100 2300 2500 2700 2900 3100 3300 3500 3700
Aoxonwl, pyo.

Puc. 3.3.1. I'pahMK UCXOOHDBIX JAHHBIX (—e—), PE3yJIbTATbI
MOOCJIMPOBAHHUSA (—e—) M JOBEPHUTEIIBHbIEC MHTEPBAJIbI (——)



i

Takum oOpa3zoM, nPOcHO3HOE 3HAYeHUe fznpom = 3230,81 ¢ BeposIT-
HOCTBIO 90% Oyaer HAXOAUTLCS MEXIAY @epxHel epaHuuel, paBHOMU
3230,81 + 265,49 = 3496,30, u HuxcHeld epanuuyeri, paBHOM
3230,81 — 265,49 = 2965,32 (puc. 3.3.2).

3500 -
3250 4
3000 -
2750 -
2500 -
2250 |
2000 -
1750 -
1500 -
1250 |

1000 ; } : : : t : : t + -
1500 1700 1900 2100 2300 2500 2700 2900 3100 3300 3500 3700

doxoampl, pyo.

m 3496,30
3230,81
m 2965,32

-

Pacxombl, py6.

|

Puc. 3.3.2. I'pacbuk Moae/iv napHO perpeccum 3aBUCMMOCTU PaCXOdoB -
OT 1OoXona, TOYEYHbIM ¥ HHTEPBAJILHBIN NPOrHo3 npu x = 3600 pyo.






