OTOBPAXEHWUE BSAUMOCBA3N
MEXOY NAPAMETPAMHU

C NPUMEHEHUEM MHOXXECTBEHHOIO
PEFPECCMOHHOIO AHAJITU3A

MHOXXeCTBEHHbIA PErpecCUOHHbIA aHanua — 3To MeToa MaTtemaTtu-
YECKOM CTaTUCTUKKU, KOTOPbIA MO3BOMSET HaWTKM Hambonee TO4YHOE U
JoctoBepHoe oTobpaxeHne (MoAenb, annpokCcuMauuio, ypaBHeHue
perpeccun) CTOXacTUHYECKOM 3aBUCMMOCTW MexXay OTKMnkoM Y 1 He-

ckonbkumu cpaktopamn X, X,, ..., Xj, ey X,,. Onsa peleHus
JaHHoW 3agayn HeobxoaMmo:

1. Onpegenutb BUA YpaBHEHUSI perpeccum.

2. OueHUTb 3HaYUMOCTb KO3(P(PMLIMEHTOB perpeccum.

3. OueHnTb JONYCTUMOCTb OTOBpaXkeHust uccnegyemon 3aBu-
CUMOCTU BblOpPaHHbIM yYpaBHEHMEM perpeccun.

4. WccnepoBaTb oCTaTKM (OTKNOHEHMS OENCTBUTENBHbIX 3HAYe-
HWI OTKMMKa OT NpeacKa3biBaeMblX MO YpaBHEHUIO perpeccum).

8.1.0npegeneHve BuAa ypaBHeHUS MHOXXECTBEHHOW perpeccum
YuntbiBasi BO3MOXHbIE OTKIIOHEHMWS], MOZEMb CBA3W OTKMMKA C He-
KOTOPbIM KOMMMekcom daktopos X ={ X ,...,Xj ,...,Xm} OOMKHA
ObITb NpeacTaBneHa B BUAE ABYX COCTaBSOLLMX:

y=¢(X)+s, (8.1)

roe d) X ) - cucrematuueckas (obbsicHeHHas)) cocTtasnsiiowas. OHa

obycrnosneHa CyLeCTBOBAHWEM 3aBMCUMOCTU MeXay OT-
KINMKOM 1 KOMMNIEKCOM haKTOPOB;

€ - cnyyanHas coctaBnswowas. OHa obycnoerneHa pasHoOO06-
pa3HbIMU BO3MYLLEHUAMW U BbI3bIBAET OTKMOHEHUs Y OT

3Ha4YeHnn, COOTBETCTBYHOLLMX pearibHON 3aBUCMMOCTMU.
[1ns nocTpoeHnss MHOXXECTBEHHOW PErpecCcMoHHON Moaenu (MHa-
Yye — MHOXECTBEHHOIO0 ypaBHEHUS perpeccum Wnm MpocTo MHOXECT-
BEHHOW perpeccmm) HeobXxoauMO peLnTb CrieayoLme 3agadun:
3agada onpegeneHvus Buaa ypaBHEHUS MHOXECTBEHHOW per-
peccumM COCTOUT B HaxXOXOEHUM cucteMaTUdecKon COoCTaBnstoLlen

¢(X) OpHako, MOCKOJbKY MCMOSb3YTCs BbIGOPKU OrpaHU4YeHHOro
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obbema (N<<<00), mMoryT 6GbITb HaWOEHbl JULWb OLEHKA MCTUHHbIX
napameTpoB.

MMycTb, Hanpumep, AEWCTBUTENbHAs 3aBUMCMMOCTb OTKMMKa OT
KOoMnekca pakTopoB sIBNSIETCHA NUHENHOMN:

y=¢(>?)=Bo+iBij- 6.2)

OueHkon (Mogenbio, OToGpakeHWem, annpokcumauuen) aTomn
CBSI3M TaKKe MOXET ObITb JIMHENHOE BbIpaXeHMWE:

y=¢()z)=b0+ibixi‘ (8.3)
=1

B BblpaxeHuu (8.3), KOTOpPOE N eCTb ypaBHEHME perpeccuu, Ko-
adbcpuumenTsl perpeccm by n b, (j=12,...,m) npeacraensior co-

6ol OUEHKN KOIPPMLMEHTOB UCTMHHOM 3aBucumoctn (b, =[B, u
b, =B)).

Ona non6opa ypaBHeHus Yy = q5()2) KOTOpoe Haunyywum ob6-

pa3oM OTOOpaxaeT CTOXaCTUYECKYHD CBsi3b MeEXAy OTKIMKOM WU pac-
cMaTpuBaembiMu hakTopamu, UCMOMb3YIT METoA HaMMEeHbLUUX KBad-
patoB (MHK). CornacHo MHK Hamnydwen oueHkon nccrnegyemon 3a-
BMCMMOCTM SIBNSETCA Ta, KOTOpas [AaeT HaMMEHbLUYH CyMMY KBagpa-

TOB OTKIIOHEHUIA HabnoJaeMbix 3Ha4YEHUIA OTKNMKA Yj OT paccyMTaH-
HbIX MO YPaBHEHWIO perpeccun Y, npu Tex xe 3Ha4yeHusix akTopos

{ X oo X X } OT0 ycrnoBue BbipaXkaeTcs criegyolwmm obpasom:

n n
Ye’=>(y,-%) =min. (8.4)
i=1 i=1

Mcxopsa us ycnoeus (8.4) 3agava onpegenenuns koapduumeHTos
YPaBHEHUSA perpeccuy CBOAWUTCS MPaKTUYECKM K ONpedeneHut0 MUHU-
MyMa (PYHKLUMN HECKOSTbKUX MEPEMEHHbIX M pelleHa MaTemaTnyecKon
CTaTUCTMKOM ANsi NIMHEMHOTO ypaBHEHWsl. 3HaveHus KOadhpULNEHTOB
perpeccumn B (3) BbIMUCIIAIOTCS PELLEHNEM CUCTEMbI M3 N JNIMHENHbIX
ypaBHEHUN ¢ MM HeusBecCTHbIMM (3gecb N - 4yMcno HabnwaeHui)
[1, 2, 3].

B MS Excel koadhuumMeHTbl NMHENHON annpokcumauun MoryT
ObiTb onpegeneHbl C UCMOMb30BaHWEM CTaTUCTUYECKOW YHKLMK
NMHEWH(). CyHTaKeuC DyHKLMM 1 BOMPOCHI, CBA3AHHBLIE C €€ UCMOMb-
30BaHWEM MpuBEAEHbI B Npun.2. [INsa KOMMMEKCHOrO pelleHnst 3agaym
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MHOXXECTBEHHOIO PEerpeccuoHHoro aHanusa B MS Excel nmeetcsa uH-
CcTpyMeHTa «Perpeccus».

8.2.0ueHMBaHMe Ka4ecTBa MHOXECTBEHHOMN annpokcnmauum

[Ons oueHvBaHMA KadecTBa MHOXECTBEHHOMW annpoKCMMaLumm
HeobX04MMO OnpeaenuTb ee CTaTUCTUYECKYI0 HadEeXHOCTb, NPOBEPUTH
3HAYUMOCTb KO3D(PMLMEHTOB perpeccum © NpOBEPUTb BbIMOJSIHEHME
OOMyLeHnn OTHOCUTENbHO ocTaTkoB. OueHuBaHWEe CTaTUCTUYECKOW
HaJeXHOCTU ypaBHEHUS MHOXECTBEHHOMN PErpeccuun BbINONHAETCH Tak
Xe, Kak 1 napHou annpokcumMaumum (cMm. nogpasaen 6.). Noatomy 3gech
paccMoTpUM TOMbKO ABe NOcCneaHne 3agayu.

8.2.1.NMpoBepka 3Ha4YUMOCTU KOIhDULUNEHTOB perpeccumn

KoadhpmumeHTsl perpeccun bj SABMAOTCA CryvYanHbIMU BENNYN-
HaMM C MaTeEMaTUYECKUMUN OXNOAHNAMM B,— 1 AMCNepcusiMm, KOTOpPbIM

COOTBETCTBYIOT CTaHAapTHbIE OTKITOHEHUS SDJ- . 3HayeHue bj npusHa-
€TCS CTaTUCTMYECKN 3HaYMMbIM, €CIV BbIMOJTHAETCS YCIIOBME:

tbj:t.—j‘>t[a;n—k], (8.5)

roe tbj " t[O( n-— k] - pacyeTHoe 1 TabnuyHoe yncna CTbloaeHTa.

Ecnu ycnoeue (5) He BbIMOMHEHO, TO CriegyeT MpuU3HaTthb, YTO

b]- =0 v BrmaHve daktopa X Ha OTKIMK HecywiecTBeHHOe. B Takom

cryyae peKoMeHayeTCsl MOBTOPUTb PErpecCUOHHbIN aHanm3 6es3 yyeta
daktopa X .

8.2.2.AHann3 octaTkoB

OctaTtkamm NPUHATO Ha3biBaTb OTKITOHEHUA OENCTBUTENbHbIX 3Ha-
YEeHWUN OTKIMKa OT paccyYnTaHHbIX MO ypaBHEHUKD perpeccumn (,EI,J'IFl | -ro

HabniogeHua octatok € =Y, — Y). OTkroHeHus oBycroBmeHbl Ha-

nuyamem B (1) cnyyamHon cocTaBnsilolend €, OTHOCUMTENBHO KOTOPOM
AenaloT criegyloLlme npeanonoXeHns:
1. 310 HOpManbHO pacnpegeneHHas cnyvyanHas nepemMmeHHas.
2. Matematnyeckoe oxuaaHwe cnydavHOW COCTaBRSHOLLEN paBHO
Hyno - M (8) = 0. Cuuraltor, 4TO AaHHAs rMNOTE3a BbINOMHAET-

csA, ecnv cpedHee BbIGOPOYHOE OCTATKOB MOXHO CYMTATb pas-
HbIM HYTHO:
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e=—>»e =0. (8.6)

3. Oucnepcua cnyyarnHomn COCTaBNSALEN MOCTOSIHHA -
D(c‘:) = Const. M'mnoTtesa moxeT 6bITb NPOBEPEHa, HanpumMep,

NOCTpoeHnem rpadnkoB OCTATKOB B 3aBMCHMOCTM OT KaXKdoro
dhakTopa. Ecnu Ha Bcex Takux rpadoukax ocTaTku NpUMEpPHO
paBHOMEPHO paccesiHbl B npefenax obnactv, napannenbHoi

ocm X, (puc. Ml.la), To runotesy D(s):Const cunTaT

crnpaBeanMBon.

4.B pasnuyHbiX HabnogeHVaX 3HayeHus € He 3aBUCAT Apyr OT
apyra. [Ins npoBepKku rmnotesbl 0 HE3aBUCUMOCTU OTKITOHEHUI B
pasnuyHbIX HabnOEeHNSX OLEHMBAKT aBTOKOPPEnsAuu ocTar-
KOB C npumeHeHnem kputepus [apOuHa-YoTcoHa (kputepus

DW):
Dw="=2___ (8.7)

Ctporoe ycrioeue otcyTctBus asTokoppensauum DW =2 [2, 6].
OpaHako, ¢ yyeToM ocobeHHoCTeln pacnpegenenns kputepusa dapbuHa-
YOTCOHa, OPUEHTUPOBOYHO MOXHO CUMTaTb, YTO ABTOKOPPENAUMS OC-
Tatkos otcytctByeT npu 12< DW <28[6]. B npotusHoM crnyyae

cnefyeT nNpusHaTb, YTO rMnotesa O HEe3aBMCUMOCTM OCTaTKOB B pac-
cMaTprvBaeMOM Cryyae He BepHa.

Ecnu aHanus octatkoB obHapyXuBaeT HECOOTBETCTBUS YKa3aH-
HbIM TMNOTe3aM, TO YpaBHEHWE perpeccuu, OTHOCUTENbHO KOTOPOro
JaHHble OCTaTKM MOMnyYeHbl, CnedyeT cyuMTaTb HeyaoBreTBOpUTErb-
HbIM, T. K. TpaBoMepHocTb nNpumeHeHmnss MHK n ykasaHHbIX Bblle oue-
HOK U AN MHOXECTBEHHOrO PErpecCMOHHOro aHanm3a MOXeT ObiTb
nocraBfneHa nog COMHeHue. B TakoM criydae pekomeHayT paccMmoT-
peTb ypaBHEHVE MHOro Bnaa (Hanpumep, HErMHeHoe BMECTO JTMHEeN-
HOro0), BKMOYNTb HEYYTEHHble paHee hakTopbl, BblAenMTb B obnacTtu
BapbUpoOBaHMs hakTOPOB pa3nuyHble nogobnacTtu.

8.3.NMpumMep MHOXEeCTBEHHOIro perpecCMOHHOro aHanusa
B MSEXxcel ¢c npuMeHeHneM MHCTPyYMeHTa «Perpeccus»

B kauecTtBe npuMmepa paccMoTpumMm 3agady NoCTpoeHuA 3aBUCKU-
MOCTU npeaena TeKy4eCTtn MmeTanna, npokataHHOro Ha LWnpoKo-
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nonocHom ctaHe ropsiienn npokatkm (LLUCITT) oT TemnepaTyp KoHua
npokatku (tkn) n cMoTkK (tcm). NicxogHble faHHble 3aHOCATCA Ha pabo-
YN NUCT C KnaBuaTypbl (Ha puc. 8.1 1 8.2 OHM pacnonoXeHbl B A4el-
kax A1:C29).

8.3.1.Annpokcumanuumsi ¢ NPMMEeHEeHMEM UHCTPYMEHTa
«PEFPECCUA»

Mpn BbINONMHEHUN pPabOoTbl HACTPOWKM WMHCTpyMeHTa «Perpec-
CUA» OOMKHbI COOTBETCTBOBATb YKasdaHHbIM B NpunoxexHun 1.

B sTom cnyyae OCHOBHble pesynbTaTbl (A4enkn E1:M19 Ha
puc. 8.1) 6yayT gononHeHbl Tabnuuen octaTkoB (a4erkn E23:G23 Ha
puc. 8.2).

A | B [ c o E [ [ [ H [
|22 | 23321 875 | 715
| 23 | 2000 875 e BEIBOA OCTATER
| 24 | =044 | 917 | 560
Moedcys
Heomadenie FFHHOE it FAraL (er-_ er-_rf

|26 | 2075 | 917 | §24 S, M=
|26 | 2622 | 917 | 611 1 3713 73 53,6
|27 | 2254 | 917 | 620 2 3545 -13.4 3748
|28 | 2703 217 64T 3 335,89 2.5 254,80
|22 | 1212 | 917 | 715 4 316.4 -32,3 1214,00
|20 | 1752 | 917 | T8 4] 303.9 270 2517 .48
| 31 | G 2636 18.3 Ta 61
| 22 | 7 254.G 11,2 43,52
| 22 | 2 3484 -12,0 545,15
| 24 | =] 331.8 -11.3 0,60
| 35 | 10 3130 23.8 122838
| 26 | 11 2835 5.8 321,84
| 27 | 12 281.0 -11.7 209,47
| 38 | 13 2407 -0,4 127 .80
| =22 | 14 23,7 -25.4 623,31
| 40 | 15 3280 6.2 295,21
| 41 | 16 311.3 -21.0 74,05
| 42 | 17 2026 254 2205493
| 42 | 18 2731 10,1 250,99
| 44 | 19 260,56 20,4 106,26
| 45 | 20 2203 12.8 57 69
| 45 | 21 211,23 -11,3 579,18
| 47 | 22 3071 27 7328
| 42 | 23 280.4 171 291,16
| 48 | 24 271.7 -248 397 .50
| &0 | 25 2522 -26,8 573,25
| 51 | 26 23,7 306 328572

52 27 199.4 -18.1 237123
| 5% | 28 190,4 -15,1 9,20

54

Puc. 8.2. Ta6nV|U,a OCTaTKOB, NoJjty4eHHaaA C ncrnoJjib3oBaHnemMm NHCTpyMeHTa
«PEMPECCUA»
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Tabnuuy octatkoB HE0H6X0AMMO OOMNONHUTEL CTONBLOM, BO BCEX
CTpOKax KOTOpPOro, HauMHasi CO BTOPOW, BbIYUCIIUTL 3HAYEHMS

(el —Q_l)z. OTn gaHHble 6yayT B AanbHeWlweM WCMonb3oBaHbl ANs

pacueta kputepus DW . Hanpuwmep, B sueike H27:
=(G27-G26)"2.

Ha ocHoBaHuu pesynbTaToB paboTbl MHCTpPyMEHTa 3anucatb
ypaBHEHWe perpeccun B coaepXatenoHon ¢opme, OLEeHUTb 3Hauu-
MOCTb KO3(h(pMLIMEHTOB perpeccun, HaaexHoCTb annpokcumauum wu
aBTOKOPPENALMIO OCTaTKOB.

YpaBHeHUe perpeccum B copepxatenbHon chopme (s4einkm
H1:J2) 3anucbiBaeTCcs C KNnaBMaTypbl.

OueHuBaHMEe 3HAYMMOCTU KO3 PULUEHTOB perpeccumn
(suenkn H3:36). B suenke H5 onpepensietcst TabnmyHoe uncno Crbto-
geHta. [Ans paccmatpvBaemoro npumepa (4ucrno koaduumeHToB
perpeccun K =3):

=CTbIOOPACITOBP(0,05;2;F8-3).

B sauerkax J4:J6, ¢ mucnonb3oBaHueMm oyHkuum ECIIN() npo-
rpamMMupyeTcsl BbIBOL O 3HAYMMOCTU KO3ahumLmMeHToB perpeccun. Ha-
npumep, Ansa ayenkn J4:

=ECJIN(ABS(H17)>$H$5;"3Haunm”;"He 3Haumm”) .

BHumaHue! Ecnu koaddpuumeHT perpeccun npu daktope Xj
okasarncs He 3HauYMMbIM, HEOBXOAMMO NOBTOPUTL PErPECCUOHHBIN aHa-
13, He BKIYas BO BXOAHOW uHTepBan X ctonbey co 3HadYeHuamun Xj.
lMockonbKy BXOOHOW uHTepBan X AOMKEH COCTOSATb M3 CMEXHbIX
CTON6LOB, MOXET OKa3aTbCsl HEOOXOAUMbIM MEeperpynnupoBaTb CTON0-
Lbl CO 3HAYEHMAMU haKkTOpOB.

OueHuBaHME HaOEXHOCTU annpoKCcMMauuu B npumepe Ha
puc. 8.1 BbinonHseTca B a4enkax H7:J9. B advenke H9, ¢ nomoLyblo
ctatuctnyeckon dyHkuun FPACIOBP(), onpegensietca TabnuyHoe
3Ha4veHue vncna duwepa:

=FPACTIOBP(0,05;2;F8-3) .

CnoBo «Annpokcumavrmsa» B s4enkun 18:J8 BBegeHO ¢ knaBuaTy-
pbl. Co6CTBEHHO BbIBOA («HaAEXHas» UNN «He HadexHasi») dopmupy-
eTca B a4erike 19 ¢ npumeHeHnnem yHkunn ECJITA() nytem cpaBHeHMs
TabnnyHoro (u3 siuenkn H9) n paccumtaHHoro (U3 syenkn 112) uncen
duwepa:

=ECJIN(H9>112;"HagexHasn”;"He HagexHas") .

OueHuBaHMe aBTOKOpPpPEnsiLMU OCTAaTKOB BbIMOMHEHO B S4el-
kax L7:M9. 3HauyeHune kputepusa [JapOuHa-YoTcoHa B a4yenke M8 Bbl-
uncnsietca no opmyne (10), koTopas Ana paccmaTpmBaemMoro npume-
pa nporpammMmupyeTcs crieayoLimm obpasom:
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=CYMM(H27:H53)/G13 .
BoiBOog B dAderike L9 chopmupyeTca C npMMeHeHueMm yHKuum

ECINW(), kotopasi nposepsieT ycrioene 12< DW <28:
ENA(M8<1,2;"Cywecteyet”;ECITN(M8>2,8;"CywwectayeT”;"OTcyTCTBYET")) .

8.4.AHanu3 pe3ynbLTaToB MHOXECTBEHHOrO perpecCUOHHOro aHanusa

AHanunsnpysi pesynbTaTtbl MHOXXECTBEHHOrO PerpecCcMOHHOro aHa-
nmM3a HeobXx04MMO OTBETUTL Ha CriegyroLme BONpocCsl:

1. CBs3b MeXAy KakMMW BeNMYMHaMm1 aHanMauposanacb?

2. 3Hauumbl NN KoaprLmMeHTbl perpeccun?

3. Kak BbIrnaguT ypaBHeHWE MHOXECTBEHHOW perpeccuu, nomny-
YeHHOe B pe3yrnbTaTte BbINOMHEHUSA paboTbl?

4. MOXHO N1 cuYnTaTtb NOJTyYEeHHOE ypaBHEHME MHOXECTBEHHON
perpeccum CTaTUCTMYECKM HaOEeXHOW annpokcumaluen aHanuaupye-
MOW 3aBUCUMOCTMN?

[MpMMeHUTENbHO K PacCMOTPEHHOMY MPUMEPY MOXHO CKa3aTb
cnepywolee.AHanusnpoBanacb CBsi3b Mexay MnpeaenoM TeKyyecTu
MeTanna g;, TEMrnepaTypor KoHLa NPoKaTKu t, U CMOTKMU tg,, Ha LLICITI.

C poBeputenbHOM BEPOATHOCTBIO p = 95% koadpdumLmeHTbl per-
peccun b(t,,)=-0,498 n b(t.,)=-0,695 ABNAIOTCA CTAaTUCTUYECKU 3HaYU-
MbIMK, T. K. cooTBeTcTBylwwme umcna CrbiogeHTa |t(te)|=6,7941 n
[t(tew)|=11,6051 G6onblue TabnmyHoro t[0,05;25]=2,0595.

[ns pacCMOTPEHHbLIX YCIIOBUMA MHOXECTBEHHas fiMHenHas an-
NpoKcUMaLnsi 3aBUCUMOCTY Npederia Teky4ecTn meTtanna oT Temnepa-
TYpbl KOHLA NpokaTk1 1 cMoTku Ha LLUCIT] nmeet Bua:

0, =1152695-0498  —0695 .

C poBeputenbHON BEPOATHOCTBIO 95% MOny4YeHHOEe ypaBHEHWE
perpeccmMm MOXHO cYMTaTh CTAaTUCTUYECKM HAOEXHOW annpoKcuMaumen
uccregyeMon 3aBMCMMOCTW, T. K. paccuutaHHoe umcno duwepa
Fp=90,4187 6onbLue TabnuyHoro F[0,05;2;25]=3,3352.

8.5. KoHTponbHbIe BONpocChkl

Kn

1. lMosicHWTe CYLHOCTb U yKaXuTe 3Tanbl MHOXECTBEHHOro per-
PECCUOHHOro aHanusa.

2. Ykaxnte OonyLeHus MHOXECTBEHHOro perpecCuoHHOro aHa-
nmnsa.

3. 3anvwwute mMogenb MHOXECTBEHHOIO PEerpecCMOHHOro aHamnu-
3a.

4. Yrto npencrtaBnsaeT cobol ypaBHEHME MHOXECTBEHHOW perpec-
cun?

5. Kak onpegenutb KayecTBO YypaBHEHUS MHOXECTBEHHOW per-
peccun?
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