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1.UENN PABOTbI

B peanbHbIX YCNOBUAX (byHKLI,VIOHI/IpOBaHI/I‘il TEXHNYECKUX 0ObEK-
TOB N OpraHn3ayMOHHO-TEXHNYECKMX CUCTEM 3aBUCUMOCTb pedynbTaTa

YHKUMOHNPOBaHUsI (OTKNMKa Y ) OT ynpaBnsieMbIX ¥ KOHTPOIMPYEMbIX

Bo3aencTemii (paktopo X, ... , X],, X, ) nposBnseTca Kak

onocpefoBaHHasa pPa3HOOOpa3HbIMKU CIlydalHbIMU MpUYMHaMn (BO3My-
weHusamun). MNogobHble 3aBUCMMOCTU MPUHATO HasbiBaTb CTOXacTu4e-
CKUMM.

MHOXXeCTBEHHbIV perpecCUOHHbLIN aHann3 — aTo MeTo4 MatemMatu-
YECKOW CTaTMUCTMKKN, KOTOPbIA MO3BONSIET HaWTKM Hambonee TOYHOE U
[OCTOBEpPHOE OTOOpakeHue (Moaernb, annpokCMMauuio) cTtoxacTuye-
CKOM 3aBMCUMOCTM MeXAy OTKIMKOM Y U1 HeckonbkuMu chakTopamu

X Xy X, X

Llenn paboTbi:
OcBoeHMEe METOAMKN MHOXECTBEHHOIO PEFPECCMOHHOIO aHanuaa.
lMpuobpeTeHne HaBLIKOB PELUEHUSA 3aavnM MHOXECTBEHHOro pe-
rPECCUOHHONO aHanu3a B cpefe 3NeKTpPOoHHbIX Tabnuy MS Excel c
npuMeHeHneM MHCTpymeHTa «Perpeccus».
lMpuobpeTeHne HaBLIKOB pEeLUEHUs 3ag4avn MHOXECTBEHHOro pe-
rPECCMOHHOIO aHanu3a B CpeAe 3MeKTPOoHHbIX Tabnuy MS Excel ¢
NPUMEHEHNEM CTaTUCTUYECKNX DYHKLINIA.

2.KPATKME CBEOEHUA U3 CTATUCTUKA

2.1.CopepxxaHue u JONyLIEHNA PerpecCMOHHOro aHanmsa

m:

MoHATME CTOXacTMYecKoW 3aBMCUMOCTM B HEKOTOPOM CMbICIe
ABnsieTcs 0606LEHMEM MOHSATUA O 3aBUCUMOCTM (PYHKLUMOHANBHOMN.
[na nocnepgHein xapakTepHO, YTO KaaoMy 3HaueHuio dpaktopa (apry-
MEHTa) COOTBETCTBYET COBEPLUEHHO OMNpeferieHHoe 3HayeHUe OTKIM-
Ka. B crnyyae ctoxacTU4Yeckol 3aBUCMMOCTU MpW OnpederieHHOM 3Ha-

YeHun x],l. cbaKTopa X]. MOXeT HabrogaTbCs MHOXECTBO 3HaYeHUIn

oTknuka Y . B Npou3BOACTBEHHbIX YCIOBUSIX (hakTop Takke SBnseTcs
Crny4yanHoOW BEMUYMHOWN, HO NpW NPOBEAEHUN PErpecCUOHHOro aHanmaa

rnonaratoT, YTo BCSKOe €ro 3Ha4eHne X ; Hecny4anHo [1].

YunTbIBas BO3MOXHbIE OTKIOHEHWs1, MOJENb CBA3M OTKMUKA C He-
KOTOPbIM KOMMIMEKCOM (DaKToOpoB X = {Xl,...,Xj,...,Xm} DOMKHa
ObITb NPeacTaBneHa B BUAE ABYX COCTaBNAOLLMX:



y=0(¥)+e, (1)
roe (p(X) - cucrtemartmnyeckaa (obbsacHeHHasn) coctasnswowas. OHa
obycnosrneHa CyLleCTBOBaHWEM 3aBMCUMOCTM MeEXAy OT-
KMMKOM U KOMMMEKCOM paKkTopoB;
€ - cnyyanHas cocrtansowas. OHa obycrnosneHa pasHoOO-
pasHbIMU BO3MYLLEHUSAMU U BbI3blBAET OTKMOHEHUs ) OT
3HaYeHU, COOTBETCTBYIOLLMX peanbHOW 3aBUCUMOCTW.
[ns nocTpoeHnss MHOXEeCTBEHHOW PerpeccUoHHON Moaenu (MHa-
Yye — MHOXECTBEHHOrO YypaBHEHWS perpeccuyM WUnM MnpocTo MHOXe-
CTBEHHOW perpeccun) HeobxoaMMo peLlnTb cnegylowmne 3agaym:
1. Onpegenutb BUA ypaBHEHUSI PErPECCUMN.
2. OueHNTb 3HAYMMOCTb KO3h(PMLIMEHTOB perpeccumn.
3. OueHnTb AoNyCTUMOCTb OTODpaXkeHus uccriegyemon 3aBu-
CMMOCTW BblIOpaHHbIM YpaBHEHMEM PErpecCuu.
4. VccnepoBaTtb OCTaTKM (OTKNOHEHWUS OEeNCTBUTENbHbIX 3HaYe-
HWA OTKNWKa OT NPeAcKa3blBaeMblX MO YPaBHEHWIO perpec-
cum).

2.2.0npeneneHune BMAa ypaBHeHUS MHOXECTBEHHOM perpeccumn

3apava onpepeneHnda Buaa ypaBHEHUA MHOXXECTBEHHOWN pe-
rpeccnm COCTOUT B HaXoxXaeHun CUCTEMATUYECKON COCTaBMAOLLEN

(p(X). OpHako, MOCKOSbKY MCMOSb3YTCs BbIGOPKU OrpaHWYeHHOro

obbema (1 <<<o0), MOryT 6bITb HaWAeHbl NULb OLEHKN MCTUHHBIX
napameTpoB.

MycTb, Hanpumep, AeNcTBUTENbHAsi 3aBUCUMOCTb OTKMMKAa OT
KoMmnrekca akTopoB ABMSETCH NIMHENHON:

y=(p()?)=B0+f:Bij. )

OueHkon (mogenbio, oTobpaeHuem, annpokcumaumen) aTown
CBS3U TaKKe MOXET ObITb NMMHENHOE BblpaXXeHMWE:

JA’:‘AP(X):bO"’Zb/‘X/' ©)
Jj=1
B BblpaxeHuun (3), kKOTOpoe U eCTb YpaBHEHWe perpeccuu, Ko-
adcpuumenTsl perpeccun by u b, (j=1,2,...,m) npegcraensaioT co-

0ol oueHkn Ko3MPULUNEHTOB WUCTMHHOW 3aBUCMMOCTU (bo zBO "

by =P,).



Ons nogbopa ypaBHeHUsI j/ :(f)(X), KOTOpPOE Hauny4ywmm o0-
pa3om OTOOpaXkaeT CTOXaCTMYECKYH CBSA3b MeXay OTKIIMKOM M pac-
cmaTpmBaeMbiMK (hakTopamu, UCNONb3YT METO4 HauMEHbLUMX KBaf-
patoB (MHK). CornacHo MHK Haunydwen oueHkon mccnegyemon 3a-
BMCUMOCTU SABMSIETCA Ta, KOTOpas AaeT HauMMeHbLUY CyMMYy KBaapa-
TOB OTKIOHEHWU Habnogaemblx 3Ha4eHUn OTKNNKa ); OT paccynTaH-

HbIX MO YPaBHEHMIO PErpeccun ), Mpu Tex Ke 3HAYeHWsIX (HakTopoB

{XU,... X s Xomi } OTO ycrnoBue BblpaxkaeTcs criefyoLmm obpaszom:

X e
n 2 n 5
Zei :Z(yi_yi) =min. (4)
i=1 i=1

Ucxopa mn3 ycnoeus (4) 3agava onpepeneHns koacduumeHToB
YPaBHEHMSA perpeccuyn CBOAUTCS MPAKTUYECKN K onpeneneHnto MUHK-
MyMa (PYHKUUN HECKOSbKMX MEePEeMEHHbIX MU pelleHa MaTtemaTuyecKon
CTaTUCTUKON ONA NNUHENHOrO ypaBHEHUS. 3HayeHust Ko3dULMEHTOB
perpeccun B (3) BbIMUCNATCA peLleHneM CUCTEMbl U3 11 FIMHENHbIX
YPaBHEHUN C M HEU3BECTHbIMU (30eCb 1 - Yncno HabnwogeHun) [1, 2,
3].

B MS Excel koadhPuUMEHTbI NMHENHON annpoKcuMaumMm MoryT
ObITb onpegeneHbl C UCNOMb30BaHNEM CTaTUCTUYECKOW DYHKLMU
NUHEWMH(). CyHTaKeUC yHKLMM N BOMPOCHI, CBA3aHHbLIE C €e UCTOSb-
30BaHWeM npuBeaeHbl B nNpun.2.

B MS Excel koadhpuUNEHTbl MHOXECTBEHHOW MWHEWHOW pe-
rpeccMn MOXHO onpedenuTb C WUCMOfIb30BaHMEM WHCTpyMeHTa «Pe-
rpeccusi». lNpaBuna n 0cobeHHOCTM ero NCMoNb30BaHUSA NMPUBELEHbI B
npunoXxexHun 1.

2.3.MpoBepka 3Ha4YMMoCcTU KoachdpULMeHTOB perpeccumn
KoadhpuumneHTsl perpeccun b/. ABNAIOTCA CryYanHbIMU BENUYK-
HaMu C MaTeMaTU4ECKUMN OXUOAAHUSAMU Bj 1 gucnepcusimu, KOTOpbIM

COOTBETCTBYHOT CTaHAAPTHbIE OTKIIOHEHUA Sbj' 3Ha4yeHne bj Nnpu3Ha-
€TCA CTaTUCTUYECKN 3HAYUMbIM, €CIN BbINMOJTHAETCA yCroBUe:

t, =m>t[a;n—k], (5)
bj

roe t,. u t|lo, n— k| - pacyeTHoe n TabnuyHoe yncna CtblogeHTa.
b



Ecnu ycnosue (5) He BbINOMHEHO, TO crneayeT MpU3HaTb, YTO

bj =0 v BnusAHKe dpakTopa X/ Ha OTKMMWK HecyLleCcTBeHHoe. B Takom

cnyyae pekomMeHOyeTCsl NOBTOPUTb pPerpecCcuoHHbIN aHanns 6e3 yyeta
takTopa X ;.

2.4.0ueHnBaHMe HageXHOCTU annpoKcuMmaumm

M3 pasnuuHbiX ypaBHEHWM perpeccum Hawnyywmm B CMbICrie
MHK cuuTatoT 10, KOTOpOE obecrnevvMBaeT MUHUMYM Aucrnepcun dak-
TUYECKUX (MONYYEHHbIX 3KCMEPUMEHTAarbHO) 3HAYEHUA OTKIMKa OTHO-
CUTENbHO JIMHUW perpeccun. ATy OAUCMNEPCUIO HAa3bIBAlOT OCTATOYHOW
UnNn aucnepcmen OTHOCUTENBbHO perpeccuy U onpeaensoT no opmy-

ne:
1 n
S? = 3 )
f=—— ;(y, ) (6)

roe k - 4nicno KoaMOULMEHTOB PErpeccun B ypaBHEHUN.

To4yHOCTb OTOOpaxeHus (anmnpokcMMauuu) MUCCrefyemMon 3aBu-
CMMOCTM BblIBPaHHBIM ypaBHEHUEM PErpeccun OLEHMBAIOT C NMOMOLLBIO
OMCNEPCUMOHHOro aHanusa. [ns 3Toro cpaBHMBAKOT OUCNEPCUID OTHO-

2 < o
CUTEJIbHO perpeccun (Se ) C oueHKkon gmcnepcnun 3Ha4eHnn y; OTHO-
CUTENIbHO Bbl60p0‘-IHOFO cpegHero (baKTVI‘-IeCKVIX 3HAYEeHUI OTKINKA )_/Z

2
1 & 1 & 1 &
S —_— PP == i ] 7
; k—lizl(y’ ¥) m; ¥, nzlly (7)

2
BennunHa SE XapakTepusyeTt paccesHue y,, O6yC.I'IOBJ'IeHH06 3a-

BMCMMOCTbLIO OTKIIMKa OT (PpaKkTOpOB B BUAE OLEHMBAEMOrO ypaBHEHMS
perpeccumn, 1 NO3TOMy HasblBaeTcsa obbsicHeHHon aucnepcuen. OcTa-

2
TOYHaA Aaucnepcua Se XapakTepulyeTt paccesHune y;, BbI3BaAHHOE

CnyyanHbIMW BO34ENCTBUSIMU (BO3MYLLIEHUSIMN). ANMNPOKCUMAaLNA CBS3U
Mexay OTKIIMKOM 1 dpakTopamMu B BUAE AaHHOIMo YpaBHEHUSA perpeccuu
gonyctuma (CTaTuCcTMYeCcKn HadexHa), ecnn obbsacHeHHas aucnepcus
CyLLLeCTBEHHO BoMblle OCTaTOYHOWN.
CpaBHeHue gucrnepcuin Npons3BoanTcs NPOBEPKON YCIOBUS:
SZ
FZS—§>F[0L,'VE,'V8], (8)

e



rne F - paccuntanHoe umcrio duwepa; F[o,v,,v,]| - Tabnuumoe
uncno dullepa A5 3aJaHHOTO YPOBHS 3HAYNMOCTU OL MPU CTENeHsIX
cBoboabl vV, =k—1u v, =n—k. B MS Excel TabnuiHoe 4ucno
Ouiepa MoXeT 6biTb HaWAEHO C MPUMEHEHUEM CTaTUCTUYECKOV
yHkumm FPACMOBP(o;k —1;n — k).

Ecnu ycnosue (8) BbINOMHsIETCs!, TO 0GbACHEHHas Aucnepcns cy-

LecTBeHHO Gonblue ocTaTouHOW. A 3TO O3HA4aeT, YTo MeXxny OTKIn-
KOM U CbaKTOpaMVI cyulectesyeT B3aMMOCBA3b, KOTOPYHO C BEPOATHO-

CTbl0O p =1l-a O0nyctuMmo annpokCcMMmnpoBaTb pacCcMaTpuBaeMbiM

ypaBHEeHMEeM perpeccuu.
M3 Heckonbkux OOMyCTUMbIX anmnpokcumauui Hambonee TOYHOW,

o 2
oueBuUAHoO, ByaeT Ta, ANA KOTOPOi 3HadeHue S, SBNSETCA HauMeHb-

wum. OTcloaa crieayerT, uTo Ans Hanbonee TOYHON Moaenn y = (p(X)
pasnuune pacyeTHoro u TabrnmyHoro umcen duwepa OygeTr Makcu-
MasbHbIM.
2.5.AHanus ocTtaTtKoB

OcTaTtkaMu NPUHATO Ha3biBaTb OTKNOHEHUS AENCTBUTENbHbIX 3Ha-
YEeHUI OTKNMKA OT PacCHUTaHHbLIX MO YpaBHEHWIO perpeccun (ans i-ro
HabroaeHust octatok e, = ¥, — ¥, ). OTKNOHeHUs1 0ByCrioBneHb! Hasm-
yvem B (1) cnyvamHom cocTtaBnsowen €, OTHOCUTENbHO KOTOPOW Ae-
natoT crneayroLme NpeanonoXKeHUs:

1. 3T0 HOpmankeHO pacnpeeneHHasi cryYyamHas nepemMmeHHas.
2. MaTemMaTu4eckoe OXxupaHue CriyYanHOW COCTaBNSAOLLEN PaBHO

Hymio - M(s) = 0. CuuTaloT, 4TO AaHHAs rUNoTesa BbINOMHSIET-
Csl, ecnu cpefHee BbIGOPOYHOE OCTATKOB MOXHO CYMTaTb paB-

HbIM HYIIO:
e==Y ¢ ~0. 9)

3. Ocnepcusa cnyyanmHoum COCTaBIIAOLLEN NMOCTOSAHHA -
D(S): Const . Tunotesa MoxeT ObITb NPOBEpeHa, Hanpumep,

NMOCTPOEHNEM rpacdhMkoB OCTATKOB B 3aBUCMMOCTU OT KaXKOOro
¢aktopa. Ecnn Ha Bcex Takux rpadumkax OCTaTku MpPUMEPHO
paBHOMEPHO paccesHbl B npegenax obnactu, napannenbHon



ocn X, (puc. M1.1a), To rmnotesy D(8)=C0nst cumTaloT

cnpaBeasiMBoMn.

4.B pasnunyHbiX HaAbMIOOEHUAX 3HAYEHUS € He 3aBuUCAT Apyr OT
apyra. [Inst npoBepKkM rmnoTesbl 0 HE3aBUCUMOCTU OTKITOHEHUI B
pas3nu4YHbIX HAbNIOEHUSAX OLEHMBAIOT aBTOKOPPENAUUIO ocTaT-
KOB C MpumeHeHuem kputepusi [apbuHa-YoTcoHa (KpuTepus
DWW ).

DW= (10)

CTporoe ycrnoBue oTCyTCTBUA aBTokoppensummn DW =2 [2, 6].
OpHako, ¢ yd4eToM OCODEHHOCTEWN pacnpefeneHvst Kputepus
[apbvHa-YoTcoHa, OPUEHTUPOBOYHO MOXHO CYMTaTb, YTO aB-
ToKOppenAuua octatkoB oTcytcTeyeT npu 1,2< DWW <2 816].

B npotusHOM criyyae criegyeT nNpuaHaTth, YTO rMnoTesa o Heaa-
BMCUMOCTM OCTaTKOB B paccMaTpuBaemMoM Cryyae He BepHa.

Ecnn aHanu3 ocTaTkoB 0GHapyMBaeT HECOOTBETCTBUA YKasaH-
HbIM TUMNoTesam, TO ypaBHEHWe Perpeccuu, OTHOCUTENBbHO KOTOPOro
[JaHHble OocTaTKM MNony4deHbl, criegyeT cuMTaTb HeyaooBMeTBOpPUTENb-
HbIM, T. K. NpaBoMepHOCTb NpuMeHeHns MHK 1 ykasaHHbIX Bbillie oLie-
HOK W AN MHOXECTBEHHOrO0 PErpecCUMOHHOrO aHanmaa MOXeT ObiTb
nocTaBneHa rnog CoOMHeHue. B TakoM cryyae pekomMeHZylT paccMoT-
peTb ypaBHEHWe UHOro Buaa (Hanpumep, HenvMHenMHoe BMECTO NNHEN-
HOro), BKIIOYMTb HEYYTEHHble paHee (hakTopbl, BbiAeNUTb B obGnactu
BapbMpPOBaHNsA HaKkToOpoB pasfinyHble nogobnacTu.

3.BbINOJIHEHUE PABOTbI

Mopsagok BbINONHeHUs paboTel unntctpupyetcsa (puc.1, 2 n 3)
Ha npvMepe NOCTPOEHUS 3aBUCUMOCTW Npedena TekyvyecTu meTtanna,
NPOKaTaHHOro Ha LUMPOKOMOMIOCHOM CTaHe ropsdernt npokaTku (LLUCITT)
OT TemnepaTyp KoHua npokatku (tkn) u cmoTkm (tcm). McxogHble gaH-
Hble 3aHOCATCA Ha pabounii NUCT C KnaBmatypbl (HA puc. 1 1 3 OHM
pacnonoxeHbl B suerikax A1:C29).

3.1.Annpokcumauus ¢ npumeHeHnem uHctpymeHta «PEFPECCUA»

Mpn  BbINONHEHUWM  paboOThI HaCTPOMNKM WNHCTPYMEHTa
«PEMPECCUA» pomkHbl COOTBETCTBOBATL yKadaHHbIM B npun. 1.
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B aTom cnyyae ocHoBHble pesynbTaTthl (a4enkm E1:M19 Ha puc. 1) By-
OyT OononHeHsbl Tabnuuen octaTtkoB (avenkn E23:G23 Ha puc. 2).

A | B [ c© o E T F ] G [ H [
|22 | 233.1 ars | TS
|23 | 2000 ars | Te BEIBOO OCTATEA
|24 | 3044 | 917 | 460
Mpedoxs
Habdmmadenues EETITar= [t T (er-_ eﬁ_,f

|25 | 3075 Q17 | 584 S, T
|26 | 265,82 17 | 611 1 71,3 T3 526
|27 | 22564 817 | 633 2 254,56 -12.4 a7 .42
|28 | 270,23 917 | B&T 2 33549 245 254,80
|29 | 181,3 17 | TS5 L) 16,4 -323 121400
|20 | 1753 Q47 | T2 5 2029 270 2517 48
|31 =} 2636 183 7561
| 32 | T 254,56 11,2 48,53
| 33 =2 242 ,4 -12,0 545,15
| = | a 31,8 -11.2 050
| 35 | 10 313,0 238 122838
| 36 | 11 2035 549 221,94
| 37 | 12 281,00 11,7 209,497
|38 | 13 240,7 -0,4 127 80
|29 14 221.7 -25.4 523,31
| 90 | 15 28,0 5.2 995,21
BN 16 211,23 -21.0 741,05
| 42 | 17 2026 254 220548
| 43 | 12 2731 10,1 250,99
| 9 | 19 260,56 20,4 106,26
| 45 | 20 2203 12,8 57 69
| 95 | 21 211,23 -11.2 579,18
| 47 | 22 207 ,1 -2, 7 7328
| 9= | 23 2004 7.1 281,16
| 99 | 24 2717 28 387 .80
| S0 | 25 2522 -26,2 57325
|51 26 220.7 206 329572

52 27 1994 -18.1 237123
| 53 | 28 190,44 -15,1 9,20
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Puc. 2. Tabnuua ocTtaTtkoB, NONy4YeHHas C UCMOMNb30BAHMEM WHCTPYMEHTA
«PEFPECCUA»

Ta6nmu,y OCTaTKOB AOMOSTHUTbL CTON6GLOM, BO BCEX CTPOKax Ko-
- 2
TOPOro, Ha4nHaa CcOo BTOPOW, BbIMUCIINTL 3HAYEeHUA (el. —ei_l) . Ot

JAaHHble ByayT B AanbHenleM MCMonb3oBaHbl Ans pacyeta Kputepus
DW . Hanpuwmep, B a4yeitke H27:
=(G27-G26)"2.

Ha ocHoBaHuKM pe3ynbTaToB paboTbl MHCTPYMEHTa 3anucaTtb
ypaBHEHWe perpeccun B codepxaTenbHon opMe, OLEHUTb 3Hauu-
MOCTb KOS(P(PULIMEHTOB PErpeccun, HagexXHOCTb annpoKcUMauun wu
aBTOKOPPESALMIO OCTATKOB.



YpaBHeHue perpeccum B copepxatenbHon dopme (S4Yenku
H1:J2) 3anuceiBaeTcs ¢ knaBnatypbl.

OueHMBaHue 3HAYMMOCTM KO3(hPULUMEHTOB perpeccumn
(Auenkn H3:J6). B ayenke H5 onpegensdetca TabnuyHoe ymcno CTbio-
geHta. [Ina paccmatpuBaemoro npumepa (4ncno koaggrLUMEHTOB pe-
rpeccun k =3):

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

B sauenkax J4:J6, ¢ wncnonb3oBaHumem dyHkumn ECJIA() npo-
rpaMMmMpyeTcsi BbIBO4 O 3HAYMMOCTU KO3(ULMEHTOB perpeccum.
Hanpumep, ansa ayenku J4:

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

BHumaHue! Ecnn koadppmumneHT perpeccun npu daktope X|
oKasarcs He 3Ha4YMMbIM, HEO6XOAMMO NOBTOPUTL PErPECCUOHHBIN aHa-
nn3, He BKNoYasa BO BXoAHoW nHTepsan X ctonbew, co 3HayeHuamn Xj.
Mockonbky  BXOOHOM WHTepBan X [AOMKEH COCTOATb U3 CMEXHbIX
cTonbLoB, MOXET Oka3aTbCA HEOOXOAMMbIM NeperpynnupoBaTb CTon6-
Lbl CO 3HAYeHUAMUN PakTopPoB.

OueHnBaHWe HaAEXHOCTU annpoKcMMauuu B MNpuvMepe Ha
puc. 1 BbinonHseTca B adenkax H7:J9. B ayenke H9, ¢ nomolubto cTa-
Tuctudeckon yHkumm FPACIIOBP(), onpegensetca tabnuyHoe 3Ha-
yeHue ymcna Puwwepa:

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

CnoBo «Annpokcumaums» B s4verikun 18:J8 BBegeHo ¢ knaBuaTy-
pbl. Co6CTBEHHO BLIBOA («HaZEXHasi» UNn «He HagexHasi») hopMmupy-
eTca B a4yevike |9 ¢ npumeHeHnem yHkuun ECIIA() nytem cpaBHeHus
TabnuyHoro (M3 Ayenkn HI9) u paccuntaHHoro (M3 ayerikun 112) yucen
Puwepa:

=ECJIIN(HO9>112;"HapexHas”;"He HagexHas”) .

OueHnBaHWe aBTOKOppErnsLMM OCTAaTKOB BbINOMHEHO B A4en-
kax L7:M9. 3HaveHune kputepusi JapbuHa-YoTtcoHa B svenke M8 Bbi-
uncngaetca no dopmyne (10), koTopas Ans paccMaTpUBaemMoro npume-
pa nporpaMmmMmupyeTcs cnegyowmm obpasom:

=CYMM(H27:H53)/G13 .

BoiBog B Auenke L9 dopmupyeTcsi ¢ npuMeHeHnem yHKLnm

ECINW(), koTopas nposepsieT ycrnosue 1,2< DWW <28

ECJTIN(M8<1,2;"O1cytctByeT”;ECJTN(M8>2,8;"OTCcyTCcTBYeT”;"CyLuecTByeT’)) .

3.2.MHoOXeCTBEeHHbIN perpeccUoHHbIN aHanu3
¢ npumeHeHnem cdyHkuum JIMHEUH()

MpMMep MHOXECTBEHHOTO PErpeccMoHHOTO aHanusa yHKuuen
JINHEWH() npeactaeneH Ha puc. 3. CuHtakeuc dpyHkumm JIMHEWH() n
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0COBEHHOCTU €€ NMPUMEHEHUS U3NOXEHbI B Mpun. 2.

ek |

A B [

1

2 |51, MN=a | tkn,C | tocw,C
| 2 | 2640  TE3 | §60
| 4 | 24,2 | veR | 824
| 5 | Fz24  YEER | B11
| 6 | 2841 Yo | 630
| 7 | 33048 | 7as | G657
| 8 | 2818 | 788 | 715
| 9 | 2659 | 7as | 728
|10 | 3364 | 834 | &60
| 11| =205 8234 | 524
|12 | 336.8 534 | 611
|13 | 2004 | 834 | 639
|14 | 269,32 834 | 657
|15 | 240,32 834 | 71§
|16 | 206,2 @ 834 | 7z8

17 | 3342 | 875  &60
|18 | 2002 875 | 524
|19 | =185 | 875 | G611
|20 | 2832 | 875 | G624
|21 | 2810 875 | 857
|22 | 2331 | 875 | 718
|22 | 2000 @ 875 | T7zE
|24 | 2044 917 | S60
|25 | 3075 | 917 | 584
|26 | 2688 | 917 | G111
|27 | 2254 917 | &30
|28 | 2¥0,2 | 017 | 857
|20 | 181,32 917 | 718

20 | 1753 | 8917 | 728

o]

E

-0,695
0,060

0,279

20,419

F

-0,492

0,072

12,556
25

S2268 036 | 2605,201

FEFFECCHOHHAA CTATUCTHEA

R2
0,879
ZE?
G22558,036 36058,291
TAENMWYHEIE 3HAYEHHA

F,% |t [0,05,n-k] F[0,05;k-1;n-k]
95,00 2,0595 3,2852
OUEHHEAHHE KO3 PHUWEHTOE

b2 b1 bl

0,695 -0.488 1152 695

Shz Sh Sbi
0,050 0,073 73,984

thz th tbid
1160581 @ -6,794 15,6863
IHIHMM IHIHMM FHIHHM

Se
18 556

e’

G

1152 595
72,4984
#HIL,
#HIL,
#HiO

n-k
25

Fp
00,414

YFABHEHWE PEFTFPECCHK

St= 1152955 - 0,495 0 - 0,625 cm

OUEHEA ANNPOKCHWALMK
ANNPOECHMALMA HAGeXHAaA

ABTOEOPPENALUWMA OQCTATEOR

Dy

OrcyToTEYST

2,264

H

I J %

" & [Bi- BT
271,3| -7.3 -
2546 -12.4 75
2389 25 2848
6.4 -32.3 12140
2039 270 35175
263.6| 183 75 6
2546 11,3 gg 5
245.4 -12,0 5452
31,8 -11.3 ]
3130 238 1229 .4
7935 58 23218
2810 11,7 32095
2907 | -08 1278
231,7| 254 6233
28,0 G2 Q95,2
211,23 -21.0 T41.0
?026 | 250 22055
2731 104 2810
2606 204 1063
2203 12,8 57,7
291,23 -11.2 5702
207 .1 -2.7 3.3
a4 174 3912
2717 -28 3975
2522 | 268 &732
2307 | 30,6 92057
1994 181 23712
1904 -151 a2z

Puvc. 3. ®dparmMeHT paGoyero nvicra C pesysibTataMu MHOXECTBEHHOIO pe-

ek E3:G7 (cmbicn BbIBOOUMBIX MApaMeTpoB CM. B Npun. 2).

rPECCMOHHOTO aHanuaa dyHkumen JIMHENH()

B paccmaTpvBaemMoMm npuMepe OTbICKMBAETCS YypaBHEHWE pe-
rpeccun oTHoOcUTENbHO 2 hakTopos (Yncno koadduumneHToB k =3) co

BCeMM KoadpuumneHTamu (T. e. bo [OIMKHO ObITb onpeneneHo) u Tpe-

OyeTcsa BbIBOA PErpecCcMoHHOn cTaTUCTUKK. [loaToMy npenBapuTensHO
JOomKHa ObITb BblgeneHa obnacTb CMeXHbIX a4yeek u3 3 ctonbuos u 5
CTpOK (Ha puc. 3 — avenkn E3:G7).
3anuncb yHKLMKM ONa paccMaTpuBaemMoro npumepa umeeT Bug:

=[IMHEMH(A3:A30;B3:C30;;MICTUHA) .

MporpammupoBaHue yHKUMM OOIMKHO ObITb 3aBEPLLUEHO KOMOU-
Hauuen knaeuw <Ctr>+<Shift>+<Inter>. PesynbtaThl OyaoyT pasmeLle-
Hbl B Npefenax npegsapuTernbHO BbligeNeHHon 06nacTn CMeXHbIX ave-
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Mcnonb3ys Cebinkn Ha COOTBETCTBYHOLUME pedynbTaTthl, ChopMU-
poBaTb 6nok gaHHbix «PEFTPECCUMOHHAA CTATUCTUKA» (s4eiiku

E8:G12). Hanpumep, 3HayeHue R? B sueiike E10 BOCNPOM3BOAMUTCHA
CCbISKOW ccbInikn Ha svenky E5S (B E10 3anporpammuposaHo =ES).
Ons oueHuBaHWa pes3ynbTaToB NoTpebyloTca TabnunyHble 3Ha-

YyeHus yucen CTblogeHTa (t[a; n—k ] ) " duwepa

(F[a;k—l;n -k ]). B npumepe Ha puc. 3 OHW PacCMoNoXeHbl B SYei-

kax F15 n G15 6noka «TABJIMYHbIE BHAYEHWNA». B ayelike F15 3a-
nporpaMmmpoBaHo:
=CTbKOOPACIMOBP(1-E15/100;G10),
a B a4einke G15:
=FPACIMOBP(1-E15/100;2;G10) .

Mpu obpalLeHnn K ykasaHHbIM QYHKLMSM YPOBEHb 3HAYMMOCTM
3aJaH He 4YNCMNOoM, a PacCYUTLIBAETCSA Yepe3 AOBEPUTESNIbHYH BEPOAT-
HOCTb, KOTOpasi BBOOUTCA C knaBuaTtypbl B sderiky E15. Takas koH-
CTPYKUMSI MO3BOSISIET OLEHNBATh pe3ynbTaTbl PErPECCUOHHOIO aHanmnsa
npu BapbMpPOBaHNN OOBEPUTENBHON BEPOSITHOCTU B LUMPOKOM Auana-
30He, HO TpebyeT obecneynTb U3MEHYMBOCTb YPOBHS 3HAYMMOCTM B
0003HaveHuaAX TabnnyHbIxX ymcen. [ns aToro MoXxeT OblTb MPMMEHEHa
dbyHkuns GPUKCUPOBAHHBIN(). Hanpumep, ans ob6o3HayeHnst Tab-
nuyHoro Yncna CtblogeHTa B ayenke F14:

="t [ “&PUKCUPOBAHHbBIN(1-E15/100;2)&”;n-k ] .

OueHuBaHne Ko3ahPMLMEHTOB perpeccum BLINOMHAETCS B

obnactn E16:G23. 3HayeHnsa koaddpurumeHToB b/. BOCMNPOU3BOAATCA B

avenkax E18:G18 c npyMmeHeHneM CCbINoK Ha COOTBETCTBYOLLME AYen-
K1 U3 maccmBa pesynbtatoB (Hanpumep, B E18 3anncaHo =E3). Takum
Xe obpasom B sivenkax E20:G20 BocnpounsBoaaTcst owmbku koachdu-

LIMEHTOB perpeccuu Sbj (Hanpumep, B E20 3anncaHo =E4). PacuyeTHble

yncna CTblogeHTa t,; onpefensioTcs no opmyne (5) v pasmeLlatotca

B Avenkax E22:G22 (Hanpumep, B E22 3anucaHo =E18/E20). BeiBog 0
3HaYMMOCTUN KO3a(pULMEHTOB JOSMKEH POPMYyNMpPoOBaTbCA aBTOMaTU-
YeCKM Ha OCHOBaHUM MPOBEPKM ycnosus (5) ¢ npyMeHeHneM OyHKUMS
ECNW(). Hanpumep, B aveiike E23:
=ECITM(ABS(E22)>$F$15;"3Haunm";"He aHaunm") .
BHumaHue! Ecnun koadpduumneHT perpeccumn npu daktope Xj
oKasarncs He 3Ha4YMMbIM, HEOOXOAMMO NOBTOPUTb PEFPECCUMOHHBIN aHa-
nn3, He BKIMoYasa BO BXOAHOW MHTepBan X ctonbew, co 3HayeHusamn Xj.
MockonbKy BXOQHOW WHTepBan X [OOMKEH COCTOSATb M3 CMEXHbIX

12



CTONBLUOB, MOXET OKasaTbCad HeOOXOAMMbIM neperpynnMpoBaTtb CTon6-
Lbl CO 3HAYeHUAMUN PakTopPOB.

Ecnu Bce KoadUUMEHTHI 3HAYMMbI, 3anucaTb ypaBHEHME pe-
rpeccuu B cogepxaternbHon dopme (Ha puc. 3 — aderikn E25:G25).

OueHka CTaTUCTUYECKOM HaAeXHOCTU anmnpoKCMMauUuMu Bbl-
nornHseTcs npoBepkon ycriosus (8) B Auenke E27:
=ECNN(G12>G15;"AnnpokcMmaumsa HagexHas";"Annpokcumaumns He HagexHasa") .

OueHka aBTOKOppensauun octatkoB. CHavana cosgaetcs Tab-
nvua octaTkoB (Ha puc. 3 — avenku 12:J30). 3gecb y” - oLeHKn OTKNUKa
Npu COOTBETCTBYIOLUMX 3HAYEHUsX (pakTopoB, a € — OTKIOHEHUsA OT
nvHuuK perpeccun. Hanpumep, B Auyenkax 13 n J3:

=$G$3+$ES3*C3+$F$3*B3 1 =A3-13 .

3aTem k Tabnuue octatkoB gobaBnsietcs ctonbew c kBagpara-
MW pasHOCTEA CMEXHbIX OTKMOHeHwW. [Ona nepBoro HabniogeHus
(syerika K3) gaHHbIM mapameTp He paccyuTbiBaeTcs. Ons octanbHbIX
pacyeT BbINOMHAETCs NOAOOHO TOMy, Kak, Hanpumep, B A4enke K4:

=(J4-J3)"2 .
Kputepun JapbuHa-YotcoHa (10) BblumcnsaeTcs B avenke G29:
=CYMM(K4:K30)/F12 .

BoiBog 00 aBTOKOppEnAuun OCTaTKOB 3anporpaMMuMpoOBaH B
averniky E30 cnegytowmum obpasom:
=ECJTIN(G29<1,2;"CywecTByeT";ECJIN(G29>2,8;"CywiecTByeT";"OTCYTCTBYET")).

4.COOEPXXAHUE BbIBOOOB MO PABOTE

B BbiBogax no pabote HeobxoaMMO OTBETUTb Ha cnegyoLlime

BOMNPOCHI:

1. CBA3b Mexay Kakumu BenM4MHammn aHanuanposanacb?

2. 3HayuMbl N KOIPULIMEHTBI perpeccun?

3. Kak BbImMsAgnNT ypaBHEHWE MHOXECTBEHHOW pEerpeccuu, MornyyeH-
HOe B pe3yribTaTe BbINOMHEHNS paboTbI?

4. MOXHO N1 cuyuTaTtb MOSMYyYEHHOE YpaBHEHWE MHOXECTBEHHOW pe-
rpeccun CTaTUCTUYECKN HaZEeXHOW annpoKCMMaunen aHanuaupye-
MOW 3aBUCUMOCTU?

PEKOMEHAOYEMASA NUTEPATYPA

1. NbBoBckun E.H, Cratuctuyeckme meTtoabl NOCTPOEHUS 3AMAUNPK-
yeckux cpopmyn. - 2-e u3g., nepepab. n gon.- M.: Beicw. wk.,, 1988.
-239c.

2. Marematuyeckasa crtatuctuka / MeaHosa B. M., KanuHmnHa B. H.,
Hewymosa J1. A. u gp. — M.: Beicwwas wkona, 1981. — 371 c.

3. YetbipknH E. M., KanuxmaH U. J1. BepoaTHocTb 1 ctatuctuka. — M.:
®duHaHchl U ctaTucTuka, 1982. — 320 c.
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4. AxHasaposa C. J1., Kadbapos B. B. OpraHusauns akcnepumeHTta B
XUMUU U XUMUYeckon TexHonorum - M.: Belcw. wik., 1978. - 319 c.

5. [ObskoHos B.[l. CnpaBoyHUK no anropuTMam M nporpaMmmam Ha
asblke bencuk ang nepcoHanbHbix OBM: CnpaBouHuk. - M.,
Hayka. ['n. peq. dus.-mart. nut., 1987. - 240 c.

6. 3amkoB O. O., TonctonsaTeHko A. B., YepemHbix 0. H. MaTtematu-
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nagartenscTteo «QMNCx», 1997. — 368 c.
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NPUNOXEHMUE 1
MHCTPYMEHT «PEFPECCUA» N EFO NPUMEHEHUE

M1.1.QnanoroBoe OKHO MHCTPYMEHTA

NHctpymeHT «PETPECCUA» no3BonsieT BbINOMHUTL KOMMEKC-
HbI  J/IUHEUHbIU PEerpecCcUOHHbIN  aHanuM3 C  MOMOLWWbI0  MeToAa
HavMeHbLUNX kBagpaToB. OH BXOAMT B MaKeT «AHANU3 JaHHbIX», KOTO-
pbii oTHOcuTCA K Hadcmpotikam MS Excel. 3anyck WHCTpymeHTa
«PEPECCUA» ocylwiecTBnsieTcst nocnegoBartesbHbIM BbIOOPOM MyHK-
TOB 13 MEHIO Pa3NINYHbIX YPOBHEMN:

<CepBuc> / <AHanu3 gaHHbIx> | <Perpeccusi>.
Ha akpaHe oTKpoeTcsi AnanoroBoe okHo (puc. M1.1).

Perpeccua m I
rBX0AHEIR S3HHED
BxOAHOW MHTEpPEAN ! |$B$2 $BE30 y
OTMEHS |
Bx0AHOMA MHTEpEan X! |$C$2 E0E30 3{
Crnpaeka
¥ etk I™ KonctanTa - Hone Ll

™ ¥poBeHs HagewHacTH: |95 %

HapameTpkl BEIBOAS
& BoragHoi vHTepBan: |$AD$2 3’

' Hoewlii paGoumi mueT: I

" Hoeaa paBouad kHira
rOCTaTk

I ocraman ™ Cpaduis ocTatkos
I™ CranpgapTuzoeadHee octatke T Mpadi noafopa

rHOpManeHaA BepoATHOCTE
I~ Mpadwis HOpMansHOR BEROATHOCTI

Pwuc. M1.1. dnanoroBoe okHO «Perpeccusi»

BxoaHon uHTtepBan Y. 3geck AomkHa OblTb BBeAeHa CCbika
Ha guanasoH A4yeek, B KOTOPbIX 3anucaHbl 3Ha4YeHusa oTknuka. [nana-
30H JOJKEH COCTOSITb M3 OOHOro cTonbua.

BxogHon uHTepBan X. 3gecb Jo/kHaA ObITb BBEAEHA CCbIfka
Ha AmManasoH fi4eek, B KOTOPbIX 3anucaHbl 3HadeHus bakTopoB. Mak-
cnmansHoe ymcno daktopos 16. [Mpu oTcyTcTBUM yKasaTena «MeTku»
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(cMm. Huxe) kaxabli hakTop aBTOMATMYECKU WOEHTUMPULMPYIOTCA HO-
MEepOM, COOTBETCTBYIOLLUMM E€ro pacrofioXeHnto BO BXOOHOM WHTepBa-
ne cnesa Hanpaso B Nopsake Bo3pacTaHus.

MeTku. Yka3atenb Hanmums yCnoBHbIX 0603HAaYeHU OTKIMKa U
dakTopoB cpean obpabaTtbiBaembix AaHHbIX. Ecnv onuus BkntoyeHa,
TO [aHHble, 3anucaHHble B MEpBbIX AYelkax BXOOHbIX AManasoHOoB,
BOCMPUHMMAIOTCS Kak yCrioBHOe 0603HaYeHne 1 npv aHanmse He y4u-
TbiBaeTcd. Hanpumep, npu rpynnmMpoBKe AaHHbIX MO CTOnbuam ycroB-
HbIM 0603HavYeHnem BydeT cumTaTbCa JaHHOE, pacnofioXeHHoe B nep-
BOW CTPOKe Kaxkaoro m3 Hux. [pu rpynnMpoBke No CTpokaM B KayecTse
yCcrnoBHOro 0603HayeHns ByayT BOCNPUHMMATBLCS AaHHble, pacnosio-
XXEHHble B NepBOM cTonbue kaxaon us Hux. BHumanwme! Ecnu aHanu-
3upyemble JaHHble He CHabxeHbl YyCnoBHbIM 0603HaveHneMm, To 3aga-
HuWe onumn «MeTKM ... » NpuBedeT K NoTepe AaHHbIX U3 MEPBbIX SYeeK
BXOAHOro AmanasoHa, YTo nosneyeT 3a cobov owmnbku B pesynbraTtax
perpeccMoHHOro aHanmsaa.

YpoBeHb HagexHocTU. [10 ymMonyaHmnio JOBEPUTENbHBIE IpaHu-
ubl Ko3achdUUMEHTOB perpeccun onpegensitoTcs Anst JOBEPUTENbHON
BeposaTHocTn 95%. Ecnn gaHHas onuma OyaeTt BKkYeHa, 1o Oyayt
Takke BblYMCMEHbI rPaHULbl ANA JOBEPUTENbHON BEPOSTHOCTU, 3afaH-
HOW nccnegoBaTeniem.

KoHcTaHTa — HONb. YKasatenb Ha HeobxoaMMoCTb onpegene-

HWst koadbdpuLmeHTa perpeccun b, . Ecnv onums BbikMioueHa, aHanms

BbIMOSHAETCA AN YypaBHEHMS, B KOTOPOM anpuopHO MpUHUMaEeTCs
b, =0.

BbixogHon anana3oH, HoBbin nuct, HoBasa kHura. Ykasatenu
pacnonoxeHns pesynbTatoB paboTbl MHCTPYMeHTa «Perpeccusy.

Mpu BbIOOPE onuumv BbixogHOM AMana3oH pe3ynbTaTbl BbIBO-
OATCS1 Ha aKTUBHbIA paboynii NUCT akTUBHOWM KHUrM MS Excel. OHn Gy-
OyT pasMelleHbl CrieBa HarnpaBO W CBEPXY BHWU3, HA4MHas C SYENKW,
agpec KOTOpOW 3afaH B OkHe. [MopsgoK pacrnonioXeHWUs U CMbICIT pe-
3ynbTaTtoB paboTbl MHCTpyMeHTa «Perpeccusi» MosicHSeTcs Ha puc.
M1.2. MNpwu BbIGOPE onumin HoBbIn nucT nnn HoBas KHUra pesynbTaThbl
BbIBOOATCS B HOBbIV paboymni NIMCT akTUBHOWM KHUTM UK B NEPBbLIVA NINCT
apyron kHurn MS Excel. B oboux cny4vasix pesynbTtaTbl OygyT pasme-
LLleHbl Ha4YnHasga ¢ a4Yenkn A1l.

OctaTtkn. CtaHgapTuaMpoBaHHble ocTtaTku. Ecnn onuun 3a-
OaHbl, TO B pesynbTatbl paboTbl MHCTpymeHTa «Perpeccus» OGypet
BKITlOYEHa Tabnumua ocTaTkoB B Crieayowem BUae:
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BbIBOO OCTATKA

Ha6modeHue ”PGOCK333HH06 Ocmamiy | Cmanoapmbie
ocmamku
! )A}l yl_ﬁl z(yl_j’l)/Se
‘ )A} i Vi~ )A’ i
n ')/}’7 yn - j}n

Tabnvua nonesHa, Hanpumep, ANA NPOBEPKN MMNOTE3bl O paBeH-
CTBE HYymM0 MaTeMaTUYeCKOro OXuAaHus CnydYarHOW COCTaBNSAOLLEN
nuccrnegyeMon 3aBUCUMOCTU. 3HayeHUs OCTaTKOB MOryT Takke ObITb
NCNoNb30BaHbl ANS OLEHMBaHNSA UX aBTOKOpPpEenauuu nytem Bblyucre-
Hust KpuTepusi JapbuHa-YotcoHa (10).

Fpadmk octatkoB. Ecnn onuua 3agaHa, TO ONS KaXaoro u3
hakTopoB OyaeT BblaaH rpadumk (puc. M1.2a), koTopble NO3BOMSIOT BU-
3yanbHO OLEHWUTb BbINOMIHEHNE TMMOTE3bl O MOCTOSIHCTBE AMCMNEPCUU
Cny4yamHOW CoCcTaBnsoLwWwen ypaBHEHUS perpeccuin.

Xj N'pacdmk octaTkoB Xj Mpacduk nop6opa
Y
F o o g o *
| o 8 8 g o] o| 0 Npenackaszannoe Y
< o o o] o
gET © g © o o g c °
£ +—— + + ' — > ° $ o8
ol o o
o o g o ° 8 o
L o o g
O
I o ° ° o
Xj X
a 6
Puc. M1.2. O6wwit Bug rpadmkoB nogdbopa 1 ocTaTkoB
Mpacdmk HopmanbHOro pacnpeaeneHus N
Npacdmk nopbopa. Ecnm

O

onuus 3agaHa, To NS Kaxgoro u3
dakTopoB OyaeT BbigaH rpadmk
(puc. M1.26) ¢ HabnogaembiMn ©
npeackasaHHbIMU 3Ha4YeHnsIMn
OTKMMKa.

Mpacdmk HoOpmanbHOW Be-
poatHocTu. Ecnn onuua 3apaHa,

1l oo
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M1.3), koTopbI OTOBpakaeT (PyHKUMIO pacnpefeneHvs OTKIvMKa u3
NPeAnonoXeHus, YTo 3TO pacnpeaeneHne ABaeTcs HopMarnbHbIM.

M1.2. ConepxaHue pe3ynbTaToB paboThbl UHCTPYMEHTA
«PETPECCHUA»

Huxe onncaHo copepxaHue pesyrbTaToB paboTbl MHCTPYMEHTa
«PEFPECCWUA», koTopble BbiBOAATCS B obnactb «BbixogHoh auana-
30H» pabouero nucTta u pasgenexsl Ha 3 Tabnuubl (puc. 1 Ha cTp. 7).

Perpeccuom-laﬂ CTaTUCTUKa

MHoxxecmeeHHbIl R — k03ULNEHT MHOXECTBEHHON KOppens-

2
Z €
R= -4 >
> (-7
R-keadpam — k03 DULMEHT MHOXECTBEHHOW AeTEePMUHALUN.
2
RZ _ 1 _ Z ei

- —\2
> -7
HopmuposaHHbIli R-kgadpam — HeCMELLEHHbIN Ko3hPUUMEHT

MHOXECTBEHHOW [eTepMuHaLmMu. HecMelleHHOCTb AocTuraeTcs yue-
TOM umncna creneHeii cso6oapl n—k=v, n n—1=v,.

2 1— Zeiz .”_k

Lun

R”O IM p—
g (v -y) n-1

CmaHdapmHas owubka — cpegHee KBagpaTU4ecKkoe OTKNOHEHME
OTHOCUTENbHO NWHMK perpeccun (OCTaTovHOEe CpefHee KBagpaTuye-
CKO€ OTKINOHEHME)

(1 <. [ T
Se =2 = 20 7)

HabnrodeHust — yncno HabnwaeHun n .

OucnepcuoHHLIV aHanu3

HaHHble, no3sonsowmne BbINOMHUTE aHanM3 COCTaBnNSLWNX Ba-
punaummn otknuka (Analysis of variance — ANOVA).

PaccmaTpuBatoTcs crnegyowme coctaensowme sapnaummn: Pe-
epeccus (Bapuauma oTknvkKa, obyCcnoBrneHHas CyLleCTBOBaHWEM 3aBU-
CUMOCTU OTKMNMKa OT paccMaTtpuBaemMblx daktopoB), Ocmamok (Bapu-
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auus, obycrnoBneHHasa cryvyanHbiMu npudmMHamu), Mmozo (obwasa Ba-
puauus).

Ons kaxgonm M3 COCTaBNSALWMX Bapuauun BbIBOAUTCA YUCIO
cTeneHen csoboabl df ():

Peepeccuss  df, =k—-1=v,

Ocmamok  df, =n—k=v,

Mmoao dfy =v,+v,=(k=1)+(n-k)=n-1=v,
McnonbayloTcsi credyloliMe XapakTepucTvku Bapuauum: SS —

CyMMbl KBagpaToB OTKMNoHeHun (Sums of Squares) n MS — cpegHue
kBagpatbl (Mean Squares).

> E;
Peepeccus  SS, = E'=3(§,~F) iMS, ==—=S;
A%

E
2
Ocmamok  SS, = Zeiz = Z(yi s )2 . MS, = & =52
Ve
oo 55, =55, +55, = 5(v, -5

D,ﬂﬂ oueHnBaHuUA CTaTUCTUYECKON HaQeXHOCTKU annpokcumMmauum uccne-

OyeMon 3aBUCMMOCTY NTIMHENHBIM YPaBHEHNEM perpeccuy BelBOAATCS:

F - pacyeTHoe uncno duwepa

2

MS, S, R n-k
MS, S} 1-R* k-1

3Hadumocmb F - BEpOATHOCTb TOrO, paccyUTaHHoe 4Yncno du-

2 2

wepa He cooTtBeTcTBYeT runotese S, > S, . OTbickuBaeTcs no pac-

F =

npefenexvio duwepa o . = f [F; Vi, Ve] C MCMosnb3oBaHWeM cra-
TUCTUYECKOM dhyHKLMM FPACM(F ;k—1;n—k). BenvuuHa

pP= 1- (O3 npeacraBndeT cobown 0OBEPUTESTIbHYHD BEPOATHOCTb

YTBEPXKOEHUSA O CTAaTUCTUYECKON HAOEXHOCTM MOSTyYEHHOW annpoKCcu-
MaLmu.

KoadcbuumeHTsbl perpeccum

3HayeHnss KO3 PULMEHTOB pPerpeccur 1 aaHHble Ans oueHvBa-
HUS1 X 3HAYMMOCTY BblBOASTCS B Tabnuvuy 6e3 Ha3BaHus. Yucno cTpok
Tabnuubl paBHO uuncny KO3(PPULMEHTOB B ypaBHEHWM perpeccun. B

CTpoke Y-nepeceyeHue pasmelleHbl AaHHble And KoaddumumeHTa bo,
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a B ocCTamnbHbIX — Ansa ko3adduumneHTos b Iz Ecnn maccuB mcxogHbIX

OaHHbIX coOepXnT 00603HadYeHus (PakTOpOB M aHanm3 BbIMOSHANCH C
3agaHHon onuuen «MeTkuy», TO CTpokK ByayT coaepxaTte 0003HaAYEHMS
dakTopoB. B npotuBHOM crniyyae kaxgasi ctpoka OygeT nomeveHa
NMaeHTUMKAaTOPOM, COOTBETCTBYHOLLUM pPaCMONOXeHU0 hakTOpPOB BO
BXOJHOM MHTepBane crnesa Hanpaso B NOpske BO3pacTaHus.

KoaghpuyueHmsl — 3Ha4YeHUst KOIPULIMEHTOB perpeccuu.

CmandapmHas owubka — cpeHee KBagpaTuyeckoe OTKIIOHEHUE
KoathdmumneHTa perpeccuu:

t-cmamucmuka — pacyeTHoe umucno CTblogeHTa ans koadpdum-
umeHTa perpeccunt b ; (3Hak KoadbduumeHTa coxpaHsaeTcs):

Sb.i

P-3HayeHue — BEPOSITHOCTb TOTO, YTO f,. HE COOTBETCTBYET M-
notese O 3HaAYMMOCTU ko3adduUmMeHTa perpeccun b Iz OTbickuBaeTcs
no pacnpegenenuio CtologeHTa pg = f [tb].;ve;vEJ C MCNOmnb30BaHu-
€M CTaTUCTUYECKOWN (PYHKLUK CTb}O,D,PACI'I(tbj;k—l;n—k). Benu-

umHa p =1- p, npeacTaensieT coboit JOBEPUTENBHYIO BEPOSITHOCTb

YyTBEPXOEHMS O CTAaTUCTUYECKON 3HAYMMOCTU aHaNMU3NpPyeMoro Koadg-
duumneHTa perpeccumn.
Huxrue P% v BepxHue P% - HWXHSAS U BEPXHASA rpaHuubl OO-

BEpUTENBHOrO MHTEpBana Ans KoadgduuneHTa perpeccum b]. npv go-
BEpUTESbHOW BEPOATHOCTHU P

b, —Sbjt[l—p;n—k] mb, +Sbjt[1—p;n—k].
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NMPUNOXEHUE 2

CTATUCTUYECKASA ®YHKLUUA «JIMHENH()»
1 EE NPUMEHEHUE

Cratuctnyeckas dyHkuma JIMHEMH() nossonseT onpenennTsb
KO3 pULMEHTLI MMHENHON pErpeccmMm n HeKOTopble NapameTpbl, He0O-
XoAuMble ONsi ee OueHMBaHWs. MoXeT NPUMEHATbLCA KaK Anst MHOXe-
CTBEHHOTO, TaK M 41151 TapHOro PErpecCMOHHOro aHanmaa.
CuHTakenc pyHKUMn:
NMHEWH(<Y>; <X>; K1; K2),
roe <Y> - CCblfIKa Ha 3HAYeHWsI OTKIMKA;
<X> - ccblifka Ha 3Ha4YeHus hakTopos;
Ki - ykasaTenb Ha HeOBXoaMMOCTb onpeaeneHns KoauLneH-

Ta perpeccun b, . Ecnn 3agaHo «JIOXb», anpropHo npu-

Humaetcs b, =0;

K2 - ykasaTenb Ha HEOOXOAMMOCTb BbIBOAA pacyeTHbIX napa-
METPOB AN OLEHUBAHMWS PErpeccum.
®yHkuma JIMHEMH() oTHocuTea K dbyHKUMAM Maccusa. oatomy
npu ee NporpaMmmMnpoBaHnM cregyeT NOMHWUTL CreaytoLLme npasuna.

1. CHavana Ha paboyem nucte HeobxoguMMoO BblAENUTH 006-
nacTb f4eek, pa3mepbl KOTOPOW 3aBWUCAT OT BapuaHTa Mc-
nonb3oBaHns yHKumK. LWnpuHa obnactu (Wmicno cronduos)
OOIMKHO COOTBETCTBOBATb YMCIY KO3MMULMNEHTOB, KOTOpOE
ByneT codepxatbCs B ypaBHeHWM perpeccun. Hanpumep,
ONS ypaBHEHUS OTHOCUTENbHO M hakTopoB, Npu Heobxoau-

MOCTU onpeaeneHust koadpduuventa b, (K1 3agaHo

«NCTUHA» unu nponyLieHo) 4ncno koadpduumeHToB pe-
rpeccun k = m + 1. Bbicota o6nactu (4Mcno CTpok) 3aBuCUT
oT ykasatens Kz. Ecnu Kz 3agaHo «MCTUHA», To obnactb
OOJSDKHA BKNOYaTh 5 CTPoK, a B NpoTnBHOM cny4vae (K2 3apa-
Ho «JIOXKb» unu nponyLieHo) obnacTb BbIBOAA pe3ynbTaToB
paboTbl hyHKUMN JormKHa coagepkaTb 1 CTPOKY.

2. MNporpaMmmupoBaHve GYHKUMM [OOMKHO ObiTb 3aBepLUEHO
KoMbuHauuen knasuw <Ctr>+<Shift>+<Inter>.

B camom o6Gwem cnyyae (paccmatpuBaetca m haktopos, Ki
3agaHo «ICTUHA» nnm nponyweHo un Kz 3agaHo «MCTUHA») pesyrnb-
Tathl paboTbl dyHKUMM JIMHEWH() 6yayT npeacTasneHsl creayoLwmm
obpasom (0603HayeHnss pesynbTaToB COOTBETCTBYHOT MNPUHATHIM B
pasgene 2 AaHHbIX METOONYECKUX YKa3aHUi):
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b .. b b

m m—1 e J
Som Sena Sy S Sio
R? S #H/0  #H/0  #H/O0  #H/O0  #H/Q

e

F,  n—k #HI0 #HIO #HIOD  #H/0 #H0
DE} Dlel #HID #H/O  #HID  #HIG  #HO
i=1

Cumsonbl #H/[], kotopble B MS Excel 06bIMHO yKa3biBalOT Ha
owmnbky npu obpaleHum K yHKUMK, B JaHHOM Criydae copepxarternb-
HOrO 3Ha4YeHUs HE UMEIOT.
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