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Beepenne

MeToauueckne ykasaHus npeaHasHauensl At 00paboTku U HTEpnIpeTanyn
CTATUCTHUECKHX AaHHBIX. MHOTHE TPaOUIHOHHO H3YYaeMLIC B CTATHCTHKE MOHs-
THA, TaKHE KAK YaCTOTHbIE pacrpeRenieHns, BEPOSTHOCTD, MPOBEPKA 3HATYHMOCTH,
KOPpEeNsuus, AMCNEPCUN, PETPECCHMs HMEIOT LHPOKYIO OGAacTh npuMenenus.

Llens Meroanuecknx ykasaHuit HayH4WTb BbIABJATL CBA3H, CKPLITHIE B uuC-
NOBbIX AAHHBLIX, TIOAY4aTh OBOGIIEHHLIC XaPAaKTEPHCTHKH, YAOOHBIE AN WHTep-
nperaunn. MpeoGpasosaHie NAHHLIX — 3TO PAAMKANbHBIH MOAXOA K CTATHCTHYE-
ckuM MeToaaM M npobnemam. OCHOBHON NPUHLIKMN NPH AHANK3C HAHHBIX COCTOHT
8 HeoBxoauMOCTH BOOUBATLCA PEIYALTATOB, NO3BONAICILHX WX HCNOJILIOBATL NPH
NoCAEAYIOWEM MATEMATHYECKOM MOAESHPOBAHUN.

B naHHOM METOAMYECKOM YKA3aHHK NPHBOLATCA NPAKTHHECKHUE 3aHATHA Ha
OCHOBE M3BECTHBIX CTATHCTHYECKHX NakeTOB 00paboTkH RAHHKIX «Statistican. Jlna
obneryeHna ycBoeHHA MaTepHana Kaxaas TeMa OCBeLacTen ¢ ONHCAHHEM METOAR
Y NPHMEPaMU pacueToR.

Meroanueckoe yKasaHHE QPHEHTHPOBAKO HA CTYACHTOB, H3YHAIOUIHX npH-
MEHEHHA CTATHCTHUECKHX METOOB MATCMaT AYECKOr0 MORENHPOBAHHA NIPH pelie-
HKM 33031 TeXHWueckoi GHonHGOPMATHKK 1 GHOMEXAHHKH, a TAIOKE MOXKET Gbrrs
MCMONK30BAHO H CTYAEHTAMU APYrUX CMELNaNnbHOCTeH, H3YHAoWHUX NIPHMEBCHHE
CTATHCTHYECKMX NakeTOB 06paboTkyu uHdOpMaLIKK AN PEWEHHS GHOROTHUECKHX,

MEAKUMHCKNX ¥ IKOJOTHHECKMX 3aaau.



Mlpaxruyeckoe 3auaTHe Ne 1.
BoiGopka ¥ HX NpeACTaBIeHHe

OCHOBHbBIE TIOHATHS

BoiGopKod x,. ..., x» 00BEMa 21 113 COBOKYTHUCTH, pacnpeaesenHon no Fix).
HAILIBAETCA 17 HE3ABUCIMBIX HaBaIONEHKE Haa cavuaitHoh penudnioi £ ¢ dyHkun-
¢ii pacnpegenenus F(x).

BapuaumoHHBIM PRIOM X/, S X3S . £ Xy HA3BIBAETCA BhIGOpKA. 3ann-
canHan B NOPAIKE BO3PACTAHUA €€ INEMEHTOB.

Ka# oMy HaOAI0ACHIIO 13 BHIBOPKH APHCBOMM BEPOATHOCTh, PaBHYI0 1/n; nony-
HUM  pacnpeacieHne, KOTOPOC Ha3blBAOT IMAHPHYECKHM; CMY COOTBETCTRyET
PyHKUMR IMOUPHUECKOro pacnpeaeieHns

A, (x)

n

* *
Fo(x)=Fp(x: X|y ooy Xy ) = (1.1)
The: n(x) - YMCNO UNCHOB BHIGOPKH, MEHBIWNX X. Jnauenue ITOH QyHKUMH ARs
CTATHUCTHKY ONIPEALNSETCA TEM, 470 NpH 1 —> ©
Fpy (x) — F(x)

Bbi6opku Gonblmx o6bemos TpyaHoo603pHMbL 1 TPeSYIOT pasbuBkK avana-
30Ha 3HadeHnil BLGOPKH Ha paBHble HHTEPBANLY H NOACYETA AN KDKAOIO HHTEpBA-
112 4ACTOTHI- KONHYECTBO HAGNIOACHHH, NONMABWIHX B Hero. HacToTht, OTHECEHHBIE K
ofllemMy 9ucny HaGMONCHKH 11, HA3LIBAIOT OTHOCUTEALHBIMH HACTOTAMH, rpadm-
yeckoe NpPEACTARNEHHE PacNpeaesieHHA HaCTOT N0 UHTEPBATaM — FHCTOFPamMMOii;
HAKOMAEHHO#H YaCcTOTOH AN AaHHOTQ UHTEPBANa Ha3LIBAIOT CyMMY YacTOT AaHHO-
ro HHTEpBANAa H BCeX Tex, uTo nepee ero [1].

Buinoauense B naxete STATISTICA

Cenrepauus BuIGopxy

CreHepupyem, Hanpumep, BbiGopry o0bema n =50 ¢ NokasaTebHbIM pacnipe-
JieNIEHHEM CO CPERHIM 3HaueHHeM 5.

Co3naanm HoBeif daitn:

- File - New Duta - ykakem nma daina B okue Fife Name. descript. Ha skpane
ceTKa-TabnKua, B €€ 3aroioBKe yKalaHbi HasgaHwe W pasmepsi: /Ov * 10c - ( 10 ne-
pemenHbix ( variables ) - cronduos no 10 vabnionenuii ( cases ) - CTPOK.

TMpeodpaiyem Tabnnuy k pamepam 1x50:

- Kuonka Vars (na akpane) - Delete; okno Delete Variables: yxaxem kakhe nepe-
MeHHbIe- cronbust y6pars : From variable : var 2, To variable : var 10 - OK:
-Kuonka Cases - Add ( nobasnenne ) - okHO Add Cases: yxaKem, CKONLKO CTPOK
106asuTh M Kyna : Number of Cases to Add : 40, Insert afier Case : - OK.

Crenepupyem BbIGOpPKY:

BbIAENUM cTON0el - nepemeruyto Var! (enukoM mbiuss nio ce 3arnasuio) -
HOKMEM NPaBYIO KILBHILY - B OTKpbiBIIEMcA Menio Bribepem Variable specs { cne-
unduKaunH nepemeHHOl ) - B noaBuBleMcs okue Variahle | BBenem Nante x, B
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HIDKHCM MONe Long name BBOAMTCA BbIPWKEHHE, OMpPEACAIOUICE MEPEMEHHYIO,
Broa MoxHO caenaTh HabopoM Ka KnaBHatype HNHM € MOMOWILI0 KIABHINH
Functions, sbi6Hpas B Mewio Kategory n Name 1pebyeMylo QyHKIHMIO W BCTaBNAA
wiaBHwed /nsert. ina 3agania 3aK0HA pacnpeaeliecHus cilefyeT BBECTH, HanpHMep,
=rnd(2) ms R{0, 2],

=Vnormal(rnd(l); 2; 0.5 ) mna N(2, 6°=0.57).

=VExpon(rnd(1); 0.2 ) ma E(5) co cpeanum 1/0.2=5; (nna sawero npu-
Mepa BMCCTO 3HaueHHa napamerpa 4=0.2 moxHO Habpath BeipkeHue 1/5).

Takan dopma 3ananis OnpeResnseTca CROCOGOM TreHEPaUMK: C MOMOMILIO
dyuxunn, obparoii (Gyxea V) x gyHkuuy pacnpesenchun n reneparopa cryuali-
uuix gucen R{0, 1] ( rad(l)).

Pacneyaraem BeiGopky komaHnoit Print mewio File.

[Mocmorpum BLIGOpKy rpadimuecku:

Graphs - Custom Graphs (wactpausaemsle rpaduku) - 2D graphs - B GTKpbIBILEM-
€A OKHE BCE MOMHO OCTaBHTL NO ymonuannio - .OK. Habmonaembii rpaduk (puc.
1.1) pacneugraem.

25

20

15

10

(4

Puc. 1.1. Habnioaenus, pacnpefencHible No OKa3aTenbHOMY 3aKOHY
co cpeaunm S (n = 50).

Mocmpoenue sapuanuonnozo paoa

TlepBiii cnoco6.

Bouneanm tpeGyemyto nepemennyto (cronbeu) - HAOKMEM NPaByIo Knasuwy
Mol - suibepem Quig Stats Graphs (6bICTPHIE CTRTHCTHKY H rpadvkn) - Vailues /
Stats of Vars (3uauenna u cratuctiiy ) - HaGNKON3EM BAPHALMOHHDBIN PAR W BHIGO-
pouHOC cpeance (mean) n crannapTHoe oTknokxenue ( SD ).

Bropoii cnocod.

Boinem 8 moaynw Dara Menagemeni (aBoiiHoii menuex nesoit knaBHwiedi
MBIUH HA MHCTOM TNoie W BLIGOP MORYNA B okHe Module Switcher; ecnn molynb
yKe 3arpyxen, 1o 4lt- Tab no noasnenns Momynn) - Analysis Sort - ycranasnusa-
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€M HMA NEPEMEHHOM, THI COPTHPOBKH: Ascen (RO BO3pacTanHio ) win Desc ( no
ybpBanmo) - OK. ‘

DyHKYUA IMNUPULECKO20 pacnpedenenun

Graphs - Stais 2D Graphs - Histogram - B nossusiuemMca okHe yCTaHOBHM:
Graph Type : Regular, Cumulative Counts (wakonsiennpie yactotsi), Fit Type (noa-
Oupaemblit Tun) - [xponential (a1 vawero npumepa) nan off (Ges noadopa). ! uri-
ablles: x, Categories (4¥cno nHTepsanoB rpynnuposanus) : 250 - OK.

Habaionraem rpaduk dyHkunn smnupuyeckoro pacnpeaenchns (puc. 1.2).
I'paduk MOXKHO OTpeaKTHPOBATD: HIMEHUTD AHHIN, TOYKH, doH, WKANbI, HAANHCH;
ARs ITOTO HEOOXNOANUMO NOABECTH CTPEAKY B HYMHOE MECTO W JBDKAL) UIETKHVTH
neBof KnaeMieH Munun. Boigelem ero Ha newaTh WK COXpanuM.
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Puc. 1.2. dynxuus smnuprueckoro pacnpeaeneH1a

Tpynnupoeanue oannsix

Analysis Frequency Tables - 8 okHe Frequency Tables 3apanum No of exact
intervals: 10 (10 wnrepsanos rPYNAKPOBAHUA; unn Siep size: 2, starting at: (), B
none Display options ommetrum Cumulative frequences { HaKOMEHHBIE YaCTOTL) )
Percentages (npouesthl - oTHocuTenbHble uactoTst), Cumulative Percentages
(Haxonsesnsie yacToTh ) - OK,

Ha6niopaem Tabnuuy rpynnupopannsix ganueix. Buiseniem ee na neyars uan
COXpaHuM,

Hocmpoenue zucmozpammor yacmom

Graphs - Stats 2D Graphs - Histograms - B nossuswemcs oxue yCTaHagnu-
BaeM: uMa nepemennoh, Graph Type: Regular, Fit Type; off ( 6e3 noabopa ) nan
HYXHBIR THA, YHCIIO MHTEPBANOB TPYNNUPOBAHHS Cutegories: wm Auto (asTOoMa-
THUecKkHii BLIGop uncna uureppanos) - OK.

HabGnionaem rucrorpammy (puc.1.3). Orpenaxripyem rpadix, ecnm neodxo-
AuMO. Briseaem Ha medarb MM COXPaHNM.
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BLOLIB]

Puc. 1.3.Tucrorpamma

Bonpocsi:

1. [MapameTpbl 0GbeKTa U €r0 NpeACTARNEHHE,

2. [Hxanb! u3mepenuii.

3. Meronbi c6opa ucxonHo#, HHGOpMaLH,
4. Owubka BbiGopKH. Buabl ownbok suiGopky.



lipakTHueckoe 3ansTie No 2.
Ilapamerpe! onncaTensHOM CTATHCTHKH

Yucnoswe XapaxTepHCTHKH IMIHPHYECKOTO PaCcnpencsieH!ss HasbiBaloTCA
BLIGOPOUHLIMI  XapaKTepHCTHICAMM: seiGopouHbie cpefnee (MareMatHyeckoe
0XKHAAHME), AHCTepCHSA:

I n n
=Yy, 3:.‘_2(_"__;5)2 2.0
ni=) nigy
BBIGOPOUHEI MOMeNT nopaxa k:
n
=L Sx; %)% 22
Rz
BbIGOPOUHLIE KRAHTHAM {p, nopaaxa P - KOpHH ypaBHEHNS
F({p)=p,
KOTOPLIMHK ABAKIOTCR YIEHL BAPHALHOHHOTO paja
Smr=arp1-1»

rae: [np] o3HauaeT Uenyi0 yacTh np; yacTHEIM chydaem (p = 0.5) ABNseTCA BbIGO-
POUH2A MEAHAHA - UEHTPaNLHBI YNeH BapHALUMOHHOTO pAna. 3HaueHue BLIGOpOY-
HbIX XapaKTEPHCTHUK COCTOHT B TOM, 4TO npu n — OHHN CTPEMATCE K MCTHHHBIM
3HaueHUam pacnpenenenna Fix) [1,6].
Brinoauense 8 nakere STATISTICA

Be16opounsie xapaxrepucraicu

Tepsbiii cnocod: Ha aronoske crandua ¢ BuiGoOpKO# IIEKHEM NpaBodi Kna-
swineil M - Quick Basic Stats... - Descriptives of var - nony4aem Tabnuuty c xa-
PaKTEpHCTHKaMK: mean (cpeanee), Confid 95% ( AOBEPUTENbHBIE TPAHMULI HHK-
HAA 1 BEPXHAA C ypoBHem noBepua 0.95 ), Sum ( cymma ), Minimum, Maximum,
Range ( pasmax ), Variance ( amcnepens ), Std Dev. ( CTaRgapTHOE OTKAOKEHHKE ) U
ap. Cpasuum BLIGOpOusoe cpennee, Menuany M CTAHAAPTHOE OTKIOHEHHE C COOT-
BETCTBYIOUIMMY TEOPETUHECKUMH 3HAUCHHAMH. DTO e MOKHO CAGNIATL Yepes Me-
wto: Anflisis - Quick Basic Stats ...
Bropoit cnocob: Ha 3aronopke ¢T016ua ¢ sLIGOpKO# WeNKHEM NPaBO Knapuie
MbnnK - Block Stats " Columns (60K cTaTueTHK IO KONOHKAM ) - BBUIETHM HEOGXO-
anmoe unn Al

Onucanue dspmepusx ev160pox

Beoa nanHbIX: 3aganmm HOBYI0 TaGnuuy 2x32, Ha30BCM cronbus X y ¥, 3a-
NOAKYUM TAGHLLY BPYUHYIO 3a0aHHBIMY 6 Tabn,2 3HAUEHHAMM.

Huarpamma paccennyn:

Graphs - Stats 2D Graphs... - Scauterplots... - BBOAUM 3HAYEHHA no ocam X
i ¥ (naxas ua knonky Variables u srigpas nepemetinbte ) - OK
Pacneuaraem anarpammy (puc. 2.1) iy COXpPAHHM.
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Puc. 2.1. luarpamma paccesHns

BuiGopounnie XapaKTepHCTHKYH

Buigennm Tc nepeMeHHble, NO KOTOPLIM TpeOyroTCA BBIGOPOUHDLIE XapaKTeph-
CTHKH - WIENKHEM NpaBoit knasnwel mbiwy - Quick Basic Stats - Descriptivs of
VARS... HaGmogaem Tabnuuy ButBopoutbix xapakTepictuk. Ornedaraem Tabauiy
WIH COXPaHHM.

BuifopouHbie XapakTepUCTHKH MOXHO BHECTH B Tafniily RaHHBIX, B KOHELL
COOTBETCTBYIOMIMX CTonbuoB. Boiaennm HyxHble cTOnGLb!, ganee cM. BTOPYIO
yacTL N.  Onpenennm KOppens LHOHHYIO MaTPHLY:

Analysis - Correlation matrices - Two lists - First list: All - Second list: AII OK -
Cuancel (oTMeHa NpeanoXKeHH HA ROBYIO MaTpHLY).
MarTpuuy oTneyaTaem Wil COXpaHuM.

Jsymepnas rucrorpamma.

Graphs - Stat 3D Sequential Graphs - Bivariate Gistogram - ycraHOBHM No ocam X
u } TpeGyemble nepeMeHHbie ( KHONMKOW Variables ), 3anagum YncIio HHTEPEANOB NO
kaxnoii ocu - OK.

Bonpoce::
1. OnucarenvHas cratucTuka. Moaa. Meanana.
2. Cpennee 3HaueHHe.
3. Iucnepenn, CpeaHe-KBaNpaTHHECKOE OTIUIOHEHHE, CTAHAApTHOE OHGKa.
4. OcrosHbie npasuna rpadiyueckoro ogopmnexns.



lIpaxkTuyeckoe 3austne Ne3,
MaTtemaTaveckan 06patoTica AaHHLIX ¢ HeALIO onpeaeneHHA CYPYKTYPb! H
napaMeTpoB MaTEeMATHYECKOI MoaeIH

OcHosubie onpenenesna. Koppensuus NpeAcTaBnseT co6oit Mepy 3aBHCH-
MOCTw nepemenHLIX. HauGonee ussectua koppensuma Mupcona. IMpy Bb19MCNeHHUK
Kkoppensuny [TupcoHa npeanonaraercs, 4To nepemeHble H3MEpeHbl, XaK MUHH-
MYM, B MHTEPBAILHOA Wkane. HekoTopbie apyrue ko3dgHUMEHTH! KOPPEnauHN MO-
YT GbiTb BBIYMCAEHb! A1 MeHee UHAOPMATHBHLIX wWKan. Kosgduunents koppe-
JHILAN UIMENSIOTCA 8 npeaenax ot -1.00 30 +1.00. Obparute BHHManue Ha Kpail-
Hue 3HadeHun koddpouunenta xoppensumn. 3uauenue -1.00 O3HAYAET, YTo nepe-
MCHHBIC UMCIOT CTPOrylo ompuyameasvsyro xoppensumio. 3Havenne +1.00 o3na-
HaET, YTO NEPEMEHHBIE UMEIOT CTPOTYIO 1030 Ume.ToHy0 KOPPETALMIO. OTMETHM,
uT0 3nauenne 0.00 o3nauaer orcyTeTEHE KOppensUMN [2].

Otpuuarenphas koppensums. lse nepeMeHtLle MOryT GLITh CBA3aHLI TaKMM
08pazoM, 4TO NpH BO3PACTAHHH 3HAYECHMI OAHON M3 HUX 3HAYEHMSA apyroi youi-
BAKOT. ITO M NOKA3LIBAET OTPHUATENBHBIH KOIPPUUMEHT koppesduun. Ilpo Takue
NIEPEMEHHDIC TOBOPAT, YTO OHH OTPHLIATENLHO KOPPEAHPOBAtDL.

MonoxutenbHas koppensuus. Ceassp MeANY NBYMA MNMEPEMEHHLIMH MOXeT
Gurmy cnesylowed - Koraa 3HaueHus onMON nepemeHHOR BO3PACTAIOT, IHAUEHHA
ApyToii NEPEMEHHOI TaloKe BO3PACTAIOT. ITO M NOKAILIBACT MONONKHTENLHBIN KO-
3 puuneHT Koppenaumuy. [1po Takue nepemensivie rOBOPSAT, YTO OHH NOAOKUTENLHO
KOPPENHPOBaHL!.

Havibonee wsacto ucnonssyemsiii ko3 duunent koppenswnn [Tupcowna r
HABLIBACTCA TAIOKE AUHELNOH KOPPENAUMEN, T.K. U3MEPAET CTENEHb JIMHENHBIX CBS-
3eii MeXIY NepeMeHHLIMH,

TlpocTan nuielivas koppenauus (Mupcona r). Koppensuns [Mupcona (aanee
HasbIBACManA MPOCTO xopperAyued) npeanonaraer, 4TO ABE PACCMATPHBAEMbIe ne-
PeMEHHbIC H3MEDEHD), NO Kpakitel Mepe, B UHTEPBAILHOI WKANE, C KOTOPO 3HaYe-
HW ABYX NEPEMEHHBLIX "Nponopunonansuel” Apyr Apyry. Baxmo, uTo 3naucuue
KO3 PHUUHEHT KOPPLALNK HE 3ABUCHT OT MacWITaba HIMEPEHHA, Hanpumep, kop-
pensuns Mexcay pocToM U Becom Syaet ofHo# U TOH Ke, HE3ABUCHMO OT TOTO, npo-
BOAUNUCE U3MEPEHUA B Jiviistax ¥ dymax uau B canmuvempax W Kunozpammas.
flponopyuonasvuocms 03navaer NPOCYO nuneimyro 3agucusmocms. Koppenguns gui-
COKan, ECTH Ha rPaduKe 3aBHCUMOCTL "MOXHO NPeACTaBHTL" MPAMOI NuHMe (c
NONOKHTENbHLIM HIIH OTPHLATENbHBIM YITIOM HAKJIOHA).

Nposenexnas pamas nasbiBacTCa npanoil pezpeccu WK NPAMOR, nocTpo-
€HHOH MemoOoM Haumenvutux keadpamos. TIOCHENHWA TEPMHH CBA3AH ¢ Tem, Y10
CYMMQ K8adpamos paccToAHM (BuuHCNEHHLIX NO ocu Y) oT Habmonaembix TOYEeK
L0 NpSMOH ABNACTCA MHHMManLHOH. 3ameTum, YTO UCNONL3OBaHME Kxeadpamoe
PaccTOAHNi NPHBOZHT K TOMY, 4TO OLEHKH MAPAMETPOB NPAMOH CHILHO pearu-
PYioT Ha 8bIGpOCH! (cM. puc.3.1.).
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Puc.3.1. OroGpakeHHe NIMHHUK perpeccun

Kak uurepnperupoBaTsh 3Hauenns koppensumii. KoagduumeHT xoppenauun
Mupcoua (r) npeacrabnseT codo0i Mepy ANHEHHOH 32BHCHMOCTH JIBYX NepeMEHHLIX.
Ecnu 8o3BECTH €rO B KBAOPAT, TO NOMYYEHHOE 3HA4YeHHE koadduMeHTa AeTepMH-
Bauny 1%} NpeacTaBAAeT AONI0 BapHUaLMK, OOLLYIO N NBYX NEPEMERHBIX (HHBIMH
CNoBaMK, "CTENEHL" 3aBMCHMOCTH WIH CBA3AHHOCTH ABYX nepemeHHbx). UToGn
OUEHHTH 3aBHCHMOCTD MEXKIY NEPEMEHHDBIMH, HYIKHO 3HATL KaK "8CHHUMHY™ KOppe-
JIAUMH, TAK B e IHaYuUMocm. :

3HauuMocTL KoppenauHii. YpPoBEHb 3HAUHMOCTH, BLINHCNEHHBIH AR Kax-
ROR KOppensuuu, npeacTasner coboii rnasHblii HCTOUHUK HHPOPMAWHHE O HAREK-
HOCTH KOppenauuy. 3HAYHMOCTb onpencieHHoro kodpduumenTa koppeniuuu 3a-
BHCHT OT 001ema BhiGopok. Kpurepuii 3HaYMMOCTH GCHOBLIBAETCA Ha NPEANONOXkeE-
HUH, YTO pacnpeneseHHe oCTaTKoB (T.€. OTINOHeHWH Habnogenuit OT perpeccHoH-
HO# NpAMOIT) Ana 3aBUCHMO# NepeMerHoil ) ABNAETCA HOPMATILHBLIM (C NOCTOAHKO
aucnepcHei ANg BCEX 3HAUCHHIA HE3ABUCUMONH NEPEMCHHOI x). MccnenoBanus me-
Tonom Mokre-Kapno nokasanu, 4to HapyweHue 3THX yChoBuii He arnsercs abco-
JOTHO KPHTHYHBIM, €CAH Pa3MEpbl BHIOGOPKH HE CIHILKOM Manbl, a OTKNOHEHHS OT
HOPMANBHOCTH HE OHeHb Oonbinne. TeM He MEHEe, HMEETCH HECKOALKO CEPLE3HBIX
ONAcHOCTEN, O KOTOPLIX CAERYET 3HATH, ANA ITOTO CM. CIIEAYIOIIHE Pa3achibl.
Buibpocer. Mo onpenenenuio, BeiGpoch! ABAAOTCA HETHRHUHBIMH, PE3KO BhUIENS-
ownMucs Habmoaenuamu. Tak kak ApH NOCTPOCHWH NMPAMON PerpeccH HCRONb-
3yeTeA CyMMa k6adpamos PAccTosHuii HablosaeMbiX ToueK A0 npamoil, To BriGpo-
Cb! MOTYT CYHICCTBEHHO MOBANATL HA HAKNOH NPAMOIi K, CREAORATENLHO, HA 3HAYE-
Hue ko3ppuunenta koppensumn. MosTomMy eantuiHbIA BLIGPOC (3HAYEHHE KOTOPO-
TO BO3IBOAMTCA B KBANAPAaT) CNOCOBEH CYWECTBEHHO M3MEHHTE HAKIIOH NpPAMON M,
CNICAOBATEINLHO, IHAYCHIE KOPPETAUNA (cM.3.2.).
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Pnc.3.2. 3aBHCHMOCTL NHHUY perpeccru 0T BHIOPOCOB MaHHbIX

3ameTiM ,4TO ecnu pasMep BLIGOPKH OTHOCHTENLHO Man, To acGarnenne wnn
HCKNOYEHHUE HEKOTOPLIX NAaHHBIX (KOTOpbIE, BO3MOXHO, HE RBMIOTCA "BbliGpOCa-
MU", KaK B NpeabyuleM MPHMEPE) CMOCOOHO OKA3aTh CYLUECTBEHHOE BAUSHKE Ha
ApamMyto perpecHd (1 Ko3(duuueHT Koppenaunn). 370 NOKA3aHO B ChefyiolieM
npumMepe, rae Mbl HA3BAIH MCKMOYEHHBIC TOUKH "BbIOPOCaMH"; XOTA, BOIMONKHO,
OHH ABARIKCTCA HE sblﬁpocamu, a IKCTPEMANTbHLIMH 3HAUYCHNAMHA.

O6b1uHo cunTaeTcs, 4TO BLIGPOCH NpeacTarnAoT cobof cryyaiinyio omub-
Ky, KOTOPYIO CACHYET KOHTPOAUPOBaTh. K COMANEHUIO, HE CYLIECTBYET 0BWenpy-
HATOrO METOAA ABTOMATHYECKOTO yaaneHHs BbIOpOcos (TeM HE MeHee, cM. criefy-
fownit pasnen). YroGul He GbiTh BREACHHBIMY B 3a0Y)KACHHE MOMYYCHHBIMH 3HA-
4EeHHAMH, HEOOXOAMMO MPOBEPHTL HA JuUAZpAMME PACCEAHUA KDKALIA BaXHLIH
cayuwali 3Hauumoll koppensuun. OueBnaHo, BbIOPOCHI MOTYT HE TONLKO HCKyc-
CTBEHHO YBENWYWTL 3HaueHHe kod(PHUMEHTA KOPPENiUHH, HO TaKKe PeanbHo
YMEHDBIUTD CYLHECTBYIOLLYO KOPPEnaunio (cM.3.3.).

M7 s Y

Puc.3.3. Bausnue uiGpocos Ha koppenaumio
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Buinonnenue B nakere STATISTICA

Mocne Toro kak chopmupoan daiin aasHb. Cleayer ero 3arpy3uTs B *
STATISTICA ™ B MO’XHO NPUCTYRATH K pacueTaM. KoppensuHOHHbIA aHanu3 3a-
nyckaercs (cM. puc.3.4.)

LR XX NN ¥ N ROF 'Y ¥
SN P vt v v v
PNCBVNL=mUuND eSO |

PR RN RV RNy

Puc.3.5. Buibop BapnanToB napameTpoB
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Hakumaem onuwio «One variable list », B pesynsrare nossHres OKHO, B KO-
TOPOM CACAYET OTMETHTL NAPaMETPhl, KOPPENIAUHOHHAR 3aBHCHMOCTDL KOTOPLIX HacC
nuTepecyer W Haknmaem «OK» (cM puc.3.5.). B nossuBwieMca OKHE HDKUMaeM
onumio «Correlation» # nonyyaem pesynbTaT B BHOC KOPPEAUHOHHON MaTpHUbI.
DocrosepHbie CBA3N NOMEYAIOTCA KPACHBIM LIBETOM.

E.snmrnm Aot .,t..mh:s and Tabizy

o i
‘;’?‘!‘“ ""r.m-zwmxhduzm ;u. T, I

£ g . Mosked corrslotions are significant at p ¢
2 ZIN=S0 (Lezevize deleucm ul ®i33Iang d.a °)

VO OO WA
anammad

]uywoww | _,uum-l{,a,smm O BE

Puc.3.7. KoppensunonHas MaTpuua

AHaNU3 NOAYHSEHHLIX Pe3ysbTATOB NPOU3BOANTLCA COTAACHO TEOPHH KOppe-
JNAUKOHHOTO aHAIN3A U PE3yAbTAThl HANArAlOTCA B CXEMDb).

Bonpocni:
1. OcHoetibie 3anauy perpecCHOHHOTO aHanU3a,
2. lMocrpoeHiie nuHeHHBIX Moaeneil METOI0M HaHMEHbLINX KBAAPaTOB,
3. MMpenmynecTsa OUEHOK METOAA HAUMEHLIUMX KEAAPATOB

14



Mpaxruueckoe 3anaTue No 4.
Oanodaxropnelit AUCNEPCHOHRLIH AHANU3

OcCHOBHBIC COOTRHOWEHNA. M3yyaeTess RANAHUE, KOTOPOE OKA3BLIBAET HEKO-
TOpBIil KA4ECTBEHHEIN MPH3HAK (aKTOp) HA KONUIECTBEHHBIH pesybTar (OTKNHK),
HaNpHUMeEp, BAWIHUE TEXHONOTHH W3IrOTORNEHHA MpuGopa Ha €ro AONFOREHHOCTE,
BnAnKe cnocoba o6paboTkK 3emnu Ha ypoxaitnocTs U T.4. [TycTs daxrop umeer
k yposheit A;,4,.....A; v NYCTb H3MEpseMan BEIMYHHA X €CTh PEIYALTAT AcicTBMA
daktopa 1 cnyuaiinoil cocTamnstouleit € (0T pakropa ke 3aucaiueit) [3):

x=f(A})+€
bynem cuurarsb:
1) 4TO npy kaxaoM ypoene A, daxTopa, j = 1, ..., k, nMeeTca 7 u3Mepenui
X
rae obosnauerio a, = f(4,).

j=a;+€,. i=l,.,n, 4.1)

2) uTo cay4aiinas COCTaRLIIOUIan & HOPMaNLHO pactipeaencHa MO, o) ¢ mucnepcn-
ei o2. Ecm snusnus QaKropa Ket, T0 BCE @; pasHel HTak, HmeeTca k BeiGopok

&
obvemamu my, ..., ik, L n =N . Tposepum runoTesy 06 OTCYTCTRUN BIHAHMA:
j=)
H ao=a=.=a
Mo kaxaoii U3 BLIGOPOK MeToaoM HakBosbllero npasaonoactud OUSHHM
CPElHKE aj ¥ ANCTIEPCHIO G2

R - -
a,=%;=—2.x, s == x, -5, (4.2)
n, s n
7 i=1 J
a 3aTeM OUEHHM G2 NO BCeM BbIGopkam:
n,
« 1 & . 1 &
g" === >'ns, = S x, -%,) - 4.3)
Nk N -k 5=

T2 CTATUCTHKA HECMEILEHHO OUCHUBAET G2 HE3aBHCHMO OT TOTO, BEPHA UK
HeT runoTesa H .

Ilpyryio oueHKy Ans G° ROCTPOUM MO 3HaYeHNAM &.4;....& . Ecnu H Bepua,
TO Mé, =a, Da,=a’/n,, j=\ .. k.OucHkn ;A a u G*

k &
=L15ne, o=t-Yna,-a 4.4)
N J:l k- J=|

M3 Teopembl O COBMECTHOM Pacnpe/ie/ieHHH OLEHOK CPEAHEr0 W AHCREPCHR
HOPManbROH COBOKYNHOCTY CReflyeT, 4T0 crarucTuku (N - Ko w(k-1)6>" uesa-

BHCHMb) ¥ pacnpeneneHnl Kak O'z‘x,zx.k ] O'ZXZ_| COOTBETCTBEHRO, H NOTOMY HX OT-
HOWCHNE
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o LN -k’

20 2.2
F, =2 . o lxi k-1 @.5)

€Chn runoTesa H Bepha, umeeT F-pacnpenenense Guiepa,

Ecnu runotesa ne sepa, To 62" uMeeT Tenaenunto k YBEAHUEHHIO 3a cuer
PasBpoca cpeanux aj, ¥ NOTOMY, €CAIN F,, MMeEET CAMIIKOM Gonbioe 3HaueHHe, T.e.
ecan

Fy>Q, (4.6)

TO runoTesa H 06 OTCYTCTBHMH BAMANNA ¢axropa A OTIUIOHAETCA, ¥ CEAYET CYM-
TaTb, YTO CPeNy CPEeAHHX a4y, 4y, ..., ay UMEIOTCA XOTH Gl DBa He paBHLIX; 30eCh
Q=00 -a:k-LN - k) - KBAHTHND YpoBHa @ Fpacnpenenenus ¢ k-1 u A -4
crenedamu ceofonnl, o - BuIGupaemblii ypoBens anaunmocty. Ecu *e (3.6) He Bis-
NONHAETCA, TO 3TO O3HA4aeT, Y10 HabmoneHHus ue fPOTHBOPEYAT runoTese of oT-
CYTCTBUM BAHAHKMS dakTopa. Yenosue (3.6) MoxeT Gorrh 3aNUCaHo uHaYe:

PiF 2F,)<a, 4.7)
rae F - ciyyaiinas Befinuuna, pacnpenenentan no sakoHy Guwepa.

Ouenxa sauanus thaxTopa. OtHowenne ': ' J5, MOAYWHAETCA pacnpene-
g

nenno CToloaenTac N - & crenenamm csobonm, tecnn Q = Gli-a, N —k) - KPaH-

THab ypoBHa |- & ITOrO pacnpepenetus, To ROBEPHTENLHBLIA MiTepRan Ana g, ¢
yYposuewm aosepus | -2q. :

*
g

a,t—Q (4.8)
n,
Ecan runores3a /H o pPaBeHCTRE CPEAHNX OTKNOHAETCR. TO aneayer onpeaenuTL, NO

KakMM MMEHHO YPOBHAM (hakTopa CpeaHmMe 3mauumo paznuyaioTca. Jluueitnas
komMOunauma

k
L=Yc,a, 4.9)
y=
Ha3bIBAETCA NUHENNBIM KOHTPACTOM. Ouenka ang L -
. Kk
L=Ycs&, {4.10)
=
a oueHka aucnepcun DI ;
k ot
Si=c* :

il 4.11)
n

3aduxcupyem NIPOH3BOALHOE UNCHO + KOHTPACTOB Jig% .L(U ekl Moxno
noKkasars, 4TO 0AHOBpeMeHHo ana seex L, () puinonustoTes COOTHOWEHHS:

i6



l (=) _ z(-)l < SL(»-) JKFO-a,k,N—k) 4.12)
m=l, ..,

y o

C BEPOATHOCTBIO 1-0. 3TO COOTHOWEHHE NO3BOJIAET CAGNATh BLIBOA O BCEX MHTEpPE-
CYIOLIHX HAC KOHTPECTax OfHOBpeMeHHO. B yactwoctw, cpezm pasHoctedl a; ~ a;
MOXKHO BHIAENHTD T, KOTOPBIE 3HAYHTENLHO OTAHYAIOTCA OT HyNA Ha BhibpaHHOM
ypoBHe 3HauumMocTH (MeToa Llegde). -

[pumep. PaspaGoranpt nse HOBblE MeTOAMKH Nedenna 3a6onesanus Ty u T,
470601 OLIEHNHTD, Kakas U3 HUX Oonee sddexTHBHA OHHN GbUTH NpUMeHeHd! B 10 Knu-
HHKAX, BIIIOYAA TPaZHUHOKHYIO To. Pesynbrathi xopowei s¢dextusiocr npu-
BeneHbl B Tabn. 4.1. [posepum runotesy 06 OTCYTCTBUM BAUAHHMA METOAKK Jieye-
HHA HA 3P HEKTHBHOCTDL BLI3NOPORNCHHA.

Tabn. 4.1
N|TH| Kh|lR| | K ||
1 |43171 )51 6 |43 |65 70
2 |47(18 (62| 7 |64]|74] 74
3167|6573 8 |47 |86 65
4 |52 (68|62] 9 |56]66]| 69
S§ 170|181 |48 |10 ) 43 | 60 | 54

Brinoauenne 8 nakere STATISTICA

Bynem Buinonuats B momyne Basic Statistics and Tables (Moxuo sinonssme
Taioke B moayne ANOVA/MANOVA). Coznaaum Talnuuy ¢ AByMs ctonGuamu P n
T n 30 cTtpokamu; B P 3aHeceM NaHHbLIE N0 NPOH3BORHTENbHOCTH, B 7 - 'yposun T:
Texvonorun 79, 71, 72. lanee suinonunm: ‘.

One - Way ANOVA (Analys Of Variances) - Analysis: Detailed Analysis Of In-
dividual tables, Variabbles: Grouping variabbles (rpynnupyiowue nepeMenHme):
T. Dependent variabbles (3aBucnmble nepeMenHbie - OTKAHKY): P - OK - OK - or-
metus Stalistics: Number of observations (konu4ecTso Habnioneunii), Standart de-
viations (CTaMAApPTHLIE OTKAOHEHHR) K Variances (AMCNEPCHH), nonyunm Sum-
mary table of means (vabnuuy cpennux); BHAHO, KAK OTAKYAIOTCH CPERHKE B Kak-
noi w3 rpynn (mpy urcHposanHom yposne axtopa 7) - Bosspawaemes g OKHO
Descriptive Stats and ... Results w suinonnnem Analysis of Variance - Habmopaem
Tabnuuy: 8 cronbue SS (Sum of Squares) Effect yxasaHa cymma ksaapavos, yMHO-
wenHaa Ha (k- 1), df =2 = k- | - uucno creneneii ceobonr, MS (Mean Square) =
839.0 - ouenxa, SS=2711 - cymma kBanpaTos, ywHokeHHan Ha (N - k), df = 27 =
N-k Ms Error = 1004 - ouenxa, £ = 8.35 - 3HaueHHe CTATHCTHKH, p = 0,005 -
BEPOATHOCTL; MOCAEAHAS CAHWKOM MaNa, YT06b! MOBEPHT B HCTURHOCTD runoTess!
H 06 orcyrcTBum BanAHUA daxropa 7. Buisoa: gakTop 7 (TeXHOROrM) enuser ua
P (npou3BOAMTENHHOCTD). :

Bo3umkaeT BONPOC: KaKOH METOA NEYEHHA MONHO CYHTATL 3HAYMMO pazsuy-
HbtM? ina oTBETa HA ITOT BONPOC Bo3BpawacMca B 0kHO Descriptive Siars ang
Results n somonunaem Post - hoc comparasion of means (cpasHenne cpeanmx) no
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merony Wedde Sheffe rest. HaGmoaaem Tabnuty, B KOTOPOH YyKa3aHbl YPOBHM
3HAYUMOCTH MHNOTES O PaBEHCTBE CPEAHHX ANA BCeX nap yposHed dakropa T su-
RHM, 4TO MeToabl nevenua 70 u 71 cneayer cuuTarh paziMdHLIMH (BEPOATHOCTL
0.0015 canwkom mana, 4ToGLI NOBEPHTD B PABEHCTBO cpeanux no 70 u 71).
Cosnaaum Tabnnuy ¢ Tpems cronGuamm (To — TpanuumoHHLI MeToa neyenns , Ty -
HOBas MeToanka Nel, 77 - HoBas MeTonnka No2).

Ananu3 spinonusem B mogyne ANOVA/MANOVA:

Vaariables - Independent Vaariables (factors): A, B Dependent Vaariable list:
X - OK - OK -Specific effects (cneundukauns eansHui): suinenseM (npy asyxdax-
TOpHOM aHanvie) dakropsl 4 1 B - All effects - Habnionaem Tabnuuy Summery of
All effects (uTorn no scem BanAHKAM); B cTonbue MS Effects (cpennue KeanpaTsi)
OUEHKH Gy, C1s. Gya. YKa3biBAOTCA 3HaueHUA crarucTuk Ouwepa F (aucnepcw-
OHHbIE OTHOWICHHA } U YPOBHI 3HAYHMOCTH p.

Bonpochi:
1. lens ancnepcuonnoro ananusa (ANOVA),
2. wucnepeua. Cpeane-ksagparuyeckoe otknonenne. CTanzaprias owuoka.
3. OcHosHbie 328341 AHCREPCHOHHOTO aHANH3A.
4. TloHsTHE 3HAYMMOrD pasnuuua (KpuTepuy t 1 Oumepa).



MpaxTHyeckoe 3anaTHEe NeS.
Hcenosb3oBative pakropHoro anania 8 GuonndopmaTHke

Moarsep:xaaiowinii pakropublit ananus. MoreaIpoBaHHe CTPYKTYPHLIMH
ypapHenusamu (SEPATH) nossosiser npoeepaTs 9acTHEIE FHNOTE3R O (akroproii
CTPYKTYPE AN MHOMECTBA NEPEMEHHBMX (MOATBEPKARIOLUIHT QaKTOPHLIH ananu3) B
ONHOM HAK BeckoNbKHX BLIGOpKAX (HanpuMmep, Bel CMOXETE CPABHUTL hakTopHbIe
CTPYKTYPb! pa3HbIX BbIGOPOK (ONLITOB).

AHANU3  COOTBETCTBMIL. AHaNM3 COOTBETCTBHA - 3TO  ONHCaTeNb-
Hbie/pasBeAOYHbIE METORB), NpelHa3HaYEHHbIC ANA aHANH3a AIBYX- B MHOrOBXOAO-
BLIX Tabnuu, COAEPKAIMMNX HEKOTOPHIE B3AUMOCBA3ZH MEXKIY CTPOKaMH ¥ cTonG-
pamu. Pe3ynsTaThl 3100 aHanM3a AAOT HHPOPMALHIO, NOXOXYIO HA Ty, KOTOPYtO
npeaocTaBifeT GakTOpHLIA aHANN3, H MO3BONAIOT U3YUHTL CTPYKTYPY KATEropu-
aNbHBIX NEPEMEHHBIX, BXOAAWMX B Tabnnuy [3].

Obbeautenyue ABYX NEPEMEHHbIX B oAMH GaKTop. 3aBHCHMOCTb MEKAY
fniepeMeHHBIMH MOXHO 06HAPYIKHTL C NOMOLRLIO AHarpaMMbl paccesnns. [onysen-
Has NyTeM NOArOHKH IMHMA PErpeccHH AaeT rpaduuecKoe NpeacTaBnelne 3aBHCH-
mocTH. Ecan onpepenuTs HOBYIO NepeMeHnyIO Ha OCHOBE JIMHHH PErpeccHy, H3ob-
pHEHHON Ha 3Toi AvarpaMmMe, TO Takas nepeMeHHas Oymer BimiounTL B ceba
HauGonee cyuecTsedHbie YcpThl o0enx nepemenHbix. Mrak, daxkTuueckn, Bbl CO-
KPATHAH YHUCNO NEPEMEHKBIX M 3AMEHIAN ABe OAHON. OTMETHM, 4TO HOBLIA dakTop
(nepeMenHan) B AeMCTBHTENbHOCTH ABAAETCA AWHEHHOH komOHHauueR NByx wc-
XOAHbIX NEPEMEHHBIX.

AHAIH3 TNABHLIX KOMAOHEHT. [Ipumep, B KOTOPOM AB2 KOPPEIUPOBAHHbIC
nepeMeHHble 06beanHeHbl B 0AMH GaKTop, NOKA3bIBACT INABHYIO0 NAed GaKTOPHOIO
aHanm3a UK, 6osiee TOUHO, aHANHU3A FNABHBLIX KOMMOHEHT (710 paznuune Gyaer ob-
cyxnaTbc nodaHee). Ecnu npumep ¢ AByMA NepeMeHHLIMH PAcNpOCTpaHHTL Ha
Sonbllee YHCNO NEPeMEHHbIX, TO BbIMHCACHHR CTAHOBATCA CNOXKHEE, OQHAKO OC-
HOBHOI} NPHUHUKN NPEACTABACHHA ABYX Ny Goaee 32aBUCHMBIX NEPEMEHHBIX OfHUM
$aKTopoOM OCTAETCR B CHUne.

Bulaenense raasHbiX KOMMOHeHT. B ocHOBHOM npoucaypa BuuAeneHys
FNABHBIX KOMTIOHEHT NOAODHA GpaIeHlIO, MUKCUMUBUPYIOWeMy Jucnepcuio (6apu-
Makc) WCXOAHOTO MPOCTPAHCTBA NepemeHHbIX. Hanpumep, Ha auarpamme pacces-
HUA Bbl MOX(ETE PaCCMATPHBATDL JHMHHIO PErPECCHU KaK OCb .X, MOBEPHYB €€ TaK, 4To
OHA COBNANACT C NPAMOi perpeccui. JTOT THR BPAWEHHA HA3BIBACTC] 6PAU/CHUEM.
MAKCHUMUUPYION Uy Jucnepculd, TaK Kak KpuTepui (Uensb) BpauleHHs 3aKnouaeTcs
B MAKCHMM3aUMH AUCNEPCHH (W3MEHYUBOCTH) "HOBOW" nepemennoil (dakropa) u
MUHMMKM3aUKY pasbpoca BokpyT Hee (cM. Cmpamezuu apaujenun).

O606menune ua cayvaii MHOrHX mnicpemMeHHBIX. B TOM ciyuae, koraa vMe-
10TCn Bonee ABYX NepemMeHHbIX, MOXKHO CUUTATh, YTO OHW ONPECNSIOT TPEXMEPHOE
"ApOCTPAHCTBO" TOUHO Tak e, KAK ABE NEPEMEHHBIC ONPEAENAOT RAOCKOCT:. Ecnn
Bbl HMMeeTe TPH NepeMeHHbIC, TO MOXETe ROCTpouTh 3M Anarpammy pacceaMHs
(cm.5.1.).



Das cnyuas Gonee Tpex NEPEMEHHBIX, CTAHOBUTCS HEBO3MOMNHLIM MpPEACTa-
BHTH TOYKM Ha AMArpamMMe paccenHMus, OHAKO JIOrHKa BpalIEeHHA oceil ¢ Uebio
MaKCHMH3auMU AUCNIEPCHH HOBOTIO (aKTopa OCTAETCA MPEXKHEH.

Hecxosbko oproroHansHbix (axTopos. [Tocne Toro, kak Bu Hamw NHHWoO,
AN KOTOPOH MHCNEPCHN MaKCHMaabHa, BOKPYT Hee OCTaeTCA HekoTopwiii pasGpoc
A2HHbIX. U npouefypy ecTeCTBEHHO MOBTOPHTL. B aHanu3e IMaBHLIX KOMMOHEHT
HMEHHO TaK W AeNacTCA: N0CNe TOro, Kak NepBuiii GaKTop serdenen, To ecTv, nocne
TOro, KaK Nnepras AUNWUI NPOBEACHA, ONPEACNACTCH CRCAYIOWAT NHHHS, MAKCHMM-
3HPYIOWan OCTaTO4HYIO Baphauuto (pasGpoc AaHHbIX BOKDYT TepBo#i npamoit), u
T.A. Takum oGpa3om, ¢akTopbl NOCNEAOBATENLHO BLIASTAKOTCS OMHH 323 ApPYTHM.
Tak kak kaxabifi nocnenyowsii gaxrop onpenensercs Tax, yrodw MAKCHMH3HPO-
BaTb M3MEHYHBOCTH, OCTABWYIOCH OT NPEAbMIYUINX, TO (GAKTOPL! OKA3LIBAIOTCA He-
32BHCHMBIMK ApYT OT Apyra. Jpyr#mu cnosamu, HEKOPPESTHPOBAHHLIMK WIH OpmIo-
CORANLHBIMU.

Buinonuesnne B naxere STATISTICA. B nakere STATISTICA nna npose-
AeHUs BaKTOPHOrO aHanu3a ciaeayer BoiTu B onumMK “Analisys/Other Statistics . B
pe3ynbTare NOABUTLCA OKHO BUAA:

Hakuman na onumio «Factor Analis» MOXHO NPUCTYRATH K aHANM3LI NaHHBIX
mMeToaamMH dakTopHOro aHanu3a (cM.puc.5.2.).

MocmMoTpuUM Tenepb Ha HEKOTOPbIE CTAHRAPTHLIE PE3YABTATHI AHANKMA FNaAB-
HLIX KOMNOHEHT. T1pU NOBTOPHBIX MTEPAUUAX MONHO BLIAEHHTD daxropwl ¢ Bce
MeHbiel u Menbedi aucnepeneii. ina NpocTOTHI HINOKEHNA CYMTAEM, HTO OBbIY-
HO paboTa HaYKHAETCS C MATPHLILL, B KOTOPO#t AMCNEPCHU BCex NePEMEHHBLIX PaBHE
1.0. MosTomMy o6was AUCNEPCHS PaBHA HHCTY NEPEMEHHBIX. Hanpumep, ecau nme-
erca 10 nepemeHHbIX, KwKAAA M3 KOTOPHLIX UMEET AMCAEPCHIO /, TO HauBOMbIIAS
H3MEHYHBOCTL, KOTOPaR NMOTCHUMANLHO MOXET GbITh BhIRENEHA, paBHa 10 pazno .

lpeanonoxum, 4To npu usyyerHn crenexm YAOBAETBOPEHHOCTH KMIHLIO
BiItOYEHO 10 MyHKTOB A H3MEPEHHA PALTHYMHBIX ACMEKTOB YROBNETBOPEHHOCTH
nomautHel #HU3HbIO U paboToi.
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Puc.5.2. BriGop ¢akTopHOTO ananuia

Aucnepcus, obbacHeHHan nocneaoearenbubiMH GaKTOpamH, IIPEACTaBNEHA B
cnenyoweit Tabnnue 5.1.
Tabnuua 5.1. dakropet aAMcnepcHy

STATISTICA Coberenunie 1nauenns {factor.5m)
©OAKTOPHbBII Buwreaenue: Missunte komacneists:
AHAAH3
Cobcvaenmnie % oburei Kwwymr.
uarenue IHIMEHKD AMCTIEPCHH €06. 3nad..
1 6.11836 61.18369, 6.11837
2 1.800682 18.00682 7.91905
3 472888 4.7288, 8.39194
L) 407996 407996 8.79993
H 317222 3.17222 211716
6 .293300 193 9.41046
7 195808 1.95808 9.60626
8 17043¢ 1.70431 9.77670
9| 1371970 1.3797 991467
10] 085334 .85334) 10.00000

Cobcrsennsie 3navenns. Bo sropom cronbue (Cobcmeennoie 3navenun)
TaGNHULI Pe3ynbTaTOB Bbl MOXKETe HAHTH AHCNEPCHIO HOBOTO, TONLKO YTO Bhbide-
neunoro dakTopa. B TpeThem cronbue ang xwia0ro gaxropa NPHBOAHTCA RPOUEHT
oT ofweil aucnepcuy (8 NaHHOM NpuMepe oHa pasha /0) ana kakaoro daxropa.
Kax MoxHO BHACTD, nepebtil paxrop (3HaueHue 1) obbacHaet 61 mpoueHT obGureh
ancnepeny, dakrop 2 (3navenue 2) - 18 npouentos, u T.A. Yerseprolii cronben co-
BEPRUT HAKOTUIEHHYIO IIH KyMYNATUBHYIO aHcnepcyio. Jlncnepchn, BhuienieMele
axropamn, Ha3BaHE) cOBCMBeNNbIMU SHANERUAMY, DTO HA3BAHHE NPOHCXOAMT W3
HCNOMIL30BAHHOMO CBOCO0A BhIYKHCNECHMA.
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CobcrBenuuie 3uauennn u 33242 0 wHcTe ¢akropos. Kak Tonpko nosmy-
9eHa uHpopMauK] O TOM, CKOMBKO AKCMIEPCHU BLUICIMA KKALIA GakTOp, BM MO-
KETE BO3BPATUTLCA K BONPOCY O TOM, CKOMbKO (JaKTOPOB ChemyeT ocTasiTs. Kak
TOBOPHNIOCH BLiWe, N0 CBOSH NpHpOZE 37O peweHne NpoM3BOLHO. OnHAKO HMeE-
H0TCA HEKOTOPRIE 06ILEYNOTPEOHTENLHEIC PEKOMCHAAUMH, H Ha NPAKTHKE CEAOBA-
HHE HM NaeT HauNy IIKE Pe3yBTaTH).

Kpurepuii Kaitsepa. Cuavana moxuo oroSpars Tonbko ¢aktopm), ¢ cob-
CTBEHHLIMU 3HAYCHUAMH, GonbikmK /. To cymecTay, 370 03HauaeT, 4T0 ecan ak-
TOP HE BBUAGNFET AKCAEPCHIO, IKBUBANEHTHYIO, N0 KpaliHeli Mepe, aucnepcuH of-
HOW repeMeHHOM, TO OH omyckaeTca. vor «puTepnit  npeanoxen Kaisepom
(Kaiser, 1960), » sgnserca, BEpOATHO, Haubonee WHPOKO HCnonb3yemuM. B npu-
BEACHHOM BbIlWE NPUMEPE HA OCHOBE ITOT0 KPHTEPHA BAaM CAEAYET COXPAHUTH
ToAbKO 2 harTopa (aBe rfiaBHLIE KOMIOHEKTLI).

Kpurepnii kamenncroil ocoinst. Kpumepuii kamenucmoi ocsinu Snsercs
rpaduueckuM MeToom, Bnepsbie npeanoxeHHbiM Karrenem. CoGCTBeHHbIC 3HaYe-
HUR, NPEACTaBNEHHEIE B Tabanue paHee, NokasaHbl B BUAE rpaduka (puc.s.3.).

F3 e P ot Bige

Puc.5.3. Otobpaxenune cobeTBEHHBLIX 3HA4CHUR

Karrens npeanowun Haitr Takce mecto Ha rpaduke, rae yGwmsanue cob-
CTBEHHbIX 3HaueHHii Cllesa Hanpaso makcumansHo samennsevca. Mpeanonaraercs,
4TO CNIPAaBa OT ITOH TOHKW HAXOMAUTCA TONbKO “hakropuanbhas ochink” - “oceiny”
ABIACTCH reonoruueckum TepMuHOM, .06o3Havalowum o6noMKN ropHsix nopox,
CKAMIMBAIOWHECS B HIIHERA 4ACTH CKANMCTOrO CKACHA. B COOTBETCTBHM ¢ 3THM
KPHTEPHEM MOXCHO OCTABHTS B JTOM npusmepe 2 win 3 daxropa.,

Kakoii xpurepnii creayer ncnonn3osars. “TeopeTuueckn, MOXKO Bbiumc-
AMTL MX XaPAKTEPUCTHKH NYTEM rEHEPAUNHN CAYHAHHDBIX NAHHBIX AN KOHKPETHOro
uncaa dpakvopos. Toraa MOKHO yBHAETS, oGHapyxero ¢ NoMowIBI0 HCNOoNb3yeMoro
KPHTEPHS IOCTATOUHO TOUHOE YUCNO CYIECTBEHHBIX GAKTOPOB WK HeT. C HenojiL-
30BaHHEM ITOre odinero merosa nepeuii kpuTepHit (xpumepuit Kaiizepa) wiorma
COXPAHACT CAMINKOM MHOTO (aKTOPOB, B 10 BPEMS KaK BTOPON KPHTEPHR (rpume-

22



puti kameRucmoi oceinu) MHoraa COXPaHAET CTHLIKOM Mano paKTopos; ORHAKG 06a
KPUTEpHA BMONHE XOPOWM NPH HOPMANBHLIX YCAOBMAX, KOraa HMEETCH * OTHOCH-
TENbHO HEGOMBUIOE YHCNO (GaKTOPOB M MHOIO fnepemeHHEIX. Ha npaktike po3nu-
KaCT BKHBIH NOMONHHTENLHLIA BONPOC, a MMEHHO: KOraa NOJTY4eHHOE pelnenye
MOXET GbITe collepkaTenbHo HHTEpnpeTHpoBaHo. [Mo3ToMy 06biuHO HCcnegyerca
HECKONLKO pereHui ¢ GONMbLINM WM MEHBLLINM YHCIOM ¢axTopos, u 3atem BLIGH-
paercs oawo waubonee “ocmbicnenHoe". Jtor Bonpo¢ nanee Gyner paccmarpn-
BaTLCA B paMkax BpauleHni dakTopos.

ANanM3 rNaBHbIX daxropos. Mpexae, uem NPONOMKHTL paccMoTpeHne
PATHUHLIX ACNEKTOB BLIBOAA AHANM3A FNABHLIX KOMIOHEHT, BEEOEM asanu3 rnas-
Hbix ¢axTopos. BepHemces K MpuMepy BONPOCHHKA 06 YNOBRNETBOPEHHOCTH u3-
HbIO, 4TOGE! ChopmMyNHpPOBaTL ApYryio "MbiCAUMYIO MOaens”. Bbl MoxeTe npeacra-
BUTb cebe, 4To OTBETHI CYGBLEKTOB 3aBHCHAT OT ABYX KOMTIOHeWT. CHayana BeibHpaem
HekOTOpbie noaxoauue obuwme pakTopl, Takue Kax, Hanpumep, "yaosneTsopenne
CBOWM XOG6H", paccMOTpenHbie panee. Kakabii NYHKT H3MEPARET HEKOTOPYIO YacTh
IToro obwero acnekra YAORAETBOpeHHA. Kpome Toro, kaxami nyHkT exmovaer
YHURALHLIH 8CNEKT YAOBNCTBOPEHHA, He XapakTepHuii ana moGoro apyroro
nywWxra. .
O6usocTv. Ecnu 1a Monens NpasuNbHa, TO BBl HE MOXETE OXKMAATH, YTO
dakTopet Gyayr conepwars Bcio JMCREPCHIO B MEPEMCHHBIX; OHK GYAYT conepxars
TONLKO Ty HaCTb, KOTOPAR NPUHANNEHHT OOILIUM takTopam 4 pacnpenenena no He-
CkoLKHM nepeMenubiM. Ha a3bike gaxTopHoro ananusa nons JHCAEPCHH OTAENns-
HOM nepemenHoi, npuHaanekamas obwmm daxTopam (1 pasnenseman ¢ APYTHMH
NEPEMEHHBIMKN) HA3BIBAETCA 06U HOCMbIO. Mosromy aononuurensvuoit paforoii,
CTosute#i nepen uccnenosarenem npu NpUMEHEHHH STOR MOAGAH, ABNAETCR OUeHKa
obwHocTed ana kakaob NEPCMEHHOMN, T.e. A0AN ANCNIEPCHH, KOTOPaA ABNIETCA 06-
wei ana Bcex nynkTos. flons ZAHCNEPCHH, 33 KOTOPYIO OTBCYACT KMAIbI AYHKT,
PaBHa TOrna CyMMapHo#i AuCnepCHH, COOTBETCTBYIOWEH BCem NEPEMEHHBIM, MUHYC
obwmHocTs. C oBuweii Toukn 3peHHA B KaueCcTBe OUeHKH OGILHOCTH CRenyeT HenoL-
30BaTh MHOMECTBEHHLIA KOXppHuKEHT KOppensunn 8bIOpantO#il nepementodi co
BCEMI ApYruMu (418 NONyYenna cBeNeHHil O TCOPHH MHOKECTBEHHOF perpeccuu
coumnemca Ha pasnen Muwoscecmeennan pezpeccun). Hexoropele asTopsl npeana-
TAlOT pazNH4HbIe UTEPATHBHBbIE "yNyyulenus noche pewieHna" HavanbHOMN oueHkH
OOWHOCTH, NONYYEHHON C HCNONB3OBaHHEM MHOKECTBEHHOH PerpeccHy; Hanpw-
MEp, Tak HasbiBaembiii MeToa MINRES (MeTon MHHMMAILHEIX daxTopHbIX ocTar-
koB; Xapman 4 [hicoync (Harman, Jones, 1966)), KOTOpLIW NPOH3BOANUT WCTILITAHHE
PasHuHeIX MoangHKaunit GaKTOPHBIX HArpy3oK ¢ uesbio MHHHMH3AUWH OCTATOY-
HbIX (HEOGBACHEHHDBIX) CyMMm KBaaparos.

Bonpoce:
1. Uesib 1 3anaun daxroproro ananuaa.
2. OcsoBHan Hpeonorus ¢akTopHOTO aHanM3a - cokpawenna yucna nepemen-

HbIX.

3. Kpurepnii Kaiizepa,
4. Kpurepuii kamenncroii ocninu.
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TipakrHueckoe 3anaTHe Mo 6,
Juneitunlii perpeccHOHHLIA aHANNS

B AuHelinbili perpeccHONHBI ananH3 BXOAMT WHPOKHiL Kpyr 3aaa4, CBA3AH-
HBIX C NOCTPOEHKEM (BOCCTABOBRNEHHEM) 3aBUCHMOCTEH MeKOy rpynnamMu YHeno-
BLIX nepeMenHbix [4]):
X=(y,...xp) n Y=01...ym) 6.1
MMpeanonaraercs, 4To X - HE3aBUCHMBIE NepeMennbie ((akTopsl, o0bacHAO-
IME NEPEMEHHBIE) BAMAIOT HA 3HAYEHUA ) - 3aBUCHMBIX NepeMeHHbIX (OTIHKOB,
OBBACHAEMBIX REPEMEHHBIX). 10 HMEIOLIMMCS IMIMPHYECKHM DaHHBIM (X; . Vi), i =
1, ..., n TpeSyerca nocTpouts dyHkUo f (X), KOTOpas MPUONKEHHO ONHCHIBANA
61 u3MeHeHUe Y npu n3MeHeHnn X:
Y =f{(X) (6.2)
Npeanonaraercs, 4To MHOKECTBO AONYCTMMBIX dylikuui, 3 KOTOPOro noa-
Gupaetca f(.X), aBAAETCA NapaMETPUUECKUM:
fO=/1X8), (6.3)
rae 6 - Hen3BeCTHLIF Napamerp (BOOGLIE FOBOPA, MHOTOMEpPHBI). Mpy nocTpoeHuy
[{X) 6ynem cuuTars, 4TO
Y = f(X, 0) +¢, (6.4)
TAE NEPBOE CAAraEMOE - 3AKOHOMEPHOE HIMEHEHHE Y OT X, a sTopoe - € - CTy4aiinad
COCTaRNAIOWas ¢ HyneBbiM cpeannm; [ (X. 0) asnserca ycnoeHsiM maremarsue-
CKMM OnCWIaHvem ) py ycaoBKM H3BECTHOrO X K HasbisaeTca pezpeccueii Y no X.

1. Mpocran auneitHan perpeccus

Mycts X' v ¥ onsioMepHbIe BENHUHHDI; 0003HAYHM UX X 1, 8 GYHKIMA Ax
) umeer sun f(x,0) =4 - by, rae 8 = (A, b). OTHOCHTCALHO HMeIOWMXCH HabNtO-
DEHRA (x; . y), i = 1, ..., n, nonaraem, 4To

n=A-bx-a. (6.5)
rae €, , .... £, - HezapucKumble {HenabnionaeMele) ONNHAKOBO PacNpeneeHHbIe Cy-
yaiiHble BEIHINKLL MOXKHO pasnu4YHLIMH METOAaMY NOAGHPaTHL “syuwylo” nps-
Myto aHHKIO. LLInpoxo nenonblyerca Menod naumensutux Kéadpamos. Nocrponm
oleHKY napamerpa 0 = (4, b) Tak, yToG! BEANYHHE]
e =yi—f(x.0)=yi-A ~bx,,

Ha3biBaeMble QCTATKAMH, ObUIM KAK MOXKHO MEHbLIE, 2 UMEHHO, YTOOB! CyMMa HX
KBanpaTos Spina MUHUMAaNLHON:

ie} = i(y, - A=bx,f=min no (4. b) | (66)
i=l i=\

Y1006 ynpoctiTh GopMynst, NONOKHM B (4.2) x; = X, — X + X : NOAYUUM:
yi=a+bx-X)*+g. i=1,.,n,
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n .
rne ¥ =3 x/n, a=A+b%X. Cymmy Z(y, - a-b(x; —x)) MUHHMH3R-
i1
pyem no (a,b), npHpaBHHBan HYIO NPOU3BOAHME N0 G U b; nanmyaum cucremy au-
HEHAHRBIX YpaBHEHHHM OTHOCHTENBHO a U b. Ee peuiensie (2,5 ) Nerko HaxoauTcs:

n
a=y, rae y=Yy,/n, 6.7
i=t
n
~ Z(}'l—)_’)(xl-f)
b==L . 6.8)°
< -2
2(x, ~x)
i=l
Caoiicrsa ouenok. Herpynro noxasars, uto ecam Me; = 0, De; = 62, 70
1YMa=a Mb = b, 1.e. ouenxH HecmeeHHsIE;

2)Da=0/n, Db= OZ/Z(X -x);

3)cov(a.b)=0;

CCIH AONOAHKUTENBHO NPEANOAOKUTE HOPMANLHOCTH PACTIPEACIICHHA € , TO
d)oueHxn g u b HOPMaNbLHO pacnpeaeneHbl M HE3aBNCUMBL,

5) ocrarounan cymma KBaaparor

0 =3y -a-bex, -] (6.9)
i=

He3aBHCHMa OT (4,5 ), a (?/ 6® pacnpenencna no 3aKOHY XH-KBaApart X:-z cn-2
cTenenaMu csoGonbl.
Ouenxa ana 6* u noBepHTenbHLIE HHTepBasibl. CEOMCTBO 5) NaeT Bo3-
MOXCHOCTb HECMEUIEHHO OUEHHBATH HEMIBCCTHLIA NapameTp O~ BEIHYHHOM
= Q*/(n2). (6.10)
Mockonbky s° HesasucKMa OT G M b , oTHOWEHM
n
Jiza é—b, rae s,,=s/ S(x, -%)%,
s Sp =)
hmeloT pacnpenenenre CroionenTa ¢ (#-2) crenenanu cBoGonsl, U notomy nosepy-
TENBHbIE HHTEPBANL ANs a U b TakoBbI:

b-d=t, T b - 8] < 1,54, (6.11)

rae  fp - KBaHTWIL YposHs (1 + Pjy) / 2 pacnpenenenus CTrionenTa ¢ n- -2 crene-

HAMH cBoGOALY, P - Koo HUMeHT noBepyA.
[poepra rinoreass o koadpuunente naxnona. O6bMHO BOIHHKALT BO-
NPOC: MOXKET GbITb, y HE 3aBUCHT OT X, T.e. b = 0, W HIMEHUHBOCTS y obycnoenena
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TOJNBKO CTy4YaiiHbiMH cocTarnsiouumH €; ? [Tpoerepum runoteay H: b= 0. Ecnu O e
BXOAWT B BOBEPHTENLHEIH UHTEepBan (4.8) ana b, T.e.
B/ sp > 1ps (6.12)
TO runoTesy H cnemyer OTKNOWUTD; yPOBEHD 3HAYHUMOCTH pHsToM O = | — Py,
Jpyroi# cnocob (B paHROM cayuae 3KBUBANEHTHEIN (4.9)) nposepkH runote-
3b / COCTOMT B BLIYMCNEHHUH CTATHCTHKY

A (6.13)

pacnpeaenenHoit, ecnu H BepHa, no 3axkoHy F (1, n— 2) ®uwepa c unciom crene-
Heii ceoGoarl 1 un— 2, Ecan
F>Fe. (6.14)

roe Fy o - kBasTUNL YpOBHA | — & pacnpeaenenua F (1, # - 2), To runotesa A oT-
KIIOHSAETCA C YPOBHEM 3HAYHUMOCTH &

Bapuauus 3aBHCHMO# NepeMerHoil B Ko3pduUseHT AeTepMHBALHY.
PaccmoTpus sapHaumio (pasdpoc) T (toral sun of square) 3nauennii y, oTHOCH-
TENbHO CPEAHENO 3HAYEHHA J

- 2
Ta=Yi-9 (6.15)
i=}
O6o3HauMM ¥, npeacKasaHHbie C NOMOWILIO (Y HKUHMHN PEFPeccHi 3HAueHus i
y=a+ 5:, .Cymma Ry, (regression sum of square)

n
Re=Y (5~ 37 (6.16)
=l
03HauaeT BeAninHy paibpoca, koTopas obycaosneHa perpeccueil (HeHynepbiM
3HaueHueM Haknona b }. Cymma E (error sum of squares)

E«=Y(y,-3) (6.17)
=l

o3HauaeT pa3bpoc 3a cHeT cyvaiiHbIX OTKNOHEHNH OT PyHKUMY perpecchu. Oka-
3bIBACTCA,

Tw = Ry - Ex, (6[8)
T.e. NONHLA pa3bpoc paBeH cyMme pa3GpOCOB 32 CYET PErPECCHH M 3a CYET cnyuaii-
HbIX OTKNOHeHHA. Bennunna R “ 7\, - 370 aons Bapuauuu 3HauycHuii y, , odycnos-
nenuoli perpeccueii (T.¢. SONS 3aKOHOMEPHOH H3MEHYMBOCTH B GOWEI UIMEHUHBO-
ctu). Cratucrika

RP=RurTe=1-Es/Te
Ha3bIBAETCA KodPuynenmom demepmunanuu. Ecnm R* = 0, 10 o3Havaer, 4o
PETPECCHA HMYETO HE AAeT, T.. 3HAHME X HE YAYUILAeT NPeACKa3aHHs And y no
CPaBHEHHIO € TPHBHANLKLIM §, = . Jlpyroi kpaitiuii ciyqait R® = | o3Hauaer Tou-
HYI0 MOAFOHKY: BCE TOHKH HabniodeHuh nexat Ha perpeccHoHHol npamofi. Uem
6nypxe k | 3HaueHune R? , TeM Nyultie KAYeCTBO NOATOHKY,
Mpumep. Uccnenyerca 3aBUCUMOCTD YPOXKAHHOCTH ¥ 3EPHOBLIX KYALTYP
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(wra) ot pana GaxTopoB (NEpEMEHHBIX) CENIbCKOXO3AHCTBEHHONO MPOH3BOACTBA, A
HMCHHO,

X\ - YHcho Tpakropos Ha 100 ra;

X2 = YUCNO 3epHOYOOPOUHbIX KomGaiikoB Ha 100 ra;

X3 - YHCAI0 OpYAKiA nosepxHocTHON 06paGoTkn nouses Ha 100 ra;

X4- KOAKUECTBO ynoGpeHH, pacxomyembix Ha rektap (1/ra);

X5 = KOJHYECTBO XMMHYCCKHX CPEACTB 3aliHThl PaCTeHHil, PacXOAYeMbIX Ha
rekrap (wra).

Hcxonmsie nanubie ans 20 paitoHos obnacty npuBeaess B Tabn. 5.1,

Tabanua 5.1. UcxoaHste AauHble

y X . X" Tv._ X3 ool Xe XS .
1 97 159 26 | 205 32 14
2 84 34 28 | 46 59 66

3 90 253 31 1 246 . 30 31
4 99 463 40 | 644 ' 43 59
596 216 26 1 216 . 39 .16
6 86 216 30 | 269 & .32 .17

7 125 68 2 1773 0 a2 23
8 76 35 26 | .42 21 08
9 69 52 24 1 a9 . 20 08
10135 342 31 T 302 1.37 73
197 r78 30 319 .73 A7
2 107 240 32 | 330 25 .14
13121 936 40 P oMLst o 39 38 .
14 97 172 28 | 226 . 82 .17
15 70 59 29 160 .3 35 -
16 72 28 26 | 30 09 .15

17 82 164 29 | 144 20 .08
18 84 .09 22 1 05 43 200
19130 - 08 25 1 03 73 20
20 87 136 26 | a7 99 a2

3necs Mb1 pacnonaraem BLIGOPKOI 0beMa 1 = 20; YHCAO HEABHCHMBIX Ne-
pemennbix (dakTopos) 4 = 5. Matpnua X aosmkHa cosepxars 6 cronbuos pasmep-
HocTh 20; nepBuiii cTonGew COCTOMT U3 €AMHKL, a CTOAGUbI €O 2-10 10 6-#f npen-
CTaBNIEHL! COOTBETCTBEHHO cTonGuamu 3+7 Tabnuuw {(dadin Harvest 2. sta.). Cne-
UManbHLIA aHANK3 (30eCH He NPUBOAMMBIN) TEXHONOrUH cOOpa HCXOAMBIX RAHHLIX
nokasan, yTo gonywenus (12a) MoryT 6bTe NPUHATHLI B kauecTse paboueit runore- .
3b, MOITOMY MOXKEM 3anucan YPaBHEHHA CTaTHCTHUECKOR CBA3N MEXKAY Y, H X, =
i, X2 o Xesh i=1,...,0n).

Bunonuelme 8 nakere STATISTICA

PaGoraem B mouyne Multiple Regression (MroxecTBennas perpeccus).
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Beoa aanubix. O6pasyem tabautyy 6v x 20c ¢ 6 cronbuamu (variables - ne-
pemerHbIMH) ¥ 20 crpoxamm (cases). CTonbupt HasoBeM: y, Xi, X2, ..., Xs . BeeznieM B
TabAULY HCXONHLIC AAHHBIE.

Mpeasapurensuuiit npocmoTp. [NpeasapUTEIbHO BHU3YANLHO OLICHUM MMe-
[OLIHECH J1aHHbIE, TIOCTPOHB HECKOJIbKO AMArpamMM pacCesHma:

Graphs - Stats 2D Graphs - Scatterplots - Variables - X: x\, Y: y, Graph
Type: Regular, Fit (nonbop): Linear - OK.

HaGnionaem anarpammy pacceshua ¢ noobpaHHoi npamoil napHo# perpec-
cuw, NapaMeTpel KOTOpoH oTpakeHbl B 3aronoeke. loBTopsm 10 ewe 4 pasa, 3a-
MeHAa X; Ha Apyrue GakTopbi: xa . ... Xs . IHOTAA Takoi IpoCMOTP RO3BORAET YBH-
€Th OCHOBHYIO 3aBHCHMOCTb. B Hawem npumepe IToro Her.

BuinosixenHe perpeccHOMHON aHaiH3a:

Analysis - Startup Panel - knonka Variables: - oTO1paem 3aBHCHMYIO NEPEMEHHYIO
Dependent var: y n HezaBuCHMbie nepeMernble Independent var: x, = xs (Tipn Haka-
Toit knasuwe Cirl) - OK - Input file (Bxoanoit ¢aiin): Raw Data (Heobpaborannbie
daiinei) - OK - B okne Model Definition (yrounenns) Metod: Standart, Intercept:
Include in model (nOcTOANKHYIO COCTABNAOMUYIO BKAIOYUTL B MODens) - OK.

B okue Mult. Regr. Results nmeem 0CHOBHbIE pe3ynbTaTsl: KOPPULUMEHT Je-
Tepmunaun¥ R? = 0.517; ans nposepkyn runoteanl Ho 06 oTCyTcTBMU Kakol Gb TO
HB GbLNO JIMHEFNHOI CBA3H MEKAY NECPEMEHHOH Y W COBOKYNHOCTHIO (akTOpoB
onpegenexa cTatheruxa F = 3.00; 710 3Hauenue COUTBETCTBYET YPOBHIO JHAUHMO-
ctv p = 0.048 (3kBuBaNeHT cornacHo pacnpepencHuto F (5,14) Onwepacdf=5 u
14 crenenamu csoGonnl. [Tockoabky 3HaveHue p secbMa Mano, runoresa Hy or-
KITOHAETCA.

KHonka Regression summary - umeem Tabnnuy pesynbrarTos:

Tabsmua 5.2. Tabnuna Pesynstatos

Regression Summary for Dependent Variable: Y
R=.71923865 RI=.51730424 Adjusted RI= 34491290
F(5,14) = 3.0008 p<.04787 Strd. Error of estimate: 1.5990

B St Errof 8 {1(14) p-level
Intercpt | 3.51460 541853 648625 527078
X1 -.00613 .93167 -.006580 994843
X2 15.54246 |21.50311 722800 481704
X3 .10990 .83254 .132004 .896859
X4 4.47458 1.54345 2.899065 011664
X5 -2.93251 3.08833 -.949546 358448

B ee 3aronoBke noBTOPEHB! PE3yNLTATHI NPEAbIAYLIEro OKHa; 8 cronbue B
yKazaHbl OUeHKH HensBecTHbiX kod(pduumenros [;. Takum obpaszom, ouerka

f (x) venssecTHOH (yHKunn perpeccuu f (x) 8 AAHHOM cnyyae:
f (x) =351 -0.06x,+ 155x2+0.11 x3+4.47 x4 - 2.93 x5 (6.19)

28



B cton6ue St. Err. of B yxazanbi crannapTHbie oiHGKH 5; OUEHOK «03¢dHuneHTOB;
BHAHO, TO CTaHAApPTHLIC OWKOKH B OueHKe Beex KoadduuneHTos, kpome B, , npe-
BLILUZIOT 3HAYEHWA CAMHX KOMPPHIHEHTOB, YTO TOBOPHT O CTATHCTHYECKOI Hena-
BexHOCTH mocneaAHnX. B cronbue ¢ -3nauenre crarncrnkn CTuionesTa ana npo-
BEPKH THMOTE3L! O HYJIEBOM 3HAYEHWH COOTBETCTBYIOMIMX KoddduumenTon; B
cTonbue p-level -ypoBeHb 3HAYUMOCTH OTINIOHEHHS 3TOH THNOTE3bI; AOCTATOYHO
manbM (0.01) 3107 yposens sRnsercs Tonbko ANA KodgpuumerTa TIpH x4 . Tonbko
NEpeMeHHan x; - KONNYECTBO ynobpeHnii, nogxTeepAnIa CBOE NPaBO KA BKAICYEHHE
B Monenk. B T xe Bpema nmpoBepka runotest! 06 OTCYTCTBUM Kakoit 655 TO i Guu0
NUHEHHOMN CBA3M MeXLY ¥ U (X1 , ..., Xs) C MOMOILLIO CTATHCTHKH F = 3.00 , p=
0.048, roBopHT 0 TOM, YTO CEAYeT NPOROMKHTL H3YUESHHE INHEAROI CBA3M MEY
¥ U (X1, ..., Xs), aHANHIUPYA KaK MX COLNEPKATENLHBLIN CMBICA, TAK U MATpHLY Nap-
HbIX KOPpPENauMi, KOTOpas ONPEeRENSETCA TaK: BO3BPAT B OKHO Mulli. Regr. Results -
knonka Correlations and desc. Stats - Correlations. U3 MaTpuLlbl BMIHO, 4TO X) , X3
H X3 (OCHaUEHHOCTb TEXHHUKOH)

. Correlations (harvest2.sta)

S A SIS < SN, C SN - I S A
A 1000 854 . 978 .10 341 . 430
X2 0 8% 1000 ; 882 027 460 374
A3 .91 - 3% . 1000 030 278 403
X4 110 027 ' 030 1.000 510577

Xs 34 460 . 278 571 1.000 332
Yoo 430 374 403 577 332 1000

CHALHO KOPPENHpOBaHbi (NapHeie kO pPUUKEHTH! koppenaunn 0.854, 0.882 w
0.978), T.e. umeer mecro Aybnnposanue wndopmaunn, ¥ NOTOMY, No-BHAHMOMY,
€CTb BOIMOXCHOCTB REPEX0NA OT HCXOAHONO YHCNA NPUZHAKOB (MEPEMEHHBIX) K
MEHbLIEMY.

Beoa aaumeix. O6pasyem Tabnuuy 4 x 20c, HasoBeM ee, Hanpumep, Domna.
sta. B nepssle 2 cTONGUA NOMECTUM HCXOAHBIE IAHHLIE X W y. B TpeTvem cronbue
NOMECTHM 3HAYEHHA HOBOTO (akTOpa x2 KBAAPATOB TeMneparyp, long name: = x*2,
B HETBSPTOM - X3 TPETbLHX CTeneHeil Temnepatyp x, long name: = x*3, CHawana
OUEHUM MMEIOLLLHECH NaHHBIE BU3YANbHO, C NOMOUILIO Apoueaypb! Scarterplot (nna-
rpasmma pacceanna). Buaum, 4To 3aBHCHMOCTb, BOIMOXKHO, HesHelHas, [TocTpoum
HECKONLKO perpeccii.

1} Perpeccus nepeoit crenenu: y = B, — B x (indep. Var.: x); nonyanm (s
CkOOKaxX YKa3aHb CTaHAAPTHLIE OLIKGKK OLEHOK):

y=5.36+140x
(098) (0.16)

R34 = 0.798, 5=2.09.
2) Perpeccun 87opoil crenenn: y = B, ~ By x — B2 x*(indep. Var.: x, x2); no-
Ny9Yum:
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y=99-088x+0212, (6.20)
(1.33) (0.57) (0.05)

R1;=0.892, s=153,
koadpuument P, = -0.88 Hesnauumo ornuuaercs ot 0. Dra perpeccus Jrydie
npeasuryen B cMbicne R:d:’ u 5. Oanako, BO3MOKHO, perpeccus TpeTsei crenens
OKaKeres yume?
3) MocTpoum perpeccuio TpeTued crenenn: y= B, + Brx + B2x2 + 3 x°
(indep. Var.: x, x2 , x3 ); nonyuum:

y=11.6-2.35x+0.53x2-0.02x°
(2.33) (L.79) (0.36) (0.02)

R3y=0.890, 5= 1.53,
ﬁ. .ﬁz.ﬁ;, He3Hauumo otauuarotea ot 0. MockonbKy crenenb yBeansunach 6es yse-
AuYeHns Rgdj , OT perpeccHH TPeThbeli CTENeHN OTKa3bIBAEMCs B NoMb3y (22) BTopoii

crenenu. OfHAKO, FHNOTE3a O HYNEBOM 3HadeHun B B (22) He omuioHAeTCA (p-
level = 0.1), 1 noTOMy NOCTPOKUM

4) perpeccmio y = B, ~ Pax® 6e3 nuneiitoro unewa (indep. Var.: x2 ); nony-
YUM

y=802+0.132 (621)
(0.54) (0.01)

R};=0.884, s=1.56,

Cpasriusas ee no Rj‘# W s, OTAaeM npeanoyTeHue (22), nockonbKy ournbka npo-
rHO3a s MeHbllE.
4, Henuneiinas 3asucuMoctd (06obmenne)

Mpeanonaraercs, 4To ceA3L MexXIy GakTopamu (xi. ....Xp) 1 Y BhIp@KaeTCh
cneaytoumm obpasom:

y=Bo- Broi(xi, ... Xp) = B2 @2{xs oo Xp) — .. — BrPilxi, . xp) T E
rae ¢, (), j= 1, ..., k, - cHcTema HexoTopbix dyHKukii. Hmeercs n Habmonenwii npu
PAAMUHBIX 3HAYEHNAX X = (X1, ... Xp):  x',x2, .., X" ; umeem:

& .
yi=PBo— LBp;x")+g, i=1.un
j

unu B MatpuiHoh gopme:
y=Xp+e.
rae X - marpuua n x (k + 1), B i-ii crpoke kovopoit (1, @1 (x'), @2 (x'), ..., e (x));
y. B. &)
Bonpoces:

I. OcHoBHbIE 320341 PETPECCHOHKOTO aHANK3A.

2. [locrpoeHne NUHEHHLIX MOAENEN METONOM HAUMEHBIUIHX KBAAPATOB.

3. [IpeumyinecTBa OUCHOK METOAA HAUMCHBLINX KBAPATOB
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flpakueckoe 3auaTHe Ne7.
Meroant nocTpoeHns JuHelHLIX MHOTONAPAMETPHYECKHX
Mogenei # oueHKa UxX TOUHOCTH

B 3tom myHxTe paccmoTpum paboty ¢ nporpammoii "Stepwise Variable Se-
lection” ([lowaroBas perpeccus) paspena K. "Regression Analysis”" (Perpeccuon-
HBIF aHANTH3) PIABKOTO MeHI0. JLnA BLINOAKEHHS MOLWIArOBOr0 PEFPECCHOHHOTO aHa-
1323 HeoOX0AHMO BBLINMOAHKUTDL ClieNyOlIHe NeHCTBUA:

a) Bui6paTts B rnaBHOM MeHI0 "Regression Analysis” u Haxars knasyury
“Enter".

6) Buibpars nporpammy “Stepwise Variable Selection” n naxars knasuiry
"Enter”, nocne Y4ero Ha JKpaHe MOABHTCA MEHIO nporpammel "Stepwise Variable
Selection®.

B) 3anoaxuTs NycTbie "OKHA":

- Dep.vars. -3apaTh HMA 3JaBHCHMOIi NEpEMEHHOH;

- Ind.vars. - 3anath UMEHA HE3ABRCHMBIX NEPEMEHHDIX;

- Weights - no xenannio MOXHO 3apaTL  HMMA NEPEMEHHOMN,ConepIKawueii seca
Habnronenun;

- Constant - goifpaTs OAHy H3 IBYX MOfenel MHOXCCTBEHHOMN NUHEHHON pe-
rpecuu: co ceoGoAHbIM YAECHOM KMy Ge3 Hero;

- Vertical bars - BetfpaTs 0AMH W3 ABYX PEXHMOB BbIBOJA HA JkpaH rpaduxa
fIpEACKA3aHHBIX 3HAYEHHIE: C OTMEYCHHBIMH BEPTHKANLHLIMI OTPE3KaM KN OCTaTKOB
nnn 6e3 Hux;

- Conf.level - Brifpats  kod(puunenT AoBEpHA AAs NOCTPOEHHS NOBEPHTENb-
HbIX UHTEPBANOB KO3GPHUHEHTOB perpeccHu.

Method - BriGpaTh 0aMH M3 TPEX METOAOB:

1.  Forward - camplii pacRpOCTPaHEHHDbIH BAPHAHT TIOLIArOBOTO PErpeccH-
OHHOIO aHanw3a, KOT4a NPOLEAYPA CTAPTYET C MOUENH PErPeCCHONHOND aHanu3a He
BKIIOYAIOULIEH HH OOHONH HE3aBMCHMON nepemenHoii. Ha Kakaom wary npoueaypbl
AOIMATOBOTO PErpecCHOHHOIO AHANH3A MPOHCXOAMT BKIIOYCHHE B MOJEND HOBLIX
HE33aBUCHMBIX NEPEMERHBIX Ha OCHOBAHWW CTATUCTHKH F-BKNIOYEHHA HAN HCKIIO-
YEHHE H3 MOJENH YiKe BKNOUEHHBIX B MOJEND HE3aBUCUMBIX TICPEMEHHBIX HA OCHO-
BaHHK CTAaTHCTHRH F-Heknouenna.

2. Backward - oTAnYaeTcs OT NpeablaylIero METoAa TeM, YTo npoueaypa
NOLWAroBOr0 PErpecCHOHHOND aHAIH3a CTapTyeT ¢ MORENH PErpecCHOHHOID aHanu-
3a, B KOTOPYIO0 BKIOYEHD BCC HE3ABHCHMbIE NEPEMEHHBIE.

None -craHaapTHas npoLenypa MHOXKECTBEHHOTO PErPECCHOHHOMO avannia.
F-enter - 3aaTs rpaHU4HOE 3HAYEHHE CTATHCTHKH F-BIUNOYEHNA (N0 YMOAYAHHKIO
3anaerca 3HaueHue 4.0);

3. F-remove - 3a1aTh FPAHHYHOE 3HAYEHHE CTATHCTHKH F-HCKRAIOYEHHR
(no ymonuauuio 3anaerca iHavyedue 4.0). 210 3HaveHNe He ROJDKHO NPEBOCXOANTD
rPaHHYHOE 3HAYEHUE CTATUCTHKN F-uciuiovenus. Max.steps - 3a0ats MaKCHManb-
HO BO3MOMKHOE YHCJO WAN0S  NPOUEAYPh! NOWAropory PerpecCHOHHONO aHaNK3a.

Control — BLIGPaTh OIMH H3 BAPHaHTOB NPEACTABNCHHA HHpOpMaunH:
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"Automatic” - BLIBORHTCA MHGOPMALIHA TONLKO O KOHEYHOH MOACTH (T.€. pesybTa-
Thl M[OCNERHEro 1ara MpoOUeoypsl [OWANOBOTO PErpecCBOHHON  aHanWza),
“Manuel" - BeIBOANTCA HHOPMAHA NoCe KWKAOIO WAra NPOLEAYPHI HOWAroBOro
perpeccHoHHOrO aHanuza. B nocneaHeM ciyuae nepexoa kK HOBOMY [ary Apouesy-
Pbl MOLIANOBOFO PErPECCHOHHOIO aHANM3a OCYIUECTBNACTCA HaXaTHeM Knasuiy "E.

r) Haxats knasuury "F6". Ha sxpaxe nosaBaTcs pesynsTaThi Hynesoro wara,
ecnu BuiGpan pexum "Manuel”, nan nocneaunero wara, ecan peiGpan pexnm "Au-
tomatic" noWUlaroBOr0 PErpeccHOHHON0 aHanm3a.

n) Ecan BuiGpan pesknm "Manuel®, 1o nakath snasuity "Enter. Ha skpane
NOABATCH PE3Y/IbTArbl NEPBOTO WA NOWAroBOIO PerpecCHOHHOro axnanmnsa. Mepe-
XO4 K NOCACAYIOUHM LUAraM NOLAroBOro perpecCHOHHON 2aHANM3a OCYECTBARET-
€A HaxaTHEM Kknasdwn "Enter”.

€) Ha 3kpake aucrines npeacTapaeHbl Pe3yaLTaTsl NOWIArOBON0 PErPECCHOK-
HOTO aHANH3a: KBAAPAT MHOKECTBEHHOTO KO3 uumerTa koppenaunu (R-squared),
KBAAPaT MHOKECTBEHHONO KOXDPHUUHEHTE KOPPENALMM, KCIPABIEHHBIR HA CTEREHH
csoGoabl (Adjusted), cpenunii uaapar ownbkn (MSE), crenenn ceoboawt (d.f),
CMHUCOK HE32BHUCHUMBIX TEPEMEHHBIX Y.K€ BKJIIOYEHHBLIX B Moaens (Variables in
Model), koadpdnuumentss perpeccuu (Coeff.), 3nayenns crarucTuk F-ucknioueHus
LA HE3ABHCHMbBIX fIEPEMEHHLIX YKC BKIIOHEHHBLIX B Moaens (F-Remove), cnucok
HE3aBUCHMBIX TEPEMEHHBIX Cule HE BIJIIOYERHLIX B Mopens (Variables Not in
Model), 3naqsenmn vacTHLIX koY(duuHenToB Koppensunn (P.Corr) 1 3HaveHus cra-
TucTHK F-sxmouenna (F-Enter) 1na He3aBUCHMBIX NEpeMEHHBIX €llle HE BKAIOYEH-
HBIX B MOAESD.

x) Haxars knasuwy “Enter”. Ha jkpane noABATCS pesynbTaThl NOCAERHErO
wara nowwaroBoro PerpecCHOHROro aHanMsa,

3) Haxars iknasnwy “F10".

#) B noaBHBLIEMCR NOAMEHIO MOXKHO BBIOPATL OMH W3 PEXHMOB BLIBOAA pe-
IYALTATOB HA 3KpaH (N9 ITOI0 NOACBETHTbL WMA HYXKHOH NPOrpaMMbl ¥ HAXKaTh
Knasuwy "Enter”):

- Analysis of variance - BbIBOA Ha 3KpaH TabnUuUL AWCNEPCHOHHOTO aHANN3aA;
Conditional sums of sq. -Bb120.2 Ha IKpaH TaBNMUB! YCIOBHBIX CYMM KBANpPaTOB;

- Plot residuals - B5IBOA Ha YKpaH AMArpaMMbl paccewBanus OCTATKOB OT Npen-
CKa3aHHbIX 3Ha4eHul, i J100oA nepemeHno, 3aanHoll ee MHAEKCOM;

- Summarize residuals - BblMMCIENHE CTATHCTHK ARA  OCTATKOB (Cpeamee,
ancnepens,  CTaHNapTHas owndka  cpentero, KoIGUUKEHTH acCUMETpHH o
xcuecca, crarucruxa Jypouna-Batcona);

- Plot predicted values - BuiBoA Ha 3kpan oMarpaMMel pacceMBaHna, rae no
ocH  aBCLUMCC OTKNAALIBAIOTCS NPEACKA3AHHBIE 3HAYEHUA, @ RO OCH OpIMHAT -

U3MEPECHHBIE  3HAYEHHA 3ABHCHMOM NEpeMEHHOH;

- Probability plot - HopmanbHbI# BEPOATHOCTHBIR FpaduK AR OCTATKOE;

- Component effect plot -rpadpuk 3dpexTos koMNOHEHT;

Influence measures - Mepel BAHAHKS;

- Correlation matrix - sbluMCNeHHe MaTPULL! KOPPENAUMA INR OUEHOK pe-
rpeccHOHHbIX K03(hpHuueHTOB;
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- Generate reports BelBoA Ha 3KpaH mo6oit M3 CefyIomyX ONHOM HAK  BCEX
nudopmaunii: naGmonaembie  3nadenus  (observed values), nmnunn perpeccun
(fitted values), ocrarku (residuals), crannapTisosanHeie ocratku (standardized re-
siduals), cranaaprabse ownbku ana npeackasaHHbIX 3Hauennit  (standard  errors
for forecasts), nosepuvenbhbi MKTEpBAN N8  €AHHUYHOIONPEACKA3aHHOTO 3Ha-
denus  (confidence limits for individual forecasts), noBepHTentHLI HHTEpPBAN
ANs CpenHero NpeacxasaHHoro suavenns (confidence limits for individual fore-
casts means);

- Confidence intervals -BmBOR Ha 9KpaH [OOBEPHTENBHBIX HHTEPBANOR

203 k03ghHUHEHTOB perpecchn;

- Interval plots - BbiBOR  Ha 3kpaH NOBEPHTENLHLIX HHTEPEANOE NO NPCA-
CKA3aHHBLIM 3HAYECHMAM WIN no MoGoA nepeMelHOM, 3anaBacMoit CBOKM HHREK-
coMm;

Save results - 3anMCL Ha AMCK PE3yALTATOB PErPECCHOHHOIO aHARN3a.

k) Haxare knasuwy "F5". B nosBUBILIEMCS NOAMEHIO MOXHO BLIGpaTh:

-Force variable into model-pexnm  NpHHYRHTENILHOTO  BKNIOUYEHHR Mepe-
MEHHbIX B MOAEN);

- Remove variabl.from model-pexum npuHyaHTERLHOTO HCKAIOUEHU nepe-
MEHHLIX B3 MOAENH.

Jlna 803BpaiLenA B rAaBHOE MEHIO HCNOAL3Y#Te KaaBuwy "F10".

Bonpocs::
!. Metoa HauMeHniinx kBaapaTon (Teopua). Ochosubie npeanonokenna MHK.
2. Npobaemsl, Bo3HUKAIOLIME NPH HecobmoaeHuH npeantonoxenni MHK.
3. Nytw pewenns npo6nem MyALTHKOAHHEAPHOCTH, aBTOKOPPENALMI U Ce-
30HHBbIX KoneGaHuii.
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IMpaxkTiyeckoe 3anaTne Ne8.
MeToabl OCTPOSHH HATHHEHHBIX MATEMATHYECKHX Moaeneii

B 3TOM MYHKTE paccMOTPHM pabory c mporpammoii “Nonlinear Regression”
(Hennueiinan perpeccis) pazgena K. "Regression Analysis” (Perpeccuonubiii aHa-
nK3) FRABHOrO MEHIO. JIng BHINONHEHHA HENHHEHHOIO PErpecCHOHHOrO aHanu3a
HeoBX0AMMO BHIMONHHTL CIEAYIOWHE NeliCTBHA:

a) Bripate B rnasHoM MeHIo "Regression Analysis” u Haxars knapuwy

“Enter”.

6) BuiGpars nporpammy “Nonlinear Regression” u sHakarn knaswwy "Enter”,
fI0CJ1E YEro Ha IKPaHE NOABHTCA MeHIO nporpammbl "Nonlinear Regression”.

B) 3aNMoNHMTL MYCTbIE "OKHa™:

- Dep.vars. - 3a0aTb UMA 3aBHCHMO#i nepeMeHHOH;

- Parameter vector - 3a4aTb  HauanbHblC 3HAYCHHA INA ko3dduuneHTOB pe-
rPECCHH;

- Function - 3agats ¢yHkumio perpeccun Ha assike APL (koapduuvnenTsl
perpeccuy obo3HadatoTes vyepes PARM[1], PARM[2] u T.a.), win 3apare xapakre-
pHucTyeckinii BEKTOp CoaepKalumii GYHKUMIO perpeccuy;

- Maximum iterations - 3a4aTh MakCHMaIbHOE YMCAO WTEpaumii NPOUEHYPh)
HENNHERHOrO PErpecCHOHHOND aHANH3A;

- Maximum function calls -3anath MakcumanbHOE YHWIO BhI30BOB (hyHKUMiE
perpeccui MpoUEAYPhl HENHHEHHONO PErPECCHOHHONO aHANK3A (3TO UHCAO JIOMKHO
Os1Th H0AbLUIE MAKCHMANBHOTO YNCNA HTEpauHii);

- Stopping cond.on res.ss — 3a1arb NOPOroBOE 3HAYEHKE OTHOCHUTENLHONO M3-
MEHEHHWA OCTATOYHON CYMMLI KBAAPATOB B KaYeCTBE KPUTEPHS OCTAHOBKH npo-
ueaypbl HENWHEHHOTO PErpecCUHOHHONO aHAIN3a;

- Stopping cond.on estim. - 3a1aTb NOPOroBOE 3HAYEHHE OTHOCHTEARNONO M3~
MEHEHN OUEHOK KOYDPHUMEHTOB PEFPECCHU B KaYecTBE KPHUTEPHR OCTAHOBKH
NPOUERYPH! HETMHEHROTO PErPECCHOHHOIO aHATM3A;

- Initial Marquardt param. - 3anaTh HauanbHOe 3HaYeHWe nNapameTpa Mapk-
BapATa;

[nitial scaling factor - 3anaTh HauanbLHOE 3HAYEHHE MAIHTAGHOIO MHOKHTENS;

Max.value of Marquardt - 3anavh makcumaidbHOe 3HayeHWe parm napameTpa
Mapksapara B KayecTBe KPHTEPHUA OCTAHOBKH MPOLEAYPbI HEAHHEHHOTO perpec-
CHOHHOrO aHanu3a.

r} Haxats xnasuwy "F6”. Ha skpaHe nospaTca pe3yasTarsi perpeccHOHHOrO
aHanu3a.

n) Haokars knasuuy "F10”.

€) B nossuBIEMCS NOAMENIO MOXHO BeIGpPATL OAKH M3 PEXKBMOB BLIBOAA pe-
3yALTATOB HA JKpaH (ANs ITOrO MOACBETHTb WMA HYXKHOH MPOrpammsl ¥ HAKaTH
wnasuiwny "Enter”):

- Analysis of variance - BpIBOA Ha 3KpaH TabMHUBI AKCNEPCHOHHOrO aHANH3A;

- Plot fitted model - BoiBoA Ha 3kpan AWArpaMMel pacceuBaHNA 32BUCUMMOH mc-
pemesinoil o1 moboit swbGpannoii nepementolt n rpadmka yHkuun perpeccum;
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- Plot residuals - BuiBoR Ha 3xpaH AHarpaMMb! pacCeHBaHNA OCTATKOB OT npen-
CKa3aHHLIX 3HAYEHUA, WK 110601 nepemenHOH, 3a1aHHON ee MHIEKCOM:

- Summarize residuals - BhlYHCNEHHE CTAaTHCTMK NS OCTaTKoB (Cpennee,
fucnepcua, craHaaptHan owmmbia cpeaMero, kogduunenTsl aCCHMETPHH H 3KC-
uecca, cratiuctvka Jlypbuta-Barcona);

- Plot predicted values - BrBOA Ha IKpaH AHArPaMME) pacCeHBaHmA, rae no
ocu afcuMce OTKIAALIBAIOTCS NPEACKA3AHHBIE 3HAYEHHR, A TIO OCh OpAMHAT - U3Me-
PEHHBIE 3HAYEHBA 3aBHCHMOH NepeMeHnO;

- Save residuals - 3anich Ha AUCK OCTATKOB;

- Save parameter estimates - 3an1Cbh Ha AMCK OUEHOK NAPaMeTpoB;

- Save covariance - 3anMCb HZ JMCK  KOBAapHaLHMOHHO MaTpHLIbI OUCHOK
RapameTpoB. :

s Bo3BpalIeHu B INABHOE MEHIO HCTONL3YHTE Knasuwy "F10".

Bonpocki:
1. OcHoBHbIE 3ana4M H BIAB! MATEMATHYECKHX MOaEned
2. BeolaBikeHne rUENOTE3L O CTPYKTYPE MOREAH
3. OuenHuBaHne napamMeTpoB MORENH
4. [lpoBepxa aneKBaTHOCTH MOAETH

35



fipaxTuueckoe 3ansaTue Ne9,
MeTtoas! otteBky 3HPpPEKTHBHOCTH MATEMATHYECKHX mozeneii

BhiGop TaKTHKH NEYeHns M YNPARNCHUE MATOJIONHYECKHM NPOLIECCOM, Kak
NPaBHNO, HOAPATYMEBAET HAMUHE YETKOTO NPEACTABACHHA O MECTE H PONN Kak-
noro ¢akTopa B HCCAEAYEMOM NPOLESCCE. Jra 3ana4a pewaerc NpH NOMOWH METO-
[OB IMCMEPCHOHHOFO 2Hanu3a. PacCMOTPUM METOAKKY NpakTHYECKOro MCnoAb3o-
BaHH BOIMOMKHOCTEH JTHX METOLOB MpH MOMOWMN NaKeTa CTATUCTHYECKHX Mpo-
rpamm «Statistica» Ha npumepe oaHOdAKTOPHOrO AxcnepcHoHHOTO aBanu3a [4,5].
OTMeTHM, uYTO BO3MOXNHOCTHM MaKeTa CTAaTUCTHYECKHX nporpamm «Statistican
103BOJIAIOT TAIOKE MPOBOLMTL ABYX- , TPEX- (PAKTOPHBLIE aHARM3BL.

OcuoBHble COOTHOUEHUs. M3y4acrcs BiuAHHE, KOTOPOE OKA3bIBACT HEKO-
TOpLIit Ka4eCTBEHHLIA NPHIHAK (axTop) Ha KOAUUECTBEHHLIH PE3YNLTAT (OTKIMK),
Hanpumep, RIMAHHE TEXHONOTHH H3TOTOBNEHN APHGOPA HA €r0 N0NTOBEHHOCTS,
BsHHe cnocoba o6paboTky 3emny Ha YpoxainHocTs u T.4. [lycts dakTop nmeer
k yposHeit 4, Ay..... Ay W NYCTb HIMEPAEMAR BEWHUHA X ECTh PE3yNILTaT neicTaua

daxropa 1 cirysaiinof cocrasnaioumed € (o7 dakropa ne 3aBucaLiei):
x=f(A)+¢
Bynem CuMTaTh, 1) uTO NPH KDKAOM YPOBHE 1, taxropa,j =1, ..., k, umeercs
n,u3MepeHnii
xy=a,+g,.  i=l..n, (9.1)
e 0003Ha4EHO g, = JtA,), 2) uTo cnyyafiHas COCTaBNAIOWAA € HOPMAIbLHO pac-
npegesera N, 02) ¢ aucnepcnei a2, Ecnm samnsnus (bak‘n)pa HeT, TO BCe @, paB-
k
#b). UTak, uMeercs &k BuIGOPOK o0veMaMu iy, ... iy, 3. n=N. Mposepum runoTesy
1=t
00 OTCYTCTBHH BAHAHKUA:
H a =a .. T
Mo xaKknoi 13 BLIGopok MeTonoM Haubonbiuero npagzononobius ouexnm
cpennue a; n ANCAEPCHIO 07

- = 1 1 o

a,=x%;=—2x, 5,/ = =2, ~5,), (9-2)

n, = n

R [

a 3areM OLEHHM G NO BCeM BLIdOpKaM:
& k n.
e S S S -ny

7 TRk -z=:1""’ TNk ,Zﬂ j:.(x" %) ©3)

7a CTATHCTHKA HECMELIEHHO OLIEHHEACT G2 HE3aBHCHMO OT TOTO, BEpHAa WK
HeT runoTe3a H.

Lpyryio oueHKy Ana G2 NOCTPOHM N0 3HAYEHNAM o.,..& . Ecin H BepHa, T0
Ma, =a, Da,=0'/n, j=| ..k . OueHknanm a u o*
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k U T
vy Boi o=t En,-ar o4
j= =

W3 TeOpeMbl 0 COBMECTHOM pacnpeneeHtt OLEHOK CPEAHEND H AHCTIEPCHH
HOpMANLHOH COBOKYNHOCTH caiestyeT, 4To crarucTHrh (N - k)o® n (k-1)0®™ Hesa-
BHCHMbI ¥ PACTIpEAenent! kak 02 2ve H G2 Y2, COOTBETCTBEHHO, H NOTOMY HX OT-
Houlenue

ot XL IN-K
eCHN THNOTE3a H BEPHA, MveeT F-pacnpesenenue Guluepa.

Ecaint runoTesa He sepha, 70 62°° UMEET TEHAEHUKIO K YBENHUEHHIO 3a cueT
pa3bpoca CpenHHX a, 1 NOTOMY, eC/iH F, UMEET CITHIUKOM Gonbisoe 3HaYeHHE, T.¢.

ecau

£, =0"" 0’1:-:/(1"'1) (9.5)

F, >0, {9.6)

TO runoTesa H 06 oTcyTcTBu Bausuna dakropa A otinonserca, n cienyer cum-
TaTb, 4TO CPERH CPERHHUX a), a2, ..., Gx HMEIOTCA XOTA Obl ABA HE PaBHBIX; 3RECh
Q=00 -a:k-1L,N - k) - KBaHTHAB YpoBHs }-@ F-pacnpenenennsac 4 -1 u N -k
CTenexamH cBoGonw, o - BbIGUpaemblit ypoBeHb 3HauuMocTH. Ecin e (6) He Bbt-
NOAHAETCA, TO ITO O3HAYAET, 4TO HAOMIOAEHHA HE NpOTHEOPEUAT rHRoTE3e 06 OT-

CYTCTBHM BIHSHKA dakxTopa. Ycnosue (6) MOMKET ObITh 3a1HCAHO HHaue:
PiF 2F,}<a, 9.7)

rae F - ciyvaiHas BenuWYMHA, pacnipeaeneHHan no 3axkoHy Gutiepa.

& -a;
Ouesxa sananus dpaxropa. OtHowenve - -’ ,]n, MOOYNHAETCA pacnpe-
[

Aenenuo CTHIOACHTA ¢ N - & cTenenaMmu ceobonby, necnn Q = O(1—a, N —k) -
KBaHTWAL YPOBHA |- & 3TOFO pacnpeaencHua, TO AOBEPHTENLHELII HHTEPBAN ANR 4, ¢
ypoBHem goeepus |- 2a:

*
(o)

a,t —J=Q (9.8)
. "‘
Ecnu runoresa # o pasencrse cpennisx 0TKIOHAETCA, TO CeNYET ONPEACANTD, NO
KaKuM HMEHHO YPOBHsAM dakTopa cpeaHue 3HAUNMO pasnHuatoTes. Jluneinas
koMOMHaun

k
L= Zc,a s
J=
Ha3bIBaeTCa NHHEHRBIM KOHTpacToM. Ouewkaana L :

. Kk
L= Zt‘,fl ,
J=1

a onenka aucnepchu DL :
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Si=ah XL
=11

3adurcHpyem NPOH3IBOALHOE YUCNO 7 KOHTPACTOB 902 (7 Moxwo
nokasaTs, 4To onHospemennto ans scex LU, .., I} puinonnsores cootroweus:

|L(") A0 P AQN 7 oy (9.9)
m=l,..,r
€ BEPOATHOCTHIO |-0t. DTO COOTHOWEHHE NO3BOAACT CAENAThL BLIBOA O BCEX MHTEpe-
CYIOHIHX HAC KONTpacrax OAHOBPEMEHHO. B uacTHocTH, cpean pasHocreit a; — a;
MOKBO BLIACAHTL Te, KOTOPhIE 3HAMUTENLHO OTAMYAIOTCA OT HyNA Ha BLIGPAHHOM
ypoeHe 3naunmocTH (Meron Liledde).

Buinonnenue B naxere STATISTICA

Bynem pvinosuaTe B Momyne Basic Statistics and Tables (MO%HO BRINOAHATH
TaKe B moayne ANOVAMANOVA). Cozpanum Tabnuuy ¢ asyma cronbuamu P u
T u 30 ctpoxammy; B P 3ateceM AaHHLIC NO NPOU3BOAWTENLKOCTH, B 7 - ypoBhu T:
Texxosnorun T0, 71, 72. lance BLINOSHKM:

One - Way ANOVA (Analys Of Variances) - Analysis: Detailed Analysis Of In-
dividual tables, Variabbles: Grouping variabbles (rpynnupytomme nepeMeHHbic):
T. Dependent variabbles (3aBucumbie nepemenmsie - oTknuxn): P - OK - OK - o1-
metus Statistics: Number of observations (konuuecrso nabmoneuuit), Standart de-
viations (cTaHpapTHble OTKNOHEHWA) W Variances (mucnepcku), nomyaum Sum-
mary table of means (Tanuuy cpefiHHX); BUAHO, KAK OTTHUAIOTCA CPeaHHE B KDK-
noik w3 rpynn (npyu ¢ukcHpoBaHHOM ypoeue daxtopa T) - Bosspauiaemeca B OKHO
Descriptive Stats and ... Resulls v suinonusem Analysis of Variance - Habmonaem
Tabnuuy: 8 cronbue SS (Sum of Squares) Effect ykazana cymma ksanparos (4),
ymMuOWeHHas Ha (k - 1), df =2 = k- 1 - uncno creneueit ceoGonwt, AMS (Mean
Square) = 839.0 - ouenxa (4), SS=2711 - cymma kanpaTos (3), YMHOXCHHA® Ha
(N-k),df =27 =N-k Ms Error = 100.4 - ouenka (3), F = 8.35 - 3naueHue cra-
THCTUKY (5), p = 0.0015 - BepoaATHOCTL B (7); NOCNEAHAS CANUIKOM Mana, aTo6s
NOBEPUTL B CTHHHOCTL FrUNOTE3L Ff 06 OTCYTCTBUM Bnughng daxtopa 7. Buisoxn:
dakrop T (TexHonorua) eruser Ha P (NMPOUIBOAWTENLHOCTS).

Bo3nukaeT gonpoc: kakoil METON NeHeHUA MOXKHO CHHTATH 3HAYUMO PasiIHY-
Hbim? Jlnst oTBETA Ha ITOT BONPOC BO3Bpawaemca B 0kHo Descriptive Stats and ...
Results v svinonusem Post - hoc comparasion of means (cpaBHenue cpeanux) no
merony [Hepde Sheffe test. HaOmonaem Tabnuiy, B KOTOpOil ykasaHbl yposHH
3HAYUMOCTHK THIIOTE3 O PABEHCTBE CPEAHMX JUIA BCex Nap ypoBHed daktopa T Bu-
AmM, 910 MeToab sievenua 70 M Tl caesyeT CHHTaTh PasnuMHLIMH (BEPOATROCTH
0.0015 cnuiikom mana, 4ToGel NOBEPUTH B PaBeHCTBO cpeanx no 70 n T1).

Co3zpanum Tabnuuy ¢ Tpems cronbuamu (7o — TPaALHUHOHHBIN METON NEYEHNS ,
Ti - nopan metonmka Nel, T - HoBas meToaHKka Ne2).

AHanus BuinonHseM B Mogyne ANOVA/MANOVA:
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Vaariables - Independent Vaariables (factors): A, B Dependent Vaariable list:
X - OK - OK -Specific effects (cneunduxauns Bimsnuii): Bbizensen (npn asyxdax-
TopHom ananh3e) daxrope 4 u B - Al effects - Habmonaem Tabnmyy Summery of
All effects (wrorn no Bcem Bansuuam); B cronbue MS Effects (cpennue KBaApaThbl)
OUEHKH GCyp, Oy . Oy2. YKa3bIBAOTCA 3HAYEHHA CTaTHCTHK Duwepa F (aucnepcu-
OHHbIE OTHOLICHHA) H YPOBHH 3HAYUMOCTH p.
Bonpocsy:

1. Ouenka TOYHOCTH MaTeMaTHyECKHX MOAENEi.

2. OueHKa ypasHeHns perpeccui.

3. Kosapuauwonusiis ananus.

4. Npobnema aBroKOppenauMH.
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IpaxTH4yeckoe 3anaTHE Nel10.
MocTpoeune kaacrepos

B 31OM nyHKTe paccmoTpum paboty ¢ nporpammoii "Cluster analysis” (Kna-
CTepHbIi ananu3) pasaena Q."Multivariate methods"(Muoromepnbie Meronpi) rnas-
Horo meHio. Iporpamma npeanasHaveHa ans rpynnupoexu HabnlogeHnit o 3anau-
HbIMy HaGopy nepemenubix. g BBINOAHEHHA NPOrPaMMbl HEOBXOZMMO MPOH3BE-
CTY caedylolige NefcTBHI:

a) Buibpare B rnasHoM meno "Multivariate methods” n nakats knasuury
"Enter".

6) BuiGpate nporpammy "Cluster analysis” » nakats wrasuwry "Enter”, nocne
YEero Ha 3XpaHe NoABHTCA MEHIO NPOrPaMMBb.

B) 3anoAHNUTL MycThbie "OKHA":

- Data - ykaseisaeTca uma ¢aiina ¢ nepemeHHbIMM, MaTpHLEH KoppenguMi
Wy Marpuued paccToanuit (MoryT GuiTh Taloxe NEPERHCNEHBI OTAENBHbIE Mepe-
MEHHBIE);

- Label - ykaspiaerca nepemeHH2A, COBEprKaILan METKH NEPEMEHHBIX;

- Method - BeibHpaeTca  newepapxuueckuii  meron obreannenna (Seeded)
WM OQHH H3 NATH HEPAPXHUYECKHX: cpenHeii ¢sa3n (Average), ueHtponaubiii (Cen-
troid), maneHero cocena (Furthest), meanaunodi ceasn (Median), GminkHero cocena
(Nearest);

- Distance - BsiGHpaeTcs oa¥H W3 ABYX THIIOB BXOLHMIX NAHHLIX: MATPH-
UA KOppeJLHii MK MATPUUA paccToAHUHA (Matrix) Han MarpHua naHHbIX, NO KOTO-
POA BLIYHCARIOTCS SBINTHAOBL] PACCTOAHKA Mex Ay Habmoaeunamu (Euclidean);

Standardize - siupaerca nuGo pexum cTaHAapTHIAUKK nepeMeHHBIX (Yes),
anbo ee orcyrcrens (No);

- X-axis - yKa3slBaeTCA NepemMeHHan, Wrpaoilas ponb abcumcess;

- Y-axis - YKa3biBaeTcA NEpPeMEHHad, HIpaoIUas poNb OPAHHATDI;

- Z-axis - YKa3blBaeTCA NEPCMENHAA, MrPAIOWan Poib aNMNAHKATLY

- Circle - BoiGnpaeTcs  pexum  OKOHTYpUBAHUA KnacTepos (Yes) MM ero
orcyrcrre (No);

- Codes - yKa3blBat0TCH KOABI KNACTEPOB.

B cayuae seifopa Henepapxudeckoro metona (Seeded) KONONHUTENBHO yKa-
3bIBROTCA HOMepa HaGMOACH)H, NpennaracMble B KA4ECTBE TOUEK NPUTRKEHNA ARA
Syaymux knacrepor (seed -3epHo).

r) Haxare xnasuury "F6", nocne 4ero na 9xpaHe NoABATCH PesyNbTaThi Cye-
Ta:

-tabnnua KnacTepHoONo ananuia.

A) Haxars wnasuty “F5".ecam HeoOXxoammo BbLIaTH pelynsTaThl Ha
APHHTEP WiN 3aNOMHNETL WX B (aline,
e) Haxarb knapnwy "Esc”, nocfe vero nosunsercs MeHio, NpeaccTas-
JAtoEE CREAYIOWME BOSMOKHOCTH:
- Plot clusters - rpadpuueckoe npeacrasnenne knacrepos;
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- Save cluster numbers - coxpasenne nepemensod ¢ HOMEpaMH KNacTepoB
Ans KOKA0To HabmoReHHs;
~ Save distance matrix - coxpaseHHe MATPHUD! €BKTHIAOBBIX paccTosHUil
Mexnay HabniopeHuaMu.
D9 Bo3BpalIeHHA B rNABHOE MEHIO HCTIONB3Y#iTE knasmsy F10.

Bonpocsi:
1. Ueas 1 3a13un knacTepHoro ananusa. OCHOBHAA HACONOMUS KJIACTEPHOrO
aHanM3a - IKNACCHPHKALNA AAHHDBIX.
2. Meron noausix ceszeii.
3. MeToa MakcHMATLHOrO HOKANLHOTO PacCTosAHHA.
4. Meroa Bapna.
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