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NMPEOUCINOBUE

Hay4yHOMy COTPYyAHWKY, TexXHOMory-metannypry 3a4acTylo npuxoauTcs
pewaTtb 3agayn Mo  NIaHMPOBAHWIO,  MPOBEAEHUID  AKCNEPUMEHTaNbHbIX
nccnegosaHui, obpaboTke pe3ynbTaTOB MHXEHEPHOro akcrnepumeHTa. Passutue
COBpPEMEHHbIX METOA0B MaTeMaTMYECKOro ninaHMpoBaHus 1 obpaboTkn pesynsTaToB
WHXEHEPHOro  3KCNepuMeHTa,  pacluMpeHue  BO3MOXHOCTEW  COBPEMEHHOW
KOMMBbIOTEPHON TEXHWKM MNO3BONAIOT pekoMeHOoBaTb uccnegosatenio obwme
noaxonbl, METOAbI U NpoLeaypbl NIIaHMPOBaHUS 1 06paboTKn ero pe3ynbLTaToB.

ABTOpbI CTaBuUnu nepen cobon Uernbio U3NOXUTb BONPOCH MaTtemMaTU4eckoro
nNaHMpoBaHus U 0b6paboTKM pe3ynbTaTOB WHXEHEPHOro  3KCNepuMeHTa B
MakCMManbHO AOCTYMHOW W MOHATHOM dopme. [Ona noHMmaHus He TpebyeTtcs
CBeLEeHWI, BbIXOAALLMX 32 paMKn OObIYHOM MaTteMaTU4eckon NOArOTOBKN MHXEHepa.
lMpepnonaraetcs, 4TO 4uTaTenb BrageeT 3feMeHTapHbIMM OCHOBaMU Teopuu
BEPOATHOCTEN M MaATEMATUYECKOW cTaTUCTMKKU. MecTo gaHHOro yyebHoro nocobus
cpean Opyrnx KHUT M PYKOBOACTB MO MeToAam MraHuMpoBaHMA u 06paboTku
pe3ynbTaTOB WHXEHEPHOro 3KCNepuMeHTa ornpefensieTcs  >xenaHnem naTtb
OOCTYNHOEe AN WHXEHEepPOB-MeTasrlyproB MU3roXeHUe ONeMeHTOB Teopuu, He
neperpyeHHbIX CTPOrMmMn MatemaTudeckuMn BbliBogamu. MIHorga ansa nonyyeHus
KOMNYECTBEHHbIX pe3ynbTaToB, MOMEe3HbIX ANA  MNPakTU4ecKoro npuMeHeHus,
NPUXOOUTCA  KEPTBOBATb CTPOrOCTbIO U3MOXEHUA TEeOpPeTUYECKUX MPUHLMNOB.
OpHako TakMe KOMMPOMUCCHbIE peLlueHUa MPUHUMAannUCb TOMbKO B TeX chny4vasx,
Korga ux uenecoobpasHocTb NoaTBep)Kaanach npaktukon. bonee tpeboBaTenbHbIN
yutTatenb MoXeT 0bpaTUTLCSH K cneumanbHon nutTepaTtype, yka3aHHON B KOHLIE KHUTW.

B HacTosiwee Bpems obpaboTka pe3ynbTaToOB MHXEHEPHbIX 3KCNEPUMEHTOB
He MbicriMMma 6e3 Mcnonb3oBaHMs KOMMbIOTEPOB M MAaKeTOB MPUKIAaAHbIX NporpamMmm.
Mpn TOM BReYaTnAwwWweM pasHoOOpasum CTaTUCTUYECKMX MNAKETOB, KOTOPbIM
XapaKTepusyeTcd COBPEMEHHbIN  MWPOBOM U  OTEYECTBEHHbLIA  PbIHOK (MO
ouumanbHeiM - AaHHbIM - MexXayHapooHOro CTaTUCTUYECKOro WHCTUTYTa, YUCIo
pasfiMyHbIX HAMMEHOBaHU PacnpoOCTPaHSAEMbIX Ha PbIHKE CTaTUCTUYECKUX MakeToB
npubnmxkaeTcs K Tbicsaye!), UHXeHepy-nccnegoBaTento BaXHO YMETb MNpaBUSTbHO
COpPUEHTMPOBATBLCA Ha 3TOM pblHKE, NPaBWUMbHO MOHUMAaTb O6nacTb MPUMEHEHUS
CTaTUCTUYECKMX METOLOB peLleHna TOro uUnm MHOro knacca sagadv. KomnbtoTepHbie

MeToAbl CTaTUCTUYecKoW 06paboTkM pe3ynbTaToB WHXEHEPHOro JKCnepumeHTa
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MNPEONCITIOBUE

NPOUSIAIOCTPMPOBaHbI Ha MpuMepax WCMONb30BaHUA CTAaTUCTUYECKUX (DYHKUUN
pacnpocTtpaHeHHoro naketa Microsoft Excel (B coctaBe Microsoft Office) n mowHon
WHTErpMpOBaHHON CUCTEMblI CTaTUCTUYECKOro aHanm3a u o06paboTKM OaHHbIX
STATISTICA. mybokoe oCBOEHME BO3MOXHOCTEN CheLManM3vpOBaHHbIX MAKeTOB
TpebyeT 3HAYMTENbHOrO NMPOMEXyTKa BPEMEHWU, NPU 3TOM Yy MOfb30oBaTeNnd MOXeT
BO3HUKHYTb WIMO3USE OCBOEHUSI CaMOM TeopuuM BEPOSATHOCTM U MaTeMaTuyecKown
ctratuctmkn. OpgHako cnegyet MnoOHMMaTb, YTO  WHCTPYMEHT He 3aMeHsieT
KOMMNETEHTHOCTb M nNpodeccuoHanuam. Komnblotep npeacrasnsetr cobon He 3aMeHy
4YesioBEeYECKOro MHTENMeKTa, a Nuuwb ero ycunutenb. Hukakme apkne BO3MOXHOCTU
COBPEMEHHOIO  MONb30BaTENbLCKOrO  MHTepdenca  (packpblBalolMecs  OKHa,
KOHTEKCTHOE MEHI0, KHOMKM 1 T.4.) He 0CcBOBOXAAlT Nonb3oBaTenis KoMnbloTepa oT
HeobXoOMMOCTN  U3YyYEeHUss U MNOHMMaHWS CyTU  CTaTUCTUYECKMX MeToOoB,
peanm3oBaHHbIX B TaKUX CUCTEMAX.

[MocTpoeHne kHUrM umeeT OnOYHYyK CTPYKTypy. B Kaxpgon rnase nocne
N3NOXEHUA TeOPEeTUYECKOro MaTtepmana pacCMOTPEHbI TUMOBbIE NPUMEPLI peLLeHUs
3agady. Hanvume pgocrtaTodHOro KonmuyecTsa MpUMeEpoB MO3BOMSAET  MCMNOoNb30BaThb
KHUTY He TOSMbKO KaK y4yebHOe nocobue, HO M Kak MHCTPYMEHT npu MNpoBedeHuu
CEMNHAaPCKNX 3aHATUMN.

Khuura  HanmcaHa  npenogasartensmu  kadpegpbl  «Tennodusmka u
nHpopmatnka B Metannyprun» [OY BI1O YpanbCckoro rocygapCTBEHHOMO
TexHudeckoro yHusepcuteta — YIW npod., a-m TexH. Hayk H.A.CnvpuHbim H.A.,
aou., KaHa. TexH. Hayk B.B.JlaBpoBbiM, gou., KaHg. TexH. Hayk A.P.BoHauHbim A.P.,
npod., 4-M TexH. Hayk B./.JlobaHoBbIM.

ABTOpbI npusHaTenbHbl KOMNekTuBy kKadpegpbl «Tennodusvka u 3KONoruu
MeTannyprmyeckoro npomssoactesa» MOCKOBCKONO rocygapCTBEHHOrO WMHCTUTYTa
cTann M cnnasoB (3aB. Kaedpon 3acnyXeHHbI OeATenb Hayku U TexHukn PO,
npodgoeccop, OOKTOp TexHudeckux Hayk B.A.KpuBaHOuH, peueH3eHT - npodpeccop,
OOKTOp TexHumyeckux Hayk C.A.KpyneHHUKOB) W [OOKTOpPY TEXHUYECKUX Hayk,
npodgeccopy MarHMTOropckoro rocygapCTBEHHONO TEXHUYECKOro yHuBepcuteTa
BoosuHy K.H. 3a LueHHble 3amMevaHusi, caenaHHble Npu peLeH3npoBaHUN KHUTK.

ABTOpbI NPOCAT yuTaTenen cBOM OT3bIBbl HanpasnATb No agpecy: 620002,
EkatepuHbypr, yn. Mwupa, 19, VYpanbCkui rocygapCTBEHHbIN TEXHUYECKUN

yHusepcuteT-YI1A.



1. 3KCNEPUMEHT KAK NPEAMET UCCINIEQOBAHUA

1.1. [loHssmue 3kcrniepumeHma

Bo MHormx obnactsix Hay4HOW M NPaKTUYECKON AEATENbHOCTM COBPEMEHHOIO
YyenoBeKka 3HaA4YMTENbHOE MECTO 3aHMMalT TeopeTUdeckMe MeToAdbl U3YyYeHus pas-
NNYHBIX OOGBEKTOB U MPOLLECCOB OKPYXXAKLLEro Hac mupa. Tak, B MeTannyprum Bce
bonee WMPOKOE NpUMEHEHME HaXOOAT pes3yfibTaTbl, NOSlyYeHHble Ha OCHOBE Teope-
TMYECKOro peLleHns 3adady TeopUn NNAacTUYHOCTU, MEXaHWUKN XXMAKOCTU U ra3os, u-
3UKN MeTannoB, EHOMEHONOMMYECKOW TEOPUN paspyLUEHNs MaTepuanos U Apyrnx
TeopeTnyecknx aucunnivH. OgHako, HECMOTPS Ha BbICOKYH 3(P(PEKTUBHOCTL Teope-
TUYECKNX METOOO0B, MPU PACCMOTPEHUN KOHKPETHBIX TEeXHOMOrmyeckux npobnem,
0COBEHHO B YCNOBUAX OEWCTBYIOLLEro MPOM3BOACTBA, UHXEHepy 3a4acTylo Mpuxo-
ANTCA CTankuBaTbCs C 3ajadyamu, pelleHne KOTOpbIX MpakTU4eCckn HEBO3MOXHO 6e3

OopraHunsauum 1 npoBegeHmMAa Toro Ui MHOro 3KCnepnMmeHTanbHOro nccnegoBaHns.

C 06wedmnnocodCcKomn TOYKMN 3peHUs SKCNEPUMEHT (OT NaTUHCKOro experimen-
tium — npo6a, onbIT) — 3TO YyYBCTBEHHO-NPEAMETHAA AEATENLHOCTL B Hayke; B bonee
Y3KOM CMbICINe — OMbIT, BOCNpou3BeAeHne obbekTa No3HaHUS, NPOBEPKA rMnoTes u

T.A.

B TexHuyeckon nutepatype TEPMUHY IKCMEPUMEHT yCTaHaBnMBaeTCs cre-
ayloulee onpeaeneHne — cuctema onepauum, BO3gencTBui u (unu) HabnogeHun,

HanpaBneHHbIX Ha NonyyYeHne nHpopmaunm 06 obbekTe nccneaoBaHus.

ABNASCb UCTOYHMKOM NO3HAHUS U KPUTEPUEM UCTUHHOCTM TEOPWUIA U FMnoTes,
3KCMEPUMEHT UrpPaeT OYeHb BaXKHYH POfib Kak B HayKe, Tak U B UHXEHEPHOW NpaKkTu-
ke. QKCNepuMeHTbl CTaBATCA B UccreaoBaTenbCcknx nabopaTopusix U Ha AeNCTBYHO-
LL|eM MPOU3BOACTBE, B MEAULIMHCKUX KIMMHUKAX U Ha OMbITHbIX CENbCKOXO03SMCTBEH-

HbIX NOJ1AX, B KOCMOCE U B rny6v|Hax OKeaHa.

XoTa 00bEeKTbl MCCnegoBaHUM O4YeEHb pa3HOO6pa3HbI, MeTodbl 3SKCNnepmmeH-

TanbHbIX UCCeaoBaHNN UMET MHOIo obLLero:



1. OKCINEPUMEHT KAK MNMPEAOMET NCCJIEAQOBAHUA

— Kaknm Obl NPOCTbIM HM ObIN 3KCMNEPUMEHT, BHa4ane BbIOMpaloT nnaH ero npose-

JeHus;

— CTPemsiTCsl COKpaTUTb YUCIIO pacCMaTpuMBaEMbIX NEPEMEHHbIX, Afsi TOro YToObl

YMEHbLUNTL 0O bEM IKCNEPUMEHTA;
— CTapalTCa KOHTPONMPOBAaTb XO4 3KCNEPUMEHTA;
— MbITAKTCA UCKITIOYUTL BIIUSIHUE CITyYanlHbIX BHELUHUX BO3OENCTBUN;
— OUEHUBAOT TOYHOCTb M3MEePUTENbHbLIX MPMOOPOB U TOYHOCTb NOSTYYEHUSA OAHHBbIX;

— W HakoHel, B npouecce NoGOoro aKCrepuMeHTa aHanu3upyrT MOoNyYeHHble pe-
3ynbTaTbl U CTPEMATCA AaTb UX MHTEpNpeTauuto, NOCKoNbKy 6Ge3 aToro peluatoliie-

ro aTana BeCb rnpouecc saKkCnepnmMmeHTasibHoOro nccrieaoBaHnAa He MMeeT CMbICIa.

K coxaneHuio, 3a4acTyto paboTa akcnepMMeHTaTopa HacTONbKO XaoTW4Ha U
HeopraHn3oBaHHa, a ee aPPEKTUBHOCTb TaK Mara, YTo MNofyYeHHble pe3ynbTaThbl He
B COCTOSIHMM OMnpaBAaTbh Oa)XKe TeX CPEACTB, KOTopble Obiny n3pacxonoBaHbl Ha Npo-
BeaeHWe onbIToB. [103TOMy BONPOCHI OpraHu3auny 3KCnepuMeHTa, CHKeHNs 3aTpaT
Ha ero npoBedeHWe U 06paboTKy MOMyYEeHHbIX Pe3ynbTaToB SIBNSKTCA BecbMma U

BECbMa aKTyalibHbIMW.

CoBpeMeHHble MeToAbl NNaHUPOBaHUA 3KCNepUMeHTa U o0b6paboTku ero pe-
3ynbTaToB, pa3paboTaHHble Ha OCHOBE TEOPMU BEPOSITHOCTEM U MaTeMaTU4eCcKoW
CTaTUCTWKN, NO3BOJISIOT CYLLECTBEHHO (3a4acTyl0 B HECKObKO pa3) COKpaTUTb YMCIIO
HeobXoauMbIX ONs NPOBEAEHUS OMbITOB. 3HAHME M UCMONb30BaHUE 3TUX METOOO0B
Aenaet paboTy aKcnepumeHTaTopa Gonee LeneHanpaeneHHON U opraHn3oBaHHOWM,
CYLLECTBEHHO MOBLILLIAET Kak MpOM3BOAUTENBHOCTb €ro Tpyda, Tak M HaOeXHOCTb

nosy4aemMbIX UM pe3ynbTaToB.

Kak n nobas gpyras HayyYyHas OucuMnivHa, opraHvsauusi U nnaHupoBaHue
9KCNEepPMMEHTa MMEIOT CBOK CTPOro onpeaeneHHyto, BO MHOrOM perfiaMeHTUpyemyto
crangaptamm (TOCT 15895-77, TOCT 16504-81, TOCT 24026-80), TepMUHONOrUIO,
AN NepBOHAYanNbHOrO 3HAKOMCTBA C KOTOPOW Mbl PACCMOTPUM KrnaccuuKkauuio Bu-

00B 3KCNnepnmMeHTa.



1. OKCINEPUMEHT KAK MNMPEAOMET NCCJIEAQOBAHUA

1.2. Knaccughukayusi eudoe akcrepumMeHmarsbHbIX uccredoeaHul

Mpexne Bcero 0TMETUM, YTO MoOOI SKCNEPUMEHT npeanonaraeT NposeaeHne

TeX UITN NHbIX OMNbITOB.

OnbIT — BOcCnpounssegeHne nccnengyemoro asneHnd B onpeaernieHHbIX yCcrnoBu-

SIX NpoBeAeHMs IKCNepuMeHTa Npu BO3MOXHOCTU perncrTpauum ero pesynbtaToB.

Mo uenu npoBedeHuss N opme NPeACTaBeHUs MOSyYEHHbIX pe3yrbTaToB

SKCNEPUMEHT AEeNAT Ha Ka4eCTBEHHbIN U KONMYECTBEHHbIN.

KayeCcTBEeHHbIN 3KCMEPUMEHT YyCTaHaBMNMBAET TOMbKO caM (PaKT CyLLecTBOBa-

HUS Kakoro-nnbo siBNEeHUs, HO NpU 3TOM He AaeT HUKAKUX KONMYECTBEHHbIX XapaKkTe-
pPUCTUK 0ObekTa mccrnegoBaHus. J1lo6OM 3KCNEPUMEHT, KakMM Obl CFIOXHBIM OH HMU
ObIn, Bcerga 3akaHuYMBaeTCcs npeacTtaBfeHneM ero pesynbTaTtoB, (hOpPMYSIMPOBKON
BbIBOJOB, BblAayen pekoMmeHgauun. 3ta nHopmMaumss MOXeT bbITb BblpaXkeHa B BU-
e rpaukoB, YyepTexen, Tabnuu, popmyn, CTaTUCTUYECKUX AAHHBIX U CIIOBECHbIX
onucaHun. KayeCcTBeHHbIN 3KCMEPUMEHT Kak pa3 v npegycmaTpuBaeT MMEHHO Cro-

BE€CHOE OonncaHune ero pe3yribTaTtoB.

Mpumep 1.1. Ecnn B3ATb ABa Kycka CTanbHOM NPOBOSOKN AnamMeTpom 5,0 mm,
OOVH M3 KOTOpPbIX MOCMe nnactnyeckon gedopmauumn He nMmen tepMmmyeckon obpa-
6otk (npososioka 5,0-11 FTOCT 3282-74), a BTOpOM npoLlen onepaunm omxura (rnpo-
gosioka 5,0-O-C NOCT 3282-74), v noaBeprHyTb NX HECKONbKUM nepermdam, 1o ner-
KO ybeaouTbCcs, YTO TEPMUYECKN He 0OpaboTaHHbLIM MeTann paspyllaeTcs paHblue

(Npy MeHbLLeM Yucre nepernbos), T.e. UMEET MEHbLLYIO NNAaCTUYHOCTD.

OpHako crnoBecHoe onvcaHue — He cambll 3(PPEKTUBHBLIN U NH(POPMATUBHBIN
crnocob npeacTaBneHnsa pesynbTaToB JKCNEPUMEHTA, MOCKONbKY OH He Mo3BonseT
AaTb KONMYECTBEHHbIX pPeKOMeHAauun, npoaHanusanpoBaTb CBOWCTBA OObeKkTa B
WHbIX yCcnoBusax. 1oaTomMy B MHXEHEepPHOW NpakTUKe OCHOBHOE coepXXaHue aKkcnepu-

MeHTa npegcrasndetcd Yncriom n KorindyeCTtBeHHbiIM 3aBUCUMOCTAMMN.

KONWYeCcTBEHHbLIN 3KCMEPUMEHT  He TOSMbKO (PUKCUpYeT (hakT CyLleCTBOBaHUSA

TOro U1 UHOro ABJr1€HnA, Ho, KpomMe TOro, No3BoJIA€T YCTaHOBUTb COOTHOLLUEHUNA MeE-
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1. OKCINEPUMEHT KAK MNMPEAOMET NCCJIEAQOBAHUA

XOy KoJin4eCTBEHHbIMU XapaKTepUCTukamm ABleHUA N KOJTIMYECTBEHHbIMU XapaKTe-

pncTtnkamm CcnocoboB BHELUHEro BO3AENCTBUSA HA OOBEKT UCCNeaoBaHNA.

B ycnosuax npumepa 1.1, ana toro 4tobbl nepeBecTn 3KCNepUMEHT U3 pas-

psga "Ka4eCTBEHHbIN" B "KONMNYECTBEHHbIN", HEOBXOAUMO:

— onpegenuTb U KONMYECTBEHHO OnMucaTb Te napaMeTpbl npouecca omkura u Te
CBOWCTBa MaTepuvarna, KoTopble No NPeanonoXeHN0 MOTyT MOBNUSATb HA NacTUy-
HOCTb CTanu (Hanpumep: Temnepatypa omxura, °C; ckopocTb oxnaxgeHus, °C/y,
PaKTU4ECKMN XMMUYECKUIA COCTaB CTanu, U3 KOTOPOW M3roTOBfIEHA NPOBOSIOKA U

T.4.);

— BbIOpaTh Ty UNN MHYKO KONMMYECTBEHHYIO XapaKTepPUCTUKY NAaCTUYHOCTU MeTanna
(Hanpumep, Yncno nepernboB NPOBOSIOKM K MOMEHTY ee paspyweHus no FOCT
1579-93);

— B pesynbTaTe 3KcnepMMeHTa HeobXxoaMMO YCTaHOBUTb KONMMYECTBEHHYHO 3aBUCU-
MOCTb MeXAy NnacTUYHOCTBLIO MPOBOJSIOKM U NapameTpammn npoiecca Tepmoobpa-
BOTKM, C Y4ETOM TEeX BO3MOXHbIX KorebaHuin XMMUYeckoro coctaea, KoTopble Oo-

nyCTUMbI AnA AaHHOMN MapKu ctanu.

NTak, KonmyecTBeHHbIN OKCNEepUMEHT npexge Bcero npeagnonaraet KoJfindyecT-
BEHHOe€e onpeaerieHne Bcex t1ex CcnocoboB BHELLHErO BO3OENCTBUS HA 0OBLEKT nccne-
0OBaHUA, OT KOTOPbIX 3aBUCUT €ro nopegeHmne — KonnyeCtBeHHoe onmcaHme BCEX

drakTopoB.

CbaKTOQ — nepemMeHHad Beln4nHa, no npeannosioXXeHunto Bindouada Ha pe3yrib-

TaTbl SKCNEPUMEHTA.

Hanpumep, B kKayecTBe (DakTOpPOB paccMaTpUBaeMOoro UimcTpaTUBHOIO 3KC-
NnepMMeHTa MOXHO BblOpaTb TemnepaTypy OTXUra, CKOPOCTb OXMaXAEeHUs!, MPOLEHT-
HOe cogepxxaHue yrnepoga unv noboro Apyroro XMMMYECKNX anemeHTa, pernameH-

TUPOBAHHOIO ANA AaHHom MapKu ctanu.

B oT4enbHOM KOHKPETHOM OrbITe Kaxabl pakTop MOXeT NpUHUMaTb O4HO U3

BO3MOXHbIX CBOMX 3HAYEHUN — ypOBEHb (hakTopa.

YpoBeHb haktopa — (PMKCUPOBAHHOE 3Ha4veHue pakTopa OTHOCUTESIbHO Ha-

Yyara oTcyeTa.
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1. OKCINEPUMEHT KAK MNMPEAOMET NCCJIEAQOBAHUA

Hanpumep, ogHUM ypOBHEM Takoro ¢haktopa, Kak CKOPOCTb OXNaXKAeHWUst npw

omxure, Moxet 6bITb 50 °C/v, apyrum — 100 °C/4 n T.4.

durkcnpoBaHHbIN Habop ypoBHEN BCeX (PAKTOPOB B KaXXOOM KOHKPETHOM Ofbl-

T€ KaK pa3 un onpegendeTt oaHO N3 BO3MOXHbIX COCTOSAHUN 06bEeKTa MCCNeaoBaHUS.

Mpn npoBeaeHNN OMbITOB OYEHb MHOIOE 3aBUCUT OT TOrO, HACKONbKO aKTUBHO
9KCNepuMeHTaTop MOXeT "BMeluMBaTbCa" B Uccrnegyemoe ABfeHue, UMeeT OH unuv
HEeT BO3MOXHOCTb YyCTaHaBnuBaTb Te YPOBHM (PAKTOPOB, KOTOpblEe NpenCcTaBnsioT

ANsi HEro UHTEepec.
C 3TOI TOYKM 3peHnsi Bce pakTopbl MOXXHO pa3buTb Ha TPW rpynmbl:

— KOHTpOnuMpyemble 1 ynpaBnsemMble — 3T0 akTophbl, 4151 KOTOPbIX MOXHO He TOrb-
KO 3aperMcTpupoBaThb UX YPOBEHb, HO elle U 3afaTb B KaXKAOM KOHKPETHOM Ofbl-

Te noboe ero BO3MOXHOE 3Ha4YeHne;

— KOHTpoOsnupyewmble, HO HeynpaBlideMble (*)aKTOpr — 3TO CbaKTOpr, YPOBHWU KOTO-
pPbIX MOXHO TOJIbKO perncTtpmpoBaTb, a BOT 3adaTb B KaXXOAOM ONbITE UX onpeae-

JIeHHO€ 3Ha4YeHne npakTn4eCkn HeBO3IMOXHO;

— HEKOHTpOsMpyemMble — 3TO (DaKTOpbl, YPOBHU KOTOPLIX HE PEMMCTPUPYIOTCS 3KCe-

PpUMEeHTaTOpPOM U O CyLLEeCTBOBaAaHNN KOTOPbIX OH Aa)Ke MOXET N He NoA03peBaTh.

B npumepe 1.1 B Ka4ecTBe KOHTPONIMPYEMBIX M YNpaBrsieMblX (PaKTOPOB MOX-
HO OYeHb BEPOATHO paccMaTpuBaTb TEMMEpPATypy OTKUIa U CKOPOCTb OXNaXOeHus
NPOBOSIOKM. A BOT (hakTU4ecKkoe MPOLIEHTHOE COoAep)XaHWe pasnuyHbIX XMMUYECKUX
3M1EMEHTOB CTanu, No Bcew BUAMMOCTU, NonageT B rpynny KOHTPONMPYEMbIX, HO He-
ynpaensieMbix akTopoB. [leno 34ecb B TOM, YTO XMMUYECKUIA COCTaB €Lle MOXET U
yAacTcs 3aperncTpupoBatb (nepenuncae ero U3 nacnopra ninaeky UM U3 CONpPoBOAN-
TeNbHbIX JOKYMEHTOB Ha [aHHYK NapTUi0 MPOBOSOKM), HO BOT 3adaTb, B YCIOBUSIX
peanbHOro AeNCTBYIOLWEro cTanennaBunbHOro NpousBoACcTBa, ANS KaX4oro onbita
CTPOro onpeferneHHoe MPOLEHTHOE CcofepXKaHue, Hamnpumep, yrnepoga — 3ajava
NpaKkTU4eckn HeBbINONMHUMasi. HakoHew, K rpynne HeKOHTPONMpyeMbix hakTopoB B
3TOM NpUMepe MOXHO OTHECTM Maccy NPUYKH, MO KOTOPbIM MOXET U3MEHUTLCS Nna-
CTUYHOCTb MeTanna (HepaBHOMeEpPHOCTb AedopmaumMm MeTanna no anvHe OGyHTa

NPOBOJIOKMN B rnpouecce npokKkatkn uinm npu BOJIOHMEHUMN, He6J'IaFOI'IpI/1$ITHbIe ycrnosus
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1. OKCINEPUMEHT KAK MNMPEAOMET NCCJIEAQOBAHUA

XpaHeHnss MeTanna, NpUBOASLUNE K €ro MNoOBbILLEHHOW KOPPOo3vu, U T.O. U T.M., Ha

CKOJTbKO B Al@aHHOM Clily4ae XBaTuTt CbaHTa3VIM VICCJ'Ie,EI,OBaTeJ'IFI).

B konuyecTBeHHOM akcnepumeHTe HeobXxoouMO He TOMbKO perncTpupoBaTb
YPOBHU BCEX KOHTPONMMPYeMbIX (pakTopoB, HO U UMETb BO3MOXHOCTb YCTaHaBnNuBaTb
KONMYeCTBEHHOEe OnucaHvne TOro CBOMCTBA (OTKMMKa) nccneayemoro ABneHusl, KoTo-
poe nsyyaet (HabnogaeT) akcnepumeHTaTop. Npuyem NockonbKy Ha 06bekT nccne-
AOBaHWS B Mpouecce aKCnepuMeHTa BCerga BNUSET OrpOMHOE KONMYECTBO HEKOH-
TponupyeMbIx (PakTOpOB, YTO BHOCWUT B MOrlydaeMble pe3ynbTaTbl HEKOTOPLIVA are-
MEHT HeonpeaeneHHOCTW, 3HaYeHne OTKMMKa, B KaXAOM KOHKPETHOM OMnbITe, HEBO3-
MOXHO npeackasaTtb 3apaHee. [1oaToMy BOcnpou3BefeHue UCCnefyemMoro sABfeHus
npv O4HOM M TOM e (PUKCUPOBAHHOM Habope ypOBHEW BCEX KOHTPONUpyembIx dak-
TOpOB BcerAa 6yaeT NpMBOAMTL K Pa3nUYHbIM 3HAYEHUSAM OTKINMKA, T.€. OTKIMK — 3TO

Bcerga cnyqaﬁHaﬂ BeJlTIn4vnHa.

OTknuK — Habnogaemas criyyanHas nepeMeHHasi, no NpPeanoriokeHNo 3aBu-

cqulas ot (pakTopos..

OTknnkom B ycrnoBusax npumepa 1.1 saBnseTcss NAacTMYHOCTb CTanbHOW Mpo-
BOJIOKM (KONMYECTBO NepernboB K MOMEHTY paspyLueHus). [Nprnyem gaxe ecnu B3sTb
KYCKWN NPOBOSIOKM OT OAHOrO M TOro e MOoTKa (T.e. MeTann 0gHOW NnaBKuM — OANHAKO-
BOr0 XMMU4YECKOro COCTaBa, MMEILLNA OOUH N TOT Xe pexum TepmoobpaboTkm npu
O[IMHaKOBOW TeMrnepaType OTXKUra U CKOPOCTU OXNaxaeHus), To 1 Npu 3TOM AN Ka-
XO0ro Kycka MpOBOJSIOKM Mbl MOMNyYUM pasHble (XOTA M OMeHb Bnunskue opyr K opyry)

3Ha4YeHnd nNnacTtn4HOCTN MeTarnna.

W HakoHel, B pe3ynbTaTe KOSIMYEeCTBEHHOrO 3KCnepumMeHTa Heobxoanmo Han-
TN 3aBUCMMOCTb MeXOy OTKIIMKOM W (pakTopamu — pyHKUUO OTKNuka. lNpuyem no-
CKOMbKY OTKIUK — 3TO ChnyYanHasi BEfMYMHA, TO, C TOYKN 3PEHUSA TEOpUU BEPOSATHO-
CTeN, ero MOXHO 3aJaTb OQHMM M3 NapamMeTpoB CBOEro pacnpeneneHus, Hanpumep

MaTemMmaTu4eCKnMmM oXxXmaaHmnem.

DYHKUMA OTKMMKA — 3aBUCMMOCTb MaTeMaTUYECKOro OXMAAHUS OTKIMKa OT

dhakTopoB.

B npvmepe c npoBONoOkon — 3TO 3aBMCMMOCTb MaTEMAaTUYEeCKOro OXMUAaHUS
BEJIMYMHBI NIACTUYHOCTM CTann OT TeMnepaTypbl OTKUFa, CKOPOCTM OXMaXKOeHUs U

XMMNYECKOro coctaBa MmeTarna.
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1. OKCINEPUMEHT KAK MNMPEAOMET NCCJIEAQOBAHUA

C y4yeToM NpvBEAEHHOrO Bbllle AeneHus hakTopoB Ha TpU rpynnbl, pyHKLUMIO

OTKITMKa B CaMOM O6L|.|,eM crniydae MOXHO 3anuncaTtb B Buae

roe M, — matemaTuyeckoe OXuaaHue OTKINUKA; X; — KOHTponvpyemble U
ynpasnsiemble pakTopbl; h; — KOHTpONMpyeMble, HO HeynpasnsemMble PaKTopbl; &5 —

owwmnbka 3KCNepunMeHTa, y4nTbiBawowaa BIiNAHNE HEKOHTPOJTNPYEMbIX (baKTOpOB.

Mo Tomy, Kakon rpynnon pakTopoB pacnornaraeT uccrnegoBartesib, KONMYecT-
BEHHbIN 3KCMEPUMEHT B CBOKO o4yepelb MOXHO pasfenuTb elle Ha ABa Buaa. Ecnn B
pacrnopspKeHUn aKcnepuMmeHTaTopa HeT ynpasriseMblX (pakTopoB, TO TaKOW aKcnepu-

MEHT HOCUT Ha3BaHWE NaCcCUBHOIO.

[MaccuBHbLIM SKCNEPUMEHT — SKCNEPUMEHT, MPU KOTOPOM YPOBHU (PaKTOpPOB B

Ka>XOOM OMNbITE PErmcTpupyroTca nccriegoBsarternem, Ho He 3aaroTCA.

[MockornbKy MpyM NaccUMBHOM 3KCMEepUMEHTe uccnegoBaTeflb He MMeeT BO3-
MOXHOCTb 3afaTb YPOBEHb HW OAHOrO0 U3 PaKTOpPOB, TO MNPV MPOBEAEHUN OrMbITOB
€My OCTaeTCd NuWb "naccuBHO" Habniopath 3a SABMEHUMEM U PerncTpmpoBaTtb pe-
3ynbTaTbl. [lNaHMpoBaHWe NacCUBHOrO 3JKCMEPUMMEHTa CBOOMTCH K onpeneneHuvto
yucna onbITOB, KOTOpPble HEOBXOANMMO NPOBECTN UCCNeaoBaTento ANs peLeHnsa no-
CTaBNEeHHOW nepea HUM 3aJauyn, a KOHEYHOW LeNnbi MacCUBHOMO JKCNepuMeHTa B

OonbLUMHCTBE Clly4aeB ABNAETCA nosfiy4yeHune q)yHKLI,VIVI OTKINUKa B Bnge
M, = f (h) + €. (1.2)

Ecnu xe SKCNnepnMeHTaTop nMeeT BO3MOXHOCTb HE TOJIbKO KOHTPOJIMPOBATb

(*)aKTopr, HO 1 ynpaBnidaTb UMU, TO Takoun QKCNepMMEeHT HOCUT Ha3BaHNEe aKTUBHOTIO.

AKTUBHbIN 9KCNEPUMEHT — 3KCMNEPUMEHT, B KOTOPOM YPOBHU (DAKTOPOB B KaX-

OOM OnbITe 3a4alTCA UccriegoBaTenem.

[MockonbKy B 9TOM Criydae aKcnepumeHTaTtop UMeeT BO3MOXHOCTb "akTUBHO"
BMELUMBATLCA B UCCReayemMoe SIBNieHne, TO eCTECTBEHHO, YTO aKTUBHbIA 3KCnepu-

MEHT Bcerga npeanonaraeT Kakon-nnbo nnaH ero npoBeaeHus.

MnaH_akcnepumeHTa — COBOKYMHOCTb AaHHbIX, onpeagenAatrowmnx 4Yncno, ycrno-

B/A U NMOpAOOK peann3aunn onbiTOB.
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HOSTOMy aKTUBHbIN 9KCNepuMMeHT Bcerga AoJnkKeH Ha4dynMHaTbCA C niiaHnpoBa-

HUA.

[MnaHMpoBaHMe 3KCNepuMeHTa — Bbl60p nnaHa 3KCNnepuMeHTa, yOoBJI1eTBO-

PSILOLLErO NOCTaBMNEHHBbIM TPeboBaHMSAM.

K TpeboBaHusIM, nNpeabsBnsieMbiM MpU NIaHMPOBaHWM aKTUBHOMO 3KChepwu-
MEHTA, MOXHO OTHECTM CTeneHb TOYHOCTU U HAaAEXHOCTU pe3ynbTaToB, NOMyYeHHbIX
nocne NpoBeAEHUsI SKCNEPMMEHTAa, CPOKM U CpeacTBa, UMEIOLLMECS B PACNOPSKEHUN

nuccnepgosartens, U T.4.

Llenbto akTMBHOro akcnepuMeHTa MoXeT ObiTb NMMbo onpeaeneHne yHKUMM

OTKIMMKa B BUAe
M, =f (x;) + &s, (1.3)

nMBO MOUCK TaKOro coyYeTaHus YpoBHEW ynpaBnsieMblXx (PakTOPOB X, NPV KOTOPOM
AOCTUraeTcsi onTumarbHoe (3KCTpemMarnbHOe — MUHUMAarbHOE MMM MaKcUManbHOoe)
3HayeHne PyHKUMK OTKNMka. B aToM nocnegHem cryyae SKCMEPUMEHT HOCUT elle

Ha3BaHWEe NOUCKOBOrO (SKCTPEMaribHOro) aKCnepuMeHTa.

Hanpumep, ecnv B crniyyae ¢ paspyLUueHMeM NPOBOSIOKU Mbl Obl MoCTaBUNK Ne-
pen cobon Lenblo HaMTK Takoe coveTaHue TeMnepaTypbl OTXKUra U CKOPOCTU OXNax-
[EHNs, Npu KOTOPbIX NMacTUYHOCTb MeTarnna 6bina 6bl MakcUMarnbHOW, TO Halll 3KC-

NepuMeHT CTar Obl MONCKOBbIM.

N HakoHeL, No ycnoBusiM NpoBeAeHVst pasnuyatoT nabopaTopHbIN U Npo-

MbILLSIEHHbIN OKCNEePUMEHTHI.

NaGopaTopHbIV 3kcnepuMeHT. B nabopaTopun MeHblUe BRUSIHUE CRy4YanHbiX

norpeLluHocTen, obecneumBaeTca Oonbluas "CTEpPUNbHOCTL" YCNOBUI NPOBEOEHMS
OnbITOB, B BOMbLUMHCTBE CriyvyaeB OcyLlecTBnseTca u bonee TwarenbHaa NogroTos-
Ka, OOQHMM CnOBOM, BbilWwe "KynbTypa akcnepumeHTta". Kak npasuno, B nabopatop-
HbIX YCIOBUSAX 3KCNEPUMEHTATOP MOXET BOCMPOU3BECTM ONbIT "OAWMHAKOBO" 3HA4M-
TEeNbHO Nydylle, YeM B MPOMBILLIIEHHOCTU. OTO O3Ha4yaeT, YTO NPWU NPOYUX PaBHbIX
yCrnoBuax Ansi yCTaHOBMEHWSI HEKOTOPOro dpakTta Ha 3aBofe noTpebyeTcs BbINONHUTD
3Ha4MTeNbHO Gornblue ONbITOB, YeMm B nabopatopuun. [lpyroe BaxXHOE OTNnYMe — 3TO
Bonbllas BO3MOXHOCTb BapbnpoBaTh (M3MEHATb) YpoBHU hbakTopoB. Korga B nabo-

paTopumn UccneayeTcs XMMUYecKkas peakuusi, TemnepaTtypy no >XenaHui MOXHO Me-
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HATb B LUMPOKMX Mpedenax, a B MeTanyprmyecknx nedvax, HanpoTvMe, €crnv ee u
MOXXHO MEHATb, TO B 3HaYMTENbHO Gonee y3kom gmanasoHe n ¢ 6onbLuen OCTOPOX-

HOCTbIHO.

[MpOMbILLUNEHHbIN 3KCNEPUMEHT. B NPOMBbILLUJIEHHbLIX YCINOBUAX obecneunTtb yC-

noBusA NabopaToOpHOro 3KCMEepMMEHTa 3HAYUTENbHO TPyAHEe. YCMNOXHSTCA n3Me-
peHnst n cbop nHpopmauun, 3Ha4dMTenbHo Gonblliee BRNMsSHNME Ha OOBLEKT uccneno-
BaHMA U M3MepuTenbHble Npubopbl OKasbiBalOT pPasfnMYHOro poda MoMexu (pesko
BO3pacTaeT YMCNO HEKOHTPONUPYyEMbIX (PakTOpOB), MO3TOMY B MPOMbILLSIEHHOM 3JKC-
nepumMeHTe 0cobeHHO HeobXooMMO MCMONb30oBaThb CheuManbHble CTaTUCTUYECKUe
meToabl 06paboTkm pesdynbTaToB. Kpome TOro, Ha peanbHOM AEWCTBYOLEM MPOM3-
BOACTBE BCeraga enaTtenbHO MO BO3MOXHO MEHbLUEMY YUCIY U3MEPEHUI MOMYYUTb

Hanbonee [OCTOBEPHbIE pe3yrnbTaThbl.

KOHmpOﬂbele 80rpocChI

1. UTo Takoe akcnepnmeHT? KakoBa ero posib B UHXEHEePHOW NpakTuke?

2. Kakne obuwume YepTbl UMEKT Hay4YHble METOAbl nccrnegoBaHnin ons nayye-

HWS1 3aKOHOMEPHOCTEN Pa3fMYHbIX MPOLECCOB U SBMEHWI B NPOMbILLNIEHHOCTN?

3. lNpuBeguTte knaccugukaumm BUAOOB IKCNEPUMEHTASbHbLIX UCCrenoBaHUN,
ncxogsa 13 Lenu nposefeHnsa akcnepumMeHTa u (popmbl NpeacTaBrieHnst pesyrbTaTos,

a TakKXe B 3aBUCUMOCTU OT yCJ'IOBVIIZ ero peannsauunn.

4. B yem 3akntoyaroTcsA npuHUunnuanbHble OTIIMYNA aKTUBHOIO 3KCNEpUMEHTa

OT NaccuBHOro?

5. MNosicHuTe npenmyLlecTBa U HegoCcTaTkM NlabopaTOPHOro Y NPOMbILLIIEHHO-

ro 3KCnepunMeHTa.
6. B yem oTnnumne KonM4YeCcTBEHHOIO N KAYECTBEHHOIO SKCI'IepVIMeHTOB?

7. anTte onpeneneHvs cnegylowmmMm TepMUHaAM: ONbIT, PakTop, YPOBEHb dhak-

TOpa, OTKIUK, beHKLI,I/IFI OTKITUKa, NiaH 1 niaHnpoBaHNE SKCNepMMeEHTa.
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2. KPATKME CBEOEHUA N3 TEOPUU BEPOATHOCTEWN
N MATEMATUYECKOWU CTATUCTUKU

2.1. CnyyaliHble 8esluYUHbI U nNapaMmempbl Ux pacripedesieHul

MocKonbKy U3-3a BRMSIHUST HEKOHTPONUPYEMbIX (PAKTOPOB OTKIMK — 3TO BCe-
raa cnyvanHas BenuuuHa, npu obpaboTke pesynbTaToB 3KCMNEPMMEHTA LUMPOKO MC-
nonb3yeTcs annapaT Teopuu BEPOSITHOCTEN U MaTeEMaTUY4ECKON CTaTUCTUKK, NOITO-
MYy HanoMHMUM HEKOTOPble OCHOBHbIE MOHSATUS U ONpeaeneHnst 3Toro pasaena marte-

MaTUKHN.

Cny4anHoe cobbiTne — cobbiTMe, peanusauuto KOTOporo nNpu onpeaeneHHom

KOMIIIEKCE YCIOBUIA HEBO3MOXHO 3apaHee npeackasarth.

Hanpumep, peanusaumio Takoro cobblTusi, Kak NsiTb OCTAHOBOK LOMEHHOW ne-
Yyn B TEYEHME Mecsia, HEBO3MOXHO Mpenckas3aTb 3apaHee, MOCKOSbKY OCTaHOBOK

MOXeET ObITb K TPU, N CEMb, N YeTbIpEe, N T.AO.

CnyyamHas BenvyMHa — BENMYMHA, KOTOpad MOXET NpUHMUMaTb kakoe-nmbo

3Ha4yeHne n3 yCtaHoBJ1IEHHOIo MHoXXecTtBa U C KOTOpOVI CBA3aHO BEPOATHOCTHOE pac-

npegeneHue.
CnyyarHas BennimHa MOXeT BbiTb AUCKPETHOW NN HENPEPbIBHOMN.

OvckpeTHas cnyyvyamHas BenuyuHa — cryyvyarmHas BefiMdnHa, KoTopad MOXeT

NPUHMMAaTb 3HA4YE€HUA TOJIbKO N3 KOHEYHOIro Ui c4eTHOro MHOXecCTBa AencTBuUTEnNb-

HbIX YHUCer.

HenpepbiBHag criydanHas BenuynHa - criydanHas BenndmHa, Kotopas MoXeT

npPUHNMaTb nodble 3Ha4YeHMs N3 KOHEYHOro unn 6eCKoOHeYHOoro MHTEpBana.

Ecnu npu doukcupoBaHHOM Habope ypoBHEN BCEX KOHTPONMMPYEMbIX (haKTOpPOB
NpOBECTU N U3MePeHUn oTknvka X, To B pesyrnbTaTe OygeT nonydeH psg XOoTs U

B6N3KNX, HO OTNANYAIOLLNXCA APYr OT Apyra 3HAYEHUN:
X, (i=1, 2,...,n), (2.1)
rae X — i -€ uamepeHme BenuymHbl X;

X1, X2,..., Xn — p€ANN3aLna cny4yamHon BennymnHbl X.
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2. KPATKME CBELEHMS U3 TEOPUN BEPOSITHOCTEM ...

Mpumep 2.1. B pesynbtate ndyyeHus paboTbl JOMEHHOM NeYn Ha NpoTsKe-
HUK nonyTopa neT ObifNo 3aperncTpMpoBaHoO crieaytoLllee KONmM4ecTBo ee OCTaHOBOK

B TEYEHME Kagoro mecsua (tabn. 2.1).
Tabnuua 2.1

YHucno ocmaHo8oK doMeHHOU reyu rno mecsyam
(obwee 4ucno HabnodeHul n = 18)

Mecay |1(2|3|4|5|6|7|8]|9]|10|11(12|13|14]|15|16|17|18

Uucno
OoCTaHo-
BOK

B gaHHOM npumepe 4ncro OCTaHOBOK AOMEHHOM Meyvn B TEYeHue mecsua -
9TO AUCKpEeTHasi cnyyYyanHas BenudmnHa. B nepsom u3 n = 18 namepeHun aton senu-
YMHbI BbINO NOSMy4YEHO 3HA4YeHue x4 = 3, BO BTOPOM — X = 4 1 1.4., 00 X158 = 7. lNpwu-
BeAEHHble B Tabn. 2.1 3Ha4YeHns1 — 3TO peanu3aums Takon Criy4YanHon BENUYMHbI, KakK

YMCIIO OCTAHOBOK JOMEHHOW Neyun B TEYEHNE Mecaua.

Kaxxgomy 3HayYyeHutio ANCKpeTHOM crnyyYanHon BenudnHel X (rntobomy ns cobbl-
TMN A, Korga criydanHasa BenuuunHa X npuHMMaeT Kakoe-nnmbo CTporo onpeneneHHoe

3Ha4veHune X), MO>XHO NOCTaBUTb B COOTBETCTBUE Crieayruiee OTHOLEHNE!

w="
n

, (2.2)
roe m — 4Yncno HabniaeHnn, B KOTOPLIX OUCKPEeTHaa cnyyanHas BenudnHa X okasa-
nacb paBHa x; n — obLiee konu4yecTso HabnoaeHnn. BennumHy W HasbiBaloT 4acTo-

TOW peanu3aunm cobbiTna A.

B npumepe 2.1, B wectn Habnogexusax: i = 4, 5, 6, 10, 11 n 16, konn4ecTBo
OCTaHOBOK JOMEHHOWN rneyn B TevyeHme Mecsiua X okasarnocb pasHbIM naTn (X = 5),
cnegoBartenbHO, YacToTa peanu3auun Takoro cobblTus, Kak NaTb OCTAHOBOK, paBHa
6/18 = 0,33. YacToTbl peanusaunn ana gpyrux cobbiTun (aBe, Tpu, YeTbipe u T.4.

OCTaHOBKM) NpuBeaeHbl B Tabn. 2.2.
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2. KPATKME CBELEHMS U3 TEOPUN BEPOSITHOCTEM ...

Tabnuuya 2.2
Yacmoma ocmaHo80K OoMeHHOU reyu
Yucno ocTtaHOBOK X 2 3 4 5 6 7
Konuuectso HabnogeHnin m, B KOTO- | 4 2 3 6 4 2
pbIX peanun3oBanocb cobbiTne X = x
YactoTta peanusaumm, W=m/n 0,06 | 0,11 | 0,17 | 0,33 | 0,22 | 0,11

Ecnn npogomkutb HabnogeHns 3a paboTon 4OMEHHOM NMeYn B TEYEHME eLle
nonyTopa neT, TO, KOHEYHO XXe, COBEPLUEHHO He 0Bs3aTenbHO, YTO Ha MPOTSXKEHUN
cnegylowmx BoceMHaauaTu MecsueB NATb OCTAaHOBOK ByaeT CHoBa 3apernctpupo-
BaHO POBHO B 6 crniyvasix u3 18 HabnogeHun, a 4Yactota peanusaummn 3Toro codbITUS
onaTb okaxeTtcsa pasHon 0,33. OgHako npu Bo3pacTaHUM YMcria NOBTOPEHUN OLHOro
N TOrO e KOMMJeKca yCrnoBuK 4acTtoTa peanus3auuum Takoro cobbiTus, Kak, Hanpu-
Mep, NATb OCTAHOBOK NeyYn B TeyeHue mecsua, bygeT npuvHumaTb Bce 6ornee n 60-
nee yctomuymBoe 3HadeHume. Tak, ecnv noacduTaTb 4YacToTy peanu3aumm OaHHOro
cobbiTna 3a 36 MecsueB, TO OHA YXe NPaKTU4ecKn He ByaeT oTnmMyaTbCsl OT TOro
3Ha4yeHus, KOTOpoe 3aTeM MOXHO OyaeT Mony4MTb 3a YeTblpe C MOMOBUHOW roga
(Mpn ycnosuu, 4TO 3a BCe 3TO Bpemsi HabnwogeHun B pabote JOMEHHOW nedn He

NPON30ONAET HUKAKUX CYLLLECTBEHHbIX U3MEHEHUI).

Mpenen, K KOTOPOMY CTPEMMUTCS OTHOLLUEHWE M/n Npu HeorpaHW4YeHHOM BO3-

pacTtaHnn 4ncrna onbITOB N, Ha3blBaeTCA BEPOATHOCTbLIO cnyqa|7|Horo cobbITuS.

BepoaTtHocTb P(A) cobbiTna A — 4MCNO OT HyNs A0 eOuHULUbI, KOTOpoe npesa-

cTaBnseT coboi npegen 4yactoTbl peanusaumm cobbiTst A Npu HeorpaHWYeHHOM

yucre NOBTOPEHUN OLHOMO M TOrO XXe KOMMeKkca yCroBui.

[ns anckpeTHOW crnyyYyanHoOW BerMYMHbl MOXHO YKa3aTb BEPOATHOCTb, C KOTO-
pPON OHa NPUHUMAET KaXK4oe U3 CBOMX BO3MOXHbIX 3HAYEHUN KOHEYHOTO UMM CHYETHO-
ro MHOXecCTBa OeWCTBUTESNbHbIX Yncen. [Ona HenpepbiBHOW Cry4yarHOW BeNUYUHBI
3ag4aloT BEPOATHOCTb €e nonagaHust B 0OMH M3 3afaHHbIX MHTepBanoB obnactu ee
onpegeneHuns (NOCKOSbKY BEPOATHOCTb TOr0, YTO OHa NPUMET Kakoe-rmbo KOHKpeT-

HOEe CBOE 3Ha4eHWne, CTPEMUTCS K HYH0).

lMonHOCTLIO CBOMCTBA CIlydanHOW BEnMYMHbLI ONMUCLIBAOTCA 3aKOHOM ee pac-
npeaeneHns, nog KOTopbIM NOHMMAOT CBA3b MeXAy BO3MOXHbIMW 3HAYEHUSMU Chy-

YanHOW BENNYUHBI U COOTBETCTBYHOLLMMU UM BEPOATHOCTAMMN.
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2. KPATKME CBELEHMS U3 TEOPUN BEPOSITHOCTEM ...

PacnpegeneHvie cnydanHon BenuvyuHbl — (PyHKUUS, KOTOpasi OAHO3HAYHO On-

penendeT BEPOATHOCTb TOro, 4YTo CﬂyHaIZHaH BeJIn4ynHa npunHMMaeT 3agaHHOEe 3Ha-

YeHne UInn NPUHaANeXnT K HEKOTOPOMY 3aJaHHOMY MHTepBary.

B matematuke ncnonb3yoT gBa cnocoba onvcaHus pacnpeneneHnin cnyyan-

HbIX BESIMYUH: MHTerpanbHbii (PYHKUMA pacnpegeneHvsi) u auddepeHynanbHbIn

(NNOTHOCTL pacnpegeneHus).

DyHKUMA pacnpegenenna F(x)— pyHKumMs, onpegenstowas onst Bcex 4encTBu-

TEJIbHbIX X BEPOATHOCTb TOro, 41O CﬂyanIHaﬂ BennunHa X npuHMMaeT 3Ha4YeHune He

oonblue, Yem X.

F(x)=P(X <x). (2.3)

dyHKUMA pacnipeaeneHus F(x) umeeT cnepyowwme ceoncTea (puc.2.1, a):

1.

Ee opguHata, cooTBeTCTBYIOLLAss NPOM3BOSIbHOM TOYKE X4, NMpeAcTaBnseT
cobon BEPOATHOCTb TOrO, YTO CriydyarHasi BenudmnHa X 6yaeT MeHbLue, YeMm
x1, T.e. F(x1) = P(X < xq).

2. OyHKuMSA pacnpefeneHnsa NpUMHUMaeT 3HayYeHue, 3aKoYeHHoe MeXay Hy-
nem 1 eauHULENn:
0< F(x)<1. (2.4)

3. DyHKUMS pacnpefeneHns CTPpeMUTCA K Hynio Npu  HeorpaHU4YeHHOM
YMEHbLUEHUN X U CTPEMUTCH K eAuHULE NpU HeorpaHW4YeHHOM Bo3pacTa-
HUK X, TO eCTb

limHAx)=0, limFx)=1. (2.5)
X—>—00 X—>+00

4. OyHKUMSA pacnpegeneHnsa npeacrtaBnseT cobon MOHOTOHHO BoO3pacTato-

LLIYHO KPUBYIO, TO €CTb
F(x2)>F(x1), €ecnn x2>Xx1. (2.5a)

5. Ee npupallieHne Ha nNpou3BOSIbHOM OTpe3ke (X1; X2) paBHO BEPOATHOCTU
TOro, YTO cnyyarHas senuumHa X nonageT B AaHHbI MHTepBan:

Flx)-Flx)=P(X <x,)-P(X<x)=P(x <X <x,). (2.6)

a 20 6

I:(X)T

l:(X)T



2. KPATKME CBELEHMS U3 TEOPUN BEPOSITHOCTEM ...

PaccmoTpum, Kkakme OCOBEHHOCTM UMelT  YHKUMM pacnpeneneHns auc-
KPETHbIX CriydarHbIX BenuuuH. lMNMyctb X — AncKpeTHas crnyvanHasa BenvyuHa, npuHu-
MaroLaa BO3MOXHbIE 3HAYEHUS X1, X2,..., Xn C BEPOATHOCTAMWU Py, P2, ..., Pn . PYyHK-
uMsa pacrnpeneneHns BEpoOATHOCTEN 3TOM CryyYanHOW Benn4YnHbl X paBHa

F(x)zP(XSx)zZpk,

X

roe npovsBogMTCS CYMMUPOBaHUE BEPOSTHOCTEN BCEX BO3MOXHbIX 3HAYEHUN
CIlydanHOM BeNMYMHbI X, MEHbLUMX YeM X. Takaa pyHKuus Bcerga paspblBHas, CTy-
neHyartas (puc.2.1, 6): 0T —oco OO0 X1 BKMIOYNTENBHO PYHKUMA paBHA HyM0, B TOYKE X7
NPOUCXOOUT CKaA4YOK Ha BENUYUHY Py, N PYHKLMS OCTAETCHA MOCTOSAHHOW [0 X2 BKIIO-
YUTESTbHO U T.A4., TO €CTb BO3MOXHbIM 3HAYEHUSM CIlly4YanHOW BESIMYUHbI COOTBETCT-
BYIOT CKaykn PYHKUUMW, paBHble BEPOSATHOCTAM 3TUX 3HA4YeHuW. [locrnegHun ckadok
Ha p, MPOMCXOOUT B TOYKE X, U (PYHKUNS paBHa eanHuLE OT X, OO0 +o. Takum obpa-

30M, CyMMa BCEX CKa4YKOB paBHa eanHuLE.

[MnoTHOCTL pacnpegeneHus f(x) — nepeasi NponsBogHas (ecnu oHa CyLecTBy-

eT) pyHKUMN pacnpeaeneHms.

fle)=—

(2.7)
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2. KPATKME CBELEHMS U3 TEOPUN BEPOSITHOCTEM ...

lMnoTHOCTb yHKUMWM pacnpegeneHus f(x) umeeT cnegyowmne CBOUCTBA

(pnc.2.2):

v

O -O—0O0—0 O
X1 dx My My M X2 X

Puc.2.2. [lugpgbepeHuyuarnbHbIl 3aKOH pacripedesieHus —
rnnomdocme pacrpedeneHus f(x)

1. TInoTHOCTL pacnpegeneHna BepOHTHOCTeIZ ABndAeTcA HeOTpVIU,aTeJ'IbHOIZ

dyHKUMen, T.e.

flx)>0. (2.8)

OTO CBOMWCTBO CnpaBennunBo, Tak Kak F(X) ecTb HeybbiBatoLwasa PyHKLMS.

2. ®yHKUMA pacnpegerneHns criydanHon BenuvymHbl X paBHa onpeneneHHoMy
WHTerpany oT NSIOTHOCTU pacnpeneneHns BeposaTHOCTEN B npeernax (—o,

X):

F(x)= jf(x)dx. (2.9)

3. BepoaTtHoCTb cobbiTnsA, cocTosiwasi B TOM, YTO criydanHasa BennumHa X
npuMeT 3Ha4yeHue, 3akrloyeHHoe B NonyvHTepBane [x1 ,X2 ], paBHa onpe-
AeneHHOMY MHTerpany oT MSOTHOCTU pacnpeferneHns BepOosATHOCTEN Ha

3TOM MosnyuHTepsarne:
P(X1<XSX2)=F(X2)—F(XI): J.f(x)dx. (2.10)
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2. KPATKME CBELEHMS U3 TEOPUN BEPOSITHOCTEM ...

4. WHTerpan nnoTHOCTM pacnpeneneHusi B 6eckoHe4YHo GonbLLIOM MHTepBare

(-0, + o0) paBeH eguHuLE:

jf(x)dsz(—w<XS+w):l, (2.11)

TaK Kak nonagaHve criy4yarHoW BennYMHbl B MHTEpBan —oo < X< + o0 eCTb A0CTOBEp-

Hoe coObiTue.

B 6onblumHcTBE cnyyvyaes npyn 06paboTke aKCnepuMeHTanbHbIX AaHHbIX, OCHO-
BbIBAACb Ha TE€X UMW UHbIX NPeanosIoXeHUAX (rMnoTesax) OTHOCUTENBHO CBOUCTB UC-
crnegyemMon crnyyvyamHoW BenUYUHbI, yaaeTcs 3anucaTb OYHKUMIO ee pacnpeneneHus
(a cnepoBaTenbHO, M MNMNOTHOCTb pacnpefeneHns Kak nepByr MPOU3BOAHYHO OT

(*)yHKLI,l/WI pacnpe,qeneHvlﬂ) C TOYHOCTbIO OO0 HEKOTOPbIX HEN3BECTHbLIX NapamMeTpoOB.

Hanpumep, ong cny4yanHou BenuuYuMHbI, KOTOpasd yOOBNETBOPSET TakK Hasbl-
BaeMOMy HOpMarnbHOMY 3aKOHYy pacnpeferneHus (3akoHy pacnpegeneHus [aycca),

dyHKUMIO pacnpeaeneHns MoXHO 3anucaTtb B BUae

P (7
Je Y dx, (2.12)

270 "L

a Ansa criydavHOW BeNWYMHbI, UMEKOLLEN, HanpuMmep, pacnpegeneHue Beliby-

F(x)=

na-l'HegeHko (Mcnonbsyemoe Onda onncaHuna pe3yribtatoB S3KCNEPUMEHTOB B Clly4ae
XPYNKoro paspyweHuna Mmetaryia, a Takke B UCMbITaHUAX Ha MHOTOUMKIIOBYHO YCTa-

NocTb), PYHKUMA pacnpedeneHuns onpeaenseTcs cneayowmnm BolpaXXeHNeM:

F(x)=1-¢ ( ¢ J , npu X>Xxy,
F(x) =0, npn X < X. (2.13)

B cyHKumMsX (2.12) 1 (2.13) KOHCTaHTbl My, 0)° U ¢, b, X, SIBNSIOTCA napamert-
pamMu pacnpeaeneHun, Npu4yemM nepBoe U3 3TUX OBYX BbIPAXEHUN OTHOCUTCA K OBYX-
napameTpuyeckoMy BMAY 3aKOHa pacnpederneHvsi, a BTOpoe, COOTBETCTBEHHO, — K
TpexnapaMmeTpruyeckomy.

MapameTp pacnpeaenieHna — NOCTosAHHasA, OT KOTOPOW 3aBUCUT (PYHKLMA pac-

npeaeneHus.
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CnepoBaTenbHO, €Crnv U3BECTeH BUA YHKUUWM pacnpeaenenns (kakum-nnbo
06pa3om yCTaHOBMNEHO, YTO CyYaliHasi BENM4YMHA HEe NPOTUBOPEUNUT TOMY U MHOMY
3aKkoHy pacnpegeneHusi), To Anst Toro, Ytobbl OAHO3HAYHO OXapakTepu3oBaTb Cry-
YalHyl0 BENMYMHY, OOCTAaTOYHO 3ajaTb TONbKO NULb NapameTpbl ee pacnpenene-

HUA.

BaxHewmmy napameTpamMu pacrnpeneneHuns, 3a4atoluMm CriydaHy Benu-
yMHy X, ABNAIOTCA ee MaTemMaTuyeckoe oxuaaHue My (xapaktepusyeT LIeHTp pac-

ceviBaHUs) 1 AUCTIepcust Oy (XapaKkTepuayeT cTeneHb paccemnBaHus).

MaTtemaTtmnyeckoe oxwugaHue M, — cpegHee B3BelLUeHHOE MO BEPOATHOCTAM

3HayeHue cny4yamHom BENUYMHbI.

[na guckpeTHOW criydanHou BenvyYMHbl MaTeMaTuUyecKkoe OXuaaHue onpene-

JIAE€TCA Bblpa>KeHnem
Mfzxipw (2.14)
i

roe Xj— 3Ha4yeHust ANCKPETHOMW CryvYamHOW BENUYMHBI, @ p; = P(X= X;).

Ecnn B ycnosusx npumepa 2.1 npeanonoxuTtb, 4to p; = W, (cm. Tabn. 2.2),
TO OANA MaTeEMaTU4eCKOro OXWUAAHUA Takou OUCKPETHOW CrydamHOW BenW4YMHbI, Kak
YMCNO OCTAHOBOK AOMEHHOM NeYn B TeYeHne Mecsila, MOXHO NoSly4uTb criegytollee

3Ha4eHwe:
M, =2-0,06 + 3-0,11 + 4:0,17 + 5-0,33 + 6-0,22 + 7:0,11 = 4,87.

[na HenpepbIBHOM CNy4YyarHOM BESIMYMHbLI MaTeMaTUdeckoe oXuaaHue oripe-

aendeTcda nHrterpariom

o0
M, = [xf (x)dx, (2.15)
roe f(x) — NNOTHOCTbL pacnpeaernieHnst HernpepbiBHOW CIy4YanHOW BENMUYNHBI.

MOXHO OTMETUTb, YTO FEOMETPUYECKNA CMbICST MaTeMaTUYECKOro OXuUaaHus
HenpepbIBHOM Crly4anHOW BenW4YMHbl — 3TO abcumncca LeHTpa TSKeCTn dourypbl nog
KPpMBOW MMOTHOCTM pacnpenenenuns f(x). CkazaHHOe NpouniocTpMpyemM Ha puc. 2.2,
roe BUAHO, YTO npowusBefeHue f(x)dx ecTb nnowaab 3fIEMEeHTapHOro yvyacTtka nojg

KpmBom f(x), a x — abcymncca 3Toro yyacTtka, T.e. paccTosiHMe OT Hayana KoopAauHar.
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CneposatenbHo, uHTerpan (2.15) gaet abcumccy uLeHTpa TSXKeCTU BCen nnolwiaan
durypbl nog kpusom f(x).

Kpome maTemaTMyeckoro OXXuaaHus LEeHTp paccemBaHus cny4yamHou Bennyu-
Hbl MOXHO €eLle OXapakTepu3oBaTb TakKMMW NapameTpamMu ee pacrnpeneneHund, Kak

Moda n MmeanaHa.

Moga Mo — 3HayeHue criydYanHoOW BEeSIMYUHbI, COOTBETCTBYHOLLEE FOKanNbHOMY
MaKCUMYyMYy MNOTHOCTU BEPOATHOCTEWN AN HEMPEPLIBHOW CNy4YanHOW BENUYUHLI NN
NOKanbHOMY MakCUMyMy BEPOATHOCTU NS ANCKPETHOM CRyYanHOW BEMUYUHBI.

Anga npumepa 2.1 (cm. Tabn. 2.2), npu ycnosuu, yto p; = Wi, moga Mo yucna
OCTaAHOBOK AOMEHHOM Meyn paBHa 5, MNOCKOMbKY MMEHHO 3TOMY 3HAYEHWIO JaHHOW
OVCKPETHOW CryYanHOW BESIMYMHbBI COOTBETCTBYET JIOKaNbHbIN MakCUMyM BEPOATHO-
CTW, paBHbin 0,33.

MegunaHa Me — 3HayeHue crnyyYyanHoW BENUYUHBI, A4S KOTOPOro (oyHKUUS pac-
npegeneHna nNpuHUMaeT 3HaveHne 2 , UMK MMeeT MECTO «CKa4OK» CO 3HayeHus,

MEHbLUEro 4Yem %2, 4O 3Ha4YeHus, DonbLUEro Yyem .

Takum obpasom, ana anddepeHumanbHOro 3akoHa pacnpeneneHna meguaHa
€CTb Takoe 3Ha4yeHue HernpepbiBHOW CIy4yarHOW BenuynHbl X, KOTopoe OenuT nomno-
nam nnowagb nog KpUBOW NAOTHOCTK pacnpeneneHnsa f(x).

B npumepe 2.1, ecnn npenonoxmnTb, YTO (OYHKUMA pacrnpeneneHus oT YeThbl-
pex OCTaHOBOK F(4) (BepOATHOCTb TOro, YTO YMCNO OCTAHOBOK JOMEHHOW MNeyun B Te-
YyeHne mecsua 6yanet He Bonee veTbipex) paBHa 0,06 + 0,11 + 0,17 = 0,34 , a pyHk-
umnsa pacnpegenenus F(5) = 0,34 + 0,33 = 0,67, To MmeanaHon Me Takon OANCKPETHON
CIly4anHOW BENMYMHbI, KaK YNCNO OCTAaHOBOK AOMEHHOM MNeYn B TeyeHue Mecsua,
OGyneTt 3HayeHne Me = 5.

[Oucrnepcusi cryyYaiHoi BENUYUHBLI Oy — MaTemMaTU4eckoe oXungaHue criyyam-

HOWM BenMuuHbI (X - My)?.
[Onsa OUCKpeTHOW cnyyYyarHOW BeSIMYMHbI AUCNepcUa onpenenseTca crenyto-

MM MaTeMaTU4eCKM Bblpa>XeHNEM:

2 < 2
ol =Y (6 =M) px). (2.16)
i=1
B npumepe 2.1 (onaTb xe, ecnu npeanonoxutb, 4to p; = W)) s3HadyeHne auc-
nepcun Yncra oCTaHOBOK JOMEHHOW Neyn paBHO:

0% =(2-4,87)%0,06 +(3-4,87)%0,11 + (4 —4,87)%0,17 +
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+ (5 —4,87)%0,33 + (6 — 4,87)%0,22 + (7 —4,87)>0,11 = 1,7931.

ﬂ,]‘lﬂ Hel'lpeprBHOIZ CﬂyqaﬁHOIZ BeJIMYNHbI OUCNEepCcua onpeneriaeTca Bblpaxe-

HUem

~+00

o, = I(X—MX)2 - f (0)dx, (2.17)

—00

roe X — 3Ha4yeHus1 HENpPepPbIBHOW Crny4vyanHon BenuymHbel X; f(x) — NNOTHOCTb pacnpe-

aenenus; My— matemaTnyeckoe oxmngaHue.

ﬂmcnepcmq MMeeT pa3dMepHOCTb KBaapata eaunHuubl U3MepeHna CﬂyHaIZHOIZ
BEJIMYNHbI, @ NONIOXNTEJIbHOE 3HaA4YEHNE KBaApPaTHOIo KOpHA M3 Ancnepcun HasbiBa-

eTCA cpeaHM KBagpaTU4HbIM OTKITOHEHUNEM.

CpefHee KkBagpaTU4HOE OTKIIOHEHUE Oy — HeOoTpuUaTesibHbIN KBaApaTHbIA KO-

peHb 13 ancnepcuun.

2
O, =4O, (2.18)

[na npumepa 2.1 cpegHee KBagpaTnU4HOe OTKMOHEHWE Yucria OCTAaHOBOK A0-
MEHHOW NeYn B Te4eHne Mecsla paBHO o = +4/1,7931=1,34.

B 3akntoveHue aToro pasgena gagum onpeferieHve euwe ogHoro napamerpa
pacnpeneneHna crny4yamHon BefnnYnHbl, KOTOPbIA HOCUT Ha3BaHWE KBaHTUSb.

KBaHTunb nopsagka P, x, — 3Ha4yeHWe cnyyYyarHOW BeJSIMYUHbLI, OS1 KOTOPOro

YHKUNA pacnpegeneHns npuHMMmaeT 3HadeHue P mnu mmeeTr MeCcTO «CKayok» CO
3Ha4yeHus, MeHbluero Yem P, 0o 3Ha4vyeHuns, bonbliero yem P:
F(xp) = P. (2.19)

N3 aToro onpeaenenns KBaHTUNSA crnepyeT, 4To MeanaHa Me — 3To KBaHTUIb

nopsagka 'z, 1.e. Me = xg 5.

BepodaTHoCTb nonagaHus cnyvyanHon BennynHel X B uHTepBarn [ Xp1, Xp2 | pas-

Ha
P(xp <X <Xp,)=P(X<X,,)-P(X <xp,)=F(xp,)-F(x; )=P, —P,. (2.20)

B npumepe 2.1 kBaHTUNb nopsigka 0,95 4yncna ocTaHOBOK JOMEHHOW MNeyn
CKOpee BCero paBeH cemMu X og5 = 7, nockonbky F(6) = 0,06 + 0,11 + 0,17 + 0,33 +
0,22=0,89,a F(7)= 0,89 + 0,11 = 1,00.
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2.2. HopmanbHbIl 3aKOH pacnpeodesieHust

dyHKUMSA pacnpeneneHvs F(x) n CooTBETCTBYIOLLASA en NNOTHOCTb pacnpeae-
nenus f(x) npeactaensT cOBON HEKOTOPYHD MaTemMaTUYecKytd MOAeNb CBOUCTB UC-
cnegyemMon crnyyYyanHon BenuumHbl (OTKNKMKA), 3HAYEHUA KOTOPOW PErncTpupytoTcs B
xoge akcnepumeHTa. oaTomMy O4HOM M3 OCHOBHbLIX 3a4ay cTaTucTudeckom obpabot-
KN ONbITHBIX AAHHbIX SABMSETCHA HaxoXAeHue Takux PyHKUMA pacrpegerieHusi, KOTo-
pble, C OAHOW CTOPOHbI, 4OCTATOYHO XOPOLIO onuckiBanu 6bl Habngaemble 3Hadve-
HUSA CNyYanHOW BENUYUHBI, @ C Apyron — Obinn Obl yaobHbl 4Na ganbHenLWwero ctatm-
cTnyeckoro aHanmsa. lNpu aTtom BMA PYHKUMM pacnpeneneHns npeanoyTUTensHO
BblOMpaTb Ha OCHOBE MpeAcTaBneHnn o0 U3NYeCcKon NpMpoLe paccMaTpUBaemMoro
SIBMIEHUS, T.K. B 9TOM Cliyd4ae UCKIYaTCs BO3MOXHbIE MOrpeLIHOCT! Npu pacnpo-
CTpaHEeHUN HadeHHbIX 3aKOHOMEPHOCTEN 3a Npeaenbl U3y4aeMoro B 9KCnepuMeHTe

MHTepBarna BapbUpoBaHUS (M3MEHEHWST) CNyYanHOW BENNYMHBI (OTKIMKA).

N3 BCeX U3yYeHHbIX K HacTOosLWEMY BPEMEHW CryvarHbIX BENUYMH Npu obpa-
BoTKe 9KCMepMMEHTanbHbIX [aHHbIX WUCCNeaoBaTenu 4alle BCEro OnepupyrT co
Crny4anHbIMWN BENUYMHAMM, KOTOPbIE MMEIOT Tak Ha3biBaemMoe HopmanbHoe ([faycco-
BO) pacnpegeneHune (puc.2.3). He BpaBasicb B nogpobHble maTeMaTuveckne Bbl-
Knagku, oTMETUM, YTO, COrfacHO UyeHmparsbHouU rpedesisHolU meopeMme maTtemMaTu-
YECKOW CTaTUCTUKKU, «NPW OnpedefneHHbIX YCNOBUSX pacnpegeneHne HopMupoBaH-
HOM CYyMMbl N HE3aBUCUMBbIX CIlyYaWHbIX BENNYMH, pacnpeaeneHHbIX Mo Npov3Bofb-
HOMY 3aKOHY, CTPEMMUTCA K HOpMarbHOMY, KOrga n cTpemMuTcs K 6eCKOHEeYHOCTUY.
Heobxogumble ycrnoBus, Npu KOTOPbIX 3Ta Teopema OKa3blBaeTCHA ChnpaBeasIMBOw,
COCTOAT B TOM, YTO pasfnuyHble ClyYyalHble BENUYMHbI OOSMKHbI MMETb KOHEYHbIe
avcnepcum u gmncnepcusa nobon cnyvyanHow BenMYuHbl He OOIMKHA ObiTb CRAMLIKOM

GOmbLLION NO CPABHEHUIO C ANCMEPCUSMU OPYTUX.

Mpn o6paboTke aKCNepuMeHTanbHbIX AaHHbIX 3Ta TeopemMa MMeeT O4YeHb
Gonbloe 3HavYeHue, NOCKOSIbKY OTKMAWK CTaHOBUTCA CryvyandHOW BENUYMHOW B pe-
3ynbTaTte BIUSHUA HEKOHTPONMpPyeMbIX (pakToOpOB, YMCMO KOTOpbIX CKOpee BCEro
cTpemuTcsa K 6eckoHevyHocTn. Kpome Toro, ecnu npv NpoBeAEHUN OMbITOB BCE Hau-
Bonee cywecTBeHHble (haKTOPbl KOHTPONMPYHOTCS, TO BO3AENCTBME HA OTKIUK Kax-
A0r0 N3 HEKOHTPONUPYeMbIX (PakTOpPOB HE AOMKHO ObITb CAMWwKOM GonbLIMM MO
CPaBHEHUIO C OCTasNbHbIMU HEKOHTPONMpyeMbiMu hakTopamu. Opyrumu cnosamu, Ta
aucnepcus (paccemBaHue) OTKIMKA, KOTOPYHO BbI3blIBAET KaKOM-NMNMOO M3 HEKOHTPO-
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npyemblx bakTOpoB, He AOMKHA CUIbHO OTNMYATbCSA OT AMCNEPCUN, CBSI3aHHbIX C
BMMSIHMEM OCTarlbHbIX HEKOHTPONMPYEMbIX pakTopoB. B npoTuBHOM crnyyae caktop,
Ancrnepcusi OT KOTOPOro CYLLECTBEHHO OTNIMYAETCS OT ApPYruX, 06a3aTenbHO AOMKEH

ObITb NepeBefieH B paspsig KOHTPONUPYEMbIX.

a 6]
f(x) 4 — F(x) 4 .
= x2
f(x)max 1/ 27TGX 10 e N

B A r
F(2) fiz) t
1,0 | o 04
o
E=—
0,5 Ox
Sz
3 3 g g
< >« :Z_X_Mx -Z +z Z_X_Mx
(O < 3 >l < 3 > Oy

Puc.2.3. [lnomHocmb pacnpedeneHus (a,2) u pyHkyus pacripedeneHus (6,8)
rpu HopmarsibHOM 3aKoHe pacripedesieHuUsi crlydalHbIX 8e/IUYUH

CnepoBaTenbHO, eCNy NpU NIaHMPOBaHNM 3KCMEPUMEHTa yYTeHbl Bce Hanbo-
nee CyLlecTBeHHble (PakTopbl U 3aTeM, NpU NpoBeAeHUM OMbITOB, OHWU KOHTPOMMPY-
l0TCS, TO Npu 06paboTKke SKCMEpPUMEHTANbHbIX AaHHbIX MOXHO npeanonaraTb, YTO

OTKIVK He OOIMKEH NPOTUBOPEYUTL HOPManbHOMY pacnpeneneHuto.

Kak npaBuno, HopmanbHOMY 3aKOHYy MNOAYMHSIIOTCS pe3yrbTaTbl UCMbITAHUNA
cTann Ha NPOYHOCTb, NPOU3BOAUTENBHOCTL MHOMMX METannypruyeckux arperatos,
COCTaBbl Cblpbsi, TOMMNMBA, CMNSIAaBOB, MAcCbl CNUTKOB, OT/UTbIX B OOQHOTUMHbLIE W3-
NOXHULbI, CryYanHble OLNOKN M3MEePEHU 1 T.M., NO3TOMy npu obpaboTke pe3yrb-
TaToB HabNOeHWn uccrnegoBaTenu npexae BCero npegnonaralT MMEHHO HOp-

MarnbHO€E pacrnpenerieHne OTKIMUKa.
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BonblwMHCTBO Apyrux pacnpeneneHnn, KoTopble UCNONb3YKTCA B MatemMaTtu-
yeckomn ctatuctuke (CtblogeHTa, duwepa, MNupcoHa, KoxpeHa, a Takke pacnpege-
NEeHUs, No KOTOPbIM COCTaBIIEHbl pasfiMyHble KpuTepuanbHble Tabnuubl), NONyYeHbl

Ha OCHOBE HOPMarbHOro pacrnpeaeneHus.

Henb3qa, ogHako, abconioTrM3MpoBaTb 3HAYEHWE HOPMarnbHOro pacnpenerne-
HUA. He Bce criyvyarHble BeNnYnHbl pacnpegeneHbl No HopMasibHOMY 3aKoHY. TeM He
MeHee Ha npakTuke, ecnun siBneHne NoaBepP>XXeHO AEeUCTBUI MHOMUX CnyYanHbIX dpak-
TOpPOB, UX CyMMapHOe BO34ENCTBME BMOSIHE ONpPaBOaHHO MOXHO onucatb C MOMO-

LLIbFO HOpMaribHOro 3akoHa.

Kak y>xe 6bI510 0OTMeYeHo, Ansa criyYarHoW BennYuHbl, KoTopas He NpoTuBope-
YUT HOpPManbHOMY 3aKOHY, PYHKUMS pacnpeneneHuns (2.12) n cooTBeTcTBytoLLas en

NNOTHOCTb pacnpegeneHus

e

f(X)=W°€ ‘ (2.21)

onpenenarTca ABymMd napamMeTpamMmin: M, — maTemaTuyeckum oXxungaHmem u ze -

aucnepcuen.

OTmMeTuM HEKOTOpbIE CBOMCTBA HOPMarbHOrO 3aKoHa pacnpeaeneHus.

1. KpnBasa nnoTHOCTU pacnpeneneHnsi CMAMMeTpUYHa OTHOCUTENBHO 3HAaYEeHNSA
M, Ha3bIBaeMOro nHorga LLeHTPOM pacnpegeneHust.

2. MNpun 66NbLUNX 3HAYEHUSAX ze KpmBas f(x) bonee nonoras, T.e. a,f ABNseTCs
MEpPOWN BeSIMYMHbI pacCeuBaHNA 3HAYEHUS CyYarHOW BeSIMYMHBbI OKOMO 3HaAYEeHUN
M,. TIpy yMeHbLLEeHUM NapaMeTpa oy’ KpyBasi HOPMarbHOro pacnpeaeneHus Cxmuma-
etca Baonb ocn OX n BbITArMBaeTca BAosb f(Xx).

3. Makcumym opavHaTtbl KpUMBOW MNIIOTHOCTU pacnpeneneHus onpeaensercs

Bblpa>XeHnem

1

fmax:—’ .
\/ﬂ (2.22)

4TO NpU 0;°=1 COOTBETCTBYET 3HAYEHMIO NPUMEPHO 0,4.

4. Ins HopManbHOro pacrnpeieneHusl maTemaTUyeckoe oxuaaHue, mModa W

MeanaHa coBnagaroT:
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M, =M, =M.. (2.23)

B page cnyyaeB paccmaTtpmBaeTca He cama crnyvyamHas BenuyuHa X, a ee oT-
KNOHEeHWe OT MaTeMaTUYEeCKOro OXUAaHNSA:

Y=X-M. (2.24)

Takaqa cnyvanHasa BenuynHa Y HasblBaeTCHA LEHTPUPOBAHHOM.

OTHoweHne CﬂyqaﬁHOIZ BennumHbl X K ee cpegHeMy KBagpaTtU4HOMY OTKI10-

HEHWUIO

V=2 (2.25)

Ha3blBaeTCA HOPMUPOBAHHOW CryYanHOW BEMNYNHOWN.

Taknm obpasom, LEHTPUPOBaHHAA CrydyanHasa BenvMuYMHa — Pa3HOCTb MexXay
AaHHOW CryYyarHOM BENUYUHOW U ee MaTeMaTUYeCKUM OXUAAHWEM, a HOPMUPOBaH-
Has criyyanHasa BenuynHa — OTHOLWIEeHME JaHHOW Cny4YanHOW BESIUYMHBI K €e cpeHe-

My KBaZpaTU4YHOMY OTKITOHEHWIO.

OueBnOHO, YTO MaTeMaTUYEeCKOe OXUAaHWe LEeHTPUPOBaAHHOM Crly4YarHOW Be-
NYMHbI paBHo Hymo, M, = 0, a aucnepcuss HOPMMUPOBAHHOW CNy4YanHON BEMUYMHbI

paBHa eavHULE, Oy 2= 1.

MNpuBeaeHHas criyyqarHas BenuuMHa — LeHTPUMpOBaHHas U HOPMUpPOBaHHas

cnyyanHasi BenvumnHa

XM,
.

X

7 (2.26)

MaTemaTnyeckoe oxuaaHve U gucnepcus NpuBeLeHHOW CryyYyanHOW Benuyn-

Hbl Z paBHbl COOTBETCTBEHHO Hynt, M= 0, n eguHnue, o, 2=1.

HopmarnbHoe pacnpegenenune ¢ napameTtpamum M= 0 u o, 2 = 1 HasblBaeTCS

CTaHAAPTHbIM (HOPMUPOBAHHbLIM).

[na npnBegeHHOW crnyyarHOW BefIMYMHbI HOpManbHoOe CTaH4apTHoe pachnpe-

ageneHne npuHnMaeT B1

2

1t
R = [e 7dz=a(z) (2.27)
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.7
f(Z):m'e > =¢(z). (2.28)

"padukn aTnx PyHKUM NoKasaHbl Ha puc. 2.3 B, I, NpUYEM
O(-z)=1-0(z), (2.29)
0(-2z) = ¢(2). (2.30)

[MokaxkemM crnpaBeanuBOCTb COOTHOWeEHMSA (2.29). PaccmoTpum rpadumk nnot-
HOCTM CTaHOApPTHOro HopmarnbHOro pacnpegeneHus (cm. puc. 2.3,r). O603Ha4YMMm
nnowanb nog HUM fnesee TOYKM — z Yyepes Sq; nnowanb Mexay —z U z — yepes3 Sy,
ocTaBLUytocs nnowaab (Npasee z) — Yepes Ss. Torga, Bo-nNepBbiX, N3 CUMMETPUYHO-
CTW rpadmka NAoTHOCTM crneayeT, YTo S¢ = S3. Bo-BTOpbIX, S1+S2 +S3 =1 unn S1+(Sy
+S,)=1 (Bcs nnowaagb noa rpadvMkoM NAOTHOCTM paBHa eauHuue). o cmbicny
dyHKUMK pacnpegenenunsa Sq = ®(-z), S1+S,; = P(z). CneposatensHo, P(-z) + d(z)

=1, OTKyda v cnegyeTt paBeHCTBO (2.29).

3Ha4yeHnss HOPMUPOBaHHOM PYHKUUKM (2.27) HOpManbHOro pacnpegeneHus
(dbyHKLMM Jlannaca) n 3HaYeHnsa NNOTHOCTU HOPMUPOBAHHOIO HOPMarbHOMo pacrnpe-
aenenuns (2.28) tabynuposaHbl 1 NpuBEeAEHbI B pasnnyHbIX y4ebHMKax 1 cnpaBoYHK-
Kax no matemaTudeckon crtatuctuke (Hanbonee nogpobHble Tabnuubl cm. [11]). B
CcnncKe CTaTUCTUYECKNX (PYHKLMIA SNEKTPOHHbIX Tabnuy Microsoft Excel um cooTtBeT-
cteytor HOPMPACII(x; 0; 1; NICTUHA) nnn HOPMCTPACII(z) — ona (2.27) u
HOPMPACII(x; 0; 1; IOXb) — ana (2.28).

"eomeTpunyeckn pyHkums Jlannaca npeacraenseT nnowanb nog kpmson f(z) B

WHTepBane OT —w 40 HEKOTOPOW KOHKPETHOW BENUYUHDI Z.

3ameTuM, 4To MHorga BMecto oyHKumnn ®(z) Tabynupyetca dpyHKunsa do(z):

1 &=

\/ﬂ_([e 2dz.

paBHas nnowaau nog rpadvkom CTaHAapTHOrO HOpManbHOro pacnpegene-

cDo(z) =

Hua ot 0 go z (cm. puc.2.3, r).

B cuny cummeTpun
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R
—— [e 2dz=1/2
Var °,
MoaTomy mexay PyHKUMAMU 1 CyLLLeCTBYET NpocTast 3aBMCMMOCTb
®(z)= Vot Dy(z).
DyHKumna Py(z) HeveTHa:
Dp(-z) = - Dy(2).
B camom gene,
Po(-z) = P(-z) = 2 =1 - D(z) — V2 = Vo-(1/2+ Dy(-2)) = - Dy(2).

B cootBeTcTBUM C (2.19) KBaHTUNb Z, NOpPAAKa P, HOPMUPOBAHHOIO HOPMarib-
HOro 3aKOHa pacnpegeneHus - 3To Takoe 3HavYeHne NpuBeAEeHHON CryyYyanHou Beru-

YWHbI Z, 4515 KOTOPOro (yHKUuUA pacnpegenexus (2.27) npuHMMaeT 3HadeHune P:
@(z,) = P. (2.31)

MNpwn onpeneneHun KsaHTUNN z, HeobxoAMMO peluaTb 3agadvy, obpaTHylo 3a-
Aade onpegerneHvst 3HadeHnn oyHKuumn Jlannaca, T.e. N0 U3BECTHOMY 3HayeHuto P
3TON PYHKUMK (2.27) HaXOAUTb COOTBETCTBYIOLLIEE eMY 3HaYeHe aprymMmeHTa z,. [ns
3TOro MOXHO NMMBO BOCMNONb30BaTbCA TabynuMpoBaHHbIMK 3HaYeHUsSMN pyHKkumMn Jla-
nnaca (Hanpumep, nockonbky ®(1,64) = 0,94950, a @®(1,65) = 0,9505, TO Zpo5 =
1,645 ), nu6o Bocnonb3oBaTbecs Tabnuuamu onsa yHkuun, obpatHon yHkumm Jlan-
naca, T.e. TabynMpoBaHHbIMWN 3HAYEHUSMMN KBAHTUNEN HOPMUPOBAHHOIO HOPMarnbHO-
ro 3akoHa pacnpegerneHnus (cm. [11] unun npunoxexune). OnpeaeneHne KBaHTUNN Z, B
9NEKTPOHHbIX Tabnuuax Microsoft Excel cBoaUTCS K BbIYUMCNEHUIO CTATUCTUYECKOMN
dyHkumn HOPMOBP(P; 0; 1) unn HOPMCTOBP(P) (Hanpumep, HOPMOBP(0,95; 0;
1) = HOPMCTOBP(0,95) = 1,644853).

[na keBaHTUNM CTaHOapTHOro HopMalibHOro pacnpegeneHnda cnpaBseannBo

cnegylouiee paBeHCTBO:
Z1_p= 'Zp. (2.32)
PaccmoTtpum rpadmk nioTHOCTU CTaHAAPTHOrO HOpMaribHOro pacnpeneneHus

(puc.2.4). MNnowanb noa rpaduKoM fesBee KBaHTUMU Z, MO ONpedeneHuto pasHa p.

3HauuT, nnowaab npaBee 3TOW TOYKM paBHa 1 — p. Takasi e nnowagb pacnosio-

KeHa neBee TOYKU Z1 p WTak, nnowanmn nesee z4 -p W NpaBee Z, paBHbLI. |_|OCKOJ'Ibe
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rpadavm CMMMETPU4EeH OTHOCUTESTBHO OCKU OpAMHAT, U3 3TOro crneayeT, YTO 3TU TOYKU
pacnosfioXKeHbl Ha OANMHAKOBOM PAaCCTOAHUN OT HYIA.

A

¢(z)

1-p 1-p

7 7

»
>

Puc. 2.4. KeaHmurb cmaHOapmHo20 HopMaribHO20 pacripedesieHus

3Has kBaHTUNb Z, Nopsiaka p HOPMUPOBAHHOTO HOPMAarbHOrO 3aKoHa pacnpe-

penexnsa (M;= 0 n o, 2= 1), BCeraa MOXHO HaWTW KBAHTUIb X, COOTBETCTBYIOLLIErO

nopsiaka p AN HOPMarnbHOro pacrnpeAeneHns ¢ MPOU3BObHBIMY NapaMeTpamm My
oy 2.

lMockonbky
X-M x,—-M, x,—M. x, —M.
F(x,)=P(X<x,)=I £<F )=P(Z<—+——)=W(+——)=P=0(z),
O-x O-)C O-)C X

x,—M,

TO —— = 2, W, CreJoBaTerbHo,
O-X

xX,=M +z,0.

(2.32a)

B pane cny4aeB Ba)XHO 3HATb BEPOATHOCTb TOlrO, 4TO CﬂyHaIZHaH BenuumHa X,
noayvynHALLWAaACA HOpMalibHOMY 3aKOHY pacnpegerneHud, He 6y,u,eT oTnnyatbCAa OT

CBOEr0 MaTtemMaTuyeckoro oxugaHms M, Gonblie 4Yem Ha BenUUMHY +6 = €0y
(cm.pnc.2.3,r).

M —so-M.2 X-M_ M _+co. —-M
PM_ —5<X<M_+06)=P|— &0, x o « M éo, f
O, o o

X X

=R—g<zs+g)_J_j 2dzJ_I Sz =0 ®(5)-® ()=
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=@ (6)-(1-D (&) =2 (g)-1. (2.33)

Tak, Npu & = ox (¢ =1) nonyyaem, YT0 P(M_ +o <X <M -0, )=20(1)-1, a
nocKonbKy no Tabnuuam (Hanpumep, cm. Tabn. [11) (1) = 0,84135 (nnu B Microsoft
Excel HOPMPACI(1;0;1;MCTUHA) = HOPMCTPACTI(1) = 0,84135), To gnsa cny-
YaMHOW BESNTMYUHBI C HOpMasibHbIM 3aKOHOM pacnpegeneHns BEPOATHOCTb TOro, YTo
OHa NpUMET Takoe 3HayeHue, KOTopoe He ByaeT oTnMyaTbCa OT ee MaTemMaTUYecKo-
ro oxugaHust 6onee 4em Ha OOHO CpedHee KBagpaTMYECKOe OTKIOHEHME, paBHa
2-0,84135-1=0,68. VIHbIMn cnoBamu, Npu HopmaribHOM pacrnpeneneHnn npuMepHo

2/3 Bcex 3Ha4YeHW CriyYanHom BenNnYMHbI (OTKNMKA) NEXUT B MHTepsane My + oy.

AHanorm4Ho MOXHO noacumTaTb, YTO MHTepBany My + 1,960 M + 20y CcoO-
oTBeTcTBYeT BepoaTHOCTb 0,95 (P(1,96) = 0,975002), a nHtepBany My + 3o - 0,997
(®(3) = 0,99865). OTmMeTMM gonosiHMTenbHO, 4To 90% 3HaveHun crny4yarHoOW Benu-
YMHbI Nexar B agnanasoHe My + 1,64c, (P(1,64) = 0,949497).

CnedosameribHO, omrudue Kako2o-1ubo u3 3HadyeHul criydalHou eesluYUHbI
C HOpMaJsibHbIM 3aKOHOM pacripedesieHuUsi om ee MamemMamu4yecko20 OXudaHusi He
rpesocxooum ympoeHH020 CpedHe20 K8adpamu4yHO20 OMK/IOHEHUS C 8€epPOSIMHO-
cmbio 0,997. OTO CBOMCTBO B MaTeMaTU4YeCKOM CTaTUCTUKE HOCUT Ha3BaHWe «npa-

BWUJ10 TPEX CUTM».

Uem Oonblwe BenuumHa uHtepBana My, + 6, TeM ¢ Gonbluen BEPOATHOCTbLIO

crnyvyanHas BenudunHa X nonagaeT B 3TOT UHTepBarn.
PaccmoTpum HeGonbLIon npumep.

Mpumep 2.2. lpegnonoxmm, 4To MateMaTU4YecKoe OXuAaHue coaepXaHus
KpemMHus B YyryHe paBHO Msi=0,6%, a cpegHekBagpatuyHoe OTKNnoHeHue csi=0,15%.
B aTtom cnyyae Mbl MOXeM ObiTb YBEPEHLI B TOM, YTO BENMYMHA PaKTUYECKN N3Me-
PEHHOr0 3Ha4YeHWs1 NPOLEHTHOrO CoAepPXKaHUsA KPEMHUA B YyryHe ByaeT HaxoguTbes

B MHTepBarnax:
0,6 + 1,00-0,15 = 0,6+0,15 c BeposiTHOCTbIO 0,68;
0,6 + 1,64-0,15 = 0,6+0,25 c BeposiTHOCTbIO 0,90;
0,6 + 1,96-0,15 = 0,6+0,29 c BeposiTHOCTbIO 0,95;

0,6 + 3,00-0,15 = 0,6+0,45 c BeposiTHOCTbIO 0,997,
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2. KPATKME CBELEHMS U3 TEOPUN BEPOSITHOCTEM ...

T.€. 3 1000 npo6 ToNbko 3 NPObbl NO COAEPXKAHUIO KPEMHUS B YyryHe OyayT BbIXO-

anTb n3 gmanasoHa ot 0,15 no 1,05%.

3ameTnm, ogHaKO: NpM paccMOTPEeHUU npuMmepa 2.2 Mbl Npeanonaranu, 4YTo
NPOLIEHTHOE coAep)KaHNe KPEMHUSA B YyryHe He NPOTUBOPEYUT HOPMarbHOMY 3aKOHY
pacnpegeneHus, a Takke To, YTO HaM U3Ha4yanbHO GbINN M3BECTHBI MaTeEMaTUYECKOE
oxungaHue My n cpegHekBagpaTUYHOE OTKITIOHEHUE Oy 3TOW CIlyYarHOW BeNnUYUHbI,
T.e. 6bIno BbINONHEHO Gonblioe (B npeagene 6eckoHeyHoe) Ymcno namepeHnn. Kak
Xe paboTtaTtb CO criydyarHbIMK BENUYMHAMWN B pearibHbIX YCNOBUAX NPOBEAEHNS 3KC-
NepuvMeHTa, KOraa Y1ucrno n3amepeHnin BecbMma orpaHmyeHo? K paccMoTpeHutio mMeTo-

[05orMmn pelLeHnst NodoGHbIX 3aa4a4 Mbl U NepenaemM B crieqytoLem pasaerne.

KoHmponbHbie eonpocsi

1. Uto Takoe cnydvarHas BenuumnHa? B yem 3aknoyaloTcs OTNMYMA AUCKPETHOW OT

HenpepbIBHON criydanHon Benn4ynHbl? MNprnBeante npumepsl.

2. Kakvne BepOSiTHOCTHbIE XapakTepUCTMKM MUCMOMNb3YT ANs OonucaHus pacnpegene-

HUIA CnyYarHbIX BENUYUH?

3. C kaKkow Lenbio MCnonb3yloT 3akoHbl pacnpeaenexHns npu obpaboTke AaHHbIX 3KC-

nepvMeHTanbHbIX NCCNeaoBaHNN?

4. MoyeMy HopMasbHbI 3aKOH pacnpeaeneHnsa Hambonee NPUMEHUM B SKCNEPUMEH-

TanbHOW NpakTuke?

5. Kakne napameTpbl U CBOWCTBa XapakTepHbl Ansi HOpMarbHOro 3akoHa pacnpege-

neHua?

6. JanTte onpegeneHvs cneayrowmMm XapakTepucTukam CrydYanHbIX BefMYMH: LEH-

TpnpoBaHHada, HOpMMNpPoBaHHAA U NnpnBegeHHasa.
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3. MPEOBAPUTEJIbHAA OBPABOTKA
OKCMNEPUMEHTAJIbHbIX OAHHbLIX

MpepBaputenbHas obpaboTka pe3ynbTaToB N3MepeHUn n HabngeHnn Heob-
xoguMma ans Toro, Ytobbl B AanbHeunwem, npu nocTpoOeHUN 3IMMUPUYECKUX 3aBUCK-
MocCTen (PYHKUMIN OTKNKUKa), ¢ HanbornbLlen 3adPEKTUBHOCTLIO UCMONb30BaTh CTaTh-

CTn4yeCkne MeTobl U KOPPEKTHO aHann3npoBaTb NOJTyYEeHHbIE pe3yJibTaThbl.

CopepxaHve npensaputenibHoM 00paboTkMm COCTOUT B OTCEMBAHUWN TPYObIX
NorpeLlHOCTEN U OLEeHKE OOCTOBEPHOCTU pe3yribTaToB udMepeHun. [Opyrummn Bax-
HbIMM MOMEHTaMu npeaBapuTenibHON 06paboTkM AaHHbIX SIBASOTCA NPOBEPKa COOT-
BETCTBUSA pe3ynbTaToB M3MEePEHUss HOpMalibHOMY 3aKOHY U onpegeneHne napamet-
pOB 3TOro pacnpegenieHvs. Ecnvm rmnotesa o TOM, YTO OTKIMK HE MPOTMBOPEYUT
HOPManbHOMY pacrnpefenieHnto, OKaXKeTCa HenpuemMnemMon, To cneayeT onpeaenuThb,
KakOMYy 3aKOHY pacnpeneneHns noavMHsTCS ONbITHbIE AaHHbIE UK, €CNU 3TO BO3-

MOXHO, Npeobpa3oBaTtb ONbITHOE pacrnpeneneHme K HopManbHOMY BUAY.

3.1. BbivucnieHue napamMempoes 3MnupuYecKux pacnpedesieHull.
Toye4yHOe oyeHuesaHue

PaccmoTpeHre BonpocoB 06paboTkmn 3KCnepuMeHTanbHbIX AaHHbIX HaYHEM C
NpoCTeNLIen cuTyaumm, Koraa oTKIMK permctpmpyeTcs npu MKCMpoBaHHbIX YPOBHSX
BCEX KOHTPONMPYeMbIX (hakTOPOB WM MpK NPOBEAEHUN OMbITOB (B pe3ynbTate BnuUs-
HUS1 HEKOHTPONUPYeMbIX (DaKTOPOB) MccnedoBaTenb nonyyYaeT XoTs U 6nvskue, Ho

OTIMYHbIE OPYr OT ApYyra pe3yrbTaThbl.

Mpumep 3.1. [Npn Npon3BOACTBE XENEe3HOAOPOXHbIX PEfbCOB LUMPOKOW KOSen
Tuna P65 (no NOCT 18267-82) 6binn nonyyeHbl criegyowme Tpu 3HadyeHus TBepao-
ctm HB (no F'OCT 9012-59) Ha noBepPXHOCTM KaTaHWUs FONOBKU OLHOrO W TOro Xe
penbca (Ha 06onx KOHUax Ha paccTosiHUM He 6onee 1 M OT TOPLOB N B cCpeaHen yac-
" penbca): 351, 370 n 365.

MonblTaeMcst HaNTK OTBET Ha BOMPOC — YeMy paBHa TBEPAOCTb Ha NMOBEPXHO-

CTUN KaTaHUA OaHHOro penbca?

36



3. MMPEABAPUTETIbHAS OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

Ha nepBbln B3rnag peweHve MOCTaBfEHHOW 3adavn He BbI3blBAE€T HUKAKMX
ocobbIX Npobrem, n HaumMHaLwme nccrnegosaTesniv, He 0COOEHHO UCKYLLIEHHbIe B 06-
nacTu Teopumn BEPOSATHOCTEN N MaTEMATMYECKOM CTaTUCTUKKN, CKOpee BCEro OTBETAT,
4YTO TBEPAOCTb HA MOBEPXHOCTU KaTaHUs penbca paBHa (HB1 — nepBbii BApuaHT OT-

BeTa)
HB; = (351 + 370 + 365)/3 = 362,00,

T.e. OygeT HangeHo cpegHee apugmeTmnyeckoe (BbiIbopovHoe cpeaHee apud-

METMNYECKOE) U3 TPEX MOSYYEHHbIX 3HAYEHUIN OTKIMKA.

OpHako onbITHbIe AaHHblE MOXHO YCPEAHNATb U Apyrumu crioco6amu. Hanpu-

Mep, MOXHO NoAcYUTaTb cpeaHee reomeTpudeckoe (HB, — BTOpOW BapuaHT oTBeTa):

HB, =3/351-370-365 = 361,91,

WNN HaNTU cpegHee, TOMbKO MeXay MWHMManbHbIM (351) N MakcumanbHbIM
(370) 3HauyeHUsAMM — Tak HasbiBaeMyl cepeauHy pasmaxa (HBz — TpeTun BapuaHT

oTBeTa):
HB3; = (351 + 370)/2 = 360,50,

NN, pacrnonoXmne BCe 3HaA4YeHUs1 B Bo3pacTatrollen nocnegosartenoHoctn 351,
365, 370, B34Tb CpeHUN YrieH NOoSTlydeHHOro paga — CpeaHun YneH BapuvauuoHHOIo

psga (HB4 — 4yeTBepTbIN BapnaHT oTBeTa):
HB,4 = 365,00.

Mo>xHO nNpuaymaTb U Kakne-nnbo gpyrne cnocodbl (Hanpumep, O4eHb «OpUrn-
HanbHOM» MOXeEeT ObiTb Maes elle pa3 ycpeaHUTb BCe YeTblpe MONyYeHHbIX 3Haye-
HWS), OAHAKO OCTAHOBMMCS MOKA TOSIbKO Ha 3TUX YeTbipex BapMaHTax oTBeTa Ha no-

CTaBlIEHHbIN nepean Hamum BOnpoc.

Mbl BUOMM, YTO, HE NPUBMEKas HUKAKNX AOMOSNTHUTENbHbIX COOBpaXeHW, Ham
Nnoka AOCTaTOYHO TPYAHO 06oCHOBATL TOT UMM UHOW BapwuaHT, HA KOTOPOM ObIfo Obl

npeanovYTuTeribHO OCTaHOBUTLCA.

Tak, ecnu BbIGnpaTb TOT OTBET, KOTOPbIA NOTPEDYET OT HAC MEHbLLUEro Kosu-
4YeCTBO BbIMUCMEHUA, TO Torga nydwe BCero oTaaTb MNpeanoyTeHWE 3HAYEHMIO
HB4=365,00 (BoobOLLie He TpebyeT HMKakux pacyeTtoB). OgHako nogobHoe oboCcHOBa-

H1e Bp4aa N MOXHO CHUTATb AOCTATOYHO HAOEeXHbIM U y6eLI,I/ITeJ'IbeIM.
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3. MMPEABAPUTETIbHAS OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

MoaTomy gaBanTe OCTaHOBMMCS M 3agymMaeMcsl O TOM, novyemy BoobOLie Mbl

CTONIKHYNNCb C NOA06HOM cuTyaumnen.

Beab ecnu 6bl, Hanpumep, HaM Hy>XHO ObIfIO HaWTKM OTBET Ha BOMPOC, KaKoe
KONMYECTBO NMPOXOA0B MPU NPOKAaTKe AAHHOrO Npoduns OCYLLECTBMSETCA B OBYX-
BasikOBbIX PEeNbCOBbIX Kanubpax, U Mbl MO XO4y TEXHOSNIOrMYECKOro npouecca npo-
cnegunu 3a Tpems pasnuyHbiMW packaTtamu, To B pesynbTate Obino 6bl nony4yeHo
Tpy abCONTHO OANHAKOBbLIX 3HAYeHus (gonycTum, NATb). B nogobHom cutyaumm HeT
HeobX0AMMOCTM cUMTaTh HU BbIOOPOYHOE CpeaHee, HU cpefHee reoMeTpu4eckoe, Hu
cepeavHy pasmaxa, HM HaxoauTb CPeAHWUA YneH BapuauuoHHOro psiga v T.4., no-
CKONMbKY MOXHO Cpa3sy yka3aTb TO KONIMYEeCTBO PeribCoBbIX Kannbpos, KOTOpbIE MpPO-

XOAMT packaT B NpoLecce NPOoKaTKu.

CnepoBaTtenbHO, MeXay TakMMn BeNMYMHAMU, Kak YMCIIO PEeSibCOBLIX Kanuo-
POB 1 TBEPAOCTb HA MOBEPXHOCTM KaTaHMs FONOBKW, ECTb NPUHLMNManbHasi pasHuiua,
KOTOpas 3aKn4yaeTcs B TOM, YTO NepBasi U3 ABYX Ha3BaHbIX BENUYMH ABNSIETCS Ae-
TEPMUHMPOBAHHOW, a BTopas — crydanHon. M ecnn ans Toro, 4tobbl onucaTtb Ae-
TEPMUHMPOBAHHYIO BENUYMHY, OOCTATOYHO yKa3aTb OAHO ee 3HayeHue (Hanpumep,
4YUCINO PENbCOBBLIX KannMbpoB paBHO MNSATM), TO ANS ONUCAHMA CNyYanHOW BENUYMHDI
HY>XHO 3HaTb ee pacnpegeneHve. pyrummn cnosamu, Ans CriyYyanHon BENUYUHbLI He-
AOCTaTOYHO YKasaTb TOSMbKO NULb Kakoe-nmbo ee 3HayeHue (Mnu KomOuHauuio ee
3Ha4YeHun, Kak, Hanpumep, BbIBOPOYHOE CpeaHee apuPMETUYECKOE), a HYXXHO 3anu-
caTb PYHKUMIO, KOTOpast OAHO3HAYHO onpeaenseT BEPOATHOCTb TOro, YTO CryvanHas
BENMYMHA NPUHMMaET 3adaHHOe 3HAYeHNe UM NPUHAANEXUT K HEKOTOPOMY 3afaH-

HOMY MHTepBany.

MoaTtomy oTBeT Ha Bonpoc npumepa 3.1 Hago HauYMHaTb He C MOUCKa KaKuX-
nnbo BapuaHTOB yCpeAHEHMS OMbITHLIX AaHHbIX, @ NpeXae BCero ¢ KoHcTataumm To-
ro dpakta, YTO TBEPOOCTb Ha MOBEPXHOCTU KaTaHUs FONOBKN pefibca — 3TO criyYalHas

genuyuHalll

[lanee Hy>XHO OTMETUTb, YTO TBEPAOCTb - 3TO HEeMpepbIBHAsA CriyyarHas Benu-
YMHa, NOCKONbKY (ECcnu, Hanpumep, penbcbl OTBeYatoT TpeboBaHUSM NepBoro Knac-
ca) OHa MOXeT npuHMMaTb fobble 3HAYeHWs M3 KOHEeYHOro WHTepBana
(HB=341...388, cM. nyHkT 1.4 TOCT 18267-82).
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3. MMPEABAPUTETIbHAS OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

[Mocne aToro MOXHO BbIABUHYTb rMNOTE3y (NPeanosfioXeHue), YTo Takas crny-
YanHas BeNUYMHA, Kak TBEPAOCTb Ha MOBEPXHOCTU KaTaHUs rOMOBKM pernbca, He
OOSMDKHa MPOTUMBOPEYMTbL HOpMarbHOMY 3akoHy pacnpegeneHus. CornacHo LeH-
TpanbHOW npefenbHON TeopemMe MaTeMaTU4eCKOM CTaTUCTUKK, LaHHYK ruMnotesy
cKopee BCero MOXHo OyaeT npuHATb B KayecTBe pabo4yen, NOCKOSbKY ONbITHbIE AaH-
Hble B npumepe 3.1 nosiydyeHbl NpY U3MEPEHUN TBEPAOCTU B Pa3fIMYHbIX TOYKax No
ONIMHe ofHOro M Toro xe penbca. CnegosaTtensHO, Hambonee cylwecTBeHHble (hak-
TOpbl, KOTOPblE ONPeaensT MexaHU4Yeckne CBOMCTBA AAHHOrO MeTanna Ha Bcex
cTagusax TEXHONOrMYeCcKoro npoLecca (nonydeHne metanna, npokaTka, TepMmmyeckas
obpaboTka), 3auKCMpoBaHbl Ha OAHUX U TeX Xe YpoBHsX. Kpome Toro, OTKMAMK
(TBEPAOCTL MeTanna) CTaHOBUTCSA CrlydYanHOW BENMYMHOM TONbKO B pesynibTaTe
BNUSHUS Mano3HaA4YMMbIX HEKOHTPONMPYEMbIX (PakTOPOB, YNCIIO KOTOPbIX Ha pasnuy-
HbIX dTanax MeTannypruyeckoro uukna, no BCEN BMANUMOCTU, CTPEMUTCS K Gecko-

HEYHOCTU.

WTak, B KayecTBe oTBeTa Ha Bonpoc npumepa 3.1 Mbl MOXeEM ckasaTb, YTO
TBEPOOCTb Ha MOBEPXHOCTU KaTaHWs FOMOBKM penbca — 3TO HenpepbiBHas crnyyam-
Haa BennuMHa, OYHKUMIO pacrpeaenieHns KOTOPoW cKopee BCero MOXHO 3anucaTb B

BUAE

_(X—MHB )2

F(HB) = : fe 270 dx.

2
\270 5 w

Tenepb, Kasanocb Obl, TONLKO OCTanocb nogcymtatb no (2.15) matemaTtude-

ckoe oxugaHve Mus 1 no (2.17) — aucnepcuio ows, T.e. ABa napameTpa 3ToW Cry-
YaMHOW BESTMYUHBI, U Y Hac NOSIBUTCA BO3MOXHOCTb OnpefensiTb BEPOATHOCTb TOrO,
4YTO TBEPAOCTb Ha MNOBEPXHOCTM KaTaHUSA rONIOBKW peribca NPUHALMNEXnUT K HEKOTOpPO-

My 3agaHHOMY MHTepBany (Hanpumep, HB = 341...388).

OpHako Ha gaHHOM 3Tane Mbl Monagaem B KakOW -TO 3aMKHYTbIA Kpyr: BeAb
Ans Toro, 4Tobbl 3anucaTtb PYHKUMIO HOPManbHOro pacnpeaenenunsd, Heobxoammo
onpenennTb MatemMaTU4eCcKoe OXugaHue 1 ANCNEPCUO; AN BbIYUCNEHUSA 3TUX OBYX
napamMeTpoB HYXXHO 3HaTb NIIOTHOCTb pacnpegenenus (cm. (2.15) n (2.17)), a nnot-

HOCTb pacrnpefeneHnsi - 3To nepeasi NPou3BoAHas oT PYHKUMK pacnpenenexHms (cum.
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3. MMPEABAPUTETIbHAS OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

(2.7)), T.e. B utore, ansa toro, YTobbl HANTN PYHKLMIO pacnpeneneHmnsl, Hy>KHO 3HaTb

byHKLMIO pacnpeaeneHus.

Bbixog 13 nogoGHOro 3amMKHYTOro kpyra MoOXeT OblTb HalgeH TOMbKO NuLlb

nocre Toro, kak byageT onpeaeneHa npuyMHa, no KOTOPOK Mbl B HEro Nonagaem.

NTtak, Ham Heobxoamma yHKUMA pacnpeaeneHns, Nnpuyem ansa Hadana nycrb
x0T 6bl 0OHO U3 ee 3Ha4veHun, Hanpumep F(341). MNo onpegenenuto (2.3) — aTo Be-
POATHOCTb TOrO, YTO CrnyyarHas BenvymHa HB npuHumaeT 3HaveHne He Bonee 341.
B cBoto ouyepeab BEPOATHOCTb AaHHOro cobbitnsa F(341) = P(HB < 341) ecTb npeaen
YyacToTbl peanusaunn cobbitua HB < 341 (OTHOWeEHMe Yucna HabnageHun, B KOTO-
pbIX TBEPAOCTb Ha NOBEPXHOCTU KaTaHUS rONOBKN pefibca oka3anacb He 6onee 341,
K obLiemMy KonuyecTsy HabnogeHUn) npu HeoepaHu4eHHOM 4Yucrie rnoemopeHuli oga-

HOro 1 TOro >Xe KoMmnriekca ycnosmﬁ.

A BOT HeorpaHU4eHHbIM YMCIIOM NOBTOPEHUN (reHepanbHOW COBOKYMHOCTLIO)
B ycrnoBuax npumepa 3.1 Mbl Kak pa3 U He pacnonaraem, NoCKONbKy MMeeTCst TONbKO
NUWb TPU y4vacTka (ceveHuns ) penbca (Tpu Habngaembix eAnHULbI), B KOTOPbIX On-
pegeneHa TBepAOCTb Ha MOBEPXHOCTM KaTaHUs FONoBKM (Tpy pesynbTaTa Habnwoge-

HUSA).

Habniwogaemas egmHvuia — 0eACTBUTESNbHBIN UKW YCIOBHBIA NpeaMeT, Hag Ko-

TOPbIM NPOBOAAT CEPUI0 HAbNIAEHWN.

Pesynbtar HabnOeHUss — XxapakTepucTUka CBOWCTB eAWHWULbI, NonydYeHHas

OMbITHBLIM NYTEM.

[eHepanbHas COBOKYMHOCTb — MHOXECTBO BCEX paccmaTpuBaeMblX eanHUL,.

OpyruMmn cnoBamu, reHeparnbHasi COBOKYMHOCTb - 3TO Takoe BooOpaxkaemoe, B
npenene 6eckoHe4YHo BONbLIOE YNCIO NPeaMETOB, Had KOTOPbIMU MOXHO MPOBECTU
HabnoaeHns Npy HeorpaHMYEeHHOM YMcre NMOBTOPEHUN OOHOIrO U TOro XXe KoMMekca

YCrOBUN.

B npumepe 3.1 nog reHepanbHOW COBOKYMNMHOCTbHO MOXHO NMOHMMAaTb, AOMNyc-
TUM, BCE Y4aCTKM OL4HOrO U TOro e penbca, B KOTOPbIX B NPUHLMMNE MOXHO 6bI110 6bl
3amepuTb TBEpOOCTb, NMB0 BooOLLE Bce penbcbl P65, koTopble koraa-nmbo wmsro-

TaBnuBanucb Unu ewe dyayTt npomnssoautbea no NOCT 18267-82.
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3. MMPEABAPUTETIbHAS OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

B pacnopdaxXeHnn ncecneagoBartend, KOHEYHO XXe, HUKoraa HeT reHepaanon CO-
BOKYMHOCTU, N OH MOXET NU3y4aTb TOJIbKO €€ 4aCTb — BbI60pKy, npunyem Bcerga orpa-

HUYeHHOro obbema.

Bbibopka — noboe KOHEeYHOoe MOOAMHOXECTBO reHeparibHOM COBOKYMHOCTMY,

npegHasHayYeHHoe AN HenocpeaCTBEHHbIX UCCMNea0BaHUN.
OGBLEM — KONMYECTBO eANHNLL B BbIOOPKE.

Mo BbIGOpKE HEBO3MOXHO OAHO3HAYHO OnpeaenuTb HU (PYHKLMIO pacnpege-
NEHUs, HN NAOTHOCTb pacnpenenennsi, H1 napameTpbl pacnpeaeneHus (Hanpuvep,
MaTeMaTM4yecKoe OXuaaHue Unu SUCNepcuto) CriydarHoOn BEMUYMHbI, NOCKOSbKY AN
3TOro noTpebyeTrcsa HeorpaHN4YeHHoe (DeCKOHeYHO BonbLLIOE) KONMMYECTBO pesynbTa-

TOB HabnaeHun, T.e. Heob6XxoaMMO UCcreaoBaTh BCHO reHeparnbHY COBOKYMHOCTb.

CnepoBaTenbHO, UMest KOHEYHOE MOOMHOXECTBO reHepanbHON COBOKYMHOCTM
(BbIGOPKY), Mbl OOMKHbI NGO BOOOLLE OTKas3aTbCA OT NoMcKa pacnpeneneHuss uc-
crnegyemown cryyavHOW BenuYuHbl, MO0 YAOBNETBOPUTBCS UL HEKOTOPLIMU NPU-
B6MKEHHBIMM 3HAaYEHUAMW HEU3BECTHbIX MapaMeTpoB ee pacrnpeneneHus, T.e. npo-

BECTU OLeHMBaHME Cry4YanHOW BENNYNHDI.

OueHnBaHne — onpeaeneHne NpUoNMKEeHHOro 3HaYeHNss HEM3BeCcTHOro napa-

MeTpa reHepaan0|7| COBOKYIMNHOCTHW MO pe3yribTaTam HabNOAEHUN.

Npoes oueHmBaHuA OOMKHA ObiTb BMOSHE MOHATHA M3 COOOpaXeHUNn 0BbIYHOWN
XUTENCKoW npaktukn. Beab aons toro, 4tobbl, Hanpumep, KynuTb napy Kurorpamm
A6NOK, Yy HAC HWKOr4a He BO3HMKAET XenaHue CbeCTb BCE MMeLMeca y AaHHOro
npoaaBua pyKTbl (M3y4NTb BCHO reHeparnbHY COBOKYMHOCTb), Mbl MPOOyem O0SbKy
TONbKO NULWb OAHOro sibnoka (uccrnegyem BbIOOPKY), onpenensieMm ee BKyC (OueHu-

BaeM) " nNnpuHnMmaem pelueHne, CTout Ham Ui HeT Nokynatb MMEHHO 3TU SA0NoKuN.

McxogHbIMM J@HHBIMU NPY OLEHUBAHMK, Kak U Npy NpoBepke NobbIX npeano-
NOXEHNN (CTaTUCTMYECKUX TUMNOTE3), KacaloLMXCs HEWM3BECTHOro pacnpeaeneHuns
CMNy4anHOW BENUYMHbI, KOHEYHO e, MOryT ObITb NUWb TOMbKO Te pe3ynbTaTbl Ha-
6nogeHnin, kKoTopble BbINIM NONyYeHbl B XO4E NPOBEOEHUS OMNbITOB (Ha BbIGOpKE Or-
paHnyeHHoro obbema). lNMpuuem npeaBapuTenbHasa obpaboTka aKCnepuMeEHTanbHbIX
AaHHbIX 0ObIYHO HauYMHaAeTCa C noacyeTa TeX UNN MHbIX OYHKLMIA OT pesynbTaToB

HabnaeHun (CTaTUCTUK).
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Cratuctuka — yHKUMNS pe3ynbTaToB HabnwaeHun, ncnonb3dyemas ans oueH-

K1 nMapaMeTpoB pacnpenerieHnda n (I/IJ'II/I) OnA NPOBEPKN CTaTUCTUHECKNX TUNOTES.

Mo BbIGOpKE HEBO3MOXHO HAWTW NapamMeTpbl pacnpeneneHuns crnyyanHon Be-
NMYMHbL (NOCKONbKY Ans aToro Tpebyetca GeckOHeYHOe KONMUYeCTBO pes3yrnbTaToB
HabnogeHN — 3y4yeHne BCeWN reHeparibHON COBOKYMHOCTW), MO3TOMY, MMESA B CBO-
€M pacrnopshkKeHUn Bcerga orpaHuyYeHHbIn 06beM 3KCNepuUMeEHTasbHbIX AaHHbIX, UC-
cnefoBaTtento OCTaeTcs AOBOMbCTBOBATLCH TOMbKO NULWb MOMYyYEeHUEM HEKOTOPbIX

OLIEHOK.

OueHKa — cTaTUCTUKa, ABMNALWAACA OCHOBOW ANS OLEeHUBaHUS HEN3BECTHOIO

napameTpa pacnpeneneHus.

[nsi ogHOro 1 Toro e nNapameTpa pacrnpeneneHms MoxeT ObiTb NpeaioXeHo

HECKOJ1bKO OLIeHOK.

B npumepe 3.1 paccmaTpuBanoch YeTbipe pasnUYHbIX OLEHKN OS89 Takoro na-
pameTpa pacnpegeneHms TBepAoCTu, Kak MaTeMaTM4YecKoe OXuaaHue gaHHOW chny-
YanHoW Benu4yMHbl (BLIDOPOYHOE cpeaHee apudMeTudeckoe, BbIDOPOYHOE cpeaHee

reoMeTpuyeckoe, cepeanHa pasmaxa v CpeHuin YneH BapuaLmnoHHoOro psaa).

MoaToMy Mpu OLEHUBaHWM BCErda BO3HMKAET npobrema Bbibopa Haunyylen

OL€HKN N3 BCEX BO3MOXHbIX OLLEHOK JaHHOro napameTtpa.

Mpuyem, korga OPMYNUPYKOTCA Te UMM MHble TpeboBaHMs, MO KOTOPbIM
OLIEHKY LieniecoobpasHo cunTaTb Hauny4llen, Npexae BCero yumTbiBaeTcs TOT (hakT,

4yTO NMtobas oLeHKa — 3TO TaKKe CriyvaiHas BeNMYnHa.

Benb ecnu 66l B ycnosusax npumepa 3.1 661510 661 HangeHo, 4onycTuMm, Bbibo-
pOYHOe cpedHee apugmeTnyeckoe TBEPAOCTN HA NOBEPXHOCTU KaTaHUSA rONOBKM Ka-
KOro-nmbo Apyroro pernbca, TO, KOHEYHO Xe, COBepLUEHHO He 06A3aTenbHO, YTO OHO

onATb okasanocb 6bl paBHO MMeHHO 362,00 eguHuuam no BpuHennto.

N3 Tex coobpaxenun, 4yto nobas oueHka O* kakoro-nmbo napameTpa pac-
npegeneHns © criyvyanHowm BENUYUHBI TOXE eCTb CryyYamHasi BENUYMHA, K OLEeHKaM
npeabsBnaTca TpeboBaHUs COCTOATENBHOCTU, HECMELLEHHOCTU U 3ddEKTUBHO-

CTW.

CocrosaTenbHas oueHka — OLEeHKa, CXOASLAsacs No BEPOSTHOCTU K 3HAYEHUIO

oLEeHMBaemMoro napameTpa npu 6e3rpaHn4yHOM Bo3pacTtaHum obbema BbIOOPKN.
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lim ©"(n)= 0, (3.1)

n— 0

roe O - oueHMBaEeMbI napamMeTp; ®* - oueHka; n - 06beM BbIGOPKN.

MHbIMK crioBamu, Onsi  COCTOATENbHOM OLEHKUM O*OTKIOHeHWe ee OT ® Ha
Many BenuuuMHy & 1 6onee CTaHOBUTCA ManoBeposTHbIM npu 6onbwomMm obbeme
BbIGOPKN.

BrnonHe ectecTBeHHO, YTO uccregoBaTenen B NepBy0 odepedb UHTEPeCyroT
TE€ OLEHKM, KoTopble X0Ta 6bl B nNpegene (npu npoBeaeHnn 6eckoHeYHo 60bLIOro
KonunyecTsa HabnogeHUn) gasanm MM BO3MOXHOCTb ONpeaenuTb UHTEPECYIOLMI NX
napameTp pacnpegenenus, 1.e. 4ToObl OLEHKM npexae Bcero Obinm CoCcToATENbHbI-
mMu. OgHako cnegyet OTMETUTb, YTO Ha NpakTUKe NPUXOAUTCH OueHuMBaTb HEeus-
BECTHbIE€ NapamMeTpbl 1 Npy MasnbiX 06bemMax BbIGOPKN.

EcTtecTBeHHbIM siBNAeTcA TpeboBaHue, Npu BbINOSIHEHUN KOTOPOro OLEHKa He
AaeT cUCTeMaTMYeCKOW MOrpeLlHOCTU B CTOPOHY 3aBbllEHUA (MK 3aHWKEHUSA) Uc-
TMHHOrO 3Ha4YeHUs napameTpa @ .

HecmellleHHasa oLieHKa — OLieHKa, MaTeMaTUYeckoe OXuaaHue KOTOpoi paBHO

3Ha4YeHuo oLleHMBaeMOro napamMeTpa.:
M(0*)=0. (3.2)

y}J,OBJ'IeTBOpeHI/Ie Tpe6OBaHI/IPO HECMELLEHHOCT No3BONAET YyCTpaHUTb CUC-
TEMAaTUYECKYIO MOrpellHOCTb OUEHKM napamMeTpa, KoTopad 3aBUCUT OT obbema BbI-

GOpKKN N 1 B Criy4yae COCTOATENbHOCTU OLIEHKM CTPEMUTCS K HYIO NPU N—»co.

QdbdhekTMBHAS OLleHKa — HECMELLEHHasi OLeHKa, MMetoLLasi HauMeHbLLYI auc-

nepcuto N3 BCeX BO3MOXHbIX HECMELLEHHbIX OLIEHOK JaHHOIro napameTpa.

M{©*-0Y |=min (3.3)

nin

M{(®*_®)2}SM{(®1' *—®)2}= (3.4)

roe O — nobasa gpyras oueHka.

MHbiMK cnoBamu, gucnepcusi 3ppekTMBHOM OLIEHKM napameTpa B HEKOTOPOM
Knacce s1BnseTcsa MMHUManbHOW cpeau AMcnepcuin BCEX OLEHOK M3 paccmartpuBae-

MOro Knacca HeCMeLleHHbIX OLIeHOK.
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N3 BCexX COCTOATENbHbLIX N HECMELLIEHHbIX OLEHOK crieayeT npeanoyvectb Ta-
Kyt0, KOTOpasi okasblBaeTca Hambonee GnM3KOM K oueHMBaeMomy napameTtpy (ad-
GEeKTUBHON), OOHAKO UCMNOSIb3yeMble B MaTeMaTMYECKON CTaTUCTUKE OLEHKN He BCe-
roa OgHOBPEMEHHO YOOBIETBOPSAKOT BCEM TPEM NEPEUYNCIIEHHbIM BbllLe TpeboBaHM-

AM.

[Mocne Toro kak uccriegoBartenb Bblbpan M nogcyMTan COCTOATENbHYO, He-
CMeLLEHHY0 1 3(PEKTUBHYIO OLIEHKN MHTEPEeCYHLero ero napameTpa pacnpegene-
HUSA UCCnegyemMon CriydanHon BEnuYMHbI, NepBoe U Hambonee npocToe, YTO OH MO-
XeT caenatb, Tak 9TO NPUHATL 3HaYeHME OLIEHKN Kak HEeM3BeCTHOe 3HayYeHue napa-

MeTpa pacnpepnerneHnd, T1.e. BbINMONMMHUTb TO4Ye4YHOE OLuEHUBAHUE.

ToyeyHoe OLEeHUBaHUE — crocob OLEeHMBaHUA, 3aKnioYalolMNca B TOM, YTO

3Ha4YeHne OUuEHKN NPUHMMAT KaKk HEM3BECTHOE 3HAYEHUE MapamMeTpa pacrnpenere-

HUA.

PaccMoTpyM HeKOoTOpble TOYeYHble OLIEHKM OCHOBHbIX MapamMeTpoB pacnpe-
JeneHus ona HenpepbiBHOW CIlydanHOW BENWYMHbLI, He NpoTuBopeYallen HopmMalsb-

HOMY 3aKOHY pacnpeneneHus.

BbibopoyHoe cpegHee apudmeTnyeckoe x — CyMMa 3HadeHu paccmartpu-

BaeMon BENNYMHbI, NOJNTy4YEeHHbIX MO pe3dyJsibTataM UCNbITaHUA Bbl60pKl/I, JeneHHada

Ha ee oObeM.

(3.5)

rae n — o6beM BbIOOPKM; Xi— pe3yrnbTaT U3MEPEHUs i-1 eAMHULbI.

B matemaTuyeckon ctaTUCTUKe AOKasaHo, YTO BbIBOpO4YHOE cpeaHee apudp-
MEeTMYEeCcKoe ABNAETCA Hauny4ywen (COCTOATENbHON, HECMELLEHHOM N 3(P(PEKTUBHON)
OLIEHKOW MaTeMaTU4YeCKoro OXungaHusa crnyyamHOW BenMYMHbI, NOSYMHSAIOWENCA HOP-

MalnibHOMY 3aKOHY pacnpeaeneHud.

B npumepe 3.1, gaxe ecnvn npegnonoXxuTb, YTO TBEPAOCTb HA MOBEPXHOCTU
KaTaHWsl TOMOBKM penbca He MPOTUBOPEYUT HOpManbHOMY 3aKOHY pacnpeaeneHus,
M3 YeTblpex MOMyYEHHbIX OLEHOK NpeanoyTeHne credyet oTaaTh  3HAYEHUHo
HB; = (351 + 370 + 365)/3 = 362,00 (BbIGOPO4YHOMY CpeaHeEMY apudMETUHECKOMY)

KaK Hamnqueﬁ OLEeHKe ONns MaTteMaTU4YecKoro oXxmaaHusa gaHHOWM CﬂyqaﬁHOIZ BeJn-
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YMHbl. TpU OpyrMe pacCMOTPEHHble B 3TOM MPUMeEpEe OLeHKM Takke SIBMSItOTCS CO-

CTOATENbHbIMU AN MaTeMaTuyeckoro oxungaHusa. OgHako cpegHee reomeTpudeckoe
HB, =3/351-370-365 = 361,91 — 3TO cMeLleHHaa oueHka (oHa OyaeT Haunydwein

TONbKO TOrga, Korga criydyanHas BenuuMHa noauvMHseTcsl Tak Ha3biBaemMoMmy Jora-
prcmmnyeckn HopmanbHOMY pacnpeneneHuto, T.e. Koraa 3akoHy [aycca nogumHsieT-
C4A He cama cnyyYyanmHas BenuvyuHa, a ee norapudpm). CepeguHa pasmaxa
HB3=(351+370)/2=360,50 n cpegHun 4neH BapuaumoHHoro psaga HBs = 365,00 — ato
XOTS U HECMELLIEHHbIE OLIEHKM AN MaTeEMaTUYECKOro OXmnaaHusi, Ho ux addekTmB-
HOCTb, KaK nokasaHO B MaTeMaTU4eCKOW CTaTUCTUKE, MEHbLUE, YeM Yy BbIOOPOYHOro

cpegHero apumeTmnyeckoro (MeHbLle eanHULbI).

BeibopouHas gucnepeua S unu S? - cymMa KBagpaToB OTKIOHEHWI BbIGO-

POYHbIX pe3yrbTaToB HabMAeHMI OT UX BbIBOPOYHOro cpeaHero apndmMeTUYecKoro

B BblOOpKe, AeneHHas Ha n-1 unu Ha n.

i(xi _;)2
SZ — _i=l
i n-1 (3.6)

nnn

S = ) (3.7)

OueHkn S> 1 S SBMAIOTCA COCTOSATENbHLIMW, HECMELLEHHLIMUA W, B Criyyae

HOpMaJibHOro pacnpeaeneHnd, acuMnToTU4eCKU SCbeeKTI/IBHbIMI/I oueHKaMun Aauc-

nepcun o2.

[ns npakTuyeckmx pacyeToB BblpaxeHue (3.6) MOXXHO npeobpa3oBaTb K BUAOY

S =

2
1 n 2_1 n
p— ;xi n(;xi] : (3.8)

B ycnosusax npumepa 3.1 BoibopoyHas aucnepcusa TBEpPAOCTN HA NOBEPXHOCTH

KaTaHMs1 FONTOBKW peribca paBHa

45



3. MMPEABAPUTETIbHAS OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

S2. = ﬁ[(mz +370° +3652)—%(351+370+365)2} =97,00.

Bbibopo4yHOEe cpeaHee KBagpaTUYHOE OTKIIOHEHWUE S o Unm S" — NOJN1OXKN-

TenbHbIA KBaApaTHbIA KOPEHb M3 BbIDOPOYHOM ANCNEPCUN:

o _ 02
Sx B +\/g nnm (3.9)

S =+ Sz. (3.10)

B npumepe 3.1 S, :+\/ﬁ:9,85.
3Has BbIGOPOYHOE cpeaHee apudMeTWyeckoe x U BbIGOPOYHOE cpeaHee

KBagapaTtnyHoe OTKITOHEeHue Sx , MOXHO noacymnTaTtb Mepy OTHOCUTESNIbHOW U3MEHYK-

BOCTW CINy4YanHOW BENUYMHbI — BbIOOPOYHLIN KO3dhduumeHTa Bapmaummn v - no ¢op-

Myne
_ Sx
Y= (3.11)
WUnu, B npoueHTax,

Ona npumepa 3.1 BbIGOPOYHLIN KOIPPULMEHT Bapuauun TBeEpPOOCTM paBeH
v=9,85/362 = 0,027, nnun 2,7%.

Uepe3 BbIGOPOYHOE CpefHee apudMeTMyeckoe x U BbIBOPOYHOe cpeaHee

KBaapaTtnyeckoe OTKITOHEHune Sx MOryT ObITb cOoenaHbl TOYeYHbIe OLEHKM Ons -

ObIX 3Ha4YeHui C*)yHKLI,MM pacnpegeneHnd, a TaKkke AOnAa BepOATHOCTU nonagaHwnsd

Cny4yarnHou Benu4ynHbl B Ntobon 13 3agaHHbIX MHTEPBAroB.

Tak, Ans Kakoro - nMbo 3Ha4YeHuss PYHKUUM HOpManbHOro pacnpeneneHus,
NOCKOJSIbKY

F(x)=P(X <x)= P(X_GMX < x_GM““)= P(Z < x—(ij) = d( =), (3.13)
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B KAa4eCTBE TOYEYHOM OLEHKUN F(X) MOXHO Ucrnons3oBaTb

k3

F(x)=oE2

)- (3.14)

ToYeyHyo OLIEeHKY BEPOATHOCTU nonagaHua criydyamHon BenndmHbl X C HOp-
MarbHbIM 3aKOHOM pacnpeaeneHns B Niobon 13 3agaHHbIX UHTEPBANOB (X1, X2) MOX-
HO HanTK no dopmyne

x X, —X
)= D), (3.15)

X pY

* —_—

P(x, <X <x,)= (D(xzs

B cootBeTCcTBMM C (2.32) TOYEYHasn ouUEHKa KBaHTUNN X, nopsgka p Ans Hop-

MarnbHOro pacnpeneneHus pasHa

xp=x+2,8,. (3.16)

B npumepe 3.1 npegnonoXxmm, 4To NONyyYeHo TONbKO ABa 3HAaYeHUa TBEPAO-
CTM Ha NOBEPXHOCTU KaTaHUSA rofioBKU penbca (Ha 0boux KOHLAxX Ha pacCTOSAHUN He
6onee 1 m ot TopuoB): 351 n 370, a TpeTbe UcnbiTaHne (B CpeQHEN YacTn) ele He
NpOBOAMMOCS.

OueHMM Npu 3TUX YCNOBUSAX BEPOATHOCTb TOrO, YTO MOCNEe U3MepeHus TBep-
OOCTU B CpefHeEN YacCcTu peribCca ee 3Ha4YeHne OKaXeTcs HUXe, Yem 341, T.e. BepoAT-
HOCTb TOrO, YTO B pe3ynbTaTe TPETbEro UCNbITAHWUS penbC nonageT BO BTOPOWN Kracc
(ANA KOTOPOro TBEPAOCTb Ha MOBEPXHOCTM KaTaHWUS FONOBKW MOXET NexaTb B gua-
nasoHe 311...341) nnun ero NnpugeTcsa NOABEPrHyTb MOBTOPHOW OAHOKPATHOW TEpMU-
yeckon obpaboTke (3aKkanke n oTnycky).

Kpome TOro, oueHMM BEpPOATHOCTb TOrO, YTO MOCre onpeneneHus TBepaoCTu
B CpedHen 4actn penbca OH BygeT no - npexHemy yAoBneTBOpATb TpeboBaHWUSAM
nepsoro knacca no nyHkty 1.4 FOCT 18267-82 (HB = 341...388).

Ecnv npegnonoxuTb, YTO TBEPAOCTb HA NOBEPXHOCTUN KaTaHUSA rONOBKU penb-
ca He NPOTUBOPEYNT HOPManbHOMY 3aKOHY pacnpeaeneHns, TO HaunyywmnmMm Toyey-
HbIMW OLeHKaMM AN MaTeMaTU4EeCKOro OXuOaHus M Aucnepcuym 3TOW CryYyanHow

BENNYMHbLI B cOOTBETCTBUM C (3.5) 1 (3.8) ByayT 3HayeHus

Xup = %(351 +370) =360,5,
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Sz, :ﬁ{(%lz +3702)—%(351+370)2} —180,5,

a no (3.10) BblbOpoyHOE CpedHee KBagpaTUYHOE OTKIOHEHWE COCTaBuUT
S, =+4/180,5 =13,435 .

Torga no (3.14) nony4aem, 4To

F(341) = P(HB < 341) = @34 23003

= ®(—1,45)
13,435 )= &(-145)

Mockonbky cornacHo (2.29) d(-1,45) = 1 - ®(1,45), To no Tabnuuam ans

dyHkumm Jlannaca (cm. npun. M1) Haxognum ®(1,45) = 0,92647, n, cnegosaTenkbHO,

13(341)=cb(-1 45) =1-0,92647 = 0,07.
B anekTpoHHbIx Tabnuuax Microsoft Excel ona nogobHbIX pacyeToB MOXHO
ncrnonb3osatb pyHkuno HOPMCTPACII.

HOPMCTPACTH((341-CP3HAY(351;370))/CTAHAOTKIOH(351;370)) = 0,07333 ,

roe CP3HAY(351;370) n CTAHOOTKIIOH(351;370) — cratuctudeckne gyHKumnm
ANSA BblYMCIEHMS COOTBETCTBEHHO BbIOOPOYHOIO CpeaHero apudmeTnyeckoro 3Ha-

YeHUA n Bbl60p0‘-IHOFO cpeagHero KBagpatn4Horo OTKIoHeHuA.

To4yHO Takoe e 3HayeHne MOXeT ObiTb nonyyeHo yepes yHkuno HOPM-
PACII.

HOPMACI(341;CP3HAY(351;370); CTAHOAOTKITIOH(351;370); MICTUHA)=0,0733.

NTak, To4e4HOM OLEeHKON (MONyYEeHHON NO ABYM BbIOOPOYHbLIM 3HAYEHNAM 351

n 370) pyHKumM pacnpepeneHuss TBepgocTn HB Ha NOBepXHOCTU KaTaHWSA rofioBKU

£

pernbca oT 3HadeHns 341 aensaetcs BennuuHa F(341)= P(HB <341)=0,07. Opyrumu

CfoBaMu, TOYEYHasl OLUEHKa BEPOATHOCTU TOro, YTO MpPWU UCMbITAHUM TBEPAOCTU B
cpefiHen YacTu pernbca ee 3HadYeHne okaxeTcs MeHble 341, pasHa 0,07. Unu, ecnu
NpoBEAEHO ABA UCMbITaHMS Ha 06OMX KOHUAX pernbca M nosnyveHbl 3HavyeHnsa 351 u
370, To nocne onpeaeneHns TBEPAOCTU B CpeaHEN YacTu, BO3MOXHO, TONbKO CEMb
penbLCcoB N3 CTa NpuaeTcs NepeBecTy BO BTOPOW Krnacc Ui NoaBeprHyTb NOBTOPHOM

OAHOKpaTHOM TepMuyeckon obpaboTke.
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[na oueHKn BEpOSTHOCTM TOro, YTO Nocne onpeaeneHus TBEp4OCTU B cpen-
Hen Yactu penbc no-npexHemy OyaeT yaoBneTBopsATb TpeboBaHWsIM NepBOro Knac-
ca, BOCnosib3yemcsi CooTHoweHuem (3.15) n nonyyunm

. 388 —360,5 341-360,5
)= (

P(341 < HB <388)=® = ®(2,05)— ®(—1,45).
(341 < )= 13,435 13,435 )= ©(2,05)-0(-145)

3HaveHne ®(-1,45) = 0,07 Hamu BbINo yxe HangeHo, a d(2,05) = 0,98 (no
Tabnuuam [11], B Tabn. .1 wnu B Microsoft Excel HOPMCTPACII(2,05) =
0,979818).

CrneposaTtenbHo, P(341< HB <388)~0,98-0,07=091, T.e. 91% Bcex penb-
COB, MOCIe U3MepeHnst TBEPAOCTM B cpedHen Yactu, ObyayT no-npexHemy oTeBevaTb
TpeboBaHnam nyHkTa 1.4 FOCT 18267-82 (HB = 341...388), ecnn Ha nx KOHLax yxe

611 nonyyeHbl 3HadveHna 351 n 370.
[o6aBum, 4To 3Ha4YeHus 341 n 388 aBnAKTCA oLEHKaMX KBaHTUIEN Nopsiaka

cooTtBeTcTBeHHO 0,07 1 0,98, T.e. HBoo =341,2 HBoos =388, U ecnu, JONyCTUM, He-

obxoaMmo oueHnTb KBaHTUNb nopsagka 0,99, To no oopmyne (3.16) MOXHO NONYYNTb

crieqytollee 3HavyeHue:

HBo99 =360,5+ z,,,13,453 =360,5 + 2,326 -13,435 = 391,80,

roe Zo,g9 — KBaHTUMNb HOPMUPOBAHHOIO HOPMarnbHOrO pacnpegeneHnsa nopsagka
0,99 — moxHO HanTu no Tabnuuam [11], B Tabn. .2 nnu B Microsoft Excel ¢ ncnone-
3oBaHueM pyHkunmn HOPMCTOBP(0,99) = 2,326342 , a Takke HOPMOBP(0,99;0;1)
= 2,326342.

CnepoBaTtenbHO, ecnu Ha 06omx KOHUax perbca nomnyveHbl 3HadeHus 351 u
370, TO cKkopee Bcero TOrMbKO B OAHOM CrlyYyae 13 CcTa TBepAoCTb Ha NOBEPXHOCTU Ka-

TaHWs FONOBKM B CpeaHEN YacTn MOXeT okasdaTbcsa 6onbwe 391,8.

OpHako Bce nocnegHue npusefeHHble B npumepe 3.1 BbIBOAbI U 3aKITHOYEHUS
OTHOCUTESIbHO OLLEHOK Pasnu4yHbIX BEPOATHOCTEN He crieayeT noHumaTb B OykBasnb-
HOM cMbicne cnoea. Tak, ecnu 6bl yaanocb cobpaTb JaHHble NO TBEPAOCTU B cpefl-
Hel 4acTn Ha cTa penbcax, Y KOTOPbIX 3Ha4YeHWA 3TOro nokasatens kayectsa no
KoHUam cocTtaBnsanu 6bl poBHo 351 n 370, TO, KOHEYHO Xe, COBepLUEHHO He 0bs3a-

TeJibHO, YTO MMEHHO TOJIbKO Ha OAHOM peJyibCeé N3 CTa TBEPOOCTb OKa3allacCb Obl
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Bonbwe, yem 391,8. Takoe cobbiTne BNorHe MOrno 6bl BbITb OTMEYEHO U Ha ABYX, U

Ha TpeEX N T.4. pelnbcax nndo BoooLLE HK pa3y He BCTPETUTbCA.

[eno 3gecb 3aknoyaeTcs B TOM, YTO, BO-MEPBbIX, Aaxe ecnv Obl Ham yaa-
NOCb HAaNTU camy TEOPETUYECKYHD BEPOSATHOCTb KaKoro-nnbo cobbitnsa (M3yunTb BCHO
reHeparbHYl COBOKYMHOCTb), @ HE €€ OLEHKY (MOony4eHHy no BbIGOpKe orpaHnYeH-
HOro obbema), To U B 3TOM criydae hakTMyeckasl Yactota peanusaumm 3Toro cobbl-
TV BNonHe morna 6bl OTAMYaTbCA (XOTS U HE OYeHb CUNBHO) OT COOTBETCTBYIOLLIEN
e TeOpeTMYECKON BEPOSTHOCTU. Tak, Hanpumep, ecnu CTo pa3 nogbpocutb "vae-
anbHyK" MOHETY, TO COBEpPLUEHHO He 0bsi3aTenbHO, YTO poBHO B 50 cnyyasx Bbina-
aet "open", a B octanbHbix 50 - "pewka". XoTa 1o, 4to BO Bcex 100 cny4asax Bbina-
aet "open" n Hn pasy - "peluka", Mbl BpS4 N1 yBUAMM (€cnuv TOT, KTO nogbpackiBaeT
MOHETY, He dakmp unm OKYCHUK, TO BEPOSATHOCTb MOAOOHOro cobbITUA paBHa
(0,5)'% = 8.10%").

A, BO-BTOpbIX, €CN1 B HalleM pacropsikeHUM UMEKTCS TOMNbKO NULLb Kakas-
nnbo ToveyHas oueHka, TO BooOule COBEpLUEHHO HEBO3MOXHO CKa3aTb, HACKOJSIbKO
6rn1M3ko oHa pacnonaraeTcd OTHOCUTENBHO OLUEHMBAEMOro et napameTpa. Tak, Ha-
npyMep, eCnNn BEPOATHOCTb TOrO, YTO MpY NONyYeHUn TBEPAOCTU Ha KOHLax penbca
351 1 370 oH 1 Nocne n3MepeHus aTon BeNMYUHbI B cpeaHen Yactu bygeT oTBevatb
nyHKTY 1.4 TOCT 18267-82 oueHnBaeTtcs 3HadeHnem 0,91, To Ha camom gene (ans
BCEN reHeparibHOW COBOKYMHOCTW, T.e. AN BCeX penbcoB P65, Bbinyckaembix Mo
FOCT 18267-82) aTa BepoATHOCTb MOXeET ObITb paBHa 1 0,85, n 0,95 n T.4.

Mo 3Ha4yeHM0 TOYEYHOM OLEHKM He npencTaBnseTcss BO3MOXHbIM onpege-
NNTb, XOTA Bbl B KAKOM Ouana3oHe HaxoguTCHa OLEHWBaeMbI el napameTp. IAToT
CYLLEeCTBEHHbIN HeOCTaTOK TOYEYHOro OLEeHMBAHUSA MOXeT OblTb KOMMEHCUpPOBaH

oueHnBaHMEM C NOMOLLIbIO TaK Ha3biIBa€MOro JoBepuUTesibHOro MHTepBara.

3.2. OyeHueaHue ¢ noMouw,br doeepumesibHO20 UHMepeaasna

B otnnumne ot TOYEYHOWN OLEHKN, MHTEpPBalribHaA OUEHKa Nno3BOosiA€T Moyy4YnTb

BEPOATHOCTHYIO XapakKTEPUCTUKY TOYHOCTU OLEHMBAHNA HEN3BECTHOIO NapameTpa.

Mpoes oueHmBaHWA C MOMOLLbLO OOBEPUTESNIBHOIO MHTEpPBAJia 3aKrik4aeTCcd B

TOM, 4TOObI B OKPEeCTHOCTH TOYEYHOM OLIEHKM MONbITaTbCS NOCTPOUTb Takoun NHTEP-
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Ban (qoBepuTenbHbIA UHTepBar), KOTOPbIA C HEKOTOPOW, OTIIMYHOW OT HYIIs, BEPOSAT-
HOCTbIO (0OBEpPUTENBHOM BEPOATHOCTHLIO) HAKpbIn Obl OLEeHMBaeMbIn napameTp pac-

npeaeneHus.

[oBeputencHbli MHTEPBAN — UHTEpPBars, KOTOPbIM C 3a4aHHON BEPOSATHOCTbLIO

HaKpoeT HEN3BEeCTHOE 3Ha4YeHne oLleHMBaeMOoro napamMeTpa pacnpeageneHnsa.

[oBeputensHasg BEPOATHOCTb — BEPOATHOCTb TOro, 41O }J,OBepI/ITeJ'IbeIIZ NH-

TepBan HakpoeT OEeWCTBUTENbHOE 3HaYeHWe napameTpa, OLEHMBAEeMoro no BblOO-

POYHbIM OaHHbIM.

OueHnBaHne ¢ NOMOLLILIO AOBEPUTENBHOIO MHTEPBANa — cnocob oueHkKw, npu

KOTOPOM C 3agaHHoOMn ,qosepMTeanoM BEPOATHOCTbIO yCTaHaABIMBAKOT rpaHUubl O0-

BEPUTENbHOrO MHTEpBana.

[MpeononoXxum, 4To ONA OUEHKU napamMmeTpa ® yaoanocb HaUTU ABe PYHKUUMK
O1*(X1, X2, ..., Xn) U O2%(X1, X2, ..., Xn), TAKME, YTO NPU BCEX (X1, X2, ..., Xn) U NPU NOObIX

3HaYeHuax O BbINONHAETCA ycnosue
* *
01 <0Oy;
* *
P{@l (X],Xz,...,Xn)S < ®2(x1,x2,...,xn)}: I-o.

OTO 03HavaeT, YTo AEeNCTBUTENBbHOE 3HAYEHNE napameTtpa ® HaxoauTCcs B UH-

(3.17)

TepBarne 3HadeHun (01%;02%) c BepOATHOCTLIO P.

MHTepBan (®1*;02%) Kak pa3 u HasblBalOT AOBEPUTESTbHLIM MHTEPBANoOM And
HEeN3BeCTHOro napameTpa ©, a COOTBETCTBYIOLLYI eMYy BEPOATHOCTb P{®1*<@<O,*} -
[0BepUTENbHON BEPOSTHOCTBIO (MM HAOEeXHOCTb) P=1-a, rae o - ypoBeHb 3Ha4u-
mocTu. Ecnu, k npumepy, o = 0,05, TO cTpouTCcs AOBEPUTESNbHBIN MHTEPBAN C AoBe-

putenbHon BeposaTHOCTbo 0,95 (Mnun 95-NpoueHTHLIN AOBEPUTESbHbLIN HTEpBarn).

Yacto pgoBepuUTenbHbIM MHTEPBANT HAaXOAUTCA Kak MHTepBan, CUMMETPUYHbIN
OTHOCUTESIbHO TOYEYHOM OUEeHKM napameTtpa. [ns cuMMeTpUYHOro OBepuUTENbHOro

MHTepBana ero WwupuHa 23 onpegensieTcs ycrnoBmem
P{@—@*\sé}ﬂ—a, (3.18)

roe ® * — T1o4ye4dHasa oueHka napameTpa 0.
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Mpn prkcMpoBaHHOM 3HaYeHUN o (BEPOATHOCTU TOro, YTO LOBEPUTENbHbIN
WHTEepBaI He HaKPOeT LENCTBUTENbHOIO 3Ha4YeHNa napaMmeTpa) YeM MeHbLUe &, TeM
TOYHEE oLeHnBaeTcs 6.

BeposatHocTHoe yTBepxaeHne P{®1*<@<0O,"} He cnegyet nNoHMMaTb TakUM
obpa3om, 4YTo napameTp O ecTb CnyyYyanHasa BennymHa, KoTopas C BEPOSATHOCTbIO P
nonageT B UHTepBan mexay 01" n 0,

JTobon napameTp pacnpeneneHus © (B oTnn4Me OT ero OLUEeHOK) — 3TO AeTep-
MWHUPOBaAHHAsA BeNMYUHA, HEM3BECTHAA HaM, HO MMeKLLas CTPOro onpeneneHHoe,
doMKCMpOBaHHOE 3Ha4YeHue (KOTopoe, Mo KpanHen mepe, TeopeTuyeckn, MoXeT BbITb
HangeHo Npu uccrnegoBaHUU BCEW reHepanbHOM COBOKYMHOCTM). paHunubl ©4* n 07
(kak HekoTopble (PYHKUUW OT pesynbTaToB HabMaeHW) ecTb CrydariHble Benuyun-
Hbl. [MoaTomMy yTBepxaeHue P{®1*<®<0,*} = P 03HayaeT, 4To AN9 AaHHOro 4OBEpU-
TeNbHOro nHTepeana (04*;0,*) BepOATHOCTb cofepXaTb 3HavyeHne @ pasHa P.

PaccmoTpeHre cnocoboB NONyyYeHWs MHTEpBaribHbIX OLEHOK AS11 OCHOBHbIX
napameTpoB pacnpefeneHnss Ha4yHem C MOCTPOEHUsI OOBEPUTENBHONO MHTepBana
ANs MaTeMaTMYEeCKOro OXmaaHus, Tak Kak MMEHHO Takue 3agavvm Haubonee 4acTo

BCTPEYaloTCsl B MHXXEHEePHON NpaKkTUKe.

3.2.1. NMocTpoeHue ooBepUTENbLHOIO MHTEpPBAara Ans MaTeMaTU4ecKkoro oxuaa-
HUsA

Kak yxe Oblno 0TMEeYeHOo, Hauny4ywen (COCTOATENbHOW, HECMELLEHHON U 3d)-
PEKTUBHON) TOYEYHOW OLEHKOM MaTemMaTU4eCKOro OXunaaHus CriydanHon BENUYMHLI
X C HOpmaribHbIM 3aKOHOM pacnpefeneHnsa ABnaeTca ee BblIOOPOYHOE cpefHee
apudmeTnyeckoe x . Mo3TOMy 33 OCHOBY NOCTPOEHWS JOBEPUTENBHOMO WHTEPBAra
ANA MaTemMaTU4eckoro oxunaaHus obbl4HO BbIBUpaeTcss MIMEHHO 3Ta ToYeyHas OLeH-

ka gaHHOro napametpa. 3agada MonyYeHus MHTepBaribHOM OLeHKM B 3TOM Crlyyae

3akntoyaeTcs B novcke rpanny (X—90; X+ 0)Takoro uHTepBana, KoTopbiii C 3agaHHOM

[OBEPUTENBHON BEPOATHOCTLIO Pyx HAKpPOET AEUCTBUTENBHOE 3HAYEHMEe MaTemaTu-

yeckoro oxunganusa My (punc.3.1).
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v

)
-/

Mx

¥ )

Puc.3.1. NNocmpoeHue dosepumernbHO20 UHMepsarna
0119 MameMamu4ecKo20 OXudaHusi

Mpn nocTtpoeHun nobon MHTEPBANbHOW OLIEHKM, B TOM Yncne U Ans matema-
TMYECKOro OXmAaaHus, HeoOXOAMMO 3HaTb pacnpefeneHne TOW TOYEYHOM OLEHKM
(cny4anHomn BenNUUUHLI), kKoTOopas 6epeTcst 3a OCHOBY ANSA NOCTPOEHUSI AOBEPUTENb-

HOro nHTepBarsa.

B matemaTtuuyeckoi cTaTUCTUKe OOoKasaHo, YTO BbIGOpOYHOE cpeaHee apud-

METUYECKOe x U3 N He3aBUCUMbIX pe3ynbTaTtoB HAGNIOAEHNA CRyYanHOW BEMNYMHDI,
pacnpeneneHHon HopManbHO C napametTpamun My u oxz, Takke MNogYnHSEeTCs Hop-

MaribHOMY 3aKOHY pacrnpenefnieHna ¢ napamMeTpamMmun.

M(x) = My, (3.19)

o?(x) =02 In. (3.20)

MoaTBepauTb cnpaBennmMBOCTb paBeHcTBa (3.19) MOXHO XOTs 6bl TeM, 4TO
BbIOOpOYHOE cpeaHee apudMETUYECKOE - 3TO HECMELLEHHas OLEHKa MaTematunye-
CKOro OXwmgaHus, criegoBaTeribHO, no onpegerneHuo (cm. (3.2)), matemMaTtuyeckoe
OXngaHue 3TON OUEeHKM (BbIBOPOYHOro cpefHero apumMeTU4ecKoro) paBHO 3Hade-

HWIO OLLEHMBAEMOro napameTpa (MaTemMaTU4EeCKOMY OXUOAHUIO).

CooTHowweHune (3.20) He JOIMKHO, MHTYUTUBHO, BbI3blBaTb HU KaKNX CEPbE3HbIX
BO3paXeHun: BeOb eCcnu noacumtatb BblIOOPOYHOE cpegHee apudmeTnyeckoe no
HECKONbKMM BbIOOpKaM OOHOMo M TOro e obbema, a 3aTemM HauTu QUCNepcuto nony-
YEHHbIX 3HAYEeHUN, TO BeposiTHEE BCEro npeanofioXuTb, YTO pas3bpoc (aucnepcus)
BbIOOPOYHbIX CpeaHux apudmeTmnyecknx dyaet meHblue, Yyem pasbpoc (amucnepcusi)

CaMMuX OnbITHbIX AaHHbIX.

[MPpOKOMMEHTMPYEM 3TO MOMOXEHUE CreaylwmuM UNMKCTPaTUBHBIM YMCHO-
BbIM MaTepuanom (B npogosrkeHme npumepa 3.1). Ha kaxgom gsaguaTtomM no xoay
TexHornormnyeckoro npouecca penbce P65 (no FOCT 18267-82) nony4yeHbl cnegyto-

Line 3Ha4yeHnd T1BepaoCT Ha NOBEPXHOCTU KaTaHUA FTOJ1IOBKWU:
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nepBbIii pensLe — 351, 370, 365 (xums =362,52, =97);
ABajuatb NepBbIv penbc — 375, 369, 345 (xus = 363,52, =252);
COPOK NepBbIi penbc — 348, 363, 369 (xum = 360,52, =117 ).

Ecnun tenepb no (3.8) oueHUTb AMCNEepCUo Takon CryvyarHOW BESTMYUHBI, Kak
HB, TO nony4um

s 3-1

§* = L{(%zz +363° +3602)—%(362+363+360)2} =233,

Kak BMAHO M3 3TOro 4YMCroBOro npuMmepa, BbIbOpovHas Oucnepcusi CpeaHmnx
apudpmeTnyeckux - 2,33 nNo Tpem BblibopkaM (06beMOM 3) NOYTM Ha NOPSAOK MEHb-
e Tex BblbopoYHbIX ancnepcuin (97, 252 n 117), KOTOpble UMEKT CaMU OrMbITHbIE

OaHHble.

[ns 6onee ctpororo o6ocHoBaHUA cooTHoweHUs (3.20) HaNOMHUM, YTO ecrnu
cnyyanHas BenuuunHa Y = Xi £ Xs - ABNSeTcs CYMMOW UM pa3HOCTbIO ABYX He3aBu-
CUMbIX CITydanHbIX BeNMYMH X1 1 X3, TO cripaBeiiMBo paBeHCTBO

0-)2’ :Gil +0§2'

(3.21)
Kpome Toro, gucnepcusi nponssegeHusi cnyyanHonm nepemeHHonm X n nocTo-
SAHHOW BenMYmMHbIl (KOHCTaHThl) C paBHa

F(Cx)=C-. 92

3aKOH CnoXeHus ,EI,I/ICI'IepCI/II7I crnpaBsennne npu nobom 4yucne cnaraemblx.

-1 L.
YuntbiBas, 4to x:—le. W o, — QMCnepcusi CriyyanHoi BeNuYmnHbl X, a Takke co-
n o

oTHoweHwus (3.21) n (3.22), nonyyaem:

2

_ 1 1y , & n-o. o.
=0 S (1] o )T
i=1 i=1

n n

- 1
4To ¥ TpeboBanock AokasaTb, NpuyemM O(X) = O, —\/— :
n
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Ecnu 3apaHee M3BecTHa AMCNEPCUS Gx2, TO [OBEPUTENbHbIN MHTEPBaN AMs

MaTeMaTU4eckoro oxugaHms My paccynTbiBaeTCA AOCTATO4YHO MPOCTO. Ero rpaHnLbI

MOXXHO HalTW, Hanpumep, creayowmnm obpasom.

MockomnbKy crydyaiHasi BEAMUYMHA X MOOYMHSIETCS HOPMArlbHOMY 3aKOHY pac-
npenenexus ¢ napametpamm M(x) = My v 0*(x) = 0,°/n , TO COOTBETCTBYIOLLAS €il

npuBeaeHHas criyyanHas BennynHa

X-M(x) X-M,

_O'x/\/;,

7/ =

(3.23)

o(x)

UMeeT HOPMWUPOBAaHHbLIN CTaHA4APTHbIA HOPMarbHbIA 3aKOH pacnpeneneHus
[cm.(2.27)).

KBaHTUNb x, nopsgka P Takown CrydanHOW BENUYUHBI, Kak X, onpegenseTca

aHarnoru4Ho (2.32a) u ¢ y4yetom cooTHoLueHun (3.19) u (3.20) paBHa:

X, —M(x)+z o(x)=M, +z,

I

Hanee, B cootBeTCcTBMM C (2.20)

P (xp<x<xp)=P|M, +ZP1 = L<x<M +z,, \/_ =P -Ah.
Ecrnn B nocreaHeM COOTHOLLEHWW HEPaBEHCTBO, CToslLLee Mof 3HaKOM Bepo-

ATHOCTW, pa3peLunTb OTHOCUTENBHO My, TO MoNy4Ynm

<M, <x- ZPIJ_ =P —-Ph. (3.24)

XZPZJ_

x<M +z, 2= Mo<—xrz O M. >x—z, 2%
P2 > —M, <—XtZ - 5 “4p2
Ecnu X /n TO P2 \/; n, cnegoBaTesibHoO, X /n ,
- o - o
xX>M, +z,—, -M_ >—x+tz,—+,
n, aHalnormM4Ho, eciu X /I’l TO x /n

M < x—z, —%
Pl
n, cnepgoBaTesibHO, x ,I’l .

Takum o6pa30M, BEPOATHOCTb TOro, 4YTO BbINOJTHAETCA HEepaBEHCTBO
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<M, <x- ZP]J_ (3.25)

XZP2[

oynet P=P,— P1=1-q.

Ecnun ana npumepa npuHate P4= 0,025 n P, = 0,975 (P=0,975-0,025 =0,95;
a=0,05), To, nockosnbKy (CM. (2.32)) 20,025 = Z1-0,975 = - Z0,975 ,a Zo,975 = 1,96 (N0 Tabnu-
uam [11], Tabn. M.2 unn umcnonbzys HOPMCTOBP(0,975) = 1,959961), nonyunm

PG-19625 <M. <x+19622)=095,

n n

T.€. NPM MHOFOKPaTHOM W3BfieYeHUN BbIBOPOK (0B6bEMOM n Kaxgas) U3 Hop-

(3.26)

MarnbHO pacrnpefesieHHOMW reHepanbHOM COBOKYMHOCTU (C napametpamu My n O_Xz)
MOXHO MOCTPOUTb NOCNeA0BaTENbHOCTb COOTBETCTBYIOLWMX OAHHbIM BbIOOpKaMm MH-
TepBanos (3.26), npudem npumepHo 95% aTnx nHTepsanos 6yayT BknoyaTb B cebs

(HakpblBaTb) UICTUHHOE 3HaYeHUe MaTeMaTU4eCcKoro oxuaaHna My.

Mpy NocTpoeHnn OOBEPUTENBHOIO MHTEpPBana And MaTtemMaTU4eckoro oxuaa-
HUSA 0ObIYHO NpUHUMatOT P1= a/2 n P, =1 — a/2, T.e. paccmMaTp1BalOT CUMMETPUYHbIE
rpaHnLbl OTHOCUTENBHO BbIGOPOYHOro cpeaHero apmMdMeTMHeckoro. B MHXxeHepHbIX
NPUNOXEHNAX ANSA 3Ha4YeHun a obbivHO BbiOMpatT a = 0,1 nnn a = 0,05, pexe a =
0,01, T.e. CTPOAT Takne aoBepuTesibHble MHTepBarsbl, KoTopble B 90 nnn 95% (pexe

99%) cny4aeB HaKpbIBalOT MaTeMaTUyeckoe oXxuagaHuve.

C yyeTom COOTHOLWEHUSA (2.32) Z ¢/2= - Z1- o2, NO (3.25) nony4aem, 4To BEPOAT-

HOCTb BbINOJIHEHNA HEPABEHCTBA

o,
x— 2 a/Z\/_<M <X+Z1 a/Z\/_ (3.27)

paBHa P=1-0a/2-0a/2 =1-a.

CnepoBatenbHo, uHTepBan (3.27) sBngeTcs OOBEPUTENbHLIM MHTEPBANoOM
ANs MmatemaTU4eckoro oxunagaHusa My cnyyYamHom BENUYMHbI C HOPMarnbHbIM 3aKOHOM

pacrnpegeneHus, NoOCTPOEHHbIM C JOBEPUTENbHON BEPOATHOCTLIO P = 1- a. 'paHuubl
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O- _
X=Zi_gn X+ 20—
3TOr0 MHTEpBana pasHbl NP /[, , a NnonoBWMHa ero LMPUHbI

o)
=2 pp—F
(cm. puc.3.1) \/Z

Mpumep 3.2. lNMpn NpoekTMpoBaHUM CUCTEMbl ynpaBneHus 6as3on AaHHbIX
ObIN10 NPOBEAEHO NCCNefoBaHME XapakTepucTuk hannos psaga eNCTBYHOWMX U pas-
pabaTbiBaeMbIX MHPOPMALMOHHBIX cucTteM. B npouecce uccnengoBaHnsa paccmoTpe-

Hbl N = 49 (pannoB M nonyyeHbl criegyowmne OaHHble: cpefHsass BenuyuHa hanna

x=35 kbant, o(x) =11. Heobxoanmo onpenenutb OoBepuTenbHbIM UHTepBan My;

06beM BbIOOPKM N, KOTOPLIA HEOOXOAMMO BbINOMNHUTL, YTOObI TOYHOCTbL CTaTUCTUYE-
CKMX BbIBOAOB & < 2, 1 BENUYUHY 3anucn R Ha pmnsnyeckomMm ypoBHE XpaHEeHUa OaH-

HbIX, obecne4vnBaloLLyo pasmelleHme annos ¢ HagexHocTbo P=0,95.

Bocnonb3oBaBwnck cooTHoweHnem (3.26), paccumtaem OOBEPUTENbHbBIA UH-

TepBan:

55—1,96£ <M, < 55+1,96i

J49 V49’
51,9< M,< 58,1.
OnuHa 3anncn R =55 + 1,96 *11 = 77 kbanT.

Heobxoaumbin o6bem BbIGOpKM And 6 = 2 coCTaBuT
2
n= (1,961—1) =116
2

Ha npakTtuke, Kak npaBusio, YNCrno UaMepeHun (Hanpumep, oTbopa Npob Lwnx-
Tbl, YyryHa, cTanu n gpyrux matepmanoB) koHe4Ho u He npesbiwaeT 10...30. Mpwu Ta-
KOM MarnoMm yucre HabnoaeHuit pakTieckas ANCNepPCUst x> Hen3BeCTHa, NO3TOMY
Npwn NOCTPOEHUN OOBEPUTENBHOrO UHTepBarna And MatemMaTUy4ecKkoro oxuaaHus My

NCMOMb3YIOT BLIGOPOUHYIO Ancepcuio S,2.

B aTom cnyyae npuBeaeHHasa criydanHasa BenuynHa, aHanorndHas (3.23),
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_(x-M))

=,
S /n (3.27a)

rae Sx — BbIBOpOYHOe cpeaHee KBagpaTUYHOE OTKIIOHEHWe, onpeaensemMoe no
dopmyne (3.10), umeeT pacnpegeneHue, oTIM4HOE OT HOpManbHOro. PyHKUMS pac-

npegeneHnsa criydanHom BenuuunHel t (3.27) nmeet Bua

r(m—i—lj ]

2 o ) 2

ro- U2 107,
%F@ . (3.28)

rae [(y) — ramma-dyHKumnA, aensaowwasca obobleHnemM NoHATUA akTopuana
n obnagarwas pekyppeHTHboiM cBorcTBoM: [(y + 1) = yI(y) (ana uenbix yucen n
cnpasegnueo (n + 1) = n! cm. [1]); m — ynucno cteneHen ceBoboabl, onpegensemoe
Pa3HOCTbIO Mexay 06BbeMOM BbIGOPKM N U YMCIIOM NapaMeTpoB, OLEHMBAEMbIX MO
BbIOOpKe; B JaHHOM crniydyae m = n-1 (nockonbKy npw onpegenenunn t no (3.27) Heob-

XOOUMO OLEHUTb OAMH NapameTp Sy).

Yucno cteneHen cBoboabl m — 3TO NOHATUE, KOTOPOE YYUTLIBAET B CTATUCTU-
YEeCKUX CUTyauusix CBSi3W, orpaHuyMBatoime cBob6oay U3MEHEHUs CriydarHbIX Benn-
YuH. Mo3aToOMy YMCo cTeneHel cBoGOoAbl BbIMUCIISIETCA KaK Pa3HOCTb MEXAy YMCIOM
3KCrNepuMeHTanbHbIX TOYEK N U YUCNOM CBs3el f, orpaHuymnBatoLmnx ceoboay name-

HEHUSA CnyyYyarHOW BESIMYUHBLI. Tak, NPy BblMUCNEHUM BbIOOPOYHOM Aucnepcum Mo

dopmyne (3.6) Sj:Z(xi—;)z/(n—l) HabngaeTca ogHa CBA3b, onpenensdemas

i=1
— 1 n
ypoBHEM BbIGOPOYHOrO CpenHero x:—in, NMo3TOMY 4MCMO cTeneHen cBobonbl
i=1
BblGopoyHOM gucnepcun byget paBHO m = n - 1, a, Hanpumep, Ans BbIBOPOYHON

n

[Avicniepcun, HaipeHHol na cooTHowenns (3.7) S2 = (x, —Mx)z/n, yncrno crene-
i=1

Hen cBo60Oabl paBHO YMCNY UCMbITAHUK M = n, Tak Kak My onpeaeneHo He3aBUCUMbIM

crnocobom.

MNMoHsiTUEe O cTeneHn cBobGoabl MOSICHMM ellle Ha NpUMepe peLLeHnUst CUCTEMbI
NVHEVHbIX anrebpanyeckux ypaBHeHWUA. [JonycTum, YTo Mbl UMEEM CUCTEMY U3 N K-

HelHbIX anrebpanyecknx ypaBHEHWUA C N HEU3BECTHbIMU X1, Xz, ..., Xn. O4eBUAOHO,
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pelleHne Takon cuctembl (NpyU NUHENHOW He3aBMCUMOCTU ypaBHeHuin) ByaeTt eauH-
CTBEHHbIM, T.€. Takas cuctema He ByaeT MMeTb HU ogHoW cTeneHn ceoboabl. Ho ec-
N ANS N HEU3BECTHbIX NepPeMeHHbIX Mbl MMEEM TOSbKO OOHO ypaBHeHue, TO AN
OOHO3HaYHOro onpefeneHns Xi, X2, ..., Xn AOIPKHO ObITb HanoXxeHo ewe m =n - 1
ycrnosun (ypaBHEHWI), T.e. YNCNO CTeneHen cBobOObl TakoW CUCTEMbl ypaBHEHWN

Oynet paBHo n - 1.

HakoHeu, ecnv no Boibopke o6bemoM n ByayT caenaHbl OLEHKM POBHO 4SS N
(NMMHEenHo He3aBMCUMbIX) NApaMeTpPOB pacnpeaeneHus, To pacdet n + 1 oueHKn He
OyaeT HeCTU HMKaKOW AOMOMHUTENBbHON MHpopMauun O pacnpeaeneHnmn cryvyanHom
BENUYMHBI (BCE N BbIDOPOYHBLIX 3HAYEHUN X1, X2, ..., Xn OYAYT OQHO3HAYHO onpeaerne-
Hbl Yepe3 n OLEHOK rnapameTpoB), MOCKOSIbKY MOCMEe OUEHKW N napaMmeTpoB YMCNO
CTeneHen ceBobOoabl M = N - N yXXe OKaXXeTCHA paBHbIM HYIHO.

Pacnpegenenue (3.28), 3aBucsiiee TONbKO OT Yncna cteneHen csoboabl (0a-
HOoMmapamMeTpuyeckoe), HasbiBalwT  pacnpegeneHvem  CTblogeHta, wunm -
pacnpegeneHmem.

MnoTHocTb pacnpeneneHna CTologeHTa BblpaxkaeTca hopmynon

r m+1 Cmel
2 tzJ 2
A +_

]

£t = (3.29)

m+1
2

t2) 2
npuyemM MHoXutTenu npu | 1+— B f(t) BbIGpaHbl Tak, 4TOObI NnoLwaab nog
m

no6on kpueow f(t) paBHANack eanHULLE.

CtbtogeHT — nceBgoHum Y.C. NocceTa (1876-1937) — xnmmka, paboTaBLlero B
OLHOM 13 NUBOBapeHHbIX hmpm Bennkobputanun. OH camocToaTenbHO pa3paboTan
CTaTUCTUKY ManbiX BblIOOpPOK. OCKONbKY B COBPEMEHHOW TEXHUKE 4Yalle BCEero uc-
cnepytTcsa Hebonblwime no obvemy Bbibopkn (MeHee 30), To pabota CTbiogeHTa

nmeeT bonbLuoe npakTn4eckoe 3Ha4eHne.

Ha puc. 3.2 npuBegeHo pacnpegeneHve CTblogeHTa AN pasfnuyHbIX 3HaYe-
HUM m. [Mpn n—oo (NpakTnuyeckn npu N>30) pacnpepeneHve CTblogeHTa nepexoauT B

CTaHOapTHOe HopMarnbHOe pacnpenerneHne ¢ eanHUYHON AUCNepCcuen.
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[na cnyvanHon BenuunHel t (3.27), B cootBeTCcTBUM C (2.20), MOXHO 3anucaTb,

4yTO
(E M,) _
P(tp <t<tp,)=P(ty < \/— Stp)=Pb—-F, (3-30)
roe teq N tpp — 3HAYEHUS KBAHTUIMEN CryYanHOW BenuyuHbl t nopagka pr U P2
COOTBETCTBEHHO.

Ecnn B cootHoweHun (3.30), aHanornyHo (3.24), paspelumTb OTHOCUTESIbHO
My HepaBeHCTBO, CTOSLLEE MOA 3HAKOM BEPOATHOCTWU, W MPU NOCTPOEHUN OOBEPU-
TeNbHOro MHTEpBana And MaTeMaTU4ecKoro OXUAAHWA MNPUHATbE CUMMETPUYHbIE
rpaHuubl P1= a/2 n P, = 1 — a/2, To nony4nMm, YTO BEPOATHOCTb BbINOSIHEHUS HEpa-

BEeHCTBaA

(xm

“m[ (3.31)

paBHa P = 1 -a, rae tym — Tak Ha3biBaembl KO3 dpurumneHT CTologeHTa (3Ha4YeHne
KBaHTUNKN cTaTucTukun t (3.27) nopsgka P = 1 - a /2 gns yicna crteneHen ceoboabl m
=n-1).

CnepoBatenbHo, uHTepBan (3.31) saBngeTca OoBepUTENbHLIM MHTEPBANoM
ANs MatemaTUyeckoro oxugaHma My criyyaHoW BennYmMHbl C HOPMasnbHbIM 3aKOHOM
pacnpeneneHnda, NoCTPOEHHbIM C AOBEPUTENbHON BEPOATHOCTLIO P = 1- A, Npu He-

n3BeCTHOM 3Ha4YeHUn reHepaanon ancnepcumn ze.

3HayeHuns tym TabynupoBaHbl (CM., Hanpumep, [11] unu tabn. M.6), nx MOXHO
onpeaenuTb Takke, BOCMONb30BaBLUMCL cTtaTtuctmyeckon gyHkumen CTbIOOAPAC-
MOBP 13 anekTpoHHbIX Tabnuy Microsoft Excel, npudem npu m > 30 tom = Z1- o2
Tak, npy a = 0,05 1 m = 31 CTbIOOPACINOBP(0,05;31) = 2,039515 , a HOPM-
CTOBP(1-0,05/2) = 1,959961.

Ecnu B npumepe 3.1 no tpem (n =3, m = n-1=3 -1=2) BbIGOPOYHbLIM 3HAYEHU-
am 351, 370 n 365 (nepBbIn penbe -xmp =362 ;S5 =9,85) 6bIno Bbl HEO6XO0ANMO NpK

a = 0,05 noctpouTb OOBEPUTENBHLIN MHTEPBAN A8 MaTeMaTUYeCcKoro OXWAaHus
TBEPAOCTM Ha MOBEPXHOCTM KaTaHMs FONOBKM penbca, TO, eCrin NPeanosnioXuTb, YTO
TBEPAOCTb HE NMPOTMBOPEYUT HOPMASIbHOMY 3aKOHY pacnpeneneHusi, U MoCKONbKy
fo.052 = 4,3 (CTbIOOPACIHOBP(0,05;2) = 4,302656), oH oka3ancs Obl paBHbIM
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362 — 4,3& <M,, <362+43 285 ,inn M, =362 +24,45.

5 5

CnepoBartenbHo, nHtepBan [337,55; 386,45] ¢ BepodaTtHocTbio 1 — 0,05 = 0,95

HaKpblBaeT MaTemMaTtnyeckoe oXxnagaHmne 1BepaoCTu Ha NOBEPXHOCTUN KaTaHUA rorioB-

KM perbca.

—~v

Puc. 3.2. [InomHocmb (a) u epyHKyus (6) t-pacrnpedeneHuss CmerodeHma
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3.2.2. NocTpoeHue AOBEPUTENILHOIro UHTEpBana ansa gucnepcumn

Mpwn NocTpoeHUn AOBEpPUTENBLHOIO MHTEpBana Ans AUCNepcuMn UCMonb3yeTcs

cnyyaiiHast BennunHa 2 (WiTaetcs: "xu-ksagpat”),

—\2
y v X —x n-1 _,
— ! — 'S.’
X ,2_1'( o ] o 7 (3.32)

X

KOoTopas MMeeT Tak Ha3biBaeMoe pacnpeperneHue lNupcoHa (M0 MMEHW aHr-
nuiickoro MatemaTuka u 6uonora K.Mupcowa), wnu y’—pacnpenenenne ("xu-

KBagpaT-pacnpegeneHue").

[MnoTHOCTb pacnpegeneHna CﬂyHaIZHOVI BEINMNYUNHDbI Xz onncbiBaeTCd ypaBHE-
HUem
2 1 Nl 2
f(x )=—(x ) 2 e 2", 0<y <o

2" Nm2)

roe (m/2) — ramma — byHKUMSA; m — Yncno crteneHen ceoboabl (Mpy NOCTPOEHUN OO~

(3.33)

BEpUTENbLHOIO UHTepBana m = n-1).

Ha pwvc.3.3 npuBeaeHsl kpuble f(x?) ANS pasnuuHbIX 3HAYeHWit m. TN Kpu-
Bble aCUMMETPUYHbI, NPUYEM acMMMETPUS OCOBEHHO Pe3Ko BbipaXeHa npu ManbixX
3HaueHusix napametpa m. Tak, npu m =1 u x*=0 kpuBasi yXxoauT B GECKOHEYHOCTb, a
npmum=2u X2=0 OHa JocTuraeT MakcumaribHoro 3HaveHus, pasHoro 0,5. Mpn m>2
KpuBble UMEOT MakCUMyM Mnpwu X2max =m - 2. MNpun 6onbwnx 3HavyeHnsx m (m>30) Xz_
pacnpegeneHne nepexoauTt B HopMarnbHOe CO CpeaHUM 3HaYeHUEM m =+2m-1
W avcnepcueit 62=1.

[nsi NocTpoeHns LOBEPUTENbHOIrO MHTEepBana Ans AUCnepcun paccMoTpUM

COOTHOLLUEHHNE

P(yy <1 <x,)=B-R (3.34)

M ¢ yyeToM (3.32) pelunm cTosilLiee B cKoBKax HepaBeHCTBO OTHOCUTESNBLHO Gy :
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-1 -1
P(Sinz <0x2£Sin2 )=P, =P, (3.35)
P, P,
Szn_1<c5 2 g2
rgpe “x- o, X X - 3.36
e o, (5-99)

eCTb [OBEPUTENbHbIN MHTEPBAN ANS AUCNEPCUN Gx> C AOBEPUTENbHOI BEPOSTHO-

CcTbio P= P2- P1=1-(1.

a

f(®)
0,5
0,4
0,3
0,2

0,1

F(x?)

] 1 ] ] ] 1 1 ] >
L

0 2 4 6 8 10 12 14 16 18 ?

Puc.3.3. [1nomHocmb pacnipedernieHusi (a) u gpyHKUyusi pacripedesneHusi (6)
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Kak n npu noctpoeHMn OOBEPUTENBLHOrO MHTEpPBana Afs MateMaTUyecKoro
OXMOAHUSA B TEXHUYECKMX NPUINOXEHUAX 0ObIMHO NpuHUMaT Pi=a/2 n P,=1-0/2, a a.

BblbupatoT pasHbim 0,1 unun 0,05, pexe 0,01.

KBaHTunun pacnpegenexus lNupcoHa Haxopdat no tabnuuam (cm. [11] wnn

Tabn. 1.3), a B Microsoft Excel ans atoro ncnonssyetcsa gpyHkuna XU20BP.

rpaHI/ILI,bI OOBEPUTEIIBHOIO MHTEpPBAsla And cpeaHero KBagpatn4yHoOro OTKI10-
HEHUA ox HaxoOATCA nyTemM U3BJIeHYEeHUA KBaapaTHONro KOpPpHA U3 3Ha4YeHUN aosepu-

TeJlbHbIX rpaHnL, And gucnepcun.

B npumepe 3.1 no Tpem BbIGOPOYHLIM 3HaueHusam 351, 370 n 365, S;, =97
npn a = 0,05 (P4=0,05/2=0,025 n P,=1-0,05/2=0,975; XU20BP(0,025;2) = 7,377779
n XU20bP(0,975;2) = 0,050636) goBepuTenbHbIN MHTEPBan ANs AUCnepcun Teep-

OOCTKN COCTaBuUT

97E< o’ < 97E, WM Mocrne BbIMUCTEeHUA 26 <o’ <3880, a JoBepu-

b 9
TenbHbI WHTepBan [Ans CpegHero KeBagpaTUYHOro OTKNOHeHus Oyaet paseH
5<0<62.

3.2.3. OnpepeneHne HEOOXOAMMOro KONM4YeCcTBa ONbITOB
NP1 NOCTPOEHUN UHTEPBANIbHOW OLEHKU AJIA MaTeMaTU4eCKOro OXxXuagaHus

YBenunyeHne Konumyectea namepeHunn (Ymcna npob, obpasuyos u T.M.), Kak BUA-
HO 13 BblpaxeHun (3.27) n (3.31) gaxe Npu HEM3MEHHOM UX TOYHOCTU (ox = const),
MOXET YBENUYNTb AOBEPUTENBbHYH BEPOATHOCTb P Unu Ccy3nTb AOBEPUTESNbHbBIA WH-
TepBan 18 ons onpefeneHus OenNCTBUTESNbHOrO 3HAYEHUs M3MEPSIEMON BESTUYUHBI

(MaTemMaTM4ecKoro oxuaaHus).

Heobxoanmoe konnyecTtBo namepeHuin (obpasuyos, Npob u T1.n.) n Ana oocTu-
XeHnsa TpebyemMon TOYHOCTU & Npu 3agaHHON JOBEPUTENBHOM BEPOATHOCTM P MOXHO
onpegenuTb 3apaHee B TOM Crnyyae, Korga M3BEeCTHO OEWCTBUTENbHOE 3HaveHue
cpegHeKBagpaTUYHOIO OTKITOHEHUS Ox, @ 9KCNepUMEHTarbHble AaHHblE (M3MEPEHUS)

NOAYUNHAKTCA HOpMalribHOMY 3aKOHY pacnpeaeneHund.
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[enctButenbHO, npu 3TUX OONYLLEHUSX YMCIO U3MEPEHUN MOXHO onpene-

nnTb 13 BblipaxeHus (3.27)

2 2
Zi_q/2 " Oy 2 Ox 2 E

n> T =Zi a0 ? =Zi g (8) ’ (337)

rae € = ox /0.

Taknm obpasom, 4Mcno mamMepeHun n onpegendetca Tpebyemon [osepwu-
TENbHOWN BEPOATHOCTbIO P =1- 0 1 OTHOCUTENbHLIM (MO OTHOLLEHMIO K CpeaHeKBaa-
paTUYHOMY OTKIOHEHWIO) 3HAYEHMEM MOSOBUHBI LUMPUHBI JOBEPUTENBHOIO MHTEPBa-
na o6, 1.e. TpebyemMon TOYHOCTbIO OnpeaeneHnss U3MepsSieMOn BENUYUHbBI. Tak, npu
P=0,95, 20975 = 1,96 n npun 6=cx YMCNoO namepeHu pasHo 4. Npn yBennyeHumn Heob-
XOOMMOW TOYHOCTU U3MEPEHUN B 2 pasa, T.e. CY>XeHUN JOBEPUTENbHOro MHTepeana
00 BenuuuHbl 6=(1/2)cx, HEOBXo0aMMOe 4YUCNo n3mMepeHnn coctasuT 16. HeTpygHo
3aMeTUTb, YTO HEOBXOOMMOE YMCNO U3MEPEHUN C YBESNIMMEHMEM TOYHOCTWU BO3pac-

TaeT B KBaD,paTVI‘-IHOI‘/JI 3aBNCUMOCTWN.

Kak npaBuno, gencrTeuTenibHOe 3HavyeHne cpegHekBagpaTUYHOM OWKBKM (oy)
HEen3BEeCTHO, a UMeeTCs TOSbKO ee oueHka (Sx). B aTom crnyyae cnegyeTt BOCnonb30-
BaTbCA CooTHoweHnem (3.31), T.e. kputepnem CTblogeHTa, U HeobXxoauMoe 4Yncno

N3MepeHuin onpeaensaTb U3 COOTHOLLEHMS

t2 ‘S2 S 2
nxt =y || =t -8’
5 a,m

(3.38)

roe € = S,/6.

[Mpu pacuyeTax No 3TOMy ypaBHEHUIO criedgyeT UMEeTb B BUAY, YTO 3HAYEHue
KpuTepua CTbloAeHTa 3aBUCUT He TOSMbKO OT o, HO M OT Ynucna creneHen csoboabl m,
nocnefHve Xxe onpeaensrTCs YUCIIOM U3MepeHuin. B cBsA3M C 39TMM ypaBHeHue
(3.38) cnegyet pewartb MeTo4OM nocnefoBaTenbHbIX NpubnukeHun. B kayecTtse
Ha4yanbHOro NpUGNMXeHNss MOXXHO 3a4aTb, B YACTHOCTU, YNCIO U3MEPEHMUI, pacCym-
TaHHbIX No dopmyne (3.37). Tak, ecnu pewnTb NnocrnegHee ypasHeHMe MeTo40M Mo-
cnepoBatenbHbIX NPUBAMKEHN, TO MOXHO NokasaTtb, 4To npun P=0,95 (a=0,05) gnsa
onpegerneHns JOBEPUTENbHOMO MHTEpBara C TOYHOCTbIO 0=Sy TpebyeTca 7 namepe-

HUK, a ¢ ToYHOCTbIo 6=0,5S,— 19. C noBbilLeHNEM HEODXOANMOWN TOYHOCTU pasfnnyme
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B YMcne uaMepeHnn, paccuymtaHHbix No cooTHoweHuam (3.37) n (3.38), ymeHbLUaeT-
CA W, KaK NokasblBalOT pacyeTbl, Npu BenuyuHe 6<0,2Sx oHM NpakTuyeckn coBnaga-

HOoT.

B npumepe 3.1 goBepuTenbHbIN MHTEPBAN AN MaTEMaTUYECKOro OXMOaHUS
TBEPAOCTM Ha MOBEPXHOCTU KaTaHWA rofioBKW pernbca coctaBun 6 = 24,45 (e =9,85/
24,45= 0,4), n ecnu 6bl Ham 6bINo0 HeO6XxoAMMO OnpeaennTb TBEPAOCTb C TOYHOCTLIO
+10HB (¢ = 1), To ana aToro notTpeboBanockb 6bl ewe, Kak MUHUMYM, YeTbipe U3Me-
peHus (Kpome yxe Tpex nmetrowmxcs). dencreutensHo, npu € = 1 n P=0,95 (a=0,05),
Kak yxe Gblrio oTMeueHo, no (3.38) nomyvaetcs n>z' ., (1] = (1,96)* ~ 4, 3aTem
npy m = 4-1 = 3 f52 = 3 (CTbIOOAPACNOBP(0,05;3) = 3,182449), no (3.27) nony-
vyaeM n>1f;.,-1>~9; Ha cnepyloweit uTepaumm fooss = 2,3 (CTbIOAPAC-

MOBP(0,05;8) = 2,306006), n = 2,32 =5 u 3aTem fyos4 = 2,8 (CTHIOAPAC-
MOBP(0,05;4) = 2,776451), n 2 2,8% =7.

KonnyecTtBo onbIiTOB, HEOOXOAMMBIX ANS NOCTPOEHUSI AOBEPUTENbHBIX UHTEP-
BanoB AN MaTeMaTU4ecKoro OXuaaHus npu HeKOTOpbIX Apyrux 8/Sx n P, npusene-
Hbl B Tabn. 3.1 (ansa P=0,95 B ckobkax npuBedeHbl 3HAYEHWUHA, pacCYUTaHHbIE MO
dopmyne (3.37)).

Tabnuuya 3.1

Heobxodumoe Konu4yecmao usamepeHul rnpu rnocmpoeHuu
dosepumeribHO20 UHMepesana 07151 MamemMamu4eCcKo20 OXudaHusi

5/Sx P=0,90 P=0,95 P=0,99
1 5 7 (4) 11

0,5 13 19 (16) 31

0,4 19 27 (24) 46

0,3 32 46 (48) 78

0,1 273 387 (384) | 668

3.3. Cmamucmu4eckue 2unomes3sbl

Kak y>XKe BUOHO U3 N3NO0XEeHHOro Bbille MaTtepuana, npn ctatTuctn4eCkom oLe-

HMBaHUKM (T.e. NpU NPUBAMXKEHHOM OnpeaeneHnn crnyyanHom BenuumHbl) gnsa oboc-
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HOBaHUS (COCTOATENBbHOCTU, HECMELLEHHOCTU U 3(PEKTUBHOCTM) BbibOpa Ton mnm
MHOW OLIEHKN HEU3BECTHOro napameTtpa pacnpeferneHus npuxoauTcs BbiCKasbiBaTb
npeanonoXeHune, 4YTo, HaNnpUMep, criydarHas BenMynHa He NpoTUBOPEYNT HOpMarb-
HOMY 3aKOHy pacnpegerneHus. Kpome Toro, MCnonb3oBaHne BCEX NMEILLUNXCH BblOO-
POYHbIX 3HAYEHUN NPW pacyeTe OLEHOK, TaK UM UHadve, npeanonaraeT, YTo cpean
HUX HeT rpybbix ownboK (pesko Bbigensawmuxcs 3HavyeHun). C ewe 60nbLIMM KOnK-
YEeCTBOM pasnuUyHbIX NPeanonoXeHnn (rmnotes) NpUXoanTCs CTankmBaTbCs, KoOraa
HeobXxo4MMO He TONbKO onpefenaTb CryvyanHble BefMYuHbl, HO U CpaBHMBATb WX
mexay cobon, n Tem 6onee, korga no pesynbTatam KCNEPUMEHTa CTPOUTCHA (PYHK-

UnA OTKITUKA.

CraTtuctmnyeckas rmnortesa — nwoboe npeanonoxeHune, Kacawueecqa HeEN3BECT-

HOro pacnpegeneHust criydanHom BeSIMYMHbI.

Hanpumep, cneunanucta nHtepecyeT, yaanocb nv ob6UTbCA NOBbILLEHUSA Me-
XaHNYeCKON MPOYHOCTU OKaTbiLen NPy UCMOMb30BaHNUN HOBOW TEXHOMOMMN NX 06Xun-
ra. OH MoXeT cdopMynMpoBaTh crnefyoLlyo rmnotesy: "MexaHnyeckasi NPOYHOCTb
oKaTbIWeN yBenuuunace". 3ta runotesa (Hyneeas rmnotesa) 6ygeT noanexartb npo-
BEpKe B X04e npoBefeHusi onbIToB. Kpome Toro, MOXHO copMynuposaTb 1 nobyto
ApYryto (anbTepHaTUBHYI) rmnoTesy, Hanpumep: "N3MeHeHns MexaHUn4eckon npoy-
HOCTM He npou3owsio” nnu "MexaHu4eckas NPOYHOCTb OKaTbiWen, HaobopoT, Aaxe

yMeHbLUMnace".

[Mpouecc NPUHATUA peLLeHUss Ha3blBaeTCH NMPOBEPKON CTaTUCTUYECKOW rmno-
Te3bl. [MoCKOMbKy Mbl BblABUranu rmnoTesy, onupasicb TONbKO Ha CryyYanHble BblOO-
POYHblE 3HAYEeHWs, HawW BbIBOAbI ByAyT HOCUTb BEPOSATHOCTHbLIN XapakTep, TO eCTb
Mbl HE MOXeM AaTb TOYHOro oTBeTa: Aa unu Het. MoxHo OyaeT Nub C HEKOTOPOW
Aornen yBepeHHOCTU (C HEKOTOPOW BEPOSATHOCTLIO) YTBEPXAaTb, YTO AaHHbIE HEe Mpo-

TnBope4yart (I/IJ'II/I I'IpOTI/IBOpe‘-IaT) npennonoXxXeHuto.
CtaTtncTmyeckune rmnoTesbl MOXHO pasgoenntb Ha cneayrwne rpynnbl.

1. TwnoTe3bl 0 NapameTpax pacnpefeneHvsi. AT rMnoTesbl NPeACcTaBnsAT
coboii NpeanorioxeHne o0 3HaYEHUN HEKOTOPbIX NapaMeTpoB pacrnpenene-
HUS1 reHepanbHo CcoBOKynHOCTU. [lycTb, Hanpumep, BbiCKa3biBaeTCs Mu-
noTtesa 0 TOM, YTO NapaMeTpbl (MaTemMaTUYecKkoe OXxuaaHue, gucnepcumn) B

ABYX Bblbopkax paBHbl mexay cobon. OBblMHO rMNOTE3bl O NapamMmeTpax
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pacnpengeneHnda MOXHO BblABUraTb, pacnonaraa pJoctaTto4YHO 6onbLon
I/IH(bOpM&U,I/IGI?I 0] reHepaanoﬁ COBOKYIMNMHOCTU U nmed BeCOMble OCHOBa-

HNA CcHNTaTb M3BECTHbLIM €€ 3aKOH pacrnpenesieHnA.

2. T'vinoTesbl 0 BMAe pacnpeaeneHus. 31o bonee obwme rmnoTesbl, OHWN Bbl-
ABUraloTCsa B YCNOBUSAX HELOCTAaTOMHOW MHGOPMAaLMM O reHepanbHOW Co-
BOKynHocTu. o BbIGOpKe BbigBUraeTcs rmnotesa O TOM, COOTBETCTBYHOT
N [AaHHble, HaNpUMep, HOpMarnbHOMY 3aKOHY pacrnpeaeneHus. 3ameTum,
YTO NPOBEPKa rMnoTe3bl O HOPMANbHOCTM pacnpeaeneHns MoXeT NOMOYb
Npu ganbHenwen obpaboTke BbIGOPKM: €CrK CriyYanHyo BENNYMHY OOCTa-
TOYHO YBEPEHHO MOXHO CYMTATb HOPManbHO pacnpeneneHHon, TO K Hew
NPMMEHUMbI BCE TEOPEMbI O HOPMAsbHbIX BENWYMHAX, B YACTHOCTU MMe-
€TCA BO3MOXXHOCTb NMOCTPOUTb [AOBEPUTENbHbBIE MHTEPBArbI A5 NapameT-

pOB.

HyneBas rmunotesa Ho — rmnoTesa, nognexawias NMpPoOBEpPKe. 9OTO rmnoTeaa,

nmewwas Hambonee BaxHoe 3Ha4yeHne B nposoaMMOM UCCIiegoBaHUN. HyneByro
rmnoTesy BblABUIMAOT N 3aTeM MPOBEPAIOT C MOMOLLbIO CTaTUCTUYECKNX KPpUTEPUEB C
Lenblo BbISIBIEHNA OCHOBaHUW AN €€ OTKIIOHEHUS U NPUHATUA aJ'IbTepHaTI/IBHOIZ

r’mnoTeasbl.

AnbTepHaTtuBHaga rmnortesa Hi — kaxaas agonyctnMasa runortesa, oTrim4Hada oT

HyneBon. OBbIMHO B KayecTBe anbTepHaTUBHOW MNOTE3bl MPUHUMAT FMnoTesy

BTOPYHO NO 3HAYMMOCTHU nocre OCHOBHOM.

MNpeanonoXxeHne, KOTOPOe KacaeTCsi HEM3BECTHOrO MapameTpa pacnpegerne-
HWS, KOrda BUA pacnpenerneHns M3BecTeH (Hanpumep, 3akoH [aycca), HasbiBaeTcs
napamMeTpUYecKon rMnoTe3on, a NpeanorioxXeHme, Npu KOTOPOM BUA pacnpeaeneHus

Hen3BeCTeH, Ha3blBaeTCHA HenapamMeTpUYeCcKon rmnoTe3on.

3agada uccnegosatensa 3aknioyaetca B TOM, 4ToObl Ha OCHOBe aHanusa
ONbITHLIX AAHHbIX, NOMYYEHHbIX MO BbIOOPKE, NPUHATL TY UMW MHYIKO TMNOTE3Y OTHO-
CUTENbHO CBOWCTB reHepanbHOW COBOKYMHOCTM, WUCMNONb3ys NpyU 3TOM Kakon-nmbo

cnocob (KkpuTepuin) NPOBEPKM BbICKA3aHHOIO NPeanosioKeHUs.

CTaTuCTMYECKUN KPUTEPUN — OAHO3HAYHO ONpedernieHHbIN Ccnocob MpoBepKu

CTaTUCTUYECKNX TUNOTES.
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KpuTepumn ans npoBepkn napameTpuyeckmnx rmnoTes HasblBaloTcs napameTpu-
YEeCKUMW, a Ansi NPOBEPKN HenapamMeTpuUYecKnx rmnoTes - COOTBETCTBEHHO Henapa-

MeTpU4YECKNMMN.

EcTecTBeHHO, 4TO npexae 4Yem MCNonb3oBaTb TOT UMM MHOW NapameTpude-
CKUN KPUTEPUN, SKCNEPUMEHTATOP AO0SMKEH HanWTK cnocob ybeamtbcsa B TOM, corna-
CyeTCs UNn HeT pacnpegeneHne uccregyemMon UM criydamHom BennYmHbl C TEM UNn

MHbIM TEOPETUYECKUM (Hanpumep, HopMarbHbIM) pacnpeaeneHnem.

Kputepun cornacmga — CTaTUCTUYECKUIA KPUTEPUN AN MPOBEPKU MMNOTE3bl O

cornacun (paBeHCTBe) pacripeferieHusi CriydarHOW BeSIMYUHbI UCCregyeMon COBO-
KYNMHOCTU C TeOpeTMYeCKUM pacnpefeneHmem unm rmnoTesbl O corfnacum pacnpege-

neHui B ABYX 1 6onee COBOKYMHOCTSX.

Kak n npyn cTaTMCTU4ECKOM OLEeHMBaHWUKN, NOOON KpUTEpUn MOXET BbITb Mno-
CTPOEH TONbKO Ha OCHOBE TeX pe3ynbTaToB HabMOAEHMI, KOTOPbIE UMEKOTCS B pac-
NOpSXKEHUN uccregoBaTtens, T.e. NyTEM BblYUCIEHUS TOW UM UHOW CTaTUCTUKU. A
KaK y>xe paHHee ObINio OTMeyeHo, nbas cTaTUCTMKa Kak HeKoTopas OyHKUUSA cny-
YanHon Benun4YMHbl (PYHKUMA OT pes3ynbTaToB HaAbNOO4EHMA) TakkKe ABNSETCS Cry-

YyanHoON BErnUYnHOMN.

Takum o6pas3om, CTaTUCTMYECKME TMMNOTE3bl BCEraa HOCAT BEPOATHOCTHbIN
Xapaktep. OTO roBoputT O TOM, YTO, OCHOBbLIBAsICb Ha TOW WM MHOW CTaTUCTUKE U
NpUHUMast HyNEBYIO TMNOTeE3y B KavyecTBe paboyen (NMbo oTeBepras aTy rmnoTesy n B
KayecTBe paboyen NpuHUMas anbTepPHATUBHYIO), UCCneaoBaTeNb MOXET COBEPLUMTD
ownbkn. Cutyauumn, BO3HUKAKOLWME MPU MPOBEPKE CTaTUCTUYECKUX TMnoTes, npea-

cTaBneHbl B Tabn.3.2.

1. Tunomesa Hy eepHa, u oHa He omegepzaaemcs, T.e. TMPUHATOE peLUeHne OT-

paxaet UCTUHHOE NnoJioXeHne n NpuHNMaeTCcAa BepHad rmnoteaa.

2. [unnomesa Hy 8epHa, HO OHa omeepcaemcsd, 1.e. B 3TOM Clly4dae AonyilieHa

owwunbka nepsoro poga. Owmnbka nepBoro poga — owmnbka, 3akmnoyaroLascd B

TOM, YTO OTBEPrarvT HYJNEBYIO TMNOTE3Y, B TO BPEMA KaK B AEeNCTBUTENBHOCTU
9Ta rmnoTtes3a BepHa. BepOFITHOCTb 3TOro cobbITnsa No onpegeneHnio paBHa

YPOBHKO 3HA4YMMOCTHU Q. YpPOBEHb 3HAYMMOCTU O — BEPOATHOCTb oLwmnbKn nep-

BOro poga. Tak Kak ypoBeHb 3HAaYMMOCTW 3afdaeTcs MPOU3BOSIbHO, MOXHO
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CHU3NTb BEPOATHOCTb OLUNOKM nepBoro poga Ao CKOJib yrogHO HU3KOro yposB-

HA.

3. lunomesa Hy HegsepHa, u oHa omeepaaemcs. ONaATb NPUHATOE peLleHne OT-

paxaetr UCTUHHOE NOJIOXEHNE N OTBEPraeTCA HeBEPHaA rmnoTeaa.

4. [unome3a H, HegepHa, HO OHa He omeepezaemcs. B aTom cnyyae gonyuweHa

owmnbka BTOporo poga. Owmnbka BTOPOro poga — owmndka, 3aknovarowascs B

TOM, YTO MPUHUMALOT HYNEBYIO MMNOTE3Y, B TO BPEMS KaK B AEACTBUTENbHOCTU
3Ta rmnoTtesa HeBepHa. Ecnn BeposaTHOCTb OWMBKM BTOPOro poga 0603HaunTb
Kak B, To BennymMHa 1 — 3 HOCUT Ha3BaHWEe MOLLUHOCTb KpuTepua. MouHOCTb
KpUTEPUSA — BEPOSITHOCTb TOrO, YTO €CNU BEpHa anbTepHaTUBHAA rmnoTesa, To

HyrneBasi rmnoTesa bygeT oTBeprHyTa.

Tabnuuya 3.2
Bo3MOXHbIe ucxolbl rpu rpogepKe cmamucmu4yecKux 2urnomes
dakTnyeckas Ho - npuHMmaeTcs Ho - oTBepraeTtcs
cuTyaums
Ho - BepHa [MpaBunbHOE pelueHne Owwnbka nepsoro poga (a)
Ho — He BepHa Owwmbka BTOporo poaa (B) lMpaBunbHOE pelueHne

3HayeHNs1 NPUMEHSIEMON ANsi AaHHOro KpUTEepUst CTaTUCTUKKU, MPU KOTOPbIX
ANs BbIOpaHHOro YPOBHS 3HAYMMOCTUN OTBEpPraeTcst HyneBasi rmnoTesa, obpasyoT Tak
Ha3blBaeMYy0 KPUTUYECKYH 0bnacTb.

Kputunyeckas obnactb w — o6nacTb co crieayLlmmmn CBOMCTBAMU: €CIN 3Ha-

YeHUs1 NPUMEHSIEMOWN CTaTUCTUKM NpUHaanexart AaHHOW obnacTu, TO OTBeprarT Hy-
NeBYIO rMNoTesy; B NPOTUBHOM Criyyae ee NpuHUMatoT.

lMpuBeOeHHbIE onpedeneHna HamevarT camyko NpPocTyo opMy MNPOBEPKM
cTaTtuCTUYeckmx rmnotes. [ns Toro 4Tobbl NOACHUTL CYLWIHOCTb 3TOro MeToaa, npea-
NONoOXuM, YTo BbIGOPOYHaAsA BenuuMHa O, npefcraBnsowas cobon HeCMELLEHHYIO
oueHKy napameTtpa ®p, MeeT MMNOTHOCTb pacnpegenerHuns f(®). Ecnn rmnoTesa, co-
cTodlas B TOM, 4TO ®=0g , BepHa, To (pyHKumMsa f(®) gormkHa nonagatb B CpeaHIo
obnacTb, Kak nokaszaHo Ha puc.3.4. BeposaTHOCTb TOro, 4to napameTp © He Byger

NpeBbIlaTh HWKHErO YPOBHS O1.y2,COCTABUT
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®1—ot/2
PO<0O,,,)= [fOHO=a/2

—0

BeposaTHOCTL TOro, YTo NapameTp O NPeBbICUT BEPXHUIA YPOBEHb O, PaBHa

PO>0,,,)= [fOHe=0/2

®a/2

CnepoBaTtenbHO, BEPOATHOCTb TOro, YTO MapameTp © BbINOET 3a npeaensi
nHTepBana [@1.4»; Oy ], cOCTaBNAET .. Tenepb NPUMEM BESIMYMHY o MAnown, YToObI
nonagaHue napameTpa © 3a npegenbl MHTepBana [O1.»; Oy ] ObINO MaNoBeEpPOSAT-
HO. Ecnn nocne nssnedyeHuns BbIOOPKM M oNpeaeneHnsa BENUUYNHbI © OKaXeTcsl, YTo
OHa BbIXOAMT 3a npefensl nHTepsana [@1.y2; Oqn 1 U NonagaeT B KPUTUYECKYHO 06-
nacTb, TO B 9TOM Cfy4ae eCTb Cepbe3Hble OCHOBaHWS MOABEPrHYTb COMHEHMIO Cnpa-
BEASIMBOCTb NnpoBepsieMon rmnotesbl ® = @g. C Apyron CTOPOHbLI, ecrnn napameTp O
nonagaeT B UHTepBasn [O1.,; Ogn ], TO B 9TOM Criyd4ae HeT Cepbe3HbIX OCHOBaHWUN
noaBepraTb COMHEHWUIO CNpaBenfMBOCTb MPOBEPSEMON MMNOTE3bl, U rMnoTesy pa-
BEHCTBA ©® = Oy MOXHO NpuHATL. Kak BunaHo n3 puc.3.4, owmnbka nepBoro poga Ao-
nyckaeTcs, ecnu rmnotesa BepHa, a napameTp ® nonagaeTt B 06nacTb OTKIOHEHUS
rmnoTesbl. OTcloga cnegyeT, YTO BEPOSAITHOCTb AONYCTUTb OLWMOKY MepBOro poaa

paBHa o, T.e. YPOBHIO 3HAYNUMOCTUN KpUTEPUS.

A

f(©)
O6nacTb NpuHATUS
Obnactb, ., Obnactb
OTKMOHeHUs | | oTknoHeHus
—_> —

Mnowaagb = /2 Mnowagb = /2
Mnowaab = 1-a
. | /N
O1-a2 G Ou/2

Puc. 3.4. Obnacmu npuHAMuUsi U OMKIIOHEHUS 2urnome3bl
rpu rpoeepke auriomes
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[nsa Toro 4Tob6bl HANTK, KakoBa BEPOATHOCTb AOMYCTUTb OWKNBKY BTOPOro po-
Aa, Heobxoammo 3agaTb onpeneneHHy BeNUYNHY OTKIOHEHUA UCTUHHOMO 3HAYeHUs
OT MMNOTETMYECKOro 3Ha4YeHus1 napameTpa, kotopoe TpebyeTtcsa onpepenutsb. MNpea-
NOSIOXKUM, Hanpumep, YTO WUCTUHHOE 3Ha4vyeHWe napameTpa B AeUCTBUTENbHOCTU
paBHO ®p+d unn Op-d, Kak NokasaHo Ha puc.3.5. Ecnun, cornacHo rmnoTese, ®=0, a
B OENCTBUTENBHOCTU O=0@( +d, TO BEPOATHOCTb TOro, YTO ® nonagaet B obnacTtb
NPUHATUSA TMNOTE3bl, T.€. B MHTepBan [O1.q4»; Oqz ], cocTtaBnseT B. OTO 03HAYaeT, YTo
BEPOATHOCTb AONYCTUTb OLWMOKY BTOPOro poda npwv BbISIBIEHUN OTKIOHEHUSA +d OT

rMNOTETUYECKOrO 3HaYeHNst ® paBHa P.

A

f(©)

Mnowaapb =B

Mnowaae =p

Mnowagp = Mnowagp =

1-B 1-B

| ) D | >
Oo-d  Oap o Ou2 Botd

Puc. 3.5. Obnacmu npuHamMuUsi U OMKIIOHEHUS 2uriome3sbl, cCoom-
gemcmeytouue ouwubke emopoao poda npu nposepKe aurnome3sbl

OueBunaHo, YTO Npun Nbom 3agaHHOM o06beme BbIGOPKM BEPOATHOCTb 4OMNYyC-
TUTb OWNOKY NEpPBOro poga MOXHO COKPaTUTb, YMEHbLUMB YPOBEHb 3HAYUMMOCTU .
OpHako npu 3TOM yBeNnuuMBaeTCs BEPOATHOCTb AOMYLLEHUs OWMOKM BTOPOro poaa
(CHWxaeTca MOLLHOCTb KpuTepus). Takum obpasom, B 60NbLUMHCTBE CNyYyaeB HEmMb3s
A0BUTBCA  MUHUMAaNbHOIO 3HA4YeHUs BEPOATHOCTEN o U B ogHOBpeMeHHO. MocTy-
naT 00bIYHO crnefyowmMm 0bpasoM: (OUKCUPYIOT BEPOATHOCTb oo OLLUMOKM MepBOro
poda, a 3ateM gobmBalTCAs MMHMMyMa BEPOATHOCTM B owmnbkn BTOpOro poga. 3a
CYET Yero MOXHO YMEHbLUUTb B Npy PUKCMPOBAHHOM 3HayeHuu o? 3a cyeT npa-
BUNbHOrO BblbOpa Kputudeckon obnactu: npu 3agaHHOW anbTepHaTtuee Hy KpuTu-
yeckyto obnacTtb BblbupatloT Takum obpasom, 4Tobbl 3HaveHne B (BEPOATHOCTb Npu-

HATb HEBEPHYHO rMNoTesy) ObiN0 HAMMEHbLUMM W3 BO3MOXHbIX. Takum obpasom, 3a-

72



3. MMPEABAPUTETIbHAS OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

Aada CoCTOUT B NOCTPOeHun Hambonee moliHoro kputepua (1- B) npyu 3agaHHOM

YpPOBHE 3HA4YNMOCTU Q..

Pasnuyatot OOHOCTOPOHHME N OBYCTOPOHHUE KPUTUYHECKUE obnactu. Pasnny-

Hble BapuaHTbl obnacTten npeacTaBneHbl Ha puc. 3.6.

Ecnu xotat ybeauTbecs, YTO odHa cnyyanHasi BEMMYMHA CTPOro Gornbliue Mnu
CTPOro MeHblle ApYron, TO WMCNONb3yHT OAHOCTOPOHHIOK KpUTMYECKYytd obnactb
(pnc.3.6.a,6).

Taknum obpasom, Ans gaHHoro cnyydaa  Hp: © = Qg ;
H{": © <0
H1(2) 0> @o .

Ecnn npoBepsitoT Kak NONOXUTENbHbIE, Tak U OTpULLATENbHbIE PACXOXOEHMS
Mexay M3ydaeMbiMy BENUYMHAMK, TO UCMOMb3YOT ABYCTOPOHHME KpUTUYEeckme ob-

nactu (puc.3.6,8)
Ho 10 =0g;
H1(3)Z O @o .

Mogsoas utor BCEMY BbllLIECKa3aHHOMY, aJlrOPUTM MPOBEPKU nodon craTtu-

CTUYECKOW rMnoTe3bl B cCamoM obLLEeM criyvae 3akniovaeTcs B Cnegyowem:
1) cbopmynupoBaHue Hynesown runotesbl Ho;
2) BbIGOp 0HON U3 anbTepHaTuBHbIX runoTtes Hi" H,@  H,®);

3) nowuck KpuTepusi, Mo KOTOPOMY MOXET ObITb NpoBepeHa chHOpMyrMpoBaHHas Hy-

nesag rmnotesa Ho;
4) pacyeT 3Ha4YeHUs CTaTUCTUKKU, NPUMEHAEMON AN AAaHHOMO KpUTepus;
5) BbIGOp YPOBHSA 3HAYMMOCTU Q;
6) NocTpoeHue KpuTuyeckom obractn w nNpy BbldpaHHOM YPOBHE 3HAYUMOCTU a;

7) NPUHATUE PEeLUeHWs: eCnn 3HaYeHne CTaTUCTMKN nonasno B KPUTMYECKYo obnacTb
— HyrneBasi runoTesa oTBepraeTcsi, NPN 3TOM BEPOSITHOCTb OLUIMOKM (MepBoOro po-
Aa) He npeBblwaeT BblOpaHHbLIN YPOBEHb 3HAYMMOCTU; B NPOTUMBHOM criyyae —

HylneBad rmnoTte3a nNnpuHNMaeTCA.
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a 0 B
f(O f(® f(®
© L f(0) f(0)
O6nacTtb Ob6nacTtb 06 ObnacTtb ObnacTtb
npuHaTKs |O6nacTb OTKIOHeHus = 71acTb OTKMNOHEHWS OTKMOHEHVsI
—— » OTKNOHEHUS —>»| NpuHATUA — > D
——
— /—\
2 g
o o &
o ol2 gz ol2
S 3
Oc
7 / 3 > / A G
Kp Kp Kp Kp
®np,a ®nes,a ®nea,a/2 ®np,a/2

Puc. 3.6. Kpumuy4eckue obracmu niomHocmu pacrnpedesieHus:
a — rpasoCMmMOpPOHHSIsi, 6 — 11e80CMOPOHHSISA, 8 — O8YCMOPOHHSIS

Mpn ncnonb3oBaHMM MexaHM3Ma CTaTUCTUYECKUX rMNoTe3 crieayet NOMHUT,
4yTO faxe B cnydae npuHATUS Hynesow runotesbl B 100a% BbiIBOA OyaeT owmnboy-
HbIM B CBSI3W CO BCerga MMeLencs BepOATHOCTbIO COBEPLUNTL OLUMOKY nepBoro
poaa. Npuyem ecnu 3HayeHne CTaTUCTMKN He nonagaeT B KpUTUYECKyto obracTb, TO
npexae, YeM nNpUHATb HyneByl runotesy, HeobxoOuMO OUEHUTb BEPOATHOCTb
oLwmnbkKn BTOPOro poaa, T.e. paccumTaTb MOLHOCTU KpuTepus. Ecnu xe ero BenuuvHa
OKa3blBaeTCA HeoCTaTOMHOW ANA pelleHus NocTaBneHHoN 3adayn, Tpebyetcs yBe-
nn4yeHne obbema OnbITHbIX AaHHbIX (OAHAKO MOCKOSbKY Npy 06paboTke aKkcnepumeH-
Ta uccrnegoBaTeny 3a4acTylo YXe He MMEKT BO3MOXHOCTU YBENnYUTb 06beM Bbl-

Bopkn, TO OHM OBBLIYHO MPOMNYCKaKT AAHHBLIN NMYHKT).

3.4. Omcee epybbix noepewHocmeu

Yacto gaxe TwatenbHO NOCTaBMEHHbIE 3KCMEPMMEHTbI MOryT AaBaTb Heod-
HOpPOAHbIE AaHHbIE, NMOCKOMbKY B NpoLecce aKCnepumMeHTa MoryT M3MEHUTbLCS YCIlo-
BMS npoBefeHnst onbiToB. Ecnun akcnepumeHTaTop MO KakMM-nvbo npuymHam He
YNOBUI 3TUX U3MEHEHUN, HabMAEeHUs, COOTBETCTBYHOLMNE Pa3HbIM YPOBHAM (hak-
TOopoB, ByayT NpvHaanexaTb K pa3HbIM reHeparnbHbIM COBOKYNHOCTAM. [JaHHble, Co-
OTBETCTBYIOLUNE M3MEHMBLUMMCS YCMNOBUSIM, Ha3blBAlOT rpyObIMM MOrpeLIHOCTAMM
(owmbkamn) nnn pesko BbigensaWMMUCA (aHOManbHbIMK) 3HaYeHusaMn. [pybble no-

FPELIHOCTM NOSIBNSATCS Takke Npy HEMPaBUIbHOW 3anMcy NokasaHuii Nnpnbopos.
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B nutepatype npuBogAaTCs CBeAEHMS O TOM, YTO SKCMEepUMEHTanbHble AaH-
Hble MoryT cogepxatb ~ 10% aHoManbHbIX 3HavyeHnn. OgHako atn 10% moryT gatb
CUMNbHOE CMELLEeHne Npu oLeHKe napameTpoB pacnpegeneHns, ocobeHHo anga guc-
nepcun, Tak Kak OLIMBKN 3aMEeTHO OTKIOHAKTCA OT OCHOBHOW rpynnbl 3HA4YEHW, a Ha
ancnepcuto 0CoO6EHHO CUMBbHO BUSIOT KpawmHWe 4neHbl BapuauuoHHOro psaa (Ba-
PUALMOHHBIA psia — pes3ynbTaTbl HabnaeHWn, pacnonoXeHHble B BO3pacTaloLLen
nocnefoBaTeNbHOCTU X< Xo< X3 ... < Xj ...SXp).

B cnyyae otceBa rpybbix norpeluHocTen (owmnbok) Hynesas runotesa opmy-
nupyeTcsa cnegyrowmnm obpasom:

Ho :"Cpeau pesynbtatoB HabnwogeHun (BbIBOPOYHBIX, OMbITHLIX AaHHbLIX) HET
pe3Ko BblAensowmxcs (aHoManbHbIX) 3Ha4YeHU ",

AnbTepHaATUBHOW rMNOTE301M MOXET ObITb

nm6o H{": "Cpeau peaynbtaToB HabntogeHUi ecTb ToMNbKo ogHa rpy6ast owwmbka”,
nmbo H1(2): "Cpeau pesynbTaToB HabnwaeHnn ectb Ase unm bonee rpybbix owmnb-
Kn".

B nutepaType MOXHO BCTPETUTb BOMbLUOE KONMYECTBO Pa3fiMYHbIX KpUTEPUEB
ans otcesa rpybbix norpewHocTen HabnogeHun. OBbIYHO 3KCNEPUMEHTATOPbI NMe-
I0T eNo ¢ BblIGopkamMu HeGorbLLIOro 06beMa (T.e. Koraa reHepanbHas AUCNEPCHS Gy
HEM3BeCTHa U OLEHMBAETCS MO OMNbITHbIM AaHHbIM Yepe3 BbIOOPOYHYH AMCNEPCUto
S,%), MpM4YeM MMEHHO B 3TOM Cllyyae aHoMarbHble AaHHble UMeloT GOonbLLOii Bec.
Hanbonee pacnpocTpaHeHHbIMU U TeopeTn4yeckn OBOCHOBaHHbLIMM B 3TOM Cry4vae
sBnsitoTcs kputepuii H.B. CmupHoBa (ucnonbayetcst npu Hqi'" ) n kputepuin Qukcona

(npumennm kak npu H1", Tak n npn H,@).
3.4.1. Kputepun H.B. CmupHoBa

Ecnun n3BecTHo, YTO ecTb TOSIbKO OAHO aHOMaribHOe 3HaveHue (anbTepHaTuB-
Hasg rmnoTtesa H1(1) ), TO OHO ByaeT KpaHUM YreHOM BapuaunoHHoro psaa. [Noatomy
NpoOBEPATb BbIOOPKY Ha Hanuune oaHoWn rpybon OwmbKM eCTECTBEHHO NPU MOMOLLM

CTaTUCTUKKN

u, = , (3.39)
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nnu

eCnW COMHeHVe Bbl3biBaeT NepBbIN YNeH BapuaLMoHHOro psiga X, = min x; |
1

u =% (3.40)

€CN1 COMHUTENEH MakKCUMarbHbIA YNEH BapnaunoHHoro psga X, = MmMax.x,
l

OTOT Kputepun eBnepsble Obin npeanoxeH H.B. CmnpHoBbiM. OH nccnegosan

pacnpegenenune cratuctuk [(3.39), (3.40)] n coctaBun Tabnuubl NPOLEHTHLIX TOYEK

Uq,n (kBaHTUAKM Nopsagka p = 1 —a) gna a = 0,1; 0,05; 0,01 npn 3 < n <20 [11].

Mpu BbIOpAHHOM YpPOBHE 3HAYMMOCTM O KpUTMYEeckast 06nacTb Ans Kputepus

H.B. CmupHoBa cTpoutca cnegyowmm obpasom:

Uq > Ugn WUIN Up > Uqgn , (3.41)

rae Uqn— 9TO TabnuyHble 3HayYeHuna (cMm. [6] unu tabn. .7).

B crniydae eclnn BbINOJIHAETCA nocrnegHee ycnosue (CTaTI/ICTI/IKa nonagaeTt B

KPUTUHECKYHO O6J'IaCTb), TO HyleBad rmnoTe3a OTKITIOHAETCA, T.e. Bbl6pOC X1 UNN Xy HE

Cry4YaeH W He xapaKTepeH Afis paccMaTpMBaeMOW COBOKYMNMHOCTM AaHHbIX, a onpeae-

NAeTcs U3MEHUBLUMMMUCS YCIOBUSMW UNKU rpybbiMM owmnbkamu npu nNpoBeAeHUn

onbIToB. B atom cny4vyae 3Ha4deHune X1 Unn X, UCKIK4arT M3 paCCMOTpPEHUA, a Haun-

OEHHblE paHee OUEHKM noaBeprarTcAa KOPPEKTUPOBKE C YyH4ETOM OT6pOLIJeHHOFO pe-

3ynbTaTa.

3.4.2. Kputepuin [IukcoHa

B Kputepummn ,D,I/IKCOHa NPUMEHAETCA CTaTUCTUKA:

e E€Clin nogo3puternbHaa «4yxepogHasa» TOYKa UMeeT Hanbonblee 3Ha4e-

Hue,
X —X, _.
NS (3.42)
. xn_xj-f-l

e eCnun nogo3putelibHaa «4yxXepoaHada» TO4YKa MMeeT HaunMeHbllee 3Hade-

Hue,
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A (3.43)

1’4]
xn—j - xl

A€ Xn, Xn-i, Xj+1 — 471€HbI BapUauUOHHOIo psaaa X1 X2 X3 ... S X ...<Xp.

ﬂ,VIKCOHOM Oblnu nonyyeHbl pacnpeneneHna ana rio, i1, ra, rzo, 21 U rpz 1 No-
cTpoeHbl Tabnuubl ans a = 0,1; 0,05; 0,01 1 0,005 npn 3 < n < 30 [11].

Cratuctuka
X, =X,

Ho =— :
xn - xl

NCNonb3yeTcs AN MPOBEPKM MAKCUMATbHOTO MMM MUHUMANbHOMO YneHa BapuaLm-
OHHOrO psifa (ogHa rpy6ast owmbka, anbTepHaTusHas runotesa Hy™" ) npu 3<n<7.
Ecnn npu Tom xe obbeme BbIGOPKV NpeanonaraeTcs Hanuuue asyx u 6ornee pesko
BbIJENSIOWMXCS 3HAaYeHNi (anbTepHaTvBHas rvnotesa Hq? ), To ucnonbayertcs cra-
TUCTUKA Iyg.

CTaTUCTUKM KpuTepms [MKCOHa, UCTonb3yeMble npy ApyrMx obbemax BbliGop-
Kn, npuBeaeHbl B Tabn. 3.3.

Tabnuuya 3.3
Cmamucmuku kpumepusi [JukcoHa, ucrosib3yemble
npu pasnuyHbix obbemax 8bI60pKU N

O6bem BbLIGOPKK Yuncno rpybbix norpeLHocTen
n oAHa aBse n bonee
3...7 o 20
8...10 r 2o
11...13 21 21
14...30 22 I0Y)

KpI/ITI/ILIeCKaFI obnactb B Kputepun ﬂ,MKCOHa BbIrMAAONT aHalNnorm4Ho KpUTeputo

H.B. CmupHOBa ¥ BKMOYaeT 3Ha4YEeHUS
rij > (rij) a,ns (344)
rae (fi) on — TabnuyHble 3HayveHuns (M. [11] unu tabn. 1.8).

PaccmoTpum HebonbLuon npumep.
Mpumep 3.3. NupomeTpom n3mepsieTca TemnepaTtypa NnoBEPXHOCTU HarpeTo-

ro Tena (Hanpumep, NpoKkaTbiIBAEMOI 3aroTOBKM, NpudeM Oyaem npegnonaraTb, YTO
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TemnepaTypa ee BMANMOM NMOBEPXHOCTU BO BCEX TOYKaxX oAmHakoBa). bbino npose-
OEHOo LWecTb uamepeHnn temnepatypbl T °C, 1 nony4veHbl crnegylowme 3HayYeHus:
925, 930, 950, 975, 990, 1080 (n = 6, npu4em, Kak BUOHO, BCE 3HAYEHUNSA NPUBELEHDI
B BO3pacTaroLlen nocrnenoBatesibHOCTH, T.€. B BUAE BapuauMoHHOro paga 741=925 <
T2=930 < T3 =950... <T¢=1080). MoxHo nn 3Ha4eHne Te=1080 cumTtaTtb rpybon no-
rPELHOCTbLI0, MOSTyYEeHHOW, OOMyCTUM, B pesynbTaTte HenpaBWUiibHOW perncrpauuu
nokasaHun nupomeTpa?

[lns oTBeTa Ha NocTaBreHHbI B 3TOM NpuMepe BOMpOC npeaBapuTenbHO Bbl-
YUCNUM OLEHKN NapamMeTpoB pacnpeaeneHus nccnegyemMomn criydyanHon sennyvHbel T

(npennonaraﬂ, YTO OHa He NpoTUBOPEYUT HOpPMallbHOMY 3aKOHY pacnpe,qeneHVlﬂ):

BbIGOPOUHOE cpeaHee apudmeTnyeckoel U BbIBOPOUHOE CpeAHee KBaApaTUYHOE

OTKNOHEHMe St:

T =137 =(925+930+950+975+990+1080) /6 =975;

n o

n n 2
S2 = {ZTﬁ —1(21] }:L[@zs2 +930% +950° +975% +990° +1080%) —
i=1 N o

1
n—1|4 6-1

—%(925 +930+ 950 + 975 + 990 + 1080)*] = 3280;

S, =+4/S; =+/3280 =57,27.

B anekTpoHHbix Tabnuuax Microsoft Excel ana atux pacyeTtoB MOXHO ObIno
Obl ncrnonb3oBaTb ase cTaTucTnyeckme dYyHKLMN CP3HAY
(925;930;950;975;990;1080) =975 n CTAHOOTKITIOH (925;930;950;975;990;1080)=
57,27128.
Tenepb BOCNONb3yeMcs NpeasioKeHHbIM Bbille anropuTMOM NPOBEPKM CTaTu-
CTMYECKMX TMnoTes.
1. ®opmynupyem Hynesyto runotesy Hoy: "Cpegm sHaveHnn 925; 930; 950; 975; 990;
1080 HeT rpyObix norpeLluHocTen".
2. WNcxopa ua ycnosui npumepa 3.2, BblbnpaemM crneyoLlyo anbTepHaATUBHYO N-
noteay Hq": "3Hauenne 1080 siBnsieTcs (OAHON) rpyGON NMOTPELLHOCTBLIO".
3. CdopmynupoBaHHaga HyneBas runotesa Hy moxeT ObiTb NpoBepeHa no ndomy

N3 NPUBEAEHHbIX B 3TOM pasfene KpuTepueB, T.e. kak no kputepuio H.B. Cmup-
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HOBa, TaK M Mo kpuTeputo [ukcoHa (XOTa B nuTepaType MOryT ObiTb HavdeHbl U
apyrve kputepun). 1ns Havyana octaHosuMmcs Ha kputepun H.B. CmupHoBa.
4. 3HayeHue ctatuctukn kputepma H.B. CmumpHoBa B npumepe 3.2 paBHO (CM.

(3.40))
_T,-T 1080-975

u — L
s, 57,27

YpoBeHb 3Ha4MMOCTH a npumem pasHbiM 0,05.
Mo tabn. MN.7 npn a = 0,05 u n = 6 HaxoauM Ugos6 = 1,82, N ¢ ncnonbL3oBaHMEM
(3.41) cTpoum KpuTn4eckyto obnactb w: Us > Upos6, T.€. Us > 1,82.

7. TpyvHMMaeM pelleHne: NOCKONbKy 3HadeHne ctatuctukm (1,83 > 1,82) nonano B
KpuTuMyeckyto obnacTb — Hyneasi runotesa oTBepraeTcs, U B kadecTBe paboden
NPUHUMaETCa anbTepHaTMBHas runotesa, T.e. 3HaveHne 1080 ¢ BEpOSATHOCTLIO
0,95 (ypoBeHb 3HaunmmocTu, He npesbiwaeTt 0,05) no kputeputro H.B. CmupHoBa
MOXHO cuYuTaTb rpybon NorpeLlHoOCTbIO.

NHTEepecHO OTMETUTL, YTO ecnu Gbl Ha aTane 5 mbl NpuHanu a = 0,01, no Tab-
nuuam kputepma H.B. CMmupHoBa Upo1.6 = 1,94 1 nogcymMtaHHOEe 3HayYeHue cTaTucTu-
K/ NPy 3TOM YPOBHE 3HAYUMMOCTW , TO OHO He nonano Bbl B KpUTUYECKYo obnacTb
(1,83<1,94). CnepoBatenbHo, npu a = 0,01 Mbl HE MOXEM OTBEPrHYTb HYNEBYH M-
notesy, T.e. no kputepuo H.B. CmupHoBa c BeposTHoCTbiO 0,99 (HageXHOCTbHo,
OOCTOBEPHOCTBIO) Mbl HE MOXEM cka3aTb, 4YTO 3HadyeHune 1080 ssnsetcsa rpybon no-
rPELLHOCTbIO.

B 3aBepLueHne gaHHOro npumepa paccMoTpuM, Kak Obl BbIrnsgeny Hawwum pac-

YeTbl, €Cnin Ha 3Tane 3 Mbl Obl OCTAHOBUNUCL HA KpuUTepun [UKCoHa.

4. MNpn n = 6 U anbTepHaTMBHOM rMNOTe3e, YTO UMEETCHA TONbKO OAHa rpybasi no-
rPELHOCTb, B KpuTepun [AMKCOHA MCNONb3yeTca CTaTUCTUKa rip (CcMm. tabn. 3.3),

3HayeHue kotopou B npumepe 3.2 (cm. (3.43)):

T, ~T,, T,—T, 1080-990

T,-T,, T,-T, 1080-925

Iy =

0,581.

5. YpoBeHb 3Ha4MmocTn a npumem pasHbiM 0,05.

6. Mo Tabn. MN.8 npn a = 0,05 n n = 6 Haxoanm (ro) 0,05:6 = 0,560, U ¢ MCNonNb3oBaHU-

eM (3.44) cTpoum KpuTmn4yeckyro obnactb w: rip > (r10) 0.05:6, T-€. r10> 0,560.
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7. MNpuHMMaeM pelueHue: NOCKoNbKy 3HadveHue ctatuctukm (0,581 > 0,560) nonarno B
KpuTU4eckyto obnacTtb — Hynesas rmnoTesa OTBEpraeTcd, U B kadyecTBe paboyen
npUHMMaeTCcs anbTepHaTuBHas, T.e. 3HadeHne 1080 ¢ BepoaTHocTbo 0,95 K no

KpuTeputo [IMKkCoHa MOXHO cYMTaTh rpybom NorpeLlHOCTbIO.

3ameTuMm, ogHako, kak n no kputeputo H.B. CmupHoBa, BbickazaTb nogobHoe yTBep-
xXaeHve ¢ BepoAaTHocTbo 0,99 no kputepuio [JMKCOHa Mbl He MMeeM npasa, NOCKOSb-
Ky no Tabnuuyam (r10) 0,01;6 = 0,698.

3.5. CpaeHeHue dsyx psidoe HabnrodeHul

Mpwn npoBedeHMN M aHanu3e pes3yrbTaToB 3KCMEepUMEHTaNbHbIX MCCrenoBa-
HWI Y4acTo NPUXOAUTCS CpaBHMBATb ABE NAPTUW U3LENUIA, NoKa3aHUs ABYX MIN He-
CKOMbKMX NpubopoB, aHanManpoBaTb pesynbTaTbl paboTbl OOHOTUMHBLIX arperaTos,
CpaBHMBaATb pe3ynbTaTbl MCCNefoBaHUA ABYyX Npob maTepuanos 1 T7.4. BoT HekoTo-

pble NpUMepbl NOA0BHbLIX CUTyaLMA.

1. Heo6xoanmo cpaBHUTbL NokasaHUs ABYX NPUBoOpPOB, 3MEPSIOLLNX OOHY U Ty
X€ BENUYMHY, Koraa 3TUMK pabouymMMu CpeacTBaMmn M3MEPEHUIA NonyYeHo ABa psiaa
HabnoaeHnn gaHHoW BenmymHbl. OAMHaKoBa N TOYHOCTb M3MEPEHUS OOHOrO M TOro

Xe TEXHONOrMYECKOro napaMmeTpa pasHbiMu npnbopamm?

2. TpebyeTca noBepuTb paboyvee cpeacTBo M3aMepeHus (T.e. onpeaenntb, He
BbIXOOAT N MOrPELLUHOCTN €ro U3MepeHun 3a npeaensl pernaMmeHTUpPoOBaHHbIX 3Ha-
YeHu) ¢ NoMOoLLbD 06pa3LOBOro cpeacTea naMepeHns. PaBHo nn matemaTnyeckoe
OXMAaHue nokasaHui OaHHOro npubopa OeNCTBUTENbHOMY 3HAYEHUIO M3MEPSIEMOro

napameTpa?

3. [Ba arperata BbinyckalT OAHY U Ty e npoaykuuto. Heobxoanmo caenatb

BbIBOZ O TOM, KaKOW U3 HUX Jydlle unm xyxe B KakoM-nnbo cmbicne.

PelueHne nogobHbIX 3a4ay OCYLLECTBINSIETCSA Takke C UCMONb30BaHNEM anna-
paTa NpPOBEPKM CTaTUCTMYECKMX rmnoTtes. Beab ecnn Ham Heobxoommo 6bino Obl
CpaBHUTb ABe Cchy4vanHble BenuumHbl X 1 Y, nmewwme HopmanbHoOe pacnpegene-
HWe, NPpY U3BECTHBLIX MX MaTeMaTUYECKUX OXMAAHUSX U aucnepcusix My, 02 v My;

oyz, TO BOMPOC, 04EBUAHO, pellarncs Obl 4OoCTaTOYHO NpocTo. [1Be crny4yailHble Benu-
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YMHbI C HOPManbHbIM pacnpegeneHveM paBHbl Mexay cobon (MMerT oanHakoBoe
pacnpegeneHve, T.e. UMeT OaHy U Ty Xe dyHkumio pacnpegenenuna F(X) = F(Y)
nUnn NNoTHOCTb pacnpenenenuns f(X) = f(Y)), koraa paBHbl Mexay cobon nx matema-
Tnyeckme oxupanua (My = My) n gucnepcumn (0 = oyz), MOCKOSbKY TONbKO 3TW ABa
napameTpa MOMHOCTbLIO ONPeAensalT HopManbHoe (AByxnapameTpuyeckoe) pacnpe-

aenexne (cm. (2.12) unn (2.21)).

OpHako, Kak 9TO y)XXe HeOQHOKpaTHO paHee OTMevarnoch, Nobon u3 napamert-
poB pacnpefeneHust criy4arHonW BenuunHbl ® MOXEeT OblTb HanAeH Nuvb Mo BCEW
reHeparnbHON COBOKYMHOCTU, T.€. TONIbKO TeopeTU4eckn npu nposeaeHnn 6eckoHey-
HO 60NbLIOro KonmMyecTBa onbIToB. [NpakTnyeckn, nNo Belbopke orpaHNYeHHOro obbe-
Ma, uccnegoBarternb MOXET onpeaenuTb TONbKO NpubNmKeHHoe 3HayYeHne napameT-
pa — ero oueHky ®*. [lpn 3TOM BEPOATHOCTb TOrO, YTO OLEeHKa O@* coBnageT Co 3Ha-
YeHneMm oueHMBaeMoro napameTpa ®, oveHb mana. CnegoBaTtenbHO, Aaxe ecnu
paBHbl Mexay cobon napameTpbl pacnpefeneHun OBYX CryYamHbIX BENUYUH (O =

®y ), TO UX OLEHKN CKopee BCcero He OyayT OAMHAKOBbLIMK (Oy* = ©y%).

Mo3ToMy Npu CpaBHEHUW ABYX CIlydalHbIX BENWYMH OBbIYHO MPUXOAUTCS Bbl-
cKa3blBaTb W NPOBEPSATb HyneByto runotesy Ho: Oy = ©y, Npy anbTepHaTUBHbIX MUMO-

Tesax Tuna Hqi": ©x < ©, unn H@: 0, > 0,. H1®: 0, = 6,
3.5.1. CpaBHeHMe ABYyX gucnepcumn

[Mpy BbINOSTHEHUN U3MEPEHUIN B PA3fIUYHbBIX YCNOBUAX YaCcTO BO3HUKaET 3aja-
Yya cpaBHeHUs CTeneHn pasbpoca (aucnepcuin) nccnegyemMblx napameTpos (crnyvam-

HbIX BEJTUYUH).

MpoBepKa rMnoTesbl 0 paBeHCTBE AUCMEPCUii NMeeT GorbLUoe 3HaYeHue, Tak
Kak namepsiemasi aucrnepcuert BenmymHa paccesiHusl xapaktepusyeT Takme UCKM4m-
TENbHO BakHble MokKasaTenu, Kak TOYHOCTb MaluuH, NpubopoB, CTabWUIBbHOCTb TEX-
HOJOrMYeCKMX NPOLECCOB, Ka4eCTBO roTOBOW Npoaykuuu u T.4. Moatomy, Hanpumep,
O NPEeVMyLLECTBAX TON UMM MHOW TEXHONOMUM UMK O Ka4ecTBe BbiMyCKaeMOo NpoaykK-
LMK BbIBOO MOXHO 4acTo caenaTb B pesyribTaTe CpaBHEHWUs AMCnepcuid Tex napa-

MEeTPOB, KOTOPbIE UX XapaKTEePU3YHoT.
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Takum o6pa3om, TpebyeTcst yCTaHOBUTb, SIBASIOTCS N BbIBOPOYHbIE Auchep-
cum S2 # S,° co cTeneHsiMM cBoGOAbl M1 W M2 3HAYMMO OTAMYAMOLLMMUCS WUIU Xe
OHM XapaKTepuayoT BbIOOPKK, B3ATbIE U3 O4HOM U TOW Xe reHepanbHOW COBOKYMHO-
CTV UMW U3 reHeparibHbIX COBOKYMHOCTEN C paBHbIMU AvcrepcusMn (o1 = 65> = 62).
B aToM cnyyae Hyneas runotesa gopmynupyetcs B Buae Ho: 042 = 62°= o2, T.e.
Mexay ABYMSI reHepanbHbIMW OUCTIEPCUAMI Pa3nNyMs HET Npu 3aJaHHOM YpOBHE

3Ha4YMMOCTH a..

[ns npoBepkn 3TON rMNoTe3bl UCMONb3YEeTCA KPUTEPUN, OCHOBaAHHBLIM Ha pac-
npeaeneHnn duwepa, 3aBUCALLLEM TOMbLKO OT YUcna cTteneHen cesoboabl my M moy.

AHanuTnyeckoe BbipaxeHune Kputepusa duiepa nveet Bug
F=(S1% /0% )I( S2%162°) = (S121922 (022 I54%). (3.44a)

[MnoTHOCTL pacnpegeneHus BenuuuHbl Fmi m2 , NpeacTaBneHHas Ha puc. 3.7,

" 5
r(m1+m2) m
2 m,
npu F>0;

f(F) = (my+m;)/2 3.446
O o] o
2 2 m,

0 mpu F<O.

€CTb (PYHKUUSA

Hapo umeTb B BMAY, YTO CKOPOCTb BO3pacTaHusl 1 yoblBaHMS PyHKLUK, a Tak-

Xe BeJiM4nHa 1 nonoxxXeHne MakCumMmymMa 3aBUCAT OT NMNapamMeTpoB mq1 U Mo.

CooTtBeTcTBYlOWAsA YHKUUS pacnpeneneHns BenuyinHbel Fny me onpegensiet-

csl Yepes NNOTHOCTb pacnpeaeneHns

F(F)= [ f(£)aé. (3.448)

CyLecTByHOT cTaTucTudeckme tabnuupbl Kak ¢ TabynmpoBaHHbIMU 3HAYEHUAMM
dyHKUMK pacnpegenexHma duwepa Ana NPUHATOrO YPOBHS 3HAYMMOCTM, Tak U C Ta-
OYyNUPOBaHHLIMM 3HAYEHUAMU KBAHTUNEW 3TOro pacnpegeneHus (cm. tabn. M.4 u
r.5).
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Moy=00 m»,=25

m2=10

m1=20

] 1 ] ] ] ] ] >
>

0 1 2 3 4 5 6 7 F

Puc. 3.7. [lnomHocmsb (a) u epyHKyus (6) F-pacnpedeneHus
(YyacmmHabil criyqaud npu my=20

|-|OCKOJ'Ibe Nno YyCrnoBUKO HyINb—TUNOTE3bI 012 = 022, TO BblpaxeHne MOXHO

npegcrtaBnTb Kak OTHOLLEHNEe Bbl60p0‘-IHbIX }J,I/ICI'IepCI/IIZ
F=S:%/S,? ,
roe S+2>S,2.
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Ecnu npu npoBepke HyneBol runotesbl Ho: 612 = 6% = o2 anbTepHaTUBHOM

snsetcs runotesa Hq": 642 > 5,2, TO NPUMEHSIIOT OAHOCTOPOHHEE HEPABEHCTBO
F=S12/822 > F(x,m1,m2-

[ns anbTepHaTuBHOM runotesbl Hi?: 612 # 6% koraa cooTHolleHve mexay

redHeparnbHbIMK OUCMEPCUAMUN HEU3BECTHO, pasnnymne mexny gucrnepcnamm CHUTarT

3HAYMMbIM, €CIIN BbINOJSHAETCS YCroBme
e 2/a2
F=S17/S2" > F(w2)m1,m2.
Takvm 06pa3om, anropuTM PeLLEHNS 3a4a4umn CBOAUTCS K CreayoLlemy.

MycTb No pesynbTaTaM UCMbITaHUI ABYX HE3ABUCHMBIX BbIGOPOK 06EMOM Ny
N Ny U3 HOPMaMnbHO pacnpeneneHHbIX COBOKYMHOCTel NOACUMTaHbI OLeHKV Ancrnep-
cnit S2 n S, npuuem S;% > S,2. TpebyeTcs NpoBepUTb NPeanonoxeHne (HyneByio
rMnoTe3y Hg) O TOM, YTO yKasaHHbIe BbLIGOPKM NPUHAANEXaT reHepanbHbIM COBOKYM-

HOCTAM C paBHbIMU OUCNEepCUAaMN.

B cooTBeTCcTBMM C OOLLUM anropuTMOM NPOBEPKM 060N CTaTUCTUYECKON Tn-

noTesbl:

1. HoZ 0'12=022=O'2.

2. Bo3aMOXHO ABa BapuaHTa anbTepHaTUBHOM rMNoTe3bl:
Hi": 02 = 0%
H1(2): 0'12 > 0'22.

MpeanonoxwTe BapuaHT anbTepHaTueHom runotessl Hqi® : 042 < 0,2, koHeuHo

ke, BO3MOXHO, HO BpsiZ, MU Lienecoo6pasHo npu ycnosuu, 4to S;° > Sy

3. NcnonbayeTcs F-kputepun (kputepun duviepa) — 370 OTHOLLEHWE ABYX AUCnep-

cun (bonbluen K MeHbLuen), F - ctatnctuka noaTomy MMmeeT BUA
F=—, (3.45)

roe 812 > 822.
OyeBunaHo, 4YTO 3HavYeHus F Bcerna bonblue eanHULbI.

4. BbibnpaeTcs ypoBeHb 3HAYUMOCTH d.
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5. 'paHnubl KpUTNU4eckon obnactv MOXHO YyCTaHOBUTbL MO Tabnvuam kBaHTunen F -
pacnpegenenus (cm. [11] wnn Tabn. MN.4, 1.5, a B Microsoft Excel gna atoro ncnone-
3yetcsa oyHkuna FPACIMOBP) anga uncna cteneHen cesoboabl my=ny-1mumy=ny- 1

N YPOBHA 3HAYNMOCTU

e [1pn aJ'IbTepHaTVIBHOI7I rmnortese H1(1)Z 0'12 * 0'22 YpPOBEHb 3HA4YNMMOCTUN paBeH

o/2 N Kputnyeckaa obnacTtb onpeaensieTcst COOTHOWEHNeEM F > F

(a/2),my,my

e npu anbTepHaTuBHom runotese Hy?: 0,° > 0,2 ypoBEHb 3HAYMMOCTU PaBeH a.

N KpuTudeckas obnacTtb onpeaenseTcsi COOTHOWEHNEM F > F

a,my,m, "

6. HyneByro rmnoTesdy NpuHMMarT, T.€. nofarakoT, 4YTO 0'12 = 0'22 = 0'2 npun BbIMNMOJIHE-

HUN OOHOIro N3 HEPaBEHCTB (,D,J'IFI pa3nnyHbIX anbTepHATUBHbIX I'VII'IOTe3)Z

F F 1 2 2.
¢ = (a/2),m;,m, I'Ipl/l H1( ) o1 #02,

2). 5.2 2
e F<F,, . npu H“: a4 > 0,°.

B Ccniydae noaresepxXaeHud HyJ'IeBOﬁ rmnoTtesbl, NO ABYM Bbl60p0‘-IHbIM aunc-

nepcusiMm Npoun3BoaAT OLEHKY 0bLLeln reHepanbHOn gucnepcum 62

o2 Q2
§2 = (n1 I)Sl +(I’l2 1)S2 ’ (346)
n +n,—2

KOTOpada MOXeT ObITb MCNONb30BaHa ANs AanbHENLLEro aHanm3aa onbITHbIX JaHHbIX.

MpounnocTpupyem npumMeHeHne kputepus duliepa Ha cneayowem npume-
pe.

Mpumep 3.4. [NpoBOOATCA U3MEPEHUA OOHOM N TOW Xe (PU3NYECKON BENUYN-
Hbl (TemnepaTypsbl, AaBNeHUs, cocTaBa rasa u 1.n.). lNepBbiM (CTapbiM) N3MepUTENb-
HbIM NpMBopoM BbiNofnHeHO 200 namepeHun, KoTopble Aanu BbIOOPOYHYHO aucnep-
cuio S42 = 3,82, a BTOpbIM (HOBbIM) coenaHo Tonbko 15 namepeHun npu BolIOOPOYHOM
avcnepcun Sy? = 2,00. MOXHO N cunTaTh, YTO pa3bpoc B MokasaHUsIX HOBOTO Mpu-

BGopa CyLeCTBEHHO HUXE, YEM Yy CTApOro?

1. CchopMynupyem HyneBylo runoTesy O paBeHCTBe aucnepcuin Ho: 042 =07° =

o>

2. BuibepeM anbTepHaTVBHYO et runoteay Hy: 042 > 052,
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3. MMPEABAPUTETIbHAS OBPAEOTKA SKCTNIEPUMEHTAJTIbHBIX JAHHBIX

3. Bocnonb3yemcs kputepmem duiiepa n paccunmtaem CTaTUCTUKY 3TOro Kpu-
Tepua F = 3,82/2,00 = 1,91.

4. [Ina ypoBHSA 3Ha4mmocTn o = 0,05 cTtpoum Kputnyeckyro obnactb npyu myq =
200-1 = 199 n my = 151 = 14; Foos19914 = 2,16 (cm.[11] wnmn FPAC-
NMOBP(0,05;199;14) = 2,159361).

5. MNMoacuntaHHoe 3HayeHue ctatucTukm (F=1,91) He nonagaeT B KPUTUYECKYHO
o6nacTb (1,91 < 2,16), cnegoBaTenbHO, HyneBas runotesa Hy: 072 = 0,2 = 0% NPUHK-
MaeTcs, T.e. N0 UMEIKLLNMCA IKCNEepPUMeEHTasbHbIM AaHHbIM HET AOCTATOYHbIX OCHO-

BaHWI cYUTaTh, YTO pe3ynbTaTbl U3MEPEHUIA HOBOTO Npubopa ToYHee, YeM CTaporo.

Kak n3MeHuTCS Hall BbIBOA, €CNN Mbl YBENUYMM YUCIIO U3MEPEHMI HOBbIM
npubopom o 50 npu ycnosun, 4To BbIGOPOYHas AMCMEPCUs ero NnokasaHuin npu

3TOM HEe U3MeHUTCcAa?

TabnnyHoe 3HayeHue kputepus duwepa Npyn 3ToM paBHO Fo ps.199:49 = 1,49, 1
3HayeHne CTaTUCTMKM NonagdeT B KpuTuyeckyto obnacte 1,91 > 1,49, cnepoBartens-
HO, B KayecTBe paboden MoOXeT ObiTb NMPUHATA anbTepHaTMBHaNA rmnoTesa Hi: o >

0'22, T.€. pe3ylibTaTbl I/13MepeHI/II7I HOBbIM |'|p|/|6op0M TOYHEeE, YeEM CTapbIM.

3.5.2. NpoBepka 04HOPOAHOCTN HECKOJIbKMX AUCNEePCUn

Kputepun ®duwepa ncnonb3yetca ONA CpaBHEHUS TONbKO OBYX AUCNEpCUn,
O[HAKO Ha npakTuKe NPUXOAUTCS CpaBHUBaTbL Mexay cobon Tpu n Gonee gucnep-
cun.

[Mpwn conocTtaeneHun gucnepcun psiga COBOKYMHOCTEN HyneBasa rmnotesa 3a-

KntoYaeTcs B TOM, YTO BCe Kk COBOKYMHOCTEN, M3 KOTOPbIX B3SATbl BbIOOPKM, UMEIOT

paBHblE OUCNEPCUN.
1. Ho: 012 = 0'22 = 032= e = Uk2=02,

T.e. MPOBEpPKe NOAMNEXUT NPEANONOXeHNe, YTO BCe aMNMpUYeckie AMCnepcum
Si%, S.% ..., Sk oTHOCHTCS K BbIGOPKAM M3 COBOKYMHOCTM C OAHOI U TOI Xe reHe-

panbHoii aucnepcveit o2,

[MycTb cpean HECKONMbKNX cepui naMepeHnn obHapyxeHa Takasi, BbloopovHas

ancnepcust KOTopom S%max 3aMETHO Gorblue Bcex ocTanbHbIX. 3aaya 3aknyaeTcs
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B TOM, YTOObI BbISICHUTb, MOXXHO 1 CYMTATb OTNNYME BblaeNEHHOMN ancnepcun Szmax
CyleCTBEHHbIM. ﬂ,pyI'VIMVI crnoBamu, anbTepHaTuBHadA rmnoTe3a MOoXeT ObITb Bbl6pa-

Ha KakK

3. lNMpwn paBHOM 0bBbeMe Ny = Ny = N3 = ... = Nk = n Bcex k BbIBOPOK MOXKeT
OblTb MCNONb30BaH Tak Ha3biBaeMbli Kputepun KoxpeHa (B psiae KHUr nuweTcs -

KoupeHa).

4. Ctatuctuka kputepma KoxpeHa G paccuntbiBaeTCa Kak OTHOLLEHNE S?%max K

CYMMe BCeX BbIBOPOYHbIX AUCNEPCUIA:

G=5— (3.47)

5. B panbHenwem gna BbiOpaHHOrO YpPOBHSA 3HAYMMOCTU o OnpeaensieTcs
TabnuyHoe 3Ha4YeHne 3TOro KpUTEPUS, KOTOPOE 3aBUCUT OT Ymcna cteneHen csobo-
Al m = n — 1 n yncna cpaBHuBaembix ancnepcun kK — G.mx  (cm. [11] unu Ttabn.
.9).

6. Kputnyeckasa obnactb ctpoutcs kak G > G mi.

7. Mpu G < Gumx runotesa Hy: 042 = 0,2 = 052 = ... = 0,2 =0° NPUHUMaeTCs B
kayecTBe paboueil, T.e. OTINYME BblAENEHHOI Ancnepeun Sna.x CUMTaeTCs HecyLle-

CTBEHHbIM.

B cnyyae noaTBepaeHUs o4HOPOAHOCTU AUCMEPCUIA MOXKHO caenaTb OLEHKY

0606LLIEeHHOI aucnepcumn o :

2 i
ST==. (3.48)

Mpumep 3.5. LecTtbio (k = 6) npubopamu NpoM3BeaeHO MO CEMb U3MEPEHWUI
(n = 7) 0gHOro 1 TOro e NapameTpa, Npy 3TOM MOSyYeHbl cnefyoLlmne BbIBOPOYHbIE
aucnepcmn S 3,82;1,7; 1,3; 0,92; 0,78; 0,81. MOXHO Nn cunTaTh, YTO pasbpoc no-
KasaHuM nepBoro npmubopa (Szmax=3,82) CyLLEeCTBEHHO MNpeBblaeT pa3bpockl noka-

3aHNI OCTarnbHbIX NATM NPUOOPOB?
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1. Hynesas runotesa Ho: 0/° = 05° = 05° = 04 = 05° = 0¢° = 0°.
2. AnbTepHaTMBHas rvnotesa Hq: 0% > 0.

3. MockonbKy (N1 =n2=n3=n4= N5 = Ng= 7) BCE LWECTb BbIDOPOK NMMEIOT OAMN-
HaKoBbI 06bEM, TO MOXET BbITb MCNONb30BaH Kputepun KoxpeHa.

4. 3HavyeHne CTaTUCTUKN OaHHOro Kputepua B COOTBETCTBUN C ypaBHEHUEM

(3.47) coctaBur:

o 3.82 382
382+1,7+13+092+0,78+081 933

=0,409.

5. TabnuyHoe 3HavyeHne ITOro KpuTepmsa Ans ypoBHs 3Haummoctn o = 0,05,
npu 4yucne crteneHen ceBoboabl ANs Kaxaon ms gucnepcumn m = 7-1 = 6 n yucne

CpaBHMBaeMbIX gucnepcuin k = 6, paBHo Gy ps.6:6=0,418 (Tabn.l.9).

6. Tak kak G < Ggm:n, OTKNOHEHUE AMcnepcn S?max = 3,82 OT ocTanbHbIX
Henb3sa (C BepoATHOCTbO 0,95) npu3HaTh CyLEeCTBEHHbIM, W, CneaoBaTenbHO, BCe
ancnepcum ogHOPOAHbI (T.e. pa3bpochl B NMOKasaHUAX BCeX LwecTu npubopos npu-

MEpPHO OANHAaKOBbI).

OueHka 0600LLEHHOM gucnepcuu:

k
Y s
§2 ==l :ﬁzl,%.
6

Kputepun KoxpeHa MOXHO MCMNOSb30BaTh TOMbLKO B TeX Cry4yasix, Korga Bce
CpaBHMBaeMble ANCNEPCUN UMEIDT OQUHAKOBOE YMCNO cTeneHen ceoboabl m = n —1
(oouHakoBble 06beMbI BEIOOPOK Ny = Ny = n3= ... = Nk = n). Ecnun xe 4ncno namepe-
HUA N B pasfiMyHbIX CEPUSIX HEOOAMHAKOBO, TO ANSA NPOBEPKM OQHOPOOHOCTM aucnep-
CUN MOXHO BblbpaTb, Hanpumep, kputepun baptneTta. Npn HeobxogMmMocCcTK ¢ Npo-
Lueaypon ero Ucronb30BaHWUS MOXHO NO3HAKOMUTLCSH B fiuTepaTtype no Teopumn Bepo-

ATHOCTU N MaTeMaTUYeCKOM CTaTUCTUKe (CM. Hanpumep, [9,10]).

3.5.3. I'IpOBepKa rMnoTe3 O YNCIOBbIX 3HAYEHUSAX MaTEMaATUYECKUX OXUOAHUN
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YacTto gnsa peleHuss Bonpoca O COOTBETCTBUM MPOM3BEAEHHOW NPOAYKUMK
onpeaeneHHbiM TpeboBaHuaM (Hanpumep, TpebosaHuam TOCT unu TY) npu BbisiB-
NEeHnn NpenmyLLecTBa TOro UM MHOMO TEXHOMNOMMYEeCKOro NpoLecca Unm HoOBOro Ma-
Tepuana u T.4. BO3HMKAET HeoOXoaAMMOCTb MO BbIOOPOYHBIM CPEAHUM 3HAYEHMSIM
nccnegyemMblx CrnyYamHbiX BENUYWH enaTb BblBO4 O COOTBETCTBYHOLIMX UM reHe-

palbHbIX 3HA4YEHNAX MaTeEMaTUYECKNX OXUAaHNN.

I'Ipm 9TOM MOXeT BO3HUKHYTb 3agadva CpaBHEHUA HEM3BECTHOINo Martematun4ye-

cKoro oxuvgaHuusa My, ons KOTOpOro norlydyeHa OLEHKa Yepes3 BbiIGOpoYHOe cpeaHee

;1, C KOHKPETHbIM YNCNOBbIM 3HAa4YeHneMm M (Hanpmmep, C M3BECTHbIM MaTemMmaTun4ye-

CKUM OXWOAHWEM) MMM 3aJadva CpaBHEHUS ABYX MATEMaTUMYECKUX OXuaaHun Mq u

M., OLieHeHHBIM MO ABYM BbIGOPOYHBIM CPEAHUM X1 U X2 .

B nepBoM Cliy4ae B Ka4decTBe HyﬂeBOVI rmnoTe3bl BblABUTaeTCA npeanoro-
XEHNEe O TOM, YTO OLIEHEHHOE MaTemaTudeckoe oxuaaHuve M, paBHO M3BECTHOMY

MaTemaTu4eckoMy oxuaaHuio M.
1. Ho: M1 =M.
2. AnbTepHaTuBHas rmnoTesa MoXeT ObITb B TPEeX BapuaHTax:
HiD: My> M, H@: My< M; H®: M= M.
3. Ecnu reHepanbHas gucnepcus 0° Hens3BecTHa U 0519 Hee, Mo TOW e caMown

BbIOOpKe, YTO M ANa X1, caenaHa OueHKa S?, 10 ncnonb3yeTtcs t-kputepun (pac-

npegeneHna CTblogeHTa).

4.t - cTaTUCTNKa MeeT BUA,

x-M
I=— . (3.49)

5. Kak 1 npy nocTpoeHnn AoBepuTenbHOro nHTepeana, aAns matemMaTtuyeckoro

oxunaaHus (cm. pasgen 3.2.1) BblbupaeTcst ypoBEHb 3HAYMMOCTU L.

6. [Ins uncna creneHen ceoboabl m = n —1 (C KOTOPbLIM CAENaHa oueHKa auc-
nepcun) yctaHaBnmMBalTCA rpaHuLbl KpUTMYeckon obnactu no TabnuyHbiM 3Ha4YeH-
M KBaHTUNen t-pacnpegeneHns (cMm., Hanpumep, [11] nnn Tadn. N.6), UM nx MoOXxHoO
onpegenuTb, BOCMOMb30BaBLWNCL ctatuctndeckon dpyHkunen CTbOAPACIOBP 13

3NEeKTPOHHbIX Tabnuy Microsoft Excel.
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7. HyneByro rmnoTtesdy nNnpuMHMMarT, T.€. nofarakT, 4YTO M= M npn BbIMNOJIHE-

HUN HEpPaBEHCTB:

e ans anbTepHaTueHbIx runotes Hy: My > MuH®@: My< M M < Lams

o Ans anbTepHaTuBHOM runotessl Hi®: My= M ‘t‘ <lym-

MosiBNeHMe B MNOCMeAHUX HEepaBeHCTBaxX BEMUYUH O U 20 Npu onpeaeneHnn
Tabnu4YHbIX 3Ha4YeHu kputepus CTbloAeHTa CBA3aHO C TeM, YTO OObIYHO 3TK Tabnu-

ubl (cm. Tabn. N.6) npuBogaTcsa Ans ABYCTOPOHHero pacnpegeneHna CTblogeHTa,
T.€. nog I, , NoHMMaeTca BenuuMHa, KoTopasi Npu m — oo OyaeT CTpeMuTbea K

KBaHTUIN HOPMMPOBAHHOIO HOpMarbHOrO 3aKOHa pacrnpeaenexHus nopsiaka 1- a/2

t - Zp:lfa/Z '

a,m

MoaTtomy, paboTas ¢ Tabnuuamm kputepust CTblogeHTa, HENoxXo Aenatb Npo-
BEpPKy, NMoKa3biBaloOLLYy AN Kakoro pacnpegeneHusi (0QHOCTOPOHHEro UNu ABYCTO-

POHHEr0) OHM cocTaBneHbl. Tak, no Tabn. 1.6
t0,05;500 - 19965 ~ Zp=1_0,05/2=03975 = 1,960 ,

cnegoBartesibHO, 3TO ABYCTOPOHHME npeaenbl pacnpeneneHna CTblogeHTa.

AHarnornyHasas  cutyauma cBsgsaHa U ¢ dyHkumen CTbIOAPAC-
NMOBP(BepoATHOCTL;CTENEHN_CBOOOAbLI), r0e BEPOATHOCTb — 3TO BEPOSATHOCTb,

COOTBETCTBYHOLLIAS ABYCTOPOHHEMY pacnpenenennto CTblogeHTa.

Mpumep 3.6. lNpu npoBepke Ph-meTpa C MOMOLBLIO 3TANOHHOIO pacTBopa,
nmetowwero Ph=9,0, nony4eHol cnegyowme pesynstatel: 8,7; 9,2; 9,1; 9,0; 9,4; 9,6;
9,7, 8,9; 8,8; 8,7; 9,8; 9,3; 9,8; 8,8, T.e. n = 14. Obnagaet nn Ph-meTp cucrtematunye-

CKOW MOrpeLLHOCTbI0?

[nsa peweHns aTton 3agayv npeaBapuTenbHO paccymMTtaeM BblI6GOpoYHOe cpea-

Hee x ¥ BbIBOPOYHOE CpeaHeKBaAPaTUYECKOE OTKIIOHEHUE S B NPEANONOXEHUN, YTO
nokasaHus Ph-meTpa He npoTuBopedyaT HOPManbHOMY 3aKOHY pacnpedeneHvs U

cpeau HUX HeT rpybbix norpewHocTen (cMm. doopmynebl (3.5), (3.8) n (3.10)):
14

- 1 1 1
x=—>Yx.=—>» x.=—(87+92+91+..+8,8)=9,2;
n; ' 142 ' 14( )

i=1
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Sj—;(:f)z —nll{; (Z‘ J } 141 1{2 g (ij ]_

[(872+922+912 488 )——4( 7+9,2+9,1+...+8,8)2}:0,1646;

14—1

S, =+,/S? =4/0,1646 = 0,4057.

B anekTpoHHbix Tabnuuax Microsoft Excel ona nogobHbIX pacyeToB MOXHO
6bIn0 6bl BOCNONb30BaTLCSA CreayroLWMMM TPEMS CTaTUCTUYECKUMU (DYHKLMAMN:
CP3HA4(8,7; 9,2; 9,1;9; 9,4; 9,6; 9,7; 8,9; 8,8; 8,7; 9,8; 9,3; 9,8; 8,8) = 9,2;
ancne,7; 9,2;9,1; 9; 9,4; 9,6; 9,7; 8,9; 8,8; 8,7; 9,8; 9,3; 9,8; 8,8) = 0,164615;

CTAHAOTKIIOH(8,7; 9,2; 9,1; 9; 9,4; 9,6; 9,7; 8,9; 8,8; 8,7; 9,8; 9,3; 9,8; 8,8) =
0,4057.

[lanee, B COOTBETCTBUM C ONUCAHHbLIM BbILLE ariropuTMom:

1. BoligBuraeTcs Hynesasi runotesa O TOM, YTO MaTemMaTudeckoe OXxumaaHue
nokasaHun Ph-meTtpa paBHo Ph aTtanoHHoro pacteopa (He MMelT cuctemaTUyeckon

norpewHocTn) Ho: M4= 9.

2. AnbTepHaTuBHaga rmnotesa Bblbupaetcs B Buae Hqi: My = 9, nockonbky no-
KazaHna Ph-meTpa He OomkHbl Kak 3aBbillaTb, TaK N 3aHMXaTb UCTUHHOE 3HaYeHue

Ph pactBopa.

3. Tak kaKk 3Ha4YeHne reHepanbHOW gucrnepcum 0? nokasaHwii Ph-meTpa Heuns-
BECTHO, a MMeeTCs TOMbko ee oueHka S° = 0,1646, To ncrnonbayeTtcsa t-kputepuin

(pacnpenenenunsa CtbtogeHTa).

4.t - ctatuctmka nmeet Bug (cm. (3.49))

XM\/Z 92=9 14 =184,

0,4057

5. Bbibnpaetcs (0ObiuHbIM NS GONbLUIMHCTBA  TEXHUYECKUX MPUINOXKEHWNI)

ypoBeHb 3HayumocTtn o = 0,05.

6. MNpun 3TOM YpOBHE 3HAYMMOCTU, YnCne cTeneHen ceoboabl m=n—-1 =13 u
Ans anbTepHaTMBHOW rmnoTesbl Hy: My # 9 ycTaHaBNMBaKOTCSA rpaHuLbl KpUTUYECKON
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obnactv no TabnMyHbLIM 3Ha4YeHNAM KBaHTUNen pacnpegeneHns CrotogeHTa o 05.13 =
2,16 unM ux MOXHO onpeaenuTb, Bocnonb3osBaBwucb ¢yHkunen CTbIOAPAC-
NMOBP(0,05;13) = 2,160368 13 anekTpoHHbIX Tabnuy, Microsoft Excel.

7. TlockonbKy paccyuMTaHHoe 3HadeHue ctatuctukm t = 1,84 He nonagjaeT B
Kputndeckyto obnactb (1,84 < 2,16), To Hyneeas rmnotesa NpMHMMaeTCsl B Ka4ecTBe
paboyen, T.e. MOXHO cyuTaTb, YTO My = 9 (BEpPOATHOCTb TOro, 4YTO MokasaHus Ph-

mMeTpa MMeT CUCTEMAaTUYECKYHO NOrpellHOCTb MEeHbLLE YEM 0,05)

B 3agave cpaBHeHMA OBYX HEN3BECTHbLIX MateMaTudecknx oxmagaHmm My n M,
npexage BCEero pacCMOTPUM CUTyauLMto, KOraa muccrnegyemble BolOOPKM, MO KOTOPbIM

aenarTcsa oueHkn ansa My n M,, He3aBUCUMbI MeXay COBOMN.

Ecnun gns aByx HopManbHO pacnpegeneHHbIX reHeparnbHbIX COBOKYNHOCTEN C
Hen3BeCTHbIMU napameTpamn My, o1°> U Ms, o, NOMyYeHbl He3aBUCUMbIE BbIGOPKY
06bEMOM COOTBETCTBEHHO N U Ny, TO AN CPABHEHNS BbIGOPOYHBIX CPEAHUX x1 U X2
BblABUraeTcs Hynesas rmnoTesa 0 paBeHCTBE MaTeMaTUYECKUX OXUOAHUN:

1. Ho: M1 = M2 .

2. [Mpyn 3TOM MOXHO COPMYNMPOBaThL TPU anbTepPHaTUBHbLIX MMNOTE3bI:

H1(1)Z Mq> Ms; H1(2)Z M < My; H1(3)Z M= Mo.
3. Kak n B pacCMOTPEHHON BbiLLe CUTYaLUUU CPaBHEHUS C N3BECTHbIM MaTemMa-

TUYECKUM OXMOaHWeM, UCToNb3yeTcs t-kpuTepui.

4. Bug t-CTaTUCTUKV 3aBUCUT OT TOrO, PaBHbl 1> = G,° = 6> IMGO He paBHbI
01 # 622 Mexzy coboii reHepanbHble Arcnepcun (Ans oTBeTa Ha 3TOT BOMPOC MOXHO

BOCMNOJ1b30BaTbCA, HanpmmMmep, pacCMOTPEHHbLIM BblLLE KPpUTEPUEM dJMLuepa).

B nepeoM cCliy4ae, Korga amcnepcmm He MMEerT 3HA4YMMOro OTrinydnA, CtaTtu-

CTUKa NpnHMMaeT BUa

X=X

P k- B (3.50)

- ABYXBbIGOPOYHbIN t-KpUTEPUIN C paBHLIMU aucnepcusimu, rae S — o6o6LLeH-

HOe cpefHee KBagpaTUYHOe OTKIIOHeHue (CM. (3.46)):
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3. MMPEABAPUTETIbHAS OBPAEOTKA SKCTNIEPUMEHTAJTIbHBIX JAHHBIX

. \/(nl ~DS; +(m, 1S3

n,+n,—2

Bo BTOpOM cny4yae, Koraa Aucrnepcum 3HauYMMo OTRMYaloTCsl Apyr OT Apyra,

612 # G52, CTAaTUCTUKA UMEET BUA

- (3.51)

ABYXBbIOGOPOYHBIN t-KpUTEPUIA C HEPABHBIMU AUCNEPCUSIMM.

5. B 3aBncMMOCTM OT ycnoBusa peluaemon 3agadn BbibmpaeTca HeobxoanmbIn

YpOBE€Hb 3HAYMMOCTUN .

6. paHnubl KpUTU4ecKkon obnactn ycrtaHaBnNMBaKTCA MO TabMMYHBLIM 3HaYe-
HUAM KBaHTUNewn t-pacnpepenenuns (cm., Hanpumep, [11] unu Ttabn. .6]) nMbo mnx
MOXHO onpenennTb, BOCNONb30BaBLIUCE cTaTuctuyeckon yHkumen CTbIOOPAC-
MOBP n3 anekTpoHHbIX Tabnuy Microsoft Excel. NMpn aTtom uncno creneHen csobo-
Obl M paccynTbiBaeTCA:

ONs 6412 =622 =62 KaKm=nq + ny — 2;

2 2
C —
i: +(l C) rpe ¢ = n, _
m n -1 n,-1 S5

Aand 012 * (522

7. HyneByto runoTtesy npuHumMmaroT, T.e. nonaratot, 4to My = M, npu BbINonHe-

HUN HEPaBEHCTB:

e Ans anbTepHaTUBHbIX rnoTes Hqy™M: My > My ; H{®: My < M, |t| <t

2,m

e Ans anbTepHaTuBHoM runotesbl H®: My = M, <1

Mpumep 3.7. lNpoBeaeHbl UCNbITAHUA MEXaHUYeCcKOW MPOYHOCTU Npob oOka-
ThiLlen Npu NCNOSb30BaHUM CTapon U ABYX HOBbIX TEXHOMNOMMIN UX obxura. XonogHas
NMPOYHOCTb OKaTbIlWeEN OObIYHO OLIEHMBAETCA MPUM UCMbLITAHMM Ha pas3gaBnUBaHUE
(kH/okaTtbiw). O6bIMHO NPOYHOCTL ONPEeAEnaT Mo pesynbTaTtam pasgaBNUBaHUS He

meHee 20 okaTtbiwen pasmepom 12-15 mm.

Ans vnnocTtpauuyn  npoueaypbl  NPOBEPKU TMMOTE3 O YMCIIOBbIX 3HAYEHMAX

mMaTemMaTUYeCcKUX oXxuaaHui dyaem npeanonaraTtb, YTO MMeNacb BO3MOXHOCTb UC-
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cnefosaTh BCero no 8 okaTbIlWen Ans Kaxaon U3 TexHonormn. PesynbTaTbl Ucnbita-
HWUW NnpeacTaeneHbl B Tabn. 3.4.

Tabnuua 3.4
Pe3ynbmamsi ucribimaHul npoYHocmu okamsiwed,
U320mMoesJsieHHbIX 110 pasHbIM mexHoso2usiM, kKH/okamsbiw

Hosas Hosas
Homep Ctapas _
TEXHOOorus, TEeXHonorus, Xpi = X1 — X
oKaTbIla | TEXHOMOMMS Xoj
BapuaHT 1 Xy; BapUaHT 2 Xy
1 2,11 2,21 2,21 0
2 2,12 2,26 2,22 0,04
3 1,97 2,19 2,08 0,11
4 2,10 2,21 2,19 0,02
5 2,17 2,27 2,24 0,03
6 2,12 2,24 2,21 0,03
7 1,93 2,14 2,06 0,08
8 2,28 2,32 2,31 0,01
X 2,10 2,23 2,19 0,04
S° 0,0120 0,003029 0,0068 0,001371

MoxHo nun no nony4vyeHHbIM AaHHbIM cAeliaTb BbIBOA, YTO HOBad TEXHOOIMnA

no BapuaHTy 1 NO3BONSET NOBLICUTHL NPOYHOCTb OKaTbILLEeNn?
1. Cchopmynupyem Hynesyto runotesy Ho: M= My .

2. MNockonbky npegnonaraeTcs, YTO HOBAsA TEXHOSOMMS No BapnaHTy 1 nNo3Bo-
NUT NOBLICUTbL MNPOYHOCTb OKaTbIWEN, TO anbTepHaTMBHAs rmMnoTesa BblOMpaeTcsa B

Buae Hq: M4 > M,.

3. byaem cuutatb, 4YTO BbLIOOPKM B3ATbl M3 reHeparibHbIX COBOKYMHOCTEN C
HOpMasbHbIM 3aKOHOM pacnpeaeneHus. [nga Toro 4tobbl onpeaenuTb BapuaHT cTa-
TUCTUKN Onga t — KpuTepus, cpaBHUM Mexay cobon COOTBETCTBYHOLLME OUCNEPCUN.

2 = 5%. B npegnono-

[insi 3TOro B Ka4ecTBe HyneBoii rmnotesbl npumem Ho: 61% = oo
XEHUKN, YTO HOBAs TEXHOMOrMS NO3BOMSET TaKKe CHM3UTb U Pa3bpoc B 3HAYEHMAX
NPOYHOCTU (T.e. UMETb K Bonee CTabunbHbIN TEXHOMNOMMYECKNA NPOLECC), B KAYeCT-

Be arbTePHATUBHON rMnoTeabl npumeM Hq: 612 < oo?.

Cratuctnka  F-kputepus  (kputepma  duwepa) npu  3TOM  paBHa
F=0,0120/0,003029 = 3,96, n ana nocTpoeHus kputudeckon obnactn npu a = 0,05

HaxoouM Fooss.18-1 = 3,79 (no Tabnuuam nubo B Microsoft Excel yepes FPAC-
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3. MMPEABAPUTETIbHAS OBPAEOTKA SKCTNIEPUMEHTAJTIbHBIX JAHHBIX

MOBP(0,05;7;7) = 3,787051). MNockonbky 3,96 > 3,79, TO C BEPOATHOCTbLIO GonbLuen

yem 0,95 MOXHO FOBOPUTb, YTO 612 < G2,
4. t- cTaTucTMka B 3TOM criydae gomkHa umetb Bug ( cm. (3.51))

2,23-2.10 _
\/0,003029 .\ 0,0120
8 8

b

5. Kak 06bI4HO, Bbibepem ypoBeHb 3HaummocTtn o = 0,05.

6. [Ina NOCTPOEHUS KpUTUYECKON 0BnacTu paccynTaem 4Mcro crtenen cBobo-

Obl:
0,03029
_ 8 oo, 10207 (1-020)° .
- 0,03029 , 0,0120 =0.20; — =g~ .096883;m=103.
8 8

TabnunyHoe 3Ha4veHune tr+ 05.10=1,81 (CTbHOOPACMNOBP(0,1;10) = 1,812462).

7. MNockonbKy paccyMTaHHOE paHee 3HayeHue CTaTUCTUKM nonagaeT B KpUTKU-
yeckyt obnactb 3,00 > 1,81, To HyneBas rmnotesa Hy: My = My gomkHa 6bITb OT-
BEpPrHyTa, T.e. HOBasi TEXHOSOrMS Mo BapuaHTy 1 OeACTBUTESbHO MO3BOMSET MNOBbI-

CUTb NMPOYHOCTb OKaTbl LIen.

BepoaTHoOCTb owmnbkm nogobHoro yTeepxaeHus (owmbkn nepBoro poaa, 3a-
KnroyaroLencsa B TOM, YTO oTBepraroT HyneByto rmnotesy Ho: My = My, B TO BpeMsa Kak
B AENCTBUTENBbHOCTM 3Ta rMNoTe3a BepHa), T.e. YPOBEHb 3HAYMMOCTM O MpU 3TOM
MOXHO oueHuTb kak CTbIOAPACII(3,00;10;1) = 0,006672. MNpu pacyeTe 3Ha4YeHUs
dyHKUuMKn pacnpegenerns CTblogeHTa B AaHHOM Criyvae MCNonb3yeTcHa: HahaeHHas
B NyHkTe 4 ctatuctuka t = 3,00; onpeaeneHHoe B NyHKTE 6 Y1Ccno cteneHen cesoboabl
m ~10 n Takon napameTp, Kak 4YMCNo BO3BpallaeMblX "XBOCTOB" pacrnpeferieHus.
"XBocTbl" = 1, u pyHkums CTbOAPACII Bo3BpawiaeT 0gHOCTOPOHHEE pacnpenerne-
HWe, NOCKOMbKY Oblfia NPUHATA OAHOCTOPOHHSAS anbTepHaTuBHaga runotesa Hqi: My >
Mo.

[na onpeneneHvs HaWgeHHOro Bbille 3HAYEHMS YPOBHS 3HAYUMMOCTU O =
0,0067 B aneKkTpoHHbIX Tabnuuax B Microsoft Excel moxeT 6biTb UCNoONb30BaHa Ta-

Kas ctatuctnyeckasa yHkuus, kak TTECT. OHa ucnonbsyeTcs ansa 1oro, 4tobbl on-
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penenntb, HaCKOJ1IbKO BEPOATHO, YTO ABE BbI60pKM B3ATbl U3 reHeparsribHbIX COBOKYI-

HOCTEWN, KOTOpPblE MMEKT OOHO N TO Xe MaTeMaTn4eCKoe oXngaHume:

TTECT({2,21:2,26:2,19:2,21:2,27:2,24:2,14:2,32}:{2,11:2,12:1,97:2,10:2,17:2,12;1,93
:2,28}:1;3)=0,006459.

B kauyectBe aprymeHToB (pyHkumm TTECT, kpome camumx BbIGOPOYHbLIX 3Ha4Ye-
HUI (KOTOpble CTOAT B UrypHbIX CKOBKax), UCMONb3yeTca elle TakMe ABa napameT-
pa, kak "XBocTbl" = 1 (ANA OOHOCTOPOHHEWN anbTepHaTUBHOW rmnotesbl) U "Tun" -
370 BMA, ucnosnHsemoro t-tecta. B gaHHom cny4dae "Tun" = 3, nockonbKy Heo6xoanmMo
NpOBECTU ABYXBbIOGOPOYHLIN t-TECT C HepaBHbIMK Ancnepcuamu. MNonyyeHHoe B AaH-
HOM crny4ae 3Ha4yeHue t-Tecta roBopuT O TOM, YTO BEPOATHOCTb paBeHCTBA MaTemMa-
TUYECKOro OXuaaHna NPOYHOCTU OKaTbIWEN NO HOBOW (BapuaHT 1) N cTapon TEXHO-
normm mx obxura oyeHb mana (coctaensaet Tonbko 0,6%), cnegoBaTenbHO, HOBas
TEXHOMNorns no BapuaHTy 1 OencTBUTENbHO sBnseTcs 6onee NpeanoyTUTENBHOMN,

yeM cTapas.

B npogomkeHne npumepa 3.7 OTBETUM Ha BOMPOC: €CTb UMM HET Kakoe-nnbo
3HauYMMoe pasnuune Mexay ABYMSI HOBbIMU TEXHOMOMMAMU o6xura (no BapmaHTty 1 u

2) C TOYKWN 3PEHMS MOBLILLEHNA MEXAHNUYECKON NMPOYHOCTM OKaTbIWen?

1. B cooTBeTCTBMM C OOLMM anropuTMOM MPOBEPKM CTATUCTUYECKUX FMNoTe3

chopmynupyem Ho: My = Ms.

2. |_|OCKOJ'Ibe npeagnonaraeTcqa, 4to obe HoBble TEexXHONornun paBHO3HA4YHbI

Mexagy cobon, To anbTepHaTUBHaA rmnoTesa BblibupaeTtca B Buae Hqi: M= Ms.

3. [Ins Toro 4ytobbl onpepenuTb TMN t — Tecta, cpaBHMM Mexay cobon auc-
nepcun Ho: 612 = 65> = 6° B NPEANONIOXKEHNN, YTO 06e HOBble TEXHOMNOMW AatoT Oau-
HaKOBbI pa3bpoc B 3HAYEHMSIX MPOYHOCTU, anbTepHATMBHAs rmnotesa BbibupaeTcs

B Bnae Hi: 612 #0252

Ctatuctuka kputepusa duwepa npu atom pasHa F = 0,0068/0,003029 = 2,25
(B uncnutene kputepma duwepa Bcerga OOMMKHA CToATb Bonbliaa gucnepcus), a
MOCKOIbKY Npn a = 0,05 F(0,05/2);8-1;8-1 =499 (CM. Taobn. |_|5) nmF< F(0,05/2);8-1;8-1 (2,25 <

4,99), To AeiCTBUTENBHO MOXHO CUUTATb, YTO 612 = 6,° = G-

S — 0600weHHoe cpegHee kBagpaTU4HOE OTKMOHeHMe Torga OyaeTr paBHO
(cm.(3.46))
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. \/(8 ~1)0,003029 +(E-10,0068 _ -

8+8-2

4. rlOCKOJ'Ibe ancnepcum He MMerT 3HaYMMOro OTIINYnNA, CTaTUCTUKa t— Kpu-

Tepusa npuHnumaeT Bug (cm. (3.50))

. 2,23-2,19
0,071{l+l
8 8

5. Bolibupaem ypoBeHb 3HaummocTn a = 0,05 n onpegensem 4mMcno creneHemn

=114 .

cBobogbl m=8+8 -2 =14.

6. [na nocTpoeHusi Kputmyeckom obnactm Haxoaum TabnmyHoe 3HadeHue
t0,05:14=2,15 (CTbIOOAPACNOBP(0,05;14) = 2,144789).

7. NOCKONbKY paccynMTaHHOE paHee 3Ha4YeHue CTaTUCTUKM He nonadaeT B Kpu-
Tnyeckyto obnactb 1,14 < 2,15, To HyneBas runotesa Hyo: My = M, npuHumaeTtcs B
KayecTBe pabouyen, T.e. HOBbIE TEXHOSIOMMM Kak No BapuaHTty 1, Tak n no BapuaHTy 2
paBHO3Ha4YHbl MeXay COOON C TOYKM 3PEHMS NOBbILLEHUS MEXAHUYECKOW MPOYHOCTH

oKaTbILLEen.

BepoaTHoCTb owmnbkn (NnepBoro poga) npy 3TOM MOXHO OLEHUTb BENNYUHOWN
CTbIOOPACTII(1,14;14;2) = 0,272934, T.e. ecnun 6bl Mbl B NOAOOHbLIX CUTyaLMsIX OT-
Bepranu Hynesylt rmnotesy, To npumepHo B 27 cny4vasx n3 100 mbl noctynanu He-
BepHo. B gaHHom cnydae "XBocTbl" = 2, n ¢yHkuna CTbIOAPACI BosspaliaeT
OBYCTOPOHHEE pacnpegeneHune, NOCKOsbKy anbTepHaTMBHANA rmnoTtesa bbina npuHs-

Ta B Buae Hqi: M= M>, a He B Buge Hq: M4y > M.

[na onpegeneHnss HAMQEHHOTO HaMM 3HAYEHNs YPOBHSA 3HauumocTn a = 0,27
B 9NeKTPOHHbIX Tabnuuax Microsoft Excel Takke morna ObiTb MCNoNb3oBaHa GYHK-

umsa

TTECT({2,21;2,26;2,19;2,21;2,27;2,24;2,14;2,32};{2,21;2,22;2,08;2,19;2,24;2,
21;2,06;2,31};2;2)= 0,272934.

B paHHOM cny4dae "XBocTbl" = 2 (Ons ABYCTOPOHHEN anbTePHATUBHOW rMnoTe-
3bl) 1 "Tun" = 2, NOCKONbKY UCNONb3yeTCs ABYXBbIOOPOUHbIV t-TECT C paBHbIMWU AUC-

nepcusaMum.
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W HakoHeu, B 3afaye CpaBHEHUS1 ABYX HEU3BECTHbIX MaTeMaTUYeCKUX OXnaa-
HUA My n M, paccMOoTpuM cuUTyaumio, Korga uccrnegyemole BblIOOPKM 3aBUCUMbI MEX-

ay cobon.

t-kpuTepui ons 3aBMCMMbIX BbIOOPOK OYEHb MONe3eH B TeX LOBOJSIbHO 4acTo
BO3HMKAIOLWMX HA MPaKTUKE CUTyauusiX, KOrga BaXKHbI MCTOYHUK BHYTPUIPynnoBOWn
Bapmauum (pasbpoca nnu owmnbkn) MoxeT ObiTb Nierko onpeneneH N UCKIYeH n3
aHanmsa. 9T0 OTHOCUTCA K 3KCNepumMeHTam, B KOTOPbIX ABE CpaBHMBaeEMble rpynnbl
nony4YeHbl Ha O4HOW U TOW e COBOKYNHOCTW HabniogeHun (CyObekToB), KOTOpble
TecTupoBanucb ABaxabl (Hanpumep, OO0 M nocrne TepMoobpaboTkM npokata, 4O U
nocne BakyyMUpoOBaHUs CTanu, UsMepeHusi, Npon3BoAMMbIE Ha OOHUX U TeX e nap-
TMAX NPOAYKUUN Pa3fMYHbIMW MEeTOA4aMW Unu pasnuyHbiMu npubopamun u T1.4.). B
NOAO6GHbIX 3KCMEPUMMEHTax 3HauMTenbHas 4YacTb BHYTPUrPYNnOBOW M3MEHYMBOCTMU
(Bapmauuun) B obeux rpynnax MoxeT ObITb 06bACHEHa WHAMBMAYaNbHLIMU pasnu-
YNAMKN CYOBEKTOB (pPasnmMynsaMM B CBOMCTBAX OTAENbHbIX NPOKaTaHHbLIX MOJIOC, Kax-
AON KOHKPETHOW NfaBKM UK napTum npoaykuum). Ecnn Tta xe camasn Bblbopka Tec-
TUpyeTCs ABaXabl, TO MOXHO JIerko UCKITYUTL 3Ty YacTb Bapuauui. BmecTto ncecne-
A0BaHUSA KaxXaon rpynnbl OTAENTbHO MOXHO paccMaTpmBaTtb NPOCTO Pa3HOCTU MeXay
OBYMS U3MEPEHNAMU AN Kaxaoro cybbekta (Hanpumep, aHanuanpoBaTtb OOHU U Te

Xe nnaBku "O0 BakyymmpoBaHus " 1 "nocne BakyymupoBaHus "). BelumTas nepsble
3Ha4yeHMs M3 BTOPbIX (ONs Kaxaoro cybbekTa: NpoKaTaHHOW MOMOCHI, MAaBKM UMK
napTuM NPoAyKUMW) U aHanu3npys 3aTemM TOMbKO 3TU "J4nCTble (NnapHble) pasHocTn®,
NOSIBNISIETCA BO3MOXHOCTb MCKMOYMTL Ty YacTb Bapuauum, KoTopas siBnseTcs pe-
3yNnbTaTOM pasnnymsa B UCXOOHbIX YPOBHAX MHAMBUAYYMOB. IMEHHO TakK U NPOBOAAT-
Cs BbluMCIeHns B t-kputepum ons 3aBucuMMblx BblI6OpoK. B cpaBHeHUn ¢ t-kputepunem
ONs He3aBUCUMMBbIX BbIOOPOK Takon nogxoq AaeT Bcerga "nyyvwunn” pesynbTaT (Kpu-

Tepui cTaHoBUTCA Bornee YyBCTBUTESbHLIM).

Peanunzauusa t-kputepmst onsa 3aBUCUMbIX BbIOOPOK Ha4yMHaAETCHA C TOro, 4To
cTpouTCcs HOoBas BbIGOpKa M3 N = ny = Ny 3aNeMeHTOB (NapHble HabnoaeHus), onpe-
aensemas Kak pasHOCTb 3HA4YeHU NepPBOM U BTOPOW BbIDOPOK: Xpi = X1j — X2i U MO HEN
pPacCYMTbIBAKOTCA OLIEHKM MaTeMaTU4ECKOro OXuaaHusi Xa W cpeaHekBagpaTUYHOIro

OTKIMOHEHUSA Sa:
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n

— 1 & 1 _
xA:;'zxAi;SA:\/ 'Z(XA_xAi)z-
i=1

n—1 <3

1. BoiaBuraetcs HyrneBsad rmnorte3a O TOM, YTO MaTeMaTu4deCKoe OXuaaHue

pasHOCTU paBHO HyIo Hy: My = 0.

2. Kak n gnsa cnyyas He3aBUCUMMbIX BbIOOPOK, MOXHO copMynMpoBaTth Tpu

anbTepHaTUBHbIX MMNOTE3bI:
Hi": My > 0; Hi®: Ma< 0; H{®: My = 0;
3. Ncnonb3yeTcs t-kpuTepuit 4ns 3aBUCUMbIX BbIOOPOK (NapHbIN).

4. Ctatuctmnka kputepust CTblogeHTa, yuutbiBad, 4to Ma= 0, npumet Bug (Cm.
(3.49))

g My o %0 o K 250
S, S, S, (3.52)

5. B 3aBMCMMOCTM OT yCnoBus peLuaemon 3agaydn BbibnpaeTca HeobxoanmbIn
YPOBEHb 3HAYMMOCTWN . Yncno cteneHern cBoboabl ANs 3aBUCUMbIX BbIBOPOK paBHO
m=n-1.

6. [paHnubl KpUTHMYECKon obracTn ycTaHaBnMBalOTCA B 3aBMCUMOCTM OT BUAa
anbTepHaTMBHOW rMNoTesbl No 3HaYeHNAM KBaHTuUneun pacnpegenerus CrotogeHTa t
amWUnn t oq: m.

7. Hynesylo runoTtesy npuHUmaroT, T.e. nonaratoT, 4To Ma = 0 npu BbInonHe-

HUN HEpPaBEHCTB:

e NS anbTepHaATUBHbIX TNMMNOTE3 H1(1): Mp > 0; H1(2): Mp<O0 |t| <trym

e Ans anbTepHaTuBHOM rvnoTesbl Hqi®: My 0

<t

Ewe pa3 obpatnmcs kK Yicrnosomy matepuany npumepa 3.7 n nepedopmynu-
pyeMm ycrioBus 3agaqm Takmm obpasom, 4ToObl Kak Mo BapuaHTy 1, Tak 1 N0 BapuaHTy
2 6bINn NpBeAEHbl AaHHble AN O4HOM U TOW Xe HOBOW TEXHOMOMMW, NMOfyYeHHble
ABaX bl HA OOHMX N TEX XEe NapTUsiX OKaTbIWEN, HO U3MEPEHUSA NPOYHOCTM BbINOSI-

HeHbIl MO ABYM Pa3JIn4HbIM METOAUNKaM.
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Mo>XHO nn ckasaTb, YTO pe3ynbTaTbl USMEpPEHUA NPO4YHOCTU, MNMOJTy4YeHHble OJ1A
HOBOW TEXHOMOorMm no pas3nnM4yHbiIM MeTOAMKaAaM Ha OOHUX N TEX XKe NapTudax oKaTbl-

LLUeN, He UMEIOT 3HAYMMOro pPasnuunsa?

MockonbKy Mpu Taknx ycrnosusx 3agayn BblIGOpkM No BapuaHTy 1 n 2 cTtaHo-
BATCH 3aBMCUMbIMK OPYr OT Apyra (3Ha4eHUs MPOYHOCTU OKaTbIWen MO KaKaon w3
BOCbMU MapTU NPOU3BEAEHbI ABaXAbl, HO NPO pa3HbIM MeToAukam), To Ans pelue-

HUS He06X04MMO BOCMNOMb30BATLCS ONMMCAHHbBIM BbilLe NnapHbIM t-Kpl/ITepI/IeM.

PaccunTtaHHble 3Ha4YeHUS Xaj, Xa M SZA npusegeHbl B Tabn. 3.4 (cMm. nocnea-

HUI cTonGew).
S, =4/0,001371 = 0,037 .

1. BoigBuraem Hynesyto runotesy Ho: My = 0.

2. MockonbKy Mexay ABYMSI METOAMKaMM He npearonaraeTcsi HUKaKoro pas-

nn4Ynsa, To anbTepPHATMBHYIO rMNoTesy BbibMpaem B Buge Hqy: Ma = 0
3. Vicnonb3yeTca t-kputepun 4nsa 3aBUCMMbIX BbIOOPOK (MapHbIn).

4. Ctatuctuka kputepusa CTblogeHTa B 3TOM criydae npeacrasnset cobomn

p= Xy = 00% g 3085,
S, 0,037

5. Bblibupaem ypoBeHb 3HauMmocTn a = 0,05 n onpegensem 4mMcno creneHemn

cBobogb m=8-1=7.

6. [na NocTpoeHusi Kputnyeckom obnactnm Haxoaum TabrmyHoe 3HadeHue
t0,05.7=2,37 (CTbIOOPACMNOBP(0,05;7) = 2,364623).

7. MNockonbKky paccyMTaHHOe paHee 3HayeHue CTaTUCTUKK rnonagaeT B KpUTU-
yeckyto obnactb 3,06 > 2,37, T0 Hynesas rmnotesa Hy: My = 0 oTBepraeTcs, n B Ka-
yecTBe paboyen HeobBXOOUMO NPUHATL anbTepHaTuBHyo Hqi: Mp = 0, T.e. meToaANKM
onpegerneHns NPoOYHOCTU MO BapuaHTy 1 1 No BapuaHTy 2 JaloT 3HAaYNMMO pasfinyHble
pe3ynbTaTbl HA OOHUX U TeX Xe NapTuaX U ANnd OOAHOW U TOW XXe HOBOW TEXHOMOrnn

OT)KUra oKaTbILLEN.

BepoaTHocTb owmnbkn nepsoro poaa npu aTom coctaenseT ("XBocTbl" = 2, no-

ckonbky Hqi: My = 0) CTbKOOPACII(3,055;7;2) = 0,018453, T1.e., oTBepraa B aHano-

100



3. MMPEABAPUTETIbHAS OBPAEOTKA SKCTNIEPUMEHTAJTIbHBIX JAHHBIX

M’MYHbIX YCNOBUAX HYJEBYHO rMnotTesdy, Mbl NPUMEpPHO TOJIbKO B OQHOM UIM OBYX CIly-

yasax n3 100 6yaem gonyckatb OLLIMOKY.

HanpeHHasa oueHka a = 0,018 B anekTpoHHbIX Tabnmuax Microsoft Excel mo-

XeT BbITb paccumTaHa ¢ ucnonb3osaHnem yHkuumn TTECT.

TTECT({2,21;2,26;2,19;2,21;2,27;2,24;2,14;2,32};,{2,21;2,22;2,08;2,19;2,24,;2,21;2,06
;2,31},2;1)= 0,018452.

MocnegHun napameTp B 9TOM (PyHKUMM "Tun" = 1 (napHbIN t-TecT).

Ecnu cpaBHUTb pesynbTaThl, NONy4YeHHble B npumepe 3.7 no t-tecty Ha AByx
COBEpPLUEHHO OOMHAKOBbIX BbIOOpPKax (BapmaHT 1 1 2) Npu yCrioBumK, YTO 3TW BbIOOPKM
He3aBMCUMbI (OBYXBbIOOPOYHbLIN t-TECT C paBHbIMW QUCMEPCUSIMAN) U 3aBUCKMMBI (Nap-
HbIA t-TeCT), TO MOXHO YBMAETb, YTO OHM AAal0T COBEPLUEHHO NPOTUBOMOSIOXHbIE pe-
3ynbtatbl. Korga Ha BbIOOpPKM No BapmaHTy 1 1 2 Mbl CMOTPENM Kak Ha He3aBuCU-
Mble, Mbl HE BUOENW pasnnyumsa B UX MateMaTUYECKUX OXUOAHUSAX, HO MpU YCrioBUK
3aBUCUMOCTN B MaTeEMaTUYECKMX OXMOAHUAX yOanoCb YCTaHOBUTb 3HaYMMble pac-
XOXOAEHNA. DTOT YNCMOBOM MaTepuan NOATBEpPXOaeT paHee YXe BblCKadaHHOe Mo-
NOXeHne o0 TOM, YTO t-kpuTepuin NS 3aBUCUMbIX BbIBOPOK ABNseTcs 6onee 4yyBCTBU-

TeJlbHbIM.

lMockonbKy MeTogmMKa napHoro t-tecta NOMHOCTLIO MOBTOPSET anroputm cpas-
HEHWs1 HEM3BECTHOIro MaTemMaTU4eCcKoro oXxnaaHna My ¢ KOHKPETHBIM YNCIOBbIM 3Ha-
yeHnem M, To ctatuctudeckas pyHkums TTECT B anekTpoHHbIX Tabnuuax Microsoft
Excel npyumeHnma n ona pelweHnsa 3agay 0 COOTBETCTBMM MOJSTYYEHHOTO B 9KCnepu-
MeHTe BbIBOPOYHOrO CPEAHEro xi M3BECTHOMY MaTEMaTUYECKOMY OXWUOAHMIO.

Tak, ana npumepa 3.6 (0 HanNU4MM NOrpPeLHOCTM B Noka3aHusix Ph-meTtpa).
TTECT({8,7;9,2;9,1;9;9,4;9,6;9,7;8,9;8,8;8,7;9,8;9,3;9,8;8,8}:{9;9;9;9;9;9;9;9;9;9;9;9;9
;9};2;1) = 0,088025, 4TO Npy HAMgEHHOM B 3TOM NPUMeEpPE 3HAYEHUN CTaTUCTUKN t =
1,84, uncne cteneHen ceoboabl m =14 —1 = 13 n anbTepHaTUBHON rmnotese Hq: My
# 9 ("XBocTtbl" = 2) cootBeTcTByeT CTBIOAPACTII(1,84;13;2) = 0,088706. Nonyyekx-

Hoe 3HadeHne pyHkumn TTECT roBopuT 0 TOM, YTO BEPOSAITHOCTb HaNU4ns
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cucrtemaTudeckon norpewHoctn y Ph-metpa moxeT GbITb oueHeHa BENMUUHOM 1 —
0,089 = 0,91 (meHbwen, yem 0,95, 3HaYeHNa KOTOPOro Mbl 3aknagbiBanu, Bbibupas
ypoBeHb 3HauumocTtn a = 0,05).

B 3akntoyeHune aToro pasgena elle pas nogyepkHeM, YTO BCe NepeyncrieHHble
Bbllle KpUTEpuUM MOryT ObiTb UCMOMb30BaHbl TOMbKO AMS CRyYaWHbIX BENUYUH, He
NpoTMBOpeYaLLMX HOpManbHOMY 3aKOHy pacrpefeneHuss (3akoHy pacnpeneneHus
Maycca). Tak, Hanpumep, NPUMEHUTENBHO K t-KpUTEpUIO ANs 3aBUCUMbIX BbIGOPOK
9TO O3HaA4aeT, YTO NonapHble PasHOCTM OOMMKHbI BbITb HOPManbHO pacnpenereHobl.
Ecnn 310 npeanonoxeHve He BbINOMHAETCHA (O TOM, Kak ero MOXHO MNpOBEPUTb,
CMOTpWU cregylownin pasgern), To HeobxoaMmMO BOCMOMb30BATbCA OOHUM U3

anbTepHaTMBHbIX HeENapamMeTpu4ecknx kputepumes (cMm. Hanpumep, [10]).

3.6. Kpumepuu coanacus.
lMpoeepka cunome3 o eude hyHKYuU pacrpedesieHust

PaccmoTpeHHble paHee MeToAbl OLEHUBAHWSA napamMeTpoB pacnpeneneHus
CNyYamHOW BENUYMHbI W  KpUTEpUW ANd NPOBEPKM CTATUCTMYECKUX TUNOTE3
npegnonaranu, 4To WM3BEeCTHa QYHKUMS pacnpegeneHvss (HopmarnbHbI 3aKOH —
pacnpegeneHne [aycca). OpHako B 6GONbLUIMHCTBE CnyyYyaeB BWA  3aKoHa
pacnpegeneHus SBnseTca rmnoTeTm4eckum n cam no cebe TpebyeT CTaTUCTUYECKOTO

NOATBEPXOEHNS.

Hanbonee npocTbiM, HO BecbMa MPUONMXKXEHHBIM METOAOM MNPOBEPKM
cornacusa pesynbTaTtoB 3KCNepUMeHTa C TeM UMM UHbIM 3aKOHOM pacrnpegerieHust
aBnseTca rpacdpuydecknin metoq. OH 3akroyaeTca B OLEHKE IMMUPUYECKON (PYHKLMM
pacnpegeneHMss 1 COMOCTaBfeHMM ee € (PyHKuMen npeanoniaraemoro
TEOPETUYECKOrO0 3akoHa. Ecnm nocTpOeHHble 3SKCNepUMEHTarnbHbIE TOYKM nexar
BONM3N TeopeTnyeckoro rpaduka, TO MOXHO CYMTaTb, YTO MOMYYEHHbIE B OMNbITax
AaHHble He npoTuBopedaT BbIOPaHHOMY TeopeTMYEeCKOMY 3aKOHy pacnpeneneHus.
pachuyecknn meTon 4ABNAETCS B 3HAYUTENBHOM Mepe CYObeKTMBHbIM U
MCNonb3yeTcss Ha MpPaKTUKE B KayYecTBe MEepBOro MpubnNmKeHnsa npu peLleHnn

noaobHbIX 3agau.
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Bonee o06bekTMBHble MeToAbl YCTAaHOBMEHWss Buaa pacnpeaeneHus
CrnyYaiHOW BenMYMHbI CTPOSITCA Ha annapaTte MpPoBepKM CTaTUCTUYECKMX TUMOTE3 -

KpUtepumsax cornacud.

Hynesaa runotesa B [JdaHHOM cny4ae 3aknio4vaeTca B ToMm, 4TO Hoi-
nccriegyemasi reHepanbHasi COBOKYMHOCTb He NPOTMBOPEYUT npegrnonaraeMomy
TeopeTu4eckoMy 3akoHy pacnpegerneHus. [lpyu 3ToM anbTepHaTuUBHas runotesa
06bl4HO hopmynupyeTcs Kak Hi: cnyyanHas BenuumHa umeeT nwboe gpyroe

pacnpegeneHune, otTiindHoe OT npeanosiaraemoro.

PaspaboTaHo OOCTAaTOMHO MHOrO KpUTEPUEB COrfacus, OTNNYaKLLMXCS Kak
CBOEN MOLLHOCTbIO, Tak U OOBbEMOM OMbITHbIX [aHHbIX, HEODXOOUMbIX Ons WX
MCnonb3oBaHUs. PaccMOTpMM HEKOTOpPbIE U3 HUX, U B NEPBYIO OYepeb OCTaHOBUMCS
Ha KPUTEPUsiX Cormacusi, KoTopble MOryT OblTb WCMOMb30BaHbl MPU OTHOCUTENBHO

B6onbLnx o6bemax BolGOPKN.

Korga oakcnepumeHTatop pacnonaraet [AoCTaTOvMHO MpencTaBuUTENbHbIM
KONMUYECTBOM 3KCNepuMeHTarnbHbIX AdaHHbix (n > 100), To ux npeaBapuTesibHas
obpaboTka HaymMHaeTca C rpynnupoBKK, KOTopasi MNpOBOAUTCHA B criegyroulen

nocriegoBaTesibHOCTU:

1. Haxomdat Hanbonbluee (Xmax) U HAUMEHbLLIEE (Xmin) BbIGOPOUYHbIE 3HAYEHMS

CNyYanHOM BeNUYMHbI N BbIYUCNAKT ee padMax R= Xmax-Xmin-

2. Pasmax cnyyanHOM Benu4YMHbl pa3buealoT Ha Kk paBHbIX MHTEpPBanos.
KonnyectBo wuHTepBanoB Kk BbiIOMpalOT B 3aBUCMMOCTM OT obbema BbIOOPKU.
Hanpumep, npu n >100 ero 3Ha4yeHne pekomeHayeTcs NpuHUMaTb paBHbIM k=9+15
(npn n <100 k=7). Yncno wuHTepBanoB k MOXHO onpegenutb M no dopmyne
Wriopreca k=1+3,32Ig(n) ¢ OKpyrneHMem nNOsly4EHHOro 3HavyeHua OO0 Gnwkanwen

LIenmon BENUYUHBI.

3. OnpepenswoT wnpuHy wuHTepBana h=R/k, gns ynpoweHna pac4eToB
NOSTyYEeHHbIE 3HAYEHUS OKPYrnAlT B NOOYI0 CTOPOHY, HECKOSbKO YBENuUYMBasa Unu

yMeHbLLas Npu 3TOM pa3max BapbupoBaHus R.

4. YcTaHaBnNuBaloT rpaHuLbl MHTEPBAnoB 1 NOLACYUTLIBAKOT YMCHO nonagaHnn

CNyYanHOW BENUYUHBI B KaXKAbI U3 BblIOpaHHbIX MHTEPBaroB mj, 1<i<k.

103



3. MMPEABAPUTETIbHASI OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

5. OnpepgensoT 4yacToTy nonagaHun ONs KaXQaoro uMHTepeana kak Pi=mj/n.
Pesynbtatbl NO0A0O6HbLIX BblMMCAEHUN MOryT ObiTb CBeAeHbl B Tabnuuy (nogobHyto,

Hanpumep, Tabn. 3.5).

Tabnuuya 3.5

lNocmpoeHue pacripedeneHusi aKcrepumMeHmaribHbIX OaHHbIX

Uncno samepoB | YactoTta nonagaHusa
NHTepsan B Ka)XXOOM B MHTepBarn
UHTEepBane m; P=mi/n
X1+ X2 E 1 E 1/n
X2+ X3 mo m o/n
Xi + Xi+1 Ei m in
Xk + Xk+1 m K m KN
MpoBepka ko k
D m=n 2P =
i=l i=1

Mpadhunyeckon hopmorn npencTaBneHnUs HeNpPepbIBHOW CrlyYaiHOW BeNUYMHDI
asnsetca rucrtorpamma (puc.3.8). lNocnegoBaTenbHOCTb MOCTPOEHUST TMCTOrpamMm

cnegyowas:
1. Onpepensietca BenuuuHa opauHaTtbl fj =Pj/h, roe P; — BeposTHOCTb
NosIBIIEHNA CNy4YanHOW BENUYUHLI B i-M MHTEpBarne.

2. B cucreme koopguHat fi=f(x) Ha wupuHe wuHTepBana h oTknagbiBalOT

BENMYMHbI fi KaK BbICOTbI U CTPOATCA NPAMOYTrOJSIbHUKW.

OueBngHo, 4TO NNowanb ANeMeHTapHOro NpAMoyroJibHuKa

sizh-fizh-%zpizﬁ (3.53)
n

paBHa OTHOLUEHWIO YKCJ1a OMNbITOB M, NMPU KOTOPbIX CﬂyqaﬁHaﬂ BeJIM4nHa OKa3aracb

BHYTPW 3TOro MHTEpBana, k 06LeMy Y1Cny OMbITOB N.
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k k
Mnowaab Bcew ructorpammel S = > S; = > P, =1. CnegoBaTensHo, nnowagab,
i=1 i=1

orpaHn4yeHHada FVICTOFpaMMOVI, paBHa egunHunLe.

3. TllocTpoeHne rucTorpamMmbl WHTErpanbHOM PYHKUUM  pacnpepeneHus

k
OCYLLIECTBNSAETCA CyMMMpPOBaHeM BeposiTHocTen: F(x)= > P .

1=1

f(x)4 F4

1,0

v
v

h X X

»
P

Puc.3.8. K nocmpoeHuto aucmozpammbl criydatHoU 8esluYUHbI

B  panbHelwem  OCYLIECTBISIETCA  CPaBHEHME  3KCMepuMeHTarnbHO
NONy4YeHHOro pacnpedeneHnss CcrnyyYyavHOW BENWYMHbI C  HEKOTOpPbIM  BMOOM
TeopeTnyeckoro pacnpegeneHus. [Ons 3Toh UenM WUCMonb3ylTcs pasfuyHble

KpuTepum cornacus: y? (xu-kagpart) Mupcona, Konmoroposa—CMupHoBa 1 ap.
Kpumeput [MupcoHa

PaccmoTpynm MeToanKy npoBepKM rmnoTesbl HOPMarbHOro pacnpeneneHus rno
KpUTepuio XZ [MupcoHa. 3TOT KpuUTepun KpoMe onpeneneHns OOBEepUTENbHOro
WHTepBarna gnga AMcnepcun Hepeako UCNosib3yeTcs A NPOBEPKM COrnacoBaHHOCTU
pacnpegeneHui, NofnyyYeHHbIX N0 OaHHbIM BblOOPKM C HEKOTOPOM TeopeTUdeCcKown

NNOTHOCTbIO pacnpeaeneHusl.

B gaHHOM criyyae npuMeHeHue Kputepust x> npeanonaraeT UCMonb3oBaHWe
CBOMCTB  HOPMMPOBAHHOTO  (CTAHOAPTHOrO)  HOPMAarbHOrO  pacnpeaeneHus.
HanomHMM, 4YTO ypaBHEHME KPMBOW MIMOTHOCTM  CTAHOAPTHOrO HOPMAaIlbHOro

pacnpeneneHns nmeeT BUA
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-Z%/2 7272
e ~04-e ;Z= .

1
f(Z)_\/Z O'X

Torga TeopeTnyeckass BEPOATHOCTb MonagaHusa CrnyvyamHoW BENMYMHbBI B

WHTepBan Az=zj.1 — z; B Crly4ae HOpMasbHOro pacnpeneneHns MoXHO onpeaenutb

no goopmyne
P*=F(z, )—F(Z.)——izire_“z/zdu.
' s Yoo (3.54)

%

OTnnumne oueHkM 3akoHa pacnpegeneHuss P OoT TeopeTuMyeckoro 3akoHa
pacnpegeneHus P* MOXHO oxapaktepun3oBaTb BENUYMHOMN
k
2 (p. _p. ¥)2
1" = XCi(P - P ), (3.55)
i=1
roe Pi n Pi* — oueHka n TeopeTnyeckas BEPOATHOCTb CryYanHOW BENUYUHBI ANS i-ro

nHTepeana; C; — BecoBble KO3 ULMNEHTbI, KOTOPbIE C BONbLUMM BECOM Y4YMTbIBAIOT

OTKNOHEHNA ANa MeHbLUMX Pi.

MnpcoH BbIGpan BecoBble KO3 ULUNEHTLI creayowmm obpasom:

Ci=p . (3.56)

MupcoH nokasan, YTo npu Takom BbiGope C; 3akoH pacrnpeaeneHust y? cnabo

3aBucuT oT n n P(x), a onpegenseTcs B OCHOBHOM YMCIOM pa3psaos k.

CnepoBaTenbHO,

i=l P * P P * - - n-p* ) (3.57)

OueBWAHO, YTO NPV MAeanbHOM COOTBETCTBUWN IKCMEPUMEHTASNbHbIX AAHHbIX
HOpManbHOMY 3aKOHy pacnpeferieHns 3KCNepuMeHTanbHOe 3HayYeHue KpuTepus

MupcoHa 6ygeT paBHO Hynto, T.K. Pi= Pi*.

B BbipaxxeHun (3.55) ctont cymma kBagpaTtoB K CriydanHbIX BENUYMH, 04HaKo
OHW He ABMAITCA HE3aBUCUMbIMU, TaK KaK Ha HUX HaknaabiBaeTCH HEKOTOPOE YUCITO

cBsazen. OgHOM N3 Taknx cBs3en aBndaeTca TpedosaHme, YToObl Nnowanb Nog KPMBOMK
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k
OLIEHKM 3aKoHa pacnpefeneHuss paBHsnacb eguHuue: Y Py =1. WHorpa TpebytoT,

i=1
yTOObl CpegHee 3HayeHMe X CcoBMagano C mMaremaTudeckum oxugaHmem My, a

BbIGOpoyHas aucniepeusi S,2 — ¢ aucnepcuen ox’. oaTomMy uMcno creneHei

cB0oboabl Yallle BCero onpeaensercs Kak
m=k-2. (3.58)

TeopeTuyeckoe 3HauyeHue kputepus [upcoHa y%.m ONpenensieTca no
cnpaBoOYHbIM AaHHbIM (CM. Tabn.lN.3) unu c ncnonb3oBaHMeM NakeToB NPUKMALHbIX
nporpamMm npu 3afaHHOM YPOBHE 3HAYMMOCTU o U Yucne cTeneHen cBoboabl m (CM.

dyHKunio XU20BP(o;m) n3 anekTpoHHbix Tabnuy, Microsoft Excel).
Anroputm ncrnonb3oBaHus Kputepus NMpcoHa 3akrnoyaeTca B crieayoLwemM.

1. BoigBuratotcs Hynb-runotesa Ho: "OTnnume akcnepuMMeHTarnbHbIX AaHHbIX
OT HOpMasibHOro 3akoHa pacrnpefeneHus He CyLeCTBEeHHO" N anbTepHaTMBHasA en
rmnote3a Hq: "OTnuume askcnepuMeHTanbHbIX OaHHbIX OT HOPMAaribHOrO 3akoHa
pacrnpefeneHnsi CyLWeCcTBEHHO, T.€. 3KCNepuMeHTarnbHble JaHHble He MOAYUHAKTCS

3aKOHY HOpMarbHOro pacnpeaeneHus”.

2. [lo pesynbTaTaMm 3KCNepuMEeHTasbHbIX W3MEpeHUn W NPeanorioXKeHuo
HOpMarnbHOrO 3akoHa WX pacnpedeneHna onpefenseTca pacyeTHoe 3HayYeHue

kpuTepus MNupcoHa y2.

3. OnpepenaioT uucno creneHenm cBobogbl m, 3agalTCca  YPOBHEM

3HAUMMOCTU o, U ONpeaensioT TeopeTuyeckoe 3HayeHne kputepus MNpconHa x2..m.

4. Ecrvt y?<y?..m, TO Hynb-rvnoTe3a Hy 0 HOpMarnbHOM 3aKoHe pacnpeneneHus
aKCMepUMEHTArbHbIX AaHHbIX MPUHUMAETCS C JOBEpUTENbHON BEPOSITHOCTbLIO P=1-a..
B NpPOTVBHOM Cryyae Hymnb-TMroTe3a OTBepraeTcsi U MPUHUMAETCS anbTepHaTUBHAS

rmnoTtesa Hi.
OTmMeTNM BaXkHble peKOMeHOaLnKn o NCMONb30BaHUID KpUTepma XZ.

Ecnu npu HEKOTOPOM 4ynCre U3MEPEHUN KpUTepumn Xz >y 2:m, HO COMHEHUS B
HOpPManbHOCTU pacrnpegeneHuss OTCYTCTBYKT, TO cnegyeT, ecnvm UMeeTcs
BO3MOXHOCTb, YBEMUYUTb YMUCIIO U3MEPEHUI B HECKOSBbKO pa3 U MOBTOPUTbL aHanu3

Mo 3TOMY XXe KpUTEepMIo.
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Yuncno creneHen cBobogbl m=k-2 OTHOCUTCSA K TakoMy criyvato, korga oba
napameTpa HOPMarnbHOro 3akoHa pacnpedeneHvnss onpeaenstTcs no pesynbrartam

N3MepeHNin, T.e. Korga BMECTO TOYHbIX N3MEPEHUN 3Ha4YeHUn My U ox NPUMEHSIIOT NX

AMMUPUYECKNE 3HAYEHUS (OLIEHKN) X U Sy. Ecnn xe 3HaueHune My TOYHO M3BECTHO
(Hanpumep, NpU U3MepPeHNN 3TanoHa), TO YNCNOo CTeneHen cBoboabl paBHO k=n-1;
ecnu n3BectHbl 06a napameTpa M 1 ok, TO Yncno creneHern csoboabl pasHo k=n. Ha
NpakTUKe Takad CuUTyauusi BCTpeYaeTCs OTHOCUTENbHO peako, M Mnoatomy Ans
nony4yeHnst Yncrna creneHen cBoboabl HE MeHee MATU XenaTenbHo O6paTb 4Yucno

WHTepBasioB He MeHee cemMu (MHorga AeBAaTn).
Kpumeput Konmozoposa—CmupHosa

Paccmotpum uncnonb3oBaHne kputepuss KonmoropoBa—CmupHoBa  Ans
NPOBEpPKM MNOTE3bl HOPMANbHOCTU pacrnpefeneHnst criydarHblX BenuyuH. [aHHas
npouedypa Takke npeanonaraeT MNocTpoeHWe Tabnuubl — pacnpepeneHus
SKCMEePUMEHTaNbHO  MOJSTYYEHHbIX 3HAYEHWA C  TPYNNUPOBKOM  AaHHbIX B
onpeaeneHHoe u4ucno paspsgoB k. [ononHutenbHo B Tabnuuy Heobxoaumo

BKIMIOYUTbL criegyrowme KOJTOHKA!

1

— KOFIOHKY C HakKonuTeNbHOM CymMmon Y. mp  ANA Kaxaoro i-ro uMHTepBana
p=1
CrpynnNMPOBaHHbIX AaHHbIX, Kak nokasaHo B Tabs.3.6.
Tabnuuya 3.6

[Mpouedypa ebivucneHus kpumepusi Konimozoposa—CmupHosa

Yucno T
3aMepoB .| Teopetuyec- ,- ia —ni o
WHTepBan | Bkaxdgom | X mp an n). P, a0 P
nHTepBane | p=I1 Bepo;g:iocm = p= p=
m; !
— — N * — *
X1+ Xo m 1 m 1 P+ nP| |m1-nP1 ‘
— —_ — * * * ‘ (51"'52)'
X2+ X3 my m4+m; P2 n(P; +P>) P
-n(Py +P)
i I x iE —ni P,
Xi = Xij+1 Ei z mp Pi* n Z Py, =1 p =1 p
p=I p=1 p= p=

108



3. MMPEABAPUTETIbHASI OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

o k k . k__ k
Xk = Xk+1 m g 2 |Y P* n > Pp, Zmp —n Z Pp
p=1 p=1 p=1 p=I1
i
— KOMOHKY C HaKonNUTenbHOM CyMMOM n Y PS , roe P* — TeopeTtunyeckas

p=1
BEPOATHOCTb MNoNagaHus Cry4yamHOW BeSNMYMHbI B - MHTepBar, 3Ha4YeHus
KOTOpPOMW, KakK yXe oTMedanocb paHee, TabynupoBaHbl M MpPUBOOATCA B

CTaTUCTUYECKMX CnpaBOYHUKAX.

Ha ocHoBaHMM gaHHbIX Tabn.3.6 BbMUCAAOT JKCnepunMeHTallbHOeE 3Ha4YeHune

kputepus cornacust Konmoroposa—CmMupHoBa:

D = Pl = 1 (3.58a)

[anee akcnepumeHTanbHoe 3HayeHune kputepust Konmoroposa—CmupHoBa
cpaBHUBaKT C TeopeTudeckum D,.,, KOTOpoe onpemensalT W3 CTAaTUCTUYECKUX
Tabnuy B COOTBETCTBMM C 06bEMOM BbIOOPKN N U TpebyemMbiM YPOBHEM 3HAYNMMOCTU
a (cm. Tabn. M.10). Ecnn D<D;, , TO rMnote3a O HOpManbHOM pacnpeaeneHnmn

pe3ynbTaTtoB 3aMepoB NPUHUMAETCH C BEPOATHOCTbLIO P=1-q.

Kputepuinn cornacua Konmoroposa—CMunpHoBa An1s1 NPOBEPKU HOPMarbHOCTU
pacnpegeneHvss pesynbTaToB HabnwogeHun BXOAUT B MNaAKeT CTaTUCTUYECKOW

0bpaboTkn gaHHbIX STATISTICA, ¢ KOTOPbIM Mbl NO3HAKOMUMCS B rnaee 7.

PaccMOTpUM  MCMOMNb30BaHUE PaCCMOTPEHHbIX kputepueB x> MupcoHa u
Konmoropoea—CmupHOBa Ansi OLEHKM HOPManbHOCTU pacrnpeneneHust OaHHbIX Ha

cneayoLem npumepe.

Mpumep 3.8. B 1abn. 3.7 npuBeaeHo coaepXaHne KPEMHUSA B YyryHe npu
BbIMflaBKe MepefesibHoro 4YyryHa B [JOMEHHOW neuvn, KOTopoe W3MEHHAeTCs B

npepenax ot 0,32 go 0,95%. Bcero 6bino otobpaHo 50 npob vyryHa.

TpebyeTcss OLEHWUTb, MNOAYMHSIETCA N CoAepXaHue KpeMHuss B npobax
HOpManbHOMY 3aKkoHy pacnpegeneHus? Ecnu pga, onpegenutb MeauaHy, moay,
cpeaHee,  BbIOOpPOYHYH — AOMChepcuto,  AOBEPUTENbHBLIA  MHTepBan  Ans

MaTeMaTn4ecKoro oxunagaHusa, cpeaHekBagpatnyHoe OTKIOHEHMUe. [nsa Bbl4UCNEHUN
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BOCMOJSIb3YEMCH CTAaTUCTUYECKUMU PYHKUNAMM M3 INEKTPOHHOM Tabnuubl Microsoft

Excel.

I'Ipe,D,BapMTeano BblHUCIIMM C UCNOJIb3OBAHMEM CTATUCTUYHECKNX (byHKLI,VII?I

CP3HAY, AMCN w CTAHOOTKIIOH cpegHee 3HayeHne x, BbIOOPOYHYHO

ancrniepcuio sz n CTaHOapTHOE OTKITIOHEHUE Sy, KOTOpblE OKa3alinCb paBHbI

COOTBETCTBEHHO §=0,65, SX2=O,01853 n S,=0,1361.

Tabnuua 3.7
CodeprxaHue KpeMHUSs 8 YyayHe no pesyrbmamam ombopa 50 ripob

Homep | 4 | 5 | 3 | 4|5 |6 | 7|8 9|10
npo6bl
[Si],% 0,32]0,35|0,45| 0,43 ] 0,41 ] 0,51 0,52 0,53 | 0,57 | 0,58
Homep 11 |12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
npoobI
[Si],% 0,59 | 0,56 | 0,56 | 0,58 | 0,54 | 0,57 | 0,61 | 0,62 | 0,63 | 0,64
Howmep 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30
npooObl
[Si],% 0,65 | 0,66 | 0,67 | 0,68 | 0,69 | 0,61 | 0,65 | 0,62 | 0,63 | 0,67
Howmep 31 | 32 | 33 |34 |35 |36 |37 |38 | 39| 40
npoobI
[Si],% 0,65|0,62|0,68|0,71]0,72/0,780,75|0,72|0,79 | 0,72
Homep 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50
npo6bl
[Si],% 0,73]0,72|0,79|0,73 | 0,84 | 0,82 | 0,87 | 0,90 | 0,95 | 0,93

[Npmem 4mcno mHTepBanoB paBHbiM 7. Torga BenuyMHa WHTEpBana
coctaBut h=(0,95-0,32)/7=0,09=0,1. Pesynbtatbl rpynnMpoBKM WCXOOHbIX
AaHHbIX 1 BbIYUCINEHUN NpuBeaeHbl B Tabn. 3.8.

Tabnuuya 3.8

[Mpouedypa ebiqyucneHuUs1 Kpumepusi ;(2 lNupcoHa no OaHHbIM rpumepa 3.8

MHXT:SZan mj | F(xi) | P'=F(x)-F(x1) | nP{ ;nl; y2 = (m; = 111)1:1 o
0,3-0,4 2 0,033 0,033 1,7 0,4 0,07
0,4-0,5 3 0,135 0,102 51 -2,1 0,87
0,5+0,6 11 0,356 0,221 11,1 -0,1 0,00
0,6-+0,7 17 0,642 0,286 14,3 2,7 0,51
0,7+0,8 11 0,864 0,222 11,1 -0,1 0,00
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0,8+0,9 4 0,967 0,103 5,2 -1,2 0,26
0,9+1,0 2 0,995 0,028 1,4 0,6 0,26

Bbluncnenne F(x;) npoBoannu € MCNOMb30BaHMEM CTAaTUCTUYECKON (PYHKLMMK

HOPMPACII. B yactHocTn, ans nHtepsana 0,3+0,4 Haxogum
HOPMPACI(0,4; CP3HAY(B4:B53); CTAHOOTKIIOH(B4:B53); ICTUHA)=0,033.

OTmeTuM, 4TO NockonbKy cpean aprymeHToB oyHkumMn HOPMPACII ectb cpegHee
apudmeTnyeckoe U CTaHOapTHOe  OTKMOHEeHMe, TO Ans  onpeferneHuvs
COOTBETCTBYIOLLUMX MapaMeTpoB TakkKe BOCMNOMb3YEMCH BCTPOEHHbIMU (PYHKLMAMM
9NeKTpoHHbIX Tabnuy Microsoft Excel CP3HAY() u CTAHOOTKIIOH(). B
NMokasaHHOM npumepe nonaraem, 4To AaHHble 50 OnbITOB MO COOEPXKaHUIO KPEMHUSA
B YyryHe pacnosioXXeHbl Ha NUCTe 3reKTPoHHOW Tabnuupbl B averkax oT B4 go BS3.
AHanornyHo onpegenann MYHKUMM pacnpefeneHna Ans Kaxaoro uHTepsana,

pesynbTaTtbl OTpaXXeHbl B Tabn. 3.8.

Takum o06pasom, 3KCnepuMmeHTanbHoe 3HaveHue KkKputepust  [upcoHa
k

Zzzzzle,%, a TeopeTunyeckoe npu ypoBHe 3HadmmocTn a=0,05 u uncne
i=1

cTeneHein cBoBogbl mi=7-2=5 cocTaBnsieT y%0055=11,07 (XU20BP(0,05;5)=

11,07048), 4TO 3HaUMTENDBHO BONbLUE IKCMEPMMEHTASTBHOIO 3HAYEHUS.

CnepoBaTenbHO, BeCbMa YBEPEHHO MOXHO YTBepXaaTb, YTO codep)kaHue

KpeMHMs B Npobax YyryHa noguvMHsSIeTCs HopManbHOMY 3aKoHY pacnpeaerneHus.

Mpeanaraem uuTaTensaM CaMOCTOATENbHO  OUEHUTb  [OOBEPUTESNbHbLIN
WHTepBay MaTemMaTMyeckoro oxugaHus. 30eCb MOXHO OTMETUTb, YTO, Kak
MOKa3bIBalOT pacyeTbl, LOBEPUTENbHbIN MHTEpBan C BepoATHOCTbO 95% paBeH
0,030. YuutbiBass 6nn3ocTb pacnpeneneHns K HopmanbHOMY 1 AOCTaTOYHO BonbLioe
YMCIIO IKCMEPUMEHTArbHbIX TOYEK, MOXHO BOCMONb30BATbCA ANEKTPOHHbLIMU
Tabnuuammn Microsoft Excel (pyHkuma OOBEPWUT), T.e. genctButensHoe cpepHee
coaepxaHne KpeMHMUS B YyryHe (MaTeMaTU4eckoe OXngaHue) nexnT B uHTepsarne ot
0,62% po 0,68%.

Mpoueaypa nNpoBepkM rMNoTe3bl HOPMAanbHOro pacnpeaeneHns AaHHbIX U3
npumepa ¢ ncnonb3oBaHnem kputepuss Konmoroposa—CmupHoBa (D) npeacraBneHa
B Tab6n.3.9.
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Tabnuuya 3.9
lMpouedypa ebivucneHus kpumepusi Konmozoposa—CmupHosa
rno daHHbIM ripumepa 3.8

1 .

Whtepan | — | X m P =F (x;)- : copF [ | —_ 1k

Xt m; pl P F(xi) F(xir) nP; anIPp pzlmp —npzle
0.3:04 | 2 2 0033] 0033 | 1.7 | 17 0.4
04-05 | 3 5 10135| 0,102 | 51 6.8 18
0,5+0,6 11 16 0,356 | 0,221 11,1 17,8 1,8
0,6+0,7 17 33 0,642 | 0,286 14,3 32,1 0,9
0,7+0,8 11 44 0,864 | 0,222 11,1 43,2 0,8
08:00 | 4 48 | 0967 | 0103 | 52 | 484 0.3
0,9+1,0 2 50 0,995 | 0,028 1,4 49,8 0,3

Ha ocHoBaHuu pe3ynbTatoB 3TON Tabnuubl onpedensieM MakcMmarnbHoe
3Ha4vYeHune u3 I'IOCJ'IeLI,HeVI KOJTOHKM N NO HeEMY pacCHUTbiBaeM 3IKCNepuMeHTalribHoe
3HayeHue kputepus D:
2omp=n) P,
p=1 _ 1,8

D = r 122 _0,036.
n 50

max

OKCNepUMeEHTanbHOE 3Ha4YeHue KpUTepus CpaBHMBAEM C TEOPETUYECKUM
Ds0.0.05 =0,177, B3aTbiM 13 Tabn. .10 ¢ y4yeTom obbema BbIGOpkM N=50 N ypoBHEM
3HauynmocTtn a=0,05. BenuunHa Dsp.0 05 >D, noaTomy MOXHO caenaTb TOT Xe BblBO[,
4YTO W paHee: rmMnoTesa HOpManbHOro pacnpefeneHns pesynbTatoB U3MEPEHUSs

coaepkaHUsi KPEMHUS! B YyryHe NPUHMMAaeTCsl C BEPOSITHOCTLI0 95%.

Mpumep 3.9. B 1abn. 3.10 npvBeaeHo coagepkaHMe okcmaa kenesa B Linake
nepeg packucreHnem metanna npu Beinnaske ctann mapku 0,8 Kl B 200 -ToHHOM
MapTEHOBCKOW  ne4yn, paboTawwen C MNpUMEHEHMEM  Kucnopoga  Ans
MHTEHCUMKALNN roOpeHns ToNnmMBa U NPSIMOro OKUCNEHUs npumMecen BaHHbI. Bcero

oTobpaHo 56 npob wnaka.
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Tabnuua 3.10
UcxodHble OaHHbIe K npumepy 3.9

|
Xi, %: i .Zmi
’ i=1
10 1 1
12 5 6
13 3 9
14 6 15
15 6 21
16 2 23
17 8 31
18 6 37
19 6 43
20 4 47
22 1 48
23 4 52
24 1 53
25 1 54
26 1 55
30 1 56
31 0 56
17 "
%Xi -mj
X = =17,375;
2 mj
1
17 _
) %mi ‘(Xi - x)2
Sx = 7 =16,0;
> mj—1
1
Sx =40

M3 tabn. 3.10 BugHo, 4TO CoaepKaHue OKCMAa Xernesa B Lrake konebnertcs
ot 10 go 31%. [lNpumem 4Mcrno wuHTepBanoB pasBHbiM k=7. Toraa BenuymMHa
nHTepsana coctaBut h=(31-10)/7=3. Pe3ynbTaTbl rpynnMpOBKN UCXOOHbIX AAHHbIX U
BbluMCNEHUN npuBeneHbl B Tabn. 3.11. PacyeTHoe 3HauyeHue kputepusi [Mupcona
COCTaBwUMno X2=3,861. Ero cneagyet cpaBHUTL C TabNUYHbIM 3HAYEHNEM Xza;m ansa 5%
-HOr0 YPOBHS 3HAYMMOCTW, KOTOPOE Mpu 4Yucrne crteneHen cBoboabl, paBHOM M=5,

cocTasnsieT x%,0s5=11,07.

113



3. MMPEABAPUTETIbHASI OBPABEOTKA SKCINIEPUMEHTAJTIbHBIX JAHHBIX

Tabnuua 3.11
Mpouedypa 8bidUCAEHUSI KPUMEPUS ¥° 1o daHHbIM ripumepa 3.9

WHTepBan El F(xi) Pi=F(xi)- nP; m;-nP; (mi _ nPi) - (m; - ”Pi)2
Xi-1+Xi F(Xi_1 ) Xi 7npi
1013 6 |0,0326 | 0,104 5,824 | 0,176 0,031 0,005

0,137
13+-16 15 | 0,366 0,229 |12,824 | 2,176 4,735 0,369
16+-19 16 | 0,658 0,292 | 16,352 | 0,352 0,124 0,008
19+22 10 | 0,876 0,218 | 12,208 | 2,208 4,875 0,399
22+25 6 0,972 0,096 5,376 | 0,624 0,389 0,072
25+28 2 0,996 0,024 1,344 | 0,656 0,430 0,320
28+31 1 1,000 0,004 0,224 | 0,776 0,602 2,688
Cymma 56 - - - - - >=3,861

Takum oGpa3om, OfbiTHbIE AaHHblE HEe MPOTUBOPeYaT rmMnoTese O TOM, YTO
cogepkaHne FeO B KOHEYHOM LUMake MNOAYMHSIETCS 3aKOHY HOPManbHOro
pacnpegenenns. OueHUTe CcaMOoCTOSATENIbHO MOAY, MeauaHy, [AOBEPUTENbHbIN

WHTepBan ans MatemaTuyeckoro oxmnganus npu sepostHoctax 90, 95 n 99,7%.

3.7. lNpeobpaszoeaHue pacrnpedesieHUll K HOPMaslbHOMY

Ecnn uccneposartenb, MCNONb30BaB METOAbI, U3NOXEHHbIE B NpeablayLem
naparpadpe, ybeauncd, 4to runoTesa HOPManbHOCTM pacnpefeneHns He MOXeT
OblTb NpUHATA, TO BMOMIHE MOXET ObITb, YTO C MOMOLLbIO CYLLECTBYHOLLMX METOLOB
yaacTcs Tak npeobpasoBaTb MCXOOHble AaHHble, YTO WX pacnpegeneHne byper
NOAYMHATLCA HOpPManbHOMY 3akoHy pacnpegeneHvs. [Ons nosiCHeHUs waen
npeobpasoBaHM  pacCMOTPUM  KayecTBeHHbIM  npumep. [lycTb  KpuBas
pacnpegenenus f(x) nveer Bua, npeactaBneHHbIn Ha puc. 3.9,a, T.e. UMeIOTCSH
O4YeHb KpyTas fneBas BETBb M nofiorad npaeas. Takoe pacnpegeneHue otnmyaeTcs

OT HOpPpMaJIbHOrO.

Ona BbINONHeHMst onepauuin npeobpasoBaHMs  kaxpgoe HabnwaeHue

TpaHcOopMUpyeTCcs C MOMOLLbI norapudmMmmnyeckoro npeobpasoBaHus x' =l1g(x).

I'Ipvl 9TOM JieBasd BeTBb Kpl/lBOl71 pacnpepneneHna CurnbHO pacTAaArmBaeTcda, W

pacnpegeneHve npuHMMaeT NpubnmkeHHo HopmanbHbIn BUA (pnc.3.9,6). Ecnn npu
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npeobpa3oBaHMM NONyYalTCs 3HAYeHUs, pacnonoxeHHble mexay 0 n 1, To BCe
Habnogaemble 3HavyeHus Ona ygobctBa pacyeToB M BO um3bexaHue nonyyvyeHus
oTpuuaTenbHbIX NapaMeTpoB Heob6XoaAMMO YMHOXUTb Ha 10 B COOTBETCTBYHOLLEN

cTeneHn, 4tobbl BCE BHOBb MOMYyYEHHble, NpPeobpa3oBaHHble 3HAYEHUs1 Obinn

Bonblue eanHULbI, T.e. He0BX0AMMO BLIMOMHNUTL Npeobpa3oBaHusa x” = lg(x -10%).

fl{)(]ln a fl{}('ljl Fy

L.

X (')
x"=1g(x)

L 4

Puc. 3.9. lpeobpasosaHue pyHkyuu f(x) K HopmaribHOMY pacripedesieHuUro

ACVIMMeTpI/I‘-IHOG pacnpegeneHne cC OAHON BepUJI/IHOIZ npmBoanTCcA K

HOpManbHOMy npeobpa3oBaHuem x'=Ig(x+a). B oTAenbHbIX cnydasx MOXHO

NMPUMEHSITb U Apyrue npeobpasoBaHns:

a) obpaTtHas BenmuuHa x' = 1/x;

6) obpaTHOe 3Ha4YeHne KBagpaTHbIX KOpHEN X' = 1/\/;.

MpeobpasoBaHne "obpaTHas BenuuuHa" sBRdeTca Haubonee "CunbHbIM".
CpegHee nonoxeHve mexay norapudpmuyeckum npeobpasoBaHvem u “"obpaTHOM

BENUYNHON" 3aHMMaeT npeobpasoBaHme "obpaTHOe 3HaYEHNE KBagpaTHbIX KOpHEN".
[ns Hopmanusauun cmeLeHHOro BNpaBo pacnpeneneHns crnyxar, Hanpumep,

’ a
CTelneHHble I'IpeO6pa3OBaHVIFI X =X rlpl/l 9TOM Ond a NpuMHMMarT 3Ha4YEHUA: a=1,5
npu yMepeHHOM na=2 npu CUNbHO BblIPpaXXeHHOM NpaBOM CMELLEHUN. PeKOMeHﬂ,yeM
yypTaTent npuaymatb TakKue I'Ipeoﬁpa3OBaHMFl, KOTOpble YyOoBIieTBOPAIIN Obl

nccnegosartend B ToM UM MHOM Crly4yae.
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KoHmposnbHbie eonpochkl
1. Kakve 3agauu pewarot B Xxo4e nMpedBapuTeribHOW CTaTUCTUYECKOU
06paboTkn akcnepnMeHTanbHbIX aHHbIX?
2. YT0 Takoe reHepanbHasi COBOKYMHOCTb U Bblbopka?

3. Yto Takoe TO4YeyHoe oueHuBaHue? [lepeyncnuTe TOYEYHble OLEHKN
OCHOBHbIX NapamMeTpoB HOPMarbHOro pacnpeaeneHns ans HenpepbiBHON CryYyanHOW

BeJINYNHDbI.

4. B 4em 3aknio4vaeTcss OCHOBHaAs KWOesl OUEHMBAHUA C  MOMOLLbIO
aoseputenbHoro uHtepsana? C nNOMOLWbK KakuMX pacnpegeneHui npoucxoaut
NOCTPOEHME [OOBEPUTESNBbHBLIX MHTEPBArioB AS1I1 MaTeMaTMYeCKOro OXuaaHus Wu

aucnepcun?

5. B yemMm 3aknw4aeTcs CyLWHOCTb CTaTUCTMYECKMX runotesd? Yrto Takoe

HyneBasi 1 anbTepHaTUBHAA CTaTUCTUYECKUE TMMNOTE3bl?
6. C NOMOLLIbIO KaKUX KpUTepues Npon3BoauTca oTceB rpybbiX NOrpeLHocTen?

7. Kakve 3agaum BO3HUKAKOT NpU CPaBHEHUW OBYX pPsAoB HabnogeHun

9KCNepUMEHTarnbHbIX AaHHbIX? C NOMOLLIbIO KaKUX KPUTEPUEB OHK peLuarTcs?

8. Uto Takoe kputepuin cornacus? KakoBa oCHOBHasa naesa ero MCnosib30BaHus

npu rpoeepke rmnotTes o Bnae C*)yHKLI,I/II/I pacnpe/:l,eneHM;l?

9. B 4yem 3aknovaetcsa anroputMm MUCnonb3oBaHUA KpuTepus [MupcoHa ans

NPOBEPKM rMMnoTe3bl HOPMaribHOro pacnpeaeneHns aKkcnepuMeHTanbHbIX AaHHbIX?

10. KakoBa npoueaypa wmcnonb3oBaHus kputepus Konmoroposa-CmupHoBa

OnAa NnpoBepKU rMnoTe3bl HOpMaribHOro pacnpeueneHvl;l?
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4. AHANN3 PE3YINILTATOB NMACCUBHOIO SKCIMNEPUMEHTA.
SAMMNMUPUYECKUE 3ABUCUMOCTHU

4.1. Xapakmepucmuka eudoe cesizeli Mexx0y psidamu HabnrodeHul

Ha npaktuke cama Heo6XxoaMMOCTb M3MepeHUI BONbLUMHCTBA BENNYUH Bbl-
3bIBAETCA TEM, YTO OHW HE OCTalTCH MOCTOSIHHLIMU, @ U3MEHSITCA B OYHKUMM OT
N3MEHEeHMs ApYyrMx BENUYUH. B aToM cnyyae uenbio NpoBeAeHUst IKCnepuMeHTa siB-

nseTcs ycTaHoBneHve Buaa QyHKunoHanbHou 3asucumocTtn y =f(X). Onsa astoro

OOJIKHbI OHOBPEMEHHO onpenenAaTbCA Kak 3Ha4eHUA X, Tak n cooTBeTCcTBYHOWME UM

3Ha4YeHn4 )7, a 3agaden AKCNepunMmeHTa 4BlideTcqa yCTaHOBJIEHNE MaTemMaTuyeckom

mMoaenum Mccne,qyemoﬁ 3aBucMMocTun. PakTnyeckum peyb ngeTt 06 yCTaHOBJ1€EHNN CBA-

31 Mexay AByMsa psaamu HabnogeHun (M3aMepeHni).

OnpepeneHne CBSA3M BKOYaeT B cebs ykazaHue BMaa MoAenu v onpeaene-
HVe ee napaMeTpoB. B Teopun akcnepnmMeHTOB He3aBMCHMMble NapameTpbl X=(X1, ...,
Xk) MPUHATO Ha3blBaTb PakTopamu, a 3aBUCMMblE NEepPeMeHHble Yy — oTknukamu. Ko-
opAuHaTHOEe NPOCTPaHCTBO C KOOpAUHATAMM X1, Xo, ..., Xi, ..., Xk Ha3blBaeTcs pakTop-

HbIM NPOCTPAHCTBOM. QKCNEPMMEHT MO onpeaeneHnto Buaa yHKUUm

y=f(x), (4.1)

roe X — CKansgap, Ha3blBaeTCA OAHOMAKTOPHbLIM. SKCI'IepVIMeHT no onpegerieHnto

dyHKUMM BUOA
y =f(X), (4.1a)
roe X=(x1, X2, ..., Xi, ..., Xxk) — BEKTOP — MHOrO(paKkTOpHbIM.

[[eomeTpuyeckum npeacrtaBneHneM QYHKUUM OTKIMKA B (PAKTOPHOM Mpo-

CTPaHCTBE SBMSIETCA NOBEPXHOCTb OTKAMKA. [pv OQHOMaKTOPHOM 3KCNEpPUMEHTE

(k=1) NnoBepxHOCTb OTKNMKa NpeacTaBnaAeT cobOM NUHUIO Ha MOCKOCTU, Npu ABYX-

drakTopHOM (K=2) — NOBEPXHOCTb B TPEXMEPHOM MPOCTPAHCTBE.

CBs3un B 06LLueM crnyyae sBnsTCA JOCTAaTOMHO MHOro00OpasHbIMU U CNOXHbI-

Mun. OBbIYHO BbIAENSIOT cnegyowme Buabl CBA3EN.
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4. AHAJTIN3 PE3YIIbTATOB NMACCUBHOIO SKCIEPUMEHTA...

DyHKUNOHANbHbIE CBA3W (MW 3aBUCUMOCTWU) — 3TO Takue CBA3W, Korga npwu

N3MeHeHUn BenuuuHbl X apyras BenuumHa y U3MEeHSeTCsa Tak, YTO KaKAOMY 3Haye-
HUIO X; COOTBETCTBYET COBEPLUEHHO oOnpeferieHHoe (OAHO3HAaYyHOE) 3HayeHue i
(pnc.4.1,a). Takum obpasom, ecnu BbibpaTb BCE YCNOBUSA IKCNEPUMEHTA aBCONOTHO
OAMHAKOBbIMW, TO, NOBTOPSAS UCMbITAHUS, MNONYYUM OOHY U Ty Xe 3aBUCMMOCTb, T.€.

KpuBble ngeanbHO coBnaagyT and Bcex NCNbITaHUN.

K coxaneHuio, Takme ycrioBusi B peanbHOCTU He BCTpevarTcs. Ha npaktuke
He yaaeTcsa nogaepXueaTb NMOCTOAHCTBO YCMNOBUK (Hanpumep, U3NKO-XMMUYeckne
CBOMCTBA LUMXTbl NPY MOOENMPOBAHUN MPOLLECCOB TensioMacconepeHoca B MeTar-
nypruyeckmx neyax). MNpu aToM BANAHWE KaXXO0ro Cry4YyanHoro gpaktopa B OTAESbHO-
CTVM MOXeT ObITb Mano, o4Hako B COBOKYMHOCTW OHU CYLLECTBEHHO MOryT NOBANATb
Ha pesynbTaTbl 3KCNepuMeHTa. B aToM crnyyae roBopsT O CTOXaCTU4EeCKOW (BEpPOST-

HOCTHOI?I) CBA3N MeXay nepemMeHHbIMN.

a 0 B

Yok ¥ & TWHMA
perpeccmm/

L)
¥

Puc.4.1. Budbl cesseli: a — pyHKYUOHaribHas c853b, 8C€ MOYKU
nexam Ha nuHuu; 6 — cesi3b docmamoyHO MmecHasl, MOoYKuU
2pynnupyromcs 803s1€ IUHUU pe2peccuu, HO He 8Ce OHU fiexam
Ha Hel; 8 — cesi3b criabasi

CTOXacTUYHOCTb CBA3W COCTOMUT B TOM, YTO OAHa cnyqa|7|Has| nepemMeHHasa y

pearnpyet Ha uameHeHuwe apyrov X uU3MeHeHMeM CBOEero 3akoHa pacrnpegeneHus
(cm. puc. 4.1, 6). Takum obpasom, 3aBuUCMMas NnepeMeHHas NPUHNMaET He OAHO KOH-
KPEeTHOEe 3HayYeHne, a HEeKOTOpPOe U3 MHOXecTBa 3Ha4dyeHun. MoBTOpSAs UCNbITaHUS,
Mbl Byaem nonyyaTb Apyrne 3HadeHUss PyHKUUKN OTKMMKA, U OOAHOMY M TOMY Xe 3Ha-

YyeHuto X B pasnuyHbiX peanusaumsx 6yayT COOTBETCTBOBATb Pa3fiNyHble 3HAYEHWS
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Yy B MHTEpBane [Xmin; Xmax]. VICkomasa 3asucumoctb y =f(X) moxeT 6biTb HangeHa
NUWb B pe3ynbTaTe COBMECTHOM 06pabOoTKM NOMyYEHHbIX 3HaYeHun X ny.
Ha puc. 4.1, 6 — 9TO KpuBasa 3aBUCMMOCTU, NPOXOAsLLAA MO LEHTPY MOMOoChI

OKCNepunMeHTallbHbIX TO4YeK (MaTeMaTVI‘-IeCKOMy O)KI/Iﬂ,aHI/II-O), KOTOpblE MOIYyT U HEe

nexatb Ha nckomoun kpmeon y =f(X), a 3aHMMaAOT HEKOTOPYI MONOCY BOKPYr HEeE.

OTM OTKINOHEHMS BbI3BaHbl MOTPELUHOCTAMU U3MEPEHWIA, HEMONTHOTON MOLENN U Y4n-
TbiIBaeMbIX (PaKTOpPOB, Cry4YalHbIM XapaKTepoM CaMuxX uccreayemblX MpoLEeCcCoB U

apyrmMmm npudnHamu.

AHann3 cToxacTu4ecKux cBs3emn npmBoanT K pa3jindHbIM NOCTAaHOBKaM 3aaau
CTaTUCTUYECKOro MUCCregoBaHnUsa 3aBUCUMOCTEN, KOTOpbIE YyMNnpoLEeHHO MOXHO Krac-

cudmumpoBaTh crieqyroLmm obpasom:

1) 3agayn KoppendaumoHHOro aHann3a — 3agadn nccnegoBaHuna Hann4dna B3anMO-

CcBA3en mMexay otaesribHbIMU rpynnamMmuy nepemMeHHbIX ;|

2) 3agayn PerpeccuoHHOro aHanusa — 3ajauyu, CBsisaHHble C YCTAHOBMIEHWEM aHa-
NMUTUYECKUX 3aBUCUMOCTEN MEeXAy NEepeMeHHbIM Yy Y OOHUM WU HECKONbKUMM

NEpPeMeHHbIMU X1, X2, ..., Xi, ..., Xk, KOTOPbIE HOCAT KONMMYECTBEHHbIA XapakTep;

3) 3apgauyn OUCNEepPCUMOHHONO aHanmsa — 3afgaydu, B KOTOPbIX MEPEMEHHbIE X1, X2, ..., Xi,
vy Xk MMET KayeCTBEHHbIN XapakTep, a uccrnegyeTcs U ycTaHaBMBaeTCs

cTeneHb UuXx BIINAHUA Ha NepemMeHHoe Y.

CToxacTudeckue 3aBUCMMOCTU XapakTepusyTcsa (opMon, TECHOTOM CBA3U U
YUCITEHHBLIMUN 3HAYEHUSAMU KOS(PMDULMEHTOB YpaBHEHUS perpeccun.
dopma cBA3M ycTaHasnveaeT BUA (PYHKUMOHaNbHOW 3aBucumocTtu y=f(X) u
XapaktepusyeTcs ypaBHeHWeM perpeccun. Ecnv ypaBHeHue CBS3W NUHENHoe, TO
MMeeM MUHEIHYI0 MHOFOMEPHYI0 Perpeccuio, B 3TOM Cryyae 3aBuMCUMOCTbL Y oT X
OnUCbIBaeTCHA NMIMHENHOW 3aBUCUMOCTLIO B K-MEPHOM NPOCTPaHCTBE:
k
y=by+ 2 bx;, (4.2)
j=1

rae bg, ..., bj, ..., bx — KO3 NUMEHTbl ypaBHeHUdA. [Jna nosicHeHusa cywiectsa Uc-
j

Nnonb3yeMbIX METOAOB OrpaHNYMMCSt CHa4arna crnyyaem, koraa X — ckansip. B obuiem

119
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cny4yae Bunabl q)yHKLI,VIOHaJ'IbeIX 3aBMCMMOCTEN B TEXHUKE AOCTATOYHO MHOFOO6pa3-

by

Hbl: MOKa3aTenbHble y =box "1, morapudMnyeckne y = bq lg(x) ¥ T.A4.

3ameTnm, 4TO 3agada Bbibopa B1aa PyHKUNOHANBHOW 3aBMCMMOCTUN — 3afada
HedpopManuayemasi, Tak Kak ofHa 1 Ta Xe KpuBas Ha AaHHOM y4acTke NpuUMepHoO C
OAMHAKOBOW TOYHOCTbKO MOXET OblTb OonMcaHa camMbiMW PasfiMYHbIMKM aHanuTu4de-
CKMMU BblpaxeHnsmn. OTcioga criegyeT BaXHbIN NpakTu4eckui BoiBog. [ake B HaLu
BEK KOMMbIOTEPOB MPUHATME peLleHns O BblIbope TOW UM UHOWM MaTeMaTU4ECKON
MOZENu ocTtaeTcs 3a uccriegoBatenemM. ToOrbKO SKCNepUMEHTaTop 3HaeT, ANs Yero
OyneT B ganbHenweM UCMOonb30BaTbCs 3Ta MOAENb, HA OCHOBE KakuX MOHATUN Oy-

AYT MHTEpPNpPeTUpPOBaTbLCS ee NapameTpbl.

KpanHe >xenatenbHo npu obpaboTke pesynbTaTtoB 3KCnepumeHTa BuUg (OyHK-

umn y=f(X) BbIbupatb, ncxoga u3 ycroBus ee COOTBETCTBMSA PU3MYECKON npupoae

n3yy4yaemMbiX SBAEHUN UNU MMEOLLNMMCS npeacrtaBreHnAm 06 ocobeHHOCTAX noBene-
HUA mccnep,yemof/'l BennymMHbl. K coXaneHuio, Takasd BO3MOXHOCTb HEe Bcerga nmeeT-
CAd, TaK KaK 3KCnepuMeHTbl 4Yalle BCero npoBoaAtTcAd Anda unccnepgosaHna HegocTtTa-

TOYHO UMM HENOJTHO N3Y4YEHHbIX SIBNEHUN.

Mpn n3yyeHumn 3asucumocTn y =f(x)
Vo
OT OofHOro paktopa npwu 3apaHee Heus-

— o] BECTHOM Buge (byHKLl,I/II/I OTKINMKa an4a npu-

N
T
|
T
o
5
- L ]
L ]

OnuKeHHOro onpegeneHnss Buaa ypaBHe-

HMUS perpeccun MonesHo npenBapuUTenbHO

MOCTPOUTb 3MMUPUYECKYIO NINHUIO perpec-

)

!
!
|
:
” X
A x cvmn (puc.4.2). Ons aTOro BeCb AManasoH

—_

N3MeHeHMs1 X pas3buBalT Ha paBHble WH-

Puc.4.2. K nocmpoeHuto
TepBanbl Ax. Bce Touku, nonaeswmne B AaH-

amMnupuyeckoll IUHUU peepeccuu 5
HbI MHTepBan AXj, OTHOCSAT K ero cepeau-

He ; [lns aTOro NoAcYMTLIBAKOT YacCTHbIE

cpegHune ana Kaxgoro nHrtepsarna.

(4.3)

120
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k*
34ecb Nj — 4YMCNO TOYEK B MHTepBarne Ax;, npuyem an =n, rge kK* — 4yncno mHTep-
=1

BanoB pa3bueHus; n — obbem BbIOOPKU.

3aTem NocnefioBaTeNbHO COBAMHSIOT TOUKM (X j;y j) OTpe3kamy mpsMoit. Mo-

nyyeHHasa rioMaHasa Ha3blBaeTCs aMMNMPUYECKON NnHuen perpeccun. o Bugy amnum-
PUYECKON NUHUN perpeccnm MOXHO B NepBoM NpubnuxeHun nogobpatb BMA ypas-

HeHus perpeccun y =f(x).

Mog TecHOTOM CBSA3M MOHMMAaeETCHa CTeneHb ONM30CTM CTOXacTUYEeCKOW 3aBu-

CUMOCTU K (PYHKUMOHArNbHOW, T.e. MNokasaTenb TECHOTbl FPynnMpOBaHUsSt 3KCNepu-
MEHTanbHbIX [AaHHbIX OTHOCUTESNbHO MPUHATOrO YypaBHEHUS Moaenu (CM. puc.

4.1,6,8). B panbHenwem yToYHMM 3TO NOSIOXEHME.

4.2. OnpedeneHue KoaghghuyueHmoe ypasHeHuUs1 peapeccuu

Byaem nonaratb, 4TO BUA YpaBHEHUs1 perpeccun yxe BblbpaH u TpebyeTcs
onpenennTb TONbKO KOHKPETHbIE YMCMEHHblE 3HA4YeHUs1 KO3MULMEHTOB ITOrO

ypaBHeHusi b={bg....bj,...bx}. OTMETUM npeaBapuUTenbHO, YTO ecnu BeIGOP BuAa

YpaBHEHNA perpeccuun, Kak 3To yXe OoTMevanocb, — npouecc HedopmanbHbI U He
MOXeT OblTb MOMHOCTBIO NepedaH KOMMbITepy, TO pacyeT Kod(PPULMEHTOB Bbl-
BGpaHHOro ypaBHeHUs perpeccun — onepaums JOCTaToOMHO hopManbHasa U ee cnegy-
€T pellaTb C UCMOMb30BaHMEM KOMMbOTEpPa. OTO TPYAHbIA U YTOMUTENbHbLIA pacyerT,
B KOTOPOM YeSlIoBEK He 3acTpaxoBaH OT OWMBOK, a KOMNbIOTEP BbINOSTHUT €ro 3Ha4yu-

TeJibHO 6bICTpee N Ka4yeCTBeHHee.

CyliecTByeT ABa OCHOBHbIX MOAXOAA K HAXOXOEHUIO KO3dULIMEHTOB b;. Bbl-
Gop TOro MNM MHOro U3 HUX ONMpedensieTca uenamu 1 3agadamu, CTosAWUMK nepen

nccenenosaresniemM, TOMHOCTbIO NMOJTyYEeHHbIX pe3yrbTaToB, UX KOJIM4YECTBOM U T.4.

MMepBbIN Noaxon — MHTepnonupoBaHue. basnpyeTtca Ha yooBneTBopeHun yc-

noswuio, 4TobbLI PyHKUMA y=(X,b) coBnagana c akcnepnmeHTanbHbIMY 3HAa4YEHUAMU B

HEeKOTOpPbIX TOYKaX, Bbl6paHHbIX B Ka4eCTBe OMNMOpPHbIX (OCHOBHbIX, FJ'IaBHbIX) Yi-

121



4. AHAJTIN3 PE3YIIbTATOB NMACCUBHOIO SKCIEPUMEHTA...

B aTtom cnyvae ansa onpegenenns k+1 HEU3BECTHbIX 3HA4YEHUN NapaMeTpoB b;

ncnoJib3dyeTcd cucrema ypaBHeHmﬁ

f(Xi, bo, ..., bj, . bk) =y, 1<i<n. (44)

B paHHOM crniydae 4uMcno Hes3aBUCUMbIX YPaBHEHWA CUCTEMbl PaBHO YMCIlY
OMOPHbIX TOYEK, B Npefene — n NocTaBrfeHHbIX onbIToB. C Apyron CTOPOHLI, 4SS on-
penenennsa k+1 koadpdpuumeHToB HeobxoamMmo He meHee k+1 He3aBMCUMbIX ypaBHe-
HUA. HO ecrnm 4nMcno n MOCTaBMEHHbIX OMNbITOB U YNCIO HE3aBUCUMbIX YPaBHEHWUN
PaBHO 4YMCNY WUCKOMbIX KO3hpuumeHToB k+1, TO pelleHne cuctembl MOXeT ObiTb
€ONHCTBEHHO, a crnefoBaTenbHO, TOYHO COOTBETCTBYET CryYalHbIM 3HAYEHUSIM UC-
XOOHbIX AaHHbIX. Takum obpasom, B npefenbHOM crnyyae, Korga 4Ymcno koadduum-
A €HTOB ypaBHEHUS1 PErpeccun paBHoO
Y 4ncny 9KCNepuMeEHTarnbHbIX TOYeK
n=k+1, BCe 3KCNepuUMeHTanbHble
Toukn 6yayT coBnagaTtb C MX pac-
YeTHbIMM 3HadeHusimn. Cnepyet
3aMeTuTb, YTO OOOMBaATLCA Takoro

TOYHOro coBnageHuna nytem 3Haudn-

TEJIIbHOIo YyBEJIM4Y4EHNA d4ucra Ko-

> apPUUNEHTOB ypaBHEHUS perpec-
X

Puc.4.3. Annpokcumauyusi pyHKyuu Cun Hacto NpoCTo HEepas3ymHo, Mo-

¢ 6osbwum (1) u Hebonbwum (2) Yucriom CKOMbKY 3KCMepuvMeHTarnbHble pe-

KoaghgpuyueHmos b .
3ynbTaTbl nofnyyeHbol € 6GonbLuen

WX MEHbLUEN MOrpeLlHOCTbo, U
Takas yHKUMS MOXET MPOCTO He OTpaxaTb AEWCTBUTENbHOrO xapakrtepa WU3MeHe-

HWUS1 UccriedyemMoun BenMYnHbl B CUMY BIUAHUS NOMeX (Bo3myLleHui) (puc.4.3).

Takum obpasom, 3agavya B KOHEYHOM CHETE CBOOUTCSH K PELUEHU0 CUCTEMbI
k+1 ypaBHeHun ¢ k+1 HensBeCTHbIMU. OCHOBHas CIOXHOCTb TaKOro peLleHns CBsi-
3aHa C HENMUHENHOCTbKD CUCTEMBI, XOTA B NPUHLUMMNE MPU UCNONb30BaHUN KOMMbIOTE-

pa oHa npeogonvma.
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Mpn uncne onbiToB N 6onbluem, Yem k+1 MCKOMBbIX KOIPPULMEHTOB, YMUCIIO
He3aBUCUMBbIX YpaBHEHUN CcUCTEMbI N36bITOYHO. M3BLITOYHOCTL MHPOPMAaLMY MOXHO

MCNoJib3oBaTb NO-pa3HOMY.

Mocne onpefeneHnss YUCNeEHHbIX 3HadYeHMn k+1 napameTpoB npoBepdaeTcs
Ka4yeCTBO annpoKcumauumn nyTemMm COnocTaBneHns 3HavyeHUn (PyHKUUM N SKCNepuMeH-
TanbHbIX AaHHbIX B OCTaBLUMXCHA, HEMCMNONb30BaHHbIX ToYKax. Ecnn obHapyXeHHble
MeXAy HUMU pacxXOXAeHWUs MpeBbIatoT AOoMyCTUMbIE MO YCNOBWUKO TOYHOCTU, TO
npouenypy onpeaeneHns KoapUUNEHTOB b; MOXXHO NOBTOPUTL, MPUHSAB B Ka4ecTse

OMOPHbIX (OCHOBHbLIX) ApYrue TOYKU.

Takum 006pa3om, M3 3TUX YPaBHEHUN B pasHbiX KOMOMHALMAX MOXHO cOCTa-
BUTb HECKOSIbKO CUCTEM YpaBHEHUWN, KaXaas U3 KOTOPbIX B OTAEMbHOCTM AacT CBOe
peweHne. Ho mexay cobon oHn ByayT HecoBMmecTuMbIMU. Kaxkgoe pelueHne byaet
COOTBETCTBOBAaTb CBOMM 3Ha4YeHUsAM KoadpdpuumeHToB b;. Ecnu Bce nx noctponTtb Ha

Fpad)VlKe, TO Nony4ynm Lenbin My4OK annpoOKCUMNPYHOLLNX KPUBbIX.

9710 OoTKpbIBaeT npu n>k+1 coBepLleHHO HOBble BO3MOXHOCTWU. Bo-nepsbix,
9TOT MYYOK KPMBLIX NOKa3biBaeT hopMy U LUMPUHY 06nacTu HeonpeaeneHHOCTM Npo-
BEAEHHOro akcnepumeHTa. Bo-BTopbIx, MOXeT ObiTb NPOM3BEAEHO YCpeoHEHNE BCEX
HanOEeHHbIX KPMBbIX W MONyYeHHas ycpeaHeHHasa kpuBas OyaeTt ropasgo TOYHee U
[OCTOBEpHEE ONUCbIBaTb UCCNeayeMOe sIBMIEHME, TaK Kak OHa B 3HAYUTENbHOWN CTe-
NeHn ocBobOXAeHa OT CryYalHbIX NOrpPeLlHOCTEN, NMPMBOAMBLLMX K pasbpocy OT-
OerbHbIX 9KCNepuMeHTarnbHbIX ToyeK. MMoAcHUM cyTb 3TOro nogxoda Ha npumepe

ABYX METOOB.

1. MeToa n3bpaHHbIX Toyek (puc. 4.4). Ha ocHoBaHUM aHanu3a AaHHbIX Bbl-

asuraiot rmnotesdy o Buge (dpopme) sasucumoctu f(X). Npegnonoxmm, 4YTo oHa nu-

HenHas, T.e. CTaTUCTMYECKas CBA3b — 3TO NIMHENHas OQHOMEPHaA perpeccud

y=bg +bix. (4.5)
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Puc.4.4. MemoO u3bpaHHbIX MoYek:
X — U3bpaHHbIe MOYKU

Bblbupator gBe Haubonee xa-
paKkTepHble, N0 MHEHWIO UccrnegoBarte-
ng, TOYKK, Yepes3 KoTopble U MpoxoanT
nuHusa perpeccun (puc. 4.4). 3apava
Bbl4MCneHns KoadpuuneHToB by 1 by B
3TOM crniyyae TpuBuanbHa. Ecnu npea-
nonaraeTcs, YTO ypaBHEHWe perpeccumn
BGonee BbICOKOro nopsigka, To COOTBET-
CTBEHHO YyBENMYMBalOT 4Mcno msbpaH-
HbIX TOYek. HegoctaTkm Takoro nogxo-
Aa O4YeBUOHbI, TaK Kak n3bpaHHble TOou-

Kn BblOMpaloTcss CyObLEeKTUBHO, a mMo-

AaBndarulasa 4acTb 3KCNnepuMeHTallbHOro Mmatepuana He UCnonb3yeTcA And onpene-

JIEHUA MNMapamMeTpoB (KOS(*)C*)I/IU,I/IGHTOB) YypaBHEHNA perpeccun, Xotda ee MOXHO UC-

nonb30BaThb B JalfibHEULWEM ANA OLEHKU HageXHOCTU NnoJ1iy4eHHOro ypaBHeHUA.

2. MeTon MeamnaHHbIX LLEeHTPoB. CyuwHOCTb 3TOro MeToda nosicHseT puc.4.5.

P

Puc.4.5. Memod meduaHHbIX moyek

O6BefeHHOEe KOHTYPOM Mnosfie ToueK OenaT
Ha HECKONbKO 4YacTen, YMCIIO KOTOPbIX
paBHO 4ucny ornpegensemMblx Koapgpuum-
€HTOB YpaBHeHUs perpeccun. B kaxxgon ns
3TUX YacTen HaxoOsaT MeAuaHHbIA LEHTP,
T.e. NepeceyeHne BepTUKanM U rOpU3oH-
Tanu crnesa W crpasa, BbIlE N HUXEe KOTO-
PbIX OKa3blBaeTCA paBHOE YUCNO TOYEK.
3atemM 4epe3 9TU MeaMaHHble LEeHTpbI
NPOBOAAT MMNABHYH KPUBYH U U3 peLLEHNs

CUCTEMbl YpaBHEHUN ONpeaenstT Koad-

duumeHTbl perpeccun by. Tak, B cnyyae nuHenHon 3aBMcMMocTn (4.5) none genntcs

Ha ABe rpynnbl. OnpegensioT cpegHve 3HaYeHus X[,Y[;X[[,Y]] ANA Kaxaon u3

rpynn, a Heu3BeCTHble KO3(PMPUUMEHTLI by, b1 onpeaenarT 13 pelleHns CUCTeMBbI

ypaBHEHWNA:
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Vi =bo by (4.50)

Yy =bo+bx,.

Ecnn npu Bbibope Buaa ypaBHEeHUs perpeccum Y1cno ero KoapuLmMeHToB b;
okaxeTcsa 6onblue Yncna ypaBHEHUN (MMEKLMXCA pe3ynbTaToB namepeHnn) k+1>n,
cuctema (4.4) He ByaeT UMeTb OQHO3HAYHOro pelleHns. B atom cnyvyae Heobxoaumo
nMBo yMeHbLUMTb 4YMCro onpefensdemblx KoadpdpuumneHToB k+1, nnbo yBenuuuntb

YMCNO ONnbITOB N.

BTopon noaxod — MeTod HauMeHbLUMX KBaapaToB. YCpe,quHme HecoBMeCTU-

MbIX peLIeHNn N3BbITOYHON CUCTEMBbI ypaBHEHUW n>k+1 MOXeT OblTb NPeofoneHo
MEeTO4OM HaMMeHbLUMX KBagpaToB, KOTOPbLIN Obin paspaboTtaH ewe JlexaHopom wm
layccom. Takum obpa3om, MeToq HaMMeHbLUNX KBaapaToB — 3TO «HOBWHKa» MOYTH
200-neTtHen gaBHocTu. CerogHsa, 6narogapsi BO3MOXHOCTAM KOMMNbIOTEPOB, 3TOT Me-

TOA4 BCTYNWUI, NO CyWeCTBY, B NOJIOCY CBOEro «peHeccaHca».

OnpepgeneHne Ko3a(pOULIMEHTOB bj METOAOM HaMMEHbLLUNX KBAApaToB OCHOBA-
HO Ha BbINOMHEHNN TpeboBaHMsA, YTOObI CyMMa KBaapaToB OTKITIOHEHWI SKCNEPUMEH-
TanbHbIX TOMEK OT COOTBETCTBYIOLLMX 3HAYEHUN YpaBHEHUSA perpeccumn Obina MUHM-
MarnbHa. 3amMeTuMm, YTo, B NPUHUMMNE, MOXHO OrnepupoBaTb U CYMMOW APYrMX YeTHbIX
CTENEHEN 3TUX OTKNOHEHUI, HO Toraa BbluMcreHms 6yayT cnoxHee. OgHako pykoBoO-
ACTBOBATbCS CYMMOM OTKIOHEHUM HEMb34, TaK Kak OHa MOXET oKa3aTbCA Marion npu
GOnbLUMX OTKNOHEHUAX OTPULATENBHOIO 3HaKa.
MaTemaTtnyeckas 3anncb NpMBEAEHHONO Bbile TpeboBaHNA UMeeT BUA
L 2
®(bg, b ,...,bj,..., bk) = Z[f(xi,bo,bl,...,bj,..., bx)—-yi]® — min, (4.6)
i=1 bj
rae N — 4Yncno 3KCnepuMeHTanbHbIX TOYEK B pacCcMaTpuBaeMoM MHTepBarne namMeHe-

HWUS aprymMeHTa X.

Heobxoanmbim ycnosuem MuHUMyma yHKUun ®(bg,bq,...,b;,...,.bx) asnsaetca

BbINOJIHEHNE paBEHCTBA

0®/0bj=0, 0<j<k (4.7)

nnn
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d o1 (x;
Z[f(xi,bo,bl,...,bj,...,bk)_yi]g=

0, 0<j<k. (4.7a)
i-1 0bj

lMocne npeobpasoBaHU NOAYyYNM

of(xi) % vi of(xj) 0

. . (4.8)
0bj i 0bj

n
Z[f(xi,bo,bl,...,bj,...,bk)

i=1
Cuctema ypaBHeHUn (4.8) cogep>XUT CTOSbKO e YpaBHEHUN, CKONbKO HEWN3-
BECTHbIX KO3 PUUMNEHTOB by, b1,..., bx BXOOUT B ypaBHEHNE perpeccuu, n HasblBaeT-

Ca B MateMaTU4ecKom cTaTUCTUKE CUCTEMOMN HOPpMallbHbIX ypaBHeHVIIZ.

Mockonbky ®=0 npu nobbix by, ..., by, BenMunHa ® ob6aA3aTENBHO LOMKHA
nmeTb XoTA Obl OOUH MUHMMYM. [103TOMYy €crim cucTeMa HOpMarbHbIX YypPaBHEHWI

nveeT eaMHCTBEHHOE pellueHne, OHO N ABnAeTCA MUHMMYMOM O5nA 3TOW BENUYUHDI.

PacueTt perpecCnNoOHHbIX KOS(*)(*)I/ILI,I/IGHTOB MeToOOOM HaMMeHbLUNX KBaOpaToB
MOXXHO NMPUMEHATb MNpU NOObIX CTAaTUCTUYECKNX AAHHbIX, pacnpegeneHHbiX no Jo-

GoMmy 3aKoHy.
4.3. OnpedeneHue mecHOoMbI c8513u MeX0y cJlyYallHbIMU 8e/luMUHaMu

Onpegenve ypaBHEHNE TEOPETMYECKON NMUHUM perpeccum, Heobxoaumo aaTb
KONMMYECTBEHHYIO OLIEHKY TECHOTbI CBSA3M MexXay ABYMS psgamu HabnwogeHun. JTnHnm
perpeccun, NnpoBeaeHHble Ha puc. 4.1, 6, B, 0AMHaAKOBbI, OAHAKO Ha puc. 4.1, 6 To4kn

3HauuTenbHO Bnuxe (TeCHee) pacnoroXeHbl K IMHUK perpeccun, 4Yem Ha puc. 4.1, B.

Mpn KOppensiuMoHHOM aHanu3e npeanonaraeTcsi, YTo akTopbl U OTKIMKK

HOCAT CNyYalHbI xapakTep 1 NOAYMHSITCS HOpMaribHOMY 3aKOHY pacnpeneneHusl.

TeCHOTy CBA3N Mexny CﬂyanIHbIMM BeJIMYNHaAMUN XapaKTepunusyrT Koppendauun-
OHHbIM OTHOLUEHUNEM Pxy. OcTaHoBuMcH no,qpo6Hee Ha (bI/I3W-IeCKOM CMbICIie OaHHO-

ro nokasarend. [ns aToro BBE4EM HOBbIE NOHATUS.

2
yoct

OctaToyHas aucnepcust S.. .. XapakTepusyeT pasbpoc 3KCnepuUMeHTasbHO

HabnaaeMbix TOMEK OTHOCUTENBHO NUHUM perpeccum 1 npeacraBnsieT cobon noka-

3aTenb oWwmnbKM NpeackasaHnst napameTpa y No ypaBHEHUIO perpeccun (puc. 4.6):
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I 1 <
S = —y»T = — f(x,,b,,b,,....b)T, 4.9
yocr }/l—l;[yl yl] n—l—k;[yl f(xl 0>™1 k)] ( )

roe I=k+1 — 4ncno KO3 PUUMEHTOB ypaBHEHUS MOOENN.

Y=1x, by.by.... by)

Puc.4.6. K onpedeneHuto ducrniepcuti

Obuiaa amncnepcusa (omMcnepcus BbIXOOHOrO napameTpa) S%, xapakrepusyeTt

pa3bpoc aKCnepuMeHTanbHO HabnaaeMbliX TOYEK OTHOCUTENBHO CPedHEero 3Hade-

HUA y, T.e. nHuM C (cm. puc. 4.6):
2 1 N 12
S; =——> [y —yl, (4.10)
n-143
- 1
e y=—2>y.
N

Cpe,D,HVIIZ KBagpaTt OTKIOHEeHUA JNTIMHUKN perpeccun oT cpeaHero 3Ha4vYeHuda rnun-

HUK §:C (cm. puc. 4.6):

* 1 n - 1 I =
n_1i=1 n_lizl

OueBunagHo, 4TO 00Waa gucnepcus 82y (cymma kBagpaToB OTHOCUTENbHO

CpeAHero 3Ha4YyeHnsa y) paBHa OCTaTOYHOW Aucnepcumn S%, ocr (CymMme KBagpaToB OT-

HOCUTENbHO FIMHUWN Perpeccum) Nc cpeaHuin KBaapaT OTKIOHEHUS NMHUK perpec-

cun Sy*2 (cymma kBagpatoB, obycrnoBrneHHas perpeccuen).
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S =52 oer +547. (4.11a)

Pa3bpoc akcnepumeHTanbHO HabngaembiX TOYEK OTHOCUTENBHO NMHUN per-
peccumn xapaktepudyetca 6e3pasmepHOn BENNYMHON — BbIBOPOYHLIM KOPPENSALMOH-
HbIM OTHOLLEHMEM, KOTOpPOe onpenendeT OO0, KOTOPYH MPMBHOCUT BennvynHa X B

00LLYI0 MBMEHYMBOCTb CryYanHON BESNMYUHDLI Y.

2 2 *)  F
p* B Sy_SyOCT_ Sy _S_y
Xy~ 2 1«2 TS

(4.12)

[MpoaHanuanpyem CBONCTBA 3TOro rnokasaTens.

1. B Tom cnyyae, korga cBA3b ABNAETCH HEe CTOXaCTUYECKOW, a (PyHKUMOHanb-

HOW, KoppendunoHHoe OTHOoLeHune paBHO 1, TaK Kak BCE TOYKM KOppENALMNOHHOIo

NONsi OKa3blBaOTCS HA NIMHWUM perpeccun, octatouHas AMCNepcus paBHa S%,OCT =0,

%
a Sy2 = S%, (puc. 4.7, a).

2. PaBeHCTBO HyNi0 KOPPENSILMOHHOIO OTHOLLEHUS yKa3blBaeT Ha OTCYTCTBME
Kakol-nnbo TECHOTbI CBA3WN MeXay BenMYMHaMM X Uy ANS AaHHOrO ypaBHEHUS per-

peccumn, MOCKOSbKy pa3bpoc 3KCneprMMEHTanbHbIX TOYEK OTHOCUTENbHO CPeaHEero

3Ha4YeHNs 1 NIMHUN perpeccum OMHaKoB, T.€. S%, :Sg,OCT (puc. 4.7, 6).

Puc. 4.7. 3Ha4yeHus1 8b160p0YHO20 KOPPESIAUUOHHO20 OMHOWEHUS pyy:
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a — pyHKUUOHasbHasi cessb; 6 — omcymcmeue cesizu

3. Yem b6nmxke pacnonoXxeHbl SKCnepMMeHTarnbHble OaHHbIE K JIMHUWN perpec-
ChN, TeéM TeCHee CBA3b, TEM MEHbLLUEe OCTaTO4YHaA gucnepcma n Tem oonbLue Koppe-

JTAUMOHHOE OTHOLUEHUE.

CnepoBaTenbHo, KoppendaunmoHHOe OTHOLUEHNEe MOXEeT U3IMEeHATbCA B npene-

nax ot 0 po 1.

YuntbiBas, 4To ANA KOMNLIOTEPOB UMEIOTCH NakeTbl NporpaMMm Ans cTaTucTu-
Yyeckon 06paboTkM pesynbTaTtoB WUCCrefoBaHWM, PacCMOTPUM METOAONOrMI0 3TOro
noaxoda Ha npuMmepe NpPoCTenLNX NMIMHENHbIX U OAHOMEPHbIX 3a4ay (CM. ypaBHEHNe
(4.5)). \gpeonorus pelleHns 6ornee CnoXHbIX 3a4ad NPUHUMNNANbHO He oTNnYaeTcs.
Bonee Toro, kak Mbl yBUMAUM B JaribHEWWEM, MHOTME HENUHEWHble 3aBUCUMOCTU

MOXHO CBECTM K JIMHENHbIM.
4.4. JluHeliHasi peepeccusi om 00HO20 ¢hakmopa

YpaBHEHNE NUHUWM perpeccuMn Ha MfoCKOCTU B AEeKapTOBbIX KOOpAMHAaTax

nMeeT BMA BblpaxeHus (4.5).

Sa,u,al-ly mMeToda HaMMeEHbLUMX KBagpaTtToB aHANMTU4YeCKUM MOXHO BbIPa3nUTb

creayoLwmm o6pasom:

n

®(bg.b1) = X[yj —(bg +bix;)]* > min . (4.13)

i=1 by.b;

[ns peweHnsa 3Ton 3agayu, Kak N3BECTHO U3 MaTeMaTU4YeCcKoro aHanusa, He-
06X04MMO BbIMUCIIUTE YacCTHble NPOn3BOAHbIE YHKUMN @ o koadhduumeHTam by, by
N NPUPaBHATb UX HYIHO:

0®@(bg,by) _, 9P(bo,b1) _

obg ’ oby

0. (4.14)

Cunctema HopMarnbHbIX ypaBHeHUn (4.8) B 3TOM cnyyae npumeT Buz
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n

Z[J’i = (b, +b,x,)]=0; nb, +blzxi :zyi’
i1 i=1

i=1

] . ) . (4.15)
Z[J’i = (by +byx;)]-x, =0; bOZ‘xi +blzxi2 = inyi‘
i=1 i=1 i=1 i=1
PelueHne aton cuctembl oTHOCUTENBHO bg 1 b1 gaeT
n n b n n
Yyi 2xi)7 - Tixiyi) 2xi
_i=1 i=1 i=1 i=1 .
bg = > ; (4.16)
n ) n
ny (xi) —( ZXiJ
i=1 i=1

n n n n _ _
nYxiyi— 2Xji 2yi 2&i-x)(yi-y)
_ =l i=1 i=1 _i=l
b = - = == — (4.16a)
n Y (i) —[ inJ 20 =)
i=1 i=1 -

T.6. Ansi pacyeTa bo 1 by HeoBxogumo onpegennTs Y xi, Y yi, Y xivi, 3 (xi )2,

KoachbpuumeHT by (cBOGOAHBIN YneH ypaBHEHUS perpeccum) reomeTpudeckm
npencraBndeT cobon paccTosiHMe OT Hayana KoopAuHaT 40 TOYKM nepeceyeHus nu-

HUM perpeccum C OCbKD OpauHaT, a KoadpuumeHT by xapakTepusyeT TaHreHc yrna

HakrnoHa nNuHuMKn perpeccumn k ocn OX.

Ecnu xe onpepenarnT ypaBHeHme perpeccun B Buge
- 2
y=bp+bix+by1x”~,

TO cUCTEMA YpaBHEHWU ONA HaxoxaeHus by, by, b1y Byaet nmeTtb cneayowmm BuA:

n

Zyi :bon"'blzn‘,xi +b112n‘,xi29
i=1 i=1

i=1

ixiyl.=b0ixi+blixi2+bnzn:xf, (4.166)
i=1 i=1 i=1 i=1

n n n n
2. 2 3 4
le. v —bOle. +bIin +b”le. )

i=1 i=1 i=1 i=1

N3 ypaBHeHnn (4.15) n (4.166) BbITekaeT npaBusiO 3anucy fbbiIX cucTemM

HOpMarnbHbIX YpaBHEHMI: HEOOXOAMMO 3anucaTb CTONbKO ypaBHEHWA B CUCTEME,
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CKOJ1bKO HEN3BECTHbIX KOS(*)d)I/ILI,VIeHTOB COAEPKNTCA B NICKOMOM YypaBHEHUN, BCSKUM
pa3 cyMmmunpysa npousseneHunAa 4rieHoB UCXOAHOrNo ypaBHEHUA Ha NMepemMeHHYH npu

NCKOMOM KoadopuumeHTe.

OueHKy cunbl NMMHENHON CBSI3M OCYLLECTBIIAKOT MO BbIOOPOYHOMY (SMnupurye-
CKOMY) KOS(DPULMEHTY NapHOW KOPPENSLNN ryy. BbIBOPOYHBLIA KO3hdDULIMEHT KOppe-

nAUMN MOXET BbITb BblYUCIIEH OByMA cnocobamu.

1. Kak 4yacTHbI cny4an KoppesiiuMoOHHOrO OTHOLLEHWUSA ANS NUHENHOro ypas-

HEHUSI Perpeccun.

C y4eToM TOro, YTO y=bh, +b,x,

[bo +byxj —bg ~ by x]* =bIS%, (4.17)

1
S>X<2 —_
11 1

Y "L

P

BENMYMHA OTHOLLEHUS S;/Sy OyneTt paBHa
rxy =b1Sx /Sy, (4.18)

roe Sy n Sy - Bbl60p0‘-IHbIe cpegHune KBagpaTtuyHbie OTKITOHEeHNA.

2. Kak cpegHee 3Ha4yeHWe NpousBeeHus LLEHTPUPOBAHHbLIX CIy4YanHbIX Benu-
YMH, OTHECEHHOE K MPOMN3BEOEHUIO X CPeAHEKBAAPATUYHbBIX OTKITOHEHWNA:
n _ _ n _ _
2(xi =x)(yi —y) 2(xi =x)(yi —y)

1

n
-2 -2
2xi—=x)7 2(yi—y)
i=1 i=1
Mokaxkem, 4TO ABe nocnegHue opMyIbl SKBUBaNEHTHbI. [1na atoro npeobpa-

3yeM BblpaxeHue (4.19) k Buay

n _ _
2(xi—x)(yi-y)= rxy (n=1)SxSy.
i=1

lMoacTtaBnsAs nocnegHee BblpaxeHue B popmyny (4.16a), nmeem

r,(n-10S.S b S
I:M—r S /S, oTkyna rxyzﬁ.

Xy

Zn: (xi - ;) g

i=1
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Kak npaBuno, no pesynbtataM 3KCMEPUMEHTOB HaxodsaT Sy, Sy, X,y M pac-

CUUTLIBAIOT Iy NO popmyne (4.19), a 3atem, UCNonb3ysa 3TN BENUYMHBI, ONpPeaensoT

KO3 PULIMEHTBI ypaBHEHUS perpeccum:

by =rxySy/Sx: bo =y-bix. (4.20)

KoadhduumeHT Koppensaumm ryy M3MeHseTcs B npeaenax -1< ryy <+1.

MonoxuTenbHas Koppensuus mMexay crnyyYyamHbIMW BenUYMHaMu XapakTepu-

3yEeT TaKyr CTOXaCTU4EeCKYyl 3aBMCMMOCTb MeXAOy BeliMdMHamMun, Korga Cc Bo3pacTta-

HWEM OAHOWN M3 HUX apyrada B cpegHeM TakKxe 6y,1:|,eT BO3pacTaTb. I'Ipvl oTpudarterb-

HOW KoppensauuMn ¢ BOo3pacTaHMeEM OLHOW CrydauHOW BenWYuHbl gpyrasi B CpeaHeM

OyneT ymeHbluaTbesi. Yem Brnvke 3HayYeHue ryy K eauHuLe, TeM TecHee cTaTucTuye-

CKad CBA3b.

OtmeTnm ewe pas obrnactb NPUMEHMMOCTU BbIGOPOYHOro KoadpduumneHTa

Koppenaunmn anda oueHKn TeCHOTbI CBA3N.

1.

KoadhdpmumneHT napHOn Koppenaumm 3Ha4eHnn y n X NPUMEHUTENbHO K oa-
HOPaKTOPHOWN 3aBMCUMOCTU XapaKTepusyeT TECHOTY rpynnMpoBaHnS OaH-
HbIX NULWb OTHOCUTENbHO NpsiMon (Hanpumep, NuHus A Ha puc. 4.8, a).
Mpn 6onee cnoxHon 3aBucnumMocTu (puc.4.8, 6) KoadbrUnEHT Koppensunm
ry OyAeT oueHmBaTb TECHOTY OKCMEepUMEHTarbHbIX TOYEK OTHOCUTENbHO
HEKOTOPON NpsiMOn, 0B03Ha4yeHHON OGykBOW A, 4TO, €CTEeCTBEHHO, HeceT

Mano CBeAEHUW O TeCHOTEe WX rPYnnUPOBaHUS OTHOCUTENBbHO WMCKOMOW
Kpuson y = f(x).

KoadhdmumeHT napHon BbIGOPOYHOW KOppensauum MMeeT YeTkun dounsnde-
CKMMA CMbICN TOSbKO B Cnyyae ABYMEPHOro HOpMarnbHOro pacnpeneneHus
napameTpoB, T.e. KOrga gnda Kaxaoro 3HadeHust X, Hanpumep Xi, Xz, Xs,
CyLlecTBYeT COBOKYMNHOCTb HOpMarbHOro pacnpegeneHms y n Haobopor, a
aucnepcus 3aBUCMMON NEPEMEHHON NPU N3MEHEHUN 3HAYEHUS apryMeHTa

OCTaeTcsi NOCTOAHHOW (puc. 4.9).

132



4. AHAJTIN3 PE3YIIbTATOB NMACCUBHOIO SKCIEPUMEHTA...

Puc.4.8. K noHsmuro koaghgpuyueHma napHoul Koppenayuu

[axe npu BbINOMHEHNN 3TUX, BOOOLLE roBOpsS JOCTATOYHO KECTKUX YCITOBUM,
He BCSKO€ 3HadeHne BbIBOPOYHOro KO3IUUMEHTA KOppenauun sBnseTcs AocTta-
TOYHbIM AN CTAaTUCTUYECKOro OOOCHOBAHUSI BbIBOAOB O HanMynnm OENCTBUTENbHO
HaOeXHOW KOPPenAUunoOHHON CBA3U MexXay pakTopoM U OTKIIMKOM. HageXHoCTb cTa-
TUCTUYECKUX XapaKTepUCTUK ocnabeBaeT C yMeHblleHneM obbema Bblbopku (n).
Tak, npn n=2 yepes3 ABe dKCNEepUMEHTAsbHbIE TOYKM MOXHO NPOBECTU TONbKO OAHY
NPAMYI0 U 3aBUCUMOCTb OyaeT (pyHKUMOHanNbHOW, Npu 3ToM BbIGOPOYHbIA KO3dhdu-
LMEHT Koppenauun paseH eauHuue (ry=1). OgHako 31O He O3HavaeT HadeXHOCTb
MOSTYYEHHbIX CTAaTUCTUYECKUX XapaKTepUCTUK B CUIly BeCbMa W BecbMa oOr-
paHU4YeHHOro obbema BbIOOPKN. 3HAYUUT, BbIYMCNATL KOIGUUNEHT KOppensumm no
pesynbTatam AByx HabnioaeHun 6eccMbICNEeHHO, Tak Kak OH 3aBeqoMo OyaeTt paBeH
eavHuue, n ato 6yaet obycnoBneHO He CBOMCTBaMW NEPEMEHHbBIX U UX B3aUMHbIM

OTHOLLIEHMEM, a TOSIbKO YMCIIOM HabnoaeHni.
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A

y A
A B C y= bo + bIX
4. AHAJTIN3 PE3YJIbTATOB NACCHUBHOIO 3K(Q I'IEPMME!-(( A..//

B c¢Basn c a3tum

TpebyeTcs npoBepka TOro,

HACKOMbKO 3HAYMMO OTMU- Syi—const
YaeTcss BbIOOPOYHLIA KO-

appuumeHT  Koppenauuu

rxy OT €ro AencTBuTenbHo- X1 X2 X3 X

*

ro 3HayeHusa ry, . lNpun goc- .
- HIPMA Puc.4.9. K noHsamuro koaghehuyueHma napHou

TatoyHo Oonbwom obbe- Koppensayuu 8 criydae 08yMepHO20
. HOpMaJIbHO20 pacripedesieHus napamempos

Me BblBOPKM N—>00 Iyy =ryy.

Takum obpasom, TpebyeT-

Csl MpoBepKa 3HA4YMMOCTU BbIDOPOYHOro KO3a(hpMUMEHTa NapHOM KOPPENALUUn 1

OLleHKa ero noBeputesibHOro nHTepeana.

Ona onpefeneHns 3Ha4YUMOCTU fyy CROPMYNUPYEM Hyrb-runotesdy Ho: ryy =0,

T.. Koppendauna OTCYyTCTBYyeT. Ons aTtoro paccynTbiBaeTCA 3KCnepuMmMeHTaribHoe

3HayeHue t-kpuTepusa CTblogeHTa

n—2
J1=(y)°

N cCpaBHUBAETCH C TEOPETUYECKUM NPU YMcne cTeneHel cesoboapbl n-2.

(4.21)

Xy

t:‘r

Ecnu t>t,.n2 Npn 3agaHHOM ypOBHE 3HAYMMOCTM o, TO Hynesas rmnoresa oT-
KNOHSIeTCS, a anbTepHaTuBHas rmnoTtesa Hq: rxy* # 0, 0 TOM, YTO KOIPPULMNEHT KOP-

pendaunn cylecTtBeHeH, NpMHMMaeTCA.

OnpeneneHve 0OBEPUTENBHOIO MHTEpBana koadduuneHTa koppensumn. Npu

Marnblx o6bemax BblIbopku (N<20) MOXXHO pekoMeHAoBaTb NOCTPOEHNE OOBEPUTENb-

*

HOro MHTepBana Ans ry, , KOTOpoe OCHOBaHO Ha npeobpasoBaHun P.Puwepa. OH
NpeanoxXur Takoe HennHernHoe npeobpasoBaHWe BEMNUYUHBI Tyy, NPU KOTOPOM 3aKOH
pacnpegeneHns 3TonM oueHKK, BoobLle roBopsi, JOBOSIbHO CIIOXHbIA, NPaKTUYEeCKU

npnbnmxaeTcs K HopmanbHoMy. OTo Nnpeobpa3oBaHne NPon3BoaUTCA No hopmyne

. 1+
7 :lln £
2 1-r

Xy

(4.22)

Cpe,D,HeKBaD,paTI/I‘-IHOG OTKITIOHEHNne cnyqa|7|H0171 BESIMYMHbBI Z* 3aBUCUT OT YMC-

J1a OonbITOB
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S — (4.23)

‘ n-3

a MatemaTunyeckoe OXxuaaHue oYeHb BNM3KO K Yucrny, nony4varowemMycs nocne noa-
CTaHOBKM B chopmyny (4.22) BMECTO ryy UCTUHHOIO 3Ha4YeHus KoadduumneHTa Koppe-
naumm rxy*. OTK CBOMCTBA BENMUYUHBLI Z* MO3BOSISAIOT MPOCTO OLEHUTb, B KaKUX Npene-
nax MoOXeT HaXxoAUTbCA UCTUHHOE 3HaYeHue KO PULMEHTa Koppensunmn, ecnm no n
onblTaMm Mosy4YeHbl HEKOTOpble 3HAaYEHUSA ero BbIDOPOYHOIO 3HAYEHUS (OLIEHKW) ryy.
Ecnn rpaHnyHoe 3HayeHue ry, MMeeT TOT Xe 3HaK, YTO U ry,*, TO MOXHO cyuTaTb B
nepBoM MNPUBNAMKEHUN, YTO KOPPENALMOHHAA CBA3b MEXAy nepeMeHHbIMU OO0CTO-
BepHa.

Mpumep 4.1. MNpu ob6paboTke N=17 nap AaHHbIX X U Y BbIBOPOYHbIN KO3 GU-
LIMEHT Koppenauun coctasun ry= — 0,94, T.e. BeNnnynHa y cBs3aHa ¢ X JOCTATO4YHO
CUNBbHOW MPUYMHHOWM CBS3bHO, BNN3KOM K (PyHKUMOHaNbHOM 3aBucnumocTn. TpebyeTcs
onpeaenuTb 3HaYUMOCTb U HaWTU OOBEpUTENbHbIA NMHTEPBAN BbIOOPOYHOrO KO3M-
dovumneHTa Koppenauumu.

OnpederneHue 3HayuMocmu KoaghghuyueHma ryy

Nn-2 V17-2

~0.94 =10,6.
1-(r,)? 1-(0,94)>

t=|r,

Kputepui CtbtogeHTa to05.15=2,13 (CTbIOAPACIOBP (0,05;15)=2,13145).

MockonbKy t>ty.n.2, TO KOIMPUUNEHT KOPPENSALUN CYLLIECTBEHEH.

OnpedeneHue dosepumernbHo20 uHmMepsasna. Mo copmynam (4.22) n (4.23)
onpegenum BeNUUnHy Z*:

A :lln%: -1,738
2 140,94
n ee cpeagHekBagpatniHoe OTKIOHEeHne:

S, = =;=O,267.

Z  J17-3
3agagumcs BEPOSATHOCTbIO TOrO, YTO UCTUHHOE 3HayeHne Z OTnuyaeTcs OT
BbIYMCMEHHOIO Ha OCHOBaHUM OLEHKN ko3adbdmumeHTa koppenauum Z* He bonee yem

Ha &z. YuuTbiBas HOpMarbHbIW 3aKOH pacnpeneneHns Z, UMeem rnpu BepoSTHOCTH:

90%: 8z=1,64-Sz =1,67-0,267=0,438;
95%: 8z=1,96-0,267=0,523;
99,7%: 8z=3,00-0,267=0,801.
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Taknm obpa3om, UCTUHHOE 3HaveHne Z nexuT B npegenax Z1< Z < Z,, rae ¢
BEPOATHOCTLIO, Hanpumep, 90%, Z.= -1,738-0,438= -2,176 n Z,= -1,738+0,438= -

1,300. [Ans 3agaHHbIX 3HAYEHNIN BEPOATHOCTEN 3Ha4YeHnsa Z1 n Z, COCTaBAT:

90%: Z1=—-2,176, Z,= -1,300;
95%: Z1= - 2,261, Z,=-1,215;
99,7%: Z1=—-2,539, Z,=-0,937.

OTUM 3HaYeHuaAM Z4 N Zp COOTBETCTBYIOT KOI(PULMEHTLI KOppensaumm, nony-
YeHHble u3 dopmynbl (4.22). YTtobbl onpeaenntb YUCNEHHbIE 3HAYeHUsa Koadhdumum-
€HTOB Koppensaumm ns gopmynbl (4.22), MOXHO BOCMONb30BaTbCSA MHCTPYMEHTOM
«lMopbop napameTpa» w3 3NEKTpOHHbIX Tabnuy Microsoft Excel (meHio «Cep-

Buc/lNogbop napameTpa...»). B pesynbTate nonyynm crnegyrollee peLleHme:

90%: r=-0,97, r.= -0,86, 1.e. -0,97<r,<-0,86;
95%: r=-0,98, r.=-0,84, 1.e. -0,98<r,<-0,84;
99,7%: r=-0,99, r.=-0,73, 1.e. -0,99<r,<-0,73.

CnepoBaTenbHO, OBEPUTENbHbIE MHTEPBArbI NOATBEPXKAAIT AOCTATOMHO CUJSIBHYHO
MPUYMHHYIO CBSI3b MEXAY aHanM3mpyembiMu napameTpamu.
Taknum obpasom, KOppPensiLUMOHHbIN aHanu3 ycTaHaBnMBaeT CBS3b MeXay UC-

cnegyemMbiMun CﬂyanIHbIMM nepemMeHHbIM N OLUEHNBAET TECHOTY 9TOWN CBA3MN.

4.5. PeepeccuoHHbIlU aHanus

Hwxe nsnaraloTca OCHOBHbIE MOSOXEHUA PErpecCuoHHOro aHanusa, npume-
HEeHne KoToporo Ana obpaboTku pe3ynbTatoB HAGMOAEHUN CBA3AHO C MEHbLUMM
YUCMNOM OrpaHNYeHUn, YeM Npu KOppenAaLMOHHOM aHanuse. Kak n KoppensumMoHHbIN
aHanms, perpeccuoHHbIM aHanu3 BKIOYaeT B cebsi MOCTpoeHue ypaBHEHUS perpec-
CUW, HanpuMmep, MeTOAOM HaWMEHbLUUX KBagpaTOB W CTAaTUCTUYECKYHD OLIEHKY pe-
3ynbTatoB. ECnn B perpeccnoHHOM aHanmnse pacyeT KoadhPULNEHTOB BeAETCH TEMU
Xe MeTogamu, HanpyMmep HanMeHbLUMX KBaApaToB, TO €ro TeopeTunyeckue npegno-

CbINKM TPEOBYIOT APYrMX CNOCOBOB CTATUCTUYECKOW OLEHKWN Pe3yNbTaToB.
Mpw NnpoBeaeHNN PerpeccUOHHON0 aHanm3a NpUMeM crneayowmne AonyLWeHUs:

1) BXOAHON napameTp X U3MepsieTca ¢ npeHebpexmmo manon owmnbkon. Mo-

sBMeHne ownbku B onpepeneHnn y 00bsCHAETCA Hannunem B npouecce He BbiAB-
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JTIeHHbIX NepeMeEHHbIX U CJ'Iy‘-IaVIHbIX BO3ENCTBMI, HE BOLLEALWNX B YpaBHEHUE per-

peccuu;

2) pesynbTaTbl HaAbNwAEHWUA Y1, VY2,..., Vi..., Yn HAL4 BbIXOOHOW BENUYMHOWN
npeacTaBnAlT cobon Hes3aBUCHMMble HOPMAarbHO pacnpeferieHHble CriyvyanHble Be-

JIMYUHDbI,;

3) npu npoBeAeHUnN aKcnepumMmeHTa ¢ 06beMom BbIGOPKM N NPU YCNOBUK, YTO
KaXkOblii OMbIT MOBTOPEH M* pa3, BbiGopouHble aucnepcun Sq2,..., S2,..., Sn? AOMKHbI
ObITb 0AHOPOAHbI. PN BLINOMHEHUN N3MEPEHUIN B PA3NTUYHbIX YCNOBUSAX BO3HUKAET
3ajava CpaBHEHUS TOYHOCTU M3MepeHui. [pn aTom crnegyeT NOAYEPKHYTb, YTO IKC-
NepuMeHTanbHble JaHHblE MOXHO CpaBHMBATb TOMbKO TOrAda, korga ux gucnepcum
OAHOPOAHbI. ATO O3HAYaeT, Kak yxe otmevanock (cm. n. 3.5.1 n 3.5.2), npnHagnex-
HOCTb 3KCMEPUMEHTAIbHbIX AaHHbIX K OOHOW N TOWN e reHepasibHON COBOKYMHOCTW.
HanoMHuM: 0QHOPOAHOCTb AUCNEpPCUA CBUAETENbCTBYET O TOM, YTO Cpeau CpaBHU-
BaeMbIX OUCNEPCUIA HET Takmx, KOTOpble C 3a4aHHOM HAL4EXHOCTbIO NpeBbiwany Obl
BCe ocTanbHble, T.e. 6bina Obl bonblwas owwnbka. Mpu ogMHakoBOM yucne napan-
NenbHbIX OMNbITOB OAHOPOAHOCTb ANCMEPCUM, KaK Mbl YK€ NMoKa3arnu, MOXHO OLEHUTb
no kputeputo KoxpeHa, a ons cpaBHeHMs ABYX AMcnepcuin uenecoobpasHo BOCMOMb-

3oBaTbCs F-kputepmem duwepa (cMm. npumepsl 3.4-3.5).

Mocne Toro kak ypaBHEHWE perpeccun HamgeHo, Heo6xoanmMo NpoBecTM cTa-
TUCTMYECKUIA aHanu3 pes3yrnbTaToB. JTOT aHanu3 COCTOUT B CrieayloLleM: NpoBeps-
eTCs 3Ha4YMMOCTb BCEX KOI(PPULMEHTOB 1 yCTaHaBNMBAETCS aAekBaTHOCTb ypaBHe-

HUA.
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4.5.1. poBepka ageKBaTHOCTU Moaenun

Mpu mogenupoBaHun npuxoguTcs hopMann3oBaTb CBA3W UCCNegyeMOro sie-
nenuns (npouecca), M3-3a Yero BO3MOXHa NoTeps HEKOTOpOM MHpopmMaunmn 06 o6b-
ekTe. MlHorga HekoTopbie CBA3WN He yuuTbiBaloTCsA. B TO e BpeMsi ocHOBHOe Tpebo-
BaHWe K MaTtemaTuMyecKoW MOAENU 3aKkn4vaeTcs B ee NPUrogHoOCTU ANS pelleHus
NoCTaBMNeHHOM 3aayn U adeKkBaTHOCTU npoueccy. PerpeccnoHHyio Mogenb Hasbl-
BalOT afeKBaTHOW, ecnv npeackasaHHble N0 HeW 3HA4YeHus y cornacylTca C pe-
3ynbTatamu HabnogeHun. Tak, NOCTPOMB MoAeNb B BMAE NMHEWHOIO ypaBHEHMS
perpeccumn, Mbl XOTUM, B YaCTHOCTH, YO6eanTbCs, YTO HUKaKne apyrme Mogenu He aa-
AYyT 3HAYUTENbHOrO yrydleHUss B ONUCaHWW npenckasaHusa 3HayvyeHun y. B ocHose
npoueaypbl NPOBEPKM afekBaTHOCTU MOAENU nexaT NpennosioXeHus, YTo criyyan-
Hble oWwnbKN HabntgeHUNn ABASOTCA HE3aBUCUMMbIMWU, HOPManbHO pacnpeaeneHHbl-
MU CnyYamHbIMW BEMNYMHAMMU C HYNEBbIMU CPEAHNMU 3HAYEHUAMU U OAMHAKOBLIMMN

ancnepcusmu.
Cdopmynmpyem Hynb-runotesy Ho: "YpaBHeHMe perpeccun ageksaTHO".
AnbTepHaTuBHas rmnoTesa Hq: "YpaBHeHMe perpeccumn HeagekBaTHO".
[na NnpoBepKn aTUX rMnoTe3 NPUHATO Mcnonb3oBaTb F-kputepun duwepa.

Mpn aTtom obuyto gucnepcuio (AMcnepcuo BbIXO4HOro napameTpa) Sy2 cpas-

HMBAIOT C OCTaTOYHOW Aucnepcuen Sy oot

HanomHum, 4Tto

Sy -y

§r==
g n-1
Z[yi _371']2
Srow =,
yocT n—l
(4.24)

roe I=k+1 — 4nucno 4YneHoB annpPoOKCUMMUPYHOLLEro NofIMHOMa, a K — Yncno hakTopos.

Tak, Hanpumep, AnA NMHenHon 3asmucumocTu (4.5) k=1, I=2.

B panbHenwem onpepgendaeTca akcnepnMeHTaribHoe 3Ha4yeHune F-KpI/ITepI/IFI
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F =S./S: (4.25)

yocr 2

KOTOpbIA B [AHHOM criydae MNokasbiBaeT, BO CKOSIbKO pa3 ypaBHEHWE perpeccum

_ 1
npeackasbiBaeT pe3yrbTaTbl ONbITOB fyylle, YeM CpeaHee y = —Z v, =C =const.

i=1

Ecnu F>F,.m1.m2, TO ypaBHeHue perpeccun ageksatHo. Yem Gonblue 3HadyeHne
F npeBblwaeT Fymi:mz ANA BbIOpAHHOMO o U 4nucna creneHen csoboabl mq=n-1,

my=n-I, TeM a(ppeKkTnBHEE ypaBHEHME PErPECCUN.

PaccmoTpum Takke cnyyaun, Korga B KaXaow i-n Touke X; A4S NoBblLeHNsa Ha-
OEXHOCTU M OOCTOBEPHOCTU OCYLLECTBNAETCS HE OOQHO, @ M* napannenbHbiX n3me-
peHun (MpymMeM Ans NPoCcTOoThbl, 4TO M* OAMHAKOBO AN Kaxaoro dpakropa). Toraa

YNCINO 3KCNEepMeHTalbHbIX 3Ha4YEeHNN BENNYNHDI Yy COCTaBuTt Nnz=n-m*.

B atom Clniydae OueHKa agekBaTHOCTM MoAdenn npoun3sogntca cnenyrwmm

obpasowm:

1) onpegensietca }i =Zyl,, /m* — cpefHee 13 cepuu naparnnesribHbIX OnbITOB

=

Npv X=X, rAe Yj — 3Ha4eHne napameTpa y npu X=X; B j-M Cry4ae;
2) paccuuTbIBalOTCSl 3HAYEHUs1 MapameTpa yj MO YPaBHEHMIO PErpeccumn npm
X=Xi;
3) paccunTbiBaeTCs AMCNepcus aaekBaTHOCTM
n_oo_
m*y [y, =T

2 i=1
Sa()_ s
n—1[

roe N — 4Yncro 3HaveHun X;; | — YNCno YneHoB annpoKCUMMpytoLLero nofiMHomMma (Ko-

apuuymneHToB b;), 4N NMHENHON 3aBUCUMOCTHN [=2;

4) onpegensieTcs BbIbopoyHasa gucnepcna Y npu x=x;:

m*

Z[yz] _;i]z
S2 — J=1 .

i 2

m*—1

5) onpegensieTcs gucnepcust BOCNpon3BoaUMOCTU
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Yucno cteneHen ceoboabl aTom gucnepcum pasHo m=n(m*-1);

6) onpegensieTcst akcnepMMeHTanbHoe 3HaYeHne kputepms duilepa

F =S /S

BOCII *

7) onpenensieTcsa TeopeTudecKoe 3HaYeHne 3Toro xe Kputepus Fomi:mz,
roe mq=n-l; my=n (m*-1);

8) ecnun F<F,.m1.m2, TO ypaBHEHUe perpeccuu ageksaTHo, B NPOTUBHOM criyvae

— HerT.
4.5.2. NMpoBepka 3Ha4YNMOCTU KO3 hMLNEHTOB ypaBHEHUA perpeccum

HapgexxHoCTb oueHOoK b ypaBHEHNA perpeccum MOXHO OXapaKTepuni3oBaTb UX
AooBepUTeEribHbIMN NHTEPBAJlaMM Ab;, B KOTOpPbIX C 3agaHHoOm BEPOATHOCTbIO HaXo-

ANTCA UCTUHHOE 3Ha4YeHne 3TOoro napameTpa.

Hanbonee npocTto NocTpouTb AoBepuTESibHbIE UHTEpPBarnbl AN napameTpoB
NUHENHOro ypaBHEHUS perpeccumn, T.e. KoadduumeHToB by 1 b4. MNMpn aTom npegno-
naraeTcsi, YTO AN1S KaXOoro 3Ha4yeHusi CriydamHOM BESTIMYUHBI X=X; UMeeTCs pacnpe-

AeneHne co cpedHUM 3Ha4YeHueM y; =bg +bix; ¥ Aucnepcuen S; =S§OCH. NHbIMK
1

croBamu, AenaeTcs OONylUeHMe, YTO crnyyarHas BenuumMHa Y pacnpeneneHa Hop-

MarbHO Mpu KaXXgoM 3Ha4YeHUM X;, a aucnepcusa 82 BO BCeEM MHTepBane naMeHeHunAa

1

X NOCTOSIHHA: Si. = const (CM. puc. 4.9).
1

[na nuHenHoro ypaBHEHUA cpeaHeKBagpaTUYHOE OTKITIOHEHME i-ro Koadhdum-

UMeHTa ypaBHEHUA perpeccumn Sbi MOXHO onpenefninTb Nno 3akKoHy HakonmeHnd own-

0ok
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0 (96,
Sb, =4 2 | 5 Sj' (4.26)
i—1 oyj
J
Mpun ycnosuu, 4to S?}l =S§;2 =...=S§,i :...=S§,n =S§OCH, nony4um
2 .2
SBocn 2 X,
Sby, = =1 X (4.27)
n o) n
ny X - > X
i=1 i=1
2
S .
Sp, = socn ' (4.27a)

2
n o) n
ny, X —( ZXiJ
i=1 i=1
Sbo " Sb1 Ha3bIBaAKOTCA COOTBETCTBEHHO CTaHAAPTHOW OWNOKOM cBOOBOAHOro YneHa

N cTaHO4ApPTHOW oWNBKOM KoahduumeHTa perpeccun.

[MpoBepka 3Ha4YMMOCTU KOI(DPULMEHTOB BbINOMHAETCA NO Kputeputo CTblo-
peHta. Npun atom nposepsaeTca Hynb-runotesa Hy: bi=0, T.e. i-n K03 PNUMEHT reHe-

panbHON COBOKYMHOCTM NpY 3a4aHHOM YPOBHE 3HAYMMOCTM o OTIIMYEH OT HyIS.

[MocTpoum goBepuTenbHbIM MHTEPBaN ANs KO3PUUNEHTOB ypaBHEHUSA per-

peccun
.S, , (4.28)

roe 4mcno creneHen ceoboapbl B kputepun CTbiofgeHTa onpegenseTcs No COOTHOLIe-
Huto n-I. MNMoTtepsa I=k+1 cteneHen cBoboabl 06ycrnoBreHa TeM, YTO BCe KOIhPULmMeH-
Thbl bj paccunTbIiBalOTCA 3aBUCMMO APYr OT Apyra, YTo crneayeT u3 ypaBHeHun (4.16) n
(4.16a).

Torga goBepuTenbHbIM MHTEPBaN Ansa Ab; koadduuneHTa ypaBHeHUs perpec-
cum coctasuT (bi-Abj; bi+Ab;j). Yem yxxe pnoBepuTenbHbii MHTEpBar, Tem ¢ 6onbLuen

YBEPEHHOCTbIO MOXXHO roBOPUTb O 3HAYMMOCTU 3TOIO KOC—)(*)(*)I/ILI,I/IGHTa.
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Heobxogumo Bcerga nomHuTb paboyee npasuno: "Ecnm abcontoTHasa Benu-
YnHa KoadppuumeHTa perpeccum Gonblue, Yem ero AOBepUTENbHbIA MHTEpBas, TO

3TOT KO DULMEHT 3HAYMM".

Takum obpasom, ecnum \bi | > Abi|, TO bj KOOPUUMEHT 3HAUYNM, B MPOTUBHOM

crnyyae — Her.

He3Haunmble KO3(PPUUMEHTBLI NCKIIYATCA U3 YpaBHEHUSA perpeccuu, a oc-
TaBLnecs KO3IPULMEHTbI NEPecHNTbIBAOTCA 3aHOBO, TakK Kak OHW 3aBUCUMMbI U B

dopmynbl Ana ux pacyeta (4.16) n (4.16a) BxogAaT pa3HOMMEHHbIE NepPEMEHHbIE.

4.6. JluHeliHasi MHOXecmeeHHasl pezapeccusi

Mpn n3yyeHMn MHOXECTBEHHOW perpeccumn He cyLlecTByeT rpadunyeckon mH-
TeprnpeTaunun MHOroakTopHoro npoctpaHcTea. [pu npoBegeHUM 3KCNEPUMEHTOB B
Takon cuTyauuu uccrnegosaTernb 3anvcbiBaeT MnokasaHus npubopoB O COCTOAHUM

YHKUMN OTKNUKA Y N BCEX PAKTOPOB X , OT KOTOPbIX OHA 3aBuUCUT. PesdynbtaT uUC-

cnefoBaHW — 3TO MaTpuua HabnogeHUN.

Y1 X11 X12 - X]j X1k
Y2 X21 X22 ... X2j.- X2k

(4.29)
Yi Xil Xi2 .- Xjj--Xik

34ecb N — 4ncro onbIToB; K — 4nMCNo PakTopoB; X — 3Ha4YeHne j-ro dakropa B i-m

onbiTe; yi — 3Ha4YeHne BbIXOOAHOIo napameTpa Aand i-ro onblTa.

3agaya NMHENHOM MHOXECTBEHHOW perpeccum COCTOUT B NMOCTPOEHUN runep-
nnockocTu B (k+1)-MepHOM NPOCTPAHCTBE, OTKINOHEHNSA pe3ynbTaToB HabMAEHWN Y
OT KOTOpoW Obinn 6bl MUHUMAanNbHBIMX MPU UCMNONBb30BaHMM METOA4A HaUMEHbLUNX
KBagpaToB. Mnu, gpyrmumu cnoBamu, criegyeT onpeaenvtb 3HavyeHus KoadpduumeH-

TOB Dby, ..., bj, ..., bx B IMHEnHOM nonuHome

k
y=bg+ Zlijj,
J:
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MWUHMU3NPYIOLLNE BblpaXxeHne

D=y, =5:) = D [y —(by +byxy +..cbjxy + . bpxy ) —>min.  (4.30)

J

MNpoueaypa onpegeneHns KoadULMEHTOB by, ..., bj, ..., bx B npuHuMne He
oTnn4aeTcs OT OAHOMEPHOrO Cryyasi, pPaCCMOTPEHHOroO paHee, U NO3TOMy 34eCb He

npmnBOoaANTCA.

[nNs OUEHKN TECHOTbI CBA3WM Mexay (pyHKUMEN OTKNMKa ) W HECKOMNbKUMU

daktopamu X1, Xo, ..., X;, ..., Xk UICMOSb3YIOT KOIPDULNEHT MHOXECTBEHHOW KOppens-
UMM R, KOTOpbIN Bcerga nonoxuterneH n nameHsaetca B npegenax ot 0 go 1. Yem
bonblwe R, Tem KayeCcTBEHHee npefckasaHnsa JaHHOW MOAESbI0 OMbITHBIX AAHHbBIX C
TOYKN 3peHnsa 6rm3ocTn ee K PyHKUMOHanNbLHOW. Mpu pyHKUMOHANBHON FIMHENHOWN

3aBucumocTtn R=1.

PacuyeTbl 06bIMHO HaYMHAKOT C BbIMUCIIEHUS NAPHbIX KO3IPULMEHTOB KOppe-

NAUUN, NPY 3TOM BbIYMCNAKOTCS ABa TUMNA NapHbIX KOAPPULNEHTOB KOPPENALNN:

1) fyx; = KO3 PULUMEHTBI, onpedensiowme TECHOTY CBA3N Mexay (PyHKUnen
OTKIMMKa y M OOHVUM U3 (PaKTOpOB X;;

2) X xy, T KO3 PMLUMEHTBI, NOKa3blBaoLLME TECHOTY CBA3N MeXAY OAHUM U3
dakTopoB X;n pakTopom X, (j, u =1+k).

Ecnu oguH n3 koapduumeHToB erXu OKaXkeTcda paBHbIM 1, TO 3TO O3Ha4a-

eT, 4YTo pakTopbl X; U Xy PYHKLMOHAmNbLHO CBA3aHbl Mexay cobon. Toraa uenecoob-
pas3HO OOWH U3 HUX UCKIIOYNTb U3 PACCMOTPEHUS, MPUYEM OCTaBNAKT TOT dpakTop, y

KOTOPOro KoagouumeHT fyx ; BonbLue.

[Mocne BblMMCIIEHNA BCEX MAPHbIX KOIMPMPUUMEHTOB KOppEensauumM MOXHO Mo-

CTPOUTb MaTpuLly KO3ULNEHTOB KOPPENSLMKN crneayoLwero Buaa:
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I r, r r r
¥Xi ¥X2 YX; Xk

T . S e

X1y X)X X9 XXk

T T SR

X2y XX XX XX
rxjy rxjxl rxsz 1 rxjxk
r ol

XV XX XXy X Xy

OpHako napHble KO3MMUUMEHTHI KOppenauun He XapakTepusylT TEeCHOTY
CBSI3M, TaK Kak OHU BbIYUCASIOTCA NPU CIyYanHO U3MEHSAIOLNXCA 3HAaYEeHUAX APpYrnx
drakTopoB. [encTBMTENBHO, NPU PAaCCMOTPEHUN Tpex U bornee criydamHbIX BENUYMH
KO3 ULUMEHTBI Koppensaunn nodon napbl N3 3TUX CRyyYyanHbIX BESIMYUH MOTYT He
AaTb NpaBUbHOro NpeacTaBneHns O CTeneHn CBA3M MexXay BCeMU CriydamHbiMu Be-
nMYynHamun. 3To 0OBACHSETCA TEM, YTO HaA 3aKOH pacnpeferieHns BeposSTHOCTEN UC-
cnegyeMon napbl CrnydavHblX BENUYMH MOrYT OKasblBaTb BNWSHWE W Apyrne pac-
cMmaTpmBaeMble CriydarHble BeNnYMHbl. ITO 06CTOATENLCTBO AenaeT HeobXoANMbIM
BBEJEHMe rnokasaTerieM CTOXaCTU4eCKOW CBA3N Mexay napor CryyYamHbIX BerMyuH
NPy YCrIOBUMU, YTO 3HAYEHUS OPYrMX CryyYanHbIX BENUYUH 3adouKcMpoBaHbl. B aTom
cny4yae roBOpsiT O CTaTUCTUYECKOM aHanm3e YacTHbIX CBA3en. Mcnonb3ysa matpuuy
(4.31), MOXHO BbLIMUCINTDL YaCTHblE KOIPULMEHTLI KOPPENALUK, KOTOPbIE NOKa3bl-

BalOT CTENeHb BNUSHUS OOHOrO M3 (PaKTOPOB Xj HA (PYHKLMIO OTKNMKA y NpuW ycro-

BMW, YTO OCTarnbHble aKTOpbl OCTAOTCS HA NOCTOSIHHOM ypoBHe. dopmyna Ans Bbl-

YUNCINEeHnA 4YaCTHbIX KOS(*)(*)VILI,I/IGHTOB Koppendauunn nMmeet Bua

TYX| X3 X Xy = P1j/4/P11-Djj (4.32)

roe D4j — onpegenutens maTpuLbl, obpa3osBaHHoON 13 Matpuubl (4.31) BblYepK1BaHU-
em 1-i cTpokn n j-ro ctonbua. Onpegenutenn D11 1 Djj BbMMCRAOT aHaNornyHo.
Kak n napHble KOa(pdPULUNEHTbI, YacTHble KOI(PPULMEHTLI KOPPENSALNMN N3MEHAIOTCA

oT -1 go +1.

3Ha4YMMOCTb 1 A0BEPUTESbHBIN MHTEpPBaN A51s KO3PULUMEHTOB YaCTHOM KOp-
penaunn onpenensitoTca Tak Xe, Kak Ons KoddduUUMEHTOB NapHOW KOppensuuu,

TONbKO YNCNO cTeneHeln cBo6oabl BbIYMCASIOT Mo hopmyre
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m=n -k*2, (4.33)
roe k*=k-1 — nopsgok YacTHoro koadpuuneHTa napHoOm Koppensauuu.

Ons BbIYUCIIEHUSA KoadhdumumeHTa MHOXXECTBEHHOWN Koppenauum

R ncnonb3yT matpuly (4.31):

yxl,xz,...,xj,...,xk

Ryxl,xz,...,xj,...,xk =4y1-D/Dqy, (4.34)

roe D — onpepenutens maTtpuubl (4.31).

MHOXeCTBEHHbI KOIMDULMEHT KOPPENSLMN OAET OLEHKY TEeCHOTbl CBSI3U

MexXay Yy U COBOKYMHOCTbIO BCEX MEPEMEHHbIX X1, X2, ..., Xj, ..., Xk -

Ecnu 4ucno onbIToB n cpaBHMMO C 4ucnom kKoaddpuumeHtos |=k+1, cBasu
OKasblBalOTCA npeyBenuyeHHbIMU. [1oaTomy criegyeT UCKMIYNTb CUCTEMATUYECKYHO
NOrpeLLIHOCTb, (PU3NYECKUIN CMbICIT KOTOPOW COCTOUT B cnegyowemM. Ecnn pasHocTb
n un | 6yaet ymeHbLLaTbCs, TO KOIMULMEHT MHOXECTBEHHON Koppensumn R 6yaeT
Bo3pacTaTb M nNpu n-1=0 okaxxeTca paBHbiM R=+1, a ypaBHeEHME perpeccumn npespa-
TUTCA B DYHKUMOHANbHOE ypaBHEHWE rMneprnsiocKkoCcTn, KoTopas npongeT vyepes Bce
N aKcnepuMeHTarnbHbIX Todek. OgHaKo ACHO, YTO ClyYarHbIA XapakTep NepeMeHHbIX
npouecca npyv 3TOM He MOXeT U3MeHUTbCS. B ¢BA3n ¢ aTum TpebyeTca oueHka 3Ha-

YMMOCTU KOI(PPULMEHTA MHOXECTBEHHOM KOppEenauum.

3Ha4YMMOCTb KO3IPULUMEHTA MHOXECTBEHHOW KOppenauuu npoBepsaeTcs Mo

KpuTepuio CTblogeHTa:

t :_EZta,m; m=n-k-1,
Sr ’

roe SR — cpeaHekBagpaTUYHas norpeLlHOCTb KO3 dUUMEHTA MHOXECTBEHHOM KOp-

penaunn, paccymnTbiBaemMmasa no Bbipa>keHunto
SR =(1-R%)WVn—k—1. (4.35)
3HauMmocTb R MOXHO NpoBepuTh Takke Mo Kputepuio duiiepa

. :Rz(n—k—l).

1RO (4.36)
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Ecnu pacyeTHoe 3HadeHune F npesbiwaeTt Teopetnyeckoe Fy.mi:m2, TO rmnorte-
3y O paBeHCTBe KO3IhpULMeHTa MHOXECTBEHHOM KOppernsumm Hynw oTBeprawT u
CBA3b CYMTAKOT CTATUCTUYECKM 3HA4YMMOW. TeopeTudeckoe (TabnmyHoe) 3HavyeHue
Kputepua duwepa onpegensieTca Ana BbIOpaHHOro YPOBHS 3HAYMMOCTU o U Yucna

cteneHen ceoboabl mq = n-k-1 1 my=KkK .

Ecnu koapduUMEeHT MHOXECTBEHHOW KOppensauun okasancs HeOXuaaHHO
MarblM, XOTS1 anpuUOPHO M3BECTHO, YTO MeXAY BbIXOOOM Yy U BXOOAAMMW Xi,...,Xk OOJDK-
Ha cyulecTBoBaTb [OCTAaTOMHO TeCHas KOoppensduuoHHasi CBSA3b, TO BO3MOXHbIMU

npu4YnHamMm Takoro ABneHnd MoryTt ObITb cneaywuwme:

a) psiA CyLeCcTBEeHHbIX (hakTOpOB He YYTEH, U CriedyeT BKIOYMTb B paccMOT-

peHve OOMOMNHUTENBHO 3TU CyLLEeCTBEHHbIE BXOAHbIE NapamMeTpsbl;

6) NUHenHoe ypaBHeEHME NII0OXO annpoKCUMUPYeT B OENCTBUTEIbHOCTU Henu-
HEerHYl0 3aBUCUMOCTb y = f(x,,...,X,), U CrieayeT onpeaenuTb KO3PMULNEHTbI yXe
HENUHENHOro ypaBHEHUSA perpeccum MeTogammn perpeccMoOHHOro aHanusaa;

B) pabounin gmanasoH paccmaTpuBaeMbix HakTOPOB HaxXoAUTCA B panoHe
aKcTpeMyMma OyHKUUN OTKNUKA — B 3TOM Criyyae cnegyeT paclumputb uanasoH us-

MEHEHUs1 BXOOHbIX NepeMeHHbIX, a Takke NnepenTu K HeNMMHeNHOW MaTeMaTU4eCcKon

Moaenu obbekTa.

4.7. HenuHeliHasi peepeccusi

Mcnonb3yss noaxonpbl, U3MNOXEHHbIE paHee, MOXHO MOCTPOUTb MpakTU4eCcKu
nobble hopmbl HENMMHENHON CBA3N. C 3TON LENbio B MHXEHEPHOW NPaKTUKE OYeHb

4acCTO UCNonb3yroT NIMHeapusyrouwine npe06pasoBaHMﬂ.

B Ttabn. 4.1 npuBegeHbl YacTo BCTpevatolmecs napHble 3aBUCUMOCTU U M-
Heapu3ylolme npeobpas3oBaHUs NepemMeHHbIX. KayecTBo npeobpasoBaHus pesyrb-

TaTOB MPOBEPSIOT C MOMOLLbIO YPABHEHUS § = by'+by'-X'.

Tabnuua 4.1
@yHKUUU U nuHeapusyroujue npeobpasosaHusi
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JInHeapuayoLine npeobpasoBaHus
Ne ® MpeobpasoBaHue BelpaxkeHus ans
YHKUMSA
n/n nepemMeHHbIX BESNMYMH by 1 b4
yr Xr bO, b1!
1 y=bg+by/x y 1/x bo b+
2 y =1/(bg +b1x) 1y X bo b1
3 y=x/(bg +bix) xly X bo b1
4 | y=bgbs* lg(y) X Ig(bo) Ig(b-)
5 | y=bg-eP1X In(y) X In(bo) b,
6 | y=1/(bg+bje ™) 11y e™ bo b
7 | y=box"! I9(y) g(x) | lg(bo) bs
8 | y=bg+bylgx) y Ig(x) bo b4
9 y:bO/(bl+X) 1/y X b1/bg 1/bg
10 | y=box/(by +x) 11y 1/x b1/bo 1/bg
11 | y=bgebt/* In(y) 1/x In(bo) by
12 | y=bgy +byx" y X" bo b1

Mocne BbluMCNeHnsa koaduumneHToB by’ 1 b4’, Tak e Kak B criydae NnMHenHoun
3aBMCMMOCTU OT OAHOro hpakTopa, BbINOMHAT obpaTHble npeobpasoBaHus, T.e. No
bo’ n by onpegensoT by 1 by. AHanorMyHein noaxon OBLIYHO WUCMONBL3YHT U NPU

MHOXEeCTBEHHOM HENUHENHOM perpecCMoHHOM aHanumse.

KoHmpousbHbIe eonpochi

1. B yem 3aknoyalTCcs CYLHOCTb U OCHOBHbIE 3a[auM KOPPEnsSILMOHHOIo, perpec-

CMOHHOIo n ancnepcnoHHOro aHanusa?

2. Kakve nogxoabl MCNOMb3YHOT NPU HAaXoXOeHUN KO3MMPULMEHTOB ypaBHEHNA per-

peccun?
3. CdhopmynunpymnTte NCXoOHble NOSTIOXEHNA METOAA HAaUMEHbLUUX KBaApaToB.

4. C nomoLlpbto Kakoro napamMeTpa OLEeHMBAETCSA TECHOTA CBSA3M MeXAy CryyYaiHbIMu

BeNnuuYnHamm? NMossicHMTEe M3nMYecKyto CyTb 3TOro napameTpa.
5. Kak oueHuBaeTcsl ageKkBaTHOCTb CTaTUCTUYECKON Moaenn?

6. YT0 HasbiBaeTCs YacTHbIM KO3 ULMEHTOM KOppenaunumn?
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7. Y10 HasbIBaeTCs MHOXECTBEHHbIM KO3ULIMEHTOM KOppenaunumn?
8. Kaknmu cBomnctBamu obnagatoT KoapdpunumneHTsl Koppensaumnn?

9. Kaknm obpasom nNpon3BoguTCA NpoBepKa 3HAYMMOCTU KOI(PPULNEHTOB ypaBHe-

HWUA perpeccun?

10.B 4em 3aknoyaeTca NocTaHOBKa 3aa4vv NIMHEWHOW MHOXECTBEHHOW perpeccumn?
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5. OLUEHKA NOrPELWHOCTEW PE3YIIbTATOB
HABJTIOOEHUN

5.1. OyeHka nozpewHocmel onpedesieHuUs1 eeTUMUH PYHKUUU

Mpw M3NoXeHNN maTepuaros, KacaloLMXCSA OLEHKM NOrpeLUHOCTEN pedynbTa-
TOB HabnogeHu, 6ygem B ganbHenwem npuaepxmBaTbCsi METOOO0NOMMU peLleHnmn

9TUX 3agad, NnpeacrasneHHon B y4ebHoM nocobun [2].

HeobxoanmocTb B onpeaeneHnn norpeLHoCcT BeNMYMH OYHKLUNA NO U3BECT-
HbIM 3HA4YEeHMAM MOrpeLUHOCTEN UX apryMeHTOB ((hakTopoB) BO3HMKAET NPU OLEHKe
TOYHOCTW pe3ynbTaToB MaTtemMaTU4YeCKOro 3KCrNepuMeHTa, a Takke pesynbTaToB Tak
Ha3blBaeMbIX KOCBEHHbIX n3mMepeHuin. [log KOCBEHHbIM U3MepPEHNEM NOHUMaeTCs Ta-
Koe, B pe3ynbTaTe KOTOPOro 3Ha4yeHme UCKOMOW BEeSIMYMHbBI Y pacCYMTbIBAKOT MO M3-

BECTHOWN 3aBMCUMOCTU €€ OT APYrnX BENUYMH X1, Xo, ..., Xy, UBMEPEHHbIX APYrMM Cho-

cobom, T.e.
Y =1(X1,X2 00y Xjpeers Xk ) (5.1)
roe Xi, X2, ..., Xi,..., Xx — aprymMeHThbl, onpeferieHHble He3aBuCcMMO Apyr oT agpyra. B

AanbHenwem 6ygem nonaratb, YTO MOrPELUHOCTM OnNpeaeneHns BenuumHbl y oby-
CNOBMEHbl NULWb HETOYHOCTBK YUCIEHHbIX 3HAYEHUA BENMUYMH X1, X2, ..., Xi,..., Xk,
BXOOALLMX NoA 3HAK OYHKLMN.

O603Ha4YMM UCTUHHOE 3HA4YeHMe i-ro napamMmeTpa 4Yepes X, CpeaHee 3HavyeHne
— yepe3 Xxj, a abCOMOTHYIO MOrpeLIHOCTb ero u3MepeHus — yepes Ax;. Pasnoxum

dyHKumo (x4, X2, ..., Xk) B pag Tennopa, CoxpaHsisi YneHbl C HyfeBON U NEPBbIMU

CTENEHAMU NOrpeLHOCTENn:

S
f(X]5ee0rX oo Xk ) = F(X]pees Xfpeer XK ) + Z(
i=1

- Axg,

8f(x1,...,xi,...,xk)J
0Xxj %

BbIYUCIIEHbI NPU 3HA4YEHUAX X =X; .

roe Bce NPOU3BOAHbIE [
i=Xj

0 f(X15eesXjseesXk)
0 Xj
X

Torpa
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—— 2 K (XXX
Ay2z[f(xl,...,xi,...,xk)—f(xl,...,xi,...,xk)} =X (XL X X Axi| =
i=1 0xj X

EARRS) EARES] z

i=1 axl Xi:Xi 1=1
f
0Xj X; :X_1

CnepoBaTtenbHo, Ay; — 3TO COCTaBMSAOLWME NOrpeLHoCcTn pyHkumm, obycnos-

JIEHHbIE NOrpeLlIHOCTbIO i-ro aprymeHTa X,.

,D,OBepI/lTeJ'IbHaﬂ BEPOATHOCTb, COOTBETCTBYyOLWAA BenuynHe Ay;, YMCNEeHHO

paBHa )J,OBGpI/ITGJ'IbHOVI BEPOATHOCTH, C KOTOpOl71 HangeHa MOrpeLlHOCTb AX;.

[ns oTHOCUTENbBHOW MOrpeLlHOCT BMECTO COOTHOLWEHMUs (5.2) ncnonb3ylT

BblpaXKeHue
K, =L O px 2000 (5.3)
O Ox, 0 X,

CooTHowenusa (5.2) n (5.3) npUMMeHUMbI AN pacyeTa Kak CrnyyamnHblX, Tak U

cucremMaTn4eCcKkmnx I'IOFpeLIJHOCTeI7I.

O6Las abcontoTHas (Ays) 1 OTHOCUTENbHAS (As ) MOTPELLHOCTM OMNpeaeneHus

PYHKLUN MOTYT ObITb HAMAEHbBI C MOMOLLIbIO BblpaXXeHWi

(5.4)

(5.5)

MpeanonaraeTcs, YTO BCE COCTaBNSAKOLLME MMET HOpMarbHbIA 3aKOH pac-

npeneneHus.

YacTHble npou3BoaHble, Bxoaswme B cooTHoweHusa (5.2) u (5.3), He Bcerga
MOryT ObITb HanAeHbl aHanNnUTU4eckn. Yacto He ygaeTcs paspeLlumTb UCKOMYIO 3aja-
4y OTHOCUTENBbHO MCKOMOW BENUYMHBLI Y B ABHOM BuAe. B aTux cnyyasix nonesHo uc-

nosb3oBaTb YMNCIIEHHbIE METOObI ornpeaeneHnd npon3BoaHbIX.
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Mpumep 5.1. PaccmoTpuM MOrpeLHoCcTb onpeaesieHnsi MaccoBOro pacxoga
ra3zoBOro NOTOKa CTaHAAPTHLIM CyXaloLWuM yCTporucTBOM. Mpn aTom Byaem cumtaTth,
4YTO CrnyYyanHas COCTaBnAOLWAs NOrpeLHOCTN OTCYTCTBYET, a NONpaBka Ha CKuMae-

MOCTb NOTOKa paBHa eanHULLE.

Torga ¢ y4eToM BblpaXkeHUsl Ansi OnNpeaeneHnsl MaccoBOro pacxoa BeLecT-

Ba

G =aFe\2p(p,— p,) = aF\e\2ph, (5.6)

roe Fo — nnowagb cyxarulero yCTponucTBa; € — NOMNPABOYHbLIN MHOXUTENb Ha CXMU-
MaeMOoCTb BeLLeCTBa, pacxoq KoToporo namepsietca (¢ =1); p — NSIOTHOCTb NOTOKa
nepea Cyxarwwum YCTPOUCTBOM; h — nepenag cTtaTMyecKoro AaBfeHUs Ha Cyxato-

LLileM YCTPOUCTBE, a - KO3dPUUMEHT pacxoaa.

Mcnonbays cooTHoweHus (5.2) n (5.4), nonydnm cnegyowme gopmynbl ons

pacyeTa abCoOMOTHOWN M OTHOCUTENBHOM MOrPELLHOCTY onpeaeneHns pacxoaa:

2 2
AG = i\/(a—G ApJ + (G_G Ah] ; (5.7)
0p oh
oG ApY (8G AhY 1 [(Ap) (AhY
A =% || 222 +(——) =+ || 22 +[—] (5.8)
op G oh G 2\ p h

roe %G _ aFpe l; a6 _ akpe, /i
op 2p ¢oh 2h

Yuytem ganee norpewHoCcTn onpeaeneHnda ninoTHOCTU NMOTOKOB. B cooTBeTCT-

BMM C ypaBHEHMEM COCTOSHWUA ra3a p=p/RT, rae p 1 T — cOOTBETCTBEHHO abcontoT-
HOe JaBrieHve 1 Temnepartypa rasa nepepf cyxawwmm ycTtponctsom, R — yHuBep-
canbHaga rasoBas NOCTosiHHasA. ABCOMTHAA NOrpeLHOCTb onpeaeneHns NNoTHOCTU

noToka 6e3 yyeTta norpeLLHoOCT! ra3oBON NOCTOSIHHOM COCTaBUT

op V> (o 2
M=% Lap| + [—pAT) : (5.9)
op oT

op_1 op__ p

rge 5 = -
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OTHOCUTEIIbHaA NOrpeLlHOCTb

p 2
Ay =224 [ﬂ] +(£) . (5.10)
p p T

Torga oTHOCUTENbHas norpewHoCTb onpeaernieHnda MmaccoBoro pacxoga raso-

BOro NoTtoka byaeTt

. (&j {ﬂjﬂ(A_hj (5.11)
2 p T h

3aecb p, T, h — 3Ha4yeHna namepeHHbIx napameTpos; Ap, AT, Ah — nx abco-

NIOTHbIE NOrPeLLIHOCTU. YucrneHHble 3HavyeHna Ap, AT, Ah onpeaensalTca B OCHOBHOM
WHCTPYMEHTaNbHON NOrpeLlHOCTb0 U MOTYT BbiTh BbIYMCIIEHDBI C YY4E€TOM Kracca Touy-
HOCTM Mcnosib3dyembix NpubopoB Ans namepeHus p u h. MNMorpewHocts namepeHna T

onpeaensieTcs ¢ y4eTOM Buaa U3MepPUTENbHOIo YCTpoMCTBa TeMnepaTypbi.

AbcontoTHas NOrpeLwHoOCTb onpeaeneHnd MmacCcoBoro pacxoga ra3oBoro rnorto-

Ka
AG = GAG, (5.12)

roe G — 3Ha4yeHue pacxoaa, U3MepeHHoe IKCrnepumeHTanbHo. Takum obpasom, uc-

TUHHOE 3HayeHue pacxoaa GyaeT paBHO

G =G+AG., (5.13)

ucm

5.2. O6pamHas 3a0a4a meopuu 3KcriepuMeHmarsbHbIX lMo2pewHocmeu

Llenbto obpaTHOM 3agaun siBnsieTcs onpefeneHve norpeHoCcTen BennymH-
aprymMeHTOB, €CN U3BECTHbI MNOrpeLUHOCTN PYHKUMIA 1M BUL PYHKLMOHANBLHOW 3aBu-
cnmocTn. HeobxoammocTb B peLleHnn Takux 3agay BO3HUKAET Npu BblIbope TOro unm
MHOrO KOMIMIEeKca U3MepUTENbHON annapaTypbl N MeToga onpeaeneHns NICKOMOW
BESIMYMHDBI, MO3BOMSAIOWMX HAWTWU 3HAYEHME ITOM BENUYUHbLI C OnpeaeneHHOW no-

rPEeLWHOCTbIO.
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ObpatHasa 3agadva B obLiemM cnyyae siBNseTCs HeonpeaeneHHOM, NOCKOSbKY
MMeeTCsl 0OHO ypaBHeHMe ¢ Kk Hem3BeCTHbIMU. IHaye roBopsi, y4OBNETBOPUTL YCro-
BMIO 3a[j@a4M MOXHO MPW pasfmyHbiX KOMOMHALUMAX 3HAYEHWUA MOrpeLlHOCTEN apry-

MEHTOB.[2].

OuyeHb YacTo yaoBneTBopuTeNbHOE pelleHe obpaTHOM 3agayvm okasbiBaeTcs
BO3MOXHbIM MPX MCMOMb30BaHUM TaK Ha3biBAEMOro NpuMHUMNa paBHbIX BMAHUA. OH
3aKnyaeTca B TOM, YTO MpY peLleHMM 3a4auv HaknagblBaeTcs OOMNOMHUTENbHOE
TpeboBaHme, 4TOOLI BCE UNeHbl B NpaBon YacTu BbipaxeHun (5.4) n (5.5) okasbiBanm

OQunHaKoBO€E BIIMAHME Ha NOrpeLlHoCTn q)yHKLI,VIVI.

MpUMeEHAS NPUHLUMN PaBHbIX BIIMSIHUA K OTHOCUTENbHOM MOrpeLlHOCTM (OYHK-

LuKn, onpeaenseMmon cooTHowweHnem (5.5), nonyyum [2]

(5, F =65, F =, F = 5 (5.14)

_B; (5.15)

A,
"k

C yuyetom (5.3) nerko nonyynTb BblpaxkeHne Ansi onpegeneHnsa abContoTHbIX

AXi N OTHOCUTENbHBIX Ay MOTPELUHOCTEN BCEX apryMEHTOB:

Ay 1
s = : 5.16
i Jk oln [f(xl,xz,...,xk] ( )
0Xj
. A 1
O . 5.17
" ek O (5, X X, 10

o x,
B ganbHeiiem MoryT MMeTb MeCTO TPU BO3MOXHBIX CryYas:

— 3Ha4yeHud I'IOFpGLIJHOCTGVI BCEX apryMmeHTOB TaKOBbl, YTO Ji€XaT B Mnpegeryiax To4-
HOCTW, ﬂ,OCTyI’IHOI7I npn nN3MepeHnax ¢ nNomMoLlbio MMEerLnxXca cpenctB nmMmepe-

HUW;

— 3Ha4YeHUst HEKOTOPbIX NMOrPELUHOCTEN HAaCTONbKO Marbl, YTO 06ecneYnTb COOTBET-
CTBYIOLLYIO TOYHOCTb C MOMOLLIbH MMEKLLMXCA CPEeACTB M3MEePEHUIA He NpeacTaB-

19eTCA BO3MOXHbIM;
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— 3Ha4dyeHud Bcex I'IOFpeLIJHOCTel)'I Manbl, 1 obecneunTb TaKyt0 TOYHOCTb HEBO3MOXX-

HO.

B nepBomM cnyyae npoGrnem He BO3HWKAET WM MOCTaBMeHHas 3ajada uveet
pelweHne. Bo BTopom cnyyae npexae BCEro crnefyeT MonbiTaTbCa pewwnTb 3adady
nyTem yBenM4YeHust NOrpeLlHOCTM TeX apryMeHTOB, Y KOTOPbIX OKa3arnocb HEBO3MOX-
HbIM oBecneunTb Tpebyemyto NepBoHaYarbHY0 TOYHOCTb M3MEPEHUI NpY OOHOBpPE-

MEHHOM YMEHbLUEHUN ﬂOFpeUJHOCTeIZ OCTalibHbIX apryMmeHTOB.

Ecnu 3T0T NyTb He OaeT npuemMnemblx pesynbTaToB, TO OCTaeTcs OAMH Bbl-
XO[l, CBSI3aHHbI C NMOMCKOM APYroro MeToaa onpeaeneHns BenuumHbl X. OTOT BbIXO4,
SIBNSIETCS €QUHCTBEHHO BO3MOXHbIM U AN Ccryyasi, Koraa 3HayeHUsi NorpeLlHoCTen
BCEX apryMEHTOB HACTONbKO Maribl, YTO obecneyntb Tpebyemyro Ux TOYHOCTb C Mo-
MOLLIbIO MMEKLLNXCA CPEACTB U3MEPEHUI He NPeACcTaBnseTcs BO3MOXHbIM. [1pn Bbi-

bope gpyroro metoga namepeHun meHsietca sug yHkuun y=f(X), a cnegosartens-

HO, MEHAIKTCA apryMeHTbl N 3Ha4YeHUA nx I'IOFpeLIJHOCTeVI.

Mpumep 5.2. lycTb Tpebyetca onpenenntb 06bEM UUNMHAPA OUAMETPOM
d=20 mm n BbicoTon h=50 MM C OTHOCUTENbLHOW MNOrPELUHOCTLIO AV*=0,01. Hangem
NOrpeLHOCTN n3mMepeHus BennumH d 1 h, COOTBETCTBYIOLLME 3TOMY Xe 3HaYEeHUIo
AOBEPUTENBHON BEPOATHOCTU, NMPWU KOTOPbIX UCXOAHas 3adadva byaeTt paspelleHa.

2
h
YuntbiBasi, 4To 0O6beM UunUHApa V = T

N NPUHSIB 3aKOH pacrnpeneneHns Hop-

MarsbHbIM, C MOMOLLbIO COOTHOLWEHMS (5.16) Hanaem

E3

Ad = iﬁ;z = iﬂg = 40,07 mm;
V2 dln(nd*h/4) 22
ad
Ah = iﬂ+ _aBvy o +0,035 MM.
V2 dln(nd*h/4) 2
oh

5.3.0npedeneHue Hausbli20OHeUWUX ycs108ull IKcrepumMeHma

Mon HaMBbIrOOHEWLUMMM YCIOBUSIMU 3KCMEPUMEHTA NMOHUMAIOTCS Takue, Ans
KOTOPbIX MOrPELLHOCTb pe3yrnbTaTa 3KCNepumeHTa npu (OUKCMPOBAHHOM 3HAYEHUU

ﬂ,OBGpI/ITGJ'IbHOI?I BEPOATHOCTU MMEET HaMMeEHbLLEeE 3Ha4YEeHNE.
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MaTtemaTtnyecku paccMaTpunBaemMada 3agada pellaeTcd nytemM OTbICKaHUA MU-

HUMyMa pyHkumn (5.5)[2].

Ycnosus SKCTpemMyMa norpeLuHoCcTn Az* MMEIKT BU

0 A 0 A 0 AS
Y _o 08% _, 0A% _

- LR 0 (518)
0Xx1 0x2 0Xk

PackpbiBasi BENUMYNHY Ay B COOTBETCTBMM C BbipaxeHuamm (5.3) n (5.5), cuc-

TeMy ypaBHeHWi (5.18) MOXXHO npeactaBuTb B hopme

2 2
OlIn(f) 07 In(f) Axs2 +81n(f) 0“ In(f) AX22

+..=0;
09X 8x12 0xy 0x10X)
2 2
oin(f) 6% In(h) \ 2 o)) o2 o,
0x] 0X10x2 0x2 5X22 (5.19)

+...=0.

2 2
oin(f) 6% In(h) \ 2 oin() % in(h) . o
0x] 0x10xq h'Y) 6Xn2

Cuctema (5.19) cocTouT 13 N ypaBHEHUN N COOEPXUT N HEU3BECTHbIX. Ecnu
peLLeHne 3TON CUCTEMbI CYLLLECTBYET, TO MOXHO HaWTK YNCIIEHHbIE 3HAYEHUs Benu-
YWH X1, X2, ..., Xn, NPV KOTOPbIX MOFPELLHOCTb Ay NPUHUMAET KCTpeMaribHoe 3Haue-

Hune.

[anbHenwnn aHanu3 HanpasfeH Ha MnofnyyeHne OTBeTa, COOTBETCTBYET U
HaMOEHHbIN SKCTPEMYM MUHUMYMY BeNUYMHBI Ay . C 3TOM LEenbio BbIYUCNAOTCS 3Ha-

GRS

0 Xj

YeHNA BTOPbIX MPOU3BOOHbIX

npu HaWOEHHbIX 3HAYEeHUsIX nepeMeHHbIX X;.

Ecnn BTOpPbIE MNMPOU3BOOHbIE OKaXXyTCA MNOJIOXKUTEJIbHbIMU, TO 3TO COOTBETCT-

BYET MUHUMYMY BEJTUYUHBI As .
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5. OLIEHKA MOrPELLIHOCTEW PE3YJ/IbTATOB HABJIFOOEHWUA

KoHmposnbHbie eonpocskl

1. YTO Takoe NorpeLHoOCTb onpeaeneHns BeNMUYNH YHKLNIA?
2. C KaKkon Lenbio paccymTbiBalOT MOrpeLlHoCcTb?
3. Kakue Bnagbl norpewHocTen Bbl 3HaeTe? Kak oHu onpegensitorca?

4. B yem 3akntovaeTcs uenb peweHnsa obpaTtHoW 3a4a4m Teopun SKCnepuMeH-

TanbHbIX NOrpeLIHOCTEN?

5. UTo noHMMaloT Nog BblpaXXeHNeM «HauBbIrogHeWLWwmne ycrnoBusa NnpoBeaeHus
3KCnepuMeHTa»?

6. KakoBa ocHOBHasi naes mateMaTM4yecKoro peweHna 3agaydm noncka HamBbl-

rogHemnLwmnx ycnoBuin NpoBeaeHnst aKCnepmmeHTa?
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6. METOAbI NITAHUPOBAHUA SKCINEPUMEHTOB.
NNIOr'MYECKUE OCHOBbI

6.1. OcHoB8HbIe onpedesieHuUs1 U MOHSIMUS

PaHee mbl paccmMmaTpuBanun NacCUBHbIN SKCMNEPUMEHT, N MaTeMaTun4yeckad cta-
TUCTUKa ncnosjib3oBasiacb, B 4aCTHOCTU, Npu o6pa60TKe JKCNepnMeHTalibHbIX OaH-
HbIX. Ha cTagmm nocTtaHOBKM 9KCnepnMeHTa OHa He NMpuMeHdnach. I'Ip|/| aKTMBHOM Xe
AKCNepuMeHTe MateMaTmndeckad CTaTuUCTUKa MUCNOJIb3yeTCA yXe Ha CTaaunm nocrta-

HOBKU U NiaHNpoOBaHUA 3KCNepuMmeHTa.

[MaccuBHbLIM 3KCNEPUMEHT NpefycMaTpuBaeT HakonneHne wuHdopmauum “B
pexume HopManbHOM aKcnyataumm”, Ho 3To TpebyeT MHOro BpemeHu 1 3atpart. [lo-
3TOMY npeasiaraetca "He gaTb MUNOCTEN OT NPUPOAbI”, a aKTUBHO BMELLMBATbLCS B
X0[, TEXHONOrMYeckoro npouecca: «pasbanTbiBaTb» («MOKauYMBaTb») €ro TUXOHLKO,
HO LieneHanpaBneHHOo, 1 ObICTPO HakannmMBaTb NPU 3TOM MHopMauwmto. MNMporpamma
nokadumBaHus Kak pa3 1 3agaetca nnaHom. Cam MeTon nnaHMpoBaHNA MOXET u3mMme-

HATbCA B 3aBUCUMOCTK OT BUAA 3agadun, HO NpuHUKMN nokavnBaHNA OCTaeTCA.

Teopus nnaHMpoOBaHMS 3KCNEPUMEHTA Hayanacb C paboT 3HAMEHUTOro aHr-
nuunckoro yyeHoro P.®uwepa B 30-x rogax XX cToneTusi, MCnonb30BaBLUEro ee Ans
pelleHnsa arpobuonormyeckmx 3agady. B ganbHenwem 310 HanpasneHue Obino pas-
BUTO B natugecstbix rogax B CLUA [x.Bokcom n ero cotpyaHukamu. OTeyecTBeH-
Hble yYeHble TaKkKe BHecnu OOnbLUOM BKMag B pasBUTUE TeOpUM IKCNEPUMEHTA,
npeanoXxue psag HOBbIX METOAOB, a MHXEHEepPbI-UCCneaoBaTenn Bce WNpe NPUMEHsI-

IOT 3T MeTOAdbl Ha NMpPakKTuKe.

Mop maTtemaTuyeckon Teopuelr NIaHUPOBaHWUS 3KCnepumeHTa bygem NoHu-
MaTb HayKy O crnocobax COCTaBMEHWUs SKOHOMWYHbIX 3KCMEPUMMEHTarnbHbIX MfaHOB,
KOTOpblE€ MO3BOMAKT M3BMNEKaTb HanbonbLlee KONMYeCcTBO MHopMauumn o6 obbekTe
nccnegoBaHns, o cnocobax NpoBeOeHUst 3KCMEPUMEHTA, O crnocobax obpaboTku
SKCMepUMEHTanbHbIX OAHHbLIX U UX UCMOMb30BaHUSA O ONTUMMU3aUMM NPOU3BOACT-

BEHHbIX NPOoLUECCOB, a TakXe NHXEHEPHbIX paC4ETOB.
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an/IHFITaﬂ TEPMUNHOITOMNMA — 3TO nmnbo nepesog TEPMNHOB C aHrnunuckoro, nu-
60 NPOCTO UX NepeHoC B opurnHarne, n 3T1o HeobXxoaAnMoO UMETL B BMAOy npun 4TeHun

nuTepaTypbl N0 TEOPUUN NNAHUPOBAHUS IKCNIEPUMEHTOB.

NCTUHHBIN BUA pyHKUMK oTKnnKa y=f(X4, ..., Xi, ..., Xk) 4O IKCNEPUMEHTA YaLle
BCEro HEN3BECTEH, B CBA3N C YEM ASI1 MaTEMATUYECKOrO ONMMCaHNSA NOBEPXHOCTU OT-

KITMKa UCnoJib3yrT ypaBHEHNE

y =B +Zk:BiXi +Zk:BiuXiXu "'Zk:BiiXiz +.., (6.1)
i=1 i=1

i,u=l

rae Xi, Xy — nepemeHHble daktopbl Npu i=1, ..., k; u=1, ..., k; izu;

of 2 f of
== B, =|——|; B,=| —— | — KoachdnuneHTbI.
h [ﬁxl h (ﬂxlﬂxujo / 20x"), bomy

i

OTO ypaBHeEHWE ABNAETCA pasrfoxeHueM B psg Tennopa HeM3BeCTHOW (PyHK-

UM OTKITMKa B OKPECTHOCTU TOYKU C Xi=Xjo.

Ha npaktuke no pesynbTatam aKCnepumeHTa npoussoauTcs obpaboTka AaH-
HbIX MO MeTOA4Y HaUMeHbLUMX KBaapaToB. OTOT METon MO3BOSSET HaWTU OUeHKY b

KO3 PULMEHTOB B, N JaHHbIN MONIMHOM 3aMeHAEeTCs ypaBHEHNeM B/aa

y=h, +Zk:bix,. +Zk:bmxl.xu +Zk:bﬁx[2 +..., (6.2)
i=1 i=1

iu=l

KOTOpOE SBIISIETCHA perpecCcuoHHOM MOoAesbio (MoAenblo perpecCUoHHOro aHanuaa).

B aTOM BblpaxeHun y o3HavaeT MoAenbHoe, T.e. PacCyYUTbIBAEMOE MO ypPaBHEHWUIO

Mogenu, 3HadyeHne Bbixoga. KoapduumeHTbl perpeccum onpeaensoTcs aKcrnepu-
MEHTanbHO U cry>aT AONna CTaTUCTUYECKON OLLEHKMN TeopeTUYecknx KoapdnumneHTos,

T.€.

bO _>ﬂ0’ b[ _>ﬂi’ biu _>ﬂ

iu®

bii _>ﬂii'

B perpeccuMoHHON MoAenu uYreHbl BTOPOW CTEMEeHU XiXu, X XapakTtepuayoT
KPUBM3HY MOBEPXHOCTU OTKNUKA. Yem Gonblue KpMBM3HA 3TOW MOBEPXHOCTU, TEM
Gonblle B MOAENV perpeccum YneHoB BbICLLEN cTeneHu. Ha npakTuke vaule Bcero

CTpeMATCA OrpaHN4YnNTbCA NMHENHON MOAENbLIO.

lNocnegoBaTenbHOCTb aKTUBHOMO JQKCNepmnMeHTa 3aKr4aeTCd B clieayrlem:
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1) paspabaTbiBaeTcs cxema NpoBeAEeHUs UCCNeLOBaHWNA, T.e. BbIMOMHAETCS
nnaHnpoBaHue akcnepumenTa. pu nnaHMpoBaHMM SKCNEPUMEHTOB 0ObIYHO Tpeby-
€TCA C HaMMeHbLUMMMK 3aTpaTtaMu U C HEOBXOOAMMOW TOYHOCTbIO NMMBO MOCTPOUTL

PEerpeccroHHyo Moaernb npolecca, MMbo onpeaenuTb ero onTMMarbHble YCIOBUS;

2) OCyLLeCTBINAEeTCA peann3auna onbiTa No 3apaHee COoCTaBlieHHOMY UCChe-

gosarternem nnaHy, 1.e. oCylecTBlideTcqa cam aKTUBHbIN OKCMNEPUMEHT,

3) BbinonHsieTca obpaboTka pe3ynbTatoB U3MEPEHUN, X aHaNn3 N NPUHATUE

peLleHunn.

Takvum oGpasom, NnaHnpoBaHWe 3KCNeprMeHTa — 3To npoueaypa BbiGopa yc-
NOBWIA NPOBEAEHNS OMbITOB, UX KONMMYeCTBa, HEOGXOAUMbIX U AOCTATOYHbIX ANA pe-

LEeHMs 3afa4 C NOCTaBNEHHOW TOYHOCTLHO.
Wcnonb3oBaHve Teopun NnaHMpoBaHUs aKkCnepumeHTa obecneynBaert:

1) MMHUMK3AUMIO, T.€. NpedenbHOe CoKpallleHne HeobXoaMMOoro Yncna onbl-

TOB;
2) ogHOBPEMEHHOE BapbMpoBaHmMe Bcex (pakTopoB;

3) BbIOOp YeTKOW cTpaTernn, YTo NO3BOMSET NPUMHMMaTb 0O6OCHOBaHHLIE pe-

LLIEHNS NOCIe KaXxaon cepumn onbITOB;

4) MUHUMWN3ALNIO OLLNBOK SKCNMepMMeHTa 3a CHeT UCMOoJ1b30BaHUA crneunarb-

HbIX MPOBEPOK.

Ons UnnocTpaunm HEKOTOPbIX U3 3TUX NOMNOXEHUN BOCMNOJIb3yeMCA CTaBLUUM

yXe Kraccuyeckum npumepom u3s kHurn B.B.Hannmosa, T.U.'onukoson [7].

6.2. [Ipumep xopowez20 U Ns10xX020 IKCrepumMeHma

PaccmoTpum npumep — B3BelwmBaHue Tpex obbektoB A, B, C Ha aHanuTtude-
ckux Becax. [NepBbIn — TPaOULMOHHBLIM — NOAX04, NpeaycMaTpuBaeT nocnegoBarterb-
HOe B3BelUMBaHWE Kaxaoro n3 obpasuos. ViccnepoBatenb BHavane genaet Xoso-
CTOe B3BeluMBaHWe ANS onpeferieHvss HyrneBOW TOYKM BECOB, a 3aTeM Mo oyepenum
B3BELUMBaET Kaxablh U3 obpasuoB. ITO Npumep TPaguLMOHHOIO MUCMONb30BaHUS

0OHOAKTOPHOrO 3KCrNepuMeHTa, T.e. 34eCb WUccredoBaTenb U3ydaeT peakumio Ha
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noeegeHmne Kaxgoro mn3 (*)aKTOpOB B OTOEJIbHOCTMW. Tpaﬂ,VILI,VIOHHaFI cxXemMa B3BelLlunBa-

HUA Tpex 0O6bEeKTOB NpeacTasrieHa B Tabn. 6.1.

Macca kaxgoro ob6bekTa oLeHMBaeTCsl TOMbKO MO pe3yrbTataMm ABYX OMbITOB:
TOro OnbiTa, B KOTOPOM Ha BeCbl Obi MOMOXEH U3yvyaemblii OOBEKT, N XONOCTOro
onbiTa. Hanpumep, macca obbekta A: ma=y1-yo. Kak 06bl4HO, owumnbka B3BELLINBAHMUS
npeanonaraeTca He3aBUCMMOW OT B3BELLMBAEMOW BENUYMHLI, aOAUTUBHON N NMEID-

el OJHO W TO Xe pacnpegeneHve. Toraa aucrnepcus uamepeHus seca obpasua

cnegywouwas:
2 2 2 2
o5 =06° +06° =207, 6.3
A Y1 Yo (63)

roe o? — aucnepcuvst nio6oro B3selLMBaHUS. Takumu xe GyayT U AMCNEPCUN BECOB

obpasuos B n C.

Tabnuua 6.1
TpaduuyuoHHoe nposedeHue 3KkcriepumeHma*

Homep A B C PesynbTtar
onbiTa B3BELUMBaHUSA

1 -1 -1 -1 Yo

2 +1 -1 -1 Y1

3 -1 +1 -1 Y2

4 -1 -1 +1 Y3

*) Koraa obpaseL; knageTcs Ha Becbl, B TabnuLe cTaBuTcs +1, Korga oH Ha Becax OTCyT-
cTByeT, TO -1.

MpuBeaem Tenepb TOT XKe SKCMEPUMEHT MO HECKONbKO MHOW cxeme, 3afaBae-

MOW MaTtpuLuen NNaHMpoBaHng, NnpmBegeHHoON B Tabn.6.2.

Tabnuuya 6.2
lMnaHuposaHue akcrnepuMeHma rnpu 83eewusaHuu mpex o6beKmos
Homep A B c PesynbTtat
onbITa B3BELUMBAHUSA
1 +1 -1 -1 Y1
2 -1 +1 -1 Yo
3 -1 -1 +1 Y3
4 +1 +1 +1 Y4

B nepBbIx Tpex onbiTax nocrnegoBaTenibHO B3BewwmBaoT 0bbekThl A, B, C, B
nocrnegHem onbiTe TOXe B3BelmBaoT 06bekTol A, B, C, HO Bce Tpun o6bekTa BMecCTe,

a "xonocTtoe" B3BeLUMBaAHNE HE NPOMU3BOAUTCS.
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Nerko 3ameTUTb, YTO Macca Kaxaoro obbekta 6yaeT 3agaBatbes (hopmynamm

1
mA =5(Y1 -y¥2-Y3+Y4);

1
mp =5(y2 -yY1-Y3+Y4); (6.4)

1
mcC =5(y3 -yY1-Y2+Y4).

Macca obbekTta A, Bbl4MCIIEHHAsA NO NPUBEAEHHOW Bbille hopMyse, OKasblBa-
eTCH He UCKaXeHHOW maccamu BecoB 0bbekToB B 1 C, Tak kak macca Kaxgoro u3

HUX BXOAMT B hopMyry Anst macchkl A aBaXabl C pa3HbIMU 3HAKaMMU.

Hamgem Tenepb gncnepcuio, CBA3aHHY C OLIMOKOWN B3BELUMBAHUS, MO HOBOW

cxXemMe NMoCTaHOBKU 3SKCMEPUMEHTOB:

Gif:l(cz 162 102 +02 )=02. (6.5)

4 0N Y2 y3 Y4

AHanorn4yHbIM obpasomM HaxoauMm:
2 2
CR=0",0c =0

Mbl BUOUM, 4TO npu HOBOW CXeme auncnepcuna B3BeLWNBaAHUA Nony4YaeTcd
BOABOE MeEHblle, YeEM Npu TpG,EI,VILI,VIOHHOVI cxeme, XoTs B 06omx cny4yadax Ha B3Belun-

BaHMe Tpex 06BbEKTOB 3aTpaynBanoch Nno YeTbipe onbITa.

3agagvmcs BonpocoM: "B pesynbTate 4Yero npoucxoamuT yBenudeHne TOYHO-

CTW 9KCNEepUMEHTOB B ABa pa3a?".

B nepBom cny4yae akcnepvMeHT Obin NOCTaBMEH Tak, YTO Kaxayl mMaccy Mbl
nonyyanv nvib U3 OBYX B3BeluMBaHW. Npu HOBOW CxXeMe B3BELUMBAHWUS Kaxaas
mMacca BblYMCHsNach yxke No pesynbTaTaM BCexX YeTblpex B3BellnBaHuiA. BTopyto
CXEMY MOXHO Ha3BaTb MHOrO(aKTOPHOW, MOCKOMbKY 34€Cb ONepupyloT Bcemu dak-
TopamMu Tak, YTO Kaxkaasi Macca Bbl4MChsnach No pesynbTataM cpasy BCEX OMbITOB,
NpoBeaeHHbIX B AaHHOW CEpUN 3KCMEePUMEHTOB, — BOT rNaBHasi NpUYMHa yYMeHblue-

H1A gucnepcun saoBoe.

He nogymante, 4TO Mbl 3psa NOTpaTUIM Bpems Ha obcyXxaeHue Takou TpuBwU-
anbHOM 3agayn. TOYHO TaKOWM Xe MoaXo4d MCMNOoSb3yeTcsa Npu naydeHuu apyrmx, 6o-

Jlee CNOXXHbIX 3aaau.
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Takum 06pa3oM, UCMONb30BaHNE TEOPMU MMAHUPOBaAHWUS SKCMIEPUMEHTA MO-
XeT SBUTbCSH OAHUM M3 MyTeN CYLECTBEHHOIO MOBbILLEHUS 3DEKTUBHOCTU MHOIO-

haKTOPHbIX AKCNEepPUMeEHTAarbHbIX NCCreaoBaHNN.

B nnaHvpoBaHWM 3KCNEPUMEHTOB NMPUMEHSIIOTCS B OCHOBHOM MlaHbl NepBOro
N BTOpOro nopsiakoB. MNnaHbl 6onee BbICOKMX NOPSAKOB UCMONb3YOTCA B UHXEHep-
HOW npakTuke peako. B cBsian ¢ aTUM ganee nNpuMBOAMTCS KpaTKoe M3NOoXeHne MeTo-
AVIKW COCTaBfIEHUS NMAaHOB 3KCNepMMEHTa AN MOAenen NepBoro U BTOPOro nopsia-

KOB.

Mog nnaHamu nepBoro nopAaaka nNoOHMMarT Takue nnaHbl, KOTOpbl€ MO3BOJ1A-
KT NPOBECTU 3SKCNEepMMEHT ONnd OTbICKAHUA YypaBHEHUA perpeccun, coaepxallero

TONbKO NepBble CTENEHN (DAaKTOPOB U UX NPOU3BEOEHNS:

y=b,+ ibixl. +ibiuxl.x“ + Zk:byuxixjxu +.... (6.6)
i=1

iu=l i,ju=l
i#u i# j#u

MnaHbl BTOPOIro nopdanka no3BoSidAl0T NPOBECTU SKCNEepUMEHT AJ1A OTbICKaHUA

YpaBHEHUA perpeccumn, cogepxKawero n BTopblie CteneHun (baKTOpOBZ

y=bh, +Zk:bl.xl. +Zk:b”xf +§k:bmx,,xu +... . (6.7)
i=1 i=1

i,u=1
i#u

HaxoxaeHne ypaBHEHMS1 perpeccMm MeToAoM MNiaHMpPOBaHWS SKCNEPUMEHTOB

COCTOMUT M3 CcrieayrLinx aTanos:

BbIOOP OCHOBHbIX (hAaKTOPOB N NX YPOBHEW;

— nNnaHunpoBaHWe 1 nposegeHne cobCTBEHHO OKCNepnMeHTa;

onpegeneHne KoaUUMEHTOB YpaBHEHNSA perpeccuu;

CTaTUCTUYECKUIN aHanus pe3ynbTaToB 3KCNEepuMeHTa.

6.3. lNnaHupoesaHue nepeo20o nopsioka

Ha nepBon ctagum uccnegoBaHusi OObIYHO MPUHMMALOT MOSIMHOM MNEPBON
cteneHun. Tak, Ansa TpexdakTopHOW 3aJayn TeopeTU4eckoe YpaBHEHME perpeccuu

nmeeT BUA
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3 3
y=L0,+ Z,Bixi +Zﬂm XX ;13X X, X (6.8)
i=1

i,u=l1
i#u

YpaBHeHme perpeccun, nonyv4aemoe Ha OCHOBaHWUW pPe3yribTaTOB 3KCNepu-

MEeHTa, B OT/In4ne OT NpmnBeaeHHOro TeopeTn4eCcKoro ypaBHeHnAa, UMeeT Bna

3 3
y=>by+ Zbl.xl. +Zbiuxl.xu +b, )3 X, X, X5, (6.9)
i=1

i,u=l1
i#uU

roe koaduumeHTbl perpeccum by, by, ..., bs, ..., biz ABAAIOTCA oueHKamMu Ans Teo-

peTuYeckmx koacpduLMEHTOB perpeccuu, T.e.
b; =B, by, = Bis by > B

UneHbl, copepxallme Npou3BeOeHUsT X1X2; XoX3 W T.0., Ha3blBalOT 4YneHamu,
oTpaxalwLwummn nonapHoe B3anmoaencTene (pakTopoB, UNeHbl BUAA XiXoX3 — 4re-

HaMWn TPOMHOro B3aMMOAENCTBUS.

6.3.1. BbIGOp OCHOBHbIX (paKTOPOB U UX YPOBHEN

B kayecTBe (hakTOpPOB MOXHO BblOMpPaTb TOMBKO KOHTPONMPYEMbIE U yrpaB-
nsieMble NepemMeHHble, T.e. Takue, KOTopble UccreaoBaTerlb MOXET MoAdepXuUBaTb
MOCTOSIHHBbIMW B TEYEHME KaKgoro onbiTa Ha 3agaHHOM ypoBHe. B uncno gaktopos
AOMKHbl ObITb BKMOYEHbI NapaMeTpbl NpoLuecca, okasbiBarlmMe Haubonee cunbHoe
BNMSIHWE Ha yHKUMIO OTKNMKka. HeobxoamMmo 3aMeTuTb, YTO, HECMOTPS Ha BCHO 3a-
MaH4YMBOCTb M OYEBUOHLIE MPEMMYLLECTBA aKTUBHOIO CMIaHUPOBAHHOIO 3KCrepu-
MeHTa rnepep NaccuBHbLIM, B €ro NPUMEHEHNM MMeeTCs Lenbl psif, TPYOHOCTEN, CBS-
3aHHbIX C ONpeAeneHHbIMU OrpaHNYEeHNSIMU Ha ero peanusauunio. BaxHenwmnm ycno-
BMEM NMPUMEHUMOCTIN 3TOro NOAXOAa SBNSAETCS YNpaBrnsieMOCTb MPOLECCOB MO KaX-
AOMY U3 BblOpaHHbIX (DAKTOPOB, T.€. BO3MOXHOCTb HE3aBUCUMOIO U3MEHEHMUS KaK-
[A0ro 13 3TuX hakTopoB N NoAdep)KaHMs ero Ha 3aJaHHOM YpOBHE B nepuop npose-

OeHUA OMnbITOB.

[nsa kaxgoro cdaktopa Heo6xoanMo ykasaTb TOT MHTepBar U3MEeHeHWUs napa-
METPOB, B Npeaernax KoToporo CTaBuTCs UccreaoBaHue. [ns 9Toro Ha OCHOBe anpu-

OpPHOM MH(pOPMaLNN YCTaHaBIIMBAKOTCA OPUEHTUPOBOYHbIE 3HAYEHUA PaKTOPOB X1,
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X205 «eey Xi0, .-y Xk0- OTOW KOMOMHALMWM 3HAYEHUN (PaKTOPOB COOTBETCTBYET TOYKa B
MHOrOMepHOM (paKTOPHOM MPOCTPAHCTBE, KOTOpas NPMHMMAETCH 3a UCXOOHYH TOY-

Ky. KoopauHaTbl 3TON TOYKM NPUHUMAOTCS 3@ OCHOBHOW (HYJIEBOW) YPOBEHb.

MHTepBanom BapbMpOBaHUSA (PakTOPOB Ha3blBAETCA HEKOTOPOE YMCMO (Kax-
Aoe Angd cooTBeTCTBYyOLWEero akropa), npubaBneHne KOTOporo K OCHOBHOMY YpOB-
HIO JaeT BEPXHUW, a BblMUTAHME — HWKHUI nNpegensl. [na ynpoweHns 3annucu ycro-
BUI 3KcnepumMeHTa 1 obpaboTkmn SKCnepuMMeHTanbHbIX AaHHbIX MacluTabbl N0 OCsAM
BblOupatoTcs Tak, YToObl BEPXHUIA YPOBEHb COCTaBnAn +1, HUXKHWIA -1, @ OCHOBHOW —
0.

[ns dakTopoB C HenpepbiBHOW 06f1acTbio onpedernieHnst 3To AocTuraeTcs ¢

nomoLbo NpeobpasoBaHns (KognpoBaHNSa) akToOpPOB:

X; _Xi7Xi0 (6.10)
AXj

B Teopun niaHNpoBaHUA 3SKCNEPUMEHTOB MOKa3aHO, YTO MUHUMaIIbHO HeoO-

XOAMMOE YMCIO YPOBHEN (hakTOPOB Ha eAMHMLY Bonblue Nopsiaka ypaBHEHWS.

6.3.2. lnaHnpoBaHMe 3KCnepmmeHTa

PaccmoTpum cHavana 4YacTHbIn criydan, Korga yHKUMsS OTKIMKa NMMHENHO 3a-
BUCUT OT TPEX HE3aBUCUMMBbIX (PAKTOPOB. YpaBHEHME perpeccumn B 3TOM criyyae nme-

eT Bua (6.9), a nnaH akcnepumeHTa npeacTtasneH B Tabn. 6.3.

Tabnuuya 6.3
Tabnuua rnosiHo20 hakmopHO20 3KcrepuMeHma 051t mpex ¢hakmopos

Homep [MnaH PesynbTtar
onbiTa Xo X1 X2 X3 X1 X2 X1 X3 X2 X3 X1 X2 X3 Yi

1 +1 | -1 -1 -1 +1 +1 +1 -1 Y1

2 +1 | +1 | -1 | -1 -1 -1 +1 +1 Y2

3 +1 | -1 [ +1 | -1 -1 +1 -1 +1 Y3

4 +1 | +1 | +1 | -1 +1 -1 -1 -1 Ya

5 +1 | -1 | -1 ] +1 +1 -1 -1 +1 Y5

6 +1 | +1 | -1 | +1 -1 +1 -1 -1 Y6

7 +1 | -1 | +1 | +1 -1 -1 +1 -1 Y7

8 +1 | +1 | +1 | +1 +1 +1 +1 +1 Vs
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3pecb gobasneH cronbel OUKTUBHON NEPEMEHHON Xg, HY>KHbIN ANSA OLEHKN
cBobogHoro yneHa bg. lNocne peanusaunn nnaHa nonyyatoT 8 ypaBHeHWU ¢ 8 Hens-
BECTHbIMU, UX peLleHne 1 JacT OUeHKY Bcex 8 koadpuumeHToB perpeccum bg, by, ...,
b3, b12, eey b123.

[MnaH, B KOTOPOM 4YUCMO ONLITOB PaBHO YUCIy onpeaensemMblX KO3PUUNEH-

TOB, Ha3blBaeTCA HaACbILLEeHHbIM.

3amMeTuMm, 4TO Mbl UCMONb30BaNN BCE TOYKM C "KpanHUMKU" KoopauHaTamu, T.e.
+1, unn, roBopst ApyrMMn CrioBaMm, BCe BO3MOXHbIE KOMOMHaLUUKN BbIGpaHHbIX ypOB-
Hel. B camom Jerne, Bcex BO3MOXHbIX KOMGUHaumin 2¢=8 (k = uncno dpakTopos), U
Mbl BCe UX Mcnosb3oBanu. Ecnn akcnepuMeHTbl NPOBOAATCH TOMBbKO Ha OBYX YPOB-
HAX (NpY OBYX 3Ha4YeHUsX hakTOPOB) U NMPU 3TOM B NpoLecce IKCnepMMmeHTa ocyLle-
CTBNATCS BCE BO3MOXHblE HEMOBTOPSOLWMECS KOMOMHaUun n3 k gaktopos, TO no-
CTaHOBKa OMbITOB NO TAKOMYy MflaHy HOCWUT Ha3BaHWE MOSIHOrO PaKTOPHOro aKCnepu-
menTa (MPI) unn 2,

MHbIMK crioBamu, MOMHbIN dakTopHbIN akcnepumeHT (MP3J) — aTo akcnepu-
MEHT, peanuayroLunin Bce BO3MOXHbIE HENOBTOPSAOLIMECH KOMBUHAUUN YPOBHEN He-

3aBUCUMbIX (DAKTOPOB.

KoanpoBaHHbIN NnaH reoMeTpuyeckn MoXeT OblTb MHTEPNpeTUpoBaH B BUAE
kyba, BoCeMb BEPLUMH KOTOPOro nNpeacTaBnstoT cobort BOCeMb 3KCNepUMEHTaNbHbIX

Toyek (puc.6.1).

Mpn yncne aktopoB k=2 noctpoeHne matpuubl NP3 He BbI3bIBAET 3aTpyad-

HEHWIA, MpU YBENUYEHUM XKe umcna akTopoB

BO3HMKaeT HeobX0OUMOCTb B HEKOTOPbIX Cneuu- 3 4
anbHbIX NpYemMax NOCTPOEHUA MaTpULbI.

y [ . 1Xo[ 8

MepBbIn Npyem OCHOBaH Ha YepegoBaHUK .
3HakoB. B nepBom ctonbue (ana x¢) 3HaKM Ye- 1 : X3 X4 5
- e

peaytTcs noodyepenHo. Bo BTopom (ansa xp) — .
yepes 2, B TpeTbEM (ANS X3) — Yepes 4 1 T.4. No 5 6

CTENEHAM OBOWKU 2% 3tot noaxod M NCNosib3o-

BaH Mpu COCTaBNeHun nrnaHa, npeacrasneHHoro Puc.6.1. [eomempuyeckoe
uzobpaxxeHue NO3
B Tab6n.6.3. p
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BTopoii npyem ocHoBaH Ha nocnegoBaTenibHOM AOCTpavBaHUM MaTpuubl. Ons
aToro npu gobasneHnn HoBoro pakTopa He06X0ANUMO NMOBTOPUTL KOMBMHALMM YPOB-
Hel MCXOOQHOro MnaHa — cHavana npu 3HayeHMsIX HOBOro hakTopa Ha BEPXHEM

YPOBHE, @ 3aT€M — Ha HWKHEM.
MaTtpuua NP3 obnagaet cnegyrowmMmn CBOMCTBaMU:

1) CBOMCTBO CUMMMETPUYHOCTU: anrebpanyeckasd Cymma 35IEMEHTOB BEKTOpP-
cTonbua kaxgoro dpaktopa paBHa Hyro (3a UCKMoYeHneM cTonbua, COOTBETCTBYIO-

Lero ceBobogHOMY UneHy):
.Z'X i =0, (6.11)
=

roe i — Homep akTopa; j — HOMep onbITa;

2) CBOWCTBO HOPMMPOBAHMKSA: CyMMa KBaapaToB 3/IEMEHTOB Kaxdoro cronbua

paBHa 4nCIy OnbITOB:
X, =n; (6.12)
=

3) CBOWCTBO OPTOroHanbHOCTU: CKansApHOe Npou3BedeHne BCEeX BeEKTOp-
cTonbuoB (CymMMa MOYNEHHbIX MPOU3BEAEHMI 3MEeMEHTOB NbbiX ABYX BEKTOp-

cTonbuoB MaTpULbl) PaBHO HyITHO:

DX, X, =0, i=u (6.13)
j=1

MnaHbl, 4NS KOTOPbIX BbINOMHAETCS CBOMCTBO 3, Ha3biBaOT OPTOroHaNbHbLIMM.
Bnarogaps aToMy CBOWCTBY Pe3KO YMEHbLUATCS TPYAHOCTM, CBSI3aHHble C pacye-

TOM KO3 (PULMEHTOB YPaBHEHUS PErPECCUN.

MockonbKy pesynbTatbl HAabNOOEHWA OTKMAMKA HOCAT CRyYanHbIM XapakTep,
NPUXOOUTCA B KaXXAOW TOYKE MiaHa NpoBOAUTb He OA4MH, @ M* napanferibHbIX Onbl-
TOB (06bIMHO M*=2+4), ocpegHEeHME pe3ynbTaToB KOTOPLIX, KaK yXXe OTMevanocb,

JaeT BO3MOXHOCTb YMEHbLUUTb NMOrpeLlHOCTU OUEHKU UCTUHHOIO 3Ha4YeHUa OTKNUKa
B vm* pas.

B kaxgon cepunn aKCNepMMEHTOB MUX nocnenoBaTesibHOCTb PaHOOMU3NPYETCA,

T.€. C NOMOLUbI Tabnuy CJ'Iy‘-IaIZHbIX ypucen onpependeTca CﬂyanIHaﬂ nocrneagoBa-
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TENbHOCTb peanu3aunmn dKCnepnmeHToB. PaHgommnsaumnsa gaet BO3MOXHOCTb CBECTU
3(pPeKT HEKOTOPOro criydamHoro pakrtopa K CriydanHoOW NOrpeLlHocTu. OTO NO3BO-
ngeT B onNpeaeneHHon CTEMEHU UCKIIYUTL NPeaB3aToCTb U CyObekTMBM3M Ucchne-

josaTtens.

6.3.3. OnpegeneHune k03 hpnMLNEHTOB ypaBHEHUA perpeccum

Bocnonb3yemcs csonctBamu NP3 ana onpegeneHna kKoapuLMeHToB ypaBs-

HEeHUa perpeccnn MeTogoM HauMeHbLUNX KBaapaToB y =bg +bix| +box)p.

O = Z(yj—§j)2—>min;
o® 1
=2 Z(Yj—bo—b1X1j—b2X2j)X1j=0; (6.14)
obr 5
n n n 2 n

2YiX1j—bo X2X1j-b1 2 X1j7 —b2 2X1jX2j=0.

J=1 J=1 J=1 J=1
Bocnonb3yemcsa ceoncteamu MO3:

- (CUMMETPUYHOCTH) by > X1 =0;
- (HOPMMPOBAHUS) by ¥ X% = nby;
- (opTOroHanbHOCTH) bZZleXZj =0

n n n
2YiX1j YiX2] 2¥iX0j

P il SRS A o S O o (6.15)
n n n

CnepoBatenbHo, nobble KOC—)(*)d)I/ILI,I/IeHTbI YpaBHEHUA perpeccun onpepnena-

I0TCS CKansipHbIM Npoun3BeaeHnemM ctonbua y Ha COOTBETCTBYOLWMIA cTonbew, X.

Mo>HO nokasaTb, YTO aHanorMyHbiM 0bpa3om onpenenarTcs KO3PPUUNEH-
Tbl, €CNY B ypaBHeHUM perpeccuun (6.6) yunmTbIBalOTCH NMHENHbIE B3aUMOAENCTBUS

(OBOMHbIE, TPOWHbBIE):
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n n
X yjXixa); X yj(X1X2X3);

‘]:1 ; b123 = ‘]:1 nT.o. (616)
n

byp =

Cnepyet obpatntb ocoboe BHMMaHME Ha TO, YTO BCE NUHENHbIE KO3hdnum-
€HTbl He3aBUCKMbI, TaK Kak B popmynbl Ana nx pacyeta (6.15), (6.16) BxoasaTt ceou
O[lHOMMEHHbIe nepeMeHHble. [103ToMy Kaxabin KOaMULMEHT XapakTepusyeT porib
COOTBETCTBYIOLLEN MNEepPEeMEHHOMN B rpouecce unn cuny BNnAHUA aktopoB. Yem
Bonblue YncrneHHas BenuvyuHa kKoadpdumumeHTa, Tem Gornbluee BNUSHWE OKasbiBaeT
aT0T pakTop. Ecnn koappnumneHT nmeeT 3Hak Nnc, To C yBeNnM4YeHneM 3HavyeHus

cbaKTopa OTKINUK yBEITNM4YnBaeTCAd, a eClini MUHYC — YMEeHbLLaeTCA.

B pesynbTate onpegeneHns ypaBHEHUS perpeccum MOXeT MOnyYuUTbCs Tak,
4YTO OAMH (MM HECKONbKO) KOIPULUMEHTOB HE OYEHb DOMbLUME N OKaXyTCHA He3Ha-
YumbIMU. DaKTOPbI, UMeoLLME KOIPPULMEHTBI, HE3HAYMMO OTNINYAIOLLMECSH OT Hyns,
MoryT ObiTb BbIBE4EHbl U3 COCTaBa ypaBHEHUS, TaK Kak UX BAUsIHME Ha NapamMeTpbl
OTKNUKa OyaeT OTHEeCeHO K owubke 3KcnepumeHTa. Y4nuTblBad OPTOrOHanbHOCTb
nnaHa, octaBlIMecs KO3(PPULMEHTbI YPaBHEHUS PErpecCcun MOXHO He NepecHUTbl-
BaTb. [1pM OTCYTCTBUM OPTOroOHaNbLHOCTU MiaHa 3KCNepUMeHTa BCe KO3IPPULMNEHTHI

Heobxoanumo nepec4ynTbiBaTb 3aHOBO.

6.3.4. CtatucTM4yeCcKun aHanus pe3ynbTaToB 3KCNEepUMeHTa

lMnaHupoBaHWe 3KcnepuMeHTa UCXOAUT N3 CTaTUCTUYECKOro XxapakTepa 3aBu-
CUMOCTEN, MOJTOMY MOSyYEeHHbIE YpaBHEHWSA MOABepratTcs TwaTenbHOMYy cTaTu-
CTMYECKOMY aHanuay C Lenblo M3BneYb U3 pesynbTaToB 3KCNepUMeHTa MakCUMyMm
nHpopmauun n yéeantbecs B LOCTOBEPHOCTM NOSyYEHHOW 3aBUCUMOCTU U €€ TOYHO-
ctn. lNpouenypa NpPoBEPKN 3HAYUMOCTU KOIPMPULMEHTOB YpaBHEHUSI perpeccun u
ero afiekBaTHOCTU MPUHUUNUANBHO He OTNMYaeTCa OT OnMuCaHus, JaHHOro B napa-
rpagpax 4.5.1 n 4.5.2, n0O3TOMY OCTAaHOBUMCS TOJSIbKO Ha OTAENbHbLIX MOMeHTax. Kak
yXXe OTMeyarnocb paHee, KaXOblll 3KCNepuUMEHT HeceT B cebe KaKyl-TO norpeLu-
HOCTb, A5 NOBbLIWEHNSA HAAEXHOCTN pe3yrbTaToB NPOU3BOAATCH ONA KaXOO0W CTPo-

Kn Tabnuubl nnaHnMpoBaHmA NMNOBTOPEHUA OMNbITOB m* pas.

[MocTpoyHble (BLIDOPOYHLIE) AMCNEPCUMM NOACUHUTLIBAOTCS NO ddopmyne
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m*

Z(yji _y—j)z

S2 — i=1 , (6.17)

o CpegHun OTKAMK MO M™* OnbiTaM B TOYKE C HOMEPOM |.
m

[vcnepcusi BOCNPOU3BOAUMOCTM OTKINKA S%OCH ecTb cpepHeapugpmMmeTuye-
CKO€e AMCNePCUin BCEX N PasfMyHbIX BApMaHTOB OMbITOB:

n n m*

—\
st XXl
2 _J= _J= =
Se()cn - n - n(m*—l) . (618)

Mpexae yem npomsBoanTb obbeanHeHne gucnepcuin, cnepyet ybeantbcs B
nx opgHopogHocTu. lNpoBepka MPOM3BOAUTCHA C MOMOLLbKD KpuTepust duwepa mnu
KoxpeHa (cm. rn. 3). [nsa OueHKn 3Ha4YMMOCTH KO3(P(PMLMEHTOB Npexae BCEero Haxo-
OAT Ancnepcuio KoapduumeHToB perpeccumn. YumtblBaa ceoncTea 1-3 nnaxa, npea-
CTaBneHHoro B T1abn. 6.3, u3 BbipaxxeHu (4.27) n (4.27a) npu ognHakosom ay6nupo-

BaHMM ONbITOB NO TOYKaM C YMCJTIOM MOBTOPHbIX OMNbITOB m* nony4ynm

2

2 SBocn

a npwv oTcyTCTBUM OyBnvpoBaHusa byaem umeTb

2
g2 = SBocm ‘ (6.19a)

CnepoBaTtenbHoO, BCe KO3IPULMEHTbI ypaBHEHUs perpeccun [PD unmetot
O[MHAKOBYIO TOYHOCTb (Oucnepcuio). B aTom 3aknioyaeTcs npuHUMNuanbHoe OTnu-
yne KOIPPULMEHTOB YpaBHEHUS perpeccun, NoyYyeHHbIX no nnaHy 1abn.6.3, ot Ko-
ahpnuUMEeHTOB ypaBHEHUI, NOSTYYEHHbIX NACCUBHbLIM 3KCNEpUMEHTOM (CM. naparpad
4.5.2). MNnaHbl, No pesynbTaTtamM KOTOPbIX KO3 MUNEHTBI YPaBHEHNSA perpeccum on-
penenawTcs C 0AMHAKOBOW OMCNEepCcuen, HasbiBaoTca poTtatabenbHbiMu. B cBA3n ¢
9TUM NNaH, NpeacTaBneHHbl B Tabn.6.3, ABnsSeTCA He TONbKO OPTOroHasibHbIM, HO
poTaTabenbHbiM. B ganbHenwem npoBepka 3HAYMMOCTU Kaxaoro KoadduumeHTa

Npoun3BoanTCA C ncnonb3oBaHueMm t-kputepusa CtotogeHTa (cMm. rmn.4). CtatucTudecku
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He3HauynMble KOIPPULUMEHTBI UCKNIOYAOTCA U3 YpaBHEHUS, a ocTarnbHble KOadhdu-
UMEHTbl Mpy 9TOM He nepecyuTbiBaloTcA. locne 3Toro ypaBHeHWe perpeccum co-
CTaBrnseTcs B BUAE YpaBHEHUSA CBA3M BbIXOOHOrO napameTtpa y U nepemeHHbix X,

BKINHOYAIOLLLEro TONbKO 3HaYMMble KOIPULIMEHTDI.

[Mocne BbluMCEHUST KOAPPULMEHTOB YpaBHEHUS crieqyeT npexae Bcero npo-
BEpUTb ero NpPUrogHOCTb UM afekBaTHOCTb. [N 9TOro 4OCTAaTOYHO OLLEHUTb OTKIIO-

HEeHWe BbIXOAHOW BENUYUHBI Y, NPeAcKa3aHHOW ypaBHEHMEM perpeccum, oT pesynb-

TaToOB 3KCMNEpMMEHTa y B pa3finvHbIX TOYKaX.

PaccesHne pesynbTaToB 3KCMEPMMEHTa OTHOCUTENbHO YpPaBHEHUS perpec-
CUK, annpoOKCUMUPYIOLLErO UCKOMYIO 3aBMCMMOCTb, MOXHO, KaK y»e Oblfio nokasaHo
paHee, oxapakTepu3oBaTb C NMOMOLLBIO AUCNEPCUM a[eKBAaTHOCTU, OLIEHKa KOTOPOW,
cnpaeeanveasi NpyM oAnHaKoOBOM 4mucne aybnupyowmx onbiToB, HaxoamTcs no dop-

myne

s: o | (6.20)

34ecb N — 4MCno onbITOB (BapuaHToB); I=k+1, roge k — YACNO YNEHOB B ypaBHEHUU

perpeccum.

I'IpOBepKa afeKkBaTHOCTU COCTOUT B BbIACHEHUN COOTHOLUEHUA MeXay Auc-

nepcuen afekBaTHOCTU Sgﬂ U aucnepcueit Bocnpou3BoanMoCT s%ocn 1 NPOBOAMT-

CA C nomMoLlbio F-KpMTepI/IFI <D|/|UJepa, KOTOprIZ B OAaHHOM Clly4ae pacCHUTbIBaeTCA

KaK

(6.21)

Ecnn BblMMCNEHHOE 3HA4YeHWe KpUTepUs MeHblle TeopeTuyeckoro Fo.mimz
ONs1 COOTBETCTBYHOLWMX cTeneHen csobogbl mq=n-I, my=n(m*-1), npu 3agaHHOM
YPOBHE 3HAYMMOCTU o, TO ONUCaHMe CBOMCTB OObeKkTa ypaBHEHMEM perpeccumn npu-
3HaeTca agekBaTHbIM 0OBLEKTY. AJEKBAaTHOCTb MoLEeNn MOXeT ObITb LOCTUrHyTa
YMEHbLLUEHNEM UHTEpPBana BapbnpoBaHna 0akTopoB, a €CfiM 3TO HE AaeT pe3ynbTra-

Ta, TO NepexoaoMm K nrnaHy BTOpPOro nopdaka.
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6.3.5. IpoOHbIN (haKTOPHbLIN IKCNEPUMEHT

Bo MHOrux npaktuyeckux 3agjayax B3aMMOLENCTBUS BTOPOro U BbICLUMX MO-
PSAKOB OTCYTCTBYIOT Unn npeHebpexnmo mansl. Kpome Toro, Ha nepBbiX aTanax uc-
cnefoBaHMst YacTo Heo6Xo4MMO MONYyYNTb B NEPBOM NPUBAMKEHUN NULLb JIMHENHYHO
annpokcMmaLmio U3y4aemoro ypaBHEHUSA CBSA3U MPU MUHMMASIbHOM YuUCre aKcnepu-
MeHTOB. Tak, Ansa Tpex pakTopoB BMECTO ypaBHeHUs (6.9) 4ocTaToOuHO pacCMOTPETb

ypaBHeHue Buaa
y=bg +bjx] +boxo +b3x3 (6.22)

N onpefenuTb TOMbKO YeTbipe koddduuuneHTa. NMNoatomy mncnonb3osaHue NP3 ans
onpeaeneHns KoOaMOULUMEHTOB TOMBKO MNPU IMHENHBbIX YreHax HedP(PEeKTMBHO 13-3a

peanu3aunmn 60nbLIOro Ymcna onbIToB, 0OCOOEHHO npu 6onbLLIOM Yncne akTopos K.

Ecnu npu peleHnn 3agaynm MOXHO OrpaHUYUTCS NMHENHBbIM NPUBNXKEHNEM,
To B NP3 okasbiBaeTCcA MHOro "nuwHMX" onbIToB. Tak, Ans Tpex akropoB gocTa-
TOYHO 4 onbiTa, a B NP3 nx 8. CnegosaTtensbHO, eCTb YeTbipe "NUWHuX". PesynbTa-
Tbl 3TUX "NULWHMX" ONBITOB MOTYyT ObiTb UCMOMb30BaHbl 4BOSIKO: BO-NEPBLIX, C UX NO-
MOLLbK MOXHO MONy4YnMTb Bonee TOYHblE OLEHKM KO3I(UUMEHTOB perpeccuun; BO-
BTOPbIX, X MOXXHO UCMONb30BaTb ANs NPOBEPKN agekBaTHOCTU mogenn. OgHako npu
7 cbakTopax MNP cogepxut 2=128 onbITOB, a ANS NMHENHOTO ypaBHeHWs TpebyeT-
cqa Bcero 8. Takum obpasom, octaetca 120 NULWHUX N, KOHEYHO, HET HEOHXOAMMOCTH
X BCE peanun3oBaTtb, a 4OCTAaTOYHO NMLLb HECKOMNBbKO U3 HUX UCNONb30BaTh 4SS Npo-

BEPKM aAeKBaATHOCTUN N YTOYHEHNA OLIEHOK.

Opyrmmu crnosamu, NP3 obnagaeT 60NbLLION N3OLITOYHOCTLIO OMNbITOB. B CBSI-
31 C 9TUM BO3HMKaeT BONpoc: “Henb3s v cokpaTUTb YUCIO ONbITOB, HEOOXOANMbIX

Ans onpeaeneHnst kKoapguumeHToB perpeccun?”.

Tak, ana onpeneneHns KO3IMPULMEHTOB ypaBHeHUS (6.22) AOCTaTOYHO orpa-
HUYUTCS YeTbpbMs onbiTamu, ecnn B NP3 22 ncnonb3oBaTh X1X2 B Ka4YecTse nnaHa
Ansa X3, Torga Matpuvua nnaHMpoBaHUA aKCnepuMeHTa npumeT Bua, npeactaBneHHbIn
B Ta6n.6.4.
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Tabnuua 6.4
LIpobHbIl hakmopHbIU 3KCriepumMeHm
Homep MnaH PesynbTar
onbiTa Xo X1 X2 X3= X1X2 Yi
1 +1 -1 -1 +1 Y1
2 +1 +1 -1 -1 2
3 +1 -1 +1 -1 Y3
4 +1 +1 +1 +1 Ya

3amMeTuMm, 4YTO Mbl MCMNOSb30BaNM HE BCE TOYKM C "KpanHMMKU" KoopAuHaTamm,
T.e. =1, unu, roBops ApyrMmu crioBaMm, He BC€ BO3MOXHble KOMOUHaLMK BbIOpaHHbIX
ypoBHen. Ha camom gene Bcex BO3MOXHbIX KOMOUHaLMIA 23=8, Mbl XK€ MCNOonb30Ba-
N 13 HUX TonbKo 4. Takon COKpaLleHHbIA NiaH HOCUT Ha3BaHWe ApobHOro dakTop-

Horo akcnepumeHTa (4PJ).

CnegyeT nogvYepkHyTb, 4TO opmaribHOe npupaBHMBaHWE MpPou3BeaeHUs
haKkTopoB (PaKkTopy, He BXOAsLEeMY B 3TO NpousBedeHue, SBNAeTCA OCHOBOMoOna-
raowen ngeen metoga OPID. B gaHHOM criydyae vcrnonb3yeTcsi TOMbKO MOMOBUHA
Nnod 23, NO3TOMY MiaH, NpeAcTaBeHHbIn B Tabn.6.4, HasbiBaeTCA NOSypensIMKon ot
M®3 2°. Mocne peanusauun nnaHa nony4aloT 4 ypaBHEHUs C 4 HEM3BECTHLIMU, WX
pelleHne M OacT OLEHKY BCeX YeTbipex KoadpduumeHToB perpeccun bi. Hanpumep,
mMaTpuua 13 8 OnbITOB ANA YeTblpexdakToOpHOro nraHmpoBaHus GyaeTt nonypennu-

kovt oT NP3 2*, a Ans NATUDAKTOPHOrO NNAaHUPOBAHUS — YETBEPTLPENUKOMN OT 2°.

[Ons Toro 4ytoObl AgpobHasi pennvka npeacraeBngdna cobor OpPTOroHanbHbIN
nnaH, B Ka4ecTBe pennukn crnegyet b6paTtb Grnvkanwmnm nonHbi akTOpHbIA 3Kcne-
pUMeEHT. [1pn 3TOM YMCMO OMNbITOB AOIMKHO OblTb HE MEHee uYmcna MCKOMbIX KO3g-

PULMEHTOB.

Ecnu koahpuumeHTsl perpeccun npu napHbIX NPon3BeLeHNAX He paBHbl HY-
N0, TO HangeHHble KO3APULMEHTBI b ByayT CMeLLaHHbIMN OLLEHKaMKN UX TeopeTunye-
CKMX koadbduumeHToB Bi. Ha npaktuke obbl4HO He yaaeTcs anpuvopHO NOCTYNMpo-
BaTb paBEHCTBO HYINO 3pPEKTOB B3aMMOLENCTBUA, OAHAKO YaCcTO MMEKTCHA OCHOBa-
HWA nonaraTb, YTO HEKOTOPbIE U3 HUX Masibl MO CPABHEHUIO C NMIMHENHBbIMU adbdbeKkTa-
mMu. Onepauuio CMeLLnBaHNS OLEHOK MPUHATO YCIOBHO 3anucbiBaTb B BUAE Bblpa-

KEeHUN
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bl_)ﬁl+ﬂ23; bZ_)IB2+ﬂI3; bS_)ﬁ3+ﬁ127 (623)
rae B — matemaTmyeckoe oxuaaHve Ans CoOOTBETCTBYHOLLEro koaddmumneHTa.

311 reHepupyome KoadhdULMEHTbI He MOryT BblTb pasfgenibHO OLEHEHbI MO
nraHy, BKNOYalLEMY BCEro YeTblpe OnbiTa, Tak kKak B 3TOM crlyvyae Hepasnuynmbl
cTonOubl ANS NMHEeNHbIX YNEeHOB M NapHbIX Npov3BeaeHuin. Ecnn, Hanpumep, B Ao-
NnonHeHne Kk ctonbuam, nNpuMBedeHHbIM B Tabn. 6.4, BblYUCNUTL elle CTonOuUbl Ans
NPOU3BEAEHUS X1X3, TO YBUAMM, YTO 3NEMEHTbI 3TOro cTonbua B TOYHOCTM paBHbI
anemeHTam ctonbua X,. Takum obpasom, cokpallleHue 4Yucria onbITOB NMPUBOAUT K

MONYYEHNIO CMELLIAHHbIX OLIEHOK ANns KO3 PULIMEHTOB.

Ona Toro 4TObGbI ONpenenuTb, Kakve Ko3auUMeHTbl cmelaHbl, ygobHo
NnoNb3oBaTbCA CrneayowmnmMm NpueMom: NoAcTaBmMB X3 HAa MECTO XXz, MOMyYUM COOT-

HOLWLEeHune X3=X1X2, Ha3blBaemMmoe reHepmpyromm COOTHOLLEHNEM.

YMHOXMB 00€ 4YaCcTn reHepupyroLLLEro COOTHOLLEHMS HA X3, NOSYy4YM
X=X X,X,=1,Te. XX, X, =1. (6.24)

3T10 npoun3dsegeHmne HOCUT Ha3BaHMe onpegenarero KoOHTpacTa.

YMHOXUB NooYepesHO onpeaesniaoWwmnin KOHTPACT Ha X1, X2, X3, HAXOOUM
X =X'X,X,=X,X;; X, =X, X,; X,=XX,. (6.25)

HOJ'Iy‘-IeHHbIM COOTHOLWUEHUAM COOTBETCTBYET CUCTEMA CMeELUaHHbIX OLIEHOK,

T.e. 1 cMeluaHa ¢ P23, B2 — € P13, @ B3 — C P12

Taknum obpasom, npu ncrnonb3osaHum PO HeobXO0ANMO MMETb YeTKoe npen-
CTaBrieHMe O TaK HasblBaeMOW paspeluaroien cnocobHOCTM OPOOHLIX pennuk, T.e.
onpenenuTb 3apaHee, Kakme Ko3(duLMEHTbl ABNATCA HECMELLAHHBIMU OLeHKamMK
AnNsi COOTBETCTBYHOLMX KO3(ppuuneHToB. Toraa B 3aBUCMMOCTM OT MOCTAHOBKW 3a-
Aadn nogbupaetca gpobHasa pennuka, ¢ NOMOLLBbI KOTOPOM MOXHO U3BSieYb Makcu-

MarbHy MHOPMaUUo U3 IKCNEPUMEHTA.

Hanpumep, B 3agaye ¢ 4eTbipbMs paktopamn (k=4) B kKa4yeCcTBe reHepupyto-
LLIero COOTHOLUEHMSI MOXHO B3ATb X4=X1X2X3 MM Nobon n3 a¢pdeKkToB ABOWNHOMO
B3aMMOAENCTBUS, HANPUMeEP X4=X1Xz. Tabnuua nnaHMpoBaHUSA TaKoro aKCnepumeHTa

npeacrtasneHa B Tabn.6.5.
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Tabnuuya 6.5
lMnaHuposaHue O3

Homep MnaH ['eHepupyoLLne COOTHOLLIEHNSA
onbiTa Xo X1 X2 X3 X4=X1X2X3 X4=X1X2

1 +1 -1 -1 -1 -1 +1

2 +1 +1 -1 -1 +1 -1

3 +1 -1 +1 -1 +1 -1

4 +1 +1 +1 -1 -1 +1

5 +1 -1 -1 +1 +1 +1

6 +1 +1 -1 +1 -1 -1

7 +1 -1 +1 +1 -1 -1

8 +1 +1 +1 +1 +1 +1

B nepsBom cnyvae onpegensiowmMin KOHTpacT

OLEHKY COBMECTHbIX OLIEHOK:

X, =X, XX 50, > B + B

X, =X, X;X 50, > B, + By

X3 :X1X2X4;b3 _)ﬁ3 +ﬂ124;

X, =X, X,X5;b, > B, + P

X|X4 :X2X3;b14 _)ﬁm +ﬂ23;

X X, =X, X350, > By + Bays

X\ X5 =X, X505 > Bis + P

X42=X1X2X3X4=1. Tonyunm

B peanbHbix 3agadax TPOWMHbIE B3aMMOOENCTBMS OblBalOT pPaBHbIMW HYIHO

3Ha4YUTENbHO Yalle, YeM OBOWHble. 3HAYUT, ecrniv No (PU3N4eCcKoMy CMbICIY 3adayu

Hac 6oniee BCero MHTEPECYIT OUEHKN ANS NMMHENHbIN 3heKToB, crneagyeT Ucnosb-

30BaTb reHepupyroLiee cooTHoweHne Xg= X1X2Xs.

Bo BTOpoM cryyae onpefensitolmii KOHTPacT BblpaXXaeTCsi COOTHOLUEHMEM

Xa2=X1XoXs=1: X4 XoXq=1.

Mpy 3TOM MONYYUM CIEAYIOLLYI0 CUCTEMY OLIEHOK:

X, =X, X5 b > B+ B

X, =X X,; by > B, + B
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X, =X, X, X, X,; by > B+ Pros
X, =X, X,; b, > B, + B

X X, =X,X,X,; by > b3+ Bous
X, X, =X, X;,X,; byy = Loy + Piass
XX, =X, X,X;; byy = By, + B

CnepoBaTtenbHo, APOOHYH pennuky C TreHepupylLWUM COOTHOLLEHMEM

X4=X1X2 MMEET CMbICI UCMNONb30BaTb, ECNN HAc Bornee BCEro MHTEPECYOT KO3 du-

LUMEHTbI P12, B3, Paa.

[poBHyto pennuky, B KoTopon P nnHenHbIX adhdekToB npupaBHEHbI K adhdek-

Tam B3aumogeicTeus, o6osHavatoT 27,

Takum obpas3om, nnaHbl NepBOro Mopsigka, ONTUManbHble OBYXYPOBHEBbIE

nnaHbl NP 2% n JA{OXC) 2P ymetot cnegyowne npenmMyLiecTsa:
1 — NNaHbl OPTOroHarbHbl, NO3TOMY BCE BbIYMUCIIEHUS MPOCTLI;
2 — BCe KO3hPUUMEHTbI onpeaensTcs He3aBUCUMO OANH OT APYroro;
3 — KaXxabl KOAPPULMEHT onpeaenseTcs no pesynbrtaram BCeX N ONbITOB;

4 — Bce K0ahpMLMEHTbI perpeccun onpeaensaTcs ¢ OAMHAKOBOW AMCNepcu-

eun, T.e. 3TK NnaHbl 0b6ragatoT U CBOMCTBOM poTaTabenbHOCTH.

6.3.6. PaspaboTtka maTtemaTn4yeckon mogenu
rmapaBsiNyeCcKoOro pexxmma MmeTogm4yeckomn neyvm

B kayecTtBe npumepa paccmoTpuM pa3paboTky MaTteMaTU4eckon MOoLenu
rMOpaBNMYECcKoOro pexmnma YeTbipex30HHOM MEeTOAUYECKOM MeYn C UCMOoNb30BaHUEM
Teopumn NaHNPOBaHUA akcnepumMmeHTa. Npyn nnaHMpoBaHMM ONbITOB UCMONb3YyEM Me-
TOAUKY NpoBeaeHnsa apobHoro aktopHoro akcnepumenTa (P3) nepeoro nopsiaka ¢

[ABYXYPOBHEBbLIM BapblMpoBaHMeM (hakTopoB.

Mepen pa3paboTkoi MrnaHa 3KCNepUMEHTa Ha OCHOBE arnpuopHON MHGOpPMa-
UMK ObINU BbISBNEHbI (PaKTOPbI, BNUAIOLINE Ha BENUYMHY OaBNEHUs B TOMUIbHOM
3oHe neun. K yncny Takux akTopoB OTHOCHTCS pacXOAbl TOMMMBA HA KaXOyH 30HY

Harpeea 1 yrorn noBopoTa AbIMOBOroO krnanaHa. Pacxofbl Bo3fyxa Ha Kaayto 30HY B
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kayecTBe (aKTOPOB He OUrypupoBarnu, NOCKONbKY CXeMa yrnpaBrieHUsi TopeHnemM To-

nnmBa aBTOMaTUY4ECKN MEHAET pacXxo Bo3ayxa npun uAMeHeHMn pacxoaa rasa.

0603HauYMM hakTopbl: X1 — pacxof rasa B TOMUIbHOMN 30He, M>/4; X, — pac-
XO[l ra3a BO BTOPOW CBAapOYHOIi 30He, M>/u; X3 — pacxof rasa B NepBoii CBapOYHOIA
30He, M>/4; X4 — pacxop rasa B HWKHEN CBApOYHOMN 30He, M /Y; Xs — MONOXKEeHWe

AbIMOBOrO KranaHa, % xoga UCNoSTHUTESTbHOro MexaHuama (puc.6.2).

Ao X3
Xq

hWeTogmdeckan 30Ha
i\
|||||IIIIIIIIIIII
TomMHNEHAA

30H3 XS o
)(4 HiHAR
CEapoYHan 20HA

Puc.6.2. [lonoxeHue ¢ghakmopos (X1, ..., Xs) u omknuka (Y) npu
nposedeHuuU uccriedogaHuUsi Ha Memoou4ecKou redyu

Peanunzauyusa Nd3 B aTOM cnyyae npy BapbMpoBaHUn Bcex hakTopoB Ha ABYX

YypOBHsIX noTpeboBana 66l NOCTaHOBKM 2°=32 onbIToB.

bynem npegnonaratb, 4TO apekTbl B3auMoLencTBmus (PakTopoB B UCCIe-
ayemoM o6bekTe ManoBeposTHbl U NpeHebpexnmo Mmanbl. Bocnonb3yemca 1/4 pen-
nukon MdI, T.e. AP tnna 2°2, roe dopmanbHO 2 hakTopa 3aMeHeHbl COOTBETCT-
BYIOLLMMWN NMPON3BEAEHNAMN OCTasbHbIX (PAKTOPOB (X4=X1 X2, X5=X1 X2 X3 ). OTO NO3BO-
NAT COKPaTUTb YMCHO OMbITOB A0 2°=8. YPOBHM BapbUpOBaHus hakTopoB NpeacTaB-

rneHbl B Tabn. 6.6.

Tabnuua 6.6
YpoeHu sapbuposaHusi hakmopos
YpoBHMN dakTopbl
dakTopos X31’ X32’ )23’ >§4’ Xs,
M/ M°/Y M~y MY % xopa M
OcHoBHOWM (HyreBoun) 5250 3900 2650 | 1100 74
HxHUI 4000 3100 1750 700 50
BepxHui 6500 4700 3500 | 1500 98
VHTepBan BapbupoBaHnA 1250 800 900 400 24
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B tabn. 6.7 npuBeAeHbl MaTpuua nnaHuposaHus o3 2°2 u pe3yrnbTaTbl 9KC-
nepuMeHTa — 3HayeHus1 BbIXOAHOW NepeMeHHOoN (JaBreHns B TOMUNIbHOW 30He Me-

TOANYECKOWN neyn).

[nsi 06paboTkn pe3ynbTaToOB 3IKCMEPUMEHTA UCMONb3yeM METOAMKY, W3Io-

XXEHHYI0 paHee B naparpade 4.5.
1. PacyeT NOCTPOYHbIX CpeaHUX:

—  YjltYj2+-FYim*
Yi=

] m*

b

roe m* — 4Mcrno NOBTOPHbLIX ONbITOB (M*=2). Hanpumep,

— (-2,6)+(-2
- 202Dy

PesynbTaTthl pacyeTa npegcraBneHsl B Tabn. 6.7.

Tabnuuya 6.7

Mampuua J®3 2°2 ¢ 08yms napannenbHbIMU Ofbimamu

[MepemMeHHast coCToAHMUSA MocTpouHas
dakTopbl (KOAMPOBAHHbLIE 3HAYEHNS) (oTknwk), kTa
Onbl | Onbl | Cpea- | Mo- | Avcnepcua
T1 T2 Hee Jenb g2
Xo X1 Xo X3 X4 X5 Y1 Y> Y )A/j
1 [ 1 [ 1 [ 1 [ 1112526 255 |-241 0,005
1 | 1] 1 [ 1 1] 122723 225 |22 0,005
1 1 -1 1 -1 -1 5,1 4.7 4,90 4,74 0,080
1 -1 -1 1 1 1 -1,1 0,5 -0,30 0,08 1,280
1 1 1 -1 1 -1 2,1 2,3 2,20 2,26 0,020
1 -1 1 -1 -1 1 -20 | 24 -2,20 -2,41 0,080
1 1 -1 -1 -1 1 0,0 0,8 0,40 0,08 0,320
1 -1 -1 -1 1 -1 4,2 5,1 4,65 4,74 0,405

2. OnpepgeneHne nocTPoYHbIX (BbIBOPOYHLIX) AUCMEPCUI:

, Z(yji_yj)2
§r it 00000

J

. S2 _ (_2a5 _(_2555))2 + (_256_ (_2355))2
m¥-1 2-1

=0,005.

AHanormuyHo S,%=0,005; S3°=0,08: S4%=1,28: Ss2=0,02: S¢°=0,08: S;°=0,32;

Sg?=0,405. CyMMa NOCTPOYHbIX (BbIGOPOUHBIX) AMCNEPCHIL:

Sy”=0,005+0,005+0,08+1,28+0,02+0,08+0,32+0,405=2,195.
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3. OnpegeneHne ogHOPOAHOCTM Ancrnepcun no kputeputo KoxpeHa:

S 1,28
Coan =752 =7 105
) 5

=0,5831.

Hanee no tabn. MN.9 Haxogum Gy.m:n. Ans a=0,05, m=m*-1=2-1 n n=8 3Haue-

Hue Go,05:1:8=0,6798. MockonbKy Gaien< Greop, TO AMCNEPCUM OOHOPOAHbI.

4. OnpegeneHue KO3(pUUNEHTOB B YpaBHEHUN pPeErPeCCUn:

JRE
__;;’ Y 25542,254+4,9-03+2,2-2,2+0,4+4,65

bo :1,169;
n 8
850054494 03422+422+04— 465
bl — j=1 — 5 s s s > > s > — 0,069,
n 8
R -255+2,25-49+03+2,2-2,2-0,4—-4,65
b, =22 S TR A S T e AT s
n 8
854005449 03-22+422-04—465
b3 = J=1 = 2 4 d 2 : : - . :_05094;
n 8
S5 0054903422422 —04+465
b, =2 _TE TS m AT S B2 T AT A0 0169;
n 8
< Vit %) -2,55-225-49-03-2,2-2,2+0,4-4,65
bs — j=1 — s s > > > > > s — _2,331

n 8

5. lNpoBepka 3Ha4YMMOCTN KO3 dUUMeHTOB perpeccun. NpeagsapnTensHO on-

pegenum aucrnepcuio BOCNpon3BOANUMOCTHM (OMCNepcuto oTkmka):

n

S?
Z 'S 2195

s =0,2744.
n n
Oucnepcusa KoapPULNEHTOB YpaBHEHUS perpeccum
S? 0,2744
Sy = —reen_ = =0,01715; S, =+/S; =0,131.
n-m*
Haxognm 3HayeHve [oBepuTernbHOro MHTepsana Ans Ko3addUUMeHTOB per-
peccum:
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Abj =tg;m -Sp-

3aecb m=n(m*-1)=8(2-1)=8, Toraa TeopeTnyeckoe 3HauyeHue kputepusa Ctbto-
aeHTa t,055=2,31 (MOXHO paccumTaTb, UCNONb3YA (PYHKLUNIO SMNEKTPOHHbLIX Tabnuy
Microsoft Excel CTBIOAPACMOBP(0,05;8)=2,31), otkyaa Ab=2,31-0,131=0,303. 13
COMOCTaBNEHNsi JOBEPUTENBHOrO MHTepBana Ab; ¢ abCOMOTHLIMM 3HAYEHUAMU KO-
apPULMEHTOB Moaenu crneayet, uto |bq|=0,069<0,303; |bs|=0,094<0,303 u
| bs|=0,169<0,303. 311 KO3(hPULUMEHTLI OKasanucb He3Ha4YMMbl, a OCTalbHble 3Ha-

YNMbI. TaKI/IM 06pa30M, OKOoH4YaTel1bHOe ypaBHeHme perpeccun 3anmieTcd B Buae
y=1,169-1,244X5-2,331Xs.

Pe3yﬂbTaTbI pacyeTa BbIXOAHbIX MapamMeTpoB MO YpaBHEHUIO I'IOJ'Iy‘-IGHHOVI moaenn

yi 3aHeceHbl B Tabn. 6.7.

6. lNpoBepka agekBaTHOCTM NosflyyeHHou moaenu. lNpegsapuTenbHO onpege-

JIMM gucnepcunio agekBaTtHOCTU.

m*y (v, -7,

2 i=1
S, =

n—1

B Hawewm cnyvyae m*=2; n=8; I=3, n B pe3synbtate nmeem

S2 = é [(—2,55 +2,41)% +(2,25-2,66) + (4,9 —4,74)* + (-0,3 - 0,08)* +

+(2,2-2,26)> +(=2,2+2,41)* +(0,4—0,08) + (4,65 — 4,74)*] = 0,1386.

C yyeToMm paHee HangeHHOW BbIGOPOYHOW Amncnepcun Sy2=2,195 onpegensiem guc-

Nepcuio BOCNPON3BOANMOCTHU:

. _S§ 2195
n

BOCIT

=0,274.

3KkcnepumeHTanbHoe 3HaveHne kKpuTepus duilepa cnegyoulee:

Fo Ss 01386
e g2 0,2744

BOCII

b

TeopeTuyeckoe 3HauyeHue kputepusa duwepa Fymim2 Npy a=0,05 MoxHO onpepge-

nnTb NO cnpaBoYHKKY [11], Tabn. M.4 NN ¢ NOMOLLBLI BCTPOEHHON (DYHKLMK 3NEK-
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TpoHHbIX Tabnuy Microsoft Excel FPACMNOBP. [Ons my=(n-1)=(8-3)=5 n my=n(m*-
1)=8(2-1)=8 3HauyeHue Fy 0555=3,69 (FPACIMOBP(0,05;5;8)=3,69). Nockonbky Facn<

Freop, TO NOMy4YeHHAs MOAENb afeKBaTHa.

6.4. [lnaHbI eBMoOpPoO20 nopsiOka

OnucaHue NOBEPXHOCTUN OTKIMMKa MOJIMHOMaMn nepBoro nopAagka 4acto OKa-
3blBaeTCA HeaJOCTaTO4YHbIM. Bo mHorux cny4daax ygoBneTBopuTtesibHaa annpokcuma-
Unda MoXxet ObITb OOCTUrHyTa, ecrin BoCnoJsib3oBaTbCA NOJIMHOMOM BTOPOIro rnopdnka
(6.7).

B atom cnyyae TpebyeTtcs, 4ToObI Kaxabli hakTop BapbMpOBarncst He MeHee
4YyeM Ha Tpex YpoBHsIX. B aToM cnyyae nonHbi (pakTOPHbIA 3KCNEPUMEHT COAEPXUT
CNMLWKOM 605bLLOE KONMYECTBO ONbITOB, paBHOE 3%, Tak, npu k=3 nx 27, a 41Cro Ko-
adbdpuumeHToB b — 10, npu k=5 uyncno onbiToB 243, a koahdurumneHToB 21. B cBsA3u ¢
3TuM ocyulecTterneHme MO gnsa nnaHoB BTOPOro Nopsifka He TONbKO CHOXHO, HO U

HeuenecoobpasHo.

CokpaTuTb YNCIO OMbITOB MOXHO, BOCMNOSIb30BaBLUMNCh Tak Ha3blBa€MbIM KOM-
MNO3ULUNOHHBIM UKW NOocneaoBaTeNbHbIM NaHoOM, pa3paboTaHHbiM Bokcom n Yunco-
HOM. Tak, npu AByX dakTtopax Moaenb PyHKUUKM oTknNuka y = f(x4,x2) BTOporo nopsg-
Ka npegcraensieT cobor NOBEPXHOCTb B BUAE UMNMHApPA, KOHyca, annaunca u T.A4.,

OI'II/ICbIBaeMyPO B 06LLI,eM Buae ypaBHeHMeM
y=by+bx, +bx, +bx" +b,x," +b,xx,.

[na onpegeneHuns Tako NOBEPXHOCTM HeOBXoauMOo pacnonaratb KOopAuHa-
TaMn He MEeHee TpeX ee ToYek, T.e. (paKkTopbl X1 U X2 OOMKHbI BAapbMpOBaTLCA HE Me-
Hee YeM Ha Tpex YpoBHsIX. [103TOMY nnaH aKkCnepuMeEHTa B MIOCKOCTU (PaKTOPOB X4 U
X2 Ha puC.6.3, a He MOXeT COCTOATb NuLb 13 onbltoB 1, 2, 3, 4 MNP 22, pacnona-
ralomMxcsa B BepLUIMHAX KBagpaTa, kak 3To Oblino ans mogenu nepsoro nopsigka. K
HUM OOMKHbI ObITb A0BaBMEHbI ONbIThl (3BE3AHbIE TOYKN) 5, 6, 7, 8, pacnonoXeHHbIe
Ha OCsX X1 U Xz ¢ koopamHaTamu (+a;0), (0;xa) n obsasaTtenbHO onbIT 9 B LIEHTpe
KBagpaTa, 4Ytobbl no nobomy HanpasneHuo (5-9-6), (1-9-4) n T.4. pacnonaranocb

TPW TOYKK, onpependroLimne Kpusu3Hy NnoBEepXHOCTU B 3TOM HanpaBleHUN.
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a C 6 6 7
@ @ ® @ @

+1

L

® o @ ®

Puc. 6.3. [1naHbl 8mopo20 ropsioka rpu k=2:
a — opmozaoHarsbHbIl; 6 — pomamabersbHbil

Takum obpasom, B obLieM criyyae S4p0 KOMMO3ULMOHHOIO MiaHa CocTaBnseT
npu k<5 M®3 2%, a npu k=5 — Opo6Hyto pennuky oT Hero. Ecnn nuHeliHoe ypasHe-

HUe perpeccun okasanoch HeagekBaTHbIM, HEOBGXOANMO:

1) pobaBuTtb 2-k 3BE3OHbIX TOYEK, PACMOSOXKEHHbBIX HA KOOPAMHATHBLIX OCAX
grakTOpHOro npoctpaHctea (+a,0,0,...,0), (0,+0,0,...,0), ..., (0,0,....xa), roe o —

3Be3Hoe Nnrneyvyo, UNn paccTositHne A0 3Be3AHON TOYKMU;
2) NPOBECTM Ny ONbLITOB NPW 3Ha4YEHUAX PaKTOPOB B LIEHTPE NraHa.

Mpn k dakTopax obLiee YMcno onbITOB B MaTpULE KOMMNO3ULMOHHOIO nraHa

COCTaBuUT
n=2%+ 2.k +no npu k<5,
n=2""+ 2.k +ng npm k>5.

Flpvl 9TOM BeInn4ynMHa 3Be3gHOro nje4vya a 1 4YnMcno onbITOB B LIEHTPE MiaHa Ng

3aBUCUT OT Bbl6paHHOFO B/aa KOMMNO3NLMOHHOIO ninaHa.

KomnoaunuunoHHbin nnad anga k=2 n np=1 npeacraenex B Tabn.6.8.

Tabnuuya 6.8

Komro3uyuoHHsbiIl rnnaH emopo2o rnopsioka

| Homep | dakTOpHI | Pesynbtar |
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2 2

OonbITa Xo X1 X2 X1X2 X1 X2 Yi

11 1 -1 -1 +1 +1 +1 Y1

Anpo 2 +1 +1 -1 -1 +1 +1 Y2

nraHa 3| +1 -1 +1 -1 +1 +1 Y3

41 +1 +1 +1 +1 +1 +1 Ya

5| +1 +0, 0 0 o? 0 Vs

3Be3a- 6| +1 o 0 0 o? 0 Ve

Hble 7| +1 0 +a 0 0 o y7

TOYKU 8| +1 0 -l 0 0 o Ys

Uewtp 9 44 0 0 0 0 0 Yo
nnaHa

AHaNoOrM4yHbIM o6pa30M COCTaBnATCA NnaHbl U ansa 6onbliero ymicna (*)aK-

TOpOB.
6.4.1. OpToroHanbHbIe NNaHbl BTOPOro nopsigka

B obwem Buae nnaH, npeactaBneHHbin B Tabn.6.8, HeopToroHaneH, Tak Kak
n 2 n 2 2
ZXijl.j #0; Zx,.j x, #20,izu. (6.26)
j=l1 Jj=1

anBeﬂ,eM ero K optoroHanbHoOmMy Buay, Anda 4ero eeeaemM HOBbIE MNMeEpPEMEH-

Hble (npeobpa3oBaHnsa ANs KBagpaTUYHbIX 30EEKTOB):
2

n
2
inj
2 A N
- =X, —Xi.

ij =i n ij

n n n
' 2 T2 2 2
MNpwn aTom Zxojx,.j =Z(x,.j — Xi )=inj —nx;" =0.
j=1 Jj=1 Jj=1
Torga ypaBHeHUe perpeccum byaeT 3anucaHo Kak

k k k
3 — ' ' '
y=b, +E b.x; + E b, x.x, + E b.'x"
i=1 i=1

iu=l1

KoMno3numnoHHble nnaHbl N1Ierko NPUBECTU K OPTOroHanbHbIM, BbiOMpas 3Be3a-

Hoe nne4vo a. B Tabn. 6.9 npuBeaeHo 3HaYeHUe o ANa pasnmMyHoro Ymcrna akropos
K 1 4nucna onbITOB B LIEeHTpe nriaHa no.

Tabnuuya 6.9

3Hay4yeHusi 386e30HbIX r1ed 8 OPMO20Ha IbHbIX MiaHax 8mopoao nMopsioka
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Umcno onbiTOB

3Be3HOoe NeYvo o Npu pasnuMyHoMm Yucne aktopos k

B LIEHTpe

nnaHa no k=2 k=3 k=4 k=5 *
1 1,000 1,215 1,414 1,546
2 1,077 1,285 1,471 1,606
3 1,148 1,353 1,546 1,664
4 1,214 1,414 1,606 1,718
5 1,267 1,471 1,664 1,772
6 1,320 1,525 1,718 1,819
7 1,369 1,575 1,772 1,868
8 1,414 1,623 1,819 1,913
9 1,454 1,668 1,868 1,957
10 1,498 1,711 1,913 2,000

*) B sagpe nonypennuku

B yacTHOCTK, OpTOroHasnbHbIN NaH BTOporo nopsigka ansa k=2 v ne=1 npea-
cTaBneH B Tabn. 6.10, a ero reomeTpnyeckas nHTepnpeTauusi — Ha puc. 6.3, a.

MpenctaBneHHbIn Ha prc.6.3, a n B Tabn. 6.10 NpaAMOyronbHbI (KBagpaTHbIN)
nnaH aKcnepuMMeHTa Ans Mo4enu BTOpPOro nopsigka pabotocnocobeH, XoTs u He-
CKONbKO M36bIToYeH (9 onbITOB AnA onpegeneHns 6 koadpdpuumnenTos). bnarogaps
TpeM M30bITOYHbIM OMbiTaM, OH NO3BOMSAET YCPeOHUTb ClyyYalHble MOrpeLHoCTU U
OLEHUTb NX XapakTep.

Tabnuua 6.10

OpmoeoHaribHbIU nnaH 8mopoz2o nopsioka

Howmep dakTOpHbl Pesynb-
onbiTa Xo X1 X2 X1X2 X1 X2’ Tary;
1] +1 -1 -1 +1 +1/3 +1/3 Y1
Agpo 2| #1 +1 -1 -1 +1/3 +1/3 Y2
nnaHa 3| +1 -1 +1 -1 +1/3 +1/3 Y3
4| +1 +1 +1 +1 +1/3 +1/3 Y4
5 +1 a=+1 0 0 +1/3 -2/3 Y5
3Be3n- 6| +1 o=-1 0 0 +1/3 -2/3 Y6
Hble 7| +1 0 o=+1 0 -2/3 +1/3 y7
TOukM 8| +1 0 o=-1 0 -2/3 +1/3 Ys
Uertp - 91 4 0 0 0 23 | 23 Vo
nnaHa
9
inf
B aToit Tabnmue X', =x,,” - ":19 =x,, -3

B cuny opToroHanbHOCTM MaTpuvubl MNfaHUPOBaHUSA BCe KOIPULMEHTDI

injyj inj"yj 18£(xij'xuj)yj

bi :F,i—; bii':j:;—; biu = F,l, . (6.27)
quz ZX'z-f Z(xij'xiu)z
j=1 j=1 j=1
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ypaBHEHUs perpeccun b onpeaensitoTcs He3aBUCUMO OAUH OT APYroro no opmynam

30ecb i — Homep cTonbua B maTpuue NaHMPOBaHUS; | — HOMEpP CTPOKU; CYMMbI B
3HaMeHaTenax pasfiMyHbl ONs NIMHENHbIX, KBagpaTUYHbIX 9ddEKTOB N B3anMoOeEN-

CTBUN.

[ucnepcumn koapprnuneHToB ypaBHEHNS perpeccun cnegyowme:
Sbiz = stocn zxuz, S 'biiz = SzBocn leij2 ) Sbiuz = SZBOCH Z(Xijxuj : . (6.28)
j=1 =1 =1

CnepgyeT 0cob0 OTMETUTb, YTO KOI(PPULNEHTBI YPaBHEHUS perpeccuun, nony-
YaeMmble C MOMOLLbI OPTOroHamnbHbIX MSIAHOB BTOPOro Mopsiaka, onpeaensiTcs C
pa3HON TOYHOCTbIO (CM. ypaBHeHue (6.28)), B TO BpeMsI Kak OpTOroHasrbHble MNiiaHbl
nepBoro nopsigka obecnevunBaloT OANHAKOBYO TOYHOCTb KOI(MMULNEHTOB, T.€. NNaH,
npeacTaBneHHbin B Tabn. 6.10, aBnsowmnnca opToroHanbHbIM 1 obecnevnsaroLmin

He3aBUCMMOCTb onpeaeneHus koaddnumneHToB b, He aBnseTca potaTtabenbHbIM.

B pesynbTate pacyetoB no matpuue c¢ npeobpasoBaHHbIMK cTONOLaMn gns
KBagpaTUYHbIX 3EKTOB NONYYNM YpaBHEHNE pErpeccum B Buae

k k k _
y= b0'+Zbl.xl. + Zbl.uxixu + Z:bl.i'(xi2 - xiz). (6.29)
i=1 i=1

iu=l

[ns npeobpasoBaHna k 0bbl4HOM (bopme 3anucu criegyet NepenTn oT Koad-

dovumneHTa bo’ K KOahpuumeHTy by, UCNOMNB3YSA BblipaXeHue

k _
by =by'=> b, xi’. (6.30)

i=1

Mpun aTom gmncnepcma aToro KoadpuumneHTa paccynTbiBaeTCcs no crnepyroLle-

MY COOTHOLLEHUIO:
2 2 k — 2 2
Sy =Spy + D X0 Sy - (6.31)
i=1

B panbHelwem, 3Has OMCNEepCcuUd BOCMPOU3BOAMMOCTW, NMPOBEPSIOT 3HaYU-

MOCTb KO3I(PPULMEHTOB 1 afeKBATHOCTb YPaBHEHWS:

y=%+i@%+i@%%+ﬁ@%? (6.32)
i=1

i,u=l i=1
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3HauMMoCTb  KO3IhPULMEHTOB npoBepaeTcs no Kputeputo CTblogeHTa

t, =|b, |/S,; . KoachhuumeHT 3Haumm, ecrm tj >ty m, A€ M — YMCNO CTEmneHeil CBo-
6oabl gucnepcmmn BOoCNpon3BOAUMOCTN.

AfeKkBaTHOCTb  ypaBHeHWss  nposepsieTcs no  kputepuio  duwepa
Fzsgﬂ/sgocn. YpaBHeHne apgekBaTHO, €Cnv COoCTaBfieHHoe Takum obpasom F-
OTHOLLEHVe MeHblle TeopeTtnyeckoro: F <Fy-m1:m2, rAe mi=n-/ — uicno crenexHen

cBoboabl Ancnepcun afekBaTHOCTW; My — YUCNO CTeneHen cBoboabl Ancnepcuu
BOCMNPOU3BOAMMOCTU; | — YACIIO KOI(PPULNEHTOB B YpaBHEHUN perpeccun BTOPOro
nopsiika, paBHoe 4ncny coyetaHnm u3 k+2 no 2, 1.e.

(k+2)(k+1)
=

! (6.32a)

6.4.2. PotatabenbHble NNaHbl BTOPOro nopsigka

Kak Mbl ycTaHOBUNKW, NnaH BTOPOro Nopsiaka, npeacraBneHHbin B Tabn.6.10,
He obnagaeT CBOWCTBOM poTaTabenbHOCTU. PoTtaTtabenbHbiM HasbiBalOT MNaHMpPO-

BaHWe, AN KOTOPOro Avcnepcust oTknvka (BbIXOAHOro napameTpa) y , NpeackasaH-

HOro ypaBHEHMEM PErpeccum, NOCTOSIHHA ANs BCEX TOYEK, HAXOOSALMUXCS Ha PaBHOM
PacCTOsAHUM OT LEHTpa 9KCrepuMeHTa. DKCrnepumeHTaTopy 3apaHee He W3BECTHO,
rAe HaxoamuTcsl Ta YacTb MOBEPXHOCTW OTKMWKAa, KoTopasi NMpeacTaBnsieT ANs Hero
0cobblIii UHTEPEC, NMO3TOMY CreayeT CTPEMUTLCS K TOMY, YTOObl KONMYECTBO UHGOP-
Mauun, coaepkalleecs B ypaBHEHUUN perpeccum, 6bino 0aUHAKOBO AN BCEX PaBHO-

OTCTOALMNX OT LUEHTPa ISKCNnepnmMmeHTa TOYEK. D,eIZCTBI/ITeJ'IbHO, yaaneHne OoT UeHTpa

Touek 5,6,7,8 B +/2 =1,414 pas3a MeHbLUe, YeM yaaneHue Touek 1, 2, 3, 4 (cm. puc.
6.3, a), n, cnegoBaTenbHO KO3I(PUUMEHTBI YpaBHEHUSA perpeccum onpenensitoTcs ¢
pasnuyHon gucnepcuen. bokc n XaHtep npeanoxunu potatabenbHble nnaHbl 2-ro
nopsiaka. [Ana Toro 4tobbl KOMMNO3MUMOHHBLIN MNaH 6bin poTaTabenbHbIM, BENUYMHY
3BE3HOro nneya o BblbMpatoT U3 ycnosus

k
a=2% npuk<s n a=2

L}
4

npun k>5 (6.326)

nnu B obLem cnyyae
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k=p
a=2*
roe k — uncno gakTopos; p — ApobHOCTb pennvkun (ansa NP3 p=0, onsa nonypensivku
p=1, AnNa 4YeTBEPTbPENNUKN P=2 N T.4.).
Uncno Tovek B LeHTpe nnaHa no ysenuumsaroT. B 1abn. 6.11 npuBeaeHb! 3Ha-
YeHUs o U Np AN PasnMYHOro Yncna He3aBUCUMbIX (PakTOpOB.
Tabnuua 6.11

3HayeHusi 386e30HbIX Mied U Yucra moYyeK 8 ueHmpe pomamabersibHbIX riaHo8

MapameTp 3Ha4YeHVsi NapamMeTpoB NPV YUCNe He3aBUCUMbIX (DAaKTOPOB
nnaHa 2 3 4 5 6 6 6 7 7
Anpo nnaHa 2? 2° 2| 2° | 22T 2° 251 27 2"
3Be3gHoe

1,414| 1,682 2,00|2,378| 2,00| 2,828 | 2,378 | 3,333| 2,828
rnneyo

Yucno Tovyek B
LEeHTpe nnaHa ng

5 6 7 10 6 15 9 21 14

MosicHum naeto Boibopa 3HaAYeHMA 3BE34HOrO nrieda o Ha NpuMepe mMaTpuubl
poTtatabenbHOro nnaHMpoBaHWUs BTOPOro nopsgka Ans k=2, npenctaBfeHHOW B
Tabn. 6.12.

PasmelleHne To4ek 3TOoro nnaHa nokasaHo Ha puc. 6.3,6. [Ans obecneveHus

poTaTabenbHOCTN To4dek 5, 6, 7, 8 HeobxoanMO yoanuTb UX OT LEHTpa nnaHa Ha

paccTosiHue o, B V2 =1,414 pa3 6onbliee, Yem yaaneHue Todek 1, 2, 3, 4 oT ocen Xz
n X1. B pesynbTaTte aTOro BCe TOYKM nnaHa (tabn. 6.12) okasbiBaloTCA Nexawmnmm Ha
OKPY>XHOCTU. YunTbiBasa CyLECTBEHHO Bornbluee BNUAHME Ha (PYHKUMIO OTKIMKa Chy-
YanHOW OWNBKN B TOYKE 9, peKOMEHOYeTCA CTaBUTb B 9TOM TOYKE MfaHa He OAWH, a
HecKonbKko oyb6nvpyrowmx onbiToB (B 4aHHOM criydae onbiTel ¢ 9 Ao 13) ansa ycpeg-
HEHUSA MOMyYEHHbIX Pe3ynbTaToOB N ANS OCYLECTBNEHUS CTaTUCTUYECKOro aHanmsa
pe3ynbTaToB BCEro IKCMNEPMMEHTA B LLENIOM.

Tabnuua 6.12
PomamabernbHbil rnnaH emopozo nopsioka

Homep dakToOphbl PeaynbTtar
onbliTa Xo X1 X2 X1X2 X12 X22 Yi
1 +1 -1 -1 +1 +1 +1 Y1
Appo 2| +1 +1 -1 -1 +1 +1 Y2
nnaHa 3 +1 -1 +1 -1 +1 +1 Y3
41 +1 +1 +1 +1 +1 +1 Ya
3Be3a- 5| +1 +1,414 0 0 2 0 Y5
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Hble 6| +1 -1,414 0 0 2 0 Y6
TOYKM 71 +1 0 +1,414 0 0 2 y7
8| +1 0 -1,414 0 0 2 Vs

9| +1 0 0 0 0 0 Yo

LlenTp 10| +1 0 0 0 0 0 Y10
nnaHa 11| +1 0 0 0 0 0 Y11
12 +1 0 0 0 0 0 Y12

13 +1 0 0 0 0 0 Y13

YunTtbiBaga cneundunyecknin xapaktep potatabensHoro nnaHa B obwiem Buae,
MOXHO TakXe nonyuYnTb opMysibl Ana pacdeTa KOIUUNEHTOB YpaBHEHUS per-

peccun n ux gucnepcun:

k
b, :é{zﬁ(k+2)(oy)-2xc2(ﬁy)} (1)
n i=1
b, = (c/n)(iy); (1)
Al , k
bii:—{c [(k +2)n — k] (iy) + c*(1=2)> (iy) — 2c( oy} ()
n i=1
2
b, =—(iuy) (V)
2
Sﬁo = 2M (k+2) Siocn’ (V)
n
s, Al ) (Vi)
! n
2 ¢’ 2
S =—-§ Vil
b;, ;\‘n BOCII ? ( )
rae  (oy)=2 x,y;: (iuy)= quxujyj, (v
j=l
(iy)= > xy¥5; (iy)= ZXU vii (1X)
j=1
n 1
C=—r—; = ; (X)
3y, 20 (k +2)n k]
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nk k(n, +n,)

M=l )n - (k+2)n,

(XI)

30€ecb Ng— YMCIIo ONbITOB B LUEeHTpe nnaHa; N1 — 4Yncno oCTtalribHbIX OlMbITOB.

MaTpuua potaTabenbHOro nraHUpPOBaHWS, OKa3biBAaeTCA HEOPTOroHarbHOM,

TaK KakK
N 2 N 2 2
ZXOJ- X, #0; inj X, 20; i#u (6.33)
j=l F

CnepoBaTtenbHO, ecnn Kakon-nmbo mn3 kKBagpaTUYHbIX 3PdEKTOB OKasarncs
He3Ha4YMMbIM, TO MOCNE ero UCKIYEHNA KOIPMDULNEHTBI YPaBHEHUSA perpeccun He-

obxoammo nepecymTaTtb 3aHOBO.

Mpwn ncnonb3oBaHUM poTaTabenbHbIX MaHOB BTOPOro MOpsiAka AMCNepcuto
BOCMNPOM3BOAUMOCTM MOXHO OMpedenvTb Mo onbiTaMm B LEHTpe nnaHa. B cBssn ¢
3TUM NpuW NPOBeEpPKe afeKBaTHOCTU YpaBHEHWUsSI PErpeccun, Nosy4eHHoro no potaTa-

6enbHOMY MraHy BTOPOro nopsaka, NocTynatT crneayowmmM obpasom.

HaxoasT octaTouHyo cyMMy KBaapaToB
SE=>(,-y) (6.34)
Jj=1

C Ymncnom creneHen csobobl

(k+2)k +1)
.

m=n—Il=n

lNo onbiTam B LUEeHTpe niiaHa onpenenarT CyMmMmy KBagpatoB BOCpou3sogn-

MOCTHU
S; =Z(Y()j _Y()j)z (6.35)
]

C YMCcnom cteneHen ceoboabl Mo = ng-1.
Jlanee HaxoOsT CyMMY KBaJpaToB, XapakTepusyloLmMx HeaaekBaTHOCTb
S32=S¢%- S,2, yncno creneHelt cBOGOALI KOTOPOI

my =m, —m, =n—w—(n0 -1).

2
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MpoBepsitoT agekBaTHOCTbL NO F-kpuTeputo:

2
S5 /m
po3t3 (6.36)

s /my

YpaBHeHue agekBaTHo, ecnn F<F,.m3.m2.

Ecnn mogenb BTOporo nopsiaka okasanacb HeadekBaTHOW, cregyeT MoBTO-
PUTb 3KCMEPUMEHTbI Ha MEHbLUEM MHTepBane BapbUPOBaHUSA (PakTOpoOB UMK nepe-
HEeCTU LIeHTp nnaHa B Apyryl TOuYky haKTOPHOro npocTpaHcTea. B Tex cnyyasx, Ko-
raa agekBaTHOCTb MOAENU MO-MPEXHEMY He OOCTUraeTcsl, PEKOMEHAYETCA NepenTu

K nj1iaHaM TpeTbero nopsaaka.

6.4.3. UccnepoBaHume npuyYnH ob6pasoBaHnNsA paccrnoeHumn
B ropsiuekaTaHbIX finctax

B kayecTBe npumepa NNaHUPOBaHUS 3KCMEepUMeHTa BTOPOro nopsaka pac-
CMOTPUM 3adady uccrnegoBaHusa NMpUYMH 0bpasoBaHMsA paccrioeHuii B ropsyekarta-

HbIX JIUCTax (3a OCHOBY 4YMCJNIOBOIro Mmatepuarsa B3ATbl AaHHbIE U3 KHVII'VI1).

M3BeCTHO, 4YTO npu npokaTke NUCTOB TomnwmHoOn Gonee 12 MM nosiBNeHue
Gpaka cBa3aHO GonblUen YacTblo C AedhekTaMu, yHacnegoBaHHbIMM OT cnutka. Haum-
Gonee cepbe3HbiMU AeeKkTamu TONCTOro NucTa ABMAKTCA PACCOEHUS, TPELLUMHBI U

pBaHMWHbI.

CyuwecTtByeT OOCTAaTOMHO TecHasli CBsA3b MeXAy HEKOTOpbIMM napamMeTpamu
BbIMMaBKM CTan 1 NOPaXXeHHOCTbI0 NIUCTOB paccrioeHnamu. o pesyrnbTatam ynbT-
pa3ByKoOBOW AedeKTockonuun 6bino yCTaHOBMAEHO, YTO Ha NOPaXXeHHOCTb JINCTOB pac-
CNnoeHnsaMn (KoTopasi KONMMYECTBEHHO MOXET ObITb BblpakeHa B OTHOCUTENbHbIX
eavHMLax no nroLagn paccnoeHni, OTHECEHHOM K nnowaan Bcero packata — Y, %)
Hanbonee CywWeCTBEHHO BNUAIOT TakMe ABa haKkTopa, Kak CKOPOCTb BbIrOpPaHUS yr-

nepoaa B nepuog pyaHoro KuneHnsa — x4, %/4, n Bpems pasnmBku CTanm — Xz, MUH.
YpOoBHUN BapbMpoBaHUs dakToOpoB NpeacTaBneHbl B Tabn. 6.13.

Tabnuya 6.13

" MapwwuH B.A, 3yaos E.TI"., Konmoropos B.J1. ledbopmnpyemMocTsb 1 kadecTso. — M.:MeTtannyprus,
1979.
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YposHu sapbuposaHusi hakmopos

YpOoBHU dakTopbl
dakTopoB X1, %/4 X2, MUH
OcHoBHOW (HyreBow) 0,35 55
HxH1I 0,20 3,5
BepxHuin 0,50 7,5
MHTepBan BapbupoBaHnNA 0,15 2,0

[lns npoBeaeHNsa aKcnepuMeHTa UCNosib30BaricCa OPTOroHarbHbIN NfiaH BTOPO-
ro nopsigka c Tpemsi onbiTamu B LEeHTpe nnaHa. Mo 1abn. 6.9 npu yncne dakropos
k=2 1 np = 3 BenuumnHa 3Be3gHOro nneya cocraenseT o = 1,148~1,15, noatomy mart-

puua nnaHnpoBaHuna BoirnaauT (Tabn.6.14) cnegyowmm obpasom:

Tabnuuya 6.14

OpmoeoHarsibHbIU naH 8mopo2o rnopsioka 0r1si 08yx ¢hakmopos
U ¢ mpemsi ornbimamu 8 UeHmpe riaHa

dakTopbl dakTopbl o
TKIMK
(kognpoBaHHbIE 3HAYEHUS) (HaTypanbHble 3Ha4YeHUs)
X1 X2 X1, %ol4 X2, MUH Yj, %
1 -1 -1 0,20 3,5 0,36
Agpo 2 +1 -1 0,50 3,5 0,51
nnaHa 3 -1 +1 0,20 7,5 1,33
4 +1 +1 0,50 7,5 1,51
5| a=+1,15 0 0,52 55 0,50
3Be3n- 6 | a=-1,15 0 0,18 55 0,31
Hble 7 0 o=+1,15 0,35 7,8 1,59
TOYKM 8 0 o=-1,15 0,35 3,2 0,45
Lentp 9 0 0 0,35 55 0,30
nnana 10 0 0 0,35 55 0,29
11 0 0 0,35 55 0,31

[nsi 06paboTkn pe3ynbTaToB 3KCMEPUMEHTA WUCMONb3yeM METOAMKY, W3o-

XXEHHyI0 paHee B naparpacde 6.4.1.

HayHem ¢ Toro, 4YTO K KOAMPOBAHHBIM 3HAYEHMAM X1 U X2 B UICXOLHYO Tabnumuy
nnaHa (cm.tabn.6.14) gobaBnm uUKTUBHBIN cTONGEL Xp=1, a TakKe AOMNOSNHUTENb-

Hble CTONOLbI X12=X1Xo.

11 11

2 2
lej szj
2 el R =

=X, n  x, =x,; .

T I

X,
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Mockonbky

ixlﬁ = ixz_f = (=D)? +(+D)* + (=D? + (+D? + (+L15)* + (=L15)* + (0)* +...+ (0)* = 6,636,

Jj=1

B ntore maTpuua nnaHa aKkcnepuMeHTa ¢ pakTUYeCKMMU pesynbTaTaMu 3KC-
NMepUMeHTa Yj, MOMy4YeHHbIMU B XO4E MPOBEAEHMS OMbITOB, BbIMMAAMT CreayloLmnm

obpasom (Tabn.6.15):

Tabnuuya 6.15

Mampuua opmo2oHanbHO20 nnaHa 8mopo2o Mopsidka 8 KOOUPOBaHHbIX 3HAYEHUSIX

Homep dakTOpHhbl PeayanaAT
onbITa Xo X4 X2 X12 X' X2 Yi y;
1 +1 -1 -1 +1 +0,4 +0,4 0,36 0,366
Agpo 2 +1 +1 -1 -1 +0,4 +0,4 0,51 0,526
nnaHa 3 +1 -1 +1 -1 +0,4 +0,4 1,33 1,346
4 +1 +1 +1 +1 +0,4 +0,4 1,51 1,506
5 +1 +1,15 0 0 +0,7225 -0,6 0,50 0,507
3Be3n- 6 +1 -1,15 0 0 +0,7225 -0,6 0,31 0,323
Hble 7 +1 0 +1,15 0 -0,6 +0,7225 | 1,59 1,587
TOYKM 8 +1 0 -1,15 0 -0,6 +0,7225 | 0,45 0,46
LeHtp 9 +1 0 0 0 -0,6 -0,6 0,30 0,296
nnaHa 10 +1 0 0 0 -0,6 -0,6 0,29 0,296
11 +1 0 0 0 -0,6 -0,6 0,31 0,296

A

B 1abn. 6.15 Takke npuBeaeHbl 3HAa4EHUs1 OLIEHOK OTKIUKA Y, , HaAeHHbIe No

MOAenun, NMOCTPOEHHON nocrie 0bpaboTkn aKCNepUMeEHTanNbHbIX AaHHbIX.

[na oueHKkn KoahpuuMeHTOB B ypaBHEHNE perpeccum
Y =by"+b,x, +b,x, +byyx,, + by Xy, + by X5,

no 3asucmmoctam (6.27) copmupyem euwe ABe [LOMOMAHUTENbHbIE Tabnuubl
(Tabn. 6.16, 6.17), B KOTOPbIX NpeaCTaBUM pe3yribTaTbl BCEX HEOOXOANUMbIX Npome-

XYTOYHbIX paC4eToB.

Tabnuua 6.16

Tabnuya npoussedeHull KOOUPOBaHHbIX 3Ha4YeHUU ¢hakmopos
Ha 3Ha4YeHUs OMKJIIUKa
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Homep [MponsBeaeHns hakTopoB Ha OTKIIUK

onbiTa X0y X1y X2y X12-Y X1y X2y
1 0,36 -0,36 -0,36 0,36 0,144 0,144
2 0,51 0,51 -0,51 -0,51 0,204 0,204
3 1,33 -1,33 1,33 -1,33 0,532 0,532
4 1,51 1,51 1,51 1,51 0,604 0,604
5 0,5 0,575 0 0 0,36125 -0,3
6 0,31 -0,3565 0 0 0,223975 -0,186
7 1,59 0 1,8285 0 -0,954 1,148775
8 0,45 0 -0,5175 0 -0,27 0,325125
9 0,3 0 0 0 -0,18 -0,18
10 0,29 0 0 0 -0,174 -0,174
11 0,31 0 0 0 -0,186 -0,186

Z-cymma 7,46 0,5485 3,281 0,03 0,305225 1,9319

Benu4yuHa keadpamoeg KoOupo8aHHbIX 3Ha4eHUl ghakmopos

Tabnuuya 6.17

Homep KBagpaTtbl hakTopos
onbITa (X0)’ (x1)° (x2)° (X12)* (x1')’ (x2)’
1 1 1 1 1 0,16 0,16
2 1 1 1 1 0,16 0,16
3 1 1 1 1 0,16 0,16
4 1 1 1 1 0,16 0,16
5 1 1,3225 0 0 0,522006 0,36
6 1 1,3225 0 0 0,522006 0,36
7 1 0 1,3225 0 0,36 0,522006
8 1 0 1,3225 0 0,36 0,522006
9 1 0 0 0 0,36 0,36
10 1 0 0 0 0,36 0,36
11 1 0 0 0 0,36 0,36
Z-cymma 11 6,645 6,645 4 3,484013 | 3,484013

Mcnonb3ys 3Ha4YeHust U3 CTPOK «Z-CyMMa» B 3TUX ABYX Tabnuuax, Haxoaum

OLEHKM KO3IhPULMEHTOB perpeccun:
b,'=7,46/11=0,678182;

b, =0,5485/6,645 = 0,082543 ;

b, =3,281/6,645 = 0,493755;

b,, =0,03/4 =0,0075;
b,,'=0,305225/3,484013 = 0,087607 ;
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b,,'=1,9319/3,484013 = 0,554504 .

3HauMmocTb  ko3dbdULMEHTOB npoBepsieM Mo kpuTepuio  CTblogeHTa
t. =| b, |/Sbi , NS Yero Haxo4MM AMCTEPCHIO BOCNPOM3BOAUMOCTH S%ocn MO TPEM Ma-
pannenbHbIM ONbITaM B LIEHTparibHOWM TOYKE NnaHa:

3

2 ;(in _y_0)2 1 (&, IS 2
SBOCH = 3-1 - 3—-1 ;ym _g(gymj )

- %{((0,30)2 +(0,29)% +(0,31)> )— %(0,30 +0,29+0,3 1)2} =0,0001

N paccyuTbiBaem no (6.28) gucnepcun u cpefHve KBagpaTUYHble OTKITOHEHUSA MO

KaXxgoMmy 13 KOahpULMEHTOB:

Sio. =0,0001/11=9,09091-10"; Sy, =v9,09091- 10° =0,003015;

Sy =i, =0,0001/6,645=1,5-10; S,, =S, =4/1.5-10° =0,003879;
Siu =0,0001/4=2,5-10"; S,, = 2,5-10° =0,005;

Si.=S; . =0,0001/3484013=2,87-107; S, . =S, . =4/2,87-107 =0,005357.

Torga kputepuin CTblogeHTa No Kaxkaomy 13 KoagUUNEHTOB COCTaBUT:

t,, = 0,678182/0,003015 = 224,9;
t, =0,082543/0,003879 = 21,2;
t,, = 0,493755/0,003879 =127.3;
t, =0,0075/0,005=1,5;

t,. = 0,087607/0,005357 =16,3;
t,,. = 0,554504/0,005357 =103,5.

IMockonbKy KpuUTndeckoe 3HadeHue tpos.3-1=4,30 (CTbOAPACIMOBP(0,05;2)=
=4,302655725), T0 BCe KOI(PPULMEHTbI B YpaBHEHUU PErpeccun MOXHO CUUTaTb

3HAYUMbIMU, KPpOME b1a.
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CnepoBaTenbHO, OKOHYaTeNbHO YpaBHEHUE perpeccunm MOXHO 3anuncatb B

BUAE

¥ =0,68+0,08-x, +0,49-x, +0,09-x, +0,55-X,.

A

OueHkn oTknuka Vi noNny4yeHHblIe NOo 3TOMY YypaBHEHUIO OJ1A TOYEK MniiaHa

A

9KCrepumMeHTa, npuseaeHs! B Tabn. 6.15. ConocTtaBnsas nosyyYeHHbIe BENMYMHLI y; C

ONbITHbIMW Oa@HHBLIMU Yj, HAXO0OUM OUCNEepPCUo aaeKkBaTHOCTHU, yYUTbiBad, YTO YUCIO

SHa4YUMBbIX KOS(bd)VILI,I/IeHTOB B ypaBHEHUN perpeccun paBHO NATU.

11 A
, ;(yj' W 1[(0,360-0,366)° +(0,510-0,526) +(1,330-1346) +..

= , | =0,00019.
11-5 6| +(0,310-0,296)

2 —
BOCII

ALeKBaTHOCTb YpaBHEHUsI npoBepsieTcs no kputepuo dGuwepa F :Sjﬂ/S
=0,00019/0,0001=1,9. YpaBHeHne agekBaTHO, MOCKOSbKY COCTaBIfIEHHOE TakuM 00-
pa3om F-oTHowWweHwne MeHbLUe TeopeTn4eCcKoro

F < F, omems = 19,3 (FPACMOBP(0,05;6;2)= 19,3294909), rae my=11-5=6 — uncro

cTteneHen ceoboabl gMcnepcmMmn agekBaTHOCTU; My=3-1=2 — ynucno creneHen ceobo-

AObl AUCMepPCUMn BOCNPON3BOAMMOCTMU.

B 3aBepulieHne gaHHOro npumepa nepenuvwemM noryyyvyeHHoe ypaBHEHUE per-

peccnn OTHOCUTESIbHO X12 n X22, yyuTAaA paHee BBeOEHHble COOTHOLWEHUA Ond

! 2 ! 2
X, X, —-0,6mn x, =x,” -0,6.

y=0,68+0,08-x, +0,49-x, +0,09-(x,” = 0,6)+0,55-(x,” —0,6) =
= (0,68—-0,09-0,6—0,55-0,6) +0,08-x, +0,49-x, +0,09-x,* +0,55-x," =
=0,29+0,08-x, +0,49-x, +0,09-x,” +0,55-x,".

MpoaHanuavpyem nony4yeHHoe ypaBHEHWE Ha 3KCTPEMYM OTHOCUTENbHO X1 U

Xo:

Y 0,08+2:0,09-x, =0:
X
% _049+2-055-x, =0.

X,
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Pewas aBa nocnegHuMx COOTHOLLEHWS, HAXoauM, 4YTO aKcTpemym bByaet aoc-
TUraTbCA B TOYKE C KOOMPOBaHHbIMW koopauHaTamm X¢ = -0,08/(2-0,09)= -0,44 n
x2=-0,55/(2:0,49)= -0,44, npn 3TOM HaTypanbHble 3HA4YEeHMS (PaKTOPOB MOryT ObITb

HanaeHbl U3 COOTHOLLUEHUI

Xl - 0’35 — Xi(()ﬂ — _0,44;
0,15
Xy =35 X5 = 0,44,
2

CnepoBaTtenbHO, NMpyM CKOPOCTU BbIrOpaHUs yrnepoga B nepuog pyaHoOro Ku-
neHus, pasHon 0,35-0,44-0,15= 0,28 %/4, n BpemeHun pasnueku ctanu 5,5-0,44.2=
4,6 MWUH NOPaXEHHOCTb JIMCTOB paccrioeHnsamMun 0yaeTr MUHMMAanbHOW, U COCTaBUT

nopsgka 0,16%.

§ = 0,29+ 0,08 - (=0,44) + 0,49 - (—0,44) + 0,09 - (~0,44)> + 0,55 - (=0,44) ~ 0,16.

6.5. [NnaHupoeaHue 3aKcriepuMeHMoe rpu rMouckKe onMmMumMalsibHbIX ycrioeuu

Bo MHOrMx cnyyasix MHXeHEepHOW NPaKTUKM nepen nccrnegoBaTenemM BO3HMKa-
€T 3aJayva He TOMbKO BbISABMEHUS XapakTepa CBA3N MeXay ABYMS UMM HECKONbKUMU
psaamMu HabnaeHUN, HO N HAXOXAEHUST TaKUX YNCMEHHBIX 3HAYEHNN haKTOPOB, NP
KOTOPbIX OTKMUK (BbIXO4HOW MapameTp) AOCTMraeT CBOEro 3KCTpeMaribHOro 3Haue-
HUA (MakCcuMyma unm MMHUMyMa). SKCNEPUMEHT, pellarwmnin 3Ty 3agadvy, HasbiBa-
eTCs 3KCTpemanbHbiM. B 3TOM cnydae 3agada CBOAUTCA K ONTUMMU3ALVMOHHOW U
dopmynupyeTcs cnegyowmm obpasom: TpebyeTca onpenenvtb Takme KOOpAnHaThI
9KCTpPEeManbHOM TOYKM (X1¥, X2¥, ..., X*) MOBEPXHOCTM OTKNMKa y=f(X1, X2, ..., Xk), B KO-

TOPOW OHa MakcumarnbHa (MMHUManbHAa): max y(Xq, Xz, ..., X k)=y(X1*, X2*, ..., Xk*).

Npadbmyeckaa uHTepnpetTaumsa 3agadn onTuMmsaumm obbekTa y(Xi, X2) npu
OBYX hakTopax X1, X npeacrasneHa Ha puc. 6.4 a, 6. 3gecb To4yka A COOTBETCTBYET
onTMMarsbHbIM 3HAa4YEeHUAM (PaKTOPOB X¢1* N Xo*, obecneymBarOLMM MakCUMyM (DYHK-
LUUKN OTKIIMKA Ymax. 3AMKHYTbIE NIMHUKN Ha puC. 6.4, 6 XxapakTepusayrT JIMHUM NOCTOSIH-

HOro YpOBHSA U ONuUCbIBaKOTCA ypaBHeHeM y=f(x1, Xxo)=B=const.

HeobxoanmocTtb B SKCTpemMalibHbIX 3KCnepmnmMmeHTax OoBOJIbHO 4YaCTO BO3HU-

KaeT B MHXEHEepHOW npakTuke. Tak, Ha MOAENU WaxXTHOW NneYm ¢ NPOTUBOTOYHO ABU-
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XYLWMMCH NNOTHbIM MPOAYyBaeMbiM CIlOEM, CXema KOTOpOW npefcTaBneHa Ha
pnc.6.5, TpebyeTca onpenenuTb pacnonoxeHne ypmol No BbicoTe nedn H, ee gna-
meTp D n BbicoB L, obecneymBaroLine MakCumarbHYKO CTeNeHb UCNOMb30BaHUA Ten-
NOBOro noTeHumana rasoBoro notoka. B gaHHomM cnyyae aktopamu aensattea H, D,
L, a B kavyecTBe pyHKumm oTknuka y(H, D, L,) B nepBom npubnmxeHnn MOoXHO uc-

nonb3oBaTb TeMnepaTypy oTxoadalnx n3 rneyvm ra3os.

)(1*

#q 83

Puc.6.4. [logepxHocmb OMKIIUKa (a) U JIUHUU pagHo20

ypoeHs (6): y=f(x4,x2)=B=const 0515 n=2
3ameTuMm, 4To BMA PYHKLMKM OTKMAMKA B 9TOM Criydae uccriegosaTtesito 3apaHee Hens-
BECTEH, T.€. OTCYTCTBYET MaTtemaTudeckass Moaesib, afekBaTHO ONUChbIBalOLWas gaH-
HbIM npouecc. TpebyeTca ¢ HaMMeHbWUMK 3aTpaTaMmn (MPY MUHUMANbHOM 4ucne
ONbITOB) onpeaennTb onTUMarnbHble 3HavYeHna H*, L*, D, npu KOTOpbIX TeMnepartypa

oTXoaAawWwmnx rasoB MMHMMarbHa.
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M3BecTHbIN M3 NpakTukm metoa "npob" wm
"owmnboK", B KOTOPOM (PaKTOpbl M3MEHSOTCHA Ha
OCHOBaHWW ONbITa, WHTYUUMM WNW Hayrag, npuv
0ObIYHO MMEKLEeM MECTO 3HaYUTENbHOM 4ucre
drakTOpOB NpU MccnegoBaHUMM MPOLIECCOB B Me-
Tannyprum 3ayacTylo OKasblBaeTcs Manoaddek-
TMBHbIM BCreACTBME BeCbMa CrOXHOW 3aBUCUMO-

CTU OYHKLMM OTKIMKA OT 0aKTOpOB.

TpebytoT 3HAYMTENbHO MEHbLUEero 4ucra

OnbITOB M BbICTPEe NPUBOAAT K LN Te MOUCKO-

Puc. 6.5. Cxema waxmHol neyu:
Bble METOAbl ONTUMM3ALMW, FAE LIAroBOe BapbU- 1.1 -damuux meMnepamyphi;
poBaHMe GhaKTopaMu NPOU3BOAMTCS LeneHanpas- -2 — Peaucmpupyouud npubop
NEHHO No onpeaeneHHoMy nnaHy. [onckoBble MeToAbl ONTUMU3ALMM OTHOCATCH K
Knaccy nTepauuoHHbIX NpoLieayp, Npu 3TOM BeCb NpoLecc pa3busaeTcs Ha Liaru, Ha
Ka)XOoM Luare AenaeTtcs ps OnbITOB U OnpedensieTcs, kakum o6pa3om HYXHO 13me-
HUTb (DAKTOPbl, BMMAIOLIME HA MPOLECC, YTOGLI MNOMyYUThb yry4llueHne pesyrnbrara.
Mpy 3TOM Ha KaOoM o4epedHOM Luare nonyyaemas MHOpMauus UCMonb3yeTcs

Ansi Bblbopa nocneayoLwero wara.

PaspaboTaHo MHOXeCTBO METOLOB MOLaroBor ONTUMU3auuKn, KOTopble Nnoa-
poBGHO paccmMaTpmBaloTCsa B pasfene BblYUCINTENbHON MaTeMaTUKM — ““ucneHHble
MeToAbl onTUMu3aumn”. Mbl xe pacCMOTPUM TOSMBbKO HEKOTOPbIE U3 HUX, 3pdeKTnB-
HOCTb MCMNOJSIb30BaHNA KOTOPbIX B MPOMbILUSIEHHOM U nabopaTOpHOM 3KCNEpPUMEHTE

NPUMEHUTENBHO K MeTannypruyecknm npoueccam NoaTBepPKaeHa NpakTUKoN.

6.5.1. MeToa nokoopaMHATHOW OoNTUMMU3aLMU

lMpouecc noucka onTuMyma MeTo4OM MOKOOPAWHATHOM ONTUMM3auuu B rpa-
domyeckom Buae AN OBYMEPHOro criydasa npeacrtasrieH Ha puc.6.6. o atomy meTto-
Ay BblbvpaeTcs npousBornbHas Todka Mo u onpegensaTca ee koopaunHatbl. [Mouck
ONTUMyMa OCYLLECTBNAETCA NnoovepeHbiM BapbUPOBAHUEM KaXKOoro Mx hakTopoB.
[Mpn aTom cHavana u3MeHsT oguH PakTop (X1) NP (OUKCUPOBAHHBLIX OCTalIbHbIX

(xo=const) o Tex nop, noka He npekpallaeTcs NPUPOCT (OYHKUMM OTKNMKa (Touka
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M4). B ganbHenwem nameHaeTca apyron gpaktop (Xz2) npu oUKCMPOBaHHBLIX OCTarb-

HbIX (X1=const), 1 ganee npoueaypa NOBTOPSIETCS.

x, 4 [JaHHbIn  MeTod  BecbMa
B, NPOCT, 0AHaKo npu 60MbLIOM YmMC-

ne caktopoB TpebyeTca 3Hauu-
B, TENbHOE YUCNO ONbITOB, YTOOLI
AOCTMYb  KoopauHaT  onTUMyMa.
Bonee TOr0O, Npn HEKOTO-
B pbix 3aBucumocTaAX  y=f(X4,...,Xk)

9TOT MeTon MOXeT NpuBecCctn K

NOXHOMY pesynbtaTy. Ha puc.6.6

nokasaH OAMH U3 TaKMX YACTHbIX

I
]
|
)
|
|
)

X X, % crnyyaeB, Korga nooyYepefHoe u3s-

Puc.6.6. K memody rnokoopduHamHou MEHEHMEe Kaxgoro u3 grakTopoB B
onmumusayuu

nobyo CTOPOHY BOOMb Koopau-
HaTHbIX OCEN X1 N X2 BbI3bIBAET YMEHbLUEHNE Y. B pe3ynbTaTe pelleHns Haxoantcs

NOXHbIW 3KCTPEMYM, HaxXoAALWMNCH B Touke A’ ¢ koopauHaTamu X1;X», B TO BpeEMs

KaKk OEeNCTBUTENbHOE 3HAYEeHME MaKCUMyMa Ymax HAXOAMTCA B TOYKe A C KOoopAauHa-

TaMm X1* N Xo*.

B panbHenwem paccMmoTpuMm bonee coBepLlueHHble MeToObl.

6.5.2. MeToa KpyTOro BOCXOXAEHUA

M3BeCcTHO, 4YTO KpaTyanwum, Hambonee KOPOTKMA MyTb — 3TO OABUXKEHME MO
rpagveHTy, T.e. NepneHanKynspHoO NUHUAM PaBHOMO YPOBHS, Ha KOTOPbIX (YHKUNSA
OTKNUKa NPUHUMAaET MOCTOAHHbIE 3HA4YeHus Y(X1, Xz, ..., Xk)=B. B cBs3M ¢ atnm npwu
onTumMm3aumm npouecca pabovee ABMXeHME LienecoobpasHo coBepluaTb B Hanpas-
neHun Haumbornee ObICTPOro BoO3pacTaHUA MYHKUMWM OTKMNWKa, T.e. B HarpasneHuu

rpagueHTa yHKunn y.
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CyLLl,eCTByI-OT pasrnnyHblie MO,EI,VICbl/IKaLl,I/II/I rraguneHTHoro metoga, OgHMM 13 HUX
ABNAETCA MeTOod KPYTOro BOCXOXOEHUA. CyU_l,HOCTb 3TOro MeToga TakKxe pacCMOT-

pUM Ha Npumepe ABYyX(aKkTopHOM 3ada4un (puc.6.7).

X,

Puc. 6.7. poyedypa onmumu3sayuu mMemoOOM KPymo20 80CXOX0eHUS

B aToM cnyvae warosoe ABMKeHWEe OCYLLECTBISETCA B HarnpasieHnn HaucKo-
penwero Bo3pactaHus yHKUMM OTKNKKa, T.e. grad y(x4,X2). OaHako HanpasneHue
KOPPEKTUPYIOT HE NOCNe KaXaoro criefyoulero wara, a npy OCTUXKEHUN B HEKOTO-

PO TOYKE Ha AaHHOM HarnpaBfeHNM YaCTHOrO SKCTPEMYMA (PYHKLMN OTKIIMKA.

[MycTb B okpecTHOCTM ToYkn My Kak LeHTpa nnaHa noctasneH NP3 2. Koop-
OWHATbl OTAENbHbIX OMbITOB COOTBETCTBYIOT Touykam 1-4. [lo pesynbtatam MO

MOXHO paccumnTaTb KOIPPUUNEHTbI IMHENHOIO YpaBHEHNA perpeccumn.
y=bg +byjx1 +boxs.

[‘pagneHT PyHKLMN OTKINKA B STON TOYKE OnpenesnisaeTcs Kak

grady = oy e+ Oy -, (6.37)
0Xx1 0Xx)

roe I,j— €ONHNYHbIe BEKTOPbI B HaArpasiieHNN KOOPAOANHATHbLIX ocen.

CnepoBaTenbHO, AN OBWXEHUSI MO rPaaueHTy HEOOXOAMMO M3MEHATb dak-
TOPbl NPOMOPLMOHANbHO UX KO3hULUMEHTAaM perpeccum M B CTOPOHY, COOTBETCT-

BYIOLLYIKO 3HaKy koadduumeHta. B npouecce nomncka gBuratoTca B 9TOM Hanpasne-
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HUWM 0O Tex Nop, Noka He ByaeT obHapyXeH NoKanbHbI MakcuMym (Tovka My Ha puc.
6.7). B To4yke nocnegHero HaxoA4sT HOBOE HanpaBneHue rpagueHTa (HanpaBneHue
M4N), ocywecTtBnsasa onatb xe MNP, n ganee npoueaypa nosropsietcs. CTpenkamu

Ha puc. 6.7 NokasaHa TPaeKkTopus OABMKEHUSA K ONTUMYMY.
[MpakTnyeckn anroputm CBOAUTCH K criegylollen nocrieqoBaTesibHOCTU one-
paunn.

1. NMnannpoBaHne n noctaHoBka MNP (unn OP3D) B OKPECTHOCTU TOUKM Ha-
YanbHOr0 COCTOSAHUA Xjp. PacyeT koadpdmumeHToB b; NnHenHoOn maTemaTuyecKon

Moaenun C uenbio onpeaeneHnda HanpasreHna rpagneHTa.

2. PacyeTt npoussegeHun biAx;, roe Ax; — uHTepBarbl BapbUpoBaHUS ddakTo-
poB npu M3 (API).

3. BeiGop 6a30B0ro chaktopa Xi=Xio, Y KOTOPOro | bjAx| | =a = max.

4. Bblbop wara KpyToro BocxoxaeHus gnsa 6asosoro gakrtopa ha.

OT0T BbIOOP NPOM3BOAUTCA HA OCHOBAHUW UMEIOLENCS anpuopHOM WHMOpP-
MauMm Unu c ydeTom onbiTa uccregoBaTens, TEXHONOMMYECKUX COOBpaxXeHnn nnu
apyrux kputepues. OTHOCUTENBLHO BbiOOpa LWara 3ameTnM, YTO CAINLLKOM Marbli Lwar
notpebyeT 3HaYNTENBHOrO YnUCria ONbITOB NPU ABUMXEHUM K ONTUMYMY, a 6onbLiown

Lar co3gaeT onacHOCTb NPOCKaknBaHUA obnactu onTumyma.
5. PacyeT LaroB U3MEHeHWs Apyrux akTopos no dopmyre
hj =(bjAxi) h, /a. (6.38)
OTO COOTHOLWEHNE mMexay sennm4YnHamun WwaroB USMEeHEHUA OTAOENbHbIX (baKTO-
poB 06ecrneunBaeT ABWKEHNE MO rPaaneHTy B (PaKTOPHOM MPOCTPAHCTBE.

6. CocTtaBneHne nnaHa ABMKEHNSA Mo rpaguneHTy. [1na aTOro B COOTBETCTBUU C
onpegeneHHbiMn 3Ha4YeHNAMM LWaroB N3MeHeHUA CbaKTODOB N nX nocnepoBaTtesib-

HbIM anre6pa|/|t-|eCK|/|M CcymMmmmnposaHmem € OCHOBHbIM YPOBHEM B TOYKE
Xijk = Xxjo +khj, k=1,2,...

HaxXoAAT KoopAuHaTbl onbIToB 5, 6, 7, 8, 9, 10 (cMm.punc.6.7). YacTb aTnX onbITOB MO-

naratot "MbICneHHbIMK". "MbICNeHHbIN" ONbIT 3akroyaeTcs B NonyyvyeHun npecka-

3aHHbIX (pacyeTHbIX) 3HAYEeHUN PYHKLUMM OTKIMKA MO NIMHENHOMY YpaBHEHWUIO per-
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peccum, 4YTO NO3BONSAET COKpaTUTb OObEM peanbHbIX OMbITOB, T.€. YBENMYUTb CKO-
POCTb MPOABWMXKEHUS K 9KCTpeMymy. [pu "MbICNEHHOM 3KCnepuMeHTe" nepeBo Ko-
opAvHaT B KOOMPOBaAHHYIO (bopMy M MNOACTAHOBKA UX B YpaBHEHWe mMoaenu obbekta
AOJSDKHA NoATBepanTb AencTBuTeNnbHoe Bo3pacTtaHme y. O6bl4HO pearibHble OMbiThl B
Hayane ABwXeHust n3 6a30BON TOYKM BAOMb HanpaBfieHUs rpagueHTa CTaBsaTCca ye-
pe3 2-4 MbICNEeHHbIX onbiTa. [lpyrne onbiTbl peanu3yloT Ha npakTuke, onpeaenss no-
cnefoBaTenbHOCTb 3HAYEHWA Yy B HanpasneHuu rpagueHTa. M3 onbITHbIX OaHHbIX

HaXOAAT NONOXEHME NoKanbHOro 3KkcTpeMyma (Touka M4 Ha punc.6.7).

7. B OKpecTHOCTU rnoKanbHOro 3KCTPEMyMa CTaBAT HOBYK CEPUIO OMbITOB
(NP3 vnn OPI) ana onpeneneHns HOBbIX 3HAYEHUN KOIPPUUNEHTOB ypaBHEHUS
perpeccun n HOBOrO HanpasneHus rpagueHTta (HanpaesneHne MiN Ha puc.6.7). B
AanbHerweM npoueaypa NOBTOPSAETCA OO0 LOCTMXKEHUS Cnefylowero nokKarbHOro
9KCTpeMyMa 1 Tak ganee BnroTb A0 onpefeneHns OKPecTHOCTU KoopaAMHAT MaKCu-

MymMa (byHKLI,I/II/I OTKIMMKa, KOTOpaA HOCUT Ha3BaHUE MNMOYTHU CTaU,I/IOHapHOIZ obnactu.

[Mpu3HakoM OOCTMXEHMS 3TOW obnacTu sBRseTcs cTaTMcTudeckass He3Hauu-
MOCTb KO3pULUMEHTOB b;. B noytn crtaumoHapHom obracTu CTaHOBATCHA 3HAYUMBbI
ahbbekTbl B3anmMogencTBma 1 KkBagpaTudHble adpdpekTtbl. 3aeck TpebyeTca nepexo-
AnTb oT OP3 (ecnu oH ncnonb3oBasncs paHee) k [P, a ecnv 1 3TOro oKaxeTcs He-
A0CTaTOYHO, NepPenTn OT MMaHOB 3KCNepUMEHTa NepBOro nopsagka K ninaHam BTOporo

nopsiaka.

OueBunaHoO, 4TO B 3agavax, rge Tpebyetca onpedenuTb KOOpAMHATLI HE Mak-
cUMyMa, a MUHUMYMa (PYHKLMU OTKIMKA, 3HaKM KO3dhduUMEHTOB b; cnegyeT nome-
HATb Ha obpaTHble. B aTom cnyyae apwkeHue B (pakTOPHOM MPOCTPaHCTBE OCyLle-

CTBNsieTCS NO HanpaBfieHnto, NPOTMBOMNOSIOXKHOMY BEKTOPY rpaaneHTa.

6.5.3. CuMmnneKkcHbIn meToA NiaHMpoOBaHUsA

MeToa cMMNEeKCHOro NnaHMpoBaHWA No3BonseT 6e3 npegBapuUTENbHOro n3y-
YeHUs BNUAHUA (PakTopoB HaWUTKM obnacTb onTumyma. B atom metoae He TpebyeTcs
BblYUCIIEHNS TpagneHTa (PYyHKUUN OTKIMKA, MO3TOMY OH OTHOCUTCH K BesrpagueHT-
HbIM MeTodam noucka onTumyma. [nsa aToro ucnonb3yeTcs cneuunanbHbIA NiaH aKe-

nepnMMeHTa B BUae CUMnreKkca.
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Cuvmnnekc — 3TO NPOCTENLLMIA BbIMYKMbIA MHOrOrpaHHUK, obpasoBaHHbIn k+1
BepLUMHaMN B K-MepHOM MPOCTPaHCTBE, KOTOPbIE COeaUHEHbI Mexay cobon npsiMbl-
MU NUHUAMKU. [TpyM 9TOM KOoOpAMHAaTbl BEpLUMH CUMMMEKca ABNATCA 3HAYEHUSMU
¢akTopoB B OTAESNbHbIX OnbITax. Tak, Hanpumep, B ABYXaKTOPHOM NPOCTpPaHCTBE
(Ha nnockocTtn) k=2 cumnnekc — nbon TpeyronbHUK, B TpeXdaKTOPHOM (Tpexmep-

HoM) k=3 npocTpaHCcTBe — TeTpasgp U T.A4.

CvMnnekc Ha3sblBaeTCs NPaBuUsbHBIM UK PErynsipHbIM, €CININ BCE PacCTOSHUS
mMexay obpasyowmnmmn ero BepliMHaMy paBHbl (PaBHOCTOPOHHUIA TPEYrofbHUK, npa-

BUNbHbIA TETpasap v ap.).

[Mocne NOCTPOEHUsT CXOOHOrO CUMMIIEKCa U NPOBEAEHUS OMbITOB Mpu 3Haye-
HUAX (PakTopoB, COOTBETCTBYIOLMX KOOpAMHATaAM €ro BepLUMH, aHanu3upyloT pe-
3ynbTatbl U BbIOUPAKOT BEPLUMHY CUMMIEKca, B KOTOPOW MOMYyYEHO HavMeHbluee
(Hauxyawee) 3HaveHne yHKUMM OTKNMKa. [na ABUXEHUs K onTUMyMy Heobxoaumo
NMOCTaBUTbL OMbIT B HOBOM TOYKE, SABMSAIOLWIENCS 3epKarbHbIM OTODOpaXXeHneM TOYKU C
HauxygwmmM (MUMHUMarbHbIM) pe3ynbTaToOM OTHOCUTESbHO MPOTUBOMOMOXHOW rpaHu
cumnnekca. Ha puc.6.8 npeacraBneHO reomeTpuyeckoe M3obpakeHue CUMMIIEKC-

MeToaa Ana ABYMepHoro cnyyas k=2.

Puc. 6.8. Cxema 08uxxeHuUs1 K onmumarsibHoU
obriacmu cuMnieKCcHbIM MemoooM

Mo utoram npoBegeHus onbiToB 1, 2 1 3 Xyawmnm okasarnca onbiT 3. Cnegyto-

LLIMIA OMbIT CTAaBUTCA B TOUKe 4, KOTOpas obpasyeT ¢ Toukamu 1 1 2 HOBbIN NpaBusb-
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HbI cumnnekc. [anee conoctaBnawTCa pe3yrnbTaThl onbiToB 1, 2 1 4. Hanxygwun
pes3ynbTaTt NofyyYeH B ToYke 1, NOSTOMY OHAa B HOBOM CUMMIIEKCE 3aMeHsieTcs 3ep-
KanbHbIM OTOBpaxeHnem (Touykon 5) n T.4., Noka He ByaeT AOCTUrHyTa MOYTU CTa-
unmoHapHasi obnactb. CnegyeT 3amMeTuTb, YTO XOTHA 3TOT MyTb M 3uraaroobpaseH,
obLee Yncno onbiToB, HEOBXOANMBIX ANA OOCTMXEHUs obnactu onTMMymMa, MOXeT
OblTb HEOONBLLMM 3a CYET TOro, YTO NPOBOAMTL K+1 ONbIT NPUXOANTCS NULLL B Ha4a-
ne, a B fanbHeENLEM KaXabll Lar ConpoBOXAaeTcs NpoBeAeHUEeM TONbKO OLHOro
AOMNOSTHUTENBHONO OMbITa, YCNOBUSA KOTOPOro BbiOMpaloTcss Ha OCHOBE MpeaLecT-

BYHOLLMX pe3ynbTaToB.

Mocre M3noXeHnsi OCHOBHbIX MAEN CUMMIIEKCHOrO MeToAda MniaHuMpoBaHus on-
TUMasbHbIX 3KCMEPUMEHTOB OCTAHOBMMCSI HA HEKOTOPbIX ero Aetansx. Beibop pas-
MEPOB CUMMJIEKCa U ero Ha4yanbHOro NOSIOKEHUS B U3BECTHOW CTENEHW NPOU3BOJIEH.
[nsi NoCTpoeHMs1 HayanbHOrO CUMMMIIEKCA 3HAYEHUSI B KaXKOOM OfMbiT€ WMCXOAHOro

cMMnnekca onpeaenstoTcs no dopmyrne

Xij = xj0 + CjjAx|, (6.39)

rae Xjo — KoOopAMHaThl LLeHTpa HavyanbHOro CUMMEKca; AXj — UHTepBan BapbupoBa-
HuA i-ro dpaktopa; Cj — KoamMpoBaHHOe 3Ha4eHue i-ro dpakropa Ans j-ro onbita, Bbl-
Gupaemble N3 YNCNOBOWM MaTPULbl ANs1 CUMMNIIEKCHOIO NIaHUPOBaHUSA, NPUBEAEHHbIE
B Tabn. 6.18.

Tabnuua 6.18

KoagppuyueHmsi Cj; Onisi 8bibopa KoopduHam cumriekca *

Homep dakTopsl (— i)

onbiTa (Y j) X1 X2 X3 X ket Xk
1 K1 ko ks K k-1 Kk

2 R - Ky

3 0 R, Ky

4 0 0 Rs - Ky

Kk 0 0 0 0 R k-1 Kk

k+1 0 0 0 0 0 Rk

S \/”1: L Ro | i=12,..k
iv1\ 20\ 20+ 2i+])

roe k — ymcrno cakropos

Ecnu, HanpumMmep, HeobXxoAnMMO COCTaBMUTb CUMMMEKC-NNaH Ans ABYyX (baKTO-

poB, TO BHa4arse CtaBAT Tpu OonbiTa CO clieayrwmMmmn KoopanHaTtamun:

203



6. METOLbI NMNITAHUPOBAHWA SKCINEPUMEHTOB. JIOTMHYECKWE OCHOBBI

1-m onbIT

X11 =x10 +kjAx7;
X21 =x20 +kpAx).

2-1 onbIT

X12 =Xx10 — R1Axy;
x22 =x20 +kpAx).

3-1 onbIT

X13 =x10 +0;
x23 =x20 — RpAx).

Cumnnekc, paccynTaHHbIN NO 3TUM bopMynam, npeactasneH Ha puc.6.9.

%24
X410
2
h
A2 IT\
3 A
~
X352 1
L
s
20
ek
el
¥ l' ¥ ¥
X11 1
13

Puc. 6.9. Cxema nocmpoeHusi Ha4asibHo20 cuMrifieKca

Tak, ecnn x10=0 1 x20=0, a Ax1=AX2=1, TO KOOpPAUHaTbLI ONbITOB ByAyT pPaBHbI
(cm. puc.6.10): onbiT 1 (0,5;0,289), onbiT 2 (-0,5; 0,289) n onbiT 3 (0;-0,577), yTO CoO-
OTBETCTBYET KOOpAMHATaM BEpLUMH PAaBHOCTOPOHHEro TpeyrofibHUKa C ASIMHOW CTO-
POHbI, paBHOM 1. Hayano koopauHaTt B 9TOM Cllyd4ae HaxoguTCs B TOYKE nepecede-

HUs MeaumaH (buccekTpuc).

,D,J'IFI onpegeneHnd yCJ'IOBI/IIZ npoBeageHna onbita B OTpa)KeHHOIZ TO4YKe (KOOp-

[AVHaT HOBOW BepLUNHbLI CUMMeKca) ucnonb3yeTcs popmyna
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2k+1
X, =— XU.—X

i 6.40
"= J#1, (6.40)

32
j=1

roe Xy — KoopAuHaTa HOBOW TOYKM (HOBOW BEpPLUMHBI) CMMMNeKca Ans i-n nepemMmeH-

HOW; Xi; — KoopAMHaTa 3aMeHSIEMOM TOYKM (KoopauHaTa BepPLUMHbI CUMMMSEKCa C

k+1
HanXygLwnM OTKITMKOM nepes ee otbpacbiBaHMEM); szl., — cpefHee 3Ha4yeHue 13
j=1

KoOpAWHAT BCeX BEPLUNH CUMMIEKCa, KPOME 3aMEHSIEMONA.

MN3BeCTHbI cneagywwme Kputepmm OKOHYaHUA rpouecca nocrenoBaTesibHOro
OTpaXXeHnda Haunxygwmnx BepLllnH N NOCTaHOBKN Oo4YepeHbIX OMNnbITOB B HOBbLIX BEPLUN-

Hax:

Xy 1. Pa3HoCcTb  3Ha4eHun
9 1 YHKUMM  OTKMMKa B BepLUMHAX

(-0.5; 0,289]1\ /(0.5;0.289) CUMMNNEeKca CTaHOBUTCS MEHbLUe
paHee 3aJaHHOM BESIMYUHLI. JTO

1

O3Ha4aeT nunbo BbIxod B "MoYTU

cTauunoHapHyk" obnactb BOGNN3n
31 {0;-0,577)
ontumyma, nmbo  AOCTUXKEHue

y4yacTtka NOBEPXHOCTHN
Puc.6.10. KoopOuHambl 8epuwiuH cuMrisiekca y=f(x;...;x,)=const B Buae "nna-
npu xjp=0, Ax;=1 u n=2

TO0". B aTtom cnydae [onosiHu-
TeNnbHbIMU OMblITaMN B CTOPOHE OT CUMMNIIeKca crnefyeT yAOCTOBEPUTLCH B OTCYTCT-
BAW OpyrMxX yvacTkoB C 6onee CyweCTBEHHOW KPUBW3HOW MOBEPXHOCTU

y=f(x;;...;X,) VN NPUHATb BENNYMHY C IKCTPEMArbHbIM 3Ha4YeHMEM (DYHKLMMN OTKIN-

Ka 3a TOYKy onTnMmyma.

2. OTpaxeHue nobor 13 BEPLUMH CMMMIIEKCA MOCIe OOHOKPATHOrO KavaHwus
NPUBOAUT K ero Bo3BpaTy B NpexHee nornoxeHue. MNpu 3TOM ecTb OCHOBaHWS yTBep-

XOaTb "HakpbITUE" CUMMNNEKCOM TOYKM ONTUMYMA.

3. Lluknnyeckoe aBuXeHWE CMMMIEKCa BOKPYr OOHON U3 ero BEepLUMH Ha npo-
TshKeHUn Gonee Yem Heckonbkux waroB. MNogobHas cutyaums umMeeT MecTo, Koraa
MCKOMbIA ONTUMYM pacronaraeTcsi BHyTPU obnactv, oxBaTbiBAEMOW LIMPKYNUPYHO-

LLIMM CUMIMJIEKCOM.
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B cny4yasx 2 n 3 pekomeHayeTCcs yMEHbLUNTL pa3Mepbl cUMMnekca, T.e. pac-
CTOSIHUSA MexXxay BepLiMHaMu, U NPOAOIHKUTL MOUCK [0 Xenaemoro yTOMHEHUS KOop-

AOnHaTtT NCKOMOro ontnMmyma.

M3noxeHHbI anroputM CUMMIEKCHOrO MeToAa CpaBHUTENBHO NPOCT, OH 4OC-
TaTo4yHO 3PeEKTMBEH, OAHAKO paboTaeT HefoCTaTOYMHO GbicTpo. CywecTByeT ero
MoamMukauus, M3BecTHaa nog HasaHueM "mMeTton gedopMupyemMoro cumnsekca”,
KOTopasd yCKopsieT npouecc noucka onTuMyMa 3a CHET MCMONb30BaHWA Ha LaHHOM

Lare nHdopmaLumn, HakonmeHHOM Ha NpeablayLmMX Wwarax.

CylwHoCcTb MeToga novcka no AedopMUMpoBaHHOMY CUMNMEKCY 3aKroyaeTcs
B TOM, YTO NPV OTPaXEHWM HauXydlleh BepLuMHbl OTHOCUTENBbHO LIEHTPa TSHXKECTU
MPOTMBOMOJIOXKHOW FpaHM pa3Mep CUMMeKca He OCTaeTCsl MOCTOSIHHLIM, @ OCYLLECT-
BrsieTcA ero gedopmaums (pactsbkeHne unu cxatue). [ns nosicHeHust cyluecTsa

MeToa BBEOEM KOOPAMHATY LIEHTPa TSXKECTU Xj OCTarbHbIX (3@ UCKIOYEHUEM Hau-

XyZLlewn) BEPLUMH cUMMeKca:

k+l1
X, =le.j k; j#1,.
=

Torga coopmyna (6.40) moxeT 6bITb NpeobpasoBaHa K BUOY
Xig =2Xj ~Xj3
nnn
Xig =Xj + a(Xj — Xj3)-
Mpn o=1 nony4yunm BbipaxeHue (6.40) n Xijg =Xig-
Beenem o6o3HaueHus:
Ys — HaMxygwnin (MMHUMarbHbIA) OTKINK B CUMMIEKCE;
Ymax — Havnyywmnin (MakcMmanbHbIN) OTKIUK;
Ys — OTKMUK, CNeayowmnin 3a Hanxyawmnm.
CnepoBaTenbHO Yz < Ymax < Ys .

B 3aBucumocTn OT 3Ha4eHus (*)yHKLI,MM OTKIMMKa B TO4YKe HOpMalibHOro oTpa-

XeHunAa 'y, npu =1 BO3MOXHbI cnegywuime BapmaHTbl:

206



6. METOLbI NMNITAHUPOBAHWA SKCINEPUMEHTOB. JIOTMHYECKWE OCHOBBI

1) ecnun ¥; < Yu < Ymax, T.€. Xiy OyOeT Hexyawen n Hemnyylwen TO4KON B HOBOM
Habope To4ek, TO Xj; cneayeT 3aMeHUTb Ha Xy ¢ a=1. B aToM cny4yae ocyliectBnseT-

CA HOpMalibHOE OTpaXeHue,

2) eCnn Y, > Ymax, TO Xjy OKa3blBaeTCsl HOBOW NyyLlen TOYKOM B HOBOM Habope
Touyek. B aToM cny4vae HanpaBneHue pacTtaXeHua npusHaeTcs “BecbMa yaadHbiM™ U
CUMMIEKC pacTAarMBaeTcs B HOpManbHOM HanpasrieHuu. [na atoro cnyyas 1<o<2 u

o Ha3blBaeTCa KO3(PMPULNEHTOM pacTXEHNS;

3) ecnn y; < y, < Y5, TO HanpaBfieHWe OTPaKEHUs NMPU3HAETCSA NMpPaBUbHbIM,
HO CMMMMEKC CIMLUKOM BENUK N ero crneayeT cxaTb BbIOOpoM KoadhuumneHTa cxa-

™S o M3 gnanasoHa 0<a<1;

4) ecnn y, < y,;, TO Aaxe HanpaBneHne oTpaxeHusi BbIbpaHO HEBEPHO U1 crie-
AyeT OCyLecTBUTb OTpuLIaTeNbHOE cxkaTne BbIbopoM OTpuLaTENBHOIO 3HAYEHUs KO-

appmumeHTa a (-1<a<0).

Taknm ob6pasom, Ha
Ka)XgoM Luare criegyeTt BHa- *7
Yane HopMarnbHO OTpa3uTb
HaUXyOLWY BEPLUMHY CUM-
nnekca (a=1), noctaButb B
3TOM TO4YKe OnbIT, onpege-
nnUTb Y., @ 3aTemM NOCTaBUTb
cnegywwmn onbiT B TOYKe

¢bakTOpHOro MNpOCTpaHCTBa

Xy, KOOpPAMHATbLI KOTOPOM

.
o

onpeaensoTcs no gopmyne 2y

(6.40) ¢ y4deTOomM paccmorT-
Puc.6.11. K memody Oeghopmupo8aHHO20 cuMrifiekca
PEHHbIX BapuaHToB 1-4.

Ha puc.6.11 nokasaHbl Touka 4 o4epegHOro onbiTa Npy HoOpManbHOM OTpaXe-
HUKM (o=1) Hanxygwen BepwunHbl 1, Tovkn 5°, 57, 57’ nocnegyowmx onbITOB AN Chny-
YaeB COOTBETCTBEHHO pacTsikeHuna (a=2), cxatmna (a=0,5) n otpuuatensHOro cxatms

(a=-0,5) cumnnekca.
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Takum o6pa3om, MeTog noucka no AedopMMpPOBaHHOMY CUMMIEKCY obnagaeT
MOBbILUEHHON MMOKOCTBIO, NMO3BONSALLIEN YYUTbiBaTb OCOOEHHOCTU MOBEPXHOCTU OT-

KInunka.

Mpumep 6.1 [18]. MNycTb 06BLEKT 0BragaeT ceoMCcTBaMM, COOTBETCTBYIOLLUMM

YpPaBHEHUIO
y=4+12x, —x; +30x, —3x3.

Hangem akcTtpemym byHKUUKM cumnnekc-metogomMm. Beibepem oCHOBHOM ypo-
BeHb (pakTopoB. Mpeanonoxunm, YTo N0 HEKOTOPLIM AAHHBbIM 3SKCTPEMYM HaxoamuTCs
BONIM3M 3HAYEHUN X4 0=3 U Xz 0= -1, KOTOPbIE N MPUHUMAEM 3@ OCHOBHOWN YPOBEHb.

MHTepBan BapbupoBaHUA NpMMeM paBHbIM AX1=1 1 Axp=1,5. Hangem

1 2
k, = |———— =0,289; R, = |——— =0,577.
2 \2-2-(2+1) oV 2-(2+1)

Haxoaonm koopanHaThl NepBbIX TPEX OMbITOB, Tak Kak m+1=2+1=3.
BepwwuHa 1: x44=3+0,51=3,5; x2¢1=-1+0,289-1,5=-0,565;
BepwwuHa 2: x42=3-0,5-1=2,5; X22=-1+0,289-1,5=-0,565;
BepwwuHa 3: x43= 3+0=3; Xo3=-1-0,577-1,5= -1,865.

MoactaBnas HanaeHHble KoopauHaThbl BEPLUMH B YpaBHEHWE, MOMyYunu cne-
aywwme pesynbtatbl onbita: y1=15,84; y,=9,78; y;= -35,5. Cambii Xyawwmn pesynb-
Tat ys;= -35,5. CnegoBaTenbHO, ycnoBus onbita 3 cnegyeT 3aMeHuTb. [eomeTpuye-

CcKasa TpaekTopus ABMKEHNA nokasaHa Ha puc. 6.12.
Bbluncnsem koopanHaTtbl BEPLUNHbI 4.

2(3,5+2,5) 2(~0,565-0,565)

X, =323 x, =

+1,865 =0,735. PesynbTaT — y4=52,1.

CpaBHuBas pesynbTaTbl Y1, Y2 U Y4, BUAUM, YTO XYALUWA pe3ynbTaT y,. Bbl-

4YnCrsieM KOOpAMHaTbl BEPLUUHBI 5:
X15= 4; X25 = 0,735; ys=57,1.

Bbluncnsaem koopanHaThl BEPLUMHbLI 6, 3aMeHsa BepLUnHy 1:
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X16 = 3,5; Xog = 2,035; Y6 = 82,6.

[anee nonyyum BepwuHbl 7 C koopauHatamu (4,5;2,035); 8 (4;3,3); 9 (5;3,3);

10 (4,5;4,8); 11 (5,5;4,8) 1 pe3ynbTaTbl NOCNEgHMUX TPEX OMbITOB:
y9=105; y1o=113; y11=112,32.
Haxoanm koopanHaTthl BepLUnHbI 12:

e =M‘5 =% X =—2(4’62+ 4 3350 ye=11t.

Kak BuaHoO, KoopauHaTthl BepLluMHbl 12 COOTBETCTBYHOT XyAWNM pe3ynbTatam, Yem 10
n 11. MNoatomy BO3BpaLLaemMcs K npegbigywemMy cumnnekcy ¢ sepwmnHamm 9,10, 11 u
BblOMpaem xygwuin pesynbtart, He obpallas BHUMaHuA Ha onbiT 9. CnegoBaTesnbHoO,

3amMeHnTb Heobxoanmo BepLumHy 10:

" |

6 12,17 15| 16

10/ 11 *3%14
[
4 Touka akc-
/ Tpemyma
/< AR

3
6 7
2 /<

4 5

122V45678X1
3

Puc. 6.12. K peweHuro npumepa 6.1

[e¢]

X113 :@_435 =6, Xoi3 = 2(5’32_—4’6)—4,6=3,3; y13 = 106.

B HoBom cumnnekce 9 (5;3,3); 10 (5,5;4,6) n 13 (6;3,3) xyowmn pesynstaTt y onbiTa
9. 3ameHnm BepLUMHY 9:
X4 :—2(5’Z+6) -5=6,5; X4 2—2(4’62+ 3’3) -3,3=4,6;y14= 114,21.

209



6. METOLbI NMNITAHUPOBAHWA SKCINEPUMEHTOB. JIOTMHYECKWE OCHOBBI

Pesynbtatel onbitoB 11, 13 u 14 cnegywowme: yq1 = 112,32, yi3 = 106 un
y14=114,21. 3ameHum BepinHy 13:

X“S:M—6:6; X215:M_3,3:5,9;y15=112.

MonydeH xygwmn pesynbtaT, 4em B onbiTax 11 n 14. [Nloatomy 3ameHsaem

onbIT 11:

Xllézw_saszn leé=w—4,6=5,9; yie = 111.

OTO0 TaKke XyAwumn pesynbTaT, nodTtomy B cumnrekce 11, 14 n 15 3ameHsem

onbIT 14:

2 25546) (o o0 _A46459) Lo s
2 2

BepwuHbl 17 n 12 cosnagatoT, Y17 = Y12 = 111. [Nony4eH cHoBa XxyaLun pe-
3ynbTtaT. CnegoBaTeribHO, 9KCTPEMYM HAXOOMTCS BHYTPU 3TOrO cuMmnsekca (CM. puc.
6.12). Janee MOXHO YyMEHbLINTb MHTEpBan BapbMpOBaHWSA M OT NOOON BepLUMHbI
ABUraTbCs BHOBb. ECnn XXe ¢ TOYHOCTbIO [0 LWara BapbMpoBaHUA pesyribTaTbl YCT-

panBaloT, MOXHO cYMTaTb 3agadvy peLleHHON.
CnepoBaTtenbHO, KOOpAUHATLI AKCTpeMyMma
X1~6,5 1 Xo~4,6; y=114,21.
M CTUHHBbIE KOOpAMHATBI AKCTPEMYMa
X1=6 1 X2=5; y=115.
KoHmponbHbie eonpocsi

1. 3 Kakmx 3TanoB COCTOUT MOCNeaoBaTesIbHOCTb npoeeaeHnda akTMBHOIO 3JKChe-

pumeHTa?
2. C Kakou Luenbio UCMOofb3yHT TEOPUIO NNIaHMPOBAaHUS 3KCNepuMeHTa?

3. N3 kakux coobpaxeHuin BblIOMpatoT OCHOBHbIE haKTOPbl, X YPOBHU, a TaKkKe WH-

TepBarbl BapbMpoBaHust oakTopoB npu nposeaeHun Ne3 n OI?

4. B 4em 3akntoyvaetcs ocHoBHaa naesa AP3I3?
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9.

B 4em 3akntoyaloTcs npuvyMHbl HeagekBaTHOCTU Matematudeckon mogenn? Kak

NPOU3BOANTCS OLIEHKa ajeKBaTHOCTU?
KakoBbl NpUHLMMbLI poTaTabenbHOro NnaHMpoBaHUS aKkcnepumMeHTa?
C kaKoW Lenbio KOMMNO3ULMOHHbIE NIaHbl NPUBOAAT K OPpTOroHanbHOMY BUay?

B 4yem 3akntovaetca CYLWHOCTb niiaHnpoBaHNA 3KCNEPMMEHTOB MNMpW NOUCKe ONnTn-

MarnbHbIX YCNoBUN? Kakve meTtoabl Npy 3TOM UCMONb3YHT?

Ha yem ocHoBaH MeTo4 NOKOOPAUHATHOM ONTUMU3aLMnN?

10.13 Kaknx atanoB COCTOUT anroputMm onTMMU3auum MEeTOLOM KPYyTOro BOCXOXAe-

HUa?

11.B yem 3aknoyaloTCs OCHOBHAas naes MeToaa CUMMIIEKCHOro I'IJ'IaHI/IpOBaHI/IFI?
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7. KOMMNbIOTEPHbIE METOAbl CTATUCTUYECKOWN OBPABOTKU
PE3YJNNIbTATOB UHXEHEPHOI'O 3KCNMEPUMEHTA

7.1. Obwue 3ameyaHus

B paHHOM rmaBe Mbl pacCMOTPUM BO3MOXHOCTWU MUCMOMb30BaHUS OTAESbHbIX KOM-
NbIOTEPHbIX MporpaMm (NakeToB NPUKNagHbIX NPOrpaMm, MporpamMMHbIX Cped, KOMMbHo-
TEPHbIX CUCTEM) ANA CTaTUCTUYECKON 0BpaboTKM AaHHbIX, NOSTYYEHHbIX B XOA4E MHXEHep-
HOro akcnepumeHTa. [NpeumyllectBa MCNOMb30BaHMA B 3TOW 0BMacT KOMMbIOTEPHbIX
NPOrpaMmHbIX NPOAYKTOB OYEBWUAHbI, OAHAKO cAenaeM HEKOTOpble 3aMeYaHus.

B HacTosilee BpeMaA TeMnbl pas3BUTUS KOMMbIOTEPHbIX TEXHOMOMMA HACTOSbKO Be-
VKK, YTO co3faBaemble annapaTHble U NporpamMmmHble cpeacTBa 06paboTkm MHGopma-
UuK, B TOM YUCEe N CTAaTUCTUYECKOW, COBEPLLUEHCTBYIOTCA NPAaKTUYECKU C KaxabIM Mecs-
uem, npuobpetas BCe HOBble M HOBble BO3MOXHOCTU. C pacnpocTpaHeHWeM MOLLHbIX
nepcoHanbHbIX KOMMNbIOTEPOB CTaNO BO3MOXHO peann3oBbiBaTb METOAbl pacdeTa, KOTo-
pble paHblUe CYMTANUCb OYEHb TPYOOEMKUMMU B BblYUCIEHUAX. Ha pbiHKE nporpammMHOro
obecrneyeHnsa CyLLeCcTBYIOT LOCTAaTOYHO CMOXHble MakeTbl NpUKNagHbIX nporpaMm, npo-
dreccrmoHanbHO OPUEHTUPOBAHHbIE HAa 06paboTKy cTaTMcTMyeckon nHdopmaumm 1 No3eBo-
ngaLwme BbiABNATb 3aKOHOMEPHOCTM Ha (hoHe criyvyanHoCcTen, AenaTb 060CHOBaHHbIE Bbli-
BOAbl U MPOrHO3bl, OLEHMBATb BEPOATHOCTU MX BbINOMHEHUS. DTN NporpaMMHble cpeabl
obnagalT BbICOKOW CTEMNEHbI YHUBEPCANbHOCTU, @ UX NPUMEHMUMOCTb U TEXHOSMOMNSA UC-
NONb30BaHNA NPAKTUYECKN He 3aBUCAT OT NpeaMeTHoOW obnacTtn (MeTannyprns, 3KOHOMU-
Ka, MeauuuHa v ap.).

TeHaeHUMEN pasBUTUA COBPEMEHHBLIX KOMMNBbIOTEPHbLIX TEXHOMOIMI ABNsSeTCA 06be-
ONHeHne (MHTerpaums) (PyHKUMA OTAENbHbLIX MAKeTOB MporpaMmm (Marematuyeckux, cta-
TUCTUYECKNX, TEKCTOBbIX, rpadduyecknx, KOMMYHUKAUMOHHbLIX W Ap.) B TaK HasblBaeMble
WNHTErpMpoOBaHHbIE KOMMNbIOTEPHbIE Cpeabl. ATa 0COBEHHOCTb HaMbornee YeTKO NPOCHEXKU-
BaeTCs C BbIXOQOM HOBbIX BEPCUIA NOMNYMSAPHbIX NPOrpaMMHbIX NPOAYKTOB, KOraa BO3MOX-
HOCTW CYLLECTBYIOLUMX NPOrpaMM pacLUMpAOTCA 3a CYET BKIOYEHUS B HUX HOBbIX (PYHK-
unn. B kadectBe npumepa moxHO npueectn nakeT Microsoft Office, Bkntovatowmin B cebs
Hapsgy co cpeacrtBamu co3gaHmsa n obpabotkm Tekcta (Word), 6a3 gaHHbix (Access),
npeseHTaummn (Power Point) Takke TabnuyHbii npoueccop Excel, npegHasHavyeHHbIN, BO-
obue roBopsi, AN CO34aHUA 3NEKTPOHHbIX Tabnvy U MaHUNyNMPOBaHUSA UX OaHHbIMKU. B
coctaB Microsoft Excel BxoanT Habop cpeacTB aHanu3a AaHHbIX (NakeT aHanusa), npea-

Ha3Ha4YeHHbIN Ons peweHna CroXHblX CTaTUCTUYECKUNX 3aau. Ons nposeaeHnda aHannsa

212



7. KOMIBbKOTEPHBIE METObl CTATUCTUYECKOU OBPABOTKM ...

AaHHbIX C MOMOLLbIO 3TUX CPEeACTB AOCTATOYHO yKa3aTb (OTMETUTb) Ananas3oH BXOAHbIX
AaHHbIX 13 Tabnuubl 1 BbiOpaTb HeobxoaMmble napamMmeTpbl; pacyeT OyaeT npoBeneH C
MOMOLLIbIO NoAXoAdALien CTaTUCTUYEeCcKon (OyHKLMMK, a pe3ynbTaT OyaeT noMmelleH B Bbl-
Xo4HOW amanas3oH Tabnuubl. Kpome Toro, cneumarnbHble CpeacTBa MO3BOMSAKT npeacra-
BUTb pe3ynbTaTthl B rpacdmnyeckom Buae. [1ns ycnewHoro npuMeHeHus npouenyp aHanuaa
B Microsoft Excel Takke Heob6xoauMbl COOTBETCTBYIOLIME 3HAHMA B 06nacTu crtatnuctmye-
CKMX pacyeToB, AN KOTOPOM 3TN MHCTPYMEHTbI Bbinn paspaboTaHbl. HecmMoTps Ha TO, 4TO
9NEKTPOHHbIE TabnNUubl yCTynatT N0 CBOMM BO3MOXHOCTSIM Cneunanm3mpoBaHHbIM Nake-
Tam cTaTUcTMyeckon obpaboTkM AaHHbIX, N3yYeHne BO3MOXHOCTEN U BriageHue HaBblka-
Mu pabotbl ¢ Microsoft Excel genaet nx MOLWHbIM MHCTPYMEHTOM B pyKax MHXeHepa-
nccrnegosartens.

KoMnbloTepHble CUCTEMbI AS1 aHanu3a AaHHbIX — cTaTuctnyeckne naketsol (Cl) —
ABMAKOTCA, MO CPABHEHWUIO C APYTMMU HAyKOEMKMMW Mporpammamu, noxanym, Hambornee
LUMPOKO NPUMEHSIEMbIMU B UHXEHEPHOW NPaKTUKe U nccnenoBaTenbCckon paboTe B pasHo-
06pasHbIx obnacTax YenoBeyeckon aearenbHocTU. CTaTUCTUYECKMI NaKeT AOSPKEH yO0B-
neTBOpPATL onpefeneHHbiM TpeboBaHWAM, Ha KOTOpble B MepByk odepenb Hago obpa-
LaTb BHMMaHWe npu ero Bbibope:

e MCMONb30BaHME NPOCTOro MOSIb30BATENLCKOrO MHTEPdIENCa, OCHOBAHHOIO Ha Mpo-
61eMHO-0PUEHTUPOBAHHOM SA3blKE BbICOKOrO YPOBHS AN11 POPMYNNMPOBKM 3a4aHus
nonb3oBaTens;

e MOAYNbHOCTb MpOrpamMHOro obecrneyeHusi, aBToMaTMyeckasi opraHu3aums npo-
uecca obpaboTkmn JaHHbIX N CBA3EN MeXay MOAYNaMU NakeTa;

e pasBuTas cuctema nogaepXku npu Bblibope cnocoboB 06paboTkM LaHHbIX, BU3Y-
anbHOM OTOGpaXXeHUN pe3ynbTaToB U UX UHTEpnpeTauuuy;

e Hanu4yne cpencTB COXPaHEHWA pes3ynbTaToOB NPOAENaHHOro aHanuvsa B BuAae rpa-
dovmkoB 1 Tabnuu;

e COBMECTUMOCTb C APYIMM NPOrpaMmMHbIM obGecneyeHnem.

CoBpeMeHHas nporpaMmma aHanu3a gaHHblX, B 60NbLUMHCTBE CnyyaeB, NpeacTas-
nsaeT cobon aNeKTPOHHbIe Tabnuubl C OrpaHNYEHHLIMU MO CPABHEHWUIO C OObLIYHBIMUK 3MNEK-
TPOHHbIM Tabnuuamun cpeactesamyv MaHUMNyNMPOBaHUS LaHHbIMW, HO C LOCTATOYHO MOLL-
HbIMM MEeTOo4aMKn pacyeToB MO 3TUM AaHHbiM. Ob6LWas TEXHONOrMst CTaTUCTUYECKOrO aHa-
nn3a AaHHbIX C UCMNOMb30BaHMEM CTAaTUCTMYECKOrO naketa BKNoYaeT B cebsa crneayowme

OCHOBHbIE 3Tambl:
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1) BBOA OaHHbIX B 3MEKTPOHHYIO Tabnumuy ¢ ICXOOHBIMU JaHHBIMU U UX NpeaBapu-
TenbHoe npeobpasoBaHue nepen aHann3om (CTPYKTypupoBaHue, NOCTPOeHMEe
HeobxoaMMbIX BbIGOPOK, paHXupoBaHue u T. 4.);

) BM3yanuaauus aHHbIX NPy MOMOLLM TOr0 UM MHOTO TUNa rpadmKoB;
3) onpepeneHve NoAXoAAWMX METOO0B CTaTUCTMYECKOn 06paboTku;
) NPUMEHEHNE KOHKPETHOW NpoLeaypbl CTaTUCTMYeckon obpaboTku;
) BbIBOA pe3ynbTaToOB aHanu3a B BUAe rpacpmkoB U SNEKTPOHHbIX Tabnuy, ¢ ymc-

NEHHON N TEKCTOBOMW MH(pbopmaLmen;

6) nogroToBka, Nevyatb U COXpaHeHue oTyeTa.

[ns pacyeTHoro aHanu3a gaHHbix B CI1 ucnonb3yloTcsa oTaenbHble 6ubnmnoTekn
moaynen. Mogynb CI1 — 3To BHeELWLHAA nNpoueaypa unv nporpaMmma Ha a3blke nporpaMmmu-
pPOBaHMsA BbICOKOrO YPOBHS, YAOBNETBOPAOLLAA HEKOTOPbIM AOMNOMHUTESNBbHbIM OrpaHu4ye-
HUSAM, Hanbornee BaXHbIMU U3 KOTOPbIX SABNSAOTCA: OrpaHU4eHuMs Ha cnocob aBapumMHOro
3aBepLueHus paboTbl Moayns; Ha cnocobbl CBA3N MO MHOPMaLUK, HanpuMmep Ha gonyc-
TUMOCTb MEepPEeMEHHbIX BHELLUHEro Tuna M ucnonb3oBaHuMe obuwen obrnactv namsTn; Ha
BO3MOXHOCTb nepeayun ynpasneHns Mexay MoaynsiMm ¢ NoMOLLIbIO OnepaTopoB BbI30OBA,
pacnonoXeHHbIX B Tere Moayns; Ha UCnonb3oBaHWe onepaTopoB BBoAa-BbiBoga. OTme-
TMM Hambonee TUNOBbIE pacyeTHble MOLYNIN COBPEMEHHbIX CTaTUYECKMX MaKeToB, KOTO-
pble YCIMOBHO pasgenum Ha cnegytowme Tpu rpynnbl:

e onucaTernbHasg CTaTUCTUKA N pa3BefoYHbI aHanm3 UCXOLHbIX AaHHbIX;

e CTaTMCTMYECKoe uccnegoBaHne 3aBUCMMOCTEN;

e BCnomoraTesibHble NPorpamMMbi.

Mogaynb onucaTtenbHOM CTAaTUCTUKN U pa3BEe4OYHOrO aHanm3a UCXOL4HbIX AAaHHbIX MO-
3BONSET NPOBOAMUTD:

e aHanu3 pesko Bblaensawmnxcs HabnwgeHuin;

e NPOBEpPKY CTAaTUCTUYECKON HE3ABUCUMOCTU PSAOB HAbMOAEHUI;

e onpegerneHne OCHOBHbIX YMCIIOBbIX XapaKTEPUCTMK N YacTOTHYH 06paboTky mc-
XOAHbIX AaHHbIX (MOCTPOEHWE rMCTOrpaMm, NOSIMIOHOB YacToT, BblYMCNEHNE BbIOOPOYHbIX
CpenHux, oucnepcun n 1.4.);

e pacyeT KpuTepueB OOHOPOAHOCTU (CpedHwuX, OUCMepcui, 3aKOHOB pacrnpenene-
HUA 1 T.4.);

e onpegeneHne KputepmeB cornacua  (xu-keagpat, KonmoropoBa—CmupHoBa
nap.);

e CTaTMCTMYECKOE OLEHUBaHME NapameTpoB;
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e BbluMCrEHME Hanbonee pacnpocTpaHEHHbIX 3aKOHOB pacrnpeneneHns BEposiTHO-
cTen (HopmanbeHoro, lNyaccoHa, xu-kBagpaT U HEKOTOPbIX APYrnX);

e BM3yanu3aumo aHanM3npyemMbiX MHOFOMEPHbIX CTaTUCTUYECKUX AaHHbIX.

Mogaynb CTaTUCTUYECKOro uccnegoBaHns 3aBUCUMOCTEN ABNAETCA LOCTAaTOYHO 00b-
eMHon YacTbto nboro CI1. OH BkrtoyaeT B cebs pelleHne cnefyowmnx 3agaq:

® KOppenAunoHHO-PErPECCUOHHbIN aHanus;

e [OUCNEePCUOHHbIN aHanuns,;

e NlaHNPOBAHME PErPECCUMOHHbBIX IKCMEPUMEHTOB U BbIOOPOYHBLIX 0OOCrenoBaHUin
n ap.

BcnomoraTtenbHble NporpaMmmbl paclUMpSAOT BO3MOXHOCTU CTAaTUCTUYECKMUX MaKeToB
N peanuaylT, B YaCTHOCTWU, ONTUMU3ALMOHHbIE anropuTMbl, BbIYUCIIUTENbHbIE NpoLeay-
Pbl, OCHOBAHHbLIE HA HEWPOCETAX M FrEHETUYECKUX anropuTtmax, 3agaym CtaTUCTUYECKOro
MoaenupoBaHuss Ha OBM, koTopble sBAAOTCA MNOME3HbIMU COCTaBHbIMW 3feMEHTaMu
KOMMNbIOTEPHBLIX UMUTALUMOHHbBIX 3KCMEPUMEHTOB, MUCMOSb3YEMbIX MPU aHanmnae CIOXHbIX
pearbHbIX CUCTEM.

B HacTosiLee BpeMsa cyLlecTByeT MHOXECTBO MCTOYHUKOB MHAOpMaLMK No UCMOfb-
30BaHNIO CTaTUCTMYECKMX MAKETOB KakK B BMAE KHUronevaTHbIX M3OaHuW, Tak U B 3rek-
TPOHHOM BMAE, KOTOPbIE pa3MelleHbl Ha canTax B ceTu Internet. [Ina 6onee getanbHoOro
3HaKoOMCTBa C npouenypamMmm KOMMNbOTEPHON 06paboTKn pe3ynbTaToB CTaTUCTUYECKUX UC-
cnegoBaHun 3anHTEPECOBaHHbIM YNTATENAM MOXHO PEKOMEHO0BAThb cneuuanbHbIn cripa-
BoyHuK [20]. Huwke B Tabn. 7.1 npeacrtaBneHbl agpeca pecypcoB Internet, Ha KOTOpbIX

pacnonoxeHa MHgOPMaUnsi MO HEKOTOPbIM PACMNpPOCTPaAHEHHbIM CTaTUCTMYECKMM nake-

TaM.
Tabnuua 7.1
Cmamucmudeckue nakemal
Agpec Hassanne Pa3paboTtunk
nporpammbl
1 2 3
www.statsoft.ru STATISTICA StatSoft Inc., CLLUA
WWW.SPSS.ru SPSS SPSS Inc., CLUA

www.stat-graphics.com

STATGRAPHICS
Plus

Manugistics Inc.,

WWW.sas.com StatView SAS Institute Inc.,
WWW.NCSS.com NCSS NCSS Statistical Software,
www.minitab.com Minitab Minitab Inc.
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OKOHYaHue mabsn. 7.1

1 2 3
www.insightful.com S-PLUS Insightful Corp.
statsoft.msu.ru STADIA HIMO «NHdopmaTmka un KomnbloTepbl», Poccus
www.softsite.ru Stat-Media LleHTp nHTennekTyanbHbIX cuctem «Metog», Poccusa
www.megaputer.ru PolyAnalyst «Meranstotep NHTennuaxeHc», Poccus

OTMeTnM, 4TO MHOrMe NOCTaBLUUKWN NpeanaratlT nosib3oBaTtensaMm NpobHbIe N 4EMOH-
CTpaUMOHHbIE BEPCUMN CTAaTUCTUYECKMX NPOrpamMMm, Kak npasuno, oTnnyatowmecs Tem, 4Yto
npobHas Bepcus npeacTaBnsaeT cobor NONHOMYHKUMOHANbHBIA NPOAYKT C OrPaHNYEHHbIM
CPOKOM MUCMOMb30BaHUs, a AeMOHCTpaLMOHHas Bepcus B 60MbLUNHCTBE CrydaeB Hanomum-
HaeT ANEeKTPOHHYI Npe3eHTaumIo.

Cnepyowmi naparpad nocesilLleH KpaTKOMY OMUCaHUKD OCHOBHbIX CTaTUCTUYECKUX
PYHKUMIN 3nekTpoHHbIX Tabnuy Microsoft Excel ¢ kommeHTapusiMm No nx MCNonb30BaHMIO
B TEOPUM UHXEHEPHOIrO 3KCNepuMeHTa Ans ctaTucTndeckon obpaboTku akcnepuMmeHTarnb-
HbIX AaHHbIX U aHanu3a pes3ynbTaToB HabnaeHnn. HekoTopble U3 3TUX PYHKLMIA NCNOSb-
30BannCb Hamu B NpeablayLwmnx rnaBax A4aHHOro Nocodums nNpu U3nNoXeHUn COOTBETCTBYHO-
LMX pa3genoB TEOPUN MHXEHEPHOro aKCnepuMeHTa 1 unnctpauun npumepos. Npegno-
naraeTcsi, YTO yMTaTenb yXXe UMeeT HEKOTOpble HaBblkM paboTbl HA KOMMbLIOTEPE B cpeae
ANEKTPOHHbIX Tabnuuy Microsoft Excel, noaTomy MoXeT Mcnosnb3oBaTb AaHHbLIN MaTepuarn
B Ka4YeCTBe CNpaBOYHOro nocobus aAnsg cTaTMCTUYECKOro aHanmsa AaHHbIX.

3areM Mbl pacCcMOTpUM MaTtepuan, MOCBSALWEHHbIN 3HAKOMCTBY C BO3MOXHOCTAMMU
WHTErPUPOBAHHOW  CUCTEMbl  CTAaTUCTUYECKOro aHanm3a U o6paboTkm  [aHHbIX
STATISTICA. Haw BbIGop 06ycnoBrneH TeM hakToM, YTO AaHHAA cucTeMa SBNsSieTcs Ha
CerofHsi OQHON N3 NUANPYIOLNX HA PbiHKE NporpamMMHOro obecneveHuss ons ctatuctTmye-
ckon 06paboTkn gaHHbIX. KpoMe 3TOro, BaXHbiM MOMEHTOM SIBNSAETCA Hanuyme pycckos-
3bI4HOW BEpPCUM NPOrpaMmbl U MHOXeCTBa NyOnukKauun, NOCBSALWEHHbIX 3TOMY NakeTy, Ha-

npumep [21].

7.2. Cmamucmuyeckue ¢pyHkyuu Microsoft Excel

MakeT Microsoft Excel He npegHa3sHa4yeH Ans KOMMNEKCHOro CTaTUCTUYECKOro aHa-
nu3a daHHbIX B OTNMYME OT ChNeumnanm3vpoBaHHOIO CTaTUCTMYECKOro MNpOrpamMmmMHOro
obecneyenuns, Hanpumep, naketa STATISTICA. OgHako n Ha 6a3e aNEeKTPOHHbIX Tabnuy

MOXHO NMPOBECTU HEKOTOPYH CTaTUCTUYHECKYHO 06pa60TKy AaHHbIX ans 6onblMHCTBA WH-
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XEHepHbIX 3agad. OyHKUMK, peannsylome cTtaTtucTmyeckmne metoabl 06paboTkn n aHanm-
3a gaHHbIX, B Microsoft Excel peannsoBaHbl B BUAe crneumnanbHOro NnporpaMmMHOro paclum-
peHnst — HaacTponkn «lMakeT aHanusa», KoTopasi BXOAMT B NOCTaBKYy AaHHOroO nporpam-
MHOrO NPoAYyKTa U MOXET YCTaHaBMBaTbCS MO XefaHuo NoNnb3oBaTens.

YctaHoBka Hagctpoukun «[lakeT aHanusa» npousBoanTca M3 MeHw «Cep-
BUC/HagcTponkuy, nocne 4ero B AnanoroBomMm okHe «Haactporikm» (puc. 7.1) Heobxogmumo
OTMETUTb pnaxok nyHkTa «llakeT aHanusa» n HaxaTb KHonky OK.

A0CTYNHBIE HAACTROHKH!

Analysis ToolPak - WBA ﬂ | IR
[ MacTep noacTaHoE0K
[ MacTep cymMMMpoEaHHA

OTMEHS |
bl [ 13KET aHanksa
MepecHeT B BP0 Ofsap... |
v Mowck: pELEHHA
™ MomowHM No MHTEpHETY
AETOMaTHIaLHA. ..

[

TlakeT aHanHza

COAEpHHT DYHKLMK M MHTEpgERCE! ANA aHanKsa
HEWYYHEL H QMHAHCOERL AAHHEL

Puc. 7.1. YemaHoeka nakema aHanu3a e Microsoft Excel
Ecnun npouecc ycTaHOBKM 3aBepLUeH ycnewHo, To B MeHo «CepBuUc» noasnsaeTcs
elle OANH NYHKT — AHanu3 AaHHbIX (puc. 7.2), a Takke npu co3gaHnm opmMysi CTaHOBUTCS

OOCTYMHOW HOBas rpynna PyHKUNN — CTaTUCTUYECKME.

MHET P MEHTEI aHANKES

[MCTOrpaMMa :l
CroNE3AWEE CpedHEs

MEHEPALMA CNyHYaAHER YMCEN

PaHr M NEPCEHTHIE

Perpeccha Lrpagka
Brifopka

MapHeF ABYXERIGOpOYHEIR E-TECT ANA CREAHKY

AEYXBEIDOPOYHEIN E-TECT C 0AHHAKOEEIMH MCMEPCHAMK

A EEIBOPOYHEIN E-TECT C pasnHUHEIMH AHCNERCHAMM

Ay EEIBOPOYHEIN Z-TECT ANA CPEAHH B

K

OTHEHA

ik

Puc. 7.2. OkHo aHanu3a 0aHHbIX, 8bI3bieaeMoe U3 MEHI0
«Cepsuc/AHanu3 0aHHbIX...»
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B pamkax Microsoft Excel ¢ NnOMOLLbO BCTPOEHHbLIX CTAaTUCTUYECKMX KOMaHA MOXXHO
NPOBECTMU:

e onucaTtenbHbIM CTaTUCTUYECKUA aHanms,

e paHXuMpoBaHuE OaHHbIX;

e rpadmyeckun aHanms JaHHbIX;

e POrHO3MpOBaHME OaHHbIX;

® pErpeccuMoHHbLIN aHanms u ap.

B 1abn. 7.2 npuBedeHbl B andaBUTHOM MOPSiAKE HEKOTOpble CTaTUCTUYECKME
dYHKLMKN, NO3BOMSOWME NONb3oBaTEN peann3oBaTtb 06paboTKy AaHHbIX HEMoOCpencT-

BEHHO Ha NUCTE 3MEeKTPOHHON Tabnuubi.

Tabnuua 7.2
Cmamucmudeckue gyHkyuu nakema Microsoft Excel
DyHKLMA HasHa4veHne (pyHKUUM 1 ee apryMeHTbl
1 2
BEPOATHOCTb BosBpalyaeT BEpOATHOCTb TOro, YTO 3HAYeHWe U3 MHTepBana HaxoguTcs

BHYTPUW 3adaHHbIX npegenos. Ecnu BepxHuin_npenen He 3agaH, To BO3Bpa-
LLlaeTCsl BEPOATHOCTb TOFO, YTO 3HAYEHMS B apryMeEHTE X_MHTepBas paBHs-
HOTCS1 3HAYEHMWIO apryMeHTa HWXKHUIA_npeaen.

BEPOATHOCTb(x_wHTepBan; uHTepBan_BEepOATHOCTEW; HWKHUI_Npenernt;

BEpPXHWUW_npegen).

aucn OueHuBaeT gncnepcuto no Bolbopke
AUCI(uncno1; ynucno?; ...)

aucne BoeluncngaeT gucnepcuio onsa reHepanbHOW COBOKYMHOCTM
OUCHP(4ncno1; umcno2; ...)

OOBEPUT BosBpalyaeT goBepuTenbHbIA MHTEPBan AN cpefHero reHeparbHOW COBO-
KYyMHOCTU

OOBEPWUT (anbda; ctaHg_oTki;pasmep)

KBAOPOTKN BosBpalyaeT cymMMmy KBagpaToB OTKIIOHEHUI TOYEK JaHHbIX OT UX CpegHero
KBAOPOTKI(umcno1; uncno2;...)
KBMAPCOH BosBpalyaet kBagpat koaduumeHTta koppensauum MNupcoHa ang Todek aaH-

HbIX B apryMeHTax N3BecTHble_3HayeHUs_Yy U U3BECTHbIE _3Ha4yeHus_X
KBMUPCOH(13BecTHble_3HayeHWs_Y; U3BECTHbIE _3HAYeHUs_X)

KOPPEN BosBpalaeT koapumUmMeHT KoppensaumMm Mexay uMHTepBanamm fyeek mac-
cnB1 n maccus2
KOPPEJ1(maccuB1; maccu2)
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lpodorxeHue mabn. 7.2

1

2

nreonpruen

NUHEWH

MAKC

MEOWAHA

MWH

MOOA

HAKNOH

HOPMANU3ALINA

B perpeccroHHOM aHanmse BblYUCNAET SKCNOHEHLMANbHY KPUBYHO, annpok-
CYMVPYIOLLYIO JaHHbIE, Y BO3BPALLAET MacCuB 3HAYEHWI, ONUCBIBAKOLLNIA 3Ty
KpuByto. NMoCKONbKY AaHHaa (yHKUMS BO3BpallaeT MacCuB 3HaAYeHUN, OHa
OOMKHa BBOAWTLCHA Kak dopmyna ans paboTel ¢ MaccuBamu. YpaBHeEHue
Kp1BOW crnegyiollee:

y = b-m* urim y = (b-(m¢*)-(M2?)-...-(my*™)) (NPY HAMMYUU HECKOMBKUX 3HAYe-
HWUW X), r4e 3aBMCMMbIE 3HAYEHUS Y ABMAIOTCH (PYHKUNEN HE3ABMCHMMBbIX 3HA-
YeHUIN X. 3Ha4YeHNss m SABMAOTCSH OCHOBAHWEM A9 BO3BEAEHUSA B CTEMEHD X,
a 3Ha4veHust b nocTodAHHbl. OTMETMM, YTO Yy, X U M MOryT ObITb BEKTOpamu.
OyHkums NIMTPOIMPUBJT Bospawaet maccmB {m,;my.; ... ;mMy4; b}.
JITP®MNPUBJI(n3BeCTHble_3Ha4YeHUs_Y; W3BECTHble_3HA4YeHWsi_X;  KOHCT;
cTaTucTmKa)

PaccunTbiBaeT ctaTUCTUKy ANst psaa C NpUMEHEHMeEM MeToda HauMeHbLUMX
KBagpaToB, YTOObI BBIMUCIUTL NPSMYIO NIMHWUIO, KOTOpasi Haumnyywum obpa-
30M annpokcumMupyeT umeromecs gaHHble. PyHKUMS BO3BpaLLlaeT Maccus,
KOTOPbI ONUCbIBAET MOMYyYeHHY Npsmyto. [ockonbky Bo3BpallaeTcs mac-
CUB 3Ha4YeHUI, (PyHKUUA OOMKHA 3adaBaTthes B Buae oopmyrbl Maccusa.
JIMHEWH(13BECTHbIE_3HAYeHVs_Y; W3BECTHble 3HAYeHUs X, KOHCT, cTaTu-
cTuka)

BosBspalaet Hanbonbluee 3HadeHne n3 Habopa 3HayYeHun

MAKC (uncno1;4mcno2; ...)

BosBpalyaet meavaHy 3agaHHbIX Yncen

MEOWAHA (4ncno1; uncnoz; ...)

BosBpalyaet HaumeHbLLEee 3Ha4YEHNE B CNINCKE apryMEHTOB

MWH(uncno1; uncno?2; ...)

BosBpalyaet Hanbornee 4acTo BCTpeyaloLLeecs U NoBTopsoLLeecs 3Have-
HWe B MacCMBE UIN MHTepBare gaHHbIX

MOJ[A (u1cno1; yucno2; ...)

BosBpalyaeT HaknoH NMHMU JIMHEWHOW perpeccun Anst ToYek AaHHbIX B ap-
ryMEHTax M3BECTHbIE_3HA4YeHMs_y U U3BECTHble_3Ha4eHus_X. HaknoH onpe-
OensieTcs Kak YacTHoe OT AEeNeHUsl pacCTosiHMA MO BEpTUKanmM Ha paccTos-
HWe MO ropu3oHTanu mexgy ABYMS NHOObIMW TOYKaMM NPSAMOKN, TO eCTb Ha-
KITOH — 3TO CKOPOCTb U3MEHEHUS 3Ha4YeHUn BOOMb NPSAMON
HAKJTOH(n3BecTHble_3Ha4yeHus_y; U3BeCTHble_3Ha4YeHUs_X)

BosBpalyaeT HopmanuM3oBaHHOE 3Ha4YeHWe Ans pacnpeaeneHns, xapakrepu-
3yeMOro CpefiHuM 1 CTaHAapTHbIM OTKITOHEHMEM

HOPMAINU3AUUA(x; cpeaHee; cTaHaapTHOE _OTKN)
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1 2

HOPMOBGP BosBpalyaeT obpaTHOe HOpManbHOE pacnpefeneHne ang ykasaHHoOro cpeg-
HEero 1 cTaHAapTHOro OTKIOHEHUS!

HOPMOBP (BepoaTHOCTb; cCpeaHee; CTaHaapTHOe OTKI)

HOPMPACT BosBpalyaeT 3HayeHne HopmanbHOM YHKUUK pacnpefeneHnsa ans ykasaH-
HOro CpeaHero u cTaHOapTHOIo OTKITOHEHUS
HOPMPACITI(x; cpegHee; cTaHOapTHOE _OTKI; UHTErparnbHasi)

HOPMCTOBP BosBpawjaeT obpaTHoe 3HayeHne CTaHA4apTHOro HOPMarsibHOro pacnpeaene-
HUS U
HOPMCTOBP(BepoATHOCTb)

HOPMCTPACH BosBpalyaeT cTaHgapTHOE HOpMarbHOE UHTErpanbHoe pacnpegenexHune. 1o
pacnpefeneHve UMeeT cpedHee, paBHOE HyMio, U CTaHOAPTHOE OTKIIOHEHUE,
paBHOe eauHuLe. OTa (PyHKUMST NCNOmnb3yeTcs BMECTO Tabnuubl Ansi cTaH-
JapTHOW HOpMasibHOW KpUBOW
HOPMCTPACII(u)

OTPE30K BblumcnseTr TOUKy MNepeceyeHust JNIMHUM C OCbK Y, UCNONb3ys W3BECT-
Hble_3Ha4YeHUs_X U U3BECTHble 3Ha4YeHus Yy
OTPE3OK(n3BecTHble_3Ha4YeHUs_X;U3BECTHbIE_3Ha4YeHus_Y)

NMUPCOH BosBpalyaet koachduumeHT koppensumm MNMupcoHa r (BbIGOpoUHbIA Koadhdu-
UMeHT koppensuun), 6espasmepHbii uHgekc B uHtepsane ot -1,0 go 1,0
BKITHOYMTENBHO
MUPCOH(maccuB1; maccus2)

CPIrEOM BosBpalwjaeT cpegHee reoMeTpmyeckoe 3HayeHUn maccusa UNu MHTepeana
MOMOXWTENbHbIX YNCenN
CPIrEOM(umncno1; unucno2; ...)

CP3HA4 BosBpalyaeT cpegHee apudmMeTmyeckoe CBOMX apryMeHToB
CP3HAY(4ncno1; uncno2; ...)

CPOTKN CpenHee abcontoTHbIX 3HAYEHUIA OTKITOHEHUIA TOYEK AaHHbIX OT CpeaHero
CPOTKI(uncno1; uicno2; ...)

CTAHOOTKITIOH OueHnBaeT cTaHOapTHOE OTKINOHEHME MO BbIOOpKe
CTAHOOTKNOH((umcno1; uncno?2; ...)

CTAHOOTKNOHN BbluncnsieT ctaHgapTHOE OTKITOHEHWE MO reHeparnbHOM COBOKYMHOCTU
CTAHOOTKINOHM(uncno1; uncno2; ...)

CTbIOAOPACH BosspawaeT t-pacnpegeneHue CtblogeHTa
CTbKOOPACI(x; cteneHn_cBoboabl; XBOCTbI)

CTbIOOPACIOBP BosBpaljaeT obpatHoe pacnpegeneHne CTblogeHTa Ansi 3a4aHHOro yucna

cTeneHel csoboabl
CTbIOOPACIMOBP(BeposiTHOCTb; CTENeHn_cBoGOoAbI)
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OkoHYyaHue mabn. 7.2

1 2

TEHAEHUUA OnpepgenseT npeackasaHHble 3HAYEHUA B COOTBETCTBUU C NIMHENHBIM TPEH-

OOM [nsi 3aaHHOro MaccuBa (METOAOM HaMEHbLUNX KBagpaToB)
TEHOEHUWA(n3BecTHbIE_3HaYeHUs _Y; W3BECTHbIE _3HaYeHnsa_Xx; HO-
Bbl€_3HAaY€eHUsI_X; KOHCT)

TTECT BosBpalyaeT BepoATHOCTb, COOTBETCTBYIOLLYHO KpuTepuio CTblogeHTa

TTECT(maccuB1; maccuB2; XBOCTbI; TWM)

PULLEP BosBpawaeT npeobpasoBaHme Puiiepa ang aprymeHTa x
OULLEP(x)
PULLEPOBP BosspalyaeT obpaTtHoe npeobpasoBaHne duilepa
PULLEPOBP(y)
XN206P BosBpallaeT 3HauyeHMe obpaTHoe K OAHOCTOPOHHEWN BEepOSITHOCTM pacnpe-

aenexHns Xz (xn-kBagpar)
XMN20BP(BeposaTHOCTb; cTeneHn_ceoboapl)

XU2PACH BosBpalwaeT oOQHOCTOPOHHIOK BeposTHOCTL (P) pacnpeaenexus xz (xn-
KBagpaT, pacnpegernexus [NnpcoHa)
XU2PACI(x; cTeneHn_csoboapl)

YACTOTA BbluncnsaeTt yacTtoTy nosiBNeHus 3HayeHun B MHTepBane 3Ha4yeHun U BO3-
BpalliaeT Maccus Lmdp

YACTOTA(maccrB_aHHbIX; MacCuUB_KapMaHoB)

OKCLECC BosBpalyaeT aKcuecc MHOXeCTBa AaHHbIX
QKCLUECC (uncno1; uncnoz; ...)
FPACH BosBpalyaeT F-pacnpeneneHne BepodaTHOCTU (pacnpeneneHune duiiepa)

FPACTI(x;cteneHn_csobopbl1;cTeneHn_csoboabi2)
FPACIOBP BosBpawaetr obpatHoe 3HauyeHne pAans F-pacnpegeneHnss BEpPOATHOCTEW
(kpuTepun duwiepa)

FPACIOBP(BeposiTHOCTb;CTENEHM _CBOOOAbI1;CTENEHN CcBOGOAbLI2)

7.3. Kpamkoe onucaHue cucmembi STATISTICA

STATISTICA — 9TO yHuBepcarbHas KOMMbIOTEPHAA WHTErpMpoBaHHasi CUCTEMa,
npeAHasHayYeHHas Ons CTaTUCTMYECKOro aHanmsa u Bu3yanusaumm AaHHbIX, a Takke pas-
paboTKM NONb30oBaTENLCKNX MPUMOXKEHWUI, coaepXallas WMpokuin Habop npoueayp aHa-
nm3a ans NnpuMeHeHWs B Hay4HbIX UCCNefoBaHUSAX, TeXHUKe n busHece. OTnMYUTENBHOM
yepTton cuctembl STATISTICA sBnsetca ToO, YTO B HEN peann3oBaH TakK Ha3blBAEMbIN
rpacomyeckn-opMeHTMPOBaHHbIM NOAXOA K aHanu3y AaHHbIX. CMbICn nogxoda COCTOUT B

TOM, 4YTOObI nojiydaTtb BCECTOPOHHEE BU3yalibHOE rnpeacrtaBrieHne AaHHbIX Ha BCEX 3Ta-
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nax crtatuctudeckon obpaboTkm M Ha OCHOBE 3TOro npencTaBneHust BolbupaTb cneayto-
WM Wwar aHanusa. [letanbHoe pacCMOTPeHWe NpUMepPOoB MOMOXET YuTaTento oBnageTb
OCHOBHbIMU NpuemMamn paboTbl B 3TOM CUCTEME W YCMNELLUHO MCMNOMb30BaTh €€ B CBOEWN UH-
XeHepHon npakTtuke. Cpean BO3MOXHOCTEN NakeTa OTMETUM Te 3aJaudn, C peLleHneM Ko-
TOPbIX MNPUXOAMTCH CTaflkMBaTbCA B CBOEN MNPaKTUYECKOW AEeSATENbHOCTU WHXEeHepy-
MeTannypry: onucaTteribHble CTaTUCTUKWU, aHann3 MHOMOMEpPHbIX Tabnwuu, NOAroHka pac-
npegeneHnin, MHOroMepHasi perpeccusi, HefIMHenHaa perpeccud, AUCNEePCUOHHbIA U KOBa-
puaumoHHbIM aHanua. [na otobpaxeHuss pesyrnbTaToB CTaTtUcTUdeckon obpaboTkm wuc-
Nonb3yTCA pasHoobpasHble rpaukn: rMCTorpaMmbl, AnarpaMmbl paccesHusi, KpyroBble
anarpamMmmbl, BEPOATHOCTHbIE rpadunkn, rpapmnkn noBepxHOCTEN N MHOTWE apyrue.

MoMnmo obLMX CTaTUCTUYECKMX U rpaddn4eCcKMX CpeacTB, B CUCTEME UMEKOTCA Cne-
LUuanmsanpoBaHHble MOLyNW, HanpumMep, ANs peleHns UHXEHEPHO-TEXHUYECKUX U, B Ya-
CTHOCTW, NPOMBILLMEHHbIX 3a4a4: KapTbl KOHTPONSA Ka4yecTBa, aHann3 NnpoLeccosB U NnaHu-
poBaHue akcnepumeHTa. Pabota co BcemMu MOAynsMuM NPOUCXOAUT B paMKax €guHOro
NPOrpaMMHOro nakeTta, Ansg KOTOporo MOXHO BbIGMpaTb OAUH U3 HECKONbKUX NpeanoXeH-
HbIX UHTepdencoB nonb3oBaTtenis. C noMoLblo peanu3oBaHHbiX B cucteme STATISTICA
MOLLIHbIX A3bIKOB NPOrpaMMMPOBaHNA N A3blka MakpoKOMaHL, CHabXeHHbIX cneuunarbHbl-
MU cpeacTBaMu NOOLEPXKKM, MOMb3oBaTeflb MOXET CO3[4aTb 3aKOHYEHHble CTaTucTude-
Ckne moaynu (npouenypbl) U BCTpamBaTb UX B pasfnU4Hbie Apyrne npuioXeHns unm Bbl-
yncnuTernbHble cpeabl.

[Mporpamma wucnonb3yeT CTaHAapTHbIN MHTEPdENC INEKTPOHHbIX Tabnuy. Mpeay-
CMOTpPEHbI BO3MOXHOCTb 0OMeHa AaHHbIMK co BceMu nonynsapHbeiMyu CYB[ (B TOM vncrne ¢
MS Excel n MS Access), paboTa ¢ yaaneHHbiMn 6a3amu AaHHbIX, NoA4epXKKa TEXHONOMMM
OLE, DDE n ODBC. BcTpoeHHble rpamnyecknin u TEKCTOBLIN peaakTopbl NO3BOSSKOT Nyo-

NYKOBaTb MONydYeHHble MaTtepuarnsl Ha Internet-ctpaHuuax.

7.3.1. O6LwWwan cTpyKTypa CUCTEMbBI

Cuctema STATISTICA cocTouT 13 CrieayroLmMx OCHOBHbIX KOMMNOHEHT:

e  MHOroyHKUMOHANbHOM CUCTEMbI Anst paboTbl C AaHHbIMK, KOTOpas BKIOYaeT B cebs
9NeKTPOHHble Tabnuubl (Spreadsheet) ona BBoga W 3afaHUs UCXOLHbIX AAHHbIX, a
Takke cneumanbHblx Tabnuy (Scrollsheet) ona BbiIBOA4A YMCIEHHbIX pe3ynbTaToB aHa-
nun3a. [Ana cnoxHown (cneumanunanpoBaHHon) obpaboTtkn gaHHbix B STATISTICA nme-

eTcs Moaynb YnpaeneHue daHHbIMU. [Ana cTtaTuctudeckon obpaboTkm YpesBbliHaniHO
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BGonbLUIMX MACCUBOB AaHHbIX MMEETCs chneumnanbHbll UHCTPYMEHT MeHedxep meza-
¢palinos, KOTOpbIM MOXET ObITb MCNOMbL30BaH WU ANS npeaBapuTenbHoOn 0bpaboTku
AaHHbIX Nepea BBOAOM MX HEMNOCPEACTBEHHO B aNeKTpoHHyo Tabnuuy STATISTICA;

e MOLLHON rpadn4eckon CUCTEMbI ANs1 BU3yanusauumn gaHHbIX U pe3ynbTaTtoB CTaTUCTU-
4YecKoro aHanusa,

e Habopa CTaTUCTUYECKUX MOAOYNEN, B KOTOPbIX cOBpaHbl rpynnbl MOrMYECKN CBA3AHHbIX
mMexagy cobon ctatucTudeckux npoueayp. B nobom KOHKpETHOM MoAyne MOXHO Bbl-
NONMHUTbL ONpeaeneHHbIn cnocob ctatucTudeckon obpaboTkm, He obpalasch K npoue-
aypam u3 gpyrmx mogynen. Kaxgbih mogynb asnsetca nosiHoueHHsim WINDOWS
npunoxeHnem. Noatomy nosnb3oBaTesib UMEET BO3MOXHOCTb O4HOBPEMEHHOW paboTbl
Kak C OOHUM, TaK U C HECKONbKMMMU Moaynsamu. lNepeknioyaTbCa Mexay HUMU MOXHO
kak mexgy o6bidHbiMM WINDOWS npunoxeHnamu, Hanpumep, npy noMoLmn KombunHa-
uum knaesuw [ALT]+[TAB] unn Beibnpasa nx Ha naHenu 3agad. Bce ocHOBHble onepaumm
npyn paboTte ¢ AaHHLIMU U rpadmyeckme BO3MOXHOCTM AOCTYMHbI B Nt06OM CTaTUCTm-
4YeckoM MoAayrne un Ha nbom ware aHanmsa;

e CreuynanbHOro MHCTPYMEHTapusi Ansi NOAroToBKM OTYeTOB. [Mpy NOMOLLM TEKCTOBOIO
pefaktopa, BCTPOEHHOrO B CUCTEMY, MOXHO TFOTOBUTb MOSIHOUEHHblIE OT4eTbl. B
STATISTICA Takke nmeeTcsi BO3MOXHOCTb aBTOMaTUYECKOro co3daHns OTYETOB;

e BCTpoeHHbIX s3bikoB SCL n STATISTICA BASIC, KoTopbie NO3BONSAKT aBTOMaTU3NPO-
BaTb PYTUHHbIE NpoLecchl 00paboTkn AaHHbLIX B CUCTEME.

Bce cTpykTypHble kOMNoHeHTbl STATISTICA HacTONbKO TECHO WHTErpuvpoBaHbl
mMexagy cobon, YTO pasgeneHve Ha pasnuyHble KOMMNOHEHTbI BO MHOFOM YCIIOBHO U SBNS-
€TCH NONEe3HbIM NULLb ANS U3YYEHUSI CUCTEMbI C METOLAMYECKON TOYKN 3PEHUSI.

Cuctema STATISTICA paboTaeT ¢ 4YeTblipbMs Pas3fiMyHbIMM TUNAMU AOKYMEHTOB,
KOTOpbl€ C COOTBETCTBYHT OCHOBHbIM CTPYKTYPHbIM KOMMOHEHTAM CUCTEMbI:

e JneKTpoHHas Tabnuua Spreadsheet, KoTopas npegHasHaveHa ONs BBOAA MCXO4-

HbIX AaHHbIX U X NpeobpasoBaHus;

e 23neKkTpoHHas Tabnuua Scrollsheet ansa BbIBO4a YMNCIEHHbBIX U TEKCTOBbLIX pe3yrbTa-

TOB aHanuaa;

e rpaduk — OOKYMEHT B cneumarnbHOM rpaduyeckoMm dopmaTte gnsa sBudyanusauyum
rpacpuyeckoro npeacraBneHnsa YCneHHoOn nHopmMaumu;
e OTYeT — JOKYMeHT B popmaTte RTF (PacwupeHHsIt mekcmoegol ¢hopmam) Ansi Bbl-

BOJa TEKCTOBOM M rpachmnyeckon nHopmauuu.
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B cooTtBeTcTBMM co cTaHaapTamu cpeabl WINDOWS kaxgbii TN 4OKYMEHTa Bbl-
BOOUTCA B CBOeM cOBCTBEHHOM OkHe B pabouen obnactm cuctembl STATISTICA. Kak
TOMbKO 3TO OKHO CT@HOBWUTCSA aKTUBHbIM, M3MEHSETCA NaHenb MHCTPYMEHTOB M MeHio. B
HUX NOABNAOTCA KOMaHAbl M KHOMKW, OOCTYMNHbIE ANS aKTUBHOIO AOKyMeHTa. MimeeTcs He-

CKOJNbKO pas3nuyHbix cnocoboB padoTtbl ¢ cuctemon STATISTICA.
7.3.2. Bo3aMOXHble cnocobbl B3auMoaencTBUSA C CUCTEMOM
CTtaTuUCTMYeCKMn aHanu3 gaHHbIX MOXET ObiTb NPOBEAEH NOSib30BaTENIEM B O4AHOM

N3 cneayroLLnX PEXMMOB.

NHTepakTuBHbIN pexum paboTbl. B aToM cnyyae B3aMmMogenctsne C CUCTEMOWN

OCYLLIECTBNAETCA NPy NOMOLLM NocnefoBaTeNbHOro Bbibopa pasnmyHbiX KOMaHg U3 MEHHO.
3T0T cnocob paboTbl NpumMeHsieTca 0OblMHO Ha aTane npeaBapuUTENbHOrO aHanusa Aax-
HbIX. IHTEpaKTMBHLIN pexum paboTbl ¢ cuctemon ygobeH Ha aTane Bbibopa matemaTunye-
CKOM MOAENN SBMeHMa U MeToga CTaTUCTMYECKoro aHanmsa. [locne Toro kak Bbl6op cae-
naH, pekoMeHAyeTCcs UCNonb3oBaTb A1 aBTOMATU3auUUN BbINOSTHEHUSA PYTUHHbIX 3agad
06paboTkn cneumanbHble MakpOKOMaHAbl Pas3fiMyHbIX TUMOB U BCTPOEHHbIE B CUCTEMY
a3blkn (SCL n STATISTICA BASIC).

Ucnonb3oBaHne makpokomaHa. B cucteme STATISTICA mmeeTcs BO3MOXHOCTb

3anucu nocregoBaTenbHOCTM KOMaHA B oAHY MakpokomaHay. [pyu 3TOM MOXHO 3anuchbi-
BaTb Kak NocrneaoBaTeNlbHOCTM HaXaTWI KNaBuUL Ha KraBuaType, Tak U OBWXKEHUSI MbILUW.
310 ynobHoe cpeacTBO MO3BOMSIET aBTOMATM3NPOBATb BbINOSIHEHWE 4acTO MOBTOPSIHO-
LLLMXCS LLIAroB CTaTUCTUYECKOro aHanmsa.

[Mpy nomoun BCTPOEHHOro komaHaHoro asbika cuctembl STATISTICA (a3blik SCL —

STATISTICA Command Language) nonb3oBaTefib MMeeT BO3MOXHOCTb BbIMOMHATL CTa-
TUCTUYECKY0 06paboTKy AaHHbLIX B MAKETHOM PEXMME.

Mpu nomown BcTpoeHHoro npoueanypHoro ga3vika STATISTICA BASIC nonb3oBa-

Tenb MOXET HanucaTb CBOW COBGCTBEHHble npoueaypbl 06paboTkM AaHHbIX. OTO MOLLHbIV
A3bIK, OPUEHTUPOBAHHBIN Ha CTPYKTYPY AaHHbix cuctembl STATISTICA, coaepxut 60sb-
LLIOE KOJNIMYECTBO CreLmanbHbIX MaTeEMATUYECKNX U CTAaTUCTUYECKMX (DYHKUMIA (Hanpumep,

BblHUCI1EeHME BCEBO3MOXHbIX CTATUCTUYECKNX pacnpe,u,eneHMPl n T.,EI,.).
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7.3.3. BBoa AaHHbIX

HOanHble B STATISTICA opraHusoBaHbl B BWOE 3MEKTPOHHOM Tabnuubl —
Spreadsheet. OHM MOryT cogep)aTb Kak YMCMEHHYH, Tak U TEeKCTOBYK MHopmaumio.
[aHHble B 9NeKTPOHHOW Tabnuue MOryT UMeTb pasrnuyHble dopmaTsbl (Hanpumep, AaThl,
BPEMEHM M Ap.). AnekTpoHHble Tabnuubl B STATISTICA nogaepxuBatoT pasnuyHbie TUMbI
onepauun C AaHHbIMK, Takue Kak: onepauum C wucnonb3oBaHveMm 6Oydepa obmeHa
WINDOWS, onepauuu ¢ BblaeneHHbIM1 Bnokamu 3HadeHnin (aHanornyHo MS Excel).

BBecTu JaHHble B 9NEKTPOHHY0 Tabnuuy MOXHO OOHUM U3 crneayroLmnx cnocobos.

HenocpeacTBEHHO BBECTU X B 3MEKTPOHHYO Tabnuuy ¢ knaeuatypbl. [ns aBToma-

TM3auumn pyyHoro Beoda AaHHbiX B STATISTICA nmerotca passButblie UHCTPYMEHTArbHbIE
cpeacTea.

Bbl4McnuTb HOBblE JaHHbLIE HA OCHOBE YK€ BBE€OEHHbIX AaHHbIX Npu nomMmoLumn CbOp-

MyJl, KOTOpble MOXHO 3aaTb B 3NEKTPOHHOM Tabnuue. MNpyn 3TOM UMeeTcsl BO3MOXXHOCTb
ObicTporo goctyna K OGONbLIOMY KONMYECTBY CheunanvMsanMpoBaHHbIX CTaTUCTUYECKMX
byHKUMIA, OoNycKaeTcs UCNOoNb3oBaHMe NTIOTMYECKMX ONepaTopoB.

Bocnonb3oBaTtbCca AaHHbIMW, NOATOTOBIIEHHLIMU B OPYyromMm npunoxeHuu. I'Ile 3TOM

AOCTYNHbI cregyowme cnocobbl BBoAa AaHHbIX U3 apyrux npunoxeHnn STATISTICA:

e orepaunn KonupoBaHus gaHHbIX Yepes3 bydep obmeHa WINDOWS;

e UMMOPT AaHHbIX U3 Hanbonee NONyNAPHbIX NPUNOXKEHUIN, HANPUMEP 3NEKTPOHHbIX
Tabnwuu, cuctem ynpaeneHust 6azamu gaHHbIX 1 4p.;

e 1/CMNOSMb30BaHWe MexaHusma AuHamuyeckon ceasm DDE  mexgy QfaHHbIMU B
STATISTICA n gpyrum WINDOWS npunoxeHnem. B aTom criydyae Bce U3MeHeHUs
AaHHbIX, BHeCeHHble no3aHee B UcToYHUK (WINDOWS npunoxenwue), 6yoyt aBTo-
MaTU4eCcKN (OAMHaMNYeCcKn) OTpaxkeHbl B dhanne UCXOAHbIX OaHHbIX ONs CUCTEMbI
STATISTICA.

Ha nio6om atane Beoga gaHHbix cuctema STATISTICA nossonsieT ObICTPO BblYUC-
NINTb OCHOBHbIE CTAaTUCTUYECKNE XapPaKTEPUCTUKM AaHHbIX, 0TOOpa3nTb UX rpadnyeckn n

nepenTn K CTaTUCTUYECKOMY aHanuay.

225



7. KOMIBbKOTEPHBIE METObl CTATUCTUYECKOU OBPABOTKM ...

7.3.4. BbiBOA4 YNCNEHHbIX U TEKCTOBbIX pe3ysfibTaTOB aHanusa

YucneHHble pe3ynbTaTtel cTaTucTuyeckoro aHanmsa B cucteme STATISTICA BbiBO-
AATCA B BUAE cneumnanbHbiX 3NEKTPOHHbIX Tabnuuy, KoTopble HasbiBalOTCs Tabnuuamm Bbi-
Boda pesynbtatoB — Scrollsheet. Tabnuubl Scrollsheet moryT cogepxaTb nody0 UHAGOP-
Maumto (KaKk YNCNEHHYO, TaK N TEKCTOBYIO) pa3MEPOM OT KOPOTKOM CTPOYKM 40 HECKONbKMUX
mMerabanToB.

STATISTICA cogepxut 605bLIOe KONMYECTBO MHCTPYMEHTOB A4S NPOCMOTpa pe-
3ynbTaToB CTAaTUCTMYECKOro aHanusa un mx Buayanusaummn. OHM BKMOYaloT B cebda cTaH-
AapTHble onepaumm nNo pegakTMpoBaHMO Tabnuupbl (BCTaBKa, yaaneHue, onepauun Hag
6nokamu, aBTO3anonHeHMe GNOKOB WM Ap.), onepauun NpocmoTpa (MOABWXKHbIE FPaHMUbI
ctonbuoB, pasgeneHne NpPokpyTkn B Tabnuvue 1 4gp.), AOCTYN K OCHOBHbIM CTaTUCTUKaM 1
rpadpuyecknum Bo3moxxHocTaMm cuctembl STATISTICA. lNpu BbiBOAE Lienoro psga pesynb-
TaTtoB (Hanpumep, koppenaumoHHon matpuubl) STATISTICA oTmevaeT 3Ha4YMMble KO-
duumneHTbl Koppensaumn usetoMm. Nonb3oBaTenb UMeeT BO3MOXHOCTb BbIAENUTbL NPU Mno-
MOLLM LUBeTa HeobxoauMble 3Ha4YeHus B Tabnuue Scrollsheet.

Ecnun nonb3oBaTtento Heob6XoAMMO NMPOBECTU AeTarnbHbl CTaTUCTUYECKUA aHanu3
NPOMEXYTOYHbIX pe3ynbTaToB, TO MOXHO COXpaHuTb Tabnuuy Scrollsheet B dopmate
danna STATISTICA n ganee paboTtaTtb C HUM, KaK C OObIYHBIMW OAHHLIMW.

Kpome BbiBOga pes3ynbTaToOB aHanv3a B BWAE OTAENbHbIX OKOH C rpadukamu u
Tabnuuamun Scrollsheet, B cucteme nmeeTcss BO3MOXHOCTb CO3[aHMUA OTYeTa, B OKHO KO-
TOPOro MoXeT ObITb BbiBEAEHA BCA aTa MHOpMaums — 3TO JOKYMEHT (B popmaTte RTF),
KOTOPbIN MOXeT cogepxaTb N0y TEeKCTOBYH WM rpaduyeckyto mHgopmaumio. B
STATISTICA nmeeTtcs BO3MOXHOCTb aBTOMaTUYECKOro CO3AaHNSA OTYeTa, Tak Ha3biBaeMo-
ro aBtootyeta. [pu atom nobas Tabnuua Scrollsheet nnu rpadunk MoryT aBToMaTU4ECKN

ObITb HarnpaBJieHbl B OTHET.

7.3.5. Ctatnctnyeckue npoueanypbl cuctembl STATISTICA

Cratuctnyeckme npouenypbl cuctembl STATISTICA, kak yxe Obllo OTMEYEHO,
CrpynnMpoBaHbl B HECKOMNbKMX CNeunanm3npoBaHHbIX CTaTUCTUYECKNX Moaynsx (puc. 7.3).
B kaxxgom mofyne MOXHO BbINOSTHUTL onpegeneHHblin cnocod obpaboTkun, He obpaluadacs
K npoueaypam 13 apyrmx mogynen. Hmxke npnBoanTca KpaTtkoe onnucaHue oTAenbHbIX CTa-

TUCTUYECKNX MO,D,yﬂeVI, 3HAaKOMCTBO C KOTOPbIMU MOMOXET UHXEeHepy-uccriegoBaTteso B
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€ro npakTuke gnsi npodeccrmoHanbHon 06paboTkM, aHanm3a 1 NpeacTaBneHns pesynbra-
TOB 3KCNepuMeHTa (MPOMBbILLUNEHHOrO, NabopaToOpHOro, BbIMUCANTENBLHOMO U Ap.).

Moaynbs OcHOBHble cTaTu-

x| .
: : Docorit o CTUKMN 7] Tabnuubl (Basic
W Baszic Statistics ezcnphive statizhcs, o
e | breakdawn tables, Statistics/Tables) BkntovyaeT B cebs
i Monparametrics/Distnb. frequency tables,
0 ANDVA/MANDVA E;ﬂrfrf;?fur'ﬁ;ﬁ;& [with crenylowme rpynnbl CTaTUCTUHECKUX
5 Multiple Regression b e tahl bz; .
f o fopier R oo
@ Monlinear Estimation e diffe;ences .
M Time Senes/Forecasting between vanancesz, 'z, OnucameneHble cmamucmu-
- roportions; probabilit o . .
=3 Cluster Analysis Edpin ku (Descriptive statistics). pynna
E'Z Data Management/MFM Alzo, Quick Basic Stats
g : are available from all I'IpOVI3BOLI,I/IT BblHCcIleHune npaKTqu'
% Factor Analyszis ;‘ R
CKM BCeX onucatesibHbIX CTATUCTUK,
Switch To I Customize list... |
cpegHee apudmeTnyeckoe, BbIGO-
End & Switch To | Cancel |
POYHYIO AMCMNepcuo, cTaHgapTHoe
Puc. 7.3. OcHo8HbIe cmamucmu4yeckue Mo- OTKIIOHEHME, MeaunaHy, MoAy, Mak-
Oynu cucmembl STATISTICA cMMarnbHOe U MUHWMAarnbHOe 3Haue-

HWUS, pasmMax, OOBEpUTENbHblE WH-
TepBanbl ANA CpedHero u MHorne Apyrue onucarternbHble CTaTUCTUKW. 34echb Xe npeay-
CMOTPEH LUMPOKMIA BbIBOP KpUTEPMEB AN TECTUPOBAHMS HOPManbHOCTU pacnpeaeneHuns.
[MpakTnyeckn Bce onucaTeribHble CTaTUCTUKM MOTYT ObiTb BbIMMCIEHbI ANS AaHHbIX, pas-
AENEeHHbIX Ha rpynnbl C MOMOLLLI OOHOW MM HECKONbKMX FPYNNUPYHOLLNX NEPEMEHHbIX.
MmeeTca BO3MOXHOCTb MHTEPAKTUBHOIO yAaneHns BbIBpocoB Ha rpaduke, BblaeneHve u
MapKnpoBka HeobXOAMMbIX NOOMHOXECTB Ha rpaduke, crinaxuvBaHue AaHHbIX U Apyrue
BO3MOXHOCTW.

KoppensauyuoHHble mampuuybl (Correlation matrices). JaHHaa rpynna BkroyaeT
BonblIoe KONUYeCcTBO CPEACTB, NMO3BOMSAOLWMX MUCCnefoBaTb 3aBUCUMOCTU Mexay nepe-
MEHHbIMU NYTEM BbIYUCIIEHUS NPAKTUYECKN BCeX 0bLnX Mep 3aBuCcMMoCTU (KoadppumumneH-
TOB KOppenauun).

t-kpumepuu 0519 3a8uUCUMbIX U He3asucumbix ebibopok (t-test for independent and
dependent samples). Ota rpynna npoueayp No3BOSISiET OCYLWECTBUTb NPOBEPKY UCTUHHO-
CTU CTaTUCTUYECKUX TMNOTE3 OTHOCUTENBHO HabnigaeMbiX CryvyarHbIX BEMUYUH NyTeM
BbINOSIHEHUSA cneyunarnbHbIX TECTOB.

Tabnuuykl yacmom (Frequency tables). 'pynna no3sonsoT cTpontb Tabnuubl Yac-
TOT N rMCTOrpamMMbl BblOpPaHHbIX NepeMeHHbIX. [pyn 3TOM 3HaYeHUs NepeMeHHbIX MOXHO

pa3buBaTb Ha Knacchl U rpynnNMpoBaTh NPOM3BOSbHLIM 06pa3om.
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Kanbkynsmop eepossmHocmHbix pacripedeneHul (Probability calculator). JaHHas
rpynna no3BoNnseT BbIYUCIIUTbL XapaKTEPUCTUKM MHOIMMX CTaHAAPTHbIX BEPOATHOCTHbIX
pacnpeneneHnin: HopmarnbHoro, xu-ksagpat, CtetogeHTa, F-pacnpegenerHuns v gp.

Moaynb MHoxecTBeHHas perpeccusi (Multiple regression) BkntodaeT B cebsa uc-
YyepnbiBaLWKUMA Habop CpPeacTB MHOXECTBEHHOW NMHEMHON U OUKCUPOBAHHOW HENUHEN-
HOW (B YaCTHOCTM, NONIMHOMMASIbHON, 3KCNOHEHLManNbHON, forapudpmmyeckon n gp.) per-
peccui, NO3BONSAIOWNX BbIMUCNATE HEM3BECTHbIE KOA((PMUMEHTLI B 3apaHee 3agaHHbIX
nonb3oBaTenemM perpecCnoHHbIX MOAENSAX.

Moaynb HenuHenHoe oueHuBaHue (Nonlinear estimation) gaet BO3MOXHOCTb
OLEHUTb MpakTu4eckn nobble onpedeneHHble Monb3oBaTeneM HeNMHEeNHble MoLEenwu,
OCYLLECTBUTb NOATOHKY K HabniogaeMbiM AaHHbIM KPMBOW, NO CyLlecTBy, noboro Tuna.
Ba)HbIM NpenMMyLLeCTBOM JAHHOIO MOAYMs, B OTAMYME OT APYrMX NporpaMm HennMHEmHo-
ro oLueHuBaHus, ABNAETCA TO, YTO B HEM HE HaknagblBaeTCs orpaHnyYyeHus Ha pasmep o06-
pabaTtbiBaeMoro damna gaHHbix. OueHKn Ko3a(PUUNEHTOB HENUHENHOW MOAENU MOryT
ObITb NOCTPOEHbI C MOMOLLbIO OLIEHOK METOA4a HauMEHbLUMX KBagpaToB, MeTO4a MaKkCu-
ManbHOro npasgonogobus nnu 3agaHHoOM nonb3oBaTenemM yHKUuMn notepb. Nonb3oBa-
Tenb MOXET BblbpaTb OOHY M3 HECKOSIbKMX BbIYUCIIUTENbHbBIX Npoueayp: KBa3uHbLIOTOHOB-
CKM MeToA, cumnnekc-metoa v ap. Kpome Toro, nonb3oBaTeflb MOXET caM onpeaenuTb
nobon TMN HeNUHEeNnHon mogenu, HabpaB COOTBETCTBYIOLLEE YpaBHEHWE B penakTope
CUCTEMDI.

Moaynb OucnepcnoHHbin aHann3 (ANOVA/MANOVA) naet BO3MOXHOCTb OLe-
HUTb CTeNeHb BO3AENCTBUSA pasnunyHbIX 0akTopoB Ha M3MepsAeMble OaHHble U BblAennTb
cpean HuUx Havmbonee 3Haunmble (CyllecTBEHHbIE). [Ans nNpoBEepKM OCHOBHbIX NpPeanosno-
XEHWUI OUCNEPCUOHHOrO aHanM3a UMeeTcs LUMPOKMIA BbIOOP CTaTUCTMYECKUX npoueayp, B
yacTHoCTU KpuTepumn duwepa, KoxpeHa, baptneta un gp.

Moaynb ®akTopHbIM aHanu3 (Factor analysis) no3sonseT npoBoanTb PaKTOPHbLIN
aHanms, OCHOBHas LieNb KOTOPOro 3aknyaeTcs B TOM, YTOObl BblAENUTb CKPbIThbie 0bLme
akTopbl, T.e. BO3AENCTBYOWME Ha BCe NapaMeTpbl 06beEKTa, a HE Ha KaKOW-TO OAWH na-
pameTp unu rpynny. Beligensemole obwme dakTopbl onpeaensaT CBA3N Mexay Habnio-
AaemMbiMM napameTpamu obbekTa.

Mopynb HenapameTpuyeckas cTaTMCTMKa WM TMOAroHKa pacnpegeneHuvs
(Nonparametrics/Distribution) gaet BO3MOXHOCTb CpaBHUTbL pacnpeferneHve Habnwogae-
MbIX BENUYMH C OOMbLUMM KOMMYECTBOM Pa3fiMyHbIX TEOPETUMYECKUX pacnpenerieHuin.

MimeeTcs BO3BMOXXHOCTb NOAOrHaTh K AaHHbIM HOpMaJibHOE, NNIOrHopMalribHO€, 3KCIMOHEHLN-
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anbHoe, Xun-KkBagpart, NyaCCoOHOBCKOe U Ap. pacnpeneneHusi. TOYHOCTb NMOATOHKM OLEeHU-
BaeTCs C MOMOLLbIO pa3nnyHbIX KpuTepmeB (xun-kBagpat, Konmvoroposa—CmupHoBa 1 gp.).

Moayns AHanu3 BpeMeHHbIX paaoB UM nporHo3upoBaHue (Time
Series/Forecasting) no3sonsieT cTponTb MoAenb, ONUCLIBAKOLWY psf AaHHbIX, CrnaguTb
ero, CnporHosvpoBaTb Oyayuime 3Ha4yeHUs BPEMEHHOro psaa Ha OcHOBe HabniogaeMbix
00 AAaHHOr0 MOMEHTa, NOCTPOUTb PerpeccUOoHHbIE 3aBUCMMOCTU OOHOrO psga oT ApYyroro,
NpOBECTU cnekTparnbHbin UnNu dypbe-aHanus psaga u 1.4. Moaynb Takke BKMYaeT npo-
Leaypbl aBTOKOPPENALMOHHOIO aHanunsaa.

BoamoxHoctn cuctembl STATISTICA paneko He ucyepnbiBatOTCSA NePEYNCEHHbI-
MU Bbiwe mMoaynsamun. Kpome HuX, cuctema COAepXuT psg Moayrnen, npegHasHayvyeHHbIX
ans 6onee getanbHOro CTaTUCTUYECKOrOo aHanu3a AaHHbIX U HeOBXOOMMOCTb B KOTOPbIX

Ha NpakTunke BO3HUKaeT Kpa|7|He peako.

7.3.6. CTpyKkTtypa ananora nonb3oBartens B cucteme STATISTICA

CTpykTypa guanora nonb3oBaTend B KaXXAOM CTaTUCTUYECKOM Monyrfe nmeet o06-

e YepTbl:

1) nocne Bbibopa u3 nepeknyatena moaynen (puc. 7.3) OTKpbIBaeTcs ctapToBad na-
Henb BbIBPaAHHOro CTaTUCTUYECKOrO MOAYNS;

2) panee Heob6xoAMMO OTKPbITb (hansi AaHHbIX U BblIbpaTb NepeMeHHble ANa aHanusa u3
OTKPbITOro gpamna;

3) 3arem BblbuMpaloTCcsa MeToL aHanm3a M KOHKPEeTHasi BblMMCIIUTENbHAA npoueaypa ¢ co-
OTBETCTBYIOLUMN NapamMeTpamun pacyeta n3 MeH0 B CTapTOBOW NaHenu Moayns;

4) panee 3anyckaeTcs BblUUCUTENbHAA npoueaypa. Ecnn npoueaypa nrepauynoHHas, 1o
cuctema gaet BO3MOXHOCTb Ha KaXAoM Luare npocMoTpeTb pesynbTaTbl B MOSABUB-
LLUEMCSI Ha 3KpaHe OKHe M Npu HeobxoanMMoCcTn A06aBUTbL YMCNO UTepauun Ans yBenu-
YeHMs1 TOYHOCTU OLIEHOK;

5) ucnonb3ys rpaduyeckne BO3MOXHOCTM U chneuunanbHble Tabnuubl BbiBO4a C BblYUC-
NEHHbIMM pa3HOOOpa3HbIMK CTaTUCTUKAMMU, MOXHO OCYLLLECTBUTb BCECTOPOHHUI MPO-
CMOTP ¥ aHanu3 pe3ynbLTaToB;

6) BblbMpaeTcs cnedyloLWwmi LWar aHanusa.

B cnoxHom npoekte cnegyeT paboTaTb C pasnMyHbIMKM MOLYNSMW, MocregoBa-

TEINbHO MNepeKkYadaCb Mexay HAMN.
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7.3.7. NMpumepbl ucnonb3oBaHusa cuctembl STATISTICA

Pacuyem OCHOBHbIX XxapakmepucmukK criydaliHbIX 8eUYUH

3anyckaem cuctemy STATISTICA n Bbibupaem crtatucTudeckun mopynb Basic
Statistics/Tables (OcHoseHble cmamucmuku u mabnuusi). Co3gaemMm HOBbIN hann ncxoa-
HbIX AaHHbIX, Bblbnpasa n3 meHo nyHkT File/New data, n npuceamBaem emy nponsBonbHOE
nms, Hanpumep exampl1.sta.

McxogHble aaHHble ans aHanu3a Bo3bMeM 13 npumepa 3.8, B KOTOPOM NpUBELEHbI
pesynbTatbl 06paboTkn 50 npob nepeaenbHOro YyryHa Ha npegmeT COAEp)KaHUs B HUX
KpemHus (tabn. 3.7). 3anonHum Tadbnuuy B cucteme STATISTICA ¢ ncxogHbiMmn gaHHbI-
MU, KaK MoKa3aHo Ha puc. 7.4. [Ina aTtoro co3gaem ABe NepeMeHHble: nepBasi CoaepXuT
Homep npobbl yyryHa (N_TMNPOBbI), BTopas — npoueHTHOe cogepXaHne KpeEMHUSA B YyryHe
ansa cootsetcTByowen npobel (Sl_%). Pasmep Tabnuubl B cucteMe rno ymMonyaHuio npu-
HAT 10 Ha 10 (10 nepemeHHbIX ¢ meHamn VAR1, VAR2, ..., VAR10 n 10 cny4aeB). YTob6bl
N3MEHUTb UMS MepemMeHHOW, Heobxoammo BbibpaTb NyHKT MeHw Edit/Variables/Current

Specs unn HaxaTb kombuHauuio knasuw [Ctri]+[F2], a 3aTem B gnanore ykasaTb HYXHOe

nMA.
%STATISTIU\: Basic Statistics and Tables &=l
File Edit Wiew Analyzsiz Graphs Option: Window Help
£ @] ] [vars|Cases] | = e e

ﬁDala: EXAMPL1.5TA 10¥ = 50c o ] A
UYECKUE JaHHEE COJED#IHUA HDPEMHUA B YyszyHE no pesyaemamnad omSopa 50 npod -
2 3 4 5 3 7 8 a 10

YAR3 VARS VARE VAR7 VARSE VARS VARLOD

SI_*
.320

2 . 350

3, . 450

4,000 L 430

5.000 .410

6

7

a

VAR4

.noon .510

.oon LB20

.noon L530
9,000 LE70
10,000 L 580
11,000 L5590
12.000 .560
13.000 . 560
14.000 .580
15.000 .540
16,000 LB70
17.000 L 610
15,000 L6210
19.000 .630
20.000 . 640
21.000 LBED
22.000 LBED
23,000 LB70

A4 nnn cnn

EIEEEEE D

=

Feady Output:OFF Sel0FF [weight:OFF

Puc.7.4. B paboyem okHe cucmembl STATISTICA pacrnionoxeH ¢hatin
C UCXOOHbIMU OaHHbIMU COOEpPXKaHUSsT KPEMHUS 8 Yy2yHe
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Mocne Toro kak MoaroToBrieH dbaln MUCXOAHbIX AaHHbIX, BblOMpaeM MyHKT MEHI0

Analysis/Descriptive Statistics (OnucamensHasi cmamucmuka). B nosiBuBLLemcsi gmuanoro-

BOM OKHe, B/ KOTOPOro noka3aH Ha pucC. 7.5, cnenyet Bbl6paTb nepemMeHHyo ana aHanu-

3a HaxxaTmeMm kHornku Variables. Mbl Bblbpanu nepeMeHHyto, cogepkallyo AaHHble 0 Npo-

LLlEHTHOM COAEPXXaHUN KPEMHUS B YyryHe, UMS BblOpaHHOW NepeMeHHOW oTpaXkaeTcs psi-

aowm ¢ kHonkon Variables. nanor OnucamernbHasi cmamucmuka no3BonseT:

BblYMCNUTL pasHoobpasHble BbIOOpPOYHLIE XapaKTepUCTUKM (Statistics):
Median&quartiles — megmaHa n kBaptunu, Conf. Limits for means — goBeputenbHble
rpaHvubl ona cpegHero. B ctpoke Alpha error MOXHO 3agaTb Tpebyembll ypoBEHb
3HA4YMMOCTU. HanoMHUM, YTO yPOBEHb 3HAYMMOCTM — 3TO BEPOATHOCTb HEMPaBUITbHOIO
OTBEPXEHUA TMNoTe3bl, Korga oHa BepHa (nogpobHee cm. n. 3.3). bonee paclumpeH-
HbI Habop CTATUCTUK ANS pacyeTa MOXHO BblIOpaTb HaxaTmem kHomnku More statistics
(puc. 7.6): Mean — cpegHee apudmeTudeckoe, Sum — cymma, Median — meamaHa,
Standard Deviation - cTaHgapTHoe OTKAOHeHMe, Variance — gucnepcus,
Minimum&maximum — MUHUMYM 1 MakcuMyM, Range — pasmax, T.e. pa3HOCTb Mexay
MakCMMyMOM U MUHUMYMOM, Skewness — koadbduumeHT acummeTtpumn, Kurtosis — Ko-

ahPpuMUMEHT aKcLecca:

E Descriptive Statistics

]  Variables: |51 %

: — —— —Statigtice —————————————— :
Detailed descriptive ztatistics FIMediniz eiatl Cancel |

Options [" Conf. limits for means | TUT o | o !l

[” Cazewize [listwize] deletion of MD IniEale |55 =
[~ Dizplay long variable names E I™ Wghtd momnts

3 T DE=—"—
[~ Extended precision calculations i More statistics | Wl N

Distribution
— Categonzation
i Frequency tables | Histograms | .
- & Number of intervals: |1 o E
[~ Mormal expected frequencies o1 : I -
[” K-5 and Lilliefors test for normality nteger intervals [categories)

[ Shapiro-wilk's W test

Box & whisker plot for all vanables Categorized box & whizsker plotz |

| BB
Mormal probability plots | ” Categonzed means [interaction] plots |
Half-normal probability plots | EE Categonzed histograms |
Detrended normal probability plots | % Categonzed normal probability plots |
[#F] 2D scatterp. | i namesl EEE Matnx | == Categorized scatterplot |
| |

.2 3D scatterp. | ™ namesl | Surface| |2 3D bivariate distribution histogram

Puc.7.5. Bud skpaHa meHro Descriptive Statistics (OnucamerbHbie cmamucmuku)
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¥ valid N
v Mean
[~ Sum

[~ Median

v Standard Deviation

[~ Wariance

[~ Standard error of mean

[ 95% confidence limitz of mean

v Minimum & mazimum

[~ Lower & upper quartiles
[~ Range

[ Quartile range

[~ Skewness

[ Kurtosis

[~ Standard error of skewnessz

[~ Standard error of kurtosis
Other dezcriptive statistics including mode,
harmonic means, user-zpecified percentiles,

etc. are available in the Descriptive Statistics
option in the Monparametrics module,

Puc.7.6. MeHro Cmamucmuku

nocTpoutb Ans BblGOpkM Tabnuuy dactoT
(Frequency Tables) u ructorpammy 4acTtoT
(Histograms); otmetmB  nyHkt  Normal
expected frequencies, MOXXHO HaHeCTU Ha ruc-
TOrpaMmmy KpuBYK HOpManbHOro pacnpegene-
HUS U BU3yaribHO OLEHUTb COOTBETCTBUE WUC-
XOOHbIX AaHHbIX HOPManbHOMY 3aKOHYy pac-
npeaenexHns;

NpoBepUTb MNOTe3y O HOPMarnbHOCTM pac-
npegeneHna Habnogaemblx CRyyYamHbIX Be-
NNYMH C ucnonb3oBaHvem kputepus Konmo-
ropoBa—CmupHOBa, Bblbupasa ero B pasgene
Distribution.

[ns BM3yanusauum pesynbTaToB UMeeTcs

BO3MOXHOCTb MOCTPOEHUA pas3HoobpasHbIX rpa-

(*)I/IKOB, BbI3bIBAEMbIX HaXXaTunem COOTBETCTBYIO-

LLIer KHOMKM B HUXKHEWN YacTn SKpaHa.

Pe3yanaTb| CTaTUCTUYECKOro aHanmnaa BbIBOAATCS B creuuanbHoe okHo. [Ans aaH-

HbIX U3 NpUMepa BMA OKHa C pe3ynbTaTamu NokasaH Ha puc. 7.7, U3 KOTOPbIX criegyeT, YTo

cpeaHee apudmMeTuyeckoe (MaTeMaTUYECKOE OXWOAHUE) COAEPXKAHUS KPEMHUS B YyryHe

coctaensieT 0,6504%; sbibopoyHas gucnepcus 0,0185%; makcumanbHOE U MUHMMaNbHOE

3HayeHus1 paBHbl cooTBeTCTBEHHO 0,32 1 0,95%); oencTButenbHoe cogepXaHne KpemMHuUs

B YyryHe C BepOATHOCTbLI0 95% nexuT B nHtepsane ot 0,6117 go 0,6891%. 3ameTtum, 4to

9TW AaHHble 6nn3KN K pesynbTtaTtam, nofy4yeHHbIM paHee B NnpumMepe 3.8 c nomoLLbto nake-

Ta Microsoft Excel, HebGonbLume pacxoxaeHns oObsACHATCSA TOYHOCTbLIO NpeacTaBreHns

pe3ynbTaToB.

Eﬂescriptive Statistics [exampl].sta)

=10l %

Continue Confid. | Confid. =
— SERREREN| Mean  |-95. 000%)+95.000% Median | Minimum | Mazimum |Variance|Std . Dew.
L6504 L6117 L6891 L6500 L3200 L9500 .n1asg 1361 &

BN

Puc.7.7. Bud okHa ¢ pe3ynbmamamu pacdema cmamucmuk u3 npumepa 3.8
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[Nposepka HopmarnbHocmu pacripedesnieHus

lMpoBepuM rMNoTe3dy O HOpManbHOCTU pacnpefeneHns AaHHbIX u3 npumepa. Ons
3TOro B okHe guanora OnucamersibHble cmamucmuku, NOKa3aHHOro Ha puc. 7.5, oTMeTum
mblwblo NyHKT K-S test and Lilliefors test normality (Tecm Konmozopoea—CmupHosa 0Ornisi
Mpo8epKU HOpMasibHOCMU) N HaxxMeM KHorky Histograms. B pesynbtate Ha akpaHe nos-
BUTCSA OKHO (puc. 7.8), Ha KOTOpoM m3obpaxeHa ructorpamma nepemeHHon Sl_% wn po-
NOMHUTENBbHO HaHeceHa NUHUA HOpManbHOro pacrnpegeneHus. B BepxHen 4actu ructo-
rpaMmbl NOKa3aH paccynMTaHHbIM napameTp Tecta KonmoropoBa — CMUpHOBaA — KpUTEPUI
D (cm. n. 3.6).

'%|Graph14: SI_% =10l x|
S_%
K-S d=,036
20

12

16 |
14 |

12

10 + %
8.

Mo of obs

% %“—_ — Expected

0,z 0.3 0.4 0.5 0,5 0.7 0.8 04 1.0 Normal

Upper Boundaries (% <= boundany)

Puc.7.8. [ucmoepamma pacripedenieHusi co0epxxaHusi KPEMHUS 8 Yy2yHe C
pe3yrbmamamu rposepKu 2urnome3sbl 0 HopMaribHoCmu pacripedesieHusi

HanomHum, 4to Kputepun D HasbiBaeTCa KpUTtepmem cornacus, nocKosrbKy OH Mpo-
BEPSET, B KAKOW CTENeHn Habnogaemble 3HA4YEHUS CryvYarHOW BENUYMHBI COrnacytTcs C
dyHKUMEN HOpManbHOro pacnpefeneHusa: Yyem MeHblle BenuymHa D, Tem B MeHbLuen
CTeneHn amnupuyeckas yHKUNA pacnpeneneHnsa criy4arHon BenvyuHbl OTfiMYaeTcsa oT
HopMarnbHOMW (PyHKUMK pacnpeneneHnda. B Hawem cnyyae kputepun D=0,07934, cnepo-

BaTelibHO, TMNoTe3a O HOPMaJlibHOCTU pacnpenerieHna gaHHbiIX O coaepXaHun KpemMHuA B
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yyryHe noaTeepxgaeTcs. B npoTMBHOM crnydae cucTema Bblgana 6bl COOTBETCTBYOLLEE

coobLleHne 1 Bblgenuna 6bl AaHHbIN KPUTEPUIA OTNINYMUTENBHBLIM LIBETOM.

PezpeccuoHHbIl aHanus

MpumeHeHne cuctembl STATISTICA ansa perpeccMoHHOro aHanmaa paccMoTpUM Ha
npuMepe uccnegoBaHnsa B3aMMOCBA3M CPpefHEMECAYHOro yaAeribHOro pacxoia Kokca u co-
OTBETCTBYIOLLEN BENNYMHBI YAEMNbHOrO BbIXOAa LUiaka no AaHHbIM paboTbl 04HOW U3 AOo-
MeHHbIX nedern OAO "Maruutoropckun metannyprideckun kombmHat" (OAO MMK), koTo-
pble OTpaxeHbl B Tabn. 7.3. HanomMHuMm, 4TO 3agaya perpeccMoHHOro aHanuaa cocTouT B
TOM, 4TOObI N0 HabrngeHNAM BXoaHbIX (X) 1 BbixogHbIX (Y) napameTpoB:

— TNOCTPOUTb PErpeccuoHHy0 Moaernb (ypaBHEHWe perpeccumn), T.e. OLEeHUTb napameTpbl
mMogenu (koaduumMeHTbl ypaBHEHUS) Hanny4ywmm obpasom;

— MNOCTPOUTb AOBEpUTErNbHbIE MHTEPBAnbI ANA KOIMMULMEHTOB MOAENN;

— NpoBEepuTb MMNOTE3y 0 3HAYNMOCTU perpeccuu;

— OUEHWTb CTeneHb afeKkBaTHOCTN MogenNn n T.4.

3 Teopun JoMeHHOro npoLecca N3BecTHO, YTO BENUYMHA pacxoda KOKca 3aBuUCUT
OT BbIxOAa LWnaka, a He HaobopoT. [NoaTomy 3aBMCUMON NepemeHHon Y ByaeTt aBnATLCA
BefIMYMHa yOeribHOro pacxoda Kokca, a He3aBMCMMOKW nepemMeHHon X — BenundnHa yaenb-
HOro Bbixo4a Lnaka. PerpeccnoHHbIn aHanua 6yaem npoBOAUTb B HECKOMBbKO 3TarnoB.

Tabnvua 7.3
dakTnyeckme gaHHble o pacxoge kokca (K) u

BbIxoge wnaka (L) Ha ogHon n3 goMmeHHbix neden OAO MMK
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Ne K, LU, Ne K, LU, Ne K, LU,
n/n Kr/T Kr/T n/n Kr/T Kr/T n/n Kr/T Kr/T
yyryHa | 4yryHa yyryHa | 4yryHa yyryHa | 4yryHa
1 2 3 1 2 3 1 2 3
1 391 250 31 403 241 61 393 251
2 438 268 32 440 277 62 418 252
3 408 260 33 416 253 63 426 270
4 399 244 34 445 294 64 412 260
5 424 272 35 384 249 65 419 277
6 425 279 36 435 263 66 433 274
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OkoHYyaHue mabn. 7.3
2 3 1 2 3 1 2 3
395 243 37 389 254 67 387 245

1

7

8 408 269 38 406 252 68 451 291
9 425 262 39 384 238 69 398 253
10 384 241 40 399 240 70 403 244
11 424 267 41 419 256 71 425 259
12 403 239 42 418 261 72 382 225
13 409 242 43 398 262 73 397 244
14 416 270 44 421 270 74 449 280
15 410 254 45 398 257 75 385 256
16 392 256 46 398 250 76 385 228
17 403 244 47 438 271 7 386 218
18 377 239 48 437 280 78 418 253
19 419 262 49 411 264 79 408 256
20 382 251 50 406 250 80 442 270
21 430 267 51 409 269 81 406 243
22 406 258 52 391 242 82 413 259
23 379 240 53 399 252 83 436 266
24 420 251 54 435 273 84 384 242
25 389 256 55 420 260 85 429 275
26 411 253 56 416 261 86 392 237
27 419 275 57 420 276 87 390 259
28 413 272 58 386 242 88 427 262
29 392 235 59 390 220 89 398 242
30 418 257 60 427 258 90 445 280

1. Bocnonb3yemca ctatuctudeckum mogynem Nonlinear estimation (HenuHelHoe
oueHuesaHue), B KOTOPOM CO34aauM HOBbIM (parn exampl2.sta u 3aHeceM B HEro AaHHble
n3 Tabn. 7.3. Ha puc. 7.9 nokasaH pann ¢ UCXoAHbIMN AaHHbIMWU. [lepeMeHHble, coaep-
Xawme AaHHble 06 yaernbHbIX pacxofe KOKca M BbiXOAe Luraka, 0b03Ha4YeHbl COOTBETCT-
BeHHO KOKS un SLAG.
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2. NocnepoBaTenbHOCTb perpeccuoHHoro aHanmsa B cucteme STATISTICA nydwe

_ioix
[ Fle Edt Yiew
analysis  @raphs  Options
Window  Help == x|
KEEED
] 991 | B 6 E
2 2
1 2 ]
SLAG KOKS
1 250, 391,
E| 268, 43@,
3 z60, 408,
4 | 244, 304,
5 | 27z, 424,
5 | 279, 425,
7 2473, 308,
g | 263, 40a,
g | 262, 425,
10 241, 3584 &
1 | N
[Dutput:OFF [SekOFF [weig

Puc. 7.9. ®alinn ucxoOHbIX OaHHbIX
01151 pe2peCCUOHHO20 aHasu3a

BCEro HaynMHaTb C BM3YyaribHOW OLIEHKN MOSIOXEHUSN
AAHHBIX MPU MOMOLLUM Pa3fMYHbIX rpaduyeckmx
cpeacTB. lMockonbky B HaweMm crnyyae v3y4yaeTcs
3aBucumoctb Tvna Y=f(X), To gnsa atonm uenu no-
ponget aBymepHbii rpadumk Scatterplots n3 meHio
Graphs/Stats 2D Graphs. B nosiBuBwemcs guano-
roBom okHe (puc. 7.10) Bbibupaem nepemeHHble X
n 'Y HaxaTtmem kHonku Variables. iImeHa BbiOpaH-
HbIX nepemeHHbix Var X (SLAG) n Var Y (KOKS)
oToGpaxaloTcs B OKHe amanora. B atom okHe fo-
MOMHUTENBHO MOXHO OTMETUTb Tun rpadumka
(Graph Type) — Regular, mogenb oueHnunBanus (FIT)
— nepBoHa4vanbHo Bblbepem Off, ctunb rpadguka
(Style) — Normal, BenuunHy OOBEPUTENBLHOIO WH-
Tepsana u T1.4. [Nocne HaxaTtna kHonkn OK Ha ak-
paHe B OTAENbHOM OKHe MOSIBIISETCS MOCTPOEHHbIN
rpadouK.

3. M3 aHanusa HabnwogeHun nonoxeHus

OaHHbIX Ha rpaq)vu(e genaem BbiIBOO4 O NMpuUrogHoCTn Ansa oueHunBaHUA NosIMHOMMAbHOM

perpeccuoHHon mogenn. OTMeTM B AnanoroBomMm okHe (puc. 7.10) mogenb oueHuBaHusA

Polynomial n Haxkmem kHonky OK. B pesynbTtaTte nosBuTCcs OTAENbHOE OKHO C rpadmkom, B

KOTOPOM Ha To4Ye4yHble AaHHble HaHEeCEHa KpuBa4d, nop,o6paHHa;| no MmetToagy HaMMeHbLUnX

KBagpaToB M OnucbiBaemasi MHOrousieHoMm 5-ro nopsigka (puc. 7.11). YpaBHeHne MHoro-

YyneHa npeAcTaBneHo B 3arofloBke rpaduka 1 uMeeT creayloLwnin Bua;

y = —73616,8 +1508,463 - x —12,187 - x> + 0,049 - x> =9,678 10 - x* +7,619-107% - x°.

ABcontoTHasa BeNMYMHA Kakaoro KoaddurumneHTa B ypaBHEHMM PErPECCUN XapaKTe-

pu3yeT BKIa[ COOTBETCTBYHOLLEN CTENEHHON COCTaBAOLLEN HAa NapaMeTp OTKINKA Y.
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2D Scatterplots

x|

VarX: SLAG 5 | Cancel |
YarY: KOKS
Options... |
Graph Type: —FEIT —ELLIESE —
Regular O & OFf Coefficient:
Mivple | [ [T | CNomal %
#% Double-Y |£ Loganthmic i Range
Frequenc E tial
auency L xponentia ~ CONFIDENCE BANDS ——
Quantile |.=' Spline o R
[Z5] Voronoi "7, Polynomial o ;5 - E
n A
—STYLE & Least Squares
* Normal I% Neg:Exp/Wght Mark Selected Subsets: |I]FF
" Polar @ Custom Function
" Laypered

Mo of Freq: I?_

Custom: | none

Puc.7.10. OkHo nocmpoeHusi epagbukos 0518 NM0O20HKU MOOe iU OUEeHUBaHUS

F§ Graph8: Scatterplot

Scatterplot (exampl. STA 9300

ﬂext' Quit |

¥=-73616,8+1508 463%-12 187" 2+0,049%"3-9 67 8e-5%"4+7 B189e-3*"5+eps

=loix]

460

450 |

440

430 |

420 |

KOKS

410

400 |

390 |

380 ¢

3ra
210 220

Puc.7.11. lNonuHomuanbHas Kpusas 5-20 ropsidka, pacc4yu-

230 240 2480

260 270 280
SLAG

maHHasi o MemooOy HauMeHbWUx Keadpamos

237

300



7. KOMIBbKOTEPHBIE METObl CTATUCTUYECKOU OBPABOTKM ...

4. [Ina Toro 4tobbl NpoaHanM3npoBaTb PErPEeCCUOHHYI0 MOAENb, U3 FNAaBHOMO MEHIO
cuctembl Analysis (AHanu3) Belbupaem nyHKT User-specified regression (Onpedensiemas
rnosnb3o8amersieM peegpeccusi). Ha akpaHe nosiBnsieTcs HavanbHoe OuaroroBoe OKHO (puc.
7.12), B KOTOpOM Haxatmem kHonku function to be estimated & loss function (¢pyHkyus
OUEHUBaHUS U QOyHKUUS MomMepb) MOXHO C NOMOLLIbIO opMy”n 3agaTb YHKLNIO, KOTOPYHO

Heo6Xo4NMO OLEHUTb, a TaKke onpeaenuTb PyHKLUMIO NoTepsb.

E User-Specified Regression Function

il & = P
med Function to be estimated & lozs function l

Function: KOKS=b0+b1*SLAG+b2=SLAG"2+b3=5LAG™ Cancel |
Loss: [OBS-PRED)==2

Missing data: |Casewise | W s| @ wl

Puc. 7.12. HayanbHoe OKHO Ouasioea o OUEHKe rapamempos
ornpedensiemMol rnosib308amersieM peepeccuUoHHOU KpugoU

PaccmoTpum B KayecTBe npymepa B AalnbHeENLeM 3aBUCUMOCTb MeXAy yaerbHbIM
pacxogom kokca (KOKS) u ygenbHbiM Bbixogom wrnaka (SLAG) B Buae nonuHoma 3-i
cTeneHu:

KOKS=bo+b{*SLAG+b,*SLAG?+ bs*SLAG®.
PyHKUMS NOTepb MO YMOMYaHUIO 3aaeTcs B BMAE KBagpaTa OTKNOHEHUs HabniogaemMbix
OT NpeAckasaHHbIX C MOMOLLbIO PerpeccMOoHHOM Moaenu aHadeHuin (OBS-PRED)?.

5. Haxartne knasuwmn OK npuBogut Kk nosieneHuto okHa Model Estimation (OyeHu-
gaHue modesniu) ons BblbOpa MeToda M HayvanbHbIX YCTAHOBOK AS1S1 MOMb30BaTENbCKON
perpeccun (puc. 7.13). B kayecTBe MeToga OUeHUBaHUSA BbibEpeM KBa3MHLIOTOHOBCKUI. B
MeTofax HENMMHEWHOro OLEHUBAHWUS BaXXHO MNpPaBWUibHO NogobpaTb HavarbHble npubnu-
XeHus. HensBecCTHbIMM napameTpamMum Moaenn ABnsTcs KoadduumeHTbl by, by, bs 1 bs.
HaxaB kHornky Start values (HadanbHble 3HayeHus1), B NOSBUBLLUEMCH ONANOroBOM OKHE
BBELEM HayamnbHble 3Ha4YeHUs, npeackasaHHble Ha OCHOBE NpeaBapuTENbHOro rpaduye-
CKOro aHanmaa gaHHbix: bp=-73616, b4=1508, b,=-12 n b3=0,049. HaxaTtne knasuwm OK
NPUBOAMUT K NOSBMEHMIO OKHA OLLEHOK MapaMeTpOB MOAENM Ha KaXKAOM Liare utepauumu.
[Mocne TOro kKak oueHMBaHWE 3aBEPLUMTCS, BHM3Y OKHa nosiBuTcs coobuieHne Parameter

estimation process converged (IMpouecc oueHMBaHMs NapamMeTpoB CoLLEencs).
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7]

Model is: EOKS=b04bl*3LAGHLZ*5LAG*24bH3*SLAGS
Nunber of parameters to be estimated: 4
Loss function: (0ES-PRED)**Z

Dependent wariable: EQES

Independent wariables: SLAG

Missing data are casewise deleted

Humber of walid cases: a0

E stimation method: | Quasi-Newton LI|

[~ Asymptotic standard erors

I” Eta for finite diff. approx.. 1.E- IB

M aximum number of iterations: IE[I E
LConvergence criterion: I,l]l]l]1 E

Cancel |

B Means & standard deviations |

=] Start values: | .1 for all parameters Matnx plot for all vanables |
=] Initial step size: | ‘50 for all parameters iit| Box & whisker plot for all vars. |

Puc. 7.13. OkHo ebibopa memoOda u Ha4aslbHbIX yCmMaHO80K
0r14 rosib308ameribCKoU peepeccuu

6. anee Haxumaem kHornky OK, nocne

yero oTkpbiBaetTca okHO Results (Pesyrib-

mamel), nokasaHHoe Ha puc. 7.14. OKHO pe3ynbTaToB UMEET CneaylrLyo CTPYKTYPY:

BEPXHSI YaCTb OKHA — MHPOPMALMOHHAs, HUKHSS COAEPXUT (DYHKUMOHArbHbIE KHOMKM,

no3sondrme BCECTOPOHHE NPOCMOTPETh pe3dyrnbTaThl aHanmaa.

dpd

Model is: KOK3=bO+bl#*3LAMHbE*3LAG 2+ DB3IFSLAG"3
Dependent wvariable: EOES Independent wariables: 1
Loss funcrtion: (0BZ-PRED)**Z

Final walue: 9990,45141=1

Proportion of wariance accounted for:

LBTEEISE59 R = 822700333

Parameter estimates | Fitted 2D function & observed vals

Cov._fcons. of parameters | Fitted 3D function & observed vals

[ S5cale MS5-emor to 1 Distnbution of rezsiduals

il Beszidual values | MHormal probability plot of residuals
il Predicted values | Half-normal probability plot
il Dbserved values | Predicted vz. observed values
il Means & standard deviations | Fredicted vs. residual values
il Difference [prexious model) | EEE] Matix plot for all variables

|

Save predicted and rezidual values [ Box & whizker plot for all vars.

Puc. 7.14. OKHO pe3yrnbmamog oueHuU8aHus napamempos
rnonb308ameribCKol peepeccuu
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MHdopMaLMOHHas YacTb COOEPXKUT KpaTKyr MHGOpMauMio O nNpoBeSeHHOM aHa-
nmn3e, a UMEHHO:
e Model is - BMA Mogenu OLEeHMBaHMA. B Hawwem cnyyae
KOKS=bg+b1*SLAG+b,*SLAG?*+ b3*SLAG>;
e Dependent variable — 3aBucnumasa nepemeHHad. B Hawem npumepe 3TO yaerbHbIn
pacxop kokca (KOKS);
¢ Independent variables — konnM4ecTBO He3aBUCUMbIX NepeMeHHbIX. B npumepe He-
3aBUCUMas NepeMeHHas ogHa — yaenbHbI BbIXO4 LWnaka;
e Loss function — Bug doyHKUMM NOTEpPD;
¢ Final value — nocnegHee 3HayeHMe napameTpa, MO KOTOPOMY cCuUCTeMa nposoauna
NOArOHKY MOAENNMW.
®PyHKUMOHaNbHbIE KHOMKX MO3BONAIOT NpeacTaBuTb pesynbTaTbl B BUAe Tabnuy u
rpadmkoB. Beibepem kHonky Parameter estimates (lMapamempbl oueHugaHus), N Ha 3Kpa-
He MOSsIBUTCHA OKHO, B KOTOPOM OTpPa)XeHbl YNCMEHHbIE 3HAYEeHMs KO3 HPMUNEHTOB MOLENN
(puc. 7.15). HaxxaTtue kHonkn Fitted 2D function & observed vals ([TodoeHaHHas pyHKUUS
u Habndaembie 3Ha4yeHUs) BbIBOAUT Ha 3KpaH rpaduk pesynbTUpyroLen KpMBOKW, Hano-
XEHHON Ha Habnwgaemble 3HA4YeHUs UCXOAHbIX AaHHbIX (puc. 7.16). Takum obpasom,

ypaBHEHME PErpecCcroHHON MOAENN OKOHYaTENBHO NPUMET BUA,

y =4984,803-54,333- x +0,21035- x> —0,000265- x.

7. anee cnepyeT oueHUTb noBedeHne ocTaTkoB (residuals) mogenu, T.e. pasHo-
CTen Mexay UcxoaHbiMu (HabnogaemMbiMy) 3HAYEHUSIMU 3aBUCMMON NepeMEHHON 1 npea-
CKa3aHHbIMKU C MomoLLblo Mogenu. Nccneaoysa octaTkm MoAenu, MOXHO OLIEHUTb CTeneHb
ee agekBaTHOCTU. C NOMOLLbLIO PYHKUMOHANbHBIX KHOMNOK B AAHHOM OKHe (CM. puc. 7.14)
MOXHO NpoaHanu3npoBaTb OCTaTKM Kak B rpamyeckoM Buae, Tak U B 3NEKTPOHHbIX Tab-

nuuax.

| =10l x|
EOKE3 Loszs: (OB3-FPRED) **%2Z

9990,4514121 EB=,82270 Variance explained: 67,634%

Dep. war:
Final loss:

[

ontinue...

Bl B2 B3
-54,3330 ,210350 -,000265

4934 ,503

Puc.7.15. Pe3ynbmamel pacdema Ko3aghguyueHmos pe2pecCcuoHHouU modesiu
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7. KOMIBbKOTEPHBIE METObl CTATUCTUYECKOU OBPABOTKM ...

E’j Graph1: Model: KOKS=b0+b1*SLAG+b2*SLAG™ 2+ b3*SLA 0] x|
_Continue... | Model: KOKS=h0+h1*SLAG+h2*SLAG 2+ hI*SLAG"S
y=(4984 B)+(-54. 3330 (0. 21 0357562+ (-0, 000 26547503
4E0

450 |

440 |

430 ¢

420 |

KOkS

410 ¢

400 |

3490

380

370 L : : : : : : :
220 230 240 250 260 270 280 290
SLAG

Puc.7.16. [ paghuk pesynbmupyrow,el peapecCUoHHOU Kpueod,
HarsloxeHHou Ha HabrrodaeMble UCXO00Hble OaHHbIe

CHauyana anga oueHKM afgekBaTHOCTU MOAENW fyylle BCEero UCnonb3oBaTb BU3Y-
anbHble MEeToAbl N 3aTeM, ecnun noTpebyeTcs, NepPenTn K CTaTUCTUYECKUM. Haxxmem KHon-
Ky Normal Probability plot of residuals (l'paghuk ocmamkoe Ha HopmasibHOU 8epPOSIMHOCM-
Holu bymaeze), n BblbpaHHas 3aBUCMMOCTbL MOSIBUTCA Ha 3KpaHe B OTAENbHOM OKHE (pwuc.
7.17). N3 rpadmka ocTaTKOB Ha HOpMasnbHOM BEPOSATHOCTHON Bymare BUOHO, YTO OHWM JOC-
TaTOYHO XOPOLLO foXaTCA Ha MNpPsIMylo, KOTOpasi COOTBETCTBYET HOPMasrlbHOMY 3aKOHY
pacnpegeneHus. [loaTomy runoTesa o HoOpManbHOM pacrnpegeneHuy owmnboK NpuHMMaeT-
cs.

[anee HaxmeM kHonky Predicted vs. residual values (PacrnpedeneHue ocmamkos),
N Ha 3KpaHe nosaABuTCA rpaduk cnegyrowero suga (puc. 7.18). M3 atoro rpacdumka BuMaHo,
4YTO OCTaTKM XaOTUYHO pas3bpocaHbl Ha NMIOCKOCTU N B UX MOBEOEHUN HET 3aKOHOMEPHO-
cten. HeT ocHoBaHMSA roBOpUTb, YTO OCTATKM KOppPENupoBaHbl Mexay cobon. Cnegosa-
TEeNbHO, MOXHO 3aKNYnUTb, YTO PErpeccuoHHasl Mogenb AOCTaTOMHO aJeKBaTHO OMUChI-

BaeT AJaHHbIE.
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7. KOMIMbKOTEPHBIE METObl CTATUCTUYECKOUN OBPABOTKU ...

_ MR

Continue... | Narrmal Probability Plot of Residuals

3

Expected Maormal Yalue

-30 -20 -10 ] 10 20 30
Residuals

Puc.7.17. paghuk ocmamkoe Ha HopMarsibHOU 8epOsImHOCMHoOU bymaze

- 0| x|
M Predicted versus Residual Walues
30
20F
L+ o = o
o o = ==
o g o ° =
10 ¢ 2 8 & = o o
w ) 00 o o o b
[k}
= & B3 S Ul ¥ X & o %
= 1] o o o, < =) o
m &= o o o
= o e o o]
= o @ & g 7
a
.10} 2 o S s o o
o &
% S 5 & - or ¥ o
-20 o b
o i
-30 . L : ) - : L
380 3490 400 410 420 430 440 4510 460

Predicted Walues

Puc.7.18. PacnipedernieHue ocmamko8 Ha riockocmu
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7. KOMIBbKOTEPHBIE METObl CTATUCTUYECKOU OBPABOTKM ...

KoHmponbHbie eonpocsi

Kakune npemMmyLiectBa AaeT 3KCNnepMMeHTaTopy WChnosib3oBaHMEe CcpeacTtB BbIYUCIIN-

TernbHOWN TEXHUKN?

KakoBbl BO3MOXHOCTM COBPEMEHHbLIX MporpaMM Mo obpaboTke 3aKCnepUMeEHTanbHbIX

JaHHbIX?
Ha kakux npuHumMnax ocHoBaHa OpraHM3aumnsi COBPEMEHHbIX CTaTUCTUYECKMX NAKeTOB?

Kakum obGpasom peluaeTca 3agadya no OLEHKe CTAaTUCTMYECKUX XapaKTepUCTUK C Mo-

MoLLbto nakeTta Microsoft Excel?

Kak opraHn3oBaHO B3auMogeucTBMe nonb3oBatens ¢ naketom Statistica? Kakue oc-

HOBHbIE MOAYJN OH B cebs BknovaeT?

Kak onpenenntb KO3dhdULMEHTBI YypaBHEHUSA perpeccuun, ncnonbays nakeT Statistica?
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NPUNOXEHUE

Tabnuua N.1
HopmupoBaHHas yHKUMA HopManbHOro pacnpeaenenms (dpyHkumm Jlannaca)
2
A
d(z)=—— [e 2du
V21
Cotble gonun Z
V4 0 0,01 0,02 | 0,03 | 0,04 | 0,05 | 0,06 | 0,07 | 0,08 0,09

0,0 |0,50000,50400,5080|0,51200,5160|0,5199|0,5239|0,5279|0,5319| 0,5359

0,1 ]0,53980,5438|0,5478|0,55170,5557|0,5596 |0,5636|0,5675|0,5714 | 0,5753

0,2 |0,5793|0,5832|0,5871(0,5910|0,5948 |0,5987 | 0,6026 | 0,6064 | 0,6103 | 0,6141

0,3 ]0,6179/0,6217|0,6255|0,62930,6331|0,6368 |0,6406|0,6443|0,6480 | 0,6517

0,4 |0,6554|0,6591|0,6628|0,6664 |0,6700|0,6736|0,6772|0,6808 |0,6844 | 0,6879

0,5 |0,6915/0,6950(0,6985|0,70190,7054|0,7088 0,7123|0,7157|0,7190 | 0,7224

0,6 |0,7257|0,7291|0,7324|0,7357|0,7389|0,7422|0,7454|0,7486 |0,7517 | 0,7549

0,7 |0,7580|0,7611|0,7642|0,7673|0,7704 |0,7734|0,7764|0,7794 |0,7823 | 0,7852

0,8 |0,7881(0,7910|0,7939/|0,7967|0,7995|0,8023|0,8051|0,8078 |0,8106 | 0,8133

0,9 |0,8159/0,8186(0,8212|0,82380,8264 |0,8289(0,8315|0,8340|0,8365 | 0,8389

1,0 ]0,8413|0,8438|0,8461|0,8485|0,8508|0,8531|0,8554|0,8577|0,8599 | 0,8621

1,1 10,8643|0,8665|0,8686|0,8708|0,8729|0,8749|0,8770|0,8790|0,8810 | 0,8830

1,2 10,8849/0,8869|0,8888|0,8907 |0,8925|0,8944 |0,8962|0,8980 |0,8997 | 0,9015

1,3 10,9032|0,9049|0,9066 |0,9082|0,9099|0,9115/0,9131|0,9147|0,9162 | 0,9177

1,4 10,9192|0,9207|0,9222|0,9236|0,9251|0,9265|0,9279|0,9292 | 0,9306 | 0,9319

1,5 10,9332(0,9345|0,9357|0,9370|0,9382|0,9394 | 0,9406 | 0,9418 | 0,9429 | 0,9441

1,6 10,9452|0,9463|0,9474|0,9484 |0,9495|0,9505|0,9515|0,9525|0,9535| 0,9545

1,7 10,9554 10,9564 |0,9573|0,9582|0,9591|0,95990,9608 | 0,9616 | 0,9625 | 0,9633

1,8 10,9641 |0,9649|0,9656 | 0,9664 | 0,9671|0,9678 |0,9686 | 0,9693 | 0,9699 | 0,9706

1,9 10,9713|0,9719|0,9726|0,9732|0,9738|0,9744 | 0,9750|0,9756 | 0,9761 | 0,9767

2,0 |0,9772|0,9778|0,9783|0,9788|0,9793|0,9798 | 0,9803|0,9808 | 0,9812| 0,9817

2,1 10,9821/0,9826|0,9830|0,9834|0,9838|0,9842|0,9846|0,9850 | 0,9854 | 0,9857

2,2 10,9861/0,9864|0,9868|0,98710,9875|0,9878|0,9881|0,9884 | 0,9887 | 0,9890

2,3 10,9893/0,9896(0,9898|0,99010,9904 | 0,9906 |0,9909|0,9911|0,9913 | 0,9916

2,4 10,9918/0,99200,9922|0,9925|0,9927 |0,9929|0,9931|0,9932|0,9934 | 0,9936

2,5 10,9938/0,9940|0,9941(0,9943|0,9945|0,9946 | 0,9948 | 0,9949 | 0,9951 | 0,9952

2,6 10,9953/0,9955|0,9956|0,9957|0,9959|0,9960 |0,9961|0,9962 | 0,9963 | 0,9964

2,7 10,99650,9966|0,9967 |0,99680,9969|0,9970(0,9971|0,9972|0,9973 | 0,9974

2,8 10,9974|0,9975|0,9976|0,99770,9977|0,9978 | 0,9979|0,9979 | 0,9980 | 0,9981

2,9 10,99810,9982(0,9982|0,99830,9984 | 0,9984 |0,9985|0,9985 | 0,9986 | 0,9986

3,0 10,99870,9987|0,9987 |0,99880,9988 | 0,9989 [0,9989|0,9989 | 0,9990 | 0,9990

lNpumeyaHue. O(-z)=1-d(z)
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Tabnuua .2

KBaHTuUnu HOPpMUWPOBaAHHOIoO HOpMaJibHOro pacnpegeneHusa z, nopsaaka P

u2

1 z __
—— [e 2du=P
Pon s
Thica4Hble gonu P
P 0 1 2 3 4 5 6 7 8 9
1 2 3 4 5 6 7 8 9 10 11

0,50 0,000 0,003 0,005 0,008 0,010 0,013 0,015 0,018 0,020 0,023

0,51 0,025 0,028 0,030 0,033 0,035 0,038 0,040 0,043 0,045 0,048

0,52 0,050 0,053 0,055 0,058 0,060 0,063 0,065 0,068 0,070 0,073

0,53 0,075 0,078 0,080 0,083 0,085 0,088 0,090 0,093 0,095 0,098

0,54 0,100 0,103 0,105 0,108 0,111 0,113 0,116 0,118 0,121 0,123

0,55 0,126 0,128 0,131 0,133 0,136 0,138 0,141 0,143 0,146 0,148

0,56 0,151 0,154 0,156 0,159 0,161 0,164 0,166 0,169 0,171 0,174

0,57 0,176 0,179 0,181 0,184 0,187 0,189 0,192 0,194 0,197 0,199

0,58 0,202 0,204 0,207 0,210 0,212 0,215 0,217 0,220 0,222 0,225

0,59 0,228 0,230 0,233 0,235 0,238 0,240 0,243 0,246 0,248 0,251

0,60 0,253 0,256 0,259 0,261 0,264 0,266 0,269 0,272 0,274 0,277

0,61 0,279 0,282 0,285 0,287 0,290 0,292 0,295 0,298 0,300 0,303

0,62 0,305 0,308 0,311 0,313 0,316 0,319 0,321 0,324 0,327 0,329

0,63 0,332 0,335 0,337 0,340 0,342 0,345 0,348 0,350 0,353 0,356

0,64 0,358 0,361 0,364 0,366 0,369 0,372 0,375 0,377 0,380 0,383

0,65 0,385 0,388 0,391 0,393 0,396 0,399 0,402 0,404 0,407 0,410

0,66 0,412 0,415 0,418 0,421 0,423 0,426 0,429 0,432 0,434 0,437

0,67 0,440 0,443 0,445 0,448 0,451 0,454 0,457 0,459 0,462 0,465

0,68 0,468 0,470 0,473 0,476 0,479 0,482 0,485 0,487 0,490 0,493

0,69 0,496 0,499 0,502 0,504 0,507 0,510 0,513 0,516 0,519 0,522

0,70 0,524 0,527 0,530 0,533 0,536 0,539 0,542 0,545 0,548 0,550

0,71 0,553 0,556 0,559 0,562 0,565 0,568 0,571 0,574 0,577 0,580

0,72 0,583 0,586 0,589 0,592 0,595 0,598 0,601 0,604 0,607 0,610

0,73 0,613 0,616 0,619 0,622 0,625 0,628 0,631 0,634 0,637 0,640

0,74 0,643 0,646 0,650 0,653 0,656 0,659 0,662 0,665 0,668 0,671

0,75 0,674 0,678 0,681 0,684 0,687 0,690 0,693 0,697 0,700 0,703

0,76 0,706 0,710 0,713 0,716 0,719 0,722 0,726 0,729 0,732 0,736

0,77 0,739 0,742 0,745 0,749 0,752 0,755 0,759 0,762 0,765 0,769

0,78 0,772 0,776 0,779 0,782 0,786 0,789 0,793 0,796 0,800 0,803

0,79 0,806 0,810 0,813 0,817 0,820 0,824 0,827 0,831 0,834 0,838
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OkoHyaHue mabn. 1.2

1 2 3 4 5 6 7 8 9 10 11

0,80 0,842 0,845 0,849 0,852 0,856 0,860 0,863 0,867 0,871 0,874

0,81 0,878 0,882 0,885 0,889 0,893 0,896 0,900 0,904 0,908 0,912

0,82 0,915 0,919 0,923 0,927 0,931 0,935 0,938 0,942 0,946 0,950

0,83 0,954 0,958 0,962 0,966 0,970 0,974 0,978 0,982 0,986 0,990

0,84 0,994 0,999 1,003 1,007 1,011 1,015 1,019 1,024 1,028 1,032

0,85 1,036 1,041 1,045 1,049 1,054 1,058 1,063 1,067 1,071 1,076

0,86 1,080 1,085 1,089 1,094 1,098 1,103 1,108 1,112 1,117 1,122

0,87 1,126 1,131 1,136 1,141 1,146 1,150 1,155 1,160 1,165 1,170

0,88 1,175 1,180 1,185 1,190 1,195 1,200 1,206 1,211 1,216 1,221

0,89 1,227 1,232 1,237 1,243 1,248 1,254 1,259 1,265 1,270 1,276

0,90 1,282 1,287 1,293 1,299 1,305 1,311 1,317 1,323 1,329 1,335

0,91 1,341 1,347 1,353 1,359 1,366 1,372 1,379 1,385 1,392 1,398

0,92 1,405 1,412 1,419 1,426 1,433 1,440 1,447 1,454 1,461 1,468

0,93 1,476 1,483 1,491 1,499 1,506 1,514 1,522 1,530 1,538 1,546

0,94 1,555 1,563 1,572 1,580 1,589 1,598 1,607 1,616 1,626 1,635

0,95 1,645 1,655 1,665 1,675 1,685 1,695 1,706 1,717 1,728 1,739

0,96 1,751 1,762 1,774 1,787 1,799 1,812 1,825 1,838 1,852 1,866

0,97 1,881 1,896 1,911 1,927 1,943 1,960 1,977 1,995 2,014 2,034

0,98 2,054 2,075 2,097 2,120 2,144 2,170 2,197 2,226 2,257 2,290

0,99 2,326 2,366 2,409 2,457 2,512 2,576 2,652 2,748 2,878 3,090

lNpumeyaHue. Z4.p= —Zp
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Tabnuua N.3

KBaHTUNu ;(j,m pacnpegenenus NupcoHa ()(2 pacnpegeneHus)

B 3aBUCUMOCTU OT YPOBHA 3HAYNMOCTU o U YMUCna cteneHen ceoboabl m

3

o

0,995

0,99

0,975

0,95

0,9

0,5

0,1

0,05

0,025

0,01

0,005

0,0000

0,0001

0,0009

0,0039

0,016

0,455

2,706

3,841

5,024

6,635

7,879

0,010

0,020

0,051

0,103

0,211

1,386

4,605

5,991

7,378

9,210

10,60

0,072

0,115

0,216

0,352

0,584

2,366

6,251

7,815

9,348

11,34

12,84

0,207

0,297

0,484

0,711

1,064

3,357

7,779

9,488

11,14

13,28

14,86

0,412

0,554

0,831

1,145

1,610

4,351

9,236

11,07

12,83

15,09

16,75

0,676

0,872

1,237

1,635

2,204

5,348

10,64

12,59

14,45

16,81

18,55

0,989

1,239

1,690

2,167

2,833

6,346

12,02

14,07

16,01

18,48

20,28

1,344

1,647

2,180

2,733

3,490

7,344

13,36

15,51

17,53

20,09

21,95

O OINOO|O[R|WIN|—~

1,735

2,088

2,700

3,325

4,168

8,343

14,68

16,92

19,02

21,67

23,59

2,156

2,558

3,247

3,940

4,865

9,342

15,99

18,31

20,48

23,21

25,19

2,603

3,053

3,816

4,575

5,578

10,34

17,28

19,68

21,92

24,73

26,76

3,074

3,571

4,404

5,226

6,304

11,34

18,55

21,03

23,34

26,22

28,30

3,565

4,107

5,009

5,892

7,041

12,34

19,81

22,36

24,74

27,69

29,82

4,075

4,660

5,629

6,571

7,790

13,34

21,06

23,68

26,12

29,14

31,32

4,601

5,229

6,262

7,261

8,547

14,34

22,31

25,00

27,49

30,58

32,80

5,142

5,812

6,908

7,962

9,312

15,34

23,54

26,30

28,85

32,00

34,27

5,697

6,408

7,564

8,672

10,09

16,34

24,77

27,59

30,19

33,41

35,72

6,265

7,015

8,231

9,390

10,86

17,34

25,99

28,87

31,53

34,81

37,16

6,844

7,633

8,907

10,12

11,65

18,34

27,20

30,14

32,85

36,19

38,58

7,434

8,260

9,591

10,85

12,44

19,34

28,41

31,41

34,17

37,57

40,00

8,034

8,897

10,28

11,59

13,24

20,34

29,62

32,67

35,48

38,93

41,40

8,643

9,542

10,98

12,34

14,04

21,34

30,81

33,92

36,78

40,29

42,80

9,260

10,196

11,69

13,09

14,85

22,34

32,01

35,17

38,08

41,64

44,18

9,886

10,856

12,40

13,85

15,66

23,34

33,20

36,42

39,36

42,98

45,56

10,520

11,524

13,12

14,61

16,47

24,34

34,38

37,65

40,65

44,31

46,93

11,160

12,198

13,84

15,38

17,29

25,34

35,56

38,89

41,92

45,64

48,29

11,808

12,878

14,57

16,15

18,11

26,34

36,74

40,11

43,19

46,96

49,65

12,461

13,565

15,31

16,93

18,94

27,34

37,92

41,34

44,46

48,28

50,99

13,121

14,256

16,05

17,71

19,77

28,34

39,09

42,56

45,72

49,59

52,34

13,787

14,953

16,79

18,49

20,60

29,34

40,26

43,77

46,98

50,89

53,67

20,707

22,164

24,43

26,51

29,05

39,34

51,81

55,76

59,34

63,69

66,77

27,991

29,707

32,36

34,76

37,69

49,33

63,17

67,50

71,42

76,15

79,49

35,534

37,485

40,48

43,19

46,46

59,33

74,40

79,08

83,30

88,38

91,95

43,275

45,442

48,76

51,74

55,33

69,33

85,53

90,53

95,02

100,4

104,2

51,172

53,540

57,15

60,39

64,28

79,33

96,58

101,9

106,6

112,3

116,3

59,196

61,754

65,65

69,13

73,29

89,33

107,6

113,1

118,1

124,1

128,3

67,328

70,065

74,22

77,93

82,36

99,33

118,5

124,3

129,6

135,8

140,2

lMpumeyarue. Ana m>100

1
Xom ™ 5 (Z oy + V2m—1)?
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Tabnuua N.4
KBaHTunu F pacnpegeneHus duwepa (F-pacnpegeneHus)

a,my,m,

Ans ypoBHs 3HaymmocTtn a.=0,05 B 3aBUCMMOCTHM OT YucCria cTeneHen
csoboabl munm;

m i
1 2 3 4 5 6 7 8 9 10 | 12 | 15 | 30 | 40 | 60 | 120

3

161,4|199,5(215,7|224,6/230,2|234,0|236,8|238,9|240,5|241,9|243,9|245,9|250,1|251,1(252,2|253,3

18,5(19,0(19,1]19,2119,3|19,3|19,3(19,3|19,3(19,4|19,4|19,4/19,4|19,4(19,4|19,4

10,119,55(9,2819,1219,01|8,94|8,89|8,85|8,81|8,79|8,74 8,70 |8,62|8,59 | 8,57 | 8,55

7,7116,9416,59|6,39|6,26 | 6,16 (6,09 | 6,04 |6,00|5,96 | 5,91 |5,86|5,75|5,72|5,69 | 5,66

6,61/5,79|5,41|5,19|5,05|4,95(4,88|4,82|4,77|4,74|4,68|4,62|4,50(4,46|4,43|4,40

599(5,1414,76 | 4,53 4,39 (4,28 (4,21|4,15]4,10|4,06 | 4,00 | 3,94 | 3,81 (3,77 | 3,74 | 3,70

5,5914,7414,35|4,12|3,97 3,87 |3,79|3,73 3,68 | 3,64 | 3,57 | 3,51|3,38| 3,34 | 3,30 | 3,27

5,3214,46|4,07|3,84|3,69|3,58(3,50|3,44 |3,39|3,35|3,28 |3,22|3,08 3,04 |3,01|2,97

5,1214,26|3,86|3,63|3,48|3,37(3,29|3,23|3,18|3,14|3,07|3,01|2,86|2,83|2,79|2,75

4,96 |4,10|3,71|3,48|3,33|3,22|3,14|3,07|3,02|2,98|2,91|2,85|2,70|2,66 | 2,62 | 2,58

4,84 13,98 |3,59|3,36|3,20|3,09|3,01(2,95|2,90(2,85|2,79|2,72|2,57 2,53 |2,49|2,45

4,75|3,89/3,49|3,26|3,11|3,00|2,91|2,85|2,80(2,75|2,69|2,62|2,47|2,43|2,38|2,34

SInlZ|ale|e|Njo|jo|ldw|N(=

4,67|3,81/3,41|3,18|3,03|2,92|2,83|2,77|2,71|2,67|2,60|2,53|2,38|2,34|2,30|2,25

—_
SN

4,60|3,74|3,34|3,11(2,96|2,85|2,76 2,70 |2,65|2,60|2,53 2,46 |2,31|2,27 |2,22|2,18

—_
()]

4,54 13,68 |3,29|3,06(2,90|2,79|2,71|2,64|2,59(2,54|2,48|2,40|2,25|2,20 (2,16 | 2,11

—_
o

4,49|3,63|3,24|3,01(2,85|2,74|2,66|2,59|2,54(2,49|2,42|2,35|2,19|2,15|2,11| 2,06

N
~

4,4513,59|3,20(2,96|2,81|2,70|2,61|2,55|2,49(2,45|2,38|2,31/2,15|2,10 (2,06 | 2,01

—_
o

4,41|3,55|3,16(2,93|2,77|2,66 |2,58 |2,51|2,46 2,41|2,34|2,27 |2,11|2,06 |2,02|1,97

—_
©

4,3813,52|13,13(2,90(2,74|2,63|2,54|2,48|2,42|2,38|2,31|2,23|2,07|2,03|1,98|1,93

N
o

4,35|3,49|3,10(2,87|2,71|2,60|2,51|2,45|2,39(2,35|2,28|2,20|2,04|1,99|1,95|1,90

N
-

4,3213,47|3,07|2,84|2,68|2,57|2,49|2,42|2,37(2,3212,25|2,18|2,01|1,96|1,92|1,87

N
N

4,30|3,44|3,05|2,82|2,66|2,55|2,46|2,40|2,34(2,30|2,23|2,15/1,98|1,94 1,89 1,84

N
w

4,28 13,42 |3,03|2,80(2,64|2,53|2,44|2,37|2,32(2,27|2,20|2,13|1,96|1,91 (1,86 1,81

N
~

4,26|3,40(3,01|2,78|2,62|2,51|2,42|2,36|2,30(2,25|2,18|2,11|1,94|1,89(1,84|1,79

N
(¢}

4,24 13,39(2,99|2,76|2,60|2,49|2,40|2,34|2,28|2,2412,16|2,09|1,92|1,87 (1,82|1,77

N
»

4,2313,37(2,98(2,74|2,59|2,47|2,39|2,32|2,27 {2,22|2,15|2,07|1,90|1,85|1,80|1,75

N
~

4,2113,35(2,96|2,73|2,57|2,46 2,37 |2,31|2,25(2,20|2,13|2,06|1,88|1,84(1,79|1,73

N
(oo}

4,2013,34(2,95|2,71(2,56|2,45|2,36 |2,29|2,24 (2,19|2,12|2,04 /11,87 1,82 (1,77 | 1,71

N
©

4,1813,33/12,93|2,70(2,55|2,43|2,35|2,28|2,22|2,18|2,10]2,03|1,85|1,81(1,75|1,70

w
o

4,1713,3212,92(2,69|2,53|2,42|2,33|2,27|2,21(2,16|2,09|2,01|1,84|1,79(1,74|1,68

D
o

4,08|3,23(2,84|2,61|2,45|2,34|2,25|2,18|2,12(2,08|2,00|1,92|1,74|1,69|1,64|1,58

()]
o

4,00|3,15|2,76|2,53|2,37|2,25|2,17|2,10|2,04 (1,991,921 1,84 |1,65|1,59|1,53|1,47

120(3,92|3,07(2,68|2,45|2,29/2,18|2,09(2,02|/1,96|1,91|1,83|1,75|1,55|1,50|1,43|1,35
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Tabnuuya N.5
Keantunu £, , pacnpepeneHus ®duwepa (F-pacnpenenexns)

a,m;,m
ANS YPOBHA 3HAYMMOCTHU a=0,025 B 3aBUCHMOCTU OT YMCra CTENEHEN
csoboabl munm;

m 1
1 2 3 4 5 6 7 8 9 10 | 12 | 15 | 30 | 40 | 60 | 120

3

647,8|799,5|864,2(899,6|/921,8|937,1/948,2(956,6|963,3|968,6976,7984,9| 1001 | 1006 | 1010 | 1014

38,5|39,0|39,1/39,2|39,3/39,3/39,3/39,3/39,3/39,4|39,4|39,4|39,4|39,4|39,4|39,4

17,4116,0|154|15,1|14,8|14,7|14,6|14,5|14,414,4|14,3|14,2(14,0/14,0/13,9|13,9

12,2110,6 9,98 19,60|9,36|9,20|9,07|8,98|8,90|8,84|8,75|8,66 | 8,46 | 8,41 | 8,36 | 8,31

10,0|8,43|7,76|7,39|7,15|6,98 |6,85|6,76 6,68 | 6,62 |6,52 | 6,43 6,23 6,18 6,12 |6,07

8,81|7,26|6,60|6,23|5,99|5,82|5,70|5,60|5,52|5,46|5,37|5,27|5,07| 5,01 4,96 | 4,90

8,07 (6,54 |5,89|5,52|5,29|5,12 4,99 4,90 | 4,82 4,76 |4,67 | 4,57 | 4,36 |4,31|4,25|4,20

7,5716,06|5,42|5,05|4,82|4,65|4,53|4,43|4,36|4,30|4,20|4,10|3,89|3,84|3,78|3,73

OO IN|O|N|[A|W|IN|—

7,21(5,7115,08|4,72|4,48|4,32|4,20|4,10|4,03|3,96|3,87|3,77 | 3,56 | 3,51 | 3,45 | 3,39

10 16,94 /5,46 |4,83 (4,47 4,24 14,07|3,95|3,85|3,78|3,72|3,62|3,52|3,31|3,26|3,20 | 3,14

11 |6,72|5,26|4,63|4,28|4,04|3,88|3,76|3,66|3,59|3,53|3,43|3,33|3,12|3,06|3,00|2,94

12 16,65|5,10|4,47 |4,12|3,89|3,73|3,61|3,51|3,44|3,37|3,28|3,18|2,96|2,91|2,85|2,79

13 [6,41|4,9714,35|4,00|3,77|3,60|3,48|3,39|3,31|3,25|3,15|3,05|2,84|2,78|2,72 | 2,66

14 16,30 /4,86 4,24 |3,89|3,66|3,50|3,38|3,29|3,21|3,15|3,05/2,95|2,73|2,67 |2,61|2,55

15 [6,20|4,774,15|3,80|3,58 |3,41|3,29|3,20|3,12|3,06|2,96|2,86|2,64 |2,59|2,52 | 2,46

16 |16,12/4,69|4,08 3,73 |3,50|3,34|3,22|3,12|3,05|2,99|2,89|2,79|2,57|2,51|2,45|2,38

17 16,04 |4,62|4,01|3,66|3,44|3,28|3,16|3,06|2,98|2,92|2,82|2,72|2,50|2,44|2,38 |2,32

18 [(5,98|4,56|3,95|3,61|3,38|3,22|3,10|3,01|2,93|2,87 (2,77 2,67 |2,44|2,38|2,32|2,26

19 [5,9214,51|3,90|3,56|3,33|3,17|3,05|2,96|2,88|2,82|2,72|2,62|2,39|2,33|2,27 | 2,20

20 (5,87|4,46|3,86|3,51|3,29(3,13|3,01|2,91/2,84|2,77|2,68|2,57|2,35|2,29|2,22|2,16

21 |5,83|4,42/3,82|3,48|3,25|3,09|2,97|2,87|2,80|2,73|2,64|2,53|2,31|2,25|2,18|2,11

22 |5,79|14,38|3,78|3,44|3,22|3,05|2,93|2,84|2,76|2,70|2,60|2,50|2,27 |2,21|2,14 | 2,08

23 |5,75|4,35|3,75|3,41|3,18|3,02|2,90|2,81|2,73|2,67 |2,57|2,47|2,24|2,18|2,11|2,04

24 |5,7214,32|3,72|3,38|3,15(2,99|2,87 2,78 |2,70|2,64 |2,54|2,44|2,21|2,15|2,08 | 2,01

25 |5,69|4,29/3,69|3,35|3,13(2,97|2,85|2,75|2,68|2,61(2,51|2,41|2,18|2,12|2,05|1,98

26 |5,66|4,27|3,67|3,33(3,10(2,94|2,82|2,73|2,65|2,59|2,49|2,39|2,16|2,09|2,03|1,95

27 |5,63|4,24|3,65|3,31|3,08(2,92|2,80|2,71|2,63|2,57(2,47|2,36|2,13|2,07|2,00|1,93

28 |5,61|4,22|3,63|3,29|3,06(2,90|2,78|2,69|2,61|2,55(2,45|2,34|2,11|2,05|1,98 | 1,91

29 |5,5914,20|3,61|3,27|3,04|2,88|2,76|2,67|2,59|2,53|2,43|2,32|2,09|2,03|1,96| 1,89

30 |5,57|4,18|3,59|3,25|3,03|2,87|2,75|2,65|2,572,51|2,41|2,31(2,07|2,01|1,94 1,87

40 |5,42/4,05|3,46(3,13|2,90|2,74|2,62|2,53|2,45|2,39|2,29(2,18]1,94|1,88|1,80(1,72

60 (5,29|3,93/3,34|3,01|2,79(2,63|2,51|2,41|2,33|2,27(2,17|2,06|1,82|1,74|1,67 | 1,58

120 (5,15]3,80|3,23|2,89|2,67(2,52|2,39|2,30|2,22|2,16(2,05|1,94|1,69|1,61|1,53|1,43
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[1ByCTOpOHHME Npefens! ¢

a,m

Tabnuua 1.6

pacnpegenenus CtologeHTa (t-pacnpeneneHus)

B 3aBUCMMOCTU OT YPOBHA 3HAYMMOCTU o U YMUChna cTteneHen ceoboabl m

o

m 0,1 0,05 0,025 0,01 0,005
1 6,314 12,706 25,452 63,656 127,321
2 2,920 4,303 6,205 9,925 14,089
3 2,353 3,182 4177 5,841 7,453
4 2,132 2,776 3,495 4,604 5,598
5 2,015 2,571 3,163 4,032 4,773
6 1,943 2,447 2,969 3,707 4,317
7 1,895 2,365 2,841 3,499 4,029
8 1,860 2,306 2,752 3,355 3,833
9 1,833 2,262 2,685 3,250 3,690
10 1,812 2,228 2,634 3,169 3,581
11 1,796 2,201 2,593 3,106 3,497
12 1,782 2,179 2,560 3,055 3,428
13 1,771 2,160 2,533 3,012 3,372
14 1,761 2,145 2,510 2,977 3,326
15 1,753 2,131 2,490 2,947 3,286
16 1,746 2,120 2,473 2,921 3,252
17 1,740 2,110 2,458 2,898 3,222
18 1,734 2,101 2,445 2,878 3,197
19 1,729 2,093 2,433 2,861 3,174
20 1,725 2,086 2,423 2,845 3,153
21 1,721 2,080 2,414 2,831 3,135
22 1,717 2,074 2,405 2,819 3,119
23 1,714 2,069 2,398 2,807 3,104
24 1,711 2,064 2,391 2,797 3,091
25 1,708 2,060 2,385 2,787 3,078
26 1,706 2,056 2,379 2,779 3,067
27 1,703 2,052 2,373 2,771 3,057
28 1,701 2,048 2,368 2,763 3,047
29 1,699 2,045 2,364 2,756 3,038
30 1,697 2,042 2,360 2,750 3,030
40 1,684 2,021 2,329 2,704 2,971
60 1,671 2,000 2,299 2,660 2,915
120 1,658 1,980 2,270 2,617 2,860
500 1,648 1,965 2,248 2,586 2,820
lNpumeyaHuue. Anam>500 ¢, =~Z

a,m

p=l-al2
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Tabnuua IN.7

KpuTtuyeckume 3HayeHms kputepus H.B. CmupHoBa Uy, B 3aBUCMMOCTHM OT

ob6bema BbIGOPKN N 1 YPOBHSA 3HAYMMOCTU O

u(ln
n =010 a=0,05 a=0,01
3 115 115 115
4 1,42 1,46 1,49
5 1,60 1,67 1,75
6 173 1,82 1.94
7 1,83 1,04 210
8 1,01 203 222
9 1,98 211 232
10 203 218 2 41
11 209 223 248
12 213 229 255
13 217 233 261
14 221 237 266
15 225 2 41 270
16 228 2 44 275
17 231 248 278
18 234 250 282
19 236 253 285
20 238 253 288
21 2 41 258 291
22 243 260 294
23 245 262 296
24 2 47 2 64 299
25 2 49 266 3.01

253



Tabnuua .8

KoadhdmumneHTbl [JMkcoHa B 3aBUCMMOCTU OT 06beMa BbIOOPKK N

N YPOBHS1 3HAYMMOCTU A

n a=0,10 a=0,05 a=0,01 a = 0,005 CraTuctuka
3 0,886 0,941 0,988 0,994

4 0,679 0,765 0,889 0,926

5 0,557 0,642 0,780 0,821 ro
6 0,482 0,560 0,698 0,740

7 0,434 0,507 0,637 0,680

8 0,479 0,554 0,683 0,725

9 0,441 0,512 0,635 0,677 r
10 0,409 0,477 0,597 0,639

4 0,935 0,967 0,992 0,996

5 0,782 0,845 0,929 0,950

6 0,670 0,736 0,836 0,865

7 0,596 0,661 0,778 0,814 20
8 0,545 0,607 0,710 0,746

9 0,505 0,565 0,667 0,700

10 0,474 0,531 0,632 0,664

11 0,517 0,576 0,679 0,713

12 0,490 0,546 0,642 0,675 21
13 0,467 0,521 0,615 0,649

14 0,492 0,546 0,641 0,674

15 0,472 0,525 0,616 0,647

16 0,454 0,507 0,595 0,624

17 0,438 0,490 0,577 0,605

18 0,424 0,475 0,561 0,589

19 0,412 0,462 0,547 0,575

20 0,401 0,450 0,535 0,562

21 0,391 0,440 0,524 0,551

22 0,382 0,430 0,514 0,541 oo
23 0,374 0,421 0,505 0,532

24 0,367 0,413 0,497 0,524

25 0,360 0,406 0,489 0,516

26 0,354 0,399 0,486 0,508

27 0,348 0,393 0,475 0,501

28 0,342 0,387 0,469 0,495

29 0,337 0,381 0,463 0,489

30 0,332 0,376 0,457 0,483
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8G¢

KBaHTunm G

a,my,m

. pacnpenerneHus KoxpeHa Afisi ypoBHS 3Ha4MMOCTH

a = 0,05 B 3aBMCMMOCTM OT YKcna cTeneHem ceodboabl m, u m,

Tabnuua N.9

m

7

10

16

36

144

0,9985

0,9750

0,9392

0,9057

0,8772

0,8534

0,8333

0,8159

0,8010

0,7880

0,7341

0,6602

0,5813

0,9669

0,8709

0,7977

0,7457

0,7071

0,6771

0,6530

0,6333

0,6167

0,6025

0,5466

0,4748

0,4031

0,9065

0,7679

0,6841

0,6287

0,5895

0,5598

0,5365

0,5175

0,5017

0,4884

0,4366

0,3720

0,3093

0,8412

0,6838

0,5981

0,5441

0,5065

0,4783

0,4564

0,4387

0,4241

0,4118

0,3645

0,3066

0,2513

0,7808

0,6161

0,5321

0,4803

0,4447

0,4184

0,3980

0,3817

0,3682
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Tabnuua NM.10
Kputnyeckne 3HauveHnsa kputepusa Konmoroposa-CmupHoBa

n Do,10 Do,0s n Do,10 Do,0s
3 0,636 0,708 23 0,247 0,275
4 0,565 0,624 24 0,242 0,269
5 0,509 0,563 25 0,238 0,264
6 0,468 0,519 26 0,233 0,259
7 0,436 0,483 27 0,229 0,254
8 0,410 0,454 28 0,225 0,250
9 0,387 0,430 29 0,221 0,246
10 0,369 0,409 30 0,218 0,242
11 0,352 0,391 31 0,214 0,238
12 0,338 0,375 32 0,211 0,234
13 0,325 0,361 33 0,208 0,231
14 0,314 0,349 34 0,205 0,227
15 0,304 0,338 35 0,202 0,224
16 0,295 0,327 36 0,199 0,221
17 0,286 0,318 37 0,196 0,218
18 0,278 0,309 38 0,194 0,215
19 0,271 0,301 39 0,191 0,213
20 0,265 0,294 40 0,189 0,210
21 0,259 0,287 50 0,170 0,177
22 0,253 0,281 100 0,121 0,134
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