.
Kacl:ep,p.a 109/1eKTPOHUKA»

. J1IeKLMOHHbDbIN KYypC

ABTOpbI

LLlokoBa IO.A.,
3Be3auHa M.IO.



YnpasneHue gUCTaHUMOHHOIO O6y‘-IeHVIFI M nosbllleHnA KBaﬂMCI)MKaLI,MM

AHHOTaUMA

JTeKUMOHHbIN KypC NpeaHa3HayeH A1a CTYAEeHTOB 2 Kypca,

obyuatowmxca no cneymanobHoctn 11.03.01 PagmoTtexHmKa.

ABTOpbI

/‘\\
\

\.

\
A\
3Be3auHa MapuHa

IOpbeBHa —

AOKTOP ®U3UKO-

MATEMATUYHECKUX HAVYK,

LOOLEHT, NPO®ECCOP
KADEAPDI

«PAOUOINEKTPOHUKA»

LLlokoBa KOnus
AnekcaHppoBHa —

KAHOUOAT ®UIUKO-
MATEMATUYECKUX HAVYK,
[OOLEHT, OLEHT KA®EAPDI
«PAQMO3/TEKTPOHUKA»




YnpaBneHne AUCTaHUMOHHOIO 06y4eHMA 1 NOBbILWEHNA KBaANDUKALUM

O6paboTKa aKCNepUMeHTaIbHbIX AaHHbIX

COAEPXAHUE
1 9KcnepuMmeHTanbHble AaHHbIE KaK NPeAMET UCCACA0BAHMUA ...uvreeieriiensirncrassrsesrassranssans 5
1.1 Knaccudurkaums BUAOB SKCNEPUMEHTANbHBIX UCCAEA0BAHMUM....vvvvrerrrrrerererarersrerararsneranes 5
1.2 Tunbl U3MEPEHUIN N N3MEPAEMBIX QUINUECKUX BESTUUMH ...vvvveeeeeeeeerienreeeeeeeesenennnneeeeeens 7
1.3 TUNbl NOrPELLHOCTEN U3MEPEHMM N NX OLLEHKM .eevveeeeeeeieieireeeeeeeeeeienrenneesasseessnnnnnneeeseens 8
2 XapaKTepuCcTuKa AaHHbIX BbIDOPKU U reHepasibHOM COBOKYMHOCTM ..ceueeeiirennsssnrrenssssnnens 13
2.1 MPUHUMNBI NOAOO0PA BBIDOPKM cecveeiiiieiiiiieeeesiiieeessiieeeessseeeessssseeeessssseeeesssseeessnseeessanns 13
2.2 TUCTOTPAMMA N NMOJSTUTOH HACTOT uieaeeeiereeeeeseseee s s esese s s esese s s s s s e s sesesesesesesesasaaasasasasasnes 14
2.3 MNapameTpbl pacnpegeneHma n ux BINAHNE Ha BUA KPUBOM pacnpeseneHms ... ... 18

3 OCHOBHbIE 3aKOHbI pacnpeaeneHns, NpumeHAemMble Npu 06paboTKe faHHbIX HAYYHOTO

KO PUIMEHT . ceueenienienienttasrastastessrastassasssssssssassasssssssssassassssssassassassssssassassassssssassassasssnssns 22
3.1 HOPMANIbHOE PACTIPEAEIIEHME .ccevvruuueeeeeeeeetttuiieeeeeeeeeettsnnsasaeseessesssnnaeeseesesssssnnnaseeeeerenes 22
3.2 PABHOMEPHOE PACTIPEAEIEHME .cvvvueueeeeeeeeeeeiitiieeeeeeeerstesnnaaaseeeeeseestsnaaseseeessssssnnnaseseessenns 23
3.3 JlorapupmMmUYECKN HOPMANIBHOE PACTIPEAETIEHUE «..eeeeeeeeeeeeeeeeeeeeeereeeeeseseeeseseseseseseseseens 24
3.4 DKCMOHEHUMANIBHOE PACTIPEACIEHME. ... eeeeee e e sese s e sesesese s s e sesesesese s e s s s senenanes 26
3.5 PacnpeaeNeHNE BEIBYIIMIA c...uuiiiiiiiiieiiiiiee e esitee ettt e e siae e e s ate e e s s abe e e e s saaaee e s snabaeeesnnns 27

4 OnpepeneHune 3aKOoHa pacnpegeneHusn no sbibopke. lpaduueckne cnocobbl................ 30
4.1 OnpepeneHune 3aKOHa pacnpeseneHNA No BbIGOPOUHBIM AAHHDBIM .......ccveeeeerreenneenne 30

4.2 Buabl OTK/IOHEHUM OT TEOPETUYECKOTIO 3aKOHa pacnpeaeneHna Ha BEPOATHOCTHbIX

o[0T ) PRSPPI 31
N o o o T- 1011 | PP 32
N O R O I o =T 1 1 RPN 33
4.5 NHTepnpeTaumna BEPOATHOCTHBIX TPAPUKOB ......cceevveeeeeeeeieiieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 34
5 OnpepeneHue 3aKOHa pacnpegeneHus no BbibopKe. Kputepum cornacus.......cceeeeeeennees 37
5.1 061Nt anropmuTM NPOBEPKM CTATUCTUHECKUX TUMOTES .uuuvvieeerirreeeerereeeessureeessnseeeesanns 37
5.2 KpUTEPUI COTNACUA KONIMOTOPOBA...ciiiiuiriieeeiiiieeesiiiieeeesireeesssieteeessssseeeessssseeesssseeeessnns 39
5.3 KpUTEPUIM COTNACKA TTUPCOH .eeiiiuiiiieeiiiiiieeesitee e seiieeeessieeeessaeeesssaeeeeesnsaaeessnnseeeesnnns 41
6 PErPECCHOHHDINM QHAMMB. ... ieerrreneereenereennerenseressessessessassessasssssssssssssessnsssssnsessnssessnssssanne 44



YnpaBneHne AUCTaHUMOHHOIO 06y4eHMA 1 NOBbILWEHNA KBaANDUKALUM

O6paboTKa aKCNepUMeHTaIbHbIX AaHHbIX

6.1 O6LLME NOHATUA PETPECCUOHHOTO GHAMMBA cevvieeeeeiierrrrrereeeeeeieiisrrerereeeeeeiasssreeeeseeessenanns 44
6.2 PyHKUMA perpeccum B OAHOMEPHOM TMHEMHOM CIIYHAC .....eeruveereerreereenieeeneesireeneenns 45
6.3 MpoBepKa aieKBAaTHOCTU PEFPECCUOHHOM MOMEIIM ..ceeeeeeeeeeeeeeeeeeeeeieeeeesesesesesesesesesesenenns 49
7 KOPPENALMOHHDIN QHAMMB .ccuueieenrrennereenerenserenseressesssssesssssessasssssssessssssssnsssssssessssssssnnans 51
7.1 334242 KOPPEAALMOHHOTO QHANMMBA c.uuueieieieeeeeeeeeeeee s eeeeeese s e e se s e s s e s s s s s e se s e s e s s e s s senes 51
7.2 KnaccndmKaLma KOPPENALNOHHOM CBABM .eeeerurrrererrrreeeeenreeeessirneeessssseeeessssseessssssseesssnns 51
7.3 CBA3b C PErPECCUOHHBIM QHAMMIOM ..veneieeeeeee e e s s e se s e s e s e se s e s e s s e s e sneaes 54
7.4 TlpoBepKa CTaTUCTUHECKUX TUNOTE3 B KOPPENALMOHHOM QHATU3E...ccvveeeeiiieeeeeiieeenns 55
8 [INCTIEPCUOHHDIM QHAJIMB ...eeuuerenneerennereeneerenserenserensesssssesssssesssssssssssssnsssssnsesssssessassesannans 58
8.1 OCHOBHbIE MNOHATUA AUCMEPCUOHHOTO AHAMMBA .ceeviirunneieeeeereeeinniaeeseeererrrsnnaeeeeseseessnnnns 58
8.2 MeToAbl NPeABaAPUTENBHOM OLLEHKU AAHHDBIX ...ccceeeeereieeeeeeiieieeeeeeeeeeeeeeeeeeeseeseeeesseesesseeens 60
8.3 OgHOMEpPHDbIM 0AHODAKTOPHbLIN AUCNEPCUOHHDBIN AHAMMS coeeeeeeeieiiieeee e e cereee e, 60
8.4 MHOTOQaKTOPHbIA ANCMEPCUOHHDBIN QHAMMS ..uvvveeeeiiiieeeriireeeesieeeesssseeeeessnsaeessnsseeeesnnns 63
9 CNoco6bl NONYUEHUA IKCMEPTHDIX OLLEHOK .eevvriirirenesisirrnssssssrsssssssssssssssssssssssssssnssssssssnnes 65
9.1 O6lme cBefleHUA O METOAaX IKCMEPTHOM OLLEHKM ccovvvrrrrrreeeeeeeeiiirnreeeeeeeeseennsrsreeeeeeeens 65
9.2 METOODI TONMOCOBAHMEA ...ceeeeeeeiiiieieeeeeeeetetttuieeeseeerestssnnseeeeesersssnnnaeseesesssssnnnaeeesessssssnnnnn 65
9.3 METOAbI PAHMKMUPOBAHME ..ccevvvriinieeeeeeeeeitiiiieeeeeeeeeettsnnaseseeeseeessnnaaseeseessssmnnaaeseeessssssnnnnn 67
BOMPOCDI K BAUETY .euiuiieiienieecranioniocessiosiassessesssassasssssssssassassssssassassassssssassassssssassassasssnssnns 72
JTUTEPATYPA.....ceeeeeeeetunnnnnnnnnenasassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnes 73



YnpaBneHne AUCTaHUMOHHOIO 06y4eHMA 1 NOBbILWEHNA KBaANDUKALUM

O6paboTKa aKCNepUMeHTaIbHbIX AaHHbIX

1 9kcnepumMeHTarnbHble AaHHblIe KaK npeamMeT Uc-
cneaoBaHUA

1.1 Knaccudmkauma BuaoB aKCnepuMeHTarnbHbIX Uccre-
OOBaHUMN

NcTopryeckn crnoxmnock, Y4TO NO3HaHUE 3aKOHOB OKPYXatoLwero Mmmpa OCHOBbI-
Banocb Ha 0600LLeHnn 1 aHanu3e AaHHbIX, NONyYEeHHbIX B pe3ynbTate HabniogeHus
Unn akcnepumeHTa. HakonneHne 3HaHUM 06 OKpyXatollen npupoae v npupoaHbIX
ABNEHNAX Yepe3 IKCMEePUMEHT COCTaBNSET OTAENbHbIE SKCNEpPUMEHTarbHble pasae-
nbl HayK, HaNpuMMmep, CyLLeCTBYIOT (IU3nKa Kak TeopeTunyeckas, Tak U aKCnepumeH-
TanbHasa. HW ognH TeopeTU4ecknii 3akKOoH He MOXeT ObiTb NPUHAT, €Cln OH NPOTMBO-
peyYnT IKCNepuMeHTanbHbIM pesynbtatam. PaccmoTpum, yem HabnogeHne otnuya-
€TCS OT SKCMEPUMEHTA, U Kakne BUAbl 3KCNEPUMEHTOB ObiBatoT.

Ha6nrodeHuem Ha3biBaeTcs ¢riocob rnonyqyeHusi OaHHbIX, Npu KOmMopoM 803-
Oelicmeue HabroOamers Ha 0b6bekm c8e0eHO K MUHUMYMY. DKCMepuUMeHMOM -
HabnodeHue ¢ so30elicmeuem Ha HabriroOaeMbil 06bekm.

OKcnepuMeHTanbHble UccneaoBaHUss B COBPEMEHHOM Hayke 3akaH4MBaloTCA
npeacTaBneHnemM pesynbTaToB B Buae chopMynmpoBaHHbIX BbIBOLOB W Bblgavn pe-
komeHgauun. [laHHas vHopMauns MOXET BblpaXaTbCs B Buae rpadpukos, vyepTte-
Xen, Tabnuu, CTaTUCTUYECKNX LaHHbIX UM CNIOBECHbBIX OMMCaHWIA.

OKCNepuMeEHT npegnonaraeT NpoBedeHWe TeX UM UHbIX onbiToB. o onbi-
moM NOHUMAIOT 8ocripoussedeHuUe uccriedyeMoz20 s18J1eHUsT 8 orpeoesieHHbIX yCrio-
8USIX MpoBedeHUsT dKcriepuMeHma rpu 803MOXHOCMU peaucmpayuu e2o pe3yrib-
mamos.

Mo uenu nposegeHusa n hopme NpeacTaBrneHns NoyYeHHbIX pe3ynbTaToB AKC-
NEPUMEHT AENAT Ha KaYeCTBEHHbIN U KONTMYECTBEHHbIN.

KayecmeeHHbIlU akcriepuMeHmM ycmaHassiugaem moJsibKo caM ¢hakm cyule-
cmeogaHusi Kakoz20-1ubo siereHuUsl, HO rnpu 3mom He Oaem HUKaKuX KO/lu4ecmeeH-
HbIX xapakmepucmuk obbekma uccriedogaHul, T.e. Ka4eCTBEHHbIA SKCNEPUMEHT
npeaycMaTpmuBaeT TOSbKO CIOBECHOE ONMCaHWe ero pesynbTaTos.

[ns aHanu3a cBOMCTB 0O6bEKTA B MHbIX YCNOBUSX, @ Takke PopMynMpoBKe KO-
NINYECTBEHHbIX pekoMeHJaunn HeobxoanmMo MCrnonb3oBaTh AaHHbIE KO/IUYecmeeH-
HO20 3KcrnepuMeHma, KOTOPbIN He MmOJIbKO bukcupyem chakm cyu,ecmeogaHusi
moeao unu UHO20 S18/1eHUSI, HO U 0380s1siem ycmaHo8UMmMb COOMHOWeHUe MexQ0y Ko-
Jlu4ecCmeeHHbIMU XapakmepucmuKkamu 5181eHUs1 U KOSTU4eCme8eHHbIMU Xapakmepu-
cmukamu criocobos eHewHe20 8o30elicmeausi Ha 06bekm uccriedosaHudl.

KonuyecTBeHHbIN 3KCNEPMMEHT npegnoniaraeT KONMYeCcTBEHHOE ornpeaeneHune
BCEX TeX CNocobOB BHELUHEro BO3AENCTBUS Ha OOBbEKT MCCreaoBaHUsA, OT KOTOPbIX
3aBUCUT ero noBeaeHne — KONMYeCTBEHHOE OnucaHne Bcex (pakTopos.

®Pakmop - riepeMeHHasi eesiuduHa, o MpedrosiIoKeHUK efuswasl Ha pe-
3ynbmambl 3KCrepuMeHma.

Hanpumep, B kKayecTBe (pakToOpoB 3KCNEepUMEHTa Npu UCCreaoBaHUN yaernbHO-
ro COnpoTUBIEHNS NPOBOAHMKA MOXHO BblOpaTb BEMUYMHY TEMNepaTypbl OKpYXato-
LLien cpeapbl, ero Ka4eCTBEHHbIN COCTaB.
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B kaxxgom oTaenbHOM ornbiTe KaXabi U3 0akTopoB MOXET NpUHMMaTb O4HO U3
BO3MOXHbIX 3Ha4YeHU — ypoeeHb ¢hakmopa, T.e. huUKCUpOBaHHOE 3HavyeHue (hbak-
mopa omHocumesibHO Hadana omcdyema. PUKCUpoBaHHbIA Habop ypOBHeW BCeX
(PaKTOpPOB B KaXKAOM ONbITe onpefensieT 04HO M3 BO3MOXHbIX COCTOSIHMI OObekTa
nccnegoBaHUn.

Mpu npoBegeHUN ONbITOB MHOrOe 3aBUCUT OT TOrO, HAaCKOSTIbKO aKTUBHO 3KCne-
pUMEeHTaTOp MOXET BMeLLUMBaTbCA B UcCcrnegyemMoe ABrneHue, UMeeT N OH UNU HeT
BO3MOXHOCTb yCTaHaBNuBaTb Te€ YPOBHSA PaKTOPOB, KOTOPbIE NPeaCcTaBnAloT ANs He-
ro nHtepec. C aTon TOUKMN 3peHns Bce pakTopbl MOXHO pas3butb Ha Tpu rpynmnbi:

e KOHMpoOsiupyemMmbie U ynpasssieMble — 3T0 hakmopbl, Onsi KOMOpPbIX
MOXHO He MOJIbKO 3apeaucmpupogamsb UX ypo8eHb, HO euje U 3adamsb 8
KaxxOOM KOHKpemHOM oribime /11060e e20 803MOXHOe 3HayeHue;

e KOHMposupyemble, HO HeynpasssieMble haKkmopbl — 3TO hakmopsl,
YPO8HU KOMOPbLIX MOXHO MOJIbKO peaucmpuposams, a 3ad0amb 8 Kax-
OoMm oribime ux ornpedesieHHoe 3HadyeHue npakmu4yecKu He803MOXHO;

e HeKOHmpoJsiupyemble — 3TO (hakmopbl, YpPOBHU KOMOPbIX He peau-
cmpupyomcsi 3KcriepuMeHmamopoM U O CyuecmeosaHuu KOmopbIX OH
Oaxxe Moxxem u He rodo3pesame.

B KonvMyecTBEHHOM 3KCNEPUMEHTE HEOOXOAMMO He TONbKO PEerncTpupoBaTb
YPOBHU BCEX KOHTPONUPYEMbIX (PaKTOPOB, HO U UMETb BO3MOXHOCTb YyCTaHaBNnBaTb
KONUYeCcTBEHHOE OrnucaHue Toro CBoMCTBa (OTKMNKUKa) nccnenyemMoro siBfieHusi, KOTo-
poe n3y4vaeT aKcrnepumeHTaTtop. [ockonbKky Ha OOBLEKT uccrnegoBaHus B npouecce
SKCNepuvMeHTa Bcerga BNuaeT OrpOMHOE KONMMYECTBO HEKOHTPONMPYEMbIX (DaKTOpOB,
4YTO BHOCUT B MosiydaemMble pes3ynbTaTbl HEKOTOPbLIA dMNEeMeHT HeonpeaesieHHOCTH,
3Ha4yeHue OTKIIMKA B KaXXAOM KOHKPETHOM OnbITe HEBO3MOXHO Npecka3aTb 3apaHee.
B cBs3n ¢ 3aTuM BocnpousBedeHWe UccregyemMoro ABfeHus npuv OgHOM U TOM Xe
uKcMpoBaHHOM Habope ypOBHEN BCEX KOHTPONMpyembiX hakTopoB OyaeT npuBo-
OUTb K pasfiMyHbIM 3HAYEHUSIM OTKIIMKA, T.€. OTKMUK — 3TO Bcerga crnyyYanHas Benuv-
YUHbI.

Omknuk — Habnodaemas criydaluHasi 8efluduHa, Mo rpeodrosioXeHUo 3a8ucsi-
wasi om ¢hakmopos.

B pesynbTaTe KONMMYECTBEHHOro 3KCNepumMeHTa HeobXoaMMO HanTu 3aBUCK-
MOCTb MeXay OTKIIMKOM U bakTopamMn — ¢pyHKUUrO Oomksiuka. [aHHas yHKUmMS
Takke BbygeT cnyyYanHoW BENUYMHOM U €e MOXHO 3a4aTb OAHMM U3 NapamMeTpoB CBO-
ero pacnpeneneHus, HanpumMmep, MaTemMaTU4eCKUM OXUAAHNEM.

C yyeTOoM npuvBedeHHOro Bbile AeneHns (pakTopoB Ha Tpu rpynnbl OYHKUMIO
OTKIIMKA MOXHO B caMOM obLLem crnyvae 3anucaTb B BUAE:

My, = f(x;,h;)+e5, (1.

rae x; - KOHTPONUpPyeMbIe U yrnpaBnsemble dakTopbl;
h; -KOHTpONMpyeMble, HO HeynpaBnsemble PakTopbi;
€5 - OLUMOKa IKCNEepUMEHTa, yunTbiBaloLWas BMSHUE HEKOHTPONMPYEMbIX dhak-

TOPOB.
B 3aBvcumMoCTM OT TOro, Kakom rpynnov ¢pakTopoB pacnonaraet uccrenosa-
Tenb, KONMYECTBEHHbIN 3KCNEPUMEHT MOXHO pasgennTb ele Ha ABa Buaa:
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e faccueHbllU, Korga B pacnopsibkeHun uccriegoBaTenst HET yrnpaBnisieMblX
(hakTOpOB, YPOBHU (PAKTOPOB PErMCTPUPYIOTCS, HO HE 3a4al0TCH;

e aKmMueHbIlU, KOraa 3KCNEepUMEHTATOP MMEET BO3MOXHOCTb HE TOSbKO
KOHTPONMpoOBaTb PakTopbl, HO U YNPaBNATb UMMU.

1.2 Tunbl U3MepeHUn U usmepsemMbix puanvyecknx BenniYmnH

[MpeoMeToM KONMMYECTBEHHOIO 3KCNepuMeHTa SABNSAKTCH KONMUYECTBEHHbIE Be-
nnymHbl. na onpegeneHns abConioTHOMO 3Ha4YeHUs HEKOTOPOW (PMU3NYECKON BeNu-
YMHbI €ee CpaBHMBAKOT C 3TaNlOHOM, KOTOPbIA CYMTAETCA eauHUUEn BeNUYMHbI.
Hanpumep, eguHuuen gnnHel ABRsgeTCs MeTp, BpeMEHU — cekyHaa, YacTtoTbl — [epu.

PasnuyaiotT npsimoe n KocBeHHoe mamepeHus. Hambonee npocTbiM sBNseTcs
npsiMmoe u3MepeHue, rpu KomopoM UCKOMOe 3Ha4yeHuUe 8esludyUHbl Haxo0sim Herlo-
cpedcmeeHHO C NMoOMOWbI0 usMepumeribHo20 rpubopa. Hanpumep, onvHa usmeps-
€TCH NIMHENKOMN, HanpshKeHne — BOSIbTMETPOM U T.1.

Ecnun npsamMble namepeHusi HEBO3MOXHbI, TO UCNOMb3YIOT KOCB8EHHbIe uU3Mepe-
Hus1. B HUX uckomoe 3HayeHue 8esludUHbI Haxo0sim Ha OCHo8aHUU U38eCcmHoU 3a8u-
cumocmu amou eesluduHbl om Opyaux, Ooryckarowux npsimoe usmepeHue. Hanpu-
Mep, ANeKTpUYeckoe ConpoTUBMEHME pe3ncTopa onpenenstoT No NageHnto Ha HeMm
HanpsPKEHUS U TOKY Yepes Hero.

N3mepeHnst MOryT ObITb BbIMOMHEHbI KAaK OQHOKPATHO, Tak U MHOrokpaTtHo. O0-
HOKpamHoe usmepeHue daem eOUHCMBEHHbIU pe3yribmam, Komopbil fMpUHUMam
3a OKOHYamersibHbIU pe3yrbmam U3MepeHUsi 3Ha4yeHUs1 uckomou eesniuduHbl. MHo2o0-
KpamHoe u3mMepeHue rpoesoosim rnymemM roemopeHuUsi OOHOKpamHbIX U3MepeHul
OOHOU U Mol e MocmosiHHOU (hu3uydecKkol 8esluYUHbI, 4mo rnpueooum K roJsly4eHuro
Habopa OaHHbIXx. OKOHYaTENbHbIN pe3ynbTaT MHOMOKPaTHOro M3MepeHus, Kak npa-
BWIO, Haxo4AaT U3 Habopa AaHHbIX B BUAE CpeAHero apnugpmeTnyeckoro pesynbtaTos
BCEX OTAENbHbIX U3MEPEHUN.

dusmnyeckne BennUMHbI, BCTpEYarLLmMecs B SKCNepUMeEHTe, OTHOCAT K crnegyto-
LLIM OCHOBHbIM TUMNAM:

e CnyyaunHas BEnn4uHa;

e OCTOSIHHAs BEIMYUHA;

e V3MeHsLWancs (nepeMeHHas) BenuinHa;
e HecTabunbHasa BenuyuHa.

CnyyaliHasi eesludUHa CBfi3aHa CO CrlydarHbIMK npoLeccamu, noaTomy pe-
3ynbTaT OTAENbHOrO M3MEPEHMS OAaHHOW BENMYUHBbI HE MOXET ObiTb OOQHO3HAYHO
npeackasaH 3apaHee. B To ke BpeMs npoBefeHne AOCTaTOYHO 6OnbLIOro yucna ms-
MepEeHNn Cry4yanHou BeNUYMHbI NO3BONSET YCTAaHOBUTb, YTO pe3yribTaTbl UBMEPEHUN
OTBeYaloT onpefeneHHbIM CTaTUCTUYECKM 3aKOHOMEPHOCTAM. UX BbiSBReHue, u3y-
YeHne N y4eT COCTaBNAT HEeOTbeMIEMYIK YacTb NOOro akcnepumeHTta. B kauve-
CTBE CNy4YanHbIX BENMNYMH MOXHO paccMaTtpuBaTtb, HanpumMmep, OTKIOHEHWE 3HAYeHNS
aMnnnTyabl CeTeBOro HanpsXKeHns 0T HOMUHANbHOW BESTUYNHDI.

K nocmosiHHbIM 8enu4uHaM MOXHO OTHECTU (U3MYEeCKUe TMOCTOAHHbIE,
HanpuMep, CKOPOCTb CBEeTa B Bakyyme, 3apsa 9nekTpoHa u T.n. Kpome Toro, nocro-
AHHLIMW BESIMYMHAMW MOXHO CYMTaTb HEKOTOpble XapaKTePUCTUKU KOHKPETHOro
o6bekTa, Haxoadawerocss Npu PUKCUPOBaHHbBIX YCNOBUSX. DTOT TN (PU3NYECKNX BE-
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NNYMH Yallle BCEro BCTpPevaeTCs B 3KCNepumeHTax, Hanpumep, npu onpeaeneHuu
TennoemMkoctTn. OgHaKo MHOrokpaTHble U3MepeHUs MOCTOSAHHOW BenWYMHbl MOryT
AaTb HeoAuHakoBble pesynbTaTthl. [leno B TOM, YTO pe3ynbTaTbl U3MEPEHU NoaBep-
XEeHbl HEKOHTPONUPYEMbIM BIIUSIHUSIM MHOTOYUCHEHHbBIX BO3AENCTBUI BHELUHEN cpe-
Abl, BKNIOYAst U HEKOHTPONMpYEMbIe NPOLECChl B UccrneayemMblX 06bekTax n Ucnosb-
3yeMbIxX 3MepuTenbHbIX Npubopax. Beneacreme aToro NOCTOsIHHAA BenMynHa 3a4va-
CTYI0 NposiBnsieT cebs Kak criydanHasa BenvyuHa, a pesyrnbTaT ee nsMepeHuin otpa-
XaeT crny4variHy npupoay BO3OEeNCTBUA M OTBeYaeT ornpedeneHHbIM cTaTucTuye-
CKMM 3aKOHOMepHoCTAM. B cBA3M ¢ aTum anga obpaboTku pesynbTaTtoB U3MepeHUs
MOCTOAHHOM BEMWYUHBbI ECTECTBEHHO UCNOMb30BaTb METOAbI, XapakTepHble Ans 06-
paboTKM pe3ynbTaToB N3MEPEHUS CIy4YanHON BENUYMHDI.

U3meHsirowasics (nepeMeHHasi) eesiuqyuHa 3aKOHOMEPHO MEHAETCS C TeYEeHU-
€M BpPEMEHWN BCreacTBME NPOLECCOB, NPOXogawWmx B nccnegyemom obwvekte. MNpu-
MEpPOM MOXEeT CNy>XUTb 3aTyxaHne cobCTBEHHbIX KonebaHun B pe3oHaTope. MN3ame-
peHNs, NPoBOAUMbIE B pasfnnyHble MOMEHTbl BPEMEHU, (PUKCUPYIOT BENUYMHY B HO-
BbIX ycnosusix. Habop pesynbTtaTtoB OOQHOKPATHbIX M3MEPEHUN NpeacTaBnseT cobon
pe3ynbTaTbl NPUHLMNNANBHO HEMNOBTOPUMbIX M3MEPEHUI, TaK Kak BpeMs Henb3s Mno-
BEpPHYTb BCMNSATb, @ U3MEpPEHMEe B LIeSIOM He MOXeT pacLeHMBaTbCs Kak MHOrokpar-
Hoe.

Ocoboro BHUMaHUA 3acnyxmBaet HecmabusibHas eesiu4yuHa, KoTopask MeHs-
€TCs C TedeHnem BpemeHn 6e3 kakux 6bl TO HU BbINO CTaTUCTUYECKUX 3aKOHOMEPHO-
cten. K OCHOBHOM XapakTepucTuke HecTabunbHOW Benu4yuHbl cnepyeTt OTHECTU OT-
CYTCTBME Y 3KCNepuMeHTaTopa UHopmaLmm 0 ee 3aBUCUMOCTM OT BpemMeHu. M3me-
PEHNS TakOW BENWYUHbI JalT HAabop OaHHbIX, HE HEeCYLUUX CKONbKO-HMBOYAb nones-
HbIX cBeAeHnn. BmecTe ¢ TeM HecTabunbHasa BenvynHa MoxeT ObITb NnepeBeadeHa B
pasps U3MEHSIIOLLUNXCH BEMUYUH, €CNN SKCMEPUMEHTANbHO NN TeopeTUYEeCKn ycTa-
HOBMEeHa 3aKOHOMEPHOCTb B 3aBUCMMOCTU €€ OT BPEMEHMN.

1.3 Tunbl NOrpeLwwHoOCTEN U3MEPEHNN N UX OLIEHKN

CHATME aKCnepUMEHTarnbHbIX OaHHbIX HUKOrA4a He NPOUCXoamT ¢ abCconoTHON
TOYHOCTbIO, @ COAEPXKNUT HEKYIO Mo2pewHoCmb, KOTOpasi ABMSETCA KONIMYeCTBEHHOM
XapaKTepUCTUKON HEeOLHO3HAYHOCTU pesynbTata M3MepeHun. Hanuume norpeLuHo-
CTM 0BYyCrnoBIIEHO KaK MPUHLUMMNMANIbHO OFPaHNYEHHON TOYHOCTBIO M3MEpPEHUs, TakK U
NpUpoaoN caMux nsmepsiemMbix 06bLeKToB. Takum obpasom, npu 3anucu pesynbTata
N3MepeHnin BO3HWKaeT HeOBXOOUMOCTb, KaK OLEHUTb 3HadYeHne namepseMon Benu-
YMHbI, TaK U yKasaTb, HAaCKOSMbKO MOfy4YeHHas oueHka 6nuska K MCTUHHOMY 3Hade-
HUIO.

PesynbTat cepmm MHOroKpaTHbIX N3MEPEHUN MOXET OblTb PACCMOTPEH KaK BEK-
TOp 3HayeHun criydyarHon BenuYuHbl X ={xj,x,,...,xy} . [JaHHbIA BEKTOp ABnAeTcH

Bblbopkon obbema N 13 reHepanbHOM COBOKYMHOCTU, pacnpefenieHHOW Nno HeKoTo-
pOMy 3aKOHy. B kayecTBe OLEHKN 3Ha4YeHUs U3MepPAEMOKN BESTUYMHbBI, KOTOpasa SABMS-
eTcs MaTtemMaTU4eCKMM OXWOaHWeM B reHeparibHOW COBOKYMHOCTW, WUCMOSb3yeTcs
cpefHee 3HayeHne BbIDOPKKU, KOTOPOE paccumTbiBaeTcs nNo oopmyne:
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_ 1 X
X=—Yx.
N & (1.2)

[lna xapaKTepuUCTUKN NOTPELLIHOCTM, C KOTOPOK Obina nony4YyeHa oueHka pesyrb-
TaTa, 06bI4HO UCMONB3YT aBCONOTHYIO M OTHOCUTENBbHYHO MOTPELLIHOCTH.

A6conromHol noz2pewHocmbro AX Ha3blgarom pasHoCmb MeX0y UCMUHHbLIM
3HayeHueMm usmepsieMoll 8efludUHbl X U €20 OUEHKOU - pe3yribmamoM U3MepeHUs

X . [JaHHasi BennYmMHa BbIpaXaeTcs B eQMHULAX U3MepsiemMoii BenuumHbl X. Cneayert
yunTblBaTh, TO 3TO 3HAYEHME He OTpakaeT kadecTBa uamepeHun. Hanpumep, abco-
NTHas NOrpeLwwHocTs 1 MM Npy U3MepeHUn pa3mMepoB MOMELLEHUSA CBUOETENbCTBY-
€T O BbICOKOM KayecTBe uamepeHus. OgHako Ta e NorpeLllHoCTb COBEPLUEHHO He-
npyuemremMa rnpu n3MepeHum amameTpa TOHKOW NPOBOSIOKN.

Kputepnem kavectBa wu3MepeHus SABNSETCHA OmMHoOcumesibHasi nozpeuw-
Hocmb - omHoweHue abcorrromHoU no2pewHocmu K pedyribmamy U3MepeHUst:
AX

<

[aHHasa BenuumHa 6e3pa3mepHa 1 Npu pacyeTax U3MepseTcsa B 4ONSX OT eau-
Huubl. [pn 3anncu pesynbLTatoB U3MEPEHMS BO3MOXHO TakXe yKa3bliBaTb ee 3Haye-
HWe B NpoLeHTax, ucrnonbe3ysa Ans pacyeta BMecto opmynsl (1.3) popmyny

g=%.100%. (1.4)

e =

(1.3)

BbICOKOM TOYHOCTM M3MEpEeHUs COOTBETCTBYET Manoe 3HavyeHue OTHOCUTErb-
HOW MOrpeLLHOCTH.

BblaensioT cneayowme oCHO8HbIe murbl OWUOBOK:

e rpomMaxu - pe3ynbmambl C aHOMaslbHbIM YUC/I08bIM 3Ha4YeHuUem
(Hanpumep, 0AWH 13 pesynbTaToB N3MEPEHNS OTNINYAETCH OT OCTalbHbIX
Ha nopsaaok). NMpuymMHa NpomaxoB - pe3koe HapylleHWe yCnoBuUn name-
peHnsa npu OTAenbHbIX HabniogeHusx, Hanpumep, cbon annapaTypsbl,
HenpeaBMAEHHOE BMeLIaTenbCTBO U T.4. B MHOrokpaTHbIX U3MepeHUsiX
npomax nosiBnseTca obblMHO He Gonee of4HOro-ABYX pas; ero Hamuyue
npyn 06paboTke pe3ynbTaToB U3MEPEHUN MOXET NPUBOANTb K CUIbHOMY
nckaxkeHuto pesynotata. OTbpakoBka NPoOMaxoB U3 pe3ynbTaToB n3me-
peHuNn ABMSEeTCA JOBOSIbHO CNOXHbLIM U HEOAHO3HAYHbIM NPOLECCOM;

e cucmemamuyeckue owubKu - NoOCMosiHHas cocmasessouas rnospeu-
HOCMU, 3aKOHOMEPHO U3MEHSIIoUWasicsl rnpu rnosmopHbIX U3MepeHUsiX 00-
HoU u mol Xxe 8enuYyuHbl. CucTteMaTnyeckme onodkn OenaTca Ha MeTo-
AonornyeckMe, BO3HMKalLWME U3-3a HenpasBwuibHOro Bblbopa meToda
N3MEepPEeHns, 1 MHCTpyMeHTanbHble (nNpubopHblie). Kak npaBuno, npyu o6-
paboTke pes3ynbTaToB M3MEpeHUn npegnonaraeTcd, YTo MeToauyeckas
COoCTaBnswLWas cry4amHon MOrpeLHoCT MakCcuMarnbHO yyYTeHa BBefe-
HMEeM NonpasoK, U NPU pacyeTe NOrpeLHocTen HEOBXOANMO YYUTbIBATL
TONbKO NPUBOPHYIO MNOrPELLHOCTb.

TOYHOCTb NPOCTENLLMX N3MEPUTENBHBIX NPUOOPOB, HAaNpPUMepP NUHEEK, onpeae-
ngeTca UeHoM HaummeHbllero geneHns. OOHaKo B TEXHUYECKUX U3MEPEHUsX 4alle
ncnonb3yloTca 6onee cnoxHele NPUbopbl, KOTOpble paboTalT Ha OCHOBE HEKOTOPO-
ro oM3n4ecKoro SBfieHMst U COCTOAT M3 MHOrMX 4actenh. Ha B3anmopenctesue oOT-
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AEnbHbIX YacTen BNUSIieT MHOXECTBO CllydanHbIX hakTopoB, a TOYHOCTb npubopa
3aBUCUT OT JOMNYCKOB HA N3rOTOBIEHME OTAENbHbIX YacTeN.

Ana MHOrMX anekTpousmepuTerbHbIX NPMOOPOB NOrpeLHoOCTb Npubopa Bbipa-
XaeTcsa krnaccoM moyHocmu K — rpubopHoU rno2pewHocmoio, 8bipaxeHHoU 8
rnpoyeHmax om MakcumarsibHO OornycmuMbiX rokalaHul rpubopa rno eblbpaHHOU
wkarne usmepeHusi X,,. CywecTByoT Kak O4HOCTOPOHHME LuKarbl (C HyfIEM Ha KOHLE),
Tak 1n ABYCTOpPOHHME (HyNb nocepeanHe). CpeaHas MHCTpyMeHTanbHasa NorpeLlHoCTb
nameputenbHoro npmubopa 6yaeTt paBHa

X

5= ﬁ[{ ,  ONA OOHOCTOPOHHE LLKarbl; (1.5)
2X,, ;
8= 2K, ANA ABYCTOPOHHEH WKartel. (1.6)

Mpn obpaboTke pe3ynbTaToB MHOIMOKPATHbIX U3MEPEHUN MPUMEHSIETCS crneay-
oUW anropuT™M AeNCTBUN.

B cnyyae npsiMo2o MHO20KpamHoO20 usmMepeHusi pe3yrnbTaTbl MHOrOKPaTHbIX
N3MEpPEHUIN NPU OOHUX N TEX XKe YCMOBUAX X|,X;,...,Xy 3aHOCATCA B Tabnuuy. [lanee

1 MNpoBoanTCA OLEeHKa UCTUHHOIO 3HAYEeHUA N3MEPSIEMON BENUYUHLI NO hop-
myne (1.2);

2 [na nonydeHus abCoOMNOTHOW MOrPeLHOCTN BbIYUCASETCA OLeHKa cpefHe-
KBaZpaTMYeCKOro OTKIOHEHUS No popmyre:

a Takke BbluUCnSeTCHa cpeaHekBaapaTndeckas owmnbka cpegHero
6 =2
TN (1.8)
3 Npwn y4eTe MHCTPYMEHTaNbHON NOrpeLHOCT! B 3aBUCMMOCTM OT TUMNa LKasbl
npmbopa BblYMCNAETCH CpeaHAss MHCTPYMEHTanbHas norpewwHocTb no dopmyne (1.5)
nnu (1.6);
4 AnpuopHO 3agaBLUMCb TpebyeMbiM YPOBHEM LOBEPUTENBHOW BEPOATHOCTUN P
(vyawe Bcero BbIbupaeTca 3HadveHume 0,95), ns Tabnuubl pacnpegenexHms CTblogeHTa
HaxoguTca 3HadeHue t(P,N—1), a Npu yyeTe WMHCTPYMEHTAsrIbHOW MOrpeLHoCcTn n

3HayeHune t(P,»);
5 Bbluncnserca abcontoTHOE 3HaYeHEe CryYanHON NOrpeLlHOCTH
AX,., =t(P,N-1)-c,, (1.9)
a Npu yyeTe MHCTPYMEHTANbHOW MOrPELIHOCTM — U abConTHOE 3HAYEHNEe MHCTPY-

MEHTanbHOW NOrpeLLIHOCTN

AX,, zt(P,oo)-g; (1.10)

6 ABcontoTHasa NorpeLHoOCTb NPSAMbIX U3BMEPEHUI PACCUMTBLIBAETCHA C MOMOLLbIO
doopmyrbl

2
AX = JAX2, +AX 2 = (t(P,N—l)-cx)z+[¢(P,oo)gj . (1.11)
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Ecnu pacyeTt MHCTpyMeHTanbHon NorpeLHoCT! He NPoOBOAUTCA TO AX =AX ., .

7 Mo dopmyne (1.3) unun (1.4) npoBoanTCA pacyeT OTHOCUTENbHOW MOrpeLLHo-

CTW. Pe3ynbTaTt nsmepeHuii 3anucbiBaeTcs B criefyollem suie
X =X £ AX npvi 0OBEPUTENbHON BEPOATHOCTU P. [MOrpeLiHoCTb N3MepeHuii
coCTaBnserT e.

B cnyyae KkoceeHHO20 MHO20KpamHoO20 U3MepeHUsi UMeeTcsa psn Habopos
NPSIMbIX U3MEPEHUN BENUYUNH A, B, C,..., NCX0OA U3 KOTOPbIX HEOBXOANMO OLEHUTb
BENNYMHY Z, CBA3aHHyl0 C BenuumHamun A4, B, C,... (OYHKLMOHANbHOW 3aBMCUMO-
CTblo Z = f(A4,B,C,...). MNoatomy npu o0bpaboTke KOCBEHHbIX M3MEpeHWU CHayana
HeobxogMmMo npoBecTn 06paboTKy pe3ynbTaToB NPAMbIX U3MEPEHUA BEMUYMH A, B,
C,...Nno npuBegeHHOMY Bbllwe anroputmy. Nocne atoro

1 MNpoBoguTCA OLEeHKa UCTUHHOIO 3HAYEeHUs U3MepPSieMON BeNWYUHbLI No cpen-
HUM 3HaYeHUaM BENUYYH 4, B, C,...

Z=f(4.,B.C..); (1.13)

2 o cpegHNM 3Ha4YeHUAM BENUYUH A4, B, C,... N UX 3HaYEeHUAM abCONOTHbIX NO-
rpeHocTen HaxoanTca abcontoTHasa NOrpeLHOCTb UCKOMOW BESTUYNHDI

AZ = \/(ijz (AA)%[EJZ (AB)2+(%T (ACP+..;  (1.14)

04) 4-4.p=5.. OB ) 4-4..

(1.12)

A=A4,...

3 Ha ocHoBe oueHkn Z 1 abconoTHOW norpewiHoctn AZ no dgopmyne (1.3)
unu (1.4) paccuntbiBaeTCA OTHOCUTENbHAA NOrPELLUHOCTb KOCBEHHbBIX U3MEPEHUMN.

[na npoctenwnx BUAOB (PYHKLMOHANbHOW 3aBUCUMOCTM abcontoTHast U OTHO-
cuUTenbHasa NOrpeLHoOCTU MoryT GbiTh 3anncaHbl B 6onee NnpocToMm Buae nytem npe-
obpasoBaHus opmynbl (1.14). COOTHOLWEHUSA ANS HEKOTOPbIX BUAOB (DYHKLUMOHAIb-
HbIX 3aBUCMMOCTEN npuBeaeHbl B Tabnuue 1.1.

Tabnuua 1 - MNorpeLwHOCTN KOCBEHHbIX U3MEPEHNI A5 MTPOCTENLINX OYHKLINIA

7 Af e=Af/f

A (a4 +(aB)? (A1) + (aB)?
A+

AP (a4) +(aB)? (A1) +(aB)’

AP JB2(a4) + 22(aBY J(

o |
=<
oo
PIS
LS
[\S}
+
|
JIS
s
[\S}
Q_
VR
NNl
\__{\) N—
+
%

B? B
sin4 cos A -AA ctg A -AA4
cos4 sin 4 - A4 tg A -AA4
t

g4 12_AA 2
cos” 4 sin2 4
ind M Y]
A f A
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PesynbTaT KOCBEHHbIX W3MEpPEeHWn 3anucbiBaeTCA aHanorM4yHo pesynbraTy
NPAMbIX U3MEPEHWUN.
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2 XapakTepucTuka gaHHbIX BbIOOPKU U reHeparibHOM
COBOKYMHOCTHU

2.1 MpuHUMNbI Nnoadopa BbIOOPKU

Ha npownon nekuun 66110 NokasaHo, YTO pe3ynbTaToM MPoBeAeHUs 3Kcnepu-
MEeHTarnbHbIX UCCeoBaHNUN ABMISETCA HEeKOoTOpas COBOKYMNMHOCTb mM3amMepeHun. [pu
9TOM OJHOKpaTHble U3MEPEHUs LOOMYyCKalTCA TOMbKO B BUAE UCKMOYEHUS, TaK Kak
OHW He MO3BOSIAIT CYAUTb O JOCTOBEPHOCTU M3MEPUTENBHON MHOPMaLMK, U B OC-
HOBHOM MPOBOAATCS MHOTOKpaTHbIE U3MEPEHMS.

[laHHblIe M3MepeHus MOryT paccMaTpuBaTbCs Kak BEKTOP 3HAYEHWN HEKOTOPOM
CNy4arHOW BESMYUHbI, MOCKOSMbKY MCXOL KaXKAOro MCMbITaHUs (pe3ynbTaT KaXKgoro
onbiTa) NoABEPXeH BIANAHUIO NOrPELUHOCTEN.

[MonHbIl Habop 8cex B03MOXHbIX 3Ha4YeHul, KOMmopble MOXem puHUMamas
criyqyauHas eefniuqyuHa rnpu 6ecKOHeYyHOM 4Yucsie UucrbimaHul, Ha3bleaemcsi 2eHe-
pasnibHOU CcOB8OKynHocmbio. PacnpegeneHne faHHbIX B reHeparnibHOM COBOKYMHO-
CTU NOAYMHSAETCA HEKOTOPbLIM anpuoOpPHO HEN3BECTHLIM 3aKOHaM, KOTopble TpebyeTcs
YyCTaHOBUTb UCCnegoBaTesnio, NpuyYem B ero pacrnopsiKeHUU HUKorga HeT reHeparib-
HOW COBOKYMHOCTU, N OH MOXET M3y4yaTb TOMbKO ee YacTb — BbIBOPKY, NpuyemM Bcerga
orpaHn4yeHHoro obbema.

Bbi6opka — Habop 3Ha4YyeHUl 8eIUYUHbI {x;}, MOyYEHHbIU U3 2eHepasibHOU COo-
BOKYNHOCMU 8 pe3yribmame KOHeYHO20 Yucra ucribimaHul N. Konudecmeo OaHHbIX
8 8blbopke Ha3bleaemcsi ee o6bemMoM. [onyuntb BbIGOPKY U3 reHeparbHOW COBO-
KYMHOCTU MOXHO pasHbiMi crnocobamu, OoAHaKO Ans NpoBeOeHUs UcCnefoBaHun
Heobxogmmo, 4Tobbl pacnpegeneHne AaHHbIX B BbIOOPKE kak MOXHO 6onee TOYHO
MOBTOPSSIO XapaKTep NoBeAeHUsI AaHHbIX B reHepanbHon coBokynHocTu. Cam npo-
uecc otbopa gaHHbIX AN BbIOOPKN MOXKET SBNATLCSA MCTOYHUKOM OLWMBOK, Koeda xa-
pakmep 8bI6OPKU HEe MOSIHOCMbK 80CIPOU3BOOUM Xapakmep 2eHeparsibHOU COo80-
KyriHocmu. Takue owmnbKkn Ha3bIBalOTCS owubkamu peripezeHmamueHoOCcmu.

Knaccuyeckum npymepom BAUSHUSA OLLMOOK penpe3eHTaTUBHOCTUN Ha pe3ynbTar
ABNSETCA Cnyyaun, npouclueawmnin BO BpeMsi Nnpe3naeHTckux BbibopoB 1936 roga B
CWA. XKypHan «Jlutpepn OangxecT», yCnewHo NpOrHo3vMpoBaBLUMA COObITUS He-
CKONMbKMX MpeaLlecTByowmx BblI6OpoB, owmbca B CBOMX MpeackasaHusix, pa3ocnaB
AecATb MUMMMOHOB NMPOGHbLIX OronneTeHen CBOMM MOAMMUCHMKAM, a Takke IoasMm,
BblOpaHHbIM MO TENEeMOHHbIM KHUram BCEW CTPaHbl U MoAAM U3 PermcTpaLMoHHbIX
cnuckoB aBTomobunen. B pepakuuio BepHynocb 25% pasocrnaHHbIX GronneteHen
(moyTtun 2,5 mmnnuoHa), B HMX ronoca Oblnun pacnpegeneHsl cneayrowmm obpasom:

e 57% oTmaBanu npeanoyTeHwe kKaHauaaty-pecnybnukaHuy Anbdy J1oH-
OOHY

e 40% BbiOpanu [gencteylOWEero B TO BpeMs NpesvaeHTa-gemMokpaTa
®paHknunHa Py3BenbTta

OpHako Ha Bbibopax, Habpae 6onee 60% ronocos, nobeaun PyssenbT. Owmnb-
Ka XXypHana 3akntovanacb B criegylowem: pegakumsi 3Hana, 4to 60nblLMHCTBO Noa-
MUCYMKOB ABNASNUCH pecnybnukaHuamu. Xenas yBenuuntb penpes3eHTaTUBHOCTb
BbIOOPKKW, OHM paclUMpuUnn ee 3a CYET ntogen, BbibpaHHbIX M3 TeNeOHHbLIX KHUT U
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pPerMcTpaumnoHHbIX cnuckoB. OQHaKo OHM HE y4nM COBPEMEHHBbIX MM peanun wu
Habpanu ewé Gonblie pecnybnukaHues: BO Bpemsa Benukon genpeccun obnagatb
TenecdoHamn 1 aBTomobunamm mornm cebe No3BONUTL B OCHOBHOM NMpeacTaBuTENn
cpeaHero u BbiClWero knacca (To ectb 60MnbNMHCTBO pecnybnukaHueB, a He OEMO-
KpaTtoB.).

MpaBunbHas opraHusauuns BbIOOPKM, ee penpe3eHTaTUBHOCTb, MO3BONSET U3-
G6exaTb NogobHbIX OWMOOK. Penpe3eHTaTMBHOCTL BbIOOPKM AocCTUraeTcs paHOoOMuU-
3ayuedl - criydalHbIM 0m6OpPOM YrIeHO8 U3 2eHepasibHOlU cO80KynHocmu. 1o obec-
neynBaeT paBHYD BO3MOXHOCTb [f1s1 BCEX YNEHOB reHeparibHOM COBOKYMHOCTM MO-
nacTb B COCTaB BbIOOPKMU.

Mpun otbope BbIGOPKK CcTporoe cobniogeHne npasuna paHooOMM3aunn Kak npa-
BWMoO nmMbo TpygHopeanuayemo, nMbo NpMBOAMT K CEPbE3HbIM 3aTpaTaM Ha npoBe-
AeHne uccnegoBaHus. Torga B 3aBUCMMOCTU OT 3aJadv NPUMEHSIOTCA pasnuyHble
cnocobbl YaCTUYHOW paHAOMU3aLMMN.

CraTnucTmyeckMn aHanm3a NonyyYeHHbIX JaHHbIX BbIOOPKN NO3BONSET:

e [aTb AN 6onbluMX BbIGOPOK 00LME XapaKTEePUCTUKN, OTpaXKatolme Tak
Ha3bIBAaeMY0 LeHTpanbHy0 TEHOEHUMIO, T.€. Yncno (Mnu psg vicen), Bo-
KPYr KOTOPbIX «paccbiNaHbl» AaHHble, a Takke CTeneHb Ux pas3bpoca;

e [POBECTU CPaBHEHNE HECKONbKMX BbIDOPOK M onpeaenntb BEPOSITHOCTb
TOro, YTO UX Pasnnymns Bbi3BaHbl CITy4YanHbIMU NPUYMHAMMI, A TaKXKe OLe-
HUTb 0OLLMEe XapaKTEPUCTUKN;

e MONYyYNTb CBEAEHMS O B3aUMOCBA3AX 3IEMEHTOB B BbIOOPKE;

e MpPUMEHUTb pe3ynbTaTbl aHanu3a Ans npeackasaHuns n onncaHms. Meto-
Abl NpeacKkasaHnst NO3BONAT BbIICHUTb, C KAKOW BEPOSATHOCTbIO MOXET
OblTb BEPHBIM UNN HEBEPHbIM CAenaHHbIN BbiBO4. OnucartenbHble MeTo-
Abl coobLwaT MHOpPMaUUIo O AaHHbIX ©e3 MoATBEPXAEHUSA KaKMMU-
nMbo BEPOATHOCTHLIMU MEeToA4aMM.

2.2 N'nctorpamma v NOJIUroH 4YacTtoT

MpeaBaputenbHaa obpaboTka AaHHbIX HauYMHAETCA C onpefeneHus, Kakumm
TMNamn nepeMeHHbIX (MPM3HaKkoB) NpeacTaBfneHbl AaHHble. BbligenawT Tpu muna
rnepemMeHHsIX:

e HenpepbieHble — NpeAcTaBfeHbl AeNCTBUTENbHBIMU YnCcramn (Hanpu-
Mep, ANvHa Unu Bec);

e duckpemHble — NpeacTaBneHbl LenbiM1, Kak NpaBumo, NoNoXnTeNbHbI-
MU Yncnamu;

e KamezopuasbHbIe (Hanpumep, Mapka kabens, TMn matepuana, reorpa-
ryeckmMn permoH). 3HayeHus KateropmasrbHbIX OaHHbIX HE MOryT BbITb
MONOXEHbI HA YNCIIOBYIO MPSMYHO.

PacnpegeneHve gaHHbIX B reHeparibHOW COBOKYMHOCTW, NpUBNMmKeHnem KoTo-
PO MOXHO cYMTaTb BbIOOPKY, NOOYNHAETCA HEKOTOPOMY anpuopHO HEU3BECTHOMY
3aKOHY - 3aKOHY pacnpegeneHns. YCTaHOBMEeHME 3akoHa pacnpeaeneHnsa AaHHbIX B
reHepanbHOW COBOKYMHOCTM MO 3KCMEpUMEHTarbHbIM AaHHbIM SBNSETCA OOHOW U3
LeHTparnbHbIX 3a4ay maTemaTudeckon cratuctuku. bonee nogpobHo o Hel Mbl NO-

14



YnpaBneHne AUCTaHUMOHHOIO 06y4eHMA 1 NOBbILWEHNA KBaANDUKALUM
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roBOpMM B CrefyloLwmx fekuusax, a cemyac paccMoTpmm, 4To cobon npencrasnseT
3aKOH pacnpegeneHnsa gaHHbIX.

CambIM NpoCTbiM CnOcOBOM HarnsagHOM XapaKTepUCTUKM BbIGOPOYHOro 3akoHa
pacnpegeneHmsa aBNaeTcsa NOoCTPOEHME rMCTOrpaMmbl NN NOSIMFOHA YaCTOT.

PaccmoTpum aneopumm nocmpoeHusi 2ucmozpammabl.

MycTb BbIGOpKa nNpeacTaBnseT cobon ceputo n3 N U3MepeHUin, coaepxallyto
HeKoTopbIN HAabop 3HaAYeHUN xp,x,,...,xy . [UCMoO2pamma — 3TO rpadmk, Ha ocu abe-

umcc Ox KOTOPOro OTKMaAblBalOTCA MOMyYeHHble B OTAENbHbIX M3MEPEHUSIX 3Haue-
HUS x;, @ Ha ocn opgmHat Oy — KONMYECTBO 3HayYeHW x; B Bblbopke. [nst 6onee

HarnagHoWm rmMcTorpamMMbl NPUMEHSETCS rPYNNUPOBAHNE AaHHbIX.
B nepByto oyepeab OaHHble 3HAYEHWUs COPTUPYIOT MO BO3pacTaHUIO — CTPOST
eapuayuoHHbIl psio
)CISX2S...SXN. (21)
3aTem BapuauVOHHLIN psg rpynnupyeTcs: oTpes3okK [x, xy] pa3bmBaeTcs Ha He-
CKOJTbKO HenepeceKalLwmnxcsi OTPE3KOB — «KapMaHOB» - HEKOTOPbIM cnocobom. Bbl-
Gop umcna «kapMaHoB» 1 cnocoba pas3dmneHnsa AaBNAeTcs HEOAHO3HAYEH.

[1Ba cambix U3BECTHbIX cnocoba pa3bueHnsa — Ha «KapmaHbl» PaBHOW OSIUHbI U
PaBHOBEPOATHOCTHbIN CNOCOD.

MNpu pazbueHuu ompe3ka Ha «KapMaHbI» pPasHoU ONIUHbI ANVHA 3TANOHHOIO
«KapMaHa» BbIMUCIISAETCA MCXOAs U3 ANWHbI MCXOOHOrO OTpes3ka [x;, xy] M 4mcna
«KapMaHOB» MO MPOCTON MatemMaTuyeckon opmyne.

MNpn pasHogepossmHOoCcmMHOM pa3bueHuu rpaHVLUbl «KapMaHOB» BblbupatoT
Tak, 4Tobbl B KaXXAOM «KapmaHe» Oblnio 0QMHAKoBOE YUCNO 3HayYeHUn (T.e. Heobxo-
Anmo, 4Tobbl 06 bEeM BLIBOPKN N Oenurca Ha YNCHO «kapMaHoB» n Be3 octaTka):

P + i
a; = X(i-1)v 2x(1 Dv+1 , (2.2)
roe
vy (2.3)
n

Hanee mbl 6ygem paccmaTpuBatb pasbueHne oTpeska Ha «KapMaHbl» paBHOM
ONuWHbL. [Ina 3Toro HeobxooMMO paccunTaTbh YUCIO «KapMaHOB» W AMNWHY KaXgoro
«KapmaHa», npudemM nopsagoK 3TUX OeUCTBUM He CTONb BaeH. MOoXHO cHa4yana Bbl-
OGpaTb 4MCnO «KapMaHOB», a 3aTeM, MUCX0Os W3 FeoMeTpPUYECKUX CcoobpakeHun,
HaUTW ONNHY KaXKOoro, a MOXXHO MOCTYNUTb C TOYHOCTbIO 40 HAaoB60opOoT.

PaccmoTtpum oba atux nogxoga. CHavana noxod, B KOTOPOM MEPBbIM LUArom
BblGupaeTcst YNCNo «KapMaHoB» n. JTOT BbIOGOpP HeogHO3Ha4yeH. MoXHO paccynTbl-
BaTb €ro no aspuctnyeckon opmyre Crepaxecca

n=1+3322-1gN, (2.4)
nnu no copmyne bpykca n Kappysepa
n=>5-1gN, (2.5)
NN Yepes3 COOTHOLLEHNE
n=+N . (2.6)

Mpwn nonyyYyeHun OPOGHOro 3HaYeHWst n crieqyeT MPOU3BECTU OKpyrfeHue Ao
OnuKanLero Lenoro B MeHbLLYH CTOPOHY.
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[anee ncxogsa n3 reomeTpuyeckmx coobpaxeHum (PUCyHok 2.1), AnnHa Kaxkaoro
«kapmaHa» bygeT paBHa:

A=NTH (2.7)
n

a KoOOpAuHaThl a;, b; KaXaoro uHTepsana [a; b;], i=1...n, 6yayT BbIMMCNATLCS NO Op-
Mynam

ay=x1, by=xy, a;=b_y, nma i=2..n, (2.8)
a; =x +(i—1)A, (2.9)
by = x| +iA. (2.10)
! A A A i
— : : : { !
a, | by ! as ! E | | E . ¢
Yayt by | s Ca, b
] 1 2 cen n '

PucyHok 2.1 — 'pynnupoBka BapuaunoHHOIo psaa

Mocne aToro Heo6X0ANMO BbIYMCIIUTL KONIMYECTBO AKCMEPUMEHTANbHbIX 3Ha4Ye-
HUW, NONaBLUNX B KaXXAbI UHTepBar:

N
Tl':ztj,l" (211)
j=1

rae 7;— KONMYEeCTBO 3KCNEPUMEHTarbHbIX TOYEK B i-M UHTEpBAre;
t;; — NPU3HAK HaNM4ns j-i TOYKM B i-TOM UHTepBane:

1, ecmn x; € [a,-,b,' ],
tj,i =

0, ccmn x ; ¢ [a;,5;]

3HayeHnsa oTKNagbIBalTCHa No ocu opaunHat, Oy, U CTpoUTCH cTonbyartbin rpa-
duK: WmMprHa cTonbuKOB paBHa ANvHE «KapMaHay, BblCOTa i-ro ctonbuka — yucny 7.
[na npaktnyecknx uenen (Hanpumep, obrnerdyeHns cpaBHeHUst TMCTorpaMm Ans AByx
BbIBOPOK), rMcTOrpaMmmy HOPMUPYIOT, TO €CTb BbICOTY CTONBOL@ pacCcYMThbIBaKOT Kak

;= i : (2.12)
N-A

Mpumep rmcTtorpaMmmbl 1 HOPMUPOBAHHOW TMCTOrpamMMbl MPUBEOEH Ha PUCYHKe
2.2 (a u 6 COOTBETCTBEHHO).

[na HOPMMPOBAHHOW FUCTOrPaMMbl MPOM3BEOEHNE BbICOTbI 4; HA ANUHY «Kap-
MaHa» MMeeT CMbICI BEPOSATHOCTM nonagaHusa pesynbTaTa OTAEeNbHO U3MEpPEHUs B
AaHHbIN HTepBan. CymmapHas nnowaab nog Bcen rmcrorpammon pasHa 1.

N
> hA=1. (2.13)
i=1

B ka4ecTtBe npvmepa BTOpOro noaxona, B KOTOPOM CHavarna oueHuBaeTca Anu-
Ha «kapmaHa» npveegem npasuno dpuamaHa-AunakoHuca. 3gecb No BapuaunoHHO-
My pagy (2.1) onuHa «kapmaHay oueHuBaeTcs no hopmyne
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A=—=;

IN’ (2.14)

[Mocne 3TOro Takke N3 reoMeTpPUYECKNX COOBpaKeHNN HAaXOANTCS YNCNO «Kap-
maHoB». KBagpaTHbiMy ckobkamn 0603HavaeTca onepauns B3aTUSA LIENON YacTu.
=2 "N
A ) (2.15)

[Mocne 3Toro BbIMNONHAKTCA Te Xe AEeUCTBUSA, YTO U paHee.

2.4 Ecnn BMecTo cTONGUKOB Ha rpadumke no cepeauHe Kaaoro kapmaHa oT-
KnagplBaeTcsl BBEPX BenuumHa T; nn h;, a panee noslydeHHble TOYKM COeaUHATCA
NIOMaHon, TO FOBOPSAT, YTO Oblfl MOCTPOEH MNOSIUIOH YacToT (ansa 7;) UK NOJSIUroH OT-
HOCUTENbHbIX YacToT (ons /;). MNMpumMepbl NONUroHa 4acToT NPUBEAEHbI HA PUCYHKE
2.3.

40

o]
—

03 z

Hene crynenton

10 A 0,1

0 . ; /

150 170 190 200 401 L0 0D . MM

Poct cTyIenToR X, ci

a 6
PucyHok 2.2 — lNocTpoeHune ructorpammel

0.4 T T T

IR

0.1 N

0
-4 -2 0 2 4
X

PucyHok 2.3 — lNpumep NoCcTpoeHnsa NonuroHa 4yactoT

2.5 Ecnu 4ncrno namepeHnn N goctaTtouvHO Benuko (N — o), TO ANUHY «KapMa-
Ha» MOXHO caenatb odeHb marnoun (A — 0). Torga B npegene BMeCTO HOPMUPOBAH-
HOW rMCTOrpaMmmbl UIIM NOSIMTOHA OTHOCUTESIbHBIX YacTOT MONyYUM 2paghuk, xapak-
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mepusupyrowul 8eposimHocmHoe pacripedesieHue 3HadyeHUl Ha 2eHepasibHOU Co-

80KynHocmu — Kpueyro pacnpedesnieHusi. PyHkumsa f(x), onucoiBarowas popmy Kpu-
BOW pacrnpeferieHusi, Ha3blBaeTCHa MJIOMHOCMbIO 8eposimHocmu. [lonaraeTtcs, 4To

[feodxe=1. (2.16)

B cnyyae AucKpeTHOW Benu4mHbl BMECTO f(x)dx WCMOMb3YKT BEPOSATHOCTb p;
nony4nTb B pesynbTaTe N3MepeHns 3HavyeHue x; .

BeposaTHOCTb nonagaHnsa namepsemMon BENUYMHbI B MHTEpBan (— o, x] Ha3biBa-
0T gbyHKyuel pacnpedesnieHUs1 Unn uHmezpasnbHol hyHKyuel pacnpedesieHus:

F(x)= j f(z)dz . (2.17)

Ncxogsa vs cMbicna doyHKUMK pacnpegeneHns, UMeT MecTo crieaytoLme cooT-
HOLLEHUS:
F(-»)=0, F(+»)=1. (2.18)
MNepBoe 3HaveHue crnegyeT MOHUMATb Kak BEPOATHOCTb HACTYMNNEeHWss HEeBO3-
MO>XHOro COBbITUS: TOro, YTO cCnyyariHas BenuynHa 6yaeT MeHblue -wo. Takas Bepo-
ATHOCTb paBHa 0. BTopoe 3HayeHue onucbiBaeT BEPOATHOCTb HACTYNNEeHUs OOCTO-
BEpPHOro cobbITUS: TOro, YTO CnyyamHas BenvynHa byaeTt MeHblle +oo. Takaa Bepo-
ATHOCTb paBHa 1.
Takum obpa3oM, NAOTHOCTb BEPOATHOCTM f(x) paBHa NMPOU3BOAHOM (DYHKLUUU

pacnpegeneHna F(x) B Todke x. Ecrnn npouHTerpupoBaTb MNNOTHOCTb BEPOATHOCTU
B Mpegenax oT x; A0 x,, TO MOMyyYeHHas BenuuuMHa OyaeT NpeAcTaBnATb BEPOST-
HOCTb P TOro, YTo pesynbTaT OTAENbHOro U3MepeHus byaet nexartb B MHTepBane
[x1,x2]:
X2
P(x; <x<x)= [ f(x)dx=F(x3)=F(xp). (2.19)

X1

2.3 MNapameTpbl pacnpeaeneHusa n UX BNusHMe Ha BUA,
KpuBOW pacnpenerneHus

[nsa onucaHmsa yHKUMKM pacnpegeneHns nonb3yTca cneumanbHbiMM Mepamu,
KOTOpbIE€ MO3BOMNSAIT OXapakTepusoBaTb NosioxeHne, opme 1 apyrne ocobeHHOCTH.
BbigensioT cnegyowmne mepel.

Lenmp pacnpedeneHusi xapaktepuayeTcsi CpeOHUM 3HaYeHUeM u, meduaHol
Me v modou Mo.

CpepgHee 3HayeHue paBHO MaTeMaTUYECKOMY OXUAAHUIO CIly4anHOW BeNU4u-
Hbl. [laHHaa BennyMHa Takke Ha3blBaeTCs MepebIiM HaYyaslbHbIM MOMeHmoM. [ep-
Bbll HAYanbHbI MOMEHT yKa3blBaeT Ha LEHTP TSXKECTU B reomeTpun pacnpegene-
HUS.

1y
M, =R =Nzx,- = jxf(x)dx. (2.20)
i=1 —0
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Meganana genut nnowanb, orpaHUYeHHYo yHKUMEN NIIOTHOCTU BEPOSTHOCTU,
Ha [1Be paBHble YacTu, TO eCTb COOTBETCTBYET ycroBuo P(X < Me)= F(Me)=0.5.

Mopa saBnsieTcs Hanbonee BEPOSATHbIM 3HAYEHMEM Cry4anlHOMW BESIMYUHBI, TO
eCTb COOTBETCTBYET 3HaUYeHNIo X , Ana koToporo f(¥)=max.

PaccesiHue cniy4qaliHbIX 8eJIU4UH 80KpY2 UeHmpa 2pynnuposaHusi OLeHu-
BaeTca oucriepcuel, cmaHdapmHbIM OMKIOHEHUEM, KO3ghghuyueHmomM sapuayuu n
pasmaxom.

Auncnepcua — aTo cpegHee apudmMeTnyeckoe (T.e MatemMaTnyeckoe oxuaaHue)
KBagpata OTKIIOHEHUSA CryyYyarMHOW BENIMYMHBI OT UX CpeaHero apnudmMeTuUyeckoro
3HayeHus. [lucnepcuto Takke Ha3blBalOT BTOPbIM MOMEHTOM CIly4anlHOW BENUYNHBI.

1 N 5 +00 )
Dy=Ry=—3 (=M, ) = [(x=M)? f(x)d. (2.21)
i=1 —

CpenHee kBagpaTudeckoe oTtkrioHeHne, CKO — kopeHb 13 aucnepcum

o=4/D; . (2.22)

Kpome 3TOro NCNonb3yrT NOHATUE CTAHAAPTHOINO OTKITOHEHUA!

1/A/N, 0151 8b100PKU
Gep =0 5 : (2.23)
1/A/N -1, o021 cenepanvroii cosokynHocmu

KoahpumumeHT Bapmaumm — OTHOLWIEHME CTaHO4apPTHOro OTKNOHEHWA K maTema-
TUYECKOMY OXMOAHUIO CNyYanHOW BENUYNHBDI.

Pa3max siBnseTca pasHOCTbiO Mexady 60MbLINM U MEHBbLUUM 3N1IeMEHTOM BblOOp-
KW, TO €CTb OH PaBEH W= Xy ax — Xmin -

CkoweHHOCMb pacnpedesieHusi, Koraa oovuH XBOCT KPUBOW pacnpeaeneHus
KPYTOW, @ ApYron - Norornn, xapakrepusyet KoagguyueHm acummempuu, as.

KoapduuneHT acmmmeTpum paBeH TpeTbeMy MOMEHTY, AEeNeHHOMY Ha Kyb
CTaHOAapPTHOrO OTKIOHEHUS.

1 Y 3
R v 2 =M 1% (2.24)
ay=—r=—5— =—— [(=M,)’ F(x)dx. '
Sem Sem Sem —oo

Mpymep BNUAHUA KO3 PULMEHTA aCUMMETPUM Ha KPUBYIO pacnpeaeneHus no-
Ka3aH Ha pucyHke 2.4. [1o CMMMeTPUYHOCTU pacrnpefernieHss 4endarca Ha CUMMeT-
pudHble (a3=0, CMHAA CNMOLWHas), C NONOXUTENbHON acummeTpuen (az>0, YepHbIN
NYHKTUP) 1 C oTpruaTenbHon (a;<0, KpacHas cnnoLHas).

TonwuHa xeocmoe (xeocma) pacnpefeneHnss ONUCbIBAETCA 3KCUEeCCOM
(kypmo3sucom). OTHOCUTENBHOE 3HAYEHNE IKCLEeCCa paBHO TPeTbeEMY MOMEHTY, Ae-
NEHHOMY Ha CTaHOapTHOE OTKMOHEeHMEe B 4YeTBepTon cTeneHwn. [ns HopmarbHOro
pacnpegerneHs faHHad BenuvyuHa paBHa 3, NO3TOMY [aHHOE 3Ha4yeHue 4acTo
«CMeLLalT» B HOMb, rOBOPS 0 KO3(huumneHTe aKkcuecca as.

S s
Nizl i X

4

cm

(2.25)

—3:% Jae—M)* f(x)dx-3.

as = -3 =
4 o

(&) (&)

cm
Ha pucyHke 2.5 npuBeneH npumep pacnpegeneHnn ¢ pasfnuyHbiM Koadduum-
€HTOM 3kcuecca. Ecnun koadpduumeHT akcuecca a4=0, pacnpegeneHme no Becy XBo-

Ccm —oo
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CTOB COMOCTaBMMO C HOpMarbHbIM. Takoe pacnpegeneHve HasBblBaeTCA Me30Kyp-
TMYeCcKUM (KpacHas KpuBas Ha puUCyHke 2.5).

flo) [ 7 o s
0.8 il
0.6 il
04r . il
0.2
I}- [ i T I B laaaa
0 2 4 6 3 x1o

PucyHok 2.4 — AcummeTpusa pacnpegeneHn

Ecnu a4<0, pacnpegeneHve HasbiBaeTCA NNaTtUKypTUYECKUM, pacnpegeneHue
nveet BGonee «rerkMe», KOPOTKME XBOCTbI, YHEM HOPMarnbHOE; YacTo ABMASETCS Nnoc-
KOBEPLUMHHBIM (YepHas KpuBasi Ha pUCyHke 2.5).

MNpu az>0 pacnpepeneHne HasbiBaeTCs NENTOKYPTUYECKMM U umeeT OGoree
«TSXKenble», ONTMHHbIE XBOCTbI, YAaCTO B HanM4yun ocTpas BepLunHa (CUHSAS KpuBas Ha
PUCYHKe 2.5).

f;"?{__ /J 1 1 1

03 .

0.6 .

- .-'. | -‘-, .'.""n. |
-5 0 5ox
PucyHok 2.5 — Okcuecc pacnpeaeneHus

MHeMOoHMYecKkoe npaBusio No BeCcy XBOCTOB MNPUBELEHO Ha PUCYHKe 2.6.

Kpome TOro, ogHonm 13 XxapakTepuUCTUK 3akoHa pacnpefeneHns ssnseTcs
KeaHmMusb - 3Ha4YeHVe, KOTopoe 3aflaHHas crnyyYyanHas Benu4MHa He npesblwaeT C
(PUKCUPOBAHHOW BEPOATHOCTbIO. T.e. KBaHTUIMb MOXHO paccMaTtpuBaTb kak obpaT-
HYI0 BENUYMHY PYHKUNN F(x).
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* THXemnbie» XBOCTbI * «Nerkue» XBocThl
(*KUpHbIe, OANWHHbIE) (kopoTKue)
nenTokypTu4eckoe NnaTMKypTU4ecKoe

PucyHok 2.6 — MHeMOHWYecKoe npaBuno O Bece XBOCTOB
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3 OCHOBHbIe 3aKOHbI pacnpegeneHus,
NnpUMeHsieMble Npu oo6paboTKe AaHHbIX HAY4YHOrO
3KcnepuMeHTa

B 3aBucuMOCTM OT TNa cry4aHOWM BENUYMHbI (QUCKPEeTHas Unn HenpepbiBHas)
pacnpegeneHuss Takke OenaTcs Ha OUCKPEeTHble U HenpepbiBHble. Kpome Toro, kak
AVCKPETHbIX, Tak U HenpepbIBHbIX pacrnpenenieHnin cyLlecTByeT AOBOSIbHO MHOro, U
XOTS NPaKTUYECKN BCE U3 HUX UMEIDT Te UM UHblE MPUNOXeEHUs B obnactu paavo-
TEXHUKWN, paccMaTpuBaTth UX BCe NpeacTaBnseTcsi HelenecoobpasHbIM.

B AaHHOM nekuumn Kpatko paccMOTPMM f1Lb HEKOTopble Hanbonee npocTble u
pacrnpocTpaHeHHbIe U3 HUX.

3.1 HopmanbHoe pacnpegeneHue

HopmanbHoe pacnpegeneHue siBAseTca OOHUM M3 OCHOBHLIX 3aKOHOB pacnpe-
JeneHus B NpuUKagHoM MateMaTndeckon ctatuctuke. Bo MHorom ato npoucrekaet
N3 LeHTpanbHON npeaensHON TeopeMbl, KOTopasa yTBEPXOaeT, YToO pacnpenenexHune
CYMMbl HE3aBUCUMbIX CrlyYanlHbIX BENMYMH C MoObIM UCXOOHbIM pacnpeaeneHmem
OyaeT HopManbHbIM, €CIN YUCAO CnaraembiX JOCTaTOYHO BEMWKO, a BKMa4 KaXKgoro
B CyMMy — Mar.

LleHTpanbHasa npegernbHas Teopema COOTBETCTBYET MHOMMM peasibHbIM (pusn-
4Yeckum npoueccam, nopoxgarwmum pesynbtatbl obpabaTbiBaeMbix HabnogeHUN.
Kpome TOro, npu BospactaHunm obbema BbIOOpPkM GONBbLUMHCTBO pacnpeaeneHuni
CTPEMUTCHA K HOPManbHOMY, NO3TOMY HOpMarbHOE pacnpegeneHne MoxeT ObiTb UC-
NoNb30BaHO A4 annpoKCUMaLUKN Takux pacnpeaeneHuin.

B Teopumn pacnpocTpaHeHus pagMoBOSiH HOpManbHOE pacnpeneneHne Ncnosb-
3yeTcsa Ans onMcaHus MepuaHuna - onykTyaumi napaMmeTpa OTHOCUTENbHO ero cpes-
Hero 3HaveHund. Kpome TOro, OHO UCMNoJSib3yeTcs B HEABHOM BuAe AN ONUcaHua na-
pameTpa, NpeacTaBreHHOro B norapnmmnyeckoMm macwtabe (3ameHss SBHbIA BUS
NOrHopManbHOro pacrnpegerneHus).

B Teopun HapgexHOCTM HOpmanbHOe pacnpegeneHne obbiYHO MCMOoNb3yeTcH
OIS ONUCaHUsA M3HOCOBbLIX OTKA30B, MHTEHCUMBHOCTbL KOTOPbLIX CO BPEMEHEM BO3pac-
Taer.

CBoiCcTBa HOpPMarnbHOro 3aKoHa pacnpeneneHus:

O603Ha4yeHne N(u, o)
MapameTpbl W, ¢
[noTHOCTb 1 2
flxpo)= exp —l(x_“j
o271 2\ ©

DyHKUMA pacnpeneneHns

Mart. oxugaHue M(x)=n
[ncnepcus D(x)= o2
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KoadhdpmumneHT Bapuaumm
V=—
1l
KoadppmumneHTt acummetpum  |a;=0
KoadhdpmuymeHT akcuecca a4=0
Mopga Mo=p
Megnana Me=p
Mpadpmkn N(0,1):
%) | | | F(x) ' |
0.3 | 7 0.8 | -
| |
0.6 | ] 0.6k | -
|
0.4 ] IS | -
| |
0.2 | - 02k | _
| |
| | | | |
-4 -2 0 2 x 4 -4 -2 0 2 x4
[MNOTHOCTb BEPOATHOCTH ®yHKUMA pacnpeneneHus

LUTpVIXOBbIM MYHKTUPOM — JTIMHUA MOAbl N MeNaHbl

KBaHTUIb ©, HOpManbHO pacnpefeneHHON cryyYyanHou BenuyuHbl N(u, ) CBS-

P
3aH C KBAHTUSbIO CNyYanHOW BENUYUHBLI, UMEIOLLEN cCTaHgapTHOe HOpMaribHoe pac-

Cc

D 3HayeHus kBaHTUNSA u€

p 3afga-

npesenexne N(0,1), uj,, COOTHOLIEHNEM u ), = +u

eTcq TabnnyHo.

HopmanbHoe pacnpegeneHne N(i, 6) CUMMETPUYHO OTHOCUTENBHO TOYKU Xx=| U
nMeeT OBa napameTpa, coBrnajarLmx co CpefHUM 3Ha4YeHUEM U CTaHOapTHbIM OT-
KnoHeHneMm. [NapameTpbl u U ¢ UMEKT CMbICN Ko3dhduumeHTa caBura n maclitaba
COOTBETCTBEHHO.

3HayeHnsa MHTerpanbHON (YHKUUKM 3aKOHa CTaHOApTHOrO HOpPMarnbHOro pac-
npenenennsa N(0,1) npuBoasaTcA B cnpaBoYHMKax Buae Tabnuu. Takke npmBoaatcs
Tabnuubl 3Ha4YeHn PyHKUMK (MHTerpana) Jlannaca

®(z)=2F(z)-1, z=x;”. (3.1)

Ons cTaHaapTHOro HOpPMarbHOro pacnpeaeneHus
F(-z)=1-F(z). (3.2)

3.2 PaBHOMepHOe pacnpeneneHue

PaBHomMepHOMY pacnpeferneHuntio NOAYUHSIOTCA CriyyYanHble BerMYvHbI, UMEto-
LLMe OAMHAaKOBYK BEPOSITHOCTb MOSBNEHUA (Hanpumep, NorpeLuHoCcTb U3MepeHun ¢
OKPYrIieHNEM).

CBowncTtBa paBHOMEPHOro pacnpeneneHns:
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O603Ha4yeHne Ula, b)
MapameTpbl a, b
[MnoTHoCTb 5
fab)=1p—q “°*°
0, x<a,x>b
DyHKUMA pacnpeneneHns 0, x<a
F(x;a,b)= x—a, a<x<b
b—a
1 x>b
Mart. oxxugaHue
Jil M(X) _ b+a
2
[lncnepcus )2
Dix)= =9
12
KoadhpuumneHT Bapmaumm 1 b—a
V=—rs
V3 b+a
KoadppmumneHT acummetpum  |a;=0
KoadghdpmuymeHT akcuecca as=-1,2
Mopga He onpe/eseHa
Meganana b+a
Me = =M (x)
2
padoukm R(5,10):
ﬁ"‘f) 1 T T F(‘f) 1
0.8+ = 0.8k 4
0.6 7 0.6F .
0.4r 7 0.4 .
02r ] 0.2 y

0 I ) ) . :
0 3 10 x13 0 5 10 15

[MNOTHOCTbL BEPOATHOCTH dyHKUMA pacnpegeneHus
LUTpMXOBbIM MYHKTUPOM — NUHUS MeONAHBI.

Cymma n He3aBUCUMbIX pPaBHOMEPHO pacrnpefeneHHbIX CryYyarHbIX BernnuyuH
OMNUCbIBAETCA HOpMarbHbIM pacnpedeneHnem yxe npu n=5. OyHKuma pacnpegene-
HUS Nobon criyyanHonm BenuuuHbl y-F(y) cama pacnpefeneHa paBHOMEPHO Ha OT-
peske [0,1].

3.3 Jllorapndgpmmnyeckn HopMmanbHOe pacnpegeneHuve

Ecnu cnyyanHasa BenuunHa Y pacnpegernieHa HopMmaribHO, TO CrydanHas Benu-
4nHa x=In(Y) nog4mHeHa norapnmmyeckm HopmanbHOMY (FTOrHOPManbHOMY) 3aKOHY
pacnpegerneHus.
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3HayeHnsa norapnmMmMyeckm HopmasibHON CryYanHOW BENUYMHbI (OOPMUPYHOTCSA
noA BO3L4ENCTBMEM OYEHb BOMbLIOrO YMCna B3aUMHO HE3aBUCUMbIX (PaKTOpPOB, Npu-
YyeM BO3OENCTBME KaxJoro OTAerbHOro pakropa «paBHOMEPHO HE3HAYUTESTbHO» Y
PaBHOBEPOATHO NO 3HaKy. [1pn 3TOM B OTNIM4ME OT HOPMaribHOro 3akoHa nocneaoBa-
TenbHbIA XapakTep BO3L4ENCTBUSA CrydYanHbIX (0akTOPOB TaKOB, YTO CryYaWHbIN Npu-
POCT, Bbl3blBaeMbl OENCTBMEM KaXKOOro criegyrowero gakropa, nponopumoHarneH
yXe OOCTUTHYTOMY K 3TOMY MOMEHTY 3Ha4YeHUI0 nccrneayemMomn BerMYnHbI.

INorapudmuyeckn HopmanbHoe pacrnpefeneHve O4YeHb YacTo UCMOoNb3yeTcH B
3afjlayax pacnpocTpaHeHns paavoBOSIH, rMaBHbIM 06pa3oM Ang onucaHusa napamert-
POB, CBSA3aHHbLIX C MOLLHOCTbI, HaNPS>KEHHOCTbI MONs, unn co BpeMeHem. Molu-
HOCTb WNWN HanNpPsKEHHOCTb MONs BblpaXkakTCs B OCHOBHOM TOMbKO B Aeuubenax,
NO3TOMY B 9TMX Cry4dasix 06bI4HO O NOrHOPMasibHOM 3aKOHE rOBOPSAT Kak O HOpMarib-
HOM pacnpefeneHun yposHen. B criyyae napameTpoB, CBsi3aHHbIX CO BpeMEHeM
(Hanpumep, ONUTENBHOCTbL 3aMWpaHWiA), NOrHOPManbHOe pacnpegerieHme UCMnosb-
3yeTcs B SIBHOM BuAe, MOCKOSbKY NepeMeHHON BENMYUMHOWN SABMSETCA CcekyHaa unu
MUHYTa, a He NX norapugm.

Kpome TOro, norHopmarnbHoe pacnpegereHme 4acto Ucnonb3yeTcs Ans onuca-
HWS U3HOCOBbIX OTKA30B. ¥ MHOIMMX HEBOCCTAHABMMBAEMbIX ANIEKTPOHHbLIX NPUGOPOB
(HekoTopble TUMNbI AMNEKTPOHHbIX fammn, NonynpoBOAHUKOBLIE NMPUGOpPLI) HapaboTka
Ha OTKa3 pacrnpepeneHa norHopmarbsHo.

CBoWicTBa NTOrHOpMarbHOro pacnpeaeneHuns:

O603Ha4YeHne LN(u,0)
[MapameTpbl LG
[MnoTHoCTb 1 1(Inx—p 2
fp,0)=——exp ——(—)
XG+/27 2 c
DyHKUMA pacnpeneneHns 1 x 1(Int—p 2
Flx;u,c exp| —— t
(x:p,0) m%_j P 2( - ]
Mart. oxugaHue
A M(x):exp(pw—(jzj
2
Nucnepcus D(x)zexp(2“+62 Iec _lj
KoadhdpmumneHT Bapuaumm 2 0,5
v=|e® —1)
KoadppmumneHT acummeTpun ) 0.5, ,
a3=(ecy —lj (ec +2j
Koa €HT aKcLecca 2 2 2
q)(pMU,M HT 3K L'a a4 :(ec _lj(e:;G +3eZG +6j
Mona MO:exp(u—c )
MepguaHa Me =M
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O6paboTKa aKCNepUMeHTaIbHbIX AaHHbIX
'padomkm LN(0,5;1):

flx) 1 ; T T T T F(x)l ; T T . .

os- i i - 08 :
S - o8- 1 1 -
04 AN ! 1 o4 ¢ /1 1

02 ' - 0.2k :

pt— . 1 C-: Ll I I I
0 2 4 6 8 x!io 0 2 4 6 3 10

[MNOTHOCTbL BEPOATHOCTH dyHKUMA pacnpegeneHns
To4eyHbIM NYHKTUPOM — MOAa, LUTPUXOBLIM — MeuaHbl
MpadmK NANOTHOCTN BEPOATHOCTU NOrHOPMAarnbHOro 3aKkoHa pacnpenerneHms mMo-

XeT BbITb NpeobpasoBaH B rpauk NAOTHOCTU BEPOSATHOCTU A4S HOPMaribHOro 3aKo-
Ha pacnpegeneHnd, ecrnm B Ka4ecTBe 3Ha4YeHUN CrlydanHOW BenWYUHbl B3ATb HaTy-
panbHbIA SIorapudm ee 3Ha4YeHUN.

"padmkn NNOTHOCTN BEPOATHOCTU LN(2; 0,5):

0.15 T T 0.15 T T T
) fincx))

01r - 0.1F .

0.05F B 0.05F 4

1 1
0 | | 0 2
0 30 x 100 0 I 2 Inx) 4

AcnmmeTpua nonoxutensHa. NponsseneHne He3aBUCUMBIX CrlydanHbIX Benu-
YWH, NOAYMHSAIOLLMXCS NOrHOPManbHOMY 3aKOHY, TakXe NOrHopMarsbsHO.

[Mpn BbIMMCNEHUSAX, CBA3AHHbLIX C FNIOFHOPMarnbHbIM pacnpegeneHnemM, nosb3y-
I0TCA NMpMemMamun Ons HOpMaribHOro pacnpefeneHus, 3aMeHss npyu 3TOM 3HayeHue
CnyyYanHou BENUYNHbI ee fiorapmmom.

¥

3.4 JKCnoHeHUManbHOe pacnpeaeneHue

OKCnoHeHUManbHoe pacnpegerneHne - oaHo M3 Hanbonee 4acTo BCTpeYaroLLmX-
CH pacrnpefeneHnin B Teopun HagexHocTu. Mcnonb3dyetca ana onucaHus BHe3arHblX
OTKa30B, Korga M3HOCOM U3genus MOXHO npeHebpeyb. HapaboTka Ha OTka3 MHOMMX
HeBOCCTaHaBNMBaeMbIX U3genuim n HapaboTka Mexgy cocefHVMW OTKa3amu y BOC-
CTaHaBnMBaeMblX U3genun B criydae npocTenwero notoka nogynMHeHbl 3TOMy pac-
npeneneHunto. HapaboTtka Ha oTka3 ©0OMNbLLIOA MHOrOKOMMOHEHTHON CUCTEMbI MOXET
ObITb OnNucaHa 3KCMOHeHUManbHbIM pacnpeaeneHnem npu nbom pacnpegeneHun
HapaboTkM Ha OTKa3 KOMMOHEHTOB CUCTEMBI.
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CBoucTBa 3KCNOHEeHUMansHoro pacnpeneneHus.

[MapameTpbl

b

MnoTHOCTb

flox;p)= %exp(—%), x>0

DyHKUMA pacnpeneneHns

F(x;b):l—exp(—%j, x20

MarT. oxxnganHue

M(x)=b

[ucnepcus D(x)=5?
KoadppuumneHT Bapraunm v=1
KoadhdpmumneHT acummeTpun a3 =2
KoadphdomumneHT akcuecca as =6
Moga Mo =0
Meamnana Me=bIn2

padKM KCNOHEHUMANbLHOrO 3aKoHa pacnpeaeneHnst ¢ napaMmeTpom b = 1:

T T F(‘f) 1

fix)

- 0.3

T 0.6

xio DD 2 4 & g

[MNOTHOCTE BEPOATHOCTH
LUTpnxoBbIM MYHKTUPOM — MenaHa

dyHKUMA pacnpegeneHns

KoadhpmumneHT b nmeet cmbicn koadpduumneHTa macitaba.

OKCnoHeHumanbHoe pacnpeaeneHne — YacTHbl cnyyan pacnpegenexHus Ben-
6ynna. OTnuumntenbHass OCOBGEHHOCTb — MOCTOSHCTBO WMHTEHCMBHOCTM OTKa30B
A=1/b=const — B TEOPUM HAOEXKHOCTU UHTEPNPETUPYETCH Kak HE3aBUCMMOCTb BEPOAT-
HOCTW OTKa3a OT HapabOoTKN, YTO SKBUBANEHTHO OTCYTCTBUIO U3HOCA.

3.5 PacnpepneneHue Benbynna

Pacnpegenexnio Benbynna nogumHaeTcs HapaboTka Ha OTKa3 MHOIMMX HEBOC-
CTaHaBIIMBaeMbIX 3MEKTPOHHbLIX NPUOOPOB (ANEKTPOHHbIE NaMnbl, NONYNPOBOOAHUKO-
Bble nNpubopbl, HekoTopble Npubopbl CBY). PacnpegeneHne xapaktepusyeTca pas-
Hoobpasnem hopm KpMBbIX pacrnpeaeneHus.

CeovictBa pacnpegenennsa Benbynna.
O603HayeHne W(a, B, 1)
MapameTpbl o — K03hpmumeHT macwiTaba;

B — KoahpUUNEHT POpMbI;
U — KOIPULMEHT caBura
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p
f(x;a,B,p):%(x—u)B_l exp{(ﬁj J, x>u, a,fp>0
o o

[NnoTHOCTBL

DyHKUMA pacnpeneneHns

X—u P
F(X;(X,,B,M):l—eXp _(—j » X2, G':B>O
(0}

Mart. oxugaHue

[uncnepcnsa

KoadppmumneHT Bapmaumm
KoadhdpumumneHT acummeTpumn
KoadghdpmuymeHT akcuecca
Mopa 1

M0=0{1—%jﬁ, B>1

He NPUBOAUM, T.K. BENMWUYMHbI UMEKT CrOXHble op-
MyIbl.

"padhukn 3akoHa pacnpenenexHus Benbynna:

W(2,0,5,0)
ﬁ/‘f) 1.3 E T T F“"f/] T E T T
0.8F '
i+ : . ;
' Fx 09 '
: ¥ :
: TTbar .
0.37 . T .
s 5
I i T I I E 1 1
O 1 2 3 4 i3 % 1 2 3 4 x 3
w(2,3,0)
ﬁ"r/] 15 T T T T F(‘f) T — T I
0.8F s
18 : 7 :
: 0.6 : .
: 04r ; .
0.5r ; i :
E 02k .
| 4 , , 0 1 Lo L 1
% 1 2 3 4 X3 0 ! 2 3 fox ?
MNOTHOCTb BEPOATHOCTM dyHKUMA pacnpeneneHms

LLITpnxoBbIM NYHKTUPOM — MoAa.

CemeinctBo bopM KpuBbIX pacnpeneneHns xapakrepusyetcad UHTEHCUBHOCTLIO
OTKasa — oyHKumen snga

, (1.7)
paBHOM
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K(x):%xﬁ_l. (1.8)
a

Becb nHTEpPBan BpeMeHU X1U3HN U3nenusi MOXXHO pa3butb Ha Tpu nepuoaa:

- nepuog npupaboTtkn (obkaTkm). MHTEHCUMBHOCTL OTKa3a A(x) MMeeT BbICOKME
3HaYeHUs N SBHYI TEHAEHUMIO K YyObIBaHWMIO (Yawe BCero A(x) MOHOTOHHO ybbiBaeT),
4YTO 0OBACHAETCA HanNMuMeM B NapTUN U3OENUA C SBHBIMU U CKPbITbIMU AedeKkTamu,
KOTOpble MPMBOOAT K OTHOCUTENbHO ObICTPOMY BbIXOA4y MX M3 cTpos. Ha nepuopg
NpnpaboTkn 06bIYHO PacNpPOCTPaAHAETCS rapaHTUNHBIA CPOK;

- nepvod HopmanbHoW akcnnyatauun. OH xapakTtepudyeTcs npubnuanTensHo
NOCTOAHHOM U CPaBHUTENbHO HNU3KOM MHTEHCUBHOCTbLIO OTKa3oB. [Npupoaa oTkasos B
STOT Nepuoa HOCUT BHe3arnHbIN xapaktep (aBapuu, OWNBKM aKCnnyaTauMoOHHbIX pa-
BGOTHUKOB 1 T.MN.) U HE 3aBUCUT OT ASIMTENbHOCTU SKCMyaTauun nsgenus;

- nepuoa ctapeHuns un usHoca. lNpupoaa oTkas3oB B 3TOT nepuog - B HeobpaTtu-
MbIX (PU3NKO-MEXAHUYECKNX U XMMUYECKNX UBMEHEHUSIX MaTEpPUanoB, NPUBOAALLMX K
nporpeccupyowemMy yxyaLeHuo kKayecTBa eanHMLbl NPOAYKUMN N OKOHYaTENbHOMY
BbIXOAY €e U3 CTposi.

Kaxxgomy nepuogy cooTBeTCTBYET CBOM BUA yHKUMKM A(x). SHaveHus B e (0,1),

B=0 n B>1 xapakTepuayloT MHTEHCMBHOCTb OTKA30B B Nepuoabl NpupaboTkn, Hop-

MaribHOW 3KCnnyaTaunm n CTapeHnsa COOTBETCTBEHHO.
OKCnoHeHumanbHoe pacnpeaeneHne — YacTHbl cnyyan pacnpegenexHvs Ben-
Bynna, cooTBeTCTBYHOLLEE 3HAYeHUI0 B =1.
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4 OnpepeneHune 3aKoHa pacnpegesrieHus no
BblOopke. Npachmnyeckme cnocooObI

4.1 OnpeneneHue 3aKoHa pacnpeaesnieHUs no BbIGopouy-
HbIM AaHHbIM

[Mony4yeHHble B X04e MHOrOKpaTHOro 3KCnepuvMeHTa (SMnMpuyeckue) OaHHble
npeacTaBnAT coboM C TOUKM 3pEeHUsT MaTeMaTUYECKON CTaTUCTUKK BbIDOPKY 3HaYe-
HUM criydanHon BenuumHbl. Cama crnyyanHasi BENuYnHa pacnpegenieHa no HeKoTo-
pPOMYy 3aKOHY, KOTOPbIA MccrneaoBaTento HeobxoauMo HanTu, YTobbl, Hanpumep, no-
nyyYnTb MHMopMaunio O (PU3NYECKOM CMbICIIE paccMaTpuBaeMoro SBfIEHUS WK
npouecca. 3afjaya HaxoXOAeHWa 3akoHa pacrnpeerneHns CcriydaHoOW BeriMYuHbl Mo
BblOOpKE ee 3HaYeHW ABNSEeTCS OAHOW U3 LeHTparbHbIX 3agad MaTeMaTuyeckomn
CTaTUCTUKMN.

CywecTtByeT ABa knacca MeTofoB onpefeneHus 3akoHa pacnpefeneHus cry-
YaHOW BEMNYMHbLI NO BbIGOPOYHBLIM AaHHbLIM:

- rpadmnyeckne MeToabl, KOTopble NpeacTaBnsaT cobon rpadukm, oTobpakato-
LMe 3HaYEeHUsT HEKOTOPbIX XapakTepucTuk Bblibopkn. Cioga OTHOCATCA rMcTorpaMmma,
MOSIUIOH YacToT, AWMK C ycaMu, BEPOSATHOCTHbIE rpadmkn. Mo Buay rpadukoB MOX-
HO caenaTtb NpUbNM3nTENbHBIN BbIBOA O BUAE 3aKOHA pacnpeneneHus;

- MaTtemaTuyeckme MeToAbl, Kyaa OTHOCATCS KPpUTEPUU COrfacusi, 0 KOTOPbIX Mbl
NOroBOpUM B CriealytoLen nexkumnu.

AnroputM MNOCTPOEHUst rmMcTorpammbl 6bin pasobpaH Ha nekumn 2. NMpuBegem
ero ee pas Ans BbIboOpKN xi,x;,...,x obbema N:

1. MOCTpoeHMe BapuaunoHHOro psiga

X1 <xy Z...ZXxpy, (4.1)
pa3bueHne nHTepeana [x;, xy] Ha N «kapMaHOB» HEKOTOPbIM CNOCOOOM;
HaxXoXAeHWe rpaHunL, «kkapMaHoBY;
HaxoXAeHue Yncna Toyek 7;, NonasBLUMX B KaXKAbl U3 KApMaHOB;
HOPMUWPOBKA BbICOT CTONOLIOB rMCTOrpaMmbil;
NMOCTPOEHMNE «CTyneH4yaToro» rpadumka: no ocn abcumce oTknagbiBaoTCcs
«KapMaHbl», N0 OCYM OpAMHAT — HOPMUPOBAHHbBIE 3HAYEHNUS.

Ecnu BMecTO cTyneH4aToro rpaduka CTpoUTCA NOMaHHas JMHUS, COeaUHSI0-
LLIast BbICOTbI «CTONIOMKOBY, TO NOSTy4aeTCsl NOSIMIOH OTHOCUTESTbHbBIX YacToT.

Bug ructorpammbl CUIbHO 3aBUCUT OT pa3Mepa U yucna «kapmaHoBy», cnocoba
pa3bueHnsa. Kpome TOro, no AaHHOMY rpaduKy 4acTo CIOXHO CYAUTb HE TOMbKO O
KOHKPETHOM BMAE 3aKOHa pacnpeferieHns, HO Aaxe O ero XxapakTepucTUYEeCKUX
CBOMCTBax, Hanpumep, o6 acummeTpun. Hanpumep, Ha pucyHke 4.1 npuBegeHa ru-
cTorpaMmma, NocTpoeHHasd no BblOOpke M3 reHepanbHOW COBOKYMHOCTMW, pacnpege-
NEHHOW NO HOpPManbHOMY 3aKOHY pacnpefeneHus, ogHako Ha rpaduke 3ameTHa He-
KOTOpas acCMMMeTPUSA OaHHbIX.

o0k wN
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0.4 T T T

0.3r 7

0.21 7

0.1 -

0
0 2 4

PucyHok 4.1 — F'uctorpamma BbIGOPKN CryHanHOW BESNTUYUHDI,
pacripegenieHHOM No HopMaribHOMY 3aKOHY

Bornblwe nHpopmauun o BO3MOXHOM BuAe pacrnpeerieHus criydarHou Benu-
YMHBbI MOXHO MONYYUTb NPU MOCTPOEHUN TaK Ha3blBAaEMbIX BEPOATHOCTHbIX rpadu-
KOB.

4.2 Buabl OTKNOHEHUN OT TeOPEeTUYECKOro 3aKoHa
pacnpenerieHus Ha BePOATHOCTHbIX rpadukax

BepoATHOCTHbIE rpadmky NO3BONAT NPOBEPUTHL NPeanorioXeHue o Buae pac-
npegeneHna - HarnsgHo CpaBHUTbL AMMUPUYECKOe pacrnpeferieHMe ¢ TeopeTude-
ckuM. Ecnn Teopetnyeckoe pacnpegeneHue 6b1n10 BbIbpaHO HENpaBWIbHO, U B pe-
3ynbTaTte MOCTPOEHUS rPaUKOB BbIACHUIMOCHL, YTO pacrpeerieHuss He coBnagator,
TO C MOMOLLbIO MHTEpPNpeTauun NOCTPOEHHOro rpadmka MOXHO Cy3uTb 0bnactb no-
ncKa criegytoLero TeopeTnyeckoro NpubnmxeHms.

[Mpu oTNNYaoLWMXCa 3MNMPUYECKOM N TEOPETUYECKOM 3aKOHaX pacnpenerneHuns
Ha BEPOSATHOCTHbIX rpadukax BO3MOXHbI cnegyoLwime cutyauumn:

e pasnuyHa acUMMeTpUs pacnpeaeneHui;
e pasnu4Hbl TOMLUHBLI XBOCTOB pacnpeaeneHun;
e BUMMOAANbLHOCTL 3MMNUPUYECKOro pacnpeaeneHus.

HanomHum, 4TO acnmmeTpusa onpegenseT CKOLWEHHOCTb pacnpeaenenus, koraa
OAWH XBOCT rpaduka nNNoTHOCTU BEPOATHOCTM KPYTOW, a Apyron - nosoruu. Mo cko-
LLEHHOCTUW pacnpegeneHns AenaTca Ha CUMMeETPUYHbIe (PUCYHOK 4.2, CUHASA CRSOLL-
Has), C NONOXUTENbHON acCMMMETPUEN, Koraa npaBbii XBOCT ASIMHHEE NeBoro, (pu-
CYHOK 4.2, YepHbI NYHKTUP) N C OTpuLaTenNbHOM acCUMMETPUEN, KOrda neBbl XBOCT
ANMHHEE NpaBoro (PUCYHOK 4.2, KpacHas crsoLHas).

flo [ — T

0.8- 1
0.6 1

04r e

021

0 \
] 2

PucyHok 4.2 — AcummeTpusa pacnpegeneHnin
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MpMMepoM CUMMETPUYHOro pacnpeneneHms MoXeT CNYXWUTb HOpMarbHbIA 3a-
KOH pacrnpegeneHus.

XBOCTbI pacnpeneneHnin 6biBalOT «NErkKuMu» N «TsHKenoiMu». [0BOPAT, 4TO
XBOCTbI pacnpefeneHns «TsXenble», eCriv OHU coaepXXaT HEeCKOSNbKO 3Ha4YeHUn, HO
Ha 3Ha4MTeNnbHOM ydaneHun OT UeHTpa pacnpegeneHuda. Ha rpaduke nnoTHOCTU
BEPOATHOCTM 3TW XBOCTbI AfIMHHbIE. HAao6opoT, «nerkue» XBoCThbl cogepXaT AOBOSb-
HO MHOrO 3HayeHWn, HO Kak NpaBuio, 3TU 3HAYEeHUA He nexaTt Aaneko OT ueHTpa
pacnpegenieHna n Ha rpaduke BbIrMagAaT KOPOTKMMW. [pumepbl pacnpeneneHum ¢
TSHXKENbIMU N NETKUMN XBOCTaMU NpUBEAEHbI Ha PUCYHKe 4.3.

6)
PucyHok 4.3 — XBOCTbI pacnpegeneHuii: a) pacnpegeneHne ¢ «TsxenbiMm»
XBOCTamu; 6) pacnpegeneHune ¢ «nerkumm» XBoctamm

Mopown pacnpegeneHns HasbiBaeTCcs Hanbonee BEPOSTHOE 3HAYEHWe cryyan-
HOW BenuunHbl. Moga HopManbHOro pacnpeaeneHus coBnagaeT ¢ MaTeMaTUYeCKNM
oXugaHuem.
Mpn BumoLanbHOCTM AaHHbIE cogepXaTt ABe MoAbl, T.e. ABa Hanbonee BeposT-
HbIX 3HAYEHUS CnyYyanHon BENNYMHBI. OTO MOXET TPaKTOBaTbCS ABYMS cnocobamu:
e BblbOpKa He ABMSIeTCS OAHOPOLHOM M HAbMAEHNA NOPOXAEHbI ABYMS
unu 6onee "HanoXxeHHbIMK" pacnpeneneHnaMm;
e BblOpaHHbIE MHCTPYMEHTbI HE NOAXOAAT ANA U3MEPEHUS.
Bug cdoyHKUMKM NAOTHOCTU BEPOATHOCTU BUMOAanbHOro pacnpeneneHnsa npuse-
O€eH Ha pucyHke 4.4.

PucyHok 4.4 — BuUMoZanbHOCTb Ha rpaduke MNOTHOCTU BEPOSITHOCTY

4.3 P-P rpachuk

BeposaTHOCTHO-BEPOATHOCTHBIN rpaduk (MPOLEHT-NPOUEHTHbIN rpaduk, P-P
rpadouk, probability-probability plot) no3asonsieT cpaBHUTb BEPOSTHOCTW, NOSNYYEHHbIE
OMbITHbIM MYTEM N C MOMOLLbI TeopeTn4eckon PyHKUMen pacnpegeneHuna. Npu no-
CTPOEHUM 3TOro rpadmka No OCu OpAMHAaT, OTKNaAbIBAlOTCA TeopeTMYecKue 3Hade-
HUS BEPOATHOCTEN, MO OCK abcumcc — amnmpuyeckue.

P-P rpacuk ctpouTcs cTporo Ha nHtepanax [0, 1] no obeum ocam.
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Paccmotpum aneopumm nocmpoeHusi P-P 2paghuka no faHHbIM BbiOOPKM
X[,X,,...,Xy OObEMa N B NpeanorioXeHnn, YTo TeopeTUYeCKUin 3akoH pacnpepere-
HWS - HOPMaIbHbIN:

1. NocTpoeHne BapmauuoHHoro psiga no opmyne (4.1)
2. pacyet Touek rpadumka p;, i=1..N. Obwasa dpopmyna:
i—a

PN “2
roe a — HekoTtopoe vncno ot 0 go 0,5.
B 3aBMCUMMOCTM OT BENUYMHBI @ BbIAENAIOT CrieayoLlme MeToabl pacyeTa:
e Metoa bnoma (Blom)
i—0,375
PN 025’ (4-3)
e MeTopq Throku (Tukey)
Pi= y (4.4)
3
e wMeTog BaH oep BapoeHna (Van der Waerden)
1
Pi=1 (4.5)
e METOA paHroBoro npeobpasoBaHns
i—0,5
pi=r (4.6)

N Apyrue metoapi;
3. nNpuBeaeHVe 3HAYeHUIn BapMaLMOHHONO psaa K CTaHOapTU3MPOBaHHOMY
BMAY NOCTPOEHMEM BapuaLMOHHOIo psaaa Z; no opmyne;
Xi—u

Z; = ; (4.7)
(o)

roe p— cpegHee apumeTndeckoe BbIBOPKY;
6 — CTaHOAPTHOE OTKIOHEHNE BbIOOPKY;
4. pacyeT O(Z;) - 3Ha4eHnn pyHKUMM Jlannaca no sHa4yeHnam Z;
5. HaHeceHue Ha rpaduk Touek ¢ koopauHatamu (p;, O (Z;)).

4.4 Q-Q rpacuk

KBaHTunb-kBaHTUMNBHBIV rpaduk (Q-Q rpadumk, quantile-quantile plot) nossonset
CpaBHUTb 3HAYEHUS KBAHTUNEN IMNUPUYECKOM PYHKUMN pacnpeaeneHnsi, KOTopbiMu
ABNATCA AaHHble 3KCNepuMeHTa, U TeopeTUHeCcKorW YHKUMUKN pacrnpeaeneHus.
HanoMHuM, 4TO NoA KBaHTUNbIO MOHUMAETCH 3Ha4YeHue, KOTOpoe 3afaHHas criyyan-
Has BefiMyMHa He npesbllaeT C¢ (PUKCUPOBAHHOW BEPOATHOCTbIO. T.e. KBaHTUIb
MOXHO paccMaTpuBaTtb Kak 00paTHy0 BENUYUHY PYHKUUKN F(X).

Mo ocu opavHat Q-Q rpadmka OTKNaAbIBalOTCH 3KCNepUMEHTarnbHble 3Haye-
HWS, N0 abCuMCC KBAHTUNN TEOPETUYECKOro pacnpeneneHus.

Paccmotpum aneopumm nocmpoerHusi Q-Q epaghuka No faHHbIM BbIOOPKM
X1,X3,...,Xy Obbema N B NpeanonoXeHun, 4To TEOPETUYECKUA 3aKOH pacnpepene-

HWSA - HOPMarbHbIN:
1. nocTpoeHne BapmaunoHHOro psiga no gopmyne (4.1);
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2. pacdyeT Touek rpaduka p;, i=1..N no nobown n3 popmyn (4.3)-(4.6);
3. pacyeT 3Ha4YeHUN KBaAHTUIEN TeOPEeTUYECKOro 3aKkoHa pacnpegerneHms @
B TOYKax pasbueHunsa no gopmyne
-1 .
0; =0 (pi); (4.8)
4. HaHeceHWe Ha rpaduk TOYKM ¢ KoopauHatamu (Q;, X).

4.5 UHTepnpeTtaumns BepOATHOCTHbIX rpadhukoB

1) Ecnn P-P rpacduk obpasyeT npsimyto, npoBefeHHyto Yyepes3 Touky (0,0) nog
yrnom 45°, roBopAT, YTO IMNUPUYECKOE N TeopeTU4ecKoe pacnpeneneHms copnaga-
tOT.

1
Pamn

L L L L
o 02 04 06 o8 Preop !

PucyHok 4.5 — P-P rpacuk npu coBnageHum 3akOHOB pacnpegerneHns

2) Q-Q rpacuk obpasyeT npsmMyo BUAa y=ax+b, CHATAETCH, YTO IKCMEPUMEH-
TanbHble OaHHble pacnpeferneHbl Mo TeopeTUYeCKOMY 3aKOHY pacnpefeneHnsa co
cpefHuUM, paBHbIM KOS(MUUNEHTY b, N CTaHOAAPTHLIM OTKIOHEHUEM, PaBHbIM KO3()-
duumneHTy a. Hanpumep, To4kn rpadmka npakTUyecknm coBnagarT C NPAMON C KO-
acppuuymnentamn ¢=0,023, 5=9,261 (pucyHok 4.6). CnepmoBaTenbHO, 3KCNEPUMEH-
TanbHble AaHHble pacnpegeneHbl N0 HopMarbHOMY 3aKoHy N(9,261, 0,023).

HanomHuMm, 4yTo KOabdUMUMEHT a NpeacTtaBndeT cobon TaHreHc yrna HaknoHa
NpAMOK, a KO3IPULMEHT b — caBur rpaduka no ocu opauHar.

9.3
X

915

e ’ 2 Q
PucyHoK 4.6 — KBaHTUNb-KBAHTUSbHLIW rpaduK AaHHbIX, pacnpeaesieHHbIX NO 3aKOHY
N(9,261, 0,023)

[anbHenwaa uHTepnpeTaumna rpaduKoB CBA3aHa C OTKIOHEHUSMU TO4YeK OT
npamon n ans P-P n Q-Q nonHOCTbLIO coBnagaerT.

3) Ecnn nony4veHHbIN rpadmnk MOXOX Ha BbITHYTYIO BHU3 Oyry (pucyHok 4.7, a),
TO FOBOPAT, YTO SMMNUPUYECKNE OAHHbIE UMEIOT MONOXUTENBHYIO acUMMETPUIO (pu-
CyHOK 4.7, ©).
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a)

A

b

Y

6)

PucyHok 4.7 — lNonoxutenbHaa acCUMMETPUA SMMUPUYECKUX OaHHbIX

4) Ecnn nonyyeHHbIN rpamk NOXoX Ha BbIFTHYTYIO BBEPX Ayry (pucyHok 4.8, a),
TO rOBOPSAT, YTO AIMNUPUYECKNE OaHHBIE UMEIOT OTpULLIATENBbHYI0 aCUMMETPUIO (PUCY-

HOK 4.8, 6).

\\
/ \
\
\

\
\
\

\

_ \

»
»

6)

PucyHok 4.8 —OTpuuaTtenbHas acCUMMETPUS SMNUPUYECKUX JaHHbIX

5) Ecnu nony4veHHbIN rpadouk noBTOpSeT QOpMy, NPUBEAEHHYIO Ha pUCyHKe 4.9,
a, TO rOBOPSAT O NIErkNUX XBOCTax aMMNMPUYECKOro pacnpeneneHus (pucyHok 4.9, 6).

a)
PucyHok 4.9— Jlerkme xBoCTbl SMMUPUYECKOro pacnpeaeneHus

&6) ;

6) Ecnn nonyyeHHbIn rpaduk NoBTOpAeT (POpPMY, MPUBELAEHHYHD Ha PUCYHKe
4.10, a, TO roBOpAT O TSHKENbIX XBOCTAX AMMNUPMYECKOro pacnpeneneHnsa (pPUcyHok

4.10, 6).

a)

6)

PucyHok 4.10 —Tskenble XBOCTbl SMMUPUYECKOro pacnpeaeneHus

7) Ecnn nonyyeHHbIn rpaduk noBTOpsAeT opMy, NMPUBEAEHHYH Ha PUCYHKe
4.11, a, TO roBopsT 0 BGMMOOANBHOCTU AMMNUPUYECKOro pacnpeneneHnsa (PUCyHokK

4.11, 6).
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6)
PucyHok 4.11 — BumopanbHoe pacnpegeneHme aMnupu4eckux JaHHbIX

Y P-P rpacvkoB nydwie paspelueHune (To eCTb HarnsgHee OTKIOHEHNH) MO LeH-
Tpy rpacduka, a y Q-Q — no kpasm. [1ockoribKy OCHOBHbIE BUAbI OTKIOHEHWUIA (PUCYHKM
4.7-4.10) CKOHUEHTPUPOBaHbI NO KpasM, TO Yalle ucnonbdyetcsa Q-Q rpaduk. Bme-
CTe C TeM pasnuuus, Xapaktepusyllime OumMoaanbHOCTb, CKOHLUEHTPUPOBaHbl B
LeHTpe rpacdurka n crniegoBaTenibHO, OyayT nydwe Bcero BuaHbl Ha P-P rpaduke.
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5 OnpegeneHve 3akoHa pacnpeaeneHus no
Bbloopke. Kputepuu cornacus

5.1 O6wWKMM anropuT™ NPoBepPKN CTaTUCTUYECKUX rMnoTe3

[MycTb B X04€ 9KCNepMMEHTa MUCCrnefyeTca HekoTopas criydanHasa BenmunHa X.
B pesynbTate uccnegosaHus 6bina nosniydyeHa Bblbopka ee 3HayeHun obbema N:
X1,X7,...,Xy . JIl0BOE NpeanonoxeHne o pacnpefeneHnm ee BepoAaTHOCTEN Ha3blBa-

eTcd CTaTUCTUYEeCKOW rmnote3on. To ecTb cmamucmu4eckasi 2uriomesa — 3Mo
ornpedenieHHoe rpedrosioxeHue o pacrpedernieHuUU eepossmHocmed, nexauem 8 oc-
Hoge Habmnodaemol 8bI60pKU OaHHbIX.

[Mpouecc NPUHATUS peLlleHus O TOM, NPOTUBOPEYNT NN paccMmaTpuBaemMas cta-
TUCTUYecKas rmnotesa Habnogaemon BbIOOpKE UMW HET, Ha3blBaeTCHA MPOBEPKOM
cTaTtucTnyeckom rmnotesbl. [JaHHas npoBepka OCYLLEeCTBMASETCH Ha OCHOBE cTaTu-
CTUYECKUX KPUTEPUEB.

NcxoaHyto runotesy HasbiBaloT HyneBow runoteson n obosHavawT H,. Bo Bpe-
MSI NPOBEPKM OAHOBPEMEHHO paccMaTpuBaeTcs NpoTUBOpevallasa en rmnotesa, Ko-
TOpas Ha3blBaeTCs KOHKYPUPYIOLLEN NN anbTepHaTUBHON 1 0b6o3HavaeTcs H,.

Mpn npoBepke CTAaTUCTMYECKUX TMMNOTE3 NPUMEHSETCA creaywmn obwud as-
2opumm:

1. ®opmynupytoTca Hynesas Hy U anbTepHaTMBHas H; rmnotesbl O pacnpene-
NEHUN BEPOSTHOCTEN HA MHOXECTBE 3HaYeHUN CriyYamHOW BENUYUHLI X (reHepanb-
HOW COBOKYMHOCTM). MIHOrga anbTepHaTuBa hopMynmpyeTcsi He B SBHOM BUAe, Toraa
npegnonaraeTcs, YTo H, 03Ha4aeT «He Hy».

2. 3apaeTtca HekoTopasa cTtaTucTuka (pyHKumMsa BbIOopkK): T=T(x),...xy), KOTOpas
B YCMNOBUSX CrpaBensiMBoCcTu rmnotesbl Hy NOOYNHAETCA HEKOTOPOMY M3BECTHOMY
3aKOHy pacnpegeneHusi. Yacto BONpoC O TOM, KaKyto CTaTUCTUKY BblOpaTb, HE uMeeT
O[HO3HA4HOro oTBeTa.

3. 3agaeTtcsa ypoBeHb 3HAYMMOCTU o — AONyCcTUMas Ans JaHHOW 3ajayun Bepo-
ATHOCTb OWwMbKM nepBoro poaa. Ha npakTtuke yacto nonaratot a=0,05.

4. Ha MHOXecTBe AO0MYCTUMbIX 3HAaYEHUN CTaTUCTUKM BblOENSETCS KpuTuyeckas
obnacte C HaMMeHee BEpPOSATHbIX 3HAYEHUM CTaTUCTUKU. BeposiTHOCTb TOro, 4To
3Ha4yeHne CTaTUCTUKM NonageT B 3Ty obnacTb Npu cnpaBegnMBOCTM HyNEeBOW Mno-
Tesbl, paBHa o, T.e P(TeC|H0):a. 3agjayva BblUMUCMEHUS TPaHUL, KPUTUYECKOro
MHOXEeCTBa B 6ONbLUMHCTBE NPAKTUYECKUX ClyYaeB MMEET rOTOBOE peLLEHME.

5. CTaTucTn4ecKkun KpuTepumn 3aknovaeTcs B NPOBEPKE YCINOBUSA:

o ecnn T(xj,..xy)eC, To Aenaetcs BbIBOA, YTO [AaHHble NPOTMBOpeYar

HYNeBOW rMnoTese Npu ypoBHE 3HAYMMOCTU o. Hy oTBepraeTcsi, H; npu-
HYMaeTCs;
e ecrm T(x),.xy)eC, TO Aenaetcs BbIBOA, YTO AaHHble HE NpoTMBOpeYaT

HyNeBOW runoTese npu ypoBHE 3HAYMMOCTW a. Hy NnpuHUmaeTcs, H; OT-
BepraeTcs.
Taknm obpas3om, CTAaTUCTMYECKUI KpUTEPUIN onpenenserca crtatuctukon 7 u
KpuTnyeckon obnacteto C, KOTOpasi 3aBUCUT OT YPOBHSA 3HAYUMOCTU 0.
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Ecnun pgaHHble He NnpoTuBOpeYaT HyNeBown rmnoTese, TO 3TO eLlle He 3HAYUT, YTO
rmnoTesa BepHa:
e NS HAXOXOEHMUs pasnnynin He xBaTaeT obbema BbIOOPKY;
e BblbpaHHas CTaTUCTUKA OTpaXaeT He BC MHGOPMaLMIO HyneBOW rmno-
Te3bl N 3TO UCKaXKaeT NPOLIECC NPUHATUSA peLLEHNS.
BbliogenaoT Tpu Buaa KpUTMYeckux obnacren:
1. ABYCTOPOHHSAS KpuTuMyeckas obnacTb onpegensieTcs AByMSA MHTepBana-
MK (— oo,xa/z)U (xl—(x/2 ,+oo), rOe TOYKN Xy M X1 HAXOAAT N3 YCNOBUN

P(T<xa/2)=%; (5.1)

Plr< xl_a/2)=l—%; (5.2)

2. NEeBOCTOPOHHSAS KpuTudeckasi obnacTb onpefensieTcsa  WHTepBasiom
(-oc,xq), FOE X, HAXOOAT N3 YCNOBUA

P(T<x,)=0; (5.3)

3. NpaBOCTOPOHHSS KpuTUdeckast obnactb: (xj,, +oc), rAe xi., HaxoOaT u3
ycnosusi

P(T<x_yq)=1-0. (5.4)

Kak 6bIn0 0TMeYeHO BhilEe, NPU NPOBEPKE CTAaTUCTUYECKOWM MNoTe3bl BO3MOX-
Hbl criegytoLme cuTyaumn:

BepHas runortesa
Hy H,
PesynbTtar H, | HyBEepHO NpuHATa HyHeBepHO npuHdaTa
NpUMEHeEHNSA (owwmbka Il poga)
Kputepus H, | Hy HeBepHO OTBEpHYTa H,BepHO oTBEpHYyTa
(owwnbka | poga)

Owunbkn nepBoro n BTOPOro poaoB SABNAKTCA B3aUMHO CUMMETPUYHBLIMW, TO
€CTb, €Cfn NOMEHATb MecTaMn rmnoTesbl Hy n H;, To owmnbka nepBoro poga CTaHo-
BUTCS OLUMBKON BTOPOro 1 HaobopoT.

Owunbky nepsoro poaa, koraa BepHas runoTesa OTBepraeTcs, YacTo HasblBalOT
NOXHOW TPEBOron, JOXHbIM (JIOXXHOMONOXUTENbHBIM) cpabaTbiBaHMEM. YPOBEHb
3HA4YMMOCTM . 3a4aeT BEPOATHOCTb COBEPLUNTDL AAHHYIO OLIMOKY.

Owwnbka BTOPOro popa HasbiBaeTCA MPOMYCKOM COObITUS MK NOXHOOTpUUa-
TenbHbIM cpabaTbiBaHMeM. BeposATHOCTb COBepLUEHMS JaHHOrO poada ownbkn onpe-
aensietca BenunyuHon B. C gaHHOW BENIMYMHOM CBSA3AHO MOHSATME MOLLHOCTU KpUTe-
pua 1-B, KOTOpas TeM BbllLE, YEM MEHbLLE BEPOATHOCTb COBEPLUNTL OLLIMGKY BTOPOro
poaa.

[Mpy NPpUMEHEHMM CTaTUCTUYECKMNX KPUTEPUEB MPUXOANTCA NOTU HA KOMNPOMUCC
Mexay npuemsieMbiM YPoOBHEM OLLIMBOOK NepBOro 1 BTOPOro YpPOBHEMN.

PaccmoTpym oaMH 13 KIaccoB CTaTUCTUYECKUX KPUTEPUEB: KPUTEPUN COrNacus.
[aHHble KpuTepumn MpoBepSAT, corracyeTca nn 3agaHHas BblbOpka C HEKOTOPbIM
TeopeTuUyecKnm pacnpeneneHmem.
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Cratuctudeckme rvnotesbl pasnuyaroT no Buay NpeanofnioXeHWun, KOTopblie B
HUX copaepXaTtcs:

e npocmble, Ko20a ebidguzaemcsi rnpedrnosioKeHUe He MmoJsibKO O euode
pacrnipedesieHusi, HO U 0 3Ha4YeHUsIX 8cex e2o napamempos. Hanpumep, B
KayecTBe TeopeTnyeckoro pacnpegenexus BbiopaH 3akoH N(0,1);

e CJI0OXHbIe, Koe0a ebldguzaemcs npeodrnosioxxeHue o sude 3aKoHa pac-
npedeneHusi (Harnpumep, HOpMasibHbIU, 3KCMOHEeHYUarlbHbIU), pu 3Mom
OOUH UNU HECKOJIbKO rapamempos 8 rpedrosioxXeHuU Heu38eCmHal.
Hanpvmep, B KayecTBe TeOpeTUHECKOro 3akoHa npegronaraeTcs Hop-
MarnbHbI 3aKOH C HEW3BECTHbIMW 3Ha4YeHusiMM oboux napameTpoB
N(u,0), MMBO C HEM3BECTHBLIM 3HAYEHMEM L1, MO0 C HEN3BECTHBLIM 3HaYe-
HUEM o.

Cpean kputepueB cornacusi Ans nNpoBepKu rmnoTesbl O Buae IMNUPUYECKOrO
pacnpegeneHus Hambonee 4acto UCNOMb3ylTCA KpuTepun Konmoroposa u kpute-
puit MupcoHa (kpuTepwii «xu-kBaapat», x°). Ecnm npo BbIBOpKy 3apaHee M3BECTHO,
YTO OHa NOAYUNHSIETCSH HOPMarlbHOMY 3aKOHY, CTAHOBUTCS BO3MOXHO NMPUMeEHsSTb 60-
rniee MOLLHbIE KpUTEPUN HOPMASbHOCTN — YacCTHbIN Cry4an KpUTEPUEB Cornacus.

5.2 Kputepumn cornacua KonmoropoBa

HaHHbIn KpuTepun Konmoroposa B Kraccu4YeckoM Buae UCnosib3yeTca Ans npo-
BEPKM MPOCTOM rMnoTesbl, MOCKOMbKY B 3TOM Cryvyae OH SBNAeTcs «CBOOOAHbIM OT
pacnpegerneHusay (To eCTb CTaTUCTMKa He 3aBUCUT OT Buaa Habnwgaemoro 3akoHa
pacnpegerneHusa u ero napameTpoB). B criyyae npoBepky CROXHOW rMnoTesbl npume-
HeHne kputepmnsa KonmoropoBa TpebyeT cobnogeHnsi HEKOTOPbIX 4OMNOSTHUTENbHbBIX
YCITOBUMN.

B kputepun KonmoropoBa cpaBHeHME MPOBOAUTCA MeXOy TeopeTuyeckon u
aMnupuyeckon OyHKUMAMU pacnpefeneHns, Kak nokasaHo Ha pucyHke 5.1. Kpute-
pU NO3BONAET HAaWUTU TOYKY, B KOTOPOU pacxoxaeHne Mexay aTumMu AByMS PyHKUN-
AMMU ABNSeTCS HaMBONbLLMM, N OLEHUTb JOCTOBEPHOCTb 3TOM0 PACXOXOEHUS.

A

F(x) L-)

130

10T 04zl
0.8 == 0,53 [k
0% - a7 LA
0,7 =t dmax |
oG L a5%%
’ 0510
0,5 ==
0,4 4 0 152
03 == 025 I
02 1+ 1
01 ==
I

PucyHok 5.1 — 'padhmyeckoe npeacrasneHne kputepusa cornacus Konmoroposa
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K moctouHcTBam kputepus Kornmoroposa no CpaBHEHUIO C ApYruMnu Kputepus-
MU corfnacust MOXXHO OTHECTU ero nNpocToTy. VI3 HegocTaTkoB MOXHO BblAENUTL Crie-
aywoulee:

e B YUCTOM BMUAE HEMPUMEHUM 15 AOKa3aTeNbCTBa CNOXHbIX FTNMNOTES;

e obOnagaet HU3KOW YyBCTBUTENbHOCTbID. Bo-nepsBbiX, Npyu HebonbLlKxX
obbemax aKcnepuMMeHTanbHbIX AaHHbIX (N<50) umeeT HebonbLuylo [O-
CTOBEPHOCTb WU MOXeT noaTBepaAuTb COBMajeHne ABHO HecoBnaaaroLmnx
BMU3yanbHO pacnpegeneHun. Bo-BTopblx, Aaxe npu 6onblwumnx obbemax
3KCnepuMeHTarbHbIX AaHHbIX MOXeT MNoaTBepAuTb coBnageHue HecoB-
nagaroLwmx pacnpegeneHui.

PaccmoTtpum anzopumm npumeHeHusi kpumepusi Konmoza2opoea npu npo-
eepke npocmou a2unome3sbl. [1ycTb nmeeTcs Bbibopka M3 N>20 aKCNepuMeHTanb-
HbIX 3HAYEHUN BEnuYuHbI X.

1 Hy: X pacnpegeneHa no HEKOTOPOMY 3aKOHY F(x, 0), 6 — n3BeCTHble 3Ha4YeHus
napamMmeTpoB.

2 CTtpouTca BapuauMoHHbIN psa (COPTUPOBKA OaHHbIX)

XISXZ S...SXN. (55)

3 CTtpoutca amnunpudeckas pyHKUMS pacnpeneneHuns

N
1 (5.6)
emp _ 1 . .
FomP = N21xi<xj, j=1..N,
i=1
roe | —yactoTa nonagaHuAa Cnyt-lal7|H0|7| BEINM4YNHbI X; B UHTEPBAan (—OO;)CJ'] .
It 1, X; < )CJ,

4 B To4Kax x; CTPOUTCA TeopeTuyeckas yHKUMUA pacnpeaeneHms <

F" = F(x;,0). (5.8)

5 BbluncnsietTcs HaubornbLias pasHuLa Mexay sHadeHuamm F7 u F°" B Toukax
Xi.

_ emp teor
D—m?x‘Fj —-F; (5.9)

N CTaTUCTUKa KpUTepusa Konmoropoaa Bunaa

Kouyon =NND. (5.10)

6 3agaeTcs goBepuTenbHas BepOsATHOCTb P (06bi4HO 0,95) nnu ypoBeHb 3Ha-

yumocTn a=1-P. o o HaxoouTCca Kputuyeckoe 3HadveHue kputepua Konmoroposa Ky,
(TabnuyHoe unu no npubnumxeHHon opmyne)

M o (5.11)
Ksz —Elnz.

K

7 Ecnn
<Kyps (5.12)

Ha0JI
TO runoTesa Hy npuHMmMaeTca.
lMpu npoeepke crioXHOU 2uriome3bl Ha 3aKOH pacnpefeneHns CTaTUCTUKK

KonmoropoBa BNusAKOT crnegyolime dpakropbl:
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e cOnmxeHne BbIBOPOYHOE M TEOPETMYECKOE pacnpedeneHnn ns-3a oueH-
KM HEU3BECTHbIX NapameTpoB No BblOOpKe, TakMM 06pa3oM, 3Ha4YeHue
CTaTUCTUKM - MEHbLLE, YEM B Criydae NpoBEPKN NPOCTON rMNoTesbl;
e BuA HabnogaemMoro 3akoHa pacnpegeneHus F(x, 0);
e TUM OLEHMBAEMOro napameTpa 1 YMCNo OLeHMBaEMbIX NapamMeTpoB;
e B HEKOTOPbIX CUTyaLUaX KOHKpPETHoe 3HayeHue napametpa (Hanpumep,
Ana raMma-pacnpegeneHus);
e UCNOSib3yeMblll METO/ OLEHNBaHMSA NapameTpoB;
e 00bem BbIGOpKM Npu Manbix obbemax. OgHako yxe npu N>15...20 3aBu-
CUMOCTbIO OT N MOXHO npeHebpeyb.
MycTb nmeeTcsa Boibopka U3 N>20 aKCnepuMeHTarnbHbIX 3HAYEHUIN BENUYMHDI X.
1 Hy: X pacnpegeneHa no HEKOTOPOMY 3akoHy F(x, 0;, 0,), 6; — Hen3BecTHble
3Ha4eHuss napamMeTpoB; 0, — U3BECTHbIE 3HaYeHUsI NapaMeTPoB.
2 CocTtaBneHue BapuaumoHHoro psga (5.5)
3 lNocTpoeHne amnupuyeckon pyHkUMn pacnpegenenuns (5.6)-(5.7).
4 OueHKka Heu3BeCTHbIX napameTpoB. Hanpumep, MeTOOOM MaKCMMalribHOro
npasgonogobus nony4yaroTcs criegyowmne OLeHKN napameTpoB
- ANS HOpMaribHOro pacnpegeneHuns:

Ly
n=—>x;, (5.13)
Ni=l
o= | LS -w (5.14)
s S ) _
N-15
- ANS NOrHOPMAanbLHOro pacnpeaeneHus
1 N
p= 2 In X, (5.15)
i=1
o= |— ]Zvl(lnX u)*: (5.16)
_ O o |
N-1i5
- AnA SKCNoHeHUuanbHOro pacnpegerneHna
1 N
bzﬁz‘i){i' (5.17)
<

5 B TouKax X; CTPOUTCS TeopeTundeckas pyHKUMa pacnpeaeneHuns F (5.8).

6 PaccuntbiBaeTcsa ctatnuctuka kputepus Kornimoroposa (5.9)-(5.10).

7 3apaeTca ypoBeHb JoBepuTenbHon BeposaTHocTu P. Mo Tabnuuam ckoppek-
TUPOBAHHbBIX KPUTUYECKUX 3HAYEHUN KpUTepus ONna KOHKPeTHOro Buaa pacrnpegene-
HUS 1 OLleHMBaeMbIX NapameTpoB HaxoamTcs K.

8 Ecnu BbinonHsieTca HepaBeHCTBO (5.12), runoTtesa Hy NpUHUMaETCA.

5.3 Kputepuu cornacus lNupcoHa

KpuTepwit cornacust NMupcoHa (KpUTepuin «xu-kBaapaTy, y°) oTBeYaeT Ha BOMPOC
O TOM, C OAMHAKOBOW I YacTOTOM BCTPEYaTCH pasHble 3HaYEHNA HEKOTOPOW BESU-
YMHbI B paccMaTpuBaeMblx pacnpegeneHusax. Takum obpasom, ¢ ero NOMOLLbIO Npo-
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BOAMTCA CpaBHEHME MexXOy TeopeTUHecKorM U dMMMPUYECKON NNOTHOCTAMU pacrnpe-
aeneHuns (pUCyHokK 5.2).

o
\\‘jﬂfn
NN N R S S B S e S e — —V
¥y X2 Xy n
PucyHok 5.2 — ['padhmyeckoe npeacrasneHne kputepua cornacus lNupcoHa

Kputepuin cornacma lNupcoHa no3BonisieT ConocTaBndATb pacnpeneneHis nepe-
MEHHbIX, NPeAcTaBneHHbIX B NOON LWKane, gaxe no Lwkane HanmeHoBaHun. [aH-
HbIM KpUTEPMEM MOXHO MOSb30BaTbCA JaxXe B CaMOM MNPOCTOM clfyyae «ecCTb pe-
3ynbTaT — HeT pesynbTaTar.

Hepoctatkom kputepusi cornacus upcoHa aBngeTca TO, YTO aMMUMpuUYeckme
pacnpegeneHns nnoTHOCTU BEPOSATHOCTW, Kak MpaBuio, UMEKT o4veHb OonbLiown
pa3bpoc no WHTepsBanam. OTo NPUBOAWT K YBENUYEHWIO KpUTepus y° 1 oTbpackiBa-
HWUIO rMNOTE3bl O Cornacumn gaxe Takux pacnpeneneHui, KoTopble HaxoaaTcsa B SIBHO
XOopoLlueM corracuu, ecnu cyguTb no rpagoukam.

Paccmompum anzopumm npumeHeHusi kpumepusi [lupcoHa npu npoeepke
npocmou 2unome3ssl. [ycTb MMeeTcsa Bbibopka 13 N>50 akcnepuMMeHTarnbHbIX 3Ha-
YeHUN BESTNYMHBI X.

1 Hy: X pacnpegeneHa no HEKOTOPOMY 3aKOHY F(x, 0), 6 — n3BeCTHble 3Ha4YeHus
napamMmeTpoB.

2 CtpouTtcsa BapuaumoHHbiv psag (5.5)

3 MpoBoauTca rpynnupoBKa AaHHbIX NO OOHOMY U3 PAaCCMOTPEHHbIX paHee an-
rOpUTMOB.

4 CTpoutcsa amnmpuyeckas (PyHKUMS NIIOTHOCTU BEPOATHOCTH:

e pacCyYMTbIBAETCH YMCIO TOYEK, MOMaBLUMX B KaXAbl MHTepBan

N
UEDY IS (5.18)
j=1

rae 7;— KONMYEeCTBO 3KCNEPUMEHTarbHbIX TOYEK B i-M UHTEpBAre;
t;; — NPU3HAK HaNM4ns j-i TOYKN B i-TOM UHTepBane:

: b,
fo. = je[al z]

Jol 0, ecm X é[aiabz‘l

1, ecrmm x

® paccCyMTbiBaeTCA aMnmpunyeckad 4Yactorta nonagaHna B UHTEpBarl:

T.
gi=-L, i=l.n. (5.19)
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5 PaccuntbiBatoTcs TeopeTn4eCkme 4actoTbl nonagaHN4A B UHTEpBalibl

pi=P(al~<x<bl~)=F(bl~)—F(al-). (520)
[nsa HopmanbHOro pacnpegeneHus N(u, o)
P(a; <x<bi):®(uj—®(uj, (5.21)
(e} (e}

rae  ®(z) — onpegeneHHaa TabnuyHo yHKUMA Jlannaca, aBnsowancs yHKunen
pacnpenenieHns ctaHgapTHOro HopmarnbHOro 3akoHa N(0,1).
6 PaccuutbiBaeTcsa ctatucTuka kputepus lNupcoHa:
n 2
Araon =1 ZM- (5.22)
i=1  Pi
7 3apaeTca goBepuTeribHas BEPOSATHOCTb P UMM YyPOBEHb 3HAYMMOCTM A U MO
Tabnuuam pacnpeneneHuii Buaa x> HaxoauTCs KPUTUYECKoe 3HauYeHne pacnpenene-
HWUS NupcoHa ¢ ypoBHEM 3HAYMMOCTH o U r CTENEeHAMM cBOOOAbI, rae
r=n-1. (5.23)
8 Ecnu

Liadn < Liep (5.24)
rmnoTtesa H, npuHnumaeTcs.
llpu nposepke crioXXHOU 2urnome3bl NPUMEHSIETCA TOT XXe anropuTM Co cre-
AYOLWUMU OTANYUAMM:
e MNPOBOAUTCHA OLIEHKaA HEN3BECTHbIX MApamMeTpOB;
e 4yucno creneHen ceoboabl pacnpeneneHna NupcoHa NpuHUMaeTca paBs-
HbIM
r=n-m-1, (5.25)
roe m — YUCno OLEHEHHbIX NapaMeTpoB.

43



YnpaBneHne AUCTaHUMOHHOIO 06y4eHMA 1 NOBbILWEHNA KBaANDUKALUM

O6paboTKa aKCNepUMeHTaIbHbIX AaHHbIX

6 PerpecCcMoOHHbIN aHanNu3

6.1 OGWwme NOHATNA perpecCMOHHOro aHanusa

[MycTb B x0o4e aKcnepMMmeHTa Bbinn NoslydeHbl HECKONbKO HabopoB pasfnnyHbIX
AaHHbIX, NpeacTaBnsAlWMX cobon 3HaAYEeHUs HEKOTOPbIX NapamMeTpOoB: BEKTOPOB
X ={x1,X0,..,xx}, Y={y1,12,....¥yN}, U TAK panee. Hanpumep, X — 3Ha4yeHnsa Tem-

nepaTypbl OKpyXatoLen cpeapl, Y - akTMUBHOrO CONPOTUBIIEHUS 3NEKTPUYECKON LiernMu.
Bbligenum napy napameTpoB X 1 ¥ 1 pacCCMOTPUM BANSIHUE OAHOW BEIMYUHBI Ha OpY-
ryto. lHorga aTto BnNusaHne MoxeT BbiTb 3anncaHo B SBHOM BUAE C NOMOLLbIO HEKOTO-
pon (PYHKLMM N TOraa roBOPAT O XKECTKOM (PYHKLMOHANbHOW CBA3WM Mexay napamerT-
pamu.

Pe2pecCUOHHbIU aHalu3 3aHNMaeTCs HaxoXAeHMeM mMaTeMaTU4ecKoro ypas-
HEHUS 3aBUCMMOCTU OHWX NapameTpoB OT APYrnx — BOCCTaAHOBIiEHMEM (OYHKLMO-
HanbHOW 3aBMCUMOCTU MO JaHHbIM 3KcnepumeHTa. Vickomoe ypaBHeHMe Ha3biBaeTcs
ypasHeHueM (¢hyHkyueli) peepeccuu. Ha npaktvke npu perpeccMoHHOM aHanuse
Yallle BCero npMMeHsieTCs MeTo HaMeHbLUNX KBaapaToB.

PasnuyaloT aBa OCHOBHbIX TUNA NEepPeMeEHHbIX:

e ¢haKkmopsbl - He3a8UCUMbIE NePEMEHHbIE;
e OMKJIUKU - 3a8UCUMbIE NMepeMeHHbIe.

B 3aBMCUMOCTM OT BO3MOXHOCTM YCTaHaBNMBaTb 3Ha4YeHUs, bakTopbl AenaTcs
Ha KOHTpOSiMpyeMble 1 ynpasrisieMble N Ha KOHTPOSIMpyeMble U HeyrnpasrisieMble.

B pesynbTate nsmeHeHun dpaktopoB nosBnaeTcs adpdekT, KOTopbIn nepenaet-
CH Ha OTKNUKWN. PasgeneHve Ha akTopbl U OTKIIMKU He BCerda YeTKO BbIpaXKeHo n
4YacTo 3aBUCUT OT uernen uccrnegosartens. Tak, MOXHO paccMaTpmBaTb OTKIMK NPO-
MEXYTOYHOW CTann npouecca nccrneaoBaHus Kak paktop Ha KOHEYHOW CTaauu.

JTobyo  yHKUMOHANbHYKO 3aBUCUMOCTb OTKIIMKA OT (PakTOpOB MOXHO ab-
CTPaKTHO MpeACcTaBuUTb B BMAE HEKOTOPOro «sLUMKa», KOTOPbIN npeobpasyeT nepe-
MEHHbIe, nocTynatwwue Ha Bxopg (pakTtopsbl), K nepemMeHHon Ha Bbixoge (OTKNuky). B
3aBUCUMMOCTW OT BXOASLLMX NEPEMEHHbIX YHKUMA Awmka 6yaeT nubo ogHOMEpPHOM
(«oanH BXOA» - «OA4MH BbIX04»), NMM6O MHOrOMEpPHOMN.

B 3aBMCUMMOCTM OT anpuopHbIX 3HAHWU 3KCNepUMeHTaTopa O CTPYKType (PyHK-
UUKN «SLWMKa» U KONMYECTBEHHbBIX 3HAYEHUAX ee napameTpoB, «AWUKU» OenATcs Ha
«Benbin», «Cepbin» N «4EPHLINY, Kak NokasaHo B Tabnuue 6.1

Tabnuua 6.1 — Knaccugukaums «siLmMKoBy

Genbin cepbin YepHbIN
CTPyKTypa + + -
KONM4eCTBEHHbIE + - -

3HaYeHus NapamMeTpoB

C TO4YKM 3peHnsa IKCNEpPUMMEHTA C «ALMKOMY» PyHKUMEn perpeccun byget cuum-
TaTbCHA PYHKUMS «SLWmMKay, NpeobpasyoLlasn ero «BXodbl» K «BbIXO4y».
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Ona HaxoxgeHna QyHKUMA perpeccun Hambornee 4acTto ucnonb3yeTcs Tak
Ha3blBaeMasi NofIMHOMUanbHasa Mogenb — NOSIMHOM CTEMNEHU N

Y= f(X)=PBo+B X +Br X2 +..+B,X", (6.1)

roe P; HasbIBaKOTCHA NapameTpaMmn Mogernu.
YpaBHeHue (6.1) onpegensieT MHOXECTBO BCEX KPUBbLIX AAHHOW (POpMbI, MO-
3TOMY AN HaxoXOeHus  YHKUMW  perpeccum Onsi  U3BECTHbIX 3Ha4vyeHun
X ={x1,X0,...,xy} W Y={y,y2,...,yy} HEOOXOOAMMO HaNTU HEU3BECTHble KO3(pdu-

UMEHTbI B;.

Ecnu mncnonbdyemas mogens NMHeNHa OTHOCUTESIbHO HEeW3BECTHbIX Koadu-
LUMEHTOB (HO HeobA3aTenbHO NMHEHa OTHOCUTENBHO HE3aBUCUMbIX NepeMeHHbIX X),
TO TOBOPAT O JIMHEWHOW perpeccuoHHOM Moaenu. B npoTuBHOM criydae mopgenb
Ha3blBaeTCA HENMNHENHON.

YacTo NnponcxoauT Tak, YTO 3HAaYEHUSA OTKINMKA HECKOSbKO OTKMOHSAKTCS OT TeX,
KoTopble Obinn Obl NONyYeHbl Yepes3 PYHKLMOHANbHYH 3aBUCMMOCTb (6.1). 3TO MOX-
HO TpaKTOBaTb Kak MOrpeLlHOCTb CHATUS AaHHbIX B 3KCNEepuMeHTe, N ONs COOTBET-
CTBUS JaHHbIX NOMIMHOMMANbHON MOAENN B Hee BBOAUTCSH BEKTOP OLIMOOK &:

Y= f(X)=Bo+B1 X +Br X2+ +B, X" +¢. (6.2)

MNMocne HaxoxaeHusa yHKuuM perpeccun (TO eCTb HaXOXOEHUS HEeU3BECTHbIX

koacbpuumMeHToB B;) YacTo OOKa3bIBalOT adekeamHoOCcmMb Modesiu - mo, Ymo HuKa-
Kas Opyaas Modesib He dacm 3Ha4YuMO20 yrly4WweHUs 8 rnpedcka3aHUU OMKIIUKa.

6.2 dyHKUMA perpeccun B O4HOMEPHOM FIMHEUHOM cry4yae

PaccmoTpym cambii MpOCTON CnyyYan MpUMEHEeHUs PerpecCMOHHOro aHanmsa:
OAHOMEPHYIO NIMHENHYIO perpecCcuoHHyo Mmoaesnbs. B gaHHoM cnyyae nog ogHomep-
HOCTbIO NOHMMAaeTCs 3aBMCUMOCTb OTKINMKAa OT O4HOro dpakropa.

[MycTb BekTOp X={X;} -y ONpenenseT 3Ha4eHns akrtopa, a Bektop Y={Y;} -1 n -
3HayeHus oTknuka. MNMycTb Takke akTop BAUSET Ha OTKIMK MNOYTU MO JIMHEMHOMY 3a-
KOHYy.

[MpegnonoxeHne o NMUHENHOCTU MOAENIM OTHOCUTESIbHO He3aBUCUMbIX Mnepe-
MEHHbIX AOIMKHO ObITb anpMOPHO NPOBEPEHO. ATO MOXET ObITb BbINOSIHEHO ABYMS
crnocobamu:

e rpaduyecky C NOMOLLbIO AnarpaMmmbl paccesHus;
e MaTeMaTuyecku 4Yepes BblOOPOYHbIA KOI(PMUUMEHT NNHENHOW KOppens-
Lmn.

Anarpamma paccesiHus — 310 oToOpaxeHne gaHHbIX X 1 Y B BUAe N TOYEK Ha
AeKapToOBOW MNOCKOCTU C kKoopAanHaTamu (X;, Y;). Bua guarpammel paccesHus npmse-
OEH Ha puUCyHKe 6.1. Ecnun TOYKM NpakTudeckn obpasyloT NpsiMyto, TO MOAENb CYK-
TaKT NIMHENHON.

Bektopbl X ={x{,x5,....x5} U Y ={y,12,..., ¥y} MOXHO TaKkxe paccmatpusaTtb

Kak BbIOOPKK crydYanHbIX BeniMduH X 1 Y. BoiBOpoYHbIn (T.€. paccumMTaHHbIA MO AaH-
HbIM BbIGOPOK) KO3 PULMEHT KOppeENALMN BbiYUCTISETCA NO hopmyne
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Y .

PucyHok 6.1 — lNpumep gmuarpammbl paccesiHUs Npy IMHEMHOW 3aBUCUMOCTU OTKITMKa
OT 3Ha4YeHun (pakTopa

N — _
D (X; = X)(%; - )

r=—r=== (6.3)

N N ’
(X =X)? > (% -7)?
i=1 i=1

rme X, Y — cpefdHue 3HaueHus BbIGOPOK X 1 Y COOTBETCTBEHHO.

CuutaeTtcs, 4TO Mexay (PakTopoM X M OTKIMKOM Y CyleCcTBYeT CuiibHasa nu-
HelHasi 3aBUCMMOCTb, eCcnu |r|~1.

[na HaxoxXaeHus NMUHEeNHOW OAHOMEPHOW (PYHKUUM perpeccum Ha OCHOBaHUU
npegBapuTernbHbIX UCCed0oBaHUN (Yepes anarpaMmmy paccesHus Unun KoapguumeHT
NMHENHON Koppensauun BbIBOPKK) BbiABUraeTCs rmnoTesa O MHENHON 3aBUCUMOCTHU
Mexay PakTopoM M OTKIMKOM. JTa rmnotesa MoxeT OblTb 3anncaHa B BUAe nonuv-
HOMa NepBON CTEMNEHN

Y=f(X)=aX+b+e. (6.4)
OwmnbKy € MOXXHO TPaKTOBaTb KaK 3KCMEePUMEHTarnbHYI0 NOrpeLIHOCTb.
Ecnu onyctuteb 3HavyeHnsa ownbkum g, 170 (6.4) npeacraBnseT cobon ypaBHeHue
NMPSIMOW C YrroBbIM KOIPMULNEHTOM a U CABUIoM Mo ocu Oy, b (PUCYHOK 6.2).

YA
y=ax+b
b a a=tga
>
0 X

PucyHok 6.2 — CMmbicn K03(hpUUNEHTOB NTIMHENHON PYHKLMM

[ns ogHO3HaYHOW MAEHTUMUKaALMM PErPECCUOHHON NMPsIMON HeobxoaMMo oLe-
HUTb 3HA4YeHUs KO3I(PPUUMEHTOB a WU b MO WU3BECTHbIM BekTopam X={X;}, Y={Y;},
i=1...N, KOTOpble MOXXHO TPaKTOBaTb KaK AaHHbIE 3KCMNEPUMEHTA.

HeobxoaumMo oTMeTUTb, YTO ypaBHEHUEM BuAa y=ax+b HeNb3s 3anucatb nps-
Mble, NapannenbHble OCYM opauHaT, Tak Kak tg(90°)=oc. OgHako TakMe nNpsmMble He MO-
ryT onucbiBaTh BNnaHWe oaktopa Ha OTKIMK, U criegoBaTeribHO, He paccMaTpuBaroT-
CH B perpeccnoHHOM aHanuse.
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HaxoxaeHne HensBeCTHbIX KOS(PULMEHTOB MPSIMOM OCYLLLECTBNAETCA METO-
AOM HauMEeHbLUMX KBAApaTOB: CTPOUTCA (PYHKUUSA CYMMapPHON OWMOKM BESNUYMH €; 1
HaXOOATCSA Takue 3Ha4vyeHust a U b, NpU KOTOPbIX AaHHAsA (PyHKUMS OoCTUraeT MUHU-
Myma.

BenuunHbl & MOXHO TpakToBaTb Kak pa3HOCTb MeXAy MMEKLNMCH 3Ha4YeHneEM
OTKIMKA Y; N «TEOPETUHECKUMY 3HAYeHMeM OTKMMKa Y'; - Touku rpacdvka pyHKLUM
perpeccumn (Noka HENM3BECTHOM) C KOOPANHATON X; (PUCYHOK 6.3).

Aly
v
YE

1

X
>

X

PucyHok 6.3 — K onpegeneHnto oLumnbku €;

Takum obpasom, €; MOXHO 3anucaTtb Kak
g =Y, —Y! =Y, —(aX; +b). (6.5)
3pecb a u b — HeusBecTHble, X; U Y; — u3BeCTHble 3HadYeHus. CymmapHas owmnb-
Ka npeacraBndeT cobom pyHKUMIO OT ABYX NEPEMEHHbIX a U b. OWnbKM &; BO3BEAEHDI

B KBagpaT And Toro, 4Ytobbl m3bexaTb BIMAHWUS 3HaKa MOrpeliHocTn (T.e. TOoro,
Bornblue «TeoPeTUYECKON» BEMNYMHBI 3HAYEHNS Y; UM MEHbLUE).

Fla,b)=>g;*. (6.6)
Mpn nogctaHoBke (6.5) B (6.6) nocnegHee BoipaxkeHne npeobpasyeTcs K BUAy
N N N N N
Fla,b)=| Y X% [a> +Nb* +| 23" X; lab—| 23 XY, |a—| 227, p+ Y V. (6.7)
i=1 i=1 i=1 i=1 i=1

F(a,b) - KBagpatnyHasa yHKUMSA OBYX NEepeMEHHbIX a u b. padumk nogobHom

yHKLMM - NOBEPXHOCTb, KOTOPas B CUNy KBaAPaTUYHOCTM MOXET ObITb NMBO annun-
TMyecknm napabonongom (pucyHok 6.3 a), nmbo runepbonuyeckum napadonongom
(pucyHok 6.3 6).

PucyHok 6.3 — Napabonoungbl a) annuntuyeckui, 6) rmnepbonuyeckmi

Toyka MUHMMYMa UMEETCs TOSMbKO Y 3nnMATMYeckoro napabanowga, npuvyem
ecnu BeTBn napabonkl, ero obpasytoLlen, HanpasneHbl BBEpX. Y rmnepbonnyeckoro
napabononga («ceana») HET HU MUHUMYMaA, HA MaKCMMyMa, a €CTb NULWb T.H. «Cea-
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noBasi» ToYka, KoTopas B OAHOM CeYeHUn npeacTaBnseT coboun MnoKarbHbIA MaKcu-
MYM, B IPYrOM — NoKasibHbIN MUHUMYM.

OpHako cyulecTByeT OoKasaTernbCTBO, YTO PyHKUMA (6.7) ABnsieTcsa annuntu-
YeckuM napabanongom, UMeLLMM TOYKY MUHUMYMA.

[nsa HaxoxaeHus MUHUMYMa (PYHKLUK F(a,b) HeobxoANMMO yaOBNETBOPUTL He-

obxogMmbIm YCINOBUAM 3KCTpeEMyMa:
oF

oa =0,

aﬁlr (6.8)
—=0.

ob

HaxoAWUTCA CTauMoHapHasa Toyka M ¢ koopauHatamu (a, b). MNMpun nogctaHoBke B (6.8)
dyHKUMK (6.7) 1 B3ATUM NPON3BOLHOM NOSTy4aeTCa cucTema NUHEnHbIX anrebpaunye-
CKMUX ypaBHEHUM, KOTOPYK MOXHO peLuaTtb NobbiM 13 N3BECTHLIX CNOCOBOB (pe3ysb-
Tat 6yaet oguHakoB). Hanpumep, metogom Kpamepa nmeem:

N N N
N| D2 XY = 22X | 2%
_ =l i=1 Ni=l
a= 5 (6.9)

ZX

=
Mz

~.
Il
—_

]
2
Mz

ZXY ZXl-

5 : (6.10)

[
I
~.
Il
—_
~.
Il
—_
~
Il
—_

N N
N x2S x;
i=1 i=1

Kpome Toro Bmecto cpopmyn (6.9), (6.10) MoxHO ucnonb3oBaTtb criegyroume
BbIpaXXeHUs ONs HaxoxaeHna KoapPUUMEHTOB a U b:
_X-X¥ VXXXV
x2-x’ x2-x*
30ecb XY — cpegHee BbIOOPKW, copepKallen No3aneMeHTHblE NPON3BEAEHUS BEKTO-
poB X U Y;

(6.11)

X2 - cpeaHee BbIOOpKKU, codepKallen NodrnemMeHTHble BO3BeAeHMEe 3HaYeHuin
BeKTopa X B kBagpar.

Taknum o6pa3om, asrzopumm Haxoxo0eHuUsi pyHKUUU OOHOMEPHOU JIUHeUHoU
peapeccuu crnegyoLmin:

1 lNpoBepka UCXOAHLIX OaHHbIX Yepe3 KOIPPULMEHT FIMHENHOW KOoppenauuu
UNKU Ha guarpaMmmMme paccesiHnA Ha NUHENHOCTb

2 BbigBmXeHue HyrneBown rmnotesbl O NIMHENHOW 3aBUCMMOCTU OTKMMKA OT hak-
Topa. Hy: Y=f(X)=aX+b, rae a n b — Hen3BeCTHbIE.

3 TlocTpoeHne yHKuMM CcymmapHoi owmbkv  F(a,b)=>e;>, roe

g =Y, —YT =Y, —(aX; +b).

4 MnHUMmM3aums QyHKLMN CYMMapHOW OLLINGKN:
13 Heo6Xo4MMbIX YCMOBUIN SKCTPEMYMA HaxoaaTCs a U b.
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6.3 NpoBepka aaeKkBaTHOCTU perpecCUOHHON Moaenu

[na aHanu3a agekBaTHOCTU pPerpecCUoHHOM MOAenv MUCMNONb3YKT Koadduum-
eHT geTepMuHaumn R’. BbiBGopouHbIi napameTp koadduumeHTa AeTepMUHaLmu
onpegensietca opmynomn
o 20 _f"); .

D(%-T)

KoadhpmumneHT getepmmnHaumm Bcerga Haxogutcea B npegenax nHtepsana [0;1].
Ecnu 3HaueHne R’ 6nnsko K eQuHLE, 3TO 03HAYaeT, YTO NOCTPOEHHas Moaenb 06b-
SICHAGT MOYTM BCIO M3MEHYMBOCTbL NEPeMeHHbIX. Brnskoe K Hynio 3HaveHne R’ o3Ha-
YyaeT Mfoxoe Ka4yecTBO NOCTPOEHHOW MOENMW.

KoadhdULMEHT AeTepMMHALMM MOKa3biBAET, HAa CKOMbKO MPoLeHToB (R*)-100%
HangeHHas (PYHKUUSA perpeccum onncbiBaeT CBA3b MeXOy UCXOOHbIMU 3Ha4YeHNaMun Y
n X. B cooTHoweHnn (6.12)

R

(6.12)

(YiT - 17) — 06ACHEHHOE PErpPeCcCMOHHON MOENBI0 OTKIOHEHME,
(Y; —Y) - obLiee OTKMNOHeHwe.

Benmunna (1-R*)-100% (1 — R?) - 100%nokasbiBaeT, CKOMbKO NPOLEHTOB OT-
KNOHEHWs1 3Ha4YeHu napameTtpa Y obycrnoBneHbl haktopamu, He BKIOYEHHbIMU B
pPEerpeccrMoHHy0 Moerb.

Mpu BLICOKOM 3HauYeHWUN KoadpduLmeHTa aeTepMmHaummn (R> > 75%) MOXHO fAe-
naTb MPOrHO3 3HayYeHWs1 OTKMNWKa AN KOHKPETHOro 3HayeHus dpaktopa B npepernax
AnanasoHa ucxogHblX AaHHbIX. [Mpyn NporHosax 3HavyeHun, He BXOASALWMX B AnanasoH
MCXOOHbIX AaHHbIX, CNpaBeifIMBOCTb MOSTlYYEHHOW MOAENW rapaHTMpoBaTb Hemb3s.
OTO 0OBbACHAETCH TEM, YTO MOXET NPOSABUTLCH BNUSHWE HOBbIX (PaKTOPOB, KOTOPbIE
MoAenb He YYnTbIBaeT.

OuyeHka 3Ha4YuMOCMUu ypasHeHUs pee2peccuu OCYLLECTBISETCH C NOMOLLbIO
CTaTUCTUYECKON MPOBEPKM rUMNoTe3 1 KpuTepusa duwiepa no crnegyowemy anroput-
Mmy:

1 HyneBow rmnoteson ABngeTcs NpeanorioXeHne o HeagekBaTHOCTU NOCTPOEH-
HOW MOJenu, KoTopas BblpaXkaeTcsl B paBEHCTBE HyM reHepanbHOro KoagguumeH-
Ta geTepMuHaummn. Hy: R*=0.

T.e. faxe ecnu BbIBOPOYHLIN KOIMDULMEHT AeTepMUHaLmMm 6nmn3ok K 1, HacTo-
AUMA — reHepanbHbIN, XapakTepusyLLNN reHepasibHyt0 COBOKYNHOCTbL — paBeH 0, a
3Ha4eHne BbIBOPOYHOro 06 BACHAETCSA TONBKO HEeYAAYHbIMU JaHHLIMU B BbIOOpPKE.

2 BbluucnsieTcs ctaTucTvKa Kputepua no popmyne

R* N-p-1
1-R*  p

3 3apaeTcsa ypoBeHb 3HAYNMMOCTU a. (06bIYHO paBHbIn 0,5).

4 Mo cTtatucTnyeckum Tabnuuam 3HadeHu pacnpegenexHms duwepa ¢ YMCnom
cTeneHen csoboabl k=1, k;=N-2 (ONA NUHENHOW modenun) AN 3adaHHOro YPOBHS
3HaUYMMOCTM O HAXOAMTCH KPUTUYECKOE 3HaYeHne Fi,.

5 BbiBO4 O MPUHATUM WKW OTKIIOHEHUU HYNEBOW rMNoTesbl AenaeTcs nytem
CpaBHEHMA CTaTUCTUKM KpuTepus (6.13) C KpUTMYECKUM 3HadveHunem F,. Ecnu Bbl-
NOMNHAETCHA HEPaBEHCTBO

Fagn = (6.13)
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FHaGJ‘ISFKp’ (6.14)
HyrneBsad runortesa npuHMMaeTcd, TO €CTb MNMPU3HaAeTCA CTaTuCTtudeckad He3Hadu-
MOCTb WK HeHaaeXHOCTb YypaBHEHUA perpeccuin. MHade runotesa OTKNOHSAETCH,
cnegoBartesibHO, ypaBHEHUE perpeccum cHnTaeTcqa CtTatuctn4eCkmn 3Ha4nMbiM.
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7 KoppensuuoHHbIX aHanum3

7.1 3apaya KoppensauMoHHOro aHanusa

Kak n B npownow nekumm 6ygem paccmaTpmBaTb NOMyYeHHbIE B XO4e 3KCnepu-
MeHTa Habopbl AaHHBIX — 3HAYEHUSA HEKOTOPbIX NapamMeTpoB. [aHHble 3HayYeHus 3a-
nucaHbl B BUAE BEKTOPOB X = {x|,Xo,....,Xxx}, ¥ ={y|,V2,...,VN}, U TaK ganee.

3adayeli KOppensAUYUOHHO20 aHaslu3a siBnseTcs obHapyXeHne B3aMMOCBS3U
Mexay ABYMSA napameTpamu, KOTopble MOXHO paccMaTpmBaTh Kak criyvyanHble Benu-
YWMHbI, N KONMYECTBEHHAA OLEeHKa CTENEeHM HECITy4YanHOCTN MX COBMECTHOIO U3MeHe-
HUA. Viccnegyemble BENMYUHBI MOTYT BbITb Kak ABYMS pasHbIMWU NokasaTtensiMmn B of-
HOW BbIBOPKE, Tak U ABYMS pasnuyHbiMU Bblbopkamn. Hanpumep, 3HadeHns pocta u
Beca OMpOLUEHHbIX Nogen (oBa napameTpa OA4HOW BbIGOPKM) MNK KOIPPUUMEHT
yCUOYMBOCTU Y KaxXaoro 6nmsHeua U3 onpoLleHHbIX nap 6rmM3HeloB (OBe pasnuyHbie
BbIGOPKM).

Ecnu cBa3b mexagy BennuMHamu CyLlecTByeT, KOPpenauMOHHbIM aHanmns3 noka-
3blBaeT, COMPOBOXOAETCA NN yBENUYEHME OOHOro MnokasaTens yBennyeHuem unu
YMEHbLUEHNEM APYroro U HACKOSNbKO CUITbHO M3MEHEHME OAHOro nokasaTtensi BnusieT
Ha N3MEeHeHWne Opyroro.

Takvum 06pa3oM, KOpPEnALMOHHbIA aHanM3 NoMoraeT YyCTaHOBUTb BO3MOXHOCTb
npeackasaHns BepOATHbIX 3HAYEHWN OOHOro fnokasaTens C MOMOLLbI WU3BECTHbIX
3Ha4YeHun gpyroro.

HarnsgHblM n3006paxeHMeM UCXOOHbIX [OaHHbIX KOpPpPensuMOHHOro aHanusa
CNY>XUT KOppenaumoHHoe nose - rpaduk, rae Ha ocu abecumce oTknagbiBaeTcs LiKa-
na gna ogHoro nokasatensa (Mnu BbIGOPKW), MO OCU opAuHaAT — Ans APYyroro, npu
9TOM Ha none rpaduka To4KaMm OTMEYAKTCA 3HAaYEeHUA UCXOOHbIX AaHHbIX. 1o pac-
MOMNOXEHNIO TOYEK MOXHO CyauUTb O HanMymMm unm OTCYTCTBUWM CBA3U, €€ cune u xa-
pakTepe BNUSHUA N3MEHEHUS O4HOW NepeMeHHON Ha N3MEHEHWe Opyroun.

7.2 Knaccudmkauma KoppensaumoHHON CBA3MU
CB43b Mexay BenninHamm MOXeT ObiTb Kak NIMHENHON, Tak N HenMHeNnHon. Bug

KOPPENAUMOHHOIO NoMs B 3TUX Criy4Yasix NpUBEAEH Ha pUCyHke 7.1.

y a

PucyHok 7.1 — KoppensuuoHHoe none B cryyae a) MMHeNnHon 1 6) HerIMHENHON
CBA3W Mexay BenvynHamu
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Mo cune koppensiuMoHHbIE CBA3W AENATCS Ha
e (PYHKLUMOHAamNbHYK — €CTb XeCcTKasi 3aBUCUMOCTb MexXay ABYMS napameT-
pamMu, KOTOPYIO MOXHO 3anucatb B Buae oyHKUMK 6e3 crnaxnBaHus;

e CUINbHYIO;
® YMEPEHHYIO;
e cnabyio;

e OTCYTCTBYIOLLYIO — CBA3N HET.

Mo HanpaBneHnto KoppensUMOHHbIE CBA3W AENATCA Ha

e ONOXUTESNbHbIE, XapakTepusylLline nNpsMy 3aBUCMMOCTb Mexay na-
pameTpamu, Korga yBenuyeHme ofHOro napameTpa npuBoauT K yBenu-
YEeHWIo OpYroro;

e oOTpuuUaTenbHblEe, XapakTepusylowme obpaTHY 3aBUCMMOCTb MexXay na-
pameTpamu, Korga yBenuyeHve OAHOro napameTtpa NpuBOAUT K YMEHb-
LLEHWNIO OpYroro.

KoppenaunoHHble nons Ans pasnnyHbiX BUOOB KOPPENSLUMOHHON CBA3M MO cune
N HanpaBrieHMIO NPUBEAEHbI HA PUCYHKe 7.2.

[na onpegeneHns cunbl U HanpasfeHNa CBA3WM Mexay napameTpaMmu UCMnosib-
3yeTcsa noHsaTve koaghgpuyueHma koppensyuu. KoapduuneHTt koppenauum pac-
CUMTbIBAEeTCA TOMbKO AONS cryvas NMHEMHOMW B3auMOCBSA3W Mexay napameTpamu.
PaccumtaHHbIM KO3dUUNEHT KoppenauMm ona HernMHeMHOW 3aKOHOMEPHOCTU MO-
XeT npuBecTu uccnegosatensa B 3abnyxgeHuwe, nokasas nNnbo OTCYTCTBME CBA3M,
nmMbo MeHee CUNbHYIO CBA3b.

KoadhpmumneHT nuHenHonm koppenauun ons ABYX CrlyYanHbIX BEKTOPOB X={x;},
Y={y;}, i=1...N, paccumTtbiBaeTcs no popmyne

XY - XY
r=——m——, (7.1)
G xOy
roe XY - cpefHee 3HaveHne BbIOOPKM, COCTOALLEN M3 MOIMEMEHTHOIO YMHOXEHUS

N
— 1
SNEMEHTOB UCXOOHbIX BLIOOPOK, XY = Nle.yl. :
i=1

X, Y - cpefHue 3HaueHns BLIBOPOK X 1Y COOTBETCTBEHHO,

- 1 7.2
X:N;xi’ ( )
i=1
- 1 X
Y=— ¥ .
N;yl (7.3)

oy, Oy - CpeaHekBagpatudeckune otknoHeHus (CKO) Bbibopok X 1 Y cooTBeT-
CTBEHHO,

(7.4)
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PucyHok 7.2 — Buapbl KOppensaumMoHHOW CBA3N Ha KOPPENnALUMOHHOM none
a) (byHKUMOHanbHasa nonoxuternbHas; 6) dyHKUMOHanNbHas oTpuuaTenbHas;
B) CUNbHAA NONOXUTENbHAZ; ') CUIbHasA oTpuUaTenbHas;

[) YMepeHHas rnonoxnTenbHas; e) ymepeHHasa oTpuuartenbHas;
X) cnabasa oTpuuartenbHas; 3) CBA3b OTCYTCTBYET

(7.5)
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dopmyna (7.1) moxeT BbITb 3anMcaHa Takke B cnegyowemM Buae:

N _ _
2. (= X)(v; = Y)
i=1

& 1\ 2 & v\2 ’
\/Z(xi - X) \/Z(J’i -Y)
i=l1 i=l
®opmynebl (7.1) 1 (7.6) TOXXAECTBEHHDI.

Ana manbix 06bemMoB BbIGopkM (N<100) Npon3BOAUTCA KOPPEKTUPOBKA KO-
domumeHTa Koppensumm no opmyne

=

(7.6)

SR P r’ (7.7)
vy =r . .
2(N -3)
KoadhpmumeHT koppensumm » npuHMMaeT 3HadeHus oT -1 0o 1 BKIIHYMTENBHO.
Ero 3Hak roBoput 0 xapaktepe CBA3U (MONoXUTenbHas unm otpuuaTenbHas), a Mo-
Aynb — O Cune CBA3MN.
B cny4dae, korga KoaUUMEHT KOPPEenaunmn paBeH HyIo, KOppensaunsa mexay
BeNnu4nHamMmn X n Y oTCyTCTBYET, TO €CTb U3MEHEeHne X He NpuUBOANUT K N3MEHEHUIO Y.

Bua koppensunoHHoro nonga npu » = 0 npuBedeH Ha PUCYHKe 7.2 3).
Mpwn |r|=1 Habnogaetcs cTporaa (pyHKUMOHaNbHas 3aBUCUMOCTb Mexay ne-

PEMEHHbIMU, TO €CTb CyLLeCTBYeT Takas (PyHKUMS y = flx), KOTOpas onucbiBaeT uame-
HEeHVe 3Ha4YeHUs BeNUYUHbI ¥ Npu U3MEHEHUU 3HaYeHns BenuunHbl X. Bug koppens-
LUWOHHOIO Nons rnpu BbIPOXAEHUN KOPPENSAUMOHHON 3aBUCUMOCTU B (PYHKLMOHAamb-
HYIO NS MOMNOXUTENbHON U OTpULAaTeSNIbHON CBA3en NpuBeaeH Ha PUCYHKax 7.2 a) u
0).

Mo Mepe yMeHblUeHUs Moayns KoaduumeHTa Koppensaunn 0o Hyns 3aBUCK-
MOCTb OAHOW NepeMeHHON OT Apyron Bce 6onblue yMeHbLIAeTCsl, TO eCTb «0briako»
3Ha4YeHW Ha KOppPEernsLMOHHON NITOCKOCTM CTAHOBUTCS LUMpPE U BCce Bonee oKpyrnbIM.
B cnyyae, koraa koaduumMeHT Koppensaumm no MOAyN0 paBeH eauHuLe, «obnakoy»
3HaYeHUN «KOHUEHTpUpyeTCa» B rpadpnk oyHKLMM 3aBUCUMOCTH.

Cuna cBa3u Mexagy napameTpamn B 3aBUCMMOCTU OT MOAyns KoadduumneHTa
koppensumu npuBeaeHa B Tabnuue 7.1. Bug gaHHbIX HAa KOppeNnAunMoHHOM norne ans
CUNbHOW, YMepeHHoN 1 cnabown cBs3en NpuBeaeH Ha pUCyHkax 7.3 B)-X).

Tabnuua 7.1 — Cuna cBaA3n mexay napametTpamu

3HayeHwue r Cwuna cBs3u
[r| =1 JoyHKUMOHabHas
0,7<|r|<1 cunbHas
0,5<1|r<0,7 yMepeHHas
0,3<|r<0,5 cnabas
0<r<0,3 NpPaKkTUYEeCKN OTCYTCTBYET
=0 OTCYTCTBYET

7.3 CBA3b C perpecCUOHHbLIM aHariM30Mm

KoppenaunoHHbIn aHanna cBsi3aH ¢ perpeccuoHHbIM. KoppensaumMoHHbIA aHanms
yCTaHaBnMBaeT CUMy W HanpasneHne CBA3M NepeMeHHbIX, CTENEeHb HeCcny4yanHocTn
NX U3MEHEHUNSA, PErPECCUOHHbIN aHanM3 No3BoNseT 3annucaTtb CriaXeHHY YHKUUIO
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X B3aMMOCBSA3N B [ManasoHe U3MeHeHUs JaHHbIX. Takum obpasom, nocne npume-
HEHUS KOPPENSLUMOHHOIO U PEerpeccMOHHOro aHann3oB B WHTepBarne M3MeHeHUs
AaHHbIX MOXHO npeAcka3aTb 3Ha4YeHUs OTKIIMKa No 3HaYeHUsM pakTopa.
[MoHATME KOpPEenAuUOHHOro MNosis B KOPPEnAuuoHHOM aHanui3e paBHOCUIBHO
NOHATUIO AMarpamMMbl paccesiHUs B perpeCcCUOHHOM.
Kpome TOro, mexagy nuHemHon Koppensuven n nUHEeMHbIM OAHOMEPHbIM pe-
rPECCMOHHbLIM aHanM3oM CyLLecTBYeT crieyroLwias cBa3b:
Ecnu koadpnumeHT nMHenHon Koppensaumm n3BecTeH, To ypaBHEHNE NTMHENHON
perpeccuun criydanHoro Bektopa Y Ha crnyyanHblil BeKTop X nmeet Bua;
Y- =r2(x-X). (7.8)
Ox
YpaBHeHue nuHernHoun perpeccun X Ha Y MoxeT BbITb 3anMcaHo B BUAE:
X—f:rG—X(Y—)_’). (7.9)
Oy
B cnyyae 3anucu ypaBHeHus perpeccumn B BUAe y = ax + b popmyna (7.8) npe-
obpasyeTcs K Buay
Y=rELX4(?—rEL}) (7.10)
Ox Ox
Taknum o6pa3om, MOXXHO MOMYYMTb CreayloLne 3Ha4YeHa napameTpoB (PYHKLMM
NNHENHOWN perpeccuu:

_,. 9%y
a=r o (7.11)
b=Y-r2rX. (7.12)
Gx

7.4 NpoBepKa CTaTUCTUYECKUX TUNOTE3 B KOPPENALMOHHOM
aHanu3se

B koppensunoHHoOM aHanuse nocpeAcTBOM MPOBEPKM CTAaTUCTUYECKUX rUnoTes
NPOBEPAOTCH ABa OCHOBHbLIX NPEeAnOnoXeHUs:
e 3HAYMMOCTb reHeparbHOro KoaduumeHTa NMMHENHON Koppenauuu;
e 3HaAYMMOCTb pasnuuua Mexay ABYMSA KoddduuneHTaMmmn Koppenaumm
BbI6OpOoUHbIN KO3(hPULMEHT KOppensaumm r — KOIMULNEHT, pacCYNTaHHbIN MO
AaHHbIM BbIOOPOK X 1 Y - ABNSAETCA OLEHKOW reHepanbHoro koadpduuneHTta koppe-
nAUMK, KOTOPbLIN NoKasbiBaeT pearibHyl0 CBA3b Mexay napametrpamu X u Y. U3-3a
KOHEYHOro pasmepa BblIGOPOK BO3MOXEH Cryvau, Korga paccymtaHHbIn No Bbibopkam
r 6ygoeT 6nmM30K K eguHuue, a KO3IMUUNEHT KOppensLumMm reHepanbHON COBOKYMHO-
CTn ByaeT HynesbiM. T.e. BbIBOPOYHbIN KOI(DMOULNEHT KOPPENAUUN MOKaXKeT OTCYyT-
CTBYIOLLYIO (HYNEBYI) Ha reHepanbHON COBOKYMHOCTU CUIbHYHKO CBA3b MeXay napa-
MeTpamu.
[na gokasaTenbcTBa 3HaYuMocmu 2eHepasibHo20 KoaghghuyueHma Koppe-
J1514UU NPUMEHSEMCS CreayoLWwnn anropuTMm.
1 BeigsuratoTcs Hyrnesasi U anbTepHaTUBHAA rmMnoTesbl:
e HyneBsas - O paBEHCTBE HyI0 reHepasibHOro KoadguuueHTta koppens-
umm: H,:r; =0;
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e anbTepHatTuBHasA - H, :rg #0

Ecnuv HyneBas runotesa oTBepraeTcs, NPUHUMaETCS anbTepHaTUBHas.

2 3apaeTcs ypoBeHb 3HAYMMOCTM @, KOTOPbIN COOTBETCTBYET BEPOSATHOCTU CO-
BEPLUMTb OWKNBKY NepBoro poaa. YpoBeHb 3HAYMMOCTU OBbIMHO CHMTAETCH paBHbIM
0,05 nnn 0,01.

3 [nsa 6onbworo o6bema BbIbopkn (N>100) BblYMCNSETCS CTaTUCTUKA

4
Lisabn = 2 N-2, (7.13)

a ansa mManoro —

- :o,sln(”r,j N3, (7.14)

-7
roe ' - CKOppeKkTupoBaHHoe no opmyne (7.7) 3HavyeHne KoadpdumuneHTa Kkoppens-
uuu.

4 BbluucrieHHas cTaTuCcTuKa ¢ CpaBHMBaeTCcd C KPUTUHECKMM 3HaAYEHUEM

Ha0I

ty, - TAONMUYHBIM 3HayYeHvem pacnpefenerusi CTbtofeHTa t(P:I—a, oo), paBHbIM

1,96 ana a=0,05 1 2,576 gnsa a=0,01. Ecnu

Liagn = Lip (7.15)
TO H, oTBepraeTcd, a cregoBaTeflbHO, reHeparnbHbIn KO3IULNEHT Koppenauum
3Ha4YMMO BorbLue Hyns.

3HayeHne KoadpduUMEHTa KOppensauMn MOXET MEHATbCSA B 3aBUCUMOCTU OT
pasmepa Bblbopkn. C NOMOLLLI0 BTOPOro anroputMa CTaTUCTUYECKOW NPOBEPKM TU-
NoTe3 MOXHO OLEHWUTb, NpuHaanexaT nv Ase napbl BbIBOPOK OAHOW reHeparibHOW
COBOKYMHOCTM.

MNyctb nmetoTcs ABe napbl Bbl6Opok XI={xI;}, YI={yl;}, i=1...N, n X2={x2;},
Y2={y2;}, j=1...M, M#N. [Ina KaxXgon u3 aTnx nap paccyntaH KoapdpuLumeHT Koppe-
nauumn r1 n r2 COOTBETCTBEHHO, npuyem rl#2. HeobxoaumMo BbISICHUTb, B3SITbl 1
obe aTn napbl 13 obLEeN reHepanbHOW COBOKYMHOCTU, TO €CTb MMEKT NN OHU 00LLMIA
reHeparsbHbI KO3 MULUNEHT KOppenauumu.

[na peweHna 3ToM 3agjayv NpoBepseTcs 2umome3a O 3Ha4YumMocmu pasJiu-
qusi Mex0y 08yMs1 KOaghhuyueHmMamu KOppesIssyuuU rno cnegyowemMy anroputmy.

1 BoigBuraeTcs Hynesas U anbTepHaTUBHAA rMnoTesbl:

e Hynesas - O HE3HAYUMOCTU Pa3NUYNn Mexay OBYMSA reHeparnbHbIMU KO-
adpdmLmeHTammn nuHenHon koppenaunn H, : rlg =r2g =rg;
e anbTepHaTuMBHasA - H, :rlg #rl.
Ecnun HyneBas runotesa oTBepraeTcs, NpMHUMaETCH anbTepHaTUBHAA.

2 3apaeTca ypoBeHb 3Ha4YMMOoCTH a (06bl4HOo 0,05 nnm 0,01).
3 Bbluncnsaerca cratuctuka

Y 1n((l +r1)1-r2)

(lrl)(l+r2)j\/1+ 1 (7.16)
N

-3 M-3
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4 BbluMCneHHas CTaTUCTUKA 7, TaKKe CPaBHWBAETCH C KPUTUYECKUM 3Haue-
HUEM ¢ - TabnnyHbIM 3Ha4YeHnem pacnpegeneHns CTblogeHTa t(P=1-a, ©). AHa-

NOrMYHoO, ecnu

{ Y (7.17)
TO Hy oTBepraeTcs, cnegoBaTenbHO, HEMb3s cuntaTh, YTO 06€e napbl B3siTbl U3 OAHOM
reHepasibHOM COBOKYMHOCTW.

>t

HaoI
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8 IucnepCcUOHHLIN aHanNus3

8.1 OCHOBHbIEe NOHATUA AUCNEPCUOHHOro aHanu3a

AOuncnepcuoHHbin aHanna (ANOVA, Analysis of variances) npumeHsieTca K pe-
3ynbTaTamMm HabngeHun, KOTopble 3aBUCAT OT PasfnyHbIX O4HOBPEMEHHO LOENCTBY-
OLLMX paKTopOoB, ANnd Bblbopa Hanbonee 3Ha4YMMbIX (PAKTOPOB U OLIEHKMN UX BIUSHUSA
Ha uccnegyemblin npouecc. Hanpumep, ONCNEPCUOHHBLIM aHann3 nNpuMeHseTcs Ons
OLEHKWN BNUAHUS peXnMa HarpyskuM Ha A4ONroBe4YHOCTb TEXHUYECKOro n3genus.

Brninanue pasnnyHbix akTopoB Ha wuccnegyemble CriydauHble BeSIMYMHbBI
(Hanpumep, BAWSIHUE TEXHOMOIMYECKOro crnocoba M3roTOBNEHUA WM pexunma
Harpy3ku Ha JONroBEeYHOCTb TEXHUYECKOro n3gennda) NpuBoauT K U3MEHEHUIO 3Ha4ve-
HUW NapameTpoB pacnpeneneHna BepoaTHOCTEN 3TUX BENTUYMH — NEPBOro MOMEHTa
(cpegHero), BTOPOro MOMeEHTa (gucnepcmm) nnnm MOMeHTOB Bonee BbICOKOro Nopsia-
Ka.

CyTb QucnepcuoHHO20 aHaJslu3a 3akni4aeTcsa B pasgeneHnn obuien gucnep-
CUM N3y4aeMoro npusHaka Ha oTgeribHble KOMMOHEHTbI, 06YCNOBMNEHHbIE BIISHNEM
KOHKPETHbIX (0akToOpoB, U MPOBEPKe rMnoTe3 0 3HA4YMMOCTU BINSHUSA 3TUX (PaKTOPOB
Ha cpeaHee 3HayeHune Habnigaemon criyYanHoON BENUYUHBI.

Knaccuyeckne meTtonbl OMCNEPCUMOHHOIO aHanu3a OCHOBbLIBAKOTCA Ha cnenyto-
LLMX NpeanocbIfKax:

e pacnpeneneHne UCXoaHbIX CryYanHbIX BEMYMH HOPMarbHO;

e [JUMCMEepCUnN aKCnepuMeHTanbHbIX AaHHbIX OAWHAKOBLI A1 BCEX YCOBUIA
aKcnepumeHTa (T. €. AN 3KCNepUMEHTOB, BbIMOMTHEHHbIX HA Pa3fUYHbIX
YPOBHSX U3y4aemMoro gakrtopa).

MoaTomy npoBedeHVe AUCNEPCUMOHHOIO aHanuia npeasapseT npoBepka Hop-
ManbHOCTU pacnpeeneHns u3ydaemomn CriydanHoM BeSIMYMHbBI, U HepasnnMInMOCTb
OVCnepcun n3yyaemblX COBOKYMNMHOCTEN, Hanpumep, ¢ nomoLubio kputepua KoxpeHa,
BaptnettanT.4..

McxogHblM MaTepuanom Ons AUCNEPCUOHHOrO aHanmsa cryxaT [daHHble UC-
cnepoBaHus Tpex u 6onee BbIGOPOK: xi,...,x,,, KOTOPblE MOTYT BbITb Kak paBHbIMU, TaK
N HepaBHbLIMM NO YUCIIEHHOCTU, KaK 3aBUCUMbIMU, TaK U HE3aBUCUMbIMMU.

Habop 3Ha4YeHuUl OMKIIUKOS8, rOJlyYeHHbIX Mpu OUKCUPOBaHHbIX YPOBHSIX (baK-
mopos, Hasbigaemcsi 2pynnou (T.0. 3TO Habop AaHHbIX, 00 beAMHEHHbIX MO OAHOMY
npu3Haky). MIameHeHne OTKIMKOB B AMCNEPCUOHHOM aHanu3e HasbiBaeTcsa epadayu-
eu, Npu aToM pasnuyaroT

e Mexepynnosyr 2padayuro — U3IMEHEeHUEe OMKIIUKO8, coomeemcmay-
rouwee ypoBHsIM ¢hakmopos;

e 8Hympu2apynrnosyr 2padayuro — UsMeHeHUe OMKIIUKO8 8HymMpu OOHOU
8bI60pKU, coomeemcmeytouielti OOHOMY yPOBHIO (haKmopos.

OcCHOBHbIE NOHATUSA OMCNEPCUOHHOIO aHanuaa npeacrasneHbl Ha pucyHke 8.1.
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PucyHok 8.1 — OCHOBHblE NMOHATUA OUCMEPCUOHHOIO aHanmaa

B 3aBMcuMOCTM OT KonuyecTBa (pakTopoB U OTKIIMKOB pasnunyatoT:

e OOHOMAKTOPHbLIA N MHOTOMAKTOPHbLIA OUCNEPCUOHHBIN aHanus, KoTopbin
nuccregyeT BO3gencTBMe O4HOrO UM OAHOBPEMEHHO OEeNCTBYHOLLMX He-
CKOSbKUX HE3ABUCUMbIX NEPEMEHHBbIX;

¢ OOHOMEPHbLIN U MHOFOMEPHbLIN ANCMEPCUOHHBIN aHanu3, KOTOpbIA pac-
CMaTpuBaeT OAHY UMM HECKOSTbKO 3aBUCUMbIX MEPEMEHHbIX.

Kpome Toro AucnepcmoHHbIN aHan13 AenuTca B 3aBUCMMOCTU OT Tuna BbIGOPKH
Ha OBe crefyowme pasHoBUOHOCTMU:

e aHanu3 HecBA3HbIX (Pa3nuyHbIX) BbIBOPOK, KOoraa uccnegoBaHne nNpoBo-
ANTCA B pasHbIX rpynnax npu pasHbiX YpoOBHAX dhakTopa;

e aHanu3 cBA3HbIX BbIBOPOK, KOrga uccnegoBaHne nNpoBoaUTCS B OOHOW U
TOW Xe rpynne npu pasHbIX YpOBHSAX hakTopa.

[epeBo knaccngukaumn UCnepCcMoOHHOro aHanusa npuBeaeHo Ha pucyHke 8.2.

[OucnepcHoHHbIA aHanus

Mo xapaxTepy BuIGOpoK Mo konuuecTsy dakTopoB Mo KoNUYECTBY NEPEMEHHBIX
AHanus cBA3HbIX BbIGOPOK ‘ OpHOGAKTOPHLIN aHanms OfHOMepHbIA aHanus
AHanus HecsA3HbIX BbiGopok ‘ MHorodakTopHbIA aHanms MHoromepHblii aHanus

PucyHok 8.2 - Knaccudumkauma aucnepcnoHHoro aHanmsa
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8.2 MeToabl npeaBapuTeribHOU OLEHKU AaHHbIX

Kak 6bino ckasaHO Bbllwe, nepen nNpPUMEHEHMEM AUCNEPCUOHHOrO aHanusa
Heobxoammo ybeanTbes, YTo
e pacnpefeneHve UCXOOHbIX CryYarHbIX BEMMYUH BHYTPWU Kaxkgon Bblbop-
KN HOPManbHO;
e [JMCMEPCUN IKCNEPUMEHTANbHbBIX AAHHbBIX OAWHAKOBbLI AN BCEX YCOBUIA
3KCNepuMeHTa (T. €. AN 9KCNEepPUMEHTOB, BbIMOSTHEHHbIX HA Pa3fUYHbIX
YPOBHSIX N3y4aemoro dakrtopa).

[na pokasaTenbCTBa HOPManbHOCTU pacnpedeneHns BbIGOPOK MOXHO BOC-
nonb3oBaTbCA MObbIM M3 ONMCaHHbIX B Nnekumsx 4-5 cnocobom, nmbo yskocneuunanm-
3MPOBAHHLIMWN KPUTEPUAMM HOPMArbHOCTMU.

[na cpaBHEHUA HECKONbKUX OUCNEPCUI CyLLeCTBYET AOBOSIbHO MHOIO KpUTEpK-
eB, Hanpumep, kputepun baptneTTa, kputepun HenmaHHa-lupcoHa. PaccmoTpum

kpumeput KoxpeHa, KOTOPbIN NPUMEHSAETCA B CnyyYae BblIOOPOK paBHbIX 06 bEMOB.

2
m

MycTb s7,s3,..5. - B3aWMHO HE3aBMUCUMbIE BbIGOPOUHbIE OLIEHKW AMCMepCHil

61,63,..G., N0 BeIBopkam obbema 7.

1 BbigBuraeTtcs Hynesas runotesa 0 He3Ha4YMMOCTU OTIINYNIN MeXy reHepanb-

HbIMW aucnepcnamn Hy: 6; =c; =...=G.,.

2 1o nmetrLwmMmca 3Ha4eHUSM OLLEHOK ANCMNEPCUI BbIYMCASAETCH CTaTUCTMKA

max s;

_ 1<i<m

8waon =, -
7 (8.1)
i=1

3 3agaeTcsa ypoBeHb 3HA4YMMOCTU o (06bI4HO paBHbIv 0,05).
4 PaccunTbiBaeTCH KpUTUYECKOE 3HAYEeHne

Fyran=T(n=1)m=1))

T =1+ Fy o (=L (n=1)m—1))’

rae  Fu(f1,/2) — x-kBaHTUNb pacnpegenexHms duwepa c fi n f, cteneHamm ceobogbl.
3HayeHunsa pacnpegenexHus duwepa 3agaHbl TabnuyHo. Kpome Toro, nmerotcs
Tabnuubl 3Ha4YeHUN g, ANA Pasnn4YHbIX YPOBHEN 3HAYMMOCTU B 3aBUCUMOCTM OT n U
m, Takum obpasom cpopmynon (8.2) nonb3oBaTbCA HEOBA3ATENBHO.
5 Ecnu BbINOMHAETCA ycrnosue
8uaon = 8xp- (8.3)
HyrneBas runotesa NpUHUMaeTCsa U reHeparnbHble ANCMNEPCUN CHUTAKOTCA PaBHbLIMMU.

Lo (8.2)

8.3 OgHoMepHbIN 0 AHOMAKTOPHBLIN ANCNEPCUOHHBLIN
aHanus

OpaHoMepHbIN 04HOMAKTOPHBIA OUCNEPCUOHHBLIM aHanu3 Mo3BoMnseT OUeHUTb
BNUSHWE OAHOro (pakTopa Ha OAUH OTKIUK.
MycTb y Hac ecTb m BbIBOPOK x1,...,x,, OANHAKOBOro o6bema n.
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NcxogHble gaHHble OAHOMEPHOro OAHOMaKTOPHOro AUCMNEPCMOHHOIO aHanusa
MoryT OblTb NpeAcTaBneHbl B BUAE Tak Ha3biBAeMOMW CTaTUCTUYEeCKon Tabnuubl, 06-
paseL, KOTOpoW nNpmBeaeH B Tabnuvue 8.1.

Tabnuuya 8.1 — Ctatuctndeckasn Tabnumua ong ogHOMeEPHOro ogHOaKkTOPHOro
ANCNEPCUOHHOro aHanunsa

Homep akcne- YpoBHU hakTopa Fact
pumMeHTa F F; F,
1 X11 X1 X1m
i Xil ces Xij v Xim
n Xnl Xnj Xnm

OaHoOMEpHBIN OOHOMAKTOPHLIN OUCNEPCUOHHBIA aHanua npegcraBnseT cobown
NPOBEPKY CTaTUCTUYECKOM MNoTe3bl O paBeHCTBE cpefHUX 3HaveHwun rpynn. Ecnu
cpegHue rpynn paBHbl, TO (PakTop He UMeeT BIANAHUA Ha OTKIUK, MHaye — BIUsiHUe
drakTOpa CyLeCTBEHHO.

B npouecce aHanusa npoBoauTCSa pacyeT Tpex BUO0B OUCNEPCUN:

- obwen (gucnepcusi komnnekca);

- MeXrpynnoown (thaktopHas);

- BHYTPUrpynnoBou (octaTovHas).

Hwxe onncaH anzopumm npoeedeHusi OUCnepcuoHHO20 aHasu3a.

[Nepen Hayanom gucrnepcMOHHOro aHanM3oMa 3aaeTcs ypoBEHb 3HAYNMOCTU d
(06bI4HO 0,05).

1 BeigBuraeTcs Hynesasi runoTesa O paBeHCTBE CPeAHUX 3HaYeHun rpynn

Hy:Mx, =Mx, =Mxy,=..=Mx,.

2 Haxogatcsa Tpy BMAaA CpeaHnX 3HaYeHu:

* BHYTPWUrpynnoBsoe cpefHee Xx,;

e MEXIpynnoBoe cpeaHee x,,

e o0Oulee cpeagHee
Xij - (8.6)

CpefHune 3aHoCATCA B CTaTUCTUYECKYIO Tabnuuy Tak, Kak Noka3aHO Ha pUCYHKe
8.3.
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Howmep Vpoeran daxrtopa Fact
3KCHEPH- Fi . F; . Fon
MEHTa X/m
1 X11 X1 Xim X1
v
3
S n
. _ @ =
i Xil Xy Xim X § %
)
F 2
% )
D
_ =
?? Xl JC@ Xum xn*
X/n X f,.,j X X .. 00Wee
GHYMPUSPYNNOBbIe cpeonee
cpeoHue

PucyHok 8.3 — CpeaHue B cTaTucTudeckon Tabnumue

3 MpoBoanTca pacyeT Tpex BUAOB CYyMM KBagpaTOB OTKITOHEHUN:
e 06Len cymmMbl KBaapaToB OTKNOHEHMI OT 0bLero cpeaHero

Rygu = Zi(x] —x. (8.7)

i=1 j=1
e (haKTOpPHON CyMMbl KBaapaTOB OTKIMOHEHWI TPynnoBbIX CpegHuX OT 06-
LLlero cpegHero, KOTopas xapakrepusyeT BNusHue daktopa

Rparr ="i(f*j -5 ) (8.8)
p

e OCTATOYHOW CyMMbl KBaApaTOB OTKITOHEHUN, XapakTepusylLwen BHYTpU-
rpynnoBoe paccesHune
ROCT = Ron - R(baKT' (89)
BHyTpurpynnosoe paccesHune He MoxeT ObiTb nNpeackasaHo MM OBBACHEHO.
dakTopHaa cymMma KBaapaToB OTKIOHEHUN OOBACHAETCA pasnuunammn mexay cpen-
HUMMW 3HAYEHUSMU B rpyrnnax, To eCcTb paccestHueM Mexay rpynnamu.
4 [MpoBoanTCA pacyeT TpexX BUAOB HECMELLEHHbIX BbIOOPOYHbBIX UCNEPCUNA:

e 0bOwen
R
S oom = —200, (8.10)
nm -1
e (PaKTOPHOM, XapaKTepusyroLLen cuctemMaTuyeckyo (MexXrpyrnnoByro) auc-
nepcuio
R
S paser = —2=L (8.11)
m-1
e OCTATOYHOW, XapaKTepuayloLLEen CriydyarHyo (BHYTPUrpynnoByo) aucnep-
curo
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R
Szom = o (8.12)
m(n—l)
5 npOBO,EI,l/ITCFI pacyeT CTaTUCTUKN — COOTHOLLEHUA cucTEMaTUYECKON auncnep-

CWM K Crny4anHou - no popmyre

2
Fﬂa6n = % '
S oer
[aHHasa cTtaTtucTuka Mcnonb3yeTcsi, NOCKONbKY OTHOLUEHWE ABYX BbIOOPOYHbIX AWUC-
nepcun pacnpeneneHo no 3akoHy duwepa.
6 Mo uncny crteneHen ceoboapl fi=m-1, fr=m(n-1) N YpOBHIO 3HAYUMOCTU O HAXO-

antca F - 3HaYeHUs O-KBaHTUNA pacnpeaeneHuns duiiepa B KDUTUYECKON TOUKe,

(8.14)

no yucny cteneHen ceobobl [JaHHaa BenuuMHa 3agaHa TabnmyHo.

7 Ecnn

Froaon > Fip (8.15)

TO HyneBas rmnoTesa oTBepraeTcda. ATO 3HAYUT, YTO GpakTop Fact OKasblBaeT cyLle-
CTBEHHOE BO3eNCTBME N ero Hago y4uTbiBaThb.

B cnyyae npuHATMA HyneBOW rmMnoTesbl (PpakTop OKasblBaeT He3HauyuTesnbHoe
BNUSHME U UM MOXHO npeHebpeyb.

WHorga AncnepcuoHHbIM aHanua npuMeHsieTca Ans Toro, Y4Tobbl yCTaHOBUTD,
4YTO BbIOOPKM OAHOPOAHLI: ANCNEPCUM BbIDOPOK OAMHAKOBLI MO NPeAnOfoXeHNo, a
aHarnus rnokaxet, paBHbl MM MaTteMaTnyeckue oxuaanus. Ecnv ga, To BIBOPKU MOX-
HO 06beaAnHNTL B OOHY U, UCCnefoBaB ee, Nony4nTb 6onee NoNHy MHPoOpMaLumio.

8.4 MHorocakTopHbIW ANCNEPCUOHHbLIA aHanNn3

MHOrohakTopHbIN ONCNEPCUOHHLIM aHann3 obnagaeTt Gonbluen nHhopmaTmB-
HOCTbIO MO CPaBHEHWMIO C OAHOMAKTOPHbIM aHanM3oM, OgHaKo 4Yem Gonblie gakTo-
pOB paccmaTpuBaeTcsd, TeM CroXHee MnpoBefeHne aHanusa. OrpaHuyumcs pac-
CMOTpPEHNEM ABYX(PaKkTOPHOIro OAHOMEPHOro aHanunsa.

[MycTb Ha napameTp BO3OeUCTBYIOT ABa dpaktopa, A U B. B xoaoe aByxdakrop-
HOro OMCNEPCUOHHOrO aHanM3a MOXHO NMPOBEPUTL CrieayloLme runoTesb:

e PaBEHCTBO CpedHUX Nog BNUAHMEM daktopa 4;
e PaBEHCTBO CpeaHuX nofd BnuaHuem akropa B;
e OTCYTCTBME B3aUMOAENCTBUSA (DAKTOPOB A U B.

PaccmoTpum gokasaTtensCcTBO NepBbIX ABYX rMNoTes.

Cratnctuyeckas Tabnvua ans OBYX(akTOpHOro AUCMEPCMOHHOIO aHanusa
npeacrtaBneHa Ha pucyHke 8.4.

[na npoBeaeHWs aHanu3a Bbl4UCAATCA CYMMbI:

k m

R=Y3 5 (8.16)
i=1 j=1
1 k

Ry=—>'X7; (8.17)
mz:l
1 m

Ry=- 2 X, (8.18)
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2 2
R4:#[ZXJ,J =#(ZX,) (8.19)

B A z
A Ar A; Ar

B X11 21 Xi Xkl X

B> X X ... X ... Xp X

Bj X1 X2; Xy Xk X}“

x Xi Xo X; X

PucyHok 8.4 — CpeaHue B cTaTucTu4eckon Tabnuue

[Mocne aTOro Haxoa4ATCHA OLEHKMN OUCNEPCUM:

2 _R+R Ry - Ry (8.20)
o (k—=1)m—1)
R, -R
§2 =22 4. 8.21
AT (8.21)
S2 = R~ Ry ; (8.22)
m—1
Ecnn
Sa
A > F,(k-1, (k=1)(m-1)), (8.23)
00111
BNUsHNEe gpakTopa A C AOCTOBEPHOCTLIO O NPUHMMAETCSH 3HAaYUMbIM.
Ecnn
Sa
B> F,(m-1, (k-D(m-1)), (8.24)
0011g

BNUsSIHNME dpakTopa B C AOCTOBEPHOCTLIO O NPUHMMAETCS 3HAaYUMbIM.

[na npoBepkn OTCYTCTBME B3amMoaencTBust aktopoB 4 M B Heobxogmmo,
4yTOObI B KaXXO0W KneTke Tabnuupl (T.€. NpU KaXA0M coveTaHun haktopoB A U B) bbl-
N0 He 04HO, a cepust HabnaeHNN.
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9 Cnocobbl NONy4YeHUs IKCNEepPTHbIX OLIeHOK

9.1 O6Lwume cBegeHMA 0 MeTodax 3KCNEePTHOU OLEHKHU

MpoBeaeHne SKCNEPTHOW OLEHKM Heobxoammo Ans BbiOOpa OAHOrO UMM He-
CKOMNMbKNX MPOEKTOB U3 NPeAnoXXeHHOro MHOXECTBA, a Takke AMs1 pacCTaHOBKU Mpo-
€KTOB B psd OT NyyLllero K Xygwemy. OKCNepTHYI OLEHKY NPOBOAUT KOSNEKTUB 3KC-
nepToB.

[MycTb KONMEKTUB 3KCMEepPTOB COCTOUT M3 M 4enoBeK, a KONMUYECTBO MPOEKTOB,
NPeANOXKEHHbIX K paCCMOTPEHMIO, S. YCNOBMEM NPOBEOEHUSA SKCMEPTU3bl ABMSETCA
cobniogeHne HepaBeHCTBa M>S, T.e. NpeBanMpoOBaHMEe 4Yucra 3KCMEepPTOB Hag YucC-
NIOM NPOEKTOB.

B npouecce paboTbl 3KCnepTbl aHaNM3npyT MNPOEKTbl U BbICTaBASIT KaXaoMy
NPOEKTY CBOK COBCTBEHHYIO OLIEHKY, B pe3ynbTate Yero oopMmpyeTcs Tak HasblBa-
emasa maTtpuua oueHok (pucyHok 9.1). [lanee ¢ NOMOLLbO OAHOrO UMW HECKOSMbKUX
9KCMNEepPTHbIX METOA0B MO MaTpumLe OLIEHOK

e 1nbo BbIbMpaeTca npoekT-nobeanTens (CMCTeMa ronocoBaHus C eauH-
CTBEHHbIM nobeautenem, single-winner);

e MBO onpeaenaArTCA HECKONbKO NPOEKTOB, 3aHSBLUMX NPU30BbIE MeCTa C
yKasaHueM nopsigka MecT (CcuctemMa rofloCoBaHUA C MHOXECTBEHHbIMU
nobeautenamu, multiple-winner).

Kpome camux pesynbTaToB 3KCMNepTU3bl TEOPUS paccMaTpuBaeT U OLIEHKY 3KC-
nepToB NO pesynbTaTam MX NPeanoyTeHUN, a TakkKe yCTaHOBMNEHWe CTeneHn corna-
COBaHHOCTU MHEHUIN 3KCNEPTHON KOMUCCUN.

PaccmoTpum fgBa knacca MeTodo0B 3KCNEePTU3bl: FONIOCOBaHME U paHXXUpPOBaHWE.

ITpoexTnl
DKCIIEePTEI
1 2 S
1 ri1 r12 ce- ris
2 21 22 e 25
M ran 197)) - ¥ Ms

PucyHok 9.1 — MaTpuua oLeHOK Npu 3KcnepTu3e NpoeKkToB

9.2 MeToAabl ronocoBaHUsA

"onocoBaHne npencraBnaeT cobom oTaaHMe 3KCNeEPTOM CBOEro ronoca 3a oauH
N3 NpeasioKeHHbIX NPOEKTOB, TakuM 0Opa3om, MaTpuua OLEHOK MOXeT ObITb npea-
CTaBrieHa B BUAEe Hyrnen u eauHul, NpMyeM B KaXKOon CTpOoKe BO3MOXKHA Nullb of4Ha
e[vHu1La, COOTBETCTBYHOLLAS rOiIoCy «3ay.
M3BecTHbI crneayowme meToabl rofIOCOBaHNS:
e ronocoBaHue GOMbWMHCTBOM (NPaBUO OTHOCUTENBHOIO BOMBLUMHCTBA);
e rofiocoBaHue BONbLUNMHCTBOM 2/3;
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e rOfl0OCOBaHWeE C NPaBOM BETO;

e TaNlOHHOE roflI0COBAHNE;

e TYpOBOE roflocCoOBaHue.

lonocoeaHue 60IbLUUHCMBOM 20J10COB - CaMblll MPOCTON cnocob romnocoea-
HUA: nobegutenem obbaABNsSETCA NPOeKT, Habpaswwmi abconoTHOe BGOMbLUNMHCTBO
ronocos. BO3MOXHO, NpuHATOe pelleHne ByaeT HeonTUMasnbHbIM 3a CYET HU3KOW
kBanudukauumn (Apyron y3kon cneuuanusanmm) 3KCnepToB, YTO ABNSETCH HegocTaT-
KOM JaHHOro metoga.

onocoBaHe 60MNbLUMHCTBOM MOXHO YIyYLWWUTb HanoXeHuem orpaHuveHun. B
3aBUCMMOCTM OT TUMNAa OrpaHUYeHnsi, ronocoBaHne 6oNbLIMHCTBOM NpeobpasyeTcs B
apyrue MeTofbl rofiloCoBaHuS.

Mpn eonocoearHuu 6osibwuHcmMeomM 2/3 nobeautenem HasHavyaeTcs TOT Npo-
€KT, 3a KOTOopbI nporonocoBanu 2/3 nnn 6onee akcnepToB. ATO MOBbLILWAET NOPOr
NPUHATUSA peLleHns U NPUMEHAETCS NPU MPUHATUN OTBETCTBEHHbIX PeLLUEHUN.

[aHHbIN MeToa MOXET NPUBOAUTL K TYNMMKOBOW CUTyaLMu, KOrga HU OAuH Npo-
eKkT He ByaeT noaaepxaH 2/3 ronocos.

Mpn eonocoeaHuu c npasom eemo nobon IKCNepT nmeeT nNpaBo 3abrnokmpo-
BaTb obLlee Hame4varoLleeca pelleHne, ecnm cYnTaeT ero HeBbIrOAHbIM MM onac-
HbiM. [laHHas npoueaypa siBnsetcsa ewe 6onee XXeCTkoM 1 NPUMEHSETCA TOMbKO B
caMbIX OTBETCTBEHHbIX cuTyauusx. Cnocob Takke MOXeT NpMBOAUTb K TYNMUKOBOM
cuTyaumn.

TasioHHOe 20/m0coeaHue MOXET BbITb peanns3oBaHo, ecnn odHa 1 Ta Xe rpyn-
na 3KCnepToB MPOBOAMT HECKOMbKO rofiocoBaHuin (N) B HEKOTOPbLIN OTPE3OK Bpeme-
HW. [onocoBaTb MOXHO TOSbKO MpY HanNu4uu TanoHa. MNepea NnepBbIM rofI0COBaHNEM
N3 Cepun KakgoMy IKCnepTy BblgaeTca L TanoHoB, npudem L<N. Takum obpasom,
pernameHTUpyeTcss BO3MOXHOCTb 3KCNepTy NPOMNYyCTUTb FOSIOCOBaHUE, €Crn OH He
yBEpeH B CBOeN KBanudukauum rno JaHHOMY BOMPOCY, T.e. 3KCNepT OLeHMBaeT He
TONbKO MPOEKTLI, HO 1 cebs.

Typoeoe 2osiocogaHue NpPoBOANTCA B HECKOMBKO 3TanoB (TYpOB) U MOXeT Ae-
NNTbCS Ha cnegylowme MeToabl:

e ONIOCOBaHWE B ABa Typa, Korga npoBognTCs OObIYHbBIA TYp rOSIOCOBAHUS.
Ecnn kakon-nmbo npoekt HabupaeT cTporoe OONbLUMHCTBO rOfI0COB, TO
OH 1 obbsaBnseTca nobeautenem. B NpoTMBHOM criyyae npoBOAUTCS
BTOPOW Typ ronocoBaHuns no npasuny 6onbWMHCTBa A8 ABYX-TPexX npo-
eKToB, HabpaBLMX HanbonbLLee YACIIO royIocoB B NEPBOM TYpE;

e [ONIOCOBaHWE C nocrepoBaTenbHbIM yObiBaHMEM NPOBOAUTCA B 0OLiEM
crny4ae B HECKOSbKo TypoB. Ecnu kakon-nnbo npoekT HabupaeT cTporoe
OONbLUMHCTBO rofiocoB, TO OH 00bsABNseTCA nobeantenem. B npoTUBHOM
crny4ae npoBOAUTCA BTOPOW Typ royiocoBaHus, HO Be3 yyacTus nNpoekTa,
HabpaBLLero MMHMManbHOe KONMMYeCTBO rosyiocoB B NepBOM Type. 3aTtem
npoLecc NOBTOPSAETCH, MOKa He onpeaenuTcs npoekT-nobegutens. Mpu n
paccmaTpmBaeMblxX NpoekTax MOXeT noTpeboBaTbCA n-1 TypoOB;

e ronocoBaHue 6e3 oTcemBaHWSA NPOEKTOB MpeanonaraeT yryyweHne pe-
3yNnbTaTOB OLIEHKM 4Yepe3 O3HAKOMIIEHME 3SKCMEPTOB C pesynbTatamu
Kakgoro Typa. B pesynbTtate Takon npoueaypbl 9KCnepTbl, BUAA U oue-

66



YnpaBneHne AUCTaHUMOHHOIO 06y4eHMA 1 NOBbILWEHNA KBaANDUKALUM

O6paboTKa aKCNepUMeHTaIbHbIX AaHHbIX

HMBasa oOLWMN pe3ynbTaT, MOryT MEHATb COBCTBEHHbIE NPennoYTeHUs,
NCKITHoYasa Cny4amHOCTb U NpUXo4sa K paBHOBECHOMY MHeHuto. Tak pabo-
TaeT, Hanpumep, «meToa enbdbl».

9.3 MeToAabl paHXNnpoBaHUA

PanxupoBaHue - npoueaypa ynopsgoyeHns niobbix 06EKTOB N0 BO3paCTaHUIO
nnn ybblBaHUIO HEKOTOPOrO UX CBOWCTBA (pasymMeeTcs, 06beKTbl AOMKHbI 0bnagatb
9TUM CBOMCTBOM). Taknum ob6pa3om, MeToAdbl paHXMpPOBaHUSA MOCTPOEHbl Ha BBeae-
HUM KaXXObIM 3KCMEePTOM OTHOLLUEHWS nopsigka Ha MHOXECTBE MPOEKTOB S, Mpuyem
OTHOLLEHMe nopsaka MOXeT ObiTb 3agaHo nNnbo ¢ nomoLLbio H6anbHOW LwWKanbl (paH-
roB), MMBO OTHOLUEHMEM «Xyxe-nydwe». B nocnegHem cnydae npegnodTeHue aKC-
nepToM NpoekTa x NPOeKTy y 0603Ha4YaeTCcs x > y, @ COBOKYNHOCTb UHANBUAYAbHbIX

NopsAKOB NpeanoYTEHNN BCEX 3KCNEPTOB HasbiBaeTCA Npodomnem npeanodTeHun.

B cnyyae BBegeHUs OTHOLLEHUSA Mopsaka C MOMOLLBI PaHroB CyMMa pPaHros,

NOCTaBMEHHbIX 3KCNEPTOM NO BCEM NPOEKTaM, AOSPKHA coBnagaThb 1 ObiTb paBHOM
S
Zrl.j:@,,um =1..M (9.1)
j=1

rae r;— paHr, NOCTaBMNeHHbIN i-M 3KCNEPTOM j-My MPOEKTY.

Ecnu akcnept npucBavBaeT AByM unm 6onee npoektaM OANHaKOBbIe paHru (T.e.
CcUMTaeT 3TN NPOEKTbl paBHO3HAYHbIMK), paBeHCTBO (9.1) He BbINONHSAETCS, a crneao-
BaTenbHO, HEBO3MOXHO MPOBECTM onpeaeneHue nobegutensa. Toraa nposoguTcs
nepecyeT TakMx paHros B T.H. CTaHAAPTU3NPOBAHHbIE PaHIX AefieHMEM CyMMbl MECT,
3aHMMaeMbIX CBA3HbIMU paHramu, Ha X YnUCro. To eCTb, eCnu y i-ro aKcnepTa r;1=rp
N 3TN NPOEKTbl AeNAT Mexay cobon mecTta a 1 b, Toraa JaHHbIM NpoekTam npuceauv-
BaeTCHA CTaH4apTU3MPOBAHHbLIN paHr ¢, onpeaensemMbii No gopmyne
_a+b
==

PelwweHunsa, nony4yeHHble pasHbiMM METOAaMKU, MOTYT OTNMYaTbCa Apyr OT Apyra.
B psage cnyyaeB otgenbHble MeToAbl MOryT He cpaboTtaTtb, MO3TOMY 3KCNepTUsy
NPOBOASAT HECKOSTbKMMW MeToA4aMu, a 3aTeM BbIBOAAT OOLLMI OTBET.

PaccmoTpum HekoTopble U3 METOAOB PaH>XUPOBAHWS.

Memod «MeduaHa KemeHu» (Kemeny) OCHOBaH Ha BblYUCNEHUMN PACCTOSAHUSA
l;j Mexagy MHeHUAMM i-ro 1 j-ro 3KcrnepToB. [1OCKOMbKY MHEHME 3KcnepTta - BEKTOp
3HAYeHUn, TO pacCTosiHME MeXAy MHEHWSIMU 3KCMepToB npeAcTasnseT cobon pac-
CTOSIHME MexXAOy BeKTopamMu U MOXET OblTb BbIYMCIIEHO C MUCMOMb30BaAHWEM pas3finy-
HbIX BapMaHTOB pacyeTa HOpM, Hanpumep, N0 MaHX3TTEHCKON HOpMeE:

lij:"”n_’7/1‘+"?2_77/2‘+---+"?S_’fjs‘- (9.3)

3HavyeHNsa Ons KaXaow napbl 9KCNepToB 3aHOCATCS B T.H. MaTpuLy pacCTOAHWUN,

koTopas B obLiem Buage MoxeT BbITb NpeacTaBneHa B criedyolem suae, npuseaeH-
HOM Ha pUCyHke 9.2.

MaTpuua pacCToOAHUN MMeeT pasMepHOCTb MxM, npudem no rnaBHOW guaroHa-
NN pacnonoXeHbl HyNU (T.K. He CYLLECTBYET pacXoXOAeHUa Mexay MHEeHMeM Ccamoro
akcnepta) Kpome TOro, cornacHo ¢opmyne (9.3) matpyua cMMMeTpUYHA OTHOCU-

c

(9.2)
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Oxcnept 1 | Dkemept 2 | ... | Okenmept M
Okenept 1 0 2 I
Dxcmept 2 I 0 153%s
Oxemept M I lo .. 0

PucyHok 9.2 — MaTpuua pacctosaHum

[Mocne 3anonHeHna maTpuLbl PACCTOSAHUN BbIYUCAKTCA 3HAYeHus L; - paccTo-
AAHUA OT i-ro 3KcnepTa A0 BCEX OCTarbHbIX, NOCIE Yero UWeTCs MUHMMarbHOe pac-
cTtosiHue L;. MHeHue cOOTBEeTCTBYIOLLErO i-ro aKcnepTa ABMASeTCs caMbiM CpeoHUM U
o6baABNAeTCA pe3ynbTaTtoM 3KcnepTmsbl. Npouecc pacyeta pacCToOAHUA MeXOy MHe-
HUAMM IKCNEPTOB NO MaTpULE PacCTOSHUIM NpUBEAEH Ha pUCyHke 9.3.

Okenept 1 | Ikenept 2 | ... | Dxenept M L;
Dxcmepr 1 0 l12 L Li=0+1p+. .+l
Dxemept 2 b1 0 s L=+ 0+.. .+ b
Okcmept M lan I . 0 Lihnthpt.. +0
min(L1, Lo,... Lu)

PucyHok 9.3 — PacyeT pacCTosaHUN MexXay MHEHUSIMU SKCNepToB

leomeTpuyeckas MHTepnpeTaumsa nokasblBaeT, YTO MHEHWe BblOpaHHOro 3Kc-
nepTa Haxo4MTCS NPUMEPHO B LIEHTPe MHOrorpaHHnka, obpasoBaHHOro BepLUMHaAMU,
Kaxgas U3 KOTopbIX nNpeactasnsieT cobon MHEHWE OTAEeNbHOro akcnepTa, a pebpa —
pacCToSAHUA MeXxay MHeHuaMu akcneptoB. Camas yganeHHas OT LeHTpa BepLuuHa,
TO €CTb 3KCNepT C HaMbomnbLIMM 3HAYEHNEM L; UMEET CaMoe HEeHaOEeXHOE MHEHMeE.
[aHHas BenvynHa MOXET XapakTepu3oBaTb KBanMmuKauuo camoro aKcnepTa.

Mpu nNpoBegeHnn 3KCNEPTHOW OLEeHKM MemodoMm 6osbwuHcmea Ha nepeoe
MECTO CTaBUTCS TOT NPOEKT, KOTOPOMY BONBLLUMHCTBO 3KCNEPTOB NPUCBOUNO NepBoe
MEeCTO, Ha BTOPOE MEeCTO — MPOEKT, KOTOPOMY BOJSbLUMHCTBO 3KCNEPTOB MPUCBOUIO
BTOPOE MECTO U Tak Aarnee.

B cnyyae S>3 npu akcneptuse aHHbIM METOAOM MOTYyT BO3HUKHYTb COMHEHUSA B
crnpaBennvMBOCTM pe3ynbTaToB.

Memod Bopda npepncraBnsieT cobor CMCTEMY FONIOCOBaHNA, NPeanoXeHHY B
1770 rogy X.-lWW. pe bopaa (Borda) n Wwmnpoko nNcnonb3yeTcs B COBPEMEHHbLIX YCIO-
BMSIX C LUerbio TLWaTeNbHOro yyeTa NnpeanovyTeHnn SKCNepToB B YCNOBUAX MHOXeECTBA
NPOEKTOB.

CyTb MeTOaa 3aKknio4aeTcs B paHXUPOBAHUN IKCNEPTOM BCEX NPOEKTOB CTPOro
no ybbIBaHMIO NpeanoyvTeHus, NpuyemM 3a nepBoe MECTO MPOEKTY BbiCTaBnsercsa S
6annos, 3a BTOpoe — S-1 u Tak aanee (3a nocrnegHee mecto — 1 6ann). Kpome Toro,
MOTYT NPUMEHATBLCA CriefyLme CUCTEMbI OLLEHOK:
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e 3a nepeoe mecto S-1 6ann, 3a BTopoe S-2, n 1.4., 3a nocnegHee — 0
©annos;
e 3a nepsoe MecTto 1 6ann, 3a BTopoe 1/2 6anna, u T.4., 3a nocnegHee —
1/S 6annos.
[Mocne BbICTaBNEHUS OLEHOK BCEMM 3KCMepTamMn Bce HabpaHHble NpoeKkTamm
BGannbl cyMmmmnpytoTcs

M
bj = Z”U , (94)
i=1
a nobegutenem obbABNAETCA NPOEKT, HAbpaBLLUMIA HANBbLICLLNIA CyMMapHbIN 6ann:
w=max(b;). (9.5)

HecmoTpsa Ha 1O, 4yto Metoa Bopaa 6Gbin paspabotaH gns Bbibopa oOaHOro
Hauny4dwero NpoeKkTa M3 MHOXECTBAa, OH MO3BOSISIeT OonpeaennTb MecTa, 3aHuMmae-
Mble B TOfIOCOBAHUN OCTalNbHbIMW MNPOEKTaMn B 3aBMCUMOCTM OT KONMYecTBa
HabpaHHbIX OYKOB.

CornacHo memody KoHndopce (Condorcet) nobegutenem obbsiBnserca ToT
NPOEKT x, KOTopbIn nobexaaeT nobon Apyron NPOEKT Mpyv NapHOM CPaBHEHUWU MO
npaeuny 60MNbLIMHCTBA, T.€. ANs BCAKOro NpoekTa y e .S, y#x, 9KCNepTOB, paHXupy-
OLLIMX 3TM NPOEKTbI B MOpSAKe x > y Bonblue, YeM Tex, KTO paHXupyeT ux B nopsake
y=x.

[na Kaxgoro akcnepTa faHHble NapHble CpaBHEHWS MOryT ObiTb 3anucaHbl B
BMAE MaTtpuubl, NpMMep KOTOpoM npuBedeH Ha pucyHke 9.4. 3gecb 1 ob6o3HayeH
hakT NpeanoyTEHNa IKCNepPTOM NpoeKTa-kaHanaaTa NpoekTy-onnoHeHTy, 0 — npea-
noYTEeHWe NpoeKTa-onnoHeHTa NPoeKTy-kaHaAnaaTy, No rMaBHOW AnaroHanun ctaBATCA
NpoYepKun, T.K. CpaBHUBATL NPOEKT cam ¢ cobon HeuenecoobpasHo.

OmnmnoHeHT
IIpoekrt 1 |IIpoext 2 | IIpoekT 3 |IIpoekT 4
IIpoekT 1 - 0 0 1
IIpoekT 2 1 - 1 1
Kammumart
IIpoekr 3 1 0 - 1
IIpoekr 4 0 0 0 -

PucyHok 9.4 — [Npumep maTpuLbl CpaBHEHUI OQHOrO 3KCNepTa Npu OLEHKe
npoektoB metogom KoHgopce

Mocne onpeaeneHns MaTpuL, CpaBHEHUA ONS KaXO0ro U3 9KCnepToB OHU CKNa-
AblBalOTCA B OOLLY0 MaTpuLy CpaBHEHWW, MpUMep KOTOPOW MpuBeOEeH Ha PUCYHKe
9.5.

Mpn nonapHOM cpaBHEHUM KaHOMAATa i U ero OonNnoOHEHTOB Heob6XxoaMmo cpas-
HUBaTb 3HAYEHUS (- CTPOKU C COOTBETCTBYIOLLMMWN 3HAYEHMAMM j-ro ctonbua:

C;>Cjie (9.6)

Ecnu gnsa Bcex j=1..M, j#i HepaBeHCTBO (9.6) BbINOMHAETCS, TO NPOEKT i 06bAB-

nsetca nobegutenem.
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OmnmoHeHT
IIpoexr 1 |IIpoexkrt 2 | [Ipoekt 3 | IIpoekT 4
Ilpoekr 1 - 8 8 &
ITpoexT 2 13 - 10 21
Kammumat
ITpoext 3 13 11 - 14
ITpoekT 4 13 0 7 -

PucyHok 9.5 — MNpumep obLyenn maTpuLbl CPaBHEHUIN NPU OLIEHKE
npoektoB metogom KoHgopce

Mobegutenb no KoHoopce cyllecTByeT He Bcerga, T.K. nNpu Hanuuuu Gonee
OBYX NPOEKTOB M Oornee ABYX 9KCMEPTOB KOSSEKTUBHOE pPaHXMpOBaHWE MPOEKTOB
MOXeT ObITb LIMKNUYHbIM (Tak HasbiBaeMbln napagokc KoHgopce), To eCTb AN Kax-
A0ro NpoekTa-kaHaMaaTa ectb npegnovntaeMbli 60MbLUMHCTBOM NPOEKT-OMMOHEHT.

C rpadmyeckon ToukM 3peHuns Bblibop nobeautensa no KoHaoopce MOXHO npea-
CTaBUTb NOCTPOEHUEM rpada n npuBegeHneM ero K spycHo-napasnnensHon gopme.
Ha aTane noaroToBkM K NOCTPOEHUIO rpadpa pesynbtaTbl cpaBHEHNA (9.6) MOXHO 3a-
nucaTtb B BUAE MaTpuubl, AN paccMaTpnuBaemMoro npumepa npeacTtaBfieHHOM Ha pu-
CyHke 9.6.

OrnmoHeHT
IIpoekrt 1 |IIpoekr 2 | IIpoekT 3 | IIpoekT 4
IIpoekrt 1 - 0 0 0
IIpoekTt 2 1 - 0 1
Kanmgunat
IIpoexT 3 1 1 - 1
IIpoekrt 4 1 0 0 -

PucyHok 9.6 — MaTtpuua OTHOLIEHUN NPOEKTOB

B nocTtpoeHHOM no pesynbTaTam cpaBHEHWW rpadpe CTpenkamun ykasbiBaeTcd
OTHOLUEHUS MexXay NapamMn oObLEKTOB, NPUYEM CTperka OT i-fo NPoeKTa K j-My yKa-
3blBaeT, YTO BOMBLUMHCTBO SKCMEPTOB OTAANN NPEeAnoYTEHNE i-MYy NPOEKTY MO CpaB-
HeHuo c j-M. Bua rpadpha ons paccmaTpmBaemoro npumepa npuBedeH Ha pUCyH-
ke 9.7

ApycHo-napannensHasa oopma npegcraBnsieT cobon Takyo dopmy rpadpa, rae
B KaXXOOM SAipyce HaxoOATCH BEepLUMHbI, B KOTOpble HET BXOASALLMX CTPEriok u3 Bep-
LWMH, Nexalwnx B HWKHUX sipycaX, a eCTb TOSMbKO BXOASALIME CTPENKU U3 BEPLUUH,
Haxogsawmxcs Ha 6onee BbiICOKUX sipycax. [pu npeobpasoBaHun paccmaTpuBaemoro
rpadpa K apycHo-napansnensHon goopme nonyyum rpadp, npeacTaBneHHbIN Ha PUCYH-
ke 9.8.
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1

A

/2\< 3

4

PucyHok 9.7 — 'pac npeanoYvTeHnin NpoeKkToB

PucyHok 9.8 — ['pac npeanovTeHnin NpoeKkToB B spyCHO-NapannesibHon gopme

N3 aHanusa rpadgpa B ApycHo-napannenbHon popmMe MOXHO caenaTb BblBOA,
4yTo nobeantenem aBnAeTcAa 3 NPOEKT, BTOPOE MECTO 3aHMMaeT MPOEKT Homep 2,
TpeTbe — NPOEeKT HoMep 4, N nocneagHee, YeTesepToe — 1 NPOEKT.
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Bonpochbl K 3a4eTy

Buapbl akcnepumeHTanbHbIX UCCeaoBaHMn: HabnogeHe n akcnepumeHT. dak-
TOp 1N OTKNUK. Bugbl daktopoB. Tunbl oM3MYECKUX BeNUYUH. Turnbl NOrpeLIHoOCTEN
namepeHnn. OgHokpaTHbIE U MHOroKpaTHble uamepeHus. [NpsiMble N KOCBEHHbIE U3-
mepeHus. OueHKa MOorpeLHoOCTN MPSMbIX MHOFOKpaTHbIX namepeHun. OueHka no-
rPELLUHOCTM KOCBEHHbIX MHOMOKPaTHbIX U3MEPEHWI.

CnyyanHaga BenuyumHa. 'eHepanbHasi COBOKYMHOCTb M Bblbopka. ®yHKLMS NNOT-
HOCTWN BEPOATHOCTU. VIHTerpanbHasa dyHKUusA BepoAaTHOCTU. MpuHumnnel nogbopa Bbl-
6opku. MapameTpbl pacnpegeneHnsi, BAMAIOLWNE Ha BUA KPMBOW pacnpeneneHms.

HopmarnbHbIn 3aKOH pacnpefeneHuss U ero cBomctBa. PaBHOMeEpPHbIN 3aKOH
pacrnpeferneHuss u ero ceoucTea. Jlorapudmumyeckm HopmMaribHbIM 3aKOH pacnpene-
NEHUs1 N ero CBOMCTBA. JKCMOHEHLManNbHbIN 3aKOH pacnpeneneHms n ero CBOMCTBa.
PacnpeneneHue Benbynna un ero cesoncrea.

ANropnTM MOCTPOEHUS TMCTOrpamMMbl M NONMroHa YactoT. MHTepnpeTauusa Be-
POATHOCTHbIX rpacukoB. Anroputm noctpoeHus Q-Q rpaduka. Anroputm nocrpoe-
Hua P-P rpaduka.

O6Lwmi anropuTM NPOBEPKM CTATUCTUYECKUX rMnoTes. ANropuTtM MpUMeEHEHUs
Kputepua cornacma Konmoroposa npu nNpoBepKe MPOCTOM M CIIOXHOW rMnoTesbl Ha
npumMepe HOpPMarnbHOrO 3akoHa pacrnpefeneHvs. AnroputM NPUMEHEHUs Kputepus
cornacua lNupcoHa npu NpoBepke NPOCTON M CMOXHOW MMNOTE3bl HA NpUMepe Hop-
ManbHOro 3akoHa pacrnpegeneHus.

AnropuTM HaxoxaeHust YHKUMM NUHENHOW ogHOoMepHOW perpeccun. Koadpdu-
UMEeHT ageTepMuHaumun. AnropuTtMm NpoBEPKN afeKBaTHOCTU NUHEMHOW OOHOMEPHOW
perpeccnoHHoOn Mogenu.

KoacbpmumeHt nuHenHon koppensumn. KoppensumoHHoe none. Cuna u
HanpasneHue KoppensumoHHon cBsasn. CBA3b KOPPENALMOHHOIO U perpecCUoHHOro
aHanu3oB. [lpoBepka rvnoTesbl O 3HAYUMOCTU reHepanbHOro KoadduumeHTa nu-
HenHon koppenauuun. [NpoBepka rMNoTesbl O 3HAYUMOCTU pPasNUuUa Mexay OBYMS
KO3 puUMEeHTaMU NIMHENHOW KOppenauunu.

OcCHOBHblE MOHATUS OUCNEPCUMOHHOro aHanuia. [lpeaBapuTenbHas oOueHKa
AaHHbIX NPY ANCNEPCUOHHOM aHanuse. ANroputMm npumMeHeHusa kputepmnsa KoxpeHa o
paBeHCTBe Aucrnepcun. Anroputm nposBefeHuUss OgHOMAKTOPHOro AMCNEePCUOHHOIO
aHanusa. AnroputM nposefeHus AByxdakToOpHOro ANCNepCMOHHOIo aHanusaa.

MeToabl ronocosaHus. AnroputMm metoga "MeguaHa Kemenun". Anroputm me-
Toaa bopaa. Anroputm metoga Kongopce.
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