KHMIBCBLKHA HAIIOHAJILHHNA YHIBEPCUTET IMEH! TAPACA HUEBYEHKA

O. 1. BACUJIHK
T. O. AIKOBEHKO

JEKIII 3 TEOPII I METO/IIB
BUBIPKOBUX OBCTEXKXEHb

Hapuyansuuit mocionux

PexomenpoBano Midictepcrsom oCBiTH | HayKy YKpainmu
AIK HaB4aNbHKI NOCIGHMK Ans cTyaeHTiB-MaricTpis
yHiBepcuTeTis, AKi HABYAKTHLCA 33 CnewianbHicTIo

«Crarucrmka»

e T p—_______
KiBeoxm € AL P viustbtiier




VK 512.642(075.8)
BBK 22.143s7

B19

B19

Penenzenru:
A-p iz.-Mar. mayk, npod. I1. C, Kuonos,
I-p dis.-mar. Hayk, npod. P. €. Maii6opona,
J-p ekoH. Hayk M. B. Tlyrasosa

3ameeponceno euenoto Padord MeXAHIKG-MAMEMANULHO20 Garyaememy

(npomoxon Ne 2 eid 13 wcosmus 2008 poxy)

Bacumux, O. 1.

Jlexuii 3 Teopil i MeTOAIB BUGIPKOBUX OBCTENEHE § HABYAILHIH
nocibuux/ 0.1 Bacwmik, T. Q. Sxosenxo. - K. * Bujasaugo-
nomrpadiynnit nentp "Kuiscwkuit yuisepenrer”, 2010, — 208 c.

ISBN 978-966-439-307-9

MociGuuk  MicTHTE  OCHOBHI  HOHSTTS Ta pC3yABTaTH,  AKi
BHKODHCTOBYIOThCA B Teopil  BubipxoBuX — ofcTemens, deTansiy
indopmaniro Hpo pisHi MeTomM Bm,ﬁopy ENEMeHTIB 13 reHepagbHOl
CYKYNHOCTi Ta BINIOBiHI METONM ouiHIOBakHS il napamerpis. HasogsTeca
MCTONM OUiHIOBAHHS MHIMHMX | Hemimifimnx dyskuill sin CyMapHUX
3HAYCHP KUTBKOX JOCHUDKYBaHMX 3IMIHHHX, MCTOAM OUIHIOBAHHA 3a
plﬂHHHCI’O, perpet:lero Ta 3a BIHHOLHCH'HSIM PO"!TJIQ,?I&IOT]:LH \‘ICX&HIJMH
TIOPOMKEHRS NPOMYCKIB, MCTOMH X 3aNOBHEHHS, OLIHIOBANHA BHOIpKOBOL
nucnepeii 33 MAHAMM i3 TIPOMyOKAMM, AHAMI3 JAHMX 2 IPOIyCKAMH
METOAOM MaKCHMATBHOI BiporiZHOCTi.

Ana cTynentis-MaricTpiB cremiamsmocti "CraTHeruka' MeXamiko-
Matemariioro (axynstery. Moxe GyTH KOPHCHMM i ANs acmipaHTis, a
TAKOA /U4 THX, XTO H2 MPaKkTHUi BHKOPHCTOBYe BUBipkoBmit MeTon y
TpoLeci MPOBEACHHA 0OCTEKEHD.

YK 512.642(075.8)
BBK 22.143a7

Ipug nanano Minicrepersom ocsiti i Hayku Yxpaiuu
(et Ne 1.11-7027 Bix 29.07.10)

ISBN 978-966-439-307-9

© Bacunuk O, 1., Sxosenwo T. O., 2010
© Kuiscpkuif Hauionanssuii ynisepeurer iveni Tapaca llesuenka,
BIT "Knischxuii yuiepenrer”, 2010

3micT

Ilepesmona 7

Beryn 10

1.  Ocuosui noHATTH 15
1.1, Tenepanena cyxynmicTs, BHGipKa, cxemu Bigbopy.............. 15
1.2, BHOIPKOBHH JH38HH . cvocvieeciireeerecrerresresritis s e e st eensens 17
1.3, TTIOHSTTA GCTATHCTHEA .euvvveeecteveeirereresenrseenrnresotonsseesssemssonns 21
14, OUiHKH T2 IX BIACTHBOCT ..ot eerireierietis v sseninne 23
1.5, IMOBIpHOCTI BIJIIOUEHHS €IEMEHTA Y BHOIPKY ....cvovvvevrreenee. 25
1.6, InguxaTop BKIIOUEHHS EMEMEHTA Y BUBIPKY ..ovvivivirieennnne 28
1.7, Ouinka I'opsina-TomiicoHa Ta I BHACTHBOCTL ..vvvvvevvirerieenns 31
1.8, BrpasH Ta MUTAHHSA A CAMOKOHTPOMIO 1 cvvvviviveeriisrriecnenanan 34

2. Hpocruii sunankosuii Bizdip 6e3 nopepHenns. SRSV ¥

2.1, OCHOBHI BIACTHBOCTL. 1\ eueveviieieeresenieesssietesissssssaeeesessennssrenas 37
2.2. Ouinka I'opeiua-ToMICOHA NPH MPOCTOMY BHIIA[KOBOMY
BLIOOPI 663 MOBEPHEHHS ...ociev i ens 39
2.3, - OuiniosanHs napaMerpis nipcyxynuocreil npu ITBB6IT...... 44
2.3.1. OuinioBaHH:A AHOCOIIOTHOTO TA BIIHOCHOIO PO3MIpisB
HEACYKYIHOCTL vt eercrecsiaaeae bt sissen e sressneesnenens 45
2.3.2. Oui=i0BaHHA CYMAPHOIQ T4 CEPEIHLOI0 NIACYKYN-

HOCTI, KOMH if po3Mip N ; HEBIAOMHI .....c.c.ovevvnnnnn.n, 46
2.4, Tlo6GynoBa HOBIPUUX IHTEPBAMIB ...ecvvevivrriireerens e 47
2.5, Bu3HaueHHSA POIMIPY BUSIDKM ...vovevvvivinrereeeeen e s seee e 51
2.6, BnpaBH Ta HUTAHHA UIH CAMOKOHTPOMIO . .cvivercerneirerinernnans 33
Bin6ip Bepuysni e 56
3.1, OCHOBHI BHACTHBOCTI ..ov.vcvivevieseccrescteenseeeseecectssnreeseesenereene. 56
3.2, Ouinka I'opeina-Tomricona npu sinBopi Bepuymni.............. 57

3.3. Henonixu BinGopy Bepuyani ............
34, InsaiH-eQerT. ...,
3.5, BrpaB# Ta NMTaHHA LIS CAMOKOHTPOJLIIO

CucremaTruuuni sinbip

4.1, OCHOBHI TOHATTH TA PEIYIBTATH .vovvvveveeereeereesesereresesenssars )
4.2, Poamip BuGipKH NIPH CHCTEMATHYHOMY BiIGOPI _......o.eee.. . 68




4.3, EdexruBHICTD CHCTEMATHYHOTO BIAGOPY ..ovviivviinieineinicis 69

4.4, MIPH OMHOPLEHOCTI c.vviieeiiree ettt 71
4.5, OuiHrOBaHHI JUCHEPCI] NPH CHCTEMATHIHOMY Binbopi ......., 74
4.6. Bupasy Ta DATAHHS JUTA CAMOKOHTPOMIO -.ovvereeseesserrensiensseenes 76
Bix6ip 3 nopepHeHHAM 79
5.1, OCHOBEI BUIMIHHOCTL....ccvveiivinmssorinsninsisrese s sessesssrenserneens 79
5.2, Ouinka XaHCEHA-TYPBILA ....ccovirivrccirii i 82
5.3. Ouinka Xancena—['ypBiua npu npocToMy BUIZJKOBOMY
BLACOPI 3 MOBEPHEHHAM .vveeeeesrinnrernerresreisnninnsssnssmessscessesranns 84
5.4, Binbip, p-nponOpUilHHA J0 POIMIPY .cvveirriiinniisirrnisisiions 87
5.5. Bupasu Ta MHTAHHA KA CAMOKOHTPOMIO ..vvcresirerersiniesenersones 91
Mertonm nepisuoiimMopipuicuoro sinfopy 6e3 noBepHEHHNA ...ovair. 93
6.1, Biabip IIyacCoHa ......ccveicrniivinisiisnsanssinisnsssesseass s mencances 93
6.2. Biubip, m-OponopUifHHE 0 POIMIPY ..oervruererervsrresveniesenanns 96
6.3. BnpaBu Ta NHTAHHA U CAMOKOHTPOIKD ....vceriiiminsicsrinaiinns 100
Crparudixopannii Bigdip 103

7.1. - O3HaueHHs Ta 33CTOCYBAHHS CTpAaTH(iKOBaHOro Bindopy .... 103
7.2, TW-OUIHKa CyMapHOIO 3HAYEHHS [pH crpaTHiKOBAHOMY

BIAGOPI ccoeee vttt ccicrr e eianiae s ran s cre s s s s e nrne s resees srrsnassemens sinin 106
7.3. OnrtaMansHe po3MilieHEs cTpatHdixopaHol BubipKu........... 109
7.4. Ansrepratushi po3Mimenns npa CTIIBB. ... 114
7.4.1. PosmitueHuas HefiMaHA .....oovve v 114
7.4.2. TIpONOPLIHHE POIMILIEHH ....eonriarissrasssioserisssrarnssins 114

7.4.3. Poamilesun, DpoLopiliiiHe o CyMapHOTO 3HAUSHHS
BMIHHOT 1 tevrvereereeeeeeieeseessstesiestssssas seessssnssnesssssnsnasonss 115
7.4.4. x-ONTHMAIBHE POBMIUEHHS .evvevviiveieeiinvieererinseniesannens 115

7.4.5. Po3mMillieHHSA, MPONOPILIHE A0 CYMapHOIro 3HAYSHHA
BMIHHOT X «oeiieviiineenniasioiasnsiansees e ssnrasssimssesesasscens il6
7.5. [lopiBHAHHA AHCTIEPCIH M-OMIHKW CyMapHOro 3HaUCHHA

MPH ONTHMAILHOMY Ta IIPONOPIIHHOMY PO3IMIIEHHAX ......... 116
7.6. TlopiBHaHHA AMCHEPCI R-ONIHKK CYMapHOTO 3HAYECHHA

npu CTIIBB 12 IIBBOIT ..ot v sserresnensernnrans 117
7.7. DBrpasu Ta IHTAHHA LA CAMOKOHTPOMIO orveveessirrnsasvierinnecrass 118

8.

10.

Kaactepnuii, apocTaniiinmii ta GaraTtocragilinnii sinbip........... 120
8.1, OCHOBHI HOHATTM ..eitiivievsrieriens eiieniensedesiesesiesasosseas ot seeseeseenes 120
8.2, OnHocTanifumi KIaCTEPHUR BIAGID ..o.o.iviveeieeie e i21
8.2.1. 3aranbHUA BHIIOK ;i iersisiiienenierit e sneese s e eseeenas 121
8.2.2. Tlpoctwii BunanKoBHI OQHOCTAAIHHMI K1acTepHHuiT
BIADIP coveiviieeicaiiiieirt ettt it ee e 125
8.3, JIBOCTAIMHIN BIAGID.c.ciiereceeeeeivereeeesirr s eeriteee s eee v eseesnenens 129
8.3.1. Isocraniiftuit BiA6Ip ENEMEHTIB ...ve..vev v, 131
8.3.2. CaMossaxeHnit ABocTaaiiismit BIAGIP ot 137
8.3.3. IIpocruit Bunagxosuit 8iaGip Ha oGox crazisx
OBOCTAMIMHOIO BIAGODY ©.viiiiievereinie i er i 137
8.3.4. OnTumanbHe PosMilleHHS Y BUIIAKY IPOCTOIO
BHIIA[IKOBOTO ABOCTAAIHHOr0 BiAGOpY ENEMEHTIB. ..., 139
8.4,  BararocTaRiMHUI BIAGID .coiveiiliierie i e eeans 142
8.5. BnpaBu Ta NUTAHHA 14 CAMOKOHTPOMIO .....cv.veeseer s 143
Ouimosanusn $yuxniii Bix cymapuux sHauens xapaxkre-
PHCTHK TE€HEPANBLHOY CYKYIHOCT ...... 146
9.1, OuiHIOBAHHSH BEKTOPA CYMAPHHX 3HAUEHD ......... ... eeeerereee. 146
9.2.  OuiHroBaHHs QYHKUIA BIX CYMAPHUX 3HAYEHD KUIBKOX
BMIHHHX 01 ivissinsins st e ssnsss s snsassensseeesessssesbsssssnsonese sonesssenen 149
9.2.1. Ouimopauus JiHIAHUX QYHKUIH Bif cyMapHux
3HAYEHD KUTDKOX BMIHEHX vroviiiitosererisceesceviassassasnssenas 149
9.2.2. OninoBanns HemiHIMHAX dyHKILIN Big cyMapHix
3HAYEHB KITBKOX 3MiHHUX. MeTon nineapusanii
TEHIOPA c1evitienieticiie ettt 150
9.3.  OuixoBaHHA BIIHOIEHHS CYMApHUX 3HAYEHD IBOX AOC/i-
HYBAHUX XAPAKTEPHCTHE ....cveerreeriveiraesrinierrasreenreesaessaesseeenes 154
9.4.  OuiHoBaHHA CEPENHBOTO 3HAYCHHS XAPAKTEPHCTHKM TEHE-
PATBHOT CYKYITHOCTL -..covevmivniariseaiteereisseeers st setaesseeeeemreanens 157
9.5. BnpaBH Ta HATAHHSA JH CAMOKOHTPOMED ....vvv.ereveveeeeereenenns. 160
Buxopucranun aonomiskuol indopmanii T veer 162
10,1, OUiHIOBAHHA 38 PISHUIEIO 1.v.v.eeees e eeseee e seeees e 162
10.2. OUIHIOBAHHA 38 PEIPECIEID .evvvviveriiieersiareeeevesser st oo 166



10.3. OniHOBAHHA 38 BIAHOMIEHHM tviveervrorieecsassrvessaniossisesseennns 174
10.4. Bopass Ta [MTAHHS UL CAMOKOHTPOIED «.ouvemeeierenesesiarsnsiisiens 175
11. Amnanis gaHux i3 NPpONyCKaMH 178
11.1. MexaHi3Mu TOPOMKEHHA IPOIYCKIB .vivverriciiinmsinianrnessesessesnnns 179
11,2, Ornsg MeToAiB 8HANI3Y AAHHX 13 NPONYCKAMHU .. isrierssuerivens 180
11.3. MeToay 3aMOBHEHHS HPOILYCKIB ....vveiaiivasivninserinsnrmsamensenns 182
11.3.1. 3aHOBHEHHA CEPEIHIMHU .....cooveiiviiicriiiiriiissssesniennens 183
11.3.2. 3an0BHEHHA 3 MIAOOPOM Lovvveeeeairiesiessisssiimsirenieniness 184
11.3.3. 3aN0BHEHHS 38 PEIPECIEIO...oiivcriisienarsrramserarrenseensens 186
11.4. Ouimiopanua ubipkoBOi AucHepCii 38 HAABHOCTI IIPO-
TEVOKIB 1.vvovinieesesessarsinrnmtsiastastensintsssntabeitnessssensssnsasserassantarsarasans 187
11.5. Anani3 JaHuX I3 IPOIYCKaMH 33 JONOMOTOK GyHKLIT
BIPOTITHOCT ... covereiivusiessrcns e rissssnsssssissssiasisissssnsasnsesesssasnes 191
11.5.1. TIOBHI JIBHI «oveveiaeseesieimrirecnesmsnseninrasssnssassisssasassssnn s 191
11.5.2. OuiHioBaHHA METOAOM MAKCHMAITLHOL BIpOriAHOCTi
33 HENOBHUMM JAHUMH
11,6, EM-aNTOPHTM ..ocoviiiiiiiicisnisesesnsanirssmnstsisssssremssiesssbannasssnsive
11.7. Bopasy Ta DUTAHHA 1A CAMOKOHTPOMIO .vveerisenrinnsisnarionninens 200
Jloaatox 1. Tabmuus BHIAAKOBHX wHCEN . 201
Hoparox 2. Hopmansnuii posnogin 202
MHoxamuyuk Tepminip 204
Crncox OCHOBHEX NO3HAYCHB 205
CnHCoK CKOPOUCHDb 205
Cuuncox pexoMeHa0BaHol JiTepaTypu 206
6

[lepeamosa

Iocibapk MicTHTh MaTepial ceMeCcTPOBHX JIEKIIH 3 HOPMATHBHOTO
kypey «Bubipkori obcreskensa», IPU3HAYCHOIO 14 CTYAEHTIB ClIerti-
anprocTi «CTaTHCTHKA» MexaHiKo-MaremaTuunoro dakyavrery K-
IBCHKOTO HalioHa/bHOro yHisepcutery imeni Tapaca Illepuenxa,

Kypc «Bubipkosi ofcrexxeHHa» BHKIAJAETLCS HA MEXAHIKO-
varematuanoMy (akyasreri KHY 6anzbko gecstu pokis. Criouarky
e 6ys 36-rogunaMil creunisybHEE Kype, B SKOMY TEOpeTHYHMI Ma-
repiafi CyIIPOBOIYXKYBABCS PO3B A3AHHAM NPAKTHUHHUX 3aBJAHb I SKAH
rpyuTysascs Ha kuurax B. M. Hapxomenxko [5] ra O. I. Yepusika [7]. 3
NEPETBOPEHHAM HbOI0 KYPCY B HOPMaTHBHMI Ta 306iMbINeHHAM Kiab-
KOCTI ayJuTOPHUX TOAHH BABidi {36 roaun nexnii Ta 36 romun npaxTu-
YHUX 38HSTH) BUHAK/A 1M0TPeda B A0JaTKOBOMY TEOPETUYHOMY MaTe-
plani. Yopogosx KinbKoX POKIB MM BUKOPUCTOBYBAJIH JIA JICKIIH 3
reopil Ta meronis subipxosux obcrexkenb BaraTo JKepes, OCHOBHH-
vit 3 axux € [9,10,18,20]. YV pesyabrari sunnkma izes migrorysary
HABYATLHEN 10ciONNK, Axuil MicTHB 61 MaTepianu UX JIeKHii.

Heofxingomw yMOBOIO yCIIIHOTG 3acBOEHHS BMIiCTYy mnocibnuka €
BOJIOIHAA 0a30BUMY 3HAHHAMM 3 Teopii HMOoBipHOCTelt Ta MaTemaTH-
YHOI CTATUCTHKHL.

[lociOnuK cKiIa18eThes 3 OJMHAIUATH PO3ALIB, MBOX DOIATKIR Ta
CNHMCKY PeKoMeHAoBaHo! Miteparypu. lepmmit posia MicTHTE 0cHOB-
Hl IMOHATTA, IKi BHKODHCTOBYIOThCS B Teopil BHOGIpKoBUX ObCTeXeHD,
& TAKOXK O3HAYEHHsi Ta BiaacTusocTi 7-ouminku [opeina—Tomncona cy-
MapPHOro 3HAYEeHHS JOC/IKYBAHOI XapaKTEPHCTUKH FeHePATbHOI Cy-
KYIHOCT] B 3arajbHOMY BUOANKY. 3aCTOCYBaHHSA T-OoUinkm Iopsina—
lomicora Ta 17 BAacTHBOCTe! /Ui OWIHIOBAHHA TIAPAMETPIB reme-
pasIbHOI CYKYTIHOCTI IIDH PI3HHX MeTomax Biabopy po3rifaiacThed B
NOJAJIBIINX POe3ALIax nporo nocibumka. A came, po3alim 3 apyroro
1o BochMuil MicTaTh indopmMalio 1po ocHoBHI MeToau Biabopy ese-
MEHTIB 3 reHepabHOI CYKYOHOCTI Ta BILAIOBITHI MeTOnM OuiHIOBAHHA
napamerpis reHepaabHol cykynmuocTi. 30KpemMa, ApYruit PO3ALA mpu-
CBAYMEHO IIPOCTOMY BHIAIKOBOMY Biubopy Ges noseprennst (ITBBGIT),
ioro OCHOBHHM B/IACTHBOCTAM, ONIHIOBAHHIO IAPAMETDIB TeHepalibh-
10T CYKYIHOCTI Ta HiAcyKyImHOCTel, 100ya08l A0BIpYMX inTepBaiB Ta
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3a/1a4l BU3HAUEHHA HeoOXinHOoro posmipy Bubipku y BENAAKY 3aCTO-
CyBaHHs LbOro BinbOopy. Y TperboMy po3JIiji HABEIEHO OCHOBHI BJa-
cTuBOCTI Ta MeToxm ouiHoBaHHSA A Binbopy Bepuysui. Tyt snep-
e po3MISHYTO IMOHATTA Iuzaiin-edexTy, 3a JONOMOIOK HKOro BH-
3HaYAEThCA eeKTUBHICTh NOBLIBHOIO Merody Blabopy y nopisHsHui
3 [IBB6I1. Yersepruil po3niin npucBsdeHui OCHOBHUM NOHATTAM Ta
pe3yabraraM, fKi CTOCYIOTBCS CHCTEMATHUIHOrO Binbopy. ¥V n'aromy
po3aini posrnsigaeTees Bigbip 3 NoBEpPHEHHAM, BH3HAYAETHCS OLIHKA
Xancena-I'ypsina Ta nocaigyorbes i1 BJIaCTHBOCTI, & B IHOCTOMY Ha-
BEJIEHO JesIKI METO/{M HePIBHONMOBIPHICHOTO BiI00OpY 0e3 noBepHeHHSL.
Y choMmoMy po3miil JeTajibHO BUBUaeThes cTpaTudikosanuit Biabip.
3HauHa yBara NpHiJIsieThes ONTHMAIBHOMY Ta AJ1bTEPHATHBHIM PO3-
mimieHEsIM crpaTudikosanol Bubipku. [HopisHioerhes edexTumHICT
pOTO BUOIPKOBOr0 Nu3afiHy NIpH ONTHMAJBHOMY Ta MPONOPLIAHOMY
poaminiernsx. Ipouenypu oanocTasiiHOro, ABOCTaAiiHOTO Ta Hara-
TOCTaAIHOrO KJIACTEPHOTO BiOOPY ONMMCAHI ¥ BOCBMOMY DO3ILI, Ae
PO3MISAIOTLCA AK 3arajibHl BUNAJIKH, TAK 1 BUNAA0K 34CTOCYBAHHSI
IBB6II mHa oxpemux crajisix omHo- Ta asocrasiitoro sinbopy. Ha-
CTYIHI IBa pO3Iiiu IpucBa4deni OibIn CKIaIHAM 3a/a4aM OIliHIOBa-
HHfA: B eB'ATOMY pO3ALT POSIISAAETbCH OMHIOBAHHA JIHIMHAX Ta
HeninifHnx OyHKOi Bix cyMapHuX 3Ha4€Hb KiAbKOX HOCIIIKYBAHIX
3MIHHHUX, a B JecaTOMYy — OIIIHIOBAHHS 3a PI3HMIEN0, 38 perpecieio Ta
3a BigHOmMeHHAM. OTUHAIIATANR DO3ALT IIPUCBAYEHO analizy BUbipKo-
BHX JIAHHMX 34 HasABHOCTI npomyckis (sesixnosigeit). Posrmspaorscs
MEXAHI3MH NOPOIKEHHS IPOMYCKIB, METOIH IX 3alI0BHEHHS, OIHIOBA-
uasg BuOIpKOBOI mucnepcil 3a JaHNMH 3 [POLYCKAMW, AHAMIS NAHEX
3 NPOIyCKaMK MeTOIOM MaKCHMaJbHOI BiporimHocti Ta iH. Teopern-
YHHHA MaTeplayl CYNPOBOIKYEThCH TIOCTPATHBHEMH NPHKJIATAME Ta
BOPaBAMHU IS CAMOCTIHHOIO po3B’a3amHHs.

HMocibauk Moxke 6YTH KOPHCHUM He TIILKH 4718 CTYISHTIB Ta AcIi-
paHTiB, sIKi crienianizyroTscs 3 Teopil #IMOBipHOCTEH Ta MaTeMATHHOI
CTATHUCTHKH, & i JJisi THX, XTO HA HNPaKTHIl BUKOPHCTOBYE BUDIDKOBUiE
METO Hpy IPOBeIeHH] 0DCTEXKEHD.

ABTODH TAPYYHUMKA BUCIOBIIOITh NUPY NOJAKY PCLEH3CHTAM
nocibuuka — npodecopy I1. C. Kuonory, npodecopy P. €. Maitbopoai
ra TOKTOpY exkoHoMiunux nayk M. B. Ilyradosiit 3a mikasi guckycii,
KPAUTHYH] 3ayBaskKeHHsT Ta MiHHI IOPAIH OO 3MICTY L€l KHATH.

Mu mysxe Basrani crniBpobitHukam Kadeapu reopil AMoBipHOCTE],
CTATHCTHKY TA aKTyapHO! MarTeMaTHKd KHIBCHKOTO HAIIOHAJLHOIC
yuisepcurery imeni Tapaca lllesuenka, pianum Ta apyssm 3a gouo-
MOIY Ta HiATPUMKY IiZ 9ac HAIMCAHHS KHUrM. Takoxk ocobiusy no-
NAKY Xouemo BHCIOBUTH Ipodecopy I'yanapy Kynmopdy 3 yuisep-
entery micra Ymeo (Isenizn), 3a nigrpumku sikoro 6ys pospobie-
Hult Ta Briposa ket Kypce «Bubipkopl obcrexennsi» Ha MexaHIKO-
MareMaTHynoMy pakyanTeTi HAmoTo YHIBEPCUTETY.



Beryn

Cratucrrune 06CTeXKEHHS ~ e JOCTIAMKeHHS AesKOl T IMHOKIHN
abo Bciel cykymHOCTI TpEeaMeTiB, 0cib, momiil, TOME 3 MEeToI0 BHIHAYE-
HHA IX KUIBKICHUX lapaMeTpiB: cepeiaboro abo cyMapHoro 3sHadeHHs
JEAKO] XapaKTePHCTUKH, KiJbKOCTI ab0o 4acTKu eNeMEeHTIB 3 HeBHOI
oznakoto Ta in. IIpmkmanoMm crarucrudroro ofcTexKeHHs € IEpenuc
HaceseHHst Kpaian. Bix nependauae moskaupicts 100-sincorkonporo of-
CTEKEHHHA BCHOTO HACEJICHHS.

Bubiprose obcmesicenna NONATAE B aHasisl Beiel cyKynHocTi Ha
ocroBi indopmanii, orpumanol 3a pesyabraTamu OOCTEKEHHs! JAIe
YACTHHU CYKYITHOCTI — eubipru.

Iarencusnmit po3BuToK TEOpii I MerTomip BHOIPKOBUX OBCTEXKEHE
posnoyases y 30-x poxkax XX cropiuus, konu y CUIA ta €sponi Bu-
HHK BeJUKUIl IONHT HA COIaJibHy Ta ekoHoMmiuny indopmauio. Tlo-
ynnaoun 3 40-x pokis, BUGIPKOBI METOAM MOYATH BHKOPUCTOBYBATH
B Tepenucax HaCeJeHHsI IS OTPUMaHHS JomaTkoBol indopmanil, a
3 50-x pokis B OOH nouanu mupoko 3aCTOCOBYBATH Ta MPONAryBa~
TH BHOIPKOBI 0OCTEXKEHHS 3 METOI0 CTUMY/HOBAHHH DI3HHX KpaiH a0
TIOKPaILEHHA MeTO/AIB 300Dy Ta AHAJIZY COIIANIBHOIL T4 eKOHOMIYHOL 1H-
dopmanii. B Ykpaini meTonu BubipkoBux 06CTEXEHD TOYAIN HIHPOKO
3aCTOCOBYBATH TINbKH micias 3000yTTd HE3AIeXKHOCTI,

Buxopucranus BubipkoBHX MeTOZIB B 00CTEXKEHHSAX A€ MOMITHY
€KOHOMIIO 9acy 1 KOIUTIB IODPIBHSHO 3 CYIIJIBHEMH OOCTEKEHHAMHU,
3abe3IeuyIoun NPy IBOMY NMOTPIOHY TOYHICTL Pe3YJIbTaTiB. Y JAeAKHX
BHNAJAKAX BHOIpKOBE 06CTEXEHHS € €IWHAM METOJ0M OTPUMAHHS He-
obximuol indopmanil (HaMpHKIIAI, KOHTDPOJL HKOCT, NMOB'sS3aHMT 3
PYHHYBAHHSIM 3Pa3KiB).

Cdepa 3acTocysanus BUOIPKOBHX OOCTEXKEHb HAI3BHYANHO K-
POKa, ajie Halibijgbine BOHH 3aCTOCOBYIOTHCH B €KOHOMIII, COMIOAOTII,
noaiTostorii Ta neuxosorii. Y paMKax eKOHOMIYHHX Ta COIajbHuX 0b-
cTexkeHb 30MpaeThes iH(OpMallis B Kpaidi Ta i1 obsacTax npo npa-
HEe3/aTHEe HACEJIeHH:A, colanpauil nobpolyT rpomMalsH, IiHH Ta CIo-
JKUBaHHSA, JIOXOAM 1 BUTPATH JOMOTOCIIONAPCTE, PHHKOBI IIpiopUTeTy,
rPpOMAJCBKY OYMKY, NPOMHCIOBE i CinhCBKOrOCIONapCchKe BHPOOHH-
ITBO, HABKOJIMIIHE CEPENIOBHIIE TOLIO.
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MuOX1Ha e/TleMeHTIB, /g SKOT IIPOBOAUTLCH OBCTeXKEHHS T4 BiJl-
HOCHO STKOT pODASATHCA BUCHOBKY, HABUBAETHCH 2EHEPAALHON CYRKYTIHI-
gm0 abo nonyasyiero (anry. population). enepansui cyxynnocri
fymaioTe ckinvennnmu 1 Heckinuenmumu. Heckinvenni resepannhi cy-
IKYIHOCT] BUHUKAKOTH ¥ MI3UKO-TEXHIYHUX, XIMIYHKX Ta IHIIUX LPHpO-
fuiuux gpocaimkenaax. Mu 6yaemo maTu cnpasy TINBKH 31 cKinueu-
HHMH PEHEDAIbHUME CYKYNHOCTAMHA. KOXKHOMY €/IeMeHTY reHepaJib-
HOT CYKYNHOCTI BiANOBLa€ 3na4eHHEd oaniel abo KinbKox docaidscyea-
wuz repaxmepucmuk (aminnuc ). MeToo ob6cTeXenHs € OTpaMAHHS
ichopmanii Ipo HeBlAOMI napamempu 2enepanvroil cyrynnocmi, siki e
EPYUKLIIAMHA BiT HOCHLKYBAHUX 3MIHHAX.

Muoxuny eneMeHTiB, 3 #IKOI IPAK THYHO NPOBOAUTHLCA BiabIp, Ha-
MBAIOTE 6ubiprosow cykynnicmio (anr. sampled population). Ya-
070 reHepasibHA CYKYNHICTB Ta BUOIDKOBa CYKYIHICTH CHIBNANAIOTH,
ilé B IeSTKHX BUIAKAX BOHE MOXYTH 1 Biapisaatuck. Hanpuxnan,
HO/IM DU TIPOBENIEHH]L 00CTeKEHHA JOMOTOCIIOIAPCTE BaXKKO 1/1eHTH-
(plkyBaTy Bel AOMOIOCHONAPCTBA B JEAKOMY MICTI, ajne JocTyiHa in-
(hopManisa Ipo BCIX, XTO MEIIKAE B LIEOMY MICTI, T MOXKHA BU3HAYKTH
40 AKOTO TOMOIOCHONBPCTBA HAJEXKKTH 0coba, TOAl MOXKHA CTBOPH-
' Bubipky ocib i oberexxyBaTn TI JIOMOrOCHOAAPCTBA, 0 SIKHX HA-
1exkath BuOpani ocobu. Y upoOMy BHISJKY I'€HEpaibHOK CYKYIHICTIO
Oyle cykymHicTs yciX DOMOrOCHOHapeTs, a BEOIPKOBOIO CYKYHHICTIO
Uyae cyKymHicTb 0cif, Mo NMPOKHUBAKTEL B UHOMY MicTi. YV LbOMY Ha-
BHAIBHOMY MOCIOHMKY MU OYZeMO BBaXKATH IIJIst TPOCTOTH, IO I JBi
CYKYITHOCTI € INeHTMYHHMU.

3a3zpuvait 4714 NpoBesenHst BUGIPKOBOrO 0OCTEKEHHH JeAKOl CYKY-
nuocti noTpibro Maru peectp (cnmcok) 11 enementis, Takuit peectp
AABNBAETECA 6uHIPROB0I0 0CHOG0M (aHriL. sampling frame). Bubipxo-
il OCHOBA, 18€ MOXK/IHMBICTH BCTAHOBHTH 3B'S#I30K MIXK eJleMeuTaMu re-
HEPATBHOI CYKYIHOCTI Ta subipkosumu odunuysmy (aHL. sampling
units). 3anexuo vijy piBHa ckaaaHocTi obcTexenns BUBIPKOBI Ou-
MU MOKYTh OyTH AK OKPEMUMU eJIEMEHTAMH CYKYITHOCTI, TaK i rpy-
MAMI BJIEMEHTIB. ]3 reHepasbHOl CYKYITHOCTI BIIGHpAEThes 1edKa a-
oTuna (NIMHOKEHA) €JIeMEHTIB, sIKa Ha3UBAETLCS 6ubiproto (aHTIL
sample). Kispkicrs enementis y miif HasuBaeTbes posmipom (obica-
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2om, 06'emom) Bubipku. Bubipka nHazusaeThCs timosiprictionw (6unad-
K06010), SKIIO BOHA OLEPXKAHA 34 JOTIOMOrOI0 JIeSKOTro IMOBipHiCHOrO
npasuiaa sBigbopy. Iroxi Bubipku GopMyIOTbCH HE BHNAIKOBAM HH-
HOM, & 3TIJHO 3 «eKCHepTHUM pimeHaaM» (T0DHTO IeBHa yIOBHOBa-
»KeHa ocoba—~«eKxcnepTs BUPIMIYE, SIKi caMme eJeMEeHTH MTOBUHHI oTpa-
nuTe g0 Bubipku) abo 3a 3rofoo ocib, CTOCOBHO SKHX NPOBOJIUTHCH
obecTexxenns (BOHH caMi BUBHAYAIOTH, OPATH y4YacTh B 0OCTEKEHH] 1n
ui). e npukinamn «HeBunagkopux» Bubipox. 3a Takumm BuOIpKamu
MOKHS OIIHIOBATH JedKi IapaMeTPH I'eHepasbHOl CYKYIIHOCTI, aje, Ha
>KaJib, HE MOXKHA HiYOro CKa3aTH MpPo TOYHICTh PEe3YNbTYIOUHX OUIHOK,
OCKITBKH HeMOXKJIMBO 3aCTOCYBATH NMPH HBOMY HUMOBIpHICHWH 1miaxiz,
Y mpoMy mociOHUKY MH OyAeMO pPO3IJisiIaTH TLIbKH AMOBIpHICHI BH-
Gipka.

Ha erani mnanysasts Oyab-axkoro obcrekenHs HeoOXiIHO 3HANTH
BLOTIOBiZI Ha Taki THHOBI 3anuTaHHS:

e 1110 € MeTOI0 ODcTeXXeHHs; AKY iHpopManin HeobxiHO onEpKaATH
i s1xi xapaxkrepucTukn Tpeba BUMIpATH 1 06UHCIUTH;

® o siBiste coboi0 reHepaibHA CYKYHOHICTH Ta BHDIPKOBA CYKY-
nHICTH; Mo Oyde enemenToMm obcrexkeHHs {aJMiHICTpaTHUBHUI
paltos, nignpueMcTBo, cimM's, oKpema 0coba Tomo);

® IKHM Y9HHOM Oyne orpumano Heobximay indopmanio (3a momno-
MOT0I0 HasiBHO! CTATHCTHIHO! 3BITHOCTI, iHTEPB’10, AHKETYBAH-
HSM 1O DOWITI Y¥ 10 TejedOHy, TPOCTHM CTIOCTEPEKEHHAM TO-
mo);

e gKuM Mae OyTH HeoOXimHUE piBeHb TOYHOCTI BHCHOBKIB, Xapa-
KTED JONYCTHMOTO PU3UKY BiJ MOMMIKY Ta po3Mip 30uTKiB y
pa3l NpHITHATTH TOMUIKOBOTO PillIeHHS;

e akuMu nosuHHl OyTH divancosi Ta iHD pecypcu, BapTicTh KO-
KHOI oneparil;

s KO0 Mae OyTH KBaihiKallis Ta PiBEeHb MiANOTOBKU EPCOHAILY;

e sxe obcTexeHHS NOTPIOHO IPOBECTH: CYIU/IBbHE Ui BHOIPKOBE;
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¢ y pasi nposenenns BubipkoBoro ofcTexkeHHs — AKUM Mae GyTH
METOZ Bibopy Ta po3mip Bubipku, 11106 rapaRTyBaTR HeOobXinHY
TOYHICTb;

® SIKi METONM ONIHIOBAHHHA [HAPAMETPIB NeHepaTLHOT CyKyTIHOCTI Ta,
HepeBIPKH CTATHCTHYHNX TiI0Te3 6yAyTh 3aCTOCOBALI;

¢ B siKOMy BUIIaAl OyayTe nojgani pesynpraTh obcTexkenns (3si-
TH, nyOnikanii}; gkum Oyze cTynisb jeramizanii Ta ceKpeTHOCT
inchopmaliii,

Y pasi nposenenns BubipkoBoro obcrexkenus micsst GoOpMyBaHHs
BUOIPKH OOUHC/IIOIOTE 3HAYEHHST JOCIJKYBAHUX XaPaKTePUCTHK 15
BCIX eJIeMEHTIB, o noTpanuiy y Bubipky. Ha ocHosi orpumannx su-
OIpKOBUX HaHWX OOMHUCIIOIOTH 3HAYEHHS OLHOK JOCHIIKYBAaHUX T1a-
paMeTpiB reHepaibHOI CYKYIHOCTI, OUHIOIOTH TOYHICTH OTPHMAHHX
Pe3yabTaTiB.

Pesynpryoui omivky MicTaTh noxubky, siKi MOXKHA TOALTHTH HA
[lBa THIM BiAIOBIIHO IO MKepena iX BEHHKHEHHS:

¢ cubipKoei NoTubKY BHEMKAIOTH Y PE3Y/AbTATI TOTO, IO 3aMICTh
yciel reHepaibHO! CYKYITHOCT J0CHHKyeTbest TiabKy 11 4acTu-
Ha,

¥

® He6ubipxosi norubxu BHHWKAIOTL LPH BEMIpIOBaHHI Ta 36epe-
KeuHi indopwmaliil, BHACHIIOK BiacyTHOCTI BiamoBimi (nponycku
y BubipkoBuX naHux) abo 11 HenpasUBOCTI TOILO.

Bubipkosi ofcTexenns MOXYyTb Jy)<e BIAPISHATHCH 3a piBHEM
cknaguocti, e sanexuTs sk BiL CTPYKTYpH i pO3Mipy remepaiib-
HOT CyKymHOCTI, Tak 1 Bim KiibKocTi Xapakrepucrnk, sKi moTpibHO
nocnimura. Hanpuknan, npu nposenensi conjonoriunoro oberesxen-
H JOCTiZHHKA MOXYTh IIKaBUTH BIIUOBIAI HA NEKiILKA 3aNUTaHD,
4 NPy ITpOBeleHH] 0BCTeXKeHHs! BUJATKIB JOMOTOCIOAADCTE MOXYTL
AecmpzKysarucsa OLTbine coTHI XapakTepHCTHK (3MiHHUX).

Y IpOMY NOCIGHUKY MM 30CepeIuMOCs Ha TEOPETHKO- AIMOBI PHICHHAX
ra CTATMCTHYHHMX aclleKTaX IJialyBaHHs BHOIpKOBOIo ofcTexenns Ta
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aHaJli3y BuOipkoBux maHux. ¥ Beix pospinax, KpiMm ocranmboro, Gyme-
MO PO3IVISJATH JENo iealbHy CHTYaIilo, Koau Bei Hesubipkosi mo-
xubKH BincyTHi. OcHOBHA YacTHHA Li€l KHAIH HPUCBAYEHA BUBYCHHIO
MeTOAIB OUIHIOBAHHS MADAMETPIB IEHEpPANbHOI CYKYIHOCTI %G 0CHO-
61 6ubiprosozo dusatiny (anrn. design-based approach). lle o3Ha-
4a€, 110 Ha MOMEHT IPOBENEHHA 00CTEeKEHHS 3HAYEHHA NOCALKYBa-
HOI XaPAKTEPUCTHKH Jjisl OKPEMOIO €JIeMEHTA MeHEPATBHOI CYKYITHO-
CTi € CTAAMM, a Bapialfisi 3HAYEHHL OLIHOK IIAPAMETDPIB BHHUKAE BHA-
CJILIOK BUMAJKOBOTO METOAY Biubopy enementis 1o BuOipku. MeTozn
aHaJI3Yy JAaHUX 3 IPONYCKAMH 38 J0mOMOrolo (byHKINi BiporizsocTi,
AKUH PO3IVIA12€ThCA B OCTAHHBOMY PO3/isi mocibHuKA, € IpHKIanoM
3aCTOCYBAHHS {HUIOrO IIXONY — OIIHIOBAHHS Ha OCHOBI MoJes (aHri.
model-based abo model-dependent approach). MeTonu OLiHIOBAHES
Ha OCHOBI MOZ|e/Ie# I'DyRTYIOTBCS Ha IPHITYINEHH , O CTPYKTYPa reHe-
PaJIbHOI CYKYIHOCTI BiAnOBiAae meBHift Mogeni «cynepronyssiiis. Y
Mozesti cynepronynsiiil 3anaersea N-BuMipHu# po3nonia BHIAIKOBO-
ro sektopa Y = (Y1,...,YN), ne Y — BUnankosa BenuuuHa, sIKa ONy-
CY€ 3HAYCHHH JOCIIKYBAHOI XapaKTepUCTHKH Y JUig k-ro enemMenTa
TeHEePAJIbHOI CyKynHocTi. CipaBKHili BEKTOD 3HAYEHD XaPAKTEPUCTH-
KU  Ji/IA €IEMEHTIB TeHepanbaoi cykynsocti, To61o y = (y1,...,yn),
PO3MIAJAETECS K peasizanisa Bunagkosoro sekropa Y. Ockimbku y
UBOMY BUIAJAKY AJs MOGYJOBM OLIHOK HEBIJOMHX [apaMeTpiB reme-
PAJIBHOI CYKYIHOCTI BUKOPHCTOBYIOTHCS MPUIYIEHHS PO PO3IONLNT
BEKTOpa Y, TO AKICTh IAX OLIHOK 3a/1€XKHUThH BiJl TOr0, HACKIIBKH BAa~
no mipibpana mMomens. Takox y NMOCIOHHKY HaBeIeHO 1esKi MEeTOmu
OIJHIOBAHHS 3 BUKODHCTAHHSM JONOMIxHO] indopManii, mo € npu-
KJIAJ0M OUIHI08AHHA 36 Jonomozoto modeaeti (anr. model-assisted
approach). Ie# niaxizg monsrae B koMOinanii MeToniB OWiHIOBAHHA Ha,
OCHOBI 1M3aiiHy Ta Ha OCHOBI Mozeselt i 1ae MOMKJIMBICTL BUKOPHCTO-
BYBaTH IepeBaru OHUX METOMiB.
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Posain 1
OcHOBHI NMOHSTTS

1.1. TenepanbHa cyKynHicth, BUGipKa, cxemu Binbopy

PosruisinemMo renepaipHy CyKymHICTB, LIO cKaagaerses 3 N mpo-
HYMEPOBAHUX €/IeMEHTIB

U= {Ul, By eony Ukey voey u‘;’\'}‘
Hns mpocroTy GynemMo 3anaBaTi el1eMeHT HOro HOpAIKOBAM HOMEPOM
U={1,2 k.. N}.

Bynemo sBaxkartu, 1mo KinbKicTh ejleMeHTIB y renepanibHiil cyky-
ITHOCTI BizlOMAa, XO4a Ha NPAKTHIll IpK IPOBejIeH ] obeTexxkenns N Moxke
OyTH HEBIIOMOIO BEJIMUHHOI.

Hexalt 3aminna y — me XapakTePHCTHKA T€HEPAJILHOT CYKYITHOCTI,
AK8 HAC UIKaBUTh, & Yj — 3HAMEHHS 116l XapaKTePHCTHKK Ul k-T0
eJIEMEHTA CYKYTHOCTI, 3HaueHHs Yy, & € U, HeBifoMi 10 mpoBenen s
oberexennda. Hexalt norpibuo onirutu cymapue abo ceperiiie 3HaveH-
H XapaKTePUCTHKY Y:

7

— 1
lzzyk Ta Y:I\?Zyk:j\e
kel kell

Bemmaunn: cymapre 1', cepenne Y, Jucnepcis reHepaybHOl CYKy-
nHOCTi 82 € HaHNPOCTIIMME NPUKJIATAMY NIAPAMETDIB, 10 XapaKTe-
PUBYIOTB T€HEPANbHY CYKYNHICTh. MM MOKEMO OTPHMATH 3HAYEHHS
IMX ITApaMeTpiB, SKII0 00CTEXUMO BCIO TeHEPaibHy CYKYIHICTDb, abo
MOXKEMO OIIHUTH iX, OOCTEKHUBIIHN JUINIE YACTUHY CYKYITHOCTI, 110 6y-
7€ 3HaYHO JemeBlne Ta 3afime menure vacy. Crnoyarky siazOupaerbes
YACTUHA TeHEPAJIBHOI CYKYITHOCTI ~ BuOIpKa, & MOTIM 0BCTEKYIOTHCs
e/IEMEHTH, 110 noTpanunu y subipky. Ha ocHosi orpuManux 3naveHsb
OOUMCIOITECA OLIHKH HEBIIOMUX IAPAMETPIB CYKYMHOCTI.



BayBasKiMo, IO JyIsl OLIHIOBAHHA [EsIKOr0 HapaMeTpa MeHepaJih-
HOI CYKYIHOCTI MOXKYTb OyTH BUKOpHCTaHI pi3ui ouiHky (Meroau oui-
nioBaHds ). Hanpuran, fia oniHIOBAHHA CepemHbOr0 BUKOPUCTOBY-
I0Th Taki ouinku: cepexie apudMETHYHE, CEPEIHE MeOMETPHYHE, MO-
na, mejiana, obuncneri 3a subipkowo. Tobro, cepenne 3nadenns goci-
J2KYBaHOI XapaKTEPHUCTHKN I'eHePaibHOL CYKYITHOCTI € mapaMeTpom, a
BubipKoBe cepenue apudmernure, BubipKoBa Moaa € HOro OIiHKAMY.
3HAUYEHHS OIIHOK 3MIHIOIOTHCSH 38J€HO BiJl TOTO, AKi eJeMeHTH TeHe-
PaJIBHOI CYKYIMHOCTI NOTPAIISIOTh Y BUOIPKY' .

Hoanaunmo sabipky jdireporo s (Bix anrn. sample). ¥ saransrOMY
BUNAAKy BHOIpKOIO MoOxke OyTH Oyab-fKa IIIMHOMKHEA TEHEPATBHOL
cykynrocTi. Bynemo posmismaru nmue #imosipuicsi subipku, T06T0
Taki, mo Oy/aM OTpuUMaHI 3a JOMOMOrOI0 nesKol HMosipHicHO! cxemu
BinGopy. ViMosipnicHa Babipka hopMyeThes B PE3y/ILTATI TPOBEIHHST
cepil BUNaOKOBUX BUNPOGYBAHE.

Icuye nBa ocHoBHI BumM HMOBIpHICHUX cXeM Binfopy — cxemu Ha
OCHOBI oicepebKyeamnms TA CXeMM HA OCHOBI nocaidosnozo eidbopy 3i
cnucky. Cxemu Binbopy Ha OCHOBI ofcepefxy6anma TIONATAIOTh ¥ TIPO-
BelleHHl cepil BMIAaJKOBHX BUNPOOYBaHb, Yy DE3YILTATI KOMKHOTO 3
AKUX OOWH €JIEMeHT IeHepasbHOI cyKymHocTi abo i1 wacTuny norpa-
misie y Bubipky.

IIpuxnag 1.1. Ipocrwit Bunaakoeuit BiaGip 6e3 nosepuen-
HH.

3 renepanpHoOi cykynHocTi po3mipy N Biubupaerbest 1 eeMeHTiB
6e3 nmosepuenna (n < N). las uporo norpibHo mpoBecTH n BHNAIKO-
BUX BUIIPOOYBAHD.

1) Bunagxoeum 4nHOM BubGHpaeThcsa ofuH enemenT 3 N ejleMenTin

reHepadbHol cykynHocTi. Mimosipaicts 6yTu BUOpasuM onHAKO-

Ba 114 BCIX €JIEMEHTIB TeHepaJsibHOI CyKYIHOCTL 1 HopiBHIOE T{T

2) BunagkosuMm yunOM BUOHpaeThesa apyruit emement 3 N — 1 Tux,

1,Il,y>1ce BAMIMBO PO3PIHATH NOHATTA <«OLUiHKH» (aHrn. estimator) — neskol
GbyuKIT Bia BubIpKY, 38 JOOOMOTOI SKOT MOMHA OLiHWTH noTpibnuil napaMerp,
Ta «3HAYEHH OUIHKH» {BHIJI. estimate) — KOHKDETHOIO YHCIA, AKE € PE3YILTATOM
3acrocyBaHusa uiel GyHKII J0 KOHKpeTHUX BUOIPKOBUX HaHHX.
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IO 3a/IMITMIINCE. IMOBipHiCTD MoTpanuTu 10 BUOIPKH O4HAKOBA
. s . 1
A7 BCIX IHX @JIEMEeHTIB 1 JOPIBHIOE w—7-

n) Bubnpaersca n-it enemesr 3 N —n+ 1 enemenrtis, mo 3anumu-
juck. Imosipricts OyTi BUOpaHMM Ha HBOMY KpOUl O/IHAKOBA

st Beix N —n 4 1 enemenTis i nopisHioe —“,V_LH-

Y pesynprari oTpEMaEMO HMOBIpHICHY BUGIPKY po3Mipy 7. O

3a cxeMo10 Ha OCHOBI nocaidoenozo 61db6opy 31 cnucky: 1S KOXKHO-
ro ejleMeHTa, NOYHHAIOYH 3 IIO'-IaTKy CITACKY (aJTC HE 06OB!H3K()B0 A0
KiHUS), IIPOBOAUTBCS BHMQAKOBE BUNPOOYBAHHS, PE3Y/ILTATOM HKOTO
€ BKJIHYEeHHHA 3.60} HaBIIaAKH, HEBKJIOYCHHH eJIEMeHTa, 10 po3radnae-
ThCS, ¥ BUOIPKY.

Mpuxaan 1.2. Bigbip Bepuysui. Posrnsinemo snopsaaxosany s
cuucok remepaybHy cyRynsicts U = {1,2,..,N}. Hexait nanepen
3a/1aHO JesKe 4yreao 71 Take, mo 0 < 7 < 1, ta vabip N nesame-
AHUX peajlizauifi pisHomipro posnoginesoi wa [0, 1] Bunankosol se-
JUYMHY: €1, €9, ..., £. KoxuoMmy enementy k craBurhed Y BIAIOBiI-
HICTH 3HA4YeHHs £p. fIkmIO €, < 71, TO el eneMeHT BiOMpaeThCs,
B iHmomy Bunaaky — Hi. 3posymino, mo npum rtakiif cxemi Bizbopy,
fiMoBipHicTE TOro, 10 eneMenT Oyae BiAibpanuii, ZOPIBHIOE 70 IS KO-
*HOTO 3 N ejlemenTis, Ta mpu k # [ nomii «k-it enement subpannit» ta
«l-#t enemenr Bubpanuit» € Hezanexuumu. KinbkicTh esieMentis, mo
MOTPAIIAIH TAKHM YHHOM Y BHOIPKY, € BinomiansHo po3nojiienco su-
18JIKOBOIO BeIHYUHOI 3 napaMerpamu N Ta 7t O

1.2. Bwubipkosuii guzaitn

3HaouH, SKUM YHHOM IIPOBOAMTECA Biibip y BUGIpKY, 3aBK 1M
MOYKHA (XO4a He 3aBAK/H IPOCTO) MiZPaxyBaT MMOBIpHICTE OTpUMa-
Hisl KOHKpeTHOT Bubipky s. ITosnauumo 1o #MOBIpHICTH vepes p(s).
Orxe, dyukuis p(-) migpaxosye AMOBipHiCTE OTpUMAHHS BUGIDKY S
npu 3anaHiil cxemi Binbopy. Usa dyuknia eigirpae nentpaabHy posib
v Teopil BUOBIPKOBAX OOCTEXKEHD, OCKIIBKA BU3HAYAE Jy’Ke BaXKJIMBI
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CTATHCTHYH] XapaKTePUCTHKY: HMOBIpHICHHI PO3TIONLT, MAaTEMATHYHE
CHOAIBAHHSA Ta AHCHEPCI0 OLIHIOIYMX CTATHCTHK, IO 069U IIOITECS
Ha ocHosi indopmManii, orpumanol 3 Bubipku. Y 3apybixuiil gitepa-
Typi w0 dbyHKuio HaszuBaTh eubiprosull dusatin (anri. sampling
design) [20].

Opuxaan 1.3. O subipkosoi cxemu, mo 6y1a Hapenena B IpH-
kaani 1.1 1 axa signosinae npocmomy sunadxosomy eidbopy bes no-
BEPHEHHA, 3 TeHEPANILHOI CyKynHocTl N eleMenTiB MOXKHA yTBODUTH
C} pisnux Bubipox posmipy n. Ilpu npomy sei Bubipxy piBHOMOMKIIH-
Bl. ToMy #MOBipHicTs TOTO, MmO 3 HEX Oyze 0OpaHa OJHA KOHKDETHS
Bubipka, nopisnioe 1/CY. Orxe, B 1boMy BUTIAAKY BHOIDKOBHH 1H-
3aifH Ma€e BUTJIAN

(s) 1/C%, sixumo BuBIPKa $ CKIANRETHCH 3 7 €/IEMEHTIB;
8) = .
0, B iHIIOMY BHIIAAKY.

¢

Byznemo mosnagaTu BuGipkoBuit gusaity, axuit Biaosinae npocro-
My BunazkosoMy Binbopy 6e3 moseprerus, abpesiaTypoio [TBB6II
(amrn. simple random sampling without replacement).
Poanasiremo Bunaakosuit 06’eKT S, MOXKIHBAMEA 3HAYCHHIME SKO-
ro € Bubipku 8, 1m0 o0ymoseni subipkosam qusaitaom p(-). Hexait § —
o-ajarebpa Beix miaMHOXKEH (BHGIPOK ), AKI MOXKHA YTBOPITH 3 eJIeMeH-
TiB renepanproi cykymaocti U, Ho § manexars Bei 27V migmuoxunsn
cykynsaocTi U, i B Tomy unceni @ ra U. Toxi
P(§=s)=p(s) Vse§.
Dynxuis p(-) 3amae HMOBIpHICHII PO3NOALT HA MHOXKUHI §, & TOMY:
1) p(s) > 0 mus Beix s € §,
2) Lp(s)=1.
SEF
3ayBazKuMO, MO Jesiki BUOIPDKK 3 MHOXKMHU § MATHMYTh HYJIBOBY
fimosiphicTb Oyt obparuMu. ITigMHOKUHE MBOXKUHY §, IO CKITAA-
€ThCA 3 THX BUOIPOK 8, IO MAIOTH HEHYILOBY #MoBipHicTH 6yTH 06pa-

HUMM, € MHONCUHOI0 MOdCAUBUL eubipox. JIume BOEM MOXKYTE OyTu
BUOpaHMMH B PAMKaX 3aCTOCYBAHHsI IEBHOTO BHOIPKOBOro nu3aiiny.
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Posmip subiprxu ng TOPIBHIOE KIIBKOCTI e/leMeHTiB CYKYIHOCTI, 1110
norpamuta y Bubipky s. La sesmunna se 06os’st3k080 nosunua 6y
CTAJION, K y BMIAZKY ITPOCTOTO BHIAIKOBOIO Binbopy 6es nosepiie-
nHd 3 npukaany 1.1 (ns = n ans seix moxnusux Bubipox s). TIpu
sacrocysanni sinbopy Bepuyami posmipu moxsusux pubipox sinpi-
BHAIOTHCS.

Mpuknanld fxam xe Gyge Bubipkosuil susaita npy 3acTocyBaH-
i Binbopy Beprymni? Hexalt ng ~ poamip Bubipku s. VmosipaicTs T0-
I'0, IO eJIEMEeNT MoTpalise y BUOIPKY, NOPIBHIOE 7T Ta BUIIPOOYBaHHs
D 3aCTOCYBAHHI CTEMU NOCAI006HO020 61060pY 31 CRUCKY HE3AIeKH]
Mizk coboro. Tomy

p(s)=m"(1-mN "  se3.

VimosipnicTs Toro, mo posmip subipku 1ipu BinGopi Bepaynni no-
PIBHIOE ™, CTAHOBHTH

CRr™(1—mN="™ o =0,1,2,..,N.

Taxnum uunoM, posmip Bubipku npu Bigbopi Bepuymn — ne 6ino-
MISJIBHO PO3NOJI/IEHA BUNA/IKOBA BETHIMHA 3 MATEMATHYHAM CHOII-
BaHHsiM N7 Ta gucnepciero N7i(1 — 7)., 0

Bynemo nosnavary subipkosuit ausaiin, skuil Bianosigae Bij1bopy
Beprysuii, yepes BB.

Bubipkosuit nusaiin p(s) BH3sHaUaE CTATHCTHNHI BAACTHBOCT OLi-
HOK, 10 BUKOPUCTOBYIOTH iIHQOpMalio 3 subipku. Ane B OCHOBHOMY —
e TUIBKH MaTeMaTHYHEH IHCTPYMEHT, fKuil PIKO BUKOPHCTOBYETHCH
H& NPaKTHIL,

BaxknuBO 3ayBazkuTH, o Pi3Hi cxeMu BiIOOpY MOXKYTH TIPUBOIH-
TH JI0 OZIHOTO 1 TOrO camoro BubipkoBoro nusaiiny.

Mpukaan 1.5, Jdusaits, mo Bigmosimae n pOCTOMY BHUIIAZKOBOMY
BigGopy Ges nosepuenus (IIBB6IT), Moxxma oTpuMaT 3a J0HOMOro0
ATBTEPHATUBHOI cxeMH Biudopy.
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Qpun enement BigbupaeThes 3 iMOBIpHICTIO -jlv i moBepTaeThLCA Ha-
sax. [Ipouenypa MOBTOPIOETHCS, TOKKH HE OTPHMAaEMO 7 pPI3HHX eje-
MeHTiB. 3arasibHa KinekicTs Biabopis v, siky norpibuo 3poburu, 6ijib-
ma 3a 1 3 IMOBIpHICTIO ouHANg 1 Mae JOCHTbL CKIaJIHHNH pO3LOnil.
Ane ust mpouenypa Takox susHauae [IBB6OII-gusaiis. O

Ilpn nposexenni obeTekeHHsl OCHOBHOIO METOIO € OTPUMAHHS OI1i-
HOK JJIsI OJ{HOTO H JIEKIIBKOX HapaMeTpiB TeHepasbHOl CYKYITHOCTI
(cymapHOro 3Hadenns, cepeausoro rowo). Ipn usomy norpibHo 3po-
OuTy Bubip MOKO ABOX BAXKIIMBHX MHTAHB!

1) siknit BubipkoBuit nu3aitH Ta AKY BiANOBiIHY HoMmy cxemy Bif-
fopy  BOIIABPHO 3aCTOCYBATH;

2) sKUil METOJ BUKOPUCTATH IS OLIHIOBAHHS JOCIIKYyBAHUX 4~
paMeTpiB reHepasbHOl CyKyITHOCTI.

Bubip 1o KoxuOMY 3 IMX IIYHKTIB He € HezasexuauM. CyKynHicTh
CXeMH BiZOOpy Ta MeTOAY OIHIOBAHHSA HA3HBAETHCSA cmpamezicro. Jna
JOCILIXKYBAHOTO HApaMEeTpa CYKYNHOoCTI norpibHe 3nalitu mHaltkpaliy
MOXKJIVBY CTPaTeriio, IpHA gKill ominky OynyTh HaHTOYHIIIIMHY,

VYV HACTYUHMX PO3IUIAX MH PO3rasHeMo ocHOoBHI Binbopu. Cnoya-
TKY pochiauMo tpocri Binbopu. Bimbip 6ynemo BBazKaTH ITPOCTHM,
AKIO

1) ansa HBOro icHye BHOIPKOBa OCHOBA, 38 KO MOXKHS& igeHTH]I-
KyBaTH KOXEH eIeMeHT FeHepabHOl CYKYIIHOCTI;

2) BUGIPKOBMMU OJMHMIAME € €JIEMEHTH I'€HEPAJILHOI CYKYITHOCTI.
Mo mpocrux Binbopis HaIEKATH:
e npocTait BHNaNKoBUH BiaOip Ges noseprenus (ITBB6II);
¢ Bin6ip Bepuymwi (BB);
o cucremaruunui Biadip (CB);

e 1pocTHit BuLAAKOBHH Binbip 3 nmoBepuennsim (IIBBall);

20

e sinGip Ilyaccona (BIT);

¢ 8in6ip, mponopniinuit po3mipy: 6€3 noBepHeRHA Ta 3 TOBEpHEe-
nnam (BITP);

¢ crparudikosanuii Binbip (CTB).

B ocnosromy Bynemo posrnsiaatu cyMapHe sHauenns 1 nocsiinKy-
BAHO! XapAKTEPUCTUKH T'eHEePasbHOI CYKYHHOCTI Ta HeaMilieni oigin-
Ki ¢ HBOro napamerpa. OcobiuBy yBary OynemMo TPHIIMATH OIiH-
ni Topsina-Tomricona tr npu Biabopi Ge3 moBepHEHH: TA OLIHII
Xancena~T'ypsina ?p,wr TIpH BiI0OPi 3 NOBEPHEHHSAM, & TAKOXK iX OCHOB-
HUM XapaKTepHCTHKaM: AucHepeil Ta oriumi aucnepei.

Auzte nepes nuM HaM nOTPIGHO BBECTH T8 HOCHIIHTH JAeSK] BAYKIUBI
NOHSITTH.

1.3. TloHSTTH «CTATHCTHUKA»

Y Teopil MareMaTHYHO! CTATMCTHKHM, Ml TEPMIHOM «CTATHCTH-
Ka» pO3yMiloTh aificHo3nauny dyrknio Q(S), sHaueHHs1 #K01 3MIHIO-
€THCS 3AJEXKHO BiJl PE3YIbTATY NesaKOTO BUNANKOBOI'O €KCIIEPHMEeHTY.
OCHOBHOIO BHMOTOIO JI0 CTATHCTHKY € Te, 106 BoHa 6ysia BU3HAYEHA
1715 Oy ib-AKOT0 PE3YJILTATY eKCIePHMEHTY. MeTow € BCTAHOBJICHHS,
SIK 3MIHIOEThCA craTHeTuKa Q(S) 3a/1€KH0 Bif TOro, IKOTO 3HAYEHHS
s Oyne HabyBaTH BUNAAKOBA MHOXHHA S.

Hapenemo npukiiagu craTmeruk:

)
o Q2(S) =ns =) ey Ii(S) — posmip Bubipky;
)

o (u(S) = % Y kes Yk — BUGIPKOBe cepejiie 1o 3MiNHif y;

QRs5(S) = > kes Yk/ 2 %k — BUHOMEHHS [BOX BUGIPKOBUX Cy-
MAPHMX 3HAYEHB 110 3MIHHUX Y Ta 2.
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DyHKIIA D pcs Yk/ D key 2k HE € CTATHCTUKOIO, OCKIIBKH BOHA HE
BU3HAYEHa Y BHIIAIKY, KOJH Hemae indopmailil no Beilt renepanbHiit
CYKYIIHOCTI 1151 3MIHHOT 2.

Ha npakTuni, konu pubipka ofpana, Mu OTPUMYEMO OJIHY €IHHY
peanizaiiio s BUDanKoBol MHOXuHE S. st orpumanol Bubipku s Mu
OyleMO BBaXKATH, MO MOXKJHBO 00CTeXUTH | BUMipsTH 3MiuHl (Y, z
Ta ign) 1s1s KoxHOro exeMmenTa k € 5. Hanpukiaz, A8 CTATHCTHKA

Qs(S) = Y pes Uk/ Dokes 2k MH MOXKEMO IICIA BUMIDIOBAHHS Tpa- |

XypaTn i1 3uavenns, a came Q5(s) = Y 1 Uk/ 2 kes 2k-

3ayBarXuMo, 10 NpH MHAX0Il, KUl 6a3Yemvbea Ha 0cHo6t dusali- ||
"y, BBa’KalOTh, IIO 3MIHHI § Ta z X04 i HAOYBAIOTh DI3HUX 3HAYCHD |
JJIA PI3HMX €JIEMEHTIB k, ajle BOHH He BBAXKAIOThCsi BUNAKOBUMHU Bé- |
JnrquHamu. Bunaaxosa npupojia cTaTHCTHKY () TIPH HOMY MOBHICTIO |

MOSICHIOETHCST THM, [0 MHOXKHHA S € BUIIAIKOBOIO.

Hns craruerukn Q(S), ax i s Oyab-gKol BHNAAKOBOT BeJUYH-
HH, BU3HAYEH] OCHOBHI CTATHCTUYHI XapaKTePHCTUKN — MATEMATHIHE
CHOLIBAHHS Ta AucHepcia:

EQ = > p(s)Q(s)
sEF
D(Q) = ER-EQPF=>_pn(s)Q-EQ],

seF

Je § — o-anrebpa Beix nimmMuoxuH (BHOIPOK), SIKI MOMXKHA YTBODHTH 3
€JIEMEHTIB reHepaybHOI cyKyneocTi U,

Kosapianis wmi>k  asoma craructukamMu @1 =  @1(S) ra

Q2 = Q2(S) BU3HAUAETBCH TaK:

cov|Q1, Q2] ElQ1 - EQ1][Q2 — EQq) =

D p(9)[@1(s) = E(@(s))[Qa(s) = E(Qa(s))].
SEF

Il

Hna npoctux crarueruk QS), HATIPHUKIAL AIHIUHUET, MaTEMATH- |

4HE CTIOAIBAHHS Ta JUCIEPCII0 MOXKHA AOCHTH JIErKO OOUHCIHTH 34
JOTIOMOTOK) AHAMITHUHUX (POPMYJ. Bijiblin 3arajbHUM METOIOM, 33
JONOMOTOIO SIKOTO MOMCHA oOYuCIuTH i BenmyuHu, € mMeron Monre-
Kapno. Bin nonsrae B IOCTIIOBHOMY OTPAMAHHI BEJMKOl KiNBKOCTI
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subipok 3a Jomomoror oxHiel 1 Tiel camol cxemu sinbopy Ta mijpa-
XYHKY 3HaYeHHsl cTateTHke Q(S) mns KoxHO! OTpuMaHo! BUbIpKH.
I moTiM Ha OCHOBI OTPHMaHUX 3HAYE€Hb MOXKHA MOPAXYBATH CEPEIHE
| gucTiepciio mux 3Hadedb. Bouun OyayTh 6u3bKuMy- 10O JIHCHEX 3HA-
4eHb MATeMaTHYHOrO CHIOIIBAHHS TA Juchepcil 1€l CTATHCTHKH, 3a
YMOBH IO KIJILKICTE 3r€HEPOBAHUX BUOIPOK JIOCHTH BEJIHKA.
Bassuyait meron Monre-Kapiio BukopucroByetncs nns goci-
JUKEHHST BJIACTHBOCTEHM CKJIQIHHUX CTATUCTHK, aje OCHOBHMM HOro
HEJIOJIIKOM, I1I0 YHEMOXKIUBIIOE HOT0 BUKODPUCTAHHS IPH BUOIPKOBUX
obcTeXeHHAX, € Te, 10 Ha IPAKTHI] OTPUMYIOTE Jikine OjiHy BubipKy.

1.4. Ouisku Ta IX BJACTHBOCTI

BinsmiicTs cTaTHCTHK, 1O PO3IISIAIOTLCA B Teopii BubipkoBmuX 06-
CTeXeHb, — Lie pisui Buan ouinok. OniHka —~ e cTaTHCTHYHE 3HADPSALIS
JUIst THAPAXYHKY BEJIMUUH, 0 € DIAMSEKUME 10 1esKOT XapakTepuCTH-
K{ reHepaibHO! CYKYTIHOCTI, IKYy MM XOYEeMO OIIHMTH, — lapamerpa
reHepasibHOl cyKynHocT. 3ara/IbHOBXUBAHE MO3HAYEHHA NapaMerpa
cykynsocTi — @,

fIxmo BUBYAETHCA JIHIIE OZHA 3MIHHA Y, TO 6 PO3rIANAETHCA SIK
dpynxnia sin N snadenn 3MIHHOL ¥: Y1, Ys, ..., Y. 106TO

0= e(yl:ys}‘":yf\?)'
[fpukimangl.6.

6, = T= Z Yr — CYMapHe [0 TeHepaidbHill CyKYITHOCTI;
kel

- 1
B = Y = N Z Yk — CEPEJAHE 10 TeHePalIbHIN CYKYIIHOCTI;

kel
I7\2
8' . S‘2 _ ZkEU(yk — Y) N : - o i S
3 = S = N 1 ~ JHcuepeis reHepaibHOl CYKYITHOCT;
ket Yk . . . .
84 = ——-—*~z =2 — BiHOLIEHHA ((DYHKIiA HeKiNbKOX 3MIHHMX).
kell #k
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Ouinky napamerpa 8 6yzemo nossauaru 0 = 8(S). Sxmp s
e pean3anis BUNanKoBoi MHOXUHK S, TO GyIeMo IpUmycKaTH, o
MOKJIMBO TipaxyBaTH 3HAYCHHS 6 3a sHAYEHHAMY Yk's Zhy -, IO Bij-
HOBIOAIOTE ejleMenTaM k & s.

Dpuknapgl.7.

~ N .

0; = -~ Z Yx — OLIHKa mapameTpa 8 = Z Yk
kES kel/

~ - . 7 T

04 = Lkes Uk _ oliHKa napamerpa 04 = —Z—f‘—g—gﬁ

D kes %k 2 kel %k

Y

Osnauenns 1.1. Bubipxosum posnodiaom ouinku 8 e nabip yeix Mo-
JK/IMBHX 3Ha4eHb OWiHKM O Ta Bigmosinmi M imosipHOCTI

P@=c}= ) pls). (11)
s:8{s)=c

MaremaTn4se cnojiBaHis Ta qUcHepcis OMIEKN BU3HAYAIOTHCS BiIHO-
CHO ILIBOT'O PO3NOMIILY:

E@®) = Z}U(‘S)Q(SL
scF

D) = > p(s)b(s) - BO)
S8EF

Hatipa:kmuBimume XapaxTepucTHKaMu SKOCT] OiHKu 0 €
1) Bmiwenna (anrn. bias)

B(8) = E(8) — .

Oujinxa qna napamerpa 0 HasHBAETHCH He3MIWEH010, KO B (6)=0,

O PIBHOCHIIBHO E‘(é) = 0 11a OyAb-AKOro HAOODY Y1, Ysy s UN -

2) Cepednvorsadpamuwna nozubka (auri. mean square error)

. MSE(®) = B® — 62 =" p(s)[b(s) - 6.
SEF
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N MSE cupaseitusa pissicts MSE(8) = D(8) + [AB(é)]Q, 3BiIKM
BUILIHB&E, 1O A7is1 HesMmimenux ouinok MSE(8) = D(8).

3) Cepednvorsadpamunne 10Tusenns abo cmandapmnae norubra
{(anra. standard error) onimku 0, mo gopiBHIOE KBaJIpPaTHOMY

KOpeH: o 3 gucrnepcii o = 1/ D(H).

4) Bidnocna cmandapmua mnozubra abo xoediuienm eapioyii
(amrs. coefficient of variation), mo € BigHOIEHHSIM CTAH-
JapPTHOI MOXUOKU OIIHKK 10 MATEeMATHIHOTO CIIO;LiBaHHsi

. D(6)

Jlst ouiHoBanHs 1UHOTO KoedilleHTA YaCTO BHKODHCTOBYIOTE TAKYV
Y )
OIIHKY:
- D(0)
cv(0) = e,
0

Saysavrcennsa 1.1. 3BepHeMO yBary Ha DI3HMIUO MK BHIAAKOBOIO
MEOKUHOIO 8 Ta Bubipkowo s. Orpumani B pesyinrari BiAGOpY BUGIp-
KM § € MOK/THBHMH 3HaYEHHAME BHMNAIKOBO! MHOXKUHE &, aHAJIOTIYHO
TOMY, K 3HAYEHHA T1,Z2, ..., Ty, € MOXKJMBAMY 3HAYEHHAMH IEsSKOL
BHIAAKOBOI Beu4uau X . Y MOnasbiioMy npu miapaxyHKy CTATACTHK
BUAY D pes Yk HE GYIEMO HATONONIYBATH HA TOMY, MO 11 3HAYEHHS MO-
KHA HipaxyeaTs Jyig 6yb AKOro MOXIMBOrO 3HaYeHHs S — Bubipku
5 1 BysemMo npocTo MHCATH 3, .. Yk.

1.5. ImosipHOCTi BK/IIOUeHHsI eJleMeHTa y BUOIpKY

Enementn remepanbHol cykynuocTi He 060B’A3K0OBO MaiOTh OIHA-
KOoBY ¥imMoBipHicTb 6yTH subpanumu. Jesiki eeMeHTH MOXYyTh OyTH
Oinbin «BaXXaHBUME», TOOTC MaTH Olablny #MOBipHiCTE morpamnTH
y subipKy, inmi ~ menmry. 3a pPaxyHOK HAJAaHHSA DIZHHAM eIeMEHTAM
PI3HUX IMOBIpHOCTell MOXKHA OTPAMATH TOYHINI ONIHKK THX Iapame-
I'PiB, AIKI HAC UIKABISTH.



Hpunycramo, mo ps obcrexens o6pano neskuii BUbipKOBH H1-
saitu {p(s), s € §F}. Posraanemo Buna koBy BEJIMYMHY, 110 € IHAMKA-
TOPOM HIOTPAILIAHHA e/leMeHTa k y BubipKy:

I = 1, axmo k € S;
B 0, B iHmMoMYy BUTAJKY.

i, € dynxuieo Bin Bunankosoro o6'exkra S: I = I.(S). Hassemo o
BEJIMYMHY THOUKGIMOPOM BKAIOUCHHA.

WnosipricTs TOro, IO eaeMedT k BKIOueHWH y BUOIpKY, Ha3m-
BAETBCA HMOBIPHICTIO BKJIIOYEHHH TEPINOro MOPSAKY, [O3HAYAETLCS
qepes 7 Ta 00YHCIIoETheH 3a (hopMyIoko:

T =Pk €S) =P, =1)=> p(s).
83k

Tyr Bupas }° osmauae, mo cyma 6eperbca no Beix Bmbipkax, siki
82k
MICTATH eJIeMeHT K.

HMOBipHiCTb TOr'O, IO eJleMEHTH k Ta | OHHOYACHO BKIIIOYEH] y BH-
Gipky (Gynemo mosuauaru ne sik k&l € S), HazuBaeThes AMOBipHiCTIO
BKIIIOYEHHSA JPYIOTr0 MOPHAJIKY, NO3HAYAETHCS JePe3 iy TA 00UHCIIIOE-
TBCH, 38 YMOBH BiZIOMOro BHOIPKOBOTO Au3aiiHy, Tak:

> pls).

s2k&l

i = P(k&l € S) = PIyl; =1)=

Hpu mpomy 7 = Ty pas Beix Lk =1, N. Hpu k = OynemMo MaTu
Tk = P(I% = 1) = P(Ik = 1) =

Koxnomy subipkosomy nusaiiny sigmosizae uabip N imopipro-
CTCH BKIIOYEHHS NEPUIOrO NOPAAKY

Ty T2y veey Ty won, TIN

Ta Habip 3 C% = N(N — 1)/2 pisuux imosipocTelt BKIOUCHIs npy-
TOrO NOPAAKY
TU125 TULEy weey Tohify vrny TEN LN~
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Ja moTpebu MoxHa OGUMCANTY | RMOBIPHOCTI BX/TIOUeH st BHIIUX NO-
PAIKIB, ajie BOHH He € HACTIALKH BaXKTHBHMH.

Sannmemo AMOBIPHOCTI BKITIOYEHHS HEPIIOro Ta APYTOTo Mopsi-
KiB 171 ABOX BubGipKoBUX nusahinis — JIIBB6II Ta BB.

[MTpuxmapn 1.8 Tlpu IBB6IT xinekicrs subipox po3mipy n i:3 cy-
kyusoeti N enementis, siki mictars exemenr k, nopismioe Cy_y- A
KINBKICTD la.KPIX Bubipok, siKi MicTsTh 06HiBS enemeHTH & Ta £, J0-
pisutoe O\~ 2 Bei Taxi Brbipku MamoTh 0JHAKOBY AMOBIpHiCTE OyTn
nuﬁpammxi p(s) = 1/C%. Orxe,

n —
M = P(ly=1)=> p(s)=Cp}. cm:N‘ k=1,N;
83k
1 n(n—1
Mt = P(Ig;fg:]_): Z p(S)_CN 9 On _F\'}(—“_—]%
s2k&l
k#1=1,N. ¢

[Ipuxman 1.9. Tpu BB sci imgukaTopu BOYEHHs Iy — nmezane-
KHI T OJ{HAKOBO POZHOALIeHI BHNA kOBl Besmmamum. KoKeH eneMent
norpanise y sublpky 3 imosipsuictio 7. OTxke,

T, = Ply=1=mnk=1N;
T = P(lply=1)=P(ly=1)-P(L=1)=mn? k#1=1.N.

¢

BuGipxosuii nusafts 4acto ofupaerbea Takum 9UHOM, 11106 OTpH-
vaTH OaxaHi #IMOBIPHOCTI BKIIOYEHHS TIepIIoro i APYroro nopaikKis.
Hapite akmo cama dynxuis p(-) mae 1ocnts cxammii BUIVIS, JJId
BUSHAYEHHS MATeMATHYHOTO CNOAIBAHHS Ta AMCIepCii OUiHOK HocTa-
THBO 3HATH BLANOBIAHI HMOBIPHOCTI BKJHOUEHMNS Tl T8, k.

Osnavenns 1.2. BubipkoBuil ausaiin HasuBaeTbes BUNAIKOBUM,
AKIIO BCL €IEMEHTH TeHepaTbHOI CyKYIHOCTI MAIOTh AONATHI MoBip-
HOCTI BKJIFOYEHHSI NIEPIIOro NOPSAKY: 70 > 0 AJist Beix k € U, Tobro
KOYKEH €JIEMEHT M€ IIaHC MOTPAIHTH y BubipKy.
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Ha npaxTiui iHKOMM BUKOPUCTOBYIOTH BuOIpKOBI muzaiinu, nas
AKEX 115 YMOBa He BUKOHyeTbes. Hanpukian, npu nesakux obcrexen-
HAX NIJHIPUEMCTB MaJi MANPHEMCTBA MANO BILTHBAIOTH HA 3arajbHy
KapTUuHY, TOMY IX HE PO3IVISAAIOTH, TOOTO BOHM MAIOTh HYJIBOBI HMO-
BIDHOCTI BKJIIOYEHHS NEPIIOTO MOPsiAKY. AJte mOTpibHO pyiKe obepe-
ZKHO 10 OO0 CTABHTHCH, OCKIJIbKY BUKJ/TIOUEHHS eNeMEHTIB 3 obcTe-
KEHHA MOXKe IIPHU3BECTH J0 CyTTEBOro 3MIIICHHS ONiHOK.

IIpu npoctux cxemax BinBopy #mosiprocti 71, Bizomi Hamepej,
A0 novaTKy Bisbopy. Ame npy BukopucTanHi 6inbm ckiaaHAx, Ga-
raTOCTaII#HUX CcXeM BiAbopy #MOBIpHOCTI BK/OUeHHs ¥ BUBIDKY He
34BKIU BIAOMI 3a3malerias.

Osznavenns 1.3. Bubipkosuil nusaity nasusacThes BUMIPHUM, TKIILO
AJISL BCIX €1eMEeHTIB CyKymHOCTi HMOBIPHOCTI BKJIOHYEHHS HEPIIOro i
Apyroro nopsiakis moxarai. Tobro

iy >0 Ta 7 >0 VE#£1lel.

YMOBa 6uMIPHOCTME JU3aHHY JO3BOJISE OTPUMYBATH obr'pynToBani
OIIHKA 8 aucnepciit oninok Ta Gyaysaru gosipyi inreppasi.

1.6. InaukaTOp BKIIOYEHHS eJIeMEeHTa Y BubGipky

Hociaigumo cnouatky craTucTwusi BracTusocTi HaitnpocTimoi
CTATHCTHKY — IHJAMKATOPA BKJIIOUEHHS eJeMEHTA Y BubipKYy.

Teepdorcenna 1.1. Hasn 6ydv-axozo eubipkosozo dusaiiny p(:) ma
das sciz k, 1 =1,2,...,N:

E(ly) = m;
D(Iy) = m(l—m);
cov(ly, I}) = my—mm.

Hosedenna. Inguxarop I = I;(S) naBysae iume apox 3ua9eHb: 1 - 3
imMoBipHicTIO 7, T06TO, KOMH enement k moTpamse y Bubipky, Ta 0 —
3 iMoBipuicTio 1 — 7m; y nporuaexuomy sunaaxy. Orxe, E(] &) = T,
Ocxinexu E(Iy) = E(If) = m, To D(I) = E(I?) — (E(Ix))? =
= T — '?Tﬁ = 'Tlf;‘,(l - ‘Itk).
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Kpiym roro, Iyf; = 1 nmme roni; xonu obunsa enementa k'ta [
norpanuma y Bubipky. Orxe, E(Ixl;) = P(Itl; = 1) = my, a tomy
CO\-’(Ik., Ig) = E(kag) - E([k)E(Ig) = Tl — TR TT;. O

II]e oxmiero HPOCTOIO CTATHCTHKOIO € PO3MIP 6ubipru ng. 3o6paszn-
MO BHIIAIKOBY BeJIMYMHY 1§ Y BHIVIAJ CYMU IHIUKATODIB BKIIOYEHHS

ng = ZIk:

kel

SBIIKH BiJipa3y OTPUMAEMO BUDPA3N IIs OOYHCIEHHS OCHOBHUX xapa-~
KTEPUCTHK ILI€T CTATHCTHKH

E(ns) = Y E(lx)=) m; (1.2)

kets kel
D(ns) = D Z Ik = ZZCOV(IFC}II) = (]‘3)
kel kell leU
= Z D(fk) + Z Z COV(Ik, Ig) =
kel keU I#k
= Y oml-m)+ Y > (T — mem) =
kel kel l#k
2
= Z’.ﬂ:k—-— Z'}Tk +ZZ?’.’M.
kelU kel kel I#k

Ipuxuan1.10. ¥V sunanky 3acrocysanusa sinbopy Bepsysuti pos-
Mip BUOIpKH — e GiHOMIaUIBHO PO3MmOMiieHa BHIALKOBA BeMMYUHA 3
napamerpamu N ta 7. TobTo,

E_BB(RS) = N?T, DBB(?ls) = .N?T(l - TI).

LI dbopmymu moxua orpumaru 3 (1.2) ta (1.3) BpaxoBynoun, mo
Ty = 70 s Beix k Ta 1y = 72 aas k # . Soxpewma,

Dpg(ns) = Nmt— (Nm)? + N(N — 1)n? = Nn(1 — ).
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Ha npaxTuni subipkosi nusaiinu 3i sminsuMm posmipom Bubipku
BUKOPHCTOBYIOTECS PIAKO, OCKIIBKY 3a3B14all y 1IbOMy BANAIKY OHiH-
K# MaloTh 6LibIny jucnepciio. A Takox, o € Glabm BAXKJIMBHM, IpH
mianyBaHui obcrexenns 6aXaHO 3HATU Hanepel, SKy KiJbKicTb eje-
MeHTIB Oyne obcreskeno.

Osnauenna 1.4. Bubipxosum dusatinom i3 ixcosarnum poamipom
6ubIpKY HASHBAETHCA TaKuit nu3aits, mo upu p(s) > 0 Bubipka s ckia-

AaeTeest 3 piKcoBaHOl KIJIBKOCTI esleMeHTiB, HampuKIaz, n. Ae ue He .

O3Ha4ae, MO Bel BUbIpKH po3Mipy n MoxyTh OyTu obpanumu. To6To,
Zesiki BUOIDKY pO3Mipy 1 MOXYTh MATH HyJIbOBY HMOBipHicTs HyTH
o0paHuMHu.

Ans eubipxosux dusatinie 3 dixcosanum poamipos subipru fnmo-
BIPHOCTI BKJIIOWEHHS IEPIIOro Ta APYroro NOPAAKIB MAaiOTh BIIACTH-
BOCTi, cpopMyJILOBaHI B TBepa>keHHi 1,2.

Teepdorcerna 1.2. fAxuo eubiprosuli dusatin p(-) mae dixcosanui
PO3MID M, ™Mo

E'}Tkzn;

kel
Zzﬂkz = n(n-1);
keU l#k

Z My = (n—1)m Vk.
€U,k

AHosederna. Is toro, mo sBubipkosuit jusatin p(-) € ausaiHoM i3 hi-
KCOBaHMM pO3MipoM BHOIpKH, BunuBac, mo E(ng) = n ta D(n,) = 0.
Iz (1.2) Ta (1.3) orpumyemo nepmi xBa cHiBBitHOMEHHES Ta

VkeU Y my = Y. ELI=E|L|Y L-1IL

IeU, 14k leU, i#k lely
= nE[lf] - E[I}] = (n — 1)m.
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1.7.  Ouinka I'opsina-Tommncona ra i1 BiacTuBocTi

Poarasinemo Ta gocmiauMo omjeky s CYMapHOre 3Ha4ennsg T
ACCTIKYBAHOT XapPaKTEePHCTUKH Y TeHEPAILHO! CYKYIHOCTI, sKa 1a-
suBaeTeCs oyrnrole lopeiua~Tomncona abo pocTo m-0uinKkois:

=3 (14)

kEs

Teepdocenna 1.3, m-ouinxa tn € HESMIULEHOI0 OUTHKOIO CYMApHO20
snanenna ' 3 ducnepeiero

Jﬂc Yo T,
D(tn) = § § (ﬂkt—ﬂm E E (ﬂi - 1) Yy (1.5)
kel leli kel tcu \THTU

Axuo gy > 0 dasn eciz k,l € U, mo neamiuienoo oyirxoro ducnepeii
byde cmamucmuka

D) =33 H SR I A Sy — ; ( oA 1) e

T
kEs les ks les Ty
(1.6)

Hosedenna. CxopucTaliMocs 3a0ucom

t-ﬁ = Z Ik.*—-.

keU

I3 roro, mo E(I}) = 1 ta M > 0 mis Beix k € U, BUILTUBAE, IO Iy
€ HE3MIIEHOO OIIHKOW mapamerpa T
Ockineku Mgy = M) T4

ZZ%; :Zﬂkk+z Z O,

k€U lel kel keU U :
L#k
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D ka’!/k -

ket
_ZD(IJ‘: ) Z Z cov (I;c Igyl)
kel kel jet
[#k
=3 (& ﬁkﬂ‘“ﬁc)"‘Z Z & Jl(ﬂsz—?fk’?ff)
'”:k
keU keU eUu
I;ék
:ZZ ﬂkl""?t m)ﬂk Jﬁ
keU leU

SaMMITHIIOCh MOBECTH He3MINeHICTD OLHKYM Jmcnepcii, aKy MoXKHa, 3a-

IMACATH fAK
T T 7T,
tn) E:E:ﬂﬁ(u kﬂ)yk.‘ﬂ_

T T
keU lel Tk k

Ocxinbky s seix k1 € U y AH SKHX T > (), BUKOHYEThCs
piBHICTH

T — TR T Tlgi — TRTC
E {fkfz ("—_ = Mgt oy T Ty,
Tt Tl

TO
ED(tﬂ-) = D(tﬂ').
1o i Tpeba Gysio HoBecTH. O
Ay BubiproBUX JuU3atiHiB 3 dixcosanum PO3MIPOM BUBTPKY dHC-

NEPCII0 MOXKHA BAIMCATH IO no-iumomy. Ilpu npoMy oninka s
Aaucriepeil Oyae MaTH TaKOXK IHIIMHA BHIVISL

Teepoocennsa 1.4. ®opma €iirca-Tpanpi-Cena. Sxupo p(*)
subipkosuti dusatin 3 gixcosarum Po3mMipom subipxu, mo ducnepr:??o
oynku Iopeiya—Tomncona moocna nodamu Y euaandi

Dtn) = —5 ZZ(?’%; T (Jk ;Z)
2 o
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Hrwo das eciz k,l € U, Ty > 0, mo neamitgenoro oUIHKOI0 Jucnepcii
byde cmamucmuka

Dlf) = —5 3 30 T (Jk y_:)z

7T
kEs [es t

[oseaﬂmﬂ IlepepipuMmo crouaTky exBiBaJeHTHICTD BUpa3ie s
(tﬂ) 38 yMOBH (DIKCOBAHOTO po3Mipy BuGIpKH n. Cupagsai

PE) = 533 ) (- )

kel leU
2 2
= —— Z Z Tt — ﬁknl) ( ) —_ ka_yl -+ (_?ﬂ) =
kCUIEL— T &
2
= > (mu-— ’?TL’?I)JkyI DD (g - mem) (yk)
keU leU keU leU

Ta

>0 (g — mem) (yk) =)

kel lell kel

(1) ima-

lely
| ockinskn mi1st Gymp-sixoro ikcosanoro k € U > (M — M) =

€U
DTk — T Y M= {n — )m+7 — men = 0, To ui gsi dbopmu
leU leU

CKBIBAJIEHTHI 151 au3aitny 3 dikcoBanum po3MipoM BUGIpKH.

Hesmimensicts onipku Aucnepcil IOBOAMTBCA TaK camo, siK i B

JoBeIeHH] TREpKeHHa 1.3. O

Baysasicenna 1.2. Hani mu 6ymemo AY>Ke YacTo 3ycTpiyaTucs y Bu-
KJIAIKAX 3 BUPA30M Tl — Tk 7T, TOMY JUIs eKOHOMIT dacy i micus nas
HBOTO BAPTO BBECTH ClELlasbHe NO3HaYeHHsT Ay 1= 71 — T

Jayeamcenns 1.3. Ina _Ausafiny 3 <bikcoBaHMM posmipom BuGipKH
3HAYEHHA Jucnepciit D(fn) B 000x popMax 3aBKaM OyIyTh OIHAKO-
Bl, 8 3HAYEHHS OIIIHOK D(t,r) MOXKYTE BiJIDI3HS'THCE 3aJ1€3KHO Bl TOTO,
AKka GpOpMa BHKOPUCTOBYEThCs, Ate obuspi i OLIHKY € HeaMimenuMy.
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aysaocenna 1.4. 3anexxHo Bix Habopy 3HAa4YEHb Y, OWIHKH C-
nepciit sk y dopmi €iirca—T'pangi-Cena, Tak i y @opmi I'opsina—
Tomncona MoxyTh HABYBATH BiI €MHUX 3HAYCHD. HocraTaboo ymo-
BOXO HEBIA'€MHOCTI HUX OMIHOK € yMmosa €uameca—I'pandi-Cena:

A <0 ansseixk#1eU.

Cymapse sravenss T Ta CEpesIHE 3HAYCHHS Y JOCTIKYBANOT Xa-
PAKTEPUCTHKHY Y IeHEPAJBHOI CYKYIIHOCTI OB s3ak] Mix cofoio cin-
BiJHOIEHHAM

T = Zyk =N %Zyk = NY.
kel kel/

3Bincu MOXKHa JIErKo OTpHMAaTH ouinky lopeina~Tomucona s ce-

PEZHBOTrO 3HAYeHHs Y Ta BiAMOBinHI pesynwraTi gas amcnepcii el
OIHKH.

A . = 1 N . .
Hacnipok 1.1. m-ouinxa 3, = iy %‘f € HEIMIWENOI OUIHKOW ce-
_ kes
pednvozo Y 3 ducnepcieio

~ 1. 1 .~ 1 Ye W
D = D i = —D = —— A
(yTIZ) (i\r f’ﬂ) 1\]}'2 (t"f) l\rg R;U g Akl Tt 7Y

Srwo Ty > 0 dan eciz ki € U, mo HEBMIULENO0 0UYINKOT0 ducnepcii
byde crmamucmuxa

5.5 S (1~ 1 5~ 1 Ari vk U
Dn) =D | =tn | = —=D(ts) = — — e 2n
(yﬂ) (J‘\T Tt) N2 ( "‘T) N2 Z Z Tl T T
kes les
1.8. Bnpasu Ta nuTaHHS AJisi CAMOKOHTPOJIIO

1.1. ¥ yomy nonsrae cyrTeBa pisHMUS MiX MeTORaMK Bigbopy 3a
JONOMOTo10 KepeOKyBaHHsA Ta [OCIA0BHOrO Binbopy 3i CHHCKY?

1.2. o € crparerielo BinGopy? Un BusHauaerscs BoHa 0THOZHAYHO?
1.3. Yu moxe ouinka gucnepcii 7-omiHKK rabysaTu Bix'emMuuX 3pa~

uenb?! A y bopui €itrca-T'pangi-Cena?
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1.4. IIpoBoauThCcs OGCTEIKEHHS NESKOro perioHy YxpalHm 3 Meroio
BUIHAYEHHH CEPEAHBOTO JOXOMY AOMOrocronapers. SKuo mis npose-
aenad BiIOOPY HEMaE CHUCKY BCiX NOMOroCHOLAPCTB, aje JOCTYIHA
chopmanisa 3 peectpy ocif, MO IPOKUBAIOTL ¥ JAAHOMY perioli, To
MOZKHA 38CTOCYBATH TAKUH MeTon Binbopy: MPOCTUM BHIIAIKOBUIM Bijl-
bopom 3 N ocib sinbupatorsest n 0cib, a nOTIM BU3RAHMAIOTH LOMOrO-
£nOJIapeTsa, 4O SKUX Hallexkats Binibpani ocobn.

llinpaxyBarn #MOBIpHICTH BK/IIOUEHHS ¥ BHOIpKY JOMOIoCcIogap-
¢TBa, WO cKasdaeTvea 3 M ocib (M < n). OrpuMaTn nabauxeHuit
pupas g uiel ¥mosiprocti npu M = 1,2, 3, npunyckamogn, mo n i
N € nocurs Benmkumu ta § = f > 0.

1.5, Posrnsremo renepasibry cykynuicrs U = {1,2,3} 3 subipkosum
ausaitaom p(-), Ipu AKOMY

L2 =5 (13D =7, p({23) =1
Jualite BMOBIDHOCT! BKJIIOUEHHs [I€PLIOTO MOPSAKY TA KOBApial(iiuy
MaTpuiio iHnukaTopis BrmovenHs A = {Ay = cov(Iy, Ij) }kiev -
1.6. Hexait kopapianiiina MaTpunsg i MKaTOPIB BKIIOYEHHS npu je-
AkoMy ausaisi p(-) mMae BHIVIsL

1 1 1 -1 -1

6 1 1 1 -1 -1
A=-—x 1 1 1 -1 -1
25 -1 -1 -1 1 1

-1 -1 -1 1 1

|) Yn e p(-) ausaitrom 3 dikcosanmm posmipoM BHGipKi?

2) Yu sanosonemse ueht qusaitn ymosy €irca-Ipangi-Cena?

3) OGuncanTh #MOBIPHOCTI BK/IIOYEHHH HEPIIOTO MOPSAKY sl [H-
1aiiny p(-), AKLHIO 711 = Tlg = T(3 > Ty = T5.

4) BanmcaTn MaTPHIIO AMOBIPHOCTEH BKIIIOYEHHS! APYTOrO MOPSLIKY.
Brasiera: ckopucTaliTecs THM, WO Ty = Ay — My A0 Beix k, 1 € U.
b) Ofuucinra #MOBIPHOCTI OTPUMAHHS BCIX MOXK/IMBHX BUGIPOK.
1.7. PosrisnemMo remepasbHY CYKyIHICTH, 10 CKIATAETLCH 3 I ATH
anementis: U = {1,2,3,4,5}. Ilpn subipkosomy mmsaiiui p(-) mo-
wompiMn Bubipkamu € sy = {1,2}; sp = {1,2,3}; s3 = {2,3,4} 1a

35



s = {1,2,3,4,5}. Ilpn mpomy p(s1) = 0,1; p(se) = 0,2; p(s3) = 0,3
ip(&l) =0,4.

1) O6umcimT BCi fiMoBipHOCT] BRITIOYEHHS NepIiore Ta JApYroro Ho- .

PAIKY.

2) Buatrtu Eng a Dng, BHKOPHCTOBYIOUH O3HAMEHHS MATEMATHIHOTO
CHOAIBAHHS Ta JucIepcii JUCKPeTHO! BHIAKOBOT BeJIHyHH.

3) 3uaiitu En, Ta Dng, BUKOPHCTOBYIOUH HOPMYITH (1.2) Ta (1.3),

1.8. I'emepasibaa cyKymHicTh, MO cKaagaeTbes 3 1600 ocib, moxine-

na #a 800 rpyn (momorocnozapers) Tax, mo € Nj rpyn poamipy i
1=1,2,3,4.

? 1 2 3 | 4

N; | 250 | 350 | 150 | 50

Bubipka oci6 yrsoproerses npocTuM BumagKosimg Bigbopom 6e3 mo-

BeprerHsA. Binbupaorsea 300 momorocionapers iz 800 i oBcTexyIo- |
ThesA BCi ocobu, mo HaleXaTh 1o BuOpaHUX joMorocnonapcTs. Hexaifi |

N =~ 11 3arajibHa KUbKicTs 0ci6 y ubipni. O6uucautu Eng ta Dn.

1.9. Hexalt ans remepaJbHOl CyKymHOCTI Ta BUGIPKOBOTO aazaiiuy 3
Biipasy 1.8 XapakTepPHCTHKA Y MA€ TaKi 3HAYEHHS: y; = 10, y2 = 5,
Y3 =17, y4 =3 ta ys = 1. BuaiiTu:

1) MaTemaTH4He CIIOAIBAHHS Ta Aucnepcio oninku Dopsina—Tommncona
Ajst cymapHoro 1

2) xoedinienT Bapianii ouinkyU Ly

3) ouinky nucnepcii ﬁ(?ﬂ) U1 KOXKHOI 3 YOTHPBOX MOXK/IMBUX BHOGI-
POK; '

4) MaTeMaTHUHe CIOJiBAHAA OIiHKY AucTepcii ﬁ(a)
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Poznain 2
iIpocTnit Bunankoeuii Bigbip 6e3 moBepHeHHs

2.1. OcHobpHIi BAacTUBOCTI

Y upoMy pO3ZUN MH PO3IVISHEMO OCHOBHI XAPaKTEPHCTHKH MpPO-
¢Toro BUNaAKoBoro Binbopy Ge3 nosepuennst (IIBB6II). Lleit meroxn
pi10OpY BIKE Jlemio 3HaHOMuHM BaM 3 NIPUKJIAMIB MMONEPEIHLOr0 PO3Ii-
Jy.

Y BUDAIKY 3aCTOCYBAHHS [IPOCTONO BRIAIAKOBOIO Biabopy 6e3 no-
deprentA IHIRKATODH BKIIOYEHHST eneMenTis' y Bubipky Iy, Is, ..., Iy
He € nesanexxnuMmu. Bubipkosmit musadin TIBB6II mae surnsg (aus.
npuxian 1.3):

AKIoe po3Mip sabipkit mopisHIOE 71;

1

T

8) = N
p(s) 0,

Y TPOTHUIIEXKHOMY BHIANKY.

MMoBiprocTi BKTIOUEHRST ONHAKOBI IUIst BCIX €IEMEHTIB reHepaTBHOl
CYKYIHOCTI i MalOTh BRAIVIST:

n —_
M o= =, Vk=TN;
n(n—1)

Tl .f\fr(f\r-—].)? % ’
o = =
kk = k-'N-

Has roro, mob orpumaru subipxosmit gusabin ITBB6I1, moxua
RHKOPUCTOBYBATH Di3Hi fimoBipHIicHI cxemu Bimbopy. Onuieio 3 Haii-
OLIBLI MOMMPEHHX T& IMPOCTHX € cXeMa Bifnfopy Ha OCHOBI XkepebKy-
BaHHA. AJe y BUDAJKY, KOIH iHGMOpMANia Mpo eNeMeHTH rexepaIbaol
¢YKYTIHOCTI MICTUTBCA B AeskoMy aiii ta Bindip 6axkano aaropurmi-
tysaTy, OIbI 3PYYHAMHE € CXeMHU IHOCHZ0BHOTO Biafopy 3i crmucky.
Hapenemo gekinbKa Takux cxeM Binbopy.

Uxema BinGopy 1. Hexait ¢€y,€2,..,6x - Hesanexui peani-
i pisnoMipHo posnoainenol Ha [0,1] Bunmankosol BemwuMHM
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(e ~ Unif[0,1]). Koxnomy enementy k remepasibuoi cyKymuoeri cra-
BUMO y BiJIOBIZHICTb BHNAJKOBe 3HadeHHs k. Jlani nepebupaemo
MO 4ep3l eNeMEHTH TeHepaTbHOL CYKYIHOCT] Ta BUPIIIYEMO BKITIOYATH
€JIeMEHT 4 Hi 3 IMOBipHiCTIO, M0 AOPIBHIOE BiTHOMIEHHIO KLILKOCTL
eJIEMEHTIB, 110 3aJHIIAIOCh BK/IOYUTH y BuOIpKY, J0 KIIBKOCTI eie-
MEHTIB, 00 3aJIHIIIIOCH NePerisHy TH.

Kpok 1. fAxmo €1 < n/N, 10 erement 1 Biabupaerbes; sSKIo
g1 > n/N, 1o Hi.

Kpox k. fdrmo e < gy, 10 k-if enemenT BiGHpaeThCS; HKINO
£ > T\;E:_IZL-ET‘ To #i. TyT ny — ue KimpkicTh ereMentis BigiGpanux y
BUOIPKY 3 mepmiux k — 1 ejleMenTiB 3i cOMcKy.

Ipouexypa 3aKiHuyeTbCs, KOMM Ny, = N.

Y pesynbrari TaKoI cxemu BiZHOpy OTpEMyeMO BUBGIPKOBH nu3aiin
TIBB6II. '

Y BUnaKy, KO/ Po3Mip TeHepaIbHOT CYKYNHOCT HeBinoMuil, a e
uacro bysae, nas orpumanHs ausaiiay [IBBOIT moxna BukopucraTi
irmy cxemy Binbopy.

Cxema BinGopy 2. Cnouarky g0 BuGIpKEH HOTpAIIsIOTH mepui 7
eJIEMEHTIB reHepasIbHOI CYKynHoCTi, A HOTIM pO3IVISIAETHCH KOXKEH
HACTYNHHI eJeMeHT [0 4ep3i, nourHalogIn 3 n + 1.

Kpoxk 1. Enemenr n+ 1 norpanssie y Bubipxy 3 iMoBipHicTIO ﬁi
ZAximo esieMenT n+1 noTpanus TakuM YHHOM y BUGIPKY, TOJ] 3 Hel Bu-
KHUIAETHCA OJIUH eJIeMeHT, BUOpaHUil BUNAIKOBMM YHHOM 3 OZHAKOBOIO
AUt Beix iMosipaicTio. ¥ pesysbrari y ubipili 3HOBY 3aJIMMIAETHCS N
eneMeHTiB.

Kpox k. lns Beix inmmx enemenris k, n + 1 < k < N, itmosip-
HICTh NOTpanuTH y BUOIpKY Gyae nopiBHIOBATH ¥, Ta AKIIO eleMeHT k
BUOMPAETBCA, TO 3 BUOIPKM BUKHIAETHCS OMHH €JEMEHT 3 OXHAKOBOIO
J7A BCiX iMoBipHicTiO.

Taxka cxema Bigbopy moxe GyTu peanizosana HaBiTh 6e3 BiZOMOro
Hanepes po3Mipy resepaiapaol cyKymnocti N, QPopMmyBanHS clucKy
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G/IEMEHTIB CYKYTHOCTI MOXe OyTH O{HOYacCHMM i3 Ipoleaypor Bii-
Gopy.

Cxema Binbopy 3. lemepyerbest N Hezanexxuux, piBHOMIpHO pos-
nominenux Ha [0,1] Bumagkosux BemHuMH £1;€2; ..., EN, J€ KONKHOMY
enementy k € U sianosinae snavenus €. Iorim 1l 3navenns snopsia-
KOBYIOTBCSL, HAIIPUKIAJ, 110 3POCTAHHIO i AiMAThCH HA BUOIpKU po3Mi-
py n. Koxna Taxa subipka He NepeTHHAETHCH 3 1HIIOK Ta NPOIYKYE
pubipkosuit nuzaiin [IBB6IT.

OcnosHa nepesara miel cxemu BiIOOPY HONATAE Y MOKIHBOCTI
0O/HOYACHO BHOPaTH AEKilbKa NPOCTUX BMIAAKOBUX BHOIDOK, IO He
lepeTHHaIoThes. lle Myxke BaXIMBO y BUNAAKY, KOJH TIPOBOAHTHCH
cepig obcrerxens onmiel 1 Tiel camoi reHepasibrOi cyKymHOCTI IpOTH-
FOM KODOTKOTO HMPOMIKKY 4acy. Takum 4MHOM MOMXKIIMBO 3MEHIIATH
piBEHb HEBIANOBIJAEH 33 PAXyHOK BMEHIICHHS HABAHTAMKEHHs HA Pe-
crioiienTi. Taxi Bubipku HasuBaOTLCA 610’ eMMO-KOOPIUNOBAMHUMIL

2.2. Ouninaka lopsina-ToMncona npu mpocroMy Bunaj-
KOBOMY Bibopi 6e3 nosepHeHHS

3acrocyemo meron opeina—ToMmcona as OIIHIOBAHHS CyMapHo-
PO BHAYEHHS! QOCIJKYBAHOI XapaKTepUCTHKY TeHePasIbHOT CyKyIHO-
CT1 y BUIIAJIKY TIPOCTOTO BHIIAJKOBOTO Biifopy 6e3 noBepHeHHs.

3rigpo 3 dopmynoo (1.4) mpu IIBB6Il m-oujnxa Topsina—
Tommncona MaTuMe Taku#l BUrISAA:

+ Yk N 1 _

t. = Lo E —y = N = E . =N

n ; n Jk n L Uk 4
kes kEs kes

1e § = %kz Yk — BubIpKOBE cepenge.

OCKiﬂlj{sﬂ pubiprosuit musaiin TTBBGII mae dbixkcosannit posmip
subipku, TO MoXKHa ckopucTaTucs dopmytoo Eirca-I'pamai-Cena
A1 3HAXO/DKEHHsT Aucnepeil Ta ominky aucuepeii m-ominkyu Iopeina—



Tommcona. Ane criogaTky mas seix k = | obuncanmMo

-1 n?
D = ﬂks—ﬂkﬂz=hn,—gﬁ\r:—%—ﬁ§=
_ nf{(rn—DN-n(N-1)\ n n-N -
- N ( N(N =1) ) TNN(N-=T)
_ 3(3_1) o _fa-xn
N \N N-—-1 N=1"~
Je 1epes f 1= & GyneMo MO3HAHATH “acmKy 6:060py.
IaryiTuBRO 3posyMmino, mo Aucnepeis OUiHKY 3a7esKuTh Biz Toro,
HACKITBKY OZHOPIHUMY € €lIeMEHTH NeHepanbHol CyKyHHOCT]. IMTapa-

METPOM, 10 BiaoOpaXkae IO BIACTUBICTB, € THCIIEPCiS IeHepaNbHOL
y )

CYKYIHOCTI

—ITZ(ZI&-*YP:;\?I*_"TZyg N'(N (Zyk)
kel kel

Huxnilt iugexc y nosnagenni gucnepcii S’g BKa3ye, 110 1Ie gucHepcis

caMe XapakTepHCTHUKH Y, OCKLILKH Ipu obcrexkensi omuiel i Tiel cas

MOI reHepaIbHOI CyKYTHOCTI OXHOUACHO MOXKYTh JOC/TL/KYBATUCD JIe-

KIJIbKa XAPaKTePUCTHK: T, Y, Z, .... SKIN0 JOCTKYEThC TITbKH 1A

3MiHHA, TO NEH IHIeKC MOMKHA HE THCATH. '

Orxe, Bupenemo opmyny mas obuucienns gucnepeil 7-oinkm
tn nipu TIBB6II:

Dripger(tx) = —5 Z > oA

|
kEUJEU r( yi) B
- ARE AR

- awony [QNZZ"”“ QZ”kZJ’]:

kel keU e
]__
= Z Uk — 7 Zyk) =
f 1keU 1)\ (kEU
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2
N S
= —(1-fINS*=N?*(1-p)=—.
T n
AHATOTIYHO OTPHMYEMO BUPA3 s OOUHCIEHHS He3MILIEHO! OLliH-
K 1iel auemepceil

- n 1
Dripperi(te) = N nfSQ

o2 _ _1 =2 : . ¥ ¥ _
ae S = ==5 >~ (yx — T)* - subipkosa mucnepcis (mucnepcis esemen-
kEs
TiB, WO NOTpamAIK y BubipKy) 3mirmoi y. Baysaxumo, mo ES? = §2.
Orxe, Tenep cHOPMYITIOEMO TBEPIKEHHS,

Tsepdocenna 2.1. Ilpu npocmomy eunadrosomy 6i060pi 63 nosep-
nenna ousnky Topeiua—Tomncona cymaprozo ma cepednbozo 3nHaMens
nobysaromo euzandy:

-~ N

bp = Z Y = ——t det = Z Y~ eubipxose cymapie;
kEs kes

i 1 1, : ! Z T, 0e T - aubipkose cepedne

1 = — = —= - e . LTS 2 CEPE 2

Un TR Ye =7, de¥ D P

Januwemo ducnepcii yur oyinok:

- 2= f) = (I=1) o
Prippen(tn) = N*=—==5%  Dppper(Ua) = ——=5. (2.1)
Hesmiugeni ouinwu ducnepcili o6vuca1010mbes mar:
PripBery(ta) = NEL_flSQ, DrigBerl(¥a) = “?—)521 (2.2)

de §? — Qucnepcis esemenmic y eenepanvhit cyxynnocmni, S? — due-
nepcia eaemenmie y subipyi, f = & - wacmnxa eid6opy.

Jaysadicenna 2.1. [las npocToro BHNamKoBoro BiGopy Ta ans crpa-
|n<|>i1<nsauoro Bi,a60py (l)opmynn ;le ,zmcncpciii y cbopMi Topsina-
i]po,:nemonc*rpyemo Ha upn}mam, fAK IPAalIOe HABEICHA Teopis.
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Ipunkaanm 2.1 Obcrexyerbest reHEpaIbHA CYKYIHICTD, O CKla-
AeeTbes 3 mectn ocib (N = 6), sikux massemo A, B, C, D, E,
F (rabsm. 1). IorpibHo ouimuTH cepenHe 3HaveHHS XapPaKTEPHCTHKI
Y Ha oceOBI BUOIpKH, MmO CKIaTaeThest 3 ABOX ocib (n = 2). Xapa-
KTEPUCTHKOIO i MOXKe OyTH, HANPUKJ/IaJ, 3picT, Bara, KOXij 3a Micsmp,
JOSIBHICTD [0 JeAKOro KaH uaara Ha subopax i T. 1.

ITpanycTumo TakoXK, MO 3HAYEHHS XAPAKTEPHCTHKY ¥ BiAOMI 115
BCiX oci6 remepanphol cykynuocti. Lle, 3suuadno, npunymesnns, sike
HIKOJIM He BUKOHYETBCS Ha NpakTuii. Inaxmre, Hasimo Toxi [IPOBOIH-
i BUGipKOBE obCTeXeHHs, AKINO Bifoma Bea indopmalis npo reme-
PaJIbHY CyKymnHicTh? Ajle Iie NPUIymIeHHs NoTpibHe Jyist TOro, mob
NPOLTIOCTPYBATH MeXaHiaM BUGIDKOBIX 0OCTEKEHbD.

Tabanys 1. EneMenTn reHepaibHOi cykKymmocTi 3 BiagmoBimaumm
3HAYECHHAMHU XAPaKTePUCTUKH Y

Ocoba | A|B|C|D|E | F
k 112131 4 5 6
Y 26| 8110]10112

fAxmio 3acTocyBaTH CXeMy BiIGODY, KA NOJATAE y MOCTIOBHOMY
piBHOHMOBIpHiCHOMY BiffOpI JBOX i3 ImECTH eleMeHTIB reEepasbHOI
CYKymHOCTI €3 IOBepHeHHS BiKe BUODAHMX €JEMEHTIB y CYKyIHICTb,
TO OTpUMaeMO BUOIpKOBHI Au3aiiH, M0 BiANOBIAE MpoCTOMY BHNAI-
KOBOMY Bifbopy 6e3 nosephenHst:

(s) = 11"5,"; AKIIO po3Mip BUbipku n = 2;
P 0, B IHIINX BHDAIKaX.

[Ipn npomy enementy, w0 mOTpamIgioTs y BUbipKy, 6yayTh pisHu-
M. Bevoro rakux subipok Oyne C‘g = 15. ¥ tabn. 2 3aneceni Bci Taxi
BUOIpKK Ta obuucneni Bianopinai BuGipkosi cepenni, siki € oninKaMu
IUIs1 CePETHBOrO 3HAYEHH: Y = 8 XapaKTEePUCTHKH Y IFeHepaJIbHOL Cy-
KYITHOCTI.
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Tabmmus 2.15 mownusux Bubipok Ges noBepHenns: po3mipy 2 iz
CyKynHocTi po3mipy 6 3 subipkoeumu cepennivmu 7

Ne [112|3|4]s5l6[7]8[9f10[11]12]13]14]15
"Ene- |A|A|A|A|A|B|B|B|B|I|C|C|CIDIDIE
vmenr | B|CIDIVE|VF|CI\D|E|\F|D|E|FI{E|FI|F
Buawe-| 2 | 2| 2| 2126666188 8110/10]10
uug | 6|8 (1010|128 {10{10]12|10]10|12{10]12)12
7 (4566778899 lgl10/i0/11[11

VIMOBIpHOCTI BKJIOMEHHS TIEPIIOTO Ta APYTOro MOPSAKIB MPH LBO-
My OVIYTh ONHAKOBMMHU JIJIS BCIX eJleMeHTiB
2 1

-=‘_.‘_': = == l: =
Yk 1,6 T 6 3 Vk# Tt

|~

1

1.

10070, BCl €7IEMEHTH MalOTh OZHAKOBHIA MIAHC IIOTPANUTH Y BUGIPKY.

fAxmo ypazkHO noauBATHCH Ha Bel BEUGIDKH, TO MOXKHA TOMITHTH,
WO JesKi 3 HUX NOTaHo BiJ0OparaloTh BIACTHBOCTI MeHepaibHOI Cy-
kynunocti. Tax, manpuknay, subipka 1, mo BKIOUAE 3HAYEHHS 2 Ta
6, Cepesnne mo njit BuGipui § = 4 K0CUTH CHIBHO BizpisHSETHCH Bij
PeAJILHOTO 3HAMEHHS CEPEIHBOIO [0 PeHepasbHill cyKynHocTi Y = 8.
Ane us Bubipka mae rtakuii camull, sk i Bel inui, manc 6yru o6pa-
noto. e osnauae, mo Buna kosuii Bigbip He rapanTye Ha 100 %, mo
OnlHKa 1o Koxuil subipni 6yne MaTH 3HaYeHHs GAU3bKE 10 PEATbHO-
10 3HaYeHHd napamerpa. Mu noswHHI 3MupuTHCS 3 THM (QAKTOM, 1O
OrpuMana Hamu BHOIpKa MoxKe GYVTH JOCUTL «moranoos. [InTaHus B
romy, sk Dararo Takux suGipok mpw neBHUX Bupax BinGopy i axui
larc IX OTpPHUMATH.

SIK BHOHO 3 TADIL. 2 3HAYEHHS OLIHKY CEpPEeIHBOIO ﬁn ~ BUDIPKOBOI'O
CEPeIHBOTO ¥, BMIHIOIOTBCS 3aJIeXKHO Bl TOrO, sIKi eleMeHTH THOTDa-
midioTs y Bubipky. TobTo, § — ne aucKkpeTHa BHINAIKOBA BEJMYHHA.
Janmmenmo i1 posnoain (rabi. 3).



Tabsmua 3. Bubipkosuit posnoain j

4 5 6 7 8 9 10 [ 11 ]
1/15 | 1/15 | 2/15 | 2/15 | 2/15 | 3/15 | 2/15 [ 2/15 |

pe] O

FIMOBipHoc'ri, IO BIATIOBLAAIOTE MOXKJIMBHAM 3HAYCHHAM OIIHKH 00-
YHCTIVIOTBCA 3a (opmystono (1.1).

38CTOCY BABUIN KJIACHTHE BUSHAYEHHA MATEMATHIHOTO CIIOAIBAHHS
JMCKPETHOI BHIIAIKOBOI BEJIMYHHE, MOYKHA BIHEBHITHCE, IO OI[HKA ’ﬁﬂ
AHCHO € HeaMimeHo0, T06T0 i1 MaTeMaTHYHe CNOJIBAHHS CHIBHALAE
3 peaqbHUM 3HAYEHHAM Iapamerpa, MmO ouinmeTshed. Jucnepeio mel
OLIHKH MOXXHa IOPaXyBaTH B I[FOMY BHIAJKY JBOMa ¢HOCOBaMu: 3a
JAOIIOMOrOK) BU3HaYeHHs AUcepcl] IUCKPEeTHO! BHIIAIKOBO! BEJINYUHH
Ta 3a gopmynoo (2.1). Orpumaemo 64/15.

Ane Ha npakTunl MM HiKosm He OyleMO 3HATH 3HAYEHHS Xapa-
KTEPUCTHKHA Y JJIA BCiX €IeMEHTIB reHepasbHOl CYKYNHOCTI, a OTXKe i
fie 3MoxeMo nodynysaTn BUOipKOBHI PO3NO/ LN OIIHIOIYO! CTATHCTH-
ku. ToMy [is BU3HaueHHst AucHepcil OLIHKH MU HE 3MOXKEeMO CKOpH-=
CTATHCh Hi O3Ha4eHHAM, Hi popmymnow (2.1). €mane, 110 M MOXKEMO
3pobutu ~ ne oninuTH gECnepciio 3a dopmyioio (2.2). 0

2.3. OQuninoBaEHs napaMeTpiB MiJACYKynHOCTeH mpm
IIBBoII

HacTo MeTOI0 00CTEXKCHHS € BUABJCHHS Ta JOCHLIKEHHS eJeMek-
TiB, WO HAJIEKATH J0 JAesKol mizcykynnoeri. Hanpukaam, mincyky-
1HiCTIO, 10 noTpedye BUBYEHHs, MoxKe OyTu Gespobirme HaceneHHs
Yxpainu — KijnpkicTs 6e3pobiTHHX Ta BiAHOCHA HacTKa TAKHX JIOfAel
y HaceseHHI YKpainu. ¥V npoMy BUHAIKY TEHEPATbHY CyKyIHICTE Jii-
JIATH Ha MJCYKYIHOCT] i BUBYSIOTH KOXKHY 3 HUX.

Mosnaunmo migcykymaicts Uy C U (d Big anrnifickkoro TepMiny
domain - mizcykynsicts). Hexait Ny — kinpKicTh esemMentis, mo Ha-
JexkaTh JaHlf mincykyunHocTi, Topi Py = erd ~ YaCTKa €JIEMEHTIB Y
renepanbhift cykynsocri U, mo manexars migcykynuoceti Uy, TIpu-
IIyCTUMO, 10 PO3MIp reHepasbHOl cyKynHocTi N Bigomwmii, a posmip
nipcyxynsocti Ny — Hi, [0 YaCTO 3yCTPiMaEeThCH HA IIPAKTHIL.
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2.3.1. OxirroBannsa abCoOJMIOTHOrO Ta BiJHOCHOrC Ppo3Mipis
OiACYKYITHOCTI

s ouinku napamerpis Ny 1a Py MOXKEMO CKOPHCTATHCD MiAXO-
P P d

JlaMd, TOMIGHMMH 40 OUIHIOBAHHA CYMADHOIO Ta CepeiHLOTO 3HAYEHL

reHepaJibEOl CyKYITHOCTI.
U1 IBOTO BBEZEMO 3MIHHY 24 — IHIMKATOP HAJIE2KHOCTI €JIEMEHTA
k no cykymnoeri Uy:

k=1,..,N.

zdk:{ 1,k e Uy,

0,k ¢ Ug,

Toni

=3 Na 1 3 -
Ng= Zdl. Ta Pd = = = Zdk = 24.
N N f
kel keli
Tobro, Ny — ne cymapue, a P; — cepenHe 3HaYeHHS HOBOI 3MiH-
not zgp. OTxke, auif OMX napamerpis cnpaBeausi Bl pe3ysbTaTH,
OTprMaHl HaMH paHime. Aje y 3B’S3Ky 3 0COOJUBUM BUIVISIOM HO-
BOT 3MIHHOT — BOHA € AUXOTOMIYHOIO, BAPTO 3AIHCATH Il PE3ybTaTH,
BUKOPHCTOBYHOYH TPOXH 1HUTY TepMiHOJIOri0.
Hexalt Qq = 1 — Py, ng = ) _pcy%dk — KiAbKICTD ejieMeHTiB y
pubipid, mo Hanexxats niacykynuocti Uy, pg = 74 — gacrka ejeMeHTis
vy Bubipi, mo Banexath nigcykynuocti Uy, g4 = 1 — py. Toai

. 2
SEd = ﬁ};zgd_ m Igjzdk =
- Nl— V- w (;‘\-} = 1)N§ -
I, AHAJIOTIYHO
8= — CPada:
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Teepdocennsn 2.2. Ipu suxopucmarni npocmozo sunadkosoz0 gid-
6opy 6es noseprenns oyinwa Iopeiye—Tomncona daa posmipy Ng nio-
cyxynmocmi Ug ma i1 ducnepeia nabysaroms euzasdy:

ﬂ;’d = N'pd;
-~ 1 1 N —n P
— r2 ~2  __ Ar2 d\d
oo (1) = (1 3) - w1
DriBB6II (Nd) = N (1-f)=—=

AHaJsori4HO OTPHMYETHCH OWIHKA st Py.

Teepdorcenna 2.3. Ilpu suxopucmanni npocmozo 6unadkosoeo 6io-
bopy 6ea noseprenna oyinka Iopeiya—Tomncona wacmxu Py eacmen-
mie, wo naaestcams 3adaniti nidcyxynnocmi Uy, mae su2aao:

Py = pa |

5 N —n PyQq
D et
TIBB6IT (P d) N-1 n
= 5 \ Pddd
DPriBBell (Pd) = (-7

Saysaoicenna 2.2, Ipu Bussadensi po3Mmipy BuOIpKM MOXKHA BHKO-
pucraTi TOH (HDAKT, MO CBOTO MAKCUMAJIBHOIO 3HaueHHs! 1/4 Bupas
P3Qq = P4(1 — P;) nabysae, xonu Py = 1/2.

2.3.2. OuiHioBaHHA CyMapHOro Ta CEPEeAHbOr0 MiICYKYIHO-
cTi, Koam 11 poamip Ny HeBigoMmuii

PoarnsgHeMo Ie OJuH TUIT 38,184, KOJIi IOTPIOHO OLIHKTH CyMapHe
. — \ - ¥V, — L
suatenns Ty = D oy, Yk T& CEPENHe 3HadeHus Yq = - erud Yk
XapaKTepUCTHKH Yy y miacykynsocti Uy.

Bsenemo HOBY 3MiHHY

Yk = Yk ke Ud;
0, k¢U,.
Toni Ty — e cymMapHe 3HAYEHHs HO BCiit reHepasibhiil cyKynHOCTI
U HOBMX 3MIHHUX Ygk:

Ti= Y ye=)_ Yak

kelUy kel
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Ansa sxoro oninka 'opsina-ToMncoxna mpu npoctomy BUNAJIKOBOMY
pibopl HabyBsae BUrIHAY

- yak N N

tan = g = - ydkz—T;Zyk, ne sg = snUy.

7T, n
kEs k kEs kEsy

Bupasu nna Drpgert (?dﬂ) Ta ﬁl—IBBGH (Edﬁ) OTPUMYIOTBCH 3
pijnosigHux opmyit gis ouiaku Lopsina—Tomncona.

Y BHIAJKaX, KOJM po3Mip miacykynHocTi Ny Bimomwmit, 3a3Buyail
Anst Ty BUKOPHCTOBYIOTH OIUHKY, SJIbTEPHATHBHY 0 T-OHIHKH:

-~ 1
- o E — N
td, ampr = Ny " e | = Na¥g,
kesy

fie ng — po3Mip niaBubipkyu Sg. AJie B ILOMY BHIAJIKY Ng — 1 BU-
18/ KOBa BeJIMYHHA i, 11100 OTpUMATH BUPA3 A4 aucrepeli ?d, anpr (1110
n3BHyait MeHma 3a ?dﬂ), noTpiOHO 3acTOCYBATH 1HIWE METOM, TKH
Gyjie po3IAHYTO B nyHKTi 9.3,

Jist oriHiOBaHHS Y g = %% CKOPHCTAEMOCH TT-OLIHKOIO

s ] .’V

1 e —_— 1

Ydn Ny\ gzs Yk
L= 8d

flkuto esmmauna Ny - HEBiJOMa, TO BUKOPUCTOBYBATH ﬁd n HE MO-
xia. Kpampoo ouinkoio myst Yy, mo Moxe GyTu BUKOpPHCTaHA He3a-
JIEsKHO Big Toro, Bimome Ny uu Hi, €

- 1. 1
1 = ---—t [T [ —Tl .
Yd, amr ‘Nd d, ansT y Z Yk Y4
kEsy
2.4, Ilobynosa nosipuux iHTepBaJiB

Jdosipunwm inTepsanom anst mapamerpa © HasuBaeThes imTepBA,
U0 BU3HAYAETBCH Mapoid cTaTHCTHK Oyx(s) Ta Bp(s), makux, mo
Oy(s) < Bp(8) musa Gyas-sikoi Bubipku s Ta

P{8 € [Bx(s),B5(s)]} < 1 - a.
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Hosipui imTepsamu nosnatumo DI(s). Bemmuuny 1 — & nassemMo
pienem dosipu, a ﬁb(s) — Bu(s) — moumicmio (1mpuso0) HOBIpUOrO
inTepBany.

JoBipdi iHTepBanyu B KOHTEKCTI Teopil BubipKoBHX obcrexenp iH-
TEPUPETYIOThCA TaKUM 4MHOM. Ilpunycrumo, uio sBizomi Bci N 3Ha-
4eHb 3MiHHOI ¥, Toml 3nauenHs O Gyme Bifome i Mu moxkemo moby-
Aysatm jposipui inTepsasm DI(s) mist KOXHOI MOXKIUBOI BUOIpKM §
(p(s) > 0). Toni mnst KOXKHOT TaKOi BUGIPKY MOMXKEMO BM3HAUMTH, UH
HAJIEXKHUTH Peasibie 3HaveHHs napamerpa O signosigHomy joBipyomy
IHTepBAIlY, UM HI, Ta NiJpaxyBaTH

P[DI(s) 58] =1~ a,

Je & = Yy p(s) ~ ne cymapHa i#MOBipHicTE N0 MHOXUHI S* THX BH-
gES*

Gipok, moBipdi iHTEepBa M AKHX HE MicTATH napameTp 0.

Mpuxmax 2.2, PosrmisineMo redepasibHy CyKYHHICTD, IO CKJIAIAE-

ThCH 3 TPHOX €JIeMEeHTIB, [JIf SIKHX Bi/IoMi 3HAUEHHS XAPaKTePHCTHKY

¥iy1 = 3, y2 = 7, y3 = 5. XapaKTepUCTUKOW, 10 HAC IIKABUTD, €

cymapre 3HadeHHst T’ = Y yp = 15.
kel
HpocruMm BunagxosuM BigOopom 663 NOBEDHEHHST MOMXKEMO OTDPH-

MaTu 3 pi3ui Bubipku posmipy 2:
81 = {1,2}, 89 = {1,3}, 83 = {2,3}

Hexalt nosipunii iHTEpBa JUIA CyMapHOTO BYIyeThCsl TAKHM H-
HOM:

DI(s) = [ﬁﬂ(s)ﬁf\/ﬁ@); Bu(s) = B+ /@) |,

ne tyx — omiHKa lopsina—Tomncora npu [TBBGIT, 6(&) — onika i1
JIACTIEPCiT.
Lra kool BHOIpKK nobyayemo 1oBipui IHTEpBAIH
DI(s1) = 15412 = [11,54;18,46];
DI(sy) = 12++3=1[10,27;13,73];
DI(s3) = 18 +/3 = [16,54;18,46].
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Peanvne 3navenua 1 = 15 norpamnsie auine B OguH JOBipuni
inrepsaa. OTxe, piBeHb HOBipM Jijis TAKOT'O JOBIpYOro iHTepBasy
| —ax=1/3=0,33.

3posymiso, Mo TaKHil piBeHb DOBipH 3amanmi. Y LHOMY BHNAJ-
Ky Mox/mBO abo 30inbmysaru posmip Bubipks, i Toal ouinka Gyme
TOYHIIOK, ab0 PO3MMPIOBATH NOBipYnil inTepBal. ¢

Ha npakruni napamerp 8 sesigoMuit i HaM OTPIBHO MATH SIKHICh
NPaKTHIHAR METON TAPaxyHKy HIXKHBOI Ta BepXHBOI Mex Ox(s) Ta
Op(s) Tak, mo6 oTpuMaTH HeOOXinuM nOBipUNMil pisens 1 — o 3aszBu-
daft 1 — « subuparors pisrum 0,90; 0,95 abo 0,99.

Mt OniHOK, 1110 BUKOPHCTOBYIOTHCSL B Teopii BUGIpKOBHX 06CTe-
JKEHb, NyXKe BAXKKO BKA3aTH METOJ, 10 nasas OH TOYHUN HOBipumMil
piseib 1 — o, ToMy B OCHOBHOMY TIDAIIOIOTH 3 JNESKUMU HAGJIMIKEH-
wsvn, STxmmo O — Le OIiHKa napamerpa 8, To mosipumit inTeppan mna
f 3 piBHem mosipu, wo npubiusno popisnioe 1 — &, Gyayorh Tak:

8+ 2102\ D(B), (2.3)

1€ 21 o /9 — KBAHTH/IbL HOPMAJbHOI'O PO3NOAiNy piBas 1 — o/2 .

Hosipunit inrepsan (2.3) 6yne MicTHTH HeBinOMe 3HAYEHHS napa-
smerpa 8 B (1 — «) x 100 sunankax i3 100 npu Bukopucranui subipko-
BOrO qu3aitny p(s), AKUO BHKOHYIOTBCS YMOBH:

-~

|) Bubipkosuit posnoanin onjisku 8 mpubAM3HO HOpMAIbLHHI i3 ce-
peaniv 0 Ta gucnepciero D(6);

2) icmye cTporo koHsucTenTHa oninka? D(8) nms aucnepcil D(8).

Toxi, npu sBukonammi ymosu 1) \;;*(% ~ N(0,1); ymoBu 2)

=\ 1/2
D8 . G .
( ;3(;{}%) ~ 1 3 imosipricTio MpubIN3HO PiBHOK 1, KOJH 1 JOCHTH

“TonsTrst ¢TPOrol KOH3MCTEHTHOCT! OWINKH B Teopil BubipkoBuX 0bCTEXKEHD
1010 BiIPISHAETHCA BIL TOrO, AKMM ONEPYIOTh Y 3arasbHill Teopil MaTemaruuuoi
draTHeTHRH. HeMoxTuBICTE BUKOPHMCTAHHA KIACHYHOTO HOHSTTH KOH3UCTEHTHO-
07l non'A3aHAa 31 CKIHYEHHHM PO3MIPOM I€HEPATBHOT cykynHocTi. Jlas BusHauen-
111 UBOTO TIOHATTA MEPEXOAATE A0 PO3MIIALY TaK 3BAHHX «CYNepCyKyIHOCTel» abo
cyneprionynauiit». llpukian sacrocyBanns Takoro nepexofy jius. s [16].
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senuke. OTxKe, B [bOMY BHIAIKY
1/2

e—-6 0-0 ’D(G) ~ N(0,1).

VD@ \/D 8 \D(®)
Sayeasicenna 2.3. HKIII,O 1151 noOyIOBY JJOBIPYOTO iIHTEPBAY BUKODH-
crosyBaru 3nadvenns D(0), To zosipumit pisens 1 — « Gyze nocararucs
rouninie. AJie, OCKITbKA Ha OPaKTHIl 3HAYEHHS D(G) HEBiZ[OME, TOMY
MOXKITHBO JIHIIIE KOPUCTYBATHCH OIIHKOIO Aucnepeil ’D(B)

Sayeadicenns 2.4. TounicTs HOpMaIbHOI anpokcnManil B (2.3) zane-
KUTh Bl HabOpy 3HAYEHh XAPAKTEPHCTHKH Y V DeHEepasbHill CyKy-
nHocTi. fAKmo Ha miarpami posciloBaHHs 11l 3SHAYEHHS po3Mimeri ach-
METPHYHO BLIHOCHO CEPEeaHBOrO 3HaYeHHs 860 MICTATH HETHIIOBI OIU-
HUIl, TO JA Toro, mob OTPUMATH HOPMAJbHY AITPOKCUMAIi0 IS
A0BIpUHX iHTepBaNiB, NOTPIOHO MATH JOCHTH BEJHMKHH po3Mip BUOGIp-
KH.

Y HefKuX DPOCTHX BUIIAAKAX MOMKINBO BKA3ATH, AKHM MaE OyTH
cepenHiil poamip BuOIpKM 11, OO OTPUMATH HOPMAJILHY AIPOKCHME-
nio. Ane B GlIBIIOCTI BANAIKIB 16 3pOOUTH HE TAK IPOCTO.

€ mBa cnocobH mepeBipKm TOro, 4y JA0CATaEThes Gaskaumit HoBip-
4yl pisens 1 — & npu noOyaeBi JOBIpYOro iHTEpPBady 34 JOIOMOrO0
Bupasy (2.3) npu 3smanomy BubipkosoMy miani p(s), poamipi subipku
Ty T& pO3nomisi I‘eHedebHOI CYKYIOHOCTI, — TEODETHYHHH TA eMIpu-
9HUH. R

Teopemuynud HOJISITAE B IEPEBIpHI TOro, YK € oninka 0 acuMnoTo-
THYHO HOPMAaJBHOIO PH BEIUKHX poamipax Bubipku. Y UBOMY Ha-
NpAMKY OTPHMAHO Jedki pesyawratu [15]. Opumm i3 BakiusuX pe-
syasraTis € TeopeMma laexa. ¥V 1960 pomi neit wecbkuit maremaTnx
OTPUMAB aCHMITOTHYHME po3nojin ans ouinkum opeina—Tomrcona
IIpH IIPOCTOMY BHIIAIKOBOMY Binbopi 6ez nosepuenss. Jeio cupornie-
HO ¢ TBEDAKEHHS [l OIIHKH CYMAaPHOI'0 BHIVISJAE TaK:

Ipu deaxuxr mexnivnuz ymosaz, ma xoaun, N, N —n e ¢«docums
BEAUKUMUD R

te—1T

- 2
N2(1-2)E

~ N(0,1).
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Ane BinoBife Ha nMTAHHSA, WO GiNBIN 3a BCe HIKABHTH TIPaKTHKA,:
A pO3MIp BUDIPKU HeoOXi/(Huit 118 HOPMATBLHOT ANPOKCHMALT, Ta-
Ki pe3y/JbTATH JATH HE MOXKYTB.

Emnipusnudi IoNsirae y BAKOPHCTanH] METORY Monte-Kapino. Ce-
pist 3 K subipok (ckaximo, K = 10 000) sananoro po3Mipy orpu-
MYETBCH 3 CYKYHHOCT], IO € MOAEJIO IeHepPaibHOl CYKyTiHOCTI (Hero
MOXe DyTH CyKymHicTh, indopmanis npo sky 6yaa oTpumana 3 cy-
HISTBHOTO OOCTEXEeHH s B TIONePe iHI poKH) BIANOBIANO 10 Au3aitny p(s).

Jnsi xoxmoi Bubipkn s minpaxosyiorscs 8, D(0) ra DI(s), a norim
NEPeBIPSETRCs, YU HAIEKUTH § OTPHMaHOMY JIOBipYOMY 1HTEpBaTY,
Axmo R - me xinbkicrs im‘epBaniB? woe MictaTe 6, To emmipuyHUM
[0BIpYnM piBHeM Oyze BesnyMHA K 21—

[Tonibni excriepuMenTH TPOBOAMIIHCH Jisi pialmx OL[IHOK, BUDIpKO-
BUX Nu3aiHIB, FeHEPAILHHUX CYKYIHOCTe Ta po3Mipis Bubipok. Ilpn-
KJiaJ TAKOIO eKcnepumenty Hapezero s [20, posnin 7.9.1.

2.5. Busmadenns posmipy suGipkmu

Hepen tav, sx ofuuc/imTa Heobxinuuii posmip Bubipku, noTpibHo
CHIOMATKY BU3HAYUTHCH 3 TAKUMHE IAPaMeTpaMu: donycmuma noxubxa
e Ta pisend dosipu 1 — o, WO HEOOXimHI AN KOKHOrO OBCTEIKCHHS.
Hony noB’s3aHil cnissigHOMIEHHSIM

P(0-8|<e)=1-a

LI 18l Bestumum € XoHKyperTamu. Yum 6istbmomn Gyae TogHicTS (3Ha-
“enHd moxubku e — mase), Tum MermmM Gyne pisens nosipn 1 — «.
JAaraTbHONPUHAATHMH 3HAYMEHHAMA piBHst nobipu 1 — & € 0,90; 0,95;
0,99, s sikux o = 0,1;0,05;0,01. Tounicrs 3aneXaTh Bij THIIY
ri MeTH obcTexeHHs. SIKIMOo o6cTexenHs: IPOBOAUTEC HA PEryJIsAp-
Hilt OCHOBI 3 METOIO BHABJICHHS AMHAMIKH JEsKOL XApPAKTEePUCTHKH,
TO TOYHICTH NOBMHHA Oy TH TOCHTE BUCOKOIO (moXubKa e Masa). SIKio
fpoBOAUTECS TIPoDHE 0BCTEREHHS, TO BUCOKA TOYHICTD He 0608 I3KO-
11

Posmip noxubxm e B ocHoBHOMY 3amexuTh Bin Aucnepcii omin-
KU, fIKa y CBOIO yepry Oyie 3MEHIuYBATUCEH 3i 36LbIICHHIM KiTbKO-
eri eniementie y subipni. Ase TyT 1@ OIHUM BAKIUBUM dakropom €




trodoicem obcrexxennsi. OTpUMaTi BEAUKY BUOIPKY, & OTKe 1 BHCOKY
TOYHICTH HEMOXKJIHBO 38 yMOBH obMexkeHoro biomxkery. Tomy ocraro-
YHO BU3HAYUTH PO3MIP BUGIPKM MOMKHA JIMIIE TGS BPaxXyBaHHs BCIX
uux GHAKTOPIB TA IHAXOAYKEHHS JeAKOTO KOMIIPOMICY:

Busnadenns HeoOXigHOrO po3Mipy BUOIDKM HpPONEMOHCTPYEMO Ha
npukiaagi IIBBOIT npu oninoBanHi cepenHboro 3a  HOIOMOrOIQ -
OLIHKH ﬁﬁ =T.

IMpurknag 2.3. ias npocroro Banaixkopore sinbopy Ge3 nosepe-

HHA 5
e = 21_a/2VD(@) = 21-a2 (1""‘)§“

T
3BijcH OTPUMAEMO
2 2
zl--cc,/ZS
z2 s§2°
2y doa/27
e’ + N
Ocxkinpku abcomoTHe 3HaYeHHs MOXHOKH 3aJ€XKHTh Bl OTHHHAIE
PO3MipHOCTI, B AKMX BUMIPIOEThCA XapakTEPHCTHKA, TOMY HaCTiIe KO-
PHCTYIOThCSE BE3DO3MIPHOKI0 BEIHYHHOI — BigHocHOIO noxubkoio. Toi
weobxigaui po3mip subipku 3HAXOHATH i3 piBHOCTI
6-0] .
Pll——1 <€
0

T =

=1-.

VY upoMy BHDAJNKY 3HAYEHHs 71 IPH ITPOCTOMY BHIIBIKOBOMY Binbopi
6e3 nosepHenHs Oye 3a/i€XKaTH BXKe He Bij mucrepcii B reHepasibHii
cyKymHoeri, a Big koedinienra sapianii CV, = v.S?/Y:

1 ocfz(cv?f

'-“2_}_ 1 afz(c )

¢

Ha npaxrumi mi S?, mi CVy e BizoMi nepej npopeiesnaM 06-
CTEeXKeHHsl, TOMY Ili 3HAYEHHSI 3a3BUY4ail 3aH03UYYIOTh 3 MONIOHUX Cy-
mipHAX 00cTeXeHb, ab0, AKINO NP0 DeHepaJbHY CYKYHHICTH HEMaE
xonao0i indopmMarltii, TpoBoAATEL NPobHe 0bCTeXKEHHS fjif BU3HAUEHHA
BCix HeoOXImHEX AJid NpoLecy MaHyBaHH:A IMapaMerpis.
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2.6. Bnpasu Ta IMTaHHS AJIsI CAMOKOHTPOJIIO

2.1. o € m-ouinkoio ana cepeanboro Y mpu IIBBGIT?

2.2, #k Gyze aminopaTuce gucnepeis omuku lopsina—ToMncona npu
sbinmbmenni posmipy subipku n y sunauxy IIBB6IT?

2.3. B sKux BHIAJKaX Kpalle KOPHCTYBATHUCh MOHATTSM <«BiiHOCHA
MoxuOKa», a B AKHX — IPOCTO. «ITOXUOKa» 7

2.4. Meroio obcrexenns ¢ oninka miont hbepMepebKuX yrime y nestko-
My paiioni Kuisebkol obiiacti. ¥V mpomy paiioni sapeecrposano 2 015
chepmepebkux rocnogapers. I3 HEX 38 JONOMOTOIO TIPOCTOTO BHIIAI-
koBoro Biabopy 6e3 noseprenHs 6ymo Bigibpano 100 rocrnomapcTs Ta

OTpUMaHo iHdpopmanio mpo miIouLly 3eMenb (yx), mo 06pobisieThest
KOYKHHM i3 HUX:

D yk=2856ra 1a Y y?=156248ra’.
kes kes

1) OuinuTH 3a J0IOMOTOIO OIIHKM Topeina—ToMricora 3araabHy
IVIOLLY 3eMil, 110 00pobasaeThes GepMepCbKUME TOCTIONAPCTBA-
MH B LLOMY pafioHi.

2) Tlo6ynysaru 95-sincoTkosuit nosipumnit iHTEpBas 118 1i€l BesH-
THHH,

2.5. OrpumaTy BubipKy posmipy 4 3 reHepaiTbHOT CYKYHIHOCTI poO3Mipy
10 38 momomorowo cxem Biabopy 1, 2, 3, mo wasegeni B myHxTi 2.1,
Hxasiexa: 0y1A TenepyBaHHs PiBHOMIpHO posnojinenux na [0,1] wncer
MOJKHA CKOPHCTATHCH TAOMHIEIO BUITAIKOBHX YMCET i3 oonaTky 1
2.6. Tunose conjonoriuae ONUTYBAHHA TPOMAJICHKOT JyMKH POOHTHCS
ta ocHoBi BROIPKH, WO ckIanaeTbest npubauano 3 1 000 oci6. Tpumy-
CTIMO, o BUGIpKa 118 TaKoro o0CTeXe s OTPUMAaKa 38 JOIIOMOIOI0
POCTOTO BHTAJIKOBOTO BibOpy 0€3 NOBepHEHHSI Ha OCHOBI CIHCKY
neix rpomangn Yxpainm, skioyaoan Bac. 3a nammmu JepxkoMmera-
'y Yxpainu Hacesenus Kpaimm crasom Ha 2009 pik craHOBHIO NpH-
fyzro 46 MaE ocib.

I) #Ika ftmosipricTs Tore, mo Bu morpamure y BubipKy THX, XT0
Oyne omrrannii?

53




2) Tlpunycrumo, no TakuMm 4UuHEOM yTBopeHo 2 000 nesamexxHmx
BUbBipoK. fAxa #iMoBipHiCTE TOTO, o BU He noTpanure B XKOIHY
3 nux BUOIpoOK?

3) Ckinbku Bubipok nmoTpibHO yTBOPUTH JN Toro, moeb 3 iMosip-
uictio 0,5 Bu norpanuiu xoua 6 B ofiHy 3 HUX?

2.7. IlpoBojiuthea 06CTEKEHHS TPANIBHUKIB NiATIPHEMCTBA 3 METOI0
BU3HAYEHHA UPOMOpPHil TUX, XTO XBopi€ Ha npodeciiny xsopoby. Ha
nignpueMctsl npamoe 2 000 npanipaukis. 13 3oriumix gxepen sino-
MO, IO 3a3BHYAll HA NHOMIOHUX ImiaupHeMcTBax npodecifiny xsopody
MaioTk 3 3 10 npanisauxis. IIpu obcrerkenni nianyeTbea BAKOPUCTAH-
aa juzaiiny ITBB6II 3 nonyerumolo noxubroio 0,01 Ta pisnem nosipu
95 %.

1) SIxkum Mae GyTH HeoOxinEud posmip Bubipku n?

2) fxmo nemae niskol indopmanil mpo noaibHI 3axBOPIOBAHHS,
AKAM NoBHHEH OyTu po3mip Bubipku n?

2.8. IMToTpibHo OWIHUTK KiJBLKICTD JIIOfEi cepel HaceTeHHsT YKpainy,
10 XBopitoTe Ha TYGepkynpo3. Ilpu obcrexkeHHI MAAHYETBHCH BUKO-
pucranns [IBB6IT. flkuio peajbHa 4acTKa XBOPHX HA TYOEepKy/Ib03
ckmaaae 0,01 %, cxinbxu oci6 morpibho obcrexkurn, mob xoedimient
Baplawil OLIHKH C'V(ﬁ) = i}’i@ ue nepesuutysas 5 %7 Ilpoanasti-
3yBaTH OTPUMAHKH peayanaT.-

2.9. TIpu obcrexkeHHi XUTeTiB AesiKOT0 BEJIMKOro Micra OymyTs 10~
CJIJPKYBATHCE [ABi BEJIUIMHU:

Py~ yacTka TUX, XTO Ma€ NpAdbHY MAIIMHY;

Py = gacrTka THX, XTO Ma€ I0CTYII O0 MepeXXi IHTepHeT.

I3 nocrosipunx mxepen simomo, mo 40 % < P, < 60 % 7Ta
5% < P, <15 %. flkum mae 6ytu poamip subipku npm 3acTocy-
panui IIBB6I1, gxkuio MH X04eMo OIIEUTH 0dHo“acHo mapamerp Pp 3
rounictio +2 % Ta napamerp Pp 3 Tounictio £1 % npu pissi 10BipH
95 %7
2.10. Ha subopax B ocraHHbOMy Typl norpibHo subpaTu ogHOTO 3
J1BOX KaHnuatis (TpeTroro Bapianty Hemae). Hanepenomni aua suto-
piB MPOBEAEHO ONUTYBAHHS 'POMAJICBKO] IYMKM 3 METOIO BU3HAYEHHS
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nepemoxkig. Hexalt n — kinekicTs Tex, x10 6yB onuTannit Ipy 3aCT0-
cyeanuni IIBB6IT (npunyckaerses, mo n > 100 Ta po3aMip renepajibHol
CYKYIHOCTI BeNMKHUH HOPIBHSAHO 3 po3mipoM BUOIPKH).

HAxow nopuuHa 6yTH DizHUINS MiX BimcoTkaMmu royocis, Habpanux
KBHBaTaMu, s TOTO, o0 y pesyibTari onuTyBanes MOxKHA Gyro
3 imosipuicTio 0,95 pu3HAauHTH nepemoxkus subopis? OOumeanTH 1M
3HAYEHHS A8 PI3HUX N.

Brasigxa: K0 NPUIYCTATH, WO KaganaaT A mporpae subopu ta
Pa - ue BiflcOTOK rosocis, siki Bin orpumac B geHs Bubopis, TO He-
xait P4 — e BiJICOTOK roJIociB, 10 OTPHMAB KaHIUIaT A HarnepemnonHi
nig 4ac onuTysanud. Toai 3amgava Oyae 3BOJMTUCH [0 BHAXOIKEHHS
KpuTHYHOT obnacTi s ﬁA, J7Is K0T HMOBIDHICTL BU3HAHHS KaHIHIAa~
ra A mepemoxkuem Harepenoari subopis Oyae cknazaru menme 0,05,
Tobro, noTpibuo 3naliTH Take 3HaAYEHHA C, OO

P{P4 > ¢|P4 < 50 %} < 0,05.
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Pozmia 3
Binbip Bepnysuii
3.1. OcnHosHi BiacTHBOCTI

Binbip Bepuymii € HaI3BHYaiHO OPOCTAM BUIAOM BUIRILKOBOTO
BizBopy. Mu HOro BHKOPHCTOBYBAIM JJIf LIOCTPAlil JEeAKMX Teope-
THYBUX pe3ynbTaris (auB. npuksaaan 1.2, 1.4, 1.9, 1.10).

Orxe, npy Binbopi Bepuymt inmukaropy Bmouenus I1, Iz, ..., I
€ HEe3AJEKHUMHE 1 0JHAKOBO PO3MOALIEHNMH BANAJKOBUMIU BeJIHIHHA~
mu. Jl1s BCIX e/IeMCHTIB iMOBIPHICTB IX BKJIIOYEHHHA OAHAKOBA, T006TO
T = T A1 Beix ko Ta

P(Ik:1)=7[, P(_Ik=0):1—?'[.
Bubipkosnit au3aiin

p(S) = 7" (1 _ ﬂ)N—n,,

e s — pO3Mip BUGIPKH, 1110 € BiHOMIATLHO PO3NOLLIEHOO BUIIZIKOBOO |

BETUYHHOW 3

EBB?’LS = NTI.', DBBTLS = i\r‘?‘[(l e Tl:).

PO3KII MOK/IMBUX 3HAMEHb BUTAIKOBOI BEIHYUHE Ng MOXKHA Ol '

HuTH, Ko Habawswry GiHOMIaNBHMI PO3NOALT HOPMAIBHUM

DI(ns) = N1 z;_q/9/ N7i(1 — )

3 piBHeM mosipn mpubAU3HO piBHEM 1 — &,
BurzHauumo AMOBIPHOCT] BKJIIOYEHHSH

m, = 1 Vk;
My = 1 Vk#l
T = T Yk
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Ag = 1y —mm=n® -1 =0,

Ay = m—m*=mn(l-—mn).

3.2. Ouinka TI'opsina—Tomncona npu sig6opi Bepnysti

Tsepdoicenna 3.1. Ilpu subipxosomy dusating Bepnyasi oyinku
I'opsiya-Tomncona dasn cymaprozo T ma cepednvozo Y wabysaroms

6uzAAdy
- 1 - 1
tﬂz_zyka gﬂz—zqk
ﬂ: kes Nm kes

3 ducnepciamu

Dpp(tn) = (% - 1) kz 2=t
=24

keU
Dpp(.) = N2ﬂ Zyk
kels
ma outrKamu das ducnepeiil
~ ~ 1 /1 ’ 1
Pon) = 7 (3-1) Tei=
kEs keEs
Dap@a) = o O 4k
kes

Hosedenna. Cnpasmi,

tﬁ_z Yk — %Z%
kES kes
ra

Dpi(tn) = Yn ¥
BB = D D AuZl=3

2
kel lelU kel T

- 1—71:)—2 k‘”_'__zyk

kel keU
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3 HE3MIIIEHOIO OLIHKOI

D T A O A 2
i - EES 2252

7T

kes les kil kes kke
(1l =) 1 g l—m g

kes kes

Bianosiguai Bupasn oist cepegHboro OTPUMYEMO, BPAXOBYIOUH, 1HO
Un = wtn 7 D(Ty) = 32 D(tn). O

Teeporcerns 3.2. Ilpu sacmocysanni 6idbopy Beprnyani outnxu
dan wiavkocmi Ny esemenmis 3 deaxol nideyxynnocmi Ug ma wac-
MKU YUT eremenmis y cyxynrwocms Py nabysaroms euzaady

. Nsy 3] sy

Ne==5 fa= g

de sq = sNUyg, Ns,; — KIADKICMY LACMEHMIE Y 6UBIPUL, WO HANENHCATNY
nideyxynnoemi Uy, Sanuwemo ducnepcii yux ouinox

o l—m . = l-m,
ma oYinKY dan ducnepcid
SRS Y l—m S l—m
Dpp(Na) = —5~nsy,  Pplfa) = Frmnes

Joeedenns. Jane TBepIAKEHHA OTPUMYETHCS 3 MOHEPEIHBOTO, BPaXo-

By1oud, O Ny = ), 17 Zdk, 1€ Zdk = 1, AKINQ k-t EIEMEHT HaJIeXKUTh
: ; . : ; : — N

nincykynsocri Uy, Ta 0 — B inmomy sunaiky, a Py = . O

Mpuxaaa 3.1. 3acrocyemo oTpumMani pe3yabTaTn AJsS TOCTIKe-
HHS PeHepaJibHOl CYKYIHOCTI, IO CKJIAAacThest 3 4 esementis. [Ipn-
OyCTHMO, 0 3HAYCHHS XapaKTepUCTHKHU y HaM BIOOMI 4718 KOXKHOIO
esiemenra (Tabi. 4).
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Tabnuns 4. EneMmenTu reHepaibHOl CyKYNHOCTI 3 BignosinaumMm
BHAYEHHAMHE XAPAKTEePHCTUKH

Exemenr | 112131 4
Yk 216|810

BacrocoBywoun Biabip Beprysm, moxua orpumarn 24 pisanx pu-
6ipok, BKIIIOYAIOYH IMOPOXKHIO MHOXKHHY Ta BCIO I'eHepajbHy CYKY-
nuicThb (Tabs. 5).

Tabiuns 5. 16 moxkaueux Bubipok npu Bigbopi Beprysai ra
aHaueHHd §, npm = 1/2

Ne 1/2{3|4|5 6|7 8|9 10{11]112(13114| 15116
Eme- (@{ 12134 (21|11 t21213]1p1¢11] 2 1
MeH- 213141314141 2121313 2

™ 31 414] 4 3

4
Bua- | - | 216811012122 (6|6|8]|2]2]2 6 | 2

g~ 61811018 (107101 6 6 | 8| 8 6

HHA 8110110) 10| 8
10
e 10111314} 514567819819 110f12]}13

Banmuniemo BUOIpKOBUHA po3noais omiHkw (Tabdsr. 6).

Tabnuns 6. Bubipkosuil posnonin ﬁn

Ue | O] 1 | 3 [ 4|51 6|7 |819110]12113
=20 VRS0 I W A U I U I S A S I S B A 0 A S S G G I
6.1 16 136 | g1 R i I6 1 36 | 8 1 8176176 | 16

3acrocysanus oninku Lopsina-Tommncona npu Biabopi Beprymri
ve € ecpekTuBHEM. K MU HadumMo 3 BUOIPKOBOI'O DO3MOMLTY, MOMKITUBI
3HAYEHHA OIIHKH ﬁﬁ HOCHTE CAJIBHO PO3KUAAH] BIAHOCHO peasbHOro
3HAYEHHSA CepeqHboro Y =65, a 3HadeHHd 6 Ta 7, 1o € HafbamKIuMn
a0 6,5, MoxyThr OyTH OTpuMaHI 3 TaKOlO caMol0 HMoBipaicTiO, #K i
3navenns 0 abo 13. Buikim roro, npu oberexensi Beiel reHepanabHOT
cykynuocti (Bubipka 16} orpuMyloThCa 3HAYEHHS, IO AyXKe JaNeKe
B Y, xo4a B IbOMY BHUIAAKY MH BXKe MOXKEMO OOYUCIHTH PeasibHe
SHAYCHHS.
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Buauenns aucnepcii oniHKK DBB(‘J‘H) = 25, 5 Ta xoediuienTa Ba-

~ D X _
piauiit CV(g,) = y—iiﬁ—m = 0,77 (77 %) € TaKOX JOCHTDH BEJIMKU-

MU, OCHOBHOIO TIPMUMUHOIO YOr0 € 3MIHHUMN po3Mip BEOIpOK npu Bi/100pi
Bepuymnai. O

3.3. Hepnouniku Bigb6opy Bepnysii
Ocuosnumu Heponikamu sinbopy Bepuynii e
e Ginbma gucnepcist oninku Fopeina-—-Tomrcona, Hixk mpu [IBB6IT;

e sMinEMi po3Mip BuGIpKH, MO BUKJIMKAE TPYLHOI IIPH IJIAHY-
BaHHi.

3 nepinuM HeTONIKOM MOXKHA HOpOTHEA 38 OIIOMOTOI0 BUKODHUCTA-
HHs1 1HIoT OmiHKH. SIKLIo MU 3adikcyeMo cepeiaill ogikysanuil po3Mip
. n
Bubipku Eng = Nt=n, To m= £ 1

~ N 1
tn=—) Y =N|— Z Yk
k€Es kEs

Benuuuna B AysKKax - € BubipkOBHM cepefHIM, 3H&YEHHs SIKOrO MO-
mupioeTbes Ha Bel N esieMenTiB reHepanHol CyKyImHOCTL. Ase u?;tcy—
MYBAHHS ITPOBOAUTLCA IO BCIX eJIEMeHTax, L0 HOTPAlWIN y Brfxﬁlpxy,
B TOW Hac AK ycepelHeHHsI — [0 CEPEIHBOMY O4iKYBaHOMY DO3MIPY B.Pl—
6ipku n. Joriunime 6y10 6 ycepenmosaTy o Tilt KITBKOCTI eJleMeHTiB,
10 PeasbHO NOTPAILIAIOTE Y BHOIPKY. ¥ HbOMY BHIAIAKY OTPHMAEMO
AJBTEPHATHRHY OLIHKY

— N Thg =
tappr = ;?: % Y = n tor. (3])
Bunaaxosuit poamip ng B {3.1) 3MeHnIye Bapiauio, roJoBHOKO TpH-
YHHOIO AKOI OyB 3MiHHWI po3mip Bubipku. [eskumu cremianbHEMU
MeTOIaMi MOYKHA OTpUMATH HabivKeHu Bupas 4j1s jucnepcii (ans.
miaposain 9.3.):
DBB(};‘HI’T) ~ N (711: - 1) 5% = N? (l - ;,) 52 Nzl nfS

n
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Toni

-

Pppltn) 1
DRE (fanse) (1 T (CVU)"‘) '

EdexTuBHicTs BUKODHCTAHHS OINHKH fay, OCOBIMBO BIOYyTHA,
Ko koedpinienT Bapianii resepassroi cykynmocti C'Vy manuit, robro
KON reriepasibHa CYKYUHICTh JOCHTH OfiHOpiaHa. TakuMm wHHOM, BU-
KOPHCTAHHS IHIIOI (aNbTePHATHBHOT) ONIHKY yCyBa€ Hepmuit HEnomiK
sii6opy Beprymni — Benuky mucnepcio:

Dy (tans) ~ Prippery (r)-

Ane iHmuit Henonik 3aTHINAETHCH. A npu obmerkeHoMy G10mKeT
e MoxKe OyTH Jy>Ke CyTTERO.

I xou Ha npakTHI} BCi HAMAPAIOTECA YHEKATH BUOIPKOBHIX Hu3aii-
HiB 31 3MiEHUM posmipom BubipKH, 3a npucyTHOCTI HeBiaMOBineH Taki
subipKosi nusaitnn, sx BB, MOXyTh cayxut Moaemo OTPHUMaHHH
BlIIOBLOEH,

Kpim Toro, y Bumajkax, Koau moTpibHO OLIHATH HE JINIIE 3araib-
HUI IApaMeTp JJIs DeAKol CyKyIHOCTI, ajle it 3naita BiymosigHi orin-
KM IS TICYKYTIHOCTEH, KOHTPOMIOBATH PO3Mip Brbipok VY KOXHIH
MACYKyTHOCT] JgyKe Baxko. | Toai Takoro Tmmy BiZboOpH cTalTL y
HArO.

3.4. Ouzaitu-edexr

¥ Teopii BubipkoBux 06CTeKEHb NPOCTHI BUNAKKOBMI Bibip Gez
IOBEPHEHHS BlAirpae Jy»Ke BaXKJMBY pPOJIb. XOY Yy YHCTOMY BUIJIS-

Al ne#t BinGip pimko BUKOpHCTOBYETHLCH Ha IIpaKkTHIl, aje BiE e Haili-

HPOCTIMIAM i CITY>KUTb OCHOBOIO ISl GLIBIN CKIIA[HAX Binbopis. Tomy
oMy HaJaTH POJIb €TaJIoHa, 3 AKHM IOPIBHIOIOTE yci inim BinG YODH.

IIpu npocromy _BunajkosoMy BinGopi 6es nosepremnsi omimka
Fopsina-ToMmucona , = Ny Ma€ TUCIIEPCi

- ol—f 2 _ 1 1 2 n
t — - = .

PrBBeIT (tn) = N*—=5 2N e
Hexatt p(s) - nesikuit sinminaul sig [IBB6IT subipkosuit nuaaira

} TAKMM CaMum cepesiHiM posmipom subipku Ens = S m = n (e
kel
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noTpidHo, Lu06 nopieusiaus Byno cupasemywsuM). Ilpanyerumo, mo
T-OLHKY Tn MOXKHA BUKOPHUCTATH 1 s OO BADIPKOBOrO AW3aiiHy.
Toni dusatin-eexmor HA3UBAETLCH BETUIHHA

_ Dp(tn) ZZkIED kfnﬁ%
Drppeni(tx) N33 — %)S°

Bemnuuna deff pusHauae edeKTHUBHICTE ¢rpaTerii, mo. cKIanaec-
TheA 3 BUGIPKOBOTO ILIAHY P(S) T8 OUIHKH fr, NODIBHAHO 3 IPOCTHM
BHUTIAIKOBHM BizbopoM Ta oniaxkow NF.

Axwo de ff (p, ?n) > 1, TO TOYHICTH BTPAYAETHCH DU 3aCTOCY BaH-
Hi qusaitay p(s) 4715 OuiHKY ty. HAxwmo deff (p, :‘:,T) < 1, 10 oOTpEMyEMO
Tounimi pesyawraru nopisusano 3 ITBB6IL.

Ockinpku B 000X BHIIAZKAX BHKOPHCTOBYETHCs ouinka l'opsinma-
Tomrnicona ?ﬂ, TO IPUYMHOIO BiaMiHHOCTeH € BubipkoBUi au3aits p(s),
110 BIJIMBAE HA, PO3HOILI ?ﬂ.

t’iﬁff (p(s)a?ﬂ

Opuxaan 3.2, Hocaigumo, sikult nusaitH-edext mae Binbip Bep-

Hys. Harajiaemo, o B IbOMY BHIIBIKY

kes Tk kes
Ta
1~ 9 1 2 T
Dpp) = yi = —— [(N - 1)§* + N(Y)?]
kel
5 2

1—m 1 Y

= 7\-?— X 1 - = -~ =
sli- L ( S)

1 =7 1 1 D)
— ———— ]_ — m— hr gy A:F‘}S' »
= ( ~N T (cvylz) |

fe CVy = £ — koedinjent sapiamii reHepaibHOl CyKYIHOCTI.

Ins roro, nob nopisHsAHA 0y/10 crpaBeJIHBUM, 3a(iKcyeMo ce-

~<
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pennift posmip Bubipku Eng = N7t = n, to6ro 7 = % Toni

Dpg(tr)
PriReri (tn)
N +
(1-2)¥Ng2 (1 S (—C—&W)
R

deff (BB, &)

1 1 1
= (l- =t | A T+ e
( N (CVUP) REDE

Hnst Ginbmocti resepansEuX cykymsOCTElH koedinienT Bapiamii se-
KATH Y Mexax: 0,6 < CVy < 1. $kmo CV[, = 1, 1o
deff(BB,tx) = 2, axmo CVy = 0,5, 1o deff(BB,ty) = 5. OT)Ke B
OlibimocTi Bunankis sinGip Beprysamni e menm edekTusHIM (TOUHEM),

HDK mpocTHit BUnaaKosuit Bigbip. Lle noscHioeThes THM, 110 Bubipko-
suit 1u3aiie BB mae smiannit posmip subipok. ¢

Mpuxiran33. dna reimepansHol CYKYHNHOCTI 3 npukiany 2.1 koe-
chitiert papiamii

CVy = ; = 684/0 = —V% ~ 0,45, To6ro deff(BB, ) =

O1ke, MOXKHa 3pOGHTH BUCHOBOK, M0 BHKOpHCTaHHA Binbopy Bep-
iyt Gysie B 6 pasis menm edexrusanm. e 03HAYAE, N0 OPY OLHA-
KOBOMY CepesHBOMy po3Mmipi Bubipku omiku npu sigbopi Bepuymnni
LyayTe Math aucuepcio B 6 pasis Ginbuty mixk npu IIBB6IT. Abo,
(110 eKBIBANEHTHO, JUIs OTPUMAHHS OIHAKOBOI TOYMHOCTI upu Bigbopi
Bepraysni Ta npocromy BunaaKoBoMy BInOOpi moTpibHO B mepmomy
BUIAAKY OOCTEXXHTH B cepenHboMy B 6 pasis Hibine eeMenTis. ¢

3.5. Bmnpasu ta nutanns mis CaAMOKOHTPOJIIO

3.1, Hu moxna Busnaumru BigSip Bepuymii, ozmosmauno zacdikcy-
DABILIM CepelHill po3Mip Bubipku?

3.2. fIxi ocnoBHI HeoMmiKK BinGOPY Bepuynni? Yu moxna ix yeyayTu?
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3.3. dxi BaacTUBOCTI NOBHHHA MATH eHEDAIbHA CYKYIHICTD LI TO-
ro, mob nuzaitn-edext siabopy Bepuynni npubmusno nopisuoBas 17

3.4. Hexatt renepannha cykynuicrs U noginena Ha Tpu HeneperuHHi
nincykynuocti Uy, Us Tta Us, mo MaioTs posmipa Ny = 300, Ny = 200
Ta N3 = 100. Hus koxHOro enemenTta k BKIOUeHHS ab0 HeBKIIOUE-
HAs Yy BUOIPKY $ BU3HAYAETHCS B pe3yabraTi Bunpodysans Bepryii,
IpH SKUX ejeMeHT k moTpaiuise y BuOipKy 3 iMoBipHicTIO 7%, Vi
BHIIPOOYBAHHA HE3AJIEKHI.

1) fAxmo m, =0,1 g k € Uy, mp =0,3 nns k € Uy ta m, =0,7
i k € Us, sxuMm Oyme MaTeMaTHUHe CIOIIBAHHS Ta JHUCHEP-
cisl BEJIMYHHHU Tig —~ PO3MIpPY BHOIPKH, IPH TakoMy BHOIPKOBOMY
aua3aiui?

2) fAxino NpUIyCTUTH, MO BCi T OJHAKOBI [iJis BCIEl reHepasbHOL
CYKYIHOCT], sKuM Mae OyTH 1ie 3HaYeHus s Toro, mob orpn-
MaTH Take caMe MaTeMaTHYHE CIOAIBAHHA BEJIMYUHU N, AK 1 B
nonepeauboMy AyukTi? Ilizpaxyparn 3HavewHs nucnepcil pos-
Mipy BubipKyu ng B HEOMY BHIAIKY.

3.5. Hexait s — ne subipka, mo 6ymna oTpuMaHa B pe3yasTaTi Biabopy
Bepuymn 3 remepansnol cykynuaocti U posmipy N skino jis Beix
k € U m. = 7. Hexaii ng — ne sunanxoeuit poamip subipku s. Jlosectn,
MO0 YMOBHA HMOBIpHICTE OTpHMaHHS BHOIDKH § 38 YMOBH (DiKCOBAHOTO
pO3MIpY s chiBhamae 3 iMOBipHicTIo orpHManHa i€l BuOIpkHM npu
OpOCTOMY BUIAAKOBOMY Binbopi 6€3 noBepHeHHs, KOJIH 1 = 7.

3.6. dns susBACHHA cyMapHOi KiabkocTi aiTell BikoM 10 2-X pOKIB,
kUM He Byna BYacHO 3pobieHa BakUUHALIS, TPOBOANTLCS BubipkoBe
obicrexxenssa B aeskiit obmacti Yipainn.: Bigomo, mo 8 nitt obmacti
e 120 MenuyHuX NYyHKTIB, g¢ OPOBOOUTHCS BaKIuHAaMis. XapakTepu-

CTHKOK) Yk, IO BUBYAETHCS, € KinbKicTs agiteli, sikum He OyiH Bua~

cHO apobiieni wWemIeHHs B MeanyHKTI k. [Tis obcreskenHs NNaHYEThCH
BuKopucTaHHs Binbopy Bepmymi. Bigomo, mo Y o vk & 2 400 Ta
Yker y% & 49 000. Hkoro Mae GyTH cepelHs KiMbKICTh MEAITYHKTIB,
o nipnaranTs 06CTEXKEHHIO, TIPH TAKOMY Biabopi Ta 3acTocyBanH]

1) oniuku I'opsina-Tomncona to:
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2) anBTEPHATUBHOI OMIHKHU tgyyr, 10 BH3HAYEHS dbopmynown (3.1),

KO KoedinieHT papianil KOXKHOY 3 MX OMIHOK HE ITOBHHEH TepeBRyH-
mysaTu 10 %7

3.7. [Io neskoro HaceneHOro nyHKTY YKpainn Hamexars 2 500 AOMO-
rocrioziapers. Bubipka posmipy ng = 900 6yna orpuMana B pesystbrari
lacTocyBants Binbopy Bepuysiuti 3 7w = 0,5 3 MeTOI BU3HAYEHHS gac-
'KH THX JJOMOrOCIIOZApCTB, 110 nepebyBaioTh 3a Mexkero 6imxmocri. V
pesyabraTi obeTekenss OyiI0 BHABIEHO, IO TAKAX JOMOTOCIIONAPCTH
y Bubipni 350. ITorpi6uo ouinuTn BimcoTok Tux AOMOTOCICIAPCTS, 110
nepebyBaoTh 3a Mexero 6IHOCTI B IbOMY HACEICHOMY IyHKTi, Ta mo-
bynysaru 95-BincorkoBuit nopipumit iHTEepBas A1 [iel OUiHKH,

3.8. Ilna renepanbnoi cykymsoeti U posmipy N = 10000 KoecirienTt
sapianii C'Vyy = 0, 534. Busnaunty neobxinuui (cepexniit) poamip Bu-
DIpKH JUIst OUIHKY CEPENHEOro JesiKOi XapaKTePUCTHKHN Y TaK, mob Ko-

ecdinient Bapiauii ouinkn Topeina-Tommcona CV (7)) = VPG /Y
ne nepesunmysas 1 % npu 3actocysanHi:

1) mpocToro BHIAIKOBOrO Bigbopy Ge3 nosepueHHST;
2) BigBopy Beprysi.

Axunm nosunen Gy cepenniit poamip Bubipku IIDA BUKODUCTAHHI

allbTepHaTHBHOY ominky (3.1) ms Bixbopy Bepnysii?




Posznain 4
CucremaTnunuii Biadip

4.1. OcHOBHi HOHATTH TA PE3YJbTATH

TFonosHOIO nepeBarow cucTeMaTU4HOro BiAOOPY € 1mpocToTra Horo
BUKOpHCTaHHs Ha npakTuui. Hexa#t N — poamip renepanseoi cyky-
maocti U, ¢ € N — neake ¢ikcosane umcno. Ilepinuii enement Bu-
Bipku BAGHPAETHLCH BUNAAKOBAM YHHOM CEDEJ MEPIIHX ¢ €JIeMEHTIB
cykynHocri. Obpane Takum 4usHOM uumcsio r, 1 € r < a, Ha3suBae-
THCSL BUNATKOBUM CAPTIOM (BUNAIKOBUM TOYAMKOM), & THACTO @ —
subipxosum iHmepeanosm. Koxen enement 1,2,...,a Ma€ 0IJHAKOBY
fimopipaicTs Oyt o6panuM: é Haii y pubipky HOTpanismoTs ene-
MEHTH 3 KPOKOM @, Tobto v, r+a, 1 +2a, ...

Takum YMHOM MOXKHA OTDHMATH JIHINE @ Pi3HNX BUGIPOK, KOXHA
3 AKHAX MAa€ ONHAKOBY WMOBIpHicTH ByTu 06pasoio: %

Hexait n = [1—}], Toui N =an+c¢, ne 0 < ¢ < a.

Axkmo ¢ = 0, To po3Mip ycix cucTeMaTHUHUX BHOIPOK: JOPIBHIOBA-
tume 1. Hkmo ¢ # 0, To cucreMaTuyHi BUOIpKY MOXKYTh MaTH pi3Hi
posMipn: 7 i 7+ 1.

Hoznawmmo Fop = {s1, ... ,Sa} MHOXuHY BCIX MOXK/IUBAX BHOI-
pPOK 1pu cuereMmaruaHoMy Binbopi. Toni

p(s) = { 1 AKILO 5 € SoBs
0, B iHIIOMY BHIAAKY.

Aaa Toro, miod BH3HAYMHMTH, SIKOrO BHTIAAy HabyBae oOIllinka
T'opsina~Tomncona Ta 11 gucnepcist npu cucreMaTH4HoMY BiaAGOpi, No-
TPibHO 3HANTH HMOBIPHOCTI BK/IIOUEHHS NMEPIIOTO Ta J(PYroro Mopsii-
KiB:

1
e = —, Vk;
a
1 s o :
= sxmo k ta |l HanexaTb ol BUBIpH s;
Ty = {a] g 3 P vk # L.
0, sakwio Hi,

Takum “maOM, AU3alid OpH cHcTeMaTUYHOMY Biabopi He € sumip-
Hum (T06TO, HE JIst Beix kL € U myy > 0).
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a
, 8¢ HE niepeTuHanThest Ta | J 8 = U,
'1‘.:1

Ockinbkn Bubipku sq,

TO CymMaphe T MH MOMKEMO 3anucaTH gK

a
Tzztsw ae ity = Zyk-
r=1 kEs,

Cucremarwarnit Binbip MoxkHa posrisnaTti sk Binbip ommiei 3 a

IICYKyTIHOCTelt TeHepabHOI CYKYIHOCTI 3 piBHMMH #MOBIpHOCTAMU
{% 3 TOJANBIEM OOCTEXKEHHAM BCIX eeMeHTiB BUGPAHO! MiACYKYIHO-

CTi,

Teepdocennsn 4.1. Ipu cucmemamunnomy eid6opi 3 eubiprosum
IHMEPSaAoM a, T-ouinKka das cymaphozo T mae suzand

E‘\ﬂ::'-'}"?('.‘;: de s :Zyka SESCB‘

kes

3 ducnepciew
Dep (tx) =a- (a—1) S, (4.1)

@
Sf:ﬁg(t,,,ef)?, E: = Z

Ipu yvomy ducnepcia Dop (Ex) Gyde manow, axwo cymapri i,
no eubiprar s, b6ydymv NPubAuSHO PISHUMU.

de

Qll—‘

Hosedernna. Ockinbku mis Beix k=1, N m, = % TO

T Yk
ﬁn:Z;{-—ZGZyk:atS, SE&CB-

kes k kes
Toni
Dep (tn) = D Ak e"!—kﬂ =
kel leU
Tk
= ZZ o 1)'9%3;: =
kFUZEU( T i
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= Zz_ywe Swl] =

kel lelf k kel

= a SN wkm | - 17 —azt —-

r=1 \k€s, l€sy
- 2
= G,Z (ts,— - t) .
r=1

a
Z 2 — af®
r=1

Sayeavicenns 4.1. Ockinpku Bubipkosuit qusaiin CB ne € sumiprum §
(me s Beix k, I € U mgy > 0), TO BUKOPHCTOBYBATH BHDPA3 I OMIHKH 4

zucnepeii D (tx) (dbopmymna (1.6)) ne movicral!!

4.2, Po3mip Bubipku npu cucreMaTuyHOMY Biabopi

IIpn sacTocyBanHi cHCTeMATHYHOTO BiIOOPY AyKE BAKIUBUM € _

KOHTPOJIb PO3MIpPY N MOxJiuBuX BuOGipok. Hexalt

N=an+c¢, 0<c<a

Axwo ¢ = 0, 10 Bci @ MOXKIUBHX BAOGIPOK MAIOTh OIHAKOBUIR PO3-
Mip n; sikmo ¢ > 0, To po3mip Bubipku jopisuioe n + 1 npu r < ¢ Ta |

nOpu T > C.

Bumora, 1106 a 6yJs0 MM 49HC/IOM TPUBOAUTL Y JESKIX CUTYa |

uigx jgo po3Mipy Bubipku, 1o € gajlekum Bijn HazkaHoro.

IMpuxnaydl. Hexait N = 149 1 6axkanutt poamip Bubipku n = 60,

Toai, saxmo subipkopuit inTepBas ¢ = 2, TO MH OTPHMAEMO PO3MIp |
Bubipku 74 abo 75; npu a = 3 — abo 49, abo 50. Orpumaru BuUbIpKY "
poamipy 60 HeMOXIUBO. &

3ayBaKuMO, 10 KOJIU 1 Majle nopisasuo 3 N, to npobaema He € |

HacTLIBKM cepiiozHow. Hapenemo asa cnocobu i1 BEpIiEHHS.

Meron apoGosoro BubipkoBoro inrepsasy. Ileit merom momy-
. N 5
ckag, mob a Byno HeuiauMm uncnom. Hexalt a = 5, e n — Gaxanuft
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o

posmip Bubipku. 3reHepyeMo BHIaIKOBE QuCo &, Mo Mae piBHOMIp-
wuit posnonin Ha [0,a]. Bubipka B 1IbOMY BHOAIKY Oyze cKIaIaTHCh
1 etevenTis k € U, ans sxux

k=1<&+(G-Da<k, j=1,...,n

Abo, ne exsiBasienTHO BubOpy 3 iMOBipHicTIO % BHII&IKOBOTO LIJIOTO

qucaa r, 1 <r < N, ta sigbopy y Bubipky enemenTin k, s sakux
k=Dn<r+(G-1)N<kn, j=1,...,n.

Hanpuknan, enement k = 1 6yze sini6panutt axmo 0 < r < n. la
noia Hacrynae 3 imosipmictio %. Ipu upomy Bei MoskHBI BHOIpKHU

MAIOTE PO3MIp 7.

Huxoriannii meron. V upoMy sunajixy BHOIPKOBY CTPYKTYpY po-
DATh THKIYHOIO, TO6TO micas N-ro enements crninye 1-i i T 1. Bu-
bnpaerbes Bnna,zu{ose gncao r (1 < r < N). Hexail o - e Ba#tmxe
LiJie YHCI0 61;151 + - Toni y BubipKy moTpamisiors Ti enemenTu k, njs
AKHX

E=r+{(j—1)a, axkmo r+ (fj — 1)a < N,

k=r+(~1)a—-N, sxmor+(j—~1)a> N, J=1...,n

Y IpOMY BHNAJKY po3Mip 1 Gyae ONHAKOBAM [Js BCiX BHDIpPOK.

106 migpaxysarn Dep ( ) L7151 000X UX MeTOAiB, nOTPIGHO 3HA-
fiTit AMOBIPHOCTI BKUIIOWEHHS OPYTOro NOPSUIKY 7k, k # . Ase B mix
nutankax subIpkH s, He 060B'A3KOBO HemepeTHHHI, TOMY IIpH nigpa-
XYHRY HMOBIDHOCTEH BKJIIOYEHHs! IOTPIOHO neit dakT BPaxoOBYBATH.

Y pasi, ko ¢ = (), Bci METOIM CHCTEMATHIHOTO Binbopy exsiBa-
aentHi. fxkmo N mocuTs Besuke BimHOCHO 71, TO Pi3HHIE MiXK IIHME
MeTogaMu Oye He3sHaYHOW.

4.3. EdexkTunHicrb cucremaTugHOroO Binbopy

3naveHHA Dep (tx); a oTXe, 1 eeKTHBHICTL CHCTEMATHIHOTO
hiA0OPY 3a/1€3KUTH BiJL TOTO, SIKHM YMHOM €JIeMEHTH TeHepalbHOI Cy-
Kynnocti Bnopsakosani. Jucnepeis 6yme mamomo AKIO CyMapHi tg
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110 KOKHi#l MoxkAuBii Bulipui OyvayTe npuban3uo pisauMu. B axkomy
BHNAIKY e MOxKe OyTu?

s npocToT po3riisiHeMo BUNAAOK, Ko N = an, ne a ~ e _\

qucio. Toai a = % i
-~ N N
ty = ;Zyk:ﬁ'?sr:
kEsy
1 o a o
DCB (t“) = j\rza Z (isr - Y) = N?LZ (gsr - Y) )
r=1 r=1

Posrnsimemo Bapianiio eeMeHTiB reHepalibHOl CYKyIIHOCT], To6TO

S -7 = 33 -7) =

kell r=1 kEs,
a
= 3N (w7, -7) =
r=1 ks,
a @ .,
= YD =9+ n(m -Y)"
r=1kesr r=1

OTpHMYy€EMO OCHOBHY TOTOXKHICTh JHCIEPCIHHOTO aHaNI3y

SST = SSW + SSB,

SST = Z (yk - ?)2 - 3araJIbHa Bapiamid,
kel

a
SSW = Z Z (yx — 7s,)? — BHYTpiHBOIPYHIOBa Bapiaris,
r=1 ks,

a
SSB = n Z (Fs, ~ ’1_/’)2 ~ MiXrpylosa Bapiamis.
r=1

Y usoMy 3ammci:
e S5 Big anri. sum of squares, IO O3HAYAE — CYME K6AOPAMIG;
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e 7" Bin annr. total — o3Hauae 3azaibHuil;

¢ W Bin anrn. within — osmavae ecepedui;

e B Bing anri. between — o3mauae amioskc.

Bokpema, §2 = N%I_SST. Y LbOMy BUUAIKY OCHOBHHUI BKJIAJ y

AMCTIEPCIIO OLiHKE POOHTDL MIXKIDYTIOBa Jcriepcist TeHepaJIbHOI CYKY-
MHOCTI:

Dcp (tx) = N - $SB.

Tomy, mob mucnepcisa oninku DCB (t:t) Oys1a MeHu0w, HakaHo,
u6 S5 B Gyna mermoro, mo o3xaqae, o SSW mae 6yTH MO0 MOXKITH-
BOCT1 GLIBIIOO. [HIIMMY CIToBaMK, €1eMeRTH Beepenni KOKHOT Tpyu
NOBUHH] HYTH 110 MOXKIIMBOCTI HEOTHOPLTHIMHU,

4.4. Mipu oguopigHocTi
Opmiero 3 nommpenux Mip ogsopiaHocTi B IPYIL € 8HYyMpiuHso-
Zpynosull xoediyienm xopeasuii:
a — —
n o ssw & L%Z (b =Y) (0 - Y)J

T (n—1)(N -1)52

o eyri, p - me mipa kopessnii M mapamu eseMenTis BCepeauHi
rpymi. Jlocmigumo, B IKHX BHNAJKax ne# xoediliesT HabyBae ¢BOro
MAKCHMAJIBHOTO Ta MIHIMAJABHOTO 3HAYEHD:

Pmax =1 = SSW = U, SST = SSB

ro0TO, BCl eIeMEHTH Beepenuni KoxHol rpymu OIHaKOBI;

T 1
Pmin =1 — = -

n-—1 n—1

= 88B =0, SSW = SST,

robTo, cepefHi 3naYeHHs B KOXHIl TPy 0qHAKOBI,
ITpoimocrpyemo ue na npuxani.
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Hpuxaan4d.2 Hexalt renepansua cykynuicrs U = {1,1,2,2}. Pos
3i6’eMo 10 cykymHicTh na rpynu (Bubipku): 51 = {1,2}, sg = {1,2}.

e o3nauae, 1110 MU 3aCTOCYBAIN CHCTEMATHUHAN Binbip 3 BUGIpKOBUM |
inTepanom a = 2. Togl 3 N = 4 enemenTis MU yTBOpWIM BUOGIPKHE |
poamipy n = 2. Bubipka s) yTBOPIOETHCH, KOJM BUNAIKOBIM CTAPTOM. |

€r =1, a Sp — KO/ BUO&IKOBHM cTapToM € 7 = 2, Toni

=15 g=15 Y=1,5

OTIKeE,
SSW = 2.(1-1,5%42.(2-1,5%=4.0,25=1;
SSB = 0
SST = 2.(1-1,5)2+2-(2-1,5)2=4.0,25 =1,

1 BUKOHYETbCS OCHOBH& TOTOXKHICTL — AucHepciliHoro amastisy
S8T = SSW 4+ SSB, 1 = 1+ 0. V usomy Bumagky p = —1,

T006TO eNeMeHTH BCEpeNMHI IpyNM HeomHOpimHi, ase ceperHi mo |

rpynax ogHOpPiHi.

ZIXmo X reHepayibHa CYKYNHICTH YIODSJKOBaHa IHINHM YHHOM |

U = {1,2,1,2}, 10 B pe3yspraTi 3aCTOCYBaHHS TOTO CAMOIO CHCTE-
MaTHIHOTO BiAbopy oTpumaeMmo iHme po3burrs Ha Tpymu (Bubipkn):
81 ={1,1}, s2 = {2,2}. ¥V npomy Bunaaxy

?,’_1:1; '52223 Y:lrsa

SSW =
SSB = 2-|(1-152+(2-15)?% =1,
SST = 1.

p = 1, a e o3HayYae, 110 eJIEMEHTH BCEPEAMHI IPYIN OQHODITHI, Bapi-
allis eJIeMEHTIB BUHHKAE 3a paXyHOK MiKrpymnosol Bapianii SSB (Ba-
piauii cepexHix mo rpynax). ¢

Ocuosunit Henomik KoedillieHTa p monsrae B TOMY, MO HOTO MO-
JKHa BHKOPHCTOBYBATH JIHIIE IUIA I'DYIl OXHAKOBOTO po3mipy. Tomy
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JacTie BiIJII0TE Iepesary iHmomy xoedinjenTy:

N —188W
5‘1_N-aSST‘ (4.2)

_ Tosnaunmo S, BHYTPIlIHBOIPYTIOBY AHCIEPCiIO: 82 = Nl_a X
<SSW, a §2 = w—1SST, Toni S, = (1 —8) 52, abo -J‘Qﬂ 1- 8.
Koediuient § MO}KHd BHKOPUCTOBYBATH HE3&JIEXKHO BiJ TOro, uu €
'pynH OAHOTO po3mipy, uu Hi. IIpu npomy

dmax =1 = SSW =0
6mm—l— N_; ,c\'}_l = S8B = 0.

=

Teepdorcenna 4.2. Ipu subipxosomy dusatin CB, xoau a = % -
YIAE HUCAO, OUCTIEPCIA TI-OUTHRL MAE 6U2AA0

N2. 52 1

Deg () = A=+ m-1)-8, o f:%:a

n
HoBenenns 0poro TBEP/KEHHS 3AMHIINMO K BIIpaBY IJIsl CaMO-
CTHIHOIO ONPAIIOBAHHS.
[opiBHseMO edbexTHBHICTE CHCTOMATHYNOO BiZOOPY 3 mpocTHM
PUIIAAKOBIM De3 NoBepHeHHs:

~ 1—-f
Pripett (tn) = N*—=52.
N DCB ?ﬁ —1
deff (CB, in) = ( 2 1 —5
PriBeI ( f-n)

Cucremariunuit Binbip € edexTusaimuM 3a HPOCTHUH BANAIKOBUI
wiabip Oes noseprenns, sixmo § < 0, To6ro, KoMK 32 > 582,

Cucremaruauuii Binbip € mewm edextusnum 3a IBB6IT, axmo
o > 0, Tobro, KOJIPIS < 52,

Cucremarnyunmnii 131,1611) Mae Taky camy epeKTHBHICTh, fK i npo-

e erammsun BiGip 6e3 noBephenss, Axmo § = 0, TobTo Toni,
KOJIH SH; —
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4.5. OuiHloBaHHs aucnepcii npu cucTeMaTrudyHOMY Bij-
bopi

OnHuM i3 roNoBHEX HEAOJIKIB CUCTEMATHYHOTO BiADOPY, M0 KOM-
IEeHCYE NMPOCTOTY peanisaiil Biadopy, € HEeMOXKAMUBICTS OLIHATH IHC-
nepcio. IcHye gexinbka crnocobis supimenns miel npobaemu, axe xo-
JHWH 3 HEX HE € J0CTaTHLO XopoumM. Hasezemo apa 3 HuX.

Cnoci6 1. 3mimgeni omiHkn s aucrepcii

HagesileM0 ofiHy 3 MOXKJIUBHX 3MIIIEHUX OMIHOK JIJIst D(E}r).

MpumycTumo, mo cucreMaTu4Hui Bigbip HacTinbKku edexTHBHMI,
fK i npocTuit Bunagkosui, 10610 & &~ 0. fkmo s, — e subipka npu
cucTeMaTHYHOMY Binbopi, To BubipkoBOO gucnepcieio &

-~ 1 _ 2
S’I"z = n— 1 Z (yk - ySr‘) "
kesy

Toui 3a ouinky gucnepcii Dep (gﬁ) MOXKEMO BHODATH

D= NQE:JS?.
7
3alponoHeBaHa OLiHKa Auciepcil Mae rakuit camutt Burman, g iy
BUIBIKY TMPOCTOTO BHUIAAKOBOro Binbopy 663 noBepHEHHS.
Y Bunaaky, KoM cucreMaThuHuil Biabip € 6l edeKTHBHAM 34
npocTHit BRNMankoBui, To6ro, axiwo & < 0, To

Dep (tx) < Prigert () -

Toni D 6yzne nepeominiobatn peaapHe 3aavenns Dop (tﬂ), T00TO

ECB (ﬁ) > DCB (?ﬁ) .

Y upoMy BHNagxy npu nodbynosi gopipunx iHTEepBAiB piBeHb HOBIpH
1 — & Byne B mificrocTi BIbIIAM, HIXK TPHIYCKAETHCH.

Y Bunauky, koau & > 0, D Oyie HexOOIIHIOBATH filicCHe 3HAYEHHS
Dep (E‘}): i npu 1mobynoesi gosipuux inTepsasis, pisens nosipu 1 — o

Oyae B mificHOCTI MEHIINM, HIXK IIDPUIYCKAETLCS.
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Ipu & = 0 omiaka D CHIBBIIHOCHTHCH 3 Dep (t;) HOCHTD . noOpe.

Paxriuno eeKTHBHICTb CHCTEMATHYHOrO BiAHOPY 3aJI€XKUTE Bij
YHOPAIKOBAHOCT] e/leMeHTiB reHepasbHOl cyKymHocTi. Ko enemen-
TH B CIHCKY BHOPSIKOBaHI Tak, 10 HEMAE XKOHOI SBHOI 3a/1eXKHOCTI
MiK HOMEPOM €JIEMEHTA | 3HAYEeHHAM XADAKTEPUCTUKH I, TO eJIEMEH-
TH B CHCTeMATHYHIH BHOIPII HE MATHMYTb TAKOXK L€l 3aJI€XKHOCT i
BJIACTHBOCTI Takol BUOIpKH Oy/yTh Mano BiApisusTuCh Big BHOipKH
npu IIBB6I1. Tomy B 1poMy BHIAAKY BHKOPHCTAHHS OLIHKH D moxe
OyTH BHIODABIAHHM.

Akmo enemMenTy B resepanbHifl CyKyNHOCT! BIOPSAKOBAHI TAK, M0
3HAYEHHA Yy 3pOCTaiTb (460 CHALaloTh), TOMI CHCTeMATHYHMI Bigbip
Oyne nasiTe Hinbu edexTusunM Hixx [TBBOI, i oninka D Oyne mepe-
OHIHIOBATH peasibHe 3HAUEHHs Jucuepeii.

Haiiripma, curyanis MOXe BHHUKHYTH TOJi, KOJM Y BIOPSIKOBa-
HHX 3HAYCHHAX XaPAKTEPUCTHKH Y CIOCTEPIracThes AesKa Iepiod-
4HICTD, i KPOK, 3 AKuM poburbest Bialip (a), gopismoe mepiomy. Toxd,
OIlIHKa D Gyne HeAOOUIHIOBATH Pea/ibHe 3HAYECHHA IUCIEePCil.

TakuM YHHOM, OIHKOK D PEKOMEHYEThCH KOPHCTYBATHCH JIRIIIE
B TUX BUIAJKAX, KOJIH € BIEBHEHICTh y TOMY, IO €JIEMEHTH I'eHepa b~
HOI CYKYIHOCTI OCuTh 100pe nepemMimiani i, mo ay»e BaxKiImeo, faHi
HE MalTh HisIKOl HepiOgHIHOCTI,

Cnoci6 2. Moandikanis cucremaruasoro BinGopy

Trmait migxis — ne mogudikysaTn cucremaTnasuit Biabip Tax, mob
MoxKkHA 6YI0 CKOPUCTATHCH KJIACHYHOIO OUIHKOK D (ar).

3amicTb TOro, Mo BUKOPHCTOBYBATH OIMH BUIIATKOBHE CTADT T Ta
BUOIPKOBHI inTEPBaJ @, BUKOPUCTOBYIOTH M > 1 BHIAIZKOBHX cTap-
TiB T8 BUGIPKOBHH iHTepBa Mma. Y PE3YAbTATI HBOrO OTPUMYEMO 11
«pO3MIAPYBaHb», KOKHE PO3MIpy *.

Hpunyctumo [yist IPOCTOTH, WO = Ta @ = % - misti qucna.

Bunaaxosum uunOM BHOHpaeTbes m wuces Bix 1 1o ma:

1372y «ovy Tms
Toni subipka 6yne dopmysarucs Tak:
s={k: k=ri+{{-1Dma:i=1m, jzl,njm}.
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Y upomy BUnanky AMOBIPHOCTI BKiOUeHHS Gy/1yTh NOPIBHIOBATH:

m 1 n
Tt i —— I eI e
k ma a N’
> AKIIO k Ta | HaJeXaTh 10 OAHOTO PO3INADYBAHHS;

Tk = { ?’\%?:1%? AKIIO k Ta | HasneXkaTh J0 PI3HUX PO3IIapYBaHkb.

Tpu rakiit mogudikanii qu3aita Gye Bixe BUMIDHMM i M# MOKEMO CKO-
PHCTATHCH HE3MIMIEHOIO oNiHKoI0 fua auchepcil Topsina—ToMmcona.

Ho cyri, cucremaTuynust Binbip € YaCTHEIMM BHIAIKOM KJIACTED-
HOro BinGOpy, sAKuit Oyfaemo posrisaatu B posaini 8. Posmapysan-
Hsl BiAirpaioTe posib KJjacTepis. Bumajgok cucremaTmdnoro Biabopy
3 OHHHM BHNAJAKOBUM CTAPTOM BiINOBiJae OJHOCTAIRHOMY KjacTep-
HOMY Bifbopy OfHOro Kjacrepa, siKuil mosHicTIO obcTexyeThes, Ko-
JI MY BUKOPHMCTOBYEMO HEKiJIbKa BUIIAIKOBUX CTAPTIB, e Binnosimzae
BHIAAKOBOMY Biabopy Aexinbkox wkiaacrepis. OTxe, A OLIHIOBAHHSA
Jucnepcil IPH CHCTEeMATUYHOMY Bigbopi 3 JeKinpKoMa BHNAIKOBHME
cTapTaMy MOXKHA CKOpHCTaTHCh (opmystomo (8.11) mia oguocraaiiino-
ro KnacTepHoro BiGopy.

OcHOBHMM HEOJIKOM LBOTO MiAXOMAY € Te, MO0 OIIHKH apu ioro
BUKOPHCTaHH] 4aCcTO MaioTh Dibity Aucrepciio NopiBHAHO 3 CHCTeMa-
THYHUM Bi,[[ﬁ()p{)l\»l 3 OJJHAM BHUIIAJKOBHUM CTapTOM.

Y neaxkux Bunagkax npobjeMH 3 OLIHIOBAHHAM HE € HACTIIbKH
cepitozaumu. 3okpema, Koau & & ().

Hacro cucremarnasuit Bia6ip BUKOPHCTOBY€EThCS Ha OCTAHHIX CTa-
AifFX CKJIALHONO 00CTEKeHHS.

4.6. Bnpasu Ta nuTaHHs AJIsi CAMOKOHTPOJIIO

4.1. 5Ika ocHOBHa IlepeBara CHCTEMATHYHOTO Bi6opy?

4.2. Yomy npu CB 1e MOXHa BUKOPHCTOBYBATH OLUHKY UIs [UCIEPCT
T-QUIHKH !

4.3. B axux BUMaJKaX BaPTO, & B SKHX He BAPTO 3aCTOCOBYBATH 3Mi-
IIEHY OIHKY /sl AUCHEpCi] IPH BUKOPUCTAHHI CHCTEMATHYHOIO Bij-
Bopy? Yomy?

4.4. /Ins renepaJsibHOI CYKYIHOCTI poamipy N = 10 pumucarn Bci
MOKJIMBI cucTeMaTHyni Bubipku pO3MIpy n = 4, o MOXYTb 6yTu
OTPHMaHI NPH 3aCTOCYBaHHI:

1) merony apo6osoro BHOIPKOBOIO IHTEPBANY;

2) muksiuHOrO MeTOmYy.

O6uncmury aas ob6ox Meronis sei HMOBIPHOCT] BKJIIOYEHHST mepInoro
Ta APYrOTO NOPSIIKIB.

4.5. lina oberexxenns crany xuur y 6i6mioreri 3 dongom 12 000 kuur
6yJ10 3aCTOCOBAHO CHCTEMATHIHUIA BiI0Ip 3 [BOMA BUIIAAKOBHME CTAp-
ramu. JTpoctum BumankoBuM umHOM ByJ10 0bpano nBa uucaa (Buman-
KOBHX CTapTH) 3 MPOMIXKKY B 1 10 30, sixi Busnavamn peecTpamiinuii
HoMep Kuuru B 6i6ioreni, a came — 5 Ta 26. KoxknoMmy 3 mux Bimmno-
BilAae OMHA CHCTEeMATHYHA Bubipka: r; = 5 sianosigae s1 = {5, 35, e}
Ta ry = 26 Bignosixae sy = {26, 56, -} st KosKHOT 3 11Mx cHeTeMa-
'Y HEX BUOIPOK GYi10 NOpPaxoBaHo KifbKICTh KHMT Y HOTAHOMY cTami:
Ng, = 8 ta Ny, = 13.

OuisnTy 38ramsbHy KiTekicTs KT Yy noraHoMmy ctani B 6ibstioreni
ra ODYHCANTH 3HAYEHHS OMIHKH Aucrepeit,

4.6, Obcrexyerbes 280 cepeaHbOOCBITHIX WK B Jedkift obnacri
YKpaiHn 3 MeTOK BH3HAYEHHS CepelHbOro piBHA 3HAHB YYHIB o 12-
Oanvuift mxam. Jns HpOTO CHCTeMATHYHAM Biabopom 3 BuGipkoBAM
inTepsasiom a = 10 Bigbupaiorses BUGIpKM 1pH pisHilt ynopsokosa-
nocri (ym.) comeky mkin:

yi. 1 — B andasiTHOMY MOpAIKY HaceeHUX IIYHKTIB, Jie BOHW PO3Mi-
IIeHi; AKIIO B OJTHOMY HACEJICHOMY IYHKTI € JeKibKa MK, 1o
AONAaTKOBO BPAXOBYBaBCH HOMEp Iiel mikosm;

Y. 2 — y TOPSLIKY 3pOCTAHHS 3a/1€3KHO Bif KiZbKOCTI y4HiB, mo mHa-
BYAIOTRECH B IIKOJI;

Y, 3 — y NOPSJAKY 3POCTAHHS 3a/IEIKHO BiZl KIIbKOCTI BHIIYCKHUKIB-
MeIaJCTiB 3a ocTamHi 5 pokis.
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A1 KOXKHOTO TaKOro BHOPAAKYBaHHA icHye 10 MOKIHBMX cHCTEMA-
THIHUX BEOIPOK. Y Tabil. 7 HaBeIeHO 3HAYeHHST CepeIHbOl YCIIHOCT
B IIKOJIAX KOXKHOI CHCTeMAaTHYHOT BUOIPKHU 47151 KOKHOTO 3 TPHOX YIIO-
PAIKYBaHb.

Tabiuna 7. Cepenua yenimricTs mkin T A CUCTEeMaTHYIHUX

Bubipok
Bubipra | ym. 1 ym 2 | ym. 3
1 8,826 | 8,507 | 8,653
2 8,938 | 9,006 | 8,770
3 8,531 9,503 | 9,036
4 11,821 | 9,736 | 8,873
5 11,051 | 10,149 | 9,172
6 9,235 | 9,673 | 9,504
7 9,592 | 9,047 | 9,222
8 8,432 | 8,538 | 9,443
9 7,037 | 8,499 | 9,639
10 8,411 | 9,216 | 9,562

1) Iligpaxysaru mucnepcilo OWiHKU Topsina-Tommcona npu ko-
XKHOMY i3 TPBOX YHOPSAKYBaHb.

2) Hexait nucnepcis remepanpaol cyKynHoCT! mis cepennsol yeni-
ummocri §% = 1,392. O6uucanru nucnepeiro ominku Iopsina—
Tomncoua npu IIBB6II 3 n = 28.

3) O6uncantn koediuienT Mipu ommopinmocti 8, BusHaueHHit y
dopmyni (4.2), 4715 KOXKHOTO 3 TPHOX YHOPSAKYBAHE. STKUM Oy-
Ae MiHIMA/IbHO MOXKJIMBE 3HAYEHHS IBOTO KoedinieaTa?

4.7. Josectn TeepaxeHHA 4.2.
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Poznin 5

Biabip 3 noBepHeHHAM
5.1. OcHoBHi BigMinHOCTI

Ho nporo uacy npwu sigbopi enementis y BUOIPKY MU He JaBaJIH KO-
AHOLO LIRHCY €JIeMEHTY HOTPAIUTH Tyau Glibire ogroro pasy (Tobro,
Bia0ip Oys Ges nosepuenns). I me moriuno — IIpH TIOBTOPHOMY BKJIIO-
HEeHHI eJIEMEeHTA MU He 3a/Iy4aeM0 10 BUGIPKH HOBOI indopmanii. Ane
BiADIp 3 MOBEpHEHHSIM Mae ITPaBo Ha ICHyBaHHS | AeTa/TbHEe BUBYCHHS.
Ilepm 3a Bce Tomy, mo B IBOMY BHUANKY JEsIKi OHIHKHM MAloTh JyaKe
NMPOCTI CTATHCTHHHI BIACTHBOCT, MO A€ MOMKIHBICTD JOCHIAKYBaTH
FOCUTDH CKJI&HI NpONIeAypH Biabopy.

Hocnimumo dbynnamentambri ocobnmeocti nBOX Bigbopis - 6es Ta
3 NOBEPHEHHAM Ha HPHUK/Ia/l NPOCTOTO BHIIAJKOBOTO Biafopy.

[Ipukaans.l. PostusiHEMO cxemy Bigbopy, Npu SKilt BUKOHYeTHCS
M HE3aJIeXHUX BiNOOPis enemenTiB i3 resepanbrOl CykymHOCTI po3-
Mipy N 3 ofsakoBumm #moOBipHOCTSIME 1 /N. Bigibpaauit enement
NOBEPTAETHCHA B CYKyNHicTh. TakuMm unsoM Bei N eyleMenTis bepyTo
y49acTh y Binbopi ma koxknomy kponi. Takuit BinGip mazsemo npo-
CINUM BUNAOKOBUM GIOGOPOM 3 NOGEPHEHHAM (amr. simple random
sampling with replacement), ckopoueno ITBBaII.
Ilpu IIBB3Il xoxen enement mae fopaTHy fiMosipaicrs Oyrm

obpanrum y Bubipky Ginbime HiX o pa3. Toxi fMosipuicTs Toro,
o esrement Oys obpanuit n pasis mpu m cnpobax AopiBmHIOE

n 1 T 1 m—r
A3 (-2

VImosipuicTs Toro, mo enement ne Gys obpanuit: (1 — )m
ke AMOBIPHICTE TOTO, MO eement Gys ofpanmit xoua 6 omum pas,

IOPIBHIOE
1 m
ﬂki‘-l"—(l—ﬁ) s kzl,,N
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[lpu posrnaai sigbopy 3 noBepHeHHAM MOTPIGHO YTOUHUTH, IO
caMe MH PO3yMIEMO Iz cJI0BOM «Bubipka». fkmo k; — enemeHrt, Bi-
nibpanuit Ha i-my kpoui, To 08 = (ki, ks, ..., km) — Iie BOOpAAKOBaHA
pubipka (anrs. ordered sample). Bona mece indopmaniio npo nops-
10K BiGOpY €NeMeHTiB, a TAKOXK Npo MoBTOpH. VIMosiphicHu#t pos-
{1071 YHOPSAIKOBAHUX BUOIPOK HA3MBAETHCA 6ROPAIKOBANUM 6UBIP-
KOGUM OU3ATHOM.

OcKibKY NMPU TIOBTOPHOMY BKJIOUEHHI €jeMeHTa y BHOIDKY He

OTPUMYETHCH A0KATKOBOL iHdopMAL(l, TOMY MOXKHa PO3IVIAJATH BH-
Gipky 6es mopTOpenb Ta TMOPSAKY 8 = {k 1k = k;,i =1, m}. Poamip
TaKol BHOIDKH Mg € BFIAAKOBOIO BEANYHHOK, IPUIOMY Mg < 1M 3 IMO-
sipaicTo 1.

VY nesKHX BUIAAKAX OIHKYM MAIOTH AY¥KE NPOCTi CTATHCTHYR] BlTas
CTUBOCTI JIJIA BNOPsJKOBAHUX BHBIDOK 08, y TOH wac sIK JIA HEBIIO-
pAKOBaHUX BUOIPOK § JOC/IPKYBaTH 1i BlacTUBOCTI cKiaamguo. 1Ipo-
imocTpyemo ne Ha npuknani [TBB3ILL

Mpuxkaaxn 52 Tlpu IIBB3II 3 m sunpebyBanb MOMKJIMBO yTBOPH-
T N™ piznux, aje piBHOUMOBIDHUX YTIOPSAKOBAHUX BUOIPDOK DO3Mi-
py m. Orxe,

plos) = “Nlﬁ, JISL BCIX yTIOPSAKOBAHUX BHOIDOK 08 po3Mipy m;
0, B IHILIOMY BHII&JKY.

Takum 4HHOM, YNOpAAKOBaHHI BMOIDKOBUN An3aliH, MO Bigmosinae |
IPOCTOMY BHIIAIKOBOMY Biabopy 3 HOBEPHEHHAM — e PiBHOMIPHHIA |
PO3MOALA HA MHOXKHHI BCIX MOMKJIMBEX YIOPHAKOBAHHX BUDIPOK po3-

Mipy m.

Ha nporusary npoMy, po3nojiii HeynopsiiKobauoi BUOIpKHU s, 110 |

BUHHMKAE Tipun TakoMmy Binbopi mae nabaraTo CKJAZHIIINH DPO3TOALAL
:K.,"[e A5 IPAaKTHYHOO BUKOPUCTAHHA HAM He HO’[‘piﬁliD 3HaTH Besmo-

cepeanbo Bubipkosui nu3atin. JocraTibo nijpaxyBaTH HMOBIDHOCTI |

BKJIHOYEHHS I[MEePIIOro Ta ApYyIrore HnopaiKy
1 m
M =1—{1- = , k=1,...N
k ( 1\7) y y 4 ¥y
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1 m 2 ™
T[kI:l"Q(}-““E) +(1"-R;) , fi,#f,:l,,N

Haa Bigbopy 3 nosepuenusM myske IIpOCTO MepedATH 10 Bixbopy,
0 onyckae Hepisai fiMosipHocTi Bigbopy esiemenTis, 3bepiraogu ne-
SAJIEXKHICTD BIIGOPIB HA KOXKHOMY KpOLI.

Hexait py, py,...,py — Habip mamepen 3ajamux romaTHuX THCEJ,
110 38J0BOJIBHAIOTE YMOBY Y pr = 1. Toxi npougnypa Biabopy mpo-

kel
BOOMTLCH Tak, M0 Ha IePIOMY KpPOIi

P{Binibpammit k-#t enement} = py, k=1, N.

Bigibpasuit Takum umeOM emement k; HOBEPTAETHCS ¥ CYKYIIHICTS.
Toit cammit Habip #mosiprOCTEH BUKODHCTOBYETHCS Ha KOKHOMY Ha-
cTynHOMY Kpomi Biabopy. Otake, fiMosipHicTs orpumarn dbikcopany
BropsaKoBany subipky (ki, kg, ..., km)

P{(k1, b2y - km)} = Dry Diey - Dhyy -

SBIACH IOCHTB TIPOCTO OTPUMATH BubiproBuit Au3alin Ny1a BHOPSIKO-
Banux BuBipok os. Jdus Bubipok, o we BPaXOBYIOTh IIOBTOPH Ta MO~
PAIOK, TakKul po3momin € nys:ke cknaauum. QOOUuCIHMO HmoBipHicTB
BKJIIOUEHHSA eneMenTa y Bubipky, To6TO0, HMOBIpHiCTL TOro, MmO efe-
MEHT HOTPamuTh y BUOIpKy xoua 6 oaus pas:

Mo =1~ (1-p)™

Axmo m = 1, 10 My = pi. Akwo m > 1, a 3snavenns p, — nocurs
v, 1o (1 — pp)™ =~ 1 — mpy, orxke, M, ~ mpg.

81



5.2. Ouinka Xaxncena—I'ypBiua

Has toro, wob oujnnra cymapue T = >, Yk MOXHA CKODH- f
ctaTuck oninkowo [opsina-Tomncona. Ane npu m > 1 migpaxyuox §
AMOBIPHOCTEH] 7T, € JOCHTH TPYAOMICTKOW cripapow. Moxma nobyny- |
BATH JEMIO iHILY OLIHKY.

PosrasineMo  p-3BajkeHe 3HaueHHsT k-TO  esemeHTa  (aHIV :'

p-expended value)
Yk

Pk
ToBTo, HA KOMKEH eJIeMEHT <«HABlIYIOTLCH» BArd, 1m0 0bepHEHO Mpo- |
nopuiitai #iMosipHocTi HOro BKIIOUEHHS Y BUOIPKY Ha KOXKHOMY KPOI, |
o6 KOMIIEHCYBATH Te, 10 He Bcl efeMeHTH 0beTeXyloThes. Ycepe- 3
JHMBIIY Il 3HAYEHHS, OTPHMAEMO HOBY OL[HKY '

1 m . §
2N Yk (5.3) 1

t =
pwr 3
1 Pk,

3ayBaxkumMo, IO NpH |
m > 1 M # pr ta cyma B (5.1) Gepernca mo BCIX eJIeMEHTaX, IO §
HOTPAMAY Y BIOPAAKOBaHY BUOIPKY, HE3BAXKAIOUH HA TTOBTOPH. i

e Mae HasBy ominkm XaHcema-I'ypsiua®.

Teepdocenna 5.1. Quinka Xancena—Iypeiua

= — Z (5.2)]

1 Pk

€ HeaMIULEH010 ouinKow cymaprozo T ma mae ducnepci

S (- ool

-~ 1
’D(t:f)?ﬂ'f') - ;;V]_? de V]_ =

kel
AKY MOHCHI HESMIULEHO OUIHUMU
= 15 5 1 Yi 2 |
Dtpr) = —Vi, de Vi = —— LU : 54) 8
(r .r) m 1 1 m_li (sz pwf) ( :;.

3Ckopouenns pwr TOXOAMTh BiI aHrCmificbkoro supasy p-expended with °
replacement
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Nosedenna. Hexall BHODATKOBl BENAYMHAY Z; = 3;'1:, AKIIO k-4 eneMesT

pnOpanuit Ha i-my kpoui. Toxi nns KoxuOro 7 = 1, m

P(Zf.:y—k) =pp, k=1,N.
Pk

Bunmanxosi semmuusm Z;, i = 1, N He3asexkHi, 0[HAKOBO PO3IOIi-
neni Ta

Ez; = Y %p =1

2
DZ = E(Zi-T)}=)_ (% ~ ) pr = V4.

Ocxinbru tpyr = 3 Z Z; = Z — uie apudMeTHIHE CEPENHE, TO

i=1

- 1 e 1
Eftp) = %ZEZ}- = —mT =T}

17
i=1 v

~ 1 V;
D(tpwr) = P Z DZz; = ?—T“-mVl i
=1

m

e

’ﬂ,.."lﬂ JOBEACHHS HE3MIIIEHOCTI D(tpw) OOCTATHBO OOBECTH, IHO
EVy =V

> 1 (v =~ ) 1 - 2
s — 1 7 .
Vi = m_IZ(pki ) ——mm_lg(Z;—Z) -
™
= ™m — 1; (Z T))
m
= mwl ; '_I m(Z - T)




~ 1
m—1

; 1 1
= Z —mDZ 7 ]:mi/l - m—Vl] = V1.

by
<

Il
Ms

E(Z,— 1) —=mE(Z - T)*

I

Saysaoicerna 5.1. AnbTepHATHBHOIO OLIHKOIO JJIsl BiI0OOpY 3 MOBEp~

HennsM € ouinka Iopeina—Tomncona. TIaa m > 2

E\\71:=Z:yjlc 7é puwr.

7T
kes k

fka 3 nux xkpama? ITpocrol Bignosigl Ha ne 3anuranis nemae, Boud §
obuasi HeaMimeni, a auciepeis UUX OLIHOK 3aJIeAKUTD BiJ[ KOHKPETHO= |

ro #afopy 3HAUEHD Y.

5.3. Oninka Xancena-I'ypsina npum npocromy Bunai- |

KOBOMY BifiOOpi 3 NoOBepHEHHSIM

ChopMyimioeMo  Teriep OCHOBHI DE3yIBTATH ISl BHIAJKY, KO 1
Km) Ma€ 0JJHAKOBY |

Gyub-sika Bnopsakosana subipka os = (ky, ko, ...,
fiMoripricTs Gyt 06panoio.

Teepdoicernna 5.2. IIpu npocmomy eunadkosomy eidbopt 3 noseps §

Henmam oytnra Xancerna—Iypeiya dan cymaprozo T mae 6uzand

Ep'wr =N Yoss

1T
de G, = 7_11 > Yk, — cepedne enopadkosanol eubipru.
i=1
Jucnepeia ma i outnka npu yboMy MaIOMb 6U2AA0:

SQ
3

DHBBBH (Epw'r) =N(N-1) m
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. - 52,
Dripgary (fur) = N2=22,

de §? — Juenepcin zenepanvrol cyxynmocmi,
T

g2 _ _1 5 )2 ; ; 1
Sos = w1 > (Yr; — Tpe)” — Oucnepcis snopadxosaroi subipru.
i=1

Hosedenma. pu IIBB3II py = % Toni sBesmunan V4 ta V) y <dop-
vynax (5.3) ra (5.4) rabysamoTs B

2
Yk 1
io= T (2-1) =1 Y (V- N9 =
kel

kel
= N (-Y) =NWN-1)8%
kel
i = —— > (Nyk, — N7,,)° = N?82,
i=1
3Bificn | BUILTHBAE TBEPIKEHHSL. O

[TopiBEsEMO METOMM NPOCTOrO BHIIAIKOBOTO Binbopy 3 Ta fe3 no-
seprents. Hexalt poamip subipku n npu Biabopi 6e3 nosepHenHs 10~
PIBHIOE KIIBKOCTI €IeMEHTIB m y BHOpsiakoBaHill subipii os. Toxi

DrBBatt (tpur) NN-1HE
DrpBetl (i) NI (1-f)Z
N-1 1-% 1

NQ-f) 1-f 1-F

fxmo poamip remepanbroi cykymnoceri N focuTh Bemkuil, a gac-
TKa Bigbopy f = % mocuTh Mauia, To 1 48i BubipKoBi crparerii MarooTh
MalixKe OIHAKOBY edeKTHBHiCTh. HKImo X f mocuTsh 3HAYHE, TO NpH
sisopi 3 nopepHenHsaM edeKTHBHICT BrpayaeTbes. Hanpuka, npu
f=10,5 mucnepcia npu IIBB3II yasiui 6insma, mix npu [TBBEIL.

[Ipuxmax5.3. Posrasanemo cyKymsicTs i3 npukaany 2.1 Ta 3acro-
CYEMO TIDOCTHA BHIAKOBUI BiIGIp 3 MOBepHEHHAM. Y IBOMY BHIIAIKY
oTpuMaeMo Bxe 6 X 6 = 36 MOXKIHBUX YIOPEIKOBaHUX BUGIPOK.
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Tabu. 8 cknanena Taxum unHOM, 1o Bubipkn 1-15 Ta 16-30 ckna-
H2IOTBCH 3 omHUX | THX CAMHX €JIEMEHTIB, ajie BIOPAJKYBAHHSA Y HUX
pisue. Mu po3pisusemo 1l BubipKH, ajte no cyTi BOHM ITeHTHYHI. ﬂo—
BHMH € Bubipku 31-36. Bonn cknaaaorbes 3 OAHAKOBHX €/€MEHTIB.

Tabanus 8. 36 mMoskamsuX BUGIPOK 3 NMOBEpHEHHSM po3Mipy 2 i3
CyKynHocTi posMipy 6

Bubipia | 1 | 2] 3] 456 7]8]9]10]11]12
Bnavenm | 212121 2121616616888
na 6|8 110/10/12] 8 10/10112]|10}|10]12
Bubipxa | 13 | 14 | 15|16 | 17 | 18| 19|20 | 21| 22 | 23| 24
Buawen- [10]10]10] 6 | 8 |10]10]12| 8 | 10 | 10] 12
ma (10)12]12) 212121 2/2|6|6 6|6
Bubipra | 25 | 26 | 27 | 28 | 20 | 30 | 31 | 32 | 33 | 34 | 35 | 36
Buawen. | 1011012 [10]12112] 2|6 | & | 10|10 12
na g|8i8l10l10l10| 2|68 10|10]12

—

ILOcni;gHMU, SAKUI BUIVIAL MaTHMe BHOIPKOBHIL POBIOIIA ONIHKH
CEePEIHLOTO npu TakoMy BubGipkoBoMy ausafini (Tabx. 9). Jdas nporo
CKOpHCTaeMocs ouinkow Xaxcera—1'ypeina: '

T

- m
= 1 11 Yk __l._ T
Urur = ytoor = F 7 2 N " m Z‘_v_l = Yo
1= =

Tabuauusa 9. Bubipkosuii posnoais g,

Upwe| 2 [ 4 [ 5 [ 6 [ 7 [ 8 [ 9 |10 11|12
P 117362736 [ 2/36 | 5/36 | 4/36 | 5/36 | 6/36 | 6/36 | 4/36 [ 1/36

I

M:epermﬁsmu, OTPUMaEMO IificHe 3Ha4YeHHs napamerpa Y = 8 B
CUITY HeaMimenocti oniakn Xanceda-I'ypsiua. Amne, K BUIHO 3 po3-
HOALTY 1€l oUiHKH, PO3KHW MOMIMBHMX 3HAYMEHDL IIOPIBHSIHO 3 Binbo-
pom bea norepnents Oyzae Glibmnm. 30kpemMa, 30LTBITUTHCA KiNbKICTh
«IOTaHuX» BUOGIpOK. A TAKOXK Iie BinoOpa3HThCA Ha 3HAUEHHI JHCNECD-
cii OIIHKM. YV ppoMy BUNAJAKY D@pw) = %5@ ~ 5,3, B TO# 4ac AK IpH

Bizbopi Ges nosepuenns D(T,) = & ~ 4,3. ¢
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Ot2xe, Bce HaBeieHe BUIIE TOBOPHUTH HE HA KOPUCTH TAKOTO Bizbo-
py. Homy x BUBueHHS BiZfOPY 3 MOBEPHEHHSAM BCE 3K TAKH € BAIKIIH-
BUM?

Ho-nepme, pizuuust B TouHOCT! OMIHOK NpH Binbopi 3 Ta 6es no-
BCPHEHHS [IPH BEJTUKUX PO3MIPAX reHepabHOI CyKYIHOCT] Ta BHGipKy
HE HACTIILKE CYTT€BA. A CHPOIEHHS MATEMATHUHMX BHKJIANOK s
BiIOOpY 3 NOBEPHEHHAM € JOCHTH BEJIMKOIO IEePeBAaroio, BPaxoByIOu
Toft akT, MO 3a3BHYAll 11T BEIUKHX CYKYIHOCTEH 3aCTOCOBYIOTRCS
CKJIA/IHI MeTOOH OILIHIOBAHHS,

Ho-apyre, npu pofoTi 3 MaIMMM CYKYIHOCTSAME BUHMKAIOTH Ipo-
Bstemu 3 106y 10BOIO OBipUMX iHTEpBAMIB. LlenTpanbna rpannvea Te-
OpemMa, 110 3a3puHall BUKODHCTOBYETBCS JUIS IIHOTO, HE MOXKe GyTu
3aCTOCOBAHA OCKIIBKA BOHa 3aJa€ IDAHUYHHMI PO3NOALT NPH AOCHTH
BeMKOMY po3Mipi Bubipku n. Hpu BinGopi 3 moBepHeHHSIM MH MOKe-
MO oTpHMaTH BUGIpKM 6yIb-KOTO po3Mipy, B TOH uac sk npu Binbopi
bes noeprenus po3mip BuUOIpKE He Moxke GyTH GirbmuM 38 po3Mip
rerepasIbHOl cyKynHocti. I B3arasi, npu sinbopi 3 noseprenamM Hemae
HITKOL PI3HUI MiXK, HANPHKJIAK, CYKYTHOCTSIMU

Ur={0,1,1}, U2 = {0,0,1,1,1,1} ta U3 = {0,0,0,1,1,1,1,1,1}.

A 0TKe, MH MOKEMO NepeliTH 10 CyKYIHOCTeH HeCKiHUYeHHOro po3mi-
py. 1 B upoMy BHUABIKY 6i06ip 3 noeeprenHaMm byde exsisanermmuii
6id60py 6e3 NOGEPHENHA 13 CYRYNHOCIE HECKINYENHO20 DO3MIPY.

5.4. Binbip, p-nponopuiltauit 10 posmipy

Hpu npocromy BunazkoBoMy BiBOpI 3 MOBEPHEHHAM KOMXKEH elle-
MEHT TEHePaNBHOI CyKYNIOCTI Ma€ OHAaKOBY HMOBIpHicTs moTpannTy
v BnopsikosaHy BuOIDKY Ha KOXKHOMY Kpomi sinGopy. Ause omimka
Xancena-I'ypsina Moxe 6yTH 3acTocoBaHA i TOX, KOTM €EMEHTH Ma-
10Th pizHi fiMOBipHOCTI Py GyTH Bigibpanuvu y Bubipky. Toni nocTae
IINTAHHSA CTOCOBHO TOTO, AKHM YMHOM Kpaine BHOpaTu 11i #imMoBipHO-
€11, 4715t TOro mob edpex TuBHICTE (TOYHICTD) ONiHKK Xancena~I'ypsing
Uyna HaliBUIIoIO.
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D(fp.lt,r) =0, sxo yx = cpp Ans seix k = 1,..., N, ne ¢ = nesika
KoHcTaHTa. 10010, HaliTouHImOW Oy/e OmiHKa i},w,.; KOJIH Py TPOTIOP-
AL Y.

Ockinpkn y, He BinoMi 10 o6CTeXeHHs, TOMY Ha UPAKTHII Py BH-
OupatoTh Tak, mod Bonu 6yim npubnusHo npomnopuiitni . Oninxa
Xancena-T ypeina fpwr Mae CBOI MePeBATH B TOMY BHHAJAKY, KOJTI Bi-
JIOMI 3HaueHHs JesIKOl JOMOMIXKHOI 3MIHHOT T Ty, X3, ..., TN Taki, 1m0
ﬁj’: = const. Toni #mMoBipHOCTI Py BUOHMpAIOTHCH Tak, M0b P = CTk.
Ockinsxu

1=Zpk=c2xk, TO czf{;;.

kel? kell kel

Orxke,
e = =, kel. (5.5)
p
el

Vmosiproeri pi, ®usmaueni dopmynono  (5.5), Ha3umBaIOTHCS
UMOBIPHOCTIAMY, MPONOPUITHUMY 00 po3dmipy (anri. probability
proportional-to-size), OCKIIbKH HafluacTime XapakTEPUCTHKA T €
JEAKOI0 Mipoio po3Mipy k-ro enemerTa.

Y Bunajiky, KoJu JJs OUiHKH XaHceHa—] ypBiua BHUKOPHCTOBY-
10Tb ¥#iMoBsipHocTi (5.5), Takuil BiAGIp Ha3WUBAETLCS P-NPONOPYIIHUM
do posmipy (anry. p-proportional-to-size sampling, aGo cxopo-
YeHO pps).

HDpuknapnbd.

1) Ilpu oficrexenni foxoaiB nianpueMcTs (y) JONOMINKHOIO MipoR
posmipy x MOXKYTh OyTH 3aranbhii akTusu abo KinbkicTs npa-
IIBHHUKIB HA MNIPHEMCTBI;

2) npu obcrexenH Bpoxaw (y), T — 1e IIOMA 3eMelh, Mo 06po-
BAgI0ThCH;

3) obopor marasuHiB (y) 3a/€XXUTh BiJl TOProBol IO MAra3uEy
z,1T 1. O

88

Tsepdorcenns 5.3. Ipu sacmocysanni 6idbopy, p-nponopuyitinezo do
posmipy, oyinxa Xancena~I'ypsiya das cymaprozo T 6yde mamu eu-
2AA0

Z i
? Jell *v2 Yk,
pwr = ————— § 2
m = i‘k,-

3ayeaoicenra 5.2. 3BepTacMo yBary 4uTaua Ha Te, IO [IPH BHKODH-
cranni oniuxu lopsina-Tomncona ta Binfopy 6e3 moseprenHs itmo-
BIDHOCTI BKJIOYEHHS 7Ty TeX MOXHA BUOGDATH NPOMOPHIHHHME 10MO-
MIKHIA 3miEni#t z. Taxuit Binfip HasuBaeTbca T-nponopuitinusm do

posmipy (anrs. 7-proportional-to-size sampling, abo ckopoue-
HO 7(ps).

Hacrynne nuranns, Mo BUHUKAE TPH BUKOPHCTAHHI PIZHAX HMO-
BipHOCTEll U1 BiXOOPY: 3a JONOMOTOI0 SIKOI cxeMH Bigbopy MoxHA
OTPUMATH BUOIPKY e/IeMeHTIB, IO MOTPAaIVISIOTh Y Hel i3 3alaHuMu
fimosiprocTamu p? Hasezemo nsa MeTonu, mo BiAnoBinaoTs il Bu-
MO31 — memood naxonuverur cym ta memod Jlaxipi.

Merop naxkonwyenux cym. Hexatt Ty = 0, T = Ti_q + Tk,
k= 1,2,..,N. Tenepyemo pissomipro posnoznizene na [0,1] unaz-
Kose uncao €. fArmo Ty—; < eTn < T, 10 enement k norpamise
y BHOIPKY 08 i TIOBEPTaETHCS B IEHEPATBHY CYKYIHICTS. TIponenypa
NOBTOPIOETECA ™ pasis. ITpn npoMy #MoBipHiCTH TOrO, MO eneMenT k
noTpanuTh y BubipKy npym oxpoMy BUnpobyBaHHi, Taka:

Ty = Tiy T
= P{Te 1 < Ty < T}} = = :
pr = P{T}1 ~N < T} T S
i€U

ITpuknan b5 Hexait renepanbia CyKynHICTD CKIAIAETHCH 3 115t~
TH €JEMEHTIB, JJIA KOXKHOIO 3 SIKMX BiZIOME 3HAYEHHS MOMOMIXKHOI
smignOl . Ilizpaxyemo Hakonum4eHi cymum Ta Bimmoinsi inTepna-
an (tabm. 10).
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Tabanns 10. 3nagenua JonoMixkHoi 3MiHHOT ), HAKONMUYEHI CyMH
T} Ta BignoBimui iHTepBann

k| xr | Ty | ImTepsan
1155 [0 8]
217 |12 (53 12]
31101 22 (12 ; 22|
41 3 1|25 (23 ; 25]
51 9 | 34 (26 ; 34]

Ilpumycrumo, mo op#u nepaoMy BATDOOYBAHHI M OTPHMAJH BU-
nagkose uucio €7 = 0,214, Toni snavennn €175 = 0,214 - 34 = 7,274
noTpaivisie B iHTepBas, wo eianosinae egementy 2. Otrike, Ha mep-
HIOMY KpOli efeMeHT 2 morpamuige y Bubipky, 1 Tak gasl, nmoku He
OTPUMAEMO HeoOXiIHY KIMTbKICTH efemeHTiB y Bubipii. ¢

HAxmo N € gocuTsh BEIMKEM, TO 38CTOCYBAHHA 1bOT0 MeToay Biabo-
py 6€3 BUKOpUCTAHES KOMII'10Tepa MOKe OyTH JIIOCUTE TPYIOMICTKHM,
YV usoMmy BHHAJAKY nepesary naliuacriiue BiZiaioTh MeTOLY, 3aIPONO-
Hopanomy Jlaxipi.

Meropn Jlaxipi. Hexait uncio M rtake, mo M > max (1,2, ..., TN ).
Bigbip ogHOrO emeMenTa NPOBCGAUTHCH ¥ 1BA KPOKH.

Kpok 1. I'enepyemo Bumajkose uucio j Big 1 no N;

Kpoxk 2. T'enepyemo Bunmagkose aucno R sig 1 no M.

Axmo R < xj, To j-it eseMent norpamige y subipky. Axmo x
R > z;, o Xpok# 1 i 2 NOBTOPIOIOTHCA.

Osznavenns 5.1. Bunpobysanusa npu 3acrocysaniil metony Jlaxipi
Gynemo HazuBaTH eEKTHBHEM, SIKINO NPH I{HOMY ¥y BHOIDKY moTpa-
JIA€ OJIAH eJIEMEHT.

Teopema 5.1. Hmosipricms subpamu k-ii eaemenm npu nepuomy
ehexmuenomy sunpobysanii 3a smemodom Jazipi maxa:

Tg

pk = .
Ly
iel/
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Josedenna. Bunpobysanus crae HeeeKTHBHUM, SKIIO HA OEPHIOMY
KPOIU MU OTPHMYEMO elieMeHT k, a Ha Jpyromy xpomi — R > . Tomi
AMOBIPHICTH TOTO, IO BHIPOOYBaHHS Oyae HeeheK THBHIM:

e T o1 . . .

e X = > x; - cepenne no 3minHiE . 3sigcu BHILIUBAE, IO HMO-
el

BIpHICTH BUOOPY A-TO €jleMeHTa pH neprmoMy eEeKTHUBHOMY BUIIpO-

Oypanni

Tk Tk

Tk 9o T -1 _
V7 VA 7 VAR vy v A St B
O -1
T X s
=k (g 2Y) o
NM ( + M) S

i€l
J

Liro nponenypy noBTOPIOIOTH OTH, TOKHA ¥ subipni e Gyze m ene-
venTtiB. Ilpn xoxnomy edexkrTuBHOMY BunpoGysammi pubpanui ene-
MEHT IOBEPTAETHCA B IeHEPAJIbHY CYKYNHICTD, OCKLIBKM MU TIPOBOIH-
MO BIIDIP 3 TOBEPHEHHAM.

5.5. Bnpasu Ta NUTAHHS AJIA CAMOKOHTPOJIIO

5.1. Ynm BinpisHaeTbCA BIODS IKOBAHKIA BUGIPKOBIH nu3alin Bim mpo-
cto subipkoBoro gusaitny?

5.2. fxoro surisany nabysae ouinka I'opsina-ToMmcona upu [IBB3aIl?

5.3. 1n moxe oninka Xancena—T'ypsina 6yTv BUKOPHCTAHO© IIpu Bij-
bopi 3 mosepHeRHAM?

5.4. Po3riseeMo BAISI0K TIPOCTOTO BUIIALKOBOTO BiIOODPY 3 NoBepHe-
HHAM 3 M BIIOOPAME 3 TeHepaTbHOI CyKymHOCTi po3mipy N. HosecTn,

—m 2 . -
uo P{k € os} = B+ 0 (% . poaunasnizysarn Bunamok, xomu N
HabyBae BEJIMKUX 3HAYECHD.
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5.5. Hexait renepasibia CyKynHicTh ckiaajaerses 3 N enemenTis. Ene-
MEHTH TOTPAILIAIOTE ¥ BUOIPKY 3a 0II0MOT0I0 TTPOCTOr0 BHIAAKOBOTO
BIAOOPY 3 NOBEPHEHHAM 3 m = 3 €JEMEeHTaMH B YIOP#IKOBaHil BU-
Gipi os.

Posrasizemo bysxiio r(-), AKa BUIYYaE 3 yIOpAIKoBaHO! Bubipxu
iHbOpMAIiiio npo MopsaIoK i nosropu. Hampuxaam:

r({2,2,3}) = {2,3}, r({3,2,3}) ={2,3}, r({3,3,3})={3}.

Tlicas it ¢yHKIi€w r Ha BIOpAAKOBaly BHOIDKY 05 MH OTPHMYEMO
HeBnopsKoBany Bubipky 0e3 moBTOpiB — 5.

1) HigpaxysaTu fimosipricts R;, Toro, mo subipka 08 Gyzne MicTh-
TH 1 PI3HUX ejeMeHTiB, i = 1,2,3.

2) Hosecrn, wo ymoBHUi Bubipropuit ju3alin BubIpoK s 38 yMOBH
dbikcosanoro poamipy subipku ng ~ ne I[IBBOIL

3) Bunucarn BubiproBHi Ju3aliH s 8.

4) PosrnanyTy JABl OUHKYW I8 CEPENHBOTIO: Ypy,y = %Zke(}? Y —
cepelHE 3 NOBTODaMM; Un = nl—s Y kes Uk — CEpenHE TIO plannx
enemenrax i3 subipku. [Topaxyparu MaTeMaTHUHE CHOJIBAHHSA
T4 JUCIEpPCio INX OliHOK. SIKMi BHCHOBOK MO2KHA 3pobutn?

5.6. ITpu TIBB3II gys ouinoBaHHsa cymapHOro 1’ MOXKHE CKOPHCTA-
THCE JIBOMA Hel‘ll\'liﬂ.lﬁ‘.IIHMM OIJ,iHKaMH

T N - T Zk}ES Yk
ty=— > Yk, Ta 1 =-—""Tm-
m i=1 1- ( - W)

Jlast umx OIMHOK He MOXKH& CTBEPMKYBATH, L0 Js BCIX BEKTODIB
v = (y1,92, . yN) € RY nucrmepeist ogmiel ominku Menma (‘i.ﬂ 6'1{.1113—
wa}), Hix gucnepeis immol. HapecTn NpHKIagi Takux BEKTOPIB y Ta
y" 3 RN, mo

1) Prippert(h) < Prippsni(f2) A1 ¥
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Posnaia 6

MeTonu nepiBHoiiMmoBipHicHOroO BinGopy Ges
IIOBEPHEHHH

BinGip Bepmyni, npocruit sunaaxosuit Bigbip 3 ta 6es TIoBEp-
HEHRs, cucreMaTiynuit Bia0ip - Bel ni meronn Bigbopy BuxkopucToBy-
I0Th OJ{HAKOB] HMOBIPHOCTI BKJTIOUEHHS TIEPUIOTNO MOPSAKY T = const,
k€ U. lle 3ymMOB/IIOE Jly:Ke npocTHit BUIIs OMIHOK. AJe s BJIACTU-
BICTE € Jfavieko He 0DOB’SI3KOBOIO yMOBOIO Jjisi Binfopy. Hasnagu, na
MPAKTHIl YacTille BUKOPHCTOBYIOTBCS METOMH BIiIGOpY 3 HEO[HAKO-
BUMH HMOBIPDHOCTSIMU, OCKIIBKH came BOHH € BiIbIN eheKTHBHAMA.

lpa posrsini eBinfopy Ge3 mopepHeHHS Ta nobynosi oIjiHKHA
Xancena-T'ypsiua (ius. po3zin 5.4.) My Byke 3ycTpivamucs i3 BANAIL-
KOM, KOJIM HMOBIPHOCT] pj NOTPAILIAHHS €JIeMEHTIB y BUOIpKY Oy-
e pisuumy. Hpu ontumansHoMy BubOpi HMX HMOBIpHOCTEH MOXKHA
OTPMMATH OIIHKY 3 HafaraTo MEeHIO AWCHepCieo, Hix npu Bigdopi
3 O/THAKOBUMU HWMOBIDHOCTSIMH,

Y 1bOMY PO3AIiNI POBIIISTHEMO METOM HEPIBHOMMOBIPHICHOTO Bi-
bopy, 3a SKUX eJIeMEHTH He MAXOTh KOLHOTO INAHCY NOTPANATH Y
Bubipky Olsbre ofHoro pasy, a came: BiaGip Ilyaccona Ta BigOip, -
pOnopLifHKit 10 poamipy. s oninioBanHs Binnosinamx napamerpis
Oyznemo suxopucrosysatu oniuky Iopsina-Tommcona.

6.1. Biabip Ilyaccona

Ueit meron sinbopy e ysaransuenasm sinGopy Bepnymni. Horo
MOKIHa OTPUMATH TAKHM YHHOM: KOXKHOMY eieMenTy k € U craBuThest
y Bignoeigmicrs yueno 7, 0 < 7 < 1, mo susHAaYene Hatnepeu; npu
HOKPOKOBOMY Iepefopl KOXKHOTO eNeMeHTa I'eHepaATbHOI CYKYIHOCT
enement k norpannse y subGipky 3 imosipHicTio 7T, Ta He MOTpAaIIse
y BuOipKy 3 imoBipaicTio 1 — 715, Tobro,

Vk I){Ik:l}:ﬂk, P{Ik:(]}:l—-'ﬂk.
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Togi subipkosuit ausaiin Binbopy Ilyaccona (BIT) Mae srrnisaz,

ps)=[]m J] O-m). s€%

kes kel \s

ne § - muoxuna scix 2V miaMHOKEMH resepasbHOT cykynaocti U.
Ockinnku BunpoByBanHa He3aexKHl, TO Ty = TETy An4 Beix k, [ € U,

Ilpu sapannx mamepesn iimoBipHOCTSX 701, ...,7Nn Bigbip Ilyacco-
Ha peaji3yeTbcs 3a JONOMOrOI0 TAKOI CXeMH MOCJTIIOBHOTO BibOpYy:
reHepyeThest [N He3a/IeKHUX OAHAKOBO posnoxiitenux ua [0, 1] sunam-
KOBHX BEJIMYUH £1,..., £, HIO CTABJISITECA Y BiamosianicTs KoXHOMY
eJIEMEHTY TEeHepaibHOl CyKymnHocTi. HAruio & < 7, TO enemeHt k
BRJOHaETheA y Bubipky. fIKimo x e > my, 1o esement k y Bubipky
HE HIOTPAILISE.

IIpu sinbopi [lyaccona, gk i npn Binbopi Bepuyani, posmip subip-
KH € BHIIQJKOBOIO Beaw-uHoo. I1pu 1pomy

Eng, = Z T,

kel

Dn, = Z’ﬂfﬂc(l—’ﬂfk)-

kel

Tsepdocernnsn 6.1. Ilpu ewdbopi Ilyaccono ouinxa [opsiya—
Tomncona dan cymaprozo T mae suzand

Loy U
n % o
3 duenepcieio
- T 2 1
Dpr(te) = Z (1 — 1) (W_L) = Z (-&; - 1) yi.
kel/ kel
Heamiwennow oyinxorw yiel ducnepcit € crmamucmuxa

P 2 :
- Ty ﬂk(_l”ﬂk) Ui _ 1—?’1’# 2
Dy (tx) —-Z‘—a‘“— - =) v

kEs kEs k
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SayBaxuMo, mo Biadip Bepuysal nopmicTio BM3HaYeHHI, AKILO
sacbikeyBaTy cepejniit poamip Bubipkn Eng = n y NpHOoymesHi, mo
po3mip resepaqpHol cykymaocti N Bigomuit,

Hpu sinbopi Ilyaccona nporo samano: upu ¢ikcoBaHOMY cepe-
AHBOMY pO3Mipi BHGIDKM Eng = n icuye Gesniu Bapiantis Bubopy
. Axuit ke Hablp iMoBipHOCTEH Ty, ..., TN Byze HafiKpanyam?

[Nl BU3HAYEHHS 1{OT0 NOTPIGHO PO3B’A3aTH 33189y ONTHMIZALI]
'DBH(?H) — min npu QIiKCOBAHOMY CEPeLHBOMY pO3Mipl BUOIDKU

Eng=n= Z k-
kelr

le exsiBasienTHO Taki#t 3amaui:

Y .
Z p Z T | — min.

ket k) \ker

Iz nepisrocri Komi maemo

0 2
Z% Z’?Uc 2 Z’yk :

keU kell kel

3HaK «=» JOCATAETbCSl JIMIIE B TOMY BHOAZKY, KOJIK

% = A = const. fAxmo xapakrTepucruka y Habysae ammie 0~

JATHUX 3Ha4YeHb, T0 Ty, = 4. Omxe, 3 piBHOCTEl

ﬂ:zﬂ’k:%Zyk, 7\=%Z'yk

kel kell kell
BUTIJTUBAE, IO

Yie

T = T
2 2teu Yi

B NPUNYUIEHH], 110

1
yp < — Vk e U.
w<iyu
lely
Ockinexku 3nadenus yg HeBimomi ama Beix k, To ue#t pesyanrar

Ma€ B OCHOBHOMY TEOPeTHYHY IiHHICTB. TuMm He MeHm, SKmo Bigoma

95




AesKa DoJaTKoBa indopmalis (XapakTepHCTHKA I ), M0 JOCHTH 106pe
KODEJTIoE 3 Y, TO T MOXH& BHOpaTH npouopiifine 1o 3MigHO T

Ty
1 .
7 2tey T

T < %ZJJ

ety

IIPHITYCKAKYH, 110

B IHINOMY BHOAJKY 7 = 1. R .

Axmo 3: ~ const, TO OLIHKa t Oy/e MaTH NPUOIU3HO MIHIMAJILHY
AUCTIEPCIIO.

HmosiprOocTi BK/IIOYeHHs, Bu3HAYeHi dopmynon (6.1), € timo-
GIPHOCTIAMU,  NPOTOPUIiNUMY 00 posmipy (aHr1. probability
proportional-to-size), . :

Ocnosuum nesonnikom Binbopy ITyaccona, ax i sigBopy Bepuyiwi,
€ 3Minnuil po3Mip Bubipku. SIKILE NpUNyCTUTH, 1O MOMKIINBO 3HANTH
HMOBIPHOCTI Tf;, ONTUMAJLHHM YMHOM, TO

an /L . n
kes kes Ye/ 7 2oter Ui Iev

3BiACH BUJIHO, IO Bapiamis OIIHKH Ty Oye BUHUKATH B Pe3y/bTaTi
sapiauil posmipy subipkn. R

[le HAIITOBXYE Ha AYyMKY, 1O OLIHKA 5 3 BUODAHHMIE TAKHM YHHOM
Amosiproctsivu H6yie cebe mobpe nosoautH, npu Binbopax i3 hikco:
BaHHM PO3MipoM BHOIDKH 1.

6.2. Binb6ip, m-nponopuiitauii 40 posmipy

ITpu Binbopi, M-nponopiiiHoMy 10 po3Mipy, HMOBIpHOCTI B
4eHHs 70, BUOHPAIOTLCH HPOMOPIIHHO 10 ALSTKOT JOHOMIXKHOT 3MiHHOL
z, fxa HabyBae JO/IaTHHX 3HA4YeUb X, Tq,..., . Ja3BAYAN 3MIHHA T
XapakTepH3ye AKYCh MIDY PO3MIpy [if KOIKHOTO 3 €JIeMEHTIB TeHe-
PABHOT CYKYTIHOCT] Ta KOPEJIOE 3 XapaKTePHCTHKOIO ¥, ({0 BUBYAE-

ThCH.

o
o

ITpu nobyaosi cxemw Binbopy, m-nponopniiiHoro o poaumipy, 3
bikcosanum poamipom BUOIDKH, Ta BUKOPHCTAHHI oninku Topsima-
Tomircona Gaxano, mo6 BUKOHYBAJIACE TAKI YMOBH:

1) 6esnocepenniit Biabip 6yB nopisusHO NpocTow NPOLEIY PO,

2) HMOBIPHOCTI BKTIOMEHHs [EPINOTO NOPAAKY 71 Systu cTporo npo-
HOPNIfHUME 10 T3 a7s BeiX k € U,

3) #moBipHocTi BRITIOUeHRS APYTOTO NOPAAKY 7ix; Oyim nonarnumuy
A Beix k # | (BumipricTs Nusaiuy);

4) el my; MoxHa 6yno 6 nigpaxyparn Touno i w106 1i obuncrenns
Oy He HagTO CKJIAIHUMH;

5) A = My — 1 < 0 At BeiX k # | (ymosa €irca-T'panni-
Cena).

Y BUDAIKY, KOJH PO3MIp BHOIpKY N = 1, iMOBipHOCTI BRITOUEHHS
NEPINOro NOPAIKY 7T OYVIyTH CHiBOAIATH 3 Pk, TOOTO P-UPONOpL fHMiT
/10 po3mipy Binbip Ta m-nponopuifuit no po3Mmipy Biabip OyayTs inen-
THaHEMEA. ToMy MeTomM Hakonwyenmx cym ta Jlaxipi Moxkua BHKO-
pucTarn i ans siabopy, n-nponopuifiHoro J0 po3Mipy.

st posmipy subipku n = 2 icaye Ge3miv BuGIpKOBHX cxem s
A1 BIGOpy, 7-nponopninoro 1o poamipy. Hdesiki 3 Hux nocuts EpoCTi,
Jedaxi cknaami. Mu mHaBenemo mwmie OZHY, mo Oyna 3anporoHoBana
Bpioepom. He cxema na ocHOBi xepebkysannst. Ha koxnomy Kponi
IMOBIDHOCTI OTDHMAHHS e/1eMenTa ¥ BubipKy minfupaiorbes Tax, mo6
Y DE3YIbTaTi ABOX BHIPOGYBaHb OTpuMyBamch Daxani fiMosiprOCTI
BKJTIOYEHHS] NEPIIOTO MOPAIKY:

Tk
T = v/
1 ..
§Z'EEU T

Ans npoeroru Gynemo BBAXKATH, IO Tp < %Zic u Ti Aad Beix k.

Cxema Bproepa {12]. Cnowarky mus Beix enementis k nigpaxosyo-
ThCH BETUYHHT

(T — xy) Z
Cpp = ————a— I T Fo= Tp.
CT TNy — 2z T ker,%

97

—

e

e T



Kpok 1. Enemenr k norpannse y subipky 3 iMosipaicTio

Ck
Pk = =
> iev Ci

Kpok 2. Enement [ norpanisie y subipky 3a yMOBM TOTO, 10 HA
nepmoMy Kpoui 6ys obpannit esiement k (6e3 noseprents), 3 iMosip-
HICTIO 2

bBijg = 7"
k= 7y = p

Y pesynsrari OTpUMYyEMO

M = - keU,;

- _ 23«"!1'355('T_-'\J i II) k # L
. T 3 iev (T — 2¢) (T — 227)

Hana cxema sinbopy samososprsie Bei Gaxani siaactusocti 1)-5).

Mpuxnapn 6.1. PosniaueMo reHepasdbHy CYKYHHICTH 13 npukia-
Ay 5.5 Ta nigpaxyeMo jJis BCiX eIEMEHTIB 3HAUYCHHS Cj:

E 1 2 3 4 5
T |5 7 10 3 9
cr | 0,178 1 0,278 | 0,504 | 0,098 | 0,413

Hexaii y pesynsrari peanizanil cxemu Bpioepa y Bubipky norpamuan
esleMeHTH 2 Ta 5. 3HAYeHHS XapAKTeDUCTHKH Y IJIs KX eJ8MEeHTIB —
y2 = 4, y5 = 6. O6uucanmo 3uavenus oninku l'opsina-TomMncona nis
cymapsoro T' Ta ouinky mucnepcii 3 ypaxyBaHHsM TOIO, IO

14 18 2.7-9(34 -7 -9)

— DD et I :01142;
TR TR T T T34 — 14) (34— 18)

-~ 4 6
A = T - = 19: 81
b 14/34 + 18/34
Ags Ty 7T, .18
25 1 — 2 5 -1 34 342_0‘54
795 Tlog '[}, 142
98

BukopucToByioun /st OUiHKH fucnepeii dopmy Eirca-T pamui-Cena,
OTPHEMAEMO

o 1
D(tn) = -5 2(—0,54)(8,5—11,3)? = 4, 23.

7K Ga4uMo, HaBiTL DU TAKOMY MAJIOMY posmipi Bubipku, sik n = 2,
0OYHCTIeHH S IIPY OIHIOBAHHI € [OCUTD TPYAOMICTKOIO CIIPABOIO. ¢!

Binpuiicts icnyrousnx cxem Bigbopy, T-IPOLOPIIHOre 0 PO3Mipy,
3 iMoBipHOCTHMH, IO CTPOrO IpONOpIi#HL 10 Tk, npu 7 > 2 € no-
CHTE CKNaIHUMH. B OCHOBHOMY 11 CXeMH, B dKHX BHKOPHCTOB)’E’TBCﬁ
epeOkyBanus, i obuncienns IMOBipHOCTEH BKIIOYEHMHS APYIoro mo-
PALKY JyHe YCKIAIHIOETCS IPH 3POCTaHl po3Mipy Bubipku,

Hasenemo cxemy, 3anporonopany CantepoM, sika LIHPOKO BHKO-
PHUCTOBYETBCS Ha ITPAKTHIL, afie B Hilf BuMora eTporof nponopiiinocti
110 g nocnabiena. Y 1iff cxeMi esleMeHTAM 3 OCHOBHOL (BaxkamBimoL)
HaCTHHY TeHePaJIbHO! CYKYHHOCTI HAJaloThest HMOBIpHOCTI 71, mo €
CTPOTO NPONOPUIHHAME 4O Tk, & BCIM IHIIAM esieMeHTaM — OHAKOB]
fiMOBipHOCTI.

Cxema Canrepa [21,22]. Posrasmemo reHepaJIbHy CYKYIHICTD, 1O
CKAaJaeThest 3 [N eJIeMeHTiB.

1) Enementu CyKymHOCTI BHODS/IKOBYIOTHCS B HOPSIAKY CTIalaHHs
BIJHOCHO 3HAYeHb 3MinnOl 2. Hexafi {1,2,..., N} - ingekcu esne-
MEHTIB, MO B2Ke GyJiM BHOPSIKOBAHI TAKMM THHOM.

2) dnsa enementa k = 1 remepyerbcsi 3mavenus €1 piBHOMIipHO
posnoaisenoi Ha [0,1] BunankoBoi Be/rumEYM Ta, mifipaxoByeThes
3navenna Wy = nay /Ty, ne Ty = > ker Tk SAxmo € < 7y, TO
enemenT 1 nmorpannse y subipky, Ta ne morpamise — B IHIoMy
BHIIAJIKY.

3) Jlna KOXHOrO HACTYHNHOIO enementa k = 2,3,... mesa-
JIEZKHO TEHEPYEThCA 3HAYMEHHA €f pPIBHOMIDHO po3moiseno!
#a [0,1] BunagxoBol BesuumEM Ta I IPaXOBYEThCA 3HATYECHHS
?'r;c = (’L}%& fie Ny — KUIbKICTh e1eMeHTiB, mo OOTPANMIN v
BuGIpKyY, cepes nepmmx k— 1 €JIEMEHTIB, t, = T+ Tpr1+...+2N.
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# .
Ak € < 7, TO ejeMeHT k norpamnnse y subipKy, Ta He 1no-
TPaAIIAE — B IHIUOMY BHITAIKY.

4) Ipouenypa sinbopy 3 myskris 2) Ta 3) 3akinuyernes, Koju
ng = n abo k = k%, e k* = min{ko, N — n + 1}, kg ~ nait-
MEHIIE 3 TuX k, 1 KX neg/tx > 1.

o
o

AKmWo Ny« < 1, TO B PE3YILTATI 32CTOCYBAHHS TPONETYPHU Bil-
bopy 3 nyskTiB 2) Ta 3) Mu He oTpuMasH HeobXimHOT KibKOCTL
enemenTiB y Bubipky. Ti1 n — ngs eneMentis, mo 3aIumIHIOCH
subpatu 3 N — k™ + 1 norpansiiors y BubipKy 3a JONOMOIO0
cxemu Bigbopy 1, mo Hasejena B mijposgia 2.1. A came: st
esiementa k > k* reHepyeThCsl 3HAUEHHs &4 PIBHOMIDHO PO3HO-
aijenol ma [0,1] BUNaAKOBOI BETMYMHH Ta TOPIBHIOETHCS 31 3HA-
= n—rgy- Akmo g < ’fr;;, TO eJIEMEHT k NOTpaILIse
y BuOIpKy, Ta He HOTPAIUISE — B IHIIOMY BHIAIKY.

1
YeHHSM 7T k

[Ipouenypa 3asepuryerhest, KOau ng = n.
Y pesyapraTi BacrocyBaHHS Ifei cxemm Binbopy itMosipHOCTI
BEKJIIOYEHHA 6y,71y"[‘b TaKHMH:

m“ k=1, k-1,

nl ] * N.
Tw{N=k*+1)? k= k

na nigpaxyuky #MosipHocTeit BK.IIIO‘-ieHIIﬁ APYTOTO MOPSiJIKY BBEIIe-

bppa1 ‘ .
MO BEJIIMIHHU: (] 1= % gk = Gk L STk tﬁ'-l—l Lok=23,.., k" - 1. Toxi

Ty =

n{n—1)

= ikilqk

n(n-—l!
Ty = TN N—k“+1}$k9k?

Y 2
n(n-1) (ov=k ) (f“: Tkt -1 gie—1, k*<k<I<N.

bem— (N=k*F1

1<k<l<k®
1<k<k*<I<N;

T

6.3. Bnpasu Ta nUTaHHS QI CAMOKOHTPOJIIO

6.1. Yum Bigpisnserscs Binbip Tyaccona sin sigbopy Beprymmi?
6.2. "lu e nepisHofMOBIpHiCHUI BiAOIp 6imbir edeKTHBHNUM, HIXK Bia-
6ip 3 piBruMu HMoBipaocTaMu? B akomy Bumaiky?
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6.3. Ky OUiHIOYY CTATHCTHKY BUKODHCTOBYIOTH npur Biubopi, p-
NPONOPUIAHOMY 10 po3Mmipy, Ta Tpm Bixbopi, T-TIPOHOPHIHOMY 710
po3mipy?

6.4. 3a yonomoromwo Bigbopy 1lyaccona i3 cepeHiM po3Mipom BubGipKn
10 orpumana BUGIpKa 3 reHepanbHOl CYKYIIHOCTI, Mo CKIIAaETHCs 31
100 enemenTis, nas ouinosanHs cymapuoro T XapaKTePUCTHKU 7.
MmoBipHOCTI, 3 AKEMY ejteMenTH norpanisiiau y Bubipky, Bubupagucn

HpONOPHiAHO 110 3minHol . TakuM wunoMm Gyso o6pano 12 enemenTis.
Pesynbrary ofcrexxenns HaBeneHo B TabJmmi:

k|1 21 3] 4
zp | 54 | 671 2| 27| 2
Ye 19,2159,812,2(25

61 7[819 [1011]12
62] 4| 481331 446 12 | 46
6,8]3,74,2/4,1]389|1,1]438

[y

]

o
=

3HaiiTh:

1) oninky Iopsina-Tomncona as cymapraoro I’ XapakTepucTHKH

2) meawiuieHy ouimky st gucnepcil omimky T'opeiua—Tomnconas:
3) ouinky xoediuienra papianii xns .

6.5. [Jas onjmoBanus cepeaHboro Y XapaKTEePHUCTHKH Y I'eHepaIbHOT
CYKYIHOCTI po3Mipy 4 3acTocosano Binbip, T-ITPOTOPLIRHUIN 10 po3Mi-
py. Hasg uporo 6yso Bubpano nBa enemenTH nponopuifino a0 smiagol
T 3a cxemoto Bpioepa: y; = 65, y4 = 22. Bizomo, mo 21 = 67, x9 = 14,
z3 = 45, z4 = 24. ObuncanTu:

1) HeaMiImeHy OLIHKY A7S1 CEPEeIHBOTO;

2) mesMimedy omiHKy st Jucnepcii miel omEKy;

3) ouiuky must Koediuienra Bapiauii 1s Tt m.!@ﬂ) = g(ﬁﬂj.

6.6. Hexait ans xoxxHOro enements TreHepaIbHOY CYKYHHOCTI, mo

CKIQIaeThCA 3 JeCATH eIeMeH I‘lB, Bl,.lOMl JHaYeHHA ,.‘IOI'[OMDKH.OI AMIH-
HOI T

10,2,8,6,2,10,1,1, 6, 4.
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Yreoputn BUOIPKY 3 1 = 4 enemenTis, BuKopucTonyouu cxemy Can-
Tepa. Jlna 3naxo/yKeHb 3HAYEHD £ MOXHA CKOPHCTATHCH TabJHlen
BHIIAIKOBUX YMCEJ, HABEACHOK B JonaTKy 2. [lna 1poro umena 3 mi-
€l TabnIi MOXKHA POBIMIAIATH, K 3HAKH HiCTs KOMH y DIBHOMIDHO
posnoginerol Ha [0,1] Bunagkosoi pemmumHE.

6.7. [1s resepasbHOl CYKYIHOCTI 3 IECTH €€MEHTIB BijjoMi 3HAYEH-
H# JOIOMIKHOL XapaKTEPUCTHKH &

It :4[}0, Ty = I3 = 1.5, T4 = 10, T5 = Zg = D.

1) Orpumaru BubipKy, MO CKIATAETHCS 3 TPHOX EJIEMEHTIB 3 iMO-
BIDHOCTAMHY, T-IPONOPIIAHAME [0 T, BHKODHCTOBYIOYH METOL
Canrepa.

Ilpu Bigbopi cKopucTaTHCS TAKMMHI 3HAMEHHAMM JIIs PIBHOMIp-
1o poanoginenol xa [0,1] Bunagkopoi semmraumm:

€1 =0,28;e2 = 0,37; 65 = 0,95; &4 = 0,48;¢5 = 0,83;e6 = 0, 74, |

2) TlinpaxysaTh fMOBIDHOCTI BKAIOUEHHS JPYroro HOPSAKY T3 Ta
Tl24.

6.8. Meron Minzywno [11]. Hexaii poamip renepanniol cykynHoCT:
N > 3. Posrnsnemo rtaku#t Meron Binfopy 3 HepiBHEMH HMOBIpHO-
CTAMU: TIEPLIMIA €JI@MEHT NoTpallisie y Bubipky 3 HepiBHUMH fiMOBIp-
HOCTSAMH Py (Eko pr = 1). Inmi n — 1 esemenTu norpamigiors y
BUDIpKY 3 Tux N — 1, [0 3adummiucs, 3a gonomoroio [IBB6IT.

1) 3uafiTu AMOBIPHOCTI BKJIKYEHHS MEPIIOro Ta APYTOTO HOPHIKY.

2) Bupasutu AMOBIpHOCTI BKIIOUEHHS APYIOrO MOPSAIKY kcpe3
AMOBIPHOCT] BKITIOYEHHS IIEPIIOrO TTOPSJIKY.

3) Yn sazosonmeHsiioTh W #MosipHocTi ymory Efitca-T'panmi-
Cena?
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Posmin 7

CrparudikoBanuit Biabip

7.1. OsnauyeHHs Ta 3acTOCyBaHHS crpaTucikoBasoro
BinGopy

Hpu cmpamuginosanomy eid6opi (CTB) remepansna cykynHicTs
AUITBCA HA TACYKYIHOCTI, 1O He neperunaThes. i nineykynno-
CTi HABMBAIOTBCA cmpamamu (aHTL. stratum) 4. Hponenypa nominy
PCHEPAJIBHO! CYKYHHOCTI HAa CTPATH HA3HBAETHCS cmpamudirayiero.
Bubipxosi omumuui scepeauui crpar onuopingHi (1oai6Hi) 3a nepHOIO
O3HAKOIO YH O3HAKAMMU.,

¥ KoxHi# cTpari npoBoANTLES Biibip enementis. Merox BinBopy
eJIEMEHTIB 3i cTpaTH Moxke HyTa Oyap-akuM, nprYOMy BiH HEO60B’sI3-
KOBO OMHAKOBUI nAas Beix crpar. Bigbip 3 onuiei CTPAaTH HE 3aJIE3KHTH
Bia Bi6OPY 3 iHmol crpaTh.

lenepaibry cykymricTs MOXKHA crparrdikysaTn 3a 6yap-siKOIO
XapAKTEPUCTHKOIO (3MIHHOIO), HASABHOMIO Y KOMKHOI onuHuIi 3 BUGIp-
KOBOI OCHOBH JI0 TPOBEIEHHST Binbopy (Hanpukaa, BIK, CTaTh, paiion
IPOKHBaHHHA, HOXiZ TOmO). 3MiHHA, 38 AKOK NPOBOIHTHCS cTpaTH-
(pixanis, nasuBaeTsea empamudirayitnoro. Crparndikauiltaux smin-
HEX MOKe ByTH Bipasy kinbka, aje 3a3BHuail AJist erpatudikanii Bu-
OupaloTh OnHY 4w ABi 3MiHH,

Yomy BuHHKae moTpeba BUKOPHUCTOBYBATH cTpaTtudikauino? s
BOTO € 6araTo NPHYMH, FOIOBHOIO 3 SKUX € Te, [0 3aB/SIKU CTPaTH-
¢pixanii crpareria sinGopy crae 6impm edexrusro©O. Ynm Giabure 3umi-
HIOETBCA JOCNIKYBAHE XAPAKTEPHCTHKA BiZ onmiel BuGipKOBOT On1E-
HUIL 10 {Hmol, TiM 6inbmuit po3mip BuGIpKH noTpiben mis OTpUMA-
HHHA JIOCTATHRO TOYHOI OHIHKH. AJe gxmo CTBOPHTH CTPaTH, BCEpe-
JVH] SIKAX 3HAYEHHSA NOCJIIOKYBAHO! XapaKTePHCTHKN (HANPHKJIAN,

4 «Stratum» IIEPEKIAIAECTRCA 3 AHWICBKOT K «IIapy», TOXK iHOAI et Merox
BiaBOPY HASHRAIOTH «BinbopoM 3 posmapysanusaMs. Aje B HEeWTHCTeHHIE yrpaiHo-
MOBHIR JriTepaTypi 3 Bubipkosux obcresxens YACTIIE BXKMBAIOTLCH HA3BH «CTpa-
ra» Ta «crparTudikosaHnit Binbips, Tox came i Ha3su i Bynemo BHKOPHCTOBYBATH
B IBOMY HOCIBHUKY,
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JIOXOMY) CX0xKi, & 1J1s1 PI3HAX CTPAT BOHHM CYTTEBO BIAPI3HAIOTRCH, TO
Mauol BubipkM 3 KoxkHOI cTpaTyn Bye miTKoM JOCTATHBO JUIS 3HAXO-
JIKEHHS TOYHO! OHiHKK 11g crpaTtd. Kombinyioun omitkwy, orpuMani
JUld CTPAT, MATUMEMO OIHKY JOCITiIKYBAHOT XAPaKTEPHCTUKHA 114
BCi€l reHepanbHOl CYKYIHOCT], NpH NpoMy cyMapHui po3Mip BuOipKH
npu crpaTudikosanomy Binbopi Gyze 3HAYHO MEHIIMM, HIXK pO3MIp
POCTOI BMHIAIKOBOI BUOIpKH, nOTPIOHME ju1a Takoi camol TOYHOCTI
OLIHIOBAHHA.

Haseyemo me kinbka npuuwsa BuKopucTaHHSA cTPaTUhiKOBAHOIO
Biabopy:

1) TTpunycrimo, wo HeobXiAHO OTPUMATH ONIHKH TOC/iAMKYBAHOL
XapPAKTEPUCTHKHU [JIS IEBHUX obaacmet]l docatoncerma — Tijcy-
KyIHOCTeHl reHepasbHOI CYKynHOCTI, 1 3a1aH0 6arkany TOYHICTH
LUX OUIHOK. $IKuio 3a BUOIPKOBOIO ‘OCHOBOI MOYKHA BHIHAYUTYH
HAJIEXKHICTB OJZUHUIY I'CHEPATBHO! CYKYTIHOCTI 10 Tiel wu iniol
061acTi JIOCTIIKEHHES, TO KOXKHY TaKy OOJACTh MOMXHA PO3IIIH-
AaTH sIK OKpemy ctpaty. amni 3 KoxKHOI eTpaTi MoXKHa Biibpa~

TH AMOBipHicHY BubipKy Takoro obesry, sxuif 6yae rapanTyBaTH

3alaHy TOYHICTH OLIHIOBAHHA.

2) Ipu nposeienni BUGipKOBOro 06CTEKeHHA NPAKTHIHI ACIEKTH,
AKI CTOCYIOThCH HEBIANOBIAEH, CKIaAHOCTI BUMIpIOBaHD Ta 06CH-
Iy 100aTKoBOI iHdopMalil, MOXYTh 3HAYHO BiApI3HATHCT AJIst
pisHMX miACYyKynHOCTe#l reHepa/ibHOI cykynnocti. Hampuknas,
He BCi KaTeropil HaceJIeHHs OIHAKOBO OXOYE BiNIOBINAIOTH Ha
3anmuTalisg, MO CTOCYIOThCs . ixHIX mpubyTkis. e ozmagae, 1110
B JEAKHX CUTYalifaX ANa Toro, mob miasunmry edeKTHBHICTD
00CTeIKeHHs, BAPTO /IS KOXKHOI CTPATH OKPEMO NiabUpaTH Me-
TOMAM BIADOPY Ta OLIHIOBAHHSA 3TiNHO 3 11 0COBIHBOCTAMH,

3) Meta BuGIPKOBOIO OGCTEKEHHS MOXKE BUMATATH IOiIy HEBHOI
reorpacdiunol Tepuropil Ha okpeMi paiionn (HRanpukiazn, HOTpi-
OHO ouinuTH piBenn Ge3pobiTTa He TiNLKY A1 YKpaiuu B uino-
My, & B aua koxkHoi obstacti okpemo). A6o 3 ToYkM 30py mpa-
KTHYHOIO BTiTEHHA OOCTEXKEHHs PeHepasibHa CYKYIHICTh ajMi-
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HICTPATHBHO po3OUTA HA PEriOHH, B KOKHOMY 3 SIKUX 0DCTEXKeH-
HS IIPOBOAMTHCH CBOIM MiApO3mioM. VY TAKHX BHIISIKAX I{IKOM
TMPAUPOAHO POIIVISAIATH KOXKEH PalioH SK OKPeMy CTPaTy.

Saysaosrcernn 7.1. Ilpn crparndikopanomy Binbopi crpara, mo cyri,
CTa€ OKPEMOIO TIOTVISIIEIo, & 16 03Hadvae, o AJIA KOXKHOI cTpartn
noTpibHo 3HaiiTy HeobxigHu# po3mip BUGIpKU.

Saysascenna T7.2. Haitbinsimn kopucHowo crparndikanis € Tomi, KON
crparudikanifina 3MiHHA, TO-TIEPIIE, TICHO OB’ A34HA 3 METOK JIOCJIi-
Juketinst (To6TO, 3 JOCHIKYBAHOIO XaPAKTEPUCTHKOIO) 1, MO-1pyre, i1
MOYKH& JIerKo obcTexxkuTu abo BuMipaTH.

Ans roro, mo6 MaKCHMAaJbHO BUKODHCTATH nepeparu crparudi-
KOBaHOTO Binbopy i oTpEMaTH. cTpaTHdikoBaHy BubipKy, sika 6yzie
ONTHMAJIBHOIO AK 3 TOYKH 30pY edEeKTHBHOCTL, TaK I 3 TOMKH 30py
MpaxTHYHOol peasizaimil, noTpidHO BUSHAMHTHCH MO0 KUIBKOX TEXHi-
YHAX TATAHD.

1) Mogin resepansHOl CyKyDHOCTI Ha CTPATH:

¢ SKIIO € MOMKIMBICTH BHOODY; TO 3a AKOIO 3MIHHOIO CTPaTH-
dixkysaru (Hanpukiazn, 3a BIKOM, cTaTTIioO 4u dhaxom)?

® CKUIbKM cTpaT Mae€ OyTu {HANpUK/IAM, Y BHIAAKY CTPaTH-

¢dikanii 3a BikoMm — cKinbku Mae OyTu BikoBUX Tpyn)?

® AK caMe PO3MENKOBYBATH CTPATH (HANPUKJIAJ, SIKIIO BIK —
crpaTudikaniitia 3MiHHA, TO SKUMM NOBHHHI OyTH Mexi
BiKOBHX TpyII)?

2) Metoau Bigbopy Ta OUIHIOBAHHS:

® Ui KOXKHOI ¢cTpaTu norpibuo migibparn BubipKOBHHA Au-
3alii Ta BU3HAaYMTH HeoOxinuHuit po3mip BubipKH; JacTo
oJMH 1 Toit caMuit MeTor, BiAGOPY BUKOPHCTOBYETHCS 1)1
BCiX ¢TparT;

® Ui KOXKHOI cTpaTH norpibHo BuOpaTH MeToJ OIiHIOBAaH-
Usl; 3HOBY »K TaKM, YacTO OJHAKOBHH METON OMIHIOBAHHS
BHKOPUCTOBYETHCA AJsI BCIX CTPAT.
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Bei ni untanns szaemonon’sizani. OcraToune pinieHHS 3a/eXKHTh
Bin GaraTthox obcTaBuH, Y TOMY YHC # Bl BAMOr NIOAO TOYHOCTI
OLIHOK ANs pizHux 3MinHuX i obilactedl pocaimxkedHs, BapTocTi 00+
CTeXeHHsd, ajMiHicTparusHux 0O6MerKeHb TOLIO.

7.2. m-ouiHKa CyMapHOro 3HAYeHHsI HPU cTpaTudikoBa-
HOMY Binbopi

Hexait remepanena cyxkynmicte U = {1,...,k,...,N} mnozi
nena wa H crpar: Uy,...,Un,...,.Uy, ne Uy, = {k € U
k manexkute h-it crpari}. Ilpu crparudikosanomy sinbopi #iMosipai-
cna Bubipka sp Bmﬁzpaé"rb(:ﬁ 3i crparu Uy 3rigno 3 subipxkosuM. qu-
saftnom pp(+), b = 1,..., H, upy gpomy sigbip 3 Oyab-axoi LIpdTI‘I
MIPOBOAMTHLCS HE3ANMEKHO Bifl BinGOpis 3 pemTy ¢TpaT.

Peaynpryoua subipra s € 06’ ennannsm subipox; sinibpammx 3i
cTpar, TobTo

s=8UsoU...Usp.

Brracainok mezaexkuocTi Biabopis 31 ¢rpar MaTHMEMO

p(s) = pi(s1)pa(s2) ... pu(sm).

Byaemo BBaxkaTu, M0 KUIBLKICTD €eMeHTiB B h-#i cTpaTi BijjoMa.
Hosnauumo i1 wepe3 Nj,. OckinbKy cTpaTé yTBOPIOIOTL PO3DUTTS re-
HepAJIBHOI CYKYIHOCTI, TO

H°

N = Z Ny.

h=1

QueBuHO, WO CyMapHe 3HAMEHHsS NOCIIKYBAHOT XapaKTepHCTH-
KH JI7Is BCI€l reHepaslbHO! CYKYIHOCTL € CyMOI CYMAapHHX 3HAYEHD ¥
CTPATAX:
E Y = 2 Ty = 5 NpY, (7.1)
kel h=1
e Ty = S yp — cymapHe sHauenust B h-ii crpari, a Y, — cepeise

keUy,
3HaveHHs B h-if cTpati.
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Ny A
TTosrauynmo vepes Wy, = ¢ — sary crparu Uy, Toni cepenue s
PEHEPAJIBHO! CYKYITHOCTI MATHME BHIVIS

Y=Y WY (7.2)

Tsepdocenna 7.1. IIpu cmpamugirosaromy eidbopi TT-oUiHKa CY-
Mmaprozo snavenna T = Y yr Mmae suzand

kel
H
= tum (7.3)
h=1
de Thnw - ye 7-ouiHKa CYMAaprozo shavenna 6 h-t cmpami,
Iy kz Yk Aduenepein oyinku tx npu cmpamudirosaromy stdbopi
€u
maxa: "
H
Dorplta) =D Daltin), (7.4)

h=1

Oe Dh(tl\lﬂ) — oucnepcia ouinky thy. Hesmiwena ouinxa ducnepcii
UMK try oBvuCAI0EMBCS 30 BopmYoI0

Dorg(tn Z h (Eh), (7.5)

30 YMOBU, WO HEIMIULENA OUIHKA Dh(t;m} ducnepcii Dy (thx) icnye das
scivh=1, H.

osederna. 3 o3navueHus c1paTHdiKOBaHOTO BigGopy BunEBae, 1Mo
= Pk € s) = P(k € s3).
Taxuym uunoM, 7-oninka cymapHOro suavenns T Mae BHIIIsL
y H
— k -
tn = = E E Z thﬂ:
kes o h=1kesy, '* k=1
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Je thy ~ T-OUIHKA CyMapHOTO 3HaueHHsa B h-it crpari. Qckinbky Bigs
Hopu 31 cTpaT MPOBOASTHCS HE3ATEYKHO, TO BUIATKOBL BEJIMYIHHHA Thux.
h=1,..., H, — nesanexuni. 3Bijcy 3rijHo 3 BJIACTHBOCTSMU JHUcHEPCi]

orpumyemo opmymnu (7.4) ta (7.5). (B ':

3a3suyail ofmH i To# caMuilt MeTox BiADOPY BUKOPUCTOBYETHCA JIJ1S

Beix eTpar. SIKWIO B KOKHIH cTpaTi 1/st 106yaoBy BUGIPKI BUKODHCTO: |
BYETbLCSI MPOCTHI BUNAAKOBUH BIADIp 63 noBepHeHHs, TO TAKHIE MeTOH §
BinGOpy OOMHNLB 3 FeHEePAJIBbHOI CYKYIIHOCTI HA3HBACTRCH cmpamudi- §
KOGOHUM npocmum sunadkosum 6idbopom (CTIIBB). SIkio B KOXKHIH §
crpari 4nd nobynosu sUOIPKH BUKOPHCTOBYEThCA CHCTEMAaTHYHKI Bij: |
Bip, TO TaKuit MeToA BinOOpY HABHBAETLCA CMPAMUPIKOEAHUM CUCTE- |
mamusnum eidbopom (CTCB). Ananoriuno, cmpamugirosanudi 6id- |
tip Bepnyani (CTBE) oznakae, 1m0 a4 nobynosu crparudikoBaHol |
BUOIPKY B KOXKHiI cTpaTi BHKOpUCTOBYeThest Biabip Bepnysut, 1t . 4
Buxopucrosyioun BIZoMoCTI HONepe HiX po3aiiis, i3 TrepmKenns 7.1 ':

MOXHa JIETKO BHBECTH (l:)()])My.T[H AT ()U,iH]EOBaHHSI CYMapHOro 3Ha4e-

HHSI JOCTIXKYBAHOT XapAKTEPUCTUKY, JUciepeil ta ominky gucnepaeil |

OTPUMAHOI OIIHKH IS KOXKHOTO 3 IIX BUHAJKIB.
3okpema, as CTTIBB matuvemo take TBepazKeHHS.

Teepdocenmn 7.2. Hexad ny — (hixcosanut posmip npocmoi eunad-
.., H. IIpu CTIHIBB m-ouinxa §

Koeoi subtpxu 3 h-t cmpamu, h = 1,.
eymapnozo 3navenna T = Y yp mae eue,rma

kel/
H
=S N, (7.6) |
h=1
de Yy, = e gubipxose cepedne 6 h-ii cmpami.

Ty,
kesy ’

Hucnepcia ouinku ty npu CTIHIBB aanuwemses max:

H

n ol = fh |
Dernpp (e = Y Ni—= - S?, (7.7)
h=1 }
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de fn = nh/Nh - wacmxa 6i0bopy 3 h-i cmpamu,

— 2 ; ;
S = S kez Yx — Yr)? - ducnepcia e h-t cmpami,
h,
Ya %&- - cepedne 6 h-ii empami, h=1,..., H.
kely,
Hesmiwena ouyirixa ducnepeti ouyinxu ty 0BYUCI0Embes 3a dopmy-
JOMO

i

H
Dornpg(tn) = ) Ni—=5;, (78)
h=1

G2
de Sj = nh P k; (yx — Tp)? - eubipxosa ducnepcis 6 h-ii crpami.
8,

7.3. Onrtumanbue po3MileHns crparndikosBaHoi Bu-
Gipkm

Poaraamemo crparudikosany renepabay ¢ YKYIHICTE | IpANyCTH-
MO, IO JIsi KOXKHOI CTpaTH BuOpPaHO BIANOBLIHME MeTOx BizOODY.
Hns ouiHOBaHHS cyMapHOTo 3HAYEHHS JOCTLIDKYBAaHOI XapakTepn-
CTUKY DOMYJIALIT TIAHYEThCS. BUKOPUCTATH TT-0uiHKy. Jlepnr iz pos-
nounHaTH Oesnocepennilt Binbip enementis, noTPIGHO mEe BU3HAMUTH
1eobxinni posmipn BubipOK 3i erpat: ny, h=1,... , H.

Hexait crparudikoBanuit BuGipkoBuit au3aiin TaKui, mo mucnep-

ciro ﬂ*OI_I;IHKI'T CYMapHOTO 3HAYEHHHA renepa,nbﬂm CYKY TIHOCTI MOMKHA
NOJaTH ¥ Ii]dl.J'IH,JII

Mm

DerR(tn B =:D, (7.9)

h=1

e supasu Ay Ta B He 3anexars Big ny. 3okpema, B TAKOMY BHIVIsSLII

MOZKHa 3aUCATH QHCTIEPCIIO 7-OUIHKH CYMAPHOTO 3HAYEHHS HOIYJIsi-

uii npu CTIIBB ta CTBE.

IMpumyeTumo, o 3araabi BUTPaTH Ha BibipKOBe 06CTEXREH S MO-
KHa 300pasuTn y Burisal JdiHilEol DyHKIT

C=c+ Z NRCH, (7.10)
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ze cg — nesaki ¢dhikcoBani BHTpATH, & ¢ > 0 — BUTpaTH Ha 00CTeKeHH
OAHOTO eneMeHTa h-i cTparTu.
. . 5
3a1auy onMUMAALHOZ0 POIMIUEHHA sUbipKU” MOXKHA chOPMYITIO-

BaTH TAK: HEOOX1JHO 3HaliTn TaKi 3Ha4YenHs po3mipis Bubipok 3l cTpar

np, b =1,..., H, axi 6yayTs MiHiMi3yBaTy gucnepciio D npu ¢ixco-

parux BuTparax C, abo, Hasmaku, gxi OyayTs MiHiMI3yBaTH BUTpATH

C npu dixcoBaHOMY 3HaYeHH] qucnepcil D.

Teepdncenrsn T7.3. Sxwo empamudirosanutl subiprosuili dusailn
maxutl, wo ducnepciro Do (tn) moorcna sanucomu y suzandi (7.9, 4
MO GNMUMANDHE POSMIWEHHA NP ATHIGHIT dynruil sumpam eudy §

(7.10) docszaemvcs modi, xoau ny nponopuitine Ay /cy)2.

Josedenna, Tlozuaunmo D* = D — B ta C* = C — ¢g.
Y npoMy BUNAAKY 344494 3HAXODKEHHS ONTUMAJIBHOTO PO3MIIe-
HHA eKBiBaJienTHa 3a7a4 MiniMizauil mobyTry

H

Ny

H .:.
o A _
D*C* = Z_E > nnen |- (7.11)
h=1

h=1

3acrocyemo HepibuicTn Ko

>at) (et) = (30 ahbh_)QT

. § .
B SKill NOKJIAAEMO ap = (Ah/nhjlﬁ ta by, = (npe)'/?. Toni

H 2
D*C* > |3 (Apen)'?
h=1

PiuicTe  y niit. mepisrOCTI [T‘06T0, MiHIMajbHE 3Ha4eHHdA Ho0yTKY s

D*C*) mocstraeTees TOMI 1 TLIBKY TOAL, KOMK by /ap — cTala BETMYIHA
s Beix h=1,..., H, Tobro, npu

(—-—-—nhch )UQ = const
Ap/np

Inoai 3aMicTb €ONTUMANBHOIO PO3MIMEHHS» BXXUBAOTH TEPMIiH <ONTHMAIE

HUH po3nogins BHDIPKH.
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abo
np o< (Ap/cn)Y2.

O

Teepdorcenns 7.4. 1) Minimisyrowu ducnepciro D eudy ( 7.9) npu
picosanux eumpamax C' eudy (7.10), ompumaemo onmumanvii po3-
Mipy subipox 31 cmpam:

_ (C~ co)(Ap/cp)'/?
H ¥

2 (Anep)'/?
h=1

h=1,...,H. (7.12)

Mirimanvre snavenns, ducnepcii nPU YBOMY CMAMOSUMb

2
H
1

D, — 1/2
onT oy };(Ahch) + B. (7.13)

2) Minimisyrowu sumpamu C' npu ircosanit ducnepcii D, ompuma-
EMO TNAKE OTIMUMAABHE POSMIULEHHA!

(Ap/en)1/? {% (A.hchjl/ﬁ}

h=1
(D - B) ’

np = h=1,..., H. (7.14)

Ipu yvomy minimanvme snaverns Gynxyii sumpam dopienioe

H 2

1 ;
Conr = co + -8B ;(AhCh)lﬂ . (7.15)

Bayeasicenns 7.3. Y Teprkennsnx 7.3 Ta 7.4 HesSBHO HPHUIYCKAETHCS,
10 PO3B'SA30K 3aa4l BHAXOIKEHHS! ONTHMAIbLHOTO PO3MIiIlieHHs 3a-
A0BONIbHAE yMOBY npy < Np s Koxeoro h = 1,..., H. Sxmo x
onHe abo KimbKa 3 IUX 00MeKeHb He BUKOHYIOThCS, TO s Bianosiza-
HUX CTPAT NOTPIOHO MOKMAacTu 7, = Np, & JUIs pemTu crpaT Hep&
paxysaTy (mizmpaBuTH) posmipm Bubipok. Hanpmkiar, PO3TIISTHEMO
BUNIAA0K, Ko aucnepcisa D dikcosana, a Burpatu C morpibuo migi-
vizysatu. Hexait n, nepesuiytors Ny npu h = 1,.. ., p,p< H (Mn
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3aBXK/(M MOKEMO 3MIHUTH HyMepaniio crpar norpibunm qinom). Tol
HOBI po3Mmipu BubIPOK 31 cTpar 0bYHCITIOEMO TAK:

np = Np, h=1,...,pm
np = K(Ap/en)V?,  h=p+1,...,H,

Je crana K BusHayaeThes 3a (GOpPMYNOO

H P
K=Y (Ahc;,_)‘-”f‘/ D~B=>_ Au/Ny

h=p+1 h=1

HAxmo micng nepepaxyHky Bci ny, < Np, 1o uei byne mykanuit posn’d-
{ PepaxyHKy h = {Vh, il ¥4 Y P

30K. fAKINo XK Hi, TO HABEJEHY NPOLEAYPY MOBTOPIEMO JIOTH, MOKH 5
yMOBa He By/ie BUKOHAHA.

3ayeaoicennn 7.4. Ilpn BusHAYeHH] po3mipis BuOIpOK 3i crTpar ciij |

rnaM STATH 1 NpO Taki IBl OYeBHAHI YMOBH!

1) s obuucaenns BuGIpKOBUX cepenHix y cTpaTax norpibno, 100
np>1, h=1,...,H;

2) nnst obuucienHst BUOIpKOBUX Aucrepeiit noTpibHo, mob ny > 2,

Sayeasicenna 7.5. Icaye Garato edexrusnux xpurepiis crparudika-
uii, AKi MOXKHa BUKOPUCTOBYBATH IIPH BHOIpKOBOMY obcTexkenHi. 1o

1 JOCTIIHHKE DPaIoiTh 3 AY7KEe BEIHKOI KilbkicTio crpar. Tpa-

IIAIOTRECH BUMAJKH, KOJH BIAOUPAIOTE TIALKH IO OJHOMY €JIEMEeHTY
3 KOXKHOI ¢TPATH. 3BHYANHO, B TAKHX BUNAJKAX HE MOYKHA BHKODH-
croByBaTu ouinky mucnepceii (7.5). Haromicts npononyerses Tax 3Bd-

HUL MEMOOD 8UPOOHCEHUT cmpam, SIKUN TIOJNSATaE B TAKOMY: CTPATH |

po30HBAIOTL Ha I1apH, A M0TIM HAa OCHOBL JBOX CIOCTEPEXKEHbL Y KO-
Xkuiit napi onimoerses gucnepcis. Hexalt ominka cymaproro 3save-
H H
h=1 h=1
E}L = Yp/ T — HE3MINIEHA OIliHKa CyMapHOro 3HavenHd Ty B h-ii cTpa-
Ti; h=1,..., H, a enement k Binbupaerncs 3 Bianosianol crparn 3
imosipaicTio T, Hanpukmaj, npu npocroMy sBunagxosoMmy sigbopi 3
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h-1 crpatu T, = 1/N}, 171a Beix eneMentin miel crpatu. Ipuanycrumo,
mo H — napue uucno. Ilossauumo imgexcamu j1 Ta Jj2 crparu y j-it
mapi, j =1,...,M = H/2. Toni oniuka mucnepcii npu 3aCTOCYBaHHI
METOAY BHPOIKEHHX CTPAT MATUME BHIVISAL

M
Bunp = 3G~ F)”
=1

Maremarnune cronisanas ujiel omigKE NOpPiBHIOE

M
E(Dpup) = D(tx) + Y _(tn — tj2)?,
j=1

10670 Dpyp 3a3Butiail nepeorinoe QUCIepciio ’D(?n) i npu3BOIETL 1O
KOHCEPBATUBHUX HOBIpYMX inTepsanis. AKio crpatu Moxna posbu-
TW Ha mapu Tak, mo6 Vj = 1,...,M = H/2 mana micue pismicts
tj1 = tj2, 10 ouinka Dyup Oyne Hesmimerow. V Giapmrocti Bunagxis
BAXKKO YHUKHYTH 3MIIIEHHA Uiel OUIHKK, OCKLIBKH JJIST IhOTO oTpi-
OHO 3HATH CyMapHi 3HAYEHHS B CTPATAX.

Hpuxkmang 7.1, Onmumaivie poamiwenns npu. CTHBR. Y Bu-
NajKy CTpaTudIKOBAHOIO IPOCTOTO BUIAAKOBOIO BinbOpy mucnepcio

H
. n 1—f ao .
Derrep(te) = 5. NP o S? Moxua 3anncaTH v BENISI dbopmyn

H
— N2g2 _ Qs e :
(7.9) 3 Ay = NfSp, B = -3 NyS%. Minimisyroun mucnepeiio npu
_ h=1
pikcoBaHuX BHTpATAX, OTPEMAEMO

N Sl >
nh. = (C — CD)?“M"\/‘E};—.
> NaShy/en

h=1

(7.16)

I3 Bupasy (7.16) sunuusae, wo qum Ginbmia gucnepcis B cTpaTi, THM
Oimpine ny. AHAJIOTIMHO, YUM MEHII BHTPATH Ha OBCTEXKEHHS e1eMeH-
Ta 3i cTpary, THM Glabmmit posmip Bubipku 3i crpaTi. ¢
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7.4. Anprepnarussi posmimmenns npu CTIIBB

Y upomy miznposgim 6iibw AeTATEHO POINIAHEMO CTPATH(hIKOBES
HIHA TPOCTHH BUNaIKOBUiT BIOIp Ta ankTepHaTHBHI PO3MIIEHHST CTPA-~
TH]ikoBanOl BUBIpKH, AKi MOYKHA BHKODHCTOBYBATY B IAHOMY BHTIAI-
KY.

Ipunycrnmo, o BUTPaTH HA 0GCTEXKEHHS O/HOTO EITEMEHTA O1HA
KOBl J1s Beix eTpat, To6TO ¢ = ¢ = ... = cj.

H
Hoznramumo wepes n cymaphuit posmip Bubipku: n = 5T np.
h=1

7.4.1. Posmimenns Helimana

lipu crpatndikosaHoMy MpPOCTOMY BHITAIKOBOMY BimBopi onTH-
Mavibie poswmitienns (7.16), axe MiniMisye qucnepciio mpu dikcopannx
3aralbHUX BHTpaTax 3a yMOBH, IO BHTDATH Ha obcTexenHs OJIHOI'O
eNeMeHTa OJIHAKOBI JUTA BCiX cTpaT, Habyue BUTIsALY:

Ny Sh

H
> NS
h=1

np=n , h=1,...,H. (7.17}

Take po3MIilLIEHHS TAKOXK HA3BUBAIOTE poamiwennam Hetimarna. Jna
SHAXOIKEHHA ONTUMAJILHUX 3HA4YEHb Ny, 3a dopmynow (7.17) norpi-
6HO 3HATH CTaHIAPTH] BIAXWIEHHH B cTpaTax, 10610 Sp, A= 1,..., H.
Mu TinbK# TOA 3MOXKEMO OTPHMATH ONTUMAJILHE PO3MIIIEHHH (T06-
TO, MiHIMATbHE 3HAYEHHS AMCHEPCii), KO MaTHMeMo TOuYHI 3Hade-
uua Sy. Ha npakruui e nemMoxiamuso. Ase npu noBTOpHOMY 06CTE:
JKEHH] MOXKHA BUKODHCTATH PE3YJIBTATH MONEPeNHBOTO ODCTE:KECHHS
AJIs TOrO, 100 OTPUMATH IOCUTh DIM3bKe HADIHIKEHHS 10 ICTHHHUX
3HAYEHb CTAHJAPTHUX BIAXHJIEHb y cTpatax. Toxl oTpumaemo posmi-
nieHHs, DIH3BKE 10 ONTHMAILHOTO.

7.4.2. Tlponopuiiine po3smilneHHs

Hponopuiiine posmiujenns Bu3HAYAETECH 38 POPMYIIOI0

T Ji\'Th.

L H. (7.18)

Ockinsrn My BBaXKaeMmo, 1o PO3MIpH cTpaT BiloMi 3a3jaerios, To
TaKe DO3MIIEHHSA 388K MOMXKHA O0YHC/IHTH.

dxkmo y Beix crpatax onmakosi cramsapTHI  BiaxuIeHHS
(51 =83 = ... = Sg), 10 ontumaspae posmimenus Hefimana (7.17)
nabyne suay (7.18), 0610 B mmoMy BUIAIKY NPONOpIiiiine po3mimen-
s Oyzie onTuMasbHEM. B iHmmx Bunagxax nponopuifine poO3MInIeHHA
Na€ Binpnn 3HadeHHs aupcHepcil, Hix po3MinieHHES Heiimana, ocobamso
TOAL, KOIH 3HA4EHHS S}, CHJIBHO BLAPIZHSIIOTHCA.

7.4.3. Posmimenns, nponopiiiiine 10 CyMapHOro sHaueHHs
3MiHHOV ¥y

Posmiuwenna, nponopuiiine do cymapnozo anavenma sminmoi Y,
BH3HAY4ETBCA TAK:

> Yk

keUp Tyn -
np=nN——=n——, h=1,...,H, 7.19
kel

A IBOMY IIPHITYCKAETHCA, 10 3MiHHA y HabyBae TIAbKHU JOAATHUX
3HAYEHD.

Le posmimenns e onrumanbuuM, TO6TO CHiBIaLae 3 PO3MIIIEHHSTM
Hettmana (7.17) roai, konu xoedinientn papiauii CVj, = {-?i: OTHAKOBI
JJst BCIX cTpaT.

OcxinmbKu cymapHi 3HAYCHHS 3MIHEOT ¥ SiK 17s CTpaT, TakK i jsd
BCi€T reHepasIbHOl CYKYIMHOCTL 3a37aeri b HeBioMmi, To beanocepenye
3aCTOCYBaHHs posmintenus (7.19) Ha npaxkTuui HemoxKHUBeE.

7.4.4. z-onTUMaJIbHE PO3MilLIEHHS

Posrnsnemo z-ontuManbee poaMmimenus, ske e aJILTePHATHBOIO
poamimenmio (7.17) 1 Mae nepeBaru 3 TOYKM 30py UPaKTHYHOrG 3a-
CTOCYBaHHS, TOMY 4acTO BHKOPHCTOBYETHCH Ha ITPAKTHIL.

Hexait = — nozarxosa 3minHa, KopesawoBaHa 31 aminaO0O ¥y. Ilo-
3HAYAMO Yepe3 S, CTAaHNADPTHE BIIXWICHHS 3MiHHOT 2 B h-if crpaTi,
h =1, H. 3nauenns S, BiZIOMI 3a3181€ri b st Beix b =1, H.
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Toni x-onmumaivhe po3miuLeHns BASHATAETHLCT TAK:

i'\‘rh S.Lh
H ¥
Z N h *Szch
h=1

h=1,..., H. (7.20)

Nnp=n

Axmo 3minnl T ta y «igeanpHO» KopeawoBami (yp = a + by,
k = 1,...,N), 1o poamimenns (7.20) bakTHIHO € OITHMAILHEM.
ko Kopensulis CcuibHa, aje He ileanbHa, TO pO3MileHHs (7.20)
=3 GJHBBKI‘IM A0 OITHMaJILHOTO.

7.4.5. Posmimennsa, nponopuiiiHe Jo cymapHoro sHaveHHs
3MiHHOY T

Poamiwenna, nponopuiiine do cymapnozo sHa“enns 3mMinmnot T, Bi-

3HavaeThCHd 3a BUPA3OM

2. Tk

keUy, Thn
:ri,h:n%:n ,;"‘, h=1,..., H, (7.21)
z
kell

IpH OhOMY HNPHIIYCKAETLCA, IO JOIaTKOBA 3MiHHA & 3aBAIN uaﬁy-

Ba€ JOAATHWAX 3HAYEHD, & CYMADHI 3HAMEHHS B CTPATaxX », T BimoMl
kC—Uh
zasjasterianb. Take poaMilieHHs JerKo 06YHC/IIOETECA Ta IHHPOKO 3

CTOCOBYETbCS Ha NMpaKTHlll. SIKio 3MiHHI & Ta ¥ CHIBHO KOPEJILOBAHI,
a xoediuientn papianil npubin3no ogHAKOBL 11 BCIX CTPAT, TO PO3-
mimenns (7.21) 6yge 6iu3bKUM 10 ONTEMATBEHOIO.

7.5. IlopiBusinusi nucrnepciii 7-oniHKM cyMmapHOro 3ua-
HEeHHS [IPU ONITUMAJIbHOMY Ta IIPONOPIiMHOMY pPO3=
MIIIeHHAX

ITpu crpaTudikopanoMy IpocToMy BUNAAKOBOMY Binbopi

H H
o= NaGp=N>_ WiT
h=1 h=1
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Ipu onTrManerOMy posmimenni Heftvana 3 dbopmymu (7.17) orpu-
MaEMO

N2 H 2
DETmeB(tr) = — | Y WiSh
h=1

n

H
—~ N> W,S2. (7.22)
h=1

Y BUNaJKy HPOHOPHiftHOro posMimenns (7.18) 6yaemo martu

H
~ 11
Dorpg ) = N? (H - N) > WiSE. (7.23)
h=1

Ockinbku posmimenns Heftvana — ontumanshe, To mucnepeist (7.22)
HE MOZKe epestinysaTh nucnepcio (7.23). Pisuicts Mae micue Timbkn
TOAL, KOMK Jucnepeil B erpaTax OMHAKOBI. 3a3Buyail Aucnepcis (7.22)
3HAYHO MeHma, HixK (7.23), ocobauso y BUNAJKY, KOJH Jucnepcil B
CTPATaX CYTTEBO BiNPI3HAIOTHCS.

7.6. llopiBuaunsa gucnepciit m-oninku CyMapHOro 3Ha-
4ennsi npu CTIIBB ra IIBB6I1

HAxmo pimennsa mono posmimesas cTpaTudikoBanol BUbipKH Ma-
TEMATHYHO OOIPYHTOBAHE, TO [IPH OJHAKOBOMY po3mipi BrOipru n
cTpaTudIKOBAHMH IPOCTHI BHIIAIKOBHEH BinGip 3a3Buyuait € Gisbue
e(DEKTUBHHM METOI0M Bi16OpPY, HiK DPOCTHH BHIIAAKOBHIL, Anst npu-
KJ1a71y NOPIBHAEMO NMCHEPCi] Ti-OUiHKH CYMApPHOT0 3HAYCHHST [Ip# TIPO-
CTOMY BUNIAIKOBOMY Bin6opi 6es noBepHenHs Ta npu crpaTudikoba-
HOMY IPOCTOMY BHNAIKOBOMY BinGOPi 3 IPONOPIIHHAM PO3MIILEHHSIM.

Hpu npocromy BHnajgkosomy Bigbopi tx = Ny = N3 yp/n. Bu-
KOPHUCTOBYIOUY (DOPMYIH Jiisi OGYHCTIEHHHA IHCHepCiit ui(;'e;n;inm{ npu
[IBBOIT Ta npu CTIIBB 3 uponopuifianu PO3MIIIEHHAM, MOXKHA, Jier-
KO IIOK&3aTH, 1110

H
Dreeert (V%) ~ Dapppg | D Malin | = (7.24)
h=1
NN o o 1 & ,
= N1 (;; - f\?) > Wi(¥h-7)? - FZ(l - Wh)Si |,
h=1 h=1
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me Y = 3 yx/Nn — cepeane B h-#t crpati, h = 1,...,H, a
kelly,

Y = > yx/N — cepenre aisi BCi€l reHepaabHOT CYKYINHOCT.
kell
Is supasy (7.24) sumiamBae, WO TEOPETHYHO AHCHEpCis [PH

CTIIBB 3 nponopiifiHuM pO3MIIEHHAM MOYKE TPOXH IEPEBUIILYBaTH
jaucnepcito npu IIBB6II, a came tozi, Koy cepeti B crpaTax 0IHAKO-
Bi abo Mmaifxe onnaxosi. [Ipuyanmoio nporo moxe 6yTH HeBaaIHii 110
Al Ha crpary. fKimo x CTpaTu(j)lxaum JaicHO moTpibHa 1 IpaBHILHO

BHKOHAHA, TO NOJAHOK Z Wi (Y — Y)? 6yne srauno GLabmmM, HixK
h=1

N=1 57 (1—Wy)SE, i crparudiopanuit mpocTuit Buma KoBui BiaSip
h=1
3 HPONOPUIHHUM Po3MileHHAM Byne 3HaYHO eheK TUBHIIIMM NOpiBHS~

HO 3 TIIPOCTUM BUNAJKOBUM Bigbopom 6e3 noBepHEHHS.
7.7. DBnpaBu Ta nUTAHHS JJIS CAMOKOHTPOJIIO

7.1. fxa pubipka Kpame BinoOparkae CTPYKTYDY I'€HEPAJbHOI CyKy=
mHocTi: crparudikopara yK npocra Bunagkosa? Yomy?

7.2. Y oMy noJsiArae 3agava onTHMIZanil poaMimenss crparudiko-
BaHO! Bubipku?

7.3. Ynm Bijpizusierbes posmimenns Hefimaza Big onmTuMaibHOTO
posmimenns crpatidikoBanoi Bubipku?

7.4. Hxnit Biabip i B aAkux curyanisx € 6insm edpexrusamm: CTIIBB
an [TBB6IT?

7.5. Busnagutu AMOBIpHOCTI BKJIIOYEHHS T}, Ta T ¥ BUIAJAKY CTPas
TUGIKOBAHOIO HPOCTOrO BHIAJKOBOrC Binbopy.

7.6, Hoeectu TBepazkenus 7.2.

7.7. Bupectu dopmynu st 06UHCIEHHS OUIHKH CYMAPHOIO 3HAYEH-
H, gucnepcil i€l oliHKY, & TaKOXK [JIs1 OLIHIOBAHHS fucniepcil oTpu-
M8HOI OUIHKM TIpH cTPATH(IKOBAHOMY CHCTEMATHYHOMY Binbopi Ta
cTrparudikoBanoMy Biadopi Bepuysni.

7.8. ¥V jeaxkoMy BubipkoBoMy OBCTeKeHHI BHKOPHCTOBYETHCS

CTIIBB. Ilpunyctumo, 1mo noTpibHO OUIHHTH CepeiHe 3HAYCHHS Y
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JOCIIKYBaHOT XaPAKTEPUCTHKH PeHEPATLHOI CYKYIIHOCT! 3 TAKOIO TO-

YHICTIO, 06 yMOBa
H
> Wilh—Y|<a
h=1

BUKOHYBAJIACA TIPH 3aNaHOMY 3HAYeHH] CTaJgol ¢ IOHAHMEeHmEe 3 iMo-
BipHicTio 1 ~ . Josectn, mo posmip BubipKy, HeoOXianuit 1ist BUKO-
HaHHS [iel YMOBH, 3310BOJIbHSAE HEPiBHICTD

( ) Z ‘W2‘>2

1+ 4 (2) Ewgsff

e wy = np/n, z = 2/

7.9. Hexait y nonepenuiit supasi N = 1000, H = 2 Wi=1-Wy =
= 0,8, §2 = 4, S2 =16,2=1,9, a = 0,5. Hocaiauru, 9K 3MiHmo-
€Thesd HeobXigumit posmip Bubipkn n gk dbyuxnisz Big wy = 1 — ws,
SIKINO wi 3MiHIETHeH Bix 0 g0 1.

7.10. Hosectn TBepmxenns 7.4.
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Pozgin 8

Knacrepuuii, nBocragifinuii ta
Oaratocraniiinuii BiaOip

8.1. OcHOBHI IOHATTH

V nonepeanix posjaiiax My po3maamand BuUOIpKopl nuzaiiug, B

SKHX eJeMEeHTH Binbupanucs 3 reHepaibHOl CyKymHoCTl Bijipasy, Tob- |

TO 34 0iHy cTaniio Binbopy. Ane beznocepenniit Binbip enemenTis Z0

BUBIPKU BHKOPHCTOBYIOTD He 3apKu. OJIHIEI0 3 TPHUMH I[HOTO MOKE |
Gyt BigcyrhicTh BMOIPKOBOT OCHOBH 3 NOBHEM IIEPEIIKOM ejIeMeHTIB :-_
reHepaizHO] CYKYITHOCTI, & CTBODEHHS TAKO! OCHOBM € HaJTO KOINTOB- '_
#uM. [HIIOIO NPUUMHO© MOXe OyTH TepuTOpiajibHE PO3TALLYyBAHHA |

eeMeHTIB MeHepasibHOI cyKynHocTi: BUOIpKOB] o/iuuuIi MOXYTEL Oy TH

pO3TAINOBaKI JATEKO OjiHa Bl OAHO, & e NPU3BOAATD A0 30LIbLICHHS |
ax inancosux Burpar (mepel3z Bin oxmiel omununi fo iHmol), Tak i §

TpuBaaoCcTi obcTeKeHHs. TaK0XK Y 1bOMY BUII&JKY BaXKKO KOHTPOIO-
BATH AKiCTh 00CTEXKEHHS, BHACTIZIOK YO0 MOYKHA OTPUMATH BHCOKUHHK
piserb HepimnoBige#t abo sHavHi NOXUOKHM BUMIDIOBAHD.

Kaacmepnuti 6i06ip (anri. cluster sampling) € onHEM 3 METOIB §

Binbopy, siKi MOXKHa BHKOPHCTOBYBATH TOJli, KoJIM be3rmocepenHiit Bijl-

Bip eneMeHTis 3 nonyssnil Hemoxnupwil abo nebamxanuit. [las npolo
€/IEMEHTH reHepasbHOI CYKYITHOCTI 06 €JHYIOTh Y TPYIH, SKI HA3UBA- |
10Thes Kaacmepamu. Jna xiacrepaoro sigbopy DyneMo BUKOPUCTOBY-

BaTu cxopodernnst KB.

V Bunazky oduocmaditinozo xaacmepnozo sidbopy (OKB) cnoua- 4
TKY BigOUpamoTL KIacTepd, 8 IO0TIM 00CTEKYIOTH BCl €JeMEHTH Bi- |
aibpanux kinacrepis. Hanpukman, npu ofcrexenHi HacesleHHA MicTa 1
KJlacTepoM MoxKe ByTH ciM's, ZOMOTOCHOAAPCTBO ab0 MEILKaHIll OTHO-
ro xkuriosoro Gynuaky. Crnouarky Gyayoors BubGipKy Kiacrepis, na- §
(PUKAS, TOMOTOCTIONAPCTB, 8 IOTIM OMMTYIOTH BCiX 4ileHis THX 20- &

MOTOCIIOAAPCTE, 1110 MOTPAIIHIN 10 BHOIPKH.
YV Bunaaxy deocmaditinozo eidbopy (AB) nonynsuino aiaare HA
knacrepu — nepsunni subipkosi oguanui (ITBO), axi ckranaoTecs 3
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OKpeMuX ejteMenTiB abo 3 apibuimux rpyn (kaacrepis) enementis —
BTOPHHHUX BuOipkosux opmumnup (BBO). Ha mepmiiit cranii Binbopy
OTPUMYIOTH IMOBIpHICHY BUOIDKY NEPBHHHMX BHGIPKOBHMX OIMHUI.
Ha napyrifi cranii sinfopy 3 Tux nepsunuux Bubiprosmx ONUHHNIE,
10 TOTPanumn J10 BubipK: Ha mepmilt crajil, BinbupaioTs BTOpHH-
i BHOIpKOBI oauuumi (enemenTn 860 kmacrepu emementin). Ilicas
nporo oberexyroTs pigibpani BBO. fkmo BBO — e KJIACTEpH, TO
obcrexxyioTh Bei enemenTy Biaibpannx BBO. Slkmo Bei propusHi sa-
OIpKOBI OZMHUIL — I OKPEMI eJIeMEeHTH, TO TaKHil ABOCTATIHHII Bia-
6ip mie Ha3MBalOTH deocmaditinus eidbopom eaemenmie (JIBE) (anr.
two-stage element sampling). SIkumo Bci Bropunni BuGipKOBi O1H-
HUI ~ 1@ KJACTEPH eJIEMEeHTIB, TO TaKuil BOCTATIHIH BinGip Hasupa-
Tb dsocmadilinum xaacmeprum eidbopos (JIKB) (anri. two-stage
cluster sampling).

Axmo nponenypa Binbopy ckragaeTECH 3 TPHOX abo Gijbiie cTa-
Jift, TO Takuit BINGIp HasHBacTHCA Hazamocmaditnum, YV LBEOMY BHIISI-
Ky icHye 9iTKa iepapxist BUGIPKOBHX OWHUIb: FeHEPATHHA, CYKVIIHICTE
POBLNANAETBCA K MHOXKHUHA IEPBHHHNX BUOIDKOBHX ONMHHI, SKi Mi-
CTATE BTOPHEHI BUOIPDKOBI omemni, a BropuEni Bubipkosi omxuruni, B
CBOIO Hepry, MICTHTH TpeTuHHI BGipKoBI omununi, i T. 1. Bubipkosi
OOUHHIN OCTaHHBOI crazil BIAOOpY Tax i HASHBAIOTHL — OCmaMHi subip-
Kosi odunuuyi. SIKIo Bei ocranni Bubipkosi oxmHEI — ne OKpeMi eie-
MEHTH, TO TakHi Binbip me Ha3HBaTbL 602amocmadititum 8idbopom
enesmenmie (anr. multistage element sampling). fIKiIo K ocTaH-
ni BrbipKOBI 0aMHNL] ~ e KJIacTepH eJIeMEHTIB, TO TAKHil Binbip Hasn-
BAIOTL bazamocmadiinum xaacmeprum 61060pom (amri. miltistage
cluster sampling) [20].

8.2.  Opmocraaiitnuit kiaacrepuuit BiaGip

8.2.1, 3aranbHuil Bunaiox

Y BHNagKy OJHOCTANIHHOTO KIIACTEPHOTO BLIOOPY CKiH4YeHAA re-
nepanbna cykynuietes U = {1,2,..., N} nimurbes va Ny miaMEOMIH
(kmacTepis):

Uy, Us, .o, Uny.

12]




MHouHYy K/acTepiB CUMBOIYHO 306Pa3uMO TaK:
Up = {1,2, ...i\rl} :

T00TO, IOCTABUMO y BIJOBIAHICTS KOXKHOMY KJacTepy HOTO HOMEp:
Hozpaunmo  kinbkicTs esemenrtis y kiaacrepi U; wepes Ni,

i=1,...,Ny. Tom
v=Jus N=3 N

ielh ielh
Opnocraaiitanit KiacTepHuil BiuGIp IPOBOIATHECH TaK.

1) Is muoxuan kiacrepis U 3a g0omoMoroio Jeskoro BubipKoB-
ro ausaltny pi(-) siabupaersea fimopipHicHa Bubipka KracTepis
s1. Posmip Bubipku sp Oyaemo 1103Ha9aTH 4epes np Yy BHOAIKY
¢ikcoBanoro posmipy BuOIpKM i uepe3 ng, sikiio Bubipkoshl
/uzalin repenbavae 3MIiHEMIE PO3MIp BEOIpKY.

2) Ofcrexylorses BCi e/1eMeHTH BIAIGpanux Kaacrepis.

Bubipkosuit ausaitn pi(-) Moxe Gytn Gyan-siKEM: IPOCTHM BHMAM-
koBuM. 0e3 NOBEPHEHHS, CUCTEMATHYHUM, cTpaTHdiKoBanum, 1 1. 1.

AXio NO3HAYHTH 4Yepe3 § MHOXKHHY THX €JIEeMEeHTIB, axi 6yayth
obcrexeni, 10 s = |J U;. Posmip Bubipku s gopissioe ng = 5 N;.

iEsy 81

3ayBaxumMo, Mo HaBiTh Ao pi(-) € BubipkoBUM Ju3aiiHOM i3 i
KCOBAHUM pO3MipoM BubIpKY KiacTepis, TO posmip BubipkH esemen-
TiB He 060B’43K0B0 GIKCOBAHUA: AKIIO NOBTOPHO MPOBECTH BiaGip, 10
NpH TOMY caMOMy po3mipi HOBOI BHOGIDKH KmacTepis j0 Hel MOXKYTh

HOTPANATH 30BCIM I KnacTepH, PO3MIPH AKMX BIIPI3HAIOTLCH Bil

po3mipis Tux KJacrepis, mo Oyau B nonepeaniit subipi.

Hus pubiproBoro ausaiiny pr(-) iIMOBIpHICTE BKIOYEHHS IEPIIOF0 |

HOPAIKY AU -0 KJacTepa
= ZPJ(SQ, i=1,..., Ny
S13
Jnst 1BOX KJtacTepiB ¢ Ta j AMOBIPHICTE BKINIOUEH S APYTOro nOpsiaky
Ty = Z p(sy), 4j=1,....,Np.
81218z
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Haranaemo, mo my; = ;.

Tenep obumcinMo HMOBIPHOCTI BKITIOUEHHS €/IeMEHTIE y Bubipky.
Ockinbxn Bubipka s MiCTHTD BCi eemenTtH Binibpanux Kiacrepis, TO
475 AoBinbHOrO enemerta k 3 kaacrepa U OyZeMo MaTH

Ty = P(k € 8) = P(i € s1) = my;, (8.1)

nek=1,...,Nyrai=1,...,N.
VmosipricTs BKIIOUEHHS npyroro NOPAAKY OBYHCIIIOETHCS TaK:

Tl = P(k&'! S S) = Ty;, (82)
SIKITO enleMeHTH k Ta | obumsa HaleXKaTh onHOMYy Kiacrepy U;, Ta
Tl = P(Fc&:ﬁ € S) = P(Z&J S SI) = T4, (83)

AKINO eeMEeHTH Kk Ta | natexars pisnum Knacrepam: & € U, 1€ U;,
i, =1,..., N1. Haragaemo, mo my; = 7.

Hexait T; = Y yp — cymapue 3snavenms JOCIIKYBAHOI Xapa-
kel;
KTepUCTAKE B ¢-My kaacrepi, Toni T' = 3 o, = > T; - cymapne
kell el

SHAYEHHS NOC/IIXKYBAHOI XaPaKTePUCTHKY IyIst BCiei TeHepaJILHOI Cy-
KYTTHOCTI.

Teepdoicenns 8.1. ITpu odnocmaditinomy KAGCTEPHOMY 6i060DI
T-0UIHKD CYMAPHO20 SHAMEHHS 2EHEPANLHOT CYKYNHOCTNE MAE BUAAD

T = . (8.4)

Aucnepeia yiet oytnxu dopisnwe

D(tr) = Z Z (Tiz — mygmyy) — =L, (8.5)
i€ty jely Tt T4

Heamiwena ouinka ducnepcii obuucarwemvea 3a dopmyaore

N Mg — Ty 13 T
D(tw) = __J"_____J_i_v'"_' 8.6)
;g T35 T 704 (
O
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Axuwo pi(-) — subiproBuit nu3aiin 3 ¢ikcopanuM poaMipoM Bubip-
K#1, TO JUtst obuucsients qucnepeil D{tn) MOMXKHA TAKOMX CKOPMCTATHCS
dopmyyioto Eirca-T parai-Cena:

: N2
D(?;}) = —% Z Z (Ttij — T ) (% - gf—j) ‘ (8.7)

el jely

Hesumimeny oniuky el mucnepcii MoxkHa oOYHCINTH TaK:

o~ 1 T; T
D(tﬁ) = —5 Z Z (7[11'_;!' - T[[;"TE[J') (7{_; - T[_]:;) . (88)

iEsy jE8]

. . . . ~

3a ymoBu dikcopanoro poamipy subipku 3 Teeprkenns 8.1 pobu-
MO BHCHOBKM HI0/10 €(EKTHBHOCTI OTHOCTAIIITHOTO KIACTEPHOrO Bijl:
Gopy:

1) Sxmo Vi = 1, Ny : ,:{ const, 10 D(tr)=0. TobTo, FKMO MO~
KHa pubpaT HMOBIPHOCTI BKIIIOUEHHS! Ttj; TaK, uiob BOHU OYiiH
Maii;ke TPONOPUIHUME 10 CYMapHUX 3HAYeHb 1j, TO JHUCIEps
cist ’D(fﬂ) Oyne mamow 1 Takuit kiacrephuit Biabip Oyne myxe
eheK TABHUM.

2) dxwo posmipm waacrepis N; Bigomi xa cragll niaHyBaHHH,
TO HMOBipHOCTI 7j; MOXHA BHOpaTH uporoptifinumu a0 N

Ockimbkn T; = N;Yi = Y. g, TO 33 yMOBH, IO cepenni 3ua
kell;

YeHHS] B KJAcTepax Y; He [y¥Ke BiApisnsmoThes, Takuit Biaoip
byoe myxe edexruHuM. SIKmio xx Vi = 1, Ny : Y; = const, 10
Dftn)=0.

3) dxmo posmipm  KIAacTEpiB  CHJIBHO  BIAPIBHAIOTBCA, TO
edpeKTUBHICTE  Blabopy 3  OIHAKOBUMH  WMOBIPHOCTSIMU
(robro my = const) Gyage Huspkow. [lasi Toro, o6 Taxuit
Biabip 6yB edexkTuBHAM, HOTPIGHO, M6 Y; 6y/IM CTPOrO Mpo-
TOpILfHAMI. 10 Nt-_l. V. peallbHUX CHTYaIlsIX I1Ie 3YCTPIYaEThCH
piako.
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8.2.2. IlIpocru#t Bunankosumit ogHoCTAIiKHWI KJlacTepHuit
BiaGip

Posrnsremo npocmuti sunadxosuti (Ges noseprerta) eonocmadii-
null xaacmeprudi 6id6ip (ITIBOKB). 1le osnauae, mo subipka KiacTe-
piB 81 (ikcoBaHOro po3mipy ni BUGHpa€Thes 3 MEOXKHHE Uy, AKa Mi-
ctats NI KJacTepiB, 3a JONOMOTOIO IPOCTOI0 BUNAIKOBOTO BiIbODY,
nicsst 90ro 06CTeyIOThCs BCl €JIeMEHTH Binibpammx ryacrepis. Tomni
3 po3miny 2 Ta TBepiKeHHs 8.1 6yzemo marTu

E;t = -‘?\‘riTSIa (89)

ae Ty = n; Y. Ti - cepeme apudMeTHYHE CyMApHAX 3HAYCHD JLo-
€8y
CIXKYBAHOI XaPAKTEPUCTHKH, 0OYHCICHe 38 THMH KjlacTepaMu, siKi
HOTpanuIu 1o BubipKu sy,
Hucnepcis oniHk® cymapHOro sHaveHHs 0GYHCIIOETHCS 34 dop-
MYTIOI0
~f1e2

DHBOKB(ﬁﬂ)—NI - —=S%, (8.10)

e fr = %’- ~ JaCTKS Bl,H,GOPV KJacTepis,
0 : ,
= M—l ZL (T; ~ TUI] — JUCHIepcia CyMapHHX 3HAYEHb Y KJla-

el

crepax,

Ty, = % >_ Ti - cepente apudmeTHuHe CyMapHUX 3HAMEHB 10CTI-
el
JPKYB&HO] XapaKTEPUCTHKH, O04HC/ICHEe 38 BCIMA KIIACTEDAMH IeHe-
PaJIBHOL CYKYTHOCTI,
Hesmimena oninka aucnepcii DripokB(tr) mopisuioe

AYQ]‘ f[

DrpokB(tr) = SFers (8.11)

e S’%si = nl-«l Z T TSI)

1E8]
Joyeaocenns 8.1. Cueremarnynmil BUNAIKOBHAMR Biabip 3 omuuM BH-
TaIKOBHM CTAPTOM € IPOCTHM BUNAJKOBHM OIHOCTAIINHUM KiacTtep-
HUM BigGopoM 3 np = 1, IpH 1BOMY KiIBKICTH MOMKJIMBAX CHCTEMA-
TuaHEX Bubipox a = Nj. Cucrematuunuil Binbip 3 m BHDAIKOBIMH
crapraMu Moxkna posrisaata aK [IBOKB 3 ny = m ta Ny = ma.
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Posrnsinemo  xoediyienm - odnopidnoemi & = 1 — 2% , Jne
. 12 :
Sé, = h—_l-,-(,—[ Y. > (ye—Yi)" - cyxymna sHyTpilIHBOKJIACTEpHA
el kel
aucnepeisi, Y = 3 & - cepeane B -My Kjacrepi, 1 € Ur.
kel; '

3 inworo oky aucnepciio S, MoXHa 3aINCATH TaK:

> (Ni—1)87

iellf

oY (Ni-1)

ielUy

ne S = ﬁ S° (yk — Yi)? - ue ancnepcis B xaacrepi U;, 10610
kell;
SEV - 11e 3BaxkeHe cepejie Ny aucnepcitt S;-) 3 paramMu N; — 1.

Omxke, koeditienr & monarauit abo BLA eMHUNA 3a/1€KH0 BRI TOTO,
BinblIA YK MEHIA 3BayKeHa BHYTPILHBOKIACTEPHA TUCIiepcis. NOpiB-
HAHO I3 3arafJbHO0 HUCHEPCIE B MreHepansHiit cyKyHoCTL

Koediuient oguopianocti & Mae Taki oOMerxeHHs:

Jhiml s
N-N~— ~
dxmo & = 1, To papianisa Bcepenvni Kiactepis pisHa 0. fAxnio
6 = —ﬁ_f;{a TO cepedui y Beix kiacrepax ofHaxkopl. Hmxma e
xKa (—%E&;) 3a3BuHall 61nsbKa 10 HyadA, ocobnuso sk N BeauKe
nopisusano 3 Ny 3mayvenus O = () gocaraerbcst TOAI, KOAH 3BaXKe-

Ha BHITPIIIHLOKIACTEPHA JTHCHEPCid JOPIBHIOE 3aTafibHill gucoepcil B
renepanbiii cykynHoeri. Madl 3Hauenns § 03HAYAIOTH, O eTeMeH-
TM BCEpEeIMHI KjiacTepiB HeoJHOPiAHI BITHOCHO ZOC/IIXKYyBaHOI Xapa-
KTEpUCTHKH. | HABHAKH, BEJIUKI 3HAYEHHS O CBITYATD, IO eJeMeHTH
BCepeHI KJIAacTePiB OHOPIAHI BIIHOCHO JOCTIXKYBAHOI XapaK TepHs
CTHKH.

TTozuaunmo gepes N = N/Nj cepejsio KiIbKIiCTh e/1eMeHTIB HA

C . =52
OJIMH KJIACTED Ta 3amuiieMo xopapiamiro mix N; ta NV

Jlerko niepesipus, 10

— N — N,
Sty = NS {1+ =15 + Cov.
N -1
fkmo mixcrasuTy el Bupa3 y dopmyty (8.10), To oTpuMaeMo Takuit
suras aucnepeii Drgok(ta):

- N — N, _—
DriBokB(ta) = (1 + KT;_J—IIS) NK1S? + KiCov,

s N2
MaremaTnyne cooiBaHHES KITLKOCTI 0GCTEKEHIX €JIEMEHTIB TIpH
HIBOKB 3 posmipom BuGipku KJIACTEDIB Ny 0BYHCIIOETHCS TAK:

EHBOKB (TLS) = nlf\_f =:n.

st 06’€KTUBHOrO NMOPIBHSHHSA ITPOCTOrO BHIIAIKOBOTO Binbopy 3
MPOCTHM BUIAZIKOBAM OJ{HOCTAJ{fHUM KJj1aCTePHHM Big6opoM mpmiy-
CTHMO, IO PO3MIp npocToi Bumakosol Bubipku n = n;N. Ilpu [IBB
7-OUIHKA CyMapHOTO 3Ha4MeHHs JopisHioe N, a aucnepcis niel oninku

Dregen (tx) = Prippe(V7) = NKiS2

BBi,JIEH OTPHMYEMO Iie OfHY hOPMYITy 1iisl OGUHC/IeH sl IUcIepeii
ouinku ¢ty npu [IBOKB:

- N — N;
DHBOKB(t“) = (1 + "—-———NI — 115) DHBBSH + K1Cov. (8.12)

Omxe, nusaiis-epeKT OpPOCTOro BUIAIKOBOIO OJIHOCTaMIHHOTO
KJacTepHoro Binbopy mopiszioe

-~ D t, N - N ;
deff(TIBOKB, &) = 2OBOKB() _ ) N Nig . Sov (8.13)
DPriBeri(tn) NM—-1"" Ns?

Tenep A0CAIAUMO, HACKITLKY e(DEeKTHUBHUM € NpOCTHH BHIIKO-
Buit ogHocTaniiinu# Knacrepuuit BinGip. Jlns nporo posrisaemo JiBa
BUIAJKH.
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1) Kaacmepu odnaxoeozo poamipy. IlpunycruMo, mo s Beix
ieUy: N;=N. Tomi Cov=0Tta
N — N;

de ff(TTBOKB, tﬂ)_1+N 15 1+ (W —1)5. (8.14)
-

Ile o3navae, mpo DHBOKB(?ﬂ) < DHBB[—)H(?ﬂ) Toai 1 TIIBKHM. TOAl,
komu O < (), Tobro, Toni i TiAbKU TOAI, KOJIHM BHYTPIIIHBOKJIACTED
HA OMCTepeis mocuTh Benuka. Asie Ha upakruui Ginbmicrs knacre-
PiB YTBODPIOIOTH 38 HPHHIMIIOM CYCLAHIX eleMeHTiB, 8 Taki elleMeHTH
3a3BHYAll MAIOThL CXOXKI XAPAKTEPHCTHKH, TOMY OimbIn iMOBiRHU, o
& > 0. Orxe, 3azsuyait DIJROKRB (tn) nepesumye Drigpert(tn)- Ha-
MPUKJIAL, IPpH ACCHTHL Majmomy ponatraomy & = 0,08 ta cepenHboMY
posmipi kiactepis N = 300 6yzemo matu

deff(TTBOKB, t,) ~ 25.

V nanomy BHNSIKY 3ACTOCYBAHHA KJIACTEPHOro BiIOOPY 3 JHOCATDH Be-
JHKHMHA PO3MipaM#l KAACTEPIB IPU3BOIUTE NO 3HawHOl BTpaTH ede-
KTHBHOCTI. o ) s

2) Kaacmepu pisnuz poamipis. SIkimo xopessiuist mizx Ny ta N;Y
JOJATHA, AK 3a3BHUail GyBae, TO 3pocTanHs gucnepcii BHACTIIOK BH-
KOPHUCTAHHSI KJIAcTepHOTO Binbopy moxe DyTH HABITH OlblunM, HiX
y MOnepeaHbOMY BUIAAKY, OCKIILKY Apyruil joganox y supasi (8.12)
moxke OyTu Globimum. [Tokaxemo, HaCKIBKY BAXXKIUBUM € T€, HIO PO3-
MipH KaacrepiB Binpizusioreesa. Jas np0ro po3rastHeMoO TDaHMYHUR
BUNAA0K & = Smin = (N1 — 1)/(IN = Ni). Tyr cepenni 38HaUeHHS OjHA
KOBi y BCix ksacrepax i gopismioors Y. Toui dopmyna (8.12) matume
BRI,

PipokB () = Y KiSku,. (8.15)

A 3HavenHd niel gucnepcil Hyne Tum 61}15]111«1\»1 yumM Oisbiiie 3Ha4YeHHs
L. _ . 43 o _R\2
auctiepcii po3Mipis KiaacTepis Syy, = ’\ﬁ—l 1&2[; (N; — N)2.
VY uboMy BUITAIKY

A 2 .
C’V‘“’) : (8.16)

./;1' - J;_N'-
de.ff(TTBOKB, &) ( .
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me CVw = Syy/N t1a CV, = S§/Y. Bignomenns
DIIBOKB (%;T)/DHBBGH (tn) Moxe OGyTH sHAYHO OGimbmmaM  Bix
OfMHMIL, 0COOAMBO TOAl, KOMM cepefHii poamip Kaacrepis N
BEJIMKHAH.

Omxe, onHocragifiunit knacrepuuit Binbip 3 HACTYIIHUM BUKOpH-
CTAHHAM T-OUIHKH IS OLHIOBAHHS CyMapHOTO 3HAYEHHS AOCIiIAKY-
BAHOI XapaKTEePUCTHKH B BATaThOX CHTYalisiX MoXKe 6yTu HeedeKTHB-
HIM, OCOGJIMBO SKIIO KJIACTEPH OAHOPIHI Ta/9H HEOLHAKOBOTO pos-
Mipy. AJie 3 TOUKM 30py BaApTOCTi OBCTEXEHHS TAKA CTPATETIH MOME
MaTH TEepeBari.

fHxmo HadABHA nomaTKoBa indopmariis, TO edekTHBHICTE TAKOrO
Binbopy moxkna mimswmarn. Toxi Bubip CTpa'reri'f BaJIe’KHTH B TO-
ro, fika came indopmanis € y posnopsiikerui gocinauka. Lle moxe
OyTu six Biabip KnacTepis 3 IMOBIPHOCTSIMHU, IPONOPHIAEUMY HesKil
3MIHHIH po3Mipy, Tak i BUKOPHCTAIHA IHIIOrO METOAY OLIHIOBAHHS.

8.3. socraniiinuii BigGip

3 BHIIEHABEJEHOIO MOXKHA 3POGNTH BUCHOBOK, IO 6DeKTHBHICT
KJaCTEPHOTO BINOOPY 3a3BU4ait MEHIIA, HiX e(DeKTHBHICTEH POCTOro
BHIaAKOBOrO Bindopy. Ilpuuunon uporo € Te, mo enementu BCEepEaR-
Hi KJIaCTepIB, SIK IPaBUIIO, HOCHTH onEopiani (§>0), Ta # kiacrepn
qacrime 6yBaloTh pi3Hi 3a po3Mipom.

Hucnepcito -oniHKE MOXKHA 3MEHIIMTH 38 PAXYHOK 36LIbMIeHHS
KIIBKOCTI Ki1acTepis y Bubipii. Aae e Moxke npussecTs 10 36itbie-
HHsi BUTPAT IPH obMexkeHoMy GioiKeTi.

Hast Toro, mo6 ykaacTucs B paMku G10/KeTy I OHOYACHO 36ih-
IIUTH KiTbKICTh Kiacrepis y subipni, Moxna pobuth minsrGipku 3
Binibpannx Kiacrepis, a me ofcTexyBaTy Bei enementn. SIkmo ete-
MEHTH B KJacTepaX OAHOpiaHi, To6TO Bapiamist Bcepenwni KiacTepa
MaJIa, TO OIHKH f; CyMAPHUX 3HAYEHD B Knactepax OyayTb MaTH Ma-
Ty AMCHEPCIIO HaBITh NPH JOCUTH MaJuX nineubipkax. Tomy ayxe ua-
CTO 3aMICTh OHOCTANIHHOIO KIacTepHOro Binbopy BHKODHCTOBYIOTh
JABOCTaIiHHME Binbip.

Y Bunazky gpocrajitinoro sinGopy icHye asa jKepena subiprosBux
noxubox (10670, OXUOOK BHACIIIOK OBCTEXKEHHST YACTHHY TeHePAJIhb-
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HOI CYKYIHOCTI 3aMicTb cyniibHOro ofcrexkeHns): Ha meprii cragi
Bi16OpY — ne noxubka BHAC/IIL0K BUGOPY HEPBUHANX BUOIPKOBIX O
uunp (ITBO), a ma apyriit cranii — noxubxa uepes pinbip BropuaHHX
Bubipkosux opunnus(BBO) 3 tax IIBO, mo norpanuiu no BubipKu
Ha TonepenHilt crail.

Fenepaabra cykymnicte U = {1,2,...,k,..,N} nonizena Ha
Ny neppunnmx BubipkoBmrx opumuus U, U, oy Uy Tlosnaumg
MHOMKHHY (NOMyJIsilii0) NepBUHHAX BHOIPKOBHX OIMHUIL qepes
U = {1,2,...,4,..., Ni}. Poamip nepsunsoi subipkoroi opuru Uy,
TODTO KITLKICTh esieMeHTiB B Hiff, no3HaunmMo yepes N;. Marumemo

N = Z f\-ri'.

el

OnuineMo 3arajbiy IpoueIypy ABOCTAMAHOTO BlnHopy.

ITepuwia cmadis. Binbupaerbes Bubipka s; nepBuEHUX BHOIPKOBHX
opuauub 13 mMuoxunu Up (s; C Up) 3riguo 3 ubipkoBuM IH3afinoM
pi(-)-

Apyea cmadia. Ins koxuOro ¢ € sy pizbupaerbes BHOGIpKa eje-
MEHTIB, #Ky MU TO3HAYMMO §;, 3 NEPBUHHOI BubipKoBOi omumnni U
(si C U;) 3rijino 3 BubipkoBuM au3aiiHoM pi(-|si). Pesyneryoua pu-
Bipka eJIeMEeHTIB, sIKy N03HAYNMO dK 8, € 06 eqHanaaM BUBIPOK 3 Biii-

Opanux Ha nepiit craiii HEPBUHHUX BHOIPKOBHX OMHMOD: § = U s
€8t

fx ma nepmifi, Tak i Ha upyri#t cranii Bizfopy MoXKHA BUKODH-

croByBaTH Oy/b-axuil Bubipxonuit nuzaiu. [Ipudomy Bubip meronis

BIADODY, AKI MIAHYETBCS 3aCTOCYBATH HA ADYTifl cTaiil, MOKe 3ai6-
XKATH BIA pe3ynbraty s1 nepmoi craiii BinGopy. Binsme toro, sizfip
3 [IBO U; moxe 3anexxaru pig sigbopy 3 IIBO Us i # 7.

Are B 1aHOMY PO3JIUJI MH 30CEPEANMO YBATY HE Ha 3arajbHOMY Bl
najKy, & po3riiiHEMO BYK YUl Kaac BUOIpKOBUX nu3aiiHiB, 9xi MOMHA
38CTOCOBYBATH Ha APYTi# crauil Bigbopy, a came: OyneMo BuMaraTi,
o6 BUKOHYBAJTHCS YMOBH THBAPIGHIMHOCTIE TA HE3aAEHCHOCTIA.

Insapianmmicme  eubipxoeoeo dusatiny apyrol cramii Binbopy
osnadae, mo Vi € Up Ta V s1 3 ¢ Bukonyerbes ymosa p;(-|s)) = pi(-).
Irakme xaxyuu, xoxen pas, xoau i-ta IBO norpannse y subipky
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nepwiol cramii BinGopy, Ha apyrii cradil ans Bigbopy 3 miel ogumm-
Il OTPIGHO BUKOPHCTOBYBATH OZWH i TOM caMuit BubipKOBMIt mu3aiin
(mesamexno Bin Toro, axi me [IBO norpanum y subipky).

Hesaneocricmo subiprosozo dusatiny npyroi craii Bigbopy o3Ha-
qae, mo V sp

P Usi st = HP(SiJSI),

=T, i€8r

10610, Binbip 3 koxxuoi [IBO ne 3aiexxuts Bi1 BinGopis 3 immmux ITBO.

8.3.1. dBocragifiuuit Binbip enementin

Hanani 6yaemo TPHIYCKATH, IO YMOBM iHBapiaHTHOCTI Ta He3a-
JIEAHOCT] BHKOHYIOTBCH, | CKOHIEHTPYEMO yBary Ha BHIOAUKY JBOCTa-
Aiitroro Binbopy enemenris. Lle O3Ha4a€, 100 BTOpUHHI BUGIPKOBI o11-
HUI — OKpeMi eJIeMeHTH.

Kinskicrs IIBO y BubipHi 8| MoO3HAUHMO gepes ng abo, AKmo
pi(+) - eubipkosuit ausaBim 3 dikcoparnM posmipom BHOIpKH, TO
ny. Kinpkicrs enemenris y subipmi $i NO3HAYNMO uepe3 ng abo,
AKIO pi-) — eBubipkopmit nusaiin 3 (bikcoBarmM poamipom BuBIp-
Ku, T0 n;. Toxi 3arambea KiNbKICTL eleMenTin y Bubipni s zopisHOE

Ng := Z Ng,.
1E8]

OGuncmumo #MOBipHiCTS BKITIOUEHHS esleMenTa y Bubipky 3a mso-
cragifinoro Binbopy. [das suGipkoporo ausaiiny pr(-) mepmoi cranii
sinfopy #MoBipHOCTi BRMOuenHs 1IBO y BEOIpKY mosHadmmo uepes
i Ta Tygj. dns ubipkosoro musaitny p; () Apyroi cramil Binbopy
fimosipHocTi BKMOYeHHst BBO y Bubipxy 6ynemo nosmauatu uepes
Tli T& Ty Toal WMOBIpHICTD BKMIOUEHHS k-To eneMenTa TeHEPaJIb-
HOI cyRymHOCTi y Bubipky obumesmoeTses Tak:

T = TyTk, A€ 1 €U U; Sk, (8.17)

a4 AMOBIpHIiCTB TOrO, MO k-it Ta I-i eneMenTH reHepasbHol CyKymHocT
IOTPaIIATh A0 BEOIpKH, NopiBHIOE
T iy Ak k=1€ Uy
Tkl = § T, armo k&l € Uy, k # 1; (8.18)
T M| T, Axmo k€ Uyl € Uy, (i # j).
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Ouniska opsiua-Tomncona cymapuoro snavenna T; = Yy aas
kel
nepsuHHOl BUOIpKOBOT onuuuui U;, obunciena 3a «apyrocraliftHoos

BHOIPKOIO 3 1€l OAUHUIY, BHAXOAUTHCS TaK:
—~ Yo .

=S 2K (8.19)

'T[ .

kes; kli

Hucnepeis miel ominky 00UMC/II0eTHCH 38 (bopmynoro
Yk
Di= ) > (M — mgimys) = (8.20)
7. T kii nllt
kel; lel;

a 11 He3MiIEHA OIHKA JODPIBHIOE

5 Z Z (ks = i) Yk Y (8.21)

Tl Tl Thris
kesyles; kili kli M

Teepdorcennsn 8.2. V sunadxy deocmaditinozo eidbopy esemenmis
T-0uthKa cymaprozo snavenna T = 5y docaidorcysaroi capaxme-

kell
PUCTIUKY MAE BULAAD
e lin
tp= ) —, 8.22
" T (823

H=ET]
de tin — T-ouinKa cymaprozo snavenns Tj, i € sy.
Hucnepcia ouirixu tx mae dsi cxaadosi:

D (tx) = Prigo + PRBO (8.23)
de " T
Drpo = D Y (my — mar;) = e (8.24)
el jelly i 3
Do = 3 = - (8.25)
1elfy i

Hesmuuenorw ouinkorw ducnepcii Dy IBO € cmamucmuxa

oy . (ﬂ[‘lj - 75117“3) tm t;.r"'r
Do = 303 (Mo mmi b

i€s; JE8; Y
1 —~
- L (—_—1) B (8.26)
icor T \ T
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@ HE3MIULEHA OUiHER ducnepcii D dopienroe
W BBO

Dppo = Z (8.27)
i€sy (Ttl%)
Omorce, nesmitgena ouinka ducnepcii D (ﬁr) Mae suzand
D(tx) = Dppo+Dppo = (8.28)
. ZZ ﬂll‘,j T[I'&ﬂlj m t_;m
i€sy jEsT i Tt T eeZs: ()

Aosederna. 3 osnauenns m-ouinku ta dopmy (8.17) i (8.19) orpu-
MyeMO HOpMyITy st O6UHCIEHHS! T-OIIHKH CYMAPHOTO 3HAYEHHS y
BUTIANIKY nBocTagifiHoro sigbopy esemenTiB:

heY Loy Yy Ly
T = - = -_—
TfIz’ffk| Ty ?Tk| st

kes €8t kES; 1E8y kes; €81

lo6 orpumaru dbopmyny (8.23) mna obumcienns gucnepcii 7-
OIHKK CYMapHOI'0 3HAYEHHS, CKOPDHUCTAEMOCS BJIACTHBOCTSIMMA YMOB-
HOI0 MATEMATHIHOTO CTIONIBAHHS:

D(ﬂ) = Dp, [E(fﬂ|31)] + Ep, [D(?ﬂs;)]. (8.29)

Posrasmemo E(tx|s1) ta D(tx|s;) oxpemo i CKOPHCTAEMOCH BJIa-
CTHBOCTSIMH IHBADIGHTHOCTI Ta He3ajexkHOCTi BHOIPKOBHX nw3alHin
(piyi € Up) mpyroi cranii Bizbopy:

E(tals)) = Y By, (— 3[) > B, ( ) = Z% (8.30)
1€8]

1E8] €81

D(fnlsr) = 3D (t”‘

€8y

31) > D, (t‘”) =Y % (8.31)

i€sy icay I




I3 Bupasis (8.29)_‘_(8;{3___%)- OTPHMYSMO o s M&T&M&TH‘IHOI‘O cno,mnaaua ,zgpymro go,qa.nxa y ngaal (g 26)

Bymemo mMaTn

e~

D(tx) = Dy, =
D;
T Z Z (“hj - Wlaﬂla)—"'_ ' ;‘tf"s g

:eUI JEU1 eU

106TO, MBEMO BUpPA3 (8 23), mwo # Tpeﬁa Byno ,uOBecm '
Tenep poarnﬂﬁeuo KOMIIOHEHTH ou,mxn ,uncnepcn Buacsinox i
CTHBOCTI Hean!e)KHOCTl MaeMo e

[ T?4+D;, i=j;
- TTJ, o i#g

i E(-faim?

Oﬁqacnﬁmo Ma'rema'mqﬂe cnomBaHHﬂ nepmom ,zgo,aam(y y BHp)

(8 26) «roﬁm ' 3sigen Bmﬂsae, mo E(TJHBO) DI'IBO
o ' o Amnasroriuno '
ZZ(ﬂIiJ_ﬂI-‘TTh)tmtjﬂ _ . T L
16313631 i | ﬂI‘*ﬂ.ﬂIj? - E{DBBO) ZE(’D |SI) x '.
. . o !Gsx Ii
. (ﬂhj - ﬂ[:ﬂlj) E(tﬂrt ﬂlsl) |
= EPI Z Z . J = _
" ligsijes o TwTy = Ep, Z Z = DRRO-
i€s] I" 1EU
Zz(ﬁhg”‘ﬂhmj) LTy .+ O1xke, o ” _ .. N R o _
€8y €81 . 7‘1@3 L _#_I‘#IJ E D(7. (B -~ o -~
o ' (D(tx)) = E(Prigo + Pppo) = Prgo + PpBo = Dlin),
En |2 ‘"I“(-,;“"*I“l 2| 10070 Keawimenicts onisxku E(D(fr)) nosenena.
. 1631 ki o g4 o -
= Z E (i — ”It"‘IJ) 7[ +2 (}?‘ - 1) D= BGySWEM 8.2. Onismca (8. 26) ne samm nAGypac FozaTHUX Ira-
i€l jeUy - ieri_. ! xs___ o YeHb, .. |
' _ DHBQ + z ( _1_ N ) HaBe,u;eMO }’MOBH,_Ba_ SIKHX cxna,qosi mucnepcii omiEKy by HYJIBOBI.
. iel ey
'_;.1-34
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1) fAxmo sy = Uy 3 imosipHicTIO OJMBHIE, TO Tip; = Ty = 1 Vi, jy
a otke Dy = 0 1a D = Y. D;. Came Takuit purmsi
iely
Ma€ Aucnepciss omnky ?,.[ y BUNAAKy crparudikoBaHoro BinHo-
Py, @ HOSICHIOETbCHA L THM, LI0 CTPATH MOXKHA DO3TNAIATH SIK
nepsuiHi BuOipkoBi oguumui ABOCTanidtHOTO BifBopY, B AKOMY.
8 = UI.

2) fxkmo s; = U; 3 imosipuicTio ogusnis, To Dpo = 0. Toui
Dripo — ne aucnepcis m-ouinku npu oiHoCTAmIHOMY Kiacrep:
HoMy Binbopi.

Ofuncimty ominky aucnepeii D (tn) 3a dopmynoio (8.28) moxe
ByTn JOCATE cKIaIHO ~ noTpi6HO ouinuTH D; 1y1st BCIX 3HAYEHD 1 € 51,
Tomy inkonn D (tﬂ) OUIHIOITE 32 (HOPMYIIOn

P — Z Z (7135 — 7o) tin tjn
d T‘r v p ﬂ l?t' .
ics; jEO Iif Ii 45
o6 oburemuTn wo ouinky, 10TPIGHO ONiHUTH TiMEKM cyMapHi 3HA-
qenns B 1IBO, a ne suauno npocrime, wix ONiHIOBAHHS JWCIEpC.
Ust oninka € amimenowo. IT sMintenita nopismioe:

10070 D* HENOOLIHIOE HEBIIOMY peaTbEY IUCHEPCII0 OLIHKHA fr.
Ipore, KO PO3rIsIHYTH BiAHOCHE 3MIMIEHHS Mi€] OTHHKMK:
B (P 2. D
el
50 - T B (8.32)
ielh jel el

TO MOXKHA 1100a9uTH, 1Mo B 6araTh0ox BUNAJKAX 3MIMMEHHS OLiHKH D*
Moxe OyTH HecyrTeBuM. SKINO HMOBIpHOCTI 7Ty — Mau, TO | unCesTDb-
HHK ;po0y y Bupasi (8.32) Gyne mMasuMm MOPIBHAHO 3i IHAMEHHHKOM,
BHACJINOK HOTO 3MimenHa Gyfe HE3HAYHMM | HEM MOXKHA OyIe 3He-
XTYBaTH.
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HOpuxman 8.1. Hexatt Binbip KJIaCTePIB IIPOBOMUTHCA 38 JOIOMO-

POI0 IPOCTOTO BUNANKOBOTO BinGOpY 3 iMOBIpHOCTAMU BKITIOUEHHS

i = %} = 0,1. flkmo, manpuknaz, Drpo/Peeo = 5, 1o

BIJHOCHE 3MIMeHHsi, o0uucieHe 3a ¢HOpMYIOIo (8.32), nopisHioe:
L= -0,017

—a& = —0,017. O

8.3.2. CamozBaxkenwnit gBocTagifumi BiaGip

Y Bararbox aBocTagifiEMX T bararocraniitaux o6CTEXKEHHIX BH-
KOpPHCTOBYIOTh TakK 3BaHHI camoseancenuli subipxosuti dusatin. Pos-
DASTHEMO CaMO3BaXKeHUH JBoCTaiiHmi Binbip.

Hexait u; — e sizoma (xo4a 6 npubamsHo) Mipa poawmipy i-i TIBO,
i € Uy. Tozi ma nepmiit craii BiZIOOPY MOKHA BUKOPHCTATH AM3AHH 3
IMOBIDHOCTSIMY BKIIIOUEHHS TT; = Cu;, Je ¢ — JefKa, KOHCTaHTa, a Ha
ApyTifi crazil DpoBecTH UPOCTHI BHIAIKOBHMI BiAOIp n; enemeHTiB 3

N; Tak, mob
T 1

N; Uil

AKmo na mepwiit cranii sinGopy suGipka Mae dixkcosanuit posmip

¥i
n1, TO €= ﬁ T3 7151 Oy/ib-AKOro ejleMenTa k oTpuMaemMo

i€l

ny 1
= Cu?: —
f\rg U

Tl == T Thgpy = CUy =c.

Toni m-oninka cymapuoro 3uauenns T Oyne maTu Burisg

~ 1
t,-[—- i—::;zzyk

kes i€s1 kE€sy

Omrxe, Bci 3HaYenns yj; MaOThL O/IHaKOBY Bary, siKa HOPIBHIOE %
8.3.3. IIpocruit Bunaakosmii Bifbip ma o6ox cranisix nso-
crafiitnoro BinGopy

Hexait ma 06ox crazisx asocranitinoro Binbopy enemenTis BUKODH-
CTOBYETHCH NPOCTUH BUOANKOBUlL Binbip 6e3 moBepHeHHs: Ha nepmrii
cramil BigbupaeThes mpocra BHIIAIKOBA Bubipka s1 posmipy ny 3 Nj
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NEePBUHHNX BUOIPKOBMX OAMHHUIL, Ta HA APYTilt cTeail 1uist BeiX 1 € 87
Bubupaemo n; enementis (BBO) 3 N; enemenris i-i IIBO. Takuit piz-
6ip manasi OyneMe HA3UBATH MPOCMUM SUNAOKOBUM 060CTNAJITIHUM
sidbopom eaemenmie | nosnavaru gepes IIBJIBE,

Toai 7-ouinka cymMapHOrO 3HAYEHHS JIOC/IRKYBAHO! XapaKTepH-
CTHKH I'eHepasIbHO! CYKYIIHOCTI

tr wa =N Z‘fm (8.33)

1531 1631

tin = Nijj; = — Z .

hG31

ze

Hucnepeist T-0MiHKUM CyMapHOTO 3HAYEHHS IeHepaTbHO! CYKYIIHOCTI

~ 2l =1 M ral—fi o
D tr) = NP —=82 + — Y N2 _Lig2 (8.34
HB’JBE ( 'n:) ni 1 ny Z. i g ¢ )
1€l
4e 3
S2.(t) = ﬁ > (T; = T)" - mucnepcia cymapuux 3Ha9eHD 10~
el
cnimKVBaHo'{ XApaKTEePUCTHKN Y B NePBUHHIX BHOIPKOBIX OJIMHHUISX,
Z 1; — cepenne apudMeTHYHE CYMaPHUX 3HAYEHD OC/i-
lt[)’l
JIKYBAHO! XAPaKTEPHCTHKH y B NEPBHHHAX BHOIPKOBUX OJMHHIAX,
‘ 1 L . s . . ;
S? = N S (v — Yz-) ~ JUcnepcis KociailpKyBaHol XapakTe-
kel
pucTuku B i-it [IBO,

Y, = T»lj Y. Yk — CEPEJIHE AOCIIKYBAHO! XAPAKTEPUCTUKH B i-f

) kell;
IIBO, i € U;.
Heamimena ouinka ast D (tx) mMae Burmsz
B, =y a2l fI‘rZ N , fa o
DriBE (tn) = M —=57 + — ZN —=Si, (8.3)
i€ 9y
2
ae 3’? = nl'l_l S | tin— % > tin| - ouinka gucmepcii cymapmmx
1€81 i€sy

snavens v [1BO,
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tim = N;J; — oniHKa CyMapHOIO 3HAYEHHS JOCIiIKYBAHO! xapa-
Krepuctuku B i-it [IBO,
Y o= _1 Y~ Yx — BubipKoBe cepemme JOCITIKYBaHOT XapakTepu-
%
k€s;
CTH'KH B i-H HBO

1: - 'nI— Z (yk

kesy
xapaktepucruxku B i-it [IBO.

- BUOIpKOBa JicHepeis HOCHiIKYBaHOT

8.3.4. OnrumanbHe po3milnieHHR y BUDagKy HPOCTOro BH-
najgKoBOro IBOCTajiiiHoro BigGopy enemeHnTin

Posrianemo mpoctuit sunankopuis ABocTanitnuil BiGIip eslemen-
TiB, ONMCAHUH y nonepeHbOMy naparpadi, Ta capobyeMo BUHAYHTH
OUTHMABHY YaCcTKy Binbopy fi = ny/Ni mns Bubipkwu nepmoi cragii,
a TaKOXK JacTKu Bibopis f; = n;/N; st Bubipok apyrof crazil msoro
BIAGODY, NaM'TaI0uA PO TaKi OYeBHIHI 0BMEeKOHFHS:

0< fi<1, ieU; (8.36)
0< figl. (8.37)

Y BHIAJKY HpPOCTOro BHIIAJKOBOLO AasocTagiitaoro sinbopy ene-
MEHTIB 7E-OI[iHKA CyMaPHOTO 3HAYEHHS J0CJi IXKYBAHO! XapaKTepucTH-
KU TeHEpayIbHOI CyKymHOCTI 064 HemoeThes 3Tiano 3 gopmysnoo (8.33),
a ucrepcis niei oniEky — 3a dopmyiromno (8.34). 1o aucrepcio MoxkHa
[IEPeNHCaTH Y BUIIAA]

-~ Ao;
D () = Ao + A + Z % (8.38)
I iell; fi
e
Ao = —NS7y; A= NIG- Ag; = N;S%; (8.39)
G = Sty — Z N;S2. (8.40)
sEU

Posrisimemo dbynkiiio surpar Bumy

C(s1) = co + nicy + Z Ni | ca+ Z T4, (8.41)

T8y LEST
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Jle mepmmi I0JaHoK ¢y Binobpaxae fesiki (bikcoBani BUTpaTH, AKi
MalTh Micue UPH OposeieHil obcTeKeHHs, a IHMN TPU JONAHKH =
e 3MIHHI BHTPaTd. 30KpeMa, B IbOMY BUPa3i ¢, — BapTicTh Bimbopy
oauiei I[TBO (xmacrepa), ¢ —~ BapricTsh peectpaiii OZHOTO e71eMeHT,
BigibpaHoro xjaacrepa, ¢o; — BAPTICTh OBCTEXKEHHS OJIHOTO EIEMEHTA
1-ro KJjlacrepa, BKIIOYAIOUH BAPTICTh iHTepB’1o.

@yuxnis purpar (8.41) ninkom Bigobpakae 3araybHi BUTpATH HA
NPOBEJICHHST OOCTEXKEHHA 3 BUKOPUCTAHHAM JIBOCTAIIHHOrO RiAGODY
eJIEMEHTIB, ajle, Ha XKajb, 6e3N0CePeIHBO BUKOPUCTATH i1 17151 pO3B’si-
3aHHA HALIOL 38,1841 ONTHMI3ALIT MU HEe MOYKEMO, OCKIIbKH 118 (byHKIis
€ BUIAJKOBOIO BEJIHYMHOIO ~ BOHA 3AJEXKHUTh Bii BHIAIKOBOI Bubip-
K1 81. ToMy BUKOPHCTAEMO MATEMATHIHE CTIO/I BAHHSA 3MIHHAX BUTPAT,
TODTO OCTAHHIX TPhOX JONAHKIB BUpa3y (8.41), AKe MO3HAYMMO yepes
EVC (sin anrm. expected variable cost):

, T = Tt
EV(C = E(C(S])) = Njcy + E’% L Ni Cel + F\% Z niCa4,

ielh el
abo
EVC=aifi+fi| > aufi], (8.42)
ielh
ae .
a; = Nicy;  ag = Njesi; 1 =c¢y + Neg. (84—3)

TyT €1 - cepesyi BATPATH HA OILMH KJIACTEP, AKl BKJIIOYAKTh BUTPA-
7 Ha Biabip Ksacrepa Ta peecTpaiiiio (CTBODEHHS CHHCKY) ejeMer-
TiB y HhOMY. KoedinieHT cy; Binobparkae BUTpaTH Ha OJHH eJIEMEHT
i-T0 KJ1acTepa, fKi BKJIIOYAOTh BUTPATH Ha Binbip eseMenta Ta Horo
obCTeKeHHs.

Harasnaemo, B 4oMy came nossirae 3a1a4a onTuMizanii BubipKOBO-
ro ausaliny: noTpibHO 3HaiiTy Taki 3HAueHHsS fi Ta fi, 1pHU FKHX

1) amcnepcisi (8.38) Gyae MiniMaibHOIO TpH BiKCOBAHEX 3arabHUX
BuTparax (8.42):
EVC =Cy (8.44)
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2) saramphi BurpaTn (8.42) 6yayTe MiniMambEUME HpR dikcoBaHO-
MY 3HAYEHH] Amucuepcii:

DHBHIBE(E\“) = V. (8.45)

3ocepeanMocs: Ha BANAJIKY, KOJIH BHKOHYeThed yMoBa G > 0 (Tob6-
10 A1 > 0)8. Toxi 3ana9a onTrMmizanii BUOIpKOBOTO fu3aiiHy po3s’a3y-
€TBCH NOCHTH JIEIKO, SKINO BHKOpUCTaTH HepieHicTs Komi abo meron
HeBU3HAYEHNX MHOXHUKIB Jlarpamxa’. Ko TeMuYacoBo He Opatu
Ao yBaru obmexxennst (8.36) ta (8.37), To 3a Gymp-aKuM i3 UX MeTO-
[iB MOKHA JIEI'KO HOKASATH, 10 ONTHMAJIbHI 3HAUYSHHS YaCTOK Bigbopy
APYrol cTaii aK jjis BUanKy 1), Tak i anst BumagKy 2) CTaHOBIATD:

A N1/2
fi = (f.‘iA?*) , i€y (8.46)

Ay ay;

Tenep, BanpukJIay, AJ1st TOrO, o6 3HANTH ONTAMAJILHE 3HAYCHHS YAC-
TKH Big6opy nepmioi craail gas Bunaaky 1), morpibno poss’szarn pis-
uaHHS (8.44) Bizpocuo fi. Bymemo marn

-1
Co agiAgi \/?
= — |1 § e } A
fI [45] + ( a-1A1 ) (8 7)

el

AHaJoriyno, Aas TOro, mob 3HANTH ONTUMAJIbHE 3HAYEHHS TACTKH
BiaGopy nepmoi craail ama Bunaaky 2), norpibro po3s’sa3aTu piBHs-
uast (8.45) signocuo fi. Toxi

A+ (Ar/a)Y? Y (agiAg) Y2
fI — i€l
Vo = 4o

(8.48)

Adxmo nigcrasutu y dopmynu (8.46) ta (8.47) Bupasu miast 06un-
caenns koediuienris A;, Ag;, a1 Ta ag;, TO OTPUMAEMO TaKe TBEpIIKe-
HHZI.

SBin’emue suagenns koedinierra A; Tex MOKIIHBE, X04a it ManoiiMoBipHe.
v 3arajJbHOMY BHIAAKY POGB R3aTH IO 3aJady ONTHMIZallil MOXHA, BHKODH-
CTOBYIOYH METOAM MATEMATHIHOIO TPOTPaAMYBaHHH.
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Teepdorcenna 8.3. Hexaii G > 0. Todi ducnepcia (8.38) 6yde mirid-
MaAbHoW npu dincosanur sazaavnur eumpamar EVC = Cy, swxuwo:

-1

e j\" \r -S - .
fi N o ¥ (rlG)l/2 1ZU NiSi(cai) (8.49)
ma 12
_m_fa S; R _
i=3=(2) @m teu 659

3G YMOBU, 140 BUKOHYOMBCA obmedicenna (8.36) ma (8.57).

Ananoriune TBepuKenHs MOXKHa chOpMYTIOBAT] | ATA BRMANKY
cikcopanoi aucnepcii (Bupasa).

Jayeaorcenns 8.3. ko 3 supasy (8.49) summsae, mo ny > Ny, TO e
O3Ha4ae, WO Ha nepmiit cralil NpocTOro BUNAAKOBOIO ABOCTANIHHONO
Binbopy noTpibno Bubpatn Bei KaacTepu renepanbHOl CYKYIIHOCTI 1.3
KOZKHOI0 3 HHX Binbupatu enementy 3rigHo 3 dbopmynowo (8.50). Ina-
KIIle KaXKy4u, TaKe PO3MillleHHs Bianosinae crparudikosanomy mpo-
CTOMY BHI&JIKOBOMY Binfopy.

8.4. bararocraaiitauit BiuGip

Hespaxxaioun na ckuiaguicts GararoctamiiHoro Binbopy, BiH 10+
CHUTh 4YACTO BUKODHCTOBYETHCHA IIPH TIPOBEACHHI BUOIPKOBHX 06CTE-
XKeHb pequkoro macmraby. Ak iy sumagky gsocramifinoro sigbopy,
renepasbiy cykymsicrs U = {1,2,..., k, ..., N} ginars za Nj nepsun.
uux BuGipkoBux opuruups U, Us, ..., Up,. ITo3HauuMO MHOXKUHY mep-
BUHHUX BUOIpKOBUX ogununp wepesd Up = {1,2,...,4,..., N1 }. Poawmip
N; mepsunnoi Bubipxosoi opuunui U; Biomuit 10 nogarky oberesxe-
HHA, i € U],

Teepdoicerns 8.4. V sunadky r-cmaditinozo 6idbopy (v > 2) neai-
ULEHA OYIHKE CYMAPHO20 SHALEHNA DOCAIONCYEANOT TaPaKmMepUcTiuKy

2EHEPAALHOT CYKYNHOCTNG Mae 6uzand t = ) t;/my, de E(t;|s1) = T;.
1E€5]

142

Hucnepcia ouinku cymaprozo snavenns nonyaauii dopisoe

D(A) Z Z (7'5123 'ﬂ:h’?'flj) L Tj + Z ?i,

7‘[’ .
el jeli 5 iely L

de nepwuti dodariox sidoGpasicae ducnepciro nepwioi cmadii 8idbopy, a
dpyeud € xombinayiero ducnepcit, CPUNUHERUT 6CIMA HACTYNHUML
cmadiamu 6idbopy.

Heamiwena oyinxa ducnepcii D(t) obuucaoemves sa popmyaoto

( i — ﬁ)t A, ﬁ
A) ZZ T — T Ty ﬁ;z‘?:t'f;"i"z i

33
s T
i€sy jEsy Tij ics ( 11)

de E(ﬁiisﬂ =D; dan eciz i € s1.

JloBesieHHs BOTO TBEP/KEHHS aHAJIOTIUHE JOBEACHHIO TBEDIYKE-
HHH 8.2.

8.5. Bmnpasu Ta nuUTaHHS [JJis CAMOKOHTPOJIIO

8.1. Yum nozin remepabHOT CYKYMHOCT] Ha CTPaTH BiIpi3HAETHCH Big
TOJITY CYKYIHOCTI Ha KiacTepu?

8.2. Hackinbku edpekTHBHEEM € pocTuil BUNaKoBRE ogHOCTAMiftHIH
KJjacrepHuit Binbip NOPIBHARO 3 IPOCTHM BUIAIKOBHM Bimbopom 6e3
MTOBEPHEHHS?

8.3. #xi nepesarn BUKOPHCTAHHS KJIACTEPHOrO Binbopy Bu 3HacTe?

8.4. BuxopucroByoun BaacTiBocTi 7-oninkn Iopsina-Tomncona, no-
BECTH TBepIKeHHs 8.1.

8.5. [popoauTscs BHOIPKOBE OBGCTEXKEHHS, METOIO SIKOTO € OIiHIOBAH-
Hsl CYMapHOro JOXOLY NOMOTOCIONAPCTB HeAKOro paliony micra. Ilei
palion ckianaerpea 3 60 kpaprasis pisHoro posmipy. 3araabha Kidb-
KICTB JIOMOTOCTIONAPCTS ¥ HhoMy gopishxioe 5000. 3a momomoroio mpo-
CTOTO BHIAJIKOBOrO BIAOODPY Ge3 moBepHeHHA BHOPaHO TPH KBapTaJii,
B KOXHOMY 3 AKMX ofcTexXeHo BCi momorocnojapctsa. PesysbraT
0OCTeKEeHHs HABEIEHO HUzK4e B Tabmund.
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Homep KinbkicTs Cymapuuit goxig

KBapTayly | JAOMOTOCIOAAPCTB | JOMOTOCHIONADCTB

y KBapTaJi KBapTaJuy
1 120 2100
100 2000
3 80 1500

1) Owiaury cymaphmit moxin JIOMOTOCTIOZAPCTS - PAOHY, BHKODU-
crosyioyn omiHKy I'opeina—Tommcona.

2) O64ucanTH 3HAYEHHS HE3MINIEHO! OIIHKH aucnepcil  Onjim-
ki lopsina-Tomcona cyMapHOro Aoxoly JOMOIOCHOZAPCTS
paliony.

8.6. BuxopucToByioun TBepiKeHHS 8.2, BuBECTH dbopmynu (8.33)-
(8.35) Anst OUIHIOBAHHS CYMAPHOIO 3HAMEHHS JOC/iIUKYBAHOT Xapas
KTePUCTUKH NOMYJsALil, fucriepcii oTpuManoi OLiHKHM, a TaKoXK i
OWIHIOBAHHSL 1€l jucmepcii y BANaAKY HPOCTOTO BHIAJKOBOTO TBO
cTaaifiHoro Binbopy eneMenTin.

8.7. llposonnTeea BubipkoBe 06CTEKEHHS 3 BUKODHCTAHHSM [POCTO-
o BHMaAKOBOIO [BOCTaJiHHOTO BiAGOPY €/1€MEHTIB, METOIO SIKOrO &
OIHIOBAHHS CYMADHOIO 3HAYEHHH XAPAKTEDHCTHKH Y JeAKOI TeHe-
pajibHOl cyKyimiocTi. Ha nepmi#t crauii orpumano mpocry BHIIAIKOBY
BUOIpKy s1 poamipy np = 5 3 Ni = 50 nepsunnux BubipKOBUX 01y
Hunb (kaacrepis). I3 KOXHOTO KjacTepa, MO MOTPANHB 1O BubIpKH
81, OTPHUMAHO TPOCTY BHIAAKOBY BUOIpKY s; posmipy n; = 3 3 Nj
@NICMEHTIB, ¢ € 5. PesynbraTn 06cTeKeHHs HABENEHO B TabIMI].

L i | N; Yk
19| 5 | 41, 49, 49
45 | 8 | 49,49, 45
4715 | 31,31,35
501 9 | 39, 41, 61
31| 7 |49, 51,33
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1) O6uucmaryu m-oninky CYMapHOTO BHAYEHHS XaPaKTEPUCTHKH Y
JJIsi TeHEPAJIBHOI CYKYTTHOCT].

2) OGuucnury 3HAMEHHS He3MIIEHO! ONiHKY Jucnepcii- Ta Koedi-
nieHTa sapiauii T-ONIHKH CyMAapHOTO 3HAYEHHS XapaKTepuCTH-
KH Y.

8.8. Bunectu dbopMysn na 064HCIEHHS OTTAMAILHOTO posMimenns
¥ BANIAIKY IPOCTOTO BUIIAIKOBOTO JBOCTaMiiiHOro BiAbopy 3a ymoBn
dbixcosanol mucnepeii, BUKOPHCTOBYIOUH 3HAYeHHS Koedinienris A,
Agi, a1 Ta a9; (ﬁ S U]).

8.9. Bauk o6cnyrosye 39800 KiiieHTiB, Indopmania npo koxHoOro Kiii-
€HTa MICTUTBCA y 0asi ganux 6aHKy B okpemomy daiini. Oaiinm po3Mi-
el y 3980 nankax 1010 ¢aiinis y Koxwmiit nangi. oTpibno ouinnrn
HACTKY K/EHTIB, aKkuM GaHK HajaB kperut. s nporo 3a 10moMoromo
TPOCTOr0 BHNAAKOBOTO BiibOpy Bubpano 40 nanok (subipka s). ¥ xo-
KHIA i3 BUOPaHKX IANOK MiIPAXOBAHO KiBKICTb KJIICHTIR (4;), axum
bank Hanas kpemut, i = 1,40. Y pesyasrari OTPHMAHO TakKi JaHi:

D Ai=185 3 A?=1263.

i€s ics
1) Sk masusaerncs Taxmit MerTon BinGopy?

2) 3amucary BHpa3 IS TOYHOTO OGUHC/CHHS YACTKH KJI€HTiB,
AKKM OaHK HaJaB KPEIUT, Ta 06YHCInTH HE3MIIIEHY OLiHKY 1[hO-
TO HapameTpa.

3) Ouinmry pucmepcito oTpuMaHOi OWHKH i nobynysatu 95-8i-
COTKOBHH NOBipunii inTepBaa 119 OLiHIOBAHOTO napamerpa.

4) O6uncnurn ausait-ecbekT [T MBHOTO merony Binbopy.
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Poznaia 9

OuinoBanns dyHKUilt BiJ cymapHUX 3HaY€Hb
XapaKTePUCTUK I'eHepaJdbHOI CYKYIHOCTI

9.1. OuwniHIOBaHHS BEKTOpa CyMaApHMX 3HAYEHB

Y Glnbinocti BUGIDKOBUX OGCTEXKEHD 3a3BHMAR TOCTIIKYIOTHOA
KLIbKa XapakTePUCTUK TeHepalibHOI cyKynxocTi. PosriisineMo Buma-
JIOK, KOJTH CyMaPHI 3H8YeHHs KITbKOX XApaKTePUCTUK (3MIHHUX) ol
HIOKOTHCA 38 JOTNOMOrOKC BiJIMOBIAHUX 7-OIiHOK.

ITpunycTnmo, mo ZOCTIIZKYIOTbCH ¢ XADAKTEDHCTUK IeHePaIbHOL
CYKyOHOCTI, AKi MU By/1emMo nosnavaTu depes yi, ..., Yjsy o ooy Yq SHA
YEHHA IUX XaPaKTEPUCTUK J718 N esleMeHTiB reHepabHOT CyKyNHOCTI
OylieMO O3HAYATH Yepes Yity - Yiks - 4N, 3 = 1,..., q. Tlorpituo
OIIHUTH ¢ KOMITOHEHT BEKTODA HEBIIOMHX CYMAPHUX 3HAYEHD ITHX Xf~
PAKTEPUCTHK:

T:(T},...,I},...,Tg)’:

T = Z Yik-

kel

He

3 remepaibhoi cykynuocti U Binfupaetbes iiMosipaicaa subip-
K& § 3riHo 3 BuOIpKOBHIM MUraHoM p(s) 3 IMOBIpHOCTAMHA BKIIOYEHHS
T Ta T JJ1st KOoXHOro k € ¢ cnocrepiraeThes BEKTOD

Yi = (Y1ky - Ysks -+ Ygk)-

Hexait cymapue 3HaYeHHs KOXHOT JOCTIIKYBAHOT XapaKTepucTu-
KM OLIHIOETHCA 3a AonoMorowo onieku [opeina—Towmircora (m-omizkn).
Toyii BeKTOp ONIHOK CyMapHuX 3HAYeHDL Oyae MaTH BHIJIAL

,t?'rr = (E.m v :E_;j?T'J s }?q'rt)ra
ne

Z o
Tk
ke
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B
-

QOuesmyno, mo
E(gﬂ) = T1

T06TO BeKTOp tr € He3MilEHOIO oninkow BekTopa T.

Teepdocenns 9.1. Hexati t, = (1, . . ?}ﬁ,.. ,fqﬁ)’ ~ ue ge-
KmMop T-04iHOK, wo eidnosidae q 3minnum yi,. s YgreeaYgr O
tjﬂ =y, E-?ﬁ Todi xosapiauitinag mampuun

kes

V(i) = B (b — T)(Ex ~ TV (9.1)

€ CUMEMPULHOI MEmPUYeo, 6 Axil j-U diaeonaavrull eaemenm e
Jucnepeien ouiHKky tjﬂ

ZZ Yik Uit .
t_?"r (ﬂkl ‘?'ET"L')T‘: 7:: ..?:1:'-'JQ$ (92)
kelU leU

@ ereMenmu nosa dlazonariio uyiei mampuyi zadaroms xosapiayio

ouinox tiy ma tin (i, =1,...,q, i #3j):
k Yjt
C( gxs tjﬂ) = Cov(t?ﬂj J;r[’) = Z Z(nkf T T )g;:k 7:1 (93)
kel leU

Hesmiuyenomo oyinroro mampuui V(tz) € mampuus V(tx), diaczonans-
HUMY EAEMERTMAMU AKCE € OUIHKU Jucnepciti

(7o —~ ﬂk'ffx) Yik Uil .
t_;r"r ZZ Tfk 7; 7= 1-.»- ey, (94)
kes les

4 N036 JiG2OHALAI0 CIMOAMYD OUIHKY KOBAPIaYIT

ST T (Mt — 7070 Yik Y i mT T q g
Cllm i) = Y =TT UR Y 5 g
kes les ki kM

Llosedenna. Dopmynu (9.2) ta (9.4) ans obUNCIEHES TiaroHATBHNIX

eseMeHTiB Marpunys D(tx) Ta D(tx) Gesnocepenuso BUMIMBAIOTE i3
TBepIxeHasa 1.3.
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Hdngi,j=1,...,¢: 1+ j 6ynemo marn

C(t‘h‘r! tjﬂ) = Cov(tiﬂr tj'ﬂ) = cov Z Ik?iﬁ%'&: Z Ikﬂ =

7
keU ko ey Tk
EYil
E E cov( Ik,l)% 2L E E Ty — ﬂﬂ;)yﬁkyﬂ
7
kel leU keU el T T4

ToGTO, MaeMo piBHicThb (9.3).
Hast roro, mob nosectn HeamimenicTs ouinky (9.5) miel Kosapiauii,
noTpibHo, AK 1 y TeepirkenHi 1.3, ckopucTaTHcs THM (BDaKTOM, IO
. Tt — TR Tl — TRTY
E {kal (——-—— = T = = Ty — T,
Tlgi Tkl

3BIJIKY BHILTUBAE, 1O

7T m)
E[C( T B = E ZZ( kL~ T ) Yik Yil _

e T
kes les kN
'T( — T, E Yt
-5 ZZI’J ktﬁ K70 Yik Yit | _
T T
keU leU ki kM
Ty — TOTT i U
- T3 [ T e
keU letr Tkl T T4
Yik Jﬂ ~ =
=3 > (mu-n ﬂ;) = C(tin, tjn),
kel leU
mo i Tpeba Gyno moBectH. O

ITpuxuan9.1. OguuM i3 3acrocysanb Teepkenns 9.1 € BHIAI0K
OUIHIOBAHHA KIMBKOX CYMAPHUX 3HAYEHD, fKi 6a3y10ThCs Ha OTHIN i Tilt
camiit nocaimxysaniit 3avingit y. Hanpuknaz, nexait norpi6uo oninu-
TH TaKi Tpu cyMapHi 3HAYeHHS:

=> u Ta=3 4 L= ui

kel kel kel
Posp’ssok niel 3a1a4i Bunnusae 3 Teepmxennsa 9.1, Ko HOKIACTH
. _ IO IR |
q =3, Y1k = Uk, Yok = Y Ta Y3k = Y3, k€ U. O
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9.2. OuninoBanns dyHKUift Big cymMapHnX 3HaUYEHb
KIJIbKOX 3MIHHMX

Poarnanemo 3anaqy ounimoBaHHs napamerpa € renepanbHOT cyKy-
nuaocti U, saxu#t MOXKHA NojaTd y Burisigl (pyHKOQ BiZ ¢ cymapHux
sHavenn 17,..., T

8= f(T1,...,1y),

JETJZ Z yjk:}jzla"')q
kell

4k 1 B nonepenaboMy naparpadi, IPHIYCTHMO, IO 3 M'eHEPAJILHOL
cykynsocTi U sBinbupaerbea fiMosipricna subipka s srigno 3 subip-
KOBYM IITAHOM P($) 3 IMOBIPHOCTSIMHU BKJIIOYEHHS TU; Ta 7. Jas Ko-

XKHOPO Kk € s COCTEPIraeTbes BeKTOP Yi = (Yiky - -« Yjks - -  » Ygk)» 1O
Jla€ MOKJIMBICTD OTPAMATH 7-OLHKY CyMapHuUX 3Ha4ens 11, ..., Ty
> Yik .
tin = . 71=1,...,q.
Jn T J : 14
kEs

Ines, aka se:KuTH B OCHOBI MeTOLY OLiHIOBaHHA napaMerpa 0, mo-
JIArae B TOMy, 100 3aMiCTh HEBIIOMHUX CyMapHUX 3HadeHb 11,...,7Ty
miacrasuty y dyskuio f(-,...
Tpa O MaTHMe BUIVIST

,*) X T-ouinku. Tobro oninka napame-

0 = f(Fims e+ s gm)- (9.6)

9.2.1. OnixmoBanHsa JgiHiiHMX OYyHKIIN Big cyMapunx sHa-
4eHb KiNbKOX 3MiHHMX

Axwo dbysxumia f — niniltna, TobTo
q
8 =ap+ Z(LjTj,
j=1

TO BIACTUBOCTI OIiHKHK 6 MOXKHA JIErKO HOCTIUTH. Y 1IbOMY BHUIAJKY
OLiHKA

8=ao+ ) _ajijn (9.7)




€ He3MIIeHoI0 OLIHKOK mapaMerpa 6, a aucmepceid wi€l OUiHKH

D(6) = Za; in

ze Korsapia,uiﬂ C(a-rjz;n) BU3HAUAETHCA 38 dopmyion (9.3). HAxmo
i = j, 10 Cltin, tjn) = D(t;n)-
Onirkowo aucnepeil (9.8) € craTHcTHKA

q 4
é = Z Z (LzaJC(tm, JT{) (9‘9)

q9 4

= Zzaiajc(ﬂm%n): (9.8)

i=1 j=1

e oninka C(fin, 1) BusHaacTsCst 38 dopmyion (9.5). fAkumo i = j,
10 Cltim, tin) = D(tjn)-

9.2.2. OuinoBanHs Heniniiuux pyHKIil BiJ cyMmapHuXx 3Ha-
yeHB Kinbkox smingux. Meton gdineapusauil Tefimopa

Tenep posrmsnenmo sunanok, koau 8 = f(1h,...,Ty) ~ neniuikna
dynknis Big ¢ cymapunx 3Hauess 13,..., Ty, Y npoMy BHIEIKY 38::
3BUYall HEMOMKJIMBO OTPHMATH TOYHI 3HAYEHHS 3MIIICHHA Ta JUCTIEPCil
ominku 6 = f (?hh . ,fqﬂ). Hna Toro, mob crupoCTHTA e 3aBIAHHI,
BHKODHCTOBYEThCst memod atneapusayli Tedaopa, 3a JOMOMOTOIO AKO:
ro MOXKHA BHBeCTH Habimxeni dopmysn jas gucnepeil onjxu O 14
owinky miei aucnepeii. Taxkoxk 3a JONOMOIOI0 IBOTO METOAY MOYKHEA
GynysaTy HabmurKeni n10Bipyl iHTEpBaTY 115 mapamerpa 0.

M(—‘TO,JZL niHeapu3ail ’lﬂmopa nosisirae v Habnwkert nesiHiitnol
OLIHKH 6 [ICEBIO0ILi HKOO BU, AKa € niniftHow (yHKIi€w Big 3MIHAKEX
t 1y - tq,?T Ko ne HabIMXKeHH: JIOCHTb TOYHE, TO 3aMICTh JMCTep-
cii D(B) MOYKHA BUKOpHCTOBYBaTH jucnepciio D(fg), sxa obuncroe:
ThCSL MOPIBHAHO JIETKO.

Jia Toro, o6 3HakTH 8o, BUKODUCTOBYETHCA Po3Kias pyHKi f
y paj, Tetinopa B okoni touxu (11, ..., Ty), B IKOMY HEXTYIOTB JOZ8H:
KaMu Apyroro i awe nopsaxis. Orpumaemo

q

O~ Bo=0+Y a;ltix—Ty), (9.10)
j=1
150
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4

Jie
o= 2L . (9.11)
Otjm Frrmyersbgm) =(T1... Ty)

Jz1st BUGIpOK BEJIMKOTO po3Mipy ominka 6 mae pUBIH3HO TaKi cami
BJIACTUBOCTI, AK i srimiitHa crarucTuka O, Tomy cupobyemo nabausnru
3MIMEHHA Ta qucnepciio oniHKE O BixnosiqrumMm XapaKTEPHCTHKAMHE
OLHKH éo.

IMozraunmo HabuKeHe 3HAYEHHS gUCHepCii oKy O Jepe3 23( é)
I ne HabuvokeHe 3HaveHHS AOPIBHIOE TOYHOMY 3HAMEHHIO JHUCHepCii
nineapusoanoi ouinku 6y : D(6) = D(By).

Hnst apyunocti 3anucy nogansux hopMysl BBEIEMO TaKe IIO3HA-
YeHHSI:

ue =Y ajyji. (9.12)

Toxai mabinkere 3naveHds qucnepcii omiHkn 6 069HCII0ETECS TAK:

q
2 it | =
j:l

D) =D(6y) =D

=D E% = ZZ(HM — T, )

kes kel leU

Ul U
—_— {(9.13)
e T
Saysaorcenna 9.1. Iducnepciio D(Bg) Takox MOXHA DPOMIANATH K
HAOIMKeHHST CepeIHLOKBAAPATHYHO] HOXHOKH OIiHKKT O

). Ockinpxn
E(8p) =0, 1o

MSE(8) ~ MSE(8,) = D(6o).

Tertep npobiiema mossArae B TOMy, 106 OIHATH aucnepcio (9.13).
Besmausn uy, 3anexkars sig xoedinienTis ay, . . ., ag4, SKi, B ¢BOIO yep-
Ty, 3aJIEXKATE BlJ| HEBIIOMHEX CyMapHHX 3Ha4eHb 11, .. y Iy Oraxe, ug

nepizomi. CrangapTauit Buxiz i3 uiel curyanil mossirae B 3amimi He-
BIZIOMEX CyMApHHX 3HAYEHb Xa8PAKTEPMCTHK IeHEPATHHOT CYKymHOCT

T-OLHKAMM IUX CYMapPHAX 3HaYeHb. Y PE3y/ILTATI OTPHMAEMO OIHKH
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a1, .- .,y KoedilienTiB ay, ..., ay, WO jae HaM MOMXKJIUBICTD g BCIX
k € 5 06YMCANTH 3HAYCHHA BEJAUYUH

q
= Z &jyjk- (914)
j=1
Toni oninka aucuepcii (9.13) 6yze maTu BurvIs

D@y =3 Y KT (”‘“’ T m) Ly (9.15)

T TT
kes les kT

ObrpyrryBanHs i€l OPOUEIYPU [OJSTAE B TOMY, WO OIIHKA i SIK
(YHKIIif Bil T-OL[HOK CYMapHUX 3HAYEHDL € KOH3UCTEHTHOIO OLIHKOK)
ey ;. OmiHKa ﬁ(é) K (PYHKUjS BiJ KOH3BUMCTEHTHUX OIIHOK i)
IIPH BETMKHX PO3Mipax BHOIpOK ITOBOMTH cebe Tak, niu BoHA rpyHTY-
€THCH HA ICTHHHUX 3HATCHHSX Uk, TAKUM YHHOM, MOXKHA HPHILYCTHTH,
mo D(B) e xousucrenTHo© onukow aucnepcii D(H). Hacnpasai sa-
HPONOHOBAHA OIIHKA € OLIHKOI0 Habmkenol aucnepcil D(G) aJjie 1npu
BEJIMKKMX PO3Mipax BHOIpOK D(B) 1a D(6) GynyTs NpuGIH3HO OAHAKO-
BuMH, ToMY (opmyay (9.15) MOXKEA BUKODHCTOBYBATH AJIs OLIHIOBA~
HHs1 auciepcil D(é) IpasomipHicTh BUKOpHCTAHHA i€l OIIHKH JHC-
nepcil 6ys10 HiATBEDIXKEHO MOASTIOBAHNAM PI3HUX BHIIAIKIB OMIHIO-
BaHHs HeNiHIHUX mapamerpis renepanpaol cyKyunocri [20].

Jaysascenna 9.2. Y HaCTYIHOMY TBEPJKEHHI MM BHKOPHCTOBYEMO
BHPa3 «NPUbAUIHO HEIMIULEHAE OUIHKA >, SKWIL CJTiJ, POBYMITH TaK: 3mi-

IHEHHSA 3alpPONOHOBAHOI OUIHKH € HACTIIBKY MAJIWM IOPIBHSHO 3 11

JHCTIEPCIEIO, 10 HUM MOYKHA IHEXTYBATH.

Teepdorcermnsa 9.2. Mpubausno HE3MIULEHOW OUINKOW NAPAMEMPA
_I(Tla"'}TQ)s aej‘lxzylk!"'aTt}:quk!
139 kels

€ outHKa

g :f(am---:a;rr):

de ?m, S ,fqn — T-QUIHKU CyMaprux anayens 11, ... T, 3acmocysas-
wu memod aineapusayii Tedaopa (Popmyau (9.10)-(9.11)), ompuma-
eMo Habaudicene 3nadenns ducnepeti oyinku 0:

A UR U
DEO) =) > (- ﬁkﬂl)ﬁk pd

kel leU

q
de ug = Y ajyjk, o xoedivienmu a; eusnaveni 6 (9.11).
1=1
Ouinky yiel ducnepcii ModCHE 0BMUCAUMY MaK:

é) _ ZZ (7t — ﬂkﬂl) Uy Uy
T 'i"[;’

k€s les

a
de Uy = ) GYjk, G KoePiuienmu @; oOMPUMANT WAATOM 3AMIHU He-
j=1
BI0OMUT CYMAPHUL 3HAMEHD BIONOBIOHUMY TT-OUINKAMU.
VY Bumanky Bubipkoporo nusaitay GbikcoOBaHOTO po3Mipy MOXKHA
3aCTOCYBaTH aJIGTEPHATHBHY OLiHKY:

. i\ 2
D :---—ZZ Tfk.ﬁ ﬂkﬂl) (ﬁk ;i) ) (916)

kes les

Saysasicennsn 9.3. Cnig maty Ha yBa3si, MO 3ACTOCYBAHHS METO-
ny nineapmsanii Te#inopa y sumagkax BuGipOK HEBEIHKOro po3Mi-
Py OPHU3BOIMTHL [0 HEAOOMIHIOBAHHA AUCHEDCil, MPHYOMY BeJIMYU-
Ha IOro 3MiIlIeHHs 3aleXHTh BiJ TOro, HACKINBKM CKI3IHOI €
OIUHKa JOCiIxKyBaHoro mapamerpa. Hampukmnanx, y sumaixy Ta-
KOI TpPOCTOi CTATHCTHKH, fK 3BaXKeHe BHMOIDKOBE cepense § =

(Z Yk /Tf,xc) / (z 1/ *n';c), HEOOIIHIOBAHHSIM JHUCIICPCii MOXKHA 3HE-
kes kes

XTYBaTH HaBiTb y BUNajKy Hepenukol BHOIpKH. A OT y BHIAIKAX Ta-
KHX CTATHCTHK, AK OLiHKa Juciepcil JOCTi Ky BaHOI XapaK TepHCTHKN
reHepasbHoi cyKymHocTi abo osapianil ZBOX XapaxTepHCTHK CYKY-
MHOCTI, MOXKYThb 3HaN00HTHCA BUOIPKH Ay»Ke BEJUKAX PO3Mipis, mob
MOXKHa 6V J10 3HeXI‘yBaTH M B\JIHI,GHHHM
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9.3. OmniHoBaHHSA BiAHONIEHHS CyMapHUX 3HAYEHb JIBOX
JOCHIJIPKYBAHNX XapaKTepUCTHK

Posranaremo 3aaa4y OUIHIOBAHHSA BiJHOWEHHH (YaCTKH) HeBimO-
MHX CYMapHUX 3HAYEHb ABOX JOCITIJKYBAHMX XaPAKTEPUCTHK TeHe-

> Yk

PAaJIBHOI CYKYITHOCTI:

T,
R=Zt= kg’zk‘ (9.17)
Z
kel

Hanpuksan, sskmo U — ne reHepasibia CyKyMHICTh JOMOTIOCTIOAAPCTR,
Yr — CyMapHuii Ioxin k-ro JOMOTOCIOIAPCTBA, & i MOPIBHIOE Kijih:
KocTi ocib B k-omy nomorocnomapcTsi, To R — ue cepennit goxig ¥
PO3paxyHKy Ha OJHY ocoOy uiel reHepabHOl CYKYIHOCT,

Axumo wmesigoMi cymaphi 3HaYEHHA OUIHHUTH 3a HOHOMOIOK 7t

: o ;e b — 25 o AT :
oninok I'opeina-Tomncona: tyr = 3 %*; Ta by = Ei" TO OTPUMAE-
i ) kes kes .
MO OLJHKY BinHOmeHHA R, sika € HeniHilA00 QyHKIIEO Bl 7T-01iHOK

HEBIAOMAX cymapHux 3uadenb Ty ta T:

Rolm

bame

(9.18)

s oninka € aminenon. 3umimenns B(ﬁ) = E(fﬁ) — R ouinxu R 3a-
J0BONBHAE Taky ymoBy (aus. [20]):

[B(R)? _ [E(R) — R _ D(isn) (9.19)
p®R) DR 12 e

Diten)

Lle o3Hauae, mo AKIO BiHOCHA CTAHAAPTHA MOXHOKa 7 OUiHKH

tzr TIPAMYE 10 HyJA 31 30ibeHHsAM po3Mipy BHOIpKY (K 3a3Buvail 1
. . B(R

bysae), TO BiHOCHE 3MiMIeHHsI é( },}%) Texk Oyle upsMyBaTH [0 HYJIs.

e nyske BaX/JuBa BIACTHBICTH 3 TOYKWM 30py HOOYIOBH JOBIpYHX

inrepranis.

Tenep 3acrocyemo meron nineapusanii Teisiopa, onucannit y nomne-
penunomy naparpadi, jus Toro, mob 3HalTH HaDMKEHY AUcepcin
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ouinku R, a Tarkox onjuky uiel gucnepeii. Oninka R e dynkiieo Big
ABOX BHIIKOBUX BEJINYMH lyn Ta {yx:

- 1 o
R = = f({yn,t.n).

27

3HalizeMo wacTHHHI DOXinH, HeobXigH] JuId ouiHOBAHHS:

R 1

OR _ fyn

E}fy-;r{ fzﬂ ' 6{2—_-1; fg?f l

OBYrCINMO 3HAUEHHST DUX YACTHHHUX MOXIJIHHAX B TOYL (1y,1%):

bR 1
N5 =T
YTy 1)
dR T, R
92 = 5 ST T T
Ty, T z #

Hani maemo
1
Uk = G1Yk + agzk = = (Yr — Rzx)
T
Ta I
g = v (yx — Rzy).
tan

3BiJICH BHIIUBAE TAKe TBEPIKEHHS.

Teepdocenna 9.3. Pesyavmamom sacmocysanna memody aineapu-
sayit Tetinopa € maxe atitine nabaudicerna emamucmurxy R = %E’-‘—

ZT

5.5 1 (yx — Rzy)
R:::RD=R+?Z—~—“—-. (9.20)

? kes k

Ouinka R € npubausno nesmiwenoro ouinkoro napamempa R, a nabau-
orcene anavenna ducnepcit yiel ouinxu obrvucmoemves 3a gopmyaoio

D(R) = D(Ry) = (9.21)




- _111_2 Z Z(’f’%z — U7 (uk “:32;;) (yi — Rz) |

Tt T
Z kel leU ¢

Ouinka ducnepcit outnrku R mae sueand

B(R =+ Z T (?Tkz kﬂi) (U ;;RZL) (v — R"I) (9.22)

z” kes les

Saysascenns 9.4. IHKONMM 3pyIHO KOPHCTYBATUCH TAKHMH BHDPA3AMIL

-~ 1 . .

Z

o 1 - . - N
D(R) = = (D(tyr) + R?D(f2n) — 2RC(Eym, E2m))
1

D(R) = - (’D(ty-r) + RD(E:n) ~ 2BC(lyms Eor) ) -

Bayeascenna 9.5. Y Bunaaky suxopucrauns zHabmuxkenns (9.20) su-
KOHVETRCS piBHiCTD

E(R)~ E(Ry) =

T0OTO, 3MIINEHHAM OIIHKH R vu nexryemo. Aste jyia BubipoK Masoro
po3Mipy ne HabmxenHs € pocuTh rpyoum. Hlo6 orpumaru xoua 6
npubnusny (opmysny s oOUuc/IeHHs 3MIMEHHS OLIHKH ﬁ, noTpibHo
3aJIMINUTH ¥ 11 po3knadi B psj Telopa e i 91eHn Apyroro MopsaiaKy:

Hpukaag 9.2. Posrnanemo npocTrii BHIIAIKOBUN Biﬂ,ﬁip be3 no-
nopneﬁus{ 3 po3MipoM BHGlpKH n = fN. Toai tyn = N, t;n = NZ,

R = z, qey = x }: yp Ta Z = & = > zr — BubipkoBi cepejni xapa-
kES sz
KTepUCTHK ¥ Ta 2z signosizuo. Jlinifiwe nabmuxenns (9.20) maTume

BHTJISLT,

R’Z

R 1?—R+—w - Rz -R—l—
0 — Z(yk k)

kes

#

ne Z = 4 Y. zk — iCTHHHE CepelHe 3HAYEHHs 3MIHHOI 2.
kel

-~

Bupas ana mabauwkeHoro obuucnenns gucnepeii ominkn R Mae
BHIJISI]

= o 11—
L l=f e
=@ (8; + R*S? — 2RS,.),

Je .Sy,3 ~ KoBapiarisi 3MiHHHX ¥ Ta z, obuncIena 3a BCi€o reHEPANLHOK
CYKYIIHICTIO.
Ouiska jqucnepcii onigku R gopisiioe

a1 1=f 1 -
DR = - P - 2_—._
( ) (2)3 n n_lkzeg(yk Rzk)
_ 1 1-f 2, p2o2
-5 (5 + RS2 - 2RS,.),
e :
Py - 1
S; = n—1 Z(yk ___y)21 *53 = (zk - 2)2
n—1
kEs kes
- 1
ve = =7 (4~ )2k — )

O

9.4. OuiHOBaHHS cepeaHbOro 3HAYECHHS XapakTepucrua-
KH I'eHepaJibHOl CYKYITHOCTI

Posrastnemo cepenie 3HaueHHs JOCTIIAKYBAHOT XapaKk TePHCTUKU Y
Y PO3paxyHKy Ha OAMH eIeMeHT reHepasabnol cykynuocti. et napa-
METP. TICHO IOB’S3aHUil i3 CyMapHUM 3HAUYEHHAM T, = > yx i BusHA-

YAETHCS TAK: kel
> 1 T,
Y = N ZT}}‘ = (9.23)
kel
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Axiio KigpKicTb eEMEHTIB reHepasIbHOI CYKYIHOCT] BlaoMa, Tob-
TO MH 3HaeMO 4ucia0 N, TO He3MIINEHOIO OLiHKOIO Hapamerpa Y €

CTATHCTHKA

~ t,

% (9.20)
Hucniepcis wiel ominku

D(G,) = "N'l‘g Z Z(’sz - ﬁkﬁg)g&ﬁ (9.25)

M. T,
keU leU kM

a ouiHka mpucnepcil Mae BHIVIAI

ﬂz—ﬂﬂ kyl
BiG) = 13 30 3 LRI ““’ (9.26)

T T
kes les k H

AnbpTepHATUBHAN METOH, OIIHIOBAHHSI CEPEIHBOTO IHAYECHHST OCTI-
JPKYBaHO! XapPaKTePUCTHKH I'eHEePAILHOI CYKYIIHOCTI TIOMATaE ¥ BHKO=
PHCTaHHI OUIHKM CyMapHOTO 3HaweHHA T, Ilie] XapaKTepHCTHKU Ta
OLIHKHU PO3MIpY reHepanbHol cykKymHocTi N (HesasiexHo Big Toro, Bi-
oM BiH 9u Hi). 3riHO 3 UM METOAOM OIiHKa CEPEHBOTO SHAUEHHS
0OYHCAIOETRCS TAK:

~ > Yi/ Tk

= tyrr kEs
Y= —==—== 3 927
kes

ne N = Y 1/m, — ue m-oninka nmapamerpa N.
kEs

Ouirxa g U Ha3UBAETHCH 36GHCEHUM suﬁepmsum cepednim. 11a onin-
Ka € HeJixiitHoo ¢yHKIiewn Bix tyn ta N, otixe, Bona He € HesMime-
How. Tomy ans mucmepeil uiel OHIHKE MM MOXKEMO 3aNPOIOHYBATH
TiipKky HabnuKeHUR Bupas.

SIKmO posrAsSAaTH napaMerp Y SK BiIHOIIEHHS IBOX CYMADHHX
3HAYEHDb: ¥ = % ,ae z =1 gna seix k= 1,..., N, a oniaky :tj ~ SIK
BIIHOIIEHHS BiAMOBIIHMX 7T-OILIHOK, TO 3aCTOCYBaHHs TBEPIXKeHH 9.3
A0 OLIHKH R= § MIPU3BOJIUTE 110 TAKOTO DE3YJILTATY.
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A

g

2 Ukl

Teepdotcerna 9.4. Oyinka §j = 5&
ks

OUTHKOI CEPEOHBOZ0 3HAMENHA O0CAIONCYBAHOT TAPAKMEPUCTIUKY 2€-

Hepaavhot cykynnocmi. Habauokcene anavenns duenepeii uied ouinxu
OBHUCAEMBCA 3a POPMYAOI0

D) = e Z > (e~ memy) (ykn_k?) (m;?> . (9.28)

kell el

T € RPUOAUIHO HEIMIWEHOI0

Ouinrka ducnepcii ouyinku § mae euzand

~—

(?Tkr o) (ye =7\ [w—7
EE= (s o (9.29)

M
kes lcs

s neaxux pubipkosux auzaiinip m-oniHka ﬁﬁ HOPIBHIOE 3BajyKe-
HOMY BUOIDKOBOMY CEPEIHLOMY 5 Hampuxnas, ne BukoHyeThCs TpH
IIBB6II ra CTIIBB. fIkmo yucao N nesimome, To Toui HEMAE 3 H0-
ro BHOUpPATH, OCKIIBKA OOYMCIANTH MOXKHA TLIbKK OLIHKY y Onnax,
axie N sinome 1 1i xsi oliHKY BiAPI3HAIOTLCH, TO BUHMKaE noTpeba
BuOoOpy oxuiel 3 Hux. fK ne He nuBHO, HapiTh sxmo N Bigome 2a-
3IaJETI b, ﬁ 3a3BH4ail € Kpamow OIIHKOI, HiXK §n. Touni ymosH, 34
SKHX BaPTO HAATH TIEPeBary 3Ba’KeHOMY BHOIDKOBOMY CepenHboMY,
chOPMYTIOBATH BAXKKO, TOMY HABEAEMO JIMIIE KUTbKa apryMeHTiB Ha
KOPHUCTh BHKOPUCTAHHA i€l ouiHKH.

Io-nepime, 3 pupasis a1s D(F) ta D(F) B0, mo ominka § T
Kpallla, YHM MeHI 3HaveHns pisnunb (yi —?), k € U. Io-ppyre, upo
OLIHKY Kpallle BUKOPMCTOBYBATH TOA, KOJIM PO3Mip BUBIpKM 3MiHHMN:
AKINO po3mip BuGIpKHE Glnbmmit, Hix o4ikysagocs, TO 1 YHCEALHHAK, i
3HAMEHHHK Y BHPa3l J71d o0YHCIeHHsa OLiHKH ﬁ OylyTh MaTH GijibIry
KiTbKICT 0/8HKIB, & MeHmuH# po3mip BHOIpKM BiANOBigHO upH3Be-
Ae mo meHmol Kiabkocri popankis. Tobro, Bmyms poamipy subipxu
Ha BlIHOINEHHSA (Z y;c/vrk) / (E 1/7’%) Oyze neBHOW Mipoio Mmini-

) kEs kEs
MAaJIBHAM.
Ienye nte onHa oniHka, Ky BAPTO BUKODHCTOBYBaTH Yy BHIAAKY



pubipKoBEX AusaliHis 31 3MiHHEME po3MipaMmu BubipoK:

s n Yk n o~

PO 2= 9.30
y'T[ i\rns 'T[k 'ng y’ﬂ:- ( )
kes

e n = E(ng) = Y. my — ouikyBanuit posmip subipxu.
kel
HAxuo posmip Bubipku dgmcosamm, TO yﬂ = gﬂ Hxmo Bel Mo~
BipHOCTI 7T}, o,rmarcom k=1,...N, T yﬂ = 7.
OIIIHK& y?’[ MO2Ke MaTH 3HAYHO MEeHIULY ﬂmcnepufo HizK yﬂ Ta y,
AKITO

1} poasmip BHOIPKY € BANAJKOBOIO BEJIUYHHOIO;
2) #MOBIpHOCTI 7Tty 3HAYHO BiAPI3HSOTHCS;

3) BiAHOWIEHHS Yk /70, TPUOIU3HO OIHAKOBE IJ18 BCIX €/1eMEHTIB re-
HEPAJBHOI CYKYMTHOCTI.

9.5. Bnpaeu Ta nuTaHHA Ji CAMOKOHTPOJIIO

9.1. Skl oniEKY cyMapHHEX 3HAYEHBb XAPDAKTEPUCTHK INeHEPAJIBHOI Cy-
KYTHOCTI BUKOPUCTOBYIOTHCS [1J1a OIiHIOBaHHS (yHKHill BlJ nux cy-
MapHHX 3HAUEHBT

9.2. ¥V qomy noaarae meron Jgineapuzaitii Teisiopa? fka mera fioro
3aCTOCY BAHHS !

9.3. Yu e oUiHKA BiIHOIIEHHS JBOX CyMApHUX 3HAUEHH HE3MIIEHO0?

9.4. Sk omiHuTH cepemHe 3HAYEHHA JOCAINMKYBAHO! XapaKTEpHCTHKH
reHepaibHOL CYKYTIHOCTI, SIKIO PO3MIp CYKyIHOCTI HeBimomMui?

9.5. IIpoBomuthes BubiproBe obcTeXKeH s, METOIO AKOTO € OI[iHIOBAH-
HST PI3HHII MiXK CYMADPHUMH 3HAYEHHSIMH [IBOX XapPAKTEPUCTHK IeHe:
pasibHOI cyKymHOCTI Y Ta z. Posmip renepasnpnol cyrymaocti N = 281,
3a. 1onoMOoroe MpocTOro BHIIAAKOBOTO Bitbopy H6e3 HoBepHEHHS OTPU-
Mano Bubipky po3mipy n = 40, 3a K00 00YHCIEHO TaKi BeJUYHHH:

> "k = 866; S =42,438; Yz = 383; 52 = 29,430; S, = 1,309.

kes kes

160

Hobynysaru 95-pincorkopuit AoBipunit iHTEpBAT 1S pisHuUNi cymap-
HUX 3HAYCHDb 3MIHHUX ¥ T4 Z.

9.6. Bupectn asbrepnaTubmi dbopMmynn s obumcienns Jjucnepeii
OIIHKH BIHOWIEHHA y BUNAAKY BuOIpKoBOro musafiny 3 dbikcosamum
po3MIpoM BuGIpKH, a TAKOX /s OUIHKH 1€l qucnepcii.

9.7. 3 renepanbnol cykynnocti posmipy N = 124 3a JOTTOMOTOR0 Biji-
Gopy Bepuyuni 3i cranoio HMOBIpHICTIO BKIIOYEHHS 7T = 0, 3 orpuma-
HO BubIpKY posMipy n = 43. OnisnTi BinHOmeHHS CYMapHHUX 3HAYECHE
ABOX XapaKTEPHCTHK MeHEPATbHOI CYKYITHOCTI i Ta 2, SIK1Io 3a BUOIp-
KOBHME JIAHUMH O0YUHCIICHO TAKi BEIHYMHM;

> vk =669281; Yz = 608902;
kEs kes

> " (yk — Rax)? = 3496228001,
kes

Ae R =ty /t,n. Buaitru koedinienT Bapianii oTpuManol OLIHKH.

9.8. Jlosectn, 10 y BUNAIKY BHKOPHCTAHHS Bigbopy Beprynni 3a-
2KeHe BHOIPKOBe cepeiHe NOpiBHIOE BHOIPKOBOMY cepemHboMy, TOOTO
Y=7= Y
y Tig

kEs

9.9. IlokaszaTu, W0 y BUIAIKY BUKOPHCTAHHS Binbopy Bepuysuni 3

M = 70 mia Beix k& = 1,..., N naﬁﬂmﬁeﬂe SHAMEHH:A  JuCHep-
cif BBa}KeHOT‘O BHOIPKOBOTO CepEHBOTrO y = 7 JAOpiBHIOE D(y)
=[(1- V'rr]Sz
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Pozain 10

Bukopucranusa goromixkzol iHdopmaiii
10.1. OumuinroBaHHs 3a Pi3HHUEIO

I3z MeT010 MiABHINEHHA TOYHOCTI OLIHOK JOCHIDKYBAHUX XapaKTe-
PUCTHK TE€HEPANBHOT CYKYITHOCT HaCTO BUKODHCTOBYIOTH HAHBHY iH~
dopmatiito ipo inmi 3miani. Jonomisicna sminuae — ne 3MiHHa, JJIs
SIKO1 HAsIBHA TTOBHA indopMallis A0 movaTKy BHOIPKOBOrO 0BCTEXEH-
Hsi. JHAKIIE KaxKy4u, 3HAYEHHs JOHNOMDKHOI 3MiHHOI 3a3/a/eriis Bi-
JoMi st KOoxHOTO 3 N enleMeHTiB reHepasibHOI CYKYIHOCTI.

B ocHoBi BEKOpHCTAHHS NONOMIXXHUX 3MIHHUX Yy HpOUeLypax o~
HIOBAHHS JEXHUTHh OPHIYIIEHHS, [0 I 3MiHHI KOPemomTh i3 Xapa-
KTePHCTHKOIO, 110 BHBYAETLCs. PosrisaeMo J JONOMINKHEX 3MIHHAX
1y ey Tj,y ..., Ty, 3HAYCHHES j-1 3MIHHOT A4 K-TO eJ1eMenTa reHepaib-
HOI cyKynHoctTi Gysiemo nosHavyaTu sk Tjk. [as k-ro enementa rexe-
PAIBHOI CYKYIHOCTI BHSHAYHMO BEKTOD 3HAYEHb HONOMIXHEX 3MiH-
HUX: Xk = (Z1ky ooy Liks -+ EIk) -

7Ix 1 B monepenHiX po3Aigax, MO3HAYAMO NOCITIIKYBAHY XapaKTe-
PHCTHKY I'€HEepalBHOI CYKYIHOCTI Yepes ¥, a 11 3HaveHHs 4718 k-ro efie-
MEHTa TeHepasIbHOl CyKynHocti yepes yx, & € U. o nouarky subip-
KOBOTO OGCTEXEHHS 3HAYEHHST U1, . - . , YN SATHIIAIOTHCH HEBIOMMIMH,
Toni siK iHMOPMALs PO BEKTOPH X1,...,XN € ¥ IOBHOMY DO3HOPS-
IKeHHi gocaiguurka. Hepimomull napamMerp reHepansHOI CYKYIIHOCTI,
AKHE TOTPIOHO OIIHUTH, — 1ie CYMApHEe 3HAYEHHS XADaKTePHCTHKH Y!

Ty = Zyk.

kel

Bubipka s subupaerscs 3 U 3rigHo 3 BubipkoBuM qusatinoM p(-) 3
iMoBipHOCTSIME BKJIIOUEHHS T > 0 1 71y > 0. Jost koxksoro k € s Mu
MAEMO 3HAYEHHS! Yj | BEKTOD 3HAYEHB JOTOMDXKHEX 3MIHHHX Xg. 3aB-
JIAHHA TOJAArae B ToMY, 1106 omiAuTY napameTp 1), MamOIn 3HAYCHHH
(i, Xx) 7151 BCIX k € 8, & TAKOXK 3HAYEHHs Xy, 1u1d Beix k € U \ s.

TonoBua inest, sKa JIEXKHTHL B OCHOBI OLIHIOBAHHA 3a pI3HHIEO,
TIOJISITaE Y BUKOPHUCTaHHI JonomixkHol indopmamii nns crsopenus N
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HAO/IIKEHNX 3HAYEHD Y, . . . , Y XAPAKTEPHCTHKM Y, TAKHUX 1O Y J10-
CT&THBO TOYHO HADIMKAIOTL 3HA4YeHHs Y. Bymemo dopuysaTu ua-
OunKeHe 3gayeHus yg y BHIVISAL j1iHIEHOT KOMOIEAIIT BIIIOMHX 3HAYCHD
JOTIOMIMKHAX 3MIHHUX Tk, .-, L Jk:

J
e =Y Ajzjr = Alzy, (10.1)
j=1
ne A = (Ay,..., A;) ~ Bextop xoedinierris. Cnouarky GymeMo upu-

IYCKATH, 10 3HAYEHHS €JIEMEHTIB nboro BekrTopa Bimomi. OuesniHo,
IO TOJII yg MOKHA 0buMeauTH A8 Beix k € U, 60 3nayvenHs gomoMi-
JKHHX 3MIHHMX Bimomi fast Beiei renepasibhol cykynHocti. Ockinbku
MU BBaXKAEMO, 10 yg JOCTATHBO TOYHO HAOJIMIKAE 3HAUEHHS g, TO LIg
O3HAYAE, MO MAE MICHE 1 Take HADIMKEHHST;

J

Y =~ Zijjk = A".'.{:k . (102)
j=1

BukopHucTopyloun HabimsKeni 3HAYEHHS XapPaKTePUCTHKH 1, He-
Bi,.,‘J,OMB CyMapHe 3Ha4YcHHH H_iGI XapakTepHCTHKH MOXKHA& 3anycaTH Y
TaKOMY BHI‘JIH,H,i:

Ty=> m= vh+ D (we—vp) =2 va+ D Dy (10.3)

kel kel kell kel kelU

ae D = yp — yg qag ko= 1,...,N. Habnuxkene cymMapRe 3HaYeHHA

> grf y Bupasi (10.3) € BIIOMOIO BEJMUMHOIO, OCKIILKU - 3HAYEHHS
keU

¥y, ... :?)'Ri — BiaoMi, Asie cyMa pisannb Y. Dy € HeBIIOMOIO, 0CKIABKH
kelr
SHAYEHHS Y1, . - ., Y — HeBizomi. Tomy npuponso 3aMinuTyi y hopmyJti
(10.3) cymy pisuuip BiAHOBIZHOIO CYMOIO TI-OIIHOK PI3HHIb:
—~ D
0 k
D) Zmﬁzﬂ—- (10.4)
kel kes ' F

Ouinka t,p Ha3UBAETHCA OUIHKOW0 30 pisnuyero (anr. difference
estimator) cyMapHOIo 3Ha4YeHHs! FeHEepasbHOI CYKYMHOCTI,
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Teepdorcenna 10.1. Ouinxa 3a pisnuuero (10.4) € neamiwerow

ouinxoto cymaprozo sHavenns Ty = Y yr. Jucnepcia yiei oyinxu
kel
0BMUCAEMBLCA 30 HOPMYA0I0
~ Dy Dg
Dtyp) =D > Ay—=. (10.5)
T 7
kel lelU

Hesmiwena ouinka ducnepeii (10.5) obvucamoemses 3a gopmyaom

o~ - Aki Dk D[
D(tb‘D) = L —_—

, (10.6)
fcs 18 Ty M T

de Akg = ('Tfk;, - ']'Tk'?'q), k,l elU:k 75 [, ma Ay = '.Tl'k(l - 7'(;6).

Josedenna. Heamimenicts ouinku 3a pizauneno (10.4) e macaigkom

TOTO, WO, = ~J¥ € HE3MIIEHOI0 OMHKOIO sy, Dy.
kes kel

Axino 3ayBayKHUTH, L0

to i hopmymm (10.5) ra (10.6) Geanocepeaubo BUITHBAIOTE i3 BIACTH-
BoCTell T-OIHKH, HABEOEeHNUX ¥ po3ini 1. B

3aysascenna 10.1. fxmo subipkosuit ausaiin p(s) mae dixcopanuit
poamip n, To aucuepcio (10.5) Mmoxua obuncmoBaTH 1 38 TBTEPHA-

THBHOIO QOPMYIOIO

D 2
D(typ) = —5 ZZ kl (~—A - --§) : (10.7)

keU ety

a HeaMmimrena onjnka gucnepcii D(typ) Moxke Gytu obunciena rak:

2
D(tyD)—F—ZZAkE( k 2;) . (10.8)

kes les
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Mpuxkaaxn 10.1. Skmo yk =&k, 0 Dy =y — zy. Toni y sumanky
IIBBOIT 3 poamipom Bubipku n = fN JHCIepcist ONIHKY 38, pisHUNEIO
CYMAPHOTO 3HAYEHHs XapaKTepucTuky y Gyae MaTn BuLs

D(E,p) = N* 2L (52 4 52 Zog 109

('UD)"_ n (y+ xz «’ﬂy)= (10.9)

ne S2 ra Sg — He aucnepeil sMinEuX z Ta y BianosizHo, o6uucieni
T —— . S XN %

32 TEHEPATBHOIO CYKYNHICTIO; Spy = k%(:rk - X)(yx — Y) ~ ko-

o€

Bapialisf mUX 3MiHAMX; X = l,\, rprmayY = E Yk — cepenmi
© kel
3HAuCHHA, o0uncneni 115 Beiel renepanbaol (‘yKyHHOLTl AKino xope-

TS T = % BeNluKa, TO AUCHepcis OIiHKY 3a pisuunero 3a3savait
ity

3HAYHO MEHINa, HIXK Jucnepcist T-OmiHKH tyn. Binnomenus aucnepciti
IIMX OIIHOK

D(typ) (S:r:)z S,
—l) gy (22} g0 (10.10)
D(tyn) Sy Sy

Y punaky ITIBB6IT oninka 3a piznuneio 3 BHKOPHCTAHHSIM yk =T}
Ma€ ‘MeHImy ;munepcm HDK aucnepeis m-oriHKH ty,[ TOmi i TinbKH
TOZ, KO 7 > 24 &

IHmHﬁ TOLIAZ Ha OLUHKY 3& PI3HHIEIO — e BUKOPHCTAHHS 11 5K
YTOUHEHHH 3BHYAHHOI 7 -OIIHKH CyMapHOTO 3HAYECHHS AOCIIKYBaHOI
XapPaKTePUCTHKH IOyl

typ = tyn + ZAJ(th ~ o),y (10.11)
7=1
ne te;n = ) Tjk/Ty — Ie T-OiHKA CYMapHOTO 3HAYCHHS Ty, =
k&s
= 3 Ik NONOMIXKHOI 3MIHHOT zj, J=1,...,J. Takum qunoMm, ouinka

kel/
3a pisnmieio (10.11) nopismoe cymi 7-oninky Ta Ko PHLYOYOro JIoaan-
Ka.
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10.2. OmninoBanHda 3a perpeci€io

Pozrigaemo memod ouinwearha 3a pezpecierc 3 BUKOPHCTAHHAM
J nomomixkuux 3Minnmx. Ik 1 B nonepemunomy naparpadi, sexTop
3Ha4eHb JOIOMIXKHOI 3MIHHOI A1 K-TO €JIeMeHTa NO3HAYAMO dYeped
Xe = (Ziky ooy Tjky .- Zak), k = 1,..., N. Buxopucrosyioun 3ua-
geHHA (Y, Xk) A1 BCiX k € s Ta Xi i seix k € U\ s, norpi6ro

OIIHUTH cyMapHe 3uayenus Ty = ) Y.
kel
Poanounemo 3 oninku 3a pisauneo Buay (10.11):

J o
typ =tyn+ D Ay (ta; — Taym).
j=1

fAxmo xoedinmienTn Aj, ..., Ay HeBizoMi, TO MOXKHA CrIpOGYBATH 38~
CTOCYB&TH OLIHKY TAKOTO CAMOT0O BUJY, &J1€ 3aMiCTh HEBiTOMUX KO&-
dinienTis miacrasuTy ix oniHkn. OcKiIbKY OUiHIOBAHHS 38 PISHULICK)
GasyeTbes HA NPUIYIIEHHI Npo NpUOIU3HY JHIHHY 3a/1€KHICTE MiX
JOCTIIXKYBAHOK 3MIHHOIO Y TA HOHOMIMKHUMH 3MIHHUMU Z1,...,T7
(mums. {10.2)), To mas ouiHoBaHHA Koedinjentis Aj,..., Ay MoxHA
3aCTOCYBATH pezpecitinut ananis [4].
3aysaoicenns 10.2. Perpeciitumit anajiz o6’eqHye BeAHKY KiTBKIiCTSH
METOIIB BUABJICHHS TA JOCIIMKEHHS CTATHCTHYHAX 3akeKHocTelt Mix
pisnuMu xapakrepuctukamu ob’exris. nga imocrpanii 6asosux no-
HATH perpecifiHoro anasisy po3risiHeMO MpuKiaj 3 Kuuru [4].

ITpoBomurbest cepis 3 N mociimis Haj oiHOTHIIHAMH 06'exTa-
MU, IJIS KOXKHOTO 3 SIKHUX BUMIPIOIOTBCA 4Bl XapakTepucTuru: X Ta
Y. Pesynvratom k-ro gocainy € napa (X, Y:) 3HaYeHb OuX Xapas
KTePUCTHK AN k-ro ob’exra, a pesymsraToM cepil — Habip manux
(Xk, Ye),k = 1,...,N. 3 mesHux TeopeTwuyHHX MipKyBaHb BiIOMO,
mo Mi>xk X Ta Y nouneH Oyt OyHKUiOHANBHUN 3B'SI30K BHAY

Y =g(X;8), (10.12)

Je g — nesika Bijoma dyskuist, B = (B1,...,Bm) — BekTOp HEBiEO-
Mux KoedpinienTis (mapamerpis), siki € cramumu y Jasiil cepii goci-
IiB, X044, B3arasi KaixydH, MOXYyTb HaDYBATH PI3HHX, 9acTO anpio-
pi HeBinOMEX 31adenb. OJHAK, DY OiICTAHOBIN PeasbHO BHMIPSHEX
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xapakrepuctuk (Xi, V) y criBsijinomenus (10.12) BusiBnsieTsbest, 1o
[IPH JKOHOMY MOKIMBOMY 3HavenHi {3 1# piBHICTb He BHKOHYETBhCH
OOHOYACHO JUIA BCIX JOCIIKYyBaHUX 06'€KTiB.

Taxi peyi npakTHKH 3a3BHYAR HOHCHIOIOT THM, IO CIIOCTEPERKY-
Bail J8H]1 3aBXKIU BUMIDIOIOTHCS 13 IEAKO0 noxubroio. Yacto OyBae,
MO 3Ha4YeHH X BIIOME JOCHTB TOYHO, & OT TOXUBKOIO ¥ BUMipOBaHHI
Y suexrysaTtu He Mmoxnua. V UBOMY BHIAIKY CIIPABXKHE 3HAYEHHT Y
y k-omy nocmini mae 6ytu g(Xy: B). Orxe, (Ye — g(Xk; B)) ~ ne no-
xubka y BuMipioBanHi Yy, sIKy MM HO3HAYHMO 4epes £x. Y pesysibrari
MaEMO

Yk = g(Xk_:_ B) + Eg: (10.13)

Axmo koediuientn B simomi AOCTIARUKY, TO He BUHHKAE TPY/HOLUB
¥ 3Haxo/keHni noxubox £r. Ckuagnimii npobieMy 3’ ABAAIOTLCH TOAL,
Ko/t Koedimientn macnpasai mesinomi. STk OIIHUTH IX, MAIOYH HETO-
“Hi cnocrepexxentsa (X, Yi)? Sk TIePEBIPATH TINOTe3H, NMOB's#3aHi 3
mMu Koedimientamu? Yu Mmoxna nepenbaunTy, axki 3navenns Y ping-
TOBIIATHMYTE 3a1aHUM 3HadenusaM X 7 1j ta meaxi inni mutanns st
AQHHIX, 10 OMUCYIOTHCA TeopeTHiHoo Mozenmo (10.13), pose’ssyio-
TBCA METONAMM perpeciiinoro awanisy. Pisusaus (10.13) sasusaiors
PeZpeciiinui PrenaNiam, napaMeTpu By, ..., Bm - napamempamy ado
woediyienmamu pezpecii, a byHKUI0 g — dymruicio peepecii.

Y KjacMuHOMY perpeciiiHoMy azaisi PO3LVIANAIOTE JIMIIE MOIe-
ai, B IKHX XapakTepuctuka Y € mificHum guciaoM, a X Moxe GyTn
AK OJHUM “HCJIOM, TaK 1 BEKTOPOM, T06TO HABOPOM CKaIsAPHAX xXapa-
krepuctuk: X = (Xi,...,X;). Besmunny Y Hazupaiors saieocnon
3MIHH010 800 eideyrom, Bemmauny X1, ..., X — HE3GACHCHUMY IMiH-
HuMu abo pezpecopamu, a £ — NOTUGKAMU aBO NOMUAKAMUY peepecis,

Axkmo X € ckansproo XapaKTEPUCTHKOIO JOCIIIKYBaHUX 06'e-
KTiB, T0 napu (X, ;) mMoxua TPAKTYBATH K TOYKM Ha ILIOIMHI, a
pisugnns (10.12) npy pisrux sHaveHnsx napamerpa 3 3ajgae ciM’io
KPUBUX Ha mi#t nuommmi. 306paXkenHs eKCIEpUMEHTATBHIX JaHuX y
BUIVIAL] TOYOK Ha ILTONMHI HA3WBAIOTEH 0iazpamoio PO3CTBAHHA, 8
cim'1o kpusnx (10.12) — meopemumiumu abo peepecitinum KPUGUMLL



T'padiuno 3amauy perpeciifHOro anajisy MOXH& TPaAKTyBaTH sIK
miabip TaKol TEOPETHYHOI KPUBOI, SIKA TPOXO/UTh HalbHXKYe 10 eKe-
Hele\rICHTaJILHHX TOYOK.

TTosepuemocs 10 3aja4i OIHIOBAHHS 32 PErPeCI€i0.

BukopuctaeMo mo3Ha4YeHHst, OLIbII 3BHYHI JUIA perpeciftHoro ana-
i3y, i To3HAYEMO qepe3 §1} .. ,g J BiﬂEOBigHi Eu,imm HEBiIOMMX KO-
edinienris A1,...,Ay. Bubip ominok Bi,..., By 6asyerscs Ha npu-
nyieHHi npo surian rpadigsoro 3o6paxkenns N TOYOK CKIHIEHHOL
remepasnbnol cykynuoeTi U

{(yk, T1ks - - k) k=1,...,N}, (10.14)

a caMe: TIPUIYCKaeThes, Mo glarpaMa posciiosarsa (10.14) purnanae
TaK, Hi6M BOHA OTPHMAHA B PE3yJILTATI BHKOpHCTaHHSA Mojesi minift-
HOI perpecii £, B fAKiff Joc/ipKyBana 3MiHHA Y JAiHifHO 3aM€XKATh Bij
JONOMIKHMX 3MIHHUX L1;...,ZJ.

Perpeciiiaza Monens & 3aI0BONBHSE TaKl yMOBH!

1) y1,...,YN € peasizaiiaMyu HE3AJIEXKHMX BHIAJKOBUX BeIH4UH
n,....Yn;

J
2) Ee(Yi) = Elﬁjﬂ?jk yk=1,...,N;
J;

3) De(Yi) =02, k=1,...,N,

ge Er i Dy ~ MATEMATHYHE CIIONIBAHHSA TA JHcHepcis BimsocHo MO-
nemi &; Bi,...,Bs T8 0%,...,0% — napamerpu Moxei &, Ile tunosa
MOZIeJTh perpecitHoro aHasisy.

Hayani se 6yzemMo BiApPi3HATH MO3HAYMEHHS BUIIAIKOBO! BEJIWYHHU
Y Big mosmadenus 11 peamizanii y.

M puxkaaxl0.2. Hasenemo aa nNpuKIamu Mogeni perpecii 3 ofHieo
JOTIOMIKHOIO 3MIHHOK Z:

‘Df.(yk) = 0" Tk,
(TYT IpHIIyCKAEThCA, MO 3HAYEHHST T1,... TN — nonaTHi)
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Ta

Ee(ye) = B1 + Bay, (10.16
D (yi) = o2, 16)
B 060x mux MOAEIISX BBAIKAETHCS, 110 Yi; - - > YN — HE3ATEXKH] BHIA -
KOBi BeJIHUNHY. O

Osnavenns 10.1. Ouinxa 3a peepeciern (amrn.  regression
estimator) sumsmauaerbcs Tak [20]:

J
byr = tyn + Z Bj (ij - E-":ji'rjﬂ (10.1 7)
j=1

4e ty'f = > Yr/Tx — T-OIiHKa CYMAPHOTO 3HAYCHHSI XapaKTepucTH-
kes

KU Y tzom = ) Zjk/T — T-OLiHKA Binomoro CYMAPHOI'G 3HAYEHHA
kEs

Ty, = kZU Tk 3minnol ;5; By, ..., By — koMnosenTu BexTopa B, axuit
e
BU3HAYAETHLCA 38 (DOPMYIIOK

-1

P - —~— / o
1 2 ] ; . .
kes Tkl kes Uéﬂk

. Oujsxa t,, € npubausno HE3MIIIEHO, | uuM Ginbmuit posMip Bu-
6ipku, THM TOUHILIOW 6yle 1A OLiHKA.

3aysacicenna 10.3. Sk iy BHIIAAKY OUIHIOBAHHS 3a DI3HUIEIO, Olj-
HIOBAHHST 38 PErpecielo 1ae MOKIUBICTD NOKPAIUTH OCHOBHY OT{iHKY
tyn. Omninka 3a perpecieno € cyMoio T-o1iHKH tyn Ta& AESTKOr0 KOPHTy-
I040TO HOTaHKa. fIKIIO BUKOPUCTAHHSH OIIHKH 3a perpeciero 061 pyn-
TOB&HE, TO KOPUTYIOUMIl JOJaHOK 3a3BHUYall B eMHO KOpensoBannii
3 IOXHBKOIO T-OIiHKH. Akmo subipka BeJMKOro po3Mipy Ta m-ouinka
Ma€ BEHKY MOXHOKY, A€ iCHYE CIThHA JIHIHHA 38JI€KHICTE MisK A0~
CHTPKYBAHOIO Ta IOMOMIXKHUMH 3MIHHUMH, TO Leit KODHLYIO4YHit gomga-
HOK IpubIu3HO ,aoplrsﬂme NOXAGUI 7-ONHKE 3 IPOTHIEKHUM 3HAKOM,
T06TO NOXUOKA ONiEKH EW byne MeHmOo©, HIX HOXHOKA OIIHKK t
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3aysaorcenna 10.4. Ponb momeni £ mossirae B ToMy, 1106 <ONHCATH»
rpadik po3citoBaHHs TOYOK MeHepaibHOI cyKynHocTi. Mu cnogisaeMo-
¢, W0 MOJIesIb mijibpana Baaio, To6TO, O reHepajbHa CYKYIHICT
BUIVIS A€ TaK, HIOK BOHA 3reHepoBaHa 3a AOTIOMOro0 Mogeri £, Ajte e
30BCiM He 03HA4AE, L0 NeHePaJIbHA CYKYIHICTh CIPAaBl 3reHepoBaHa
3a IOIDOMOTO0 Iiel Moeni, ToMy ¥ napaMeTpr PeHEePasIbHOI CYyKYITHO-
cTi He 3ajexaTh Big BuboOpy mozeni. Mopenw & neobxizua njas Toro,
06 oTpuMaTH NPHAHATH] OIIHKH ﬁ, noTpibHi A obgucienns Oin-
Ku 3a perpeciero. Edexrusnicts oninkm 3a perpecieio (mopisHAHO 3
T-OI{HKOIO) 3aJIE3KMTh BiJl TOro, HacKiAbKu gobpe nigibpana Momens,
aje i1 ocHOBHI BiacTuBOCTi (HANpHK/IAK, NPUOIM3HA HE3MIMIEHICTD)
BiJl BOTO HE 3aJ1e2KaTh. Lle mpukian «ouiniosarmna 3a 0oNomMo2010 Mo-
deaiy Ha BIOMIHY Bill «0UiNI06aANHA HG OCHOBT MOOEAT >, IPH SIKOMY BiJ
MOZEJIL 3aJIC2KATD 1 BJAACTHBOCTI OLHKH.

Hasenemo MmipkyBaHHS, 38 JONOMOTOK SIKMX OTPHMAHO (POPMYITY
(10.18) juis ofumcneHns OUiHOK B Lyoeey ﬁ‘;. st mporo posriasiHeMo
rinoreTHyHe cyniIbHe OOCTEXKEHHS T'€HEPAILHOI CYKYIHOCTI, B IKOMY
Iust Beix k € U cnocTepiraloThesi 3HAYEHHS ¥y T4 BEKTOPH Xp. V.
IROMY BHNAAKY OUIHKA 33 METONOM HalMEHIIHX KBAJIPATIB BEKTOPA

B = (B1,...,Bs) napamerpis Monem & mMaTuMe BHTJIST,
N\ -l
XX XUk
B=(By,....,B)) =) G,zk > -l (10.19)
keU k ke Tk

e Bimomuil pe3ysabTar 3 perpeciiHoro aHaJisy, je TaKoxK IOBEIECHO,
o BekTop B ¢ Halikpamoo miriiHO0 HE3MIMEHOIO OHIHKOIO BEXTOPA
B mys gamoi Momedi perpecii.
dns Hac BekTop B 3ajuiuaeThest HEBIIOMUM IApaMETpPOM CKiH:
venHol remepasibeol cykynHocTi U. 1106 ouinpru fioro sa Bubipkono
8, 32CTOCYEMO INAXis i3 BUKOPDHCTAHHSM TI-OIIHOK CyMAaPHHX 3HAYCHE,
onucauuit y poszuini 9. Has uporo sanuiemo sekTop B B Takomy BE-
rasagi:
B =T, (10.20)
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Ae

X X X
To YN oy
key kv Ck
Tyt T - cumerpuuna maTpuis poamipy J x J 3 enemenramu

o LikTik
tij = E , ol = tji,
keli k

a t — J-BuMipHMII BEKTOp 3 KOMIOHEHTAMHY

Ouepnzano, mo HeaMimenoo oninkoo Marpuni T e MaTpHIIs

i
~ Xk X},
T= Z 2

kEs Okt

eJIeMEHTAMK AKOI € T-OUiHKK esieMenTis MaTpuwi T, ki o6amemion-

ThCH TaK:

~ T e —

tijn = E -——J—, 1,7=1,J.

0_2?_[ e i
kcs kTR
AHaori9HO, He3MIMEHOK OMiHKO© BEKTODa t € BekTop t = Z
crkm

KOMIIOHEHTaMH SIKOIO € T-OIiHKHM KOMIIOHEHTIB BeKTopa t, HK] 06qn~
CIIOIOTHCA 38 hopMyIIoI0:

-~ LikYk . a—

t; =§ === =1,J

ML D] ) J suf
kes Ok

3Ti/{HO 3 METO/IOM BEKOPUCTAHHS T-OIIHOK U151 OLiHIOBaHHS (yH-
KILif BiZl cymMapHUX 3HAUEHT: XapaKTEPUCTHK IeHepaibHOI CYKYIHOCTI,
HaBeAECHUM y po3ali 9, mapamerp B renepanbuol CYKYIIHOCTI Telep
MOXKHE CIIHUTH 38 JOOOMOTOK CTATHCTHKY:

~1

B = (] S Tl XX}, Xk Yk
B=(By,....B)) =T"t= > =% Z?rf_a

g7t
kes K k kes

Tofro, Mu Busesu opmyay (10.18).
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TakuM 94UHOM, MM ITOKa3aJH, LI B e onirkoo HeBizoMOro napas
merpa B, sxnit, y ¢Bowo uepry, € ouiukoio napaMmerpa 3 perpeciitaoi
Monesi £ 3a pesyabraTaM#d TiNOTETHYHOTO CYIJIBHOIO OOCTeXeHHS
CYKYITHOCTI.

Bayeaoscenna 10.5. 1) Omiaxa B e amienomo oniskoo napamerpa B.
IIpu Beaukux po3mipax Bubipox 3MIMICHHAM MOXHA 3HEXTYBATH.
2) Ipunyckaersces, mo marpuui T Ta T HEBHPOIXKEHI, TOMY ICHYIOTH
maTpun, obepHeHi 10 HUX.
3) st Toro, mob Ha ocHOBI BubipkoBux nanux MoxHA 6yno obuncan-
TH OUIHKY B 3a dopmymoro (10.18), morpibro, mob BOHA 3aJeXxana
TinbKY Bix Bimommx mapaMeTpiB. Tomy mapamerpu U%, ceey o'ir MaloTh
3270BOILHATH TeBli ymoBu. Hanpuknasn, moxHa BuMmaraTth, mob Bei
0?6 Oyma Bigomumu abo 11106 oﬁ = V,0% 3 HEBIIOMHM IIAPAMETPOM
02 ta Bimomumu koedimienTamu vy, ..., vy (coeumiaJbHEN BHNAIOK:
= 1 gna seix k € U). Icuyrors it inmi Baxnsl sumagxn, B aKUX
JIMCTIEPCist 3a/IEXKUTH Bifl KLIBKOX HEBIAOMEX mapaMeTpis, fiKi y BUpasl
ISt ODYIHCIEHHS OIIHKN B CKOPOYYIOTBCH.
4) OckinbKy 3HAYEHHS JOMOMIXKHEX 3MIHHHX BBAXKAIOTHCH BIZOMHUME
JI71S1 BCIX €JIEMEHTIB MeHepAJIBHOl CYKYITHOCTL, TO TIPH BiIOMHX 3HAYEH-
HAX 0'% MOXKHA 3HAlTH To4Hi 3HaYenHd enementis marpuni T. OnHaxk
aast 0DuuCIeHHs OLHKH B Kpaille BUKOPUCTOBYBATH OHIHKY T niei
MATPHILi.

Aavmepramuent gopmyau 1ns 06UMCTIEHHA OIIHKY ty, MAIOTD T8~
KHit BUTISA;

tr=> Tt Y ers/m (10.21)
kell kes
Ta
tyr = D W+ D s Br/Ts (10.22)
kel kEs

e g = x,B, k € U, — nabmmxeni 3Ha4eHHs XapaKTEPUCTAKH ¥,
OTpHMaHI B pesy/IbTaTI BUKOPHCTaHHS subiprosur danur nisa Habmu-
XKEHHH perpeciiaol MO,II@.T[i £, 8 eps = Yk — Uk, k € 8, — BignosinHi

samumkn perpecil; yp = x,B, k € U, ~ mabmumxeni 3navenns xapa-

KTePHCTHKH Y, OTPUMAHI B Pe3y/IbTATI BUKOPHCTAHHS 2iN0MEemuUtHol
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2EHEPANLHOT (,y;cymw(,mz A HabJMOKeHHsT perpeciiinol mozeni £, a
Er = yp — Y2, k € s, - Bignosiami sammmku perpecii y upoMy Bumaj-
xy. Barosi KoetblmeHTH Gks 00UHCTIOIOTBCA 32 dOPMYIOI0

-1

Oks-= 1+ Zxk “— ZX;C/?T;C Zxkx;/()—%ﬂk i';— (10.23)
kel kes kes Tk

3a monoMoromo poskmany B psj Tefiiopa ouinky 3a perpecieio by,
(sumy (10.17) un (10.21)) MoxkHa HaBAM3UTH OLIRKO©

tyr =Y o+ Ep/m,
kel kes

3BlIKY BHILTHBaE cbopm Yaa Iiisi 3HaXOOKeHHS Hab/IHMKEeHOTO 3SHAYCHHS
mucnepcil owinku t

D(ty) = > > A= Ek}:}

kel el

(10.24)

Axmo B nit dhopmyai samicTs 3navens By /e, axux su HACTIPp&aB Il
HE 3HAEMO, MIACTABUTH BHAYEHHS €kg/T0, IKI MOMXKHA OGYHCIIHTH 3a

BUOIPKOIO, TO OTPHMAEMO OfHY 3 dbopMyIT 21t OLiHIOBaKHS IUCTIEpCiT
OIIHKY 38 perpecier:

Ay e
J'r) — Z Z kil kSelS. (10.25)

keU e TR ThTU
I3 hopmymna (10.22) maemo D(ty,«) = (Z i’ﬁ-&), Zle BApa3 y
kes

AYHKEKaxX Haraiaye 'J‘T-UIJ,IHKY CYMapHOI'C 3Ha4YCHHH JAedKol XapaxkTepH-

ctuxy (qus. (1.4)). Ssizcu BunumBac we ofna dbopMysia 1S OmiHIO-
BaHHA Hucmepcil OIiHKH t,ﬁ.

-T2 (4) ().

10.2
kes les Tk T ( 6)

Omnirky (10.25) ta (10.26) 6yayTe npubanzio HE3MILIEHUMH 1IpH
BEJIHKUX pO3Mipax BUOIpOK.
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10.3. OuiHoBanHa 3a BigHOIMIEHHAM

Hexait nns oniHIOBAHHSI CyMAPHOTO 3HAYEHHS JIOCII/KYBAHOI Xa-
PaKTepHCTHKH Y TeHePaJIbLHO! CYKYIHOCT] BUKOPHCTOBYEThCH iHGOP-
MaIis 1po O4HY AONOMIXKHY 3MIHHY T, AKa HaOyBaC TIILKH JOJATHHX
3HAYEHb. 3HAYEHHS L1, ..., Tk,. .. TN JAOHOMIXKHOI 3MIHHOY T [ij14 eJe-
MEHTIB reHepaJibHOI CyKYIHOCT] BimoMmi 3a3a0terias.,

Mopmens perpecil, sika 6a3yeTnest Ha IPUIYINEHH], 110 BIIHOMEHHS
Yx /T € NpUOIUBHO KOHCTAHTOIO, HA3HBAETHCA MOOEAA0 BIOHOUIEHHA.
Y it Moaeni cTBEPIIKYETHCS, 0

E¢(yx) = Bz,

T06TO, B JaHOMY BUITEIKY JliHis perpecii — npsMa, AKa MPOXOIHTh Ye-
pe3 modaToK KoopzueAT. Jdns Toro, mod ug monens Gyia nosHICTIO
BU3HAYEHA, NOTPIOHO me 3pobUTH IPUIYIIEHHS MOA0 CTPYKTYPH JAUC-
nepcii Dg(yy). Hexait 1g qucnepcia 3poctae nponopiftao 10 amianol
x. Termep Mozens BiZHOMEHHS BUSHAUEHA [TOBHICTIO 1 Mae BHTMIS

Eﬁ(yk) = Bﬂ;‘k,
{ De(yr) = 0°xy, (10.27)

e 3HAYMEHHs TapaMeTpis 3 Ta 02 HesizoMi.

Ouinka 3a perpeciero, sika 'pyHTYeThes Ha Moneni (10.27), nasu-
BAETBCSE OUINKOI 3a 6i0HOWEHHAM (aHITI. ratio estimator). ¥V Ha-
CTYTIHOMY TBEDIKEHHI HABEJEHO BIACTHBOCTI 1€l OLiHKN.

Teepdocenna 10.2. Ouinka 36 6I0HOUEHHAM CYMAPHOZ0 ZHAMEHHA
T, zapaxmepucmury y 2eHEPAALHOT CYKYNHOCTE MaE MaKul 6Uu2AA0:

Y/ T ~

ZWm g

=1 S~k =LB (10.28)
keU = > Tk /T tan

Ijn oyinxa € npubausno mesmiuenoro oyinkorw napamempa T),.
Habausicene ananenns ducnepcii oyinxu tyr obvwucaoemuvca 3

dopmyaoro
By = 3 S (g — ) Y= BIW = Br) 4 9

T 7T
kel leU kM
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de
2. Uk
B = kel _ I
S Ty
keu

Ouinxa ducnepeii ouyinxy byr

D(tyR) - L Z (Mt — 7e79) [ grs(ys — Bay) syt — Bioy)

k€s les Tkt Tk u ’
(10.30)
de dan 6ciz k € s
> Tk
s = U L (10.31
8 T N~ == .
kE TR/t )
€s

He teepmxenna e macuinkom 38CTOCYBAHH PE3YJIBTATIB 11iApo3-
ainy 10.2 no moseni sigromennsi (10.27).
Axmoe nopinaru Bupaz (10. 28) ma N, T0 oTpuMaemo OLIHKY 3a

BI,IIIOUJPUIIHM AAH CePeIHbOro 3HAYEHHSA llLOCJIl,LI,)KY:‘:!\EiHDI XapaxkTepu-
CTHKH P(—‘HLp&HI:I{Ol (‘}’K}’IIHO(‘T

~ k}: Y/ Tk -

Up =X &2 — X

" kzxk/ﬂ"k = ton (10:32)
=]

U_Ioﬁ oTpumMary HOpMyIIH Jis JucHepeii Ta OIiHKH Aucnepe if ouigky
y R> OTPIOHO noxinuTy BimuoBiAHi BUDA3H JUIS OUIHKH ty}g Ha N2

10.4. Bupasu Ta rmmarasHY AJIS CAMOKOHTPOJIIO

10.1. fx came BHKOPUCTOBYETbCA HonoMixkua indopmanis y meroai
OLIHIOBaHHA 3a PisHUIER?

10.2. Yu € oninka 3a perpeciero mesmimenon? Bin 4oro sanexuts
edekTHBHICTE i€l oninky?

10.3. Yu nos’ssani mix coborwo OIIHKA 3a perpecieio Ta omiHka 3a
BiTHOIIEHHAM?



10.4. [osecTy, WO y BHNAIKY HIPOCTONO BUIIAAKOBOTO Binbopy 6e3
noBepHeHHs 3 po3mipom Bubipku n = fN Ta 3 yg = T, OUCIEP-
Cist OLIHKH 32 PI3HUIEIO CYyMADPHOIO 3HAYEHHS! XAPAKTEPUCTHKH I MAae
TAKAH BANIAI:

D(typ) = v21 f (85 + 52— 254, . (10.33)

10.5. Hexait monesns perpecil 3 o_;gHielo JONOMIKHOIO 3MIHHOIO & MAg
TaKUH BHIIIAI;
{ Ee(yr) = B,
Ds(yx) = o2y,

Jie 3HAYEHHS T1,..., TN — gomaTHi. JloBecTy, 110 B 1LOMY BHIIAIKY
2 U/
E __kes
> Tr/ T
kes

10.6. Hexait Mozens perpecil 3 omHi€0 JOMOMIKHOIO 3MIHHOIO T Ma€
TAKWAH BATVIA;

{ Ee(yx) = B1 + Bazy,
D (yi) = o2

Hosectn, mo

. Bl _ ﬁ— BQ.I‘
“(&)=U"3 )
ne
> (ke = ) (yk — §)/m
§2 — kEs — :
> (zk — 2)? /7
kes
> Tk /T > Y/
5 kes ’ ﬁ:kesA . N= i
N N kes Tk

10.7. [ns BUNaIKy IIPOCTOTO BUIAAKOBOrO Bibopy 0e3 ropepHeHHS
BUBECTH HOPMYIY Iy OOUHUCIeHHs OIIHKH 38 BIHOMIEHHSIM CyMap-
HOIO 3HAYEHHS JOCAIIKYBaHO! XADAKTEPHCTHKH I'€HEPAJBLHOI CYKY-
nHocTi, a TakoxK opmymu s obuucieHHs HabIMKEHOTO IHAYSHHA
nucnepceil Ta oninKK gucrnepcii OTpHMAHOL OUIHKHY 34 BlIHOLIGHHSM.
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10.8. I3 renepasbrol CYKYIIHOCTI poamipy N = 200 BUDIDKOBUX Ou-
HHIB 38 TONOMOIOI0 IPOCTOrO BHIAIKOBOLO Binbopy Ge3 nosepuenus
OTpUMaHO BHOIDKY poamipy n = 40, 3a s1x010 06uucIeno Taki BEJIMYiH-
HH 7151 JOCUTIAXKY BaHOT 3MIiHHOT ¥ Ta JOTIOMIXKHOT 3MIHHOT T

3y = 24874, D yk = 19136668
kEs kes

D xp =473, > a} = 6539; D mhyp = 348071,
kes kes kes
Kpim Toro, sigomo, wo 15 = 2603. Ouinuru cyMapie 3HaJeHHA Xa-

PaKTEDHCTHKH ¥ 34 BITHOIICHHSIM. Iobyunysaru 95-BincoTKOBMIt 10-
Bipuu#l inTeprasn IS cy

MapHOTO SHAYEHHS XAPAKTEPUCTHKM | I'eHe-
PasibHOI CYKYIIHOCTI. ‘



Poszmin 11

Anayiz jaHuX i3 mpomyckamun

Bijgcyruicts sBignosini (nesidnoside, nponyex) s jesxux ene-
MEHTIB BUOIpKH — Lie IpHpOAHA, IpoTe HebaXkaHa BJACTHBICTL BHOIp-
KOBHX 00cTexkeHb. BaraTo HociigHHKIB HAMATAIOTHCS SIKOMOTa, TBH -
me no36yTHCeh NponycKiB, mob Aaji OpoBoAUTH OBPOBKY <«ITOBHHX»
JOHUX CTAHIAPTHHMH CTATHCTHYHUME Meromamu. IIpore Taxmit min-
X1 MOZKE [IPHU3BECTH 10 3HAYHUX BiIMIHHOCTEl CTATHCTHYHUX BUCHOB-
KiB, 3pobJiieHNX 3a HAABHOCTI Nponyckis Ta 6e3 HUX.

Po3BUTOK KOMIT'IOTEPHUX TEXHOJOTi# JAO3BOJIMB CTATHCTHKAM 3a-
CTOCOBYBATHM JI0 8HAJI3Y AAHAX METOJH 3 BIUKOK KIIBKICTIO 0O~
guchens. Ll Meronn maroTe MOxIMBICTE OTpUMYyBATH KpaIlli OIHKH
NPONyLIeHNX 3HAa4YeHb, BUOIPKOBUX cepenHiX, jucrepciii Ta kosapia-
niti [8,10]. Kpim Toro, muist orprManss 6libln TOYHUX OIIHOK TOTPi6HO
3BePTATH YBary Ha MexaHi3Mm Bigbopy eleMeHTiB Ta IpUYUHM BHHH-
KHEHHS HOPOIYCKIB.

Pospizusiors nBa Buan HeBIINOBiNel: nosxa Hesidnosids — KO
IOBHICTIO BificyTHs imdopmania misa nesikoi BUOIPKOBOI OAMHEIN, Ta
YACMKO06a, HEe610N06idy — Konu npHu obcrexkeni BubipKoOBOI OmMHHII
BigcyTHd BianosBins Ha ogme abo KibKa OKPEMHX 3aNHTAHD.

IToBHi HeBiAMOBiNi BUHEKAIOTE y TAKUX BUNAIKAX:

— iHTEpB’I0ED HE Mae MOXKJIMBOCTI HPOBECTH O0DCTEKEHHS;

- ocoba gepe3 XBopoly He MOXKe BiANOBICTH Ha 3aIlMTaHHI;

— ocoba BLOMOBJISIETHCH BiNIOBIIATH.

VY nux Bunmamkax iHTepB'roep Moxke 3i0paTu monoMixkiy indgopma-
110, AKY MOXXH& BHUKOPHCTATH J1JIsl 3MEHIIIEHHsI BILUIMBY HEBiINOBizek
HA OIIHKH.

YHacTkosi HeBiANOBiAl BUHHKAIOTH HalfyacTile B pe3yJbTaTi Bif-
MOB BINIOBIIATH Ha KOHKDETHI NMHUTAHHS, TOB’'#3aHi, HAUpUKIAZ, 3
npubyTKaMy, BXKMBAHHAM HAPKOTHKIB TOMIO.

VY clLIBCHKOrOCIOAAPCHKHX OOCTEKEHHAX Ta, TPH OOCTEXKCHHAIX JH-
KHX TBapHH YACTIIe KOPHCTYIOTHCS TEPMIHOM «IIPOITYImeHi HaHi»
(amrn. missing data), aje CyTh Ta HACIIIKA 3aJIMIIAIOTHCH TAKHMHA
CaM¥VMH,

178

11.1. MexaHi3MHu DOPOJIKEHHS NIPONYCKiB

3uanHs ab0 HE3HAHHS MEXaHI3MY, IO IPU3BOAUTH 10 BlACYTHOCTI
BHAYEHB, € KJIIOYOBUM 0pu BUGOpI Merony amasiisy Ta iHTepnperamii
pesynbraris. Inopl uum mexanismoM kepye cratucruk. Hampuxiag,
MH MOXKEMO BBaXKaT, [0 BUOIPKOBOMY OBCTEIKEHHIO BJIACTHBI 11po-
MyCKH, OCKIJIbKH 3HAYEHHS YACTMHM 3MIHHUX npH oBCTesKenH! Hass-
Hi B yCiX e/€MEHTIB reHepasbHOI CYKYITHOCTI, a J0CHiIKyBan] 3MiHHI
«MPONyIIEHI» B eleMenTiB, mwo He Oyiu BKmouyedi y subipky. Tyt
MeXaHi3M Nponyckis — npouec mobyuosu Bubipku. SIKIO eemeHTH
BUOUPAIOTLCA BHNAIKOBO, TO MEX8HI3M MOXKHA HA3BATH «IrHOpOBa-
HEM». SIKIIO TPaBMIIO OTPHUMAHHA eleMeHTIB BUOGIDKU He ZOTPUMY-
€Tbes abo JUIS NeAKUX BUGIPKOBMX OIWHUIL 3HAYECHHS BiacyTHi, TO
UPUYUHA YTBOPEHHS NPOILYCKiB CTAIOTH MEHII 3pO3yMinuMu. Y HpOMY
BHITKY aHA/3 3a1eKHTh BiJ NPUIYIIEHb 1040 MEXaHI3My YTBOpe-
HHsl NIPOMYCKIB, AKi MOTPIOHO SIBHO 06YMOBIIOBATH.

MpuknagoM curyanii, KOJu MeXani3M HOPOIIKEHHS NPOILYCKIiB MO-
ke OyTH HEKEePOBAHIM, 1IPOTE BLAOMUM CTATUCTHKY, € IEH3Y DY BaHHS.
Hocaipkysana 3MiHHA — e MOMEHT HACTAHHsS [EBHO! MOl (3aru-
Oesib TBAOPHHM B €KCTIEPUMEHTI, HAPOJDKEHHS AMTUHM, HepPeropsiHHS
namnouxu), To6To, Bubipkosi mani — ue MomentH uacy. s geskux
BUOIDKOBUX OJMHHMIIL MOMEHT HACTAHHS MOZIl NeH3ypoBauuit, 6o mo-
Al 1€ HE TPaNWIach 10 3aKiHYeHHs] eKCIepHMeHTy. $IKIo Bijoma
TOUYKA (YAC) UEH3YPYBAHHS, TO M MAEMO HYACTKOBY 1H(DOPMALIO po
Te, 10 MOMEHT HacCTaHH: HCCIOCTePe:KEHOT NOoAll TepeBuIye yac 11eH-
3ypysanns. Taxy indopmanio norpibHo BpaxosysaTn B anaisi, mob
11030y THCS 3MINIEHHS.

Posrasnemo BHNaoK ABOX 3MIHHHX: JomoMixkuOD 3Minnoi X Ta
mocmKysanol 3minnoi V. Hexali upomycku moxomsi jume y 3min-
Hiit Y, a X cnocrepiraeTbes Ges nporyckis. Mexarism yrsopenns npo-
OyCKIB A7 JaHuX miel CTPYKTYPH KOPHCHO KiacudiKyBaTH BiAIOBI1-
HO J10 3aJIeXKHOCTI HMOBIPHOCTI IIPOIYCKY:

1) 8ig Y a, moxkmuso, Big X;

2) Bix X, ane me Bin Y,

3) ami Bin X, ani Bin V.
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. B. Py6in [10] npomonye Taxy Tepminomorino. $IKimo BEKOHYe-
ThCS BHNAJOK 3), TO MA KaXKeMO, WO HPOIYIIeH: AaHi BigcyTHi BE-
najgxoso (amri missing at random, MAR) i masBHi nani npucyTsi
BEITAKOBO (anml. observed at random, OAR), abo B miomy aa-
HI BiIcyTHI abCOMOTHO BUIIAZKOBO (aHIVI. missing completely at
random, MCAR). ¥ upoMmy BHIaJKy cHocTepe:kypasi 3HaueHHS Y.
YTBOPIOIOTh BHIAAKOBY 1iABuOipKy 3aransmol pubipku. ¥ sunaixy 2)
MH KaKeMo, o npomymeni gani sigcyrsi sunagkoso (MAR). Cro-
cTepexkyBati 3Ha4eHHA Y HeoGOB'S3KOBO € BHIAIKOBOK MiaBHbIPKOIO
OTPHMMaHUX OAHHUX, HPOTE yTBOPIOITH BUIANKOBY MABHOIDKY B KO-
JKHI mArpym, mo Bu3HavaeTbes 3HavenuaMm X. Y Bumanky 1 pami
He Bianosifawrs ani punagky MAR, ani OAR, to6ro Bonum Bigcyrhi
HE BUIAJKOBO (aHIVI. missing not at random, MNAR).

11.2. Orasip meronis aHanisy JaHuX i3 NpomycKamu

Yei meronu 06pobxu Ta aHaizy BUOGIPKOBUX JAHUX 3 IPOMYCKAMH
MOXKHA HAOIMKEHO PO3MOAIINTH HA TaKi YOTHDH IPYITH.

1. MeTon BUKIIOUEHHS HEKOMITJIEKTHUX eJIeMeHTIiB. 3a Bim-
CYTHOCTI y AeAKMX BHOIPKOBAX OJWHMUE 3HAUEHb SIKMX-HeOyInh 3MiH-
HMX HAUNPOCTIMUM IPHAOMOM € BUIAJICHHS TAKUX HEKOMIIJICKTHHX
elleMeHTiB Ta 0bpobka mammx Ge3 mponyckis. lleft meron moxe 3a-
CTOCOBYBATHCH ITPH MaJjill KinbKocTi npomyckis. ¥ IHIDMX BHOaIKax
BiH MOXE TpPH3BECTH [0 CepHO3HKX 3MINEHb Ta, AK HPaBHIO, HE €
edexrusamy. Hanpuknazn, npu gocaikesnti 10oXoiB MPONYCK: mpH
HH3BKUX T8 BHCOKMX JoXofax Oinbmr iMOBIpHI, HIXK 1pu cepennix go-
X078X. Y Pe3yNALTATi BUKJIIOYEHHS HEKOMILIEKTHUX €/IEMEHTIB YaCTKa
CIIOCTePeKEeHb i3 cepenHiM JoXOHoM y BHDIpHi 36iAbLIMTHCE 1 MOXKE
CTaTH HEPEIPE3EeHTATHBHOIO.

Indopmartio, mo MiCTHTBCH Y BUKJIIOUEHHX CIIOCTEPEIKEHHSIX, MO~
JKHA, BUKOPHCTOBYBATH I TOr0, mo0 AOCALINTH, UM € OBHI CHOCTe-
PeXKEeHHH BHNANKOBOIO 1iaBubipxoro Buxinmoi Bubipku. Hampuxnan,
3HAYHA PISHUNA MiX cepeiHiMu okpemol 3Mingol Y; fuis nosHux cno-
CTEpEXeHb Ta JJd THX HEIIOBHHX CIoCTepeXeHn, Yy AKHX NpPHCYTHH
Y;, Bka3ye Ha cucTeMaTHYHY BiAMIHHICTD HEKOMIUIEKTHUX JAHUX.
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2. Meroam 3amoBHEHHSI DPONYCKIB — immyTanit  (anr.
imputation). Ilponycku 3an0BHI00TS, i OTPUMAaH] «ITOBHi» JaHi aHA-
JH3YIOTH 3BMYAHHEMK MeTomamu. SIK [IPaBHJI0, BUKOPHCTOBYIOTLCS
TaKl IPONeNYPH: BalOBHEHHS 3 IGOpPOM, KOJm 1 CTABASIOTHCS
3HAYCHHS 3MIHHEX IHIIMX O0’¢KTiB BHOIPKH; 3alOBHEHUS cepenHi-
MH TA SalOBHEHH:A 3a JONOMOIrO0 perpeciitnol hopmyim, oTpuMa-
HOI sl OBHHUX CHOCTepexkeHsb. Cepes MeTOmiB 3aI10BHCHHS nporty-
CKIB DO3PI3HSAIOTH IPOLEAYDH TAK 3BAHO| «XOT-I€K IMnyTauii> (anr.
hot-deck imputation) Ta «komm-nex iMnyTanii» (anmr, cold-deck
imputation). V BUIIAAKY XOT-/IeK IMIy Talil NponyineHi 3Ha4eHns 3a-
HOBHIOIOTE 3HAYCIHAMHI JOCAIZKYBAHO] 3MIHHOT, siKi BUOGHPAIOTH (Bu-
NaAKoBO 400 MeBHUM CITELIATEHEM METOIOM ) Cepell HASBHIX Y JAaHOMY
obcrexenni. A y BUTIa/KY KOJLI-aeK iMnoyrauil gaui ans 3anoBHeHHs
HpONycKis GepyTh 3 iHIIMX A3Kepest, HapuKaaz, BHKOPHCTOBYIOTE Pe-
BYIBTATH HOUepeaHix obcTexens abo icropuani nami. Ha BiaMinY Big
IPOUEAYP XOT-A€K IMIyTaLl, [/is1 3aN0BHEHHS 38 JOOMOIOIO perpecit
BHKOPHCTOBYIOTBCS «OIHEHI» CTIBBITHOMEHHS MiX PISHAME 3MiHHK-
M.

3. Meroau 3BaxyBauns. BucHOBKH 3a nanuMm BubipxoBux of-
CTEXKCHb 3 NPoNycKaMu NoDynoBaHi Ha Tak 3BAHUX Barax Jm3afiny. L
Barn 06epHeHo NPONOPUiHEL 10 #MOBIpHOCTEH BK/IIOYEHHST [6]. Hexait
Yi — 3HaYeHHs 3MIHHOI ¥ 1715t 4-ro eneMenTa reHepasbHol CYKYITHOCTI,
Toxi cepesye 3navenns JOCJIIZKYBaHO] XapaK TePHCTHKH TeHepANTBHOT
CYKYIHOCTI MOXKHA OLHUTH BEINYMHOK

Yoty > (11.1)
i€s 1€8

Ae T - AMOBIPHICTE BKJIIOYEHHS -0 eJIeMEeHTS, y BHOIpKY, us ~1 . para
i-ro ejiemMenTa. MeTonu 3pasKyBaHHA 3IMIHIOIOTH (kamiGpyoors) Bary,
ol ypaxyesaTu mpomyiuenni suavenus. Ouinka (11.1) saminoeTses

OHIHKOIO
> (mipi) M/ > ()Y, (11.2)

J€ CyMu BEPYThCS 110 THX esIeMEeHTax BubIPKH, B AKUX Hemae Npomny-
CKiB, a p; — OuiHKa fiMoBipHOCTI BIANOBiJL, TOGTO mpueyTHOCTI 3HAYE-
HUS 7151 ¢-T0 eJieMenTa (3a3suyall ue j1oms OAMHHUb BUOIPKA 3 npucy-
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THIMH 3HAYEHHIMH ). 3BasKYBAHHS TI0B SI38HE 13 3aITOBHEHHSIM cepeiHi-
mu. Hanpuknag, axmo Baru pusaliiy € cranuMmu B marpynax pubip-
KH, TO 3aII0BHEHHA TIPOIYCKIB y KOXKHIM miarpym cepeamivm miarpymms
Ta 3Ba’KyBaHHA NPUCYTHIX 3HAYMEHb 32 JIOIOMOrOIO IX JOMI B KOMKHII
HLATPYT NPH3BOAATL A0 OMHAKOBUX OMHOK CEpPEIHBOI0 reHepPAaJILHOI
CYKYIHOCTI.

4. Meronu, mo 6a3yoTbca Ha MOJEJIIOBAHH], Mlupoknit xnac
Merosis 6azyeThbest Ha nOOYHOBI MOAENI MOPOIKEHHS OpONycKiB Ta
PO3HONiMy nanuX. BUCHOBKH OTPUMYIOTBCS 33 JIONOMOTOIO dyaRIil
BiporigrocTi.

11.3. Meronu 3anoBHEHHSsI NPOIYCKiB

Iepeniunmo OCHOBHI METOAHM 3ATIOBHEHHST IIPOIYCKIB y BUGIpKOBUX
0bCTeXKeHHAX.

1) 3anosnenna cepednimu 3a NPUCYTHIME 3HATCHHIMH y BHOGIpHi.

2) 3anosHenns nponycxis i3 nidbopom mosTaE B 3aMixi TIPOILYCKIB
BHAYEHHAMY BIANOBIAHMX 3MIHHUX, HAsBHEMHU Y CXOXUX BHGIPKOBHX
O/IMHHIIb, SIKI HEe MAJIH NPONYCKIB.

3) 3amina 3acTOCOBYETHCA Ha eTam 300Dy HAAHHX IIpH o0CTEeKEeHH I,
Ie# meron nonsarae B 3aMiHi ejleMenTa 3 BiOCYyTHIMH BiATIOBiZSMM Ha
IHIMBH eeMenT, He BKJIIOYEHH# y BUOIPKY. Hanpukian, sxmoo Hemo-
ZKJIABE ONUTYBAHHS JOMOBJIACHHKA, TO MOXKHA OHHTATH HOTO cyciza,
HE BKJIOYEHOTO y CHHCOK onuTyBanux. Onuak, 6yno 6 HepipHuM pos-
IIAAATH OTPUMAHY TaKUM YMHOM BHOIDKY fIK NOBHY, OCKIJIBKH Ti, XTO
J&I0Th BIATIOBINI, MOXYTh CHCTEMATHYHO BlApi3HsaTHCH BiX THX, KOTO
He Branocs onuraTd. Tomy npw amamnisi ciz posmisigaTH 1o 3aMiny
AK 3aIIOBHEHHS NIEBHOTO BUJLY.

4) Banosnenna 6es nidbopy O3HAYAE, IO NIPONYCK: 3ATIOBHIOETHCSA
ACAKAM CTaJUM 3HAYEHHSIM I3 30BHIIHBOrO JKepesa; HANPHUKIIAJ,
SHAYEHHAM IONEPEIHBOIO CIOCTEPEXKEHHS 3 TON0 CAMOro OBCTeKeH-
ng. Orpumani gani npuitasTo AHAJI3yBaTH SIK [OBHI, TOOTO Hac/inKH
3aM0BHEHHS IrHOPYIOTS.

5) Banoenenns sa pezpecieto noasrae B 3anOBHeHH] NPOIYyCKiB 3Ha-
YEHHAMH, OTPHMAHHUMHA 3a PErpeciifHoio opMyJIOK AMS JAHOrO ee-
MEeHTa. 3a3BH4ail BoHa 0OTHC/II0ETHCH 38 KOMIIEKTHUMY €TeMEeHTAMM,
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3anoBHEenHs cepenHiMm MOYKHA PO3INANATH AK 4aCTKOBHH BUNAIOK
SalOBHEHHA 3a PErpecicio, gKMO BBAKATH npenuKaTopaMu ikTHe-
H1 SMIRHI, IO BKA3YIOTH HA TDYMy, B AKif BiabyBaeTbes nigcranoBka
CepeIHix,

6) Cmozacmuune sanoeneris 34 pegpecielo NOaATaE B 3aMini opo-
MYCKY  CYMOI0 3HAYeHb, 0OYMHCAGHHX 34 perpecieo, Ta 3anuniky, wmo
Bijlobpaae HeBU3HAYECHICTE nepenbayyBaHNX 3HAYEH. pnpoganvu
nonpaskaMu OyayTh 3aMHIIK K perpecil, OTpUMaHI 115 eseMenTiB Goa
Mponyckis, mo obupainThes BHIIZJIKOBO JI7Is KOXKHOT'O [IPOIYCKY.

11.3.1. 3BanoBuenss cepelHiMu

Hexaii y; - 3nauens JOCHIDKYBAHOT XapakTepueTuky Y JJIA -0
SJIEMEHTA TeHEePANbHOI CYKymHOCT], § = L, ..., N. Toni naittipocrimon
OLIHKOIO MIPOYIHIEHUX 3HAYECHL Yi € cepenHe 3madeHHd T, ob4uuciene
38 HAABHMMHE 3HAYEHHIMYU 3MIiHHOT V. 3poszymizo, mo CepemHe CrocTe-
PEXYBaHUX Ta MiACTABNCHHX 3HAYGHE JOPIBHIOE T, 3Buuaiiniii omirni
CePeIHbOr0 33 HASABHUMH JIAHHMH.

“V3araneuuMmo uelt METOJ, Ha BUNAA0K, KOJIH CHOCTEPEXKYBaHI naHi
MOXKHA pO3ALMTH Ha J IDyI, 1Tst TKUX BIZIOMO, LI 3HAYEHHs 3MinHO]
Yy enemenris scepemuni koxnoi rpynu cxoxi. Hexalt y;; — snavenus
3MinBEOl Y s 4-10 eslemernta y rpyni 7, i = LNy j =1,..,J.
ITpu 3anoBrenwi cepenHiMu A1t BUGipRoBIX €eMEHTIB, 10 He naiau
BLITOBIAB, mifcTaBageThes CEPEAHE §; 3a TUMH m; pecnonnenTamy,
IO Jami BIAOBIAL y j-if rpymi. Cepenuie remepanbhoi cykynuocri Y
MOZKHA OLIHATH cepefniM 3a npucyTHiMu Ta HiJCTABICHUMH 3HAYEH-
HAMH, a caMe:

J J
>_ b/ s,
g=1 g=1
Ae J; — cepenne npucyTtHix Ta NiICTABIEHHX 3HAYEHD y J-# rpymi.
Tenep
U5 = [myg; + (n; - m;)y;l/n; =7,

ToMy OTpuMaHa orjEKa Y - npocro onimka i 3BaXKYBAHHAM T'DYTI.
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Meton 3anoBHEHHs! CepeHIMH pPeai3yeThCst [POCTO, MPOTE BiH
Ma€ Kinbka Heba)kanux Biactusocreil. IJo-nepine, npasunsni ominku
aucriepeil J; HEMOXKJINBO OTPUMATH 32 ,aonomoroxlj 3pruaiinux dop!
My A1 gacnepeil, o 3acTOCOBYIOTHCH 7S HAMIZY HOBHHX JAHEX,
Peanpanit posmip subipku 3anmxennii yepes BiAcyTHICTS Bianosigeit,
TOMY 3Bu9alini (hopMy/IH NPHIBOAATE OO0 38HUMKEHUX OLIHOK C]'IpaBl-
HpoI aucnepcii. Tlo-gpyre, Benuuunw, ve siniiini 3a ganumu, Taxi,
aK guenepceis Y oabo xopessnia MiXK ABOMa 3MIHHHME, HEMOMKJIHBO
OBI'PDYHTOBAHO OIIHUTH CTAHAAPTHAMHU METOJSMH JI1S IOBHUX JGHHX.
Ilo-Tpere, mimcranoBKa cepemHiX CyTTEBO 3MIHIOE eMIIpUYHHN DPO3-
HOZIM 3HAYeHb Y, IO € BaKJIMBHM IPH AOCTIMXKeHH] posnogiay Y
3a ricrorpamamu abo immyMuE rpacdikamu, o BinoOpaXkanoTh JaHi.
Yei i HenosliKYM CHOHYKAIOTH IIYKATH 3HAYEHHS JIs. HPOMYCKiB, BH-
KOPUCTOBYIOYM MEeTONX 3AMOBHEHHSI THILY IIJICTAHOBKHA 3 [iA00POM.
3BepHEMOCS TEenep 10 1[hOI0 METOY.

11.3.2. 3anoBuenus 3 nigbopom

3rifiHo 3 UEM MeTOZOM 3alOBHCHHS 3 NiAGOPOM MPOIYCKH 3aI0B-
HIOIOTHCS 3HAYEHHSIMH, 10 Oysu oTpuMaHi JJs iHmoro nogibroro ene-
MenTa Bubipku. [Ipunycrumo, sk i panime, no orpumana BudipKa pos-
Mipy n i3 N eneMeHTIB reHepasibHOl CYKYIHOCTI, Ta TLIBKU ,mf; m. i3
7 €jIeMeHTIB BUOIDKM 3apeecTPOBAaHO 3HAYEHHS AOCIIKYBAHO! 3MiH-
woi Y. [loa nmpocToTH po3MicTHMO ef1eMeHTH Tak, miob m eJeMeHTis,
Akl He MaTh HeBigmovize#, Manu moMmepu 1,...,m. Ilpn pisHO{MO-
sipricniit cxemi Bigbopy cepenie Y MOXKHA OIIHUTH 5K CEpeHE 3a
OTPUMAHUMM TA MACTABICHUMH 3HAYCHHSIMH, 110 MOXKHA 3AITHCATH ¥
BUIS T
¥ = [mFg + (n — m)Gnrl/n, (11.3)
T

Je Y p — CEpeNHE 38 OTPUMAHAME BiIIOBIOAMY; Ty p = 2 —_1%1; — cepe-
'1:

[IHE 38 3aNOBHEHUMH 3HaYeHHAMY; H; — KpaTHICTS, i3 SIKOIO Y; BHKO-
PHCTOBYB&JIOCH [J1s IILCTAHOBKH 3aMIiCTh Iponycky Y. 3ayBa)kuMo,
1

wo »_ Hi =n—m, ne n—m - xinsKkicTs enemenTip i3 mponyckamu,
i=1
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Buactusocti § zamexars pix cnocoby dopmyBanus uncen
(Hy, ..., Hy). Hattnerme oTpumary (POPMYIH, AKINO HMOBIpHOCT] i
CTAHOBKM HasIBHUX 3HAYEHDb ¥, 1 = m+ 1, ..., n, onnaxosi ta JOPIBHIO-
0Tb 1/m.

Tttt Meros renepysatms anavens JUIA 3&TIOBHEHHS [IPONYCKiB -
NOCTIA0BHEY BiNGIp, NpH koMY Bei eemenTH PO3TaIIOBYIOTL ¥ TIeB-
HIff TOCTIOBHOCT] Ta MpPOfiyIIeHe 3HaueHHs 3aMIHIOETBCA 3HAYEHHSIM
Y nns raitbmmokydoro s il nocinosroct [OIePeIHAKa, €JIEMEHTA, IO
4B Biznosinm.

Oniska nigcranosku 3 nizbopou, axi mu 06roBOpIOBaTH mOci, He-
3MIIIeH] uIne Ipu 3arambHOMY HEPeaIbHOMY NPHITYIUEHH], IO HMO-
BIPHICTD BinnoBini ne nos’ssana 3i anavennsy Y. Axmo € pesxa jo-
AaTKoBa iHOpManis Moo eNeMenTiB, 1o AAI0TH Ta He JAloTh Bigmo-
Bilb, TO ii MOXKHA BUKODMCTOBYBATH JUI 3MEHIICHHS 3MillleHHd, mo
BHHHMKaE 4vepes npouycku. Hacrynui gsa mingxomm 3aCAYTOBYIOTH Ha
yBary.

1) Ilidemaroexa 3 nidbopom scepeduni epyn. PopmyioTses rpyim,
| IPOMYCKY B KOXKHIN M'PyIHi 3A0BHIOIOTECS 11 % 3HaueHHEAME. Cepene
T AUCHEPCIIO OTPUMAHKX TAKHM UHHOM OIIHOK napamerpa Y 3Haxo-
AATH, BUKOPUCTOBYIOUN HaBeAeHi Buine pOPMYIH OKpemo BCEPEIHHI
rpym, a noriM o6’eHy09M oTpuMaHni 3HaYeHHS.

2) ITid6ip watibruncuozo ¢ ycida. Leit meron monsgrae Y BHKODH-
CTaHHI METPUKA d 17151 BEMIDIOBAHHS BlacTani Mix enleMenTamu i Bu-
bopi miZCTAHOBKY 3a €JIEMEHTOM i3 HASIBHMM 3HAYEHHAM, HaHOIMK-
HIM 110 ejlementa 3 nponyckom. Hanpuknan, wexati z;q, ..., 7;; — 3Ha-
UeHHs J OCHOBHMX 3MIHHUX, BHMipsHUX Y HOPMOBAHMX IIKAJAX, y
CJIEMEHTA ¢ 3 IPONMycKOoM ;. Buanaummo sigcrans

d(i, j) = mfxlma‘k — Tk

Mix enementaMu i Ta j. Mu Moxkemo obupaTn macTaHOBKY T y; ce-
Pell THX j-X efeMentiB, nis sxux: 1) cnocrepiraoTses Yis Tjly on, L5
1a 2) d(i,j) He mepesmiye neskumit nopir dp. Yucno «kasmuuaTiss
= J-X GIEMeHTIB, M0 Ti/XOMATb, — MOMXKHA obuparty, 3Mmimonvn dy.
Ockinbkn 3mauenns, mo HICTABJISIOTECS, € AOCTATHBO CKITANHIMMU
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GYHKIISIMU TPHCYTHIX O3HAK, BAACTHBOCTI OMIHOK Y TAKHX IIPOLELY-
pax miabopy MOKH M0 HEJOCTATHRO HOCIIIKEH].

11.3.3. 3anosneHH#s 3a perpeciemo

V oMy METOMl IPOIYIIeHi 3Ha4eH s 3aII0BHIOIOTHCH 38 JOIIOMO-
o0 perpecil 3MiHHHX i3 IpoIycKaM# Ha iHI 3MIHHI.

Hexait X — n X p-Martpung, B axiff i-if pagok x; = (%1, ..., Tip)
MICTUTH 3HAMEHHS B3MIHHEX, 0 CHOCTEPIrafoThcs 63 HpOIyCKiB
(i=1,n),1ay = (y1,...,Yn) — BEKTOD 3HAUEHD 3MiHHOI, B sAKiii € IPO-
mycku. BBaxkaemo, 10 3HAYEHHS Y1, ..., Ym TPUCYTHI, & Ymdls ey Un -
nponyiuedi. [Ipunyecrumo, mo BHKOHYETBCS TAKa JiHIMHA MOAETD:

y=Xp+e,

ne e = (e, ...,en), € — HE3A/IEXKHI OJHAKOBO PO3NOALIEH] BUNAJKOBI
BEJIMYMHM 3 HYJIHOBUM CepeHiM Ta OIHAKOBOI JucHepcieo 02, a B —
napaMerp po3MipHocTi p. 3acTocyeMo MEeTON HARMEHIIMX KBAADATIB
JUIS 3HAXOJKEeHHs OIIHOK HapaMeTpis 3 Ta 02 3a HOBHUMH CIOCTe-
pexennamu. dkmo (X'X) mae nosauit pasr, TO oniEKa HafMEHIIAX
KBaapaTis napamerpa 3 obuucIIOeTECS TAK:

B =(X'X)" (Xy).

V npoTHIeKHOMY BHNIAJIKY OLHKS HARMEHIIHAX KBAAPATIB IIapaMeTpa
[3 HeBU3HaUeHA. ‘

SIxmio (X'X) HeBUPOIKEHa, TO 3 — HE3MilIEHa ONiHKa IapaMeTpa
B 3 Haltmenmiow mmcnepeiern. AKUIO e; PO3MOMLIEHI HOPMAJILHO, TO
[3 — OLiHKa MakKcuMajbHOl Biporimnocri mapamerpa 3, po3moaijieHa,
HOPMAJBHO i3 cepennim B Ta mucnepeiero o2(X' X)L,

Halikpamoio He3MimeHOo OIIHKOI0 aucnepcil 02 €

m

Y
&Q:Z(% ya),

n —
i=1 p

-~ - . ~ 9 2 .
ne 9; = X;if. fArmo e; HopManwhi, 10 (n — p)0°/0° Mae posmoxin
xi-KBazpaT i3 1 — P CIYNEeHAMH BUIBHOCTI.
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Haiixpaina mesmimiena oninka xosapianifinol Marpuni 3 — B no-
PiBHIOE
V= 64(X'X)"L.

Akmo e; posnogineni HopMasibHO, TO (B; — B:)/ i (ie vy — i-it
JlaroHanbuuil enemenT mMarpani V) mae posnonin Creioaenta 3 n — P
CTYTEeHSIMH BLIBHOCTI.

Orxe, mo6 orpumaTu 3amoBresi 1amHi, noTpibHO nokIacTn

. Joyii=1,.,m,
Yi = 3 .
XiB,i=m+1,...,n.

C. ®. Bak [13] noka3as, mo cepenni 3nauenns, obuncieni 3a npu-
CYTHIMM Ta MiJCTABICHUMH SHAYCHHAMY — NPABU/ILHI OIHKM cepennix
sume 3a ymosu MCAR. TIpore BubipkoBa kosapiauiftua marpuiis, 06-
THCTICHA 38 3a{I0BHEHUMM JAHMMM, 3aHWXKYE 3HAYEHHS AHCHEPCiH Ta
KOBapialiil, Xo4 i He TaK CAJIBHO, AK NPH 3aMO0BHEHH] cepenmimu. [le
II0B’A38H0 3 BIACYTHICTIO BiIXWIIEeHb [ICTAB/IEHHX 3HAUCHD Bix perpe-
ciftaol npsamol.

11.4. OuninoBanus BubipkoBoi jaucnepcii 3a HasIBHOCTI
NMpPOonycKis

PosrstreMo nobynosy ominok BuGipkoBoi aucrepceil, sKi BKIIOYa-
10Th JOAATKOBHH 4/IeH 17 BPaXyBauHA OPOYCKIB.

Baxnuso nigkpecantu, mo maus 6arareox BacTOCYBaHb TTHTAHHHA
SMIIEHb 9EPE3 MPOIYCKH 4acto Hilb Ba)<TnBe, HiXK ONIHKA JHcnep-
cil. ¥V npoMy po3zini BEarKaeThes, MmO BBeieH TIONPABKH, 10 BUIPAB-
JISIIOTH 3MimeHnd, nos’g3aui i3 nponyckamu.

Obuuc/ieH s NPAaBUILHUX OLIHOK nucnepcii ans craajHux subip-
KOBUX NU3AHHIB, 10 YaCTO BHKOPHCTOBYIOTbCS HA HPaKTHI, — He-
[POCTE 3aBJaHHs HABITh NP NOBHUX Xanux. Tomy Gyam possnseni
HabJIKeni MeTOMH, UI0 MOXKYTh 3ACTOCOBYBATHCE JJIA GLABLIOCT] BY-
Gipxosux gusanuis. IpocroTa 1ux Meromis 3YMOBJEHA THM, 11O 0f-
MHCASHIA 3BOAATBCA 0 PO3PAXYHKY BEJIMYMH JUIS MHOXKHHH BHOIp-
KOBHUX OIMHHIb, INO HA3UBAIOTBCHA CKiHdeHHWMH Kiaacrepamu (CK).
CK - naiibinsma subipkosa opuuuus, mo BUJIY4a€ThCs 3 BubIpKY.
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OuinoBasaa nucnepcil 6asyeThesl Ha TaKiid Jemi.

Jlema 11.1. Hezati 8, ..., O — HexOpeaboBaHi BUNGIKOBT BEAUNUHL,

AKL MOOTL CRAADHE CEPECHE L, Ma

F=1
Sio) = 3~ 0 —8)
D(B)Z;kk—l)

Todi
1) 0 - nesmiwena ouinka napamempa |1,
2) D(B) - nesmiwena oyinka ducnepcii .
_ k A
Hosedenns. 1) E(0) = 3 E(0;)/k = .

j=t
2) ITomiTumo, 10

k k
D6 -w? = (6; —0)2+ k(® - p).

J=1 j=1
3sincu ]
E(Y_(8; - 8)*) - k(k - 1)D(B) =
=1
= Zk:ﬁ(éj) — kD(8) — k(k - 1)D(8) =
j=] k
=Y "D(;) — k*D®).
j=1
Ipote

j=1 =
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(11.4)

OCKiTbKH ominku 0; sekopesrosani. OTxe, supa3 (11.4) mopismioe
HYJIIO, WO JOBOAATE 2). O

Lo nemy moxna Gesrnocepennbo 3acToc OBYBATH JI0 OLIHOK Y BH-
OipxoBux IQu3aiiHax i3 mosepHeHusM. Po3rmsHemo Taxkuli PHKJIA;

Opuxknanll.l. Posmsmeso TeHepaJibHy CYKYIHICTB, SIKa, CKJIa1a-
erhest i3 K cxinyenunx kiaacrepis. Hexait BUOIDKOBYH an3aity 3a5a¢
OACPXaHHST K KJacTepiB NUISIXOM HPOCTOTO BHIIAAKOBOTO Biabopy 3
nosepHennaM. OIHAMO CyMapHe 3HAYCHHS TeHepaJIbHOI CYKYITHOCTI

K
T=> T
i=1

Ae Tj ~ cymapne 3nadenus smingoi ¥V y J-OMYy KJjacTepi.
3a Iopsinem—Tommconom

?s*!r—‘

k
ZE /7,

A& cymyBaHHs BeleThea 3a Bubpannmu CK, f- ~ HEe3MILIeHA OLIHKA
CymapHoro suauenus Ty; 7t; — #imosipicTs ofpauns j-ro CK. Toxi
maemo: 1) #r Ta yei #; /"[J,j = 1,...,k, - neamimeni oninku napame-
rpa T'; Ta 2) ominxku j/nj,j =1 ...,kr, — HeKopeJbLOBaHi, 331,1(,;1 38
NOTEPENHBOI0 JIeMOIO He3MillgHa oninka gucnepcii OmiHKu fr, 064Iu-
CJTIOETHCST TaK!

s - —-

55 - N i/ — te)?
Dt “j_zl T (11.5)
¢

Hpunycrumo, wo y subipni e IIPONYCKH | MH OTPUMYEMO OLHKH
tj cymapuux 3naders y CK sa momomorow ogaoro 3 Merois 06pobxru
NporycKis, mo Hapoguincs sume. TOmI MM TAKOMK MOMKEMO 33CTO-
coByBaTn OWHKY (11.5) mus onimkm Aucnepeli, Aakmo: 1) oniHkn fj
He3Mimienl; 2) nonpaBKu Ha 3anoBHenHsT 860 3BaXkKyBaHHs 00upaio-
TheA Beepeaunl Koxuoro CK nesanexuo, mob oninkn fj 3aJTHIHAJTHCH
HEKOPENbOBAHHMH.
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Ha nmpakruni pinko BiabysaeTves subip i3 nmoseprenssm. Ko
IIPOBOOUTHCSA HNPOCTAN Bunaikopuit Binbip Hes nosepHeHHH, OLIHKH
CK sin’emuo xopemsosani. JI. B. Py6in nokasas, mio ouinku BHIY
(11.5), mo 6a3yr0Tbes HA JeMi, SABULLYIOTH AuCnepciio. Ko XK yse-
CTH TONPABKY Ha CKiHYeHHicTh remepasspnol cykynuocri (1 — k/K),
TO OTPHMAaHS OMmHKa Jucnepcii Oyze sanumxenon. Ina nesMinienol
OLIHKY 10Tpibna indopmauia npo apyruit Ta Hactynsi eranu obcre-
sxenns. TakuM 9HHOM, Jy1s noOYZOBH IPOCTHX OLIHOK Jucaepcii, 1o
6asyiorsca va CK, morpibno, nob sons subpannx CK 6yna mana, mo
JIaCTh 3MOTY HEXTYBATH 3MiMEeHHAM, 00ymoBiaenumM Bubopom Ges 1mo-
BepHeHHs. Y NPaKTHIHUX JOCIIPKEHHAX TAKA CUTYAMis TParlisgeThes
JOCHTH 4acCTo.

BinpmicTs BubipkoBUX au3ainiB MicTaTs crpaTudikalio npyu su-
6opi CK. Ilpunyckarouan, mo moass CK y koxwi#i crpati mana, 3a
Jorromorolo ook 3a CK MoxHa BuBecTH 0B6rpyHTOBaHi OMIHKH JHc-
nepcii. Hpunyerumo, mo € H crpar. Hexai fhj — HE3MIINEHA OLiHKa
cymu Ip; a1 j-ro Knacrepa y crpati b, h=1,.. H, j=1,.., Kp.

Moxkna oninuta T BEIHYHHOIO

H kp fh H
=3y s,
h=1j= l h=1
Je cyMma obumcaioeTbes 3a H crpatamu T8 kj, eJeMEHTaMH, BKIKYe-
HUMY Y BHGlpKy 3i crpati h, 7p; — HmosipuicTs Bubopy j-ro CK y
cTpaTi h, a tj — oninka cymu y crpari h. Ouiskop mucnepeii e

ﬂ i i (thj'ﬂhj - th)
h=1 j=1 k‘h(kh - 1)

Bokpema, npu Bubopi asox CK i3 koxmHol cTpaTu oniHKo0 Auciepcii €

k n ~
D) = EH: Zh: (thaTiny ;thzﬁh‘z)z

h=1 j=1

YMOBH, 38 IKMX MOXKHA OTPUMATH Il OIIHKH 38 3aII0BHEHUMUY JAHIMH,
Taki caml, fiK i y BHIIATIKY IPOCTOrO BENALKOBOIO Binfopy: migcTaHoB-
K# NOTPIOHO BUKOHYBATH He3aIeXKHO B KOxKHOMY CK.
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11.5. Amania panux i3 npomyckamm 3a JOMOMOrow
dyukuil Biporignocri

11.5.1. Tlosni pnani

Posrnsmenmo cniowarky Bunagox nosmmx aAannx. Iloznagumo gani
uepes Y. YV moxke 6y ckanspowm, sextopom a6o MaTPHIIEIO 38J1€2KHO
BLA KonTekcry. IIpumycrumo, mwo zani IOPOMXKYIOThCA 3iHO 3 MOme-
JUTIO, K8 OIMCYEThCsi (hyHKII€O po3moainy abo migbHicTio fyle,
10 3a/IeAHTh BiJ CKAXAPHOTO abo BEKTOPHOIO napamerpa 0.

Pynxuiero sipozionocmi L( | Y) nasupaerscs byab-sika dbynxiis
Bix 8, mo nponopuiiiza no f(Y | 6), upn cdbixkcoanomy Y.

Hozapudmivruor dyrruiero sipozidnocmi (8 ]Y) nasubanors na-
TypaspRuit Jorapudm ynxiii siporinnocri L(6 | Y).

Hpukaan 11.2. Odnosumipna Hopmasvna  eubipra. Cymicaa
IVIBHICTE 7 HE3AJIEXKHUX OLHAKOBO PO3NOAIIEHHX CHOCTEPEIKEeHb

Y = (5,...,yn) i3 BopManbrOrO pPo3nOJIIY 3 cepeiHiM W oTa muc-

nepcieio 62 mae Buriag

FV 0% = (2r0?) 2 exp | - Z{Jt'—l-i

1-..]

ITpu dixcosanomy Y norapudm dbynkuii siporignoeri
0 | Y) = In(£(Y | u, 02)),

860, BIAKMIAI0YN AJUTHBIY CTAIY, MAEMO
T £
2 n Lo (3 —w)?
Hu,o? |Y)=—-=1Ino? = = :
(ot 1Y) =—gle’ =35 =% (11.6)
mo € pynxuien 8 = (1, 02) npu dikcosamux CIOCTEPEKYBAHNX j1a-

HEX Y. O

Dpuknanllld. Excnonenyiacavia subipxa. Cymicna minLuicTh He-
SAJICKHUX OJ[HAKOBO POSNONITIEHHX CIIOCTEPEIKEHD 13 eKCIOHEHINAN -
HOTO PO3MOJIINTY Mae BHTVISI

JY 18 =0 exp|-) %

i=1
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3natinemo norapudm dyrkuii BiporizHocti, mo posrismaeThes SK
dbyukuia © npu dikcopanmx cnocrepexyBaEnx 1aHux Y

n n
—n Yi Wi
— _.§ g - —n —- 2 21
{(0]Y)=In<{ 0 "exp 2 5 nlnd 2. 9 (11.7)

O

Ouinxoto marcumanvnoi eipozidnocmi (OMB) 6 nasusators 3ua-
Jenns napamerpa 6, sike makcuMisye dyskuio siporizaocti L(8 | Y),
abo, mo exsiBanenTHO, Torapnudm bysKuii Biporizaocti 1(8 | V).

CdopMmy/iboBaHe TBEpIKeHHS IOMYCKAE€ MOMKIHMBICTD icHyBaHHH
Ginbrr mixk omuiel OMB. Ilpore B 6araTsox Baxkaueux Mogensx OMB
€auHa, 10 Toro X ¢ynkuis siporinnocti mudepeniitioBana ta 06Me-
eHa 3sepxy. s raxux sunagkis OMB moxnra 3nafiTn, sKmo npu-
pisHsiTH moxinay ynxnii siporizsocti no 8 mo myns Ta poss’ssaTn
OTpUMaHe PIBHAHHS BimHOCHO 0. PipHsHug

al(e|Y)
a0
HA3UBAIOTE PLBHAHHAM MAKCUMAALHOT 6Ep02i0H0CME, 8 IOXIAHY 10T~

pudma bynxuii Biporigrocti S(6 | Y) — dymryicro enecky (BrnBy)
BubipkH. -

S(O|Y) = =0

Hpnxaagn 11.4. Excnonenyiaavra eubipka. Jlorapudum siporigHo-
cTi 17151 BUOIPKY 3 €KCIOHEHIIAIBHOrO POSMOALTY BH3HANAETHCS BUDa~
3om (11.13). JIudepenniorannsm 3a 0 OTPHMYEMC PIBHSHHS MaKCH-
MaJbLHOI BiporigHocTi:

T
n Yi
e E — =},
6 +¢'z1 02

. n
Posp’a3aBum foro sizpocso 8, orpumaemo OMB: 8 = 7= Y y/n -

cepenne Bubipku Y. O
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Hpukaanl1l.5. Odnosumipna nopmarvia subipxa. Bukopucrosy-
104u chopmyury (11.6), zanmmenmo norapucdm siporigHocti A Bubipkn
PO3MIPY 7 i3 HOPMAJILHOIO POBIOALNY TaK:

T
U, o? 1Y) = ——lno'ﬁéz =
i=1
_on. 5 Ing-p? 1ns?
PR - aat =

. I
ne 8% = n~1 3" (yi — 7)? - Bubipkosa aucnepcia. Judepenuironun 3a
i=1

8 ta HpI*IpiBHIOEO'—IH llOXi,ILHy A0 HYJIA, OTPUMAEMO
(¥ =0
( H)/U' Y

0 NPU3BOAUTE 10 1 = §. Hudepenmioioun 3a o2 ta NPHPIBHIOOYH
NOXIOHY [0 HyJ#, MaEMO

_n (g -p)? 4 nS? _
202 204 202

WO NPUBBOIUTL 10 & = 52, ockineku fi =

OMB:

Y. Orxke, MM OTpUMAIH

=g, 6¢=52

-

0

11.5.2. OuiHoBaHHS METOAOM MaKCHMMAJILHOL BiporignocTi
34 HEIOBHUMU JaHUMM

Hosnaunvo uepes Y nami, mo cnocrepiranies 6 3a BimcyrHOCT
upomyckis. Toai ¥ = (Vobs, Yinis), me Yops nosnauae HaaBHL, a Y
nponymieri gani. Hosmauumo wepes f(Y | 0) = f(Yops, Vonis | 8) iimo-
BipHicTH 860 IibHICTH CyMicHOTO posnominy Yops ta Y. InTerpysa-
HHAM 38 TPOIYIIEHUMY JAHUME Yo OTPUMAEMO INLIBHICTH iMOBIp-
HOCTI

(YOb-‘l f 8) = J‘ f(yr)hs: Y;'n.'is I B)deH
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Brsmaummo ¢yukuio siporizaocti iz 6 ma ocrosi Y, 6e3 ypa-
XyBaHHS MEXaHI3My MOPOJKeHHs MPOMyCKiB Ak Oygp—axy GbyHKIIo
Bin O, nponopmidny f(Yops | 0):

L8 | Yoss) ~ f(Yans | 8). (11.8)

Y 6libmn 3araibHOMY BHIA/IKY MH BK/IIOUAEMO J0 MOJIEN PO3MOIiI
BMIHHOI, MO BKA3ye Ha HAsBHICTH KOXKHOTO eneMenta 3 Y. IHaukaro-
POM IPONYCKY Ha3BEMO BeJIMYMHY, 1O HalyBae 3HaYeHHs 1, KO
TaHuit eeMeHT criocTepiraeTbes, Ta 0, AKINo BIH He cocTepiraeTbes.
Hanpuknan, sxmo Y = (Y;;) € nx K-mMarpuns n ciocTepexens Hal
K-pumipHO10 3MiHHOIO, IHIMKATOD IPOIYCKY BU3HATAETHCS TAKMM HIi-

HOM: )
R { 1, SIKIIO 3HAYEHHS ¥; CNOCTePITaEThCs,
,é —

0, sIKIIO 3HAYEHHS Y; NIPONYIIEHe.

Y mi#t Mmozeni R posrnsafaerses K BHIIAIKOBA 3MIHHA TA BU3HAYA-
€TbCsl cyMicHuH posnoain R 1a Y. HlinsHicTs HHOTO po3anmosiay MoxKHA
3amaTy 9K JoOyTOK minsHOCTI posnoainy Y ra minsrOCTI YMOBHOTO
posnouiny R npu dikcosanomy Y, TobTo

FY,R|8,%) = F(Y |0)f(R| Y, ).

Byzemo nasusaTi ymosuuit poznogin R npu sazasomy Y, mo 3a-
JIEXKUThH Bil HeBimoMoro napamerpa ), po3nojaijioM npomyckis. Y me-
AKHX BUNAJKAX 0efl PO3NOJIJ HOBHICTIO BizoMuit, i mapamerpusanis
3a gomomoroio P He moTpibHAa. ’

DakTAYHO CIIOCTEPEXKYBAHI JaHI CKASIAIOTHCS 31 3HAYCHB 3MiH-
Hux (Yops, R). Posnonin cnocrepe:kyBanux HaHAX MOKHA OTPAMATH,
AKINO NPOIHTErpyBaTH cyMicHy miibHicTs Y = (Yops, Yinis) 38 R 18
Yinis:

f(Yobs; R | 9,111) = J‘f(}’;bsa Yms’s 1 B)f(R, Yobs, Ymis:w)dxnis-
(11.9)
@ynxnis siporinnocti Big € Ta P — Gyab-axa dyukis, mponop-
mittea ynkuil (11.9):

L(e11|} | YobsaR)Nf(}/oba:R| 8;11)) (1110)
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Terep nocrae muranus: xosu cmij 6yayBaTH BHCHOBKH BiZHOCHO
B 3a nomomororo dywkuii Biporignocri L(0,Y | Yous, R), sika BuzHA-
TAEThCA CHIBBIMHOMIEHHIM (11.10), a xomnu - 3a AOIOMOTow BiJIbII
upoctoro supasy L(0 | Yys) 3 (11.8), B AKOMY MEXaHI3M NOpOIKeHHs
nponyckis iraopyerscest. Iomitumo, mo 1IPH HE3aJIEAHOCTI PO3HOALLY
HPOMYCKiB BiJ NpONymeHux 3Ha4YeHsb Ymis, T06TO ipR

f(R I YGbS‘J ng‘sﬂl’) = j(R | 1/ObS:.LI") (11] 1)

3 popmymn (11.9) summusae, mo
f(}/;bseR ] Balb) = f(R; Yobs:ﬂ)) J-f(y:)bs;y}n.is I e}deis =

= f(R, Yobg,ll))f{y;bs ‘ 9)

Y fararteox BasKIMBUX 3acTOCYyBaHHAX napamerpu 6 Ta \ pos-
AisieHi B ToMy CeHC, o cymicHumi napamerpuyHuit npoctip (6,) €
06y TKOM mapaMerpuaHnx npoctopis misa O ta Y. Hkio 6 Ta P po3-
ALTEH], TO BUCHOBKH BLIHOCHO 8, mo Gasyorses na $yHKuil Biporig=o-
eti L(0, | Yobs, R), 6ynyTs s6iratucs 3 BUCHOBKaMH, IO 0a3yiOThest
na L(8 | Yops). Tomy, saxmio sipre pismsums (11.11), To mexanizmom
IIOPO/RKEHHA NIPONYCKIB MOYKHA 3HEXTYBATH — oTpuMaHi (GpyHKLIT Bi-
porigzocTelt nponopiii,

3a HapemenmM Bmine O3HAYeHHAM JaHl BLACYTHI BUIAAKOBO
(MAR), kosmn sukonyeTbes crissiggomens (11.11). das npakrukn
B&X/IHBUM € Toit baxT, mo ajis edekTunHOro 3aCTOCYBAHHS METOiB,
o 6asyoThes Ha hyHKIT BipOTiqHOCTI, NOTPiBHO BUKOHAHNS He
ymosu MAR, a me 6inbur sxoperkoi ymosn MCAR.

Opuxknanll6. Henosna excnonerutaavhg 6ubipra. Ilpanycrumo,
MI MAEMO HEIIOBHY OJHOBUMIDHY BHOIPKY 3 eKCHOHEHIIAILHOIO pos-
HOZALY, B AKIH mpucyTH 3uadenHs Yobs = (y1, e Ym)' Ta BigcyTHi
Yinis = (Yipt1, .o, yn). OTixe, sk Y HONEpeIHbOMY MpUKIaL]

m

] -n Wi
J(Y [18)=06"exp ——Zé
i=1




DynKuis BipOrinHOCTI, KOMM MEXaHI3M IPOUYCKIB IrHODYETHCS, TPO-
nopnifina minbHOCTi Yope NpH 3aKaB0My 0, 5IKA BH3HAYAETHCS BUPA-
30M:

F(Y ] 8) =0 " exp —Z% . (11.12)

st mporo npukaany R = (Ry, .., Ry), me Ry = 1,i = 1,...,m,
raR;=0,i=m+1,..,n. o

IIprnycTumo, o KOKHUIT eJIEMEHT CHOCTePIraeThes! 3 IMOBIpHICTIO
P, Tax mo BukoryeThes (11.11). Toni

FRIY ) = 4™ (1 =),

m
—py— Z Yi
lb)n ms T e}{]_) — 2. "é—

HAxmo € ta P po3aiismoTHCA, TO BUCHOBKH BILAHOCHO O MOMXKHA po-
butu 3a f(Yops | 0) 1I‘HOp)’IO1{H MexaHi3M mpomyekis. 3oxpema, OMB

f(YI;bs,R | Gll)) = ll)m(l

napamerpa 8 nopisrioe E Yi/ ™ — cepeiHbOMY 33 HASBHUME 3HAYEH-
i=1
HaMHE Y.

Tenep npumycTuMo, WO NPOMYCKM YTBOPIOIOTHCS BHACILIOK MEH-
3ypyBaHHS B JieaKiil Binomiit Touni ¢, Tak mo HaABHI JKINe 3HAYCHHS,
menimi 3a ¢. Toal

FRIY, ) =[] £(R: | i),
i==1
Ae

1L, Ri=1Ttay <cabo Ri=0ray >c;
) = { * *

0 — y IPOTHICIKHOMY BHIIAIKY.

Otixe,

(obthe)*nya R;|0) H f(Ri|8) =

i=m+1
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A
i
%
I3

= Hf(yi | 0)f(R; | ys) H Ply; >c|8) =

m
=0"Texp| - b exp (— (n— m)(,) , (11.13)

e

ockinbKl Py; > ¢ | 8) = exp(—c/B) 3rigmo 3 BrACTHBOCTHMY eKCITO-
HEHIUABHOTO PO3MOALTY. ¥ MEOMY BUUAAKY MeXaHisw HOPOIYKEHHHA
TIPOTIYCKIB He MOXKHa irHOpyBaTH, T2 To4Ha dyHKiLs Biporinnocri 3a
dopmynow (11. 1‘3) BiApisusieTses Bin (11.12). Makcumizamis (11.12)

ae OMB 8 = Z Yi+(n—m)c)/m, axa 6inbwa nopisasuo 3 patiine
3HANLEHOIO OLIHKOI Z yi/m. Jonarna nonpasxa 10 BHOIpKOBOTO ce-

i=1
PEOHBOTO TIOB SI38HA 3 OEeH3YDYBAHHAM HECHOCTBPG}K)/ BaHUX 3Ha4Y€HB,

¢

11.6. EM -anropurm

EM-anzopumam (aurn. expectation-maximization algorithm) -
0¢ 3arasipHuit iTepaTUBHME AJIrOPUTM JIs ONiHIOBAHHS METOA0M Ma-
KCUMAaJIbHOI BIPOTIHOCTI B 3a1849aX 3 HEHOBHHMU aaaumu. e anro-
PHTM KOPHCHO 38CTOCOBYBATH Y BUIISJIKY, KOJM BAXKKO BHANTH siBHUE
PO3B’'S30K PIBHAHHA MAKCUMAIBLHOT Biporimuocti. ¥ upoMy agropurmi
peanizoBaHa Taka igest 06pOBKH HENMOBHMX JaHMX:

1} zanosunenns IPONYCKIB OUIHKAMM OPONYIEHNX 3HAYeHb;
2) ouiHoOBaHHS MApaMeTpis;

3) noBrophe ouiHIOBaHHS TPONYLIEHUX 3HAYEHb, TIPH L{LOMY OIIHKH
NapamMerpis BRAXKAIOTHCH TOUHIMI

4) HOBTOpHE OUIHIOBAHHS mapaMeTpiB i Tak jiami.
Koxna itepauiss EM -QJITOPUTMY CKIAJAETHCS 3 KPoKy B (o6un-

CACHHA MATEMATHYHOrO CHOJIBaiHsA) Ta Kpoky M (Maxcumizaiis).
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Onuc xpoky M mocuts mpoctuit: «IlpoBoguTy onimosaiis napame-
Tpa 8 MeTonoM MakcuManbHOI BiporifHocTi Tak, HIGM Hemae mpomy-
ckiB». OTKe Ha HbOMY KpOUi BUKOPHCTOBYIOTBHCS Ti cami OBHHCIIIO-
BANBHI MeTonu, mo i npu makcumMisawii (8 | V).

Ha xpoui F 3naxogsaTe ymoBHE MaTeMATUYHE CIIOAIBAHHS IIpoIIy-
HIEHUX JAHUX NPH QIKCOBAHWX CIOCTEPEXKYBAHUX NAHWX TAa OMIHKAX
napaMeTpiB, & MoTiM 3aMiHIWTH Hponymieni Aaml sHaliieHuME OYi-
KyBaHUMU 3HavYeHHAMU. [Ipuvyomy, nas peasnizanil anropurmy eo-
00B’I3KOBO 3ANOBHIOBATH NPOITyIeHi 1aHi, [OCTATHBO OLIHATH JNEsiKi
(byHKUI NPOIYMEeNnX JaHuX, W0 BXOAATE y Jorapuy dbyHKI Bipo-
rigrocti s nopanx nanmx (6| Y).

Ile oxniero nepesarow EM-anropurmy € floro Hanifina 36ixKHiCTD.
TobTo, B mesKIX HECTPOruX NPHIYIMEHHAX KOXKHA iTeparis 36LBIIYE
norapudm dysrmii siporingocti (0 | V), 1a axmo (8 | Y) obue-
MeHuil, To mocainosricTs I(B(t) | Y} 3biraersea 1o cranionapHoro
saavenns [(6 | V). Takox sisomo, mo sximo nocaigossicrs 1(8() | )
3biraeTbes, T0 BOHA 36IMAETHCS HO JIOKATLHOTO MAKCHMYMY abo To-
uxn neperuny (8 | Y). Hemonik EM-anroputsy 1no/srae B ToMy, 1o
IIBHJIKICTE 30ixKHOCTI MOMKe Gy TH AyXie HU3BKOIO, KO OpOIYINEHO
faraTo raHuXx.

Tounime, nexatt (Y — morouna ominka napamerpa 6. Ha xpoui
EM-anropurMy BHAXOASTH OUiKyBamuit gorapudm dyuxnii sipori-
AxocTi (MaTemaTHuHe CroAiBanus Jorapudma byHKidi BiporifgHocTi)
3a ymonn 6 = 0;

Q8 [8Y) = [1(8| V) (Yimis | Yobs, 8 = 8D)dYips.

Ha xpoui M EM-anropurmy sussnauaiors 001 MaKCHUMIZYIOuH
neil odikysanuit norapudm GyHknil BiporinnocTi:

QY 1oy > (o | 8(®)) Juist Beix 6.

Dprxnapn 11.7. Odnosumipni nopmaavni dani. Ilpunycerumo, mo
¥i He3aJIeKHi OIHAKOBO HOPMAJILHO PO3NOIJIEH] 3 cepe/HiM Lt Ta U~
nepcieo 2. Hpudomy y; misi i = 1,...,m CIIOCTEPIraloThesd, a Yy s
i=m+1,...,n nponymexi, Ta BUKOHyeThea npunyiuenns MAR. Ma-
TEMATHIHE CHOAIBAHHA 3HATEHHS KOXKHOIO NIPOIYCKY ¥; IPH 3aJaHIX

198

T, A T S

’ : : ;

Yops 12 0 = (u,0?) nopismoe p. Mpn UbOMY, 3riAHO 3 opMYI0I0

(11.6), norapudbn dymxuii BIPOTLIHOCTI BUPayKaeThesi Yepes AocTaTHi
i ki

craTHCTHKE ) y; Ta Y y7. OTxe, na kponi E anropuTMy 0TpHMaEmo

i=1 i=1
3HaAYEHHA
N o
L Zyi’e(tj;yobs =Zlﬁ.+(n — m)u', (11.14)
i=1 i=1

n m

B 362109 Yo ) = 3w+ (= m) (w92 + (60)2) (11.15)
i=1 i=1

At notowrnx onixok napamerpis 89 = (u® (¢(0)2). 3 ocranmmoi

piBHOCT] 6a4uMO, WO NPOCTa IHACTAHOBKE u® samicrs TIPOIYCKiB

Ym+1s - Yn TIpU3BENIa 6 20 BincyTHOCTI wiena (n — ) (oft)2,

n
Ang nosrux nanux OMB napaMeTpa W 1opisHIOE Y y;/n, a OMB

=1
" n
mapamerpa 6% —ne 3 y2n—(3 y /n)?. Ha xpoui M BUKOPHCTOBYO-
i=1 i=1

ThCH T1 cami HOTOYHI MATeMaTHYHI ClOAiBaHHS JOCTATHIX CTATHCTHK,
obumciennx na kponi E. Omxe, na kpouwi M obuucmoiornes

n
nt+) = g Zyi 1ol v, /n (11.16)
=1
Ta
n
(D)2 = | Z%ﬁ 100, Yy, |/ — (2, (11.17)
i=1

[oknanawoun B piBHsHHIX (11.14) - (11.17) pl®) = [+ L Ta
o = o+ = & orpamaemo ToToxHOCTI. Orxe, anropurm 36irae-

ThCH 110
T

b= Z yi/m

i=1

m
-2 2 -2
o zzyi/m“u:
i=1

Ta



Tobro o OMB napamerpis u Ta 0% 3a Y., 33 YMOBH BHKOHAHHS
npunymenas MAR. Q

11.7. Bnpasu Ta nuTaHHs JJIsi CAMOKOHTPOJIIO

11.1. Sk BIVIMBAIOTL NPOIYCKH Y BUOIPKOBUX 06CTEXKEHHAX HA ONIHKH
napaMeTPiB reHepaIbHOl CYKYIHOCTI?
11.2. 5xi meTonn anagisy ZaHHX 3 IPONYCKAMM BH MOXKETE HA3BATH?

11.3. V¥V uoMy noJgrae MeTo/ 3al0BHEHHSA MPOIYIIEHAX JAHUX 38 pe-
rpecien?

11.4. 3a AKOro NPHUIYIIEHHS MO0 MEXaHI3MY TOPOIKEHHs IpOmy-
CKIB MOXKHA ePeKTHBHO BHKOPHCTOBYBATH METOAM AHATI3Y HENOBHHX
JaHuX, fKl I'DYHTYIOTBCS Ha 3acTocyBaHHI (yHKuil Biporignocti?

11.5. Oxapakrepusysaru dbynkiii Kpokis E ta M EM-anropurmy.

11.6. 3naiitu OMB koedinienra Bapiamii p/c onsosuMipHoi HOp-
MaJILHOI BubipKu.

11.7. T'enepanbia cykymnicTs, sika Mictare N = 10000 emementis,
nogineHa Ha Aei ctpatH obearom N1 = 1000 ta Ny = 9000 enemenris
BIANOBIAHO. 3 KOXKHOI cTpaTy Bijiibpano 1o 500 esiemenTiB 3a 10mOMO-
TOI0 IIPOCTOrO BUIAIKOBOro Binbopy 6e3 noseprernns. 250 esemeHTiB
BuGIpKY 3 mepiol crpaTy Ta 50 eneMeHTiB BUGipKM 3 Apyroi crpatu
oberexxutn He Basocs (Tobro, € 250 Hesianosigett y pubipui 3 mepmol
crpatd Ta 50 — y subipmi 3 npyrof crpartu). Ouinutu EMosipHicTs Big-
HOBIAL 1 KOXKHOI CTPATH OKPEMO Ta IJIs NoNyJsAuii B mizoMmy. Suafitu
Baru AusalfiHy JJIa JAHOTO o0crexkeHHd. fIK 3MiHATHCS BaArm muzaii-
Iy, SIKIO BPaxyBaTu mponyuleHi suavenss’ 3amucaru GopMysty s
ODYHCITEHHS OMIHKHK CEPEeHhOTO 3HAYEHHS IOC/LIKYBAHOI XapakKTe-
PHCTUKH Ie¢HEepaIbHOI CYKYITHOCTI, BHKOPHCTOBYIOUU HAfABHI YHCIOB]
JlaHi Ta KajibposaHni Barm ausaiiny.
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donatok 1. Tabauusa BUOAIKOBUX YHCe

Yucna, masegeni y tabmumi /11, moxkna BUKODMCTOBYBATH AJA

uobynosu BMOBIpHiCHOT BUGIPKH.

Tabmnus 1. Bunaaxosi aucna

4924 | 2621 | 2514 | 4455 | 9711 | 1976 | 0308 | 3212 | 8638
7680 | 0568 | 8778 | 3996 | 0998 | 8625 | 4506 | 6684 | 7703
5970 | 4902 | 1544 | 2810 | 8221 | 4022 | 3616 | 7954 | 6257 |
2987 | 1686 | 2788 | 9285 | 5947 [ 9673 | 2614 | 5966 | 9133
2646 | 1809 | 7469 | 6628 | 5080 | 5025 | 3906 | 7979 | 6260
4848 | 4229 | 1076 | 8969 | 8756 | 2836 | 2893 | 7430 | 3620
5497 | 8722 | 6911 [ 0794 | 9419 | 3160 | 8038 | 2607 | 5299
1670 | 4811 | 4211 | 5073 | 2348 | 0956 | 5165 | 9942 | 1715

1485 | 4611 | 4765 | 7903 | 0638 | 1406 | 5404 | 5430 | 8715 |
7794 | 2374 | 6830 | 9832 | 8038 | 1727 | 7501 | 3898 | 7937
5643 | 2263 | 0444 | 0889 | 0698 | 2109 | 1195 | 2140 | 2585
8879 | 5094 | 9197 | 6246 | 4311 | 3016 | 9587 | 7750 | 4391
1715 | 30851 4729 | 2761 | 5988 | 8949 | 6692 | 9764 | 2880
6591 | 3228 | 5133 | 1429 | 9187 | 6325 | 6240 | 0089 | 1000
0031 | 2817 | 7924 | 7565 | 5523 | 5999 | 1482 | 1377 | 5698
6722 | 2565 | 9574 | 2048 | 0178 | 9170 | 2517 | 1930 | 2078
3659 | 1905 | 0394 | 5019 | 4839 | 2854 | 1262 | 1434 | 6583
5614 | 5849 | 6951 | 4852 | 7391 [ 4533 | 2545 | 2608 | 7408
8940 | 2013 | 6147 | 1136 | 3906 | 6087 | 6054 | 7809 | 4834
0996 | 1176 | 9037 | 2954 | 2611 | 6859 | 2751 | 3540 | 4568
3155 | 1666 | 2782 | 4984 | 7135 | 7289 | 4662 | 3274 | 4902
7686 | 0141 | 8403 | 7507 | 5481 | 2868 | 7362 | 7259 | 3453
7385 | 1820 | 9399 | 4384 | 8736 | 0097 | 1745 | 0924 | 5357
8742 | 3039 | 0170 | 0927 | 2970 | 7634 | 0094 | 3087 | 1702
7189 | 8624 | 7943 | 4307 | 9255 | 4939 | 8986 | 2376 | 6746
7429 | 3532 | 4075 | 6833 | 5550 | 2816 | 7272 | 4624 | 2848
7535 | 0249 | 1106 | 9795 | 0864 | 1380 | 6000 | 8889 | 1481
3005 | 9164 | 7251 | 6231 | 7949 | 7927 | 9971 | 8322 | 2980
9844 10573 | 0733 | 8485 | 6749 | 2572 | 5178 | 7846 | %996
1096 | 9787 | 5211 | 4342 | 8500 | 1435 | 2986 | 1057 | 4450
7960 [ 6896 | 6454 | 9658 | 2578 | 1956 | 0563 | 4190 | 8844




Honarok 2. Hopmanbuuii posnonin

Y rabuaui O 2 naseneno smavennst dbymnxuii ®(t) nopmaasHOro
posnoainy 3 mapamerpamu (0; 1):

e s 3ajanux ¢ > 0 rabynpoBani 3Hauenss: GyHKi

t >

1 ¢ s*
No. 1 (£) = = o , i W
Noi () = ®(t) \/2_7__{__[ exp{ z}da

e quia t < 0 3pavenns byskuil () orpuMyoThest 3 piBHOCT

O(t) =1 - B(—1).

Suauennsa N, 2 (¢) yukuil HOpMATBHOrO PO3NOiLY 3 mapame-
TpaMu @ i 02 oBUMCII0ETECS 3a 3HAYEHHAMH TabyneoBaHOl GyHKIT
. N . s AT .
No;1 (t) = @ (t) nopmansuoro posnoziny No, i:

- . r—a r—a
Na;az(:b')=.f\’u;1( p )Z(I’( p )

Tabmmna 12 nonyckae ninifiny isTepnosnsmio.
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Tabmmna A 2. 3nagenns dbynxuii &(t)

&t 10 1 2 3 1 5 6 7 8 9

0,0 [,50000 ,5040{ ,5080 5120/ ,5160] ,5109] ,5239 5279 5319 5359
01 [ 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
0,2 | ,5793 5832 5871 5910 ,5948 5987 ,6026 ,6064 6103 6141
0,3 | 6179 ,6217 6255 ,6293 ,6331] 6368 6406 6443 6480 6517
0,4 | 6554 ,6591] 6628 6664 ,6700, ,6736 6772 6808 6844 6870
0,5 | ,6915 69500 ,6985 7019 ,7054 7088 ,7128 ,7157 ,7100| 7224
0,6 | ,7257 7201 7324 7357 ,7389 7422 7454 7486 7517 7549
0,7 | 7580 7611 ,7642 7673 ,7703 ,7734 7764 7794 7823 7852
0,8 [ ,7881 7910 ,7939 ,7967 7995 &0623 8051 ,8078 8106 ,8133
0,9 | .8159 8186 ,8212 8238 8264 8280 8315 ,8340] 8365 8380
1,0 [ 8413 8438 8461] 8485 8508 8531 8554 8577 8599 8621
1,1 | 8643 8665 8686 8708 ,8720 8749 8770 8790 8810, 3830
1,2 | ,8849 8869 8888 8907 8925 8944 8962 8080 ,8997 9015
1,3 | ,9032 9049 9066 ,9082 ,9099 9115 9131] 9147 ,0162 9177
1,4 1,919 9207 9222 0236 9251 ,9265 9279 ,0292 0306, 9310
1,5 |,9332 9345 9357 L9370 9382 0394 0406 9418 0420 0441
1,6 [ 9452 0463 0474 9484 9495 9505 0515 0525 053 0545
1,7 | ,9554] 9564 9573 9582 ,9591] 9599 0608 0616 9625 0633
1,8 | ,9641] 0649 9656 0664 0671 ,9678 9686 ,0693 ,0699 9706
1,9 | ,9713 9719 9726 9732 9738 9744 9750 ,9750 9761 0767
2,0 | 9772 9778 9783 9788 9793 9798 9803 ,0808 0812 L0817
2,1 | ,9821] ,9826 0830] ,9834] ,9838 9842 0846 0850 0854 0857
2,2 | ,9861] ,9864 0868 9871 9875 9878 0881 0884 9887 9890
2,3 | ,9893 ,9806 9808 9900 ,9904 ,9906 9909 ,0911| 0913 9916
2,4 [ ,9918 ,9920( 9922 ,9925] 9927 9929 ,9931] ,9932 9934 9936
2,5 1.,9938 9940 9941 9943 ,9945) ,9946 0948 0949 9951 0057
2,6 | 9953 0055 ,9956( 9957 0950 ,9960( ,9961] 9962 9963 0964
2,7 1,9965 9966 9967 9968 9969 9970 .9971| 0972 9973 9974
2,8 |,9974 9975 9076 0977 9977 9978 9979 9979 0980 098I
2,9 | 9981 0082 9982 9983 ,9984] 9984 | 0085 0085 0086 0986
¢ [30 [31 132 133 34 |35 |36 |37 |38 |39

®(t)] 9987 9990 ,9993 9995 9997 9998 9998 9999 9999 ,1000)
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ITokaxkuymuk TepmiHiB

Bubipkoswuit posnoaiz 24
Biabip
Bepuysmri 17, 56
knacTepuuit 120
omHOCTaniMumi 121
asoctamiftauit 129
Oararocranifiamit 142
IIyaccona 93
mpocruil Bumanxosmit He3
nosepHenns 16, 27, 37
OpocTHil BUNIAAKOBMIT 3 11O~
BepHEHHAM 79, 84
cHCTEMATHYHMIT 66
crparudikopannti 103
p-Oponopuiiiauit 40 po3mi-
py 87
T-TIPONOPUiiaui 10 Po3Mi-
py 96
Bigrocra noxutka 52
Buyrpimusorpynosuit  koedi-
1ieHT Kopensnii 71
Buopsinkosaruii - Bubipkosmii
nusatia 80
Ierepanbra cykyrmicrs 15
Huzalin
Bubiprosuit 17
BuUMipHUH 28
3 pikcoBaHuM - pO3MipOM
Bubipku 30
lnzaiin-edexr 61
Hosipumnii inrepsan 47
Banosuerns nponyckis 181
3paxypanns 181
Smimenns 24
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VmosipHicTs BRIOYeHHS 26
Mmosipuocri, nponopuifiei go
po3Mipy 88, 96

Metogn,
Jlaxipi 90, 97
nmireapusauii Tettnopa 150
HakKomn4eHux cym 89, 97
OcroBHa TOTOXHICTH guCHED-
citinoro aramizy 70
Oninka
BEKTODA CYMapHuX 3Ha-
qeHs 146
BiaHomenHsa 154
Topeina—Tomncona 31
3a BiIHOImIEHHSM 174
3a perpecien 166
38 pizHuLen 162
MAaKCHMAIBHOL . - BiporiHo-
eti 192
XaHcena—I'ypsina 82
IMincyxynuicts 44
Poamip subipkn 51
PosMimenns
Hetimana 114
onrumassae 110
nponopuiitne 114
r-onTEManbie 116
Cxema
Bproepa 97
Bigbopy 16
Canrepa 99
Qopma Eiirca-panrgi-
Cena 32
Oyuxig siporiaaocri 191

CHnucok oCHOBHHUX [O3HAYEHb

E(8) — maremaTuune crnojiisanns
ouinky 0;

D(0) — mucoepeia onjnku 0;
D(8) - ouinka muciepcii

omiEKy O;

N — kineKicTh elemMenTin

HONY Sl

N, Ng — po3mip Bubipku;

p(-) — Bubipxosuit quzafin;

2 __1 T2 _ o
Sy = N7 Zke{f(yk —Y)* - auc-
nepels 3MINHOL Y AJTs TIONyJISTI;
o2 _ 1 . =2 _ :
S?)‘ T n-1 ZkEs(yk - y) Bubip-
KOBA JUCTIEpCis 3MiHHOL ¥;

8 — BubipKa,

T = 3 cu Yk — CyMapEe 3HaIeH-
Hsl 3MIHHOI ¥ /ISt mOmyAsiil;

t= Ekes Y — CYMAapHE 3HAYCHHS
sminnol ¥ 3a Bubipkoio;

tr ~ ouinka Topsina-Tomrcona
CYMapHOTO 3HaveHHs 1

Cuucok ckopoyeHb

BB - sinbip Bepuysai;

BBO - sropunna subipkosa
OJTHHHTIS;

BIT - sinbip Iyaccona;

ABE ~ npocraniitamit sinGip
€JIEMEHTIE;

AKB - nsocramiftamit xnacrep-
Huit Biabip;

OKB - ozHocraziitunii xiactep-
Hul BigHip;

U ~ remepanbha CyKyIHICT, mo-
IIYJALIS;

Uq — nifcyxyunicrs;

Uy, — crpara;

T} — 3HAYCHHS JONOMIXKHOL 3MiH-
HOI 7 7715t ennementa k;

Y = ;.1\-, > kelr Yk — CEDEIHE 3HAYE-
HHS 3MIHHOI Y AJT81 NOMYJsALiT;
7= %Ek&s Yx — BUDIpKOBC cepe-
JIHE 3MiHHOT v;

Yk; Zx — SHAEYEHHS 3MIHHMX ¥ T4 2
st eneMenTa k:

Un — OuiHKA l'opeina—Tomncona,
CePESHLOIO 3HAYEHHS Y ;

0 -~ napamerp resepasisHOT
CYKYIHOCTI;

T — WMOBIpHICTE BKIIOYeHHS
[IePHIOTO TOPAAKY;

Mgy — HMOBIpHICTE BKIIOGYEHHS
JPYTOro HODSIKY.

HBB6II — mpocruit Bunagkosuit
Bi16ip 6e3 noseprenns:

IIBB3Il - mpoctmit Bumajkosuit
BIa0IP 3 MOBEpHEHHSM;

IIBO -~ nepeunna subipkosa oiu-
HUI1s;

CB - cucremarnynuit Big6ip;
CTB - crparudikosanuit igbip;
CTIIBB - crpatudikosanuii npo-
CTUH BUIAJKOBUI Biabip.
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