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IlepeamoBa

[Toci6Huk MicTuThL MaTepial ceMeCTPOBUX JIEKITiH 3 HOPMATHBHOTO
Kypcy «Bubipkosi ob6cTekeHHsT», IPU3HATEHOTO I CTYACHTIB CIIelli-
aIbHOCTI «CTaTHCTUKAY MEXaHIKO-MaTeMaTHIHOTO ¢rakyaprery Ku-
TBCHKOTO HAaITIOHAJBHOTO yHiBepcuTeTy imeni Tapaca [lleBuenka.

Kypc «BubipkoBi ob6cTekeHHSI» BUKIATAECTHCT HA MEXAHIKO-
maremaruaaoMy dakyiasreri KHY 6au3bko gecstu pokis. CrmodaTky
e 0yB 36-roguHHUI cHermiaabauil Kype, B 9KOMY TEOPeTHUYIHUN Ma-
TepiaJ CympoBOIKYBABCA PO3B’I3aHHAM MPAKTUIHNX 3aBJIAHD 1 AKWit
rpyHaTyBaBcs Ha Kaurax B. M. [Tapxomenko [5] ra O. I. Hepuska [7]. 3
[EPETBOPEHHSIM [IBOTO KyPCY B HOPMATUBHUI Ta 3017bITEHHSIM KiJib-
KOCTI ayJTUTOPHUX TOANH BaBiUi (36 roanH Jekiii Ta 36 roguH mpaxTu-
YHMX 3aHATH) BUHUK/IA OTPEOA B J10JATKOBOMY T€OPETUIHOMY MaTe-
piasi. YIpomoBxK KilTbKOX POKIB MU BHKOPHCTOBYBAJIN JjId JIEKITH 3
Teopil Ta MeTomiB BHOIPKOBMX 0OCTEKeHB HAraTo AyKepes, OCHOBHU-
mu 3 gkux € [9,10,18,20]. Y pesyabrari BUHUKJIA ies TiATOTYBaTH
HaBYAJBHUN NOCIOHUK, SKUil MicTuB 6M MaTepiaau NMUX JEKITii.

Heob6xinHo0 yMOBOIO YCHIIITHOTO 3aCBOECHHS BMICTY IIOCIOHHKA €
BOJIOJTIHHST HA30BUMU 3HAHHSIMY 3 TeOpil MMOBIPHOCTEH Ta MaTeMaTH-
9HOI CTATUCTHAKH.

[TocibHMK CKIaTAETHCS 3 OAMHAIISATH PO3IIIIB, IBOX JOTATKIB Ta
CIIUCKY PEKOMEHI0BAaHO1 jiTeparypu. Ilepmmit po3ia MiCTUTH OCHOB-
Hi ITOHATTS, SIKi BHKOPUCTOBYIOTHCS B Teopil BubipKOBUX 00CTEXKEHb,
a TaKOXK O3HaUeHHS Ta BJIACTUBOCTI 7Tt-omiHkn ['opima—TomIiicona cy-
MapHOTO 3HaYeHHd JOCTIAKYBaHOI XapaKTEePUCTUKHN TeHePaJbHOI Cy-
KYTHOCT] B 3arajibHOMY BUITAJKY. 3aCTOCYBaHHA T-OriHKM [opBina—
Tommicona Ta i BIacTWBOCTEH [jid OIIHIOBAHHS TapaMeTpiB reHe-
PaabHOI CYKYITHOCTI TIpM PI3HUX METOAAX BiAOOPY PO3TIAIaETHCA B
MOMAJIBINIX PO3LIAX [MBOTO TOCIOHWKa. A came, pO3ILIN 3 APYTOTO
[0 BOCHMUN MiCTSTbH iH(OpMaIil0 PO OCHOBHI METOIU BiIOOPY eje-
MEHTIB 3 reHepaJbHOI CYKYIHOCTI Ta BiJITIOBITHI METOIM OIIHIOBAHHS
mapaMeTpiB TeHEPATbHOI CYKYITHOCTI. 30KpeMa, APYTHH PO3iJ mpH-
CBAYEHO IPOCTOMY BUIIQIKOBOMY Binfopy 6e3 nmosepuenns ([IBB6OIT),
#OTO OCHOBHWM BJIACTUBOCTHAM, OI[IHIOBAHHIO TTAPAMETPIB TeHePaIhb-
HOT CYKYITHOCTI Ta mijcyKyIHocTedl, o0y 1081 J0BipUYnX iHTEpBaiB Ta



3aJa4i BU3HAUYEHHS HEeOOXiTHOTO po3Mipy BHOIpKH y BHIAAKY 3aCTO-
CYBaHHS 1HOTO BiAOOPY. ¥ TPEThOMY DO3JILJIi HABE/IEHO OCHOBHI BJia-
CTMBOCTI Ta METOAM OUiHIOBaHHA s Bigbopy Bepuysun. Tyr Buep-
e PO3IJIAHYTO MOHATTA JAU3aiH-e(DEKTY, 33 JIOMOMOTOI0 TKOTO BHU-
3HAYAETHCH e(PEKTUBHICTD JIOBIIBHOIO MeTOY BiZIGOPY Vv nopiBHAHHI
3 TIBB6II. Yersepruit po3gia npucBsadennii OCHOBHUM TOHATTAM Ta,
pe3yabraraM, siki CTOCYIThCA CHCTEMATUYHOTO BiOOpy. VY m'daToMy
PO3II PO3IJISIAEThCs BiOIp 3 MOBEpHEHHSIM, BU3HAYAECTHCS OIIHKA
Xancena—I'ypBima Ta T0CaiIKyIOTBCA 11 BJACTUBOCTI, a B IIIOCTOMY Ha-
BEJIEHO JIesKI MEeTO 1M HEPIBHOMMOBIPpHICHOTO BinOOpy 06€3 1moBepHEHHS.
YV choMOMYy PO3[iji IeTanibHO BUBYAETHCA CcTparudikoBanuit Biadip.
SuauHa yBara MpuijIgeThCsa ONTHUMAIBHOMY Ta aJIbTEPHATHBHUM PO3-
MimenaaMm crparudikoBanoi subipku. IlopiBHIOETBCA edeKTUBHICTD
OO BUOIPKOBOI'O JIM3aliHy MPH ONTUMAJIBHOMY Ta IIPOMOPIIHHOMY
po3mimennsx. Ilponenypu ogHOCTAAIMHOrO, ABOCTAMIHOrO Ta Oara-
TOCTA/IIHOTO KJIACTEPHOTO BiAOOPY OMUCAHI ¥ BOCBMOMY PO3IiJi, Jie
PO3IIAMAIOTHC 9K 3arabHi BUMAIKN, TAK 1 BUMAI0K 3aCTOCYBAHHS
ITBB6II ma oxpemux cramigx OmXHO- Ta ABOCTAaiHOrO Bimdopy. Ha-
CTYITHI JBa PO3IIIN NPUCBIUEHI DIIBIT CKIQIHUM 337a9aM OI[iHIOBA-
HHA: B JE€B’ATOMY PO3JiJi PO3I/ISAAETHCS OIHIOBAHHS JIHIMHIX Ta
HEMHITHIX (QYHKIN Bl CyMapHAX 3HAYEHD KLIBKOX JOC/IIKYBAHNX
3MIHHEX, & B JIECATOMY — OIIIHIOBaHHS 3a PI3HUIIEI0, 3a PETpPeciero Ta,
3a BimHOIeHHAM . O IUHAMIIATHI PO3ILI TPUCBSIYEHO aHAI3Y BUOIPKO-
BUX JIAHWX 32 HASIBHOCTI npomyckis (Hesigmosimeit). Posrisigarorses
MeXaHI3MHU TTOPOJIZKEHHS TTPOITYCKIB, METON 1X 3allOBHEHHH, OI[IHIOBA-
HHY BHOIPKOBOI AHMCIEPCil 3a JaHWMHU 3 TPOMYyCKAMU, AHAJI3 JaHUX
3 IPOIIyCKaMU METOJIOM MaKCHMaJbHOI BiporigHocTi Ta iH. Teoperu-
YHAM MaTepiasl CyIPOBOMKYETHCS LIIOCTPATUBHUMY TPUKIATAMHA T
BIIPABaMU JJIs CAMOCTIHOTO PO3B’A3aHHS.

[Tocibruk Moxke 6yTH KOPUCHUM HE TiLJIBKHU JIjIs CTYAEHTIB Ta aCIi-
PaHTIB, gKi CHEMiaJi3yIOThCH 3 Teopil IMOBIpHOCTEN Ta MATEMATAIHOT
CTATUCTUKM, & f JJIsT TUX, XTO Ha MPAKTHUI BUKOPHUCTOBYE BUOIPKOBMiT
METO/I TIPY TTPOBEEHHI 00CTEKEHb.



ABTOpPHU TiAPYYHWKA BUCAOBIIOIOTL TUPY TOASIKY PEIeH3EHTaM
nocibuuka — mpodecopy II. C. Kuonosy, npodecopy P. €. Maitbopoi
rTa JoKTopy exkoHomiunux nayk M. B. Ilyra4osiit 3a uikasi juckycii,
KPUTHWYHI 3ayBaKeHHS Ta IIHHI MOPaJIX OO 3MICTY TIi€l KHUTH.

Mu ayxe Basuni crniBpobiTaukaM kadenpu Teopii fiMoBipHOCTER,
CTATUCTUKY Ta aKTyapHOI MaTeMaTnku KuiBCHKOTO HAIIOHAIHLHOTO
yHiBepcuTeTy iMeHi Tapaca [lleBuenka, piJHUM Ta JAPY3saM 3a JOIO-
MOTY Ta MATPUMKY TiJ| Yac HaUCAHHS KHUTU. Takox ocobJiuBY 110-
nsKy xodemo ucaoputu npodecopy 'yamapy Kymnmopdy 3 yaiBep-
curery micra Ymeo (Illeenis), 3a nigrpumku gxoro 6ys po3pob.ie-
HU Ta BOPOBaKeHn Kypc «Bubipkoi obCcTekeHHT» HA MEXaHIKO-
MareMaTudHOMY (DaKyJIBTETI HAIIOrO yHIBEPCUTETY.



Beryn

Crarucruyne o0CTeXKEeHHS — 1€ JOCIIXKEHHSI JesTKOl 11 MHOXKUHU
abo0 BCi€l CYKYIHOCTI IIpeaMeTiB, ocib, mModiil, TOMo 3 MEeTOI0 BH3HAUE-
HHs 1X KITBKICHUX ITapaMeTpiB: cepeHboro abo CyMapHOTO 3HAYEHHs
JIesTKOl XapaKTEePUCTUKM, KIIbKOCTI ab0 YacTKU eJIEMEHTIB 3 MEeBHOH0
o3nakoio Ta iH. IlpukimagoM CTATUCTUYIHOTO OOCTEKEHHS € MEePEIuc
Hacesnenus Kpainu. Bin nepenbauae moxmsicts 100-BigcorkoBoro 0b-
CTEXKEHHA BChOT'O HaCEJICHHA.

Bubipxose obcmesicenna mosisirae B anagizi Bci€l cykymHocTi Ha
OCHOBI iHdopmalii, oTpuMaHol 33 pe3yJabTraTaMu OOCTEeXKEeHHSI JIUIIE
YACTUHHU CYKYITHOCTI — 6UOIpKLU.

[HTerHcUBHEA PO3BUTOK Teopil 1 MeTOIIB BHOIPKOBHX OOCTEKEHD
posnouascs y 30-x pokax XX cropiuus, koau y CIITA ta €spori Bu-
HUK BEJIWMKHUI MOMAT HA COIAIBHY Ta eKoHoMmiuny iudopwmario. [To-
annaaoan 3 40-x pokiB, BUOIPKOBI METOAM MOYAIN BUKOPUCTOBYBATH
B IIeperucax HaceJeHHs JIJIs OTPUMAHHA JI0NATKOBOI iHdopMarii, a
3 50-x pokie B OOH novaju mmpoko 3acTocoByBaTH Ta MPOIAryBa-
T BUOGIPKOBI 0OCTEXKEHHST 3 METOK CTUMY/IOBAHHS PI3HUX KPaiH 10
MOKPAITIEHHS MEeTO/IiB 300PY Ta aHAMI3Y COaIbHOI Ta eKOHOMITHOT 1H-
dopwmariii. B YVkpaiui metoan BubipKoBux 00CTEKEHD MOYAIN IITHPOKO
3aCTOCOBYBATH TIJbKHK HiC/A 3100y TTs HE3AIEKHOCTI.

Bukopucranug BubipkoBUX METOMIB B ODCTEXKEHHAX Ta€ TOMITHY
€KOHOMIIO 9acy i KOIITIB IOPIBHAHO 3 CYIIJIBHAMU OOCTEXKE€HHIMH,
3abe3reuyoun Ipu [IbOMY TOTPIOHY TOYHICTH PE3yJbTaTiB. Y JIeAKUX
BUTIAIKAX BUDIPKOBE 0OCTEXKEHHS € €IUHUM METOJIOM OTPUMAHHS He-
06xigHol indopmanii (Hanpukaaa, KOHTPOJb 9KOCTI, OB si3aHuil 3
pyiHYBAHHSAM 3Pa3KiB).

Cdepa 3acrocyBamHs BUOIPKOBUX ODCTEXKEHbH HAM3BUIANHO IITH-
pOKa, ajie HafbiIbITe BOHW 3aCTOCOBYIOTHCS B €KOHOMIIT, COIiOJIOTIT,
[OJTITOJIONIT Ta MCUX0JI0Tii. Y paMKax eKOHOMIYHUX Ta COIaJbHUX 00-
crexkeHb 36upaerbes indopMmariis B Kpalni Ta il ob6sacTsx npo mnpa-
1e37aTHe HACEJEHHS, COIaApHUN 100pobyT rpoMaJisiH, MiHU Ta CIIO-
JKMBAHHS, JOXOJM 1 BUTPATH JOMOTOCIIOIAPCTB, PUHKOBI MplopuTeTH,
CPOMAJICHKY HTYyMKY, TPOMUCIOBE 1 CITBCHKOTOCIOAAPCHKE BUPOOHU!-
[ITBO, HABKO/IUIITHE CEPEIOBUIITE TOIIO.
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MHOXKHHa €/IEMEeHTIB, I8 TKOI TPOBOIUTLCA 00CTEXKEHHS Ta, BiJI-
HOCHO SIKOT pOOJISITHCSI BUCHOBKH, HABUBAETBCS 2EHEPAADHON CYKYNHI-
cmro abo nonyasuiero (anrs. population). Tenepasbui cykynnocTi
OyBatoTh CKiHueHHMMH 1 HeckinueHHnMu. Heckindenni renepasbhi cy-
KYITHOCTI BUHUKAIOTH y (DIBUKO-TEXHIYHUX, XIMITHIX T4 IHITAX TPUPO-
OHUYIUX Jocaipkenusx. Mu OyaemMo MaTu crpaBy TiIbKHU 3i CKiHUYeH-
HUMU TeHepaJbHUMN CYKYTHOCTAMHU. KOXKHOMY eleMeHTy TeHepaThb-
HOI CyKYIHOCTI BioBiIae 3HaTIeHHA OHIET abo KIIBKOX docaidoicysa-
nuz rapaxmepucmur (3minnux ). MeToro 00CTeKEHHST € OTPUMAHHS
indopmariii npo HEBiOMI NapamMempu 2eHePasbHOi CYKYNHOCMIE, SKi €
GYHKITI MY B JOC/TIPKYBAHUX 3MIHHUX.

MuOXKuHY e1eMeHTIB, 3 9KOI MPAKTUYIHO TPOBOANTLCA Binbip, Ha-
3UBAIOTH 68UbIPK06010 cykynuicmio (anrs. sampled population). Ya-
CTO TeHepaJibHA CYKYIIHICTL Ta BHOIPKOBA CYKYIIHICTD CIIBIIaJAI0Th,
aJle B JIEAKWX BHUMAJKaX BOHU MOXKYTH 1 Bigpizuaruchk. Hampukaan,
KOJIA TIPU TIPOBEJIEHHI 0OCTEKEHHS JOMOTOCIOAPCTB BAXKKO 1T€HTH-
dikyBaTu BCi IOMOTOCIIOAAPCTBA B JAETKOMY MICTi, ajie JIOCTYITHA iH-
dopmarig Tpo BCiX, XTO MEIIKAE B ILOMY MICTi, T MOYXKHA, BU3HAUNTH
JI0 $IKOT'O0 JIOMOTOCIIOIAPCTBA HAJEXKUTH 0c0ba, TOHI MOXKHA CTBOPH-
T BHOIpKy ocib 1 06cTeKyBaTH Ti JOMOIOCIOIAPCTBA, /10 SIKHUX Ha-
Jiexkarh Bubpani ocobu. ¥ 1bOMY BHIAJIKY I'€HEPAJIbHOK CYKYITHICTIO
Oyae CyKyHHICTH YCIX ITOMOTOCIOAAPCTB, a BHOIPKOBOIO CYKYITHICTIO
Oyne CyKymHICTh 0OcCif, 10 TPOXKUBAIOTL B IIHOMY MicTi. ¥ ITLOMY Ha-
BYAJILHOMY TIOCIOHMKY MU OyIeMO BBAaYKATHU JJIsi TPOCTOTH, IO I1i 1B
CYKYITHOCTI € 1TeHTUIHUM.

SazBuuaii st TPOBEIEHHS BUDIPKOBOTO 0OCTEXKEHHS HeAKOT CyKYy-
nHOCTI mOTPi6HO MaTH peectp (cmucok) i1 esementi. Takuit peectp
HA3UBAETHCS 6UOIPK06010 0cHosoto (aHr. sampling frame). Bubipko-
Ba OCHOBA A€ MOXKJIUBICTH BCTAHOBUTH 3B’A30K MiXK eJeMEHTAMU T'e-
HEPAIBHOT CYKYIHOCTI Ta 8ubipkogumy odunuysamu (anri. sampling
units). 3asexH0 Bix piBHS CKIAAHOCTI 06CTEKEHHS BUBIPKOBI 0711~
HUI MOXKYTb OyTH K OKPEMUMH eJIEMEHTaMI CyKyIITHOCTI, TaK i rpy-
namMu ejeMeHTiB. I3 renepasbHOl CyKyHOCTI BiiOUpaeThcs jesKa dar-
cruHa (IiIMHOKMHA) €JIEMEHTIB, sIKa Ha3HBAETHCS 6ubipkoto (aHIII.
sample). KinbkicTh eeMeHTIB y Hili HA3UBAETHCS PO3MIpom (06CA-

11



2om, 06’emom) Bubipku. Bubipka HazuBaeThCs UMmosipricnoro (6unad-
K06010), SIKIIIO BOHA OJIepZKaHa 3a JIOMOMOTO0 JIESTKOT0 HMOBIPHICHOTO
npasuia Bindopy. [Homi Bubipku (GOPMYyHOTHCS HE BUIAJAKOBUM YH-
HOM, & 3TiZIHO 3 «EKCIEPTHUM pimenHsM» (T0OTO NMEeBHA YINOBHOBA-
JKEHA 0C00a—«eKCIepTy BUPIIIYE, sKi caMe e/IeMEeHTH MOBUHHI MOTpPa-
nuty 710 Bubipku) abo 3a 3rofor0 0Cib, CTOCOBHO SIKMX MPOBOATHCS
obcrekenHs (BOHM caMi BU3HAYAIOTEH, OPATH yIacTh B OOCTEKEHH] Tu
ui). lle npukmanm «HEBUMAIKOBUX» BUOIPOK. 3a TAaKMMU BHOIpKAMU
MOYKHA OITIHIOBATH JIedKi MapaMeTPH TeHePaJIbHOI CYKYITHOCTI, aJie, Ha
’KaJlb, He MOYKHA HIYOT'0 CKa3aTU IIPO TOYHICTb PE3YJILTYIOUNX OIIHOK,
OCKIJIBKH HEMOXKJMBO 33CTOCYBATH TIPH ITbOMY HMOBIpHICHWN TIiaXi.
VY oMy mocibauKy Mum O6yaeMo pO3T/IANaTH TiABKW HMOBIpHIiCHI BU-
OipKm.

Ha erani mranyBanus 6y/ib-aK0T0 06CTEKEHHS HEOOXIIHO 3HANTH
BIAIIOBLAl HA TaKl THUIOB1 3aIIMTAHHSI:

® 1110 € MEeTOI0 0DCTEXKEHHST; AKY iH(OPMAIIIO HEODXiTHO OepKATH
i ki xapakTepucTuku Tpeda BuMipaTH i 0bUnCIATH;

e 110 ABJsA€ coOOI0 TeHepabHa CYKYIHICTH Ta BHOIPKOBA CYKY-
nHicTh; Mo Oyae enemMeHToM 00CTexKeHHs (ajMiHICTpATUBHMIA
paiion, miampueMcTBo, cimM’sa, okpema ocoba Tomo);

e gKuUM YHHOM ByJe oTpuMaHo HeoOXimHy iHdopMario (3a 101o-
MOT'0OI0 HasSBHOI CTATUCTHIHOI 3BITHOCTI, iHTEPB’I0, aHKETYBaH-
HAM 1O IOIITI 91 10 TeJe(POHY, IPOCTUM CIIOCTEPEKEHHSIM TO-

110);

® JKUM Mae OyTrm HeoOXiTHWH PiBEHb TOYHOCTI BHCHOBKIB, Xapa-
KTep JOIIyCTHMOTO PHU3UKY BiJ HOMUJIKK Ta PO3Mip 30UTKIB y
pasl NpUHHATTS ITOMUJIKOBOT'O PIIIEHHS;

e sKyMH IOBuHHI OyTn (binamcoBi Ta iHII pecypcu, BapTiCTh KO-
2KHOT oIlepartii;

o k010 Ma€ OyTu kBastidpikarlis Ta piBeHb MiATOTOBKY EPCOHATY;

e sKe obCTeX)KeHHS MOTPIOHO MTpOBECTH: CYIibHE Yl BUOIDKOBE;
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e v pasl npoBeaeHHsT BUOIPKOBOTO OOCTEKEHHS — AKHM Ma€ OyTH
MeTOI BiIbopy Ta po3Mip BUOIPKH, 1100 rapaHTyBaTH HeOOXiTHy
TOYHICTB;

® SKi METOJIM OIIHIOBAHHS IIapaMeTpPiB TeHEPaJbHOI CYKYITHOCTI Ta
MIEPEBIPKH CTATUCTUYHUX TinoTe3 OYyIyTh 3aCTOCOBAHI;

e B aKOMY BurIsijl Oy/yTh nmojani pesyabraru obcTekeHHs (3Bi-
i, mybsikanii); axkum Oyge cTyniae geraaizanii Ta CeKpeTHOCTI
inopmarrii.

Y pasi mpoBeieHHs BUOIPKOBOTO 00CTEKEHHS Mc/Ist GOpMyBaHHS
BUOIpKHU 0OYMC/TIOI0Th 3HAYEHHS JOC/IKYBAHNX XaPAKTEPUCTUK ISt
BCIX ejleMeHTiB, 110 norpanuian y Bubipky. Ha ocHoBi oTprManux Bu-
OIpKOBUX MaHWX ODYMC/IIOITH 3HAYEHHST OMHOK JOCJIKYBAHUX TIa-
paMeTpiB TeHepaJbHOI CYKyIMHOCTI, OIIHIOIOTH TOYHICTH OTPUMAHUX
PE3YIIBTATIB.

Pesyabrytodi OmiHKYM MICTSATH TMOXUOKHU, AKi MOXKHA TOJIIUTHA HA
JIBa TUIK BIAIOBIIHO 10 JzKepesia iX BUHUKHEHHS:

® GubIPK06E NOTUOKU BUHUKAIOTH Yy PE3YJIbLTATI TOIO, M0 3aMiCTh
yCiel TeHepaabHOl CYKYIHOCTI JOCTITKYEThCI TIABKH 11 9acTh-
Ha;

o Hegubipkosi norubku BUHUKAIOTH TPW BUMIPIOBAHHI Ta, 36epe-
>kerni indopmanii, BHACTIIO0K BigCcyTHOCTI BiamoBig (pomyckn
y BUOIpKOBHX JaHux) abo i1 HenpaBIHBOCTI TOIIIO.

Bubipkosi obcrexenns MOXKYThH [yxKe Bifpi3HsaTuCA 3a piBHEM
ckmaguocTi. Ile 3anexuntsh gk Big CTpykTypm 1 po3mipy reHepab-
HOI CYKYITHOCTi, TaK i BiJ KiJIbKOCTI XapaKTEPUCTHUK, 9Ki MOTPiIOHO
pocaignTu. Hanpukiaas, Ipu MpoBeAeHHI COIIOJIOTIIHOrO 00CTeXkKeH-
HS JOCHITHUKA MOXKYTH ITIKAaBUTHU BIiJITOBIII Ha JIeKiNbKa 3allUTaHb,
a IpH IPOBEAEHHI 00CTEKEHHST BUAATKIB JTOMOTOCIONAPCTB MOXKYTh
JOCI Ky BATUCS BLabine COTHI XapaKTepucTuK (3MiHHUX ).

VY 11boMy TOCIOHHUKY MU 30CEPeINMOCS HA TEOPETUKO-MOBI PHICHITX
Ta CTATUCTUYHUX ACIEKTaX IJIAHYBAHHA BUOIPKOBOTO 0OCTEXKEHHS Ta,
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aHasi3y BUOIPKOBUX JaHUX. ¥ BCIX pO3Jijax, KpiM 0CTaHHBOTO, Hyie-
MO PO3TJISJATH JIEIN0 ieaJbHy CUTYAII0, KOJU BCi HEBUOIPKOBI 1MO-
xubku BijgcyrHi. OCHOBHA 9aCTUHA i€l KHUTY ITPUCBSIYEHA, BUBYEHHIO
METOJIB OIHIOBAaHHA TapaMeTpiB T'eHepaIbHOI CYKYITHOCTL HG OCHO-
61 6ubiprosozo dusaliny (amrn. design-based approach). Ile o3na-
9ae, M0 HA MOMEHT TPOBEICHHA 0DCTEKEHHS 3HAUEHH JTOCTI Ky Ba-
HOI XapaKTePUCTUKH JJId OKPEMOTO ejIeMeHTa T'eHepasibHol CYKYITHO-
CT1 € cTaJIuM, a Bapiallis 3HadYeHb OIIIHOK ITapaMeTpiB BUHUKAE BHA-
CIIIOK BHUITAIKOBOTO METOAY BiAOOpY eJeMeHTIB m0 Bubipku. Merox
aHaJIi3y JaHuX 3 IPOIYCKAMU 33 J0NOMOror (byHKII BiporinHocTi,
KW PO3IIAMAETHCI B OCTAHHBOMY PO37i/i MOCiOHUKA, € MTPUKIAIOM
3aCTOCYBaHHS IHIIOTO TTiIXOY — OIHIOBAHHS HA OCHOBI Mozest (aHr.
model-based a6o model-dependent approach). Meronu orniHoBants
Ha OCHOBI MOJIeJiel TPYHTYIOTLCA Ha MPUMIYIIEHH], 10 CTPYKTYpa reHe-
PaBHOI CYKYIHOCTI BIJITOBIJIA€ MEBHIM MOJIEN «CYyHepIOnyasdtiiy. Y
MOZEI CYMePIIONy Al 33 aeThcst N-BUMIpHIN PO3IONILT BUIATKOBO-
ro sekropa Y = (Y1,...,Yn), ne Y — BunajkoBa Bem4amnHa, 9Ka, OIH-
Cy€ 3HAUEHHS JOC/IXKYBAHOI XaPaKTEPUCTUKY Y JJIs K-T0O eJeMeHTa
rerepabHol cyKymHOCTI. CrpaByKHiit BEKTOD 3HAYEHb XapPaKTEPUCTH-
KW ¥ /IS €JIEMEHTIB TeHepaIbHOI CYKYIHOCTL, TOOTO Y = (Y1, - .-, YN ),
PO3MIANAEThCH 9K peaJizallisi BUIaIKoBoro Bektopa Y. OcCKiabKu y
[ILOMY BHIAQJKY [JIs MOOYIOBH OIIHOK HEBIIOMHX IIapaMeTpiB reHe-
PaIbHOI CYKYIHOCTI BUKOPUCTOBYIOTHCS TPUITYITIEHHS PO PO3MOMLT
BekTOpa Y, TO 9KIiCTh [UX OLIHOK 3a/I€XKUTH BiJ TOI0, HACKIJIbKU Ba-
Ji0 migibpana momens. Takok y moCiOHWKY HABEIeHO AedKi MeTOIu
OI[HIOBAHHSA 3 BUKOPUCTAHHSIM JOMOMIXKHOI iH(OpMAaIrii, 1Mo € mpu-
KJTAJIOM OUIHI06aHHA 36 J0NnoMo2010 modeaet; (auri. model-assisted
approach). Lleii miaxin monsirae B KOMOIHAINT METOJIIB OIIHIOBAHHS HA
OCHOBI JTM3alfHy Ta Ha OCHOBI MoOjesell 1 1a€ MOXKJINBICTE BHKOPHUCTO-
BYBATH II€EPEBATW 1ITUX METOJIB.
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Pozain 1
OCHOBHI IOHATTH

1.1. T'enepanpHa cykymHicTh, BUbOipKa, cxeMu Biabopy

Pozarignemo renepajibHy CyKYNHICTb, IO CKJAMa€Thcs 3 [N mpo-
HYMEPOBAHUX €JIEMEHTIB

U= {ula U2y wevy ULy ooy UN}
Jlst mpocTtoTr 6ymemMo 33 1aBaT eJeMEeHT HOT0 TOPAAKOBIM HOMEPOM
U={1,2,..,k,...,N}.

Bynemo BBaxkaTwu, 10 KiMbLKICTH €JIEMEHTIB Y TeHEepaJbHIl CYKY-
[HOCTI BiZIOMA, X048 Ha TPAKTUI IPU IPOBEAeHH] 00cTexKeHb N MOKe
Oy T HEBIOMOIO BEJIUYHHOIO.

Hexait 3minma y — 116 XapakTepUCTUKA TEeHEPAIbHOI CyKyIHOCTI,
sIKa, HAC IIKABUTD, a Y, — BHAUEHHS TH€l XapaKTepPUCTUKN g Kk-TO
eJieMeHTa CyKyImHOCTI. 3HaueHHsd Yk, k € U, HeBioMi 10 TIpOBeieHH T
obcrexennsa. Hexait moTpibHo ominuTy cymMapHe ab0 cepeaHe 3HATeH-
HSl XapaKTECPUCTUKU Y:

1 T

T == = — = —.
> m Y N > vk N
keU keU

Besmmunan: cymapse T', cepesae Y, IucIepcis TeHepaIbHOI CyKy-
nHocTi S? € HalIpPOCTIIMY NPUKJIAJAME TIAPAMETPIB, 10 XapaKTe-
PU3YIOTH TeHepPaJbHY CYKYTHICTH. Mm MoxKeMO oTpuMaTu 3HaYeHHS
X TAPaMeTpPiB, AKIO 0OCTEKMMO BCIO T€HEPAIbHY CYKYITHICTD, abo
MOXKEeMO OIIHUTH 1X, 0OCTEKUBIITH JINIIE YACTUHY CYKYITHOCTI, 1110 Oy-
Jle 3HAUHO JelieBlie Ta 3aiiMe Menrne dacy. CrodaTky BiOMpaeThes
JaCTHHA IeHepabHOl CYKYIHOCTI — BHOIpKa, & MOTIM 0OCTEXKYIOThCS
eJIEMEHTH, 1110 noTpanmwiu y Bubipky. Ha ocHOBI oTpuMaHux 3HAYEHB
O0UUCTIOITHCA OIIHKYM HEBIIOMUX MapaMeTpiB CYKYITHOCTI.
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3ayBaxKuMo, M0 [IJIsl OMIHIOBAHHS JIESIKOT0 ITapaMeTrpa MeHepaJib-
HOT CYKYIHOCTI MOXKYTh OyTH BUKOPUCTAHI Pi3HI OIIHKHU (METO/IH OTIi-
HroBanHs ). Hanpukmnau, nis ONIHIOBAHHsI CEPEJIHBOIO BUKOPUCTOBY-
FOTHh TaKi OIIHKW: CepeHe apudpMeTHIHE, CePETHE TeOMETPUIHE, MO-
na, Mesiana, obuncieni 3a Bubipkor. TobTo, cepeHe 3HATMEHHS JTOCTi-
MKYBAHOI XapaKTEPUCTUKH T€HEPAIHFHOI CYKYITHOCTI € TTapaMeTpoM, a
BUOIPKOBE cepeiHe apudMeTndHe, BUOIpKOBa MO/ € HOTO OIiHKAMA.
SHaYEHHS OIIHOK 3MIHIOIOTHCS 3a/I€2KHO BiJl TOTO, FKi €JIeMEHTH IeHe-
PATLHOI CYKYITHOCT] IOTPAILISIOTE Y BUGIPKY' .

[Mosrauumo BubipKy Jsiiteporo s (B anri. sample). ¥ 3arajbHOMY
BUIIA/IKYy BUOIpKOIO MOxKe OyTu Oy/b-sKa NiJIMHOXKHHA I€HEPAJIbHOI
cykymnuoCTi. Bymemo posrigmatu suine iMoBipHicHi Bubipku, TOOTO
Taki, 1Mo Oy OTpHMAaHi 3a JOMOMOIOI0 JIedKOl AMOBIPHICHOI CXeMu
BinGopy. MmosipuicHa Bubipka bopMyeThCs B Pe3y/IbTaTi IPOBEICHHS
cepil BUNAJIKOBUX BUITPOOYBAHbD.

Icuye mBa OCHOBHI BUAM WMOBIPHICHHX CXEM BIIOOPY — CXEeMH Ha
OCHOBI otCcepebky6arHs Ta CXeMU Ha OCHOBI n0cAtdoen020 6i060py 31
cnucky. Cxemu BiOOPY HA OCHOBI drcepefkysartsa TOJATAI0TE Y IPO-
BemeHHi cepii BUMAIKOBUX BUMPOOYBAHDL, y PE3YJIbTATI KOXKHOTO 3
SIKAX OJUH eJeMEHT IeHepajIbHOI CYKYITHOCTI abo 11 9acTHHHU MMOTpa-
WIg€e y BUOipKy.

IIpukaapgl.l. IIpocrtuii BUunagkosuii Biabip 6€3 moBepHEH-
HAl.

3 reHepaJibHOI CYKyIHOCTI po3Mmipy N BiIOHpPaEThCA N eJIeMEHTIB
6e3 mosepuenns (n < N). s 11p0ro moTpibHO TPOBECTH 1 BUMAIKO-
BUX BUIPOOYBAHD.

1) Bumagkosum anHOM BUOUPAETHCST OJWH eeMeHT 3 N e/1eMeHTiB
reHepaJibHol cykynHocTi. ViMoBipHicTs 6yTy BUOpaHuM OJHAKO-

Ba JIJIsT BCIX €JIEMEHTIB reHepasbHOl CYKYITHOCTI 1 JOPIBHIOE %

2) BunagkoBum 4mHOM BHOMPAETHCH Apyruii enement 3 N — 1 Tux,

! Mly»xe BasK/IMBO PO3PISHATH MOHATTH <«OIMHKH» (AHIJI. estimator) — mesKol
dyukmil Bix BubipKu, 32 HOIIOMOroI0 SKOI MOXKHA OLIHUTH MOTPIOHMI mapamerp,
Ta «3HAYEHHS OIIHKW» (aHTJI. estimate) — KOHKPETHOTO YHCIA, AKE € PE3YIBTATOM
3acTocyBaHHs Ii€l GYHKINT 70 KOHKPETHUX BUOIPKOBUX TAHUX.
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10 3AJIUIIUIUCE. IMOBIpHICTD OTpaNuTH /10 BUOIPKU OJIHAKOBA

JIIS BCIX IIMX €JEMEHTIB 1 JJOPiBHIOE ﬁ

n) Bubupaerbest n-it enement 3 N —n + 1 eleMeHTIB, 1110 3a/THIITH-
Jiuchb. IMoOBipHicTE OyTy BuOpaHuM HA HBOMY KPOIl OJHAKOBA
. .. . 1
nst Bcix N —n + 1 eneMenTiB i JopiBHIOE NoaT T

Y pe3yabTaTi OTpuMaEMo WMOBIPHICHY BUOIPKY PO3MIpY n. O

3a cxeMOm0 Ha OCHOBI NOCAI006H020 61000pY 31 CRUCKY: I KOXKHO-
ro €JIeMEHTA, MMOYNHAIOYN 3 MOYATKY CIUCKY (ase He 060B’sI3KOBO 710
KIHIST), TPOBOIUTHCS BUIIAJIKOBE BUITPOOYBAHHS, PE3YIBTATOM SKOTO
€ BRJIIOUEHHd ab0, HABIAKH, HEBKJIIOUEHHS eJEMEHTA, 0 PO3TJIAIaE-
ThCsI, Y BUOIPKY.

Mpuxmaanx1.2. Bindip Bepuysmi. Posrisgremo BIOpaaKoBany B
cimcok remepanbny cykymmicts U = {1,2,..., N}. Hexait nanepesn
3aJIaHO Jiesike ducjao 7 Take, mo 0 < 71 < 1, ta mabip N nHezaje-
KHUX peasizamiit piBnoMmipHo posnomisenoi na [0, 1] Bumaakosol Be-
JUYIAHA: €1, €9, ..., EN. KOXKHOMY emeMeHTy k CTaBUTLCS ¥ BIAIOBII-
HICTH BHAUEHHS €. KO € < 7, TO Meil egeMeHT BigOWPaEThCH,
B IHIIOMY BHUMAJKYy — Hi. 3PO3yMiJo, IO Tpu Takiii cxemi Bigbopy,
AMOBIPHICTE TOTO, 110 ejieMeHT Oyre Bigibpanuii, JOPIBHIOE 7T 1Jid KO-
>KHOTO 3 N ejleMenTiB, Ta ipu k # [ momil «k-it element Bubpanuii» Ta
«l-it enemenT BuUOpaHUily € HezajekHUMU. KibKICTh €/IEMEHTIB, 110
MOTPANIIA TAKUM YUHOM Yy BUOIpPKY, € 61HOMIaIbHO PO3IO/IIIEHOO BH-
MAJKOBOIO BEIMIHHOK 3 mapaMerpamu N Ta Tt. O

1.2. BubipkoBuii nusaiin

SHaAUM, SKUM IUHOM ITPOBOJIUTHCH BIIOIP v BUDIPKY, 3aBXK 1
MOKHA (X04Ua HE 3aBXK/IM IPOCTO) T ApaxyBaTH HMOBIPHICTE OTpUMAa-
HHsT KOHKPeTHOT Bubipku §. [Toznaummo 1o imosipHicTs aepes p(s).
Orxke, dpynknig p(-) miapaxoBye HMOBIPHICTL OTPUMAHHS BHOIPKH S
npu 3amaHiit cxemi Bimbopy. s dbyHKIS Bigirpae meHTpaabHY POJIb
y Teopil BubipKOBUX 0OCTEXKEHDb, OCKUIBKU BU3HAYAE JYKE BaXKJIUBI
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CTATUCTUYHI XapaKTEPUCTUKN: HMOBIDHICHUH PO3MOILI, MaTeMaTHIHE
CIIOMIBAHHS Ta JUCIEPCIIO OMHIOIOYNX CTATUCTHUK, [0 00UMCIIOIOThCS
Ha OCHOBI iH(opmaril, orpumanol 3 Bubipku. Y 3apybixKHiit JirTepa-
Typi 110 (YHKIII0 HABMBAIOTL 6ubIpKosutl dusatin (anri. sampling
design) [20].

Mpuxkmang1.3. g subipkosoi cxemu, 1m0 Hysaa HaBeIEHA B MPU-
kaami 1.1 i gxa BigmoBizae npocmomy eunadkosomy e6idbopy bes no-
gepHenHA, 3 TEHEPAJBLHOT CYKYTTHOCTI [N eJeMeHTIB MOXKHA YTBOPUTH
O}, pizHux BUGIpoK po3Mipy n. IIpu npomy Bei BUOIpKE piBHOMOXKIH-
Bl. ToMy ¥MOBipHICTE TOTO, 1110 3 HUX Oyae oOpaHa OJHA KOHKPETHA
BubGipka, gopisaioe 1/CF. Otxe, B oMy BUIAIKY BUOIPKOBHUI Au-
3alfiH Ma€ BUTJIAL

(s) , AKIo BUOIPK KJI ThCA JIEMEHTIB;

1/C% o BUbIpKa S CKJIAJAETHCA 3 N eJIeMe

s) = .
0, B IHIITOMY BUITQIKY.

O

Bynemo nozunavaru BubipkoBwmit qu3aiiH, sskuil BiJIOBi1a€ TPOCTO-
My BHIOQJIKOBOMY Bimbopy 6e3 mopepHenmsi, abpesiaryporo [IBB6II
(abri. simple random sampling without replacement).

Posrystremo BumankoBuit 00’eKT S, MOKIUBUMI 3HAYEHHSIMHA TKO-
ro € Bubipku s, mo 00ymoBeni Bubipkosum amsaiinom p(-). Hexait § —
o-anrebpa Beix miaMHOoKIH (BUOIPOK ), 9Ki MOYKHA YTBOPUTH 3 €JIEMEH-
TiB remepambnoi cyxkymrocti U. o § manexars sei 2V migvuoxmmn
cykymuocti U, i 8 Tomy uucyi & ta U. Toni

P(S§=s)=p(s) Vseg.
@yuxnig p(-) 3amae HMOBIPHICHAN PO3MOLT Ha MHOXKHHI §, a TOMY:
1) p(s) > 0 s BCix s € §;

2) 2op(s) =1

sEF
3ayBaxKUMOo, 110 JiesiKi BUOIPKM 3 MHOXKUHU § MATUMYTb HYJIBOBY
fiMoBipHicTh 6yTu obpannmu. [linMHOMKUHA MHOXKUHU §, IO CKIa/1a-
€ThCsI 3 THX BUOIPOK S, IO MaIOTh HEHYJIbOBY HMOBIpHiCTE ByTH 06pa-
HUMU, € MHONWCUHOIO MOAHCAUBUT 6ubLpok. Jluiie BoHu MOKYTH OyTH
BUOpPAHUME B paAMKaX 3aCTOCYBAHHS TEBHOTO BUOIPKOBOTO JIU3aliHy.
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Posmip eubipru ng JOPIBHIOE KIJIBKOCTI €JI€MEHTIB CYKYITHOCTI, III0
noTpanuin y Bubipky s. s Beruwauna He 060B’I3KOBO TIOBUHHA OyTH
CTaJION, SIK Y BUIIAJIKY IIPOCTOIO BUIIAIKOBOIO Bifgbopy 0e3 nosepHe-
mast 3 npukaany 1.1 (ng = n ana Beix moxauBux Bubipok s). Ipu
zacTocypanui Bimbopy Bepmysmai po3mipm MoxkauBmX BHOIPOK Bimpi-
BHSTIOTHCS.

Mpuxmanl.d dxum xe Oyme BubipkoBuil qu3aiit Tpu 3aCTOCyBaH-
ui Bin6opy Beprymnii? Hexait ng — posmip Bubipku s. MimosipricTs To-
ro, IO eJIEMEHT MOTPAILIsi€ ¥ BUOIPKY, MOPIBHIOE 7T Ta BUNIPOOYBAHHS
MPU 3aCTOCYBAHHI CTeMU NOCAId06H020 61060y 31 CNUCKY HE3ATEKHI
MiK coboro. Tomy

p(s) = (1—mN ", sef.

Wwmosipuicts Toro, mo po3mip Bubipku npu Bigdopi Beprysmii mo-
PIBHIOE 1M, CTAHOBHTH

cumm(1—mN "™ m=0,1,2,...,N.

Takum guHOM, po3mip Bubipku npu Bigbopi Bepuysi — 1e 6iHo-
MIaJIBHO PO3IO/IiICHa BUTIAIKOBA BEJUYTUHA 3 MATEMATHIHUM CITO[Ti-
BanHsM N7 ta gucnepciero Nmt(1 — 7). O

Bynemo nosnadary BubipKoBHil AM3aiiH, sIKAi BIAIOBiIae BinOOpy
Bepnysi, gepes Bb.

Bubipkosuii quzaiin p(s) BusHa4ae CrarucTUYHI BJACTHBOCTI OIli-
HOK, 1110 BUKOPUCTOBYIOTH iH(popMaIiito 3 Bubipku. Ajie B OCHOBHOMY —
e TITHKW MAaTEMATUIHWHN IHCTPYMEHT, KU PIJIKO BUKOPUCTOBYETHCS
Ha, TIPAKTHUII].

BazkinBo 3ayBakuru, 1110 pi3Hi cxemu BigbOpYy MOYXKYTb IPUBOIH-
TH JI0 OJHOTO i TOTO CaMOT0O BHOIPKOBOrO JTHU3AMHY.

Mpuxkmanx 1.5, Huzaiiu, 1m0 BiamoBigae TpocTOMYy BHUIIAIKOBOMY
Binbopy 6e3 mosepuenns (IIBB6II), moxkHa oTpuMaTH 3a J0TTOMOTOIO
aJIbTEPHATUBHOI CXeMU BiIOODY.
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O/ uH esieMeHT BiIOUPAETHCs 3 IMOBIPHICTHO % 1 TTIOBEPTAETHCS Ha-
3a7. [Ipoieypa MTOBTOPIOETHCS, TIOKW HE OTPUMAEMO 7 PI3HUX ejle-
MeHTIB. 3arajibHa KUIBKICTb BiIOOPIB V, Ky MOTPIOHO 3p0oburu, Oijib-
1a 3a 7 3 IMOBIPHICTIO OJMHUIIA 1 Ma€ JIOCUTHh CKJAJHUNI PO3IOILI.
Ate st mpotieypa Takox susHadae [IBBOII-nmuszaits. O

[Ipu npoBemerHi 06CTEKEHHST OCHOBHOIO METOIO € OTPUMAHHS OIIi-
HOK JJIs OJTHOTO UM JEKITbKOX TTapaMeTpPiB TeHepaJ bHOI CYKYITHOCTI
(cyMapHOTo 3HAYeHHsI, CepesHBOro TOmO). [pu oMy moTpibHO 3pO-
O6mTHm BUOIP IT0/I0 ABOX BaKJIMBUX THUTAHD:

1) skwmit BuGIpKOBHIl TU3aiiH Ta AKy BLAMOBLIHY floMy cxemy Bij-
Hopy MOTIIBHO 3aCTOCYBATH;

2) aKwmii MeTO/] BAKOPUCTATH JITs OIIHIOBAHHS JIOC/IIKyBAHUX T1a-
paMeTpiB reHepaabHOl CyKyITHOCTI.

Bubip 1o KokHOMY 3 TIMX TYHKTIB He € HedanekunM. CyKymHICTh
CXeMWU BiIOOPY Ta METOMy OIMIHIOBAHHS HA3UBAETHCA cmpamezicto. s
JIOC/TIIKYBAHOTO MTapaMerpa CyKymHOCT] TOTpibHO 3HANTY HAWKPAIILY
MOXKJINBY CTPATErito, IpH sKiil OIMHKK OYIyTh HANTOIHIIIIIMHY.

Y HacTyIHHUX pO3Ji/ax MU PO3IJIgHEMO oCHOBHI Binbopu. Cnoua-
TKY JOCHianMo mpocti Bigbopu. Bimbip 6ymemo BBaKaTH IPOCTHM,
STKTITIO

1) mist HBOTO icHYe BUOGIPKOBA OCHOBA, 3a KOO MOXKHA imerTudi-
KYBaTH! KOXKeH eJIeMeHT TeHePATbHOl CYKYITHOCTI;

2) BubGipKOBUME OJMHUIISIMU € €JIEMEHTH F€HEPATbHOI CyKYITHOCTI.
Jo mpocTux BiAOOPIB HAIEKATD:

e npocruii Bunaakosuii Biadip 6e3 nosepuenns (ITBBOIT);

e Binbip Bepnysn (BB);

o cucremarnunuii Biu6ip (CB);

e mpocruii BunaakoBuii Bin6ip 3 nmosepuennsiv ([IBB3II);
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e Binbip llyaccona (BII);

e Binbip, mpomopmifinuii po3mipy: 6e3 MOBEpHEHHT Ta 3 MOBEPHE-
uusam (BIIP);

e crparudikosanuit Binbip (CTB).

B ocunosrOMY Gymemo po3rismaT cymape 3HaMeHHs 1 OCTi mKy-
BaHOI XapaKTEepUCTUKH I'eHepaJbHOI CYKYITHOCTI Ta He3MIIIeH] OIiH-
KH { 1BOTO napamerpa. OcobsuBy yBary OyaeMoO HPUIJISITH OIiH-
ui lopsina—Tommcomna tA7T npu Bimbopi 6e3 MOBepHEHHsI Ta, OIHII
Xancena—I'ypsina fpwr Ipu BiaOOPi 3 MOBEPHEHHIM, & TAKOXK IX OCHOB-
HAM XapaKTEPUCTUKAM: JUCIEePCii Ta OIMIHIN Jucnepcii.

Aute mepes nuM HaM HOTPIOHO BBECTH Ta, HOC/IIUTH JeAK] BaXKJAUBI
TTOHSITTS.

1.3. IlougrTd «CcraTmcTmkKa»

Y Teopil MaTeMaTHIHOI CTATUCTUKH, T TEPMIHOM «CTATHCTH-
Ka» po3yMitoTh AificHo3nauny dbynknito Q(S), 3HaueHHs K0T 3MiHIO-
€THCS 3AJEKHO BiJl PE3YABTATY AESTKOTO BUIAIKOBOTO €KCIIEPUMEHTY.
OCHOBHOIO BUMOTOIO JI0 CTATHCTHUKA € Te, o0 BoHa Oysa BU3HAUEHA
JUTst OY/b-SKOT0 PE3YJIbTaTy eKcrepuMeHTy. Merow € BCcTaHOBJIeHHH,
K 3MIHIOETBCS CcTaTuCTHKa (Q(S) 3a/1€2KH0 BiJl TOr0, SKOr0 3HAYEHHS
s Oyae HabyBaTH BUIIAJKOBA MHOXKHUHA S.

Hagememo npukiaan cTraTucTuk:

(S
Q2(S

= [;(S), k € U — inaukaTop BKJIOYEHHS;

= rev Ik(S) — posmip BuGIpKH;

Qs(S
Qa(S

Qs5(S) = > pes¥k/ D g 2k — BinHOmIeHHs 1BOX BUOIPKOBUX Cy-
MapHUX 3HAYEHDb 110 3MIHHUX Y Ta 2.

> kes Yk — BUDIPKOBe cymapHe 3HaueHHs 3MiHHOT ¥;

) =
)
) =
)

Zke s Yk — BUOIpKOBe cepeHe 10 3MiHHIM Y;
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OyHKIIA ) s Yk/ D ke 2k HE € CTATHCTHKOIO, OCKLIBKE BOHA HE
BU3HAYEHa yV BUIAIKY, KOJIH HeMae iHdopMaIil mo BCiil remepaabHii
CYKYITHOCTI JIjisi 3MIHHOI 2.

Ha mpaxTuri, ko Bubipka obpana, MU OTPUMYEMO OJHY €IWHY
peastizarito § BUmaAkoBol MuEOKuHN S. g oTpuManoi Bubipku § Mu
Oy/ieM0 BBarKaTH, 10 MOXKJIUBO 00CTe)nTH 1 BuMmipaTw 3minmi (y, 2
Ta, iHIm) st KOXKHOTO ejieMenTa k € s. Hanpukiasm, s craTncTuku
Q5(S) = D pes Yk/ D opes Zk MH MOZKEMO TIiC/Is BUMIDIOBaHHS IIijpa-
xysari i1 3Hadenns, a came Qs5(8) = Y pc Uk/ D ones Zh-

3ayBaxkKuMO, IO MPU MJIXOJ, IKU 03YEMbCH HG 0CHO8T Ju3ati-
MY, BBAYKAIOTh, 10 3MiHHI ¥ Ta 2z X049 i HAOYBAIOTHL PI3HWX 3HAYECHD
JJIA piSHI/IX eJ'[eMeHTiB k, aJie BOHM HE BBaXKaIOTHCA BUIIAJIKOBUMU BC-
JuanHaMu. Bumaakosa mpupoja CTATUCTUKE () TIPH MTHOMY TTOBHICTIO
MOSICHIOETHCST THM, 0 MHOXKWHA S € BUMAIKOBOIO.

Hns craructuku Q(S), gk 1 st Oyib-9KOI BUIIAIKOBOI BEJIMIN-
HU, BU3HAUEHI OCHOBHI CTATHCTHYHI XapaKTEPUCTUKH — MaTeMaTUIHE
CIIOJIIBAHHA Ta, JUCIIEPCid:

E@Q) = Y p(s)Q(s);
SEF
D(Q) = EQ-EQ) =) _ps)Q-EQ)],
SEF

ae § — o-aarebpa Beix niaMaOXKKUH (BubipoK), siki MOXKHA yTBOPUTH 3
eJIeMEHTIB reHepaJibHoi cykymHocti U.

Kosapiamis mix sasoma cratuctukamun 1 = @Q1(S) Ta
Q2 = Q2(S) Bu3HAYAETLCH TaK:

cov|@Q1,Q2] = E[Q1— EQ1][Q2 — EQq] =
= ZP(S)[Ql(S) — E(Q1(3))][Q2(s) — E(Q2(s))]-

sEF

g mpocrux cratuctuk @Q(S), HAIPUKIA, ATHITHUT, MATEMATH-
9YHE CIIOMIBAHHA Ta JUCIEPCII0 MOYKHA JTOCUTH JIETKO OOUHCINTH 33
JIOTIOMOT'OI0  AHATITUYHUX (hopMyJ. Bigbin 3araibHUM MeTOIOM, 32
JOTIOMOT 00 SIKOTO MOYKHA, ODYIHC/IUTH Il BeJIWYuHu, € MeToa MoHTe-
Kapsio. Bin nongrae B mocaigoBHOMY OTPUMAaHHI BEJMKOI KiJTBKOCTI
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BUOIPOK 3a JOMOMOTOIO OJHIET 1 Ti€l caMol cxeMu Bigbopy Ta mimpa-
XYHKY 3Ha4YeHHsI cTaTHCTUKU (Q(S) i KOXKHOI 0TpUMaHOi BUGIPKH.
I morim HA OCHOBI OTpMMAHWX 3HAYEHBH MOXKHA MOPAXYBATU CEPEIHE
i nucmepcito mux 3HaYEHb. BoHU OyayTh OiiM3bKUMU 0 AifICHUX 3HA-
4eHb MATEMaTUYHOT'O CIIOJIIBAHHY Ta JUCIEPCil 11i€1 CTATUCTUKM, 33
YMOBH III0 KiJIBbKICTh 3reHEePOBAHUX BUOIPOK JOCHTH BEJIMKA.
3azBuyait meron Moute-Kapsio BUKOPUCTOBYETHCS IS JIOCJIi-
JIXKeHHsI BJIACTUBOCTElN CKJIAJHUX CTATHCTUK, aje OCHOBHUM IoTo
HEJIOJIIKOM, 110 YHEMOXK/TUB/IIOE HOT0 BUKOPUCTAHHS MPU BUOIPKOBUX
0bCTEKEHHSIX, € T€, 0 HA TPAKTUIN OTPUMYIOTH JIAIIE OJHY BUDIPKY.

1.4. Omuiakn; Ta IX BJIaCTUBOCTI

BinpmicTh cTaTHCcTUK, 10 PO3TJISIAI0TLCS B Teopil BUBipKOBUX 00-
CTeXKEHb, — 1€ pi3Hi Buau omiHoK. OIHKA — 1€ CTATHCTUYHE 3HAPA IS
I TiIPaxXyHKY BEJIUGWH, 10 € OJIM3bKUMHE JI0 JIEAKO] XapaKTePUCTU-
KH T€HEPATIbHOI CYKYIHOCTI, IKy MH XOUeMO OI[iHNTH, — HapaMeTpa
TeHEPATHHOT CYKYITHOCT. 3arahbHOBKWBAHE TTO3ZHATEHH MapaMeTpa
cyKymHocTi — 0.

SIKIII0 BUBYAETHCs JIMIE OJIHA 3MiHHA Y, TO O pO3IIAIacThCs K
dyuKIisg Bix N 3Ha9eHb 3MIHHOI Y: Y1, Ys, ---, YN. L0OTO

0= e(yl7y87 7?/N)

IIpuxkmangl.6.

0, = T= Z Y — CyMapHe IO TeHepaJbHIN CyKyMHOCTI;
keU
— 1 - .
0, = Y = N Z Yk — CepeHE IO TeHePaJbHIN CyKyIMHOCTI;
keU
)2
0. — S2— ZkeU(yk -Y) 7 . . .
3 = 5, = N1 JIACIIEPCiS TeHEPaJIbHOI CYKYITHOCTI;
0, = %EU?J — BigHomeHHs ((DYHKINA TEKIIBKOX 3MIHHUX ).
keU <k
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Ouinky napamerpa 0 Gygemo mosHadaru 0 = 0(S). dxmo s —
e peasizamigd BUNAIKOBOI MHOXKHHE S, TO OyIeMO NPHUIIyCKATH, II0
MOXKJIMBO IiJIpaxyBaTh 3HAYEHHSI 0 3a snauennsMu Ykr Zks -++, IO Bij-
HOBiIaI0TL ejiemMenTaMm k € S.

Ilpukmangl.7.

N N .
0, = z Z Y. — OIIHKa mapamMerpa 01 = Z Yk
Les keU
0, = M — omiHKa mapamerpa 04 = M
D kes %k Lokev

O

Osnauenns 1.1. Bubiprxosum posnodisom Ok O € Habip ycix Mo-
JKJIMBUX 3HA4Y€Hb OLiHKKM © Ta Bianosijaxi M iMoBipHOCTI

PO=ct= > pls) (1.1)
5:0(s)=c

MaremMaTuvHe CIIOAIBAHHS Ta AUCTIEPCisT OMIHKW BU3HAYAIOTHCST BiIHO-
CHO TILOT'O PO3IMOALTY:

E@®) = ) p(s)0(s);
DO) = > p(s)6(s) — E(O)*

HaiiBaxk muBimmMm XxapaKTePUCTUKAMHI STKOCT1 OTIiHKH 0 e:
1) Bmiwenns (amri. bias)
B(0) = E(6) — 6.

~

Ouinka ns napaMerpa 0 Ha3UBAETLCS Heamiugenoro, ko B(0) = 0,

N

o pisHOCWIBHO E(0) = 0 111 6y1b-9KOT0 HAGODY Y1, Ysy ey YN -

2) Cepednvoreadpamuyna noxubka (aHTI. mean square error)

MSE(8) = E[6 — 0]* = _p(s)[6(s) — 0]°.
sES
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A~

Jns MSE cnpaseausa pisaicrs MSE(8) = D(0) + [B(0)]?, 3piakn

~

BUILIUBAE, 10 [T He3Mmimennx ominok MSE(0) = D(é)

3) Cepednvorsadpamuune sidruserns abo cmarndapmua norubka
(amri. standard error) omiaku 0, IO AOPIBHIOE KBAIPATHOMY

KOpeHIo 3 aucrepcii 0 = 1/D(0).

4) Bidnocna cmandapmua noxubra abo xkoedivienm eapiauii
(anrm. coefficient of variation), mo € BigHOUIEHHSIM CTaH-
JAPTHOT MOXUOKHU OTHKA JO0 MATEMATHIHOTO CITOTIBAHHS

. D(6)
oV(l) =Y.
E(6)
Jlast omiHioBaHHA MHOrO KOedimieHTa YacT0 BHKOPUCTOBYIOTH TAKY
OTNHKY:

R D(6)

cv(f) = ————.
(6) 5

Jaysaocennsa 1.1. 3BepHEMO yBary Ha PI3HUIIO MiXK BUIIAJKOBOIO
MHOXKUHOIO S Ta Bubipkoio s. OTprMani B pelyabTari Bimbopy Bubip-
KU S € MOXKJINBUMY 3HAYEHHAMN BUTTAIKOBOI MHOKUHA S, aHAJIOTIUHO
TOMY, SIK 3HAYEHHS X1, T2, ..., Ty, € MOXKJINBUMH 3HAUEHHSIMU JIESKOL
BUIIA/IKOBOI BesinunHu X . Y 1I0/aJIbIITIOMY 1IPU HiJIPAXYHKY CTATHCTHK
BUIY Y pcg Yk HE OyI€MO HATOJIONIYBATH Ha, TOMY, IO i1 3HAUEHHS MO-
JKHA MIpaxyBaTh i Oy/Ib IKOT0 MOXKJIMBOTO 3HAYEHHT S — BUOIpKH
5 1 6y1€MO POCTO HUCATH ) 1. Yk-

1.5. ImoBipHOCTiI BK/IIOUEHHs €JI€eMEeHTa y BUbOipKy

Estementu renepasibHol CyKylHOCTI HE 000B’3KOBO MAalOTh OJlHa~
KOBY iiMoBipHicTh OyTn BuGpannmu. Jlesaki esementn MOXyTh OyTH
OINBIT «BAYKIUBAMMUY, TOOTO MATH OiJbITY HMOBIPHICTH TTOTPATATH
y Bubipky, iHmm — Menmry. 3a paxyHOK HaJaHHs PI3HUM eJieMeHTaM
PI3HUX IMOBIpHOCTEN MOXKHA OTPUMATH TOYHIII OIIHKW THX HapaMe-
TPiB, dKi HAC MIKABAATH.
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[IpunycTumo, mo g5 06cTeKeHHs 00paHOo IesIKIi BUOIpKOBHH 11~
saiti {p(s),s € §}. PosuistHeMo BUNAIKOBY BeJINUMHY, IO € IHINKA-
TOPOM TOTPAILJISTHHS €jieMenTa Kk y BubipKy:

{ 1, axmo k € S;
I, =

0, B iHIIIOMY BHUIIaJIKY.

Ij; € dynkuieo Big Bumagkosoro o6’ekra S: I = I1(S). Hazsemo mio
BEJINIUHY (HOUKGMOPOM GKAIOUEHHA.

mogipHicTs Toro, mo esement k BKIHOUeHmMit y BubIpKY, Ha3M-
BAa€ThCH MMOBIPHICTIO BKJIIOUEHHS IEPITIOTO MOPSIAKY, MO3HAYAETHCST
gepes Ty Ta O0YUCIIOETHCI 33 POPMYJIOL0:

M =Pk €S) =PI, =1)=> p(s).
sk

Tyr Bupas Y o3Havae, MO CyMa 0eperhCsa Mo BCix BuUOIpKax, sAKi
sok
MICTSITE eJIeMeHT k.

ImosipHicTs Toro, 10 e1eMenTH k Ta | 0JHOYACHO BKJIIOUEH] y BU-
6ipky (bymemo noznagaru ne gk k&l € S), HazuBaeTbCs HMOBIPHICTIO
BKJIIOYEHHHA JIPYTOTO TOPSIIKY, MO3HAUAETHCA Iepe3 Tk Ta O0INCTIOE-
ThCSI, 38 YMOBHU BiZIOMOro BUOIPKOBOTO au3aiiHy, Tak:

Ty = P(k}&l S S) = P(kal = 1) = Z p(S).
s2k&l

Ipu 1meoMy Ty = Ty, aust Beix [,k = 1, N. Ilpu k = [ 6yaemo maru
T = P(If =1) = P(Iy = 1) = m..

Koxuomy BubipkoBoMy aumsabiny Bianosigae nabip N iMoBipHO-
cTell BKJIIOYEHHS TIEPIIIOro MOPIIKY

T, T2y eeey Ty oy TUN

ta Habip 3 C2% = N(N — 1)/2 pisuux iMOBIpHOCTEl BKJIIOYCHHS IPY-
p p p Py
roro IOpAgKy
T012, TU3y +oy Tlkly -+os TTN—1,N -
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3a noTpebu MOXKHA 06UUCJUTH I HMOBIDHOCTI BKJIFOUEHHS BUIIUX I10-
PSAIKIB, ajle BOHU He € HACTLIBKY BaXKJTUBUMM.

BanuiemMo WMOBIPHOCTI BKJIFOYEHHS TIEPIIOTO Ta JPYLOro MOPsii-
KiB Juts aBOX BuOipKOoBUX auzafinis — [IBBOII ta BB.

IIpuxmanx 1.8. Ilpu [IBB6II kiibkicte Bubipok po3mipy n i3 cy-
kynHocTi N eJIeMeHTIB, sIKi MICTSTh ejleMeHT K, JOpiBHIOE C}\‘,__ll. A
KITBKICTh TakuX BUOIPOK, siKi MicTaTh oOujaBa ejxeMmenTu k Ta l, 10-
piBHIOE 017\1[122_ Bci taki Bubipku mMaroTh 0gHAKOBY HMOBIpHICTH OyTH
subpannmu: p(s) = 1/CF. Orxe,

. . o —(m-1 = ﬁ — .
T = P(Ik—l)_zp(s)_CN—l 017\1[ N’ k 1’N’
sk
1 n(n—1)
My = P =1)= Z p(s) = 017\lf—22 om T NN — 1)’
s3k&l O NOV=1)
k#l=1,N. ¢§

Mpuxkmanx 1.9 Tlpu BB Bci ingukaropu Braouenus [, — mesase-
JKHI Ta, OJJHAKOBO PO3MOIiJIeH] BUTIAIKOBI Beanaman. KOXKeH eTeMenT
moTparisie y Bubipky 3 iMmogipHicTio 7. OTiKe,

e = P(Ik:1):7'[, k‘Zl,N'
T = Pl

)=PI,=1)-P(I;,=1)=n* k#1=1,N.

)

O

BubipkoBuii quzaita 9acTto 06UPaEThCd TAKUM UUHOM, 1100 OTpH-
Maru OarkaHi WMOBIPHOCTI BKIIOUEHHS MEPIIOTO i APYTOrO MOPSIIKIB.
Hagits gaxmo cama ¢yukiis p(-) Ma€ JOCATH CKIAMHUN BUTJILA, JI/Is
BU3HAUYEHHS MaTEMaTHIHOIO CIIOIBaHHS Ta JHUCIEPCIi OIMHOK JI0CTa-
THHO 3HATH BiJITTOBITHI TIMOBIPHOCTI BKJIIOYEHHA T Ta TTk;.

OsHauvenns 1.2. BubipkoBuil au3aiiH HA3MBAETLCI GUNGIKOGUM,
SKITIO BCl eJIeMeHTH reHepabHOl CYKYTTHOCTI MalOTh J0aTHI TMOBIp-
HOCTI BKJIIOUEHHSI [IE€PIIOTO MOpAaKy: 7 > 0 mna Bcix k € U, TobTo
KOKEH eJIEMEHT MA€ IAHC IMOTPANNTH Y BUOIPKY.
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Ha npakTuni iHKOM BUKOPUCTOBYIOTH BUOIDKOBI AW3aiiHu, nJist
SIKUX 15l YMOBa HE BUKOHYEThCs. Hampukiam, mpu neskux obcrexkeH-
HSIX IHJITPUEMCTB MaJil HiJIIPUEMCTBA MaJIO BILUIMBAIOTH HA 3arajibHy
KapTHUHY, TOMY 1X HE PO3IJIAIai0Th, TOOTO BOHA MAaIOTh HYJIBOBI HMO-
BIPHOCTI BKJIFOUEHHSI TIEPITOTO Mopsanky. Aje moTpibHO ayzke obepe-
JKHO JI0 ITHOTO CTABUTHUCHA, OCKIIHKN BUKIIOUEHHS €JIEMEHTIB 3 00cTe-
JKEHHs MOKe MIPU3BECTU JI0 CYTTEBOTO 3MIMIEHHS OIIHOK.

[Ipn mpoctux cxemax Bigbopy HMOBIpHOCTI 71; Bimomi Hamepen,
JI0 TIOYATKY Bimbopy. AJle TIpU BUKOPHUCTAHHI GLIBIN CKIAJIHUX, Oa-
rarocra ifiHuX cxeMm BijOopy HMOBIpHOCT] BKJIIOUEHHs y BUOIDKY He
3aBXK/I1 BiJIOMI 3a3/1aJ1eriib.

Osnavenns 1.3. Bubipkopuit 1u3aifH HA3WBAETHCST SUMIPHUM , STKIIIO
JIIST BCIX eJIEeMEHTIB CYKYITHOCTI MMOBIPHOCTI BKJIIOUEHHS MEPIIOTO 1
Jpyroro mopsaakis mogarHi. TobTo

m, >0 Ta 7 >0 V/{#ZGU.

YMoBa suMipHocmi TU3aiHY J03BOJISE OTPUMYBATH OOIDYHTOBaHI
OIIHKM JIJTsi JUCIIEPCiii OIIHOK Ta OyayBaTu JOBipYi iHTEpPBAJIH.

1.6. ImagukaTop BKJIOUEHHS €JIEMEHTA Y BUDIPKY

JocaianMo CImoYaTKy CTATUCTUYHI BJIACTUBOCTI HANMPOCTIIIOL
CTATUCTUKN — IHJ/IMKATOPA BKJIIOYEHHS €JeMeHTa y BUbIpKY.

Teepdocenns 1.1. Jan 6ydv-axozo subipxosozo dusatiny p(-) ma
ons scix k, 1l =1,2,...,N:

E(ly) = my;
D(Ik) = T[k(l—T[k);
COV(Ik, Il) = T — TUTT.

Jlosedenna. Inmukarop I = I(S) nabysae nuie 180X 3HaYeHb: 1 — 3
iMOBIpHICTIO T, TOOTO, KOJIU ejleMeHT k moTpalise y Bubipky, ta 0 —
3 iMosipuictio 1 — 7 y nporuiexuomy Bunaaky. Orxe, F(ly) = 7.
Ockinbkn E(Iy) = E(I?) = mg, to D(Iy) = E(I}) — (E(Iy))? =
=1y, — mp = 1 (1 — 7).
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Kpim toro, Ipl; = 1 numre toxai, kosm obuasa emeMmenTu k Ta [
norpanuau y Bubipry. Orke, E(Ip ;) = P(Ipl; = 1) = my, a Tomy
COV(Ik, Il) = E(Ik[l) — E(Ik)E([l) = T — TUTT. ]

[IIe osHi€ro MIPOCTOIO CTATUCTUKOIO € po3mip subipru ns. 306pa3u-
MO BUITAJKOBY BEJIMYUHY NS V BUNJIS CyMU iHJIUKATOPIB BK/IIOYEHHS

ns = ka;,

keU

3BIJIKM BiIpa3y OTPUMAEMO BUPA3U I ODUNC/IEHHS] OCHOBHUX Xapa-
KTEPUCTUK [I€] CTATUCTUKA

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

keU keU
Dins) = DY L| =YY cov(ly,I) = (1.3)
keU keU leU
= Y D)+ > > cov(y, I) =
keU keU £k
= > ml-m)+ )Y (i — ) =
keU keU 14k
2
S ST IED 3) i
keU keU keU l#k

IIpuxsmanx1.10. Y Bunanky 3acrocyBanns Binbopy Beprysni pos-
Mip Bubipku — 1e BiHOMiaJIbHO PO3MIOJILIEHA BUNAJIKOBA BEJIUYHUHA 3
mapamerpamu N Ta 7. TobTo,

EBB(TLS) = NTE, DBB(ns) = NT[(l - 7'[).

i dopmyau mozkua orpumatu 3 (1.2) Ta (1.3) BpaxoByoun, o My, =
70 uist BCix k Ta Ty = m2 aaa k # . Boxpema,

Dpg(ns) = Nm— (Nm)? + N(N — 1)n® = N(1 — 7).
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Ha mpakTumni BubipkoBi amsaiinn 31 3MIHHAM PO3MIpoM BHOIpKH
BUKOPUCTOBYIOTHCS PIIKO, OCKITLKY 3a3BUYail y ILOMY BUTAIKY OITiH-
K1 MafoTh Oiabiny jaucnepciio. A Takoxk, mo € 6ijabIn BaKuMBUM, IPU
maHyBaHHI 00cTeKenHsd DAXKAHO 3HATHA HANEPE, 9Ky KIJIbKICTh eJie-
MeHTiB Oyme obcTexkeHo.

Osnauenns 1.4. Bubipxosum dusatinom i3 (ixcosanum posmipom
6ubipru HA3MBAETHCS TaKui Ausaiin, mo npu p(s) > 0 Bubipka s ck/a-
JTaeThes 3 PIKCOBAHOT KIIBKOCTI €/IeMEHTIB, HAITPUKIAL, 1. Ajie e He
03HaUAE, M0 BCi BUOIpKM po3Mipy N MOXKYyThH OyTu obpamnumu. TobTo,
Jlesiki BUOIDKM PO3MIPY M MOXKYTh MaTH HYJbOBY HMOBIpHICTH HyTn
obpannMu.

g subiprxosur dudalinis 3 Gikcosanum PO3MIPOM 6ULLPKY FMO-
BIPHOCT] BKJIIOYEHHH TIEPIIOTO Ta JPYTOro MOPHAKIB MalOTh BJIACTHU-
BoCTi, cchopMmysibOBaHI B TBepmKenHi 1.2.

Tseepdocennsn 1.2. Hdrwo subiprosuti dusaiin p(-) mae Pircosanui
PO3MID 1, MO

Enk:n;

keU
N> = n(n-— 1)
keU I#k
Z Ty = (n—l)nk Vk.
leU,l#k

Jlosedenna. 13 Toro, mo Bubipkosmit ausaiin p(-) € mausaitnom i3 ¢i-
KCOBAHMM PO3Mipom BuOipKH, ButiuBag, mo F(ng) = n ra D(ng) = 0.
I3 (1.2) ra (1.3) orpumyemo mepii jBa CIiBBIIHOIIEHHS Ta

VkeU Y mu = Y B =E[L(> L—I||=

leU, Ik 1eU, Ik leU
— nE[L] - B = (n - .

30



1.7. Ominka I'opBima—Tomicona ta i1 BaacTuBocTi

Po3rsiigremMo Ta mOCTIAMMO OIMIHKY [JId CyMAapHOrO 3HadYeHHS 1
JOCTITZKYBAHO! XapaKTEPUCTUKNA Y TeHePAJbHOI CYKYITHOCTL, IKa Ha-
BUBAETHCS ouinkoto 1opsiya—Tomncona abo IPOCTO TT-0UIHKOIO:

T = Z Yk | (1.4)

kes

Teepdowcenns 1.3. T-ouinka tr € HEZMIWEROW OUIHKON CYMAPHOZ0
suavenna T 3 ducnepciero

yk Yo Tkl
7—1 . (1.
§ E Tl — TUTT]) ) § E < )ykyl (1.5)
keU 1eU keU 1eU

Hrxwo T > 0 daa eciz k,l € U, mo neamiuenorw oyinkor ducnepcii
6yde cmamucmura

Tl — TTY Yk Yi Z Z 1 ( U 1)
=X — (= 1)y
kes les Tl TU kes les Ttk U ( )
1.6

Josedennsn. CKOPUCTAIMOCS 3aIIHCOM

tﬂ_ZIk

keU

I3 Toro, mo E(I;) = 1, Ta 13 > 0 mng Beix k € U, sumusae, 1mo tr
€ HEe3MIIEHOIO OIIHKOIO napaMerpa 1.
OCKIIBKA T, = T, Ta

Zzaklzzakk+z Z akl,

keU leU keU keU 1eU :
1#k
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TO

-o(5 k) -

—ZD<fk SEDD Zcov(fk a2 =

keU keU jeUu:
14k
Yk Yk Yi
_Z< ) Tk 1—7’[k +Z Zifﬂkl_ﬂkﬂl)
keU keU |e
l;ék
yk £l
=>_ D (mu—mm)
T T[l
keU leU

Sa/nInIOCh JJOBECTH HE3MIIIEHICTD OIHKY IUCIIepPCil, AKYy MOXKHA, 3a-
OUCATH SK

S0 Tl — TTG \ Yk Yl
D(tn) = Z ZIkIl (Tfkl > e
keU leU

Ockinmpku maa Beix k,l € U, paas agux T > 0, BUKOHYETHCS

PIBHICTH
Tl — TR Tl — TR
E [kaz <>} =T ————— = Ty — TTY,
Tkl Tkl
TO
ED(ty) = D(tn),
o i Tpeba Oysio gomecTu. O

g BubipKOBUX AU3AHHIB 3 (PikcosaHuM PO3MIPOM 6UOIPKY THC-
NepCifo MOXKHA, 3ammucaru Aemo no-iamomy. [Ipu npoMy orinka s
nucrepcii Oyme MaTh TAKOXK IHITWI BUTIL.

Teepdocennsn 1.4. @opma €iircaI'panai-—Cena. Srxuwo p(-) -
subiprosull dusalin 3 GiKCOBAHUM POIMIPOM SUDIPKU, MO JUCNEePCiio
oyinru Topsiya—Tomncona moocna nodamu iy 6u2AAdi

~ 1 e w\’
= —— g E Tl — T TT —_ =
ﬂ> 2 ( M b l) <7[k M
keU leU
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Hrwo daa scix k,l € U, my > 0, mo nesmiuenoro oyinkoro ducnepcii
6yde cmamucmura

~ o~ 1 T — 1% (e o\
D) = —= Tl T Yk YL
( T[) 2 ZZ nkl T[k 7-[l

kes les

JHosedenna. Tlepesipumo crmo9aTKy eKBIBAJIGHTHICTH BUPA3IB JJIst
D(tr) 3a ymosu dikcosanoro posmipy subipku n. Cripasi

-~ 1 TAY

keU leU
1 ur ) Yyl %
= -3 T, — T — | —2—+ <> =
2 %;( ) <7’Ek) T T Y
Yl 2
= S ) 2 Y S - ) ()
kel leU R keUier

Ta

> (m — mem) (i’k;)Q =) (yk>2 > (g — mem)

Tt
keU leU keU leU

I ockimbku mast Gyab-stkoro dikcosanoro k € U: > (g — ) =
leUu

= Z Ty — Tk Z = (TL — 1)7’[,1€+7'l7/c —men = 0, To 1 aBi dopmn
leUu leUu
eKBIBaJIEHTH] 15 Au3aiiny 3 QiKCOBAHWM pPO3MipoM BHOIPKH.

He3mMimenHicTh OMIHKA JHUCIEDPCI] JIOBOJUTHCS TaK CaMo, sIK 1 B
JOBeJIeHH] TBepKeHHs 1.3. ]

Jaysaoicenns 1.2. Jlami mu OymeMo ayzKe 9acTo 3yCTPidaTHCh y BU-
KJIQJIKAX 3 BUPA3OM Tl — TET, TOMY /IS €KOHOMIT 9acy i MICIIs SISt
HBOTO BAPTO BBECTH CIelliajbHe Mo3HaueHHs Ay 1= Tl — 777,

Saysaorcenns 1.3. g muzaiiny 3 ¢pikcoBaHUM pO3MipoM BUOIpKM

~

sHavenns mucnepciit D(ty) B 060x dopmax 3aBKau OyayTh OJHAKO-

Bl, a 3HaYeHHs OMIHOK D(t;) MOXKYTH BIIPI3HATHCH 3a1€3KHO BiJI TOTO,
sika, (hOpMa BUKOPHCTOBYETHCSI. AJte OGUIBI T OT[HKY € HE3MIIIEHUM.
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Saysaocenna 1.4. 3anexkso Bl HaboOpy 3HAYEHB Yk OIIHKU JUC-
nepciit sixk y dopwmi €itrca-I'panai—Cena, Tak i y dopmi lopsina—
Tommicona MOXKyTh HaOyBaTH Bi €MHUX 3HAY9eHDb. JOCTATHBOIO yMO-
BOIO HEBIT'€MHOCTI 1UX OMIHOK € ymosa ElUmca—I pandi—Cena:

Ay <0 gnascix k #1e€U.

Cywapmne 3Havents 1 Ta cepejHe 3HaYeHHS Y TOCITIKYyBaHOT Xa-
PAKTEPUCTUKH Y TeHePaJIbHOI CYKYIIHOCTI ITOB’d3aHi MixK c00010 CHiB-
BlAHOIIEHHAM

T=> y=N %Zyk = NY.
keU keU

Beigcu mMoxkHa Jierko oTpumarn omiaky Lopeina—Tommcona s ce-
PeIHBOrO 3HaYeHHs Y Ta BiAMOBIIHI pe3yAbTAaTH /s AUCIEPCIl el
OIIIHKH.

Yk

o, € HESMIULEHON OUIHKONO CE-

Hacainok 1.1. m-ouinka fﬂ = % >
kes

pednuwvozo Y 3 ducnepciern
~ 1 1~ 1 Yk Y
D(yn) =D (Ntﬂ> = WD(tﬂ) =Nz Z Z Akl;k;l-

Hxwo Ty > 0 das eciz k,l € U, mo neamiuwenorw ouinkor ducnepcii
byde cmamucmura

PN ~ (1~ 1 o~ 1 Agl Yk i
D =D| =tr ) = —=D(tr) = — — .
(o) =D (378 = 52Dl = g 3 2 e
kes les
1.8. BmnpaBm Ta nmuTaHHA IJId CAMOKOHTPOJIIO

1.1. Y YoMy moJjigra€ cyTTeBa PI3HUIE MiXK MeToJ[aMu Bijbopy 3a
JIOIIOMOTOI0 >KepebKyBaHHs Ta [TOCTLIOBHOTO BiAOOPY 31 CINUCKY?

1.2. Ilo e crpareriero Biabopy? YUn Bu3HATAETHCS BOHA OJHOZHAUHO?
1.3. Yu moxke orminka jucrepcii m-oninku HabyBaru Bij'€MHUX 3HA-

genb! Ay ¢dopwmi €iirca—Tparni—Cena?
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1.4. IlpoBomuTbcsa 0OCTEXKEHHsI JIEIKOro periony YKpalHu 3 MeTO0
BU3HAYEHHA CEPETHBOTO JOXOIY JOMOTOCIOAAPCTB. SIKINO Jj1s poBe-
JIeHHsi BinOOpy HeMa€ CIUCKY BCIX JOMOIOCIOAAPCTB, aJie JOCTYIIHA
indopmariis 3 peecTpy 0cib, MO TPOKMUBAIOTH V JAHOMY PErioHi, TO
MOXKHA 3aCTOCYBATH TAKWI METOJ BiIOOPY: MPOCTUM BUTIAIKOBUM BiI-
6opom 3 N ocib BigbmparoThes n ocib, a MOTIM BU3HAYAIOTH JOMOTO-
CIIOIAPCTBA, [0 IKHX HaJeXKaTh Bimibpami ocobm.

[linpaxyBaru #MOBIpHICTb BKJIOUEHHS Y BUOIDKY JOMOIOCIONAD-
cTBa, 1Mo cKaanaeTbest 3 M ocib (M < n). Orpumarn HabJIHKeHUIT
BUpa3 s miel imosipaocti npu M = 1,2, 3, npunyckarwdu, mo n i
N e gocurs Bemmkumu 1a - = f > 0.

1.5. Posrnsinemo renepanbhy cykynuicrs U = {1,2,3} 3 BubipkoBum
qu3aiaOM P(+), Tpu AKOMY

L2 =5 p{L3) = p(23D = |

SBuaiiTu #MOBIPHOCTI BKJIFOUEHHSI TIEPIIIOTO TOPSIIKY Ta KOBapiariitny
mMarpuiio inpukaropis Britodenus A = {Ay = cov(ly, I}) briev -
1.6. Hexait koBapialifiHa MaTPHUIld iHIUKATOPIB BKAIOYEHHS [IPHU Jie-
axoMy Am3aitni p(-) Mae BUIA

1 1 1 -1 -1

6 1 1 1 -1 -1
A=—X 1 1 1 -1 -1
15 -1 -1 -1 1 1

-1 -1 -1 1 1

1) Yu e p(-) nuzaiinom 3 dhikcoBanuM po3MipoM BUGIpKH?

2) Yu zasoBoabHse Teit qusaiin ymoBy €iirca—I'panmi—Cena?

3) O6uucguTu HMOBIPHOCTI BKJIIOUEHHS MEPIIOTO TOPSJIKY JJIsl JIU-
sajiny p(+), AKmMoO M = Ty = T3 > Ty = T5.

4) 3armmcaTn MaTPUIO HMOBIPHOCTEH BKIIOYEHHS JIPYTOrO MOPSIKY.
Brasiexa: ckopucTaiitecs THUM, 110 Ty = Ap; — 7 10 Beix k, 1 € U.
5) O6uncauT HMOBIPHOCTI OTPUMAHHST BCIX MOXKJIHBUX BUOIPOK.
1.7. PosristHeMO TeHepajbHY CYKYIHICTH, 10 CKJIAJAEThCSI 3 I ATH
eneventis: U = {1,2,3,4,5}. Tlpu subGipkosomy ausaiini p(-) mo-
xkimpumu Bubipkamu €: 51 = {1,2}; so = {1,2,3}; s3 = {2,3,4} 1a
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sq = {1,2,3,4,5}. Ilpu upomy p(s1) = 0,1; p(s2) = 0,2; p(s3) = 0,3
ip(s4) =0,4.

1) O6uucuTu BCl HMOBIPHOCTI BKJIFOUEHHSI HEPIIOTO Ta APYTrOro 110-
PAAKY.

2) Buaiitu Eng ta Dng, BAKOPUCTOBYIOUN O3HAYEHHS MATEMATHIHOTO
CIOJIIBAHHS Ta JUCIEPCIT AUCKPETHOI BUTIAIKOBOT BEJIUYNHA.

3) 3naiitu Eng ta Dng, BukopucroBytoun dopmyan (1.2) ta (1.3).
1.8. I'enepanbHa CyKyIHICTb, 0 cKJaagaeTbed 3 1600 ocib, mosmie-
ua Ha 800 rpym (momorocmomapcTs) Tak, mo € N; TPyl po3Mipy i,
1=1,2,3,4.

1 1 2 3 4
N; | 250 | 350 | 150 | 50

Bubipka 0ci6 yTBOPIOETHCST TPOCTUM BUMAJAKOBUM Bimgbopom 6e3 to-
BepHenHsi. Binoupatorbes 300 momorocrnomapers i3 800 i obcrexyto-
Thed BCl 0cobu, 10 HaJIEXKATh JI0 BUOpaHux jomorociogapeTs. Hexait
Ng — 1@ 3arajbHa KiIbKICTh 0cib y Bubipii. Obuncantu Eng Ta Dng.

1.9. Hexait j151 resepa/ibHOl CyKynHOCTI Ta BUOIPKOBOIO jiu3aiiHy 3
Bupasu 1.8 xapakrepucTuka Yy Mae Taki 3madenus: y; = 10, yo = 5,
ys =17, yq4 = 3 1a Y5 = 1. SuaiiTu:

1) maremaTnane criogiBanng Ta aucnepcito orinku [opsina—Tommcona
nnisg cymapuoro 1';

2) koedirienT Bapiaril OIiHKN t;

3) omiHKy mucnepcii ﬁ(fﬂ) JITST KOYKHOT 3 9OTUPHOX MOXKJIUBUX BUOi-
POK; R

4) maremaruune cuogisanns oniaku gucuepcii D(ty).
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Pozain 2
IIpocTuit BumnajkoBuii Bizidip 6€3 moBepHEHHs

2.1. OcHoBHI BJjaCcTUBOCTI

Y ObOMY PO3ALTL MU PO3IJISHEMO OCHOBHI XapaKTEPUCTUKH IIPO-
cToTO BHUIAAKOBOro Binbopy 6e3 moseprenns (IIBB6II). Leit merton
BiAOOpY BxKe M0 3HAHOMUN BaM 3 MPUK/IATIB IOIEPEIHBOI0 PO3/Ii-
JIy.

V BuIajKy 3aCTOCYBaHHS [IPOCTOIO BUIIAJKOBOIO Bijbopy 6e3 no-
gepHeHHA IHIMKATOPY BKJIIOYEHHS €JIeMeHTiB y Bubipky I1, s, ..., I
He € mesanexxuumu. Bubipkosuit auzaiin TIBBOII mae surnsy (qus.
npukiaaz 1.3):

SIKIIIO PO3MIp BUOIPKHU JOPIBHIOE N;

1

cpo

S) = N
p(s) 0.

y IPOTUJIE2KHOMY BUIIAJIKY.

VmoBipHOCT] BKJIIOUEHHS OTHAKOBI JIJIs BCIX €JeMEHTIB T'eHepaJJbHol
CYKYITHOCTI i Ma}OTHb BUTJIS;:

n
= — =1,N
T N, vk AR
n(n —1)
= k#£1;
M= Nao1y f7h
n
Tk = T = N

Hutst Toro, mob orpuMarn eubipkosuit musaitn [IBBOII, moxna
BUKOPUCTOBYBATH Pi3Hi #iMoBipHicHl cxemn BinbGopy. Ommiero 3 Haii-
OI7IBIT TOMMUPEHUX Ta MPOCTUX € CXeMa BiAbopy Ha OCHOBI kepebky-
BaHHs. AJie y BUMAJKY, KOJIU 1H(OPMAIlid PO eJeMeHTH NeHePaJbHOT
CYKYITHOCTI MiCTUTBCS B JlesikoMy baitri Ta Binbip 6akaHo ajaropuri-
3yBaTH, OLIBII 3PYUYHUME € CXEMH [OCJIJIOBHOTO BiIGOPY 3i CIHCKY.
Hapegemo mexiabka TakKHX cXeM Biadoopy.

Cxema Bigoopy 1. Hexait ¢€1,€9,...,6N — He3aJe€xKHI peaJi-
sanii  piBHOMipHO posnoginenol wa [0,1] BunagkoBoi BesUUMHE
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(¢ ~ Unif[0,1]). Koxuomy eneMenTy k reHepasbHOT CYKYITHOCTL CTa~
BUMO y BIMOBIIHICTH BUIAJKOBe 3HAUEHHS k. Jlasi mepebupaemo
110 4ep31 eJIEMEHTH I'€HEPAJIbHOI CYKYIHOCTI T8 BUPIILYEMO BKJIIOYATH
eJIeMeHT 4YM Hi 3 IMOBIPHICTIO, 110 JIOPIBHIOE BiJIHOIIEHHIO KiJILKOCTI
€JIEMEHTIB, 1110 3AJIUIINIOCH BKJIIOYATH y BUOIPKY, /0 KiIBKOCTI eje-
MEHTIB, 1110 3aJIUIITHIOCH TIEPETIISTHYTH.

Kpox 1. dxmo €1 < n/N, to enemenr 1 Binbupaerbes; Ko
€1 > n/N, To Hi.

Kpox k. STkimo & < x=747, 1o k-it enement Biafupaersbes; aKimo
e > ]\’,1__711161, To Hi. TyT ng — me KiabKICTH eneMenTiB Bigibpanux y

BubIipKy 3 mepmux k — 1 egeMeHTiB 31 CIIHCKY.
[Mponenypa 3akingayeThed, KOau ng = N.

VY pesyabTaTi TAKOI CXeMu BiADOPY OTPUMYEMO BUOIPKOBU qu3aitH

IIBB6II.

V Bumaaky, KOJM pO3Mip TeHepaIbHOI CYKYITHOCTI HeBiTOMUiA, a 118
gacTo byBag, juia orpuMmannsg jgusaitny [IBB6II moxna BukopucraTu
inmy cxemy Bimbopy.

Cxema Bigbopy 2. Cnouarky ;10 BUOIpKH MOTPANIAIOTE IIEPII N
eJIeMEHTIB MeHepaTbHOl CYKYTHOCTI. A TOTIM PO3TTISIAETHCA KOXKEH
HaCTYIHUH eJIeMeHT Mo 4ep3i, mounHawoan 3 n + 1.

_n_
n+1-
Axio eremenT n+ 1 MOTpAWB TAKUM 9UHOM y BUOIPKY, TOI 3 HEl BU-

Kpok 1. Enement n+ 1 norparuisie y BubipKy 3 iMOBIpHICTIO

KUJIA€THCS OJIUH €JIeMEHT, BUOpaHuil BUIIa/IKOBUM YMHOM 3 0/JHAKOBOIO
JUtst BCiX imMoBipHicTio. Y pesyibrari y BubipIiii 3HOBY 3aJIMIIAETHCH T
€JIEMEHTIB.

Kpoxk k. Jljasa Beix inmumx enementie k, n+ 1 < k < N, iiMoBip-
HICTH MOTpanmuTy y BubipKy Oyme mopiBHIOBATH %, Ta AKIIO eJeMeHT k
BUOUPAETHCH, TO 3 BUOIPKY BUKHUIAETHCI OJUH €IEMEHT 3 O[THAKOBOIO
7SI BCIX IMOBIPHICTIO.

Taxka cxema Bimbopy moxke OyTu peasizoBana HaBiTh 6€3 BimoMoro
Harepei po3Mipy renepasibHol cykynuocti N. @opmyBaHHS CHHUCKY
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€/IEMEHTIB CYKYIIHOCTI MOKe OYTH OJHOYACHUM i3 HpOIEeAypPoIo Bi-
6opy.

Cxema Bigbopy 3. I'erepyernca N mHe3aIe:kKHHX, PIBHOMIPDHO PO3-
noginennx Ha [0,1] BUIAJKOBUX BENMUYUH €1, €2, ..., EN, J€ KONKHOMY
enementy k € U Bianosigae suauennst €. [loriM 11l 3HaUEHHST BOOPSI -
KOBYIOTHCS, HAIPUKIAJ, [T0 3POCTAHHIO 1 MiIAThCA HA BUOIPKYU PO3Mi-
py n. Koxna Taka Bubipka He MepeTuHAETHC 3 1HIMOIO Ta, MTPOIYKYE
BubipkoBuii gu3aiin [IBBOII.

OcHoBHa mepeBara 1€l cxeMu BiIOOpY TOJISITA€ Y MOXKJIUBOCTI
OJIHOYACHO BUOPATH JEKiJbKA MPOCTUX BUMAJIKOBUX BUDIPOK, IO He
nepernHaioThecd. e jy2Ke BaxKJ/IMBO y BHIIQJIKY, KOJIU HPOBOIUTHCS
cepist obcrexkeHb OjiHIET 1 Ti€l camoi reHepasbHOI CYKYIHOCTI POTS-
COM KOPOTKOTO MPOMIXKKY dacy. TakuM UMHOM MOXKJIHUBO 3MEHITATH
piBeHD HEBIMOBiIEH 33 paxyHOK 3MEHIeHHs HaBaHTAaXKEHHS Ha pe-
crouaenTiB. Taki BUOIpKH HA3MBAIOTHCA 610 €MHO-KOOPIUHOBAHUMU.

2.2. Ouminka I'opsina—ToMmIiicoHa Ipu TPOCTOMY BHUIIAI-
KOBOMY Bimg0opi 6e3 rmoBepHEeHHd

3actocyemo metos ['opsina—ToMIcona s OIIHIOBAHHS CYMapHO-
o 3HAYEHHH JOCTIJIZKYBaHO! XapaKTePUCTUKN T€HePAJIbHOI CyKYyITHO-
CTi y BUIIAJKY MPOCTOTO BUIIAAKOBOrO Bibopy 6e3 moBepHeHHs.

Brigno 3 dopmynowo (1.4) mpu TIBB6IT 7-ominka T[opsima—
TowmiicoHa MaTuMe TAKUil BUTJIST:

%ZZE{ZZZJZ%:N %Zyk = Ny,

kes kes kes

me Ty = % > yr — BUGIPKOBE CEPEeJIHE.
kes
Ockinbku Bubipkosuit nuzaita [IBB6II mae dikcoBanuit po3mip

BUOIpKM, TO MOXKHA CKOpucTarucs dhopmynon €iirca—I'pargi—Cena
71T 3HAXOKEHHST IUCIePCii Ta OIMiHK:| Jauchepcii m-ominkm [opsima—
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Towmrmcona. Aje cnovaTky ais BCix k # | obumcanmo

A = B _ n(n—1) _n72_
kl. = Tl T(kﬂl—iN(N_l) NZ
o n({(n—1)N-n(N-1)\ n n—-N
- N( N(N —1) >—NN(N—1)—
_ 3(1_0 1 A=y
N \N N-—-1 N-1"~

ne gepes f:= § Oyaemo HO3HAYATH “acmky 6i060py.

[aTyiTHBHO 3pPO3YMLIO, IO AUCTEPCiS OIHKYU 3aJeKUTL BiJ TOTO,
HACKIJIbKY OJHOPIIHUMY € €JIEMEHTHU T'eHepaibuol cykymuocti. [lapa-
MeTPOM, IO Bi0Oparkae 10 BJIACTHUBICTH, € JUCIIEPCis TeHepaIbHOl
CYKYITHOCTI

= ST Sk s (S)

keU

Huxnilt iH7€KC y TO3HAYEHH] JUCITEpCil S; BKa3ye, IO Ie JTUCIEPCis
caMe XapaKTepUCTUKHU Y, OCKIIBKU TPU 0OCTeXKEeHHI OHIeT i Tiel ca-
MOl TeHEPAJBHOIT CYKYITHOCTI OJTHOYACHO MOXKYTh JIOCTII2KYBATHCE JTe-
KiJIbKA XaPAKTEPUCTUK: T, Y, 2, .... AKITNO TOCTIIKYETHCA TLIBKY OJTHA,
3MiHHA, TO Ieil IHAEeKC MOYKHA, HE MUCATH.

Orke, BuBesiemo opmysy s OOUUCHEHHA JUCIEPCi] TT-OIiHKHN
tr npu IIBB6II:

2
Prippor () :—*ZZ kl<yk_;lfl> =

keU leU
1 CFA=PN (NN,
= 2%;( N1 ><n> (yx — 1)
= 2( [2N2yk—22yk2yz] =
keU keU leUu
I S S s (D) | -
kEU keU
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N 52
= S(1- NS =N(1- )2
n n
Ananoriuno orpuMyeMo BUpa3 st 00UNCIEHHS HE3MIIIEHOT OTiH-

KU M€l gucepcil

~ ~ 1—f4
2 a2
Pt (tr) = N7 — =5,
e 52 = %1 3 (yr — )% — Bubipkosa mucrepcis (aucmepcis enemen-

kes
TiB, MO TOTpanMIM y BUOIPKY) 3MiHHOT ¥. 3ayBaknmo, mo £S5 §2 = §2.
Orxke, Terep cHOPMYTIOEMO TBEPIKEHHS.

Teepdowcenns 2.1. Ilpu npocmomy sunadrxosomy 6id6opi be3 nosep-
HenHa ouinky 1opsiya—Tomncona cymaprozo ma cepednvbozo 3HaMEHD
HabY6awmsb 8UAA0Y:

~ N N ,
tn = n Zyk = Zt’ det = Z Yi— 6UbIpKOBE CYMApPHE;
kes kes
Un = Nn—n—nke yr =Y, 0e Y — 6ubiprose cepedne.
S

Sanuwemo Jucnepcii yuxr oyiHok:

(1-1) ~ . (1=
Dripger (tx) = N* —=5% Dnppen (@) = 5% (21)
Hesmiugeni outnru ducnepciti 064uca100moses mak:
5 N e T -~ (-fg
DrpBorr(tx) = Nszzv DPriBerr(¥x) = — 82 (22)

de S? — ducnepcia eaemenmis y eeneparviit cyxynmnocmi, S* — duc-
nepcia eaemenmic y subipyi, f = 1 — wacmxa 61060py.

Saysaoscenna 2.1. [las mpocToro BUIIAIKOBOTO BiIOOPY Ta JJId CTpPa-
TucikoBaHoro Bimbopy opmynau gas aucnepciit y dopwmi Topsima—
Tomucona ra €iirca—I'pangi—Cena € iHeHTUIHUMUA.

[TpomemoncTpyEMO HA TPUKIAJL, 9K NPAIOE HABEIEHA Teopid.

41



IIpuxman 2.1. Obcrexxyerbcs reHepajibHa CYKYIHICTE, 10 CKJIa-
naeTbest 3 mectu ocib (N = 6), sxkux wazsemo A, B, C, D, E,
F (rabsa. 1). IorpibHo ouiHuTH CepejiHE 3HAUEHHS] XaPAKTEPUCTUKY
y Ha OCHOBI BubipKHM, MO CKAaIA€THCA 3 ABOX 0cib (n = 2). Xapa-
KTEPUCTUKOIO Y MOXKe OyTHU, HAIPUKJIA, 3PICT, Bara, J0XiJ1 338 MiCsdllb,
JIOSIJIBHICTH 70 JesTKOTO KaHanumaTa Ha Bubopax i T. JI.

[IpumycTnMo TaKoXK, MO 3HAYEHHA XapaKTePUCTUKN Y BIAOMI JJTd
Bcix 0cib renepasibHOl cykynHocTi. Lle, 3BuvaitHo, npunyieHHs, sKe
HIKOJIN He BUKOHYETHCS Ha TPaKTHUIIl. IHAKIEe, HABIIIO TOMI TTPOBOIU-
T BUOIpKOBE OOCTEXKEHHsI, SIKITO BijloMa BCsl iHMOPMAId Mpo TreHe-
pasbHy CYKymHICTH? AJe 16 TPHUMIYIEHHS TOTPiOHe g TOTO, mob
IPOLTIOCTPYBATH MeXaHi3M BHOIPKOBUX 0OCTEXKEHb.

Tabaunsa 1. EleMeHTH reHepaJjbHOl CyKYIIHOCTI 3 BiAMOBIIHIMN
3HAUYEHHIMH XapPaKTEPUCTUKH Y

Ocoba | A| B|C | D | E | F
k 1121|314 5 6
we |2]6]8]10]10]12

Aximo 3acTocyBaTH cxeMy BiOODY, SKa MOJATAE Y TOCTITOBHOMY
piBHO¥IMOBIpHICHOMY BimOOpI ABOX i3 IMIECTH €/IEMEHTIB TE€HEPAJHLHOT
CYKyIHOCTI 0e3 MOBepHEHHs BXKe BHOPAHWX €JIEMEHTIB y CYKYIIHICTD,
TO OTPUMAEMO BUOIPKOBUI AM3aitH, IO BiAMOBiTaE TPOCTOMY BUIIAI-
KOBOMY BimOopy 6e3 [IOBEepHEHHS:

1 . ) .
p(s) = 15> HK.HIO po3Mip BUOIpKH N = 2;
0, B IHIIMX BUIAJIKAX.

[Ipu npomy exemeHTH, IO MOTPAIUIAIOTL ¥ BUOIpKY, Oy/1yTh Pi3HU-
vu. Beporo Taknx subipok 6yme C3 = 15. Y Tabm1. 2 3aHeceni Bei Taxi
BUOIpKM Ta obuuc/eH] BiAMOBIIHI BUDIPKOBI cepemHi, IKi € OIiHKaMu
JUIst CEPEIHBOI0 3HAYCHHS Y = 8 XaPAKTEPUCTUKH Y TEHEPAIBHOT Cy-
KYIHOCTI.
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Tabannsa 2.15 MoxkJanBuX BUOGIPOK 0e3 IOBepHEHHH PO3Mipy 2 i3
CYKYIIHOCTI po3Mipy 6 3 BUGIpKOBAMHU cepeaHiMu i

Ne 112131456789 (1011|1213 |1415
Emne- | A|A|A|A|A|B|B|B|B|C|C|C|D|D|E
menr B |C|D|E|F|C|D|E|F|D|E|F|E|F|F

SHawe-| 2 (2| 2|22 |6|6|6|6|8|8|8]|10[10|10

HHg |6 |8 |10(10(12| &8 |10|10|12]10 (10|12 |10 12|12

] 4151667788999 |10|10]11|11

VmoBipHOCTI BKTIOUEHHS TIEPITIOTO Ta APYTOTO MOPIIKIB TIPH ITHO-
My OyIyTh OJHAKOBUMU JIJ1si BCIX €JIEMEHTIB

Vk=1,6: ﬂk:%:%; Vk#l ﬂkl:%,
T06TO, BCI €JeMEeHTH MalOTh OJ[HAKOBUI IIAHC [IOTPAIUTH y BUOIPKY.

HAximo yBaXkHO MOAWBUTHUCEH HA BCi BUOIpKM, TO MOYXKHA TOMITATH,
0 JedKi 3 HUX MOTAHO BimToOPaKaiOTh BJIACTUBOCTI MeHEPAIBLHOL Cy-
kynuocti. Tak, manpuksia/, Bubipka 1, 110 BKJIIOYAE 3HAYEHHs 2 Ta
6. Cepemne mo miit Bubipii ¥ = 4 JOCHTH CHILHO BiIPI3SHSIETHCS BilI
PeaTLHOr0 3HAUCHHS CEPEHBOIO M0 TeHepasIbHiil cyKymHocTi Y = 8.
Ayte g BubIpKa Mae TaKuil camuif, gk 1 BCl inmi, maHc OyTu obpa-
noto. Ile ozmauae, mo BumaakoBuit BiaAOIp He rapantye Ha 100 %, mo
OTHKA TI0 KOXKHii Bubiprii Oyme MaTn 3uaveHHs O,M3bKe 10 PeaTbHO-
ro 3HadeHHd mapamerpa. Mu moBuHHI 3MUPUTHCST 3 TUM (PAKTOM, II10
oTpuMana Hamu Bubipka Moxke OyTu JIOCUTb «HOraHow». llutanus B
TOMY, K 0araTo Takmx BHOIpOK IPH MEBHUX BUIAX BigOOpy 1 axwmit
IITAHC X OTPUMATH.

Ak BraHO 3 TAO. 2 3HAYEHHS OIIHKN CEPETHBOTO 571 — BUOIPKOBOTO
CepeTHbOTO ¥, 3MIHIOIOTHCH 3aJI€KHO BiJl TOTO, 9Kl €JIeMEeHTH TOTPa-
mIgi0Th y Bubipky. TobTo, ¥ — 11e AMCKPEeTHA BUMAIKOBA BEJIUYUNHA.
Banuuiemo 1i posmoina (tabs. 3).
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Tabmuis 3. Bubipkosuii po3noais y

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

Y|

I7IMOBipHOCTi, 1110 BiAMOBIAAIOTH MOXKJIUBAM 3HAYEHHIM OIIHKU 00-
YUCIIOTHC 32 dhopmynoro (1.1).

BaCTOC'yBaB]_HI/I KJIACUYHE BUBHAYEHHA MAaTEMATUYHOT'O CHO,Z[iBaHHH
JIMCKPETHOI BUTIAIKOBOT BEJIMYUHM, MOXKHA BIIEBHUTHUCH, 1110 OITIHKA, 571
OificHO € He3MIIeHoio, ToOTo i1 MareMaTHvHe CIOMiBAHHST CITIBITAIA€
3 peaJbHUM 3HAYUEeHHAM HapaMeTpa, IO OMiHIoeThed. ncmepcito miel
OIIHKYM MOXKHA MOPAxXyBaTU B [LOMY BHIAJKY JBOMa crocobaMu: 3a
JOTIOMOTOI0 BU3HAYEHHS JTUCTIEPCil JUCKPETHOI BUIAIKOBOI BETUYINHI
ta 3a dopmysoro (2.1). Orpumaemo 64/15.

Ajte Ha mpakTUIl MU HiKoJU He OyaeMO 3HATHW 3HAYEHHS Xapa-
KTEPUCTUKH Y JJI5I BCIX €JeMeHTIB TeHepaIbHOI CYKYITHOCTI, & OTKe 1
HE 3MO02KeMO 1100y ryBaTu BubipKOBUiT PO3IIO/ILJI OIIHIOIYOl CTATUCTH-
k. ToMy s BU3HaUYeHHS JUCIEPCIT ONMIHKNA MU HE 3MOXKEeMO CKOPH-
CTATHCh Hi O3HAUYEHHsIM, Hi dopmynoro (2.1). €nure, MO MU MOKEMO
3pobUTH — TIe OTIHUTH JAMCIEpCio 3a dopmynow (2.2). O

2.3. Oumi”oBaHHd TIapaMeTpiB MiACYKyHnHOCTeii mpu
ITBB6II

YacTo MeTo0 06CTeXKEHHs € BUSIBJICHHS Ta JOCTIPKEHHS eJIeMeH-
TiB, M0 HAJIEXKATH 10 jedkol mizcykymnuocti. Hampukas, mimcyky-
OHICTIO, 1m0 moTpebye BuBUeHHd, MOXke OyTu 6e3pobiTHe HACeTeHHST
Vkpainn — KigbKicTh 6€3pobiTHUX Ta BiAHOCHA, YACTKA TAKUX JIIOLEH
y HaceJIeHHI YKpaiHu. Y OpOMY BUIIQJKY T'e€HepPaJbHY CYKYIHICTH -
JISITH Ha MJCYKYITHOCTI 1 BUBYAIOTH KOXKHY 3 HHX.

[Mosragnmvo migcykymuicts Uy C U (d Bim aHDmiicbkoro repMiny
domain — mimcykymHicTs). Hexaii Ny — KUIBKICTH €JIeMEHTIB, IO Ha-
JieXKaTh JaHiit migcykynuocTi, Tomi Py = % — YacTKa eJIEMEHTIB y
remepanbuiit cykymrocti U, mo magexars migcykymaocti Uy. Tlpu-
OyCTUMO, IO PO3MIp remepasbHOi cykKymHocTi N BigoMuil, a po3Mmip
migcykymaocTi Ny — Hi, 110 9aCTO 3yCTPIYa€ThCs HA MPAKTHII.
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2.3.1. OuinoBanHs abCoOJIIOTHOrO Ta BigHOCHOrOo po3Mipis
HiJCyKYITHOCTI

st ominkm mapamerpis Ny ta Py MOXeMO CKOPUCTATHUCH TTiIX0-
JaMH, TOJIOHIMHK 0 OIIHIOBAHHS CYMAapPHOI'O Ta CEpPeIHbLOr0 3HAUECHD
reHepaJTbHOI CYKYITHOCTI.

TSt MBOTO BBEJIEMO 3MIHHY Zgk — IHIUKATOD HAJIEXKHOCTI eJIEMEHTA,
k nmo cykymrocti Ug:

| LkeU,, _
de{ 0,kj¢Ud, k‘—l,...,N.

Tomi

N, 1
Ng = E Zdk Ta Pd:Wd:N E Zdk = 24
keU keU

Tobro, Ny — e cymapue, a Py — cepesne 3HadeHHsT HOBOI 3MiH-
HOT Zgr. OTike, JJIs UX TTapaMeTpiB CIOpaBeiuBi BCl pe3yJibTaTi,
oTpuMaHI HaMu pamimnre. Aje y 3B’SI3Ky 3 OCOOJUBAM BHTJISIIOM HO-
BOI 3MIHHOI — BOHA € JUXOTOMITHOIO, BAPTO 3AITMCATH I PE3YJIbLTATH,
BUKOPUCTOBYIOHUN TPOXU 1HITY TEPMIHOJIOTIO.

Hexait Qg = 1 — Py, ng = Zkes Zqk — KLTBKICTH €JIEMEHTIB ¥
BubIpII, Mo HaIexKaTH miacyKymuocTi Uy, pg = % — 9aCTKa eJIEMEHTIB
y Bubipr, 1o Hasgexarh macykymnaocti Uy, qg = 1 — pg. Tomi

2
S = E Zied — szk =

keU
- Nl—lNd_ N(]\;—l)NC% -
N NN—dl (1 - ?\%) N ]ffvfded: N]\—f  Fatea
i, aHaJIOTIIHO
§3d = 71 1 Pdda-
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Teepdotcennsn 2.2. Ilpu suxopucmanni npocmozo 6unadkosozo 6id-
6opy 6e3 noseprennsa ouinka lopeiya—Tomncona das posmipy Ng nio-
cyxynnocmi Ug ma i ducnepcisa wabysaroms euzandy:

Ny = Npg;

~ 1 1 N —n P;Qq
D (N) N2(= - =) 82 = N2 :
BBeII (Ve (n N> za N—-1 n

N . 2 Pdqd
DPriBoIt (Nd> = N(1-7])

n—1
Ananoriuno oTpuMyeThCs OIiHKA, s Py.

Teepdotcennsn 2.3. lpu suxopucmanni npocmozo 6unadkosozo 6id-
bopy 6es nosepnenns ouinka Topsiuya—Tomncona wacmxu Py esemen-
mis, wWo nasencams 3adarnit nidcyxynuwocmi Uy, mae euzano:

ﬁd = DPd;

= N —n PyQq
Pppont (P1) = N-1 n
S 5 Pddd
Dp1BBell (Pd> = (A=-f—7

Saysaorcenns 2.2. llpum BusHavenHi po3Mipy BHOIPKU MOXKHA BUKO-
puctatu TOi (haKT, MO CBOrO MAaKCUMAJIBHOrO 3HAveHHs 1/4 Bupas
P;Qq = P;(1 — P,;) nabysae, xomm Py = 1/2.

2.3.2. OuiHBaHHYA CyMapHOroO Ta CEPEAHbOr0 HiJCYyKYIIHO-
cri, kosm 11 po3mip Ny HeBigomuii

Po3zryigaremo e oqwn Trn 33,184, KOIU MOTPIOHO OMIHUTH CyMapHe

_ vo_ 1
sHaueHns 1y = Zkqu Yk Ta cepe):.LHe 3HAUCHHS Y g = N ZkeUd Yk
XapaKTepUCTUKN Y y miacyKymHocti Uy.
BBenaemo HOBY 3MiHHY

oy, ke Uyg;
Y= 0, ke U,

Toni Ty — e cymapHe 3HaYEHHS TI0 BCiil TeHepaJbHilM CYKYIMTHOCTI

Iq= Z yk:zydka

keUq keU

U vHOBUX 3MIHHUX Yqk:
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Ias gKoro oriaka [opsinma—ToMIIcoHa TIpH POCTOMY BHIAJKOBOMY
Biabopi HabyBae BUTISIIY

-~ Ydk
tan = fZ*E Yak = - § Yk, aAe sq=sNUy.
keEs keEs kesd

BI/IpaSI/I JJIA DHBB6H (?dﬁ) Ta ﬁHBB6H (%\dﬂ) OTPHUMYIOTECA 3
Bianmosimaux dpopmyn aast omiaku [opsina—ToMmcomna.

Y Bumagkax, KOau po3Mip migcykymHocTi Ny BimoMmumii, 3a3BUYail
nisg Ty BUKOPUCTOBYIOTH OIIHKY, &JIbTEPHATUBHY 10 Tl-OMIHKN:

75d, anpT — Nd Z Ye | = ngda
kESd

e ng — po3Mip miABUOIPKH Sq. AJle B ILOMY BHIAAKY Ng — L€ BH-
[aIKOBa BEJIMUMHA 1, 1100 OTpUMATH BUpa3 IJId JUCIEPCIl tAd7 ampr (110
3a3BUYaAil MEHINa 3a fdn), noTPiOHO 3aCTOCYBATH 1HINMUNA METON, TKUit
Oyie po3ryistHyTO B IyHKTI 9.3.

Tt orjinroBanasS Y g = T * CKOPHCTAEMOCH TT-OIIHKOIO

Ly\d,ﬂ = Z Yk

kESd

Axmo Benmunna Ng — HEBIJIOMa, TO BUKOPUCTOBYBATU Y, ; HE MO-
— K
xxua. Kpamoro orinkoo aag Y g, 1m0 Moxe O0yTr BUKOPUCTAHA HE3a-
JIEXKHO Bif TOrO, Bimome Ny uu Hi, €:

~ 1. _
Yd, amer = ﬁdtd, anabpT — Z Yk = Yq-

kGSd

2.4. IlobymoBa moBip4ymx iHTepBaJIiB

Josipunm inTepBasoM g mapamerpa 0 HABUBAETLCS iHTEPBAT,
0 BU3HAYAETLCA I1Maporo crarncTuk Op(s) Ta Op(s), Takux, mo
Ou(s) < 0p(s) mna Gyap-skoi BUOIpKY S Ta

P{0 € [By(s),05(s)]} <1 — .
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Hopipui inTeppasn nosnaunmo DI(s). Bemmuuny 1 — o mazsemo
pisnem dosipu, a Op(s) — Oy (s) — mownicrio (IUpPHHOI0) JOBIPUOro
inrepsaJy.

Hosipui iHTEpBaIM B KOHTEKCTI TeopPil BUOIPKOBUX 0OCTEKEHDb 1H-
TePIPeTYIOTHCA TakuM awHoM. llpumyctumo, mo Bigomi Bci N 3Ha-
9eHb 3MIHHOT Y, Toal 3HaueHHsT O Oyge BigoMe i Mu MOXKeMo MOOY-
nyBarTu A0Bipul inTeppamu DI(s) mas KOKHOI MOMKINBOI BHOIDKH S
(p(s) > 0). Toxni mast KOxKHOI TaKOl BUGIPKH MOXKEMO BH3HAUUTH, U1
HAJIEXKUTH peasibHe 3HaUeHHs mapaMerpa 0 BiAnoBigHOMY J0BipYOMY
iHTepBaJly, UM Hi, Ta HiJIpaxyBaTh

P[DI(s) 5 6] =1—«,

ne o= ». p(s) — 1me cymapHa fMOBIpHICTH 0 MHOXKHUHI S* TUX BH-
sES*
OipoK, TOBIpYl iHTEpBAJIN AKUX HE MICTATH mapamerp 0.
IIpuxuamn 2.2 Po3wignemo reHepasibHy CyKyIIHICTb, 10 CKJIAJ/IA€-
)
ThCS 3 TPHOX €JIEMEHTIB, A1d FKUX BIJOMI 3HAUYEHHS XapPaKTEePUCTUKHT
y:y1 = 3, y2 = 7, y3 = 5. XapaKTEPUCTUKOIO, 110 HAC I[IKABUTH, €

cymapue 3aavenng T = Y yp = 15.
keU
[IpocTHM BUIIQIKOBUM BiZGOPOM 6€3 MOBEPHEHHS MOMKEMO OTPHU-

Maru 3 pizni Bubipku posmipy 2:
s1=41,2}, s2={1,3}, s3={2,3}.

Hexait nosipunit iHTepBas Jid CyMapHOro OYIyETbCsl TAKUM 9H-
HOM:

DI(s) = [@Hcs) T /D) Buls) =T+ \/5@)] ,

ne tn — oninka Topsina-Tommcona npu [TBBGIL, 13(%\71) — omimka 11
Jucnepcii.
Mg koxuol Bubipku moby/yeMo foBipdi iHTepBasiu
DI(sy) = 15++/12=[11,54;18,46];
DI(sy) = 12++/3=[10,27;13,73];
DI(s3) = 18+ /3 =[16,54;18,46].
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Peanvne 3magenna 1T = 15 moTpamise Jauile B OAUH AOBipYmii
inTepasi. OTxke, piBeHb JOBIpH JJjis TAKOTO JOBIPYOTrO iHTEpBAJY
l1-a=1/3=0,33.

3po3yMmijio, 1o Takuii PiBeHb JOBIpU 3aMajinii. Y HOMY BHITA-
Ky MOXKJuBO abo 30iabiryBatu po3mip Bubipkm, i ToAi omimka Oyae
TOYHIINIO0, a00 PO3IMUPIOBATH AOBIipUnil iIHTEPBAII. O

Ha npakruni napamerp 0 Hesigomuii i HaMm noTpibHo MaTu AKuiich
NPaKTUIHAN METO MAPaxyHKy HUKHBOI Ta BepxHBOT Mex Oy (s) Ta
05 (s) Tak, mob orpuMaT HeOOXiAHUIT 1oBipumit pisensb 1 — . 3a3Bu-
4ait 1 — o Bubuparors pisaum 0,905 0,95 abo 0,99.

g OIiHOK, 110 BUKODUCTOBYIOTHCS B Teopil BubOipKoBuX obcTe-
JKEeHb, Ay’Ke BaKKO BKA3aTH METOJ, 10 JaBaB OU TOUHUHN JOBipumit
piBenb 1 — «. Tomy B OCHOBHOMY IIPAIIOIOTH 3 JEAKMMHU HAOJIMKEH-
HaMu. K110 0- e oLiHKa napaMerpa 0, To JoBipumii iHTEpBaJ I
0 3 piBHeM j0BipH, 110 TPUOIN3HO JOPIBHIOE 1 — &, OYAYIOTH TaK:

0+ 21_o/2\/D(O), (2:3)

7€ Z1_q/2 — KBAHTWJIbL HOPMAJILHOTO PO3MOJLILY PiBHA 1 — /2 .

Hosipuwmii inTepsas (2.3) Oyae MicTUTH HEBIIOME 3HAYEHHS Tapa-
merpa 0 B (1 — &) x 100 Bunagkax i3 100 nmpu BUKOpHCTaHHI BUGIPKO-
BOrO Am3aiiny p(s), sKIIO BUKOHYIOTHCSI YMOBH:

1) BUOIPKOBWII PO3MO/ILIT OIIHKY ) npubIN3HO HOPMAJIBHUI i3 ce-
pennim 0 ta gucnepcieio D(0);

2) icHye crporo KonsucrentHa ominka® D(8) s nucnepcii D(0).

Toxi, npu Bukonawui ymosu 1) % ~ N(0,1); ymosu 2)

—

N 1/2
D(6 . .. .
(W> ~ 1 3 imoBipHicTIO TPUOIM3HO PiBHOIO 1, KOHM N JOCUTDH

)

MomsiTTst CTPOroi KOH3MCTEHTHOCTI OIMIHKK B Teopil BUGIPKOBHX OGCTEXKEHD
JIeIo BiAPI3HAETHCH BiZ TOTO, AKAM OIEPYIOTH Yy 3arajbHii Teopii MaTeMaTHIHOL
craTuCcTuKU. HeMoXK/IMBiCTh BUKOPHCTAHHSA KJIACHYIHOTO MOHATTA KOH3UCTEHTHO-
cTi 1oB’s13aHa 31 CKIHYEHHUM PO3MIpOM reHepasbHOI CyKymHOCTi. /s Bu3HaAUeH-
H$I [IHOTO HOHSATTS [I€PEXOISThH 10 PO3IJISLY TaK 3BAHMX «CYIEepPCYKYIIHOCTe» abo
«cynepnomysnii»>. IIpukias 3acToCyBaHHs TAKOrO Hepexoay Aus. B [16].
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Besinke. OTXKe, B [IbOMY BUIIAIKY
1/2

-0 0-0 (D)
_ "B N0, 1),
D@ /D@ \PO

Saysaorcenns 2.3. Ao qas mobym0BY JOBIPUOTO IHTEPBAILY BUKOPH-

crosyBatu 3uavdents D(0), To qosipunii pisens 1 — & Oyje gocararucs
tounime. Ase, ockinbKy Ha npakTuni 3uadenns D(0) mesizome, Tomy
MOZK/JIMBO JIMIIE KOPUCTYBATUCH OMIHKOIO auciepcii D(0).

Baysasicenna 2.4. TounicTs HOpMaIbHOI amporcuMarii B (2.3) 3ae-
JKUTH Bifl HAOOpPY 3HAUEHB XAPAKTEPUCTUKU Y V TeHEpaabHIil CyKy-
mHOCTI. fKIMO Ha giarpamMi po3CifOBaHHS Il 3HAUEHHS PO3MIIEH] acu-
METPUYHO BiTHOCHO CEepeIHBOTO 3HAYEHHS ab0 MICTATH HETUITOBI OIu-
HUIi, TO JAJjId TOro, IO OTPUMATH HOPMAJILHY AMPOKCHUMAINIO s
JOBIpYNX iHTEpBaJIiB, MOTPIOHO MaTH JTOCHTH BEJUKHUIl po3Mip Bubip-
KH.

Y JesKuxX MPOCTUX BUMATKAX MOXKJUBO BKA3aTH, SKUM Mae OyTu
cepenHiit po3Mip BUOIpKH 1, 00 OTPUMATH HOPMAJIbHY alpOKCUMa-
mito. Ajte B GiIbITIOCTI BUMIAJKIB 1€ 3pOOUTH HE TaK MPOCTO.

€ aBa criocobu IepeBipKU TOr0, YU JOCATACTHLCA DaykKaHuil JTOBip-
anit piBenb 1 — & mpu moHyAOBI JOBIPUOro iHTEPBAIY 33 JOTOMOTOI0
supasy (2.3) upu 3aganomy BubipkoBoMy 1LIaHi p(s), po3mipi BUGIpKU
Ng Ta PO3MOIL TeHePaIbHOl CYKYITHOCTI, — TEOPEeTUIHWH Ta eMIIipH-
YHUNA.

TeopemuyHuti TIOJSITAE B TTEPEBIPIT TOTO, 9N € OIIHKA 9 acumuro-
THYHO HOPMAJIBHOIO TIPHU BEJIWKUX po3Mipax Bubipkm. Y mhOMy Ha-
IPSIMKY OTPUMAHO Jesiki pesynbraru [15]. Oganm i3 Baxkamusux pe-
3yabTaTiB € TeopeMa laeka. ¥ 1960 pormi 1eit decbkuit MaTeMaTHK
OTPUMAB aCUMIITOTHYHUN po3moaia Ajs ominkm ['opeina—Tommcona
Ipy IPOCTOMY BHIIAIKOBOMY Bimbopi 6e3 moBepHenus. Jermo caporre-
HO TIe TBEP/IKEHHS /I OTHKN CyMapHOTO BUTJISIAE TaK:

Ipu deaxur mexHiunuz ymosax, ma xosu n, N, N —n e «docums
BEAUKUMUS R

tr—T

N1 - 3%

~ N(0,1).
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Ate BiAmoOBiAL Ha OUTAHHs, IO OUILIN 3a BCE MIKABHUTL MPAKTUKA:
KU po3Mip Bubipku HEOOXiTHMI /19 HOPMAJIBHOT AlPOKCUMAIIiT, Ta-
Kl peE3ysbTaTu JIaTh HE MOXKYTh.

Emnipunnut monsarae y Bukopuctanti meroy Monre-KapJio. Ce-
piz 3 K Bubipok (ckaximo, K = 10 000) saganoro posmipy orpu-
MYETBCS 3 CYKYITHOCTI, IO € MOJIEJLII0 TeHEPATLHOT CyKyTHOCTI (Heto
Moxke OyTU CYKyIHICTB, iHdopMalis npo saky Oyja oTpuMana 3 Cy-
[UILHOTO 06CTEKEHH S B [IOTIEPE/IHi POKH ) BIAMOBLIHO 10 ausaiiny p(s).
JT1st KOAKHOT BUGIPKT § MApaxoByrOTHCS 0, 73(@) ta DI(s), a norim
[EPEBIPIETHCS, YU HAJEKUTH O OTPUMAHOMY JIOBIPUOMY iHTEpPBAJY.
Armo R — me KiabKiCTh 1HTEPBAJIB, M0 MICTATH 0, TO eMImipUIHUM
IOBipuYnM piBHEM OyIe BEIUIWHA % ~1-—a«

[TonibHi ekcriepuMeHTH IPOBOJIUIUCE JIJI PI3HUX OIIHOK, BUDIPKO-
BUX IM3aiiHIB, TeHePAJbHAX CYKYIHOCTEH Ta po3MipiB Bubipox. Ilpu-
KJIaJT TAKOTO eKCIIEPUMEeHTY HaseaeHo B [20, posmin 7.9.1].

2.5. BusHaueHHs po3mipy BuUOipku

[Mepesn tum, gk obuauncauTu HEOOXiAHMNE PO3Mip BubipKU, TOTPIOHO
CIIOYATKY BU3HAYUTHUCH 3 TAKUMHU TIapaMeTpaMu: donycmuma norubra
e Ta pisensd dosipu 1 — o, 110 HEOOXITHI IJId KOKHOI'O OOCTEXKEHHH.
Bonu nos’a3ani criBBiIHONIEHHAM

P(—08|<e)=1-a.

ITi nBi BesIMawHY € KOHKyperTamu. Jum GiIbmoI0 Oy/1e TOUHICTE (3Ha-
YeHHA MOXUOKW e — MaJjie), TUM MeHmuM Oyze piBeHb JgoBipu 1 — .
SaraJbHONPUHHATAME 3HAUeHHAMHI piBHg goBipu 1 — « € 0,90; 0,95;
0,99, maa axux o« = 0,1;0,05;0,01. ToumricTs 3aJ€KUTL BiJ THILY
Ta MeTn 00CTeX)eHHd. ZKIMO 00CTeXKEHHST MTPOBOAUTHCS HA PETYIsp-
HiT OCHOBI 3 MeTOIO BUSABJIEHHS JIMHAMIKHM JT€IKOI XapaKTEPHUCTUKH,
TO TOYHICTH MOBUHHA OYyTH JOCUTH BUCOKOIO (moxubka e masa). Ko
MPOBOANUTHLCS TPOOHE 06CTEXKEHHS, TO BUCOKA TOYHICTH HE 000B’SI3KO-
Ba.

Pozmip noxubxu € B OCHOBHOMY 3aJIeKUTh Bijl Jucrepcil OIfiH-
KU, 9Ka y CBOIO Uepry Oyje 3MEHITYBATHUCH 31 30LIBIEHHAM KiJIbKO-
¢Ti eeMeHTiB y BubIipIi. Ajie TyT 1€ OJHUM BaXKJIUBUM (PAKTOPOM €
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bro0doicem obcrexkenns. OTpuMaTu Bejquky BUDIDKY, a OTXKe i BUCOKY
TOYHICTH HEMOKINBO 33 YMOBH oOMexkeHoro 6momkery. Tomy octaTo-
YHO BUBHAYATH PO3MIP BUOIPDKU MOXKHA JIUIIIE MiCJs BPaXyBaHHsS BCiX
X (haKTOPIB TA 3HAXOMKEHHS JIETKOr0 KOMITPOMICY.

Buznadennga meobximmoro po3mipy BubipKH MPOIEMOHCTPYEMO HA
npukaani [IBB6II mpu orminoBanmi cepeanboro 3a HAOTOMOTOIO T7i-
OIIIHKK ﬁn =7.

Mpuxman2.3. Hua npocroro BunaakoBoro Bigbopy 6e3 moBepHe-
HHSI
— ny S2
e =21_a/2V DY) = 21-as2 (1 - N) —.
n
3Bijcu oTpuMaemMo
S2

5 .
Zlﬂx/252
N

2
z
1—a/2
n = /

e? +

OckinpKr abcoa0THE 3HAUEHHS TOXMOKN 3a/I€3KUTH BiJl OJUHUIID

PO3MIPHOCTI, B SKMX BUMIPIOETHCS XaPAKTEPUCTAKA, TOMY HaCTiIe KO-

PHUCTYIOTHCH HE3PO3MIPHOI0 BEIMYNHOO — BiIHOCHOIO moxunbkoo. Tosmi
HeoOXi Mt po3Mip BUOIPKYU 3HAXOAATE 13 PIBHOCTI

P L;e <e

=1-o

Y 11bOMY BHUMAJIKY 3HAYUEHHS] 1 TPU TPOCTOMY BHUIMAJAKOBOMY BiabOpi
0e3 noBepuenHs Oyze 3a/1€KaTH B2KE HE Bij AuCIEpCil B reHepasbHii
CyKymHOCTI, & Bix koedinienta apianii CV, = Vv S?/Y:

zf_o(/2(CVy)2

22 (cvy)2”
éQ‘i’ 1701/2]\[ Y

O

Ha mpaxrani mi S2, ni CV, He Bimomi mepen mpoBeneHHAM 00-
CTeXKEHHS, TOMY 11l 3HaUYeHHs 3a3BUYall 3al03UYyIOTh 3 MOMIOHUX Cy-
MIbHUX 06CTeKeHb, ab0, AKIO MPO TeHEepaabHY CYKYIHICTH HEMAE
JKOHOT iH(OpMAIIil, TPOBOAATH TPOOHE 0OCTEXKEHHS JI/IsI BUSHAUEHHS
BCiX HEOOXiTHUX /15T TIPOTECY TJIAHYBAHHA ITapaMeTPiB.
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2.6. Bnpasu Ta muTaHHSA AJ9 CAMOKOHTPOJIIO

2.1. llo € m-ominkoo a1s cepenasoro Y mpu IIBBGII?

2.2. 4k 6ynme 3aMmiHIOBaTUCEH mucnepcid omiaku ['opsirma—Tommcona npu
3bimbrenni posmipy Bubipkm 1y Bunagky [IBB6II?

2.3. B gxkux Bumajkax Kpalie KOPUCTYBATHUCH MOHATTAM <BiTHOCHA
moxXubKay, a B AKUX — MPOCTO «TTOXUOKay 7

2.4. Metoro 06CTeKeHHS € OIIHKA IO PepMEPCHKUX YTiab y JeTKO-
My paitoni KuiBchkoi obiacti. Y 1poMy paitoni zapeectpoano 2 015
dbepMepcbKuX rocrnonapcTs. I3 HUX 33 TOTIOMOr0 TPOCTOTO BUIIA-
KOBOTO Bimbopy 0e3 mosepuenus Oyso Bimibpano 100 rocnomapcTs Ta
orpuMano iHMOPMAI0 MPO TWIOTY 3eMenb (Yk), Mo 06podasieThCs
KOYKHUM 13 HUX:

> yp=2856ra Ta » yp =156248ra’,
kes kEs

1) Ouinnt 3a momomororo ominku [opeima—Tommncona 3aranbmy
IIOTILY 3eMJi, 1110 06pobJisieTbest hepMEPCHKUMU TOCIIONAPCTBA-
MH B IIbOMY paiioHi.

2) Mobymysatn 95-BincoTkoBUiT MOBIpUMIT iHTEPBA IS TIET BEIH-
qUHUA.

2.5. Orpumaru BubipKy po3mipy 4 3 reHepaJibHOT CYKYITHOCTI po3Mipy
10 za momomororo cxem Bimbopy 1, 2, 3, mo mapegeni B mynkTi 2.1.
Brasisxa: nyisi renepyBanHs piBHOMIpHO po3nojinennx Ha [0,1] ancen
MO2KHA, CKOPUCTATUCh TabJINIEI0 BUTAKOBUX YUCE i3 H0aTKy 1.
2.6. Tumnose corioJiorivyne ONUTYBAHHS IPOMAACHKOI JYMKH POOUTHCS
Ha OCHOBI BUOIpKH, 1110 CKJIAIA€ThCA mpubanzuo 3 1 000 ocib. Ilpumy-
CTUMO, T110 BUOIpKa JIJIT TAKOTO 0OCTEXKEHHS OTPUMAHA, 32 JTOTIOMOTOI)
IPOCTOr0 BUIIAIKOBOTO Bifbopy 0€3 MOBEPHEHHS HA OCHOBI CITUCKY
BCixX TpoMmajgH YKpaiau, Brardawoun Bac. 3a ganuvu leprkkomcra-
Ty YKpaiuu Hacesenud kpainu cranom wHa 2009 pix cranoBumso mpwu-
6sm3n0 46 MuH 0Cib.

1) dxa ifimosipaicTs Toro, mo Bu norpanure y BubipKy Tux, XTO
Hyme omuTaHwmit?
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2) Ilpunyctumo, mo takuM dmHOM yTBOpeHo 2 000 He3aeKHUX
BuOIpOK. fKa iMOBipHICTH TOTO, MmO Bu ne moTpamnuTe B KoIHY
3 X BUOGIPOK?

3) Ckinbku BUGIPOK MOTPIOGHO yTBOPUTH st TOTO, MO6 3 iMOBIp-
wicrio 0,5 Bu norpanunu xoua 6 B 0jiHy 3 HUX?

2.7. TlpoBoauThbest 0OCTEXKEHHST TMPAIIBHUKIB T AMTPUEMCTBA 3 METOF0
BU3HAYUEHHA TPOMHOPI] TuX, XTO XBOPie Ha mpodeciiiny xsopody. Ha
migmpuemctsi pairoe 2 000 mpamisaUKiB. I3 30BHIMHIX a2Kepes Bimo-
MO, IO 3a3BHYail Ha HOAIOHMX HiAIPHEMCTBAX IpPOodeciiiny XBOpoOy
MairoTh 3 3 10 npamniBuukis. [Ipu obcrexkenHi IaHyeThCd BUKOPUCTAH-
ust nmusaitay [IBB6II 3 gqonyctumoro moxubkorwo 0,01 Ta piBHEM moBipn
95 %.

1) dxum mae GyTu HEOOXiMHMI PO3MIP BUOIpKHU 17

2) dkmo wemae miskoi indopmanii mpo nomibHI 3aXBOPHOBAHHS,
SJKUM TOBUHEH OyTH po3Mip Bubipku n?

2.8. TloTpibHo omiruTH KiABLKICTH JIOEN cepes HAce eHHd Y Kpainu,
0 XBOPiOTH HA TyOepKy/1b03. IIpw obcTexkeHHI TLIAHYETHCS BUKO-
pucranas [IBB6II. ko peaspHa yacTka XBOpUX Ha TYOEpKy/IbO3
craasae 0,01 %, ckinbku ocib moTpibHo obcrexkuTH, Mod KoedilienT
D D(P)

EP

Bapianii oninkn CV(P) = He nepepuntysas 5 %7 Ilpoanari-

3yBaTH OTPUMaHUN PE3YJIbTAT.

2.9. Ilpu obcrerkeHHI KUTEJIB JIESKOr0 BEJIUKOIO MicTa OyIAyTh J0-
CJIIKYBATHCH JIBl BEJTUINHU:

P} — gqacTka TUX, XTO Ma€ TpaJIbHY MaIlUHY;

P, — wacTka THX, XTO Ma€ JOCTYI 0 MepexKi iHTepHeT.

Is pocrosipuux jxxepes sigomo, mwo 40 % < P < 60 % Ta
5% < Py < 15 %. dxum mae OyTn po3mip BUOIPKH TPH 3aCTOCY-
Banni IIBB6II, sakmo My xodemo OmiHuTH 0dnouacHo napamerp P 3
rounicTio +2 % Ta napamerp P; 3 ToumicTio +1 % npu pisni noBipH
95 %7
2.10. Ha Bubopax B OCTaHHLOMY Typi HOTpiOHO BHOpATH OJHOrO 3
JBOX KaHuaariB (Tperboro Bapianty Hemae). Hanepeponni jaust Bubo-
piB OPpOBEAECHO OIIUTYBAHHA I‘pOMa,Z[CbKO.l. AYMKHW 3 METOIO0 BUSHAYEHHA
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nepemoxiisi. Hexait n — kijgbkicTs THX, XT0 OB ONMUTAHUN [IpU 3aCTO-
cysauni [IBB6II (nmpunyckaersest, mo n > 100 Ta po3mip reHepaabHOT
CYKYIHOCTI BeJIMKUil HOPIBHAHO 3 PO3MIpOM BubipKH).

Axoro moBunHa OyTH PI3HUIT MiXK BiICOTKAMU rOI0CIB, HAOPAHWX
KAHIUIATAME, 71l TOTO, MO0 y Pe3y/IbTaTi OMUTYBAaHHI MOXKHA 0y/10
3 imosipuicTio 0,95 Bu3HAuUNTH NIepeMoXKig Bubopis? O6umncaury i
3HAYEHHs Mg PI3HUX 7.

Bxasiexa: IKI0 TPUIYCTATH, MO KAaHALIAT A Tporpae BUGOpH Ta
P4 — 11e BimcoTOK ros0ciB, 9Ki BiH OTpHMaEe B JAeHL BUOOPIB, TO He-
xaf ]SA — e BIICOTOK TOJIOCIB, IO OTPUMAaB KauauaaT A mamepemommi
mig gac onuryBanug. Toai 3amada Oyme 3BOAUTUCH [10 3HAXOIKEHHS
KPUTHUIHOI 006J1aCTi [1s ﬁA, JIAs TKOI IMOBIPHICTH BUBHAHHS KaHIWIA~
Ta A mepemoxkiieM Halepenonni Bubopie Oyae cknagaru Mmerre 0,05.
TobT1o, moTpibHO 3HANTH Take 3HAYEHHI C, 11100

P{P4 > ¢|Py <50 %} < 0,05.
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Pozain 3
Binbip Bepnysti
3.1. OcHoOBHI BJacTUBOCTI

Biabip Bepuysun € Haja3BU4aiiHO HTPOCTUM BUJIOM BUIIAKOBOI'O
Biibopy. Mu #1010 BHKOPUCTOBYBAJIM ISl LIIOCTPAI] JIESKUX Teope-
THYHUX pe3yabTaTi (aus. npukmtaan 1.2, 1.4, 1.9, 1.10).

Orxke, npu Bigdopi Bepaysni inpukaropu srirouenss I, o, ..., In
€ He3aJIeKHUMU 1 OJTHAKOBO POBIOIIICHUMY BUIAIKOBUMYU BETMIWHA-
vu. JIjia BCix eeMeHTiB iMOBIpHICTD 1X BK/IIOYEHHS OHAKOBA, TOOTO
T, = 70 a1 Beix k Ta

P(Iy=1)=mn, PI;=0)=1-m.
Bubipkosuit quzaita
p(s) = m (1 —m)N ",

Jie ng — po3Mip BubipKH, 1110 € 6HiHOMIaIBbHO PO3IIO/IIIEHOIO BUIA/IKOBOO
BEeJTUINHOIO 3

EBan = NTE, DBan = NT[(l — 7'[).

Po3kum Mok /IMBUX 3HAUEHD BATTAIKOBOI BEJIMIUHN 1y MOYKHA OITi-
HUTH, SIKIO HAOIU3UTH OIHOMIAJBHUN PO3IO/IiT HOPMAaJbHUM

DI(ns) = Nt £ z1_q/o/ N7e(1 — )

3 piBHeM moBipu npuban3uo piBauMm 1 — o.
Buznaanmo #iMOBIpHOCTI BKIIOUEHHS

m, = 7w Vk;
Ty = 1 Vk#I
Mg = T vk
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Ta

Akl = 7Tkl—7'[k7'[l:7'[2—7'[2:0;
Ay = m—m =mn(l—mn).

3.2. Ouminka I'opBina—Tomncona nipu Bigdopi Bepnynai

Teepdowcennsn 3.1. Ilpu subipxosomy dusatini Bepryanrt ouinku
Topsiuya—Tomncona dasa cymaprozo T ma cepednuvozo Y nabysaoms

su2AA0Y
—~ 1 ~ 1
R= D U Un= o DUk
kes kes

3 ducnepciamu

—~ 1 1-—
Dpp(tr) = (n_1> Zy% T Yis

keU keU

~ 1—m 9
Dpp(Un) = N Z Yk
ma outHKaMu 0as ducnepcit

~ ~ 1/1 1—m
() = ﬂ<n—1>2yz= =

kes kes

Dpp(¥n) = Nzﬂz 52 v

Hosedenna. Crupasmi,

%\n Z Z Yk

kes kes
Ta

Dpg ) = ZZAM%M ZAkk(yk> _

keU leU keU

= Zyzi yk

keU keU
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3 HE3MIIMIEHOIO OIIHKOIO

S~ A Y u =D ()
Peplt) = L2 T oy ) T

T,
kes les kes kk
- 2 Y = 2 Y-
kes kes

Binmosiani Bupasu mia cepeqHboro OTPUMYEMO, BPAXOBYIOUH, IO
Un = win 1@ DY) = 52D (tr). O

Teepdotcennn 3.2. Ilpu sacmocysanni 6idbopy Bepryari ouyinwu
ona wiavkocmi Ng eaemenmis 3 deaxoi nidcyxynnocmi Uy ma wac-
mKU Yux esemenmie y cykynnocmi Py nabysaroms uzasdy

~ Ng ~ Ny

Ny="sa, B, =
d 7_[7 d N7T7

de sqg = sNUq, ns,; — KiABKICMb eAeMenmis Yy subipyl, U0 Naedcamsb
nidcyrynnocmi Uy. 3anuwemo ducnepcii yux ouinox

~ 1—m ~ 1—m
BB (Na) —Na, Dpp(Fa) = 5 Na
ma oUIHKY Oas Jucnepcit
~ ~ 1—m ~ ~ 1—m
DBB (Nd) = ?nsd, DBB (Pd) NTT[Qnsd.

Josedenna. arme TBepZKEHHST OTPUMYETHCS 3 TTOTIEPEIHBOTO, BPAXO0-
Bytoun, 1m0 Ny = ZkeU Zdk, A€ Zgr = 1, aKIo k-l e1eMenT HaLeKUTh
nigcykymaocti Uy, Ta 0 — B iHIIOMY BUMaKy, a Py = % O
Mpuxmaqg 3.1. 3acTocyeMo OTpUMaHI PE3YABTATH TS JOCIIIZKe-
HHY TeHePaJbHOI CYKYITHOCTI, 110 CKJIamaeThea 3 4 emementis. [lpu-
[IyCTUMO, TII0 3HAYEHHS XaPAKTEPUCTUKHU Y HAM BIJIOMIi JJIs KOXKHOTO

esemenTa (Tabor. 4).
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Tabsnns 4. EleMeHTH reHepajbHOl CYKYITHOCTI 3 BiANOBiAHUMU
3HAUYEHHIMH XapPaKTEPUCTUKH Y

Enemenr | 1 |2 | 3| 4
Yk 216|810

BacrocoBytoun Big6ip Beprysmii, Moxna orpuvar 24 pisaux Bu-
6IpOK, BKJIIOYAIOYH ITOPOYKHIO MHOXKWHY Ta BCIO T€HEpPaJIbHY CYKy-
nuicTs (Tabu. 5).

Tabmums 5. 16 moxkJauBux Bubipok npu Bigdopi Bepnyssii ta

sHAYeHHs 7, Upu T = 1/2

N 112345 |6|7|8]|9]10|11]12|13 |14 15 |16
Ene- (|12 |34 (1|11 2231|1121
MeH- 23|14 |3(4(|4]2]|2 3|3 |2

™ 314|443

4
Bra- | - |2 |68 [10(2]|2|2 |6]|6]|8 2 12| 6|2
Te- 6810 8|10|{10 6|6 | 8| 8 | 6
HHS & 110|10| 10 | 8
10
Yo (0111345 4|5 6|7|8|9 (8|9 (10]12]13

Banmmremo BubIpKOBHUit po3noin omiaku (Tabs. 6).

Tabuia 6. BubipkoBuii po3momii ﬁﬂ

Y| O 1 | 3 |45 6 |7 |8[9]10]12 |13
plL L L1 I7TI[XZ 1L 111711 L
16 116 116 | 8 18|36 |736 18|81 76|16 | 16

Bactocysanus orinku lopsina—Tommncona mpu Bigbopi Beprysmai
ve € epekruBHmM. Ak Mu 6aurMo 3 BUOIPKOBOTO POBIIOILILY, MOXKIUBI
3HAYEHHH OIIHKU @71 JOCUTH CUJIbHO PO3KUJIAHI BIJJHOCHO PEaJbHOTO
3HAYEHHS Cepennhoro Y =65, a 3mnadents 6 Ta 7, Mo € HaibImKanMi
710 6,5, MOXKYTb OYTH OTpUMAaHI 3 TAKOK CaMOI0 HMOBIDHICTIO, K i
suavends () abo 13. Biskin Toro, mpu obcTeykeHH] BCIEl reHEpaJibHOL
cykymHocTi (Bubipka 16) OTPUMYIOTHCS 3HAUEHHSI, IO JIyZKe JTaJeKe
BijL ?, X043 B I[bOMY BUIIAJKY MM B2KE€ MOYKEMO OOUUC/IUTU PEAIbHE
SHAYCHHA.
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3uaueHHst IuCIepcii OMiHKT DBB@H) = 25,5 ra KoedimienTa Ba-

piamii CV(y,) = —S>— =077 (77 %) € TakoXK ITOCUTH BEJTUKH-
MM, OCHOBHOIO IPUYIUHOIO YOT0 € 3MiHHUI PO3MIp BUOIPOK mpu Binbopi
Bepnayiii. O

3.3. Hepnoniku Bin6opy Bepuymnni
OcuoBuUME HemomikaMu Bimoopy Bepuymni e:
o Oinbmra nuctepcig omninku lopsima—Tomcona, mix mpu [IBB6II;

® 3MIHHHUI po3Mip BUOGIPKH, IO BHKJIUKAE TPYIHOII IPH ILIAHY-
BaHHI.

3 mepiimM HeJOKOM MOXKHA DOPOTHUCS 33 JOMOMOIrOH BUKOPUCTA-
HHg iHI10T o1liHKK. Ko My 3adikcyeMo cepeqHiit OgiKyBaHUi PO3MIP

. . B o
Bubipkn Fng = Nm=mn, o T = « i

:%Zyk:N %Zyk

kes kes

Bennuunna B gykkax — € BubipKOBUM CEpeHIM, 3HAYEHHS SKOT'O TI0-
MUPIETHCsT Ha, BCl N eJIeMeHTiB reHepasibHOT CyKYIHOCTI. AJjie miacy-
MYBaHHS TPOBOAUTHCS 110 BCIX €JIEMEHTAaX, IO MOTPAININ y BUDIPKY,
B TOI 9ac 9K YCePEIHEHHS — TI0 CEPEIHHOMY OUiKyBAHOMY PO3MIPY BHU-
6ipku n. Jloriunirte 6yn0 6 ycepeiHIOBATH 110 Tiit KIJIBKOCTI €JIEMEHTIB,
0 PEAJIBHO MOTPAILIAIOTL y BUOIPKY. ¥ IIbOMY BHIAJKY OTPUMAEMO
AJTBTEPHATUBHY OIIHKY

tager = — Zyk = 7t7'[ (31)

S kes
Bunaakosuii posmip ns B (3.1) 3menntye sapiamnito, roJJ0BHOO npu-
9nHOI0 9KO0I OyB 3mimuwmit po3mip Bubipku. Jledkumu croeriajbHUME
METO/IAMU MOYKHA OTPUMATH HAOJUKEHUH BUPa3 Jyrst aucrepcii (s,
migposmin 9.3.):

- 1 11 1—f
D ~N(=—-1)8*=N*(--—-)S8*=N>—=~¢?
BB(taﬂbT) (7_t >S (n N)S n S
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Tom

Dpp (tr) N <1+ 1 )
DBB (taan) (CVU)2

EdexTuBHicTL BUKOPUCTAHHSA OIHKH o OCOBJIHBO BiTIyTHA,
KOJTH KoediImieHT Bapiatii reHepaabHol cykynuocti C'Vy mammii, To6To
KOJTH TeHepaJbHa CYKYMHICTH JOCUTL OMHOpinHa. TakuMm unHOM, BU-
KOPUCTAHHS 1HIIOI (a/IbTEPHATUBHOT) OIIHKYM yCYyBa€ NEPITHH HEIT0/IK
Binbopy bepuysii — Beauky mucmepciro:

Dy (fans) ~ Prpperr (o)

Ane iHmmit HEMOMIK 3aMWIMIAECTHCA. A pu 00MeReHOMY OroKeTI
e MOyKe OyTH JIyzKe CyTTEBO.

I xou Ha mpaKTHUIN BCI HAMAralOThCI YHHKATH BUOIPKOBUX IU3aii-
HIB 31 3MIHHEM po3MipoM BHOIpKHM, 38 IPHCYTHOCTI HEBIAIOBIIEH TaKi
BubipkoBi muzaituu, sik BB, MoxKyTb CAyKUTH MOJEJUIIO OTPUMAHHS
BiATIOBIOEIH.

Kpim Toro, y Bunaikax, Ko moTpibHO OIIHUTH HE JIUIIE 3aTa Ib-
HUH TapaMeTp A/ AeKol CYKyIHOCTI, aje # 3HafTH BiAmoBiIHI OTiH-
KW JJIsT MACYKYITHOCTEH, KOHTPOIIOBATH PO3MIpU BHOIPOK y KOXKHIH
OiICYKYITHOCTI JTyzKe BakKKO. I Tomi Takoro Tuily BiabOpy CTaroTh y
Haromdl.

3.4. Inzaiin-edeKT

V Teopii BubipkoBux 00CTEXKEHBL TPOCTUI BUMAAKOBUI Bifbip 6e3
MOBEPHEHHST Bifirpae ayKe BaXKJWBY POJIb. XOU y UUCTOMY BUTJIsI-
Ol 1eit Biabip pigKo BHKOPHCTOBYETHCA HA IPAKTHUIN, aje BiH € Hai-
[POCTIIINM 1 CJIY2KUTH OCHOBOIO JIJIst OLIbIN CKJtafHuX Biznbopis. ToMy
HOMYy HAJIAIN POJb €TaJ0Ha, 3 KM MOPIBHIOIOTE yci iHmm Bigbopm.

[Ipu mpocromy BuUIaIKOBOMY BiOOpi 0€3 IIOBEPHEHHSI OI[IHKA
Topsinma—Towmmicona t; = Ny mae gucnepciio

—~ 1—f 1 1
D tn) = N°—=8*=N?* (- - — ) §? = —.
nBBorl (i) - -~/ f=5

Hexaii p(s) — nesxuit Bigminnwuii Big TIBB6IT Bubipkosuii quszaiin

3 TAKUM CaMUM cepeaiMm posmipom Bubipku Eng = Y. m = n (ne
keU
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noTpibHo, 16 mopiBHsAHHA Oysio cnpasemausuM). Ilpunycrumo, 1o
T-OIIHKY {r MOXKHA BUKOPUCTATH i JIJIsi 1IOTO BUOIPKOBOTO IU3aliHy.
Toai dusatin-ederxmom HABUBACTHCA BEJIMYUHA,

deff (p(s) %\) — Dp(?n) _ > hieU Akl%%
slm) - D (?ﬂ) NQ(l—l)SQ .
1IBB6I1 il

Benuunna deff susnadae eeKTHUBHICTL cTpaTerii, Mo CKJIaIae-
ThCsA 3 BUOIPKOBOrO 11aHy p(S) Ta OmiHKM lr, TOPIBHAHO 3 IPOCTUM

BHUITAIKOBUM Bimbopom Ta omirko Ny.

Ao de ff (p, fﬂ) > 1, TO TOYHICTH BTPAYAETHCS TPU 3ACTOCYBAH-
Hi nusaiiny p(s) s omiaku tr. Skmo deff (p, tAn) < 1, TO oTpHMYEMO
TouHimm pe3yjabraru nopisasHo 3 [IBB6IIL.

Ockinbku B 060X BUIIAJKaX BUKOPUCTOBYETHCs OIiHKA lopBima—
ToM1ICOHa Ty, TO HPUUMHOIO BiAMiHHOCTE € BUGIpKOBUil ju3aiin p(s),
1110 BIJIMBAE HA PO3IOJILI ?T[.

Mpuxman 3.2. Hocainumo, sikuit pusaiin-edext mae Biabip bep-
vy/uT. Haramaemo, Mo B IbOMY BHTIAJIKY

%\”:zilﬁ::{zyk

kes keEs
Ta
~ 1—m 1—m —
Dppll) = — > = ——[(N-1S?+ N(¥)?] =
keU
—. 2
1—m 1 Y
= —NS?[1-—+4+ (=) | =
s S [ N+<S)
1—m 1 1

- (14— ) Ng?
p- ( N+(CVU)2> 5%

ne CVy = % — xoedirienT Bapiallii renepabHOl CYKYITHOCTI.
g Toro, mo6 nopiBHsHHS OyJ10 cripaBejiuBuM, 3apikcyemo ce-
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penniit posmip Bubipkn Eng = N7t = n, Tobto 7t = &. Toni

- Dpp(t
deff(BB,tx) = DHBBBB6(H7T()?)_
Tt
- ENS (1N elp)
e

—11 ~1 1
- <_N+WWV»V+KMW'

st BLIBITIOCTI TeHepadbHUX CYKyMHOCTEH KoedilieHT Bapiaril je-
xuth y mexax: 0,5 < CVy < 1. dgmo CVy = 1, T0
deff(BB,tx) = 2, sxkmo CVyy = 0,5, o deff(BB,tx) = 5. Orxe, B
GinbmocTi Bunaakis Biadip Beprysii € menm edbexkTuBHUM (TOYHUM ),
Hi2K IIPOCTHil BUIAIKOBHH Bidip. lle moscHioeTbca TuM, 1o BuOipKo-
Buil qu3aita BB Mae 3mimnunit po3mip Bubipox. O

Mpuxman3.3. g reaepanbuol cykymrocTi 3 mpukiaay 2.1 koe-
dimienT Bapiarii

S 64/5 1 ~
CVy = v = 8/ = ﬁ ~ 0,45, To6ro deff(BB,ty) = 6.

Orxke, MOYKHA 3pOOUTH BUCHOBOK, 1[0 BUKOpUCTaHHS Bigbopy Bep-

Hysuti 6yzae B 6 pasis menin epexrusauM. lle o3nadgae, 1o npu ojHa-
KOBOMY CEpPEIHBOMY pO3Mipl BHOIDKH OIIHKH IpH Biabopi bepmysmi
6yayTh MaTH jgucnepcito B 6 pasis 6inpmy mixk npu [1BB6II. A6o,
10 €KBIBAJEHTHO, [/ OTPUMAHHS OJHAKOBOI TOYHOCTI mpu Bimbopi
Bepuysni ta npocromy BumagkoBoMy Bimbopi mOTPIOHO B mEpIomMy
BUTIAJIKY ODCTEXKWTH B cepennboMy B 6 pasie Oinbrre esementiB.

3.5. BnpasBu Ta nmuTaHHA AJig CAMOKOHTPOJIIO

3.1. Yu moxknua Busnauntu Binbip Bepmymni, omnozmnagno zadikcy-
BaBIIN CepeHii po3mMip Bubipku?

3.2. ki ocuosni Hemonikm Bimbopy Bepryani? Un moxna ix yeywyTH?
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3.3. dxi BracTUBOCTI MOBUHHA MaTH TeHEPATbHA CYKYITHICTD I TO-
ro, 16 auzaita-edext Bigdopy Bepuymr npubauzno nopisaoBas 17

3.4. Hexait renepasibra cykynsicts U nojisena Ha Tpu HelepeTuHHI
migcykymuaocti Uy, Uz ta Us, o marots posmipu N = 300, Ny = 200
ra N3 = 100. st Ko:KHOTO eeMeHTa k BKJIIOUEHHS ad0 HEBKJIIOUE-
HHs Y BUDIpKY S BUBHAYAETHCS B pe3y/ibTari BuipodyBanb Bepryiuii,
npu dKux ejieMeHT k morpaiuisie 'y Bubipky 3 iMoBipHicTiO 7. Yci
BUTTPOOYBAHHS HE3AIEXKHI.

1) dxmo 1, =0,1 nna k € Uy, mp =0,3 ana k € Uy Ta m, =0,7
mia k € Us, akum Oyae MaTeMaTHIHe CIIOAiBaHHS Ta IACIIEep-
Cisl BeJTUYIUHU Mg — PO3MIpY BUOIpKHU, TPU TAKOMY BUOIPKOBOMY
Juzaini?

2) flkmo mpumycTuTH, MO BCi T, OJHAKOBL JIJIsT BCIEl reHepabHOI
CYKYIHOCTI, IKUM MAa€ OyTHU Ii¢ 3HAUEHHS JjId TOrO, 100 oTpu-
MaTU TAKe CaMe MaTEeMATUYHE CIO/IBAHHY BEJIUYUHU Ng, 9K 1 B
monepenapoMy myHKTI? TligpaxyBaTy 3HadeHHst gucnepcii pos-
Mipy BuOIPKH Ns B IIbOMY BHUIIAIKY.

3.5. Hexait s — e Bubipka, mo Oysia orpuMaHa B pPe3ysabTaTi Bimbopy
Bepuynni 3 remepansnoi cykynuocti U posmipy N gkImo s BCix
k € U m, = 7. Hexaii ng — 11e Bumaakopuii posmip Bubipku s. Jlopecru,
[0 YMOBHA WMOBIPHICTh OTPUMAHHA BUOIPKHI S 38 YMOBH (DIKCOBAHOTO
pO3Mipy N CHIBOAIa€ 3 IMOBIPHICTIO OTPUMAHHS Ii€l BHOIPKU IIPH
MPOCTOMY BUITAIKOBOMY BiZIO0pi 63 MOBEpHEHHS, KO N = Ng.

3.6. /s BugBaeHHda cyMapHO! KiIBKOCTI miTell BIKOM 10 2-X POKiB,
akuM He Hysa BIacHO 3pobJieHa BAKIMHAINS, TPOBOINTHCS BUOIPKOBE
obcrekenHsa B medkiit obgacTti YKpainu. Bimomo, 1mo B miit obsacti
e 120 MeIMIHNX TYHKTIB, Jle TPOBOINUTHCA BAKIWHAIIA. XapaKTepPH-
CTHKOIO ¥, III0 BHBYAETHCS, € KiAbKICTH HiTeli, KM He Oyanm BYa-
CHO 3p00JIeH] merIeHHs B MeAnyHKTI k. [Jisi 00CTeKEeHHS ILIAHYEThC ST
BuKOpuCTanHs Binbopy Bepmym. Bigomo, mo ), ;yx ~ 2400 Ta
Y kel yz ~ 49 000. fAdxkoro mae 6yTu cepegHsa KiIbKICTH MEINYHKTIB,
IO T IIATa0Th 00CTEXKEHHIO, TIPU TAKOMY Bigbopi Ta 3acTOoCyBaHH]

1) oninkn Topsina—Tommcona ty;

64



2) aJbTEpHATUBHOI OIIHKH lanpr, IO BU3HAUEHA (HOpMYII0I0 (3.1),

AKITO KoediIienT Bapialil KoKHOI 3 MUX OIMIHOK HE TTOBUHEH TepPeBu-
mysarn 10 %7

3.7. [lo neaxoro mHaceeHoro myHKTY YKpaluu nasaexars 2 500 momo-
rocrioiapcTs. Bubipka po3mipy ng = 900 6ysia orpuMaHna B pe3y/ibTaTi
zacTocyBanug Bigbopy Bepmysri 3 = 0,5 3 MeTOIO BU3HAYEHHS TaC-
TKM TUX JTOMOTOCIIONAPCTB, 10 mepebyBaTh 3a Mexero bigHocti. Y
pesyJsibTaTi 00CTeKEHHSsT OY/I0 BUSIBJIEHO, IO TAKUX JOMOIOCIOIAPCTB
y Bubipmi 350. IloTpidHO O1iHMTH BIACOTOK THUX JAOMOTOCIONAPCTB, 110
repebyBaroTh 33 MeyKeto DIAHOCTI B I[bOMY HACEJEHOMY MYHKTI, Ta 110-
OyayBatu 95-BiCOTKOBUT JOBipUMit iIHTEPBAJI J/Td ITi€T OIMIHKA.

3.8. g renepaspaol cykynaocti U posmipy N = 10 000 koedirtient
sapiarii CVy = 0, 534. Busnauntu HeoOxinuuit (cepe/Hiii) po3mip Bu-
GIpKHU I OTIHKY CEPETHBLOTO MEIKOT XapaKTEPUCTHKH Y Tak, 06 Ko-

edimient Bapianii omiaku Copsina-Toummcona CV (3,) = v/D(T,)/Y
He mepeBHINyBas 1 % HpH 3aCTOCYBaHMI:

1) mpocToro BumaaKoBOrO Bigbopy 6€3 MOBEPHEHHST;
2) Bigbopy Bephysuii.

Sxum nopunen 6yTu cepenHiil po3mip BubipKy mpr BUKOPHUCTAHHI
asbrepHaTHBHOI ominKy (3.1) atst Bimbopy Beprysii?
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Pozain 4
CucremarugHmii BiJIOIp

4.1. OCHOBHIi NOHATTHI Ta pPe3yJbTaTH

[osioBHOIO TIEPEBArOI0 CUCTEMATHYHOTO BiOOPY € MPOCTOTA HOTo
BUKOPHUCTAaHHA Ha mpakTumi. Hexait N — posMip reHepabHOl CYKYy-
nnocri U, a € N — neske dikcopate uucao. Ilepuumii enemenr su-
Oipku BUOMPAETHCA BUIMAIKOBUM UUHOM CEPEJ MEePINUX 4 €JIeMEHTIB
cykymaocti. Obpane Ttakum guHOM wucao r, 1 < r < a, Ha3uBaE-
THCA BUNAOKOSUM CTNAPMOM (BUNAOKOBUM NOUATNKOM), & TUCIO G —
subipkosum inmepsasom. Koxxen emement 1,2,...,a Mae OTHAKOBY
MOBIpHICTE OyTH OOpaHUM: % Haui y Bubipky HOTPaILISIIOThH eje-
MEHTH 3 KPOKOM a, Tobto 7, r + a, r + 2a, ...

Taxkum 9mHOM MOXKHA OTPUMATH JIUINE ¢ Pi3HUX BUOIPOK, KOXKHA
3 SKMX MAa€ O/[HAKOBY HMOBipHicTH HyTH 06paHOIO: %

Hexait n = [%}, Toumi N =an+c, ne 0 <c<a.

Aximo ¢ = 0, To po3Mip yciX CHCTEeMATUIHNX BUOIPOK JOPIBHIOBA~
tMe n. fAxmo ¢ # 0, To cucreMaTH4Hi BUOIpKI MOXKYTH MaTH PisHi
po3Mipu: n un n + 1.

[osmaunmo g = {51, -+ ,Sa} MHOXKHHY BCIX MOXK/IMBHX BUOI-
pok mpu cucremarudnomy Bimbopi. Toxi

| 0, B iHmoOMYy BUMAIKY.

p(s) = { 1 axmos e 3CB;

Jtsi Toro, o0 BU3HAYMTH, FKOI'O BUIVIAJY HAODyBa€ OIIHKA
Topsima—Towmricona Ta 1 gucnepcist Tpu CUCTEMATUIHOMY BitOOPi, 1O~
TPibHO 3HANTH WMOBIPHOCTI BK/IIOYEHHA MTEPINOrO T4 APYTOr0 MOPSII-

KIB:
1
e = —, Vk;
a
= ggmo k Ta | Hasiexarh OJAHIN BUOIpII S;
0, akmo Hi,

Takum uuHOM, Ju3aiiH IPU CUCTEMATUIHOMY BiJIOODI He € suMmip-
num (Tobro, me nna Beix k,l € U g > 0).
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a
Ockinbku BUGIpKHU S1, ... ,S, He nepermHAOTHCH Ta | 8 = U,
r=1
TO cymMapae 1 MU MOXKEMO 3aMUCATH IK

a
T=>t,, xe ty = y
r=1

k‘ES'r

Cucremaruynuii Bigbip MOXKHA po3risggaru K Biubip ojHiel 3 a

OiICYKYIHOCTEN TeHepaJIbHOI CYKYIHOCTI 3 PIBHEMH HMOBIPHOCTSIME
1
a

CTI.

3 TOAAJIBINM 0BCTEXKEHHSAM BCiX e/leMeHTIB BUOPaHO! MiJICyKyITHO-

Teepdocennsn 4.1. Ilpu cucmemamuunomy 61060pi 3 6ubIPKOGUM
THMEPBAAOM A, T-OUIHKG Oad cymapnozo 1T mae 6uzamnd

tAﬂ:a-ts, de t5:Zyk, 863(]]37
kes

3 ducnepcieio
de

Ilpu ywomy ducnepcia Dop (fﬂ) byde Mano10, AKWO CymMaphi t,
no eubipxar S, 6yJymv NPUOAUSHO PIGHUMU.

Hosedenna. Ockinbku aas seix k=1, N 1, = %, TO

?ﬂzz%:aZyk:ats, s E€F0oB-

kes k kes
Tomi
~ Yk Y
Dep (bn) = DD Au =
kel 1eU k M
S ECTN S
keU leu N R
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S T (S -

keU leU keU

= az S e | - T —azt2 ~T? =

r=1 \ k€s,lEs,
a a
= a (Zt?r — at2> = az (ts, _%)2
r=1 r=1
]

3aysaorcenns 4.1. Ockinbku BubipkoBumii quzaitc CB ne € sumiprum
(ne arst Beix ky 1 € U 1y > 0), TO BAKOPUCTOBYBATH BUPA3 /I OI[IHKA
mucnepcii D (tx) (dbopuyna (1.6)) ne moorcnalll

4.2. Poz3wmip Bubipku mpu cucreMaTudHOMY Bimbopi

[Ipu 3acTocyBaHHI CUCTEMATUYHOTO BIOOPY [yKe BaXKJIUBUM €
KOHTPOJIb PO3MIPY N MOXKJIUBUX BuOIpok. Hexait

N=an+c¢, 0<c<a.

Aximo ¢ = 0, To BCi @ MOXKJIUBUX BUOIPOK MafOTh OTHAKOBHI PO3-
Mip n; gkio ¢ > 0, To po3mip Bubipku jpopisaioe n + 1 npu r < ¢ ta
n Oopur > c.

Buwmora, mob a 6y/10 mijinM 9uc/ioM OPUBOIUTE Y JACTKUX CUTYa-
migx 710 po3Mipy BUOIPKH, 110 € JajeKuM Bij HarkaHoro.

IIpukmang4l. Hexait N = 149 i 6axxanwnit po3mip Bubipku n = 60.
Toni, axmo BuOIpKOBHiI IHTEPBAI ¢ = 2, TO MH OTPHMAEMO PO3MIP
Bubipku 74 abo 75; mpu a = 3 — abo 49, abo 50. Orpumaru BubipKy
po3Mipy 60 HEMOXKIUBO. O

3ayBazkKHUMO, IO KOJX N MaJje MOpiBHAHO 3 N, To mpobjeMa He €
HaCTLIBKHK cepito3Hoo. Hapememo aBa cmocobu i1 BUpiIeHHs.

Merox apobosoro BubipkoBoro inrepsasy. lleit meron momy-

N

ckae, w06 a Oysio wenijmm wuciom. Hexalt a = -, ne n — Gaxaunii
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po3mip BubIpKH. 3reHEPYEMO BUIAJIKOBE YUCI0 &, 110 Ma€ PIBHOMIp-
auii posnozin ua [0, a]. Bubipka B poMy BUNAJKY Oyie CKIRIATUCH
3 esiementiB k € U, st sikux

k—1<&+(G—-1Da<k, j=1,...,n

A6o, 1te ekBiBAJEHTHO BHOODY 3 IMOBIPHICTIO % BUITAIKOBOTO TILIOTO
qrncaa v, 1 <r < N, ta Bigbopy y BubipKy eaeMeHTiB k, g sSIKAX

(k—Dn<r+(G-1)N<kn, j=1,...,n.

Hanpuknan, erement k = 1 6ye Bigiopanuit akimo 0 < r < n. g
mofiig HacTymae 3 iMosipmicTio . Ilpm mpomy BCi MoxKnHBI BHOIpKH
MafOTh PO3MIP M.

Huksiiuauii meron. Y 1bOMY BUMAJKY BUOIPDKOBY CTPYKTYDPY PO-
O/19Th MUKJIIYHO0, TOOTO micas IN-To emreMenTa ciaiaye 1-# i 1. 1. Bu-
bupaerbes Bunagkose qucso r (1 < r < N). Hexait a — ue Haiibiauxge
isie gucyo 6iis % Tomi y BUGIpKY HOTPAILISIIOTE Ti eleMenTH K, /st
STKUX

k=r+(—1)a, akmo 7+ (j — 1) a < N,

=1,...,n.
k=r+(G—-1)a—N, axkmor+(j—1)a> N, J el

Y 1bOMY BHIIAJKY pO3Mip n Oy/ie 0JHAKOBUM Jjis BCiX BUOIpOK.

[Io6 minxpaxysarn Do (tAﬂ) JIUTst 060X 1IUX METOiB, TOTPiOHO 3HA-
AT AMOBIPHOCTI BKJIIOUEHHSI APYTOro HOPSIOKY Tk, k # . Ajle B nux
BUTIAIKAX BUOIPKU S, HE 000B’sI3KOBO HETEPETHHHI, TOMY TIpU Miapa-
XYHKY HMOBIpHOCTEH BKJIIOUEHHsT TOTPIOHO 116l hakKT BPAXOBYBATH.

V pasi, ko ¢ = 0, BCi MeTOaM CHCTEMATHIHOTO BimOOpPY ekBiBa-
aeaTHi. Axmo N mocnTh BeaWKe BIAHOCHO 1, TO PIZHWIS MiXK IIUMHA
MeToaMu Oye He3HATHOIO.

4.3. EdexkTuBHICTh CHCTEMaTUYHOTO BiIAOOpPy

Buauenns Dop (tﬁ), a orkKe, 1 ePEeKTUBHICTH CHUCTEMATUUHOTO
BiI6OPY 3aJI€KUTH BiJl TOTO, SIKUM UHHOM €/IEMEHTH T€HEPAJBHOI Cy-
KynHocTi BriopsiyikoBani. Jucnepcis 6yne majoio sikio cymapi tg,
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[0 KOXKHIM MOXKAuBiH Bubipii 6yayTh npubiu3Ho piBHuMu. B skoMy
BUIAJKY IIe MOXKe OyTn?

JLas mpocToTH PO3IVISHEMO BUIIAI0K, Ko N = an, jie a — 1ijie

aucgo. Toxi a = % i

-~ N
th = =) y =Ny
U n yk y,sr?

kEs,

~ I, —\ 2 L
DCB (t”) = NQ& Z (ysr - Y) = Nn Z (ys -
r=1

r=1

Posrngremo Bapiarito ejieMeHTiB reHepasibHOI CYKYITHOCTI, TOOTO

S -7 = Y (- 7) =

keU r=1kes,
a
= Z Z (ykigsr _?)2 =
r=1k€s,
a
_ Z Sk~ 52+ > 0 (5, — V)%
r=1ke&s, r=1

OTprMyeMO OCHOBHY TOTOXKHICTH AWCIEPCIHHOTO aHamizy
SST =SSW + SSB,
ze

SST = Z (yk — ?)2 — 3arajbHa Bapialid,
kEU

SSW = Z Z —Us,.) *BHyTpiH_[HI)OI‘pyHOBa Bapiarid,
r=1keEs,

a
SSB = nz (yj&, — ?) — MIXKTpPyIoBa Bapialis.

V npoMy 3ammci:
e SS Bim anry. sum of squares, IO O3HAYAE — CYMaE K8AIPAMIB;
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o T Bim auri. total — o3HAYAE 3a42aAbHULL;
o W Bin anri. within — o3Hauae ecepedutii;
e B Bin aHri. between — o3Havae M.

2 _ 1 ,

Bokpema, S = —SST. Y mpomy BUNAJKy OCHOBHHE BKIAJ Y

JIMCIIEPCIIO OIiIHKM POBUTH MiKI'DPYIIOBA JINCIEPCIA reHepasibHOI CyKy-
ITHOCTI:

Dep (tx) = N - SSB.

Towmy, mo6 mucnepcis oninkn Dop (tAﬂ) Hysia MeHIow, 6asxkaHo,
o6 S'S B 6yna MeHtow, 1o o3Hauae, mo SSW mae 6yTH 0 MOYXKIIH-
Bocti 6isibiioro. Tammmmu ciioBaMu, e1eMeHTr BCePeInHi KOXKHOT TPYITH
TOBUHHI OyTH 10 MOXK/THBOCTI HEOTHODITHUMU.

4.4. Mipu omHOpigHOCTI
O/Hi€0 3 TOMUPEHUK Mip OJHOPINIHOCTI B IPYHL € 68HYMPItiHbO-

2pYnosuti KoePiuicHm Kopessyii:

n SSW 22 il =Y)(m-Y)

n—1 85T (n—1)(N—1)52

p=1

ITo cyTi, p — 1e Mmipa KOpesdIlii MiK TapaMu eJIeMEHTIB BCEPEInH]
rpymu. Jdociinumo, B akux Bunajkax reil koediiient HabyBae cBOro
MaKCHMAaJbHOTO Ta MiHIMAJBHOT'O 3HAUEHbB:

Pmax = 1 = SSW =0, SST = SSB,

TOOTO, BCi e/leMeHTHN BCePearHI KOXKHOI TPy OIHAKOBI;

1
Pmin =1 — —+— = — — SSB =0, SSW = SST,
n—1 n—1

TOOTO, cepeiHi 3HAUEHHS B KOXKHI#l IPyIi OTHAKOBI.
[TpointocTpyemo e Ha TPUKIATI.
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Mpukuaa 4.2 Hexait renepanbaa cykymuicts U = {1,1,2,2}. Po-
3i6’eMo 10 cyKynHicTh Ha rpynu (Bubipku): s; = {1,2}, so = {1,2}.
e o3nauae, o Mu 3aCTOCYBa M cucTeMaTnduuii Bi0ip 3 BubipkoBum
inTepBasiom a = 2. Toxi 3 N = 4 enementiB Mu yTBOpPUIN BUOIpKH
po3mipy n = 2. Bubipka S1 yTBOPIOETHCS, KOJIU BUMAKOBUM CTAPTOM
er =1, a sg — Koam BUMAIKOBUM cTtaptom € r = 2. Toxni

OTIKe,

SSW -(1-1,54+2-(2-1,5*=4-0,25 = 1;
SSB = 0;

SST = 2-(1—-1,5)+2-(2-1,5)2=4-0,25 =1,

[\

1 BHUKOHYETHCS OCHOBHA TOTOXKHICTH JUCHEPCIHOrO  aHAJI3Y
SST = SSW + SSB, 1 = 1+ 0. V npomy Bumagky p = —1,
TOOTO eJeMEHTH BCEDPEANHI TPYHH HEOIHOPimHI, aje cepeimHi o
rpynax o HOPITHI.

Aximo X reHepasibHA CYKYITHICTH YHIOPSJIKOBAHA 1HIMNM YHHOM
U = {1,2,1,2}, T0 B pe3yabTaTi 3aCTOCYBAHHS TOTO CAMOTO CHUCTe-
MATUYHOTO BiOOPY OTpUMAEMO iHie po3burrs Ha rpynu (Bubipku):
s1 ={1,1}, s2 ={2,2}. V upomy Bumajxky

SSW = 0
SSB = 2.2-[(1—1,5)2+(2_1,5)2 _ 1.
SST = 1.

p =1, a e o3Havag, MO eJJeMEATH BCepeJnHi TPy OIHOPIIHI, Bapi-
aIlist €JIEMEHTIB BUHUKAE 33 PAXyHOK MiKrpymnoBol sapiamii SSB (Ba-
piamii cepesiHixX 10 Tpymax). O

OcHoBHUT HEIOMIK KOEDIMIEHTa, P MOJATAE B TOMY, 10 HOr0 MO-
’KHA BUKOPHCTOBYBATH JIUINE JJisi TPYI OAHAKOBOTO po3mipy. Tomy
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JacTiIre BIIJAl0OTh IIePeBary iHImoMy KoedillieHTy:

N —-185SW
d=1— —— ——. 4.2
N —a SST (42)
[Tozrauumo S‘Q,V BHYTPIIITHBOIPYIIOBY JIMCIIEPCitO: 5124/ = Nl_a X

Sty

xSSW, a % = F59ST, toui S§, = (1 —8)S?, abo ¥ =1 —29.
Koedittieur d M0:KHaA BHKOPHCTOBYBATH HE3AJJIEXKHO BII TOTO, 9H €
TPyOHU OJHOTO Po3Mipy, um Hi. IIpu mpomy

Omax = 1 = SSW = 0;
61”r1in:1—1\/v_1:—a_1 = SSB =0.

N—a N—a
Teepdocenns 4.2. Ilpu subipkosomy dusating CB, xoau a = % -
yine HUCA0, JUCNEPCLs TT-OUIHKY MAE 6UAA0
~ N?2. 5?2 n 1
D tn) = (1= —-1)-8], 9 =—=-.
op (t) ==~ [0=N+(m-1)-8, d f=7 =1

HoBeneHHsT BOTO TBEPJXKEHHS 3aJHUIINMO K BIOPaBY I CAMO-
CTITHOTO OITpaITIOBAHHSI.

[TopiBHsieMO edEKTUBHICTH CHCTEMATUYHOIO BigOOPY 3 HPOCTUM
BUTIATKOBUM 6€3 TTOBEPHEHHA:

1-f

DriBoll (fx) = N*—=57.
Dep (1t _
deff (CB, i) = cr (1) :1+7f_}5.

DrBBoll <§ﬂ)

Cucremaruunuii Bifidip € epeKTUBHITIINM 3a TPOCTU BUTIATIKOBHIL
Biabip 6e3 mosepHeHHs, akio & < 0, To6T0, KOIU ng > 52

Cucremarnunuii Bindip € menmr edexktusauM 3a [IBBOII, akimo
5 > 0, Tobro, KON S?,V < S

Cucremaruunuii Bijibip Mae Taky camy e@eKTUBHICTb, K 1 TIPO-
cruit BunaakoBuit Bimbip 6e3 mopepmenHs, skimo 0 = 0, Tobro Tomi,
ko S3, = S2.
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4.5. OminoBanHg AucCHEPCii IpU CHUCTEMaTHYHOMY Bia-
o6opi

OHnM i3 TOJIOBHUX HEIOIKIB CHCTEMATHIHOTO BiIOOPY, [0 KOM-
[IEHCYE TIPOCTOTY peastizaril Binbopy, € HEMOKJIUBICTE OIIHUTH JUC-
mepcifo. Ieaye aekinbKa crocobiB BUPIIIEHHS M€l TpobaIeMn, aje Ko-
JHWH 3 HUX He € AOCTaTHBO XopormmM. HaBenemo fBa 3 HUX.

Cmoci6 1. 3minieHi omiHKM aJis JucIepcii

Hagenemo oy 3 MOXKJIMBAX 3MIIEHUX OIIHOK s D(?n).

[Mpunyctumo, 1o cucremarudnmii BiAbip HACTIIBLKY eheKTUBHUIT,
sIK 1 mpocTuii BumagKoBMit, T06T0 & &= 0. fAKIM0 5, — 16 BubipKa mpu
CHCTEMATHIHOMY Bifgbopi, TO BUOIpKOBOIO AUCIIEPCIEIO €

~ 1
S? = _ 1 Z (yk - g5r)2'

n
k’ES'r'

Tomi 3a oninky mucnepcii Dop (?n) MO2KeMO BHOpaTH

D N21 f
n

SQ

3amporoHoBaHa OIiHKa AUCTepCii Mae Takuii caMwuil BUTJISI, K 1y
BUIIAJIKY MPOCTOr0 BUMAIKOBOIO BimOOpPY 663 moBepHEHHI.

V Bunagky, Kou cucreMaTwdIHuil Binbip € 6iabmr ebekTUBHIM 32
npocruil Bunajakosuit, robro, axmo & < 0, To

D () < Pripperr () -

Tomi D Oy/le mepeoniHioBaTH peanbHe 3HadenHsa Dop (%\71), TOOTO

Ecg (P) > Pegp (&) -

Y 1bOMY BUIAJIKY TIpU TOOYI0BI HOBIPYMX IHTEpBaJIiB PiBEHb MOBipH
1 — o 6yze B aiificHocTi GiblInM, HizK ITPUILYCKAETHCS.

VY Bumajky, ko & > 0, D Oy/ie HeAOOI[IHIOBATH JiCHE 3HAMECHHS
Dep (fn), i mpu mobymoBi moBipumx iHTEpBAIiB, piBeHDb M0BipM 1 — &
Oy/e B AICHOCTI MEHIINM, HiK IPUIYCKAETHCS.
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[Ipu & = 0 ominka D criBiHOCHTBCA 3 Dp (tAﬂ) IocuThb gobpe.

QaxTHIHO e(PEKTUBHICTD CUCTEMATHIHOTO BiIOOPY 3aI€KUTH Bij
YIOPSIKOBAHOCTI €/IEMEHTIB IeHEPAJIBbHOT CYKyITHOCTI. Ko enemen-
TH B COMCKY BIOPSIKOBAaHI TaK, IO HEMAE KOJHOI IBHOI 3aJIE?KHOCTI
MIXK HOMEPOM €/IEeMEHTA i 3HAYCHHIM XaPAKTEPUCTUKH Y, TO €IeMeH-
TH B CHCTEMATHYHI# BUOIPI HE MATUMYTh TAKOXK IN€l 3aeKHOCTI i
BJIACTUBOCTI Takol BuGipKu OyiyTh MaJO BiJIPI3HATHUCH BiJl BUOipKuU
npu [IBB6II. Tomy B 1bOMYy BUIAJKY BHKOPHCTAHHS OIIHKHI D woxe
OyTH BUIIPABIAHIM.

Aximo esiemenTu B renepasibhiil CyKyImHOCT] BIIOPSIKOBAHI TaK, IO
3HAYEHHS Y) 3POCTAIOTH (200 CIAIAI0Th), TO/l CuCTeMaTuIHui Biabip
Oyme maBiTh Oinbn epekTuBHMM Hik [ITBBOIL, i ominka D Oyme mepe-
OITIHIOBATH peasibHe 3HaYeHHS JTUCIIepCii.

Hatiripmra curyariis MoyXe BUHUKHYTH TOMi, KOJHU y BIOPSIIKOBA-
HUX 3HAYEHHAX XaPAKTEPUCTUKHU Y CIIOCTEPITaETLCs JlesdKa Mepion-
YHICTB, 1 KPOK, 3 IKUM pobuThest Binbip (a), mopisatoe mepiomy. Toi,
OI[IHKA D Oy/ie HEAOOIIHIOBATH PeaIbHE 3HAYCHHS JTUCIEPCIl.

Taxwum guHOM, OIIHKOIO D PEKOMEHIYETHCH KOPUCTYBATHUCH JIUIIIE
B TUX BUIMAIKAX, KOJU € BIEBHEHICThL Y TOMY, IO €JI€MEHTH TeHEPAIhb-
HOI CYKYITHOCTI JJOCHTDH JI00pe IepeMilIaHi i, o 1yzKe BaXKJINBO, JAHi
He MalOTh HIAKOI ITepioImIHOCTI.

Criocid 2. Moaudikariig cucreMaTuvHoOro Bigdopy

Tammmin miaxin — e momudikyBaTu cucremarwaauit Binbip Tax, mobd
MOXKHA 0YyJI0 CKOPUCTATUCH KJIACUIHOIO OI[IHKOIO D (tAn).

3amicTk TOrO, 11106 BUKOPUCTOBYBATH OJMH BUNA/IKOBUI CTApT T Ta
BUbIpKOBUil iHTEpBaJI @, BUKOPUCTOBYIOTH M > 1 BHNAJKOBUX CTap-
TiB Ta BUOIPKOBUIlI iHTEpPBAI Ma. Y PE3YAbTATI 1IOTO OTPUMYEMO 1M1
«pO3IIAPyBaHb», KOXKHE PO3MIpY ..

[IpumycTumo [jig IPOCTOTH, MO - Ta G = % -

BunmagkosuM amHOM BUOMpaeThCs m ducea Bix 1 1o ma:

i gmeia.

1,72, «o.y T'm-

Toni Bubipka 6yme dbopmyBaTUCh TaK:
5:{14:: k=ri+(G—1)ma:i=1,m, jzl,n/m}.
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Y 11boMy BUNAJIKY HMOBIDHOCTI BKJIFOUeHHS Oy/1yTh JOPIBHIOBATH:

~m 1 n
T e T a N

- > AKINO Kk Ta | HaleKaTh 10 OJHOTO PO3IIAPYBaHHSL;
T = { %::a__ll, SKINO Kk Ta | HAJIeXKaTh [0 PI3HUX PO3IIAPYBaHb.

ITpu Takiit mogudikarii au3aiin 6yme B2Ke BUMIPHAM 1 ME MOXKEMO CKO-
PUCTATHICEH HE3MIIITEHO0 OIIHKOI [A71st auctepcii T'opsima—Towmmcoma.

[To cyTi, cucremMaTnaHEHA BiaOIp € YaCTUHHUM BHIIAIKOM KJIACTEp-
HOTO BinGopy, skuit Hymemo posrisparu B pozaiiai 8. Posmapysan-
Hs BiirpaioTh posib KjacTepiB. Bumaaok cucrematuynHoro Binbopy
3 OJJHUM BUIIQIKOBUM CTAPTOM BIIIIOBIIAE OJHOCTAJIIITHOMY KJIaCTED-
HOMY BiOOpPY OZHOTO KJjIacTepa, dKuil moBHICTIO obcTexkyerhed. Ko-
JIW MU BUKOPHUCTOBYEMO JIEKITHKa, BUTTQIKOBUX CTAPTIB, TI€ Bi/IMOBI1a€
BUTTQIKOBOMY BIIOODY JEKIMBKOX KaacTepi. OTiKe, MJIsT OTIHIOBAHHS
JUCIepPCil IpH CHCTEMATHIHOMY BimOOpi 3 AEKiTbKOMa BHIIAIKOBUMUI
cTapTaMu MOYKHA CKOPHCTATUCH opmysioro (8.11) mist ogHOCTATI#iHO-
ro KJaCTepHOro BiOOpYy.

OcCHOBHUM HEJOJIKOM [BOTO IHAXO[MY € Te, M0 OIiHKU IIPU HOro
BUKOPUCTAHHI 9ACTO MAIOTh DIBITY AUCIEPCii0 MOPIBHIHO 3 CUCTEMA-
THYHAM BiTOOPOM 3 OJHUM BUIAIKOBUM CTAPTOM.

Y JedKux BHUIAIKAX IpobyieMu 3 OIHIOBAHHIM HE € HACTLILKH
cepitozaumu. 3okpema, kosu O ~ 0.

Yacro cucreMaTugHnE Bigbip BUKOPHCTOBYETLCS Ha OCTAHHIX CTa~
JIiIX CKJIAHOTO OOCTEXKEHHS.

4.6. Bnpasu Ta nuTaHHA AOJid CAMOKOHTPOJIIO
4.1. ¢{xa ocHOBHa MepeBara CUCTEMATHIHOTO Bigbopy?

4.2. Yomy mpr CB He MOKHA BUKOPUCTOBYBATH OINHKY I TACTEPCiT
TT-OIIHKA?

4.3. B akux BHUIIaJIKaX BapPTO, a B SKUX HE BAPTO 3aCTOCOBYBATU 3Mi-
IIEeHY OIIHKY /I JUCHEPCii TP BUKOPHUCTAHHI CUCTEMATUIHOTO BiJ-
6opy? Homy?
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4.4. Jlns remepanbHol cykKynHOcTi posmipy N = 10 Bunmcaru Bci
MOXKJIUBI CHCTEMATHYHI BHOIPKH po3Mipy n = 4, M0 MOXYThb OyTH
OTPUMAHI [1pU 3aCTOCYBAHHI:

1) meroay mpo6oBoro BHOGIpKOBOTO iHTEPBAJLY;
2) UUKJIITYHOrO METOJY.

O6uucauru st 060X METOJiB BCi WMOBIPHOCTI BKJIFOYEHHS IIEPIIOTO
Ta JPYroro MOPSIKiB.

4.5. Jlns obcrexkenns crany KHur y 6ibstiorerii 3 porgom 12 000 kHuD
6yJ10 3aCTOCOBAHO CUCTEMATUIHUHN BIIOIP 3 JBOMA BUMTAIKOBUME CTAP-
ramu. [IpocTum Bunagkosum auHoM Oy/10 00paHo aBa umcia (Buia-
KOBHX cTapTH) 3 mpomizxKy Bij 1 mo 30, sxi BusHauamm peecrpaiiiinuii
woMmep kauru B 6ibiorerni, a came — 5 ta 26. Koxknomy 3 Hux Bimmo-
Bijae omma cucremarnyna subipka: 1 = 5 Bignosinae s; = {5, 35, ...}
Ta ro = 26 Bianosinae sa = {26, 56, ...}. Jaa KOXKHOT 3 TIUX CHCTEMA-
THIHUX BUOIPOK OYJIO MOPAXOBAHO KiJMBKICTH KHUI' y ITOTAHOMY CTaHI:
Ng, =8 1a Ny, = 13.

OrminnTn 3araabHy KUTbKICTh KHUT ¥ TIOTAHOMY CTaHi B 6ibioTert
Ta OOUMCINTH 3HAYEHHS OIIHKH JUCIIEPCii.

4.6. O6crexyerbes 280 cepeAHBOOCBITHIX MK B Aeskiit obsacti
Vkpainu 3 MeTo0 BU3HAYEHHS CEPEIHBOTO PIBHS 3HAHBL yUHIB 10 12-
OanpHiit mKami. Jasg mporo cucreMaTHuIHEM BimOopoM 3 BuOIpKOBHAM
inTepBasom a = 10 BigbuparoThcs BUOIPKH IPHU PI3HIA yIOPSIKOBa-
HOCT] (YII.) COUCKY IIKLTT:

yi. 1 — B andaBiTHOMY TOPSJIKY HACEJEHUX MYHKTIB, /e BOHW PO3Mi-
IIeH]; IKIMO B OJHOMY HACEJeHOMY IYHKTL € JeK1TbKa IIKiI, TO
JTIOTATKOBO BPAaXOBYBAaBCA HOMED ITIEl MIKOJIH;

VI 2 — y DOPSAKY 3POCTaHHS 3aJIEXKHO BiJ KITBKOCTI YUHIB, IO Ha-
BYAIOTHCA B TITKOJII;

VII. 3 — y TOPAAKY 3POCTaHHS 3aJeKHO BIJT KUTBKOCTI BUNYCKHUKIB-
MeJIaJTICTIB 33 OCTaHHI 5 POKIB.
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151 KOKHOTO TaKOT'0 BHOPAAKYBAHHA icHye 10 MOXKIUBUX CHCTeMa-
THIHUX BUOIPOK. ¥ Tab/1. 7 HABEEHO 3HAUEHHS CEPEIHBOI YCITIITHOCTI
B IIKOJIAX KOXKHOI CUCTEMATUIHOT BUOIPKU JIJIsi KOXKHOTO 3 TPhOX YII0-
PAAKYBaHb.

Tabmunsa 7. CepeaHsi yCINTHICT MK § JJIsi CHCTEMaTUIHAX

BubIpoK
Bubipka | ym. 1 yo.2 | yo. 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) Migpaxysaru mucnepcito ouninku Topsina—Tommcona mpu Ko-
KHOMY 13 TPhOX YIIOPSIKYBAHD.

2) Hexait aucrepcisi reHepabHOI CYKYITHOCTI JIJIsI CEPETHBOT YCITi-
maocti S? = 1,392. O6uncanTn qucmepcio ominkn Lopsima—
Towmmicona nipu IIBB6II 3 n = 28.

3) O6umncaur KoedIlieHT MipH OTHOPITHOCTI O, BU3HAUEHHIT ¥
opmyui (4.2), 11s1 KOXKHOTO 3 TPHOX YIOPAIKYBaHb. Arum Oy-
e MIHIMaJIBHO MOYKJIMBE 3HAUEHHS IIHOr0 KoedimienTa?

4.7. losectn TBepmKeHHS 4.2.

78



Pozain 5

Binb6ip 3 moBepHeHHSAM

5.1. OcHoBHI BigMiHHOCTI

o nporo uacy npu Bimbopi esiemenTiB y BubipKy Mu HE JIaBaJIn KO-
JTHOTO MAHCY €JIEMEHTY TIOTPAIUTH TYAn OLabIe 0gHOro pasy (TobTo,
BinGip Oys 6e3 moseprenns). | me JOri9HO — TPU MOBTOPHOMY BKJTIO-
TeHHI eJIeMEHTa MU He 3aJy9aeMo 70 BubipKu HOBOI indopmariii. Ate
BiAbip 3 IOBEPHEHHAM Ma€ IPaBO Ha iCHYBaHHS 1 JeTaJIbHE BUBUYCHHI.
Ilepmr 3a Bce ToMy, 10 B ITbOMY BHTIAAKY JesKl OIMIHKHA MalOTh JTyKe
MPOCT1 CTATUCTUYHI BJACTUBOCTI, IO JA€ MOXKJIUBICTL JOCTIIZKYBATH
IOCUTH CKJIQHI TPOTeypu Bimbopy.

Hocriagnvo dpyumamenTanbai 0cobIuBOCTI 1BOX BiabOpiB — He3 Ta
3 TIOBEPHEHHIM Ha MPUKJIAIl TPOCTOr0 BUMAIKOBOTO Bimbopy.

IMMIpukmand.l. Posrugaemo cxemy Biabopy, mpu gKiil BUKOHYETHCS
m He3aTeXKHUX BIAOOPIB e/ieMeHTiB i3 reHepajbHOl CyKYITHOCTI PO3-
mipy N 3 opmakosumu iimosiproctavu 1/N. Binibpanwii enement
[IOBEPTAETHCA B CyKynHiCTh. TakmMm umaoM Bci N eneMeHTiB 6epyThb
y49acTh y Bimbopl Ha KOXKHOMY Kpoii. Takmii Biabip HazBeMo npo-
cmum 6unadkosum 6id6opom 3 nosepnennam (anri. simple random
sampling with replacement), ckopouero [IBB3II.

IIpu ITBB3II koxken ejnemeHT Mae Ji0jaTHY HWMOBIpHiCTH OyTn
obpannm y BubipKy bimbime Hixk ommu pa3. Toai ¥iMoBipHiCTH TOTO,
o esleMerT OyB oOpanuit n pasis mpu M CrIpodax JOPIBHIOE

SO

UmosipHicTs TOro, mo eneMent ue Oys obpanmii: (1 — %)m, oT-
»Ke HMOBIpHICTB TOTO, 1110 ejeMeHT OYyB obpanuit xoua 6 ojuH pas,

nk:1—<1—]17) , k=1,...N.

JOPiBHIOE
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[Ipu poswsini Bigbopy 3 noBepHEHHSM TOTPIOHO YTOYHUTH, IO
caMe MH PO3yMIEMO IIiJ CJIOBOM «BHOIpKa». Axmo k; — eaeMeHT, Bi-
nibpannii Ha i-my kpoui, 10 0s = (k1, kg, ..., kp) — 1€ BIOpsAKOBAHA
Bubipka (anry. ordered sample). Bona nece indopmarito npo nops-
JI0K BinGopy eseMenTiB, a Takoxk mpo mOBTOPH. VIMOBipHiCHMI PO3-
MOJTIJT YTIOPSITKOBAHUX BUOIPOK HABWBAETHCS 6NOPAJKOSAHUM SUOID-
KOBUM JU3GTHOM.

OckiJIbKM TIpH TTOBTOPHOMY BKJIFOUEHHI eJIEeMeHTa y BHUOIDKY He
OTPUMYETHCS JOAATKOBOI iH(OPMAIIIT, TOMY MOYKHA PO3TVISIATH BH-
Oipky 0€3 IOBTOPEHDb Ta IOPHAIKY § = {k ck=kj1= m} Pozwmip
Takoi BUOIPKM Ng € BUMAIKOBOIO BEIUINHOIO, IPUIOMY Ng < M 3 iMO-
BipHIiCcTIO 1.

V nedkumx BUIAIKAX OMIHKN MAIOTh Jy2Ke IPOCTi CTATUCTUIHI BJIa-
CTUBOCT1 JIJist BIIOPSIKOBAHUX BUDIPOK 0S, Yy TO¥ Yac AK JJIs HEBIIO-
PSIIKOBAHUX BHOIPOK S JOCIIKYBATH Il BJIACTUBOCTI CKIaaHo. [1po-
imocTpyemo 1e Ha mpukaani [IBB3II.

Mpuxmangb.2. ITpu [IBB3II 3 m BunpodbyBamb MOXKINBO yTBOPHU-
i N pizHux, ajge piBHONMOBIpHHUX YIIOPATKOBAHUX BHOIPOK pO3Mi-
py m. OTke,

N—lm, I BCIX YIIOPSIKOBAHUX BUOIPOK 08 PO3MIPY M;
0, B IHITIOMY BUIAJAKY.

TaknuM 9uHOM, YIOPSIKOBAHUI BUOIPKOBHMI AW3aifH, IO BiAIOBIIae
IPOCTOMY BHIAJIKOBOMY BiZOOpY 3 MOBEPHEHHAM — II€ PIBHOMIpHMH
PO3II0/1JT HA MHOXKWHI BCIX MOXKJIMBUX YIIOPSAIKOBAHUX BUOIPOK PO3-
Mipy m.

Ha nporuwsary 1msomy, po3moaii HEYTIOPSIAKOBAHOI BUDGIPKY S, IO
BUHHWKAE NPU TAKOMy Bi6opi Mae HabaraTo CKJIAIHINIMI PO3IIOJILI.
AJte T TPAKTHYHOTO BUKOPHUCTAHHS HAM He TOTPIOHO 3HATH He3mo-
cepeanbo BubipkoBmit gmzaiin. JlocrarHpo migpaxyBaTh HMOBIpHOCTI
BKJIIOUEHHS [IEPIIOr0 Ta JAPYIroro moPsIKy

1 m
nk:1—<1—N> , k=1,..,N,
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Ta

1\™ 2\
=1-2(1-—— 1—— =1,.., N.
Tkl < N> +< N> 3 k#l PRRET]

O

Jlis Bimbopy 3 MOBEpHEHHSM yKe MPOCTO mepeitu 10 BigdOpy,
IO JIOMYCKAE HEPiBHI fiMOBipHOCTI Binbopy enemenTin, 3bepiraioun me-
3a/IXKHICTH BinmOOPIB HA KOKHOMY KPOITi.

Hexait p1,p2,...,pNy — Habip Hamepe] 3ajlaHuX JOJATHUX UHUCEJI,

10 3a/I0BOJILHAIOTE YMOBY » . pr = 1. Toni nponeaypa Biabopy mpo-
keU
BOJUTBHCS TAK, 1110 HA MEPIIOMY KPOIIi

P{Bini6bpannii k-it enement} = pr, k=1, N.

Bigi6panuit Takum 9wHOM eneMeHT k] TOBEPTAEThCA Y CYKYTTHICTH.
Toit cammit Habip #MOBIPHOCTENl BUKOPHCTOBYETHCS HA KOXKHOMY Ha-
crynHoMy Kpoti Binbopy. Orxke, iiMoBipHicTE oTpuMaTu (hbiKCOBaHY
sriopsiikosany Bubipky (ki, k2, ..., km,)

P{(kla k27 ceey kWL)} = Pk1Pko---Pkyp, -

3BijcKu JOCUTH IIPOCTO OTPUMATH BUOIPKOBUI JU3AMH /11 BIOPAIKO-
BaHIX BUOIpOK 0s. g BubIpoK, 110 HE BpaxOBYIOTHL IIOBTOPH Ta IIO-
PSJIOK, TaKuil pO3MOJl € jayke cKjiaanauM. O69ucgiumMo WMOBIpHICTH
BKJIIOUEHHS ejeMeHTa y BUbipKy, ToOTO, WMOBIPHICTH TOTO, IO €je-
MeHT norpanuTh y Bubipky xouda 6 ojuH pas:

T = 1-— (l—pk)m.

Axmo m =1, To Ty = pg. Axmo m > 1, a 3HaYEHHS pg, — JOCUTH
maii, 1o (1 — pg)™ = 1 — mpy, oTxe, T X Mpg.
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5.2. Ominka Xancena—I'ypsimna

M toro, mo6 ouinutn cymapue T = ), ;Y MOXKHA CKOpU-
craruch ominkoro Lopsima—Tommcona. Ame mprw m > 1 migpaxyHOK
HMOBIpHOCTE 773, € TOCUTH TPYIOMICTKOIO cIIpaBoio. MoxkHa mobymy-
BATH JIEIO 1HITY OIHKY.

Posrisinemo  p-3Bakene 3uavdeHHs k-ro  eseventa  (aHII
p-expended value)

Yk
Pk
TobTo, HA KOXKEH eJIEMEHT «HABINIYIOTHCS» Baru, 10 0OEPHEHO IPO-
nopIIiitHi iMOBipHOCTI floro BK/IOUEHHS V BUOIPKY Ha KOXKHOMY KDOIIi,
o6 KOMIIEHCYBATH Te, IO HE BCi eJeMeHTH OOCTeKYIThCA. Ycepe-
JHUBIIN 11l 3HAYEHHS, OTPUMAEMO HOBY OIIHKY
m
bowr = % z—z (5.1)
i=1 4Fi
mo Mae Ha3By ominku Xancena-['ypsina®. Baysaxmmo, mo npn
m > 1 7, # pr ta cyma B (5.1) GepeTbest MO BCIX eIEMEHTax, o
MOTPANUIN Y BIOPSIIKOBAHY BUOIPKY, HE3BAXKAIOUH HA MOBTOPH.

Teepdocenns 5.1. Ouinxa Xancena—Iypsiva

~ 1 = Y,
e = — > L (5.2)
M= Phi

€ HESMIWEHOI 0UiHKO cymaprozo T ma mae ducnepcito

. 1 2
Dllpur) = =Vi, de Vi=_ <y’“ - > Dhs (5.3)

ket \Pk
AKY MOHCHA HEZMIULEHO OUIHUMY

~

1 1 & /y 2

o~ ~ ~ ki o~

D(tpw’r‘) = E‘/I’ 06 Vi = m (pk — tpwr) . (54)
i=1 t

3CkopoueHHsT pwr TOXOMUTL Bij AHIJHCHKOTO BHpa3y p-expended with
replacement
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Hosedenna. Hexail BUIaikoBi BeJiuauHn Z; = %, KO k- eeMeHT

Bubpanunii ua i-my kpori. Tomai ais koxkHOTO ¢ = 1, M

P(Zi—wf) =pi, k=
Pk

1, N.

)

Bunankosi senuunnu Z;, ¢ = 1, N He3ajexkHi, 0JHAKOBO PO3IIOJI-
JIeHl Ta

Bz = Y Pp=1

2
DZ; = E(Zi—T)Z:Z<yk—T> e =W
keu \Pk

m —
OckinpKa tpyr = % > Zi = Z — ne apudmernuHe CepesHE, TO

~ 1
E(tpwr) E _E - EZZ = E’I’TLT = T,
~ 1 Zm 1 Vi

A~ o~

Mt noBesieHHsT HE3MIIEeHOCT1 ’D(tpwr) JOCTATHBO JIOBECTH, IIO

EVy =V

~ - 1 i Yk; -~ 2_ 1 " ] —2_
1 m
- oL (E-T-@-1)'-
=1
— # S L2 _ g2
= —— ;(ZZ TV —m(Z —T)
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Tom

~ 1
EFV, = ——
! m—1

Zm: E(Zi—T)* —=mE(Z —T)?
i=1

1 “ 1 1
= — DZ; —mDZ| = —— —m—Vi| =V.
m—1 [; imm m—1 [mVl mmvl] h

O

Saysasicenns 5.1. ATbTepHATHBHOIO OIHKOIO I BiAOOpy 3 moBep-
HeHHsM € ollinKa ['opsina—Tommcona. s m > 2

~ Z/k ~
= AT

kes

fka 3 nux kpama? Ilpocrol Bignosial Ha ue 3anuTandyg Hemae. Bonu
obuIBl HE3MIITIEH], & JUCIIEPCisT MUX OIIHOK 3aJIEXKNUTh BiJ KOHKPETHO-
ro Habopy 3HAUEHD Y.

5.3. Ominka Xancena—I'ypsBina mpu mpocromy Bumami-
KOBOMY Bi/IOOpi 3 mMOBEepHEHHAM

CdopmymioeMo Tenep OCHOBHI Pe3ybTaTH IS BUIAJAKY, KOJU
Oyb-ska Bopsakosana Bubipka os = (ki, ka, ..., ky) Mae ogHAKOBY
fiMoBipHicTh OyTH 06paHoIo.

Teepdocenns 5.2. Ilpu npocmomy sunadkosomy 6id6opi 3 noeep-
HeHHam outhka Xancena—Iypeiua das cymaprozo T mae suzand

%;wr =N- yosa

m
de Y,s = % > Yk, — cepedne 6nopadkosanoi subipku.
i=1
Jucnepcia ma il 0UIHEG NPU UBOMY MANML GULAAO:

~ ,5'2
DpBsit (tpwr) = N (N —1) —;

m
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. N 52
2
DrpBatt (tpur) = N°—2,
de S? — Jucnepcis zenepanvnol cykynrocms,

- m
S2, = % 21 (yk; — @08)2 - ducnepcia 8nopadkosanol subipKu.
=

Hosedenna. 1lpu 1IBB3II pp = % Toni Beswuunu Vi Ta ‘71 y dbop-
mysnax (5.3) Ta (5.4) HaOyBAIOTH BUIVISILY

i o= Z(%_T>2pk=;Z(Nyk—NY)2:

kev \Pk keU
= N> (V) =N®I-1)8%4
keU
S 1 S _ 2 242
i = HZ(NZ//% _Nyos) =N Sos'
i=1
3BiacH | BUILINBAE TBEPAKEHHSI. ]

[TopiBHEMO METOMHM MIPOCTOr0 BHIAIKOBOIO Bimbopy 3 Ta 6e3 1mo-
BepHeHHs. Hexait po3Mip BubGipKu n mpu Bimbopi 6€3 MOBEpHEHHS 10~
piBHIOE KiTBKOCTI eieMeHTiB M y BOOpsaAkoBaniit subdipii os. Tomi

Drppstt (pwr) _ NN-15
Driperr (ix) N2(1-f)<
 N-1 1-% 1
N(I-f) 1—f 1-Ff

SKio po3mip renepasibHOl cykynHocTi N J0CHTH BEJIMKWIL, a dac-
TKa Binbopy [ = §; JOCHTDL MaJsa, To Ii ABi BUOIPKOBI cTpaTerii MaloTh
MaiiKe OHAKOBY €(QeKTUBHICTh. KO XK f J0CHTH 3HAUHE, TO TPH
BiOopi 3 nmoBepHeHHsIM e(DEKTUBHICTD BTpavacThCs. Hanpukiiai, npu
f=0,5 mucnepcia npu [IBB3II yasiqi 6ineima, mixx npu [TBB6II.

IIpuxsman).3. PosragneMo cyKymHICTE i3 TpuKAaay 2.1 Ta 3acTo-
CyeMO 1pocTuil BUraIkoBuii BiAOIp 3 noBepHeHHSAM. Y IHOMY BUIIAIKY
oTpuMaeMo BxKe 6 X 6 = 36 MOXKJIMBUX YIHOPAIKOBAHUX BUOIPOK.
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Tabs. 8 cxirajeHa TakuM 9uHOM, 110 Bubipku 1-15 Ta 16-30 cxiia-
JAI0ThC 3 OJHUX 1 TUX CAMUX €JIEeMeHTIB, ajie BIOPIIKYBAHHSI Y HUAX
pizHe. Mu pospizusiemo ui Bubipku, ajie no cyri Boxu ijgerruani. Ho-
BuMu € Bubiprm 31-36. Boru ckiamaroThes 3 OMHAKOBUX €TEMEHTIB.

Tabsurns 8. 36 moxJyimBUx BUOIPOK 3 MOBEPHEHHsSIM po3Mipy 2 i3

CYKYITHOCTi po3mipy 6

Bubipka | 1 | 2 |3 |4 |56 |7 |89 |10|11|12
Buaven- | 2 | 2 |2 | 22|66 |6|6| 8|88
HA 6 |8 (101012 8 (1010|1210 |10 12
Bubipka |13 |14 |15 |16 |17 [ 18| 19|20 |21 |22 |23 |24
Buaven- | 101010 6 | 8 |10|10|12| 8 | 10|10 |12
He 101211212 2|2 | 2]|2|6]|6|6]|6
Bubipka |25 (26 |27 (28 129|30|31|32|33 |34 (35|36
Buawen- | 101012101212 2 | 6 | 8 | 10|10 |12
Hsl 88| 8|10|10(10| 2 |6 | 8| 10|10 |12

Hocmignvo, axuit BUTJISIA MaTHMe BUOIPKOBUI POIMOMIT OIIHKN
CEepeIHBOTO MPU TAKOMY BHOIpKOBOMY gm3aitai (tabs. 9). dasg mporo
CKOPHCTaEMOCs OIIHKOI XaHceHa—['ypsima:

- 1. I | o
ypwr—prr_Nmizll/N_m._ Yk = Yos-

Tabauis 9. BubipkoBuii po3moaiia ﬁpwr

Jpur | 2 [ 4 [ 5[ 6 [ 789 [10]11]12
P | 1/362/36 | 2/36 | 5/36 | 4/36 | 5/36 | 6/36 | 6/36 | 4/36 | 1/36

VeepeHuBIIM, OTPUMAEMO JificHe 3HAYeHHs napamerpa Y = 8 B
cuJly He3MimeHoCTi oninkn Xaucera—l ypsima. Aje, siK BUIHO 3 pO3-
OOMiTy 1€l OIIHKU, PO3KWI MOXK/JIWBUX 3HAUEHD MOPIBHIHO 3 BiabO-
poum 6e3 moBepHeHHS Oy/1e GibiM. 30KpeMa, 301IbITUTHCS KIJIBKICTh
«IIOTAHUX» BHOIPOK. A TaKOXK Ie BIOOpa3UTLCA Ha 3HAUEHH] JUCIED-
Cil omiHKA. Y IBOMY BHIIAIKY D@pw) = % ~ 5,3, B TOW Jac K 0pu

BinGopi 6e3 mosepuenns D(7,,) = % ~ 4,3. O
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Or2Ke, Bce HaBeJIEHE BUIIE TOBOPUTH HE HA KOPUCTb TAKOTO BijI00-
py. Homy K BUBUeHHS BiAOODPY 3 MOBEPHEHHSM BCE YK TAKU € BAXKJIH-
BuMm?

[To-miepirie, pi3HUIg B TOYHOCTI OIIHOK TpPW BiADOPI 3 Ta bHes mo-
BEPHEHHS TIPY BEJUKNUX PO3Mipax reHepaibHol CYKYITHOCTI Ta BubipKu
HE HACTIJIBKW CYTTEBA. A CIOPOIIEHHS MATEMATHYHUX BUKJIAJIOK JIJIsT
Bi100pY 3 TOBEPHEHHSM € JIOCUTH BEJIUKOI [E€PEBATOI), BPAXOBYHOUU
TOi akT, 10 3a3BUYAN JJIT BEJIUKUX CYKYITHOCTEH 3aCTOCOBYHOTHCS
CKJIaQJHI METOAN OIIHIOBAHHSI.

[To-apyre, mpu poboTi 3 MaMMK CyKYIHOCTSIMA BUHUKAIOTH IIPO-
6s1emu 3 o6y moBOIO NOBipunx inTepsasis. llerrpanbra rpannvHa TE-
opema, IO 3a3BUYail BUKOPHUCTOBYETHCS IJId ITLOTO, HE MOXKe OyTH
3aCTOCOBAHA OCKIJIbKM BOHA 3a/a€ IPAHUYHUI PO3IOJILJI IIPU JOCUTH
BeJIUKOMY po3Mipi Bubipku n. Ilpu Binbopi 3 noBepHeHHSIM MU MOXKe-
MO OTpUMAaTH BUOIpKH Oyab-SIKOr0 pO3MIipy, B TOM Yac 9K IpH Bimzbopi
6e3 TOBEpHEHHsT pO3Mip BUOIpKM He MOXKe OYTH OLIBIINM 33, PO3MIp
reHepaabHOl CyKymHOCTi. | B3arasi, mpu Bigbopi 3 MOBEPHEHHIM HEMAE
HIFKOI PI3HUI MiXK, HAITPUKAA, CYKYTHOCTAMT

Uy ={0,1,1}, U = {0,0,1,1,1,1} 7a Us = {0,0,0,1,1,1,1,1,1}.

A oTike, ME MOKEMO TIEPEHTH JI0 CYKYTTHOCTEH HECKIHIEHHOTO PO3Mi-
py. I B mbomy BUDaIKy 6id6ip 3 nosepuenmnam 6yde exsicareHmmull
81060pYy 6€3 NOBEPHEHHA 13 CYKYNHOCTE HECKIHUYEHH020 POSMIDY.

5.4. Binbip, p-npomnopuiiinuii 70 po3Mipy

[Tpu mpocToMy BUTTAIKOBOMY BimOOPI 3 MOBEPHEHHIM KOYKEH €JIe-
MEHT TeHepaJbHOI CYKYITHOCT1 Ma€ OTHAKOBY HMOBIPHICTDL TOTPAITUTH
y BIOPSIKOBaHY BUOIPKY Ha KOXKHOMY Kpori Bigbopy. Ase orinka
Xamcena—I'ypsima Moxxe 6yTH 3aCTOCOBaHA 1 TOI, KOJIU €TEMEHTH Ma-
0Tb pi3Hi fimoBipHOCTi P OyTu Binmibpanumu y Bubipky. Tomi mocrae
OATAHHA CTOCOBHO TOTO, SIKMM YMHOM Kparre Bubparw 11i #MOBipHO-
cri, ayrst Toro mob edexTuBHICTH (TOUHICTE) Ok Xancena— [ ypsina
Oys1a HaNBUIIOO.
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D(tpwr) = 0, gKIO Y = cpg 1st BCix k = 1,..., N, e ¢ — nesika
KOHCTaHTa. TobT0, HafiTOuHINMOW Oy/Ie OMHKA lpyyr, KON Pg MPOIIOP-
mittHl Y.

OckiibKY Yy HE BiOMI 0 00CTEXKEHHS, TOMY Ha NPAKTHUIL Dk BU-
buparoTh Tak, mob BoOHKU OyaM TpubAM3HO Tpomoptiiiai Y. Orinka
Xancena—I'ypsina t,,, Mae cBOI mepeBarm B TOMY BUTAIKY, KOJIN Bi-
JOoM1 3HaYEHHS JeIKOol JOTOMiKHOI 3MIHHOI X: T1, X2, ..., LN TaKi, IO
Uk - : : _
o~ const. Tomi #iMOBIpHOCTI pg, BUOMPAIOTHCA TakK, OO P = CXj.

OckiTbKH
1
1= Zpk :cZwk, TO €= 27
T
keU keU beU
Orxe,
Tk
Pr = , kel (5.5)
> Ti
i

Nmosiprocri  pg, Bm3maueni dopuytoro (5.5), HA3MBAIOTHCH
AMOBIPHOCAMY, NPONOPUItHUMY o posmipy (amrm. probability
proportional-to-size), OCKIIbKM HAN9ACTIIIE XAPAKTEPUCTUKA T €
JIeKOI0 MipOI0 po3Mipy k-TO eJeMeHTa.

Y BUnanky, KoJW AJs OIHKK XaHceHa—1'ypBia BUKOPHUCTOBY-
10Th HMOBipHOCTI (5.5), Takuil BimGip HABUBAETHCS P-NPONOPULTHUM
do posmipy (amrsn. p-proportional-to-size sampling, abo CKOPO-
9EHO PPS).

Ilpuxkmangb4.

1) TIpwm obcrexenni qox0AiB MATPUEMCTE (YY) AOTOMIZKHOIO MipPOIO
PO3MIpY T MOXKyTh OyTH 3arajbHi akTuBu abo KiJbKIiCTH Tpa-
IIBHUKIB Ha IiJIPUEMCTBI;

2) npu obcrexkenni BpoxKak (Y), T — 1e mwioma 3eMeb, mo 00po-
OIAIOTHCH;

3) obopor mMarasmHiB (Y) 3aJI€KUTE Bl TOPrOBOI ILIOII Mara3uHy
x, 1T 1. %
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Teepdotcennsn 5.3. Ilpu sacmocysanmi 6idbopy, p-nponopuitinozo 0o
poamipy, ouyinka Xancena—Iypsiya oaa cymaprozo T 6yde mamu eu-
2na0

m
P ZjeU Lj Z Yk,
pur m Tl

=1 4

Jaysascenna 5.2. 3BepTraeMo yBary dMTada Ha Te, [0 IPH BUKOPH-
crammi omiaku lopsina—ToMmcona Ta Bimbopy 6e3 mMOBEpHEHHS WMO-
BIPHOCT1 BKJIFOYEHHS TT), T€XK MOYKHA BHOpATH MPOMOPIHHHAMEU [0IT0-
MixkHil 3MmiaHill . Taknit Bigbip HazsWBAETHCA T-NPONOPUITHUM 00
posmipy (amrm. Ti-proportional-to-size sampling, abo cKOpoue-
HO TIPS).

Hacrynme nuramms, 1110 BUHUKAE TPU BUKOPUCTAHHI PI3HUX HMO-
BipHOCTElN /1 BiIOOPY: 3a JOMOMOTOI0 KOl CXEMW BiIOOpPY MOXKHA,
oTpuMaTH BUOIPKY €JeMEHTIB, IO MOTPAILIAIOTh y HEl i3 3ajiaHumMu
pimoBipHOCcTSIME Pi ! HaBememo mBa MeTomm, IO BiAMOBIAAIOTE IIil BU-
MO31 — Memod HakonuveHuT cym Ta memod Jlaxripi.

Meron makonmueHmx cym. Hexait Top = 0, Ty = Tp_1 + xp,
k = 1,2,...,N. T'erepyemo piBaOMiIpHO po3momisere Ha [0,1] Bumas-
koBe uuciao €. fAxmo Tp_ 1 < eIy < Tj, 1o enemenrt k morpaiLise
y BuDIpKy 0S i IOBEPTAETHCH B TEHEPAJIbHY CyKymHiCTh. [Iporemypa
MOBTOPIOETHCsT M pasie. [Ipu msoMy HMOBIPHICTH TOTO, IO eJleMeHT k
[OTPANNTDL y BUOIPKY IIpH OJHOMY BHIPOOYBaHHI, TaKa:

Ty — Tk = g

TN N Z ‘Ti.
€U

pr = P{Tp—1 < eTn <T}} =

IIpuxuamnb.5. Hexail rerepasibHa CyKYIHICTh CKJIAJAETHCA 3 11 s~
TH eJEMEHTIB, JJIT KOXKHOTO 3 SKHUX BiJoMe 3HaUYeHHs JOTIOMIiXKHOI
aminHOl 2. lligpaxyemMo HakomwdeHl CyMH Ta BIJAMOBIIHI iHTepBa-
au (1abdu. 10).
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Tabsmnsa 10. 3HaAYeHHd TOIMOMIXKHOT 3MIHHOI Tf, HAKOIIMYEH] CyMH
T, Ta BiANIOBIAHI iHTEepBAJIN

i | T, | ImrepBan
5 5 [0; 5]
7|12 (5;12]
10 | 22 (125 22]
3 |25 (23 ; 25]
9 | 34 (26 ; 34]

Ot i W N =

[Ipunyctumo, 1110 npu nepiioMy BUIpPOOYBaHHI MU OTPUMAJIA BU-
maakose uncao €1 = 0,214, Toxi suavenns €115 = 0,214-34 = 7,274
MOTpAILISe B IHTEPBAJI, 1O BifAmoBinae enementy 2. OTxKe, Ha Tep-
[IOMY KPOT[l €IEeMEHT 2 MOTPaILIif€ y BUOIPKY, 1 Tak AaJii, MOKH HE
OTPUMAEMO HEOOXiTHY KiAbKICTH €/IeMeHTiB y BubipIii. O

Axmo N € qocuTh BeJIMKUM, TO 3aCTOCYBAHHS IIHOT0 METOAY Binbo-
py 6€3 BUKOPUCTAHHST KOMIT I0TE€Pa MOXKe OyTH JOCHTH TPYAOMICTKIAM.
VY 1boMy BUMNAJKY TlepeBary HaldacTime BIAJAI0Th METOMY, 3alIPOIIo-
HosanoMmy Jlaxipi.

Meton Jlaxipi. Hexait uncino M rake, mo M > max (21,2, ..., TN).
Binbip ommoro eneMenTa IpOBOTUTHCA y IBa KPOKH.

Kpoxk 1. T'enepyenmo Bumagkose wucso j Big 1 g0 IV;
Kpoxk 2. Tenepyenmo Bumajgkose wucao R Big 1 mo0 M.

Axmo R < xj, To j-it ejeMeHT moTpamide y BHOIpKy. fxmo x
R >z, To Xpoknu 1 i 2 TOBTOPIOIOTHC.

Ozuavenns 5.1. BumpoOysanns npu 3acTocyBanHi Merony Jlaxipi
Oyaemo HazmBarTu e(DEKTUBHUM, FKINO HPU MHOMY y BHOIPKY moTpa-
[LJIS€ OJTUH €JIEMEHT.

Teopema 5.1. Umosipnicms subpamu k-1 esemenm npu nepuomy
edpexmusromy eunpobysarni 3a memodom Jlaxipi maxa:

Tk

Pk = .
g

1ceU
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Zosedenna. BunpobyBanmst cTae HeedeKTUBHUAM, AKIINO Ha IEPIIOMY
KPOIIl MU OTPUMYEMO eJeMeHT k, a Ha npyromy kpori — R > xg. Toxai
HMOBIpHICTH TOrO, 1110 BUITPOOYBaHHs Oyjie HeepeK TUBHIM:

N -
1 /(M —xp X
A—Ej,,(n,>— -,

me X = % > x; — cepenne no 3MinHii x. 3BiAcH BUMIMBAE, 10 HMO-
€U
BipHicTb BUbOOPY k-T0 eleMeHTa TpHU MePIoMy edeKTHBHOMY BUITPO-

OyBamui
Tk Tk Tk 2 L -1
A NM4+...=——(1=-AN""=
NM+NM +NM * NM( )
T X\ Tk
=—(1-1+— = .
NM< +M> >y

1
O

[Tro mpoteaypy MOBTOPIOIOTH AOTH, TOKU y BUOIPIL HE OyIe m eje-
menTiB. Ilpu koxxHomy edexTuBHOMYy BupoOyBaHHI BUOpaHuUil eje-
MEHT OBEPTAETHCS B TeHEPAIbHY CYKYITHICTh, OCKITBKH MU ITTPOBOIH-
MO Bimbip 3 IMOBEPHEHHSIM.

5.5. Bnpasum Ta nmuTaHHA AJ9 CAMOKOHTPOJIIO

5.1. Yum BiapizugeThCst BHOPIAKOBAHUN BUOIPKOBMIT TU3alH BiT TPO-
cT0o BuOIpKOBOTO AU3AHY?

5.2. dxoro Burnany nabysae ominka 'opsira—Tommcona mpu 1IBB3II?

5.3. Yu moxke orinka Xamcena—I'ypsita 6yTr BUKOPHCTAHOIO TIPX Bi-
6opi 3 moBepHEHHAM ]

5.4. PosrisHeMo BUIAIOK TTPOCTOTO BUMTAKOBOTO BiIOOPY 3 TIOBEpHe-
HHsIM 3 M BigbopaMu 3 reHepaJsibHOl cykyHocTi poamipy N. Hosectnu,

mo P{k € os} = 5z + O (%—2) . [Ipoanamnizysaru BunagoK, Koau N

HabyBae BEJIMKUX 3HAUCHD.
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5.5. Hexait reHepaibHa CyKyIIHICTD CKI3IaeThea 3 N enemenTis. Eie-
MEHTH MOTPAILISIOTh ¥ BUDIPKY 3a JOTIOMOTOI0 TIPOCTOT0 BUMTAIKOBOTO
BiIOOpPY 3 MOBEPHEHHSIM 3 M = 3 €JIEMEHTaMU B YHOPS/IKOBaHINl Bu-
Oipri 0s.

Posrsremo dbysKIio 7(-), 9K BUIyYa€E 3 yIOPAIKOBAHOI BUOIPKY
indopmariito Tpo mopaaoK i moTopu. Hampukia:

r({2,2,3}) ={2,3}, r({3,2,3}) =1{2,3}, r({3,3,3}) ={3}.

IMicna qii ¢gpyuxiiero r Ha BOOPIIKOBAHY BUOIPKY 0S MU OTPUMYEMO
HEBITOPSAIKOBAHY BUOIPKY 6€3 TTOBTOPIB — S.

1) Iinpaxysaru fimoBipHicTs R;, TOTO, 110 BUbIpKa 0s Oyie MicTu-
TH ¢ PI3HUX eJeMeHTiB, ¢ = 1,2, 3.

2) Hosecru, mo ymoBHuii Bubipkosuii jausaiin Bubipok s 3a ymoBu
dikcoBanoro po3mipy Bubipku ng — e [IBBOII.

3) Bunucarn BubipkoBwmit qusaiin s S.

4) PosrsmyTu JiBi ONIHKI JIJTsl CEPEHBOIO: Ypyyy = 3 hcos Uk —
L7 — 1 :
CepesiHe 3 MOBTOPAMH; Yn = ;- > hes Yk — CepejHe 10 pizHuX
enemenTax i3 Bubipku. llopaxyBaTu mMaremarudHe CIO/iBaHHS
Ta, AUCIEPCII0 MNX OIHOK. ZIKMii BHCHOBOK MOXKHAa 3pOOUTH?!

5.6. IIpu IIBB3II gyia ouintoBanust cymapuoro I’ MoKHA CKOPUCTa-
TUCh JIBOMA HE3MIIIEHUMU OIIHKAMM

)

N - N Zk‘ESyk
1= — Yk, Ta lo=—— .
s T

~+

Jlst X OIHOK HEe MOYKHA, CTBEP/XKYBATH, IO [JIA BCIX BEKTOPIB
y = (y1,92, -, yn) € RY nucnepcis oxmiei oninkn Menma (um 6in-
ma), HixK aucnepcid inmoi. HapecTn npukaaam Takux BeKTOpiB y' Ta
y// 3 RN , IO

1) Ppgar(t) < Prppar (t2) ama y's

2) Drppsrr(f) > P (fe) ans y”.
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Pozain 6

MeToamn HepiBHOIMOBIPHICHOTO BiJI0OpY O€e3
TIOBEPHEHHS

Bia6ip bepnysii, npoctuit Bunajkoeuit Binbip 3 Ta 6e3 moeep-
HEHH$, CHCTEMATUYHNAN BiAOIP — BCI Il METOAU BiIOOPY BUKOPUCTOBY-
FOTh OJIHAKOB1 IMOBIPHOCTI BK/IIOUEHHS TIEPIIOro MOPSJIKY 7T, = const,
k € U. lle 3ymMOBIIIOE Ay2Ke TTPOCTHN BUTJISI] OIiHOK. AJjTe Tig BJIACTH-
BiCTH € JaJjieKko He 000B’s3KOBOIO yMOBOIO Jid Bimbopy. Hasmaku, ma
OPAKTHIN YACTiIle BUKOPHUCTOBYIOTHCA METOAM BiZOOpPY 3 HEOIHAKO-
BUMU IMOBIPHOCTSIMU, OCKIJIBKY caMe BOHU € OLIBIN ebeKTUBHUMH.

[Ipu posrasai Bigbopy 6e3 moBepHeHHA Ta MOOYIOBI OIUHKH
Xancena—I'ypsima (quB. po3ain 5.4.) MU BXKe 3yCTpiYainch i3 BUMAJI-
KOM, KOJii HMOBIPDHOCTI P TMOTpAIIgHHS €ieMeHTiB y Bubipky Oy-
gu pisammu. [Ipu onTuManbHOMY BHOOPI IMX HMOBIpHOCTEN MOXKHA
OTPUMATHU OIHKY 3 HADAraTo MEHIIOIO0 JUCIePCIiero, HixK mpu Bimbopi
3 OJIHAaKOBUMHU WMOBIPHOCTSIMU.

Y 0poMy pO3Iil pO3TITHEMO METOIN HEPIBHOWMOBIPHICHOTO Bif-
60py, 3a SKUX €JEMEHTH HE MAITh YKOMHOTO IMAHCY MOTPAIUTH Y
BubipKy bisibinie ojgHOro paldy, a came: Binbip Ilyaccona ra Binbip, 7-
OPOTOPIifiHmit 10 po3mipy. JIjist oriHIOBaHHS BiAIOBI THUX TapaMeTpiB
Oymenmo BuKOpucTOByBaTH OMiEKYy lopBina—Tommcona.

6.1. Binxbip Ilyaccona

Leit meron Binbopy € yzaraipHenHsM Binbopy Bepmysm. Moro
MO2KHA OTPUMATH TAKUM YNHOM: KOKHOMY enieMeHTy k € U craBuTbCs
y BiAMOBiIHICTE uncyao 7, 0 < g < 1, 1m0 BU3HAYEHE HAIEepe; Ipu
[IOKPOKOBOMY 11€pe0Opl KOXKHOI'O €JIEMEHTa I'€HEPAJIbHOI CYKYITHOCTI
ejieMeHT k moTparnsige y BUOIPKY 3 IMOBIPHICTIO 7Ty, Ta HE MOTPAILIAE
y Bubipky 3 imosipuictio 1 — 7. TobTo,

Vk P{Ik:1}:7'[k, P{Ik:()}:l—ﬂk.
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Toni Bubipkosuit quszaite Bigbopy [lyaccona (BII) mae Buriisia

p(s):an H (1-m), seF,

kes  keU\s

ne § — mmoxkuna Beix 2V miIMHOKEH TeHepaibHOi cykymHocTi U.
Ockinbku BUNIpoOyBaHHS HE3AJIEXKH], TO Ty = T, 7Y Ajd Beix k, 1 € U.

[Mpu 3amanwx Hamepes WMOBIpHOCTAX 71, ..., 7N Biabip Ilyacco-
Ha, PeasTi3yeThCsa 3a JOMOMOTOI0 TAKOl CXeMU MOCITOBHOTO Bigbopy:
renepyeTbcst N He3a/Ie2KHUX OJHAKOBO posnositenux Ha [0, 1] Buma-
KOBUX BEJUYHUH €1, ..., EN, IO CTABASITHCA V BiJITIOBIIHICTE KOXKHOMY
€JIEMEHTY TEHEPAJIbHOI CYKymHOCTi. fKimo € < 7, TO ejieMeHT k
BKJIIOUAETHCA Y BUOIPKY. AKINO XK €} > 7k, TO eaeMeHT k y BUOIpKy
HE TIOTPAILIIE.

[Tpu Binbopi Ilyaccona, gk i npu Bixbopi Beprysri, poamip Bubip-
KU € BUMAIKOBOIO BeananHoo0. [Ipu mbomy

Teepdotcennsn 6.1. Ilpu e6idoopi Ilyaccona ouinka [opsiya—
Tomncona das cymaprozo T’ mae suzand

Yk
T

?7-[ ==

kes

3 ducnepcieio

Dppy(ta) = Zﬂk(l — Tiy) (jﬁi)Z = Z (1 - 1> Yi-

Tt
keU keU
Hesmiuennoro ouinxoro yiei ducnepcii € cmamucmuka
1 2 1
By = 3 BT (0) Loy
BIT\'m T e o O
kes kes
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3ayBaxkumo, 1o Bibip BepHy/uii NOBHICTIO BU3HAYEHWI, SKITO
zacikcyBaTn cepenHiii po3mip BUOIpKH Eng = n y IpHUIYIIEHH], II10
po3Mip rerepajibHOl cykyrHocTi N Bijomuit.

[Tpu Bixbopi Ilyaccoma 1poro 3amasio: mpu HiKCOBAHOMY Cepe-
aEBOMY po3Mipi Bubipkm Eng = n icmye 6esmiu BapiamTiB BuOOpY
Ty,. Axuit e Habip iMoBipHOCTE( TT1, ..., TNy Oye HAWKpAIIM?

g Bu3HAUYEHHS [1BOT0 TOTPIOHO pO3B’s3aTH 3a/a4y ONTUMIBAI]
DRI (tx) — min npu ikcoBAHOMY CepeIHBOMY PO3MIPI BEGIPKIT

Eng=n= Z U,
keU

Ile exBiBasieHTHO TaKiil 3a7ati:

y2
E Ik E T — min.
T,

keU keU

I3 mepisrocTi Komri maemo

) 2
Z% Zﬂk > Zyk :

keU keU keU

3HaK <«=» JIOCATa€TbCd JIMIIE B TOMY BUIAJKY, KOJIU

Je = N = const. SIKIO XapaKTepucTukKa ¥y HabyBae JHIIe JO-

Tl
JaTHUX 3Ha4Y€Hb, TO T = ka Orke, 3 piBHOCTE

nzzﬁkZ%Zyk, 7\2%2%

keU keU keU

BUILIABAE, IO
Yk

M = ——o——
1 )
n ZleU Y

B TTPUTYIIEHHI, IO

1
< —
yk_n E Yl Vk e U.
leUu

OckiJibKM 3HAYEeHHS Y HEBIIOMI Jiist BCiX K, TO meil pesyabrar
Ma€ B OCHOBHOMY TEOPETHUYHY I[iHHICTH. MM HE MEHII, JKINO BimoMa
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Jestka, ToAaTKoBa iHdOopMariis (XapaKTepUCTHKA &), M0 T0CUTh 100pe
KOPEJIIOE 3 ¥, TO T, MOXKHA BUOPATHU MPOTOPIINRHO 10 3MIHHOI Z:

=t ke, (6.1)

%ZZEU )

T < %Zﬂa

B IHITIOMY BUIAJIKY T = 1.

IpUuMyCcKao4vn, 1Mo

Axrmo i—: /2 const, To OTTiHKa T Oyme MaTy TPUOAMIHO MIHIMATBHY
JHUCIIEPCITO.

Mmosiprocri Brmouenns, Busnadeni dopmymono (6.1), e dimo-
gipHocmamu, nponopyitinumy  do posmipy (amri. probability
proportional-to-size), .

Ocunosuum "HeposikoM Binbopy Ilyaccona, sk i Binbopy beprysii,
€ 3MiHHMI po3Mip BUOIpKHU. ZKINO NPUITYCTUTH, 0 MOYKJIUBO 3HANTH
WMOBIPHOCTI 7T, ONITUMAJILHUM YMHOM, TO

D D D SIS R

1
L n
kes kes yk/n ZlEU b leU

3BigCH BUIHO, 0 Bapiallisg OIiHKK %\n Oy/le BUHUKATHU B PE3y/IbTATI
Bapiarii po3mipy BubipKu.

e mamToBxye Ha TYMKY, IO OITIHKA tn3 BUOpPAHUMHU TAKUM IHHOM
iiMoBipHOCTSIME Dyme cebe mobpe mosoauTH, Uph Bigbopax i3 ¢ikco-
BAHIM PO3MIpOM BUOIPKHI M.

6.2. Binbip, m-nmponopiiiiauit 70 po3Mmipy

[Tpu Bixbopi, T-mpomopriifinoMy [0 PO3Mipy, AMOBIPHOCTI BKJIIO-
YeHHS 7T BUOMPAIOTHCA TPOMOPITHHO 10 JeSKOT JOTTOMIXKHOT 3MIHHOT
T, dKa HaDyBa€ JOJATHUX 3HAUEHb X1, X2, ..., TN. JA3BUIAN 3MIHHA T
XapaKTepu3ye IKyCh MIpy PO3MIpY Jjd KOXKHOTO 3 eJIeMEHTIB reHe-
PaIbHOI CYKYITHOCT] Ta KOPETIOE 3 XapaKTEPUCTUKOIO Y, ITI0 BUBYAE-
ThCS.
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[Ipun mobymoBi cxemu BiAOOpPY, 7T-IIPOIMOPIIMHOIO 0 PO3MIpY, 3
dikcoBaHEM po3MipoM BHOIpKM, Ta BHKOPHUCTAHHI OIMIHKH lopBirma—
Towmrmicona 6axkaHno, MO0 BUKOHYBAJINCH TaKi yMOBH:

1) 6esnocepeuiit Biabip GyB NOPIBHIHO NPOCTO MPOLELYPOIO;

2) HMOBIPHOCTI BKJIFOUEHHS TIEPIIOTO TIOPSIIIKY 7Ty, Oy CTPOTO TIPo-
MOPIIIHUMHA 10 T AJs Bcix k € U;

3) HMOBIPHOCTI BKJIIOUEHHS IPYTOTO MOPSIKY Tl Oyin 10 aTHIMI
Jutst BCiX k # | (BumipHicTh nnsaiiny);

4) Bci Ty MoxkHA Oys10 6 nigpaxysaTu TOYHO 1 106 i 06UMC/ICHHS
Oy/Iu HE HAATO CK/IAHUMMN;

5) Apr = My — mpm < 0 s Beix k # | (ymosa €iirca—I"pani—
Cena).

Y BUmaAKy, KOau po3Mip BUOIpKH n = 1, IMOBIpHOCTI BKJIIOUEHHS
[EPIOrO MOPSIAKY Tl OyIyTh CIIBIALATH 3 Pk, TOOTO P-1IPOIOPITifHMI
10 PO3MIpPY BiOip Ta T-niponopitiiiauii 10 po3mMipy Biadip OyayTs imen-
THYHAMEU. 1OMy MeTOm¥W HaKOmmdeHwx cyM Ta Jlaxipi MoxkHa BHKO-
pucTaTH i 1A BiAOOPY, T-MIPOMOPIIHHOTO 10 PO3MIPY.

st po3mipy Bubipku n = 2 icHye 6e3/1i9 BUOIpKOBHX CXEM IS
71T BiZOOpPY, T-IIPOMOPIIHOTO 10 po3Mipy. JlesKi 3 HuX JOCUTh IPOCT,
Jedki ckaamHi. Mu HaBememo JInIme OXHY, IO Oy/Ia 3aIpOIOHOBAHA,
Bproepom. Ile cxema na ocHoBi xepedkyBanus. Ha kokHOMY KPOII
AMOBIPHOCTI OTPUMAHHS eIeMEeHTa Y BUOIpKY miadnupaioThCd Tak, Moo
y pe3ysbTaTi ABOX BUMPOOYBAaHbL OTPUMYBAINCH Darkani MOBIpHOCTI
BKJIIOUEHHS TIePINOro MOPSIAKY:

Tk
="
3 2iev Ti

Hnst mpocroTu 6yjieMo BBaXKaTH, M0 T < % Y icy Ti A1 BCix k.

T

Cxema Bproepa [12|. Ciouarky aist BCIX eeMeHTiB k miIpaxoByo-
ThCS BEJTUUNHE

zp(Ty — xp)
cp=————— ge Ty = Tk
T TN (T — 2a) N % k
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Kpok 1. Enement k norpansse y BubipKy 3 iMOBIpHICTTO

ck
==
> ieu Ci

Kpoxk 2. Enement [ norpamisie y BubipKy 3a yMOBH TOTO, IO HA
nepiomy Kpoui Oys 06panuii enement k (6e3 noBeprenHs ), 3 iIMOBIp-

HICTTO
_ L
Dk = Ty — 2

Y pe3yapTari oOTpUuMyeEMo

2x
M o= =k kel
k T ) )

kaa:l(TN — T — (IJZ)
T = , kF#L
ki TN ZiEU Ci(TN — Q«Tk)(TN — 2[EZ) 7&

Tana cxema Binbopy 3am0BosibHsE BCl Oaxkani Baactusocti 1)-5).

IIpuxkman 6.1. Po3rngmeMo reHepaJbHY CYKYIHICTD 13 TPHUKJIa-
Ay 5.5 Ta miapaxyeMo Ajs BCiX eJeMeHTIB 3HAYEHHS C:

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

Hexait y pesynbpraTi peamizarnii cxemu Bproepa y Bubipky morpanumn
ejeMeHTH 2 Ta 5. SHAYEHHS XapaKTEPUCTUKN Y JJIS [UX €JIEMEHTIB —
yo = 4, y5 = 6. O6uncaumo 3uavenns omiaku [opeina—ToMmicona mist
cymapuoro 1’ Ta OIHKY AUCHEPCil 3 ypaxyBaHHIM TOI0, III0:

14 18 2:7-9(34-7-9)
oq0 W6 = 575 Ts =
34 34 34-1,471(34 — 14)(34 — 18)

Tty = =0, 142;

- 4 6

th = —t-—=19,8;

" 14/34 * 18/34 T
Bos O S8 gy
25 Tl25 O, 142 ’ '
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Bukopucrosytouu gs ominku guctepcii popmy €iirca-1'pangi—Cena,
OTPUMAEMO

~ 1
D(tn) = —3 2(—0,54)(8,5 — 11,3)* = 4,23.

Sk Gagmmo, HABITH TPU TAKOMY MaJOMYy po3Mipi BUOGIpKHU, K N = 2,
obuncIeH s IPU OIIHIOBAHHI € JIOCUTH TPYAOMICTKOIO CITPABOIO. %

BinpmicTs icHYIOYRX cxeM BiadOpy, T-IPOIOPIHHOrO 10 PO3Mipy,
3 IMOBIPHOCTSAMMU, IO CTPOTO MPONOPIIHHI 0 Xk, TIpU N > 2 € A0-
CUTH CKJIATHUMU. B OCHOBHOMY IT€ CX€MU, B TKUX BUKOPUCTOBYETHCS
KepeOKyBaHHs, 1 00UnC/IeHHd HMOBIPHOCTEH BKJIIOYEHHSI IPYTOTO TI0-
PASKY Ay’Ke YCKAATHIOETHCA MPU 3POCTaHHI pOo3Mipy BubipKu.

Hagemenmo cxemy, 3ampormoroBany CaHTepoM, gKa, MMIUPOKO BUKO-
PUCTOBYETBLCS Ha MPAKTUII, aje B Hilf BUMOTa CTPOroi IpOIOPIHOCTI
10 ) mocaabieHa. Y Iii cxemi eJleMeHTaM 3 OCHOBHOI (BazKJIHBIIION)
YaCTUHYM TeHepaJbHOI CYKYITHOCTI HAIAIThCd HMOBIPHOCTL Tk, IO €
CTPOro HPOLOPIIMHUMU JIO0 Tk, & BCIM IHIIUM €JIEMEHTaM — OJIHaKOBI
WMOBIPHOCTI.

Cxema Cawnrepa [21,22|. Posruisinemo renepasibHy CYKYIHICTb, 1110
CKJaJaeThesd 3 N eJIeMeHTiB.

1) EnemeHTH CyKyNHOCTI BIIOPSITKOBYIOThCSI B MOPSIIKY CITaIaHHST
BiHOCHO 3Ha4ens 3minnol . Hexaii {1,2,..., N} — ingekcu ene-
MEHTIB, 110 BKe OyJiM BIOPAIKOBAHI TAKUM TUHOM.

2) Hns emementa k = 1 reHepyeThbCst 3HAYECHHS €1 DPIBHOMIDHO
posmogiterol Ha [0,1] BUMAIKOBOT BETUIMHHU Ta MiIPAXOBYETHCS
swadenna 7y = nx1 /Ty, ne Ty = Y ey Tk Aximo €1 < 7y, TO
emevent 1 morpamige y BubipKy, Ta HE MOTPAILILE — B iHITOMY
BUNAJKY.

3) Jast KOXKHOrO HACTYIMHOTO ejieMeHTa k = 2,3,... He3a-
JIEYKHO TEHEPYETbCd 3HAYEHHd € PIBHOMIPHO PO3MOLIEHOT

Ha [0,1] BUIAAKOBOI BeIMYMHM Ta IiPAXOBYETHCS 3HAYEHHS

' _ (nong)zg
T[k‘ - tr
Bubipky, cepen nepmmx k—1 egemenTis, ty = T +Tpr1+...+TN-

, Jl& N — KUIbKICTh €JIEMEHTIB, 10 NOTPAIUIN Y
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/ .
Axmo € < 7, TO €1eMeHT k moTpalide y BHOIDKY, Ta He II0-
TpaIUIsi€ — B IHIIOMY BHUTTAIKY.

4) Ilpornemypa BimbOOpy 3 TMyHKTIB 2) Ta 3) 3aKiHIYETHCS, KOJIH
ng = n abo k = k*, ne k* = min{ko, N — n + 1}, ko — naii-
menmre 3 tux k, gust axkux nxy/tp > 1.

5) dkmo ng+ < n, TO B pe3yabrari 3aCTOCYBaHHS IPOLEAYPH Bijl-
6opy 3 myHKTIB 2) Ta 3) MU He OTpUMAIN HEOOXIJTHOI KiTBKOCTI
emeMenTiB y Bubipky. Ti n — ng+ €IeMeHTiB, M0 BAJUITUIOCH
Bubpatu 3 N — k* 4+ 1 moTparisgiors y BUGIPKY 3a JOTTOMOTOIO
cxeMu Binbopy 1, mo HaBemena myuakTi 2.1. A came: A1 ejieMeH-
Ta k > k™ remepyerncd 3HadeHHs € PIBHOMIPHO PO3IOALIEHOI
Ha [0,1] Buma/KOBOI BEMYMHN Ta MOPIBHIOETHCS 31 3HAMEHHIM
T, = Nopg- Ko g < 7'[2, TO esieMenT k norparisie y Bubip-
Ky, Ta He MOTPAILIAE — B IHITIOMY BUIAIKY.

ITponenypa 3aBepInyerbes, KOau ng = N.
YV pesymbraTi 3acToCcyBaHHA IIi€i cxemMu Bigdbopy imMoBipHOCTI
BKJIFOUEHHS OYIyTh TAKUMU:

nrir
. ﬁ, kzl,,k*—l,
e =19 _ nT k— k* N
TN(N—F*+1)° yeeey AV

Jlns migpaxyHKy #iMOBIpHOCTEH BKJIIOYEHHS IPYroro IOPSAKY BBele-
te—Tp_ .
MO BEJUYUHU: §] 1= %, G = grp_1 k=1 | =23 ... k* — 1. Toxi

lk41
n(n—1) .
T TETIGks 1<k <l <k
— ) e Tk, 1<k<k*<I<N;
N tki* 2(t . — «
n(%;l) ((N—k- +1)) tk* Tpx 1) Gt K <E<L<N.

S "
be* = (N—k* T D)

6.3. Bnpasu Ta nmuTaHHA AJIF9 CAMOKOHTPOJIIO

6.1. Yuwm Binpizuaserses Biyibip llyaccona Biy Binbopy beprymri?

6.2. Yu € nepiBuoitmosipuicuuit Binbip 6iabimr epexTuBHUM, HIXK Bij-
6ip 3 piBanmu #fiMosipHocTamu? B gaxomy Bumagky?
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6.3. fxy OIiHI0I0YYy CTATHCTHKY BHKOPHCTOBYIOTH HpH Bimbopi, p-
OPOIOPIUHHOMY [0 PO3MIpY, Ta IPH BiIbOOpi, T-HPOMOPINIHOMY [0
po3mipy?

6.4. 3a nmomomororo Binbopy Ilyaccona i3 cepennim posmipom Bubipku
10 orpumana Bubipka 3 reHepaJibHOI CYKYITHOCTI, 110 CKJIAIA€ThCs 31
100 enementiB, mag OIiHIOBAHHS CyMapHOTO 1 XapaKTEPUCTUKH Y.
IMOBIpHOCTI, 3 IKUME eJIeMEHTH TOTPATLISIII y BubipKYy, BUOMpaInCh
OPOTIOPILHHO 10 3MiaHOT . Takum ynaoM 0ys10 obpamo 12 ereMeHTiB.
PesynpraTn obcTexKenHsa HaBeIeHO B TaOJININ:

L1 1] 230456 7[8]9 [10]11]12
zi |54 | 671 2 | 27] 29| 62| 4| 48]33 | 446] 12| 46
ve 152159822 125(29(68(3,7 424138911438

Suaiitny:

1) omiuky lopsina—Tommcona st cymaproro 1’ XapaKTepUCTUKH
Y, AKIO Y pcpr Th = 8182;

2) He3MimeHy OIiHKY st qucrepcii ominku Lopsira—Towmmcona;
3) omiaky KoedirieHTa Bapiarii 1st tAﬂ.

6.5. /ly1s OIiHIOBAHHS CepeIHbOro Y XapaKTePUCTHKU Y FeHepPaIbHOI
CYKYIIHOCTI pO3Mipy 4 3aCTOCOBAHO BiIOip, T-IIPOMOPINHHII 10 pO3Mi-
py. s mporo 6ysio BuOpaHo /B €JI€MEHTH TPOIOPHIHO /10 3MiHHOT
x 3a cxemoro Bproepa: y; = 65, y4 = 22. Bigomo, mo x1 = 67, x2 = 14,
x3 = 45, x4 = 24. ObuncanTu:

1) me3wmimeny OUiHKY I CEPETHBOTO;

2) He3MileHy OIHKY JIs JUCnepcii miel orinky;

. . . N ~ ~ D(y
3) oninky amst koedirnienTta Bapiamil aust Yr: cv(Yy) = W)
6.6. Iexait miga KOXKHOTO ejleMeHTa TeHEPAJBHOI CYKYITHOCTL, ITIO
CKJIQJTA€ThCA 3 JIeCSTU eJIEMEHTIB, BiJToM] 3HaUEeHHA JOTIOMIXKHOT 3MiH-
HOI Z:

10,2,8,6,2,10,1,1,6,4.
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YrBopuTrnu BHOIpKY 3 N = 4 egeMeHTiB, BUKOPUCTOBYOUH cxemy CaH-
Tepa. [lid 3HAXO/KEHD 3HAYEHb £ MOYKHA CKOPUCTATHUCH TAabBIUIEI0
BUIIQIKOBUX YUCE/, HABEIEHOIO B jonarky 2. s nporo dmciaa 3 wi-
€l Tabsuili MOXKHA PO3TJIANATH, K 3HAKHW MIC/Ad KOMHU Y PIBHOMIPHO
posnozinenoi Ha [0,1] BunaskoBoi BeaudIMHY.

6.7. [11g remepaabHOI CYKYIIHOCTI 3 TIIECTH €JIEMEeHTIB BiToMi 3HaYeH-
HS JIOTIOMIYKHOI XapaKTEePUCTUKU Z:

x1:400, $2=$3=15, x4:10, x5:x6:5.

1) Orpumarn BUOIPKY, IO CKIATAETHCA 3 TPHOX EJEMEHTIB 3 iMO-
BIPHOCTSIMU, TI-IIPOTOPIIHHUME 0 &, BUKOPUCTOBYHOUH METO/T
Camnrepa.

[Ipu BifbOpi CKOPUCTATUCS TAKUMU 3HAYEHHSIMU JJIs PIBHOMIpD-

HO posnoitenol Ha [0,1] BUIaIKOBOI BETHYIIHM:

£1=0,28;69 = 0,37;65 = 0,95; 4 = 0,48; 65 = 0,83; ¢¢ = 0, 74.

2) Migpaxysaru HMOBIPHOCTI BKIIOYEHHS APYTOrO MOPSIAKY Tl23 Ta
T24.

6.8. Meroxn Minsyno [11]|. Hexaii po3mip reHepasbHOI CYyKYITHOCTI
N > 3. Pozrngremo Takwnit MeToj BinbOpy 3 HEpPIBHUMHU HMOBIpHO-
CTSIMU: TEPITUi €JIEMEHT MOTPAILIsAE Y BUOIPKY 3 HEpiBHUME HMOBIip-
woCTIMHE Pk (D ey Pk = 1). Inmi n — 1 ememenTr moTpamisiors y
Bubipky 3 Tux N — 1, 110 3asunmmiuce, 3a gomomoroo [IBB6IIL.

1) BmaiiTr IMOBIPHOCTI BKJIIOUEHHS IEPIIIOTO T JPYTOTO TOPSIIKY.

2) Bupasutn HMOBIPHOCTI BKJIFOUEHHSI JPYTOTO MOPSIIKY Yepes3
UMOBIPHOCTI BKJITOUEHHS TEPIIOr0 TOPSIKY.

3) Yu 3a70BONBHAIOTE Il #MOBipHOCTI yMOBY €iiTca—I"pammi—
Cena?
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Poznain 7

CrparudikoBaHuii BiJI0ip

7.1. O3HadyeHHs Ta 3aCTOCYBaHHHA CTPaTu(diKOBAHOrO
BiZIOOpY

[pu cmpamudirosarnomy eidbopi (CTB) renepanbHa CyKymIHICTS
JLIUTHCA HA TiICYKyITHOCTI, M0 He TepeTnHaoThed. 1li miacykymHo-
cTi HasmBaroTLeA cmpamamu (anri. stratum) 4. IIporemypa momimy
reHepaJbHOl CYKYITHOCTI Ha CTPATH HA3HBAETLCA CIMPAmudikayicio.
Bubipkosi ofuHuUI BCepenHi CTpaT OJHOPITHI (1Moi0HI) 3a TEeBHOIO
03HAKOIO IW O3HAKAMU.

Y koxHi#t cTpari nmpoBoauThes BiAbip enementi. Merosx Binbopy
eJleMeHTIB 3i cTpaTu Moxke ByTu OyAb-AKUM, IPUYIOMY BiH HEOOOB d3-
KOBO OHAKOBHUI 1jid BCix cTpat. Binbip 3 owiel crpaTn He 3a/1eKUTh
BiA Bimbopy 3 iHImoi crpaTn.

lemepanapHy CyKyIHICTH MOXKHA cTpaTudikyBarn 3a Oyab-sKOIO
XapaKTePUCTUKOK (3MIHHOI0), HASIBHOIO Y KOYKHOI OJUHWUIN 3 BUOIp-
KOBOT OCHOBH J10 IPOBEJIEHHS BI100py (HAIpUK/Ia, BiK, cTaTh, paiion
NPOXKUBAHHS, JOXiJ TOIMIO). 3MIHHA, 38 KON NPOBOJUTHCA CTPATH-
dikaris, HazuBaeThCa cmpamu@ikayitinor. CtpaTudikariitHux 3Min-
HUX MOXKe OyTH Bigpasy KijgbKa, ajge 3a3Budail 1jst crparudikarii Bu-
OMpalOTh OJHY YU Bl 3MIHHI.

YoMy BuHUKae moTpeda BUKOPUCTOBYBATH cTparndikaiio? s
BOTO € HaraTo MPUYNH, TOJIOBHOIO 3 SKUX € T€, [0 3aBIIKU CTPATH-
dikanii crpareris Bigbopy crae 6iibm edexTrpHO0. Yum Hibie 3mi-
HIOETHCS TOC/TIKYBAHA XapaKTePUCTUKA Bi ofHiel BubipKoBOi 011-
HAT 70 iHMIOl, TuM Oiabmuit po3Mip BubipKm mOTpideH A1 oTpuMa-
HHSI JTOCTATHBO TOYHOI OIMHKHU. AJjie FIKIO CTBOPUTH CTPATH, BCEpe-
JUHI SIKOX 3HAYEHHS JOC/IKYBAHOI XapaKTEPUCTHKY (HATPUKIIA,

4 «Stratums TMEePeKJIATAETHCA 3 AHTJIIACHKOI AK «TIap», TOXK IHOAI Ieif MeTom
Bigbopy HA3UBAOTH «BiAOOPOM 3 pPO3IWApYBaHHAM>. AJie B HEYUCJIEHHIN yKpaiHO-
MOBHI# jiTeparypi 3 BHOIDKOBUX OOCTEKEHDb FACTINIE BAKUBAIOTHCA HA3BUA «CTPa-
Tay Ta «crparudikoBanuil Bigbip», ToxK came Il Ha3BU i OyAEeMO BUKOPHUCTOBYBATH
B I[bOMY ITOCIOHUKY.
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JIOXO/TY ) CXOXK1, & JIJIs PI3HUX CTPAT BOHU CYTTEBO BIIPI3HAIOTHCS, TO

MaJstol BUGIPKH 3 KOXKHOI ¢TpaTu OyIAe IJIKOM JTOCTATHBO IS 3HAXO-

JIZKEHHSI TOYHOI OIiHKHU jjisi ¢rparu. KoMOiHyrOUn OMiHKEM, OTpUMaH]

A CTPaT, MATUMEMO OIHKY JOCHIIKYBaHOI XapaKTePUCTUKU s

BCi€l remepabHOI CyKYITHOCTI, IPKU ITHOMY CyMapHU po3Mmip Bubipku

npu crparudikOBaHOMY BigOOpI Oyae 3HATHO MEHIIMM, HiXK PO3MIp

[POCTOI BUIIAIKOBOI BUOIpKM, MOTpiOHUI g Takol camMoi TOYHOCTI

OI[IHIOBAHHA.

Hagememo 1ie Kifbka OPUYUH BUKOPHUCTAHHST CTPATH(MIKOBAHOTO
B1100pYy:

1) Mpunycrumo, mo HeOOXiHO OTPUMATH OLIHKU JOCJIKYBAHOT

XAPAKTEPUCTUKHU JJTsT IEBHUX 004acmett 00CAi0nCceHHA — TACY-
KYITHOCTeH TeHepasibHOT CyKYITHOCTI, 1 33/1aH0 6akaHy TOYHICTH
X OmMiuoK. Ko 3a BUMGIPKOBOIO OCHOBOIO MOXKHA BU3HAUNTH
HaJIe’KHICTb OJMHUIN TeHepaJbHOI CYKYIHOCT1 0 Ti€l uu 1HIIol
00J1aCTi IOC/II2KEHHSI, TO KOYKHY TaKy 0BJIACTb MOXKHA PO3IJIs-
JlaTh K OKpeMy crpaty. Jlami 3 KOXKHOT cTpaTu MOXKHA Biidpa-
T fiMoBipHiCHY BUOIpKy Takoro obcsry, sikuit Oy/ie rapanTyBaTu
3a/laHy TOYHICTH OTIHIOBAHHS.

[Ipu mposenenti BubipKOBOTO 00CTEKEHH MTPAKTUIHI aCIeKTH,
sIKi CTOCYIOThCS HEBIIIOBIJIel, CKJIAIHOCTI BUMIPIOBaHB Ta 00CH-
Iy JOJaTKOBOl iHpOPMAIl, MOKYTh 3HAYHO BiIPIZHATUACS 115t
pi3HWX MiACYKYIHOCTEH renepasibuol cykymuocti. Hampuka,
He BCi Kareropil Hace/ieHHA OJHAKOBO OX04Ye BiJIMOBIJAIOTH HA
3amuTaHHd, IO CTOCYIOThHCA ixHIX TpuOyTKiB. Ile ozmauae, 1o
B JedKMX CHUTYAIlsX I TOro, 106 ImiaBuiuT edeKTHBHICTH
006CTeKeHHs, BAPTO [/ KOXKHOI CTPATH OKPEMO IiadupaTn Me-
TOIM BiAOOPY Ta OIMIHIOBAHHS 3TimHO 3 11 0COOIMBOCTIMH.

Meta BubipKOBOTO 0OCTEKEHHS MOXKE BUMATATHU MOMLLY TEBHOT
reorpadidHol TepuTopil Ha OKpeMi paitoHu (HAIPUKJIAT, TOTPI-
6HO o1iHNTY piBeHb 6e3pobiTTA He TLNBKHU JJId Y KPalHU B 110~
My, a i JUTst KOKHOI 00Js1acTi OKpemo). AGO 3 TOUKM 30py TIpa-
KTUYIHOTO BTiJIEHHST OOCTEXKEHHS TeHepaThbHA CYKYIHICTD aIMi-

104



HICTPATUBHO pO30UTa Ha PEriOHHU, B KOKHOMY 3 IKHX 00CTeKeH-
HsI TPOBOJIUTHCS CBOIM IIPO3ILAIOM. ¥ TaKHX BHIAIKAX ILIKOM
[IPUPOJIHO PO3IVISLIATHA KOXKEH PAfOH siK OKpPEeMy CTPaTy.

Saysaocenna 7.1, Ilpu crparudikoBanomy Bifbopi crpara, 1mo cyTi,
CTa€ OKPEMO TIOIYJISINE, a Ile O3HAYaE, IO I KOXKHOI CTPaTH
moTpiOHO 3HANTH HeoOXiTHHUi po3Mip BUOIpKMH.

3aysaocenna 7.2. Haitbinpn KopucHoOo crparudikallisi € To/I, KOJu
crparudikarniiina 3MiHHA, [IO-IIEPIIIE, TICHO OB’ I3aHa 3 METOIO J0C/Ii-
JkeHHst (TOOTO, 3 OCTIPKYBAHOK XapaKTEPUCTUKO) 1, mo-apyre, il
MOXKHA JIETKO 00CTEXKUTH 200 BUMIPATH.

Jlis Toro, o6 MakKCMMALHO BUKOPUCTATH TepeBaru crparudi-
KOBAHOI'O Bimbopy i orpummarn crparudikoBany BubIpKy, ska 0Oyae
ONITUMAIBHOIO AK 3 TOYKH 30pY edeKTHUBHOCTI, TaK i 3 TOYKU 30Dy
OpPaKTUYHOI peaJsiizalil, MoTpibHO BU3HAYUTUCS MO0 KLIBKOX TEXHi-
YHUX MUTAHbD.

1) Iloxin reHepaibHOT CYKYIHOCTI HA CTPATH:

® SKINO € MOXKJIUBICTH BHOOPY, TO 33 KO 3MIHHOIO CTPATH-
dbikysaTn (HaTpUKIAI, 33 BIKOM, CTATTIO Ui haxom)?

e CKigbKE cTpar Mae OyTu (HAIPUKIAM, Y BUMAJIKY CTPATH-
bikamii 3a BikoM — cKiTbku Mae OyTn BiKOBUX TpyT)?

® JK caMe PO3MEKOBYBATH CTPATH (HANPHUKJIAI, SKITO BiK —
crparudikaliiia 3MiHHA, TO SKUMH TOBHHHI OyTH MexKi
BikOBUX Ipy1l)?

2) Meroau BiOOPY Ta OIIHIOBAHHS:

® i KOXKHOI cTparyn norpibuo nimibparu BubipkoBuit mm-
3afin Ta BU3HAUATH HeOOXimuwit posmip BubipkuW; wacTo
OnMH i TON caMuii MeToH BiIOOPY BUKOPUCTOBYETHCS IS
BCIX CTpaT;

® I KOXKHOI cTpaTu noTpibHO BuUOpATH METOM OIHIOBAH-
Hel, 3HOBY 2K TAKW, 9aCTO OJIHAKOBUI METOJ OIiHIOBAHHS
BUKOPHUCTOBYETHCS JIJ1sT BCIX CTPAT.
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Bcei 1i nuranss B3aemonor’s3ani. OcraTouHe pillleHHs 3aJIeKUTh
BiZ 6ararnbox OOCTaBWH, y TOMY YHC/I i BiI BHMOr IIIOJO TOYHOCTI
OLIHOK Jijisi PI3HUX 3MIHHMX 1 ObJiacreil JOC/IKeHHs, BapTocTi 00-

CTEXKEHHS, aIMIHICTPATUBHUX OOMEXKEHD TOIIIQ.

7.2. T-OmIiHKa CyMapHOTO 3HAYEHHd IIpuU cTpaTudikoBa-
HOMY BimOopi

Hexaii remepasbua cykymuicts U = {1,...,k,...,N} noxi-
nena wa H crpar: Uy,...,Up,....Ug, ne U, = {k € U
k manexurs h-it crpari}. Ipu crparudikosanomy Bin6opi itmMosipHi-
cHa, BubipKa S, BHOUpaeThca 3i crparm Uy 3rigHo 3 BUOIpKOBUM qu-
saiinom pp(-), h = 1,..., H, npn npomy Biadip 3 Gyab-axoi crpartu
MPOBOANTHLCS HE3AIEXKHO Bifl BIAOOPIB 3 permTu cTpar.

Pesyabrytoua Bubipka s € ob’ennanusgm Bubipok, Binibpanux 3i
crpat, To6TO

s=s1UsoU...Usp.

Buacaigok mezanexxuocti BiAboOpiB 31 cTpar MaTuMemo

p(s) = pi(s1)p2(s2) - .- pu(sm)-

Bynemo BBaxarwn, 1mo KiJbKICTH ejieMeHTIB B h-ii cTpaTi Bigoma.
IMozraunmo iT uepes Nj. OCKIJIBKE CTpPATH YTBOPIOIOTH PO3OUTTS Te-
HepaJIbHOI CYKYITHOCTI, TO

H

N:ZNh.

h=1

OueBnHO, MO CyMapHe 3HAYEHHS JTOCJIKYBAHOT XapaKTEePUCTH-
KN 715 BCi€l TeHepaJbHOI CYyKYIHOCTI € CYMOI CYMapHHUX 3HAYEHb y

cTparax:
H H
T=> y=> Th=) NV (7.1)
kel h=1 h=1
ne Tp, = . yr — cymaphe 3nadenns B h-it crpari, a Y, — cepeane

keUy,
3HaueHHs B h-if cTpari.
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N .
[Tosmaunmo wepes W)y, = ¢+ — Bary crparu Up. Tozi cepeane s
reHepaabHOl CYKYIHOCTI MaTHUMe BUTJISI

H

YV =) WiV (7.2)
h=1

Teepdocenns 7.1. Ilpu cmpamudgdirosaromy eidbopi T-ouiHKa Cy-
maprozo uauenha T = > yp mae euzand

keU
H
tr = thm, (7.3)
h=1
de lhx — ue T-ouinka cymapnozo swavenna 6 h-t  cmpami,
Th = > yk- ducnepcia ouinxu tx npu cmpamudikosaromy 6i060pi
keUy,
mara:
H
DCTB(tn) = th(thﬂ)7 (7.4)
h=1

de Dp(thr) — Jucnepcia ouinxu tpy. Hesmiwena ouinka ducnepcii
oUIHKEY L 0OUUCAIOEMBCA 306, POPMYAOIO

H
Derg(tn) = Z Dh(thn), (7.5)
h=1

30 YMOBU, U0 HESMIUWENT OUTHKG ﬁh (tA;m) ducnepcii Dy, (?;m) icnye ons
ecizr h=1,H.

osedenna. 3 o3nadenHs cTpaTudIKOBAHOTO BiOOPY BUILIUBAE, IO
m, = P(k € s) = P(k € sp).
Takum arHOM, T-OIIHKA CyMAapHOTO 3HAaYeHHs 1 Mae BUTJIAL
Y 2 Y <
tn = —_ = § § —_ = E thm
Tk T,
kes h=1kesy, h=1
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e tA}m — T-OIIiHKa CyMapHOro 3HadeHHda B h-it crpaTi. OcKiabKu Bid-
6opn 3i cTpaT IPOBOIATHCSA HE3AJIEKHO, TO BHIAIKOBI BEIUINHN fhn,
h=1,...,H, - "e3ajexHi. 3B1JCHU 3IiJIHO 3 BJACTUBOCTAMU JUCLEPCIT
orpumyemo dopmyau (7.4) Ta (7.5). O

3azBuvail onuH i TO caMuii MeTo BiI6OpY BUKOPUCTOBYETHCS J1J1si
Beix cTpat. AKimo B KoxkHii cTpaTti jmid moby10Bu BUOIpKM BHKOPUCTO-
BYETHCSI IPOCTHH BUIaAKOBU Bifnbip 663 MOBEpHEHHS, TO TAKUIT METO.
BiIOOPY OJMHUIL 3 TEHEPAJIBHOT CYKYITHOCTI HA3UBAETHCA CIMPAmugi-
KosaruMm npocmum eunadkosum eidbopom (CTIIBB). ko B KoxkHil
crpati g nobymoBY BUOIPKU BUKOPUCTOBYETHCA CUCTEMATUIHIH BiI-
0ip, TO Takmii MeTO BiIOOPY HABUBAETHCS CIMPATUPIKOGAHUM CUCTNE-
mamuunum 6id6opom (CTCB). Anamoriano, cmpamudixosanut 6i0-
6ip Bepryani (CTBE) o3uadae, mo s moOya0Bu cTpaTudikoBaHO!
BUOIpKN B KOXKHIll CTpaTi BUKOPUCTOBYETHCsT Bimbip Bepmysmm, i T. 1.
BukopucroByoun BigoMocTi momepeHix po3aiiis, i3 TBepmKentg 7.1
MOXKHA JIETKO BUBECTH (POPMY/U I OIIHIOBAHHS CyMAapHOTO 3HAYE-
HHS JOCJIKYBaHOT XapaKTEPUCTUKHA, JIUCTIEPCIT Ta OIMIHKA JUCTEepCil
OTPUMAHOI OTIHKH JJIT KOXKHOTO 3 ITHX BUITAJIKIB.

Sokpema, st CTIIBB matuMemo Take TBepIzKeHHS.

Teepdowcenns 7.2. Hexatli np — Pikcosanudi poamip npocmoi 8unad-
K060i subipku 3 h-i cmpamu, h = 1,..., H. IIpu CTIIBB m-ouinxa
cymaprozo snavenna T = Y yr mae 6uzand

keU
H
tr = Npl, (7.6)
h=1
deygp= 3 % y—k - subipkose cepedre 6 h-ti cmpami.

k€Esp,
Hucnepcia oyinku tr npu CTIBB sanuwemsca mak:

Dot () = Z Sh» (7.7)
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de fr, = np /Ny, — wacmra 6idbopy 3 h-i cmpamu,

S2 — Nhl_l Z (ke — ?h)z — ducnepcia 6 h-i cmpami,
o keUp,
Y= > Xt - cepedne 6 h-t cmpami, h=1,... H.

keUy
Hesmiwena ouinra ducnepcii ouinku tr 004uUCA0eEMbCA 36 Hopmy-
A0

DB () = Z Sh? (7.8)

de §}% ” _1 S (yx — Up)? — subiprosa ducnepcia 6 h-ii cmpami.
kéEsp,

7.3. OmnrTumajipHe po3MillleHHa crpaTtudikoBaHOl Bu-
Oipkm

Pozragaremo crpatndikoBany reHepaabHy CYKYITHICTD 1 TPUTYCTH-
MO, IO JjIsi KOXKHOI CTpaTu BuOPAHO BiAmoOBigHUNT MeTom BimbOpy.
JLst OTiHIOBAHHST CYMAapHOTO 3HAYEHHT MOCTIIZKYBAHOI XapaKTepwu-
CTWKU TOMYJIAIll TJIaHYE€ThCI BUKOPUCTATHU T-OIiHKY. [leprm Hixk pos-
nounHaTn 6e3mocepeqHiit BimOip e1eMeHTiB, MOTPIiOHO e BU3HAUNTH
HeoOxiaHi po3mipu BubIpoK 3i crpat: np,h=1,..., H.

Hexait crparudikopanuii BubipKoBuii Iu3aiiH Takuit, M0 IUCIEp-
Cilo TT-OIIHKHM CyMapHOTO 3HAYeHHS TeHepajbHOI CYKYITHOCTI MOXKHA
MOJIATH Y BUTJIII:

H

~ Ay
Dorpltn) =Y o B=iD, (7.9)
h=1

ne Bupasu Ay Ta B He 3amexkaTh Bif np,. 30KpeMa, B TAKOMY BUTJIST
MOYKHA 3aMHACATH AUCIEPCIIO T-OMIHKN CYMAapHOTO 3HAYEHHS TOTTYJIs-
uii npu CTIIBB Ta CTBB.

[Mpunycrumo, 1o 3ara bHi BUTpaTH Ha BUOIPKOBE 0OCTEXKEHHST MO-
JKHA 300pasnuTu y BurIsl JiHiinol dyHkiii

C=c+ Z NKRCH, (710)

109



zie co — Jeski (pikcoBaHi BuTpaTu, a ¢, > 0 — BUTpaTH Ha 00CTEIKEHHS
OIHOTO ejieMeHTa h-1 cTpaTn.

Bajady onmumMasvio2o poamieria 6ubipku® MozHa chOPMYJIO-
BaTH TaK: HeOOXITHO 3HANTH Taki 3HAUEHHsS PO3MipiB BUbGipoOK 31 cTpar
np,h =1,..., H, axi 6yayTs mirimizysatu quctepcito D mpu ¢ikco-
Banux surparax C, abo, HaBMak®, siki OyIyTh MIHIMIZyBaTH BUTPATH
C mpu dikcopanoMy 3HavdeHHi gucrepcii D.

Teepdotcennn 7.3. HArxwo cmpamugixosanut subipxosutll Jusatin
marut, wo ducnepciro Doy (tr) mooicra sanucamu y euzaadi (71.9),
MO ONMUMGADHE POSMIWEHHA NPU AHITHIT YKyl sumpam sudy
(7.10) docazaemuvca modi, koau ny, nponopyitine (Ap/cp)?.

Hosedenna. Tlosunauumo D* =D — B ta C* = C — ¢y.
V nbpoMy BUTQJIKY 331898 3HAXOKEHHS OTMTHMAILHOTO PO3MIIIe-
HH¢ eKBiBaJeHTHA 33039l MiHiMizamil 100y TKy

A H
D*C* = S e |- (7.11)
h=1 h=1

Sacrocyemo HepiBHicTh Kori:

(ah) (00h) = ()
B AKIil TOKJIaJeMO aj, = (Ah/nh)1/2 Ta by, = (nhch)l/Q. Tomi
o 2
D C* Z Z (Ahch)1/2
h=1

PignuicTs y it mepiBuocTi (TO6TO, MiHIManbHE 3HAYEHHA TOOYTKY
D*C*) nocsaraerbest Toi 1 TibKu Togi, Koutu by, /ap, — crasia BeiudauHa
nns Beix h=1,..., H, TobTo, npu

RLCh 1/2
<> = const
Ap/ny,

5THOI 3aMiCTh «OITHMAJIBHOTO pO3MileHH» BXKUBAIOTH TEPMIH «OHTUMAJIb-

HUH PO3IOALT» BUOIPKH.
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abo
np X (Ah/ch)l/Q.

O]

Teepdorcennsn 7.4. 1) Minimisyrouu ducnepciro D eudy (7.9) npu
dixcosanuzx sumpamaz C eudy (7.10), ompumaemo onmumasvii po3-
MIPU BUBIPOK 31 cpam.:

_ 1/2
. (C Hco)(Ah/Ch) . h=1,... H. (7.12)

> (Apep)t/?
h=1

MinimanvHe 3nauerts QUCNEPCEy NPU YbOMY CMAHOSUMDL
2
+ B. (7.13)

H

> (Anen)'?

h=1

1
D =
OTIT (C — o)

2) Mirimisyrouu eumpamu C npu dixcosanit ducnepcii D, ompuma-
EMO MAKE ONMUMANGHE DOSMIULCHHA:

h=1
(D - B) 7

H
(An/cn)'/? {Z (Ahch)l/z}
h=1,... H. (7.14)

np —

1Ipu yvomy mirimansvre 3naverms Gynryii sumpam dopisHioe

H

2
Z(Ahch)1/2] . (7.15)

h=1

COHT:CO‘|‘D_B

3aysaocenns 7.3. Y TBepKeHHAX 7.3 Ta 7.4 HESBHO IPUITYCKAETHC,
0 PO3B’A30K 3aa4i 3HAXOKEHHS ONTHUMAIBLHOTO PO3MIIIEHHS 3a-
JOBOJIBHSIE YMOBY 1y < Np aast xkoxuoro h = 1,..., H. dkmo x
onme abo KiIbKa 3 MuxX 00MeKeHb He BUKOHYIOTHCsI, TO JIJIA BiIIIOBII-
HAX cTpar noTpibHo mokaactu Ny = Np, a IJIsd pPeInTH cTpaTr mepe-
paxysaru (miampasuTu) po3Mmipu BubGIpok. Hampukiam, pos3risHemo
BUIIQJIOK, KOu juctepcis D dikcosana, a surparu C norpibHo MmiHi-
mizysaru. Hexait nj, nepesumytors Ny nipu h = 1,....p, p < H (mm
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3aBK/IH MOXKEMO 3MIHUTH HyMepaIito crpaT noTpibanm duaom). Tomi
HOBI po3mipu BubIpoK 31 cTpaT 00UUCTIOEMO TaK:

nh:th h:]-aapa
nh:K(Ah/ch)l/27 th+17,H7

ne crana K BU3HAYAETLC 38 (POPMYJIOI0

H p
K= Z (Ahch)l/Q/ D—B—ZAh/Nh

h=p+1 h=1

Axiio micas nepepaxynky Bci ny < Np, To 11e 1 Oy/ie mykanuit po3s’s-
30K. SIKI0 K Hi, TO HABEAEHY IPOIEAyPY HOBTOPIOEMO ITOTH, IIOKH TSI
yMOBa, He Oy/e BHKOHAHA.

Saysaorcenns 7.4. Tlpw BusHadenni po3mipis Bubipok 3i crpar cix
maM’sTaTH 1 TPO TakKi ABI OYEBUIHI YMOBH:

1) mnst obuuciennst BUGIPKOBUX CepPEsIHIX y CcTpaTax norpibro, mob
np>1,h=1,..., H;

?

2) s obumcnenns BUOIPKOBUX JuUCHepciit morpibro, mob ny > 2,
h=1,...,H.

Saysaocenns 7.5. Icaye barato edpekTuBHUX KpuUTepiie cTpaTndika-
1ii, sIKi MOXKHa BUKOPUCTOBYBATH IpH BUOipKOBOMY 0OCTeKeHHi. lHO-
Ji JTOCTITHUKN TPAaIoTh 3 JAyKe BEJUKOI KiJMbKicTio cTpar. Tpa-
IJISIOTHCA BUIIAJAKH, KOJIU BiIOMPAIOTh TLIBKHA IO OJHOMY EIeMEHTY
3 KOXKHOI CTPATH. 3BUYAMHO, B TAKUX BHUIAIKAX HE MOXKHA BUKODHU-
croByBaTu oninky aucrepcii (7.5). Haromicrs npononyeTsest Tak 38a-
HUH Memod SUupoddceHus Cmpam, AKWil TOJIrae B TaKOMY: CTPaTh
po30MBAIOTHL HA MApPHU, & MOTIM HA OCHOBI JABOX CIIOCTEPEKEHH Y KO-

JKHIN mapi omiHtoeTbed jguctepcid. Hexait orinka cymMapHOTO 3Hade-
H

HHST TeHepasbHoi cykymHocti T = 3. T, gopisHIoE b = . tn, g€
h=1 h=1

?h = yx /T, — He3MileHa OIiHKa cyMapHoro 3uadentst Ty B h-it crpa-

i, h =1,...,H, a eremenrt k Bianbupaerbcs 3 BianoBigHOl crparu 3

imoBipuictio 71;. Hanpukiam, npu npocroMy BumagkoBoMmy Bimbopi 3
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h-i ctparu 7, = 1/Np, ansa Beix enementis miel crparu. [IpumycTamo,
o H — mapue uucyo. [losznaunmo ingexcamu j1 ta j2 crparu y j-it
napi, j = 1,..., M = H/2. Toai ouinka aucnepcii npu 3acTocyBamHi
METOAY BUPOIZKECHUX CTPAT MATHUME BUIJIAT
M
oy _ A~ —~ 2
DBI/Ip = E (tjl —tj2) .
j=1

MareMaTudHe CIIOiBaHHS IIi€] OIIHKH JIOPIBHIOE
M
E(Dpup) = D(tn) + > _(tj1 — tj2)?,
j=1

TOOTO ﬁBI/Ip 3a3BUYAM IIEPEOIIHIOE JUCIEPCIIo D(%\ﬂ) i mpu3BOIUTE IO
KOHCEPBATUBHWX JOBIPUMX iHTepBadiB. ZKINO cTpaTtn MOXKHa PO30u-
™M Ha napu Tak, mob Vj = 1,...,M = H/2 mana Micue piBHICTBH
?jl = tAjg, TO OLIHKa ﬁBI/Ip Oyae He3MIMEHoI0. Y OLIbIIOCTI BAIAIKIB
BaXXKO YHUKHYTH 3MIMIEHHS Il OIMIHKW, OCKLIBKHU JIJIS IIBOTO TTOTPI-
OHO 3HATK CyMapHi 3HAYEHHA B CTPATAX.

HIpuxkman 7.1. Onmumanvre posmiwenna npu CTIIBB. Y Bu-
MaaKy CTPaTH(IKOBAHOIO MIPOCTOTO BAMAIKOBOTO BiIOOPY AHUCIEPCIIO

np

R H
Dorrpp(te) = > N7 L S2 Moxwa sammcaTn y Bursami bopMyn
h=1

H

(7.9) 3 A, = N2S2, B = — Y N,S%. Minimizyroun aucrepcito mpn
h=1

dbikcoBaHMX BUTPATAX, OTPUMAEMO

NnSr//cn
=
> NpShy/cn
h=1

np = (C — ¢o) (7.16)

I3 Bupasy (7.16) Burnmsae, 1m0 UM GLIBIIA AUCTIEPCIS B CTPATi, TUM
OlbIIe Ny, AHAJOTYHO, YUMM MEHIN BUTPATH Ha 00CTEXKEHHS eJIeMeH-
Ta 31 cTpaTu, TuM OiIbIKit po3Mip BubipKku 3i cTparTH. O
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7.4. AsabrepuHatusBHi po3Mmimenna npu CTIIBB

Y uboMy migpo3gial 6iabI JeTajspHo po3rigHeMO cTpaTudikoBa-
HU TPOCTHIT BUTIAIKOBYH BiOIp Ta aJbTepHATUBHI PO3MITIIEHHS CTPa-
tudikoBanol BUOIpKY, 9Ki MOXKHA BUKOPUCTOBYBATH B JIAHOMY BUIIA/I-
KY.

[MpunycTumo, 110 BUTpaTu Ha 0OCTEKEHHSA OJHOTO €IeMEHTa, OHA~

KOBI 7Tt BCix cTpar, T06T0 ¢ =2 = ... = cH.
H
[MozHaunMo vepes n cyMapHuii po3Mip BUGIDKU: 1 = Y, ny,.
h=1

7.4.1. Posmimenna Heiimana

[Mpu crparudikoBanoMy TPOCTOMY BUIATKOBOMY Bimbopi omru-
MashHe posmimenas (7.16), axe Minimizye qucnepcio npu dhikcoBanmx
3araJibHUX BUTPATaX 3a YMOBH, 10 BUTPATH HA ODCTEXKEHHS OJIHOTO
eJIEMEHTa OJIHAKOBI J/Id BCIX cTpaT, Haby/le BUTJISALY:

NpSh

H
> NuSh
h=1

np=mn , h=1,...,H. (7.17)

Take po3MilTeHHa TAKOXK HA3WBAIOTL podmiuiennam Hetmawna. s
3HAXO/PKEHHSI ONTUMATBHUX 3HAYEHDb N 3a dopmysowo (7.17) morpi-
OHO 3HATH CTAHIAPTHI BiAXuaeHHs B crparax, robro Sy, h=1,..., H.
Mu TigbK# TOAI 3MOKEMO OTPUMATH ONTUMAJbLHE PO3MiIeHHs (T06-
TO, MiHIMAJIbHE 3HAYEHHS AWCIEPCil), KOIM MATHMEMO TOUHI 3HatUe-
uusg Sp. Ha mpaxTuri e memoxkauBo. Ajie TIpU MOBTOPHOMY 06CTe-
JKeHHI MOXKHA, BUKOPUCTATH PE3YJIBTATH MOMEPETHBOTO 0OCTEXKEHHS
IJIST TOTO, 1106 OTPUMATH JOCUTH OJM3bKE HAOIMKEHHS [0 ICTHHHUX
3HAYEHDb CTAHIAPTHUX BiAXWIeHb y crpartax. Tom oTpmMaemMo po3mi-
MeHHs, OJIU3bKEe 0 OMTUMATBHOTO.

7.4.2. Ilpomnopiiiine po3MiiieHHs

IIponopuiiine posmitwerts BU3HAYAETHCH 32 HOPMYIIOI0

N nNh

h=1,...,H. 1
N’ ) ) (7 8)

np
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OcCKiJIBKE MH BBasKaeMo, 10 PO3MIpU CTpAT BiOMI 3a3jaJjierijib, TO
TaKe PO3MIIIEHHS 3aBXK /U MOXKHA OOYUUCTUTH.

Adxkimo y Bcix crparax OJHAKOBI CTaHHAPTHI BlAXWIEHHH
(S1 =52 = ... = 8pu), 10 ourumanbae posmimenns Hefivana (7.17)
nabyze Bugy (7.18), ToOTO B 1IbOMY BUNAJIKY MPOTIOPILiiiHE PO3MITIEH-
Hst Oy/ie OnTUMAIbHUM. B iHIIMX BUTaIKAX MPOMOPITiHHE POSMITIEHHST
Jae OLIBII 3HAYEeHHA TUCIepcil, Hizk po3Mmiments Heiimama, ocobamuBo
TOM1, KOJIM 3HaUEHHs S), CHILHO BlAPI3HIIOTLCS.

7.4.3. Po3mimniennsi, nporopIiiline A0 CyMapHOro 3HAYEHHS
3MIHHOT ¥y

Posmiugenna, nponopyitine 0o cymaprozo 3HGUEHHA 3MINHOT 1,
BU3HAYAETHCA TaK:

Eyk

keUy, Tyn
np,=nN—————=n—1, h=1,..., H, 7.19
keU

[Py ITHOMY TIPUIIYCKAETHCs, 110 3MiHHA Y HaOyBae TLIBKU JOJATHUX

3HAYEHD.
[Te po3mimierHs € ONTUMATBHAM, TOOTO CITIBIAIAE 3 PO3MIIIEHHAM
Heiimana (7.17) Toni, ko koedinientn sapianii C'Vj, = ;—h OIHAKOBI
h

J71s BCIX CTpaT.

OckinbKu cymapHi 3HAaYeHHsI 3MIHHOI ¥ SK JIJIsi CTPAT, Tak i JJjs
BCi€l reHepaJIbHOI CyKYITHOCTI 3a3/1a/1eriib HeBiioMi, To HesnocepeiHe
3acTocyBaHHsI po3Mimentst (7.19) Ha TPaKTUI HEMOXKJIUBE.

7.4.4. z-onTUMAaJIbHE PO3MIlIEHHS

Posrnsimemo z-omTmMasbie pO3MIIIEHHSI, sIKe € AJbTePHATHBOIO
posmimennto (7.17) 1 Mae mepeBaru 3 TOYKH 30py MPAKTUIHOTO 3a-
CTOCYBAHHSI, TOMY 9aCTO BUKOPUCTOBYETHCST Ha MTPAKTHIIL.

Hexait * — nomarkopa 3MiHHA, KOpesboBaHa 3i 3minHOIO Y. Ilo-
3HAUUMO depe3 Sy CTAHTAPTHE BiJAXWJIeHHsT 3MIHHOI « B h-it cTpari,
h =1, H. 3uauenns Sy, Bigomi 3a3manerias maas seix h =1, H.
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Tomi xz-onmumasvre pozmiulenns BU3HATAETHCI TaK:

NypS
nhanhil’h, h=1,...,H. (7.20)
> NpSan
h=1
Axmo 3minHl © Ta Yy <«igeanbHo» KopesnboBani (yr = a + bxy,
k= 1,...,N), to poamimennsi (7.20) dbaxTu4HO € ONTUMAIBLHUM.

dxmo Kopensmis cuabHA, ajge He igeanbHa, TO posmiments (7.20)
€ OJIM3BLKUM JI0 OIMTHUMAJILHOLO.

7.4.5. Po3switennsa, mponopiiitine A0 CyMapHOTO 3HAYEHHS
3MIHHOT T

Posmiwerna, nponopuitine 0o CYymaprozo 3HANEHHA 3MINHOT T, BU-
3HAYAETHCS 33 BUPA30OM

> T

= Ten
np,=n———=n—, h=1,...,H, 7.21
keU

OpU MBOMY MPUITYCKAETHCA, M0 A0JATKOBA 3MIiHHA T 3aBXKau HAOY-

Ba€ JIOJIATHUX 3HAYEHb, & CyMapHi 3HAYEHHS B CTpaTax » ., Tk Bigomi
keUy
3azgaseriah. Take po3MIMIEHHsT JerKo OOUMCIIOETHCA Ta, TMTUPOKO 3a-

CTOCOBYETDLCS HA MPAaKTHUI. ZIKITo 3MiHHI & Ta Y CHIBHO KOPEJTbOBAHI,
a KoedilieHTu Bapialil mpubIu3HO OJHAKOBI JIJIst BCIX CTPAT, TO PO3-
mimenns (7.21) 6yme 6IU3BKIM 70 ONTHMAJIBHOTO.

7.5. IlopiBHaHHA aucnepciii T-OIiHKU CyMapHOTO 3HA-
YeHHH IPU ONTUMAJTBHOMY Ta IIPOIMOPIIiiTHOMY PO3-

MIIITeHHAX

[Ipu crpaTndikoBaHOMy IPOCTOMY BHIIQIKOBOMY Bigbopi
H H
te =Y N, = N> Wi
h=1 h=1
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IIpu ontumanasHOMy poswmimennui Heitmama 3 dopmynn (7.17) orpu-
MaEeMOo

2
o~ N (L "o
DEfpg(tn) = — [ D_WasSh | —NY WS, (7.22)
h=1

h=1

Y Bunazky nmponopriiaoro posmimenns (7.18) Gygemo marn

H
- 11
Deirnpg (tr) = N? <n — N> > WS (7.23)
h=1

Ockinbkn poamimenns Heiimana — ontumasnbae, To gucnepcist (7.22)
He MOXKe mepeBuIyBaru auctepciio (7.23). PiBuicTs Mae Mmiciie TibKu
TOJIi, KOJIM TUCTIEPCil B ¢TpaTax OMHAKOBL. 3a3pudvaiil nucnepcis (7.22)
3HAYHO MeHIa, HiK (7.23), 0cOOJMBO Y BUMAJIKY, KOJM JTHCIEpCii B
CTpaTax CyTTEBO BIAPIZBHAIOTHCS.

7.6. IlopiBHaHHA aucnepciii T-OIiHKU CyMapHOTO 3Ha-
yeuHnda nupu CTIIBB ta IIBBG6II

K10 pillIeHHsT MO0 PO3MIIIEHHS CTPATH(IKOBAHOI BUDIPKI Ma-
TEeMaTUIHO OOIPYHTOBaHE, TO TIPU OJHAKOBOMY PO3Mipl BUOIpKU N
crparudikoBaHmii MPOCTUil BUMAAKOBUI Bindip 3a3Bwuait € Oisibine
edeKTUBHUM MeTOnOM Bifbopy, Hik mpocTuii Bunaakosuit. Jis mpu-
KJIQJTy TOPIBHAEMO JIUCTIEPCIT TT-OTIHKY CyMapHOTO 3HAYEHH TTPH TPO-
CTOMY BHUIIQIKOBOMY BiO0pi 0e3 mOBEpHEHHA Ta IIPU CTPATH(IKOBA-
HOMY IPOCTOMY BHIAIKOBOMY BiZOOPI 3 TPOHIOPIHHHAM PO3MIIITEHHAM.

IIpn POCTOMY BHIAIKOBOMY Binbopi tx = Nj = N 3. y/n. Bu-
kes
KOPUCTOBYIOUM (DOPMYJIH JJsT OOUNCTEHHS JUCTEPCiii i€l OIHKY TpH

IIBB6II ta mpu CTIIBB 3 nponopiiifiaumM po3MilleHHsaM, MOXKHE, JIET-
KO TIOKa3aTH, 1110

Digpen (NU) — DOTHRE (Z Nh?Jh) = (7.24)

SN

H
— 1
EjWth— V)2 — NE (1—Wp)S2],
h=1
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ae Y, = > yr/Np — cepemme B h-it ctpari, h = 1,...,H, a
L keUy,
Y = > yr/N - cepenne myist BCi€l reHepasbHOI CyKyMTHOCTI.
keU
I3 Bupazy (7.24) BumamBae, MO TEOPETHYHO JWCHEPCis Npu

CTTIBB 3 mrponopIifiHuM po3MIMIeHHIM MOXKEe TPOXHU TIEPEBUIILYBATH
nucnepcito pu [IBB6I1, a came To1i, Ko/iu cepe/iHi B cTpaTax 0HAKO-
Bi abo MajiizKe ogHAKOBI. llprmamHO0 1IHOTO MOXKe OyTH HEBIAINI II0-

nit Ha, crpatu. Ao xk crparudikariis giiicHo moTpibHa i TpaBUIBHO
H —

pukonana, 10 goganox Y. Wi (Y — Y)? 6yzne 3nauno Gimbmmm, mix
h=1

H

N=L 5™ (1—W,,)S2, i crparndikopanmit TpocTHit BUMAIKOBHI BiA6ip
h=1

3 MPOMOPITIHHUM PO3MileHHsaM Oyae 3HAUHO eheKTUBHIITNM TOPiBHSI-

HO 3 IIPOCTHM BHIIAIKOBHM BiaOOpoM 6e3 IMOBEpHEHHS.
7.7. BnpaBu Ta IUTAaHHA JJid CAMOKOHTPOJIIO

7.1. fxa Bubipka Kparie Bifiobparkae CTPYKTYPY TeHEepaTbHOI CyKY-
nHOCTI: crparudikoBana un mpocra Bunaakosa? Yomy?

7.2. Y domy mosdrae 3ajada onTHMizarii po3MinieHHs cTparndiko-
BaHol BUbipKu?
7.3. Uum Bigpizuserbcs poswimnenns Heitmana Bif onTHMaIbHOTO

po3MitierHst cTpaTudiKoBanol BUbIpru?!

7.4. dxwuit Bigbip i B axux curyarisx € 6iapm epexrusanm: CTIIBB
qu [IBB6II?

7.5. BuznaunTy #MOBIPHOCTI BKIIOUEHHS TT;, Ta Tk V BUHAJKY CTpa-
TH(IKOBAHOTO IIPOCTOTO BHUMAIKOBOTO BiAOODY.

7.6. [loBecTn TBepKeHHS 7.2.

7.7. Busectu dopmysin jiid 069nCI€HHS OIIHKYA CyMapHOI'O 3HAYEH-
He, aucrepcil el OmMiHKe, a TaKoxXK /IS OIiHIOBaHHS JTHCIEPCii OTpH-
MaHOI OIIHKK IpH CTPATH(DIKOBAHOMY CHCTEMATHYHOMY Bimbopi Ta
crparudikoBanomy Binbopi Bepuyiuii.

7.8. Y Jesaxkomy BubIpKOBOMY 00CTEXKEHHI BUKOPUCTOBYETHCS

CTIIBB. Ilpumycrumo, 1o moTpibHO OMIHUTH CcepeHe 3HaYeHHd Y
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JIOC/TLIKYBAHOT XapaKTEPUCTUKY T'eHePaIbHOI CyKYITHOCTI 3 TAKOK TO-
YHICTIO, 00 YMOBA

H p—
> Wiy —-Y|<a
h=1

BUKOHYBaJIACS MIPU 33 TaHOMY 3HAUEHHI CTajol @ IoHalMeHTIIe 3 iMo-
Bipmicrio 1 — . /loBecTn, 110 po3mip Bubipku, HEOOXiHUI /1 BUKO-
HaHHS T1€l YMOBH, 33/J0BOJIbHSIE HEPIBHICTH

H 202
z 2 Wgs;
n> ((l) h;l Wh,

1+L(§)2 f: W2512’
N \a = h*~h

ae wp =np/n, z = Rl—af2

7.9. Hexait y nounepenniit Bupasi N = 1000, H =2, W1 =1-W, =
=0,8, 52 =4,52 =16, 2 = 1,96, a = 0,5. Tocniauru, sx 3minto-
eThed Heobximumit po3mip Bubipkm n gk dyuKIiig Big w; = 1 — ws,
AKIMO Wy 3MiHoeThes Big 0 go 1.

7.10. Hosectn TBepKenus 7.4.
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Pozain 8

KiacrepHunii, 1BocTaaiitHuii Ta
Oararocragiiinuii Biaoip

8.1. OcHoBHI noudarTa

Y momepenHix po3gijax MU PO3TIASANIM BUOIPKOBI Am3aiinm, B
SIKUX €JIeMEHTH BiAOWpaJMcs 3 TeHepaIbHOI CYKYITHOCTI Bifgpasy, Tob-
TO 3a OIHY CTaIilo Bigbopy. Aue Oesmocepenniii Bigbip eeMeHTIB 10
BUOIPKN BUKODPUCTOBYIOTH He 3aBxk/u. OJIHIE 3 TPUIHH [[BOTO MOXKe
OyTH BiJCYTHICTH BUOIPKOBOI OCHOBU 3 TIOBHUM TIEPEJIIKOM €JIEMEHTIB
FE€HEPAJBLHOI CYKYITHOCT1, & CTBOPEHHS TaKOl OCHOBU € HAJTO KOIITOB-
HUM. [HITIOI0 TPUYIUHOIO MOXKe OyTw TepuTOpiaabHe DPO3TAILYBAHHS
€JIEMEHTIB IreHePaJIbHOT CyKYITHOCTI: BUOIPKOBI OJAMHUI MOXKYTH OyTH
PO3TAIIIOBAHI TajIeK0 OJHA Bijl OIHOI, & Ie IPU3BOSUTH 0 301IbIIeHHS
sk inancoBux BUTpaT (Mepei3 Bix ogxiel oguHwUni 70 iHIIOL), Tak i
TpuBajocTi obcrexkerHs. TakoXK y 1IbOMY BUIMAJIKY BaKKO KOHTPOJIIO-
BaTU SKICTb 0OCTEXKEHHsI, BHACIIIOK YO0 MOXKHA, OTPUMATH BUCOKU
piBenb HeBiamOBimet ab0 3HAYHI TOXUOKU BUMIiPIOBAHD.

Kaacmeprudi 6id6ip (anr. cluster sampling) € OJHNM 3 METOJIIB
BiAOOPY, 9Ki MOXKHA BUKOPUCTOBYBATH TOJi, KOU Oe3mocepe Hiit Bi-
6ip esieMeHTIB 3 MONyJIsIil HeMOXKJuBKit abo nebarkauuii. s 1nboro
€JIEMEHTH TeHepaJbHOI CYKYITHOCTI 06’€JHYIOTh Vv TPYIIN, SKi Ha3UBa-
0ThCA KAacmepamu. st Kimacteproro Bigbopy 6yaeMo BUKOPUCTOBY-
Baru ckopouenus KB.

Y Bunagxy odnocmaditinozo xaacmeprozo eidbopy (OKB) cnoua-
TKY BiZOWparoTh K/aacTepu, a MOTIM OOCTEXKYIOTH BCi €1eMEeHTH Bi-
nibpannx knacrepis. Hanpukiam, mpu obcTeKeHHI HACEJIEHHST MiCTa
KJIACTEPOM MOzKe OyTH CiM’s, JOMOIOCIOAPCTBO a00 MEIIKAHII OTHO-
ro xkutiaoBoro 6yaunky. Crouarky 6yayooTh BUbIpKY KJIaCTEPiB, Ha-
OPUKJIAJ, JOMOTOCIOIAPCTB, & TMOTIM ONMUTYIOTEH BCIX TJIEHIB THX J0-
MOTOCITOZAPCTB, IO TTOTPANUIN 0 BUOIPKH.

Y Bunagxy deocmaditinozo eidbopy (JIB) momynanito mimars Ha
knacrepu — nepsunai Bubipkosi oguaumi (TIBO), ski ckaagaoThes 3
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OKPEMUX eJIeMeHTIB abo 3 ApiOHimmX rpyn (KIacTepiB) eIeMeHTIB —
BropuHHUX BubipkoBux ommuauik (BBO). Ha mepmiii crazii Binbopy
OTPUMYIOTH IMOBIpHICHY BUOIpKY NEPBUHHUX BUOIPKOBUX OUHUIb.
Ha apyriit crazgil Bimbopy 3 Tux mepBUHHUX BUOIPKOBUX OJWHUIIH,
0 TOTpamwIn a0 Bubipku Ha mepiriit ctasii, BimOupawTh BTOPUH-
ui Bubipkosi ogwmui (enementn abo kaacrepwm emementin). Ilicas
nporo obcrexyroTs Binibpani BBO. fkmo BBO — ne knacrepu, to
obcrexytoTh BCl enemenTn Binibpannx BBO. fkino Bei BropunHi Bu-
OipKOBI OAMHAIN — IT€ OKPeMi eJIeMeHTH, TO TaKUil JBOCTaiAHWHA BiI-
6ip mie HasuBaTL dsocmaditinum 6idbopom esemenmic (JIBE) (anri.
two-stage element sampling). Skmio BCi Bropunni BubipKOBI O7M-
HUTI — 1€ KJIACTEPH eJIEMEHTIB, TO TaKWii IBOCTAIIMHHIIT BiAOIp HA3MBa-
10Tb déocmaditinum kaacmepnum idbopom (JKB) (anri. two-stage
cluster sampling).

Aximmo nporeaypa BiZOOPY CKIATAETHCA 3 TPHOX abo OLABINE CTa-
Jiit, To Takmit Biabip HA3UBAETLCI bazamocmaditinum. Y ITHLOMY BAIIAI-
Ky icHy€ 4diTKa iepapxig BubipKOBUX OJMHUIE: TEHEPAJIHHA CYKYITHICTD
PO3T/IAMAETHCI TK MHOXKWHA TIEPBUHHUX BUOIPKOBUX ONWHUIH, TKi Mi-
CTATh BTOPWHHI BUOIpKOBI OanHUIT, a BTOPUHHI BUOIPKOBI OAMHUII, B
CBOIO 9epry, MiCTITh TpeTwHHi BuOipKoBi ommuuil, i T. 1. Bubipkosi
OJIMHUII OCTAHHDLOI cTaail BiZOOPY Tak 1 HA3BWUBAIOTL — OCMAHHI GUOID-
k061 odunuyi. Ko Bei ocramHl BUOIPKOBI OAMHUIN — I1€ OKPEMI eje-
MEHTH, TO TaKUil Bigbip Ie HA3MUBAIOTL 6u2amocmaditinum 61060pom
eaemenmie (anri. multistage element sampling). ko xk ocran-
Hi BUOIPKOBI OJWHUII — T1€ KJIACTEPH eJIeMEHTIB, TO TaKuil Bia0ip Ha3w-
BAIOThL bazamocmaditinum xiacmephum 6id6opom (anra. multistage
cluster sampling) [20].

8.2. OpmHocragiliHmnii KjaacTepHuil Biadip
8.2.1. 3arajapHuii BUIIAJ0K

Y BUIIAJKY OJHOCTAIHHONO KJACTEPHOI'O BiGOpPY CKiHYEHHA re-
mepasbia cykynuicts U = {1,2,..., N} aimarbea na Np miaMHOKEAH
(ksracrepis):

UL, Us, ..., Un,.
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MHuokuHy KIacTepiB CHMBOJIIYHO 300pa3uMo TaK:
U ={1,2,...N1},

TOOTO, IOCTABHMO V BIANOBIAHICTL KOXKHOMY KJIacTepy Horo HoMmep.
[Tozraunmo KitbKicTb eneMenTiB y Knaactepi U; depes N,

1=1,...,N1. Toui
U=JUs N=) N
€Uy ieUr

OpHocramiinmit KaacTepHuit Bigbip MPOBOANTHCS TaK.

1) I3 muoxuam xaacrepis U 3a J0MOMOTOI0 JIEAKOTO BUGIPKOBO-
ro mu3aiiny pi(-) Bimbupaerbca fiMoBipHiCHA BUGIpKa KJIacTEpiB
s1. Posmip Bubipkm Sy OymeMo IMO3HAYATH Uepe3 Ny y BUIAIKY
dbikcoBaHOTO pO3MIpPY BUOIDKH 1 uepe3 7, AKIO BHOIPKOBHIL
nu3aitn nepeadadac 3MiHHul po3Mip BubipkuH.

2) O6cTexRyIOThCS BCL €JIeMeHTH BiIiGpaHnx KIacTepis.

Bubipkosuii nuzaiin pr(-) Moxke 6yTu Oy 1b-gKUM: IPOCTAM BUIIA,I-
KOBUM 0€3 MOBEpHEHHS, CUCTEMATHIHUM, CTPATUMOIKOBAHUM, 1 T. 1.

SIKIO MO3HAYUTH Yepe3 § MHOXKUHY THX €JIEeMEHTIB, ki OyayTh
obcrexeni, To s = |J U;. Posmip Bubipku s gopisaioe ng = » . N;.

1E8]1 S1

BayBaxkumo, 1o HaBiTh axmo pi(-) € BubipkoBum amsaiinom i3 di-
KCOBAHUM DPO3MIpOM BHOIPKHU KJIACTEPIB, TO PO3MIp BUDOIpKH ejeMeH-
TiB He 000B’a3K0BO (HiKCOBAHMIL: SIKIMO IIOBTOPHO IIPOBECTH Binbip, TO
[IpyU TOMY CaMOMY PO3Mipi HOBOI BUOIDKM KJIACTEpIB JI0 Hel MOXKYTh
MIOTPANUTH 30BCIM IHIIM KJACTEPH, PO3MIPH SKUX BIAPISHAIOTHCA BiJj
PO3MipiB THX KIacTepis, M0 OyAM B MOTEPeaHii BUOIpII.

st BubipkoBoro gusaiiny pr(-) AIMOBIPHICTD BKIFOUEHHS EPITIOTO
MOPAJIKY JJ4 1-TO KJIacTepa

M = E pI(SI), iZl,...,NI.
s121
JLst TBOX KIAacTePiB ¢ Ta J HMOBIPHICTH BKIIOYEHHS APYTOTO MOPSIIKY

T[Iij: Z pI(SI)7 i,jzl,...,NI.
s12i&j
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Haramaemo, 1mo 7ty;; = 7.

Terep obuncauMo HMOBIPHOCTI BKIIOUEHHS €JIEMEHTIB y BUOIDKY.
Ockiibky BUBIpKa § MIiCTUTh BCl ejleMeHTr BijgibpaHux K/acrepis, To
JUTsT TOBLIBHOTO ejiemenTa k 3 kiacrepa U; Oymemo maru

m, = P(k € s) = P(i € s1) =y, (8.1)
mek=1,...,Nytat=1,..., Ny.
NmoBipHiCTh BKIIOYEHHI APYTOTO MOPAIKY OOTUCTIOETHCI TaK:
= P(k&l € s) = my, (8.2)
SIKITO eleMenTn k Ta | obunBa HajexkaTh ogHOMY Kjactepy U;, Ta
T = P(k&l € s) = P(i&j € s1) = 5, (8.3)

AKITO eJIeMEeHTH k Ta | HajexkaThb pisHEM Kiacrepam: k € U;, | € Uj,
1,7 = 1,..., N1. Haragaemo, 1110 mg; = 7.

Hexait T; = Y yr — cymapHe 3HaYeHHs JOCJALIKYBAHOI Xapa-
keU;
KrepucTukyu B i-My Kiaacrepi. Tom T'= > yp = Y. T; — cymapne
keU i€l
3HAYEeHHs JIOCTIIKYBAHOl XapaKTEPUCTUKH /1 BCi€l TeHepaIbHOL Cy-

KYITHOCTI.

Teepdotcennn 8.1. Ilpu odnocmaditinomy waacmepromy 61060pi
T-0UIHKA CYMAPHO20 3HAYEHHA 2EHEPAALHOL CYKYNHOCTE MAE 8ULAAD

=Y L. (8.4)

Hucnepcia yiei ouinku dopisHioe
1; T}
_ J
- Z Z (T[Ii] 7-[117[1]) (85)
: : T 7'[1
ieUr jeUp
Hesmiuena outnxa ducnepcii 064ucaoemoves 36 Gopmyroio

Z Z TtIZ] - T[I’LT[I] T T (86)
T 7TI]

7T
1E€8] JESI lij
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SIxmo pr(-) — BuOIpKOBHIT au3aiin 3 (hikCoBaHUM PO3MIPOM BHOIp-
K, TO 7yist obuncaents guctepcii D(t;) MOKHA TAKOK CKOPUCTATUCS
dopmysioro €itrca—I pangi—Cena:

D(%;T) = —% Z Z (T[Iz'j — T[IiT[Ij) <7_j[;2 — szj) . (87)

1elUy jeUr

Heswimmeny ominky miel aucmepcii MOKHA OOIHCIUTH TaK:

I 1 T, T;\?
D(tﬂ) = —5 E E (T[Iij — 7TIi7TIj) <7_[I' — 7'[[]> . (8.8)
i J

1E€ES] JEST

3a yMoBHU (bikCOBAHOTO po3Mipy BUOIpKY 3 TBEpAKeHHs 8.1 podu-
MO BHCHOBKH II0J0 e(PEeKTHBHOCTI OJHOCTAIIIHOr0 KJIACTEPHOIO Bi-

bopy:

1) dxmo Vi = 1, Ny : % = const, 10 D(tx)=0. Tob10, AKIIO MO-
JKHA BUOpaTH #MOBIPHOCTI BKJIIOUEHHS TT; TaK, 1100 BOHU Oy/Iu
Maiizke TPOMOPIIHHUMH 70 CYMapHUX 3HadeHb 1;, TO THCTep-
cist D(tx) Gyme Mamow i Taxuii KIacTepHU BiaGip Gyme myke
eEeKTUBHUM.

2) dkmo posmipu kmacrepiB N; Bimomi Ha cTajil MJIaHyBaHHSI,
TO WMOBIpHOCTI Ttj; MOKHA BHOpaTm mpomopmiiftnuvm g0 Nj.

Ockimpku T; = N;Y; = > Yk, TO 33 YMOBH, IO CEPeHI 3HAa-
keU;

JeHHS B KJIACTEpax Y; He JyKe BiApi3HsIOTbC, Takumil Binbip
6yme myxe edexrusaum. ko x Vi = 1, Ny : Y; = const, 10
D(tn)=0.

3) fdkmo posmipw  KjacTepiB  CHJIBHO  BIIPISHSIOTHCS,  TO
edpekTUBHICTL  BiAOOpPY 3  OAHAKOBUME  HMOBIpHOCTSIME
(robro TT; = const) Gyge Huzbkow. g Toro, moeb Takwit
Binbip 6yB edexrusnuM, mOTPi6HO, 106 Y; GyiIH CTPOTO IIPO-
TMOPIHHUMA 10 N;l. VY peanbHUX CHUTYyaIlidgX I 3yCTPidaeThCs
piako.
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8.2.2. IlpocTuii BUNAAKOBHI OJHOCTAMINHUNI KJIaCTepHUA
Biabip

Posriasguemo npocmuidi sunadkosuti (6e3 noseprenna) oonocmadid-
nut xaacmepnudi 6i06ip (IIBOKB). Ie o3nauae, mo Bubipka Kjiacre-
piB s1 (dikcoBanoro po3mipy ny Bubupaerbed 3 MuOxKuHU U, dKa Mi-
ctuTh N1 KIacTepis, 3a JOMOMOTOI0 TTPOCTOTO BUIMAIKOBOTO BifbOPY,
mic/ig 9010 06CTEXKYIOTHCS BCl e1eMenTH Bifibpanux kimactepis. Tomi
3 po3aiay 2 ta TBep/KenHd 8.1 OynemMo MmaTu

te = NiTs,, (8.9)
e TSI = o Z T; — cepenue apudmMeTndHe CyMapHUX 3HAUYEHBL J0-

1EST
CJIi,ZL}KyBaHOI XapaKTepPUCTUKH, obuucaeHe 3a TUMUA KJIaCcTepaMH, AK1

MOTPAITUIN IO BUOIPKHU ST.
Jlucriepcig OIIHKM CyMapHOrO 3HaUYEHHsT 0OYMC/IIOETHCA 33 (Pop-

—~ fI
Dripokp(E) = N2 o —= 5%y, (8.10)
ny

e f1= VI — JACTKA Bi;g6opy KJIACTEePiB,

MYJIOO

STUI = NI > (T — TUI) — JIUCTIEpCist CyMapHUX 3HAYEHDb V KJa-
1€Ur
CTepax
= N > T; — cepenne apudmernyne CyMapHUX 3HAYEHD JIOCJIi-
€Uy
JKYBAHOT XapaKTepHUCTHKH, 0OYHCIeHe 33 BCIMA KJIACTEPAMU TeHe-

Up

PaIbHOI CYKYTTHOCT.
Hesamimena ominka mgucmepcil DHBOKB (tn) mopisHtOE

D N —f1 2
DHBOKB(tn)ZNI o —= 5%, (8.11)

= \2
Ae S’%SI = nllfl Z (E - TSI)

1ES]
Saysaocenns 8.1. CucremMaTnaHuil BUIIAAKOBU Binbip 3 OIHUM BU-
NAJKOBUM CTAPTOM € IIPOCTUM BUIIAIKOBUM OJHOCTAJIIHUM KJIACTED-
HAM BigbopoMm 3 n; = 1, IpH IHOMY KiIbKICTh MOXKJAMBHAX CHCTEMA-
ruaauX Bubipok a = Nj. Cucremarwanuii Bijdip 3 m BUIAIKOBUMEI
crapramu MoxkHa posragzaru gk IIBOKB 3 ny = m ra N; = ma.
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Sy

Posrismemo  xoegiyienm odnopidnocmi & = 1 — =% | ne
12 .
Sz, = N%JVI > > (yr —Yi) — cykyuna BHYTDIIIHBOK/IACTEPHA
€Ut keU;
aucnepcis, Y; = Y %& — cepenue B i-my kaacrepi, i € Ut
keU;
3 inmroro Hoky AucIepcito 5"2,[, MOKHA 3aliCaTH TaK:
> (N —1)87
icUr
Sy ="
w ;
> (Ni—1)
€Uy

ne S? = ﬁ S (yx — Yi)? — me amcmepcis B xmacrepi U;, 10610
keU;
5‘2,(/ — 1e 3BaxkeHe cepegane Ny jucuepciii Sf 3 paramu IV; — 1.

Orxe, koeditienT & qogarauii abo Bija'eMHMIA 3a/I€2KHO Bij TOrO,
Oi7bITa, Y1 MEHIa 3BaYKEHA BHYTPIITHBOKIACTEPHA TUCIEPCis mopiB-
HSIHO 13 3arajJbHOIO JUCIEPCIEI0 B TeHepaIbHIN CYKYITHOCTI.

Koedimient omaopigmocTi & Mae Taki 0OMeKeHH:

Ny —
A Bl

N-—-N— —
dArmo & = 1, 1o Bapiamig Bcepemmmi Kjaacrepis pieaa 0. ko

0 = — ]O[I:A}I, TO cepelHi y BCIX KjacTepax onHakoBi. Hmkma me-

Ni—1 .
XKa, (— N NI) 3a3BuYail 6,IM3bKA 10 HyJsid, 0cobanBO ko N Benke

nopiBHstHO 3 IN1. 3madendss 0 = 0 mocsraeTbcd TOMi, KOJIU 3BaXKe-
Ha BHITPINTHLOKIACTEPHA AUCIEPCis AOPIBHIOE 3arajdbHIl aucepcii B
reHepasbHiil cykymHocTi. Masi 3HadenHs & 03HAYANOTH, 10 €JIeMEH-
TU BCEPEMHI KJIACTEPIB HEOJHOPIAHI BIJIHOCHO JOCTIIKYBAHOI Xapa-
KTEPUCTHKH. | HABIAKM, BEJIUKI 3HAYEHHS O CBIAYATD, IO €AeMEHTH
BCEpEIMHI KTaCTEPIB OHOPITHI BITHOCHO JOCTIIXKYBAHOT XapaKTepH-
CTUKH.

[ozmaumvo wepes N = N/Nj cepeiHio KiTbKiCTb ejeMeHTiB Ha
OJIMH KJACTEp Ta 3aluiieMo Koapiarito mix N; Ta Ni?? :

1 o
Cov=——" > (N;~ N)N;Y;.



Jlerko mepesipuTH, 10
— N — N
2 2 I
STUI = NS <1 + ]\/,1_16> + COV.

ko miacraButy neit Bupas y dopmymy (8.10), To oTpuMaemMo Takmii
suraa mucnepcil Digokp (to):

- N— N\ —
DHBOKB(tT‘) = <1 + NI 1 5) NK152 + KICOV,
e KI = NIz(l — f[)/nl.
MaremaTuyHe CIOIBaHHS KiIbKOCTI 0OCTEKEHNX €JEeMEHTIB MpU
ITBOKB 3 pozmipoMm BUOIpKE KJIACTEPIB N OOUUCTIOETHCS TaK:

Jltsi 06’eKTUBHOrO HOPIBHSIHHS ITPOCTOTO BUIIAIKOBOIO BiabOPY 3
OPOCTUM BUMAIKOBAM OIHOCTAIITHNM KJIACTEPHUM BiAOOPOM TIpHITy-
CTHMO, 110 PO3MIp mpocrol Buma kool subipku n = niN. IIpu IIBB
T-OIIiHKa, CyMapHOT0 3HaUeHHs 1opiBHIoe Ny, a aucrepcid miel oKy

Dyipger1(tx) = Prigpen (NV9) = NK1S”.

3BijICM OTPUMYEMO TIie O/IHY (DOPMYJIY [IJIsi OOUHUCIIEHH s JUCIepPCil
omiuku t; npu [IBOKB:

~ N-N
Drpoks(tn) = <1 TN 5) DripBerr + KiCov.  (8.12)

Omrxke, JjusaiiH-edekT LIPOCTOro BUIIAAKOBOIO OJIHOCTALIAHOIO
KJIACTEPHOTO Bi0OPY MOPiBHIOE

N D t, N — N, C
de ff(ITBOKB, 7)) — COBOKBU) _ o 116+NC;; . (8.13)
DrBBert(tn) I

Terep mocaiuMo, HACKIIBKE €(DEKTUBHUM € TPOCTHH BUMAIKO-
BUil OgHOCTAiftHMI KIacTepauil Biabip. s mporo posriisHeMo J1Ba,
BUTIATKH.
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1) Kaacmepu odnaxosozo poamipy. llpumycrumo, mo 1js Beix
1€eU;: N; =N. Toni Cov=0Ta

N — Np —

deff IIBOKB, ;) = 1 + N poR I+ (V-1 (8.14)
-

e osmauae, mo DigoKRB (tn) < DHBB6H(?7T) roai i Timbku ToOi,
ko & < 0, ToDBTO, TOMI 1 TIABKM TOI, KOJU BHYTPIITHBOKJIACTED-
Ha JUCTepCisd JOoCUTh BeJnKa. Ajie Ha TPaKTHUIl OLIBIMNCTE KJacTe-
piB yTBOPIOIOTH 32 IPUHIINIIOM CYCITHIX eJIeMEeHTIB, a TaKi eJeMeHTH
3a3BUYAll MATh CX0XKI1 XapaKTEPUCTUKH, TOMY OLIBIN iMOBIpHO, 110
& > 0. Orxe, 3azBuyait DUBOKB (tx) mepeBuIILyE DHBB6H(tAﬂ). Ha-
OpUKJIa], TpU JAOCUTH MajoMy pogaraomy & = 0,08 Ta cepennboMy
po3umipi kaacrepis N = 300 6ysemo maru

deff(IIBOKB, ) ~ 25.

Y naHOMY BUIAJKY 3aCTOCYBaHHS KJIACTEPHOTO BiIOODPY 3 JOCUTH Be-
JIMKUME PO3MipaMu KJIACTEpIB MPU3BOAUTEL 10 3HAUYHOI BTpaTh ede-
KTUBHOCTI.

2) Kaacmepu pisnuz poamipie. STkmo kopemsitis mix N; Ta Ni??
JOJATHA, 9K 3a3BUYail OyBa€, TO 3POCTAHHSA AUCIEPCIT BHACITOK BU-
KOPUCTAHHS KJIACTEPHOTO BigOOPy MOke OyTH HABITH OLIBIIMM, HiXK
y TOMEPEHBOMY BHIAJIKY, OCKLIBKH JAPYTHil T0JAaHOK ¥ Bupasi (8.12)
Moxke 6yTu Ginmbimm. [lokarkeMo, HACKIJIBKY BAXKJIMBUM € T€, 110 PO3-
MipHU KJACTEPIB BiAPI3HAIOTHCA. g MTBOTO PO3TJITHEMO TPAHUIHMH
BUIAJ0K O = Omin = (N1 —1)/(N — Np). Tyr cepejni 3nauenHst ojHa-
KOBi y BCix Kyacrepax i gopismiorors Y. Tozi dopmymna (8.12) marume
BUTJISAT

~ =2
PrpokB(t) =Y KiSky,- (8.15)

A suagennsa el auctepcil 6ye TM GLIBITIAM, YUM OLIbITE 3HATEHHS
mucrepeil po3Mipis KacTepis SJQ\,UI = ﬁ S (N; — N)2

€U
VY 1poMy BUIIAJIKY
~ = (CVy\?
de ff(IIBOKB,#x) = N [ =~ ) | (8.16)
cvy

128



ae CVy = Syy /N ta CV, = S/Y. Bignomenns
DITBOKB (tr)/ DIIBB6TI (tx) Moxe OyTH B3HAUHO OGLIBIINM Bif
OMHMLI, 0COBIMBO TOI, Koiu cepeiniit posmip kiacrepis N
BEIUKUA.

Orxke, ogHOCTAMITHIH KaacTepHU BiAGIP 3 HACTYITHUM BUKODH-
CTaHHSM T-OT[IHKY JJIsT OIIIHIOBAHHS CyMapHOTO 3HAYEHHS JTOCIIKY-
BAHOI XapaKTEPUCTUKH B 6Ararbox CATYaIlisIX MOKe OyTH Hee(DeKTHB-
HUM, 0COOJIMBO SIKINO KJIACTEPU OJHODPIMHI Ta /4 HEOJHAKOBOIO PO3-
Mipy. AJie 3 TOYKH 30py BapTOCTI OOCTEKEHHS TAKA CTPATEris MOXKE
MaTU IEePEeBar.

dximo HasBHA J0AATKOBa iH(OpMAIisa, TO e@eKTUBHICTH TAKOT0
Binbopy moxkna migsummTu. Tomai Bubip crparerii 3amexuTh Bif TO-
ro, dKa came imdpopmaliisg € y po3mopapKerHi qocaiannka. 1le moxe
OyTu aK BigbOip K/acTepiB 3 IMOBIPHOCTSIME, IIPOMOPINAHAMEA JeAKiit
3MiHHI# Po3Mipy, TaK 1 BUKOPHUCTAaHHS iHIIOTO METOJIY OIliHIOBAaHHS.

8.3. IBocraniiiauit Bigbip

3 BUIINEHABEIEHOTO MOXKHA 3pOOUTH BUCHOBOK, 110 e(DeKTUBHICTH
KJIACTEPHOTO BiIOOpY 3a3BUYail MeHINa, Hi2K e(EeKTUBHICTD IIPOCTOrO
BUTIAIKOBOTO Bimbopy. Ilpuantoto 1s0T0 € Te, 10 eJIeMEHTH BCepeTH-
HI KJIACTEPIB, SIK NPABUJIO, 10CUThH OfHOpiAHl (6>0), Ta i Kaacrepu
gacrinre 6yBarOTh Pi3Hi 38 PO3MIPOM.

Jlucmepciro 7-OIiHKY MOKHA 3MEHIITUTH 33 PAXYHOK 30iIbIeHHsT
KITBKOCTI KyTacTepiB y BuOipti. Aje 11e MOKe TIpPU3BECTH 70 301/1bIe-
HHS BUTPAT IPH 0OMEKEHOMY OIOIKeTi.

g Toro, mob yKJIACTHUCS B paMKU OOJIZKETY 1 OIHOYACHO 3011k~
IMMUTH KIJTBKICTh KJIACTEPIB y BUOIPI, MOXKHA pobuTu miaABHOIpKU 3
Bizibpanux kjacrepis, a He 06CTEkKYyBaTH BCi ejgeMeHTH. AKIo ejre-
MEeHTH B KJacTepax OJHOPimHi, TOOTO Bapiarlist BcepeawHi KJacTepa
MaJIa, TO OILHKH #; CyMapHUX 3HAYEHb B KJaCTepax OyayTh MaTu Ma-
JIy JIMCHEPCIF0 HABITh TIPU JOCUTH MaJstuX minBubipkax. Tomy Jiyxke da-
CTO 3aMiCTh OJHOCTAIIHOrO KJIACTEPHOTO BiAOOPY BUKOPUCTOBYIOTH
JBOCTAIIHUI BiAOIp.

Y Bunaaky ABOCTaAiHOrO Bibopy icHye /1Ba JzKepesia BubipKoBux
noxubok (To6To, MOXUGOK BHACIITOK 00CTEXKEHHS 9aCTUHN TeHEPAJIb-
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HOT CYKYITHOCTI 3aMiCTh CYILTBHOTO OOCTEKEHHS): Ha TEpIIiil cTa/il
Bibopy — 11e moxubKa BHAC/IIIOK BUOODPY MEPBUHHNX BUOIPKOBUX OTH-
nune (IIBO), a na apyriii cragail — noxubka vepes Biabip BropuHHUX
Bubipkosux oguauns(BBO) 3 tux MIBO, mo nmorpanumm 10 Bubipku
Ha TonepeHiit craiil.

Tenepanpua cykymnicts U = {1,2,...,k,...., N} mogimena wna
N1 nepsurmux BuOipkoBux ofumEub U, Us,...,Uy;. llosmaummo
MHOKHUHY ([OMYJIAII0) MepBUHHUX BUGIPKOBUX OJWHUIL HYEPes3
Ur = {1,2,...,4,...,Ni}. Posmip nepsunnoi Bubipkosoi omuuumi Uj,
TOOTO KIJIBKICTh €JIEMEHTIB B Hiil, mo3HauuMo depe3 N;. Marumemo

N = Z N;.
€Ut

OmuriemMo 3araJibHY TPOTIEAYPY ABOCTAIHHOTO BiAOOPY.
Hepwa cmadia. Binbupaerbca Bubipka S; IEpBUHHIX BUOIpPKOBUX

opununp 13 Muoxkuam Up (s; C Up) 3rigno 3 BUOIPKOBAM IU3aiHOM
().

Hpyea cmadia. ns koxuoro ¢ € sp BimbupaeTbest Bubipka esie-
MEHTIB, Ky MW [O3HAYUMO S;, 3 MEPBUHHOT BUGIpKOBOT omuaut U;
(s; C U;) srigno 3 subipkosum pusaitnom p;(-|s1). Pesyabryroua Bu-
OipKa eJIeMEHTIB, sIKY MO3HAYNMO 9K S, € 00’emHaHHAM BUOIPOK 3 BiTi-
OpaHuX Ha MEpIIiii cTa il nepBUHHNX BUOIPKOBUX OJMHUIL: S = | J ;.

1ES]

Ax wa mepmiiii, Tak 1 Ha APyrift crazii BiAOOPY MO2KHA BUKOPH-
croByBaTu Oymb-akwuit BubipkoBuit mu3aiin. [Ipuaomy Bubip mMerosis
BiiOOpY, fAKI MAHYyEThCH 3aCTOCYBATH HA JAPYTii cTail, MOXKe 3aje-
JKaT! Bif pe3yabrary Sy meprmol crasmii Bimbopy. Bisbime Toro, Biabdip
3 IIBO U; moxe 3anexarnu Big Binbopy 3 IIBO Uj, i # j.

Aste B JaHOMY PO3ILIL ME 30CEPEINMO YBAry He Ha 3araJbHOMY BH-
MaJIKy, a PO3TITHEMO BYXKUNi Kj1ac BUOIpKOBUX AM3aiHIB, 9Ki MOXKHA
3aCTOCOBYBATH Ha JPYTiit crazil Biadopy, a came: OymeMo BUMArarTu,
100 BUKOHYBAJINCT YMOBU 1HGAPIGHMHOCME T HE3GACHCHOCT.

Insapianmmuicms  eubipkosozo Jusalny APYrol crajil Biabopy
osHavae, mo Vi € Uy ta V s1 O ¢ Bukonyerbea ymosa p;(+|sp) = pi(-).
Inakmre Kaxky4am, KoxeH pas, Koau i-ta [IBO norparuise y Bubipky
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mepirol cramil Biabopy, Ha Apyriit cramil aas Bizbopy 3 Ii€l oauHu-
11l TOTPiOHO BUKOPUCTOBYBATH OAWH 1 TOH caMuil BUOIpKOBHUil qm3aiim
(nesasiexxno Big roro, siki me [IBO norpanuim y Bubipky).

Hesaneorcnicms eubiprogoeo dusatiny npyrol crayil Bigbopy o3Ha-
yae, 1o V Sy

P U silst | = HP(SZ‘|SI),

1€8] 1E€8]

10610, Biabip 3 koxkHol [IBO e 3aexuTs Big Bigbopis 3 inmux ITBO.

8.3.1. Bocraniiiamii Bindip ejeMeHTIB

Hagani 6ymemo mpHIIyCKaTH, IO YMOBH IHBApiaHTHOCTI Ta He3a-
JIEZKHOCTI BUKOHYIOTBCSI, 1 CKOHIIEHTPYEMO YBary Ha BUIAJIKY JABOCTA-
nittaoro Bigbopy enementis. lle o3nauae, mo BropunHi Bubipkosi oj1u-
HUIIl — OKPEMI1 eJIeMEHTH.

Kinekicrs I[IBO y Bubipui s; nosnadnmo ueped ng, abo, AKIIO
pi(+) — BubipkoBmii muzaiin 3 QikcoBanuM pPO3MIPOM BUOIPKH, TO
n1. Kinbkicts eneMeHTiB y BUOIpPII S§; [MO3HAYMMO dYepe3 N, abo,
akmo p;(-) — BubipkoBuit ausaiin 3 dikcoBanum po3mipom BubIp-
K, To n;. Toail 3aranbHa KiJbKICTh €IeMEHTIB ¥ BUOIPIN S ITOpiBHIOE

ng 1= Z Mg, -
1€8]

Ob6uuc/mMo MMOBIPHICTD BKJIIOUEHHS e/IEMeHTa y BUOIPKY 3a JIBO-
craziitnoro Bimbopy. dna subipkosoro mmsaiimy pr(-) mepmol cragil
Bibopy itmosipHocTi BKIoueHHst [IBO y Bubipky mosnadummo depes
Ty Ta Ty;. s BubipkoBoro musaiimy p; (-) apyrol crafii Bimbopy
fimoBiprOCTi BRAroderrs BBO y Bubipky Oygemo mosnadaru depel
Tlg|i T& T);- TOZl HMOBIPHICTD BKJIIOUEHHHA k-ro eseMenTa TeHepaIb-
HOT CYKyTHOCTI y BUOIPpKY 00UMCIIOETHC TaK:

T = T Tk, A€ 1eUr:U; 3>k, (8.17)

a IMOBIPHICTL TOrO, 110 k-1 Ta [-if eJeMeHTH reHepaJbHOl CYyKYITHOCTI
OOTPAILIATE 10 BUOIPKHU, JTOPIBHIOE

Ui T i akmo k=1¢& Uy
T = UG Tl |45 akmo k&l € Uy, k 75 [ (818)
Ui T |70 |55 AKIIO keU,le Uj, (Z #* j)
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Ouinka lopsina—TomMicona cymapuoro 3uavenns 1; = > yg i
keU;
nepBuHHOI BUGIpKOBOI onnuauil U;, obdncieHa 3a «IpyroCTaIiifHOI0»
BUOIPKOIO 3 I1i€l OAUHMUIN, 3HAXOIUTHCS TaK:
n Yk
tim = . (8.19)
Tk
keEs;

Hucnepcig 1€l oriHKn 00YUCIIOETHCH 32 (bopMyJIOIo
D; = Yk 8.20
Wkl\z |57 ) (8.20)
T[k| 7'[”
keU; leU;
a 11 He3MileHa OIIHKA JIOPIBHIOE

S Z Z (7Tk1|i _Ttk|i7'[l|i)y7k;£‘ (8.21)

kes; lEs; kl|i kli "4

Teepdoicenns 8.2. Y sunadxy dseocmaditinozo 61060py esemenmio

T-ouinka cymaprozo snavenna T = Yy docaidocysanoi xapaxme-
keU
PUCTNUKY MAE 8U2AAD

b= an (8.22)

de tix — T-ouinxa cymaprozo snadenns T;, © € sy.
Jucnepcia ouyinxu ty mae 061 CKAaD061:

D (tr) = Prigo + PBBO: (8:23)
de T T
DHBO Z Z T[Iz] 7TIZ7TI]) p (824)
€U jeU Tt Tt
Do = Y = = (8.25)
IZ
€Uy

Hesmiwenorw ouyinxoro ducnepcii DHBO € CaAMuUCmMuUKa

ﬁ Z Z nIzy 7-[117-[1]) tmt t]T[ .
I1BO Ty T

1€8] JEST T[Iz]
1 1 ~
- > = < — 1) D;, (8.26)
— T, \ T
1€81
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a He3MIUEHa oUyinKa ducnepcii DBBO dopisnioe

(8.27)
2651 )
Omoice, nesmiwena ouinka ducnepcii D (i\n) Mae 8uU2AA0
D (tn) = DHBO + DBBO = (828)
(745 — T 7T [ D;
- Syt 5
i€sy jEs Iij Ti 74 ics Iz

Jlosedenmna. 3 o3mauenHst m-omiuku Ta dpopmys (8.17) i (8.19) orpu-
MyemMo hOPMYyITy It 0O0UHACTEHHS TT-OIIHKHA CYMAapHOTO 3HAYECHHS Y
BUTIAJKY [TBOCTIIHOTO BiIOOPY eIeMeHTiB:

~

Yk Yk 1 Yk tin
t = prng = _— —_— = _
" Z Z T T i Z T Tkl T

kes 1€s1 k€S, 1EST v kes; 1EST

106 orpumaru dopmyny (8.23) ans obuuciaenns aucuepcii 7-
OIIHKK CYMapHOTO 3HAYEHHS, CKOPUCTAEMOCA BIACTHBOCTAMHU yMOB-
HOI'0 MATeMaTUYHOI'O CIIO/IBaHHS:

D(?ﬂ) =Dy, [E(?ﬂ|51)} + Ep, [D(?ﬂ’b’l)]‘ (8.29)

Posryistnemo  E(tr|s1) ma D(tx|s1) okpemo 1 CKOpHCTAEMOCS BJa-
CTUBOCTSMHU iHBapiaHTHOCTI Ta HE3aJIeKHOCTI BHOIPKOBUX IM3aiHIB

(pi,i € Ur) apyroi craail Bigbopy:

tﬂ|81 ZE ; (

1€ST

Dlt|s1) =Y D (

’LES
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I3 Bupasis (8.29)-(8.31) orpumyemo

~ T; D;
D(tr) = Dp, ZF + Ep, 27{72 =

iESI v 'iESI L

= 5 5 TCIZ] 7TIZ7TIJ E —

€U jeU

T06TO, Maemo Bupa3 (8.23), mo it Tpeba Oyno moBECTH.
Temep posristHEMO KOMTIOHEHTH OIIHKY auctepcii. Bracaimok Bia-
CTUBOCTI HE3aJIe2KHOCTI MAEMO

- T?>+D;, i=7j;
E(tintjr|s1) = { T%T. ' h #j
ilyj, .

O6uncauMo MaTeMaTH9He CHOJIBAHHs MepINoro J0JaHKy y BUPasi
(8.26), Tobro:

Z Z T[I’Lj 7TIZ7TI]) t'm t]n .
T T

7T
1€8] JEST lij

Z Z (mt1ij — m7t;) B (it j| 51)

i€sy jEsT Lij LMy

_ g (m1i; — mumyy) T
= Ly E , E ,

i€sy jEsT Tij 175

(1 — ) D;
+E, (LRI

] 2
1EST Tt T[Ii
T;T; 1
=2 D (my—mmy) =+ Y |- —1)D; =
T 7T : T
1€l ]EU[ €Uy
Do+ 3 (7~ 1)Pe
€Uy ¢
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st MaTeMaTHIHOTO CIOMIBAHHA JPYroro moJaHKa y Bupasi (8.26)
OyaeMo MaTh

1EST
1 1
—-F — —1) E(D =
o |Z (1) BB
1E8]
1 1
- E S (= 1) =
b Zﬂu (ﬂu > ’
(ASES
1
-3 (712
ieUr i

3BlacH BUILIMBAE, IO E(ﬁHBO) =DRo-

Anajorigno
N E(Dys1)
E(DRRO) =Ep |)_— 5| =
1EST I

D; D;
= Ep, ZTTQ = ZE:DBBO'

ics; L ieU;

Orxe,

~

10610 He3MimenicTs ouinkn E(D(ty)) nosexena.
O

Baysaorcenna 8.2. Ominka (8.26) He 3aBXKan HAOyBa€ JOJATHAX 3HA-
YEHb.

HaBenemo ymMoBH, 3a 9KUX CKJIAJIOBL ANCITEpCii OMIHKHA tr HYIBLOBI.
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1) fxmo st = Ut 3 imoBipHicTIO oguHumst, TO Ty = Ty = 1 Vi, J,

a otxke Drgo = 0 Ta Do = > D;. Came maxuit Bursaz
1€Uy

Ma€ JUCIepPCisd OIHKU tr Vv BHIAJKY CTPATHQIKOBAHOTO BiaHo-

Py, & HOSACHIOETHCA IEe THM, 10 CTPATU MOXKHA PO3IVIANATH HAK

MepBUHHI BUOIPKOBI OAWMHUIN ABOCTAIITHOTO BimOOPY, B AKOMY

st = Ur.

2) dkmo s; = U; 3 imoBipHICTIO 0auHUISs, TO Dppo = 0. Toui
DHBO — TIe JUCTIePCia T-OTiHKY TTPU OTHOCTAIINHOMY KJTacTep-
HoMmy Bigbopi.

Obuncautn omiuKy mucrnepcii D (i\ﬂ) 3a dopmysoro (8.28) moxe

OyTu 10CUTH CKJIAHO — OTPiOHO orinnTu D; /s BCIX 3HAYEHD ¢ € ST.
Towmy imkoam D (tﬂ) O HIOIOTH 33 (DOPMYJIOIO

Z Z T[IZ_] - 75117'[13) tm t]T[
T4 T4

7T
1E€8] JESI Tij

o6 obuncauTn 1m0 OIIHKY, HOTPIOHO OMIHUTH TIILKU CyMapHI 3Ha-
genns B [IBO, a me 3nauno mpoctiiiie, HiXK OIIHIOBAHHS JTUCIEPCI.
IIs orminka € 3mimmenoro. [T smimmenHsa 70piBHIOE:

5(5)=->o

T006TO D* HEI0O0IIHIOE HEBIIOMY PeaibHy TUCIEPCII0 OMHKU tr.
[Ipore, g9KIO Po3riIsiHyTH BigHOCHE 3MIiIEHHS Ii€] OIIHKN:

B (ﬁ*) B Z D;

€U

D (tﬂ) Z Z (TEUJ T T ) T 7T[ Z 72311

1eUy jeUr €Ut

(8.32)

TO MOYXKHA 100aYNTH, 10 B HaraThOX BUIIA/IKAX 3MIIEHHS OIIHKH D*
MoKe OyTu HecyTTeBUM. ZIKIMO MMOBIpHOCTI 7f; — MaJii, TO 1 9HCeThb-
HUK 7poby y Bupasi (8.32) Gyge MaauM MOPIBHSHO 31 3HAMEHHWKOM,
BHACJIIOK 4Y0T0 3MimeHHs Oyje He3HavdHuM 1 HUM MOxKHA Oyie 3He-
XTYBaTH.
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IIpuxman 8.1. Hexail Biabip kjaacTepiB IpOBOIUTHCS 32 JOTOMO-
[OI0 TIPOCTOTO BUIAJIKOBOTO BiIOOPY 3 IMOBIPHOCTSIMEU BKJIFOYEHHS
m = JT\L,—II = 0,1. dxmo, wanpuxnas, Dopo/Pgpo = 5, 10
BigHOCHE 3MimenHs, obuuciaene 3a dopmynow (8.32), mopisHIOE:
—g5 = —0,017. O

8.3.2. Camo3sBa>keHuit aBocraaiinmii Bigbip

Y 6araTrnox ABOCTAIIMHUX Ta OAraTOCTAIIMHUX O0OCTEKEHHIX BH-
KOPHUCTOBYIOTh TaK 3BAHUI camo3dsasicenuti subiprosuti dusatin. Pos-
LJISTHEMO CaMO3BaXKeHU JBOCTa iU Biabip.

Hexaii u; — ne Bijoma (xoua 6 npubiusno) mipa posmipy -1 ITIBO,
1 € Ur. Toxi ma meprmiit ctagil Bigdopy MOXKHA BUKOPUCTATH TW3ANH 3
iMOBIPHOCTSIMU BKJIIOUEHHYA TI[; = CU;, J€ C — JiedKa KOHCTaHTa, & Ha
Jpyriif crafgil mpoBecTH HMPOCTUH BHUMAAKOBHN Binbip n; el1eMeHTiB 3
N; tak, o6

n; 1
Ni ui
HAxrmo wa meprmiit craail Binbopy Bubipka mae dikcoBanuii po3mip

ng, TO ¢ = Zmui Ta, ;i HYIB-AKOTO eJIeMeHTa, k 0TpuMaeMo

i€Ur
n; 1
T = T(Iiﬂkﬂ = CU;—— = Cu;— = C.
Ni (5

Toni 7-ominka cymapuoro 3uadentsd 1 Oyme MaTw BUTJIAL

—~ 1
tne = %:Ezzyk

k€s iESI k€s7;

1

Otxke, BCl 3HAUEHHS ¥ MaIOTh OJHAKOBY Bary, sika JOPIBHIOE o

8.3.3. IlIpocrTmii Bunagkosuii Bimbip Ha 000X CTAmigAX JIBO-

craaiiiHoro Biabopy

Hexait Ha 060X cTaaisix ABOCTaIiiHOTO BiIOOPY €I€MEHTIB BUKOPH-
CTOBYETHCS IIPOCTUil BUNAIKOBUH Binbip 0e3 rmoBepHEeHHs: HA nepimii
crafil BimdmpaeThca MPOCTa BUMAIKOBA BUbIpKA ST po3Mipy ny 3 VT
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[EPBUHHNX BUOIPKOBUX OJMHUIIL, TA HA JPYTiil crajil Juid BCiX ¢ € S
Bubupaemo n; exementis (BBO) 3 N; enemenrtis i-1 [IBO. Takwuii Biz-
Oip Hajal OyIEeMO HA3UBATH NPOCMUM 6UNAOKOSUM 060CMAIITHUM
8id6opom enemenmie i mosnadaru uepes [1BJ/IBE.

Toni Tr-ormiHKa CyMapHOTO 3HAYEHHS IOC/IIKYBAHOI XapaKTepu-
CTUKW TeHepabHOT CYKYITHOCTI

~ N . NMi—-~
te="—> Ng;=—> bin, (8.33)
! 1EST ! 1EST

e
~ B N
tin = Niyi = # Z Yk -

v kE€s;

Jlucmepcist T-OIIHKY CYMapHOTO 3HAYEHHS FeHEPAILHOI CYKYITHOCTI

DrpnBE (i) = NIQTS% + JT\ZII >N ! ;f S7, (8.34)
1€Ur

zie

S2.(t) = ﬁ Z[:] (T; — T)Q — IWCIepcia CyMapHHAX 3HA4YEHb JO0-
CJILZKYBAHOL XapaIZ{eTeIpI/ICTI/IKI/I Y B IEPBUHHUX BUOIPKOBUX OJMHUIIAX,

T= N% Z T; — cepenne apudMeTUIHe CyMapHUX 3HAUEHD TOCTi-
JKYBaHOT ;;g;KTepHCTHKH Y B TIEPBUHHUX BUOIPKOBUX OJMHUIIIX,
SZ-Q = ﬁ > (yk — ?i)z — JUCIIEPCid AOCTLTZKYBAHOI XapaKTe-
PUCTUKH B - llile]gb,

Y, = N% > yr — cepesiHe TOCTIIKYBAHOI XapaKTEPUCTUKN B i-if

keU;

IIBO, ¢ € Uy.
Hesmimena oninka jist D (tﬂ) Ma€ BUTAST

A -~ 1-fig Nt 1—fin
2 2 2 2
Drp gk (fx) = N*— =57+ 0 ) NP=— =57, (8.35)
1E€S5] v

2
e §% = n11—1 3 (fm — n% 3 fm> — OTiHKa JMCIIepcii CyMapHUX

1EST 1ES]

sravens y [1BO,
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tix = IN;y; — OIiHKa CyMapHOro 3HAYEHHS JOC/TLIKYBAHOI Xapa-
KTepI/ICTI/IKI/I B ¢-it [1BO,

Yi = = > yr — BubipKOBe cepeaHe AOCIKYBaHOl XapaKTepu-
kESZ
cruku B 1-it [IBO,
S? = nll—l S (yp —7;)? — BubipkoBa AECIEPCis AOCTIKYBAHOL

kéEst
xapakTepuctuku B i-it [IBO.

8.3.4. OmnTumaJjbHe PO3MIINIEHHA Y BUMNAAKY TIPOCTOTO BU-
MaJKOBOT0 JABOCTAIMHOTO BiIOOPY eJIeMeHTIiB

Po3sryigremMo mpocTwuit BHUIIAIKOBHUI ABOCTamiifiHnii Bigbip emeMen-
TiB, OMUCAHUI y MONepeIHbOMY Haparpadi, Ta cupobyeMo BU3SHAYNTH
ONTUMAJBbHY 9acTKy Binbopy fi = ni/Ni ajst Bubipku mepIroi crajiii,
a TakoK 9acTku Biabopis f; = n;/N; aist Bubipok apyroi cragii 1poro
BiAOOpy, maM’aTarun mpo TaKi OYEBUIHI OOMEKEHHS:

0< fl < 1, 1€ U[; (836)
0< fi<l (8.37)

Y BumajKy mpocTOro BHIAJIKOBOIO ABOCTaHITHOrO Bigbopy ese-
MEHTIB TI-OITIHKa CYMapHOTO 3HAUEHHS JTOC/IKYBAaHO! XapaKTepPUCTHU-
KV TeHEePATBHOI CyKYTTHOCTI 069nCTIOEThCs 3riH0 3 hopmynoro (8.33),
a gucnepcis miel orinkn — 3a hopmysoio (8.34). ITxo aucnepcito MmoxHa
[EPENTUCATH V BUIJISIL

Ag;

D e (i) = 4o + "t i Z = (8.38)
ze
AQ = _NISIZ“UI; A1 = NIG‘ AQi = N“S?, (8.39)
2
G = Sty — N Z N;S?. (8.40)
€Uy
Pozragremo yHKIIO BUTPAT BUILY
C(SI) = Co + NICy + z N; | ca + ZniCQi, (8.41)

1E87 1EST
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Je TepImit JoJaHOK co Bimobpaskae mesdki (piKcoBaHi BUTPATH, SIKi
MaiOTh MICIle MPHU IPOBEAEHHI 00CTEeXKEeHHd, a iHII TpH HOJAHKH —
e 3MiHHl BuTparu. 30KpeMa, B IIbOMY BUPa3i ¢, — BapricTh BijdOpY
opmiel TIBO (knacrepa), ¢ — BAPTICTH peecTpariii OJHOTO eJ1eMeHTa
BiZibpanoro Kjaacrepa, Cz; — BAPTICTh ODCTEXKEHHS OHOTO €JIEeMEHTa,
1-TO KJIacTepa, BKJIOYAI0YN BAPTICTh iIHTEPB 0.

®ynukris urpar (8.41) miskom Bimodpazxkae 3arajbHi BUTPATH HA
npoBeneHHsT 06CTeXKeHHsI 3 BUKOPUCTAHHAM IBOCTAIIMHOTO BigboOpy
e/IeMEHTIB, aJje, Ha KaJjb, 6e3mocepeHb0 BUKOPHUCTATH 11 15T pO3B’s-
BaHHS HAIIOL 331241 OITUMI3aIil MU HE MOXKEMO, OCKLIbKY 1151 (PYHKITIS
€ BUMAJKOBOI BEJIWUMHOI — BOHA 3aJ€KWTH BiJ BUMIAIKOBOI BUOIp-
K1 S1. TOMy BUKOPUCTAEMO MaTEMATUYIHE CIIOIiBAHHI 3MIHHUX BUTPAT,
T06TO OCTAHHIX TPHOX JIOJAHKIB Bupasy (8.41), dKe IO3HAUUMO Yepe3
EVC (Bin anrn. expected variable cost):

n n
EVC :=E(C(s1)) = niey + ﬁll Z N; | ce + ﬁII Z n;C2i,

€Uy €Ut
abo
EVC=a1fi+ fi Z azifi |, (8.42)
€Uy
e
a1 = Nicy;  ag; = Nicgi; ¢ = ¢y + Negy. (8.43)

TyT ¢1 — cepeani BUTpPATH Ha OAWH KJACTEP, sIKi BKIOYAIOTH BUTPA-
TH Ha BIAOIp KJIacTepa Ta PEECTpaliio (CTBODEHHS CIWCKY) eJIeMeH-
TiB y HboMY. KoedirtienT co; Biobparkae BUTpPATH Ha OIUH €JIEeMEHT
1-TO KJIacTepa, siki BKJIIOYAIOTH BUTPATH HA BiAOIp egeMeHTa Ta #oro
obcreKeHHs.

Haramaemo, B womy came moJigrae 3amada OnTuMisanii BubipKoBo-
ro Ju3aiiny: moTpibHO 3HAWTH Taki 3HAYEHHS f1 Ta f;, TPU TKUX

1) mucmepcig (8.38) 6yme MiHIMAIBEHOO TpU (DIKCOBAHUX 3araTbHUX
BuTparax (8.42):
EVC =C, (8.44)

abo
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2) saraabHi Burpatu (8.42) 6yayTh MiHIMAJIBHIME TPU (DIKCOBAHO-
MY 3Ha4YeHH] JUCITepPCil:

PrpapE(t) = Vo. (8.45)

BocepennMocst Ha BUTIAIKY, KOJH BUKOHYeThCa ymosa G > 0 (To6-
To A > 0)6. Toni zagaua onTumizarii BubipkoBoro gu3aiiny po3s’sa3y-
€ThCH IOCUTH JIETKO, SIKIO BUKOpuCcTaTn HepiBHicTh Kot abo meror
HeBM3HAMEHNX MHOKHUKIB Jlarpamxa’. SIKmo TuMuacoBo me GparTn
1o ysaru obmerkernns (8.36) Ta (8.37), To 3a Oyab-AKUM i3 [UX MeETO-
JIiB MO2KHA JIETKO TIOKA3aTH, 1110 ONTUMAJIbHI 3HAYEHHS YaCTOK BiAHOPY
Ipyrol cTa/il sK JJIs BUMAJIKY 1), Tak 1 JJist BUMAJAKY 2) CTAHOBJISITH:

1/2
ay A .
= (2 , il 4
f (Ala%) i €U (8.46)

Tenep, HampuKIaI, T TOTO, OO 3HANTH ONMTHMATbHE 3HATEHHS TaC-
TKY BiIOOPY mepIol crail a1 Bunaaky 1), moTpibHO po3s’a3aru pis-
usiHHs (8.44) BigHocHO f1. Bymemo maru

Co agiAg; \
= — |1 _— . 4
Ji o + <a1A1> (8.47)

Amasoriamo, A8 TOro, Mob 3HAWTH OMTUMAJIbLHE 3HAYEHHS JACTKU
BiOOPY TepIol cTafii st BUMAIKY 2), TOTPIOHO PO3B’A3aTH DiBHSI-
uust (8.45) Bignocuo fi. Toai

A+ (141/6l1)1/2 S (agiAgi)'/?
€U

Vo — Ao

fi= (8.48)

ko nigcrasuru y dopmynn (8.46) ra (8.47) Bupaszu s 06un-
cnenns koedinientis Ay, Ag;, a1 Ta ag;, TO OTPEMAEMO TAKE TBEPIKE-
HHS.

“Bix’emne 3madenns koedimienTa A; Tex MOXK/IMBE, X04a i MasIOiMOBipHe.
7Y 3araabHOMY BHIIAIKY PO3B’S3aTH IO 33[a4dy ONTHMI3alii MOXKHA, BUKOPI-
CTOBYIOYH METOIW MAaTE€MATHYHOI'O IPOTDAMYBAHHI.
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Teepdotcenns 8.3. Hexati G > 0. Todi ducnepcia (8.38) 6yde mini-
MAALHOI0 NPu. Pikcosanus 3azarvhur sumpamar EVC = Cy, axwo:

-1

= L N —— N NS ()Y 8.49
Ji N o 1+ (1G)1/2 zeZUI (c2i) (8.49)

ma n; a\"? s .
fi=§ = (CQ) iz €U (8.50)

3G YMOBU, U0 BUKOHYIOMLCA 0bmeocenns (8.36) ma (8.37).

Awnajoriune TBep/KeHHS MOXKHA CPOPMYJIIOBATH 1 JIJIsI BULIAJKY
dikcoBanol aucnepcii (Bmpasa).

Baysaorcenna 8.3. dxmo 3 Bupasy (8.49) surmsae, mo ny > Ny, To ne
O3HadJaE, MO Ha MePIIiil cTajil IpocTOro BUTIAIKOBOTO JBOCTAITHOTO
Bi16opy noTpibHO BUOpATH BCi KJACTEpH M€HEpaJIbHOI CYKYITHOCTI 1 3
KOYKHOTO 3 HUX Bimbuparu ejeMeHTH 3rigHo 3 dopmynow (8.50). Ina-
KITe KaXKydH, TaKe PO3MIMIEHHS BiAmOBizae crparndikoBAaHOMY IIPO-
CTOMY BHIIa/IKOBOMY Bijbopy.

8.4. DBararocranitiauii Biabip

Hespaxkaoun va ckiaagmicTs HaraToCcTaaiiHOTO BigdOPY, BiH 10-
CUTHh YaCTO BUKOPUCTOBYETHCS TPU MPOBEIEHHI BUOIPKOBUX 0OCTE-
JKeHb Bemkoro macinraby. fK i y BEHmaaKy aBOCTaaiiHOrO Bimgbopy,
reaepasbiy cykynuicrs U = {1,2, ..., k, ..., N} ninare wa Ni nepsun-
HuX BubipkoBux ogmHUIL Ur,Us, ..., Uy;. llosHaunvo MHOXKUHY Tep-
BuHHEUX BUOipKOBUX ommuuin uepes Ur = {1,2,...,4,..., Ni}. Posumip
N; nepBunnoi Bubipkool omuaumi U; BigoMwuit j10 mouaTky obcTexe-
wug, 1 € Ur.

Teepdotcenns 8.4. Y sunadky r-cmaditinozo 6idbopy (r > 2) nesmi-
WEHG OUIHEG CYMAPHOZ0 3HAMEHHA OOCAIONCYBAHOT TAPAKMEPUCTIUKY

2EHEPANLHOT CyrynHocmi mae eueasd t = Y t;/my, de E(t;|s1) = T;.
1EST
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Jlucnepcia ouinky CymapHo20 3HAUEHHA NONYAAULT Jopienioe

Z Z iy — 7TIz7TIj>T T +Z&a

s 7T
€U jeUr Tt Ij €U

de nepwuli dodanok eidobpasicac ducnepcito nepuwoi cmadii 61060y,
dpyeuti € xKombinaiero ducnepcitl, CNPUBUHEHUT ECIME HACTMYNHUMU
cmadiamu 61060py.

Hesmiwena ouinrka 0ucnepcié'D(;f\) 06UUCAIOETBCA 30 POPMYAOIO

~ o~ -~

~ (mij — mumy) ity D;
D(i MR
H=>.> D Dy

T
1ES] JEST Lij 1ES]
de E(Dj|s1) = D; das ecix i € s1.

HoBeneHHsT 1TbOT0 TBEPJXKEHHST aHAJIOTIUHE JTOBEJIECHHIO TBEpPIKe-
ouga 8.2.

8.5. Bnpasum Ta muTaHHA AJd CAMOKOHTPOJIIO

8.1. Ynm mozisa reHepadbHOl CYKYITHOCTI Ha CTPATH BIAPIZHAETHCS Bi
MOJILAY CYKYIHOCTI Ha KJIaCTepu’

8.2. Hackinbky epeKTUBHUM € NPOCTHI BUIAIKOBUI OTHOCTATIHHMIH
KJIACTEPHHH BiAOIp MOPIBHAHO 3 IPOCTUM BHITAIKOBUM Bimbopom Oe3
[IOBEPHEHHST !

8.3. ki nmepeBary BUKOPUCTAHHS KJIACTEPHOTO BiAOOPY BU 3HAETE?!

8.4. Bukopucropyioun BaacTuBocti 7-orinku ['opsirma—Tommcona, mo-
BeCTH TBep/KeHHd 8.1.

8.5. [IpoBoanThca BubipkoBe 0OCTEXKEHH, METOIO SIKOTO € OIliHIOBAH-
Hsl CyMapHOT'O JIOXO/Iy JIOMOTOCHOJAPCTB jesdkoro paiiony micra. Lleit
paiion ckiajiaerhes 3 60 KBapTayiB PI3HOTO po3Mipy. 3arajbHa KiJib-
KicTh JloMorocronapcTs y HboMmy gopisaioe 5000. 3a 10moMorowo mpo-
CTOTO BUMAAKOBOTO BiIOOpY 6€3 mMoBepHEHHsT BUDPAHO TPU KBAPTAJIH,
B KOXXKHOMY 3 9KUX O0OCTEXKEHO BCl JOMOrOCIOJapcTBa. Pe3yibraru
obCcTeKeHHsT HABEIEHO HUKYe B TaOJINUII.
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Howmep KinpxicTs Cywmapuuit qoxif
KBapTaJy | JOMOTOCIOIAPCTB | JTOMOTOCIONIAPCTB

Vv KBapTaJi KBapTaJLy
1 120 2100
100 2000
3 80 1500

1) OuinnTe cymapHmit A0Xig JOMOrOCHOAAPCTB PafioHy, BUKODH-
croBytoun omiaky ['opsima—Tommcona.

2) OGuHCIUTH 3HAYEHHsT HE3MIIEHOI OIIHKW JHCIepcil OIiH-
ku Topsinma—TomcoHa CcyMapHOTO J0XOIY JOMOTOCIOIAPCTB
paiiomny.

8.6. Bukopucrosyoun tBepmkenHst 8.2, puectu dopmynu (8.33)—
(8.35) ay1s1 OIHIOBAHHS CyMapHOIO 3HAYEHHSI JIOC/IKYBAHOI Xapa-
KTEPUCTUKHN TIOMYJIAIl, JUCTEePCil OTPUMAHOI OIMHKH, a TAKOXK s
OITIHIOBAHHA IIi€l aucrepcii y BUIMTAJIKY MPOCTOTO BUTAITKOBOTO JIBO-
craiitHoro Bigbopy eeMeHTiB.

8.7. IIpoBonuThbca BUOIpKOBE 0OCTEKEHHA 3 BUKOPUCTAHHSIM IIPOCTO-
o0 BHIIAIKOBOTO JBOCTAIIHHOrO BimOOpPY €JIEeMEHTIB, METOI0 SIKOTO €
OIIHIOBAHHS CYMapHOTO 3HAYEHHHA XaPAKTEPUCTUKU Y JEAKOl TeHe-
paabuOl cykymHocTi. Ha meprmi#t cranii orpuMano npocTy BUIIAIKOBY
BubIpKY S1 po3mipy ny = 5 3 N1 = 50 mepBunHUX BUOIPKOBHUX OHU-
b (kaacrepis). I3 KoKHOrO Kjacrepa, M0 MOTPANuB 10 BUOIPKY
S, OTPHMAHO IIPOCTY BHUIIAIKOBY BHOIDKY S; po3mipy n; = 3 3 IV;
eJIEMEHTIB, ¢ € s7. Pe3synbpraru obcreskeHHs HaBe/leHO B Tabiuli.

v | N Yk

19 | 5 | 41,49, 49
45 | 8 | 49, 49, 45
47 | 5 | 31,31,35
50 | 9 | 39,41, 61
31| 7 |49,51,33
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1) O6umesmuTH T-OMIHKY CYyMApHOTO 3HAYEHHSI XapaKTEPUCTUKH Y
JUIS TeHEPaIbHOI CyKYTTHOCTI.

2) OGuucuTH 3HAYEHHS! HE3MINEHO! OIHKN jucnepcii Ta xkoedi-
Ii€HTa Bapiallii 7-OMHKK CYMapHOTO 3HAYEHHA XapaKTepPUCTH-
KA Y.

8.8. Busectu dhopmysu st 069UCIIEHHs ONTUMAJIBHOT0 PO3MINIEHHST
y BHIAJKY IIPOCTOI0 BUIIAJIKOBOIO JBOCTAIHHOrO BiGOpY 3a yMOBHU
piKCcoBaHOI IUCIEPCI], BUKOPUCTOBYIOUN 3HaveHHs Koedimienrip Aq,
AQZ‘, ai Ta a; (Z S UI).

8.9. Bank obciryrosye 39800 kuientis. Indpopmarnis mpo KOKHOIO KJii-
eHTa MicTUThCA y 6a3i fannx 6aHky B okpemomy daiti. Paitim po3mi-
mieni y 3980 mankax mo 10 dadinis y xoxwmiit mamri. [Torpibuo orminntu
YaCTKy KJIEHTIB, kUM 6aHK Ha/1aB KpeauT. Jlj1s nboro 3a JI0IoMorom0
IPOCTOrO BUITQIKOBOTO Bimbopy BuOpato 40 manok (Bubipka s). ¥ Ko-
JKHIl 13 BUOpaHuX MaloK MiApaxoBaHO KLIbLKICTL KaieHTiB (A;), axum
6aHK Hajas Kpeaut, i = 1,40. YV pe3yabraTi oTpIMaHO TaKi Jami:

> A, =185, ) A7 =1263.

€S €S
1) ¢k HasUBAETHCS TaKWil MeTOZ Biabopy?

2) Banmcatu BUpa3 sl TOYHOrO OOUMCIEHHS YACTKY KJIEHTIB,
AKUM OaHK HaJAB KPEJINT, Ta 00UNCANTH HEBMIIIEHY OIIHKY I[hO-
r'o IapaMerpa.

3) Ouinurn gucnepcito orpumanol oniHku i nobymysaru 95-Bij-
COTKOBWUIT IOBIpUMil IHTEPBAJI JijId OIMIHIOBAHOTO MTApaMeTPa.

4) Ob6uncauTn gu3aita-ebeKT A7 MHOrO METOIy BiIOODY.
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Pozain 9

OmuinroBanHg (hyHKIIIi BiJl CyMapHUX 3HA4YE€Hb
XapaKTEPUCTUK T€HEePAJIbHOI CyKYITHOCTI

9.1. OuuinoBaHHA BEKTOpPa CyMapHHUX 3HA4Y€Hb

Y 6inbmmocti BubipkoBHUX 00CTEXKEHBL 3a3BUUAN TOCIIIIKYIOTHCS
KiJIbKa XaPaKTEPUCTUK TEeHEePaTbHOI CyKymHOCTi. Po3rsneMo Buta-
JIOK, KOJIH CyMapHi 3HAYeHHS KITbKOX XapaKTePUCTUK (3MIHHUX) OITi-
HIOIOTBHC 33 JOIIOMOIOIO BIIITOBIIHUX 7TI-OIIHOK.

[Tpunyctumo, 1Mo JOCAIKYIOThCA ¢ XapaKTEPUCTUK TeHEePATbHOL

CYKYIHOCTI, siKi My Oy/1eMO II03HAYTH 4epe3 Y1, ..., Yj, .. -, Yq. SHaA-
YeHHY MUX XaPAKTEPUCTUK 71t [N eIeMEHTIB reHepa/ibHOI CYKYITHOCTI
OyZieMo MO3HAYATH 9ePe3 Yj1, - - -, Yjky - - - YjN, J = 1,...,q. [lorpibnoO
OTIIHUTH ¢ KOMIIOHEHT BEKTOPa HEBLIOMIUX CYMAPHUX 3HAYMEHD ITUX Xa-
PaKTepUCTUK:

T=(T,...,Tj,....T,),
ze

T; = Zyjk~

keU

3 renepasnbhol cykymnHocTi U Bigbupaerbesd iiMoBipHicHa Bubip-
Ka $ 3TiHO 3 BUOIPKOBNUM ILUTAHOM P(S) 3 IMOBIPDHOCTSIMU BKJTHOYEHHS
T, Ta Ty, it koxkHOro k € s crocrepiraerbcd BEKTOp

Y = (yllm- "7yjk7' "7qu:)-

Hexaii cymapHe 3HAYEHHST KOJKHOI JTOCTIIZKYBAHOI XapaKTePUCTH-
KU OIIHIOETHCS 32 oroMoroto oriukn Lopsira—TomMmcona (7-ominkn).
Toai BekTOp OHIHOK CyMapHUX 3HAYEHH OyJ/i€ MaTH BULJIS

o~ o~

%\7'[ = (%\17“ PR ,tjn, e ,tq’}'[)/v

e

kes
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Od4eBugHO, IO
E(tn) =T,

TOOTO BEKTOP t, € HE3MIIEeHo0 OIiHKOI0 BekTopa T.

Teepdosicennsa 9.1. Hezat t, = (%\171,.. tAjm.. ,tAqn)’ ~- ue ee-
KMOp  T-OUIHOK, o 610N0600a€ q SMIHRUM Y1, ..., Yj, .. Yq, O€

t]n => y’: Todi xosapiauyiting mampuua
kes

V(ty) = E [(tﬂ ~ (6, — T (9.1)

€ CUMEMPUUHON MAMPUYEN), 68 AKIY j-1 Jla20HaAALHUT eseMeHm €
ducnepciero outHKY tix:

ykyz .
Zzﬂkz—ﬂm SEEEC j=1,....q, (9.2)

T 7T
keU leU kT

a eneMeERMU N03a JiG2OHAAAI0 ULET MAMPUYL 360a0Mb KOBADIAUII0
oYtHoK tix ma tin (1,7 =1,...,q, 1 # j):

~ o~ k Yji
C(tm, tjﬂ) = COV int, T Z Z T — TTY %ﬂil (93)
keU leU

Hesmiwenoro ouinkoro mampuyi V (t:) € mampuus V (tr), diazonanss-
HUMU EAEMEHMAMU AKOT € oyinKku ducnepcii

ﬂkl_ﬂkﬂlykyl .
LYy ey

T TT,
kes les k l

a no3a 0iG20HAAMO CMOATD OUIHKU KOB8APIaAULT

~ ’\ ﬂkl_ﬂkﬂl Yik Y51 . . . .
C i, ZZ 7';; 7_; Z,]:].,QIZ#]. (95)
kes les

~ A~

Jlosedenna. @opmyan (9.2) ta (9.4) anst 06UUCAEHHSA TiarOHATBHIX
n) Ta D(

eneMeHTiB MaTpuin D( D tr) Gesnocepeiib0 BUILIMBAOTD 13

TBepzKeHHsT 1.3.
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Huai,j=1,...,q: 1 j 6ymemo MaTh

C(tAm,tAjn) = cov(tm,t = cov Z Ik'ym Z I y]k =

keU keU
ik Yjl k Yjl
= E E COV([k,Il)yLy] E E T[kl—T[kT[ yz yj
T T4 T, T
keU leU keU leU

10610, Maemo pisaicts (9.3).
Jnsgt Toro, mob poBecTu He3MimeHicTs oninky (9.5) miel kosapiarmi,
noTpibHo, 9K i y TBepmKenHi 1.3, ckopucrarucsa tuM HaxkToOM, M0
Tl — TTY Tl — T
E [Iszl < = T ————— = T — TRTT,
Tl Tl

3BIJIKM BUILIUBAE, ITI0

P~ (T — T0TY) Yik Yt
B0 Ty = | 30 3 T Ut
kes les k7
(7t T, TT
ZZI’J kl — Tk l)yzkyjl _
T T
keU leU
T T, T L Yi
- S p [ l>] ik g _
T T4
keU leU
k Yjl ~ o~
=D > (m — ) yz =L = Cltin, tjn),
keU leU
o i Tpeba 0yJsi0 moBecTu. ]

IIpukmanx9.1. OxgamM i3 3acTocyBanb TBepzKeHHA 9.1 € BUIaI0K
OINHIOBAHHA KLIHKOX CYMApPHHUX 3HAYEHb, STKi 6a3yIOTHCA Ha OJHIH 1 Tiit
camiit JocstiKyBaHiit 3Minniit y. Hanpukian, sHexait moTpibao ominm-
TU TaKl TpU CyMapHl 3HAYEHHSI:

= Zyk, 1T = Zyi, T3 = Zyz?é
keU keU keU

Poss’a30k 1iel 3amadi BUILINBAE 3 TBepAKeHHS 9.1, SIKIO MOKIACTH
2
q=3, Y1k =Yk, Yor = yi ra ysk = y;, k € U. O
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9.2. OuminoBanaa &yHKII Big cymMapHux 3Ha4YeHb
KIJIbKOX 3MIiHHIX

Posragremo 3aauy orninoBadHS TapamMeTpa 0 reHepaibHOl CyKy-
nuaocTi U, gKknit MOXKHA TTofaT™n y BUTJIsAA (DYHKINT Bij ¢ cymapHux
3Ha4eHb 11,..., T,

0= f(Th,...,Ty),
;Lez}: Zy]k7]:]-77q
keU

Ax i B monmepeaabomy maparpadi, TPUITyCTUMO, 0 3 TEHEPATHHOL
cykynuocti U Bigbupaerbea imoBipricua Bubipka § 3rigmo 3 Bubip-
KOBHM ILTAHOM P($) 3 IMOBIpHOCTSIME BKJIIOUYEHHS 70, Ta Ty, Jnsg xo-

KHOTO k € s crocrepiraeTbest BEKTOP Yk = (Yiks - - - » Yjks - - - » Ygk ), IO
Jla€ MOZKJIUBICTb OTPUMATH TI-OIIHKHU CyMapHUX 3HadeHb 11, ..., Ty:
n Yik .
th[: ==, J7=1...,q
Tk
kes

Lnest, stka JIe3KUTH B OCHOBI METOJIY OIIIHIOBaHHSI TTapamMerpa, 0, mo-
Jrae B TOMY, 00 3aMiCTb HEBIIOMHX CyMapHHX 3Ha4YeHb 11,..., 15
nigcrasuty y Gyakiio f(-, ..., ) ix moninku. Tobro orinka napame-
Tpa 0 MaTuMe BULJISIT

0= f(trm, .- tgn)- (9.6)

9.2.1. OurminoBauug JiHiliHUX (pYyHKIMI# BiJ cymapHuUX 3Ha-
YeHb KiJIbKOX 3MiHHHX

dAxmo Gyurnia f — jixiiiaa, T06TO

TO BJIACTHBOCTI OIHKK 0 MOXKHA JIETKO JOCTLIUTH. Y IbOMY BHIIAIKY
OITIHKA

q
0 =ao+ Y ajljn (9.7)
j=1
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€ HEe3MIIEHOIO OIIIHKOIO mapamerpa 0, a gucrepcis miel omuKu

q q q
DO)=D Y ajtjn | =D > aiajCltin, tjn), (9.8)
j=1

i=1 j=1

ae KOBaplaLus{ C( iy Jﬂ) BusHavaeThess 3a dopmynono (9.3). dxmo
Ouinkoro nucnepcil ( ) € CTATHCTHKA

D©) =3 > aiajCllim ), (9.9)

o~ o~

Jie OLjiHKa 6( tin, tjn) BusHAUaeTHCH 38 Gopmysnoro (9.5). Axmo i = j,

~

10 C(tin, L) = D(tjn).

9.2.2. OrmiHoBaHHd HeJTiHITHUX QYHKIIiN BiJl CyMapHUX 3HA-
4yeHb KijibKOX 3Minuux. Meroy jsiineapusauii Teiisopa

Tenep posriasuemo sunanok, ko 0 = f(11,...,T,) — weniniiina
dysrmig Big ¢ cymapunx 3uadens 11, ...,T;. YV nboMy BUTAIKY 3a-
3BUYa HEMOKJIUBO OTPUMATH TOTHI 3HATMEHH 3MIMEeHHs Ta IUCTEPCil
OTIIHKH 6 = f (tAm, e ,tAqn). g Toro, mob copoCcTHTH 1l 3aBIaHHS,
BUKOPHUCTOBYETHCST Memod Atheapusayii Tetsopa, 38 TOIMOMOTOIO STKO-
ro MOKHA BuBeCTH HabJmkeHi POpMysH st AUCHepcil OIiHKu 0 ra
omiuky 1iel amcmepcii. Takoxk 3a JTOTOMOro0 IIHOTO0 METOMY MOYXKHA,
Oyayearu HabM>KeH] JOBipUil iHTepBaan s mapaMmerpa 0.

MeTo;L JIiHeapu3aril Tefmopa nojidrae y HaOJuKeHH] HesiHifHOT
O].[lHKI/I 9 IICEB 001 HKOIO 60, sIKa € JIHIAHOIO (DYHKIEIO Bl 3MIiHHAX
(2 tgn. Km0 e HAOMZKEeHHA JOCUTBH TOYHE, TO 3aMICTh JIUCIIED-
cii D() moxHa BukopucToBYBaTH Auctepcioo D(0)), sKa 06umCIIOE-
ThCS TTOPIBHAHO JIETKO.

Hutst Toro, 1mob 3HaMTH éo, BUKOPHUCTOBYETHCA PO3KJIAM DyHKIUT f
y psax Teitnopa B okoni Touku (17, ... ,Ty), B AKOMY HEXTYIOTh J0aH-
KaMu Jipyroro i Buire nopgakis. Orpumaemo

q
O~ 0=0+) a;ltin—1T), (9.10)
j=1
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e

Otjn (Errerefgr)=(T1 ... Ty)

st BubipoK BETMKOTO PO3MIPY OIliHKA 0 mae MPUOIU3HO Taki cami
BJIACTHUBOCTI, 9K 1 JTiHINIHA CTATHCTUKA 0o. Towmy cripobyemo HabIU3UTH
3MIIEHHS Ta JUCIEPCII0 OIMIHKA 0 BIJITOBITHUMY XapaKTEPUCTHKAMUI
OINIHKH éo.

Ilo3HAUNMO HaGJIMZKeHe SHATEHHS AUCIIepCii oninku O gepes 5(@),
1 me HabaMzKeHe 3HAMEHHS NOPIBHIOE TOYHOMY 3HATEHHIO JIACTEpCii
nincapusosanoi ouinku 8y : D(8) = D(By).

Jlts 3py9HOCTI 3anucy moaaabimmX (pOPMYJI BBEIEMO TAKe MO3HA-
YEeHHI:

q
up = Zajyjk. (9.12)
j=1

Toni nabanzkeHe 3HAYEHHS TACIEPCI] OIIHKY O 00IHCIIOETHCS TAK:

q
D) =D(00) =D | > ajtjn | =
Jj=1

= Z%Z => ) (w *ka)%%~ (9.13)

kes keU leU

Bayeaocenna 9.1. Jlucnepciro D(éo) TAKOXK MOXKHA PO3LILAAATUA HK
HAOJIMKEHHST CEPEeTHBOKBAIPATHIHOT TTOXUOKM OI[IHKYT 6. Ockinbku
E(80) =6, o

MSE(8) ~ MSE(8y) = D(o).

Tenep mpobsiema mosisirae B ToMy, 11106 oninuTH aucepcito (9.13).
Bennuman uy, 3amexxaTh BiJ KoedilieHTiB a, . . . , g, 9Ki, B CBOIO Uep-
Iy, 3aJ1€2KaTh Bij HeBijoMux cymapHux 3uadenb 11, ..., T,. Orxe, uy
— mesigomi. CrangapTHU BUXix i3 1iel cuTyarii mo/isirae B 3aMini He-
BIJIOMUX CYMapHHUX 3HAYEHb XapPaKTEPUCTHUK TeHEPATbHOI CYKYITHOCTI
T-OIIHKAMU [IUX CYMAPHUX 3HAYEHDb. ¥ PEe3YIbTaTi OTPIMAEMO OIIHKHI
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ai, . ..,0q KoedillieHTiB aq, .. ., aq, 0 J1a€ HaM MOXKJIUBICTD [JIs BCIX
k € s obUIuCaINTH 3HAYEHHS BEJINIHH

q
ik =Y ay;e. (9.14)
j=1

Tomi omiuka mucnepcii (9.13) 6yme MaTu BUTIIsIT

D(6) —ZZW“@ (9.15)

T TT
ke€s les k H

O6rpyHTYBaHHS i€l IPOIEAYPH TOJSTaE B TOMY, IO OIIHKA Uk SIK
DYHKITS BiI TT-OIIHOK CYMAapPHHUX 3HAYEHDb € KOH3UCTEHTHOIO OI[IHKOIO
penanan ug. OIiHKa, ﬁ(é) SIK (PYHKITS BiJl KOH3UCTEHTHUX OIHOK U
[pU BEJIMKUX PO3Mipax BubipoK moBouTh cebe Tax, Hibu BOHA I'PYHTY-
€THCST HA ICTUHHUX 3HAUEHHSX U). TaKUM YHHOM, MOXKHA, TTPUITYCTUTH,
110 ﬁ(é) € KOH3HCTCHTHOIO OIIHKOK JUCIEePCIl D(é) Hacmpaszi 3a-
[IPOIIOHOBAHA OLHKA € OliHKOI0 Habuuzkenol aucuepcii D(0), ase npu
BeJMKHX po3Mipax subipok D(0) ta D(0) GynyTs HpuGIUEHO 01HAKO-
BuMu, ToMy dopmyry (9.15) MoxKHA BUKOPHCTOBYBATH JIJIsl OIIHIOBA-
HHSI JUCTIEepCii ’D(é) IIpaBoMipHICTE BUKOPUCTAHHS i€l OIIHKW JUC-
nepcii Oy/10 miATBEPIKEHO MOIEIIOBAHHAM PI3HUX BUIIAJKIB OIIHIO-
BaHHsI HeJIHIfHMX mapaMeTpiB reHepasbHOl cykymHocTi [20].

3aysaocents 9.2. Y HACTYITHOMY TBEpJI2KEHHI MU BUKOPUCTOBYEMO
BUPA3 «NPULAUIHO HE3MIULEHE OULHKA Y, AKAH CJIT PO3YMITH TaK: 3Mi-
IIEeHHd 3aIlPOTIOHOBAHOI OIIHKHM € HACTIJIBKW MaJIUM TOPIBHAHO 3 11
JUCIIEPCIE0, 1O HUM MOXKHA 3HEXTYBATH.

Teepdowcenns 9.2. Ipubiusno HEZMIWEHON OUIHKON NAPAMEMPA

e:f<T1,...,Tq), aeT1:Zy1k,...,Tq:quk,
keU keU

€ OUIHEQ
0= f(tlﬂ, .. 7tq7t);
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Oetin, ..., tgn — T-ouinxu cymapnuz snavens T1, . . ., T,. 3acmocysas-
wu memod aineapusayii Tetinopa (popmyau (9.10)-(9.11)), ompuma-
EMO Habausicene 3HaueHts ducnepcii ouinky 0:

~ A UL U
DO)=> ) (- ﬂkﬂl);];;i,

keU leU

q
de uy, = 21 a;jyjk, @ Koediyienmu a; eusnaveni 6 (9.11).
]:
Ouinky uici ducnepcii Moocna 06YUCAUMY MAK:

~ (T[kl —7'[k.7'[l) ﬂk ﬁl
D(0) = ~= _r S
O=2 2~ mw

kes les

q

de Uy = Y 4jYjk, @ Koediyienmu G; OMPUMAHT WAATOM 3AMINU He-
=1

BIOOMUL CYMAPHUL 3HAUEHD BI0N0SIORUMUY TI-OUIHKAMU.

Y Bunajiky BubipKoBOro Ju3aiiHy (iKCOBAHOTO PO3MIPY MOXKHA
3aCTOCYBATU AJHTEPHATUBHY OIIHKY:

. NN

~ oA 1 T — T Uk Uuy
’D(e):—i E g g ——— . (9.16)

s s T

kes les kil k t
Jaysaocenna 9.3. Chin mMarw Ha yBasi, IO 3aCTOCYBAHHS METO-
ny mineapuzamii Teityopa y Bumajgkax BUOIPOK HEBETUKOTO PO3Mi-
Py 1IpU3BOJAUTH J0 HEJOONIHIOBAHHYA JIMCIEPCII, NPUYOMY BEIUYHU-
HA I[bOI'0 3MIIIEHHS 3aJIeKUTh BiJI TOr0, HACKIJIbKMU CKJAJHOI €
OI[HKA [OCTIRKYBAHOrO mapamerpa. Hampwkiaazn, y BUIAIKy Ta-
KOT TPOCTOT CTATWCTHUKW, $AK 3Ba)keHe BUOIpKOBe cepemHe 7 =
<Z yk/Tck> / <Z 1/7[k>, HETOOIIHIOBAHHAM JUCIEPCil MOXKHA, 3HE-

kes

kes
XTYBaTH HaBITH y BUMAIKY HEBEJWKOT BUOIDKU. A OT y BUMAIKAX Ta-

KIX CTATUCTHUK, 9K OIIHKAa JUCHEPCIT TOCTIIKYBAHOI XapaKTePUCTUKHI
reHepajbHOl CyKymHOCTI abo Kopaplallil JBOX XapaKTEPUCTHK CYKY-
MHOCTI, MOXKYTh 3HaJOOUTHCS BUOIPKH Ay’Ke BEIUKHUX PO3MIpIB, 100
MOXKHA 0y/I0 3HEXTYBATH UM 3MIICHHSIM.
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9.3. OuminoBaHHA BiIHOIIIEHHS CyMapHUX 3HAYE€Hb ABOX
JOCJII2KyBaHUX XapPaKTEPUCTUK

Posryisremo 3amady OniHIOBaHHS BiAHOIIEHHSA (YACTKN) HEBIIO-
MHX CYMapHHX 3HAaY€Hb ABOX IOCTIIKYBAHHX XapaKTEPUCTHK IeHe-

Zyk

PaIbHOI CyKYTTHOCTI:

T
R=2'= "%U — (9.17)
keU

Hanpuknan, skimo U — 11e reHepaibHa CYKYIHICTE JOMOTOCIOIAPCTB,
Yr — CyMapHuii J0xig k-To JOMOTOCIOIAPCTBA, & 2k JAOPIBHIOE KiJib-
KocTi 0cib B k-omy momorocmomapcTsi, To R — 1e cepesHiit qoxig y
PO3PaAXyHKY Ha OFHY 0CO0y 1€l reHepaabHOl CyKyITHOCTI.

fxmmo HeBigoMi cyMapHI 3HaYeHHS OIHUTH 3a JOTIOMOTONI0 Ti-

Yk A Zk
2Ematuy = ), 7F, To oTpHMae-

kes kes
MO OIIIHKY BigHOMIeHHA R, sika € HeMiHIfHOI0 (DYHKIIEIO Bia TT-OIiHOK

oninok L'opsina—Tomncona: ty,; =

HEeBLIOMHX CyMapHUX 3HaudeHb 1y Ta 1.:

R=2" (9.18)

lan

~

11 ouinka € smimenoro. Buimenns B(R) = E(R) — R oninku R 3a-

JIOBOJIbHSAE Taky yMoBy (aus. [20]):
[B(R)]? _ [E(R) - RP?
D(R) D(R) T2

~—

(9.19)

. /Dt .
ITe o3magae, 110 SAKIIO BiJHOCHA CTAHIAPTHA TOXHOKA % OTTIHKM
z
t ., IPSMYE 70 HyJIsT 31 30LIbIIIeHHSAM PO3MIpy BUOIPKH (K 3a3BUUAif i

. : B(R)
6 Ba€ TO BIJTHOCHE 3MIINIEHHA == TexXK 6 e IIpdAMYBaAaTHU 10 HVJIA.
Y % A 1 \/Eiﬁﬁ YA€ IPAMY A0 HY.

ITe ay:xe BaXaMBa BJACTHUBICTH 3 TOYKH 30py MOOYIOBU IOBIpPUMX
iHTEepBaJIiB.

Temep 3acrocyemo meroq sgsineapu3sarnii Teityiopa, onucanuii y moie-
penaboMy maparpadi, s Toro, mod 3HARTH HAOINKEHY TUCITEPCiio
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OIIIHKK R a TAKOXK OINHKY ITiel ILI/ICHepCll Ominka, Re dyHKITE BiI
ITBOX BHIIAIKOBUX BEJINYNH t ym T tm

T =ty tan)

ton

E:

SHaMAEeMO JaCTHHHI MOXiTHI, HeoOXiTHI /T OIIHIOBAHHA:

OR 1 OR iy

Dby on Oln 12,

OGuncanMo 3HaueHHsT IUX YacTHHHUX Hoxinuux B Tourd (Ty,T%):

oo R _ 1
LT Oy —_—
_ OR T, R
v Ot (Tvaz)_ _? S
Jai maemo
up = amyk + agzp = i(yk — Rzy)

T
Ta

1 N
— (yr, — Rzy).

Lo

U =
3BiICH BUILINBAE TaKe TBEPIXKEHHS.

Teepdotcennsn 9.3. Pesyavmamom 3acmocysatms Memoody AtHeapu-

e L 5 i
sauti Tetdaopa € maxe Atnitine nabausicents cmamucmuky R = 25

ZTT

(yr — Rz,)
R RO—R+T 27

kes "

(9.20)

Ouinxa R € npubausno neamiuenoro ouinkoro napamempa R, a nabau-
oHCeHEe 3HAMEHHA JUCTEPCE] ULET OUTHKU 00MUCAEMBCA 3G POPMYA0N

D(R) = D(Ry) = (9.21)



= % Z Z(T[kl — 7,7 (i — RBz1) (9 — Ra) .

7T 7T
% keUleU k t

Ouinka ducnepcii oyinku R mae sueand

~ (s — 75) (i — Rzi) (yi — Rz)
D R . 9.22
(R) =5 E ) — p— - (9.22)

2T kes les L

3aysaoicenna 9.4. THKOIN 3pyIHO KOPUCTYBATUCA TAKUMU BUPA3AMU:

~ 1 . ~

z

—5 (D(iyr) + R*D(i.r) — 2RC iy, 7)) ,

D(R) = (ﬁ(iyﬂ) + R2D(f.y) — 2RC (. 1 )) .

ZTt
Baysaocenna 9.5. Y sunaaky sukopucranns nabmmxenns (9.20) Bu-
KOHYEThCS PIBHICTH

E(R) ~ E(Ry) = R,

TOOTO, 3MIIIEHHAM OIIHKH R um HeXTyeMO. AJie JisT BUGIPOK MAJIOT0
po3mipy 1e uabkennsa € gocuthb rpybum. 111o6 orpumaru xoua 6
npuban3Hy POPMYITY /11 O0YKMCIIEHHS 3MIIIEHHS OIIHKI ﬁ, noTpibHO
zasamnTh y 11 po3kJiaji B psij Teitopa e i 4jieHu 1pyroro mopsajiKy.

IIpuxkman 9.2. PosrngauemMo mpocTuil BUITATKOBUM Bi,Z[6ip 6e3 mo-
BepHeHHH 3 p03M1p0M BI/I61pKI/I n = fN. Toni twr = Ny, t,n = Nz,

R = L, ey = o Z Yp TA Z = - Z z) — BUOIPKOBI cepenni xapa-
kES kes
KTepUCTUK Y Ta z Bianosigno. Jliuiiine nabanxenns (9.20) marnme
BUTJISA,
~ 1 y— Rz
R~Ry=R+—= r — Rzp) = R+ ——,
—>. ) »

kes

e Z = % > 2z — icTUHHE cepejiHe 3HAYEHHS 3MIHHOT 2.
keU
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Bupas mis mabam:kenoro obumciienHda jguciepcii ominku R Mae

1 1-f 1 B
D(R)—(Z)Q - N_lker(yk_RZk)z_

BUTISI]

L 1—F 2 o2
=7 (S, + R*S? —2RS,.)
ne Sy, — KoBapiallist 3MiHHUX ¥ Ta 2, 00YNC/IeHa 33 BCi€I0 reHepaIbHOIO
CYKYITHICTIO.
Omninrka aucmepcii ominku R mopiBHIoE

1 1-f 1 S
D(R) = @F n -1 kze;(yk — Rz)* =

1 1—f

(824 232 - 2R5,.).

e

keEs kEs

9.4. O1iHIOBaHHY C€pPEIHHOTO 3HAUYEHHS XapaAKTEePUCTH-
KU T€HePAJIbHOI CYKYMHOCTI

Po3ryisiremo cepejine 3nadeHns JOCIIKYBAHOI XaPAKTEPUCTUKY Y
y PO3paxyHKy HA OJWH €JIeMEeHT TeHepabHol cykynuocti. [leit mapa-

MeTp TiCHO TMOB’st3anuii i3 cymapanm 3uadennsm T, = > yi 1 Bu3Ha-
keU
JAETHC TaK: ) T
V=1 y=-L 9.23
N2 Y= N (9.23)
keU
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K10 KITBKICTh eIeMEeHTIB TeHepaJIbHOI CYKYIIHOCTI BigoMa, ToO-
TO MH 3HAEMO 4ucjio [N, TO HE3MIIIEHOK OIIHKOIO mapaMerpa Y €

CTaTUCTUKA .
~ tyrr 1 Yk
= Yk 9.24
In= N T NLm, (9-24)
kes

Jlucmepcis 1iel OmiHK®T

D( 7.[ = 2 Z Z Tl — ﬂkﬂl)yiﬂ, (925)

T 7T
keU leU A

a OIIHKA JIMCIepCcii Mae BUIJIs]T

~ o~ (T — T0TY) Yr Ui
D) = 3z ZZ ) Ue 9. (9.26)

T TT
ke€s les k7

ALbrepHaTUBHII METOM OIHIOBAHHS CEPEIHLOTO 3HAMEHHS TOCi-
JI2KYBAHOI XapaKTEPUCTUKN TE€HEPAJIBHOT CYKYITHOCTI TOJIATAE Y BUKO-
pPHUCTaHHI OIiHKKA CyMapHOTO 3Ha4deHHd 1y ITiel XapaKTepHUCTHKN Ta
OIIHKYM PO3MIPY renepasbHol cykymaocti N (He3ameXHo Big Toro, Bi-
JOMWUIE BiH un Hi). 3riHO 3 UM METOIOM OTIHKA CEPETHBOTO 3HATCHHS
06YNCTIOETDHCA TaK:

-~ > Yk/ T

~ tyn kes
N X lm (6-27)
kes

ne N= > 1/m; — ne m-oninka napamerpa N.
kes

Ouiaka 1 HA3UBAETHCA 36GHCEHUM euﬁzp%oeum cepednim. Lst orin-
Ka € HeaiHiitHoI0 MYHKITE BiT tyn Ta N 0OTIKe, BOHA HE € He3MiIle-
Hoto. ToMy 7t aucrepcii i€l OMIHKA MH MOYXKEMO 3aIlIPONOHYBaTH
TIABLKH HAOJIMKEHUI BUPA3.

SIKIO PO3IIAnaTH mapaMerp Y SK BiTHOIIEHHS JBOX CYMAapHIX

Eva T, . . ~

3HaYeHb: Y = T, e Z = 1 g Beix kK =1,..., N, a OIiHKY § — 9K
BIZTHOIITEHHS BIATIOBITHHAX T-OTIIHOK, TO 3aCTOCYBAHHS TBEePAXKEHHS 9.3
0 OITIHKM! R= 5 MPU3BOAUTL 0 TAKOTO PE3YJILTATY.
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2 Yk/T

Teepdoscenns 9.4. Ouinka y = % € NPUBAUIHO HEZMIULEHOIO
kes §

OUIHEOIO CePednbo2o 3HANEHHA J0CAIONCYBAHOT TAPAKMEPUCTIUKY 26~

Hepaabhoi cykynnocmi. Habauocene snavwenna ducnepcii uiei ouinku
00YUCAI0EMBCA 36 HOPMYAOI0

D(y) = % SN (i — mem) <ykﬂ_ Y) <yl T_tly) . (9.28)

keU leU k

Ouinka ducnepcii OuiHKY Y Mac 6u2am0

o~ 1 (M — ) (v =3\ (vi—7
D(y) = — . 9.29
®) N2 % % Tkl T, M ( )

ot neskux BubipKOBUX IW3AMHIB TT-OIIHKA, ﬁn JIOPIBHIOE 3BaYKe-
HOMY BHUDIPKOBOMY CEPEIHBOMY 7. Hanpuxuaz, ue BUKOHYETHCH TIPU
IIBB6II ta CTIIBB. fxmo uncno N HeBimome, TO TOAI HEMAE 3 HO-
ro BubuUpaTH, OCKIIBKU OOYUCIUTH MOYKHA TITBKU OIIHKY f OpnHaxk,
skmo N Bimome i 11l JB1 OIIHKH BiAPI3HSIIOTHCA, TO BUHAKAE mMOTpebHa,
BUOOpPY oxHiel 3 HuX. fK Ie He AWBHO, HABITH AKINO N Bigome 3a-
3/1aJT1€r b, 5 3a3BUYail € KPaIoi0 OIMIHKO0, HiXK 571. Touni ymoswu, 3a
JIKWX BAPTO HAJATHU MEPEBAry 3BaXKEHOMY BUOIPKOBOMY CEPeTHBOMY,
chOPMYITIOBATH BAXKKO, TOMY HABEIEMO JIUITE KiJIbKA apryMEeHTIB Ha
KOPHCTb BUKOPUCTAHHS ITi€l OTIHKM.

Ilo-nepiue, 3 Bupasis 11 D(7) Ta 13@) BIJIHO, 11O OILHKA 3 THM
Kpala, TuM MeHIT 3HaveHHs pisaums (y, — Y ), k € U. [o-gpyre, mo
OIHKY KPAIle BUKOPUCTOBYBATH TO/Ii, KOJIU PO3Mip BubipKu 3MinHM:
SAKIITO PO3Mip Bubipkm OimbImuii, HiK 0UiKyBaJIOCH, TO 1 YMCETBHUK, i
3HAMEHHUK y BUPAa3i /s 0OYMCIEHHS OIIHKN 7 OyayTh MaTh BiIbIIY
KiJIbKICTh JIOMAHKIB, a MEHIUH Po3Mip BUbIpKM BiANOBIAHO mpuU3Be-
Jie JI0 MEHIIOl KiJbKOCTI JonankiB. Tobro, BB po3mipy BubipKu
HA BIIHOIIEHHS (Z Yk /Ttk> / (Z 1 /Ttk> Oy/ie TEeBHOIO MipOI0 MiHi-

kes kes
MAaJILHUM.
Icuye me oxma ominka, sIKy BapTO BUKOPUCTOBYBATHU Y BUIIAJIKY
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BUOIPKOBHX AM3aiiHiB 31 3BMIHHUMH PO3MipaMu BHOIPOK:

~ n Ye M=

Yn = Nn.; ;k = n:yﬂv (930)
kes

ne n = E(ng) = > M — ouikysauuii po3mip Bubipkn.
keU
Aximo posmip BuGIpKH (blKCOBaHI/II/I o y7T Y. fKimo Bei iiMo-
BipHOCTI 7T) O,ZLH&KOBI k=1,...N, ro y7I =17.

Ouinka, yﬂ MOYKe MaTH 3HQYHO MEHITy AWUCIepCiio, HiXK Y, Ta y,
SAKITO

1) po3mip BubipKHU € BUTIAJKOBOIO BETMUNHOI;
2) HMOBIPHOCTI 7T, 3HAYHO BiAPI3HSIOTHCS;

3) BigHOWEHHS Y) /T TPUOIUZHO OHAKOBE /IS BCIX €JIEMEHTIB re-
HepaJbHOI CyKYIMHOCTI.

9.5. Bpnpasu Ta nuTaHHA AJ9 CAMOKOHTPOJIIO

9.1. {xi ominky cymMapHUX 3HAYEHDH XAPAKTEPUCTUK T€HEPAJIBLHOI Cy-
KYIIHOCTI BUKOPHUCTOBYIOTHCA JI/Isl OIIHIOBAHHS (DYHKIIM BiJ IIHUX CY-
MapHAX 3HAYEHD !

9.2. VY uomy nossdrae meron jgineapusarii Teitiopa? dka mera iioro
3aCTOCYBAHHIA !

9.3. Yu € oriHka BiJIHOIIEHHS JIBOX CYMAapPHUX 3HAYEHb HE3MIIIEHOTO?
9.4. {k oniruTH cepe/iHE 3HAYECHHS TOC/IIKYBAHOI XapaKTEPUCTUKH
PeHePabHOT CYKYITHOCTI, SIKIMO PO3MIpP CYKYITHOCTI HeBimoMuii?

9.5. [IpoBoanThCa BubipKOBE 0OCTEXKEHHS, METOIO SIKOTO € OIliHIOBAH-
HA PI3HATI MiXK CYMapHUMHU 3HAYEHHAMU JIBOX XapaKTEPUCTUK TeHe-
paJbHOI CyKyIHOCTI ¢ Ta 2. Po3mip remepaabnol cykynmocti N = 281.
3a J01IoMOTr0I0 TPOCTOT0 BUITAIKOBOTO BiIbopy 6€3 MoBEpHEHHS OTPH-
MaHO BHOIpKY po3mipy n = 40, 3a gK010 00YNCIAEHO TaKi BEIUINHA:

> "y =866; 52 =42,438; > 2, = 383; 52 =29,430; S, = 1,309.
keEs kes
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[TobymyBaru 95-BijicoTKOBHIT OBipUMii iHTEPBAJ JJIst PI3HUII CcyMap-
HUX 3HAYEHb 3MIHHUX Y Ta 2.

9.6. Bupectn ajbrepHaruBHi dopMysn g OOUUCIEHHS AUCOEPCIl
OIIHKM BIJIHOIIEHHY y BUIIa/IKy BUOIpKOBOro ju3aiiny 3 dikcoBaHum
po3MipoMm BuOIpKM, a TAKOXK JJIsT OI[HKK IHeEl Jucmepcii.

9.7. 3 renepasbuol cyKymHOCTI po3mipy N = 124 3a momoMorow Bij-
6opy Bepnysri 3i cramoro fimosipuicTio Brodenus 7T = 0, 3 orpuma-
HO BubipKy po3mipy n = 43. OuiHuTu BiTHOIIEHHS CYMapHUX 3HAYEHD
JIBOX XapaKTEPUCTUK Te€HEPAJIbHOI CYKYITHOCTI § Ta 2, SKIO 3a BUOIp-
KOBUMU JAHUMH O0UUCTEHO TaKi BEJUUNHU:

D yp = 6692815 Y "z = 608902;

kes kes

> (i — Rei)? = 3496228001,
kes

e R =ty /t.n. Buaiite koedinienr Bapianil orpumanol oniHkuy.

9.8. J/loBecTu, mo y BUMajky BUKOpuUCTaHHd Binbopy Bepmymini 3Ba-

JKeHe BUOIPKOBE cepejiHe MOpiBHIOE BUOIPKOBOMY CEPEIHBOMY, TOOTO
y=7y=

kes
9.9. llokazarm, 10 y BUIIAQJKY BHKOpPHUCTAHHA Bimbopy Bepmymm 3
T, = T gag Beix kK = 1,..., N pabumkeHe 3HadedHs JUCIED-

cii 3BaxkeHOro BUOGIPKOBOTO cepejHboro y = ¥y gopisuioe D(Y) =
= [(1 —m)/Nmn]S?.
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Pozain 10

Bukopucranus moromixkHoi iHdopMailii
10.1. OriHOBaHHA 3a PI3HUIIEIO

[3 MeTOTO MiIBUIIIEHHST TOYHOCTI OIIHOK JOCTIIZKYBaHUX XapaKTe-
PHUCTUK TeHePaJbHOI CYKYITHOCTI YaCTO BUKOPHUCTOBYIOTH HASBHY iH-
dopmariito mpo inmn 3MmiuHi. Jonomisicna 3minna — 1€ 3MIiHHA, s
sKOl HagBHA TOBHA 1HGOPMAIid 0 MOYATKY BUOIPKOBOIO 00CTEXKEH-
Hsl. [HAKITEe KaXKy4n, 3HAYEHHA JOMOMIXKHOI 3MIHHOI 3a3/a/1eri s Bi-
Jomi fyid KoyKHOTO 3 N ejieMeHTIB reHepasbHOl CyKYITHOCTI.

B ocHoBi BukopuCTaHHSI JOTOMIKHUX 3MIHHAX Y TPOIEIYyPaX OIli-
HIOBaHHS JIEKUTL ITPUNYINEHH, MO Il 3MIHHI KOPeJIoITh 13 Xapa-
KTEPUCTHUKOIO, 10 BUBYAECTHCH. Posrisgaemo J TOTOMIXKHUX 3MIHHUX
T1,...,Tj,...,2 . 3HAUCHHS j-1 3MIHHOI 1719 k-TO esleMeHTa reHepaJTb-
HOI CyKymHOCTI Oynemo mosHadaTu gk Tji. na k-ro enementa rene-
PaTbHOI CYKYITHOCTI BU3HAYHNMO BEKTOD 3HAUEHB JOMOMIXKHUX 3MIiH-
HUX: Xg = (T1k, oo Tjks - - -5 k) -

Ax 1 B monmepenHix po3iinax, MO3HAMUMO JOCTIIKYBAHY XapaKTe-
PUCTUKY TeHEepPaJbHOI CYKYITHOCTI Yepes Y, a i1 3HadYeHHs /i k-1o eje-
MEHTa TeHepaJbHOI CYKYIHOCTI depe3 Yk, k € U. Ho mouarky Bubip-
KOBOTO OOCTE:KEHHST 3HAUCHHS Y1, . . . , YN SATUMIAIOTHCS HEBLIOMUMH,
Tozi gk imdopMariist Mpo BEKTOPH X1, ..., XN € Y HOBHOMY DPO3IODs-
mxkenni mociiguuka. Hesimomwmit mapaMerp renepaibHOl CYKYITHOCTI,
KW TOTPIOHO OMiHWTH, — T1e CyMapHe 3HAYEHHST XapaKTEPUCTUKH Y-

Ty = Zyk

keU

Bubipka s sBubupaernes 3 U 3rigno 3 Bubipkosum ausaiiaom p(-) 3
iMOBIpHOCTSME BKJIOUEHHS T, > 01 7157 > 0. s xoxxuor0 £ € 5 MU
MaEMO 3HAYEHHS Y 1 BEKTOD 3HAYEHD JOMOMIXKHUX 3MIHHAX Xj. 3aB-
JaHHA HOJIATaE B TOMY, 1100 omiHUTH napamerp 1), Malun 3HaUeHHA
(yk, X)) mst Beix k € s, a Takoxk 3HaYeHHsT X 1Jist Beix k € U\ s.

lonmoBHA imest, sika JIE2KWUTH B OCHOBI OIIHIOBAHHS 3a PI3HUIIEO,
MOJIATA€ Yy BUKOPUCTAHHI M0omoMiXkKHOI iHdopmarii aist crBopents N
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HaG/IMYKeHIX 3HATeHb 4y, . . ., y?\, XapaKTEPUCTHKH Y, TAKUX IO yg IIo-
CTaTHLO TOYHO HAOIMKAOTL 3HAYeHHS Y. bymemo dbopmysarn Ha-
OJIM2KEeHE 3HAYEHHS y,g y BUDJIsi JIHITHOT KOMOiHALIT BiIOMUX 3HAYEHD

JOTIOMIYKHUX BMIHHUX T1k, - - ., L Jk"
J
0 2 : !
Y = ijjk =A T, (101)
J=1

ne A = (Ay,...,A ) - Bexrop koedimientis. Cogarky GymeMo Tpu-
[yCKATH, IO 3HAYEHHS eJIEMEHTIB 1hOro BeKTopa Bimomi. OueBuaHO,
10 TOJ1 yg MOXKHA obumcauTn ajs Beix k € U, 60 3HadeHHs J0MOMi-
JKHUX 3MIHHWX BifoMi [Tt BCi€l remepaabHOi cyKymHOCTI. OCKITHRKT
MU BBa2Ka€eMOo, IT10 yg JIOCTATHLO TOYHO HADJIMKAE 3HAUYCHHA Yk, TO 1€
O3HAYAE, 10 MAE MicIe i Take HaOJIMKEHHS:

<

ye ~ Y Ajag, = Al (10.2)
j=1

BukopucroByroun HaOIMKeHi 3HAYEHHS] XapaKTEPUCTUKU Y, He-
BiZlOMe cyMapHe 3HQUEHHS ITi€l XapaKTEePUCTUKU MOXKHA 3alHUCATH Y
TaKOMY BUIVISIIL:

Ty=> we=> uh+> W—v)=> vh+> Di (10.3)
keU keU keU keU keU

ae Dy = yp — yg ansg k= 1,..., N. Habmkene cymapHe 3HaYCHHST

> y) v supasi (10.3) € BizoMoOI0 BETMUMHOIO, OCKLILKM 3HAMEHHA
keU

y?, ey y?\, — Bigomi. Aste cyma pizauite Y Dy € HeBIIOMOIO, OCKIIBKI
keU
BHAYEHHS Y1, - - - , YN — HeBigoMi. ToMmy mpupoaHo 3aMinuTH y (bopMyii

(10.3) cymy pi3HHUIG BiAIOBLIHOK CYMOIO TT-OTIHOK DI3HUIIb:
—~ 0 Dy,
typ = Zyk—i-zn—. (10.4)
keU kes P

Ouinka typ HA3UBAETHCS OYiNKOT0 30 pisnuyeto (anri. difference
estimator) CyMapHOrO 3HAYEHHSI M€HEPAJIBLHOI CYKYITHOCTI.
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Teepdotcenns 10.1. Ouinka 3a pisnuuyero (10.4) ¢ nesmiwenor

ouinkor cymaprozo snavenna Ty, = > yi. Jucnepcia yiel oyinku
keU
00NUCAIOEMBCA 36 HOPMYAOI0

Dy D
=3 > A= (10.5)
T, T4
keU leU

Hesmiwena ouinka ducnepcii (10.5) obnucaoemsves 3a opmyaoro

~ o~ Ay Dy, Dy
D(typ) = Z P (10.6)
keEs les

de Ay = (7Tkl — T(kT(l), k,leU:k 75 l, ma A = 7Tk(1 — 7Tk).

Jlosedenna. Heamimenicts ominku 3a pizuuneo (10.4) e macsaigrom

TOrO, o ), = D— € HE3MIIIEHOIO OMIHKOI0 /ity Dy.
kes keU
AxImo 3ayBaxKuTH, 110

D(typ) =D <Z g:) ,
kes

To i popmysn (10.5) Ta (10.6) Ge3nocepeiHbO BUMLIMBAIOTH 13 BJAACTH-
BOCTEl T-OTIHKY, HABEJAEHNX y po3aial 1. O]

Baysascenna 10.1. fdxmo subipkosuii ausaiin p(s) mae dbikcoBanuit
posMmip n, To mucnepcito (10.5) MoxkHa 06UMC/TIIOBATH 1 32 aJbTepHA-
THUBHOIO (hOPMYJIOI0

2
D(typ) = —% Z ZAM (g: - 17;[) ; (10.7)

a me3mimena orinka gucnepcii D(typ) Moxke GyTn ob4UmcIeHa TaK:

~ o~ Aw (Dp  Dp\?
Dl,p) = —= Zk 21 .
tyD ZZ o (nk m) (10.8)

kEs les
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IIpukmoan10.1. dxmo yg =z, T0 Dy, = yr — 1. Toni y Bunmagky
I[IBB6II 3 posmipom Bubipku n = fN nucrepcis oIiHKN 3a Pi3HUIEIO
CYMApHOI'O 3HAYEHHS XaPAKTEPUCTUKHU Y OyJie MaTh BULJISL

1—
D(t,p) = Nng (S; + 52 — 284) (10.9)

ne S2 Ta SZ — me maucmepcil 3MIHHMX T Ta Y BiANOBIAHO, obunciieHi
33 TeHePAIbHOI0 CYKYHHICTI0; Spy = g > (2% — X)(yk — Y) — xo-
_ kel
Bapiamisg mux 3MIiHHEX; X = % o Tay = % > yr — cepemni
keU keU
3HadeHHs, 0bauceHi jiyis BCi€l renepasbHol CyKymaOCcTi. AKImo kope-

. S . . . o
JAIIA ' = g g BEJNKA, TO JUCTIEPCida OUIHKYM 32 PI3HUIEIO 3a3BUYail

3HQYHO MeHIIa, HiXK JHUCHepcid T-OmiuKn tyy. Bignomenna gucnepciit
IUX OI[IHOK

ID n 2
Dlyp) _ 4, <S”> gy (10.10)
D(tyn) Sy Sy

Y Bunaaky [IBBOII omifka 3a pi3HuIeo 3 BAKOPUCTAHHIM yg =}
Mae MeHIIy JUCIepCilo, HiXK JUCHepcis T-OIIHKH fyp; TOML 1 TLMbKH

TOIi, KOJ! 7 > 2559; O

[ammit morsisin HA OMIHKY 33 PI3HUIEIO — 116 BUKOPHUCTAHHA 11 K
YTOYHEHHS 3BUTANHOIL 7T -OIIHKYM CYMapHOT0 3HAYEHHS JOCTIIKYBaHOT
XapaKTePUCTUKH TOITYIATI:

J
typ =tyn + > _ Aj(te, — ta;n), (10.11)
j=1
ae tyn = > afjk/TEk — Ie TC-OIIHKA CyMapHOro 3Havenus 1T, =
kes '
= Y x,j momoMixHOI 3MiHHOI 4, j = 1,...,J. Takum unHOM, OIiHKA

keU
3a pizautero (10.11) mopiBHIOE CyMi TT-OMIHKH Ta KOPUT'YIOYOTO JO/TaH-

Ka.
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10.2. OuminoBaHHA 3a perpecieio

Posragaemo memod ouiniosanmna 3a pezpecicto 3 BUKOPUCTAHHIM
J momomixkaux 3minaux. YK i B nonepegraboMy maparpadi, BEKTOP
3HAYEHb JIOIOMIXKHOI 3MIHHOI jijist k-IO €/IeMeHTa [MO3HAYMMO depes

Xp = (Tik, -+, Tjky - 2gk)’, k = 1,..., N. BuxopucroByiouu 3na-
gennst (Y, Xg) J1d BCix k € s Ta Xi s Beix k € U\ s, norpi6ro
OIHUTH CyMapHe 3HadeHus 1y = Y Y.

keU

Posmounemo 3 oninkn 3a pizaurero suay (10.11):
J
%\yD = %\yn + Z Aj (?x] — %\xjﬂ).
j=1

dAkmo koedimiearn A1,..., Ay mepimomi, To MoxkHA cupobyBaTH 3a-
CTOCYBATH OIIIHKY TaKOT'O CaMOr0 BUJIY, aJieé 3aMiCTh HEBIJOMHUX KOe-
dimmienTiB migcrapuTn X ominkyu. OCKIIbKH OIHIOBAHHS 33, PI3HUIIEIO
6a3yeThCs Ha MPUIYIIEHH TPo NpUOIN3HY JiHIHY 3a/M€KHICTE MixK
AOCJIZKYBAHOIO 3MIHHOIO Y Ta JIOMOMI)KHUMHK 3MIHHUMU X1, ...,TJ
(mus. (10.2)), To ams omintoBamHs Koedinientis Ap, ..., Ay mMoxHa
3acTocyBaTy peepecitinui ananis [4].
Saysancenns 10.2. Perpeciiinuit anaiiz o6’eHye BeJIMKY KiJbKICTh
METO/IIB BUSIBJIEHHS Ta JOCIIIKEHHS CTATUCTUIHNX 3aJIE2KHOCTEH MIK
pisHnME xapaxTepuctukaMu ob’ektis. ms imoctparii 6a30Bux 1mo-
HTH perpeciiHoro aHasizy po3rJIsiHEMO HPUKJ/Ia/ 3 KHuru [4].

[TpoBoguThCcs cepig 3 N gocaimiB HaM OJHOTHITHUMH 00 €KTa-
MU, JJsI KOYKHOTO 3 SIKWX BUMIPIOIOTHCS JBI Xapakrtepuctuku: X Ta
Y. Pesynbrarom k-ro mocrimy e napa (Xg,Yy) 3HaueHb mux xapa-
KTepUCTHK Juid k-ro 06’ekTa, a pe3yspraroM cepil — Habip JaHUX
(X, Yi),k = 1,...,N. 3 meBHUX TEOpETHIHHUX MIPKYBaHb BiIOMO,
mo mizk X ta Y nopuren OyTn (DYHKITIOHATHHUI 3B’ 30K BUILY

Y = g(X:p). (10.12)

ne g — meska simoma dyurnig, B = (B1,...,Bm) — BEKTOP HeBigo-
MuX KoedinieHTiB (mapameTpis), SKi € CTAJUMU Y JTaHiii cepil mocsi-
JiB, X04a, B3araji KaxKydu, MOXKyTh HaDyBaTu pI3HUX, YACTO AIlpio-
pi HeBimoMux 3Havenb. OJHAK, TPY M ICTAHOBIN PEAJTHHO BUMIPAHUX
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xapakrepuctuk (X, Yy) y cuissiguomennst (10.12) BusiBisieThest, 1Mo
[pU KOJTHOMY MOXKJIUBOMY 3HAUEHH] [3 I PIBHICTb HE BUKOHYETHCS
OJIHOYACHO JIJIsl BCIX JIOC/I/RKYBAaHUX 00 €KTiB.

Taxi pedl mpakTuky 3a3BHUYail TOICHIOIOTH THUM, IO CIIOCTEPEXKY-
BaHI IamHi 3aBXKIM BUMIPIOIOTHCA 13 meakroro moxubkor. Hacro Gysag,
1o 3HaueHHs X BijoMe JOCUTH TOYHO, & OT MOXMOKOIO Y BUMIiPIOBAHH]
Y 3HexTyBaTH HE MOXKHA. Y I[HOMY BHUIIJIKy CIPABXKHE 3HAUYEHHH Y
y k-omy mocaini mae 6ytu g(Xg; ). Orxe, (Y — g(Xk; B)) — ue mo-
XnOKa y BUMIPIOBAHHI Yy, IKY MU IMO3HAYUUMO Yepe3 €. Y pe3yabTaTi
MaeMO

Yi = g(Xg; B) + e (10.13)

Ao koedirierTr 3 BigoMi TOCTIHUKY, TO HE BUHUKAE TPY/IHOIIIB
y 3HAXOJ>KeHH] MOXubOK €. Craaauinm mpobgaeMu 3 aBISIOTHCS TOI,
KOJTH KOeDIIMeHTH HacupaBal HeBigoMmi. fK ominnTy iX, Maiodd HETO-
gni cnocrepexkennst (Xg,Yy)? 9k nmepesipsaTu rinoresu, nos’ssani 3
nnMu Koedimientamu? Uu MokHa mepenbadnTy, dKi 3HadeHHs Y Bii-
noBigaTuMyTh 3aganuM 3HadeHHsaM X 7 1l ma geski iHI0 TumaHHs J11st
JIAHWUX, 10 OMUCYIOThCA TeopeTuanoro moaemnto (10.13), poss’s3yto-
THCA MeTOmaMu perpeciitroro amamizy. Pisasuus (10.13) masusarors
pe2PeCIinuUM PIBHAHHAM, TAPAMETPH 1, - . -, Pm — napamempamu abo
rKoediuicnmamu peepecii, a QYHKINO g — PYyHKyicto peepecii.

Y KJacHYHOMY perpecitHoMy aHasisi po3TIAaloTh JIMIIE MOJIe-
Jii, B IKUX XapakTepucTtuka Y € midicHuM uuciaoMm, a X Moxe OyTn
SIK OJJHUM 9HCIOM, TaK i BEKTOPOM, TOOTO HADOPOM CKATAPHAX Xapa-
krepuctuk: X = (Xi,...,X ). Beanuuny Y Hazsusarorh sa.aescHor
aMinHot0 abo sideykom, Bemuuntan X1, . .., Xj — HE3GAEHCHUMU 3MiH-
Humu abo pezpecopamu, a € — NOTUOKAGMU aDO NOMUNKAMU Peepecti.

Axmo X € cKaJIApHOI XapaKTEepUCTHKOI JOCTIIKYBAHHX 00’e-
KTiB, TO napu (Xj,Yx) MOKHA TpAKTyBaTH SIK TOYKHU Ha IJIONIMHI, a
piBastaast (10.12) mpm pisHEX 3HAUEHHSX Mapamerpa 3 3a1ae ciM’io
KPUBUX Ha il [I0mMHI. 300pakeHHs eKCITEPUMEHTAIbHIX JTaHuX Y
BUIJISAl TOYOK Ha ILIOIIMHI HA3UBAIOTH 0iG2Pamoro PO3CHOSaHHA, a
cim’1o kpusmx (10.12) — meopemuurumu abo pezpeciinumu KpusuMu.
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I'padiano 3agady perpeciiinoro aHaai3y MOKHA TPAKTYBaTH K
migbip Takol TEOpeTHYIHOI KPHUBOI, SIKa IIPOXOIUTEH HAROIMKIE 10 eKC-
NEePpUMEHTAJIbHUX TOY0K.

[ToBepHEMOCS 10 3a71a49l OIMIHIOBAHHA 33 PErPECIErO.

Bukopucraemo nosHadenHs, 61m>m 3BUYHI JIJId PErPECiiiHOrO aHa-
JIi3y, i TO3HAYUMO Yepe3 Bl, .. B J BIATIOBLIHI OIIHKM HEBLIOMUX KO-
edimientis Ay,..., AJ. BH6ip OLIIHOK Bl, . ,BJ ba3yeThCst Ha NpU-
nyIeHti npo Bursgsd rpadiaroro 30bpaxkernts N TOYOK CKIHUEHHOT
rerepasibHol cykynHocti U:

{(Wks T1ks - zgk) - k=1,...,N}, (10.14)

a caMe: MPHUITYCKAETHCH, MO Aiarpama poscitoBamns (10.14) suriamae
TaK, HibM BOHA OTpUMAaHAa B PE3yJIbTaTi BUKOPUCTAHHS MOJeJH JiHii-
HOT perpecii &, B 9Kiii JoC/TiIzKyBaHa 3MIHHA Y JIHIAHO 3aJI€XKUTh B
JOTIOMIKHUX 3MIHHUX X1,...,T].

Perpeciitna mogemrs & 3a10B0oJIbHSE TaKi YMOBH:

1) y1,...,yN € peanmizanisMu He3aJ€KHUX BUIATKOBUX BETHMUUH
}/17 R YN;
J
2) Ex (Yi)=> Bjzjn,k=1,...,N;
J=1

3) De(Yy) =03, k=1,...,N,

ne Er i Dy — maremaTnvHe CIOAIBAHHA Ta JUCIEPCIA BIAHOCHO MO-
neni & Bi1,...,Bs 1A 0%,..., 0?\, — napamerpu Mozeni &. lle tumosa
MOJIeJb PerpecitHoro aHaJIi3y.

Hamani me 6ymeMo BiApI3HSITH MO3HAYEHHSI BUMIAIKOBOI BEIHINHH

Y Big nosnauenus i1 peastizarii y.

IIpuk.ra10.2. HaBegemo aBa IpUKIALU MOJEI Perpecii 3 OaHI€0
JOIIOMI?KHOIO 3MIHHOO X:

E¢(yr) = Br,
{ D () = 0%, (10.15)

(TYyT MPUITYCKAETHCS, M0 3HAYEHHS T, ..., TN — JOJATHI)

168



Ta

E -

D (yx) = 0.
B 060x mux Momensx BBaXKAEThCH, IO Y1, - - . , YN — HE3aIEKHI BAIIAI-
KOBL BeJIMYNHH. O

Osnavenusi 10.1. Ouinka 3a peepeciero (anra. regression
estimator) BusnagaeThcs Tak [20]:

J
fyr = %\yn + Z Bj (Tz] - EEjﬂ)) (1017)
Jj=1

ae tyr = Y Yp/T — T-OLiHKA CyMapHOrO 3HAYCHHS XaPAKTEPHCTH-
kes
K Y tym = ) Tjk/T — T-ONiHKA BIJIOMOrO CyMapHOrO 3HauEHHS
kes
> xj 3minnoi 25; By, ..., By — kommonenTr BekTopa B, sxwuit
keU
BU3HAYAETHCH 33 (DOPMYIIO0

iy

=

-1

/
- = = XX XELYE
B=(B....By =Y " Py (10.18)
kes O-k’nk kes O—knk

Ouinka ty, € npubJN3HO HE3MIiIEHO, i YnM OiabIINil Po3Mip BuU-
OipKw®, TMM TOYHIITOO Oy/e I OI[HKA.

Saysaorcenns 10.3. fx i y BUmAIKy OIIHIOBAHHS 33 PI3HUIEO, OIIi-
HIOBaHHA 3a PErpeciero Jae MOXKJINBICTh NOKPAIIUTH OCHOBHY OTTIIHKY
tyﬂ Ormika 3a perpecieio € CyMoro T-OIHKI 75y7T Ta JTIEAKOr0 KOPUTY-
OUOTO JIoJTaHKa. ZIKIN0 BUKOPUCTAHHS OIHKHU 3a perpeciein obrpyH-
TOBaHEe, TO KOPUTYIOUHWH TOJAHOK 3a3BUYAi Bil'€MHO KOpEIbOBAHMI
3 IOXUOKOI0 Tt-O1iHKY. fAKIo BubipKa BEJIMKOr0 PO3MIPY Ta TT-OIiHKA
Ma€ BEeJIMKY IOXMOKY, aJie icHye cuibHa JiHIfHA 3aJ€XKHICTh MiXK J10-
CJIYKYBAHOIO Ta, JOTIOMIXKHUMY 3MIHHUMHA, TO Teli KOPUTYIOUni J0/1a-
HOK TTPHUOIM3HO ;LoplBHIOG TTOXMOIT TT-OI[IHKY 3 MPOTHJIEXKHUM 3HAKOM,
T00TO TOXUOKa OLIHKU tyr Oy/e MEHIIOI0, HiK MOXHOKa OIIHKHI tyﬁ
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Saysaoscennsa 10.4. Ponab moneni & nosisirae B ToMy, 11006 «omucaTus
rpadik po3ciroBaHHsS TOUYOK NeHEPAJbHOI CYKYITHOCTL. Mu criomiBaeMo-
¢s1, 0 MOJIEJIb HiibpaHa BIaI0, TOOTO, 10 IeHepa/ibHa, CYKYITHICTh
BUIJISIAE TAaK, HIOM BOHA 3reHepOBaHa, 32 JOLOMOroio Moaei &. AJe me
30BCIM He 03Ha4YagE, IO NeHEPAJIbHA CYKYIHICThH CIPABJl 3reHepOBaHa
3a, JIOTIOMOTOIO TTi€T MOJIesIi, TOMY ¥ TIapaMeTph TeHepaJibHOI CyKyTTHO-
cTi He 3aJeKaTh Bix Bubopy mozesai. Moxens & HeobximHa st TOro,
100 OTpUMATH IPURHATHI OIIHKH ﬁ, noTpibHi 1711 06YUCIEHHS OITiH-
KU 3a perpeciero. EdeKTUBHICTL OMIHKN 3a perpecieto (MOPiBHIHO 3
T-OIIHKOK) 3aJI€2KUTh BiJl TOr0, HACKLIbKHU J00pe nigibpana Mo,
aste 11 OCHOBHI BiaCTMBOCTI (HAIPUKJIAI, MPUOJU3HA HE3MIIIEHICTD)
BiJI IIhOTO He 3aJiexkaTh. e MpurIaj «0uiHo6arHa 36 JONOMO2010 MO-
deaty Ha BIAMIHY BIJI < OUIHIOBAHHA HG OCHOBT MOOEAT>, TIPHU IKOMY Bif
MOJIEJIl 3aJ1eXKaTh 1 BJIACTUBOCTI OIIIHKU.

Hagenemo mipkyBamns, 3a JOMOMOTOI0 TKUX OTPUMAHO (hopMyITy
(10.18) mst ob6UMCICHHST OTIIHOK El, e B J. JJIg IBbOTrO pO3rISHEMO
rinoTeTuvHe CyIijabHe 00CTeXKEHHS TeHEPAIbHOT CYKYITHOCTI, B SIKOMY
mist Bcix k € U crmocrepiraloThCs 3HAYUEHHS Y, Ta BEKTOPH Xpi. Y
[IBOMY BUIIQJIKY OIIIHKA 33 METOJIOM HAWMEHIIUX KBAJPATiB BEKTOPA

B=(B1,...,PRs) mapamerpis Mmogeni & maTume BUTIIST
A\ -1
XEeXp XeYk
B=(Bi,....B)) =Y > > o (10.19)
keu k keu k

Ile BimoMmit pe3yaLTAT 3 PETPECITHOTO aHAMI3Y, Je TaKOXK TOBEIEHO,
o BekTop B € HaiikpaImnoro JiHIHHOI0 HE3MIITEHOIO OIIIHKOIO BEKTOPa,
[} mis mamol Mojmeni perpecil.

Jliist nac BekTop B 3asminaerbcd HEBIIOMUM HapaMeTpoM CKiH-
4genHOl renepasbhoi cykynuocri U. ITlo6 oninuTu iioro 3a Bubipkoio
8, 3aCTOCYEMO MiJIX1JT 13 BUKOPUCTAHHAM TI-OT[IHOK CYMapHUX 3HAYEHb,
ormmmcanuit y po3aiiai 9. Hasa nporo 3amummemo Bektop B B Takomy Bu-
DUISLII:

B =T, (10.20)

170



e

T — ZXka, tzleggk'

2
wev Ok keU k

Tyr T — cumerpuuna MaTpurs po3Mmipy J X J 3 enemenTamu
LTikTjk
ti; = E 2 tii,
keu Tk
a t — J-BumipHMit BEKTOP 3 KOMIOHEHTAMHA

=Y

(0}
keU k

OdeBuaHO, 110 HE3MIIIEHOO OIHKOI MaTpuil T € MaTpuirs
XX,

T = Z :

(o) kT[k

eJIeMEHTAMU KOl € 7TI-OIHKHU ejeMeHTiB Marpuili T, axi ob6anc/iron-

ThCs TaK: o~
~ % R —
tij,T[ = E 0—27'[ ) )= ]-’ J.
kes K k
Awnasoriano, HE3MIIIEHO OIIHKOI BeKTOpa t € BekTop t = > | ;‘5;’:,
2,

kes
KOMITOHEHTAMH $IKOTO € TI-OIIHKYW KOMTIOHEHTIB BeKkTopa t, axi obun-

CJTIOIOTHCA 38 (DOPMYJIOIO:

T = Z LikYk e
7,7 0_27_[ ’ .
kes KR

<
Il

=
<

3riIHO 3 METOOM BUKOPUCTAHHS TI-OIIHOK /IS OIIHIOBAHHS (DYH-
KITi{T BiJT CyMapHUX 3HAYEHb XaPAKTEPUCTUK MeHEPabHOI CYKYTTHOCTI,
HaBemeHuM y po3aiii 9, mapamerp B renepaspmol cykymHOCTI Ternep
MOXKHA OITIHUTHU 33 JOTOMOTOI0 CTATUCTUKN:

-1
/
~ ~ ~ ~_1~ XEXp, XYk
B=(Bi....By) =T %= Y 5k] Y 5%
kes kK k kes K k

10610, Mu BuBen Gopmymny (10.18).
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TaknMm 9UHOM, MU TTOKA3aJ/IH, IO B e OTIIHKOIO HEBIJJOMOTO Iapa-
MeTpa B, skwmii, y ¢BOIO Uepry, € OIHKOIO IMapaMerpa [3 perpeciiiaol
Mojiesii & 3a pesysbraTaMu CiMOTeTHUYHOIO CYULIBHOIO ODCTEXKEHHS!
CYKYITHOCTI.

Baysaorcenna 10.5. 1) Ouinka Be 3MIIIEHO0 OIIHKO mapaMeTrpa B.
ITpu Benukwmx po3mipax BubIPOK 3MIIMMEHHAM MOXKHA 3HEXTYBATH.

2) TMpunyckaernest, mo marpuni T Ta T HEBUPOJIKEH], TOMY ICHYIOTH
MaTpuIl, obepHeHi 10 HUX.

3) st Toro, 11106 Ha 0CHOBI BUOIPKOBUX JaHUX MOXKHA OyI0 069uC/H-
TH OIIHKY B sa dopmymoro (10.18), morpibHo, mo6 BOHA 3asekKaIa
TIIBKHY BiJ BifloMuX MmapameTpis. ToMmy mapamMerpu G%, ce G?\, MaOTh
3a/0BOJIbHATH 11€BHI ymoBu. Hampukias, Mmoxkua BumaraTu, mob BCi

O‘i Oynu Bimommmm abo 1106 Gi = v;,0% 3 HEBIIOMHM HApAMETPOM

02 Ta BigoMuME koedimiearamu Vi,...,Vy (cnemianbHUN BUNAIO0K:
Vi = 1 g Beix k € U). Ieayors it iHNI BasKIWBI BUTIAJIKYU, B STKUX
JIUCTIePCis 3aIe’KNTh BiJ KITHKOX HEBLIOMUX TapaMeTpiB, dKi y BUpasi
71T OOYHCIEHHs OIIHKHI B CKOPOYYIOTHCH.

4) OCKUIbKY 3HAYEHHS TOMOMIXKHUX 3MIHHUX BBAYKAIOTHCS BIIOMUME
JJISI BCIX €JIEMEHTIB TeHepasIbHOI CYKYIHOCTL, TO IPU BIJOMUX 3HAUEH-
HAX G% MOKHA 3HANTH TOYHI 3HAUEHHsT eqeMenTiB matpuri T. O,ZLHaK
O7st OOUMCIeHHsI OIIHKA B Kpalle BUKOPUCTOBYBATH OIHKY T i€l

MAaTPUIT.

Anvmepnamueri gopmyaw g 0OUUCTCHHA ONIHKH Ty, MaIOTh Ta-

KW BUTJILA:
=D Tet Y ens/m (10.21)

keU kes
Ta
tyr = U+ grsEr/m (10.22)
keU kes
e yp = Xzﬁ, k € U, — nabinyeHi 3Ha4YeHHs] XapPaKTEPUCTUKH Y,

OTPUMaH] B PE3Y/IbTATI BUKOPUCTAHHS SUOIPKOSUT JGHUT JJist HADIM-
JKeHHs perpeciitnol mogeni &, a exs = Yp — Yk, k € 8, — Bignosigmi
BAJTUIIKU Perpecii; y,g = x)B, k € U, — nabmxeni 3nadcHus xapa-

KTEPUCTUKH Y, OTPUMAH] B Pe3yabTaTi BUKOPUCTAHHS 21N0memuyHod
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2EHEPAALHOT cyKynHocmi JJisi HabJ/IMKEHHsT perpeciitiol mozeni &, a
Ey =y, — yg, k € s, — BiAmOBiTHI 3aTUITIKU perpecil y 1bOMY BHIIA/I-
Ky. Barosi koedimienTu gis 00UMCTIOIOTHCH 38 POPMYJIOH

/ -1

Xk

Jrs = 1+ <Z X — Zxk/nk> (Z kailk/O'iTCk) ? (10.23)
keU kes kEs k

~

3a gomomoroxo poskjaasdy B psj Teitopa OuiHKY 3a perpeciero iy,
(Bumy (10.17) 4m (10.21)) mMokHA HABAN3UTH OIIHKOO

tyr = Z yh + ZEk/Tfk,
keU kes

3BiKu BUTLIMBAE DOPMYJIA JIJId 3HAXOAKEHHS HAOIMKEHOTO 3HATCHHST
Jucnepcii OIiHKY Ty,

=33 A E’“E’ (10.24)

keU leU

dxmo B il dopmyai 3aMicts 3nauens Fy /T, GKUX MU HACIPAB/I
HE 3HAEMO, I1JICTABUTU 3HAYEHHS eks/ﬂk, AKI MOXKHA, O0YMC/IUTH 33
BUOIPKOIO, TO OTPUMAEMO OAHY 3 (DOPMYJI JIId OI[HIOBAHHS AUCIIEPCil
OITIHKM 3a perpeciero:
Ba,) = Z Z Akt ChsCls (10.25)
keU iU TH T

n E
I3 dbopmymn (10.22) maemo D(ty,,.) = D <k g’“;kk), Jle BUpa3 y
€s
Jy’KKaX HATAJYE T-OIHKY CyMAapHOTO 3HAUEHHS JEAKOl XapaKTepH-

crukn (mus. (1.4)). 3Bigcu BunymBae me ogaa dhopMysa JIg OMHIO-
BaHHs JIUCIEPCil OIIHKY Ty,

ZZ A <gks€k¢s> (gzjsls) ' (10.26)

ke€s les

Ouinkm (10.25) ta (10.26) 6yayTs npuban3HO HE3MIMMEHUME MTPH
BEJIMKUX PO3Mipax BUOIPOK.
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10.3. OrinoBaHHS 3a BIIHOIIIEHHSIM

Hexait mia oninoBasHs CyMapHOTO 3HAYEHHS JTOC/IKYyBaHOT Xa-
PAKTEPUCTUKY Y TEHEPAIBHOI CYKYITHOCTI BUKOPHUCTOBYETHCA iHQOP-
Mallis PO OHY JONOMIXKHY 3MIHHY X, fKa HabyBa€ TIABKN JOAATHUX
3HAYEHb. JHAYMEHHS L1, . . ., Lk, . . . LN JOIOMIXKHOI 3MIHHOI & IS ejIe-
MEeHTIB reHepaJbHOI CYKYITHOCTI BiTOMI 3a37aJIerih.

Mogensb perpecii, sika 6a3yeTbCs HA TPUITYIIEHH], IO BiTHOTIEHHS
Yk/ Tk € NpUbJIN3HO KOHCTAHTOIO, HABUBAETHCA MOOEANO GIOHOUEHHA.
V miit MoziesTi CTBEPRKYETHCS, 0

Ee(yk) = By,

T0OTO, B JJAHOMY BHIMAIKY JiHis perpecii — npgaMa, siKa IPOXOJUTh de-
pe3 novarok koopauHatr. Jljas Toro, mob 1g Mozaesb OyJa HOBHICTIO
BU3HAYEHa, TOTPIOHO I11e 3pOOUTH NPUITYIIEHHS 00 CTPYKTYPH JUC-
nepcii D¢ (yx). Hexait g aucnepcia 3pocrae nponopuifino g0 3mMiHHOT
x. Temep Moaess BiHOIIIEHHST BU3HAYEHA TTOBHICTIO 1 Ma€ BUTJISIT

E¢(yr) = Br,
{ D () = 0%, (10.27)

2 HeBiIOM.

Jle 3HaYeHHd IapaMeTpiB B Ta o
Ominka 3a perpecieto, ska IpyHTYeThest Ha Momeni (10.27), Hasu-
BAEThCS OUiHKONW 3a Gidnowennam (aHri. ratio estimator). V Ha-

CTYITHOMY TBEDP/’KEHHI HABEJIEHO BJACTUBOCTI IIET OIMIHKH.

Teepdocenns 10.2. Ouinka 36 610HOWEHHAM CYMAPHO20 ZHAUEHHA
Ty zapakmepucmuky Y 2enepasbHoi CYKYNHOCIE Mae Maxull 6UzAi0:

Z yk/ﬂk %\
>~ kEs o ymo D

keU kes

IIa outnka € npubausno neamiwenoro oyinkoto napamempa 1y .
Habauowcene snavenna ducnepcii ouinku tyr obwucaremvea 3a
Popmy 010

~ o~ — Bx — Bx
D(tyr) = Z Z(Tfk:l — T (W ;);ryl l), (10.29)
keU leU k"M
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de

Zyk
p_ kU _ Ty
T,

> Tk

keU

Ouinka ducnepcii ouinku ty,

ﬂkl*ﬂkﬂl) 9ks(yk — By) \ [ 9is(yi — Bxy)
Sy () (e 20

kes les
(10.30)
de das sciz k € s
> Tk T
keU T
Jhs = ———F— = =—. 10.31
T ak/ T ( )
kEs

e TBepaKeHHS € HACTIAKOM 3aCTOCYBAHHS PE3YILTATIB MiAPO3-
ity 10.2 1o mozeni Biguomenns (10.27).

Axmo nogismmru Bupas (10.28) ma N, To oTpuMaemMo OmiHKY 3a
BIIHOITIEHHSM ISl CEPEIHBOTO 3HAYUEHHS JOC/IKYBAHOT XapaKTepu-
CTUKW TeHePaIbHOT CYKYITHOCTI:

> Uk/ Tk

= ~ k€s ~ E\
Tp=X —=——=X I 10.32
R Z xk/ﬂk: T ( )
kes

HI06 oTpuMaTu (POPMYJIN I JUCTEPCiT Ta OIiHKH gncnepcu OIIIHKW
YR, NOTPIOHO TOJLTUTH BIAMOBIHI BUpa3y JJsI ONIHKH ty r HA N2,

10.4. BnpasBu Ta muTaHHA AJi CAMOKOHTPOJIIO

10.1. dx came BUKOPHUCTOBYETHCS JIONOMiXKHA, iHdopMariis y MeTosl
OIIHIOBAHHA 32 PIZHUIIEIO!

10.2. Yu e ominka 3a perpecieo Heamimenon? Bix 4oro samexkuThb
edeKTUBHICTD 1€l OiHKu?

10.3. Yu nos’st3ami MixK coDOIO OIIHKA 33, PErpecieio Ta OIliHKa 33
BinHomenHam?
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10.4. [oBecTn, mo y BHIIAIKY IPOCTOr0 BHIIAIKOBOTO Bigbopy Oe3
moBepHeHHsI 3 posMipoMm Bubipku n = fN Ta 3 yg = Iy, OUCIEp-
Cisg OIIHKM 3a PI3HUIEIO CyMapHOI'O 3HAYEHHS XaPAKTEPUCTUKU Y MAE
TaKWNA BUTJIAT:

. 1—
D(typ) = Nsz (S2+ 52 —25,). (10.33)
10.5. Hexait Momenb perpecii 3 OQHI€I0 TOTOMIXKHOIO 3MIHHOIO T MA€
TaKWW BUATJIAT:

{ Ee (yx) = By,
D (yi) = 02y,

Jie BHAYEHHH T1,...,TN — AogarHi. JloBecTn, 1m0 B 1[bOMY BUTAIKY
> Yk/ T
B\ _ kes )
> Tk /T,
kes

10.6. Hexait Mmogenb perpecii 3 oJIHIEIO JTOMOMIXKHOI 3MiHHOIO & Ma€
TaKWU BATJIST:

2

{ Ex(yr) = B1 + Baxr,
Dg(yx) = o°.

HosecTn, 1Mo

. (Bi)_(01-Bi
By By ’
A€ 5 B
> (xk — &) (yk — y) /7
EQ _ kes _
S
kes
> T/ > Y/,
~ kes ~ kes < 1
r=———=", Y=, N = — .
N N ke€s Uk

10.7. [yig Bumaiky 1mpocToro BUIAJKOBOTO Biibopy 6€3 moBepHEHHS
BUBECTH (POPMY/Y I OOUMCIEHHS OMIHKHN 3a BiJHOIIEHHIM CyMap-
HOT'O 3HAYEHHS JIOCTiIKYBAaHOI XapaKTEPUCTUKU TeHepaJabHOI CyKYy-
OHOCTL, & TaK0xK POpPMyJIHn i 00IUCTEHHST HADINKEHOTO 3HAYEHHST
Jucrepcii Ta OIiHKK JIUCIIePCil OTPUMAHOT OIIHKY 33 BiJIHOIIIEHHSIM.
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10.8. I3 remepanbuoi cykynuaocTi po3mipy N = 200 subiproBuX 011~
HHIB 33 JOIOMOTI0I0 IIPOCTOTO BHIIAIKOBOTO BimOopy 6e3 mOBEpHEHHS
orpuMano Bubipky po3mipy n = 40, 3a K00 004YKUCIEHO TAKi BeJndu-
HE A7 JOCTRKYBAHOI 3MIHHOI ¢ Ta JOMOMIYKHOI 3MIHHOI X:

D yp =24874; ) yp = 19136668;
keEs ke€s

D wp=4T3; ) ap =6539; Y mpy, = 348071
kes keEs kEs

Kpim Toro, Bimomo, mo T, = 2603. OtmianTn cymapHe 3HAUCHHST Xa-
paxTepucTuku y 3a BimHomenHsM. llobymnyBatu 95-BincoTkoBuit 110-
BIpUMit iHTEpPBAJ [IJIsi CyMapHOTO 3HAYEHHS] XapaKTEPUCTUKU Y TeHe-
PaIbHOI CYKYTTHOCTI.
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Pozain 11

AHnaJi3 maHux i3 mporryckamMu

BincyTricTs Bimmosimi (nesidnosids, nponyck) nad TesKUX eje-
MEHTIB BUDIDKH — [1€ NPUPOHA, TpoTe HebarkaHa BJIACTUBICTL BUOIp-
KOBIX 00CTeKeHb. BaraTo MOCIIIHUKIB HAMATalOTLCI STKOMOTa IITBHU/I-
e 1mo30yTHCh NPOIyCKiB, mob masi npoBoAuTH OOPOOKY <IIOBHHX»
JaHUX CTAHTAPTHUMH CTATUCTHIHUMY Merojamu. lIpore Takwmit mis-
X1J1 MOKe TPU3BECTH 0 3HAYHUX BIAMIHHOCTEM CTATUCTUYHNUX BUCHOB-
KiB, 3pobJIeHNX 32 HAABHOCTI MPOIYCKiB Ta 6€3 HUX.

PozBuTok KOMIT'FOTEPHUX TEXHOJIOTIH J03BOJIUB CTATHCTHKAM 3a-
CTOCOBYBAaTH IO aHAJI3Y JaHUX METOAM 3 BEJIHKOI0 KIILKICTIO 00-
gnciaenb. L MeToan maoTh MOXKAWBICTL OTPUMYBATH KPAIIll OIIHKH
HOPOIYINEHUX 3HAYEHb, BUOIPKOBUX CepenHix, auciepciit ta kopapia-
niit [8,10]. Kpim Toro, mist orpumanHs GlbIn TOYHUX OIIHOK MOTPIGHO
3BEPTATH YBary Ha MeXaHi3M BimbOpy €IEeMeHTIB Ta TPUYVHYU BUHU-
KHEHHS TPOMYCKIB.

Po3pizusors gBa BUAM HEBIANMOBIIEH: no6Ha Hegidnosidb — KOIn
[IOBHICTIO BIACYTHsI iHGOpPMAIls I AesIKol BHOIpKOBOI OIWHUIIL, Ta,
YACMKOBA HEBI0N0610b — KOJTU TIPU 0DCTEXKEHHI BUOIPKOBOT OMMHUII
BiZICyTHY BiAnOBib Ha OjHe a00 KiTbKA OKPEMUX BAITUTAHb.

[ToBHi HEBIAMOBIZI BUHUKAIOTL y TAKWX BUMIATKAX:

— iHTepB’I0€p HE MaE€ MOXKJIMBOCTI TIPOBECTH OOCTEYKEHHS;

— ocoba "epe3 xBopoby He MOXKe BiJIOBICTH Ha 3aIlUTAHHT;

— ocoba BIIMOBJISIETLCSI BiIIIOBITaTH.

Y mux BuUMagKax iHTepB’roep MoxKe 3ibparu JonoMikHy iHbOpMa-
I1i10, 9Ky MOXKHA BUKOPUCTATH M/ 3MeHITIeHHs BILIUBY HEBiIMOBieit
Ha OILHKHA.

YacTKOBI HEBIAMOBINI BUHUKAIOTH HAWIACTIIIE B PE3Y/ILTATI Bij-
MOB BIATIOBIZaTHW Ha KOHKPETHI TUTAHHS, TOB’SI3aHi, HATTPUKIAT, 3
npubyTKaMu, BXKUBAHHAM HAPKOTHUKIB TOIIIO.

VY ClJIbCHKOTOCIOIAPCHKUX 0DCTEXKEHHSIX Ta [IPU 0DCTEKEHHSX JTH-
KUX TBapWH YacTillle KOPUCTYIOThCS TEPMIHOM <«IIPOMYIINEH] JIaHi»
(amrs. missing data), ajge CyThb Ta HAC/IJKM 3a/IMIIAIOTHCA TAKUMU
CAMUMU.
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11.1. MexaHi3Mu NOPO>KEHHs ITPOMYCKIB

3nanHs ab0 HE3HAHHS MEXaHi3MYy, 110 TPU3BOIUTH JI0 BiICYTHOCTI
3HAYEHb, € KJIYOBUM Ipu BUOOPI MeToy aHaji3y Ta IHTephpeTalli
pe3ysabTaTiB. [HOMI MMM MexaHi3MOM Kepye craTucTmk. Hampmkimaz,
MI MOXKEMO BBAaXKaTH, MO BUOIPKOBOMY ODCTEXKEHHIO BJIACTUBI TPO-
MYCKHU, OCKIJIbKU 3HAYECHHS 9aCTWHU 3MIHHUX 1IPU 0OCTEXKEHH] HAdB-
Hi B yCIX eJIeMeHTIB TeHepaJIbHOI CYKYIHOCTI, a JOCAIAKyBaHl 3MiHHI
«IPOTIYIIEHI» B €JIEMEHTIB, 10 He Oyaum BKJodeHi y Bubipky. Tyt
MeXaHi3M IpOIMyCKiB — mporiec 1mobyoBu Bubipku. fKimno ejgemeHTH
BUOMPAIOTHCS BUIIAJIKOBO, TO MEXaHI3M MOXKHA Ha3BAaTH <«irHOPOBa-
HUM». ZIKIT0 TpaBUIO OTpUMaHHS ejieMeHTIB BUDIpKM HE JOTPUMY-
erbcsd abo Jyist J1esiKuX BUOIPKOBUX OJMHUIL 3HAYEHHH BiICYyTHI, TO
OPUYUHU YTBOPEHHS MPOIYCKIB CTAIOTh MEHIIT 3PO3yMIIUMHU. Y ITHOMY
BUIAJIKY aHAJI3 3aJIEXKUTDH BiJI TPUMYIIEHD TO/I0 MEXaHI3My yTBOpPe-
HHS TPOIYCKiB, siKi TOTPIOHO ABHO 0OYMOBIIOBATH.

[IpukaagoM cuTyarii, KoM MeXaHi3M MOPOJIZKEHHs IPOITYCKiB MO-
ke 6yTH HEKEPOBAHWM, [IPOTE BiJIOMUM CTATUCTUKY, € II€H3yPYBaHHS.
Hocnimkysatna 3MiHHA — IIe MOMEHT HACTAHHSI TEBHOI TMOMMIT (3aru-
0e/ib TBAPDWHYM B E€KCIIEPUMEHTI, HAPOJXKEHHS JTUTUHH, [TEPErOPAHHST
JIAMTIOUKH ), TOOTO, BUOIPKOBI mani — e momenTn wacy. Jna meskux
BUOIPKOBUX ONWHUITL MOMEHT HACTAHHS TOil IIeH3ypOoBaHuii, 60 mo-
Jist IIe He TPanmmaach JI0 3aKiHYEHHSA eKCIepUuMeHTy. Ko Bigoma
TOYKa (Jac) IeH3ypyBaHHs, TO MU MAEMO YaCTKOBY 1H(OPMAIIIO PO
Te, [0 MOMEHT HACTAHHs HEeCITOCTEePeKEHO1 MO TIEPEBUIILYE Tac MeH-
3ypyBanHs. Taky indopmMariito moTpibHO BpaxoByBaTH B aHaJi3i, 1100
030y THUCH 3MIMIEHHS.

Poaragremo Bumasok ABOX 3MIHHEHX: JOmoMixkHOT 3minaol X Ta
pocaimkysanol 3minnol Y. Hexait nporyckn MoxkJuBi Juiie y 3Min-
miit Y, a X crmocrepiraerbes 6e3 mpomyckis. MexaHizM yTBOpeHHS IIpo-
[YCKIB JIJIsl IAHUX TH€] CTPYKTYPU KOPUCHO KJiacuikyBaTH BLIIIOBII-
HO JI0 3aJIE2KHOCT1 HIMOBIPHOCTI TTPOTYCKY:

1) Big Y ma, moxuBo, Big X;

2) Bix X, ane nme Bin Y,

3) ami Bim X, ani Big Y.
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. B. Py6iu [10] npomonye Taky TepMiHOJOTIIO. KINO BUKOHYE-
ThCsT BUTIAJIOK 3), TO MU KayKeMO, IO TPOIYINeH] TaHi BijACyTHI BH-
naakoBo (anri. missing at random, MAR) i nasiBui sani npucyrhi
BunaikoBo (aHri. observed at random, OAR), abo B minomy ma-
Hi BigcyTHi abcomoTHO BumaakoBo (aHra. missing completely at
random, MCAR). ¥V mpomy Bunajxy crocrepexybsani 3HadeHHs Y
YTBOPIOIOTH BUMAJIKOBY IMiABUGIPKY 3arabHOI BUGIPKU. Y BUMAIKY 2)
ME KayKeMo, 1o MpomyIeni gaxi BigcyTai sunagkoso (MAR). Cro-
cTepeXyBaHi 3HadeHHs Y HeoOOB'SI3KOBO € BHIMIAIKOBOIO MiABHOIPKOIO
OTPUMAHUX JIAHUX, [TPOTE YTBOPIOIOTH BUNAJIKOBY HiJABUDIPKY B KO-
JKHIH TATPYI, 10 BU3HAYAETHCA 3HAaYeHHAM X. ¥ BUmaaxky 1 mgami
me Bigmosigarorh ami Bumanky MAR, ani OAR, To6To BOHM BimcyTHi
HEe BUIAJKOBO (aHI. missing not at random, MNAR).

11.2. Oragn MeToAiB aHAJI3y JAHUX i3 MPOILyCKaMu

Yci meronn 06pobku Ta aHasi3y BHOIPDKOBUX JAHUX 3 MPONYCKAMU
MO2KHA HADJMAKEHO PO3MOMIIUTH HA TaKi IOTUPU TPYIIN.

1. MeToa BUKJIHOYEHHsST HEKOMILJIEKTHUX €JIEMEHTIB. 3a Bijl-
CYTHOCT] y IedaKwx BUOIPKOBUX OJIMHUIL 3HAYEHb AKWX-HEOyIb 3MiH-
HAX HANTPOCTINUM TPUHOMOM € BHUIAJEHHA TAKAX HEKOMILIEKTHUX
esleMeHTiB Ta o0pobka manmx 6e3 mpomyckis. Lleit meros Moxke 3a-
CTOCOBYBATHUCH TPHU MaJiil KITLKOCTI TPOMYCKIB. ¥ IHIINX BUMAIKAX
BiH MOXKe TPHU3BECTH JI0 CEPHO3HUX 3MIIIEHL Ta, SK MPAaBUJI0, HE €
edexTuBHUM. Hampukaam, Tpu JOCTiIKEHH] TOXO/IiB TPOITYCKHU TPU
HU3BKUX Ta, BUCOKHWX J0XOJaX OIibIN iMOBIpHI, HiXK TpW cepeaHix m0-
xo/1ax. ¥ Pe3y/abTaTi BUK/IIOUEHHS HEKOMIIEKTHUX €EeMEHTIB 4aCTKa
CITOCTEPEXKEHD 13 CEPEIHIM TOXOI0M Y BUOIPIH 30LILIMUTHCT 1 MOKE
CTaTH HEPENpPe3eHTATUBHOIO.

[adopmairiiro, M0 MICTUTHCH ¥ BUKJIIOUEHUX CIIOCTEPEKEHHSIX, MO-
JKHA BUKOPHUCTOBYBATH [IJIsi TOTO, 00 JOCJIIUTH, 91 € TIOBHI CrIOCTe-
PEXKEHHsT BUIIQIKOBOK miaBubipkor BuxigHoi subipku. Hampurian,
3Ha4YHa PI3HANE MiXK cepeiHIMI OKpeMoi 3MiHHOI Y; /i1 TOBHUX CIO-
CTEePeXKEHb Ta Jjis TUX HEMOBHUX CIOCTEPEXKEHb, y IKNUX IPUCYTHS
Y}, Brazye Ha cucreMaTnyHy BiIMiHHICTH HEKOMILICKTHUX JIAHUX.
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2. Meroau 3amnoBHEHHsI OPOHYCKiB — immyranii (amr.
imputation). [Ipomycku 3alOBHIOIOTH, 1 OTPUMAaH] «IIOBHI» JIaHI aHa-
JI3YyIOTh 3BuYaiiHumu Merojgamu. Zlk 1npaBusio, BUKOPUCTOBYIOTHCS
Taki mporeaypu: 3AMOBHEHHS 3 MiAO0POM, KOJJIH IMiICTABIIIOTHCI
3HaYeHHs 3MIHHUX IHIMHX 00’¢KTiB BUOIpKW; 3amMOBHEHHHA CEPEIHI-
MW Ta BaNOBHEHHS 33, JOTIOMOrOI0 perpecifiuol (gpopmysan, oTpuma-
HOT I TIOBHUX criocTepekenb. (CepeJl MeTOJIiB 3aIll0OBHEHHS IIPOITY-
CKiB PO3PIZHANTE MPOIEIYPH TaK 3BAHOI «XOT-JI€K iMmyTariiy (aHrJ.
hot-deck imputation) Ta «KoJj-7eK immyTarii» (anri. cold-deck
imputation). Y Bunajaky X0oT-/eK iMiyTanii npoImyIeHi 3Ha4eHHs 3a-
NOBHIOITH 3HAYEHHSAMH JIOCTIIZKYBAHOT 3MIHHOT, 1Kl BUOMpaoTh (Bu-
naKOBO a60 IEBHUM CIIEIAILHIUM METOJIOM ) CEPEJl HASTBHUX Y JTAHOMY
obcrexkeHHi. A y BHIAIKY KOJI-JAeK IMIIYyTAIlil JaHl i 3allOBHEHHS
[POILYCKiB 6epyTh 3 IHINKUX JI?KEPeJT, HAIPUKJIAJ, BAKOPUCTOBYIOTH Pe-
3yJIbTATU TOHEepeaHiX obcrexens abo icropuyni mani. Ha BinMiny Bix
TIPOTEIYP XOT-AeK IMIyTarlil, JJId 3alTOBHEHHS 38, JOTIOMOT'0I0 Perpecii
BUKOPHUCTOBYIOTHCS «OIIHEHI» CITIBBIIHONIEHHS MIXK PI3HUMHU 3MIHHU-
MI.

3. Metoau 3BakyBaHH«. BucHoBku 3a manumu BubipKoOBUX 00-
CTeXKeHb 3 MpOoIIycKaMu mo0y/I0BaHl Ha TaK 3BaHMX Barax ausaiiay. 11i
Baru 06epHEeHO TMPOIOPIIiitHi 710 fiMoBipHOCTEl BRItOUeHHs [6]. Hexait
Yi — 3HAYEHHS 3MIHHOI Y JJId 4-T'0 eJIEMEHTa reHepaIbHOl CYKYITHOCTI.
Toni ceperme 3HATMEHHS TOCTITAKYBAHOI XapAKTEPUCTUKY TE€HEPATHLHOT
CYKYITHOCTI MOXKHQ OIIHUTHA BEJIMYUHOIO

S oty Y (11.1)

€S €S

Jie Tt; — UMOBIPHICTE BKJIFOUEHHS $-TO €JIeMEHTa, y BUOIPKY, 7'[;1 — Bara

i-ro eslemMeHTa. MeTonu 3BaKyBaHHA 3MIHIOIOTH (KasibpyioTs) Barm,
mob ypaxysaTu npomnymienni 3nadents. Orminka (11.1) 3amirtoerbes
OI[IHKOIO

D upa) M) Y () (11.2)
Je cymu OepyThes IO TUX eJeMeHTax BUOIpKHU, B SKUX HEMAaE MPOITy-
CKiB, & P; — OIiHKa WMOBIPHOCTI BiimoBiai, T06TO NPUCYTHOCTI 3HAYE-
HHSI JI7Is §-T'0 eJIeMeHTa, (3a3BMYail e /011 OJMHWUIb BUGIPKY 3 IPUCY-
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THIMY 3HAYEHHSIMHT ). 3BaKyBaHHsI [T0B’sT3aHE 13 3aITOBHEHHSIM CEPE/THI-
vu. Hampukiam, g9xmio Baru Au3ailHy € CTajuMu B miArpynax Bubip-
KM, TO 3AII0OBHEHHS [IPOIYCKIB y KOXKHIN MATIPYII cCepeaHiMu iArpyu
Ta 3BAXKyBaHHHA MPUCYTHIX 3HAYEHH 3& JOTIOMOTO0 1X JIOJI B KOXKHIMN
MATPYI TPU3BOAATE JI0 OJHAKOBUX OIIHOK CEPETHBOTO TeHePaTbHOT
CYKYITHOCTI.

4. Mero/iu, 1o 6a3yorbes Ha mogesiosanHi. [upokuit kiac
MeToiB 6azyeTbcsd Ha 1OOYIOBI MOJeJ TIOPOJIZKEHHS IPOIYCKIB Ta
po3Mofiy maHuX. BUCHOBKU OTPUMYIOTHCS 3a JIOMOMOTOH (DYHKITI
BIpOT1JIHOCTI.

11.3. Meroau 3anOBHEHHS TIPOITYCKiB

[Tepeniunmo oCHOBHI METOIM 3AITOBHEHHS TPOIYCKIB ¥ BUOIPKOBUX
06CTEKEHHSIX.

1) Banosnenns cepednimu 3a TPUCYTHIMU 3HAUEHHSIMU Y BUOIPIIi.

2) Banosnernsa nponyckie i3 nidGopom TOIATAE B 3aMiHI TPOTTYCKIB
BHAYEHHSIMHY BiIMOBITHUX 3MIHHWX, HAABHUME y CXOKHUX BUOIPKOBUX
OJIMHUITG, K1 He MaJIH MPOITYCKIiB.

3) Bamina 3aCcTOCOBYETHCA Ha eTarll 360py JaHUX P 00CTEXKEeHH].
Ileit MeTon MONATaE B 3aMiHi eJleMEeHTa 3 BiJICYTHIMM BIAMIOBIASMU Ha,
inmmit ejgemenT, He BKJOdenuit y Bubipky. Hampurmasn, gximo memo-
JKJIMBE OMUTYBAHHS JOMOBIACHUKA, TO MOXKHA OMUTATH HOTO CycCima,
HE BKJIIOUEHOTO y CMUCOK onutyBannx. OaHax, 6ya0 6 HEBIpHUM pO3-
[JISIATH OTPUMAHY TAKUM YHHOM BUOIDKY $IK [TOBHY, OCKLJIBKH Ti, XTO
JAfOTh BIANOBIIl, MOXKYTb CHCTEMATHIHO BiIPI3HATHCS BiJl THX, KOTO
He BAaJsocd onuTaTtu. ToMy mpm aHaJIi3l Cif pO3TJIAIaTh II0 3aMiHy
SIK 3aTIOBHEHHST TTEBHOTO BUIY.

4) 3anosnenna 6es nidbopy 03HAMAE, 1O TPOIMYCK 3AMOBHIOETHCS
JESKUM CTaJIMM 3HAYEHHSIM 13 30BHIIIHBOTO JIKEepeJia, HaTPUKJIAT,
BHAYEHHSIM TIOTEPETHHOTO CIIOCTEPEKEHHS 3 TOTO CaMOro 0DCTeXKeH-
Hsi. OTpuMaHni Jlani TpuiiHATO aHAII3YBATH K MOBHI, TOOTO HACJIIIKU
3allOBHEHHS iTHOPYIOTh.

5)Banosnenna 3a pezpecicio NOTSATAE B 3AIIOBHEHH] MPOIYCKIB 3HA-
YEHHAMU, OTPUMAHUMU 38 PErPECIiiHOI0 DOPMYJIOIO JJIsd JIAHOIO eJie-
MEHTa. 3a3BWYail BOHA O0IMCTIOETHCS 33 KOMILIEK THUMU €JIEMEHTaMH.
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SanoBHEHHST CEPEIHIMU MOXKHA PO3TJISIIATH K TIaCTKOBUI BUIAJIOK
BAITOBHEHHS 33 PErpecie€lo, SKIO BBAaXKATH TpeIuKaTopamMu (hiKTHUB-
Hi 3MiHHI, 0 BKA3yIOTh HA TPYIy, B dKiil BiAOyBaeThCa MiICTAHOBKA
CepeJIHiX.

6) Cmozacmunne 3aN06HEHKA 3G PE2PECIEN0 TIONATAE B 3aMiHI TTPO-
MyCKY CYMOIO 3HAuY€Hb, OOUNCIEHNX 33 PErpeci€io, Ta 3aJjuIiKy, 10
BimoOparkae HEeBU3HAUEHICTD IepeabadyBaHuX 3HaUeHb. llpupoaanmu
oTpaBKaMu Oy/IyTh BaJUINKKA PErpecil, OTPpUMaH] JIjisi eJleMeHTiB 6e3
MPOIIYCKIiB, IO 0OMPAITHCS BUMAIKOBO s KOYKHOTO TIPOITYCKY.

11.3.1. 3amoBHeHHs cepeaHiMu

Hexait y; — 3HaU€HHA TOCTIIKYBAHOI XapaKTEPUCTUKH Y JIJIA ¢ -TO
e/IeMeHTa, MeHepasIbHOl CyKymHOCT, ¢ = 1,..., N. Tomi HaimpocTiIowo
OIIHKOIO MPOMYIEHUX 3HAUECHB Y; € CepeIHE 3HAUeHHS Y, 0OUucIeHe
38 HAABHUMU 3HAUEHHSIMHU 3MIHHOT Y. 3p0O3yMIiJI0, IO CEPeTHE CIIocTe-
peXyBaHUX Ta TICTABIEHNX 3HAYEHL TOPIBHIOE ¥, 3BUYAHIN OIIHII
CePEeIHBOTO 33 HAIBHUMU TAHUMU.

Y3araJbHUMO Teif MeTO ] Ha BUIIA/I0K, KOJIM CIOCTEPEXKYBaHI JTaHi
MO2KHA PO3JINTH HA J TPYII, It SKUX BIIOMO, IO 3HAYEHHS 3MiHHOT
Y y enemenTiB BcepennHi KoxKHOI Tpynu cxoxi. Hexail y;; — 3HaveHHA
3MiHHOT Y st @-ro estemenTa y rpyui j, ¢ = 1,...,N;, 7 = 1,...,J.
ITpu zamoBuenui cepenuivu g BUOIPKOBUX €/IEMEHTIB, 10 HE AN
BIJIOBI/1b, I1/ICTABJISIETHCS CEPEJHE Y, 38 TUMHU 1Mj DECIOH/EHTAMH,
110 Ja/m Binnosias y j-it rpymi. Cepene renepaibhoi cykymHocTi Y
MOKHA OIIHUTH CEPEJTHIM 33 MPUCYTHIMH Ta, IiICTaBJIeHUMH 3HAUEH-

J J
>oni/ Y,
=1 =1

Jie Y; — CepejiHe NPUCYTHIX Ta IIJCTABJEHUX 3HAYeHb y j-i rpymi.
Tenep

HAMH, a CaMe:

@j = [m;y; + (nj —my)y;l/n; =7;,

TOMY OTPHMAHA OIiHKa Y — IPOCTO OIHKA 31 3BaKyBaHHIM IPYII.
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Meton 3amoBHEeHHS CEPEHIMHU PEATI3VETHCI MPOCTO, TPOTEe BIH
Mae KijibKa Hebaxkanux BjactuBocteit. [lo-mepire, npaBmibHi OMiHKK
aucnepcii Y; HEMO2KJIUBO OTPUMATH 33 JOLOMOI'OI0 3BUYANHUX dop-
MYJT JIId JACTIEPCi, M0 3aCTOCOBYIOTHCH JI/TA aHAJI3y MOBHUX JIAHUX.
Peanbuuit po3mip Bubipku 3aHnKeHnit Yepe3 BiACYTHICTD BiaMOBiAeH,
TOMY 3BUdYaiini GOPMY/IN TPU3BOISITEH 10 33AHUKEHWX OIIHOK CIIPaB-
KHBOI aucnepcii. Ilo-apyre, Beanyawnn, He JIHIAHI 33 JAaHUMH, TaKi,
K jucrepcid Y abo Kopessiliisi MiK JIBOMa 3MiHHUMHU, HEMOXKJIUBO
OOI'PYHTOBAHO OIIHUTHU CTAHJIAPTHUMHU METOJAMU JJis MOBHUX JAHUX.
Ilo-rpere, mijcraHoBKa CEPe/HIX CYTTEBO 3MIHIOE EMINPUYHUNE PO3-
OO/ 3HAYEHB Y, M0 € BaXK/IWBUM IIPHU JOCTIIKEHHI po3mnomiay Y
3a ricrorpaMamMu abo iHmwmMmu rpadikamu, Mo BimToOpaKAOTH JAHI.
Vi 111 HeMOJIKK CIIOHYKAIOTh IIYKATU 3HAYEHHs /I IIPOILYCKIB, BU-
KOPUCTOBYIOUM METO/M 3AIOBHEHHsI THILY I1iJICTAHOBKH 3 Mi00pOM.
3BepHEMOCS TeTep 10 1bOT0 METOIY.

11.3.2. 3amnoBHeHH" 3 HigA00pPOM

3rijiHO 3 UM METOJIOM 3allOBHEHHH 3 IiI00POM IIPOIYCKHU 3aI0B-
HIOIOThCS 3HAYEHHSIMHU, 1110 OYJIM OTPUMAHI JJIsl 1HITIOT0O TOAi6HOT0 ejie-
MenTa Bubipku. [lpunyctumo, sk i pamime, o oTpuMaHa BUbIpKa, po3-
Mipy n i3 N eneMeHTiB reHepaibHOl CyKYITHOCTL, Ta TIIbKA JJjIst M i3
N eJIeMEHTIB BuDIPKU 3aPEECTPOBAHO 3HAYCHHS JOC/IIKYyBAHO! 3MiH-
Ol Y. I IpocTOTH PO3MICTHMO €TeMeHTH Tak, IMob m eTeMeHTiB,
K1 He MaioTh HeBiAmoOBimei, maan nHomepnu 1,...,m. Ilpu pisHO#IMO-
BipHicHI# cxemi Bin6opy cepemne Y MOKHA OIIHUTU fK CEPEIHE 32
OTPUMAHUMH Ta MiACTABACHUMU 3HAUEHHIMH, 10 MOYKHA, 3aITHCATH Y
BULJISIII
y=[myr + (n—m)yygl/n, (11.3)
m
Jie Y — CepeJiHe 33 OTPUMAHUMU BIIIOBIISMU; Yyp = D
JIHE 33 3aM0BHEHWMHU 3HadYeHHIMH, H; — KPaTHICTD, 13z 5{1{0}0 Y; BUKO-

Hiy;

L — cepe-

PUCTOBYBAIOCS [T THACTAHOBKM 3aMiCTh TPOTYCKY Y . 3ayBarxKumo,

m
mo », H; =n—m, 1e n — m — KiJbKICTh €JIEMEHTIB i3 MPOMyCKaMHU.
i=1
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Bracrupocti § 3asiexkars Bijg crnocoby hOpMyBaHHS  dHCEN
(Hy, ..., Hy,). Haiinerme orpuvaTtu hbopMysin, sIKIO HMOBIPHOCTI TTiIT-
CTAHOBKHW HAABHUX 3HAYEHD ¥;, © = M+ 1, ...,n, OJHAKOBI Ta JOPiBHIO-
101h 1/m.

[ummit MmeTo reHepyBanHg 3HAUEHD M1 3ATIOBHEHHST TPOITYCKIB —
MOCJIi IOBHMI BiAGIp, MPH AKOMY BCi eJeMeHTH PO3TAITOBYIOThH Y TT€B-
Hi#l TTOCJIIIOBHOCTI Ta MIPOIyIeHe 3HaUeHHS 3aMIHIOEThCA 3HATEHHSIM
Y st mafibamK9I0To B IIi# MOC/TIJOBHOCTI HOMEPEIHNKS €TEMEHTA, 110
JaB BLIOBIIL.

OuiHky HijgcTaHOBKY 3 11i60POM, Ki MU 0OrOBOPIOBAJIM JIOCI, He-
3MilIeH] JUIle TPU 3araJbHOMY HepeasJbHOMY IPUIYIIeHH], Mo #Mo-
BipHICTH BIATOBIZI He TTOB’s13aHa 31 3HAUEHHsAM Y . JKINO € aedka mo-
IATKOBa iH(OpPMAIIis MO0 €JIEMEHTIB, IO JAI0Th Ta He JAf0Th BiJImo-
BiZb, TO 11 MOYXKHA BUKOPUCTOBYBATH /I 3MEHIIEHHA 3MIIEHHS, IT10
BUHUKaE depe3 npomnycku. HacTymHi JBa MiAX0o u 3acayroBYHOTh Ha,
yBary.

1) ITidemanosxa 3 nidbopom ecepedutsi epyn. PopMyrOTHCS IPYyIIH,
i mpoTycKu B KOXKHIN TPYTI 3AITOBHIOIOTHCA 11 K 3Hadenuamu. Cepenme
Ta JIUCIEPCII0 OTPUMAHNX TAKMM YHHOM OIHOK mapamerpa Y 3Haxo-
JIsiTh, BUKOPUCTOBYIOYU HaBe/leHi Bullle (DOPMYIu OKPEMO BCepenHi
CPyII, & IOTIM 00’ €IHYI0YN OTPUMAHI 3HAYCHHI.

2) IidGip natibausicwozo cycida. e mMeTon mMoJisitae y BUKODH-
CTaHHI MeTPUKY d A/ BUMIPIOBAHHS BiJCTaHI MiXK e€JIEeMEHTAMU i BU-
Oopi mifCTAHOBKY 33 €IEeMEHTOM i3 HATBHUM 3HAUCHHSIM, HANOIMK-
9uM [0 egeMenTa 3 npomyckom. Hanpukianm, nexait 1, ..., T;7 — 3Ha-
genHg J OCHOBHUX 3MIHHUX, BUMIPIHUX y HOPMOBAHUX IITKAIAX, Y
eJIeMeHTa ¢ 3 ITPOIYCKOM ¥;. BU3HaYMMO BiJICTaHb

d(i,j) = max |z — Tk

MIK eJleMeHTaMHu ¢ Ta j. Mu MoxKeMo 00MpaTh HiACTAHOBKY /I §; Ce-
peJl TUX j-X eJeMEHTIB, [l AKUX: 1) CIOCTEPIraloThCs Yj, L1, ..y TjJ
ta 2) d(i,j) He mepeswuye geskuii mopir dp. Yuca0 «KaHIUIATIB»
— J-X €JIEMEHTIB, IO MiJXO/sITh, — MOYKHA 0bMpaTw, 3MIHIOYN dy.
OCKiIbKYM 3HAYEHHS, IO MHiJCTaABIAIOTHCH, € JOCTATHLO CKJIATHUMHU
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bYHKIISIME TPUCYTHIX O3HAK, BJACTHUBOCTI OIIHOK Y TAKUX ITPOIETY-
pax miabopy IMOKH IO HEAOCTATHBO JOCIIIMKEH].

11.3.3. 3amoBHeHH# 3a perpeciero

Y npOMY METOJII TIPOIYINEH] 3HAUEHHS 3allOBHIOIOTHCS 33 JOTIOMO-
ro10 perpecii 3MIHHUX i3 MPOMyCKaM¥ Ha 1HIIM 3MiHHI.

Hexait X — n X p-marpuug, B gxiit i-it pagoxk x; = (i1, ..., Tip)
MICTUTh 3HAYEHHA 3MIHHUX, IO CIOCTEPiraoThbcsa 0663 MmPOmyCKiB
(t=1,n),ray = (y1, ..., Yn)' — BEKTOp 3HaUEHL 3MIHHOI, B sIKiil € TTPO-
nycku. BeaxkaeMo, 0 3HAUYEHHS Y1, ..., Ym OPUCYTHI, & Y1, ) Yn —
nponymeni. [IpunycTumMo, mo BUKOHYEThCS TaKa JiHIHA MOJTEJb:

y=Xp +e,

ne e = (e1,...,e,), e; — HE3ATEKHI OJHAKOBO PO3MOJIIICH] BUIAIKOB
BEJTUYWHU 3 HYJTHOBUM CEPEHIM Ta OJTHAKOBOIO JUCITEPCIEI0 0‘27 ap-
napaMerp po3MipHocTi p. 3acTOCYEMO METOJI HANMEHITNX KBa paTiB
JUIA 3HAXOIYKEHHsI OIiHOK HapaMeTpiB [ Ta 02 3a MOBHUMH CIIOCTe-
pexennsvu. SIkmo (X'X) mae mopHumit panr, TO OIiHKA HafMEHITHX

KBaJIpariB napaMerpa f 004uC/II0eTbC TaK:
p=XX)"XYy).

Y OpoTHIEKHOMY BUIIQIKY OIIHKA HafiMeHINNX KBaIPATIB apaMeTpa
[} meBusHaueHa.
dxmo (X'X) meupomxkena, To [3 — He3MIIeHa OTiHKa TapaMeTpa
[ 3 maiimeniioo jucrepciero. fKio e; posiojijeHi HOpMaJibHO, TO
(g — OIiHKa MaKCHUMAJIBLHOI BiporigHoCTi mapamerpa {3, po3mojiieHa
HOPMAJIBHO i3 cepeamiv B Ta mucmepciero o2 (X' X)L
HaikpaIomo He3MIIIEHO0 OMiHKO0 ANCIEpPCii 02 €

52— Z (i —Qi)27

n —
i=1 p

ae §; = x;B. dxmo e; mopmasbni, 10 (n — p)6?/0? Mae po3moOiI
Xi-KBaJIparT i3 N — p CTYNeHIMHT BLIBHOCTI.
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A~

Haiikpama mesmimena ominka Kopapialiiinol Marpumi 3 — f mo-
PiBHIOE

V =&(X'X)" L

dxmo e; posmomiseni HOPMaILHO, TO (BZ — Bi)//vii (e vy — d-i
miaronasbHUit eement marpuri V) mae posnogain CreogenTa 3 n—p
CTYTIEHAMHU BiJTHHOCTI.

Omrxke, 06 OTpUMATH 3AIOBHEH] JaHi, MOTPIOHO MOKIACTH

- J oy, i=1,...,m,
Yi = xB,i=m+1,..,n.

C. ®@. baxk [13] nmokasas, 1m0 cepesiHi 3HaYCHHS, OOIUCIIEH] 3a TIPU-
CYTHIMH Ta MACTABIECHNMI 3HATEHHAMI — TPABIJIBHI OIIHKHU CepeHiX
qmrre 3a ymoBu MCAR. IIpote BubipkoBa koBapiariiiina MaTpurisi, 06-
YMCJIeHa 33 3alOBHEHNMU JAHUMMU, 3aHUKYE 3HAUEHHS NUCTepciii Ta
KOBapiariit, x04 i He Tak CUJIBHO, 9K Ipu 3amnopHeHHi cepemuimu. [le
OB’ 93aHO 3 BiICYTHICTIO BiIXW/I€HD T ICTABJIEHIX 3HAYEHD Bi/l perpe-
CIITHOT TPSMOT.

11.4. OuminoBanHg BubOipKoBOl aucrepcii 3a HasgBHOCTI
MIPOITYyCKiB

Pozryianemo mobymoBy oriHoK BUOIPKOBOI Aucmepcii, ki BKIIOYIA-
OThH ,Z[O,ZLaTKOBI/II?I 9JICH JJ191 BPpAXyBaHHA HpOHyCKiB.

BaxnBo migkpecsuTu, mo Jiisi 6araTrb0ox 3acTOCyBaHb ITUTAHHS
3MIIIEHD 9epe3 MPOIILYCKNA IacTO OLIBIN BazKJAMBE, Hi?K OIIHKA JNCIEp-
cii. Y IpoMy PO3MILTi BBaXKAETHCS, IO BBEIEH] TTOMTPABKH, 10 BUTIPAB-
JISTIOTH 3MITIEHHS, OB SI3aH] 13 TPOTYCKAMU.

Obuuc/ieHHs NPABUALHUX OLIHOK JUCIIEPCIT [/ CKIaJIHUX BUOip-
KOBUX JW3aifHIB, IO YaCTO BUKOPUCTOBYIOTHCH HA TPAKTHIN, — He-
pocTe 3aBJIAHHS HABITH NMPWU MOBHUX JaHUX. Tomy Oysu po3BuHeHi
HaOIMKEH] MeTOIH, [0 MOXKYTh 3aCTOCOBYBATHUCH s OLIBIIOCTI BU-
OipkoBux mm3aiiHiB. lIpocToTa uxX METOIIB 3yMOBJIEHA THM, IO 00-
YUCJIEHHS 3BOAATHCS JIO PO3PAXYHKY BEJWYUH I MHOXKUHU BUOIp-
KOBUX OJIMHUIb, [0 HA3UBAIOTHhC CKinyenaumu kjacrepamu (CK).
CK — uaiibisina BubipKOBa OMWHUIIS, [0 BUIAYIAECTHC 3 BUOIPKH.
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OrintoBanHs auctepcii 6a3yeThbes Ha Takiil JieMi.

Jlema 11.1. Hezati 01, ..., 0 — HEKOpPeAbosaHs 6UNGIKOGT GEAUNUHY,
AKE MAOMb CRIABHE cepedHe W, ma

Todi
1) 0 - HEZMIULEHA OUIHKA NAPAMEmpa L,

2) ﬁ(é) ~ neamiwena ouinka ducnepcii 0.

_ k n
Hosedenna. 1) E(0) = > E(0;)/k = p.
j=1
2) Momitumo, 1110

k k
Z(éj —w)?= Z(éj —0)2+ k(6 — ).

j=1 J=1
Ssincu
k
E() (8, —6)%) — k(k—1)D(6) =
j=1
k
= "D(8;) — kD(8) — k(k — 1)D(8) =
j=1
k
=Y "D(8;) - K*D(®). (11.4)
j=1
IIpote
) ko k R
KD©) =D(>_8,)=>_D(6)),
j=1 J=1



A~

ocklibkn oniuku 0; mexopesbosami. Otxe, Bupas (11.4) mopismioe
HYJTIO, IO JOBOJNUTD 2). O

Lo semy moxkHA 6€3MOCEPETHBO 3aCTOCOBYBATH JI0 OIIHOK Y BU-
GipKoBUX Au3aiiHax i3 nmoBepHeHHSM. Po3rjisHeMO TaKuil TPUKIAI.

Mpuxmangll.l. Posrignemo renepaibHy CYKyITHICTD, K& CKJIATa-
erhest i3 K ckinvennnx kaactepis. Hexait BubipkoBuit nm3aitn 3a1ae
oJlepKaHHs k KJIACTEPIB MIJISIXOM MPOCTOT0 BUIAIKOBOTO BiAbOpY 3
nosepHerHsIM. OIIHUMO CyMapHe 3HAaUEHHS MeHEPAJIbHOI CYKYIIHOCTI

K
T=>"T
j=1

je T; — cymaphe 3HadeHHs 3MIHHOT Yy j-oMy KJjacrepi.
3a lNopsinem—Tomiconom

tr =

=

k
> i/,
j=1

Jle cyMmyBaHHs BejieTbes 3a pubpanumu CK| fj — He3MiIeHa OIliHKa
cymapHoro 3HaueHHd 1); 7(; — iimMoBipHicTs obpanHsa j-ro CK. Tomi
maemo: 1) L Ta yci fj/ch,j =1,...,k, — mesmimeni ominkm mapame-
tpa T'; Ta 2) oniuku fj/ﬂj,j = 1,...,k, — mekopenpoBani. 3Bimcu 3a
MOMEePETHHOI0 JIEMOI0 HE3MIIeHa OI[IHKA JUCIePCil OIiHKYN ?71 ob9m-
CJTIOETHCST TAK:

~ k L 12
D(tx) :Z_;W (11.5)

O

[Mpunyctumo, mo y Bubipili € TpOmyCckrd i MU OTPUMYEMO OI[iHKH
fj cymaprux 3uadenb y CK 3a 70moMororo oHoro 3 MeToiB 06poOKy
MPOITYCKiB, MO Hapoguwaucd Buime. Toml MU TakKoXK MOXKEMO 3acTo-
coBysaru oriaky (11.5) asis onimkm amcmepcil, sikio: 1) omiHKN fj
He3MiIeHl; 2) MOnpaBKU Ha 3alMOBHEHHsT ab0 3BaKyBaHHs 0OHpParO-
Thest Beepeuii koxxuoro CK Hezasiexkno, 1mob ouinku fj BATATITAJIACST
HEKOPETHOBAHUMU.
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Ha mpaxTumi pinko Bindyeaerbesi Bubip i3 nosepHeHHsM. Kosu
IPOBOIUTLCS MPOCTHHM BUIAAKOBHI Bigbip 6€3 MOBEpPHEHHS, OIHKHI
CK Big’emuo kopespoBani. /. B. Py6in nokasas, 1o OIHKEH BUILY
(11.5), mo 6a3y0ThCs HA JIeMi, 3aBUILYOTh AUCIEPCiio. Ko XK yBe-
CTM HONPABKY Ha CKiHYeHHICTH reHepasabHol cykymnuocti (1 — k/K),
TO OTpUMaHa OI[HKA gucrepcii Oyae 3amm:kenoto. g mesminmenol
OINHKY MOTPiOHA iHdopMaIlia Ipo Apyruil Ta HACTYIIHI eTammn oOcTe-
kenus. Takum guHOM, JJTst TTOOYIOBU ITPOCTHUX OIIHOK JIUCIIEPCIl, TI10
6azyrorbed Ha CK, morpibuo, mob mosis subpanux CK Gysra masa, 1o
JacTh 3MOI'y HEXTYBATH 3MIMIEHHAM, 00yMOBJIEHUM BUbHOpPOM 0e3 110-
BEepHEHHsI. Y MPAKTUYHUX JOCJIIIZKEHHSIX TaKa CUTYAIld TPAILISIETHCS
JIOCUTB 9IaCTO.

Binpmicts BubipKoBUX AU3aliHIB MICTITH CTpaTH(IKAIIO IPU BHU-
6opi CK. Ilpunyckatouu, mo gons CK y koxkHiil cTpari maja, 3a
pomomororo ook 3a CK MoxKHa BUBeCTH 0OI'PYHTOBAHI OIIHKHA IHC-
mepcii. Ilpunycrumo, mo € H crpat. Hexait fhj — He3MIITeHa OIliHKa
cymu Tpj poa j-ro Knacrepa y crpari h, h=1,...H, j=1,..., Kj.

Moxkna orinnTn T’ BETUINHOO

H kp A H
EDD I
h=1j=1 Tthj h=1
Je cyma obumcaioeThea 3a H crpataMm Ta kj, e€1eMeHTaMH, BKJIIOYE-
HAME y BHOIpKY 31 cTparu h, 7, — iimosipHicTs BubOpy j-ro CK y
crpari h, a t), — oniHKa cymu y CTpaTi h. Ouinkowo pucnepcii ¢ e
ZZ th]T[hJ fh)2
— kn(kp — 1)

Sokpema, ripu Bubopi aeox CK i3 K02KHOI cTpaTH OIIHKOIO JAUCIEpCil €

H kn .
-3 zh: (th17th1 — thoTihe)?
B 4

h=1j=1

YMOBH, 33 IKUX MOYKHA OTPUMATH T1i OIIHKY 32 3aTIOBHEHUMI TAHUMH,
Taki caMi, K 1 y BUIIAJIKY IIPOCTOr0 BAIMIAIKOBOTO BiAOOPY: IMiICTAHOB-
KU OTPiOHO BUKOHYBATH He3aiexkKHO B KoxkHOMY CK.
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11.5. Amnaniz gaHmx i3 mnpomyckamMm 3a JOIOMOTOIO
dyukii Biporigaocri

11.5.1. IlosHi mami

Po3rniganemo cnovaTKy BHUMIAIOK TOBHUX maHuX. [lo3maunmo mami
gepe3 Y. Y moxe OyTy CKaaspoM, BEKTOPOM ab0 MaTPUIICIO 3aI€KHO
Bz KoHTEKCTY. IIpumycTrmo, 1m0 AaHi TOPOMKYIOTHCA 3T IHO 3 MOIe-
JUTIO, IKa OMUCYEThCs byHKIieo posnoainy abo minsrictio f(Y | 0),
0 3aJI€KUTh BiJl CKaJIsIpHOro abo BEKTOPHOrO IapamMerpa 0.

Qynxuiero sipozionocmi L(0 | Y') nazusaersbes 6y/b-sika DyHKITSA
Biz 0, mo nponopmiiina qo f(Y | 0), npu dikcosanomy Y.

Jlozapudmivnoro dynruicro eipozionocmi (0 | Y) nasuparors Ha-

rypanabauii gorapudwm byl Biporigrocti L(0 | Y).
Mpuxkmax 11.2. Odnosumipna Hopmasvha eubipka. CywmicHa
MITBHICTE N He3aJeKHUX OJHAKOBO PO3MOJIIIEHHX CIIOCTEPEKEHD
Y = (y1,-.-,9n) i3 HOPMAJIBHOrO PO3NOMALLY 3 CEPEeNHIM L Ta JHC-
mepcieio 02 Mae BHIVISAL

(Y | 1,0%) = (270%) ™2 exp <—§2w> -

i=1

ITpu dircosamomy Y morapudpm pyHKIi BiporigmocTi

(1, 0% | Y) = In(f(Y | u,0%)),

abo, BIIKMIAIOYN aIUTUBHY CTATY, MAEMO

n 1~ (yi — w)?
(02| V)= —"Inog? -2y L1 11.6
D L I L
o € dynxmieo 0 = (W, 02)" npu BiKCOBAHNX CIOCTEPEXKYBAHIX J1a-
HIX Y. O

Mpuxmaqxll.d. Excnonenyionvra subipka. CyMicHa MIJIBHICTE He-
3aJeKHNX OJHAKOBO PO3IOIIJIEHUX CIIOCTEPEXKEHD 13 eKCIIOHEHIT1a hb-
HOT'O PO3MOILITY Ma€ BUIJIS

FY 108)=0"exp (- 3 y@) .
=1
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HalileMo Jiorapudm HKITII BipoTiTHOCTI IS TAEThCST K
SuaitjileMo Jiora; 0 ocTti, 1Mo po3 AETHC
dyuKITsT 0 Tpu PIKCOBAHUX CIOCTEPEXKYBAHUX TAHUX Y :

l(6|Y):ln{ " exp Zyl }:—nlne—z?g. (11.7)
=1
O

Ouinkoro maxcumarvhoi sipozionocmi (OMB) 0 HasuBaioOTH 3Ha-
yenHs napaMerpa 0, axe makcumizye dbynkiiro Biporigrocri L(0 | Y),
abo, mo exsiBasenTHo, morapudwy Gyl Biporigrocti ((0 | V).

CdopMmyaboBaHe TBEPIXKEHHA IOIYyCKAE MOXKJINBICTH iCHYBaHHS
6inpmr mixk oxmiel OMB. Ilpore B 6ararpox BaskmBux Mozerax OMB
€InHa, 10 TOro X byHKIia BiporignocTi audepenmniiopana Ta obMme-
kena 3eepxy. g rakux Bunakis OMB MoxHa 3HAlTH, SKIO TPU-
piBEATH TOXiAHY (YHKMHIT BiporigHocTi mo O 10 HyJad Ta pPo3B’a3aTn
oTpuMaHe piBHAHHA BigHOCHO 0. PiBHSOHHS

a1(0 | Y)

s@ 1Y) ="

=0

HA3WBAIOTh PIEHAHHAM MAKCUMAAILHOT 61PO2IOHOCTE, & TIOXITHY JIoTa-
pudma dyuxii siporigaocti S(0 | Y) — dynxuyiero snecky (Briusy)
BUOIPKH.

IIpukuaanll4. Excnonenuytasvra subipra. Jlorapudm BiporimHo-
cti ayist BuOIpKHU 3 €KCIIOHEHTAJIFHOTO POBIIO/LTY BU3HATAETHC BUPA-
som (11.13). dudepennitoannsm 3a 0 0oTpuMyeMO PIBHSIHHS MaKCH-
MaJTbHOI BipOT1THOCTI:

n - Yi
_e+;e2_0'

N n
Posp’azasmu fioro sigaocuo 0, orpumaemo OMB: 0 =gy = > y;/n —
i=1

cepene Bubipku Y. %
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Ipuxmanll.s. Odnosumipra nopmasvra eubipra. BukopucroBy-
toun bopmyny (11.6), sarmiemo sorapudM BiporiiHOCTI 1151 BUOIpKY
PO3Mipy 7 13 HOPMAJIBLHOI'O POBHOJLILY TAK:

2 _n 9 1 (i — 1) _
i o? V) = e 23 W W
=1

nooo In(-p? }7132

2 2 02 2 o2’

N n
ne 5% =n~! 3 (y; — §)? - Bubipxosa mucrepcis. Tudepemio0dn 32
i=1

0 Ta TPUPIBHIOKYY MOXIIHY [0 HYJIS, OTPUMAEMO

2

IO TPU3BOANUTE 70 (L = ¢. JIudpepenttitooyn 3a 0° Ta MPUPIBHIOIOYN

MOXIJTHY JI0 HYJId, Mae€MO
- 2 G2
n n(y — nsS
B G =" 0,
202 204 202

o Npu3BOAUTH 10 & = S2, ockimeku fL = . OTXxe, MH OTPEMAIH
OMB:

S <)

p=y, 6=25"

11.5.2. O1uiHOBaHHSA METOA0M MaKCHMMAaJIbHOI BipOTiJHOCTI
3a HEMOBHUMM JAHUMU

[Tozmauammo wepe3 Y mami, 1m0 crocrepiraanca 6 3a BiACYTHOCTI
nponyckis. Toml Y = (Yops, Yinis), 2e Yops N03HAUAE HAABHI, & YVinis —
nponyreni gani. [Toswaaumo wepes f(Y | 0) = f(Vops, Yinis | 0) fimo-
BIpHICTb a0 MIJIBHICTE CyMICHOTO PO3SHOILILY Yops Ta Yimis. [HTErpYBa-
HHAM 3 MPOMYIMEHUMA JAHUMU Y5 OTPUMAEMO MIIBHICTE IMOBIp-
HOCTI

f(Yobs | e) = jf(Yobsa Yinis | e)dezs

193



Busnaanmo dyukmio Biporiznocti Bix 0 Ha ocHoBl Yyps 6€3 ypa-
XYBAHHS MEXaHI3My MMOPOMKEHHSI IIPOIYCKIB 9K OyIb—sKy (PYHKIIIO
Bin 0, nponopuiiiny f(Yops | 0):

L(e ‘ Y;bs) ~ f(}/;)bs ‘ 6) (11.8)

Y 6iabIn 3araJbHOMY BHIAIKY MU BKIIOYAEMO 10 MOJIEII PO3IIOILIT
BMIHHOI, IITO BKa3ye Ha HAABHICTH KOKHOTO eaeMeHTa 3 Y. Imamkaro-
POM TPOIYCKY HA3BEMO BEJIMYHUHY, 1110 HAOYBAE€ 3HAYEHHHT 1, SKIIO
JAHUM eJIEMEHT CIIOCTePIraeThes, Ta 0, SKIIo BIH HE CIIOCTEPIra€ThCs.
Hanpuknan, axmo Y = (Y;;) € nx K-marpuns n cnocrepeskens Hajl
K-BuMipHOIO 3MIHHOIO, IHAUKATOP MPOIIYCKY BU3HAYAETHCSI TAKHM UH-

HOM:
R — { 1, aK10 3HaYeHHd Y; CIIOCTEPITAETHCS,
;=

0, K10 3HAYMEHHA Y; TPOIYIIEHE.

Y it Momeni R po3riganaeThes K BUNAIKOBA 3MIHHA Ta BH3HATA-
eTbest cymicanit posnoaia R ra Y. HlinbHiCTs 1BOTO POZIOJITY MOXKHA
3aJaTu K JHOO0YTOK IMJABHOCTI PO3mosiny Y Ta MIijbHOCTI yMOBHOTO
posmnoainy R npu dikcoanomy Y, To6TO

fY,R[6,0) = f(Y [0)f(R]|Y, ).

Bynemo masupaTn ymosuuii posnozais R npu 3amanomy Y, 1o 3a-
JIEXKUTH BiT HEBiZOMOTO mapamerpa 1, po3moaijioM mpomyckis. Y je-
AKWX BHUITQJIKAX el PO3MO/Iii IMOBHICTIO BIOMUIL, 1 ITapaMeTpU3aIlis
3a I10moMoroi 1\ He moTpidHa.

DaKTUIHO CHOCTEPEKYBAHL /aHI CKJIAJAIOThCA 31 3HAYEHDb 3MiH-
X (Yops, R). Posmogin criocTepekyBaHuX TAHUX MOXKHA OTPUMATH,
gKIo npoinTerpysarn cymicay miabHicTh Y = (Yops, Yimis) 32 R 1a
Yinis:

f(}/obs, R ‘ e,lb) = jf(Yobsa Yinis | G)f(R, Yobs, szsﬂb)dezs
(11.9)
Oyurnisg siporianocti Big 0 Ta P — Oyap—aKa QyHKIIs, IPOIOD-
niitea dysxmii (11.9):

L(eulb ‘ }/obsaR) ~ f(Y;bS)R ‘ 6711)) (1110)
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Tenep mocrae MUTAHHA: KOJIU CJIiJ1 OyIyBaTH BUCHOBKH BIJIHOCHO
0 za momomororo dbyukmii siporiguocti L(0,Y | Yo, R), ska Busna-
yaerbes cuispijgpomennsm (11.10), a kosm — 3a J10LHOMOIOK0 OlibIi
upocroro Bupasdy L(0 | Yous) 3 (11.8), B sikoMy MexaHi3M HOPO/KEHHSI
npomyckiB iruopyernbed. [lomiTumo, 1110 pyr HEBATEKHOCTI POBITOILTY
MPOIYCKIB Bij MPOIMYIIEHNX 3HAYEHD Yonis, TOOTO TPHU

J(R | Yobs, Ymis, ) = f(R | Yobs, 1) (11.11)

3 dopmysn (11.9) Bunusae, mo
F(Yonsr B 1 8,) = F(R, Yobs, w) [ f(Yonss Yimis | 8)dVimis =

= f(R7 Yobmll))f(}/obs ‘ e)

YV faraTh0x BaXK/IMBUAX 3aCTOCYBaHHAX mapamerpu 6 ta 1\ pos-
Jieni B ToMy ceHCl, mo cymicHuit napamerpuunuii mpoctip (0,10) €
J06YTKOM MapaMeTpUuIHuX TpPocTopis fyg 0 ta . Ao 0 ta P pos-
JILTEH], TO BUCHOBKY BITHOCHO 0, 110 6a3y10ThCsT Ha PYyHKIIT BipOTiTHO-
cri L(0,W | Yops, R), OymyTh 36irarnca 3 BUCHOBKaMH, 10 0a3yOThCS
ma L(0 | Yops). Tomy, axmmo sipue pisastung (11.11), To MexanizmMom
MOPOIZKEHHS MPOMYCKIB MOMKHA, 3HEXTYBATH — OTPUMaHi (DYHKIII Bi-
poriiHOCTEN TPOHOPIIiiHI.

3a HaBeJEHWM BWINE O3HAYEHHSM JaHI BiJICYTHI BUIIAIKOBO
(MAR), koau BukoHyerhest cripsigaomennst (11.11). st npakTukn
BaYKJIUBUM € TOH (PaKT, M0 Jijid e(DEKTUBHOI'O 3aCTOCYBAHHS METO/IiB,
o 6a3yioThCa Ha (BYHKINI BipOTiAHOCTI, MOTPIOHO BUKOHAHHS JIHIIE
ymoBu MAR, a e 6iabmt xoperkoi ymosn MCAR.

Mpuxkmanll.6. Henosua excnonenyigsvha subipka. Ilpumycrumo,
MW Ma€MO HEINOBHY OJHOBUMIpDHY BMOIPKY 3 €KCIOHEHI[IaJIbHOTO PO3-
Hoiny, B AKiil npucyTHi 3Ha9eHHA Yops = (Y1,-.., Ym) Ta BigcyTHi
Yinis = Yiat, o yn). OTiKe, 9K y HOIEPEIHBOMY OPUKJIAIL

fY]6)=0"exp —Z% .
i=1
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QyHKIA BIPOTIHOCTL, KON MeXaHi3M MPOMYCKIB ITHOPYETHCS, TPO-
OOPINHHA MIIBHOCTI Yops TPH 33aHOMY 0, dKa BH3HATAETHCA BHPA-

F(Y | 8) =0 ™exp (—Z%) (11.12)
=1

s mporo mpukmany R = (Ry,....R,), ne R, =1,i=1,...,m,
TaR;i=0,i=m+1,..,n.
[TpunycTumo, 1o KOKHMI €IEMEHT CIIOCTEPITAETHCA 3 IMOBIPHICTIO

30M:

P, Tak mo Bukonyerbea (11.11). Tomi

f(RIY,9) =™ (1 =),

f(YobsaR ’ evll)) = .q)m<1 - ll))n_me_m exXp <_ Z yé) .
i=1

frmo 0 Ta Y pos3aiasaoThCH, TO BUCHOBKHM BiZHOCHO 6 MOXKHa pO-
outn 3a f(Yops | 0), irHopytoun mexamnizm npomyckis. 3okpema, OMB
n
napamerpa 0 J0pIBHIOE Y y;/M — CepeIHBOMY 33 HASIBHUMU 3HAYEH-
HIMH Y. =
Temep TpUIyCTHMO, TITO TPOMYCKHA YTBOPIOIOTHCA BHACTITOK TIEH-
3ypPYBaHHS B JledKiil BiZIOMi#l TOYIN ¢, TaK M0 HAABHI JIUITIE 3HAYEeHHS,
memri 3a ¢. Togi

n

FRIY, ) =[] F(Ri | yi0),

i=1

e
1, Ri=1T1ay; <cabo R; =0 Ta y; > c
L) = { o / v
y OPOTHJIEKHOMY BHIAIKY.
Orxe,
fVops, R10) =] flwi, Ri18) [] f(Ri|0)=
i=1 i=m+1
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m

=] fwi 10)f(Ri |y:) J] Plyi>cl0)=

=1 i=m-+1

aem "y (n—m)c
=0 Mexp —ZZ; 9 | &xp <_9> ) (11.13)
ockinbku P(y; > ¢ | 0) = exp(—c¢/0) 3riH0 3 BJIACTUBOCTSIMU €KCITO-
HEHIIAJLHOTO PO3MOILTY. ¥ TIHOMY BUMAJIKY MEXAHI3M MOPOIKEHHS
IOPOIYCKIB HE MOXKHA IrHOPYBaTH, Ta TOYHA (DYHKIINA BIpOriTHOCTI 33
dopmymnoro (11.13) siapizasersesa Bix (11.12). Maxkcnmizamia (11.12)

N n
nae OMB 0 = (> y; + (n—m)c)/m, sika Giabina opiBHSIHO 3 paHiiie
i=1
! n
3HAIEH0I0 OUIHKOIO Y, ¥;/m. Jojarna nonpaska g0 BubipKOBOro ce-

=1
PEIHBOTO TIOB sI3aHa 3 IEH3YPYBAHHIM HECIIOCTEPEKYBAHNX 3HAYUEHD.

O

11.6. EM -anroputMm

EM-anzopumm (auri. expectation-maximization algorithm)—
e 3arajbHUil iTepaTUBHUN aJrOPUTM JJIsl OIIHIOBAHHS METOJ0M Ma-
KCAMAaJIbHOI BIpOTiIHOCTI B 33,1a9ax 3 HenoBHUMHE jganumn. 1leit asro-
PUTM KOPHCHO 33CTOCOBYBATH Y BUIIAJKY, KOJIM BaXKKO 3HANTH SBHWIT
PO3B’A30K PiBHAHHSI MaKCAMAILHOI BiporiqHocTi. Y 1boMy aaroputmi
peasizoBara Taka izest 06poOKN HEMOBHWX JAaHUX:

1) 3amoBHEHHS TPOIYCKIB OIIHKAMMY TIPOIYITCHUX 3HAYEHD;
2) ONiHIOBAHHS MAPaMeTpiB;

3) MOBTOpHE ONIHIOBAHHSI TPOIYIIEHUX 3HAUEHb, TIPU ITHOMY OI[IHKH
mapaMeTpiB BBAXKAIOTHCI TOYHUMU;

4) MOBTOpHE OIMIHIOBAHHS MAapaMeTpiB 1 TaK JaJi.
Koxna itepanis EM-anroputmy ckiaagaerbesa 3 kpoky F (o6uan-

CJIEHHSI MAaTeMaTHYHOTO CIOjiBaHHs) Ta Kpoky M (makcumizaris).
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Onmuc xkpoxky M pocuth npocruit: «IIpoBoauTn OIiHIOBAHHS ITapame-
Tpa 0 MeTOoIOM MaKCHUMAJIBHOI BipOTiIHOCTI Tak, HIOM HEMAE MPOITY-
ckiBy. OTke Ha BOMY KPOILl BUKOPUCTOBYIOThCH Ti cami 009IHCIIIO-
BasIbHI MeTom, o 1 npu Makcumizarii [(0 | V).

Ha kporii F 3nax014Th yMOBHE MaTeMaTUYHe CIO/iBAHHS IIPOITY-
MIEHUX JaHUX TPU (PIKCOBAHMUX CITOCTEPEKYBAHUX JTAHUX TA OIHKAX
mapaMeTpiB, a MOTIM 3aMIHIOIOTH MPOIYINEeH] JaHl 3HAWJIEHUMHU OYi-
KYBaHUMU 3HadeHHAMU. lIprdomy, s peasizariii aJropuTMy HeEOo-
O0B’SI3KOBO 3AIIOBHIOBATH MPOIYIIEHI JaHl, JOCTATHLO OMIHUTH JedKi
GYHKIIT IPOIYINEHNX JAHUX, 10 BXOAATE y Jjiorapudm pyHKHiT Bipo-
rigaocTi Jgist nopunx janux [(0 | Y).

[Te onmiero mepesarow FM -aaroputmy € ftoro magiiina 30iKHICTE.
Tobr10, B JedKnNX HECTPOTrUX IPUITYIICHHIX KOKHA iTepariis 30iabIrye
norapudm Gyrknii siporigaocti (0 | YY), Ta axmo (0 | Y) obme-
KeHuif, 1o mocaizosuicrs [(0() | Y) s6iraerbest 10 cramnioHapHOTO
snavenns (0 | V). Takox BigoMo, o skimo nocaigosmicrs [(8() | V)
30iraeTbCsd, TO BOHA 30Ira€TbCsi 10 JIOKAJIBHOIO MAKCHUMyMy ab0 TO-
ukn neperuny [(0 | V). Hemonik EM-anropurmy nongrae B TOMYy, 110
MIBUAKICTE 301KHOCTI MOXKe OYyTH AyrKe HU3BKOIO, AKIINO MPOITYIIEHO
0araTo JaHuX.

Tounime, uexait 0() — norouna oninka napamerpa 0. Ha kpoui F
EM-anropurMmy 3HaX0JdTh OYiKyBaHuit Jorapudm pyHKINT Bipori-
JTHOCTI (MaTeMaTHIHe CIo/iBanHs Jorapudma GyHKIT BIpOriaHOCTI)
3a ymosn 0 = 0(4):

QO 10Y) = [UO[Y)S(Vomis | Yobs, 0 = 01)d Vi,
Ha kpoui M EM-anropurmy BH3HAYAIOTH pl+1) MaKCHUMI3YIOUH
et ouikyBauutt jgorapudm PpyHKIHT BipOTigHOCTI:

QO 19ty > Qo | 8W) st BCix 6.
HIpuxman 11.7. Odnosumipni nopmasvii dawni. Ilpumycrumo, 1o
Y; He3aJeyKHi 0JHAKOBO HOPMAaJILHO PO3MOJILIEH] 3 CEPETHIM [ Ta JTHC-
nepciero 0. [IpuaoMy y; 4151 ¢ = 1, ..., M CIOCTEPIraloThCs, a ¥; I

t =m+1,...,n npomymeni, Ta BukouyeTbcs mpunyiienns MAR. Ma-
TeMaTUYHe CIIOAIBAHHA 3HAYEHHS KOXKHOI'0 IPOIYCKY ¥; 1PU 3a/JaHnX
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Y5 Ta 0 = (W, 0?) gopisaioe w. Ilpu mpomy, 3rizHo 3 dopmynow

(11.6), srorapudm byHKINT BIpOTLTHOCTI BUPasKAEThCS Yepe3 JOCTaTHI
n n

cratucruky Y. y; Ta Y y2. OTxe, Ha KPori E aaropuTMy OTPIMAaEMo

=1 =1
SHaYCHHA

E <zn: y; |6 obs> Zyz m)u®, (11.14)
=1

a5t morounux onjnok napamerpis 00 = (u® (0()2). 3 ocrammuboi

oy obs> _ 7+ (- m) ((W®)2+ (o)) (11.15)
=1

piBHOCTI 0a4YMMO, IO MPOCTA IMiJCTAHOBKA u® samicrs ITPOTIYCKIiB
Y1y - Yn TPHE3BETA 6 10 BigcyTHOCTI wiema (n — m)(o()2.
n

Jng noamx manmx OMB mapamerpa @ gopisatoe » | y;/n, a OMB
i=1

n n
napamerpa 02 —1ie Y yZ/n— (> yi/n)% Ha xpormi M BEKOpHCTOBYTO-
i=1 i=1

ThCs Ti caMi TOTOYHI MaTEMATHIHI CIO/IIBaHHA JIOCTATHIX CTATUCTHK,
obuncaerux Ha kpoti F. Orxe, Ha Kpori M oOUIHCTIOI0THCS

pt) (Zyz | o® Obs) /n (11.16)

(oltD))2 (Z y? oW obs) Jn— (ut1)2, (11.17)

Hokmagaoun B pipasamax (11.14) — (11.17) u® = w0+ = (1 1
o = o(t+1) = &, orpumaemo Toroxuocri. Orzke, anropuT™ 36irae-

m
(L= ZyZ/m
=1

ThCS 10

Ta
m
~2 2 ~2
o :E yi /m — %,
=1
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2

tobTo 10 OMB mapamerpiB UL Ta 0° 3a Y,ps 338 YMOBH BHKOHAHHS

npunymenast MAR. O

11.7. BonpasBu Ta mUTaHHA AJi CAMOKOHTPOJIIO

11.1. { BOIMBAIOTH MPOMYCKU Y BUOIPKOBUX OOCTEXKEHHSIX Ha OTIHKA
mapaMerpiB TeHEePATBHOI CYKYITHOCTI?

11.2. dki MeTou aHa i3y JaHUX 3 TPOMYCKAMHU BH MOYKETE HAa3BaTH?!

11.3. V gomy nmoJisirae€ MeTOJ] 3aII0OBHEHHA MPOMYIIEHNX TaHUX 33 Pe-
rpecieto?

11.4. 3a 9KOro NPUITYINEHHS MO0 MEXAHI3MY [MOPOKEHHS IIPOITY-
CKiB MOXKHA, e(DeKTHBHO BUKOPUCTOBYBATH METOIU AHAIZY HEMOBHUX
JIaHUX, sIKi TPYHTYIOThCS Ha 3aCTOCYBaHHI (DYHKINT BiporigHOoCTi?

11.5. Oxapakrepusyparu Gyskiil kpokis £ ra M EM-anropurmy.

11.6. 3naiitu OMB koedinienra Bapiamii |/0 OZHOBAMIPHOI HOpP-
MaJIbHOI BUbipKH.

11.7. Tenepasbua cykymuicTs, gxa mictuth N = 10000 emementis,
moginieHa Ha aBi crpatu obcarom N1 = 1000 ta No = 9000 eementin
BiamosizHo. 3 KOXKHOI cTparH Bimibpamo mo 500 egeMeHTIB 3a JOIOMO-
rO0 [IPOCTOTO BUIAJIKOBOTO Binbopy 6e3 noeepHenHsd. 250 esleMeHTIB
Bubipku 3 mepimoi crpatu Ta 50 esieMeHTiB BUbGIpKU 3 ApyTol CTpaTH
obcrexxuTr He Baasnoca (Tobro, € 250 uesianosineit y subipi 3 neprol
crparu ta 50 — y Bubipmi 3 apyroi crparu). OninuTy fMOBIpHICTS Bij-
MOBIT /15T KOYKHOT CTPATH OKPEMO Ta JJIsT MOMYJ/IAII B IiIoMy. 3HAATH
Baru jau3aiiHy Jiyid gaHoro obcrexkeHHs. flK 3MiHATHCH Baru Ju3aii-
HY, SKIIIO BPaxyBaTH NPOIYIEH] 3HadeHHsi? 3anucaru (HopMysLy st
obUnCIeHHS OIIHKNA CEPEIHBOTO 3HAYEHHS JOCTIKYBAHOI XapakTe-
PUCTUKN TeHepaThbHOI CYKYIHOCTI, BHKOPUCTOBYIOUN HasgBHI UMCIOBI
naHi Ta KajaibpoBani Barn au3aiiHy.
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Honmarok 1. Tabauiig BUIIaIKOBUX YUCEJI

Yucna, nasemeni y tabmuii J 1, MOXKHA BUKOPUCTOBYBATH IS
n00y10BU HMOBIPHICHOT BHOIDKH.

Tabunusa /11, Bunagkosi ymciia

4924 | 2621 | 2514 | 4455 | 9711 | 1976 | 0308 | 3212 | 8638
7680 | 0568 | 8778 | 3996 | 0998 | 8625 | 4506 | 6684 | 7793
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 | 6269
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 | 3085 | 4729 | 2761 | 5988 | 8949 | 6692 | 9764 | 2889
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
5514 | 5849 | 6951 | 4852 | 7391 | 4533 | 25645 | 2608 | 7408
8940 | 2013 | 6147 | 1136 | 3906 | 6087 | 6054 | 7899 | 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 | 0573 | 0733 | 8485 | 6749 | 2572 | 5178 | 7846 | 8996
1096 | 9787 | 5211 | 4342 | 8500 | 1435 | 2986 | 1057 | 4450
7960 | 6896 | 6454 | 9658 | 2578 | 1956 | 0563 | 4190 | 8844
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Honarok 2. HopMmaJjibHIIT pO3IIOIiI

Y rabawuui /12 nasemeno suavennst dbynknii ®() HopmasbHOTO
posmoziny 3 mapamerpamu (0; 1):

o st 3aaHux t > 0 rabysboBani 3HaveHHd QyHKIIT

No.1(t) =@ (t) = \/12? f exp{—sj}ds.

e g t < 0 smavenns ynkmii (¢) oTpuMyIOTBCS 3 PIBHOCTI
O(t) =1— P(—t).
Bnauennss Ny, g2 (7) dyHkuil HOpMAILHOro PO3LOILLY 3 Iapame-

TpaMm @ i 02 OGUMCIIOETHCS 32 3HAYEHHSIMHE TaOyIb0BAHOI (DyHKIT
No. 1 (t) = @ (t) mopmanbroro posmoainy Ny 1:

Ny o2 () = Noaa (m;a> ) (x;“>

Tabmung J12 momyckae JiiHifiHy 1HTEPIOIATIFO.
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Tabmuua 2. 3nadennda pyakmii O(t)

t |0 1 2 3 1 5 6 7 8 9

0,0 | ,5000] ,5040 ,5080] ,5120| ,5160 ,5199 ,5239 ,5279 ,5319] ,5359
0,1 | ,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 ,636%] ,6406 ,6443| 6480 ,6517
0,4 | 6554 ,6591] ,6628 ,6664] ,6700] ,6736 6772 ,6808 6844 ,6879
0,5 | 6915 ,6950 ,6985 ,7019| ,7054] ,7088 7123 7157 ,7190] ,7224
0,6 | 7257 ,7291] ,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 ,8023 ,8051 ,8078 ,8106] ,8133
0,0 | 8159 ,8186] ,8212 ,8238| 8264 ,8289 8315 ,8340] 8365 ,8389
1,0 | 8413 8438 ,8461] 8485 ,8508 8531 ,8554 8577 ,8599 ,8621
1,1 | ,8643 8665 ,8686 ,8708 8729 ,8749 8770 ,8790] ,8810] ,8830)
1,2 | ,8849 8869 ,8888| ,8907 ,8925 ,8944] ,8962 8980 ,8997] ,9015
1,3 | ,9032( ,9049 ,9066| ,9082 ,0099 ,9115 ,9131] ,9147 ,9162 ,9177
1,4 | ,9192( ,9207 ,9222 ,9236) ,9251] ,9265 ,0279 ,9202 ,0306| ,9319
1,5 | ,9332( ,9345 ,9357 9370 ,0382 ,9304 ,0406| ,9418 0429 ,9441
1,6 | ,0452( ,9463 ,0474] ,9484] 0495 9505 ,9515 ,9525 9535 ,9545
1,7 | ,9554] ,9564 ,0573 ,9582 ,0591] ,9599 ,0608| ,9616, ,0625 ,9633
1,8 | ,9641] ,9649 9656 ,9664 ,0671] ,9678 ,0686| ,9693 0699 ,9706
1,9 | 9713 ,9719 9726 ,9732 ,0738 ,9744 9750/ ,9756 ,9761] 9767
2,0 | 9772 ,9778 9783 ,9788 ,9793 ,9798 L9803 ,9808 9812 9817
2,1 | ,9821] ,9826 ,9830 ,9834] 9838 ,9842 ,9846| ,9850 ,9854 9857
2,2 | ,9861] ,0864 ,9868 ,9871] ,9875 ,0878 9881 ,9884 9887 ,9890
2,3 | ,9893 9896 ,9898 ,9900| ,9904] ,9906 ,9909 ,9911/ 9913 ,9916
2,4 | ,9918 ,9920 ,9922 ,9925| ,9927 ,9929 ,9931 ,9932 ,9934 ,9936
2,5 | ,9938 ,9940 9941 ,9943 9945 ,9946 ,9948 ,9949 9951 ,9952
2,6 | ,9953 ,9955 ,9956/ ,9957 ,9959 ,9960 ,9961 ,9962 ,9963 ,9964
2,7 | ,9965 ,9966 ,9967 ,9968| ,9969 ,9970 ,9971 ,9972 9973 ,9974
2,8 | ,9974 ,9975 ,9976 ,9977 ,9977 ,9978 ,9979 ,9979 9980/ ,9981
2,9 | ,9981 ,0982 ,9982 0983 ,9984] 9984| ,9985 ,9985 ,9986| ,9986
t |30 |31 [32 |33 [34 |35 |36 |37 |38 |39
d(t)| ,9987 ,9990 ,9993 ,9995 ,9997 ,9998 ,9998 9999 ,9999 ,1000
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IToka>k4nK TepMiHiB

Bubipkosuit posmomin 24
Binbip
Bepmymni 17, 56
kiactepunii 120
ojHocragitinuit 121
aBocTaiianit 129
bararocramiitamit 142
ITyaccona 168
npocTuil BumaakoBuil Oe3
noBepHenHs 16, 27, 37
OpPOCTUN BUNAJIKOBUN 3 T10-
BepHenusm 79, 84
cucTeMaTuaIHUN 66
crparudikoBannmii 103
P-IIPOTOPIMHUN 710 PO3Mi-
py 87
T-TIPOIOPIIHHAHN 70 PO3Mi-
py 96
Bigrocra moxmubka 52
Buyrpimasorpynosuit - koedi-
MieHT Kopeaarii 71
BroopankoBannit  BubipKoBmit
nuzaia 80
Temepanbna cykynuicTs 15
Juzaitn
BubipkoBumit 17
BUMIpHUH 28
3 dikcoBanuM PO3MipOM
Bubipku 30
Hun3zaiia-edexr 61
Hosipunit inTepBas 47
Sanosuenns mpomyckis 181
SsaxkyBanus 181
Smimenns 24

NmogipricTs BRTIOUEHHS 26
mosiprocri, npomopiiini 10
po3uMipy 88, 96

Meton
Jlaxipi 90, 97
mireapmzarii Teitmopa 150
HakonmaeHux cym 89, 97
OcHoBHa TOTOXKHICTH JMCIIEP-
citroro anamzy 70
Ominka
BEKTOpa CYMapHUX 3Ha-
Tenb 146
BimHOMeHHs 154
Topsinma—Towmmcona 31
3a BigHomenusM 174
3a perpecieo 166
3a pizauIeo 162
MaKCUMaJbHOI BipOTiTHO-
cri 192
Xancena—I'ypsina 82
incykyrmwicTs 44
Po3zwmip Bubipku 51
Poswmimenns
Hetimana 114
onrumaJsibre 110
mpotopiritiae 114
z-onTuMaabae 116
Cxema
Bproepa 97
Bigbopy 16
Canrepa 99
Dopwma Eiirca—I pani—
Cena 32
Oyukiig Biporigrocti 191



CHOncokKk OCHOBHUX IIO3HAYEHDb

E(0) — maremarnune crogiBanms
O].[lHKI/I 9

D() -

~

JHCIOEPCis OIIHKI 6
D(0) - onimka mucnepcii
OITIHKH @;

N — KiIBKICTB €/IEMEHTIB
MIOTTYJISATT;

n, Ns — Po3mMip BUOIPKH;

p() - BI/I6ipKOBI/H7I IN3AMHH;

Sy = 51 Lpev (e — Y)? — auc-
nepeist SMlHHOI Y JUTST TIOTIYJIATI;
52 = Lt Yyeuln — 7 - mGip-
KOBa JIUCIEPCist 3MIHHOT ¥;

s — Bubipka;

T =) 1cy Yk — CyMapHe 3HAYEH-
HsI 3MIHHOI Y 7T OIS,

t =2 kes Uk

3MIHHOI ¥ 33 BHOIPKOIO;

— cyMapHe 3HaYeHHS

tr — omiaka [opeina—Tommcona
CyMapHOTO 3HaueHHs 1

Crimcok CKOpOdY€eHb

BB — Bigbip Bepuyiuii;

BBO — sropunna Bubipkoa
OJTMHUTIS;

BII — Bia6ip Iyaccoma;

JBE — nBocraaiiinumii Biabip
eJIEMEHTIB;

JAKB — #Bocraziftamit KjacTep-
Huil Biaoip;

OKB - oanocraiiiHuil KJjacrep-
HI Bigdip;

U - renepajipHa CYKyNHICTH, I10-
MYJISTTIS;

Uy — miicyKymHiCTb;

U}, — cTpara;

T} — 3HAYEHHs JOIOMI?KHOI 3MIiH-
HOT & JiJisi ejieMenTa, k;

Y = % Y key Yk — CepeHe 3Hate-
HHS 3MIHHOI Y JIJIS TTOMYJISTI;
Y= % Zkés Yk —

JTHE 3MIHHOT ¥;

BUbOIPKOBE cepe-

Yk, 2k — 3HAUEHHS 3MIHHUAX Y Ta 2
Jutst eqemenTa k;

@7{ — ominka [opsima—Tommcona
CepeHLOr0 3HAYEHHS Y ;

0 — mapameTp reHepabHOT
CYKYITHOCTI;

T —
HEPIIOrO MOPSIIKY;
Tl —
IPYTOTO MOPAIKY.

AMOBIPHICTE BKJIIOUEHHS

WMOBIPHICTE BKJTIOUEHHS

I[IBB6II — npocrtuit BumaakoBuii
Bifbip 6e3 moBepHEHHs;

ITBB3Il — mpocruit BUMaaKOBU
BiZOIp 3 TTOBEPHEHHSM;

[IBO — nepBunna Bubipkosa ou-
HUIIS;

CB — cucremaruunnii Binbdip;
CTB - crparudikosanuii Bifbip;
CTIIBB - crparudikosanuii mpo-
CTHiT BUMTAIKOBWH BIADIP.
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