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KHura cofepXuTt cuctemaTUyeckoe W3N0XeHMe MeToA4oB 0T6Opa*  oLeHuBaH
W BblYNCNEHMs OWNGOK BbIGOPKM MpU BbIGOPOUHLIX 06CnedoBaHusX. BbiBog (opm

OLEHOK 1 MX BbI6OPOYHbIX AWNCMEPCUIA COMPOBOXAAETCA MHOFOYNCNEHHBIMI NpUMepa
13 MPaKTUKN aHTNWACKOW U aMepUKaHCKOW CTaTUCTWKW. PacCMOTPeHbl MpeuMyLiect
HEJOCTaTKN W YCN0BUS MNPUMEHEHUS Pas3MuHbIX crnoco6oB oT6opa. Wanarawortcs
3yNbTaTbl HOBENLWWX WCCNefoBaHWA B 06nacTM MeTOAMKM BblGOPOUHLIX 06CNef0BaH-
Kaxpaa 3 13 rnaB KHWUIM COMNPOBOXAAETCA YMNPaXHEHWAMU [N CaMOCTOATENbU
paboTbl 1 CMUCKOM NUTepaTypsbl.

KHura npegctaBnseT MHTepec ANS LIMPOKOro Kpyra uccnefosateneit. OHa non
Ha 3KOHOMWCTaM, CTaTUCTUKaM, coLuonoram, a TakXe BCeM, KTO MPOBOAUT Bbl6OPO
Hble oﬁcne,qOBaHMﬂ UK NONb3yeTcs UX pe3ynbTaTamu.
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MPEANCNOBUVE K PYCCKOMY MNMEPEBOAY

ABTOp npegiaraemMoil COBETCKOMY u4uTaTento KHUrm Yunbam Kok-
)CM  W3BECTHbIA aMEpPWKAHCKWIA y4YeHblA-CTaTUCTUK, npodeccop [ap-
apAckoro yHusepcuteta. Kpome HacTosuero ¢yHAameHTanbHOro Tpyaa,
iepy npoceccopa KokpeHa NpWMHAANeXWT psafg cTaTell Ha TeMbl, OTHOCS-
LUMeCs K Teopuu BblIOOPOUHOrO MeTofa; KOKpeH 3aHumancsa takxe 61u3-
KAMM K Teopun BbIGOPOYHOro MeToja BOMPOCaMM TeOpWUM 3KCMEPUMEHTA,
mecTe ¢ lepTpygoli Kokc — AvpekTopoM WHCTMTYTa CTaTUCTUKK npu
unwepcuTeTe wWtata CesepHasd KaponumHa — OH Hanmucan KHUTY O NjaHu-
oBaHMKU akcnepumeHToB («Experimental Designs»), BbilWegwyo B CBET
TOpbIM U3gaHvem B 1957 T.

CogepxxaHue HacTosLeid KHUrM npogeccopa KokpeHa HECOMHEHHO npu-
NeyeT BHUMaHWe CneunanucToB-CTaTUCTUKOB. M3nuLWHE TOBOPUTL O TOM,
<aKoe BaXHOe MECTO 3aHVWMaeT BblOOPOYHbLIA MeTOA B CTATUCTUYECKON Ha-
ke. Bcs maTemaTuueckas BeTBb 3TOW HayKu pa3BuBanacb Kak yueHue
BEPOSTHOCTHOW OLEHKE AaHHbIX, NONyYaeMblX B pe3y/bTare BbIGOPOYHOro
ETATUCTUYECKOro Hab/loAeHns nnn akcnepumeHTa. MpakTnyeckoe 3HayeHue
bIOOPOYHOrO MeToda TakXXe O4YeHb BENUKO. BO3MOXHOCTb COKpaTUTb pac-
Ofibl Ha NpPOBeAeHUe CTaTUCTUYECKUX PaboT mpencTaBnseT coboil Hemasno-
@KHbI [OBOL B MO/b3y MPUMEHEHMSA BbIGOPOYHOro HabMOLEHUS BMECTO
tabniofeHns cnnowHoro. K atoMy Hepegko NPUCOeAMHSETCA OTCYTCTBUE
03MOXHOCTV BOOOLLE, NO TEM WAW WHBIM NPUYMHAM, MPOBECTM CMJ/IOLIHOE
‘TaTucTUyeckoe obcnefoBaHue.

Ponb BbIGOPOYHOrO METOAA OCTaeTCA BeCbMa 3HAYMTENIbHOW U B rocy-
fapcTBeHHoN ctatuctuke CCCP, rge Hapsagy €O CTaTUCTMYECKONW MHgopma-
LeH, nony4vaemMoil B nopsigke (YHKLWOHWPOBAHWUA eAMHON CUCTEMbl Ha-
POLHOXO3AWCTBEHHOrO Yy4eTa WAM MPOBEAEHMUS CMeLnaibHbIX CROLHbIX
WepeHucei, nepes CTaTUCTUYECKUMW OpraHamu BO3HUKAKOT W Takue 3ajaun,
KOTOpble BO3MOXHO U >XefaTe/lbHO pa3pewlaTtb b MyTeM BbIGOPOYHOrO
tabnoaeHus.

3arnaeve KHUrM KokpeHa CBMAETENbCTBYET O TOM, UYTO B HEil He m3na-
aloTCA TEOPETUYECKME OCHOBLI BbIGOPOYHOr0 MeToda. XOTA B Mpeauc/ioBun

KHWUre aBTOp FOBOPUT, YTO «Lie/lb 3TON KHUIM — Kak MOXHO 60nee nosiHO
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N3N0XNTb TEOPUIO BbIGOPOYHOrO MeTOAa», HO COGCTBEHHO TEOPUM BbIGOPOY-
HOK METOAa, B HAleM ee NMOHVMaHWKW, OH MOCBALLAeT /IMlb HEMHOrMe cTpa-
HWLbI, COCPeOTO4YMBAas BHUMaHWe Ha MaTeMaTW4eCKOW CTOpPOHe 3TOro Mme-
TOAa, Ha BbIYMC/EHWM OLEHOK MO AaHHbIM HabnAeHUs W UX OWMBOK, H
opraHv3auuny camoro BbIOOPOYHOro HabngeHus. 3TO OTHIOAb He ymanse
AOCTOMHCTB KHWUMN. O6Line TeopeTMyeCcKMe OCHOBaHMS BbIGOPOYHOTrO Me-
TO4a, 3aKNYalLMecs B MONOXEHNAX TEOPUU BEPOATHOCTEN, AOCTATOYH
XOpOLLO M3BecTHbI W eflBa NN TPebyeTcs NULWIHUIA pa3 K HUM ob6pallaTbes.
0pasfo BaXXHee OCBETUTb MHOMOYUC/IEHHbIE U HEPeLKO C/I0XHble BONPOCh
METOAMKN BbIGOPOYHBLIX 06CnefoBaHWUA.(ABTOpP, rOBOPSA O TOW uam wHol
(hopMe oT6opa, 0ObIYHO AaeT MaTeMaTWYecKylo Mofenb W BbIBOL opmMyI,
uto TAKXe MpeAcTaBnseT 6GONbLIOA WHTepec ans~ untatllar3Xii3/1bcTa.
Krrlra Kokpena, HECOMHEHHO, OAHa M3 NyYLInXx paboT 0 BbIGOPOYHOM METO-
[e B 3anagHoli nutepatype. Mo3ToMy mM3gaHue ee nepesoja npejcTasnseT-
CA BeCbMa XXenaTe/bHbIM.

KokpeH B CBOeM M3n0XeHWM obpaliaeTcs npexjae BCero K Knaccuye-
CKOM) 06pasyy NpUMEHEHMS BbIGOPOYHOTO MeToJa— K MPOCTOMY Cryd4ai-
HOMy oTbopy. B Takoi Bbl6OpKe C HanbO/bluei OTYETAMBOCTbIO MNPOAB-
NAOTCA 3aKOHbI ciyyas. 34ecb He HanaraeTcs HWKaKoro orpaHuyeHus u
[leiicTBME MexaHW3Ma BaXKHeMLWero u3 HUX — 3aKoHa 60MblUMX Yucen, on
PefensoLero BCO NIOTMYECKY0 KOHCTPYKLUMIO BbIGOPOYHOro meTofa. Teo
pvsa BbIGOPOYHOro MeToAa co3jaBanacb, UCXOAS UMEHHO W3 MPeSCcTaBieHn
0 CnyvailHOM 0T6Ope, a MpakTMKa BbIGOPOYHOr0 CTATUCTMYECKOrO Habsto
[eHVs BO BCeX CBOMX BUAax MOYTW BCErfa MMeeT B BUAY Takoi oT6op Ka
OCHOBY CBOeil opraHusaumu. Takum 06pa3oM, M3M0XeHWe BOMPOCOB, Ka
CalLMXCs TNaBHbIX MOMOXEHUA Teopuu clyvyaiiHOro oTbopa U MaTema
TUYECKOr0 BbIPaXEHUS OLEHKMN ero pesynbTaToB, Urpaet B KHUre KokpeH
poNnb Heo6X0AMMOro BBEAEHMUS uuTaTens B Kpyr npobiem, coOCTaBastooLm
OCHOBHOE COfep>KaHue 3TOW KHUTK.

3Hakomsicb B paboTe KOKpeHa cO BCEM MHOroobpasveM MNprvEMOB Bbl
6opoyHoro cTaTUCTMYeCcKoro HabMloAeHus, YynuTaTenb, eCTeCTBEHHO, MNOXe
NaeT 3ajaTb BOMPOC: a KaKOBbl e XapaKTepHble YepTbl COBPEMEHHOW npak
TUKMN BbIGOPOUYHOro MeToaa? KoHeuHo, uccnefoBateib, NPUMEHSIOWNIA 3TO
MeTOf, BCerfa CTpemMuTcs K TOMY, 4TOObl MOBLICUTb TOYHOCTb PE3ynbTaTo
CBOei paboTbl, T. €. YMEHbLWUTb CAy4YaliHyt0 OLWNOKY BbIOOPKM M TaKu-
06pa3oM MMeTb BO3MOXHOCTb C 60/blUE BEPOATHOCTLIO YKa3aTbh MEHbINM
npegenbl, B KOTOPbIX MOXET HaxXxO4WUTbCA HEW3BECTHas XapaKTepUcTUK
NCXOAHOMN COBOKYMHOCTM (TaK HasblBaemblil AOBEPUTENbHbIA WHTEPBa)
He cTonT 106aBNATbL K 3TOMY, YTO Cama OLINOKa J0MKHA UMETb AENCTBUTESNb
HO Cnyd4aliHblii XapaKTep, He oTpaXkas Kakue-mbo cuctemaTuyeckmne BAus
HUA. KakoB e NyTb, BefyLWWiA K AOCTVXKEHUIO 3TOM Lenun, UCKIYas yse
JMYEHNE YMCNEHHOCTW BbIGOPKM, NO3BONAIOLLEE 3aKOHY O60/bLUMX uKuce
NPOABUTLCS NOJHee? ITOT MyTb — OrPaHWYeHWs, HanaraeMmble Ha «urp
Clyyasi», CyXeHue 06M1acTU ero [eilCTBMS, MO3BOMAIOLLEE UCKIHOUYUTL W
BapMauuy NOMYYEHHbIX [AAHHbIX TakXe W Ty ee 4acTb, KOTopas He ¢op
MUPYeT CnyvaiHyro OWM6KY Bbl6OpKM. COBpeMeHHas MeToAuKa Bbl6opou
HOro CTaTUCTUYECKOro HabNIOAeHNs pacnonaraet Ans 3Toro psgom CpeacTs
C KoTopbiMu KHMra KokpeHa MO3BOMISET 03HAKOMWUTLCA C AOCTATOYHO
NOSHOTOWA.
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MepBoe 1, NoXanyii, camoe BaXHOE U3 3TUX CPeACTB 3TO — Pacc/ioeHue,
win cTpatudukaymsa (stratum — cnoi, nnacT) UCXOAHON COBOKYMHOCTM
nepes 0T6OPOM M3 Hee HEKOTOPOro ymucna 06bekToB. B Hawei nutepatype
MoKasblBaeTcs, MOYeMy TaKON OTOOpP, Ha3biBaeMblli 0ObIYHO «TUMNYECKUM»
HMH «PaliOHUPOBAHHbLIM», MNPUBOAUT K YMEHbLUEHUIO CAY4YailHON OWUNOKK.
[na TOro ytobbl MOHATH NOTMKY 3TOM OMepauuMu MOe3HO, MOXET ObiTb,
MPOHECTM HEKOTOPYID aHaforMi0 C 3KCMepuMeHTanbHOW paboToil. OueHb
BaXHO 3ajaveli B 3KCNepuMeHTabHO paboTe ABNAETCA NPEOfOSiIeEHNe Tex
BAVAHWIA, KOTOPbIE MAYT CO CTOPOHbI HEOJHOPOAHOCTM YCNOBWIA MPOBEAEHUA
onbiTa. AIcTOUHMKamMK 3TO HEOAHOPOAHOCTY MOTYT ObITb B arPOHOMUYECKUX
3KCMepUMeHTax, Hanmpumep, pasMyuus B MNIOAOPOLMM MOUBbI, B TEXHOO-
FMYECKUX OMblTaX-—pa3Hble NapTun Cbipbd U T.4. MOHATHO, 4TO 3Ta Heoa-
HOPOZLHOCTb YCNOBMIA CNOCO6GHa MCKa3UTb BbIBOAbI UCCNEL0BAHNSA, MOCKO/b-
Ky OHa MPUCOeSUHAET CBOE BAUSHME K [eCTBMIO BCEX MPOYMX, B TOM Yucne
n obpasyowmx OWnbKy onbiTa, CAyvaliHbIX NPUYMH. IDKCMEpUMeHTaTop
HbIXOAUT W3 MOMIOXKEeHWs TakuMm 06pa3om, 4YTO ypaBHMBAET, MO BO3MOX-
HOCTW, YC/IOBUA NPOBELEHWA ONblTa NWLWb B KaXOM «b6/0Ke» WAM MOBTO-
penun ero. ObecneynBas Takoe CXOACTBO YC/OBWIA B Npeaeniax CpaBHUTENb-
HO HeboMbLIOro 6/10Ka, IKCMEPUMEHTATOP YXXe MOXET cpaBHMBaTb 6e3 no-
MeX, O0OYCMOBMIEHHbIX pasnuuveM Mexay 6/10Kamu, AelicTBUE pasnyHbIX
(hakTopoB 1M cnocoboB 06paboTKM, MOYTU CBOOOAHOE OT MOCTOPOHHUX BAMW-
AHMIA. YTO >Xe KacaeTca pasnunuuii mexgy 610KamMu UAn NOBTOPEHMAMMU
OMbITa, CO3JaKLWMX, TaK CKasaTb, OOLWMIA «MecTpbit» OH, TO Bapuauus,
o6s3aHHasa “m, B UTOre, MpW CTaTUCTMYeCKol 06paboTke pe3ynbTaToB OfMbl-
Ta, NOANMEXMT MCKYeHMI0. Tak HafnaraeTcs B OMbITE OrpaHUYeHue Ha
CNyvaiiHoe pasmelleHne ero BapuaHToB. OHO COXPaHAeTCA NWlb BHYTPU
6nokoB (MOBTOpeHWiA), rAe CO34aeTcsd, MO BO3MOXHOCTW, OAHOPOAHAas
cpega.

Mpu opraHuMsauumn paccrioeHHOro otbopa CTaTUCTUK TakXe WMMeeT ne-
pes co6oli HeOAHOPOAHYH COBOKYMHOCTb, MHaye He 6b110 6bl CMbiCNa pac-
UNeHsATb ee Ha Cnoun. M3yuyeHue cemeiiHbIX OIO[XETOB, KOrja pedyb uAeT 0
BCEl HEOAHOPOAHOM Macce NOTPeOUTENeR, MOXKET CYXUTb 34eCb NPUMEPOM.
[pyroii npumep— BbI6OPOUHOE 06CNeA0BaHNE Pa3/INUHbIX TOPrOBbIX Mpef-
NpUATKA Topoga, KOTopble N0 XapaKTepy TOBapo0o6opoTa B pasHbIX parioHax
p'i ;NHYHbI. Takum 06pa3om, Cnou, KOTOpble CO3JAlOTCA Tak, 4TOObl OHU
HO BO3MOXHOCTW MNpeAcTaBnsnM cob60i OfHOPOAHblE B WM3BECTHOM OTHO-
HH-MNW TPYNMbl €4MHULL CO CMy4aiiHON BapuauMeil 3HaAYeHWn MPU3HaKa,
MOryT 6bITb YNOA06MeHbl 6/10KaM B 3KCMEPUMEHTE.

Mogo6HO cTaTMCTMYeCcKO 06paboTKe pe3ynbTaTOB 3KCMEPUMEHTA, Mpu
onpeaeneHnn cnyvaHoW own6KN BbIBOPKM TOMbKO BapuaL s BHYTPY COEB
(yneT npuHATa BO BHMMaHWe, a Bapuaums, 06A3aHHaA pasinumaMm Mexagy
CnoAMu, ucknoveHa. CnefosatesibHO, M NPU PaccioeHHOM OT6ope co Cny-
YaiiHbIM M3BNeYeHWEeM OMpPefeNeHHOro Yucna efuHuL, M3 CNOeB OrpaHuyun-
BaeTcs, Nofo6HO 3KCNepuMeHTy ¢ 610KaMu, 061acTb «Urpbl cny4vas». OHa
0MaeTca WCTOYHMKOM Bapumauuy 3HaYeHWi NpusHaka nlib BHYTPU C0EB.
* aK, B CBOK OYepefb, NPeofoneBaeT CTaTUCTUK HEOLHOPOLHOCTb YCNOBUIA,
B KoTtopbix npoussogutca oT6op. BmecTe C TeM OH YMEHbLUAEeT BefMYuHy

C4P>YaHHON OLKMOKM, UHBIMU CNOBaMK, MOBbILLIAET TOYHOCTb CBOErO nccneno-
BaHWA.



OfHaKO HYXHO NOAYEPKHYTb, 4TO 3DEKTUBHOCTb PACCNOEHHON BbIGOp-
KV B BbICOKOI CTENEHW 3aBUCUT OT Bbl6Opa NpM3HaKa pacCcnoeHuns, a Takxe
OT NopsigKa «pasMeLLeHnsa» orbrpaemblx W3 Cnoes efuHuy. UTo Kacaetcs
Bbl6Opa NMpM3HaKa pPacCnOeHUs, TO MOXHO MPOBECTU aHaNOrMNI0 MEXAY HUM
1 BbIGOPOM FpYMNMNMPOBOYHOIO NpU3HakKa B cTatucTuueckoi tabnuue. Ecnu
TO/IbKO NpU MpaBWAbHOM Bbl6Ope rPYNMNMPOBOYHOIO MPU3HaKa MOXET
C BOCTaTOYHON OTYETNIMBOCTHIO BBICTYMNNUTbL B CTATUCTUYECKOW Tabnmue CBS3b
MeXay U3yyaembiMy SABAEHUAMU, TO, TOYHO TaK Xe, AUWb NpW yaauyHOM
BbI6OpE MpM3HaKa PacCnOeHUs MOXET 0Ka3aTbCHA LOCTATOYHO 6ONbLUON Ta
fonsa obueli Bapnayum, Kotopas 0643aHa pasinuusam Mexagy closMu u Ko-
TOopas B fJanbHEALWeM MNOANEXUT MUCKAYeHU0. Kak v Bapuauus cpegHmx
B CKasyeMOM rpynnoBoi Tabnuubl, 3Ta Bapuauus OygeT, 0YeBUAHO, TeM
6onblle, YeM TeCHee CBSA3b MEXAY MW3y4YaeMbIM MPU3HAKOM U MPU3HAKOM
paccnoeHus. Hago nonaratb, 4to KOKpeH W vMeeT 3TO B BMAY, KOrga oH
rOBOPUT O PErpeccMOHHO Mofenu, B CBA3W C BOMPOCOM O Haubonee Lene-
co06pa3HOM uucne cnoes. [elicTBMTENbHO, Bapuauus cpegHUX Mo CosM,
Kak 1 Bapuauma cpefHnX 3HayeHnn Npu3HaKa B CKa3yeMOM CTaTUCTUYECKO
Tabnuubl, MOXET paccMaTpuBaTbCA KaK W3MEHUYMBOCTb MPU3HAaKa «Mo nu-
HUM» 3MMMPUYECKO perpeccmun. Kak ke nydlle pasMecTUTb OTOMpaemble
eAVHNLbI N0 CNosM, 4ToObl [06MTbCA OONbLUEA TOYHOCTM pPe3ynbTaToB
oTt6opa? LWTyanpys KHury KoOkpeHa, u4uTaTe/lb MOXET MO3HaAKOMUTLCS
C A4ByMS crocobamMun pelleHuns 3TOi 3afadn: ¢ NponopuuoHanbHbIM pasMe-
LeHneM U C pa3MelleHreM OnTMMasnbHbIM. B Hawel nutepaType, nocBs-
LWEeHHOW npobnemam BbIOOPOYHOrO MeTOAa, OMTUMANbHOE pasMeLleHue,
npusogsliee B 06LemM K 60/bLIei TOUYHOCTU BbIGOPKM MO CPaBHEHUIO He
TO/IbKO C MPOCTOI CNy4aiHOW BbIGOPKOWA, HO M C NPONOPUMOHAbHBIM pas3-
MeLLeHMeM, He MOSTyYMao AO/MKHOMO OCBELLEHUS, eCIM He CUUTaTb 3abbITOl
pa6otel A. I'. KoaneBckoro «OCHOBbl TeOpUM BbIGOPOYHOIO METOAa»,
ony6nukoBaHHoW B CapatoBe B 1924 r., rnasbl, HanucaHHolii B. H. Cra-
POBCKMM B MOHOrpaguu «Teopus MaTeMaTMUeckoi CTaTUCTUKW» (aBTOpbI
A. A- bosapckuii, B. H. Ctaposcknii, B. V. Xotumcknid, 6. C. fAcTtpem-
ckuin. M.—J1., Couakrus, 1931, rn. 5), fa 0gHOro nNpumepa, NPUBEAEHHOTO
B paboTte Ox. KOna n M. KeHgana «Teopus CTaTUCTUKW», MepeBefeHHON
Ha pycckuii a3bik (M., Tocctatusgar, 1960). O6bI4HO B 3amafjHON nuTe-
paType cnoco6 ONTMMAaNbHOIO pasMELLeHWUs CBA3bIBAETCH C  WMeEHeM
E. HelimaHa, KoTOpbI/i nNpeanoxun 3tot cnocod B 1934 r. OgHako M3BecT-
HbIli pycckuii cTaTuctnk A. A. Yynpos ewe B 1923 1. U310Xna 3TOT CNOCO6
B OfHOIi 13 CBOMX CTaTeid, ony6/MKOBaHHOW Ha aHIMIACKOM fi3bike. Mexa>
TeM MAes ONTUMaNbHOro pasmeLleHuns 3acny>XunsaeT, pasyMeeTcs, 0C060ro
BHMMaHWsA, TaK Kak pacnpegeneHue oT6upaeMblX efuHWL, N0 CH0AM 6
COOTBETCTBUW C BENNYMHAMMW CPefHUX KBaLpaTU4YeCcKMX OTKNOHEeHWi BMof-
He OTBevaeT 06LieMy IOFMYECKOMY MPUHLMUMY BbIOOPOYHOrO METOoda: Yem
«MecTpee» UCX0A4Has COBOKYMHOCTb, TEM MHOTFOYUC/EHHER .[O/MKHa ObITh
Bbl6opka. VIMEHHO 3a CueT BapuaLvu BeIMYMH CPeAHMX KBafpaTuyeckux
OTK/IOHEHWI, KOTOpas WMCK/YaeTca M3 obLieil BapuaLmm BMeCTe ¢ Bapua-
UMein cpefHMX MO CN0AM, W CO3[aeTCHd NPEUMyLLecTBO BbIGOPKM C ONTU-
Ma/lbHbIM pasmeLleHneM nepef BbIGOPKON, MMENOLLE pasmelleHne Npomnop-
UMOHanbHoe. PasymeeTcs, opraHusauums Bbl6OpOYHOro 06cnefoBaHUA Kak
C NPOMOPLMOHAbHBIM pasMeLLeHneM, TaK U C pasMeLleHNEM ONTUMa/IbHbIM

XET BCTPETUTbCA C 6OMbLIMMKU TPYLHOCTAMMU, MOCKOAbKY B 060MX CNy-

°X TpebyeTcs WUMETb KaKyl-TO WMH(OPMALMIO O «BeCe» BblAeNsAeMbIX U3

XO[HOV COBOKYMHOCTK CNoeB. MNpu ONTUManbHOM pa3MeLLeHnn aTn Tpya-
KTy ycyry6naioTcs ewe HeobXo4MMOCTbI0 UMETb NPeACTaBleHNe O Benu-

Hax CpefHUX KBafpaTuyecKux OTKNOHEeHW. Ho BO Bcex cnyyasx, Korjga

M 3aTpyfHEHMA MOryr O6blTb MPeofONeHbl, WUCCNeAoBaTe/lb He AOMKEH
peHebperatb BO3MOXHOCTbIO OpraHvM3oBaTb CBOe Bbl6GOPOYHOe 06CnefoBa-
Me Ha 3TMX NpPUHUMNAax, o6eLarwmx npyu NpaBUbHOM WX NPUMEHEHUU
'NbINY10 3(HEKTUBHOCTL Pe3ynbTaToB.

;  Kakwue e ewe cpefcTBa NOBbIWEHWUA TOYHOCTV HabMIOAEHNS MYyTEM Or-
aHUYEHUA «MIPbl CNyyas» BbipaboTana Teopus M NPaKkTUKa BbIGOPOUYHOrO
eTofa? 37U cpeAcTBa — METOA OTHOLIEHWUS CPeAHMX, MEeTOA perpeccuv u
ncTeMaTM4Yeckunin 0T6op, KOTOPLIM B Halled nuTepaType MMEHyeTcs Mexa-
nuecknum. Bce 3Tu cpefcTBa, MX MpeuMyllecTBa U HegocTtaTkm KokpeH

KXX€ NOApPO6HO OMUCLIBAET B CBOEl KHUTE.

B ocHoBe MeTOfa OTHOLUEHMS CPefHUX M MeTOAa Perpeccum NexuT oaHa
Ta Xe uges: cBA3aTb AaHHble HAbNIOAEHUA C MOMOLLLIO OTHOLLEHNA cpesd-
X WK, elle nydwle, Ko3aPduLmMeHTa perpeccum c pesynbTaTaMu Kakmx-

60 o06cnenoBaHWiA, NPOU3BOAMBLUMXCS NPeABapUTENbHO, 4TOObI 3aTem
BK/IOYNTL U3 Bapuaumn HabnogeHHbIX AaHHbIX Ty €e 4acTb, KoTopas
yClnoBieHa 3TON-CBA3bI. MeTof OTHOLEHWA CPeAHMX MOXHO CUMTaTb
MWb M3BECTHbIM NPUOMXEHMEM K MeTOAy Perpeccuu: npu CTPOroi npo-
OpPLMOHANbHOCTU B U3MEHEHUAX M3y4YaeMblX NPU3HAKOB 06a MeToda npu-
OYT K OLMHaKOBbIM pe3ynbTaTam. B kHure KokpeHa MOXHO HalTu npu-
€p C OUEHKOI cpefgHero uucna xutenein B 49 ropogax CLUA B 1930 r.,
eTopas npowusBefeHa Tak, 4To faHHble 1930 r. OblAM CBA3AHbLI C AaHHbIMU
920 r. oTHOLEHWEM cpefHUX. Jlornka obonx metogos AcHa. OHa 3ak/io-
eTca B TOM, YTO Bapmaums, 06A3aHHaA perpeccumn, He MOXET YyXe pac-
aTpuMBaTbCs KakK Bapuauua cnydvainHad. OHa yXe «06bACHEHa» 3TON

rpeccueid, ycTaHOB/eHa NPeALIeCTBYOWMMI HabnogeHnamMn. TakuMm 06-
30M, TO/IbKO KOnebaHUsi «OKOM0» NWHUN PErPeccuy BbipaXarT HUYEM
J CBSI3aHHYHO «Mrpy cny4as». HeCOMHEHHO, 34ecb MMEEeTCA CXOACTBO C TEM
CMIOXEHMEM Belleli, KOTOPOe CKNafblBaeTCs MpU pacc/ioeHHOW BbIGOpPKE,

K YXe roBOpunocCb, Bapmauua CpefHUX Mo CNoAM TakXKe MOXeT npef-
aBNATLCA KakK Bapuauus «ro MHUW» PErpeccuu.

Ecnm npu paccnoeHHoM 0T60pe MAn MeTode OTHOLUEHUS CPeAHUX U Me-
[le perpeccum Mno3BOJIEHO BCE Xe NPOABNATLCSA 3aKOHAaM ciyyas XoTs Obl
b CYXEHHOI 06/1acTK, TO NpPaKTMKa BbIBOPOYHOro MeToAa B MOUCKaxX Cro-
'«B nonyyeHms 6onee penpes3eHTATMBHON BbIOOPOYHONM CpPefHei BblABU-
na Takylo opMmy oTbopa, KOTOpas yXe MNoyTM COBCEM He OCTaBNfAeT
cTa Ans LeficTBUA 3TUX 3aKOHOB. ITO — cucTeMaTuyeckuii ot6op. Korga

Bas efMHuULa 0T6MpaeTca UX UCXOAHON COBOKYMHOCTM Cy4yaliHo, Hanpu-

, MpY momMowy Tabnuubl Cay4valiHblX YMCes, TO CUCTEMATUYECKNIi OTHOop

BAlOT TaKXe «MCeBAo-cnyyaiHbiM» 0T60poM. HO, Mo cyulecTBy, 3To
MeHseT gena.

KoKpeH onucbiBaeT B CBOE KHWUTe, KaK1ue ONacHOCTW TaaTcs AN ucche-

aTensa, Hanpumep, Npu ANHEAHOM TpeHAe B WCXOAHOW COBOKYMHOCTM
* NPV NepuoanYecKnx KonebaHWAX 3HayYeHW KM3y4yaeMoro Mpu3Haka,
OHOJIOTMYECKNIA NOPSAJOK PacnofoXeHWs Y/IeHOB COBOKYMHOCTU TakXe
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MOXeT NpUCOeAMHUTL K CNyYaiiHOW Bapuauuy Bapuauuto, 0653aHHYyI0 feii-
CTBMIO (pakTOpa BpeMeHW. CnMCOK paboOTHUKOB MOXeT OTPasuTb YacTUYHOE
CXOACTBO paboumx rpynn M BOOGLLE MOXeT O06HApyXWUTbCA CTpemieHne
COCEAHMX Y/IEHOB COBOKYMHOCTW 6bITb MOXOXWMMW APYT Ha Apyra uam ofm-
HaKOBO OTK/IOHATbCA OT CPeAHEei BennuuHbl. B NOYTOBOM CMMCKE 41eHOB
Kakoro-nn6o obuiecTsa, MNOLMUCHMKOB WU K/MEHTOB HEKOTOPOro o6cny-
XXMBAKOLLEr0o UX YUPEeXAeHUA MOXET NMPOsABUTLCA reorpamyecknin nopsgok
MT. 4 Ta WIM WHaa TeHAEeHUMSA, CYLLeCTBYHOLLAas B WCXOLHOW COBOKYI-
HOCTW, MOXET BbITb HEATpasn30BaHa COOTBETCTBYIOLMM NOPSALKOM 0T6Opa.
Tak, Hanpumep, NNHeliHaa TeHAeHUMS HeliTpanm3yeTca 0TO0poM 06BHEKTOB
13 cepeauHbl MHTepBanoB. HO Kak e 06CTOWT Aeno C BbIYMCIEHUEM OLINOKM
Bbl6OPKN? KOKpeH He oCTaHaB/nvMBaeTCqd NOAPOGHO Ha 3TOM BOMpoce, a
MeXAy Tem NnocnefHuil JO/MKeH Npusfedb K cebe 0coboe BHUMaHNE VMMEHHO
noToMy, 4TO CuUCTemaTMyeckas BblIOOPKa LUMPOKO BOWA B MPaKTUKY.

Mpu cuctemaTMyeckoMm 0T60pe HEM36EXHO BO3HMKAET KOPPensuns Mex-
4y uneHamy BbI6OpPOK. Ecnm oHa nonoxuTenbHa, TO OwwnbKa, UCHUCNEH-
Has Kak clyvaliHasi, NpeyMeHbLIMT [eACTBUTENbHYIO BEIMYUHY OLINGKN,
npy OTpULATENbHON Xe KOpPensauMm oHa npeyBennynT nocnegHioow. B cTa-
TUCTUYECKON NNTepaType MOXHO HATW YTBEPXAEHUA, YTO pPeHAoMU3aLUA
NCXO[HOI COBOKYMHOCTM MpPU CUCTEMATNYECKOI BbI6GOPKe crnocobHa nomnpa-
BUTb Aeno. Tak, Hanpumep, VeiTc nuwet: «Cuctematnyeckas Bblo6opka 6bl-
na 6bl MO/IHOCTbIO PABHOCW/IbHA C/ly4alHOW BbIGOPKE, ecnu Bbl 3/1EMEHTbI
B CMMCKe pacnofaranncb COBEpPLUEHHO ciydaiiHo» (P. NeinTc. Bbibopou-
Hbli MEeTO4 B mepenucsx W ob6bcnefoBaHmax. M., «Ctatuctuka», 1965,
c. 56). OfHako 3TO cnpaBefNMBO NUWb ANA MaTeMaTUYeCKOro OXuaaHus
OLIMOBKM MPU CMCTEMATUYECKOM OTOOPE M3 MOMHOCTLI PEHLOMU3UPOBAHHOM
6ecKOHeuYHOl CcOBOKYNHOCTU. Y KOKpeHa MOXHO HalTu [0Ka3aTeNbCTBO
MPaBUIbHOCTM 3TOr0 MONOXEHMS.

Hapsgy ¢ BNOAHe MOHATHLIM XenaHWeM caenaTtb pe3y/bTaTbl BbIGOPOY-
HOro HabniogeHws 6onee TOYHbIMM, GofMee penpe3eHTaTMBHbIMK, B Opra-
HMU3auuy 3TOro HabnwaeHWa HameTunacb W Apyras NUHWA: JNHWA YNpo-
WweHna Bceil paboTbl, COKpaLleHNa 3aTpaT Ha Hee BPEMEHU W TpyAda, a cre-
[0BaTeNbHO, M YMEHbLUEHUA CBA3aHHbIX C Helk usgepxek. Hambonee fc-
HOe CBOE BblpaXXEHMWe 3Ta AMHUSA NOAy4Yuna B OpraHu3aLumn cepuinHoro ot-
6oga (Mo aHrnuiickoit TepmuHonorum, cluster sampling — rpynnosor-
0T60pa; B Hallel celbCKOXO3MCTBEHHOW CTAaTUCTMKE OHa NOMy4YMna Ha3Ba-
HUe «rHe3oBOro» 0Tbopa). PasymeeTcs, ferye opraHusosaTb OT6Op i
M3yUYeHMe HECKOMbKNX JECATKOB CEepUiA MaM rpynn efuHul, Yem COTeH OT
JenbHbIX efuHuy,. MNpakTuyeckume MpeuMmyLlecTBa CepuintHoro oréopa oco
6eHHO O0YeBWAHbI, Hanpumep, B CENbCKOXO3AMCTBEHHON CTaTUCTWKe, T
o6cnefoBaHMe HECKOMbKMX TPYMN XO3SMACTB, PACMONIOXKEHHbIX B HEMoOCpes
CTBEHHON 61M30CTM ApYr K APYrY, MeHee 3aTPyAHUTE/IbHO, Yem 06cnefo
BaHMe TAKOr0 XK€ Yncna OTAeNbHbIX X03AiCTB, pa3bpocaHHbIX MO BCER Tep
puTopun paiioHa. Ho opraHn3aunoHHbIE BbIFOAbI, MOMYYEHHbIe Npu 0TH60P
CepusiMM, MOTyT 6bITb NepPeKpPbITbl NOTEPei B TOUHOCTW NOyYaeMbIX pe3y b-
TaTOB, TaK Kak 0T6op rpynn 6nm3nexalnx o6beKTOB co3gaet 6aaronpust-
Hble YCNOBMA 415 BO3HWKHOBEHUS BHYTPWKACCOBOW Koppenauuu, T. e.
CBA3N MeXAy efuHuuaMun, BXOAAWMMMK B OTOMpaeMyto ceputo. MOCKONbK
06bIYHO MeXJy HVWMW YCTaHaBNMBAETCH MOM0XKMUTeNbHaa Koppensayus,
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ownbka cepuiiHOro oT6opa OKasbiBAaeTCH, Kak Mpasuio, 6onblue OWUOKM
MPOCTOI CNy4aiiHON BbI6OPKM. KOKpeH npefcTaBnseT BeCb MexaHW3M 06pa-
30BaHMA owWNBGKM npu CcepuiiHOM 0T60pe B TepMUHaxX BHYTPMKIACCOBON
KOppenauuu v 3To genaeT ero 60nee NOHATHbLIM.

TakoBbl OCHOBHbIE HampaB/eHWs B COBPEMEHHOI OpraHm3auumn Bbl6O-
POYHOr0 CTAaTUCTUYECKOrO HabnwaeHns, U YyuTaTesb NOMyYaeT O HUX BMe-
CTe C CYMMOIi Apyrux CBefeHWIA OTYeTNIMBOE MpeAcTaBfieHMe, LWTYAupys
KHUry KokpeHa. Henb3si npu 3ToM fymaTb, YTO 3Ta KHWUIa — HEYTO BPOfe
3M1EMEHTapPHOr0 Kypca MnpakTUKU BbIGOPOYHOrO cTaTUCTUYecKoro obcne-
L0BaHuA. HanpoTmB, ycrewHoe OCBOEHWE MOMOXEHWUA, PacCMOTPEHHbIX
B KHUre, NMpeanonaraet, Yto uMTaTenb yxe NMOArOTOBAEH K 3TOMy. Bo Bca-
KOM Cnyyae ANn8 3TOro Heob6xogvMO 3HaHWe OCHOB TeOpuU BbIGOPOYHOrO
MeTofa WM W3BECTHOE MpefCcTaBleHMe 0 npobnemMax KOppensaumm u perpec-
Cuii, a TakXKe yMeHMe MO0Mb30BaTbCA COOTBETCTBYHOLMMK METOLamMK Mate-
MaTuku. Ha 3To yKasbiBaeT cam aBTop. UuTaTenb JO/MKEH BCerAa NOMHUTS,
4YTO BOMNPOCHI OpraHM3aLun BbIGOPOYHOIO HabMAEHNSA W cTaTUCTUYecKas
06paboTKa NoMyYeHHbIX Pe3ynbTaToB TECHO APYT C APYrOM CBA3aHbl, npef-
cTaBnas coboi, No cyTu gena, ABe CTOPOHbI OLHON W TOW >Xe Npobnembl.
OnpegeneHve xe (OpMbl BbIOOPOYHOro HabNOAEHUA, B CBOK Oyepedb,
OVKTyeTCA TOW no3HaBaTeslbHON 3ajadveil, KOTOpas BblABUraeTCs B JaHHOM
nccnefoBaHNM, U XapakTepoMm K3yvyaemoro sBfeHusi. B oblem, KHura
KokpeHa HanucaHa He ANS HauMHatollero ctatuctuka. Ee Hago paccmart-
puBaTL KaK TpyA, KOTOPbIA NpefjHasHa4yeH Ans yrny6neHns n paclivpeHuns
3HaHWN.

B 3akntoueHne XxoTenoch Obl NOAYEPKHYTh, YTO paboThl, MOCBSLLEHHbIE
npobnemam BbIGOPOYHOrO CTAaTUCTMYECKOrO MEeToAa, BOOOLiE MMEKT 60/b-
LIOe Hay4yHOe 3HauyeHue. Ponb 3TOro MeTofa B M3YYeHUM COLManbHO-3KO-
HOMUYECKMX ABMEHUI, MOXET 6biTb, He CTOMb BefMKa, Kak ponb onupato-
Lerocs Ha Te e (UNOCO(CKO-METOA0NOTMYECKUE Y MaTeMaTUYecKme oc-
HOBaHWA 3KCMEepMMeHTa B Haykax 0 npupoge. Ho korga nepej 3KoHOMU-
CTOM M/IM COLMO/IOrOM CTOAT 3a4ayumn UCNbITaHNA TMNOTe3bl O XapaKTepucTu-
Kax ¥ COCTaBe HEKOTOPOIA eLe He N3yUYeHHON 60/bWOoi COBOKYMHOCTM (hak-
TOB, BblI6OPOYHbLI METOA CAYXWUT eAVHCTBEHHbIM CPEACTBOM PELLeHUs 3TON
3agaun. Mpwn atom To 06CTOATENLCTBO, YTO WCCMEA0BaTeNlb B CBOMX YMO3a-
KMOUYEHNAX OMMPaeTcs Ha BEPOSTHOCTHYIO NIOTMKY, He TONIbKO He ymanset
Hay4HOW LileHHOCTW MOAyYaeMbiX BbIBOAOB, HO MpUAAeT WM CTPOrMil Hayu-
HblA CMbICA. BaXHO TOMbKO MOMHWTb, YTO MaTemaTuKO-CTaTUCTUYecKue
CLIEHKM LO/MKHbI COYETaTbCA C MOHMMaHMEM CYLLHOCTW peanbHbiX BHYTPEH-
HUX OTHOLLEHWIA B M3y4aeMblX ABIEHUAX. B CBA3M C 3TUM HYXHO caenatb
ynpeK aBTOPY: B CKYMbIX €ro MOSCHEHUAX OTHOCWUTENbHO O0B6CTOATENbLCTB,
Mpu KOTOPbIX MPUMEHsieTCA Ta UAM uHas gopma oTbopa, a Takxe B mare-
MaTUYECKNX MOAEeNAX HefOCTaTOYHO pacKpbiBaeTCs /IOrMKa camoro MeToja.

N4 n B TaKOM WU3NOXEHUN KHUTA KOerHa AO/KHa MNPUHECTU HecoM-
HEHHYKO MO/b3Yy.

MPOPECCOP  H. K. APY>XHVH



NMPEANCNIOBUE

Llenb aToli KHUIM — KakK MOXHO 60/1ee MOMHO W3/10XUTb TEOPUI0 Bbl-
6opoyHOro mMeToja B TOM BMAe, B KakOM OHa paspaboTaHa AnA MpuMeHe-
HUA K BbIOOpPOUHbIM 06CNef0BaHMAM, C MpuMepaMu, MOKa3blBaKLLMMU,
Kak 3Ta Teopus MNPUMMEHAETCA Ha MPaKTWKe, W C yMNpaxHeHuamu Ans
CamoCTosTeNlbHOM paboTbl. H HAAECh, UTO 3Ta KHUIA MOXET CAYXUTb Kak
y4yebHbIM Moco6MeM MO KypCy BbIOGOPOYHbIX 06CMefoBaHuiA, B KOTOPOM OC-
HOBHOE BHMMaHWe y[ensetcs Teopuu, Tak U 4N WHAUBUAYaNbHOrO M3y4e-
HMA BbIGOPOYHOrO MeTofa TeMMW, KOMY HefoCTyneH (popMasbHblii yUYebHbIi
npouecc.

MuHuUManbHas MaTemaTuyeckas MOArOTOBKa, Heobxofumas LN CBO-
604HOr0 NOHMMaHWS [0Ka3aTeNbCTB, BK/AKOYAET 3HaHWe anddepeHunans-
HOF0 UCYUCNEeHWs B 06beme, LOCTATOYHOM A/ HAaXOXAEeHUs MakCUMyMOB
1N MUHUMYMOB ( C NPUMEHEHVEM TaM, FAe 3TO He06X04UMO, MHOXUTeNel J1ar-
paHa), a TakXKe 3HaKOMCTBO C 3/1eMeHTapHOW anrebpoii, n 0CO6EHHO yMme-
Hue 06paLLaTbCs CO CPAaBHUTENLHO CNOXHbLIMU anrebpanyeckumm cymmamim.
OcobeHHO >KenaTeNbHO 3HaHVEe OCHOB TEOPUW BEPOATHOCTEN 4151 KOHEYHbIX
BbIOOPOYHBLIX NPOCTPAHCTB, BK/AOYas KOMOWHATOPHbIe BEPOATHOCTU, CBOWA-
CTBa MaTeMaTUYeCKNX OXMAaHWA U NOHATUE YCNOBHOW BepoATHOCTWU. YTO
KacaeTca CTaTUCTUKW, TO aBTOP NpeAnonaraeT, 4to ymTaTens NpoLles BBOA-
HbIli KypC, OXBaTblBalOWMA Takue pasfenbl, Kak cpefHue 3HauYeHUs u
cpeAHve KBafpaTWUHble OTKNOHEHUS, HOPMaNbHOe, 6BUHOMUANLHOE U NONK-
HOMWanbHOe pacnpejefieHns, LOBepuTeNibHble FpaHuLbl, /-pacnpegeneHve
CTblofeHTa, NMHeliHaa perpeccus M NpocTeine npuemMbl LUCMIEPCUOHHOIO
aHanusa. MocKoNbKy A Be3de NbiTancAd MOAYEPKHYTb CBSA3b TEOPWUM Bbl-
60poYHbIX 06CNeAoBaHMIA C rMaBHbIM HampaBAeHMEM CTaTUCTMYECKON Teo-
puK, B OTAENbHbIX CAy4Yaax MPUMEHAOTCA W 60/nee HOBble pe3y/bTaThbl
U3 CTaTUCTMKW. B nepBbIX rnaBax KHUMM KaXAblli Llar fokas3aTenbcTBa
[O/MKEH C O4YepefHOCTbIO BbiTekaTb ANA uuTaTens w3 npefablgyLinx pac-
CY)XAEHWIA. Dnwmke K KOHUY, rae fokasaTenbcTBa 60/ee HACbILWEeHHbI, 414
MOIHOrO NMOHMMAaHUS OTAE/bHbIX MX 3TanoB 4YuTaTesie MOXeT notpeboBaThb'
cA Npogenatb HeboNbLUME PbIKIALKN Ha bymare,
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MopsfoK U3N0XEHNSA TEM B 3TOM U34aHUM B OCHOBHOM COBMagjaeT ¢ no-
PALKOM U3M0XEeHUSA B NepBOM M34aHUN U 6O/IbLUMHCTBO TEOPEM COXpaHsaeT
CBOM MpeXHue Homepa. OpAHako rA. 5, NOCBSALLEHHas pacCclOeHUr, Ko-
TOpas yXe B MepBOM M3gaHWM Obina M3NULLIHE AAUHHOW, pa3buTa Ha ABe
rnaebl. HblHEWHAS 1. 5 COAEPXUT 06bIYHbIE, 6ONEe M3BECTHbIE PE3y/b-
Tatbl. HoBas rn. 5A nocssLLeHa MHOrOYUCIeHHbIM CrneLmManbHbIM BONpocam,
PacCMOTPEHME KOTOPbIX HEO06XoAMMO ANnA 60nee pe3ynbTaTUBHOIO MpuMme-
HeHus paccnoeHus. Ewe ofHO W3MeHeHMEe MOPAAKA W3N0XEHUA COCTOUT
B TOM, YTO OCHOBHbIE CBefleHMs 06 OLeHKax Mo OTHOLUEHWUIO JAl0TCA Tenepb
B INl. 2 N3,a He OTKNaAbIBAOTCS [0 LUECTON, KaK Oblf10 B NEPBOM M3AaHWN.
JTa nepecTtaHoBKa 6blia cAenaHa MOTOMY, YTO OLEHKU MO OTHOLLEHWIO
BCTPeYatoTCA Ha NPaKTUKe, 4acTo B CKPbITOM BMfAE, faxe B Haubonee npo-
CTbIX 06CNef0BaHMAX, TaK YTO, NO-BUAMMOMY, Lie/IeC006pa3HO 03HAKOMUTLCS
C HUMMK paHblue. PasymeeTcsi, npenogaBaTtesib, MpeanoynTaroWmini ocTaBs-
NATb 3Ty TemMy A0 TN1. 6, MOXET COXPaHWTb CTapblii MOPSAOK M3MI0XKEHUS.

[ns Toro ytobbl OXBaTWTb pe3ynbTaTbl UCCMEA0BaHMA, ONy6MMKOBaH-
Hble rmocse NoAroToeku B 1951—1952 rr. nepsoro u3gaHusa, B0 MHOrMX Me-
cTax 6bln BBeAeHbl 4ONOAHUTE/bHbIE Naparpagbl. MaTtepuan, cogepxalymii-
CSl B HWX, UMEET [OBOSIbHO Pa3HOPOAHbLIA XapaKkTep. [lepeuncnmm Heko-
TOpble Hauboree BaxHble W3 TakuX pas3fenoB. Heckonbko naparpados
MOCBSILLLEHO CTATUCTUYECKMM MeTOfaM, MPUMEHSWNUMCA B TeX Crydasx,
Korga pesynbtatbl 06CNef0BaHUA [O/MKHbI ObiTb NpPeAcTaB/ieHbl OTAENbHO
A5 HEKOTOPbIX OMNpefeneHHbIX NojpasfeneHnii COBOKYMHOCTM (Hampumep,
NS N0Lein pasHoro Bo3pacTa Uav ANS 4OMOBMafAenbLeB W KBapTUPOHaHM-
maTeneil), a Takxe, KOrga cpaBHeHMe OTAeNbHbIX FPynn Heob6xoaumo Ans
aHanusa. B oTHoWweHMN paccroeHHoro oTbopa HoBble pa3fesnbl MOCBALLEHbI
(hOpPMMPOBAHNIO CMI0EB W OMPEAENEHNIO YNCNAa C/I0EB, HAXOXAEHMK OMTu-
MaJibHbIX 061HEMOB BbIGOPKYM B CNOAX NPW ONPEAeNEHHbIX YPOBHSAX TOUHOCTM
N0 KaXON M3 HEKOTOPOro 4ucfia MEPEMEHHbIX W PACcC/IOEHUI0 MO [ABYM
npr3Hakam npu Heb6onbLWOM 06beMe BbIGOPKK. MPMBOANTCA KpaTKOe U3no-
YKEHME HOBbIX MCCNef0BaHNA N0 0TOOPY 6e3 BO3BpaLLEHNS, KOrAa UCXOAHbIE
eAVHMLBI OTOMPADTCA C HEOLWHAKOBLIMU BEPOSITHOCTAMM. M3yuyeHne owun-
60K, He 06YC/TOBNIEHHbIX OT6OPOM, Aano BO3MOXHOCTb pa3paboTaTb METOAbI
4nst uccnegoBaHus sPMeKTMBHOCTU MOBTOPHbLIX 06palLeHwnid, HOBbIE MO CpaB-
HEHWIO C APYTUMW NPUEMAMU YMEHbLUEHUS CMELLEHNS, BbI3BAHHOTO HEMNosny-
YyeHWeM OTBETA, M HOBble MeTOAbl c60pa faHHbIX O ponn owmnboK Habnwge-
HMA B 06LLMX OLINOKAX OLEHOK, NOyYaeMbiX B 06Cne0BaHUAX.

HekoTopble HOBble naparpagbl 4O/HKHbI BOCNONHUTL MNpobenbl B U3M0-
XKEHUU, Ha KOTOpble MHe yKasanu npenojaBaTenn, Mofb30BaBLIMECH 3TOW
KHUIOW, a TakXXe MoAcKasan MO COOCTBEHHbIA OMbIT. [nd ABYXCTYNeH-
yatoro otbopa, Hanpumep, (HOpPMy/bl AUCMEPCUN MPUBOAATCA Pa3fentHo
NS K00 M3 OCHOBHbIX METOLOB MOSYyYEHUS BbIOOPKU U OLEHUBaHWUA,
1 6onee NnogpobHO paccmaTpuBaeTCa pPe3ynbTaTUBHOCTb PaBHOB3BELLIEHHbIX
OLEHOK. XOTS 3TU (DOPMY/bl MOXHO MOYYUTb Ha OCHOBE OAHONM WAWN BYX
o6WMx Teopem, yAOOHee WMETb TOTOBbIMM WX TOYHblE BblpaXKeHus, Mo-
BUOUMOMY, faXe LEeHON HEKOTOpOro yBe/nyeHWs ob6beMa KHUrM. MHorme
CTapble naparpadbl 66111 nepefenaHsl 4A8 TOro, 4T06bl BK/AKOYMTL HOBbIE
pesynbTathl WU chenaTb W3N0XeHue 6onee yeTkum, bofee yem pasoe
YBENMMHEH® YNCN0 yNpPaXKHEHNA,
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HacToswee nsgaHve NpUMEPHO Ha TpeTb 6osblle nepsoro. 310 yBenu-
YeHMe BbI3bIBAeT Y MEHS CMellaHHble YyyBcTBa. [laxke maTepuan nepsoro
M3[aHNsA KHUTW 6b110 TPYAHO YN0XUTb B NONYrof0BOM Kype NeKLmMid, ocTas-
NAS Npu 3TOM BpPeMs ANS M3Y4YeHUs NPUMEPOB peasbHblX 06Cnef0BaHuiA,
MHTepecyLwWwmnx cammnx yyawmxcs. Noatomy matepuan pasbmut no naparpa-
(ham Takmm 06pa3oMm, YTO MHOTME U3 HUX MOXHO ONYyCTUTb WKW CBECTU K
KpaTKOMY YMOMWHaHUIO pe3ynbTaToB 6e3 yuwepba 414 NOHWMaHWA nocre-
ylowunx rnaes KHuru. XoTs BbI6Op pas3fenos A8 M3yUeHUs onpeaensercs
B3rnsgamm npenogasaTefia, a TakXXe YPOBHEM MOATOTOBKU W KPYrom WH-
TEpecoB yualwuxcs, A48 BBOAHOIO Kypca MOXXHO PeKOMeHJ0BaTb OMyCTUTb
UM cokpatuTb crnepywolime naparpagsl: 2.8, 2.13, 2.14; 3.9, 3.11; 4.6,
4.7, 5.8, 5.9; 5A.1, 5A.3, 5A.4, 5A5, 5A.10, 5A.12; 6.4, 6.5, 6.9, 6.13,
6.14, 6.15, 6.17; 7.4, 75, 7.7, 7.8, 7.9; 85, 8.6, 8.8, 8.11, 8.12; 9.5,
9.6, 9.11, 9.12, 9.13; 10.7, 10.8, 10.9, 10.10; 11.7, 11.9, 11.16; 12.5, 12.6,
12.7, 12.8; 13.5, 13.7, 13.15, 13.16.

3HauMTeNbHY YacTb fIEKLMOHHbIX 3anuceid, No KOTOpbIM 6bIN0 COCTaB-
NIEHO NepBoe M3faHue, NOArOTOBMAW A-p 3nBa J1. ®UHKHep W A-p SMUNb
X. Oxebe. O-p ®. K- KopHenn, g-p Ox. A. Joynn n g-p ®UHKHep Nto-
6e3HO paspewwunnn ccblnatbCA Ha faHHble X 06cnefoBaHuii. HekoTopble
nccnefoBaHNsa Kak TEOpPeTMYecKoro, Tak W NPUKNafHOro xapakrtepa, mno-
CNY>XWBLUWE UCXOAHbIM MaTepuanoMm AN KHUTW, CTanu BO3MOXHbIMW 6na-
rogapa uccnefoBateNbCKOMY KOHTPaKTy C YnpaBfieHWeM BOEHHO-MOPCKMX
nccnefoBaHuin BoeHHO-mMopckoro mMuHuctepctsa CLUA. Tpu noprotoBke
HacTOALLero M3faHua mnepeneyvyaTky PYKOMWCU MPEBOCXOAHO BbIMOMAHUAU
COTPYAHWKN KaHLEenapuun oTAeNeHns CTaTUCTUKM [apBapfCcKOro yHuBep-
cuTeTa. lomMolb B NpoBepKe [J0Ka3aTe/NbCTB BE/IMKOAYLIHO OKasanu r-»a
Kneo ATy 1 BCe Te CTYfEeHTbI CTapLINX KYpPCOB, KOTOPbIe, Ha ux 6edy, npo-
XO4AUAN MWUMO [Bepeli MOero kabuHeTa B pelUlatoWwuii Nepuof MOAroTOBKM
KHUrK. ABTOPCKWIA yKasaTenb cocTaBuna r-xa CiosaH Pogxepc, a OTBeThI
K ynpaxHeHusm nposepun r-H Cambawmea Pao. S mHOruMM 06s3aH CBOUM
konneram fluny L. Kansuuy, P. M. KaitepTy/Y. 3aBapacy [emuHry,
Tope OaneHuycy, Moppucy X. XaHceHy, XepmaHy O. Xaptnu, Yuib-
amy H. Xepsuuy, Jlecnn Kuwy, Ywuneamy k. Magoy n ®penepuky
®. CTuBaHy 3a N0LOTBOPHOE 06CYXXAEHWNE HOBbIX HampasieHuid BbIGOpPOY-
Horo meToga. Bcem aTvM nnuam, Kak Ha3BaHHbIM MO UMEHW, TaK W He Ha-
3BaHHbIM, f X0Ten 6bl.BbIPa3nTbL CBOK 6/1arofapHoCTb.

Kembpumx, MaccayyceTc,

HOA6pb 1962 T. YWUNbAM DK KOKPEH

FTABA 1

BBEAEHWE

11 NPEMMYLLWECTBA BbIBOPOYHOIO METOJA

Haww 3HaHWA, Cy>XAeHUs 1 NOCTYNKW B O4eHb 6O0MbLIOK Mepe OCHO-
BaHbl Ha BbIGOPOYHbLIX AaHHbIX. ITO YTBEPXAEHWe OAUHAKOBO CrpaBej-
NNBO KaK [ANA MOBCEAHEBHOW XXW3HW, TaK W ANA Hay4HbIX WCCnefoBa-
HWiA. BneyatneHme 06 y4ypexaeHuWn, B KOTOPOM eXefHEeBHO NpOM3BOAATCA
TbICAYM Pa3NNYHbIX ONepauuil, cknagblBaeTcsa 4acTO Ha OCHOBaHWMW WLIb
OfHOTO MM ABYX MOCELLEHWI 3TOr0 YUpexXAeHuns 3a HeCKobKo fneT. MyTe-
LLIECTBEHHWK, MPOBeAA AeCATb AHEN B YYXOi CTpaHe, cobupaeTca Hanucatb
KHUTY W B HE MOCOBETOBATb XXUTENAM 3TOI CTPaHbl, KaK 0XXMBUTb MPOMbILL-
NeHHOCTb, Mpeobpa3oBaTb MOAUTUYECKYIO cucTeMy, cbanaHcuposaTb 6toa-
XeT U yAy4ylwnTb NUTaHue B rOCTMHMLAX. ITO — MEPCOHaX aHeKaoTude-
CKMiA. Ho Ha camom fefe, OT Yy4eHOro-o6uiecTBOBeAa, KOTOPbIA MPOXMUA
20 NneT B 3TON cTpaHe, M3y4yas ee, OH OT/ANYAETCH /ML TEM, YTO OCHOBbI-
BaeT CBOM BbIBOAbl HA rOpa3fo MeHblUeM uucie HabnwgeHwi, fa ele, Be-
POATHO, MeHbLLUe OCBEJOM/IEH O CTEMeHM CBOEro HeBeXecTBa. 1 B Hayke u
B XKUTENCKMX Jenax Ham [OCTYMeH [AAS U3YUYeHWs Nullb PparmMeHT Toi
06Lleli KapTUHbI, KOTOpas A40/MKHA PacliMpPUTb HaWW 3HaHUS.

ToMmy, Kak nNpaBu/ibHO NOAYYUTb BbIGOPKY M Kak cAenatb Mo ee AaHHbIM
060CHOBaHHbIE BbIBOAbI, ele neT 30 Ha3af He YAenanu BHUMaHusa. 3Tu npo-
61eMbl He Urpanu 6bl 0CO60I ponun, ecnn 6bl MaTepman, U3 KOTOPOro Mbl NPo-
n3soamMM 0T6op, 6blN 0JHOPOAEH, TaK 4TO Ntob6as BblIGOpKa Aana Obl Npu-
6/1M3NTENbHO OAMHAKOBbLIE Pe3y/bTaTbl. 3aKNOYEHME O COCTOSHUM HaLLero
3[,0pOBbA fenaeTcsi Mo HECKO/IbKUM KanasiM KpOBM, MpOaHann3MpoBaHHbLIM
B nabopaTtopuun. Takoil MeTO4 OCHOBaH Ha MpPeAMONOXeHUN, YTO LUPKYIn-
pytolias KpoBb BCErga XOpoLO MepeMellaHa W Kaxpgas ee Kanns HeceT
O[JMHAaKOBYI0 MH(OpMaLMIO, — MPesnonoXKeHWn, B MNPaBUMbHOCTb KOTO-
poro Mbl, 6yayun Hecneuuanuctamu, cBATO BepuMm. OfHakKo, Korga usyda-
eMblli MaTepuan fafieko He OAHOPOAEH, KaK 3TO 4acTo M ObiBaeT, cnocob
nonyyYeHUs BbIOOPKM MpuoBGpeTaeT pellarollee 3HaYeHWe, a M3yyYeHue Me-
TOLOB, MO3BOJMIAOWMX MONYYNTb JOCTOBEPHbIE CBEAEHUS, CTAHOBUTCH BECh-
Ma BaXXHbIM.

B 3T0li KHMTe n3naratoTCa OCHOBbI TEOPWM, CO34aHHOR 415 060CHOBaHWS
MeTOZLOB NpaBUIbLHOrO oT6opa. Ha npakTuke, B GOMbLUMHCTBE Cy4aes,
4N KOTOpbIX 3Ta Teopumsa 6blna paspaboTaHa, COBOKYMHOCTb, O KOTOPOIii
Mbl XOTUM MOMlYYNTb CBEEHWS, KOHEYHA W MMEET YETKUE TpaHuLbl — XU-
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TeNn ropofa, CTaHKM Ha 3aBofe, pbibbl B 03epe. VIHOraa yaobHee, Ka3anoch
6bl, MOMYYUTb HYXHble CBEAEHUs, NPOM3BEAA CMIOLWHOE 06CNeA0BaHME NN
nepenncb 3TO/ COBOKYNHOCTW. [pakTuyeckue paGOTHWMKMW, MpPUBbIKLLINE
K CM/IOLUHBIM NEPenucsim, CHavana He0BEPUYMBO OTHOCUIIUCHL K BbIGOPOYHOMY
MEeTOZYy M MOMb30BafMCb MM HEOXOTHO. XOTSl TaKOro npefy6exzaeHus 6o-
Nee He CYLEeCTBYET, WMEET CMbIC/ Mepeync/MTb OCHOBHblE MPEUMYLLECTBa
BbIGOPOUYHOTO METO/AA MO CPABHEHWIO CO CMJIOLIHOW NEPEnNChIo.

MeHbLle CTOMMOCTb

3aTpaTtbl Ha NOMyYeHMe faHHbIX fIMlb OTHOCUTENbHO HE6O/bLION YacTu
BCE COBOKYMHOCTU MeHbLUe, YeM MpU CMIOLWHONK nepenvcun. Ans 601bLwol
COBOKYMHOCTM [OCTATOYHO TOYHbIE AaHHbIE MOXHO MONYy4YNTb MO BbIGOPKE,
COCTaBAAOLWEN MW 04YEHb HEOOMbLUYIO A0 3TO COBOKYNHOCTU. B CLUA
Hanbonee BaXHble Nnepumoanyeckne obcnefoBaHns, nNpegnpuHUMaemVble npa-
BUTENbCTBOM, OCHOBaHbl Ha BbIGOpPKax, 0xBaTblBalOWmMx okono 100 OG0 ve-
NOBEK, T. €. 06cnegyeTca NpMOAN3UTENBHO OAMH U3 Kaxkabix 1800 xutenei
cTpaHbl*. O6cnegoBaHus ana cbopa CBefeHWI, KacaloWuxca TOpProsauM u
PEKNAMHON MOAWUTUKN MPU U3YUYEHWN PbIHKA, MOTYT OCHOBbIBATbCS Ha Bbl-
60OpKax 06bEMOM BCEF0 B HECKO/IbKO ThICAY €AUHUL,.

Kopoue cpoku

Mo Tem e nNpuynHam fJaHHble BbIGOPOUYHOro 06CNef0BaHUsA MOXHO CO-
6paTtb M 0606WMUTL GbICTPEe, 4YeM MpWU CNAOLHOW nepenncu. 3T0 0CO6EHHO
Ba)XKHO, KOTAa CBELEHUS HY>KHbI CPOYHO.

LLinpe 06n1acTb MPUMEHEHUs

Mpu HekoTOpbIX BMAax o6cnefoBaHWii Ans c6opa AaHHbIX He06X0AUMO
NnpuBeYb BbICOKOKBANUMMULMPOBAHHbLIA NepcoHan WAK BOCMO/Mb30BATHCA
cneymanbHbIM 060pY0OBaHMEM; KaK MpaBuio, U TO U APYroe orpaHunyeHo.
B aTux cnyuvasx cniowHoe obcnefoBaHne HEBO3MOXHO: NpUXoanTca nn6o
nonyyatb CBefEHUA BbIOOPOYHLIM MYyTEM, NMBO He Mofy4vyaTb WX COBCEM.
Takum 06pa3om, BbIGOpOYHble 06CNeA0BaHUS UMEKOT 00Miee LUPOKYH 006-
nacTb NPUMEHEHWUS U Aat0T 6O/bLIY BO3MOXHOCTb MOAYyYaTb CBEAEHUN
caMoro pasHoob6pasHoro xapaktepa. C gpyroli CTOPOHbI, eCAK XenaTenbHo
NOMYUYUTb TOYHYIO MHKHOPMaLMI0 O MeNIKMX MoapasfeneHnsxX UCXOLHOM Cco-
BOKYMHOCTM, TO HY>XXHbIi 115 3TOro 06beM BbIGOPKM MOXET OKa3aTbCs CTO/b
60MbWNM, YTO NPeAMNoYTUTENbHEE OKAXETCA CM/OLLIHAsS MePenuch.

Bonblle AOCTOBEPHOCTb

Ecnn 06wuii 06bem paboTbl MeHbLUe, TO MOXHO MpuBAeYb 6oee KBanm-
(UL MpPOBaHHBIA MepcoHan, nyylle ero NoAroToBUThL, 6onee TLiaTelbHO KOH-
TpPO/MpoBaTb MpoBefAeHMe 06cefoBaHNs M 06paboTKy ero pesynbTaTos.
Moatomy BbIGOPOYHOE 06CNef0BaHNE MOXET faTb 60/ee JOCTOBEPHbIE CBe-
LeHUs, YeM COOTBETCTBYHOLLEE CMJIOLLIHOE 06CNej0BaHMe.

* [aHHble OTHOCATCA K Hauyany 60-x rogos. —IllIpumeu. peg.
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1.2. MPUMEPbLI MPUMEHEHWNA BbIBEOPOYHOIO METOJA

Ecnn npocneanTb 3a pasBuTMeM BbIGOPOYHOrO MeToda 3a nocnefHue
10 neT, TO Hambosnbluee BMeyvaT/eHWe MNPOU3BOAUT ObICTPOE YBENUYeHue
yncna v BUAOB NPOBEAEHHbIX BbIOOPOYHbIX 06CneaoBaHuiA. CTaTUCTUUECKOE
6topo OOH Bpems OT BpeMeHU My6/IMKYeT COOBLLEHMS O BbIGOPOYHbIX 06-
CnefoBaHUAX, NMPOBOAMMBIX B CTpaHax— unieHax OOH, B uzgaHum «Sample
Surveys of Current Interest». B coobuieHum 3a 1960 r. nepeumcnsitoTcs
obcnenoBaHMs, NPoBeAeHHbIe B 52 cTpaHax. MHorue u3 aTux obcnefoBaHuii
npecnefoBanu LUenb MNOMYYUTb HECOMHEHHO BaXHble 415 HALMOHAbHOIO
NNaHUPOBaHUA CBefeHWs B TakuMX 061acTaX, Kak CefbCKOX03ANCTBEHHOE
MPOM3BOACTBO WM 3eMNenofb3oBaHue, 6Ge3paboTuua W TPyAOBble pecypchl,
MPOMBILLIEHHOE NPOW3BOACTBO, ONTOBbIE U PO3HWUYHbIE LiEHbl, COCTOSHMWE
3[0pOBbSA HaceneHus, 4oXo4bl W pacxodbl cemeil. Mposognnuce ob6cnepo-
BaHMA 1 N0 60/1ee YaCTHbIM TemMaM: 6blIn UCCNefoBaHbl, HANPUMep, XUANLL-
Hble 1 couuanbHble NPobaemsl NOXUAbIX Mogeil (ABcTpus), 3af0MKEHHOCTb
apeHgaTtopoB (LieinioH), CTOMMOCTb XWUANLHOFO cTpouTenbcTBa (Yexocno-
BaKuA), BO3PacT YUYEHUKOB HauyanbHbIX wkon (MTtanus), BnusHue Tenesu-
[eHns Ha LWKoNbHWKOB ([ConnaHausa), ycnosus [oMallHeli paboTbl JOMO-
xo3sek (LLUBeuwns), cocTaB XeHWmH, 6epywiux geteii Ha BocnuTaHme (Benu-
Ko6puUTaHnA), MCNOb30BaHME TEXHUUYECKON UH(OPMaLUKN Ha MeNKUX MNpea-
npmaTuax (BenmkobpuTtaHusa), 3aHATOCTb YUEHbIX U MHXEHEPOB B MPOMbILL-
neHHoctn (CLUA).

BbI6OPOYUHBIA MeTOA CTan UrpaTh 3HAUYMTENbHYIO POib B HALMOHA/bHbIX
nepenncax HaceneHus, NPoBOAMMbIX KaxAable fecatb net. B CLUA 5%-Hasd
Bbl6OpKa Oblfia BnepsBble NMpuMeHeHa B nepenvcu 1940 r., Korga AOMOMHU-
TeflbHble BOMPOCLI O POAE 3aHATWIA, NPOUCXOXAEHMU, yucne feTel u T. 4.
3afilaBanv imuam, Yybu pamuinvm nonajanu Ha Ase U3 Kaxgbix 40 CTPOK Ha
NNLEBOA M Ha OOOPOTHOWM CTOPOHax MnepenucHoro nucta. Mpu nepenucu
1950 r. BbIGOPOYHbLI METOA NPUMeEHACA ropa3go wwupe. Mo 20% -HOR BbI-
6opke (Kaxgas natas CTPOKa MepenucHOro incta) 6binn NonyyeHsl ceefe-
HUA NO TaKMM MpU3HaKam, Kak [0XO04, YMCNO NeT 00yuyeHws, Murpauus,
cny>x6a B BOOPYXeHHbIX cunax. Mytem ot6opa B aToii 20%-HOIi BbIGOPKE
KaXO0ro LUeCTOro 4esioBeka [OMNOJHUTENbHO 6bina B3ATa 31 3%-Had BblI-
6opka gnA MOMlyYyeHMs CBEAEHMI O BGpakax W YMC/ie POXAEHHbLIX AEeTei.
Kpome Toro, rpynna BONpoCOB, KacatoLWMXca cpoKa CnyX0bl 1 COCTOAHUA
Xunvuia, 6blna pa3déuta Ha NATb NMOATPYMN M OTBETbI Ha BOMPOCHI COOTBET-
CTBYIOLLEW NOArPYNMbl 6blAy NOAYYEHbI B KXAOM NATOM AoMe. Bbi60opoUHbIi
MeTOZ, NPUMeHANCA TakXe ANA YCKOpPeHusa nybnukauuu pesynbtaTtoB nepe-
nucu. MpeaBapuTeNbHble pe3ynbTaTbl MO MHOMMM BaXHbIM MOKa3aTesnam,
HanyuyeHHble MyTeM BblIOOPOYHON pa3paboTku, nosBUAUCHL 60nee yem 3a
nonTopa roga 4o ony6nKoBaHWA OKOHYATENbHbLIX UTOrOB.

BbIGOPOUHbI/ METOL LLUMPOKO MPUMEHANCA U B MNEpPenucn  HacefeHus
1960 r. 3a WCKMOYEHMEM HEKOTOPbIX OCHOBHbLIX AaHHbLIX, TpebyemblX Mo
KOHCTUTYLMW WM COrNAcHO 3aKOHY OT KaXAOro 4YenoBeka, NofiHas nepe-
nucb 6bina npoBegeHa Ha 25%-HOM BbIGOPOYHOI OCHOBE: TO/ILKO OfHO ©3
AKLbIX YeTbipex AOMOXO3AWCTB MOAyYano MOJHbIA MEpPenucHOi NUCT.

M3MEHEHVE Hapsdy C CYLLECTBEHHbIM MOBbILLEHWEM MexaHu3auuu o6-



paboTKN mMatepuanoB Mepernucy 3HaAYMTENIbLHO YCKOPWAO NyBankauuio pe-
3yNnbTaTOB W YAELEBUIO MEPErNuCh.

Ha 60ne€ HW3KOM YpOBHE MeCTHble B/laCTM — rOpoAoB, LUTATOB WU
rpa)cTe — CTa/iM  LWIKMPe NO0Jib30BaThbCA BbIGOPOUHLIMK 06CNef0BaHUAMM,
ytobbl MonyyaTb CBeAEeHUA, HeobXOoAWMble AN TMEePCreKTUBHOIO rMiaHu-
pPOBaHMWA W pPEWEeHNs HEeOoTNOXHbIX npobnem. B CLUA B 60NbLIMHCTBE
KPYMHbIX FOpPOAO0B CYLLECTBYHOT KOMMepPYeCKne areHTCTea, KoTopble no 3a-
Kasam NiaHupylT U NPOBOAAT BbIOGOPOYHbIe 06CNef0BaHMS.

B 3HauuTenbHO cTeneHn TpebyeT BbIGOPOUYHOrO NOAX0AA M TakK Hasbl-
BaemMoe ucCnefoBaHWe pblHKA. [OCTOAHHO HEOO6XOAUMbI CBELEHUA O 4uChe
paguocnyliateneii, Teneputeneinl no pasnWyHbIM NPOrpaMMam, a Takxe
0 YNTaTENbCKUX ayAUTOPUAX raseT U XYpHanos (BKIOYas YMTaOWUX pekK-
namy). MNMpPOMbILLAEHHUKN 1 TOPTrOBLblI MHTEPECYIOTCA peakLMeil HaceneHus
Ha HOBble MPOAYKTbI UMM HOBble MeTOAbl YNAaKOBKW, >kanobamy Ha paHee
BbIMyLEHHbIe MPOAYKTbI U MpUYMHaMU NPefnoyYTeHUs OAHOro NpofykKra

'ﬂ'pyéOMrPfiomuLuneHHocm, TOpProsfae M 06CNYXUBAHUM YACTO MO/b3YHTCH
BbIOOPOYHLIM METOAOM, MNbiTasgCb MOBLICUTb Pe3yNbTaTUBHOCTb pPaboThl
npegnpuaTnii. Takne BaXHble 061acTV NMPUMEHEHUS BbIBOPOYHOIO METOAa,
KakK KOHTPO/b KayecTBa v BbIGOpoUHasa npmemka npoayKuum, Haxoaatcs 3a
paMmKamu HacToswein KHMrn. OUYeBMAHO, O4HAKO, YTO PELLEHNs, Kacarlyme-
CSl YPOBHSA KayecTBa NapTum U3Lennii Uan ero U3MeHeHNs UK XKe NPUHATUSA
NN OTKNIOHEHWA TAKOW NapTum, MOTYT ObITb XOPOLLO 060CHOBaHHbIMU TO/b-
KO B TOM C/lyyae, KOrja pesynbTarbl, NONYUYEHHbIE N0 BbIGOPOUHBIM JaHHbBIMA
cnpaBe4nnBbl (C 4OCTATOYHOW TOYHOCTHIO) ANA NapTUM usgenuii B Uenom™!
BbibopKa genoBbIX LOKYMEHTOB (OTHETOB, NAATEXHbIX BEAOMOCTEN, aKLWiA|
NNYHBIX Aen), NOonyyuTb KOTOPYH 06bIYHO ropasgo npolie, Yem NPOBECTM
BbIGOPOYHBIA OMPOC NtOAEN, MOXET AaTb HYXHble CBEAEHUA ObICTPO M 3KM]
HOMWYHO. [1pMMEHUB BbIGOPOUHBIA METOL, MOXHO C3KOHOMMWTb CpeacTB”
M BPEMSA TaKXXe Mpu OLEeHKe 3anacos, NPV W3Y4YeHUW YCNOBWUI U NPOLON)
XUTeNbHOCTM cny>6bl 060pyf0BaHMsA, NPU OLeHKe KayecTsa M 3hekTHa
HOCTU KaHLUEeNApCKoi paboTbl, Mpu UCCNe[0BaHUN TOF0, KaK PYKOBOAAT»)
paboTHUKM pacnpefenstoT CBOE BPEMS Ha pelleHMe pas/iMyHbIX BONPOCA)
1 BOO6LLE B HOBOI 06/1aCTV ynpaBneHns, Ha3blBaEMOW «MCCe0BaHMe ona
pauymnit». B kHurax Aemunra (Deming, 1960)* n CnoHuma (Slonim, 1964
COAEPXMUTCA MHOTFO MHTEPECHbIX NPUMEPOB, AEMOHCTPUPYIOLWNX Ananasa
NPUMEHEHUA BbIGOPOYHOTO MeToAa B TOProBO-NMPOMBILLIEHHON aesTen!

HOCBhpochl obuiecTBEHHOrO MHEHNA M MpeaBbIGOPHbIE OMPOCHI, KOTOPb
cbirpany GONblWYH Po/ib B O3HAKOMJ/IEHUW OBLLECTBEHHOCTU C METOAa»
BbIGOPOYHOrO UCCNEA0BaHUS, MPOAOMKAKT MPUBNEKATh, BHUMaHWe rase
B cueToBOACTBE M (BMHAHCOBOM KOHTPOAE, TAe BbIGOPOUHbI/A METOL Mpum
HAETCA Y)Xe B TeYeHWe MHOTMX NIeT, pacTeT UHTEPEC K MPUNOXEHUIO €
COBPEMEHHbIX LOCTVXKEHWIA MPU PELUEHWM KOHKPETHbIX 3agad. [peamety
OXXWBJ/IEHHOW AUCKYCCUM CNYXWUT BO3MOXHOCTb NM0OMaraThCs Ha pesysbTat

BbIGOPOYHBLIX 06CNef0BaHNiA B X04e Cyfe6HOro npouecca.

* damunua n rof usfaHua B CKObKax YKa3blBalOT Ha WUCTOYHUK B CMNUCKE

TepaTypbl, MOMELLEHHOM B KOHLe rnaBbl.—IlIpuMed. peg.
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Bbl6opouHble 06CneA0BaHNA MOXHO YC/0BHO pa3gennTb Ha ABa Buia:
onucaTenbHble W aHanuTuyeckue. Llenb onucaTensHoro o6cnefoBaHns co-
CTOWUT MPOCTO B TOM, YTOObI MOMY4YUTb CBEAEHUSA O HEKOTOPbIX 60/bLINX
rpynnax: Harnpumep, O YMCNe MYXUWH, XKEHLWMWH U AeTeil, CMOTPALWMX Ty
VAW VHYIO TEeNeBU3UOHHYI nporpammy. lMpu aHanutuyeckom o6cnefosa-
HUW CPaBHMBAIOTCA Pas/IMyHbIe NOATPYMNbl COBOKYNHOCTW A5 TOrO, YTO6bI
YCTaHOBUTb, CYLLECTBYHOT N MEXAY HUMW Takue pasnuyus, KOTopblie Mos-
BOAWUAM 6bl HAM MOCTPOUTb UK MPOBEPUTL TUMOTE3bl O MPUPOAE CWA, fAeli-
CTBYHOLMX B AaHHOW COBOKYNHOCTW. Hanpumep, obcnegosaHue poxpae-
mMocTu B MHgmaHanonvce 6bi710 NPegnpuHATO C LEe/bio BbIACHUTb, B KaKOi
CTEMNEHN Cynpy>Xeckne napbl NAaHUPYIOT YACIO 1 BPeMA MOABAEHUS AeTei,
OTHOLLEHWE MY>XXEN 1 KeH K TaKOMY NaHVPOBaHMIO, MPUUYMHBI TOFO AN UHO-
ro OTHOLIEHUA W B KaKoli Mepe cgnpyrm [JOCTUTraloT ycrnexa B CBOWX AeWCT-
Buax (Kiser and Whelpton, '1953).

PasymeeTcs, MeXAy ONucaTeNbHbIMW U aHANUTUYECKUMW 06Ce0BaHUA-
MU Henb3s MPOBECTM YETKOMW rpaHmubl. MHOrme ob6cnefoBaHnsa npefocTas-
NAT faHHble, NPUrOAHbIe ANsA 06enx Leneil. Hapagy ¢ pocTom yucna onu-
caTefbHbIX 06cfefoBaHMA HabnogaeTcs, OLHAKO, WM 3HAYUTeNbHOEe yBenu-
yeHue umcna obcnefoBaHWiA, NPefNpPUHATLIX FNaBHbIM 06pPa3oM C aHaNnTu-
YECKUMU LensaMu, 0COBEHHO ANA M3YUYEHUS NMOBEAEHUA U 340pOBbSA MHOAEN.
B kayecTBe MpUMepoB MOXHO Ha3BaTb 06CnefoBaHWMSA COCTOSHUA 3y60B
Y WKONbHWKOB 0 W nocfe hTopu3annmn Bofbl, YPOBHA Y NPUYUH CMEPTHO-
CTW KYPU/IbLLMKOB B 3aBUCUMMOCTU OT MHTEHCMBHOCTU KYPEHUSA W 06LIMPHOE
o6cnenoBaHme aPHEKTUBHOCTA NPOTUBOMONMOMUENNTHON BaKLMHbI Conka.
YcnewHoe npoBefeHMe Bbl6OPOYHbIX 06CMeAoBaHMIn MPUBENO K KX
MPUMEHEHUIO ANS OLEHKW [AOBOMbHO HEOObIYHbIX BEAUYMH: Hanpumep,
OMHBI CUTapeTHbIX OKYPKOB, 4uMcna MyX B Fopofe, uucna nognucein nog
neTuumeld, B LeACTBUTENbHOCTM HE MOCTAB/IEHHbIX YKa3aHHbIMWU MHOAbMMU,
W Aaxe yucna nofeli, yMerowWwmx cknaablBaTb A3blK «TPy6OUKOii». ITU Be-
NNYVHBI UMENIN OTHOLLEHME K M3YUYEHUIO COOTBETCTBEHHO CBA3WN MeXAYy Ky-
PEHMEM W PaKOM NEerknx, aPMeKTMBHOCTM 6OpbOLI C MyXamu, OPUANYECKON
CW/bl METUUMIA M HacnefoBaHUS YMEHUA CKNaAblBaTb A3blK «TPY6OUKON»,

xgm nocmle_‘que, Ha MOV B3rnag, He MOXET CNY>XWUTb 00BbEKTOM 60/bLUIOr0
0bCNe10Ban s,

13. OCHOBHbIE TMPOBJIEMbl BblIBOPOYHOIO OBCJ/IEAOBAHNA

Mpexje YyeM paccmaTpuBaTb POJib, KOTOPYIO UrpaeT Teopua B BbIGOPOY-
HOM 06cC/efloBaHMK, MOJIE3HO BKPaTLE 0XapaKTepn3oBaTb OCHOBHbIE Npobne-
Mbl, CBA3aHHble C NiaHWpOBaHWEM U NposefeHneM ob6cnegosaHuns. Ob6cne-
[0BaHWA MOTYT CWUAbHO PasnnyatbCa MO UX CNOXHOCTW. B3ATb BbIGOPKY
13 5000 KapToUyeK, MPOHYMEPOBaHHbIX U aKKypPaTHO pacCTaB/ieHHbIX B Kap-
mOTeKe, HeTpyaHo. CoBCceM Apyroe feno MofyuynTb Bbl6GOPKY XuTenei paii-
OHa>r[e CpeACcTBOM COOOBLLEHNSA CNYXAT PeKku, npoTeKawowme B fiecax, rge
KapTbl OTCYTCTBYIOT, XXUTENMU roBOpAT Ha 15 pasHbiX funanekTax n Becbma
NnofO3PUTENIbHO OTHOCATCA K NH060MNbITHBIM He3HakoMuam. [pobnembl,
BbI3blBalOLLME 3aTPYAHEHUSA B OAHOM 06CnefoBaHUM, MOTYT OKa3aTbCA He-
- NM'TaeHHbIMWU WU COBCEM He BO3HUKHYTb B [pYrom.

0 OBHbk npobnembl, CBfi3aHHble C 06C/EAOBaHUEM, CrpynnUpPOBaHbI
'‘ee VW1 meHee Npoun3BO/LHO B cneyroline 11 nyHKTOB.
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Llenn o6cnenoBaHust

UpesBblyaliHO Mosie3Ha YeTkas (POpMyIMPOBKa Leneil o6cnesoBaHus.
Be3 Hee, norpyxascb B AeTann NAaHWPOBaHUA CNOXHOTO 06CnesoBaHUs,
Nerko 3abbiTb O €ro O6WMX UENsX U MPUHATb PelleHus, pacxopsuinecs

C HUMW.

COBOKYMHOCTb, M3 KOTOPOW MNPOU3BOAMTCS OTGOP

Cn0BOM COBOKYMHOCTb MO/b3ytOTCA AN8 0603HaYeHUs MHOXecTBa 06b-
€KTOB, M3 KOTOPOro M3BfekaeTcs Bblbopka. OnpefefneHne COBOKYMHOCTM
MOXEeT He MpeACTaBNATb HWKaKON TPYAHOCTW, KaK, Hampumep, B Ciydae,
Korga oTbupaeTcs MapTusa 3NEeKTPUYECKUX NammoyveKk 1S OUEHKWU cpej-
Hero BpeMeHW UX ropeHus. HampoTus, mpu BbIGOPOYHOM UCCNEA0BaHWM
COBOKYNHOCTW (hepM HeobXxoaumo cgopmynmposaTb MpaBuaa, MNO3BONA-
toLLVe BbIAENNTL hePMY M OTFPaHUUYUTL OfHY U3 HUX OT Apyroii. Takue npa-
BUNMa JO/MKHbI BbITb MPAKTUYHBIMK: HYXHO, 4YTOBLI B X04e paboTel 06cneno-
BaTe/b Obl1 B COCTOAHUM 6e3 0COBbIX KONebaHUii onpeaensTb, MPUHALNEXMUT
NN COMHUTENbHBIA 06BLEKT K COBOKYMHOCTU WAN HET.

CoBOKYMHOCTb, M3 KOTOpOi npomu3BoguTcsa oT6op (obcnegyemas coBO-
KYMHOCTb), AO/KHA COBMajaTtb C COBOKYMHOCTbK, O KOTOPOW Mbl XOTUM
cobpaTb cBefeHWsA (M3yyaemast COBOKYMHOCTb). HOrfa Mo MpakTUYecKum
coobpaxeHnam wan pagn ypobectea obecnesyemMas COBOKYMHOCTb CYXKU-
BaeTCA NO CPaBHEHMWIO C M3y4yaemoli. B aTom cnyuae cnefyeT NOMHWUTb, YTO
BbIBOAbI, CAeNaHHble MO BbI6OPKE, OTHOCATCHA NUWbL K 06CNesyemoit coBo-
KynHocTu. CyxfJeHne O CTEeNeHW MPUMEHUMOCTM 3TWX BbIBOAOB TakXe

K |/|3y‘-IaEMOl7I COBOKYMHOCTW [AO0J/1XXKHO OCHOBbIBATbCA Ha APYrnx WUCTOM.

HUKax cBefeHWil. MOXeT OKasaTbCA MOMe3HON nbas [OCTynHas [OMoN
HUTeNbHasA MH(poOpMaLMsa 0 XapakTepe pasnuunii mMexagy obcnegyemo

W' U3y4aeMoi COBOKYMHOCTSMM.

CobupaemMble fAaHHble

HeobxognMmo y6eanTbCcst B TOM, UTO BCe COOMpaeMble faHHble COOT
CTBYIOT LeNIAM 06CnefoBaHNA U HUKAKMX BaXHbIX AaHHbIX HE NPonyLeH
CyluecTByeT pacnpocTpaHeHHas TeHAeHUMs, 0cob6eHHO npu ob6cnefoBaH
COBOKYMHOCTe ntofei, 3afaBaTb C/MILIKOM MHOMO BOMPOCOB, YacTb KO
pbiX BMOCNEACTBMMU BOBCE HE aHanuanpyetcs. Meperpy>XeHHblii onpocl
NINCT YXYALWaeT Ka4yeCTBO OTBETOB KaK Ha BaXKHble, TaK U Ha BTOPOCTene

Hble BOMPOCHI.

>KenatenbHasaA cTeneHb TOYHOCTU

Pe3ynbTaTbl BbIGOPOUHBLIX 06CNEA0BaHMIA BCErfa OTYACTU HEOMNpeaes
Hbl. 3TO NPOMCXOAUT MOTOMY, UYTO WUCCNEAYeTCs TONbKO 4YacTb BCeid ¢
KYMHOCTW U N3MEPEHUsI MPOU3BOAATCS C OLUMGKaMU. DTy HeomnpeaesieHHa
MOXHO YMEHbLINTb, M3BNeKas BbIGOPKM 60MblIero o6beMa U NPOU3B
60nee TOUHblE M3MepeHUs. Ho 3To 06bIYHO YBe/MUMBAET 3aTpaThl Bpei
n cpefctB, CnefoBaTe/lbHO, BaXKHbI MOMEHT COCTOUT B OMpedesieHnn
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P.LLHOI CTENEHN TOYHOCTU pe3ynibTaToB. OTBETCTBEHHOCTb 3a 3TO HECET
Ud koTopoe GydeT Mo/b30BaThbCs COGPaHHbLIMW faHHbIMU. [puUHATUE
kdlus OTHOCWTE/ILHO XXenaTeslbHOM TOYHOCTM MOXET 0Kas3aThCs 3aTPYA-
Te/bHbIM, MOCKO/IbKY MHOIMe MpakTuyeckue paBOTHUKM He MPUBLIKIN
WUTe B TEPMUHAX BEAUYMHBI MOTPELUHOCTEN, [ONYCTUMOIA Npu nony-
1411 OLLEHOK U TEM He MeHee [aloLieii BO3MOXHOCTb MPUHATL NpaBuib-
e pelweHne. CTaTUCTMK YacTO MOXET 0Ka3aTb UM MOMOLLb Ha 3TOM 3Tare.

Cnocobbl HabnwgeHnA

CyluectByeT 60/bLIOK BbIGOP CPeACTB M METOLOB M3YUYEeHUSi COBOKYM-
T, JaHHble 0 COCTOAHUW 3[0POBbS YenoBeka MOryT ObiTb MOJTyYeHbI
60 ¢ ero cnos, NGO no pesynbTaTaM MEAULMHCKOrO WCCef0BaHuS,
1 o6cnefoBaHMN MOXHO MPeAoCcTaBMTbL OMpaliMBaeMoMy CamoMy 3amnof-
Tb OMPOCHbIV NCT UM NOpy4YnTb 06CnefoBaTeNsAM 3ajaBaTb CTaHAApT-
 Habop BONPOCOB B OMpeAeneHHOW hopme WM >Xe BECTM OMNpoC B BUAe
€bl, NPM KOTOPOI BOMPOCHI 334al0T B PasiMyHON (PopmMe 1 B NPOU3BOSIb-
M nopsgke. O6cnefoBaHMe MOXHO NPOU3BECTM MO NOYTe, NO TenedoHy,
TEM IMYHOTO NOCELLEHMS WK XXe TaK WU MHave coyetas 3T Crnocobbl,
TOdbl ONpoca W CBfi3aHHble C HUMW Mpo6aemMbl MOAPOBHO M3yvanucb
Hanpumep, (Hyman, 1954) u (Payne, 1951)].
3HauMTenbHas YacTb NpefBapuTenbHON paboTbl COCTOMT B pa3paboTke
PVAOKYMEHTOB, B KOTOPbLIX GYAyT COepXXaTbCA BOMPOChI U KYfAa HY>XHO
€r 3anucbiBaTb OTBETbI. ECNM ONPOCHbIE NUCTLI CPAaBHUTENBHO MPOCTHI,
BO3MOXHble OTBETbl MOXHO WHOrfa 3apaHee 3akogupoBaTtb, T. €. 3a-
cartb B TaKOM BUAE, 4YTOObl NOTOM KX ferko 66110 NpeobpasoBath 419 Ma-
HHOA 06paboTkn. [na pa3paboTKuM yAavyHOro MHCTPyMeHTapus obcne-
aH/a Heob6X0AMMO OTYET/IMBO NPeACTaBAATbL CTPYKTypy Tabnuy ¢ wto-
[M1 faHHBIMK, KOTOpbIMKM 6YAYT MO/MbL30BATLCA NPU aHanM3e marepuma-
o0bcnegoBaHus.

OcHoBa BbIOOPKHU

Mpexae YeM NpPou3BOAMTL OTGOP, HEOBXOAMMO PasbuTb COBOKYMHOCTb
UacTi, KOTOpble Ha3blBAOTCA efuHMLaMu 0T6opa UAKM MPOCTO efuHM-
1 3TV eAVNHULbI 4O/DKHBI BMECTE UCHEPMbIBATb BCHO COBOKYMHOCTb U He
Hbl MEPEKPbIBATL OAHA APYTYIO, T. €. KaXAblii 3/EMEHT COBOKYMHOCTY
*eH NMPUHAANEXaTb OfHOW U TOMLKO OAHON eAnHULE. VIHOTAa equHULbI
pa BbIAENAOTCSH OYEBUAHBIM 06PA3OM, KaK, HanpuMep, B COBOKYMHOCTU
TPUYECKMX NAMMOYeK, Fhe efuHULER 0T6opa CNYXWT OTAeNbHAsA NaM-
a. MiHorpga npuxogutcs BbIGUPaTh M3 HECKOMLKMX BO3MOXHBIX €AMHUL,
a. Hanpuwmep, npu o6cnefoBaHMK NOfeH B ropofe eanHuLeli ot6opa
T GbITb OTAE/NbHbIV YEOBEK, U/IEHbI OfHOW CEMbW UMK XXE BCE XXUTENN
AcKoro kBapTana. Mpu BbIGOPOYHOM M3YYEHUU YpOdXKas CeNbCKOXO-
TBEHHbIX KYNbTYp €AVWHMLAMW 0TGOpa MOTYT CAYXWTb MOAsA, (hepMbl
e yuacTkn 3emin, hopMa U pasMepbl KOTOPbIX 3apaHee M3BECTHbI,
ACTPOEHME TaKOro MepeyHs eAuHUL, 0T6Opa, Has3blBaeMOro OCHOBOVA
P/, Ha NpakTUKe 4acTo 6blBaeT OfHOW W3 FNaBHbIX 33afay. HayueH-
TOPLKUM OMLITOM OpraHM3aTopbl 06CNeA0BaHNUI C HEJOBEPUEM OFHO-
I K cnuckam, COCTaBfIEHHbIM paHee Ans APYrUX Leneil. HecMoTps Ha
Re»nsi B 06paTHOM, TaKWe CMUCKM YEeCTO OKa3blBAOTCS HEMOHbIMY
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NN Heyfob0YMTaeMbIMU WKW COAEPXKAT HEW3BECTHOE YMCAO MOBTOPEHWIA.
XOpoLWy O0CHOBY BbIGOPKU MHOFAa TPYAHO CO34aTh M ANS cneunduyecKnx
COBOKYMHOCTEW, Hanpumep, 4159 GYKMEKEpPOB UAM ANS COBOKYMHOCTW fH0-
fen, passogAawmx mHawowek. xecceH (Jessen, 1955) nMpuBOAMT UHTEpec-
Hbli METOA MOCTPOEHUS OCHOBbI BbIGOPKM, B KOTOPOW eguHUUaMu oTbHopa
CNnyXaT BeTKM NJ0A0BOro Aepesa.

M3BreyeHune BbIGOPKK

CyLuecTByeT Lenblii psg cnocoboB, KOTOPbIMU MOXHO M3BMeYb BbIGOPKY.
Onsg Kaxaoro takoro cnocoba, 3Has >enaTefbHblli YypOBEHb TOYHOCTH,
MOXHO NPUBINXEHHO OLEHUTbL HA 3TOM OCHOBaHMM 06beM Bbl6OpKM. Kpo-
Me TOro, Npu MNPUHATUU PelleHns o crocobe oTbopa YUYUTLIBAKOTCA OTHO-
CUTENbHAA CTOMMOCTb M Bpemsi, HeoOXOAMMble O OCYLLECTB/EHUA TOro

AN MHOTo crocoba.

Mpo6Hoe o6cnegoBaHue

OkKa3afiocb MO0/Me3HbIM MPOBEPATb OMPOCHbIA JINCT U METOAMKY CO6-
CTBEHHO 06cnefoBaHUs B NpobHOM o6cnefoBaHUM HebosbLIOro MacluTaba.
3T0 No4yTM Bcerga NPUMBOAWUT K YNYYLUEHWIO OMPOCHOrO /INCTA U MOXET Bbl-
ABMTb APYrue HefoyeTbl, KOTOpPble CTaHYT CEpbe3HON npobnemoit mpw
6onbWwoM MmacwTabe paboTbl, Kak, Hanpumep, CTOMMOCTb 06CnefoBaHUS,
€CMIM OHAa OKaXeTcs 3HAUMTEbHO 60MbLUIE 0XKMAAEMONA.

OpraHusauusi co6CcTBeHHO o6cnegoBaHus

B 60nbwmnx o6cnefoBaHUAX BCTPEYAKOTCA MHOrMe Mpobiembl, CBA3aH-
Hble C MX opraHu3auueii. Cnefyet 0by4nTb NepcoHan B COOTBETCTBUM C Lie-
NSIMU U NPUMEHSIEMbIMU MeTOAaMK HabnwogeHns n 06ecneymTb COOTBETCT-
BYIOLWWMIA KOHTPO/b ero paboTel. HeoLeHWMYH ponb UrpaeT MeToAMKa
KaK MO>XHO 6o/ee paHHel NPOBepKM KavecTBa 0TBeTOB. Cnepyet paspabo-
TaTb NiaH AeWCTBWIA Ha CAyYail HeMmonyyYeHNs OTBETa, T. €. MPU HEBO3MOX-
HOCTW ANnA 06cnefoBaTens NONYUYUTb MHAGOPMaLMo 06 onpefeneHHbIX efu-
HMLax B BblGOpKe.

CBOAKa N aHa/in3 faHHbIX

MepBbIii 3Tan COCTOMT B MPOCMOTPE 3aMO/IHEHHbIX OMPOCHBLIX UCTOB
C Tem, yToGbl MCNPaBUTL OLIMGKU PErncTpauuv uau, no KpaiiHei mepe,
WCK/MOUMTL 3aBEAOMO HEMpaBW/ibHblE fAaHHble. HeoGX0AUMO MpUHATL pe-
LeHWe O NOpsAKe CBOAKM H FPYNnMpOBKU [aHHbIX B C/iyyae, Korga onpa-
WMBAeMble He fany OTBETa HAa HEKOTOPble BOMPOCHI WM 3TU OTBETbI GblIN
WCK/IKOUEHbI NpK MpocMoTpe. Moc/e 3TOro AaHHble CBOAATCS U rpynnupy-
0TCA 418 NONydYeHus OUEHOK. K OfHWM W TeM )K€ faHHbIM MOTYT BbiTb Mpu-

MEHEHbI pasfiMyHble Crocobbl OLLEHMBAHUS.
Mpy M3N0XEHUWN pe3ynbTaToB 06CNef0BaHNS >KenaTe/bHO YKasblBaTb

BE/IMUMHY 0XUIAeMOl OWWOKM AN Hanbosnee BaKHbIX OLEeHOK. OAHO 13
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NPeyMyLLECTB BEPOSTHOCTHOTO OTGOPA 3aK/1t04aeTCss B BOSMOXHOCTW cpe-
naTb Takue yKasaHUs Ha BENMUMHY OWMWGKU, XOTS LIEHHOCTb UX HECKO/bKO
CHUXXAETCS, €CNIN 3HAUYMTENbHO YNCNO HEOTBETMBLUMX.

MHdopmauusa ana 6yaywmx o6cnegoBaHnii

Uem 6osiblle MH(OPMALMU O COBOKYMHOCTM Mbl MMeeM NepBoHayasbHo,
T<M |prye nonyumTb BbIGOPKY, 06ecrneyvmBaloLLyo TOUHbIe oLeHKK. Kaxpaoe
A.o('‘pwuwoe BbIGOPOYHOE 06CnefoBaHME MpPeAcTaBasieT co6oi NOTeHUM-
J,'bIM>( CpeACTBO ynyudlweHns 6Gyayuiero otbopa, MOCKOAbKY OHO cojep-
Xn! [aHHble 0 CPeAHUX 3HAYEHUSX, CPEAHUX KBaApaTWUHbIX OTKIOHEHUAX
M 0 NPUPOAE M3MEHUYMBOCTM OCHOBHbIX XapaKTEPUCTUK, a TakXXe O CTOMMO-
mhi NO/yYeHUS HEOOXOAUMBIX AaHHbIX. TeXHUKa NPOBELEHUS BbIOOPOUHbIX
miv.ic |OBannii pa3BuBaeTcA ObICTpee, €CAN MPUHATHLI Mepbl AN Hakonne-
HMA N 06006LLEeHNA MH(popMaLMM TaKoro poja.

L.JTLWeECTBYeT elle OfjHa BaXXHad MpU4YMHAa, MO KOTOPOW Kaxkjoe 3aBep-
Henmoe o6cnefoBaHme 06/1ervyaeT Ux MpoBegeHue B Oygyuiem. B CnoXHbIX
Wr,CNeaoBaHmsaX Xo4 paboTbl HMKOTAAa B TOYHOCTM He COOTBETCTBYET 3anna-
HWPOBaHHOMY. BHUMaTeNbHbI UccnefoBaTe/lb YUMTCH pacno3HaBaTb OWNG-

KW, AOMNYLEHHble NPV MpPOBeAeHMM 06CnefoBaHMsA, U MNpefoTBpaliaTb UX
la MULHX 06CnefoBaHMUAX.

14. POJIb TEOPUWN BbIBOPOYHOIO METOA

MpviBeAeHHbI B NpefblayliemM naparpage nepeyeHb BOMNPOCOB AO/MKEH
Obll NOAYEPKHYTb, YTO OpraHu3auus BbIOOPOYHOr0 UCCNefoBaHWA — 3TO
1K), Tpebylolee 3HaHMIA U HaBbLIKOB pasHO0Opa3HOro xapakrtepa. B He-
*VMOpPbIX W3 3TWX BOMPOCOB-— TaKWX, KaK OMpefenieHne COBOKYMHOCTH,
HOaNOBMiEHMe Kpyra faHHbIX, nognexawmux céopy, n MeTofoB Habnwofe-
HWS, OpraHusauus MpakTU4Yecko paboTbl — Teopus BbIGOPOUYHOrO Me-
ro;;;] Mo 6o/blleid YacT He WrpaeT 3HAYUTENbHOW ponu. XOTd 3TM BO-
npocbl He 6yAyT B fanbHeilem paccMaTpuMBaTbCs B 3TON KHWUTe, Heob-
XOAMMO SICHO MpeACcTaBNsaTb cebe MX BAXHOCTb. Bbi6oOpouHOE uccnefoBaHme
TpebyeT BHMMaHUA KO BCeM 3Tanmam paboTbl: MAOX0e BbIMOMHEHWE OJHOM0
M3 HUX MOXEeT norybuTb o6CnefoBaHMe, B KOTOPOM BCE OCTanbHOe npoje-
NaHo NpaBUNbHO.

Llenb Teopuy BbIGOPOYHOrO MeTOAa COCTOMT B MOBLILEHWU pe3y/bTa-
TUBHOCTM BbIGOPOYHOro mccnefoBaHus. B Hell paspabaTbiBaloTCs MeTOAbI
n3BMeYeHNs BbIGOPKM U OLEHWBaHWA, MO3BOAAIOWME NPU MUHUMANbHbIX
3aTpaTax nojy4yatb OLEHKU C AOCTaTOYHOW ANS Halleil Lenm TOYHOCTbH.
K npyvHuMny AOCTMXEHMUS OnpefeneHHON TOYHOCTM MpY MUHMMANbHBIX 3a-
TpaTax MOCTOSIHHO O06pallatoTcs NpPU U3M0XKEHUW TEOopUM BbIGOPOUHOTO

L'1AToro utobbl NPUMEHNUTL 3TOT MNPUHLMM, Mbl AO/DKHbLI YMETb MpPeaBu-
mtlb --1 4 noboro paccmaTpnBaeMoro Metofa oTbopa OXugaemyt TOUHOCTb
i1 OXKMAAEMYH CTOMMOCTb. YTO KacaeTcsi TOMHOCTU, TO Mbl HE MOXEM TOYHO
‘ePeficKa3aTb, KaKyl OWWOKY OyaeT cofepxaTb OLEHKa B KaXJOM KOH-
(hbeTHOM cnyyae, MOCKO/bKY ANS 3TOM0 HY)XXHO 3HaTb MCTMHHOE 3HaYeHUe
OLIEHVBAEMO BeNMUMHbI AN5 BCeli COBOKYMHOCTW. BMeCTO 3TOro TOYMHOCTb

23



OLIeHKM, NOSly4yaemMoit C MOMOLLbIO TOF0 MM MHOro cnocoba oTbopa, onpege-
NseTcs Ha OCHOBaHWW pacnpefefieHns 4acToT 3TOM OLEeHKMW, KOTOpoe nony-
yaeTcsl, eCNn COOTBETCTBYHOLLMI CNOCO6 MHOFOKPATHO MPUMEHATb K OfHON
N TOW >Xe COBOKYMHOCTU. 3TO, KOHEYHO, OBbIYHbLIA MPUEM CYXXAEHUSA O TOY-
HOCTW B CTATUCTUYECKOW Teopuu.

MOXHO BBECTM ewe O4HO ynpouweHune. [ns BbIGOPOK TOro 06beEMa,
KOTOpbIA 0ObIYHO BCTPEYAETCs Ha MpPaKTWKEe, 4acTo ecTb BCe OCHOBaHMSA
nonaratb, 4TO BbIGOPOYHbIE OLEHKWM WMEKT NpUBAN3NTENLHO HOPMasibHOE
pacnpegeneHue. [Ons HOpPManbHO pacrnpefefieHHbIX OLEHOK BuWA pacnpe-
[eneHnss 4actoT MOSTHOCTLH) W3BECTEH, €C/IM W3BECTHbl CpeAHee 3HayeHue
N cpefHee KBagpatuyHoe OTKMOHeHMe ( wauM gucnepcums). 3HaumTenbHas
4acTb TeOpMM BbIBOPOYHOr0 MeTOAa MOCBALWEHA HAXOXAEHWIO hopMyn Ans
TaKUX CPEeLHMX W Aucnepcunii.

CyuwiecTByeT HEKOTOpPOe pasiunyvMe Mexgy Teopueid BbIOGOPO4YHbLIX 06-
CNnefoBaHMI WU KaCCMYEeCKOW Teopumeil BbIGOPOYHOro MeToAa, 3ak/kuvalo-
eecs B TOM, YTO Npu 06CNef0BaHMAX COBOKYMHOCTM COCTOAT M3 KOHeu-
HOro yucna eguHuy. Korga otbop npom3BoguTCA M3 KOHEYHOM, a He 13 6ec-
KOHEYHOI COBOKYMHOCTW, METOAbI [JOKa3aTe/NbCTBa TEOPEM MHbIE U Pe3y/ib-
TaTbl HECKO/IbKO 60/fiee CNOXHbLI. [ N8 NpakTUYeCKUX Lenein 3tm pasnmyus
B pe3ynbTatax 415 KOHEYHbIX U 4719 6ECKOHEUYHbIX COBOKYMHOCTEN 0ObIYHO
He MMelT 3HavyeHus. Ecnm o6bem BbIGOPKM (MO YMCAY MEPBUYHBIX €4UHUL
0T60Opa) Man Mo CpaBHEHMIO C 0OBLEMOM BCeli COBOKYMHOCTM, TO BMOJIHE MPU-
MEHUMbI Pe3ynbTaTbl, MOMYYEHHbIE 419 OECKOHEYHOI COBOKYNHOCTM. B oc-
HOBHOM B 3TOI KHWIe M3naralTcs pe3ynbTaTbl, OTHOCALMECH K KOHEYHbIM
COBOKYMHOCTSAIM. B HekoTOpbIX, 601€e CMOXHbIX BOMpOcax, 4YT0bbl yMpo-
CTUTb W3MI0XEHWE, Mbl OyAeM NOMb30BaTbCA Teopueid 41 BGECKOHEUHbIX

COBOKYTMHOCTEMA.

1.5. BEPOATHOCTHbIN OTBOP

Bce meTogbl 0T60pa, AN KOTOPbIX OyAeT m3nararbCs COOTBETCTBYHOLLA
Teopus, JO/MKHbI 06nagaTh CegyoWwumMy o6WwUMmM MaTeMaTUYeCKUMN CBO
cTBamu.

1. JomkKHa cyuwecTBoBaTb BO3MOXHOCTb YKa3aTb MHOXeCTBO par
NIMYHbIX BbIGOPOK Si, S2, SV, KOTOpble MOTYT BbITb MOMYYEHbI NPU NP
MEHEHWUW LaHHOr0 MeTofa 0T6opa K HEKOTOPO KOHKPETHOI COBOKYMHOCT
3T0 3HAYMT, YTO Mbl MOXEM TOYHO yKas3aTb, Kakue eguHuLbl 0T60pa np
Hagnexat K Slt Kk S2u 1. 4. MNpeanonoXxvm, HanpumMmep, 4To COBOKYMHOE
COCTOMT M3 LWWECTU efWUHUL, NPOHYMEPOBAHHbLIX Ymucnamm oT 1 4o 6. Mpu un
B/IEYEHUN BbIBOPKU 06BEMOM B AiBE €MHULbI MPUHATLIA cnocob oTb6opa ga
TPM BO3MOXHbIX ucxoga: Sr~ (1,4); S2~ (2,5); S3 (3,6). 3ametun
YyTo MpU 3TOM He 0643aTeflbHO NEPeYUCNATb BCe BO3MOXHble BbI6OP
o6bema 2 .

2. [Ana Kaxpgow m3 BO3MOXHbIX BbI6GOPOK S, 3ajaHa M3BECTHas Ha
BEPOATHOCTb €e U3BNEeYeHUs fT.

3. Mbl n3Bnekaem OfHy M3 BbIGOPOK S* C MOMOLLbIO HEKOTOPOro mp
Lecca, MpuM KOTOPOM BEPOATHOCTb M3BMIEUEHUS KaXKAol BbIGOPKM MpUH
MaeT COOTBETCTBYHOLLEe 3Ha4YeHne Nr. B paccmarpuBaemom npumepe Mbl n
XEeM npunucatb TPEM YKa3aHHbIM BbIOOpKaM paBHble BEPOATHOCTU. Tor
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camo u3B/eYeHWe MOXeT 6blTb MPOW3BELEHO C MOMOLLLI PaBHOBO3MOX-
HOro Bblbopa uenoro unucna ot 1 go 3. Ecam Takum ymcnom okasanochb Y,
TO CUNTAETCA M3BNEYEHHOW BbibopKa Sj.

4. NlomKeH 6bITb YCTaHOBMEH METOZ BbIYMCNEHMA OLEHKU MO BbIGOpKE
N 418 KaXAO0W KOHKPETHON BbIGOPKU OH AO/KEH MPUBOAUTL K eANHCTBEH-
HOMY 3Ha4yeHM0. Mbl MOXEM MPUHATL, HaNpUMep, B Ka4eCTBe OLEHKU cpes-
Hee 3HauYeHue pe3ynbTaToB HabMOAEHUI OTAeNbHBIX eANHNL, B BbIGOPKE.

Ans kaxgoro cnocoba oT60pa, YA40BMETBOPAIOLWErO 3TUM CBOWCTBaM,
Mbl MOXEM BbIYMCNNTL pacnpefeneHne YacToT 3HaYeHMI COOTBETCTBYIOLLEN
OLLeHKM, KOTOpOe NOayuyunocb 6bl B pe3ynbTaTe MHOFOKPAaTHOro npume-
HEHMs 3TOro crnocoba OT6Opa K paccMaTpuBaeMoil COBOKYMHOCTW. [eii-
CTBMTE/IbHO, Mbl 3HaeM, C KaKOli yacToTol ByaeT n3BneveHa ntob6as OTAeNb-
Has BblbOpKa Si M KakK BbIYMCAWUTb OLLEHKY MO AaHHbIM 3TOW BbIGOPKM.
Takum o6pasom, 414 1060ro MeToga 0T60pa PacCMOTPEHHONO TMNa MOXHO
pasBMBaTh Ja/bHENLIYO TeOpUl, XOTH KOHKPETHble AeTain MOryT W OKa-
3aTbCs [OBO/IbHO CMIOXHbIMU.

K meTogy oT6opa Takoro tuna MpuvMeHseTcs TePpMUH BepOSTHOCTHbIN
nT6op. ITO, KOHEYHO, HE €MHCTBEHHbIA CMOCO6, KOTOPbIM MOXHO U3BNeYb
BbIGOPKY. [lanee ykasaHbl pacnpocTpaHeHHble CNocobbl 0T60pa, He UMelD-
LLMe BEPOATHOCTHOIO XapakTepa.

1 OT6op oOrpaHM4MBaeTCcsi NMErkKo LOCTYMHOW YacTbl0 COBOKYMHOCTM.
Hanpumep, BbI6GOpKa yrns U3 OTKPbITOrO BaroHa 6epetca nnwb ¢ ry6uHbl
0T 6 A0 9 AtolimMOB.

2. OTbop npowmsBoaMTCs becrnopsgoyHo. VccnegosaTenb, Bblbupas fe-
CATb KPOJINKOB M3 GONbLUOWA K/IETKU B 1abopaTtopun, MOXET fenaTb 310 6e3
MpoAyMaHHOro niaHa, 3abupas Tex, 40 KOTOPbIX OH MOXET JOTAHYTbCH.

3. NmeeTca Hebonblias, HO HEOLHOPOLHAA COBOKYMHOCTb. O6cneno-
BaTe/lb NPOCMATpMBaeT BCHO COBOKYMHOCTb M OTOMpaeT HebOonbLIoe 4Mcno
«TUMUYHBbIX» €AWHWL, T. €. efUHUL, OTBEeYaloLMX ero MpeacTaB/eHn0 O
CpefHeM NS COBOKYMHOCTWU. TakKoW MeTof HasbiBalT MHOTAa MpeaB3sThiM
WM HanpasneHHbIM 0T6GOPOM.

4. Bblbopka COCTOMT MNPEUMYLLECTBEHHO W3 A0OPOBOMLLEB B MUCCNEAO-
BaHMAX, rfe MpOLEecC W3MEpeHUs HenmpusaTeH WM onaceH Ans ob6cnegye-
MOro.

Mpu Hagnexawiux ycnoBuAX Kaxabld U3 3TUX CNOCOBOB MOXET faTb
nonesHble cBefeHns. OAHAKO pa3BUTME TEOpWM BLIOOPOYHOrO MeToda He
CBAI3aHO C 3TWMW CNocobamm, MOCKOMbKY B HUX OTCYTCTBYET 3/1IEMEHT Cny-
yaiiHoro or6opa. YUTo kacaeTcs MPOBEPKM LEHHOCTM TOTO WM UHOTO U3 3TUX
METOJO0B, TO eAMHCTBEHHO BO3MOXHbI/i MyTb COCTOWT B OTbICKAHUWN CUTYya-
LMK, NpU KOTOPOI M3BECTHbI pe3ynbTaTbl UM MO BCeli COBOKYMHOCTM WK
MO JaHHLIM BEPOSITHOCTHOW BbLIGOPKM, M B COMOCTAaBMEHWUU C HUMW Pe3ynb-
TaToB 0T6Opa. OAHAKO Jaxe €cnu MNpu OAHOM TaKOM CPaBHEHWW METOZ W
OKa)XXeTcs YAO0BMETBOPUTE/IbHLIM, 3TO He rapaHTUpyeT, 4To Tak Xe 6yget
It B ApYrux 06CTOATENLCTBAX.

Ha npakTuke Mbl pefKo Mosy4yaem BepPOSTHOCTHYHO Bbl6OPKY, 3amucbl-
Baa 5; 1 fib Kak 6bl10 yKasaHo paHee. [15 60/blWNX COBOKYMNHOCTEN, rAe
NPUHATLIA NOpsAZoK oT6opa fan 6bl MuAAMapabl BO3MOXHbIX BblGOPOK,
310 0Kasanocb 6bl HEMbLICAUMO TPYAOEMKOW paboToil. O6bIYHO 0T6OpP npo-
M3BOANTCA MYTEM YKa3aHWs BepOATHOCTE BKMAKOYeHWS B BbIGOpKY OT-



[ENbHbIX EeAVHWL, W 3aTeEM W3BNEYEHWS efWHUL, MO OAHON WAM Mo He-
CKOJIbKY Cpa3sy [0 Tex nop, noka He 6yaeT obpasoBaHa BblGOPKa HY>XHOro
ob6bema M TMna. [na TEOPETUUECKUX XKe Leneid JOCTaTOYHO 3HaTb, YTO Npu
XenaHuun, pacnofaras [OCTATOYHbIM BPEMEHEM, Mbl MOXEM BbINUCATb
Bce Si n a£

1.6. MPUMEHEHVNE HOPMAJ/IbHOIO PACMNPEAENEHNA

Kak yXe ynomuHanocb, npu o6cnefoBaHusX BblGOPKM 4acTo focTa-
TOYHO BE/INKM, TaK YTO NONyYaeMble MO HAM OLEHKW MMEKT NPUBIN3NTENBHO
HOpMa/nbHOe pacnpegeneHvie. [ns BepOATHOCTHOro oT6opa, Kpome TOro,
CYLLECTBYIOT (DOPMY/ibl CPEAHErO 3HAYEHNSA W ANCNEPCUMM OLEHKM. PaccmoT-
PUM CHauana HecMelleHHble oLeHKM. OLeHKa p., Mojiyyaemas COorjiacHo He-
KOTOPOil cxeme OTOOpa, Ha3blBAETCH HECMELLEHHOW OLEHKON HEeKOTOpOW
XapakKTepucTuknM coBokynHocTu, fi, ecnum cpegHee 3HauyeHuwe* [i, B3sATOe
Mo BCeM BO3MOXHbIM BbIGOpKam, paBHO p. B 0603HauveHumsax naparpada 1.5
3T0 YCNOBME MOXHO 3anucaTtb B BUie

(%)= 2 = n

rae [fr— oueHka, mosydaemas no i-i BbiGopke. CumBon E, 3aMeHsOL WA
BbIpaXKEHNE «MaTeMaTUUYeckoe OXuaaHue BennuuHbl» (the expected va-

lue of), obLenpuHAT.

MpesnonoXxmm, 4YTO Mbl NOAYyYMIM BbIGOPKY MeTOZOM, obecnevunBaro-
MM HECMELLEHHYH OLEHKY, W BbIYACIWIN COOTBETCTBYHOLLEE 3HAYeHMWe
BbIGOPOYHOI OLEHKN [I 1 ee cpefiHee KBafpaTUYHOe OTK/IOHEHME 0- (4acTo
Ha3blBaeMOe MHaye ee CTaHAAPTHON OLWMOKOK**). HackonbKo Xopowa Ha-
a oueHKa? Mbl He 3HaeM TOUHYIO BEMYMHY OWMKOKM OueHKM (p. — L),
HO M3 CBOMCTB HOPMAa/IbHOrO pacnpefeseHns BbITEKAaeT, YTO C BEPOATHO-

CTAMU:
0,32 (M NpubAN3NTENBHO B OAHOM C/lyyae M3 Tpex) abCcontoTHOe 3Ha-

yeHue owunbkn |fi — p| npeBocxoguT O -;

0,05 (nnu B ofHOM cnyyae U3 ABagLaTn) abCcoNtOTHOE 3HAYEHME OLLINOKU
| p — [X| npesocxogut 1,96 0- » 2 0 »;

0,01 (wam B ogHOM cfnyvae M3 cTa) abCOMOTHOE 3HAYEHME OLIUOKMK
| p. ™ (@| npesocxoaut 2,58 0-~.

HanpumMep, ecnu npu onpeaeneHnn cpoka cinyX6bl HEKOTOPbIX NpUG0-
POB Ha GOMbLUOM MPeAnpUATAM MNpKU 06LIYHON Harpyske BepPOSTHOCTHaAS

* [Nanee CNoBO «3HaueHue» GyfeT MHOrAa onyckatbecs. — Mpumed. peg.

** AHINUACcKMiA TepMmuH standard error, KOTOpbI/A 3f4ecb ynoTpebnsieT aBTop,
nepegaeTca fanee TePMUHOM CTaHfapTHas ownbka, 4Tobbl NOAYEPKHYTb U TEPMUHO-
NIOTNYECKN OTANYME CPEeAHEro KBafpaTU4YHOIMO0 OTK/IOHEHUSI BbIGOPOYHON OLEHKM
(cpefnHeln KBafpaTMYHON OLLIMOKM) OT CPeAHero KBagpaTUyHOro OTK/I0HEHNST BOOOLLE. —
Mpumeu. nep.

BbiGopka Mokasasna, 4To cpefHee Bpems paboTbl Npubopa Ans 3Toi BeIGOp-

Kn p = 394 gHAM npu cpeAHeM KBagpaTUYHOM OTKAOHeHWM (CTaHLApTHOM
owmnbke) O" = 4,6 gHA, TO cpesHee BpeMs paboTbl NpUMOBOPOB ANA BCEN UX
COBOKYMHOCTU B 99 CAyyasx M3 cTa 3aK/HUYEHO MEeXAy

\iL = 394 — (2,58) » (4,6) = 382 pgHsM

fiy 394 -f (2,58) e« (4,6) = 406 gHAM.

3Tn rpaHuubl, 382 gHA wu 406 gHeil, HasbiBalOTCA HKHein (lower) u
BepxHei (upper) LOBepUTenbHbIMU rpaHuuamu. [Ona OTAeNbHON OLEHKMH,
CAEeNaHHON No OLHOKPaTHOMY 06CnefoBaHNI0, YTBEPXKAEHME «L 3aKNHOYEHO
mexay 382 v 406 gHAMMW» He ABASETCA abCoMOTHO NPaBUIbHbIM. «99%-Hblit
~BepuTeNbHbI YPOBEHb» 03HAYAET, YTO ecnn Bbl Ta XXe cxema oT6bopa MHO-
IOKPaTHO NPUMEHANAach K pacCMaTprBaeMoii COBOKYMHOCTU U YTBEPXKAEHWE
N LOBepPUTE/IbHbIX FPaHuULax fenanocb Mo Kaxnow Bbi6OpKe, TO nNpubdansu-
TenbHO B 99% cny4yaeB OHO 6b1710 6bl NPaBUAbHBLIM U B 1% Cnyyaes own60Y-
HbiM. Ecnn BbIGOPOYHbLIA MeToh NMPUMEHSAETCA Tam, Ffe paHee Mpou3BOAM-
NNCb CNAOWHbIE MEPenucK, TO 3TO CBOMCTBO MHOTAA MOXHO MPOAEMOHCT-
pupoBaTb, U3BNEKAsA NOBTOPHO BbIGOPKM Mpeasiaraemoro Tuna u3 coBoKyn-
HOCTW, NO KOTOPOI MMEHTCS MOMHbIE faHHble, TAK YTO P W3BECTHO [CM., Ha-
npumep, (Trueblood and Cyert, 1957)]. MpakTuyeckne paboTHUKK nyylle
M rny6xe NOHUMMaKOT NPUPOAY BbIGOPOYHOro MeToda, ybeamBLUUCL Ha fene
B TOM, 4YTO 3a HebGOMbLIMM WCKIHOYEHWEM 3apaHee YCTaHOB/EHHAd [0/
YTBEPXJEHUI OKa3blBaeTCs MNpaBWNbHOW. [1ofo6HbIM Xe o06pasoM, ecnu
n3BeKaeTCa O4HOKpaTHas Bbl6OpKa M3 KaXAol COBOKYMHOCTW, MpuHaj-
Nexkaweinl HeKOTOpPOMY PAAY PasfvMyHbIX COBOKYMHOCTER, TO OKaxyTcs
NpaBubHBIMU NPU6IM3NTENBHO 95% YTBEPXAEHWI, CAENAHHbIX Ha 95%-
HOM [10BepuTe/IbHOM YPOBHE.

PaHee npeAnonaranoch, YTo 0-, BbIYMC/EHHOE MO BLIGOPKE, OMNpefenseT-
cA TOYHO. B gelicTBUTENbHOCTM a-, Kak U p, MOABEPXKEHO OlWunbKam Bbl-

6opku. Ecnun cnyyvaiiHas nepemeHHas pacnpefeneHa HOpManbHO, TO NPU Ma-
NoM 06bemMe BbLIGOPKU AN HaXOXAEHWA [0BEpPUTENIbHbIX TpaHuL, anda p
BMeCTO Tab/1ML, HOPMasibHOro pacnpejenieHns NPUMeHsATCA Tabnnubl /-pac-
npegeneHns CTblofeHTa. 3ameHa Tabnvy HOPManbHOro pacnpejgeneHus
Tabnuuamu /-pacnpefeneHns noyTu He Urpaet ponu, ecnu YUcno cTeneHein
cBOOOAbI NPV BbIYKUCAEHUM C- npeBocxoauT 60. Mpu HEKOTOPbIX BMAax pac-
C/I0eHHOro otbopa 1 NpUMeHeHUn MeTofa Ay6mposaHHOro otéopa (cm. na-

parpad 13.14) umucno cteneHeii cBo6OAbl HEBEMKO M HEOOXOAMMO MOMb-
3o0BaThbcA Tabnuuamu /-pacnpepenieHus.

1.7. CMEWEHWE W ErO POJ1b

B Teopun BbLIGOPOYHBLIX 06C/EAOBaHMIA MPUXOAUTCA paccMaTpuBaTtb
CMELLIEHHbIE OLEHKN. ITO HY>XKHO AenaThb Mo ABYM MpUYMHaMm.

1 B HekoTOpbIX, 4acTO BCTPeYaroLMXCs cnyyasx, 0CO6eHHO npu oue-
HWBAaHUWN OTHOLUEHMIA [BYX BE/IMYMH, OLEHKWU, KOTOPbIE MO APYrum coob-
paXeHusm yfobHbl 1 LenecoobpasHbl, 0Ka3blBAKTCA CMELLEHHbIMU,
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2. [laxxe ecnn OUEHKM Mpu BEPOSTHOCTHOM 0T6Ope M ByAyT HecMeLleH-
HbIMW, OWWGKM HaBMOAEHNS W HemnoayyYeHWe OTBETa MOTYT MPMBECTU K
CMELLEHNI0O B OKOHYaTe/IbHbIX pe3ynbTaTax 06cnefoBaHus. Tak MpouM3oit-
[leT, Hanpumep, ecnu cpeau OTBETMBLUMX HA BOMPOChbl 06CNefoBaHUA O pac-
X0[0BaHUW O6LLECTBEHHbIX ()OHAOB Ha HEKOTOPbIE Lesin NON0BUMHA HACcTpPoO-
€Ha «3a» W MOJIOBUHA «NPOTUB», & CPeAU OTKasaBLUMXCA OTBeYaTb HacTpo-
eHbl «MPOTMB» NOYTH BCE.

Ona toro ytobbl uccnefosBatb 3MMEKT CMELLEHWUA, MPEeLnoNoXuM, 4TO
OLleHKa p pacnpefefieHa HOpPMasbHO CO CpPefHUM 3HayeHWeM T, KOTOpoe
HaxoMTCs Ha PaccTOAHUMM B OT MCTUHHOIO 3Ha4YeHMs A1 COBOKYMHOCTU P,

Puc. 1.1. BAnsiHne CMeLLEHNSt Ha OLUMOKMN OLeHMBaHMWS

KakK nokasaHo Ha pwuc. 1.1. BenuuuHa cmeweHns B = T — p. lNpegno-
NIOXWUM, 4YTO Mbl He 3Haem O CYLLeCTBOBaHUW CMeLLeHWs. Mbl BblUMCISEM
cpefHee KBajpaTM4yHOe OTK/IOHEHWE O pacnpefefieHns 4acToT OLEHKN —
OHO OyfeT, KOHe4yHO, CpefHUM KBapaTUUHbLIM OTKIOHEHWEM OT CPefHero
3HAYeHUA T A5 pacnpefeneHuns, a He OT UCTUHHOIO CPefHero 3HaueHuns p.
BMecTO r~ Mbl NpUHMMaeM a. B KauyecTBe yTBEPXAEHWUS OTHOCUTENIbHO J0-
CTOBEPHOCTW OLEHKM Mbl 3a9B/ISEM, YTO NMLLbL C BepoATHOCTLIO 0,05 oueHKa

p OTKMOHWUTCS OT CBOEr0 WCTMHHOIO 3HAYeHWUA Ha BeNN4YMHY, 6OMbLIYIO
yem 1,96 a.

PaccmoTpum Tenepb, Kak MCKaXaeTCAa 3Ta BEPOATHOCTb MpU Hainuuu
cMeweHusa. [ng 3TOro Mbl BbIYUC/MM WUCTUHHYK BEpPOATHOCTb TOr0, 4TO
owmnbKa oueHKN npeBbicMT 1,96 0, Npu 3TOM OWINOKA U3MepseTcs OTHOCU-
Te/IbHO UCTMHHOIO 3HauyeHua p. [1Ba «xBOCTa» pacnpefeneHuns HY>XHO WUc-
cnefoBaTb OTAENbHO. [Nf MpPaBOro «xBocTa» BEPOSTHOCTb TOrO, YTO OWNG-
Ka npeBbicMT +1,96 0, paBHa NAOWAAM 3alITPUXOBAHHOW 06nacTM Ha
puc. 11 cnpaBa OT To4kM Q. 3Ta naowasb paBHa

al/an 3 @
u+1,96 o
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Monoxum p — T — ot. HWXHWIA npefen WHTErpMpoBaHUs No t paBeH:

+ 1,96 = 1,96 —— .

a a

CnepoBaTeflbHO, 3Ta naowajb paBHa
P JJ’ e-(I2at
1,96—(B/a)

AHaNorMyHo Ans N1IeBOr0 «XBOCTa» MOWaAb 3allTPMXOBaHHOW 06nacTy
cneBa OT TOYKU P paBHa

—1,96 —(B/o)
-ylé'n J' e-**[2 dt.

N3 BUAA WHTErpasoB $ICHO, YTO BE/IMYMHA WCKAXEHUs] BEPOSTHOCTEN
3aBUCUT TOMIbKO OT OTHOLUEHUS CMELLEHUs K CPeHEMY KBagpaTUYHOMY OT-
KNOHEHMIO. Pe3ynbTaTbl BbIUMCAEHWI MpuBeAeHbl B Tabn. 1.1.

Ta6nuya 11

BIVAHMNE CMEWEHNA B HA BEPOATHOCTb TOIO, YTO OLUUNBKA
MPEBbLICUT BE/IMYNHY 1,96 o

BeposTHOCTb TOro, YTO OWMbKa

B/o
<196 o 1,06 o0 O6Las BEPOATHOCTb

0,02 0,0238 0,0262 0,0500
0,04 0,0228 0,0274 0:0502
0,06 0,0217 0,0287 0,0504
0,08 0,0207 0,0301 0,0508
0,10 0,0197 0,0314 0,0511
0,20 0,0154 0,0392 0,0546
0,40 0,0091 0,0594 0,0685
0,60 0,0052 0,0869 0,0921
0,80 0,0029 0,1230 0,1259
1,00 0,0015 0,1685 0,1700
1,50 0,0003 0,3228 0,3231

Ha 06L1yto BEpOSATHOCTb TOr0, YTO OWM6GKa MPeBbICMT BenMUnHY 1,96 o,
CMeLleHVe B/IAET OYEeHb Masio Npu YCNOBUMW, YTO OHO COCTaB/ISET MeHee
OfHOI [ecATON cpefHero KBagpaTuyHOro OTKAOHeHMsA. B atom cnydyae 06-
Wwaa BepoATHOCTbL cocTtasBnder 0,0511 Bmecto npegnonaraswuxca 0,05.
Mo Mepe TOro KakK CMelleHne YBe/MYMBAETCH, WCKaKEHWE BEPOATHOCTU
CTaHOBUTCA Gosiee 3HaumTesbHbIM. N8 B = 0 0o6Was BepoATHOCTL paBHa
A17, 4To 60nee yem B TPU pasa NPEBbILLAET NPeANOarasLLyCa BeIMUUHY.

Ha «XBOCTbI» pacrnpefeneHna cMelleHne BAnAeT no-pasHomy. Mpu no-
NIOXKUTENbHOM CMELLEHNMN, KaK B HalleM npumepe, BEPOATHOCTb MPeyMeHb-
WNTb WCTMHHOE 3Ha4yeHMe OBbICTPO YMeHblUaeTCs OT npejnonaraBLIMXCS

>025 A0 npeHebpeXXMMo Manoi BeNnUYMHbl Npu B = 0. BeposATHOCTbL COOT-
BETCTBYIOLLEr0 MpeyBe/IM4eHNUs MOCTEMNeHHO pacTeT. [ns 60MblWKHCTBA
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MPUNOXEHWIA MHTEPEC, FNMaBHbIM 06pa3om, npegctasnseT COBOKyNHas OWING-
Ka, HO MHOTAa MHTEPecyloTCA OLWNOKOM, MMEIOLLE onpeaeneHHbI 3HaK.

B kauecTBe pabouyero npasusia NPUHUMAETCH, YTO BIMSHUEM CMELLEHUS,
Ha [JOCTOBEPHOCTb OLEHKM MOXHO MpeHebpeub, ecnu CMelleHve cocTaBnseT
MeHee OfAHOW [eCATON CpefHero KBagpaTMYHOTO OTKNOHEHUS OLEHKMW.
Ecnn umeeTcs CMeLleHHbI METOA OLeHMBaHMA, Ans Kotoporo B/o <C 0,1,
roe B — abcontoTHasa BefMUMHA CMELLEHMS, TO MOXHO CUMTaTb, YTO CMe-
WeHne He OyfeT CYLWeCTBEHHbIM HeAOCTaTKOM 3TOro mervoga. [axke mnpu
Bla = 0,2 nCKaxeHMe BEPOATHOCTU OWMWOGKM LOBOSILHO HE3HAYUTE/LHO.

Monb3ysdcb 3TUM NpaBWIOM, CnefyeT pa3nnyaTb fBa UCTOYHMKA CMe-
WeHNs, YNOMAHYTbIE B Havane 3Toro naparpaga. 4ns CMeLleHWid, aHano-
FMYHbIX TEM, YTO BO3HMKAKT MNPU OLEHMBAHWUM OTHOLUEHWI [BYX BENWNYWH,
BEPXHAA rpaHuLa Ans oTHOWeHWsA B/a MOXeT ObITb HalijeHa TeOPeTUYECKU.
Ecnu BbI6GOpKa 4OCTATOUHO BEINKA, TO Mbl MOXEM BbITb YBEpeHbl B TOM, U4TO
Bla He npeBbiwaeT 0,1. C gpyroi CTOPOHbI, 418 CMELLEHWI, BbI3BaHHbIX
ownbkamy HabOAEHNA WM HENONYYEeHWEM OTBETa, 0ObIYHO HEBO3MOXXHO
HaliTV HafeXHYH W LOCTAaTOYHO Manyl BepXHIOK rpaHuuy ans B/o. 370T
TPYZAHbIV BOMPOC paccmaTtpuBaetcs B ra. 13.

1.8. CPEAHV KBAOPAT OLUMBKU

Mpu cpaBHEHUUN CMELLEHHOW OLEHKM C HECMELLEeHHON MW ABYX OLEHOK
C pasHbIMW BENIMYUHAMMW CMELLEHUNA MONE3HBIM KPUTEPUEM CNYXUT CpefHn™
kBagpat ownbkn (CKO) oueHKu, 34eCb OWMOKa N3MepseTcs OTHOCUTESbH.
OLEHMBAEMOr0 napameTpa A1 COBOKYMNHOCTU. PopMaibHO

CKO(p) = £(p —fi)2= £[(fx—m)+ (m—p)]2=
=E((A—T)2+ 2(T—WEWUW—T)+ (T k2=
= (gmcnepcusa p) + (cmeweHmne)2

(4neHbl yABOEHHOrO MPOU3BEfEHMS McYe3aloT, Tak Kak E(y — T) = 0)

MpumeHeHne CKO B KayecTBe KpUTepusa LOCTOBEPHOCTU OLLEHKM pPaB
HOCW/IbHO PacCMOTPEHMIO [BYX OLEHOK, WUMeKLWmMX OAnHaKoBblii CKO
KaK 3KBMBaNeHTHbIX. OTO He BMOJSIHE CTPOroe 3aknluYeHWe, MOTOMY uT
pacnpegeneHns 4actoT OWMN60K (l.i — p) pasHO BeIMYUHBLI NS ABYX OL_
HOK He 6yAyT OAWHAKOBbI, €CAM Y HUX pPa3Hble BEIMYMHbI CMeleHus. O
HaKo, KakK nokasanu XaHceH, Xepsuy u M3agoy (Hansen, Hurwitz an
Madow, 1953), ecnn B/o meHble yem npubam3nTensHo 1/2, To pacnp
LeneHns 4acTtoT abCoNOTHbIX BENUYUH OWNGOK | p «— (A| mo4TM O4MHAKOB!
Tabn. 1.2 uanocTpupyeT 3TO YTBEPXKAEHME.

[Oaxe npu B/o = 0,6 COOTBETCTBYHOLINE BEPOSTHOCTU MEHATCA H
3HAUUTENBHO MO CpaBHeHWUIO co cnyvaem B/o — 0.

MOoCKONbKY TPYLHO NpoOCneiuTb 3a TeM, YTOObl B OLEHKAaX He Mpwuc;
CTBOBaN0 HUKaKUX HEe3anofo3peHHbIX CMeLLeHWid, Mbl 6yaem roBopuTb
06bI4HO 0 TOYHOCTHU (precision) OUEHKW, a He O ee AOCTOBepHOCTYU (accu
racy). TepMUH AOCTOBEPHOCTb OTHOCUTCH K BEAUYMHE OTKIOHEHWIA
MCTUHHOIO CPeflHero 3HayeHus p, B TO BPeMA KakK TEPMUH TOYHOCTb
HOCUTCS K BEIMYUHE OTKAOHEHWI OT CPefHEro 3Ha4YeHns T, NOAy4Yaemoro
pe3ynbTaTte MHOIOKPaTHOro NPUMEHEHUS OA4HOr0 1 TOro Xe crocoba oToop
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Ta6bnuya 1.2
BEPOATHOCTb TOIO, UTO ABCOJIIOTHAA BE/INYMHA OLUNEKW BOJBLUE WX PABHA:

1Y CKO; ,.98B1/cKO: 2,67B""/cKO0"

BepoaTHOCTL
B/O
1 Oko 1,96 YCKO 2,576 YCKO
0 0,317 0,0500 0,0100
0,2 0,317 0,0499 0,0100
0,4 0,319 0,0495 0,0095
0,6 0,324 0,0479 0,0083

YnpaxHeHUA

1.1. MpeanonoXum, 4To Bbl cObMpaeTecb MPUMEHWUTb BbIGOPOYHbIA MeTof, uTo-
Obl OLEHWUTb 06LLEe YMCMO C/OB B KaKOW-NNMG0 KHUre ¢ uiantocTpaumamm: (a) BosHu-
KaeT N1 34ecb npob6nema onpegeneHns coBokynHocTu? (6) MpuBeanTe [OBOAbI «3a»
N «NPOTUB» NPUMEHEHMA B KayecTBe efuMHuLbl 0T6opa: (1) cTpaHuubl, (2) CTPOKMU.

1.2. Hy>XHO n3BfeYb BbIGOPKY M3 MnepedHs hamununii. damunmii 3anucaHbl Ha
NPOHYMePOBaHHbIX W MOC/eL0BATeNIbHO PACMO/IOKEHHbIX B ALWMKE KapToyKax, Mo
0fHOM hamMn/IMM Ha KaXkKAon KapTouke. Kaxpaas amuama Ao/HKHa UMETb OAMHAKOBbI
LWIaHC nonacTb B BbI60pKY. Kakue nNpobneMbl BOHUKAIOT B CAeYHLWMX TUNUYHBIX CU-
Tyauusx? (a) HekoTopble haMunmmn He NPUHAANEXAT M3yHaeMoli COBOKYMHOCTU, XOTSA
06HapYXUTb, OTHOCUTCA NN K Hell Ta AWM nHas amMuans MOXHO TO/IbKO noc/e n3Bie-
YeHNs KapToukw, (6) HekoTopble hamunnm BCTPEYAOTCA Ha HECKOJIbKUX KapTouKax.
Bce KapTO4KM C OAHOW 1 TOW XXe haMuivieil UMetoT nocnefoBaTeNbHble HOMepa W, cre-
[oBaTeNlbHO, PacrosioXeHbl B KapToTeke psafoM, (B) HekoTopble hamuimm BCTpeyaroT-
CSl Ha HECKOJIbKUX KapTO4Kax, HO KapTOuKW C OHOW M TOl Xe damuaneit MoryT 6biTb
pasmMelLieHbl B KapTOTeKe rae yrogHo.

1.3. CnoxHoin npobnemoii 4acTo OKas3blBaeTCA HaxX0X[eHWe OCHOBbl BbI6OPKMU,
M3 KOTOPO MOXHO MPOM3BECTM OTHOP CO CPABHWUTE/IbHO HEGONbLUMMK 3aTpaTamu.
Kakoro Bmga 0CHOBbI BbI6OPKU NogoLnu 6bl A cnegyowmx obenefoBaHuin? Viverot
JN 3TV OCHOBbI Cepbe3Hble HefocTaTKn? (a) O6cnefoBaHMe B 60/1bLLOM ropoje mMarasu-
HOB, rAe MPoAalTCA CaKBOSHKM M TOMY MOf0GHbIe ToBapbl, (6) O6cneaoBaHMe BeLLel,
3abbITbIX B MeTpo mnM aBTobycax, (B) O6cnefoBaHue L, Y)KaneHHbIX B MPOLUIOM
rogy 3MesiMu.

1.4. B ropogckom CrnpaBOYHWMKE, BbIMNYyLLEHHOM YeTbIpe rofa Hasag, nepeyvyncrieHbl
ajpeca [OMOB B NOpsifKe WX PacrnonoXeHUs BLOMb YNWL M yKasaHbl (amuamm npo-
XMBAIOLWMX M0 KaXXAoMy ajpecy. KakoBbl HefocTaTKM TaKoW OCHOBbI Npu o6cnefoBa-
HUM XWUTeNein ropoja, NPOU3BOAUMOM Celiyac U CBSAA3AHHOM C KX omnpocoM? MoryT nu
obcnepoBaTeNn yCTpaHUTb 3TW HeAoCTaTKM B Xofe caMoro o6cnegoBaHna? Monb3ysacb
CMpaBOYHMKOM, OyaeTe NM Bbl U3BMeKaTb BbIGOPKY afpecoB (KW/bIX MOMELLEHNIA)
MM BbIBOPKY NnL?

1.5. Mpu oueHMBaHWM BbIGOPOUHBLIM NyTeM (HAKTUYECKONM CTOMMOCTU MENKUX
TOBAapOB, YMUCAALMUXCA B OMUCAX KPYNHOM (UPMbI, MO KaxK4oh no3uumu, nonasLueli
B BbI6OPKY, (PrKcMpoBasiacb CTOMMOCTb (haKTMYecKas U Mo TOprosbiM KHuram. Ans
BCeli BbIGOPKM OTHOLLEHME (haKTUYECKOM CTOMMOCTU K YMCNSALLENCA NO KHWram cocTa-
Buno 1,021, npuyem 3Ta oueHKa pacnpegeneHa Npuban3nTebHO HOPMasibHO CO CTaH-
[apTHOM owmnbkol, paBHoi 0,0082. Bbluncnute 95%-Hble [OBepUTE/bHbIE [pPaHMLbI
[nsa chakTnyeckoli cToMmocTu, ecny oblias CTOMMOCTb BCeX 3TUX TOBapoB MO TOPro-
BbIM KHuUram coctasnset 80 000 gonn.

Vimelowwpmecs faHHble 4acTO MOXHO paccmaTpvBaTb Kak [JaHHble HEKOTOPOM
bIOOPKW, XOTS, Ha NepBbli B3rNA4, OHN KaXXyTCcs pe3ynbTaToM Ch/IOLWIHOMO y4yeTa,
nageney, CTOSIHKW ANsi aBTOMOGMel 06HapYy>XW/, Y4TO B BOCKpECeHbe MO yTpam OH
o/lyyaeT HU3KMWI goxod. ocne 26 BOCKPECEHWI CPefHAS BbIpydka 3a BOCKPeCHoe
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yTpo cocTaBuna posHo 10 gonn. CTaHaapTHas owmMbKa 3ToM BeNIMUYNHBI, BblUMC/IEHHAs
Nno M3MeHeHUsIM OT Hedenwn K Hegene, pasHa 1,2 gonn. CogepxxaHue CTOSHKM B BOC-
KpeceHbe 06xoAuTCa B 7 Aonn. Bnagenew HamepeH AepXaTb CTOAHKY OTKPbITOA B 3TO . . .
BpEMSl, eC/M 0XKMAaeMblli UM JOX0[ B pacyeTe Ha 04HO BOCKpPECHOe YTpo 6yAeT cocTaB- MPOCTOW CNYUYAVHbBIV OTBOP
nATb B cpegHem 5 gonn. KakoBa foBepuTefibHas BEPOATHOCTb TOr0, YTO CPefHUIA [o-
X04 3a 60/bLUOM Nepuoj BPeMeHU COCTaBUT He MeHee 5 fonn.? Kakue elle npegnoso-
XKEHUSA HY)XXHO cfenaTb, 4Tobbl MOMyyYMTb OTBET Ha 3TOT BOMPOC?

1.7. YTto npomsoiigeT ¢ npuBefeHHbIMM B Tabn. 1.2 BepOATHOCTAMM TOrO, 4TO
abCconoTHOE 3HaYeHMe owmnbky npesblicuT I"'1/CKO; 1,96~/CKO 1 2,576~ CKO, ecnn
B/a 6ypeT cTpeMnTbCA K 6eCKOHeYHOCTH, T. e. ecnn CKO 6yfeT NOMHOCTbIO ornpeje-
NAaTbca cMelleHneM? Cornacyetcs N Ball OTBET C XapaKTepoM W3MeHeHUs faHHbIX
B Tabn. 1.2 no mepe Toro, kak B/a meHsetca ot 0 go 0,67

1.8. Ecnn Heob6xo[MMO CpaBHUTL fiBe OLEHKWN, UMeIoLLIMe pasnuyHble pacnpejene
HUSA 4acTOT OLUMBOK (/X — L), TO B HEKOTOPbIX CheunanbHbIX 3afavax UHOrAa MOXH
noAcuMTaTb pacxofbl WUavM NoTepu, KOTOpPble BbI30BET owmnbka (L — L) TOA UAM MHO
3alaHHOl BeNu4uHbL. [py NPoOYMX paBHbIX YCOBUSAX MPeanovTUTeIbHee OLEHK
C MeHbLUMMWU OXMAaeMbIMK NoTepsaMU. MoOKauTe, 4YTO ecinm MoTepu NpeAcTaBns
c060i KBaApaTMUHYO YHKLUMIO owmnokm Buaa A (L, — 1)2, To cneayeT Bbl6paTb OLEH
Ky C MeHbLUMM CpefHUM KBajpaToM OLUMOKMW. B BbIOOPOYHBLIX 06CNEA0BaHMAX paccMaTpuBalOTCA BbIOOPKW, M3BAe-
YeHHble U3 COBOKyI'IHOCTEI7I, cogepxawnx HEeKOTopoe KOHEYHOE Yuco N
eavHuY. Ecnn 3T eAuHUUBLI pasinuymMMbl MeXAy COo60i, TO YMCIO pasnny-
HbIX BbIGOPOK 0O6bEMA M, KOTOPbIe MOTYT ObiTb M3BMeYeHbl M3 N eauHuL,
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MpocThbiM ciydyaliHbiM OTOGOPOM Ha3biBaeTCs CMoco6 M3BAEYEHUs N

efnHuy u3 N, Npu KoTopom Kaxkgas u3 Clv BbIGOPOK MMEeT paBHYH Bepo-
ATHOCTb ObITb 0TOOPaHHON. MHOrga sToT cnocob oT6opa HasbiBalOT MPOCTO
cnyyaitHbiM 0T60poM. MOCKOIbKY C/IOBO CyYaiiHblii yNOTPebnseTcs B nuTe-
patype BO MHOIMX pa3iM4yHbIX CMbICNax, LienecoobpasHo BOCMOAb30BaTLHCA
JOnofHUTENbHBIM  YTOYHAKOWMM NpuiaraTeibHbiM. HeKoTopble aBTOPSI
NpeanoYnTaloT BblpaXXeHME HEOTPaHNYEHHbI ClyYaiHblii 0THop*.

Ha npakTuke MpocTyk cnyyaliHyt BbIGOPKY MnosnyyaroT, oT6upas mno-
CneaoBaTeNlbHO efuHMLY 3a efuHuueid. EfMHMLbI B COBOKYMHOCTM HyMe-
pytotca uncnamm ot 140 N, nocne yero Boi6upaeTcs NocnefoBaTeslbHOCTb N
CNyYaiHbIX Ymcen, 3aKnoYveHHbIX mexay 1 v N. Ee MoxHo BbiGpaTth, nn6o
nosb3yacb Tabnuuen cnydvaliHblX 4ucen, AM60 MOMeLas XKETOHbl C HOMe-
pamn oT 1 40 N B YpHY, TwaTeNbHO NepemelinBas Ux 1 otbupas nocnego-

* 34ecb 1 fanee TEPMUH CAydaiiHblii ynoTpe6asieTcss Kak CMHOHUM TepMuHa PaB-
MEepPCATHbI, eCIM e 0roBOpeHo MHoe. — [pumey. nep.
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BaTe/IbHO N >XETOHOB. EAWMHULLI COBOKYMHOCTM, MMeHLMe 3TW HOMepa
COCTaB/IAT BbIGOPKY. Ha Kaxkaom aTane oTbopa TakoW npouecc obecrneyn
BaeT [N BCeX elle He BblbpaHHbIX HOMEPOB PaBHYI0 BEPOSATHOCTb ObIT
0To6paHHbIMW. J1erko MpPOBepUTb, YTO PaBHYK BEPOSATHOCTb ObiTb 0TO6

paHHbIMW UMEtOT BCe Cn BO3MOXHbIX BbIGOPOK.

Korpa »eToHbl C HOMEpPaMX M3B/IEKAKOTCA M3 YPHbI, OHW He BO3BpaTa
I0TCS B Hee, MOCKO/IbKY MHaue 0fHa M Ta e efuHuMua mMorna 6bl nonact
B BbIOppPKy 60s1ee ogHOro pasa. MoaTomy Takoi 0T60p HasbiBaeTcA 0T60
pom 6e3 BO3BpaLLeHUS. AHa/IOTNYHO, eC/IM MPUMEHSETCA Tabnuua crydan
HbIX 4ucen, TO OTOpacbIBAOTCA HOMEPa, YXKe MOoMy4eHHble paHee. OT60
C BO3BPALLEHNEM JIErKO OCYLLECTBMM, HO UM, 3@ UCKJIHOYEHMEM 0COBbIX Cry
YaeB, MONb3YKTCA PefKo, MOCKO/bKY HET 0CcOObIX OCHOBaHWIA AOMYCKaTb
yTobbl 0fHa M Ta e efMHMLLA BCTpevanach B BbIGOPKe ABaXAbI™.

[pyrve metogbl 0THOpa YacTo OKasbIBAKTCA MPeAnoyYTUTENIbHee Mp
CTOro cnyyvaiHoro otéopa No CoobpaXkeHWAM y[o6CTBa WM MOBbILLEHN
TouHocTWM. OfHaKo A4NS BBeAEHUS B TEOPUIO BbIGOPOUHOr0 MeToZa MpocTo
CNyyaliHbIi 0TOop Hambosee yao6eH.

2.2. ONPEAENEHNA N OBO3HAYEHWA

Mpwn BbIBOPOUHOM 06CNEf0BAHMM Mbl COCPELOTOHMBAEM BHMMAHWNE Ha O~
pefeneHHbIX CBOWCTBaX €AMHMUL, COBOKYMHOCTM, KOTOPble Mbl MbiTaem
N3MEPUTb 1 3aPUKCMPOBATb /1 KKAOW eAMHWLbI, MonaBLLUeln B BbIOOPK;
3Tn cBOlicTBa Mbl OyeM HasblBaTb XapakTepucTukamu wav NpocTo n
3HaKamu.

YUuncneHHble 3Ha4YeHWs, MOMyYeHHble A1 KaKoro-mbo npusHaka Ans
€MHML, COCTaBSAOLLMNX COBOKYMHOCTb, 0603HavatoTcs Yepesy Ir yr, ..., y
Co0TBeTCTBYIOLLME 3HAYEHNS ANS eAMHWL, MOMaBLUMX B BblOOPKY, 0603H
yalTca 4epe3 yu y2, ..., yn WK, eciv Mbl XOTUM YyKasaTb 06Lunii u~
Bbl6OpKY, yepe3 yt (i — 1,2, ..., n). 3ameTmM, 4TO BbibOpKa He bygeT
CTOSITb M3 MePBbIX M eAMHMWL, COBOKYMHOCTU, 3a WCKJ/IIOYEHWEM TOFO p
KOro cnyyasi, KOrfja WMEHHO 3T eAVHULbl OKaXyTCA OTO6paHHbI
Ecnv NOMHWUTBL 3TO 06CTOATENLCTBO, TO, KaK MOKasblBaeT MOI OMbIT, HU
KO/ NyTaHuUbl He BO3HMKaeT.

3arnaBHble 6GYyKBbl OTHOCATCA K XapakTepuCTUKaMm COBOKYMHOE:
CTPOYHbIE — K COOTBETCTBYHLLUM XapaKTepucTMKam Bbl6OpKM. [ns c
MapubIX Y CPeAHMX 3HAYEHWUI Mbl MPUMEM CreAytoLL e ONpeeNneHNs:

COBOKYMNHOCTb Bbi6opka
CymMapHoe n n
3HadeHne Y = 2 */J=*/i+ «/a+ ... +yN EYr= dl+«/a+ —+ ¥Yn
CpefHee Yi+Y2+ . mm+yN 2 Vi - YI+Y2+ - +Yn 2«/
3Ha4deHwue Y = cemmemmenme memeeenieen -— Y = cmmemmemmeeeeseeemeeea- = =
. B Hawel nuTepaType COOTBETCTBYIOLLME MNpPUEMbl 0T6Opa 4acTo KasblB3

6eCnOBTOPHbLIM ‘M NOBTOPHbLIM. TepMUHbI 6eB BO3BpALLEHMSI U C BO3BpaLLeHneM 60
NpeanoYTUTENbHbI, NMOCKO/IbKY OCHOBHOE pas/imyune Mexay sTMMU Bugamu oTtbopa
CTOMT HE B BO3MOXXHOCTW MOBTOPHOMO M3B/IeHEHUS OAHON U TOW e eanHuLbI, a B
paake oT6opa (C Bo3BpalleHWEM WM 6e3 BO3BPALLEHUS 0TO6pPaHHOM eAnHULbI), C
JatoLleM TaKyl BO3MOXHOCTb. — [lpumed. peg.

XoTa 0oT6Op NpUMEHsAEeTCA AN MHOTUK Lenei, Hambonblwuii UHTepE6
06bI4HO NPEeACTaBNAT YETbIPE XapaKTEPUCTUKN COBOKYMHOCTM:

1. CpepHee 3HauyeHue Y (Hampumep, CpeAHee 4YUCNO feTeid Ha OfHY
LKony).

2. CymmapHoe 3HayeHue Y (Hanpumep, ob6Liee 4MCN0 akpoB Mog mile-
HULEA B HEKOTOPOM paiioHe).

3. OTHOLLEHME ABYX CYMMAPHbIX HAW CpefHUX 3HayeHuin R — Y/X =
=YI1X (Hanpumep, OTHOLIEHWE CTOMMOCTW JIMKBULHOTO MMYLLECTBA K 06-
Leli CTOMMOCTM UMYLLECTBA Yy TPYMMbl CEMeNA).

4. Oons eguHuy, nonajarolmx B HEKOTOPYK OnpeAenéHHylo rpynny
(Hanpumep, foNa NOLEN, UMEKOLWMNX UCKYCCTBEHHbIE 3Y06bl).

B aToli rnaBe paccmaTpuBaeTCsi OLEHMBaHWE MEepBbIX TPeX W3 3TUX
BE/INYUH.

CumBon ~ 0603HayYaeT OLEHKY 3HAa4YeHUs HEKOTOPOro npusHaka Ans
COBOKYMHOCTU, CAeNnaHHyt Mo Bbl6opke. B 3Toll rnase paccMaTpmBaloTCs
TO/IbKO Hanbosee NPOCTbIE OLEHKMN:

OueHka

CpefHee 3HayeHVe AN COBOKYMHOCTU Y Y=y :Bb|60p0‘—IHOG cpefHee
‘n

CyMMapHoe 3HaueHue fi/1s1 COBOKYMHOCTU Y YANYAN'Zyt/n

OTHoOLLUEHVE AN1S COBOKYMHOCTU R R=ylx=

Bxogawuii B Y MHOXUTeNb N/n, Ha KOTOPbIA YMHOXaeTca cymMapHoe
3HayeHWe 419 COBOKYMHOCTM, Ha3blBAOT MHOTAa MHOXUTENEM pacnpocTpa-
HEHUA WU MHOXWTENEM MOBbILLEHUS HAN UHPNAUUK. ObpaTHaa eMy «efun-
yMHa n/N — OTHoLWeHMe o6beMa (Yncna eauHUL) BbIGOPKU K 06beMY CO-
BOKYMHOCTW — Ha3blBaeTCsA Aoneii oT6opa n 0603HavaeTcs 6yksoii f.

2.3. CBOVICTBA OLLEHOK

TOYHOCTb KaKOM-11GO OLEHKM, MOJSTYUYEHHO!W MO BbIGOPKE, 3aBUCUT OT
ABYX (hakTopoB: OT crnoco6a, KOTOPbIM OLEHKA BbIYMCASETCS MO AaHHbLIM
BbIGOpPKM, U OT cnoco6a oT6opa. [s 3KOHOMMM MecTa Mbl MHOTAa 6ygem
MUCaTb «TOYHOCTb BbIGOPOUHOTO CPEAHEro» UM «TOYHOCTL MPOCTOro cnyyaii-
HOro oT6opa», He YNMOMUHas 0C060 APYroii CyLlecTBEHHbIN (hakTop. Mbl Ha-
JEeMcsi, UTO B TaKUX C/lyyasx M3 KOHTEKCTa Bcerga GyneT siCHO, Kakoi u3
ABYX (hakTOpPOB NPOMyLLeH. 3HAKOMSACh C KaKoW-nmbo HOBOW (hopMy/oi,
yuTatenb AOMKEH 6bITb YBEPEH, UYTO OH MOHUMMAET, AN KAKOro KOHKpeT-
Horo cnoco6a 0T6opa 1 crnocoba oLeHMBaHUS 3Ta POPMy/a CrpaBeAnnBa.

B 37Ol KHMre Cnoco6 OLEHWBAHMS HAa3bIBAETCH COCTOSTE/bHbIM,
eC/IN OLeHKA CTAHOBMTCS B TOYHOCTM PABHOM OLLEHMBAEMOMY 3HAYEHUIO A/s
COBOKYNHOCTU npu N — N ,t. e. Korja BelGOPKY COCTaBNsieT BCS COBOKYI-

HocTb. OYEBMAHO, YTO MPU MPOCTOM CiydyaiiHOM 0T6ope y n Ny npepcTas-
NAT cO60 COCTOSTENbHbIE OLEHKM COOTBETCTBEHHO CPEAHEr0 W CymMmap-
Oro 3Ha4YeHui Ans coBoKyNHOCTU. COCTOATENbHOCTb — XXenaTenbHOe CBOA-
TBO OLEHOK. HO MOXeT HaiiTu ce6e NpUMeHEHWE 1 HECOCTOATE/IbHAS OLEH-
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Ka, ec/in TO/IbKO OHa 06ecrneynBaeT yA0B/IeTBOPUTE/IbHYIO TOYHOCTb, KOT.
n mMano no cpasHeHuto ¢ N. [Mo-BuagMmomy, ee Mosie3HOCTb 3TUM Cc/y4a
N orpaHmnumeaetca. [pyroe onpegeseHne COCTOATENIbHOCTU A1 CAyd
KOHEYHOlM COBOKYMHOCTU [faloT XaHceH, XepBuy u Msgoy (Hans
Hurwitz and Madow, 1953).

Kak Mbl y>xXe roBopwau, METOL OLUEHMBAHUA Ha3blBaeTCH HeCMe.
HbIM, €CNN CPefHee 3HaYeHWe OLEHKM, B3ATOE MO BCEM BO3MOXHbIM BblO
Kam JaHHOro o6bema r, B TOYHOCTM PaBHO WUCTMHHOMY 3HaYeHWo ans c-*
KynHocTu. Ecnv MeTof HasblBalOT HeCMELLEeHHbIM 6e3 BCAKUX OroBOPOK,
3TO yTBEPX/eHMe [O/MKHO ObITb CNpaBeanvBbIM ANS 060/ COBOKYMHC
KOHEYHbIX 3HayeHuid yt n gna nwboro n. Ytobbl ycTaHOBUTL, 6yaeT /in
HECMELLLEHHOM OLeHKOW Mpy NPOCTOM C/lyYaliHoM 0T60pe, BbIUMC/INM 3Ha
Hue y Ana Bcex Cn BbIGOPOK W Haigem mx cpegHee. CumBon E o3Haua
4TO cpefHee OepeTCst MO BCEM BO3MOXHbLIM BblGOpKaM.

Teopema 2.1. BblbopoyHoe cpeaHee y eCTb HECMeLLeHHas oueHKa Y.

JokasaTenscTso. Mo onpegeneHunio

2 (YI+Y 2+ oot yn) (2_
n [7Vin! (N—/n)!]

rae CyMMMUPOBaHVE pacrnpocTpaHsieTcs Ha Bce GIr BbiGopoK. Ans noacu
3TO CYMMbI HaiileM, BO CKO/IbKMX BbIGOPKaX yuacTBYeT Kax/oe KOHKP
Hoe 3HaueHMe yt. MOCKOMbKY Ha OCTa/bHbIX (M — 1) MecTax B Bbl6O
MOFYT CTOSITb NtoBble 13 (N — 1) eAMHWL, ocTaloLWMXcs A5 0T6opa, un
BbIGOPOK, COIEPXKALLMX Yb PaBHO:
CEJ—II_ (F1-0)1 (-
T (n—D! (N—n)!

CnepoBaTtesibHO,

2(01+02+ —+ &))): (01+ 02+ +OW)-

OTcioga, yunTbiBas (2.2), nonyyaem

Ey: (O- 1)’ HI(N'n)I (01+02+ —+0W)—
(n—1)YN/—n)! nN\
@+ t/2+---+j/IN) y @
N

Cnegctere. Y = Ny eCTb HecMelLleHHas OLueHKa CyMMapHOro 3Hay

LN COBOKYMHOCTH, Y.
MeHee rpomo3aKoe foKa3aTesIbCTBO TEOPEMbI 2.1 MOXHO MO/Yy4YUTb

AyoLWnM 06pasom. MocKonbKy Kaxaasi eAMHMLA yUYacTBYET B OJHOM U
)Ke umcrie BbIBOPOK, SICHO, UTO /

E (0L +02 + e + 0On)
OOJ/IKHO ObITb KpPaTHbIM
0L+ 02 + " + O"
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CooTeeTcTBYOLWUM MHOXUTeNEM [o/MKHO 6bITb N/N, TaK Kak MNepBoe Bbl-
paxeHne coaepXunT N YIEHOB, a BTOPOE Bblpa>KEHNE — N uyneHoB. 3T0 u
faeT UCKOMbI PE3y/ibTart.

2.4. ANCTIEPCUN OLIEHOK

Oucnepera Or ons KOHEYHO COBOKYMHOCTU 06bI4HO OMpeaensieTcs
no gopmyne

= e (2-6)

MbI 6yfieM M0M1b30BATLCA HECKO/IbLKO MHBIM BbIpaXKeHVEM, B KOTOPOM B 3Ha-
MeHatesie BMecTto N ctout (N — 1). Monoxum

N
2(r/]-?T
S2= — b v
N1 @0
B Takom Bufe hopmyna NpUMEHSETCA TEMU, KTO paccMaTpuBaeT Teoputo
BbIOOPOYHOrO MeTOoda C TOYKWU 3peHMs AUCMNEPCUOHHOro aHanm3a. Mpe-
MMYLLECTBO TaKOI 3anucu B TOM, YTO OO/MbLUMHCTBO Pe3ynbTaToB NPUHU-
MaeT Hecko/fibKo 6onee npoctoii Bug. MNpu ycnosumu, 4To OfHW M Te Xe
0003HAYEHNSI MPUMEHSAIOTCA MOCTOSHHO, BCE Pe3y/bTaTbl IKBUBAJIEHTHbI
B N060IA 13 fBYX (hOPM 3anncu.
PaccmoTpum Tenepb Aucnepcuto y. Tlog Heid Mbl  MOApasymeBaem
E (y — Y)2, B3aT0e no BceM C# BO3MOXHbIM Bbl6OpKaM.

Teopema 2.2. jucnepcusi cpegHero y Ans NpocToil cnyvainHon Bei6op-
KW paBHa:

V[y):EO/-Yf:—n NS @a_n, (2.8)
rief = n/N ecTb gonsa oTbopa.
JloKasaTenbCTBO
n(0-¥)=(01-¥) + (02-K) + ~.+ (yn-v). 29

M3 coob6paXKeHN CUMMETPUN, BbiCKa3aHHbIX MPW PacCMOTPEHWUU Bbipa-
XeHus (2.5), cnegyert, uTo

£[0/1-P)2+ ...+ (0,-T) = ~ [(yi-?)2+ ..+ OWP)Z, (2.10)
a TakXXe, 4To
E[(01—p) (02 Y) + (01-?) (08-F) + ...+ (0,,_!-P) (Or}P)] =
[(01—P)0/,-P )+ (01—P) (33-P) +
+ o+ (fw_,-P)(yw-P)]. (2.11)
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B (2.11) cymmmpoBaHve NpPOW3BEAEHWI pacnpocTpaHsaeTcs Ha Bce napbl
€MHUL, COOTBETCTBEHHO B BbIGOPKE U B COBOKYMHOCTU. CymMma B /1€BOI Ya-
cTu cogepxmt n(n — 1)/2 uneHoB, a cymma B npasBoi N (N — 1)/2

YsIeHoB.
EO3B€,IJ,EM Tenepb (2.9) B KBagpaT U BbIYUC/IMUM CpPefHee Mo BCEM BO3-
MOXHbIM MPOCTbIM C/lyyaliHbiM Bblbopkam. [Monb3ysack (2.10) n (2.11),

nony4vyaem
MELY =Y ) % {*-2)% o+ N-Y) 4

+AETL[RA>(1-y)+ - F-L-y) (L

JononHasa go KBajpata CyMMbl Bblpa>keHWE B KBafApaTHbIX CKOob6Kax,
MMEEM

n»£G -F)*="-{(I--"i-] [(yi_y)2+ ..+ (y,_F)2 +

BTopoli uneH BHYTPY (OUTYpHbIX CKOOOK McYe3aeT, TaK Kak Cymma BCex
yr pasHa NY. [leneHuve Ha N2 gaet

V(Y)-EQ-Yr=-g ®uy (y—Na=—

Cnegcteme 1. CtaHgapTHas ownbkay pasHa:
(2.12)
~\/n

CnegctBue 2. [ucnepcuns BennumHbl Y = Ny, NprvMeHseMoli B Kaue
CTBe OLEHKU CYMMapHOro 3Ha4yeHusa 4115 COBOKYMHOCTU, Y, paBHa:

V{Y)=E (Y—YTf > = -N-(1 =) (2.13
n N n
CnegctBue 3. CTaHfapTHas owmbka Y paBHa:
NS .
i Y(N—n)iN~=-~ TV 1—/m @1

/n

2.5. MOMPABKA HA KOHEYHOCTb COBOKYTIHOCTU

XOpoLo M3BECTHO, YTO AN CNy4vaiHON BbIGOPKM 06bema N n3 beek
HEYHON COBOKYMHOCTW AMcrepcus cpegHero pasHa o2n. Ecnu coBokyn
HOCTb KOHe4YHa, TO eUHCTBEHHOE U3MeHeHMe B 3TOM pe3yfnbTaTe COCTC*
B TOM, YTO HY>XHO BBeCTU MHOXUTeNb (N — n)IN. MHoxutenm (N — n)l
ansa gucnepeun m (N — n)IN agna ctaHgapTHOW OLWIMOKWM HasblBa
nonpaBKaMn Ha KOHEYHOCTb COBOKYMHOCTU (NKc). ABTOPbI, KOTOpble
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OyT U3/0XEHWE B TeEpMUHAX @, NpmUBoAAT ux ¢ genntenem (N — 1) Bmecto N.
Ecnn pona otbopa n/N oCTaeTcss HU3KOW, TO 3TWM MHOXWUTENN 6MU3KN K
efMHULE N 06bEM COBOKYIMHOCTM caMm Mo cebe ve OKasbIBaeT HerocpeacT-
BEHHOro BJ/IMSHWUA Ha CTaHAapTHYH OLMOKY BbIOOPOYHOro cpegHero. Ha-
npumep, ecnv ANs AByX COBOKYMHOCTEN S 0AMHAKOBO, TO BblI6OpKa 06bEMOM
B 500 eAMHUL, M3 COBOKYMHOCTW, HacuuTbiBaroweii 200 000, obecneunBaeT
MoYTW Ty XKe TOYHOCTb OLEHKW CPEAHEro ANt COBOKYMHOCTM, YTO U Bbl6Op-
ka B 500 eauHuy 13 10 000. Jlvua, He3HaKOMble C BbIGOPOYHbIM METOLOM,
C TPYAOM BOCMPMHMMAKT 3TOT, AENCTBUTENIbHO 3aMedaTesibHbliA, pPe3ysib-
TaT. VIM KaXeTcss WHTYUTUBHO OYeBUAHbLIM, YTO BbIOOPOYHOE .CPeAHee He,
MOXET ObITb AOCTATOYHO AOCTOBEPHOWM OLEHKOWM, €C/i OHO MOJTyYEHO Ha
OCHOBE CBeAeHWI 06 O4YeHb HEeBOMbLUOK YacTM COBOKYMHOCTM. YuTaTento
cTOUT MoAymMaTb Haf TeM, NoyemMy Takoe MNpeAcTaB/ieHUe OLUMB0YHO.

Ha npakTuke NKC MOXHO He yunTbIBaTb, eC/IX A0S 0T6opa He npeBbl-
waeT 5%, a 415 MHOTMX Lenen gaxe ecnu oHa gocturaet 10%. Ecnum no-
npaBKa He Y4uTbIBAeTCH, TO 3TO MPUBOAUT K HEKOTOPOMY MPeyBesIMUYeHUIO

CTaH4APTHOM OLUMOKWN OLIEHKW Y.

Cnegytowasn Teopema, o6o6LLatoLLas Teopemy 2.2, B 3TOl r1a.e He Npu-
MeHseTCs, HO Mbl OYJeM CCblNaTbCA Ha Hee Aanee.

Teopema 2.3. TlycTb yit Xt — napa nepemeHHbIX, ONpefeneHHbIX A1A

KaXK[0/ eauHWLbl COBOKYMHOCTU, W Yy, X — COOTBETCTBYIOLLME CpeaHee' *.

ANs MPOCTOM crydaiHoli BbIGOPKM o06beMa M. Torja WX KoBapuauus

MMeeT BUA
E(y—Y)(x—X) = LY Ol-W x-E) o (215)

nN  N- =1

Teopema CBOAUTCA K Teopeme 2.2, ecnn 3HaYeHUA nepemMeHHbIX yt, Xt co.-
nagarT 418 KaKA0W eAuHNLbI.
JokasaTenscTBo. [MpumeHMM Teopemy 2.2 K MEPeMEHHON L =

= Y + xr. CpefHee 3Ha4eHue L, ON1A COBOKYMNHOCTM ectb U — Y +
Y X ©no Teopeme 2.2 nony4yaem

nnn
E[G-F)+ (*-%)]2=
Cvndri 2 Kfton+fc-JO P (216)
1=1

PackpoeM KBagpaTHble CKOGKM B 06eMx yacTax paseHcTBa. o Teope-
me 2.2

AHanornyHoe paBeHCTBO cnpasefnneo gna E(x — X)z.
39



CnepoBatenibHO, 3TV fBa 4Y/eHa B /IeBOW M NpaBoi YacTAx (2.16) cokpa-

LwaKTea. YTBepxaeHne Teopembl [hopmyna (2.15)] cnepyeT 13 paBeHCTBa
YABOEHHbIX NPOV3BELEHUIA.

2.6. OLUEHUBAHWE CTAHOAPTHOW OLUMEKW MO BbIBEOPKE

dopmynbl CTaHAAPTHBIX OLUIMOOK OLEHOK CPeAHUX W CyMMapHbIX 3Ha-
YEHWI 4715 COBOKYMHOCTU MPUMMEHSIKOTCA B OCHOBHOM A8 Tpex Ueneii:
(1) cpaBHWTb TOYHOCTb, KOTOPYH JaeT MPOCTON ClyYaiHblin 0T6op, C TOu-
HOCTbIO ApYyrux cnocobos otéopa, (2) OUeHUTb 06bEM BbIGOPKMK, HEOOXO-
OUMbIA ans npegnonaraemoro obcnefoBaHns, (3) OLEHWUTb TOYHOCTb, Aeii-
CTBUTE/NIbHO AOCTUTHYTYIO B MPOBeAeHHOM 06cniefoBaHun. B aTu qopmynbl
BXOAUT S2, AUCMepcust [As COBOKYMHOCTWM. B [AeACTBUTENbHOCTM OHa
3apaHee He U3BECTHA, HO €6 MOXKHO OLEHUTb MO AaHHbIM Bbl6opKK. CoOT-
BETCTBYHOLLIEE YTBEPXKAEHME CHOPMY/IMPOBaHO B Teopeme 2.4.

Teopema 2.4. 1N NpoCcTOi C/y4vainHoi BbIGOPKU

£ (Y1- yl
n—1

€CTb HECMELLEHHasA OLeHKa

i(«/i-F)a
52= —

JlokaszaTenbcTBO. Mbl MOXEM 3anncaThb

*= -h 2 [(A-9-6-1L *-
1i.i

= [.2 to— «G— -

Bo3bMeM Temepb cpefHee MO BCEM C/ydaiiHbIM BbIGOpPKaM 06bemMa M.

Mo coobpaXkeHUAM CUMMETPUN, BbiCKa3aHHbIM B Teopeme 2.2,

B\2 fc .-7 > 12
J

Li=i *=»

cornacHo onpegeneHuto S2. flanee, no teopeme 2.2,

CnepoBaTtesibHO,

E(s*) = - [N(N—1)—{N-n)] = S2 @1

(n—\)N
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CneacTBrie. HecMelLeHHbIe OLEHKU aucniepcuiiy Y = Ny ecTb

(2.19)

Ansa CTaH4apPTHbIX OLLUNGOK MOM0XKMUM

*y VT=Tf, S9= J+-yr=f. (2 20)

3TV OLEHKM HECKOMbKO CMeLLeHbl. s 60/bLUMHCTBA MPUMOXKEHWI WX
CMeLLiEHVe He UFPaeT Posun.

UwuTaTento cnenyet O6paTI/ITb BHMMaHWE Ha CUMBO/1bl, MPUMEHAEMbIE A1A
0603HaYeHNST UCTUHHOW W OLl,eHI/IBaeMOI\/JI no gaHHbIM Bbl60pKI/I ,qVICI'IGpCI/IVI
oueHok. Tak, ans Y Mbl NMAULLIEM:

NCTUHHaA gucnepcus: V(y) = oV
oueHvBaemas aucnepcusa: v {y) = sN

2.7. LOBEPUTEJIbHbIE MPAHULIbI

O6bIYHO MpeanosiaraeTcs, YTo OLUEHKM Y U Y HOPMa/IbHO pacrpefesieHsbl
OTHOCUTENIbHO COOTBETCTBYIOLLMX 3HAYeHWl A14.COBOKYNHOCTU. OCHOBa-
HUA 0719 TaKoro npeanonoXeHns 1 061acTb ero NPUMEHUMOCTM paccMart-
pvBatoTcA B naparpade 2.13. Ecnv 310 nNpefnosioxkeHne cnpaseiineo, TO

HVKHAA N BEPXHAA JOBEPUTE/IbHbIE TPaHNLUbI CPEAHENO0 N CYMMApPHOro 3Ha-
YeHUM ona COBOKYMHOCTU UMEKT BUA:

AN CPEIHEro 3HaUeHUS:

= fo ==y + K H , (2.21),

OnAa CyMMapHOro sHa4eHUA:

M=ng-"yTr=2, (222)

30ecb t — KBaHTU/b HOPMaJ/ibHOro pacnpeaeneHns, COOTBETCTByPOLLI,VIVI

»KenaTesibHOM [OBEPUTENBHON BEPOATHOCTM. Ero Hambosnee ynoTpedbuTesib-
Hble 3HAYeHWNS1 TaKoBbI:

[oBepuTenbHas BeposATHOCTb (B %0) 50 80 90 95 99
t 0,67 1,28 1,64 196 2,58

Ecnm 06beM BbIGOPKM MeHbLUe 60, TO MPOLEHTHbIE 3HAYEHUS] KBaHTU-
NIeii MOXKHO B3ATb M3 Tabnuuy, ~-pacnpegeneHns CrbtofeHTa ¢ (m— 1) ce-
MeHsIMU CBO6O/bI, MOCKO/IbKY TAKOBO UMC/IO CTEMEHEN CBOGOAbI BbIGOPOYHO
[Jucniepcnn s2. MNo/1HOe COOTBETCTBUE ~-pacnpedenieHNo UMEET MECTO TO/TbKO
TOrga, Korga camyi HabngeHns yt HopMasibHO pacnpegeneHbl 1 N 6ecko-
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HEYHO. YMepeHHble OTK/IOHEHUSI OT HOPMa/IbHOCTM He OKasbIBatoT 60/1bLLIOr0
BMAHUS. 0151 HeGOMbLUMX BbIGOPOK B C/Tyvae OYeHb acCMMMETPUYHBIX pac-
npegeneHnin He06X0AMMbI CrieunasnbHbIE METOIbI.

Mpumep. Mognucn nog HEKOTOPO MeTvumein 6blam cobpaHbl Ha 676
nuctax. Ha Kaxgom siucte MOryT pasMecTUTbeda 42 noanucu, Ho MHorume
NNCTbI COfiepXKaT MeHblUee 4Mcno nognuceid. [ns nNpocToi cnyyaiiHoli Bbl-
6opkn o6bemoM B 50 nncTtoB (NpmbNM3NTeNbHO 7%-Has BblIGOpKa) Obl1o
MOACYMTAHO YMC/I0 MOANUCEA HA KaXKAOM nncTe. [onyyeHHble AaHHbIE Mpu-
BeAeHbl B Tabn. 2.1.

Ta6nunuya 2.1
AAHHBIE BbIBOPKW, COCTOAWEN N3 60 TMCTOB C nogrnmcAamMmn

Yncno YacTora Yvicng, YacToTta
nognvcen rognmcen
" «l h
42 23 14 1
41 4 1 1
36 1 10 1
32 1 9 1
29 1 7 1
27 2 6 3
23 1 5 2
19 1 4 1
16 2 3 1
15 2 Ntor 50

Hy>XHO oueHuTb 06LLee uMcio nognuceld nog netuumeid n Haintn 80%-
Hble JOBEPUTE/IbHbIE FPaHNLLbI.

EfvHuuen oT6opa Cny>XUT NUCT, a Hab/loAeHns yT npeacTaBisioT co-
60 uMcno nognucen Ha KaxkKAom nucte. MocKoibKy MoyTy NoMoBMHA JIMCTOB
COLEPXNUT MaKCUMasIbHOe YMC/I0 nofnuceli — 42, faHHble MpeACcTaB/ieHbl B
BMfe pacnpefenieHns 4acToT. 3aMeTVM, YTO UCXOAHOE pacnpefefieHne Ka-
XKEeTCA BeCbMa JaneknmM OT HOPMasibHOr0, HanbosbLLUas YacToTa NPUXOANTCS
Hit BepxHuii KOHel. Tem He MeHee OMbIT MO3BOMSET MosaraTb, YTO CpeHUe
3HayeHNs1 BbIGOPOK 06bEMOM B 50 NMCTOB pacnpefenieHbl NpubIM3nTesIbHO
HOpMasibHO. Haxogmm

n= 2/« ="50; |/=2/i0i= 1471; 2 /™ = 54497.
CnepnoBaTtefbHO, BLEHKA CyMMapHOro 4Yncna noanuceid paBHa:
Y=Ny— ffi'l47L - =19888.
w 50

[ns oueHKM grcnepcmm no BbIGOPKE, S2, NMEeM

=+ [B4497- N«BAO = 229,0.
49 L 50 J

CornacHo (2.22) 80%-Hble f0BEpPUTE/IbHbIE FPaHULbl BbIYUCIAIOTCA Kak

19888 + 19888+ bffffi6'15°.13V 1—P’0740 ,
Y4 1/50

370 faeT 3HayeHns 80%-Hbix rpaHul, pasHble 18107 n 21 669. MNMpw cnsiow-
HOM MojcyeTe obLyee YMCNO NOAMNMCER OKasanock paBHbIM 21 045,
\

28. APY "N METO[ OOKASATEJ/IbCTBA

KopHoung (Cornfield, 1944) npeanoxun MeTof AoKasaTe/bCTBa OC-
HOBHbIX PE3y/NbTaTOB [/1 NPOCTOr0 CAy4YariHoro oTéopa 6e3 Bo3BpaLLeHNs,
MO3BONSAIOLLMIA NOMb30BATbCA 00bIYHBIMM  pe3ynbTaTaMu, OTHOCALLUMUCA
K 6eCKOHEYHbIM COBOKYMHOCTAM. [lycTb W, — cnyvaliHasa nepemeHHas,
NPUHMMAOLLan 3HayveHue 1, ecnn i-a eguHuMua nonana B BblGOpKy, M 0

B NPOTMBHOM Cny4yae. BbI60poUHOE CpefHee Y MOXHO 3anmncatb Kak

| NI

0=— y.

n i=i

roe CyMMUpoBaHMe pacnpocTpaHsieTcss Ha Bce N efMHUL, COBOKYMHOCTW.

B 3TOM BbIpaXeHWM ar — cnydaiHble MepeMeHHble U Yyt — HeKOTOpbIiA

Habop HEM3MEHHbIX YKCen.

OueBunaHO, YTO COOTBETCTBYIOLLME BEPOATHOCTU (Pr — OT aHrNMnCKoro

«probability» — BeposATHOCTbL) 6yAYT paBHbI:

atyt, (2.23)

Pr(al| =»1)— Pr(a,=0)=1 -~ .

Taknm o06pasom, at MmeeT BMHOMUASIBHOE pacrpejesnieHne AN OLHOro
ucnbitaHmsa ¢ P — n/N.

CniepgoBatesibHO,

E(a,)=P=f; V(a,)=PQ-f(1-1). (2.24)

[na Toro utobbl HaTu V(y), HY>KHO 3HaTb, KpOMe TOro, KoBapuaumio
2; n a]. MpounsBeaeHne ata} paBHo 1, ecnu t-1 1 /-a eguHULBI 06e nonanu*
B BbIGOPKY, 1 paBHO 0 B NPOTMBHOM c/lyyae. BepoATHOCTL TOro, 4To 4Be
KOHKpPeTHble eiuHWLbI Monasiv B BbIOOPKY, KakK JIerko rokasarb, paBHa
nin — 1H/N{N — 1). OTctoga (cov— OT aHIrnIACKOro «covariance» — Ko-
Bapvaums)

Cov(a,a})=E(a,a,)—E{at)E(a,)= —

_ t_ M
§ HS N(H-l){/ N ) (2.25)

MpuMeHAa 3TOT NoAXo4 ANA HaxoXaeHus V(y) v3 (2.23) v nonb3ysacb
Takxke (2.24) n (2.25), nonyyaem

v(y)™ -?-[ 2 y}y(w)+ 2 2 YiyjCov(atg,)l =
n Li=i »</ J
1-fn
nN
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JlononHas Jo KeagpaTa CyMMbl BTOPOW Y/ieH B KPYI/bIX CKOOKaXx,
1MeeM

V(y) = “JL V N2eee— Y2) = 3
(Y) nN\( -\ Yy N—1 )/ /

n(N—D n

PaccMOTpPeHHbI MeTog NM03BOASET MOMYUUTb MNPOCTble AOKa3aTeNbCTBa
TeopeMm 2.3 1 2.4. /IM MOXHO MNO/b30BaTbCA A/19 HaxoXAeHUs MOMEHTOB
pacnpefefsieHMs y BbICLUMX MOPSALKOB, XOTSA AN 3TOW LeNM CyLiecTByeT
6051e€ MOLLHBIA MeTog, NpesnokeHHbI Toioku (Tukey, 1950) n B gasbHei-
LLEeM YCOBEPLUEHCTBOBaHHbIM YuwapTtom (Wishart, 1952).

AHaorMYHbIf NOAX0A MPUMEHSETCH B C/lydae 0T60pa C BO3BPALLEHUEM.
B aTom cny4yae i-g efMHMLA MOXKET nonacTb B Bbibopky 0, 1, 2....... n pas.
MycTb ti — yucno nonagaHuii t-n eguHnLbl B BbIOOPKY. Torga

y =+ yi tiyi. (2.26)
noi-i

MockonbKy -5 egnHMLA NonagaeT B BbIGOPKY MPU KaXKLOM U3BIEYEHNN
€ BepoATHOCTbIO 1IN, TO BennuuMHa tt pacnpefesnieHa Kak 4MCNO YCrexoB
B « UCMbITaHWAX, T. €. N0 BMHOMUA/IbHOMY 3aKOHY ¢ P — 1IN.
CnepoBaTtesibHO,

'« -7 1 <HES!

COBMECTHO Be/IMUMHbI tt MMelT MoNMHOMMUaNbLHOE pacnpegeneHue. OnA
Hero

Coy(M,) = - -~ . (2.28)

Monb3yscb (2.26), (2.27) n (2.28), nonyyaem, 4To 4Na 0T6OpPa C BO3BpaLLe-
HVeM

. 1 * . n
v(v)=g)ika- T2V v
N

_n"\? 1>(}/r->’)2:~,{|y N

2.9. OUEHMBAHWE OTHOLLUEHWNA

YacTo BENNYMHOWN, KOTOPYK HY)XXHO OLEHMTb MO MPOCTOM Cry4aiHoi
BbIOOPKE, CMY>XWUT OTHOLLUEHWE ABYX MEPEMEHHbIX, 3HAYEHUS KaXAon M3
KOTOPbIX MEHSITCA OT eAuHuUpbl K eguHuue. Mpu  o6cnefqoBaHMM  [OMO-
XO035IMCTB MPUMEPaMW MOFYT C/YXXUTb CPefHee YMCN0 KOCTIOMOB, NPUX0as-
LLleecs Ha OfHOro B3pPOC/IOF0 MY>XUMHY, CPeAHUE Pacxoibl Ha KOCMETUKY
Ha OfHY >XEHLUMHY W CpefHee 4MC/0 4YacoB B HeAent, MPOBOAMMbIX MepE;
Te/IeBM30POM, Ha 0AHOro pebeHka B Bo3pacTe oT 10 go 15 net. Ansa 1o
YTOBbI OLEHUTb MEPBYHO U3 3TUX XapaKTEPUCTUK, Mbl AO/HKHbI AN KaX 40
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r'-rogomoxossinctea (t = 1, 2, ..., 1) 3aperncTpupoBaTb YMC/0 B3POC/bIX
MY>XUYUHY, XUBYLUMX B HeM, U 06LLee 4MCNO MpUHAAIeXaLMX UM KO-
cttomoB W lMapameTpomM COBOKYMHOCTW, KOTOPbIA HYXHO OLUEHWUTb,
CNY>XUT OTHOLLIEHVE

D obLlee YMCI0 KOCTHOMOB 1
o6LLiee YnCIo B3POCNbIX MYXUMH #

Co0TBeTCTBYIOLLEN BbIGOPOYHON OLIEHKOI bygeT

MprMepbl TaKoro poga 4YacTo BO3HMKAKT, Korga eguHuua otbopa (go-
MOX035IACTBO) MpeacTaBAseT coboi rpynny wuanM rHe3fo 3nemMeHTOB (B3poc-
NbIX MY)X4YMH), @ Hac MHTepecyeT CpegHee 3HayeHWe AN COBOKYMHOCTU
Ha OfMH 3nemMeHT. OTHOLLEHUS MOTYT BCTPETUTBCA M BO MHOMMX APYrux
cny4asix, Hanpumep, OTHOLLEHWe 6aHKOBCKNX CCY[ Ha CTPOUTENbLCTBO ™ 06-
LeMy 06beMy OAHKOBCKUX CCYZ WM OTHOLUEHME MOWaLM, 3aHATOW Nog
MNLeHNLen, K obLeld naowagn 3emMam Ha depme.,*

Bbi6opouHoe pacnpegeneHne R 60nee CNoXHO, Yem pacnpeferneHue y, ’
NOTOMY YTO M UYNC/IUTENb Y W 3HAMeHaTe/lb X MEHSIOTCA OT BbIGOPKU K Bbl-

6opke. A1 HebonblWMX BbIGOPOK pacnpegesieHne R acuMmeTpuyHo 1 R
B KauyecTBe OLEHKN R MMeeT 06bI4HO HebosbLLOe CMeLeHve. [pu yBenuye-
HUM 06beMa BbIGOPKK pacnpegenieHne R cTpeMUTcs K HOPMasibHOMY U CMe-
LLIeHNe CTAaHOBUTCA MPeHe6bpeXxnmo MasbiM. [ns 60nbLUIMHCTBA NpakTuyeH
CKWX LeNel JoCTaToYHO CrieaytoLlero NpubamKeHHOro pesynbTarta; 6o/lee ;
[eTanbHo pacnpegeneHne R paccmaTpmBaeTcs B /1. 6.

Teopema 2.5. Ecnu nepeMeHHble yu xt HabMOAATCA 4719 KadKAoM ean-
HWLbI MPOCTON cly4aiiHON BbIGOPKM 06beMa N (NpegnonaraeTcs, YTO OH

Be/IMK), TO aucriepcns R = ylx coctaBnseT npubnnxeHHoO
N
.. 2 (yi-Rxt)*
V(R)*t=% J=l--mm- , (2-29)
nXin N -\

roge R = YIX ecTb oTHOLWeHWe cpefHUX Ana coBokynHoctn U f = niIN.
[okaszaTensCcTBO

R—A=4— R= y~R*. (2.30)
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Ecnn n BeNnKO, TO X He JO/HKHO CU/IBHO OT/INYATLCA OT X. ANMNpoKcMmauns
COCTOUT B TOM, UTO B 3HameHaTtesie (2.30) BMeCTO X nomeLaeTcs X.&To jaeT

/ (2.31)
X |
BosbmeM Tenepb cpefHee MO BCEM MPOCTbIM ClyyailHbIM Bbl6OpKaM 00b-
ema n. _ {
E (R—R)« =ZnM.=o0, [/ (2.32)
X X

Tak Kak R = ¥Y/X. OTcloga cnegyeT, 4To ¢ TOYHOCTbIO [0? Nopsiaka npu-

MEHSIEMOi 34eCb annpoKcumauumn R ecTb HecMmeLleHHas oueHKa R.
M3 (2.31) nonyyaem Takxe

V(R)= E(R-R)2=-+sE (y- Rxf.

BennuuHa y — RX npeacTasnseT coboil BbIGOPOUHOe CpefHee nepemMeH-
Holi dt = yt — Rxt, cpefHee 3HaudeHWe KOTOPOW ANS  COBOKYMHOCTU

D = ¥ —RX —0. CnegoBaTtenibHO, Mbl MOXeM Haiitu HR), npumeHsas
K nepemeHHon dt Teopemy 2.2 0 gMcnepcun CpegHEro A5 NpocTol cny4aii-

HOIi BbIGOPKM 1 fiens pesynbTar Ha X*. 3ro gaeT

- N2 = ~ - =
HE) » X£ 6 K™)2 o 1- 4
1-q 2 (dt- Df ) ig 1{yt-RtlY
riXa m™1 nXx2 N -1

JoKas3aTenbCTBO 3aKOHYEHO.

CTouT OTMETUTb CMOC06, KOTOpbIM Obla foKasaHa TeopeMa 2.5. Bbiso
nokKasaHo, 4To hopMyna NpMBAMKEHHOW Aucnepcun OTHOLLEeHMS YIX nony-
yaeTca 13 popmy bl TEOPeMbI 2.2 ANA AUCMEPCUN BbIBOPOYHOIO CPeaHeroy,
ec/IN 3aMeHWUTb MepemMeHHYo y, nepemeHHon (y, — RxJIX. Takoe xe yT-
BepXKJeHWe, Un ero eCTeCTBEHHOe 0606LLIeHMe, CNpaBes/IMBO TakxXe U B 60-
Jlee CNOXHbIX cny4vanax otbopa u 6yfeT HEOAHOKPATHO MPUMEHATLCA Janee
B 3TOW KHWUTre.

B kauecTBe BbIGOPOUHON OLEHKM BENNYMHbBI

N
2,0t R

N—1
(ecTecTBEHHO B3ATb

«g*i Qi- bl *
n—i

MOoXHO MokasaTtb, YTO 3Ta oueHKka UMeeT cmelleHne nopagka iln. Ana
OLIEHKM CTaHAapTHOM owmnbKkM R 1o BbIGOPKe MMeeM

s(&)= -yd— |/ S~~~ Xia (2.33)

Ecnn X HensBecTHO, TO B 3HaMeHaTesib MOACTAB/AETCA ero Bbl60p0'—IHaF|

oueHka X. [Ans 6onee 6bicTporo nogcyeta s(R) Ha MasibIX BbIUNC/TUTEbHbIX
MalLVHaX HYXKHO 3anucaTthb 3Ty OLEHKY B BUe

vV '-t y/Z iy?-2R'2lyixt+ R 2'21X? (234)

Mpumep. B Tabn. 2.2. yKasaHbl YMC/I0 YMEHOB CeMbU (XX), Hefe/bHbINA
[,0X0/4 ceMby B fonnapax (x2) v HefeNbHble pacxofbl Ha NMTaHWe B fo//1apax
(y) 418 NPOCTOW CnyyaiiHOM BbIOOPKW, copepxkawer 33 CeMbW C HU3KUM
ypoBHeM goxoja. MockonbKy Bbl6opKa Masia, fAaHHble NPUBOAATCA TOSbKO
4N UNIOCTPaUNM BbIYUCIEHWUIA.

Ouennm MO BbIGOPKE: (a) cpefHMe HedeflbHble Pacxofbl Ha NUTaHWe Ha
0fHY cemblo, (6) cpefHWe HefeNbHble pacxodbl Ha NUTaHWe Ha OAHOro Ye-
noBeKa, (B) NPOLIEHT J0X0A4a, 3aTpaynmBaemMblii Ha NUTaHWe, U Halidem cTaH-
JapTHbIe OLLUMOKN 3TUX OLEHOK.

HepenbHble pacxofibl Ha NMMTaHWe Ha OfHY CeMblo. 3TO 06bI4HOE BbIGO-
poYHOe cpefHee

y —ﬂg)’z—= %,3@ gonn.

Mo Teopeme 2.2 (onyckas NKC) CTaHAapTHas oLnbKa 3Toro cpegHero
paBHa:

Q)y.)8_
Yh \ n—I Vn(hn—1) V

- =Y 28224 — (907,2)2/33 = 1,76 gonn.
¥33-32

(Cymma kBapaToB 6e3 nonpaBKW, paBHasa 28 224, ykasaHa nof tabn. 2.2.)

HepenbHble pacxodbl Ha MUTaHMe Ha OAHOTO 4enoBeka. [MOCKONbKY Be-
JIMYMHA CEMbW MEHSIETCS, 3Ta OLEeHKa MnpeacTaBnseT cob60i OTHOLLEHWE ABYX
nepeMeHHbIX:

Rx= — = 907,2 = 7,38 fonn. Ha O4HOro 4yenoseka.
241 123

CyMMbl KBagpaToB WM MPOW3BEAEHWI, HY)XXHble 415 BbluncneHus S(R)
Mo chopmyne (2.34), ykazaHbl nog Ta6n. 2.2. Kpome Toro, He06xXo0AMMO 3HaTb

2Rt = 14,7512; R* = 54,3996; % = 3,7273.

3HayeHna RIt 2RIt R{ NpuBOAATCA C AOMOMHUTENbHBIMU AECATUYHBLIMUA
3HaKamu, 4TobbI COXPaHUTb TOYHOCTb.
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Ta6bnuya 2.2
UYNCNO YIEHOB CEMbW, HEAENbHbBIA JOXOL N PACXOAbl HA MUTAHUE 4N1A £3 CEMEW

Yucno Pacxogbl Yucno oxon | Pacxogpl
HC%“&?}; 4neHoB Ll,%o,q Ha nm;g'ume *ég:ﬁfﬁ C:’a::o[?n 'ﬂ'xr '”'|L Ha nuTaHue

1 2 62 14,3 18 4 J 36,0
2 3 62 20,8 19 2 83 20,6
3 3 87 22,7 20 4 B 27,7
4 5 65 30,5 21 2 66 25,9
5 4 58 41,2 22 5 68 23,3
6 7 92 28,2 23 3 77 39,8
7 2 88 24,2 24 4 /69 16,8
8 4 79 30,0 25 7 / 65 37,8
9 2 83 24,2 26 3 /77 34,8
10 5 62 44 .4 27 3 f 69 28,7
11 3 63 13,4 28 6 95 63,0
12 6 62 19,8 29 2 77 19,5
13 4 60 29,4 30 2 69 21,6
14 4 75 27,1 31 6 69 18,2
15 2 90 22,2 32 4 67 20,1
16 5 75 37,7 33 2 63 20,7
17 €] 69 22,6

NTo'rm *123 2394 907,2

2x1= 533; bx\ = 177254; b - 28 224;
2jaY = 3595,5; 15X = 66 678.

CneposaTesnibHO, 13 (2,34) nmeem
If, u 1 128 224— 14,7512-3595,""5 + 54,3996-533

y33-3,7273 K 32
= 0,534 ponn.

MpoueHT [oX04a, 3aTPaYMBaeMbIii Ha NUTaHKWe. ITO OMNSTb OTHOLLEHNME
OBYX MePeMeHHbIX

$ B WO - —7- = 37,9%.
2 2394

Mo chopmyne (2.34) umTatesib MOXET NPOBEPUTHL, UTO CTaHAapTHas oLIMOKa
pasHa 2,38%.

2.10. OLEHKWN CPEAHMX 3HAUEHWU ANA MOACOBOKYIMNHOCTEWM

Bo MHOrmx 06c¢nefoBaHMAX MOMyYaOT OTAe/bHbIE OLEHKW AN KaXKAoW
M3 HEKOTOPOro 4uc/ia rpynn, Ha KOTOopble MogpasjesieHa COBOKYMHOCTb.
Mpwn 06cnegoBaHMM JOMOXO03SIACTB MOXET 0KasaTbCsl XKefaTe/lbHbIM MMETb
OTAeNbHble OLEHKN ansa cemeit ¢ 0, 1, 2, ... geTbMW, 4N [OMOBNajeNbLeB
N KBapTUpPOHaHUMaTeNel UAmn 415 CeMein No pasyHbIM rpynnamM 3aHATUIA.
[Ona Takux nogcoBokynHocTen Mogkomuccmeii OOH no cTaTucTUYecKom
Bblbopke (U. N. Statistical Office, 1950) 6bin peKoMeHZOBaH TepPMUH 06-
nacTun M3y4yeHus.

B npocTeiilem cnydae Kaxgas egMHMLA COBOKYMHOCTW MoMajaeT B
04HY u3Yrakmx obnacteid. MNycTb /-9 0bnactb cofepxnT Nj eanHML, U NyCTb
tij — uwncno egnHWL, NpocToli ciy4vaiHOW BbIGOPKM 06bema M, MpuHage-
Xawmx k\aTton o6nactu. Ecam yjh (k = 1,2, ..., tij) — 3HayeHne Hab6nto-
JEHUA NOPTUM eMHMLAM, TO CpefjHee 3HaYeHUe 4 COBOKYNMHOCTW Mo /-1

obnactu, [y~ oueHMBaeTcA no dopmyse

2 (2.35)
*=j 1

Ha nepBbIii B3rNsia y} KakeTcs TaKOW >Ke OLEHKOM OTHOLLEHMS, Kak
B maparpade 2.9, MOCKO/IbKY, XOTA M HEeM3MeHHO,  OyfeT MeHSITbCA OT
O[IHOW BbIGOPKM 06beMa N K Apyroli. CBA3aHHOIO C 3TUM OC/IOXKHEHWNST MOX-
HO M36eXaTb, paccMaTpuBas pacnpejesieHve Mo BbI6OpKaM, Y KOTOPbIX
HeW3MeHHbI Kak M, Tak 1 L.

Ha MHOXecTBe BbIOOPOK C 3afjaHHbIMM M U L BEPOSITHOCTb TOr0, UTO
B BbIGOPKY MOMafeT HEKOTOPbIA KOHKPETHBIA Habop M} eanHWL, NpUHaae-
Xawmx o06nactu j, u3 obuwero uncna Nj Takux euvHuUL, COCTaBNsAeT

CRep; 1
Cn~ni ,cni Cn

[elicTBNTENbHO, KaXKAbli KOHKPETHbI Habop W- efuHWUL, npuHage-
Kawmx 06/1acTv j, MOXET MonacTb B BblIGOPKY BMecTe ¢ /iHobbiMu (M — nj)
egMHMLamm mn3 obwero umncia (N — Nj) eamHuy, He MpUHagiexawnx o6-
nactu j. MNoatomy uvcnuTenb NpeabigyLuein hopmynbl NpeacTasasieT coboi
unCco BbIGOPOK, COAEPXKALLMX KOHKPETHbIA Habop nj eauHWUL, a 3Hame-
HaTeNlb — 06LLiee YnCNo BbIBOPOK C 3adaHHbIMKM N 1 n}. OTclofa cregyer,
yTO K YjK MOXHO MpPUMEHUTb TeopemMbl 2.1, 2.2 1 2.4, eciM Mbl BO3bMeEM
n3 Bmecto N U Nj BmecTo N. ;

Mo Teopeme 2.1; y} ecTb HecmelleHHas oueHKa Y}, (2.36)
Mo Teopeme 2.2; cTaHfapTHas owmbka t/7paBHa

%r /1l - WINj), (2.37)
Y n}
rae
SJ- 2 (2.38)
k=1 J

Mo Teopeme 2.4: OLEHKOW CTaHAAPTHOM OWMOKM Y} CAYXUT
~ -Vi-(n,INt), (2.39)
yry
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rae
o= (ih—hi)2 (2.40)
- \
fc=i
Ecnu 3HayeHne Nj Heu3BeCTHO, TO MpPU  BbIYUCIIEHUU BMECTO

tij/Nj MmoxHO Bocnonb3oBaTbes BenuuuHoit n/N. (Mpu npoctc  Cy4vaiHoOM
oT6ope tij/Nj ecTb HecMmeLLeHHasi ougHKa n/N).

2.11. OLEHKN CYMMAPHbIX 3HAUYEHUW ANA MOLACOBOKYMHOCTEMN

MpeAnonoXnM, YTO Yy HEKOTOPOW (PMPMbl MMEETCS CMMUCOK CYETOB, B KO-
TOPOM 4acTb CYETOB OMJiavyeHa, a YacTb HeT, U Mbl XOTesii Obl OLUEHUTb MO
BblOOpPKE 00LLYH0 CyMMY HeorniavyeHHbIX cuyeTtoB. Ecnm N} (4mcno Bcex He-
OM/layeHHbIX CYETOB (IMPMbI) W3BECTHO, TO He BO3HMKAET HMKAKOM npo-

6nembl. Bblbopo4Hoi oueHKol 6yaeT Njijj, a ee yCNnoBHOW CTaHAapTHOW
OLLINOKOIA — BbIpadkeHUe (2.37), YMHOXeHHOe Ha Nj.

B gpyrom cnyudae, ecnvm nsBecTHa 00Las cymMma CYeTOB B CMNCKE, MOXK-
HO MPUMEHUTb OLEHKY OTHOLUEHMA. o BbIGOPKe MOMyyYaem OLEHKY OTHO-
weHmsa (0bwasa cymma Heomsla4yeHHbIX CYETOB, Ae/IeHHas Ha 06LLyl0 CyMMy
BCeX c4yeToB). [1oc/e 3TOro yMHOXXaeM ee Ha M3BECTHYHO 06LLY0 CyMMY BCEX
CYETOB. .

Ecnu HemsBecTHbl HM Nj, HKM 06LLas cyMMa CHETOB, TO 3TW OLEHKN Mpu-
MEHUTb Hefb3s. BMECTO HMX YMHOXWUM Bbl60POYHOE CyMMapHOe 3HayeHue
BCEX Y-OB MO eAMHMLUAM, MpUHaAIexawmm o6nactv /, Ha MHOXMWTeNb
pacnpocTpaHeHua N/ti. 3To JacT OUeHKY

(2.41)
A=1

Mbl noKaxem, 4To Y] — HecMmelLeHHas OLeHKa, U Halifiem ee CTaHAapT-
HYH0 OLLUMOKY MO BCEM MHOIOKPAaTHbIM Bblibopkam obbema n. MMpuem, 3akto-
YaloLpmiics B TOM, YTOObI CUMTaTb HEM3MEHHbIMM KaK Njt Tak 1 5, B JaHHOM
cny4vae He Momoraer.

Mpy 1M3N0KeHUN [OKa3aTeNbCTBa Mbl BEPHEMCH K MPeXHUM 0603Hauve-
HUAM, B KOTOpPbIX t)i — 3Ha4YeHWe HabnaeHns y i-i eanH1LbI B COBOKYM-
HocTW. NS KaKAoW eAviHWLIbI COBOKYMHOCTW OMNpeseiiM HOBYIO MepeMeH-
Hyl Y/, cuuTas

eC/IN eNHULA MPUHAANEXUT /- 06nacTu N3yyeHUs

y1
B MPOTMBHOM CJlyuae.

CyMMapHoe 3Ha4eHue y/ Mo COBOKYMHOCTU

20=,2 W
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OnaXnpocTon cny4vaiiHoi BbIGOPKN 06bema Nyl —yt Ana Kaxgon mns
tij eanHLW, NpvHagnexawux /-in obnactn; y/ = 0|4NnsA Kaxgolh u3 octas-
wwuxea n V- nj eguHuy,. Ecnny' — 06bl4HOE BbIGOPOYHOE cpefHee y/, TO
CrnpaBe4/IMBO PaBeHCTBO

1—1 *=1
\
MonyyeHnii pe3ynbTaT MOKasblBaeT, YTO oueHka Yj, onpefensieMas
paBeHcTBOM (2.41), B N pa3 605bLue BbIGOPOUHOro cpeaHero y\.
[na MHOroKpaTHbIX BbIGOPOK 06bemMa M Mbl MOXEM, O4EBUAHO, MPUMe-

HUTb K nepeMeHHoOW y/ Teopembl 2.1, 2.2 n 2.4. VI3 HUX cnegyeT, 4To Y]
NpeAcTaBNseT co60i HeCMELLLEHHYH OLEeHKY Y'S CO CTaHAapTHOW OLIMOKOiA

o (Yj) = V 1— (n/N), (2.42)

roe S' — cpefHee KBafgpaTu4yHoe OTK/IOHEHMe Y[ Ans COBOKYMHOCTU. ANns
TOro YT06b! BLIYUCANUTL S', Mbl CHMTaEM, YTO COBOKYMHOCTb COCTOUT vBr N}
3HAYEHWN Y1 nexxawimx B /-t 06nactn, u N — /A3HavyeHU, paBHbIX HYJIHO.
Takum o0bpasom,

(243)

Mo Teopeme 2.4 BbIGOPOUHON OLEHKOW CTaHAAPTHOM OWNOKK Y} cnyXuT

s(Yj) = ~ VI-(n/N). (2.44)
Vv n v -
Mpy BbIMUCNEHUN S' 3HAYeHME KaXKaol eavHWLbl, He MNpUHaANexalLgn'
;- 06/1aCTM M3YYEHUS], CUMTAETCS PaBHbIM HY/0. M3y4yawwmm BbIGopoY-
HbIA MeTog, ObIBaeT, NO-BMAMMOMY, TPYAHO BHYTPEHHE COrIacCUTbCA C 3TUM
npasunIoM, HO TeM He MeHee OHO BepHO. i
MeTogbl 3TOr0 WM NpeALecTBYIOLLEro naparpagoB MNPYMEHUMbI TaKXXe
K 06CnefoBaHusM, B KOTOPbIX OCHOBa BbIGOPKU COAEPXUT efUHULbI, He
npuHagnexaline COBOKYMHOCTWU COrfiacHO ee onpegeneHuto. [pusegem
npvMep, WINIOCTPUPYHOLMIA 3TO 3aMedaHue.

Mpumep. N3 o6LLero cnncka 2422 Menkux cTaTei 4OMALLHUX PacxofoB
6bl1a nonyyeHa Bblbopka 180 cTaTteld, npeaHasHadeHHas AN OLEHKU 06-
LLeli CyMMbl pacxofoB Ha BefileHVe JOMAaLLHEro xo3acTea. HekoTopble BUabI
pacxofoB (Ha 0feXAy W Ha CofepXXaHue aBTOMO6MNS) He bl NPU3HaHbI
MeNKMMM pacxogamm 1M u3 180 eguHuML, BbIGOPKU 6blIM OcTaBneHbl 152

CyMMa pacxofoB MO OCTaB/EHHbIM CTaTbsIM (B Jo/i/lapax) M cymma KBag-

paToB (6e3 nonpaBKu) oKasaIUCb CrefyHoLNMA:

2y, = 3435, L* = 149138,
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OueHMM 061y CYMMY PacxofoB Ha BeAeHWE JOMALLIHEFO X035ACTBA M Haii-

fleM CTaHAaPTHYIO OLLUMOKY 3TOW OLEHKMN. /
&j =N \» )= --2-4-2-2L34-'-3-'-5-:46§(ﬁ0 gonn. |/ /
loU j
N3 (2.44) /

s(Ky) = Vii-(n V).
yn {
Mpy BblYUC/IEHMN S' Mbl CHMTaEM, YTO Halla Bblbopka 180 cTarteil nmeeT
28 HyneBbIX 3Ha4eHWA. CnefoBaTeNbHO,

17 ( 180 J
= L M1491,38 — = 4,670.
19 v 180 J

OKoOHYaTeNbHo

sg/ *= 2422”'_/\180 {1—5223 =375 ponn.

OueHKa He 04YeHb TOYHA, ee KoappuuueHT BapmaLmu coctaBnset 375/4622,
nnu nNpnénnsnTensbHo 8%.

B sToM npumepe pacxofbl Ha COfep>XaHWe aBTOMOOUAA M Ha ofexay
OblIM UCK/OYEHbl KaK HEeCOOTBETCTBYHOLLME OMpefe/IeHUNIO COBOKYMHOCTH,
CNnefoBaTeNlbHO, PaccMaTpUBa/IUCb B BblOOPKE KaK Hy/eBble 3HAYEHUS.
B HekoTOpbIX cny4vaax 3apaHee WU3BECTHO, YTO OTAe/bHble eiUHULIbI COBO-
KYMHOCTW He y4yacTBYHOT B 06pa3oBaHUM OLIEHMBAEMOro CyMMapHOro 3Ha-
YeHus. Hanpumep, npu 06cnefoBaHMN MarasvHOB C LEebl OLeHWUTb 06-
LLLYtO BbIPYYKY OT NPOSAXWN CAKBOSHKEN 0OKa3blBaeTCsH, YTO HEKOTOPbIE Mara
3MHbI He MPOJAOT CaKBOSHKEN; Ha OTAeNbHbIX yyacTKax TeppuTopun, npu
HATBLIX B Ka4yecTBe eAnHUL, 0T6opa ANA nccnefoBaHua depM, epmMbl 0TCY
CTBYIOT. VIHOrZa MOXHO, 3aTpaTuB HEKOTOPbIe YCUMUA, OMNPefennTb Tak
NnycTble eUHNLBI U MOACYUTATb MX YUCIO0, TaK 4YTO, B HawMx 0603Haye
HUAX, cTaHeT u3BeCcTHbIM (N — Nj), a cregoBatesibHO, U Nj.

IMo3TOMY MMeeT CMbIC/T BbISCHUTb, HACKO/IbKO YMEHbLLIAeTCs

V (Yj), ecnu nssectHo Nj. Ecnu Nj He M3BeCTHO, TO corsiacHo (2.42)

Ecnu Yj n Sj — cpefiHee 3HayeHMe N cCpefHee KBaApaTUUYHOE OTKJIOHEHU
4NA paccMaTpyvBaeMoii 061acTu U3ydeHus (T. €. Cpean HeHYNEBbIX efNHNLL)
TO, KaK MOXeT NPOBepUTb UMTaTeSb,

(N-1)S** = {Nj-1)Sf+ NjY*, (I -
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Mockonbky uneHamu npy \/Nj n 1IN nouTy Bcerga MoXHO npeHebpeub,
\ S'APjS) + PjQ}Yf, (2.45)

roe Pj= NjIN n 1—P}. OTcioga nonyyvaem

V(Yj)~JUL (P]Sj+ PjQjYf) (1~ ) - (2-46)

Ecnn HeHyneBble eavHULIbI OMpefenieHbl, TO Mbl WU3B/IEKAEM BbIGOPKY
ob6beMa tij n3 ux yucna. OLEHKON CyMMapHOro 3Ha4eHus no obiactu may-

yeHmsa cnyxuT Njtjj c gucnepcneii
V(*ia-~.Sj(l_a.)-~.1TSf(l-JL). (2.47,

CpaBHuM gucnepcun (2.46) un (2.47). Ana (2.46) cpefHee YnUCIO HEHY-
NeBbIX eANHNLL, B BbIGOPKe 06beMa N paBHo tiPj. Ecnu B (2.47) Mbl MOM0XKNUM
u, = nPj, Tak 4YTO 4MCNO HabNIAAEMbIX HEHYNEBbIX €AVHUL, CTaHeT Mpu-
6/1M3NTENTbHO 0AMHAKOBbLIM AN 060X METOAO0B, TO (2.47) NPUMET BUA

V( N , P}S=(1-JL). (2.48)

OTHoLLeHWe gucnepcnid (2.48) n (2.46) 6ygeT

V (Nj V3BECTHO) _, ~7
V (Nj He ussecTHo) Y?

roe Cj — Sj/Yj ecTb KO3(h(PMLMEHT BapuaLun cpefy HeHyNeBbIX eAvHNL,
Kak 1 cnefoBano oXugatb, YMeHbLLEHWE ANCMePCUM, CBA3AHHOE C TeM, UTO
Nj u3BecTHO, 60nbluUe, ec/M LONA HYNEBbIX €AUHUL, BEIMKA U €CNn Yj
Cpean HeHyNeBbIX eAVHUL, MeHSieTCa CpaBHWUTENbHO Mano. bonee nogpo6-
HbIA aHaNn3 3TON NpPobsieMbl UNTaTeNb HaligeT B paboTe [ykecceHa n Xay-
3eMaHa (Jessen and Houseman, 1944).

2.12. CPABHEHVE CPEAHWX 3HAYEHUWN ANA OBMACTENA U3YYEHUA

MycTb yj, yh — 3Ha4yeHMsa BbIOOPOYHBIX cpegHux Ans /-t n k-m u3
yncna obnacTenn M3ydeHWs, K KOTOPbIM OTHECEHbI eAMHULbI MPOCTON Cy-
YaliHOI BbI6OPKM. [MCrepcusi X pasHOCTU paBHa:

V(y} — 9K = Viyj) + V(yk).
JTa ¢opmyna npUMeHMMa TakKXe W K pasHOCTU [ABYX OTHOLLEHWNA:
Ri n Rk
Heobxognmo OTMETUTb 0fHO 06CTOATENbCTBO. [poBepKa paBeHCTBa

Yj = YK pefko npefctaBnsieT HayuHbI UHTEpPeC, MOTOMY 4TO 3a MCKJIIO-
YeHVEeM OTAEeMbHbIX Cy4aeB B KOHEYHOW COBOKYMHOCTM 3TW CPeAHuEe He
6yLyT B TOUHOCTM paBHbl, AaXKe ec/iv faHHble Mo obenm obnacTam nony-
YeHbI MyTEM C/ly4YaiiHOro 0T6opa 13 OfHOW 1 TOl XKe 6eCKOHEYHO COBOKYT-
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HoCTW. BmecTo aToro HyHEBOﬁ rMnoTe3on 0bbIYHO CNyXnTt rmnoTes*/o Tom,
4yTO ABE obnacTtu N3y4YeHNA MNOJIyHeHbl W3 6ECKOHEYUHbIX COBOKyI'IHOCTEI7I,
MMEKLUX OfMHaKoBble cpefHUe 3HayeHuA. [103TOMy NpPU  BbIYUCIEHUU

V(yj) n V(yK) mbl onyckaem nKc, Nosb3yscb hopMysioi /
Si
ni «t

2.13. OBOCHOBAHHOCTb AIMMPOKCUMAL NN HOPMAJIbHbIM
PACMPELE/NIEHVNEM

YBEpPeHHOCTb B TOM, YTO 4718 60/IbLUMHCTBA NPaKTUYECKUX NPUSIOXKEHWTA
annpokcnumaLmsa HopMasibHbIM pacnpefesieHMeM orpaBfaHa, MpoucTeKaeT
N3 MHOIMX UCTOYHUKOB. B Teopum BeposTHOCTeN 60/bLLIOE BHUMAHWE yie-
NANOCb pacrpefeneHnio CPeaHNX 3HAYEHU Cny4daiHbIX BblGOPOK. Bbinio
[0Ka3aHo, YTo 415 1060 COBOKYMHOCTU C KOHEUHbIM CPeAHMM KBapaThy-
HbIM OTK/IOHEHWEM pacrnpefeneHne BbIGOPOUYHOro CpefHEero CTpPeMuTc K
HOpPMa/IbHOMY MPW  YBE/IMYEHUW n  [CM., Hanpumep, KHury ®ennepa
(Feller, 1957)]. 3T mccnefoBaHUA OTHOCATCA K GECKOHEYHbIM COBOKYI-
HOCTAM.

Ona oT6opa 6e3 BO3BpALLEHWS W3 KOHEYHbIX COBOKYMHOCTeli [Taek
(HSjek, 1960), cneaysa pabotam dpgewia n PeHbun (Erdos and Renyi, 1959)
n Magoy (Madow, 1948), yka3as HeobXouMble U [OCTATOUHbIE YC/0BUS,
Npu KOTOPbIX pacnpefefieHne BbIGOPOYHOr0 CPefHEro CTPEMUTCS K HOp-
ManbHOMYy. [aek uMcxoaun n3 nocnefoBaTeslbHOCTU 3HadeHWid nv, Nv,
CTPEMALMXCA K 6ECKOHEYHOCTM Takum obpasom, 4To (Nv — /tv) Takxke
CTpemMnTCA K 6eckoHeyHocTW. HabnwogeHus B V-l COBOKYMHOCTM 0603Ha-
yatoTes uepes yvi (t = 1, 2, ..., Nv). TycTb AnsA 3Toli COBOKYMHOCTU
Syx 6yaeT HabopoM efuHUL, COBOKYMHOCTU, /15 KOTOPbIX BbINOMHSAETCA
ycnosue

Hvi—Yv|> T TMy(Ll—7vjSy,

roe Yv, Sv, U — COOTBETCTBEHHO CpefHEe 3HA4yeHne, cpefjHee KBagpa-
TUYHOE OTKJ/IOHEHME W MKC A5 3TON COBOKYMHOCTU, @ T — HEKOTOPOE YunC-
no > 0. Torga ycnosue Tuna ycnosus JinHaebepra

2 ONi-T )2

lim
V-00 (Nv-1)s =

OyfeT Heob6XOAUMbIM W AOCTaTOYMHbIM A1 TOro, YTOObl pacnpegesnieHune yv
CTPEMUSIOCH K HOPMa/IbHOMY CO CpefHWM W Aucrepcueii, onpefensieMbiMy
Teopemamu 2.1 un 2.2.

3TN BHYLUNTENbHbIE Pe3y/ibTaTbl OCTAaB/SAT KOE-YTO HefocKasaHHbIM.
Bce-Taky Heflerko 0TBETUTL Ha NPSAMO BOMPOC: HACKO/IbKO 60bIHUMAOK-
HO ObITb A 418 AaHHOW COBOKYMHOCTU, YTOObI annNpPOKCMaLns HopMasibHbIM!
pacripefeneHuem 6bina JOCTAaTOUMHO BepHOW? PacnpegeneHusl, OTUYHbI
0T HOPM&/IbHOIO, CU/IbHO PA3HATCSA OLHO OT APYroro Kak ro cBoen npupc

64

Je, Tak\M M0 CTENeHN MX OTK/OHEHWUi OT HOPMa/IbHOro pacrpegeneHuii.
B npakTuke BbIGOPOYHbIX 06CNefoBaHWi Henb3s npegnonaratb, YTO BCe
pacnpegenieHMa 4acTtoT 6yAyT AOCTaTO4YHO 6/IM3KM K HOpManibHoMy. Pac-
npefeneHnss Ans MHOTMX BWAOB 3KOHOMUYECKMX OOBEKTOB (MarasviHbl,
NTULEBOAYECKME (PEPMbI, TOPOAa) 0OHAPY>KMBAKOT 3aMETHYIO MOJIOKUTESb-
HYI0 acMMETPUIO, KOTJa MMEETCS HECKO/IbKO KPYMHbIX eauHuL, 1 60/bLUOoe
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BennynHa , ropoga (Tb. >XKuUTenein)

Puc. 2.1. PacnpefeneHue 4acTtoT BeMuMHbI 196 ropofos
CLLUA B 1920 T.

YMCNO MasnbiX. ACUMMETPUIO TOFO Xe Tuna NPOABASAT U HEKOTOopble 6yo-
JIOTMYecKre nonynauumn (HanpuMep, YMc/Io KpbIC UM MYX B FOPOLCKOM
KBapTasie).

B KauyecTBe wWANOCTPaLMU MOSIOXKUTE/IbHO acMMMETPUYHOro pacrnpe-
JeneHnsa Ha puc. 2.1 n300paxkeHO pacnpejfesnieHvie 4acToT Yucia >XuTenel
B 196 60nblumx ropogax CLUA B 1920 r. (YeTbipe KpynHeiwmx ropoga —
Hbto-Mopk, Yukaro, dunagenbspmsa u  [LeTponT — MUCKOYeHbl.  UX
BKJ/IHOYEHNE YANIMHWIIO 6bl TOPU3OHTASIBHYIO LWIKany 60see YeM B NATb pas
MO CPaBHEHUIO C MPUBEAEHHOWN M, KOHEYHO, elle 60/blle NMOAYEPKHY/IO0 Obl
acummeTpuio.) Ha puc. 2.2 n3obpaxeHo pacnpefesnieHMe 4acToT cymMmap-
Horo umcna >xutenein 200 NPOCTbIX CAy4YalHbIX BbIGOPOK 0O0BLEMOM B M —
= 49 ropogam, MOJyYeHHbIX M3 3TOM COBOKYMHOCTW. PacnpegeneHue cym-
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MapHbIX M COOTBETCTBEHHO CPEAHUX BbIGOPOYHBIX 3HAYEHWI 3HAYNTENbHO
6onee MOXOAUT Ha HOPMasibHYIO KPUBYIO, XOTSI U 0GHAPYXXUBAET ellle He-
KOTOPYIO MOMOXUTENBbHYH acMMMETPULO.

Mpu no6om 06CYXKAEHUN 060CHOBAHHOCTU anmnpPOKCMMAaLMN HOPMa/lb-
HbIM pacnpefefnieHneM Mbl JO/DKHbI YTOUHWTb, YTO MoApasymMeBaeTcsl Moj
C/I0BaMu, UYTO annpoKCcUMaLuUsi HOPMasibHbIM pacrpeaesieHNeM «1oCcTaTouHO
BepHa». Mpu BbIGOPOUHbIX 06C/IEf0BAHUSIX amnMpoKCUMaLMs HOPMasbHbIM
pacnpefeneHneM MPUMEHSIETCS B OCHOBHOM /181 BbIUUC/IEHWS_10BEPUTESb-

HbIX rpaHuy. Ecnu ana cpegHero 3HayeHWs COBOKYMHOCTU Y, BbIYUC/IA-
HOTCS C MOMOLLbH HOPMasbHOM annpokcMmMaumm 95%-Hble JOBEpPUTEbHbIE
rpaHuLpl, TO Mbl leNlaeM CcrefyloLlee yTBepXaeHue:

y —1»96sp<Cy <Cy -\-1 »96s-. (2.49)

Puc. 2.2. PacnpegeneHne 4acToT CyMMapHOro 3Haue-
HMA 200 NPOCTbIX CryYaliHbIX BblI6OPOK 06bema n—49

Mbl 3asBnsieM, 4TO NP MHOTOKpPaTHOM OT60pe MoAo6HbIE YTBepXAeHWS
6yoyT owmbouHbl TONbKO B 5% cny4vaeB. CnefoBaTesibHO, Mbl MOr/v Obl
CKasaTb, YTO HOpPMa/ibHas annpoKcumauns AOCTaTOUHO BEPHA, eC/IM Takue
YTBEPXKAEHNSA B JEACTBUTE/IbHOCTU OLIMOBOYHbI B 4—6% cny4daeB. Bbi6op
yncen 4 n 6 SOBO/IbHO NPOM3BO/IEH: HEKOTOPbIX MCChefoBaTeneil yaoB/eT-
BOPAIOT 1 60/1ee LUIMPOKKME Npesenbl.

M3yueHne TeOpeTUUECKUX pacnpefesieHnii, ob6nagarowmnx acummeT-
pueid, N pe3ynbTaTbl BbIOGOPOUHbIX IKCMEPUMEHTOB C peasibHbIMW acMMMET-
PUYHBIMK COBOKYMHOCTAMM JAlOT BO3MOXHOCTb CAeNaTb HEKOTOPble YyTBep-
XKOEHUS OTHOCUTENBHO TOr0, YTO 0ObIYHO MPOUCXOAUT C LOBEPUTENbHBLIMU
BEPOSATHOCTSAAIMM MpW 0T60Pe U3 MOSOXUTENIbHO aCUMMETPUYHBIX COBOKYM-
HocTeli. O6beM BbIGOPKWM MpeanosiaraeTcsa A0CTaTOMHO 60/MbLUMM, YTOObI

pacnpegeneHne y 06HapYyXMBasio HEKOTOPOe CXOACTBO C HOPMasibHbIM,
Kak Ha puc. 2.2. 3TN YTBEPXKAEHNA TaKoBbI:
1. YacToTa, C KOTOPOI OLUMOOYHO YyTBEPXKAEHME

y—196S6< Y < y+ 1,96s-,

006bI4HO 6o/bLUe 5%.
2. YacToTa , C KOTOPOIA

Y > Y+1 >96sj,
66

6orbLue 2,5%.
3. YacTtoTa, ¢ KOTOpO

y<y —1,96",

MeHbLLEe 2,5%.

B kauecTBe UNAKOCTPALMN PACCMOTPMM MEPEMEHHYIO Y, pacnpeseneHHYo
CTPOro no 6MHOMMaNbLHOMY 3aKOHY, TaK YTO TOYHOE pacnpegenieHne y MoXx-
HO MNoNy4YnTb M3 Tabnuy GUHOMWANBLHOrO pacnpefeneHns. MepemeHHas y
NPVYHMMAaET TONbKO fBa 3Ha4YeHWs: 3HadeHne h ¢ BepoATHOCTbIO P 1 3Hauve-
Hue 0 ¢ BepoAaTHOCTbIO Q. CpegHee ANnst COBOKyMNHocTM Y = Ph. B npocToii
Cny4yaiiHoli BbIGopKe 06beMa M OKasasiocb a efuHML, MMEHOLLMX 3HaYeHue
hnn — aeanHny co 3HayeHnem 0. N 3TOl BbIGOPKU

2y =alr; y=— ;
n

(n—1)s2= 2*/2—tiy2= ah2— ;
n

r_. s2 _ A2 a(n—a)

y n~~~n* n—1

CnepoBatenbHo, 95%-Hble 00BepUTE/bHbIE TpaHULbl ANA Y paBHbI
v+ [,96s-= -~- |a+ 1,961 / n (2-50)

Myctb n = 400, P = 0,1. Torga Y = 0,1 h. MNMogbupasa pasHble a, Ha-
X0AMUM, UTO NMpu a = 29 BblpaxeHue (2.50) gaeT 3HAYeHNe BEPXHeN rpaHun-
upl, paBHoe 39,18A/400 = 0,098/r, B TOo Bpems Kak npyv a = 30 nony4yaem
3HayeHue 40,34A/400 = 0,101/r. CnepoBaTenbHO, Npu M6bIX a ™ 29
BEPXHAS rpaHMLia OKasblBaeTCA CMLLKOM HU3KOW. AHaNOrm4yHo ycrtaHas-'
NvBaem, yTo Npm a ™ 54 HMXKHASA rpaHuLa CNNLLKOM BbICOKA.

MepemeHHasa a pacnpejeneHa no 6UHOMUasIbHOMY 3aKOHY npu n = 400,
P = 0,1. 3 Tabnny, (Harvard Computation Laboratory, 1955) cnegyer,
YTO BEPOSITHOCTM BbICKA3aHHbIX paHee YTBEPXKAeHWI 6yayT Crefyrowmmu:

Pr {ycTaHOBneHHas BepxHSA rpaHuua CAvWKOM Huska} = Pr(a< 29) = 0,0357
Pr {ycTaHOBNeHHas HWKHAS rpaHuMUa CAMLIKOM BbicOKa} = Pr (a > 54) = 0,0217

Pr {noBepunTenbHoe yTBEpPXAEHWE OLUINMGOYHO} 0,0574

O6Lan BepoOATHOCTb OLUIMOUTBLCA HeHaMHOro npesbiwaeT 0,05. B 6onee
yem 60% OLIMOOYHBIX YTBEPXAEHWUI WMCTMHHOE CpeAHee 3HadeHue 6GyaeT
6onblue, YeM BbIYUCNEHHAA BEPXHASA rpaHMLa.

HapgexHoro o6Liero npaswia 0 TOM, HACKOMbKO BENMKO AO/HKHO ObITb
M, 4To6bl MPU BbIYNCAEHUN [OBEPUTESIbHBIX FPaHMWL, MOXHO 6bl10 MpUMe-
HATb HOPMA/IbHYHO annpoKCMMaLMio, He CyLLecTBYeT. [na COBOKYMNHOCTEN,
B KOTOPbIX OCHOBHOE OTK/IOHEHWME OT HOPMa/IbHOCTU 3aK/II0YaeTCA B 3aMeT-
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HO MOMOXWTE/TbHOMN aCMMMETPUN, B HEKOTOPbIX C/iydadaXxX OKa3blBaeTCA

nonesHbIM rpy6oe npasuso
n> 25G?,

roe Gx— mepa acummetpum duwepa (Fisher, 1932),

Cr

3ro nNpaBnI0 NOCTPOEHO TakKMM 06pa3oM, YTO BEPOSATHOCTHOE YTBepXaeHne
Ha 95%-HOM [OBEPMTENBHOM YPOBHE OLUMOOYHO He 6onee yem B 6% cry-
yaeB. MaTeMaTMyeCKn OHO BbIBEAEHO B MPEANON0XeHUM, YTO B/IMSAHNEM MO-
MEHTOB pacrnpefenieHns y Bbillle TPETbEr0 MOXHO npeHebpeyb. [Mpegno-
YKEHHOE MPaBWU/I0 YYMTBIBAET TO/IbKO O6LLYI0 YACTOTY OLLUMOOYHBIX YTBEPX-
[EeHWA, HanpasfeHne OLWKOKM OLEHKN BO BHUMaHWe He NPUHUMAaEeTCS.

Bbluncnve 4N KOHKPETHOM COBOKYMHOCTU GX MW ee OLEHKY, Mbl MO-
XKEM MONYyYUTb NPUOVKEHHOE NpeAcTaBneHne 06 06beme BbIGOPKM, Heob-
XOAMMOM [/18 TOro, 4ToObl MNPV BbIYUC/IEHUM [OBEPUTENIbHBLIX TpaHuL,
MOXXHO OblfI0 MPUMEHUTb HOPMa/IbHYI annpoKcuMaumio. [osyvyeHHble
pe3ynbTaTbl HY)XHO MPOBEPUTL, €C/IM 3TO BO3MOXHO, MyTEM 3KCMEPUMEH-
TanbHOro otbopa.

Mpumep. B Tabn. 2.3 NpuBeAeHbl jaHHbIE O YMC/Ie aKPOB MOCEBHOI NJ10-,
waam Ha 556 depmax B rpapctee CeHeka LwiTata Heto-Mopk. JaHHble B3s-1
Tbl U3 CEPUN WCCER0BAHWUI, NPoBeAeHHbIX YacTom (West, 1951), KoTOpbIi]
MHOFOKpaTHO M3BMeKas Bbl6OpKU obbema 100 13 37O COBOKYMHOCTU U UC-3
cfefoBan pacnpefenieHns 4acTtoT y, S U ~-pacnpefeneHune CrblofeHTa Ans]
HECKOMbKMX Mpu3HaKe®, n3yvaeMblX MPU CeNbCKOX03ANCTBEHHbIX 06cie-'
LOBaHUAX.

Tabnuua 2.3

PACMPELENEHVE YACTOT UMC/IA AKPOB MOCEBHOWM M/IOWALN HA 566 ®EPMAX

pynnel no YcnosHas
BeNNuMHe no- YacToTa

I+ wkana «
CeBHOI nno- " Uwi h Y U

waas (B akpax)!

0—29 -0,9 47 -42,3 38,1 —34,3
30—63 0 143 0 0 0
64—97 1 154 154 154 154
98—131 2 82 164 328 656

132—165 3 62 186 558 1.674
166—199 4 33 132 528 2112
200—233 5 13 65 325 1625
234—267 6 6 36 216 1296
268—301 7 4 28 196 1372
302—335 8 6 48 384 3072
336—369 9 2 18 162 1458
370—403 10 0 0 0 0
404—437 n 2 22 242 2662
438—471 12 0 0 0 0
472—505 13 2 26 338 4394
NTor un 556 836,7 3469,1 20440,7

i)= = _N = .
E(yi)=Y i 1,50486;

E(Yb= -~ [~ = 623039

E(y?) = —°44° 7 = 36,76385;
(y?) a

02= £ (#?)—Y2- 3,97479;

- E{y,my )3= E (yJ)m-3E (y|) Y + 2¥3= 15.411;

OX— = 15411 =1,9.
a» 7,925

Mopagok BbluuciieHnii Cx nokasaH rnocse Tabnuubl. Bce BblYMCIEHMA
cfenaHbl Mo YC/TIOBHOW LUKasie U, TaKk KakK Gl — oTB/ie4eHHOe 4ncio, BO3-
BpawaTbCa K UCXOAHOW LiKase He 06sa3aTesibHO. OTMETMM, YTO Be/IMYMHA
NnepBoro MHTepBasia HECKO/IbKO OT/INYAETCA OT OCTa/IbHbIX.

Mockonbky Gt = 1,9, B Ka4decTBe MpennonaraeMoro MUHMMasibHOIoO
06beMa BbIOOPKM Mbl MPUHUMAEM

n= 25.(19a= 90.

Onsa BbI6GOPOK o0b6bema 100 Y3CT ycTaHOBW/, 4TO, A/1s1 paccMaTpMBaeMoro
npu3Haka (akpbl MOCEBHON M/OWaAM) HU pacrpefeneHune y, HU "-pacrpe-
feneHvie CTblOfigHTa He OT/INYAKOTCA 3HAUYMTE/IbHO OT COOTBETCTBYHOLLMX
TEOPETUYECKUX HOPMASIbHbIX PacrpesesieHNiA.

Ha npakTuke B 06pasLoBbIX BbIGOPOUHLIX MCC/EA0BAHMAX CTapaloTes
chenatb annpoKCUMauuio HopMasbHbIM pacripegenieHneM 6osee 060CHO-
BaHHOW. HenpaBOMepHOCTb TaKOW anmnpoKcyMaumu, Kak npasuio, cesizaHa
C TeM, YTO COBOKYMHOCTb COLEPXKMT 3/IEMEHTbI, CUIBHO OT/IMHAOLLMECS OT
OCTa/IbHbIX, U OHU OMpPedeNsatoT BbIGOPOUHOE CPefHee, eCv MonajatT B Bbl-
6opKy. Elle cunibHee BANSIHME 3TUX 3/1EMEHTOB CKa3bIBAETCS B YBE/IMUEHUN
AVCrepcrn BbIGOPKY U B YMEHBLLEHUM TOYHOCTW. T03TOMY BECbMa PasyMHO
OTOEMUTb WX OT OCTa/IbHbIX W WUCCNefoBaTh OTAE/bHO, BO3MOXHO MyTEM;
CMJIOLLHOIO HAG/I0AEHNS, €C/TN 3TU 3MIEMEHTbI HE C/IMLLIKOM MHOFQUUC/IEHHBI.
Takoe Bblae/ieHWe KpaiiHUX 3/1IEMEHTOB M3 OCHOBHOFO COCTaBa COBOKYMHO-
CTV YMEHbLUAET acMMMETPUIO U MOBbILIAET O0GOCHOBAHHOCTb HOPMasIbHOWA
annpoKcuMaumn. 3ToT MPUEM CAYXWT MPUMEPOM PacC/ioeHHOro 0T6opa,
KOTOpbIi paccmaTpuBaeTcs B 1. 5.

2.14. BJIMAHNE OTKNOHEHWA PACMPEAENEHVA OT HOPMAJIbBHOIO
HA BbIBEOPOYHYIO ANCMNEPCUIO

OfHO 13 NOCNeacTBMIA OTKIOHEHNS pacnpefenieHns reHepasibHON COBO-
KynHoctu (parent distribution) oT HOpPManbHOro 3aKMYaeTcs B TOM, 4YTO
BbIOOPOYHAsA ANCMEPCUS, S2, MOXKET 3HAUUTENBHO CUSIbHEE MEHATLCS OT Bbl-
60pPKN K BbIOOPKE, YeEM MOXHO 6bI/10 Obl OXXMAATL, Npegnonaras, 4To oTéop
NpoV3BOANTCA M3 HOPMasIbHO pacrnpefesieHHON COBOKYMHOCTU. [ns ntoboi
6eCKOHeUHOI COBOKYMHOCTM AMCNepCcUst S2415 CrlyyaiHbIX BbIGOPOK 06bema
n paBHa (Fisher, 1932):
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(2.51
n—1 n
MepBoe cnaraeMoe B 3TOM BbIpaXXeHWM MpeacTaBaseT co60i 3HaYeHW
avicnepcun s? 4na cnydvas, Korfja pacnpefiefieHne reHepasibHOW COBOKYIM
HOCTW HOpMasibHO. BTOpOR uneH xapakTepusyeT OTK/OHeHWE OT HOpMaslb
HocTW. BennumHa x4 npeacTaBnsieT coboii 4eTBepTbIi KYMyNsaHT duilep
(Fisher, 1932) n 3agaetcsa ¢opmysioi

E(yt - K)4- 3w

3aMeTMM, YTO acCMMMETPUS UCXOAHOr0 pacnpeaeneHns, nusmepsemas ¢ n
MOLLbIO GIt He BIMSIeT Ha YCTOMYMBOCTD S2: peLuatoLLiee 3HauYeHe NMEeT YeT
BEPTbIi MOMEHT FeHepasibHOM COBOKYMHOCTM. .

[na HopmanbHOro pacnpefenieHns KyMynsHT x4 paBeH Hynw. [
OPYTrUX pacnpegeneHuini OH MOXEeT MPUMHUMATb MONOXKUTENbHbIE N OTPYU
faTeflbHble 3HAYeHUs, HO 415 pacnpefesieHni, BCTPeUaoLWwmnxcs B NPaKTuK
BbIGOPOYHBIX UCCNEefOBaHWiA, X4, NO-BMAMMOMY, ropasfo 4Yallle OKasblBaeT-
€A NOMIOKUTENbHBIM, a /151 HEKOTOPbIX M3 HUX MOXET NPVHMMAaTb JOBOJIbH
60/bLUNE 3HAYEHUS.

BbipaxeHue (2.51) MOXXHO 3anucatb B BUie

L/ -

n—1V 2n a * ) n—1\ 2n )

roe Ga= mnd/o4 ectbhuiepoBa Mepa akcuecca (toe. cif). BenmumHa B ckobka,
BbIPaXKAET CTeNeHb BANAHUA Ha AUCMEPCUIO S2, 0KA3bIBAEMOro OTK/IOHEH e
0T HOpPMaIbHOCTU. OTMETUM, YTO 3TOT MHOXUTE/b MOYTU He 3aBUCUT OT ri
TaK YTO yKaszaHHOe B/IMAHWE COXpaHsAeTca Aaxke Npu 60MbLUMX BbIGOPKAX

Mo gaHHbIM Y3cTa 0 MOCeBHbIX MJowagax Ha gepmax (tabn. 2.3) B~
nnyvHa G 2 cocTaBngeT npubnunsnTensHo 6. Takum 06pasoM, BennyuH
F(s?) noutn B YeTblpe pasa 60/bLUe TOro 3HaYeHUs, KOTOPOe MoMy4ymsoc
6bl, ecnn 6bl MCXOAHOE pacrpegesnieHne Yucaa akpoB MO MoceBaMu CuUu
Tanocb HOpMasibHbIM. B CBOMX mccnefoBaHMAX Y3cT YCTaHOBW/I, YTO aH
NOTNYHOE M3MEHEHME MPOUCXOAMT C AUCMEPCUEN CPeaHero KeagpaTu4Ho-
OTKJ/IOHEHMS S MO TPEM NpPU3HaKaMm, KOTopble OH paccmaTtpusan. OTHOLLEH
V(S) K TeOpPeTUYeCKoi Ancnepcrmn s asst HOpMasibHOM COBOKYMHOCTW paBHS
nocb 3,7 4Ns 4yncna akpoB nog noceBamu, 2,1 — ans obuleii obpabaTbiBas
Moii nnowaan 1 ‘13,7 — ansa ycnoBHbIX eAVHNUL, NMPOU3BOANTENIBHOCTY TPRY
fa. (CornacHo Teopum 3TO OTHOLLEHME JO/MKHO ObITb NPUOAN3NTENBHO OAN
HaKOBbIM 4719 S U ANA s2.)

3Ha4eHMe 3TUX pe3yNbTaToB A1 NPaKTUYECKOro MPUMEHEHMS BbIGOPOY
HOFO0 MeTofa CBSI3aHO C TeM, YTO Mbl MHOrAA MOJIb3YEMCS 3HAYEHUSMU S2
yTOObI CPaBHUTb TOYHOCTbL OAHOIO0 MeToja 0T6opa C TOYHOCTBK LPYFO
NN OLUEHUTH 06bEM BbIOOPKK, HEOOXOAUMBIV ANA SOCTVDKEHWS >KenaTesb-

HOFO YPOBHSA TOYHOCTM Y (CM. /1. 4). Ansa 3Tux ueneid Nosie3Ho UMeTb He-
KOTOpPOe NpefcTaB/ieHNe O TOYHOCTM OLEHKWU S2, 0COBEHHO ecnn oHa 6blia
BblUMUC/IEHA MO BeCbMa CKyAHbIM [aHHbIM. Kak MnokasblBalT MoayvyeHuu
paHee pe3ynbTaTbl, MPUMEHEHME «HOPMa/IbHbIX» (HOPMY/T AN HAXOXAEHN
aucrnepcum s2 MOXET co3faTb 0YeHb 06MaH4MBOe Breyat/ieHue 06 YCTo
YMBOCTU S2
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YnpaxXHeHNd

2.1. Ansa coBokynHocTu ¢ N = 6 3HayeHusa yi paBHbl 8, 3, 1, 11, 4 n 7. Bbluuc-
NUTe BbIGOPOYHOE CpefHee Yy ANS BCeX BO3MOXHbIX MPOCTbIX CAyYaiHbIX BbIGOPOK

o6bema 2. MpoBepbTe, UTO y NpeAcTaBsieT co60l HECMELLEHHYIO OLEHKY Y U YTO ee
aucriepcus coBnafiaeT ¢ yKasaHHoO B Teopeme 2.2.

2.2. nA TOW Xe COBOKYMHOCTW BbIYMCANTE S2 4151 BCEX MNPOCTbIX CAyYaliHbIX
BbIOOPOK 06bema 3 1 NpoBepbTe, UTO E (s = S2.

2.3. Ecnv 13 Toil Xe COBOKYMHOCTM NyTeM 0T60pa C BO3BPALLEHVEM WU3B/EKAKOTCA

BbIGOPKM 06beMa 2, MOKaXMWTe, Haligs BCe BO3MOXHble BbIGOpKY, 4To V(Y) yaoBneT-
BOPSIET YpPaBHEHUIO

""JKriL

n n N

2.4. TpocTasa cnyvainHas Bbi6opka 06beMoM B 30 AOMOX03AIACTB Oblna oTo6paHa
13 TOPOACKOro paioHa, cogepxalero 14 848 fomMoxo3ancTs. Uucna nuu 4ns KaXaoro
[OMOX0351iICTBa B BbIGOPKE crefytoLme:

56,3,3,2,3,3,3,4,4,3,2,7,4,3,5,4,4,3,3,4,3,3, 1, 2,4,3,4, 2, 41
OueHunTe o6Lyee YMCNo Mof4eil B palioHe U BbIUACANTE BEPOATHOCTb TOrO, 4TO 3Ta™
OUeHKa HaxoauTcst B npefenax * 10% WCTUHHOrO 3HaYeHUs.

2.5. Tpn n3y4yeHUN BO3MOXHOCTM NPUMEHEHUS BbIGOPOYHOro mMeToda ANSA yuyeTa]
TOBapoOB Ha CK/afe NPou3BeNn MoAcyeT CTOMMOCTM TOBApOB Ha Kaxpaolh m3 36 nonok!
CK/IafCKOro nomelleHns. MonyyeHbl cnefytolimMe OKPYrfeHHble A0 LenblX A0N1apoB-
3HaYeHus: - <

29, 38, 42, 44, 45, 47. 51, 53, 53, 54, 56, 56, 56, 58, 58, 59, 60, 60,
60, 60, 61, 61, 61, 62, 64, 65, 65, 67, 67, 68, 69, 71, 74, 77, 82, 85.

OueHKa CyMMapHOro sHauyeHus, chenaHHasa no Bbl6opKe, LOMKHA OblTb TOYHON B Npe-
fenax 200 gonn., 3a UCKOYEeHNEM OfHOro cnydasa u3 20. SKcnepT cUNTAET, 4TO A/18
3TOr0 JOCTATOYHO B3ATb NPOCTYHO CAyyalriHylo BbI6OPKY 06bEMOM B 12 nonok. Cornac-
Hbl 11 Bbl C HUM?

2y = 2138; 242= 131 682.

2.6. Mocne Toro Kak Bbl6bopKa, NpuBeaeHHas B Tabn. 2.1 (c. 42), bbina nonyde-
Ha, NOACUMUTaNIN YMUCO MOSTHOCTLIO 3aMOSIHEHHbIX IMCTOB (Kaxabli ¢ 42 nognucsimu),
OHO 0Ka3asocb paBHbIM 326. M0Mb3ysiCb 3TVMU CBEAEHVAMMW, MOMYUUTE YNYULLEHHYHO
OLIeHKY 06LLero uncna nognuceldi U HanguTe cTaHAAPTHYHO OLUMGKY Ballell OLEHKMN.

2.7. W3 cnucka 468 HebonblUMX ABYXIOAUYHBIX KOMeMKel Gblna B3siTa npoctas
cny4aiHas Bbli6opka ob6bemoM B 100 Konnemkeli. B Bblbopke 0kasanocb 54 rocypap; 1
CTBEHHbIX H 46 4acTHbIX Konnemxkeid. [aHHble 0 yucne CTygeHToB (Y) U uucne npeno-
faBaTeneit () NoKasaHbl B crieayroLwein Tabnmue:

Konnegxu n Xy
["ocygapcTBeHHble 54 31281 2024
YacTHble 46 13707 1075
Konnempxun 2y2 hyx Bx2
["ocygapcTBeHHbIe 29881219 1729349 111090
YacTHble 6366785 431041 33119

(@) Ona Konnemkeli Kaxnoro TWMa OLEHUTE OTHOLLIEHWE YKUCNa CTYEHTOB K uumciy

npenogaeateneii, (6) Bblumcnute cTaHAapTHble OWWMOKM Bawwmx oueHokK, (B) Mo Y

[JaHHbIM  ANns  rocyfapCTBEHHbIX Konnemkeld  Haingute 90%-Hble [OBEPUTESIbHbIE
rpaHvUbl 4151 OTHOLLEHWSI CTYAeHTbI/MPenofaBaTenin BO BCEA COBOKYMHOCTM.

2.8. B npefblayluem npriMepe NpoBepbTe Ha 5%-HOM YPOBHe 3HAUMMOCTM, 6yaeT
NN OTHOLLIEHWE CTYAEHTbI/MPENoAaBaTeNn CyLeCTBEHHO PasiMyaThes Ans ABYX TUMOB
KONeMXKeN.

2.9. [nA rocyfapCTBEHHbIX KOJIELKEN oueHWUTe 06LLee YMC/o NpenofaBaTesneii:
(@) ecnu n3BECTHO, UTO 06LLEE YMC/IO FOCYAAPCTBEHHbIX KOIELKEN B COBOKYMHOCTM
paBHo 251; (6) He 3Has 3TOro uvcna. B 060MX cry4yasix BbIMUC/UTE CTaHAAPTHYH
OLUMOKY Balleil OLEHKM.
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2.10. [Oanee B Tabnuue ykasaHo Uncio XuTeneii B Kaxgom u3 16? amepiikiinc
ropofoB, HacunTbiBaBwNX B 1940 r. 6onee 50 OQODHaceneHus. Bblumcnnte craHga
HYI0 OLUMGKY OLeHKM 06LLero uncna xuteneii Bo Bcex 197 ropofax Ana cnegytoLy,
BapuaHTOB 0T60pa: (a) mpocTas cnydaiHasa Bbl6opka o6bemom B 50 ropogos; (6) B
60p Ka, BK/YaLWasa NATb KPYMHENLWNX FOPoA0oB Y KPOMe TOro NPOCTYH Cy4daniHy
BbI60PKY 06beMOM 45 13 ocTaBLumxcs 192 ropogos; (B) Bbl6OpKa, BKAKOYAOLLAA AeBU
KPYMNHeALWNX FOpoAoB M MPOCTY CNy4aiHyt BbI6OpPKY 06bemMoM 41 M3 ocTaBLUMX
ropofos.

PACMPELENEHVNE YUACTOT BE/VYUHbLI FTOPOAOB

Mpynna no Be- Ipynna no Be- rpynna no Be-

NN4unHe ropoga Yactota f  nmuuHe ropoga Yactota f  nuyumue ropoga  Yactota f
(TeIC. XUTenen) (TeIC. XUTenen) (TbiC. XunTenen)
50—100 105 550—600 2
100-150 36 600—650 1 1500—1550
150—200 13 650—700 2
200—250 6 700—750 0 1600— 1650
250—300 7 750—800 1
300—350 8 800—850 1 19007-1950
350—400 4 850—900 2
400—450 1 900—950 0 3350—3400
450—500 3 950—1000 0
500—550 0 1000—1050 0] 745077500
>

. O3Ha4aeT nponyckK WMHTepBasa.

2.11. Bbluncnute KoahuumeHT acummeTpumn Gt 715 MCXOLHOW COBOKYMHOE
1 ANS COBOKYMHOCTW, OCTatoLlelica mocne yaaneHus (a) nATM KpynHeAnX ropojgo
(6) peBATM KpPyMHeMLWwmMx ropoaos.

2.12. Hyxwo nposecTu HebonbLLOe 06CnefjoBaHVe AN CPABHEHUA AOMOBaAeN
LeB C KBapTMpOHaHMMaTensMu. B coBOKYyNnHOCTU NpubnunsnTenbHo 75% fomoBnagen
ueB 1 25% cbemMlMKOB. lMpeanonaralT, 4YTO 418 HEKOTOPOro npusHaka gucnepcu

coCTaBseT NPU6AM3NTENLHO 15 Kak A5 AOMOBafeNnbLeB, TaK U NS HaHumatene'

CTaHfapTHas oLnbKa pasHOCTU CPefHUX AN 3TUX ABYX 06/1acTeil N3yyeHUs He Jon
Ha npeBblwaTb 1. Kakoro obbema go/mkHa ObITb Bbi6OpKa: (a) ecnn 4mMcno fOoMOBN
[lenbLeB N HaHMMaTenel N3BECTHO 3apaHee, A0 M3B/eYeHUs BbIGopKM, (6) ecnm ono
N3BECTHO 3apaHee. [nsA (6) JOCTATOYHO NOAYYMTb NPUOGMVDKEHHbIV OTBET; A1 N
YeHMS TOYHOro OTBeTa HYXHbl Tabnuubl 6MHOMMWA/ILHOTrO pacnpejeneHus.

2.13. W3 coBokynHocTM obbema N nyTem BO3BpaTHOro otbopa nosyyeHa npocT
cnyyariHasa Bbl6opka obbema 3. MoKaxnTe, 4TO BEPOSATHOCTM TOr0, YTO Bbl6OpKa cofe
XWUT 1, 2 1 3 pa3iMyHbIX eguHnLbl (Hanpyumep, aaa, aab, abc cOOTBETCTBEHHO), pasu

P _ 1 r 3 A -1 r (N—1) (N —2)
1 N' a N2 73 Na
B KauecTBe OLUEHKM Y Mbl NPUHMMAEM y' — HeB3BeLLeHHOe cpeaHee Mo pasn

HbIM eMHMLAM BbIGOPKMW. [MOKaXuTe, YTO CpedHee 3HaueHue AuUcnepcun y' pas
(2N—1)(N—1)S2

V(y)=

(¥ BV

ﬂ'ﬂﬂ AOoKasaTe/lbCTBa 3TOro YTBEpPXAEHUA AOCTaTOYHO, Hanpumep, nokKasaTb,
N—2 ar—3

VCy')=s”MJNY ~ Px+
v 2N * 3N 4
BbiBegnTe oTctoga, uto V (y') < V (y), rae ¥ — 06bl4HOe cpefiHee Mo M Ha

[eHnsiM B Bbl6opke. HepaBeHcTBO V (y') < V (y) ansa nw6oro n > 2 6bi10 goka
Pampkem n Xamucom (Raj and Khamis, 1958).
2.14. OBa 3y6HbIXx BpadYa A n B npoBogAT o6cnegoBaHMe COCTOSIHUA 3
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y 200 peTel HeKoTopoW fepeBHU. [-p A o0To6pan NpPOCTYH CAyYaiHyr BbIGOPKY,
BK/IOYatolLyto 20 AeTeil, U NOACUMTAN YMCIO UCMOPYEHHbIX 3Y60B Yy KaXaoro pebeH-
Ka, MoMyuyuB cnegytolme pesynbTaTbl:

Uncno mcnopyeHHbIX 3y60B
Ha 0AHOro pebeHka 01 23456171829 10
Unucno peten 8422110001 1

[-p B, N0onb3ysacb TEMU XX CTOMATO/IONMYECKUMWN MeToAammn, ocMoTpesn Beex 200
[eTell, NPOCTO OTMeYas Tex, Y KOro He 6b1/10 MCNOPUYEHHbIX 3y60B. Yuncno Taknx getei
OKasasiocb pasBHbIM 60.

OueHNTe CyMMapHOe Y1C/I0 UCMOopYeHHbIX 3y60B y feTeli aTol fepeBHU: (@) NOMb-
3ysiCb TO/IbKO pe3ynbTaTamu A; (6) nonb3ysacb pesynbTaTamu H A n B; (B) 6yayT nn
3TH OLEHKM HecMelleHHbIMU? () OT Kakoli OLeHKM Bbl 0XKugaeTe 60/bLUeit TOUHOCTU?

2.15. KomnaHus cobupaeTcsa NpoBecTy 0npoc, Moay4mMB NPoCTYHo CAyYaiHyto Bbl-
60pKy nuu, paboTatoLmx Ha ee NpeanpuaTuaX 6onee NATY neT. Ha nposefeHWe onpo-
ca accMrHosaHo 1000 gonn., CTOMMOCTb ONpoca OAHOro YenioBeka coctasnseT 10 gonn.
OTgenbHOro cnucka padoTtatoLmx 6osee NATU NeT He cyulecTByeT. CTOMMOCTb COCTaB-
neHus Takoro cnucka 200 gonn. KomnaHus MOXET: (a) cocTaBMTb CNMCOK paboTato-
lwmx 6onee NATU NeT M ONPOCUTL BCEX MOMABLUMX B MPOCTYHO CAy4aiHy BbI6OPKY 13
3Toro cnucka, (6) nNonyynTb NPOCTYH C/y4daliHyt0 BbIGOPKY BCeX paboTarolmx W on-
pocuTb TOMbKO paboTatoLmx 6onee NATU NeT. CTOUMOCTbIO HeonpaBAaHHOIo BKJ/IOYe-
HUS B BbIOOPKY paboTaloLmx MeHee NATU /IeT MOXKHO MpeHebpeYb.

MoKaXunTe, 4YTO NPX BbIYUCIEHWUM OLEHKN CYMMapPHOro 3Ha4eHUs1 HeKOTOPOro npu-
3HaKa AN COBOKYMHOCTU UHTEPECYHOLWMX KOMMNaHWI0 paboTHWMKOB- NaaH (a) obecneyn-

BaeT MeHbLUYO Agucnepcuto, Yem nnaH (6) Tonbko npu Vj < AT/Q/, rge V] — koagp- ‘v J

(DUMMEHT BapuaLM U3y4aemMoro npusHaka Cpein WHTEPECYLWUX KomnaHuio paboT-
HVMKOB U Qj — f0oNa paboTarowmx MeHee MATU NeT. MKC He yuuTbIBaiiTe.
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FMTABA 3

OTBOP ANA OLEHVBAHWA
NONEN W MPOLEHTOB

3.1. KAYECTBEHHbIE NMPU3HAKW

MHorga mbl XOTUM OLEHWTb 06LLee 4ncno, SO WAN MPOLEHT eauH
COBOKYMHOCTU, 06/1afalolLmX HEKOTOPbIM MPU3HAKOM WM CBONCTBOM
XK€ OTHOCALLUMXCA K HEKOTOPOMY OMnpeAesieHHOMY Knaccy eavHuu. B
KOM Bufe 00bIYHO Ny6aMKyeTcs 6o/blias 4acTb pesy/bTaTtoB Mepenu
n o6cnefoBaHUn, Hampumep 4Mcno 6e3paboTHbIX, MPOLUEHT >KuTenei
YPOXEHLEB AaHHOW MeCTHOCTM W T. 4. Takaa Knaccuuvkaumss Mor
ObITb BBefeHa HemnocpefCTBEHHO B OMPOCHbIM JIMCT MyTeM MOCTaHo
BOMPOCOB, Ha KOTOPble HYXHO OTBeYaTb MNPOCTbIMM «fa» WU «H
B gpyrux cnyyasax UCXogHble pesynbTarbl HabM4eHUa UMmetoT 6onee
MeHee HenpepbIBHbIV XapakTep U Knaccuukaums nponssBoguTca npu ¢
Ke W TpynnupoBKe [aHHbIX 06cnefoBaHMs. Tak, Mbl MOXEM Pernctpu
BaTb BO3PacT OMpaluvMBaemMblX C TOYHOCTbIO A0 roga, Ho ony61vMKoB
MPOLIEHT HaceneHWs B Bo3pacTe 60 neT u cTapLue.

O603HaueHus1. MpegnonoXum, YTo BCe eAUHMLIbI B COBOKYMHOCTM OT
CATCA K 0fHOMY M3 ABYX KnaccoB C n C'. O603Ha4YeHNS UMEIOT BUA:

Uwncno eguHny, knacca C
B COBOKYMHOCTW B BbIGOPKe

A a

Oona egnHuy knacca C
B COBOKYMHOCTU B Bbl6opKe

P = A/N p = a/n

Bbl6opo4HOIi OLEHKO P cny>XuT p, a BbIGOPOYHOM OUEHKON A cny
Np wam Na/n, B cTaTUCTMYECKON MpakTUKe Mpy PacCMOTPEHMMU Oir
TMMNa aun p 4acTo NpumeHsieTcs 6uHOMManbHOe pacnpegenieHune. Kak
YBUAMM, B C/lydae KOHEYHbIX COBOKYMHOCTEA HYXXHO MPUMEHATL U
reoMeTPpUYeCKoe pacrnpefenieHne, XoTa 6MHOMUaNbHOE pacnpesesieHmne
00bI4YHO Y[I0B/IETBOPUTENIBHOE MPUB/IKEHME.

3.2. ANCMNEPCUIN BbIBOPOYHbLIX OLIEHOK

Ona Toro ytobbl NPUMEHUTb B pPacCMaTPUBAEMOii CUTyaUMn Teop
[lOKa3aHHble B I/. 2, MOXHO BOCMO/Ib30BaTbCS C/ieAyOLMM MPOCTbIM
emMoM. [/1s1 KaXaoi eanHMLUbl B BbIGOPKE UM COBOKYMHOCTU MOJIOXMN'

paBHbIM 1, €C/M eAMHULIA OTHOCUTCA K Knaccy C, 1 0, ecniv oHa OTHOCUTCS
K C'. [lnsa Takoii COBOKYMHOCTM 3HAUEHWUI Y T OUEBUAHO, UTO

Y=2lyi= A; (3.2)
1

Y= —= — =P, (3.2)
\"

AHAMOMMYHO AN BbIGOPKY

=—-+— = -= - 3.3
y - =P (3.3)
CnepoBaTenbHo, 3agadvy oueHmMBaHuUA A u P MOXHO paccmaTpuBsatb
KaK 3agady OLeHMBaHWA CYyMMapHOro 1 CpefjHero 3HaudeHWid AN1S COBOKYM-
HOCTW, B KOTOPOI Kaxkaoeyt paBHo m6o 1, nn6o 0. Ans Toro utobbl npumve-
HUTb TeopeMbl /1. 2, BbIpa3uM cHavana S2 1 s2 yepes P 1 p. 3ameTum, 4TO

= N1= AyN —a—np.
1 1 L%
CnepoBaresnbHo,
i<iVi-Y)2
_ 1 J __
N—1 N—J
=-A=T (NP~ NPM= 7TTT PQ’ ’34)

rge Q = 1— P. AHanornyHo

§2= —-rommm oeee- =—V_ po- (3-5)

Mpn npocTom cny4yanHoM 0T60pe efuHUL, KNacCUPULMPOBAHHbIX YKa-
3aHHbIM 06pa3omM, NprMeHeHue Teopem 2.1, 2.2 1 2.4 K TaKoii COBOKYMHOCTHU
[laeT cregyloLmne pesynbLTaThbl.

Teopema 3.1. Bbi6opouHasa gons p —aln ecTb HeCMeLLEeHHas OLeHKa
fonu ana cosokynHoctu P = A/N.

Teopema 3.2. [iucnepcus p pasHa:

(3-6)

MocnefHee paBeHCTBO MO/IyY4aeM Ha OCHOBaHUKM (3.4).

CnegctBue 1. Ecnv p U P eCTb COOTBETCTBEHHO /15 BbIGOPKW 1 ANSA CO-
BOKYMHOCTWU NPOLEHT eAMHUL, OTHOCALMXCA K Knaccy C, To ansa gucrep-
CUM P MPOLOJIKAET BbIMO/HATLCA PaBeHCTBO (3.6).
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Cnepcteme 2. Awncnepcusi A — Np, OUeHKM o06wero ymucna egu*
knacca C, paBHa:

Y 0)= *1£2 . (_£=r\ (3
n VN—I j

Teopema 3.3. HecmelleHHas oLeHKa AMcriepcun p no AaHHbIM BbI60
eCcTb

v(p)=%=— " pq. @3
(n-1)N
JokaszaTenscTBo. B cneactsum n3 Teopembl 2.4 6b110 NMOKa3aHo,
NS HENpPepbIBHON NEPeMEHHON yt HECMELLEHHON OLEeHKOW Ancnepcum
6OpOYHOro CpefHero y CayxuT
L,ra=/1 -H-Tr1b (3.
n N

Lns oueHnBaHWA fonei ponb y wrpaet p, uB (3.5) Mbl NOKasraun, 4To

$2= —=pq. 0.
CnepoBatesnbHo,
= ?: ~__N___—_I'I
vp) = sf= =0 pg

OTclofa BbITEKAEeT, UTo ecit N OueHb BE/IMKO MO OTHOLUEHUIO K T,
UTO MKC MOXHO MpeHe6peyb, TO HECMELLEHHO OLEHKOI aucnepcun p Gy.

Py
n—1

HekoTopbIX 4yMTaTeneil 3TOT pe3ynbTaT MOXET CMYTWTb, MOTOMY 4TO
NpakTUKe 415 OUEeHKM AWCMEPCUN MOYTU BCErga MPUMEHSIeTCS Bblpax
pafn. B geiicTBuTENbHOCTU pPg/n He ByAeT HECMELLEHHOW OLEHKOM fgaxe
6EeCKOHEYHON COBOKYMHOCTMW.

CnegctBue. HecmelleHHOM oueHKoi gucnepcun A = Np, OLEHKM
WEero Yyncna eguMHUL, B COBOKYMHOCTM, OTHOCAWMXCA K knaccy C, cny

v(A):*h-"Zn:Hl—m. p/

Mpumep. MpocTas cnydvaitHas Bbl6bopka o6bemom B 200 chammnnii
HeKoToporo cnucka 3042 cdamunuii 1 agpecoB nokasana npu uccnef
HUK, 4TO 38 afgpecoB HesepHbl. OUEHUM 0O6Llee YMUCO afpecos Crhu
HY)XXZaloLWmnxcs B WCMpaBNeHUU, U Halgem CTaHAapTHYK OLMUBKY
OUEeHKKN. Nmeem

N = 3042; n = 200; a = 38; p = 0,19.
OueHKa 06LLero yncna Hernpasu/bHbIX afpecoB paBHa:
A = Np = 3042 0,19 = 578,
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sa - /3042 +2842+0,19-0,81/199= V 6685 = 81,8.

MocKonbKy A0na oTbopa cocTaBnseT MeHee 7%, NKC BAUAET HE3HAUUTEb-
Ho. [na TOro 4Tob6bl NCKNKOUUTL ee, noacTaBum N BMecto N — n. Ecnu,
KpOMe TOro, Mbl NOACTaBMM M BMeCTO N — 1, TO monyymm 6onee npocTyto

thopmyny
sNp= n Y pqln= 30421/0,19+0,81/200 = 84 4.

JTO0 3HauyeHWe [0BOMbHO XOPOLLO cOrfacyetca ¢ NpefblaywmMm pesyib-
Tatom 81,8.

MonyyeHHble 4Na gucnepcun U A0S OLEHKW Jucrnepcum p Qopmysbl
crpaBsefAnvBbl TONIBKO AN cnyyad, Korga no knaccam C mn C' pacnpegens-
I0TCA CaMU eAMHULbI, TAK YTO P MPeAcTaBaseT cOO0M OTHOLWEHME Yucna ean-
HuL Knacca C B BbIGOPKe K 00LeMy YnCny eMHNUL, B BbIOOpKe. Bo MHOrmnx
06cnefoBaHUsX Kaxpaas eamHuua otbopa obpasoBaHa HEKOTOPOWM rpynnoi
3MIEMEHTOB, M KNAaCcCU(PMLMPYIOTCA UMEHHO 3TU 3/1eMeHTbl. MNpuBegem He-
CKOJ/IbKO MPUMEPOB.

EanHnua otbopa 3nemMeHTHI
Cembst YUneHbl ceMbyn oo, -
PecTtopaH PaboTHUKM pecTopaHa

Kop3uHa ¢ siiuamm
MepcrkoBoe fepeBo

OTaenbHble siila
OTgenbHble MepcuKu
i

[nsa cnydyas, Korga u3BfieKaeTcsa npocTas clydvaiHas Bbl6OpKa efuHuL,
4TO6bl OLEHUTb O P 31eMEHTOB COBOKYMHOCTM, MPUHAANeXalmnx Knac-
cy C, npegplgylive dhopmMynbl He npumeHUMbl. COOTBETCTBYIOLLME METOAbI
paccmaTpuBaloTca B naparpadge 3.12.

3.3. BINAHNE P HA CTAHOAPTHbLIE OLLUMBKN ~

f
dopmyna (3.6) NokasbiBaeT, Kak MeHsSeTCcsl AUCNepcus OLEHKN NpPOLEH-
Ta C U3MeHeHMeM P npu HemameHHbIX N U N. Ecnum npeHebpeyb MKc, $T0
nMeem el

V()= —

3HaueHua QyHKumMM PQ ¥ KBafpaTHOro KOPHA W3 Hee MPUBELEHbI
B 1abn. 3.1. 3TN hyHKUMN MOXKHO paccMaTpmBaTb COOTBETCTBEHHO KakK Anc-
Mepcuio 1 cpefjHee KBaapaTU4HOe OTK/OHeHue Ans Bbi6opkn obbvema 1.

Tabnuuya 3.1

3HAUEHUS PQ U ~)i-pQ
P — NPOLEHT eAVHWL, COBOKYMHOCTM, OTHOCAWMUXCA K Knaccy C

p 0 10 20 30 40 50 60 70 80 90 100
PQ 0 900 1600 2100 2400 2500 2400 2100 1600 900 0

V-PQ , 30 40 46 49 50 49 46 40 30 0
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O6e (yHKUMM NpUHMMAOT Hambosbllee 3Ha4YeHWe, Korga COBOK
HOCTb MOPOBHY pasfefieHa Ha ABa Kiacca, U CUMMETPUYHbI OTHOCUTEN
Takoro pasbueHns. CtaHgapTHas oLMbKa p MEHSAETCS CPaBHUTENTbHO M-
ecnn P 3akmodeHo mexay 30 u 70%. Npn mMakcumMasibHOM 3HayeHun V
paBHoM 50, 4N TOro 4to6bl YMEHbLUNTL CTaHZAPTHYH OLINOGKY BbI6GO
00 5%, Hy>xHa Bbloopka o6bema 100. 1A TOro 4tobbl MOMYYUTL CTaH/
HYIOpLWNG6KY 1%, Hy)KHa Bblbopka o6bema 2500.

/" Ecnn Mbl 3anMHTepecoBaHbl B TOM, YTOObl OLEHWTb 0O6LLee YnCcno eam
(COBOKYNHOCTK, OTHOCALWMXCA K Knaccy C, TO Takoil nogxogd Hernpurof,
B sTom cnydyae 60nee ecTeCTBEHHO 3a4aTbCA BOMPOCOM: BGyAeT nn oue
OTKJ/IOHATBCSA OT UCTMHHOIO YNCAA eAMHUL, CKaXeM, He 60/ee Yem Ha 7
MoaTomy nydlle paccmaTpvBaTb CTaH4apTHYHO OLWIMGKY, BbIpasuB ee

Y0110 WM NPOLIEHT UCTUHHOIO 3HayveHud, NP. Takaa fong pasHa:

UNp N~\/PQ i/~ N-n 1 if Qif N-n
NP ynNP Y N - yn [ PV nN-10

3Ty BENNYUHY Ha3bIBalOT 06bIYHO KO3(W(PUUMEHTOM Bapuauum Ouge.
Ecnun npeHebpeyb NKC, TO 3TOT KO3hpMUMEHT byaeT paBeHY~AQINP. 3H

HMA OTHoWweHns VQ/P, KOTOpble MOXXHO paccMaTpuBaTb KaK 3Hau-
KoahhmumeHTa .Bapraumn ons BbIOOPKM 06bema 1, NpuBefeHbl B Tab/.

Tabnuuya 3
SHAYEHNA Y I p ANA PA3HbIX 3HAYEHUW P
/ P — npoueHT efuHML, COBOKYMHOCTU, OTHOCALWMXCA K knaccy C
0 0,1 0,5 1 10 20
V qlp 31,6 14,1 9.9 4,4 3,0 2,0
30 40 50 60 70 80 90-
VQ/p 1,5 1,2 1,0 0,8 0,7 0,5 0,3

MNpn HeM3MeHHOM 06beMe BbIGOPKM KOIMPULMEHT Bapmauum oue
06LLLEro Yncna efmMHnL, oTHocAWMxXca K knaccy C, MOHOTOHHO ybbliBaeT
Mepe TOro, KakK WCTWHHbIA MNPOUEHT eanHUL, Knacca C yBenmuuBae
Korga P coctaBnsetr meHee 5%, KO3(h(MLUMEHT 3TOT A0BOSIbHO Be
[Ona Toro yutobbl TOYHO OLEHUTH YMCNO efMHML, COBOKYMHOCTW, 06nag
WMX KaKUM-NNMOBO pefiKMM CBOMCTBOM, HYXXHbl O4YeHb 60sbLLME BbIOO;
Mpn P = 1%, yT06bl YMEHbLUNTL KO3((MLMNEHT BapuaLnmn OLEeHKN L0
nnn 10%, Mbl O/MKHbI MMeTb Y n = 99. DTo TpebyeT o6bema Bbl6O
paBHoro 9801. lNMpocToli cny4anHblii 0TOOP MAN KaKor-nnbo Apyroi
co6 oTbopa 06LLero xapakrepa 6yaeT C/AMLIKOM AOPOroCTOSALMM Me
OLIEHKIM 06LLIEr0 Yncna eauHuL, 06nagaromx KakuMm-moo peaknum np
KOM.
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3.4. BMHOMWAJIbHOE PACTIPEAENEHNE

lMocKonbKYy B paccMaTpyMBaeMOM C/lydae COBOKYMHOCTb MMEET OYeHb
npocToii xapakTep, Bce yt paBHbl b0 1, nMn600O, Mbl MOXEM HaATW He
TONbKO CpefiHee 3HAYeHWe W [UCNEPCUID OLEHKU p, HO W (PaKTUYeCKoe
pacrnpefeneHne 4acToT 3TON OLEHKW.

COBOKYMHOCTb cogepXuT A eamHul knacca C Kk N — A eguHuy, knac-
ca C’, npuuem P = A/N. Ecnu nepBast n3B/eYeHHasi eagnHMLLA OTHOCUTCA
K C, TO B COBOKynHoCcTM ocTaHeTca A — 1 egmHuny, knacca C K N — A
Knacca C'. Takum o6pasom, fons egmHuL, Knacca C nocse nepBoro n3ese-
YEHMS] HECKO/IbKO W3MEHMUTCA M CTaHeT paBHoi (J1 — 1) f(N — 1). Ecnm
XXe rnepBas n3B/jeveHHasa egmHuMua otHocuTea K C', 1o fond egmHuy, knacca C
cTaHeT paBHoit Al (N— 1). MNMpwn oT60pe 6e3 BO3BpALLEHNS 3Ta A0S MEHSIET-
CA CXOAHbIM 06pa3oM B Te4yeHMe BCeW MOC/eA0BaTE/IbHOCTU W3B/IEHEHWIA.
B faHHOM naparpade Takne U3MEHEHUNS He yUnTbIBaKTCA, T. €. P cunTaeTcs
MOCTOSAHHBIM. 3TO 3KBMBAJIEHTHO MPELNOoNOXKeHMN0 0 TOM, UTO Kak A, Tak
HN — A Be/IMKM N0 CPaBHEHWUIO C 06EMOM BbIGOPKM M.

Mpu TakoM NpeanosioKeEHNUN MPOLLECC M3B/IEYEHUA BbIOGOPKU COCTOUT
13 MOCnef0BaTe/IbHOCTU M UCMLITAHUIA, B K&XXAOM N3 KOTOPbIX BEPOATHOCTb
TOro, UTO U3BJIEYEHHAA eAMHMLLA OTHOCUTCA K Kiaccy C, paBHa P. Otcroga
BbITEKAET, YTO UNC/I0 efMHuL, Knacca C B BbIOOPKe MNOAYMHSAETCS 3HAKOMOMY
HaM 6UHOMMaNIbHOMY pacnpefiefieHN0. BepoAaTHOCTbL TOro, 4YTO BbIGOpKa
COAePXUT a efuMHMUL, kKnacca C, paBHa

N — -t
Pr(a) . («—o)lPa<'» / (3.13)

Mo aToli hopmyne MOXHO COCTaBUTb TabnuLUbl pacnpefesneHns 4YacToT
a, um p = aln, nnn oueHkM obLLero ymcna eguHuL, Np.

CyuecTByeT TpU NOAX0AALWMX cbopHUKa Tabnuu*. Bo Bcex Tabnuuax P
npueegeHo 4epe3 mHTepsan 0,01. Tabnuubl cocTaBneHbl ANS CheayoLwmnx
3HaYeHU .

Tabnmupl Bropo CtaHgaptoB CLUA (U.S. Bureau of Standards, 1950):

n=1 (1)49, 1. e. npoberaeT 3HayeHNs oT 140 49 yepes nHTepBan 1.

Tabnuuybl Pomura (Romig, 1952): ’

n = 50 (5) 100.

Tabnmupl [MapBapAcKoi BblYMC/UTENbHOM nabopatopun (Harvard
Computation Laboratory, 1955):

n = 1(1)50(2)100(10)200(20)500(50)1000.

* Tabnuubl 6MHOMWANBHOIO pacnpejenieHns MMEeKTCA, B YacTHOCTU, B Cefyto-
LWMX N30AHUAX Ha PYCCKOM fA3blke: Bonbwee JI. H, CmwupHos H. B.
Tabnuupbl maTemaTudeckoit ctatuctukn. M., BL, AH CCCP, 1968, c. 346, 347.

n= 5() 30.
P = 0,01; 0,02 (0,02) 0,10 (0,10) 0,50.

MocTtennep &, Pypke P.,, Tomac [x. BepoatHocTe. M., «<Mup».,
1969.

n= 2(1) 25.
P = 0,01; 0,05; 0,10 (0,10) 0,90; 0,95; 0,99 — lMpumeu. pea.
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3.5. TMNEPTEOMETPUNYECKOE PACIMPELE/NEHNE

PacnpegeneHne p MOXXHO HailTK 1 6e3 NPesnoN0XKeHNs 0 TOM, YTO COBO-
KYMHOCTb Be/iMKa N0 CPaBHEHMIO C BbIOOPKOW. MyCTb Yncna eguHnL, B CO-
BOKYMHOCTM, OTHOCALWMXCA K Knaccam C n C', coCTaBNAOT COOTBETCTBEHHO
A nJ1'. Bbl4MCnnMm BepOATHOCTL TOr0, YTO COOTBETCTBYIOLLME YMCNa eAUHNL,
B BbIGOPKe cocTaBAT a na', rae

a+a=nA+ A"=N.

Mpu npocTom cnyyaiiHOM oT6ope KaxAabldh U3 Co- pas3nyYHbIX HabopoB
no n eavHuy, n3 N MMeeT OAMHAKOBYH) BEPOATHOCTb ObiTb OTOOGPAHHBLIM.
[ns TOoro 4To6bl HaliTM UCKOMYHO BEPOSITHOCTb, MOACYMTaEM, CKO/bKO Ta-
KMX BbIGOPOK COLEPXUT POBHO a eAnHUL, Knacca C n a' eaguHuL, knacca C'.
Uucno pas3nnuHblx Habopos a eguHuL, u3 A, npuHagnexawux knaccy C,
paBHOC", a uncno pas3nnyHbliX Habopos a' eaunHuL, M3 A' paBHo Cn>. Kax-
[blii Habop MepBOro TUNa MOXET co4yeTaTbCsi C HO6bIM HabopoM BTOPOro
Tuna, 06pasys pas/inyHbie BbIGOPKU HYXHOro Tuna. O6Liee YMCN0 TaKUx
BbIGOPOK paBHO Cn-Cn'.

CnepoBatenibHO, €CIM M3B/EKaeTCs NpocTas cnydvaiiHas Bbibopka 06b-

€Ma M, TO BEPOATHOCTb TOr0, YTO OHa OKaXXeTCA Bbl60pKOI7I HY>XHOro Tunna,
paBHa: 0

« Pr(aa'|A A")= CA(E/<E. (3.14)

Mbl nonyymnu pacnpefeneHne 4actot a wuauM np, M3 KOTOPOro cpasy
cnefyeT pacnpefeneHve p. Takoe pacripefefieHVe Ha3blBaeTCA runepreo-
MeTpUYeCKUM. [N BbIYNCAUTENbHbIX LENEA runepreomeTpmyeckue Be-,
poATHOCTM (3.14) MOXHO 3anucaTb clegyowmmMm ob6pasom:

m\ A(A-1)...(A-a+1)(A")(A” -a'+1) A 14,
al («—o)! * N(N— n+1)

Mpumep. CembA M3 BOCbMW YeSIOBEK COCTOUT M3 TPEX MYXXUUH U NATK

XEHWMWH. Haligem pacnpefefneHne 4acToT yncna My>X4YuH B NPOCTOi cny™
yaiiHoi BbI6GOpKe 06beMa 4. N5 Hawero ciyvas

A= 3 A"=5N=8n=4

Mo opmyne (3.-14) pacnpefeneHne Yncna MyX4mH a UMeeT BUJ

a BepoATHOCTL
41 5-4-3-2 1
0141 8-7-6-b 14
41 3-54-3 6
113! 8-7-6-5 14
41 3-2-5-4 6
212! 8-7-6-5 14
41 3-2-1-5 1
3’ 8-7-6-5 14
4 =0 (uyactoTa

HEBO3MOXHA)
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UuntaTenb MOXeT NPOBEepPUTb, YTO CPEAHEE YMUCN0 MY>XKUUH COCTaBnseT 3/2,
a aucnepcus ectb 15/28. 3T pesynbTaThl cornacytoTcs ¢ (opMmynamu,
YCTAHOBJIEHHbIMW paHee B naparpade 3.2, N0 KOTOPbIM

£ (np): b= t:\'la‘ 4-3 8

8 2
N—n .3 5 4 15
V(np) = nP
( p) Q N—1 8 8 7 28

3.6. JOBEPUTEJIbHbIE MTPAHULbI

CHavana Mbl BbISICHUM CMbIC/T LOBEPUTE/IbHBIX TPAHUL, B Cly4yae Kaue-
CTBEHHbIX NPM3HAKOB. MyCcTb a U3 N eAnHNL, BbIGOPKK 0THOCATCS K Knaccy C.
MpeanonoXmm, 4TO HYXXHO cfienathb 3aK/l0YeHWe 0 Yucie A eauHUL, coBO-
KYMHOCTW, OTHOCsLWMXCs K Knaccy C. B kauyecTBe BepxHell fOBepuTesb-

HOW rpaHuubl Ans A BO3bMEM Takoe 3HauyeHne Aun, Mpu Karopom BeposAT-
HOCTb NOJIyYeHWs B BbIGOPKe uncna eauHuL, knacca C, MeHbLUero unm pas-
HOro a, nNpuHMMmana 6bl HEKOTOpPOe Manoe 3HauyeHue au, Hanpumep 0,025.

dopmManbHO AW YLOBNETBOPSIET YPaBHEHUIO ,

N Pr(,n T1A);, N—An) —«un, (3.15)
/=0 *
rae Pr — 3HauyeHWe BEpPOSITHOCTM ANs TMNepreoMeTPUYECKOro pacnpepe-

neHus, onpegeneHHoe opmynoii (3.14).
Ecnn awn BbiGpaHO 3apaHee, TO B o6wemM cnydyae (3.15) MOXeT MMETb

pPeweHmnemM He Lenoe An, B TO BPEMA KaK Mo CMbICNy AV [LO/DKHO 6bITb Le-

NbIM. Ha npakTuke Mbl BbiGUpaem B KauecTsBe AL, HaVMEHbLLEE Lie10e YMCNo
A, Takoe, 4yTo nesas u4acTb (3.15) MeHble unM paBHa al. AHaNOrMYyHoO

HVDKHER [LOBEPUTENbHON rpaHuuein At [cnyXuT Haubonbluee Lenoe 4ncno,,
Takoe, 4To [

J Pr(j,n-j\AL N-A1) " alL. (3.16)
j=a
Tenepb Mbl HaxoguM AOBepwuTenbHble rpaHuubl ana P, nonaraa Py =

= AJN, Pb = AIJN.
[na BbIYUCNEHNA [A0BEPUTE/IbHBIX FPaHUL, CYLIECTBYHOT MHOTOYMCNEH-

Hble CMocoobl.

TouHble MeTOAbl

YaHr n fenopu (Chung and De Lury, 1950) cocTaBui1M HOMOrpamMMbl
90, 95 1 99%-HbIX AoBepuTenbHbIX rpaHuy, gns P npu N = 500, 2500
n 10 000. 3HayeHUs AN MPOMEXYTOYHbIX 06BEMOB COBOKYMHOCTE MOXHO
nofyynTb nyTem WHTeprnonauyuun. JimbepmaH u OyeH (Lieberman and
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Owen, 1961)NpuBOAAT TabnnLbl AN OTAE/bHbBIX Y/IEHOB U 415 CYMMbI Yer*

HOB TMMepreoMeTPMUECKOro pacripedeneHuss npu N, He MPeBOCXOASLNX
100.

HopmasibHaa annpokcumauus

W3 opmynel (3.8) ona aucnepcun p cnefyeT, YTO OHUM U3 BULOB HOP-
MasIbHON annpoKCUMaLMn JOBepUTeNbHbIX rpaHnl ansa P 6yget

px [rYT=f Vpql(n-1)+ (3.17)

rge f —nIN »n t— KBaHTWIb HOPMAaNIbLHOIO pacnpejesieHus, O0TBevaio- T
LM 3ajaHHOI NOBEPUTENbHOM BEPOSATHOCTU. [115 TeX, KTO MpMBbLIK NOSb-
30BaTbCA 60s1e€ NPOCTbIM BbipaXeHnem  pqlti, 3ameTvm, 4To 06€e hopMy bl
JaloT Mano oTanyarolmecs 3HadeHus. [locnefHuii uneH B NPaBoi YacTu
BbIPaXKEHWNS MpefcTaB/iseT coboli NonpaBKy Ha HenpepbIBHOCTb. OH NnLlb
He3HauMTe/lbHO y/y4llaeT annpokcumaumio. OfHako 6e3 3Toil nonpasBku
HOpMasibHas annpokcuMaumsa 06bI4HO 4AeT C/MLIKOM Y3KWi [OBEPUTENb-
HbIA MHTepBasl.

Ownbka HOPMAIbHOM annpoKCMMaLUUM 3aBUCUT OT BCEX BEIMYUMH:
n, p, N, an nat. Hanbosnee 4yBCTBUTENIbHA OHA K BEIMUMHE Np, unn 6onee '
OnpefeneHHo, K Yncny, HabnaeHN B MeHbLeM Knacce. Ta6n. 3.3. gaeT He-
KOTOpble MPaKTUYECKME OPUEHTUPLI A1 PELUeHUA BOMpoca 0 TOM, Korja
MOXHO MPUMEHATL HOPMasIbHYHO annpokcumaumio (3.17).

Ta6bnuya 3.3

HAVMEHbLLWWE 3HAYEHWA np, MNP KOTOPbIX MOXXHO MPUMEHATH
HOPMANbHYIO AMNMPOKCUMMALNIO

Uwicno HabrroneHmiA

p B MeHblleM Knacce np O6bem BbIOOPKA n

0,5 15 30
0,4 20 50
0,3 24 80
0,2 40 200
0,1 60 600
0,05 70 1400
~0* 80 00

* 3TO 03HayaeT, YTO p OYeHb Maso, Tak YTO NP NOAYMHAETCA pacnpepeneHuto lNMyaccoHa.

3HaueHua B Tabn. 3.3 fgaHbl TakKMM 06pa3oM, 4To Ans1 95%-HbIX A0-
BEPUTE/IbHBIX FPaHUL, UCTUHHAA 4acToTa, C KOTOpol P He monagaeT B 3TK
rpaHuubl, He npesblwaeT 5,5%. Kpome TOro, BEPOATHOCTb TOr0, YTO BEPX-
HASA rpaHMua MeHblle P, 3aksiodeHa mexay 2,5 v 3,5%, a BepoATHOCTb
TOr0, YTO HWXXHAA rpaHuua npesbiwaet P, — mexay 2,5 n 1,5%.

Mpumep 1. B npocToit cnyyaiiHoii Bblbopke o6bema 100, M3BAEYEHHOIA:
13 COBOKYMHOCTM ob6bema 500, cogepxmtes 37 eguHuy, knacca C. Haigem.
95%-Hble [OBEpPUTE/IbHbIE TPaHMUbl 4715 LOAN M OOLLEr0 yucia efuHu
knacca C B COBOKYNHOCTWU. B Haluem npumepe

n = 100; N = 500; p = 0,37.

MpuUMep OTHOCMTCS K TOMY C/ly4yato, KOrga peKOMeHAyeTCsl HopMasibHas arn-
npokcmauusi. OueHKa CTaHAAPTHOWM OLIMBKM p paBHa:

Vi}—f)Pql{n—\) = /0,8.0,37.0,63/99=-- 0,0434.

MonpaBka Ha HenpepblBHOCTbL 1/2 n paBHa 0,005. CnepoBaTenibHO, B Ka-
yectBe 95%-HbIX LOBEPUTENIbHbIX rpaHuL Ans P npnHuMaem

0,37 £ (1,96 0,0434 + 0,005) = 0,37 £ 0,090;.
PL = 0,280; Py = 0,460.

3HaueHus, nonydeHHble 13 Tabnuy YaHra wn [Jentopu, cocTaBAsAT COOT-
BeTCTBEHHO 0,285 n 0,462.

[na HaxoxgeHus rpaHuy, 415 06Lero ymicna egmHny kiacca C B co-
BOKYMHOCTU YMHOXaeM MosilydeHHble 3HayeHMs Ha N 1 nonyyaem COOTBET-
cTBeHHO 140 n 230.

BuHoMmanbHas annpokcnmauma

B ToM cniyyae, Korga Hesb3si MPUMEHUTb HOPMaIbHYHO, anMPOKCUMALMIO™
[0BepUTeNbHbIE FPaHuLpbl AN P MOXHO HaTh No 6UHOMUaNbHbIM Tabnu-
uam (naparpag 3.4), NpUHSB BO BHUMaHWe, €c/in 3TO Heo6xoaumo, MKc.'
BTa6n. VI, 1ns CraTucTunyeckux Tabnuy duwepaun Nentca (Fisher and
Yates, 1957) B oTnnume 0T 06bI4HBIX GMHOMMASTBHBIX TabnnL, yKasaHbl 61HO-
MV&/IbHble [JOBEPUTENIbHbIE FpaHuLbl Ans P npu ntobom3HadeHmmn n. B npu-
Mepe 2 MOKasaHo, KaK BbIYMCNAKTCA FpaHuUbl B c/lydae 6UHOMManbHOM
annpoKcumamm.

Mpumep 2. Ana gpyroro npusHaka B BblOOpKe M3 npumepa 1 feBATb
13 100 egnHUL, BbIGOpKM NpuHagnexat knaccy C. Mo Ttabnvuam Pomura
npy n = 100 95%-Hble [OBEPUTENbHbIE TPaHULbl AN P OKasbiBAOTCS
0,041 wn 0,165. (Tabnmubl dwuwepa n Weiitca faoT 3HadveHmsa 0,0452 u
0,164). Ecnu gons otbopa, f, coctaBnsieT meHee 5%, TO rpaHuLbl, HaligeH-
Hble Takum 06pa3om, 4715 60/bLUMHCTBA Leneit LOCTaTOuHO Y3KN. B Hawewm
npumepe f = 0,2 n HeobxoAMMa nonpaska.

[nsa Toro utobbl BHECTW 3TY NOMPAaBKY, Mbl YMEHbLUAEM UHTepBasT MEX-
4y p W Kaxgon rpaHuuen B |/ 1—fpa3; V 1—f= 1778 = 0,894.
Mocne nonpaBKW rpaHuLbl pPaBHbI:

Pb = 0,090 — 0,894(0,090 — 0,041) = 0,046;
Pu = 0,090 + 0,894 (0,165 — 0,090) - 0,157.

MpaHnLbl, NonydeHHbIe No Tabnnuam YaHra u [entopu, paBHbl COOTBET-
cTBeHHo 0,045 wn 0,157.

Mpumep 3. MNMpy KOHTPOE 4ONATOUTPAIOLLINX NAACTUHOK, KOrga fonycTum
BeCbMa HU3KNIA YPOBeHb OpaKa, HanbosbLUMIA MHTEPEeC NpeacTaB/isieT BEPX-
HAS foBepuTesibHasA rpaHuua ans A. Tpeanonoxum, 4To MNpoBepsieTcs
200 nnacTMHOK 1 napTtus B 1000 n3aenmin NPUHMMAETCS, ecnn 6paka He 06-
Hapy>XeHo. CyLlecTBYHOT cneumasibHble Tabnmubl 3HAYEHU BepXHEl foBe-
PUTENBHOW FpaHuUpbl /15 Yucia 6pakoBaHHbIX M3feNnNii B MapTun. Xopo-
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Liee I'IpI/I6I'IVI)K€HVIe LaeT crnefyrouiee COOTHOLLEHME. Ana rmnepreoMeTpu-

YECKOro pacrnpesenieHnsi BeposTHOCTb TOFO, YTO CPeAM M u3genuii Het 6pa- ;

KOBaHHbIX, ec/im cpean N unsgenunii A 6pakoBaHHbIX, paBHa:
™-myANyn-1)...(n~r-N-a+ )=/ N—A—n \
N (N—1)...(N—n+1) \' N—u )

roe v = (n— 1)/2. Hanpumep, npy n — 200, A = 10, N = 1000 ato
npubnuxeHue gaet (890,5/900,5)200, oTkyga no Tabnvuam Jsorapupmos
nonyyaem 3HayeHme 0,107. Takmm o6pasom, 90%-Hoii BepxHeli [oBepu-
TENbHOW TpaHuUUeid 4NsA yucna 6pakoBaHHbIX W3AENU B MapTUN CAYXMUT
npuéamkeHHo A = 10 (1 %-Hbli ypoBeHb 6paka).

3.7. KNIACCNPUNKALIMA MO HECKOJIbKM MPU3HAKAM

YacTo Npy U3NOXEHUWN Pe3ynbTaToB eAVHWLBI pacnpefensitoTces 6onee
yeM Mo ABYM KnaccaMm. TaK BbIGOPKa 13 COBOKYMHOCTU t0fieli MOXKET BbIThb
pacnpegesneHa no 15 NATUAETHUM BO3PaCTHbLIM rpynnam. [axke eciv npeg-
nonaraeTcs, YTO Ha BOMPOC OTBEYAKOT MPOCTbIMYU «a» UMW «HET», Pe3y/ibTaTbl
MOTryT pacnafiaTbCsi Ha YeTbIpe Kacca: «fa», «HET», «He 3Hal» U «OTBeTa,;
HeT». Mbl NPOUNNIOCTPUPYEM 0606LLEHVE TEOPMM HA TaKue Cilyyaum, pac-
CMOTPEB CMTYyaLMIo, KOrjaa UMeeTcsl Tpy Knacca.

MpeAnoNIoXMM, YTO YUC/IO eaVHNL, U3 i-ro Kiacca paBHo J1- Ans coBo-
KYMHOCTU U CT AN1A BbIBOPKM, NpUUem

#=21& n=20Q; =

Ecnu o6bem BbIGOPKM M Man Mo CpaBHEHMIO CO BceMu Jl,-, TO BeposAT-
HOCTM Pi MOXHO cuMTaTb MPaKTUYECKN MOCTOSIHHbIMW AN BCe Mocnefo-
BaTe/IbHOCTU M3B/IEYEHUI. BepoATHOCTb MONyYeHUs] BbIGOPKW C 3afjaHHbI-
mu fl{ 3agaeTca NONMHOMMWANIBHLIM BbIpaXKEHUEM

Pr(a)= —-— P*“* Pf,
Osl cj!

(3.18)

OHo npegcTaBnsieT Cco60i 0606LLeHE OUHOMMWANBHOIO pacnpeaeneHns
N CAYXXUT XOPOLUMM MPUBAKEHNEM, ecnn foNs 0T6opa Mana.

MpaBunbHOE BblpaXkeHWe 4151 BEPOSATHOCTM MOSyHeHUS BbIGOPKM C 3a-
JaHHbIMKM at 6ypeT

Pr(a”AJAXCXCX/Ch. (319)

370 BbIpaXKeHWe npefcTaBnseT coboil ecTeCTBEHHOe 0000LLEHNE HOpMY bl
(3.14) wu3 naparpatha 3.5 418 runepreomMeTpuyecKoro pacnpeeseHus.,
B uucnutene cTouT 4MCIO PasfIuHbIX BbIGOPOK 06bema M, cofepiKalnx
ax efmMHuy, Knacca 1, a2— knacca 2 U a3— Knacca 3.

3.8. AOBEPUTEJIbHbIE T'PAHNLbI MPN KINACCUNPUNKALNIN
MO HECKOJ/IbKNM TMPN3HAKAM

Heobxogumo pasnuuatb ABa pasHbIX Cclyvas.
Cnyyaii 1. Mbl BbluMCISEM
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4MCNO efVHWL, Kakoro-nnbo OAHOro Knacca B Bblbopke _ at
n n
nnu
__obuwee yucno eguHuy, rpynnsl knaccos__ fli+az+ “3
n n

B 060/ M3 3TUX cuTyauuil, XOTA WUCXOAHas Knaccugukaums copep-
XWUT 6onee yem ABa Knacca, camo p MojyyaeTcs NpW pasgefieHnn N eguHny,
TONbKO Ha ABa Knacca. K aTomy ciydvalo nNpyUMeHMMa paHee M3N0XXEeHHas
Teopusa. [loBepuTeNbHbIe FPaHuLbl BbIYMCAAOTCA Tak, Kak .OnucaHo B na-
parpage 3.6.

Cnyyain 2. VIHorga HekoTopble KnacChl WCKAKOYAKTCA U P BblUMCASET-
cs nocne pasbueHns Ha fABe 4acTW efMHUL, U3 OCTaBLUMXCA KnaccoB. Ha-
npyMep, Mbl MOXEM MCKAUYUTb BCEX /UL, OTBETMBLUMX «HE 3HAO» UM He
[aBLUMX OTBETA, M PACCMOTPETb OTHOLUEHWE YMCNa OTBETOB «ia» K 06LemMy
yncny OTBETOB «Ja» U «HeT». B BbIGOPOUYHbLIX 06C/e0BaHNAX 4acTo npefn-
CTaBNAT MHTEPEC OTHOLIEHMUS, CTPYKTYypa KOTOPbIX UMEeT TakKoW xapak-
Tep. B 3HameHaTesie 3TOM0 OTHOLUEHWUA CTOWUT He M, a HEKOTOPOEe MeHbLLee
yucno Ir'.

XoTa n' MeHsAeTCA OT BbI6OPKM K BbIOOPKE, MOXHO BOCMO/b30BAThCH
MOMYYEHHbIMW paHee pe3ynbTaTamy, paccmatpuBas YC/IOBHOe pacnpefe,-
NeHne p ANS Tex BbIGOPOK, B KOTOPbIX HEM3MEHHbI KakK N, Tak 1 n'. Takoli
npuem yxe npumeHsanca B naparpage 2.10. Monoxum

p=—T—;

aila?2

n'= al+ a2] n= alr{-a2+ a3

Tak 4YTo a3 nmpeacTaBasieT co60 YMCNO efUHUL, BbIOOPKKU, OTHOCSLLUXCSH
K Knaccy, He UHTEPEeCYHLEMY Hac B AaHHbIA MOMeHT. Torpga, Kak nokasa-
HO B Cnefylolem naparpadge, YCNOBHbIM pacrnpegeneHvem al u a2 6yget
rMnepreoMeTpnYeckoe pacnpegeneHvie gns cnydvas, Korga 06bem BbIGOPKK
paBeH n' 1 o6bem coBOKynHocTM JIT = Nix + 12 CnefoBartensHo, cornac-
Ho (3.17) HOopmanbHas annpoKCMMaUWUs YCOBHbIX [OBEPUTENbHLIX Trpa-
HUY ana P — AY(Al + N2 paeT 3HauvyeHus

P+ XY/ () b

Ecnu 3HayeHue N' Hen3BeCcTHO, TO B 4neH nkc B (3.20) Bmecto n'fN'
MOXHO MOACTaBMTb 3HayeHue n/N.

(3.20)

39. YC/IOBHOE PACHMPEAE/NEHMUE p

Ons Toro utobbl HaliT 3TO pacnpefefieHue, PacCMOTPUM TONLKO Te
BbIGOPKM 06bEMA M, Y KOTOPbIX N' = ax + a2efuHUL, OTHOCATCS K Knac-
caMm 11 2. Yucno pa3nnMyHbIX BbIGOPOK TAKOro BUAA PaBHO:

ch' rn—r ra, (o]
Cpean Takmx Bbl6OPOK 4MCNO BbIGOPOK, COAEPXKALWIMX ar eauHUL, Knacca
11 aaefnHuL Knacca 2, yxe 66110 NprvBefeHo B uncnutene opmynbl (3.19)
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13 naparpacga 3.7. Lenda atoT umcmTens Ha (3.21), nonydaem

Pr(a,|AIr N2, n, n*)= C% Cn\ / Ch+A - (3-22)

370 06bIYHOE TUMEPreoMeTPUYECKOe pacnpefesieHne Ans BbIGOPKU 06bema
n’ n3 COBOKYMHOCTU 06bema N' = + N2

Mpumep. PaccMOTpUM COBOKYMHOCTb, COCTOALLYD W3 MATU efuHuL,
b, ¢, (1 e, f, OTHOCAWMXCA K TPeM Kaccam.

Knacc Ai O603Ha4YeHNA eAHHHA
1 1 b
2 2 c, d
3 2 e. f

Mo npocToit cny4vaHOW Bbl6OpKe 06beMa 3 Mbl XOTUM OLEHWUTL P =
— Ar /(J1x + 12, paBHOe B jaHHOM cniydae 1/3. imeem V= 5u V' = 3
CyuwectByeT 10 BO3MOXHbIX BbIGOPOK 06beMa 3 1 BCe OHWM UMEKT pas’

Hble UCXOAHble BEPOSITHOCTU ObIThb O0TOBpPaHHbIMK. [anee OHU paccmaTpu™
BalOTCA B COOTBETCTBMM CO 3HAYEHUAMM T .

n‘=1
BuiGonka YcnosHas )
p a, p BEPOSATHOCTh (p-9)
bef 1 0 1 1/3 2/3
cef wan def 0 1 0 2/3 -1/3

Ecnun BbIGOPKM pPas3MyaloTcsa TO/IbKO 3HAYEHUAMWU an 2, TO MOXXHO
nosy4YnTb TONIbKO [Ba BUAa Bbloopok: ax = 1, ar = 0; ar = 0, a2= 1
Mx ycrnoBHble BEPOSATHOCTU, COOTBETCTBEHHO 1/3 mn 2/3, cornacyoTcs ¢ 06-
weii copmynoit (3.22). [Lanee,

E(p)

U= %%+

ot
wlt

OueHKa p HecMeLLeHHas, U ee AMUCMepcUs cornacyeTtcs ¢ o6LLeit thopmy
now

a2= iN'—n'\PQ 3—1 1 2 2
P'IiN—IJn® 3—1 3 =3 9m

Mpu n' ~ 2 cywecTBYeT LUECTb BO3MOXHbIX BbIOOPOK, KOTOpble Aa
TONbKO ABa Habopa 3HauyeHuin alt as.

n'='2
YcnoBHeii
Bel6opka B» » p geposithocts  (P-P)
bee, bcf, bde mnm bdf 1 1 1/2 2/3 1/6
cde nmm cdf 0 2 0 1/3 —1/3

OLI,EHKa onATb HeCMeLleHHada WM ee AUCMNepCcna paBHa:

p 3 3 3 9 18

YTO MOXKHO MOSly4YUTb M MO 06Lel hopmysie. 3aMeTMM, YTO 3HAYEeHUe Anc-
nepcun cocTaBnsieT TONbKO OAHY YETBEPTYH ee 3HadeHus npu ri = 1.
B cnydae nprvMeHeHWst YCNIOBHOFO pacrpegesieHns AMCMepcust MeHsieTcs
B 3aBMCUMOCTM OT BMAa NOMYyYEHHO! BbIGOPKMN.

Mpn n' = 3 cywecTBYeT TO/LKO OfHa BO3MOXHas Bbloopka bed.
OHa flaeT npaBU/bHYIO A0MTH0 /15 COBOKYNHOCTU 1/3. YcnoBHasa gucnepcus
p paBHa Hy/0, Kak NoKasbIBaeT M 06Lasa opmya, KoTopas obpatlaetcs
B Hynb npu N' = n'.

3/10. 4ONN N CYMMAPHbIE 3HAYEHWA ONA MOACOBOKYMHOCTEN

Ecnn HY>XHO Nony4nTb pasfefibHble OLEeHKM 4718 KaXXA0M U3 HEKOTOPO-
ro 4mcna MofCcoBOKYMHOCTE man obnacTeil M3yvyeHWs, K KOTOPbIM OTHO-
CATCA efVHULbI BbIGOPKM, TO MOXHO NPUMMEHUTb pe3ynbTaTbl naparpa-
tos 3.8. 1 3.9. laHHble BbIGOPKN MOXHO 3anucaTth Crefyowmm o6pa3om:

O6nactb 1 O6nactb 2 o O6nactb k .Bcero
Knace c C c C . ¢ ¢
Yucno . - i n
eqnHNLL ai a\ a «Q . ah y

M3 n egmHuny (ax + af) oTHocATca K 06nactv 1 1 cpegu HUX ar OTHO-
caTea K knaccy C. flona egnHuy, Knacca C B 061actu 1 ougHuBaeTcs ¢ no-
Mowpto pr — arl(ar + a'). PacnpegeneHne 4acToT U [0OBEpUTE/IbHbIE rpa-
HULBI 418 pX paccMaTpuBasiMch B naparpadgax 3.8 n 3.9 (cnyyaii 2).

OueHnTb 06LLee vncno JIx eguHny, Knacca C B 061act 1 MOXHO ABOS-
KM o6pasoM. Ecniv NIt o6Luee uncno equHUL, COBOKYMHOCTU, NPUHaLnexa-
LWMX 06/1acT 1, U3BECTHO, TO MOXKHO NMPUMEHUTL YCMIOBHYIO OLEHKY

ai+ °i
Ee cTaHgapTHaa owmnbKa BbIYMCAAETCA MO hopmye
S (J1Y = NxV 1—(nx/Nx) VPxUxKnx— 1) ,

roe nx = Ci + al.
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Ecnn NX HeM3BeCTHO, TO OLEHKOWN CIYXWUT

C OUEHKOW CTaHAapTHOM OLIMOKM

S(A[) =NV 1-(n/N) V pgl(nh—1),
roe p = alln.

3.11. CPABHEHVE MEXY PA3/IMYHbIMWA OBJIACTAMN

MocKoNbKY [0NM B Pa3fMyHbIX 00N1acTAX OLEHUBAKOTCA He3aBUCUMO,
CpaBHeHVE TaKuX fofeli NPoBOAUTCA 00bIYHBIMU 3/1eMEHTapHbIMU MeToAa-
Mu. Hanpumep, 4Tobbl npoBepuTb, bypeT nn gons Pi= fii/(fli + a[) 3Ha-

4YMMO OTNIMYaTbCA OT fJonun p2 —aZ(a2 +

- + a'), Mbl obpasyem 00bl4HYylO Tabnvuy
Knacc 2 X 2.
1 2 K pacnpegeneHnio (pXx— p2) MOXHO
I o @ NPUMeHATL 06bIYHBLIN KpuTepuid X2 (Fisher,
Ce al “y 1958) mMnn HOpMasibHYHO anmnpoKCMMAaLNIO.
AHaNI0rMYHO cpaBHeHWe foneid ansa 6onee
ViToru "y YeM BYX 06nacTeii NPoBOANTCA C MOMOLLbLOL

Tabnuy, conpsbkeHHocTn 2 X k.
MHorpga »>kenaTesibHO  OUEHUTb, 6y-

[JeT N ax 3HauyMmo oT/myatbcd OoT a\
HanpuMep, nMPeBbIWAET /M YUCNO pecnyb6inKaHLUEeB, 0406PAOLINX HEKO-
TOpOe MpPeanoXKeHne, YNCI0 0f0OPSAOLMX ero gemokpaToB. CorfacHo Hy-
NeBOM rnMnoTese, 4TO 3TW [Ba 4MCNa B COBOKYMHOCTM COBMajatoT, obLiee
YMCMO eAuHUL, B paccmatpuBaembix rpynnax n' = % + a2 fJo/HKHO pac-:
NpeLenAaTbCA C PaBHbIMW BEPOATHOCTAMM MEXJY ABYMS 3TUMWU Tpynnamu.
CnepoBaTe/ibHO, Mbl MOXEM paccMaTpmBaTb  KaK 4YMC/0 YCNexoB B GUHO-
MMWasbHOM CXeMe C NM' UCMbITaHUSAMU C BEPOSITHOCTLIO ycnexa 1/2 cornacHo
Hy/1eBoM runotese. MoXKHO NpoBepUTb, YTO KBaHTW/b HOPMasIbHOro pac-
npegeneHnst (C NOMpaBKOW Ha HeMNpPepbIBHOCTb) WMEET BUA

»-1-K)

yn'
3.12. OLEHVMBAHWE AONEWN NPV MHE3J0OBOM OTBOPE

Kak y>e ynomuHanocb B rnaparpade 3.2, N3N0XXeHHbIE METOLbI He Npu-
MEHVMbI, eCnn KaXkias eAnHULA COCTOUT U3 rHe3fa 3M1eMeHTOB N Mbl XOTUM
OLIEHUTbL [O/0 3M1eMEeHTOB, OTHOcAWMXCca K Knaccy C.

MycTb Kaxjasd eguHMLA COLEPXUT OLHO W TO XKe YMC/I0 T 3/IEMEHTOB
N pi —ajm ecTb A0NSA 3MEMEHTOB i-K eUHMLbl, OTHOCALLMXCSA K Knaccy
C. [donsa egmHuL, BbIGOPKK, OTHOCAWMXCA K Knaccy C, paBHa:

2a,-
nT
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X. €. OLeHKa p npeacTasnseT cob0ii HEB3BELLEHHOE CPEAHEe BEe/IMYUH PT.
CneposatenbHo, UCTUHHYIO AWCNEPCUIO p U €€ OUEHKY MOXXHO nony4unTsb,
NPUMEHAA HemnocpefCTBEHHO (DOPMYNbl 1. 2, €CAN B HUX BMECTO yt nog-
CTaBUTb pt.

VSI\E)): n N—1 (3.23)

HecmeLleHHOM BbIGOPOYHON OLEHKOWA 3TOM Aaucnepcun 6OygeT

n

Y(p)= Lz b.(P»-P)1 . (3.24)
n n—1

Mpumep 1. Fpynna u3 61 60/1bHOrO0 NPOKa3oil nosy4vyana HEKOTOPbI
npenapar B Te4yeHue 48 Heaenb. [ s TOro 4To6bl ONpPefennThL AeCcTBME Npe-
napaTta Ha 6aunninbl NPoKasbl, 6AKTEPUONOTMYECKN OMPEAENANoch Hanmuune
6auunnn Ha WecTn yyacTkax Tefla Kaxaoro 6o/bHoro. M3 366 y4yacTKoB Ha
153, unu Ha 41,8%, pe3ynbTaT Obl1 OTpULATENbHBIM. KakoBa cTaHAapTHas
owmnbKa 3TOro MpoueHTa?

XO0Td 3TO NPUMEP CKOpPEe KOHTPOAUPYEMOro 3KCMepuMeHTa, 4Yem 06-
CNnefoBaHUsl, OH MOKa3blBAaeT, HACKONbKO OLIMGOYHOM MOXET ObiTb BUHOMU™
anbHaa cxema. Ana 6uHoMuUanbHOM cxembl m — 366 M '
cTaHgapTHas owmnbka (p) = ¥ pqgl(n — 1) = 1741,8 ' 58,2/365 = 2,58%.

B paHHOM cnyvae Kaxfblii naumeHT npescTaBfiseT, cO60i rHe3L0BYHO
eAMHULY C T = 6 anemeHTamu (ydyacTkamu Tena). [ns Toro ytobbl HanTu
CTaHAApTHYI0 OWKGKY MO NPaBUbHON (DOpPMYe,-'HY)XHO 3HaTb pacnpe-
feneHune 4yacTtoT 61 3HavyeHus pt. Y obHee BeCTM BbIYMCIEHNA MO pacnpege-
NeHuIo yt, yncna y4yacTKOB Tena C OTpuLaTe/ibHbIM Pe3ynbTaTtoM Ha OfHOro
nauveHTa. Ecnu pt BbipasuTb B npoueHTax, 1o p- = 100*/,/6. CornacHo
pacripegeneHuio U3 Tabn. 3.4 Haxogum 2/y2 = 669 u

* r-

cTaHjapTHaa owwnbka (y)= 1/ X A =
y n(n—1)
, [ 669-(15j76Tr 29
v 61-60
CnepoBarenbHo,

cTaHAapTHas owwunbka (p) = "6 cTaHfapTHas owmnbKa (y) m=4,65%.

370 3Ha4YeHne NpnbAN3NTENLHO B 1,8 pasa 60/bLue BENNYMHBI, NOMYYEHHON
no 6UHOMMaNbHON opmyne. BUHoMManbHas cxema TpebyeT npegnonoxe-
HUS O TOM, YTO Pe3y/bTaTbl HA Pa3/IMUHbIX y4YacTKax Tefna O4HOIo U TOro
e nauueHTa He3aBUCKUMbI, XOTA B AeACTBUTENbHOCTU OHU UMEHT CUJIbHYIO
NONOXWTENbHYHO KOppensuuto. B nocnegHell cTpoke Tabn. 3.4 yKasaHbl
0XWJaeMble 3HauYeHUa uyucna naymeHtos ¢ 0, 1, 2, ... yyacTkamu Tena,
[LaBLIVMW OTpUUATeNbHbIA pe3ynbTaT, MOACYHMTaHHbIE MO Pa3fioXeHuo 6u-
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Homa (0,58 + 0,42)®. ObpaTuTe BHMMaHWE Ha 3aMeTHbI M36bLITOK Habn4
[EHHbIX 4acTOT MawumeHToB, /, 6e3 oTpuLaTe/IbHbIX Pe3ynbTaTtoB U C NSATb
W LIeCTbI0 OTpULATE/IbHBbIMU pPe3ysibTaTaMu.

Tabnuuya 3.4

YUCNO YYACTKOB C OTPULIATE/IbHBIM PE3Y/IbTATOM,
MPUXOAALLMXCA HA OHOIO MALIMEHTA

Pl = Gpj/lOO NTorm
f 17 1 4 4 7 14 4 61
fyi 0 . 8 12 28 70 24 153
fexp 2,3 10,1 18,3 17,6 9,6 2,8 0,3 61,0

[ns cnyyas, Korga 06bem rHesga — rnepeMeHHast BeIMUmMHa, 0603Haun
yepes T% 4WCIO 3/IEMEHTOB B t-ii THE3[J0BOM efuMHMLE W MOMOXN
Pi = ar/nr. Jonsa eanHunu BbIGOPKKN, NpuUHagnexawmx knaccy C, pasH

p= %ﬂt.

Mo cBOel CTPYKType 3TO TUNU4YHAS OLEHKa-OTHOLLEHME, WM OLeHKa
OTHOLLIEHWNO, KOTOpas bblna paccMoTpeHa B naparpade 2.9 1 6yaet paccma
TpuBaTbCA Aanee B rn. 6. OHa HECKOMbKO CMeLLEeHa, XOTS 3TO CMeLLeHue
no‘Bnanmomy, pefkKo UMeEET MNpPaKTMYecKoe 3HaueHwue.

Ecnu mbl nogctaBum B (2.29) ar BMeCTo YT U T,- BMeCTO Xt, TO Nosy4yto
NpUGNMXEHHOE BbIpaXeHWe AN AuUcnepcun p:

N
V(p). 1-1 Hiai-Pmj)* .
niv* N—1
N

roe P —pons anemeHToB Knacca C B coBOKynHocTM M M = 2 mtIN
CpefiHee 4YMCNO 3/1EMEHTOB Ha OAHO FHe3f0. DTO BblpaXXeHUe MOXKHO 3anu
caTb W B Apyroi dopme:

3-2

OTcloga BUAHO, 4YTO MPUBIKEHHOE 3HAYeHWe AUCNEPCUN COLEPXKP
B3BELLUEHHYHO CYMMY KBagpaToB OTK/IOHEHWI pt OT 3HAYEeHUS 47151 COBOKYT
noctn, P.

" B KayecTBe OLEHKUW AMCnepcun nmeem

1— 1 —2p Ecu /N {+p22/n?
v(p) = T2t g AR
nT n—1

(3.26:

rae7n==2 T /N eCTb CpefHee YMC/I0 3/IEMEHTOB Ha OAHO FHe3d0 B BbIGOPKE.
80

Mpumep 2. lMNMpocTas cnyyaHas Bbl6opka 06beMoM B 30 [OMOX03ACTB
6blna n3BneyeHa U3 MaTepuasioB Mepenncu, NPoBeAeHHo B 1947 r. B 6
M 7 KBapTanax BoCTOYHOro okpyra 3gpaBooxpaHeHus r. bantumopa. Co-
BOKYMHOCTb COAEPXXUT MnpnbamantensHo 15 000 gomoxosaicTs. B 1abn. 3.5
UfieHbl KaKAoro [OMOX03siicTBa  KiaccuuLmMpoBaHbl (a) cOrnacHo Tomy,
MOCETUIN NN-OHN Bpaya B TeueHWe npedwlecTsyowmx 12 mecaues, (6) no

nony.
Ta6bnuya 3.5

OAHHBIE MPOCTOW CMYYAMHOWM BbIBOPKN OBBEMOM B 30 JJOMOXO3AMCTB

Uucno Mocetunn nu Bpava

Yuncno uneHos B npeapigyliem rogy
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MbI XOTUM CONOCTaBUTL hOPMYJTy AUCNEPCUN ANS OLEHKWM MO OTHOLLIe-
HUIO C HEMPWEMJIEMON 3fecb BUHOMMaIbHOM hopmynoii. PaccMoTpum cHa-
Yasia JOM0 NI0felA, NoceTMBLUMX Bpaya. [na 6MHOMUanbHOM (hopMy bl Mbl
NPUHSAAN Gbl

n= 104, p= — = 0,2885.
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CnepoBatenbHo (bin—oT aHrauiickoro «binomial»— 6UHOMUaNbHBLIN),

pg __ 0,2885-0,7115
~n-~ 104

vbin (P) - =0,00197.

B Cny4yae (pOpMyI'IbI [ONA OTHOLUEHMS Mbl 3amMevaeM, 4To nmeetca 30 rHesg,

N nonaraem
n= 30;
nii — o6LLee Yncno nuy, B t-M JOMOX03SNCTBE;
at — yucno nny B t-mM JOMOX03ACTBE, MOCETUBLUMX Bpadya;

p —0,2885, Kak n paHee;

™ = 3’4667:
2a}= 86; 2/n?= 404; 2armt= 113.
MKc MOXHO He yunTbiBaTb. CnefoBaTtesibHO, cornacHo (3.26)
0ip)= 76—2-0,2885-113+ 0,2885»:404 = 52()
30.29.3,466T12

Ovcnepcua, nonyyeHHas no metogy oTHoweHus (0,00520), 3HaunTe b-
HO Oosiblle TOW, KOTOpPYH faeT 6uHomwmanbHas gopmyna (0,00197). Mo
Pa3IMYHbIM NPUUYNHAM CEMbW OT/IMYAKOTCA MO YAacTOTe, C KOTOPOW U/eHbI
ceMby obpaitaloTcs K Bpady. [nsa BbIGOPKM B LIeNIOM 40N WL, NOCETUB-
LWINX Bpaya, HEMHOrUM 60/bLLE O4HON YETBEPTU, XOTH €CTb HECKO/IbKO Ce-
Meld, re Bpaya MoCeTu/IM BCe YfieHbl CeMbM. AHNOTMYHbIE pe3ynbTaThbl;
nonyyYnnncb 6bl ANA A60ro NpPuU3Haka, OrHOCUTENIbHO KOTOPOro useHbl
OfHOI 1 TOW XXe CeMbW NPOSABASAIOT TEHAEHUMIO AeCTBOBaTbL CXO4HbIM 06pa-

30M

MpW OLEHNBAHUM [ONM MY>XXHYMUH B COBOKYMHOCTM pesynbTaTbl GyayT,:

MHbIMW. |_|pOVI3Be,£I|FI aHa/IOrMYHbIE BbIYUCNEHUA, MOYHUM:

6uHoMmanbHasa opmyna o (p) — 0,00240;
thopmyna oTHoweHus v (p) = 0,00114.

3pecb 6vHOMMasbHas opmyna npeysenMuMBaeT aucnepcuto. VHTepecH
npuymMHa 3T0ro. BONbLUMHCTBO AOMOXO3SICTB CMOXMWIOCL B pe3yfbTa
6paka 1 NoaToMy BK/IHOYAET, MO KpaiiHeill Mepe, 04HOI0 MY>XUUHY U OfH
XKEeHLWUHY. CnegoBaTeNibHO, 4071 MY>XUUH Ha OAHY CeMb OT/IM4YaeTcA
/2 meHbLUe, YeM cnegoBasio 6bl M3 BUHOMWANILHOW hopmMynbl. Hu ofHa u
30 cemeii, 3a WCK/IOYEHWEM OLHOW, COCTOSILLEN M3 OAHOIO YefoBeKa, H
COAEPXUT TO/IbKO MY>XXUMH WA TONBbKO XeHLWMH. Ecnn 6bl pacnpegeneHu
U/IeHOB [O0MOXO03SAINCTB MO Moy 6b110 GUHOMUAIBHBIM C UCTUHHBIM P, co
CTaBNAOWMM NpU6AM3NTENBHO 1/2, TO [OMOXO03SICTBA, COCTOALLME K
nogen ofHOro nona, HacuMTbIBa/IM Obl YeTBEPTb BCEX AOMOXO3SNCTB U
3 4enoBeK U 0fHY BOCbMYK AOMOXO3SINCTB M3 4 4yenoBeK. ITO CBOWCTB
COOTHOLUEHMS YUCNIEHHOCTE NOM0B B CEMbAX ObINI0 PACCMOTPEHO XaHCEHO'
n Xepsuuem (Hansen and Hurwitz, 1942). Apyruve npvmMepbl OLINOGOK
BbI3BaHHbIX HEMPaBOMEPHbIM  MPUMEHEHUEM OBUHOMUASIbHOW  hopmyn
B couuoniornyecknx uccnefosaHunsax, npueognt Kuw (Kish, 1957).

YnpaxXHeHUA

3.1. Ana coBokynHocTu ¢ N = 6, J1 = 4, A' — 2 HailguTe 3HauYeHMe a Ansa BCex
BO3MOXHbIX MPOCTbIX CAy4yaliHbix BbIGOPOK o6bema 3. [poBepbTe CNpaBeAnIMBOCTb
Teopem, [JalOLMX 3HAYEHUS CpefHero v gucnepcum p = a/n. Y6egmTecb, 4To

N—n
(n—I)N Pq

npeacTaBnseT co60M HeCMELLEeHHYH OLEeHKY AMchepcun p.

3.2. B npocToii cnyyaiiHoin Bblbopke 200 Konnemxker 13 coBOKynHocTy B 2000
Konnemker 120 04o6puan HeKOTOpPOe NpeanoXxeHune, 57 6binn NpoTUB U 23 Konnegxa
He BbIpasn/in CBOEro MHeHUA. Y KaxnTe 95%-Hble JOBepUTEIbHbIE FPaHuLbl 18 Yncna
KONedKein B COBOKYMNHOCTU, OJ06PMBLUMX 3TO MPEASIOKEHME.

3.3. ObecneumnsatoT N1 pesynbTaTbl NPeablayLLleil BbIGOPKN TBEPAYHO YBEPEHHOCTb
)?(gﬁanéoqm 60/bLLUMHCTBO KONNeMKel B M3yYaemMoin COBOKYMHOCTU OA06GPSAOT npennio-

3.4. CoBoKynHocTb 06bemMa N = 7 cocTtouT M3 aneMeHToB Bls %4 C2, C3, Du
D2 n D3. Ana Toro 4tobbl oueHNTb fonto Cj-X Mo oTHOoweHMo K (Q + OF)-m n3Bne-
KaeTcs npocTas cnydvaiiHaa Bbl6opka o6bema 4. HalijuTe ycnoBHOe pacnpejeneHuve
3TON 0NV p WM NpoBepbTe (hOpPMYyNy ANS1 ee YCNOBHOW AUCMEPCUN.

3.5. B npegplaylieM ynpaxHeHUM KakoBa BepOSTHOCTb TOF0, YTO BbI6OpKa 06be-
Ma 4 cogepxuT Br? Hangure cpefHee 3HaYeHWe gucnepcumn p no BCeM NpocTbIM ciy4yaii-
HbIM Bbl6opKam 06bema 4 1 ybeanTecb, UYTO OHO cocTaBnsieT 11/280.

3.6. MpocTaa cnydaiHaa Bbli6opka 06bemMoM B 290 AOMOXO3SIACTB W3B/flIeHeHa
M3 TOPOACKOro paroHa, cofepxkawiero 14 828 goMoxo3aicTB. Kaxaol cembe 3ajaBa-

1
7

NINCb BOMNPOCbI: BNAAEET /1M OHA AOMOM W/N HAHUMAET KBapTUPY W Monb3yeTca nv oMr m's

OTfe/IbHbIM TyasieToM. PesynbTartbl UMEHT BUf:

---------- v
[LomoBnagensibl 3;}%%%%% BmicceTe
Monb3oBaHWe OTAe/bHbIM
TyaneTom [a Het Oa Het
Yucno cemeit 141 6 109 34 200

(@) Ona cemeii, HaHMMAOLWMX KBAPTMPY, OLEHWUTE MPOLEHT MNO/b3YIOLWMNXCA OTAeb-

HbIM TyasleTOM W YKaKuTe CTaHAapTHYH OWNGKY Ballei oueHKM; (6) oueHMTe o6Liee !

4ncno ceMelt B parioHe, HaHMMalOLWNX KBapTUPY, KOTOPbIE HE NOMb3YIOTCA OTAeNbHbIM
TyaneToM, W BbIYUCAUTE CTAHAAPTHYIO OWNGKY 3TOW OLEHKMW.

3.7. MpeanonoXxnm, 4To ansa ynpakHeHus 3.6 obLiee 4nMCIo cemeli B FOPOLCKOM
pavioHe, HaHUMalOLLMX KBapTUPY, paBHO 7526. MonyunTe HOBYIO OLLEHKY 06LLero vmcna
CeMel, HaHMMaloLMX KBapTUPY, KOTOPble He MOJb3YHTCA OTAe/bHbIM TyasieToM, U
BbIYNCNTE CTAHAAPTHYHO OLUMOKY 3TOM OLLEHKMW.

3.8. IMpu oyeHMBaHMM 06LWEr0 YMcna eguHnL Knacca C B o6nactn 1 (naparpad
3-10) peKomMeH0BasI0Cb MO/b30BaThCA OueHKo At — J11pl, ecnv Ni M3BECTHO U OLIEH-
Koii A[ = Najn, ecnn N4 Hem3BecTHO. MoKaxuTe, 4TO ANs 60NbLUNX BbIGOPOK, €C/n
npeHe6peyb NKC, OTHOLLEHWe Aucnepcumn Al K gucnepcumn A ( cocTaBnseT NpUGaMKeHHO
Qi/(Qi + fiit), rge N — [oNs efMHML, COBOKYMHOCTU, He NpuHagaexalimx o6nactu
1, a Px— Kak u B naparpade 3.10 — gons eguHui, knacca C B 06nactu 1. YKaxuTe
g/l%nosvm, Nnpu KOTOpbIX 3HaHWe NX obecrneynBaeT 3HaUMTE/IbHOE YMEHbLLEHWE Ancnep-

3.9. B npocToin cny4valiHon Bblbopke 06bema 5 M3 COBOKYMHOCTU o6bemom B 30
eAVHWL, HIA 0fiHa U3 eANHNL, He NpuHaanexunT Knaccy C. C MOMOLLbIO rMnepreomeTpuye-
CKOro pacnpefiefieHns1 HaiiauTe BEPXHIOW rpaHuLy A, yucna egmHuy, knacca C B COBO-
K YNVoCcTW, COOTBETCTBYHLLYIO0 95%-HOli 0HOCTOPOHHEW JOBEPUTENIbHON BEPOSITHOCTMY.
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Haligute Takxxe npubAnXeHHoOe 3HaudeHuWe Ay, BblUMCAMB 95%-HYH0 BepXHIOO 61
MHa/IbHYI0 TpaHuuy Pa u cokpaTuB MHTepBasl, Kak onucaHo B naparpade 3.6. Monb
TaliTeCb TaKXe NPMMEHUTb METOf, U3M0XeHHbIW B npumMepe 3 naparpada 3.6.

3.10. CTyaeHYecKoii cnyx6e 310p0Bbsl M3BECTHbI 06LLee YMCMO CTyAeHTOB, N,

1 oblLee YACMO MocelleHNA Bpada CTyAeHTamu B TeuyeHue roga, Y. HekoTopble CTy-
[eHTbl He nocellann Bpaya. Heobxo04MMO NONYUYUTb OLLEHKY CpefHero 4yucna nocele-
Huli Y/Nt gns CTYJEHTOB, MOCETMBLUMX Bpaya XoTsi Obl O4UH pa3, OfHAKO 3Haue-
Hue N1 Hen3BecCTHO. V3BneKaeTcss mMpocTast ciny4vaiiHasi Bbl6opKa 06bEMOM B M CTYAeH-
TOB. VI3 HUX rti CTyAeHTOB NOCETUAN Bpaya XoTs 6bl Mo pasy, a o6Luee YnCcno noceLle-
HWUIA ANa HUX paBHO y. MKC MOXHO npeHe6peyb, (a) MokaxuTe, 4To ylnx npeacra

NseT coboli HecMmellleHHYH oueHKY Y/Nt n uTo ee ycnoBHasa gucnepcusi paBHa Sani
rae S4—pucnepcys Yucna MoceLleHUidA cTyaeHTamu, nobbiBaBLUMMK Yy Bpada XoTs 6

pas. (6) BTopoii meTtoa oueHuBaHMA Y/Ni 3akao4yaeTcss B TOM, 4TOObl OUeHUTb N

¢ nomolbto NX — Nnjn u, cnegoBatensHo, K/iV,—c nomouwbto Yn/Nn” TMokaxuTe
YTO 3Ta OLEHKA CMeELLEeHa U YTO OTHOLLEHME CMELLEHUS K UCTMHHOMY 3HaueHuo Y /N
cocTaBnseT npubnmxkeHHo (N — Nt)/nNt. Haligute npmbnmkeHHOe BblpaXXeHne A
amcnepcum oueHkM Yn/Nni 1 NOKaXuTe, 4YTO OUeHKa M3 (a) MMeeT 60/bLUYIO Aucnep
cuKl0  npu

Sa> .
Nin m -
YkasaHue. Ecnm p npeactaBnsieT coboii 6MHOMMaNbHY OUEHKY P, OCHOBaHH
Ha N WUCNbITaHUAX, TOrpa I'Ipl/lﬁl'IVI)KeHHO

1

(T)- "+ P2 V('I_) nP8

3.11. Kakas 13 ABYX NpeAblgyLinx OLeHOK 6yaeT 60s1ee TOUHON Npy cnegytoL,
ycnoBuax? N — 2004, Y — 3011. Bbi6opka npn n — 100 nokasana, 4to 73 cTyq
Ta MOCeTUNN Bpaya XoTsl 6bl oanH pa3. O6Luee YMCNO WX MOCELLEHUA paBHO 152,
oueHKa gucnepcuun, s3, paBHa 1,55.

3.12. MpocTtada cny4vanHan BbIGOpKa N THE3NOBbIX €ANHUL, KaXas W3 KoTop
COAEPXUT M 3/1eMEHTOB, M3B/IEKAETCA M3 COBOKYMHOCTM C [0/eN 3/1eMeHTOB Knacca
paBHoi1 P. Ecnu BHYTpUrHe3goBas KOppensums MeHSeTcs, TO Kakumu 6yayT Hr
6oNbllee M HauMeHbLLee 3HAYeHWs UCTUHHOW Agucriepcumn p (BbIGOPOYHOM OLEHKM
N KakK OHW COOTHOCATCA C AWcrepcueld Mpu OUHOMMANbHOM pacnpefeneHnumn?
MOXHO NpeHebpeyb.

3.13. Ans Bbloopku ob6bemom B 30 AOMOX03AliCTB M3 Tabn. 3.5 Ha cTp. 8o np
[eHbl [aHHble O 4ucne MocelleHUi 3y6HOro Bpaya B TeuyeHwe NpoLUefLlero ro
OueHunTe ANCMEePCUo SO MWL, NOCETMBLUMX 3y6HOro Bpaya, W cpaBHUTE 3Ty oue
C OLLeHKOV COOTBETCTBYHOLLEW AMCnepcumn Npu GMHOMMANIbHOM pacrpefeneHunm.

3.14. OpuMH 13 BO3MOXHbIX CNocoboB oT6opa A1 mccnefoBaHWs pefkoro I
3HaKa COCTOUT B TOM, 4TOGbI''NpPofo/KaTb W3BMeYeHUe MPOCTOW CyyaliHoW Bbl6O
[0 Tex nop, Moka B BbI6GOPKY He NonageT m eauHuL, obnajarolmnx aTMM npusHa
npuyem m onpegensietca 3apaHee (Haldane, 1945). [okaxwuTe, npeHebperas

YTO BEPOSATHOCTb TOFO, YTO MOMHbIA 06bEM HEO6X0AUMOW ANA 3TOro BbIGOPKM COCT
n efvHWL, paBHa

(n—1)!

pmQn-m (n>T),
(Mm—n!' (n—m)\

rgje p _ vacrtoTta pefKoro npusHaka. HaiguTe cpefHuii 06bem MosHOM BbIGOP»
nokaxure, 4top = (M — 1)/(n — 1) npeacTaBnseT coO60/ HeCMELLEHHYIO OLie
P. (Mogpo6Hee 3T BONPOCHLI N3/10XKeHbI B CTaTbsAX ®uHHH (Finney, 1949) n CaHg
ca (Sanaelius, 1951); oun paccmMaTpuBalrOT CXeMy, NMPW KOTOpol 0T60p Mpoaon
ca [o Tex nop, noka nn6o byaeT NoayyeHo T efUHUL, C PeAKUM NPU3HAKOM, 1160
LWMIA 06beM BbIGOPKM AOCTUIHET 3apaHee YCTAHOBMEHHOro uucna efuHuy s10).
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MoceTunu nun 3y6Horo

MoceTtunn nn 3y6Horo
Yucno uneHos Bpaya

Yuncno uneHos Bpava
ceMmbu ceMbu

.U'a net Aa net
5 1 4 5 1 4
6 0 6 4 4 0
3 1 2 4 1 3
3 2 1 3 1 2
2 0 2 3 0 3
3 0 3 4 1 3
3 1 2 3 0 3
3 1 2 3 1 2
4 1 3 1 0 1
4 0 4 2 0 2
3 1 2 4 0 4
2 0 2 3 1 2
7 2 5 4 1 3
4 1 3 2 0 2
3 0 3 4 0 4
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FNABA 4

OMPEAENEHWVE OBBEMA BbIBOPKI

4.1. TUMOTETUYECKUA MPUMEP

Mpyn nnaHupoBaHWK BbIGOPOYHOro 06CnefoBaHNA BCerga HacTyn
MOMEHT, KOFfa HY)>XHO pelunTb, KakKMM JO/DKEH ObITb 00BbEM BbIOOPKN. ?
peLleHne UrpaeT BaXKHYK posb. Cnuvwikom 6onbluas Bbibopka TpebyeT
JIILLIHKX 3aTpaT, CAUWKOM Manas YMeHbLUaeT MOSIe3HOCTb pesy/bTar
MpuHATOe pelleHWe He Bcerga OblBaeT YAOB/ETBOPUTENbHBIM, MOCKO/b
4acTo M3-3a HegocTaTKa MHHOPMALUM Mbl HE MOXEM ObITb YBepeHbl B T
yTO ONpeaenuAn'Hanay4LLnii 06beM BbIGOPKM. Teoprsa BbIGOPOUHOIO M*
Ja JaeT BO3MOXHOCTb HAay4YHOro 060CHOBAHMA TaKOro peLleHus.

OcBeTUTb aTarnbl HaXOXAEHUS 3TOr0 PeLleHUs MOMOXET Ham ruT
TUYECKUA Npumep. AHTPOMONOr cobupaeTca M3yyaTb obuTaTeneil Hek
Toporo octpoBa. Kpome npoyero, oOH HaMepeH OLEHUTb MPOLEHT HaceseH
c rpynnoii kpoBu 0. PaboTa opraHu3oBaHa Takum 06pasoM, 4TO MO“
Noay4MTb MNPOCTYIO CyYaiHy0 BbIGOPKY. Kaknm fosxeH ObiTb 06beM 3T
BbIGOPKN?

Ha 3TOT BOMpoC Henb3A OTBETUTb, He MOJy4YMB CHauyana OTBeTa
Apyroli Bonpoc. HackonbKo JOCTOBEPHO aHTPOMO/IOr XO4ET 3HaTb Npou™
ntogeli ¢ rpynnoi kposu 0? B oTBeT OH 3asaBNAET, UTO 6yaeT y40BIeTBOP
€C/N 3TOT MPOLIEHT OKaXeTcs MpaBu/bHbIM B npegenax = 5% B TOM CM;
Jle, YTO eCNIN NOJAaHHbLIM BbIGOPKM rpynny Kposu 0 6yayT mumeTb 43% n
fel, TO o1 BCEeX XXUTeNen 0CTpoBa 3TOT MPOLEHT OyAeT HaBepHSAKa Ha
anteca mexay 38 u 48%.

[na Toro utobbl M3bexaTb HefOpasyMeHWs, Mbl JO/DKHbI 06BACH
aHTpomnosory, YTo AN OTAeNbHOro obcrnefoBaHWs Henb3sA faTb abcon
HOW rapaHTVM AOCTOBEPHOCTU pe3ynbTaToB B npegenax 5%, ecnu Ton
He NpoBOAUTL Cr/IOIHOro o06cnefoBaHusa. Kak Obl BEMKO HW 6blo
BCErfa ecTb LUaHC Mosy4YMTb CTOMb HeyjayHylto BbIOOPKY, 4TO ee owwunb
NnpeBbICUT Xenaemble 5%. AHTPONONOr XOJ/I04HO 3aMeyaeT, UTo OH 3H
06 3TOM, YTO OH FOTOB PUCKHYTb, €C/IN LLIAHC NOMYUYUTb HEYAauHYIO Bbl6
Ky coctaBuT 1 K 20, 1 4TO BOOGLLE OH MPOCUT COOOLUNTL emMy 3HadeHue
a He ynTaTb NIeKUUIO M0 CTaTUCTUKE.

Tenepb Mbl MOXXEM MOYYUTb FPYOYI0 OLEHKY 3HayeHUsa n. Ana y
LeHNsa Jena MNKC He MPUHUMAETCA BO BHMMaHWe W NpegnonaraeTcs,
BbIOOPOYHbIA NPOLEHT, P, pacnpefeneH HoOpManbHO. JonyCcTUMbI fu |
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NPEeAMNoNoKeHNSA, MOXHO ByfeT NPoBepUTb MOC/e HAXOXAeHUS ANS M nep-
BOr0 NPUOBAMKEHUS.

MaTtemMaTnyecku p AO/HKHO HaxoauTbea B uHTepBasie (P + 5) ¢ BepoAT-
HocTblo 19/20. MocKoNbKyY p NpegnonaraeTca HOPMasibHO pacnpesfeneHHbIM
C MaTemMaTU4ecKMM oXxugaHvem P, ¢ BeposaTHOCTbO 19/20 oHO 6yaeT Haxo-
anteca B uHTepBanie (P = 2cp). Aanee,

VPQ/n.

CnepoBatesibHO, Mbl MOXEM MOSIOXUTb

2VPQ/n =5 wwm n—

25

34ecb BO3HMKAET TPYAHOCTb, Mpucyllas BCeM 3agadaM, CBA3aHHbIM
C ornpefeneHvem ob6bema BbIGOpKK. PopmMyna Ansd M nonyyeHa, O4HaKo n
3aBUCUT OT HEKOTOPOW XapakTepuCTUKM MoABepraemoli BbI60pOHHOMY M3Y-
YEHMI0 COBOKYMHOCTW. B HalleM npumepe Takoi xapaKTePUCTUKON CYXUT
BeNIYMHa P, KOTOPYIO Mbl eLLie TO/IbKO XOTWUM OUeHUTb. Mo3ToMy Mbl cripa-
LUMBAEM aHTPOMO/IOra, He NPeaCcTaBAseT /1N OH, KakKUM MOXeT 6bITb BO3MOX-
Hoe 3HayeHve P. OH oTBeYaeT, yTo, CyAsA N0 AaHHbIM NPeLLIECTBYOLNX 06-
CnefoBaHUi ApYrux 3THAYECKUX FPYMn K Mo ero NPeanosioKeHUsIM 0 paco-
BOM MPOUCXOXAEHMUM OCTPOBUTAH, P BPAL /N BIXOAMWT 3a Mpefesnbl NHTep-
Bana ot 30 go 60%. ! ~ '
ITNX CBeAEHWU JOCTATOUHO AN MOYYEHUS YAOBIETBOPUTENIbHOMO OT-
BeTa. [nsa no6oro 3HadeHus P Mexxay 30 u 60 npoussegeHne PQ 3akto-
YyeHo mexay 2100 n makcumanbHbIM 3HaveHvem 2506 npu P = 50. Coot-
BETCTBYIOLLIEE 3HAYEHWNe N HaxoauTca Mexay 336 n 460. A nonHoli rapaH-
TUM B KauyecTBe MepBOro npubnmxkeHns Bo3bmeM 3HadeHue n = 400.
Tenepb MOXHO NpPoaHanM3NPoOBaTb MPeLNOSIOKEHNSA, CAeNaHHbIe B XO-
Je Hawmx paccyxgeHnin. Mpn n — 400 n P mexgy 30 n 60 pacnpegeneHune
p 6yger 61M3KO K HOpMasibHOMY. TpebyeTcs /M MKC, 3aBUCUMT OT 4ucna
nogeli Ha ocTpoBe. ECnn umcrieHHOCTb COBOKYMHOCTM mpeBbiwaeT 8000,
TO fona ot6opa 6yfneT MeHbLUe 5% 1 UCNPaB/IATL M C YYETOM MKC He MOoTpe-
Oyetca. MeTog ncnpaBieHNs NOMYYEHHOrO S, ecy 3TO NoHagobmTes, pac-
cMaTpuBaeTca B naparpace 4.4.

4.2. AHANIN3 MPOBJIEMbI

OcHoBHbIe 3Tanbl onpefeneHns o6bemMa BbIOOPKU TaKOBbI:

»
m*r

1 CnepyeT chopMynMpoBaTb HEKOTOPOe YTBEPXAEHMWE, OMuChbIBato-

Lee Tpe6oBaHMSA K BbIGopKe. OHO MOXET 3aK/0UaTbCs B YKasaHWUMW XKena-
Te/bHbIX MPEAeNioB OLIMGKM BbIGOPKM, KaK B MpejblayLieM Npumepe, Wm
e B YKa3aHMU Ma HEKOTOPOe pPeLUeHne WN AeCTBUE, KOTOpPbIe [O/KHbI
GbITb OCHOBaHbI Ha pe3ysibTaTax BbI6opKu. OTBETCTBEHHOCTL 3a (hOpMYIMpo-
BaHWE TAKOro YTBEPXKAEHWS NEXWUT MpPeXAe BCEro Ha nuax, >Kenarwmx
BOCMO/1b30BaTLCS pe3y/ibTaTamy 06C/1ejoBaHUSI, XOTS OHW YacTo HYXXAAtoT-
Cs1 B MOMOLLM A/151 U3/TOXKEHUST CBOVIX MOXE/TAHWIA B UNC/IOBOM BUJE.

2. CneflyeT HaiiTW ypaBHEHMWe, CBSA3LIBAIOLLEE M C XXe/laTe/lbHbIM YPOB-

HEM TOYHOCTW BbIGOPKU. ITO ypaBHeHUe GyfeT MEHSTbCA B 3aBUCUMOCTM
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OT cofiepXXaHus TpeboBaHUSA K TOUYHOCTUM W OT MpPenmnonaraeMoro ero
oTbopa. OHO U3 NPeUMYLLECTB BEPOATHOCTHOIO 0T60pa 3aK/1H04HaeTCA B
YTO OH JaeT BO3MOXHOCTb MOCTPOUTb TaKOe ypaBHEHMUe,

3. OTO0 ypaBHeHMe bygeT cofep>XaTb B Ka4ueCcTBe MapameTpoB HEKOT
Hen3BECTHble XapaKTEPUCTUKM COBOKYMHOCTU. VX crefyeT OLEHWUTD,
6bl UMETb BO3MOXHOCTb YKa3aTb KOHKPETHble 3Ha4YeHus,

4. YacTo OKa3blBaeTCHA, YTO He0b6X04MMO MNyB/MKOBaTb [JaHHbIE MO
KOTOPbIM KPYMHbIM MOAPa3AesieHNsAM COBOKYMHOCTU M 4TO >kenaTesb
npegensl OWKWGOK LO/MKHbI ObITb 3afaHbl AN KaXk4oro nogpasgen
B 3TOM criyvae 3Ha4YeHWs N BbIYUCASAKOTCA OTAE/bHO 418 KaXgoro nogh
feneHus, a obLuee 3HaAYeHME M HAxXO4AT CYMMUPYS MX.

5. O6bI4HO NMpY BbIGOPOUHOM 06Cef0BaHUN M3MepsieTca 6onee o'
npusHaKa WM XapakTepPUCTUKK; MHOTLA YMC/0 MPU3HAKPB [0BOJILHO
nnko. Ecnn xenaTenbHas cTeneHb TOMHOCTU yKasaHa ANs KaXgoro
3HaKa OTAe/bHO, TO BbIUWC/IEHNS MPUBOAAT K Habopy 3HayeHWii N 4ns
HbIX MPU3HAKOB, MPOTMBOPEYaLUUX OAHO Apyromy. CnefyeT HaiAtu
TOPbIA CMOCO6 cornacoBaHmsa 3TUX 3HAYEHWUNA.

6. B 3aknuveHne Heob6Xo4MMO NMPOBEPUTL, COBMECTUMO SIX MONyYe
3HayeHMe N ¢ pecypcamu, BblgeNeHHbIMW 471 BbIGOPOYHOIo 06Ceaos;
[na 3Toro HY>HO OUEHUTb 3aTpaTbl AEHEXHbIX CPeACTB, Tpyha, Bp«
N MaTepuanos, TpebyloLimecs ANA MnoslydeHUs BbIGOPKM Mpefnonarae:
obbema. VHorga BbISICHAETCS, UTO M JO/DKHO ObITb 3HAYNTENTbHO YMEHb
HO. B aTom cnyyae Mbl CTa/IKMBaeMCs CO C/IOXKHbIM BOMPOCOM — 06C/
BaTb /M BbIGOPKY ropasfo MeHbLUEro 06bema, CHU3UB TeM CaMbIM TOYH
pesynbTaToB, WM OTKasaTbCA Or UCCef0BaHUA A0 MOAyYeHWUss 60/bLu
pecypcoB.

B cnegytowmx naparpadax HeKOTOpble U3 3TMX BOMPOCOB byAyT pacc
TpeHbl 60s1ee MOAPO6HO.

4.3. SAJAHVNE YPOBHA TOYHOCTU

YpoBeHb >enaTeslbHOM TOYHOCTW MOXKHO 33jaTb, YKasaB Benmuu
OLUMGKM BbIBOPOUHBIX OLEHOK, C KOTOPOM Mbl FOTOBbI MpUMUpUTLESA. JTy
BCEro onpefensTb 3Ty Be/IMUMHY, UCXOAS U3 Leneli NpuMeHeHUs BbI6o
HbIX JaHHbIX. NHorga 6biBaeT TPyLHO PeLUUTb, CKOJb 6OMbLUYIO OLLIU
MOXXHO 6bI/10 6bl JOMYCTUTb, OCOGEHHO €CNW pPe3y/bTaTbl A0/HKHbI NpK
HATbCA ANA pasnuuHbixgenei. MpegnoaoXkmMM, YTo Mbl CNpaLlnBaem aHT
nonora, NoYemMy OH XO4eT, YToObl 3HAaYeHWe NPOLEHTa Jo4e € rpynro
Kposu 0 6b1/10 NpaBWUbHBIM B npefenax 5%, a He, cKaxem, 4 uiu 6
OH MOXEeT OTBETUTb, YTO AaHHbIe MO rpynnaM KpoBu 6yayT MpuMeHe
npexge BCcero AN Knaccuukaumm rno pacam. Y Hero ectb CU/IbHOE MOf
3peHue, YTO OCTPOBUTAHE MPUHAAMIEXAT UK K pacoBomMy Tuny ¢ P, roct
NAWAM NpnbamsnTenbHo 35%, unn K Tuny ¢ P, coctaBnsiowmm npmnéan
3torefibHO 50%- [Mpegen owWMOKM OUEHKK, cocTaBnsawwmii 5%, Kaxe
eMy [0CTaTOYHO MasibiM A/1 TOro, YTobbl OTHECTUM OCTPOBUTSAH K OOH-_
M3 3TU* TNNe®, Y Hero, HeT, OAHAKO, 0COObIX BO3PAXEHWA MpoTUB |
[lenoB ownbkn B 4 unn B €%.

Takum 06pa3om, BbIGOp aHTponosorom 5%-HOro npegena OLWMOKK
6bl1 4O HEKOTOPOW CTeneHVW NPOM3BOSIbHBIM. JTOT MPUMepP TUMWYEH B TOM
OTHOLLIEHMW, YTO HacTO 3HaYeHVe OLINOKM BbIOUPaeTCa MMEHHO Tak. B cyuy-
HOCTW Halll aHTPOMOJIOr 3HAET Yero OH XO4eT, Noxxanyi, 6osee TBepao, YeM
MHOrVe ApYrre yYeHble Y agMUHUCTPATUBHbIE paboTHUKKN. Korpa BrnepBble
BO3HMKAeT BOMPOC 0 >ke/aTe/lbHOM CTeneHM TOYHOCTM, Takue JII0AN CO3Ha-
I0TCSH, UTO HMKOr4a He gymanu 06 3TOM U He 3HAKT, YTo 0TBeTUTh. OaHaKo,
KaK MoKasblBaeT MOV OMbIT, MOC/e 06CYXAEHUSA OHM 4acTo MOryT, MO Kpaii-
Heli Mepe, MPUBAKEHHO YKa3aTb KadKyLleecs A1 HUX MPUeMSIEMbIM 3Ha-
YeHue OLLMOKW.

Bo MHOrMX MNpakTMYeCKMX CUTyauusiX Mbl He MOXEM MpPOABUMHYTbLCA
Jasblue 3TOro B OMpeAenieHNN XenaTe/lbHOW CTeneHu TOUHOCTM. TPYAHOCTb
COCTOMT 0TYaCTM B TOM, YTO OOGbIYHO HELOCTATOYHO XOPOLLO W3BECTHO,
K KakMM MOC/eACTBMAM B OTHOLUEHUN NPaKTUYECKNX PeLLEHWNA, NpUHMUMae-
MbIX MO pe3ysbTaTaM 06CnefOBaHUA, MOryT MPUBECTU OLLUMOKWM TOro Wn
nHoro pasmepa. Npy 3ToM, fake ecnv Takue MOCNEACTBUS WM3BECTHbI, pe-
3ynbTaTaMyM MHOTMX BaXHbIX 06C/1e40BaHUA MOMb3YHOTCA pasHble SHAN
4N pasHbIX Leneld, NpuyYeM HeKOTOpble U3 TaKuUX Leneld Helb3s npegyra-
JaTb B TO BpeMsi, Korja nnaHupyeTcs obcnegoBaHue. CnefoBatesibHo, 3se-
MEHT forafku 6yfeT, BePOATHO, U B Aa/IbHeliLeM WUrpaTb 3HAYUTE/IbHYH
ponb NpY 3afaHnn YPOBHSA TOYHOCTU.

Ecnn BbibOpKa M3BMeKaeTCA A5 0YeHb KOHKPETHOWM Lenn, Hanpumep
AN NPUHATUSA pPeLLleHnsl, KOTOPOE COCTOMT /IULLL B OTBETE «aa» U «HET»,
UM 4ns Toro, 4tobbl PELUNTb, CKOIbKO CPEeACTB M3PacxofoBaTb C HEKOTO-
pbIM PUCKOM, TO HE06X04MMass TOUHOCTb 00bIYHO MOXKET 6bITb 3agaHa 6onee
OnpefesieHHO vepe3 yKasaHue MOCNeACTBUA OLUMOOYHOro pewleHms. O6wmi
noaxof K Takoro poga npobnemMam msnaraetcs B naparpadge 4.9, KOTopbIiA,
XOTS 1 B OKATOM BMAe, JaeT IOFMYeCKmne 0CHOBbI AN UX pas3peLleHust.

4.4, ®OPMYJIA ONA n MPU OTBOPE O/19 OLEHWMBAHWA OOJEN

EovHnubl pa3geneHsl Ha ABa knacca: Cu C'. Mbl ycriaBnnMBaemcs 0THO-
CUTENbHO HEKOTOPOro NpefesibHOro 3HadeHus OwmnbkM d OueHKW p, AONTA
eanHnL, Knacca C, n X0TUM, YTOBbl NNLLb C HEGO/bLUMM PUCKOM a (haKTu4e-
cKas owwmbka 6bina 6onblue d, T. e. YTOObI

Pr(lp—P|>d) = a.

MpegnonaraeTcs, 4TO NPOU3BOAAT MPOCTOW CAyYaliHbIA 0T60p U p UMeeT
HopmasibHOe pacripegeneHue. Mo Teopeme 3.2 13 naparpada 3.2

[? e

CnepoBatenbHO, (hOpMyna, CBsA3biBalOLlas N C KeNaTe/bHOW CTeneHbto
TOYHOCTMW, WMEET BUf,



rae t — 3HadeHue abcuuccbl AN KPUBOW HOPMAaNbHOrO pacnpegeneHuns
OTCeKalllee Ha «XBOCTax» MOWaAb a. Paspeluasi paBeHCTBO OTHOCKTESb
HO M, Mnofyyaem

t2PQ

d*
n-. (4-

1+T bl - o

Lns npakTuyeckoro npumeHeHns Bmecto P B 3Ty hopmyny noacrasnseTe
HekoTopas npejBapuTenbHas OuUeHKa, p. Ecaum N Benuko, TO B KayecT
nepsoro npuonmxeHus 6epetcs

.t _ pg )
tin . v (4
roe V=  — xenaTenbHas [AMCNepcus BbIGOPOYHON [ONN.

MpakTuyeckn cHavana sbluucnsetrca n0. Ecnum tijN npeHebpexT
mano, To n0 6yAeT yA0BNeTBOPUTENIbHLIM NpUGAMKeHveM ana n un3 (4.1
B npoTusBHOM cniyyae 13 cpaBHeHusa (4.1) u (4.2) cnegyeT, UTO N MOXHO
NyuunTb Mo opmyne

n— no «0 (4
1+(No-1)/n? 1+ («0/N10

Mpumep. B runoTeTMYecKoM MNpUMepe C rpynnamy KpoBW Mbl UM

d= 0,05 p= 05 a= 005 t= 2
Taknum 06pasom,

17257572400,
0 0,0025

Mpepgnonoxum, 4YTO Ha OCTPOBE XWBET TOJIbKO 3200 uyenosek. H
XOAMMO YYeCcTb MKC, WU Mbl MOSyvyaem

n= « 0 s
399

3200

®opmyna ana n0cnpaBefnnBa TakXe, ecim BennyuHbl d, p v g BCe
paXkeHbl He B JONAX efVMHMULbI, & B npoueHTax. MoCKobKY npou3BefeH
pg pacTeT, Korga p ctpemutca K 1/2, unm k 50%), 60nee HagexHas OueH
M NOMyynTCH, €CNM B WHTEpBane, rae, Kak npeanonaraeTcs, Haxogwu.
p, NPUHATL B KayecTBe p 6amxanwee K 1/2 yucno. Hanpumep, ecim np-
rnofaraeTcs, 4to p Haxogutca Mmexay 5 n 9%, TOo 4na onpegeneHus
Mbl MpUHMMaem 3HayveHue 9%.
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45. ®OPMYNA A/1A n B CNYYAE HEMNPEPbIBHbIX MEPEMEHHbLIX

MycTb y — cpefHee 3HavyeHMe HabMOAEHMIA Npyu MPOCTON cny4aiiHol
BbIGOPKE, W Mbl XOTWUM, 4TOObI
Pr(ly—F[>d) =

roe d — BblbpaHHOe npefenbHOe 3HayeHuMe OWMOKM U a — HeKoTopas

Manas BepoATHOCTb. [1pefnofioXum, 4YTo y pacrnpegesieHo HOPMasbHO;
corfacHo cnegctenio 1 M3 Teopembl 2.2 €ro cTaHAapTHas owmnbka paBHa;

N—ti S
N yn
CnepoBaresibHO,
d—t N7 (4.4)
/. N Yn
oro paetr

- -N(\-d)r

Kak 1 B npefblayliem naparpadge, B KauecTse NepBoro npubanKXeHus npu-

HUMaeM
' :(('i'y ~SF2- (4.9)

OHo npurogHo, ecnn ToAbKO NOIN Mano; B NPOTMBHOM C/ly4yae Mbl Bbl-
yucnsem n Kak

N— 4.6)'

I+ n O/N (46)

Ecnn oueHmBaeTCq CymMmapHOe 3HavyeHue Ans COBOKYMHOCTK, Y, C Npegess-

HOW OLINOKOI d, TO B Ka4ecTBe MepBOro NpubavmxkeHnsa Bmecto (4.5) cnegyet
B3ATb

NtS\2_(NSy*
No

PaBeHCcTBO 4.6 ocTaeTcsi 6e3 M3MEHEHWIA.

Mpumep. B MNWTOMHMKAX, BbIPALLMBAIOWMX HA MPOAAXY CaXKeHLUb
[JepeBbes, B KOHLe 3MMbl UM B Hayane BeCHbl LienecoobpasHO OLeHMBaTb
UMCNO UMEIOLLMXCSH 340POBbIX CaXEHLEB, MOCKO/IbKY OT Hero 3aBuCuUT
Y [oBneTBOpeHue 3aSBOK M NpUeM 3aka3oB. BblIOOpPOUHble METOAb! OLeHMBa-
HMS 06LLEero Yncna CaxeHues 6b11M M3ydeHbl JykoHcoHom (Johnson, 1943).
MpvBefeHHbIe fanee faHHble GbinyM NOMy4YeHbl NpU 06CNef0BaHUN TPALbI
CaKEHUEB cepebpncToro KneHa, wWupmnHa Kotopoid 1 gyt u agnvHa 430 dy-
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TOB. EAMHMUEl oT6opa cnyun 1 yT AMHbI Tpsagbl, Tak uto N =
MyTeM chnowHOro 06cnefoBaHNa Tpsabl 6bII0 HalgeHo, YTO MCTUH'

3Ha4YeHnA 4NA COBOKYMHOCTU paBHbl: Y — 19, S2 = 85,6.

CKOMbKO HY>XHO Bbl6paTb efuHWL, NpW MNPOCTOM C/lyYaliHOM
A8 TOro, 4Tobbl OUeHUTb Y C OWIMOKOM B npegenax 10% npu BeposATH*
19/20, 4TO OHa He BbIAAET 3a 3TU Npegenbl?

N3 (4.5) nonyvaem

i'5i= W =95
0 da 1,9*

MockonbKy nJN npeHebpeyb Henb3sl, NPUHUMAEM

%5
n=

[ns Toro utobbl NONYUNTL >KenaTesibHY0 TOYHOCTb, HEOH6XOAMMO O
ynTaTb CakeHubl Moyt Ha 20% rpagbl.

dopMynbl ANs N, NPYBeAEHHbIe 34eCb, NMPYMEHMMbI TO/ILKO MpY M,
CTOM C/ly4aiiHoM 0T60pe, KOrja B KayecTBe OLEHKM Y MPUHUMAETCS Bb
poyHoe cpegHee. COOTBETCTBYHOLLME (HOPMY/IbI A1 APYTUX CMOCOGOB
6opa 1 OLEHMBaHIAS YKa3blBAKOTCS MPU PACCMOTPEHUM 3TUX METOZOB.

4.6. MPEABAPUTE/IbHbLIE OUEHKW ONCTMEPCUI ONA S

COBOKYTIHOCTU

MprMep C MUTOMHUKOM HETUMWYEH B TOM OTHOLLUEHWMW, YTO B HEM
M3BeCTHa Aucnepcunsa A9 COBOKYMHOCTU, S2. Ha npakTvKe OLUEHKN gucn
CUI COBOKYMHOCTW, HY)XXHble 415 OnpejeneHnss obbema BbIGOPKU, MO
NOMy4YnTb YeTbipbMsA cnocobamu: (1) NpPom3BoAMTL OTOOP B fBa 3Tana,
B/IEKasi Ha MEePBOM MPOCTYHO CMy4aiHy BbI60PKY 06beMa MX 1 Mo ee,
HbIM Mosly4as 3HavyeHms S2 uim P mn Tpebyemoe n; (2) No gaHHbIM MNPO6H
obcnegoBaHuns; (3) Mo NpeablgyLivMM 06CNef0BaHUAM 3TOW MM Nogo6
el COBOKYMHOCTEN; (4) Ha OCHOBaHWMM MPELNOSIOKEHWIA 0 CTPYKTYype
KYMHOCTW, [OMOJIHEHHbIX HEKOTOPbIMW MaTeMaTUYeCKMMU pacHeTamu.

MepBbIii cNocob gaeT Hanbonee HaaeXHbIe OLEHKU S2 unn P, Ho npu
HSeTCA PeAKo, MOCKO/IbKY OH YBEMYMBAET CPOKM BCero o06crefoBaH
[nsa Tex cny4yaes, Korga oH ocyulecteuM, Kokc (Cox, 1952), cnegys pab
LUTeliHa (Stein, 1945), nokasan, Kak BblMMCAATE M Mo A\ uam pr Tak,
6bl OKOHYaTeNbHas OUEHKa y WM p MMefna 3afaHHyl gucnepcuio”™
3aflaHHbIV npeaen owmnoKn d nnu 3agaHHbIN KO3MUMEHT Bapuaumn. ~
Basl BblbopKa npegnonaraeTcs [OCTATOYHO 6O/IbLUONA, YTOObI MOXHO 6b
npeHebpeyb yYneHamn nopsaka 1n\. MprBeaeM HEKOTOPbIE U3 3TUX pPesy
TaToB.

~OueHrBaHMe Y Mpu 3agaHHoOn gucnepcun V

Ecnu s\ — 3HayeHue gucnepcun, NOSyYeHHOE M3 MepBoi BbIGOp
TO HYXHO 0T06paTb CTO/bKO AOMOSHUTENbHbLIX eAUHWL, 4T0bBbl caen
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06LLMIA 06bEM BbIGOPKU pPaBHbIM:
n- 1+ (4.7)

PacnpegeneHve y npeanonaraetca nNpUOIN3UTENBHO HOPMasIbHBIM.
Ecnm 6b1 S ObIN10 M3BECTHO TOYHO, TO Tpebyowmiica 06beM BbIGOPKU CO-
cTaBun 6ol S2AV. HesHaHMe S yBenMUMBAET 00beM BbIGOPKN B CpPefHeEM
B (1 + 2/tij) pas.

OueHmBaHve P npu 3agaHHOW pgucnepcnn V

MycTb oueHka P, nonydeHHas M3 NepBOW BbIOOPKK, paBHa px- Torga
COBMECTHbIi 06bEM MEPBO U BTOPOI BbIGOPOK LO/MKEH ObITb

Pii , 3—8piqi . 1—3pi?i (4.8)
PIQI yu

MepBbIil YneH B NpaBoii YacTW paBeHCTBa COOTBETCTBYET 06bEMY, KOTOPbIN
notpe6osasnca 6bl, eciv 6bl 6bII0 N3BECTHO, UTO P paBHO pr. [ns atoro
cnocoba 0bblvHass 6MHOMMasIbHas OueHKa p, BbIYMC/IEHHAs MO MOSHOW Bbl-
60pKe 06bEMA M, OKAKETCA HECKO/IbKO CMELeHHON. 1S Toro 4tobbl BHe-
CTVM MOMNpPaBKy Ha CMeLLeHWne, cregyeT MPUHATb

Mn-

T -M
Pa

P=3p +

OueHuBaHve P npu 3agaHHOM KO3(phMLMeHTe BakKaLmu, pagHom Y C
Hy>XHO B3ATb

n = . (4.9)
CPI Pi QI cPlInl

OueHkoli cny>knt P = p — Cplg. Bo Bcex Tpex MpuBefeHHbIX pesyfbTa-
Tax MKC BO BHUMaHWE He MPUHUMAETCS.

Mpumep. O6cnegoBaTeNb X04YeT OLUEHUTb P ¢ KoadhduumeHTOM Bapuma-
umm paBHbiM 0,1 (unn 10%). OH NpeanonaraeT, UTo P 3aK/IOYEHO MexXay
5 n 20%. Takoii MHTepBa/T C/IMLLIKOM BEfAK, YTOGbl MOXHO 6bI10 ¢hasy
NnoslyunTb Xopollee NpubavkeHe Tpebytollerocs n. MOCKoNbKY Koahu-
UneHT Bapuaumn P paBeH VQ/nP, nerko nposeputb, 4to n — 400 nog-
xognt ansa P — 20%, Ho eciv P paBHO finLb 5%, TO HEOO6X0AMMO 3HaUYeHme
n = 1900. MNMoaTomy cHayana OH paccMaTpuBaeT BbIGOPKY ¢ nx = 400
n Haxogut px — 0,105. TlMockonbky ¥ C = 0,1; C = 0,01. N3 paBeHCT-
Ba (4.9) cneayet, 4uTo

0895 . 3 . 1 — 975,
0,01-0,105  0,0940  0,01-42

CoBmecTHas BblGOpKa gaeT np — 88; p — 88/925 = 0,0951. MonpaBKa
Ha cmeLleHve, Cplg, paBHa 0,0011, 4To faeT OKOHYATe/IbHYHO OLleHKY, paB-
Hyto 0,0940, nnn 9,4%.
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BTopoii cnoco6 — Heb6onbwoe npobHoe ob6cnegoBaHne — yaobeH Ans
MHOIMX Lenein, 0COBEHHO ecnn OCYLLEeCTBMMOCTb OCHOBHOIO 06CnefoBaHus
HaxoguTca nog comHenueM. Ecnu npobHoe o6cnefoBaHve NpPOBOAWTCA O
NpOCTOW Ccny4yaliHOl BbIGOPKE, TO MNPUMEHMMbI OMWCAHHbIE TONbKO YTC
meTogbl. OfHaKo 4acTo nNpobHoe 06CcnefoBaHME OrPaHMUYMBAETCA UL TOM
4acTbl0 COBOKYMHOCTM, KOTOpas 6onee yaobHa ANA U3YUYEHUSA AKX NOMOraeT

50 bIABUTb 3HAYEHMWE OMpefe/eHHbIX PaKTOpPOoB. ITOT U3bupaTenbHbIli Xapak'
Tep Npo6bHOro ob6cnesoBaHMA CneayeT yUuTbiBaTb, MPUMEHSAS ero pesyib-
TaTbl 419 oueHKM S2unm P. Hanpumep, 06bIYHO MpeaBapuTeNisHOE uccne
[0BaHWe OrpaHMuMBaeTCsa HECKOMbKMMW THe3hamu eanHul. Bblumcnse-
Mas npw 3aToMm S2 6yAeT OTpaxartb, rfaBHbIM 06pa3oM, BapuaLuio BHYTPU
3TUX THE3[ W MOXET MPUBECTU K NPEYMEHbLUEHNIO COOTBETCTBYHOLLErO S2
CBA3b MeXAY BHYTPW- W MeXAYrHe3foBOl Bapuauueil paccmarpusaeTcs
B rn. 9. Ta xe npobnema BO3HUKAET Mpy rHe3L0BOM OTOOpe 4/ OLEeHUBa-
HWUA foneil, Korga popmyna pg/n MOXeT npeyMeHbllaTh 3PNEKT BapmaLmm
Mexay rHesgamu. OnpegeneHne obbema BbIGOPKM Npu rHe3[oBOM 0T60pe
ONA OueHMBaHWA fonein xopowo npounntoctpuposan KopHgung (Corn-
field, 1951).

ATpeTnit cnocob — MpUMeHeHWe pe3ynbTaToB Npeablgylmnx obcnegosa-
HWi — npeanonaraeT, YTO UMEKTCA Te WAWN UHble AaHHble O CPeAHUX KBafj
PaTUYHBIX OTK/MOHEHWAX B Mpefblgylinx 06cnefoBaHNAaX WaW, No Kpain-
Hell Mepe, CyLLecTBYyeT BO3MOXHOCTb 3T AaHHble NonyunTb. K coxaneHuto,
CTOMMOCTb BbIYUCNEHNS CPEeSHUX KBAAPATUUYHBIX OTK/OHEHWA B C/IOXHbIX
06cnefoBaHNAX [LOBOMbHO BbICOKA AaXe MNPy MNPUMEHEHUN 3NEKTPOHHbBIX
BbIYMCNUTENbHBIX MalWH, U 06bIYHO BbIYMCAAKOTCA W XPAHATCA TOJbIN
Te 3HAYeHUA CpPefHMX KBaLPaTMUHbIX OTK/IOHEHW, KOTOPbIE HYXHbI, YT~
6bl NonyunTb 06LLee NpeAcTaB/eHWe 0 TOYHOCTU OCHOBHbIX OLEeHOK. Ecnu
ecTb NMOAXOAALME AaHHbIE 33 MPOLU/bIE rofbl, TO K BE/IMUYMHE S2 MOXET MO-;
HafobuTbCcAa NomnpaBka Ha ee U3MeHeHWe BO BpeMeHW. [ns nepuogmyecku

nosyyaemblX JaHHbIX, KOr4a BO BPEMEHN MeHfAeTCA Y, 4acTo OKasblBaeTcs
YTO S2 MEHSETCHA CO CKOPOCTLHO, 3akntoueHHoNn mexay kY un kY2, rge k
HeKOTOPOe MOCTOAHHOE Ync/o. Tak, eciv npegronaraertcs, 4To 3a BPEM
npolleLlee nocne npeaplayLiero o6cnefoBaHns, Y yBemunnocb Ha 10 %
TO Mbl JO/KHbI YBENMYUTL HaLly NepBoHayvanbHYy oueHKy S2Ha 10—20%

HakoHel, nHorga MOXHO BbIYMUC/UTL BMOJIHE MPUTOLHYIO OLEHKY S2
.pacnonaras nub CPaBHUTENbHO OrpaHUYEHHbIMU CBELEHUSMU O Xapak
Tepe COBOKYMHOCTU. B paHHWX KCCnegoBaHWAX 4ucia YepBeii-npoBoso
HWKOB B MOYBE B KayecTBe eAuHULLI 0TO6Opa NpuHUManca obpasey rpyHT
pasmepoM 9 X 9 x 5 [AOAMOB M3 BEPXHEro €/0a nouysbl. Ans onpegen
HUS N o6cnefoBaTeNto HYXXHO 6bIN0 3HaTbL CpefHee KBagpaTuvHOe OTKI<
HEHME 4ucna YepBein-nNpoBOJIOYHMKOB, HaWgEHHbIX MNPV B3ATUM OfHO-
obpasua. Ecnu 6bl YepBM Bbin pacnpefeneHbl B BEPXHEM CN0OE CyYaliHbl
06pasom, TO YUC/O UX B HebOMbLIOM 0O6beMe rpyHTa pacnpenensinocb

no 3akoHy lyaccoHa, a8 kotoporo S2 = Y. [10CKO/IbKY, BO3MOXHO, C
LecTBYeT TeHAEHUMNA K pacrnosioXeHWo 4epBel rpynnamu, 66110 pelue

MoONoOXUTb S2 = 1,2Y, TAe MHOXWTENb 1,2 B3AT NPOU3BONLHO ANs yBe
YeHNs HafeXXHOCTU. X0Ts Y He 6blJ0 U3BECTHO TOYHO, MOXHO 6bINIO Y
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3aTb BENUYMHBLI Y, WUMEHLMe 3KOHOMUYECKOe 3HaYeHVe B OTHOLUEHMM TNO-
Tepb ypoxaa. 3Tv fBe OTNpaBHbIX TOYKW [anu WHHOPMAaLUI0, KOTopas
no3sonuna yLoOBNETBOPUTE/IbHO OMpefennTb 06beEM BbIGOPKMU.

JemuHr (Deming, 1960) noka3san, KaK MOXHO MPUMEHUTb ANA OLEHU-
BaHWA S2 HEKOTOpble NPOCTbIe BEPOATHOCTHbIE pacnpefeneHuns, ecnm nssec-
TeH pasmax pacnpefefieHus U nmeetcs obLiee npeacTaBneHune o ero opme.
Ecnu nmeeTca pacnpegeneHne 6MHOMMWANLHONO TUNa ¢ 4oneid HabnroAeHWA
Ha OfHOM KOHLle MHTepBana 3HauyeHWil, paBHOW p, W A0NeR q Ha Lpyrom,
T0 S2 —pgh2, rge h — ganHa wvHTepBana 3HaveHwid (pasmax). Ecnm
p = q—1/2, TO MaKCMManbHOe 3Ha4yeHne S2 npu gaHHom h paBHo 0,25/r2.
[pyrue nonesHble cOOTHOWeHNA: S2 = 0,083/r24ns paBHOMEPHOro pacrpe-
fenenunsa, S2=0,056h2an9 pacnpegeneHus, UMeroLLero gopmy NpAMoyrosb-
HOro TpeyronbHuka, M S2 = 0,042h2 agna pacnpegeneHns, UMeoLLEro
thopMmy paBHOGEAPEHHOro TPeyronbHuKa.

3TN opmyibl Mano NomorarT, ecnn h BENNKO WAN U3BECTHO HETOYHO.
OpHako npu 6onblwKnX h B NpakTuKe BbIGOPOYHOrO MCCNEA0BaHWUA YyCMeLl-
HO MPVMMEHSAETCA paccfoeHne COBOKYMHOCTM (CcM. rn. 5) Takum o6pa-
30M, YTOObl pasMax BHYTPM KaXKAOrO C/I0f CTaj 3HAUYMTENIbHO MeHbLLE..
OO6bIYHO BHYTPYW C/IOA W BWUA pacnpefefieHns CTaHoBUTCA npole (6amxel
K paBHOMepHOMY). Takum 06pa3om, 3aTu (hOpMYNbl BbIFOAHbLI NpW onpegene- |
HUW S2, a cfefoBaTeNbHO, U M BHYTPU OTAENbHBIX C/OEB. E

4.7. OB BEM BbIBEOPKW MPUN N3YYEHNWN HECKOJ/IbKNX TMPU3HAKOB
t

B 6onblUNHCTBE 06CMeAOBaHUI CBeAeHWS COOMPaOT He MO OAHOMY,
a No HeckoNbKUM npusHakam. OAWH U3 MEeTOAOB OnpeAeneHns 06bema Bbl-
60pKM B 3TOM Cnyyae COCTOMT B TOM, 4TOGbl yKaszaTb Mpefensl OLMGOK
O4N9 MPU3HAKOB, cuMTaloLMXCA B 06CNef0BaHMM Hanbonee BaXHbIMU. He-
06X04MMbI 06bEM BbIGOPKM OMpefensieTcs cHavyana OTAeNbHO MO KaXAoMy
N3 3TUX BAKHEWLINX NPU3HAKOB.

Mocne TOro, Kak 3Ha4yeHUs M ANS OTAeNbHbIX MPU3HAKOB BbIYMCEHDI,
MOXHO pacCMOTPeTb CUTYyaLuto B LenoM. MOoXeT 0KasaTbCs, 4TO BCe Nony-
YeHHble 3HAYEeHWA M JOCTATOYHO 6/M3KM OAHO K apyromy. Ecnn Han6onbLiee!
3HayeHue N NPUEMIEMO C TOUKM 3peHns 6romketa o6cneoBaHus, TO OHO
1 BblbMpaeTcsa. Yalie, ogHaKo, 3HAYeHWS N JOBOMbHO CU/IbHO OT/IMBAKOTCA
Of[HO OT fpyroro, npuyem BbI6Op HaMbOMbLUEr0 W3 HWUX HEXenaTeneH Wau
No (PMHAHCOBbLIM COOBPAXEHUSM UK MOTOMY, YTO 06LMIA YPOBEHb TOYHOCTM
OKaXeTCH 3HAUMTENbHO Bbllle HaMeyaBLUerocs MepBoHadvanbHO. B 3Tom
cnyvae, 4yTobbl OnpaBAaTb MNPUMEHEHWE MEHbLUEro 3HaYeHNa M, XenaTefb-
Hbli YpOBEHb TOYHOCTW ANA HEKOTOPbIX MPW3HAKOB MOXHO CHU3UTH.

B HekoTopbiX cliyyasx 3HayeHus M, Tpebyrolwmecs ANA pasfMyHbIX
MPU3HAKOB, HACTO/IbKO PacX0AATCs, YTO OT M3Yy4EHUSI HEKOTOPbLIX MPU3Ha-
KOB HYXHO BOOOLLe 0TKa3aTbCA, MOCKONIbKY MPU MMEKLUXCA pecypcax
0Xufaemas A8 HUX TOYHOCTb GyAeT COBEepLUEHHO HefOCTaTO4HOW. Bos-
HMKaKoLWMe TPYJHOCTM He 0653aTeNbHO CBA3aHbl C 06beMOM BbI6OpKK. [ N5
pasHbIX NMPU3HaKOB MOFYT MOHAZ06WUTbCA pasHblie cnocobbl oTbopa. Ans
COBOKYNHOCTEN, KOTOopble 06CNefytoTca NOBTOPHO, MOME3HO HakanauMBaTtb
MH(OPMALMIO OTHOCUTENBHO TeX MPU3HAKOB, KOTOPble 3KOHOMUYECKMN Bbl-
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rofHo 06beMHUTL B 06CNEA0BaHNM OOLLErO TUMA, U TEX, KOTOPble Tpedy
0co6bIX MeToA0B. B KauecTBe npumepa B Tab/n. 4.1 npuBegeHa Knaccugu
UMA MPU3HAKOB MO YETbIPEM TUMaM, OCHOBAHHasi Ha OMbITe PerMoHasnbH
CeNIbCKOXO03SMCTBEHHBIX 06CnefoBaHnii. B 3Toil knaccmdumkaymm nog

cnefoBaHMeM 06LLEro TMMa NOHMMAeTCs Takoe 06cnefoBaHmMe, NPy KOTOP
eAVHMUbI 0T6Opa pacnpefeneHbl AOBOMbHO PaBHOMEPHO MO HEKOTOPC

PETMOHY, KaK, Hanpumep, Npu NpoCcTOM Ciy4yaiiHoM oT6ope.

Tunbl

Ta6bnuya 4.1

MPUMEP PA3/TINYHbLIX TUMOB TMPN3HAKOB
MPN PETMOHAJIbHbIX OBCNEAOBAHUNAX

XapaKTepucTuKN npusHakos

LLInpoko pacnpocTpaHeH Mo Bce-
My PervoHy, [JocTaTO4YHO 4acTo
BCTPEYaeTCs BO BCEX €ro 4yactax
LLInpoko pacnpocTpaHeH Mo Bce-
My PErumoHy, HO BCTpedvaeTcs He
yacto

BcTpeyaeTca 40CTATOMHO 4acTo B
60/IbLUMHCTBE YacTeli pervoHa,
HO pacrnipefeneH 6onee cnopagu-
YecKN: OTCYTCTBYeT B OfHMX Ya-
CTAX pPervoHa W CUIbHO CKOH-
LeHTpUpoBaH B Apyrux

PacripefiesieH 04YeHb cnopagu-
YeCKN WM COCPefoTOYeH B He-
60/1bLLIOA YacTU pernoHa

Heob6xogumblit TN otbopa

O6cnegoBaHMe  06wero Tuna c
HUW3KON fonein oTéopa

O6cnepoBaHne 06LLero Tuna, Ho
¢ 6onee BbICOKOW Aonein oTbopa

LOna nonyyeHust Xopowumx pr
3yNbTaToB HYXHa pacc/ioeHHa
Bbl6OpKa C pasHON MHTEHCMBHO,
CTbl0 B pasHbIX 4acTsX pervioH
(cm. rn. 5). NHorga mMoxeT Obl
n3yyeH B 06cnefoBaHUN obLuer
TMNa MpH AOMONHUTENIbHOM
6ope

He npurogeH ans obcnefoBaHu
obuwero Tuna, Tpebyetcsa oT60p,
YUUTBIBAIOLLMIA XapaKTep pacnp
feneHns

.4.8 .OBbEM BbIBEOPKW TPV HEOBXOAMMOCTW MOJTYHYNTb OLIEH
AnA NMNOAPA3SAENEHNA COBOKYTHOCTU

[0BO/IbHO YacTo NiaHMpyeTcs MONy4veHre OLEeHOK He TOMbKO AN15 CC
KYMHOCTW B LENIOM, HO U ANS OTAENbHbIX ee nogpasgeneHunin. Ecam atm m*
pasfieNleHns MOXXHO Bble/ITb 3apaHee, Kak B CNyyae HECKOJIbKUX
rpamyeckmx parioHOB, TO M BbIYUCAAETCA OTAENbHO A1 KaX4Oro nogp
feneHus. MpeanonoXunm, 4to cpefHee no KaxkAoMy noapasfeneHunto Hy
OLEHWUTb C OMpefAeneHHoli gucnepcmein Ve Ond i-ro nogpasgeneHus
em tit — SJ/V, Tak uTo 06wWmit 06bem BbiGopkn n — SST/V. Otgen':
Si 6yayT, B cpegHeM, MeHblle S2, aucnepcun ANS COBOKYMHOCTU, HO
CTO 3TO pasnMyune BeCcbMa He3HauUTeNbHO. Tak, ecnin MUMeeTcs K noapas,
neHnin, To n n kS4V, B To BpeMsa KaK Ansd MONy4YeHMs TaKoi Xe oue
TOMIbKO AN COBOKYMHOCTM B LENOM HYXHO 6bino 6bl B3ATb M — S

Takum 06pa3om, ecnu XenaTtefbHO NOMYYUTb OLEHKM C AUCMEPCU
ANA KaXAOr0 M3 K MNOoApasfeneHuin COBOKYMHOCTM, TO 06beM B
[LoNXeH 6bITb NpM6AN3NTeNbHO B k pa3 6onblue, yem AN NONyYeHUs
KW TOI e TOYHOCTM ANS BCE COBOKYMHOCTW. Jlvua, He umetowme
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npoBefeHMs 06CcneaoBaHMiA, YacTo ynycKalT M3 BUAa 3TO 06CTOATENbCTBO
npy BbluMCNeHUM 06bEMA BblGOPKU.

Ecnn nopgpasgeneHns COBOKYMHOCTM COOTBETCTBYHOT KiaccumKalmm
Mo TaKMM NepeMeHHbIM, KakK BO3pacT, MOJ, AOXOA, 4YMCA0 feT 06yyeHus
B WWKOJIE, TO K KAKOMY MOApa3fefieHn0 OTHOCUTCS TO MM MHOE NULO CTa-
HOBUTCS W3BECTHO TO/IbKO TOrAa, KOrga BbibopKa ye mofydyeHa. B atom
cnydvae npeaBapuTeNibHbI 06beM BbIGOPKM elle MOXHO ONpeaenvTb, eciun
M3BECTHbI JONN T* eAUHNL, NPUHAANeXALNX Pas3INYHbIM NoApa3AeneHusM.
Ecnu un3snekaetcs npoctas cnydvaiiHas Bbibopka o6bema N, TO OXuAaae-
MOe 3HayeHue obbema BbIGOpPKUM U3 t-ro nogpasgeneHus 6yget nar. Ecnu
nf{ Benuko, TO AWCNEPCUS CPeAHero 3HauyeHWs AN BbIGOPKM W3 3TOrO
nogpasgeneHuns 6ygeTt B cpegHem

\ oy / iy,

CneposatefibHO, AN TOro 4ytobbl nonyuntsb V (7)) = V, HYXHO B3ATb
n Sf/jTjV. Ecnu 370 cnpaBefnuBO AN KaXAOro noapasfeneHus, TO

I s* \ S* 1\

Ecnn nogpasgeneHns COBOKYMHOCTW MPUBAU3UTENbHO paBHbl MO BEAUYU-
He, TO 3X A; UJ/r, HO ecnnM HeKoTOpble MOAPa3AeNeHns MasiouUCNEHHbI, TO
MHOXWUTeNb Wwax (1/jt;) MoXeT OblTb 3HAUUTENLHO 6oNbLe K. B 3aToM cny-
Yyae Mbl JO/DKHbI WM YBENUYUTbL 3HauveHue V ANA TakKuMxX MoApasgeneHuni
WAN HaNTW HEKOTOPbIA cnocob 3apaHee Haxo4uTb MpUHaAeXaline K HUM
eAVHWLBI, TaK 4TO6bl foMt0 0T6Opa AN HMX CcAenaTb Bblwe. [na 37Ol
Lennm MHorAa moneseH MeToA ABOMHOro ot6opa (cm. ra. 12).

Ewe Bbiwe Tpe6oBaHMA K 06bEMY BbIGOPKM B aHaNUTUYECKUX 06Cneno-
BaHMAX, A1 KOTOPbIX OrpPaHUYeHUs UMEIT BUS,

v(yr-y))<v
4Na Kax4oi napbl nogpasfeneHwil COBOKYMHOCTM (06nacteil usyyeHus).
B atom cnyuae

Ecnn Sj He ouyeHb oTnmyatoTca oT S2, To N 6yget paBHo 2kS2V npu K 06-
NacTax WM3y4yeHUs, UMEeOWMX paBHble 06bemMbl, U ewe 6ofblle, Korga ux
06beMbl HEOAMHAKOBBI. BnAHWE MKC, KOTOPYK Mbl 3[4eCb HE YYUTbIBaNU,
CKa3blBaeTCs B HEKOTOPOM YMEHbLLEHWUMN TPebylowmnxes .

4.9. O6bEM BbIBEOPKWN C TOYKW 3PEHUVA TEOPNI PELLEHNA

Bonee nornyHblit nogxon K onpeneneHnro o6bemMa BbI60pKI/I MOXET ObITb
MHorda npeanoXeH B TeX caydaax, Korga no pesynbrtatam BbI60pKI/I OOJTXK-
HO MPUHUMATbCA NPaKTU4YECKOE pPeLlleHne. Takoe peweHne 6y,qu, no-Bun-
anmMmomy, 60nee 060CHOBaHHbLIM, €C/n BbI6OpOLIHaFI OUEHKa MMEET Manyr
OLIJVI6Ky, 4yemMm ec/im OHa UMEET 60ﬂbI.IJyI'0 OLIJI/I6Ky. Mbl MOXEM BbIUMCINTD
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B IEHEXXHOM BblpaxkeHUN notepu | (z), KOTOpble MPUHECET PELLIEHNE, MPUHN-*
MaeMoe Mpu paBHOM z OWMnOKe OLEHKN. XOTS AeNCTBMTENbHOE 3HaYeHue 2
3apaHee npefckasatb Helb3sd, TEOPWUS BbIGOPOYHOrO MeToAa AaeT Ham BO3-
MOXXHOCTb HailTU pacnpefeneHune 4actoT f (z, M) BEANYMHbLI Z, KOTOPOE Npwu
onpefeneHHoM cnocobe oTbopa 6yneT 3aBUCETb OT 06bema BbIGOPKU M.
CnepoBaTefnibHO, MpU JaHHOM 06beMe BbIOOPKU O>XKMAaeMble noTepu 6yayT

L () —\ | @) f (z,n) dz.
Mbl CTpeEMNUMCA N3BJIEYb BbI60pKy Tak, YyTOObI YMEHbLWNTb 3TN NOTEPU.

Ecau C (m) — m34ep>XKU Ha nonyyeHve Bbl6OpkM 06bemMa N, TO Leree*
pasHo Bbl6paTh N Tak, 4To6bl MUHUMMWU3NPOBATH

C(m + L (n),
MOCKOJIbKY 3TO BblpaXKeHue npegactaBnseT coboi ob6wme pacxofbl, CBA3aH
Hble C MOJlyYeHWEM BbIGOPKN U NPUHATUEM PELLEHUS MO ee pe3ynbTaTam.
Bobibop n onpegenseT Kak ONTUManbHbIA 06beM BbIGOPKM, TaK M Haubon
BbIFOf4HbI YPOBEHb TOYHOCTW.

K peLueHuto TOM e 3af4ayn MOXHO MOLOWTW W MHaue, He Yepe3 noTepw,
CBA3aHHble C OWW6KaMM BbIGOPOYHLIX OLEHOK, a Yepe3 [EeHeXHbl Bbl-
UrpbILW, NOSyYaemblil OT CBEAEHWI NMPUHOCMMbIX BbI6OpPKOI. Ecnn BBOAUTCS
MOHATUE LEHEXHOro BbIMIPLILWA, TO Mbl paccMaTpyMBaeM MNMpU W3BNEYEHU
BbIGOPKM 06beMa M OXuAaemblid BbiMrpbll G (M), KOTOPbIA paBeH HYyNr
ecnn BbIOOpPKa He U3BMeKaeTcA. Tenepb Mbl MAKCUMU3MPYEM

G (M) — C(n).
B Takoii thopMe Hall MoAxof 3KBWBAJEHTEH MpPaBWUy Makcumusauum npu,

OblNN B KNacCMYecKol 3KOHOMUKE.
Hanbonee npoctoin Bug QyHkumm notepb | (z) = Ne, rge 94— no-
CTOAHHas BennyuHa. OTclofa

L (n) = %E (r2.
Hanpumep, ecnu Y — Bbl6opoyHas oueHka Y nz = Y — ¥, To Npu npo-j
CTOM C/yyaiiHom oT6ope
L ()= (P)= .

Hambonee npoctoil BUA (YHKUMW W3LEPXKEK Ha MOyyYeHUe BbIGOPK
C(n) —cO0 + oa,
rae c0— HaknafgHble pacxofbl. AuddepeHunpysa, nosyyaem 3HaveHue
MUHUMU3NPYIOLLEE U3LEPXKKMW MKOC NoTepu

n=V kS2cl

B 6onee obuwem Buae aToT pesynbTaT npusogut Weiitc (Yates, 1960)
Te e pacCy>XAeHUsi NPUMeHMMbI K 1t060My cnocoby oT6opa 1 oLeHMBaHKA
npuM KOTOPOM JUCNEpPCUs OLeHKM 06paTHO nponopuuoHanbHa n u cTo™’
MOCTb — NIUHeNHas (yHKUMA M.

bnuc (Blythe, 1945) onucan npuMMeHeHWe pPacCMOTPEHHOro TOJb
4TO NOAX04a K OLeHVBaHMI0 06beMa ApPEBECUHbI HA y4acTKe neca c uen*
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eé npogaxu (cMm. ynpaxHeHue 4.11). HopguH (Nordin, 1944) nusyyan ontu-
ManbHbI1 06beM BbIGOPKU 418 ONpeAeneHns noTeHLManbHOro o6bema npo-
[aX npu cObiTe HOBbIX M3aennin. Ecnan Takoi 06bemM NpoAax MOXHO npes-
BUAETb TOYHO, TO MOABAAETCA BO3MOXHOCTb pacnpefennTb UMeroLLeecs
06opyfoBaHue 1 06beM NPOU3BOACTBA BO BPEMEHM TakK, YTOObI MaKCUMMU3N-
poBaTb OXuAaemyl npubbinb npoussogutens. MpaHgu u gpyrue (Grundy
et al., 1954, 1956) paccmaTpuBalOT ONTMMasbHbIA 06beM BTOPOIA BbIGOP-
KW, eCNN yXe WU3BEeCTHbl pe3ynbTaTbl MEepBON.

370T nogxof 6bin fanee CyLleCTBEHHO pa3BMT B paboTax Mo CTaTUCTu-
YecKol Teopmm peleHmnin. B HUX paccmaTpuBaloTCs Takme 0606LeHNs, Kak
NMPYMEHEHNe B KayecTBe Mepbl CTOMMOCTM W NOTepb MO/E3HOCTM, a He fJe-
HEXHOW OLEHKMW, MpvMeHeHne CY6BEKTMBHON anpuopHOi uHhopmalun
0 HEeW3BEeCTHbIX NapameTpax, NPefCcTaBNeHHON B BUJE «anNpUOPHbIX» BEPOAT-
HOCTHbIX pacnpefeneHnii 3TUX HEeU3BeCTHbIX MapamMeTpoB, WUCCefoBaHue
pasfNMyYHbIX BMAOB YHKLUA M3LEPXKEK W NOTepb M Pas/IMYHbIX BUAOB Kak
KOMIMYECTBEHHbIX, TaK W Ka4yeCTBeHHbIX [aHHbIX. Mogpo6HOe M3N0XeHue
3TOro MeToga MOXHO HaliT B KHure Paiiha m LUnaiigepa (Raiffa and
Schlaifer, 1961). Ewie He coBceM ACHO, B KaKOW CTeNeHW pasnnyHble 3agaqun
OyoyT noafaBaTbCA MOIHOMY Pa3peLleHunto C NOMOLLbI OMWCAHHOr0 34echb
nogxoga. OfHaKO ero LEeHHOCTb 3aK/04aeTcs yXXe B TOM, YTO OH CTUMYK-
pyeT ACHOE NOHMMaHWE PONY PasnUHbIX (haKTOPOB B NOAYUYEHUMN XOPOLLErOo
peweHns. OgHoit n3 obnacTeid, rae Takom NOLX0A MOXKET HANTU MPUMEHEHME,
CAY>XXWT MpY MAcCOBOM NPOWU3BOACTBE BbIGOPOUHOE W3yUeHWEe Wu3Lenuii
C TeMm, 4Tobbl Ha OCHOBE OLEHKN WX KayecTBa PeLunTb, MPUHATb UAWN OTK/O-
HWUTb JaHHY NapTuio mnsgenuin. CutTtur (Sittig, 1951) paccmaTpmBan 3Ko-
HOMMWYECKUe acrnekTbl onpegeneHns 06bema BblGOPKM, YUMUTbIBAS PacXofbl
Ha NPOBEPKY W U3JEPXKW, CBA3aHHblE C HannumeMm LeeKTHbIX WU3genui
B NPUHATOM MapTum U JO6POKAYECTBEHHbLIX B OTBEPrHYTOW.

YnpaxXHeHNSA

4.1. AnA HeKOTOPOro pawoHa, HacuuTbiBatowero 4000 AOMOB, HY>XXHO OLEHUTb
NPOLEeHT [OMOBMafeNbLeB CO CTaH4APTHOM OWWGKON, He npeBblwatoLeid 2%, u
NMPOLEHT AOMOXO03AIACTB, MMEILWMX ABa aBTOMOOWAA, CO CTaHAAPTHOM OLWIMGKOW, He
npesblwaroLeid 1%. (BennumHbl 1un 2% — 3T0 abCOMOTHbIE 3HAYEHUS, a He Ko3du-
UMeHTbl BapHauwuH.) lMpegnonaraeTcs, UTO WCTWHHbBIA NPOLEHT LOMOBMafenbLeB 3a-
KoYeH Mexay 45 H 65%, a NpoueHT AOMOXO03AIACTB, MMEKLWMX ABa aBTOMO6MNA —
mMexay 5 n 10%. Kakum fo/mKeH 6bITb 06beM BbIGOPKM, UTOObLI MOYUUTb OLEHKN 06emx
XapaKTepuUCTUK C YKa3aHHOW TOYHOCTbHO?

4.2. Kakoro ob6bemMa fosmkHa 6biTb Bbl6OpKa M3 COBOKYMHOCTW, COAepXKalliei
676 nucToB Mognucei nog netuumeii (Tabn. 2.1, ¢. 42), 4TOObl OLEHUTbL 06LLLEe YMCNO
nognucei ¢ ounMbKon He 6onee yem B 1000 noanuceid U ¢ PUCKOM OLLINOGUTLCS B OAHOM
cnyyae n3 20? CuutaiiTe, 4YTO 3HauyeHue S2, NPMBeAEHHOE Ha . 42, 3TO S2 AnsA COBO-
KYMHOCTMW.

4.3. Heob6xognmo npoBecTn o6cnefoBaHue, 4To6bl YCTAHOBUTb PacnpoCTpaHeH-
HOCTb 06LMX 3ab0/1eBaHU B HEKOTOPOM 60/bLLION COBOKYMHOCTW. NS Kaxgoro 3a-
6oneBaHMs, NopaxarwoLero He mMeHee 1% ML, 3TOM COBOKYMHOCTU, >KenaTesibHO OLe-
HUTb obLlee 4yumcno cny4vaeB 3ab0seBaHUA C KO3(MULMEHTOM Bapuauunmn, He MpeBbl-
watowmm 20%. (a) Kakum go/mkeH 6biTb 06beM MPOCTOM CAy4valHOW BbIGOPKK Npu
YCNOBUWN, 4YTO Ha/mume 3abofieBaHMSI yCTaHaBnuBaeTcA 6e30wnbouH0? (6) Kakum
[O/MKeH 6bITb 06beM BbIGOPKW, €CNIN HEOOXOAMMO OLEHUTH C OAMHAKOBOW TOUYHOCTLIO
obLLee ymcno cnyyaeB 3aboneBaHUA OTAENbHO Y MY>XUYUH U XKEHLUNH?

4.4, Tlpn nccnefoBaHMM YepBen-NPOBOIOYHNKOB HEOOXOAMMO Ha KaXKAoM y4acT-
Ke, FAe NNOTHOCTb WX YMC/EHHOCTU B BEPXHEM 5-AOMOBOM C0€ NO4YBbl NPeBbIlLaeT
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200 GO0 Ha ouH aKp, OuéHMIb uiic/lo NPOBOMOYHUKOB HA OAMH akp C oWn6Koi B MpPe-
penax 30% Ha 95%-HoM [oBepuTensHOM ypoBHe. EauHuMueli oTbopa cnyxuT npoba
rpyHTa pasmepom 9 x 9 X 5 pawoimoB. CuuTasd, 4To pacnpegeneHne yucna udepseit
B OTAe/IbHOW Npobe nmeeT NNLLIb HE3HAYUTENbHO BOMbLUYIO M3MEHYMBOCTb, YeM pacrnpe-
fenenuve lMyaccoHa, Mbl nonaraem S2= 1,2K. Kakum go/mkeH 6biTb 06beM MPOCTONA
cny4valiHoi Bblbopkn? (1 akp = 43560 kBagpaTHbIM (yTaM, 1 KBagpaTHbIA yT =

= 144 KBa,qpaTHbIM ntoimam).

4.5. Mpy cenbCKOX035ACTBEHHOM 06c/nefoBaHUM B wWTate AiloBa, rae egnHuLLEeln
oTbopa CNYyXW yyacToK 3eMan nowagbto B 1 KBagpaTHYK MW, GbiN MOAyYeHbl
cnefyoline 3HavYeHUs Koah(MUMEHTOB BapuaLmm B pacveTe Ha OAHY eauHuuy [AaH-
Hble [yxecceHa (R. J. Jessen)]:

OueHka Koagu-

npHHBK LueHTa Bapuauumu,

%
Mnowagb nog CTpoeHUsAMN 38
Mnowags nof nuleHALel 39
Mnowaae nog OBCOM 44
Uucno paboTHNUKOB— YU/1eaoB CEMbM 100
Umncno HaeMHbIX PaboTHUKOB 110
Uucno 6e3paboTHbIX 317

MnaHupyeTcs obcnefoBaHne, A5 TOr0 YTOObI OLEHUTb 3HAYEHUS MoLWafei ¢ Ko-
apmumeHTom Bapuauumn 2,5% 1 3HaveHUs yucen paboTHUKOB (Kpome 6e3paboTHbIX)
¢ KoahdunumeHTom Bapraumm 5%. CKOMbKO HYXHO B3ATb efuMHUL, NpU NPOCTOM Chy-
YaiiHom 0T6ope? Kakoi TOMHOCTU MOXKHO OXWAATb OT 3TOW BbIOOPKM ANSA OLEHKU YuC-
na 6espa60THb|x’>

4.6 HYy>XXHO OLEHUTb MyTeM onbiTa CpedHee 3HaueHWe HEKOTOpOW ciy4aiiHoi
nepemMeHHol ¢ gucnepcuein V = 0,0005. 3HauyeHUs 3TOI cny4yaliHOM NepeMeHHol ans
nepebix 20 HabnoaeHWA NpuBedeHbl B Tabnuue. CKOMbKO elle HabMoLeHUA HY>KHO
caenatb? (Bocnonb3yiiTecb (opmynoii 4.7.)

Homep 3HaueHue cnyyvaiiHoii Howmep 3HaueHue cnyyvaiiHoii
HabnfeHus BE/IMUHbI HabnofeHns BE/INUNHBI
1 0,0725 n 0,0712
2 0,0755 12 0,0748
3 0,0759 13 0,0878
4 0,0739 14 0,0710
5 0,0732 15 0,0754
6 0,0843 16 0,0712
7 0,0727 17 0,0757
8 0,0769 18 0,0737
9 0,0730 19 0,0704
10 0,0727 20 0,0723
4.7. MnaHnpyeTca o6cnefoBaHMe AOMOX03AACTB ANS1 TOr0, YTOObI OLEHUTH A0

cemeld, obnagatoLLmMx onpegeneHHbIMU NpusHakamu. MpeanonaraeTcs, YTo AN OCHO
HbIX MHTEPEeCYHLLMX HaC NPU3HAKOB 3HaudeHue P 3akntoueHo mexay 30 u 70%. K
KUMKW [O/MKHbI 6bITb 3HAYEHWS N NPU NPOCTOM CryyainHoM 0T60pe, HeobxoAuMble
TOro, 4Ttobbl OLEHUTbL CO CTaHAAPTHOIM OLIMOKON, He npeBocxoasen 3%, cnegyto
cpegHue: (a) obuee cpegHee 3HayeHne P; (6) oTpaenbHble cpeaHue P| gnsa rpynn c~
¢ goxogom: go 5000 gonn., ot 5000 go 10000 gonn., cebiwe 10000 gonn. (t = 1, 2,
(B) pasHocTu cpefHux (Pj — P}) ana kaxgor napbl rpynn u3 (6)? fanTe oTBeT ,,
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fenbHo ana (a), (6) u (B). CTaTuCTUKa [OBOAOB YKasblBaeT, 4TO A0NN CeMell B TPEX
rpynnax no goxofy coctasnsawoT 50, 38 n 12%.

4.8. YeTblpexrognyHble Konnemkm B CLLA 6binH pasgeneHbl Ha YeTblpe rpynnbl
no pasmepy B COOTBETCTBMU C YUC/IOM CTYAEHTOB B 1952— 1953 rr. CpegHue KBagpaTuy-
Hble OTK/IOHEHMS B KaxKAOW rpynne crnepytoLyme:

Fpynna
1 2 3 4
Uwncno cTyfeHToB fo 1000 1000—3 000 3000—0000 cBbILLe 10 000
236 625 2008 10023

Ecnn BaM M3BECTHbI FpaHuupbl FPYnM, HO He W3BECTHbl 3HAYeHMs S, HACKO/IbKO
NpaBUbHO Bbl CMOXETe WX YCTAHOBWUTb, MOMb3YyACb MPOCTbIMU MaTeMaTU4eCKUMM
cpeactBamu (cm. nmaparpacd 4.6)? Hwu B ogHOM U3 Konnemken He obydvaetca meHee 200
CTY[EHTOB, a B HanbosbLIeM M3 HUX NpMbnnsmTenbHo 50 000 CTyAeHTOB.

4.9. MNpw KBagpPaTUYHON YHKLMN NOTEPb W IMHENHOW PYHKLUN U3fepXeK, npu-
BefleHHbIX B Naparpade 4.9, yaanocb, NPUMEHSAS HEKOTOPYH YYULLEHHYH CXeMy OT-
6opa, [O6GUTBLCA TOro, YTO 3HaYeHMe S2 0Kas3anoCb BO3MOXHbLIM 3aMEHUTb MEHbLUUM
3HauveHneM S'2, a c0, cx n X ocTannck 6e3 nameHeHns. Myctb N, V' 0603Ha4alOT HOBbI

onTUMasnbHbIA 06beM BbIGOPKM K cooTBeTcTBYOWYO V (Y). MoKaxuTe, yTo N' < n
nuto V' < V npu ycnosuu, yto n < N/2.

4.10._lNoKaxHTe, 4TO ecnn (PYHKUMS NOTepb, CBA3AHHbLIX C OLWIMOKOM Npu oue-
HuBaHuM y nmeet Bug X\y — K| n nsgepxxkm C = c0+ crn, To NpM NpocToM cny4aii-
HOM 0T6Ope, npeHe6peras nKc, Hambosee IKOHOMUYHbBIM 3HaYeHVeM N BygeT

/XS \23
\ Civ2n /

4.11. [W3 pa6oTbl (Blythe, 1945)]. MNMpogaxHaa LieHa CTPOEBOro jleca Ha HeKo-
TOopoM y4yacTke paBHa UW, rge U — uUeHa egnHULbl 06bema gpeBecHbl 1 W— 06beM
[peBecuHbl Ha yyacTke. Ha ydacTke MoacuuTbiBaeTcs obuiee 4ymcno ctsosioB N 1 no
NPOCTOI Cny4YainHol Bbl6OPKE M CTBO/IOB OLIEHMBAETCA CpefHUiA 06beM LpeBeCcUHbI B
pacueTe Ha 04WMH CTBOSI. 6 COOTBETCTBMM C 3TON OLEHKOI onpefensieTcs CTOMMOCTb
Neca n 3Ty CyMMy MoKynartenb MpeaBapuTenibHO ynnavmBaeT npogasuly. [lo3fHee
nokynartenb onpeaensieT TOYHbI 06beM KyMJ/IEHHOM [APeBECUHbI, M eCln OH onnatwui
6onbwniA 06bEM, YeM NONYyYMN, TO Npofasel, BO3MeLlaeT eMy pasHuuy. Ecnu xe
nokynarteslb oniaTun 06bEM [PeBECUHbl MeHbLUMA MOMYYEHHOro, TO OH NpojasLy
HMUYero He BO3BpaLLlaeT.

MocTpoiTe hyHKUMIO NOTepb AN npogaBua. Mpegnonaras, yYTo U3AEPXKKM Ha Ha-
6ntofeHne N CTBOMNOB paBHbI CM, HaliguTe onTUMasbHOe 3HadeHve n. CpeaHee KBajpa-
TWUYHOE OTK/IOHEHME 06beMa ApeBecHHbl B pacyeTe Ha OAMH CTBO/T MOXKHO CUMTaTb pas-
HbIM S, a nKC npeHebpeyb.
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FTABA 5

PACCJIOEHHbIN CNYYAWMHbBLIA OTEOP

5.1. ONMMCAHVE

Mpun paccnoeHHOM 0TOGOpe* COBOKYMHOCTb, cogepxauwasd N eanHuL,
CHavana nofpasgensercd Ha NoACOBOKYMHOCTW, COCTOALLME COOTBETCTBEHHO

m3 NIt N2, ..., NI efnHuy. 3TU MOACOBOKYMHOCTN He COfepXaT 06Lmx
eAUHUL, 1 BMECTe WCYepPnbIBAKOT BCKO COBOKYMHOCTb, TakK 4TO
Ni + N2 + + NI — N.

Takve NOACOBOKYMHOCTU HasblBatoTCA CnosmMu. [ns Tbro 4tobbl MOXHO
6bl10 MONHOCTbIO BOCMO/b30BaTLCA BbIFOAAMU OT PACCNOEHUSA, 3HAYEHUS
N1 go/mKHbI 6bITb M3BECTHBI. Korga cnoun onpegeneHbl, BbibOpKa n3BneKaeT
CA U3 KaXJoro cnos, npuyeMm oT60p B pasHbIX CN0OAX MPOU3BOANUTCS Hesa-
BuCUMO. O6bembl BbIGOPOK BHYTPU Cr0eB 0003HAYalOTCA COOTBETCTBEHHO
yepes nx, n2, ..., nL.

Ecnu B Kaxxaom cnoe 6epyT NpocTyt cny4aiiHyto BbI6GOpPKY, TO cnocob
oT6opa B LENOM Ha3blBaeTCA PAaCCNOEHHbIM Cy4YaiHbiM OT6OpPOM.

PaccnoeHve — [0BO/IbHO pacnpocTpaHeHHbI npvem. 3To o06ycnosne-
HO MHOTMMMW MPUYUHAMMW; MEPEUYUC/IUM OCHOBHbIE U3 HUX.

1. Ecnu xenatenbHO NOAYyYUTb C ONPefeneHHON TOYHOCTbIO AaHHble
0 HEKOTOPbIX MOAPa3feneHnax COBOKYMHOCTU, TO KaXoe Takoe nogpasfe-
NeHVe peKOMeHAyeTCs paccMaTpuBaTb Ha MpaBax CamMOCTOATE/NIbHOW «Co-
BOKYMHOCTU».

2. MpumeHeHMe paccnoeHns MOXeT 6blTb NPOAWKTOBAHO OpraHm3a-
LIMOHHbIMW COOBPaXeHMAMM, HaNpMMep areHTCTBO, NpoBoAsALlee 06cneno-
BaHWe, MOXET UMETb PailOHHble OTAENEHUSA, KaX0e U3 KOTOPbIX obecneymn-
BaeT MpoBefeHVe 06cnefoBaHUS KaKoin-nmbo YacT COBOKYMHOCTH.

3. Mpobnembl, CBA3aHHbIE C OTOOPOM B Pa3HbIX YacTAX COBOKYMHOCTH,
MOTYT CWAbHO pa3HUTbCA. Mpu BbIGOPOUHBIX 06CNEf0BAHUAX HAceNeHus
Nofeli, Haxo4AWMXCA B TAKUX 3aBEfEHUAX, KaK TFOCTUHMLbI, 60/bHMLbI,

* B COBETCKOIi CTaTMUCTMUECKOW NUTepaType 3TOT BUA 0T60pa HasblBAaeTCs ualle

BCEr0 TUMUYECKUM WM pPaioHMPOBaHHbLIM, MOCKO/IbKY MoApasyMeBaeTcsl, YTO Ae/leHue
M3y4aeMolii COBOKYMHOCTM Ha TWUMUYECKMe TpyMnbl MpecnegyeT Lenb He TOAbKO CO-
KpaTuUTb Bapuauuio NpusHaka, HO H BbldeUTb TUMbl siBNeHWid. OfHaKo aBTop, cre-
[Oysl NPUHATOMY B 3anafHol cTaTUCTMYECKOW NuTepaType, OrpaHU4YMBaeTCcs NMpu Nog-
pasfeneHny COBOKYMHOCTU NMLIb TpeGoBaHWEM OfHOPOAHOCTM KaX[oi M3 ee 4acTeil.
MoaToMy aHrMNACKWIA TepMUH «stratified* 6bl1 NepeBefeH KakK «pacc/oeHHbI», 4YTo
6onbllie 0TBEYAET COAEPXKAHMIO OMMCbIBAEMOro npuema. — lpumey. peg.
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TIOPbMbI, YacTO BbIAENAOT B OTAE/bHbIV CNOW B OTAWYME OT NOAEN, XUBY-
WKX B OBbIYHBIX JOMaX, MOCKOMbKY K O0T60OpPY B 3TUX [BYX C/ly4vasx Tpe-
GyeTcs pasHblii noaxod. Mpu 06CnefoBaHUW, NPeAnpUHATOM C  LEMbLo
N3yYeHUs [eN0BO aKTUBHOCTU, Mbl MOXEM COCTaBUTb CMUCOK KPYMHbIX
(hUpM, BbIAENNB WX B OTAENbHbIA Cnoil. Ons 6onee MenKux (UpPM MOXHO
MPVMEHUTb OAMH U3 BWAOB TEpPpPUTOpPManbHOro otéopa.

4. PaccrnoeHne MOXeT fatb BbIUTPbIW B TOYHOCTK Npn OUEHUBAHUWN Xa-

PaKTEPUCTMK BCEA COBOKYMHOCTWU. VIHOrA4a HEOAHOPOAHYI COBOKYMHOCTb
yAaeTcs nogpasgennTb Ha MOACOBOKYMHOCTU, KaXpgas W3 KOTOPbIX BHY-
TPeHHe OfHOPOAHA. TO U MOApasyMeBaeTCcs Mof Ha3BaHWEM Cloi Mo aHa-
NOrWKn C pa3feneHnem Ha cnon B reosiormn. Ecnm Kaxgblii cnoin ogHOpoaeH
B TOM CMbIC/IE, YTO pPe3y/bTaTbl U3MEPEHUI B HEM OYEHb Maf0 U3MEHSHOTCS
OT eAUHWLbI K e4UHMLE, TO MOXHO MOAYYUTb TOYHYIO OLEHKY CpefHEro
3HayeHuns NS N6oro cfos Mo HeboNbLON BbIGOPKE B 3TOM C/oe. 3aTem
3TV OLEHKN MOXHO 06beAWHWTb B OfHY TOYHYK OLEHKY [/ BCEil COBO-
KYMHOCTW.

B Teopuu paccnioeHHOro oT6opa paccMaTpuBalOTCA CBOMCTBA OLIEHOK,
MOMly4YeHHbIX MO Pacc/lOeHHbIM BblIGOPKaM, W YC/IOBUA OMNpeAeneHns Hawu-
Nydwnx o6LeMOB BbIGOPKM MO cfosMm, tih, ana nonyyeHus Makcumasb-
HO TOYHOCTW. 34ecb MpeanonaraeTcs, 4To caMu C/oM yXKe 06pa30BaHbl.
Kak obpa3oBaTb C/IOM W ONpefennTb, CKOMbKO UX AO0/MKHO ObITb, paccma-
TpuBaeTca pfanee (naparpad 5A.6).

5.2. OBO3HAYEHWA

MHgekcbl h 1 i 0603HaYaldT COOTBETCTBEHHO HOMEP C/0A U HOMep
eMHMLbI BHYTPU CnosA. 3TO ecTecTBeHHOe 0606LeHe 0603HaY4YeHni, BBe
JeHHbIX paHee. [lanee npuBeAeHbl CUMBOJbI, OTHOCALLMECH K COK h

Nh —obLee ynMcno eguHUL;
nh —4ucno efuHUL B BbIGOpPKE;
yhi —3HayeHne, MOMYyYEHHOE ANA i-ii egUHULBI;
Wh=-"- —BeC cof;
N
nh pons oT6o ;
pa B Coe;
Nh
Y Vhi
=1 NCTUHHOE CpejHee;
Nh
nh
Y, Ybl
yh= - —BbIOOPOYHOE CcpefiHee;
wr
2 (YM-YH)2
Sl= —lemm - —WUCTUHHasA [ucnepcus.

3ameTum, 4TO B 3HaMeHaTtene gucnepcun ctout (Nh — 1).

Q4

53 cBorcTBA OLEHOK

B KayecTBe OLIEHKM cpeaHero 3HavyeHna Ha eguHuly and COBOKYMNHOCTU

npn paccnoeHHoM oT6ope NPUMeHAETCs ya Is/—OT aHrNniACKoro «strati-
fied» — paccnoeHHbIA]*:

- KB 5-1)
YS - .. »

A
rae N = Nj+ N2+ ... + NI.

OueHka yst, Boob6LEe roBops, He COBMajaeT C BbIOOPOYUHLIM CPEAHUM.
BbI60poYHOE CpeaHee, Y, MOXHO 3anucaTb B BUje

yo : (5.2)

Pa3nnyme coctont B TOM, YTO B ySt OLleHKaM, MOYYEHHbLIM MO OTAE/NbHbIM
cnoam, M npuparoTca ux npaesunbHble Beca NHWN. OueBugHO, 4TO y coBna-
flaeT cyst npy ycnosmu, 4TO 418 KaXA0ro cnos

AN B = g =T r
n N Nh N

310 3Ha4YNT, 4YTO AONA OT60pa OAVnHaKoBa /14 BCEX C/10€EB. Takoe paccnoe-
HNE Ha3bIBAa€ETCA pacC/10eHNEM C nponopuynoHaibHbIM pasMeELWEHNEM MMH.
OHO 06ecrneynBaeT PaBHOB3BELLEHHYID BbIGOPKY. ECAN HYXHO BbIYMCAATH
MHOIO4YNCNEHHbLIE OUEHKW, TO paBHOB3BELUEHHAA Bb|60pKa naeT 3KOHOMUIO
BPEMEHN.

OCHOBHbIE CBOWCTBA OLEHKM YSt M3MOXEHbI B CNeAyloWwux Aanee Teo-
pemax. [epBble Be TEOPEMbl OTHOCSITCS K PacClOEHHOMY 0T60pY BOOGLLE,
a He TONbKO K PacCMOeHHOMY CAyyaiiHOMy OTBOpY; WHbIMW CNOBaMM, Bbi-

60pKa M3 KaX4oro cnos He 0653aTeslbHO AO/MKHA 6biTb NPOCTON CNy4yaiHoM
BbIGOPKOVA.

Teopema 5.1. Ecnu gna kaxporo cnos BbibopoyHas oueHKa yh ectb
HeCMeLLleHHas OLEeHKa, TO YSt CIYXXUT HECMELLLEHHOW OLeHKO cpefHero ans
COBOKyMHoCTH, Y.

[okasaTenscTso.
L L
2 N h +h 2 Nhyn
E(ysy=E ft=1 n=1
N N

*

cnocob 0T60pa nnn oueHmnBaHuMA, C NOMOLLBK KOTOPbIX Mo/y4yeHa faHHaA Be/MYUHA.
PasbsAcHeHVe MHAeKCa, He3aBMCUMO OT TOro, JaeT /IM ero aBTop, @ TaKXe MepeBos

3TOr0 pasbsCHEHMS Ha PYCCKUA A3bIK NPUBOAATCA B KBajpaTHbIX CKOOKax. —
Mpumey. peg.
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MOCKONbKY OLEHKM MO OTAeNbHbIM C/OSAM HecMelleHHble. Ho cpegHee
3HauyeHMe A5 COBOKYMHOCTK, Y, MOXHO 3anucatb B Bue

L An 2L NhYh
o EEMM A
y=
N N

Teopema p[oKasaHa.
CnegctBre. 0CKOMbKY MpyU NPOCTOM C/ly4yailHOM 0T60pe BHYTPW C0eB

yh ecTb HecmelleHHble OLEHKU Y h, Mpu paccnoeHHOM cay4aliHoM 0T6ope
yat 6y[eT HeCMELLeHHON OLEeHKOM Y.

Teopema 5.2. Mpu paccnoeHHOM OT60pe Aucrepcusn yst, OLEHKK cpea-
Hero gns COBOKYMHOCTMW, Y, UMeeT BUA

nglvaCyn) (5.3)
y (yst) N2 = /§=1W|V(yh),
rpe
V(yh) = E (yh— Y hf.

Teopema [AoKa3blBaeTcs Npu ABYX OrpaHuueHusx: (a) yh fomkHbl 6biTb
HECMELLEHHbIMU OLeHKamMy Y* 1 (6) BbIGOPKM B PasHbIX CMOSX AO/KHbI W3-

BNlIEKaTbCA He3aBUCUMO.
JokasaTenscTso.

Y _Iflhyh Yh _ 2Nh(yh—Yh)
- I N N (54)

MpMYeM CYMMUPOBAHWE PacnpOCTPaHSeTCs Ha BCe C/AOU. 3aMeTUM, 4TO

owmnbKa oueHkn, (y& — Y), BblpaxkeHa Tenepb Kak B3BELUEHHOE cpefHee
OLIMOBOK, CAeNaHHbIX NPWU OLEeHWBaHWW NO OTAE/NbHbIM cnosM. CnefoBaTesb-
HO,

™b(yn-y ny 2NAN3(yh- Y h) (yj-Y])

(kt-Y f e

nMpu4YemM B MOC/EAHEM YjleHe CrpaBa CyMMMpPOBaHME pacnpoCTpaHAaeTcs Ha
BCe Napbl C/0eB.

Tenepb BO3bMeM CpefHee MO BCeM BO3MOXHbIM Bblbopkam. HauHem
C TOro, YTO ANA KaXAOro YneHa € HecoBnajalwwWwumy uHAekcamm 6yaem
cunTaTb HEM3MEHHOI BbIOOPKY B C/oe h 1 BO3bMeM CpefHee Mo BCeM BbiGOp-
Kam B cfioe j. MockonbKy 0T60p MO 3TUM ABYM CNOSIM NPOUCXOAMT HE3aBu-
CMMO, TO KaKyto 6bl BbIGOPKY B cfi0e h Mbl He N3BNEKN, BO3MOXHbIE BbIGOP-
KN B C/OE j 1 COOTBETCTBYIOLLME BEPOATHOCTU ByayT TemMum e cambimMu. H
TaK Kak y} npegnonaraetca HeECMELEHHONR, ycpeaHeHne (Y} — Y1) ga
Hynb. CnepoBaTenibHO, BCE UYNEHbl C HeCOBMajawWuUmMy uHekcamm u'
yesatoT.
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KBa,qpaTVl‘-IHble YneHbl AakT

ONIE(yh-Y hr _ WhV(yh)
Y(y«)- N2 N2
BaxHas 0COGEHHOCTb 3TOrO pesynbTaTa 3aK/lYaeTcs B TOM, YTO AuC-

nepcus y st 3aBUCUT TONTbKO OT AWCMEPCUIA OLEHOK cpeaHux Yh ans otaens-
HbIX cnoeB. Ecnu 6bl COBOKYNHOCTL C 6ONbLLONA Bapualueid 3Ha4EHNIA MOX-
HO OblN0 pa3fennuTb Ha CAoM TaK, YTOObl BHYTPU KaXAOro Cnos BCe eAu-

HULbI UIMENWU OJMHAKOBbIE 3HAYEHUSA NPU3HAKaA, TO Mbl MOT/IN Bbl OLEHUTb Y
6e3 BcAKON owmnbkn. Kak nokasbiBaeT paBeHCTBO (5.4), K TaKOMy pesyfib-
TaTy NPUBOAMT MPUMeHeHWe npaBuabHbIX BecoB NJN npu MocTpoeHuu
OLLeHKM Yy st.

Teopema 5.3. Npu pacciioeHHOM cnyYaiHOM 0T60pe LUCMNEPCUS OLEHKN
yst vMeeT BUf

Sl L Si
h: 1 rh /l:Sl rh

JokasaTenscTBo. lMockonbkKy yh mpefctaBiseT co60i HECMELLEHHYHO

OUeHKY YJI MOXHO NpuMeHUTbL Teopemy 5.2. Kpome Toro, no teopeme 2.2,
crnpasefMBOW ANA OTAENbHOro Cros,

SI' Nh—nh
YW= 0

MoacTaBnas atn BbipaxeHus B (5.3), nonydaem

v Qst)=~,] \ Nhv (yh)= 2 Nh(Nh-n h =
0= Rylpty o i N )

=zwi™L (i-fhy
nh

HEKOTOpre 4acCTHbIE Cliydaun 3TOol q)OpMyJ'IbI npueeneHbl B CNeACTBUAX
1, 2, 3

Cnepcreue 1. Ecnm gonm ot6opa nhlNh npeHebpexnMo Manbl BO BCEX
cnosix, TO

Yy y n uy
= 5.6
vy h h (5.6)

3T1a hopmyna NpuMeHMMa B TexX Ciayuasx, Korfga MOXHO npeHeGpeub Mo-
npaBKaMW Ha KOHEUHOCTb COBOKYMHOCTU.

(SCQ)EACTBVIQ 2. B Clydyae nponopunmoHasibHOro pasMeleHna noacrtaBum
B .

nNh
N
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Jwvcnepcus npuHUMaeT BUA

LZtod =2 -F -r(-liFL)=Jf L2 ,r‘s*> (57>

Cneacteue 3. ECM  MpUMEHseTCS MpPOMOpLMOHanbHOE pasMelleHue
W AMCNEPCUN BO BCEX CNOSIX UMEIT OAHO U TO Xe 3HauyeHue, S&, TO mony-
yaeM TMpoCTOi pesynbTaTt

=7 (nr-)- (5'8)

Teopema 5.4. Ecnm Yst =
4N CcOoBOKynHocTtu, F, TO

€CTb OUEHKa CYMMapHOro 3HadeHuUA

V(Yst)= AN h(Nh-n h) -~ . (5.9)
MNb

JTO cfiefgyeT HemnocpefCcTBEHHO M3 Teopembl 5.3.

Ta6nuuya 5.1
BE/IMUYNHbBI 64 TOPOJOB (I) Thic. kuTeneii) B 1920 u 1930 rr.

BennuuHa ropoga B 1920 r. (xhi) Benuuuxa ropoga 8 1930 1. (yb)

Cnoit (h\ Cnoii @)
> 2 1 2
797 314 172 121 900 364 209 n3
773 298 172 120 822 317 183 115
748 296 163 119 781 328 163 123
734 258 162 118 805 302 253 154
588 256 161 118 670 288 232 140
577 243 159 116 1238 291 260 119
507 238 153 116 573 253 201 130
507 237 144 113 634 291 147 127
457 235 138 "3 578 308 292 100
438 235 138 110 487 272 164 107
415 216 138 110 442 284 143 114
401 208 138 108 451 255 169 111
387 201 136 106 459 270 139 163
381 192 132 104 464 214 170 116
324 180 130 101 400 195 150 122
315 179 126 100 366 260 143 134

3ameuaHue. opoja pacrnonoxeHbl Ha 06e faTbl B OLHOM W TOM >Xe
nopsake.

CYMMAPHBIE 3HAYEHVA W CYMMbl KBAPATOB

1920 r. 1930 r.
Cnoit 2 (xhi) 2 g4 ) 2 (ifhi)
1 8 349 4756619 10070 7 145 450
2 7941 1474 871 9 498 2141 720

Mpumep. B Tabn. 5.1 npueegeHsl gaHHble 1920 u 1930 rr. o uyucne
Xuteneit 64 6onblinx ropogos B CLLUA (B Thicsiuax). 3Tv ropoja B 0bLiem
cnucke ropogos CLUA, ynopsagovyeHHOM Mo yucny xuteneid B 1920 r., 3a-
HUMany mMecTa C MATOro Mo LWecTbAecAT BOCbMOe. ["opoja pa3feneHbl Ha fBa
Cnos, NepBblii U3 KOTOPbLIX COAEPXMT 16 Haubonee KPymnHbIX rOPOAOB,
a BTOPO — ocTanbHble 48 ropofjoB.

CymMMapHOe 4mcno xuTtenein Bcex 64 ropogos B 1930 r. HY>KHO OLEHUTb
no BblI6OpKe, cocToAwWel M3 24 ropogos. Haigem cTaHZapTHYH OLWMOKY
OLIEHKM CyMMapHoro uucna gna: (1) npocToil cnyuvaiiHoi Bbi6opkM, Y ran,
(2) paccnoeHHoO cnyyvaiiHOM BbIGOPKM C MPONOPLMOHANbHBIM pa3MeLLeHNEM,
Y propr (3) paccnoeHHOR cny4vaiiHOn BbIGOPKM, CoAepXalein no 12 eguHuy,
M3 Kaxgoro cnos, Yegual.

OTa COBOKYMHOCTb MOXOAUT Ha COBOKYMHOCTW pasHOro poja npegnpus-
TUIA 1N yUpeXKgeHWin B TOM OTHOLLEHUW, YTO 3HAYEHMS NPU3HAKA Y HEKOTOPbIX
eAVHUL, — B HalleM MpUMeEpe yYucna Xutenein B 601bWINX FOPogax — CO-
CTaBNAOT 3HAYUTENbHYIO YacTb CYMMAapPHOro 3HayeHUs W OTANYAKTCA ro-
pa3go 6onbleil KONe61emMoCTblo, YeM Yy OCTaslbHbIX.

CymmMapHble 3HaYeHUa 4ns Croes U CYyMMbl KBafpaTOB MPUBeLEHbI BCES
3a Tabn. 5.1. B 3TOM npumepe Mbl MO/b3yemMca TOMbKO AaHHbiMK 1930 r.,
fJaHHble 1920 T. HallgyT MNpMMEHeHWe B APYroM nNpuMepe.

[ ns Bceii coBokynHocT B 1930 . Haxogum

Y = 19 568; S2 = 52 448.

1. And npocToro cny4vaiHOro oTbopa COrfacHO CnefcTBUIO 2 Teope-
Mbl 2.2

V (Yron) = 0 N C 64294 44--( o )= 5594 453.

CTaHgapTHas owwubkKa paBHa:
o (Yran) = 2365.
2. [ucnepcun gns OTAENbHbIX CN0EB PaBHbI:
= 53 843; SJ = 5581.

3amMeTuMm, 4TO AMcnepcua ANA CNos, COCTOAWEro M3 KPYMHbIX ropojos,
npnénusuTensHo B 10 pa3 6onblue gucnepcun Ans Apyroro cros.

Mpn nponopunoHasbHOM pasMeLleHnn uMeem: nNx = 6; n2— 18. U3
topmynbl (5.7), yMHOXas 06e yacTu paBeHcTBa Ha N2, monyyaem

V(Yprop)» — * ¥ NhSB=-[16-53843+48-5581]= 1882293;

° ftprop) = 1372,
3. Mpu nl= «2=12 Bocnonb3yemca ob6uweli gopmynoin (5.9):

Si 16-4-53 843 48-36-5581 ”

V (Yeval)= i X (Nh~nh = + - ——— = | 090 827,

°0V a)=1044.

10?



B Hawem npumMepe ouLeHKa Mo BbIOGOPKE, COAepXKalleil 0aNHaKOBOE YKUC-
N0 eAMHUL, M3 KaXAO0ro €nos, okasanacb 60fee TOYHOI, YeM OLleHKa MO Bbl-
6opKe C MponopLMOHaNnbHLIM pasMelteHneM. O6e OHU 3HAYMTENbHO TOYHEe
OLEHKM NpU NPOCTOM CAy4aiiHOM OT6Ope.

5.4. OUEHKA AVNCMEPCUN N OOBEPUTE/IbHbLIE MPAHNLLbI

Ecnn B KaxjoM cnoe u3BfieKaeTCs MpocTas cnydaiiHas Bbl6opka, TO
HECMeLLEHHOI oueHKoi S| (no Teopeme 2.4) cnyXuT

1. Y (YM—Yb)2- (5.10)

Takum 06pa3om, Mbl MOMyvaem ChefyroLlyto Teopemy.
Teopema 5.5. lMpyn paccnoeHHOM cly4ailHOM OTOGOpPe HECMELLEHHOM

OLIEHKOW AMCnepcun yst CAyXnT:

»&)=*&>=—; J'%:l nh ® (511)

[pyroii, yao6HbliA ANS BbIYUCNEHWIA, BUA 3TON hopMynbl
wh sh Whsi (5-12)
n=1 M p=g M

BToOpoi1 uneH B NpaBoil YacTu paBeHCTBA XapakKTepu3yeT YMeHbLUEHUe guc-
nepcun, 06YyCNOBAEHHOE MKC.

[na TOro 4to6bl BLIYUCAUTL 3TY OLEHKY, W3 KaXAOro Ci0s LOSIKHbI
ObITb M3BMIEYEHbI, MO KpaliHeli mMepe, ABe eauHMLbI. OLeHMBaHMe gucnepcun
ONS cnydas, Korga paccfioeHve TakoBO, YTO B KaXAoM cnoe oTbupaeTcs
TOMIbKO OfHA eAMHMUa, paccmaTpuBaeTca B naparpade 5A.11.

CnefcrtBme. B HeKOTOpbIX Ccly4vasx ecTb OCHOBaHMS Mpeanonarathb,
yto Sl, MMeeT OAHO M TO XXe 3Ha4YeHue BO BCeX CNoAX. V3 AncnepcrMoHHOro
aHanu3a BbIOOPKM cregyeT, YTO 06beAnHEHHOW (T. €. Mosy4yaemoil Ha oc-

HOBe HabnOAeHnii BO Bcex CNOAX. — [1puUMey. nep.) OLEHKOI 3TOro
06LUero 3HauyeHns Aucrepcun Gyaet
L "h
2 2 (YM-Yu)2
2 pZ ;2 MY
n—L

MocKonbKy B TaKUX CAy4Yasx 06bIYHO MPUMEHSIOT NPONOPLUOHA/BHBIA OT-

60p, oueHka gucnepcum yst (cornacHo crneacteuto 3 Teopembl 5.3) MPUHK-
MaeT MpoCTOi BUf

N -n
n N

cn — L cTeneHsMU CBOGOAbI.
®opmMynbl ANS LOBEPUTE/bHBIX TPaHUL, UMEKT BWA;

HO

cpegHee 3HayeHUe Ana COBOKYMHOCTMU

Yt + ts (yst< (5.13)
CYMMapHOe 3HauyeHue [/ COBOKYMHOCTU:
Nyet+ tN s (yet). (5.14)

B aTux thopmynax npegnonaraercs, 4to yst pacnpefeneHo HoOpMasbHO
1 yTo s (j/st) onpefeneHa 6e3 MOrpPeLHOCTENR, TaK YTO MHOXWTE/b t MOXHO
HaliT no TabnmMuam HOPManbHOr0O pacnpefeneHuns.

Ecnn kaxgblii cnoii obecnevnBaeT TONbKO HEOO/MbLLOE YMCIO CTeMNeHel
cB06OAbl, TO OWMUOGKM BbIOGOPKWU, CBA3AHHbIE C BenMuMHamu Tuna s (yst),
00bIYHO YUMUTHLIBAKOT, Moay4yas 3HavyeHWa t He U3 TabnauL, HOPMasbHOrO
pacnpegenenus, a w3 tabnuy /-pacnpegeneHusa CtblogeHTa. Boobue pac-
npegeneHue S(yst) CAUWLIKOM CNOXHO, YTOOGbI MOXHO 6bIN10 MPAMO NpUMe-
HWTb 3TOT npuem. [pubAMXKeHHbI MeTog npugaHus s(yst) aggexkTns-
HOro umcna cTeneHeil cBobodbl COCTOMT B cregytowem (Satterthwaite,
1946).

Mbl MOXeM 3anucaTb

s2(i/sty= -~- Y ghSh, rge gh=-"h{Nh~ nh)
rh

N k=i
A dekTnBHOE YMCNO cTeneHeil cBO6OALI Me paBHO:
Q > sff)2
y dftsE ¢ (5-15)
2dnh- 1

BennuuHa ne Bcerga 3akiloyeHa MeXAy HavMeHblUeld U3 BeanyuH
(nh — 1) n nx cymmolii. Takoe NpUBAMKEHNE YUYNTbIBAeT TOT PakT, 4To Sl
MOXET MEHATLCA OT €0 K cnot. Ero npvMeHeHne TpebyeT npegnonoxe-
HWUA 0 TOM, 4TO yhi pacnpefeneHbl HOpMaibHO, MOCKOMbKY AMCNepcus Si
npuHaTa pasHoi 2o0fJ(nh— 1). Kak cnegyet u3 gopmynsl (2.51), c. 60,
eC/IN pacnpegenieHne yM VMeeT MOMOXKMTeNbHbIA 3Kcuecc, TO Aucrepcus
si 6ygeT 6onblie 3TOM BeNMUMHbL. B aTom cnyyae gopmyna (5.15) npeyse-
nnumBaeT 3(h(eKTNBHOE YMCNO CTeneHeid CBO6GOABI.

5.5. ONTUMAJIbHOE PASMELLEHNE

Mpwn paccnoeHHOM 0T6Ope BENNYMHbI 06EMOB BbIGOPOK MH B COOTBETCT-
BYIOLLMX CNoax onpefenset obcnegosatesb. X MOXHO BbI6paTh Tak, YTo-

6bl MUHUMU3MPOBATL V (yst) Npu onpefeneHHbIX U3AePXKKax Ha MoayyeHue
BbIGOPKM WU MUHUMU3MPOBATL W3AEPXKKW MpU OMpPefeSieHHON BennyvHe

v Gst)-
MpocTeiwas GYyHKUNA N3AEPXKEK UMEET BUA

n3fepxkn = C = ¢, + %chnh. (5.16)



Lna Kaxgoro cnos U3gepXXKu NpornopuuoHasnbHbl 06beMy BblOOPKU, HO
N30EepP>KKN B pacyeTe Ha Of4HY efuHuULY, Ch, MOTYT MEHATLCA OT C10S K C/I0H0.
UneH c0coOTBETCTBYET HakNaAHbIM pacxofam. Takas YHKUUA onpasjaHa,
€C/TIM OCHOBHYIO YacTb 3aTPaT COCTAaBAAOT Pacxofbl Ha M3MEpeHMe Kaxow
efvHMUbI. Ecnm e CyLlecTBEHHYIO 4acTb 3aTpar COCTaB/AKT Pacxojbl
Ha nepeaBV>KEHWe OT OAHOW eAWHULbI K APYroi, TO, KaK Nnokasanu npak-
TUYecKune 1 TeopeTUYeCKne NCCNefoBaHmns, 3TUM NyTeBbIM pacxofaM 60nblue
cooTBeTCTBYeT BbipaxeHue |.thYrTh, rae th— nyTeBbie pacxogbl B pacuete
Ha eanHuyy (Beardwood et al., 1959). 3aecb paccMaTpuBaeTcsa TOMbKO Nn-
HeilHas yHKuMA wn3gepxek Buga (5.16).

Teopema 5.6. Mpu paccnoeHHOM cny4vaiiHOM 0T60pe ¢ GyHKLMel n3gep-
Xek Buga (5.16) gmucnepcua y”, OLEHKN CpeAHero, MMHMManbHa, Korga nh

nponopuunoHansHbl N hS hIV ch.
[okasaTenbcTBO. 3ajayvya COCTOMT B MUHUMU3ALUU BbIPaXKEeHUS

L wisi w? si m si

npu ycnosuwu
+ AnL= C— Qo

MprvMeHas MeTo4 MHOXWTenein JlarpaHxa, BblbepeM nh n MHOXUTENb
X, MUHUMU3INpYlOLLKe

onx + ch2 +

A v MYy y, ns%
V{ySt)+ A~ (S chnh C+ M]—2 nh 2d Nh

(- K (c* fix-j- Q2tt2-f- s« "b  tIL  C -)-Cq).

AndepeHunpoBaHne No 84 NPUBOAUT K YPaBHEHUAM

A +K =0 (A=1,2....L)

K
nnun
iVX=_E~ L. (5.17)
yC11
Cymmupys no BCEM C/I0AM, MOSy4Yaem
ny X =Y -~A -, (5.18)
+* V ch

OkoHuaTensHo, pasgenus (5.17) Ha (5.18), nonydvaem

nh _ WhSh/VTh NhShlVch (5.19)
n 2 (Whsh/vch) y(NhSHv o)
JTa TeopemMa MPMBOAMT K Cleaylowum npaBuiam oT60pa. B AaHHOM
cnoe 6epuTe BbIGOPKY 60/bLIEr0 06BLEMA, €Cnu:

1) cnoii 6onbLue;
2) B cnoe 6onblle Bapuaums nNpuU3HaKa,
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3) oTbop B crnoe 06xogMTCA AeLleBfie.

Ona TOro u4tobbl 3aBeplNTbL pasMelleHne, OCTaliock CAenaTb eLle
OAMUH war. YpaBHeHue (5.19) ykasbiBaeT nh B JONAX N, 04HAKO Mbl eLle He
3HaeMm, Kakoe 3HauyeHue A B3ATb. PelleHWe nocnefHero Borpoca 3aBUCUT
OT TOro, A0/XHA N1 BbI6OpKa 06ecneynTb onpegenieHHble 06LLne N3LEePXKKN
C wnn onpegeneHHyto aucnepcuio V gna yst. Ecim HEU3MEHHbI U3LEPXKKU,
TO HYXHO MOACTaBUTb OMTMMa/bHbIE 3HAYeHUA Nh B DYHKLMIO U3LEepPXKEK
(5.16) © pa3pewnTb NOMyYMBLUEECA YpPaBHEHME OTHOCUTENbLHO A. 370 faeT

n= (C-c0)%(NkSkIYTh)
~A(NhShy Ch)

Ecan HemsmeHHa V, TO HYXHO MOACTaBUTb ONTUMANIbHbIE 3HAYeHUs £
B hopmyny pns VA(yst). Monyyaem

A Q-WhShY Ch)AjWhSfxjy ct
V+(IIN)AW hSI

rge = NhIN.

BaXHbIi YacTHbIA cnyyail BO3HMKaeT npu ch = ¢, T. e. KOrga u3gepxku
B pacyeTe Ha efUHULY BO BCEX C/IOAX O4MHAKOBbI. O6LWMe N3AEPXKKU Npu-
HuMaloT Bug C = c0 + CN, U oNTUMa/ibHOe pasMelleHue NP HeU3MEHHbIX
N3epXXKax CBOAMTCA K ONTUManbHOMY pPa3MelleHUto Npu Hen3MeHHOM
obbeme BbIOOPKU. B 3TOM 4acTHOM cinydyae Teopema 5.6 npuHUMaeT cre-
JYOWmnin BuA.

Teopema 5.7. TMpwn paccnoeHHOM cfiyyaiiHoOM 0T60pe C HEM3MEHHbIM 06-
WyM 06beMOM BbIGOPKK A Aucnepcus (yst) MUHMMaNbHa, ecnu

nh=n-Whsh =n - NhSh m (5.20)
2WhSh HNhSh y

Takoe pa3MellleHMe WHOrfga HasblBalT HEMMaHOBbIM pasMeLLEHMEM, no-
CKONbKY OHO npuobpeno mM3BecTHOCTb nocne paboTbl Helimana (Neyman-
1934). Kak nosgHee 06Hapy>XuIocCb, 3TOT pe3ynbTaT Obll MOMyYeH paHee
Yynposbim (Tschuprow, 1923).

MuWHMMaNbHOE 3HAYeHWe AUCNEpPCUU MPYM HEM3MEHHOM M MOMyYaeTcs,

ecnu nopactasuTb 3HadeHue nh u3 (5.20) B obwyto dopmyny ansa V (yst).
B pesynbTare vmMeem

21
n N (5 '

BTOpoii uneH B MpaBOil YacTW paBeHCTBA COOTBETCTBYET MKC.
[pyroe [oKa3aTenbCTBO YTBEPXAEHMS 06 ONTMManbHOM pa3MeLLeHun
(Stuart, 1954) onwupaetca Ha HepaBeHCTBO Kowwu — LlBapua*. MwuHuU-

* B o0TeyecTBeHHOIA nnTepartype 3TO HepPaBeHCTBO Ha3blBaeTCA HepaBeHCTBOM

Kowm — ByHAKOBCKOro. — lMpumey. nep.



Mwusaumsa V npu HeusmeHHoMm C mam MuHumusauma C npu HemsmeHHoOM V
3KBUBAJIEHTHbI MUHMMW3ALUN NPON3BEAEHUSA

nockonbky V' u C' npeacraBnsatoT coboii Te yactm V u C, KOTOpble 3aBUCAT
oT nh. CornacHo HepaBeHCTBY, ecnn ah n bh—paBa Habopa MOMOXUTESb-
HbIX u4ucen, TO

(M) (27)>Q >iA)2, (5.22)

npuyemM pPaBeHCTBO MMeET MECTO TOJ/IbKO TOrga, Korga OTHOLWIEHue bhlah
NOCTOAHHO A4 BCEX h. Monoxum

Whsh oo

°h=- bh=Vchnh.

M3 HepaBeHcTBa (5.22) cnepyet

w1 52\
(2 -*r/ &chnh)=m )Ne )> (w hshv7;r.

MwuHnMansHoe 3HayeHne V'C' gocTuraercsa npu

bh _ nh Vch _ noctosHHOMY umchy,

yTo cornacyeTcs c Teopemoii 5.6.

5.6. CPABHUTENIbHAA TOYHOCTb PACC/IOEHHOIO C/IYYAMHOIrO
OTBOPA W MPOCTOIO C/TYYANHOIO OTBEOPA

Mpy paunoHanbHOM MPUMEHEHUM PacCNOeHMe MOYTU BCerda NpuBoAn
K YMEHbLUEHNIO AUCNEPCUN OLEHOK CPeAHMX UM CYyMMapHbIX 3HA4YeHWA n
CpPaBHEHMIO C NPOCTON Cny4vaitHOl BbIGOPKOI TOro e obbema. OfHaKO H&
BEPHO CuUMTaTb, YTO BCAKAsA paccrioeHHas cnyuaiiHas BblGOpKa JaeT MeHb
WY AMCNepcuio, Yem mpocTas ciydvaiiHas BblGopKa. Ecnm 3HauveHus n
[aneKkn OoT ONTUMabHbIX, TO PacC/OEHHbIA 0TOOP MOXET faTb 60/ee BbiC~
Kyl gucnepcuio. B feiicTBUTENbHOCTM NpWM HEW3MEHHOM 06LieM 06be-
BbIGOPKM 60nee BbLICOKYID AWCNEPCUI0 MOXET faTb AaXe pacc/ioeHu
C ONTUMa/nbHbIM pa3MeLleHNEM, XOTS TakKOW pe3ynbTaT WMeeT CKop
aKafleMUYeCKNii MHTepec, YeM Kakoe-nMbo MpPaKTUYecKoe 3HaYeHUe.

B atom nmaparpade Mbl CpaBHUM MPOCTOW CAyYaiiHbIi 0T60p C paccn
€HHbIM C/lyYaiiHbiM OT60POM NPW MPONOPLMUOHANBLHOM M MPU ONTUMaNbHO
pasmelleHUnl. ITo CpaBHEHME MOKAXKET, U3 YEro CKNafbiBaeTcs BbIUMPbILL
nony4yaemblii OT paccnoeHus. MKC He y4MTbiBaeTCs.

[uncnepcnun oUEHOK CPeaHMX 3HAYeHWn 0603HaYaloTCs COOTBETCTBEH
yepe3s Vrun—pans npocToro cnyyainHoro otéopa, Vprnp— s paccioeHHo
oTbopa C MponopuMOHabHLIM pa3meLleHreM M VoPt—pans paccnoeHHo
0T60pa C ONTUMarbHbIM Pa3MELLEHNEM.

1 VIHTepecHbIi aHanu3 3Toil npobnembl
(Armitage, 1947) n 9BaHca (Evans, 1951).

npuvBeseH B paBoTax ApmuTtes
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Teopema 5.8. Ecnu npeHebpeyb BenuyuHamm nopsgka nhiNh, 1o
cnpasej/IvBbl HepaBeHCTBa

VoPi YpropP & Y1

rge onTMManbHoe pasMelleHne paccMaTpMBaeTCA Mpu HeUM3MEHHOM M, T. e.
npu nhoc N hSh-
JokaszaTenscTBO. ECcnm npeHebpeyb MKC, TO

(5.23)

(5.24)
. [cornacHo paseHcTBYy (5.7), naparpad 5.3]; (5.25)
opt (ZNhsSh)2 [cornacHO paBeHcTBY (5.21), naparpag 5.5]. (5.26)

nN2

Ha OCHOBaHWM CTaHAAPTHOIrO TOXAECTBA [AMCMEPCUMOHHOrO aHann3a
AN PaccNOeHHOW COBOKYMHOCTW MMEEM

(N -1)S2= Yy. (yM- Y f = ¥>Y (yhi—Yh)2+ Y Nh(Yh—Y)2=
| |

=2 - 1S*h+yN h(Fh—Yf. (5.27)

MockonbKy 4neHbl nopsaka I/Nh npeHebpexxMMo Manbl, 3TO PaBeHCTBO
MOXHO 3anucaTb B Buje

CneposaTenbHo,
Vi = S 2 m -Sh Iflh(Yh-Y)2 HNh {Yh-Y )2
Tt AN AN Vprop (528)
CornacHo onpegeneHnto Vopt [LOMXHO BbIMONHATLCA HepPaBEHCTBO
Vprop A VoPf Pa3HOCTb 3TUX AMCNepcuii paBHa:
N Y || (S AW
ProP  "oPt nM 2 N
' ZNh(sh-S )\ (5.29)
nN
roe S= £NhSH/N. U3 (5.29) n (5.28) nmeem
Vean= Yopt mdSh-hr |, m(Fh-F)2 (5.30)
nN nN

M3 3TOro paBeHCTBa C/iefyeT, YTO KOrga Mbl OT MPOCTOr0 C/y4aiiHOro
0T60pa NEPeXoAMM K pacCfIOEHHOMY C ONTUMaNbHbIM pasMeLLeHUEM, YMEHb-
LEHVe AUCTIEPCUN CKNAfbIBAETCS M3 ABYX yacTeid. MepBas U3 HUX (KpalHwWii
MpaBblii YfeH PaBeHCTBA) UMEET CBOMM MCTOUHWMKOM UCK/IHOUEHUE pa3fnymnii
MEX /Y CPELHVUMMN 3HAUEHWUAMU 151 CNIOEB; BTOpas (CpeaHWiA uneH cnpasa) —
UCKNIOUeHVe 3(eKTa PasInUuni MeXLy CPeaHUMU KBapaTUUHbIMU OTKIIO-
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HEHWUSMW LNS CNOEB. DTOT BTOPOW KOMMOHEHT OTPaXKaeT pasfnune Mexgy
AVICMEPCUSMU NpK MPOMOPLMOHABHOM 1 ONTUMANbHOM PasMeLLeHUN.

Ecnn nKkc mpeHe6peyb Henb3s, TO aHANOTMYHbIE BbIKMAAKM MPUBOASAT
K paBeHCTBY

oY T,+ LIk L (?F _2)»— A (N -Nysa]l. (531)

OTcloga cnefyet, uTo AUcnepcust B C/lydae paccnoeHHoro otéopa ¢ npo-
MOPLMOHA/NbHBIM pa3MeLleHeM 6yaeT 60/blle, YeM AWUCMEPCUs NpPU Mpo-
CTOM CNyyaiiHOM 0TGOpe, ecnw

£ Nh(?,—Y Y < ~"AIN—NHSI. (5.32)

TeopeTUYeCcKU 3TO MOXET UMeTb MecTo. pefnonoxunm, 4to Bce S| pasHbI
Sw, TaK 4TO MPONOPLMOHANbHOE pasMeLleHne ONTUManbHO B CMbicne Heil-
maHa. Torga (5.32) npumer Bug

ZNh(Yh-Y)*< (L-\)S*
nnn
ANh(Yh-Y f A @

Te, KTO 3HaKOM C AMCMNEPCMOHHLIM aHanM30M, Y3HAKT 3TO HEpaBEeHCTBO,
Tpebytowee, YTOOLI CPefHUIn KBagpaTr MexAay CnosamMu Obin MeHblue, 4e?
CpeAHWin KBagpaT BHYTPU C/I0eB, T. €. 4TOObl / ~OTHOLWEHWE 6bla0 MeHbLL
efVHMNLLbI.

5.7. MPN KAKUX YCNOBUNAX PACCNOEHMNE OBECINEYNBAET
BOIbLLION BbIUIMPbIL B TOYHOCTIA?

N peanbHOM nepemMeHHON ANS pPAcCNOEHUs CAYXUT cama nepeMeHHa
y — npu3Hak, Habnwgaemblli npu o6cnegoBaHun. Ecnm 6bl Mbl MO
NMPON3BOANTL PACCNOEHME MO 3HAYEHUSAM Yy, TO CNOW He nepecekannchb
N gucnepcmsa BHYTPWU CNoeB 6Gblna 6bl MHOMO MeHbLUe, Yem BCSA AUCMepcu
COBOKYMHOCTW, OCOGEHHO Mpu 6O0MbLLIOM YuCe CNoeB. JTO MONOXKEHWE U
NIOCTPUpPYeT npuMep, MpuBeAeHHbI B naparpade 5.3, c. 109. CoBOKy
HOCTb cocToana U3 64 ropofos, 6blna U3BECTHA UX BENNYMHA (YNCNO XU’
neii B 1930 r.), npuyem paccfioeHne NPOU3BOAWUIOCHE NO BENUYUHE TOPOS,
[axe npu pasfeneHnm COBOKYMHOCTM TOJIbKO Ha AiBa CN0A NPonopLuoHan
HOe pasMmelleHne YMeHbLUWIOo CTaHfapTHYK owunbky Y ¢ 2365 go 13
PaccnoeHve ¢ Nnx = n2= 12, COOTBETCTBYIOLLEE ONTUMaNbHOMY HeliMaH
BY pa3sMeLLeHMIo, NPUBENO K JaNbHENLLEMY YMEHbLIEHUIO OWNGKN [0 1044

KoHeyHO, Ha MpakTUKe Mbl HE MOXXEM MPOW3BOAUTL PacC/ioeHKe Mo C
MVUM 3Ha4yeHMAM y. HO BO MHOMMX BaXKHbIX Cayyadx K 3TOMY MOXHO
[OWTU LOBOMBHO 6/IM3KO W, CNefoBaTelbHO, NOAYUYNTb GOMbLUOA BbIMTPY
B TOYHOCTM, €c/in cobnofatoTcs clefyrowme TpyU YCoBuUS:

1 COBOKYMHOCTb COCTOMT U3 0OBEKTOB, BE/IMYMHA KOTOPbIX Bapbup
B LIMPOKUX Mpefenax.
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2. 3Ha4YeHMs OCHOBHbIX MEPEMEHHbIX, MOANEXalnX HabnaeHUo, Tec-
HO CBfi3aHbl C BE/IMYMHON 06BLEKTA.

3. O6cnepoBatenb pacrnosiaraeT XOpOLWeid Mepoilt BeNMUYMHbI 06BEKTOB,
MO0 KOTOPOW MOXHO MPOM3BECTU PacCloeHMe.

MpumepaMy MOTYT CNYXUTb NPeAnpuUATUS U YUPeXAeHUs onpefeneH-
HOro Tuna, Hanpumep 6GakaneiHble MarasumHbl (Mpu 06CnefoBaHUAX, CBS-
3aHHbIX C 06bEMOM TOBApoO6OPOTA UMM YUCAOM CNYXaWuX), WKOAbI (Npy
o6cnefoBaHUAX, KacaroLiMXca yucna Y4YeHUKoB), 60/bHMLbI (NpU KU3yye-
HAM MX BMECTUMOCTU W KOHTUHreHTa 60/bHbIX), HANOroBble Aeknapauunm
(Mpy M3y4eHWM NPU3HAKOB, TECHO CBA3aHHbIX C BEINYMHON goxofda, obna-
raemoro Hanorom). B CLUA cunbHO pasnnyatoTca Mo Be/IMYnHe, eciv u3mMe-
pATb ee 00LEe NAOWaab0 MKW BanoBbIM JOXOLOM, TakxXe (epMbl. O4HAKO
00bIYHbIE CENIbCKOXO3ANCTBEHHbIE XapaKTEPUCTUKK, TakMe, Kak 06beM npo-
M3BOACTBA TEX UMW UHbIX KYNbTYP WU TOFO WAM WMHOMO BMAa MPOAYKLUMK
>XMBOTHOBO/CTBA, 4acTo 06HApY>XWMBAKT /NLb YMEPEHHYI KOppensuunto
C BE/IMYMHOM (hepMbl, TaK YTO BbIUTPbILW OT Pacc/OeHMs MO BEMYNHE Pepm
HeBeJInK.

Ecnn BennumHa 06bEKTa OCTaeTCA MOCTOSIHHOW BO BPEMEHM, XOTSA Obl
B TeYEHMe KOPOTKMX MEPUOAOB, TO NMPaKTUYeCKN Haubonee ygobHoI ee Me-
poii 06bIYHO CNYXUT BENNYMHA TOM0 XXe 06beKTa B 6/1M)KaiLLINiA Mo BpeMeHN
MOMEHT, Korga 6bina nposedeHa nepennch. Cnyuyait, Korga s paccioeHus
MMEITCA XOpoLUMe NpexHWe faHHble, UANIOCTPUPYET NpuMep M3 naparpa-
tha5.3. BT1abn. 5.2 npueegeHsl S/, nontumansHble nh oc N hSh, nonyuus-
LMecs MpU pasMeLLeHny BbIGOPKM FOPOAOB MO fAaHHbIM Mepenuceid 1920
n 1930 IT.

Ta6nuuya 5.2
MONYYEHUE ONTUMAJIBHOIO PA3MELLEEHNSA

Mo pgaHHbIM 1920 r. Mo paHHbiM 1930 r.

Cnoi ,
Sh Nhs h nh Nhs h ft
1 16 163,30 2612,80 11,56 232,04 3712,64 12,21
2 48 58,55 2810,40 12,44 74,71 3586,08 11,79
NTorn 64 5423,20 24,00 7298,72 24,00

Mo paHHbIM 1920 r. w, paBHO 11,56 BMeCTO «WUCTUHHOrO» OMTUMAasb-
HOro 3HayeHus 12,21 no gavHoim 1930 r. Mpu OKpYyrneHumn L0 LenbixX Yncen
0b6a psAfa AaHHbIX MPUBOAAT K OAMHAKOBOMY pasMeLleHuo: BbibopKa coaep-
XUT No 12 efMHUL, U3 KaXAOro Ccos.

OTmeTuM, 4TO onTUManbHas fona oTbopa coctaBnset 75% B cnoe 1u
TONbKO 25% B cnoe 2. YacTo oka3biBaeTcs, 4TO M3-3a 60nblol Konebne-
MOCTUW B C/I0e, COCTOfLLEM M3 Hambonee KPYnHbIX 06bLEKTOB, opmyna Tpe-
6yet 100%-Horo otbopa M3 3TOro cnos. Boobule pasmelleHne MOXET Tpe-
6oBaTb flaxxe 6onee yem 100%-Horo ot6opa (cm. naparpad 5.8). 3ameTum
Takxe, 4to Sh B 1920 r. 6611 MeHble, yem B 1930 r. JaHHble 1920 r.
JaoT CAnWKOM 'oNTUMUCTUYECKOE MNPEeACTaBNeHWE O TOYHOCTM, KOTOPOI
MOXXHO 6b1/10 JOCTUTHYTb MpU 0T6Ope ropogoB B 1930 r. Kak ykasblBa/ioch
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B naparpade 4.6, ecnu NpUMeHAIOTCA JaHHble NPOLbIX NIET, TO BCerga cne-
OyeT yuuTblBaTb, YTO 3HAYeHMA Sh Mornm c Tex nop W3MEHUTLCH, Jaxe
ec/in nonpasBka Ha TaKOe W3MeHeHMe MOXET 6biTb CAenaHa b OPUEH-
TUPOBOYHO.

YacTo pagu opraHm3aLMOoHHbIX YA06CTB UM HeOOXOAMMOCTU NOMTYYUTb
OTAeNbHble laHHble M0 KaXAO0MY CNOK NPUMeHAeTca reorpauyeckoe pac™>
CNOEHME, MPU KOTOPOM CNOAMU CNYXAT KOMMaKTHble TeppuTopuun, Takue,-
Kak rpadcrea (county) unm ropoackue paioHbl. O6bIYHO Takoe paccnoeHue'
COMPOBOX/AAETCA HEKOTOPbIM YBENMYEHNEM TOUYHOCTM, MOCKOJbKY CYLLEeCT-
BYET MHOr0 (hakTOpOB, B CU/Ty KOTOPbIX /IIOAN U3 OJHOrO0 palioHa unu pacte->
HWUA C OfHOr0 y4yacTKa 06Hapy>KMBaKT CXOACTBO CBOMX OCHOBHbIX Xapak-,
TepucTuk. OfHaKO BbIAIPbIW OT reorpamyeckoro paccrioeHns OblBaeT;
06bI4HO yMepeHHbIM. Hanpumep, B Tabn. 5.3 npuBegeHbl fJaHHble 06 agidek
TUBHOCTU reorpauyeckoro paccnoeHns Ans paga TUNUYHBIX CeIbCKOXO :
3ACTBEHHbIX 3KOHOMUYECKUX XapaKTepUCTUK, onybnukoBaHHble [xecce '
Hom (Jessen, 1942), dxecceHom n XaysemaHoM (Jessen and Houseman
1944).

Ta6bnuya 53 j

OTHOCUTE/IbHAA TOYHOCTb BbIBOPKW (B %) MNPV PA3TMYHbLIX BAPUAHTAX
FEOTPA®NYECKOIO PACCJ/IOEHNA

B kayecTBe €10 NPUHATO

LLIT: Hucno obnactb
ar Lrar
MPVSHAKOB  TayHUmMn  rpadicTBO acnpo-
Y padc ngaH%HMﬂ B LE/IoM 1

AlioBa, 1938 r. 18 115 100 96 91
AlioBa, 1939 T. 19 121 100 97 91
dnopuga, 1942 r.

ObnacTb LUUTPYCOBOro ca-

foBojacTBa 14 144 100

O6nacTb noneBoacTea 15 111 100
KanndopHusa, 1942 r. 17 113 100 97

Tabnuua xapakTepusyeT u4eTbipe 3HAYEHUS CMOeB MO BeUUUHE
TayHwun (township), rpadcteo, 061acTb pacnpoCTPaHEHNS «TWNa CeNbCK
ro xo3aicTea» M Wrat. YTobbl 4aTb HEKOTOPOE NpeACTaBleHMe O CpaBHU-
TeNbHO BENNYMHE CNOEB, YKAXeM, Hanpumep, 4To B WwTate AlioBa CyLLecT
BOBano 0koso 1600 TayHwwnos, 100 rpadctB M 5 obnacTeit pacnpoctpu
HEHUS «TuUMNa CeNbCKOr0 XO03SNCTBa». I

TouHOCTb cnocoba pacCcnoeHWs BblpaXeHa B Tabnuue BeANYMHORN

o6paTHO MponopunoHanbHO BenuumHe V (yst) gna aToro cnocoba. Ta-
KMM 06pa3oM, TOYHOCTb Cnocoba 1 Mo CpaBHEHUHD CO CMOCO60M 2 M3mepseT-

cA oTHoweHueM V2 (yst)IVi (yst), BbipaXeHHbIM B MpoueHTax. MpueeaeH-
Hble faHHble — 3TO CPeAHME faHHble Mo pAdy MPU3HAKOB, YMCNO KOTOPb
YyKa3aHo BO BTOpPOM cTonbue. B Kaxgom Cinyyae 3a OCHOBY CPaBHeHUsA np
HATO paccnoeHune no rpadcream. Kak yxe 6bi10 OTMEYEHO, BbIMIPbILW
TOYHOCTU OKasancs ymepeHHbIM. [ns Aii0oBbl pasgefnieHne COBOKYMHOE
Ha 1600 cnoeB (TayHLMWNOB) MO CPaBHEHWIO C OTCYTCTBMEM PacC/oeH
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(wTar B UenoM) YBEMYUAO0 TOYHOCTL NPUOIN3nTeNbHO Ha 30%, T. €. YMEHb-
WKNo gucnepcuio nNpnénusmtensHo Ha 25%.

UTo KacaeTcs CpaBHEHUS MPOMOPLMOHANLHOTO PacCcNOeHns C OMTu-
Ma/bHbIM, TO CYLLECTBYIOT fBa Cfy4yas, KOrga OnTMManbHOe pPacCnoeHue
[aeT 3HauMTeNbHbIA BbIMIPbIW. B nepBoM cnyyae, y>Ke pacCMOTPEHHOM,
COBOKYMHOCTb COCTOMT M3 60/bLUNX W MasibiX 06BLEKTOB U pacC/ioeHune npo-
M3BOAMTCA B COOTBETCTBMU C HEKOTOPOI MEepOoi MX BennUuHbI. Jucnepcmu
S| 06bI4HO 3HAUUTENLHO 60NbLUE AN KPYMHbIX 06BEKTOB, YeM 418 MENKUX,
MO3TOMY MPOMOPLMOHaNbHOE PACCMOeHNe O0Kas3blBaeTCA HEe3M(hEeKTUBHbIM.
BTopoii cnyyali 0THOCMTCA K 06C/ieaoBaHnsAM, B KOTOPbIX OTOOP M3 OAHMX
CNnoes 0OXOAMTCA ropas3fo 4OPOXeE, YeM U3 APYruX. BausHue MHOXMTENs
\/CH MOXET NpMBECTM K TOMY, YTO NPOMNOPLMUOHANbHOE pasmelleHmne ByaeTt
HENPUroAHbIM.

Mpn nNnaHMpoBaHMM pasMelleHns BbIGOPKK, ANA KOTOPOro OLEeHKW on-
TUManbHbIX tih HE3HAUUTENbHO OTAIMYAKTCSA OT MPONOPLUOHANBHBIX, CTOUT

OLEHUTb, HacKo/bKo ysenuuutca V (yst) unm V (Yst), ecam NpUMeHUTb
nponopumnoHansHoe pasmelleHme. ONTUMYM B 3afiayve pasMeLleHuns BbipaxeH
[l0BOJIbHO cnabo (cm. naparpag 5A.2) n yBennueHne JUCNEPCUM MOXET OKa-
3aTbCA YAMBUTENbHO HeboMbWMM. Bonee TOro, BbIMIPbIW OT MPUMEHEHUS
ONMTUMaNbHOro pasmeLLeHuns, BbIYUCIEHHBIA MO OLeHKaM BenuuuH Sh, Bcer-
[ia npeyBennyeH 13-3a OWN60K Npu UX oLueHnBaHuu. MpocToTa NPonopLmo-
HanbHOrO pasMeLLEeHNs 1 ero CBOMCTBO paBHOB3BELLEHHOCTHU, NO-BUAVMOMY,
onpasabiBaloT 10—20%-Hoe yBenuyeHue AUCNEPCUMN.

5.8. PASMEWEHWNE, TPEBEYIOLWEE BOJIEE YEM IOO%-HOIoO OTBEOPA

Kak yxe ynomuHanoco B naparpage 5.7, opmyna A1 BblYMC/IEHUSA
06LEMOB BbIOGOPOK MO C/IOAM MPU ONTUMANLHOM pasMeLLeHn MOXET faBaTb
0N HEKOTOPbIX CroeB 3HayeHWs nh 6onbluve, YeM COOTBeTCTBYIOWMe jVh.
BepHemcs K npumepy € ropofgaMmu, pacCMOTPeHHOMY B naparpadge 5.3.
Bbibopka 06beMOM B 24 ropofga ONTMManbHO pa3Melianacb B ABYX CNOSAX
Tak, YTO B MEPBOM C/I0€ HY)XXHO 6b110 0TO6paTh 12 u3 16 ropogos, BO BTO-
pom — 12 13 48. Ecnn 6bl 06beM BbIGOPKK cOCTaBAN 48, TO 4NS ONTUMasb-
HOro pasmelleHus noTpebosanochb Obl B3ATb B MEPBOM C/0e 24 ropoga us3
16. Jlyuuiee, YTO MOXHO B TaKOM C/lyyae cfienaTb, 3TO BK/IOUYNTL B BbIGOPKY
BCe ropoja M3 nepBoro cfios, a octanbHble 32 ropoja B3ATb U3 BTOPOrO,
BMECTO 24 Tpebyrouwmuxca no dopmyne. Takoe MONOXKEHWE BO3HMKaeT
TOMbKO TOrfa, Korga o6bwas gons orbopa 3HauuTeNnbHa W Bapuauus
B OAHOM W3 CNOeB ropasfo 6onblie, Yem B Apyrux. [logobHbie ciyvau
BCTPEYA/IUCb Ha MpakTuke.

Haxofa oxugaemyo AUCMEPCUIO MPU TAKOM pasMeLLeHUn WU CpaBHU-
Bas 370 pa3MellleHue C APYTUMK, cnepyeT cobofaTb 0OCTOPOXHOCTL U Npu-
MeHATb Hagnexawue gopmynbel. ®opmyna (5.5) n3 naparpaga 5.3, ecnu
B Hee MOACTaBWUTb 3Ha4yeHWs nh, COOTBETCTBYIOLLME MEPECMOTPEHHOMY
ONTMMaZbHOMY pasMeLLeHunto, ocTaeTcs cnpasegnusoii. ®opmyna (5.21),
yKa3blBaloWas MWHUMANbHOE 3HavyeHWe AUCMEPCUN MPU HEM3MEHHOM T,

y n.uy awhsh* S ivhsSlI
vmin \Y»0 - N
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MepecTaeT 6bITb BEPHO. Ecnu cnoil 1 — 3TO eAVMHCTBEHHbIA cnoid, B KO
TopoM fonsd oTbopa Ao/mkHa npesbicTb 100%, TOo npaBunbHas gopmy/
ans Vmin umeet Bug,

1 &Nhshy 1
ah: Ne Nt N2 "2 BA.

rge S' o3HavaeT CyMMMUPOBAaHME MO BCEM C/I0M 33 WUCK/IKOYEHUWEM Cfod

59. ONPEAENEHNE OBBEMA BbIBOPKN B CJ/IYYAE HEMPEPbLIBH1
MEPEMEHHbIX

B naparpade 5.5 66111 npuBefeHsl popmynbl Ans onpegeneHusa n n(
NpesnonoXnUTeNbHO OMTUMANbHOM pasMeLleHun Bblbopku. B atom nap”
rpate npegnaratotca GopmMysbl 408 11060ro BUha pasMeLLeHns 1 BbIgeNsK
CA HekoTopble ocobble cnyyaun. Mpegnonaraetca, YTO OueHKa umeeT onpt
feneHHyto gucnepcuto V. Ecnu BMecTo Hee onpefeneH npegen owmoku!
(cm. naparpad 4.4), To MOXHO BOCMNO/Mb30BaTbCA paBeHcTBOM V = {d/ty
roe t — KBaHTWU/b HOPManbHOTO pacnpefeneHuns, COOTBETCTBYHOLMIA [0
MyCTUMOI BEpPOATHOCTM TOrO, YTO OWMOKA MPeBbICUT XenaTesbHble Mp
Jenbl.

OueHuMBaHVe CpefHero 3HavyeHWs AN1S COBOKYMHocTU, Y

Myctb sh— oueHka Sh n nycts nh = whn, rge wh yxe Bbl6paH!.

B 3Tux 0603HavYeHUAX oxupgaemoe 3HayeHue V (yst) no Teopeme 5.3 (nap

rpa 5.3) paBHoO:
— v2s? : .
- _I'I 2 - VW """ N a\Mﬂ, (5/C

rae Wh — N,JN. 9710 gaet obuwyto ¢opmyny ans

fich
M—m Wh 6N
V+-L%VhE

Ecnu ﬂp6H96pel—Ib NKC, TO B Ka4yeCTBe Nnepesoro I'IpI/I6I'II/I)KEHI/IFI NMeem

1v wlsl 55

no=1r 2 - ,n (

Ecnv nOIN npeHebpeyb HeMb3s, TO MOXHO BbIYMCAUTL N NO hopmyse
n= no (5.33

NV S Wh4

[ns 4acTHbIX cnyyaeB (OPMy/bl MOXHO 3anucatb B pasfiMyHoM, 60/u
yA06HOM 15 BblUMCAEHWA, Buge. MNpuBedeM HEKOTOpPble U3 HUX.
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I'Ipe,qnon0>KV|Teano onTuManbHOE pasMelleHne (I'Ipl/l HEN3IMEHHOM FI)Z
Wh 00 W hsh.
N = (2pV$h)f-—m- _ (5 37)

V+ ~-AW ks\

MponopunoHansHoe pasmelleHne: wh = Wh = NhIN.

JFh4_. n=_a - (5.48)

OLeHVBaHVe CYMMAapPHOTO 3HaYeHVsl Ansi COBOKYMHOCTU

Ecnn V — xenatenoHoe 3HaveHue V (Yst), TO OCHOBHble (hOpPMY/bl
NPYHUMAIOT CReayoLWmnin BUg;
O6Lwwii  cnyvaii:

Nk A
n— —— . (5.39)

I‘Ipe,quon0>KV|Teano onTumMa/ibHOE pasMeLlleHne (I'Ipl/l HEN3MEHHOM I'I)Z

.= & \sh2, (5.4Q)
V+'ZNhSI

I'IponopuMOHaanoe pasMeLLEHNE!
= n— — . (5.41)
y 1%-k-

Mpumep. 3TOT npumep B3AT U3 paboTel KopHenna (Cornell, 1947), B KO-
TOpOIi onucbiBaeTCA BblbOpKa Konnemken n yHusepcutetos CLUA, B3saTas
B 1946 r. ®epepanbHbiM ynpasneHuvem npocsewennsa (U. S. Office of
Education) gns TOro, 4tobbl OLEHUTb YUCO CTYAEHTOB B 1946— 1947 yueb-
HoM rogy. [lns wnncTpaLmm paccmaTpumBaeTcs COBOKYMHOCTb, BK/HOYalo-
was 196 negarornyecknx Konnemkei n yunnuw,. OHM 6binn pacnpegene-
Hbl MO CEMW C/MOSM, M3 KOTOPbIX O4MH HEOOMbLUO CMO paccMaTpuBaThbCs
He 6ygeT. lMepBble NATL cnoeB 06pa3oBaHbl B COOTBETCTBUM C BEMYMHON
KONMeMKe, LWecTo COCTOMT TOMIbKO U3 XXEHCKUX Konnemkel. OueHkM sh
Be/IMUMH S h OblAM BblYMCAEHbI MO AaHHbIM 1943— 1944 y4ye6HOro roja.
bbiNO NPUMEHEHO «ONTUMANIbHOE» pa3MeLleHne, OCHOBAHHOe Ha 3Tux sh.

TpeboBanocb OLEHUTL CYMMapHOe YUCNO CTYAEHTOB C KO3M(ULNEHTOM
Bapmaumm 5%. B 1943 r. ob6Liee Uncno CTyAEeHTOB A5 3TOW rpynnbl Konnes-
Xeli coctaBnano 56 472, Takum 06pa3om, >KenaTefibHas CTaHAapTHas
owmnbKa paBHa:

0,05 « 56472 = 2824,
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TaK UTO XXefaTenbHas Aucnepcust 6Gyget
V = (2824)2= 7 974 976.

MOXHO BO3pa3uTb, YTO YUCNO CTYAEHTOB B 1946 r. JO/KHO 6bI10 ObIT
6onblie, Yyem B 1943 r., 1 UTO Ha 3TO YyBe/NMYEHME HEOBXOAUMO clenaThb nc
npaBky. B gelicTBUTENLHOCTU MPW BbIYWUCAEHUAX NpPeAnonaraeTca TOAbKO
YTO KOI(PPULMEHT Bapmaunm B pacyeTe Ha KoMneLX ofuHakosB B 1943 n
1946 rr. — Takoe npeAnosioXKeHne BroJiHE LOMYCTUMO.

B T1abn. 5.4 npusegeHsbl 3HavyeHns Nh, Sh u N hSh, koTtopbie 6bIM K3
BECTHbl A0 OnpefeneHus n.

Ta6bnunuya 54
OAHHBLIE ANA OMPEAENIEHUA OBBEMA BbIEOPKU

Cnoli Nh «t Nh*h nh
1 13 325 4225 9

2 18 190 3420 7

3 26 189 4914 10

4 42 82 3444 7

5 73 86 6 278 13

6 24 190 4560 10
NTorun 196 26 841 56

Moaxoasuiein opmynoii gna onpegeneHns n cnyxut (5.40), koTtopas
MpMMeHMMa MpU OLEHUBAHUWN CYMMApPHOr0 3HaYeHWUs B Cly4Yae «ONTUMasb
HOro» pasmelieHus. Korga COBOKYMHOCTb COCTOMUT TOMbKO M3 196 eamnHuL,
MKC He MOXET BbITb NPeHe6peXxnMo Manoii. OAHaKO B LieNIAX UANKCTpaLum,
HaiiileM NepBoe MPUONMKEHWNE, He YuuTbIBatoLLee MKC. ITo byaeT

(S W ,J26 841).
% 7974 976

OueBngHo, Heobxoauma nonpaska. B KauecTBe MpaBMILHOMO N Ha OCHOBA
HuM (5.40) nonydaem

no 90,34 =571
4 640 387 '
7974 976

Bblna B3ATa Bbl6OpKa 06bemom B 56 egmnHuyl. 3HaueHns nh gns oTAeNbHbIX
CM0eB yKa3aHbl B KpaliHeM mpaBom cTonbue tabn. 5.4.

5.10. PACC/IOEHHbI OTBOP AJ19 OLIEHVIBAHWS [OJEN

ECMM Mbl XOTUM OLEHWUTb [0/110 eAWHWL, COBOKYMHOCTMW, OTHOCALLMXCS
K HeKoTopoMmy onpegeneHHoMy knaccy C, TO ujeasbHOe paccrioeHue

1 Yucnosble [aHHble HECKOMbKO OT/IMYAlOTCS OT MNpuMBeAeHHbIX KopHennom
(Cornell, 1947).
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nonyynnmn 6bl, ecim 6bl CMOTIM BKAKOUNUTL B MEPBbI/ CNON BCe €ANHULbI U3
knacca C, a BO BTOPOil — Bce OCTa/bHble. He nMes Takoi BO3MOXHOCTH,
Mbl MblTaeMcs 06pa3oBaTb CNOM TakMM 06pa3om, ytobbl AONA efuHUL, K3
Knacca C BapbupoBana OT C/0A K C/I0K KaK MOXHO 60/bLue.
MycTtb
P - A - n- 01
Nh nh

— ponv efuHuy, n3 knacca C COOTBETCTBEHHO B €/10e h UB BbIGOPKe U3 3TO-
ro cnos. EcTecTBeHHOl OLEHKON J0NW eANHUL, A5 BCEl COBOKYMHOCTU Mpu
paccnoeHHoOM cny4vaitHoM oT6ope GygeT

= (5-42)

Teopema 59, Mpu paccnoeHHom cnyuaiiHom oTGope aucrnepcus pst
paBHa:

V(PJ= P - (5,43)

~A_7
N2 Nh—1 n

[JokazaTenbcTBO. TeopeMa NpeACTaBAseT cO60M YaCTHbIV cnyyaii o6Leit
TEOpEeMbI O AUCMEPCUN OLEHKM CPefHero sHaueHus. Mo Teopeme 5.3

N2 nh

MycTb y hi — nepeMeHHas, KOTopas NPUHUMAET sHauenue 1, €CAM eguHMLA
npuHagnexut knaccy C, n 3HadyeHne 0 B NpoTMBHOM cnydvae. B naparpade
32 (paBeHCTBO 3.4) 6bINI0 MOKa3aHo, 4YTO ANA TakON MepeMeHHO

S *= PhQh-

- N
Nh—1
OTcloga crnefyeT YTBEPXKAEHWE TEOPEMBI.

3ameuaHue. Mo4YTM BO BCEX MPUIOXEHUSAX, AaXKe €C/IU HeNb3s MpeHe-
6peyb MKC, MOXXHO OTGPOCUTb ufieHbl mopsgka 1N h v No3TOMYy NPUMEHSATD
HECKO/IbKO 6o/iee MPOCTy (hopmMyny

V(ps) = ~W h (N h-nh -~ -= 2 0-f/J- (54

Cnegctene 1. Ecnm MKC MOXHO npeHebpeyb, TO

V(Ai)= 2N I"A-- (545)

n

Cnepctsue 2. py nponopuMoHasbHOM pasMeLLeHun

V(Pt)= JL=IL.-L -y NlphQh * (5 46)
{Pst) N nN Nh—1

nL AW hPhQh. (5-47>
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[na nonyyeHnin BbIGOPOYHOW OUEHKM Aucnepcun Hy>XXHO B 06YHO
npuBefieHHbIX (opmyn noactaButs PhQhKnh — 1) BMecTo Heu3BecTH
P hQh!

[MpaBuno BbIGOpa MH, MUHUMU3MPYOLWNX V (pst), cneayeT K3 o6Ly
TEopuu, W3NOXKEHHON B naparpage 5.5.

MuHMManbHaa gucnepcus npu HensMeHHOM o6uiem o6beme BblIGOp

nhocNhV N hI(Nh-\) YPhQh” N hV P hQh-
OTcroga

NnVKQh 5.
-LNnVKOk

MH >K1-

MUHUManbHAA AUCNepcUs NpU HEM3MEHHbIX U3AepP>KKax, rae U3fep>k
pasHbl cO+ Zchnh.

S TV PhQWeh
3HauyeHMe n onpegensieTcs TaK XXe, Kak W B naparpade 5.5.

511. BbIUIPbILI B TOYHOCTW MPU PACC/IOEHHOM OTBOPE
ANS OLEHUBAHWA AONEN

Ecnv mn3gepxky B pacyeTe Ha efuHULY OAMHAKOBbI BO BCex cnof”
TO MOXHO yKa3aTb ABa YA006HbIX paboumx npasuna: (a) pacC/MOEHHbIN i
faeT He6obLION BbIUFPbIW B TOYHOCTM MO CPaBHEHWIO C MPOCTbIM Cayya
HbIM OT6OpOM, ecnn TONbKO Ph He MeHATCA CUABHO OT €noA K cn
(6) onTumanbHOE pasmelleHre NpU 3adaHHOM N JaeT He6OMbLIOW BbIUIPSI
Mo CPaBHEHWIO C MPOMOPLUOHANbHLIM, ecnn Bce Ph 3ak/loueHbl Mex[
0,1 n 0,9.

Lns vnnocTpayuy nepBoro yTBepxpgeHus B Tabn. 5.5 cpaBHMBalOT-
paccnoeHHbI cnyyaiHblil 0T60p (MPONOPLMOHaNbHOE pasMelleHne) u i~
CTO cnyyaiiHblil 0TGOP NpW TPeX CNoAX 0JUMHaKoBOW BennumHbl (Wh— 1/
PaccmaTpuBatoTca 4YeTblpe c/iyyas, B nepBoM — 3HayeHuss Ph gna 1"
cnoes pasHbl 0,4; 0,5 1 0,6 1 B nocnegHem (camblii KpaiiHuiA cnyyail) Ph

Tabnuya 55

OTHOCUTEJIBHAA TOYHOCTb PACCJIOEHHOIO X MNMPOCTOIo
CNYYAMHOrO OTEOPA

MpocToii PaccnoeHHbIn
A nV{pst) H 1-1) = OTunocuTensuas
P nVip)fil-N=PQ : ToUHOCTb, %
0,4; 0,5; 0,6 2500 2433 103
0,3; 0,5; 0,7 2500 2233 112
0,2; 0,5; 0,8 2500 1900 132
0,1; 0,5; 0,9 2500 1433 174
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= 0,1; 0,5 10,9. 6 gBYX cpeaHmnx cTonbuax NpuBeLeHbl 3Ha4YeHMiA ucnep-
CWIA OLEHOK J0/ell, YMHOXeHHble Ha n/(1— /), nB nocnegHem ctonbue
yKasaHbl 3HAYeHUS OTHOCMTENIbHON TOYHOCTM PacC/OEHHOr0 CAyYaiHOro
oTbopa MO CpaBHEHWKO C MPOCTbIM. BbIMFpbIW B TOYHOCTU BENK TOJbKO
B ABYX MOCNEAHMNX CAyuvasx.

[ns TOro 4rtobbl CpaBHWTb MPU HEM3MEHHOM M MPOMOPLUMOHANbHOE
pasMeLleHne ¢ ONTUMasbHbIM, YKaXXeM, YTO ecin npeHebpeyb NKc, TO

(WhvPhQhf . 1/ _
*opt— n * v Prop

*SWhPhQh
tl

CnepoBaTenbHO, OTHOCWUTE/IbHAA TOYHOCTb npn nponopuynoHasibHOM
pasmMeweHnn no CpaBHEHUKD C ONTUMa/IbHbIM 6y,qu

VoPt (WhVKQh)2
VproP WhPhQh
Ecnun Bce Ph 3aknioueHbl Mexpay ABYMS 3HayeHuamu P, n (1 — PO,
TO Hac MOXET WHTEepecoBaTb HaMMEHbLUEee BO3MOXHOE 3HayeHue OTHOCU-

TeNbHOW TOYHOCTU. [NA NPOCTOTbI PpacCCMOTPUM Cfiyyail ABYX CN0OEeB OAMHA-
kool BenmumHbl (Wx = WJ. MuHMManbHasg OTHOCWUTENbHAA TOYHOCTb

pocturaetcd npy Pr= —un P2= PO- lMpn 3TOM ee 3Ha4YeHMe CTaHOBMUTCA
paBHbIM:

VoPt (0,5+YpAr)A
Vprop 2 (0,25-f-P0oQo)

HekoTopble 3HayeHUs 3Tol (hyHKLMM MpuBedeHbl B Tabn. 5.6. Laxe npu
PO, pasHom 0,1 umnn 0,9, oTHOCUTENbHAaA TOYHOCTbL cocTaBndeT 94%. B
60/IbLLIMHCTBE Clly4YaeB MPOCTOTa NMPONOPLMOHANBHOIO pasMeLeHns U ero
CBOICTBO PaBHOB3BELLUEHHOCTW 60/ee YeM KOMMEHCUPYIOT Takyl Heb0/b-
LY MOTepo B TOYHOCTMW.

Ta6nunuya 5.6

OTHOCUTE/IbHAA TOYHOCTb MPU MPOMOPLMOHAIBHOM
PASMEWEHWN MO CPABHEHUIO C OMTUMAJIbHbIM

Po 0,4 unm 0,6 0,3 wwm 0,7 0.2 wm 0,8 0.1 wm 0,9 0,05 nan 0,95
OTHoCcUTENb-
Has Tou- 100,0 99,8 98,8 94,1 86,6
HOCTb, %

HeobxoAnMO yKasaTb Ha OrpaHWYeHUs, NPUHATbIE B Mpumepe. B Hem
He YUYUTbIBAIUCb Pa3nNyuns B U3LEPXKax Ha 0TO0P B pasHbIX Cnosx. B He-
KOTOpbIX 06cnefoBaHnax Ph oyeHb Masbl, HO MEHAKOTCA MO C/OAM, CKa-
xem, ot 0,001 go 0,05. 3gecb 60/€e€e 3HAUNTENbHBIA BIMTPbILW MOXET AaTb
ONTMManbHOE paccfioeHue,
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S.12. OMPEAENIEHNE OBBbEMA BbIBOPKM MNPV OLIEHWUBAHUW [0/

Hy>Hble (hOpMynbl MOXHO BbIBECTM U3 Goslee 06WMUX QOPMYN, NPUBC
JeHHbIX B naparpadge 5.9. MycTb V — xenatefbHOe 3HauyeHWe gucnepc
npy oueHMBaHUW fonu P ana Bceli COBOKyNHOCTU. DPOpMynbl ANA 4BYX
HOBHbIX TUMOB pa3MeLLeHNs UMEKT Cneayowuii Bug.

MponopunoHansHoe  pasmeLLeHune:

SWh Ph sH o= (5.5r
\ «0
N

[Npeanono>XnTenbHO oNTUMaNbHOe pasmelleHue:

XWHYpnanT . 0= - « (5.51

Ny ZWhPhah

roen0—nepBoe NpMOMXEHNE, KOr4a NKC He YYUTbIBAETCA, U M—YTOUHEH
HOe 3HauyeHue, yuuTbliBaloLwee nNkc. pu BbIBOAE 3TUX (OPMY/S MHOXMTE
N h(Nh— 1) cuntanucb paBHbIMU efuHULE.

MonyyeHHble pe3ynbTaTbl OTHOCATCA K C/y4al OLEHMBAaHWS [on a

Ecnn npeanoyTUTeNbHO WMMETb [eN0 C MPOLEHTHbIM COOTHOLLIEHMEM,
B cnydyae, korga Ph, Qh, V u T. g. BblpaXeHbl B NpOLeHTax, NpumeHu
Te xe ¢opmynbl. pu OUeHMBaHUN CYMMapPHOro Ymucna eauHuL, CoBOKYnNu
CTH, npuHagnexawmnx knaccy C, T. e. NP, Bce gucnepcuv yMHOXalOT
Ha N2

YnpaxXHeHUNsd

5.1. B coBokynHoctT ¢ M= 6 n L = 2 3HayeHus yhi coctaBnsawT 0, 1, 2
cnoa 1wun 4, 6, 11 gna cnosa 2. [JonxHa O6bITb M3BeYeHa Bblbopka 06bLEMOM N=
(a) MokaxuTe, 4YTO ONTMMa/ibHblEe Mb, COOTBETCTBYHLIME HeAMaHOBY pa3meLleH’
OKPYTI/IeHHble A0 Lenblx ymcen, 6yayT ti\ = 1Bcnoe 1mn2= 3 Bcnoe 2. (6) Bbiu
NINTe OUEHKM yst ANnA Bcex BbIGOPOK, KOTOPble MOXMO MOAYYUTb NpY ONTUMabUr
pasMeLLeHNN 1 NpY NPOMOpPUMOHabHOM pasMelleHnn. MpoBepbTe, UTO 3TW OLeLl

6yayT HecMelleHHbIMU. Monb3ysick aTuM, HalguTe Vapt(yst) m Vprop(yst) nenocp
cTBeHHO. (B) lMpoBepbTe, YTO nony4veHHoe 3HadveHue VOpt (yst) coBnmagaeT co 3u;

YeHneMm, nonyyaembiM no opmyne (5.5), a 3HayeHue Vprop (yst) — co 3HaueHWU"
nony4vaembiMm no gopmyne (5.7), ¢. 108.(r) MpumeHeHune dopmynbl (5.21), ¢. 113 gna
uncneHunss VOpt (yst) gaeT He COBCEM BepHblli OTBET, MOCKO/bKY MPU 3TOM He yuW.
BaeTCcA TO 06CTOSATENbCTBO, YTO nh 6bILIN OKPYINeHbl 40 UenbiX Yncen. Hackonbko n
niydaeMoe Mo 3Toi  hopmysne 3HauyeHWe OT/IMYAETCA OT MPaBUIbHOI0?

5.2. Hy>HO0 npoBecT/ BbI6OPOYHOe 06C/1eA0BaHME JOMOX03SCTB B rOpoje C Len
OLLEHUTb CPESHIO CTOMMOCTb B/XXMMOI0 UMYLLECTBA HA OfHO AOMOX0351ACTBO. [lom
X0351iCTBa pasfefieHbl Ha [Ba Cnosl: C BbICOKMM U HU3KMM YPOBHEM KBapTMPHOMW N
Tbl. MpegnonaraeTcs, YTO CTOMMOCTb MMYLLIECTBA Ha OHO LOMOX03AACTBO B coe ¢ -
COKMM YPOBHEM KBapTUPHOM MNniaTbl NPUBAN3NTENLHO B AeBSATb pa3  6o/blue, Y
B C/l0€ C HU3KMM YPOBHEM, M 4TO Sh MOryT 6biTb MPONOPLMOHANIbHBI KBafpaTHO"
KOPHIO U3 CPEAHEro 3HayeHus NS C/OS.

Cnoii ¢ BbICOKMM YPOBHEM KBapTUPHOW nnatbl HacuuTbiBaeT 4000 4OMOX03AMC
a cnon ¢ HU3kKMM — 20 000. (@) Kak 6bl Bbl pacnpeaenunun Bbi6opKy obbemom B I
[OMOX035ACTB Mexay ayms cnosammn? (6) Kak Hy)XXHO 6bis10 6bl pacnpefennTb Bbib
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Ky, €cny 6bl Mbl NPECNef0Ba/IN  Le/lb OLEHWTb PasHOCTb CTOMMOCTE/ MMYLLECTBa Ma
OfiHO ,qomoxosﬂmcnso B [IBYX CNOsiX?
5.3

B Ta6nuue NpUBOAATCS flaHHbIE O PACC/IOEHMI BCeX (hepM HeKOToporo rpad-

cTBa Mo pasmepy (epMbl U O CPeAHEM YMC/ie aKPOB MO MavMcoM Ha OAHY (epmy B
KaXoM CJi0e.

CpepjHee unCcno akpoB CpepHee KBagpaTUUHOE

Yucno depm Nh
bep nog mavcom Yh OTK/IOHEHUEe

Pasmep tepmbl, akpos

0—40 394 54 8,3
41—80 461 16,3 13,3
81—120 391 24,3 15,1
121—160 334 34,5 19,8
161—200 169 42,1 245
201—240 n3 50,1 26,0
241— 148 63,8 35,2

CymMMmapHoe unu cpea- » 010 263

Hee 3Ha4deHue

[OnA Bblbopkn ob6bemom B 100 thepM BbIUMCINTE 06bEMbI BbIGOPOK B KaXKAOM Cr0€e
npv (a) NponopunoHanLHOM pasMelleHum, (6) onTMMasbHOM pa3MelieHun. CpaBHUTe
TOYHOCTb 3TUX METOAOB C TOYHOCTbLIO MPU NPOCTOM C/y4aliHOM oT6ope.

5.4. [JokaxuTe cnpasefnmeocTb opmynbl (5.31) n3 naparpadga 5.6:

5.5. HekoTopasi COBOKYNHOCTb pasfie/ieHa Ha AiBa CNosi C OTHOCUTE/IbHbIMU 06be-
Mamu: W2- ObcnepoBatenb nonaraet, 4to Sj, S2 MOXHO CUMTaTb paBHbIMKW, HO
YTO C2 3aK/l0HeHO Mexay 2cy u Acr. OH npegnodven 6bl NPONOPLMOHANbHOE pasme-
LLIeHWe, HO He XO04eT, 4Tobbl gucrepcus b6blia MHOro 60nblue, YeM MpY ONTUMaSIbHOM

pasmelleHmn. MokaxunTe, YTO NpU 3adaHHbIX nsgepxkax C = <%+ c2/r2, ecam npe-
Hebpeub NKc, TO

MNprop =) Wit 2
vort ) ' Ty * -i-vYc22’

Ona cnyyaa Wx= W2 BblMUCANTE OTHOCUTENIbHOE YBEWYEHME AUCMEepcun,
BbI3BaHHOE MPUMEHEHVEM MPOMNOPLMOHAIbHOIO pasMeLLLleHMs Npu OTHOLeHuKM cjclt
paBHOM 2 n 4.

5.6. O6cnepoBaTens npeanonaraeT NPOM3BECTU PACC/OEHHbIN CyYaiHblii 0T60p.
OH oXugaeT, 4YTO M3LEPXKKM Ha cO6CTBEHHO o6cnefoBaHume 6yayT Xchtih- Ero npegga-
puTeNbHble OLEHKN COOTBETCTBYHOLUMX BEUYMH ANA ABYX CNOEB CleAyloLiue:

Cnoii wh Sh CH (B gonn.)
1 0.4 10 4
2 0,6 20 9
() HalignTte 3HadeHMs njn u tijn, MuHUMMIMPYIOLME 06LLMe W3LepXKKM Ha

«'06CTBEHHO 06CneaoBaHMe Npy 3agaHHOM 3HadeHun V (y$t)- (6) Hangmte 06bem Bbl-
127



GOPKM, HEOBXOAUMbIA AN TOro, 4TO6bl MPWM TakoM ONTUMA/IbHOM pasMeLleH™

V (yst) — 1- TIKC He yuuTbiBaiiTe, (B) Kakumu 6yayT o6LiMe U3AepPXKKM COBCTBEHN
obcnegoBaHns?

5.7. TMocne Toro Kak Gblaa nosyveHa Bbl6OPKA, 0 KOTOPO/ roOBOpUTCSt B ynpa
neHnn 5.6, obcnefoBaTenb YCTAHOBW/, UTO M3AEPXKM Ha COBCTBEHHO 06cCnefoBaH”
B pacyeTe Ha OfHY eAVHWLYY COCTaBUAN B AEeACTBUTENbHOCTU 2 Aonn. B cnoe 1 um
ponn. B cnoe 2. (a) Hacko/bKO yBEMUMAUCL pacxofbl MO CpaBHeHMIO ¢ npeanonara(
wumnca? (6) Ecnm 6b1 o6cnegoBaTento 6bIIM M3BECTHBI MPaBU/bHbIE 3HAUEHUSA U3[,

XKEeK 3apaHee, MOr 11 6bl OH paccuMTbiBaTb Ha V (Ys® — 1 npu Takoi >ke cymme |
X0[l0B, KaK B yrnpaxHeHUn 5.6?

YKa3aHue. OTBeT Ha 3TOT BOMPOC MOXHO MOMYYUTb C MOMOLLBIO HepaBeHCT
Kown — LWBapua npu V= 1 (cm. c. 114), He Haxofs HOBOr0 pasMeLLeHUs.

5.8. HekoTopasi COBOKYNHOCTb pasfesieHa Ha aBa cnos. 3HayveHus Wh n S/,
39TWX C/I0eB pPaBHbl:

Crioi Wh Sh
1 0,8 2
2 0,2 4

Bbluncnute 06bembl BbIGOPOK L, N2 AN5 ABYX C/I0eB, HEO6XOAMMbIe, YTOBbI YL0B/E
pyTb cnefyloWmMM ycnoBusiM. Kaxaplid cnyyail TpeGyeT OTAeNbHbIX BbIYACIENB
(Mkc He yunTbiBaliTe.) (a) HY>XHO MUHUMM3NPOBaTbL 06WMI 06bEM BbIGOPKU N
— [y + n2 PV ycnoBum, 4To cTaHAApTHas OLIMOGKa OLEHKWU cpefjHero 3HaueHust Af
COBOKYMHoCTK, ySf, fomkHa 6biTb paBHa 0,1. (6) CTaHfapTHasa owwMbKa OLEHKU cp
Hero 3HaueHusi B KaXAOM C/i0e JO/KHa 6biTb paBHa 0,1. (B) CTaHfapTHas oLm
pasHOCTU [BYX OLEHOK CpefHMX 3HauyeHWit ANsi CNoeB Ao/bKHA paBHATbeA 0,1, np
YeMm, KakK W paHee, MUHUMWU3NPYETCA 06WMIA 00beM BbIOGOPKMU.

5.9. Ona cnydas gByx cnoeB obcnegosaTeslb N0 NPaKTUYECKUM CO06paXKeHM
BMECTO 3HayeHW, 3aaBaeMbIX HeliMaHOBbIM pa3MeLLeHreM, X0Ten 6bl UMeTb N =

O6osHaumm uepes V (yst) m VOpt ({/st) amcnepcun  COOTBETCTBEHHO AN1A CAy.
ni= n2H ans HelimaHoBa pasmelleHns. MMoOKaxunTe, YTO OTHOCUMTeNbHbIM npupocT fi
Mepcun pPaBEH:

Y (l/st)— Vovt (yst)
‘o pt (yst)

rae r = nl/n2 BbIYMCASAETCA NO 3HAYEHWAM 151 HeliMaHoBa pasMelleHns. Kakum 6
[eT OTHOCWTENbHbIA MPUPOCT AMCMEPCUN, eCci BMECTO 3HaYeHWi, ONTUMabHbIX
Cnoes u3 ynpaxHeHus 5.8, cnyvali (a), B3sATb Nr = A2

5.10. MokaxunTe, 4To ecnn yHKUMA nsfep>kek uveet Bug C = c0-j- XJh

rge cnwu th — u3BecTHbIE yncaa, TO A1A TOro YTobbl MUHUMKU3MPOBaTL V (yat)
HEN3MEeHHbIX 06LLMX n3gepXxKax, A/, LOMKHbI ObITb MPONOPLMOHANbHBbI

AWiA_J 1B

Hangnte w/, onsa Bbi6opkn o6bemom B 1000 eavHML, NpU CNefytoLMX AaHHbIX*

Croii ~h Sh *h
1 0,4 4 1
2 0,3 5 2
3 0,2 6 4

5.11. MycTb Vprop (yst) *—gmcnepcus OLEHKU CPeAHEro ANs Pacc/iioeHHOW Cly -

YaliHol BbIGOPKM 06beMa M Mpy NPOMOpLUOHANbHOM pa3mMelleHnn 1 V (y) — Aucnep-
CUA OLEHKWN CpeAHero a8 NpocTOWM cayyaliHOW BblGOpKM obbema n. MokKaxuTe, 4TO
OTHOLLEHME

Vprop G/sf)
YO

He 3aBUCUT OT 0b6bema Bbl60pKVI, HO OTHOLLEHWne , ®

Kmfn (¥st)
Yprop (f/st)

npy yBeMYEHUN 51 YMeHbLUIaeTCcsl. 3TO 03HAYaeT, YTO ONTUMa/IbHOE NMPU HEM3MEHHOM
S1 pa3MelLieHne CTaHOBUTCA 6oee AWHEKTUBHBIM MO CPABHEHUIO C NPOMOPLUOHAIbHBIM
pasmeLleHneM npu yBenndeHun . [Bocnonb3yliteck opmynamm (5.7) n (5.21)).
5.12. CpaBHUTe 3HaudeHusi, nonyyaemble ans V (pst)> npu nponopumoHanbHOM
pasMeLLeHMM 1 MpU ONTUMAIbHOM  pPa3MeLLeHU ANs BbIGOPKU HEM3MEHHOro obbema
B CMefyloLnX ABYX COBOKYMHOCTSAX. BenuumHa Bcex €noeB paumakoBa. [MKC MOXHO

npeHebpeyb. n -
7% - g ’r
CoBOKYNHOCTbL 1 COBOKYMNHOCTb 2
Cnoi Ph Cnoi >&
1 ' 0,1 1 *0,01
2 0,5 2 >b,05
3 0,9 3 K0,10

Kakyto 06Li1yt0 3aKOHOMEPHOCTb MOXHO YBU/ETb Ha MpUMepe aTUX [BYX COBOKYMHO-
cTen?

5.13. MokaxunTe, 4TO ANS cAydas OLeHWBaHWUA [LONei YTBEPXeHUs, COOTBETCT-
ByloLWme Teopeme 5.8, A0/KHbI ObITb BbIpaXKeHbl CrefytowmnM 06pasom: > N
—W
ynn I—I

., Wh(VPhQh-VPhQhY
VproP = ~oPfr ( Q Q

rae
VPhQhAWhVKQA-

5.14. B HekoTopoit thupme 62% BCex paboTaloLnx COCTaBAAT KBaMhuLmpo-

BaHHble WM HeKBaAUMULMPOBaHHbIE PaBbOTHUKN-MYXUUHbI, 31% — KOHTOPCKMWE
PabOTHUKN-XENLWNHBI N 7% — pyKoBOAALMe paboTHUKK. Pupma xoTena bbl No Bbl-
6opke 06beMoM B 4Q0 pabOTHMKOB OLEHUTb L0110 TeX, KTO NOMb3yeTCs BO BPeMs OTAbl-
Xa onpefeneHHbIM MHBeHTapeM. COrnacHo rpybbiM NpUKUgKam 3TUM BUAOM WHBEHTa-
ps nonb3ytoTca oT 40 o 50% my>xuuH, oT 20 [0 30% XeHWmH 1 oT 5 go 10% pykKo-
BOAALLMX paboTHUKOB, (a) Kak 6bl Bbl pasmecTUIN BbIGOPKY cpean aTUX Tpex rpyjm?
(6) Ecnun 6bl UICTUHHbIE AONN COCTABASANN COOTBETCTBEHHO 48,21 n4%, To KakoCobl-
na 6bl cTaHAapTHas owmnbka oueHkn fonu pB? (B) Kakoi 6bina 6bl cTaHAapTuas
owmnbka p ans MpocToil cnyyaliHoW BbIGOPKM 06beMoM n — 400?
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FrNAEA 8A

APYTWE MPOBJNEMbI PACC/TIOEHHOIO
OTBOPA

5A.1. 3®PEKT OTK/IOHEHWIA OT OMNTUMAJIBHOIO PA3MELLEHVA

B cnepyrowmnx naparpadax paccMmaTtpuMBaeTcs pAf 4acTHbIX BOMPOCOB
NPakTUYeCKOro MPUMEHEHWNS pacc/iioeHHoro otbopa. [Maparpagbl ¢ 5A.1
no 5A.7 nocBAWeHbl NpobnemMaM, BO3HWKAIOLWMM NPU MIaHUPOBAHUMN Bbl-
60pku, a naparpagbl ¢ 5A.8 no 5A.12 — meTofaM aHanu3a NoJslyyYeHHbIX
[aHHbIX, BK/KOYasa YnpoLweHHble MeTOAbl BbIYUC/NEHUSA CTAHAAPTHbLIX OLIK-
60K. B 3akfouyeHue faeTca nepBoHavyasbHOE NpefAcTaBNeEHNE O HEKOTOPbIX
NnonesHbIX pesynbTatax AN Tex cnydvaes, Korfga obcnegoBaHue MpoBOAUT-
CA B aHanuTMyeckux uenax (naparpag 5A.13). B-HacToswemM naparpage
paccMaTpuBaloTCA MOTepu B TOYHOCTW, BbI3bIBAEMOE OTK/IOHEHUWEM (haKTu-
Yeckoro pasmMelleHns BbIGOPKM OT ONTUMaANbHOrO.'

MpesnonoXum, 4To Mbl COBMpaeMCcs BOCMONb30BATbLCA ONTUMA/bHBIM
pasMeLleHeM Npu 3agaHHoOM . O6bem BbIOOPKKM NA,i3 cnos h fomXKeH 6biTh
paBeH:

n-  n<WhSri_’ (5AN)
m hsh y

CornacHo paseHcTBY (5.21, c. 113), COOTBETCTBYIOLWAA MUHMUMa/IbHAA AuUC-
nepcus paBHa:

== (W ASHf - (5A.2)!
n N

Ik
Ha npakTuke, NOCKONbKY Sh He W3BECTHbI, Mbl MOXXEM BOCMO/Ib30BaThHCH
pasMelleHVeM UL NPUBAMKEHHBIM K onTUManbHOMY. Ecnv nh— o6bem
BbIGOPKK, U3BMEKAEMbIA 13 cosd h, To hakTUYecKn nonyyaemas Aucnep-
cusa cornacHo paseHcTBY (5.5, ¢. 107) paBHa:
_ M2 o* |
= (5A.3)
nh n

YBennyeHne fucnepcuu, BbI3BAHHOE HEOMTUMANIbHOCTbIO pasMeLLeHuns,
COCTaBuUT

vG J-vmin(ys) * 3 .-+ (b w hshr
nh n
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- - Tabnunua 5A
AODEKT OTKJOHEHUN OT ONTUMANIBHOIO PA3MELLEHUA !

Cnoit nh (ont.) nh (pakt.) . (» l.-3y
ft «n
1 200 150 0,33 16,7
2 100 120 0,17 3,3
3 40 70 0,43 12,9
Ntorn 340 340 - 32,9

MogctaBMM B MePBbIA YfEH MNPaBO 4acTM 3TOr0 paBeHCTBa 3HaueLl
WhSh, BbipaxeHHble Yepe3 nh, 13 (5A.1). 9T0 AacT UHTEPECHbIA pe3ynbTr

_ (2Whsh2
\'% y 'Y min (y*l) v M
) pwhshy y  (ne—niY? (5An
* nh

Bo3Bpalafcb K paBeHCTBY 5A.2, 3aMeTUM, 4TO ecnv NKc (MocnefHUm un
HOM B MpaBOil YacTu PaBEHCTBA) MOXHO MpeHebpeyb, TO

Y7Trn fat) W h S hy*
n 2

CnepoBaTenbHO, OTHOCUTE/IbHOE yBennyeHne pucnepcumn, Bbi3BaHHOE OT
KNOHEHMEM OT ONMTMMa/lbHOro pasMelleHnA, 6y,£l|6T

V (ygt)—Vmtn(iffii) _ 1 y»
VmtnGst)

(rih—nh)2
n h=I nh

roe Tih— cakTuyeckmnii, a nh — onTUmanbHbIA 06bEM BbIGOPKU U3 CN
h. Ecnum nkc npeHebpeyb Henb3d, TO0 3HaK = B (5A.5) 3aMeHsAeTCcs 3Ha

KOM
MpakTUYeCcKyd 3HAYMMOCTb 3TOT0 pe3ynbTata TPYAHO NpeAcTaB®

6e3 uncnoBbiX NpUMepoB. MMoe3HO OAHO 06Lee, XOTS U HECKONIbKO Orpa
HUUYMBAIOLLEE, CNESCTBME ns3 NMOCNEAHEr0 paBeHCTBA. MycTh g — Hambosb

was n3 senuunH |nk — nh\lnh no scem cnoam. Torga us(5A.5) cnegy
yTo

—jimin i yi -an g2

Amin n tlh
Hanpuwmep, ecnv MakCMManbHOE OTK/OHeHMe j  — nh|, Bblpax

B gonax N, pasHo 0,2, unn 20%, TO OTHOCUTENIbHOE YBENUYEHUEe Auen
ciim He moxeT npesbicnTb (0,2)2= 0,04, unn 4%. Ecnm g — 30%, T0

OTHOCUTENbLHOE YyBennyeHue wue npesbicuT 5%. B atom" cmbicne moxucl

CKasaTb, YTO ONTMMYM BbipaXKeH cnabo.

3T0 nNpaBWI0 AOBOJILHO TPy60 M 06bLIYHO JaeT yBeNW4YeHue AUCMepcuit
3HaunTenbHO 6onblle gelicTBUTensHOro. B Tabn. 5A.1 npuBegeH npumep
c Tpems cnoamu npu « = 340. OnTuManbHoe pasMmelieHWe TpebyeT
06bemoB BbIGOpoK 200, 100 1 40, Torga Kak hakTnyeckne 06bembl BbIGOPOK
paBHbl 150, 120 n 70.

Mockonbky BennunHa g pasHa 0,43 (cnoit 3), cornacHo Hawemy ob6uie-
My MpaBuay OTHOCWUTENbHOE YBe/AM4YeHWe Aucnepcum coctaBnseT 18%.
N3 paHHbIX KpaiiHero npaBoro cronbua cnefyeTt, 4TO B AelCTBUTENbHO-
CTW fucnepcus yeennymeaetca Ha 32,9/340 = 9,7%.

3Bauc (Evans, 1951) usyyan TOT Xe BOMPOC C TOUKU 3peHUs addekTa
ownbokK npu oueHusBaHnu Sh un paspabotan npubaMXKeHHOe NpPaBmIo, KO-
TOpOe NOKa3blBAET, MOXHO 1M CUUTATb, YTO NPEANONOXKNTENIbHO ONTUMab-
HOe pa3meLleHue BygeT 60nee TOUHbIM, YeM MPOMNOpUMOHANbHOE pasMmelle-
Hue. OH NpPeanonoXun, 4to KoapduumeHT Bapuauum oueHkn Sh oguHa-
KOB AN1A BCeX Cnoes. JTO NpPeAnonoXxeHve onpaBAaHo, eciy 3HaYeHus
YK€ OLIEHEHbl Ha OCHOBAaHWW HEKOTOPOW MNpefBapuUTeNbHON BbIGOPKM 0AU-
HaKoBOro 06bema BO BCeX CNOSX. IBAHC MOKasan, KaK BblYMCAUTL 06bEM
TakoW npefBapuTenbHON BbIOGOPKM, HEOOGXOAMMBIA ANA Ypro, 4Tobbl «on-
TUManbHOe» pasMelleHne 6bI10 B CpedgHeM nyudule' MponopLMOHaIbHOrO.
PaHee CykxaTm (Sukhatme, 1935) nokasan, 4yto HeboNbLIAA NpeLBapuUTeSb-
Has BbIOOpPKa 0ObIYHO JaeT 60/bLIYH BEPOATHOCTL TOTO, YTO «ONTUMA/IbHOE»
pasmelleHne 6yaeT npeanoyTMTeNlbHee NPOCTOro CayvaiHoro ot6opa,

NA2. 9OPEKT OLLUNBEOK B 3HAUEHUAX BENNYUNH!N CTOEB

O6bembl cnoes, N fl, Heo6xoaKMbIe 415 )KenaTeNbHOTO BUAA PacCOeHMUE,
MOTYT GblTb W3BECTHbI HETOUHO, €C/IM OHW GbINIM NOYYeHbI N0 YXKe ycTapes-
MM AaHHLIM Nepenucu. BMecTo UCTUHHLIX BecoB cnoes, Wh, Mbl pacnona-

raem mx oueHkamy wh. BbIGOpOYHOI OLEHKOW Y ClyXUT

Ykaxem {B 00Wmx 4epTax) MOCMELCTBMA MNPUMEHEHNSA OLWMNBOYHbIX
BECOB. '

1. BbiGopoYHas OLEHKa OKa3blBAeTCH CMELLEeHHOW. Mo 3Toi npuuunHe .

Mbl M3MepsieM TOYHOCTb OLEHKM C MOMOLLbIO CpefHEro Keagparta OWUOKK
oTHOCUTeNbHO K, a He C NOMOLLbI AUCMEPCUM OLLEHKY OTHOCUTENbAO ee
cob6CTBEHHOro cpefHero (cMm. naparpag 1.8).

2. Mpwn yBennyeHnn o6beMa BbIGOPKM CMELLEHNE OCTAETCA HEU3MEHHbIM.
CnepoBaTenbHO, BCerfa CyLwecTByeT HeKOTOpblli 06beM BbIOOPKM, LN1S KO-
TOPOro OLeHKa CTaHOBUTCS MeHee TOUHO, YeM Npu NPOCTOM Cy4YainHOM OT-
6ope, H BECb BbINIPbIL B TOYHOCTU OT PAacC/OeHus TepseTcs.

3. ObbluHan oueHKa, S (y8), npeymeHblUaeT WCTUHHYH OWKnGKY yst,
MOCKO/IbKY OHa HE YYMTbIBAET CnaraeMoro o6uiein ownbKn, BOSHUKAKOLWLENO
n3-3a CMeLLeHuns.

[ na Toro utobbl 060CHOBaTL 3TV YTBEPXKAEHUSA, 3aMeTUM, YTO MPU MHO-

roKpaTHOM O0T6GOpE CpeaHee 3HauYeHWe OLeHKU paBHo 2 why h. CnegoBatenb-
HO, CMeLlleHNe coCTaBnseT

2fnh-W HYh
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OHO He 3aBUCUT OT 06beMa BbIGOpKWU. HeTpyaHO ybeauTbCs, YTO Npu
XOX[eHUn cpefiHero keagpata owmnbku (CKO) oLeHKM YeH, COOTBETCTB
WMiA gucnepcun, MOXHO MOMyYUTb MO 06bIYHONM (hopMyne, MoAcTaBnAs
BMecTo Wh. CnegoBaTefbHo,

CKO(yj:Z"%.(I-fh)+[2(Wh-w h)Y ]2 (5A
n

370 BbipaXeHue 6bin0 HaigeHo CtmeaHoMm (Stephan, 1941). Ocrax.
[06aBUTb, 4YTO 06bl4HaA opmyna pna s2(yst) ouyeBuHO, npeacrTasn

C0o60li HecMeLLEeHHYIO OLieHKY MepBoro yneHa B npasoit yactn (5A.6),
He yuMTbiBaeT BTOPOW YfeH. /

Mpumep. STOT NpuUmep WTKOCTPUPYET NOTEPHD B TOYHOCTU BCNEACT
Henpasu/bHbLIX BECOB B C/yyaaX, Korga paccroeHue (a) ManoaggekTms
(6) BbICOKO3(h(heKTMBHO. PaccMoTpMmM 60/bLIYI0 COBOKYMHOCTbL € S2 =
pasfeneHHyt Ha fiBa cios TaK, uTo Wx= 0,9 1 W2—0,1. Mpeanonox
uto Sx — S2= ShmToraa, npeHebperas uneHamu nopsgka UNh, um

S*AZWhSl+ ZWh(Fh-F)2*S1+ W IW2(Fx-F 28 (5A

1= S1+ 0,09 (Fj—Fijj)2

Onsa cnydas (a) nonoxum Yx— Y2= 1. Torga % = 0,91 u npon
LUMOHaNbHOE pacC/i0eHMe MO CPaBHEHWI0 C MPOCTbIM ClyYaiHbiM 0T60p
yMeHblUaeT aucrnepcuio Ha 9%.

Ona cnyuvas (6) nonoxum Kj — K2 = 3, otkyga SI = 0,19 n yme-
lWeHne aucnepcumn coctasnseT 6onee 80%.
[na cnyyas fBYyX C/0eB CMeELLEeHVe MOXHO 3anucaTtb B BUfE

(W~ W (Y, - F2,

TakK Kak (e — Wx) = — (W2— W2. Mpeanonoxum, 4To OLEHKU B'
paBHbl wx = 0,92 u w2— 0,08. CmelleHne cocTasnser 0,02 -1=0,
ana (@) v 0,06 gns (6). Takum obpa3oM, nNpu BbIbopKe 06bemMa N Mbl U

AN CPaBHEHUS Cclefyolme LUCNepCcUn.

MpocToii cayyaiHblii oT60p: V (y) = i
PaccnoeHHblil cnyyaiiHbil 0T 6op:
(a) = 0 + 0,0004;
(6) .+ 0,0036.
B cnyuae (a) npocToii cnyyvaiiHblii 0TOGOP OKa3biBaeTCA MpeanouT

Hee HauyuHaa ¢ n = 300. OgHako Ao n 1000 mexkay sTuMu 4ByMSA Ch
6amu HeT ocoboro pasnmuus.
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Ta6bnuya 5A.2
CPABHEHWE 3HAUEHUI V(y)

o [, PaccnoeHHblii cnyyaiiHblii 0T60p
MpocToi cnyyanHblii

n
oT6op (a) (6)
50 0,0200 0,0186 0,0074
100 0,0100 0,0095 0,0055
200 0,0050 , 0,0049 0,0045
300 0,0033 0,0034 0,0042
400 0,0025 0,0027 X),0041
1000 0,0010 0,0013 *0,0038

B cnyuae (6), korga cnocobbl pasnuyaloTcsd 605ee CyLeCTBEHHO, J0
n = 200 paccnoeHve npeanoyTUTESIbHee, XOTS YXXe Npu BbIGOPKe Takoro
obbema 6onblias 4acTb MOTEHUWMANbHOrO BbIUrpbiWa TepsieTcd. Ansa m,
60nbwmx 300, paccnoeHHbIi 0T60P CTAHOBUTCA 3aMeTHO XYXXe MpOoCTOro
cnyyaiiHoro ot6opa. Takum 06pa3oM, [OCTOBEPHO OUeHWTb Wh ocobeHHO
BaXHO, KOrfa paccioeHne BbICOKOIMEKTUBHO WUIN, KOrha 06bem BbIGOPKY
BEJIVK.

B HekoTopbIX 06cnefoBaHUAX ANS TOro, 4To6bl oueHUTb Wh, MOXHP (
B3ATb NpefBapuTenbHO 60/blWYy0 BbIGOPKY 06bema-n'. Takol MeTon, u3-
BECTHbI/ NOA Ha3BaHWEM [BOIHOrO oT6opa unu fgsyxdasHoro oTbopa, Mme-
€T LUMPOKOE NPUMEHEHNE, OH paccMaTpuBaeTca B r1. 12. B Heid 6ygeT Moka-
3aHO, YTO MpWU MPYMEHEHWM ABOMHOrO OTOOpa CpefHWi KBagpaTt OLMOKK
yst MpuGAMKEHHO paBeH £

ZWhS%, st (Yh- y f

CpaBHuBaa atoT CKO c BblpaxeHueM 418 S2/n, KOTOpPOe faeT PaBeHCTBO
(5A.7), Mbl BAAMM, YTO 6O/bLIAA YACTb BbIMTPbIWA OT PacCNOeHUs coxpa-
HAeTCa Npu ycnoBuKM, 4To N' ropasgo 6onblue n. B 6onee obuiem Buae Mpx-
HO yTBEPXAaTb, YTO Habop 3afaBaeMblX BECOB COXPaHAET 60/bLIy0 YacTb
NMOTeHLUMANbHOTr0 BbIUTPbIWA OT PAacCNOEeHUd, ecniv 3TU Beca OLEHeHbl ro-
pa3go 60nee JOCTOBEPHO, YEM €CNMN Obl OHM ObINN OLEHEHbI MO MPOCTON CAy-
yaliHoi BbIGOPKe 06bema n. &

5A.3. MPOBJIEMA PASMELWUEHVA MPUN MN3YYEHWN HECKOJIbKNX
MPN3HAKOB

MocKonbKy Haunyudllee pasMelleHne A4S OAHOTO MpuU3Haka He Byger,
BOOGLLE rOBOPS, HaMMYULWUM ANs ApYroro, npu o6cnesoBaHUN COBOKYMHO-
CTW MO HECKO/IbKUM MPWU3HAKaM HYXXHO NMPUHMMATb HEKOTOPOE KOMMpOMMC-
CHOe pelleHue. MepBbliA War B 3TOM HanpaB/eHUM COCTOUT B TOM, YTOGbI
COKPaTWUTb YMCO NPU3HAKOB, YUNTLIBAEMbIX NPU PasMeLLeHUU, 10 CPaBHU-
TefIbHO He6O/MbLIOro, OCTaBMB TOMLKO Haubosee BaxHble. Ecninm umeroTcs
HagexHble faHHble MPOLL/bIX 06CNef0BaHNA, TO Mbl MOXEM MOC/e 3TOro
BbIYMC/INTL ONTVMasIbHbIE Pa3MELLEHNs AN KaKAOro Npu3Haka OTAENbHO
11 MOCMOTPETb, 10 KaKOI CTEMEHU OHU pacxoAsdTcs. B cneuunanvnanpoBaHHbIX
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O6CJ'I€,EI.OBB.HVIHX CBA3b MeXAy MNpu3HakaMn MOXXET OblTb OYeHb TecH
pasMewieHna MOryT pasinyatbCAd CPaBHUTE/IBHO MaJo.

Mpumep. [aHHble, NnpuBefeHHble OxecceHoMm (Jessen, 1942), oTHC
K TakKoro pofa CenbCKOX03sMCTBEHHOMY 06cnefoBaHuto. LLTaT AioBa -
pasfefieH Ha NATb reorpauyecknx paoHOB, 0603HAYEHHLIX B COOTBE
BMM C OCHOBHbIM Hanpas/jieHUWEeM CefIbCKOr0 X03fAMCTBa B KAXLOM W3 H
MpesnonoXmm, 4To 3TW palioHbl JO/MKHbI CAYXWUTb COSMK Npu 06cneq
HUW MOJIOYHOFO >XMBOTHOBOACTBA. Hambonblwwnii MHTepec MpefcTas
TPU MNpu3HaKa: CpefHEAHEBHOE YWCN0 [AOWHbIX KOPOB, CpeAHee uu
rasi/loHOB MOJIOKa 3a AieHb 1 06LWas npubbiib, NOAyYeHHas 3a rog ot i
MOJI0YHOM npogyKumn. OLEHKN CPpeaHUX KBaApaTUUHbIX OTKIOHEHWI
Tpu cnoes, sh, caenaHHble NO gaHHbIM 06cnegoBaHna 1938 r., mpueen
.B Tabn. 5A.3.

Tab6nuua 5A,

CPEAHVNE KBAAPATWYHBLIE OTKNOHEHWA BHYTPU CNOEB

Sﬁ sh
nh ananpué
Cnoi Wh = ANs yucna Ans dncna c6biTa MO
.KOpOB FannoHoB  jgji npogy
MO/1I0Ka w Aoﬂﬂ);
CeBepO-BOCTO‘—IHbIVI MO/104-

HbIlA 0,197 332
3epHoBOI 0.l11 357
3anafiHblii XXMBOTHOBOAYEC-

KU 0,219 246
FOXHbI NacTOMLHbIN 0,184 173
BocToYHbIN XXNBOTHOBOAYEC-

Kuii 0,208 3,7 9,8 279

Tab6bnunua BA4LlM
OBBbEMbl BbIEOPOK BHYTPU C/IOEB (n= 1000)

PasmeleHne
onTuManbHOe AnA
Cnoii nponop- cpeamn
LUMoHanbHOe yuncna yucna
KOpOB ransioHos  MPuObINK
CeBep0o-BOCTOUHbIA MOJIOYHbIi 197 254 258 236 250:
3eproBpii 101 182 209 246 212
3anagHblii XKMBOTHOBOAYECKMIA 219 203 171 194 189
HOXHbIA NacTOULLHbIN 184 145 134 115 131
BOCTOUHBI  XMBOTHOBOAYEC-
Ku» 208 216 228 209 218

B T1abg. 5A.4 ykasaHbl OCHOBaHHbIE Ha 3TUX Sh onTMManbHbIe HeliMT
Bbl pasMeLLeHns No OTAeNbHbIM MpU3HaKam 415 Bbl6OpKU 06beMoM B 1

OnTuMasbHble pasMelleHns ANs OTAeNbHbIX MPU3HAKOB OT/AMYa'
OAHO OT APYroro NiMlib YMepeHHO. 3a eAWHCTBEHHbIM WCK/IOUYEHHeM™

Ta6nuya 5A5
OXWNAAEMBIE ANCMEPCUN OUEHKW CPEAHEIO

iif pasmelieHns ””ﬂo;ﬂg”a 'qr];ﬂn;ﬂgga Ons npubbinu
OnTmanbHoe 0,0127 0,0800 76,9
KomnpomuccHoe 0,0128 0,0802 77,6
MponopunoHanbHoe 0,0131 0,0837 80,9

TPY OTKMOHAKTCA OT MPOMOPLUOHANLHOTO PasMeLLeHns B OAHY U Ty Xe
CTOpOHY. Tak, 4N5 NepBoro C/0f NPONOpPUNOHaNLHOe pa3meLleHne TpebyeT
197 thepMm, a pasmMelleHUs N8 OTAENbHbIX MNPU3HAKoB — OT 236 o 258
thepm. CpefHue U3 ONTUMabHbIX 0OBEMOB BbIOOPOK ANA TpeX MPM3HAKOB,
npuBeLeHHbIe B MocnefHeM cTonbue 1abn.” 5A.4, obecneunBalT y40BNETBO-
pUTeNbHOE KOMMPOMMUCCHOE pasMeLleHue.

B T1abn. 5A.5 ykasaHbl OXujaembie BbI6OpOUYHble gucrnepcun ytU Bbl-
YUCMIEHHbIE MO OTAENMbHLIM NpU3HaKaM N4 onTuManbHoro (opt), Komnpo-
MUCCHOro (comp) 1 NponopumMoHansHoro (prop) pasmeweHnii.. CooTeet-
CTBYIOLME (hOPMY/IbI UMEKOT BUS:

voPt mn > vcomP LLH
“Prop- n t

KomnpommnccHoe pasmelleHne faet oYty CToNb HETOUYHbIE Pe3y/bTaThl;
KaK U pasfefibHble ONTMMasbHble pasMeLleHUa AN KaX0oro npusHaka,
ecnn 6bl OHK ObINN BO3MOXHbI. ELLe 60/1ee npumedaTenbHO, 4YTo npollopuiio-
Ha/flbHOE pa3MelleHre NUb HEHAMHOr0 MeHee TOYHO, YeM KOMMPOMUCCHOe
Unn oNTUManbHble ANa OTAeNbHbIX Npu3HakoB. Kpome Toro, B Tabn. 5A.b
TOYHOCTb OMTMMA/IbHBIX M KOMMPOMWCCHOIO pasMeLLeHWN A MpeyBennyeHa,
MOCKO/IbKY 3TW pa3MeLleHUss NnoslyyeHbl HA OCHOBe BbIOOPOUYHBLIX OLLEHOK
aucnepcuid. Bce.aTo ewe pa3 NogTBEPX4aeT, 4TO ONTUMYM B 3agade pasMe?.,
WweHna ¢nabo BbipaxkeH, 0 YeM yrnoMuHanocb B naparpagde 5A.1.

5A4. APYTWNE CIMNOCOBbl PASMELWEHNA $
MPN N3YUYEHUIN HECKOJIbKNX MPN3HAKOB

B HekoTOpbIX 06CNef0BaHNAX ONTUMAlIbHbIE pasMelleHuns 4Na OTAeSb-
HbIX MPU3HAaKOB Pa3/IMyalTCAa CTO/b CU/IbHO, YTO OYEBUAHOIO KOMMPOMMC-
CHOrO peLUeHns ve CyLLecTBYeT. Bce e He06X0AMMO UMETb HEKOTOPbIA NPUH-
umMn , KOTopblil N03BOAUN Bbl 38JaBaTb e4NHOE pasMeLLeHne, XOTA MOHATHO,
4TO HUKAKOM MpUHUMN He BGyneT, MNO-BUAMMOMY, YHUBepcanbHbIM. [anee
n3naralTca ABa NOMe3HbIX MoAxoja K 3Toi npobneme, nNpPeasioXKeHHbIX
Weiitcom (Yates, 1960).

MepBblil 0OTHOCUTCA K 06CNefoBaHUAM CNeunanm3npoBaHHOrO XapakTe-
pa, 4N KOTOPbIX NOTEpPU, CBA3AHHbIE C OMNpPeAeNneHHbIM 3HaYeHNeM OLLNOKK
OLIEHKWN, MOXHO MpefCcTaBUTb B [EHEXHOM BblpaXKeHUW UM 4Yepes noses-
HoCcTb. Takoi mopxof yXe paccmatpuBanca B naparpade 4.9. Mpu v
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MepeMeHHbIX 1 KBafpaTW4HON (YHKLMM NOTepb LenecoobpasHo Bbip
CYMMapHble 0Xugaemble NOTEPW B BUAE IMHEAHON DyHKLUN

L {tif) = QVj + a2vz + ... + flvwy, _ 5
roe aj — HekoTopble 3apaHee M3BeCTHble uucna u Vj = V (yst) gns
nepeMeHHOW. Mpu NNHERHOW YHKLMN M3LEpPXeK Ha O0TOOp MMeeM

cC cO+ 5

Heobxogumo onpegenuts nh, npu kotopeix (C + L) MuHumanbHo. C
MOLLbIO OObIYHbIX METOA0B MAaTeMaTMYeCKOro aHanmsa Haxogum

rae Sflj — goncnepcus /-l nepemeHHol B cnoe h.

Mpu BTOPOM NOAXOAE Mbl 3afa€M XXeNnaTeflbHYH BEIUUYUHY CTaH[
HO owmnbkm nnm gucnepceun, Vj (j=1, 2, ..., v), 418 KOKA0W NepemMeHm
Ecnu mbl JOMKHBI OLEHMBATb CpefHUe 3HAYeHUs NS COBOKYMHOCTH
03HayvaeT, 4to

y - mn 3 0-= 1,2 V). (5A .1
JE5L nh Moo

Mbl Nonb3yemcs 3HAKOM HepaBeHCTBa, MOTOMY YTO Hanbosee 3KOHOMUY

pa3MeLLeHre MOXeT AN HEKOTOPbIX NPU3HAKOB faTb MEHbLUYIO Aucnep

Yyem >Keflaemas.

Mpu 3ToM noAxofe MWUHUMU3UPYIOTCA WU3LEPXKU (PaBeHCTBO 5A,
npu 3afaHHbIX Vij.

_MepB.eblii War cocTOMT B TOM, YTOObI 419 KaXAON OTAENbHON nepemM
HON onpegenuTb ONTUManbHOE pasMeLleHne U HalTW U3LEPXKM Npu
OTBETCTBYIOLLEN AMCMEpPCUN 3TON nepemeHHO. [lanee, BO3bMEM Mepe
HYI0, CK&XEM YT, 415 KOTOPO n3gep>kku Cr HambonbLine, 1 NpoOBepUM,
OyfeT M ONTUManbHOe pasMelleHune AN yX y40BNETBOPATL BCEM OCT;
HbiM (v — 1) orpaHmyeHusM. Ecam 310 Tak, TO Mbl. MPUHMMaEM 3TO pas
LeHne 1 3ajayva peLleHa, NOCKOMbKY HMKAaKoe Apyroe pasMmelleHune He
[eT yAO0BNeTBOPATb OrpaHnyYeHnto Ha V%Ina yr npm nusgepxkax, mMeHb
yem Cr.

Ecnn xe 3To0 pasmelleHne He YAOBeTBOPSAET HEKOTOPbIM OrpaH
HUAM, TO 3afava ocnoxHserca. OaneHuyc (Dalenius, 1957) npegno;
OCTPOYMHbI/ rpaMuecknii MeTof pelleHuWs Ans cnaydvas, Korga umee
TONbKO ABa cNnos. bonee o6wwnii MaTemaTU4ecknii Noaxo4 Gbin Npeano
Wewitcom (Yates, 1960). 3T MeToAbl WANKOCTPUPYHOTCA CNegy LW Mm
mMepamu.

Mpumep 1. (OBa cnos, Tpu nepemeHHblX.) 3HayeHna Wh..u Sjtl n
BefleHbl B ctonbuax 1—4 1abn. 5A.6. [NpegnonaraeTcs, Yto MKC MO
npeHebpeyb U 4T0 ch — noctoAHHaA. [JoMoNHUTENbHbIE BbIYMCIIEHNS,
byrolimecs B TOM Cnyyae, Korfga aTv NpesnofioKeHUs He BbIMOJHSA
KpaliHe He3HaunTeNbHbl. [pK ONTUMANbHOM pasMeLleHnn ans /-i nep
HO

ANBU—* * ‘
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B cton6uax 5—7 npuBefeHbl AaHHble ANS BbIYUCIEHUS OTAENbHbLIX ONTU
MaSibHbIX ANCMEPCUA.

Tabnnuya 5A.6
YC/NIOBHASl COBOKYMHOCTb C BYMS CNOAMU U TPEMSA MEPEMEHHbIMMU

oneha 1 2 3 4 3 6 7 8 9
- ] cT6.6 7)2:

Crioii Wh sl Ssh WhSlh whszh whs3h (LLCT@)ED) (E‘:?@?)sz)
1 0,8 4 2 1 3,2 1,6 0,8 0,8 0,2
2 0,2 4 6 8 0,8 1,2 1,6 1,8 3,2

Ntoru 4,0 28®m 24 2,6 3,4

Cnyuaii 1. OH ClyXUT NpuMMepoM cCUTyaluu, KOrja CyLliecTByeT Mpo-
CTOe pewleHune. MpefnoioXMM, YTO A5 KAXKAOM OLEeHKM XenaTesbHasa cTaH-
fJapTHas owmnbka paBHa 0,1, Tak 4To Kaxkgoe Vj — 0,01. Mo Wtoram cTon6-
uoB 5—7 BMAHO, 4TO Hambonblas BbIGOpKa TpebyeTcd 419 NepBoli nepe-
MeHHoi1: (4,0)20,01 =1600. N3 gaHHbIX cToNbLa 5 CnepyeT,yTo COOTBETCT-]
BYIOLMM ONTMMasbHbIM pasmelieHnem 6yaeT Xk = 1280, xn2— 320, rae
NeBblii MHAEKC 03HayaeT, YTO pasMmelleHne ONTUMANbHO ANs YX.

MocmoTpum Tenepb, 6yAeT Nu 3TO pelleHWe YAO0BNETBOPATb ABYM ApY-
rMM orpaHuyeHmsaM. [na 3Toro BOCNoNAb3yemMca chnefyowmm o6LWwmum coort-
HOLLEHWEM: eCnM NPUHMMAaEeTCH ONTWManbHOE pasmelleHWe ANS j-i nepe-
MEHHOW, TO Agucnepcusa Ana K-K MepemMeHHON paBHa:

, (5A-12)
k[, 11 "V whsNe }

Tak Kak jnti= nWhSjh/'ZWhSjfl- Mbl npvMeHVM 3TO COOTHOLUEHUe Mnpu

j= 1, k= 2,3. Bcronbuax 8 n 9 no gaHHbIM CTONOLOB 5, 6 U 7 BbluMCNe- **

Hbl HY)XHbIE BE/TUYUHDBI. OTCPO,CI,a
vV (Yw)= 1600 = 0,0065; XV (psst) = = R4-=0,0085.

PaccmaTpmBaeMoe pa3MeLLeHre Nerko y40BneTBopseT 060MM OrpaHuyeHnsaMm.

Cnyuaii 2. Aina Tex >e LaHHbIX MOM0XWUM >XenaTesbHble CTaH4APTHbIE
ownbku pasHbiMKn 0,1 ana yxuyzu nuws 0,08 gnay 3 Tak yto Vs = 0,0064.
MonyuyeHHOe paHee pelleHue 3[4ecb He TOAMTCS, Tak Kak Ans Hero V3=
= 0,0085. MpumeHum rpaduyecknii metog LaneHuyca. M3 HepaBeHCTBa
(5A.11) cnegyeT, 4To Ana 060N KOHKPETHOW NEPEMEHHON 3HAYeHUs X,
N2 yLOBMETBOPAIOLLME OrPaHUYEHUIO CO 3HAKOM paBeHCTBA, /ieXaT Ha Tu-
nep6osie OTHOCUTENbHO NX M N2 Ha puc. 5A.1 nokasaHbl Tpu runep6osbl

ANA Haleld 3agaun. Hanpumep, AN yX ypaBHeHUe runep6osibl UMeeT BUA-
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(¥Yx5u)a , (U?aSu)3 10,24 , 0,64
ni «f r ™
O6nacTb, B KOTOPOI BbIMOMHAKOTCA BCE TPU OrpPaHWYEHUs, Pacnonox
Bbllle 1N MpaBee MYHKTUPHbIX AMHMIA AB,, BC. B 3Toli o6nact Mbl
TOUKY, 4NA KoTopoi kK + u2 MmHUManbHo. Eto, oueBugHo, 6yget
kKa B. CnefoBaTefibHO, Haw rpagvk gaet pewleHuve nr — 1200, n2 =_
n = 1630. 3TO peweHne MOXHO HalTN YNCTO apuPMeTUYECKn, NOEKON
AN HEro orpaHuYeHns ANs nepemMeHHbIX Yy Uy 3BbINONHAKOTCS CO 3HA
paBeHCTBa. UunTaTenb MOXeT MPOBEPUTbL, 4TO apuipmMeTUYecKoe pelle
faeT 3HaveHua nr = 1200, nB —437.
B cnyuae AByx cnoes, rpauyeckuii MeTo4 NPpUMEHUM MPU NHOOOM un
nepeMeHHbIX. Bosiee CNOXHYI0 cUTyaL Mo, Korga yncno cioes 6oblie AB
UNACTPUPYET npumep 2.

Mpumep 2. (YeTbipe cnosi, ABe nepemeHHbIX.) VicxogHble faHHbIe M~
BefleHbl B cTonb6uax 1—3 Tabn. 5A.7. Heobxoanmb HaliTW HauMMeHBbIH
06bemM BbIOOPKU, MPU KOTOPOM

=0,01.

V,< 0,04; F2<'0,01.

Ta6nunuya 5A.7
YCNIOBHAS COBOKYMHOCTb C YUETbIPbMA CNOAMU U ABYMSHA MEPEMEHHbLIMN

Homep

cTonbua 2 6
. . <cT6. 5)2: (cT6. 4)“
Crioia wh Sin Whsih  WhS$h ((cT6. 4)  :(cT6.
0,08 10,00
0,24 3,75
0,64 1,25
1,28 0,31
Wtorn 5,0 2,6 2,24 15,31

Kak n paHee, cHaya/sa HaxoguM ONTUMasibHble Pa3MeLLeHNsd U coore
BYHOLMEe 06bEMbI BbIGOPOK ANS KaXAO0 nepeMeHHoi. Mo gaHHbIM CTO
HOB 4 N 5 nmeem

=%25;
In 0.Q4

— 676.
$ Ofrar) ork 0,01

M3 paseHcTBa (5A.12) u faHHbIX cTonbua 7 crnepyet, 4to ecav NPUH>
pasMelleHve 2 (T. e. pas3MmelleHune, Yy[OBNETBOPAIOLLEE OrPaHUYEHUIO
nepeMeHHoi 2) ¢ n = 676, To gucnepcus yr 6yaeTt paBHa:

2,6-15,31 39,81

3710 60nblIe, yem 3HaveHue 0,04, 3agaHHoe ana Vi.

3HauMT* cnefyeT ucKaTb KOMMPOMMUCCHOE pasMelleHune, B TOYHOCTM
YyA0B/eTBOpstOLLee 060MM orpaHudeHnsM. Bsogs MHOXUTENU JlarpaHxa
X 1 FA2, HaxoAWM 3Ha4vyeHus .nJj, MUHUMU3UPYIOLLKe

2
2 -~ 2 A1 - H\2

B Hawem npumepe ch — 1, HO Aanee paccMartpuBaeTca 06WMiA cnyyvail.
OunddepeHumposaHe no nh NpuMBoOAUT K

: Ch a
% = - . (5A.13)
nsh ., n sh
R~
Ch ch

Puc. 5A.1. patmyeckoe peLUeHVe 3aja4vn pasmeLle-
HUA BblOOPKM (TPX NepeMeHHbIX, ABa C/os)

A ns onpegeneHns nh HY>XHO HaiTW BeNMYMHbLI Fb n-4, yL4OBMETBO-
pAlOWMe OrpaHNYEHNAM Ha 06e ANCMepCUM U YCNOBUIO MUHUMANbHBIX U3*
fepxek. NMocKoNbKy NPOCTOro M TOYHOMO PeLleHns He CYLLecTBYeT; Heob-
XO4MMO MPUHATb TOT AN UHON METOL MOCNef0BaTe/IbHOro NPUGANXKeHUs.
MbI NpUMeHUM NOAXOS, NPV KOTOPOM CHavana onpegensatorca nh.

Kak cnegyet n3 (5A.13), onTumanbHble nh npeacTaBastoT Co6OW He-
KOTOPYH KOMOMHauuw S?i n Sl/,, B3BELWEHHbIX TEM WM WHbIM 06pa3oM.
MoHATHO, uTO 1 A2BX0AAT B (5A.13) TONLKO B BUE OTHOLLEHUS Tak
Kak Sl/, n Sift MOryT cunbHO pasnuuyatbCa MO BefMYMHE, HAlTU XOpoLlee
nepsoe npuénmxeHue gns A)/Ha 4OBOMLHO TpyAHO. YUTO6HI o6nerL||/|Tb arty
3afiady, Cfenaem HEKOTOPYK 3aMeHY MepeMeHHbIX.

Ecnu S/A* ycTpeMuTb K 6eckoHeyHocTu, To nh B (5A. 13) CTaHeT paBHbIM
inh, onTumanbHoMy NS pa3meweHua 1. AHanorvyHo, ecnn A4* -*mO0,
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T0 nh = Zhh. OTcloga cneayeT, 4to Ans 3HadyeHus A= XJIfkt + §2),
OTBETCTBYHOLLEro UCKOMbIM?”, F9, (5A.13) 3KBUBANIEHTHO

nh NYHTHY+Y-WI&H)

(5A.14)
AV M Ne )4 (i-4W 2
Ona npon3BofbHOro 3HavyeHus A 3anuiuem:
' n n
Mbl XOTUM HaliTu A 1 N Takue, 4To
PN vj= 0,04; F2= 0,01. (5A.15)]

Mo NpeXHWM BbIYUCNEHUAM Mbl 3HaeM, yto npu A — 1 d¢r (1) = 25|
npeacTaBnsetT coboi MWHUMaNbHOE 3HayeHWe yHKUMKM T @A) n uToN
npu A=0 dr (A)= 39,81. B kauyectBe MPUOBAUXKEHUA NPUMEM, UTO

m<pi () — napabona no #, ¢ BepwuHoli npu 9§ — 1. 310 gaet

-N-N25+70.81(1-4720.04
n n

(5A.16)’

Ona ¢B(A) muHumym pocturaetca npu A= 0 u paBeH 6,76. 3Ha-
yeHue ¢ 2 (A) npu A —1 MOXHO HaiTh, Beluucaue V (y%f) ana pasmelye-
Hua 1. Mo nToram cTon6uoB 4 u 6 Tabnuubl 5A.7 nonyuvaem 2 (1) =
= 5,0 2,24 = 11,20. MpubnmxeHne napabonoin gaet

_*lgL = 6.76+4,441% /
n n

YpaBHeHusa 5A.16 n 5A.17 nerko pellarTcAa U JaOT B Ka4YeCTBE NEPBOro
npuénuxenns A= 0,41 n n — 751,

Cnepytowwmii war cocToMT B BblumcaeHun n,L(0603Haunm ux >nh) gns
pasMeLLeHuns, COOTBETCTBYIOLWEro NoJiyyeHHbIM N U A. locne Yyero Mbl Ha-
X0ANM 06bEMbI BbIGOPOK, HeobxoauMmble Ana TOro, 4Tobbl YAOBNETBOPUTb
OrpaHWYEHUSM Ha AWCNEepCMM MO KaxAolh nepemeHHoi. Ecnu HailpeHHoe
pasMelleHve 61M3KO K ONTUManbHOMY, TO 3TW fABa o6bema OyAyT noytu
O[lMHaKOBbIMU (M, KaK Mbl OXuaem, 6nuskumm K n = 751).

BenunuuHbl Anh nonyyaem un3 ypaBHeHus (5A.14). Ecnu

rh= VMI'WrOM-Q,.—H)(ann/n)g
To (5A.14) MOXHO 3anucatb B Buie

an _  rh
n K
Takaa 3anucb yao6Ha, NOCKOMbKY MO MpaBwufy pasMelieHns HelimaHa
inh _ WhSIh _ 2nh_ WhS%h
n 2,WhSlh n 2,WhS2h

n BenuumHbl WhSIh, WhSsh yxe BbluucneHbl 1 3anucaHbl B cTonbuax”
4 5 Tabn. 5A.7.
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Tabnuya 5A.8

npobepKa nepsoro npuénuxxeHuva kK ONTUMAaNbHOMY pasmMelweHnto

Homep

cTonsuA 1 2 3 4 3 6 7
. {knV [®H\2 rh nh Ks\h <swh

Cnov ») U J K 2rh— n nh/n w/n MH
1 0,16 0,0225 0,2808 0,2652 15,08 0,60 194
2 0,09 0,0529 0,2610 0,2465 9,13 1,46 ; J80
3 0,04 0,0961 0,2704 0,2554 3,92 2,51 187
4 0,01 0,0961 0,2466 0,2329 1,07 2,75 171

NTorn 1,0588 1,0000 29,20 7,32 732

B T1abn. 5A.8 npuBefeHbl pe3ynbTaTbl OCTaBLIWXCA  BbIYUCAEHWIA,
B cTon6ue 4 ykasaHbl nhin. [ns oTbiCKaHWA COOTBETCTBYHOLLMX AMUCNepCUii
4Nna BbIGOPKM 06bEMA M BOCMO/b3YEMCSH PaBeHCTBOM,

»v (iu-8s— — - - u

BenununHbl W9%Skhinhln npueeseHbl B cTon6uax -5 u 6/ 113 ntoros no cronb-
Luam umeem V-

29,20
n

= 0,04; »=>0

oY (i/29 7':2 -=0,01; n= 732.

[Ba nonyyeHHbIX 3HAYEHWUS N CTOSIb BAM3KKU, YTO Mbl NPUHUMAEM 3T[
pasMmeLleHune 1 nonaraem n = 732. 3HavyeHua Mg, npuBefeHHble B CTON6LE
7, NoNyYeHbl YMHOXEHMEM AaHHbIX cTonbua 4 Ha 732. i

Ecnn gBa 3HayeHWA N, NOAYYEHHbIE MPU MEPBOM MPUOBAVKEHUN, ' CUNb-
HO pas3fnyakTcs, TO HEOOXOAMMO BbIYUCAMTL BTOpPOe NpubavmkeHwe Ans
Awn n nnbo rpadunyeckn, Nn6o No napabonmyecknm QyHKUUSM, NOIb3yACh
YK€ BblYMCNEHHbIMM 3HaueHusMu 1 () n 2 (F). B cnyyae asyx nepe-dl
MEHHbIX 3TOT METOZ4 NPMMEHMM Mpu NO6OM Yncne Croes.

Ans cnyyas, Korga Kak Yuc/io NepeMeHHbIX, TaK U YUCIo cnoeB 60/b-
e ABYX, XOPOWero MeToja BblYMCNEHWUA, B CYWHOCTW, HET. 34eCb MOryT
OKa3aTbCs MOJIE3HBIMM HEKOTOPbIE MPMEMbI MaTEMaTMYeCKOro Mporpammu-
poBaHMsA. BO3HUKalOT Takxe W 60siee CNOXHble MPo6MeMbl; Hanpumep,
MOXET 0Ka3aTbCs XenaTeNbHbIM 3afaTb Kak oblue gucnepcum gns coso®
KYMHOCTH, TaK H BEPXHWE FpaHuLbl UCMEPCUIA AN HEKOTOPbIX €€ Mogpas™
[LeneHnmn.
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BAJ1 PACC/NIOEHME TMO ABYM MPU3SHAKAM ANA HEBObLUNX
BbIBOPOK "V

MpeLnonoXum, 4TO MMEHTCA ABa KPUTEPUs pPacc/lioeHns, CKaKem, Mc
R cTtpokam u no C cton6uam, B pesynbrate yero nonyyvaercs RC KNeTok,
Ecnm n >« RC, TO B BbIGOPKE MOXET ObITb NpeAcTaB/ieHa KaXaas KfeTka.
OcnoxHeHne BO3HMKaeT, Korga n < RC, a Mbl xoTenu 6bl, 4Tobbl Kax-
Abl/i KpUTEPUIA pacCcnoeHns Moayyuna B BbIGOPKE NpONOpLUMOHanLHOe npea-
cTaBuTeNnbLCTBO. bpaiiaHT, Xaptau n dxecceH (Bryant, Hartley and Jessen,

Ta6nuya 5A.9
4YNCNO U JONHA WKOM B KAXAOW KNETKE

Benu- Pacxofbl Ha OHOI0 yuYeHUKa
u/Ha A A B A Cy D NToru
ropoga

| m] 15 21 17 9 Tl 62

0,127 0,103 0,055 Plé/- 0,376
0

0,091

1 F 10 8 13 7 / 38.

P 0,061 0,049 0,079 0,042 pi. 0,231 2
HI mat 6 9 5 8 a, 28

p* 0,036 0,055 0,030 0,049 p’g_ 0,170 2
\V4 mt 4 3 6 6 T™. 19

p* 0,024 0,018 0,036 0,036 p*- 0,114 1
\Y Tb? 3 2 5 8 TB. 18

pe 0018 0.2 0030 0,049 pb- 0,109 1

T.4 38 43 46 38 165

viror> : 0,230 0,261 0,278 0,231 1,000
n., P12 3 3 2
Ta6nnya 5A.10
Cronbey,
Crpoka 1o, 2 34 s 6 7 ¢ 9
i

1 X
2 j X
3 1 x
4 R X

1

N
X
1 " X
X
8 1M X
9 IV X 1
10 Vv * | X5
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1960) paspaboTanu NpocToil MeTOA, efVWHCTBEHHOe TpebOBaHME KOTOPOro
cocTouT B TOM, YTOObI M NPEBOCXOAWNO HambonbLee n3 yucen R n C.

Ans wnnocTpayumn 3atoro MeToga pacCMOTPUM He6OMbLUYK COBOKYM-
HOCTb 13 165 Ko, noApasfeneHHyo Ha NATb TPYnn no BennYmnHe ropoga
M Ha YeTblpe rpynnbl Mo CpefHel BeNNYMHE PacXOLOB HA OAHOrO YUYEHUKA.
Uucna wkon triij n gonn ux obwero umcna Pi} = tnif\65 B kaxzon u3
20 kneToK npuBegeHbl B Tabn. 5A.9.

3ajaya cocTouT B TOM, 4TOObl KaXkAas LWKona MMena npubnusnTtesbHo
O[JMHAKOBbI€e LUAHCbl 6bITb 0TOOPAHHON 1 B TO XXe BPEMA KaxAaas U3 rpynn
6bina npeacTaBneHa B Bbl6OPKe NPOMNOPLMOHANLHO CBOEA YUCNEHHOCTW.
B Hawem npumepe n = 10. Bbluncnmm 3HaueHusa nu — nPt B tij = nPT
N OKPYTMM 3TV NPOM3BEAEHUS 0 6AMmKaiLW X Lenbix yucen (C He6OobLION
LONONHUTENBbHOW MONPaBKOW, €CAW HYXHO, TakK, 4Tobbl CyMMbl Kak nt.,
Tak 1 n.j 6b1n paBHbl N). 3TU yncna npueegeHsl B Tabn. 5A.9.

Cnegywowmin war coctout B. oT60pe N = 10 KNETOK C BEPOATHOCTLHO
6bITb 0TOO6PAHHOW AN15 ij-1 KNeTKK, paBHOW nt.n.)In2 *. lna 3TOro-cTponT-
ca kBagpaT ft X n (Tabn. 5A.10). B cTpoke 1 cnyyaiiHbiM 06pa3om 0T6U-
paeTca oauH ctonbel. B cTpoke 2 cnyyaiHbiM 06pa3om oTbupaeTcs OAWH
M3 OCTaBLUMXCH CTONOLUOB M T. 4. **. (BbICTpee BCero aTo MOXHO caenaTb
C NMOMOLLbIO Clly4ailHOW nepecTtaHOBKKM yucen oT 1 ao0',10.) PesynbTathl 0f-
HOr0 KOHKPETHOro M3BNeYeHUs oTMeyeHbl B Tabn. 5A. 10 ngpectukamm.

3ameTum, 4TO cfiol0 A, COOTBETCTBYIOLWemy rpynne JI', npunucaHsbl
cTon6usl 1 1 2, nockonbky n.l—2. AHanorM4Ho cnot 1, COOTBETCTBYIO-
wemy rpynne 1, npunucaHbl CTPOKK ¢ 1 no 4, Tak Kak %. = 4KT. g. Tem
camblM Bbl6OpKa pa3meltaeTca no 20 kneTkam. B 60nee komnakTHOM dop-
Me 3To pasmelleHue 3anmcaHo B Tabn. 5A.11. lMocné-atoro B kneTke 1A
cnyvaiiHbiM 06pa3om oTbMparoTcsa ABe WKoabl n3 15in T. 4. BeposTHOCTb
6bITb OTOOPAHHOW Ans HEKOTOPOW LWKOAblI U3 i-il CTPOKK K /-ro ctonbua
(tabn. 5A.9) mponopunoHanbHa rii.n.j/Ptj ***s Taknm o6pa3om, BepoAT-
HocTW ObITb OTOBPAHHBLIMK /19 BCEX LUKO/ HE paBHbI, XOTA OHU 6yAyT Npu-
6113nTeNbHO OfMHAKOBbIMK, ecnu P i} f&tit, njn k. I

HecMeLlLeHHON OLEHKON cpefHero 3Ha4YeHWA Ha OAHY LUKOAY CAYXWUT

1y &pu "<y

rge y 1} — cymmapHoe 3HaveHue Ans BbIGOPKM j» ij-ti kneTtke. Ecnu, ogHa*
ko, PtJ ga tii.n.jlri*, To BbIGOpOYHOE CcpegHee y OyfeT BepoOsSiTHO npéano-

*B [eiCcTBMTENBHOCTU, B AasbHELLEM MAET peyb 0 TakoM 0T60ope N = 10 KNeToK
uy3 RC = 20, npy KOTOPOM KaxKpas KeTka MOXeT nonajatb B BblIGOPKY HECKONbKO
Pa3 1 cpefHee umcno Takux nonagaHuin gnsa ij-fi knetkn pasHo w,n,jfn.Mpumey.
nep.

** B KOHLUE KOHUOB Mbl MOAyYMM N nap CTpoK wu cton6uoB {1* h)>
2 vy, (n, in). B 3'rmx Mapax y4acTBYIT BCe CTPOKWU U CTONOLbI, KaX4as CTpoKa
N Kaxapli cTonbel, TONbKO OAMH pa3. 3TV napbl ONpefensoT HOMepa U3BMeKaeMbIX
KneTok. — [Mpumey. nep:

*** ECAK ij-A KIeTKa Mpy onNucaHHoi npouefype nonagaeT B BbIGOPKY 06bEMOM
B FOKneToK k pas, To 4719 HEKOTOPO LLKO/MbI U3 3TON K/ETKWN BEPOATHOCTb 6bITb OTO-
6paHHON nponopunoHanbHa K/P L 1, cnegoBaTtesibHO, 6e3yenpBHas BePOATHOCTb ObITb
Cob6paHHOIi nponopuMoHasibHa™ cpefgHeMY 4uciy MonagaHwii, geneHHomy Ha Pij,
T-e. nl M}/Pun. — TMpumeu. nep.
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Tab6bniilla 5A.1
PA3MELLEHVE BbIEOPKW MO 20 KﬂrrETKAM

‘A B c D rorn
| 2 1 1 0 4
1 0 0 2 0 2
11 0 1 0 1 2
v 0 , 1 0 0 1
\Y/ 0 0 0 1 1
NTorn 2 3 3 2 10

YyTuTeNlbHee, MOCKOMbKY AN HEro B 3TOM Cllyyae CMelleHne Oyget n
He6peXumo ,mano. BbIGOPOUYHYIO OLEHKY AUCMEPCUM MOXHO MPUMEH
KakK L5 HECMELLEHHOW, TaKk W AN CMELEHHOW OLUeHKW, npu ycno“
4yTo M, MO KpaiHein mepe, BABoe 60/bwe R M C 1 4TO B KaXpAoW CT;

M B K&XA0M cTonbue oTbupaeTcs He MeHblUe ABYX €AVHUL,.

Ecnn B HekOTOPbIX KneTkax f,-; 3aMeTHO OT/Au4YaeTcs OT W.nm.rp,
HYXXHO MPUHATbL JOMOMHUTENbHbIE Mepbl K TOMY, 4TOGbl cenatb Bepo
HOCTb M3BNEYEHNA KAXAOMN LWKOMblI 6/1MXKe K NOCTOSHHON. Mocne BbluK
HUA Ww. u n.}, HykHo paccmoTpeTs BennyuHbl Dtj = nPi} — nt.n.
OKpPYFrAMB uX [0 Uenbix uyucen. Ecam gna Kakoin-Hmbygab kneTku Diti
MOM0XUTENbHOE LEenoe YMCIOo, TO 3TON KfeTKe aBTOMATWYecKu npun:
BaeTcs DtJ egnHuy ana ot6opa. Mocne aTOro BeNUYMHBI NT L. U rij Y
LAKTCA B COOTBETCTBUM C 3TUM (PUKCUPOBAHHLIM pa3MeLLeHneM, a 3
NpUYMeHAeTCA OMMCcaHHaa npoueaypa pasMeLleHus.

PaHee COBOKYMHOCTb NPMEMOB ANS PeLleHns ONuWcaHHOl B 3TOM Ma
rpae 3agauv, BKAOYas caydyai, Korga uUmeetcs 3HaUMTeNIbHOE 4K
NyCTbIX KNeTokK, 6b110 HasBaHO N'yameHom n Kuwem (tioodman and Kt
1950) KOHTponupyembiM 0T60poM. B uX TpakTOBKe 3TOro MeToga CTp
OTpaXKaKT pacc/oeHne Mo OCHOBHOMY MPW3HAKY W W3 KaXon CT,
M3BfieKaeTcs No Of4HON eauHuue. MNyameH M Kuw nokasanu, Kak H
OrpaHWyeHHOe 4YMCN0o AO0NYCTUMbIX pasMelleHnil (Kaxaoe C COOTBETCTB
el BEPOATHOCTbIO), TaKMX, YTOObl K1eTKM 0T6UpPanuch C BEPOSTHOCT

Pu-
5A.6. ®OPMIVPOBAHUE CJ/IOEB

B cBA3M C 3TOV TEMOI BO3HMKAET HECKO/IbKO BONPOCOB. M0 Kakomy
3HaKy ny4lle BCEro nMpousBoguTb paccrioeHne? Kak Hy)XXHO onpeg'
rpaHmubl Mexgy cnosMm? CKonbKo LO/MKHO 6bITh CN0eB?

Lna oTAencHOro npusHaka WavM OTAENbHOW NEepeMeHHOn y pac
HWe, O4YEBWMAHO, NyYlle BCEro MPOM3BOAUTL MO pacrnpefenceHuo Y
camoil BenimuuHbl y. Crnegytouias no yao6cTBy xapakTepucTuka—aTo,
BUAMMOMY, pacrnpejefieHne 4acTOT HEKOTOPOA APYroi BEAUYMHbI, CHO
KOPPENMPOBAHHOM Cy. YpaBHEHUA 41 ONPefeseHUs Hauayylwnx rpr
CNoeB MpW NPOMOPLUOHA/ILHOM W MPU HEMMaHOBOM pa3MeLleHUusx, K
4yncno cnoes 3afaHo, 6b11n nonydeHsl AaneHunycom (Dalenius, 1957), a
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[OM uccnefoBateneit 6biny NpefnoXeHbl GbICTPOCXOAALLMECS MPUBAVKEH-
Hble MeTofbl UX peLieHnsi. Mbl pacCCMOTPUM HEMaHOBO pasmelleHne, NoTo-
MY UYTO B TeX COBOKYMHOCTSIX, Ffe BbIMTPbILI OT PacC/oeHns Hambonee 3Ha-
uuTeneH, 93TO pasMelleHMe O06bIYHO NPeAnoYTUTENbHEE MPOMOPLUOHANb-
Horo. CHavana Up?/AI'IOI'IaFaETCFI, 4TO C/lon 06pasyoTCs MO 3HAYEHUAM ca-
MOW MepemMeHHOn Y.

MycTb y0, yL— HaWMeHbllee N Haubo/bLiee 3HAYEHUS Y B COBOKYI-
HOCTW. 3afaya COCTOMT B OTbICKAHWM TaKWX MPOMEXYTOUHBLIX TFpaHuL
CNoeB YT, YT, ..., yL U npu KOTOpbIX

1'G J-vfi wrs»)l-F 2 (6A |8)
MUHUMaNbHa. ECnnm nNKC MOXHO npeHe6peL|b, TO 4OCTAaTOYHO MUHUMWU3N-

WBaTb 2 WhSh- TockonbKy y h BcTpeyaeTcs B 370 CyMMe TO/IbKO B Y/ieHax
hSh n Wh+ISh+l, nmeem

ayn (W SH= Jo (WhSh)+ = (WS ).

Ecnn f (y) — (yHKUMS pacnpegeneHus 4actoT y, TO

wh=\nt)dt- (5A.19)
dyh
[anee, /
«h rJ
Ly -i
(5A,20)

«H- i

OuddepeHunpys (5A.20), nonydaem
SIA,CI]yII-T +m hSh-O§HA y I f (yh)- 2yhp,f(yh+ m (Yn),

roe (ih — cpegHee 3HaueHue y B cnoe h. fo6asum S\ dWh/dyh k neBoii
YyacTu paBEHCTBa U Hyt0 el BenuunHy Shf (YH) — Kk npaBoil. 370 faeT
nocne HEHEHMH Ha fgﬁ y y (H) P A
dWhSh) ¢ dwh |, W dsh 1 x/,. 4 (yh-Vh)*+Sfi
Mu dyh T Wh~gamer 3T I\ H)ormmmeeey & .

AHa/IOrMYHO Haxo4nM

_d(Wh+1Sh+1) _ _____I_E(yhs\ y h~V-h+i)2+ sh 1 s
LyH 2 Sh+l
CnepoBaTenbHo, ypaBHEHUA ON1A BblUUCEHUS Yy h vmeloT Bua

sh i SHH (/li=1,2....L—1). (5A.21)
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i, Tabnusaa SAI Takum 06pasoM, npu 3a4aHHOM f (y) HYXXHO NOCTPOUTL PSS HAKOM/EH-
MPABUNA HAKOMNEHHbBLIX o
HbIX 3Ha4YeHun Y f (y) n BoibpaTh y h Tak, 4T06bl OHM 06pas3oBann Ha uwane

SHAYEHWA V bl HaKOM/eHHbIX 3HaYeHWli paBHble MHTepBanbl. Tabn. 5A.12 nanwcTpupyet

Aona npo- Haxonnenwie /O NP0~ Hakom NMPUMEHeHWe 3TOro npasusa.
cCyA B 06Leit T 3HayeHuns ccyd B 06Les Hy) 3Haues
cymaneO;gyn YHy) cymme ccya YM Mpumep. WmeroTcAa paHHble O pacnpefefieHuM CcoBOKynHocTu 13 435
K (8 %) 6aHkoB CLLA no BenMYMHe NpoueHTa MPOMBbILIEHHbIX CCyf B 00Lel cym-
0—s5 3464 58.9 5055 126 340.3" me ccyn (McEvoy, 1956). PacnpegeneHue aCYMMETPNYHO 1 ero Moja pac-
510 2516 1091 5560 107 350 t Mo/I0XKeHa Ha NeBOM KOHLEe MHTepBana 3HauyeHuid. B cTonbue .HaKoMJeHHbIX
ig—zlg 211521 %ggg g%—fg g% ggg-; 3Hauenmii YT, 58,9 = 73464, 109,1 = 1/3464 + ~2516?1N T1. £A.
2025 1142 2291 2075 39 3730 MpefnonoXum, 4To Mbl XOTUM CHOPMUPOBATL MATL CNOeB. MMOCKONbKY
25-30 746 256.4 75-80 25 378.0 MaKCMMasibHOe HakonieHHoe 3HadveHne Y T paBHo 389,5. 3HaueHUsMY rpa-
30—35 g%é %g-g gg-gg ig 332'2' HWL, Ha 3TOI WKane fOMKHbI 6bITb 77,9; 155,8; 233,7 n 311,6. bamxainwmue
35—40 . - 4 ;
4045 265 3147 90-95 5 3878 MOAXOAALME 3HAYEHMA YKa3aHbl HUXKE:
45—50 207 329.1 95—100 3 389,5
Cnoit
1 2 3 4 5
K coXaneHuto, 3TU ypaBHEHMA NI0X0 NMPUCNOCO6NEHbI AN NMpaKTuye Fpanniysl cnos 0-5% 5—15% 15—250 25—45% 45-100%
cyeTa, MOCKO/MbKY Kak Tak U Sh3sasucat o1 yh. Mbl n3n10Xum npc VIHTEpBaT HaKOM/EHHBIX 3Ha-
npubnmkeHHolii metog AaneHunyca n Xopxeca (Dalenius and Hod venmii /T 58,9 96,6 73,6 85,6 74,8 .,
1959) I_IyCTb ................. 1
Z(y)=\Ymdt. MepBble gBa nHTepsana, 58,9 n 9U6,6, A0BO/ILHO CU/IbHO Pa3NMYaloTCa, HO
% MX HeNb3A yNydwunTb 6e3 fanbHerwero nogpasgeneHnsa UCXo4HbIX rpynn.

Ecnn uHTepBanbl rpynn WUCXOLHOTO pacrpefefieHns y pasHoi AWHbI,
Ecnn cnoes MHOTo 1 rpaHunlibl X A0OCTaTO4YHO y3KK, To f (y) BHYTpyM fa* TO MeTOAMKa pa3bueHns WKaabl HEMHOTOMeHsieTcs. ECnm AnuHa nHTepBa-

ro cgod MOXHO I'IpVI6I'II/I)K€HHO CUMTaTh NMOCTOSIHHOW BENMYMHONA. Cnep na meHsetcsa ot d K Ld, To 3HauveHme Y1 ,CI,J'IFIABTODOFO WHTepBana npu no-

TENbHO, CTPOEHUW psAfa HAKOMAEHHbIX 3HadyeHuin Y f ymHoxaetca Hal/bl.
b\ X0Ts onucaHHOe NpaBuao NOMyYeHO Mpu JOBOMLHO rpy6bix CmaTema-
wh= 1 f(0dt« fh(yh—Yb-b)* TWYECKOI TOUKM 3PEHUS NPeANOoI0oXKeHNsAX, OHO XOPOLLIO 3apeKOMeH0Bano
«h-i cebs B NPUNOXKEHNMN KaK K TEOPeTUYECKUM, TaK 1 K peanbHbIM pacnpegene-»
Huam (Cochran, 1961). Mpwu gpyrom onpasfasliemM ce6s metoge (ELU ag,
~ y="NYn—=Yul)y 1959) rpaHuLbl CNnoeB 06pasytoTcs Tak, 4To6bl Wh (yh — yh_ 7 6Gbinn
vh |'|0CTH051H|-u>||v||/|.6 y
_ A v . ale NpmbaMXKeHHOe NPaBUIO UMEET MHTEPeCcHOe cneacTeue. M3 ypas-
zh-Z 5 Vmdt*Viuyn-yh-i), HeHus (5A.22) cnefyeT, YTO 3TO NPaBWUIO 3KBMBAJIEHTHO TOMY, 4YTOObI fe-
“h-i nate WhSh npn6ansmtenbHO OAMHAKOBbLIM, KaK npeanoxunun LaneHuyc
n lepHu (Dalenius and Gurney,' 1951). Ho npu noctosgHHoM W hS h Heli-
rae fh «nocToaHHoe» sHadeHve f (y) B cnoe ft. MonbsyAck sTUMK ra MaHOBO pa3sMelieHue [aeT MOCTOAHHbII 06beM BbIGOPKM BO BCEX CLOAX
ONMKEHHBIMM PaBEHCTBAMM, HaXOANM nh = n/L. TMOCKOMbKY ONTUMYM Mano 4YyBCTBUTENEH K Bapuauuu rw,

(cm. nmaparpad 5A.1), NpMMeHeHMe MpaBuaa HaKOMMEHHbIX 3HayeHuin Y f

V122 Whsh& 2 k(¥Yn-Yb-1)2~ 2 (5A- 1 n3BJeYeHe B 06pa3oBaHHbIX TaKUM MyTeM C/I0AX BblOOPOK OMHAKOBOI0O
=1 =1 = o6bema faeT 60/bLWONA IhdeKT.

. "’ [lo cX NOp Mbl UCXOAWAN N3 HEPEAIMCTUYHOTO NPEANO0XEHNS O TOM,

Tak Kak (Zi — 20 Heu3MeHHO, TO Ierko NPOBEPUTb, YTO CyMMa B np YTO PaccnoeHre MOXHO NPOW3BOAUTL MO 3HAYEHWAM Camoii NepeMeHHo Y-

yacTa paBeHCTBa MMHWManbHa, ecnu Bee (Zh— PaBHblI MeXAy Ha npakTuke AN 3TOro MoNib3yKTCA HEKOTOPON APYroi mnepemeHHoml X

6oit. v (Hanpumep, BENUYMHON Y, MO AaHHbIM MOCAefHel nepenwvcu). JaneHunyc
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(Dalenius, 1957) uccnefoBan ypaBHeHWUA ANS  ONpefeneHus rpaHuly
MUHUMU3NpYoWKMx hW hSyh, ecnun ussectHa perpeccua y no x. Ecnm 3
perpeccus He/nnHelHa, TP TaKMe rpaHnLbl MOTYT 3HAUYUTENbHO pTanyaTt
OT OMTMManbHbIX LS CAyYasd, Korga HabMoLeHUI0 MOoAeXuT cama nep
MeHHast X. O4HaKO 13 ypaBHEHWIA CneayeT, YTO ecim perpeccusiy no x n*
HeilHa 1 MeXAy Y U X BHYTPU BCEX C/I0EB CYLLECTBYET TeCHasA KOPPenaumnom
Has CBA3b, TO rpaHuLUbl CNoeB B 060MX cay4vasx OyayT npuénusuten]
ofvHakosbl. [ycTb

y —at+ p*+e
rae E (6) — O Ans Bcex X, a € U X HEKOPpenupoBaHbl. [ucnepcus e BH~'

Tpu cnoa h paBHa Slh- Torga rpaHuubl Mo X, Npu KoTopbiX V (yst) MUHM
ManbHa, YAO0BNeTBOPAOT ypaBHeHuam (Dalenius, 1957):

RH ~-~)a+S|ft]+25f wi)"+SI. h+i]+ 51 k+,
pSXftV 1+ S gp2S|t PS* ft+iVI+S?2.Jk+ /P, 4 .» +,

Ecnu SIhfASxh manbl gna Bcex h, To aTu ypaBHeHMs CBOAATCA K ypaBH
HUo (5A.21), U3 KOTOPOro onpefenstoTca ONTUMANbHbIE TPaAHULbLI NS X.
B obwem cnyuae Sff/p2S*h = (1—p™)/pn, rae ph — KoappuLnMeHT Kop
penauum Mexagy y u x B cnoe h.

HecmoTps Ha He06X0OAMMOCTb [asbHeilero uccnefoBaHnsa u3 nony
YEHHOro pesysibTaTa MOXHO CLienaTb BbIBOL O TOM, YTO NPaBWUJIO HAKOMMEH

HbIX 3HauyeHuin ]/f, npumeHeHHOe KX, [OMKHO obecneymsatb 3hHEKTUBH
paccnoeHune gns Apyroi nepeMeHHoR y, KoTopas UMeeT IMHeliHyIo perpec
CUI0 MO X MpKW CUMbHOW Koppenauuun. HekoTopblie YMCNeHHble pe3ynbTaT!
KokpeHa (Cochran, 1961) noATBepXAat0T 3TO NpeanonoxeHue. bone
TOro, ecnn pft NpMHUMAOT NN YMepeHHble 3HaYeHus, Kak 6biBaeT np
60MbLWIOM YKCne CNOeB, TO OTKAOHEHWe OT ONTUMANbHbLIX [paHuL Ans
Oy4eT MMeTb MeHee 3aMeTHOe B/IUAHWE Ha TOYHOCTb OLeHMBAHUA NO Y.
Mpeablgyline paccyxaeHns, KOHeYHO, OTHOCUIUCH B OCHOBHOM K Bbl
6OpOYHOMY WCCNef0BaHNI0 O06BLEKTOB, PACCMOEHHbIX MO HEKOTOPOW Mep
MX BeNMYUHbL. [onyyYeHHble pe3ynbTaTbl MPUMEHVMMbI TaKXe U B Tex cny
yasx, Korfja rnaBHbIi MHTepec B o6cnefoBaHWM NpeAcTaBAseT U3YyyeH
HECKO/IbKMX MepPeMEeHHbIX MPU YCMOBUU, YTO BCE OHM B TOW WU UHOW C
MEHWN CBA3aHbI C OAHON M TOIM >Ke Mepoi BennyuHbl. Mpeanonoxunm, H
npuMep, YTO HEKOTOPbIE MepemMeHHble NPUBAN3UTENBHO MPONOPLMOHab
Kakoin-nmbo mMepe BeNUUHbI, ApYTye NPONOPLMNOHaNbHbI KBagpaTHOMY KO"
HIO 13 Hee, a OCTaNbHble OT Hee MOYTK He 3aBUCAT. [paHuubl, onpegene

Hble MO MPaBUy HAKOM/EHHbIX 3HA4YeHU V f, 6yayT Nnpuban3nTeNbHO 0
TUMa/bHbIMW AN MEPBOIA rpynnbl NePeMeHHbIX U 40BOILHO XOPOLUUMMW AN
BTOpOUi (419 KOTOPOWA, BNPOYEM, BbIUPbILI OT Pacc/lOeHMs B IOGOM ciyy
HeBennK). [Ana TpeTbell rpynmnbl MepPeMEHHbIX TOYHOCTb MOXET HECKO/bK
CHM3NTBCS U3-3a NPUMEHEHWS HepaBHbIX Jofel oT6opa.

MHoe nonoxeHue BO3HWMKAeT B TOM C/ly4ae, KOrfja ofjHa rpynna nep
MEHHbIX TECHO CBfi3aHa C OMnpefe/ieHHO Mepoii BeIMUMHBbI, a BTOpas rpyn
MepeMeHHbIX TECHO CBA3aHa C HEKOTOPOW A4pYyroi Mepoii, npuyem pacnpe
neuniia YactoT B 060MX Cnyyasx 3amMeTHO pasnuyatotcd. B aTom cnyyvae np
MeHMM 06l MiA NOAXO04, WM3N0XEHHbIW B naparpade 5A.4, 04HaKO X0po

YyuCneHHble METOAbl A1 MOMYYEHUA rpaHuL, obecneymBaloWnX xenatesb-
Hble YPOBHW Aucnepcuii, ewle He paspaboTaHbl.

Mpu reorpaguyeckoM paccnoeHny npobrema eule MeHee MoAfaeTca
TOYHOMY MaTeMaTUYECKOMY aHanun3y, NMocKo/bKy (POpMMpPOBaTb CNOU MOX-
HO cambIMW pa3nnyHbIMU crocobamn. OB6bIUHBIA NMPUEM COCTOUT B TOM, YTO
Bbl6MpaeTca He6ONbLIOE YWUCNO MepeMeHHbIX, CUNbHO KOPPennpoBaHHbIX
C OCHOBHbIMW M3y4yaembIMU NpU 06CNefoBaHUU NPU3HAKaMK, NOC/e Yero
nyTeM IOFMYECKOr0 aHann3a B coYeTaHUy ¢ MeToAoM npob u owwnboK onpe-
[enslTca rpaHuubl CNoeB, Hambonee noaxopdwme AN 3THX OCHOBHbIX
nepeMeHHbIX. MMOCKOMbKY BbIUTPbIW OT paccnoeHns B 3aTOW cnydae 6yaer,
BEPOSATHO, HEBENK, HE MMEET 0C060ro CMbiCna 3aTpaynBaThb'60MbLINE YCU-
NNSA Ha ynydlleHne 3Tux rpaHuy. MpuHLMNBI PaccnoeHns Npu U3yyeHum
3KOHOMUYECKUX XapakTepucTuk paccmatpusanum CtusaH (Stephan, 1941)
n Xerygn v bepHept (Hagood and Bernert, 1945), a npu W3y4yeHUU CeNb-
CKOX03sincTBEHHbIX— KMHI 1 MakkapTtn (King and McCarty, 1941).

5A.7. UNCJ1O CJIOEB

PelleHve 0'TOM, KakKUM LO/MKHO ObITb YACNO C0EB L, 3aBUCUT OT OTBe-
TOB Ha fBa Bonpoca: (a) B kakoil mepe ymeHbLUIaeTCA AUCMEPCUA NP yBENU-
YyeHun L? (6) Kak BnuseT yBenuueHue L Ha U3Lep>XXKWU Ha nposefeHne.o0b-,
cnefoBaHua?

UTto kacaetcs (a), TO NpeAnosiodKUM CHauana;, Y4To cfiom obpasyrTcs
Mo 3HauYeHUsiM y. PaccmoTpuMm MpocTeinii cnyYai, Korgay pacnpeaeneHo
paBHOMepHO B uWHTepBane (a, a + d). Torga SV fo paccnoeHus paBHa

d?112, Tak 4TO 4/19 MPOCTON cnyyaiiHoi BbIGopKKM ctobema ti V(iJ) = cP112n.
Ecnu ob6pasoBaHbl L C/0eB 0fMHAKOBOW BENMYMHbLI, TO AUCNEPCUA BHYTPU
Ka)k40ro c/ios pasHa = cP/12ZA CnepoBaTeflbHO, A1 paccnoeHHOii
Bbl6opkn npu Wh= ML un nb = nlL

Takum 06pa3om, Ana paBHOMEPHOro pacnpefeneHns aucnepcus ymeHblua-
eTca 06paTHO NPONOpLMOHaNbHO KBagpaTy uucna cnoes. BecbMa,, npume-
yaTenbHO, YTO Takas 3aBUCMMOCTb COXpaHAeTCAa NPUBAVKEHHO W Aiid acuM-
METPUYHbIX pacnpejeneHnii ¢ KOHeYHbIM pa3MaxoMm Bapuauuu, Korga npu
MX PaccnoeHMmn BblGUPAKOTCH ONTUMasbHble FPaHWLbl 418 HeliMaHoBa pas-
mewieHusi. KokpeH (Cochran, 1961) Hawwen, 4To A8 BOCbMU pacnpeaeneHunii
MepeMeHHbIX TOr0 BMAA, KOTOPbIA, MO-BUAMMOMY, 4YacTO BCTpeYaeTcs Ha
npakTukKe, cpegHue sHaveHusa V (y)/V (y) npu L = 2, 3, 4 6bln COOTBET-
cTBeHHo 0,232; 0,098 u 0,053 no cpasHeHuto ¢ 0,250; 0,111 wn 0,062 ona
paBHOMEPHOr0O pacrpejeneHus.

TOT e aHann3, U3 KOTOPOro CrefyeT BbIFOLHOCTb YBeNIMYEHUSA yncna
Cfoes, flaeT 06MaHUYMBYIO KapTUHY B TOM C/lyyae, Korga ans opmMupoBaHus
C/NI0EB NPUMEHSAETCA HEKOTOpasA Apyras nepemeHHas x« Ecnu ¢ (x) — E (y | x)
ecTb perpeccus y no x, TO Mbl MOXeM 3anucatb

Y= @)+ e
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. .o/ Tabnuya 5A.1
V(vst)/V Ne KAK ®YHKUUA L ONF9 IMHENHOW PErPECCUOHHOM
MOJENN N HEKOTOPbIX, PEA/IbHbBIX OAHHbIX

NuHelinas perpeccuoHHas Mogenb PeanbHble AaHHbIe, pAjg

0.99 0,95 0,90 0,85

2 0,265 0,323 0,392 0,458 0,197 0,295 0,500
3 0,129 0,198 0,280 0,358 0,108 0,178 0,375
-4 0,081 0,154 0,241 0,323 0,075 0,142 0,244
5 0,059 .0,134 0,222 0,306 0,065 0,105 0,241
6 0,047 0,123 0,212 0,298 0,050 0,104 0,212
0

o 0,020- 0,098 0,190 0,272 — r- —
BN AAHHBIX
Pap NaHHble X y MCTOUHMK
1 Yncno CTygeHTOB B KO- 1952 1958 Cochran (1961)
nepxax
2 BenuuunHa ropogos 1940 1950 Cochran (1961)
3 [oxoabl c™wveli 1929 1933 Dalenius and Gurney

(1951)

roe @ ae HekoppenuposaHbl. CrefoBaTeNbHO,
SI-S% + S*.

M3 npedblgywinx paccyxieHuii cnegyeT, 4To co3faHue L onTumanbHbIX
CnoeB No X MOXET yMeHbWMUTb 5¢p go S*A/L?, ecnn ¢(X) NuHeHa, mn

B HECKO/IbKO MeHbLUei cTeneHmn, ecnu o (X) HenuHelHa. Ho paccnoeHue no.
X He yMeHbluaeT uneHa S*. Mpun ysenuyeHum L paHo vauv No3gHO HACTynuT
MomeHT, Korga uneH S| 6yaet npeo6nagaTe. JanbHeiwee yBenuyeHue L
MpuBedeT NUWb K HE3HAUYNTESIbHOMY OTHOCWUTENbHOMY YMeHbLUeHUe,
v (Uet). 4
> Hackonbko 6bICTPO [LOCTMraeTcs TO4YKa, MOCMe KOTOPOW YBennueHue
yucna CNoeB LaeT BCe MEHbLUMIA BbIUTPbIL, 3aBUCUT OT HECKObKUX (haKTo-
pOB, B YAaCTHOCTU, OT COOTHOLWeHMsA Mexay ST u S n oreuga o (x). B nu-
TepaType NPUMBOLMTCA BCEro /INLb HECKOMbKO MPYMEPOB, OCHOBAHHbIX Ha
peanbHbIX faHHbIX. JONOAHUM UX, NPUMEHWUB CPaBHUTENIbHO MPOCTON Teo-
peTuyeckmii nopxog. MpeanonoXum, 4YTO BbIGOP OMNTUMANbHBIX FpaHUL;
CN0eB Ha OCHOBAHWW MEPEMEHHON X npu BblGOpKax paBHOro obbema n/b

B KaX/0M cnoe yMeHbLwaeT V (xst) nponopunoHanbHo 1/ZA Takum o6pa-y;
30M,

_ Y- -~ 2 nSk==n " (5A,23)
. S =
MpeAnonoXunm Tak>xe, YTo perpeccusay no x NUHeiHa, T. €.

y=a+ § +e¢

npuyem St noctosHHad. Torpa
vVQ.,t)=-Y =N V WISlh+-" ¥ WI

/,=1 n /=1 » &

L ns moboro Habopa L cnoes 2 L . Monb3ysce (5A.23), nony4yaem

Vo6.,)> -i- -+ 55 - [-g-+(@-1]. (5A.24)

roe p — KOIPUUMEHT KOPPensumm Mexay y M X B HepacC/oeLHOl coBo-
KYMHOCTM.

Lns atoin mogenn B Tabn. 5A.13 ykasaubl V (y&VV (y) npu p = 0,99;
0,95; 0,90 1 0,85 n npu L oT 2 o 6 B NpeanonoxxeHuu, 4o B (5A.24) nmeet
MeCcTO paBeHCTBO. B Tpex crtonbuax mpaBoil 4yacTu Tabnuubl NPUBELEHBI

V (yst)/V {y) ona Tpex psgoB peanbHbIX AaHHbIX, YKa3aHHbIX Mo Tabnm-
Liedt. TepeMeHHOI NM"ANA HUX CNYXKAT 3HAYEHUS Y, Ha HEKOTOPbIN NpeaLuecT-
BYIOLMA MOMEHT. Y

Pe3ynbTaTbl AN PErpeccUMOHHON MOAen MNoKasbiBalT, UTO MNpw, p,,,
He npesocxogawmx 0,95, and L > 6 MOXHO 0XMAAaTb Wb He60bLIOro
YMeHbLUEHUA aucnepcuun. Pafbl peanbHbIX AaHHbIX 2 U 3 NOATBEPXAalT
3TOT BbIBOJ, XOTH A/ AaHHLIX O 4yucne CTYLEeHTOB B Konnegxax (pag 1)
MOXET 0Ka3aTbCA BbIOAHbIM HEKOTOPOe faibHelillee yBenuyeHue L.

LA TofouTo6bl 3aKOHYUTL Hall aHann3, He06X0AMMO BBECTU (DYHKLMIO,
MoKasblBaloLWy, Kak 3aBUCAT OT L u3gepxkn na nposegeHue o6cneno-
BaHusA. faneHnyc (Dalenius, 1957) npefnoxun cootHoweHne C = LCg +
+ nCn. OTHoweHNne usgepxxek CIJCn 6yfeT MeHATLCA B 3aBMCUMMOCTU OT
Buga obcnefoBaHuA. YBENWYEHUE YuCNa CNOeB TPeOyeT AONOMHUTENBbHbIX
yCunuiA Npyu NAaHUpoBaHUM 06CNef0BaHMA WM MPU U3BMEYEHWUMU BbIGOPKU
W YyBe/NMYMBAeT YUC/IO0 BECOB, MPUMEHAEMbIX MPU BbIYUC/IEHUN OLEHOK,
€C/IN TOMbKO OLEHKN He paBHOB3BELLEHHble. B HekoTopbix 06cnenobii
B OpraHusauuy COOGCTBEHHO HabnwAeHWUs He TpebyeTcd MOYTU HUKak!
N3MEHEHWI, 3aTO B ApYyrux — paboTy B KaXAOM C/N0€e HY>KHO OpraHn3oBaThb
0co60. HeszaBucumMo OT BMAA QPYHKLUUM W3JEPXKEK, W3 pesynbTaTe®
Tabn. 5A.13 cnegyert, UYTO CAN YBE/IMYEHME YKCa C/I0EB CBEPX 6/BbI30BET
Heo6X0AMMOCTb CYLLECTBEHHO YMEHbLUUTL M, YTOBbl COXPaHUTb U3LEPXKKM
Ha o6cnefoBaHWe HeW3MEHHbIMU, TO Takoe yBe/IMYeHue BPAL N NpUHeCeT
BbITO4Y. y -~

Hawwn paccyxgeHns B 3TOM naparpade orpaHuumeanucb 06cnefoBas
HUAMMW» B KOTOPbIX OLEHKMN TPeByroTCA TONbKO 418 COBOKYMHOCTU B LENOM.
Ecnv Mbl XOTUM NONYYUTb OLLEHKM TaKXe ANS reorpamyeckux nogpasgene-
HWIA COBOKYMHOCTW, TO AOBOAbl 3@ YBE/IMYEHWE 4YnCia CNOeB CTaHOBATCSH
60nee BECOMbIMU.

5A.8. PACCJIOEHUVE MNOCNE N3IBMEYEHWA BbIBEOPKWN

B OTHOLIEHUN HEKOTOPbIX, YAOBHbLIX 4/ PACCMOEHUs, XapaKTepUCTUK
C/IOM, K KOTOPOMY MPUHAAMeXMUT Ta UAU MHAf efuHWLA, HENb3s YKas3aTb
3apaHee, 10 TOF0 Kak fjlaHHble co6paHbl. TUMNMYHBIMU NPUMepPaMK MOTYT Cly-



XWUTb TakuWe XapakTepucTUKWM 4YenoBeka, Kak BO3pacTt, MoJ, paca u yp
BeHb 06pasoBaHus. O6bembl cnoeB N h MoryT 6bITb JOBO/ILHO TOYHO M3BE
Hbl MO AaHHbLIM OPULMANBLHON CTATUCTUKKN, HO pacrnpesennuTb Mo C0sAM ca
eANHULI MOXHO TONbKO NOCNE NOMYYEHUS BbIGOPKMU.

MOXHO, Hanpumep, W3BfieYb MPOCTYH CAydvaiHYyl0 Bbl6OpKY 06bema
M 3aTeM pacnpegennTb 0ToGpaHHbIE egUHMLbI NO C10SAM. BmecTo BbI6OpoY
HOrO_CpeaHeroir, Mbl No/b3yeMcsi B 3TOM C/lydae olleHKoiW” — 2 Whyh
rae YH — cpefHee 3HauyeHue No eaMHMLAM Bbl6OPKM, NOMABLUMM B CNOW-
m Wh~ NJN. 3T0T cnocob o6nagaeT noyTy TaKoil >Xe TOYHOCTbIO, Ka
M NPOMOPLMNOHA/bHbLIA PaccfoeHHbI 0T6OP Npu ycnosuu, yto (a) BbIGOPK

[OCTaTOYHO BeNMKa, CKaXeM, B KaXfbli cnoil nonagaeT 6onee 20 eanHu’
n (6) owmbkamn B 3Ha4YeHMAX BecoB W h MOXHO npeHebpeub (cMm. naparpa*

.5A.2)..

YUT06bI NOKa3aTb 3T0, BBEAEM Mh — 4MCN0 eAnHUL, BbIGOPKK, NOMaBLIn
B Cnoii h, npuuem mh, Boo6Lle roBoOps, MeHAeTCA OT BbIGOPKMU K BbibOP
Ke. ns BbIGOPOB, B KOTOPbLIX Mh HEU3MEHHO,

wlsl

Tenepb HYXHO BbIYUCANTL CpefHEe 3HaYeHWe 3TOM BeIMYMHbLI ANA MH'
rOKpaTHbIX BbIGOPOK 06bema n. Mpu 3aToM Heob6xoAMMa HeKOTopas 0CTOPOX’
HOCTb, NOCKO/IbKY OfHa W/ HECKOMbKO M3 BeIMYMH mh MOryT 6bITb pasLL
Hynto. Ecnu aTo npousowno, To Npexae 4em CTPOUTb OLLEHKY, CnefoBano
6bl 06beAMHUTL ABa WM Gonee croes, NPUYEM OLeHKA cTana 6bl HEMHOTO;
MeHee TOYHON. OfHaKO NpW YBeANYeHWW N BEPOATHOCTb TOrO, YTO Kakas-
nn6o m3 mh paBHa HY/O, CTAHOBUTCA CTO/b Manoid, YTO BAWUSHMEM 3TOrO
06CTOATENbCTBA HA AMCMEPCUI0 MOXHO MNpeHebpeyb.

Ona cnyyaq, korga obpalieHve mh B Hynb He NPUHMMAETCHA BO BHU-
maHue, CtmsaH (Stephan, 1945) nokasan, 4YTO C TOYHOCTbIO [0 UYNEHOB;
nopsagka /T'*

1 I-wh
'&)m
CnepnoBaTenbHO,

EIV(yw)]= 1—i 2WhSI+ -+-2 (1-W h)S
n na

MepBbliA 4ieH paBeH 3HadyeHUO V (yst) Mpu MponopuuoHanbLHOM pac-
cnoeHun. BTOpOW COOTBETCTBYET YBE/MYEHWUIO AWUCNEPCUMM, Bbl3BaHHOMY
Tem, 4To camMu mh He pacnpejeneHsl NPoNoOpLMOHanbHO. OfgHakKo

£ 2(1- Whsi=-L (A)SI- -Liwhs>=-L - sB ~ 2whsi-

roe S\ — cpegHee 3HadyeHne Sh u nh = nlL ecTb cpefHee yncnoegmHuL,
Ma OfMH cnoii* Takum ob6bpas3om, ecnim S% pasnnyardTCA He OYeHb CUMBHO.

TO UY/leH, XapaKTepusywlLluii yBenuveHue AuWCNepcumn, MNpuBAN3NTENbHO
B lnh pa3 meHblue gncnepcumn ans NPonopLMOHanbHOro paccnoexus. lMo-
3TOMY YyBenuueHve pucnepcun 6yfet HeboMbliMM, eciv nh fOCTaTOYHO
BEJINKO.

OnurcaHHbIA METOS MOXHO NPUMEHUTb TaKXe U K BbIGOpKe, yXKe paccho-
€HHOW MO0 APYroil NepemMeHHOR, Hanpumep Ha NATb reorpaguyecknx pario-
HOB, Mpu ycnosun, 4To Wh M3BECTHbI OTAENBHO BHYTPU KaXXAOr0 paiioHa.

5A.9. OTBOP KBOTAMMU

Mpu nccnefoBaHUM 06LLECTBEHHOIO MHEHMSA W M3YYeHUU PbIHKA LIUPO-
KO MpUMeHseTCs WM APYroi cnocob, nmpum KOTOpoMm nh ans Kaxpgoro cnos
onpefenalTCa 3apaHee, Tak 4YTO paccnoeHWe Moay4vaeTcsa 3aBeoMO Mpo-
nopuuoHanbHbiM. O6cnefoBaTento MpegnucbiBaeTca MpoLOMKaTb 0T6Op
[0 TeX Mop, NOKa B KaXXA0MC/I0e He 6yaeT 3anonHeHa He06X0ANMas «KBOTax.
Hanbonee pacnpocTpaHeHHbIMU MPU3HAKaMM 418 TaKOro paccfioeHns ciy-
XaT reorpauyeckunii painoH, Bo3pacT, MO/, paca U HEKOTopble xapakTe-
PUCTUKN UMYLLLECTBEHHOIO MONOXeHNA. Ecnn 661 06cnegoBateny otbupanm
onpawmnBaemMblX BHYTPM FeorpauyYecknx panoHOB CAydYaiHbIM 06pas3om
M Noc/e 3TOro OTHOCWAM KaXAoro K COOTBETCTBYIOLLEMY C/OK, TO Takoil
cnocob oT6opa coBnafan 6bl C pacC/MOEHHbIM CyYaiHbIM 0T60opoM. [na To-’
ro 4To6bl 3aM0HUTbL MPKW 3TOM BCE KBOTbI, HEO6X0AUMO NPOAeNaTh 60/bLIYH
paboTy, NOCKONbKY Ha 60nee No3fgHUX 3Tanax 06cnefoBaHUA MHOrvMe u3
onpawinBaeMbiX nonagann 6bl B YXe 3anofHeHHbIe, KBOTbI.

[Ona Toro utobbl 06nerunTh 3anonHeHne KBOT, O6CnefoBaTento npepno-
CTaBNsAeTCA HekoTOpas cB0o6OAa B OTHOLWIEHWM TOrof BKAo4YaTh Tih gaHHOe
ANLO UM JOMOXO3SIACTBO B BbIOOPKY. CTeneHb TakKoi cB06OAbI pasnnyHa
B 3aBMCMMOCTM OT TOrO, Kakasi OpraHu3auuns npoBoAuT o6cnefoBaHne, HO
BOO6LLE OTOOP KBOTAMU MOXHO OXapaKTepu30BaTb KaK pacC/0eHHbI 0THop
c 6onee waM MeHee npefHamMepeHHbIM O0TOOPOM eAWMHWL, BHYTpW cnoes.' o
3TO NpuWYMHe K pesynbTaTaM 0T6opa KBOTaMW Hefb3sl C YBEPEHHOCTbIO
NMPMMEHATb (JOPMY/bl BbIYMUC/IEHNA OLIMOOK BbIGOpKKU. Moapo6HOEe cpas-
HeHWe pe3ynbTaTOB BEPOATHOCTHOrO OT6Opa M 0TOOpa KBOTAMWU MpOBOAE-
Ho CtuBaHoM M Makkaptu (Stephan and McCarthy, 1958), koTopble ganu
TaKXXe 3ameyaTeNbHbll aHan3 LOCTOMHCTB U HeJoCTaTKOB 060MX METOLOB.
Mo-BugmMmomy, ANs TaKMX XapakTepucTuK, Kak A0oxXod, obpa3oBaHuii u 3a-
HATUSA, METO KBOT 4AeT CMeLLEeHHbIe BbIGOPKN, XOTS NPU U3YYEHUU MHEHWI
M MCUXONOTUYECKNX YCTAaHOBOK OH 4acTO MPMHOCUT pesysnbTaTtbl, KOTOpbIe
XOPOLLO COrfacytTca ¢ pesynbTataMy BEPOATHOCTHOroO oTbopa.

5A.10. OUEHNBAHWME MO BbIEOPKE BbINTPbILUA,
MONYYAEMOI'O OT PACC/IOEHUNA

Ecnn 6bin MPYMEHEH pacc/lOeHHbIM CnydvaiiHbllii 0T60p, TO B KayecTse
opueHTMpa Ana 6ygyuinx o6cnefoBaHWii MOXET MpefcTaBUTb MHTepec
OLEHKa AOCTUTHYTOr0 BbIUFPbIWA B TOYHOCTW MO CPABHEHWIO C MPOCTbIM
C/lyyaiHbiM 0T60pPOM. , _

Mo BbIGOpKE Mbl NMosiyyaem B 3TOM cny4vae 3HaveHus Nh, nh, yh u st
N3 naparpaca 5.4 cnegyeT, 4TO OLEHKO AMCNEPCUM B3BELLEHHOrO Cpej-
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Hero no [aHHbIM PacCroeHHOW BbIGOpPKK GyaeT

nh ** N

3ajaya COCTOMT B CpaBHEHMW 3TOI BENMYMHBbI C OLEHKOW Aucnep!
cpefHero, Kotopas 6blna 6bl NOAy4YeHa Mpy NPOCTOM ClyYaiiHOM
OfMH M3 NPUMEHSIEMbIX MHOrAa CNocoboB MpejAnofiaraeT BblUMCEHME
KOMOFO0 HaM CpefHero Keagpata OTK/IOHEHWA OT BbIGOPOYHOro Cpeau

0 —
'1'— _____ {o.gzl.lyl_ - y)2 »

KoTopoe pe yuuTbiBaeT pacc/ioeHUd. ITO BblpakeHue paccmaTpuBab
KaK OLeHKa- AUCNepcuMn Ha eAMHuLy ANs NPOCTO CnyuveifiHOi BbiGOp]
Takoil cnocob BNosiHE YLOBNETBOPUTENIEH, €CNN Pa3MeLLeHne
HaNbHO, MOCKOMbKY MpPOCTas cnydvaiiHas BblGopKa cama pacnpegeneHa
CNosM MpMGAN3NTENBHO NPONOPUUOHANbHO. Ho ecnm 6bi10 NPUHATO
:MELLEHNE, CUNbHO OTNINYAKOLLEECS OT MPONOPLUOHANBHOTO, TO
BbI6OpKa y)ke He OyfeT CXofHa C NPOCTOW Cy4YaitHOW BbIGOPKOW U
0Ka3aTbCs MI0XO0N OLEHKOW. M3noxmnm o6wWwuii Noagxos K noayyeHuto
3aHHOI OLEHKMN.

VicTuHHaa pucnepbus cpegHero LnA NPOCTOM ClyYaiHON
cornacHo anrebpanvyeckoMy TOXAecTBy Ans S®, paBHa:

(N—n) £2. (N—n) [ S(flfr-1)SI1+2Nh(Yh-Y)*
nN [J (N-1)
B nepBOM uneHe BHYTPM CKOBOK HYXHO TONbKO NOACTaBUTD Si

S*. BTopoii uneH Heob6xo4mnMo nuccnefoBaTs. B kavyecTe oueHkn 'ENh (Y h
— Y)2 ecTecTBeHHO nonpo6osaTh 2 JI (yh—ysjf- Oka3sbliBaeTcs, 4TO
BbIpaXXeHWe faeT NpPeyBe/MYEHHYI OLEHKY U1, C/efoBaTeNbHO,
B nonpaBke. MOCKONbKY COOTBETCTBYHOLLEE YTBEPXAEHMe 6yaeT nosnes]
1 B faNbHelweM, COPMyInMpyem ero B BUAE TEOPEMDI.
Teopema 5A.l1. [1ns paccnoeHHOro cay4aiHoro otéopa
E[W H(yh-~ysin = ZNh(F ,-V ?+
>S%jNh-nri
«N

+2 N (i f ) (i-wh),

JokaszaTenscTso. Mbl MOXeM 3anucartb
(yh-~ystf = m h[(Fft- F )+ (yh-Y h)-(yst-Y)f.

Packpoem Tenepb CKOGKM W BO3bMEM CPeAHEE MO BCEM BO3MOXHbIM
KaM. MOXHO NpPOBEPUTL, YTO CpPefHee 3HAUEHME KaXOoro U3 ABYX

HbIX MpoN3BefeHunin, cogepxawmx (Yh — ¥), paBHo Hynto. Torga
'EMb<b5b-~¥Y &= VNh{Yh-Y T + EZNh$ h-Y hy +
i56

* -\-EINh<M ,t-Yf-2EZNhQh- ? b) (5A.26)
Ho
_ZNh(h-Y h)(ytt—Y) = N (ysl—Y)8
no onpegeneHunto yst n Y. CnegosatensHo, ABa nocnefHnx yneHa B (5A.26)
COBMECTHO JaroT
CEN (yet—Y f V Nh(Nh-n hSh

TaK Kak BblpaxeHue cnesa B N pa3 6onblue gucnepcun ygi. 4 na Broporo
uneHa B npasoil yactm (5A.26) cnpaBefnuBo ]

B 4 a -4 1_"¥*Sdal\lﬁatpﬁn-|':* $ﬁ:

MOTOMY UTO BHYTPWU Kaxpaoro cnos yh npeacrtaBnset coboil cpefHee ans
MpPOCTON cny4vainHoi BbI6OpKKU. CnefoBaTenbHoO,

E X (yh-y st)*=mh(Yh-Y)*+

si Nh(Nh—1) Sh _ Nh(yh_y)2 1
nK ’ “m
Sh(Nh-n h)
nh
NhSI .
14 n)(i~Whf. *
+2 14 meiwi
|_ —
Cnegctue. HecmewleHHoir oueHkoit gna ~Nh (Yh— ¥Y)2 cayxut
Nh s2 >’
2apgnnr)y2 2 -"hl-l '-W i-w h)
n >'1
Ecnu aTto BbipaxeHue nofctasutb B (5A.25), Mbl MONYYUM, YTO HECMELLLEH-
HON OueHKOW gna Vran 6yget o?
Nr-m y! »  Whsl Wist
MH nh

370 BblpaXKeHWe HeyfobOHO AN BbluMCNeHMA. HO Ha MpakTUKe ero nouyta
BCerja MOXHO HECKOJIbKO “ynpoctutb. [lpuBefem fBa cryudas.

N > 50. 3T0 BbIMOMHAETCA MOYTM LIS BCEX COBOKynHocTeil. YeTsép*
Tblli YNieH BHYTPU CKOOOK MOXXHO OMYCTWUTb, MOCKONbKY OH paBeH MepBoMY,
peneHHomy Ha N. Vmeem

(5A.27)
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Bce nh> 60. BTopoii n TpeTuid YneHbl BHYTPU CKOGOK MOXHO
CUTb, 4TO pdaet

N —
aran W2 whsi-o2 whyl—(2 whyhY]- A~

Mpumep. BblUMCNEHNA UANOCTPUPYIOTCA LAHHLIMU NS MEPBbIX
CNoeB M3 BbIOOPKM Megarornyeckux konnemxken (naparpad 5.9). Aa*
BblGOpKK 1946 r. npuseaeHbl B Tabn. 5A.14. CpefjHue 3HauyeHuUsa npeac
NAT co60i yncna CTYAeHTOB Ha Of4MH Konneax (B Thicavax).

Ta6nnuya S5AIN

Croit Nh nft @ g ¥
21 13 9 2,200 1.615 |
3 18 7 1,638 0,063 |
26 10 0,992 0,077 1
NTorn 57 26 1

Bbibopka cTofb Mana, 4to ANf vratl HYXHO MPUMEHUTbL BbIPaXKeH|
(5A.27). LononHuTeNbHblE BblYUCIEHUS npuBefeHbl B Tabn. 5A.15.

B Tabnuua 5A.1S
MPOBEAEHWE BbIYNCNEHNN

Croit wh whsV nh wheh 1\

1 0,228 0,36822 0,04091 0,00933 0,501601

2\ 0,316 - 0,01991 0,00284 0,00090 01517613

5 0,456 0,03511 0,00351 0,00160 0,45235J

i

NT1orn 1,000 0,42324 0,04726 0,01183 1,47156

nr BbIUNCNEHNS NPON3BOAATCA CNEAYIOLLUM 06pasoMm:
Whsh  xa1 Whsi

vit= 2 —— —s ~ ~ = 0,01183— 0,00743 = 0,0044;
M N

31
vran= — [0,4232—0,0473 + 0,0118 + 2,4000—2,1655] = 0,0130.

Takum 06pa3om, 0Ka3blBAETCA, YTO Pacc/oeHne yMeHbLIaeT gucnepe.,
npm66nm3|/|Teano O OfHON TpeTu ee 3HaA4YeHUA LNS MPOCTOW ChyyaiHc
BbIOOPKMN.

Si 158

MponopunoHanbHoe pasmelleHne. B 3Tom cnyvae 06bIYHO MOAXOAWUT
OLLeHKa vran, nosy4yaemMas Ha 0OCHOBaHUM CyMMbl KBafjpaTOB OTK/OHEHWIA Ha-
6/1104€HNIA OT BbIBOPOYHOTO cpefHero. [eicTBUTENbHO, NOMAb3YACh 06ObIY-
HbIM TOXJECTBOM [JMCMEPCUOHHOr0 aHanun3a, UMeem

Ecnn uneHamu nopAagka I/nh MOXHO npeHe6peL|b, TO 3TO Bblpa>XeHNe 3KBU-
BaJIeHTHO

™ hsi+ m ~yl-{m hyhf,

Tak Kak Wk = nhin. 310 BbipaxeHue, B CBOK O4Yepedb, PaBHO BENUYMHE,
3aK/II0OYEHHO B KBagpaTHble cko6kn B (5A.28). Takum obpas3om, ecnu pas-
MelLeHMe NPoNopLMOHaNbHO M YneHaMy nopagka l/nh MmoXHo npeHe6peub,
TO YAOBNETBOPWUTENLHON OLEHKON OyaeT

-QN~n «

5A.11. OUEHMWBAHWE AWCMEPCUW MNPV OAHOW EAMHWUE HA C/IOU

EcnM COBOKYMHOCTb OT/AMYaeTcs 60NblUOKA Bapuiauiiéin n cyuecteyet' 1l 4
MHOI0 3()(PEKTUBHBIX KPUTEPUEB PACCNOEHNSA, TO COBOKYMHOCTb MOXeT ObIThb
paccnoeHa [0 Ta™oil CTeneHuW, 4YTO BbibOpKa 6yfeT cogepxaTb TOMbLKO MO
O4HON eAuHWLE B KaXAoMm cnoe. B aTom cnydvae BbiBeAeHHON paHee hop-
Mynoi gns oueHkn V (y,t) BOCN0Ab30BaThCA HENb3A*MOXHO MOMNbITaTbCA
Mony4YnTb OLEHKY, CrpymnnupoBaB C/iou nonapHo, 6yaem npeanonarath,
4yTo cnou, obpasytowme napy, UMeT oAnHaKoBble 06bembl N h. HebonbLine
pacxoXjeHus B 3aTUX 06beMax Ha MeTofe He cKasbiBatoTcA. CpefHue 3Haue-
HUA 4N cnoes, Yh, 4ns ABYyX YEHOB Napbl He JO/HKHBI CUbHO pasfinyaTb-
Csl, 04HaKo 06beAuHEHNE B Napbl AO/MKHO ObITb MPOM3BEAEHO 4O MOAyye-
HWA pe3yNbTaToB BbIGOPKU MO MPUUYMHAM, KOTOpble 6YAYT ACHLI MNO34Hee.
Unucno cnoeB AOMKHO 6bITb He MeHbLe 20, 4To6bl BbIGOpoYHas [ucnepciis,
nmena, no KpainHein mepe, 10 cTeneHein cBo6oAbI.

O603HauMM HabMAeHNsA B OTAENbHON nape yepes3 yn, y}i, rae j npu-
HUMaeT 3HaveHusa ot 1 o L/2. Nanee, BO3bMeEM CpefiHee Mo BCeM BbIGOpKam
M3 3TON napsbl:

EaOr-ynlr=(¥n- Ynf + f l‘\:l} 1(Sh + Sh). (5A.29)

*

roe N}=NhecTb 06beM Kaxoro cnos B 3Toi nape. PaccCMOTPUM OLEHKY
ow =~ 2 N*(Yn-ynT- (5A.30)

CornacHo (5A.29) maTemaTW4eckoe OXMAaHWe 3TON BeIMUYUHBI
Ev& ~""AN h(Nh-1)St+ ENj(yn-Y j~. (5A31)
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BrnpaBoMyacTn NpescTaBnseT cob60ii NpaBUNbHYO A
ciili (no Teopeme 5.3 npu nh = 1); BTOPO COOTBETCTBYET MOMOXKMNT
MYy CMeLLeHN0. BennumMHa aToro cMeLLeHuss 3aBuUCUT OT TOro, Haa
yiayHo 06befuHeHbl B Mapbl Te C0W, UCTUHHbIE CPeAHME KOTOPbIX |
pasnuyatoTca. Bug oueHkuy (5A.30) nokasblBaeT, UTO Npu 06pasoBaH»
He c/liefyeT CTPEMUTbCA K TOMY, YTOObl KaK MOXHO MeHbLUe OT/nY
BbI60POUHbIE 3HAYEHMSA, TaK KaK 3TO 04YeHb NMpeyMeHbLUUA0 6bl gucne
OnucaHHbIA MeTof MHOr4a HasblBalOT CMOCO60M «COBMELLLEHHbIX

Mpwn gpyrom cnocobe 0T60pa Kaxjas napa c/ioeB paccMaTpuBaB
OTAEe/bHbIN CNOI 1 0TOMpaeTCsa CnydaiHbIM 06pa3om Mo ABe eAVHMNLbI B |

fom un3 Takmx LI2 cnoeB. HecmelleHHy0 oueHky V (ysi) pnsa T|
poga 0T60pa MOXHO MONyYUNTb M3 00bIYHONM hopmynbl. Yntatenb
np6ésepnTb, 4TO

INh- 2 Li2

Nh(Nh-\
V (ystb ( ) N 1

b
N3 cpaBHeHus ¢ (5A.31) cTaHOBUTCA ACHbIM, 4TO (hopmyna ?51
npeyBennuMBaeT He TOMbKO, UCTUHHYIO AMCMEPCUIO MpPU OAHOW eAar

AKaXaowm cnioe, HO U gucnepcunio, BOSHMKaKLWyo MNnpu BABOE 60nee

Ne CNoAXx.

MpeanoYTUTeNbHbI /TN C/I0M MeHbLLEro 06bemMa, B CBETe 3TOr0 yTBe
HWUSI OCTAeTCH CrnopHbIM. K COXaneHuto, XoTS Npv Of4HOI eauHULE B |
[OM C/I0e BbIUIPbILL B TOYHOCTU 6osiblle, YEM MpU ABYX eanMHMLUax BLL

CN0€eB, B 3TOM C/ly4ae WM OueHKa B 60/bLLEN CTeneHW NpeyBeMvnBas
nepcito.

5A.12. YMPOWEHHOE BbIUNCNEHWE CTAHOAPTHbIX OWWMBOK L

'm OfHO M3 JOCTOMHCTB BEPOATHOCTHOIO 0T6opa COCTOMT B TOM,
J11060i1 OLEeHKM, NONYYEHHOM Mo BbIGOPKE, MOXXHO BbIYMCINTL CTauda
own6Ky. K coxaneHuto, BbIYMCIEHNE CTAHAAPTHbBIX OLLINGOK 60Mee TPj
KO, YeM BbIYMCNEHNE CaMMX OLLEHOK. B CMOXHbIX, OXBaTblBaOLLM
CTpaHy 06CnefoBaHUAX, e YYMTbIBAOTCA COTHW M TbICAYM MNpU3
BbIYMC/IEHME CTaHAAPTHbLIX OWMOOK W YKasaHWe MX Mpu pesysbTa
CnefoBaHus COCTaBASIIOT rNaBHYH Npobnemy. Ons YMeHbLUEHUS
T|>yga n cpencTs Obin BbIABUHYT UMbl paj pekoMeHgaumin. Hack
OHW MpPUEMNIEMbI, 3aBUCUT, pasymeeTcsl, OT TOro, Kakue [o/KHbIN
MEHATLCA NPU 3TOM BbIYUCUTENbHbIE MaLUMHbI U METOfpbI.

HanoMHuM, 4TO hopMynibl AMUCNePCUiA OLEHOK CPeAHEro 1 cymMmmMa
3HaYeHWU’ AN COBOKYMHOCTW UMEKT BUA:

% rl%OZ
V {¥m) = 0 -1);
2,- ™ )
L
V<y,,) 2 « O°Y-

PaccmoTpuM cHavana obcnefoBaHWe, B KOTOPOM YWCNO C/0eB He6OSb-
woe, ckaxem, ~10, a BbibopKa cpaBHUTENbLHO Bennka. B Takux obcneno-
BaHMAX S| 1 fhMOryT CMNbHO MEHATLCA OT C€0f K coto. OAMH 13 NpruemMoB
COCTOMT B TOM, 4TOObI BbluncaATb S| B cnoe h no noasbibopke o6bema nh.
B 601bWKNHCTBE CNyyaes 41 3TOro OyaeT AOCTATOYHONM MOABbIOOpKa 06be-
mMoM B 20 efuHunL,. MoaBbI6oOpKa LOMKHA M3B/IEKATbCA CAyYaiiHbIM 06pa3om.
BbicTpee MOXHO MONYYUTbL CUCTEMATUYECKYIO NOABLIGOPKY (COAepXallyto,
Hanpumep, KaXX4yr LWECTY0 eAVHULY B CUCKE OTOOPAHHbLIX eAunHWUL, ecnun
tih coctaBnseTr okono 120), HO OHa, BEPOATHO, AACT MNpPeyBe/IMYEHHYI0
OUeHKy Sft, ecnim oTo6paHHblE efUHWLLI PernMcTPUpPOBannCb B KaKoM-M60
onpegeneHHoMm nopsgke (cMm. naparpad 8.3).

Ecnu otobpaHHble efuHWLbI pacnonaralTcs B OCHOBHOM B CNy4aliHOM
nopagke, TO Apyras BO3MOXHOCTb COKpalleHWs o6bema BblYUCAUTENbHON
paboTbl COCTOMT B TOM, YTOObl NO Mepe CHOXeHWA eAuHUL, ANna nofcuyera
BbIGOPOYHOIO CYMMAPHOIO 3HayeHWs NS CNos (UKCMPOBATb HEKOTOPble
NPOMEXYTOUHblIE CYMMapHble 3HayeHus. Hanpumep, ecnm nH — 123,
Mbl MOXXEM MOABOAMTbL MPOMEXYTOUHbIE UTOMN Yepe3 Kaxpable 10 eamHu,
nonyymB, TakMm 06pa3oM, 12 NPOMEXYTOUHbIX CYMMAapHbIX 3HayeHud TIr
T2 T12 TMocnefHne TpU e4MHULbLI B HUX HE YUYUTbLIBAIOTCH, XOTA OHWU
BK/IIOYEHbI B CyMMapHOe 3HaueHue Ans BbI6OpKW. Torga BennymHa 2 (Tr—

— T)2110 pacT oueHKy ¢ 11 cTeneHsmmn cBoboabl. Ecnn pacnpegeneHune
y OT/M4YaeTcs OT HOPMaJbHOrO, TO Takas OueHKa byaeT, BEpOATHO, 6onee
TOYHOW, Yem OLleHKa, BblYMCNeHHas no 12 cnydaliHbiM 06pa3oM BblGpaHHbIM
eAnHMLAM, NOTOMY YTO MPUMEHEHME MPOMEXYTOUYHbIX CYMMapHbIX 3Haye-
HWIA yMeHbLUaeT BAMAHME 3Kclecca (naparpad 2.14) Ha V (s2).

MpegnonoXmMMm Tenepb, YTO YUC/IO C/IOEB BE/IMKO M 06BbEMbI BbIGOPOK
BHYTPW CMI0EB Masibl, KakK, HanpumMep, B Cly4ae reorpauyeckoro paccnoe-
HWA, 0XBaTbIBAKOLLEr0 60/bLIYIO TeppuTOpUIO. [na 60nbLION rpynnbl C0eB
[ONYCTUMO MPEeAnoNoXNUTb, UTO S| MEHAIOTCA OT C0A K C/I0I0 HE3HAYMTeNb-
Ho. Torga Mbl MOXEM W3Be4Yb CllyvaiiHbiM 06pa3oM MoABbIGOPKY CrOEB
(Hanpumep, oTobpaTh 8 cnoes n3 40—50), BbIYUCANTD Si B KAXKLOM 13 BOCb-
MU CfoeB M 06pa3oBaTb 06bEeAWHEHHOE Si AN NMpUMEeHeHWs Ko Bcem 40—
50 cnosM. TakoW MeToh COMpsdKeH € 60MbLUIMM PUCKOM, YeM OLeHMBaHMe
51 B Ka)XJOM Cfoe C MOMOLLbI0 ClyYaiiHOl noaBbiI6opkM 06bLEMOM B [Be
NN TpW eAUHMLbI, U NPeAnoYTUTENIEH NNLWb TOTAa, KOrga ero npumeHeHue
[aeT BbIUTPbIL BO BPEMEHM.

Korga nH ogMHaKoBbl BO BCEX CMOSIX WAW B 6GOMbLIOA rpynne Croes,
NPUMEHUMBI Apyrue Metogsl. Mpeanonoxum, yto nh = 2 n N h ognHaKoBbI.
Mycte yhl, yh2— 3HauyeHns npu3Haka Yy ABYX €AWHWL, W MyCTb
dn = Yhi ~Y hi- Torga

E{di) = 2SI

CnefoBaTenbHO, HecMmelleHHOW oueHkoi V (Yst) mo aToli rpynne cnoes
bynpet

a(?.i)=rMm o-/h)hi 4 -.

JTOT pe3ynbTaT MOXHO NpoBepuTh, cpaBHUB ero ¢ (5A.34).
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3Ta oueHKa nmeeT L cTeneHei cBoboabl — 60/ee yeM He06X0AUMO, eCnu
L Bennko. Cnon MOXHO 06beguHWTL B K rpynn, KOTOpble MOTyT COAepXaTb,
pasHoe uucno cnoes. lNyctb D} = B3ATbIX MO CnoAm B /- rpynne.
HeTpygHO MnokasaTb, YTO HecMeLleHHOR oueHkoi V (Yst) ¢ k creneHsmu
cBoboabl bygeT

[=e

Mofo6Hble Xe MeToAbl NPUMEHUMbI, Korga nh ofuMHakoBbl WU 60/blie 2.
Mpefnonoxum, 4to nh = 4 ¥ 4YTO Mbl XOTUM MNONYUYUTb OLEHKY V (K*)):
c 18 cteneHsimu cBobofbl. O6beANHMM CNOM B LWECTb Fpynn. B Kaxgom
C/I0€ YeTbIpeM 0TOBPaHHbLIM eAnHULAM NPUCBOUM HOMEepa C MepBOro Mo Yer-
BEPTbIi KakKMM-IM60 MNoAaXoAdwum gns Hac cnocobom. Myctb T}, Tj2,
Tj3, TR 6yLyT CyMMapHbIMW 3Ha4YeHUAMWU B rpynmne /, B3ATbLIMKU MO nep-
BbIM, BTOPbIM, TPeTbUM W YeTBEPTbIM eAnHuLaM, a Tj — WX CpefHUM 3Ha-,
YeHneMm. Torpa

v(iY8&)=NW -h) 2 2
/[=1n=1
B obwem cnydae B 3HaMeHaTene BmecTo 12 6ypeT ctosTh nh (nh — 1).
Ecnu tih oguHakoBbl, a N h pasnuuaroTcsi, TO rpynnuMpoBKa CTaHOBUTCA*
60nee TpygoemKoi. BmecTo cymMmapHbIX 3Ha4eHUn Tju Mbl JO/DKHbI 06pa-
30BaTb CyMMapHble 3Ha4yeHus

Y= 2 Nhyhu (n=1,2.....nh),

rae yhu o6o3Havaet efjMHULLY, UMEIOLLYIO HOMep «\v» B C/l0e, U CymMMma bepeT-
cs no j-i rpynne cnoes. MNpu k rpynnax c/foeB MOXHO NoKasaTb, 4TO

£ [Y V = y NhSh
L n nh (nh- 1) £ nh
¢ k (tih— 1) cteneHamu csobofbl. BennunHa B KBafpaTHbIX CKOOKax npe-
yBenuuyusaet V (Yst)yTak Kak ee MareMaTU4YecKoe OXWUaHWe He COAepXuT

HY>XHO nkc, 1 — Mpy HeobxoaMMOCTH, B KayecTBe rpy6oii monpaBKu
OUEHKY MOXHO YMHOXWUTb Ha 1—enIN.
Ecnm k = |, To Bce nh BennumnH Yju 6yayT HeCMeLeHHbIMW OLEHKaMu-

CYMMapHOr0 3HauyeHWs AnS COBOKYMHOCTW, Y, W OMWCaHHbIA cnocob <
oueHKy V (Yst) ¢ nh— 1 cTeneHsamun cBo60jpbl.

B o6cnefoBaHMAX, YUYUTbIBAKOLWMX O0MbLIOE YMCAO MPU3HAKOB, 3aBU-
CMMOCTb MeXAay S (¥) U Y MOXeT 6biTb B OCHOBHOM CXOAHOW AN1A WMPOKOro
Knacca npu3HakoB. 3TO MOXHO MPOBepuUTb, HaHocsA S (F) n Y ana pasnuy-
HbIX MPW3HaKOB Ha rpavk v nogbupas Wwkanbl, NpyY KOTOPbLIX MpOCTas;
3aBMCMMOCTb [JaeT XopoLlee cornacue. B aToM cnyyae Takoro poga «rpaguk;
OWMBOK», Ha3BaHHbIN Tak Weiitcom (Yates, 1960), oka3biBaeTCA BeCbM
nonesHoiM. Ecnn cywecTByeT xopowuidi rpamk OWMnBOK, TO BbIYMC/EH;
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CTaHAapTHbIX OWMOOK Mpy HeBOoNbLIOM Yucie cTeneHeill CBO6GOAbI CTaH6-
BUTCA 6onee HafeXHbiM. [nA MeHee BaXKHbIX MPU3HAKOB CTaHAApPTHble
OLUIMOKM MOXHO BOOGLLE He BbIYUCNATL, a HAXOAUTb UX OLLEHKW MO rpaduky.
MpeacTaBneHne CTaHAApPTHbIX OWWGOK C MOMOLWbIO rpaduka van nony-
YeHHOIi Ha ero ocHoBe TabfMubl MO3BOASET MHOrAa usbexarb nevaTaHWS
COTEH OTAENbHbIX 3HaueHWid. Mpumepbl rpaurKoB OWMBG0K MOXHO HaikTy
y Weittca (Yates, 1960), XaHceHa v gp. (Hansen et al., 1953).

Mpn NOBTOPHbLIX UCCEf0BaHUAX 3aBUCMMOCTb Mexay S (Y) n Y moxer
0CTaTbCA HEW3MEHHOW WM U3MEHUTLCA CO BPEMEHeM O4YeHb Mano. JTo gaet
BO3MOXHOCTb AN fanbHelileidl akoHOMuKU. Ecnu rpadimk owmboK yxe no-
CTPOeH, TO B OyAylleM BblYMCNATb CTaHAAPTHble OWWOKM HYXHO Yepes
onpefjeneHHble NHTEPBaASbl BPEMEHW, NPUYEM 418 TOr0, YTOObI 06HAPYXUTb,
He WM3MEHU/ICA NN CYLLECTBEHHO BMA rpanka ownboK, LOCTATOYHO NLWLb
He60/bLIOr0 Yncna LaHHbIX.

O630p YNPOLEHHbIX METOAOB BblUMCAEHWUIA NPUBOAUT >KapKoBuMY
(Zarkovic, 1960), y Keidguua (Keyfitz, 1957) n310XeHbl HEKOTOPbLIE OCT-
pPOYMHbIe MeTOAbl Ans cnyyasa nh = 2.

5A.13. CJ1ION KAK OBJIACTU UN3YYEHWA

B 3tom naparpate paccmatpusalroTcs 06CnefloBaHUA, rfnaBHasa Lesb
KOTOpbIX COCTOWUT B TOM, YTOObI CPaBHUTb MeXAy COOO0I pasfnyHble cnou,
B NpejnofioxKeHnn, YTO camu C/ion onpefesneHbl 3apaHee. B atom cnyuae
npasuna pasmelleHns 06beMa BbIGOPKKU NO CMOAM OT/IMYAlOTCA OT MpaBui,
NPYMEHSAEMbIX C LeNbl MOMY4YUTb OLEHKM AnS BCeli COBOKYMHOCTM. Ecnu
MMeeTCs TOMbKO fiBa CNos, Mbl MOXeM BbI6GpaTh Nr, Nr Tak, YTobbl gucnepcus
pasHOCTW OLEHOK CpeaHux Ansa cnoes, (y, —Yy2), 6bna MUHWMANbHOM.
Onyckas nKc nNo npuyvHaM, yKasaHHbIM B naparpadge 2.12, nmeem

o2 c?

Y{Yl— YF) = —I_I

S
Ecnnm yHKUMA U34EPXKEK NIMHEWHA U UMEEeT BUA
C G P& - GfI2
V 6yLeT MUHUMASIbHOW, Korpa
nSi nS2

nx= N2==-----—- N —3- . (5A35)

+7h2A VA -Si/l/cj H-S2V 12

Ecnn umeetca L cnoeB u L > 2, To onTUMaNibHOe pasmelleHne 3aBUCUT
OT >KenaTesibHblX YPOBHeW TOUYHOCTU NPU CPABHEHWW Pa3NIUYHbIX C0EB.
Hanpumep, MOXHO MUHUMWU3UPOBATbL U3LepXKuU npu Hannuunm L (L — 1)/2

orpaHunyeHmnin suga V (yn —yi) ~ Vu, rfe 3HauyeHus 1hi BbibpaHbl B CO-
OTBETCTBUM C TOYHOCTbIO, KOTOpasA cuMTaeTcsa Heob6XoaMMOl ANa yA0BNETBO-
puUTeNbHOro cpaBHeHUs cnoes h u i.

Yacto npumeHnm 6onee MPOCTOW METOR pasMeLLeHusi, 0COB6EHHO ecnn
Sh un ch pasnnuatotcs He o4eHb cUNbHO. OAWMH U3 NOLXOL0B COCTOUT B TOM,
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4TOObl MUHUMW3NPOBATb CPefHee 3HayeHWe AWCMEPCUIA Pa3HOCTU OLIEHOK
ana scex L (L — 1)/2 nap cnoes, T. . MUHUMU3NPOBATh

yAA (MO O+ T+ L+ &),
L V «l n2 nL 1

Mpu HensmeHHoM C V MUHUMU3MPYeTCH cornacHo npasuny (5A.35), korpa

3TOT NpUEM MOXET MPUBECTU K TOMY, 4TO A/I HEKOTOPbIX Map Clioes
CpaBHEeHMe OLEeHOK 6yaeT MpPOM3BeAeHO C MeHbLUER, YeM X0Tenoch Obl, TOY-
HOCTblO, a AN OCTanbHbIX — C 60MblUei. [pyroid noaxod COCTOUT B Bbl-
6ope nh Takum 06pa3om, 4TOGbI CTaHAAPTHbIE OWIMOKM PasHOCTU OLEHOK
ANA KaKAO0N napbl C/I0eB Obln Obl O4MHAKOBBIMW U PaBHAMUCH, CKaXEM,
~\fV. 310 6yfeT BbINONHATLCA, ecnu NonoxuTe SVnh = VI2 ana kaxaoro
cnos. Tpu HEWU3MEeHHbIX M3LepXKKax 3TOT MeTof AaeT MeHbLUyl 06LLyio
TOYHOCTb, YeM MepBbI MeTod. UnTaTenb MOXET NPOBEpPUTh, YTO ABa ONTU-
MaJibHbIX pa3MeleHns gagyT

y .y 2(ZSgcft
uc-co - " (C—c0)
N3 HepaBeHcTBa Kowwn—LlBapua cnegyet, uyto V Bcerga 6onblue, Yem
V, ecnu Tonbko Sh Y ch He nocTtosaHHasA. Ecnv V cywecTBeHHo 6o/bLie V,
TO MHOTAa, NOCNe HECKOMbKMX MOMbITOK, YAAeTCA HalTh Takoe KOMApPOMUC-
CHOe pasmelleHne, Npu KOTOPOM CpefHAs aucrepcusa 6nmska K V u ofgHo-
BpemMeHHO V (yh — yt) gocTtatoyHo MOCTOSIHHA.
MHOrga HY>XHO MONYy4YnUTb Kak OLEHKW AN KaXA0ro cnos, Tak u obuive
OLEHKW ANS BCei COBOKyNHOCTW. [pu nnaHuMpoBaHMM 06Cnef0BaHMS Mbl
MOrnn 6bl 3aatb  Cregytowme orpaHUYeHus:

ACYH)= — O0-/*)< Vh; V&, =2

oh nh (1-fh)y< v.

34ecb nKc YyuUnTbliBa€TCA, NOCKOJIbKY LE/Tb COCTOUT B TOM, YTOObI yKa3saTb
TOYHOCTb, C KOTOpOVI OOJ/IKHbI 6bITb OueHeHbl CpeaHne 3Ha4YeHNA B KOHeY-

HOW COBOKYMHOCTU. YcnoBus Ha V (yb) OMpPeAenstoT HWXKHWE FpaHuLbl
3HaueHuii nh. Ecnn oKasbiBaeTCs, YTO 3TV HWXKHME TpaHUubl obecneyn-

BAlOT BbIMOSHEHWE YCNOBUS, HakKnaabiBaemoro Ha V (y*), To 3afjaya pas-

MeLleHuns pelleHa. [ns cnyvas, Korga ycnosue Ha V (yst) He BbINONHSET-
cs, Aanennyc (Dalenius, 1957) npefnoXun rpauyecknii METOL peLleHus.

5A.14. OLUEHVBAHUE CYMMAPHbIX N CPEAHWNX 3HAUEHWI
ANA NOACOBOKYMHOCTEM

YacTo MoACOBOKYMHOCTYW, WM 061aCTU M3YUYEHNS, OKa3blBAKTCA Mpes-
CTaBfIEHHbIMM BO BCEX CNOSIX. Hampumep, npu reorpaguueckom paccrioe
HUWM MOTYT MOHAJ06UTLCS OTAE/bHbIE OLEHKN ANS BCEW COBOKYMHOCTM, AN
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MY>XUYUH W XKEHWWH, ANA pa3HbiX BO3PACTHbIX FPynm, 418 MOAb3YHLWMXCS
NN He MOMb3YKLWNXCA KaKoi-nmbo 3y6HOIA MmacToil u T. 4. PewweHue 3ToiA
3a/la4mn Bbi3blBAET HEKOTOPbIE TPYAHOCTN. OCHOBHbIE (POPMY/ibl ObINN BblBeE-
neHbl Uelitcom (Yates, 1953), ganbHeiwee o6Cy>aeHne n jokasaTenbCTBa
cogepxatca y fAepbuHa (Durbin, 1958) n Xaptnau (Hartley, 1959). Me-
TOAbl, NPUMEHMMbIE K OTAE/bHbIM CN0AM, OblM PacCMOTPEHbI B naparpa-
thax 2.10 n 2.11.

Cnepytowime 0603HauYeHNs OTHOCATCS K efuMHMLAM M3 cnos /r, npuHag-
nexauwmm obnactu /.

O603HaueHus

Yucno eguHuny: Nhj; £N hj= Nh.
i
Uncno eanHuy B Bbibopke: nhl\ ~ nhj= nh.

i
Pe3ynbTaT HabnOAeHWUA AN OTAENbHOW eavHuubl: yM].

nhj ..
Bui6opouHoe cpegHee: yhj = Vv Yhil
A nh>
Nhj
CpeaHee no o6nactu u3ydenus: Yh]= hij
A Nhi
CyMMapHOe U cpefHee 3Ha4YeHue Mo BCeM CNOAM ANs 06/1acTy
COOTBETCTBEHHO
YirlahjYhb Yj= XN"
raoe
2 Nhj.
h

OCNOXHEHMS BO3HUKAKOT B CBA3M C TeM, 4To nhj — cnyuvaiiHble nepe-
MeHHble. Ecnin ussecTHbl N hj, To 3agaya ynpouiaetca. B kauecTBe OLEHOK
Yj 1 Y] MOXHO BOCMO/b30BaThCA

Nj
Kak nokasaHo B naparpade 2.10, gns V (yhj) ocTaetca cnpaBeAsMBONA
06bluHas opmyna. CneposaTefibHO,

y (P} nhj (1_Nhj,

roe Slj — gucnepcus efuHuy, npuHagnexawmx oénactm / B cnoe h.
Ha npakTtuke, ogHako, N hj 6bIBalOT M3BECTHbI PELKO.

OueHuBaHMe CyMMapHbIX 3HA4YeHWUA Ans obnacteid M3y4veHus

Ecnn Nhj Heu3BecTHbl, TO CyMMapHOe 3HayeHuWe MO OnpejeneHHOW
06/1aCT M3yYeHUs B KaXAOM CNOe OLeHMBaeTcAa KakK B naparpage 2.11.
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Lns Toro uytoGbl MOMYYNUTb OLEHKY CYMMApHOro 3HauyeHus mo 3Tou
NacTu, HYXXHO CMOXWUTb CyMMapHbIE 3HAYEHWS MO CMOSM, T. €.

>1 nhj

*m<=2 v - % * e
n

NcTuHHaga gucnepcus 1 ee OLleHKa Nosy4alTcs C NMOMOLLbIO TOro
npuema, 4to u B naparpade 2.11. Beogutca nepemeHHas Yhi, Kotop
paBHa yHa [ANnd BCex efuHWL, B 06/1aCTV j U paBHa HY/O A8 BCEX OCTa
HbIX efMHUL, COBOKYynHOCTM. Kak noka3aHo B naparpage 2.11, oueH
Jucnepcun B 3TOM Cny4vae MPUHUMAET BUA

. N, G\l o (S.ihiiy
v(Yj) = 2h () T Do .

OueHMBaHMe CpPeAHMX 3HAYeHUn gns obnacTein M3ydeHus

Lns Toro u4tobbl OUEHWTL CpefHee 3HayeHwe ang obnactu, YJ
Heobxoguma BbIOOpOYHAsA OUeHKa Nj. HecMeleHHOW €ero OLeHKOW 6yi

h nh
CnepoBatenbHO, Monaraem

Yi _ h At i hij
\i Nh
h nn GR)

Mpn nponopuMoHanbHOM pacciioeHnn Yj CBOAWUTCA K 0ObIYHOMY BbI6GO
HOMY CpefHeMy No eAuHULAM, NpuHagaexawmnm obnactn B obwem
yae 3Ta OLEHKa Ha3blBAETCA COBMECTHOW OLEHKOW N0 OTHOLLEHHIO,
paccmaTpuBaeTcs fanblwe B naparpade 6.11. [na Toro 4tobbl nokas
CNpaBej/MBOCTb 3TOrO YTBEPXKAEHWS, BBELEM HOBYHO (DMKTUBHYHO nepe-
HYl X1, KoTopas paBHa 1 ansa Bcex efuHuy u3 obnactu j n 0 gns
OCTafbHbIX efUHWL, MpUYeM i NPUHMMAET Tenepb 3HaveHus oT 1 fo

OueBngHo,

i nhj
nh nh
nhj nh
V, Vhij 21 Yhi
RETTS RS T <Y SA-

TaK 4YTO OLEHKY cpeaHero Ans 061acTi MOXHO 3anucaTb B BB

Voo -
hoon WYh o WNVRE

% — "hN h7h
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Mol nonyunnu hopmMyny COBMECTHOI OLEHKW MO OTHOLLEHWIO ANA ABYX Me-
peMeHHbIX YM 1 X H- Kak cnegyet u3 naparpadga 6.11, oueHKy gucrepcum
MOXHO NPUGANXEHHO BbIPasuTb B BUAe

- 1 ~ NUI—fh) A N
A ~ '1h nh(nh- D Ilyb-Yixia-M -Y jxQr (5A.37)
i i

BTopoe cymmupoBaHue Ha ocHoBaHMK (5A.36) MOXHO 3anucatb B BUfe

2 (yhi Yjxhif~ nh[yh—YjXhf=

= ff (¥in Yifotith— Yf. (5A.38)
i n

[anee, nepsbiii yneH B (5A.38) MOXHO MHaye 3anucatb Kak
2 (Yw—YbIT+ «w {Mhj—Yj?-
i

MogcTasnas atn BblipaxxeHUs B (5A.37), nonyyaeM OKOHYATE/IbHO OLEHKY
aucnepcun B BUAe

NfT "n("n-2) i
+nhj(l-"- hj-Yjf . 5A.39
J\( nh){}y j - Y] ( )

BTopoli uneH BbipaXeHUs B KBajpaTHbIX CKOOGKax npefcTasnset
yacTb gucnepcun, 06YCNOBMEHHYIO Bapuaumeil mexay cnoamu. Pasnnuus
MEXAY CpefHVWMW NS CMOEB He WCKAKYaKTCA MOAHOCTbIO M3 Aucnepcun
OLEHKN CpefHero 6ol NogcoBOKYMNHOCTU. YacTb gucnepcuum, 06ycnos-
NeHHaa Bapuauuein Mexay cnosMu, mana, ecnu Mansl 4YneHbl 1 — nhlinh,
T. €. ec/M MOLCOBOKYMHOCTb MOYTM TaK e BeNnuKa, Kak W BCA COBOKYI-
HOCTb.

Kak ykasan [Oep6buH (Durbin, 1958), dopmyna (5A.39) cnpasegnvBa
TakXke A4NA OLEHOK CPefHWX ANA BCeil COBOKYMHOCTW, €Cnu BbiOOpKa He-
MoAHa MO TEM WAW WHbIM MPUYMHAM, Hanpumep, BCMEACTBME HEMONyuYeHUs

OTBETA Npn ycroBmn, KOHEYHO, YTO B Ka4YeCTBE OLUEHKW TMPUHUMaETCA Yj.

B atom cnyuyae Y} MHTEpPNpeTUPYeTCH KakK OLeHKa CPeAHEro s ToM Yactu
COBOKYMHOCTW, MO KOTOPOW NpM NPUMEHSIBLUMXCS MeTofax c6opa AaHHbIX
OTBETbI GYAYT MOMyYeHbl. 3[eCb, OAHAKO, BOHMKAET AOMOJHUTEIbHOE OC-
NOXHEHUWE, CBA3aHHOE C TEM, YTO CPefHEee 3HAYeHWe MO «HEOTBETUBLUEH»
YacTW COBOKYMHOCTM 4acTo OT/IMYAETCH OT CPEeHEro Mo «OTBETUBLUENH».

Torga Yj OyAeT CMELLEHHOI OLEHKOI CpefHero Ans BCEil COBOKYMHOCTMW,
a 3ro cvelleHue B (5A.39) He yuuTbiBaeTCH.
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YnpaxXHeHN4H

5A.1. Mpun nnaHWpoBaHuM 06CNefoBaHMA MPOAAX B MarasvHax OonpefeneHHoOro
Tvna, npy N = 550, UMEKTCA XOpOLUKMeE OLeHKM Sh Mo pe3ynbTatam NpefblayLiero 06»
cnefoBaHUA ans ABYX CN0eB U3 TpeX. TPeTuin cnoii cOCTOUT M3 HOBbIX MarasvHoB 1 Ma
rasmHoB, He MMEBLUMX MPOAAX MO AaHHbIM NpefblayLiero 06cnefoBaHUsA, Tak yTo 3Ha-
yeHre S 3 MOXHO NMWb npegnonarate. Ecnn Ss B aelicTBUTENbHOCTM paBHO 10, Bbl

uncnute F (yst), KoTopas 6bina 6bl MONyYeHa MpU HeiMaHOBOM pasMeLLieHUn B Cny
yae, Korga SanpegnonaraeTcs paBHol (a) 5, (6) 20. MNMokaxuTe, YTo B 060MX Cry4as
OTHOCWUTE/IbHOE YBeNMYeHUe ANCMEPCUN MO CPABHEHMIO C UCTUHHBIM ONTUMA/IbHBLIM
3HaYeHVeM HEMHOrMM npeBbiwaeT 2%.

" NcTrnHHoe Ouerika S/l
Cnoi

@ (6)

5A.2. lMokaxuTe, 4to ecnm Bce S/,, Kpome SL, OueHeHbl MPaBW/IbHO, a B KayecT
Be oueHkM SL npuHaTto Sf = SL (1 | K), To oTHocuTenbHoe yBenuyeHve VOpi(yst
npy HeliMaHOBOM pa3MeLLeHun, KOrga BMecTO UCTUHHOFO SL npuMeHsieTca SL paBH~

I2nL (n— n'L)
@+")

rae ni — o6beM BbIOOPKM B cnoe L mpy UCTUHHOM HeliMaHOBOM pasmelleHun. lMpo-
BepbTe, YTO pesynbTaTbl ynpaxHeHua BAJ1 ¢ aToii dopmynoit cornacytotcs. (Cos
nageHue 6yaeT He COBCEM TOYHbIM M3-3a OKpyrneHus lih o uenbix uncen.) BbiBegnt
oTcioda, 4to 50%-10e npeymeHbLUeHWEe SL nMeeT TOT Xe apdekT, yto 1 ee 100%-Ho
npeyBsennyeHe.

5A.3. ToKaxuTe, 4TO €CNM MMeeTCs ABa CNosi U ecin ( eCTb OTHOLUEeHWe (paKTh
YECKOro Njn2 K HeliMaHoBY ONTMUMaNbHOMY Njri2, To npy /H06bIX 3HaueHusa Nj

JT1, Sj n S2oTHoweHne Vmin(ysi)/V (ysi) Bcerga 6onbiue 4¢/(1 )2,

5A.4. PesynbTaTbl MPOCTON CnyyaliHOW BbI6OpKM o06beMa N = 1000 MOXH
pacnpefenuTb No Tpem «crosam» ¢ yb — 10,2; 12,6 n 17,1; s/i= 10,82 (ogHa un Ta X
B KaXAoMm cfnoe) n s2= 17,66. OueHKamMn BeCOB A1 C/MOEB CNYXaT 3HauyeHUs w/L
= 0,5; 0,3; 0,2 coOTBETCTBEHHO. [13BECTHO, YTO 3TN Beca HETOYHbI, HO MpegnonaraeT
CHA, YTO HETOYHOCTb He MpeBblWaeT 5%, Tak YTo Hambonee Heb6naroNPUATHbBIMK Byay
cnyvyanm nm6o Wh — 0,525; 0,285 n 0,190, nam6o Wh = 0,475; 0,315 1 0,210. OcHo
BbIBasACb Ha pesynbTarax u3 naparpaga 5A.2, peKoMeHAyeTe N1 Bbl NPON3BOAUTL pac

cnoeHne? (Mpu HeobxogmmocTn nonarainte yh=Y h”sh

5A.5. T[lnaHupyeTcs o6cnefoBaHWe C TPeMs CMOSAMMU AN1A OLEHKW MpoLeHTa ce
Meld, MMetoLLMX COepexXeHUsi B 6aHKe, U CpeAHeli BeIMUMHBI BKIaja Ha cemblo. peg
BEpUTE/IbHbIE OLEHKU NPOLEHTOB Ph 1 3HauyeHUiA Sh BHyTpW cnoeB [A1s BeIMUMH
BKNafa CnegyroLiue:

(Cnoii wh P,(8%)  S/t(n pgonn.)
1 0,6 20 90
2 0,3 40 180
3 0,1 70 520

BblunMcIMTe HavMeHbLUMIA 06beM BbIGOPKM N W COOTBETCTBYHOLLME /rf, YAOBNET
BOpSIHOLLME CleayoLnM ycnoBuam: (a) MpoLeHT cemeli J0/KEH OLLEHUBATBLCS CO CTaH
[apTHOM OWNGKOM, paBHOW 2, U CPefHAs BenuuMHa BKNaja—cCo CTaH4apTHOM oLwwn
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KOW, paBHOW 5 acnn. (6) MpoueHT ceMelt AO/HKEH OLEHMBATLCSA CO CTaHAAPTHOM oW n6-
KOW, paBHOW 1,5, 1 cpegHAs BenMuMHa BKNaja—co CTaHAapTHOM owubkoi 5 gonn.

5A.6. B Tabnuue npusegeHo pacnpegeneHne 911 ropogoB MO BeIMHYMHE ropo-
fa. CoBOKYNHOCTb BK/OYaeT ropoga oT 10 000 go 60 000 »>kuTenein mno rpynnam

BennuunHa Hakon- Hakon-
ropoga (B_TbiC. / Yy yr NeHHble ~ N€HHbIE w
xuteneit) i w < T
10—1 205 0 14,3 205 14,3 0
12—13 135 1 11,6 340 25,9 135
14—15 106 2 10,3 446 36,2 212
16—17 82 3 9,1 528 45,3 246
18—19 61 4 7.8 589 53,1 244
20—21 42 5 6,5 631 59,6 210
22—23 32 6 5,7 663 65,3 192
24—25 30 7 5,5 693 70,8 210
26—27 27 8 5,2 720 76,0 216
28—29 18 9 4,2 738 80,2 162
30—31 22 10 4,7 760 84,9 220
32—33 21 n 4,6 781 89,5 231
34—35 19 12 4,4 800 93,9 228
35—37 16 13 4,0 816 97,9 208
38-39 14 14 3,7 830 101,6 196
40—1u 17 15 4,1 847 105,7 255
42—43 9 16 3,0 856 108,7 144
44—145 8 17 2,8 864 111,5 136
46—47 il 18 3,3 875 114,8 198
48—49 9 19 3,0 884 117,8 171
50—51 7 20 2,6 891 - 120,4 140
52—53 4 21 2,0 895 122,4 84
54—55 5 22 2,2 900 124,6 110
56—57 5 23 2,2 905- 126,8 115
58—59 6 24 2,4 911 129,2 144
NT1orn 911 129,2 4407

2/t/'2= 50 395

¢ UHTepBasioMm B 2000. NS ynpoweHnsi BbIYUCNEHNI MPUBEAEHbI YCNOBHble 3HAYEHUS

y‘ n 3HauyeHna V | HakonneHHble'|//', HakonneHHble/, fy' n 2/r/'2. MpumeHss cnocob
[aneHnyca — Xofxeca, chopMmupyinTe ABa Cnos A1 ONTUMAbHOr0 pasmeLleHus
B cMbice HeiimaHa. HaignTe 3HauyeHns Wh n S/, ona Kaxgoro ns atux cnoes. lMpo-
BepbTe, (a) YTO ONTUMa/IbHble 06bEMbI BbIGOPKM B ABYX C0AX MOYTW OAMHAKOBLI, W,
Hamga S2 Ana Bcel COBOKYMHOCTW, (6) yTo

Vopt (t/st)

5A.7. PacnpefeneHune, MAOTHOCTb KOTOPOro WMMeeT ¢hopMy paBHOGESPEHHOro
TpeyronbHuka, f (y) = 2 1 —vy), 0< y < 1, pasgeneHo Ha ABa Cnos C rpaHuuen
B Touke a. (a) MokaxuTe, 4TO

W1l= a(2-a)- 12-(1-cr)z;
a2(6—6aa?) _ (1-a)2
1 18(2—c)2 = 2 18
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(6) MokaxuTe, YTO COrNAcCHO_MNpaBu/ly HaKOM/EHHbIX 3HaYeHWA [//° Haunydlwnum 3Ha-
YeHnem a 6ypet 1— 1/|/-4 = 0,37 1 4TO ANA 3TOW rpaHuUbl ONTUMaNbHOE
paBHO NpMbNN3NTeNbHO 27/25, a Y (j/S() cocTaBnseT NpubAN3UTENbHO 27% BeNIMUUHBI»
nosly4aemMoii Mpyu NPOCTOM C/ly4YaliHOM OT6ope.

5A.8. Ha nonydeHue paccnoeHHoW BblbopKM oTnyuleHo 5000 gonn. Mpegno-
naratT, 4TO (YHKUMA uM3[ep>KeK B 0603HaveHMsaxX naparpada 5A.7 NpubAVKEHHO
umeeT Bug C= 200L + 10m un

rge p — Koa(huUMEHT KOPPensaumMm Mexay nepemMeHHOW, Mo 3Ha4yeHUsiM KOTOpOii
hopmmpytoTCA Cnou, U NepeMeHHOW, HabngaeMo B o6cnepgoBaHun. Bblumucnute on-
TuManbHoe L npu p= 0,95; 0,9 1 0,8. HaiguTe xopoLuee KOMMPOMMUCCHOE YMC/O CII0EB,
MPUrofHOe AN BCEX TPeX 3HayeHwid p.

5A.9. MpuBefeHHble fanblie AaHHble MOJyYeHbl MO PacC/I0eHHOW BbIGOpKe TOp-
roBueB aBTOMOOW/IbHLIMW LUMHAMK, O0TO6paHHOW B MapTe 1945 r. (Deming and
Simmons, 1946). ToproBubl 6blM pacnpeaesieHbl MO CM0SAM B COOTBETCTBUM C YuC-
JZIOM HOBbIX LWMH, WMEBLUMXCA Y HWUX BO Bpems npefplaylleii nepenucu. Bbi6opou-

Hble CPefHWe yb MPEeACTaBASAOT COG0A CpeAHME uMCna HOBbIX LUMH Ha OfHOro Top-
roeua. (a) OueHWTe BbIMIPbIL B TOYHOCTW, MOJlyYaeMO OT TaKOro pacc/ioeHus,
(6) CpaBHWUTe 3TOT BbIMIPbIW C BbIUFPbILIEM, KOTOPbIA 6bi1 O6bl NOAY4YeH npyu MNpo-
MOpLMOHa/IbHOM — pasMeLLLeHNN.

"paHngb! 2
it Nh wh “n & "t
1— 9 19 850 0,8032 41 34,8 3000
10— 19 3250 0,1315 13,0 92,2 600
20—29 1007 0,0407 25,0 174,2 340
30—39 606 0,0245 38,2 320,4 230
NTorun 24 713 0,9999 4170

5A.10. Onsa coBokynHocT ¢ N = 6, L = 2 3HayeHus t/hi coctaBnsitot 0, 1, 3.

Ans nepsBoro cnost 5, 6, 9 — ana BToporo cnosi. Beluncnute (a) V (y) ana npocton

cny4aiHon Bblbopku obbema N = 2, (6) V (ysi) ANs pacc/noeHHO cny4ainHoi BblGop-
KW, COAepXKalleil Mo OfHON eAuMHMLE B KaXAoM cnoe, (B) CpefHee 3HaYeHVe OLEHKU

v (yst), moslyyaemoii C MNOMOLUbID MeTofa COBMELLEHHbIX cfoeB. MMpoBepbTe, 4TO
v (yst) >V (y).

TMNTEPATYPA

Bryant E. C, Hartley H. O andJessen R. J (1960). Design and
estimation in two-way stratification. Jour. AmermStat. Assoc., 55, 105—124.

Cochran W. G. (1961). Comparison of methods for determining stratum
boundaries. Bull. Int. Stat. Inst., 38, 2, 345—358.

Dalenius T. (1957). Sampling in Sweden. Contributions to the methods and
theories of sample survey practice. Almqgvist and Wicksell, Stockholm.

Dalen ius T. and Gurney M. (1951). The problem of optimum strati-
fication. Il. Skand. Akt., 34, 133—148.

Dalenius T. and Hodges J.
cation. Jour. Amer. Strat. Assoc., 54, 88— 101.

Deming W. E. and Simmons W. R. (1946). On the design of a sample
for dealer inventories. Jour. Amer. Stat. Assoc., 41, 16—33.

170

L. Jr. (1959). Minimum variance stratifi- ;

Durbin J. (1958). Sampling theory for estimates based on fewer individuals
than the number selected. Bull. Int. Stat. Inst., 36, 3, 113—119.

Ekman G (1959). An approximation wuseful in univariate
Ann. Math. Stat., 30, 219—229.

Evans W. D. (1951). On stratification and optimum allocations. Jour. Amer.
Stat. Assoc., 46, 95— 104.

Goodman R. and Kish L. (1950). Controlled selection—a technique in
probability sampling. Jour. Amer. Stat. Assoc., 45, 350—372.

Hagood M J. andBernert E. H. (1945). Component indexes as a basis
for stratification. Jour. Amer. Stat. Assoc., 40, 330—341.

Hartley H. O. (1959). Analytic studies of survey data. Istituto di Statistica,
Rome, volume in onora di Corrado Gini.

Jessen R. J. (1942). Statistical investigation of a sample survey for obtai-
ning farm facts. lowa Agr. Exp. Sta. Res. Bull. 304.

Key fitr N. (1957). Estimates of sampling variance where two units are se-
lected from each stratum. Jour. Amer. Stat. Assoc., 52, 503—510.

King A J and McCarty D. E. (1941). Application of sampling to
agricultural statistics with emphasis on stratified sampling. Jour. Marke-
ting, 5, 462—A474.

McEvoy R. H.
11, 463—A473.

Stephan F. F. (1941). Stratification in representative sampling. Jour. Mar-
keting, 6, 38—46.

Stephan F. F. (1945). The expected value and variance of the reciprocal and
other negative powers of a positive Bernoullian variate." Ann. Math. Stat., 16,
50—61.

Stephan F. F and McCarthy P. J (1958). Sampling opinions. John
Wiley and Sons, New York.

Sukhatme P. V. (1935). Contribution to the theory of the representative
method. Supp, Jour. Roy. Stat. Soc., 2, 253—268.

Yates F. (1953). Sampling methods for censuses and surveys. Hafner. New York,
Second edition; (1960) third edition.

Zarkovic, S.S. (1960). Computation of errors for Sample estimates. Monthly
Bull. Agr. Econ. and Stat. F. A. O. Rome, 9, No. 4,1—9.

stratification.

(1956). Variation in bank asset portfolios. Jour. Finance,



FNABA 6

OUEHKW MO OTHOLWEHWNIO

6.1. METOAbl OLLEHNBAHWA

OfHWM 13 NPM3HAKOB Pa3BUTUSA TEOPETUYECKON CTAaTUCTUKMN CIYXUT BO3-
HUKHOBEHMe 6OJbLIOr0 TEOPeTUYEeCKOro pasfena, MOCBALLEHHOrO TOMY,
Kak nosy4yaTb MO MMEILLMMCA AaHHbIM XOopoliune oueHku. OfHako B pas-
BUTUM Teopun BbIGOPOUHbLIX 06CMEefOBaHUI [LOCTMXEHWA 3TOro pasgena
NpUMeHANNCbL Mano. Ha moii B3rnag, ato 06bACHAETCA ABYMS OCHOBHbIMU
npuumHamn. Bo-nepBbiX, B 00bIYHbIX 06CNEA0BAHUAX, YUUTbIBAKOLLMX
60MbllIOe YMC/IO MPU3HAKOB, 3HAYWUTENbHbIM MpenMyLLecTBOM 061agatoT
MeTO/pbl OLleHMBaHWA, KOTOpble He TPebyloT npuemoB 60/ee CMOXHbIX, Yem
MPOCTOe CMOXEeHWe, TOrga Kak TOHKMEe MeTodbl OLeHWBaHWs B CTaTUCTM-
YECKOl Teopuu, CKaxeMm, Takue, Kak MeTOf MakCMManbHOro npasfonofo-
6ua, moryTt TpeboBaTb 415 MOMYYEHUS OLEHOK psfja nocnefoBaTeNbHbIX
NPUOAKEHNA. BO-BTOPbIX, MEXAY 3TUMW ABYMS HanpaBfieHUSMU UCChe-
[0BaHMA CYLECTBYET HEKOTOPOE pas3nymne B NOAX0Ae K UX MeTogaMm. B Teo-
PeTUYECKOW CTAaTUCTWKe OOMbLIMHCTBO METOAOB OLEHMBaHWA npegnona-
raeT, 4To 3apaHee Wu3BecTHa (YHKUWOHanbHas opma pacnpegeneHuns
4acTOT, KOTOPOMY MOAYMHAIOTCA AaHHble BbIOOPKU, W METO[ OLEeHWBaHUSs
TWatenbHO nogbupaeTcs K aTOMy BUAY pacnpegeneHus. B Teopum Bbibopoy-
HbIX 06CnefoBaHW 00bIYHO AenatTcs NuWb 06LWMe NPefnonoXeHns o Xa-
pakTepe 3TOr0 pacnpefeneHuns 4actoT (YTO OHO CUJIbHO CKOLLEHO WAN Xe
BeCbMa CUMMETPUYHO), a ero KOHKpeTHas PyHKLMOoHanbHaa opma He pac-
cmatpuBaeTca. Takoi noaxof BNOnAHe onpasfaH npu o6paboTke martepua-,
noB o6cnefoBaHUin, B KOTOPbIX BUJ pacnpefeneHns MOXeT MeHATbCS OT 0f-
HOro NpM3HaKa K Apyromy, npuMyem Mbl He XOTUM, NpepbiBas paboTy, uccne-
[0BaTb €ro, YTobbl PewwnTb, Kak NoayyvaTb KaXKLYH OLEHKY.

Takum 06pasom, B HacTosliee BPeMs KOAMYECTBO MeETOAOB OLeHMBa-
HUA, NPUMEHAEMbIX Mpu 06paboTKe MaTepuanos BbIBOPOYHbLIX 06CMenoBa-
HWiA, orpaHnyYeHo. Mbl paccCMOTpUM ABa METOAa: MeTOZ OTHOLUEHWS B 3TOW
rnaBe W MeTOoj /IMHelHOW perpeccun B ra. 7. MprMeHeHWe 60nee CNOXHbIX
METO/0B, BO3MOXHO, OyAeT paclunpaTbLCS, NO KpaiHel mepe, B HEGOMbLINX
crneunann3mpoBaHHbIX 06Cnef0BaHMAX, MOTOMY YTO BbIUFPbIW B TOYHOCTM
0T npuMeHeHWs 6onee 3PeKTUBHBLIX METOAOB OLEHMBAHMUSA 4acTO MOXeT
ObiTb MOSlyYeH HeJOpOrol LEHON, MOCKOAbKY BbIYWCAEHUS MNpU  3TO
YCNIOXHAIOTCA TOMbKO Ha 3aKMOYMTE/IbHOM 3Tane.
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6.2. OLUEHKA MO OTHOLWEHWNIO

Mpy cnocoGe OLEHWBAHWSA MO OTHOLUEHWUID AN KaXKAOW eAWMHMLUbI Bbl-
6opkM HabnoAaeTCs HeKoTopas BCMOMOraTe/fibHas MepeMeHHas Xit Koppe-
NpoBaHHas ¢ yt. CymMmapHoe 3HadeHMe X TMepeMeHHol xt ans COBOKyn-
HOCTU JO/KHO GbITb M3BECTHBIM. Ha MpakTWKe X1 4acTo GblBaeT 3HAUEHUEM
yi Ha TOT NpeALIecTBYIOL A MOMEHT BPEMEHW, KOTfa MPOU3BOAMIACE CMJIOLL-
Has mepenuckb. Llenb 3aToro cnocoba 3aknlo4yaeTcs B TOM, 4TOGbI MOBLICUTh
TOYHOCTb, MOMb3YACh TEM, YTO MeXay Yt u xt CywecTByeT KOppensyus.
3[ecb Mbl MpeAnonaraeM, 4to MPOM3BOAMTCA MPOCTON ClyyaliHblli 0TGOP.

OugeHKa Mo OTHOLLEHUIO BEAUYMHBI Y, CYMMapHOro 3HaueHus yt ans co-
BOKYMHOCTU, MUMEET BUJ

Yr—— X=1- X, (6.1)
X X

rge y, X — CymmapHble BbIOOPOYHbIe 3HAYEHUSA COOTBETCTBEHHO Yyt U Xt.
[MHoekc R — OT aHramiickoro «ratio» — oTHOLUEHMeE.]

Ecam Xr — 310 3HayeHue yt Ha HEKOTOPbIV MpeALecTBYOWMA MOMEHT
BPEMEHMW, TO MpW crnocobe OTHOLIEHMA Bbi6GOpPKA MPUMeEHseTCa ANA TOro,
4TOObl OLEHWTb OTHOCWUTENbHOE M3MeHeHve, Y/X, npoucllegllee ¢ 3TOro
MOMeHTa. [na MofyyeHUs OLEHKM TenepewiHero CyMMapHOro 3HayeHwus
ONA COBOKYMHOCTW OLEHKa OTHOCUTE/IbHOr0 M3MEHEeHUs, yIX, YMHOXaeTcs
Ha CyMMapHOe 3HauyeHue A1 COBOKYMHOCTWU, X, W3BECTHOe W3 NpejLlecT-
Bytowero o6cnefoBaHus. Ecnv oTHoweHue ytixi npubnm3nTensHO oanHa-
KOBO /11 BCEX efMHUL,, TO 3HaYeHUs yIX Mano MeHATCsA OT BbIGOPKM K Bbl-
60pKe 1 OLEeHKa MO OTHOLUEHMIO 06/1afaeT BbICOKON TOUHOCTLIO. B apyrom
cnyyae 3a xt MoXeT ObITb MPUHATA, CKaxem, o6was noceBHasa nowab
Ha (bepme, a 3a yt — nnowagb, 3aHATadA HEKOTOPOA KynbTypoi. B atom
CMy4ae OLEHKa MO OTHOLUEHWIO LACT XOpolume pe3ynbTaTbl, ecnu Bce (ep-
Mepbl OTBOAAT NOf, 3TY KynbTypy NpubAW3NTENbHO OAWH U TOT Xe npo-
LeHT o6Lei nnowaau.

Ecnn oueHuBaeTcs BennumHa Y — cpefHee 3HauveHue y{ Ans COBO-
KYMHOCTU, TO OLEHKOI MO OTHOLLEHNIO ByaeT

yR: D¢ X.

YacTo 6blBaeT, 4YTO Mbl XOTUM OLEHUTb He CYMMapHOe WM CpefHee
3HayeHWe, a HeKOTOpPOe OTHOLUEeHMe, HanpMMep OTHOLUEHWe M/OWAAWN Nnog
nweHnued K Naowaan noj 3epHOBbIMU Ky/nbTypamu, OTHOLLIEHME 3aTpaT
Ha pabouylo cuny K OOLMM 3aTpaTtam WM OTHOLUEHWe CPOYHbIX BKfa-
0B K 06Lein cymme BKMagoB. BbIGOPOYHONA OLEHKOW CAyXuT R = ylx.
B atom cnyyae X 3HaTb He HYXHO. MMpUMEHEeHWe OLEHOK MO OTHOLUEHWHO
0N 3TUX Leneil yxxe paccmaTpuBanocb B naparpade 2.9 u B naparpade
3.12 (Npn onucaHUKM THe3[0BOr0 0TO60pa AN OLEHKW AONei).

Mpumep. B T1abn. 6.1 ykazaHo umcno xuteneid (B Tbicayax) Kaxgoro
“3 49 ropofos, MonaeWMX B MPOCTYH CAy4valiHyio BbIGOPKY M3 COBOKYIM-
HOCTW, HacuuTbiBaloweid 196 60/1bWIMX FOPOAOB (CM. MpuMMep B maparpade
2.13). HyxHo oueHnTb 06Lee uncno xutenein 196 ropogos B 1930 r. Mpeg-
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Tabnuya 6.1

BE/IMYMHA 49 KPYTMHbIX FTOPOAOB CLUA (no uucny xuTenei, B Tbic.)
B 1920 (Oxk{) n 1930 rr. (yr)

Xi M Xi » x| 1
76 80 2 50 243 291 '
138 143 507 634 87 105 1
67 67 179 260 30 111
29 50 121 113 71 79
381 464 50 64 256 288
23 48 44 58 43 61
37 63 77 89 25 57
120 115 64 63 94 85
61 69 64 77 43 50
387 459 56 142 298 317
93 104 40 60 36 46
172 183 40 64 161 232
78 106 38 52 74 93
66 86 136 139 45 53
60 57 116 130 36 54

46 65 46 53 50 58 ‘
48 75

nonaraetcqd W3BECTHbIM WCTMHHOE CyMMapHoe 3HadveHue gna 1920 r;
X. OHOo paBHO 22 919.

B sToM npumMepe MOXHO NPUMEHUTb OLEHKY MO OTHOWeHWo. B 60nbl
LUIMHCTBE FOPOAOB B BbIGOPKE 4MCNO XUTenein ysennuunocb ¢ 1920 wi
1930 r. npuMepHO Ha 20%. MogaHHbIM BbIOOPKN MMeEEM

y = 2r/r= 6262, x = 2xr = 5054. '

CnepoBaTeflbHO, OLEHKAa MO OTHOLUEHWHO YuMCna XuTeneid Bcex 196 n>
pogos B 1930 r. 6yapet .

Yr=JLx=-".22 919= 28397.
X 5054

CooTBeTCTBYIOLLAA OLEHKa, OCHOBaHHAas Ha BbIGOPOYHOM CpefHeM B pac-
yeTe Ha O4WH ropog, byaet

¥ = Ny = 1966262 _ O PT
v 49 1

MpaBunbHOe cymmapHoe 3HadeHue anda 1930 r. cocrtaBnger 29 351.:

Ha puc. 6.1 usobpaxeHbl pacnpefeneHns 3HayeHWUli OLEHKM HO OTHO-
LWEeHWNIO W OLEHKM, OCHOBAHHOW Ha BbIGOPOYHOM CPEAHEM YWCNEe XUTenei
Ha ofAuH ropof (OueHKa NPOCTbIM PAcnpOCTPaHeHWeM), MOJYYEHHbLIX M0
200 nmpocTbIM Cny4aiiHbIM Bbl6OpPKaM M3 3TOW COBOKYMHOCTM 06beMOM B 49
eanHny Kaxpaas. CylleCcTBeHHOe YBeflMyeHWe TOYHOCTU MpU NPUMEHEeHWI
crnocoba OTHOLUEHUSA OYEBUAHO.

200 oueHok no
OTHOLUEHUIO

3 3

A0\

200 OLbeHOK I'IEIOCTI:IM
pacnpocrpaHeHnemM

Bro 224 r8 B30 3r 34 3¢ 38 4042 u
CyMMapHoe 4ucno >xutenemn (M-nH.)

Puc. 6.1. SKcnepuMeHTa/IbHOe CpaBHEHWE OLEHKWU 0

OTHOLLIEHMIO C OLEHKOM, OCHOBaHHOW Ha BbIGOPOYHOM

cpeaHeM. X 0603HavaeT [elicTBUTENbHOE CyMMapHoe
UmnCcnIo Xutenei

6.3. MPUBNVMXEHHAA AWCMNEPCUA OUEHKW MO OTHOLUEHWUKO

PacnpefeneHune OLEHKN M0 OTHOLLEHWIO OKa3blBaeTCs KpaiHe Heyfo6HbIM
A9 “cCnefoBaHUA U3-3a TOTO, YTO MY U X MEHAIOTCA OT BbIGOPKU K BbIGOp-
Ke. 0 CpaBHEHMIO C TEM, YTO XOTENOCh Obl 3HATH AN NPaKTUYeCKOro npu-
MEHeHMs 3TOro cnocoba, TeopeTMUYeckue pe3ynbTaTbl, U3BECTHblE Ham
[0 CUMX MNop, HefoCTaToO4Hbl. ChopMy/MpyemM OCHOBHble MOMOXEHWUS CHauva-
Na 6e3 [oKa3aTeNbCTBa.

OueHKa N0 OTHOLEHWIO eCTb, OYEeBWAHO, COCTOATE/NbHasA OLEHKa.
3a WUCKMOYEHMEM HEKOTOPbIX 0COObIX BWAOB COBOKYMHOCTEN, 3Ta OLEHKa
OyfeT CMeLLeHHOM, XOTA nNpu 601bWKNX BbIGOPKAX CMELLEHUEM MOXHO npe-
Hebpeub. PacnpefieneHne OUEHKM MO OTHOLIEHWIO NpW BO3pacTaHuu 1
CTPEMUTCA K HOPMA/IbHOMY MpPU HEKOTOPbIX HE OYeHb XECTKMX OrpaHuue-
HMUSAX OTHOCUTENbHO BUAA COBOKYMHOCTM, MOABEPraloLeincs BbIOGOPOYHOMY
nccnefoBaHnio. 1 COBOKYMHOCTEN, K KOTOPbIM Yallie BCEro NpuMeHseTcs
3TOT CcNoco6, Npu BbIGOPKaxX YMepeHHOro ob6bema pacnpefeneHve obHapy-
XWBaeT TEHAEHUMI0O K MOMIOKMTENbHONW acuMMeTpun. TOYHbIX (opmyn
41 CMeLLeHns 1 ANns BbIGOPOYHOWN ANCNEpCUN OLEHKM Y HAc HET, MMETCS
TONbKO MPUGAMXKEHHbIE POPMYNbI, cnpaBeAnBble ANd 60/bINX BbIGOPOK.

N3 npuBefeHHbIX MOMOXEHWA BblTeKaeT, YTO HE BO3HWKAET HUKaKMX
3aTpygHeHnid, ecnm BbIOOpKA [OCTATOMHO BeAMKa ANA TOro, 4tobbl (a)
OTHOLEHNe 6blN0 pacnpefeneHo NpudAN3UTENbHO HopManbHO K (6) Ans
ero gucnepcum 6blna cnpaeefnvsa opmyna Ana 60nbWNX BbIGOPOK.
B kauecTBe paboyero npasnna MOXHO MPUHATbL, YTO pe3y/bTaTbl, OTHOCA-
Wwpeca K 60/bWIMM BbIOOPKAaM, MOXHO MPUMEHATb, eCnn 06beM BbIGOPKU
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npeebiwaeT 30 U [OCTATOMHO BESIMK, 4TO6bI KOI(PMMUMEHTHI Bapuauum X

ny oba 66111 MeHblle 10%.

Teopema 6.1. OUEHKM NO OTHOLIEHWIO CYMMapHOro 3HayeHus 4ns co-
BOKYMHOCTK, Y, CpegHero Ansd COBOKYMHOCTW, Y, v oTHoweHua YIX ecTb
COOTBETCTBEHHO

fR= &X-,
X X X

B npocToiin cnyyaiiHoli BbI6opke 06beMa n (M BENUKO)

2 toi—R*)*
Y(Yq) » NHtzf) r_____ (6.2)
n N—1
N
2, (yi—kaR
V[?R)tt+xzL i~L 7 6.3
[2R) —— (6.3)
2 (Vi— RXi)2
V(R) szl =L (6.4)

nx:* A—1
roe f —n/N ecTb gons ot6opa.

MpunbnmxeHHas popmyna (6.4) 6bi1a 060CHOBaHa NpuU foKa3aTeNbCTBE
Teopembl 2.5. MNockonbky YR = XR, YR = NXR, oHa cpa3y e npuso-
anT K opmynam (6.2) n (6.3).

Cnepcteme 1. MonyyeHHbIM pe3yfibTaTam MOXHO MNPUAATb Pas3NYyHYo
topmy. TMockonbky Y — RX, MOXHO 3anucaTb

2 (0T )R (X )]s

= (g LYY £+ RA (XX 2-

-2 (*.-*)1.
KoadguumeHT koppenauuu p mexay (/; n xt ona KOHe4YHOl COBOKynN-
HOCTW OnpefenifAeTcs paBeHCTBOM

N
A_ E(y«-T)(*r-¥) X(yi-Y) (xj-X)

KE(r/r-7)2& (xi-X) (A—D Sy Sx
310 NpmMBOAUT K
y (Kn)= 0 (SI+ R*S*-2RpSySx). (6.5)
JKBMBANEHTHOI 3anucbilo bypeT
, 66)
= - A .
VYR = {1 f)\7I|'|\(\(2+ 4xz Yx 1
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rae Syx = pS,,SX ecTtb KoBapuauma Mexagy yt un xt. 3To COOTHOLLEHUe
MOXHO TaKXXe 3anucaTb B Bufe

A(Yr)= (1-1) A (Cm+ Cxx— 2CWK), (6.7)

rae Cyy, Cxx — kBagpatbl KO3()(hMUMEHTOB Bapuauun [B ganbHeiiem
0603Ha4aeMbIX cv — OT aHrnmiickoro «coefficient of variation»] cooTBeTcT-
BEHHO, yt 1 XxT, a C,/Xx — OTHOCWUTEeNbHas KoBapuaums.

Cneacteue 2. MNockonbky YR, YR u OT/INYaKTCA TONbKO W3BECT-
HbIMU MHOXUTENAMU, Ko3hhULUneHT Bapnaunm (T. e. cTaHLapTHasa owmnbKa,
[leneHHas Ha OLeHMBAeMYy0 BENNYMHY) OLMHAKOB [/ BCEX TPEX OLEHOK.
M3 (6.7) cnepyet, 4YTO KBajpart 3TOro KoadguumeHTa Bapuauum paseH:

CV)2- - A A = A(C YW+CXX-2C WX. (6.8)

BennuuHa (cv)26bina HazBaHa XaHceHoMm nap. (Hansen et al, 1953) oTHocu-
TenbHOW pgucnepcveii. OHa [aeT BO3MOXHOCTb He MNOBTOPATb (OPMYIibl
OUCMEPCUA AN TaKMX CBA3AHHbLIX OfHA C APYrOi BENWYUMH, KAaK OLEHKM
CpefHero M CyMMapHOro 3HauyeHuid Ans COBOKYMHOCTW.

6.4. JOCTOBEPHOCTb MPUBIMXEHHOIO 3HAUEHWA AWNCMHEPCUN

Cykxatm (Sukhatme, 1954) wuccnepoBan OWWOKY, CBA3aHHYK C Mpu-

MeHeHVeM npubnmxkeHHon dopmynsl ans V (R). HanomHum (cm. Teopemy
2.5), uto npubamxeHHaa opmyna 6Gbla NOAyyYeHa Ha OCHOBE PaBEHCTBA

R—R ANAN_RAMN--N.
X X

C 3aMeHOl 3aTeM B 3HAMeHaTeNe X BeNMuMHoOi X. BMECTO 3TOro 3anuiiem:

1 Pa3NoXWUM YjieH, CTOSLLMIA B CKOGKAax B MpaBoOi 4YacTW paBeHCTBa, B psf
Teiinopa. 370 gacTt

Xx—X (x-Xf
X X2

1— (6.9)

Bo3Boga 3TO paBeHCTBO B KBagpar, Mbl MOXeM Bbipasutb E (R — Rf
yepe3 MOMEHTbl COBMECTHOrO pacnpejeneHus y u x. K coxaneHuto, nony-
YeHHOe BblpaXKeHune ByAeT CAULKOM CNOXHbIM, YTO6bI €r0 MOXHO 6b110 NpK-
MEHWUTbL B MPaKTUYeCKUX Lensx, U 34eCb Mbl €ro He MPUBOAUM.

Ecnm y u X nofunHAOTCA 4BYMEPHOMY HOPManbHOMY pacnpefenieHunio,
TO pe3ynbTaT 3HauMTeNbHO ynpolaeTca. Cykxatm nokasan (Sukhatme,
1954), 4TO C TOYHOCTbIO /10 YNEHOB Mopsaka 1/n2

£~ — "2~y M1 XX 6CXX (P2 Cyy 4~Cxx — 2Cyx) o jqj
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CNYXWUT MNepBbIM MNpPUBAMKEHWEM K OTHOCWUTENbHON Aucnepcun R, 3afa-
BaeMoii (6.8), ecnu npeHebpeyb nKc. BeiHoca B (6.10) Vt kak 06wwuiA MHO-
XUTenb, UMeeM

E V. (I ). (6.11)
\' R - \ n n AXX—Y X
MoCKONbKY MocneAHuUiA uneH B cKo6Kax B MPaBOi 4YacTW pPaBeHCTBA MeH
we, yem 6Cxx1In, ato gacT

\2 9C
(6.12)

C TOYHOCTbIO [0 uneHOB nopagka 1/n2. 3gecb Cxx/n — kBagpaT Koaghu-.
LuMeHTa Bapmnauuu x. Takum obpa3om, ecnv n JOCTATOYHO BEWMKO A4NA TOro,*
yTobbl KO3hPUUMEHT Bapumaumm X 6bin MeHbwe 0,1, TO npumeHeHne V
He npuBefeT K NpPeyMeHbLUEHNIO OLeHKM 6oniee Yem Ha 9%. lMpakTuueck
MHOXUTeNb 9 B (6.12), No-BMAMMOMY, C/IMLLKOM BE/IMK HO CPaBHEHWIO
C TeM, 4TO faeT (6.11). Hanpumep, ecnm Cxx = Cyy, 10 (6.11) cBoagnTcH K

4 -T M)W 1+ ™ (e- P]-
MocKoNbKy NpW NPUMeHeHWM cnocoba OTHOLLIEHMS P MOYTM BCerga noso-
XWUTenbHo, 60nee onpaBfaHHON 6Gblna Obl BEMYMHA MHOXUTENA, 3aK/to-
yeHHas mexay 3 u 6. C gpyroii CTOPOHbI, OTK/IOHEHWe OT HOopManbHoe!
B pacrpefeneHnsx y nx BAUseT TakxXe 1 Ha uneH nopsgka 1/n2.
Boipaxenue E (R — R)2npeacrtasnsier coboit cpeaHnii KBagpart oLum
KN R OTHOCUTENbHO UCTUHHOIO 3HayYeHUs OTHOLIEHMS R, a He Aucrepcuk

R. Mockonbky R, BOOOLLE rOBOpPS, CMELLEHHas OLEHKa, CPeLHUIA KBagpr
ownbKkn 6ygeT 60nee NpaBUILHOR MEPOA ee JOCTOBEPHOCTM, YeM ANCMEPCHS..

6.5. CMEWEHME OUEHKW/ MO OTHOLUEHWNIO

OueHKa HO OTHOLUEHMIO MMeeT cMmeuleHue nopagka 1lin. Tockonbir
CTaHfapTHasa OowWwnbKa OLeHKM uMmeeT nopsafok 1/ ]/ n, oTHOWeHMe cMmeLur

HUS K CTaHAapTHOIi oWwmnbKe Takxxe umeeT nopagok 11\ rn u ctaHoBUTCS Mp
HebpeXKMMo MasibiM NpU LOCTATOYHO 60/bLWKMX M. Ha npakTUKe CMeLleHu
06bIYHO OKa3blBaeTCA HeCyLLeCTBeHHbIM fJaXKe AN BbIOOPOK YyMepeHHor
obbemMa. lMpuBegem TpU MOME3HbIX Pe3ynbTaTa, OTHOCAWMXCA K CMELLEHMIO.
MepBblii U3 HUX YyKa3blBaeT rNaBHbIA YNeH CMELLEHUA MpU ero pasnoxe
Hun B pag Telinopa. N3 (6.9), ocTaBnAa gBa MepBbIX YeHa, Noayyaem

Tak Kak
E(y—RX)=Y—R X" 0,

TO [NaBHbIV YNEH CMELLEHUA ONpefenseTcs BTOPbIM YEHOM BHYTPW CKO-
60k. fanee, no Teopeme 2.3 (c. 39) u onpeseneHnIo p

Ey(x-X)=E{y—V) (x-X) = X=% pSySx.

Kpowme Toro,

Ex {x—X) =E(x—X)2= ] Sl

CnefoBaTenbHO, F/1aBHbIA YNEH CMELLEHUS UMEET BUf

E(R-R)« -brf (RSI-pSySx). (6.13)
«

OTHOCUTe/NbHOE CMelleHre (T. e. cMmelleHue/™), KOTOpOe OAMHAKOBO A1
R, Ypu YB, 6yger

E - R- « {RSI- PSySx)« —  (Cxx- CW). (6.14)
R XY N

lMocKoNbKy Bbl6OpOYHbIE OUEHKM R, SX, Sy, p, X U Y MOXHO Bbl-
yncnnThb, popmynsl (6.13) 1 (6.14) MHOrAa NPUMEHAOTCA ANnd rpy6oro onpe-
LeneHuns BeIMYMHbI CMeLLEHNS B KOHKPETHOW BblGOpKe.

BTopoii pe3ynbTat COCTOMT B TOM, YTO OLEHKA HO.OTHOLUEHUIO eCTb He-
CMeLLEeHHas OLEeHKa, eCnM perpeccus y no X BblpakaeTcs MpsMOiA, npo-
X0A4sleid Yyepe3 Havano KoopAuHaT. ITo 03HayaeT, yto E (y\x) — p%
[na KOHEeYHbIX COBOKYMHOCTE 3TO paBeHCTBO npegnonaraeT, 4to (a)
€C HEeCKO/bKO efiVHUL, UMEIT OLHO M TO XEe 3HaYeHUe X, TO CpefHee 13 nx
3HayeHwWii y paBHO Pm;, 1 (6) ecnm HEKOTOPOE 3HAYEHMWE X BCTPEYAETCA TOMb-
KO Yy OAHOW efWHWLbI N3 COBOKYMHOCTU, TO 3HaYeHWe y ANA 3TOW eanHULbI
paBHO pX. Takue yCnoBWSA B KOHEYHOW COBOKYMHOCTU, BEPOATHO, He 6yayT
BbIMOMHATLCA B TOYHOCTU. OfHAKO 4acTo OHW 6yAyT BbIMOMHATLCA NpU6-
NMKEHHO, MOCKONbKY, KaK YyKa3biBanocb B naparpade 6.2, oueHka Ho oT-
HOLLEHWO, BEPOATHO, BYAET NPUMEHATLCA TOr4a, Korga ectb 0CHOBaHUA Mo-
naratb, 4to ylX npuban3MTeNbHO NOCTOSHHO.

Teopema 6.2. Ecnm E (y | X) — $x 4Na BCexX 3HayeHWi X B KOHEYHON

COBOKYMHOCTM, TO OLEHKN Y4, M R B MPOCTbIX CAy4aiHbIX Bbl6OPKax
obbema N ByayT HecMeLleHHbIMU.

[okasaTenscTBo. 3anuem

n—Bx+ e
Torpa
E@ElIx)=0 (6.15)
nns noboro 3HayeHus x. bepsa cpegHee No BCel COBOKYMHOCTM, UMEEM
y = pX,
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Tak uTo R = p. fanee, 6eps cpeAHee no BbIGOPKE, MOMy4aem
X X

R=R+ 4-
X

Bo3bmemM cpegHee R no BceM BbiGOpKam 06beMa M, COLep>KalLUM OAVH 1
Xe Habop 3HauyeHWi X, TaK 4YTO X MPW 3TOM YCPEAHEHWW He WU3MEeHWUTe
MpeanonoXmMmM, 4YTO Kakoe-TO OMNpefesieHHOe 3HauyeHuWe X, CKaXeMm
BCTpeyaeTca y T! eanHuUL BbIGOPKM My M' eauHWL, COBOKYMHOCTWU. Tor
Nnpu TakoM ycpefHeHUW Kaxkgas u3 M' efmHuy GyfeT BCTpeyaTbCd B B:
6opkax oguHakoBo 4acto. Ho cornacHo (6.15)

E(|x) =0

CnepoBaTenibHO, A1 paccMaTpyMBaemMoro MHOXeCTBa BblIGOpPoK E (e) =
OTctopa BbiTekaeT, 4To E (R) = R No 3TOMy MHOXeCTBY Bbl6GOPOK U

E (R) = R no Bcem NpoCTbIM CnyYaiiHbIM Bbi6OpKam ob6bema .
TpeTuii pesynbTaT, MOAy4YeHHbln Xaptnm u Poccom (Hartley a

Ross, 1954), yKa3blBaeT BEPXHIOK rpaHuLy OTHOLUEHUS CMELLEHUs K CTa

[LapTHOI owwubke. PaccMoTpyM, B MPOCTbIX Cly4valiHbIX BbIGOpKax 06b

N, KoBapuauuio BefivdnuH R n X. Nmeem

cox(R, E(R)E{x) = Y —XE{R).
CnepoBatenbHo,
E(R)= -——-rco\(R, x)=R--—-~co\(R,x). (6.1
X X X

Takum obpasom, cmewieHne R paBHo — cov (R, x)IX. B otanume ot np
6/IMKEHHOTO BbIpaXeHUsA cMmeweHna B (6.13) npu pasnoxeHun B p
Teiinopa 34ecb Mbl MOMY4YUAM €r0 TOYHOE BbIPAXEHME.
[anee,
[p« - 0« 0-| 0- 0-
| cmeweHre R | £i<-g-£,
X

NMOCKOMbKY KO3(P(ULNEHT KOppenauum mexay R v X He MOXeT 6bITb 6C.
we 1. CneposatesnbHO,

lovelteHve E| A~ X Ko3(hHIMeHT Bapuauuun X. (6.
R X
Ta e camas rpaHuua NpUMeHVMa, KOHEYHO, M ANA CMELLeHWli OueH

Yru Yr. TakuMm o6pa3om, ecnu Koa(puUUEHT Bapuauumnm x MeHblue O;
TO CMeLleHue BMOJIHE MOXHO CUMTaTb NPEHebpPexMmo ManbiM Mo Cpas
HMIO CO CTaHAAPTHON OWNGBKOIA.
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6.6. OLUEHUBAHUWE AVNCMNEPCUU MO BbIBEOPKE
CornacHo (6.2)

v(r«) A‘gq'f)
n N—1

Kak y>e yKa3blBanocb B naparpade 2.9, B KauyecTBe BbIOOPOUHOI OLEHKU

Amcnepcun AN COBOKYMHOCTM Mbl MPUHMMAEM

Ziyi-RxiT
(n-1

JTa OUeHKa UMeeT cMellleHre nopsgka 1/n.
O na oueHkn gucnepcun, v(Yp>), nosydvaem

Yy ,- KX
n(n—1) i:1(y y

Iy @ ¥)*+S*2 *»-IW 2 ux)- (6.18)

70T BUA Haubonee yaobeH ANs BbIUMCIEHUIA.

Mpumep. JTOT npuMep WANKOCTPUPYET  BbIYMCAEHWE CTaHAAPTHOI
OWMOKN OLEHKN MO OTHOLUEHWIO CYMMApPHOro 3HayeHUs 41 COBOKYMHOCTM.
[aHHble B3ATbl U3 Tabn. 6.1 (c. 174). CHayana BblUACAUM Yy — byr =

= 6262; x = 2xr= 5054; R = = 1,239019. 13 (6.18)

v{Yr)= 0 " (2 yf+ ~ 2 xf-21RS ytxi).

(—1)

[Ana BbluncneHus BblpaXXeHNAa B CKobKax CyMMbl KBagpatoB M Nnpousee-
OeHNA pacnosioXXeHbl B TEX XX€ CTPOKaX, 4YTO M COOTBETCTBYHOLIME MHO-
XUTENN

MHoXuTeNnb
2~r=1527 882 1
2 x?= 1044504 1,535168 = R2
2y,x,= 1251630 2,478038 = 2#

CnepoBartenbHo,
v&Y r) = 196'1— « (29 784) = 364 854;
' -59-48

s (K*)=604
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6.7. LOBEPNTEJ/IbHbIE MPAHULIbI

Ecnn BbIGOpKa JOCTATOYHO BEAMKA 411 TOr0, YTO6bl MOXHO 6bIN0 Mpu-
MEHWTb anmnpoKCMMaLui0 HOPManbHbIM pacnpefeneHnemM, TO [OBEPUTENb-
Hble TpaHuUbl AN Y 1 R MOXHO nMony4uTb no (opmynam:

Y: YR+tVV(YR), (6.19)
R:R+t/v(R), (6.20)

raoe t — KBaHTU/Ab HOPMANbHOTO pacnpefeneHns, COOTBETCTBYHOLWMI 3a-
[aHHOW [OBEPUTENbHOW BEPOATHOCTMU.

B naparpathe 6.3 yka3blBasioCb, YTO amnmnpoOKCMMALUSA HOPMasbHbIM
pacnpefeneHvemM BNOJHe YAOBNETBOPUTENbHA, eCln 00beM BbIGOPKM He Me-
Hee 30 ¥ [OCTATOYHO BENMK A5 TOro, 4YT0BGbI KO3(OULUMEHTbI Bapuauuu
y 2 x 06a 6biny MeHble 0,1. Ecnm 3Tu ycnoBKA He BbINOAHAKOTCA, TO (op-
myna gna v (R) 6yger paBaTb (4alle BCEro) CAMLIKOM MajleHbKue 3Haude-
HWUA, a NONOXMWTeNbHAaA acuMMeTpus pacnpegeneHns R MOXeT 0Kas3aTb-
CS 3aMETHO BbIPaXKEHHOIA.

[pyroidi MeToh BbIYACNEHWUS [OBEPUTE/IbHLIX [paHuUL, MpUMeHsca
B 6uonormnyeckux uccnegosanuax (Fieller, 1932; Paulson, 1942). Mpu 3aTom
nogxoge TpebyroTca MeHee OrpaHUUYUTENbHbIE MPEAMNONI0XKEHNS, YeM annpokK-
cUMauus HOpManbHbIM pacnpejeneHVem, U B ONpPeAeneHHON CTENEHN yuu-
TbIBAETCH acMMMeTpus pacnpegeneHus R.

JTOT MeTOoZ MPeAnonaraeT, uyto y WX MOAUYNHSAKTCS ABYMEPHOMY HOp-

ManbHOMY pacnpeAeneHuto, Tak 4to (y — RX) MMeeT HOpManbHoe pacrnpe-
neneHue. M3 atoro cnefyeT, 4To BeMUMHA

Cora (6.21)
yI(N-n)/Nn] / sI+R*sl-2Rsyx

pacnpefesneHa npuéan3nNTeSisHO HOPMasibHO CO CPefHUM 3HAaYeHUEM, paB-
HbIM HY/O, W Aucnepcueid, paBHol eguHmue. (Mbl NOACTaBNAEM BbI6OPOY-
Hble OLeHKM Si 1 T. 4. BMECTO COOTBETCTBYIOLLMX AWCMEPCMIA U KOBapwua-
UMM AN COBOKYMHOCTWM W MpeanofnaraeM, 4Yto Bbl6OpKa LOCTATOYHO Benw-
Ka 4ns Toro, 4tobbl OLWNGKOM, BHOCMMOW 3TOW 3aMeHOl, MOXHO 6blifio npe-
Hebpeub. B Bmonornueckmx mccnefoBaHuax, B KOTOPbIX BbIOOPKM MOryT
6bITb BECbMa ManbiMW, BBEfEHHAA TO/IbKO UYTO Be/IMUMHA LOMKHA CUMTaTb-
cAlnogumHatowencsa /-pacnpegeneHnto CTblofeHTa.)

3HaueHMe R Hen3BeCTHO, OAHaKO Ha OCHOBAaHWMW AaHHbIX BbIGOPKM MOX-
HO CuMTaTb OTBEPrHYTbIM Kakoe-nMbo NpeAnonoXuTenbHOe 3HayeHue R,
Npy KOTOPOM COOTBETCTBYIOLWMIA KBAHTU/b OKa3blBaeTCA CAWULIKOM 60/b-
wumM. CnegoBaTeNbHO, LOBEPUTENbHbIE FPAHULBI AN R MOXHO HainTw, npu-
paBHMBas (6.21) K £t u pewas nosyyeHHoe TakKUM 06pa3oM KsagpaTHOe
ypaBHeHVEe OTHOCUTENbHO R. OTu foBepuTenbHble rpaHuubl 6yayT npnbnu-
XEHHbIMW, MOCKOMbKY, €CAW Mbl MOMbITaEMCA MPOBEPUTb UX, NPOU3BOASA
MHOTOKpaTHbIl/i 0TOOP M3 Kakol-nM60o HeM3MeHHOW COBOKYMHOCTU C U3BECT-

HbIM R, TO HEKOTOpbIE 3HAUEHNUA Y U X BYAyT TaKUMU, YTO 06a KOPHS KBaj-
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PaTHOr0 ypaBHEHUI OKaXYTCA MHUMbIMW. TakmMx 3HauyeHWUid Oyaet MEHbLLIE,

ecnu Koa(huLmMeHTbl Bapnauum y nx mensiue 0,3.
Mocne HeKOTOpbIX Npeobpa3oBaHmMii 06a KOPHS MOXHO 3anucaTb B BUAE:

" (" " oeyx) £ tV {cyTi~Yex~x -Cyx)  t2(cyycxx °yx2) 22)
rae
N—n sf.
C— = e e —
A% Nn y2

€CTb KBagpaT OLUEHKN KOS(*)qJVILI.I/IEHTa Bapuaynn y. AHaNornyHo onpenens-
lTCA C-- U Cc--. Ecnn Kaxpasa wv3 BEIUYUH fc--, td—x un tZ-- mana no
CPaBHEHUIO C 1, TO 3Ha4veHus rpaHuy CBOAATCA K

R:RitR}ny-y-il:C ------ 209;

X X
MbI nofyyaeM TO Xe BbIpaXeHWe, YTO 1 Npu annpokcMmauum HopMaibHbIM
pacnpegeneHviem (6.20).

Toro e poja KagpaTWuHble rpaHuubl 4ns Y nonyvawoT, NOACTaBAAS
B (6.22) Y r BMecTO R.

XoTd 3TW KBafpaTWyHble rpaHuubl LO/MKHbI ObiTb, BOOOLLE roBOpS,
60/ee TOYHbIMU, YeM TpaHuLbl MPU HOPManbHOW annpokcumauuu B (6.20),
MOCKOJIbKY OHW MOAYYeHbl NPU MEHee OrpaHNYMTeNIbHbIX NPeANoNoXeHNsX,
laek (Hajek, 1958) nokasan, 4TO €CNM IMHUA perpeccumn y no X npoxoaut
yepe3 Hayaso KOOPAMHAT, TO Mpu 60MbWNX BbIGOPKaX HOPManbHble rpa-
HULbI cogepXaT R c 60nblueli 4acTOTOM, YeM KBafpaTU4HbIe.

6.8. CPABHEHWE OLLEHKW MO OTHOLUEHUIO C OLLEHKON
Mo CPEAHEMY HA EAVHULY
B npepglwecTsylowmMx rnasax uccnegosanacb oueHka Y suga Ny, rge

y — CpefHee 3HAYEHWE Ha eguHULY B Bblbopke (MpU MPOCTOM CAy4aiiHOM
0TOOpE) MM B3BELLEHHOE CpefHee Ha eanHuLy (Npy pacCnoeHHOM Chy4ain-
HoM 0T60pe). OUEHKM TakOro TuMMna HasblBalOTCA OLEHKaMW M0 CpegHemy
Ha efuHULY WM OLeHKaMu, MOosyyYeHHbIMW MPOCTbIM PacnpocTpaHeHneMm.

Teopema 6.3. Ans 60nbWKX BbIGOPOK MNpW MPOCTOM CAyYalHOM OT-

6ope OLEeHKa MO OTHOLIEHMIO YR MMEET MeHbLUYHO AWUCMEPCHID, YeM OLLEHKa
Y = Ny, nonyyaemass NpocTbiM PacnpoCcTpaHeHWeM, ecnu

L ( If __ Koath(mumeHT Bapuaumu Xj
2\ ) 1 \VY ) 2(koapduumeHTBapmalmm '
JokasaTenscTso. Ana Y nveem

V{Y)=- (I~f) S~
n
[Ons oueHKM No OTHOLWEHMIO uUMeeMm K3 (6.5)

V(YR) = NHI~ f) (SI+R*S*x-2 R 9SvSs).
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CnefoBaTte/bHO, OLLEHKa MO OTHOLLEHMIO UMEET MeHbLUYH AUCMEepCHo, ecu
SI+R2%%-2R PSySx< S|
T. €. ecnm

OTa Teopema MOKasblBaeT, YTO OLLEHKA MO OTHOLUEHWUIO MOXET 6biTb Kak
6onee, TaKk U MeHee TOYHOW, YeM OLEHKa, MOMlyYeHHas MpOCTbIM PacnpocT-
paHeHVWeM, B 3aBUCUMMOCTM OT BEeWUYUHbI KO3((ULMeHTa Koppenauuml
Mexnay ijj m X 1 oT KO3((IMUMEeHTOB Bapuaumm 3TUX [BYX MEPEeMEHHbIX.
MI3MeHUYMBOCTb BCMOMOTaTeNbHON MepeMeHHOW Xt MrpaeT BaXKHYK Pofib;,
ecnn ee Ko3(h(MLUMEHT BapuaLmm 6onee YeM B ABa pa3a NPeBbIWAaeT Ko3hhu-
LUMEHT Bapmauuu yit To oLeHKa No OTHOLIeHWIO Beerga 6yaeT MeHee TOUHOM,
MOCKO/IbKY P He MOXeT MpeB30iTh 1. ECAyM BEAWUMHOW XT CAYXUT 3Haue-
HME YX HA HEKOTOPbIA MpefLUIecTBYOWMNA MOMEHT BPeMeHU, TO 06a Koadu-.
UMeHTa Bapuaumy MOryT ObiTb MPUOBAN3UTENIbHO OAWHAKOBbIMW. B 3TOM
cnyvae OLeHKa No OTHOLIEeHUO 6yaeT nydiwei, ecam p 6onble 0,5.

Teopema 6.3 MpUMeHUMa TO/IbKO K [JOCTaTOYHO 60/bLUMM BblIGOpPKaM,
Korga cnpaseanvmea npubnmxeHHas gopmyna ana V (Yr)- 4ns BbIGOPOK
MeHbLUEero o6bemMa MeTO4 OTHOLUEeHWs, MO-BUAUMOMY, LaeT MeHbLIW/A Bbl- W
UIPbIlW, YeM 3TO BbITEKAET M3 TeOpembl, NOTOMY 4TO NPUBAMKEHHAs (op-
Myna 06bl4HO MpeymeHbLUaeT 3HaYeHWe AUCMepPCUm.

6.9 YCNOoBUA, NP KOTOPbLIX OUEHKA MO OTHOLUEHWNIO
ONTUMANBHA

B perpeccroHHOM aHa/iu3e XOPOLUO WM3BECTHA TEOPEMA, YKasblBatoLLas
BWJ, COBOKYMHOCTMW, 415 KOTOPOM OLeHKa MO OTHOLUIEHWIO eCTb Haunyuylias
B LUMPOKOM Kfiacce OLEHOK. TeopemMa OTHOCMTCA K BeCKOHEeYHbIM COBOKYI-
HOCTAM.

Teopema 6.4. IMpn NpocTom cny4vaiiHOM OT6Ope M3 GECKOHEYHOI COBO-,
KYMHOCTW OLeHKa MO OTHOLUEHWIO eCTb «HauWyylwas NMHeiRHas HecmeTeH-'5

Hasl OLUeHKa» AN Y, ecnn BbIMOMHEHbI [Ba YC/T0BUSA:

1) 3aBUCMMOCTb MEXAY N XT BblpaXaeTcsd MpAMOIA, MNPOXOAsLLenA?
yepes Hayano KOOpAMHarT;

2) amcnepcust y, OTHOCUTENbHO 3TOW MPAMOIA NPOMNOpUMOHaNbHa X*.

«Haunyuywas nMHeHas HecMeLLeHHas OLEHKa» OMpegenserca cregfyto-
wmm o6pasom. PaccmoTpum BCe OLEHKW, NPeACTaBAOLW e COOOM MMHEAHbIE
(YHKLMMN BbIGOPOYHbIX 3HAUYEHWIA y-C, T. €. UMeOLLME BUS,

hyi + hyi + ... + In¥n,

rfe BENNYMHBI /T He 3aBMCAT OT yt, XOTA MOTyT 6bITb YHKUUSAMU XT.
Mpy 3ToM paccMmaTpuBaloTcs NnWb Te lit KOTOpble falOT HECMELLEHHbIE

oueHKM Y. OueHKa C HauMeHbLUed Npu 3TUX YCNOBUSAX AWCMEPCUEl Hasbl-
BAETCHA «HAWMYULUEN IMHEAHOW HECMELLEHHOWN OLEHKOI».
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JokasaTenscTBo. MaTtemaTmnyeckas MofeSlb UMeeT BUA
Yr  BXi -b 6%,

rge et He 3aBucAT ot X;. [pn ycnoBum, 4T0 X- HEM3MEHHO, et NMeeT cpefHee
3HayeHue Hynb 1 aucnepcuto Xx;. CrnefosartenibHO,

Y = BX.

Ewe lMaycc nokasan, 4To Haunyuylleid SMHERAHON HECMELLEHHOI OLEHKO
BX cnyxut bX, rge b— oueHka B, nonyyeHHas MeTo4oM HaUMEHbLUMX
KBagpaToB [cM., Hampumep, pa6oty [eiBnga u HeiimaHa (David and
Neyman, 1938)]. Takas ouUeHKa WMeeT Buj

b— 241X} rage  wt )
o|.I kxi

o710 paer

CnepoBaTenbHO, ONTUManbHON OLeHKOW Y OyfeT OueHKa Mo OTHOLUEHUIO
(y/x) X.

MpakKTUyeckasa LEHHOCTb 3TOro pesysibTaTa COCTOMT B TOM, YTO OH YyKa-
3blBaeT YCNOBMUA, NPU KOTOPbIX OLEHKa MO OTHOLUEHUIO He TO/IbKO MpeBocC-
XOAWUT OLEHKY MO CPeAHeMY Ha eAuHULY, HO U eCTb Haunyylwlas B Lenom
Knacce OUEHOK. [lns TOro Ytobbl PelnTb KaKOro pofa OLEHKY MPUMEHUTD,
Mosie3HO NOCTPOUTL rpativK, Ha KOTOPOM 3HAYeHWUAM XT MOCTaB/IeHbl B COOT-
BeTCTBME 3HAueHUs yL EcAuM TOYKM Ha 3TOM rpaduke XopoLio npubnamxa-
IOTCA NPAMOW, MPOXOAALLEN yepe3 Havyano KOOPAWHAT, U LUCNepCUs ToYek
yi OTHOCMTENbHO 3TON NpAMONM yBeAW4YMBaeTCs NpPUGIM3NTENLHO Mponop-
LUMOHANIBHO X;, TO Mbl UMeeM BECKWI [0BOA B NOSb3y MPUMEHEHUS OLEHKU
M0 OTHOLLUEHUIO.

MHorga 3aBMCUMOCTb MEXAY Y- U XT BblpaXkaeTcs NpAamMoi, NpoxoasLLel
yepes Hayasio KOOPAUHAT, HO MCNEePCUa YT Npu yCnoBUKN, YTOXT HEU3MEHHO,
He NponopunoHanbHa X r. Mpu BbIGOPOYHOM 06CNeA0BaHNM HaceneHus B pe-
umm JxxecceH n ap. (Jessen et al., 1947) yctaHoBWAW, YTO AucCrepcus yee-
nnumBaeTca Npub6aM3nNTeNnbHO Kak x\. 3TO 03HayaeT, 4YTO perpeccus B faH-
HOM cfnyyae B3BelLeHHas, npuyem Beca wtoc I/xf. [na oueHku no metomdy
HaVMeHbLUMX KBaApaTtos, b, 3TO AaeT

n wiyjKi _ a1~ i\
~ 2 wixl n Zi\xt)"

B aToii cuTyaumm Haunydlein oueHKon Y 6yaeT bX, rge b cpefHee 3Ha-
YeHue OTHOLWEHWIA [j/Xj NS OTAENbHBbIX efMHUL, O0THOopa.
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6.10. OLLEHKA O OTHOLWUEHWIO
MPU PACC/IOEHHOM CJ/TYYAMHOM OTBOPE

OueHKa Mo OTHOLLEHWIO CYMMapHOro 3HayeHus AN COBOKYMHOCTH, Y,
MOXET 6bITb MonyyeHa AByMa cnocobamu. OAWH U3 HUX COCTOMT B TOM,
4TOObl NONYUYNTb pasfefbHble OLEHKWM MO OTHOLUEHUIO CYMMapHOro 3Haue-
HUA ANS KaKAOro €nos v cnoXuTb ux. Ecnm yh, xh — cymmapHbie Bbl6o-
poyHble 3HayYeHUsA B h-m crnoe u X h — cymmapHoe 3HadeHue x hi gng aToro

cnos, Takas pasfeNnbHas oueHKa, YRS [S—oOT aHrmniickoro «separate»—
pasgenbHbIi], UMeeT BUf

Yy « X, = (623)
ft Kh h

I‘Ipe,u,nonomeva 0 TOM, 4YTO WMCTUHHbIE OTHOLIEHNA HEWU3MEHHbLI OT C/10A4

K CNoto, He AenaeTcs. OfHAKO OT/ie/IbHble CYMMapHble 3HauyeHus, X h, Aonx-
Hbl 6bITb U3BECTHbI.

Teopema 6.5. Ecnv 06bembl BbIGOPKK, nh, BO BCex CNofx BeUKMW, TO

v (Yrs)= y (Sin+ RISIh- 2RhVh SyhSxh),  (6.24)
h

nh

Tfl,eRh = Y hIXh ecTb WCTUHHOe 3HayeHWe OTHOWeHUs B cnoe/r, aph
onpefensercd 418 KaXOro c/iof, Kak 1 paHee.
JlokasaTenscTBO. 3anuiem

Torga

21’( (ken-T11) -

CnepoBartesntcHo,

Y)2= "E (Y R-Y h2 +
+2H Z E(YRh-Y h)(YRI-Y ).

Mockonbky YRh ecTb OueHKa MO OTHOLIEHWHO, MOAy4YeHHas s MPOCTOM
CNydvaiiHOli BbIGOPKK B C0e /I, Mbl MOXKEM BOCMO/1b30BaTLCA opmynoii (6.5)

ANs NpUGAVKEHHOTO BblpaXKeHns gucnepcun Y Rh, a UMEHHO
V (Y Rh) o (sIh+ RIS 2x—2RhphSyhSxh).

UneHbl 4BONHOM CyMMbl 06palialoTcs B Hy/b, MOTOMY 4TO OT6Op Mo pas-
NINYHBIM C/OSIM MPOUCXOANUT HE3aBMCUMO M C TOYHOCTbIO A0 Mopsifka npu-

61vKeHNs, NpuHATOro B Gopmyne gucnepcun, YRh 6Gyger HecmeleHHON
oueHkoin Y h. Otcropa cnegyet dopmyna (6.24).
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3Ta hopmyna cnpases/lmba Tonbko 4Na cnyyas, KOrga Bolbopka BO BCEX
CNOSAX LOCTAaTOYHO BENMKA, YTOObI NS KXKAOr0 M3 HUX MOXHO 6b110 Npu-
MEHUTb MNPUBAMXKEHHYIO opmyny Aaucnepcun. B npakTuyeckoli paboTe
HY>XHO NOMHWUTbL 06 3TOM YC/OBUMW.

Bonee Toro, Kak crnefyeT U3 NpUBOAUMbIX fanee 06LMX COOBPaXeHWN,

Korga nh manbl, a yucno cnoes L Benuko, cmeuleHve Y RS no cpasHe-
HWK CO CTaHZapTHOW OWWBKON 3TOM OLEHKN MOXET 0Kas3aTbCsl TaKuM,
4yTO npeHebpeyb UM BGyAeT HEBO3MOXHO.

Ona otgenbHoro cnos 6b110 nokasaHo (naparpag 6.5), uTo

| emewerve Yrh\ KO3(uLUmeHT Bapuauuu xh.
o (Y Rh)
Ecnu 6bl cMeLLeHMe BO BCeX CNOAX MMENO OAMH W TOT XXe 3HaK, YTO BMOJHe
BO3MOXHO, TO CMelleHue Y RS 6b1f10 6bl NpubM3nMTensHO B L pa3 6onblue,
yem cmelyeHune Y Rh. Ho cTtaHgapTHas owunbka Y Rs B 3TOM cny4ae 6biia 6bl
6onblue CTaHAAPTHOM owwnbkn Y Rh Tonbko npumMepHo B |/ L pa3. Cnego-
BaTe/bHO, OTHOLLEHWe
| cmeLeHne YRs |

0(YRs)
NMeeT BEIMUYNHY nopsagKa

VL X (koapduumeHT Bapuauum xh).

Hanpumep, ecnn umeetca 50 cnoes u KoahuumeHT Bapumauumn xh

B KaXAOM cfioe paBeH npubnusntensHo 0,1, To cMmelleHWe oOueHKU YRS
MOXKeT cocTaBnsATb 0,7 BENNYMHBI €€ CTaHAAPTHON oWwnbKKN. B aToM cnyyae
CMeLLeHMe COCTaBUNO Bbl OKONO OfHOM TPETU CpPefHEro KBajpaTta OLIMOKK

YRs:
X0TA Ha MpakTUKe CMelieHne 6biBaeT 06bIYHO FOpas’fo MeHblUe ero

BO3MOXHOI BepxHel rpaHuLbl, B CNy4ae, KOrja OLeHKa Nno OTHOLLEHWIO Bbl-
yncnseTcd oTAeNbHO Ansa Kaxgoro cnoa uV L X (KoadduuneHT Bapralmm
=f) 6onblie, ckaxem, 0,3, ONACHOCTb CMeLLEeHUS HEO6X0AUMO UMeTb B BULY.

6.11. COBMECTHAA OLUEHKA 1O OTHOLUEHWNIO

[pyras oueHka BbIBOAWUTCA U3 eMHCTBEHHOI0 COBMECTHOr0 OTHOLLEHUA
(Hansen, Hurwitz and Gurney, 1946). MogaHHbIM BbIOOPKU Mbl BbIYUCIAEM

Ys,= H N hyh; Xs, = % Nhxh.
ft ft

3T0 06blYHblE OLEHKM CYMMapHbIX 3HAY€HWid AN COBOKYMHOCTU COOTBET-
CTBEHHO Y M X, cAienaHHble N0 pacc/oeHHol BbIGopke. COBMECTHas oLeHKa

No OTHOWEHMK, Y Rc 16—O0T aHrnmninickoro «combined»—COBMECTHbIN], UMeeT
BUA

yRc= Islx - -&LX,
X st xst
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rde Yst = Y.JN, xst = XgIN ecrb OUEHKM CpeaHux [Nna COBOKYM-
HOCTW, MNONY4YeHHble MO PacCNOeHHON BbIGOPKE.

OueHka KRc He TpebyeT 3HaHMA X h, HO AOMKHO ObITb M3BECTHO X.
CoBMecTHas OLEeHKa ropasfo MeHee MojBep>KeHa OMacHOCTU CMeLLeHWs,
YyeM pasfienibHas oueHka. Monb3yach yxe ynomsHyTbiM B naparpage 6.5

[IRUENOM, MpeAnoxeHHbIM XapTam u Poccom, u cuntas Rc~ystlxst,

cov(Rc, xst)-£ (M. m -E (ROE(* =Y -XE (Ro.
\Y xst J

CnepoBaresncHo,
E {Rc) = R 1T cov {Rc, xst)
" X
cMeLLeHve R, | P& Y. *v
" mCVXc

Takum 06pa3oM, CMeLLeHUs OLEeHOK R ¢ 1V «C NpeHebpeXxxrMo Manb! Mo oT-
HOLIEHWIO K WX CTaH4apTHbIM OLWMOKaM Mpu eAWHCTBEHHOM YCNOBWMW, 4TO
KO3(h(PUUMEHT BapuaLmm xst meHsiue 0,1.

Teopema 6.6. Ecnn 06wumii 06bem BbIOOPKU M BEUK, TO

Viveey = Y JMzzM {sih+ R2Slh- 2RWSyhSxh).  (6.25)
T Jh

JokasaTenscTso. Cnefyem Tem e pacCy>XAeHUsAM, 4YTO 1 B Teopeme 2.5.
B gaHHOM cnyyae OCHOBHOE PaBEHCTBO MMEET BUJ

(Yae— Y)= (Y,,t— RXst)ttN (t/sf—R x st). (6.26)

st
PaccmoTpum Tenepb nepemeHHyto uhi = yhi — Rxhi. MNMpasaa vacTb (6.26)
paBHa Nusi, rge ust — B3BeLIEHHOe CpefHEe 3HauyeHWe nepemeHHOWR uhi
NS paccnoeHHol BbiIGOpkKU. [anee, cpegHee 3HavyeHue uhi gns coBOKyn-
HocTu, U, paBHO Hyfo, Tak Kak R — YIX.

CnepoBaTeslbHO, Mbl MOXEM MPUMEHUTL K Ust Teopemy 5.3 0 gucnepcum
OLIEHKW CPefHEro ANns pacc/0eHHOl cnyJaiiHoli BbIGOPKM. ITO faet

V(YR =N2V (ust)= ~ ~ Nn-nhy Sjh,
n
rge h
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Mocne packpbiTUA KBajpaTHbIX CKOGOK nony4vaem paseHCTBO (6.25).

VIHTepecHO OTMeTUTb, YTO B ypaBHeHUAX (6.24) n (6.25) npubamxeHHble
thopmynbl gucnepcnii Yps n YKc MMelT noyTv OAMH U TOT XKe BWg; pasnu-
Yme COCTOWT NIMLUb B TOM, YTO BCe OTHOLUEHWS ANA OTAeNbHbIX cnoeB Rh
B (6.24) 3ameHAlOTCA OTHOWeHMeM R B (6.25).

6.12. CPABHEHWVE COBMECTHOW U PA3AE/IbHOWN OLUEHOK

Mbl MOXem 3anucaTb
V{YR)-V (Y R) =

=2 . [R2- R)Sh- 2(R-Rpfisvhsxh]=
n

=2 m-~% UR- tf)2Sin+ 2 (Rh-R ) (phSyhSxh—Rh3 [
«

B cnyuasx, Korga npumeHMMa OLeHKa N0 OTHOLLEHWIO, MOCAEAHUIA YeH
B MPaBOil 4yacTu paBeHCTBa 0ObIYHO HeBenuK. (EciM BHYTPU KaXZoro cnos
3aBMCMMOCTb Mexay yhi n xhi BbipaxaeTcs npsMoii, Mpoxoasliein yepes
Hayaso KOOPAMHAT, TO 3TOT Y/ieH uc4yesaeTt.) Takmm 06pa3oMm, ecim TObKO
R h BO BCEX CMOAX HE OLMHAKOBbLI, pa3fenbHas OLEeHKa M0 OTHOLLEHUIO, Be-
poOsSTHO, OKaxKeTcsa 6onee TouHoM. Mpu 3TOM NpegnonaraeTcs, 0OfHaKO, 4YTO
BbIGOpKa B KaXOM CNOe [OCTaTOYHO BeNMKa, YToObl OCTaBanachb crpasef-
NMBON npubnmxkeHHasa dopmyna gns gucnepcun V (Yrs). Ecnn Xe B Kax-
[OM C/i0e BbI6OpKA COAEPXUT NLWb HEBObLUOE YACNO e4UHULL, TO PEKOMEH-
JyeTcs COBMeCTHas OLeHKa, KO/b CKOPO MPOTMB Hee HeT ybeauTenbHbIX
NPaKTUYECKNX CO06pPaXKeHUIA.

[na nonyyeHns OUEHOK 3TUX AMCNepcuid MO AaHHbIM BbIGOPKM Mbl MOA-
CTaB/iseM Ha COOTBETCTBYHOLLME MeCTa BblOOPOUHbIe OLeHKM R hu R. BMmecTo
COOTBETCTBYHOLLMX ANCMEPCUIA MOACTABAAOTCA BbIGOPOUHbIE CpefHME KBaf-
patbl s™h u slh, a Bmecto uneHa phS VhSxh — BbI6opoYHas kKosapuawuus.
BbI60pOYHbIE CpegHUe KBagpaTbl U KOBapuauus AO/MKHbI ObiTb BbIYMCEHSI
OTAENbHO AN19 KaXA0ro Cros.

MpumMep. [JaHHble MONYyYeHbl Npu Mepenucu Becex (epm rpagcTea
DoxeddepcoH, wratr AloBa. B atom npumepe y hi 0603Ha4aeT YnCno akpoB
noA nweHnuen n xhi — obuiee Yncno akpos Ha epme. COBOKYMHOCTb pas-
[leneHa Ha figa cnos, nepsblii CNON COAePXMT hepMbl pasmepom go 160 ak-
poB. Mpepnonaraetcs, 4To Bbibopka cogepxut 100 depm. B Tom cnyuae,
KOrja MpUMeHSIeTCA pacc/oeHHbIi 0T6op, Bygem cumTatb, 4To M3 cnos 1
oTtobpaHo 70 depm, a n3 cnoa 2 — 30. ATO NPUMEPHO COOTBETCTBYET OMNTU-
Ma/IbHOMY pasmelleHunto. [aHHble npusedeHbl B Tabn. 6.2. MocnegHue Tpu
BenUUuHbl B Heli Qh,V'h n V* Kak BcnomoraTenbHble NOHAA06ATCA NpU Bbl-
4yMCNEeHUAX, NpUYeM ABe nocnefHue 6yayT onpefeneHbl Mo34Hee.
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NanHble no rpadcTtey [AxeddpepcorH, wrtaT aliosa’ u3 »
o Pa3swmep
Cnoit e
B (gkggx) ‘Yh yxh xh
; Bonee ity o0 32 494 2055 0,350
osiee !
[ns Bcell COBOKYM- 430 922 858 7357 0,2109
HocTh 2010 620 1453 7619 02242
Cnoit

nH %=<In

1 19,40 82,50
, , 70 0,008828 193
5 , 194
s B0 co- 51,63 24485 30 0,001525 887 907
BOKYMHOCTK 26,30 117,28 100

Mbl paccMoOTpMM MSTb CMOCOGOB OLEHMBAHMS CPedHel nnowagn mo.
MWeHnLeR Ha ogHY (epMy Ans Bcex hepm rpadcTBa. MKc He yunTbIBaeTCA

1. MpocTtaa cnyyvainHasa Bbibopka. OLeHKa No CpeaHEMY Ha OAHY hepmy.

No- — - 06,20.
n 100

2. MpocTtas cnyyaliHas Bbi6opka. OLEHKA MO OTHOLIEHWHO:

y2= ~(SI-nR5%-2RSyx) =
= A [620+ (0,2242)2-7619— 2-0,2242-1453] = 3,51.

%y_PaccnoeHHaﬂ cnyvaiiHas Bbi6opka. OueHKa MO CpegHeMy Ha OfH_

ep

Wh
3~ NIi-" H- h~  16-

4. PaccnoeHHasa cnydvaiHasa Bbl6opka. OUeHKa MO OTHOLLEHWID, C MpU
MEHEHWEM B KaXX[OM C/i0e pa3feNbHOro OTHOLUEHUS:
V4= 2Qft(S*A+ RI Slh- 2RhSwxh) = Vh= 3,06.

5. PaccnoeHHas cnyd4aiiHas Bbl6opka. OueHKa Mo OTHOLWEHWH, C Mpu-
MEHEHNEM COBMECTHOIO OTHOLLEHWS:

V5= EQh(SIh+ RS 2x—2RSI)) =

[aHHble CpaBHWUTENbHON TOUYHOCTU pa3HbIX CNOCO60B 0TO6Opa U OLEHU:
BaHWS CBefAeHbl B CNeAyHLyo Tabnauuy:

Vh-3,10.
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OTHOCUTeNIbHaA

MeToz oTbopa Cnocob oLeHnBaHUs TOUYHOCTb
1. MpocToii cnyyaiiHblii CpefHee Ha thepmy 100
2. pocToi cny4aiiHblii OTHoLeHne 177
3. PaccnoeHHbIN cnyyanHbIi CpepHee Ha thepmy 149
4. PacCoeHHbIA CyYanHbIii Pa3genbHoe OTHOLLIEHWE 203
5. PaccnoeHHbIn cny4vaiiHblii CoBMECTHOE OTHOLLEHME 200

3Tn pe3ynbTaTbl 06HAPYXMBAOT UHTEPECHOE 06CTOATENLCTBO, UMELOLLEE
NpaKkTUYecKoe 3HayeHWe. PaccnoeHne no BenWUMHE (epMbl MpecnegyeT Ty
Xe 06LWyo Lefb, YTO U OLeHKa MO OTHOLUEHWIO, B 3HAMeHaTefle KOTOpOii
CTOWUT BeMYMHa pepmbl. O6a npuema YMeHbLIAOT BAUSHME Bapuauuun
BE/IMUMHBLI (DEPMbI HA OWMOKY BbIGOPKM, KOTOPOI MNOABEPXEHa OLeHKa
CpefHeil nmaowann noj nileHuueid Ha ofHY (epMy. BbIMIpbIW B TOYHOCTM
OT MPUMEHEHWA OLEHKM MO OTHOLIEHWIO CcOCTaBnseT, Hanpumep, 77%
npyv MPOCTOM CcAy4YaiHoM 0T60pe U Tonbko 36% (203 MO CpaBHEHUIO CO
149) — npm paccnoeHHOM ciy4valiHoM oT6ope.

Mpu nnaHupoBaHUM 06CNeAOBaHMS Mbl MOXEM OKa3aTbCH Mepes Bbl6o-
POM: YUYMTbIBATb /I HEKOTOPbIA hakToOp MyTeM PacCNOEHUS UMW Xe Npume-
HAS TOT WUAW WMHOW cnocob OoueHMBaHMA. Haunydlwee pelleHne 3aBUCUT
OT pasNNUHbIX 06CTOATENLCTB. B 4aCTHOCTM, HYXXHO MPUHATL BO BHUMaHUe
cnegyrowne coobpaxeHus: (a) HekoTopble hakToOpbl, Hanpumep reorpagu-
YecKoe pacrnonoXeHwe, ferye y4yecTb NPV PacCNOeHUM, 4YeM B cnocobe
oueHuBaHuA; (6) pelleHMe 3aBUMCUT OT XapakTepa 3aBUCMMOCTU Mexnay yt
n ;. Bce npocTbie cnocobbl OUeHMBaHWA AatoT 60nblINI 3(EKT, ecnn aTa
3aBMCUMOCTb fIMHeHa. Ecnn 3aBUCMMOCTb MMEET CNOXHbIA MAN pa3pblB-
Hblli xapakTep, TO 60nee 3PMEKTUBHLIM MOXeT OKa3aTbCsi PacC/ioeHue,
MOCKO/IbKY NPV JOCTaTOYHO OOMbLIOM YWCNe C0eB OHO ByAeT UCKIYaTb
BAMAHWE NOYTK NHO60ro BUAA 3aBUCMMOCTM MeXAY Yt u X*; (B) ecnu HeKoTo-
pble BaXKHble MepemMeHHble NpubAN3UTENbHO NPOMNOPUMOHANBHBI X*, a ApY-
rme NpubAN3NTENLHO MPONOPLUOHAIbHBI APYTOM NEPEeMEHHOW zit TO nydile
NPUHATb Xt 1 Zt B Ka4ecTBe 3HaMeHaTenei 4N OLEHOK MO OTHOLIEHWIO, YeM
NPOM3BOAUTb PACC/NOEHME NO OAHOM M3 3TUX MEPEMEHHbIX.

6.13. YNPOWEHHOE BbIYHNCNEHWE OVNCITEPCUN

Ona cnyyas nh = 2 gnda Bcex cnoeB Keindwy (Keyfitz, 1957) npegno-
XUN YNpOLeHHble METOAbl BbIYMCNEHWUS OTHOCUTENbHOW Aucnepcun Y Rc

unn R c. Ha ocHoBaHumn (6.25), nofctaBnssd OLEHKW, NONYYEHHbIE MO Bbl-
6opke, nMeem

vime) AR L—l) Isyk , sh 2 syhoh \
4c ~ 4 2 "Yh X1t YstXst )*
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MycTb
Nh ¥Ym

Nh YD .
YH\ — ) .M-|2- )

AHanornyHble onpeneneHna eeedemM Ana X. TOF,EI,& npu nh — 2 nerko no-
Ka3aTb KakK anre6pamquKoe TOXAECTBO, 4TO

s L Neow—am S dph

2Yst Yst \Y st

AHanornyHbie BblpaXXeHUA MOXHO nNonyyntb AN4 UYJIEHOB, coepXXaline

Sxh n rhSyhSXhm CnegoBaTefibHO, OTHOCUTE/IbHYKO AUCNEPCUID MOXHO Bbl
YUCnATL Kak

dyk = yh\ — YH2-

dt/h dxh

Yst Xst
B 3TOM BbIpaXXeHWW uYfeHbl, YyuuTbiBalOWMe nKc, onyweHbl. Ecnnd
NpU6AN3NTENBHO MOCTOAHHBI, TO MOXHO MPUMEHUTb MHOXUTeNb 1— fh
rge 7ft =

6.14. ONTUMANBbHOE PA3SMELWEHNE ANA OUEHKW MO OTHOLUEHW

OnTumanbHoe pa3melleHue tih 419 OLEHKW MO OTHOLUEHWIO MOXET ObIT-
WHBbIM, YeM AN OLEHKU MO CpefHeMy Ha eanHuuy. PaccmMoTpum CHadan

cnyyvainHyto nepemeHHyto YRs. o Teopeme 6.5 ee gucnepcusi 6yaet

Y(Yk9) = 2 Nh{Nh~ nh)-(SSh+ RhS-Xn- 2Rh PitSyh SX)

= —U 2 dll

Nh—1/*
nrae dhi = ¥Ym — RhXhi npeacTtaBnseT coboii oTKNOHeHWe y bl oT Rh*hi-
B coOTBETCTBUM C METOAAMWN HaXOXAEHUA ONTUMANbHOT0 pasMeLLeHuns, npu-
BefIeHHbIMW B rN. 5, BbipaXeHue (6.27) MUHMMANbLHO ANA ciy4vas, Korg'
CyMMapHble M3fepXKu umetoT Bug 2chnh npu

oc NhSdh
T/cH
HanomHuM, 4TO 4N18 OLEHKW NO CpefHeMy Ha efuHuUUY nh, MAHUMU3MPYIA
LKne Ancnepcuto, BblbMpannck nponopumoHanbHbiMu NhSvj Y ch
Mpn nnaHMpoBaHUM BbIGOPKU pa3mellieHne A1 OLEHKM MO OTHOLUeHU™
MOXET BbI3BaTb HEKOTOPOE OC/I0XHEHMe, NMOTOMY YTO leN1aTb NPefnosiOXKEHN
0 BepoATHbIX 3HayeHusax Sdh foBOMbHO TpygHO. [lofie3Hbl gBa npasus’

[na cOBOKYMHOCTW, B KOTOPOI OLlEHKA MO OTHOLUEHUKO eCTb Hauaydlla
NVHelHas HecMeleHHas oueHka, Sdh6yayT nNpubansmMTensHO Mponopuu

(6.27)

HanbHbl (no Teopeme 6.4). B atom cnyyvae nh fo/mkHbl 66ITb Nponop

uunoHanbHbINhVr X hf\/ ch. MHorga pucnepcusa dht 6yaet 6nuxe K Benu
YMHe, NPOMNOpUMOHanbHON X B, 3TO NpMBOAUT K pa3melleHuto ¢ nh, npono”
unoHanbHbiMn N hX,J]/ch, T. e. cymMMapHbIM 3HA4YeHUAM XM [N C/oe
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[EeNeHHbIM Ha KBafgpaTHbI/i KOpeHb W3 BENYMHBLI U3LEPXKEK B pacyeTe
Ka eguMHuuy. Takoro poga npumMep 6bl1 paccMOTpPeH XaHCEeHOM, XepBu-
uem n epHn (Hansen, Hurwitz and Gurney, 1946) ans cny4as Bbl6OpKH,
npefHa3Ha4yeHHOl ANsd OUEHKM 00beMa MpofaXk B PO3HUYHOM TOProBre.

Te e obwue [OBOAbI COXPAHSAKOT CUNY W B Clydae, KOrga nprvMeHseTcs
oueHka YRr.

Mpumep. Pa3nuuHble cnocobbl pasMelleHUs MOXHO CPaBHWUTb, MOSb-
3yACb [aHHbIMW CM/OWHOro Yyyeta 257 KOMMEpPYecKMx MNepcuKoBbIX
cagoB wTaTa CeBepHas KaponuHa B utoHe 1946 r. (Finkner, 1950). Llenb
06cnefoBaHNA cOCTOANA B TOM, YTOObI HATU Hanbonee ah(heKTUBHbLIV METOA
oT6opa, KOTOPbI/i N03BOAMA 6bl OLEHUTb 06bEM MPOM3BOACTBA MEPCUKOB
M 3TOM paiioHe. Bblnv cobpaHbl CBefeHWs O KOAWYecTBe NEepCUKOBbIX fAe-
peBbeB M OLEHKE BENMUYMHBLI YPOXasd MEPCUKOB B KaxAOM cagy. CunbHas
Koppensuus Mexay 3TUMU LBYMS NepeMeHHbIMU LUKTOBana npuMeHeHue
OLIeHKN MO OTHOLeHW0. OaMH 04YeHb BOMbLUONA caf 6bl1 UCKIYEH M3 pac-
CMOTPEHMS.

[nsa Hawero npumMepa palioH cuMTaeTcs pasjeNeHHbIM B reorpauyeckom
OTHOLUEHUW Ha TpX €nos. YMCcno nepcrKoBbIX LEPeBbeB B cagy 0003HavaeTcs
xIti, oueHka ypoxas nepcmkoB B 6ywenax yhi. Mbl paccMOTpUM TO/b-

KO MepBylO OLUeEHKY YRS (OCHOBaHHYHO Ha BblYWCIEHWUM OTAENbHOIO OTHOLUE-
HWA ONA KaXAOro cnos), NOCKOMbKY MpaBuna pasMelleHus B MpuHUKMe
O[JMHaKOBbl A/ 000MX TWUMOB OLLEHOK MO OTHOLUEHWKO MPWU PacC/OeHHOM
oTbope.

CpaBHuBaKTCA 4yeTbipe crnocoba pasmelleHus: () nh nponopuynoHans-
Hol Nh\ (6) nh nponopuyuoHansHbl N hSyh', (B) nh nmponopumoHanbHbI

Nh] Xhwu (r) nn nponopuuoHansHel NhX h = X k. O6beM BbI6OPKM pa-
BeH 100. [laHHble ANnA cpaBHeHUA npuBedeHbl B Tabn. 6.3.

Ta6bnuya 6.3
[LAHHBIE OBCNEAOBAHUSA MEPCUKOBBLIX CAJJOB LUTATA CEBEPHASl KAPO/IMHA

o 2

Crioif “h  Syxh %/h “ho SVh yh  Yh «t  sg
1 5186 6462 8699 72,01 93,27 53,80 69,48 1,29133 658
2 2367 3100 4614 48,65 67,93 31,07 43,64 1,40475 573
3 4877 4817 7311 69,83 8551 56,97 66,39 1,16547 2 706

Ana coBOKYMHO-
cTH 3898 4434 6409 62,43 80,06 44,45 56,47 1,27053 1433
Croii "h @ "hSjh © y*y NN/ Xh @ Ntoh O

1 47 18 4384 22 7,33 3445 20 2529 22
2 118 46 8016 40 557 657,3 39 3666 32
3 91 36 7781 38 7,55 6871 41 5 184 46

Ons coBOKYMHO-

cTun 256 100 20 181 100 20,45 1688,9 100 11 379 100

1 3ak. 581 193



B BepxHeil yYacTu Tabnvubl yKasaHbl OCHOBHble faHHble. [15 BblY
NeHUs 4YeTblpex HeobXoAMMbIX AN CpaBHEHWSA Aucnepcuii cHavana 6b
HalijeHbl nh gna Kax[oro Tuna pasmelwieHus. WX 3HayeHWs ykasa
B ctonbuax (a), (6), (B), (r) B HUXHEW yacTh Tabnuubl. Tak, Ans BapuaH
pasmeweHus (a) t\h = tiNhIN, Tak 4yTo gnd nepBoro cnos

n = 0 @) g
256

Mocne Toro Kak 6binM nonydeHbl nh, cooteetcTByOWMe V (Y4*) o
CKMBaNMCb NyTem noAcTtaHoBKM nh B hopmyny

N = -
(ysw) = 2 " Sh,
raoe
Séh- Slt+ RtS2x 2R hSIXxh

BenuunHel Sh, oguHakoBbl ANnS BCeX 4YeTbipex BapuMaHTOB pa3MeLLeHu
OHW NpuBefeHbl B KpaiiHeM npaBoM cTon6Le BepxXHei YacTu Tabnmupbl.
3Ha4YeHnsA JUCMEPCUI Y OTHOCMTENBbHOM TOYHOCTM YKa3aHbl B Tabn. 6.

Ta6nuuya 6.4
CPABHEHWE YETBIPEX CMOCOBOB PA3MELLEHUSA

Auncnepcus

Cnocob pa3melye- . OTHOCH-
HUS : nponop- cnoit TenbHas

LIMOHaNbHbI obLan TOYHOe-

1 | 2 3

1 Nh 49824 105833 376215 531872 100
2. NfrSyh 35144 131847 343446 510437 104
3- 41750 136964 300312 479026
4. NhXh 35144 181710 240888 457742

Mony4yeHHble pasMeLLeHns He AarT 0COObIX PasnUuMil, KakK MOXHO
no 6bl 0XMAAaTb, MOCKOALKY Nh Ana BCex YeTbipex CNocob6oB pasnmya
mano. Crnocob 4, npy KOTOPOM 06bEM BbIGOPKM U3 CNOSA MPOMNOpLUOHa
o6LleMYy KONMYECTBY [AepeBbeB B Cf0e, MO-BUAMMOMY, UYTb-UyTb fiy4
OCTa/IbHbIX.

6.15. HECMEWEHHbBIE OLEHKW TUMA OLEHOK MO OTHOLWEHWIO

B nocnegHue rofibl 6bi 3aMETEH 3HAUYUTENbHbIA WHTEPEC K MCCeAo
HUMIO OLIEHOK TMMa OLEHOK MO OTHOLLIEHWIO, HO He CMELLEHHbIX WK NMEoLL
MeHbLLEee CMelleHne, YeM 06blYHble OLEHKU MO OTHOLWEHU0. TaKue OLEeH
MOTyT 6biTb MOSIE3Hbl B 06CMEA0BAHWUSAX, TF[e BbIJENEeHO MHOr0 €fo
a 00beMbI BbIGOPKU B KaXK[OM C/I0e HEBEMVMKW, eClN KaKeTcs mpuemne
pasgefibHas OLEHKa MO OTHOLLEHUIO.

1A

OpHy 13 ouéHOK, NpefnioxxeHHy0 XapTnu u Poccom (Hartley and RosS,

1954), MOXHO NOAYUYNTb, UCXOAS U3 CPeLHEero r OTHOLWEHWA r/,7xr, BBefe-
HVEeM MonpaBKK Ha CMeLLeHue.

=Y XE(rnp= X[/?_£(,-,)]
Ho npu npoctom cnyuvaliHom ot6ope E (r) = E (rr). CnegoBatesibHo,

1

cMmeweHne r=E(r)—R= — N I+ (xr—X). (6.28)

CornacHo Teopeme 2.3, HECMELLEHHOWN BbIGOPOYHOI OLEHKOIA

CNYXNT

41 Z:ylrt m1 rx)m

BblunTas 13 OUEHKWU I OLEHKY ee cMelleHus (6.28), nosyyaem HOBYHO OLEH-
Ky

?2=?+ 6-29»

COOTBETCTBYIOLLEN HECMELLEHHON OLEHKON CYMMAapHOro 3HavyeHus LNS
COBOKYMHOCTU Y CAYXWUT

?2X=rX+ ”t(]"_—ll) (y-rx). (6.30)

Mpumep. BblYMCAUM OLEHKY CYyMMapHOro 3HadeHus 4S8 cnos no npej-
CTaBNEeHHON fanee MNpOCTON Cny4yaliHON BblGOpKe 06bEMOM B 8 eAnHWUL, U3
cnog ¢ N = 16, X = 106. 13 Tabn. 6.5 vmeem

r'x = 2,389+106 + [11,000—2,389 «5,5] =

—253,2—36,7 = 216,5.
7* 195



Ta6nuya 6.5
BbIUNCIEHNE OLEHKW XAPT/IN—POCCA

Homep eguHuubI

CpenHee

1 2 3 4 b 6
yi 8 15 5 7 5 13 u 24 11,000
Xi 8 6 1 4 3 5 4 13 5,500
ri 1,000 2,500 5,000 1,750 1,667 2,600 2,750 1,846 2,389

CyuwectByeT TouHasa ¢opmyna V (r'X) npu nwobom o6beme BblOGOPKMU.
Ecnu nkc MOXHO npeHebpeyb, TO 3Ta (hopMyna NMeeT BUJ

N2 _(sr2s!+ Sn), (6.31)
nn—171)

roe rp U S; — cpefHee 3HayeHWe W gucnepcus Ar gnd COBOKYMHOCTM
Srx — KoBapuauma rru X- gns COBOKYMHOCTW. JTa (hopmyna 6bina npeg
noxeHa rygpmeHom n Xaptnm (Goodman and Hartley, 1958), koTopble n
NYUYUNN TakXe HeCMelleHHY Bbl6opoUYHYyto oueHky V (r'X). ®opmyn
WCTUHHOW Aucnepcuu, Korga MnKc npeHebpeyb Henb3s, NpuBefeHa B pa-
60Te Po6coHa (Robson, 1957).

Obuiee cpaBHEHME TOYHOCTM T'X W OObIYHOM OLEHKM MO OTHOLLEHWM
Y K MOXXHO MPOWU3BECTW TOJIbKO MPU JOCTATOUYHO 60MbLINX BbIOGOPKAX, KOrg~
cnpasegnunsa npubnwxeHHas dopmyna gna V (Yr)- Mpu 6onbwinx
BTOPOM uneH B (6.31) MOXHO onycTUTb. MepBbIii YneH MOXHO MepenucaT»
B BuUAe

V(?X) = — (S1+r28l- -2MpSyx) b

V(?2X)tt— Y Un-Y-rp(xj~X)i2
. N—1
i=1

CooTBeTCcTBYIOLLEE BbIpaXKeHMe 419 Y R nMeeT Buj

(m—Rxi?

N2
V(YR ttA %y Ve

ni=i
Takum 06pa3om, Kak ykasbiBatloT ['yamMeH n XapTau, npu 60MblIKX BbI6O;
Kax r'X OygeT 6onee TouHOW, ecnn npsmas Y + rp (xt — X) nyum-
npubnuxaeT TOYKM rpaduka 3HavyeHuid yiy yem npamas Rxt. Xota Tw"
TENbHOI0 CPaBHEHWSA He MPOBOAMMIOCH, KaXeTCA BepOATHbIM, 4TO B 60N
LUMHCTBE Cny4yaeB, KOrfja MpUMEHUMbl OLEHKW MO OTHOLWeHWto, Ansa 6on
Wwux Bbl6opoK V (YK) 6yaeT MeHblle. Bblno 6bl UHTEPECHO CPaBHUTL 3T
OLEHKWN ANd ManbiX BIGOPOK, MOTOMY YTO UMEHHO AN HWUX OTCYTCTBME CM'
WEeHNUA MOXeT UrpaTb BaXHYHO Pofib.

Wccnegys apyroin moaxog, flaxupu (Lahiri, 1951) nokasan, yto 06bl
Has OLEeHKa MO OTHOLIEHWIO OyfeT HEeCMELLEHHOR, ecnn BbI6OpKa M3B/eK
€TCA C BepOATHOCTbIO, MponopuuoHanbHoi 2xr. CylecTByeT ABa CNOCO
noayyeHns Takoi BbIbOpkM. OfMH, YKasaHHbI Jlaxmpu, cCOCTOMT B Cliefy
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wem. lMponsBoamTca 06bIYHBIA 0TGOp 6e3 Bo3BpalweHus. Ecnu T ecTb
cymma /r HanbonbLIMX 3Ha4YeHW XL B COBOKYMHOCTW, TO BblOMpaeTca cny-
yaitHoe uncno mexay 1wm T, ckaxem, v. Ecnv gna BbIGOPKU BbIMOMHAETCS
3xt > v, TO OHa NpMHMMaeTcs. B NpoTMBHOM Cnyyae BCA OHa BO3Bpala-
eTcA B COBOKYMHOCTb, BMECTO Hee OepeTcs Apyras v MCMNblTaHWe MNOBTO-
PAETCH C W3BMIEYEHNEM HOBOrO CAYYaHOro Yncna Ana Kaxgon ncnbiTbiBae-
MOn BbIGOPKM A0 Tex mop, noka He GydeT moaydveHa BbI6OpKa, KOTopas
MOXET ObITb NPUHATA. FICHO, YTO BEPOATHOCTb, C KOTOPOI Bbi6OpKa npu-
HUMaeTcs, nponopuuoHansHa 2 N pu BTOPOM crnocobe, NpenioXeHHOM
MugsyHo (Midzuno, 1951), HY)XHO W3BfieYb MepPBYHO eAUHULY BbIGOPKU
C BEPOATHOCTbIO, NPOMNOPLUMOHaNbHON X1y a ocTanbHble (N — 1) eguHUL —
C O[VHAKOBbIMW BEPOATHOCTAMMU.

Mokaxem Tenepb, YTO R — HecMeLleHHas OLeHKa.

Ecnaun cnoxuTb 20'T N0 BCEM MPOCTbIM CAyvaliHbIM BbibOpKam o6bema n,

To obuwas cymma Oyger paBHa C yy—1  MOCKONbKY Kaxjas eguHuua

yuacTByeT B C ar~} Bbi6opkax. CnefoHaTeslbHO, BEPOATHOCTb TOFO, UTO

OyfeT M3BfeveHa BbIGOPKA C HEKOTOPbIM KOHKPETHBIM 3HAYeHUEM 2 Xj.
paBHa:

[ ns paccmaTpmBaeMoro meToa n3BeveHuns Bol6opku npu RL= 2y r/2x,-

rae 2 03HayaeT CyMMUpPOBaHWe NO BCEM MPOCTbIM CaydaliHbiM BbI6GOPKaM.
SrS
MoacTtaBnas 3HavyeHue P, nonyyaem

n—1
SIS o X
N- 1 ANV -1

TouHoe BbipaxeHue gnd V (R1) He nonyyeHo. JIerko nokasatb, 4To And
60/bLIMX BIGOPOK R I MMEET Ty Xe NPUOAMKEHHY Aucnepcuto, 4to n Rt

Mpumep. B 3ToM npumepe paccmaTpuBaeTcs WCKYCCTBEHHas COBO-
KYMHOCTb, 4N KOTOpOW oueHKa JTaxupu okasblBaeTcs Hambosee yaaquHOM.
CoBOKYNMHOCTb cofepxut Tpu cnod ¢ Nh= 4, nh= 2 gna kaxpgoro
cnosi. COBOKYMHOCTb CheumanbHO MNOCTPOeHa Takum o06pas3om, 4To (a)
Rh 3ameTHO MeHAIOTCA OT CN0A K C/I00 U MOTOMY OKa3blBaeTcsA NPeanoyTu-
Te/flbHee pasfenibHad OLUeHKa Mo OTHOWeHWo U (6) OueHKa MO OTHOLLIEHUIO
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BHyTpM Ka)Xaoro cnoa CuabHO CMELLEHa. CpaBHMBamTCH nATb METOA0B
oueHuBaHuna Y, CyMMapHOro 3Ha4deHua ansa COBOKYMHOCTW:

MpocToe pacnpocTpaHeHne: %Nhyh.

CoBMecTHasa oueHKa Mo oTHoweHuo: (yBIxh) X.

PasgnenbHas oueHka no oTHoweHuo: 2 (yhixh) Xh.
H

PasgenbHas oueHka XapTau— Pocca: h(rhx h).

PasgensHas oueHka Jlaxupu: 2 (yhxh)Xh.
n

Bcero cyuiectsyetT 63 = 216 BO3MOXHbIX BbI6OPOK. [1OCKOMIbKY 3Ha-
YEHUA OLLEHOK MOJlyYeHbl AN15 KaXOW BbIOOPKM, NPUBOAATCA TOUHbIE 3HA-
YEHUSI CMELLEHWIA WU JUCNEPCUIA.

Ta6bnuuya 6.6
HEBO/TbLLUAA CKYCCTBEHHAA COBOKYTTHOCTb
Cnoit
| n mn

y X y X Yy X
2 2 2 1 3 1
3 4 5 4 7 3
4 6 9 8 9 4
1 20 24 23 25 12
Ntorm 20 32 40 36 44 20

Rh 0,625 1,111 2,200

Ta6bnuuya 6.7
CPABHEHUE PA3/IMYHbIX OLEHOK V

CpepHuii kBagpat

Cnoco6 nony4yeHns OLEHKN [Oucnepcus (CmeueHue)r OWNGKN
MpocToe pacnpocTpaHeHune 820,3 0,0 820,3
CoBMeCTHasi M0 OTHOLLEHWHO 262,8 B,5 269,3
PasgenbHas Mo OTHOLUEHMIO 35,9 24,1 60,0
PasgenbHasi XapTnu—Pocca 153,6 0,0 153,6
PasgenbHasa Jlaxupu 19,6 0,0 19,6

MonyyeHHble pesynbTaThl 0GHAPYXMBAKOT HECKO/bKO MHTEPECHBIX 0CO
GeHHoCTeid. LN COBMECTHOI OLIEHKM MO OTHOLLUEHUIO KBagpaT CMeLLeH!
COCTaB/SIeT NULbL He3HAUMTENIbHYH YacTb CPeAHero KaajgpaTa OLMWGKM
XOTS NPUMEHUTENLHO K 3TOW OLeHKe COBOKYMHOCTb Hambonee «Heyao6Ha
N3-3a cunbHOW Bapuauun Rh pasfenbHas OLleHKa MO OTHOLUEHWIO 0Ka3bl
BaeTca ropasgo 6ofiee JOCTOBEPHOIA, UeM COBMECTHAs OLeHKa, HO OHa cun”
HO cMelleHa. PasfgenbHas oueHka XapTan—Pocca lydlle COBMECTHOI OLEH
KW MO OTHOLLUEHUIO, HO XY>Xe (eCnu CYAuUTb Mo cpeHeMy KBaapaTy OWWGK
pa3fenbHON OLEHKM MO OTHOLIEHWD. Pa3fienbHas oueHKa Jlaxvmpw 3Hau
TeNIbHO NPEBOCXOAMT BCe OCTafibHble OUEHKW. MeTog Jlaxvpu okasanc
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NOAXOAAWMM AN 3TOM COBOKYMHOCTW, MNOTOMY 4YTO YeTBepTble efVHULbI
B Ka)X/[OM C/10€ UMEeKT 60MblUYH BEPOSTHOCTb OblTb OTOOPAHHbLIMK, a Bbl-
60pKK, cofepxallime 3T efMHULbI, [AKOT XOpOoLiune oueHKn R h.

M3 3Toro npumepa Henb3a cpenatb 00WMX BbIBOAOB. MpakTnyeckoe
NpMMeHeHUe meTofa JTaxmpu orpaHMyeHo Tem, 4TO 06crefoBaTeb BpPS nu
noXxenaet W3BAEKaTb BbIOOPKM C BEPOSTHOCTAMU, NPOMOPLMOHANbHBIMU
2Ni, ecnm TONbKO OH He COoBMpaeTca MPUMEHSTb OLEHKY Takoro Tuna gns
BCEX OCHOBHbIX MPW3HAKOB, M3y4yaeMblX B 06CnefoBaHWN.

KeHyii (Quenouille, 1956) paspaboTan MeTof, MO3BONAOLWMIA YMEHb-
WNTb NOPAAOK CMelteHns ¢ 1in o 1/n2u NpUMeHUMBIN K LLMPOKOMY Kaaccy
OLEHOK. LleHHOCTb 3TOro MeTofa MPUMEHMTENbHO K OLEHKaM Mo OTHOLUe-
HUIO Gblna oTMeyeHa Aep6uHom (Durbin, 1959). CmeLlleHne OUeHOK Tumna

R, Y r MoXeT 6bITb pa3fnoxeHo B pag Telinopa Buga

E(R)= R+ . 0 + (6.32)

MycTb BbIGOPKa Noapasfensercs cay4vaiiHbiM 06pa3om Hag rpynn, Bennyu-
HOW T Kaxgas, rge n = gm. M3 (6.32) cnegyert, uTo

E(QR)=gR+ -"+-"- + .., (6.33)

T gm2

MycTtb Tenepb R} — 06bIYHOE OTHOLLEHWE Xy12.X, BbIYMUC/IEHHOE MO BbIGOP-

Ke nocne TOoro, Kak W3 Hee uUCK/IoYeHa j-f rpynna. Tak Kak Rj monydyeHo
Mo NPOCTOW Cny4ainHol BbIGopke 06beMa m(g — 1), Mbl MeeM

E(RP=R+ bl 1 b* '
(g—NHm (g— 1)2m2
CneposaTtenbHo,
E[(g-DRjI=(g-HR+ £ ' b ,
(g~ 1) m2
Bbluutas nocneEZHee BblpaXxeHune 13 (6.33), nosiyyaeM € TOYHOCTbKO [0 ufe-
HOB MopsgKa M

EIgR~(g-)R})=R
J (9-HR) g(g—\)ym> " n2 (g—17

Taknum 06pa3oM, CMelleHWe Tenepb NpPeACTaBAseT COGOW BeNUUMHY
nopsgka 1/n2. Mbl MOXeM NOCTPOMTbY OLEHOK TaKOro Tuna, Mo OfHON Ans
KaAoi rpynnbl. KeHyid nokasan, 4To eCiM B3STb CPEAHEE 3TUX OLEHOK,
r. e

Rq= gR~ (g- D*i+"2+ - :
g

TO ero Agucrepcus oTaMyaeTcs OT Agucrnepcun R uyneHamu nopsgka 1in2
CnepoBatefnibHO, BO3MOXHOe YBeNUYEHWe AUCMEPCUMU, CBA3AHHOE C Takoi
MonpaBKOW Ha CMelleHue, OyaeT MNpPeHebpexxMmo ManbiM 415 BbIGOPOK
ye CULLKOM 60/bLIOT0 06beMa.
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MpoCTeiWwyo OLEHKY TaKoro BUAA MOXHO MOMYyUYUTb, MONOXMB ¢ = 2.

OueHkamu jRx 1 JR2 cnyXat OLeHKW, nony4vyaemble Mo [ABYM MO/IOBMHAM
BbIGOPKU, U

RQ= 2R—

[pyroii kpaitHocTblo GyfeT cnydaid, korga g — n. MNpeumyuiecTsa Bbibopa
O[JHOTO 3HAYeHUs g MO CPaBHEHWIO C APYIUM HE WU3YyYasinCh.

PacCMOTPEHHbI MeTo4 BpSAS N CMOXET HaM MOMOYb, €C/in 06beMbl
BbIGOPKM MO CNOSM HeBeNMKU, KaK B Cllyyae UCKYCCTBEHHOW COBOKYMHOCTH
¢ nh =2 B atom naparpage (cMm. ¢. 198). B BblbopKax yMepeHHOro obbema
M3 COBOKYNHOCTel € 6onbluOi Bapumauueid X ero ctomno Obl NPUMEHATb
13 OCTOPOXHOCTW.

6.16. CPABHEHVE ABYX OTHOLIEHWW

B aHanuMTmyeckmMx 06CefoBaHMAX 4YacTO OKa3blBAaeTCH HEo6X0AMMbIM
onpefenaTb pasHOCTb R — R' OUEHOK [ABYX OTHOLIEHWA W BbIYUCAATb
CTaHgapTHy owunbky R — R'. [Janee npuBogAtca ¢opmynbl A4NS Bbl-
60pOYHbIX OLEHOK gncnepcn R — R, MOCKO/bKY Yalle BCero 6bIBaloT HYX-

Hbl UMeHHO OHW. [0 npuuMHam, W3N0XeHHbIM B Maparpage 2.12, nkc
OMyCKarTCH.

CHavana paccmaTpuBaeTcsi NPOCTONA cnydaiiHblii 0T60p. Heobxoanmo
pasnu4yatb TpU cayuvas.

[Ba OTHOLUEHNA He3aBUCUMbI

370 cnydyaeTcsd, KOrga efuHWUbl pacnpefeneHbl Ha fBa PasfiMyHbIX
Knacca M Mbl XOTUM CPaBHUTb OTHOLUEHWSA, OLEHMBAeMble OTAENbHO AN
KaXJ0ro U3 aTux Knaccos. Hanpumep, npu n3yyeHun GHOLXKETOB [AOMO-
X034ACTB MpocTas Ccny4aiHas Bbl6GOpKa AOMOXO03AWCTB MOXET ObiTb MOA-;
pa3fieneHa Ha joMa, HaxoAAWMECs B IMYHOM BajeHUn 1 apeHayemble, Ans
CpaBHeHUS [ofieil foxona, 3aTpaymBaeMbiX B 060MX Knaccax Haogepxa-
Hue Aoma. Ecnu 0603HAYMTb OLEHKM OTHOWeHWA 4epes R = ylx, R' —
—y'Ix', 10

V(R-R") =v(R) + v(R").

[lBa OTHOLLIEHMST UMEIOT OOLWIA 3HameHaTeslb

Korga eguHuuein otbopa cnyXXuT rpynna cemei, HaM MOXET MOHago
6uTbCA, Hanpumep, CPaBHUTb OO MYXXUWUH, MO/b3YIOLWMNXCA 3NEKTPU-
YyeckUMn BpuTBaMK, C JOMel MYXUUH, NOoAb3yoWmxcs 6esonacHbIMKU BpUT-
Bamu. MycTb Ans M0G0 eAMHULBI Y — YWNCM0 MY>XXUMUH, MNOMb3YHLLKUXCS
3NEKTPUYECKUMU 6pUTBaMU, y' — YUCIO MYXUMH, MOAb3yHLKXCA 6e30-
nacHbIMM 6pMTBaMM, U X — 0OLLEE YMCIIO MYXXUMH.

A— bl 1.
X
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Ecnm dt = yi — yl1, To oueHky paucrnepcum pasHocTn R R' MOXHO
BbIYMCAATL N0 hopmyne

1 n
V(R~R")  _____. y [dt- (R- -R)Xif.

[lBa OTHOLLEHMSI MMEHOT pasHble 3HaMeHaTeslM, HO MOTyT 6bITb Koppe-
NTMPOBaHbI

MpUMEpPOM MOXET CMYXUTb CPaBHEHME A0NN KYPSAWMX MYXUYUH C fO-
Neil KypsiLMX >KeHWMH B o06cnefoBaHMM, B KOTOPOM eAMHMLER oT6opa
CAYXWUT rpynna gomoB. C mMaTemMaTM4yecKoil TOUYKM 3peHUs 3TO Hambonee
o6wmin cnyyaii:

V(R—R)=v(R) + v{R)—2cov (RR").
HoBbIli 30ecb ToNbKO YneH cov (RR'). 3anucbiBas Kak 00bIMHO

R—R. Y~ R*y prp: VRX,
X X'
nonyqaeM

cow(RR’)  -=-=7 cov (yt— Rxt) (yl —R'X'i).
BbI60pOUHYIO OLLEHKY MOXHO BbIYNCAATL M0 hopMye

, 1
cov (RR’) Ao 2 OfYi— Ryl Xi—R'yi xi + RR'Xi x1).

Mpumep. B 1954 r. npoBOAMAMCbL UCMbITaHUA BakuuHbl CoJiKa MpoTuB
MosIMOMUENNTa CPeu YYalLMXCca MepBbiX TPeX KacCoB BO BCeX LUKOJMiax
HecKonbKMx rpagcTte. [pagpctBa 0TOMpanncb HecnyyainHelM 06pasom:
npeAnoyYTeHWe OTAABaNOCb TeEM, AJIA KOTOPbIX UMESIUCb CBELEHUA O Npej-
LLECTBYIOLMX BCMNbIWKaxX nofvomuenuta. OgHako Ana Hawero npumepa by-
[ieM CUMTaTb, YTO OHWM COCTABAAKT CMy4aiiHy0 BbIGOPKY M3 HEKOTOPOIA co-
BOKYMHOCTMW.

[eTun, ybn poanTenn He fanu cornacua Ha ydvacTme B UCMbITAHUAX, COC-
TaBUAU TPYNMNy, Ha3BaHHYK TPYNMOA «HENPUBUTBLIX», W, KOHEYHO, He
nonyumnu ykonos. [onoBuHa feTeld, AN KOTOPbIX Takoe cornacue 6bino
[aHo, nonyyuna no Tpu yKona HelTpanbHON XWAKOCTU WU OHU COCTaBUIN
rpynny, Has3BaHHYl rpynnoi «nnauebo». Mo gaHHbIM Tabn. 6.8 HyXHO
CpaBHUTb YacToTbl R 1 R' cnyyaeB MopaxeHWd napainyom B rpynmne

HENPUBUTBIX» WU Tpynne «nnauebo». [ONs CcokpalieHWs o6bema AaHHbIX

CpaBHEHMe orpaHUYeHo 34 rpadcTeamm, B KaXKAOM U3 KOTOPbIX 06e rpynnbl
BMeECTe BKNtO4YaloT 60nee 4000 geTeil.

Mpu 3TUX JaHHbIX N060e N3MEHEHWe B YPOBHe 3a60/1eBAEMOCTU MOMNO-
MWEeNMTOM OT rpadcTBa K rpadcTey 6yAeT COOTBETCTBOBATb HEKOTOPOW no-
NOXWTENbHOI Koppensyum mexgy R n R'.
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Mo mntoram Tabn. 6.8 Mony4yeHbl CneayoLMe BENNYNHDI:

Mnaue6o: R = = 0,525687; x= = 4,9235.
HenpusnTbie: /?' = = 0,347857;, x = ~———= 8,3706.
Tabnunua 6.8

YUCNO AETEM (k, X')* N YNCIO CAYYAEB MOPAXEHWNA
MAPAIMYOM (y, y')*» B CPELHEM HA O[HO FPA®CTBO

X X' " n X X' Yy y'
41 2,4 0 0 13,8 25,6 3 3
3,5 8,0 1 6 10,5 8,1 2 0
4,1 6,1 7 2 21,6 25,9 10 7
2.6 4,6 2 1 3.5 6.7 2 2
2,4 1,5 2 1 6.8 7.3 3 8
2.2 1,9 0 0 2,3 3.7 0 1
11 4,0 1 1 2,6 2,9 2 0
1.6 4.0 1 2 6,0 11.1 3 1
5,7 7.8 1 4 11,0 14,8 7 7z
3,3 11,0 3 7 19,4 42,5 1 14
1,0 3.8 0 1 6.8 13,7 6 2
2,0 52 « 1 0 1,2 4,0 3 1
8,3 19,0 4 4 5.4 9.3 11 6
1,0 3,7 1 5 1,7 2,6 0 2
1,1 4,2 0 1 2,1 2,3 0 0
2.3 6.8 1 2 1,5 2,6 0 0
1,9 3,5 0 2 3,0 4.0 0 2

Utoru 1674 284,6 88 99

*x Xx'—uncna feTeil B rpynne nnaue6o W rpynmne HenpuBHTBLIX (B ThiCAYaX).
» Y y'—unucna cnydaes NopaxeHus napaaMyoM B rpynne nnaue6o H B rpynme HenpuBMTbIX.

Ona nonyyeHusa v (R), v (Rr) n cov (RR') HYyXHO 3HaTb BCe Cymm!
KBafpaToB 6€3 MOMPaBKM M CyMMbl MPOW3BEAEHWI L1 YETbIpeX MEPeMeH
HbIX.

V(R) = n(n---ll)*

1
34-33-(4,9235)2

+ 0,27635-1661,92] = 0,00584.

[564-1,05137-822,2 +

AHanornyHo Haxogum v (R') = 0,00240.

coV(RR")= —\r=r&YY'—R"y'x—R'lyx'+ RR'"*"xx") =
n(n—1)xx
497—0,52569-844,6—0,34786-1397,4+ 0,52569-0,34786-2690,8 _.p 00107
~ 34-33-4,9235-8,3706
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CnepoBartesibHO,

cTaHfapTHas owunbka (R — R') = V 0,00584 + 0,00240 — 0,00254 =
- 0,0754.

Mockonbky R —R' = 0,1778, pasHOCTb (C HEKOTOPO HaTSXKKOIA)
MOXHO CUYMTaTb 3Ha4YMMON Ha 5% -HOM ypoBHe (MpW TakoM 06beme Bbl-

6opku pacripegeneHme R — R' MOXeT GbiTb HECKOMIbKO aCUMMETPUUHbIM).
Bo3mMOXHOe 06bSACHEHUE Pa3NMuKs OTHOLIEHWU COCTOMT B TOM, YTO AETW
13 TPYNMbl HEMPUBUTLIX MOTYT UMETb 60/1ee CU/bHBI eCTECTBEHHbIA UMMY-
HUTET, YeM AeTW W3 TPynnbl nnaue6o.

Mpo6iema cpaBHEHMS OTHOLLEHWIA MOXET BO3HUKHYTb NPY Pacc/NoeHHOM
oT6Ope, Korga 06/1acTv M3yUeHns nepecekaroTcs co crosmu. Ecnm oxuga-
eTcs, uto R h, Rh n3meHs0TCA Or Cos K CMoto, TO CKOpee BCEro cpaBHeHne
Oy/leT OCHOBAaHO Ha aHanu3e 3HaueHUii Rh— Rh B OTAENbHbIX COSAX.

Haxoas cTaHapTHble OLWIMGKM pasHocTelr R h — R'h, MOXHO onpeaenuTs,
3HAUYMMBbI N Pa3NMUnUa 3TUX PaA3HOCTel OT CNnos K CAOK, W, E€CAn OHU
HE 3HAUXMbl, BBIUMCIINTL HY)XXHYH OOLIYI0 PasHOCTb.

Ecam Rh u Rh He 06Hapy>XnBatOT 3HAUYMMbIX Pa3nMyuid 0T C0A K C0t0,
TO MOXET 0Ka3aTbCA [OCTaTOYHbIM CpaBHEHWe COBMECTHbIX OLEHOK Rc
n Rc- Kak u paHee

V(Rc-R'c)=v(Rg+ >(Rc)- 2cov (RcE'),
rge, nonaraa dhi = (yhi— yh)— Rc(xhi—xh),

Xsi A W (nh 0 i

QOV (RcRe) = 2 NI 2 dH dki-
Xst Xst h nh(nh 1) i

bonee nogpo6HO cpaBHeHWe OTHOLIEHMIA npoBegeHo Kuwem n Xeccom
(Kish and Hess, 1959). OHM NpuBOAAT TakXXe YNpPOLLeHHbIe BbIYUCAUTENb-
Hble OpMYyNbl AN TexX cny4vaes, KOrga Bbi6opKa 370 JonycKaerT.

6.17. MHOITOMEPHbIE OL[EHKW MO OTHOLWEHWNIO

OnkuH (Olkin, 1958) nccnefosan OLEHKY MO OTHOLUEHWIO B cllyyae, Kor-
[la UMeeTCca p BCMOMOTaTe/IbHbIX MepeMeHHbIX X; (Xb X2, ..., Xp). A4nd cym-
MapHOro 3HayeHWUA COBOKYMHOCTU MPeS/I0OXEeHHAsd UM OLeHKa, 0603HaUYUM

eé ¥Ymr \MR —o0T aHraniickoro «multivariate ratio» — MHOromepHoe
OTHOLUEHWE], UMeeT BUS;

ymr= wld-x1+ w2J-x2+ ... +Wp+t X p=
Xi X2 Xp

= WIYRi+WiYRt+ ... +W PYRp*

roe Wi m— Beca, KOTOpble BblOMPaKTCA C Lefibl0 MaKCMMU3MPOBATb TOUY-
HOCTb Ymr, npuuem 'ZWi = 1. OueHka Takoro Ttuna, no-sBuANMOMY,
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MpuUrofHa B TOM Clyyvae, KOrga perpeccusi y no xu X2, ..., Xp AMHENHA 1
BbIPAXAETCA MPSAMbIMU, NPOXOAALMMU Yepe3 Havano KoopauHaT. Cymmap-
Hble 3HAYEHWS AN COBOKYMHOCTM, X it JOMKHbI GblTb U3BECTHbI.

Mbl ONWLLEM 3TOT MeTof [AAs cfiyyas [BYX MEPEMEHHbIX X, KOTOpbIN
JO/KEH 6bITb Hambosiee PacnpoOCTPaHEHHbLIM Ha NpakTuKe. Vmeem

ymr—Y =W i(yRI—Y)+ W2(YR -Y).
CneposaTtenbHo,
V (Ymr) = W*V (YRi) + 2WrW2cov (YR Yp +
+ W, 1/(YRY)= W* Vn + 2WtW2Vu + W\ V22,
rge Vu = V (YRI) nT. g. 3HayeHusa Wt, W2, MUHUMU3MpYIOLWne Ancnep-
CUI0 U NOAYMHEHHbIe YCNOBUIO + W2= 1, 0KasblBaloTCA PaBHbIMU:

N YT=YR . o= Yn—Vi
VIl+V22-2V 12° Yu+ Ym—2U1Ir

a MMHUManbHOE 3Ha4YeEHNE ANCNEPCUN

Vuv*-vh
M1+ "22—-2\V)2

[na cnyyas p nepemMeHHbIX He06XOAMMO BbIYUCIUTL 0OPaTHYK K MaT-
puue Vij matpuyy Vi. Torga ontumanscHble Wt = 2 /2, rge 2* «— cymma
3M1eMeHTOB i-ro cTon6ua matpuibl V>u 2 m—cymma Bcex pl anemeHToB
V. MuHumaneHas gucnepcus paBHa 1/2.

Ha npakTuke Beca ONpeaenstoTCs Ha OCHOBaHWM OLEHOK Aucrepcuii u
KoBapuaumii vtj. M3 dopmynel (6.7) naparpada 6.3

Ou= (1~ /)y2 (Qyy +cn — 2cyly,
n

Amin (Ymr)

v2— (& /n) v2 OE-HC2  2cy2),

roe Cyy = $lly2 u 1. 4. KoBapuauuio MOXHO BbIpasuTb B BUae

) ) “
V1 2 mmmmmmmmms — oo (Cyy + Cl2-—--Cyl1  CY>)-

Y06HbIA MeTO[ BbIMMCNEHWUIA COCTOMUT B TOM, 4TOObl CHayana HaiTu
MaTpuLy
CYY Cy1 &2\
C= o>cycizim

\Cy2 M2 A2
Ecnn o0603HaunTh buy = nvijl(l —f) ¥2, 10 maTpuuy bl ferko nony-
YnTb, B3AB [MaroHanbHoe fJonosnHeHue B C, T. e.
vil cin/"Tea” N
CW"™bCL2 C1 Cr» " T 4.
204

MHoXuTenb (1 — f) YAn He HYXeH Npu BblYACNEHUU OLEHOK BeCOB Wi,
HO OH AO/KEH 6blTb BBEAEH MPU BbIYUCAEHWU MUHUMANbHOW AUCNEepCUn.
TakuMm 06pasom,

Jmin U m R;-I: (I~f)V2 T7V —o071[¢

BBnay 601bWworo o6bemMa HeOOXOAMMBIX BbIYUCEHUIA MPUMEHEHME pac-
CMOTPEHHOI OLEHKM, BEPOSITHO, ByAeT OrpaHM4YeHO HebonbwMMK 06Cneno-
BaHMAMK Cneuunann3npoBaHHOro xapakrtepa. 10 cpaBHEHUIO C OTAENbHbI-
M oueHkamn YRI mnm Y Rs onucaHHbIA METOA4 MOXeT AaBaTb 3aMeTHOe
yBe/InyeHne TOYHOCTMW.

YnNnpaxXxHeHUNSA

6.1. WnetoTcst criegytolme aHHble Npo6HOro o6cnefoBaHms 21 AoMoxossiicTea

0 4uuncne UX 4YfeHoB (X), umcne fetein (t/j), KonuuectTse aBTOMOGWNEN (yZ 1 TeneBmn3o-
poB (y3):

5 3 1 3 2 0 0 1 6 3 9 0
2 0 1 1 3 1 1 1 4 Y T 1
4 1 2 0 2 0 2 0 4 2 1 1
4 2 1 1 6 4 2 1 3 | 0 1
6 4 1 1 3 1 0 0 2 0 2 1
3 1 1 2 4 2 1 1 4 2 1 1
5 3 1 1 5 3 1 1 3 1 1 1

Ecnu 13BeCTHO CyMMapHOe 3HaueHue ANsi COBOKYNHOCTU, X, peKOMeHAoBain 6bl
Bbl MPUMEHEHUNE OLIEHOK MO OTHOLLEHMHO BMECTO MPOCTOro pacrnpocTpaHeHUs npu oLe-
HVMBaHWMM 06LLEero ymcna feTei, o6Lero KonmMyecTsa aBTOMO6GMNEl M 06LLero Konmye-
cTBa Te/NIeBU30POB?

6.2. Ha sumMeHHOM Mosie B3BeLUMBA/IOCh 3epHO (Yt) M 3epHO BMECTE C COIOMOM
(x{) ana kaxpgoro u3 60MbLUOT0 4YMcAa y4acTKOB, CMY>XMBLUMX efuHMLaMK oT6opa
N pasMeLLeHHbIX Ha none cnyyaliiHbiM 06pa3oM. Kpome Toro, 6blna B3BelleHa o06Lias
mMacca (3epvo MAKOC CONOMa) CO BCero nons. Bbiam noayyeHbl cnegyrowime faHHbIe:
cyy = 1,13; QX = 0,78; cxx = 1,11. Onpefennte BbIUrpbIl B TOYHOCTWU, MoJyyae-
Mblli PV OLEHVMBaHMN YpOXKasi 3epHa CO BCEr0 MO/ C MOMOLLBH0 OTHOLLEHMS Beca 3ep-
Ha K 06LUeli Macce, a He C MOMOLLbIO CPeAHEro 3HauYeHWs Beca 3epHa Ha OAMH Y4acToK.

3a 20 MMHYT MOXMO CXaTb S4YMeHb, 0GMOSIOTUTL €ro U B3BECUTb 3ePHO Ha OT-
[eNIbHOM  y4yacTKe, 32 2 MWHYTbl — B3BECUTb Ha OTAE/IbHOM Y4acTKe CO/IOMY U 3a
2 yaca cobpaTb W B3BECWUTb 0OLLYH Maccy Ha BceM Mosie. CKObKO YHaCTKOB HYXHO
oTobpaTb Ha nose Ana Toro, 4Tobbl OLeHKa MO OTHOLLEHUIO bblna 60/1ee IKOHOMUYHON,
YeM OLeHKa MO CPefHEMY Ha OfMH Y4yacToK?

6.3. [AnAa faHHbIX 13 Tabn. 6.1 YE = 28 367; cy—y = 0,0142068;cy—X = 0,0146541;
c— = 0,0156830. Bbluucnute 95%-Hble KBaApaTU4Hble [OBEPUTENIbHbIE TpPaHULbI
XX
onsa Y 1 cpaBHUTE UX C rpaHuuamu, nonyyawwmMmca npy annpokcumMaumm Hop-
MasibHbIM  pacnpejeneHnem.

6.4. 3Ha4yeHMs y, X B HEKOTOPOM COBOKYNMHOCTM ¢ N = 6 TakoBbl:

y 35768 13
x 12233 3
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MpoBepbTe, UTO perpeccusi y MO X BblpaXaeTcs MPsSIMOIA, NpoxoAslleli uYepe3 Hauva-
N0 KoopauHaT. Bblumcnme R pna Bcex 15 MpocTbiX ciyyaliHbiX BbIGOPOK 06bEMOM
n = 2 un Bcex 20 MPOCTbIX CAy4yaliHbIX BblIGOPOK 06bLEMOM M = 3, NpPoBepbTe B 060MX
cnyyasx yTBepXAeHWe TeopeMbl 6.2 0 TOM, UTO R eCcTb HecMelLleHHas OLeHKa.

6.5. 3HaueHMA y MX HabnwAATCA 418 KaXKAOW eAMHMLbI B MPOCTON Cny4vaitHomn
BbIGOPKe M3 HEKOTOPOW COBOKYMHOCTWU. ECnM M3BECTHO X, cpefjHee 3HayeHWe X ANs
COBOKYMHOCTW, KaKoW M3 CeAyloLmnx CnocoboB Bbl PeKOMeHAyeTe f/151 OLeHUBaHUS
K/X? (a) Bcerga npumeHsTb y/X. (6) WHorga npuvmeHaTb y/X, a wuHorga — y/x-
(8) Bcerga npumMeHsATAylx. O60CHy#liTe Bawl OTBET.

6.6. VmetoTca Cnegytollme AaHHble 0 He6O/bLUOA MCKYCCTBEHHOM COBOKYMHOCTU
¢ N —8 1 gByms cnosiMu paBHOro obbema:

Cnoii 1 Croii 2
Xii Mi x2i YH
2 0 10 7
5 3 18 15
9 7 21 10
15 10 25 16

[ns paccnoeHHolt cny4yaiiHoli BbIGOPKMK, B KOTopoii nl= n2 = 2, conoctaBbTe CKO
OLEHOK YPS 1 Ypc, BbIUNC/IMB HYXXHble BENIMUMHBI /11 BCEX BO3MOXHbIX BbIGOPOK.

B Kakoit cteneHn pasnmume mexxgy CKO 06ycnoBneHo CMeLLeHNEM OLEHOK?

6.7. Ona ynpaxHeHUs 6.6 BbluMCIUTE AUCMEPCUIO, MOyYaLLYyOCa npu npu-
MEHEHUN BHYTPY KaXAOro €0 MeTofa W3BMeYeHUs Bbl6OPKM, NpepnoxeHHoro Jla-
XUPpW, N pas3fefnibHOM OLUEHKU MO OTHOLLEHWUIO.

6.8. Copok naTb wrtatoB CLUA (3a ucKAo4veHMemM MATM Hambosee KPYMHbIX)
pacnpefieneHbl Mo AeBATU CMOAM, MO MNATb WUTATOB B KaXKAOM TakK, 4TO LITaTbl U3 0f-
HOFO C/0S MMEKT NPUGAN3NTENIbHO OAHO W TO XKe OTHOLUEHWe YMCNEHHOCTU Hacene-
HMA B 1950 r. K umMcneHHocTU HaceneHus B 1940 r. PaccnoeHHas cnydvanHasi Bbi6opka
npv Nb = 2 gana crnegylolime 3Ha4YeHMs YMUCNeHHOCTU HaceneHns B 1960 r. (y) n B
1950 r. (x) (B MmnanoHax):

Cnoii
1 2 3 4 5 6 7 S 9
vy 0,23 0,63 0,97 2,54 4,67 432 456 1,79 2,18
<hi 0,13 0,50 0,91 201 393 396 4,06 191 1,90
YH 2 495 285 061 6,07 396 141 357 186 175
XH 2,78 2,38 0,53 4,84 3,44 133 3,29 201 132

Mpu ycnoBuu, 4to 06Was 4nCneHHOCTb HaceneHms X B 1950 r. cocTaBuna
97,94 MnH., oueHnTe ee B 1960 r. ¢ NOMOLLbIO COBMECTHOM OLEHKM MO OTHOLLUEHMIO.
Halignte cTaHfapTHY OLINOKY Balleli OLEHKW C MOMOLLbIO YMNPOLLEHHOro MeTofa
Kendguuya (naparpad 6.13). MpaBuabHas YUCNEHHOCTb HaceneHus B 1960 r. 6bina
114,99 mnH. Cornacyetcs M Bawa OLeHKa C 3TOM BeNMUYMHOW B Mnpefenax OwnoKn
BbI6OPKMN?

6.9. B npuMepe [BYMEPHOA OLEHKW MO OTHOLUEHWIO, NPUBOAMMOM ONIKUHOM,

paccmaTpuBaeTcs Bbl6opka 50 ropofoB M3 COBOKYMHOCTU, cofeprkateli 200 601bLUmMX
ropogoBs. lNepeMeHHble y, XTI, X2 NpeACcTaBASAOT cO60/ YMcna XWTeneln B ropoge cooT-
BeTCTBEHHO B 1950, 1940 wn 1930 rr. Ans coBokynHocTu Y = 1699, Xj = 1482,

X2= 1420 (B COTHAX 4enoBek) W Ana Bbl6OpkM y = 1896, xx= 1693, x2= 1643.
Matpuua C, onpegeneHHass B naparpade 6.17, nmeeT Bug

Yy 4 2
Yy 1,213 1,241 1,256
*j 1,241 1,302 1,335
X2 1,256 1,335 1,381

2C6

OLueHnTe Y € NOMOLLbHO (@) BbIGOPOYHOro cpéaHero, (6) 0THOLLeHUs Yncna XuUTenein
B 1950 r. K uuncny xutenein B 1940 r., (B) [IBYMEPHO OLEHKM MO OTHOLUEHWUI. Bblumc-
nTe BbIGOPOUHYHO OLEHKY CTaH,qapTHom OLLMOKN ANA KKAOA U3 3TUX OLEHOK.

6.1

JoKaxuTe, uTo A1 MeToda MosyueHMst BbIGOPKM, NpeasiodkeHHoro Muga-

3yHo (maparpad 6.15), BEpOATHOCTb TOro, 4To 6yAeT U3BNeYeHa HeKoTopas KOHKpET-
Has Bbl6OpKa, paBHa

n
(n-D\(N-n)\  1£(*0
(N—1)! X
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FNMABA 7

OUEHKW IO PEFPECCUMN

7.1. TINHEMHBIE OLUEHKW MO PEFPECCUN

KaK 1 OUeHKM MO OTHOLLEHWIO NIMHENHbIE OLLEHKM MO perpeccun npea
HasHa4eHbl A5 TOro, 4Tobbl YBENMUNTL TOYHOCTb Gnarofaps NPUMeHEeHUe
HEKOTOPOI BCMOMOraTe/lbHOW MepPEMEHHON XL, KoppenupoBaHHON C yt.
Mpwn n3yyeHUn 3aBUCMMOCTU MeXAY I/, 1 1T MOXET 0Ka3aTbCH, 4TO XOr>"
3Ta 3aBUCUMOCTb NpUGMM3NTENBHO NMHEHA, COOTBETCTBYOLWAs npsmas
He MPOXOAMT Yepe3 Hauyano KoopAaMHaT. STO 3HAYWT, YTO MOXKET ObITb MOCT
poeHa OLeHKa, OCHOBaHHasi He Ha OTHOLIEHWUWM 3TUX [BYX MNePeMeHHbIX"’
a Ha JIMHeinHoli perpeccun yt mo xt.

MpeAnonoXnMm, UTo ANS Kaaolh eAuHuUubl B BbIGOPKE MOMYYeHbl 3HA
YeHus yt U Xt 1 M3BECTHO CpefHee 3HAYEHWE NepeMeHHOW Nir 4NA COBOKYynN
HocTu, X. JIMHellHas oueHKa no perpeccumn Y, cpefHero 3HayeHus nepe-;
MEHHOI [/f 4N COBOKYMHOCTU, WMEET BUA

Vit= Y+ b {X— x), (7.1)

roe wHaekc Ir osHauaeT NuHeiiHyo perpeccuio [Ir — oT aHramiickoro «li-
near regression»!, a hb—oueHKa N3MEHEHNSA Y MPU U3MEHEHMMN X Ha €4UHM
uy. OTa oLeHKa OCHOBaHa Ha TOM COO6GPaXKEeHWUU, YTO €C/IN X MEeHbLUe cpeq
Hero 3HayeHusa xt gns COBOKYMHOCTWU, TO MOXHO 0XWAaTb, YTO BC/eLCTBUE
perpeccun r/r no Xry Takxe OyAeT MeHblle CpefHero r/, Ha BeUYNHY
b (X — a). B KayecTBe OLEHKV/ CyMMApHOro 3HaYeHUs 414 COBOKYNHOCTU
Y, Mbl npuHumMaem YlIr = Nylr.

YoTtcoH (Watson, 1937) Bocnonb3oBajiicAd  perpeccuein  nnowggH*
NNCTbEB MO WX BECY AN OLEHWBAHUA CpefHel Maowaan NUCTbeB  Ha Jepe-;;
Be. B cooTBeTCTBMM C 3TWM BCe NMCTbA AepeBa B3BewMBanuchb. Lns He-
60/bLIOV BbIOOPKN NUCTHEB OMpPeAensanncb MAoWaAb N BeC KaX4Oro /InCcTa-.
Mocne 3TOro BbIGOPOYHOE CpefHEee 3HayeHWe MNIoWaAn NUCTa KOPPeKTUB
poBanocb C MOMOLLbID perpeccum no Becy nucta. lMpakTUyecknii cmbich
3TOro npuemMa 3aknoyancs, pasymeeTcs, B TOM, YTO OMpefenunTb BeC UCTa
MOXHO ropasfo 6bICTpee, Yem HaiTW ero niowagb.

3T0T Npumep WUANKCTPUPYET 06LLEee MOMOXKeHWE, B KOTOPOM NMPUMEHUMbI
OLEHKW no perpeccuun. Mpeanonoxum, YTo MOXKHO O4YeHb BbICTPO onpefe-
AUTb NPUBAMKEHHOE 3HayeHMe Xt HEKOTOpPOro npu3Haka Ana Kaxjow
eAUHULBI U MOXHO TakKXe, KakuM-nnbo 6onee AOpPOrocToAlmMM cnocobom,
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onpefennTb MNpaBW/bHOE 3Ha4YeHMe Yyt 3TOro npusHaka pANa  eauHuL
13 MPOCTOI CnyvaiHoli BbIGOpKK. Tak, 3KCMepT Mo Kpbicam MOXET ObICTpO,
Ha rnas, OUEHWTb YUC/IO0 KPbIC B KaXKAOM FOPOACKOM KBapTane u 3atem ny-
;M OTNOBa ONpeAenuTb AeiCTBUTENIbHOE YMCN0 KPbIC B KaX/JOM M3 KBapTa-
N10B, MOMaBLWIMX B MPOCTYIO C/y4aiiHyto BbIGOPKY. B Apyrom npumepe, onu-
caHHoM Welitcom (Yates, 1960), Ha Kaxgoin feNsAHKe N3 COBOKYMHOCTU fAe-
NAHOK nnowagsto no 0,1 akpa genanach rnasoMepHas oueHka o6bema ape-
BECUHbI 1 A4N1A HEKOTOPON BbIGOPKM 3TUX AENSAHOK W3Mepsncs ee AelcTBU-
TenbHbI 06Taem. OueHKa MO perpeccuu

y + b(A—Xx)

KOpPPeKTUpyeT BbIOOPOUHOE CPeAHEEe TOYHbIX W3MEPEHWI C MOMOLLbLID per-
PeccUn TOUYHbIX U3MePeHMIA N0 rna3oMepHbIM oueHkaM. Mpwn 3Tom He 0653a-
TeNbHO, 4TOGbl TrN1a30MepHasd OUeHKa He umena cMmeleHus. [pumem
Xt—yi = D, Tak 4TO ec/in UCKUYUTb NOCTOAHHOE CMelleHne D, To npu-
MepHas oueHKa coBnajaeT ¢ ToYHoi. Torga npu b — 1 oueHka no perpec-
CUW MPUHUMaET BUS

y U4 (X—x) = X Jk(y—x) = (cpegHee 3HauyeHune NpPUMEPHOI

OLEHKM ANS COBOKYMHOCTU) + (NOMpaBKa Ha CMELLEHNe).

O cBoliCTBax OLEHKWM MO PEerpeccum Mbl 3HaeM CTO/bKO XKe,, CKOMbKO
06 oueHKe MO OTHOWeHWO. OLEeHKa MO PerpeccuyM COCTOATE/IbHA B TOM
TPUBMANIBHOM CMbICNe, YTO €C/M BblGOPKa 0XBaTbIBAET BCHO COBOKYMHOCTD,

To X — X 1 OUeHKa Mo perpeccum cBoamTcs K Y. Kak 6ygeT nokasaHo
Janee, OLEHKAa MO perpeccun, BoOGLLE TOBOPS, — CMELLEHHAs OLEHKa,
HO /15 60MbLUNX BbIGOPOK OTHOLLUEHWE CMELLEHWS K CTaHAAPTHOW olnGKe
CTaHOBMUTCA ManbiM. ViMeeTcs opMmyna Aucrnepcumn 3Toli oueHKu Ans 60Mb-
WKX BbIGOPOK, HO O XapaKTepe pacnpeAeneHns OUEHKW AN HeGOMbLINX
BbIGOPOK M O BE/IMUMHE M, HAUYMHAs C KOTOPO MOXHO MpPaKTUYeCcKU mnpume-
HATb Pe3ynbTaThl, OTHOCALWMECH K GOMbLIMM BbIGOPKAM, HaM MoKa W3BECT-
HO HEMHOrO€.

Mpy COOTBETCTBYHOLIMX 3HAYEHWAX b YaCTHbIMU CAy4asMU OLEHKM
MO Perpeccun CTAHOBATCA KaK OLEHKA MO CPefHEMY Ha eauHuLy, TakK W
OLEHKA MO OTHOLEHNID. OUYEBMAHO, UYTO €CAIM MOMOXMTb b paBHbIM HY/IHO,

ToyIr=y. Ecnm b = ylx, 10
N,=0+4 (*-3 = 4-*=Yr. (7.2)

7.2. OUEHKW MO PErPECCUI MPUN 3AJAHHOM b

XoTs B GONMbLUMHCTBE MPUOXKEHWIA cnocoba OUEHKM Mo perpeccun b
OLeHMBaEeTCA MO pe3ynbTaTaM BblGOPKW, MHOrfa LenecoobpasHo BbibpaTb
3HauyeHune b 3apaHee. Mpy MHOroKpaTHbIX 06CNeA0BaHNAX OAHOW W TOM Xe
COBOKYMHOCTW MpeablayLine BblYMCNEHUS MOFAM MOKa3aTb, YTO 3HAYeHUS
b, nonyyaemble Mo BbI6GOPKE, OCTAKOTCS JOBOMLHO CTAOWALHBLIMMW; WX, €CK
X — 3TO 3Ha4yeHWe y MO MocnefHel nepenucu, TO Ha OCHOBe O6LMX CcBede-
HWIA O COBOKYMHOCTM Mbl MOXEM 3aK/OUUTb, 4TO b 6/1M3KO K eAuHULE,
TakK 4To Bbl6UpaeTcs b — 1. MoCKONbKY ANS OLEHOK MO perpeccum npu 3a-
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[JaHHOM b Teopus BbIGOPOYHOr0 METOJa OAHOBPEMEHHO M MPOCTA U HHO.
MaTWBHa, TO CHayana Mbl PacCMOTPUM 3TOT Cydai.

Teopema 7.1. Mpu npocTtom cnydaiiHom ot6ope, korga bO— 3agaHHa
MOCTOSIHHAA, IMHEWHasA OLEeHKa Mo perpeccuu

N = Y+ H{X—x)
€CTb HECMELLEHHaA OLUEHKa C ,qmcnepcmeﬁ

N

yym - (7.3

(S*-2&eSy*+ *2«)- (7-

3aMeTuM, 4TO He TpebyeTCs HWKAKUX NPEAMNONOXKEHUA OTHOCUTENbHO 3
BMCUMMOCTU MEXAY Y U X B KOHEYHOW COBOKYMHOCTH.

[okasaTensCcTBo. Tak Kak npu MHorokpatHoMm ot6ope bO noctosHH
TO no Teopeme 2.1

E(yln=E(y) + bOE{x-X) = V.

Oanee, yIr npeactaBnseT  co6oii  BbIGOPOYHOE  CpefHee "Bennuum,.

iji — b0 (xi — X), a ux cpegHee fANs COBOKYMHOCTM paBHO Y. Torg
no teopeme 2.2

£\(yi-y)~b0(xi-X)f
V&)

M N—I
-7 (s1~2b0s W+ bISI).

Cnegcteme. HecwmeweHHas Bbl6opoyHas oueHka V (yir) ecTb

12: ) Kr/i—y) —b0(xi— x)]2

W
n n—1

K*f«t) =
1-/
0 (4—2V p +70 g|).
[na pokasatenbcTsBa JOCTATOYHO MPUMEHWUTL Teopemy 2.4 K nepemeHHa
f— (i — ) y
Tenepb BO3HWMKAET eCTECTBEHHbI BOMPOC: KAKOBO Hauydllee 3Hay*
Hue /)0? OTBET Ha Hero faeT Teopema 7.2.

Teopema 7.2. 3HauveHue 60, npu kotopoMm V (yI) MUHMManNbHa,

/_£ (y«—p) Cc—x)
=1 ..
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HasoBem ero Koap@uUNEHTOM NNHEAHOA Perpeccum y no X ANs KOHEYHOM
COBOKYNHOCTW. COOTBETCTBYIOLLAA MUHMMaNbHAs ANCMNEPCUS ecTb
1- f
SH1— P2,

roe p — Koa(UUMEHT KOPpenaunm Mexay y WX [ANs COBOKYMHOCTHU.
[okasaTenscTBo. B BblpaxeHuu (7.4) ana V (yI) nonoxum

bo=B-fd X
Si

310 faet

1-/ Sh

V(yln 2Syx \-f+d)+S1I- G

+2d A 4 g* -1 (4-1=) (7.6)

OueBMAHO, UTO NOCNEAHEE BbIpaXeHWE MUHMUManbHO npu d = 0.
Mockonbky p2 = SIxISISI,

vV min (17 -1 sx=(1-p2. (7.7)

Temu e cambIMK BblK/1aAKaMW MOXHO BOCMO/1b30BaTbCA 4718 TOrO, YTO-
6bl ONPeAennTb, HaCKOIbKO bOMOXET OTKNOHATLCS OT B, He Bbi3blBas Cy-
LLeCTBEHHOI noTepn B To4HOCTU. M3 (7.6) n (7.7)'Mmeem

v Cy») = . [S*1-p 2+ (8O- Bfsi]=

=V . (a | (bO-B)*SZl
TN 1 [ SI(l_p2)j

Mockonbky BSX = pSy, 3T0 Bblpa)KeHMe MOXHO 3anucaTb B Buje

—1) (A7) ]m

Taknm 06pasom, ecim Mbl XOTWUM, YTOGbl OTHOCUTE/NLHOE YBENMYEHME
AVCNepcumn BbIN0 MeHbLLE &, HYXXHO 4TOGbI

Y (yir) = Vmin Ohr) f1+

IA -1kl/a0O -p2~r. (7.8)

Hanpumep, npu p = 0,7 gucnepcus ysennuymtcad MeHblle yem Ha 10%
(a= 0,1, ecnu

v < Koa-051/0,49 =0,32.

Kak cnefyeT n3 BolpaxeHusa (7.8), Ana Toro 4tobbl OTHOCMTENLHOE YBe-
Nu4yeHve gucnepcun 6u110 HebonbwnMM, bJB [OMKHO 6bITh 6/1M3K0 K 1 npu

O4YeHb 60MbLINX 3HAYEHUAX P, HO MOXET CyLLeCTBEHHO OT/M4YaTbCA OT 1,
i P CPpaBHUTE/IbHO HEBEJINKO.



7.3. OUEHKA MO PEFPECCUWN, KOIAA BBbIYNCAHAETCA MO BbIBOPKE

3 Teopembl 7.2 MOXHO cfleNlaTb BbIBOA O TOM, UTO €c/in b JO/MKHO ObITb
BbIYMC/IEHO MO BbIGOPKE, MO-BUAMMOMY, Hambonee 3(eKTUBHOI OLEHKO"
6yaeT 3Hakomas HaM oueHKa B, nonyyeHHas no MeToAy HauMeHbLUue
KBajpartos, T. e. '

2 (yi—y)(xi—x)
I —— . (7-9)

Teopus fMHENHON perpeccun Urpaet B CTaTUCTMYECKOW METOA0Morur
BaXHYI0 ponb. OfHAKO 006blYHble YTBEPXAEHUS 3TOW TeOpUM He BMOJH
MPYMEHUMbI K BbIGOPOUHbIM 06C1e[0BaHMAM, NOCKONbKY OHWM CnpaBesinB-
npy NpPesnonoXKeHUsAX, UYTO perpeccus y Mo X BO BCeli COBOKYMHOCTW fu;
HeliHa, YTO OCTaTo4YHas AMCMepcust y OTHOCUTENbHO NIMHUU perpeccum mr
CTOSIHHa W 4YTO COBOKYMHOCTb OeckoHeyHa. Ecnv nepBble ABa npeanon»
XXEHUS COBEPLUEHHO OWMO0YHbI, MMHEVHYIO OLEHKY MO perpeccuu, BUAUM
NpUMeHsATb He cnefyeT. OAHaKo B Tex 006cnefoBaHusAX, rae npegnonaraer
Cs, YTO perpeccus y no X NpuM6AM3NTENbHO NWHElHa, MpUMeHeHue Yy 1Pb
eCAN OHO BO3MOXXHO, MOXET ObITb NO/e3HbIM WU 6e3 NpefnonoXeHnUs O Tou
HON NUHERHOCTU- AW O MOCTOSHCTBE OCTATOYHOWN AMCMepcuu.

Mo3aToMy Mbl M3M0XMM NOAXOA, MPY KOTOPOM He TpebyeTcsa, 4Tobbl per
peccus y Mo X B COBOKYNHOCTW BGbina fMHelHa. BbiBogbl cnpaBesiMBbl TOMb
KO Ans 60nbWKNX BbIGOPOK. OHM aHANOTMYHbI COOTBETCTBYHOLWUM YTBepXie-
HUSAM, CrpaBefvMBbIM NpU 60/1bWNX BbIGOPKAX 415 OLEHKM N0 OTHOLUEHUIO.

Mokaxem CcHayana, 4YTo And BbIGOPOK 06bemMa N BenuuuHa (b— B

nuveeT nopagok 1/Jf n. Beegem nepeMeHHyo €; ¢ NOMOLLbIO paBeHCTBa
e, = ¥— Y -B (Xi-X). (7.1

OTcroga cnegyet, 4To corsiaCcHoO onpeneneHno B

12: 1<>r(ﬂ— X) = rg | fr—Y)(Xi— X)— B i2: (*— X)2=0. (71T

Danee,
2 ¥ (x«—X)
b r=1
1 Ha ocHoBaHuu (7.10)
n _ _ _ n
2 1k+ B(xi— X) +ei](xi— x) 2 et(xi—x)
- (71
iEI (xr—n)2 tg (xi—x f
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Mo TEOpEMﬁ, 2.3, (Xt —x)/(n — 1) ecTb HecMelleHHad oOLeHKa

BbIpaXKeH s 2er(xr—f)/(N— 1), koTtopoe cornacHo (7.11) paBsHO
Hynto. CnegosaTtenbHO, Npu MHOFOKIQIaTHbIX BbIbOpKax 06beMa n pacnpe-

feneHne BbIGOPOYHOI KOBapuawmm (x>—Xx)/(n — 1) umeeT cpefHee,
paBHOe Hy/0. VI3BeCTHO, 4TO CTaHAapTHas owwmnbKa BbIOOPOYHON KoBapua-
uMn npefcTaBnseT coboii BennuuHy nopsagka_lY «. Takum o6pasom, Ans
BbIOOPOK 06beMa M BbIpaXKeHMe ("r—x)/(n — 1) 6ypeT BeNUYMNHOIWA

nopsgka \/Vn. Ho BbipaxeHne 2 (xr— a)2(n — 1) = si gna Bbl6OPOK
obbema n 6ygeT BenmuuMHOM nopsigka 1. CrnegoBatenbHo, cornacHo (7.12)

(b — B) — BennuunHa nopagka 1/Vn.
Teopema 7.3. Ecnu b ecTb oueHka B no metofy HavMeHbLUUX KBajpa-
TOB U

Y= Y+ b{X—X), (7.13)

TO 4N NPOCTbIX CAy4yaiiHbIX BbIOOPOK 06bema n

V&f)= —  SS(1-P 4 (7-14)
npu ycnosun, 4to n AoCTaToOYHO BENNKO, ANA TOro YyTOObI YNEHaMun nopaaka

\/Y N MOXHO 6bl710 nNpeHebpeuyb.
[okasaTenscTBo. bepa cpegHee (7.10) no Bcem efuMHMLaM BblGOPKMU,
NMeem

e=y—Y-B (x—X).

MoacTaBnsaa orcioga y B BbipaxeHue (7.13) ans yIT, nonyyaem

ylr=Y+ (b-B)(X-")+~e- (7.15)
M3 (7.10) ¢ 04YeBMAHOCTLIO BbITEKAET, UTO cpefHee €1 419 _COBOKYMHOCTU
paBHO Hyno. CrefoBaTeNbHO, € — BefMunHa nopsaaka L/Vti. Ho Mbl yxe
nokasanu, uto (b— B) — BenununHa nopsgka IfVn. Tak_kak_(X — X)
Takxe nopagka 1Vn, 710 wux npoussepeHne (b— B) (X — x) wumeer
nopsagok 1ln. 3HauuT, ecnu yneHamm nopsagka 1r\/m MoXHO npeHe6peyb,
TO 3TO NPOMU3BEfEHME MO CPaBHEHWID C € MPeHebpexumo mano. Takum
06pasom,

Yit— Y me.

Mockonbky cornacHo(7.10) nteopeme2.1 E(e) paBHO Hyst0, Aucnepcus
CpefHEero 3Ha4yeHus BeIMYMH €, MpyY MPOCTOM CnyyaiiHOM 0T6ope paBHa

E (e2. CneposatenbHo, Mo Teopeme 2.2

(7.16)
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[anee,

iU* = 2 Jtox- ¥Y)- A(*r- X )]2= 1 («r-Y )2
262 (*,—Y) (xr— x) + Brf (xr_X)2
= U(*/— ")2- 5 22(a'& x)2
no onpepaenexHnto b, paeseHcTBo (7.5). Ho npu aTom
p_____ 2 (r/lr-F) _ RI/2(**-X)2
1/7? N V. 2 ("-k)2

NKw-FPHUI-x)2
Takum 06pasom,

TaK 4YTO OKOHYaTeNNbHO

7(@in=-—- sg(l— pd. (7.17)

B kauecTBe BbI6OpPOYHOI oueHkn V (ytr), cnpaBegnvBoii 4na 60/bIHK
BbI60POK, MOXHO MPUHATH

1/ —\2
o=y 2 [(v|/|“y)~ G- 01 (7.18)
1-f.
2 (y.- y)2- * ,
nn—z 2 YY) 2 (X )2 B (7.19

MocnegHee BbipaXeHWe NpeacTaBnseT Co60M 06bIYHYH, YAOOHYHO ANS Bbl
uncneHuii gopmyny. MNprBeaeM BbIBOA 3TON OLEHKM.
B xofe AgokasaTenbCTBa Teopembl 7.3 Mbl MOAYYMAN paBeHCTBO (7.16

viyln 97 ss,

CornacHo TeopemMe 2.4 HeCMELLEHHOM OLEHKOW Si CnyXuT

1= 1

[anee, n3 paseHcTsa (7.10) cnefyer, 4yto
Pl—me=({Ui—y)— B (x— x) =
= Iy{—=y)—b (*— x)] + d—B) (X— Xx).

BTopoit uneH cnpaBa umeeT nopsgok \fVti v um MOXHO npeHebpey-
MO CpaBHEHWIO C MepBbIM Y/IEHOM, KOTOpbll MMmeeT nopsgok 1. CnepoBa-
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refbHO, ANs 60/blIMX BbIGOPOK B KayeCTBE OLEHKM Sf MOXHO NpUHATH
BbIpaXXeHMe

-U- Y Ku,-y)-b(xt-x)f.
n—1
1= 1
B dopmynax (7.18) u (7.19) Bmecto (M — 1) 6bIn B3AT genntens (N — 2),
MOCKO/bKY OH MPUMEHSETCA B OObIYHON TEOPUM perpeccun, n, Kak M3BecT-
HO, B C/ly4Yae 6eCKOHEYHOM COBOKYMHOCTM W NIMHEHOI perpeccun JaeTt He-
CMELLEHHYI0 OUeHKy Si.

7.4. LOCTOBEPHOCTb ®OPMY/bl ANA V(yir) NPV BOJbLLUNX
BbIBOPKAX

CofepxaHve npefblgylinx naparpaoB He [aeT OTBeTa Ha BOMpPOC:
HaCcKo/bKO 6onblIOl A0/MKHA ObiThb Bbi6GOpKa? lcuepnbiBaloLwero 0oTBeTa
Ha Hero roka faTb HeNb3s, HO HEeKOTOpPOe MpejcTaB/ieHne 06 3TOM MOXKHO
nosyynTb, paccmaTpusas 6GECKOHEYHYIO COBOKYMHOCTb.

CornacHo paseHcTBY (7.15) 13 Teopembl 7.3

yir— Y= e +®— B) [X—X).

MoacTaBnsAa BbipaeHue ansa b n3 (7.12), nmeem

n

2 er (*;—Xx) (X—x)
2 U-*)2

(7.20)

STVM BbIPOXKEHUEM /151 OLUMGBKU OLEHKM MO Perpeccum Mbl BOCMO/b3YeMCS
AN HAXOX[EHWUs TNaBHbIX YJIEHOB AWCMEPCMU U CMELLEHUS OLEeHKM Yy Ir.

,D,J'IFI ancnepcun sannwiem
Ay = Ye,\t + b= I3
if
Cne,qOBaTeano, npn ycnoBmn, 4YTO XTI HEM3MEHHbI, MPUYEM npeanonara-
eTC4d, 410 Sf OANHaKOoBa A/1d BCEX X,
n(x~ X)2

bl * =-N1+
") 2 (xf—xf _

CpefiHee 3Ha4YeHWe 3TOM BE/IMYMHBI MO BO3MOXHbIM BbIGOPOYHBIM 3HAYEHWSAM
Xt 3aBUCUT OT XapakTepa pacrpegeneHus 4actoT X. Ecim X nmeet HopMasb-
Hoe pacnpefeneHue, To CpefHee paBHO
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[nsa cnyyas npou3BOSIbHOrO pacnpefeneHms X MoxHo nokasatb (Cochra
1942), 4TO C TOYHOCTbIO 0 BeMUMH nopagka 1In3

1.3 7.21
= (7
rae v k3/S| ecTb Mepa OTHOCMTENbHON acMMMeTpuM pacnpefeneHus

BosBpauasice K (7.20), 3amMeTM, 4TO CMelleHne yIr 06yCnoBNEHO B

pbiM YNIEHOM B MpaBOi yYacT paBeHCTBA, TaK KakK cpegHee 3HauyeHue
Mpu MPOCTOM C/y4yaiiHOM 0T6Ope paBHO HyMt0. YTo6GbI MOMYYWTb FnaBLl

UfeH CMeLLEHUs, Mbl MOXEM 3aMEHUTb BbIpaXeHue 2 (X* — X)2 ero rne
HbIM 4fleHOM, NSXM 3anuLiemM TakKXe

Ler(xr—x) = Z ei(xi— X) + ne{X— x).

Takum 06pa3om, TNaBHbIA Y/eH CMeLeHWs MpeacTaBnseT coboii cpefH
3HaYeHWe BENNYVHBI

2 e (xj- X) {X-x) e(x-Xf

(7.2
NnSx Si

O603Ha4yMM nepemeHHyt et (xr— X) uepe3 w. CornacHo (7.11)

cpegHee gna cosokynHoct U = 0. [loatomy, npumeHss Teopemy 2.

(c. 39) n nonarad, uto N -" 00, cpefiHee 3HaYeHWe NepBOro yneHa B (7.2
MOXHO 3anucaTb B BUje

E {n—n) {x—x) E (n—U) (x—X) Ee(x-X)2

. 7.23
Si nsl nsi (

HeTpyAHO NoKasaTth, YTO CPefHEe 3HaUeHNe BTOPOro yneHa B (7.22) ecTb B'
nuynHa nopsagka 1lin2. TakuMm 06pa3om, rNaBHbIA YfeH CMELeHUs BO3HWU’
KaeT u3-3a KoBapuauum e n (X — X)2 gnd COBOKYMHOCTW; OH OTpaxac'
BAMSAHUE KBaPATWYHOW PErpeccMmy no X U ucuyesaer, KOrga 3aBMCUMOCT™
MeXay y UX NUHeiHa.

Ecnu uepe3 p2 0603HaUUTL KOIhPUUMEHT Koppensuum e n (x — X)2
TO FN1aBHbIV YNIEeH CMELLEHNS MOXHO BblpasuTb MHaye B BUfe

P2Se~\2+ v (7.23

NMOCKONbKY W3BECTHO, 4TO Aucrepcus (X — X)2 paBHa S* (2 + y2), r4
Y2 = kJS* ecTb (huepoBa Mepa OTHOCUTENLHOrO 3KcLiecca.
OKoHuYaTenbHoO, 06beAnHAA cMeLleHne u3 (7.23") n gucnepcuto us (7.21),

noslyyaem CpefHWii KeagpaT OWMWGKM yIr, KOTOPbIA C TOUHOCTBIO [0  ufe-
HOB nopsgka 1/n2 paeeH

Sy 11— 1+Pr (2+ Y1)

1+ (7-24)
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3TOT pe3ynbTaT NOKasbiBaeT, YTO eCNU pacnpefeneHne x obnagaer yme-
PEHHbIM 3KCLECCOM, TO Npu Bbi6OpKax 06beMom B 50 1 60nee ons gucnep-
CAU OLEHKM MO Perpeccum MOXHO MPUMeHATb (opMyny Ans 60MblunX
BbIGOPOK.

N3 Hawmx paccyxxfeHuii cnegyeT Takxe, YTo npu N, AOCTATOYHO 60/b-
WNX ANA TOro, 4Tob6bl MOXHO OblNO0 nNpeHebpeyb uneHamu nopsagka
1/n2, B KayecTBe OLEeHKN B MOXHO BOCMO/b30BaTbCA He OLLEHKOA MO MeTomy
HaMMeHbLUMX KBAaApaToB, a MeHee 3((eKTUBHOW OLEHKOM b', MOCKONbKY
ownbKa B b BNMsET TONbKO Ha 4neHbl nopsigka 1/m2. Hanpumep, b MoXHO
BbIUNCNATL MO HEKOTOPO NOABbIGOPKE M3 WCXOLHbIX AaHHbIX. Ecnn xe
€MHNLbI MOXHO YCNOBHO Pa3buTb COrNacHO 3HaYeHWAM X Ha TPU OfLMHAKO-
Bble M0 06beMy rpynnbl (U3 MasblX, CPefHUX U 60MIbLUMX), TO MOXHO, Kak
nokasan baptner (Bartlett, 1949), NnpUMEHUTb OLEHKY

Ve jl6onbw jiman
*6onbin— HAman

3(hpeKTMBHOCTb KOTOPOI COCTaBAsfeT NpubnusuTensHo 8/9.

7.5. AOMNOJ/IHNTEJIbHbIE SAMEYAHWA O CMELLEHNN

B cnyuyae KOHEYHOI COBOKYMHOCTW BbIpaXeHWe A5 [NaBHOMO 4neHa
CMELLEHNA MOXHO Nony4nTb u3 opmynel (7.23) naparpada 7.4 ¢ TeM uU3-
MeHeHWeM, 4TO, NPUMeHAS Teopemy 2.3, He HY>KHO nosaraTb, 4to N 00.
OCHOBHOE OT/INYME OT MPEXXHETrO BbIPaXXEHWA COCTOWUT B TOM, YTO MOABANSA-
€TCA Y/IeH, COOTBETCTBYIOLMIA MKC, TaK 4To

N

(n—I)Sjg N—1

B npegpblgyliem naparpage Mbl nokKasanu Takxe, YTo eciim B 6ecKoHeu-
HOW COBOKYMHOCTW PErpeccus fIMHeliHa, TO TN1aBHbINA YieH CMELLEeHUsT ucye-
3aeT. B felicTBUTENBHOCTU A1 GECKOHEUYHbIX COBOKYMHOCTEM, KakK XOpOLIOo
M3BECTHO, EC/IN PErpeccust NMHeliHa, TO UCYE3aeT BCE CMELLEHME, a HE TO/b-
KO €ro rnaBHblil uneH. COOTBETCTBYHOLWMIA pe3ynbTaT CnpaBeasiMB U Ans
KOHEUHbIX COBOKYMHOCTeli, €C/M PEerpeccus y No X IMHeliHa B OGbIYHOM
CMbIC/e 3TOr0 TepMUHA. Mbl CUMTaeM, YTO B HEKOTOPOI KOHEYHOI COBOKYI-
HOCTW perpeccust fMHeliHa, eciu

yt= K+ p(x;-X) + er (7.25)

npu E (efxr) = 0 gns Kax[oro HeM3MeHHOro xr. B yacTHoOCTW, ecnu Ka-
KOe-TO OMpeAe/ieHHOe 3HaYeHNe X NOSABAAETCA TONbKO AN1A OAHOW eAnHMLEbI
B COBOKYMHOCTW, TO 3Ha4YeHWe € ans 3TOW eAanHMLUbl AOMKHO ObITb paBHO

HY/H0.
Teopema 7.4. Ecnu perpeccus yt no Xr anHeliHa, To

= Y+ b(X—Xx),

roe b— 2 (r—y) (xr— x)/2 (- — X)2ecTb KO3((ULMEHT perpeccumn
Mo X MO MeTOAYy HauMeHbLUMX KBAAPATOB, €CTb HECMeLleHHasa OueHKa Y.
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TpebyeTtca Takxe, 4Tobbl E (1, — x)2> 0 B Kaxpgoin Bbibopke. (Ecn
VUK — Hauborsbliee YMCNO efWHUL, B COBOKYMHOCTM, UMeWwmnx oaHo (
TO Xe 3HayeHue X, To ycnoene E (xr— x)2> O BbINOAHSAETCS A4 nt06or
N Max)-

JokasaTenscTso. Ecnn (7.25) BbinonHsaetcd npun E (eNx;) = 0, 71
HeTpyAHO nokasaTb, 4to P = B, rge B — koathduumeHT perpeccuu

no X ANS COBQKYMHOCTW, 3ajaBaemblii opmynoi (7.5). [elcTBUTENBLHO,
cornacHo (7.25)

2 **(*— Y) = p|xr(xr-X )+ £erxr.
N

Tak Kak (1er|xr)- 0, T0 2erxr = 0, Tak 4yto |3 = B. CneposaTenbHoO,
cornacHo (7.15) n (7.1
-

ylI— Y = B-4d +e (7.26)

2 fc-x)2
PaccmoTpum Tenepb BbIGOPKU C OLHUM I_IVI Tem e HabopoM 3Ha4yeHWi XT.

Lna Bcex Takmx Bbl6OPOK (X — X) m 2 (*r — X ocTatoTCAd MNOCTOAHHbI-
mu. [lanee, ecnu Kakoe-TO 3HA4YeHME X BCTpevaeTcs T pa3 B BbI6OPKe K
V pa3 B COBOKYMHOCTU, TO KaXjas U3 v eauHu, 6ygert ¢ 04MHAKOBOW 4acTo-
TOli monagatb B BbIOOpKM paccMaTtpuBaemoro Tuna. OTcioga cnefyet, YTo

cpefHue 3HaYeHUA Kak Ee* (xr—x), Tak ne no Bcem 3TVM BblOOpKaM paBHbl
Hynto. Takum obpasom, E (ylr— ¥) = 0 mo Bcem 3Tum Bbi6opkam. Crie-

foBatenbHo, yIT eCTb HecMelleHHas OLeHKa Mo BCEM MPOCTbIM CAyYaliHbIM
BbibOpKaM o0b6bema n.

7.6. CPABHEHUWE OLEHKW MO PEFPECCUMN C OLEHKON
Mo OTHOWEHWMIKO N MO CPEAHEMY HA EAVHNLY

Ons Takoro cpaBHeHWUst 06beM BbIGOPKM N AOMKEH BbITh 4OCTATOYHO Be-
VK ANS TOro, 4To6bl GbINM CrpaBeANMBbI NPUBMKEHHbIE POPMY/bI  AMC-
MepcuMy OLEHOK MO OTHOWEHWIO U MO perpeccun. Tpu CPaBHUBAEMble fuc-

Mepcun OLIEHOK CPeAHEro ANns COBOKYMHOCTU Y MMEKT BUA:

V (Y= - ’,Qm~ S9(1—p2 (no perpeccun);
Y(r/K):“Wn~(SI-\-RZSJC—ZRpSva) (no oTHOLEHMIO);

Y (y) NN (No cpefHeMy Ha efuHWULY).

OuYeBUAHO, YTO AMUCMEPCUS OLEHKM MO PErpeccyn MeHblue, YeM Aucrep-

CUS OLEHKWU MO CPefHEMY Ha efMHWLY, 3a WUCK/HOYeHUeM cnyyas p = O
Korga o6e AMcrepcuu COBMafatoT.

[Lvcrnepcus OUEHKW MO Perpeccun MeHblle W AMCMEepCUn OLEHKU Mo OT-
HOLLEHMIO, €Cu

—P2S£< R2SI—2Rp Sy Sx.
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370 ycnoBue 3KBUBAIEHTHO HEPaBEHCTBaM
(pSy — RSxf > 0 wwm (B—R)2> 0.

Takum 06pa3om, oLeHKa No perpeccumn 6onee ToYHa, Yem OLleHKa no oT-
HOLLIEHWNIO, €CNKN TONLKO B He paBHO R. 3TW BeWUYMHbI paBHbI, KOTrAa 3aBu-
CUMOCTb MeXAy [/r U XT BblpaXaeTcs MpsAMOW, MPOXOAALLEeil Yepes Havano
KOOpAMHaT.

Mpumep. TOYHOCTbL OLLEHOK NO perpeccuun, Mo OTHOLIEHWIO U MO Cpej-
HeMy Ha efuHuLYy ANd MNPOCTO Cy4vyaliHOM BbIGOPKM MOXHO CpPaBHUTb,
MoMb3YyAChb AaHHBIMW CMIOLWHONO y4YeTa MePCUKOBbLIX epeBbEB, ONMUCAHHOTO
B NpumMepe u3 naparpaga 6.14 (c. 193). B aTom npumMepe yt — oLeHKa ypo-
Xas MepcuKkoB B cafly M XTI — YWUCNO NEPCUKOBBLIX [epPeBbeB B 3TOM cafy.
Mbl cpaBHMM OLEHKMN 00LLero ypoxkas B 256 cafgax, MoJiy4yeHHble M0 HeKo-
Topoii Bbibopke o6bemom B 100 cagoB. MpaBAa, COMHUTENIbHO, YTO Takas
BblbOpKa OyfeT AOCTaTOYHO BEMKa, 4YTOObl MOXHO 6blfI0 C MOMHbLIM OC-
HOBaHMEM MPUMEHUTbL (DOPMYNbl ANA AMCNepCcuid, NMOCKOAbKY Ko3hduLm-
eHTbl BapmaLmm Kaky, Tak U X HecKosbkKo 6onbwe 10%. OgHako 3TOT npu-
Mep CAYXUT AWllb AN WANKCTPauuyM BblYMCAEeHWA. OCHOBHbIE [aHHble

BbIFNAAAT Tak:
S| = 6409; Svx = 4434; SI = 3898; R = 1,270; p = 0,887;
n= 100; N = 256;

V(K= " (1-p 9=

= -2561- -6 <6409 (1—0,787) = 545 000;

V (K*) = (S*+ R2S1~2RSyx) =

= 256156 [6409 +1,613-3898— 21,270 «4434j= 573 000;
100
y 05)= N(N—n) S2= 2559000

n
Mexzay AMCNepcrsiMA OLEHKU MO PErpeccyn 1 OLEHKM MO OTHOLUEHUH
He OKa3blBAeTCs 6OMbLIOTO PasNMuns, Kak MOXHO GbIN0 6bl 0XKUAATb, Cyas
Mo xapakTepy nepemeHHbIX. OLEeHKa Mo CpefjHeMy Ha efuHWLY, OAHAaKO,
3HAUYUTENBHO YCTYMNAeT B TOYHOCTM 0BEVM 3TUM OLiEHKAM.

7.7. OLUEHKW IO PEFPECCUW TP PACCJ/TOEHHOM OTBOPE

Kak u B cfy4yae OUEHKM MO OTHOLUEHWIO, NpK paccioeHHOM oT6ope
MOXXHO MOCTPOMTb OLIEHKM MO perpeccun AByx TUNoB. [Nns nepsoii — pas-

JenbHOW OLUeHKM YIrS— olleHKa MO Perpeccun BblYUCASETCS OTAeNbHO
AN CpefHEero 3HaYeHUs B KOXKAOM C/10€ [S—OT aHTIMIACKOTo «separate» —

pasgenbHbIA], T. e.
Virh~ Yi+ MNCX/i xh). (7.27)
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I OCne Hero nonaraem BenuunHa B ¢ npeAcTasBnseT co60il B3BELUEHHOE CpefHee KO3aMULMEHTOB
perpeccun Bh = SJxhISlh gna otgenbHbix cnoeB. Ecnu 0603Ha4nThb

Virs —  Whylrh. (7.28)
h
P-M 4
3Ta OuUeHKa yMeCTHa, eCcnM eCTb OCHOBAHWA CUYMTaTb, YTO WCTUHHbIE KO-
aumLmMeHTbl perpeccun B h mMeHAIOTCA OT CNos K C/ok. ‘ ro Bc—LcihBHLcih
BTopas — coBMecTHas OLeHKa Mno perpeccun yIt [c— OT aHrauii- N3 (7.31) u (7.32), noactaBuB Bc BMecTo b, nonyuyaem

cKkoro «combined» — COBMeCTHbI] — wenecoobpasHa, €Cnn MOXHO Mpej-
MONOXWTb, YTO B h ogMHaKoBbl BO BCeX CNOAX. [OnA TOro Ytobbl BbIYUCNTD vmn (¥Y"- Yrmn(y,rs)- ZahBZ-(2ah)B*=1ah(Bh-B o. (7.34)

yIrc, HY)XHO CHauana HaiTtu
3 3TOro0 paBeHCTBA BbITEKAET, UTO Hauyullas pasfenibHas OLeHKa MMeeT

MEHbLIYH ANCNEPCUO, YEM Haumnydllad COBMECTHadA OUEHKa, €C/IN TOJIbKO

™ ~ Whyh\  xsl = 2 Whxh.
Bh He ofgMHaKoBbl BO BCEX CNOAX.

Torga
7.8. BbIBOPOUYHbIE OLIEHK/ KO3®®ULWEHTOB PEFPECCUM
Yb yst+ b (X ~ x st). (7.2
Mpeablaywinii aHann3 NOMOraeT HaMm yKasaTb, Kakoro Ttuna BblGOpou-
Mbl paccMOTpUM CHauana 3T OLeHKU Ans cnydas, korga bh u b Bblo Hble OLeHKM bh n b MoryT gaTh xopowue pesynbTaTtbl, 6yayyn NpUMEHEHbI
paHbl 3apaHee, MOCKO/bKYy B 3TOM CUTyalun CBOMCTBA OLEHOK MpOBeps B OLleHKax Mo perpeccun. V3 aToro aHanusa cnegyeT, 4To ANs pasfenbHol
I0TCA 4pe3BblyaliHO npocto. CornacHo naparpady 7.2, ylrh ectb  He OLEHKN HYXHO B3AiTb
CMeLleHHas oueHka Y h, Tak 4To ylrs — HecMelleHHas oueHka V. [anee,
0QCKO/IbKY 0TOGOp B pasHbIX CMOSIX MPOM3BOAMTCA HE3aBUCKUMO, M3 TEOpe ¥n (yhi—yh) (xhi—*h
7.1 cnepyert, ut P P P (yhi—yh) ( )
_ * ) b(w-xH?
V(ylrs) = '21 -W (ﬂﬁ fh)- (Slh-2 b hSyxh+b&SlIh). (7.30);

Kak oueHKy Bh BHyTpu cnos no mMeTogy HauMeHbLUMX KBagpatoB. Mpume-

Kak 6b1710 nmoka3aHo B Teopeme 7.2, V (YITS) muHumansHa npu bh=Bh—
HASA Teopemy 7.3 K KaXAoMy C/O0, nony4vaem

WUCTUHHOMY KO3((ULMEHTY perpeccum B cnoe h. MuHuManbHoe 3HayeHue
amcnepcuy MOXHO 3anucaThb Tak:

V(iylrsy ~ ~ ~ — Slh(@ pb) (7.35)
- Stixh \ h nh
W s J=2-"bM. (sp 2 (7.31)
y npv ycnoBmu, 4to 06beM BbIGOPKM Nh BennK BO Bcex cnosx. [Ans Toro yro-

Obl nony4nTb Bbl60p0‘-IHy}O OUEHKY Aaucnepcuun, noactaBMM B BblpaXKeHue

Bo3Bpalyasicb K COBMECTHOW OLEeHKe C 3afjaHHbIM b, 3aMeTUM, 4TO ”3
(7.35) Bmecto Slh (1 — Pn)

(7.29) BbITeKaeT, 4To yIrc — TakXXe HecMmelleHHas oueHka Y. MOCKOJbKY'
ylc— o06bl4Has OueHKa MO pacclioeHHOW BbIGOPKe A8 NepemMeHHO"

YM T b (X — XM), TO K 3TO MEPEMEHHON MOXHO NMPUMEHUTb Teopemy 5.3
M NONy4YunTh

Sy.xh m 12 YW—YnT—Ne2 (XM—x>? m

OugeHka yITS cTpajaeT TeM e HeoCTaTKOM, YTO M COOTBETCTBYHOLLas

VI (y»C) = (Sth~2b Syxh+ b*SIh). (7.32) OL|EHKa MO OTHOLLEHWIO, a UMEHHO OTHOLLEHME CMELLEHUA K CTaH4apTHOI

h h OLIMOKEe MOXET CTaTb JOBO/ILHO 3HauuUTeNnbHbIM. V3 naparpadga 7.5 cnegy-

€T, UYTO OLEHKM Mo perpeccunt yIrh B OTAeNbHLIX CNOAX MOTYT UMETH CMelLLie-

3Hadenne b, npu KOTOpOM 3Ta ANCMEPCUA MUHMMaNbHA, PaBHO HUA nopsgka lnh, npuyem cMeLieHNs BO BCEX CMIOAX MOTYT UMETb OAWH W
) TOT e 3HaK, TaK uTo 06Lee CMeLLeHne B Y Irs Tak)Ke MOXeT 6bITb BeNNuU-

p vV @ Syxh 1V wh0 —fh)3l,, J HOl nopsaka 1/nH. MOCKONbKY, KaK MokasaHo B naparpade 7.5, rnasHblii

h m i h nh i (7.33)y YfeH CMELLEHNs BO3HUMKAaeT W3-3a KBaApaTUUHOW perpeccun ybl no xhi

220 221




3Ta 0MacHOCTb 0COGEHHO BE/MKA, Korfa hopMa 3aBUCUMOCTU MEXMy Mnepe-

MEHHbIMM O6/IVDKE K KBaAPaTMYHOW, a He K JIMHEHOo. Mbl Bugenu, uTo.

B C/iyyae COBMECTHOA OLEeHKN gucnepcnsa MUHUMarbHa, Korga b = Bec

onpegensieTca gopmysion (7.33). MoaToMy B KayecTBe BbIGOPOYHOA OLIEHKW
B C ecTeCTBEHHO B3ATb

wy-th) vy, - W no-fh)

tth (nh- 1 ™ hi v (Xhi — X
(n ) i (Xhi — x n) I/II'I(«J'I—l)

Ecnv npu pacciioeHHOM 0T60pe BbiGopKa pasMeLLieHa MPONopLUOHasTEHO U
Mbl MOXXEM B bc MpUHSATL nh BMecTo (nh— 1), To bc CBOAUTCA K 3HAKOMOIA
HaM 06beVHEHHOW OLIEHKe M0 MEeToAy HaMMeEHbLUNX KBaApaToB:

bc= 2hi2 (yhi—yh (xh I| hi (xhi— xHf.

Mpy onpeaeneHHbIX YCMOBUSIX MPeAnodTUTelbHee bec WM B MoryT
oKaszaTbCA Apyrve OLeHKW. HanpuMep, ec/i UCTUHHbIE KO3 LIMEHTbI
perpeccun Bh 0avHaKoBbl BO BCEX C/I0SIX, HO OCTATOYHbIE AMCMepcuiA oT-
HOCUTE/IbHO JIMHWM PErpeccumn CyLLIECTBEHHO MEHSIOTCA OT C/10S K C/10t0,
TO MOXET OKasaTbCs 60siee TOUHbIM [pyroe B3BeLLEHHOe cpeaHee bh,
B KOTOPOM Beca 06paTHO MPOMopLMOHasIbHbI OLeHKaM avicriepcuii. OaHaKo

npyY 3TOM BbIUIPbILL B TOMHOCTU A8 yIic ByfeT, BEPOATHO, HEGONbLUMM.
Nveem

HtC—Y — ¥si—Y + BEO(X —xst) = [ystm-Y + BC(X—*9()] +
+ (bc-B o (X -x ).

M3 3TOoro paBeHCTBa CrnefyeT, YTO €Cc/iM MpeHebpeyb OLmMbKamm BbIGOPKU
B 3Ha4YeHUM bc, TO

Y-kl (¥  2BcSyxh-f-B\SIH).

JanbHeiimin aHan3 cTpyKTypbl b c wb'c MokasbiBaeT, yTo, BOOOLLE rO-
BOPSl, 3TO — CMELLEHHbIE OLIeHKM. Ecnn Bblbopka pasmellieHa MporopLmo-
Ha/TlbHO M OCTaTOYHas AMCMEPCUst OTHOCUTENBbHO JIMHUM perpeccun  npue-

NN3UTENIbHO OAUMHAKOBa BO BCEX C/10AX, TO BO3HMKalLlee CMELLeHKME y I

npeacTaBNsieT Be/IMUMHY nopsaka 1in, Kak U criaraemMoe Aucrnepcun y I
cogep>kallee uneH V{bc. Ecnn, ogHako, y4acTve AUCNEPCUN KaKOro-To

€nosl, CKabkem h-ro, B 06pasoBaHMM 00LLEN AMCMepcUn OLEHKN npeobnaja-

€T, TO craraemoe V (¥/c), cogepxkallee V (bC), MOXKET ObITb BENYMHON
nopsagka lnm.

B kauectse oueHkM V (y1Q) MOXXHO B3STb

W 1-/*) yr/ T
nh(nh_]_)z Hyhi  ¥u) bc(xhi xhi\ =

222

CyMmMy MO i MOXKHO, KOHEYHO, BbIYUCIATL Kak

—yft) — ) YH)(Xw  Xn)+ b*cN(xm  x7) .

7.9. CPABHEHWVE ABYX B OB OLLEHOK MO PEFPECCUN

[nsi onpegeneHnst Toro, Kakasi U3 OLEHOK MO perpeccun, pasgesibHast
WM COBMECTHasl, OyAeT Nyulle B KadKAOM KOHKPETHOM Crlyyae, Herib3sl
yKasaTb >XecTKoro npaswna. [s Toro ytobbl caenatb MeXay HUMWU Bbl-
60p, HY>XKHO MpeacTaBUTb cebe MX JAOCTOMHCTBA W HeaocTaTKu. HepoctaTkum
pa3ae/ibHOM OLEHKM COCTOAT B TOM, YTO OHa 60siee MoaBepkeHa CMELLEHWIO
Mpy He6O/IbLLMX 06bemMax BbIOOPOK BHYTPU OTAE/bHbIX C/I0EB U YTO OLIMG-
K1 BbIGOPKM B KO3NIMLMEHTaX PErPECcCUN COCTaBSIOT 60siee 3HAUMTE b-
HYI0 [0/110 ee aucriepcun. HepoctaTok COBMECTHOM OLEHKM COCTOUT B TOM,
yTO ee AMCNepcUst NPeyBeInYeHa, ecrin Ko LIMEHTbI Perpeccun aas co-
BOKYIMHOCTM Pas/inyaloTcsl 0T €10 K C/I0H0.

Ecnu mbl yBepeHbl B TOM, YTO pPerpeccumn fiMHelHbl U ecnn Bh, no-su-
AVMOMY, OVMHAKOBbI MO BCEX CMOSIX, TO, HACKO/IbKO MOXHO CyAnUTb, Mped-
nournTesibHee COBMeCTHasA oueHKa. Ecnn perpeccnn KadKyTcst SIMHENHBIMA
(Tak 4TO CMeLUeHME He AO0/MKHO ObITb 60/MbLUMM), HO Bh, no-BnamMmomy,
MEHSIETCS1 OT C/I0S1 K CJ10t0, TO PEKOMEHAYETCA pasfesibHasi oueHKa. Ecnn
perpeccun B HEKOTOPOW CTEMEHM OT/IMYAKOTCA OT JIMHEVHbIX, a MpPUMEHSI-
€TCS JIMHeHasA OUeHKa Mo perpeccuu, To, BEPOSTHO, 60/1ee HaOEXKHOM Oy-
[JeT COBMECTHasi OLiEHKaA, €C/IM TOSIbKO He BEIMKW 06beMbI BbIGOPOK BO BCEX

cnogx. .
Mukkn (Mickey, 1959) mccnegoBasn HeCMeLLEHHbIE OLEHKM TuMna oue-
HOK Mo perpeccnn. OHW, 0JHaKO, ele He ObLIM KCMbITaHbl B LUMPOKUX

mMacLUTabax.

YnpaXHeHMUA

7.1. OnbITHbIM thepmep oLeHUBaeT Ha rnas ypoxxaih MNepcukoB, XM € Kaxoro
pepeBa B cagy ¢ N — 200 pgepeBbeB. OH onpegenwus, 4to ux obwuin Bec X = 11 600

(byHTOB. [N HEKOTOPOW MPOCTOW CAyvanHol BblIGOpKM ob6bemom B 10 aepeBbeB Bce
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, nnnrtT\rranwo rVAQVTTKTaTKF:

Homep pgepesa

1 2 3 4 5 6 7 8 9

10

[AeiictBUTEND-
HbIA Bec In 61 42 50 58 67 45 39 57 71 53 543

OueHka Beca *r 59 a7 52 60 67 48 44 58 76 58 569

B KauecTBe OUEHKWN AelcTBUTeNbHOro obuwiero Beca Y 6epem
K= JT'1X+(P-x)].

BbluncnnTe OUEHKY W HalifuTe ee CTaHAapTHYI OLWINGKY.
7.2.

YcTtaHOBUTE, He bByaeT Nn 6osee TOYHOW OLEHKOW Ana npumepa 7.1 NNHeNR-

Hasi oLueHKa Mo perpeccuu, KoagduuMeHT b KOTopoii onpegeneH No MeTosy HavMeHb-

WX KBaApaTos.
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7.3. Tlo paHHbIM BbI6OpKM B Tabn. 6.1 (c. 174) BbIUMCANTE OLEHKY MO perpeccum
obuiero umcna >xuteneii 196 6onbwnx ropogos B 1930 r. Hangnte nNpnbANIKEHHYIO
CTaHAApPTHY OWINGKY 3TOM OLEHKW M CPaBHUTE ee TOYHOCTb C TOYHOCTbIO OLUEHKW Mo
OTHOLLEHWIO.

7.4. Ona ynpaXHeHUs 7.3 HaiguTe oueHKY 06LLero ymcna >utenen n ee cTaH-
[apTHy owunbky npm b— 1

7.5. Ana cnegytouwenn coBokynHoctm ¢ N = 5 npoBepbTe, uTo (a) perpeccus
y no X nnHeriHa n (6) NMHeliHaA OLUeHKa Mo perpeccun ecTb HecMelleHHas oueHKa Ans
NPOCTbIX CAy4YalHbIX Bbl6OPOK 06bema 3. COBOKYMHOCTb COAEPXUT cneaywline napbl
(y, x): (3,0); (5.0); (8,2); (8.3); (12,3).

7.6. Mpu6AM>KEHHOe 3HauyeHWe MepeMeHHOol X, Monydaemoe AN Kaxzpoi egu-
HULbI, CBSI3aHO C UCTMHHLIM 3HAYEHWEM Y COOTHOLUEHUEM

X=y+ e+ d

roe d =~ nocTosiHHOe cMelleHne M e — owunbka U3MepeHUsi, HeKoppenunpoBaHHas

Cy W uMmellWan cpejHee HyMb W aucnepcuio Se A5 COBOKYMHOCTU, KoTopas npej-
nonaraetca 6eckoHe4yHOW. [JNa MPOCTbIX CAy4vailHbiX BbIGOPOK 0b6bemMa M cpaBHUTE
aucnepcun (a) «pasHOCTHOW» OLEeHKM \y + (X = x)] cpegHero Y wn (6) nuHelHol
OLEHKM MO perpeccun ¢ KosduumeHTom b, galownm MUHUMaNbHYO gucriepcuto. (3tn
aucnepcun MoryT 3aBuceTb 0T Sy-)

7.7. PaccmoTpeB BCe BO3MOXHble c/lydyaun, CpaBHUTe TOYHOCTb pa3fenbHol un CoB-
MEeCTHOM OLEeHOK Mo perpeccMm CyMMapHOro 3HayeHuss Y Ansa cnegywouieli CoBOKYyn-
HOCTW, ecnn M3 KaXKAoro C/0s M3B/eKaeTcs npocTas cryvariHas Bblbopka obbema 2;

Cnoin 1 Cnoin 2
xu i %2i Hu
A 0 5 7
6 3 6 12
7 5 8 13

Bocnonb3yiTecb 06bIYHBIMU oueHkamu BN 1 BC no metogy HavMeHbLUMX KBagpa-
T0B, bh 1 bc, Kak Ha c. 221, 222.

NNTEPATYPA

Bartlett M. S. (1949). Fitting a straight line when both variables are subject
to error. Biometrics, 5, 207—212.

Cochran W. G. (1942). Sampling theory when the sampling units are of
unequal sizes. Jour. Amer. Stat. Assoc., 37, 199—212.

Mickey M. R. (1959). Some Finite population unbiased ratio and regression
estimators. Jour. Amer. StatmAssoc., 54, 594—612.

Watson D. J. (1937). The estimation of leaf areas. Jour Agr. Sci., 27, 474.

Yates F. (1960). Sampling methods for censuses and surveys. Charles Griffin and
Co., London, Third edition. EcTb pycckuii nepesog: MeliTc @. Bbi6opou-
HbIi MeToZ B nepenucsx n obcnefosaHmax. M., «CtaTuctukar, 1965.

FrNTABA 8

CUCTEMATUYECKWNI OTBOP

8.1. ONMMMCAHVE

3T0T cnocob oTbopa Ha MepBbii B3r/1A4 CUMbHO OT/INYAETCA OT Mpoc-
TOro cray4aniHoro ot6opa. Mpeanonoxum, 4To BCe N eAUHUL, COBOKYMHO-
CTW MepeHymepoBaHbl 0T 140 N B HEKOTOPOM nopsgke. Jna  nonyyeHust
BbIOOPKM 06BLEMOM B N €4VNHUL, Mbl CHaYaU1a c/lyqaiHbIM 06pa3omM oToupaem
KaKylo-inbo 0AHY M3 NepBbiX K eavHWL, COBOKYMHOCTU W Moc/ie 3Toro —
Kaokayto k-to egHmly. Hanpumep, ecim k paBHo 15 1 NepBoii U3BMEHEHHOMN
oKasaslacb efvHULA ¢ HoMepom 13, To creayowmmm 6yayT otobpaHbl eaum-
HUUBI ¢ Homepammn 28, 43,58 1 T. 4. V3BneyeHve nepsoii eauHMLBLI onpege-
NseT BCK BbIGOPKY. Takas Bblbopka Ha3bIBAETCH CUCTEMATUYECKOW Bbl-
OOPKON Ka>KIoW /r-li eAUHULIbI.

YKa>KeM HeKOTOpble OYeBMAHbIE MPEnMyLLIECTBa 3TOro criocoba otbopa
Mo CPaBHEHMIO C NPOCTbIM CrlyYaliHbiM oT6opom. 1

1 BbIbOpKy slerye usBfekatb W 4acTo sierde cobnwogartb npaswna oT-
60pa. 370 0CO6EHHO BaDKHO, KOrAa 0T60p NPOUCXOANT HEMOCPELACTBEHHO B XO-
[Je obcnegoBaHUA. MHorga MOoXKHO NOYUYUTh 3HAYMTENIbHYH SKOHOMMIO Bpe-
MeHW, AadKe ecrin BbibOpKa M3BMEKaeTCs A0 Havasla COBCTBEHHO o6crenoBa-
H1A. Hanpvivep, ecny gaHHble 060 BCeX eAVHMLIAX 3aHECEHbl Ha KapTOUKU
OAMHAKOBOr0 pasmMepa, HaxodsLmecs B SMKax CTaHOApTHOW KapToTeKw,
TO MOXXHO M3B/IEKaTb KapTOUuKM M3 SLUMKa Yepe3 KadKablA A1oM, 0TMepss
paccTosiHME NINHENKO. DTy orepaumio B OT/IN4UME OT APOCTOro C/yvaiiHoro
0T60pa MOXKHO MPOU3BECTM O4YeHb ObICTPO. KOHEUHO, Takol MeTos HECKO/Ib-
KO OT/IMYaeTcs 0T 0T6opa CTPOro Kadkpon /r-i KapTo4ku.

2. VIHTYUTUBHO CUCTEMATMYeCKUI 0T60p KadkeTcs 60s1ee TOUHbIM, Yem
MPOCTOM ClyyaliHbii 0T6op. B cyljHOCTW, MpU HEM MPOMCXOAUT paccioe-
HWEe COBOKYMHOCTW Ha N C/I0eB, KOTOpble COCTOAT U3 MNepBbiX kK eavHuL,
13 BTOPbIX k eanHn, 1 T. 4. Mbl Morniv 6bl, cnefoBaTtesibHO, OXKuaaTb, UTO
cucTemaTuyeckasi Bbloopka 06s1agaeT Nprb/M3nUTENIbHO TOM YKe TOUYHOCTIO,
YTO M COOTBETCTBYHOLLASA Pacc/ioeHHas BbIOOPKa C oAHOW eAVHULEN B Kadk-
oM croe. Paznmume Mexxay HMMM COCTOMT B TOM, YTO MpY CUCTEMaTUYECKOM
0TO0pe eAMHMLIA B KaXKAOM C/l0e CTOUT Ha OHOM W TOM >Ke MecTe O0THOCU-
TeNbHO APYrux, B TO BPEMS, KakK Mpu Pacc/ioeHHOM c/lyvaiiHoM 0T6ope ee
MeCTO B C/10e OnpeaensieTca cny4valiHbiM 06pa3oM OTAE/IbHO A1 KadKaoro
cnos (cm. puc. 8.1). CuctemaTmyeckas BbIGOpKa pacripefesieHa Mo coBo-
KYMNHOCTW 60/1ee paBHOMEPHO, U 3TO 0OCTOATENBbCTBO Ae/iaeT MHorga cucTte-
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MaTUYECKMIA 0TOOP 3HAUNTENBbHO 60/1ee TOUHbIM, YEM PacC/IOEHHbI Criy4aii-
HbIi 0T6OP.

B ogHOM 13 BapnaHTOB CMUCTEMATUYECKOr0 0TOOpa Kakaas eaMHULA
0TOMPaeTCs B LIEHTPE C/10S1 UM OKOJI0 HEro, T. €. BMECTO TOr0, YTOBbl HauW-
HaTb Moc/iefoBaTe/IbHOCTb HOMEPOB HEKOTOPbIM C/ly4aliHbIM UMC/IOM MeXXay
1 1 Kk, Mbl NPYHMMaEM HOMEP MNepPBOM eAVHMLbI paBHbIM (k + 1)/2, ecnn
k — HeueTHoe, U /rl2 nn (k + 2)12, ecniv k — YeTHOe YmCcro. Tako Npuem
[OBOAVT MAEK CUCTEMATMYECKOro 0T6opa A0 €e SIOrMYecKoro 3aBepLUEHMS.
B Tom criyyae, Korga yt MOXKHO paccMaTpuBaTh Kak 3HaudeHUs1 HempepbIis-
HOW (PyHKUMM HEMNpepbIBHO MEHSIIOLLErocsl aprymeHTa i, eCTb OCHOBaHWs
0XKMAaTb, YTO Takas LEHTpasibHO pacrosioXkeHHasi Bblibopka 6GyaeT 6osee
TouHoW, 4Yem cny4daiiHo pacnosiokeHHasA. OfHaKo 3P(EKTUBHOCTL LIEHT-

T2k T 3k 41 5H Bk
Homep eguHuLbI

-/.-cncremaTunyeckana 6bl&opka
0-paccfioeHHas cnyvyarHoe Bbibopka

Puc. 8.1. CucTteMaTUyeCKUii OTGOP U pPacc/IoeHHb I
Cry4YaliHbIi 0T60p

pasibHO PacMoOXeHHbIX BbIGOPOK A1 00bIYHO BCTPEYAIOLLMXCA MPU BbI60-
POYHbIX 06C/1e[0BaHNAX TUMOB COBOKYMHOCTEN M3ydeHa Masio, U Mbl orpa-
HUUUMCST C/TyYaliHO PacnosioXKEHHbIMI BbIGOpKaMM.

MockosbKy, BOOGLLE roBopsi, N He ecTb Liesioe KpaTHoe yucra /r, obbe-
Mbl Pa3HbIX CUCTEMATUYECKNX BbIGOPOK M3 OHOM W TOM >Ke COBOKYMHOCTU
MOryT Ha eguHWULYY OoT/myaTbCAa oguH OT gpyroro. Tak, gna N = 23,
k = 5 B Tabn. 8,1 ykasaHbl HOMepa eAuHUL, AN NSTU CUCTEMATUYECKNX
BbI6OPOK. MepBble Tpy BbIGOPKU MMEKT M = 5, a nocregHue e n = 4.
3T0 06CTOATENBLCTBO BHOCUT HEKOTOPOE OC/TIOXKHEHWE B TEOPUIO cuCTeMaTu-
yeckoro otbopa. Ecnn n npesbiwaeT 50, TO 3TUM OC/IOXKHEHNEM MOXHO™*
Mo-BUAVUMOMY, MpeHebpeyb, N Mbl He ByeM A/ MPOCTOTbl MPUHUMATL er
BO BHVMaHVe Npu JasibHENLLEM M3MIOKEHUN Teopun. [lake npu MavibiX rh
BHOCVIMOE UM UCKEDKEHME BPSAS S 6yAeT 3HaUMTE TbHbIM.

Tabnnuya 81
BO3MOXXHbIE CUCTEMATUYECKWVE BbIBOPKW MPUN A?=23; *=5

Homep cucTemaTmyecKoil BblGOpKHM

i v

8.2. CBA3b CUCTEMATUYECKOIO OTBEOPA C NT'HE340BbIM

Ha cuctematnyeckuii 0T60p MOXHO B3rISAHYTb U C APYFOA CTOPOHBI.
B 1abn. 8.2 gna N = rik yka3aHbl k BO3MOXHbIX CUCTEMAaTUYECKUX BblOO-
poK. M3 3Toin Tabnmupbl C 0YEBUAHOCTBLIO BbITEKAET, UTO B 3TOM C/lyyae BCS
COBOKYIMHOCTb pa3fesieHa Ha k 60MbLIMX eguHNLL 0TBopa, Kadkaas U3 KoTo-
PbIX COAEPXXUT M UCXOAHbIX €auHUL, 3BneyeHVe crydaiiHO pacrofioXkeH-
HOW cMCTeMaTUYECKOI BbIGOPKM B TOYHOCTM COBMAAAET C M3B/IEYEHVEM CAY-
YaliHbIM 006pa30M oAHOM U3 3TUX BOMbLUMX eaHuL. TakuM 06pasom, cuc-
TEMATMYECKUNIA OTOOP PaBHOCW/IEH W3B/IEUYEHUNIO €AMHCTBEHHOM COCTaBHOW
eQvMHUUBI 0TOopa, KoTopas U obpasyeT BCHO BblOOPKY. CucTeMaTuyeckas
Bbl6OpKa — 3TO MpocTas CrlyyaiiHas Bbl60pPKa, cofeprkallad ofHy rHes-
[OBYIO €IVHULYY M3 COBOKYMHOCTU K FHE3[0BbIX eAVHUL,

Tabnunuya 82
CTPOEHVE k CUCTEMATUYECKUX BbIEOPOK
Homep BbI6GOpKYK
| 2 i k
N ¥r Y1 YK
Y+ 1 YK+2 YK+i Yik
Y (n-1lk+1 Y(n-1)ft+2 yin-)k+i Yk
CpegHue yi yr yt YK

8.3. ANCMEPCNA OUEHKW CPEAHEIO

Ana gucnepcnn  ysy, CPeAHEro 3HauyeHust CUCTEMATMUECKOM BbIGOPKM
[.«/ —oT aHrnuiickoro «systematic»-— cuctemaTudeckuii], cyllecTeyeT
HecKonbKo chopmyn. Tpu iopMysbl, NMPUBEAEHHbIE Aasiee, CripaBe/vBbI
ans nboro BMaa rHe3goBOro 0T6opa, Korga rHesfga cogepykaT Mo nafne-
MEHTOB U BblG0OpKa COCTOMT M3 OHOIO rHe3aa.

Ecrim N = nh, TO gn1a cnyyYaiHO pacrofioXKEHHOM CMCTEMATUHECKON

BbIGOPKW ysy, KaK HeTpyAHO MpPOBEPUTb, €CTb HECMELLEeHHas OueHKa Y.
Ecrv N ¢ rik, TO 370 yTBEpXKAEHME NepecTaeT 6bITb Cripases/MBbIM, XO-
TA CMeELUeHVe, MO0-BUAMMOMY, He3HaunTesibHO. CMeLLEHMS MOXXHO W3-
6exxaTb, NpuaaBas HEKOTOpPbIM Bbl6opkam 60MbLUYI0 BEPOSATHOCTb ObiTb
M3B/leYeHHbIMW.  PaccMoTpym  npumep, nNpviBedgHHbIA B Tabn.  8.1.
Ecnn  kakgolik w3 nepBbiX Tpex BbIGOPOK MNpugaTb  BEPOSATHOCTb
6bITb 0TOO6paHHON, paBHyto 5/23, a ABYM OCTaBLUMMCA — BEPOSITHOCTb, PaBs-
Hyt0 4/23, TO BbIGOPOYHOE cpegHee He OyneT MMETb CMeLLeHMs. Crocob mns-
B/ieYeHUs1 BbIGOPKM, 06/1aJatoLLMiA STUM CBOMCTBOM, 3aK/IIOHAETCH B TOM,
YTO6bI M3B/IEYb CyYariHOe Ymco Mexxay 1 1 N 1 nocne aToro B3sATb Kak-
Ay1o k-0 eVHNLLY, CTOALLYO KaK [0, TakK M rocsie COOTBETCTBYIOLEITO HO-
Mepa. Tak, gnsa T1abn. 8.1 cuctemaTnyeckasd Bbloopka | 6yneT nosydeHa,
€C/IN 3TUM C/TyYaliHbIM YMC/IOM OKa>KeTCs OAHO U3 nsty uucen 1,6, 11, 16
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wn 21. OUYeBMAHO, YTO BEPOSTHOCTb MOSTYUUTb KadKOylo U3 BblbopokY 1
wwm |11 paBHa 5/23, a kaxayto 13 BbI6opok IV nimn V pasHa 4/23.

Mpy gasbHENLLEM U3M0XKEHUW CUMBOA yu, OyaeT 0603Ha4aTb /-1 UfieH.

i- cMcTemMaTmMyeckon BbIbopkU, Tak yto / = 1, 2, ..., 4, i = 1,2....... k.

CpegHee 1-1 BbIGOpKM ByfeT 0603Ha4aTbcsa Yepes ytm
Teopema 8.1. [ucnepcnsi CpeaHEro CUCTEMATUMYECKOA BbIOOPKU €ecTb

N 1@ kil D F . 8.1)
N N
roe

Sty

eCTb [AMChNepcus eauHuL, NpUHaLIeXalWmx OAHOA W TOW >Xe cucTe-
MaTU4ecKo  Bbl6opke leg/stf — oT  aHraviAckoro  «within» — BHyTpY
n «systematicy — cucteMaTMyeckuii]. 3HameHaTeslb  3TO  Avcriepcun
k (n— 1) cTpouTcsa Mo 06blMHbIM MpaBuiamM AMCMEPCUOHHOI0 aHanza:
Kaxkgas 13 k BbIOOPOK BHOCUT B CyMMy KBagpartoB B uvcnutene (n— 1)

cTeneHein cBoboApbl.
[JokazaTenscTBo. CornacHo 06bIMHOMY TOXAECTBY [AMCMEPCUOHHOIO

aHa/M3a

+ 2_25yr;—T>/-
1

Ho aucnepcus y sy Mo onpeagneHnio pasHa:

vfc)=-~2

«=1i
CnepoBaTesibHO,
(N— 1)S2= tikV (ysV) + k(n— 1)S%sy

OTcloaa NErko BbIBECTU YTBEPXKAEHVE TEOPEMBI. .
Cneacterie. CpefHee 3HaueHVe AJ1si CUCTEMATUYECKOl BbIGOPKKU 6Goriee
TOYHO, YeM CpefHee A/1s1 MPOCTOM C/lyyaiHoli BbIGOPKM, B TOM W TOMbK

B TOM C/1yHae, Korga
SIsV>S*. (85

Jo:<azaTesnbcTBo. [N CpeAHeroy NpocToi C/ly4vaiiHol BbIGOpKM 00b
Ma n

viy)="y —

3 (8.1) BbITekaeT, UTo V (ysv) < V {y)B TOM 1 TOJIbKO B TOM C/lydae, Korp,

; k (n— N-n S2
N- 1g, k@)
N N ,N n

T. e. Korga

kK(n~DSIW>"iV —1— *=M s*=fc («— 1)5*.

B aTom BakHOM pe3sysibTare, Crnpasef/IMBOM [/1 FHe3[40BOro orbopa
BOOOLLE, YTBEPXKAAETCH, UTO CUCTEMaTUYECKUIA OTOOp 6onee TOYeH, Yem
NpOoCTOV Cc/lyyaliHbIA 0TOOp, €c/M AMCMEPCUSt BHYTPU CUCTEMATUYECKNX
BbIGOPOK GosibLLe AMCMIEPCUM BCe COBOKYMHOCTU. CuUCTEMATUYECKMIA 0TOOP
TOYeH, KOrja eAvHWLbI BHYTPU OAHOM M TOW >Ke BbIGOPKU HEOAHOPOAHbI, U
HETOYeH, KOorja OHU OJHOPOAHbI. K 3TOMYy MOXXHO MPUATU N MHTYUTUBHO.
Ecnn BHYTPU cuCTeMaTUYeCKOW BbIOOPKM BapuaLuvs No CPpaBHEHWIO C Ba-
pvauvein B COBOKYMHOCTM HEBENMKA, TO MocsefoBaTesibHO 0T6mpasLUvecs
€4VIHULIbI BbIBOPKW HecyT 6onee Wim MeHee 0AMHAKOBYHO MHGopMaLmio. [py-
roe Bblpa>keHue 415 gucrepcum NpuBoanTCA B Teopeme 8.2.

Teopema 8.2.

Ybl =~ (mAL1)[L+(“-1)PJ, (8-3)

10e  Pro— KO3(hhMUMEHT KOPPENsSUUN MeXay napamy egyvHuL, NpuHag-
JIEXXALLUMX OfHOW 1 TOW YKE CUCTEMATUYECKON BbIGOPKE. ITOT KO3(MLMEHT
onpegensieTcs popMyoi

_ E(yil-Y)(yiu-Y)
E(yu-Y)T

rae uvcimTenb NpeacTaBnseT co6oli cpeaHee mno BceM kri (n — 1)/2 pas-
MMYHLIM MapaMm, a 3HaMeHaTeslb — cpefHee Mo BcemM N 3HaueHusMyL,. oc-
KO/IbKY 3HameHaTesb paseH (N m— 1) SN, 3T0 gaeT

P= (n_i)(w_i)ss _ 2 ")-

Joka3aTesnibcTBo

nyry(ya) = > 2 =
i=i

= ii: 1[(yn -y)+H(yle-y)+-+(yl»-y)]'-

CyMMa KBajparoB Bblpa)KeHI/IVI, CTOAWMX B KPYIJbIX ckobkax, coBna-

[JaeT ¢ 06LLeli CyMMOI KBaApaToB OTK/IOHEHWH 0T Y, T. . (N — 1) S2 Ortcto-
fa

A2kV(yj = (N -1)S2-f22 2 (fhi-Y ) (YbI-Y) =
= (N—1)S2+ (n—1)(N—1)S2pu.
CneposaresnbHo,

=—  y Ll+(n—Dpij-

n
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3T0 BbIpa>KEHME MOKA3bIBAET, YTO MOMOXKUTENbHAA KOppensauus 3Haude-
HUIA HabntogaemMo NEPEMEHHON Yy eAVMHWL, B OOQHOM W TOM >ke BbIGOpKe yBe-
NNunBaeT AMCMEePCUI0 BbIGOPOUHOro cpegHero. Mpuuem v3-3a MHOXKUTENS
(n— 1) pake Manasi MOMOXKUTENbHAsS KOPPESALNS MOXKET YBEIMUUTL ee
[I0BOJTbHO CUJIBHO.

JBe npeapbiaylive TeopeMbl Bblpaxkann V {ysy) uepe3 S2, T. €. COOTHO-
CUMIN 3Ty ANCMEPCUIO C QUCTIEPCUEN A1 MPOCTOM Crly4variHoNn Bblbopkun. Cy-
LLIECTBYET aHasior Teopembl 8.2, B KOTOPOM V (ysv) BblpabKeHa Yepes Auc-
Mepcui0 Pacc/IoeHHOM C/lyYaiiHOl BbIGOPKW, FAe CNov ObUN COCTaB/IEHbI
13 nepBbIX k eaMHULL, BTOPbIX K e4yHULL U T. 4. B Hawmx 0603Ha4YeHUAX UH-
Jekc / nmpu Yun cooTBeTCTBYeT HoMepy criosl. CpesHee Ans cnosi 6yaem 3anu-

CblBaTb KaK y_j.
Teopema 8.3.

~bl =2 (M)[1+(a-1)p ], (8.4)

roe

OT0 — AuCNepCns eAuHUL, MNPUHALIEXAWMX O4HOMY U TOMY >Ke CJI0H.
B 3HameHatesnie ctouT n (kK — 1), MOTOMY YTO KedKAbli U3 N C/I0EB  BHOCUT
(k m— 1) cTeneHel cBo6oabl. Janee,
. EWil YD e Ywn)
rsi / —\9
E(yu-y.j)

OTa Be/MuMHa NpeacTaB/isieT co00i KO3ULUMEHT KOPPeNsauMn Mexay oT-
K/IOHEHMSIMW OT CpPeAHero 3Ha4YeHns 41 Caos No BCeM Mapam eaviHWUL, npuv-
Hag/ieXXalmx O4HOWM M TOM XKe CUCTEMATUYECKOW BbIGOPKe.

2 N (yp—y.) (yiu  Y.n) /0
Past~ n(n-1)(fe-1) i- Y/MVI Wt

JloKa3aTensLCcTBo aHasIorMyHoO AoKasaTesIbCTBY Teopembl 8.2.

Cnencteue. Ecnm pwst = 0, TO cucTemaTnyeckas BbI6opKa MMEET Ty >Ke
TOYHOCTb, YTO M COOTBETCTBYIOLLAS PACC/I0EHHAsA ClyyaliHas Bbl6opKa C 04-
HOW eAMHNLIEN U3 KadKAOoro Cosl. 3T0 yTBEP)KAEHWNE BbITEKAET U3 TOr0, YTO

LSl pacc/IOeHHOM Cc/lydaiiHoM BblGopkM Takoro Buga V (ysi) (cornacHo
CNeacTBuIO 2 13 Teopembl 5.3) paBHa:

%t

Apyrue dopmynbl gnsa V (tsY), oTHocsALmeca K aBTOKOPPeIMpoBaHHOMN
COBOKYMHOCTW, 6bUM nosyyeHsl Y. u J1. Mapoy (W. G. and L. H. Madow,
1944), koTopble MPOBENN MEPBOE TEOPETUYECKOe WCC/efoBaHNe TOYHOCTU
cUcTeMaTMUeCcKoro oTéopa.

Mpumep. B Tabn. 8.3 npuvBedeHbl gaHHble AN HEGOsIbLLIOA UCKYCCr
BEHHOW COBOKYMHOCTW, MOKa3blBalOLLE TeHAeHUMIO [TpeHa] K [A0BOSbH
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YCTOMUMBOMY POCTY 3Ha4YeHWi Mpu3Haka Yy nocsefoBaTesibHbIX eavHNLL
Nveem IV = 40, k = 10, n = 4. Kaxkabii cTonbewl, COOTBETCTBYET HEKO-
TOpOM CcMUCTEMaTUYECKO BbIOOPKE, a CTPOKU MpeacTaB/sarT coboi crowu.
Mpuvep wnnlCTpUpyeT CUTYyaumio, Korja Koppensaumsi «BHYTpW CrI0eB»
nonoxutesibHa. Hanpvivep, B NepBoi BbIGOPKE KadKAoe U3 YeTbIpex uucesn
(0, 6, 18, 26) MeHbLLE CpeiHEro 3Ha4YeHNs B C/10e, K KOTOPOMY OHO MpuHag-
nexuT. ITO cnpaBe/IMBO, C HEGOMBLUMMUN UCKTIOUYEHVAMW, NS NepBbIX Ms-
TU CUCTEMATUYECKMX BbI6OPOK. B mnocregHux nATUM BbIGOPKax OTK/IOHe-
HVA OT CpeaHMX 3HAYeHW A5 CI0eB B OCHOBHOM MOMOXKUTESbHbI. Takum
06pa3om, uieHbl CyMMbl B BbIpa>KeHUW AN p,,Si  NPeUMyLLECTBEHHO
nonoXuTenbHbl. B cOOTBETCTBMM C Teopemoi 8.3 MOXHO OXuWAaTb, 4TO
cucTeMaTMyecKuii 0T6op OyaeT MeHee TOUHbIM, YEM PacC/IOeHHbIA Cryyaii-
HbIA OTOOP C OAHOM eAMHULE B KadKaoM Coe.

Ta6nunpa 8.3

AAHHBIE MO KO CUNCTEMATUYECKWM BbIBOPKAM MPU /1=4; N=kn = 40

Homep cucTeMaTU4eckoil BbI6OPKM CpeaHue

Cnoii 3HayeHus

1 2 3 4 5 6 7 8 9 10 pnacnoes
| 0 1 1 2 5 4 7 7 8 6 4,1
1 6 8 9 10 13 12 15 16 16 17 12,2
11 18 19 20 20 24 23 25 28 29 27 23,3
v 26 30 31 31 33 32 35 37 38 38 33,1

CymmapHble 50 58 61 63 75 71 84 83 91 88 72,7
3HayeHUs

Avcnepcnio V {ysy) HaxoguM HEMocpeACTBEHHO MO0 CyMMapHbIM 3Ha-
YEHUSIM CUCTEMATMUECKUX BbIGOPOK:

igi 2, (ft
= [(B0)aHEB32+ =832 jzw '\= 11,63

[n1a Toro 4To6bl oNpesenTb AUCMEPCUN NpY Crly4aliHOM U Pacc/I0eHHOM
crlydaliHoM 0T6ope, HaM Hy>KHa Tabnmua AVCNePCMOHHONO aHanmsa 4/1s co-
BOKYMHOCTY, BbIAENSIOLLAS BAPMALIMIO «MEXIY CTPOKaMU» U «<BHYTPU CTPOK».

Ta6nunuya 8.4
OMNCMEPCUOHHBLIA AHANA3

CTteneHun CyMMbl CpepHue

csoboabl KBagpartos KBajparthbl
Mexgay cnosmun (cTpokammu) 3 4828,3 i
BHyTpW croes 36 485,5 13,49 — Swgj
Bca coBoKynHOCTb 39 5313,8 136,25=S4
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Takoili aHanmM3 nNpeactasneH B Tabn. 8.4. U3 Tabnvupl cnedyeTt, yto guc-
MepcUn OLEHOK CPeaHMX 47151 MPOCTOM CyyaiiHOM M pacc/IoeHHOM crydaii-
HOW BbIGOPOK MMEIOT 3HAYEHUS:

Vren= (—N ; n 10 138'2% = 30,66;

( =JL. = 3,04.
\ N J n 10 4

y =

Kak paccroeHHbIi criydaiHbiii 0T60p, TakK M CUCTEMATUYECKMIA 0T6Op
OKasa/iMcb ropas3go 6osiee 3PEKTMBHBLIMK, YEM MPOCTOM C/lydaliHbIA OT-
60p, Npuyem, KakK 1 OXXMAAM0Cb, CUCTEMATUYECKNIA OTOOP MeHee TOUeH, YeMm
Pacc/ioeHHbIN CrlyyaliHbIi 0T6op.

B 1abn. 8.5 npuBegeHbl Te >Ke AaHHble, HO 3Ha4YeHUs HabnoaeHWiA
BO BTOPOM W YETBEPTOM C/I05IX PacrosioXkeHbl B obpaTHOM ropsgke. M13-3a
3TOro 3HadeHne pws CTaHOBUTCS OTpULATESIbHBLIM, MOCKO/IbKY CTaHOBATCSH
oTpyLaTe/lbHbIMA  GOMBLUMHCTBO MONAPHbIX  MPOU3BEAEHUM  OTK/IOHEHWIA
0T CpefHMX 3HayeHWi Cr1oeB 4718 Nap HabnfeHWA, nexxawmx B O4HOM u
TOl >Ke cucTeMaTU4ecKoi Bbl6opke. Hanpvivep, 4ns nepsoi cuctematumye-
CKOW BbIOOPKM OTK/IOHEHWUS OT CPEAHUX 3HAYEHWI C/10eB MPUHUMAOT Te-
nepb 3HayeHvsa — 4,1; +4,8; —5,3; 4-4,9. 3HaunT, U3 LLECTV MOMAPHbLIX
MPOV3BEAEHNIA OTK/IOHEHWIA YETbIpE OTpULUATESbHBI. [prubamn3nTesibHO Tak
>Ke 00CTOUT AeNno B KavkAoM CUCTEMATUYECKON BbIGOPKE.

Ta6bnunuya 8,5

AAHHBIE U3 TABJ/1. 8.3, PACIMOJIOXKEHHbBIE B C/10AX II N IV
B OBPATHOM MNOPAAKE

Homep cucTemaTnyeckoli BblIGOPKM CpefgHue
Cnoli
- 2 3 4 5 6 7 8 9 10 ans cnoes
| 0 1 1 2 5 4 7 7 8 6 a1
n 17 16 16 15 12 13 10 9 8 6 12,2
L 18 19 20 20 24 23 25 28 29 27 23,3
v 38 38 37 35 32 33 31 31 30 26 33,1
CymmapHble 73 74 74 72 73 73 73 75 75 65 72,7

3Ha4vyeHunsA

OnuncaHHoe n3MeHeHVe He BNUAeT Ha Vranun Vst- B cnydae »ke cuctema
TUYECKOro oT6opa OHO MPUHOCUT MopasuTesibHoe YBESIMYEHME TOYHOCTU
KaK 3TO0 MOXXHO BUAETb MPU CPaBHEHUWN CyMMapHbIX 3HaYeHW Ans cucT*
MaTUYeCcKnX BbI6GOPOK 13 Tabsn. 8.5 1 8.3. Tenepb Mbl MMeem

Vey= [(73)*+ (74)2+ ..+ (65)2- ~ ] = 0,46.

MHorga yaaeTcst BOCMO/b30BaTbCA 3TOM 0CO6EHHOCTHI0 CUCTEMATMYECKON
oTbopa, HyMepysl egvHMLpI Tak, 4ToObl CO34aTb OTpULATENIbHY KOppens
LUM0 BHYTPWU CnoeB. 151 3TOr0 HY>KHO TOYHO 3HATb TEHAEHUMO [TpeHa!
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KOTOPOW CrieflytoT 3HAYeHMs1 NMepeMeHHbIX BHYTPU COBOKYMHOCTU. OfHaKo,
KaK Mbl Mo3gHee yBuAMM, B Tabn. 8.5 npeacTaBfieH OOWH U3 TeX
C/yyaeB, A1 KOTOPbIX™ MO BbIGOPKE TPYAHO MOSYUYUTb XOPOLLIYIO OLIEHKY
CTaHOAPTHOW OLLNGKM ysy.

8.4. CPABHEHMNE CNCTEMATUNYECKOIO OTBOPA
CO CNYYAMNHBIM PACCJ/IOEHHbLIM OTEOPOM

OhheKTVBHOCTb CUCTEMATMYECKOro 0TOOpa MO CpaBHEHWMIO C Pacc/ioeH-
HbIM WM MPOCTbIM C/lyYaliHbIM 0T60POM OYeHb CUSIbHO 3aBUCUT OT 0COGEH-
HOCTe COBOKYMHOCTW. CyLLUECTBYIOT Takue COBOKYMHOCTU, cucTeMaTude-
CKUIA 0TGOP M3 KOTOPbIX AAET BbICOKYH TOUHOCTb, W Takue, MPUMEHUTE b-
HO K KOTOPbIM OH MEHEE TOYEH, YeM MPOCTOM CAyYaiHbIi 0T60p. 15 HEeKo-
TOPbIX COBOKYMHOCTEN N HEKOTOPbIX 3HAYEHW N AUCMepCUs CPeaHEro Cuc-
TEMaTUYECKONM BbIOOPKKW, Y (ysy), BEAET cebsl MopasvTesibHO M/10X0 — OHa
MOYKET [a>Ke pacTu Npu YBE/IMYEHUN 06beMa BbIGOPKMK. Mo3ToMy TpyAHO
yKaszaTb 00LMe YCNOBUS, MPU KOTOPbIX PEKOMEHAYETCS MPUMEHSTL CUCTE-
MaTu4eckmin oTbop. Bo BCAKOM crydae, 4ToObl €0 MPUMEHEHMe 6bi10 3g-
(hbeKTMBHbIM, HEO6X0AMMO 3HATb CTPOEHME COBOKYMHOCTM, M3 KOTOPOM Mpo-
M3BOAUTCS OT6OP.

B wccnegoBaHWM  3TOW MPOG/MeMbl  CyLLECTBYIOT [Ba  Hanpas/ieHUsI.
Mpy ogHOM M3 HUX CPaBHUBAIOTCA pas/INyHble TUMbl 0T60pa M3 UCKYCCT-
BEHHbIX COBOKYMHOCTEN, 41151 KOTOPbIX yt NpeacTaB/iseT co6oii HEKOTOPYHO
npocTyto yHKUMIO i. Mpy ApyromMm aHanormyHoe cpaBHeEHWE NPOU3BOAUTCA
AN peasibHbIX COBOKYMHOCTeN. HekoTopble Hamboree BaXKHble pe3ysibTa-
Thbl TAKNX MCC/IEA0BaHWI M3naraloTcs B Moc/eayowmx naparpadax.

8.5. COBOKYMHOCTU CO «CNYUYANHbIM» MOPAAKOM
PACMONOXEHWA EANHNL,

Cuctematnyeckmii 0T60p, MOCKOSIbKY OH YA06eH, MPUMEHSETCA MHorga
K COBOKYMHOCTSIM, B KOTOPbIX €AMHULIbI A4eACTBUTESbHO PacrosioXeHbl Cy-
YaliHbIM 06pa3oM. Tak, Hanpumep, 06CTOUT Aeno NPy 0T60PEe N3 KapTOTEKM,
COCTaB/IEHHOV B a/1(haBUTHOM MOpsiaKe hamMIniA, eciiv U3MEPSETCA NPU3HAK,
HVIKaK He CBS3aHHbI ¢ hamunnein obenegyemoro. B atom criydae He 6ygeT
H/ KaKoW-1M60 TEHAEHLMM WM Pacc/I0eHns Mo I/, B pacrosfiOKeHNN KapTo-
YeK, HN KOPPEeALMN MeXxay CoCeAHMN eQVHULIAMM.

B Takoii cuTyaumm Mbl MOr/iM 6bl OXKnAaTh, HYTO CUCTEMATUYECKUI 0TOOP
<[10eT, B CYLLHOCTW, paBHOCW/IEH MPOCTOMY CrlyyaiiHoMy oT6opy w Oyaet
VMETb Ty e aucnepcumto. /19 KOHKPETHOM KOHEYHOW COBOKYMHOCTU C 3a-
JaHHbIMM 3Ha4YeHVSIMU N 1 K 3TO He BCerja cripaseg/iMBo, MOTOMY YTO Vsy,
VIMEIOLLIAS TOJTbKO K CTereHel cBoboAbl, Npu MasibiX k BeCbMa HeycTonumBa
M MOXKET OKa3aTbCA U 60/bLLE M MeHbLLE, YeM Vran OfHaKo UMETCA [Be
EEOpPEMbI, MOKAa3blBaOLLMe, YTO B CpefHeM 3TV AMCMEPCUN PaBHbI.

Teopema 8.4. PaccMoTpym Bce N1 KOHEYHBLIX COBOKYMHOCTEN, KOTOpble
06pasyroTcsa ¢ MoMoLLbid N\ MepecTaHOBOK HEKOTOporo Habopa uucen yr,
¥r, ..., yN. Torga B cpefHem Mo BCEM 3TUM KOHEUHbIM COBOKYMHOCTSM

E (V.*) = Vran.
3ametnm, 4To Yron AN BceX NepecTtaHOBOK OAMHAKOBA.



JT0 Teopema, AokasaHHad Y. v J1. Mapgoy (W. G. and L. H. MadoW,
1944), yTBepXKOaeT, 4UTO ec/iM MepecTaHOBKY, OMpefensaowyo MopsgoK
3HA4YEHUIN B HEKOTOPOWM KOHKPETHOM KOHEYHOW COBOKYMHOCTW, MOXHO CYU-
TaTb BbIGpaHHON C/ly4aliHbIM 06pa3oM M3 BO3MOXHbLIX N\ MepecTaHOBOK, TO
B CpeOHEM CUCTEMATUYECKMIA 0TOOP 3KBMBA/IEHTEH MPOCTOMY C/lydaiiHOMy
oToopy.

Mpy opyrom Mnoaxode KOHEYHYH COBOKYMHOCTb CUUTAKOT W3B/IEYEHHO
cnyyaiHbIM 06pa3oM M3 HeKOTOpo 6eCKOHeYHOM HafCoBOKYMHOCTW, 06-
nafjaolliein  onpefeneHHbIMM - ceolicTBaMu.  [lokasbiBaeMoe YTBepXKaeHWe
OTHOCUTCA He K KaKOW-M60 OTAENbHOM KOHEYHOM COBOKyMnHOCTU (T. €.
He K HEKOTOPOMY KOHKPETHOMY Habopy 3HayeHwWiylry2, = Yu), a K cpes-
Hemy Mo BCEM KOHEUHbIM COBOKYMHOCTSM, KOTOPbIe MOTYT 6biTb M3B/eYeHbI
M3 OaHHO 6eCKOHEYHOW COBOKYMHOCTW. Ha nepBblii B3rNsS4, MOXET MoKa-
3aTbCs, UTO TakKol MOAXO0A He UMEET MPSIMOro OTHOLLEHMS K MPaKTUKe Bbl-
60pPOYHOro 1ccrefoBaHWA, HO 3TO BrievaT/ieHne owmn6oUHo. Besakwui cnocob
oTOopa NPUMEHSIETCA Ha MPaKTMKe K LesIoMy psgy KOHEUHbIX COBOKYMHO-
cTeii. OAvH 13 cNoco60B OMMCcaHNA Klacca KOHEUHbIX COBOKYMHOCTEN, K KO-
TOPbIM APUMEHMM JaHHBIA Croco6 0T60pa, COCTOMT KaK pa3 B onucaHun bec-
KOHEYHOW HafCOBOKYMHOCTWU, W3 KOTOPOW 3TW KOHEYHble COBOKYMHOCTU
MOryT 6bITb C/lydaiiHbIM 00pPa3oM W3B/IeHEHbI.

CumBon  $ 0603Ha4aeT cpegHee MO BCEM KOHEYHbIM COBOKYIMHOCTSM,
KOTOpble MOTyT 6bITb MOYyYeHbl 13 JaHHOW HaACOBOKYMHOCTU.

Teopema 8.5. Ecnv nepemeHHble yt (i = 1, 2, ..., N) nosy4eHbl ¢ Mo-
MOLLIbIO C/lyHaiHOro 0Téopa 13 HaACOBOKYMHOCTW, A1 KOTOPO

3= (A 8 {yt—fi) (yf—m)= 0 (t®]), 8 (fr—(i)2= ol
TO
W aJ= 8Vran
CnaBsHyl0 ponb MrparT Asa YC/10BUA — 4YTO BCe yt MMEIOT O4HO U TO XKe
cpegHee p, T. €. B UX M3MEHEHUMN OTCYTCTBYET KaKOM-/IN00 TPeHd, U 4TO
MeXXAy 3HAYEHUSAMU yt N yj B ABYX Pa3/INYHbIX TOUKAxX HET JINHENHON Kop-

pensumn. Oucnepcnsi 0? MOXET ObITb pas/IMYHON 41 pasHbIX i.
JokazaTenscTeo. [N n060i onpeaeneHHo KOHEYHOM COBOKYMHOCTU

2 (n-n
N—/ i—-1

Nn N- 1
Janee,

MockonbKy yt 1 yj HekoppenmpoBaHbl (i @ j),

g(F-(i)2=~ 2
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CneposaresibHo,

A, (N
%Vran= — — n
an Nn (N

Ortcroga

- N
gVI;%nﬂl Nen /K I of.

BosBpaluasch K Vsy, 0603Ha4MM Yepe3 y u cpefHee 3HaueHVe Npu3HaKa
4Ns u-iA cucTeEMaTYECKO BbIGOPKU. [ns Nto6oli onpeaesieHHON KOHEYHOM
COBOKYMHOCTU

viEt @q @t F) =T \24 ]

Mo TeopeMe O Aucnepcun CpeaHero Ans HeKoppesMpPOBaHHOW BblGOPKU
13 6ECKOHEYHOM COBOKYMHOCTU

N

N \
2°<?  * 2°M

= 2 of = 8Vran
r» Ne ) N*n /=1 ran

8.6. COBOKYMHOCTN C IMHEWHbLIM TPEHAOM

Ecnn COBOKYMHOCTb COAEPXXUT TOJIbKO JINHENHBI TPEHA, Kak MoKasaHo
Ha puc. 8.2, TO XapakTep pe3y/ibTaTtoB NPeAcTaBUTb cebe [OBOSbHO SIETKO.
W3 puc. 8.2 BugHo, 4to Vsy 1 VS (Npw BbIGOPKE C OAHOW eAVHNLIEN N3 KadK-
[oro cnos) 6yayT MeHblLle, YeM Vran Kpome Toro, Vsy 6yaeT 60/1bLue, Yem
Asu MOCKOJIbKY €C/IM B HEKOTOPOM C/10e 3HayeHVe Hab/iofeHVs MeHbLLe
CpeaHero o1 aToro ¢/10d, To NpY CUCTEMATUYECKOM 0TO0Pe OHO 6yAeT MeHb-
LLIe M BO BCEX OCTasIbHbIX C/1061X, B TO BPeMS KakK npu c/ly4aiiHOM pacc/ioeH-
HOM 0T6OpE OLUMOKM BHYTPW C/10eB MOTYT B3aMMHO YHUYTOXATLCS.

Jna TeopeTnYecKon MPOBEPKU 3TUX Pe3y/ibTaToB AOCTATOYHO PaccMoT-
peTb ciy4van y; = i. Vivieem

N o= N(N+1). y n= N(N+D)C2N+I)
f1 S K] 6
JAuvcnepcra coBOKYyNHOCTU, S2, paBHa:
52 1y . ypa 1 T N{N+ 1){2N+1) N (N-{-1)2 1=
N—1' vy " ON-1 L 6 4 J
=/~ + 1L . (8.6)

CnepoBatesibHO, AUCTIEPCUST CPEAHEro A1l MPOCTOM C/ly4vaiiHol BbIGOPKU
paBHa:

N-n S3 _ n(k-1) AT{V-J) (f—1) (N+ 1) (87)
ran N ’ n N " 12n 12 ‘ 235



[nsa Toro 4tobbl HAVTY ANCMIEPCUIO BHYTPW C/10€B, S&, AOCTATOYHO /NLLb |
noacTasuTb B hopmyne (8.6) k BmecTo N. 310 JaeT
N—n S% nk—1 kk+V__ A2—J

N nk 12n 12n 8.8)

Mpy cuctemaTyeckom 0T60pe cpegHee 3HaYeHVe 4719 BTOPOM BbIGOPKM
NPeBOCXOAUT CpefHee ANS NepBoi Ha 1; cpegHee AN TPeTbelt BbIGopKM npe-!

x-cMcTeMaTuueckasd  Bbibopka
0-Macc/I0eHHOP  C/y4vaiHoe
BbiGopka

Puc 8.2. CuctemaTtuyeckuini oT6op U3 co-
BOKYMHOCTU C SINHEVHbIM TPeHA0M

BOCXOAMT cpefHee A1t BTOPOi Ha 1w T. 4. Mo3aToMy Npy BbIUUCIIEHUN AUC-j

nepcuy CpefHvey u MOXXHO 3aMeHUTbL vnciavm 1, 2. k. CneposaresibHo,!
cHOBa ucxoas u3 (8.6), nosnyyaem

u— 1 L2
Ortcioga
No—1
k 12 (8.9)
3 chopmyn (8.7), (8.8) 1 (8.9) 3aks/iovaeM, Kak U 0XKMAa10Chb, YTO
Ve £2—1 £2—1 (k—111/+1)
Un 12 12

Jwncnepcun gns pasHbIX crocoboB 0T60pa pasHbl TONbKO npy n— 1
Takum 06pa3oM, ecnm Mbl XOTUM YCTPaHUTb B/AVSIHWE JIMHEMHONO TpeHaa,
NpeAnosiaraeMoro Wiv HeOKMZaHHOro, To /1A 3TOM Le/in cuctemaTnyeckas]
BblbOpKa ropasgo 6osiee athheKTBHA, YeM MpocTas criyyaiHas BbloopKa/;*
HO MeHee 3ahheKTMBHA, YeM pacc/ioeHHas crlydaiHas BbIGOpKa.

AhheKT NPUMEHEHNS CUCTEMATUYECKOIO 0THopa MpU HaIMHUA NINHERA-
HOr0 TPeHa MOXXHO MOBbICUTb HECKO/IbKUMM cnocobamu. OfnH 13 HUX coe-'
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TOWUT B TOM, YTOBbI MPUMEHWTb LLEHTPA/TEHO PACOSIOKEHHYH BbIGOPKY. Jpy-
roii — B TOM, YTOBbI NMPY BLIMUC/IEHWN OLIEHKM BMECTO HEB3BELLIEHHOIO CPEea-
Hero 6paTb B3BELUEHHOE, B KOTOPOM BCEM BHYTPEHHVM YfiEHAM BbIGOPKU
NpUIAoTCs BeCa, paBHble eAVHULIE ([0 AENEHUsT Ha ), a NePBOMY U MOC/es-
HeMy uieHam — Apyrue Beca. Ecnim uncio, 0To6paHHoe cryyaliHbiM obpa-
30M U3 umcen 1, 2, ..., k, OKasasiocb paBHbIM T, TO 3TV Beca GyAyT paBHbI

|  nEi—k—Y\
—  2(n—\)k *

npuyem Bec, NMpUaaBaeMblii NEPBOMY Y/iEHY, MMEET 3HaK «+», a rnocriegHe-
My — 3HaK «—». OUeBMAHO, YTO NP /1060M i CymMMa STUX ABYX BECOB paB-
Ha 2. YuTaTtenb MOXeT MPOBEPUTL: €C/IN COBOKYMHOCTb COAEPXUT TONbKO
JIMHEVHBIA TpeHL U N — nk, TO B3BELUEHHOE TaKuM CMOCc060M BbIGOPOYHOE
cpeaHee paBHO WCTUHHOMY CpPeaHeMy [J1s1 COBOKYMHOCTM. OTU KOHLgEBbE
nonpaskm 6bUn BBeAeHb! Velitcom (Yates, 1948), KOTOpbIN Ucc/enoBan Tak-
e 3dheKT UX MPUMEHEHMS.

8.7. COBOKYMHOCTW C MEPUOANYECKOW BAPUALVEWN

Ecnn coBOKYMHOCTb COAEMKUT MEPUOAVHECKMIA TpeHs, HanpviMep 06bIy-
HYI CUHYycouay, TO 3(pdheKTUBHOCTb CUCTEMATUYECKON BbIGOPKM 3aBUCUT
OT 3HayeHns k. 3TO MOXKHO HarssgHo BUaeTb Ha puc. 8.3. BbicoTa KpuBoi

Puc. 8.3. Mepunogunyeckas Bapunauus

Ha Hem COOTBETCTBYeT HabnogeHuo yt. Bbl6opoUHble TOUKM A MpeacTas
NAT HavveHee 6/1aronpUATHBIA 41 CUCTEMATMYECKOM BbIGOPKM Cryyaii.
OH 1MeeT MecTo, ec/in k paBHO Mepvoay CUHYCOUAbl WU LIESIOMY YUCITY,
KpaTHoMmy aTomy Mepuogy. Kakaoe HabnogeHWe B CUCTEMaTUYECKOW Bbl-
6opke 6yAeT 0AVMHAaKOBbIM, TaK YTO Bblbopka OyAeT He 60siee TOUHOW, Yem
eAVMHNYHOe HabngeHe, NMoyyYeHHoOe U3 COBOKYMHOCTU CrlyyaliHbIM o6pa-
30M.

Hawnbonee 6naronpusteH TOT cnydaii (Bbloopka B), Korga k — Hedet-
HOe 4uucno, KpatHoe nonynepuody. CpegHee 3HaYeHVE KadKAOW cucTema-
TUYECKOW BbIGOPKM OyAET B TOUHOCTU PaBHO CpeaHeMY A1 COBOKYMHOCTH,
MOCKO/IbKY OTK/IOHEHMSI BBEPX WM BHU3 OT MpAMOI Ha puc. 8.3 B3auMHO
ypaBHoBecATcA. CriefoBaresibHo, AVCrepeus CpeaHero BbIbopky byaeT paBHa
Hy/Mo0. B NPOMEXXYTOUHLIX MEXAY STUMWU OBYMSA Cnydasix 3(piheKTUBHOCTb
BbI6OPKM OyAeT 3aBUCETb OT COOTHOLLEHWS MeXXay K 1 A/IMHOWN BOSHbI.

COBOKYMHOCTW, KOTOPbIE MOXHO OMNMCATb TOYHOM CUHYCOMAON, Ha npak-
TUKe, MO-BUAMMOMY, He BCTpeyatoTcs. OfHaKo COBOKYMHOCTU € 6osiee wim
MeHee BbIPa>KEHHbIM NepuoanyecKUM TPeHAOM — He peaKocTb. [Mpuvepamm
MOFYT C/TY)KUTb TPaHCMOPTHbIA MOTOK Ha OnpejesieHHOM y4acTKe [0porv
B TeUeHMe CYTOK 1 06beM NPOJadK B MarasuHe B TeUeHVe CeMU AHeN Heaenn.
[ns oueHVBaHWS cpefHEro 3a HeKOTopbIi Nepvog BpemeHn 6b110 6bl, ouve-
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BMAHO, HeLlesecoobpasHbIM (hOpMMpPOBaThL CUCTEMAaTUYECKYHO BbIGOPKY, Mpo-
13B0aA HabnoaeHNs eXeaHeBHO B 4 yaca AHA WM B Kadkablid yeTsBepr. Ha
MPOTMB, HY>XHO paccpeaoTovmMBaTh BbIOGOPKY BAO/Ib NEPMOAMNHECKOIA KPUBOWA,
B C/yyae NpoAadK, Hanpumep, c/egs 3a TeM, UToObl Kadkablii AeHb Hefenv
6bUT 0AVMHAKOBO MPeACTaB/ieH B BbIGOPKeE.

B HeKOTOpbIX COBOKYMHOCTSX BCTPEYAIOTCA MeHee 3aMeTHble Mepvoau
yeckme KornebaHus. Hanpumep, eciiv UMeeTca psif, exkeHene lbHbIX niarex
HbIX BEAOMOCTEN A/19 HeBO0bLLIONO yyacTKa npeanpusiTus, TO CrIMCOK pab
UYNX B K&OKOW M3 HUX MOXKET ObITb COCTAB/IEH B O4HOM M TOM >Ke Mopsigke
cogep>xatb 0T 19 go 23 dhammnmii. Torga cmcremaTnyeckas BblbopKa Kadk-
goro 20-ro pabo4ero 3a nepuog B HECKO/IbKO Hees/ b MOXKET BK/II0HaThb 3anu-
CW, OTHOCALLMECA K OAHOMY M TOMY >Ke paboyemy uim K AByM W TPeEM pa
60uMM, NpUHaAIeXamm K Hanbosee BbICOKO Or/lavmBaemMoii rpynne. AHa-
JNIOTMYHO cucTeMaTnyeckas Bbl6opka hamwnii U3 ropoAcKoro CrnpasBoYvHU
Ka, rge nog Toi >ke haMunmeli cHadaula 3HaumTCs /iaBa fOMOX03SCTBa,
a rnoToM ero AeTu, MOXKET COAepyXKaTb C/IULLIKOM MHOFO r/iaB JOMOXO03SACTB;
WM C/AMLLKOM MHOrO JeTeid. Ecnn ecTb BpeMs mccrefoBaTh XapakTep 3Toi
NepuoaNYHOCTA, TO 0ObIYHO CUCTEMATMUYECKYIO BbIGOPKY MOXXHO MOCTPOUTH
TakmMM 06pa3oM, 4Tobbl BOCMO0/1b30BATLCA €e 0C06eHHOCTAMW. B npoTBHOM
cyyae, Korga nepyvogmyHOCTb MPeanonaraeTcs, HO XapakTep ee He MN3BeC-
TeH, Nydlle NPUMEHATb MPOCTYHI0 WIN PACC/IOEHHYH ClyHYaliHyo BbIGOPKY.

B HeKoTOpbIX peasibHbIX COBOKYMHOCTAX MOXET MPUCYTCTBOBATb KBa-
3UNeproagnYeckas Bapuvauusl, KOTOpYK TPyAHO NpeaBUAETL 3apaHee.
JI. Magoy (L. H. Madow, 1946) o6Hapy>kusia CyLLEeCTBOBaHME Takoi Bapua-
LN B Tpsifie CabKEHLIEB [1ePEBLEB SIMCTBEHHOW MOPOoabl B BeCbMa Hebo/bLLIOoN
coBoKynHocTn (N = 420). ®uHHM (Finney, 1950) paccmoTpen nofobHoe
AB/leHVEe MpyY  M3ydeHUM o6bemMa [peBecMHbl Ha [ensHKe B Jiecy
Dehra Dun, XxoTa npy NOBTOPHOM aHanu3e AaHHbIX MunH (Milne, 1959)
BbICKa3a/ MpearnosiokKeHne 0 TOM, YTO KadKyLLasaca MepuogmMyHOCTb Mor/ia
6bITb BbI3BaHa MPOLLECCOM M3MepPeHUS. BavsHWe KBa3mMneprognyHoCcTX Npu-
BOOUT K TOMY, UTO CUCTEMATUYECKUIA OTOOP MOXKET OKas3aTbCA Masio npu-
rogHbIM NpY OfHMX 3HAYEHMAX N U 0COBEHHO yaauHbIM Mpy apyrux. Ha-
CKO/IbKO 4acTo MposiBNSETCA Takoe B/MSIHWE, CKasaTb TpyaHo. MatepH
(Matern, 1960) ccblnaeTca Ha NpUMepPbl, B KOTOPbIX Ta WM WUHasA MpocT-
paHCTBEHHasA nepuoguyecKkas Bapraunst MOXKET ObiTb Bbl3BaHa ecTecTBeH™
HbIMW MpUYMHAMKN (HanpuMep, NpuaMBamm), HO OH CUMTaeT, uTo Npu obere-
[0BaHVAX sleca [AOCTOBEPHbIX C/lydaeB TaKoW Bapuaumn HaiaeHo He 6biio.

8.8. ABTOKOPPEJ/IMPOBAHHbLIE COBOKYINHOCTU

Jna MHOrmx peasibHbIX COBOKYMHOCTE €CTb OCHOBaHUS oXXuaaTb, 4
[Ba HabnoaeHus yt ny} 6yayT 6osiee CXO4HbIMW, €CnM eAMHULBI i 1 j pac-
MosIoXKeEHbl B Psigy Heaasieko ofHa oT Apyroi, a He Ha 60MbLUOM paccTosT™
HUN. Tak 06CTOUT feno BCSIKUI pas, Korga Kakme-nnbo ecTecTBEHHbIE MPU-
UMHbI 00YC/OB/IMBAOT MEAJIEHHOE M3MEHEHME 3HAYeHWA MO Mepe MpPoABU-
YKeHUs1 BOO/Mb psga. B maTtemMaTuueckoil MoAenm Takoil cuTyauuu MOXKHO
cunTaThb, YTO MeXAy yt U y} CYWECTBYET MOMOXUTENbHASA KOppensaums,
KOTOpasi 3aBUCUT TO/IbKO OT PacCTOSTHUST MeXXay HUMW, i — j, W CTpeMuTe
K HYJ10 NPW YBEIMYEHNM 3TOM0 PaccTOSIHUA. 3Ta MoAeb, X0TS OHa U C/mLL
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,<OM YMpoLLeHa, MOMOraeT BblpasuUTb O4HY W3 penbedHbIX 0CO6eHHOCTEN
MHOIVX pPeasTbHbIX COBOKYIMHOCTEN.

[ns Toro ytobbl BbIACHWTL, MPUMEHUMA NN 3Ta MOAENb K KOHKPETHOM
COBOKYMHOCTM, Mbl MOXEM BbIMUC/IUTD  KO3IULMEHTBI  KOPPENALUN pur
MeXXay napamm HabntogeHWA, HaxoaaALWMMNCA Ha PacCTOAHUM U eNHNLL O4HO
OT APYroro, v nocTpouTb rpadmkK COOTBETCTBYIOLUMX 3HAYEHUI KakK (DYyHK-
LMo 1. 3TOT rpadimk, Uin yHKLNA, KOTOPYHO OH MPeACcTaBNsaeT, Ha3biBaeTcA
KopperorpamMmoii. [laoke eciv Mogenb NPUMEHUMA K KaKoi-11M60 KOHeYHo
COBOKYMHOCTM, Koppenorpamma st Hee He 6yaeT rnaakoi hyHKUmein ns-3a
HenpaBW/IbHOCTEN, 06YC/I0BMIEHHbIX KOHEYHbIM XapaKTepoM COBOKYMHOCTMW.
Mpn cpaBHEHUM CUCTEMATUYECKOrO U PacC/IOEHHOro CrlydaHOro oT6opoB
13 COBOKYTMHOCTEN, OMUCbIBAEMbIX MOJESbIO, 3TU HEMPaBWU/IbLHOCTU 3aTpyl-
HSIIOT MO/TyYeHne pesysibTaToB A/1s1 KaKo-1mbo 0gHOM KOHEYHOM COBOKYI-
HocTW. Takoe cpaBHEHVE MOXKHO MPOBECTU, paccMaTpmBas cpefHee U3 Lie-
NIOr0 psfa KOHEYHbIX COBOKYMHOCTEW, MO/yYeHHbIX ClyyariHbIM 06pa3omM
13 HEeKOTOPOWM GECKOHeYHOM HaACOBOKYMHOCTM, K KOTOPOM NpUMeHMMa aTa
MoZesib. Takow Mpuem y>ke 6bl1 NMpUMEHeH B Teopeme 8.5.

Takmm 06pa3oM, Mbl rpegrosiaraem, 4to HabmogeHna yt(r= 1, 2, ...,N)
13B/eYeHbl U3 HAACOBOKYMHOCTU, A1 KOTOPOWA

nem=  wt/r—®2= 02 %{yi—v){yi+tu—L)= Pe02  (8.10)
rae
Pa™ PN 0 npy nobbIX u<v,

M3BneyeHvie ogHOro Habopa 3Ha4yeHWn yt K3 3TOW HaACOBOKYMHOCTU
NpMBOANT K 06pa3oBaHMi0 HEKOTOPOM KOHEYHOM COBOKYMHOCTM obbema N.

CpefHsa gvcnepcust rno BCeM KOHEYHbIM COBOKYMHOCTAM MpWU cucTeMa*
rMyeckoMm 0TOope 06o3Ha4aeTcs uepes

&Vsr--HE (ysr~Y)2

[lns aToro knacca COBOKYMHOCTEN HETPYAHO MOKasaTb, YTO PacC/ioeH-
HblA cny4YaliHbIiA 0TO0P MNpegnoYTUTEsIbHEE MPOCTOr0 C/yyalHoro ortbopa,
0OHaKO OTHOCUTE/IbHO CUCTeMaTU4eckoro otbopa o00Lero yTBepXKaeHus
chopMyIMPOBaTb Henb3s. BHYTpM 3TOro kiacca CyLecTBYHT HaACOBOKYI-
HOCTW, A/151 KOTOPbIX CUCTEMATUYECKWI 0TOOP MpeanoyTUTeSIbHeE Pacc/oeH-
HOro Ccy4ariHoro oT6opa, HO CyLLUEeCTBYHOT M Takue HaACOBOKYMHOCTU, AN1s
KOTOPbIX, NMPU OMnpeaesieHHbIX 3HaYeHUsAX Kk, crcTeMaTuYeckuii 0tbop ycTy-
nMaeT NpocToMy CryyaiHOMYy 0T6opY.

Ecnun gononHWUTeNbHO NPeAnonoXnTb, YTO KOPPesorpaMmMa ecTb BbINyK-
nasi BBepX (PyHKLUMS, TO MOXKHO AoKasaTb 0fHY 00LLYI0 Teopemy.

Teopema 8.6. Ecnn, B ponosiHeHWe K ycnosuam (8.10), BbINOMHAETCA

6/= Piti+ Pi-i—2pr>0 [r=2,3,. ., (kn— 2)],
TO Npuv /1060M 06bEME BbIGOPKU
%VsV™ % V st< 8 V Tim

Jdanee, 3a ucknwyeHVeMm cnydas 6? = 0, *= 2, 3, ..., (kn — 2), Bbl-
MosIHAEeTCA
%Vsy<% V st.
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Teopema 6bl1a gokasaHa KokpeHom (Cochran, 1946).

MpuBeaeM HabpoCcOK AokasaTesibcTBa MPU M = 2, KOTOPbI MOKas*
BaeT, KaKyl posib UrPaeT YC/1I0BME BbIMYK/IOCTU BBEPX. YreHbl napbl,
pasyloLime cucTeMaTUYeCcKyto BblBOPKY, Bcerga OTCTOAT OAWH OT Apyr
Ha k eaHuy,. CnegosaresibHo,

I
W Yey) = -y (02+ 04-2pb0d = -L a2(1 + p/). |

B cnyyae paccrioeHHoOM BbIOOPKU A1 KaOKA0W eAMHWLbI, U3B/IEKAEMOM U3 <
OTBETCTBYIOLLIEr0 C/1051, CYLLECTBYeT k BOSMOXKHbLIX MECT, 06pasytoLmx
BO3MOXXHbIX KOMOVHaLMIA pacrnofnioKeHWs1 BbIOGOpKU. Ymcna Komo6uHaT
[AN151 KOTOPbIX PaccTosiHME MeXay eauHuLamMn cocTaBnseT 1, 2,..., (2k

6yayT crepyrowmmn;

PaccTosiHue 1 2. .. (k-1) kK (k+1). . (2k—1) Ntor |

Yucno kombuHauuni 1 2 (K—1) K (k— 1) ... 1 K2 1

CnepoBatesnibHO, cpegHee 3HadeHve V (yst), B3ATOE MO BCEM /12 KOMOM»
UMM, MOXKET ObITb 3anmcaHo B BUAE
A—1
W (yJ N i(2NPit+ Prer)+ k(1 + FfY)
i=l

AHa/IOrM4HO  %V(ysy) MOXXHO Bblpa3nTb B BUAE

W (y sv)

CneposartesibHo,
1
® 2i »(Pr + P«— 2pft)
Ecnn
Pi+l  Pj-i > 2pj i=23 ..,

TO HETPYAHO MoKasaTb, YTO KaXKAbli WieH BHYTPU CKOGOK Monoxkute
TeMm cambiM OKa3aTe/IbCTBO 3aKOHYEHO. KOPOTKO roBops, Aesio B TOM,
cpefHee PacCTOSIHVE MEXAY eanHMLAaMM paBHO Kk KaK A/1a cucTeMarnyec™
Tak 1 119 pacc/ioeHHOM BbIGOPKK, HO M3-3a YCO0BUS BbIMYK/I0CTU pacc/n
Has Bbl6opKa 60NblUe NPOUrPbIBAET B TOYHOCTU, KOrfa paccTosiHMe Me
eAMNHMLIAMA MeHbLLe /I, YeM BbIUIPbIBAET, KOrga 3To pacctosHwe 6os1bLue

KeHyin (Quenouille, 1949) nokasas, 4YTO HEpPaBEHCTBA, CoAepXKaLume
B YTBEPXKAEHUM TeopeMbl 8.6, OCTalOTCA CcripaBefmMBbIMK, ecnn caen|
MeHee >XeCTKUMU aBa ycnosua u3 (8.10), a nmeHHo

= » (& —Fi)2= 0?.
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B aTom cnyyae kaxkgas u3 Tpex cpegHuxX avicnepcuii 4ns HaacoBOKYMHOCTU
YBENMUMBAETCS B OANHAKOBOW CTereHW.

UTo KacaeTcs MpaKTUYeCcKMX MpPUMEHEHWI, TO BbIMyK/ble BBEPX KOp-
pernorpaMmbl 6bUM MPeLIoKeHbl HECKO/IbKMMUM aBTOpaMU B KayecTBe Moge-
el AN KOHKPETHbIX peasibHbIX COBOKYMHOCTeN. duwep 1 MakkeH3n
(Fisher and Mackenzie, 1922) npegnokunm yHkumio pu = tanh (M~3/5)
B Ka4ecTBe KOPPENALMOHHOM YHKUMN AN eXKeHeaesbHbIX YPOBHEN ocaf-
KOB Ha [BYX METEOPOsIONMYECKUX CTaHLUMAX, HaxXo4ALMXCA Ha paccToAHNN
n ofgHa oT gpyroii; Oc6opH (Osborne, 1942) n MatepH (Matern, 1947) —
QyHKUMIO pU, = e~Xa [N WUCC/EA0BAHMA J1eCO- W 3eMJ1enos1b30BaHNS;
Yong (Wold, 1938) — chyHKuMIO pu = (/ — ) 4nsa HEKOTOpbIX BWA0B
9KOHOMWYECKMX BPEMEHHbIX PSA0B.

8.9. PEAJ/IbHbLIE COBOKYIHOCTW

WccnenosaHns 6biin Npov3BefeHbl AN pa3HO06pasHbIX  peasibHbIX
COBOKYMHOCTeN. HekoTopble M3 3TUX MCCMeAoBaHMIA yKasaHbl B Tabn. 8.6.
Mepeble TPU WCCNEOOBaHUA MPOBOAMINCL C MOMOLLBIO reorpadyecKkmx
kapT. B nepBOM M3 HUX COBOKYMHOCTb COCTOMT M3 288 3HaYeHWii BbICOT
Touek, HaXoAALMXCS Ha paccTosHUM 0,1 MW ogHa OT APYTol B XO/IMUCTOVA
mMecTHocTv. B [BYX nocnefyrowmx JaHHbIMA CAy>XaT JONW A/IH OTPE3KOB
MPSIMbIX, MPOBEAEHHBLIX HA KapTe C PacKpacKom, MpuxogsLmecs Ha 06nactum
¢ onpegesieHHbIM MOKpbITYeM (Mo TPaBoi, f1ecom U T. 4.). DTN nprMepsbl
MOXHO CUMTaTb Hambosiee BAN3KUMM K MOAEIAM C HEMpPepbIBHOM B CTPO-
rom CMbIC/Ie Bapuaumei.

Cnrepytolpye TpU McCrefoBaHNA OCHOBAHbI Ha MOKasaHUSAX TemnepaTypbl
B TeueHve 192 mocnegoBaTesibHbIX AHEN B Cnefylowmx Toukax: (a) 12 awoin-
MOB MO/, MOBEPXHOCTLIO TpaBbl, (0) 4 AloiMa Mof MOBEPXHOCTLH 3eM/N,
(B) B BO3AyXe. TN TPU UCC/1efloBaHNSA O0TPadKaloT TPU pas/iNyHbIe CTerneHu
BAvaHusa (B HanpasNeHUN YBeNMYEHWS) Ha U3YYaeMylo XapaKTepUCTUKY
HEYCTOMUMBBIX €XXeAHEBHbIX V3MEHEHWIA MOrogpl M MeAsieHHbIX CE30HHbIX
N3MEHEHUIA.

B octanbHbIX 06cnefoBaHUAX HabMo4a/IMCh PacTeHUA WK JepeBbs,
pacTywme B NOC/eA0BaTe/IbHbIX TOUKaX, PacrofIOKEHHbIX BAO/Ib HEKOTOPOM
nuHumn. B obcnenoBaHuM KapTtodensi, TUMWYHOM O/ 3TO Tpynnbl, KOHEY-
Has COBOKYMHOCTb COCTOMT M3 3HAUEHW ypoxkas Ha 96 rpsigax HEKOTOPOro
nonsi. Mbl He NPOBOAM/N TLUATESILHOIO U3YYeHUs NUTepaTypbl, HO, Mo-BU-
AUMOMY, MOXXHO HalAT 1 gpyrue KOHKPETHbIE MPUMEpbI.

B HekoTopbIX uccnefoBaHUsX Vsv cpaBHMBan ¢ VB2 41 pacc/i0eHHO
Cy4aiiHol BbIGOPKU CO cnosiMu o6bemMa 2k 1 ABYMS eAUHMLIAMUN B KadKO0M
cnoe. Takoe cpaBHeHWe MpeacTaBNseT WMHTEPeC, MOCKOSIbKY MO0 AaHHbIM
BbIGOPKY MOXKHO MOJTyYUTb HECMELLEHHYIO OLEeHKY V6i2. Ana (co cnost-
M/ 06beMa k 1 0AHOM eanHMLIEA B KadKAOM C/10e) WM A1 Vsy ee MonyunTb
Henb3A. B gpyrmx pabotax coobLiaeTcd 0 CpaBHEHUM Vsy Kak ¢ Vsrt,
TaKk n ¢ Vst2. B 60NbLUMHCTBE WUCTOYHMKOB HEMOCPefCTBEHHOE CpaBHeHWe
¢ LidAu B SBHOM BMge He MpPoOM3BOAMTCH, HO B 06Liem Vst2, no-Buanmomy,
JpeT BbIMMPbILL B TOYHOCTW MO cpaBHeHWo ¢ 1/ran

B pa6otax Meiitca 1 ®VHHU cpaBHEHWe MPOV3BOAMUTCH OTHOCUTESLHO
Llerioro psga 3HayeHWrn N v K AN KadKOOM KOHEYHOW COBOKYMHOCTMW.
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Ta6nuuya 8.6

PeanbHble COBOKYMHOCTU, M3yYeHHble NMpu aHanuse

CNCTEMATUYECKOIO OTBOPA

Ccbinka N Bupg paHHbIX

3HayeHns1 BbICOT B TOYKaxX, OTCTOSALWMX Ha
pacctosiHuM B 0,1 MWUAW, MNOMAYYEHHblE MO
KapTe  aHr/IMMCKOro  rocyAapcTBeHHOro
KapTorpatuyeckoro ynpasseHuUs

MpoueHT nnowaan nof (a) Bo3fesbiBae-
Mol 3emneit, (6) KycTapHukom, (B) Tpa-
BOW, (r) necom Ha napannenbHbIX MNpsa-
MbIX, MPOBEfEHHbIX Ha KapTe ¢ packpac-
KoM

MpoueHT nnowaaun non enbto Ayrnaca,
NoACYMTaHHbIA C MOMOLLbIO MapasiiesibHbIX
npsiMbiX, MNPOBeAeHHbIX Ha KapTe C pac-
Kpackom

192 TemnepaTypa nousbl (12 golimoB nog no-
BEPXHOCTbIO Tpasbl) B TeyeHue 192 nocne-
foBaTesibHbIX AHel

Yates (1948), Tabn. 13 288

Osborne (1942)

Osborne (1942)

Yates (1948)

Yates (1948) 192 TemnepaTypa nouBbl (4 Aooiima nog no-

BEPXHOCTbI 3eMnn) B TeyeHue 192 gHeit
Yates (1948) 192 TemnepaTypa Bo03AyXxa B TedeHue 192 aHel
Yates (1948) 96 Ypoxai kaptodens Ha 96 rpspax

160 O6bemM neca, rogHoro K npogaxe, B pac-
YeTe Ha [efsiHKY LWWpUHOA B 3 psga u
nepemeHHo anuHbl (Mt. Stuart forest)

Finney (1948)

Finney (1948) 288 O6bem nogpacTaloLlero feca Ha [eNsAHKY
wMpunHon B 2,5 paga v gnuHoii B 80 pagos
(Black’s Mountain forest)

Finney (1950) 292 O6bem neca Ha [eNsHKY LWWPUHOW B 2
paga wu nepeMeHHoOW AnuHbl (Dehra Dun
forest)

Johnson (1943) 400** Uucno caxeHues Ha 1 yT AnvHbI rpagbl
AN 4 rpAf CaXKeHUEB JINCTBEHHbIX MOPoA

Johnson (1943) 400** Uucno caxeHues Ha 1 yT AAWHLI rpag
AN 3 Tpaf CaXKeHLEeB XBOWHbIX Nopoj

Johnson (1943) 400** Uncno nepecadkeHHbIX AepeBbeB  XBOUMHbI

nopos Ha 1 yT ANWHbI rpsAgbl 4NA6rps,

* TeopeTuyeckn N 6eCKOHEUHO, eCIM CYMTaTb, YTO TO/WMHA MPSIMbIX GECKOHEYHO Mana.
** MpubNM>KeHHO. B [eNCTBMTENBHOCTM 3TO YMC/IO0 MEHSNOCH OT FPsAfAbl K rpsage.

[nsa aTux cryyaeB JaHHble Tabs. 8.7 npeacTaBnsAoT coboii reoMeTpuyeckn
CpefHue 13 OTHOLUEHMWI AvCnepcuiA 1S OTAebHbIX 3HadeHui k. Opyrp
aBTOPbI MPOM3BOANN CPaBHEHME TOJTbKO /19 OQHOI0 3HaYeHNs k B Kaxko!
COBOKYIHOCTW, HO MHOrZa npuBoavAn JaHHble A1 pa3HbIX NpPU3HaKos w!
ONA HECKOJSIbKMX peasibHbIX COBOKYMHOCTEN OAHOMO M TOFO XKe XapakTepa
Mpwn 3TOM ONATL 6pasINCh FEOMETPUYECKMNE CpefHUe U3 OTHOLLEHWI aucnep
CUIiA.

XO0T4 3TU JaHHbIe N orpaHNYeHsbl Mo MacliTabam, pesynbTaTbl NPon3Bo
[OAT BneyatsieHve. B Tex nccnenoBaHusX, rae BO3MOXKHO CpaBHEHME C
crcTeMaTMyecKas Bbibopka HEM3MEHHO AAeT, XOTH M YMEepPeHHbIA, HO BrO/H

242

Ta6nunuya 8.7
OTHOCUTE/IbHAS TOYHOCTb CUCTEMATMUYECKOIO U PACC/IOEHHOIO
CAYYAMHOIro OTBEOPA

OTHOCUTEeNbHAA TOYHOCTb cCUCTeMa-

Pa3max Tn4yeckoro 0T60pa no cpaBHEHUKO
AaHHble 3Haq?(H,,,,‘;| C pacc/ioeHHbIM
Vstl/\Vsy

BbicoThbl 2—20 2,99 5,68
MpoueHT nnowagH (4 Tvna rno- — — 4,42
KpbITNSA)

MpoueHT naowaan nojg  enbio — _ 1,83
Ayrnaca

Temnepatypa nousbl (12 A10MMOB) 2—24 2,42 4,23
Temnepatypa noysbl (4 pAtoliva) 4—24 1,45 2,07
TemnepaTypa BoO3gyxa 4—24 1,26 1,65
KapTodens 3—16 1,37 1,90
O6bem neca (Mt. Stuart) 2—32 1,07 1,35
O6bem neca (Black’s Mt.) 2—24 1,19 1,44
O6bem neca (Dehra Dun) 2—32 1.39 1,89
JINCcTBEHHbIE CaXKeHLbl 14 - 1,89
XBOMHbIE CaXXeHLbl 14—24 — 2,22
Mepeca)keHHble XBOViHbIE fepeBbs 12—22 — 0,93

OLLYTUMbIA BbIAFPbILL B TOYHOCTU. MeamaHHoe 3HayeHVe OTHOLLEeHWIA
VstJVsy paBHO 1,4. BbiMrpbill B TOYHOCTU MO CpaBHeHWO ¢ V2 cyLulecT-
BEHHee, 3[eCb MeANaHHOe 3Ha4YeHVe OTHOLLIEHMIA paBHO 1,9.

XapakTtep Mosly4yeHHbIX pe3y/ibTaToB B 0OLLEM COOTBETCTBYET OXKuJae-
MOMY, XOTS1 BBUAY HEGO0/MbLLIOro Ymcia obcriefoBaHUi TPYAHO 6b110 paccyn-
TbiBaTb Ha MOJlyyYeHWe OnpeaesieHHbIX BbIBOAOB. BbmMrpbill okasasnics Hauv-
6onbLMM A1 TeX BUAOB [JAHHbIX, OTHOCUTENIbHO KOTOPbIX MOXXHO 6bL10
NPeAnosioknTb, YTO UX Bapuauus Haubonee 61mM3Ka K HerpepbIBHOM.
C 3TOM TOUKM 3pEeHUs 1 MpU Nepexoie OT MOYBEHHbIX TeMrepaTyp KTemrie-
patypam Bo3ayxa MOXHO 6bl/10 0XKnaaTb, YTO OTHOLUEHWE Vsn/Vsy YMeHb-
wmnteda. U3 nocriegHUX Tpex MPU3HaKoB (faHHble O JIeCHbIX MUTOMHUKAX)
BbIMIPbILLA B TOYHOCTU HE 0Kas3aslocb /Wb A/ OLHOro — nepecakeH-
HbIX XBOWMHbIX [EpeBbEB, KOTOpble cTaplle M 6onee OAHOPOAHbI, YeMm
MOsIofble CadKeHLbI.

8.10. OLEHNBAHWE ANCMEPCUN MO OTAE/IbHOW BbIBOPKE

CornacHo pesyfnbTaTam, OTHOCALLMMCS K MPOCTbIM CydaHbIM BbIGOp-
Kam ¢ n > 1, Mbl MOXXEM BbIYUCMINTb HECMELLEHHYH) OLEHKY Aucrepcun
BbIOOPOYHOIO CpeAHEro, Mpuyem OueHKa 6yAeT HECMELLEHHOW He3aBMCMMO
0T Buga coBokynHocTW. OfHAaKO A5 CUCTEMATMYECKONM BbIOOPKM 3TO MOJies-
HOe CBOMCTBO He COXPaHSeTCs, MOCKO/IbKY ee MOXHO paccmaTpvBaTh /LLb
KaK MPOCTYH C/yYalHylo Bbl6opKy C¢ n = 1 [pownnocTpypyem 3To
Ha NpuMepe ¢ U3MeHEHMEM «Mo CUHycomae». MycTb

, . ni
y.= T+ asm — ,
rorek —4wvi= 1,2,..., 4n. MNocnefoBatesibHble HAGMOAEHWSA B COBOKYI-
HoCcTU ByayT

Oor+a, T, (T—a, T, (T+a,T, (T—a),T,
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Ecnn B kayecTBe MepBOro 4ieHa Bbl6paHo 3HaueHue = |, TO Bce YseHb
CUCTEMATMYECKOM BbIGOPKN MMEIOT 3HaudeHune (T + a). [pu Tpex gpyru
BO3MOXXHbIX 3HA4YeHUSAX MEepPBOro YsieHa BCe WieHbl MPUHUMAKOT 3HaYeHU
COOTBETCTBEHHO T, (T — C) WM T. TakMM 06pa3oM, MO OTAe/bHOM Bbl
60pKe Mbl HMKaK He MOXEM OLIEHUTb BeNIMUMHY a. B TO >ke BpeMsi UCTUHHO;
3Ha4YeHWe OUCMEPCUN BbIGOPOYHOI0 CPEAHEr0 CUCTEMATUHECKOM BbIGOPHO
paBHO a22. JTOT MpvMep MOKasbIBaeT, YTO MpW CyLLEeCTBOBaHUW nepuoau
YeCKol BapvaLmn HEeCMELLIEHHYHO OLIEHKY AUCMEPCUN M0 BbIGOPKE MOCTPOUT
HEBO3MOXKHO.

M3 cka3aHHOro He criefyeT, 4TO BOOOLLIE HWMYEro Henb3sa chenatb
3a VCKTIOYEHWEM CrlyHas MepuoAMYeckoi Bapmaumm, Mbl MOXKEM pacriona
ratb JOCTATOYHbIMMW CBEAEHUSAMU O CTPYKTYPE COBOKYMHOCTU, YT06bI MOCTPO
UTb MaTeMaTUYecKyto Mofeflb, afeKBaTHO MPefCTaBNSIOLLYIO CYLLECTBYHO?
LLWIA B Held TN Bapmaummn. ocse 3Toro Mel MOFM 6bl BLIBECTY (hOpMy /Ty A1
OLIEHKW AMCMEPCUN, KOTopas A/1a 3To Mofenu 6buia 6bl MPUGAKEHHO H-
CMELLIEHHO, XOTS, BO3MOXKHO, ANs1 ApYrux4moneneid cMelleHve 6b1o
6onbLLMM. PelliaTb, Kakyl U3 MoAgnei cnefyeT NPUMEHWUTb, [O/DKEH TOT
KTO OpraHusyeT o6crefoBaHue.

Janee npeacTasrieHbl HEKOTOPbIE MPOCTblE MOAE/IN M COOTBETCTBYHOLLIM
VM OLEeHKWM aucriepcuii. JJokazaTenbCcTBa He NPUBOASTCS.

Hawnbonee npoctas mMofgenb OTHOCUTCA K COBOKYMHOCTW, B KOTOPON yl
COAEPXXUT HEKOTOPbIA TPeHA NAC «cydvaliHoe» cnaraemoe. Torga

¥  Pi b0

roe |i; — HekoTopas yHKUMS i. OTHOCUTENIBHO CAyYaliHOrG criaraemo
Mbl MpeanosiaraeM, 4TO CYLLECTBYeT HaJCOBOKYMHOCTb, A1 KOTOPOW

(en= 0; %(e?)= 0?; %(ete}) = 0 (i=£j).
dopmyia OLEHKN AMCnepcum, sly, HasbIBaeTCs HECMELLEHHON, ecnn
%E(sly)=V V sy,
T. €. eC/IN OHa He CMeLLleHa OTHOCUTE/TIbHO CpeaHero no BCEM KOHEYHbIM COB

KYMNHOCTAM, KOTOpPblE MOryT 6bITb rnosty4YyeHbl 13 3Ton Ha[ACOBOKYIHOCTA

COBOKYMHOCTb, €AWHMLbI KOTOPOI  pPacrosioXXeHbl B «c/ly4YaliHoM
nopsigke
HenocTtosaHHOW (i = 1, 2, N);

2 N T N (j/l YBu)

3Ta Mogenb NPUIMEHSIETCS, €C/IM Mbl YBEPEHbI B TOM, YTO MOPSAOK pac
NONOXXEHNS eAMHWL, MeET B OCHOBHOM C/lyyaliHblii XapaKTep OTHOCUTEN
HO Hab/oaaemoro npusHaka. dopmyna gucnepcun-Ta kg, 4To 1 ansa np
TO cy4aliHOW BbIGOPKM, U ee OLEeHKa He MMEET CMELLIEHUWS, eC/IN HalLa
Jenb BepHa.
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PaccnoeHHasi COBOKYMHOCTb, eAUHMLBI KOTOPOI B C/I0SIX PAacrosioXeHbl
B cnydaiiHoM mnopsiake

Pi = noctosiHHO (rk+ 1  i<>&-}K);
2 _ N—n 2(yi—yt+k)2
Sy2_  Nn 2(n—1) -

B atom cnyuvae cpefiHee 3Ha4YeHVEe MOCTOAHHO BHYTPU KadK[oro csoa u3 k
eayHnl, OueHKa sfy2, ocHOBaHHasi Ha cpefjHeM KBapare MocsiefoBateslb-
HbIX pa3HoCTell, He ByaeT HecmelleHHoW. B ee o6pasoBaHUV MPUHUMAOT
HeXXerlaTeslbHoe y4yacTve pasHOCTU 3HaYeHW p cocegHMX CrI0EB W, KpOMe
TOro, MpV OLEHUBAHUWN CNYyYaliHOro Criaraemoro Aucrnepcun nepsblid 1 Mo-
CnegHviA criov UMEKOT CANLLIKOM Masible Beca. Ecnm Halla mogens BepHa, TO
ONs AocTtaTodHO 60/bLUMX BbIGOPOK 3Ta oueHka OyfeT, BooOLle rosops,
npeysennymBaTh AUCNepcuio.

JInHelHbIA TpeHq,

Pi= p-bPt —2);

2 _ N—n ' 2t/im + 1/j+2fe)8

S&3~ N n* 6(n—2)
OueHka OCHOBaHa Ha KBagpartax nocsiefoBaTeslbHbIX pasHoCTel, obpasye-
MbIX TPEMSI COCEAHUMU  3HAYEHUAMU yt, y!+b, YrHk B BblOOPKE.
CymMma KBaapaTtoB COAEPXKUT (N — 2) usieHoB. B cnyyae NnMHEAHOro TpeH-
Ja, Kak Mbl Bugenn (naparpad 8.6), ero MOXXHO MCK/OUNTb, BBOAA KOHLie-
Bble nornpasKW. YreH n'/n2 paBeH CymMMe KBaJpa*roB BECOB B BbIPa>KEHUU
yLsv. Ecnm To/bKO n He Masio, n'/m2 MOXXHO 3aMeHUTb 00bIYHLIM MHOXW-
Tenem 1/n. M3-3a TOro, 4to KpanHWM C/109M NpUAaH CAULLIKOM Masiblii Bec,
OLieHKa CMeLLieHa, 3a WUCK/IIOYEeHWEM cnydas, Korga of mocToAHHa, HO ecnivi
n Be/IMKO N Halla Mofesib BepHa, TO OueHKa OyfeT BrosiHe yAOBNETBOPU-
TeSTbHOM.

Ecnu coBOKYMNHOCTb XapaKTepusyeTcs HenmpepbIBHOW Bapuvialvein 6onee
C/IOXKHOMO TUMA, YKa3aHHble TO/IbKO 4TO (hopMy/ibl MOTYT AaBaTb HeyAoB-
NeTBopUTesNbHbIE pe3ynbTatbl. B Tabn. 8.8 npuBegeHbl faHHbIe 0 rpume-
HEeHUM BTOPOM W TpeTbel hopMys1 K Hab/MIOAEHMAM Ha LUEeCTU rpsfax neco-

Ta6nnya 8.8
OVICMEPCUN BbIBOPOYHOIO CPEJLHEIO UMC/IA CAXKEHLIEB

dakTnyeckasa 2 2
Ipapa ssy3

%
KneH cepebpucTblii 1 0,91 2,8 2,5
2 0,74 3,6 2,9
Nnbm amepuKaHCKuit 1 4,8 28,4 12,6
2 15,5 22,6 18,6
Enb cusasa | 5,5 17,2 11,2
2 2,0 11,6 6,4
| 8,2 21,0 21,9

CocHa ropHas
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nutoMHMKa (Johnson, 1943). KBagpaTuyHas hopmysia okasanacb HeCKO/1b
KO fiyuLLie (hopMy/ibl, 0CHOBAHHOM Ha Moc/efoBaTe/lbHbIX Pa3HOCTSX, HO 06
OHW CW/IbHO MPeyBe/IMYMBAIOT AMUCMNEPCUI.

MO>KHO NpeoXKUTb MHOTO ApYrux ¢opmys. ECnuv L, MeHsaeTca Herp
PbIBHO M He 04YeHb ObICTPO, TO MOXKET OKa3aTbCA 3(NEKTUBHBLIM OLEHNB*
HME Ha OCHOBe «OCTaTKOB» MOC/e MPUBNMKEHMS C MOMOLLBIO MOSIMHOMO
BbICOKMX CTEMeHeW; AN 3TOro MeToAa COOTBETCTBYHOLLME Tabsmubl 6bun
coctasneHbl Oentopyn (De Lury, 1950 r.).

dopmy/ibl, MO/TyYeHHbIE MPU MPOCTbIX MPEArosioKEHMSX 0 XapakTe'
KoppesiorpaMmbl, 6bUIn paccMoTpeHbl OcbopHoM (Osborne, 1942), Kokp
Hom (Cochran, 1946) n MatepHom (Matern, 1947), Weiitc (Yates, 19
nccnenoBasn OLUEeHKY, OCHOBaHHYH Ha Be/vuvHe Buga

(Yn+ Yu+tih + Yun+ih + eee)— (Yu+h + YN+3b + eee)e
MocnegoBatenbHbIM YileHaM BbIGOPKM NpUNMCaHbl  MOMEPEMEHHO  3HaK
«+» 1 «—». Ecnn aTo BblpadkeHue H6epeTca MO Bceli BbIGOpPKe, TO MMeeTe
TOMbKO OfHa CTerneHb CB0O6OAbl. [/ TOro 4utobbl 06ecneynTb 60sIbLL
YMC/I0 CTerneHen cBo60AbI, AaHHbIE BbIGOPKM MOXHO PasbuTb Ha YacTu, Ka
Jas 13 KoTopbIx (Mo npeaioxkeHno MeiTca) Jo/mKHa HacuuTbiBaTb OEB
HabnogeHnin. Ecnn  0603HauUNTb MocneaoBaTesibHble HabMHaeHNsa B C.
CTEMATNYECKO Bbl6opKe 4yepe3 y[, y2 1 T. 4. 1 NMpuaaTtb NepBoMy W rocne
HeMy ufieHy Beca, paBHble 1/2, TO MOXKHO 3anucartb:

Vi ~\rYs + *5+ Yy7 — ("2 + <94 \~Y6~{- Y&)-

CnepytoLan pa3HocTb, d2>ao0/mkHa HayvaTbes € y'j 1 T. 4. Torga B KayecT
OLIEHKN Aucrepcun ysy MpUHUMAaETCA

2 N—1L dl
SV Nn 7,50

MHOXUTeNb 7,5 — cymmMa  KBagpatoB  KOI(MUUMEHTOB [/1  KadKI0
du, a g — 41C/0 pasHOCTel, 06pasyloLMX OLEHKY (g MpubnmsuTesib
paBHo n/9). [NA peasibHbIX COBOKYMHOCTEN, WCCreaoBaHHbIX eiiTtc
thopmyna Takoro Tuna okasanacb Jydile, Yem copmyna  sf, ocHoBaHH
Ha rocsefoBaTesibHbIX Pa3HOCTAX, HO U OHa NpeyBenmumBaeT hakTUyHecK
avcnepenio ysy.

3aveTM B 3aK/1H0HEHME, UTO B (hOpMYiax A/15 OLEHKM AUCTIEPCUN HET H
JoctaTka, Ho, Mo-BMAVMOMY, BCE OHM MMEIOT OrpaHnUYeHHyo 06nactb np
MEHEHVIS.

8.11. PACC/IOEHHbIN CUCTEMATUYECKWIM OTBOP

Mb!I y>ke BUAENN, YTO EC/TN €AVHMLILI COOTBETCTBYHOLLMM 06pa3oM yrop
JIoYeHbl, TO CUCTEMATUUECKWIA O0T6OP o6ecrneunBaeT HEKOTOPOro poaa p
C/IOEHVE C PaBHbLIMM J0N1SIMM 0T60pa. Ecnn paccnoeHne Npov3BeagHo Mo
KOTOPOMY ApPYroMy KPUTEPUIO, TO B KaOKAOM C/I0€ MOXHO W3B/eYb OT/-
HYH CUCTEMATUUECKYIO BbIGOPKY, OMpefesnsisi TOUKU OTcUeTa HE3aBUCU.
Takol nogxof yOo6eH, ec/iv Mbl XOTUM MOSTYUNUTL PasfaesibHbIE OLEHKN
KavK/Ioro C/10s Uv ec/ivi MPUMEHSIKOTCA HepaBHble 40/ oT6opa. 3ToT Mk
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OyfeT, KOHEYHO, 60/1ee TOUHbIM, YeM PaCcC/IOeHHbIN CyyaliHblii 0T60p, ecun
CUCTEMATUYECKMIA 0TGOP BHYTPW C/I0EB GOslee TOUEH, YeM ClydaliHbIi 0T60p
BHYTPY C/I0€B.

Ecnn ysyh— cpefiHee 3HaYeHune /19 CUCTEMATUYECKOM BbIGOPKM B C/10€e
/r, TO oUeHKa cpegHero A1 COBOKYMHOCTU Y U ee ANCMEPCUST PaBHbI;

Usisy ~ ysyht Y {ljstsy’)— YtWh V {ysyjt).

Ecnm umncno croeB HEBESIMKO, TO 3ajaya HaxXOXKAEHWSI OLEHKW 3TOWA
AVicriepcun Mo BbIBOPKe CBOAMTCSI K Y)KE PacCMOTPEHHOW 3aaaye Haxoxze-

H/A M0 BbIGOPKE YAOBNETBOPUTE/IBHOM OLEHKN Y (ysyh) B KaDKAOM CrIoe.

Ecniv cnon 6osee MHOroYMC/IEHHbI, TO MOXKET OKas3aTbCA MpPeanoyvTu-
TeflbHee OLeHKa MO MeTofy «COBMeELLEHHbIX CrioeB» (maparpad 5A.11).
/3 ckazaHHOro B aToM raparpage BbITEKAET, YTO OLIEHKa

v (¥YBT) —2 (syfr—ySQ ,

rge CymMMUpOBaHWe MpoMCXOoaMT M0 BCeM Mapam C/10eB, B CpefHeEM Mpey-
BE/IMYMBAET AVCNEPCUIO, AadKe ec/v Bapuaums Neprognyeckoro xapakrepa
CYLLIeCTBYET BHYTPW C/I0€B.

HecMmeLLeHHYI0 OLEHKY AMCMEPCUMM OLUMOGKM MOXXHO MONYyYnUTb, €cim
B Ka>KAOM C/l0€e M3B/IEKAOTCA [Be CUCTEMATUYECKME BbIOOPKM C pasHbIMU
TOYKaMM 0TcYeTa, BbIGpaHHbIMM CrlyYaliHbIM 06pa3oM, M ¢ NHTEPBasIOM OT-
6opa 2ir. Mpy 3TOM KadKObI Crioii obecneyrBaeT OQHY CTeneHb cBOGOApbI.
Ecnn cuctematmnyeckmii 0T60p ahpeKTMBEH, TO TaKoW, MpvieM MNpuBeaeT
K HEKOTOPOI noTepe B TOYHOCTWU. Ecnu c/noes MHOro, To B 60/1bLLUMHCTBE UX
MOXXHO B35ITb TO/IbKO MO OJHOW CMCTEMATU4ECKOW BblGOpPKe, a Mo ABe Bbl-
60pKM 4719 OLEHMBaHWA MO HVYM OLUMOKW M3BMEYb /ML B 4acTW C/I0EB,
0To6paB 3Ty YacTb CriyyaliHbIM 06pa3oM.

8.12. ABYMEPHbIN CUCTEMATUYECKWM OTBEOP

Mpn oT6ope M3 COBOKYMHOCTW, MpPeACTaBNAOLE CO60M HEKOTOPYHO
TEPPUTOPUIO, MPOCTELLIMM 0606LLEHNEM OAHOMEPHOr0 CUCTEMATUYECKOr0
oTbopa Ha 3TOT cny4yaii 6ygeT oT6op Mo cxeMe KBaApaTHOM PELUETKU, U30-
6pakeHHOM Ha puc. 8.4 (a). Bblbopka MOMHOCTLIO OMpenesnisieTcs napoii
CNy4YariHbIX 4uces1, 3a4a0LmMX KOOPAUHATLI JIEBOM BEpPXHEN eanHMLBL. Xa-
PaKTEPUCTMKN CXeMbl KBaApaTHOM peLueTkn 6biv mnccriefoBaHbl Ha npu-
Mepax Kak TeOpeTUYecKMX, TakK U peasibHbIX COBOKYMHocTen. MatepH (Ma-
tern, 1960) wccnegoBas HavAyylMiA TUM BbIGOPKU AN1A clyyas, Korga
Koppenauusa HabnogeHuin B /i06bIX ABYX TOUKax BbIpaXKaeTCcd MOHOTOHHO
yObIBaIOLEN BbIMYK/I0/ BBEPX (YHKUMEN pacCTOAHUS Mexay Himu, d.
[ns koppenorpamm Buga e Y10TO0p MO KBaApaTHOM peLleTke OKa3blBaeTcs
JocTtaTtouHo MPUIoAHbIM W MPEBOCXOAUT MPOCTOA WW PacC/IOEHHbIA Chy-
YaliHbIA 0TOOP C OAHONM eguHNLIEN B KadKAOM C/l0e, XO0TS MaTepH M yKasbl-
BaET MPUYVHBI, MO KOTOPbIM MOXKHO OXKUAATb, YTO HaW/TyuLLIEH CXeMO ons
3TOM CUTyaLMM OKaXKETCHA OTOOP MO TPEyrosibHOM peLleTke, 06pa3oBaHHOM
BEPLUMHAMM PaBHOCTOPOHHUX TPEYro/IbHUKOB.

B 14 cenbCKOX03SAMCTBEHHbIX UCCMEA0BaHMSX Ha OAHOPOAHOCTb XeMHC
(Haynes, 1948) Haluien, 4To 0TO6OP MO KBaAPaTHOM PELLETKE AAET MOYTU TY XKe
TOYHOCTb, YTO W MPOCTOM C/y4YalHbIA 0TOOP MO ABYM W3MEPeHUsIM. MWH
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(Milne, 1959) mn3yyan 0T60P MO «LEHTPasIbHOMY CXEeMe KBagpaTHOM peLueT
KW, KOrga Bbl6opKa orpedensieTcs TOUKOM, fiexxalleil B LeHTpe KeBagpaTa
B 50 mccnefoBaHMAX Ha O4HOPOAHOCTb. Takoi crocob oTbopa okasasc
Ny4lle npocToro criyyaiiHoro otéopa W, BO3MOXHO, HECKOMbKO Jlydlle
YeM pacc/I0eHHbI CryyaliHblii 0T60p, XOTA Moc/ieqHee  MPEenMyLLECTB
He Obl1I0 CTATUCTUYECKN 3HAUMMbIM. 3TU pPe3y/ibTaTbl YKasblBaloT Ha TO
yTO, MO KparHel Mepe, 415 JaHHbLIX TAKOro TuNa, aBTOKOPPeNnsums Bbipa

Puc. 8.4. iBa Tuna p[BYMEPHOW CUCTeMaTUYeCKOW
BbI6OPKM

»KeHa cnabo. MNpy oueHBaHMM MO KapTe NoWwaam, 3aHUMaeMon /1eCoM U
BOAOW, MaTepH B ABYX MpuMepax 0OHapy>Kwu/, 4YTO KBagpaTHas peLueTk
NPeBOCXOAUT CayyaliHble MeToabl oT6opa.

Ha puc. 8.4 (6) nmokasaHa cucTeMaTMyeckasi BblbopKa gpyroro tvn
HasblBaeMas HeBbIPOBHEHHOM BbIGOpKo. CHadasia, M3BfeKasi napy cryyan
HbIX YKMCeN, 3a4aK0T KOOPAMHATLI JIEBOIA BepxHel eanHuubl. Elle aBa criydaii
HbIX 4unCfa onNpeaenstoT ropusoHTasbHble KOOPAMHATBI OCTaBLUMXCA ABY
€4VIH1L, B NepBOM cTos6Le CNoeB. HakoHeL, eLle Ba cy4vaiHbIX Ymcaa Hy>XK-
Hbl, 4TOObl (DMKCUPOBATb BEPTUIKaSIbHbIE KOOPAUHATBI OCTaBLUMXCA eavHA
B MepBoOi cTpoke C/10eB. oc/ie 3TOr0 MOCTOSAHHbIA MHTEPBaUT k (paBHbI
CTOpOHaM KBaApaToB) 3afaeT PacrosfiokeHne BCEX OCTaslbHbIX Touek. U.
cneposaHna KeHya (Quenouille, 1949) n daca (Das, 1950) onis nNpocTbl
[OBYMEpHbIX KOPpesiorpaMM YKasblBaldT Ha TO, YTO HeBbIpaBHEHH
CXema 4acTo JaeT fydllve pesysbTaTbl, YeM KBajpaTHas peluetka v Y
pacc/I0eHHbIV CTy4YaiHbIA 0TO0P.

Ewe ogHO cBMAOETENBbCTBO MPEBOCXOACTBA HEBbIPABHEHHOW BbIGOPK'
[JaeT onbIT M1aHNPOBaHUSA 3KCMEPUMEHTOB, KOTOPbIA 0OHapy>Xus, 4To
ANnA pa3velleHnsa HabngeHWn B NPAMOYrosibHOW 06/1acT BMOSIHE MPUM
HAMA CXemMa JIaTMHCKOro keagpara. MOXKHO cuuTaTb, 4UTO JIATMHCKU
kBagpat (5x5), nokasaHHbIi Ha puc. 8.5 (a), 3aJaeT pas3bueHve obiaeT
Ha MATb CUCTEMATUMYECKNX BbIOOPOK, Kadkaasd M3 KOTOPbIX COOTBETCTBYE
onpeaeneHHol bykee. ECTb HEKOTOPblE JaHHbIE O TOM, YTO 3TOT 0CO6bI
KBaApaT, HasblBaeMblA NMATUHCKUM KBagpaTOM «XOAO0M KOHs», 6yaeT He»
CKONIbKO 60s1ee TOUHbIM, Yem ClyyaiiHo BblopaHHbIA kBagpaT (5x 5). Mp]
YMHa 3TOro, BEepPOSATHO, B TOM, YTO Y MEPBOro HMKakasi Bblbopka He coge!
YXUT ABYX 3/IEMEHTOB He TO/IbKO M3 OJHOM CTPOKU WM OAHOro CToN6
HO M N3 KabKaoih AuaroHasnw.
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MpUHUMNOM  MOCTPOEHUSA  NATUHCKUX  KBaApaToB  BOCMO/b30Ba/IUCH
Xomeiiep n bnsk (Homeyer and Black, 1946) npu oT6ope Ha npsiMo-
YrosibHbIX Monax osca. Keavkagoe nosie cogepykasio 21 yyactok. Tpu BO3-
MOXHble CUCTEMATMYECKME BbIGOPKK, 0603HAYEHHbIE COOTBETCTBEHHO OYK-
Bamn A, B n C, nokasaHbl Ha puc. 8.5(6). Takoe pasmelleHMe, Korja Ha
Ka>KgoM OJie BbIGMPaeTCs cydariHbIM 06pa3oM ofHa 3 OyKB, YBEINYW/IO
TOYHOCTb MPUBNN3NTENBHO Ha 25% MO CPaBHEHWIO C PACC/I0EHHbIM  Cr1y-
YaliHbIM OTOOPOM CO CTPOKaMu B KadecTBe C€/10eB. [MOCKONbKY Kadkaas
OyKBa BCTpeuyaeTcss TPWOKAbl B OOHOM CTONOUE W MO ABa pasa B ApYrux,
Takoe pasMeLleHVe He COBCEM TOYHO YAO0B/IETBOPSAET OMpefenieHno na-
TUHCKOIO KBagpara, HO, HACKO/IbKO 3TO BO3MOXKHO, COOTBETCTBYET EMy.

A B C D E A B C

B C A
D E A B C C A B
B C D E A A B C

B C A
E A B CD C A B
C DEAB A B C

(a) JaTuHcknii  kBagpat
«XO0A0M KOHSA»

(6) Cxema cuctemaTumyec-
Koro otbopa Ana npsimo-
yronbHoro nonsa 3X7

Puc. 8.5. [1Be cxembl cucTematmyeckoro ot6opa,
OCHOBaHHble Ha NaTUHCKUX KBagpaTtax

Weiitc (Yates, 1960), KOTOPbIA Ha3Bas pasMelLeHUs TaKoro Tvnma oT-
60pOM o peLleTKe, paccMaTpuBaeT UX MPUMEHEHVE 41 OBY- N TPEXMEPHO-
ro otéopa. B cnyyae Tpex M3MepeHUN Kadkaas CTPOKa, Kavkablii ctonbel,
N KadKOas BepTuMKaslb MOryT ObITb MpefcTasfieHbl B BblGOpKe nyTemM 0T60-
pa p eauHvL, 13 p3 eauHUL, COBOKYMHOCTU. Ecnn Bbibopka coaepxut p2
€AVHNL, TO B Hel MOryT ObITb MPEeACTaB/IEHbl KadKA0e W3 p2 CoYeTaHuii
CTPOK U1 CTOM6LOB WM CTPOK U BepTUKasieid, Win CTON6LUOB 1 BepTUKasIEN.
MatTepcoH (Patterson, 1954) wmccnefoBasl pasMeLLEHWs, KOTOpble JatoT
HECMELLIEHHYI0 OLEHKY OLUMOKM.

8.13. PESIOME

Cuctematmnyeckue BbIGOPKU yA06HO HameyaTb M u3Bfiekatb. B 60sb-
LLMHCTBE WCC/IEA0BAHWM, YMOMUHABLUVXCA B 3TOW r/laBe Kak Mo MCKYCCT-
BEHHbIM, TaK WM MO0 peasibHbIM COBOKYMHOCTSAM, OHW BbIUIPbIBA/IN B TOY-
HOCTM MO CPaBHEHMIO C PacC/IOEHHbIMU C/yYaliHbIMK Bbibopkamu. Hepo-
CTaTKN CUCTEMATUYECKOW BbIOOPKM 3aK/OYaOTCA B TOM, UTO €e TOYHOCTb
MOXET OKa3aTbCS HEBLICOKOW, €C/IN CYLLECTBYET HeOXMAaHHasi nepuoavy-
HOCTb, U B TOM, YTO HEM3BECTEH HAAEXHbIA METOZ, OLeHMBaHMA V (ysy) MO
JaHHbM BbIOOpKW. B cBeTe Cka3aHHOro paHee cvcTEMATUYECKWUI 0TOOP
MOXKeT ObITb 6e3 onaceHVs1 PEKOMEHAOBaH B CreAyoLMX CUTyauusx:

1 Korga eavHWLbl COBOKYMHOCTY PacrosioXKeHbl B OCHOBHOM B C/ly-

YaliHOM MopsiiKe WM KOrga pacc/ioeHne B COBOKYMHOCTM HaMeyeHO OYeHb
cna6o. B 3aToM crydae cucTEMaTUYECKUiA 0TO6OP MPUMEHSIETCA K3-3a ero
Ypo6cTBa, MOCKOSIbKY Hesb3sl PacCUUTbiBaTb Ha BbIMMPbILL B TOYHOCTW.
MivetoTcsa BbIG0POYHbIE OLIEHKN OLLIMOKK, CMELLEeHME KOTOPbIX HaxoguTecs
B [ONyCTUMbIX npefenax (naparpad (8.10).
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2. Korga npuMeHsieTc pacc/ioeHue ¢ 60/1bLUMM YMC/IOM C/I0EB U CU
cTeMaTmyeckas BblibOpKa V3B/EKaeTC HE3aBMCMMO B Kabkaom cnoe. B ato"
cnyyae B/VISIHME CKPbITOV MepUoaVNYHOCTU VMEET TEHAEHLMIO HeMTpan3
BaTbCA M MOXHO MOMYYUTb OLEHKY OLLUMOKM, KOTOpas 3asBefOMO Mpeys
NnyeHa (naparpad 8.11). Mpwu gpyrom cnocobe MOXXHO BOCMO0J/1b30BaTb
NLLIb MOMIOBUHOM Ymcna CrI0eB M U3B/eYb M3 KaxKAoro /105 Mo ABe CUcT
MaTUYeCKMe BbIGOPKM C HE3aBUCMMbIM C/TyYalriHbIM Ha4auioM oTcyeTa Ka
Jasa. Takoi cnocob o6ecreymBaeT HECMELLEHHYH OLIeHKY OLLMOKN.

3. Mpu nopot6ope eguHuy, (rn. 10). B aToM c/lyyae okasblBaeTcs, YT
B 60/IbLLUMHCTBE MPaKTUUYECKNX MPUIOKEHUA MOXHO MOSyYUTb HECMeLL,
HYH OLIEHKY OLUMOKU BbIGOPKMU.

4. Mpy BbIGOPOYHOM M3YHEHUN COBOKYMHOCTEM C Bapuauyelri Henp
PbIBHOIO XapakTepa Mpy YC/I0BMW, YTO OLEHKA OLUMOKM BbIGOPKU 00bIY
He TpebyeTtcs. Ecnn nposogntca psg 06criefoBaHni Takoro Tmna, 10 M
XKET 0KasaTbCsA JOCTaTOYHbIM MPOBEPSATh OLUMOKM BbIGOPKM /IULLL OT CJ1
yas K cnydaro. Weiite (Yates, 1948) yKasbiBaeT, YTO MOXXHO AenaTb Taky
NPOBEPKY C MOMOLLBIO AOMO/HUTESbHBIX Hab/I0AEHWIN.

YnpaXHeHNSA

8.1. B Tabnumue Ha c. 251 yKasaHO YWUCNO0 CaXKEHUEB Ha KaxaoM ¢yTe ANVH
rpsgbl, obwer anuHoii B 200 dhyTOB.

Halignte aucnepcuio cpefHero cuctemaTuvyeckoli Bbl6OPKW, BK/Uawolleli Ka
Oblli ABaguatbli dyT rpsagbl. CpaBHWUTe ee ¢ gucrnepcusmu: (a) NpocToi cnyyaiiH
Bbl6OPKMK, (6) paccnoeHHOol cnyyaliHol BbIGOPKM C ABYMS eAUHULAMU B KaXOM €<
(B) paccnoeHHOW cny4variHOW BbIGOPKW C O4HOWM efuHMLeN B KaXaom cnoe. Ana B~
Bbl6Opok M = 10. [2 (w — Y)2= 23601]

8.2. CoBOKynHoCTb 360 somoxo3ancTe BanTumopa (nepeHymepoBaHHbIX OT 1
360) pasmelieHa B KapToTeke B asihaBUTHOM nopsgKe No amMmuivsam rnae xo3siic
[omoxo3AicTBa, rae rnasa Hebenblid, MMeKT cneaywlwme Homepa: 28, 31—33, 36
41, 44, 45, 47, 55, 56, 58, 68, 69, 82, 83, 85, 86, 89—94, 98, 99, 101, 107— 11
114, 154, 156, 178, 223, 224, 296, 298—300, 302—304, 306—323, 325—331, 3
335—339, 341, 342. (Cpegn Hebenbix wHOrga BCTpevalTCs «CKOMAEHMs» A0
X0351ACTB M3-3a CBA3M MeXxay damuniveid U UBETOM KOXW.)

CpaBHUTe TOYHOCTb CUCTEMATUYECKON BbIGOPKM KaXAoro BOCbMOro [0MOX03S
TBa C NMPOCTON cny4valiHol BbIGOPKOVM TOro >ke o6bema Npu OLEHWBAHUW 0NN A0
CX03SACTB, B KOTOPbIX rnasa Heb6enbln.

8.3. XKnTenn HeKOTOpoOro palioHa npuHagnexaT K TpemM KOMMNakTHO pacces
WunMcs obmMHaM, COCTOALMM U3 fl0feil aHr10-CaKCOHCKOro, MosibCKOro M utasnb
CKOro MnpoucxoXaeHus. KMmeetcsa cnpaBoOYHUK C HOBEMWMMWU AaHHbIMW. B Hem
TeNn KaXAoro foma 3anucaHbl B CriedylolweM nopsigke: My>, XeHa, getn (no sosp!
Ty), npouyue. [oma 3anucaHbl Mo MopsAKy BAOMb Yynuy. CpefHee YUC/O XKHTe
B OAHOM A0Me paBHO MNATU. MOXHO B35iTb NM60 CUCTEMATMYECKYI BbIOGOPKY KaXkj
nATOro Avua M3 cnpaBoyHUKaE, 1160 20%-HY0 NPOCTY CAy4vanHylo Bbl6opKy. [.
KakKnux wu3 cnepylouinx MNepeMeHHbIX cucTeMaTtmyeckas Bbibopka 6yneT, no Balle-
MHeHUto, 6onee TOYHOW: (a) A0NA NUL, NOMBCKOr0 NPOUCXOXAEHUS, (6) 4O0NA MY>XuUK
(B) ponsa petein? O6bLACHUTE No4vemy.

8.4. VmeeTcsa cnefywlWmni CAUCOK >XXuTenel 13 fOMOB HeKOTOpol ynuubl. M
B3pOC/bI/i My>4YMHa, XX — B3poc/as >eHWWuHa, M — ManbyuK, X — [geBo4Ka.

Cembu
1 2 3 4 5 6 7 8 9 10 n 12
M M M M M M M M M M M M
X K XK XK XK XK XK XK XK X X K
X K M M X XK M M M X X
M M XK M M K X X M
X X X M
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YNC/TO CAXEHLEB

®yTbl LWHbI TPSfb

[o] o] 0 ° 0 NTorn
ta 3 O “leckm
}? 58 E&P 7 1 : F 1 Oi BbIGOPOK
[ to © 2 — - - -

1 2 3 4 6 6 7 8 9 10

8 20 26 34 31 24 18 16 36 10 223

6 19 26 21 23 19 13 12 8 35 182

6 25 10 27 41 28 7 8 29 7 188
23 n 41 25 18 18 9 10 33 9 197
25 31 30 32 15 29 n 12 14 12 211
16 26 55 43 21 24 20 20 13 7 245
28 29 34 33 8 33 16 17 18 6 222
21 19 56 45 22 37 9 12 20 14 255
22 17 39 23 n 32 14 7 13 12 190
18 28 1 27 3 26 15 17 24 15 214
26 16 27 37 4 36 20 21 29 18 234
28 9 20 14 5 20 21 26 18 4 165
n 22 25 14 n 43 15 16 16 4 177
16 26 39 24 9 27 14 18 20 9 202

7 17 24 18 25 20 13 n 6 8 149
22 39 25 17 16 21 9 19 15 8 191
44 21 18 14 13 18 25 27 4 9 193
26 14 44 38 22 19 17 29 . 8 10 227
31 40 55 36 18 24 7 31 8 5 255
26 30 39 29 9 30 30 29 10 3 235

11Torun
ansa

cnoes 41C 459 674 551 325 528 303 358 342 205 4 155

CpaBHUTe gucnepcmMmn ANa cuCTeMaTUYyecKon BbIGOPKM KaXKAoro MATOro 4yenoBeka
1 20%-HOWM NPOCTOA Ccny4YamHOW BbIGOPKM NpW OLeHMBaHMKU: (a) 40U NUL MYXXCKO-
ro nona, (6) ponwn geteir, (B) A0NWN Nogen B ceEMbSAX crneymnannctoB (K HUM OTHOCATCSA
ceMbW B Aomax ¢ Homepamu 1, 2, 3, 12 n 13). MoaTBEPXKAAT /N 3TU pe3ynbTaTbl Baln
0TBeTbl K yrnpaxHeHuto 8.3? B cnydyae cucTtemaTuyeckoii BbIGOPKM BeuTe oTcuyeT B
KaXkAoMm cTonbue cBepxy BHU3 M ganee ¢ Bepxa crefyloliero cronbua.

8.5. B ynpaxHeHMn 8.1 MOXHO oueHUTb V (YsYy): (a) paccmMaTpuBas Kaxayl cu-
cTeMaTUYecKylo BblGOPKY Kak MPoCTyto cry4daliHylo Bbl60pKy, (6) cunTasn, uto Kaxgas
cuctematuyeckasi BblbopKka, BKAUawLWasa Kaxabli 20- ¢yT, obpasoBaHa ABYMS CU-
cTeEMaTUYecKMMN BblIGOpKaMN, BKAKYALWMMN  KaxKAabli 40-i yT rpagbsl v nmelowmmm
pasHble cnyyvariHble Hayana otcyeta. CpaBHUTE ANA KaXKAoro cnocoba cpefHme 3Hade-
HUS OLEHOK Aucnepcui ¢ (aKTUYecKo aucnepcuein ysy.

8.6. lMokaXkuTe, 4TO AN COBOKYMHOCTU, cofep Kaliel TONbKO NINHENHbIV TpeHa,
(naparpad 8.6), cuctematnyeckasn Bblbopka MeHee TOUHA, YeM pacc/ioeHHasa cny4danHas
Bbl6OpKa co cnosimu o6bema 2k v AByMsi egMHULAMW B KaXXAoM cnoe, ecnn n > (4k +

2)/(k +1).

8.7. [BymepHas COBOKYMHOCTb C /INHEWHbIM TPEHAOM MOXeT ObITb MpejcTaBfieHa

cnepywowmm obpasom:

ijij— i+ J/(*, /= 1,2, ..., nk),
raoe yij — 3HaueHue npusHaka B i-il cTpoke 1 /-M cTon6ue. COBOKYMNMHOCTb COAEPXUT
2= n2k2 eguHuny,
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Cuctematmyeckasi BblGopKa Mo KBaApaTHOW pelleTKe onpegensieTcss BblGpaHu
MU cny4daliHbiM 06pa3om ABYMS He3aBUCUMbIMM HadasbHbIMW KoopauHatamu i0, /
mexay 1 u Kkaxgas. Boibopka o6beMa /r2 cOAep>XUT BCe eAVHULbI, KOOpAMHATbl K
TOpbIX WMeWT BUA

*0+ yk; /o + 6fr,

roe y, 4 — nwobble ABa uUenbix uymcna Mexgy 0 v (N — 1) BKAKYUTENBHO.
MokaXxxnTe, 4To cpefHee 3Toli BbIGOPKM MMeeT Ty >e TOYHOCTb, YTO W cpej
npocTOi cny4varHon BbIGOPKWM ob6bema /r2.

8.8. Ecnun Takoe e cpaBHeHWe, KakK B yrnpaxHeHun' 8.7, mpoussecTu Ans Tpe

MepHOI‘/’I COBOKYMHOCTU C NNHeHbIM TpeHAoM, TO KaKOoro MOXXHO OXXupaTtb pe3ynbTat
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FrNABA 9

OOHOCTYMEHYATbLIV THE340BOWN OTBOP

9.1. MOYEMY HEOBXOAWMM FHE340OBOW OTEBEOP

B npeapioylunx rnaBax Mbl Yyke COeMasiv HeCKOSIbKO 3aMeyvaHuii 0THO-
cUTeNbHO 06C/efoBaHui, B KOTOPbIX eauHWUUA 0T6opa COCTOUT M3 rpynnbl
WM rHe3ga 60/1ee MesiKUX efuHULL, KOTOpble Mbl Ha3bIB/IN 3/iEMEHTAMM.
LLinpokoe npuMeHeHWe rHe340BOro oTéopa 06YyCcMOBAEHO ABYMS aBHbIMU
npuuMHamn. XoTH, Kasauliocb Obl, B KayeCTBe eAuHUL, 0TO6opa Nydlle npu-
HATb CaMU 3/IEMEHTbI, 0O6HapPY>KMBaeTCs, YTO AN MHOrMX o6crenoBaHui
[OCTOBEPHOr0 CrMCKa 3/71EMEHTOB COBOKYMHOCTU He CYLLECTBYET, a cocTaB-
JleHVie TaKoro cnucka o6oLw1och 6bl C/IMLLIKOM 0poro. Bo MHOrmx ctpaHax
AN HEKOTOPbIX 60/1bLLMX reorpatnyeckmx pamoHOB HET MOMHbIX N Heyc-
TapeBLUMX CMUCKOB HacesleHWs, JOMOB win hepm. OgHaKo Mo KapTam 3Tu
palioHbl MOryT 6bITb pasfeneHbl Ha TeppuTopuasibHble eaVHWLBI, Takue,
KaK KBapTasibl B ropoAax M y4acTKU 3eMn C NIerko MaeHTUMLMpYeMbIMA
rpaHVLamMn B CesfibCKo MecTHocTM. B CLLIA BblGMpatoT Takue rHe3ga mno-
TOMY, 4YTO TakMM 06pa3oM pellaeTcs 3ajadva MoCcTPOeHUs ChncKa eaviHWuL,
oTbopa.

[acke ecim MMeeTcs CNUCOK OTAE/bHbIX [AOMOB, 3KOHOMWUYECKME CO00-
paskeHNs MOryT OMKTOBaTb BbIGOP KakUX-/iMb0 6osiee KpyrHbIX eayHuL,
oTbopa. lMpn gaHHOM 00beMe BbIGOPKU Masible eauHULLI 0T60pa 0ObIMHO
obecrneunBatoT 6osiee TOYHbIE pe3ynibTaTtbl, 4Yem 6o0/bluMe eauHUUpl. Ha-
npviMep, MpocTasl c/ydariHas Bbloopka o06bemMoM B 600 goMOB pacrpege-
NeHa o ropopy 6onee pasHomepHo, YeM 20 rOPOACKMX KBapTasloB, codep-
Xawmx B cpegHem o 30 AOMOB  Kadkiplii. OpHako ornpegeneHve MecTo-
HaxoxaeHna 600 OMOB M pasbe3dbl MeXxay HUMW MNoTPebyloT 60MbLUnX
pacxofoB, YeM orpefiesieHVe MecToHaxoxaeHuss 20 KBapTasioB M MoceLLle-
HVe BceX [OMOB B 3TUX KBapTanax. Ecnn Hapady ¢ TOYHOCTbIO YUMTLIBAIOT-
CA N U3OEePXKKU, TO Bosiee KpynHble eauHULILI MOTYT OKasaTbCs npeanoyTu-
TefbHee.

PasymHbIA BbIGOp MeXay ABYMSA TMMaMyM WM pasMepaMy eayHuL, Mo-
XKeT ObITb cAenaH W Ha OCHOBaHWMM 3HAKOMOro Ham MpaBw/ia, COrfiacHo
KOTOPOMY BblbMpaeTca eaMHULg, obecreymBaollas HavMMeHbLUYO aucrep-
CUI0 NPU 384aHHbIX U3LEPKKaX WIN HavMeHbLUME U3LEPXKKN MPU 3aaaH-
Holi amcrepcun. Kak 3T0 4acTo 6blBaeT Ha MpakTUKe, peLleHne MOXKET
3aBMCETb 34€Cb OT (haKTOpOB, He MOAJAOLLMXCA KOSINYECTBEHHOW OLEHKE:
KaKo-nnbo TN eAuHUL, MOXKET 00/1afaTb TaKMMK CReLMUYECKUMA Yy a06-
CTBAMU WM HefocTaTKaMu, KOTopble TPYAHO YYecTb MpU pacyeTe usgep-
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>KkEK. [Mpn BbIGOPOYHOM MCCMIEA0BAHUIM ypOoXKasi Ha KOPHH, Kak Mokas
BaeT HEKOTOPbIA OMbIT, Masible eAMHULbI MOTYT AaBaTb CMELLEHHbIE OLe
KM U3-3a TOr0, YTO TPYAHO YCTAHOBWUTb TOYHbIE FPaHWLbl 3TUX eauH
Xomeiiep n Bnak (Homeyer and Black, 1946) o6Hapy>kuam, 4to np
0T6ope yyacTKoB 2X2 ¢iyTa ypoXkaii oBca MpeyBesiMuMBaeTcs npuoma
TenbHO Ha8% no cpaBHeHUIO ¢ yyacTkamu 3x3gyTa. Bo3modkHo, 310 06
ACHAETCA Tem, 4YTO B COMHUTENbHbIX Ccnyvasx o6cnegosatesiv Obl
CK/IOHHbI BK/IHOYaTb B YYacTOK PacTeHWs, PacrofioKeHHble Ha ero rp
Huue. Cykxatm (Sukhatme, 1947) npuBOOUT aHas1I0rMYHbIE MPUMEPbLI 471
MNLIeHNUbI N purca.

9.2. O4HO MPOCTOE NMPABWJIO

Mpn cpaBHEHUM HECKO/IbKMX KOHKPETHbLIX TUMOB WV pa3MepoB ef
HWLL, MOMe3eH C/leayloWwnin pesybTar.

Teopema 9.1. Teopema OTHOCUTCS K MPOCTOMY C/ly4aliHOMY OT60
B C/lyyae, Korfja MKC MOXHO rpeHe6peub. OLeHMBaETCA CyMMapHOe 3H
YeHue 4715 COBOKYMHOCTW. yCTb ANS eOvHWL, v-ro TUna

M 1 — OTHOCUTESbHbIA pasMep eaVHULLbI

SI — aucnepcus CyMMapHbIX 3HaYeHWi ois eauHuL,

Cwv m— OTHOCUTESbHbIE U3AEMKKN Ha HabnlogeHe OfHOW eauHUL
Torga oTHOCUTENIbHbIE M3AEPXKKM NPV ONpeaesieHHo TOYHOCTU Unn oT
cUTeNbHaA Aucrnepcusa Npu onpeaesieHHbIX N3aep>KKax MnponopuyoHas
CuSHMI.

JokazaTenccTBo. [1yCcTb VUl gYcnepcust OUEHKM CYMMAPHOro 3
YeHNs AN COBOKYMHOCTU, MO/yYvalowasaca npu npuMeHeHUN eguHnL, wn-
TMna. Torga

V(Y) = VU=
ftn
I/I3,qep)KK|/| Ha unccnegoBaHMe 3TUX eauvHWL, pPaBHbl Cuvnu. Nockonb
ONs pasHbIX egyHul, NUM U— Be/iuMHa MOCTOsIHHaA, TO KakK O0THOC
Te€/lbHbIE U3OEPXKKU TMpU onpe,qeneHHof/’l auncrnepcnn, Tak " OTHOCUTE/IbH
ancriepcna npu onpegesieHHbIX n3faep>Xkax nponopunoHasibHbI

CunuVu= CuNISloc”™L.
Ml

Tem cambIM TeopemMa [oKasaHa.

Cneactene 1. Ec/iv Mbl HA30BEM OTHOCUTE/IBHOM UMCTOA TOYHOCT
eIHVLbI BEINYMHY, 06pPaTHO MPOMOPLMOHaUTbHYO AuUChepcun, MoayY
MO/ MpU HEW3MEHHBIX M3OepXKKax, To TeopeMy 9.1 MOXKHO CChopmMy/I
poBaTb Tak:

OTHOCUTESIbHAaA 4YnCTad TOYHOCTb oc - °
Cu Si

Cnencteue 2. B gncnepcMoHHOM aHanuse gucrnepcuv oI eaviHnL, p.
HbIX Pa3MepoB 4acTo BbIYMC/IAKTCA Ha TaK Ha3biBAEMOM O06LLEM OCHO
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HUK, 0ObIYHO B pacyeTe Ha €anHMLy HaMMEHbLLEro pasmMepa. ,D,I'Iﬂ TOro
uTo6bl MPUBECTU AMUCMIEPCUN K 06LLEMY OCHOBAHMIO, AUCTEPCUID CyM-
MapHbIX 3HAYeHW ONS eauHWL, pasMepa M v HYXXKHO pasge/ivTb Ha M u.
MycTb

c2
5(3= —— ecTb gucrnepcusi CyMMapHbIX 3Ha4YeHUn eguHUL, (Ha obLiem
M1 OCHOBaHWUW);

C
Cnoc -r- ecTb OTHOCUTESIbHbIE U3LEPXKKM Ha MosyyYeHne p'aHHOﬁ MaccCbl

“ (Konmn4yecTBa 3/1IEMEHTOB) BbIGOPKMU.

Tenepb Teopemy 9.1 n cneacteve 1 MOXXHO CHOPMYIMPOBATL C/IeAYHOLLM
obpasom:

o C Ss2 /1
OTHOCUTESIbHbIE U3LEPXKKU MPU PaBHOM TOYHOCTU oc ~ ~ oc C«b02;
Mwn

OTHOCUTE/IbHaA 4YuncCTad TOYHOCTb OC — - —_ (9.2)
CuSu2

DT0 YTBEPXKAEHME TMOKA3bIBAET, YTO €C/IM He YUMTbIBaTb Pas/Muuii
B M3AEpXKKax Ha MoslydeHvie BbIGOpKM (T. €. cumtatb C« MOCTOSIHHOM), TO
OTHOCUTENIbHASA YMCTasi TOYHOCTb MPU MPUMEHEHN K- eAVMHMLBI MPOMOoP-
uvoHasbHa 11Si2.

Takum 06pa3oM, [/1s1 TOFO YTO6bl CPABHUTL PasfiMuHble eAVUHWLBI NPU
O[HOV 1 TOW >Xe macce BbIGOPKU, HY>KHO 3HATb AMCMEPCUM €AVHUL, MNpu-

BeAeHHble K 06LLEMY OCHOBAHMIO.

Mpumep. TpocTbiIM NPUMEPOM CNy>KaT AaHHble [xkoHcoHa (Johnson,
1941), oTHocAWMECA K Tpsafe CadKeHLEeB TOpHbIX CoceH. paga coctosAna
V3 LLIECTV PAfOB, Kavkabii 434 diyTa o/iHoW. Mpagy MOXHO pasgenvTb Ha
eavHUUBI 0T6opa MHOrMmMK criocobamn. B Tabn. 9.1 npusefeHb! JaHHbIE A1A
YeTbIpex TUMOB eguHULL. ocKosIbKY rpsaga bbiia obcnefoBaHa MoSIHOCTLIO,
npuBedeHHbIe AaHHble eCTb MNpPaBUfbHble 3HAYEHWA O COBOKYMHOCTW.

Ta6nuya 9.1
OAHHBIE MO YETbLIPEM TUMAM EAVHULL OTEOPA

Tvin eguHULEI

McxoaHble faHHble 1 dyt 2 dyTa 1 chyT 2 dyta

paja psina rpagpl rpsabl

MU—oTHoCKTENbHBI pa3mep eauHMLbI 1 2 6 12

Jlu— umncno eanHUL, B COBOKYMHOCTU 2 604 1302 434 217

—Aucnepcmsa  ANsA  COBOKYMHOCTM Ha 2,537 6,746 23,094 68,558

eanHnLy

Yucno dytoB psAfga, Ha KOTOPbIX MOXHO 44 62 78 108

noAcuynTaTb UMC/I0 CaXXEHLEB B TedeHue
15 MUH
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EovHrdamn cny>xknnn:

OAMH (YT [/IMHbI OTAE/IbHOr0 PAaa;

ABa diyTa ANMHbI OTAENbHOro psa;

OOVH (DYT ANMHbI BCelA rpsgbl;

ABa diyTa ANnHbI BCel rpsgbl.

[Ana egvHuL, nepBbiX ABYX TWUMOB Mpeanosarasiocb, Y4To oT6op Gymer
pacc/ioeHHbIM MO0 psgaM, Tak 4yto Sf, COOTBETCTBYET AMCMEPCMM BHYTPU
psgos. Ona egvHUL, ABYX MOCNeAHMX TWUMOB Mpeanonarasnca npocTow
CNy4yaliHbIii 0T60p.

MockoNbKy OCHOBHbIE 3aTpaTbl 6bUIM CBA3aHbI C OrpesesieHeM MecTo-
NONOXKEHNS eAVHUL, W MOACHETOM MX UMCNa, U3LEPKKM U3MEPS/INCE B ean-
HULaxX BpeMeHU (MocnegHss cTpoka 1abn. 9.1). Ons 6onee KpynHbIX egu-
HUY, B TeyeHne 15 MMH MOXKHO 06cniegoBaTh 60/1bLUYH) Maccy BbIOOPKM,
TaK KaK MeHblle BpeMeHW 3aTpaudrBaeTcs Ha Mepexof OT OAHOW eavHUUpbI
K OpYroi.

OuUeHVBaeMO BENINMUNHOM CY>KUT 06LLee YMCNo CadKEHUEB Ha rpsge.
B 0603HaueHmsx Teopembl 9.1 B Tabn. 9.1 ykasaHbl 3Ha4YeHUss M n n Sl.
OTHocUTE bHbIE BE/IMUMHBI CK, BbIPKEHHbIE BPEMEHEM, HY>XKHbIM /15

eVIHMLE, WMEIOT C/iedytolme 3HaYeHns

1 doyt 2 dyta 1 cpyT 2 dyTa
psifa psifa rpsifpl rpsgbl
1 2 6 12
Cwu (B ueTBepTAX uvaca) 4z 62 78 108

3HaveHNss OTHOCUTENIbHOW YUCTOM TOYHOCTWM BbiBeAeHbl B Tabn. 9.2
corniacHo cnencteuio 1 n3 Teopembl 9.1.
Tabnuuya 9.2
oTHocuTenbHasa dmcrtas TOYHOCTb UYETbLIPEX EAVHNL,

1 cyT paga 2 dyta psga 1 dyT rpsagsl 2 pyTta rpagbl
M2 - 36-78 144-108
1 s 4-62 .
C S2 2,537 2-6,746 6-23,094 12-68,558
100 106 117 109

B nocnegHein cTpoke Tabn. 9.2 npuvBeAgHbl 3HAYEHWSI OTHOCUTE/IbHOM
TOYHOCTU MPWY OTHOCUTENbHOM TOYHOCTU HavMeHbLUEN eauHULbI, NMPUHSTON
3a 100. Haunnyuweii eguHnugeii okasasica 1 yT rpsgbl.

3acny>kmBalT TakkKe BHUMaHWA 3HaYeHWs AWUCNepCUiA s eavHWLL,
npuBeJeHHbIX K 06LLEeMY OCHOBaHMI. 3HauveHusa S',2 = SIIM,, B pacyeTte
Ha OAVH bYT ANVHBLI psfa  paBHbl COOTBETCTBEHHO 2,537; 3,373; 3,849;
5,713. 3ameTym, 4TO C YBeNMYEHVEM pasmepa eauHULBl 3T Amcnepcumn
MOCTEMEHHO YBeNMUMBAIOTCH. Tak 00bIMHO W MPOUCXOAUT (XOTA OblBatoT
M uck/modeHns). TMOCKOMIbKY OTHOCUTESIbHAA 4JMcTas TOYHOCTb MPonop-
unoHanbHa |1CuSU2, V34epXKKM Ha NoslyveHue AaHHOW MaccChl BbIGOPKU
npu 6osiee KPYnHbIX eavHMLEX O0/HKHbI OblTb MeHbLLIE, eC/IN OKa3bIBaeTCH,
YTO 3TU efuHULBI 60/1ee 3IKOHOMUYHBI.
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mMa 9.1 1 ee cneacTBUA OCTAOTCA CNpaBes/IMBbIMA /151 pacesioeH-
,-~>a C MPOMopLNOHa/IbHBIM pa3MeLLiEHNEM, ecrin Bce C/I0M oaviHa-
'pa3mepa 1 5®, S«a npeacTaBasoT cobor cpefHUe 3HaYeHUs amcnep-
yTpWn cnoeB. [elcTBUTENbHO, MPWU yKasaHHbIX ycnosmax Aducnep-
“eHKN CyMMapHOro 3Ha4eHWs 4151 COBOKYMHOCTM, ecnn npeHebpeyb
>BHa N2SfJn, w1, cfiefoBaTeslbHO, MMEET TOT XKe BMA, YTO U Npu npo*
.cnyyaiiHom oTbope. [lna 6osee CrOXKHbLIX BMAOB 0T60pa Teopema
/bl HE WUMEET.
asaHHoe paHee VIMefio Leslb MPOWIIIOCTPUPOBaTL Creaytollee 06-
HApaBnsio. CpaBHeHVe eAVHULL, JOSD>KHO — BCerja npoussognTbes Ans To-
Ucr/bl 0T6opa, KOTOPbIV JO/DKEH ObIMTb MPUMEHEH Ha MPaKTUKe, WK,
o] eLle He peLLeHo, /1 TeX CrocoboB 0THopa, KOTOpble paccMaTpu-
B KaueCTBe BO3MO>KHbIX. VI3MeHeHWs1 B MeToge oTbopa wim crnocobe
.BaHVA MOBNUSAIOT U Ha OTHOCUTESIbHYIO YMCTYIO TOUHOCTb Pas/INYHbIX
Jlu, Oadke npy HeM3MeHHbIX cnocobax 0T6opa M OLEHMBaHUSA 3HaYe™
OTHOCUTE/IBHOW YMCTOM TOUHOCTU MEHSIIOTCA B 3aBMCUMOCTU OT 06bema
PKW, €C/IN U3LEPXKKM He eCTb JINHENHas yHKUMS 06bema BbIOGOPKU
$cnm 3ToT 06bEM AOCTATOUHO Be/MK, TaK YTO MKC NpeHebpeyb Henb3s,
'bIYHO U3y4aeTCA HECKO/IbKO Mpu3HakoB. OAvH U3 MOAX0A0B B 3TOM
COCTOMT B TOM, YTO 334at0T 00LLME U3LEPIKKN N HAXOAAT 3HAYeHUs
[eNbHOM YMCTOM TOYHOCTU [J/1S1 KEDKAOro TUNa eauHNL, U ONS Kadk-
npvsHaka. Ecnv HW ogvH 13 TUMOB eAVHWL, He JaeT MpevMyLLEeCTB
BCEX MPM3HAKOB, TO MPUHUMAETCS HEKOTOPOE KOMMPOMMUCCHOE peLlie-
npyv KOTOPOM MpearnovTeHne OTAaeTcs Hanbosiee BadKHbIM MPU3HA-'

BMAY TOF0, YTO Ha OKOHYaTe/bHbIA BbIGOP B/IMAIOT MHOMOYMC/IEHHbIE
-pbl, orpefesnieHne ONTUMabHOro pasmepa eauHuL, AN 06LLIMPHOro
OBaHWs MpeacTaB/IseT cob0ii CMoXKHYK 3adady. VHTepecHbId npu-
CpaBHeHUs eauHWUL, AN BbIGOPOYHOro o06cnefoBaHVA diepM onmcaH
cceHom (Jessen, 1942). BblaepXXKu M3 ero paboTbl NpuBedeHbl B
9.3. B Hell cpaBHMBAKTCA 4eTblpe pa3mepa eaVHWUL, — YETBEPTb
:a (5/4), nonoBuHa y4vactka (5/2), yyactok (5) n 670K, COCTOALMIA
YX CMEXHbIX y4acTKoB (2S). Y4acToK MNpeacTaB/isieT coboi Teppu-
5nnowaabio B 1 KBagpaTHY MU0 1 COAEPXKUT B CPeAHEM HECKO/Ib-
BHble yeTbipex ¢epM. Mpu 3TOM CpaBHEHMM 06LUME M3OEPXKKU Ha
BEeHHO o6cnenoBaHue (1000 gonsi.), NPodo/HKUTESIbHOCTL ornpoca of-
thepmepa (B 06LLEl CMTOXKHOCTM He 6os1ee 60 MUH) K MyTeEBbIE PacXofpl
'HT1OoB Ha MMMI0) 6bLNN onpeaeneHbl 3apaHee, NOTOMY YTO OTHOCUTESIb-
uicTas TOYHOCTb MEHSIeTCA MpU U3MeHeHUM 6ol U3 aTUX nepe-
1blx. N3a0ep>Kkn NpuHATLI Ha ypoBHe 1939 T.
Tabnvue npuBefeHbl OTHOCUTESbHbIe CTaHAapPTHbIE OLUMOKK (B Mpo-
X) OLEHOK cpefHWX Ha ogHy tepmy ro 18 npusHakam. Hu ogHa w3
W He 6blna Hawnydlweid gna Bcex Mpu3HakoB. OAHAKO MOM0BUHA
Ka W YeTBepTb Yy4yacTKa OKa3a/lMCb BbIrogHee 60/1ee KPyMHbIX eauv-
[151 BCEX MPU3HAKOB KPOME [BYX, MpUYeM MeXAy MOSI0BUHOM yyacT-
; UeTBEPTHIO yyacTKa He OKas3asiocb B 3TOM CMbIC/ie 60/1bLUIOI0 pasnu-
MonoBMHa y4yacTka, BEepOSTHO, BCe >Ke MpeanoyvTuTesibHee, MoToMy
S 9TOM eAVHMLpI MNPOLLe VAEHTU(MLMPOBATL ee FpaHuLbl Ha MecT-



Ta6nuuya 9.

OLEHKWN CTAHAOAPTHbIX OWWMBOK (B %) ANA EONHULL HETbIPEX PABMEPOB
MPW MPOCTOM C/1IYYAMHOM OTBOPE

MpusHakm S/4 S/2 28 QAquHu;,ai-

Yucno ceumneii S/2
Yucno nowaaen S/2
Ywucno oBel, 2S
Yuncno ubinnaT S/4, S
Uucno avy, 3a npeabiaywnii ieHb 2S
Umncno ronos poratoro ckota S/2
Yuncno [JoinbiX KopoB S/2
Yucno rannoHoB Mosioka S/2
O6bEM MONIYYEHHOW  MOJIOYHOW S/2
npoAyKLuumn

Mnowagb 3emMnn Ha depme S/2
Mnowaab Mog 3epHOBLIMU S/2
Mnowaab nog OBCOM Si4
Yposkali 3epHOBbIX S/4
Ypoxali osca S/2
Pacxofbl Ma 0TKOPM CKOTa S/4
O6uine pacxoasl BRagensua S/4
O6wunit goxon Bnagensua S/4
Yuctas npmbbinb S/4

9.3. CPABHEHWVE TOYHOCTU IO JAHHbLIM BbIBOPOYHOIO
OBC/TEAOBAHWA

B npumepe ¢ cakeHUaMn AMCNEPCUMN A5 Pas3fINYHbIX TUMNOB eaur
6bL MOTyYeHbl MO pe3y/sibTaTaM CrJIOLHOro 06C/1efoBaHNs BCel rpsi
OpHako, 3a UCK/IIoHYeHVEM Heb0MbLUMX COBOKYMHOCTEN, PefKO 0KasbliB:
Csl BO3MOXXHbIM MPOBECTM 06C/1efoBaHNE TO/bKO A/ TOro, 4tobbl cp'
HUTb pasHble eaVHVLUBL. Yalle Bcero cBefeHus, HeobXoayMble 451 Of;
JeneHnst oNTMasibHOM eauHUUpI, MOTyYaloT KaKUM-/IM60 CheupasibH-
MPUEMOM KaK [OMOSHUTE/bHBIV pe3ysibTaT 00C/efoBaHns, rnaBHas L,
KOTOPOro COCTOUT B MOJSTYYEHUN OLEHOK TEX WM WHbIX XapakTepuc '
COBOKYIMHOCTW.

MpegnosioXkmm, 4YTOo B HEKOTOPOM 06CefOBaHMN KadKOyH eaviH
MOXHO pa3ge/iMTb Ha M MeHbLUVX eavHuLL. BmecTo Toro 4utobbl n3mep
NNLWb  CYyMMapHOe 3HadeHve A5 KadKaon «60MbLUoi» eaMHULbl BbliGop
Mbl MOXKEM MOSyYUTb OTAE/bHO AaHHbIE A1 KaXKA0M U3 M ManbiX eayH
B 3ToM criyvyae MOXKHO MPOU3BECTM- CPaBHEHME TOYHOCTW, Kakyl Ar
6onblve 1 Masible eauHMUbL [MpeanonioXkMM cnepsa, YTO U3B/EKae
npocTas cny4yaiiHasi Bblbopka obbema n.

Mo paHHbIM BbIGOPKM MOXHO COCTaBUTb Tabnuuy AMCAEPCMOHH
aHanmsa 9.4.

OueHka aucnepcnn An1s 60bLUOA eAMHMLBI HA OCHOBAHUW Masion
Ha sE. MOoXKHO nonaratb, 4TO COOTBETCTBYIOLLEN OLEHKOW AMCMEPCUN
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Ta6nuuya 94]]|
OVCMNEPCUOHHBIA AHAZIN3 MO OAHHBIM BbIBOPKI
(HA OCHOBAHUW MAJION EOVHULLbI)

Yucno

cTeneHem CpepHuii kBagpat
cBo6oAbl
Mexay 6onblwMn egnHULaAMMN (a— 1) 4
Mexay mManbiMu efnHULAMU BHYT- nM— :D 4
pn 60NbWINX efNHUNLL
Mexay ManbiMu efuHULaMN B Bbl- 1 eS_ (¢« — Usf+nfAf— I)sE
6opke nMm—
nM- |

\b—oT aHrnuiickoro «between»— mexpay; W—oT aHrauickoro «within»— BHyTpu.]

Masioi edVHULLl ByaeT cpedHWA KBaapaT OTK/OHEHWIM AN BceX MasibIX
€0VIHVL, B BbIGOPKE, @ MMEHHO

N2_(s—1)sb-]*n(M * m1)sw
nM—1 r

JTa oueHKa, 3a4acTyto BrosiHe YA0BETBOPUTE/IbHAS, WMEET He60/IbLLIoe
CMELLEHMe, TaK KaK paccmaTpuBaeMas Bblbopka pe 6yaeT MNpocToi cry-
YaliHoW BbIOOPKOWM MasibIX €aMHUL, MOCKO/IbKY OHW .U3BMEKAINCL LEMbIMA
rpynnamu, cocTosWMMM M3 M MasibIX eguHny,.  C

HecMeLLeHHY0 OLIEHKY MO BbIGOPKE MOYKHO MOJy4YnTb, NpoBeasi, B COOT-
BETCTBUM C Tabn. 9.5, AWMCNEPCUMOHHbLIA aHa/M3 Ans BCel COBOKYMHOCTW,
KoTopasi codep>XXUT N 60blWnX U NM MabiX eauHWL,

Ta6nnya 95

[OVCMEPCUOHHbBIM AHANW3 AJ151 BCEM COBOKYMHOCTW
(HA OCHOBAHUM MAJIOM EAVHWLIbI)

Ywucno
cTeneHem CpegHuit kBagpat
cB060AbI
Mexay 6onblINMKN eguHULaMN N—1 c2
Mexay ManbiMu  eguHULLAMU N(M—1) °§V
BHYTPY 60NbLUIMX eANHNUL,
Mexay ManbiMu efuHULAMU B ANN-DSI+NiM-DSI
COBOKYMHOCTM NM—1

NM— 1

Mo onpedeneHnto, AUCMepcUst MpU3HaKa B COBOKYMHOCTM MeXKay Ma-

JibiM eANHUUAMN 3a4aeTCA BblpadKEHNEM B I'IOCI'IG,CI.HGVI CTpOKe Ta6f||/|Ll,b|,
a MMEHHO

(yy-s|l+jv(At-I)sg,
NM—1
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Mpu npoctom cnyyaiiHom oTbope s| u3 Tabn. 9.4 ecTb HeCMeLLEHHas
Ka Si (370 criegyeT 13 pesynbTatoB naparpadga 2.6). HeTpyaHo nokasars;
YTO % eCTb HecMeLLieHHas oLieHKa S%. CriefosaresisHO, HECMELLIEHHasA
Ka aucriepcmum S2 cpep BCceX MasbiX eaviHUL, B COBOKYMHOCTU eCTb

{N—1)sb+iV (M —I)sg,
NM—1

OueBMgHO, 4TO 3TO Bblpa>kKeHME TMo4T coBnagaeT C 6onee MPOCTbIM
Pa>KEHUNEM

sj+ (A—1)s|
M

Mpn n> 50 (9.3) gns s2Takke cBoAMTCA K (9.5), Tak UTO S2CNy>KNT
NIeTBOPUTENbHBLIM MPUG/IKEHVEM K S2 npy n > 50.

3T ABe OUEHKM, si (g 60/bLUOA eguHUUBl) 1 S2 (418 Masioi
Ubl), NMPVBELEHbI K 06LLEMY OCHOBAHMIO N X MOXHO MOACTaBUTL B
ny (9.2) n3 cneacteua 2 teopembl 9.1.

Ecnn  Bbibopka Benvka, TO JaHHble AN MasibiX €4VHUL, MOXHO
YATb MO C/y4ariHolM noaBblbopke 60MbLUMX eanHUL, (Ckadkem, 100 u3
MHbIM crioco6om MOXXHO HabniogaTb Mo ABe Masible eAVHULIbI,
CNy4YaiHbIM 06pa3oM 13 Kaxkaolh 60/1bLLo eanHWLbLL. OQHOBPEMEHHO
HO uccnefoBaTb HECKO/IbKO Pa3sMepoB MavsibIX eAViHWUL, NPy YCoBUW,
nosny4vyaemMble AaHHble 06ecrevnBaloT HECMELLEHHYIO OLeHKY Sw Ans
[0V Masion eauHWLIbI.

B cnydyae paccnoeHHoro otéopa gucnepcun ns 601blWMX U
e4VMHUL, MOXKHO OLIEHMBAaTb 3TUMW YK€ MEeTOAaMU OTAESNIbHO B KadKAOM
M nocfie 3TOro MOACTaB/IATb OLEHKM B COOTBETCTBYHOLLYIO hopmysy
Mepcvn OLEHKM Ans PaCcC/IOEHHON BbIGOPKMW.

Mpumep. JaHHble Noy4deHbl Mo Bblbopke thepm wTata CeBepHas
ponvHa, B3sToM B 1942 r. npw o6cnefoBaHMM 3aHATOCTU Ha drepmMax
rner, Morgan and Monroe, 1943). Crnoco6 u3B/ie4YeHNS BbIGOPKU
B TOM, 4TO Ha KapTy C/yyaliHbiM 06pa3oM HaHOCUAN TOUKA U
oTbopa cny>kmnu Tpu depMbl, Hambosiee 6/IM3KME K Kadkao Takoi
Boob6LLe rosops, 3TOT CMOCO6 He PeKOMeHAyeTCHd, MOTOMY YTo
BEPOATHOCTL MOMacTb B BbLIGOPKY MMEET KpyrHas drepma Mo
C HebO0/IbLLOW N N30MMPOBaHHasA d)epma — Mo CpaBHEHWMIO ¢ hepMoii,
JsLllenica B TeCHOM COCeACTBe C APYrMMW. 34eCb BO3HMKALOLLEro npu
CMELLEHUSA Mbl HE YYUTbIBAEM.

Mo BbIGOPOUHBIM JaHHLIM A/19 OTAENbHBLIX (EPM MOXKHO
KayecTBe eAuHUL, oT6opa rpynmny u3 Tpex gepm 1 oTaeNbHY
TbIM [/11 CPABHEHWUA MPU3HAKOM C/TY>KW/IO YMC/IO HaeMHbIx PaboTan]
Bblbopka 6blLia pacc/ioeHHOM, Mpu4eM C/I0EM CIY>XXKua rpynna
MoB, CXOAHbIX MO MJIOTHOCTU CE/IbCKOro HaceseHUsi U Mo OTHOLLIEHWIO
HOW nowaan K obuien nnowaay dgepm. Tak Kak fosis otéopa
1,9%, NKC MOXHO NpeHebpeub.
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Jvcriepcnst OLEHKW CYMMApHOrO 3HAYeHVst A1 COBOKYMHOCTU eCTb

F(r= v ~
T

MpaBubHbIM 6b110 Obl BbIMMCAATL NhSh/nh 0TAENBHO BHYTPU Ka>KAOr0
cnost gnsa AByX TUMOB eAVHUL, MNPUMEHSIS AUCMEPCUOHHBIM aHam3 N Bbl-
paxkeHve (9.5). Mbl Bocnosib3yeMcsi Mpubv>KeHHbIM, HO 60/1ee NPOCTbIM
MPYIEMOM.

BonblWnMHCTBO cnoes cogep>kasio ot 300 o 450 depm W -4/19 TOro 4yTo-
6bl caenatb 0T60P MPUBN3UTENIBHO MPOMOPLIMOHANIbHBLIM, B KaXKAOM C/loe
oToupasmce NiNbo ABe, NGO TPU eduHULbI, COCTOALWME U3 Tpex depm.
Mpegnonarasn, 4To pasMeLleHWe 6bI10 MPOMOPUMOHANBbHBLIM, T. €. 4To
N Nh — n/N, MOXXHO 3anucaTtb

€C/IN CYMTaTb, KPOME TOro, 4YTo SI  Masio MEHSIIOTCSA OT C/10S K C/I0K0, Tak
YTO BMECTO HMX MOXXHO MOACTaBUTb UX cpefHee 3HayeHve sf.

OueHkU Sh nosy4yeHbl 13 OUCMIEPCUOHHONO aHasIM3a Ha OCHOBaHWU OT-
JenbHOW hepMbl, NpeacTaBneHHoro B Tabn. 9.6.

£ Tabnuua 9.6

BbIEOPOUHbIM AHAN3- AVNCMEPCUM YNCSIA HAEMHBIX PABOTHVKOB
(HA OCHOBAHWW OTAENbHOM ®EPMbI)

Yucno cteneHein

cBO6GOAbI CpegHuii kBagpat
Mexay eanHMuamn BHYTPWU CNOEB 825 6.218
Mexagy ¢depMamMu BHYTPU efuHUL, 2 768 2,918
Mexay tepmamn BHYTpWU C/0eB 3593 3.676

Ana rpynnbl U3 Tpex epM cpegHuid kBagpar, sh — 6,218, ciykut

OLEHKOM Sh, BbIMMCMIEHHOM Ha OCHOBaHWWM OTAENbHOW hepmbl. [na oT-
JenbHon drepMbl, Nonb3ysAck (9.5), vmeem

g,= 6.218+2-2,918 =4]|018_
3

Mo Teopeme 9.1, cneacrtsve 2, ABa 3HadeHud, 6,218— ana rpynnsl U3
Tpex diepm 1 4,018 — ans oTAeNbHOM (epMbl, YKasbIiBaKT 3HAYEHUS OTHO-
CUTE/IbHO TOYHOCTU MPU HEM3MEHHOM 00LLeM 06beme BbIGOpKU. [pynna
thepm Kak egmHMLA 0T60pa 06ecnevmBaeT TOMHOCTb, COCTAB/ISANOLLYIO MpU-
6/M3UTENBHO ABE TPETU TOYHOCTW, MOJSTyHaeMor Npu eguHuLEe oTbopa —
oTAenbHol thepme. C yyeToM M3AepXkeK 6osee NpeanoyvTUTENbHOM Morna
Obl OKa3aTbCa eauHMLa 0T6opa, COCToALAaa U3 Tpex depm.
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9.4. JNCMNEPCUA, BbIPAXXEHHAA YEPES3
BHYTPUTHE3AO0OBYIO KOPPEALNIO

VMHorga aucrnepcuio BbIpadkaloT uyepe3 KoapMUUEHT Koppensaum
MeXay 3/IeEMEHTaMM OAHOr0 M TOro >Ke rHe3ga. Takoi noaxon y»ke
MEHSI/ICAA B Cryyae cucTematmyveekoro otoopa (naparpad 8.3).

» [lycTb yu — HabMOAeHHOE 3HaYeHMe MNpU3HaKa Yy /-ro anemMeHTa
i- eAVHULBI N NYCTb y t — CyMMapHoe 3HaueHue A/181 3TOW eanHULpI,
rHe3J0BOM OTOOpEe HY>XHO pas/iMyaTb CpefHue ABYX BWAOB: CpefHee
eMHULY Y = 'Zy-JN U1 cpegHee Ha 3eMEHT Y = 2. ytNM = Y.
Jwncnepcnsa nprsHaka Mexay aneMeHTaMy paBHa:

KoathhrupeHT BHYTPUrHE340BOM Koppensiuyv p Obil onpegeneH (M
rpac 8.3) paBeHCTBOM:

Etyo-Wyk-¥§ 2T fagp o)

P E(yi~ W (M-1)(NM -1)S 2

TaK Kak 4Mcno u4neHoB (MorapHbIX MpOuM3BEAEHWN) B uMcnuTesie cpe
YyacTu paBeHcTBa paBHO NM (M — 1)/2, a MaTemaTU4eckoe OXUA~
B 3HameHatene pasHo (NM — I1)S2ANM.

Teopema 9.2. 13 COBOKYMHOCTW, COAepyKalleil N TrHe3d, W3BMeK-
npocTas cny4vaiiHasa Bbibopka 06BEMOM B N FHE3[, KadKaoe M3 KOTOpbIX

CTOUT M3 M 3/1eEMEHTOB. Toraa BbIGOPOYHOE CPeAHEE Ha 3MEMEHT y
HECMELLIEHHas OLieHKa Y C aucrepcueri

v<b) = 1=1m +(M-i)pj®

M2 (N— 1)

- s2ll+n1—1p],

roe p — Koath(pmUMEHT BHYTPUIHE3AO0BOW KOpPensuuu.

| [OokasaTenscTso. [MycTb yt 0603HAYaET CyMMapHOe 3HaYveHue s
.a? N -

rHesga uy = 2r/;/n. Mo Teopemam2.1 1 2.2 y ecTb HeCMeLLeHHas

Ka Y c gucniepcuein
411 n M1

Hoy~= My n Y~= MY. CnegosaresibHo, y €CTb HeCMeLLeHHas OH
Y C pgucnepcueii
,0=1d Ifc 3 .,

nT n—1
Ho
MB—Y)=(yn—Y)N-{y&— ")+  +(yw—7).
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Bo3Benem B KBagpar M MpocyMMUpyeM Mo BceM N FHe3[am.

i~ -n2=8SA-7)2020 2 (YY) (Yw-T)=
1

i i j<
= {NM-1)S*+(M—1)(NM-1)pS2=

= (NM—1)S2[1+ (M — 1) p], (9.8a)

nosnb3yscb onpegenieHnem p B (9.6). MNMoactaBum MOyYeHHOE BbIpadkeHMe
B thopmyny (9.8) ona V (y). 310 faet

S*II+(M-Dpl.
n M*(N—1) ( P
Teopema flOKasaHa.
Ecnn u3BneyeHa npoctas cnydvaiHas Bbl6opka ob6bemom B nM afie-
MEHTOB, TO dopmyna as1s Vv (y) 6yaeTt Toi »e, uto 1 (9.7), 3a UCK/THYEHVEM
WieHa B KBagpaTHbIX CKobkax. MHoXuTesb

I+ (M — Dp

MoKa3bIBaET, BO CKOJIbKO pa3 MeHSeTCA AUCMepCusi, ec/iv B Ka4vecTse eau-
HML OTBOpa MPUHUMAKOTCA THe3da, a He anemeHTbl. Ecnm p ;> 0, To npu
[aHHo/ macce BbIOOPKM THe340 JaeT MeHee TOYHble, pe3ysbTartbl. Ecnau
p< 0, Kak nHorga 6bIBaeT, TO rHe3go AaeT 6osiee TOYHbIE pe3y/ibTarhbl.
MonyyeHHoe yTBEpXKAEHWe NpeacTaBisieT cobol MpocToe 0606LLeHVE Teo-
pembi 8.2. '

BenuunHa p MOXeT 6bITb MpeAcTaBneHa v B Apyrom Buge. MNyctb S*
0bo3HaYaeT AMCMEPCU0 CYyMMapHbIX 3Ha4YeHWr Ans rHe3d B pacyeTe Ha
OOHY Manylo eguHuuy. Torga

2(r/r-t0 2= (JIr-1)m>52.
PaBeHCcTBO (9.8a) MOXKeT ObITb MepenucaHo B BUAE

(A'—1) MSb = (NM— 1)S2[L + (M — 1)p],
TaK 4To
(N—1)MSb—(NM— 1)S2 _  Sbh—S2
P~ (NM—1) (M—1)S2  ~(M —1)S®*

CogepykaTefbHblii aHasIM3  UYUCNEHHbIX 3HAYeHW p ANA  PasNUHbIX
NpU3HaKoB U pasHbIX pa3MepoB rHe3s NpuBoAAT XaHceH, Xepsuy, U Ma-
oy (Hansen, Hurwitz and Madow, 1953), KoTOpble paccMaTpuBaroT p
B KauyecTBe «Mepbl OLHOPOAHOCTU» THe3a.

0.5. ANCIMEPCNA KAK ®YHKUWMNA PABMEPA EAVNHWLIBLI OTBOPA

[N HEKOTOpbIX BWAOB 06C/IEA0BaHWKA, HampuMep, MpU BbIGOPOUYHOM
WCCMIEfOBAHUM TOYB, YPOXKAMHOCTW, MPU  CE/TbCKOXO3SANCTBEHHBLIX — 06-
CNefioBaHVIsIX, TAe TMPUMEHSIIOTCS TEPPUTOPUA/IbHbIE eayHULLI 0T60pa,
Bapyauys pasMepa rHe3foBbIX €AVHML, MOXKET UMETb MOYTK HeNpepbIBHbIV
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xapakTtep. NMpy 3TOM HaxoxzaeHVe Hawunyulleid egyHWLBI oToopa ¢

He B BblGope 13 ABYX U TPEX UCMbITbIBABLLUMXCA KOHKPETHbIX pasmMep
a B onpegeneHnn ONTUMasibHOM BENMYUHBI M, paccMaTpmBaeMol Kak
npepbiBHasA nepemMeHHas. [Mpy TakoM Noaxofe HY>KHO VMMETb MEKOTop
MeTOZ, BbIpaKEHUS Aucnepcun S1 MedXkay FHe3goBbIMM eVHULAMU B
BOKYMHOCTM KaK (yHKUMM M. [locpeacTBoM AMCNEPCUMOHHONO aHam
S1 MOXET ObITb HalAeHa, ec/in Mbl 3HaeM (a) AUCrepcuo S2 Mexxay Bce
3NleMeHTaM1 COBOKYMHOCTU W (6) gucnepcmio S% Mexxay aneMeHTamu, np
HagneXxawyiMn OAHOM 1 TOM >Ke FHe3[0BoM eaMHMLEe. Hall MeToa 1 cocTo
B TOM, 4TO6bl yKasaTb S2, U 5a 1 HaiTK SI ¢ MOMOLLBI0 AUCTIEPCUOHHO
aHanm3a.

i o paHHbIM BbIGOPKM Mbl NOSTyHaeM OLEHKU S2 N Sw 418 e4UHUL, TO
pa3mepa, KOTOpbIA 6bU1 NPUHAT B AeNCTBUTENbHOCTU. [MOCKO/bKY S2
Ancnepcus npusHaka Mexxay sneMeHTamy, pasmep rHe3foBoli eanHULbI
Hee He BnvsieT. OH, 04HaKo, BNNSET Ha Sw MOXXHO OXKUAATb, YTO Npu
NnyeHnn pasmepa 60/1bLUOA eaMHULBI 3Ta Ancnepcus ByaeT yBenmumsar
ca. Ecnn 6onbline egmHWLBI, KOTOPbIE HY>XKHO WCC/1eA0BaTb, Masio 0T/
YaloTCA CBOMMMW pasMepaMn OT [elCTBUTENIbHO MPUMEHSIEMbIX, TO B
YecTBe NepPBOro NPUG/IVKEHNS MOXKHO CUMTaTb S3, MOCTOSAHHOMW, NONb3y
€€ OLIEHKOW, MOJTy4EHHOW MO AaHHbIM BbI6opKU. Kak nokasbiBaeT uccrie.
BaHVe Makses (McVay, 1947), Takoe MNpPUGAVDKEHWE 4HacTO MOXXET 6
Y[0B/IETBOPUTESbHBIM.

Ana Toro utobbl nydwe annpokcummposaTb S|, npeanpuvHUMan
nonbITkK (Jessen, 1942; Mahalanobis, 1944; Hendricks, 1944) BbiBC
o6LLyt0 hopMyny ee M3MEHEHMSI MPU M3MEHEHUW pa3Mepa eavHMLbI,
[aHHbIM HECKO/IbKUX Ce/IbCKOX03AMCTBEHHBIX 06C/1eA0BaHMIA OKa3ao
YTO S& CBSA3aHO C M 3MMUPUYECKON hopMy/Ioi

SI, = AMs (£>0), ©.

roe A Mg — MOCTOSIHHbIE, He 3aBucAlme oT M. CornacHo aToi dopmy
SJ, nocTeneHHo yBe/IMYMBAETCA NpY yBe/IMYeHUN M. OBbIUHO g GbiBaeT
BE/IMKO. 3aBMCUMOCTb TAKOr0 BuUAa MOXHO OXWAaTb, €C/IM CYLLECTBY
(hakTopbl, OKa3blBAOLLME Ha PSAAOM PAaCrofIOKEHHbIE 3MEMEHTbI NPU6
3UTeNIbHO OAMHAKOBOE B/MSHMe. Hanpumep, KAvUmaT, Xapaktep Mod
naHawagT 1 61M30CTb K pbiHKaM CHbbITa MMET TeHAEHLUMIO MNpuaas
coceHMM hepMam CXOAHbIE YepTbl.

C TeopeTUYECKOI TOUKW 3peHUs 3Ta diopMysia HebesyrnpeyHa, Mock
Ky MpY YBE/IMYEHUN M BeMMYMHA Sw MOXET BO3pacTaTb HeorpaHuueH
Ecnn npesnonouTb, a 3To KadKeTcs onpaBAaHHbIM, YTO MeXAy Aas
OTCTOSALLMMU 3MEMEHTaMM HET Koppensuuwn, To 6onee noaxogsiiein <
My/ioi ByfeT Takas, nNpy KOTOpoi Sh ¢ yBe/lMyeHMeM M CTPeMUTCH K
KOTOPOIi BepxHel rpaHvue. Bnpodem Hac ycTpouT nobas copmysa, C
OHa JaeT xopollee corfiacve ANs wuccriefyemoi 0651actv M3MeHeHUs

Ecnn copmyna (9.9) cnpasegnmea, 1o rpadmk 3asmcumoct log Sw
log M nmveeT BuA npsamoii. [1n15a Toro 4tobbl OLEHUTb MOCTOSIHHbIE log A
HY>KHO 3HaTb 3HayeHUs Sw, M0 KpanHein mepe, AAs ABYX 3HAYEHWIA M
4TO6bI MPOBEPUTEL KaKUM-MIM60 06pa3om, MMEET NN 3aBUCUMOCTb JINHE
XapakTep — M0 KpawHeli Mepe, A/1A TpeX, 3Ha4YeHUn M,

CornacHo Tabn. 9.5 gucriepcMoHHOro aHannza (c. 259) Haxoaum
(NM— 1)s2— N (M— nsi

b N—1
(NM-1)S2-N(M-1)AM* /n,ny
&M S2—(M— 1)AMe. (9.11)

XeHngpukc (Hendricks, 1944) sameTun, 4TO BCHO COBOKYMHOCTb MOXHO
paccmaTpmBaTtb Kak OTAeNbHyl0 6onbluylo  eavHWLy o0T6opa, codeprka-
wyro NM 3nemeHToB. Ecnu BbinonHsietcs (9.9), To S2="A (NM)&. lNpe-
VMMYLLIECTBO TAKOr0 MoAxoja 3ak/ovaeTcs B TOM, UTO 3HAYEHUS A U g MOX-
HO Tenepb OLEHUTb MO AaHHbIM 06cnefoBaHUs, B KOTOPOM MPUMEHS/IOCh
TO/IbKO OAHO 3Ha4YeHVe M. [lBa ypaBHeHUs, MPUBOAALLME K 3TMM OLeHKaM,
WMEIT BUA,

log Sui —log A +g log M;
log S2 — log A + g log (NM).
dopmyna ana St cornacHo (9.10) npuHMmMaeTt Bug
Ff= AMELINM—1)Ne—N(M —)]
N- 1

3TOT cnocob, ofHaKo, He faeT BO3MOXXHOCTWM MPOBEPUTb MpaBUsib-
HOCTb (9.9). MoXKeT C/TyuYmMTbCs, YTO JOCTATOYHO XOPOLLEee corsiacue ¢ aTow
thopmynon MmMeeTca Mpu MasbiX 3HaYeHUSX M W Hey[oB/IETBOPUTE/IbHOE
MpY Takom 6O/IbLLIOM ero 3HaveHuu, kak NM. B aTbwm criyyae c/legyeT npu-
MeHsiTb 6on1ee obwme cdopmynbl (9.10) n (9.11).

dopmyna (9.9) npmBoauTCA CKopee KakK METOAMYECKUI Mpumep, a He
Kak o6Liee npaBwio. YuTartesib, KOTOPbI CTa/IKMBaeTCA ¢ NMOA06GHOM mpo-
6remoli, [O/MDKEH cam BbIBECTU hopmyny, Hambosiee MOAXOASLLYI0 K €ro

mMaTepuasny, 1 rnpoBepuTb ee. B HeKOTOpbIX cyyasix Kakoi-imbo npocToi

thbyHKumen M moxeT 6bITb log S*. "

9.6. PYHKUWNA N3OEPXEK

Ana obwmpHoro obecnegoBaHNA xapakTep 3aTpar Ha npoBefeHue cob-
CTBEHHO o06cnefoBaHUs UrpaeT|3HaunTeNbHYH pofib B OMpeAesieHvMn on-
TUMa/TbHOM efuHuLbL. JNs TOro 4To6bl MPOWUIIIOCTPUPOBATL POSb (hak-
Topa u34epXKeK, Mbl OnuLIeM OAHY (YHKUMIO MN3AepXKeK, MOCTPOEHHYH0
[bxecceHom (Jessen, 1942) ans cenbCKOXO3SINCTBEHHbIX 06C/1€L0BAHUNA,
B KOTOPbIX 60NbLUMMW eAUHULEAMW CAYXXUAW TPynnbl, 06pa3oBaHHble CO-
CefHVMM hepMamu.

PasninuatoTcs ABa cnaraemblX U3fepXKeK Ha CO6CTBEHHO 06C/efj0BaHMeE.
Cnaraemoe cx M BKJ/IOUAET W3AEPXKKU, MEHSIHOLLMECS B HEMOCPeACTBEH-
HOWM 3aBMCUMOCTW OT 0OLLLEr0 yucna 3neMeHToB (depM). Takum 06pasom,
Cl copep)XuT 3aTpaTtbl Ha OMpoc W 3aTpaThl Ha Nepee3s oT epMbl K depme
BHYTpM FHe3fja.

BTopoe cnaraemoe, ca Y~n, n3MepsieT MyTeBble pacxodbl Mpu nepeesae
Mexay rHes3gamu. MNpoBepka Mo KapTe Mokasana, YTo 3TU pacxofbl Ans
[JaHHO COBOKYMHOCTM MEHSIKOTCA MNPUOGNN3UTENIbHO KaK KBaapaTHbIA KO-
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peiib 13 uiicna riiesg. CnepoBaTtesibHO, CyMMapHbIe pacxoibl Ha Co6CTB
HO 06c/riefjoBaHVE pPaBHbI:

C= cxMn-\-cryn. 91

Ecnn npennonomtb NPOCTOM C/y4daliHbIA 0TO0P W MpeHebpeyb MNKC,
ancnepcma cpefiHero Ha anemMeHT, y, paBHa SlInM. CornacHo (9.11),
BE/INUYNHA paBHa:

v () — S?2-(M—\)AM*-' .1

[nsa Toro uto6bl ONPeaennTbL ONTUMaNbHbIV pasvep eauHWULbI, Mbl H
AeMM 1 BMecTe € TeM N, MUHUMU3MPYIoLWME V nNpu HemsmeHHom C. P
Hve B 06LEM BUAe [0BOJILHO C/IOXKHO, XOTHA YMC/IEHHOE HaxoXaeHue
LLEHVS He COCTaB/iIsieT 0C060M TPYAHOCTU.

C NOMOLLbI0 HEKOTOPbIX MPeobpasoBaHNii MOXKHO MOJTYUYNTb YpaBHEHW
peLleHne KOTOpOro Aaet ontuMasibHoe M. CHavaia pewnm “ypaBHeH*

n3gep>kek (9.12) kak KBagpaTHOe ypaBHEHWEe OTHOCUTE/TbHO Y n. 370 A-

N+ 4 Y2 1. (9.1

c2 \ G)

Ana HaxoKaeHUsa onTUMasIbHOro M Mbl JO/IKHbI MWUHUMUM3NPOBAaTL BbIP
>KEHME

CfW =QWMn c2Ysab =
AnddepeHumpysa no n v no M 1 3amedast, 4to dvidn — — Vin, npuxog,
K YpaBHEHUAM:
o, 1 -~ L KV .
non: c¢c,M'+-c,n 91
noM: cijti = v . (91

am

Paspgenum (9.16) Ha (9.15), uTobbl McKIOUNTL K TMonyyaem

JL Ny dn
VoM CiM +— c2m’ 112
nn
M. aY 9.1
vV o gM " 1+ c22c! M-/n

Ecnn Tenepb noactasnTb Y n 13 (9.14), To nocsie HEKOTOPbIX YMNPOLLEHN
nosyynm

N ACbM \-»/a 1

BbinucbiBasi NOJSIHOCTLIO JIEBYHD 4aCTb 3TOrNo paBeHCTBA N MEHAA 3HaK
B 06eMX YacTsax paBeHCTBa, MpMxoanm K ypaBHEHUIO

NMe~ 1 \gM— (g — 1)] u2'
S2—(M—1) AMe~ r ' c2 >

M3 aToro ypasHeHUs onpegensieTca onTuMasibHoe M. JleBas 4yacTb pa-
BEHCTBA He COLAEPXXUT MOCTOSIHHbIX BEMIMYMH, XapaKTePU3YHOLMX U3OepXK-
KW, U 3aBUCUT TO/IbKO OT Buaa (yHKUmM gucriepcnn. MOdXKHO MnokasaTb,
yTo 06e YacTM paBeHCTBa — MOHOTOHHO BoO3pacTawLme yHKLMM M npn
g> OM~”N 1 T. e. 419 VHTEPECYIOLMX HaC 3HaYeHWU. [Mpeanonoxmm,
yTO 6bLI0 HaMAEHO peLleHre AN KOHKPETHbIX 3HaJYeHUn C, cX U C2, U Mbl
XOTUM BbISICHUTb, KakK WU3MEHUTCSA 3TO peLleHre Npu yBennueHuu cx. Jlesas
YacTb paBeHCTBA He 3aBUCUT OT cu a rnpasas Mo Mepe yBesMyeHUs cl pac-
TeT. CneposaresibHO, ONTUMa/IbHOE 3HaYeHVe M YMEHbLUMTCA. TakoW >ke
ahdpeKT JaeT ymeHbLLeHve c2*.

BennumHa cr BO3pacTaeT, ec/iv YBENIMUMBAETCA MNPOSO/DKUTENBHOCTD
ornpoca, B TO BpeMsl kak c2y6biBaeT, €c/iv Npoe3s CTaHOBUTCA JeLUeBsie Win
ecnn hepMbl Ha AaHHOW TEPPUTOPUM pacnonaraioTcsa TecHee. 3TM 06CToA-
TeNbCTBa NPUBOAAT K BbIBOAY, YTO OMNTUMa/ibHbIA pasmep eavHWLbI cTa-
HOBUTCA MeHbLLE, €C/N:

YBENMUNBAETCA MPOAO/DKUTE/TbHOCTL OMPOCa;

[JelueBrie CTaHOBUTCA MNPoesf;

60/1ee TeCHO pacrnonararoTcs anemMeHTbl (hepmbl);

YBENIMUMBAETCA pasmMep OTMNYLUEHHOM CyMMmbl (£)-.

OTOT BbIBOZ, 3aBUCUT OT BUZA PYHKUMN U3LEPXKEK W OJIA-UHOr0, Yem
paccMOTPeHHbIV 34ecCb, ee Buaa noTpebyeT HOBOro aHasmsa. Takum obpa-
30M, ONTUMa/IbHAA eAMHULIA—3TO He HEKOTOpasl HEM3MEHHasn XapakTepuc-
TUKa COBOKYMHOCTU, a XapaKTepucTuKa, 3aBMCALLas Takke OT Tvna 06-
C/lefoBaHNA 1 0T YPOBHA LEH W 3apaboTHOM MaThbl.

MpeBocxogHoe M310XKeHWe NpobsieM, CBA3aHHbIX C MOCTPOEHMEM (DYHK-
LN N3LEpXKEK A/ 06cnefoBaHWii, B KOTOPbIX MPUMEHSIETCS THE3[0BOM,
0T60p, CoOepXXUTCA B KHUre XaHceHa, Xepsuua n Magoy (Hansen, Hur*
witz and Madow, 1953).

9.7. THE340BOW OTBOP A1 OLEHWUBAHWA OOJIEN

Te >ke MeTofbl MPUMEHMMbI U K THEe3[40BOMY 0T6OPY /1S OLiEHWMBaHWSI
noneii. MpeanosioXkum, 4to M 3M1EMEHTOB KadKAOro rHe3fa MOXKHO pasge-
JMTb Ha [Ba K/acca M 4To pt = atlM ecTb [0N1s1 3M1eMEHTOB M3 Knacca C
B i-M rHe3ae. W3BnekaeTcsa npocTas c/lyvaiiHas BblGOpKa 06bEMOM B n
rHe3[ 1 B KauyecTBe OLEHKW P, A0/ A/isi COBOKYMHOCTU, MPUHMMAETCS p,
cpeaHee 3HaYeHVe Hab/MoaeHNI pt B BbIGOPKE.

* 3T0 paccy>ileHne He TOYHO, TaK Kak U3 MOHOTOHHOCTM 06enX YacTeil paBeHCTBa
ele He ciefyeT, 4TO pelleHne (KOpeHb YpaBHEHMUSA) CABUTaAeTCA B HYXHYIO CTOPOHY.
Ans pokasaTenbCTBa HY>XHO MPOBECTU [OMOSTHUTENbHOE pacCy>XAeHue, Yy4YuUTbiBalo-
wee, 4To ypaBHeHuA (9.15) n (9.16) onucbiBaOT TOUKY MUHUMYMA, @ He MPOCTO TOYKY
obpalleHnsa B HY/b NpPou3BoAHOM. — [lpuMmed. nep.
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Kak 6b1/10 0TMe4deHo paHee (naparpad 3.12), npun HaxoxgeHun V
Mbl HE MOXEM CUMTaTb, YTO p MOAUYMHSIETCA GMHOMUA/ILHOMY pacrpeje

HWIO, a JO/MKHbI NMPUMEHSITb K pt (hopMy sy AN1s1 HenpepbIBHbIX NePeMEHHbI.

9710 paet

N
2 to-/5*
—n t=i 9 N—n

N
V =
P Nn '"N—1 N2n

Ecnn ke Mbl M3BMEKaem MPOCTYH C/ydaiiHyl BbIOOPKY 06bEMOM B n
3/1eMeHTOB, TO AUCMepcus p rnoslyvyaeTcd B COOTBETCTBUM C Mpeanono>
HMEM 0 BGMHOMMaNbHOM pacnpegeneHun (Teopema 3.2), T. e.

(NM—nM) PQ N- n_PQ

Yein(P)-  ymM—1  nm N M’

ecnn N BesnKo, [bin — oT aHrnuickoro «binomial» OUHOMMA/IbHbI
CnepoBatenbHoO, Apobb™

V(P) M S(Pi-P)2

(N BenKo) (9.1
Vbin (P) NPQ

NnokasblBaeT OTHOCUTESIbHOE W3MEHEeHWe AUCrepcuu, Bbi3BaHHOE Mpume
HVYEM TrHe3f. 3HaHWe YUCMEHHbIX 3HAYEHWR 3TOr0 MHOXWUTENSA Mon
4NA 0TbICKaHWA NpeABapuTesibHbIX OLEeHOK o06bema Bbl6OpKM B cf}
rHe3goBoro ot6opa. CHauana Tpebyemblii 06beM BbIGOPKW OUEHMBAET
no dopmysie, COOTBETCTBYIOLLEN BMHOMUaIbHOMY pacrpefeneHunio, 1 3a
YMHOXaeTca Ha 3Ty Apobb, 4TO6bl MNOAYYUTb 06BEM BbIGOPKK, HE06
AVMbIA Npy rHe30BoM 0T6ope. MNpumepbl NpmBoasaTcs B pabote KopHd-
ga (Cornfield, 1951).

Ecnn pasmep rHesga Mt — rnepemMeHHas BefiMuMHa, TO OLEeHKa p
= 'Eall2,M1 npeactaBnsieT coboii OueHKy Mo OoTHoweHwut. Ee npun"
YKEHHasi gmcnepcusi BblpakaeTcs gopmysoi (naparpad 3.12)

N
2 Mf(Pl-p)*
=1

V(p) N_1

raoe M — JiMJIN ecTb CpefHWA pasmMep rHesaa.
Ecnn aTy BbI60pPKY CpaBHUTb C NPOCTOM cny4YaliHOW BbI6GOPKOM 06b

B NM 3/1EMEHTOB, TO HaxoguM, Kak o0606ueHumne (9.18),
Y(p) (p.-P)2
Vbh (p) N~MPQ

o.

Kak 1 B c/lyyae HenpepbIBHLIX MepeMeHHbIX, 3aBUCMMOCTb MeXAay p
MepoM THe3la W MeXrHe3[oBoi aAucrnepcueli MOXKHO Mcc/iefoBaTh,

npegctaBnsAa MHoxuTenn (9.18) u (9.19) kak PyHKUMKn”, nnbo yct

NMBasi CBSI3b MeXAy BHYTPUrHe3[oBon aucnepcuein m M. Ecnm mbl np
OVM 3HadeHne 1 nNw6oii eguHULE, NpuHaaneXxawein knaccy C, n 3Ha~
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O nto6oii U3 OCTa/TbHBbIX eAVHWL, TO OCHOBHOE TOXKAECTBO AVCMEPCMOHHOIO
aHa/IM3K NpU 3a4aHHOM M MPUHMMAET Bu[,

NMP (N— pP) = Mb (Pi— Pf + MzZpi 1 —

o6was cyMMi kBagpaToB=cyMMa KBajpaToB MexXay rHesjamu 4-cymma KBafpaToB BHYTPWU ruesga-

Ha ocHOBaHWWM 3TOr0 paBeHCTBA MOXHO BbIMUC/IUTL CpeaHWIA KBaapaT
OTK/IOHEHWUIA BHYTPW THe34, M MpeacTaBUTb ero Kak pyHKuuio M. Maksei
(McVay, 1947) onucbiBaeT MpUMEHEHWE TaKOro aHasvsa A5 uccrenosa-
HUSA ONTUMasIBHOrO pasMepa rHesja.

- 98. THE3AQOBbIE EANHNLUbI HEOQVMHAKOBOIO PASMEPA

CyLLecTBYeT HECKOJ/IbKO CMOCO60B OLEHMBAHUSA CYMMAapPHbLIX M CPeaHNX
3HAYEHWIN oNs COBOKYMHOCTM B C/lyyae, Korfa rHe3foBble eAuHULbI coaep-
»KaT pa3Hoe 4u1Cc/10 3M1EMEHTOB. 3TK CMocobbl 6yAyT paccMOTPEHbI B OCTaB-
weca Jactm 3to rnaebl. MycTb Mi—umncio aneMeHToB B t-ii eguHuLE.
OTMETUM, KaK BaDKHbIA MPaKTUYECKU I MOMEHT, YTO B HEKOTOPbIX 06cneno-
BaHWAX 3Ha4yeHVs1 BceX Mt ANA COBOKYMHOCTM TOYHO WM MOYTWM TOYHO
M3BECTHbI 3apaHee, HanpuMmep, €c/M 3/1eMEHTb—3TO0 PaboTHUKU PUPMbI,
B KOTOPOM XOPOLLUO HaslaXKeH TeKYLUMA Y4YeT, a TFHe3A0Bble eAVHULb—
oTAeneHvs mpmbl. B apyrmnx obcnefoBaHusxX Mr He M3BECTHbI, 3a UCKIIO-
YeHVEM eAMHVILL, MOMaBLUMX B BbIGOPKY, 47151 KOTOPbIX Mbl Y3HaeM 3Ha4YeHus
M t B xofe obcregoBaHus. B filobom cnyyae obenefoBartesib J0/HKeH ObIThb
yBEPEH B TOM, 4YTO €My M3BECTHbl 3Ha4YeHUs M it Heobxogumble AN Bbl-
UMC/IEHNST paccMaTpUBAEMO  OLEHKM. £

CHavana paccMOTPMM OLIEHMBaHWE CyMMAapHOro 3Ha4yeHust Y Beu-
UY/H Y\j MO MpPOCTOW Cry4ariHOM Bbl6Opke b6bLEMOM B N rHe340BbIX eauv-
HWLL

HecmewleHHas oueHka
MycTb, Kak n paHee,

yi~ /§1YI/I: ~LoYr 1 »..;

0603Ha4YaeT cymMmapHoe 3HaAYeEHVE MpU3HaKa gas i- eguHuupl.  CorsiacHo
CNeacTBMi0 M3 Teopembl 2.1 HeCMelleHHasA oueHKa Y ecTb

Yy =— (9.20)

CorniacHo CnegcTBmio 2 13 TeOpeMbl 2.2 AUCIEepCUs 3TOW OLEHKU eCTb

N

V) , (9.21)

\% n N—1
roae Y = YIN ecTb cpegHee Ha egviHALY AN1S COBOKYMHOCTMU.
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YacTo 0KasbIBaeTCS, YTO OLEHKA Y MMEET HEBbICOKYH TOUHOCTb. 3JTO
MPOUCXoAMT B Tex ciydasax, Korga y | (cpegHee Ha anemeHT) M0 Me-
HSAeTCA OT eAVHUUbI K eauHuUe, a Mt MeHSIOTCA 3HauuTesibHa  Torga
Yr — M,y, TakXke 3HauuTesIbHO MEeHSIETCS 0T eAVHWUUBI K eauHuLe U
avcniepensa (9.21) Benuka.

OLI,eHKa no oTHoweHutw C pasMepomM B 3HamMeHaTene

N
MO — i2_i Mt ecTb 0OLLUEE YMC/I0 3/IEMEHTOB B COBOKYMHOCTW.

Ecnv M 0 1M3BECTHO, TO CyMMapHOe 3HaueHVe MOXXHO OLIEHUTb UVHaue,,
C MOMOLLBIO OLEHKM MO0 OTHOLLUEHMIO, B KOTOPOW pofib BCMOMOraTeslbHOM
MEepeMEHHON xt UrpaeT M t.

2. Y
YR= Mn & 3MO0X (BbIGOPOYHOE CPeAHEE Ha 3MEMEHT).
i=l

B 0603HaueHNsIX, NPUMEHSIBLUMXCA A1 OLEHKM MO OTHOLLEHWI, OTHO-
LeHVie 411 COBOKYMHOCTM R = YIX = Y/MO— Y, T. e. cpegHemy Ha

3NEMEHT A1 COBOKYMHOCTU.,IMNo Teopeme 6.1 B MpeamnosioXkeHnn, YTo YmcsIo
rHe3q, B BbIOOPKE BEJINKO,

n72,1.n
VY« - (  Th— e « (9.22)

N

(9.23)

Kak cnepyet u3 (9.23), gucnepcusi YR 3aBUCUT OT  WN3MEHUMBOCTU

CpeAHUX Ha 3NEMEHT 1 YacTo OKa3bIBaeTCs 3HAYNTENTbHO MeHbLUE, YeM V (Y).

CoOTBETCTBYIOLLUME OLEHKM cpeaHero Ha afieMeHT [/1s1 COBOKYMHOCTW
ecTb
n

-_ =N Lyr yr- - eCTb BbI6GOPOUHOE CpesjHee Ha ane-

MO nMo MO 2 m  MmeHT.

3amMeTnM, UTO HeCMeLLeHHas OLeHKa Y TpebyeT 3HaHust MO, B TO Bpe-

MS1 Kak, MPUMeHssT OLIEHKY MO OTHOLLUEHWIO, HY>XHO 3HaTb TO/IbKO M r A/id
eaHnY, norasLnx B BbI60pKy.

CpegHee 3HaueHVe cpefHMX MO eavHULIAM

TpeTbsi BO3MOXHOCTb 3aK/IOYAETCS B TOM, UTOGbl MPUMEHSITb HEB3Be-
LLEHHOE CpeaHee M3 CPeaHNX MO eAuHULIAM, T. €.

Y'— — (Y1+Y*+"-+¥Yn)- (9.24)
270

Ecnn'l!j HeoauHiikoBbl, sTa 6uUeHKa 6yaeT He TOMbKO CMELLEHHON, H6
M HecocTosATesIbHOW. CMELLEHME MOXKET ObITb, O4HAKO, HEe60/bLLUMM, eCc/i.

He KOppPE~MMpOoBaHbI C M it 1 3Ta OUeHKa uHorga nonesHa. Ee ceoiicTBa
uccnenosan ~Cykxatm (Sukhatme, 1954).

9.9. OTBOP't BEPOSATHOCTSIMW, MPOMOPLUNOHAMBbHLIMUA PA3MEPY
EAVHNLbI

Ecnm Bce Mi M3BeCTHbI, TO Apyroii meTtog oTbopa, MpensioXKeHHbIN
XaHceHoM 1 XepBuuem (Hansen and Hurwitz, 1943), 3ak/oyaeTcs B TOM,
yToObl M3BMEKaTb eAVHULbI C BEPOSATHOCTAMK, MPONOPLMOHAsIbHBIMA UX
pasmepy M r. 9TOT MeTO4, NMPUMEHSIETCA B OCHOBHOM B 06Cfef0BaHUAX, rae
0T60p NPOM3BOAMTCS B ABE CTYMNeHWU (CM. /1. 11), HO ero MOXKHO MpUMEHSTb
TaKkKe 1 B JaHHOM cny4dae. [MpowncTpypyem crnocob otbéopa ¢ BeposAT-
HOCTAMY, MPOMOPLMOHAsIbHBIMU pa3Mepy eAVHWULbI, Ha CcregyloLleM npu-
Mepe Heb0/IbLLIO COBOKYIMHOCTW, COCTOSILLIEN N3 CEMU EAVHILY;

Howmep Pasmep XMr .NHTepBan HakonneH*
eAVHULLbI eNHNLIbI HbI* 3HaYeHWiA
Mi pasmepa

1 3 3 1-3

2 1 4 4

3 11 15 5— 15

4 6 21 ‘16— 21

5 4 25 22— 25

6 2 27 , 26—27

7 3 30 m 28— 30

MoacunTbIBAIOTCA HAKOMJ/IEHHbIe CyMMbl Mi M BbIMUCLIBAKOTCA COOTBETCT*
BYIOLLIME VM WHTEPB&/Ibl HAKOM/IEHHbIX 3HaYeHW pasmepa. [18 Toro 4ro-
6bl 13B/IEYbL eanHULY, 6epeM criydariHoe umcnio mexkgy 1 mn 30: npegnoso-
XXMM, 4TO MM OKasasiocb ymcio 19. OHo nonagaeTr B MHTEpPBasT HaKOIJ/1eH-
HOW CyMMbI, COOTBETCTBYHOLWIA 4-I1 eAVHWLIE U COLEPXKALLMA 3HAYEHNS 3TOM
cymMmbl OT 16 go 21 BkawoumTensHo. Mpy Takom crnocobe ot6opa BeposTr
HOCTb TOrO, 4YTO Kakas-nmbo eauHWUa OTOMpaeTcs, MPOMopLMoHasibHa
pasmepy 3TOl e4UHULIbI.

Ecnm Hy>XHO 0T06paThb elle OA4HY eaumHuLy, TO onvcaHHbIN, Mpouecc
MOBTOPSIETCHA, MpuyeM OepeTcs HOBOe cry4ariHoe umciio mexkgy 1 mn 30.
OfHako B OT/IM4YME OT PacCMOTPEHHbIX paHee MPUEMOB W3BsedeHue 4-1
e0VHVUBI BTOPUYHO He 3anpelwaetcda. [Mpu n, npesocxogdwem 1, ot6op
C BO3BpALLEHMEM Heob6XxoanM, 4T0Obl COXPaHUTb BEPOSATHOCTU W3B/IEYEHUS
NPOMOPLMOHa/IbHLIMM pa3mepy eavHVUbl. B aTom MOXHO ybeamTbes, pac-
CMOTPEB KpalHWiA criyydaid, korga n = 7. Ecam npownssBoguTb oT60p 6€3
BO3BpALLEHVS, TO BCe eAMHULbI OKaXKYTCA OTO6paHHbIMU aBTOMAaTUYECKM,
JaXKe ecni Mbl OTKaXKeMCs 0T METOAMKKM 0TOopa ¢ BepOSTHOCTAMM, MPorop-
LUMOHa/TbHBbIMU pasmepy. Mpuy 3HaveHnn n mexkgy 1 m 7 otop 6e3 Bo3BpalLe-
HUS NPVBEAET K BEPOATHOCTAM, MPOMEXYTOUHbIM MeXy paBHbIMWN Be-
POSATHOCTAMW U BEPOATHOCTAMM, MPOMOPLMOHaUIbHbIMK pasmMepy. [Mpenmy-
LLleCcTBO 0T60pa C BO3BpALLEHMEM COCTOUT B TOM, YTO qQOPMYSibl A1 UCTUH-
HbIX OMCNEPCUA OLEHOK W BbIGOPOYHbLIX OLIEHOK 3TUX AMCMEepCUi MpUHK-
MaloT npocToi BuAa. Booblie roBops, OTO0P C BO3BPALLEHMEM MeHee To*
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YeH, yem oT6Op 6e3 Bo3spalleHWs. OfHako, Korga n/N  mano/ BeposiT:
HOCTb TOFO, YTO OfHA W Ta XXe eAvHMLA NOSBUTCA B BbIGOPKE ABadKAbI, Ma-
na, v oT6op C BO3BPALLEHMEM MOYTU IKBMBAUIEHTEH 0THOPY 63’ BO3BpaLLe-
HMA. B nocnegHuwe rogpl 66110 caeniaHo MHOro, YTobbl paspabotarb Mpuem-
NemMble MeToApl 0T60pa 6e3 BO3BPALLEHUSA U C HepaBHbIMU BEPOSATHOCTSMU-
ONns cnyyaes, Korga N Masbl, Kak, Hanpumep, Npu pacc/ioeHHOM oT6ope
(cm. naparpad 9.14).

9.10. TEOPUA ANA OTBOPA C MPOU3BOJ/IbHbIMUN BEPOATHOCTAMU]

Mbl NoKadkeM, 4TO ec/iv i-a eaMHMLA N3BJIEKAETCA C BEPOATHOCTbLIO zt =f
= MilMO »n c Bo03BpalleHMEM, TO HeCMelleHHasA OLieHKa cyM|\/|apH0ro'
3Ha4YeHNA 011 COBOKYIHOCTH, Y, ecTb

"Ypps= — (M + y + ...+ym= MOX (cpegHee v3 cpegHUX 3Ha4veHwuii
Ha 3/1eEMEHT Mo eauHULaM),. (9.25)

rge M0= 2Mr= 06LEeMY YMC/Yy 3MIEMEHTOB B COBOKYMHOCTU Ipps—oOT
aHrnuiickoro «probability proportional to size»— BepoATHOCTb, MpPonop-
uMoHanbHasa pasmepy]. danee,

M, (9.26)
t=i

TaK 4YTo AMcnepcrs OLEHKN Y pps Tak >Ke, KakK N OUeHKU Yp, 3aBUCUT OT,;
M3MEHUMBOCTU CPefHMX Ha 3/1eMEHT MO evHULIAM.

B HeKOTOpbIX MNPUIOKEHUAX pas3Mep eauvHUL, M3BECTeH TOJSIbKO Npu-
6/1>KeHHO. B gpyrmx «pasmepom» CIy>KUT He YNC/I0 /IEMEHTOB B e4MHULE,,
a MpocTo HekoTopash Apyras XapaKTepucTuKa ee BefiMyMHbl, KOoTopas:,
CUMNTAETCS TECHO KOPPESIMPOBAHHOM C CyMMAapHbIM 3Ha4YEHVEM /15 eauHU-
ubl tfi- Hanprvep, «pasmep» 60/bHMLBI MOXKHO XapakKTepu3oBaTb 06LLMM;,
UYMCNOM KOEK WM YKe CPEAHUM YMC/IOM 3aHATbIX KOEK. AHaUIOMMYHO MOXKHO
npuaymMatb pasHble XapaKTepuCTUKU «pas3mepa» pecTtopaHa, 6aHka wi_
thepmbl. CriegoBatesnibHO, Mbl OygemM paccmarpuBaTb 0T60p ¢ BEpPOSTHOCTS-
MW, MPOMOPLIMOHA/IbHLIMUA HEKOTOPOW OLEHKe WU XapaKTepucTuke pasvet
pa M[. Mbl nokaxkeMm, 4To ecnu rr = MUMo, rge M6 = 2J11*, 10

(9.27)

Y ppes —

CMTY>KUT HECMELLIEHHOW OLIEHKOM Y € Ancnepcueri

(9.28);
1

[ppes — oT aHrnuviickoro «probability proportional to an estimate of

Size» — BEPOATHOCTb, MNPOMOpLMOHanbHas oueHKe pasmepal. Popmyn”

(9.27) n (9.28) npepcTaBnsAT coboin 0606weHnsa gopmyn (9.25) n (9.26
B [pokaszartesibCTBe Mbl BOCMOSIb3YEMCS MPUEMOM, YXKe MNPUMEHEHH3

B Maparpace 2.8. MNycTb tt — cnydyaliHasg BenMuMHA, onpegesieHHast .
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KaoKo BbIGOpKM 06beMa M M MoKasbiBaloLLas, CKOMbKO pa3 t-Aa eguHuua
nosiB/isieTc3! B 3TOM BbIGOPKE, tt MOXKET MPUHMMATL /11060€ U3 3HAYEHWUN

0, 1, 2, ..., n. PaccmMOTpmM COBMECTHOE pacrpefesieHve YacToT ti 419 Bcex
N eamHuL, B COBOKYMHOCTW.

MeTog, n3BeHeHNs BbIGOPKU 3KBMBAIEHTEH W3BECTHO BEPOATHOCTHOMN
3a/aye, B KOTOPOW n LUApoB pacnpegenstorcd no N ypHam, npuyem Be-
POSITHOCTb TOFO,' YTO HEKOTOpbIV LUap MOMafeT B t-10 YPHY, paBHa rr U He
3aBWCUT OT TOrO, e HaxoAsATCsl OCTaslbHble Liapbl. Takum 06pa3oM, COB-
MEeCTHOe pacnpefefnieHVe tx 3a4aeTcs MO/IMHOMUAIbHBIM  BbIPa>KEHVEM

WA W

XOpOoLLUO M3BECTHbI C/IeAyoLLMEe CBOMCTBA 3TOr0 pacnpeaeneHns:
E (t))= nrin V (t)= nzt (1—r,);
Cov (tttj) = —nztzj. (9.29)

Teopema 9.3. Ecnn uv3BnekaeTcs Bbl6opka 06bLEMOM B M e4VHUL, C Be-
POATHOCTAMU 2; 1 C BO3BPALLEHMEM, TO

Yppes — 9'27><
I=i Z (
€CTb HECMELLIEHHas OLIeHKa Y ¢ awcriepcueli

<9-28>
JokazaTenscTBo. Mbl MOXeEM 3anucartb

Yppes= — + N + )=
«4a 21 22 ZN 4

roe CyMMMpOBaHWe pacnpoCcTpaHsAeTCs Ha BCe eAVHULIbI COBOKYMHOCTW#H
Mpn MHOrokpaTHoM 0T6Ope BCe tt BbICTYMAT Kak Cy4valiHble nepemMeH-
Hble, a yt N IT— KakK HeKOTOpblA Habop Hem3meHHbIX uwvcen. Criefosa-
TenbHO, TaK Kak cornacHo (9.29) E (tt) = nzit

E(Yppead)= 2 y (Mt)«LJ Yy ,=Vy.
Ti Zi fm

Janee,

-7 (2 £~ )4 b (M
nockoneky Ezj = 1

273



Monaraii B Teopeme 9.3 rr = JIll O, nonyyaem COOTBETCTBYHOLL
pesynbTar AN otbopa C BEpPOSTHOCTbHO, MPOMOPLMOHasIbHOW pasmep”

Teopema 9.4. Ecnu BblI6opKa 06bLEMOM B M eAVHUL, N3B/IEKAETCA C B*
POATHOCTAMU Zi — MJMO M C BO3BPAaLLEHMEM, TO /

ppgr MO g’r Al a4 - +Yn) ©.
eCTb HEeCMeLLeHHas OLUeHKa Y ¢ aucriepcueit
M N
T/tv  \= _£l® (9.
/=i
JokazaTenscTso. INonaras B Teopeme 9.3 zj = MilMO, Mbl nonyya*

. po*>
Wes /=i /=1 e

MOCKOJIbKY Y — Y IMgq =
Cnepgctere. HecmelleHHas oueHKa Y ecTb

KPP8 = ¢ («/i+t/la+ — + */n)

C Aaucnepcuen

| m,6,-YT ©S

4= 1

Cnepylowme fBe TeopeMbl MOKa3blBalOT, KaK OLeHuBaTb Aucrnepc
rno BblOOPKeE.

Teopema 9.5. B ycnoBusix Teopembl 9.3 HecMelLieHHas oueHka V (Fp;
ecTb

9.3

JokazaTesibcTBo. C MOMOLLbIO 006bIMHOIO asirebpanyeckoro ToXXAecT
MOXKHO 3anucarb

MOCKOJIbKY, MO onpegernieHvio V (Y PRs), cpefHee 3HayeHve BTOPOro ysieHa
B npaBO|7| yactu paBHO —nV (YPRS). BBoaA nepemMeHHbIe tu nveem

-NnV(Ypes)=n2 2r(M.-Y~-nV (Y pl)

W, Ha ocHoBaHMN (9.28) 13 Teopembl 9.3,

n(n~DE[V(Ypes)= n*V(yppes)-nV (Y pra) =n («-1) V(KFRe)-

Teopema gokasaHa.
Teopema 9.6. Ecnn egnHUUbI U3BMIEKAIOTCA C BEPOATHOCTAMWU IT =
= MJM O 1 C BO3BpaLLeHVEeM, TO

V(YPR) = -~ j-2 (Yi-HY (9-32)

€CTb HEeCMeLLEHHas oueHKa V (Y pps), rae # — HeB3MeLLeHHOe CpefHee yT.

[Ana Toro ytobbl MOAY4YUTb 3TOT pe3yfibTar, AOCTaTOYHO MOACTaBUTh
Zi = Ml 0B (9.31). MNockonbKy Ypps = MOy, oueHka gucnepcuun (He
cunTast MHOXXMWTENSA) MpeacTaBNseT CO60M 3HAKOMYKD Ham CyMMy KBajpa-
TOB OTK/IOHEHWUI yt OT WX CpesHero.

9.11. ONTUMAJIbHAA XAPAKTEPNCTUKA PASMEPA EAVNHWLbI

B Tex cnyuyasix, Korga xapakTepucTuKon pasmepa M1 CAy>XUT HeKo-
TOopas OLEHKa BE/IMYMHBI eANHNLBI, TEOPETUYECKUI MHTEPEC NpeacTaB/iseT
BOMPOC: Kakasl XapakTepuctmka pasmepa MUHUMU3MPYET  AUCMEPCUIO
OLEHKN Y PRl Vveem

370 BblpadKeHME 06paLLaeTcs B Hy/b, €C/IN zt MPOMNOPUMOHa/IbHBI y it T. €.
zt = yjY. Ecnu Bce yt NOMOXKNTENbHbI, TO COOTBETCTBYHOLLMIA UM Habop
zi NpeAcTaBisieT co60ii HEKOTOPbLIA MOAXOAALLMIA HAbop BEPOATHOCTEN A/1A
enHNL, ObITb 0TO6paHHbIMW. CnepoBaTesnlbHO, HaWTyuLler XapaKTepucTu-

Koli pasmepa eauHMUBl 6yayT umcsia, NPoNopLMOHasIbHBIE CYMMAPHbIM 3Ha-
YeHUSIM NpU3HaKa y t 47151 eaVHULL.

JTOT pe3ysbTar He UMeeT MPaKTUYECKOro 3HAYEHUS, NOTOMY YTO ec/v
6bl yt ObUIM M3BECTHbI 3apaHee, TO BbIGOPKA OKasasiacb Obl HEHY>KHOMN.



OfHaKo U3 Hero criefyeT, YTO €C/M yt CPABHUTENIbHO YCTOMUMBBLI BO
MEHW, TO HAWIYULLMMM 3HAYEHUSIMUA XapPaKTEPUCTVKMA pasMepa eouH*
OTHOCWTESIbHO 3TOr0 MpY3HaKa Morsn 6bl CIY>KWUTb Mocreauve-TIo Bpar
M3 NPOLL/IbIX 3HAYEHUIA y 1 KOTOPBLIMU Mbl pacrosiaraeM. Ha npakTtuke i
M3B/IEYEHNN BbIGOPKM A/151 BCEX MPU3HAKOB [O/HKHA NPUMEPSITLCS, KO
HO, KaKasi-nmbo ofHa XapaKTepucTuka pasMepa eaviHuL. Pesiv Mbl MO:
BbIGUPATL M3 HECKO/IbKUX XapaKTEPUCTMK pa3Mepa, To, B(DOATHO, HaW
LWeli 6yZeT Ta U3 HUX, 3HAYEHMs] KOTOPOI 6/IM>Ke BCEro K MPOMopLIoH
HOCTM CYMMApPHbIM 3HAYEHWAM MPU3HaKa /15t eAVHWL, 1O OCHOBHBIM TP
Hakawm.

9.12. CPABHUTEJIbHAA TOYHOCTbL CNOCOBOB OTBOPA
N OLEHVBAHWA

Mpun oT6ope rHe30BbIX eAVHWL, HEOAMHAKOBOrO pasMepa Mbl MO
BblOMpaTb, MO KpaliHel Mepe, U3 YeTbIipex MEeTOAoB 0T6opa M OLeHMBa
(B MpeanonoXXeHNW, YTO M i W3BECTHbI, €C/IN METOA, 3TOro TpebyeT):

1. OT6op € paBHbIMM BePOATHOCTAMW. OueHKa Y wim Y (Hecm
Has).
2. OT6op € paBHbIMU BepoATHOCTAMW. OueHka Yr win YR (No

LLIEHWIO).
3. OT60p C BEPOATHOCTSAMM, MPONOPLMOHaIbHBIMU pasmepy. O

Ypp8 wvnn Yppoow
4. PaccnoeHuve eavHuL, no pasmMepy. OT60p € paBHbIMU BEPOATH

M/ BHYTPM crioeB. OueHKa 06bluHast 4151 pacC/i0eHHOro oTbopa. 1
CHavyas1a Mbl CpaBHUM MepBble Tpy MeToga. MpocTtoro obwero npas:”
AN TOro, Ytobbl PELUNTb, KaKoW U3 HUX Haunbosiee TOYeH, He CyLLecTB
PelleHve 3aBMCUT OT XapakTtepa CBA3N MeXay yt u Mi (ecnv Takas C
€CTb) W OT BMAa Aucnepcun yi Kak yHkuuu M £ Hawnbonee 6naronp
HbIM 7151 OLIEHKW MO OTHOLLEHMIO U OLEHKN C BEPOSATHOCTbLIO, MPeLLop
HaslbHOM pa3mepy, 6yfeT crydaid, Korga cpefiHee Ha 3/leMeHT He CB:

C pa3MepoM rHe3fa (tji HeKOpPenmMpoBaHo ¢ M t). /1S Toro  YTo6hl

TaK>Xe COBOKYIMHOCTU, O/1A KOTOPbIX i MOryT yBe/IMUMNBATLCA NN
LwaTbca Npu yBenmyeHM M it Mbl Uccregyem Mofesib Buga

Yr= -rr-+ P+ et, (€]
Mi
roe E (er [Mi) = 0.

Hy>KHO coenatb TakKe HeKoTopble MPeAroNioXXeHUss 0THOCUTESIbHO
nepcun  ONA THe3f AaHHOro pasmepa. Kak y»ke rosopuiocb B rap
the 9.4, meXKay 3HAYEHUAMWN MPU3HaKa Yy 3/1eMEHTOB OAHOro rHesga
CYLLECTBYET MOSIOXKUTENIbHAsA, 00bIYHO HebosbLUast, Koppensaums p,
pas ymeHbLUAETCA Npu ysBenmnyeHun M t. Ecnm 3anucate p = p0 + pb
TO cornacHo (9.7) u3 naparpaca 9.4

V(e)=VW =A[l1+(M L1)pl_S«(pO0+!~2+£>--Db.]|
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B KauyecTBe ynpoLueHus npumvem, 4to V (er) = v/Mf, rgeg > 0. MNockonb-
Ky p Npv. U3MeHeHUN MEHSIETCS, MO-BUAMMOMY, CPaBHUTESIbHO MeaJieH-
HO, g, BEPOATHO, 3aksitoyeHo mexxay O u 1. OgHako ecTb nepemMeHHble, 414

KOTOPbIX CyMMapHble 3HAYEHNS 41 eAVHIAL, He CBA3aHbl C Mt 1 ANA HUX
MOXKeT ObITb MpYeMIeMbIM 3HaYeHVe g — 2.

AHanM3, KOTOpbIV GyAeT NpoBefeH C MOMOLLLIO 3TOM MOAE/N, OCHOBaH
Ha pabotax Weiitca (Yates, 1960), Oec Papka (Des Raj, 1954, 1958),
>KapkoBuya (Zarkovic, 1960), u KokpeHa (Cochran, 1953), nosib308aBLUNX-
Cs NOJOBGHLIMM MOAENAMM.

MbI orpaHMuMMcs ciydaem Tex o6cnefoBaHWiA, AN KOTOPbIX MOXHO
npeHebpeyb NMKC 1 N AOCTATOHMHO BE/MKO /18 TOro, Ytobbl 6bl1a cnpasesin-
BOM NpWGAMKeHHas opMmyna AUchepcMn A1 OUEHKM M0 OTHOLLIEHWIO.

M3 (9.33) BbITeKaeT, 4TO

#r=a+pM 4+ erMr,
Mr=a+p/14 (M~yMi/Ny,

7 -0 o+

[Ona Toro 4rtobbl OLUEHUTb CpefHee Ha 3MEeMeHT N5 COBOKYMHOCTW,
Bocronb3yemca (9.21), oTkyga, nocne geneHMs Ha M1 = N2V 2, uvMeeM
VE(Mf-2)

nVv<Y)- £ (yr~Y)2 - ENe(Mi-M ) +e iMi)2 P2+
M2 M2 M

rge 2 — E (M{ — M)2M 2 ecTb KBagpaTr KoahuureHTa Bapuaumm pas-
Mepa Mt. 17151 OUEeHKM MO OTHOLUEeHMO corfiacHo (9.23)

nV(VR):_EMHVi-fy _ EMt[a(lIIMi-\IM)+et¥ _
M
a2c* VE (Mf =5)
T
[ANna oueHKM Mpy 0TO60pe C BEPOATHOCTAMMW, MPOMOPLMOHa/IbHBIMU pas-
Mepy, cornacHo (9.26) x
EMi(yi-Y)3 _ EMi\a(\IMi-\IM)-+e{\*
nv (¥ pps) — M v
VE (m \ az2c2 VE{M\~e)
M VMt M) M M M

Pe3ynbTaTbl NpmBeaeHbl B Tabn. 9.7 otgensHo g g = 0, 1, 2. YneH, co-
fepXkalwpin v, CTOUT MepBbIM.

PaccmoTtpum cnepBa ciydaii a = 0, T. e. Korga yt He 3aBUCUT OT pas-
Mepa rHe3ga. Brtopble uneHbl Y nVR w nvpps ucdesaloT. O4yeBUAHO, 4TO

(@) VR< Vunnpng =0, 1,2

(un — OT aHrnuiickoro «unbiased» — HeCMeLEHHbIA). Ecan p (OHO B 3TOM
C/lyyae paBHO Y) BEe/IMKO, TO MPEBOCXOACTBO OLEHKM MO OTHOLLIEHWIO MOYKET
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/

i
Tab6bnwu u,// 9.7 \
CPABHVIMBIE 3HAYEHUSA nVun; nVp, u nVpps

/

PaBHble BeposT- PaBHble BEPOSATHOCTU. OT60p ¢ BEpPOATHOCTAMM
f

B v(«i) Jgﬁ;gﬁ OHLfeCmZ o?&gméimn}g MPOMOPLMOHALHLIMU pasMepy
r2ly2
0 % m(l+cr+c2® %0 +c*)+W
) MI \Mi) M]
1 v v v v a2r / 1\ 11
: P
Mi M M M2 MA M[ [Mt) M\
) v v caar v / 1\ az2
~ +c* P2
Mf M m>+ W M Mo X

X[ECi)-i’

cTaTb BecbMa 60/1bLMM. OTMETUM, MEXAY MPOYMM, YTOo Cyyalig = 1, a =

= 0 COOTBETCTBYET MOJIOXKEHNIO, KOFAa 3/IEMEHTbI 00bEAMHEHbI B FHE3da
CMyyaiiHbiM 06pas3om, T. e. Korja rHesgoBasi equHMLA CTOSb XKe pesy/ibTa-
TUBHA, KakK W OTAeNbHbI 3n1eMeHT. Kpome Toro, B 3TOM c/lyyae oLeHKa Mo
OTHOLLIEHMIO OKa3bIBAeTCA HaW/Tyullieri HECMELLEHHOW JIMHEAHOMA OLEHKOM.
Hanee, ecnrm a — 0, TO

2 Vpps< Vunnpng = 0, 1L

|_|pl/l g= 2 CpaBHMBaEMbIE ANCNEPCUN NMEKT BN

—-—--c2B- V _— V E ~ y—N"
mn~ m2 ' p’ pp*~ ™ &MM|)~ M2 u
CnepoBsatesibHO, 0T60P C BEPOATHOCTAMMU, MPOMOPLUOHa/IbHBIMA pa3mepy,

npegnoyvTuTesibHee, ecnu W/HP > P2

Korga a He paBHO Hy/0, T. €. KOrga yt yBe/IMuMBaeTCa WM YMEHb-
LaeTcsa Npy yBe/IYeHUM M 1 3I(PEKT OLIEHKM MO OTHOLUEHUIO U OLEHKU
npyv 0T60pe C BEPOATHOCTAMM, MPOMOPLMOHa/IbHLIM pasmepy, Mo cpas-
HEHMVIO C MPOCTbIM PAacrpocTPaHeHNeM 3aBUCUT OT COOTHOLLIEHUA Be/IUYMH
a np. Mpnp= 0, T. e. Korga cymmapHoe 3Ha4eHe 419 eauHULbl yT He
KOppesiMpoBaHo ¢ M 1 HeCMelLLeHHas OLEeHKa BCerga rnpeBoCXOAUT OLEHKY
Mo OTHOLLIEHMIO U OLEHKY MpU 0TO60pe C BEPOATHOCTAMM, MPOMOpLUOHab-
HbIMW pa3Mepy, 3a WCK/YeHEM, BO3MOXKHO, ciydas, kKorga g — O.

UT0 KacaeTcs CpaBHEHNS Vrr u Vpps, TO KO3hmLMEHTbI MpY a2 B 060MX
BbIPDKEHUAX MNPUONN3UTENLHO paBHbl. CrneaosaTesibHO, MMeeM Npubnun-
YKEHHO:

Vr > Vpps, ecim g = O;
Vr=V pps, ecin g =1;

Vr<V pps>eciin g= 2.
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Mpu paccrioeHWi Mo pasMepy eaMHULBLI peanucTudHoe cpasllelivie JC*
HepCUIA NPOM3BECTU TPYAHO, MOCKOMbKY pe3ysibTaTl 3aBUCUT OT TOro, Ha-
CKO/IbKO BE/IMKa Bapuauus 3Ha4YeHU M it COXpaHSALWasica BHyTpM obpa-
3oBaHHbIX C/I0EB. [lnA cnyyasn, korga BHYTPWU C/I0EB OAMHAKOBbI (3TO
Hanbosee 6/1aronpusATHLIN 471 pacc/I0eHHOro oTéopa ciy4aii), B Tabn. 9.8
MpviBeAEHbI 3HaYeHNsT hVst 47151 MPonopuyoHanbHoro (Vprop) v HelimaHoBa
OMTMMaJIbHOr0  Pa3MeLLEHNS, CpPaBHUMbIE C COOTBETCTBYHOLLMMU 3HAYe-
HUAMK B Tabn. 9.7.

Ta6nuuya 9.8
CPABHVIMbIE 3HAUEHUSA nVsi

S V (yt) np%‘;‘;ﬂéﬁ:’fﬁgme OonTumanbHoe pasmelleHune
0 \Y «(1+ c2 \
v v VE/mD22JIL n c2y
1 .
Mi M M 2 M\ 8 )
\%
2
M * M2 X

Monyunnuce crnegyowme pesynbTtartbl. (3aMeTMm, 4To A/ pacc/ioeH-
HbIX BbIGOPOK 3HaYeHMe a He B/NSET Ha aucnepcuio.) Mpu a = 0 Vprop =
= Vr gns BCEX TPEX 3HayeHWn g. [Janee, Vp” NpeBoCXoauT Amcnep-
CUI0 OLEHKM Mpy 0TGOpe C BEPOSATHOCTSAMM, MPOMOPLMOHa/IbHLIMU pa3me-
py, Npu g = 2, OAVHaKoBa C Heli Nnpng = 1 u ycTynaeT e npn g = 0.
Ecnn a 3HauMTeNIbHO OTIMYAETCA OT HyNs, TO Pacc/ioeHHbIM 0T6op Mpe-
BOCXOAUT KakK 0TO60p C OLEHKOM MO OTHOLLEHWIO, TaK M O0TOOp C BeposT-
HOCTSAIMM, MPOMOpUUOHasIbHBIMKN pasmMepy. Ecnv MoXKHO npoussBecTy on-
TUMa/lbHOEe pasMeLLeHVe, TO PacC/IoeHHbIM 0T60p HMKOrga He ycTynaeT
M MouTu Bcerga MNpeBocxXoanT Apyrue MeTodpl (B NPearnosioXkeHun, 4to Mr
O[IMHaKOBbI BHYTPW CJI0EB). R

OkKoHYaTe/IbHble BbIBOAbI TaKOBbl. Ecnun yt He 06Hapy>kmBaeT TpeH4a
WM 06HapY>XMBaeT HE3HAUMTESbHbIA TPeHA, NPU YBEMHYEHUN M 1 TO CMo-
€06 OTHOLLEHNS 1 0TOOP C BEPOATHOCTAMM, MPOMOPLMOHA/IbHLIMU pa3Mepy,
60/1€€ TOYHbI, YeM HECMELLEHHOE OLEHVIBAHVE NPV 0TOOpPe C paBHbIMK Be-
POATHOCTAMMW, TMPUYEM OHU MOTYT OblTb 3HAUUTE/ILHO 60/1€e TOUHLIMMU.
HecmelLieHHast OUEHKa OKasbIBaeTCsl Hau/yullel, ec/iv CyMMapHOe 3Haude-
HVe 4118 eOVHWLBI Y t HEKOPPeNMpoBaHo ¢ M r. Ipy 3TOM TOYHOCTb OLIEHKU
MO OTHOLLEHMIO M OLEHKM MNPV 0T60pe C BEPOSTHOCTSAMM, MPOMNOpPLMOHasb-
HbIMW pa3Mepy, NPUBNN3NTENBHO 0AMHaKoBa. MOCKOMIbKY OXKMAAETCS, YTO
g B 60/ILLUMHCTBE C/lyHaeB 3aK/4eHo Mexxay Ov 1, Mo-BUAVIMOMY, B LIESIOM
60/1ee TOYHa OUEHKa Mpy 0T60pe C BEPOATHOCTAMM, MPOMNOPLMOHa/TbHLIMU
pasmepy. C ApYyroi CTOPOHbI, OLEHKY MO OTHOLLUEHMIO fierye BbIYMCNATb
1 OHa 06Xo4MTCA AeLleBne, ec/v 3aTpartbl Ha MoslyYyeHve JaHHbIX 418 601b-
LWINX e4VHWL, BbiLLe, YeM A/19 MaulbiX, MOCKO/IbKY MpY 0T60pe C BEPOATHOCTS-
MW, MPOMOPLUMOHAsIbHBIMU pasmMepy, 60MblUvX eauHuy, 6yaeT B BblGOpKe
OTHOCUTENbHO 6osibLue. Pacc/ioeHVe AaeT 3HauuTeNlbHble MPenMYLLECTBa,
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€CIN MOXKHO 06pa3oBaTtb C/l0M, BHYTPU KOTOpbIX M { MeHsAwTca/manon
0C06EHHO €ecM OCYLLECTBMMO OMTUMasibHOE pasmelleHne. OgHo m3 n'
VMYLLIECTB CMOCO6a OTHOLLEHMST M 0T6opa C BEePOATHOCTAMM, mponoply
Ha/TbHbIMM pa3Mepy, COCTOMT B TOM, UTO OHW AAOT BO3MOXHOCTb npi
HUTb PacC/IoeHNE AN KaKMX-NnUoo ApYrmnx Lene.

9.13. OBOBLWEHWMNE HA C/ZIYYAN PACC/IOEHHOIO OTBEOPA

OT60p BHYTPW CMOEB C BEPOATHOCTHIO, MPOMOPLIMOHAIbHOW HEKOTOPC
XapaKTepucTuUKe pasmepa, Mosie3eH, Mno-BvAVMOMY, B TOM Crlyyae, KOrf
camo pacc/ioeHne nposefeHo MO HEKOTOPOW MepeMeHHOM, PHOM, Yem pa
Mep. Ecnn BbIGOPKM BHYTPU KaxKAOro /109 Masibl U He 0YeHb BesINK 06LLY
06beM BbIGOPKWU, TO, KakK Mbl Y>Ke Buaenn (naparpad 6.1Q), nmeroLLmec
[ONS OLEHOK MO OTHOLLIEHWMIO (hOPMY/Ibl HE OYeHb HAAEXHbI, P pasgesibHa
OLeHKa M0 OTHOLLEHWIO MOXET 06naaaTb CMeLLEeHVEM, KOTOPbIM Heslb3
npeHe6peYb.

Mpu oT6ope ¢ BEPOATHOCTAMU, MPOMOPLMOHASIbHBIMU OLIEHKE pasMep
(ppes), OLEHKa CYMMapHOro 3Ha4eHUs f/1s1 COBOKYIMHOCTU €CTb CyMMa OLie-
HOK MO OTAESbHBIM C/I0AM:

h
Ym
NPPe« = 2hK/,: 2h —

«A I r™M

M3 Teopem 9.3 n 9.5 BbITeKaeT:
ynp’-):f\yﬁ 2 I« (ﬁi J

V(YpPes) = ¥ —rlnn— BT 2\ /

9.14. OTBOP C HEPABHbIMW BEPOATHOCTAMW BE3 BO3BPALWEHWA

MHOro0 WHTEpEeCHbIX WCCMeA0BAHUIA BbISI0 MPOBEAEHO B OTHOLLEHWM
METOAO0B 0T6Opa eayHULL C HEpPaBHLIMU BEPOSITHOCTSIMM, HO Ge3 BO3BpaLL™
HWUA. Ha npakTuke 3TU Npo6sieMbl CBSI3aHbI B OCHOBHOM C MHOMOCTYNeHYaT
TbIM pPacc/I0eHHbIM 0T60poM (/1. 11), Korga Ha nepsoli CTyrneHn oTrpatoTces
6o/bLLUME THE3A0BbIE EAVMHMLBIL PaccnoeHve 60/bLUMX eAVHML, MOXKET ObiTb
[I0BEJEHO [10 TaKol CTeNeHW, UTO c/ion ByayT cogepyKaTth SINLLb MO HECKON!
Ky efVHWL, U Mo3ToMy fosieli oT6opa tifJNh Ha nepBoli CTYMEHN HeMb3st H_
yunTbiBaTh. OfHako 60/1blasi YacTb METOAOB 6blia paspaboTaHa CHavana
L7181 0JHOCTYMEHYATOro 0T60pa, A1 KOTOPOro BCE BbIKMAAKW MPOLLE.

MpeanonoXnm, YTo M3 C10st AO/HKHO 6bITb U3B/IEYEHO [BE €AVIHWLI.
MepBast egvHMLA OTOGMPAETCS C BEPOSITHOCTHIO, MPOMOPLIMOHASIbHOM pas-
Mepy. MycTb Npv MEPBOM U3B/EYEHUM Gblsia MoslyyeHa i-s egyHULA 1 |
OTHOCUTESIbHBIV pa3vep paBeH ru rae = 1. lNpv BTOPOM W3B/IEYEH
M3 OCTaBLUMXCA euHUL, OTOUPAETCs ofHAa C BEPOSiTHOCTLIO, Mporopy,
Ha/IbHOW ee OTHOCUTESIbHOMY pasmepy, T. €. /-1 eavHULA C BEPOSIT
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Zjl(1 CnepoBatesibHO, BEPOSATHOCTb TOr0, 4TO i-A eguHMUA OydeT
oTobpaH” NIMbo Mpu MepsoM, U600 MPY BTOPOM U3B/IEUYEHUN, paBHa:

N ZA'Zi
A«=m+ Y -/ - = (9.34)
1—r#
Ne
= «K{H 102~ Tz {1+ n—1rV,)3 9-35>

roe A = 2r;/(1 — Zj), B3ATon no BceM N egvHULAM.

MatemMaTnyeckoe OXXuaaHue Ynciia U3BMeKaeMblX eVHUL, paBHO 2AT.
MockosbKy 006513aTeNlbHO M3B/EKATCA ABE eAVHMLbI, Mbl AO/DKHbI UMETb
24; = 2, 4To /Ierko NpPoBepuUTb U anrebpanyeckn. Takum obpasom, OT-
HOCcUTe/NbHAasA BEPOATHOCTb (CKadkeM, r[) Toro, 4To i-A egMHMUA MOSABUTCA
B Bbl6opke paBHa A,/2 = r/. pn Takom crnocobe m3BseyYeHns r/ pasnu-
YaloTCs MeXKy Co60i Bcerga meHblue, Yem z;. B npumepe, MNprBoayMom
Weiitcom n Mpangm (Yates and Grundy, 1953) mpy N = 4, zt = 0,1;
0,2; 0,3 n 0,4, 2\ okasasnmcb pasHbiMM 0,1173; 0,2206; 0,3042 un 0,3579.
MckadkeHne BEPOATHOCTE He OYeHb 3HAYUTE/IbHO, EC/TN UMETb B BUAY, YTO
M3B/IEKAETCA MOJIOBVHA €AUNHUL,

MpeanosioXkMm Tenepb, YTO C MOMOLLBIO 3TOr0 WK Kakoro-siméo gpyro-
ro MeToja W3B/leKaeTcs Bbl6opKa 06LEMOM B N eaunHUL, 6e3 Bo3BpalleHus.'
MycTb

NE— BEPOATHOCTb TOFO, YTO -9 €4UHULA COAEPXXUTCA B BbIOOPKE;

Nntj — BEPOSATHOCTb TOr0, YTO KaK i-A, TaK N /*3  eguHWLbLI cofepkarcs
B BbIGOpPKe.

CnipaBe/1BbI CrleflyloLipMe paBeHCTBa: 3

= Anun=(n—idtf, 2 2 == T MIH"1)" 79'36*
| o] i <
[Ans Toro utobbl NMPOBEPUTL BTOPOE pPaBeHCTBO, 0603HauUMM yepe3 P (S) Be-
POSATHOCTb MOSyYEHUST BbIGOPKWM, COCTOSALLER M3 N onpeaesieHHbIX eAVHULL
[s— ot aHrnwiickoro «sample» — Bbl6opka]. Torga nu — 2P(s) no
BCEM BblOOpKaM, COAEPXKALLMM i-t0 U Y0 eauHMLpBl, U AT = 2>P(s) M0 BCEM
BblGOpKaM, cogepxalym i-t0 eguHny. MNpy noacyeTe 2num No BCeM j ¢ i
Kaxkaaa P (s) An1A BbIGOPKW, copepykallen i-10 egunHuly, OyfeT y4acTso-
BaTb B 3TOM cymMme (n — 1) pa3, MOCKOMbKY Bcero mmMeetca (n— 1) oT-
JINYHBIX OT i 3Ha4YeHW /. Tem caMbiM BTOPOE PaBEHCTBO [0Ka3aHo. TpeTbe
paBeHCTBO creayeT U3 NepBbiX ABYX.
Mokaxkem Tenepb, Kak MoayynTb HECMELLEHHYH OLIEHKY Y, CyMMapHOro
3HaYeHUs1 4NA cfos, ee AUCMEPCUIO U OLEHKY 3ToW aucnepcun. Ecnn no-
NoXuTb r[ — n,/n, TO 3Ta OUEHKAa NUMEeET BU[

ras -, g : (9-37>

rge ti — 3HaueHve npusHaka gnd i-i eguHngpl. Myctb is(i =1,2, ...,N)
OyAeT c/ydaiiHoM MepemMeHHON, MNpUHMMAaloWen 3HaveHue 1, ecnn i-A
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eaVHULIA MonaaeT B BbIGOPKY, W Hy/lb B MPOTUBHOM C/ydae. Torga t%
MoJuMHSAETCA BUHOMWASILHOMY pacnpeaesieHnto Npu  0AHOM  UCTbITaHUM
C BEPOSITHOCTBLIO ycrexa sir. Takum 06pasom,

E(@®=ar= mi; V@)= nt@l—san.

Ham noHapobutca Taroke 3HadeHne Cov (fjff). Mockonbky titj = 1, Tonb-
KO ecnn 06e efuHWUBI nonann B BbIGOPKY, TO

Cov (tit)) = E(titj) — E(t)E(t) — nuy, — ziizj.

C]'Ie,EI,OBaTEI'IbHO, cynTas yr Hem3MeHHbIMU 4Yucnamun, a tt CﬂyLIaVIHbIMM
rnepemMeHHbIM1, NMEEM

V(Yu) =

1 N N N
| (9.38)
i ot iyio*
31U pe3ynbTartbl 6bUM nosydveHbl XopsuueMm 1 TomncoHom (Horvitz and
Thompson, 1952). [ipyroe BbipadkeHWe N5 AUCMIEPCUN MOXHO MONYUUTD,
Mosib3yAcb MepsbiMX ABYMS paseHcTBaMu U3 (9.36).
3TU paBeHCTBa AaloT

2 *M—«l a2))= (n—)w—w (n- an= —ar(l—a,).
L

Otctoga, 3ameHsas Al — an B (9.38), nonydaem

YTO MOXXHO MpeactaBnTb Kak

« >« (/T ~ T r/y/ - <939>1
OTCPO,CI,a cnenyet, 4YTo HeCMelleHHaA OLeHKa aTon auncnepcunn no BbI60pKe
eCTb

1 n. mn \~

M rl’n;
(9.40)

.. JL>* 1z, 2 1
itd

Mpy YCI0BMK, HTO Hij He 06paLLIAIOTCA B HY/Ib HU [/1 KaKoii Napbl e4UHNLL
OTa oueHKa 6bl1a nonyydeHa Weiitcom v MpaHay (Yates and Grundy, 1953).

MonyyeHHbIe COOTHOLUEHWSA MOAKPENASIOT TeopeTMyeckoe 060CHOBa-
HVe oT6opa 6e3 Bo3BpalleHUs. [Mpy KX MpaKTUYECKOM MPUMEHEHUN BO3-
HMKaKT HEKOTOpble TpyAHOCTW. Mo Mepe Bo3pacTaHus n Mpu o6om Me-
ToAe 0T60pa CTAHOBUTCS BCE TPYAHEe COXPaHUTb I/ 6/IM3KUMN K MCXOAHBbIN

Zi. EbluvicneHve a1 n nu ycnoxxHsetca. OueHka avcnepcumn (9.46) cra-
HOBUTCSA BCe 60/1ee HEYCTOMYMBOM BEIMUMHOMA M3-3a TOTO, YTO BE/INUMHDI
(AmMj — nu)/Nn MeHSATCA B JOBOIbHO LUMPOKWX Mpedenax U MHorga Mo-
ryT ANpUHUMAaTL OTpULaTesbHble 3Ha4YeHNS. HekoTopble OCTPOYMHble Mpu-
eMbl, NpeAHa3HavYeHHble 47151 TOro YTo6bl NPEeoaoseTb 3TN TPYLAHOCTU, OMK-
CbIBAKOTCA B CreAyloLLeM rnaparpade.

9.15. APYTME MOAXOA4bl

Hapelit (Narain, 1951) Hallen Takue MCXOAHble BEpOSTHOCTM W3Bre-
YeHWNs, MPW KOTOPbIX OKOHYaTeflbHble BEPOATHOCTN CTAHOBATCA MPOMop™
LMOHasTbHBIMU pasMepy eavHuLbL PaccmoTpum, Hanpumep, criyyaid, Korga
n= 2. EcM Mbl XOTUM, 4TOObl AT = 2zu TO, Kak Criegyet m3 opmysibl
(9.35) naparpagha 9.14, UcxofHble BEPOATHOCTU  [O/DKHbI YAOBNETBOPATH
YypaBHEHVIAM

+20 -rnr}

. Mertogp! pelueHVsi 3TUX ypaBHEHWn 6blM paspaboTaHbl HapeiHoM 1
Weiitcom n MpaHan. Mpuy n > 2 BbIUMCNEHNS JOBOIbHO FPOMO34KM, a npuv
[JOCTaToyHo 60MbLUMX N MEeTofd, KakK U BCe Apyrve noaxofbl, CTaHOBUTCA
HeMnpUrogHbIM.

Meptn (Murthy, 1957), cnegysa patote Oee Pamka (Des Raj, 1956a),
NnoNb3yeTcd B Ka4yecTBe OLIEHKWM B3BELLEHHOM yMMOU

~ 5> («t0 vyi
M~ T{s) '
rae P(s |i) — ycnoBHasAs BepOATHOCTb MOJlyHYeHUs Habopa efvHWLL, CcocTas-

NSAWUX U3BMIEYEHHYIO BbIGOPKY MPW YC/IOBUW, UTO repsoii Gblia U3BIe-
yeHa i-s1 eQVMHNLE;

P(s) — 6e3ycnoBHasi BEPOATHOCTb MO/y4YeHUA Habopa eauHWL, ' o™ *1 *

CTaBNSIIOLMX U3BMIEUEHHYIO BbIGOPKY.

JTOT MeTof MPUMEHMM K 060 cxeMe 0TGOpa, MpU KOTOPOK BeposT-
HOCTb WM3B/IEYEHMSI MOC/IEAYIOLLMX eAVHULL BbIGOPKWN HE 3aBUCUT OT nopsif-
Ka, B KOTOPOM GbUM M3B/eYeHbl MpeAblayLuve eauHULbl, XOTSl, KOHEYHO,
OHa MOXET 3aBUCETb OT PasMepa OTAESbHBbIX eanHML, [py 3TUX YCNOBUSAX
OueHKa GyfeT HEeCMELLEHHOM 1 MepTy nofyunn o6LUMe BbIPaOKEHWS A71s
€e AuCnepcun W OLUEHKM aucnepcun. 3Ta cxema 06/1afaeT TeM Mpermy-
LLIECTBOM, YTO MNPV N = 2 OLEHKa AMCMepcun Bcerga MosoXkuTesibHa. B
3TOM Cc/ly4yae OLeHKa MPUHUMaEeT BU[

Yezpfpfa - d) i+ (1 2)5

a OLeHKa ee gucnepcunn
Is, Y,y
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B wmetone Aee Pampka (Des Raj, 1956 b) npeanonaraeTcs, 4To Ham 1 3-)
BECTHbI 3HAYEHNSA HEKOTOPOW BCMOMOraTeslbHOM MepeMeHHOM xr (eH0 MOXKET v
CMY)XKUTb N pasvep eavHWLbI), TaKoW, 4YTO 3aBUCMMOCTb MeXay yt n xt
NHerHa. C NOMOLLbI0 METOA0B JIMHEMHOro NporpaMmMupoBanuns [ec Pamk y
Hawen, Assg n = 2, Takue 3Ha4eHns N1}, 4To Nr MponopumoHasibHbl Xt

u uto V (Ft;), 3agaBaemas (9.38), MUHUMaIbHA.

[lBa ocTaslbHbIX METOA OCHOBaHbl Ha Y>Ke PacCMOTPEHHbIX MpremMax. m
MepBbI 13 HMX, paspaboTaHHbIi XapTan n Pao (Hartley and Rao, 1962),
COCTOWT B TOM, 4TOObl PacrosioKMTb €OVHULBI B CydaliHOM nopsiake, /
nogcumTatb HakornneHHble CyMMbl MX pasmepa M 3aTeM W3B/IEYb M0 3TOMY -
HaKOM/IEHHOMY pa3Mepy CUCTEMATUUECKYH BbIGOPKY «KaXKAOro &-roy. <
Ecnn Hy>XHO nonyunTb BbIGOPKY 06BEMOM B M €4MHWL, TO Mbl nona- 5
raem k = MJn, Haxogum ciyyamHoe 4ucno r mexay 1u k u otémpaem m
e4VHULBI, coAepyKallive B COOTBETCTBYIOLUMX MHTepBasiax HaKOMJIeHHOro
pasmepa uimcna r, r+ k, r + 2k u T. 4. Ecnn pasvep Kakoii-nm6o
eAVHNLUbI 60/ble, YeM M O, TO OHa MMEET LUAHC ObITb BKJ/IHOUEHHOM
B BbIOOPKY [ABa>KAbl, HO B OCTa/IbHOM MPW TaKOM CXeme 0Tbopa BeposiT-
HOCTb W3BJIYEHVS1 eAMHULbBI MPOMOpPLMOHa/IbHa ee UCXOAHOMY pasmepy, T
CpefHee yjzi eCTb HeCMeLLEHHas OLeHKa Y.

Xaptnu 1 Pao nonyunnn BbIpadKeHUSA 47151 AUCMEPCUM N AN OLEHKU
avcnepcin npyu Tako cxeme 0TOopa, MpefcTaB/eHHble B BUAE passiodxke-,
HUSA M0 OTpUUATeNlbHbIM cTeneHAM N. Pe3ynbTaTMBHOCTb 3TOr0 METOAa,
no-sMaumomMy, 61mMsKa K pesysibTaTtMBHOCTM MeToda HapeiiHa, npn KoTopom:
BEPOSATHOCTN TaKXKe OCTaTCH MPOMOPLMOHASbHBIMA UCXOAHOMY pasmepy!,
eavHWUpl. MeTog, npeaycMaTpuBalOLLMA cucTeMaTmnyeckmii oT6op, no3so-1
NAET 136eXKaTb BbIUUC/IEHNSA HOBbIX MCXOAHbIX BEPOSATHOCTEN WM3BEUEHWS.

HakoHeu, Mbl MOXKeM pasfeninTb COBOKYMHOCTb Ha M rpynn v u3 Kax-*
[0 rpynnbl N3B/MEKaTb MO ofHoM eavHKMLE C BePOSATHOCTAMK, MPOMopumo-.
Ha/TbHbIMM OTHOCUTENIbHOMY pasMepy 4718 3TOM rpynnbl, Kak onvMcaHo B na-’
parpade 9.9. Ecim i-a egMHMUAa OKasasiacb B MEPBOM rpyrnne, TO BEPOAT-,
HOCTb ee U3B/IeYeHNs paBHa zilZ1, rae Zy— 21T, B3ATOM N0 eAvHULEAM nep-
BOM rpynnbl. CnegoBaTesibHO, 4TOObl COXpPaHUTbL CBOWCTBO 0T60pa C Be-
POATHOCTSIMW, MPOMNOPLMOH&A/IbHBIMU pasMepy, rpynrbl A0/MKHbI 6bITb 06-
pa3oBaHbl TakMM 00pa30M, YT0Obl, HACKO/IbKO 3TO BO3MOXKHO, ZX = Z2 =
= Zsu T. A HecmellgHHOM OLUEHKON Y CAYXUT

roe ¥}, Z] — 3HadeHve Npu3Haka WM pasmep eaviHWLpbl, W3BeYeHHOM wu-1
rpynnbl / [G— OT aHrnmiickoro «group» — rpynnal. HecmelleHHO
OLIEHKM AMUCMePCUN He HaliaeHo, HO MPEeYBESIMYEHHYIO OLIEHKY MOXXHO [0
Ny4nTb MeTOAOM COBMELLEHHBIX c/oeB (naparpad 5A.11).

OfvH 13 BapuaHTOoB OMMCAHHOM TOIbKO YTO CXEMbl COCTOMT B TOM, YTO*
6bl 06beAMHATE eAVHULBI B TPyMMbl C/lydaliHbiv 06pa3oM, CTpeMsiCb cae-
natb uucsio eavHUL, B rpynnax, Mo BO3MOXKHOCTW, OAMHaKOoBbIM. EcT
N — Qn + k, rge Q — HekoTopoe uenoe umcno m k< n, T0 Mbl 06p
3yem k rpynn, cogepxkawmx no (Q + 1) eamHuy,. OcTaslbHble {n —
rpynn cogep>kaT no Q egvHuy, OueHka Ko 6yaeT HecMeLLeHHON.
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CKOJIbKY MpW 3TOWM Cxeme 0T6opa Zu BooOLEe TOBOPS, He paBHbl, TO Be-
POATHOCTU Yy>Ke He 06s3aTesibHO MnpornopumoHasibHbl zt. K gocToMHcTBaM
3TOli CXembl, MOMUMO MPOCTOThI €e peasin3aumm, OTHOCUTCA U TO, YTO Haii-
[eHbl TOYHbIE BbIpabKEHUA ANnsa aucriepcmii. Pao, Xaptim n KokpeH (Rao,
Hartley and Cochran, 1962) nokasanu, 4To

V<to H K 1- TET+5HEN>)12"(-?2=- Y)"'"

rae Ypps — oueHka (naparpad 9.10) anst otéopa ¢ BEepPOATHOCTAMM, MPO-
MOpLMOHasIbHBIMW Zit U C Bo3BpallgHVem. [epBbIii YieH B CKOOKax urpaet
ponb CBOEro pofa nkc. BbipakeHWe, aaiollee HECMELLIEHHYH OLEeHKY Auc-
nepcun, UMeEET BUL

V(Y N* + K (n—K) ~ Nn
©C)  N*n—\)—k{n—Kk)

9.16. HEKOTOPbLIE CPABHEHWA TPUN n=2

Cnyyain, korga n = 2, BepOsiTHO, Hawmbonee, pacnpocTpaHeHHbIM, a
Takke Hamboriee NPOCcToii. BblbMpasi meTod 0T6opa, HY>XKHO Y4WTbIBATb
cnegyowpme GakTopbl: (a) /1ErkocTb M3B/eYeHUs bloopkn, (6) MpocToTy
OLIEHKWN, (B) AOCTOBEPHOCTb OLIEHKM U (I) BO3MOXKHOCTb MOSTYYEHUST HEKO-
TOPOW OLIEHKM AMCMEPCUN 3TOM OLIEHKMW.

MogpobHOro cpaBHEHMST 3hhEKTMBHOCTM OMMCAHHbLIX METOAOB He Mpo-
N3BOAN/IOCH, HO HEKOTOPbIE M3 HKX ObUIN MPUMEHEHbI K TPEM HE60/IbLLVM
COBOKYMHOCTAM ¢ V= 4, N = 2, NoCTPoeHHbIM Neiitcom u MpaHam (Ya-
tes and Grundy, 1953). Janee cpaBHMBAOTCSA LLECTb METOAOB MPUMEHU-
Te/lbHO K TPeM COBOKYMHOCTSIM ¢ N = 5, n — 2, 06pa3oBaHHbIM Criefyto-:
wyM obpasoM. Pasmep egvHWUL, 2r OAMHAKOB /11 BCEX TPexX COBOKYMHO-
ctein (J1, B, B). [Na COBOKYMHOCTM A CpedHee Ha a/ieMeHT, MpPOonopLmo-

Ta6numpa 9.9
TPWN HEBOJIbLUVE NCKY CCTBEHHbLIE COBOKYMHOCTU

OTHOCUTENbHbIN pa3mep efuHUL, Zj 0,1 0,1 0,2 0,3 0,3

CoBOKYyMnHOCTb A i 0,3 0,5 0,8 0,9 1,5
yt/Zi 3 5 4 3 5
i 0,3 0,3 0,8 1,5 1,5

CoBokynHocTb B viIy 3 3 a 5 5
i 0,5 0,5 0,8 0,9 0,9

CoBokynHocTb B Ullzi 5 5 4 3 3
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HanbHoe yfa, HekoppenvpoBaHo C zt. [1s COBOKYMHOCTW E cpefHEe HiAj
3/IleMeHT pacTeT Mo Mepe YBeNIMYeHUs pasMepa efuHUUbl U O1S COBOKyM-1
HOCTU B cpefHee Ha afieMeHT YObIBaeT Mo Mepe yBeNIMYeHUs pasmepa.

CpaBHMBAIOTCA Clefylollive CXeMbl oT6opa. Bce OHM Aal0T HecMeLleH-
Hble OLEHKMW.

1. MepBaa eauHULA WN3BMEKAETCA C BEPOATHOCTLIO, MPOMOPLIMOHANb
HOW Zt, BTOpasi — C BEPOSATHOCTbIO, MPOMOPLMOHAIbHON pa3mepy 0cTas
wuxcsa eguHnL,. OueHKa:

2. VcxofHble BEpOSITHOCTU BbIbMpatoTces, Kak npegnaran HapeiiH, ta
yTobbl Ar=:2rr. OueHKa: YN= -~'2yi/zi.

3. EavHuubl pacnonoxxeHbl cryyaHbiM 06pa3oM 1 U3BMEKAETCA CUC
MaTnyeckas Bbl6opka. OLeHKa:

-rNyilZi.

4. CoBOKYyMHOCTb pasfgerfieHa Ha fiBe rpynrbl, CyMMapHbIA pasvep e
HUL, B KOTOPbIX OAMHaKoB. OfHa rpynna coaepXXuUT eauvHWLbl, VMEIOLLM
pasmep 0,1; 0,1;- 0,3; apyrasa — umetowme pasmep 0,2; 0,3. (Kakas
60/bLINX e4VHUL, BK/IOYEHA B FPYMny € MasibIMU eauvHuLaMK, Posiv
urpaet.) OueHka: YC\= 2Z, (yfa).

5. EauHuubl cnydaliHbiv 06pa3oM 06beviHeHbl B rpymnnbl, coaep>
LMe TPY eauHMLbl 1 ABe eauHUUbl. OueHka: Yg2 = 2Zj (yfa).

6. EovHMUbLI 0T6MpaloTCA € BEpPOATHOCTAMM,  MPOMOPUMOHasIbHBIN*

pasmepy, U ¢ Bo3BpalleHvem. OueHKa: Yppa = ~

B Ta6n. 9.10 npvBeaeHbl AUCMEPCUN COOTBETCTBYIOLLMX OLIEHOK,
CpeaHeM MepBble MSATb METOA0B HE 0GHAPYXXUN MeXay co6oi 0cobbix pr
JIMUNIA N BCe OKa3a/IUCh MPEBOCXOAALLMMM 0T6OP ¢ BoO3BpaLleHuem. Cpe
HVe 3HAYEHNST AVCMEPCUIA MO TPEM COBOKYMHOCTSIM MOTYT BBECTM B 3a6/ysiA
[leHVe, MOTOMY UTO COBOKYMHOCTb A, MOXasyid, 6onee TMNUYHA A8 CUTY™
UMIA, NpU KOTOPbIX MPUMEHSIETCS OTGOP C BEPOSITHOCTAMM, MPOMOpLWi

Tab6nH ua 9.10J

ANCMNEPCUN OLLIEHOK CYMMAPHbIX 3HAUEHUI /19 COBOKYMHOCTU
OueHka 1
COBOKYMHOCTb
Yn $SYS 2G1 Y2 ~PPs J

A 0,279 0,244 0,233 0,220 0,320 0,400 1
5} 0,434 0,252 0,273 0,300 0,256 0,320J
B 0,120 0,252 0,273 0,300 0,256 0.32QJ

CpepHee 0,278 0,249 0,260 0,273 0,277 0.341
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HanbHbIMM Pa3Mepy, YemM COBOKYMHOCTM B mn B, XOTHA Takoi oT60p npw-
MeHsieTcs 1 AN1a cnyyaes, korga yfa Koppenvpo”aHbl ¢ z;.

[ns coBoKynmHOCTU A cxeMbl (Yu U Ygi), NPU KOTOPbIX BEPOSITHOCTU
M3B/IEUEHNST UCKaXKAKOTCS, OKa3as/INCb MeHee TOYHbIMK, YeM TPU CXEMbI,
NPU KOTOPbIX 3TN BEPOSITHOCTU COXPaHSIOTCS.

HecmeLLieHHbIe OLEeHKM OLLIMGKM UMetoTea cornacHo (9.40) ana Yu n YN
C TeMm, OfHaKO, HEAOCTATKOM, YTO HY>XHO BbIYUC/ATL AL, U OLEHKa MOXET

6bITb BeCbMa HeycTonumBo. OueHKa Y €2 (pa3bmeHune Ha rpynnbl cryyaii-
HbIM 06pa3oM) MPUMEHMUTESIbHO K OLIEHKE ee OLUMOKM HaxoauTcs Mo cpas-
HEHMIO C OCTa/IbHbIMU B HaW/TyULLIEM MOSIOXKEHUMN.

Ynpa>XHeHWUA

9.1. CpaBHUTe N0 AaHHbIM Tabn. 9.1 oTHOCUTENbHbIE U3AEPXKKN NPU NMPUMEHEHNN
yeTblpex TUMOB eANHUL, ecnn Lenb 06cnefoBaHUs COCTOUT B TOM, YT06bl OLEHUTbL 06-
Lee 4YMCM0 CaXKeHLeB Ha rpsage co craHAapTHoOW owwunbkoli B 200 caxkeHues. (3a-
MeTbTe, YTO MKC YyYUTbIBAETCSA.)

9.2. lo gaHHbIM Tabn. 3.5 (c. 81) oueHUTe CPaBHUTENbHY TOYHOCTb KaK eAnHU-
Lbl oT6opa [OMOX035IicTBA M OTAE/MbHOr0 Aunua MNPH OLEeHMBAHUW OTHOLIEeHWA 4ucna
MY>XUUH K 4YUCAY XKEHLIMH 1 40NN No[eli, NoCeTUBLLUUX Bpaya B TeYeHWe NpoLuefmx
12 mecsLeB, npegnosaras, YTo MPOM3BOAUTCA MPOCTONM cay4valHbli oT6op.

9.3. CoBOKYMHOCTb, cocTtosAwasa u3 2500 snemeHTOB, pasfesneHa Ha 10 cnoes,
KaXAblii M3 KOTOPbIX COAEPXUT 50 60NbLINX eAUHUL, BKAYAWLWMX N0 NATb 3/1EMeH-
TOB. AHa/IN3 ANCrNepcumn, Ha 0OCHOBAHMM 3/IeMeHTa, HEKOTOPOro Npu3Haka A/l CoBoKyn-

HOCTU wnmMeeT BUA:

Ywucno cteneHein o
CpefHuin kBagpart

cso6oga
Mexay cnosmm (o} -30,6
Mexay eavHMLAMU BHYTPWU C/l0eB 490 3,0
Mexay aneMeHTaMu  BHYTPU  6GOMbLUMX 2000 1,6

efMHnL,

ByneT nn oTHOCMTENbHAs TOYHOCTb 60MbLION €AUHULLbI MO CPaBHEHMUIO C Masnoi
eflMHULEl NPH NPOCTOM cny4vaiiHoOM oT6ope 6onblue, YeM MPU Pacc/I0eHHOM Cl'IyHaVIHOM
oT6ope (C NponopuMOHanbHbIM pasmelieHnem)? T[MTKC MOXHO nNpeHebpeub. ;

9.4. CoBOKYNHOCTb, cogepykawas LIVM anemeHTOB, pa3geneHa Ha L cnoes,

B Kaxkgom no N 6onblimnx eguHuy, npmnyem Kakgas M3 HUX COCTOUT U3 M manbix egn-
HUY. 3 aHanmnsa gucnepcun Ha 0OCHOBaHUM afieMeHTa AN 3TOW COBOKYMHOCTU U3BECT-

Hbl cnegywuwne BesIMYUHDIL

S| — cpegHuin KBagpat Mexay C/0aMu;
S| — cpefHuWit KBagpaT mMexay 60NblWNMU eaUHULAMU BHYTPU CI0€B;
S| — cpefHuWit KBagpaT MeXAy 3/1eMeHTaMu BHYTPU Crl0eB.

MokaxkmuTe, 4To ecnm ~NBeIMKO MU NKC MOXXHO NpeHebpeyb, TO OTHOCUTENbHAA TOYHOCTb
60N1bLIONM eANHULbI MO CPABHEHWIO C Masio efuHULENR (3NeMeHTOM) yBenmynBaeTcs npu

paccnoeHun, ecnun
M—1) M 1

S* < S* s§ '
9.5. B cenbcKox035icTBEHHOM 06Cnef0BaHUM, B KOTOPOM eAuHULel oT6opa cny-

XXUT rHe3fo, coctosuiee n3 M epm, U3LEpPXKKM Ha NonyyeHue BbIGOPKM 06beMOM B N
eAMHNL, PaBHbI:

C=4/Mn+60Y 1,



roe t — BpemMs B yacax, 3aTpavymBaemMoe Ha roslyyeHue 0TBETOB OT OAHOro ge] «
Mpwn ycnosuu, 4to Ha obcnegoBaHue oTnyweHo 2000 gonn., 6binn NonyyeHbl <

wue 3HaveHna Jligna M — 1,5, 10; ~=

vyaca

t—2 yvaca

400

153

1/2, 2:

M
5

131

40

10

75

21

MpoBepbTe ABA U3 3TUX 3HAUYEHWI, UTO6bl Y6eAUTLCS B TOM, YTO Bbl ymeeTe Mid

MeHATb opmyny.
Avicnepcns Bbl60poYHOro cpeaHero (ecnm npeHebpeyb MNKC) paBHa

Ecnu p = 0,1 ana scex M mexay 1wm 10, T0
60NbLIY0 TOYHOCTbL npu (a) t =

B pe3ynbTaTax.

9.6. Ecnu Ha To Xe o6cnegoBaHue oTnyuweHo 5000 pgonn., yBennumtca n»
BalleMy MHEHWI0,, ONTUManbHbIN pasMep eANHWULbI UNU YMeHbLWNTCA (N0 cpaBue
CO c/lyyaeM, Korga usfep>Xku pasHbl 2000 gonn.)? Mo KakMm nNpuymMHam 3To npowi
net? Bbl moxeTe,

Balln [0BOAbI.

ecnn X0TuTe, MakTU oNTUMasbHbI pasmep,

~U + (M

1/2 vaca, (6), t =

-dpi.

Kakol pasmep eguHuUL, obecneymT :

2 yacam? O6bsicHuTe pas/

uyTo6bI NoaTBep$

9.7. Xopsuy, n TomncoH (Horvitz and Thompson, 1952) npuBoaAaT crneaym
[aHHble 0 rNa3oMepHbIX OLEHKax uyucna gomoxossiicts Mi

Ml

((i

\

1,0000
1,4444
1.0000
1,0000
1,1667
1,2143
1,0714
1,1765
1,0556
1,0000

yp Mi

9,000

Vi

«i

1,0000
1,1905
1,1739
0,8750
1,4583
0,8800
0,9615
1,0000
1,5667
0,9250

N 0 AeACTBUTENbHbIX i
yenmsax yi no 20 ropoAckum KBapTanam 3Jiimca, wrtat AioBa:

Vil

19,0d
29,71
31.6LL
18,311
51,04

. 19,31l

Ansa Toro 4tobbl 061€rYnTh BbIYMCAEHMSA, NMPUBOAATCA TakXKe 3HadeHus (/; n yLy
M3BnekaeTca Bbl6opKa, cocTosiLwiast U3 N =
LYW MX OLLeHOK 06L,ero ymcna gomoxo3saiinctse, K: (a) HecMeLWeHHOM OLeHKU Npu i
pe ¢ paBHbIMU BEPOATHOCTSIMU, (6) OLEHKWM MO OTHOLIEHUIO NMpu 0T6Ope ¢ paBHbIM!
poOsiTHOCTAMM, (B) OLEHKW MpU 0T6OpPe C BEPOSATHOCTAMM, MPOMNOPLUOHANbHbIMK-!
(ANSA OUEeHKM MO OTHOLIEHMI BbIYUCANTE UCTUHHBINA CpefHUIA KBagpaT oW mnbKn,*
ero npubnmxeHHoe 3HaveHne.) CornacyloTcsa An Bawun pesynbTaTbl C TeM, YTO ro

nocb B naparpade 9.12?

9.&.

1 kBapTana.

Bbluncnute gucnepcun;!

Mo HeKOTOpOi BbIGOPKE CPeAHMUX LIKO/ paccbiiaeTca aHkeTa, 4Tobbl J

HUTb, B KaKMX U3 3TUX LUKON UMeeTca onpejesieHHoe o6opyjoBaHue, Hanpumep

06y4YeHUS pYycCKOMY A3bIKY WM ANs nnasaHus. Ecnu Mi — uucno yvauwimxes
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LKose, TO AN TOr0 WUAM WUHOTO Buaa 060pyA0BaHUS BE/IMYMHON, Noasexallein oueHun-
BaHWIO, CNYXUT gona P yuawmxca Tex WKoM, KOTopble MMEKT 3TO 060py0BaHME, T. €.

N

2  Mi
=1

roe 2 — cymMma Mo BCEM LWIKOJSIaM, WUMeLWMM 3T0 06opyfoBaHue.

w
M3BnekaeTcs BblGopka 06bEMOM B I LUKO/I C BEPOSATHOCTbIO, MPOMOPLMOHaNbHOM’
Mt, c¢ BosBpaweHuem. OKa3anocb, 4YTO ONpeAeNneHHbIi BUA 060pyaoBaHUA MMeeTcH

B @ WKonax H3 n. (a) NMokaxwnte, 4to P=aln ecTb HecMelieHHas oueHka P n yTo uc-
TUHHaA pucnepcus 3toli oueHkuM paBHa P (1 — P)/n. (YkasaHue. B cneactBuun u3

TeopeMbl 9.4 nonoxute fj = Mi, ecnn wKona umeet 3To obopypoBaHue, u 0 B Npo-
TUBHOM cny4ae.) (6) MokaxuTe, 4To HecMmelleHHast oueHka V (P) ectbv (P) — P (1 —
- PY/(m- 1)

9.9. B HeKOoTOpOi COBOKYMHOCTWM 6oMblUMEe eAVMHULbI CTPYNMNMPOBaHbl MO pas-
MepaM B KOHEYHOE YMC/I0 TPYMN: BCe eamHuULbl n3 rpynnbl Ncogepskat M/, manbix egu-
HUY. (a) Mpu KakuMx ycnoBusiX 0TGOpP C BEpPOSITHOCTAMM, MPONOPLUOHANbHbLIMU pas-
Mepy, AacT, B CpefiHEM, TO e pacnpejesieHue rpynn no pasmepy B BbIGOpKe, YTO U OT-
6op C paccqioeHUeM Mo pasmepy eAVHULbI C ONTUMasIbHbIM pasmellleHnemM NpU HeU3MeH-
HOM 06beme BbI6GOpKN? (6) Ecnn gucnepcms npusHaka cpeaun 60nblWInNX eqUuHNUL, B Tpyn-
ne h pasHa feMft, rge kK — o4HO 1 To e Ans Bcex rPynmn, TO NPU KakWX 3HAYEHUSX
BEPOATHOCTEN ANA efnHUL, 6biTb O0TOGPaHHLIMW pacnpegeneHve rpynn no pasmepy
B Bbl6opKe 6yaeT MpUOGNN3NTENBHO TaKuMM >Ke, KakK W ANA pacC/ioeHHOM cny4yanHown
BbIGOPKN C ONTUMasIbHbIM pasMellleHVeM MNPH HEW3MeHHOl o6beme BblIGOPKN?

9.10. N3 HekoTopoi coBokynHoctm ¢ N = 3, rF— 1/2, 1/3, 1/6, yi= 7, 5, 2
n3BneKawTcs 6e3 BO3BpalleHUs [ABe eAWHWULbI, NMepBas — C BEPOATHOCTbK, Mponop-
LMOHanbHON T, BTOpass — C BEPOATHOCTbIO, MPOMNopLMoHanbHoli pasMepy ocTaBLUUX-
CA egnHuny, (a) MposepbTe, UTOo B 0603HaYeHUAx naparpada 9.14 Aj = 51/60, n2=
= 44/60, n3= 25/60 n uyto AAla= 35/60, n13= 16/60, AB = 9/60. (6) CpaBHUTe

Avcnepcun Unun cpefHune KeBagpaTbl OWNOKN OUeHOK YV, YSYs< YC2> onpegeneHHbIX
B naparpade 9.16. (Ona YV n KC2 nnn nocTporite BCe BO3MOXXHbIE OLEHKU WAn
npumeHutTe opmynbl gHcnepcuH. Ana K5y5 nocTpoiiTe BCe BO3MOXKHblE OLLEHKW.)
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INABA 16

MNoAOTBEOP MPU EAVMHULAX
OIVVHAKOBOIO PA3MEPA

10.1. ABYXCTYMNEHYATbLIA OTBOP

MpeanosnioXknm, YTo KadKaylo eAuHULY COBOKYMHOCTM MOXKHO pa3feninTb
Ha HEKOTOpOEe YMC/I0 MEHbLUMX €AWHWL, WM 3N1eMeHTOB. V13B/1eKaeTcs Bbl-
6opka 06beMoM B N eAHULL. Ecnn anemMeHTbl B HEKOTOPOK 0TOBpaHHOM eaun-
HWLIE Jal0T CXOAHbIe pe3y/ibTaTbl, TO, NO-BUAVMOMY, HESKOHOMUYHO Habsto-
[JaTb Bce 3T 3nemMeHTbl. O6bIYHO M3 KaxKaol 0To6paHHOM eanHVLbl U3BIe-
KaeTcsa 1 HaboaaeTcs HeKoTopas BbIOOpKa 3/1eMeHTOB. Takol nprem Hasbl-
BaeTCs MofoTOOPOM, MOCKOMbKY eAHULA He HAab/MI0AaeTCs MOIHOCTLIO, a U3
Hee camoi Npom3BoanTea 0T60p. MaxanaHobuc gan emy Apyroe Ha3saHue —
[BYXCTYrNeHUYaTbI 0T60p, MOCKO/IbKY BblbopKa 6epeTcs B ABa atana.llep-
Bblil 3Tan COCTOUT B U3B/IEHYEHNN HEKOTOPOW BbIGOPKM €AMHNLL, HacTo Hasbl-
BaeMbIX UCXOAHLIMA eAVHLIAMY, @ BTOPOA — B U3B/IEYEHNM HEKOTOPON Bbl-
60pKM 3/1EMEHTOB M3 KadKao 0TOBPaHHOM MCXOAHOM eavHULbI.

MogoT6op WMeeT pa3Hoobpa3Hoe MPUMEHEHVE, AA/IEKO BbIXOAsllee 3a
paMKn HerocpefcTBEHHO BbIGOPOYHbIX 06cnefoBaHWA. Korga peyb MaeT o
XUMUYECKNX, (U3NYECKNX WM BMOMOrMYECKMX WCCMef0BaHUAX, KOTopble
MOMyT MPOBOAMUTLCA Ha HEO0/bLLIOM KOMMYeCTBE MaTepuasia, Kak Mnpasusio,
3TOT MaTepyasl MOXKHO MoslyvaTb Kak HEKOTOPYH MoABbIGOPKY 13 60NbLLero-
KO/IMYECTBA MaTepuasia, B CBOK O4epep, MpeacTaBASaoLLEero coboi Kakyo-
TO BbIGOPKY.

B 3Toli rnaBe Mbl pacCMOTPUM MPOCTENLLMI Cryyal, Korga Kavkaas eaum-
HLIA COAEPXKMT OAHO M TO >Ke YMC/0 M 3M1eMEHTOB, T U3 KOTOPbIX W3B/ie-
KaeTcs, ecnM 13 3TOM eAuMHUUbI MPON3BOAUTCA MOA0TO0P. CxeMaTnyeckm
[ABYXCTyneH4aTas Bblbopka npMM = 9 n T — 2 n3obparkeHa Ha puc. 10.1.

OCHOBHOE MNPEMMYLLECTBO [ABYXCTYMEHYATOro 0Tbopa 3ak/oyaeTcs B
TOM, YTO OH A@eT 60MbLUy0 cBOGOAY AEVCTBUIA, YemM OAHOCTYMeHYaTbIA OT-
6op. Korga T = M, AByXcTyneHuaTblii 0T60p CBOAUTCA K OAHOCTYMeH4Ya-
TOMY, 0fHaKO, ec/in Takoe 3Ha4yeHVe T He Hawmyullee, Mbl MOXXEM B3ATb
HEKOTOPOe MeHbLLIEE 3HAYEHVE T, KOTOPOe KadKeTcsi 6osiee pe3yibTaTUBHbIM.
Kak 06bI4HO OKOHYaTesIbHOE peLLeHVie ONpeaesieTc COOTHOLLEHVEM MEXY
CTaTMUCTUYECKOM TOUHOCTBIO U M3aepKKaMn. Ecnn anemeHTbl BHYTpY OAHOMN
M TOV >Ke eAVHULBI Pa3NNYaloTcs OYeHb Masio, TO COOBPadKEHUS TOUHOCTYU
NOACKAa3bIBAIOT, UTO Be/IMUMHA T [0/DKHA ObITb He60/bLLIOW. C ApYyroi cTo-
POHbI, WHOTAA M3OEPXKKN Ha HabsofeHve BCell eavHULBI M HEKOTOPOK nog-
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g) o6o3HadaeT OTOOGpPaHHbLIA 3IeMeHT

Puc. 10.1. CxeMaTnyeckoe Wn306paxeHne [BYXCTY-
neHyaTton BblGopkn (N=81; n=5 M=9; T=2)

BbIGOPKN M3 Hee MOYTW OAMHAKOBbLI, KaK, Hanpuwvep, B c/iyyae, Korga eauv-
HULERA CY>KWUT [OMOXO3SANCTBO M OAWH YESIOBEK MOXKET [jaTb TOUHbIE CBefe-
HUS 060 BCEX Y/leHaxX 3TOro AOMOX03slicTaa.

10.2. ABE MOJIE3HbIE TEOPEMBbI

Mpu-ABYyXCTyNeH4YaToM 0TO0PEe HYXXHO HaxXoAUTb MaTeMaTUYecKue 0XKU-
JaHVA He TOJSIbKO Mo BCEM BO3MOXHbIM BblbOpKamM 06LEMOM B M UCXOAHbIX
eANHNL, HO TakXKe W Mo BCEM BO3MOXHbLIM MOABbIGOPKaM, KOTOpble MOryT
ObITb MOJTyYeHbl U3 0TOGPAHHBLIX NCXOAHbLIX eanHUL,. K cyacTblo, CyLlecTByeT
TeCcHas CBSA3b MeXay AMCMepCUsMA MpU ABYXCTYMNeHYaToM 0T6ope U cooT-
BETCTBYOLWMMU (Y>KEe W3YYEHHbIMW) AUCMEPCUSAMU MPU OAHOCTYMNEHYATOM
oT6ope. Mbl foKaxkeM ABe 06LLUMe TeopeMbl, MosryveHHble JepbuHom (Dur-
bin, 1953).

Ecnn kaxkaaa ncxogHas egvHULA COAePXXUT M MOABEAVHNLL, T KOTOPbIX
0TOMpaloTCs, TO MNPOCTENLLNE OLEHKN CYMMAaPHOr0 3HAUYeHUS U CPeHEro Ha
MoAbeANHULLYY [N COBOKYMHOCTUM €CTb COOTBETCTBEHHO

Y = -’\n-(#]+y2+ e+ Yr)> N = — Y1+ Y2~r--- +Y >

rae ~y. _ BbIOOPOYHOE cpefHee Ha MOAbeAVHWLY B i- UICXOAHOW eauHULE.
0O6e 3TN OLEHKN UMEKT BUA

V'= Y\ + r/r+ eme+ YN,
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roe y\ — oueHKa, MoslyuyeHHasi Mo rnoasbIGopKe, W3BEUEHHOW U3 i-Ui nc-
XOAHOW eanHULbL. MycTb

Y1 = E(yI\i),
rae cuveon E ( i) o603HauaeT cpeaHee, B3SITOE Mo BCeM MoABbIGOPKaM, KOTo-

pble MOXHO M3B/ieYb U3 i-i NCXOAHOW egnHnubl. Ecnn 6bl 3T cpegHue Obl-
JI1 N3BECTHBbI, TO Mbl MOF/IN Gbl MOCTPOUTL OLIEHKY

K'=y;+Y 2 + ..+YA.

JT0 OAHOCTyreH4YaTbliA aHasor y'.

[lBe TeopeMbl, KoTopble 6yAyT AoKasaHbl, OTHOCATCS K C/y4ato, Koraa
MCX0AHbIe eAVHULpBI KaK OAMHAKOBbI, TaK 1 HeoAVMHaKOoBbI Mo pa3mMepy. OHu
CnpaBef/IMBbI TAKXKe TOrfa, Korga UcxogHble eAuHMLBI 0TOMparoTCs ¢ Hepas-
HbIM BEPOSTHOCTAMKW. CMMBO 1 ( 0603HaYaeT BEPOATHOCTL AN i-ii ucxopa-
HOM eauHULBI ObITb OTOOPaHHOMN.

Teopema 1U.l. Ecnn mncxofHble eayHnLbl M3B/EKalOTcsl 6e3 Bo3Bpallle-
HUS 1 NOABLIOOPKM B pasHbIX eAUHULAX M3B/IEKAKOTCA He3aBUCMMO, TO y'
€CTb HeCMeLLeHHas OLeHKa

Y'=1>ry;.
1
¢ pgucniepcmeii

Y{y)=¥ () + buob, (H0.1)

rae
oll =E[(y'i- Y §if\i\

— avicnepcnsa yi MpyM MHOFOKPaTHOM MofoToope U3 i-i eauHULbI.

JokazaTenscTsBo. [/ TOro u4tobbl HaiTm E (y'), CHadasia BO3bMEM
CpefHee Mo BCeM BblbOpKaM, cCofepXKalym OAMH U TOT >Ke Habop ucxod-
HbIX eauHuL. O603HauMM 3TO cpefHee uvepe3 E (y' \pv) 1py — OT aHrvm-
CKOro «primary unit» — vcxogHasa eauHuua). O4yeBUAHO, 4TO

E(y'\pu)= Y[+Yi+ ...+ =Y"

Ecnu Mbl BO3bMEM fasee cpeaHee ro sCcem n3esievHeHMAM n UCX0A4HbIX EANHALL,
TO OTHOCUTESIbHasA YacToTa MosiBfieHNs yneHa Y/ 6y,u,eT Ar. CnegosartesibHO,

E(y)= ZniYi=Y".
|
Ana avcniepcun, Mo onpeenieHnto, NMeeM
V{y") = E(y"*)-1E{y")f =
= EQD Y2Nn-22 £ yly\)~\E{y")f. (10.2)
‘ i/>i Y
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CHavyana BO3bMEM cpefHee MO BbIGOPKaM, COAEPXKALMM OAUH W TOT >Ke
Habop N WCXOAHBLIX eauHULL. VMeem

E{y?\1) = Y1* + ab. (10.3)

[Janee, ecnm nogoT6op B pasHbIX eaMHULAX NPOU3BOAUTCH HE3aBKUCKMO,
TO
E(y\y)\u) = Y[VY;. (10.4)

Moactasnsa nosydyeHHble cooTHowweHnA B (10.2) n Y' BMecTo E (y'\pw),
rnosy4vaem

MOALTIAI A b J£> YooY it @— [E(?)]*-  (t0-5)

Jra YyCNnoBHaA OuUCriepcna MoXKeT 6bITb repenucaHa B BUAE

V(y'\pu)--Y'"*-[E{Y")Y + £ah.
i

Tenepb BO3bMEM CpefHee M0 BCEM W3BIEYEHUAM WCXOAHbLIX eAvHUL,
Monyyaem

V()= V(I )+211%05,.

Teopema [okasaHa.
JTOT pe3ysibTaT MOXHO ChopMyMpoBaTh crieaytoymM obpasoM. Mpu
[BYXCTyMNeH4YaToM 0TGOpe AMcrepcusl OLEHKM BUaA y’ COCTOMT U3 ABYX

yacteil. [Mepeasi, V (¥Y') — 3To Aucnepcus, Moslyyaemasi Mpv  3aMeHe
OLIEHKW Y'i, MO/TlyYEHHOW MO NOABLIGOPKE B M- eAVHULIE, ee CPeaHNM 3Hade-
HveM Y/. 3Ta yacTb 00Llel aucnepcn obycnoBrfieHa Bapuaumein Y- Mex-
Oy vcxogHbIMU efvHuLaMu. BTopas 4acTb, 21 — 3T0 CyMMa BHYTPU-
eOVHWYHBIX AUCMEPCUiA 3HaYeHWr y[, B3BELUEHHbIX BEpPOATHOCTAMW UX
M3B/IeYEHUS.

CnepctBue 1. Teopema 10.1 npeacTaBnsieT cobov 0606LieHME Ha Cry-
yail ABYXCTyneH4yaToro otbopa dopmysibl (9.38) u3 naparpada 9.14 ans
Avcnepcmn OUeHKM npy 0T6ope eamHnL, ¢ NPOU3BO/IbHBLIMM BEPOATHOCTAMM
1 6e3 Bo3BpaLleHus. BepHemca K (10.5) v Bo3bMeM cpefHee No BceM U3BJe-
YEHVAM UCXOOHbIX egnHuLl. Ecv Mu— BepoATHOCTbL  TOro, 4TO BblGOp-
Ka COAEPXXUT KaK r-t0, Tak 1 /-10 efuHWLbI, TO 3TO CpeHee MOXKHO 3anucarb

B BUae

Eciv nonoxutb Yi = yjzIl, To cnaraemoe gucrnepcuu, OTpadKaroLlee Ba-
praumio Mexxay eavHuvuammn, ceogutea K (9.38).

Cneacteue 2. Yutatesib MOXET MpoBepuTh, YTo Teopema 10.1 cnpaseg-
NIBa TakoKe 4N1A c/y4dasi, Korga UCXo4Hble euHULbI U3B/IEKAKOTCA C BO3B-
paLLeHVieM MPU YCIIOBUW, YTO €C/IN KaKas-TO UCXOAHAas edvHMua ronajaet
B BbIGOPKy 60/1€€ OOQHOr0 pasa, TO MOoABbIGOPKA M3 3TOW eaVHMLbI 13B/e-
KaeTCs KaxKipli pa3 1 He3aBUCKMMO. DTO YC/I0BUE rapaHTUPYET, YTo coxpa-
HSIeTCA y4JacTBYIOLLee B JoKa3aTes/bcTBe paBeHCTBO (10.4).

Teopema 10.2 yKasbiBaeT HECMELLEHHYH OLEHKY V (y') Mo BblGOpKE,
ecrm ana Vv (Y') vmeetca HecMelleHHast [Mpy BCEBO3MOXKHbLIX 3HAYEHUSX
Y /.— Mpumey. nep.] oueHKa Mo Bbl6opke v (Y'). B Hambonee obLiem Bu-

Je oueHka v (Y') 6ygeT KBagpaTuyHOW (hopmoiA Buga

v{Y') -~auh..¥'8+ 22 £ br.. Y-Y/

i 1 />

roe VHOEKCbl MNPV a 03HAYalT, YTo B O6LUEM Criydae KO3(hMUMEHT Mpu
Y i2 MOXKET 3aBUCETb OT APYIUX €AVHWL, MOMAaBLUMX B BbIGOPKY BMECTE C
r-4 eOVHVLIEN; TO Ke 03HAYalT VHAEKCHI Mpy b

MycTtb ve (y') 6yaeT «aHanorom» v (Y') [c — OT aHI/IMIACKOro «Copy»—
aHanor], nosny4vaemMbIM nyTeM 3amMeHbl Y/ Be3ge, rae Y/ curypupyert, Be-
NnunHon yl, T. e

re(y') =E«*/*mee Y2 + 2N £ br..y-y-.
1

i />«

Teopema 10.2. B ycnoBusax teopembl 10.1 HecmelleHHas oueHKa V (y')
ecTb

o(#')= ve(#') + £ a-oh, (10.7)
1
roe a\i — Ta wm nHasa HECMELLIEHHaA OLEHKa OIF rno BbI60pKe.

JokazaTenscTso. 3 onpeneneHna vc (y') v paseHcTs (10.3) n (10.4)
VIVEEM

E[ve(y)\pul= £ow .. ¥Y/2+ 2£ /£ br .. Yiy;+£ aT ..0l,=
i i /> i

~v{Y"') + iia ijk...ah.

Ecnn cpegHee 6epeTca MO BCeM M3B/IEUEHUSAM WCXOAHbIX €AvHWL, TO
KoathmLmeHT npu a|rpaseH E (aijh ...). [na Toro urtobbl v (Y') Gblna

HEeCMELLIEHHOM oLeHKoi V (Y'), 3To cpegHee cornacHo (10.6) JO/MKHO ObITb
pasHo Aar (L—nr). OTtcloga
Af0e(y/)1=y(n+£a.<1l-a])*1].
Ho no Teopeme 10.1
V(y") = V(Y') +2arolr.
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CnepoBatenbHo, A1 TOro YTOGbI nolyynTb HECMELEHHYH OLUEHKY
N

V (y'), Mbl OO/DKHBI K>C (y') Npr6aBuTb HECMELLIEHHYIO OLIEHKY Xnfah.
Torpa

n Yy N

E ! ﬂr02<j = 2 nlah-

Teopema AokaszaHa.

M3 3Tol Teopembl BbITEKaeT paboyee MpaBW/IO: 1S TOro YTOOblI HaiTh
HECMELLEHHYI0 BbIGOPOUHYIO OLEHKY V (Y'), MOMYyYnTE HECMELLEHHYIO OLEH-
Ky BemMuuHbl V (¥Y') pnsa ogHocTyneH4daToro ot6opa, v (Y'); BblumcinTe
ee aHanorI_,I V(I:(P/‘), I'IO,%)TaBI'IFlFl Be3fe y[ BMecTo Y,'; nocsie 3Toro npubaBb-

Te unieH 2! e — HEeCMeLLEHHasA BbI6opoYHas OLeHKa Aucrnepcmm
y[ BHYTPU eauHuL,

Teopembl 10.1 1 10.2 LWIMPOKO MPUMEHSIOTCSA, MO3TOMY Mbl MPUBOAUM
VX 30€eCb, XOTA B HACTOSALLENM rnaBe Ham MoHafo6AaTCA /UL YaCTHbIE Cy-
yan 3TUX TEOopem.

10.3. ANCMNEPCUA OLEHKW CPEAHEIO
MNP ABYXCTYMNEHYATOM OTBOPE

MpyMeHsIIoTCA criefytolipe 0603HAYEHUS:
yLeCTb 3HaUeHue, Mostyyaemoe As1s1/-ro asfieMeHTa B - CXOAHOW eauHWLIE;

yt= ¥ Y ecTb BbIGOPOUHOE CPEAHEE HAIMEMEHT B - UCXOAHOM EAVHNLE;
N
-

-N-eCTb CpefHee Ha /1EMEHT /15 BCel BbIOGOPKY;

- n
1 (Yi-vT
S?= - —Fee- eCTb AUCMePCUsi CPeAHNX 3HAYEHWI UCXOAHbIX eAUHNLL;
N—1
N M
2 .2 (yy-Yi?
£l=1 1" 1 €CTb AMCNepCUsl 3HaYeHW 3MeMEHTOB BHYTPU
N(M—1) WUCXOAHbIX eduHULL

Teopema 10.3. Ecnm nyTem MpPOCTOro C/lyyaiiHOro 0Téopa M3B/eKaroTcs
n eovHUL, N T NOAbEAVHULL U3 KaDKA0W 0TOBpaHHON eauHWLbI, TOY eCcTb He-
CMELLiEHHaA OUeHKa Y ¢ auvcriepcuedi

V(y):( N ion +£ MKAT gl'l_m. (10.8)

JokazaTenscTBo. B 0603HaYeHUsX TeopeMbl 10.1 nonoxum y[ — yjn.
Torpa

Mo Teopeme 10.1

ECy)=E(y")=yiniYin J_2y.="f.

MockonbKy Y' — cpegHee n BeNWUMH YT, TO cOrniacHoO Teopeme 2.2
\c. 37) gns 0fHOCTYMNeH4aToro otéopa Mmeem

2(r,-F)s
-4 = r — <'oF>

Tak Kak 13 M 3/1eMEHTOB T-ii eAVHMLbI U3B/IEKAKOTCS T 3/1EMEHTOB, TO
COr/JIacHO TOW >Ke TeopeMe AMCMEPCUsT BeNMUMHBLI yl = yijn, paccmaTtpu-
Baemoli B KauyecTBe OLEHKM Y/ = YJn, paBHa:

M—T sh
31~ _
Mrfi
roe Sl;  gucnepcuns 3HaYeHWUIA MPU3HaKa MeXay nogbeaHULaMU B =i

ncxofHow eguHnue. CnepoBatesibHO, Mo Teopeme 10.1
N
V(y)= V(Y)+ 2 nk” =

(N—n) 1 n{ M—T1 \

N n P +* N\ M ) T

Ho SI= XSIi[N. Torga

N n \ M )

Ecrm h = n/N 1 /2= T1M ecTb fonM 0T60pa Ha MepBoii 1 Ha BTOPOIA
CTYMeHsIX, TO MOJlyYeHHbIV pe3ynbTaT Jierye 3arnoMHUTbL B BUAE

10.4. OUEHVBAHWE ONCIMEPCUI

Ecnm 6bl N cpegHUX 3HAYeHWVi MpU3HaKa Yy WCXOAHbIX eAvHWL, YT,

6bUIM M3BECTHbI, TO HECMELLIEHHOM OLIEHKO AUCMEPCUN WX CpPeaHero, Y,
CMY>XWno 6bl

p(y'} %<Yr-y'r
M-
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AHanor v (?') ans ABYXCTYMEHYaTon BbIOOPKU UMEET BU,

d-m (10.12)
ve{y') = ve(y) = - M—1

CornacHo Teopeme 10.2, HEO6XOAMMO MIMETb TaKXKe HECMELLIEHHYH OLEHKY
af n3 dopmynbl (10.1). MocKonbKy MNOABLIGOPKM M3BIEKAOTCA MyTEM
MpOCTOro CayyaiHoro otéopa, sTa OLeHKa WMEET BUA

n2 M—T1 s21  (1—19sZ (10.12)

°2i— M mrfi Tnr

roe

sh 1

Teopema 10.4. B ycnosusax Teopembl 10.3 HecMeLLieHHaA oueHKa V (y) ecTb

v(y) = __n_s?+ — = si. (10.13)
roe
" A\2 nT .
al= \ Y (y n -Vi) (10-14)
n-1 iy n(r—17

JokazaTenscTso. CornacHo teopeme 10.2 HecMmelLeHHadA oueHKa V (y)
ecTb

V(y) = o)+ Z n

Monb3ysicb (10.11), (10.12) n nmpuHMMasa w, = n/N, Moay4aem oTcioga

n
Ho si, onpegeneHHoe B (10.14), paBHo 2 shin. CnepfoBatesibHO,

Y(y)=1"-sf-f M z:M s].
Ir Tn
Cneactere. CnpaBe/IMBO PaBeHCTBO (Mbl BOCMO/Ib3YEMCS UM B JaUlb-
Heem):

E@)=sf > =5 (10.15)
M T
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JokazaTenscTBo. [MOCKONBLKY Vv (y) — HeEcMeLleHHas oueHKa V (y),
T0 (10.13) paet

i="E£(sf) "hzILSf+ _S§F e MWa) g]-=
n n on on

1 11 \ﬁf «l .S
n M m

OTclofa BbITEKAET, YTO HECMELLIEHHOM oueHKol ST 6yaeT [sf— sI(l — f2)Im].

3ameuaHus K Teopemve 10.4. Ecrvm T = M, T. e. /2= 1 T0 dopmyna
(10.13) npeBpaLlaeTca B COOTBETCTBYHOLLYIO (hopMyny A/ NPOCTOro Cry-
YaliHOro otbopa eavHul. Ecnn n= N, TO Mbl noayyaem dopmysny Ans
NPOMOPLMOHaUILHOIO  PAacC/I0EHHOr0  CyyaliHoro oTbopa, MOCKOSbKY B
3TOM C/lyvae WCXOAHblE eAVHWLIbI MOXKHO CUMTAaTb C/I0SMW, B KaDKAOM U3
KOTOPbIX MpPOM3BOAMTCA 0T6Op. Takmm 06pa3om, ABYXCTyrneHYaTtbli OT-
60op MOXXHO paccMaTpuBaTb KakK CBOEro poja HerosiHoe pacc/ioeHue, npu
KOTOPOM C/I0SIMWN  CNYXXaT eavHULpI.

B 06bI4HbIX YCNOBUAX, KOrga Be/IMUMHOA = n/N MOXXHO MpeHebpeyb,
Mbl MOJTy4YaeM MOSe3HbIA pesyrbTarT:

_ 2 2 (yi—yf
O R Nt iy (10716)

TakvM 06pa3oMm, OLEHKY ANCMIEPCUN MOXKHO BbIMMCNINTL, 3HAs TO/IbKO Bbl-
60poYHbIE CpefHMe 3HaYeHUs AN eguHUL, OTOT .pesysibTaT 0C06eHHO Ba-
>KeH Torfa, Korga MPUMEHSIETCS CUCTEMATUYeCKMiA  NogoTéop, MnoTomy
YTO B 3TOM C/ly4ae Mbl HE MOXXEM BbIUUC/INTL HECMELLEHHYI0 OLEeHKY Sf-
dopmyna e (10.16) MOXeT 6bITb MPUMEHEHA NPU YCI0BMK, UTO n/N MaJsio.
Ecnn aTo ycnoBme He BbINOMHSAETCA, TO, KaK ferko Buaetb, (10.16) paet
npeyBeNnYeHHYI0 OLIeHKY Aucnepcui.

10.5. OUEHWBAHWE O0NEWN

Ecnv Bce anemMeHTbI pasfeneHbl Ha [Ba K/iacca M Mbl OLEHWBAEM A0S0
3/1IEMEHTOB, MPUHAAEXXALLMX MepPBOMY KJ/laccy, TOSIbKO YTO MOSTyYeHHble
hopmysibl  MOXKHO MPUMEHSTb, MO/Ib3YACh 00bIYHBIM MPUEMOM — CUMTATb
Ya paBHbIM 1, €C/I COOTBETCTBYHIOLLMIA 3NIEMEHT OTHOCUTCA K 3TOMY KJ/iac-
cy, u 0 — B npotuBHOM cny4yae. lNycTb pr= ajm — [0MA 3/1EMEHTOB,
npyHagexxalyx MnepsoMy Kkaccy B MnoAaBbibopke w3 i-il eguHUUbl. [Be
OLEHKW aucnepcumn, S? U Si, yyacTeylowme B (DOPMYNVPOBKE TEOPeMbI
10.4, npuHUMatOT BUA;

i2 1 (Pi-W
sf:
n-1i

2_ T
2= ey Mg P14
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roe p= 2p;/n. CneposartesnibHo, no Teopeme 10.4,

(A—n(n—p ~ n2(m—1)

Mpumep. Mpy U3y4eHUN OOHOTO M3 3ab60/1EBaHMIA PacTeEHW pacTeHus
6bLI BbiCaXKEHbI Ha 160 HEGO/IbLLIMX ydacTKax Mo 9 pacTEHMIA HA KaDKOOM.
Bblna B3dTa ciy4aiiHas Bblbopka 40 y4yacTKOB M C Ka>KAOr0 MOSTyHYEHHOro
yyacTka oTémpanncb M MpOBEPS/INCE Ha Ha/vuve 3aboneBaHust Mo Tpu
pacteHms. OKasaslocb, YTO 22 yyacTKa He UMenv 60/bHbIX pacTeHnin (cpean
Tpex oTobpaHHbIX), 11 MMeKT 0AHO, 4 UMEKT ABamM3 ydacTKa MMET Tpu
60/1bHbIX pacTeHns. OueHUTe oMK 3ab0M1EBLUMX pPacTEHWIA 1 ee cTaHOapT-
Hyt0 ownbKy. CmBOA dp 0603Ha4aeT YacToTbl 22, 11, 4 n 3.

Mmeem N = 160, M = 9, n = 40, T = 3. lNpu HaxoxaeHUN s? n si
yA06HO onepupoBaTb C YMC/IOM 60/IbHbLIX pPacTeHMIA (3pr) W YUCMIOM 3[00-
poBbIX pacTeHwuin (37). BbluMCAEHVA MNPEACTaB/IAOTCA C/eQyoWwmM obpa-
30M:

i Hecrora oPidi 9chPIar 3dpr 9chp2
)
0 22 0 0 0 0
1 1 2 22 u 1
2 4 2 8 8 16
3 3 0 0 9 27
40 30 28 54

_32ppr_= _28 = 0233;
32 120

2* (P,-W1=-j- (54--91) = 3822
= 3,333
CnepoBatesibHO, N0 ¢hopMysie, NPUBEAEHHOW HEMOCPeACTBEHHO repes npu-
MepoM,

v(p)= 3'3'82 }--2'333— = 0,00201.
4-40-39 4-3-1600-2

Jons 6o/bHbIX pacTeHuin cocTaBnseT 0233 co cTaHAapPTHOM  OLUMOKOM

0,045. MpubnukeHHasa dopmyna j\nns-jVvn, cornacHo (10.16), faeT 3Hauve-
Hve 0,049, T. e. BMNOJSIHE YAOBNETBOPUTESIbHYIO OLIEHKY, €C/IN YYecTb, 4TO

fi=T*
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10.6. ONMTUMANbHbBIE O/ OTBOPA 1 MOAOTBOPA

31 gonkK 3aBUCAT 0T BUAA (IYHKUMW u3gepkek. Ona cnyyad, Korga
pacxoapl Ha lMepeaBwkeHVie 0T OOHOW eQVHULBI K APYTrOA He3HauuTe bHbl,
oKasasiacb yAo6Ho (hyHKUMSA BUga

\ C = o + coaT.

MepBoe cnaraemoe M3aepXKekK, cxti, MPOMNOPLUUOHaTbHO YMCTY UCXOAHbIX
€0VHNL, B BbIOGOpLE; BTOPOE, c2nT — 06LLEMY YNC/TY €AUHWL, BTOPOKA CTyne-
HU wm anemeHTol. CornacHo TeopemMe 10.3 V (y) MOXKHO 3anmcaTb B BUZe

K(3)=i(Sf_ JIW -J-SJ-J-Sf. (10.17)

T N

MocregHWIA WieH B MpaBoii YacTy pPaBeHCTBA He 3aBMCUT OT BblGopa nAaT .
MuHUMM3aUMS V NpU HEM3MEHHOM C WM C MpU HEM3MEHHOM V 9KBUBA-
JIEHTHA MVHUMMW3ALMA MPOU3BEAEHMS

(v+ Y S')C=c'(sf_ "fr) +C*S|+

+ — ¢, Si + me2(s f---—--
m \
ObpaTtnTe BHMMaHWE Ha TO, YTO MepBble ABa YsieHa MOCTOSIHHbI, B TO BPEMS
Kak ABa MnocnefHMX 3aBUCAT OT T, HO He OT n. 3HadyeHue T, Mpy KOTOPOM
LOCTUraeTcs MUHUMYM, MOXKHO HaWTK C MOMOLLUBIO AncdepeHLMpPoBaHS.
Ho nocKonbKy Ha NPakTuKe T SO/DKHO ObiTb LIESbIM M 4aCcTO OKasbiBaeTCA
HebOMbLLUMM, MPUMEHSETCA 60/1ee  TOYHBLIA  NOAX04, NPELSIOKEHHbIN
APizeHxapTom (Cameron, 1951). 3anuem

a=CISh 6=cen~Sf--]Lj.
Mbl XOTUM HaiTK Lesoe T, Takoe, 4TO

— + bT™ —-—>bb(/a+l), T. e T(T-\-1)" —;
T T+ 1 b

— \rbm"—--—\-b(m—1), T. e T(T—1<1—
T T—1 b

M3 3TUX COOTHOLLEHWIA BbITEKAET CrieAytollee NpaBuio. Hy>KHO Bblumc-
T

moPi= Valb= — = —.T/c,/Cy (10.18)
1/Sf—SfIM

Eciv movt 3aknioveHO  MeXay uenbiMi yicnamm T, T + 1, TO npu
mipt > T (T + 1) Hy)XHO BbI6paTb 3HayeHVe T + 1, T. e. OKpYrnuTb
C N306bITKOM; B MPOTUBHOM C/lydae HY>KHO OKPYI/IUTb C HeJOCTaTKoM. Tak,
Hanpuvep, ec/in moPt 3aK/Il04eHo Mexxay 1,414 = Y2 1 2, TO Mbl OKPYT-
nsem go 2. Ecam moPt  6onblue M wnm eciiv S? MeHblle, YeM S2AM, To
Mbl Mo/laraeM T = M U NPUMEHSIEM OAHOCTYMeHYaTbIA 0THop.
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O6wwin Bug (10.18) coBnagaeT ¢ TeM, KaKoOro MOXHO 6bI/10 oXmnaaTb.
Ecnn 6bl 3nemeHTbl ObUN 06bEAMHEHBI B €AMHULBI CrlyvaiiHoM cBpasom,
T. €. ec/in Obl MPUMEHEHNE VICXOAHbIX €4VHWL, AaBaUsio Te >kede3ybTarhl,
YTO W NPUMEHEHME 3/IEMEHTOB, TO AMNCMEPCUS] CPEAHUX 3HAYEHWUIA MCXOOHbIX
eanHnL, 6bl1a Obl /M, Tak uTo (Sf — SI /M) obpariasnocb 6bl B Hy/b.
OTcloga moPt= 6eCKOHEYHOCTU, T. €. HYXXHO CMJIoLHOe obcnefoBaHe Uc-
XOAHbIX eguHUL,.  HaobopoT, yem 60ibLUe AMCMEPCUS] CPEAHUX 3HAYEHWIA
VCXOAHbIX €AuHUL, S] MO CPaBHEHWIO C AMCMEPCUE BHYTPU UCXOLHbLIX
eVHNL, TeM MeHbLUe 3HadeHMe moPt. Yem 6onblle YI( m3gepXky Ha
BKJ/TIOUYEHVE B BbIGOPKY eAVHMLpl, MO CPaBHEHUIO C cd W3Aep)KKaMn Ha
06c1efoBaHVe OTAENIBHOMO 3/IEMEHTA B €4UHUNLE, TEM Bbllie ONTUMa/IbHOE T.

3HadeHve n NoslydyaeMm, pellas UM ypaBHeHME U3LEPXKEK WM ypaBHe-
HVe aucnepcuu, B 3aBUCUMOCTU OT TOro, Kakasi BenuumMHa 3ajaHa. 1

Ana 6oNblUIMHCTBA MPaKTUYECKMX CUTyauuid OMTUMYM BbIPaKEH [0-
BOJ/IbHO cnabo. Owmbka B HECKO/IbKO eAuHWL, Mpu Bblbope T MNpPUBOAUT
MW K HEOO/bLUOW MOTepe B TOMHOCTU. 3TO MOXHO BWAETb Ha Criefyto-
LeM MNpuMepe.

B auncnepcMoHHOM aHanmse BevduHa (S? — SliM), ctodwasl B 3Ha-
MeHaTesfle moPt, M3BECTHA Kak C/iaraemMoe Aucnepcumn, BblpavKalolliee Ba-
praumio cpeaHMX 3HaveHui eguHUL,. O603Ha4YMM ee [M — OT aHI/IIACKOro
«unit» — eguHULA]

Sft= S\— 1 f. (10.19)

Mpunmep. TycTb
a — ez i2 — 1,354y
Torga
mopt= 1,3Y 10= 4,1.

Mol 6y,u,e|v| cynTaTb o6u.|,|/|e MN30EP>KKN HEMSMEHHBIMMU W1 TIOCMOTPUM, KaK

MeHsIeTca gucrnepcust y npu uU3MeHeHUM T. YuWC/I0 eguHWL, COBOKYI-
HocTW, N, npegnonaraetca 6onbwmM. CornacHo (10.17)

yh)=— S

Mckniouast B 3TOM PABEHCTBE M C MOMOLLbIO YPaBHEHWUS U3AEPXKEK, Mosly-
yaem

Ci+ 12
VO- (A4+-3.)-

Ortcroga

\}®:iAL(,+'A‘)(tI+m) N ( 1+JV')<|0+ra)-

Onyckasi NOCTOSIHHBIA MHOXUTESb, MOXKHO BbIYMC/IUTL OTHOCUTESBHYIO AMC-
nepcuio 418 pas/IMYHbIX 3HaYeHUidi T. B Ta6n. 10.1 ykasaHbl 3TU gncnep-
CMW N 3HAYEHUS] OTHOCUTE/TbHOM TOUHOCTM (33 OCHOBY CPaBHEHWS MpUHSATA
MaKCUMaslbHasi TOUHOCTb MpU T = 4).
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\ Ta6nHua IQi
btHocuTtensHAsn;aliciiepcua n otHocutensbHas TOYHOCTb MPU
\ PA3NMNYHbBIX 3HAUEHUAX T
T 2 3 4 5 6 7 8 9 10

OTHocuTeNnb- 29,30 22,14 20,32 19,92 20,07 20,51 21,10 21,80 22,56 23,38
Has pucnep-
cns
OTHOCUTENb- 0,67 0,90 0.98 1,00 0,99 0,97 0,94 0,91 0,88 0,85
Has
TOYHOCTb

Jns no6oro 3HaveHUs T Mexxay 2 1 9 noTeps B TOUHOCTM MO CPaBHEHUIO
C OMTUMaUIbHOW cocTaBnseT mMeHee 12%.

Ha npakTtuke gns Bblbopa T TpebyeTca OLEHUTL cjc2, a Takke SJIS-i
WM 4TO, 3KBMBASIEHTHO, SJSU. /13-3a TOro, YT0 ONTUMYM BbIpa>KeH cnabo,
3TV OTHOLUEHUS He 06s3aTeslbHO MoslyyaTb € 60MbLUIOA [0CTOBEPHOCTLIO.
Ecnn G/Cg U3BeCTHO A0CTATOYHO TOUHO M BbIGPAHO HEKOTOPOE 3HAYeHVE T,
CKakeM TO, TO MOXHO BOCMO/Ib30BaThbCA YA0OHOW Tabnmuenn (Brooks,
1955), yKasbiBaloLlei MHTepBasT 3Ha4deHwn SI1/SI, BHYTPM KOTOpPOro TO0
[aeT TOYHOCTb BbIGOPKM He MeHee 90% OMTVIMasIbHOMA.

Ota Tabnuua 6blna MocTpoeHa criedytowmmM o6pasoM. Mpu 3agaHHbIX
nsgep>kkax, cumtasd N 60/bLUMM, OTHOCUTESIbHYH TOYHOCTb T0 MO cpas-
HEHWMIO ¢ moPt Haxoaunn o copmyne

V (y |moPt) (SuY'd +- S2Y eg)2 _ 20\
VAY\Nno) Necl+n2 er+T10c2%M+ N1/

3HaueHUst SJISU AN KOTOPbIX 3TO BbIPaKEHVE MPEBbILLAET HEKOTOPbIl
orpefgnieHHbIN YpoBeHb L, pacrionaratotcs Mexxay ABYMsi KOPHAMMU

K Yi VL (1—L) v/ iflod-y2 T/ /, « 91\
(LT/m0) - (1-L ) ' ( =}
roe y2 = g/CGa

B T1abn. 10.2, cocTtaBneHHOW Ha ocHoBe Tabnmubl Bpykca (Brooks,
1955), ykasaHbl HDKHME N BepxXHUEe rpaHuulbl S%/SI ana L = 0,9. Moytu
BO BCEX C/lyYasiX VIHTEPBasT MeXAy BEepXHElr WM HYDKHeW rpaHuuein nopasu-
TeSIbHO LWMPOK. O6paTnTe BHUMaHME Ha TO, YTO MHTEPBaUT MeXXay 3HaYeHUS-
MM TO B pasHbIX MecTax Tab/vupl HEOQNHAKOB.

Ecnn Mbl meem obLLee npeacTaBneHne 0 BeiUMHaxX S%/SI Ans ocHOB-
HbIX M3y4YaeMbIX MPU3HAKOB Mpu o06cnefoBaHuM, To Tabn. 10.2 MOXKHO
BOCMO/1b30BaTbCA /19 TOro, yToObl BblOpaTh 3HayeHVWe T0. 3aMeTuM, 4To
€CNN P — KO3IPMLIMEHT KOp PENSuMn MeXAy 3MIEMEHTaMMN OOHOA U TOi ke
VICXOAHOW eauHWLpl, ofpefeneHHbi B naparpage 9.4, TO OTHOLLEHWE
SI/S* npubnuantensHo paBHo (1— p)/p. 3HayeHWe SAISb, paBHoe 1,
cootBeTcTBYeT p = 0,5. OpHako Tako YPOBEHb KOPPeNsAuuv BHYTPU
eO0VMHUL, HeobbluaiHo BbICOK. CooTBeTcTBEHHO p = 0,1 gaet S2SI = 9.
ap= 001 pgaet S|/SE = 99.
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Ta6nuya 102
rrAHULBLL Ana S\ 4 BHYTPU KOTOPbIX TOAAET TOYHOCTb HE MtHEE 90%

MAKCUMABbHON /
cxlen— 2 1 c,/er= 2 4
mo0 L u L u m0 L u / L U
1 0,0 11 0,0 4 2 0,5 0.2 4
2 2,0 98 1,1 22 3 12 L 0,5 8
3 4,1 >* 2,4 72 4 2,2 MM 1,0 16
4 6,6 > 4,0 > 5 3,3 1,6 27
5 9,5 > 5,9 > 6 4,7 > 2,4 42
6 13 8,1 > 7 6,3 ** 3.3 61
7 16 > 1 > 8 8,0 4,3 87
8 20 > 13 N 9 10 . 5,4
C,/C2= 8 16 c.if2= 32 64
m L 7] L u m, L V L n
6 1,0 17 0,3 8 5 0.1 3 0,0 2
7 1,5 24 0,5 1 10 0,4 12 0,1 7
8 2,0 32 0,7 15 15 1,2 26 0,3 14
9 2,6 42 1,0 19 20 2,7 46 0,7 24
10 3,3 53 1,3 23 25 4,5 74 1,5 37
15 7,6 3,5 55 30 6,9 > 2,5 52
20 13,3 6,6 > 35 9,7 3,7 71
25 20,4 10,5 40 13 5,2 93

* >03HayaeT «>100».

Mpumep. MycTb cjc2 NpMbAM3UTENBHO paBHO 1 v npegnonaraeTcs, 4To
SIISI A/ OCHOBHbIX MPU3HAKOB 3ak/uveHo Mexkay 5 m 100. Crtonbey,
cjc2= 1 yKa3blBaeT B Ka4yeCcTBe MOAXOASALLEro 3HayeHne 10 = 4, notomy
YTO COOTBETCTBYIOLLME EMY OTHOLLEHWS AMCMEPCUi 3aKk/TioHeHbl Mexay 4 1
umcniom, 6onbwmm 100 (B AeCTBUTE/IbHOCTU paBHbIM - 196). Mpu cjc2 =
= 16 » TOM >Xe [oMnyCcTUMOM MWHTepBavie Tabnmua yKasblBaeT 3HayeHue
TO, nexkawee rae-to mexay 15w 20. JanbHenwme BeluMcieHns no qopmy-
ne (10.21) nokasbiBatoT, YTO Hawydwmm 6yget T 0= 18 Emy cooTBeTcT-
BYeT MHTepBas1 0T 5,2 10 84 — He CTO/Mb LUMPOKUIA, Kak X0Tenocb Obl.

Korga pacxofbl Ha nepeasuKeHvie 0T O4HOM MCXOAHOM eauHULE K ApY-
ol cyLlecTBEHHbI, TO, BO3MOXXHO, 60siee afekBaTHOM OyaeT yHKUMSA n3-
Jep>keK BUda

C=cth+c{\n+ ca, (10.22)

MOCKOJIbKY 3TW pacxofbl Yallle BCEro nponopumoHasnibHel |/ n. Ecin onpe-

OeneHo >kenatesibHoe 3HaudeHue V (y), To no gopmyre (10.17) nerko Bbl-
YMCTL Napbl 3HAYEHW (N, T), AaOLWpe 3TO 3HaYeHWe aucnepcyn. Mocne
atoro no copmyne (10.22) BbIMUCMAIOTCA U3LEPXKKM ANA Pa3/INYHBIX couye-
TaHWM B N A » HaxXoOUTCA Takoe CoYeTaHue, A5 KOTOPOro 3TN U3LEPXKKU
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MUHUMabHBL [15 cryyasi, Korja usgepkky 3afaHbl 3apaHee, XaHCeH,
Xepsuy, 1 Mapoy (Hansen, Hurwitz and Madow, 1953) npepgnaratoT mMeToq,
onpedenieHNs coveTaHnin (n, T), MUHVUMU3MPYIOLLMX AUCMEPCUO, U NpU-
BOOAT Tab/uLly,\ NO3BONSAIOLLYIO0 ObICTPO HAaWTN HyXKHble 3HaYeHUs. 3ame-
TWUM, YTO UX N COOTBETCTBYET Hallemy T W HaobopoT.

10.7. OLUEHMNBAHWE mopt MO JAHHbLIM TPOBHOIO0 OBC/TEAOBAHWA

MHorga oueHkW),S! 1 S\ wm Su nosyyatoT Mo pesysibtaram npobHoro
obcrnenoBaHWs, B KOTOPOM OTOMPAETCA M UCXOAHbIX €OVHWUL, N B KadKOW
13 3TUX eanHULL, 6epeTcs T 3/1eMeHTOB.B aTom naparpade paccmaTprBaeTcs
HaxoXgeHue uvcen m' 1 1. Ecnu s? — ancnepens cpegHMX 3HaYeHWn egy-
HUL, 1 sf — Ancnepcus 3HaYeHUA MpU3HaKa y 31EMEHTOB BHYTPU eOVHWLL,
onpeneneHHble B naparpage 10.4, To (10.15) paer

2)= p J— —_ = — e
£(s?) {s. MBN —=sn+—, (10.23)
ANa pyHKUMM n3pepyXkek NpocToro BMaa cxXi1 + crmT, Mbl UMen

mopt= = Vcjc2.
VS\-SIIM

M3 (10.23) creayeT, UTO B KayeCTBe OLEHKU rno npobHomy o6creno-

BaHMIO MO>XXHO B3ATb

mOFt = - - 1lcje2= --..z= - Vv Cilc2. (10.24)
VvV Si — slim® V (m's\Is]) — 1

OueHka mopt MoABepyKeHa OLUMOKe BbIOOPKU, 3aBUCSLLIEN OT OLUMOKA Bbl-
60pkun oTHoweHwus sfis]. V3 gucnepcroHHOro aHanmsa n3BecTHo, utom'sf/sf
pacnpeieneHo Kak

f(l+T" ~
I sl

roe F vveet (' — 1) un (T — 1) cTeneHein cBo6oApl NPU YC/I0BUK, UTO
YH MOAYMHAKOTCA HOPMaslbHOMY pacnpegeneHuto. OTcofa crefyet, 4yTto
'MoPL, Mo/sly4aemMoe Mo BbIGOPKe MNP AaHHbIX 3HAYeHUAX M U T, pacnpege-
JNIeHO Kak

TOP, ---------- 1T °VYC---------- - (10.25)

Mpumep. Ona npumvepa u3 naparpadga 10.6, B KOTOPOM

cr= 10c2 S2= 1,3SU moPt = 1,3VIO = 4,1,
305



paccMoTPVIM, HACKO/IbKO XOPOLUO OLeHMBaeTcs Tolll no nNpobHol BblGopke
cn = 10 n v = 4. CornacHo (10.25) /

6,324 6,324 /

Wopt — -»
JATITF@T69)]—1 Y 3367TF—1

roe F vveeT 9 u 30 cTeneHeln cBobogpl. [N TOro 4tobbl HATU FpaHULbI,
B KOTOpbIX TOM 3ak/oveHo B 80% cnyyaes, nmveem, npv 10%-Hom o04HO-
CTOPOHHEM [OBEPUTE/IbHOM YpPOBHE F: 1

Fo.w (9;30) = 1,8490; F0<u(9;30) - 1/F040(30;9) =//2,2547 = .0,4435.

MoacTtasnsas aTn 3HadeHUA F, nosy4vaem:
HWKHAA rpaHyua o8 mopt = 2,8;
BEPXHASA rpaHuua and moPt = 9,0.
Kak 6bU10 nokasaHo paHee B Ta6s. 10.1, nto6oe 3HayeHWe m B 3TOM UH-
TepBasie 06ecnevmBaeT TOYHOCTb, 6/IM3KY0 K OMTUMasibHOW. Takum obpa-
Ta6nuua 103 3oM, npy n* — 10, ™ — 4 B 8 cny-
Yasix u3 10 noTepst B TOYHOCTU OY-
HVW>XHWNE W BEPXHUE TPAHWLbI OANA o
OET HebO0/bLLOW.
opt 80%-Hble 1 95%-Hble rpaHULbI
npu n* — 5, 10, 20 n T = 4 npu-

n 80% 95% BefeHbl B Tabn. 10.3. Mpu m = 20
Mbl MOYTW YBEPeHbl B TOM, YTO Mo-

5 25 oo 1.8: 00 NlydyeHHoe 3HauyeHne mopt JaeT Tou-

10 2,8, 9.0  23; 00 HOCTb, G/IN3KYID K  ONTUMa/IbHOM.
20 3.1, 6.4 2,7; 9.1 OfHako MpM N = 5 Takoli yBepeH-

HOCTU y>ke He GyneT.

Ecnn oTHoweHue cjc2 ansi NPo6HOro M OCHOBHOFO 06c/1eAo0BaHUi ogu-
HaKOBO, TO M3AEPXKKM MPOOGHOro 06cnefoBaHUA 6yayT MNpornopLMoHanbHbI
o + con'T'. Bpykc (Brooks, 1955) mpuBoguT Tabnuuy 3HadeHwn (r,
T') ANA Hanbonee 3KOHOMWYHOIo NPo6HOro obceoBaHUA, KoTopoe obec-
rneumBaeT MpU OLEHMBaHUM mMoPt 90%-HYyH0 OXMZAEMYH OTHOCUTE/IbHYH)
TOYHOCTb. Tabn. 10.4 npeacTaBnsieT co60i 4YacTb 3TOM Tab/vLbl.

Tabnuuya 104

CXEMbl MPOBHOWN BblBOPKW, OBECMNEUYMNBAIOLWUE 90%-HY IO OXUOAEMYIO
OTHOCUTE/NIbHYIO TOYHOCTb

<1 2 4 8 16 32 64
4/sl n'om n' m' n" m n" m n" m n" m tr m'
] 7 3 6 4 6 5 5 6 5 7 4 10 4 12
2 8 5 77 6 9 6 9 5 13 5 14 4 20
4 9 9 8 1 8 12 7 14 7 15 5 25 5 27
8 10 14 10 15 9 17 9 18 8 22 6 32 5 44
16 10 25 10 27 10 27 10 28 8 37 7 46 6 60
32 10 46 10 47 10 48 10 49 9 58 8 69 6 102
64 10 92 10 93 10 96 10 100 10 104 8 137 7 169
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Mpn coctaBneHun Tabnuupl npegnonaranocb, Y4t0 N U M BeVKY;
€C/IN MPUHATL B pacuyeT MKC, TO OKaKeTCH, 4TO NpobHas Bbl6opKa obecrie-
UMBAET TOYHOCTb, OOMbLUYIO, YeM yKazaHHas. ObpaTute BHUMaHVe Ha To,
yTo B /1t060M cnydae He TpebyeTtcs 6osee 10 MCXOAHBIX €AVHULL 1 YTO NpU-
BOAVIMbIE 3HAYEHWSI OTHOCUTENIbHO Maslo YyBCTBUTESIbHbI K BE/IMYMHE OTHO-
LweHna QNc2

10.8. TPEXCTYMNEHUYATbIV OTBEOP

Mpouecc nogoTéopa MOXKET ObITb pacnpocTpaHeH W Ha TPETbHD CTy-
neHb, Korga BMECTO CrM/IOLLUHOr0 HabmtioAeHUs nogbeanHnL, (3IEMEHTOB) U3
HUX Mpou3BoauTcs 0T6op. Hanpumep, npy obcnegoBaHUM YpPOXKaHOCTU
B VHaum (Sukhatme, 1947) ypo6Holi eanHuueld oT6opa 6buia AepeBHs.
BHyTpM fepeBHW oTOMpasiacb TO/IbKO 4YaCTb MOSielr C M3yyaemol Ky/ibTy-
poii, Tak 4To MoAbeAvHULED Cry>Knno rnone. Ha otobpaHHbIX Monsx gns
onpeseneHns ypoXkasi Ha OavH akp 06crefoBasich TOSIbKO OnpeaesieHHbIe
yyacTK1, TakK 4YTO MPOU3BOAM/ICA O0TOOP M M3 cammx nogbeanHul. Ecam go-
MOSIHWUTE/IbHO MPOU3BOAWICS (U3MYECKUIA WM XMMUYECKUI aHanmM3 3ep-
Ha, TO OTGOP MO MPUMEHSTLCS W ELLEe pas, MOCKO/IbKY aHaM3y YacTo noj-
Beprasiacb /iMlb YacTb BbIGOPKM, MOSTYUYEHHOV C HEKOTOPOro mMosisi.

CooTBETCTBYIOLLME Pe3Y/bTaTbl NPEACTaBAAIOT COO60M HernocpeacTBeH-
Hoe 0600LUEHNe Pe3y/bTaToB A/1s ABYXCTYMNeHYaToro otéopa u ganee us-
naratotcst KpaTko. COBOKYMHOCTb COCTOMT M3 N eAMHUL, NMepBOiA CTyMeHMU,
cogepyKalMx Kavkaas no M eauHuL, BTOPOW CTYMeHW, Kaxkaas M3 KOTopbIX
coliep>XkUT K eavHuL, TpeTbeli cTyneHW. CooTBETCTBYHOLUME umcia A1s Bbl-
60pKM cocTaBnAlT n, T U k. MycTb yiju — 3Ha4YeHVe Npu3Haka Npy Ha-
6104eHUN Y- eAVHVILBI TPETBLEI CTYMEHW U3 j-I eAVHWULBI BTOPO CTYTEHM,
0To6paHHO M3 i- UCXOAHOW eanHMUbL. COOTBETCTBYHOLUME CpeaHune Ansi
COBOKYMHOCTW Ha eAMHULY TPeTbel CTyrMeHW MMEKT BUA;

K M K
2 Viju _ 2 byuywmn
a1 gjT—mL _ -
K MK
N M K
- 2 2 2 vyiju
y £ imn .
NMK

Ham noHago6aTcsa criefytowpye AUCNepCcUn A/l COBOKYMHOCTU:

2 (ft - b

S\
N—1
N M

2i 2j Yu - ytf

N(M — 1)
N MK

s\

*yiju - 1ijj
si = —
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Teopema 10.5. Ecm Ha Bcex Tpex CTYMEHSAX MPUMEHSIETCA MPOCTOM
c/yyaliHblii 0T60p, TO BbIGOPOYHOE CPeaHee Ha eAVHMLY TPeTbel CTyrneHu

y €CTb HecMeLLeHHas oLieHKa Y j: Aucriepcuel /

v(y) si Pg T (10.26)

nmk

rge h = n/N, f2— m/M, 3= k/K ecTb 40/ 0T6opa Ha Tpex CTyMeHsX.
JokazaTenscTro. [prBeaeM TOMbKO OCHOBHble “Tarbl [JoKasaTtesb-
cTBa. 3anuiiem

y-y sgy-Yn +(romr j + (K,_y),

roe Ynm-— cpegHee [/l COBOKYMHOCTM MO MT OTO6paHHbIM eaHMnUam

BTOpOI7| CTyneHn wm YyecTb cpegHee anAa COBOKYMHOCTWM MO N OTO6paHHbIM
MCXOA4HbIM eanHMUAaM. oce Toro Kak Mbl BO3BEAEM B KBagpar 1 BO3bMEM
cpegHee, noriapHble Npon3BeaeHUA Bblpa)KeHMVl B KPYI/ibIX CKobKax 06pa-
TATCA B Hy/N. COOTBeTCTBy}OLLI.I/Ie KBadpaTU4HbIE Y/IEHbl OKa>KyTCA paB-
HbIMW:

1
E(y-ymry- . SE
1—2
E(?,T-Y m2- si,
nT

I-n
e (?nm~Y)2= Si-
n
CNoXXvB 3TN TPU BbIPaKEHUS, MOMYUUM YTBEPXKAEHUE TEOPEMDI.
Teopema 10.6. HecmelleHHas oLeHKa V (y) MO BblGOPKe eCcTb

fibly-M
@+ ! (10.27)

nmk

rae sf, si nsi— BbIBOPOUHbIE aHanory cooTBeTcTBEHHO ST, Si 1 53.
JokazaTenscTso. Ero MoXXHO Monyyntb WM C MOMOLLIbIO METOA0B, pac-
CMOTPeHHbIX B naparpage 10.4, vy, nokasas, 4To

E (sfy= Sf + SI+-LJ1S2 (10.28)!
m

E(sh=S 1+ +~S |

M E (s = S3. Onsa Toro 4tobbl fJoKasaTb NepBOe PaBEHCTBO, 0603HaYUM
yepes yuy CpegHee Mo T eAVHMLAM BTOPOM CTyrieHn B t-ii ncxogHoi egy-
HULE MPpY YC/I0BUWM, YTO Ha TPETbEW CTymneHW o6cneayroTcs Bce K afiemeH-

ToB. [MycTb yK—cCpegHee n 3HadeHWi yuy. Torga ms doopmynel (10.15) gns
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ABYXCTYyMeH4aToro otéopa c/iefyeT, uTo

N {'HK—YKY
n—1

s*+ L-h si.
\ E

HOanee, ecnny— Lbl6opquoe cpegHee ons t- UCXOQHOW eauHWLEGI, 3a-
nvLem \
(n—1M = (yYk—=K) + 1(i—yng —(y—y/l

Beps cHauyana cpefHee Mo BbIGOPKaM, A/151 KOTOPbIX eavHULGI MepBoi
W BTOPOVA CTyrMeHel CUMTaloTcsl 3aaHHbIMI, HETPYAHO MOoKasaTb, YTo

(nipy EE t—yig —(y-y)\ = [ (1—T9)

1 YTO CyMMa MonapHbIX NPon3BeAeHU T HECOBNAAAOLLMX YIEHOB obpaLLaeTcs
B Hy/nb. OTciofa BbiTekaeT dopmyna ana E (sf). Popmyna gna E (si)
HaxoauTca aHasiornyHo. CreaosartesibHo,

mk
h(\-h) (s2+ -LzksgW fiMLzM .s*=
\Y k 1 nmk

Zig Llg, ¢ dife <4
ntn

i-h
n
Kak v npun asyxctyneHdyatom otbope, u3 (10.27) HenocpeACTBEHHO
CriepyeT, UTo ecm /X MOXKHO MpeHebpeyb, TO v (y) CBOAUTCA K
yQ)= A = S(w-y)8. (10.29)
n n(n—1)

Ecnn fi npeHebpeyb Henb3A, TO 3Ta OLEHKa AaeT NpeyBesIMYeHHOe 3HaYeHe
avcnepcmn.
Ana dyHKuMM mn3gepxkek Buaa
C = o + c2nT \mcstimk

onTUMaU/lbHble 3HaYeHVs K U T paBHbI:

koTt— » \ Cz/Cgy (10.30)
y Si-syK

moPl = -}/—Sgl;_ 23 I-(r \ m
Y s\—s\/m

Kak pacnpocTpaHuTb pe3ynbTaTbl 3TOro naparpada Ha cnydai AonosiHu-
TeNbHbIX CTyrMeHel 0T6opa AO/HKHO ObiTb ACHO M3 CTPYKTYPbl MOMy4YeH-
HbIX hopmy.
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10.9. PACCJ/IOEHHbIV OTBOP EAVHUL, //
MopoT6op MOXKeT coyeTaTbCA C J0BbIM  BMAOM OT6Opa WCXOAHbIX

eanHuL, B cBOK ouepenb MogoTéop MOXKET ObITb MPOM3BEAEH C paccrioe-
HVEM WM KaK CUCTEMAaTUYECKUI 0T60p. DOpMy/ibl AMCAEPCUN MPU TaKMX
MoanmKkaumax otéopa MOryT ObITb MOCTPOEHbl Ha OCHoBe hopMyn AN1s
60/1ee NPOCTLIX Croco6oB oTbOpa. /

[anee nsnaratotca pesynbtaTbl 418 cnyyas ABYXCTyreH4aToro ot6o-
pa C pacc/ioeHMeM UCXOAHbLIX eguHuL. [Mpegnonaraetcd,lyuto pasmep egu-
HUL, BHYTPU Ka>KA0ro C/108 0AMHAKOB, HO MOXKET MEHATLCA OT C/10S K C/I0H0.
Takoe MosoXKeHNe BO3HUKAET, KOrga pacc/loeHne UCXOAHbLIX eauHWL, Npo-
M3BOAMUTCA MO pasmepy, Tak 4To UX pasmep BHYTPU OTAENbHOMO /1o CTa-
HOBUTCA WM OAMHAKOBbIM, WX MOYTU OOVMHAKOBbLIM.

MycTb /r-ii cnoii cogep>xmt Nh MCXoAHbIX eauHUY, ¢ M h eguHMLaMm
BTOPO/ CTYMEHW B KadKAOW; COOTBETCTBYHOLLUME 06bEMbI BbIGOPOK — MH U
mh. OueHka cpefHero Ans COBOKYMHOCTM Ha eAVHWLY BTOPOIA CTyneHw
ecTb

2 Nh MKYH =

__________ = 2 Wnyh, (1031)

rge Wh= NhM ij’LNHV hecTb OTHOCUTESIbHbIA 06BEM C/1081, BbIPaXKEHHbIN

yepes eavHULUBI BTOPOK CTyreHW, N yh— BblIOOPOYHOE CpefHee B CJI0e.
MpumeHaa Teopemy 10.3 K KadKOOMy C/1010, UMEEM

V(ysh= yw k (Vél.’\rhS 1 H+ Ingn% | h;, (10.32)

roe flh= nINh f2h= mhMh
CornacHo Teopeme 10.4, HeCMELLEHHOM BbIOOPOYHOM OLEHKOM 3TOW
auncnepcun 6yaet

' l>$11h-£;1 bl Al \QO.33)

myY L nh J

CoOTBETCTBYIOLLME AUCTIEPCUSA OLIEHKN CYMMAapPHOro 3HaYeHWs 751 COBO-
KYMHOCTU 1 OLEHKa 3TOM AMCNepcUn MosyyatoTca NyTeM YMHOXeHUs dop-
mMyn (10.32) u (10.33) Ha (2N hM h*.

10.10. OMNTUMAJIbHOE PA3SMEWEHWE MNP PACCJIOEHHOM OTBOPE

JTOT naparpady MocBsALLEH TOMY, KaK Hauly4luum o6pa3oM BblGpaTb
3HaueHWs1 nh i TH. Ec/in pacxofbl Ha NepeiByyKeHVE 0T eaVHNLBI K eUNH-
Lie He UrparoT OCHOBHOM PO/, TO U3AEPXKKM MOFYT ObITb OCTATOUHO XOPO-
LU0 MpeaCcTaB/ieHbl DOPMYION

c = %Cihtl + %czhnhmh. (10.34)
CornacHo (10.32) amcnepcmio MOXXHO 3anucatb B BUAE
viyg) = rw i LRGN L 05, 1 K
«ft \ Mh | rnmh At
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BbiparkeHve
Vi(yst) t A2 clhnh+ 2 cZhnhmh~ C),
ft I
roe A— MHOKUTeNb JlarpaH>ka, nNpeacTaBnseT coboi hyHKUMIO nepe-

MeHHbIX nh 1 (nhmh). CregoBatesibHo, 4YT06bl MMHUMW3UPOBATL V Mpy
HEV3MEHHOM C WM Hao60poT, AO/DKHBI BbIMOSHSATLCS YC0BUS

nhy b= Y% Sho sihiMm (10.35)
ah
nhmhV %= ~~~r = (10.36)
Vczh ' !
Otcropa
mh= — === == - e\/cihlch

Y Sift—slh/Mh

dopmMyna 419 ONTUMaUTbHOro 3HaYeHUss mh MMeeT B TOUHOCTU TOT XKe BUA,
4YTO M NPV HepaccnoeHHoMm oToope [(10.18) B maparpade 10.6].
Mockonbky Whoc NHM h, u3 (10.35) nonyyaem

tih °C NnMhsth , rge ——%\%wi% {%@%

Y Clh

HarnomH1m, 4To Npy 0AHOCTYMEHYATOM Pacc/IoeHHOM 0T6ope (naparpad

5.5) onTumMasbHble tih npornopumoHanbHbl NS jV ch, rae Sh— cpeaHee
KBaJpaTMUHOE OTK/IOHEHVE CYMMAapHbIX 3HAYeHUN MNpU3Haka Yy eavHuL,
U ch— m3gepkKM B pacyeTe Ha ogHy egnHudy. Obpawascs Kk (10.37),
3aMeTUM, 4YTO, Kak 6bl10 BbIICHEHO B naparpade 10.6, BenmunHa Sh npes-
cTaBnseT coboli cnaraemoe AMCNEpCUN, OTPavKaloLlee Bapuaumio CPeaHNX
3HaYeHW MpuU3HaKa Yy WCXOAHbIX eguHuL. CneposaTtesibHo, M hSuhs
(10.37) Mo>kHO paccmaTpuBaTb KakK CBOEro poja CpefHee KsBagpaTU4Hoe
OTK/IOHEHVE CYMMAapHbIX 3HAaYeHU WCXOAHbIX eAVMHUL, €eCcnM He cuuTatb
TOro, YTO TEnepb Mbl MMEEM [0 CO CraraeMbIM UCTIepCHn, a He C NOJHOM
avicriepcuiei.

MocKo/IbKY pPaBHOB3BELLEHHbIE OLIEHKM Y0OHbI, Mbl PACCMOTPUM, MpU
Kakunx 06CTOATeNbCTBAaX OMTMMAasIbHOE pasMeLLeHVe MPUBOAUT K paBHO-

B3BELLEHHOM oueHke. 3 (10.31) crnemyeT , 4TO OUeHKa yst 6ydeT paBHoO-
B3BELLEHHON, ec/im nhm,jNhV h — fo — MOCTOSIHHOM, TaK Kak B 3TOM
cnydae

™ TH
2, nwvH/ tmh2 2 thii

ystz —_

2 Nhivh

i
fo 2 Nhvh 2 tihmh

2;]22]yms_ %2|I—||y/uj y

Vickomoe ycnoBue, Kak U cnefoBasio okuarb, COCTOUT B TOM, YTO obuias
fonsi otéopa fO go/mKHa ObITb OAVMHAKOBOW BO BCEX C/I0SAX.
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Ha ocHoBaHuM (10.36) rony4daem, 4TO MNpY ONTUMa/IBHOM pasMeLLeHUn

i h

Joft = ~ °C

(fevee ™ 3 o
UacTo c2h, U34ep>KKMU B pacyeTe Ha OAHY €AUHULY BTOPOW CTYMeHW,
NPUGNN3NTENBHO OAVHAKOBbI Kak A/ 60/blINX, Tak U gs MasbIX UC-
XOOHbIX eAVHUL; HO S2h Anst 60/bLUMX eAUHWNL, MOXET ObITb 60/1bLUE, YEM
ana manbix. OgHako, MOCKO/IbKY OMTMMYM BbIpadkeH €/1abo, paBHOB3Be-
LUeHHas BblbopKa 6yAeT 4acTo MOYTW CTOMb XKe TOYHA, YTO U BbI6opKa npu
OMNTUMa/IbHOM  pa3meLleHnn. OTMETUM, YTO 3TO YTBEPXKAEHME OCTaeTCA B

cune, AadKe ecsi OMTUMasIbHbIA 0TEOP UCXOAHBIX €AVHULL 3HAYUTESIBHO OT-
JINYaeTcsl 0T MPOMOPLIMOHA/IBHOTO.

YnpaXHeHUSd

10.1. B kapToTeke, HacuuTbiBawlen 400 AwmnkoB, pasmelieHbl 20 000 KapToyek
no 50 KkapToyek B KaxAom. [ByxcTyneHuyaTas Bbl6opKa COAEPXUT MO NATb KapTouyek,
M3B/IEYEHHbIX CAy4YalHbIM 06pa3omM B KaXaom u3 80 cnyyaliHO 0TO6paHHbIX ALMKOB.
ANa HeKoToporo npmM3Haka OUEHKW AuUCNepcuid, Kak OHW onpefeseHbl B naparpade
10.4, coctaBnsatT sf= 362, s§ = 805. (a) BblumcnauTte cTaHAapPTHY OWNGKY cpeaHe-
ro 3HadyeHMs npu3Haka Ha 0AHY KapTouKy no 3Toli Bbl6opke, (6) CpaBHUTE ee cO
cTaHAapTHOM owWnbKoW, 3agaBaemort Npuban>keHHon gopmynon (10.16) M3 naparpa-
da 10.4.

10.2. Mo pe3ynbTaTtam NPo6HOWM ABYXCTYNeHYaTol BbIGOPKUN, B KOTOPOWM B KaXKaol
M3 N’ egnHUL 0To6paHo T' MNOAbEAVHWUL, >XefaTeflbHO YMeTb OLeHWBaTb 3HaudeHue

V («/), koTopoe mmena 6bl Bbi6opKa, cogepXkawaa T NogbeguHUL, B KaxKaol n3 N eau-
HUL. ToKaXkuTe, 4TO HecMelleHHOW oueHkon V (y) byaeTt

ony /7' + T

m’N M N

roe sf u s| BbluncnATCA No pesynbTatam nNpobHoOW BbI6GOPKM. YKasaHue. Bocnonb-
3yiTecb Teopemoii 10.3 M paBeHCTBOM

Sl S?
E(*>=5'-TT+A~T -

10.3. Mo pgaHHbIM 06cnefoBaHNA YPOXXaMHOCTW MleHMUbl B wWTaTe KaH3ac, rge
ncxoaHol eguHuuein cny>xuno none, KmHr n Makkaptn (King and McCarty, 1941)
NPpUBOAAT cnejylolme cpefHWe KBapaTbl OTKAOHEHWI ypoxarHocTu (B 6ylwensx
Ha akp): sf = 165, si = 66. Ha kaxpgom rnone otbupanucb fABe noasbi6opkn. Ons
BbI6OPKYM 06BbEMOM B M Mosieli cpaBHUTe AMcNepcun BbIGOPOYHOro cpegHero (a) npu geli-
CTBUTENIbHO MONYyYeHHOW Bbli6OpKe, (6) MpU 4yeTbipeX MOABbIGOPKAX Ha KaXkaoMm m3 N
noneli, (B) nNpu nonHoW ybopke ypoxkas Ha M NonsAx.

Mpepnonaraetcs, 4ToO N a M [0OCTATOYHO BE/IMKM U He MeHsATcA. B cnyuvae (B)
cuMTaeTcs, 4TO nosHasa ybopka ypoxkas 3KBMBaseHTHa OfHOCTyneH4yaTtomy oT6opy
(t. e. T= M)

10.4. B ToM e ob6cnefoBaHUM B cnyydae ABYX MOABbIGOPOK Ha KaXaoM none
cpefHMe KBafpaTbl OTK/IOHeHWI MpoueHTa cofdepXkaHus 6enka coctasunu sf=7,73,
sf = 1,43. CKO/IbKO HYX>XHO 0T06paTb noneli, 4Tobbl OLEHUTb CPEeAHIOI0 YPOXKAMHOCTb
C TOYHOCTbLIO B npefgenax =1 6ywena v cpefHuii npoueHT 6enka B npegenax = 1/4
C BEPOATHOCTbIO OWMOUTLCA B KaXkaoMm criyvae, paBHol 1/20. MNpown3BeauTe BbluUcne-
HUSA, npejgnonaras, YTo B OCHOBHOM 06c/iefiloBaHUN (a) Ha KakAom nosie oTéupatoTcs
aBe noasbl6opky, (6) Ha KaX[om 0TO6paHHOM Mosie MpPoM3BOAMTCA MNosHas ybopka
ypoxkas.

10.5. Mo gaHHbIM 06 ypoXkaliHoCTU Nwennubl U3 ynpaxHeHusa 10.3 onpegenuTte
3HaveHne COXc2 B cny4vae JIMHENHOW DYHKLUN U3[ep>XKeK, ecqin OLeHKa OnTUMasibHoro
T paBHa 2.
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10.6. Ona cny4yan, korga kak T/M, Tak n n/N manbiMM QYHKLUA U3LepPXKeEK
NuHeliHa, NoKaXkuTe, 4To T — 2 faeT MeHbluee 3HadeHne V (y), yem T = |, ecnu

ci

> 2—St .
%)

10.7. B KpynmHOM OTAeNeHMn yHuBepcasbHOro marasumHa obpabaTbiBaeTcsa npu-
6nmn3nTenbHo 20 000 cueToB, MoslyvyaeMbliX B TedeHme mecaua. Kaxablii mecsly Ha npo-
TsOKeHUM pAByx neT (n = 24) nposepsinacb 2%-Has BbiGopka cuyetoB (T — 400).
24 3Ha4veHMs uymMcna HeBepHbIX cyeToB 3a Mecsl (M3 400) okasanucb paBHbIMMU (B MO-
psAAKe Bo3pacTaHUsA, XPOHOMOrMYecKMiA nNopsAfoK 3gecb HapyweH): 0, 0, 1, 1, 2, 4,
4,5 5/ 55/ 6,6,6,7,7,8,9,9, 10, 10, 13, 14, 17. B cO00TBeTCTBUMN C pe3y/bTa-
Tamu naparpada 10.5 Bbiuncnute sf ns|. Mocne aToro BbluMCAUTE CTAHAAPTHYO OWING-
Ky BeNW4YUHbI p, paccMaTpvBaeMoli B KayeCTBe OLEeHKW MpoueHTa HeBepHbIX cye-
TOB B Te4yeHue roga, KoTopas 6blna 6bl nonydeHa npu nposepke: (a) 1200 cuyeTtoB
B TeyeHMe OfHOro MecsAua, O0OTO6paHHOro cny4variHbiM o6pasom, (6) 300 cueToB
B KaXAbli N3 4eTbipex MecsileB, 0TO6paHHbIX cry4varHbiM o6pa3om, (B) 100 cuyeToB
KaXXAbli Mecsly,. YKasaHue. Bocnonb3yihiTecb opmMynoi m3 ynpaxHeHusa 10.2 npu
T = 400 unn ke noayynte HecMelleHHble oueHkn ST n S§, npumeHuTe Teopemy 10.3.

10.8. Mpu nnaHuWpoBaHWM ABYXCTyneH4YaToro o6cnefoBaHMs npefnonaaranocs,
yTo CjCc26yaeT NpM6AN3NTENIbHO paBHO 4 M 4UTo SI/Su 6yaeT 3akn4veHo Mexay 5 u 50.
(a) Kakoe 3HaueHue T Bbibpanu 6bl Bbl Mo Tabn. 10.2? (6) MpegnosioXXmm, 4To nocne

OKOHYaHUA 06cnefoBaHNA HageHo, uTo c1/c2 6nn3ko K8, a BenmumHa S2ISu 651mM3ka
K 25. BblYMCANTE OTHOCUTE/IbHYIO TOYHOCTb, COOTBETCTBYHOLLYI0 BblGPAHHOMY Bamu
T, N0 CpaBHEHUI0O C oONTuManbHbiM T. (B) lMpogenanTe Te >Ke BbIYMCNEHUA MpU
Ci/Gi, = 4, Si/si = 100.

10.9. O603HayYMM yepe3 p KOIDPULMEHT KOppenaunm mexgy eamHuLamm BTOPOW
CTyNneHn B OAHOW W TOW >e MCXOAHOW eauHuMue. [loKaxuTte, 4TO

1-p sf - St
p o~ [T7—1)IN]ST—S|/M Sl m

(Tem cambiM [0Ka3blBAeTCS PaBEHCTBO, MpUMeHsiBlieecst B naparpadge 10.6).

10.10. MokaxkuTte, uTto ecnm (B 06o3HayeHusax naparpaga 10.6) S« > 0, TO
npoctas cny4yaiHasa Bbi6opka 06beMOM B M UCXOAHbIX €AUVHWUL, TAe U3 KaKAoh efnHu-
ubl oTéupanocb no lanemeHTy, 60/ee To4YHa, YeM MpocTas cayvaiHas Bblbopka 06be-
MOM B M 3anemeHToB (M > 1, M > 1). MNMoKaxunTe, YTO TOYHOCTb 060MX METOA0B OAM-
HakoBa, ecnm N/N M0XHO npeHebpeyb. MOXHO 1 6bI1I0 0XKUAATb 3TOF0 MHTYUTUBHO?
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FTABA 11

MoAOTBEOP MPU EAVHULAX
HEOJAWHAKOBOIO PA3MEPA

11.1. BBEAEHWVE

Mpy BbIGOPOUHOM MCCMEA0BAHUM OBLLUMPHBIX COBOKYMHOCTE 4acTo OKa-
3bIBAETCH, YTO UCXOAHbIE eAVHWULbLI pas/inyaloTcs cBouMM pasmepom. Kpo-
Me TOro, BO MHOMMX C/lydasix 3KOHOMWYECKUWE COOBpadKeHUsI AUKTYIOT He-
06X0AMMOCTb MPUMEHEHUA MHOrOCTYrNeHYaToro otéopa. Takum 06pasom,
C npobriemMamu, paccMaTpuBaeMbIMK B 3TOM /1aBe, MPUXOAUTCS CTaslKu-
BaTbCA [O0BO/IbHO 4acTo. Ecnv pasmep BapbupyeT He OYeHb CU/IbHO, TO
OAVH V3 MPVEMOB COCTOUT B TOM, YTOObI MPOBECTU PacC/I0EHNE MO pasMepy
WCXOAHbIX €AMHWL, Tak 4Tobbl pasvep eavHWUL, BHYTPU CMos CTasl 0AMHAKO-
BbIM WM MOYTU OAWHAKOBbIM. B 3TOM Ccnyyae MOXHO BOCMO0/1b30BaTbCA
B KayecTBe NpubnvmkeHHbIX dropMyiamm 13 naparpadga 10.9. OgHako yacTo
MeXay pasMepoM UCXOAHbLIX eAUHNLL BHYTPU HEKOTOPbIX C/I0EB COXPaHSIOT-
CA 3HAUUTENbHbIE Pa3/IUYNSA, a UHOTAAa W CaMO pacc/loeHue LiesiecoobpasHo
nMpou3BoAMTbL MO APYrMM nepeMeHHbIM. Tak, peir n Kopnet (Gray and
Corlett, 1950) ykasbiBaloT B 0630pe BpuUTaHCKUX coumanbHbIX 06ceno-
BaHwi (British Social Surveys), KoTopble npeacTaBNSAT CO60M Bbl6O-
poyHble 06C/1efoBaHNA B MacLUTabe CTpaHbl C OKpyraMy B KayecTBe MCX0[4-
HbIX eAVHUL, YTO CHa4asia pasMep ObU1 BK/IHOUEH B UMC/0 MEPEMEHHbIX, MO
KOTOPbIM JO/HKHO 6bl/10 MPOU3BOAUTLCA pacc/ioeHne, Ho rocne 6onee Twa-
TEeNbHOI0 M3YYeHNSA XapaKTepPUCTUK HaceNeHUs NpeanoyvteHne 6bu1o oTaa-
HO Apyromy dhakTtopy.

N3-3a 60MbLUOr0 pasHoob6pa3ns BO3MOXKHbLIX MPUEMOB MHOFOCTYMEH-
yaToro oTbopa B C/iydae, Korja pasmep e4VHWUL, BapbUPYeET, HYXKHO Mnpu-
NIOXXUTb J0BOJ/IbHO MHOTO YCUNIA, YTOBbI OBMladeTh 3TVMU MPrEMaMm Npak-
TVyeckn. EauHMLBI MOXHO 0T6MpaTb Anbo ¢ paBHLIMU BEPOATHOCTAMM,
Nnbo ¢ BEPOATHOCTAMM, MPOMNOPLMOHANBHBIMU pasMepy WM HEKOTOPO ero
oueHke. MoXkHO paspaboTaTb pasnuuHble npaswna oNsA onpegeneHnsa [o-
neli oTbopa 1 NogoTbopa M MPUMEHSATb Pas/INyHble METOAb! OLEHMBaHWS.
MpenmyLLIECTBa TEX WM WHbIX MPUEMOB 3aBUCAT OT XapaKkrepa COBOKYI-
HOCTW, OT 3aTpaTr Ha COGCTBEHHO 06c/iejoBaHME M OT TOFO, Kakuve A0MNOSHU-
Te/lbHble CBEAEHWST VIMEHOTCA B HalleM pPacropsKeHWN.

MepBas yacTb 3TOW /1aBbl MOCBALLEHA OMMCAHUIO OCHOBHBLIX MPUMEHSIE-
MbIX MeTofoB. CHavana Mbl PacCMOTPUM COBOKYMHOCTW, COCTOSLLME TOSb-
KO 13 ogHoro csios. O606LLeHVe Ha c/lydaid pacc/IoeHHOro oT6opa MOXKeT
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ObITb CAENaHO, Kak M B MPeapiayLIMxX rnaeax, NocpeacTBOM CYMMMPOBaHWA
COOTBETCTBYIOLLUMX (DOPMY/T AUCNepCcUn Mo BeeM c/1oaM. 18 NpocToThbl Mbl
npeanosioXkUM CHavaula, uTo 0TOMpaeTcs NULb OfHa UCXoAHas eanHMLa,
T. . yTo n = 1 3T0 fgasnieKo He CTO/b OTB/IEYEHHbIV Cy4yaid, KakK MOXET
rnokasartbCa C MepBoro B3r/s4a, MoTOMY YTO, KOrfa 4Yumc/o C/10eB BESINKO,
MOXKHO MOJTYyUnNTb YAOBAETBOPUTENIbHYIO TOYHOCTL Aadke Npy nh= 1 B
cepumn eXkeMecsuHbIX 00C/egoBaHWi, NpeanpuHUMaeMbix Bropo nepenvcn
CLLA g/191 OLeHKN 3aHATOCTU, VICXOAHOW eAVHULEN CITY>KUT rpadcTBO Wm
rpynna cocefHux rpadcts. 3T0 A0BOMbHO 60NbLUVE €AMHULBI, HO OpraHu-
3aUMOHHbIE YA06CTBA UX MPUMEHEHUST YMEHbLUIAIOT 06LLme u3gepkku. lMo-
CKOJMIbKY rpadctBa Mo CBOMM XapaKTepuUCTUKaM BecbMa HeO4HOPOAHbI,
paccsioeHVe JOBOAUTCA A0 TaKOW CTeMeHW, KOrAa M3 Kadkaoro cnosi u3ene-
KaeTcs TO/IbKO 0A4Ha eavHuua. 3naraemas jasiee Teopus npyMeHvMa npm
TaKol Cxeme 0T60pa K OTAENbHOMY CJI0H.

Kak 1 B npegplayLiyx rrasax, Be/MUUMHAMMW, KOTOPbIE HY>KHO OLEHUTb,
MOryT 6bITb CyMMapHoe 3HaudeHue A1 COBOKYMHOCTU, Y, cpedHee Ans co-
BOKYMHOCTU (06bIYHO cpefHee Ha aniemeHT, K) wim OTHOLIEeHVe AByX nepe-
MEHHbIX.

O603HaueHVsl. 3HaueHe HabMAeHVST ANS j-T0 3/IEMeHTA B i-ii eauHuLEe
o6o3HavaeTcsa 4epes yu,. 15 i-i eAMHULBI NPUMEHSIOTCA ciedyowme CUM-
BOJIbI:

COBOKYMHOCTb Bbi6opka
Yncno anemeHToB Mi "y
CpefiHee Ha 3fleMeHT K* ,
CymmMapHoe 3HayeHue Yi= MiYi

[nsi COBOKYMHOCTU W A5t BbIGOPKM B LIENOM MPUMEHSIIOTCA CUMBO/TbI:

COBOKYMHOCTb Bbi6opka
N n
Yucno aneMeHToOB JIO=2M r 2 «r
n
CymmapHoe 3HauyeHue K= 2.K-
CpefiHee Ha 3fleMeHT y~ry/Mo
CpefHee Ha UCXOAHYI eaAnHULY Y—Y/N /= 2«/r/«

11.2. METOAbl OTBOPA PN a=1

Mpeanonoykum, 4To oTobpaHa r- eouHWLA, coaepxkailast M- anemeH-
TOB, M3 KOTOPbIX C/y4aiiHbIM 06pa30M M3B/ieUeHbl T; 3/1eMeHToB. PaccMoT-

pyM TpX MeToda OLEHMBAHWA Y, CPEAHEro 3Ha4YeHUs Ha 3/1eMEHT.
. EovHuubl oTOmMpaloTca ¢ paBHbIMU BEPOATHOCTAMU

OueHka = yi= yt.

OLEHKON CNY>KUT BbIGOPOYHOE cpeaHee Ha aneMeHT. OueHka 6yget
CMELLIEHHOM, TaK KaK Mpy MHOrOKPaTHOM O0TG0PE U3 TOM Ke enHULIbI Cpef-
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Hee 3HAYEHVE yt PAaBHO Y t, 1, MOCKO/IbKY KabKAasi eavHMLA MMEET ofuHa-
KOBble LLUAHCbl 6biTb O0TOGPAHHOWM, CpefHee 3HAYeHWE Yy 0603HAYUM €ro

uepe3 Ya, PaBHO:
N

N

Ho cpegHee i COBOKYNMHOCTU paBHO:

-, roe Mo
MO
CnepoBsatenbHo, cMelleHMe paBHO (Y0 — K). IocKosbKy OLeHKa CMelLle-

Ha, BbIMMC/IUM cpegHuiA KBagpaT owmnbkm (CKO) oTHocuTenbHo Y. 3anu-
Lem

+-v= Gi-"+fo-PJ+fc-P).

Bo3segem B KBagpar M BO3bMEM CpefHee Mo BCEM BO3MOXKHbIM Bbl6OpKaM.
Bce uneHbl, cofepykallme mnonapHble MPou3BeAeHNs, 06paTATCA B Hy/b.
MaTtemaTtuyeckre OXXKUAaHUA KBaApaToB JSIErKo MoslyyYnTb C MOMOLLBIO npue-
MOB, M3/I0>KeHHbIX B /1. 10. Mostyvaem

CKO &) =
1 a0 Mi—m) S2i . VT a2+ (Ya w N1
N |:i Ml mt _Nyi_(l I- a) ( a- ’ ( . )
BHYTPW eAvHUL, MeXxay eavHuuaMm cMmelleHue
roe
M.
Mi—1, .
: /=i

— [Oucrepcus MeXxay afieMeHTamm B i-i enHULE.

CKO (yi) cocTouT 13 Tpex craraeMbIx: NepPBOe BO3HMKAET BC/eACTBUE
BapyiaUMn 3HaYeHW Hab/IAEHWA BHYTPU eavHWL, BTOPOe — BCEACTBME
BapuaLuM UCTUHHBIX CPEAHUX MO eAMHULAM W TpeTbe — BC/IEACTBME CMe-
LLEHWS.

Mbl eLle HAYEro He ckasasim 0 3HadeHUsIX mt. ObbI4HO /IN60 GepyT BCe
mt 0AMHAKOBbIMM, /60 MosaralT KX MPOMNOpPUMOHATbHBIMKM Mi, T. e.
V3 KaoKOoh eauHMLbl M3BMEKAT MoABbIGOPKY C OAMHAKOBOW A0Meil 0T60-
pa. Bbi6op mi BMSAET TONBKO Ha MepPBOE U3 TPexX cnaraembixX aucrnepcum —
Ha cnaraemoe, 00YC/IOBfIEHHOE Bapuauvieri Hab/geHW BHYTPU eOviHWLL

Il. EavHMLbI 0T6MpaloTCs C paBHbIMK BEepPOSITHOCTSAMU

NMjvyi
Mn

OueHka = yn =
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Ota oueHka 6OyfeT HecmellgHHoW. [MOCKO/bKY [T eCTb HecMeLLeHHast
oueHKa Yt, npousBefeHve M ;1; 6yaeT HEeCMELLEHHOW OUEHKOM Y it CcyMm-
MapHOro 3HayeHvs Ans eauHuUbl. CrneaoBaTtesnibHO, NM /i eCTb HecMeLLeH-
HasA OUeHKa CYMMapHOro 3HauyeHWs A1 COBOKYMHOCTW, Y. Pasgenus ee
Ha M 0, T. €. Ha 06LLee YMC/O0 3/IEMEHTOB B COBOKYMHOCTW, MOSlyyYaem He-
CMELLIEHHYH0 OLIEHKY Y.

[na Toro ytobbl HaMTK V (yr), AWUCMEPCUMIO 3TOW OLUEHKW, KoTopas,
KOHeYHo, pasHa ee CKO, 3anuiem

- F N AT y— NMi (  ,—y INM.jyg Jy

M1 Mo MO ~ MO

Janee, MtYi = Yt, cyMMapHOMy 3Ha4eHWto Ans eayHuubl, nf = NYIMO,
roe Y — cpefHee 47151 COBOKYMHOCTM Ha eAvHuLy. 3To JaeT

7 Y—NMt(u K| 4CY__y).
V1Y~ Mo [Jl MBI

CneposatesibHO,

V(ya)=—SYM ;(M;- u ~ + ~ (11.2)
Ml oo, /=1

MexxayeanHUYHOe cnaraeMoe 3Toi gucrnepcum  (BTOPOIA YieH B MpaBoii
YacTh paBeHCTBA) XapaKTepU3yeT Bapuauuio YT, CyMMapHbIX 3HaueHWi
npu3Haka y egyHul. Ha 3To cnaraemMoe BAVSIKOT KakK M3MEHeHMst Mt OT

eAVNHMLBI K eauHMLE, TaK 1 Bapuaumsi CpedHnX Ha anemMeHT, Yt. Ecnv egu-
HVLBI CU/TbHO Pas/inyatoTcsl CBOMM Pa3MepoM, TO 3TO C/laraemoe BesnKo,
[ladKe ecniv CpefHMe Ha 3/IeMeHT MoYTK OMHAKOBbI A/1s BeeX eanHul, Yac-

TO OKAa3bIBAETCS, YTO 3TO C/laraeMoe CTO/b BE/IMKO, YTO yL, MMEET ropasfo
6onbwnii CKO, yeM cmelleHHas oueHka y 1. [MoaTomy HM meTog |, HU Me-
Tog, 11 He 6yayT BMosIHE YA0BNETBOPUTENBHBIMMN.

I11. EguHnybl oT6MparnTca ¢ BEpPOATHOCTAMWM, MPONOpLUOHaIbHbIMMN

pa3smepy
OueHka = yr\ — yt = BblGOPOYHOMY CpegHemy.

3Ta MeToAuKa npepioxkeHa XaHceHoM M Xepsuuem (Hansen and Hur-
witz, 1943). MNpun Heli BbIGOPOYHOE CpeAHee He MOABEPXKEHO CMELLIEHMIO Y
He MMEET CTO/b 60/IbLLION Avcnepcnn, Kak B meToge I1.

Mpy MHorokpaTHOM oTbope i-9 eauHULA NOABASETCA B BbI6GOpKax € OT-
HOCUTENIbHOM YacToToi MilMO. CnemoBaresibHo,

iTl wm
Janee,
Y1r—I = (yT—Yi) + (Yi—Y).
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Bo3bMem cHavana cpegHee Mo BceM BblGopKam, B KoTopble nonana t-s
eavHMLA.
E(yw-Y)* = i iXi-vf-
Vi i1 Xi-yf
Tenepb BO3bMEM CpefHee MO BCEM BO3MOXXHbIM M3B/IEYEHMSIM VICXOOHO
eavHMLpBL. TOCKOMbKY i-A eavHMLA M3B/IEKAETCA C OTHOCUTENIbHOM 4acTo-
TO Mi/MO, TO
N 2 N . m
Y ) =gy Yo Mi—T) 81 Mib'i-Y)2 . (11.3)

0\ =1
3amMeTuM, 4To, Kak 1 B MeTofde |, MexayeauHWYHoe c/iaraemMoe BO3HU-

KaeT M3-3a pas3/imumnst Mexxay CpefHMMU Ha 3/1EMEHT, Y U Yy Pa3HbIX egUHULIL.
Ecnv cpegHue Ha anemeHT I'IpI/I6J'II/I3I/ITEI'IbHO O04NHaKOBbI, TO 3TO C/laraemoe
MaJU10.

Mpumep. MNPUMEHUM MOMYYEHHbIE pe3y/ibTaTbl K HEOO0/bLLON, MCKYCCT-
BEHHO 06pa30BaHHOM COBOKYMHOCTU. [laHHble NpmBoaATcsa B Tabnmue 11.1.
MmetoTca Tpy eguHULBI COOTBETCTBEHHO C 2, 4 1 6 anemeHTaMn. Uutarenb

MOXXET MpOoBepUTb MNpuBedeHHble ANnA Yt, Sh v Yt 3HadeHus. CpeaHee
ONs COBOKYMHOCTW, Y, pasHo 33/12, wim 2,75. HeB3BelUeHHOe cpeaHee
Be/IMUMH Yi paBHO 2,167 = ¥Ya Tak 4To AnA metoga | cMelleHwe cocTas-

nsget — 0,583. Ero kBagpar, NpeacTaBnstoLmii coboii TpeTbe cnaraemoe
CKO, paseH 0,340.

Ta6nunua 111
MCKYCCTBEHHAA COBOKYMHOCTb C EAVHVLAMY HEOAWHAKOBOIO PA3MEPA

. . 2
EavHnua »lj M. yi Czi Y f-9
1 0, 1 2 1 0.500 0,5 —2.25
2 1, 2, 2, 3 4 8 0,667 2,0 —0,75
3 3, 3, 4, 4, 5, 5 6 24 0,800 4,0 +1,25
NTorn 12 33

M3Bnekaetcs ogHa eauHULA U 13 Hee 0TOMpaloTca ABa anemeHTa. Pac-
CMOTPMM YeTbIPE METOAA, ABa W3 KOTOPbIX MPeACTaB/isoT coboii BapuaHThl
metoga |I.

MeTop la

Cnocob oTbopa: BepOATHOCTU M3BMEYEHUS eAUHUL, OAMHAKOBbI, TT = 2.

OueHka: yt (CMelleHHasl).

MeTon 16

Cnocob oT6opa: BEPOATHOCTU W3B/IEUYEHUS eAVHUL, OAMHAKOBbI, mt =

-4
OueHka: yt (cmeLleHHas).
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MeTog 11
Cnoco6 oT6opa: BEpPOSATHOCTU M3BJIEYEHUA eAUHUL, OAUHAKOBbI, Mt—2.

OueHka: NM~i/Mo (HecmeuleHHas).

MeTog 111

Cnoco6 oT6opa: BepOSATHOCTU W3BMeYEHUSA eAUHUL, paBHbl M HMO,
mwm - 2. _

OueHka: yt (HecMmelleHHas).

Ana meTtoga 16 (NponopuuoHanbHbIA MoAoT60p) 00bEM BbIGOPKU He
06s3aTeNlbHO paBeH 2 (OH MOXeT 6bITb 1, 2 UnNn 3), HO cpefHUN 06bEM Bbl-

60pKN paBeH 2.
MpumeHsas ans owunbkm Bel6opku dopmynsl (11.1), (11.2) n (11.3), no-
niydyaem pe3ynibTaTbl, NpeAcTaB/eHHble B Tabn. 11.2.

Ta6nnuya 11.2
CPEJHVE KBAJPATbI OLUNBEKU OLIEHOK [ MO BbIBOPKE

Cnaraemble CKO, 06ycnoBneHHble

MeToz Bapuauveii BHYTpU Bapuaumeil mexay O6wuit CKO
P eL/"J,MHmu, e equHMLAMM CMelleHnem
la 0,145 2,056 0,340 2,541
16 0,183 2,056 0,340 2,579
1n 0,256 5,792 0,000 6,048
11 0,189 1,813 0,000 2,002

X0oTA Mbl paccMaTpuBasii UCKYCCTBEHHbI MNpYMep, ero pesysnbTarhbl
TUNWYHBLI A1 MHOTMX COBOKYMHOCTEN, M0 KOTOPbIM MPOM3BOAWIOCH aHa-
NiornyHoe cpaBHeHve. HavmveHbwmnii CKO paet metog, 111, notomy yto y He-
ro HaviMeHbLLee criaraemoe, 06ycnoBfeHHOE BapyaLver Mexay eauHULaMM.
MeTtog 11, X0TA OH M He AaeT CMeLLEeHNs, OKa3asiCAa 04YeHb HeyaayHbiM. Me-
Tog, 1a (eovHbI 06bEM MOABLIOOPKIM) HECKOJMIBKO Jyulle MeToga 16 (mponop-
LUVOHa/TbHBIA  M0Z0TO0P).

CpaBHeHVe 3TUX METOO0B MPOU3BOAW/IOCE TAKXKE HAa HEKOTOPbLIX peasib-
HbIX COBOKYMHOCTAX. [18 WwecTy npu3Hakos (o0bLiee umcrio paboumx, 06-
LLEEe YMUCMO CEeNbCKOXO3AMCTBEHHbIX paboumx, obLlee YMUCI0 HecenbCKo-
XO3ANCTBEHHbIX paboumx, MpuyeM KadK[oe OLEHMBAa/IOCb OTAE/IbHO AN
MY>KUMH W dkeHWMH) XaHceH n Xepsuy, (Hansen and Hurwitz, 1943)
o6Hapy>xunn, yto mMetog Il gaet 3HaunTesIbHOe YMeHbLLEHME criaraemoro
Avcnepcuu, 06ycfoB/IEHHOr0 BapuaLiiein Mexay eauHULAMU Mo CPaBHEHWIO
C HecMmeLleHHbIM MeTogom 1, a rno cpaBHEHWIO C METOAOM | 3TO yMeHbLLEHMEe
coctaBnset B cpegHeM 30%. (ABTOpbI Npearnosaraiv, Yto cnaraeMbiM, BO3-
HUKAOLWMM 13-3a Bapyialmy BHYTPU eAvHULL, MOXHO npeHe6peyb.) [ykebe
(Jebe, 1952) Hawen npyv OLEHUBAHUN TUMUYHBLIX CESTbCKOXO3AMCTBEHHbIX
npv3HakoB ansa wrara CesepHas KaponvHa, 4To ymeHblUeHVe o6Lein anc-
Nnepcun COCTaBJIAET Be/IMYMHY nopsgka 15% Mo cpaBHEHWIO C METo4amMm
Tvna . B 06omx 06crefoBaHMSIX UCXOLHOM eOVUHULEN CTY>KWUA0 rpadicTBo.
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U.3. OTBOP C BEPOATHOCTAMW, MPOMOPUMNOHAJIbHbIM OLUEHKE
PA3MEPA

Kak y>ke ynomuHasocb B /1. 9, B HEKOTOPbIX 06cnefoBaHusX pasmep!
eanHnUpl, M;, N3BECTEH MO MPEXHUM AaHHbIM TO/IbKO MPUOMVKEHHO, a L
OPYTUX WMEETCA HECKO/IbKO BO3MOXKHbLIX XapaKTepuCTMK pasvepa emp-1
HUUpl. TMyCTb Zi — BEPOSATHOCTb, WM OTHOCUTE/IbHBIV pasMep, NpPUNMCLI*
BaeMbli t-71 eguHMLE, MPUYEM 3HAYeHUsT I 06pas3yroT HEKOTOpbIA Habop
MOJIOXKMTE/BHBIX Yncen, B cymme gaowmx 1 Mbl no-npexxHemMy npegrosia-
raem, yton=1. =

MeTtog IV. HecmeweHHass oueHKa Y ecTb

Mi yt

M\ = (11.4)
ZiNo

OT0 BbITEKAET M3 TOr0, YTO MPY MHOFOKPaTHOM 0TOOpE i-A eauHMLA 13B/e-
KaeTCcs C OTHOCUTE/IbHOM YacToToN T, TaK YTo

Mi yi y Miilg
= =Y.
Elym = 2 2t 2 =i Ms

Aducnepcna yw>  BbIUUCIAETCA 06bI4HbIM CMOCO60M. 3anuLLeEM

Mitji

zi Mn

YIV- Y

= U —Y) + [~Y t— MOY~ [cornacHo (11.4)].

Mpn ycpegHeHUM Kadkabli KBagpaT BXOAWUT B AUCMEPCUIO C BECOM Zj.
CneposaresibHO,

N
4 Mi (Mi— mi) S2i
MI /2: 1 mt

Mi (11.5)

Ecrn Z = to (11.5) ceogutca K copmyne (11.3) gna VvV (r/w)-'
Ecrm Z — UN (1cxofHble BepOATHOCTM pasBHbl), To (11.5) csBoguTcs ic
thopmyne (11.2) ona gucnepcmMyM HECMELLEHHOM OLEHKU B C/lyvae paBHbIX
BEPOSATHOCTEA.

3a UVCK/oYeHWeM cnyyad, Korga zt — MJMO, Ha mexayeauHu4Hoe,
cnaraemoe B (11.5) BANAIOT B HEKOTOPOI CTerNeHN Kak Bapuiauums B pasMepe

eivHuY, Mr,TaK U Bapuauns B CpefHUX 3HaUYEHUSAX Ha 3/1eMeHT, Y t.

Mpumep. B Tabn. 11.3 npeacTtaBsieHbl BbIYUCMIEHUSA MPU HaXOXXAEHWIA

V (/iv) [N MCKYCCTBEHHOW COBOKYMHOCTW, MpuBeAeHHoW B Tabn. 11-1-
3HaveHna z* B3ATbLI paBHbiMu 0,2; 0,4 n 0,4, a = 2
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Tab6 nuya 11.3
BbIYVC/IEHUE V (ylv)

© . . .

=3 . Mi IMi—mi> -

2 M oaym» o1 mi . sh Yi ) yroy
s zim zi zi

o

1 9 0,17 0,2 2 0 0,500 1 5 —28
2 4 0,33 04 2 10 0,667 8 20 —13

3 6 050 0,4 2 30 0,800 24 60 +27

CornacHo (11.5) gucnepcmsi ckiafblBaeTcs Crefytowmm 0bpasom:

BHYTPUEAMHWNYHOE Craraemoe = pOEAIRCAL ﬂ;m) s2 /Mj’g—_?fﬁl%;
y. \2
MeXayeaguHuyHoe cnaraemoe ==2 Zi(~ —”™ ~ o = 3,583.

CpaBHeHue ¢ Tabn. 11.2 nokasbiBaeT, 4To MeToq IV faeT MeHbLUYH AnC-
nepcuio, YeM HecMeLLeHHbIA MeTog, 1, mpy KOTOpoM eavHULbI 0T6MpatoTes
C paBHbIMM BepoATHocTAMW. OfHako metog |V onpefeneHHo yCTymnaet me-
Togam | n Ill. B Hawem npumvepe HeCMeLLEHHOCTb OLIeHKM, Mosyyaemon
mMetogom 1V, faeTcs C/IMLLIKOM SOPOroi LeHOiA.

Mo3ToMy eCTeCTBEHHO CTPEMJIEHWME BbIACHUTb, He 6yAeT NN BblI6opoUHOe
cpegHee (kak B metoge |) nydller OLUEHKON, YeM OueHKa, Moslydaemas me-
Tooom V.

V. EgyHuLbl 0T6UPAOTCS ¢ BEPOSITHOCTAMY,  MPOMOPLMOHATbHBIMA
OLEeHKe pasmepa

OueHka = thy = yt = BbIGOPOYHOMY CpefHeMy.
OTa oueHKa 6yAeT CMELLEHHOW, MOCKO/bKY, Hanpumep,

Ecnn zi npeactaBnistioT coboi XopoLune OLUeHKN, TO Yz 6/IM3K0 K rMpaBusib-

HOMY cpefHeMy 3HayeHMI Y — 1>MtYJIMO n cMeleHre 6yaeT Hebosib-
LLMM.
Ecrv 3anucatb

W~ 2= & -Yd + (Yi~ 22+ (Y,-2)*

To Tpu cnaraembix CKO npuvHUMaloT BUA,

CKO(»v)= - \Y/
" I“_Eli Mi g

Mpumep. Ecnm B3dTb 3HaYeHUA zt 1 MEN3 Tabn. 11.3, To, KaK MOXeT

npoBepuUTbL uuTaTesb, Ccrlaraemble aucriepcnn  thv paBHbI NpyBEJeHHbIM B
Taon. 11.4.
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Ta6bnunuya 114

Cnaraemble CKO pans metoga V, 06ycrnoBfeHHble

o o O6wuin CKO
Bapuaunen BHYTPU Bapuauven me
P L("E,C|,|/|H|/||_|I e pep,II/IJ'HVILI,aMM)KAy CMeLLeHnemM
0,173 1,800 0,062 2,035
MeTog V NpeBOCXOOUT BCe METoAbl, 3a UCKModveHveMm metoga Il (oT-

60p C BEPOATHOCTAMMW, MPOMOPUUOHATbHBIMU PasMepy), W MOYTU He YCTy-
MaeT rnocnegHemy.

JAuvcnepcnn 3TUX NATU OLEHOK MOrM 6bITb MOMY4YeHbl KakK YacTHble
cnyyan Teopembl 10.1, HO Mpy N = 1 X 6bII0 /IETKO HAWTK HEMOCPEeACT-
BEHHO.

11.4. CBOOKA METOAOB TIMNPUN « = 1

MsATb METOAO0B OLEHWBAaHWS CPEAHErD Ha 3/1eEMEHT, Y, W COOTBETCTBYHO-
wue v CKO a/1s1 pacCMOTPEHHOMO YMC/IOBOTO MPUMepa CBefeHbl B Tabil.
11.5.

Ta6bnunya 11.5
METOAbl ABYXCTYMEHUYATOIO OTBEOPA (n= 1)

BeposiTHOCTH, C KOTOPbIMM CMeLLeHHOCTb CKO ans
MeTtog N3B/IEKAIOTCA  eAMHULLBI OueHka Y OLIEHKM npuvepa
1 OpfnHaKkoBble R} cMelleHHas la: 2,541
16: 2,579
N m~n
n OpviHakosble HecMmelleHHas 6,048
v
Mi
w - — oc pasmepy vi HecMeLLeHHas 2,002
Maq
Mwun
IV Zioc oueHke pasmepa ) HecMmellleHHas 3,796
ZiMO
v Zi oc oueHKe pasmepa M CMeLLeHHasn 2,035

11.5. METOAbI OTBOPA TP n> 1

OcHoBHble MeTogpl 0T6opa Mpu N > 1 NpeacTasnsoT coboii Hermocpes-
CTBEHHble 0606LLEHNA PacCMOTPEHHbIX B Naparpadax 9.8—9.12 metooB
O4HOCTYrMeH4YaToro otéopa W3 rHe3goBbIX €AVMHWUL, HEOAVMHAKOBOrO pasme-
pa. MoaToMy Mbl MOXeM BOCMO/Ib30BATLCA Kak (opMysiamn AMCrepcun,
MoslydeHHbIMM B 3TUX naparpadax, Tak 1 pesynbTatamy CPaBHEHUSA 3TUX
MeTOZ0B.

B nocnegyowmx naparpadax npuBoaATcsa (opMy/ibl BbIYUCTIEHUS UCTUH-
HbIX CKO U1 nx oueHoK a1 Haubosiee BadKHbIX MeToL0B 0T6opa U OLeHUBa-
HUA Npy n> 1. BBMAy NpakTUYeckoro yaobCcTBa pPaBHOB3BELLEHHbIX OLie-
HOK /11 KaxKOoro MeToja yKasblBalTCs YC/10BUSA, MPU KOTOPbIX OLEHKa
NPVHUMAaET Takon BUL,
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11.6. OTBOP EANHNL, C PABHbIM BEPOATHOCTAMMW.
OUEHKA MO OTHOWEHWNIO C PASMEPOM B 3HAMEHATE/E

MeToa | MOXKHO 0606LLMTL Ha Crly4ai OLEHMBAHWUS cpeaHero 3HaueHus!

AN COBOKYMHOCTU, Y, HECKO/IbKMMM criocobamn. OfHoi 13 Hamboree
YOO6HbIX BO BCEX OTHOLLEHUSAX OYyAeT, Mo-BMAVMIMOMY, OLEHKa

3T0 — TUMNMYHAA OLEHKa M0 OTHOLLUEHMIO, MOCKO/bKY KaK YuCnnTeNb, Tak
1 3HaMeHaTes/lb MEHSITCA OT BbIGOPKM K Bblbopke. OueHKa 6yaeT CMeLLeH-
HOW, KaK 3TO0 CBOMCTBEHHO OLEHKaM MO OTHOLLEHMIO, OQHAKO Mpy 60/bLLIMX
N CMELLEHMEM MOXHO MpeHebpeyb. [ TOro 4tobbl HaATK MOMGIVKEHHOE
3HaveHne CKO, sanuviuem

Y M Yimi nM

rge M = MdN ecTb CpegHWii pasvep WCXOAHOW eAvHULIbI.
[nsa Toro ytobbl npumeHnTs Teopemy 10.1 (c. 293), 3anuvLlem

2 Mmiizi 2 Mi(yt— Y) hMid/i—Y)

_Miiiji YY), y,_ Mi(Yi—K), yr Y, n
Hi — = » xi = ~ 27— L *iy W, —~T7e
nM nM N
OTclofa BbITEKaeT, 4YTO Y' — HEB3BELLUEHHOE CpefHee MepeMeHHbIX

Mi [Yi — Y)!M. CneposartensHo, Mo Teopeme 2.2

N -
V(Y") I~ fl 2M f(K ;-F )2
nM2 N -1

Janee, B 0603HayveHUsIX Teopembl 10.1,

ah=E(yl- YIY = — E[M!(yt- K22 =
n2M

i M\ (i - f2i)sh
rPM
CneposartesnibHo, Mo Teopeme 10.1
CKO(Yr) « V(J1 =V ([N)+ 2>roh« — 2+
nM2 N -1
k¥  Mimi-hi)sh (11.6)
tINM2 mi
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3Ta ouUeHKa CBOAUTCA K BbIOOPOYHOMY CpeAHeMy, T. €. CTAHOBUTCSA PaBHO-
B3BELLIEHHOW MNpu

. trti <
{ZI = — —TOCTOAHHON =

-
Mi M
O6o3HauMM 3Ty MOCTOAHHYIO 4Yepe3 /2. B aToMm criydae cnaraemoe amcnep-

cun, 06YCMOBMIEHHOE Bapuauveinn BHYTPU eauHuL, (BHYTPUeAUHWYHOe cra-
raemMoe), MOXKHO BbIpa3vTb Gosiee MPOCTo, a UMEHHO

CKO (y) « * 4+ lzx~m '\sh. (11-7)

MOXXHO OTMETUTb CXOACTBO C COOTBETCTBYHOLLUEN (DOPMY/ION Anst cry4as,
KOrga WCXOA4Hble efuHMLbI MMEOT OAVHAaKOBbIM pa3mep. Ha ocHoBaHuu
(10.10) u3 naparpadga 10.3 nony4vaem

N =

V(y) = I=£1 S (< y)2+j Jg. y (11.8)
n N— 1 nr **\N)

Pa3nnume coctomt B TOM, 4T0 B (11.7) cnaraemble CKO, oTBevatoLle
pasHbIM MCXOAHBIM eAMHMLEAM, BXOOAT C pasHbIMU Becamu.

OueHKy Mo Bblbopke NpubAVDKeHHOro 3HaveHust CKO, BbIpaXKeHHOro
(11.6), MOXXHO MONYYUTbL C MOMOLLBI0 TeopeMbl 10.2. OAna mMexxayearHUY-
Horo cnaraemoro V (IM') o6blMHasi OueHKa Mo BblbopKe (NoaBep>keHHast
cMeLLeHVIo nopsagka 1in) ecTb

(11.9)
nM n—1
- jn
roe Yn—""MiYt «aHasiorom» byget
1-H ] W C»i-?Rr (11.10)

ve(¥)- v n—1

€c/IN 3aMeTUTb, YTO aHasior Ym ecTb YR = 2,Mnmfii2/Ur.
Ana ah oueHkoii 6ygeT

1 Al1? (1- /rO s]:
ar=
M
rae, Kak o06bI4HO,

&y Sy o
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CneposatenbHo, no Teopeme 10.2, oueHka CKO o Bbl6Opke eCcTb
O(VR = u(y)= mcf{¥) + 2 ah =

1—n AMld/i—?<<)'§,+
nM2 n—1

S AN ~bl4-. (re.m
n*m
MpoBensa 6onee noapobHoe uccnepoBaHue, Cykxatm (Sukhatme, 1954)
Halen 60/1ee TOYHYH OLEHKY BHYTPUEAUHWUYHOIO Ciaraemoro.
B cnyuae, korga Bblbopka paBHOB3BelleHHas, (11.11) npuHUMaeT
60/1€ee MpocToi BMA,

I-/i ~Mf(yi-Y Rr

V(YR):
R nM n—1
/id 12V M. (11-12)
nbnM

3ameTnm, YTOo ec/iv / X MOXKHO MnpeHebpeyb, To Kak B (11.11), Tak n s (11.12)
OLIEHKM AMCMepPCUMM CBOAATCA K WX MEPBbIM Y/ieHaM.

Mpumep. WN3"c6opHMKa «American Men of Science» cnyvaliHbiM 006-
pasom 6bU10 0To6paHo 20 cTpaHuL. Ha Kapkaoi cTpaHuue mKcupoBascs
BO3pacT ABYX Y4YEHbIX M3 ABYX, TAKKe 0TO6PaHHbIX Cly4YalriHbiM 06pa3om
6rorpadmii. ObLyee yncno ruorpaduii Ha CTpaHWLE MEHSIETCS B CrpaBoY-
HVKe B npegenax oT 14 go 21. Mo gaHHbIM Tabn. 11.6 HY>KHO OLEHUTL cpea-
HWIA BO3pacT M HaTW CTaHAAPTHYH OLLUMOKY OLIEHKW.

Mo gaHHBIM KpaliHero nMpaBsoro cronbua

y LWw_= fZjgbH= 47,7 ropa.
XMi 359

Tak Kak n/N MOXHO npeHebpeyb, n3 (11.11) nosyyaem
2 Mi(yi~Ypf
nM2(«—1)

UuncnuTenb flierye BCErO BLIYMCAUTE MO hopmyse

v (Yr)

2 (Af, nf-2 Y R2 (Af,yt) AT, + Y% 2AI? =

= 15375020 — 95,3844 «309 747,5 + 227455 <6481 = 571 300.
TakK Kak Mo gaHHbIM Bbl6opkn M — 359/20, To
¥ _ 20-571300 _

VS%F) e 4.67;

19.(359)2

s(KR = 2,16 ropa.
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Ta6bnunya 116

BO3PACT 40 YYEHbIX V3 CBOPHUKA «American Men of Science»
n= 20, m=2)
Howmep M, Bospact Cymma Vf f
efVHULbI Mi "i
H1
1 15 47 30 77 577,5
2 19 38 51 89 845,5
3 19 43 45 88 836,0
4 16 55 41 96 768,0
5 16 59 15 104 832,0
6 19 39 38 1 731,5
7 18 43 43 86 774,0
8 18 49 51 100 900,0
9 18 45 35 80 720,0
10 18 46 59 105 945,0
n 20 71 64 135 1350,0
12 18 35 46 81 729,0
13 19 61 54 115 1092,5
14 19 45 87 132 1254,0
15 18 31 38 69 621,0
16 16 64 39 103 824,0
17 16 63 47 110 880,0
18 19 36 33 69 655,5
19 19 61 39 100 950,0
20 19 54 34 88 836,0
MTorwm 359 1 1 1904 | 17121,5

Ecnn ncxogHble eaMHULBI 0T6UPAOTCA C PaBHLIMW BEPOSITHOCTSIMU, TO
[pyrasi oLeHKa cpefjHero A COBOKYIMHOCTM eCTb

— 0+ Vi +l)e

JTa oueHKa 6yaeT paBHOB3BELLIEHHOW, €C/N /U= MOCTOSIHHOM, KaK B Mnpeq-
LLUECTBYIOLLIEM MNpuMepe. Ecnn Mt 1 Y ; HEKOPPENMPOBaHbl, TO 3Ta OLEHKa

MOYKET OKa3aTbCsl YAOB/IETBOPUTE/IbHOW, HO ec/ii M 1 Y- Koppenvposa-

Hbl, TO OHa MnoABepP>keHa CMELLEHNIO, KOTOPOE HEe 1CYe3aeT AadKe npu 60/b-
nx n.

11.7. OTBOP EAVNHNL, C PABHbIMW BEPOATHOCTAMMW.
HECMEWEHHAA OLUEHKA

HecmelleHHas ouegHka (vetog Il 13 naparpada 11.2) ectb

yn= -n’,\‘/I[LZ Miyt= -= 2 M”"-

[nsa Toro ytobbl HalTK gMcNepcuio, NPEACTaBMM OLLMOKY Kak 00bI4HO B BUAE
CYMMbl BHYTPUEAUHUYHOTO U  MEXAYEeAMHWUYHOro C/laraembix, 3anucas
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34ecb Mbl BOCMONb30BA/IMCL TEM, 4TO Yt = MtYi u EF/nM = Y/IM —

— Y. Bo3Boas B KBagpaT U 6epsi cpeaHee, moslydaeM (CTaBs Ha MepBoe
MECTO MeXAye[UHNYHOE C/iaraemoe)

Y(p,)= i=h. Il m'-MSj,
nM N—1 nNM ~ mi

Kak 1 oueHKa Mo OTHOLLEHMIO C pa3MepoM B 3HameHaresie, HeCMeLLeHHas
OLIEHKa CTaHOBUTCS paBHOB3BELLEHHOW Npy f2 = rtiJMi = MNOCTOSAHHON=
= f2 B atom cniyyae

n n T

fo= 2 wmi = atM 20 27 - (111)

Jna paBHOB3BELLEHHOW OLEHKM aucnepcuvio (11.13) MoxXkHO 3anucatb B BU-
Je

V (fu = + j? W Sh- (11-15)
nM N—1 nmN M

O6bluHaa MeToAMKa MO/yHeHUS HecMelLeHHOM oueHkn (11.13) no Bbl-
60opKe NpuBOAUT K chopmyne

a(f)=idhnhl +_4A_ 'y w™MH\-bl)Bb 16)
v ou nM2 n—1 n2n? ** mi
raoe Yu=I1,Miyi/n.
[na paBHoB3BelLeHHOM oueHkM (11.14) ata dopmysia cBOAUTCH K

v(fu=I=fzt zfug. + Mk=M Y g] 5] (nn7)
ol n—1 Mo A

Mpumep. NS NOAYyYEHUS HECMELLEHHOM OLEHKWU M0 AaHHbIM Tabnuupl
11.6 Hy>KHO 3HaTb Takke N (4ncno cTpaHuu) U MO (4ucno Guorpadmin
B KHUre). Myctb N = 2823 1 M 0 npnbnun3ntesibHO pasHo 50 AOQ

MpPUHSAB 3TV YCNOBHbIE 3HAYEHNS, VMEEM

= 2823 17121,5—48,3 roga.
20-50 000

CornacHo (11.16) npu M = 50 000/2823 = 17,712 viMeeM

[ — — + o - ==6,021.
v (T] 20-(17,7112)2-19r|_(577'5)/2 Y (836'0))2 (17122165)2

CraHgapTHasi olIMbKa OLeHKM paBHa 2,45 roga.



11.8. OTBOP EAVNHWL, C BEPOATHOCTAMMN,
MPOMOPLUNOHANTBbHBbIMUN XAPAKTEPNCTUKE PA3MEPA.

HECMEWEHHAA OUEHKA

McxogHble egMHUubl 0TOMpatoTCs ¢ BEPOATHOCTAMMW, MPOMNOpLMOHasib-
HbIMW zi. 1A NPOCTOTbI MpeanonaraeTcs, UYTo OHW OTOMPAKOTCA ¢ BO3Bpa-
weHrem. Kak 4acTHblii criyyaid 6yayT nosyyeHbl pesynbTaTtbl ANa zt =
= Mi/MO (BepoATHOCTb MpPOMopuyoHaIbHa pasmepy).

Mpepnonaraetcs, y4Tto M3 i- eAuHWLBLI O0TOUpaeTcs 6e3 BO3BpaLLEeHUS
noasblbopka 06bemMoM B nogbeavHuL,. Ecnu r'-a egyHvua otobpaHa aBadk-
Obl, TO Mbl CUMTaeM, 4TO BCA MOABbIOOPKA BO3BPALLAETCS, W BHOBb He3a-
BMCVMO M3B/IEKAIOTCA mt MOAbeAVHUL, Takke 6e3 BO3BpaLLeHUs.

HecmellieHHas oOLeHKa cpefiHeto /19 COBOKYMHOCTWU (06006LLeHMe MeTo-
fa 1V) ectb

? ppes= . (|_|. 18)

nMO Zi

[na Toro 4ToGbl HalATK AWMCNEPCUIO, 3armLLeM

nMo ~ zi :_+'nM£l/l (/ii' y)y = (n.i9)
Me)K,Cl,ye,Cl,l/IHVIque cnaraémMoe MO>XHO 3anucatb B BUAOE
N
nMo

Ero Aoncnepcn MOXXHO TMOoJ/TyUnUTb MO Teopeme 9.3 B BMOe

(11.20,

BHyTpueanHuumoe cnaraemoe AMcnepcuv gns eauiHnLpl, 0ToO6paHHOM OauH
pa3, no Teopeme 2.2 paBHO
1 Mi (1—f2i) sh
rPW\ r’m.

Ecnv egHMua n3Bnekaetcs tt pas, TO KadK4oe ee W3B/leYeHvie MNpUBOAUT
K MOSIBIEHIO AOMOSTHUTENBHOMO C/1araeMoro TOi YK€ Be/IMYUHBI,  MOCKO/1b-
Ky nocriefoBaTe/ibHble M3B/eYeHUs He3aBUcuMbl. OTcloga [py — OT ah-
rNACKOro «primary unit» — vcxogHas eavHULA)]

V ti Mi{\—bl) Sh
z] mt

Y2 ( lpn)

CnepoBaTtesibHo,

VAE tYMpu )~ ~ i~ M S h . (..2,
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MoaBbIGOPKM MOTYT WM3BMEKaTbCA W Apyrumm criocobamun. Ecm i-s
eoVMHULA 0TOupaeTcs  pas, TO 0AWH U3 Cnoco60B COCTOUT B TOM, 4YTOObI
13BMeYb MoaBbIoopKy obbema /m, 6e3 BO3BpAaLUEHWA MNpPU YC/I0BUMK, KO-
He4yHo, 4To M,- > rtiitt. 3TOT cnocob 6osee ToUeH, HO 06XOAUTCA HECKOSIb-
KO [OpOXKe, MOTOMY 4YTO HY>XHO Habnogatb 60/ibLuee UMCNo MoSbeavNHNLL.
Cykxat™m (Sukhatme, 1954) nokasan, 4To BHYTPUEOUHUYMOE claraemoe
Avcnepcun ansi aToro crocoba coctasnisieT

(.1.22,

roe V2 3agaHo copmynoii (11.21).

Jpyras BO3MOXXHOCTb 3aK/104aeTCA B TOM, YTOObl M3B/1eUb €AMHCTBEH-
HYI0 BbIOOPKY 06bemMa mt He3aBMCUMO OT TOF0, CKOJIbKO pa3 Obuia n3Bseve-
Ha i-A eguHMUA. JTa BbI6OpPKa NPV MOCTPOEHUWN OLIEHKM MoslyvaeT Bec tt.
BHYyTpvegnHmuumoe craraemoe AMCrepcun B 3TOM C/lyYae paBHO

V 4-4=1Y MUI-hi)Sh
2 nMl ~ mt

MOyKHO MoKaszaTb, YTO Pas/inymMe B TOUHOCTM MEXIY STUMU Tpemsi criocoba-

MW HEBEJIMKO, €C/IM 06LLaa Jonsi oTéopa Masa.
BosBpawasacb K Hallemy nepBoMy MeTofy MofoToopa, Mbl Mosiyvaem

w3 (11.20) n (11.21)

YO'ppd= -7 2 (-£E —Y) +

I 1 "V Mi(l—f2i)Sh (11.23)
L — Zimt
[Onsi TOro 4ToBbl BbISICHUTbL, KOrA4a OLEHKA CTAHOBUTCS PaBHOB3BELLEH-

HOW, 3anuLlem
L)

Mi
t |
CnepoBatesnibHO, Heo6X0AVMbIM YC/oBUEM ByaeT

Mt

Zi mi

NOCTOSAHHOA. (11.24)

O603HauMM 3Ty MOCTOAHHYHO Yepe3 n/fOmpyY 3TOM OLEHKa MPUHUMAET BUL,
Wt/ijlifoMo. Ecnu Bocrosnb3oBatbcs (11.24), To MareMaTnyeckoe oXXuaa-

HVEe umcna NoabeaVHUL, B BblGOPKe PaBHO

E(ET,) =E(2ttTn)= n'£rirl= fOMO.

Mostomy BenuuuHy f, MOXXHO OMpPefennTb KaK o>Kuaaemyto 06LLyH [0S0
oTb6opa.
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CornacHo (11.24) mtMi = fitiZi. Ecnn fO onpeneneHo 3apaHee, TO
paboTHMKam, MPOBOAALLMM 06C/efoBaHMEe, MOXHO yKasaTb, KaKyl [0S0
oTbopa trtitMi UM CrefyeT B3SATb B KaXKAOW MCXoaHOW egmHuue. Mpegno-
NOXUM, Harnpumep, YTO UMeeTcs B BUAY o6Liasn fonda otéopa, pasHas 2%,
Tak yto fO0 = 0,02 u uTo M3BNEeKaeTca N — 60 UCXOAHbIX eanHuL. Ecnn gna
KaKoW-TO eamHuubl zt = 0,0026, TO Mbl AO/DKHbI MOMOKUTL MtIMi =
-- 0,02/60 «0,0026, wm 1 n3 7,8.

HecMmelleHHas oueHKa V (Y Jres) MMeeT MpocToi BuUf

UviPes)= g Yw-y'r (11 -25)

—DMm

roe yl = Miy-Jzi ny' ecTb HeB3BeLLeHHoe cpefHee BenyuH y[. Ana pas-
HOB3BELLEeHHOM BbIOOPKM Yi = nyjfo, rgeyt— cyMMapHOe 3HaudeHve ans
BbIGOPKU B -1 eAVHNLEE.

JokazaTensctTeo. VI3 Teopembl 9.5, npuBegeHHoOM B naparpadge 9.10,

BbITEKAET, UTO €cN Yt = MiY; U3BECTHbI, TO HECMELLIEHHAA OLEHKa MeX-
OyeANHUYHOIo cnaraemoro gucriepcmn (nocne neneHns Ha MI) ecTb

——————— l--—-- 'Z)j2Tpge [Z2.UJ _v2i
n{rl—\)l\/%y pLEi( W)/‘JJ A R/r) n~ zt

Toraa, Kak 06bl4HO, MOXHO 3anucaTtb

T-?2=--|f— (f 9+ {»;—if— [?2-(-F)

Mpu ycpeaHeHWM Mo 3a34aHHOMY Ha6opy WCXOAHLIX eAVIHWL, BHYTPUEANHNY-
Hoe cnaraemoe cyMmbl 2 (y[ — y')2 6yzeT paBHO

A-1 y tiMI(\-hi)Sh
n M Zf mi

Cpe,u,Hee 3Ha4YeHMe 3TOro BbIPa>KEHUA MO BCEM Ha6opaM PaBHO:

W (1-hi) Sh

(yi—yh2l =(e—1)2

CnepoBatenibHO, nocsie geneHna Ha n (n — \)M1 Mbl rnosly4ymm rpaBw/ib-

HOe 3HaueHWe BHYTPUEAUHWYHOrO craraemoro gucriepcun V {YPRES u3
(11.23). Tem cambiM AokaszaHO yTBepxfeHue (11.25). B cnyyae, korga
BblbOpKa paBHOB3BeLleHHasd, (11.25) npuHMMaeT 6osiee MPOCTOA BUA;

7 ,r7)YM 4 2?2 |<U -u 8 I "-25")

roe yt — cyMMapHoe 3HaueHve A1 BbIGOPKU B - eaquHMLE.

11.9. OTBOP EANHNL, C BEPOATHOCTAMMN,
MPOMOPLUNOHANTbBHBIMW PASMEPY. HECMEWEEHHAA OLEHKA

Ecm zt = MtIMO, TO HecMelleHHasi OUeHKa (11.18) MPUHUMAET BUL,
7 ppes = - G/l+ Y2+ — + ¥Yn)- (1 -26)

OueBngHO, 4TO npy mt — T 3Ta_OLUeHKa 6yp,eT HEB3BELLUEHHbIM CpPEAHUM

[Ns1 BbIGOPKM Ha MOAbLEAVHNLLY, V.
CornacHo (11.23) AUCMEPCUsT 3TOI OLEHKWN ecTb

= — A - J—
V(t,,>9 - 2 MO(K r-P)y -

2 (N-27)

M MO mt

a COrflacHo (11.25), MOCKO/IbKY B 9TOM C/lyyae y[ pPaBHO M iy 1 HeCMeLLieH-
Hasi OLleHKa AWCMepcun ecTb

v (Ypps)== {yt 'Ypps) = (11.28)

— VY.
|_|(.|_|— 1) m»

Ecnn mi = m, TO 3TO BbipadkeHMe MOXXHO 3anucatb B BUAE

v (fpps)= %{y 1—Y)\ (11.29)

n (n—\l) m*

roeyi -= Ty-, = CYMMapHOMY 3HA4YeHW0 [/1s1 BbIGOPKN B T-ii egyHULE.

11.10. OTBOP EAVHWL, C BEPOATHOCTAMMN,
NMPOMOPLUNOHA/IbHbIMN XAPAKTEPNCTUKE PA3SMEPA.
OLUEHKA IO OTHOWEHWIO C PASMEPOM B 3HAMEHATEJIE

B o6cnegoBaHusax, rae oT6op eavHWULL C BEPOSATHOCTSIMM, MPOMOPLMO-
Ha/lbHbIMX pa3mepy, KaKETCS BecbMa pe3y/ibTaTUBHbIM, HO B pacropsike-
HUM 06cneaoBaTesnian MMEKTCS /b OLEHKW zt OTHOCUTE/IbHOro pasMepa,
HecMelLleHHast OLeHKa, paccMoTpeHHast B naparpage 11.8, MoxeT patb
C/INLLIKOM 60/1bLLIOE MEXAYEANHNYHOE CriaraemMoe AMCMePCUM, Kak 3To oKa-
3a/10Cb B YMC/IOBOM MpUMepe U3 Naparpada 11.3. Jpyroii oueHKoi (0606-
WeHne meToga V) CY>KUT CMeLLeHHas OLeHKa

-
Y Rppes=- (11.30)

Uncnmtenb NpeacTaBsieT co6oii HECMELLEHHYIO OLEHKY nY, a 3HaMeHa-
Te/lb — HECMELLEHHYH0 OLIEHKY tiMQ 3Ta oLeHKa MPUHUMAET BUf, HeB3Be-
LLIEHHOIO BbIGOPOYHOrO cpeaHeroy npu T FMT — fOlnzit T. €. NpY TOM e
YC/I0BUM, UTO U A1 HECMELLIEHHOW OLIEHKM.

MocKoMbKy 3Ta OLeHKa MpeACTaB/IseT COG0i YacTHbIA crlydyaii Gosee
06LLEei OLEHKN MO OTHOLLIEHWMIO, KoTopasi 6yaeT paccMoTpeHa B maparpade
11.14, hopMynbl  aucrepcun GyayT BbiBeAeHbl Tam Ke.
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Mpegnonarasi, 4YTo N BE/INKO, VIMEEM
v<fNe ) -%+,2 f (F ,-f)4a~ i A . (1)
OueHKa aucriepcn (HeCKOSTIbKO CMELLIEHHas) ecTb

O(RPPes)= N(, 'DO* 2 [-7FT~A] - ~«)] 0 1-32)

[Ons cnyyas paBHOB3BELLEHHOIA BbIGOPKA €e MOXHO 3anucaTb B BUAe

V()= ———— ———— V ({7, —miy)2 (11.33)

11.11. CPABHEHWE CXEM OTBOPA N OLUEHNBAHWNA

B naparpage 9.12 cpaBHMBasiaCb'*TOMHOCTb TPEX C/IeAYHLUX CXEM
0T60pa 1 OLLEHVBaHWA /151 C/yyasi 04HOCTYNeH4YaToro oTéopa ¢ eaMHULIAMIN
HeoMHAKOBOIro pasmepa:

0T60p €OVHWL, C paBHbIMW BEPOATHOCTAMMW. HecmelleHHas OUEeHKa;

0T60p eAuHULL C paBHbIMU BEPOSSTHOCTAMW. OLEHKa MO OTHOLLEHUIO
C pa3MepomM B 3HamMeHaTerse;

0T60p eaVHWL, C BEPOSATHOCTAMM, MPOMOpPUMOHasIbHbIMKN pa3mMepy. He-
CMELLEHHas OLieHKa.

Mpn pBYXCTYMEHYaTOM 0TOOPe 3aK/IHYEHMUS, CAeMaHHble B naparpadge
9.12, ocTaloTCca crnpaBed/MBbIMU 419 MeXAyeANHUYHOr0 c/laraemoro Auc-
nepcun, MoToMy 4TO 3TO C/laraemMoe CoBMadaeT C aucrepcrein Asa cooTBeT-
CTBYHOLLEro 04HOCTYNeHYaToro oToopa. BbiBogbl 13 naparpaga 9.12 MoXKHO
cthopmyIMpoBaTh Criedyowym obpa3om: ec/it NN\ HeKoppesimpoBaHo ¢ 7Ur
WIN MEHSIETCA MpU M3MeHeHUM Mt NnWb He3HaunTesIbHO, TO OLEHKa Mpu
0T6Ope C BEPOATHOCTAMM, MPOMOPLMOHa/IbHBIMY  pasMepy, M OLEHKa Mo
OTHOLLEHMIO C pa3MepoM B 3HaMeHaTes1e NPeBoCXoAAT HECMELLEHHYIO OLeH-
Ky. Ecnu Mi cnnbHo BapbupyeT, TO NPEeBOCXOACTBO MOXKET 0Ka3aThCs 3Ha-
unTeNbHLIM. HanpoTuB, ec/im cymMMapHble 3HadeHus ans eavHnd, Yit He-
KoppenimpoBaHbl ¢ M iy To npeanovTuTeslbHee HECMELLEHHasi OLleHKa.

CpaBHUTE/IbHbIE XapaKTEPUCTUKU OLEHKM MO OTHOLUEHUIO C pa3mMepom
B 3HameHaTesie M OLEeHKM Mpu 0T6ope C BEPOATHOCTSMW, MPOMOpLMOHasib-
HbIMM pa3Mepy, 3aBMCAT OT COOTHOLUEHUST MEeXAy AuCrepcreii BesIMYvH

Yt nMi- Ecnn V (Kr) nponopuuoHasnibHa M~*, To oLeHKa npu oT6ope ¢ Be_
POSTHOCTAMU, MPONOPLMOHa/IbHBLIMU pasmepy, 6osiee TouHa Mp g < 1 m
MeHee TovHa npn g > 1. YcnoBue g < 1, BEPOATHO, OTPaXKaeT MOJIOKEeHUEe
B 6G0/IbLUMHCTBE MPaKTUYECKMX MPUIIOKEHNIA.

A5 KakOoA cxeMbl 0T60pa M OueHMBaHUS B Maparpadax 11.5—11.10
6bU1 yKasaH BWA PaBHOB3BELUEHHOM OLEeHKW. 3a WCK/TOYEHWEM criy4as,
Korga Avcnepcum BHYTpU eaviHUL, Sh, cuiibHO oT/MuyaloTes ogHa oT Apy-
rotA, MPUMEHeHMEe CXeMbl, MPUBOAALLEIA K pPaBHOB3BELLEHHOIA OLEHKe, He
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BJIEYET 3a COOOLA CYLLECTBEHHOM MOTEpU B TOYHOCTU. Kak Mbl y)Xke Buaenu,
BbIGOp Mi BAVSIET TO/IbKO Ha BHYTpPUEAVHWYHOE CrlaraemMoe OUCMepCUn.
Kak nokasbiBaoT paBeHcTBa (11.6) n (11.13), BHyTpUeOUHUYHBLIE Clarae-
Mble MPUBN3UTESTbLHO OANHAKOBbI A/15 OLEHKM M0 OTHOLLEHUIO C pa3MepoMm
B 3HaMeHaTesie U A1 HeCMELLIEHHOIA OLeHKN, T. €.

y - y Mty-hdSh _ 1 (
2 nNM2 ** Ly nNM2 {* mi n J

Ecnu trii BblGMpaloTca Tak, YToGbl MUHUMW3MPOBaTb V2 Npy HEN3MEHHOM
obLiemM obbeme BbIGOPKUM 2Tb TO /Mr A0/DKHbI ObMb MPOMOpPLNOHaSIbHbI
MtS2mOna Toro 4robbl OLEHKAa Oblla PaBHOB3BELUEHHOIA, Heo6XoauMmo,
4yT06bI Mt 6LV NponopuMoHasIbHLI M,. UnTaTenlb MOXET MpoBepuUTb, 4TO
0151 OLIEHKN Mpy 0THope ¢ BEPOSTHOCTSAMM, MPOMOPLOHSTbHBIMA pasMepy,
MUHUMYM V2 pocTuraeTcss npy T U MponopumoHasibHbIX S2i, B To Bpems
KaK /151 pPaBHOB3BELLEHHOLA CXeMbl HYXXHbl Mi = MOCTOSIHHOIA.

Mpyn cpaBHEHUU OUCMIEPCUMIA BHYTPU €OUHUL, 019 Pa3/INYHbIX CXEM Mbl
npeagnonaraem,’ YTo MNPUMEHSIOTCA paBHOB3BeLUeHHble OueHKW. V3 (11.7)
n (11.27) cnepyeT, 4To WieHbl V2 MeloT BUA;

npu paBHbIX y 2" (21— N\ %2,
BEPOSITHOCTSAX: 2 0T **\ M1l MO *
npu BeposATHOCTAX, nponop- y2= J V (1 — —) Sh-
LMOHa/IbHBIX pasmMepy: nT Zd \ MO

3TN OBa BbIPXXEHMA MMEIOT TOSIbKO OfHO HeCylLLeCTBEHHOE pas/sinyve.
B c/lyyae paBHbIX BEPOSITHOCTEIA WieH MKC 0AMHAKOB 4J1s1 BCEX eAuHUL, B TO
BpeMsi KaK Mpu oT6ope ¢ BEPOSSTHOCTAMM, MPOMopLMOHa/IbHLIMA pasMepy,

OTHoweHue /n/Mr ans 6osiee KpyMHbIX eayMHUL, MeHbLUE W, CriefloBaTesIbHO,

1 — T/Mt) gns Hux 6onblue. MockosibKy Sh uvacTo 60nblie B 60/bLLINX
eQVHULIAX, YeM B MasibIX, TO, BO3MOXHO, 0T60p C BEPOSATHOCTAMMW, MpOMop-
LMOHa/TbHbIMM pa3Mepy, OaeT 6osibLiee 3HaYeHVe AUCMepcun BHYTPU eaun-
HUL. OfHako Mpu AoSIAX MoAoTO0pa, KOTopble 06bIMHO MPUMEHSIIOTCS Ha
MpaKTVKe, Takoe pa3/inume AO/HKHO ObMMb He3HaunTeslbHbIM. B npvmepe
13 Tabn. 11.2 (naparpag 11.2) cnaraemoe V2cocTtasnsso 0,189 ansa otbopa
C BEPOATHOCTAMM, MPOMNopLUMOHasIbHbIMU pa3mepy, U 0,183 gns paBHO-
B3BELLEHHOI/ OLUEHKU MO0 OTHOWeHuo (veToq 16).

CpaBHUBas TpU CXEMbl, Mbl MOXEM, C/lei0BaTE/IbHO, 3aK/IH0UUTb, YTO
B UMCTOM BUAE BJIMSIHNE BHYTPUEAVMHWMYHOIO C/laraeMoro A0/hDKHO oc/1ab-
NATb pa3finums B AUCMepcusX, co3daBaemMble MeXayeAVHUYHbIMA criarae-
MbIMW, TaK YTO OTHOCUTE/IbHbIE TOUHOCTU He ByAyT OT/IMYaThCA CTO/b 3Ha-
unTeNbHO, KaK Mpu of4HOCTYyrNeH4YaToM 0T6ope. Hanpumep, ecnv Mexayean—
HWYHbIE Cfaraemble 419 ABYX cxeM coctaBnstioT V2~ 2 n ¥2= 1, a
BHYTPVEAVHWYHBIE C/laraeMble — 1 oA 06enx cxem, TO OTHOCUTES b-
Has TOYHOCTb XyALEMA CxeMbl Bo3pacTaeT OT V2 npu oAHOCTYMeH4YaToM
oT60pe A0 2/3 Npu ABYXCTYMNEHYATOM.
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Mpy npeablayLyX CPaBHEHUSAX Mbl HE paccMaTpyBasiM 0TO0p C BEPOSIT-
HOCTAMM, MPOMOPLMOHASIbHBIMU OLIEHKe pa3mepa.* Ecim mwveroTes gocta-
TOYHO XOpOLUME OLEHKW pasmepa, TO TakoA 0T60p Mpu OLEHKE Mo OTHOLLe-
HMIO C pa3MepoM B 3HameHaTesie (0606LLeHVe MeToaa V) O0/DKeH AaTh npu-
6/IM3NTE/NIBHO Te XXe pe3ysibTaTbl, YTO M 0TOOpP C BEPOSITHOCTSIMW, Mporop-
LMOHaTbHbIMU  pa3mepy. [pu  HecMmelleHHoIA oueHke (06o6LueHe MeToda
1V) TOYHOCTb A0/MKHA 3aHVMMATb MPOMEXYTOUHOE MECTO MEX/y TOUHOCTbHO
4719 0T6opa ¢ BEPOSITHOCTSIMU, MPOMNOPLMOHA/IbHBIMW pa3Mepy, Y TOUHOCTHHO
npy HeCMELLEHHOIA OLeHKe B crlyyae, Korga eavHuubl oTémpaoTesa ¢ paB-
HbIMM BEPOSTHOCTSAMM.

BbI6op CXeMbl 0TOOpa M OLIEHMBAaHMWS 3aBUCUT TaKKe 0T TOro, Kakumu
cBeAeHns MU 0 M t Mbl A0DKHBI pacronaraTh. Mpu Bcex cxemax 0Tbopa HyX-
HO, KOHEYHO, 3HaTb 3HadeHuss M *ans M McxoaHbIX eaVHWL, MomnaBLUnX B
BbIOOPKY, a 0T6GOP C BEPOSATHOCTAMM, MPOMNOPLMOHa/IbHBIMU pa3mMepy, Tpe-
6yeT 3HaHMs Bcex Mi 13 coBOKyrnHocTW. Mpu OUEHMBaHUU CPEaHEro asis
COBOKYMHOCTU A1 MPUMEHEHUST HECMELLIEHHbIX OLIEHOK KaK B C/lyyae paB-
HbIX BEPOSTHOCTEIA, TaK U B C/lydae BEPOSTHOCTELA, MpPOMopLMOHa/IbHbIX
oLleHKe pasmepa, HY>XHO 3HaTb M O obLee umcsio nogbeanHUL, B COBOKYIM-
HOCTU. TpUMEHEHME >Xe COOTBETCTBYHLLMX OLIEHOK MO0 OTHOLUEHMIO C pas-
MepoM eAvHULBI B 3HaMeHaTesie 3TOoro He TpeGyeT. Mpu oLeHVBaHUN CYyM-
MapHOro 3HauyeHus O/15 COBOKYMHOCTU MOJIOKEHUE 06paTHOoe.

11.12. OTHOWEHWSA C APYIOW MEPEMEHHOW B 3HAMEHATEJE

Mpy ABYXCTYNEHYaTOM 0TOOPE BE/IMUMHOIA, KOTOPYH HY>KHO OLIEHUTb,
yacTo 6bIBaeT oTHoLeHNe Y/X. HeobxoauMOCTb B 3TOM BO3HUKAET MO ABYM
pasfIVyHbIM ApuunHaM. Kak yrnoMuHasiocb paHee, ec/iv X — 3HaudeHuve Y
Mo JaHHbLIM Moc/ieHelA nepenmcy, To OTHoLleHre YIX MokeT 6bMmb 0THOCK-
TeNbHO YCToMUVBbIM. OLleHKa CyMMapHOro WM CpeaHero 3HadeHus 'y Osisi
COBOKYIMHOCTW, OCHOBaHHas Ha TaKOM OTHOLLUEHWW, MOXeT OKa3aTbCs 60-
5iee TOYHOLA, YeM OLeHKM, paccMaTpuBaeMble B 3TOA rfaee. Tak, B 4acT-
HOCTW, 06CTOSI0 A4S0 MNpU U3YHEHUU CeSIbCKOXO03AACTBEHHbIX MPU3HAKOB
B wraTte CeepHasa KaponnHa (L. H. Madow, 1950; Jebe, 1952).

OuEHKM MO OTHOLLEHWIO TaKOro BUAAa BCTPeYatoTCs TakxXe npu oLeHmBa-
HUW J0MeA Wn cpefHUX A1 NoApa3aesieHniA CoBOKYMHOCTU. B obcneno-
BaHUN FOPOACKOr0 HacesieHusl, NPy KOTOPOM WCXOAHOIA €OVHULIEIA CITYXXUT
ropoACKOIA KBapTasl, MPUMEpPOM A0/1M TaKOro BUAA MOXET ObITb OTHOLLEHNE;

yMCM0 paboTaloLWKUX MY>XYUH cTapwe 16 net
4mnc/10 BCEX MYXKUMH cTaplue 16 ret '

Ecnu nonoxutb YiS= 1 ona KakAoro paboTalolero My>XX4YuHbl cTap-
we 16 nieT 1 yu,= 0 B NpOTMBHOM c/lyyae U XU= 1 a75 /1t060ro My>kHUnHbI
cTapwe 16 net U XM= 0 B MPOTVBHOM C/ly4ae, TO UCKOMas 4051 A1 COBO-
KynHocTu 6ygeT Y/X. OpyrumMu npyMepamMu OTHOLLEHWEA AOJ/i1 paccMaTpu-
BaemMoro BuAa obcnenoBaHus OyOeT cpedHWIA [0Xon4 CeMeiA, BbInvcbIBato-
WX TOT WM VHOIA >XypHas, WM cpefHee KOJIMYeCcTBO'KapMaHHbIX AgHer
Yy 04HOro MoApocTKa.
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11.13. ANCMEPCKA OLUEHKW MO OTHOLWEHWNIO
MNP OTBOPE C PABHbLIMWN BEPOATHOCTAMMU

dopmynbl CKO 1 oUeHKN AYCrepcun JIerko BbIBECTU U3 Y)Ke MOsTyYeH-
HbIX pe3ysibTaToB. PaccMOTpUM CHadasia 0T60p €AuHWL, C paBHbIMU Be-
posATHOCTAMU. OLEeHKa MO OTHOLUEHMIO ECTb
(
__ S Miyj

|
Hdanee, npmu —Y/X

3IE||,er, KaK 00bI4HO, Mbl nepexoaunm K I'IpI/I6I'II/I)KeHHOMy 3Ha4YeHuKo, 3aMeHAA

2WM1tXi B 3HamMeHaTesnle ee MaTemMaTuueckum oxupaaHnem tiX/N wwm nX.

Myctb = yI—Rxu. B cooTBeTcTBUM C onpegesieHeM R Kak
CYMMapHOe 3HaueHue OJi COBOKYMHOCTW, [l Tak W cpeaHee A/1s COBOKYIM-
HocT, D, o6a paBHbI Hys/0. B criyyae OLLeHKM N0 OTHOLLEHUIO C pa3MepoM
B 3HameHaTe£e (naparpad 11.6) NpnbAV>KEHHOE 3HAYEHME OLLUMOKWN OLIEHKU

“mesio BuA, ZMith—V)Itil\W. B cny4yae paccMaTpmMBaeMoiA OLEHKW MO OT-

ﬁ)meHmo npUGIVXKEHHOE 3HAYeHVEe OLLIMOKU, MOXHO 3anucaTb B Buae
— n
2YW; (di — D)InX. CnegoBaTesibHo, hopMy/bl gucriepcun ans R MoxHo

rnos/lyuMTb M3 COOTBETCTBYIOWMX (opMmyn naparpaga 11.6, noactaesas

da BmecTo Yytj U ymHoxasa Ha (M/X)2
Moatomy /19 nctuHHoro CKO Ha ocHoBaHuKM (11.6) nveem

N

CKOR) ., KX M N1 Yo Y MF@ bl Shi, (11-34)
roe
M. B}
N Kyu-Rxtl-iYi-RXi)]2
i 1/=1
Ecn f2 = nii/Mi = f2= nocTtosHHOIA, TO R cBOAUTCA K OTHOLLEHUIO

CYMMapHbIX 3Ha4YeHWiA O/ BbIGOPKMU,
MpUHMMaer BUA,

B aTtom cnyyae CKO

) N - - N
PO R) = =8l _____ Mi RXD _ployo s Mol (11.60)

A1 Toro YTo6bl MOSTYYNTb OLEHKY Aucrepcum, noactasniseMm dp BMECTO
yu u X Bmecto M B doopmyny (11.11) gns v (Yp). MonyymBLueecs Bblpake—
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Hue cogepxmnT R. Moactasnssa [R BmecTto R, 3amevaem, uto wieH Y4 B
(11.11) obpawaeTca B Hynb. Torga

BR)~ 1Th ~» M~ I h VvV M @—hi) St 11 B\
=R nxXi n—1 n?x2 » ( /nr ) ( '

11.14. ANCMEPCNA OUEHKW MO OTHOLWEHWIO MNPV OTBEOPE
C BEPOATHOCTAMW, MPOMOPLMOHANIbHbIMW OLIEHKE PA3MEPA

Ecnn umncxogoHble egyHULbI 0T6I/Ipa|-0TCFI C BEPOATHOCTAMW, Mnpornopuno-
Ha/TbHbIMM Zt, C BO3BpalleHnem, To OoueHKa eCTb

n (1.37)
2 Mi Xi/zf
UnicnuTtenib U 3HaMeHaTeslb GyAyT COOTBETCTBEHHO HECMELLEHHbIMA OLEH-
Kamu Y 1 nX. A8 Toro 4tobbl HalATY AMCNEepCUio OLIEHKM, 3anmiiemM

n

(i Rxpjzj » | Mj (yt Rxi)
n nxX ~ zi
MI Xi/zi
CpaBHMBasA MpubMKeHHoe 3HadeHne ownbKM R ¢ OWMGKOIA  Hecme-
LWEeHHOIA oueHkn Yppes (naparpad 11.8), 3amevaem, uto V {R) MOXHO

nonyuntb m3 V (YPRes), noactaensa di} = yu — Rxtj Bmecto yu n X
BMecto M O- Takum o6pasom, mn3 (11.23) crenyet

VR) == "y - L (Yi—RXif +-Lr Mf V-Tf»xsh . .38
R) nA2y zi ( nx= }/* zt mi) S )

Ecnn

Mi . n
— MOCTOAHHOWU =fc—
rrrrii fo

TO OUEHKa R CBOAUNTCA K OTHOLUEHUIO CyMMapHbIX 3HaYeHMIN pavpis| BbI60pKI/I.

JT0 TO e camoe ycnoBue, 4To 1 gana YPPes
M3 (11.25) cneayeT, uTo oueHKa V (R) no BbIGOpKe eCTb

&W = neti-ipaz £ - RxIf (11-39)

roe Yl =Miytzi v X[ = MIxXi/zi.
3Ta ougeHKa UMEET HebosbLLIoE CMELLIEHVE.
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11.15. ONPEAENEHWE O0/EVN OTBOPA U MOAOTEOPA.
OTBOP C PABHbIM BEPOATHOCTAMMU

CHauasia Mbl pacCMOTpPUM 3Ty 3afady A4/1a c/lydas OLEHKW Mo OTHoLle-
HMIO C pa3aMepoM B 3HameHaTesle, Korga eauvHuLbl 0TOMpatoTCa C paBHbIMN
BeposiTHocTAMM. [ona nogoT6opa M-JM- mnpeanonaraeTcsi MOCTOSIHHOLA,
TaK YTO OLIEHKOM C/TY>XUT BbIOOPOYHOE cpefHee Ha 3/1IEMEHT.

MpocTeasa yHKUMS U3AePXeEK COAEPXUT TpU 4leHa:

CU — HeM3MeHHble U3AEPXKKM Ha OAHY WCXOAHYH eaVHULY;

C2— MN3AEPXKKN Ha 04HY MOoAbeAVHULLY;

c, — UV3OEPXKKM Ha COCTaB/IEHWE MepeyHsi MoabeavHuL, B 0TOGPaHHOIA

eAVHMLE B pacveTe Ha 0gHy moabeanHuuy!/ — oT aHrmiAckoro «listing» —
nepeyucrieHue].

MbI BK/IHOUWIN TPETULA YsieH, MOTOMY YTO 06bIYHO, /15 TOro YT00bI U3
B/leYb NoABbIGOPKY, 06c/1e0BaTe b A0/DKEH COCTaBUTL MepeveHb 3/1eMeHToB
H OMpeaeninTb UX YAUC/I0 B KXXOOLA 0T06GpaHHOA eaviHuLe. CrieaoBaTesibHo,

n M

M3OepKKM = cun+c22 mi+ a2 (11.40)

B Takom Bmae (hopMysIoiA MOMb30BaTbCA HEJb3sl, TaK Kak 06Lye N3OepKKn

OyayT 3aBUCETb OT TOr0, Kakme KOHKPETHO eAvHMLbI 0To6paHbl. MosTomy

paccMOTPUM CpefHUE U3AEPXKKU MNPpU YCI0BUWN, YTO O0TOMpaeTcsa M eanHUL,
OHU paBHbI:

E (C)= cun+ crtim+c, TM —(cn+ ctM ) n+ c2nT =
= cln +c2nm, (H.41)

IO CX BK/IOYaeT Tenepb cpefHve U3Oep)KKM Ha cocTaB/ieHNe NepeYHst Noab-
eaVHUL, B eaVHULIE.
CornacHo ¢opmyne (11.7) u3 naparpaga 11.6

CKO(y) V M8
A M2(N—1) nrt Mo

0603HaUYNM
E Mt(Yi- Yf
M2(N -1
3T0 B3BELUEHHasi AMCMepcust cpedHNX 3HAYeHWIA Mo eAVHWLIAM B pacyeTe

Ha anemeHT. OHa aHasl0rnyHa gucnepcmm B naparpage 10.6 n cBoauUT-
ca K Sf, ecqmm Bce Mt ogyHakoBbl. Mbl MOXXeM 0603HaUYUTL TaKxe

n ..
02 Vi c2

52= Z ir0S2{-

3TO B3BELLEHHOE cpeHee AUCTEPCUIA BHYTpU eavHul, OHOo cBoguTCa K
Sf, n3 naparpacga 10.6, ecriv Bce Mt oaMHaKoOBbI.
Monb3ysAacb aTUMN 0603HAYEHUSMI, 3aMNUCbIBaEM

CKO(F)=— IS1— ~-)H—" Si— (11.42)
n \ M 1 nT N
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dyHKUMA mnsgepkek (11.41) w dopmyna (11.42) wmetoT B TodHocTu TOf
K€ BUA, YTO U COOTBETCTBYIOLLME BblpaXeHus B naparpade 10.6, 3a nckio-
YeHVEM TOro, YTO BMECTO T cTouT T, BMecTo Sf ctomT Si 1 cx BK/IoYaeT
M3OEPXKKM Ha COCTaBsIEHME MepeyHsi noabeavHul,. CriefoBaTesibHO, Corlac-
Ho (10.18)

™oOoPlgizsdmT VY (43>

MeTogbl naparpacga 10.6, Mo3BosIsHOWME BOCMO/Ib30BaTbCH /1 HaXoXAOe-

HMA MOPt gaHHbIMU 06 OTHOoWeHusaXx SjSh wu c¢,/c2, NpUMeHMMbI N B pac-
CMaTpMBaeEMOM Crlydae. AHaJIONTMYHbIE PacCy>XOeHUs MOXXHO MNPoOBECTU W
[O/11 HECMELLIEHHOIA OLIEHKW B C/lyyae, Korga eauvHuubl 0TouparoTca ¢ paB-
HbIM/ BEPOSTHOCTSMW.

Criegytoupmia naparpad MocBsLWEH aHasIn3ly 3TOMA NpobsiemMbl B 6osiee
obLem cryyae.

11.16. 40NN OTBOPA N NMOAOTBEOPA MPU OTBOPE
C BEPOATHOCTAMW, MPOMOPLNOHA/IbHBIMW OUEHKE PA3MEPA

BakHoe mccnepoBaHue, npoBedeHHoe XaHceHoM U XepBuuem (Hansen
and Hurwitz, 1949), nokasbiBaeT, KaK orpedesinTb O4HOBPEMEHHO OMTU-
MaslbHble BEPOSTHOCTU W3B/IEHEHUS eOVHUL, U ONMTUMasibHble A0M oT6opa
1 nogoTbopa. MoslyyeHHble UMW pe3y/ibTaTbl M3NararoTcs dasee o8 cny-
yas OUEHKM Mo OTHoweHwuo, R. EAMHUUBI 0TOMpaloTCa ¢ BEPOATHOCTAMN,
nponopuyoHasibHbIMK zt. MNpeanonaraeTcs, 4YTo Jonv nogoTéopa BbIGpaHbl
Takmmy, yto R cBognTea kK 22 yul.'Exu. W3 naparpadga 11.14 cnenyer,
YTO A1 3TOF0 HYXHO, 4Tobbl Mt = kMJzi, npuyem Mbl MoacTaBuIn
k BmecTo npexHero fjn.

Kak n B naparpage 11.15, ¢yHKUMA N3OEPKEK MMEET BUA

M M
C = cuti +cr2 rti +ctYMi-

Takyto (YHKUMIO M3OEPKEK MOXHO MNPUMEHSATb TO/IbKO B TOM Crly4ae,

Korga ans BcexX eVHWL, COBOKYMHOCTU MMEIOTCH XopoLuuve rnpeasBaputesib-

Hble OLIEHKU pa3mMepa, MOCKOSIbKY 3Ta (YHKLUMSA BK/IOYAET U3AEMKKA Ha,
COCTaBJIEHNE MepeyHs MoAbeaVHUL, NVLWb A1 TeX eAuHUL, KOTopble rore—**
[aloT B BbI6OpKY. Ecnn Takme nepeyHy O0/DKHbI ObITb COCTaB/IeHbl 4SS

BCEX eAVHWL, COBOKYMHOCTW 3apaHee, TO A1 OTAe/bHOro o6crienoBaHusAl
0T6Op C BEPOATHOCTAMMW, MPOMOPLMOHa/IbHBIMU pa3mepy, peako 6yaet
3KOHOMUYHbIM, €C/IN He CUMTATb TeX C/lyyaeB, KOrja cocTaB/IEHVEe Takoro

rnepeyHsi KpabiHe [JeLlIeBo.

MockosibKy
I n AN N N
EyYATHN = "MInziml=

E  MD= 2 nziMl,
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cpeaHve U3OEPKKU Ha BbIGOPOYHOE ucc/ieAoBaHWe M eauHUL, ecTb

N
C=cun+c2nkMO+c,n2 Z Mt.

[Ona Toro 4Tobbl HAATM MUHUMasibHoe 3HadeHue V (R) mpy HemsMeHHbIX
cpeoHUX U3AEPXKKax, Mbl MOXKEM MpuAaBaThb pas/INYHbIE 3HAYEHUS Mepe-
MeHHbIM ti, K 1 BeposATHOCTSAM ™

CornacHo topmyne (11.38) u3 naparpaga 11.14 amcrnepcusi, KOTOpyHo
creqyeT MUHUMMU3WPOBaTb, WMEET BULA

V(R)= -i- V I— (Yt-RXiY + MtWt-m,) sh I _
nXxX2 *4 L Z Zitrii J

Tak kak Uti = yu, — Rxu, mbl mokem 3anucatb {Yt— RXt) = M1Di.
3ameyvas, uto J1W2rr r= V/r,"nonyyaem

y@®=_Ly — £ o

O6beanHsIs MepBbIA U TPETUIA WieHbl BHYTPU CKOGOK, NMeeM

Nn 1 Mt
V=X2V{R) =y —
n Zl Mt

3amMeTUM, HaKOHeL,, YTO M MosAB/ISETCA TO/IbKO B Mpou3BedeHusiX Nzt
1 nk. Beegem nepemeHHble z[ = nzt u I = n/r. Torga

CoMi s M (11.44)

3afaya coCTOMT B MUMHUMM3aUMK V MO repeMeHHbIM M, /r 1 [ npu
YC/I0BUWN, UTO CpeaHVEe U3LAEPKKU Heu3MeHHbl U YTo

N N
2 *1= 1, T-e-2 z/=n.

Beoas A v p B KadecTBe HeornpedesieHHbIX MHOXUTESEA, Mbl CBOAMM
3ada4uy K MUHUMM3aUMn

V--Xicun+ c2k'Mo~bC;2—c)“b 2 % ). (11-45)

AvdhepeHumpys

no n, nonydaem: Acn-|-"= 0;

. 2 Sd2i . .
no Zi, nosyyaem._ ~ N §-%0Mi—p —0,
- _Zi4 (ﬂ Mi
T. €.
m! (Dt- sfatlMt)
cu+ci Mi
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Mockonbky zt — Z'i/n n 2Zi — 1, oTcioga criedyeT, uTo
MtDiulj*en~a M

(11.46)
S MIDiuiyG,+Q M-
roe
- - Sht
Diu—Di Ni

npuyem npegrnonaraetcs, uto Dfu— monoxutenebHble yncna. dopmyna
(11.46) paeT oNTUMa/IbHbIE BEPOSITHOCTM W3B/IEYEHUS E€OUHULL

Vccnegyem Tenepb BenuuvHy Dfu, MockosibKy OHa MOXET 3aBUCETb
0T pasmMepa eguHiubl Mt. B naparpage 9.4 Mbl BblpaXasin OUCTEPCUIO
CpeaHUX 3HAYeHMIA THE3OOBbIX eaVHULL 4vepe3 KoathpMUMEHT Koppensauum
BHYTpU egnHuny, CornacHo gopmysie (9.7) npy N1 — 1 1 gocTaTouHO 60/1b-
wom N aucnepcus cpeHUX 3HAYEHWIA MpPU3HaKa Mo KakoMA-mbo rpymnne
UCXOAHbIX €OMHUL, MOXET ObITb BbIpaXKeHa MPUG/IVDKEHHO B BUAE}

HFED«-g-[lI + N -i)ig. <"-47>

rae S2— avcnepcns 3HaueHWIA Npu3Haka y NogbeayiHUL, B COBOKYMHOCTU U

M — cpegHuiA pasmep UCXoOHOM eauHVUbL.  KoshmumeHT Koppensaumm
BHYTPU eOMHWL, 0603HaYeH uvepe3 p”, UTOObl HAMOMHUTb, YTO OH 3aBUCUT
0T pasmepa egyHUUpBL.

MpUMEHUM 3TOT pe3ysibTaT K AUCTIEPCUOHHOMY aHasIn3y NepeMeHHoA
dij, paccmaTpuBas craraemble AUCMIEPCUM BHYTPU €OVHUL, U MEXAY eayHUN-
uamn. CumBosioM Sd 0603HaYMM AMCMEpCUI0 cpeayt BcexX MOAbEeAVHUL, B

coBOKYNHocTU. Cuntasa N 6onbwmm 1 Mt = M, nmeem:
obwan cymma kBagpatoB: NMS%;

N
CyMMa KBagpaToB mexay eguHnuam: M 2 A = NS2 J1 +(/N— 1) p_|
(11.48)

30ecb Mbl Bocnosib3oBasinch (11.47) n paBeHCTBOM £) = 0, BbITEKalOWWM
u3 onpegeneHna R. CnepgosaTesibHO, BblMUTasA, Moslyyaem

cymma KBaapatoB BHyTpy eanHil: N(M—1) (1—p_)=AN(M— 1572,

roe Sd2 — avcnepcust BHyTpM eaviHil, OTcloga
SI2= SJ (1-pH). (11.49) j

M3 (11.48) n (11.49) Mbl nMonyyaem cpefiHee 3HadeHMe BermuvH Dfu gns]
UCXOAHbIX eauHUL, pasmepa M, a MMeHHo

Sd2

sd
EO=-L KA 2 7, m [+ (m—Op,-
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Ecnv M BapbupyeT He OueHb CW/IbHO, TO MpeArosioKeHNE, UTo
MOCTOSIHHO, a cnefoBaTenibHo, uTo U E (Dfu) nocTosiHHO, YacTo BriosiHe
YOOBIETBOPUTEBbHO. B 06LLEM, 0f4HAKO, MOXHO OXWAATb, 4To p” GyadeT

YMEHbLLATLCA Mpy yBenuueHn M, MockosibKy nogbeayHuLbl, fariblie OT-
cTosAWwme 0AHA OT OPYroiA, MeHee MoABePKEHbI BIVSIHUIO 00LLMX (DaKTOPOB.
Kak ykasbiBaloT XaHceH 1 XepBuy (Hansen and Hurwitz, 1949), cTeneHb
3TOr0 YMeHbLUEHMS 00bIYHO AOCTATOYHO Masia A4J/1 TOro, YTobbl Npy yBenu-

yeHUn M npouseeaeHme Mp/\ BCE XXe yBEeJ/IM4YNBaJ10Cb U, C/ieaoBaTes1IbHO,

yBesimumBasiocb  ME(D?U- Ecnu p” paBHO HyJ/Il0 WM OTPULIATESIBHO, TO

MHorve 13 BesinumH DN\U 6yayT oTpyuaTesibHbIMK, U NpYBedeHHoe paHee
pelleHre He roguTcs. B aTom crlydae OBYXCTYMeHYaTbliA 0T60p MeHee pe-
3yNibTAaTVBEH, YeM OAHOCTYMEHYaTbIiA.

Mepetagem Tenepb K onpeaesieHnto onTuMasibHbIX zt. CornacHo (11.46)
Mi Diu
Y arna Mi

MocKoNbKy 3Ha4YeHUs1 oTAebHbIX D iu He n3BecTHbI, 3amMeHVM D iu_mnx cpea-
HVUM 3HadyeHVieM g5 eauHuy, pasmepa My T. e. 3HadeHnem Dur =

= | E(DRIN\M). Tenepb MOXHO cAesiaTb criegyloliye BbIBoAbl.

1 Mpegnosioknm, 4YTo C;Mb M3AEPKKMA Ha COCTaB/IEHNE TEepeyHs
B pacyeTe Ha WMCXOOHYI eAVHULYY, Masibl M0 CPaBHEHWIO C CU— HEen3MeH-

HbIMM U3OEePXKKaMM Ha UCXOAHY0 eauHuuy. Ecnm D u<-* — mnocTosiHHas

Be/IMUMHa, To Zi MponopuUpoHasibHbl M it Tak UTo 0T60p C BEPOATHOCTSAMMU,
nponopLmMoHasibHbIMKU pasMepy, 6yaeT Havnydwmm. Ecnm D U LW yMeHb-

WaeTca npu yBesideHMM My To ONTUMasibHble BEPOSITHOCTU 3aK/THOUEHBI
mMexay zt, nporopumoHanibHbiMM M it n zit nponopumoHasibHbIMU T/M].

2. Ecnvn v3gepKKu Ha CocTaBsieHWE MepeyHsi — OCHOBHasi uacTb 3aT-
paT, TO ONTUMa/IbHbIE BEPOSITHOCTY 3aK/THOUEeHbI Mexay zt, MpornopLMoHasIb-

HeMn  U/T/IN v Zi = NOCTOSIHHOIA (paBHble BEPOSITHOCTY W3B/IEYEHUS).
3. ECnn n3OepXKU Ha CcocTaBsiIeHME MEPeUHs U HEM3MEHHbIE U34EePXKKU
npeacTaB/IAoT cob0iA BENTMUMHBI 04HOI0 MOPSAKaNTO XOpoLlee KOMMpPOMUC-
CHoe pelLeHVe paloT zt, nporopumoHasibHble TMi.
OnTuMaribHoe 3HadeHne K Haxogum, auddepeHumpys (11.45) no K'.
Monyyaem

k= - _—_ (11.50)
YMOC2 Mi PitjJ cu+C2 Mi

JTOT pe3ysibTaT 6/7IM30K K pe3ysibTaTy, noslydeHHoMy B maparpacge 11.15
ONa cnyyan oTbopa eauHUL, ¢ paBHbIMU BEPOSTHOCTAMU. [118 TOro 4robbl
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rnokKasaTb 3TO, 3aMEeTUM, UTO, Kak crieayeT u3 (11.46) u (11.50), onTuMasibHbIe
mt = kMjzi paBHbI:

mt= Y2 (AQ)SIW__ 1 CiF e e=
U , M

Sd?~v (cuNaMm,)/C2
Sau

B TakoM Buae MOJTyYEHHOE BbIPKEHVE COBMAZAAET C  BbIPKEHWEM /15
mpt B (11.43), ecnn VMeETb B BUAY, YTO 34ecb posib Cr n3 (11.43) murpaeT
cn + c[M.

HakoHeL,, onTuvMasibHOE 3HayYeHMe M HaxoauMm, paspeluas OTHOCUTESb-
HO N BbIpaXeHVe A1 cpefHUX U3AEPKEK.

11.17. PACCNOEHHbIN OTBOP. HECMELWEHHbLIE OLIEEHKM

[Ansa HecMeLLeHHbIX OLEeHOK 0606LLeHMe Ha Crly4aiA pacc/i0eHHOro 0T6opa
rMpov3BoANTCS HemocpeAcTBeHHo. VHAekc h o6o3HavaeT Homep C/os:

M adh—o6Lee unc/io nNogbeauHUL, B CII0E;
L

MO—" M OH— obLiee 4ncno MoaAbEAMHUL, B COBOKYMHOCTW.
h

OueHKa cpefHero A1 COBOKYMHOCTU B pacyeTe Ha MogbeanHULYy ecTb

h n‘o

roe yH o6o3HayaeT oueHKy Y h, cpegHero sHaueHus asis cfiosl B pacyeTe'
Ha noabeavHuLy. [Odanee,

3T hopMysibl SIEFKO MOSTy4YaloTCs U3 MPUBEAEHHBIX paHee.
VIHTEpecHo HalAT YC/ioBUS,, MPU KOTOPbIX OLIEHKW CTaHOBSATCS paBHO-]
B3BeLLEHHbIMW. [1/18 c/lydast 0T60pa ¢ BEPOSATHOCTSIMM, MPOMopLMOHa/TbHBIMIA |

oueHke pa3mepa (naparpag 11.8), oueHKa cpedHEro Ay COBOKYMHOCTU
corsiacHo opmysie (11.18) ectb

L
y _ In L x1 MbiYbl
RS nh mhi zhi

roe ybl — CyMMapHoe 3HadeHue no mhi nogbeayHULAM, N3BeYeHHbIM 13
i4AeamHnusl B cnoe h. B naparpade 11.8 6bU10 NoKasaHo, YTo OLleHKa cTa*
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HOBUTCS1 PaBHOB3BELLEHHOA BHYTpU criost npu M hi/mhizhi = nhifoh. Ecrin
3TO yC/I0BME BbIMOSTHSETCS, TO OLIEHKA MPUHUMAET BUL,

= 1 L 1 nmh
YPPes= — J3 7 ~ 2 Uhi

Takvm 06pa3oM, OLleHKA CTaHOBUTCS PaBHOB3BELLEHHOLA MOJIHOCTLIO, €C/iv
oxunpaemas o6ulas gonst oT6opa, fah, ognHakoBa Bo Bcex cr1osiX.

Ecnn BHYTPU Kaxaoro csios eaMHuUbl  MMET OAVHaKoBbIA pa3mep
(T. e. ecrmm M hi —M h), To, Kak 6bU10 NoOKasaHo B Maparpage 10.10, pas-
MeLLeHe BbIGOPKM, MpuBoAsiLlee K MOSIHOCTbIO PaBHOB3BELLEHHOIA OLIEHKE,
OKasblBaeTcs O/IM3KMM K OMTUMaSIbHOMY pa3MeLLiEHM0 MpU  YCsI0BUN, YTO

SvjVcth B gonyctnmbIx npegeniax NocTOSAHHO. AHa/I0rMYHoe YTBePXKAEHVE
cnpaseMBo U 3gecb. N3 (11.23) vmeem

roe M hilzhimhi = nh/foh, ecnn Mbl XoTM, 4T0GbI OLlEHKA BHYTPU KaXa0-
ro cs10s1 6bUTa paBHOB3BELLEHHOM. BenunumHa foh BXxoguT B nocneaHee Bblpa-
YKEHVEe BMECTE C UJIEHOM

Wo ** foh 2 Mwm3la- (11.51)

MHoxmTenb mhilfoh. Bo3HMKarOWMIA M3-3a NKC Ha BTOPOIA CTyMNeHW 0T6opa,
.MokHO nepenucaTb B Buae M hi/zhinh n, Takum obpasom, oH npeacTaBNsieT
coboti uneH nopsigka 1nh, a He nopsaka llfoh.

ONs hyHKUMN n3aepKeK MPocToro BUAA OKUAaEMble N3OEPKKU MOXKHO
BbIpa3uTb B BUAE

C= % cNenh+ % c2filofi M (h, (11.52)

Tak Kak fohM oh — oxungaemoe uncno egyHUL, BTOPORA CTyMeHW, MoAs1exa-
LLKMX m3BeYeHnto B cnoe h. NS 3104 yHKUMN N3AEepKEK 3aTpaTbl Ha co-
CTaB/ieH/e MepeyHeiA yxxe Bk/ItoYeHbl B clh.

M3 (11.51) n (11.52) HeTPYAHO BbIBECTW, YTO MPU HEU3MEHHBLIX U3LOEPXK-
Kax Amcnepcnst MUHUMas IbHa, ecriv

fohr V A~ M Sli-= - } = ¥ X (Mhi/Md) Sim.
Y chMbh V ch

CyMMa B 3TOM BbIpaXKEHUW MNpeACTaB/IsieT coG0iA B3BeLLEHHOe CcpefiHee Be-
avumH Slhi- Tem cambiM yTBepXAeHWE A0Ka3aHo.
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OueHka aucnepcum nonydvaetcsa u3 dopmysbl (11.25) naparpacga 11.8.
J151 MOS/THOCTLIO PaBHOB3BELLEHHOM OLeHKM 13 (11.25%) cnegyeT, uToV npu-

HUMaeT BUA,
1
(foM,,y 2 MH- 2

11.18. PACC/IOEHHbI OTBOP. OLLEHKWM MO OTHOLUEHMWIO

V (Y ppes)

Mpn paccMOTPEHUWN OLEHOK MO OTHOLLUEHMIO BO3HMKAET CTapbliA Borpoc:
MPUMEHSITb SN pa3fesibHY0 WM COBMECTHYHO OLIeHKY? PasfiesibHasi oLeHKa
npeanoyTUTeNlbHee, ec/i Nh Be/IMKN B KaXXA0M c/l0e, a UCTUHHOE OTHOLLIe-
HVe, BEepoSTHO, OT C/1051 K C/100 MeHsieTcsl. ®opMysibl AUCNepcuUn Anisl Hee
Cpasy BbITEKalOT M3 COOTBETCTBYHOLUMX (hOpPMYJs1 A1 OAHOI0 Cr10sl.

B c/lyuae COBMECTHOA OLEHKM M 0T6opa ¢ BEPOSITHOCTAMM, MPOMopL,1o-
Ha/TbHLIMM OLEHKE pasmMepa, MosSIOKUM

oh . i

fl’l/L:EI.I_.leftf

BermumHbl Y h 1 X h npeacTaBrisitoT COB0IA HECMELLEHHbIE OLIEHKU CyMMap-
HbIX 3HaYeHMA anst cnosi, Yh n X H CoBMeCTHasi OLeHKa M0 OTHOLLEHUWIO
nveeT BUA,

2 AN

Ana Toro yTobbl HALATM NPMBIMKeHHOoe 3HadeHne CKO ania R ¢, 3anuwem,
KaK 00bI4HO,

R-R& — j (K-RKI

BennumHa Y h — R X h— HecmellleHHas OUgHKa CyMMapHOro 3HadeHus
ans cnosi, Yh— R Xh, nepemeHHoi dhij = yHM — Rxmj npu oT6ope ¢ Be- 1
POATHOCTAMMW,  MPOMOPLMOHA/IbHBIMI  OLieHKe pa3Mepa. CriefoBaTesibHo, -J
no dgopmyne (11.23) mn3 naparpada 11.8, noactasnas dhij Bmecto ym],
rnosyyaem

« 0<*<>~i2i2N-sr Y+

| Mhi (1— 12hi) SIhfti |

Zfii Mhi J
roe
Dhi—Yhi  RXhi,
My, _
>hi A )

AHanornuyHo n3 (11.25) nonyvaeTca oueHKa gucnepcuu BeanumHbl RC
L rh

ft nh (nh—1I)

rae
d:ii= MhidHi_. 1k = L | dh,
Zhi nh

dhi — Uhi— Rc xhi-

Ecnin X He 13BECTHO, TO BMECTO HEro rnoacTaBsIAETCA OUEeHKa 10 BbI60pKe

BXH
Ecnn obwan pona otbopa ogmHakoBa BO BCeX C/108X, TO oueHka R c
CBOAMTCA K OTHOLLEHWNIO CYMMAapHbIX 3HaueHniA Yhij n xHi ans BbIGopKu.

11.19. OTBOP C HEPABHbIMWA BEPOATHOCTAMW BE3 BO3BPALLEHWNA

B HekoTOpbIX 06C/1eAoBaHMAX C/o0M codepXaT Mo CpaBHUTEsIbHO He-
60/1bLLIOMY YNCSTY UCXOAHBLIX eAUHNLL, CKakeM, 0T 540 15, N3 KOTOopbIX B Bbk
60pKy u3BnekaoTes 2 wm 3. Takum 06pa3om, mucxogHas aons oTbéopa Mo-
XeT cocTaBuTb 0T 10 A0. 50%. B Takom MOMOKEeHUWN ecTecTBeHHa MonbITKa
HalATV y0B/IETBOPUTE/TbHBIEA METo, 0T60pa UCXOAHbIX eAVHULL, 6e3 BO3Bpa-
LWeHWs, KOTopbliA MOr 6bl YMEHbLUMTH AUCMAEPCUI0 C MOMOLLILI HEKOTOPOIA
rnonpaBKM Ha KOHEYHOCTb COBOKYMHOCTW. [N ogHOCTyrneH4YaToro ot6opa
HEKOTOpPble OCHOBHble MeTOAbl TakKoro Tuna 6bUM onucaHbl B naparpagdax
9.1419.15. Bumncnosom npumepe B Tabn. 9.10 (c 286), rae 13 NSTU MCXO4HbIX
eonHUL, oTOMpasinch ABe, 0Ka3asl0Cb BeCbMa MNpuMeYyaTesibHbIM, YTO B COBO-
KynHOCTU A, A/ KOTopoiA Yi GbUv HEKOPPE/IMPOBaHbI C 2;, TpY OLEHKM YT,
Yysys MUYol1 Jasin YyMeHbLUEHWE Aucrnepcun npubnmnsmnTenibHo Ha 40% no
CpaBHEHMIO € Y PpS, 47151 BbIMUC/IEHWST KOTOPOLA 0T6GOp Mpon3BOAWSICS C BO3-
BpalleHneM. (3T0 ObUM OLLEHKW, MOSlyYeHHble C MOMOLLbIO CXEM OLleHMBa-
HUSA, He UCKaXaBLUNX BEPOSTHOCTEIA M3BIEYEHUS.)

Mpn ABYXCTyrMeHYaToM 0TH60pPE BbINIPbILL B TOUHOCTM OT MNPUMEHEHUS OT-
6opa 6e3 BO3BpaLLEHUS BYAET MeHbLUe. PopMysibl OUCTIEPCUIA MOKa3bIBatoT,
YTO 3TOT BbIMIPbILL 3aTparMBaeT TOJIbKO C/laraemoe Aucriepcuu, 06yc/oBeH-
HOe Bapviaupein Mexay UCXoAHbIMU eavHLaMn. XO0TS AUCMEPCUM BHYTPU
UCXOAHBbIX eauHUL, A1 0T6opa ¢ Bo3BpalleHneM 1 6e3 Bo3BpalLleHUA Heoau-
HaKOBbl, OHM MpPeACTaB/AT CO60IA Be/IMHMHBLI 04HOM0 nopsaka. Boree Toro,
ec/iM ncxoaHas [0S 0T6opa BesnKa, To 40N 0T6opa Ha BTOPOiA CTyneHn
6y[eT, BepoATHO, HebOsbLUOIA, TaK 4YTO F/laBHYl 4YacTb BCEIA Aucnepcum
6y[eT coCTaBNATb AUCTEPCUS Ha BTOPOIA CTYMNeHU. 3TU co0bpaXKeHUs Mnoka-
3bIBalOT, YTO A/151 6O/IbLUMHCTBA Le/eii Heo6XoAMMOCTb B MeTogax oTb6opa
6e3 BO3BpaLLEHNA He C/IULLKOM HacTosiTesibHa. [lasiee onuveM HekoTopble
Haubosiee NPocTble U3 COOTBETCTBYIOLMX METOAOB, XOTS B HacToslLLee Bpe-
MS'HU OOUH N3 HUX He MNOoJTy4ns1 LUMPOKOro pacnpocTpaHeHUs.

Mpu N — 2 VetAtc n Mpanaun (Yates and Grundy, 1953) mpeg/ioxuam
M3B/eKaTb MepBYI0 eOVHULYY C BEPOSATHOCTbLIO, MPOMOpLMOHaSIbHOIA HeKo-
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TOPOA XapaKTepuUCTUKE pasmepa, I, a BTOpy — C BEPOSITHOCTbLIO, MPonop-

LIMOHas1IbHOA pa3Mepy oCTaBLUMXCA eanHnL,. OueHKa CyMMapHOro 3HadeHus
ansa cnos, Y, ecTb

Myt Mim N\ L, ..
Ll — Vi HYi)-
3Ta oueHKa 6yaeT CMeLLEHHOIA, NOCKO/IbKY Mpy AaHHOM criocobe oT6opa Be-
POATHOCTU U3BJ/IEYEHNS] WUCKAXAIOTCHA, HO CMELUeHWe, Mo-BUAMMOMY, He-
CyLWecTBeHHO. BenununHa (Y! — /)24 GygoeT npeyBesIMYEHHOIA OLIEHKOIA
avcnepcuu.

Tpun ocTasbHbIX METOAA YXKe 6bun onncaHbl. O4UH U3 HUX COCTOUT B TOM,
YTOObI, PacrnosioKMB UCXOAHbIE eAVHULBI B C/Ty4alAHOM Mopsiake, W3B/eyb
CUCTEMATUNYECKYHO BbIOGOPKY «KaXXJoro /r-ro» U3 COOTBETCTBYHOLMX HaKon-
JNEHHbIX 3Ha4YeHWIA zt. B BbIGOPKY BK/IHOYaETCS MNpy 3TOM Kaxaas ucxogHas'
eQVHVLR, KOTOPOIA COOTBETCTBYET HEKOTOPOE YMC/0 U3 CUCTEMATUYECKOIA
BbI6opkn (Hartley and Rao, 1962). HecmelleHHas oueHKa Y ecTb 2r/,7n.
Kak 1 ans metoaa Meiatca v MpaHam, OLiEHKa CTaHOBMTCA paBHOB3BELLEHHOMA
npu tn.ilMi — folnzt, roe fO— oxxupaemas ob6waa gons oTéopa.

Mpn TpeTbeM M YeTBEPTOM METOoAAX C/I0A AeNUTCA Ha N rpynn. N3 Kax-
[OIA rpynnbl M3BJIEKAETCS MO OOHOA UCXOAHOIA eavHULIE C BEPOSTHOCTHIO,
MpPOMNopLMOHaSILHOIA ee OTHOCUTESIbHOMY pasMepy BHYTpWU rpymnnbl, T. €.
ZilZg, rpe Zg = Szj, B3STONA Mo rpynne (CKakem, g—iA, K KOTOPOLA OTHO-
cuTCs -4 eaMHMLA. HecMmellleHHast oueHKa Y ecTb

ZgMinyi
g (11.53)

OOMH 13 BO3MOXHbIX CMoco60B (hopMUpoBaHMSA [pynn COCTOUT B TOM, |
yTobbl cAenaTb Zg, HaCKOJIbKO 3TO BO3MOXHO, OAWHAKOBbIMW, AN TOro,
YTOObI COXPaHUTb BEPOSTHOCTU W3B/IeYEHUS MPOMOpLMOHa/IbHLIMU MNepBo-
HaYaslbHbIM Zi. Mo/1e3Ho Takke, YTo0bl O6bUM NPUGIM3NTESTBHO PaBHbI cpea,
HVie NS rpynn, Y, NOCKO/bKY OLLeHKa AMCMEPCUM MOXKET ObITb MoslyyeHa
no MeToay COBMELLEHHBLIX C/10€B.

Mpuy YeTBEPTOM METOAE EAVHNLIBI PACNIPEAENAOTCA MO rpynnam criy4vaii—,
HbIM 06pa3oM W TaK, YTOObl YNC/0 eAMHULL, B KXKAOIA Tpyrne 6bu10 Mo Bos—,(

MOXXHOCTU oauHakoBbiM (Rao, Hartley and Cochran, 1962). OueHka Yoa]

Takasa e, Kak (11.53). OuyeHka gucnepcmun, HecMmelleHHas npu fbom M/l
ecTb

(== FEZgy'iz—sz
(N2--2 NIy

Zg Mi

4Ly

roe Ng — uuvcno eagynny, B g-tarpynne, y[ = Miyjzi 1 N — 2,Ng. Kak
06bluHO, sh = 2 (ytj — yi)2Z(mi — 1). Ecam N kpaTHO M, Tak 4To;
Ng = NIn, To MHOXMTENb, CTOAWMIA MpU KBaAPaTHOIA CKOGKE, CTaHOBUTCS
paBHbiM (1 — /i)/ (n — 1).

v(YC2)

11.20. OB VE BbIBOAbI

[Ana Toro 4tobbl paspaboTaTb 3APPEKTUBHLILA M/laH MHOrOCTYMNEeH4YaToA
BbIGOPKM C UCXOOHBIMN €ANHULIAMW HEeOAMHAaKOBOro pasmepa, HY>XHO Mpo-
[enaTb 60/1bLUYH0 NpeaBapuTesibHY0 paboTy. OT6O0pP UCXOAHBLIX eAVHWL, C Be-
POATHOCTSAMM, MPOMNOPLINOHA/IbHLIMU HEKOTOPOA XapaKTepUCTUKe pa3Mepa,
zh paeT Hamnydlmne No cpaBHEHUIO ¢ 0TOOPOM C paBHbLIMU BEPOSITHOCTSIMMA
pesynibTaTbl B TOM C/lyyae, Korga OTHoweHust Yt/zt HeKoppesimpoBaHbl
C pasMepoMm, zj, A1 OCHOBHbIX NMPU3HaKOB B 06c/1e40BaHNN, 1 pa3Mep CUSlb-
HO BapbupyeT. 3TW YC/I0BUS YaCTO BbIMO/IHSAKOTCA NpU BbIGOPOYHOM UcC/1e-
[0BaHUM, CBS3aHHOM C JOKYMEHTaMW, Korga pasmMep WCXOAHbIX eavHUL,
(rpynn OoKyMeHTOB) onpedensieTcs opraHu3auMoHHbIMU WM 3KOHOMUYe-
CKAMW COOOPaXXEHUSMMN, a 3HavYeHUS [OaHHbIX B OTAESbHbIX JOKYMEHTaX
VMEIOT B pasHbIX eAVHULAX MpUeSIM3NTENIbHO OAMH U TOT XKe MNopsaoK.
Mpexxae BCEro HY>HO cAenaTb CrieaytoLee.

1. YcTaHOBUTE, M3BECTHbI SN pa3Mepbl eOUHNL, TOUYHO WX MPUBVIXKEH-
HO WM Hen3BEeCTHbI CoBceM. B rmocrnegHeM criyyae BbISCHUTE, MOXHO S
CpaBHUTESIbHO J1IEFKO MOJTYYUTb KaKue-/mbo cBefigHUst 0 HUX. Hanpumep,
IbxecceH n ap. (lessen et al., 1947) npoBogunn [ByXcTyneHyaToe o6cneno-
BaHMe KBapTas/i0B B HECKOSIbKUX ropodax [peunu, An8 KOTOpbIX He 6bu10
NpUroaHbIX OaHHbIX 0 YKnC/ie JOMOXO3SIACTB B KakAoM KBapTasie. CyliecT-
BOBa/10 TPU BO3MOXHOCTU: @) 0TO6paTh KBapTasibl C paBHbIMW BEPOSTHOCTS-
My; 6) BbICTpo 06bEXaTb Fopod, Ha aBTOMalUMHE A1 TOro, YTobbl 06bean-
HUTb MaJIeHbKNE KBapTasibl B MCKYCCTBEHHbIE KBapTaslbl, KOTOPbIE «Ha r/1a3»
coaep>xasiv 6b1 NMPUMEPHO 04MHAKOBOE YMC/10 A0MOX03AIACTB. Mpn 3ToM 6bUIN
6bl UCK/THOHEHBI KBapTaslbl, 3aBeOMO He cofepyallye AOMOX03aACTB. MNocne
3TOro 0T06paTh KBapTa/ibl C PaBHbLIMW BEPOSATHOCTSAMU; B) 06bexaTb ropof,
[0CTaTOYHO MeA/1IEHHO, A1 TOro YToObl UMETH BO3MOXHOCTb OLIEHUTb 4UC-
710 JOMOXO3AIACTB B KaXO0M KBapTasie. ocne 3Toro oTobpaTb KBapTasibl
C BEpPOSTHOCTSIMW, MPOMOPLMOHA/IbHBIMW OLIEHKaM pasmepa.

2. BbIACHUTE, MOXHO JIM BOCMO/1b30BaTbCA pPa3MepoM eauHUuLbl Kak
OOHOLA M3 MEepPeMeHHbIX /19 pPacC/IoeHUsi: 3TOT MpUEM peKoMeHAyeTcs,
€C/IM TO/IbKO OH He MoMeLlaeT MPUMEHUTb /15 PacC/I0eHUS HEKOTOpYHo
OpYTyl nepemMeHHylo, KoTopas Morsa 6bl JaTb 3HAYUTESIbHBIA BbIMIPbILL
B TOYHOCTW.

3. PewmTe, Kak O0/DKHbI 0TOUPATLCA €AUHWLLI BHYTPU crioeB. Ecrn
pasmMepbl eauHnL, X0TSA 6bl NPUBAMXKEHHO U3BECTHbI, TO HaW/yULLMM 4acTo
6yneT oT60p C BEepossTHOCTAMMW, MPOMOPLVOHA/TIbHBIMU pasMepy, WiN KBaf-
paTHOMY KOPHIO M3 Hero, XO0TS 3TO 3aBUCUT OT XapakTepa 3aTpaT Ha co6-
CTBEHHO 06c/1ei0BaHME.

4. BblbepnTe HEKOTOpbIMA METOA, OueHMBaHUSA. Tpyu OLEHUBAHUM CyM-
MapHOro WiM cpefHero 3HayeHus A/19 COBOKYMHOCTU WMHOrAa BecbMa pe-
3y/bTaTVBHOA 0Ka3blBaeTCs OLLeHKa MO0 OTHOLLEHUIO, B KOTOPOIA MPUMEHSIET-
€A 3HaYeHVe COOTBETCTBYHOLLEro NMpu3Haka Mo rocsieqHeiA nepenuvcu, ecnm
Takve cBeeHVs nmetoTcd. OLEeHKM, OCHOBaHHble Ha BbIGOPOYHOM CpefHEM
W B3BELLEHHOM BbIGOPOMHOM CpefHEeM, 4acTo ObIBalOT 6osiee TOUHbIMU,
YeM HeCMeLLIEHHbIE OLIEHKN.

5. PewmTe, KakuMn OO/KHBbI 6bITb JO/M 0T6Gopa U NoAoT6Hopa BHYTPU
cnoeB. Mbl pekoMeHAOBa/M BbIObMpaTb O0M MoAoTOopa TakMMK, 4TOObI
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OLIeHKN ObUM paBHOM KOLLEHHbIMW. PekoMeHAyeTcs Takke Ja/ibHelAlas
KOPPEeKTMPOBKa A4J189 TOro, YTobbl BblOGOpKa CTas1a pPaBHOB3BELLEHHOIA Mos1-
HOCTbIO, €C/IM TO/IbKO 3TO He OyAeT COMpOBOXAAaTbCSA CyLUECTBEHHOLA TMO-
TEPEI TOUHOCTI.

Pa3nunyHble MaTepyasibl MO MJIaHUPOBaHUKD U MpoBeAeHU0' obecriefoBa-
HUIA, MpAeyCcMaTpUBaoLLX OBYXCTYMNEHUATBIA 0TO0P C UCXOOHBIMW eauHN-
LaMV  HEeOAMHAKOBOIO pa3Mepa, CoAepXaTcs B criedyrowmx paboTax.

BblGopo4uHoe Mcc/ieaoBaH/e Mo 0KYMeHTaMm

Patton R. (1952). The sampling of records. Public Health Re-
ports, 67, No. 10. (OT60p N0 KapToykaMm B KapTOTeKe.) *

Trueblood R. M. and Cvert R. M. (1957). Sampling®
techniques in accounting. Prentice-Hall. (IMpnmeHeHne BbIGOPOYHOrON
MeToda K WU3YyYeHU0 OeO6UTOPCKOIA 3a[0/HKEHHOCTU).

BbI6opouHble 06CMef0BaHMA FOPOACKOro HacesieHus

Bureau of the Census (1950). A chapter in population sampling.
U. S. Government Printing Office.

Kish L. (1952). A two-stage sample of a city. Amer. Sociological
Review, 17, 761—769.

CoBOKyNHOCTW Gonee 06LLEro XapakTepa

Gray P. G. and Corlett T. (1950). Sampling for the social
survey. Jour. Roy. Stat. Soc., A113, 150—206.

Hemphill F. M. (1952). A sample survey of home injuries.
Public Health Reports, 07.

Peaker G. F. (1953). A sampling design used by the Ministry
of Education. Jour. Roy. Stat. Soc., A116, 140— 165. (O6cnepoBaHue
CMNOCOBGHOCTEIA K 4UTeHWO Yy noapocTkoB 15 fieT.)

Kpome Toro, cm. paboTbl XaHceHa, XepBuua nuMsgoy, a Takke MetiTca*. -

YnpaXHeHMUSA I

11.1. Ans Bcex BO3MOXHbIX Bbl6OPOK, KOTOpPble MOXHO W3BJIeYb M3 MCKYCCT-
BEHHOA COBOKYMHOCTW, MpuBeAEHHOM B Tabn. 11.1, noslyunMTe OLEeHKU C MOMOLLbIO
meTomoB la, 16, IlI wn Il n npoBepbTe 3HayeHMsA obwmx CKO wu3 Tabn. 11.2.

11.2. C nomowbio mMeToaoB |l (0T60p C paBHbIMW BEPOATHOCTAMMU, HecMmelleHHas
oueHka) n Il (oT6op ¢ BEPOATHOCTAMM, MPOMOPLMOHASIbBHBIMU pasMepy) BbluucnTe

aucnepcun 'y ana npumepa u3 T1abn. 11.1 npy TF= 1. lMoKaxXuTe, 4YTO TOYHOCTHL"
meToga |11 no cpaBHeHMto ¢ meTogom |l npu MU— 1 MeHble, 4Yem npu MU= 2. Ka- j
KO 00WMIA BbIBOA MOXHO caenaTb M3 3Toro dakrta? 1

11.3. OnA coBOKYNMHoOCTWU w3 Tabn. 11.1, ecnn oueHkn pasmepa Irectb 0,1; 0,3 j
n0,6, aTr= 2, NOKaXnTe, YTO HecMeLleHHasa oueHKa (meTog |V) aaeT MeHbLuyo auc- ]
nepcuio, 4em oT6Op C BEPOATHOCTAMM, MPOMNOPLUOHANbHBLIMU padmepy. Yem 06bsc-1
HUTb 3TOT pe3ynbTaTr? 1

11.4. 9nemeHTbl COBOKYMHOCTU C TpemMs WUCXOAHbIMW efuHuLaMWN pasfesieHbl Ha !
ABa Knacca. Pasmep eguHuy, JIIr n fons afieMeHTOB, NpuvHagiexauimx nepsomy knac- J
cy, Pi paBHbI:

Mr= 100; Mr= 200; M3= 300; Px= 0,40; P2= 0,45; P3= 0,35.
[Ons BbIGOPKKU, coaepxalleid 50 9/1eMEHTOB 13 0AHOMA UCXOAHOMA eAuHULbI, CPABHUTE |

* EcTb pycckuii nepesoa: MeiATc @. BbiGopouHbliA MeTod B nepenucsax u 00-
cnepoBaHuax. M., «CTaTucTuka», 1965. — [pumed. pepn,

CKO pna metogos la, 11 v 111 Npu oUEHABIAHAN [0NN 3/1EMEHTOB COBOKYMHOCTU, MNpu-
Hagexawmx rnepsoMy knaccy. (B gopmynax aucrnepcum u3 naparpaga 11.2 ST npu-
61mKeHHo paBHo PiQi-)

11.5. B BblI6OpKY 0T06paHO C paBHbIMW BEPOSSTHOCTAMMU W UCXOAHbLIX eAuHul,. B
KaXk[I04 0TO6PaHHOMA eauHILIE M3BEKaeTcsa oamHakoBas aons f2 nogveguuny,. MycTs
13 ML, noAbeavHUL, U3BMEeYeHHbIX B i-AeauHuue, npuHagnexaTt knaccy C. MokaxuTe,
4YTO OLeHKa [0/ 3/1IEMEHTOB B COBOKYMHOCTU M3 ksacca C, nosiydeHHas KaK OLleHKa

Mo OTHOLUEHUIO C pa3MepoM B 3HameHaTese (naparpad 11.6), umeeT Bugp = 2a;/2 T;.
N3 dopmynbl (11.12) BbiBEaUTE, 4TO oueHka CKO (p) vmeeT Bug,

1—/i bl 1-A0 V  Mimt PiO
== Ny A—— — 1QU
v(p) nM n 7 tfi TI-IM— & Tl 1
roe pi = ailmi.
11.6. dupma, umetowas 36 npegnpuUATULA, XO04eT MPOBEPUTb COCTOSAHUE HEKOo-

Toporo Buga o6opypoBaHus, MQ= 25 012 eguHuL, KOTOPOro HaxoaaTcs B pa6oTe.
MN3BnekaeTcs crydabiHas Bbl60pKa, COCTosAWasA M3 12 NpeAnpusTUIA, N Ha KaX4oM U3
HUX npoeepsieTcss 10%-Has MoABbIGOpKA. YUMCMO0 MPOBEPEHHbIX eauHUL, 060pYA0-
BaHusi (Mi) 1 YnCNO eauHNL, C 06HApPYXXEHHbIMW cregaMun  noepexaeHus (at) npueo-
4ATca B Tabnuue.

nglv?ﬂe'r'cll'/le Tl al P'r‘] irht r[l—pl)gliﬂme T mi
1 65 8 0,123 7 85 18 0,212
2 82 21 0,256 8 73 n 0,151
3 52 4 0,077 9 . 50 7 0,140
4 91 12 0,132 10 76 9 0,118
5 62 1 0,016 1 64 20 0,312
6 69 3 0,043 12 50 2 0,040

OuEeHUTE MPOLLEHT 1 06Liee YMC/I0 NOBPEeXAEHHbIX eAnHNL, 060pyA0BaHNS U HalA-
OUTE OLEHKU UX CTaHAAPTHbLIX O MGOK.
3ameyaHme. Mockonbky Mi/M ~ NW/T, mexayeauHUYHOe craraemoe Aucriep-

cMmn V (P) MOXHO BbIUMCANUTL Mo dopmyrie
—— (2a?—2p 2armt+ p2LL *),
nT2(n— 1)
M Tak Kak M A0BONLHO BEMMKM, TO BHYTPUEAMHUUYHOE ClaraeMoe AMCMepcuu Haxo-
[AAaT no dopmyne
_h@{-M Vs
(nmf

Oi.

11.7. MokaXnTe, 4TO eC/IN UCXOAHbIe efUHNLbI 0T6MPaOTCA C paBHbIMWU BEpPOAT-
HOCTAMW 1 /2 — MoCTOSAHHas BeNMYMHa, To B 0603Ha4YeHUAX yrnpaxHeHusa 11.5 Hecme-
LLeHHan oL EeHKa A0V ANs cOBOKYNHocTM umeeT Bug p — NXai/nMJ2, n uto ecnu npe-
Hebpeyb yneHamu nopsaka 1/Tr, To AMCAEPCUIo 3TOA OLLeHKM MOXHO HatATL No popmy-
ne

\%4 -1 _ V/ -42, /l?l— bl

)— nn— 1')71% 2n(al-e>+ I'IT)A2

BbMVC/INTE P U €e CTaHOaPTHYIO OLIMGKY A9 AaHHBLIX U3 YMpaKHEeHUs 11.6.
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11.8. Bblbopka 06bemMoM B I MCXOAHbIX eAVHUL, U3BJlIeKaeTcs C BEpOATHOCTAMMU,
NponopLMoHasibHbIMUK OLleHKe pasmepa I; (C BO3BpalieHWeM), W MPUHATA NOCTOAHHaNA
oxugaemasn o6was gonsa oréopa /0. MokaxmTe, YTO NPU OLLEHUBAHUN CYMMAapPHOro 3Ha-
YeHUa A1 COBOKYMHOCTW HecMelleHHas OLleHKa U oLeHKa nzHJTHomeHmm C pasmepom

B 3HameHaTesie MMeloT Bug, cooTBeTcTBeHHo, T/fO 1 TMJ2 mi, rae T — cymmapHoe
3HaueHue Ana BbliGopku. (OTcioga cnepyeT, uto ecnv M,, He M3BECTHO, TO MOXHO
NPUMEeHNTb HECMELLEHHYIO OLLeHKY, HO He OL,eHKY MO OTHOLIEHMIO C pa3sMepom B 3Ha-
MeHaTene. Mpn oueHUBaHMN cpeAHero 3Ha4YeHWs ANS COBOKYMHOCTWU Ha NoAbeaMHULLYY
rnonoxeHwe obpaTHoe.)

11.9. Mpwn unccnenoBaHUM XUMULWHbIX YC/10BUM B 60MbLIOM FopoAe 0AVH U3 C/10eB
cogepxan 100 kBapTasioB, 10 M3 KOTOPbIX ObISIN U3BJIEYEHbI C BEPOATHOCTAMMU, Mpo-
nopuuoHasibHbIMM OUeHKe pa3mepa (c Bo3BpaweHuem). Bbblna nNpuHATa oxupgaemas
obwas fons orbopa /,, = 2% . MNonydeHbl cnegytowme cyMMapHble 3Ha4eHUs Konm-—
YecTBa KOMHAT M uuc/fa siofetd ANs BbIGOPKM B KaXAOM KBapTase:

KBapTan 1 2 3 4 5 6 7 8 9
KonuuectBo KomHar 60 52 58 56 62 51 72 48 71
Yncno nogein 115 80 82 93 105 109 130 93 109

(a) OueHnTe obLLEEe KOSTMYECTBO KOMHAT, 06LLee 4YnCNo J/Il04eld B €/10e U cpefHee 4YnUcso
NaeH Ha oaHy KoMHaTy, (6) BbluvcnuTe cTaHAapTHble OWMWOKM CyMMAapHOro umcna
SI0AeA 1 cpeiHero 4ucna Silagia, NpuxoaaLlerocs Ha ogHy KOMHaTy. Bocnonb3yiiTech
topmynamun (11.25") u (11.39), cumutas, uto miztIMi = fJn.
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rfMABA 12

OBOVMHOWM OTBEOP

121. ONMUCAHMNE METOAA

Kak mbl y)Xe Buaenu, LembIA pag, cnocoboB 0T6opa onvpaeTcs Ha npea-
BapuTesibHble CBEAEHUSI 0 HEKOTOPOLA BCMOMOraTeslbHOA MepeMeHHOIA Xb
[1a Toro 4Tobbl NPUMEHSITb OLIEHKM M0 0THOLLEHMIO M OLIEHKI M0 perpeccuu,

HY)KHO 3HaTb cpegHee 3HayeHue A1 COBOKYMHocTU, X. ECnu Mbl XOTUM
MPOV3BECTU PacC/I0EHNE COBOKYMHOCTU MO 3HA4YeHUsIM Xi, TO AO/DKHO ObITb
M3BECTHO pacnpefesieHne YacToT 3TOA NepeMeHHOIA.

Ecnin Takue cBegeHUs OTCYTCTBYIOT, TO MHOrAa MOXHO C OTHOCUTESb-
HO M/IbIMX 3aTpaTamMy Mo/yuYnTb MNpeABapUTesibHY BbIGOPKY 60/1bLIOr0
06bemMa, B KOTOPOLA Hab/todaeTcs ToNbKo Xt. 3agada 1ot Bbl6opku — obec-

MeunTb XOPOLUYH OLEeHKY X WM pacnpefesieHus yacToT Xt. B obcnenosa-
HUW, LEeSIb KOTOPOro COCTOUT B MOJTyYeHUN OLLEHOK A1 HEKOTOPOLA Apyroia
MePEMEHHOIA I/, MOXKET 0Ka3aTbCsl Lie/1ecoo6pasHbIM BblAe/NTh YacTb pe-
CYpPCOB Ha 3Ty MpeABapuTesibHYyl0 BbIGOPKY, XOTS 3TO M 03HAYaeT, uTo
06eM BbIGOPKM B OCHOBHOM 00C/1€10BaHUU [0/DKEH ObITb YMEHbLUEH. JTOT
MeToA, U3BECTEH oA, Ha3BaHWeM OBOLAHOI0 0T6opa wim AByx(hasHoro oToopa.
Kak BbITEKAET M3 CKa3aHHOIr0, 3TOT MeTo BbIroAeH JiMllb B TOM C/lydae,
KOrga BbIMIPbIL B TOYHOCTU OT MPUMEHEHUS OLEHKU M0 OTHOLUEHUO WA
OLIEHKM [0 PEerpeccun Winm OT PacC/I0EHUST 3HAYUTEsSIbHO MepPEBELLVBAET
MoTepto B TOUHOCTU, BbI3BaHHYIO YMEHbLLIEHEM 06beMa OCHOBHOIA BbIGOPKU.

[Bo/iHOA 0T60pP MOXKET 0KasaTbCsl Mosie3HbIM B TOM C/lyYae, Korja AaH-
Hble 06 Xi 3ammMcaHbl Ha KapTo4yKax, HO He cBedeHbl B Tabnmuy. Hanpumep,
npy 06c/1IeA0BaHNSIX FPaXKdaHCKOro HaceneHust FepmMaHum B 1945 1. BbIGOp-
Ka A1 TOr0 WM MHOF0 ropoda 06bI4HO M3B/MeKaslacb U3 perucTpaUyioHHbIX
CMMCKOB Ha MoJlyYeHne MpoAoBo/IbCTBUA. Kpome reorpadmyeckoro pac-
C/N0EHUS BHYTPWU ropofa, AJ/19 KOTOPOro AaHHble 0ObIYHO YXXe WMesCh,
TpeboBas10Cb pacc/ioeHMe Takke Mo rosty 1 Bo3pacTy. MocKosIbKY BbIGOPKY
HY>XHO 6bU10 M3B/1eYb CPOYUHO, a CMIMCKU MOCTOSIHHO HaxXoA4MSIUCh B YNoTpe6-
NIeHVK, MNOSTyYUTb MOJSTHOE pacrpenesieHne HacesieHusl Mo nosly W Bo3pacTy
0Ka3asioCb HeBO3MOXKHO. OHaK0o MOXKHO GbUT0 ObICTPO M3B/IEYL CUCTEMATU-
YECKYH BbIGOPKY [A0B0J/IbHO 60/1bLLION0 06bema. Bce BK/IOUEHHbIE B Hee Nnua
ObUM pacripeesieHbl Mo COOTBETCTBYHLLUMM BO3PaCTHO-MOIOBLIM Fpyrnnam.
Mo 3TMM AaHHbIM 6bUTa MoslyYeHa yXXe ropas3fo MeHblUas Bbl6opKa s,
roas1exxaBLUMX onpocy.
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12.2. ABONHOWM OTBOP A1 PACCNOEHNS

TeopeTuyeckoe 060CHOBaHME MeTOAA BMepBble ObUI0 faHO HebAimaHo»
(Neyman, 1938).

CoBOKYMHOCTb [A0/DKHa ObITb pacc/ioeHa Ha HEKOTOpoe 4MC/I0 Kracce
B COOTBETCTBMM CO 3HadeHusMun Xt. MNMepBas BbI6opKa NpeacTaBseT coboiA
MPoCTYHO C/y4yaiAHy0 BbIGOpKY ob6bema Mn'. MycTb

Wh= NhIN— gons eguHWUL, COBOKYMHOCTW, OTHoOCAWMXCA K crioo h;
Td—nh/n'— nons eavHUL, MepBOiA BbIGOPKM, OTHOCALLUXCS K cnow /u)
Torpa wh cnyxuT oueHkoia Wh.

BTopas Bbi6opka npeAcTaB/seT Co60LA pacC/I0EHHYHO C/TyYalAHy0 Bb
60pKy obbema M, B KOTopoia HabntopaeTcs yt: n3 cnos h nsenekaetca n*
eaVHNL,. BTOpOoIA BbIGOPKOLA HacTO C/YXXUT HEKOoTopasi rnoAaBblbopka 13 nep
BOIA BbIGOPKW, HO €C/IN 3TO YA06HEe, ee MOXXHO U3BJIeYb M HE3AaBMCMMO.

MpeanonaraeTcsl, YTO U3AEPXKKU Ha MosTyHeHMe 06enx BbIGOPOK eCTb

C = ncn + n'clT, (12.2)

rge cn o6bI4YHO BEIMKO MO CpaBHEHWIO C Cr-

3ajaya 3aK/1H4aeTca B TOM, YTobbl BbIopaTb M 1 nh (a cnepoBaTesibHO®
M M) TaK, 4YTobbl OHUN MUHMMW3NPOBA/IN AUCMEPCUIO OLIEHKM MpU AaHH!
n3gepkKax. 3aTteM Mbl JO/DKHbI MPOBEPUTL, ByAeT /M 3Ta MUHUMasIbHasA?
Aycrnepcust MeHbLLE TOiA, KOTOPYH MOXET AaTb 0AMHapHas npocTas cyvaid—?
Has BbIGOpKa, rae HabMoAAlTCH TOMIbKO Yt.

MepBbIA LWar cOCTOUT B TOM, YT0ObI MOCTPOUTL OLLEHKY W OrnpeaeninTb ee'|
avcriepcmio. CpefHee A1 COBOKYMHOCTU eCTb

Y= £ WhYh
B kauecTtBe OLLlEHKN BO3bMEM
Y«= f& lVI>H}’b—

Ecnn mn3BnekaeTca HoBas BbIGOpKa, TO B JAaHHOM C/lyyae 3TO 03HayaeT ,*
HOBOE M3BJIeUEHNe KaK MEePBOIA, Tak M BTOPOA BbIGOPOK. MoaTomy Kak WSAD
Tak U BbIGOpoYHble cpegHue yh GyayT criydaiHbIMA BeSiumMHamK, rnognep-: y
YKEHHbIMM OLLINGKe BbIGOpKU. Takum 06pasom, 3agada CBoAMTCA K crydan’
pacc/I0eHMs, MY KOTOPOM CyMMapHble 3HaYeHUs A/19 C/I0eB TOYHO He um3e-|

CTHbI. [1pM MHOrOKpaTHOM 0TGOpe FpaHuLbl C/I0eB MPeArnosiaraloTcs Hens-
MEHHbIMM.

TeopeMbl 0 cpegHeM U 0 gucnepcumn yst AoKasbIBalOTCA Npy HEGObLLIOM!
nonyuwieHun. lMpegnonaraeTcsl, YTo Kaxkgoe wh> 0, T. e. M' A0CTaTOYHO*
BEJINKO, YT0Obl BEPOSSTHOCTbLIO TOr0, YTO KakoMA-/IM00 C/oiA He ByaeT npen-
CTaBsieH B 60/bLLUOIA BbIGOPKE, MOXXHO ObUI0 MpeHebpeyb.

Teopema 12.1. OugeHKa YS ecTb HeCMeLLEHHas OLIeHKa.
JokazaTenbcTB0. CHavasla BO3bMEM CpefHee Mo BceM Bblbopkam npu |

ycnoBum, 4To wh HemsmeHHbI. MockosibKy yh npeacTaBnseT co6oi cpefgHee'
01 NpOCTOMA C/Tly4alAHOA BbIGopkM 13 cnosi, E (yh) = Yh. OgHako, no-,
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CKOJ1bKY nepBast Bbl6opKa TaKXXe NMpeacTaB/iseT Co60iA MPocTyH CrlyYalAHyHo
BbIOOPKY, cpegHee Mo BCEM BO3MOXHbIM W3B/IEUEHUSIM MEPBOIA BbIGOPKU
noaet E (wh) = Wh. CnepoBatesibHo,

E(yj = E [E{2whyh|wA] = E &whYh) = 2WhYh Y.

Teopema 12.2. Ecnu 3HaveHus nh He 3aBucAT oT wh, To

nh

g'wh(F/,—y) (12 2)

roeg" = (N-nd)/ (N- 1) n fh= nh/Nh.

JokasaTenbCcTBO. CHauyas1a BO3bMEM CpefiHee Mo BCceM BbIGOPKaM Mpu
ycsioBUM, 4To Wh HemameHHbl. CpefHee 3HaudeHVe YSt Mo TakuM BblGopKam
ectb TwhYh, Tak uTOo wmmeeTca cmelweHne, paBHoe 2 (wh— Wh) Yh.

3HaueHVe yc/lOBHOMA aucriepcun yst gaet Teopema 5.3. CrnepoBaTtesibHO,
CpeoHMIA KBaapaT OLUMOKW paBeH:

E[{yst- Y f K ] :ﬁ + (12.3)

MH h=i
Tenepb BO3bMEM CpeaHee o BCEM MNepPBbIM BbI60pKaM, Korga Wh MEHAKTCA.

(30ecb Mbl NosIb3yemcsl MpeanosiokeHNEM 0 TOM, YTO Korga wh MeHsioTcs,
nh ocTaloTcs MocTosiHHbIMK.) Mo Teopeme 3.2

Tak 4To
Ewh=[E(®)12 VK ) = \n + n . (12.9)
Jlerko nokasaTb TakXe, 4To

E (Wh- Wh(Wj- Wj)= - JL w hWj (ftd j).

W3 aTuX paBeHCTB A4/1 nocsiedaHero yneHa B (12.3) crefyeT, uTo

L 2
V. (Wh-W h)Yh — I'_' N
ft=1 I_*:i
. : i2 y2
- 2 "~ 2 WhWj?hYj _ *
h=ii>h fr (2 rr« ) -
= -v (Y,-YF. (12.5)
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OKoHYaTesibHO, nosnb3ysacb (12.4) n (12.5), nonyvyaem un3 (12.3)

L ) g' wh(l-w.,) @-h)sl g' Wh(yh-Y f
vy =1]jh+ @

B 3TOM BbIpakeHUN u4rieHbl, He cogepxXaliue M, npeacTasnsoT roboia m
3HaKOMOE HaM BbIPKeHWe /19 AUCTepCUn B Cryyae, Korga o6bembl C/10eB
M3BECTHbI TOYHO. 3PHEKT OLIMOOK MEpBOLA BbIOOPKM MPOSBASETCSH, crefo-
BaTe/IbHO, B HEGO/BLLUOM YBeSIMYEeHUN criaraemoro, 00ycsioB/IeHHOI0 Bapua-
Lyeli BHYTPU C/I0EB, W B MOSIB/IEHWU C/Iaraemoro, 06yc/1I0B/IEHHOI0 Bapuia——

el Mexagy CriosiMu.
B 6onbwwmHcTBe npunokeHnia fh —n,jN h npeHebpexumo Masbl. }

Yacto n'/N Takke Masio, TaK YTO BMECTO §' MOXHO MoacTaBuTh 1 Mpw
3TUX  YCIIOBUSIX

, wh(\-wh\'sh . wh(Yh-Yf

1 »e" Jg 1 n

Cnepcteue 1 Ecnn NH 3aBuUcAT oT Wh, yTBepxaeHve Teopembl 12.2,
HEMHOI0 M3MeHUTCsl. Hanpumep, ec/im Mbl XOTUM MOSTyYUTb MPOMOopLIMO-
Ha/IbHOE pacC/I0eHNE, TO HYXXHO TMOSIOKUTL A/11 Ma/I0IA Bbl6opkn tih =
= nwh, nockonbKy wWh — Hannydlme nMetolvecst oueHkn Wh. B 6onee
06LweM Buae Mbl Moxkem B3ATb tih = rikhwh'2*ikhwh- MoacTaBm 31U 3HauYe-
HUA B (12.3) 1 3aTemM BO3bMEM CpefHee M0 BCEM BO3MOXHbLIM W3B/IEYEHUSIM
wh. Tocne HeKoTopbIX asirebpanyeckmx MpeodpasoBaHUiA, NpeHebperas.

nbYNh, nonyyaem, 4To Aucnepcusi paBHa:

'Wh(Yn-yf
0 + 9 (Yn-y

roe Q = 2XhWh. Ecoim Ih= 1 (npornopumoHasibHoe paccsioeHne), TO
Q — 1, 1 Mbl nveem

h n

Cnepacteye 2. Ec/iv No BTOPOiA BbIGopKe A0/1KHA GbITb NosTyYeHa oLeHKa>
[onu, To

Sl = Nh P> Qh ~ ?h Qh<
Nh- 1

wA2
(Yh=-Y )= (P h-P)",
MpeHebperas nhYNh, nonydaem ns Teopembl 12.2

VVi_ie'wh(i-w by i phon + e’Wh(Ph-P)Z 3, (12_7)

V(Pst) m

roe Ph— pgona B cnoe h.
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B pa6oTtax Po6coHa (Robson, 1952) u Po6coHa v KuHra (Robsorl
and King, 1953) W3/I0KEHHbIE Bbille TEOPETUYECKUE MOSIOKEHMS 0606LLe-
Hbl Ha C/Ty4atA ABYXCTYMEHYATOro 0T6opa U MPUMEHSOTCS 4J18 OLEeHNBaHNS
UMTATEILCKOMA ayANTOPUN XKYPHas10B.

123. ONTUMAJNIbHOE PA3MELWEHNE

MonyyeHve 3HauyeHUEA nh n M\ MpyM KOTOPbIX AUCMEPCUS MUHUMAa/IbHA,
[0BOJIbHO C/T0KHO. M3 thopmy bl (12.2) 1 BUga yHKLUMW U3OEPXKEK crieayeT'
YTO ec/im M 1 N 334aHbl, TO MH A0/DKHbI 6bITb MPONOPLVOHa TbHBbI

Shvw +ie’ wh{\-wh}m'

MocKONbKY BTOPOLA WieH Mof, 3HAKOM KOPHS 00bIYHO Masl MO CpaBHEHUIO
c nepBbIM, HetAmaH (Neyman, 1938) npegnoxkunn 6patb nh nponopuyioHasnb-
Hbivu WhS h. Takum o6pasom,

Ecnn 3T 3HayeHUst MoAcTaBUTbL B Aucriepcuto (12.2), onyckas wWieH npu
Nesi(X — WY/,), n npegnonoxuntb, 4to NYNh u ti'/N npeHebpexxumo Masbl,
TO MOSTy4UM

VOPIK - ab *£ _ + 128
n n ' )

Mnun, BBOAA 0603HaueHMs Vn n Vin-

Voptm - A - + N 12.8"
oem L {28%

MUHUMU3MPYEM Terepb 3TO MPUGIXKEHHOe 3HayeHue AMCTepCUn, Bbl
6upas MU' NpY OAaHHbIX U3OEPXKKax, BbIpaKeHHbIX QyHKUMEA BUOA

C = ncn + n'err’. (12.1)
HeTpygHO npoBepUTb, YTO MUHUMYM [0CTUraeTcs rpu

........ =—1n - (12.9)
VvnCn' Vvn'cn

M3 aToro paBeHcTBa 1 (12.1) onpegensioTea nu n'.
ANna  ganbHEMAWMX MpuioKeHUIA ABoiAHOIo oTbopa Ham MoHagobuTcs

BblpaXXeHne 419 MuHuMymMa gucnepcun. 3 (12.9)
n _ n' ncn+n' '

1 Vnecen' Yvn'cn ~\Venen>(~\Awncen+Vvn' cn-)

c - (12.9"

~YcnCn’ (1/VnCn-(-~[/Vn'c,
MoacTaBuM 3TY pe3ynbTaThl B hopmyny (12.8") ana VoPt. 3To gaet

T/ (VVncn+VvVvn'cn')



Ecnu nepBas Bblbopka 06X0ANTCA 0YeHb AELLEBO, TO MPeArosiokeHMe,
yTo N'IN NpeHebpexnmo Mas1o, T. €. UTOg = 1, MOXET He COOTBETCTBOBaTb
[eACTBUTENIbHOCTU. B 3TOM crlydae MOXKHO MO-MpeXHeMy Mos1b30BaTbCs
3HadeHusAMM NMmn' u3 (12.9), HO HYXHO TOJIbKO BbMeCcTb 13 (12.10) wieH
Vn-IN.

MprMmep. 3TOT NpUMeEp UCKYCCTBEHHBIIA, HO OH WTIOCTPUPYET Heobxoaum-
Mble BbIUMC/IEHMA. PacCMOTPUM MpUBEAEHHbIE paHee AaHHble Mo rpadcTBy
JxeddepcoH (c. 190). MNepemeHHas XU pa3mMep (epMbl, MpUMeHseTca 414
pa3bueHmns COBOKYMHOCTU Ha ABa €nof: (epMbl pasmepom [0 160 akpoB u
6onee 160 akpoBs. NMpeanonoXum, YTo onpeaesieHne Yucsia akpoB Mnof, rle-
HVLIEIA Ha ogHoiA hepme (/<) obxoamTces B 10 pa3 Aopoxke, Yem ornpeneneHve
pasmMepa epmbl (1) 1 NYCTb U3AEPXKKU COCTaB/IAT

c = 100=n+ 01 n. (12.11)

3T0 03Ha4aeT, YTO €C/IM He MPUMEHATb ABolAHoro oToopa (M = 0), To Ans
OLEeHMBaHNSA M/10WAAM MoA4 MWEHULIEA Mbl MO/ 6bl B3Tb BbIGOPKY 00b-
emom B 100 chepm.

Heobxoanmble OaHHblE O COBOKYMHOCTU MMEOT BUA

Cron Wh 4 sh Yh
1 0,786 312 17,7 19,404
2 0,214 922 30,4 51,626
COBOKYMHOCTb 620 26,297

CornacHo (12.10) Mbl MOXXeM cpa3y HayaTb BbluucsTb VOPL MpuBeaem,
0HaK0, M MPOMEXYTOYHble BbluMC/ieHMA. Haxoamm

Vh = (ZWhSHf = 417;
V' = 2Wh(Yh—F)2= 175,

TaK 4To corsiacHo (12.9)

_ = e— = (0.488.
n I\// 175 10 0.

N3 ypaBHeHus wusgepxek (12.11) nosyyaem

n= ' - 170, n= 170 0488 = 83.
;,588

30ecb uuTaTeslb MOXKET MpoBepUTb MO [AaHHbIM Hallero npumepa, 4To
OMyLLEHHbIIA B hopmye aucnepcun (12.2) uneH, cogepkawmia Wh (1 —
— Wh), pevictBuTe/IbHO NpeHebpexxmmo Man. Torga ms (12.8) nosydaem

Von W ™ g5004103=605
83 170
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Ana criyyaiiHoia Bbl6opkn o6bema 100 6e3 ABOMAHOINO 0T60pa Mbl MMEN 6bl

620
V: 6,20.
100
OueBMAHO, YTO MPUMEHEHVe ABOMAHOIO 0T60pa Aa/1o Obl /Wb MyCTSAY-

HbEA BbIUIPbILLL

3ameyaHe. BosBpawascb K cnegctBuio 1 TeopeMbl 12.2, yKaXem
OpyroiA BO3MOXHBIA Noaxoa, K Bbloopy nh. OH cocToMT B TOM, YT0GbI NpuU-
HaTb nh = rikhwhlhXhwh n wuckatb MUHUMU3MPYIOLLME  OUCTIEPCUID
V (yst), npeacTaBrieHHy GopMysioid U3 crieacTBust 1. MOXHO MoKasaTh,
yTo onTuMasibHble Xh nporopuyioHa/IbHbI Sh B NpeanosiokKeHUU, 4YTo
1In" MOXHO mnpeHebpeyb. [ MpaKTUYECKUX LENeiA 3ToT pesy/sibTaT CoB-
nagaeT ¢ yxke noslyYeHHbIM.

124. OL|EHKA AUCMEPCUN MPU ABOMHOM OTBOPE
AN PACCNOEHWSA

HecmelleHHyo oueHKy aucnepenn V (yst) 3 (12.2) MOXHO MOCTpoUTb
6e3 ocoboro Tpyaa. Mbl npegnonaraem, uto ntYNh n 1/N moxHo npeHe6-
peub.

Teopema 12.3. HecmelleHHas oueHka V (ys) ecTb
. v\
9" WA (12.12)

r;eg = (N—n)I (N- 2.

Joka3aTenbCcTB0. Beps cHavana cpegHWe Mo BbIGOPKAM C HEU3MEH-
HbIMM Wh 1 3aTeM Mo BceM BO3MOXKHbIM M3BrieHeHUAM Wh, nosydaem crie-
Oylolpe 3HavYeHNss MaTeMaTUYECKUX OKUOAHWIA Y/IEHOB BHYTPU CKOGOK:

(12.13)

h nh h i n J Ut
gy rg'wh y g'Wh 4 (12.14)

h n' nh h nh
fY e*"Gh-wl_ E (Y 8 whlj* g'*2) _

h T \h tl' t
_y e'wWhyl iy d Y g. ecy(-J (d215)

h tl’ h ' th n’ n'

CknagbiBasi 3TM TpU paBeHCTBa, MoslydaeM, cpaBHMBas ¢ (12.2) un
nonaras, 4to IIN MoXHO npeHebpeub,

(--DBv()_y(-) )=y () A
n' Yo, n } XV (N-Dn'

Teopema p[okasaHa.
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Ecnu n' BenmKo Mo cpaBHeHuMto ¢ nh, To v (yst) ceognTes K

MprMeHeHMe 3TOro BbIPaXXEHUS 3KBUBA/IEHTHO MPEArosiIoKEHUIO 0 TOM,
yTO oWMGKamMM BecoB Wh O/ c/oeB MOXHO MpeHedpeyb.

CnepctBue. MycTb pH— Habmopgaemas [ons  eavHWy, B crioe h,
npuHagiexxalimx HeKoTopoMy ornpeaesieHHoOMY Kriaccy, U pst=
€CTb OLleHKa COOTBETCTBYHLUEIA [0/M AJ19 COBOKYMHOCTW. Torga oueH-
Ka V (pst) ecTb

Wh Ph Gh g' m(Ph—Pst)2 1

th—1

Vo we—

MoyTn BO BCEX C/iy4vaaX 3TO BbIPOKEHVE MOXHO 3aMEHUTb 6onee MPOCTbIM:

Wh Ph Rh 4+ Wh(Ph—Pst)2
nh—1

YacTo wieH, cogepxawmii 1In', Takke MOXXHO OMyCTUTb.

Mpumep. B mpocTobA c/ly4alAHOMA BbIOOpPKe, copepkawlein 374 goma,
292 poma 3aHATbl 6eribiMM ceMbsiMM N 82 — HebenbiMn. MoaBblGopKa
npnbAn3NTeNIbHO KadK[O0ro 4eTBepToro AoMa Aasia crefyolme ceBefeHus
0 uucsie CO6CTBEHHbIX M CAaBaeMbIX BHaeM [0MOB:

Cob6cTBeHHble [loma, cpaaBae-
Aowma, ca Bcero

Aoma Mble BHaem
Benble cembun 31 43 74
Hebenble cembun 4 14 18

TpebyeTcsl OLEHUTbL A0/1K0 A0MOB, CAaBaeMbIX BHaeM, B palioHe, rae oTom-
pasiacb BbIGOpKa, N HAATN CTaHOAPTHYH OLUMOKY 3STOA OLIEHKW.
MycTb MNEPBLIA C/IOA COCTOMT M3 AO0MOB, B KOTOPbIX XWUBYT 6esible

cembu. Torpa:

w= 22 _BY8: 82 __0,2%,
374 374
43 14

i :0,60; 2m = 0,78;
Pi 74 ’ P 18

pst= wilPi + ~2 P2= 0,64;
n' = 374, nx= 74, n2— 18.
HeTpyaHO NpoBEepUTb, YTO CYLLECTBEHHOE 3HAUYeHVE VMEET TO/IbKO I/1aB-
HbEA wieH V (pst)- CriegoBaTesibHO,
oy = 2 whoh _ (0,78)2-0,60-0,40 (0,22)2.0,78-0,22 0,00248:
»(P*) = nh—1 73 17
s(Prt)= 0,049.
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OueHKa [0/M cAaBaeMbIX BHaeM AoMoB paBHa 0,64 = 0,049. YwuTtaTtesib
MOXET MNPOBEPUTb, YTO MO CPaBHEHMIO C OAHOCTYMNEH4YaTOIA MPOCTOA Cny-
UYAHOIA BbIOOPKOLA 0b6bema 92 MoslyyaeTcs Jivlb MYCTAYHbLINA BbIUMPbILL
B TOYHOCTU. BBMAY OTHOCUTESILHO HEGO/bLLOIA BESINYMHBLI C/105, COCTOSA-
Lero 13 AoMoB HebesnbIX ceMeid, 419 TOro YTobbl ABoiAaHOIA 0T6op 6bU1 Bbl-
rogHbIM, pasHuLUa B [0/1e CHUMAKLWUX Xuiuwe mexay 6eribiMi 1 Hebe-
JIbIMA CEMbSIMU A0/TKHa ObITb 60sIbLLUE.

125. OLIEHKW MO PEIrPECCUI
B HeKoTopbIX C/ly4yasix MpUMeHEHUs ABOLAHOro0 oTGopa BCrOMOraTesib-
HOIA MepeMeHHOMA Xt MOXXHO BOCMOJS1b30BaTbCA /15 MOSIYYEHUs] OLIEHKW

Mo perpeccum Be/MuMHbI Y. Mbl MpeanosiokuM, YTo COBOKYMHOCTL 6ec-
KOHeYHa W YTo 3aBMCMMOCTb MeXay Yt U XI /imHeAHa. PaccMOTpUM Mogesib

yia— YN\ B{xi— X)-\-¢€la, (12.17)
rge BTOPOLA MHAEKC a BBOAWTCA /19 TOr0, YTOObl HaNMOMHWUTb, YTO MpwU
HEeV3MEHHOM crlyyaliHas NepeMeHHast eia MOAYMHSIETC HEKOTOpoMY
pacnpefenieHno vactoT co cpegHum O n aucniepevein o= S1 (1 — p2.

B nepeoti (60s1bLLIOIA) BblIGopKe 06bema M Mbl Hab/il0A4aeEM TO/IbKO 3Ha-
YeHUs1 XI1 BO_BTOpoA o6bemMa M, Mbl HaGMHOA3aEM 3HayeHMst Kak Xt, Tak ©
yia. OueHka Y ecTb

Yn=y+ b (x'—x),
roe X , X — cpegHue 3HaveHms Xt coOOTBETCTBEHHO AJ/151 MEPBOIA U BTOPOIA
BbIGOPOK M b— oLeHKa KoahpuumeHTa perpeccum yia o Xit nostydeH-
Hasi Mo BTOPOIA BbIGOPKE METOAOM HaVMMEHbLUMX KBaapaToB.
Vccnepyem Tenepb ownbky oueHku  (YIT— Y). N3 (12.17) Haxoamm

y—=Y +B (X—X) + A, (12.18)
n
2j (Yia—~y)(-x)
b—
A (xi—xf
1=1
n
B4 (12.19)
£ bl-x)2

1(oacTaBUM MOSyYEHHbIE BbIPXKEHUS /11 Y U b B BblpaXXeHWe A/1s1 OLUMGKN
OLleHKW. 3TO0 [aeT

yir—Y —(y—K) + b{x —x) —B{x— /) + e+ B (X’ — )+

+P -39**K-i =i+('-23 +B (I -X). (12.20)
X(xr-x)2 z(Xi-x)2_
B 00bIMHOM pErpeccMoOHHOM aHa/in3e, Korga X = X, KakK npaBusio,

paccMaTpuBaeTcs YC/I0BHOE pacrpeaesieHre YacToT OLIMOKM oLeHKn (YiT—Y)
B MHOIMOKpaTHbIX BbIGOPKAaxX MpU  YC/I0BUWN, UYTO 3HAYEHUA XTI HEM3MEH—
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Hbl. B gdaHHOM cnydyae npyv Takom Moaxode, €cs/in cYnuTarb HensMeHHbLIMM |

3HaYeHUs Xt Kak B MepBOiA, TaK 1 BO BTOPOA BbIGOPKAX, OLIEHKA OKaXeTcs
CMELLIEHHOA OTHOCUTESTbHO CPefHEro 3Ha4YeHUsl YC/10BHOr0 pacripefesieHus,
MnockosibKy [c — 0T aHrsmiAckoro «conditional» — yc/0BHBIA]

E(ylr-Y) =B (x'-X).

CnepoBaTesibHO, YC/I0BHbLIMA CpeaHUEA KBaapaT ownbkm (CKO) oueHku yIr
paBeH:

cko (yIn=Sy(@—p29 [-L+-{X7-X¥1 +B2(x'—Xf. (12.21)
in ZIXi-X.[

Ana cpaBHeHWUA ¢ ApYrUMU MeTodamMm 0T6opa 3TO BbIpakeHue Heyao6-
HO, MockosibKy CKO 3aBUCUT OT KOHKpeTHoro Habopa Xt, KoTopble 6buUN
noslyyeHbl B ABYX Bbl6opkax. BMecTo 3TOro Ham HY>XHO cpefHee 3HaueHue
CKO no BceM BO3MOXHbIM W3B/IEHYEHUSIM MEPBOIA U BTOPOIA BbIOGOPOK.

MpocToli pe3ynbTaT MoslyyaeTcs, ecniv npeanoniokuUTb, YTo (a) nep-
Bas BblObOpKa M3B/IEKAETCS C/yyalaHbiM 06pa3om, (6) BTopas Bbl6opka
npeacTaBiseT coboi/ Cry4HalaHyo MoABbIGOPKY M3 Mnepeoia 1 (B) Xt pacnpe-
[JeneHbl HopMasibHO. B aTtom cnyyvae cpegHee 3HadeHre CKO okasbiBaeTcs
paBHbIM:

VOIN=SSA-Pap- + & — )]_(nii_i)lJ thn = 2229
SMN1-P2 r, (n'-n) 1 1 ppn

(12.23)
n 1 n n—33J 1

rnockonbky B2si —@282

Ecnn pacnpepeneHue Xt oT/invaeTc OT HOPMasIbHOro, TO WU3MEHUTCH
TOMbKO 4ieH, cogepkaumin 1/ (n— 3). UTo KacaeTcs npeanosnokeHus
(6), To Mmanas BblbOpKa He 06513aTesIbHO A0/IKHA M3B/IEKATbCA U3 6GO/IbLLOIA
CTydalHbM 00pa3oM: Masiyto BbIGOPKY YKerflaTesflbHO W3B/ieKaTb Tak A/1st
TOro, YToGbl MOSTYYNTb 6O/LLLMIA AMarna3oH 3HaYeHMIA Xt U YyMEeHbLUMTb
OLLIMOKY BbIGOPKU ANns b. ShdeKT 3Toro coCToUT B YMEHbLUEHUN, BO3MOX-
HO 3HauYMTesIbHOM, YsieHa, cogepxawero 1/ (n—-3).

B HEKOTOpbIX MPUIOKEHUSAX BTOpPas BbIOOpKA W3B/IEKaeTCSH He3aBU-
CUMO OT rMepBoLA. B 3ToM crlyyae paccyXAaeHus [aHHOro maparpada oc*
TaloTca 6e3 M3MeHeHVA Br/10Thb A0 (opMybl (12.21). B dopmyne (12.22)
wieH

1
3aMEHSIETCA  Y/1EHOM

BrepBble c/lyyald ABYX HE3aBUCUMMbIX BbIGOPOK Obb1 paccMoOTpeH Yemernv
Bo3 (Chameli Bose, 1943).
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VTak, To4Hoe 3HaudeHue u4srieHa, cogepxawiero 1/ (n— 3) B Bblpaxe-
HAN ONS cpefHeiA  OMCMepcun, OCTaeTCcs HECKOSIbKO  HeorpeaesieHHbIM.
OpHako ecrm 1Un  npeHe6pPeXrmMo Masio, TO 3TUM WIEHOM TakXKe MOXHO
rnpeHebpeyb. JTO [aeT OCHOBaHWE CHOPMYJSINPOBaThb C/eAYHOLLYI0O Teopemy.

Teopema 12.4. Ecnin nepBas BblObopka WUMEET 06beM M', BTOpast —
o6beM M 1 Un npeHebpexxmmo Masio, To aucnepcus yIr, oUeHKM no per-
peccun npyv OBOLAHOM 0T60pe, MPUGSMMKEHHO paBHa:

Vg N3 NN L (12.24)
n n

12.6. CPABHEHVE [IBOIHOIO OTBOPA A/19 OLIEHKU
Mo PEFPECCWUM C OANHAPHbBIM OTBEOPOM

Monb3ysck topmynoia ancnepcnn (12.24), ApoiAHONA 0T6Op A15 OLEH-
K/ M0 PEerpeccMm MOXKHO CPaBHUTb C OAMHApHbLIM MPOCTbIM C/TyYalAHbIM
0T60pOM B MpeanosiokeHnmn, yTo (a) nepeas BblGopKa MpeacTaBsisieT coboia
MNpoCTYHO C/ly4vai/iHyl0 BblGOpKy, (6) 1n mpeHe6pexxnmo Masio 1 (B) BTopasi
BblOOpKa TakKXXe MpeacTaB/isseT Co60MA MpPOCTYH  C/TyYaiiHyH0 BbIGOpKY.
PesynbTaTbl, OTHOCAWMECA K 3TOMYy C/lydatd, MOFyT C/AY>XUTb 06LMM
OpPUEHTMPOM U B APYrux Cry4asix.

3anuiiem

roe
Vn= SJ(I-p*); Y'= p*S2

n3gepkkn = C = nen + n'cr>

3afava HaxoxaeHUs oNTUMa/IbHbIX M U M YU MUHAMaSIBHOIA Aucnepcnn
B TOYHOCTW Ta e, YTO M Mnpu ABOLAHOM 0T60pe A/19 paccsioeHms (naparpadg
12.3). PaBeHcTBO (12.10) gaeT

(Vv7™n+yvnc,,)2 s|I[V(i_p2)Cn+pV ™ ]2
q _

' opt 9 \lIZ.Zu)

rOg p CUNTaETCA MOSIOKUTESTbHBIM.

Ecnu Bce cpeAcTBa pacxodytoTcs Ha 0OMHapHYH BbIOOPKY 6€3 OLEeHKU
no perpeccuun, To 3Ta Bblbopka UMeeT 0bbem Ns = C/cn [s— oT aHrmiA
CKOro «single» — oouMHapHbLIA] U Aucnepcus ee cpeaHero paBHa:

Y(@h=- = (12.26)

CriepoBaTesibHO, ABOLAHOIA 0TOOp JA3eT MEHbLUYIO OUCMEPCUIO, €C/n
cn> |/ (1—PJc,, +pj/<v]2

aT10 HEpPaBeHCTBO MOXXHO 3arncatb AOBYyMA cnocobamu:

G > (H-VI-P2)2 ———— P2 (12.27)
crt P2 (i_yi_m
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HepaBeHcTBO (12.27) MokasbIBaeT, YTO MpU HEKOTOPOM LaHHOM 3HaveHUWn
p OBOVAHOLA O0T6Op MPUBEAET K YBE/IMYEHMIO TOYHOCTW /Wb TOrda, Korga
OTHOLLEHVE W3AEPXKEK B pacyeTe Ha eAVHWLY BO BTOPOIA BbIGOpKE K W3-
Lep>XKaM B pacyeTe Ha eQUHULLYY B MepBOiA BblObopke MpeB30LALET HEKOTOPoe

J>— KoamLyieHT  KoppersiLvm Mexay yi n X[

Puc. 12.1. 3aBucnMmocTb Mexay cr/cii v p Ansa Tpex 3afaHHbIX
3HaYeHNIA OTHOCUTENIbHOMA TOYHOCTWU  ABOIAHOINO N 04MHApPHOIO

oT6opa:

KpuBas |: OBOAHOMA WM 0AVHApHbLILA 0T60pP O4WMHAKOBO TOYHbI.
Kpueas Il:  gBotAHolA oT60p naet 25%-wuoe  yBenmyeHwe
TOYHOCTW.

KpuBas Ill: ppotiHoiA oTGop paeT 50%-Hoe  yBe/MueHue

TOYHOCTU

KpMTUYecKoe 3Ha4deHue. Ecnm gaHbl CM v CNm TO /18 TOro YTobbl ABOLAHOA
0T60p CTan BbIroAHbIM, (12.28) yKasbIBaeT KPUTMUECKOE 3HAYeHWe, KOTO-
poe A0/HKHO MpeB3oATUN p2

Ha puc. 121 Mo ropM3oHTa/IbHOA OCU OT/IOKEHbI 3HA4YeHWs p, a Mo
BEPTUKa/IbHOM (B /10rapUMMYECKOM MaclLTabe) — 3HauyeHUs1 OTHOLUEHMS
cjcn'. KpuBas | noka3biBaeT 3aBMCUMOCTb MEXAY 3TVIMM BesIMHMHaMU,
Korga ABOMAHOIA 0TO0p U OOMHApHbIA 0T60p OAMHAKOBO TOYHbI,  KpuBas
Il — korga VOPt= 0.8 V (y), T. e. Korga [JpobHoiA oT6Gop mdaeT
25%-Hoe yBenuuyeHve TOYHOCTW; KpuBaa |l cooTBeTcTBYET 50%-HOMY
YBE/IMYEHUIO TOYHOCTM Mpu ABoiAHoM oT6ope. Hanpwumep, npu p = 0,8
[BOLAHO 0TOOP CTO/1b YKe TOYEH, CKO/Tb U 0AMHAPHBIIA, C/I CIYCM—- paBHO 4;

OH fgeT 25%-Hoe YBE/IMYEHME TOYHOCTM, €C/I CrYCrmm nMpubIN3UTEsSTIbHO
paBHO 7 1/2, n 50%-Hoe yBeriMyeHWe TOYHOCTW, ec/ Criamnpubnniuv-
Te/lbHO paBHO 13.

Mpn NpakTUYecKOM MPUMEHEHUN 3TU KpuBble OyAyT npeyBeriMuvsaThb
BbIMIPbILL B TOYHOCTW, AOCTUIaEMbIA Mpyv ABOMAHOM 0T60pe, MOTOMY 4TO
Haunydlve 3HadeHnsa M v M NpuxoamTca Sinbo OUEeHMBAaTb MO MPEXHUM
JaHHbIM, M60 onpefensaTb OPUEHTUPOBOYHO. [1oaToMy, npexae 4Yem pe-
WNTb, MNPUMEHSTb SN ABOLAHOA 0T60P, HY>KHO cAeflaTb HEKOTOopble rorpas-
KN Ha OWWBKU B OLLEHKaX 3TUX BeSIMYUH.

Mpyn No6oM p BbIMIPbIL B TOYHOCTU OT MPUMEHEHUS OBOIAHOIO oT6opa
VMEET HEKOTOPYIO BEPXHIOD rpaHuuy. OHa [OCTMIaeTcs,, Korga rostyde-

HWe CBeAEHWIA OTHOCUTEsSIbHO X He TpebyeT 3aTpaT (cne = 0). BepxHss
rpaHuLUa OTHOCUTEsNIbHOIA TO4YHOCTW paBHa 1/ (1 — p2.

12.7. OLLEHKA AWNCMEPCUW MPU ABONHOM OTBOPE
AnA OLUEHKW MO PEFPECCUN

Ecnu uneHamu, cogepxawymu 1n, MoxHo npeHe6peub, To V (Y1)
BblpaxaeTcs Gopmysioia (12.24):

n n

Ana mogenn ¢ JMHEMHOA perpeccueii BeinumHa

o[ & 2D

€CTb HecMelleHHas oueHka S (1 — p2d), rge vHAEKC a Terepb OnyLyeH.
[MocKoNbKy

oo " OF )
b§’: n—I

€CcTb HecMelleHHasi oLeHKa Sy, pasHOCTb

B— B x

eCTb HecMellleHHast oLeHKa p5l|.
Takum obpasom, oueHka V (yI) ro BbIGopKe ecTb

c2 2
fy,n= + - X . (12.29)

Ecnv BTopas BbIGOpKa O4YeHb Masla M 4rieHaMu, cogepxawpmmun  1/m,
rpeHe6peyb Hesb3s, TO MOXHO MpeasiokUTb OLEHKY AMcrepcun Buga

Sy— S
v(ylr) = sl.x | S
24 -W
9T0 — HeKOTOoporo pofa rvépua YC/I0BHOMA AMCriepcun U cpeaHeii
[criepcnn.
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128. OLEHKW MO OTHOLWEHWIO
Ecnu nepBasi Bbl6opKa NpyMeHsieTcs A19°0ro0, YTobbl MOSTyUnTb X /15
OLUEHKM MO OTHOLLUEHWIO Be/MMMHBLI Y, TO OLIEHKOIA OyaeT
YR=="r1 X . (12.30)
X
[Ana Toro yTtobbl HAlATM MpUBAVXKEHHOE 3HaYeHWe AUCMEPCUMU, 3anuLiem

YR~ Y = jL X —Y=\N*xX—Y"
—{y—Rx) +~ (X’—X).

MNepBoe cnaraemoe nMpeACTaB/ISET COGOIA OLUMOKY O00bMHOMA OLIEHKW [0
oTHoweHuto (Naparpad 2.9). B naparpade 2.9, 411 TOoro 4robbl MOYYUTb
MPUBIXKEHHYIO OUCTEPCUIO OLIEHKW, Mbl 3aMEHS/IM B 3TOM WIEHE MHOXM-

Tesb X/X eayHvLeiA. Bo BTOpOM c/laraemMoM Mpyv TOM XKe Mopsiake Mnpuo-

JIKEHVSI Mbl 3aMEHSIEM MHOXUTESb Y/X OTHOLLEHMEM [OJ151 COBOKYMHOCTU
R = Y/X. Torpa

yn  —Y& (Y—RX) 3R (x'—X). (12.31)

Ecniv nepBasi 1 BTopass BbIOOPKM M3B/EKAOTCSA HE3aBUCUMO, TO, Mpearo-
flarasi, yTo YsieHamMM MKC MOXHO MpeHe6peub, MveemM

(12.32)

Ecsin BTopass BblbopKa MpeacTaBsiseT CoboiA CrlyyaiAHyo MoaBbIOOpKY
13 MepBoiA, TO MepenvilemMm (12.31) B BuAe

A= Y—(y —X) —(F—Y)-j-R(x —m.

MOXXHO MpPOBEPUTL, YTO €C/IM MpeHebpeUb MKC, To

y(r_r)=n
n
cov [(y—Y)R (7 —X)] = —RSyx (- ———i-V
V « n /
T — 1\
vn n

CnepoBaTtesibHo, V (YR) mpyHumaeT BUf,

3aMeTUM, 4YTO Kak opmysia (12.32), Tak u dopmyna (12.33) uvetoT
obLpiAa BUg,

MosToMy ONMTUMa/IbHBIE M U M Y MUHMMa/TbHas AUCTepCUs OJ1s CpaBHEHUS
C 0OMHapHbLIM OTOOPOM OTLICKMBAOTCA TaK e, Kak 3To Aefiasiocb Mnpu
oTGOpe A4J19 Pacc/ioeHUs WM A1 MoslyyYeHNs OLIeHOK Mo Perpeccum.

Mpn ouUEeHMBaHMM AMchepcUn Mo BblGopke B (12.32) U (12.33) MOXHO
noacTasuTbL Be/IMUMHBI S|, SyX, Si 1 R. Mosydatowmecss npu sTom OLEHKU

V (Yp) He 6yayT HeCMeLLEeHHbIMM, HO, C TOYHOCTbLIO A0 MPUHSATOro B HalleM
aHann3e nopsiaka MNpUGVKEHUS,, OHM, MO—BUAMMOMY, MpYeMIEMBI.

12.9. MOBTOPHOE BblEOPOYHOE UCCNELOBAHWE
O4HOWN 1 TON XXE COBOKYMHOCTU

Mo Mepe TOro Kak pocs10 AoBepue K BbIGOPOHHOMY METoAY, CTas1a 00bIy-
HOA MpakTuKa MNpUMEHEHNS BbIGOPOYHbIX 06C/IeA0BaHUIA A/1s repuoamn-
yeckoro cbopa BaXHbIX [AaHHbIX, MpeAHa3HaYeHHbIX A1 PerysisipHoiA
ny6nmkaumn. 3To 06YC/I0B/IEHO OTYaCTW OCO3HaHWEM TOro, 4YTo mpu 6bk-
CTPO MEHSIIOLLEMCA HacerleHMM [OaHHble Mepenvceii, MpoBOANMbIX 4epes
6oSbLLME VHTEpBa/Ibl BpPEMEHU, VMEKOT OFpaHUYEHHYH LIeHHOCTb. [laxe
04YeHb TOUHbIE CBEAEHUS 0 XapaKTepUCTMKaxX HAaceslIeHUsl, CKaXKeM, B MKO/1e
1950 r. n B viosie 1960 r., Mas10 MOryT MOMOYb MJ1aHMPOBaHMIO, A1 KOTO-
poro Hy>Hbl AaHHble 06 3TOM HacesrieHUM B 1964 r. Bosblue nosb3bl Mo-
XKET MPUHECTU Ccepusi HeboNbLUMX BbIOOPOK, MOSTyHaeMbIX €XEercaHo wim
yepes elle 60s1ee KOPOTKUE MHTEpPBaSIbl BPEMEHMW.

Korpa ogHa M Ta >Xe COBOKYMHOCTb (EC/IN HE CUMTaTb €€ W3MEHEHUIA,
BbBbIBaEMbIX CaMVIM XOZ0M BpeMEHW) OoABEPraeTcs BbIGOPOUHOMY UC-
cfefoBaHMI0 HEOAHOKPATHO, 06C/1e0BaTe b HaXoAUTCA B WAEa/TbHOM Mo-
NOXEeHUN A5 TOoro, 4YTobbl MOMYYUTb PEASIUCTUYHBIE OLEHKU KaK WU3-
LepKeK, TaK M AUCMEPCUIA, M BOCMO/1b30BaTbCA MeTodamy, MpUBOAALLIMUN
K OMTVMa/IbHOM pe3ysibTaTMBHOCTU 0T6opa. OAVH M3 BaXHbIX BOMPOCOB
3aK/II0YaeTCA B TOM, KaK 4acTO M KakKuM 06pa3oM [A0J/DKHA MEHSATbCA
Bblbopka CO BpeMeHeM. Ha pelueHWe 3Toro Borpoca B/MSIOT MHOrMe co-
obpaxkeHUs. Jlloan MOryT He XO0TeTb pa3 3a pa3oM MpeaocTaBnsaATb CBede-
HNSA 0OHOr0 U TOro e Tuna. Ha onpawmBaeMbIX MOXeT BUATbL MHGopMa-
LM, KOTOPYIO OHU MOSIy4aloT B X0fe orpoca M 3TO MOXET CO BpeMeHeMm
MOCTEMEHHO YMEeHbLLIaTb MNPeaACTaBUTE/IbHOCTh COOGLLIAEMbIX VMU CBefe-
HMiA OgHaKo MHorda npu BTopoiA Gecefie onpallvBaeMble 0TBe4aloT 6osiee
OXOTHO, YeM MNpu MEPBOIA, U €cM cobupaloTca CBeAeHUA creumasibHOro
WM KOHPMAEHLMaTIbHOI0 XapakKTepa, TO BTOpOe rocelleHre MOXeT obec-
neunTbL 6oslee OOCTOBEPHbIE AaHHbIE, YeM MepBoe.

B ocTaBlleiics 4YacTu 3TOIA /1laBbl paccMaTpuBalOTCA BOMPOC 0 3a-
MELLIEHN BbIGOPKU U CBA3aHHbIE C 3TUM MPO6/eMbl BbIYUCTIEHNST OLLEHOK
rno pspy 4depedyrolyxXcs BbIGOPOK. 3TU TeMbl OTHECEHbI K COAEPXKaHUI0
HacTOALLELA [/1aBbl, MOCKOJIbKY 34€Cb MOXET ObIMb MpUMeEHEHA MeToAMKa
[BOLAHOro oT6opa.
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Ecnn nmveloTes AaHHble psiga rocsieoBaTe/bHbIX BbIOOPOK, Hac MoryT
VMHTepecoBaTb OLEHKW Be/IMUMH Tpex BuAaoeB: /

1 WM3meHeHVe Y OT 04HOr0 MOMEHTa oTGopa K Apyromy.

2. CpefHee 3HayeHve Y Mo BCEM MOMEHTaM 0T6opa.

3. CpegHee 3HaueHue Y /19 caMoro mnocsieaHero MomeHTa oT6opa.

B 6onblUMHCTBE 06C/1eA0BaHNIA VIHTEpec cocpedoTouMBaeTCsl Ha TeKy-
wem cpegHeM (3), 0COGEHHO €C/M /I0XKHO npearnosiaraTb, YTO XapaKTepuc-
TUKN COBOKYMHOCTU 6bICTPO MEHSIOTCA C TeueHnem BpemeHun. C apyroid
CTOPOHbI, A1 COBOKYMHOCTW, B KOTOPOM TakuMe M3MEHeHUsi MpoucxoanT
Me[I/IEHHO, MOXEeT OKa3aTbCs B OCHOBHOM MpreM/IEMbIM cpeaHee 3a roj,
(2), B3aToe No 12 exxeMecsAUYHbIM WM MO YETbIPEM eXeKBapTa/lbHbIM Bbk
6opkam. Tak, Hanpumep, 06GCTOMT Ae/I0 NPU M3YyYeHUU pacrnpocTpaHeH-
HOCTU XPOHUYECKUX 3a60/1eBaHNIA  GO/bLLOMA NpodosDkMTeibHocTu., OT-
HOCUTEsIbHO 3a60s1eBaHNIA, pacrpocTpaHeEHNE KOTOPbIX MMEET BbIpaXXeHHbIIA
CE30HHbI XapaKTep, OCHOBHOM WHTepec MpeacTaB/IsioT TeKylipe [AaH-
Hble, HO [/19 CPABHEHUS Pa3/INYHbIX PalAOHOB W pa3HbIX JSIET MNosie3Hbl TaK-
e cpegHuve 3a rogd, OueHKU mameHeHus (1) TpebyroTcs MpenMyLLECTBEHHO
B TEX C/ly4dasix, Korda X0TAT U3y4uuTb B/IMSIHNE Ha COBOKYMHOCTb pa3finu-
HbIX (DAKTOPOB, KOTOpble, KaK W3BECTHO, A0/DKHbI GbUM Ha Hee BO3aeiA-
CTBOBaTb. Harmpumep, ec/iM MNpUHSAT 3aKOHOMPOEKT, KOTOpbIA, Kak Mpea-
nosiaraeTcs, A0/DKEH CTUMYJIMPOBaTh XXU/ULLHOE CTPOMTE/IbCTBO, TO MH-
TEPECHO BbISCHUTb, YBE/TMUMINCL /1M TEMIMbl HOBOFO CTPOUTE/ILCTBA B Crle-
ayoueM rogy (Mvest B BUAY, YTO UX YBE/TMUEHME MOXET U He GbMb MoJsi-
HOCTbIO 06YC/I0BJ/IEHO 3TUM 3aKOHOMPOEKTOM).

MpeanosioKMm, 4YTo Mbl MOXKEM M3MEHSITb WM OCTaB/IsITb 6e3 M3Me-
HEHMs1 COCTaB BbIOOPKM U UTO 00LLMIA 06BbEM BbIGOPKU A1 BCEX MOMEHTOB
0T60pa A0/HKEH OCTATbCA OAHUM U TeM e. Ecnv Mbl XOTUM MaKCUMU3U-
poBaTb TOYHOCTb, TO OTHOCUTESIbHO TaKTUKN 3aMeLLEHNS BbIGOPKN MOXXHO
peKkoMeHA0BaTb CcrieytoLLee:

1 Ana nosiydeHUs! OLLEHKU M3MEHEHUsT Jlydllle BCEro OCTaBUTb OAHY
M Ty XXe BbIOGOPKY A1 BCEX MOMEHTOB 0TOOpa.

2. Ons nony4eHus OLEHKW cpedHero ro BcemM MOMeHTam oT6opa syulle
KaKObIiA pa3 U3B/iEKaTb HOBYH BbIOGOPKY.

3. Mpu nosyyeHUN TeKyLMX OLLEHOK KaK COXpaHeHWe OAHOIA U TOA
)Xe BbIOOPKM, TaK U ee MoJiHasi 3aMeHa Mpy KaxXAoM MOMeHTe 0T6opa JaioT
0OVNHAaKOBYK TOYHOCTb. OZHAKO Jlyulle, YeM 3TU &/1bTEPHATUBbI, MOXET
0Kas3aTbCsl 3aMeHa 4acTu BbIGOPKU MpU KaxKOAoM MOMeHTe oT6opa.

YTBepxaeHMss 1 n 2 cripaBef/MBbl, MOTOMY YTO MOYTW BCErga CyllecT-
BYET MOMIOKUTESbHAS KOPPesisauna MexXay 3HaueHMsaMM MNpusHaka y of-
HOA N TOM XXe eauHuUbl oS ABYX MocsieaoBaTeslbHbIX MOMEHTOB 0T60opa.
OueHKa W3MeHEHUsI MO HEKOTOPOIA eavHMLE WUMEET AWCMEPCUI0, PaBHYHO
5? + S2— 2pSI1S2, rae NHAEKC OTHOCUTCA K HOMepy MomeHTa oTb6opa.
Ecnu 3MeHeHMe OLeHMBAETCA MO ABYM Pas/IMUHbIM eauHMLaM, To amcnep —
cus paBHa Sf + Sl- MNpu oueHMBaHUU cpegHero No ABYM MOMEHTaM OT-
6opa gucnepcmsi paBHa (Sf + ST+ 2pSiS2/4, ecnn egnHMUa coxpa-
HseTca B BblOopke, n (S? + SN)/4, ecn oTobpaHa HoBasi eguiHMLIA.

YTBepKAeHNe 3, KOTOpoe MeHee 04eBMAHO, ByAeT WCC/IeA0BaHO B Crie-
Aylowuyx naparpadgax.
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12.10. OTBOP B ABA MOMEHTA

Mpeanonoxmm, 4to B 06$ MOMeHTa 0T60pa BbIGOPKM UMEKOT OOVH U
T3T e 00bEeM M M YTO OCHOBHOLAMHTEpPEC NPeAcTaB/IsioT TeKyLpye OLEHKMN.
TakTmKa 3amelleHnss Obula uccriegoBaHa J[hkecceHom (Jessen, 1942).
N8 NpocToThl Mbl MPeAnosiokKUM, YTO MPUMEHSIETCA MPOCTOMA C/lyHalAHbIA
0T6op M uTO Aucnepcus 3HadeHUEA Yt [/i9 COBOKYMHOCTWU, S2, B 06a MOMEH-
Ta ogHa U Ta Xe.

CpenHee 3HayeHvie A1 MePBOA BbIGOpKM uMeeT aucnepcmioo  SAIN,
NpUyYeM HUKaKUMKU MPEXHUMWU CBeJeHUSMU Mbl He nonb3yemcs. [Mpwu
M3B/IEHEHUN BTOPOLA BbIOOPKU B HelA ocTaeTcss T eavHuL, U3 MEPBOLA BbI6op-
K1 1T o3HayaeT uucsio coBnagaowmx (matched) egyHuy]. OcTanbHble
U eaguHny, [U— umcno HecoBnagawowmx (unmatched)] wckovaoTes U
Ha MX MEeCTO M3BJ/IEKalOTCA HOBbIE.

O603HaYeHs:

Yk — cpegHee MO HecOBMadatoLLEIA YacTu anst MoMeHTa KN\
yhm— cpegHee No coBMafatoLWEIA YacTu OJ19 MOMeHTa /t;

yh — cpegHee Mo Boel4 BbIGOpKe OJ1 MOMeHTa /T.
CoBrnagamoLye 1 HecoBMafalolLMe 4YacTM BTOPOMA BbIGOPKM [alOT He-

3aBUCUMbIE OLIEHKWU Yin, Y2T BesiuuHbl YT, KaK ykazaHo B Tabn. 12.1.

Ta6/lnya 121
OUEHKW T10 HECOBI'IAﬂ,ArOLIJ,EVI n COBI'IALI,APOLIJ,EVI YACTAM BbIBOPKW

OueHkKa [Avcnepcns
Hecoenapaato- Yo ~Yru S2 1
as 4acTb n = W
CoBnagatouas s2i—p2) s2 1
Y21 =YrT1+6 {iji— Yxm
HacTt { ) i -t PPy wer

[ns coBnagalolled YacT Mbl NMPUMEHSIEM OLIEHKY M0 perpeccumn ons AsotA
HOro oTb6opa, rAe «6osbLLoiA» BbIGOPKOIA CNYXUT rMepBas Bblbopka, a
BCMOMOraTeslbHOIA MepeMEHHOIA Xt— 3HaueHVe YW /19 MepBoro MOMEHTA.

Auvcnepcnio Y21 nonyyaem no gopmyrne (12.24), c. 361; 3ameTvm, 4YTo N U
n B (12.24) oTBeYatOT COOTBETCTBEHHO HalWVM T W T

Hannydwasa coBMecTHasA oueHKa Y2 nonydyaeTcs nyTeM B3BeLUVBaHUSA
OBYX He3aBMCUMbIX OLLeHOK BecamMun, 06paTHbIMW UX Aucrnepcusm. Ecnn
N 2, W2m — BennumHbl, 06paTHble AMcnepcusaM, TO 3Ta OueHKa VMeeT

B,
Y2= ¢ 2ymi+ (1~ /2, (12.34)
rae
02  Wu+W" m
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N3 Teopun MeTofa HaMMeHbLUMX KBafpaToB”BeCTHO, YTOo AUcrepcus
Y2 ecTb /
Y(£)= - G
(£)= - Fouayor
MoACTaBUB 3HAYeHWS OMCMEpCUEA M3 Tabn. 12.1, nocsie ynpoweHus Mosty-
Yaem

(12.35)

3ameTuMm, uTo Npu U =,0 (MNosiHoe COBMaZeHMe BbIGOPOK) WM Mpu
M = n (NonHoe 3amMeLleHVe) 3Ta AMCNepcuss MMEeT OHO W TO XKe 3Haue-
Hue, S4ti.

ONTuMasibHOe 3HaYeHeM Haxogum, MyuHUMM3Mpys (12.35) no nepemeH-
HOA WU. 3TO mOaeT

—_ = — —————, — = — —~2 - 12-36
n 1+1'1-p2 n 1+y ! p2 ( )

MoacTaBnB ONTMMasIbHOE 3HayeHue M B (12.35), nonydaem MUHUMasIbHOE
3HayeHvie amcriepcumn

M»®=-U-[1+YT=P]. (12.37)

B Tabn. 12.2 ans psga 3HaYeHUA p yKasaH OMTUMA/IbHBIEA MpoLEeHT
COBMaZAalLWMX eayHALL U OTHOCUTESbHBIA BbIMIPbIWL B TOYHOCTU MO CpaB-
HEHMIO CO C/lyyaeM, Korja Bbl6OpKa 3aMeLLIaeTcsl MOSIHOCThIO.

Ta6nuya 122
OMTUMANbBHbIMA MPOLEHT COBMALALX EANHLL

Bbwmrpbiw (8 %) npu

OmmMANEHLIA -~ By rpbiw B Tou-

p MpOoLIeHT coBnaato- HOCTU (B %) w 1 T
LNX eauHnL,

n 3 n
0,5 46 7 7 6
0,6 44 11 11 9
0,7 42 17 17 15
0,8 38 25 25 23
0,9 30 39 39 39
0,95 24 52 50 52
1,0 0 100 67 75

ONTVMa/TbHBIA MPOLEHT COBMAafatoLLMX eavHUL, HUM pa3y He MpeBbILaeT
50 1 NocTeneHHo YObIBaeT Mo Mepe yBenndeHust p. Mpu p = 1 dopmyna
YyKa3blBaeT 3HayeHne T — 0, KOTOpOe He COOTBETCTBYET HalMM Mpesrio-
NIOKEHUsIM, MOCKOJIbKY Mpearonarasiocb, 4YTo T [A0CTAaTOMHO BesIMKO.
B 3TOM c/lyyae mpaBUSIbHbIM PeLLEHMEM ObU10 Obl B3sITb T = 2. 15 Toro
YTOObl TOYHO OMPeAEesIUTb JIMHUIO PErpPeccur, [OCTaTOYHO OCTaBUTb BO
BTOPOIA BbIOOPKE ABe eAVHWLbI, HabnodaBLUMECS B MEPBOIA.
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HanbonbluniA BO3MOXHBIIA BbIMIpbIL B TOYHOCTW paBeH 100%; OH
pocturaetcd nNpy p = 1 [oka p He Be/IMKO, BbINMPbIL 0Ka3bIBaeTCA
YMEPEHHbIM.

XO0TS OMTMMa/IbHBIA MPOLEHT COBMaJatolLMX eOMHML, MEHSIeTCA C W3-
MEHEHWEM p, Ha MNpakTUKe O/15 BCeX MPU3HAKoB, HabnwogaembiX B o6cCie-
[0BaHUN, MOXXHO MPUHATbL TO/IbKO OAHO 3HayeHue npoueHTa. B AByx
npaBbIX CTO/IOUAX Tabn. 12.2 yKasaH MpOUEHTHBIA BbIUIPbILl B TOYHOCTW,
Korga B BblOOpKax coBMadaeT o4Ha TpeTb U 0gHa YeTBepTb BCEX eAVHULYL
Ob6a 3ty 3Ha4YeHWs BrMOSIHE MNpPUEMSIEMbl B OTHOLLEHUW MNPU3HAaKOB, /1A
KOTOpbIX p He npesocxoauT 0,95.

12.11. OTBOP BOJIEE YEM B ABA MOMEHTA

O6buwan 3agava 3amelleHVs MPUMEHUTESIbHO KaK K TEKYLUMM OLLeHKaM,
TaK U K OLEHKaM M3MeHeHus 6blia uccnegoBaHa Vebitcom (Yates, 1960)
u MatTepcoHom (Patterson, 1950). Ecnu ymc/io MOMeHTOB 0T6opa 60sibLue
OBYX, TO MOSIB/SIETCS BO3MOXHOCTb MPUMEHUTL 6osiee pa3Ho06pasHble
BapyaHTbI 3aMelleHusl. B MOMEHT h Mbl MOXXeM MOSTyUYNTb BbIGOPKY, 4YacTb
KOTOPOIA COBMafaeT C BbIGOPKOLA B MOMEHT h — 1, yacTb — C BbIOOPKOIA
B MOMeHTblh — 1 h— 2 v T. g, Ana Toro 4Tobbl yAyulliNTb TEKYLLYHO
OLEHKY, Mbl MOXEM TMPUMEHUTb MHOXECTBEHHYH Perpeccuto, onmpasicb
Ha Bce YaCTM BbIOGOPKM, COBMaJawoliye ¢ npedblayliyMv MoMeHTamu. Mbl
MOXeM Takke YTOUHUTb TeKyLLUyl OuUeHKy A/1sa MomeHTa h — 1 nocne
TOro, Kak CTa/IM U3BECTHbI AaHHble A/11 MOMeHTah. B yTOUHEHHOMA OLeHKe
MOXXHO BOCIMO/1b30BaTbCA perpeccueii MomeHTy h — 1 Kak Mo MOMEHTY
fr— 2, Tak 1 No MOMeHTYy h, ecim NMpeaAnosioKUTb, YTO UMEKTCA Haasle-
Kalpe coBrajaroliyie 4YacTu BbIGOPKMU.

JaHHbIA Nnaparpad coaepxnT BBeAEHME B 3TOT pa3aesn Teopun. Mbl orpa-
HUYMMCS  PacCMOTPEHMEM TEKYLUMX OLEHOK, B KOTOPbIX MPUMEHSIeTCS
perpeccusi Mo JaHHbIM JIVWb Moc/iefHeiA 13 MpeaLlecTBYHOLWMX BblIGOPOK.
Moao6bHoe orpaHMYeHVe MPUBOAUT K HEKOTOPOLA MoTepe B TOYHOCTU, OA-
HaKO MOCKO/IbKY MpU YBE/IMHEHUN MPOMEXYTKa BPEMEHU MEXAY MOMEH-
Tamm 0T6G0Opa Koppesisumss p 00bIMHO YMEHbLUAeTCsl, TakoA MPOUrpbILL
B TOYHOCTU pefKko ObiBaeT 6osnbluvM. [anee Besfe MpeariosnaraeTcs, YTo
avcrieperst S2 1 KoshUUMEHT KOppesisiuyiv p Mexay 3HayeHusMU rpu3sHa-
Ka Yy OOHO 1 TOIA Xe edVHvUbl B ABa MocsieoBaTeslbHbIX MOMEHTa Mo-
CTOSHHb.

O603HaunMm gyia /r-lo MomeHTa yepe3 THM  uh umcno eguHny, cooT-
BETCTBEHHO COBMaJalLLMX M HECOBMaAALMX C eAVHMLAMMK, 0TO6paHHBbIMUA
B (h — 1)-1 momveHT. [1Be BO3MOXHbIe oLeHKM Y h ykasaHbl B Tabn. 12.3.
EAVHCTBEHHOE M3MEHeHVe B METOAE OLEHMBAHWSA MO CPaBHEHMIO CO Crly-
Yaem OBYX MOMEHTOB oT6opa (Tabn. 12.1) cocTouT B TOM, 4TO 415 perpec-
CMOHHOA MOMNpaBKW B OLEHKE, Mosly4aeMoiA Mo COBMaJatolEeiA YacTu Bbk

6OPKN, Mbl MPVHMMaeM BMECTO BbI6OpPOUYHOro cpeaHero yh-xynyulieHHyo
OUeHKY “yh_ X

Jwucnepcrsa oueHKM YbT MO COBMaaloLein Yactu m3 Tabn. 12.3 nony-
YeHa Ha ocHoBe opmynbl (12.24), MNpvBeAeHHOMA B KOHUE nNaparpadga
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/ "Tabnmuya 123
OLEEHKM Yh O/ ft-fO MOMEHTA OTEOPA

OueHKa / Avcnepcuna

HecoBnapga- ]

ouwasn YacTb Unu—vh / “ Whu

c . S*(1-p*> Sod
osnafalo-  fym— Vhmyii-4~h—m) m  +P'V(Vh- I)—

uias 4acTb

12.5. 3ameTum, 4TO (a) Hawe m cooTBeTCTBYET N u3 (12.24) n (6) uwneH]
pZSl/n', cooTBeTcTBYOLMEA uneHy BZE(X' — X f B (12.21), 3ameHseTcs?
BblpaxxeHvem p2V (yh _—/]), nockosibky B = p u t/h-i cooTBeTcTBYET Mpu-

MEHSIBLLEMYCS paHee X .

Viccnepgyem Tenepb TOUHOCTb, MOSTydYaeMyto B TOM Crly4ae, ec/ii B Kax*;
O MOMEHT 0T60pa MPUMEHAOTCS ONTUMAsTbHbIE n /o 1 onTuMasibHble
Beca. BbyaeT nokasaHo, 4To onTyMasibHoe mhinh oT ogHoro mMomeHTa oT*
6opa K [AOpyroMy MOCTEMNMeHHO YBeNIMUMBAeTCs, ObICTPO MPUGAMKAACH*!
K npegesibHOMy 3HadeHuio 1/2.

Hannyuweii oueHKoiA y* GyaeT oleHKa C BecaMu, 06paTHO nponoj
LMOHa/TbHBIMU - AUCMEPCUAM,

Ih— dhtlhu“bO @ ft) yhm> 12.3
roe ¢ 1= Ne bi /(Ne 1lu+ Ne kT). ITO OaeT
, ghS*
Vo) whu-Hwm
roe gh o6o3HavaeT oTHOLLEHWE Ancrepcn B MOMeHT h K aucnepcnn B niep-|

BbIA MOMeHT oT6opa. MoactaBnas Whu v Whm, B3aTble u3 Taon. 12.3,]
rosly4aem

S2(Whu ~hwhm) — Uh+ ({_p2) p2gh (12.39]

mh

Hatigem Tenepb mh n uh, makcumuanpytowme 3Ty BesSIMUUHY, U, erle

[oBaTesibHo, MUHMMK3Mpytowme V (yr). 3anucae MH= N — mh u gk
thepeHUMpys npaByto YacTb dopMysibl (12.39) nmo mh, nosnyunm

A(yh) gh

I-P2 =/1-P2 + P2gh-i y
mfr \ trih n 1

OTCPO,EI,a, paspewias 3TO Bblpa’KeHME OTHOCUTEsSIbHO ONMTUMasibHOro T A
nveem

mh 1/1—p2 (12.40):

gh-i(i+ Vi—p2)
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Ecnu HalAgeHHy0 BENMUMHY MoACTaBUTL B dhopmysty (12.39), To OHa,
rnoc/ie HEKOTOpbIX asirebpanyecknx Mnpeobpa3oBaHWIA, MPUMET BUL,

— =1+ — - *~p2—— (12.41)
Sh gh-10 + *l-pa)
OTO0 COOTHOLLUEHME MOXHO 3anucaTb B Buae
r,= 1+ K-1>

roe rh= Ygh n rx= 1/gj = 1. TMoBTOpHOE MPUMEHEHWE 3TOro peKyp-
PEHTHOr0 COOTHOLUEHUSI MPUBOAUT K/ pPaBEHCTBY

_L=rft=l+fe+fea+ ..+~ -"= i N |
gh 1—b

roe corsiacHo (12.41) b= (1 — V 1— p2)/ 1 +Y '— p2. TlocKonbKy
O< b< 1, npegen oTHOWEHUSA OUCTIEPCUIA, £«,, paBeH

goo= | , (12.42)
1+ 1/ 1—P2
CnepoBaTtesibHO, AMcNepcUst YH CTPEMUTCS K
Vgl-g- AL Y 12.43
9 g n Q l+—1—pa ¥ ( )

OKoHuaTesIbHO MpefesibHoe 3HadeHe mhl nonyvaetcs 3 (12.40) B BUOE

Ta, _ VI—p2 1

n ‘ gooO+VirPH 2

HEe3aBMCMMO OT 3HaueHus p.
B Tabn. 12.4 onis paga 3HaueHuiA h nprBedeHb! MosyyeHHbIe Mo opmMye
(12.40) 3Ha4YeHUs1 ONTUMASILHOIO MPOLIEHTA €ANHWL, KOTOpble A0/MKHbI COB-

nagatb, 100 mhin, ” coOTBETCTBYHOLWME STUM 3HAUYEHMUSIM AMcnepcun npu
p= 07, 08; 09 n 0,95.

Ta6bnuuya 124
OMTUMAJIbHbIV MPOLIEHT COBMAJAKROWWMX EAVHNL, N 3BHAYEHWA ,ElI/ICF]EPCVII7I

MpoLEHT coBMaAaoLLmMX eamHmy, 100 TN Hh=nV (Vh)/s*

npn p= npu p=

0,7 0,8 0,9 0,95 0,7 0,8 0,9 0,95
2 42 38 30 24 0,857 0,800 0,718 0,656
3 49 47 42 36 0,837 0,762 0,646 0,556
4 50 49 47 43 0,834 0,753 0,622 0,515
5 50 50 49 46 0,833 0,751 0,613 0,495
00 50 50 bO 50 0,833 0,750 0,607 0,476
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[N yeTBEpTOro MoMeHTa 0TGOpa OMTUMAIbHBLIA MPOLEHT COBMaAatoLLMX
eAnHML, 6/1130K K 50 O/15 BCeX YKasaHHbIX 3HAWLLWIA P, B TO BpeMsl KaK /s
BTOPOr0 W TPETbEro MOMEHTOB 0T60pa Mp6LEHT COBMAfaloLMX eavHULL
[O/DKEH GbITb MeHbLUe. YMeHblUeHve aupnepcin, T. e. (1 — gh), npu p,
MeHbLUMX 0,8, OKasbIBaeTCs YMepPeHHOM.

12.12. YMPOUWEHNE U OANBHEWLLEE PA3BUTUE
M3NOXXEHHbIX METOA0B

MpM NpaKTUYECKOM MPUMEHEHUN MPOM3BEAEHHbI B MpeabiaylleM na-
parpaje aHa/iM3 MOXeT MoTpe6oBaTb HEKOTOPOro BUAOU3MEHEHVS. Mbl
npegrosiarasivi, YTo BCe BapMaHTbl TaKTUKM 3aMeLLeHUss TpeGoBa/IN oavHa-
KOBbIX M3OEMKEK W ObUM B paBHOLA CTEMeHW OCYLLECTBUMbIL Ecnn Mbl
MIVEeM [Aes10 C COBOKYTMHOCTSIMM JIQAEIA, TO pacXobl Ha orpoc Gy Ay T, BeposiT-
HO, HWXKe, eC/IM OHN W TeXXe eAMHNLIbI OCTaloTCsl B BbIGOPKE Ha psig, MOMEH-
TOB 0T60pa. EC/M mHTepec npeaCcTaBsistoT OLEHKN W3MEHEHUsI CpeHero u
CYMMapHOI0 3HaYeHWNIA AJ1s1 COBOKYTMHOCTU, TO 3TO OGCTOSITE/IbCTBO TaKxke
yKasblBaeT Ha HeobXoAMMOCTb COXpaHWUTb OT OAHOr0 MOMEHTa oT6opa
K Opyromy 6osiee mosioBUHbI eayHuL,

YA06HO TakKe COXpPaHsTb Beca 1 A0/ COBNAAAOLLMX eAVMHUL, MOCTOSH-
HbIMK, & HE MEHSITb UX B KXKObIA MOMEHT 0T6opa. Mo3ToMy Mbl UCC/EAyEM

avcnepcunyh v oUeHKM naMeHeHWs (YH = YH~0 B npeanosiokeHWn, 4To
T, Un P ocTaroTca NOCTOSHHbIMWU. Mbl MPoA0/HKaeM MosIb30BaThCSl paBeH-

cteom V {yH = ghSAn, xoTta B AetAcTBUTENbHOCTU 3HadeHue gh 6yzeT
OT/IMYaTbC OT ero 3HayeHVs B Mpedblayllem naparpade.
Tenepb oOuUgHKa €eCTb
yh— oY+ (1 — @) Ykr-

MoacTaBnsa BblpaxkeHUs s AByX gucrepcnia (M3 Tabn. 12.3), mony4vaem

V(W)= - T evyuw + - Or v YHT) =
] @—d)2(1—p2 1| S*p»(1-0)8gh-i
[ wn T J n B
CnepoBaTtesibHO,

g.= ["-+ (A~*['1~p)-1+P (1-»)*&->  (12-44),

roe Xx= wn v %= min. 3anuwem 3To paBeHCTBO B BUAe
gh = a + bgh- 1-

MpMeHss ero nocseaoBaTesibHO 471 pa3HbIxX h, nosnyyaem, nosb3yscb
Tem, 4yTo Qi = 1,
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MockonbKy b= p2(1 — Y mMmeHblle 1, npedesibHoe 3HauYeHWe paBHO:

A2+ (1-¢)2(!-(>2

12.45
1-b Xy[1-P2(1¢ &I ( )

3HaueHue Beca (, Npy KOTOPOM MpeaesibHast AUCTEPCUS MUHUMasIbHA
MOXXHO HatATn, gudidhepeHumnpys (12.45). 3To NpuBeOeT K KBagpaTHOMY ypaB
HEHWIO, HY>XHbIIA KOpeHb KOTOPOr0 paBEH:

x V | —P2IM/1—p2+ 4fyip2—1/ 1—
¥ opim— |02(;m2 fyip pd

Ha npakTuke 3Ha4eHve p TOYHO He M3BECTHO U 4J18 pa3HbIX MPU3HAKOB
6yaeT pasHbIM. O6bIYHO MOXKHO BbIOpaTb HEKOTOpOe MPoCcToe, Npuemsiemoe
L1 BCeX MpU3HaKoB 3HayeHve. O4eBUAHO, 4TO () OPt GyAeT MeHbLue, Yem
ji. = wW/n, NockosibKy coBMaaoLas YyacTb BbIGOPKU AaeT 60/1bLUYH0 TOYHOCTb
Ha eouHULY, YeM HecoBrajawlas YacTb. Hanpumep, npu uy = 0,25,
T. €. Korga He coBragaeT 1/4 yacTb BbIGopkM, (B cPt npu p = 0,7; 0,8; 0,9
0Ka3bIBaeTCs paBHbIM COOTBETCTBEHHO 0,216; 0,198 1 0,164. MNpn 3HaYEHUSX
p B 3TOM WMHTepBasie Noaowio 6bl 3HavyeHne ¢ = 0,2.

ANa oUeHKN M3MEHEHUS UMeeM

V(y'h—y'h-i)=V (yh + V (y'h-)—2Cov (Yhyh—~i)- (12.46)
[ns Toro 4Tobbl HAATU KOBapuaLuio, 3amMeTuMm, 4to ecsm yhi, yh ti—

3HaYeHNs Npu3HaKa y i iegmHnUbl Cpean eavHNL, COBMaAaloLMX B MO-
MeHTbl h n (h— 1), To Hawa Moaenb NpUMET BUAG,

YM= Yh+ P¥H-i, i— Yh-I) + ehh
rae ehi He3aBUCUMBI OT 3Ha4eHMIA Y. M0 STOIA MoAe v HaXxoAMM MOACTaHOBKOIA

YHT—YKT P(YH—1 YKk-Am= Yh P®k—1 Yh) i nw

CnepoBaTtesibHo, KoBapuauuvsa yhm u ijh-i ecte pV (Yk-i)-
Ho
Cov (yhy'h-) = COvV{{dyhu+ (1— ) yhm]y'’k-1} =

= PA-t)Y(yH-1),

nockKosibkKy Yhu HesaBUCUMMbI OT Yk-i- OTcioga n n3 (12.46) nostyvaem
V (YK-YK-.) - — {ogtt+gh-all- 2p(1- )P (12.47)

Mo copmynam (12.44) wu (12.47) gpucnepcin yh u (Yyh — ¥YK-i) MoxkHo
BbIMUC/TUTb /151 J0ObIX 3HAYeHVIA T, ¢ v p. B Tabn. 12.5 npuBeagHbl 3TN
avcniepeun g X = Tln = /2 n 3/4. Bec ¢ 6bu1 B3AT paBHbIM 0,35
npn %= 1/2 n paBHbiM 0,2 nNpu {9 = 3/4.
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Mony4yeHHble pe3y/bTaTbl MOKa3bIBalOT, YTO yBe/mMdeHve ¢ 1/2 fo
3/4 ponn eouHULL, OCcTaBMSEMbIX B BbIOOPKE B CrieaytolnMiA MOMEHT oT6opa,
MPUBOOUT K O4YeHb HEGOJILLLIOMY YBESIMYEHUEA AMCMEPCUN TeKyLLEIA OLEH-
KA N K CYLLECTBEHHO 60SIbLLIEMY YMEHbBLUEHUIO AUCTMEPCUM OLEHKU U3Me-
HeHunsA. Hampumep, npu p = 0,8 yBenuueHune 1/ (I/r) cocTaBnsieT npmo-
nvisntenbHo 5%, B To Bpemsi Kak V (YH— Uii-i) ymeHbluaeTcss 6onee
yem Ha 20%. lMo3ToMy, €c/iM Mbl XOTUM MO/TyUnUTb KaK TeKyLUMe OLEHKU,
TaK M OLIEHKN U3MEHEHUs, TO MPUEM/IEMOIA MPaKTUYECKN TaKTUKOIA OyaeT
coXpaHeHMe B rMoc/eayolmii MoMeHT oTb6opa 2/3, 3/4 wwm 4/5 obbema
BbIGOPKW, MO/TYHYEHHOMA B MpeabiaylLMiA MOMEHT.

CpaBHeHve V (YH npu %= 1/2 B Tabn. 125 ¢ onTuMasibHbIMA AUC-
nepcusiMu 13 Tabn. 124 MokasbiBaeT, 4YTO MPUMEHEHME TOCTOSAHHOIO
Beca M HeM3MeHHoro 3HadeHus 'K= 1/2 paeT nviwb He6osIbLUyO MOTEpPHO
B TOYHOCTW.

Ecnn p 6onbwe 0,8, TO KO3ahpUUMEHT perpeccun b = p /Wb C He-
60/IbLLIOLA AOMOSTHUTESTbHOM MOTEPEIA B TOMHOCTU MOXHO 3aMeHUTb eAnHU-

LeiA 3TO NpMBOAUT K OLUEHKe YH BUAa

Yk— tMUN\A{1— ) OH—1+ YHT Y3, M) (12.48)

B npoBogumom exemecAdHo Bropo nepenmvcn CLUA BaxkHOM TeKyllem
obcrienoBaHMM HaceneHust (Current Population Survey) KaxkabliA Mecsiy,
3aMeLLaeTCss YETBEPTb €OVHUL, BTOPOLA CTyMEeHU, TaK YTO OTAeSIbHoe [OOMO-
XO035IACTBO OCTaeTCs B BblOOPKE Ha MPOTSHKEHUU YeTbIpex rocsieoBaTeslb-
HbIX MecAUeB. JJOMOX03SIACTBO He MoABepraeTcs 06c/ieaoBaHMI0 B Tede-
HVe crneayowmyx BoCbMU MeCsLIEB, HO 3aTeM CHOBa BO3BpalLlaeTcs B BbIGOpP-
Ky elle Ha 4eTblpe Mecsla, YTO HECKOsSIbKO YBE/IMUMBAET TOYHOCTb CpaB-
HEHWSA MO rodam.

CocTaBHas OLEeHKa, MpUMEHsieMast B 3TOM 06C/ie0BaHMN, HaroMUHaeT
oLeHKy (12.48), HO HECKOJIbKO OT/INYaeTcs OT Hee, U UMEET BUA,

W—(1 — K)YH~"K(Yb—1+ YHT— YH-X T) (12.49)

roe K — MOCTOsHHBLIMA — B3BELLMBAOWMEA  MHOXUTEsb.  OT/nMumMe  cocTouT
B TOM, 4To BMecTo Yim B (12.48) 3gecbk cTouT Yh, TeKyLlas oueHKa Mo Beela
BblGopKe. BenuuumHbl yhm, yh-1<m yh B (12.49) npeacTaBrstoT Cco6GoLA
OLEHKM MO0 OTHOLLEHMIO A0BOJIbHO C/IOKHOI0 Buaa. [Aucnepcusa yh [HaiA
JeHHaa bepwo (Bershad)], npuBegeHa y XaHceHa, XepBuua n Magoy
(Hansen, Hurwitz and Madow, 1953). MocKosibKY WCXOA4HblE €ANHMLIbI
He MeHSII0TCS, OnMcaHHas TaKTUKa 3aMeLLEHUsT BAUSIET TO/IbKO Ha BHYTpU—
eOVHU4YHoe cnaraemoe aucnepcin Vo (H)-

Mpn OpyroiA TakTUKe 4yepeoBaHUs B KaXObIA MOMEHT 0T6Gopa w3Bse-
KaeTcs HOBasi BbIGOpKA U HUKaKue eauHULbI B ABYX BblGopKax He coBra-
naoT. MNpu exxemecayHoM 06C/ie0BaHUN TakoiA M1aH BrosiHE MNPUIOAEH,
€C/IN HamBObLLNIA NHTEpeC MPeAcCcTaB/IAT rofoBble U B MeHbLLELA CTerneHn
Mo/yrofioBble WM KBapTa/ibHble OLEHKW, Harmpumep Mpy uUccrieaoBaHUm
3a60/1€BaEMOCTU, FAe 0C060€e 3HaYeHVe MpUAAeTCs XPOHUYECKUM 6osies-
HAM. Ecnn ana Kaxxaoia eayHVLLI 0Npoc AaeT CBeAeHUs Kak A1 npeaplay™
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LLlero mecsiua, Tak 1 41 TEKYLLEro Mecsila, To Mbl MOXXeM MPUHSITbL COCTaB-
HYl0 OLIeHKY BUAa

M = N+ <Ph(y'h-i—yh-i, J, (12.50)

raoe yh — oueHka, nonydaemas No TekyWMM [daHHbIM B TeKyLeiA
BbIGOpPKE;

YH-1, N— oueHKa, Moslydyaemasi Mo JaHHbIM Mpedblayllero  Mecsiua
B TEKYLLEIA BbIOGOPKE;

Y/,-! — cocTaBHas oUeHKa 419 Npedblayllero Mecsuga.

TeopeTUYecKniA aHa/IM3 3ITOIA OLEHKU OaH XaHceHoM, XepBuuem v Magoy
(Hansen, Hurwitz and Madow, 1953) n Bygpydom (Woodruff, 1959),
KOTOPbIA NPUMEHS/T TakKne OLUEHKU Npu 06cneaoBaHNM PO3HUYHOIA TOProB-
n, a Takke 3knepom (Eckler, 1955). B 06cnenoBaHUM pO3HUYHOIA TOProB-
m (Retail Trade Survey) cocTaBHas OLEHKa BK/IHOYAET OLEHKY M0 OTHO-
LUEHVIO U WUMeeT BUA,

yo=0-W)ih+w (*~\yH~b
N\yh-1.h/

roe W — B3BeLLMBaOLLMIA MHOXMTE b. MOCKOMbKY MeXAy HabroaeHusIMU
rno Mecsuam CyLLEeCTBYET TecHas!, B cpedHeM okos10 0,98, Koppensaumsa, 4ocTu-
raeTcs CyLLECTBEHHbIM BbIMIPbILL B TOYHOCTU. B cneaytoliem mecsiLe BbIUMC-
NseTcsl YTOUHEHHas COCTaBHas OLeHKa A1 mecaua h, yunTbiBatowas pe-
3ynbTaThbl 418 Mecsiya h no HoBolA BbIGOpKe, 0To6GpaHHOM B Mecsiue (h + 1).

Mpy TakoM MeToAEe CYLLEeCTBEHHO, YT0ObI AaHHbIE, MoslyYaeMble Mo TeKy-
LLEIA BbIGOpKE AJ19 MPeALLecTBYOLEro Mecsla, 6buU CpaBHUTETbHO TOYHBI.
3TO yc/oBMe MOXET He BbIMNOSTHATBLCS, €C/IM OrnpallMBaeMbliAl CO06LLAEeT cBe-
JeHVs1 No NamsTy, 6e3 Kako-/mnbo 3anmmcn. B To ke BpeMsi MeTof, MOXeT
BMoJIHe cebs onpaBAbIBaTb, EC/IN MO/TyHaeMble AaHHbIE MPUHAAIEXAT K TOMY
TUNY AaHHbIX, KOTOpble OMnpallMBaeMbIiA TLATETIbHO M PErysisipHO 3anucbl-
BaeT.

YNnpaXHeHUSA

12.1. Ha o6cnegoBaHne Ans  MNOSyYeHUs OLLEHKUM HEKOTOPOA [0/ OTNYLLEHO
3000 gonn. N3pgepXKn Ha NpoBeAeHMe 0CHOBHOIMO 06c/1efo0BaHUS B pacdeTe Ha eAuHU-
uy oT60pa cocTtanaT 10 gonn. NmetoTca cBefeHUs, cofepxalimeca B KapToTeke, —
M3AepXKN Ha X nonydeHue 0,25 fonn. Ha eguHULY 0T60pa, — KOTOpble MO3BONAIOT
pasgenvTb eAvHULbBl Ha ABa €108 NpuUbAn3nTeslbHO 0AVNHAKOBOMA BeNUYMHbI. OueHnTe
ONTMasibHbIe M, N W COOTBETCTBYMLLee 3HavyeHue V (pst), ecnn UCTUHHaA [0NS Co-
ctaBnseT 0,2 ana cnos | v 0,8 ana cnos 2. [lacT v ABOVAHOIA 0T6G0pP BbINIPbILW B TOY-
HOCTW MO CpaBHEHWUIO C OAUHapHbIM 0T6opoM? (OTHoweHuamM n'/N, rih/Nh mMoxHo
npeHebpeub.)

12.2. Ans 3HadeHniAi Wh n PH 13 ynpaxHeHus 12.1 HalAguTe 3HaueHuUs OTHoLle-

HUA n3gep>kek Cr/Cr, Npyv KoTopbIX ABOMAHOIA 0T6GOp 6yAeT 3KOHOMUUHee OAMHAPHOTO
oTb6opa.

12.3. CoBOKynHocTb cocTouT M3 L cnoeB ofvHakoBoA BefiMUMHbL. O603HAUUM
yepe3 Vran gucnepcuio cpegHero Ans NpocToiA ciyyaliHoiA  BblGopkn U 4vepes VS,
Vda — cooTBeTcTBYylOLWME AUCMIEPCUN MIPU PACC/IOEBHHOM CrlydalAHOM 0TGOpe € Mpo-
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MopLMOHaNIbHbIM pa3MeLleHneM 1 ABOVAHOM oT6ope AN paccrioeHus. MokaxuTe, 4YTo
npubnnkeHHo [ds — oT aHrnuibickoro «double sampling» — aBoViHOMA oT60p]

2 (FA-F)2
MarFst+— — ————;

nVsl = Sl,

2 (N-F)2
nvds=s | + ~ h — ==

roe Si — cpefHss gucnepcusi BHyTpu croeB (Kak N, Tak ¥ N' MOXHO cuMTaTb 60/b-
WMy no cpaeHeHuto ¢ L, a MH npy ABotAHOM 0T6GOpE MOXHO cUMTaTb paBHbiMM N/L).

OTcioga, o603Haume yepes (RP)st oTHocuTenbHylo TouHocTh (relative precision)
paccrioeHHOIA BbIGOPKM MO CPpaBHEHUIO C MPOCTOM C/lyHalAHOM BbIOGOPKOMA M BBOASA aHa-

norvydo (RP)dst nokaxuTe, uTo

(RP)ds = 1-Hn/m)[(AP)i-1] *

Mpu (RP)st= 2 paccmoTpute 3aBucumocts (RP)ds or n/m . HackonbKo Maibim
[O/DKHO BbITb 3TO OTHoweHue, yTtobbl (RP)ds= 1.9?

12.4. TlycTb Npu ABOMAHOM 0T6Ope As1A oueHKM no perpeccumn p = 0,8. Bo ckonbko
pa3 N' go/XHO GbiTb Gosblue M, ec/IM MoTepss B TOYHOCTW, Bbi3BaHHas BbIGOPOYHOIA
OLUMOKOMA CcpefHero 3HayeHus 6o/bLUOIA BbIGOPKKU, A0/KHA ObITb MeHblle 10%?

12.5. B o4HOM U3 c/flyvyaeB MpUMeHeHUs ABOMHOro otbopa ANs perpeccum manas
Bbl6OpKa MMesia 06bemM, paBHbIMA 87, a 6onbwas— 300 eguHunuam. Cnegyowme AaHHble
OTHOCATCA K MasioiA BblbGOpKe:

Bb(LN-Y?= 17283; 2 (yi~y) (Xf—x)=5114;
2 (xr—x)2= 3248.

BbluncnnTe cTaHAAapTHYH OWWGKY OLEHKW MO perpeccum BenuuuHbl Y.

12.6. Ana p = 0,95 npoBepbTe AaHHble U3 Tabn. 12.4 0THOCUTE/IbHO ONTUMasb-
HOro rpoueHTa coBnajatwLnxX eUHNL, N BbIUIpbIlla B TOYHOCTU MO CPABHEHMUIO CO CAY-
YaeM [OJIHOrO 3amelleHUs BbIOGOPKU. BblUMCAIMTE COOTBETCTBYHOLME 3HAYEHUS Mpo-
LIeHTOB BbINIPbIlLIa B TOYHOCTU, KOrga BO BTOPOLA MOMEHT oT6opa coxpaHseTcs TpeTb
efVHNL, O0TO06paHHbIX B MepBbIA MOMEHT, a B KaXAbli U3 Moc/iefyrolmx MOMEHTOB
coxpaHseTcs MOI0BUHA eAnHULL.

12.7. Mpwn nNpocToM c/lydyaliHOM 0T60pe B Ka[O0M M3 [BYX MOMEHTOB Mpeznosio-
XXMM, 4YTO BO BTOPOIA MOMEHT MpUMeHseTcs creayolwas oueHka (B 0603HayYeHUAX na-

parpacga 12.10):

Yb= 0 — ®) PHI= —VYiT)"b Y24
(@) MokaxuTe, 4TO ecnn MnpeHebpeyb MNKC, TO
..ry S2 T [1+]1(1-2p)1 [oNC]

roe %= min, = uln. (6) Mpu gaHHbIX 3HaueHusx p, A, [x HalAouTe 3HaueHue o),
MUHUMUn3upytowee V (i/m)-MokaxuTe, 4To Npup, Gonblwem 1/2, Hannyuwee 3HadyeHUe
Beca (D 3aksiouveHO Mexay u u /(1 + u).

12.8. Mpu U= 1/4, 4= 1/2,p = 0,8 up = 0,9 cpasuute V (yl) us npegpiay-
Lero yrnpaxHeHUs ¢ AUCNEepCUeid oNTUMAasIbHOIA COCTABHOEA OLEHKWU Mo perpeccuun Y2,
BbIpaKeHHOM qopmysioia (12.35). (B oueHke Y2 nonoxute ¢ = 0,2 npu_[* = 1/4
n$= 04npnuy= 1/2) MNpoBepbTe, 4YTO MPU 3TUX 3HAYEHMUAX P OLEHKA 72 MOYTU
TaK XXeTouHa, Kak n Yr, kak npu k= 1/4, Tak u npn [, = 1/2.
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12.9. Kaxxaplia mecsil, n3BnekaeTcs HesaBUcMMasa Bblbopka ob6bema M. Mo Kaxkaota
TakolA BblGOpKe Mosy4valoT CBeAeHUs1 3a TeKyLMIA U 3a npeablaywimia mecsitbl. MNpume-

HSIeTCA Ta Xe cocTaBHas oueHka yh, uto n B (12.50), naparpag 12.12.

Ne = ¥+ ®h(yh- 1—YH-1, h)m

Mogenb wvmeeT BUA
Ybl= Yh ~bP (yh-1, i— +

rae ebl He3aBMCUMbI 0T 3HAYeHWIA Y 1 UMelT gucrnepcuio, paBHyo (L — p2. Moka-
XUTe, 4To

(@) yh~~Yh~eh+ Ok(yyt-1— 1) + (p— ®H) Gft-1, h—Yh-i)-

(6) Ecnu V (Yh) = ghSAn, rge S2 nocTosHHO Ans Bcex MOMEHTOB 0T6opa, To
= —P2+ dira-1+ (P—diA2-

() OnTumansHoe <&/, — p/(1 + gh-i) u cooTBeTcTBylOUWee onTuMasibHoe gh
paBHO:

() MpeaensHoe 3HaueHue” pasHo: gN — X1 — p2 3Tu pesynbTaThbl 66U MOMY-
yeHbl Oknepom (Eckler, 1955).
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FrMABA 13

MCTOYHMN KN OLUMBOK
MNP OBCNEAOOBAHUMAX

13.1. BBEOEHUE

M3naras Teopuio BbIGOPOYHOI0 METOAA B MpeablayLLIMX r/laBax, Mbl Be3ae
npeagnonarain, 4To MpUMeEHSIETCS OAWH W3 Croco60B BEPOSTHOCTHOrO OT-
60pa M 4YTO 3HaueHVe Hab/oAeHUs Y, Y iHAeoyHNLbI NpeacTaB/seT coboia
TOYHOE 3HayeHuve 4151 3ToA eavHULBL OlMGKa OLEHKM BO3HMKasia UCKJ/IHO-
UNTESIbHO N3-3a C/TyHalAHOI BapmaLnmn BbIGOPOUHbLIX 3HAYEHWIA, BbBbIBAEMOLA
TeM, YTO Mbl HabNoAaeM TOSIbKO M eAuHULL, a He BCHo COBOKYMHocTb N eau-
HULL

3T1 MpeanosiIoKeHUs A0CTATOUYHO XOPOLUOo orpaBAblBalOTCA Mpy 6osee
MnpocTbIX BUAax o06criefoBaHWIA, B KOTOPbIX MPUMEHSOTCSA TOYHble MeToabl
HabloaeHVs, a KavyecTBO paboTbl CPAaBHUTESIbHO BbICOKO. B C/10XKHbIX 06-
cnefoBaHUSIX, 0COBEHHO ec/M MpoLiecc Hab/oAeHUA CBSi3aH C Cepbe3HbIMU
TPYOHOCTAMMW, 3T MNPeanosioKeHUs MOryT ObIMB Ja/1IeKM 0T peasibHOCTU.

MOXHO Ha3BaTb TpW CrieAyHLMX AOMO/THUTESTbHBIX MCTOUYHMKA OLUNGOK.

1. OTcyTCTBME AaHHbLIX MO HEKOTOPbIM €AMHWLIAM B U3B/IEYEHHOLA Bbk
6opKe. 3TO MOXET MPOM3OLATU M3-3a HEAOCMOTPA WM — Mpy 06ecrefoBaHUA
COBOKYMHOCTY JHQOEIA — M3—3a TOr0, YTO C HEKOTOPbIMW JINLIAMWN He YAas10Ch
BCTPETUTLCA WM XXe OHU, BCTPETUBLUMCL C obcriefoBaTesieM, 0TKasa/incb
0TBeYaTb Ha BOMpPOChblI.

2. OWKNBKM HabMAeHU MO HEKOTOpbIM eauHuUaM. MeTton Habnoae-
HMA MOXET ObIMb HETOYHbIM WM MpPUBOAUTL K CMeLleHuto. TMpu obeneao-
BaH/M COBOKYMHOCTW JRQOEA onpallMBaemMble MOFYT He pacriosiaraTb Bep-
HbIM/ CBEAEHUAMU WM [aBaTb HenpaBW/ibHblE OTBETbI.

3. OwnbKW, BO3HMKaOLWME MNpu MpoBepKe 3anuceid, KoaMpoBaHUU W
cBeAeHUN pe3ysibTaToB B Tab/nLibI.

MNepeyuncrieHHble UCTOYHUKNA OLUMOOK BbI3bIBAIOT HEOOXOAUMOCTb B He-
KOTOPOM BWAOU3MEHEHUMN 00bIMHOLA TEopUM BbIGOPOYHOI0 McC/1e0BaHUS.
OCHOBHas Lefib TakKoro BUAOM3MEHEHUS COCTOUT B TOM, YT0Obl BbIpaboTaTb
npaBwusia pacrnpefesieHVsi pecypcoB MexXxay 330a4eid YMEeHbLUEHUS] OLLIMGOK
CTy4alAHOro oTbopa 1 33434el4 yMeHbLLIEHNS ApYTUX OLLIMGOK 1 pa3paboTaTb
Takvie MeToAbl BbIMUC/IEHWS CTaHOAPTHBIX OLIMG0K U A0BEpUTESIbHBIX Fpa-
HWULL, KOTOpbIe COXPaHAKT CU/TY U MPU HAIMYUU OPYTUX OLUMNGOK.

13.2. 3¢PEKT HEMONYYEHNA OTBETA

TepMMHOM HeroslydeHre 0TBETA Mbl ByleM 0603Ha4YaThb OTCYTCTBUE AaH-
HbIX MO0 HEKOTOPbIM eAMHMLIAM B U3B/IEUEHHOA BblGopKe. M3yuasi Herosny-
YeHWe 0TBETA, YAO0GHO cuMTaTb BCH) COBOKYMHOCTb pa3fiefileHHOMA Ha [ABa
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«CJ1051»: MEPBbIMA U3 HUX BKJIHOYAET BCE €AMHULbI, MO KOTOPbIM, €C/IN OHW 0-
MagaloT B BbIGOPKY, MOXHO MOSyYUThb AaHHble, BTOPOIA *— eAVHMLbI, 10
KOTOPbIM JaHHbIE NOSTy4UTb Hesb3s. CocTaB 3TUX ABYX C/I0EB CUMbHO 3aBUCUT
OT TOro, Kakme MeTodbl NPUMEHSIOTCA 019 HaXOXKAEHUSA eauHUL, 1 A5 110-
NydyeHUss OaHHbIX. Tak, Hanpumep, 06cnefoBaHVe, B KOTOPOM KaXObIA
[0M roceLlaeTcs, ecnm 3TO HeobxoAmmo, Mo KpaliHelA Mepe, TpU pasa u
B KOTOPOM BCeX, KTO OTKa3blBaeTCA OTBeuYaTb, OMpawimBaeT WUHCTPYKTOp-—
KOHTpoJsiep, 06/1a4aioLMiA yMeHVEM yoexxaaTb, OydeT nvieTb ropasgo MeHb-
UMIA C/IOA «HEOTBETUBLLMX», YeM 06C/1ei0BaHNe, B KOTOPOM KaXObIA [O0M
rnoceLaeTcs TO/IbKO OAWH pas.

Takoe pasfenieHve Ha ABa pa3/INYHbIX C/0S MPeacTaBsiseT Co60LA, KO-
HEYHO, CUJIbHOE YMpolleHve. ByaeT fim Ta WM vHas eovHMUa HalAfeHa r
obcnenoBaHa MpyY OaHHOM 4umc/e MOMbITOK, OTYacTWU 3aBUCUT OT crlydas.
Mpu 6onee oeTasibHOM UCCrieA0BaHUN 3TOIA MpobseMbl ceaoBasio 6bl Npu-
nucaTb KOOI eauHMLE HEeKOTOPYH BEpOSiTHOCTb, COOTBETCTBYIOLLYIO ee
WaHcam 6bITb 06C/1eA0BaHHOA MPU AaHHOM MeToAe Hab/lloAeHWs, ecrin OHa
nonasna B BbIOGOPKY.

Bbl6opka He [peT HUKaKUX CBeAEHUIA OTHOCUTESIbHO eOWHWL, U3 CJ10A
2 — HeoTBETMBLUMX. DTO He MMesio Obl 3HayYeHWUs, ec/i Gbl MOXKHO 6bl10
npeanosIoKMTb, UYTO Y €108 2 Te Xe XapaKTepucTuKu, 4to ny cmos 1 Oa-
HaKo MpW MNpoBepKe 3TOro 06CTOATE NIbCTBA YacTO 0Ka3bIBasI0Cb, YTO eAnNHU-
Lbl N3 CM10S1 «HEOTBETUBLLMX» OT/INYAIOTCA OT eAuHULL, AO0CTYMHbIX O/ Ha-
6nogeHVsa. innrocTpaupeid MoryT C/TY)KUTb daHHble Tabn. 13.1. OHu mnony-
YeHbl M0 pesy/ibTaTaM 3KCMEPUMEHTA/IbHON0 BbIGOPOYHOIr0 McCef0BaHUA
(hpyKTOBbIX CaAoB wTaTta CeBepHaa KaponunHa B 1946 r. CagoBogam Tpkabl
paccbi/1asiv MO MoYTe OAVH U TOT XKe OMPOCHbLIEA fnCT. Mo ogHOMY M3 BOMpoO-
COB — 0 uucsie (PYKTOBbIX OepeBbEB — MMECb OaHHble A/15 BCEIA COBO-
kynHoctu (Finkner, 1950).

. Ta6nwnuya 13.1
PE3Y/IbTATbI TPEX OBPALLEH/ B OBCNEALOBAHNW, MPOBOAVBLUEMCHA

MO MOYTE
CpepgHee uuc-
Yucno capo- MpoueHT J10 (PPYKTO-
BOA0B COBOKynMHocTK  BbX [epeBbes
Ha ofiHoro
cafioBoga
OTBeTMBLUME NPW MNepBOM obpalieHun 300 10 456
OTBeTMBLUME MpPU BTOPOM 06paLLeHUn 543 17 382
OTBeTMBLUME NPWN TpeTbem obpalleHun 434 14 340
HeoTBeTuBLUME Moc/ie Tpex ob6palleHnia 1839 59 200
Mo Bceli COBOKYMHOCTM 3116 100 329

OTYeT/IMBO BUAHO, YTO C KaXKAbIM 06palleHneM 4ucio GpyKToBbIX Ae-
peBbEB Ha OAHOIMO CafoBoda MOCTENeHHO YMEHbLUAETCA; OHO COCTaB/seT
456 pna 0TBETUMBLUMX Ha MNepBoe obpalleHue no noyte, 382 — Mpyv BTOPOM
obpawieHnmn, 340 — npy TpeTbeM M 290 — a5 HEOTBETUBLUMX Ha BCE TpuU
nucbma. OGLLMEA MPOLEHT OTBETMBLUMX OKa3asicsl HEBLICOKMM: 6osiee Mnosio-
BVHbI Caf0BOA0B He MpeAoCTaBUIV AaHHbIX OaXKe Moc/1e TpexX 06palleHnIA.
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PaccMoTpuM Tenepb B/AUSIHWME HEMOJTYYEHUS OTBETA Ha OLIEHKY M0 AaH-
HbM Bbl6opkn. MycTb N1 1 N2— yucna eguHuy, B ABYX C/1089X U MYCTb
W\= NJN u W2= N2ZN, Tak uto W2— fonsi c/iydaeB HerosyyeHus!
0TBeTa /19 COBOKYMHOCTW. [MpeanosiokMM, YTO U3 COBOKYMHOCTU W3BJle-
KaeTcsl NpocTas c/lydaliHas BblGopKa. [oc/ie 3aBepLUeHNsT 0rnpoca Mol IMEEM
[JaHHble A1 MPOCTOIA C/Ty4alAHOIA BbIGOPKN M3 €108 1, HO He MMeeM AaHHbIX
rno cnoto 2. CrnepoBaTesibHO, BEMNYMHA CMELLEHMS BbIGOPOYHOI0 CpeaHero
ecTb

E&J-Y = YI-Y = YI- (W 1Yl + W/D = W2(Y1—Y2. (13.1)

BenimuvHa cMeLleHnst MpeacTaBiseT coboiA MpousBefeHWe A0/ HeoT-
BETUBLUMX U Pa3HOCTU CpedHUX Mo ABYM Cs10AM. OCKO/IbKY BbIGopKa He
[JpeT HNKaKNX CBEAEHUIA O 3Ha4YeHUN Y2, TO BE/IMUMHA CMELLEHUST 0CTaeTcs
HEW3BECTHOIA, €C/IM TOSIbKO Mbl HE CMOXEM YKasaTb rpaHvubl ans Y 2 no
VHbIM, YeM BblbopKa, UCTOYHMKaM. [119 HenpepbIBHOA MNepeMeHHoIA Te rpa-
HULbI, KOTOPbIE MOXXHO YKa3aTb C YBEPEHHOCTbIO, YacTo CTOSIb LLUMPOKKN, YTO
npakTn4eckn 6ecrosiesHbl.

MosTomy B C/lyvae HenpepbIBHbIX MEPEMEHHbIX MpU JIOG0LA 3HAUYUMOLA
[ore HeoTBETMBLUMX MpreMsieMble AoBepUTeSIbHbIE rpaHuLbLl Ans Y no pe-
3y/fibTaTaM BbIGOPKM 0ObIYHO YKa3aTb HEBO3MOXHO. Ham ocTaeTca ivlb
MPUHATL HEKOTOPOe MNpearosioKeHne O0THOCUTESIbHO BeSINYMHBI CMELLIEHNS,
He NoAKpernsieHHoe HUKaKUMM (DaKTUYECKUMU AaHHBLIMN.

Mpn oTbope O/19 OLEHMBAHUA [ONEIA MNOSIOKeLMe HECKOIbKO 06/1eryaeT-
cS, NMOCKOMbKY Hen3BecTHas onsa P 24515 ¢nos 2 Ao/HKHA HaXoaUThCA MeXx-
ay 0 u 1. Ecnn W2mr3BeCcTHO, TO 3TU rpaHnubl gns P 2 no3BonisioT HaMm Mo-
CTPOUTb A0BEPUTESIbHbIE paHWLLbl A5 00NV COBOKYNHocTw P. TMpeanosio-
VM, 4YTO M3BJIEYeHa MpocTas c/lydaliHasd BblbopKa 06bEMOM B MM eAVHUL,
M Mo/syYeHbl JaHHbIe Mo M eAnHMLAM BbIGOpKW. Torga B MperosiokeHum,
yTo % [0CTAaTOYHO BesIMKo, 95%-Hble AoBepuTeSlbHble FpaHuUbl 4na Pr
VMEIOT BUA,

Pi+ 2

rae pi — Oons B BblGOpKe, MpUYEM MKC He YYUTbIBaeTCS.
Ecnv Mbl XOTUM MNO/yUnTb O0BEPUTESIbHOE YTBEPKAEHNE 0THOCUTESTbHO
P, To Ans nosHOIA yBEPEHHOCTU MOXXHO cunTaTb P2= 0 npn HaxoxgeHun

HWKHEIA rpaHuubl, PI, n P2= 1 npn HaxoxAeHUW BepxHeiA rpaHuLbl,
Pv- Takum 06pa3omM, B KauecTBe 95%—HbIX A0BEPUTESbHbIX FPaHULL, MOXHO
B3SITb

P1= Wt(PI-2V~p~qdny) + W2(0); (13.2)

Po=W1(pl+2 V A M + W,()- (13-3)
HeTpyaHO MPOBEPUTbL, YTO 3TN FpaHULbl B3STbl «C 3aracom», T. €. YTo
Pr(PL<P<Pu)> 0,95.

3TV rpaHULbl MOXHO HECKOJIbKO Cy3UTb C MOMOLLbIO 60/1ee TaTe lb-
Horo pokasatesnibcTBa (Cochran, Mosteller and Tukey, 1954), Tak Kak P2
He MOXeT 6bIMmb paBHbIM O U 1 0AHOBpPEMEHHO, KaK Mpeanosiarasiocb paHee.
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K coxanenuto, ecrmm W2 He o4eHb Masio, TO 3TV FpaHuLbl Ype3MEpPH
Wwunpokn. B Tabn. 13.2 ykasaHbl cpegHMe 3Ha4YeHUs rpaHuL, O1s BblOOpKU
obbema M = 1000 u psaga 3HadeHnA W2 n px MocKonbKy rpaHvubl B (13.2)
1 (13.3) 3aBUCAT OT 3HaYeHUs Mr (4mMcna OTBETUBLUMX B BbIOOPKE), TO Mp

cocTaB/ieHUn Tabn. 13.2 mMbl nonaram nNx= N WIt T. e. cpeaHemy umcny
OTBETUBLLIUX.

Ta6bnwnuya 13.2

BbI6opouHbI/ mpoueHT, 100 pt

MpoueHT
HEOTBETUB- 5 10 20 50
X,
HIKHAR  BEPXHAS  HUXHAR  BEPXHAR  HWKHAS BEPXHAS HIDKHSIA  BepxHss
g 3,6 6,4 8,1 11,9 17.5 22.5 46,7 53,2
3,4 11,1 7,6 16,3 16.5 26.5 44,4 55,6
:]L.g 3,2 15,8 7.2 20,8 15.6 30,4 42,0 58,0
5 3,0 20,5 6,8 25,2 14.7 34.3 39,6 60,4
0 2,8 25,2 6.3 29,7 13.7 38.3 37,2 62,8

BbicTpoe yBenuyeHvie LUMPUHBI O0BEPUTESIBHON0 WHTEpBasia Npu BO3-
pactaHun W2 oyeBUAHO. VIHTEpPECHO BbISCHUTb, KakKUMW A0/DKHbI ObiTb
3Ha4eHus N 4as Toro, YTobbl 06ecneUnTb Ty Xe LWUPUHY A0BEPUTESTIbHOIO
vHTepBaia npu W2 paBHOM Hyso. VX nerko HaiAv npy pr = 50%.
Ansa =5% Tabn. 13.2 fgeT 3HauveHve MNOSI0BUHbI LUMPUHBLI A0BEPUTESTb-
HOro MHTEpBas1a, paBHoe 5,6. OKBMB/IEHTHLIMA 06LEM BblGOpKU Me [e— oT
aHIrINACKOro  «equivalent» m- SKBVBa/IEHTHbI] B MPeArosioKEHNN, YTO
C/ly4aeB HerMosly4YeHUs 0TBETA HET, orpedeniseTcs U3 ypaBHEHUS

5,6: =21/50-50//re;
320.

Ana W2 = 10, 15 n 20% 3Ha4yeHWs1 e CoCTaB/ISIOT COOTBETCTBEHHO
155, 90 n 60. OueBUOHO, VMEET CMbIC/T MOTPATUTb CYLECTBEHHYHO 4acTb
pecypcoB Ha COKpalleHMe Ymcsia c/lyvaeB Hernosly4YeHust 0TBeTa.

VIHTEpecHbIMA MeToA, onpedesieHns 06bemMa BbIOGOPKU C YHETOM BO3MOXX-
HOr0 HenoslyydeHUss oTBeTa Obi1 npegsiokeH bBepHbaymom n CepkeHOM
(Birnbaum and Sirken, 1950a, 1950b). [ons c/ly4yaeB HeMNosy4veHust
otBeTa, W2 npeanonaraeTcsi U3BECTHOLA MO OMNbITY NPeXHUX 06cen0BaHNEA
AaHHoro Tvna. O BenuuuHax Pmn P2 wm P npeasapnTesibHbIX Npeanosio-
YKEHWIA He genaeTca. Toraa, ecsin 6bl HEOTBETUBLUMX He 6bUT10 N Mbl Bbl X0-
Tenn, 4yTobbl abcosloTHas owKnbKa BbIGOPOUYHOIA Ao/ OblUla MeHblue d,
HY>XHO 6bU10 6bl B3ATb (B COOTBETCTBUM C Maparpadom 4.4)

tPQ
®

rge ta — KBaHTWIb HOPMasibHOMO pacnpefesieHus, COOTBETCTBleLLI,l/IVI Be-
POATHOCTWM a TOro, 4To omnbKa NpeBbICUT d. He nwves npeaBapunTesibHbIX
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CBEAEHNIA 0THOCUTEIbHO P, crieflyeT, Kak B HaMeHee 6/1aronpusitTHOM Cr1y-
yae, cuntatb P —0,5. OTctoga
n= mlL (13.4)
4d2
MpuHMMaa HammeHee 61aronpuATHOE codyeTaHMe cmeweHus 152 X

X (Px — P2 v 3HaueHuss Pb BepHboayMm 1 CepkeH TMoKasasin, 4TO 3Ha-
yeHvie M, A5 KOTOPOro owmMbKa, C BEepOSATHOCTbLIO a, elle He MpeBbiaeT

d, paBHo:

N » ———— = ————— — — 1 (13.5)
4d(d-W W i v

3ameTumM, yTo ecrin W2> d, To 3TVM yC/I0BUSIM He Y0B/1eTBOPSIET HU 04HO
3HayeHue n. Mpu W2 = 0 3To ypaBHeHMe ceoanTca K (13.4), ecnn He cuun-
TaTb YleHa — 1, KOTOpbIiA 00YC/I0BIEH MPUGIVXKEHWEM, AOMYLLEHHBLIM MpU
BbIBOZIE (hopMY/bl. HEKOTOpPbIE 3HaYeHWSA M, MosSTyYeHHbIE C MOMOLLBLI0 MeToAa

BepHbayma u CepkeHa, npvBedeHbl B Tabn. 13.3.
Ta6bnwuuya 13.3

HANMEHbBLUVE 3HAYEHWA n MNP OAHHOM TMPEAEJIE OWWNBKN

d (e %)

MpoueHT HeoTBe-

TvBLMX, IOCW', 20 15 10 5
o 24 43 96 384
2 27 50 122 653
6 36 75 255
s 43 99 521 -
10 53 142
15 112

3 31004 Tab/mMLpbl MOXHO cAefaTb Te XXe MevyasibHble BbIBoAbl, YTO U U3
Tabn. 13.2. Ecnim Mbl A0BO/ICTBYEMCS Fpy6oba oueHkoia (d = 20), To npu
[0s1e CrlyYaeB HeroslydeHust oteeTa 40 10% eLle MOXXHO 060IATUCL YABOEHM-
eM 06bemMa Bbl6opKU. OAHaKo Mpu J1I060M 3HAUUTESIbHOM MPOLIEHTE  HEOT-
BETMBLUMX AOCTUIHYTb BbICOKO FapaHTUPOBAaHHOLA TOYHOCTM, YBe/IN4MBast
06BbEM BbIGOPKM Cpeay OTBEYaoLWMX, HEBO3MOXHO WM C/IULLIKOM f0pOro

CTOuT.

13.3. BAbl HEMOJIYYEHNA OTBETA

B nocrieayowmx naparpagax onMcbIBatoTCs HEKOTOpble Crocobbl pas-
peLleHnst npoGsieMbl HermoslydeHust oTeeTa. Jaaum NpyUMepHYto Kriaccugu-

KaLMio BMOOB HeroslyyeHusl oTBeTa.
1. HeobHapy>keHHble— Te eauHVLblI BbIGOPKW, KOTOPbIX 0Ka3as10Cb

HEBO3MOXXHbIM HALATU WX MOCETUTD.

Takaa npobsiemMa BO3HWKaET, Hamnpumep, Npu TeppuTopuasibHbIX ean-
HMLU@AX 0T6opa, Korda o6crieaoBaTesib A0/HKEH OTbICKaTb B FOPOACKOM KBap-
Tasne Bce unuwa (CorslacHo HEKOTOPOMY OMpeaesieHMIo XUAunLa) N coc-



TaBUTb WX nepedeHb. Ee MOXeT nopoauTb Takke MNpUMEHEHWE HEerosIHbIX
nepeyHein eanHUL,. MHorpga moroga wiv nsoxume cpefctsa CoobLeHUs He
[at0T BO3MOXHOCTU MOCETUTL HEKOTOpPble eAVHULILI B TEHEHVE BCEr0 Nepuoaa
o6cnenoBaHuUs.

2. He okazaBLuMeca aoMa. 3Ta rpyrna BK/IHOYaeT JIULL, XUBYLLUMX B OM-
pefeneHHoOM MecTe, HO BpeMeHHO OTCYTCTBYHOLMX AomMa. B cembsx, rae
poauTenu paboTaloT WM B 6e34ETHbIX CeMbsIX, TpyAHee 3acTaTb KOro—
HVOYab A0Ma, YEeM B CEMbSX C 0YEHb Ma/IEHbKUMU AETBMA WU C OYeHb CTa*
pbIMX NI0ABMUY, MNPUKOBaHHbLIMU K O0MY.

3. HecrocobHble gaTb 0TBET. OnpallmMBaeMblii MOXKET He pacroslaraTb
CBEAEHVSIMWN MO HEKOTOPbIM BOMPOCaM WM He XO0TeTb UX coooWmnTh. Mepoii
NnpeaocTOPoOXKHOCTU MPOTMB 3TOM0 CAYXUT TuwaTesibHas (opMyJsInpoBKa
BOMPOCOB B OMPOCHOM JICTE N €ro npeaBapuTesibHOE MCMbITaHve.

4. «Kpernkvie opellku». K 3TobA rpyrnne oTHOCATCA /Mua, KOTopble Ka-
Teropyyeckn 0TKasbIBalTCA 0TBEYaTb, HE B COCTOSIHMWN OTBETUTHL Ha BOMpPO-
Cbl, WM Te, KTO HaxoAUTCs OA/1EKO OT A0Ma B TeUeHVEe BCEF0 BPEMEHW, OT-
BeeHHOro Ha obcrefoBaHMe COOTBETCTBYHOLWEN0 y4dacTka. OHU npeacTas-
NAT CO60MA UCTOYHUK CMELLIEHUS, KOTOpOe He b3S YCTPaHUTb, CKOJIbKO
6bl YCWIMIA Mbl H/A Npynarany nsa yBeaiMyeHns nosHoTbI 3arvicein.

OTbICKaHVEe HeobHapyXeHHbIX M cH60p AaHHbIX 0 HUX — C/10XKHas 3a-
nava. Mpwn TeppnTopUasibHOM 0THOpe 0AMH 13 METOAOB COCTOUT B TOM, YTOObI
MOBTOPHO MOCETUTL UCXOAHBbIE AMHULBI U TLATE/IbHO COCTaBUTbL /151 Mpo-
BEPKWN MepeyeHb Moasiexalimx o6crieaoBaHuio. IHOraa Ha To, UTO HEKOTo-
pble JIOAN WV XXWUJILLA NPOMYLLEHbI, YKa3bIBaeT CPaBHEHME MOACYETOB NX
yvc/a € aHa/IorMMYHbIMM MnoacyeTamMy MNpyU ApYrom ob6cnenosaHuu. Ecnn
r/1aBHOA OCHOBOIA BbIGOPKU CAY>XUT 8apeCHbIIA CNpaBOYHUK, TO BbIOOPKY
M3 HEro MOXHO A0MO/IHUTb BbIGOPKOIA TeppUTOPUIA C Lesbio 0XBaTUTb 006-
crieoBaHMEM y4acTKM ropoda (HoBble 34aHMST), He MOJTHOCTBI0 MpeacTaBsieH-
Hble B CMpaBOYHMKE, a B TEX yyacTKax ropoga, rae cnpaBOYHUK KaXeTcs
TOYHbIM, TMPOBEPUTb, HET JM 3[pecoB, MPOMYLLIEHHbIX B CMApPaBOYHUKE.
O6criefoBaHMsA, B KOTOPbIX MPUMEHSI/INCL 3TV METOAbI, OMucaHbl B paboTax
Kuwa n Xecca (Kish and Hess, 1958), a Takke Byncu (Woolsey, 1956),
rae paccMaTpuBaeTcsi MpobsiemMa HerosIHOTbl 0XBaTa.

UTo KacaeTcsl He 0OKasaBLUMXCA [A0Ma, TO B Tex 06c/eaoBaHUsIX, rae oT-
BETbI Ha BOMPOCbI MOXET AaTb JHIO0IA B3poC/IbliA, KOTOPOro yAasioch 3acTaThb,
[eno 06CTOMT MpoLLe, YeM B TeX, IAe HY)XXHO OMNPOCUTb JIVLb OAHOro, CJy-
YaliHbIM 06pa3oM 0TOBGPAHHOI0 B3POC/10r0 YesioBeka. Orpoc 0gHOro B3poc-
71070 4YesioBeKa MpeanovTUTesIbHee B Tex Cr/lydasix, Korga obcrnenywTrces oT-
JenbHble Nivua 1 YesioBeK He MOXKET MpaBWU/IbHO OTBETUTBL 3a ApYyroro, Wi
Korga BHYTpU [OMOXO03SIACTBa Hab/tofaeTcs BbICOKas Koppesnsauuvs, Tak
yTO onpoc 60s1ee YeM 04HOM0 YesioBeKa Ha CeMbIO CTaHOBUTCA  HE3IKOHOMUY-
HbiM. B CBf3U C 3TUM MO/E3HBLIA METOA, 0TO0pa 04HOr0 /LA U3 AOMOXO035IA-
cTBa 6bu1 paspaboTaH Kuwem (Kish, 1949). McxogHas cxema 6buia npen-
Ha3HadeHa /19 AOMOX03SIACTB, BKJ/IOHAKOWMX He 60s1ee YeM LUecTb nogsie-
XalmMx Orpocy Jiiu, HO 3Ta XXe MeToAuKa MpYMeHMMa Kak ans 60nbLunX,
TaK 1 A5 MeHbLLMX A0MOX03ALACTB.

O6cnenoBaTesib 3anvcbiBaeT Ha 6/laHKe BCEX JIUL, B CEMbE, KOTOpPbIX
HY>XHO OMPOCUTb, M 3aTEM HYMeEpPYET UX: CHadasla My>kUMH B nopsigke yobl-
BaHWS BO3pacTa, 3aTeM B TOM >e Mopsake >XXeHWUH. Ha Kaxaom 6riaHke
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HaneyataH OOMH M3 BOCbMW BO3MOXHbIX BapuvaHTOB 0T60pa, YKa3aHHbIX
B Tabn. 13.4.
Ta6bnwnuya 13.
MPABUJIA OTBEOPA OAHOIO M3 YIEHOB AOMOXO3ANCTBA A/19 OMPOCA
Ecnu umcrio B3poc/ibIX B [AOMOX03AMACTBE PaBHO
OTHoOCUTE Tb- Ko,

Has YacToTa BapwaﬂTa . 1 2 1 3 1 * 1 5 1 6
npmMmeHeHus -
0T6|/|pa|/|Te yesioBeKa nog Homepom
i/6 A 1 1 1 1 1 1
1/12 B1 1 1 1 1 2 2
1/12 T 1 1 1 2 2 2
1/6 c 1 1 2 2 3 3
1/6 D 1 2 2 3 4 4
1/12 E\ 1 2 3 3 3 5
1/12 £2 1 5 3 4 5 5
1/6 F 1 2 3 4 5 6

KakgpliA nogiexalmia onpocy YsieH AOMOX03AIACTBA AaHHOIA BeSIMUNHBI
VIMEET OMHAKOBYI0 BEpPOSTHOCTb ObITb 0TOOpaHHbIM, 3a UCK/IHOUYEHVEM [0-
MOXO3SILACTB C 5 B3poC/1bIMU, B KOTOPbIX 3Ta BEPOSTHOCTb A/18 SlAL, MOJ1y-
varoLmx HoMmepa 3 1 5, HeCKO/TbKO 6osibLue. MocKosibKY Mo BapyaHTam A,
B n C 6yayT npermyLLecTBEHHO OMpallvBaThCst MY>KUYMHbI, 06C/1el0BaHme
[OMOX03AIACTB, MOANaJaoLLIMX Mo4, 3TU BapuaHTbl, Jlydlle MNpou3BoAUTb
B BeyepHue 4acbl.

t

13.4. MOBTOPHbIE OBPALLEHIA i

O6bI4HO 3apaHee onpeaeniseTcs YUC/I0 MOBTOPHbIX 06palleHNiA Win Mu-
HYMasIbHOE YMUCSI0 06paLLeHMIA K KakoM-nbo eanHULE, KOTopble Heobxoam-
Mbl, ApeXAe YeM UCK/IIUUTb 3TY eAVHULY BBUAY «HEBO3MOXHOCTU BOMATU
B KOHTakT» C HelA. CTmBaH U MakkapTu (Stephan and McCarthy, 1958)
NMpMBOASAT OCHOBaHHble Ha psaae 06c/1eN0BaHUNIA AaHHble 0 TOM, KakoiA Mpo-
LIeHT BCceiA BbIGOPKM OMpalimMBaeTca Npyv Kaxkaom obpaweHun. CpeaHue
JaHHble npuBeaeHbl B Tabn. 13.5. i

Ta6nunua 135
YMCNO OBPALLEHUI, MOTPEGOBABLUUXCA A5 MO/IHOMO OMPOCA» !

IpouEeHT onpoLUeHHbIX Npuy

TpeTbem 1 TTPOLEHT

KTo onpawumsaeTcs nepsom BTOPOM _ HeoTBe- NTorn
P obpauie-  obpatie- L,T,j,cx“g pKa)_ TUBLLUMX
HUN HAN LUeHMSIX
Jo6olA B3pOC/IbILA™ 70 17 8 5 100
Cny4atiHo 0To6paHHbIA B3pocC- 37 32 23 8 100

BA
« Mo nosHbIM onpocom — (completed  interview) nogpasymeBaeTcs, YTO MOSTyYeHbl OTBETbI
Ha BCe BOMPOCbI OMPOCHOF0 JIACTa W MOBTOPHOIrO 06palleHns K AaHHOMY /MLy ré TpebyeTcu.

Mpumeu. peb. .
*x ,d)sa 06cn1ei0BaHNS, B KOTOPbIX OMpalUMBa/INCb COOTBETCTBEHHO [AOMALLUHUE xossiku u Pa
GOTUHKM (hepM, BbUM BK/IKOYEHbI B TPYrNy «0GOA B3poC/ibliA».



B o6cnenoBaHusaX, rge Ha BOMPOCbl MOP OTBeYaTb JIHOOG0A B3poCsibliA,
rpuv nepsom obpaLleHnn 6bU10 onpolleHo 70%, a nocse AByX obpalleHnEA
87% BbIGOpKN. [N crlyvaeB, KOrga AO/DKEH Obul oMpallvBaThCs CTyYalAHo-
0TOGpaHHbILA B3POC/IbIA, 0YEBMOHO YBE/IMHEHUE U3OEPKEK Ha BbIGOPOYHOE
vccrenoBaHve: 34ecb MepBoe ob6palleHve Aasio Tosibko 37% Tpebyemoro
yKcsia onpocoB. 3aMETHbLIA yCrex BTOPOro obpallleHust 0TpakaeT ycuaus,
MpPUJIOKEHHble 06c/eaoBaTeNAMU A1 TOro, YToObl 3apaHee YCTaHOBUTb,
KOrJa HameudeHHble A/15 orpoca JIMLa OKaXyTcs Aoma.

JaHHbIX 06 OTHOCUTESIbHBIX U3AEPKKaxX Ha rocrieayrolme obpalleHus
Mo cpaBHEHUIO C MNepBbIM 0bpaLlieHeM 0ny6/IMKOBaHO Masio. MOXXHO OXU-

; AaTb, UTO MocsieaytoLLme obpalleHns 6yayT 6osee [OPOroCcTOSAWMMU B pac-
yeTe Ha 0AVH MOSHBLIA 0MpoC, MOCKOJSIbKY A1 HUX A0Ma, Haxodswyecs Ha

, 0TBEAEHHOM 00C/1e10BaTE/M0 YYaCTKe, pacrosiokeHbl 6osiee pedko, a KX
obuTaTeNnn, Kak MOXHO MpeanosiokuTb, NPOBOAAT BHE A0Ma B CpedHEM
60/1bLLIE BPpEMEHU, YeM OCTaslbHble. 10 onbITy 06crieaoBaHViIA B BeniMKobpu-
TaHun OepbuH (Durbin, 1954) cumTaeT, 4TO nocneaytowme obpallieHns
MOryT ObITb MeHee A0POroCTOALUMMU, HYeM MOXXHO NpearonoxuTb. [anee
npuBoasTCca ony6sinkoBaHHble [epbuHom u CTbioapTom (Durbin  and
Stuart, 1954) AaHHble crieUMasibHOro Kcc/eoBaHMA 06 OLleHKaxX OTHOCU-
TeslbHbIX U3AePXKeEK B pacyeTe Ha 04VH Mo/HbIAoNpoc (T. e. CyMMbl, 3aTpa-
UeHHOIA Ha t-eobpalleHVe, AeMEHHOA Ha YMC/10 BHOBb OMPOLLUEHHbIX MpU 3TOM
obpalleHnn) AN Kaxaoro obpalleHms, BrisoTb 40 NSTOrO.

Onpenensasa Takue 3aTpaTbl, crieayeT cob/oaaTb OCTOPOXHOCTb. Ecnm
HY>KHOI0 JlMLja He 0Kas3asiocb JoMa Npy NepBoM obpalleHun, To 06criefoBa-
Te/lb MOXKET 3aTpaTUTh BpeMsl, YToObl y3HaTb, KOrga aTo JSiiuo 6yaeT Aoma,
M YCNOBUTbLCA 0 BCTpede. Mpur pacveTax MU3aepXKeK aTo BpeMsi HY>XXHO OTHeC-
TU KO BTOPOMY 06paLlleHUIo, a He K HeyAaBLLEeMYCS MepBoMy.

Ta6bnuuya 13.6

OTHOCUTEJIbHbLIE U3OEPXKWN B PACUETE HA OAVH HOBbIA MOMHbIN
OriPOC 1P t-M OBPALLEHNA

O6paleHune 1} 2 | 3 | 4 5
OTHOCUTES IbHbIE U34EPXKU 100 112 | 127 ] 151 I 250

Bosiee MonesHOIA XapaKTEPUCTUKOA Cry)XXaT CpeaHne U3LAEePXKW B pac-
'yeTe Ha OAWH MO/HbIA ONpPOC MO BCEM Orpocam, MpoBefeHHLIM B pe3ysibTaTe
"I obpalleHMiA. o 3ToMy MoKasaTeslto OMnpeaesisloTcs OTHOCUTESbHbIE U3-
[ep>XXKU Ha npoBeAeHve N Mo/HbIX 0MPoCcoB MpU YC/10BUM, YTO 0TKa3 OT Ofl-
poca Kakoro-nmbo Amua AornyckaeTcs /b nocse | monbImok. [ns Toro
UYTOObI BbIMUC/IUTL 3TV CPeAHNE N3OEPXKKU, Mbl AO/DKHbI 3HATb, CKO/TbKO JINLY
onpalMBaeTcs MNpy KaxXaom obpaleHun. B Tabn. 13.7 cooTBETCTBYyOLME
BbIUMC/IEHMA NpoAenaHbl ANs ABYX BUAOB 06crieaoBaHMiIA. K nepsomy Buay
OTHOCATCA Takue 06c/iefoBaHUS, B KOTOPbIX 0TBeYaTb Ha BOMPOCbl MOXET
JIOG0IA B3pOC/IbliA, KO BTOPOMY — Te, e onpalimBaeTcs B3poc/ibliA, OTO-
6paHHbIA crlyYaiAHbIM 06pa3oM.  [laHHble 0 yuc/ie MpoBeAeHHbIX 0MpocoB
B3ATbl K3 Tabn. 13.5.
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Ta6bnwnya 137
OTHOCUTEJIbHbIE N3OEPXXKWN HA OOVH MOJIHbIA OMPOC MPU ( OBPALLEHNAX

OnpaLuvBaeMbIiAi —no6oiA B3poc/bIiA OnpaLuvBaeMbIiA —

[ «CJTyYaiiHo 0T06-
o % npu i-v obpaleHmm npu / obpateHnax paHHBILA* B3poC/IbIA
S Ss s s
I o3 4 s
(o) E o I =
= s& o8 V3AEPKKN obLee obLme ééﬁo uncsio XI
§ 2 % é S Haonpochl o:ggggs N30EPKKN %o § oripocos %gé
o 5¢ 35 S€s5 25
1 100 0,70n0 70 o 0,70 nO 70 nO 100 0,37 n0 100
2 112 0,17n0 19,0410 0,87 N0 89,04 /O 102 0,32 n0 106
3 127 0,07«0 8,89 nm0 0,940 97,93 o 104 0,16 Mo 110
4 151 0,04n0 6,04 o 0,980 103,97n0 106 0,09 «o 114
5 250 0,02n0 5,00 Mo 1,00n0 108,97mo 109 0,06 «o 122

Moapo6bHOCTN BLIMUC/IEHMIA YKa3aHbl TO/IbKO A/ 06crieaoBaHMIA- nep-
BOIro BAa; A1 06c/ie[oBaHUEA BTOPOr0 BUAA OHU Ae/1a/icb TOUHO TaK XKe.
CvmMBosiom M0 0603HaUeH MCXOOHBIA 06BEM BbIGOPKM.

TpeboBaHVe TPOeKpPaTHOro obpalleHns yBesiMuMBaeT U3LEPXKKU B pac-
yeTe Ha 0AVH MYHBLEA OMNPOC MO CPaBHEHUMIO C OAHOKPAaTHbLIM 0GpaLleHMeM
nwb Ha 4%, Korga onpawmBaeTcs JIH0G0LA B3poc/biA, U nvwb Ha 10%,
Korga onpawivBaeTcsl c/lyqaliHo 0TobpaHHbIA B3pocsietd. HacKosibkKo Tw-
MUYHbI 3TU OaHHble, CKa3aTb TPYAHO, HO €C/IM HeobXoAVMble CBeAeHVsI
0 pacxogax u 06 o6beme BbIGOPKM ye cobpaHbl, f,To npu 3Tom crnocobe
pacyeTa Mbl MO/yYaeEM PeayIUCTUYHBIE OLEHKN U3OEPXKEK Ha Tpebyemble
MoBTOpHbIe obpaLleHUns. VimeeT 3HadeHMe Takke U (hakTop BpeMeHW: MoB-
TOpHbIE 06palleHNs O0TOABUraldT CPOK MOSTlyHYEeHUS OKOHYaTesIbHbIX pe-
3y/bTaTOB.

135 MATEMATUYECKAA MOAE/b 300EKTA
MOBTOPHbLIX OBPALLEHNA
JdemuHr (Deming, 1953) pa3paboTasi MNOME3HY0 U FTMOKYK0 MaTemaTu-
4YeCKy0 MoAesib, MO3BOJIAIOLLY0 60/1ee NoAPOOHO M3YUUTL pe3ysibTaTy pas-
JIMYHOIA TakKTUKW MOBTOPHOro obpatleHus. COBOKYMHOCTb pasfesieHa Ha
I K/1acCOB B COOTBETCTBUM C BEPOSSTHOCTBIO TOr0, YTO OMpallMBaeMbliA  0Ka-
xeTca goma. MycTb
Wij — BeposATHOCTb TOro, YTO OMpalLMBaeMbIlA N3 y-T0 Krlacca 6yaeT onpo-
WeH npy i-M obpallleHUn WM 00 Hero;
Pj — pons Ny, coBOKYMHOCTUW, MpUHag/iexalimx K /-My Kraccy;
fii- — cpegHee 3HaueHVEe MpuU3Haka 418 j+0 Kulacca;
0] — Aucnepcus npusHaka Ass /-ro Kacca.
Mpeanonokum 4118 NpocToThl, 4YTO A/1S BCEX KJlaccoB Xaly> 0, XxoTA
MOAE/Ib HETPYAHO 0606LLMTL, Tak 4ToObl OHa BK/lOYasia U /L, KOTOPbIX

HEBO3MOXHO onpocuTb. Ecnu yi} — cpegHee 3HauyeHVe Npu3Haka Yy Jivd
13 /-ro Kslacca, OnpoLUeHHbIX Npuv i-MobpalleHn wim 4o Hero, To npeano-

naraem Takxke, 4to E (YY) — U

13* 387



VcTHHoe cpegHee 3HaueHne Mpu3HaKa 4/1s1 COBOKYMHOCTU PaBHO:

|A= Bp}\is. (13.6)
PaccmMoTpuMm cocTaB BbIGOPKM Mocsie i obpalleHniA. Becex sy, nona.BLunx
B BbIOOPKY, MOXHO pa3dtuTb Ha (r + 1) knaccoB crneaytolimm obpasom:
OrpoLUeHHbIe 13 MEPBOro Kslacca; OMpOLUEHHbIE U3 BTOPOro Kacca; U T. 4.
(r + 14 kJlacCc 0XBaTbIBAaeT BCEX HEOMPOLUEHHbLIX Mocsie i obpalleHUIA.
Ec/in npeHebpeyb MnKc, To ymcia nonagatowmx Batn (K + 1) KiaccoB Mog-
UMHAKTCSA NOJSIMHOMWA/IbHOMY pacrnpefiesieHno

N 1Pi+

Pt+ eee+ WirPT+ (1— PN\

roe nt — nepeoHaYa/1bHbIA 06bEM BbIGOPKM.

OTcloga criefyeT, YTo UMC/I0 OMNPOLLUEHHbIX 3a i 06palleHniA n- pacnpege-
JIEHO MO GMHOMUA/IBHOMY 3aKOHY C YMC/I0OM UCMbITaHWiA, paBHbIM MO, iABe-
poSTHOCTBIO ycnexa 'Ewijpj. CneagoBaTesibHo,

E (nj) = oxmpoaemomy 4mcsly ONpOLUEHHbIX

3a i 06palleHNIA= Pi- (13.7)
Mpy HEM3MEHHOM L, 4MC/I0 MPOBEAEHHbIX onpocoB Nit (j = 1,2, ..., T)
MOAYUNHSIETCS  MOSIMHOMWASIbHOMY — pacripefie/lIeHN0 ¢ BEpoSITHOCTAMMU

Wijpj/hwijpj. OTcioga BbITekaeT, yTo

nl WUPI

b (Muy, Hty 2 pj

CnepoBaTenbHo, ecsin t/i — BbIGOpPOYHOE cpeaHee, Moslydaemoe rocsie i 06-
paLLleHuia, To

=-BW uu . -
N / ntHWijPj
XMIPIR (13.8)
lwij Pj
MocKo/bKy pe3ysibTaT He 3aBUCUT OT LU, 6e3yc/ioBHoe cpegHee 3HayveHuen
Takke ecTb p4 CriepgoBaTesibHO, CMeELLEHVE OUEeHKM Y paBHO (pj — p).
YcrnoBHaa aucriepcus yt npy gaHHOM L HaxXoAuTCsA aHas10r MYHo:

/r

V (Yd  J— e . (13.9)

An8a Toro 4ytobbl NMosyynTb, NpeHebperas vieHamm nopsagka 1/4®, npnoan-
YKEHHOe 3HaudeHVie 6e3yC/I0BHOMA AMCMEepCUUn, HYXXHO 3aMEHUTb BeSINYMHY
i B (13.9) ee maTemMaTUYeCKMM OXXmngaHmem n3 (13.7).
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OKOHYaTesIbHO Mosly4YaeM, UTO CPeAHUIA KBadpaT OLUMOKW OLEHKW, Mo-
JSlyYaemoiA mocsie | obpalleHUniA, ecTb

cko (y,-10= V) + @-—— 02

CnegyeT Takxke Y4YyecTb U3AEPKKM Ha i o6palleHniA. MaTemaTunueckoe
oXXMAaHme yucsia HoBbIX 0MPOCOB, MPOBOAMMBLIX Mpy K-U o6palleHumn, ecTb
n02 (wWhj — Wk”u) pj. CnepoBaTesibHo, ecim CK— M3AepXKM Ha  Mpo-
BeAeHVe 04HOro NosIHOro ornpoca npu K-u obpalleHnu, To MaTeMaTndeckoe
oXXugaHue obLmuX nsaepkek Ha i obpaileHmia ectb NAC (t), roe

(13.10)

C@O=cr2r% p/+cr2 W2j—w”pj+... + ct2 (wu—wt_Itj) Pj.

Mpumep. B Tabn. 13.8 npeacTaBrieHa COBOKYMHOCTb, COCTOALLAA M3 Tpex
KslaccoB. 3HaueHUs p} u wi3 nogobpaHbl Taknm 06pa3oM, YTOObl UMUTUPO-
BaTb 06c/fiefoBaHUsA, B KOTOPbIX OMpalumMBaeTCcs C/y4yaiAHO OTOGpaHHbLIA
B3pOC/bIA. BeposaTHOCTM MpoBeAeHWs orpoca B 3TMX Tpex KJiaccax npu
nepeomM o6pawieHun, W1}, B3aTbl paBHbiMu 0,6; 0,3 m 0,1. Mpn BTOpOM
1 nocneayowmx obpaleHnaX yeroBHble BEPOSTHOCTU MPoBeAEeHUs onpoca
paHee nponyLleHHoro nvua coctasnaoT 0,9; 0,5 m 0,2. 31K uncna B3ATHI
60/1ee BbICOKMMMW, YeM COOTBETCTBYIOLLIME BEPOATHOCTU MNpU MepBoM 06pa-

LWEHUN A/1a Toro, 4YTobbl 0TPasUTb BAUSIHUE AOTMOSTHUTEbHBIX YCWIMIA 06—
c/iegoBaTesiein.

Tabnunuya 13.8
XAPAKTEPUCTUKW TPEX KJ/IACCOB

Knacc
1 2 3
Pi 0,45 0,50 0,05
Wij 0,6+0,4[1—(0.1)-1] o.s-fo”ii-".s)'-1 0,1+0,9 [1—(0.8)*'-1]
Nd 55 50 45
Wi 60 50 40

Heobxo04VMO OLIEHNTL HEKOTOPbIMA MPOLEHT, 6/M3kMEA K 50, Monb3yscb
BUHOMMASIbHBIM pacripeaenieHneM. PaccmaTpuBaroTces Aa Habopa [ij (1 v 1l).
Ans npocToTbl Bce Aucnepcum BHyTpU  KnaccoB, of = p7 (100 — p*),
cunTaroTcs paBHbIMM 2500. OTHOCUTESIbHBIE M3AEPKKN Ha MpoBeaeHue of-
HOro rMOJIHOro onpoca npu nocsliefoBaTesibHbIX 06palleHnaX B3SATbl U3
Tabn. 13.6.

B Tabn. 13.9 ykasaHbl (a) okugaemoe obLee 4mMcsio 0NpocosB, MNpPoBEAEH-
HbIX Mocsie i obpaweHnia, (6) cpegHMe U3AePXXKU Ha 3TU obpalleHns B pac-
YyeTe Ha oauH onpoc U (B) cMelleHue (p* — p).OLeHKU Y Mpyu Npeanosioxe-
Huax | n Il oTHocuTensHo Py.

Mpu npegnonoxeHun |1, Hanpumep, UCTUHHOE cpedHee O/19 COBOKYII-
HOCTW, p, paBHO 54%. CpeaHee X 3Ha4eHWiA, MOSTYHEHHbLIX MPU MEPBOM
obpawieHnn, paBHo 56,235%, UTO OAET CMeLUeHVe, paBHoe + 2,235%, Kak
yKazaHo B Tabnmue. TakTuka, npegycmaTpuBatollas Tpu obpalleHus,
YMeHbLUAEeT 3TO cMeLleHVe Ao + 0,842%.

13B  3ak. 581 389
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Ta6nwuya 139
4YMCNO OMPOCOB, U3AEPKKU HA OAMH OMPOC U CMELLEHUSA

Yncno Yucno CpeaHwve CMeLLeHme CmMelLLeHre
TpebyeMblIxX npoBeAeHHbIX M30epPXKN 1 i
ogpau.l,eHmr/i onpocos Ha oAuMH onpoc ™

1 0,425n0 100 +1,118 +2,235
2 0,771n0 105 +0,711 + 1,421
3 0,882n0 108 +0,421 +0,842
4 0,933n0 110 +0,266 +0,532
5 0,960n0 114 +0,180 +0,360

3HaueHna CKO (y), nosydaemble Mpy pa3/IMUHOIA TaKTUKe MOBTOPHbIX
06paLleHniA 1 Npy 334aHHOIA CyMME pacxo0B, CPaBHUBAOTCA MeXAy COOO0IA.
—-CHavania paccMaTpuBaeTCs Crly4aid, Korga MMEeKLUMXCa cpeacTB AocTaTod-
HO 4719 TOro, 4To6bl B3aTb N0 = 500 TO/IbKO Mpu ogHOM obpaileHun. Cor-
nacHo Tabn. 13.9 oxkuaaemoe 4MC/0 OMpocoB, MPOBOAUMBIX MPU MEpPBOM
obpawieHun, paBHo E (MY = 500 « 0,425 = 212,5. Ecnn pgenalotca gsa
obpalleHns, To (Npy coxpaHEHUN TOIA XXe CyMMbl pacXooB) 3TO OXuaaemoe
YKMC/10 OMPOCOB A0/HKHO 6bIMTb YMeHbLUeHo Ao E (M2 = 212,5/1,05 = 202,4.
AHa1I0rMYHO onpeaenseTca oxugaemoe ymcso onpocoB gns 3, 4 n 5 obpa-
LWEHMIA. 3TK 3HaveHns £ (N9 moacTasniAwoTes B opmyny (13.9) ansa Toro,

yT06bI MoyunTb V (V) 1, cnepoBatesibHo, CKO (V).
B Tabn. 13.10 npumBeaeHbl 3HadeHUs CKO ans Tpex BesiuuH 3aTparT,.,
cooTBeTCcTBYIOWMX MO = 500, 1000, 2000 npn eanHCTBEHHOM Ob6paLleHUn.

Mpn NO= 500 npuBeaeHbI Takke 3HadyeHUss CKO (Y) ans cnyyas «cMmeLle-
HVe OTCYTCTBYET», [MpU KOTOPOM  Kaxkaoe = 50. 3T0T CcTONGEL, MO-
Ka3blBaeT 3eKT MOBTOPHbIX 0OpallEHVIA B TOM C/lyyae, Korga OHM He
HY>XHbl, TMOCKO/IbKY, €C/IM OrpaHUYUTbCA eOUHCTBEHHbLIM 0b6palleHmeM,

HUKaKoro cmMmeweHmsa He BO3HUKHET.
Ta6nuuya 13.10

3HAUYEHMA CKO (y) MPU PA3INYHOM TAKTUKE OBPALLEHU 1
HEW3MEHHbIX 3ATPATAX

=500 (To/fIbKO NpH 04HOM «»= 1000 "o = 2000
Tpebye- obpalleHnn
moe
yncio
obpawenniA - CRITe * 1% [ I I I
ByeT
1 11,8 13,0 16,9 7.1 10,9 4,2 8,0
2 12,4 12,9 14,6 6,7 8,3 3,6 - 5,2
3 12,7 12,9 13,6 6,5 7,1 3,4 3,9
4 13,0 13,1 13,4 6,6 6,9 3,3 3,6
5 13,5 13,5 13,8 6,8 6,9 3,4 3,5

* CoO0TBETCTBYIOLLME CTOSOLbI 0TBEYAOT COBOKYMHOCTAM € MeHbwmvmn (I) n 6onbwmvmn (1) Be-
JINYMHAMWN CMeELLIEHNS, YKa3aHHbIMU B Tabn. 13.8.

HanmeHbluve 3HadyeHUss CKO mpu COOTBETCTBYHOLIEIA TaKTUKe MOBTOp’
HbIX 06pPALLEHUIA BblAg/EHbI XXUPHBIM LLPUGTOM. PaccMOTpUM CHavasia cry-
Yali HauMeHbLUero o6bema Bbl6opku, N0 = 500. Korga nMoBTOpHbIe o6palLe-
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Bua He Hy>HbI (MpH OTCYTCTBUM CMELLEHWS), TaKTUKa, npeaycmaTpuBato-
LWas [0 YeTbIpeX 06paLleHNEA, BeAeT VLWL K YMepeHHoMY yBesnyeHunio CKO.
Mpyn npegnonioxkeHUu |, ¢ MEHBLLLMM CMELLEHMEM, Pa3/INYHas TakTuKa obec-
rMeyrBaeT MpUGM3NTESIbHO 04HY U Ty e A0CTOBEPHOCTb, X0TS ONTUMasIb-
HasA TaKTuKa TpebyeT Tpex obpalleHuiA. [pun npegnonoxeHnn |l yaosneT-
BOpUTESIbHbIE pe3y/bTaTbl Aal0T TpU — NATb 06palleHuiA, a ec/in orpaHu-
UNTBLCA 0AHUM obpawieHnem, To CKO 6yaeT npnbnmsmnTenbHo Ha 25% 60s1b-
e MWHUMaSIbHOIO.

Mpn 60/1bLIMX 06beMax BbIGOPKU ONTUMasIbHOE YMC/IO .06paLLeHNiA yBe-
NUMBaEeTCA [0 YeTbIpeEX WM NATW, a TaKTMKa eOVHCTBEHHOro obpalie-
HUS BeOET K 6osiee 3HaUMTesIbHOLA MoTepe AOCTOBepHOCTU, '

PaCCMOTpeHHbII\/’I npumep CAyXxmT, KOHEYHO, Jnulb I/I]'U'II-OCTpaLI,I/IeI‘/’I.
3HaueHue e aToro METOAa COCTONT B TOM, YTO KOJ1b CKOPO HaKorsieHbl CBe-
HOEHNA 06 n3gepxkKax " 06 OTHOCUTESTbHbLIX CMELLEHNAX, OH OaeT BO3MOXK-

HOCTb pa3paboTaTb 3KOHOMUYHYHK TaKTUKY /19 JS1l060ro KOHKpPeTHOro Buaa
06c1eaA0BaHNIA.

13.6. OMTUMAJIbBHAA AO0NA OTBOPA CPEAVN HEOTBETUBLUWX

Apyrota nogxop, paspaboTaHHbIA XaHceHOM K1 XepBuuem (Hansen and
Hurwitz, 1946), 3ak/ito4yaeTcsi B TOM, YT0Obl, MOC/1e TOro Kak caesaHa nep-
Bas MorbITKa OMpPOCUTb MOMaBLUMX B BbIGOPKY SINL, M3B/IEYb C/y4YaiAHyto
noABbIGOPKY U3 YMC/Ia OCTABLUMXCA HEOMPOLUEHHbIMU N NMPUIOKNTL MaKcu-
MaslbHblE YCUINSA K TOMY, 4TO0Obl OMPOCUTb KaXXA0ro B 3T0LA NOoABbIGOPKE.
MepBoHa4YasibHO 3TOT  MeTog, Obu1  pa3paboTaH A  06C/eA0BaHUEA,
B KOTOpPbIX MepBbIiA pa3 0npoc rnpomssoan/n No rbyte, a 3aTeM NoABbIGOpKa
7L, He BEpHYBLUKX OMpOoCHbIe INCTbI, 06ceaoBanack 60s1ee 40porocToALLLUM
MEeTOAO0M YCTHOI0 onpoca.

CnepBa, ¢ NOMOLLbLI0 00bIYHbLIX MPaKTUYECKUX NpUeMoB b6epeTca npocTas
Cry4YaiiHaa Bbl6opKa 06bEMOM B M eanHULL. [yCcTb NF— YKCA0 eAUHUL, Bbl-
60pKK, N0 KOTOPbIM TMO/TyYeHbl MHTEPecoBaBLUME HAc CBedeHus, N N2—
4MCI0 eANHNL, BbIGOPKU B C/10€ ME0TBETMBLLMX. B AanbHelALLem, ¢ MOMOLLbHO
60/1€€ NHTEHCUBHbIX YCWIMIA, MOSTyHaroT CBeAEHUS MO C/TyYalAHOIA BblOopKe
06bEMOM B r2 eaHnL, U3 Ymcna N2 eayHuy, MNycTb

@ = k> 1. N <1311)

Toraa cpeaHAs A0Ma 0T6opa B NepPBOM C/10€ B K pa3 60o/1blue, YeM BO BigpoM.
3T0 cnegyeT M3 Toro, 4To ecsiM K onpeaeneHo 3apaHee, TO

\Mx)  \Nj \nJ

3HaueHusa N (NepBoHa4YasibHBLIA 06bEeM BbIGOPKM) U K BblOMpatoTca Tak,
UYTOObI 06ECMEUNTD OMpPeAEesIEHHYIO TOYHOCTb MpPY HaMMEHbLLLMX U3OEPKKaX.
V30ep>KKM Ha mosyyeHne BbIGOPKU paBHbI:

C car + Cj/ij +

roe c{— uv3OepKKN B pacueTe Ha OAHY eauHuLy: cO0— M3OepKKA Ha
npoBeAeHME MEPBOMA MOMbITKA, CMr— U3OEPXKKU Ha 06paboTKYy AaHHbIX
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MEPBOIA MOMbITKU U C2— U3OEPXKKM Ha MoslyvyeHmMe M 06paboTKy AaHHbIX'
BO BTOpOM csioe. MMOCKO/IbKY 3HayeHusi MX M M2 A0 MpoBeAeHUs MepBOLA
MOMbITKA HEM3BECTHbI, MPY MJ1IaHMPOBaHNKM BbIGOPKM MOMb3YHOTCA OXKUAae-
MbIMU M3gepxkamu. Oxxunaaemble 3HaYeHUS1 MX U F2 paBHbl COOTBETCTBEHHO

nu W2nlk, rae Wu W2— UCTWUHHbIE A0/IN eAVHWL, B ABYX CN0sX. Tor-
[a OKUAaeMble N3OEPXKKU PaBHbI

cOn + clWin+ -2-*n . (13.12)

MycTb YN YIT — cpefHue 3HaYeHs A1 BbIGOpKM B ABYX C/10aX. WH-
OEKC T BBOAUTCA AJ1s1 TOro, YToObl HANMOMHUTL, YTO 06beM BbIGOPKU BO BTO-
poM cfioe paBeH r2 B KayecTBe OLEHKU cpedHero A COBOKYMHOCTW
BO3bMEM

= — (nlyl+ n2y2). (13.13)
n

3ameTVM, 4TO BTOpOMY CJIOK0 MpUAAeTcs Bec N2, XO0TA BblOOpKa M3 HEro
VMeeT 06beM, paBHbIMA TO/IbKO 2. 3TO AenaeTca A1 Toro, YTobbl OLEHKa
6blU1a HECMELLEHHOIA.

OnucaHHass MeToAMKa MPeAacTaBsiAeT COB0IA YaCTHLIA Crly4aia ABOMAHOIO
oT60pa ¢ paccsioeHnem. MepBasi, WM «60siblIasi» BblGopKa 06bema M JaeT
OLIEHKY OTHOLUEHUs 06beMoB c/1oeB, MXLN2 BTopas, wim «manas» Bbl6opKa
VMeeT 06beM X B MEPBOM C/10€ U 2 BO BTOPOM.

[Ansa Toro utobbl Hatam V (Y ), 3anuviem
\Y - («1 YT+ «2Y2n)+ — ¥b1— ¥Y2n), (13-14)

roe yan— cpegHee ans Beeia BbI6opkM obbema N2 B crioe 2.

MepBbliA YsleH B NPaBoiA YaCcTW paBeHCTBa eCTb cpeaHee /19 C/lyHalAHoIA
BbIGOPKM 06bEMA M BO BCelA COBOKYMHOCTU. CrieaoBaTesibHO, ero Auncrnepcusi
paBHa

(N—n) S2
N n’
roe S2— pgucnepcns 4N BCeA COBOKYMHOCTWU. 3aMeTuM dasiee, yuTo npu

HaxXOXAEeHUM AuCHepcun Yy yABOEHHOE Mpou3BedeHMe MepBoro WU BTOPOro
UsIeHOB AAET Hy/lb. ITO MPOUCXOAUT MOTOMY, YTO

£[y2n(1/2r— 1/2ml= 0

Mo BCEM C/TyHalAHbIM Bbl6opKaMm 06beMa ra, KOTopble MOryT 6bITb U3B/IEYEHbI
M3 HeM3MeHHOIA BbIOGOPKN 06beMa M2

PaccmoTpymMm BTOpOA urieH B npaBoiA YacTtu (13.14). MNMycTb Y2— cpea-
Hee 3HauyeHVie O/19 C/10 HEeOTBETUBLUMX. Torga vmveem

OA—Y2=(Y A—Y2nm)+(YT+—Y2),
TaK 4To0

EG2r -Y = E(Yr-Y2w + E (y2n—y %.

YABOeHHOEe Mpou3BeAeHME AAET Hy/Ib MO TEM XXe MpuUnHaM, YTO N paHbLLe.
Jdanee, yA ecTb cpegHee 019 MNPOCTOMA C/ly4alAHOIA BbIGOpKM o6bema ra

BO BTOPOM c/10e, a YA1— cpefiHee 4J19 MPOCTOIA C/Ty4YalAHOI BbIGOPKU 00b-
ema /2 B ToM Xe cnoe. CnepoBaTesibHO, Mpy HEVMBMEHHBLIX M n 2

2P —A—=E(y2r-y AV + _3-,
(35?5 TRy ar P

roe S| — gucnepcust B c/loe HEOTBETMBLUMX. ITO O3eT

E(y2r-y2ny =S| (»——--U S5/ 12 _@gp Lt
v Y S r2 nz n2r2 n2
Tak Kak n2= kr2
CnepoBaTtesibHO, CK/MadblBasi AUCMepcMn AByxX dneHoB w3 (13.14) npu
HEM3MEHHOM M2, HaxoAuM

YEIA)Z Y 0 mgeasfay @B sic

(N—n) S2 , (k—1

nASl (13.15)
N n * ri

Mockonbky E (N2 — nW2, oxnpgaemas gmcnepcusi ectb

yiy)=. n- + Si (13.16)
N n n

MepBbIA YneH NpeAcTaBseET COGOMA Aucrepcuio, KoTopas 6buia 6bl Mo-
nydeHa, ecnn Obl B Cfl0e HEOTBETUBLUMX ObuM (h66paHbl BCe N2 eAnHWULL,
BTopoia wieH ecTb NpupalleHne gucrnepcuu, Bbl3BaHHOE TeM, YTOo 0TOupaeT-
CA TOJIbKO 2 eauHnL, 13 M2

3HaueHus N u K nogbupatoTca Tenepb TaKMMK, YTOObI MpU 3aJaHHOM
3HauyeHUN oxugaemoii gucnepcuun (13.16) 6bUIM MUHUMaSIbHBI CpegHMe n3-
Aepxkn (13.12).

PeweHvem cnyxat

: 13.17
KOt—y  sifc.+tilft) (1347

roe V — 3apaHHas BesiMuvHa AMCNepcun OUEeHKN cpeaHero A1 CoBOKyM-
HOCTW.

[ns Toro yTobbl MosyYnTb peLleHne, HY>KHO 3HaTb W 2N\dacTo ero Mox-
HO OLEHWTb MO OMbITY MpeAblaylMX o6eeaoBaHuiA. Kpome S2, 3HaueHue
KOTOpoiA crieflyeT OLEeHUTL 3apaHee Mpu Jio6oiA 3aaaqe onpedesieHns o6bemMa
BbIGOPKM, B PELLEHUM y4yacTBYeT TakxKe BenmumHa S|, aucriepcust B crioe
HEOTBETMBLUMX. ECTEeCTBEHHO, YTO 3HayeHVe S| npeackasaTb TPYAHEE;
OHO, BEPOSATHO, He COBMaaaeT ¢ S2 Hampumep, Npu MPOBOAVMMbLIX MO royTe
06CN1eA0BaHNAX GO/IbLUMHCTBA BUAOB 3KOHOMUYECKOA OeSTeTbHOCTU OTBETHI
yallle MocTyMaloT OT 60/1ee KPYMHbIX eAUHKLL, AMCTepcUs Mexay KoTopbIMU
6obLUe, YeM AMcrepcust Mexay HeoTBETUBLLMMM.
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Ecnu M3BECTHO HETOYHO, TO A1 MNOJSIyYEeHUs YA0B/1eTBOPUTESTbHO
MPUBIMIKEHUA HYXHO HatATU NOPt Anis nHTepBaia mpearnosiaraeMbix 3H
ueHnia W2 mexay O 1 HaeXkHOM BEPXHEIA IpaHULEIA. MaKcMMasibHoe U
3TMX NOPt NpuHMMaeTcA B KayecTBe MepBOHaYas/lbHOro obbema BblOOPK
n. MNocsie Toro Kak BepHYTCS 3aros/IHEHHbIMW OTTpaBsIeHHbIe MO Mo4YTe on
POCHblE SINCTbI, CTAHOBUTCA W3BECTHLIM 3HadeHMe M2 Terepb BbIpaXeHU
ana aucnepcum (13.15) MOXHO pa3pelunTb 0THocUTes1bHO K ansa Toro, uto?
HalATU ero 3HadeHue, obecrieumBatoLLiee xenatesibHyo aucnepcunio V. TMp
TakoM MeToAe U3OEePKKU 06bIMHO 0Ka3blBAKTCH /UL HEHAMHOro 60sibLu
ONTUMA/TIbHBLIX U3AEPXKEK, KOoTopble nonyunnucb 6bl, ecim W2 6bui
M3BECTHO.

Mprimvep. 3TOT npumep B3AT U3 cTaTbM XaHceHa M XepBuua (Hans
and Hurwitz, 1946). NepBas Bbl6OpKa OMpawlvBaeTcs Mo royrte, Mnpuye?
0XNAAETCH, YTO MNPOLEHT OTBETMBLUMX COCTaBUT 0Kos10 50%. >KenaTesbH
MMETb TaKyl TOYHOCTb, KOTopas 6bula 6bl MoslyveHa 418 MPOCTOM Cryyain
HO Bbl6opku 06bemom B 1000 eamHul, ecri 6bl HEOTBETUBLUMX He Obu1o
V30ep>XKuU Ha OTrpaBKy 0 royTe 04HOM0 OMPOCHOr0 JIUCTa COCTaBSIAK
10 ueHTOB, a N3aepXKU Ha 06paboTKy 3anos/IHEHHOI0 OMNPOCHOI0 JINCTA
40 UEeHTOB. YCTHbIA 0NPOC 04HOr0 YesioBeka ctouT 4,1 aonn.

CKOJIbKO OMpPOCHbIX JINCTOB HY>XHO Pa3oc/1iaTbh M KakO MpOLEHT HEOT:
BETUBLLMX HY>XHO OMPOCUTb YCTHO?

B 0603HaveHmAX GyHKUMKU nsgepkek (13.12) nsgepkkm B pacyeTe H
o4HY eanHvLy (B fosiiapax) paBHbI:
cO (U34epXKKM Ha MepByH MNOMNbITKY) = 0,1

(V30ePKKM Ha 06paboTKY AaHHbIX B pacyeTe Ha O4HOro OTBETUBLLEND)

- 0,4;

C2 (U3OepXKKN Ha nosiydeHne 1 06paboTKy AdaHHbIX B pacyeTe Ha OofHor-
HEOTBETUBLLIEN0) = 4,5,
OnTuMasibHbIE MU K MOXHO BblHMC/IUTL MO opmyiam (13.17) n (13.18).

Ecnu gucnepcn S2 n S* cumTaTb paBHbIMM M MpeanosnioknTs, 4to N Be
JINKO, TO

nr W) =1/ _ 15p5_ =y 75= 2739
kopt—1y/ otcvn Y 0,1+04-05

A0M==5,[1+(* - DI»1l = 1000{l + 1,739-0,5}= 1870.

3amMeTuM, 4YTO Mbl OO/DKHbI NofiokuTb SZV = 1000, wwm V = S21000
TaK Kak rocsieHee BbIpaXeHue ecTb AMcnepcnsl, KOTopyto nmesio 6bl cpes
Hee 15 BbI6opkM 06bemoM B 1000 eAuHULL MpU OTCYTCTBUM HEOTBETUBLLINX

Takum 06pa3om, A0/MKHO ObIMb pa3ocsiaHo 1870 ornpocHbIX JINCTOB
MprbnnanTesibHo 935 M3 HMX He ByayT BO3BpaLLEHbI U Mbl A0/DKHbI MpoBe
CTW YCTHbIA 0NpPOC MO C/TyHalAHOIA MofABbl6opke o6bemom B 935/2,739, wm
onpocnTb 341 4yenoseka. 3aepXkku coctaBaT 2095 agosnn.

Kak ykaszan Oep6uH (Durbin, 1954), Ma/10BEPOATHO, UYTO MPUMEHEHU
nogoT6opa NpUBEAET K 3aMETHOMY BbIIpPbILLY, €C/IN TOJIbKO C2 He BEJIMK
no cpaBHeHuto ¢ (cO + CjflPj). 3T gBe BeNNUMHBLI CPaBHUBAKOTCA MOTOMY
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yTo (co + CjUY) — oknaaemble U3OEPKKU Ha MpoBeaeHVe MEPBOIA MOMbITKA
1 06paboTKy pe3ysibTaToB B pacyeTe Ha 04HY eAVHULY, a C2 MMEET TOT Xe
CMbIC/1 A/19 BTOPOiA MNONbITKA. V3 paBeHCTB, MNpUBEAEHHbLIX paHee, MOXHO
BbIBECTW, YTO OTHOLLEHMNE M3AEPXKEK Ha MostydeHue 3adaHHoro V npu k = 1
(oTcyTcTBME MofoTOOpa) K MUHUMAaIbHBIM M34epXKKaM Mpy ONTUMaSIbHOM
k cocTtaBnisieT
S2(co+Cl Y1 -bcj W2)
[y (S2-w2si) (cO+a U7i)+ y?2 w2SZ2P ~

co + Ci

_ WWI@EO+CM +VFM 2

npn ycnoBun, 4to S2 n S1 nNpmbnnanTesibHO paBHbl. Ecnun oTHoweHme c2
K (cO + CilFx) 0603HauMTL Yepe3 I, TO yKazaHHOe OTHOLLIEHVE U3AEPXKEK MpU-
MeT BUL,

12

(Vw~i+Vrw22 .

Hanpumep, ons r = 4, oTHoweHve nsgepxek pasHo 1,029 npm Wt — 0,5;
1,074 — npu Wk = 0,8 n 1,061 — npu Wx= 0,9.. Ecnn, ogHako, S2cy-
LEeCTBEHHO 6onbLue, Yem ST, To MoAoTH0P A0/HKEH AaThb GOMBLUMIA BbIMIPbILLL

Mpwn paccrioeHHOM 0T6ope onTUMasibHbIe 3HaveHUs nh v kh gna otpens-'
HbIX C/10eB UMEIOT BECbMA C/I0KHBIA BUA. [18 TOro 4tobbl MoslyynTb X0pPo-
Lee NpubsvKeHue, HY>XHO CHayasia ¢ MOMOLLbI0 METOAOB M3 Mnaparpagos
5.5 n 5.6 oyeHNTb 06bEMbI BbIGOPKK M0 ciosM, LN, KoTopble 6buU1M 6bl He-
06xX04MMbI, ec/in 6bl HEOTBETMBLUMX He 6bu1o. Jan”é, n3 (13.18) npmu W2= 0

MMEEM (

NS2
no—--——— .

CnepoBaTenbHo, (13.18) MOXHO MnepenucaTb B BUAE

ﬁop | -% orﬂl b A
|

3TO0 paBeHCTBO, MPUMEHEHHOE OTAEMbHO K KaXKA0MY C/10t0, AaeT npubv-
XEHME K OMTMMasibHbIM nNh. OnTuMasibHble 3HadeHust Kh Haxogum, npm-
MEHSASA B KaxXgom crioe dopmyny (13.17) -=-

OnucaHHble NpYeMbl MOXHO NPUMEHATL MPW NOSTyYEeHUM OLLEHOK Mo 0T-
HOLLEHMIO U MO perpeccun. B cnydae OLEHKM MO OTHOLUEHWIO BeSIMUYMHBI
S2 n §> HyXHO 3ameHUTb BesivumHamn S| n S¥d, roe dt =yt — Rxt.
B cny4ae oueHkn no perpeccun BmecTo S2 6epetca S2 (1 — p2 v BMeCTo

S| 6epetca SI (1 — p2.

13.7. MOMPABKWM HA CMELWEHWE
BE3 MOBTOPHbIX OBPALLEHNN

OCTPOYMHbIA METOA, YMEHbLLEHUSI CMELLEHNIA, MPUCYTCTBYHOLLUNX B pe-
3y/ibTaTax MepBoro obpaweHuvs, 6ol NpegsiokeH Xaptauv (Hartley, 1946)
M pa3BuT B dasibHelilwem Monmuem n CummoHcom (Politz and Simmons,
1949, 1950; Simmons, 1954). bygem cunTaTb, 4YTO BCe obpalleHns npouc-
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XOAST B TeueHme KaKoro-s1moo 13 LWecTn 6yaHUX BeYepoB Heaenn. Onpalum—~
BaeMbIiA IO/HKEH OTBETUTDL, Obl1 /1M OH AOMa B TO BPeMsi, Korga NpoBoANTCS
0npoc, B Kaxapli/i 13 MATY NpeaLlecTBYOWMX 6yAHUX BevepoB. Ecnuv onpa-
LLMBaEMbIIA CO06LLI@ET, YTO OH Obl1 Aoma t BeuepoB U3 MATW, TO B KayecTBe
OLEHKWM 4acTOTbl 1, C KaKOI OH HaxoAuUTCs AOMa BO BpeMs ornpoca, MpUHU-
MaeTcs oTHowleHne (t + 1)/6.

Pe3ynbTaTbl MepBoro obpalleHms pasbmBatoTCcA Ha LLUECTb Fpynn B COOT-
BETCTBAM €O 3HadeHusamun t (0, 1, 2, 3, 4, 5). O6o3Ha4YMM 4epe3 Nt yuncno

OrMpocoB, MpoBedeHHbIX B t-HA rpynne, M uyepe3 yt— cpegHee 3HauyeHve
B Held HabslogaemMoro npusHaka. OueHka Monuvua — CUMMOHCa cpegHero
3HaYeHWs 01 COBOKYMHOCTU [X UMeeT BUf,

2 enttfi/(*+1)

I *=0

Yps— 5
2 6n/(/+1)
<0

3TOT noaxoA, rnoAdvepKuBaeT, 4TO pe3y/bTaTbl MepBOro obpalleHus
COCTOSAT B OCHOBHOM W3 HabsioAeHNIA A1 L, NpoBOAALMX A0Ma 60/1bLLUYO
YacTb BpemMeHW. [MOCKOSIbKY JIMUO, MNpoBoAsllee OOMa, B cpefiHeM, [0/1t0
S1 BCEro BpeMeHU, MMeET BEPOSTHOCTb ObITb BK/IOUYEHHbLIM B BbIGOPKY S, €ro
OTBET A0JDKEH MO/TYYNTb BEC, paBHbLIMA 1/9. B KauecTBe oueHKU M cnyxmT
BesimumHa 6I(t + 1). Takmm o06pa3om, oueHka YPS cmelleHa MeHbLue,
yeM BbIB6OPOYHOE cpeaHee Mo JaHHBLIM MepPBOro 06paLleHus, Y, HO ee gucnep-
cusa 60siblle, MOTOMY YTO HEB3BELLUEHHOE cpefHee 3[eCb 3aMeHsieTcs B3Be-
LEHHbIM C BecamV, OLIEHVBaEMbIMM MO BbIGOPKE.

Mpu mn3ydeHnn cpegHero v aucriepcum yPS  Mbl Bocnosib3yemcsi 0603-
HauyeHusIMM Naparpaga 13.5. Pa3geniv COBOKYMHOCTb Ha KJlacCbl Tak, YTO
nvua u3 /-ro KJiacca rnpoBoAAT AOMa A0S0 BpeMeHU 1} 3aMeTuMm, uTo t-A
rpynna (T. e. /ivga, HaxoAMBLUVECS foMa t BEUepoB 13 MSTU NMpeLLecTBYHO-
LWMX) COAEPXKUT JSUL, U3 pasHbIX KuaccoB. MycThb njt, yn — yucno sny,
M cpedHee 3HadeHMe Mpu3HakaN\aas fvd, npuHagiexawuyx oaHOBPeMEHHO
knaccy } u rpynne t. Torga yPS MOXHO 3anucaTb B C/ieAytoWEM BUAE:

_ ZZbijtyjtHi+I)

MRO=-~55gnjtHc+Ty

3TO0 oLeHKa TuMa OLEHKM Mo oTHolweHuo. O6o3Haumm ee vepes N/D. Ans
60/1bLUMX BbIGOPOK ee cpeaHee 3HaveHme npnbvkeHHo pasHo E (N)IE (D).

MycTb NO— nepBOHaYa/IbHbLIA 06bEM BbIGOPKU (YMC/I0 OMPOLLEHHbIX
MJIKOC YMC/10 He 0Ka3aBLUMXCS A0Ma) U tij — 4unCc/Io OMpOLIEeHHbIX M3 Kslacca
j. Choenaem criepytowime npeanosioKeHus:

(@) JZL ectb GuHOMMasibHas oueHka p-s/,
«0

(6) E (MH Inj) = ns ™ (1—5,)6-#

(B) E{yjt)= N ona Becex / n t.
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MpepnonoxeHve (6) MOXeT BbI3BaTb BO3paXeHUSA. He BOaBasAcb B Mmog-
pobHoe 06Cy>kaeHMe, 3aMeETVM, YTO, MPUHSIB €ro, Mbl CHMTaeM, YTO JIoan
npaBuJIbHO COOOLLAIOT O TOM, CKOJIbKO pas OHU 6bUIn goma.

Mpn [aHHOM j, MONb3yAcb MpeariosiokeHvieM (6), MMeem

EVn (_4=mny ( _ _ E1 a@—al/l-*=
/So M+ 1/ t45-t)'- N 1

OTctoga, nonb3yAcb npeanosiokeHnem (a), mnosyvaem

E(D)= Y [L- (1- a A= n0y PAI-(1- 1,)6]
/-1 ft

[Janee, nockonbky E (Yjt) = uy-ana mobbix / 1 t, npuxogum K Npnbauv-
>KEHHOMY paBEHCTBY

E(Mps)~ Wps ~ ~ —~ .
/2:|py[l— (1-"-)H

MockosbKY WUCTUHHOE cpefiHee L, = BennumnHa YPs  no-npex-
HEMY COXpaHsieT HEKOTOpoe CMeLleHVe. B HEKOTOpOM CMbIC/ie 3Ta OLeHKa
VIMEET TO XXe CMeLLeHWe, 4To U Y6 BbIGOpoYHOE BpeaHee, Mnoslydaemoe rpum
NMPUMEHEHVUV METOAA MOBTOPHbIX 06palIEHWIA B Crlyyae, Korga genaeTcs,
npy HeobXxoAMMOCTW, A0 LECTU obpalleHniA. B naparpade 13.5 ns ypaBHe-
HuA (13.8) cregoBano, UTo METoZ, MOBTOPHBLIX 06paLLEHMIA ¢ | o6palLeHnaAMN
[aeT HeCMeLLIEHHYH0 oLeHKY i = ~wijPj\i,j/"20MjPj, roewtj — BeposiTHOCTb
TOro, YTO SINLQ U3 KJlacca j 6yAeT OMpoLLEeHO, ec/iM OHO MoNaZaeT B BbIGOPKY.
Mycte W} = JT|. Ecnv npy ganbHeALLMX 06palleHUsX BeposiTHOCTb 3a-,
CTaTb AOMa paHee HEeOornpoLUEeHHOr0 YesiloBeKa 0CTaeTcs paBHOMA n}, To * 1

n>«= [1— (1— 4,)1],
Tak yto fips = IV OpHako (Mpy NpMMEHEHUM METOoAA MOBTOPHBLIX 06pa-
LLIEHNEA) MOXXET 0Ka3aTbCsl, YTO BEPOSTHOCTL ObITb OMPOLLUEHHbLIM MpY Mocsie-
Aytouem obpaleHun 6yaeT 6onblue Ay r3—3a Toro, YTo npy Nepsom Win Bo-
obLle Npy npedLlecTBYHOLWMX 06palleHnsax obenenoBatesib MoslyyvyaeT HeKo-
Topble CBeeHUs 06 OTCyTCTBYIOLWEM. B 3aToM criyvae MeTof, NOBTOPHbLIX 06-
PaLLEHVIA C LLECTbI0 06palLleHUAMW OACT MeHbLUEE CMELLIEHVE.

Ancnepcnsa yps nmeeT BecbMa CrOKHbIA By, C MOMOLLBIO 06bIYHOIO
npueVdKeHNs AN OLEHKM Mo OTHoweHuo, creaysa JemuHry (Deming,.
1953), ee MOXKHO 3anucaTb B BUOE

Yy (YPS) « —m7M7 {2 N3PiE) [c]+ (\j—jlps)2] +

+ («0— 1) 2 inipi? (Bj—Af) (§— Ups)3,
397



Tae

B,-y —"-T — 5— «I(l—

X0TSl peasibHY0 3HAYMMOCTb KaXKA0ro 4sieHa 3ToiA hopMysibl TPYAHO
npeacTaBUTb 6e3 MPUMEHEHUSI €e K KOHKPETHBLIM COBOKYMHOCTSIM, MOXHO
BCE K& cAenaTb ABa 06LWmMX 3amedaHus. Ecnim f mano pasnuuatoTtes, T. e.
€C/IN CMELLEHVE 417 MEPBbIX 00palUEHUEA YMepeHHOoe, TO [/1aBHYH PoJib
B 3T0IA (hopmysie UrpaeT MepBblA UsieH

370 BblpakeHNe 06bl4HO 6biBaeT Ha 25—30% 60sibLUe, YeM AUCMEPCUS He-

B3BELLEHHOr0 cpeHero Ans nepBbix obpawleHViA. Kpome Toro, V (Yps)
COOEPXUT UsieH, KOTOpbIA He ybbiBaeT mpu yeenudeHun O n Ans o4veHb
mO0/TbLLMX BbIGOPOK CTAHOBUTCA CyLLECTBEHHbLIM.

B 3aknloyeHWe 3amMeTVM, 4YTO, KakK MoKasasl aHa/IM3 MMUTUPOBaHHbIX
ECOBOKYTIHOCTeIA, nMpoBeaeHHbIA demuHrom (Deming, 1953), OepbuHom (Dur-
bin, 1954) n aBTOPOM 3TOIA KHUIA, OMMCaHHBIMA TO/IbKO YTO METO4, UMeEeT
60/1bLLIVE MPENMYLLECTBA MO0 CPABHEHWIO C METOAOM MOBTOPHLIX 06paLLeHNIA
,B TOM C/lyyae, Korja CMeLLeHUs N5 MNepBbIX 006pallleHUIA CyLLEeCTBEHHbI 1
06beM BbIGOPKM BeNVK. YMeHbLLeHNe CKO npu Tex e u3aepxkKax, 04HaKo,
HEBEJIMKO, €C/IN TOJ/IbKO MOBTOPHbIE 06palLleHNs1 He 06X0AATCS 3HAUUTESTbHO
[0poXxe, yeM npegnonarasiock paHee. MeTog Monvua — CUMMOHCa UMeeT
TO MNPEUMYLLIECTBO, YTOOH SKOHOMUT Bpemsl. K ero HeocTaTKaM OTHOCUTCS
BO3MOXHOCTb HETOYHOIO M HEMOJSTHOMO OrpeesieHnst 3Ha4YeHNiA t, B aHa/mse
OHa He yunTbiBa/1acb. OMUCAHHBLIEA METO4, MOXHO, Kak npeasiokuns Cum-
MoOHC (Simmons, 1954), NPUMEHATL B COMETAHUN C HECKO/IbKVMIM MOBTOPHbI-
MW 06paLLEHUSIMN.

Bbun nNpeaIokeHbl N HEKOTOpble Apyrne MeToAbl MCK/IIHEHUS CMeLLe-
HUS, BbI3bIBAEMOI0 «He OKalaBLUMMMUCA foMa». BbapTonombio (Bartholo-
mew, 1961) paccmaTpmBasli 06c/nieaoBaHMe C ABYMs obpaileHusmn. OH
npeanosiokus, YTo obcnedoBaresib, MyTeM TLUATE IbHbIX PaccrpocoB, Mo-
XKET O06UTbCA TOro, YTO BEPOSITHOCTb BCTPETUTHL MpY BTOPOM 06palleHun
7L, He 0KasaBLUMXCS A0Ma Npuy MepBoM obpalleHumn, byaeT npubnmsnTesib-
HO OAVHAKOBOM A/11 BCEX 3TUX /iy, Ecnuv 3To ycrioBUe BbIMNOSIHSAETCS, TO
A2 fUL, OonpalivBaeMbiX TMpyv BTOPOM 06pallleHWKn, MpeacTaB/sioT Co-
6O CryyalAHyl0 MnoABbIGOpKY M3 uucra (M0— nr) sid, nponyLeHHbIX
npu nepBom ob6paweHnn. CnegoBaTesibHO, BblpaXkXeHMe + (N0—

—ni)yZ]In0 ecTb HecMmelLgHHas OLEHKa cpefHero A5 BbIGOpKU, KOTOPYH
Mbl NepBOHaYa/1IbHO HaMepeBa/INCb MOSYUUTb. STOT METOZ, XOPOLUO NPOsBUII,
cebs B HeKOTOpbIX 06c/efoBaHUSIX B BenmkobpuTaHun, B KoTopbixX Bap-
TonoMblo ero npumeHsn. Kuw n Xecc (Kish and Hess, 1959) ykaszann Ha
BO3MOXHOCTb MPUMEHEHUA MNPU MOBTOPHbLIX 06C/1e40BaHUAX OAaHHbBIX 0 He*
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O0TBETUBLLMX B MPOLL/IbIX 06C/1e40BaHNSAX B KayecTBe AaHHbIX 0 HEOTBETMB-
LMX B TeKyLleM o6crienoBaHuU. [ cy4das, KorgacMeLleHme npy nepBbIxX
obpalleHnsax 0bHapy>XmBaeT ornpefesieHHY0 3aKOHOMEpPHOCTb, KaK 3To
6bUT0 B Tabs. 13.1, HeKoTopble 3KCTParosISILMOHHbIE METoAbl A1 OLEeHU-
BaHWS CpeHUX pe3ysibTaToB, KOTOpble MOr/iM 6bl MokasaTb HEOTBETUBLLVE,
6bUM NpegnokeHbl XeHgpukcom (Hendricks, 1949).

13.8. MATEMATUYECKAA MOAE/b OWMNBEOK HABNOAEHNA

MbICIEHHO MOXXHO cebe MpeACTaBUTb, YTO BO3MOXHO MPOU3BECTU 6Oslb-
LI0e YMC/0 He3aBUCUMbIX Hab/oaeHWA t-4 eguHyubl. TMycTb yia — 3Ha-
yYeHVie, Mosly4yaemoe Mpu a-mM HabnwaeHuW. Torpa

Jia W ~b "iat

rae jij — WCTWMHHOE 3HayeHWe, eia — oWnbKa HabsIrAeHWS.

MoHATVE «<MCTUHHOE 3HaUeHVe» TpebyeT KOMMeHTapmeB. [1/11 HEKOTOpbIX
MPU3HAKOB 3TO MOHATWME MPOCTO M KOHKPETHO. Harmpumep, npy MHBEHTa-
pv3auun, MpPOBOAUMOIA MyTeM BbIGOPOHYHOIA MPOBEPKU, WCTUHHBLIM YMC/I0M
KaKnxX-To OETa/IeIA MOXHO CUMTATb YNC/I0 3TUX AETa/eiA, eXallmx Ha Mnosike
ckfaga B 12 yacoB OHSA B OMpeaesieHHbIA AeHb. B HEKOTOPLIX Crly4vasix uc—..
TUHHOE 3HavYeHMe MOXXHO orpefesnTb, YKasblBas MpoLecc, C MOMOLLbIO
KOTOpPOro OHO YycTaHaBfmMBaeTcs. VICTMHHOE AmacTosindeckoe AasrieHuve
KpPOBM Yy 4esioBeKa B yKa3zaHHOe BpeMsi MOXKHO OMnpefesivTb Kak 3HaudeHue,
rosly4yaemoe B pe3ysibTaTe ero U3MepeHust cTaHAapTHbLIM MpUGopoM corsiac-
HO TLUaTesIbHO pa3paboTaHHbIM MpaBuiaM. Mbl,’ 04HaKo, 0TAaeM cebe oTyeT
B TOM, YTO Hall CTaHAAPTHBLIA NprUGop NPOU3BOAMT U3MEPEHUS C OLUMOGKaMU
M YTO MOXXHO paccUnTbIBaTb Ha CO3JaHNMe CO BpeMEHEM 6osiee TOYHOro Npu-
6opa. UTo KacaeTcs ApYrmx NpM3HAKoB, TakuX, Kak, Harnpumep, HEKOTopble
acneKTbl OTHOLLEHNS C/YXKaLLero K ero HaHUMaTes ito v OLLyLLieHWe Yeslo-
BEKOM CBOE/ CMOCOGHOCTM CMpaB/iATbCA C MOBCEAHEBHbIMW Mpo6siemMamul,
TO HUKTO HE MOXET YTBepXAaTb, YTO OH B/IaAeeT YAOBMIETBOPUTESIbHBIM Me-
TOOOM U3MEPEHUS UX <UCTUHHOMO 3HaYeHUs». TemM He MeHee 3TO MOoHATUE
0CTaeTcs Mosie3HbIM faXe B TaKUX C/y4dasix. 1 »

MNpy MOBTOPHbLIX HabMOAEHUSAX OOHOIA U TOM Xe eOVHWLBI OLLUMOKU Ha-
6oaeHNs eia 6yayT criefoBaTb HEKOTOPOMY pacripedesieHnto vactoT. 0603-
Haumm udepe3 Pi n a] — cpegHee n gucniepcumio eia ans i-AeguHniubl. Benu-
UMHa pr NpeAacTaB/iIeET COGOLA CMeLLeHVe, BO3HMKAKOLLEe Mpy Hab/iioaeHUN.
3HaueHwus Pi v of 3aBUCAT, KOHEYHO, 0T XapaKTepa M3y4Yaemoro npusHaka u
0T CpeacTB M3MepeHus. OHM MOryT 3aBUCETb TaKXKe 0T MHOIMMX ApYTruX ak-
TOpOB. B OTHOLLIEHVM COBOKYMHOCTEIA JHQOEIA Ha OTBETHI OMNpaLlnBaeMbIX MO-
ryT B/VSATb Mpeob/iajaoliyie B AaHHBIEA MOMEHT 3KOHOMUWYECKME YC10BUSE
M MNOSIMTUYECKME HACTPOEHUS, a TaKKe MacllTab 1 XapakTep npeaBapuTesib-
HbIX cBEAEHUIA 06 06cnefoBaHUK, KOTOpble MOTy4aeT HacesieHve.

CrieoytoLMiA LWar CocTOMT B TOM, YTOObl pacCMOTpeTb, KaK MEHSIOTCH
OLLIMOKM Hab/oaeHWs Mpy nepexoae 0T OAHOA eavHVLBI K ApyroiA. 3aech
TaKXKe MOryT BO3HUWKHYTb pPa3/INYHbIE OC/I0KHEHUS.

UTo KacaeTcs c/laraemoro, npeacTaBsisiiollero coboia cvelleHve, P;, To
MOXKET CYLLECTBOBaTb MOCTOSIHHOE CMeLleHue, ckaxem, E (Pi) = P, npu-
cylliee BceM eavHMLAM COBOKYMHocTU. Kpome Hero 6yAeT mpucyTCTBOBaTb
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cnaraemoe (P;— P), crnepyiollee HEKOTOPOMY pacripefe/IeHNI0 YacToT BO
BCEIA COBOKYMHOCTU. 3TO crlaraemoe MOXET ObITb KOPpPesinpoBasio ¢ UCTUH-
HbIM 3Ha4YeHVeM (X, HaNpUMep U3MepUTesIbHOe YCTPOLACTBO MOXET CUCTEMa-
TUYECKU NpeyMeHbLIaTb 60MbLUMe U MNpeyBeiMumMBaTb Masible 3HaveHUs (.

MoXeT TakXe CyLIeCTBOBaTb KOppessumst Mexay 3HaudeHusiMu eia
415 pa3/INYHbIX €OUNHNLL B OHOIA U ToAXKe BblO6opKe. MpocTeiALMM NpUMeEPOM
CNY>XUT «CMeLLleHWe obcneaoBaTens». VIHOrga B cpefHUX 3HauYeHUsIX
MosyYeHHbIX pasHbIMU 06cefoBaTeNiAMN 419 CPaBHUMbIX YacTelA oaHOIA U
TOIA )XKe COBOKYMHOCTU, 06HApY>XMBas/INCb NPOCTO NoOpasuTesibHbIE pas3/inyuus
[cm. (Lienau, 1941), (Mahalanobis, 1946) n (Barr, 1957).

Moao6HBLINA 3hPeKT BO3HMKa Takke, Korga BblOOpKM ON1S OLeHUBaHUSA
Gyayllero ypoxas oTéupanin pasHble 6puragbl obcriegoBaTtesiein M Korga
XUMWYECKNE WX BMOMI0rnyeckue aHasim3bl NPoM3BOANINCE B pa3HbIX /1abo-
paTopusX. Y4yacTue 4esioBeka — He eOMHCTBEHHbIIA (haKTop, Bbi3bIBAOLLMIA
KOppesnsaumio Mexay eaMHvbamn, HabmogaemMbIMi NpnbansnTesisHoO B 04HO
M TO XXe BpeMs. Ha MHorve npoueccbl HabnoaeHNs BAUSET Moroaa; MHorga
NpUMeHsIeTCA Cbipbe, KAa4eCcTBO KOTOPOro MeHSIeTCA OT MapTumM K MNapTuwn.
Kak ykasbiBaloT XaHceH, XepBuy, un bepwo (Hansen, Hurwitz and Bers-
had, 1961), Npy oLEHMBAHUN HbHELLHELA NPOAAKHOM  LieHbI OMOB, MOCTPO-
€HHbIX HECKO/IbKO JIeT Haslafd, 06Hapy>XWusocb, YTO 06crneaoBaTeniv U Oo-
MOBJ1aesbLibl, onpeaeniss CTOMMOCTb AOMOB, He NPoAaBaBLUMXCA B TedeHue
MHOIMX JIET, PYKOBOACTBOB/INCh LIEHaMM Tex OOMOB B BblOOpKe, KOTOpble
6bUIM MpoAaHbl HedaBHO. TakMM 06pa3oM, cpedHss LeHa, MoslyYeHHas o
BbIOOpKe, MOXET 3aBUCETb OT MOpsAKa, B KaKOM MOSBASIOTCA B BblOOpPKe
He[aBHO MpPOAaHHble AoMa.

Ana Toro 4Ttobbl Ucc/enoBaTbh TakMe BHYTPUBbLIOGOPOUHbIE KOppesisauum
B Hanb6osee o6Lem Buae, TpebyeTca 6osiee cnoXxxHas Mogdesib, Yem npeacTas-
NeHHas 34ecb. B yacTHOCTUW, 0603HaYeHUs 415 €ia U pr A0/DKHbI 6bUM 6bl
yKa3bIBaTb Ha TO 06CTOATENIbCTBO, UTO UX BeSiMYMHA MOXET 3aBUCETb OT
TOro, Kakue ewe eayHuLbI 0Kasasincb B Bblbopke. O4HaKo Te BUabI Koppe-
NAumKn, KoTopble, no-BUAMMOMY, Hanbosiee TUMUYHBI 4719 NPaKTUKK, Bros-
He MOryT ObITb OTPaXEHbl MPEACTAB/IEHHOLA MOAE/bI0 WM ee MpocTbIMU
0606LLEHNSAMMN.

Cnaraemble olWNO6KN HabstogeHus ceedeHbl B Tabn. 13.11.

Ta6bnHuya 1311
CNATAEMBIE OWBKW HABTOOEHNA MO i EAVHULIE

CumBon XapakTep C/1araeMoro OLv6Km
P CMelleHWe, MOCTOSIHHOE A1 BCEX eAVHUL,
Pr-P MepemMeHHast cocTaBNAOWAs CMeLWEeHUs, MoAYMHALLAACA NPH

n3MeHeHUM | HEKOTOPOMY pacrpefesnieHno YacToT CO CPeaHUM
3HaYeHNEeM HyMb, W, BO3MOXHO, KOPPE/IMPOBaHHAasA C WUCTUH-
HbIM 3HayeHVeM Li;.

/\ia~ e'a pP* dnyKTyupylouwaa cocTaBasowas ownbku, npyu HeusmMeHHOM |
N MeHswuwemcs a, noaynmHsluiaaca HeKoTopoMy pacnpeaesne-

HUKO 4acToT CO CcpeaHMM 3HayYeHMEM Hy/b U ,CI,I/ICI'IepCI/IeI7I 0?.
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Mbl y>Ke OTMeYa/IM paHee, YTO Be/IMUMHbI P; 1 dta anis pa3finyHbIX eauy-
HVLL B OOHOA 1 TOIAXKe BbIG0pKE MOIyT ObMb KOPPesIMpoBaHbI ApYT C APYTOM.

Mogenu, cxoxme B 06LLMX YepTax ¢ TO/IbKO YTO OMUCAHHOM, Mcc/eaoBa-
nucb B paboTax XaHceHa u gp. (Hansen et al., 1951), CykxaTma u CeTxa
(Sukhatme and Seth, 1952), a Takke XaHceHa, XepBuua v bepwo (Han-
sen, Hurwitz and Bershad, 1961).

13.9. 3¢PEKT MOCTOAHHOIO CMELWEHWA

MpeanosiokKMM, UTo 3HaUYeHUs HabnoaeHWiA yt y Beex eavHuL, noaBep-
YKEHbl HEKOTOPOMY MOCTOSSHHOMY CMELLEHWUIO p, BE/IMYMHA KOTOPOro Hews-

BecTHa. Torpa cpefHee 3HadeHue y O/ NPOCTOIA C/TyuaiAHoIA BbIGOPKN TaK-
Xe MnoaBepXeHo CMELLEHMIO p. B oueHKe Ancnepcn BbI60POYHOI0 cpegHero
3TO CMeLLeHMe COKpaLLLaeTesl, MOCKOMbKY OLeHKa BbIMUC/ISETCS KaK CymMma

KBagpaToB Buaa (Yt — y)2 CnepnoBaTesibHO, A0BepUTEsIbHbIE FpaHULbI O/1s1

Y, BbMUC/MIEHHbIE MO AAHHBLIM BbIGOPKM 00bIYHBLIM MyTeM, He ByayT yunTbl-
BaTb 9TOr0 CMELLEHUs. AHaSIOrMYHble YTBEPKAEHWS cripaBea/mMBbl U O1s
pacc/1I0eHHOI0 c/ly4yaiiHoro oT6opa.

B CyLHOCTU, TO XXe MOJIOKEHME BO3HUKAET U B C/lyyae OLIEHOK M0 0THO-
LLEHMIO 1 MO perpeccun. PaccMOTpUM OLIEHKY MO perpeccum

YIr= ¥+ b(X—x),

roe Kak ylt Tak n xt Moryt 6bmb MoaBep>XXeH” MOCTOSAHHBLIM CMELLEHUSIM
COOTBETCTBEHHO Py 1 P*. TToCKO/bKY MNpM 3TOM 3HaJYeHWe OUeHKU b, mony-
UEHHOIA METOAOM HalMEHbLUMX KBagpaToB, HE MEHSETCs, U CMeLUeHne p*

coKpawaeTcss B uieHe (X — X), BefiMuMHa yIr uveeT cMmelleHne p”. He-

TPYAHO NPOBEPUTDL, YTO BbIGOpOYHHasA oueHKa aucnepcun V (M) He copep-
XUT cnaraemoro, 06ycC/10B/IEHHOI0 STUMU CMELLEHUSIMI.
B cny4yae oueHKM no oTHOLLEeHWIO

Yu=4rX r
X

CMeLLEHVie B MEPBOM_MPUBIVXKEHNN Takke paBHO P4 NocKosibKy A1t 60/1b-

Wnx BbIGopoK E {X/X) npnbaivkeHHo paBHO 1, Aaxe ecnn Xt NoaBep>KeHb!

MOCTOAHHOMY CMeLleHUo. N5 60/1blnX BbIGOPOK OLleHKa AMChepcuMn o
BblOOpKe

<"-">SO»-W
n Nn n—1

paccMaTpuBaemMasi B KadecTBe OLIEHKMU

e Gn- yT,

T. €. B KayeCcTBe OLUeHKWN Auncrnepcnn oTHoOCUTesSIbHO CMELLIEHHOIO cpeaHero,
Y, Moyt He VMeeT CMeLUeHnA.
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3 Bcero ckasaHHOro cseayeT, YTO MOCTOSAHHOI0 CMELLEHUST M0 AaHHbIM
BbIOOPKM 06HapYXUTb Hesnb3d. Kak Mbl yxe Buaenn (naparpad 1.7),
95%-Hble AoBEpPUTESIbHbIE FPaHULLbI MOYTU HE M3MEHSIOTCS, C/IN OTHOLLEHNE
Py K cTaHOapTHOIA OLLIMGKE OLEHKM cpeaHero MeHbLue 0,1, HO ec/IM 3TO OTHO-
LIeHMe MpeBbILLAET YKa3aHHOEe 3Ha4YeHUe, TO BbIUWC/IEHHbIE AOBEPUTESIbHbIE
rpaHvLbl MOTYT BBECTM B 3abnyxaeHne. OUEHKM VBMEHEHWA OT O4HOro
nepuoga BpEMEHN K ApYroMy WM OT O4HOr0 C/1051 K ApYroMy OcTakTcs He-
CMELLEHHbIMWU MpU YC/I0BUUW, YTO CMELLEHNE Be3AE OAMHAKOBO.

1310. 39PEKT OWWMBOK, HEKOPPEJ/IMPOBAHHbLIX BHYTPW BbIEOPKW/

ECcny NoCTOSHHBLIM CMELLEHMEM MOXHO MpeHebpeyb M ONGKM Habsto-
[EHNA HEKOppesiMpoBaHbl BHYTPM BbI6GOPKU, TO OCTalOTCS cripaBed/IMBbIMU
06bluHble hopMy/ibl, MpeAHa3HauyeHHble 151 OUEHMBaHUS CTaHAAPTHbIX
OLUMGOK BbIGOPOUHbIX OLEHOK MPU YC/I0BUW, UTO WieHbI MKC NPEHetpexxnmo
Masibl. 3TO YTBEPXKAEHWE ByAET A0Ka3aHO A/15 C/Tyyas MPoCcTOoro c/ly4atAHoro
oT60pa.

Halwy mMogenb MOXHO 3anucaTb B BUae

Yia = Pi + Pi + dia = M + 4ia, (13.19)

roe P = fa + precTb cpegHee 3HaudeHVe HaGMQAEHWIA |-AeauHMUpI, MO-
NyyaeMbIX C MOMOLLBIO OMpeaesieHHoro rnpotecca. MocKo/bKy MoCTOsAHHOE
CMELLEHVE HE YUMTbIBaeTCs,
E (p;) = 0; E (WO = ("= wuCTUHHOMY cpedHeMY OJ/151 COBOKYMHOCTW.
MbI npegnonaraem, v Ansa 60NbLUMHCTBA 06c/1e40BaHUEA 3TO CrpaBea/IMBo,
UTO MO KaXOO eauHMLE NPou3BOAMTCA TOSIbKO OAHO HabnoaeHue.Bbl-
6GOpoUHble cpedHWe BefvuvH Yia, U! un dia o603HauMm uyepe3 ya, p' u

da. CornacHo (13.19)
Ya— —P)+ <,
MockonbKy, no onpegenennio dia, BenuumHa E (dia i) = 0, cpegHee yNo
€CTb HECMeLLeHHasi OLeHKa L, Mpy MpoCcTOM c/lyyabiHoM oT6ope. [Janee,.
(Ya-p)2= (p'-p)2+ +2da(f' - w. (13.20>
CnepoBatesibHO,
V&)= E(i'-]i)*+£(4& (13.21)»
YABOEHHOE MpoV3BEAEHVE 00palllaeTcss B Hy/lb, TaK KaK cpefHee 3HauyeHve
dia paBHO Hynto gsis no6oro .
CHauana B03bMeM cpefiHee M0 MHOMOKpaTHbIM Hab/IioAeHNAM 04HOI0 W.

TOro e Habopa M eguHWU,. MockonbKy dia o1 pas/iNuYHbIX eAVHULL He3a-
BUCUMbI,

E(day=x=%c?.
n2 |
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Ecniv Tenepb B3STb cpegHee Mo BceM MPOCTbIM ClydaliHbIM BbIGOPKaM, TO
Mbl MO/TyHUM

+-S-2"»=-"SS+i-A (1322)

roe Ga obo3HadaeT cpefiHee 3HaYeHUIA AMcrnepcniAi OLMGOK HabnoaeHUs.

3ameTum, YTo SE- — Aucnepeuns BesiUvH (pr + pr) 4719 COBOKYMHOCTW.
OHa 006bl4HO 60sblle, 4YeM SE£, AMCNepcUs UCTUHHBIX 3HAYeHUIA p I ans
COBOKYMHOCTU, XOTA OHa MOXET ObIMb M MeHbLLe, ecqiv KOoppensaumsa pru
Pr oTpuuaTenbHa. Mpu n — N, T. e. Korga BblI60pKa 0XBaTbIBaeT BCIO COBO-
KynHocTb, V (ya) He ob6paljaeTcsi B Hy/slb, NOTOMY 4YTO OLIMGKW Habnwoae-
HMA paloT cnaraemoe 0%/N.

M3 ypaBHeHUs (13.22), Kak 3amMeTwn XaHceH, XepBul, 1 bepwo (Ha-
nsen, Hurwitz and Bershad, 1961), BbITeKaeT MHTEPECHOE CrieAcTBUE O/151
cny4asi, Korga oueHuBaeTcs gons P ans coBokynHocTw. MycTb A5 /o6oiA
eOVHVLBI UCTVHHOE 3Ha4YeHWe pr paBHO 1, ec/m eAvHWLA MPUHAAIEXUT
knaccy C, n 0 B NpoTUBHOM C/ly4ae. Torga

E(pp=P; S*= 1 (- 12 = ~O— PQ. (13.23)

Ecnn HabnoaeHne NponsBoaMTCA € OLUMOGKaMM, TO 3TO 3HAUUT, YTO He-
KOTOpble eANHNLBI KTacCUPULMPYIOTCA HenpaBubHO. 18 KaXaoiA Takoii
eAVH/LBI NMPY MHOMOKPaTHbIX HaG/Il0AEHVSIX PErucTpupyemMoe 3HadeHue yia
vHorga 6yaeT paBHo 1, a mHorga O. MycTb Pt— pona HabrgeHWiA t-i4
eavHUUBI, Npy KoTopbix Yia = 1. Torga yia 6yaeT c/lyualAHOMA NepeMeHHOIA,
pacripefiesIeHHOMA M0 6UHOMMAsIbHOMY 3aKOHY CO  CPeAHUM 3HaYeHWem
Hi = Pi uc aucnepcreiidia, paBHoiA PiQt. CnepoBaTesibHO, ecnivi BbIGOpPOU-
Has oueHKa ecTb pa = ya, To (13.22) npuHuMaeT BUA,

F(pa)=-L=LS (p-pP2 +J _ Yy PQ < —1—[](._p)2+
n N—1 nN ™ n(N— 1 1/~" +

N “q . / N N N N\

+2 PtQ*= n (2 P\- np*+2 Pt— 2P?) =

= N -

n(NN_ ) PQ (13.24)
Ha ocHoBaHuKn (13.23).

BenimumHa Sfc/n ectb To 3HauyeHMe, KOTopoe MpuHsAa 6bl AmMcnepcust
V (Pa)> ecrv 6bl pacripegenieHe Mo Kiaccam Mpov3BOoAMIIOCH 6e3 OLIMBOK
n n/N 6bUI0 NpeHebpexxnmo Masio. Ecnmn pacnpeperneHve no kiaccam Mpo-
MCX0AUT C OIMBKamMu, To pe3ysibTaT B opmysie (13.24), corsiacHO KoTopoia
V (pa) sc; SN, obHapexvBaeT. OH MOXeT MoKasaTbCs, 04HaKo, NMapajoK-
ca/IbHbIM, MOCKOSIbKY MOXXHO ObU10 0KUAATb, YTO 3T OLLUMOKN AO/DKHBI OKa-
3bIBaTb G0sibLLEE BNUsHME Ha V (pa)- O6BACHUTL ero c/ieayeTt TeM, YTO Mpuv
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oueHuBaHuK gonn kKoppenaumsa mexay fif n p; Bcerga otpyyatensHa. Ecnm
w = 1, T0 < 0, MOocKoJIbKY Pi = +pd< 1 aecm yr= 0, TO
Pi > 0, nockonbky Pi > 0.

Bo3Bpallasicb K c/ly4aro HEMNpepbIBHOIA MEPEMEHHOIA, 3anmLLeEM 00bIYHYO

thopmyny oueHkn aucnepcun V (ya) ro Bblbopke

viya)= xzLs*= m-/ ,
n n n—1

CornacHo (13.19)
Via.— Ya.= (HH/— "') + {dia— da).

Bo3Boas B KBagpaT u Geps cpegHee cHadasia Nno MHOFOKpaTHbIM Hab1to-
OEHVSIM, a 3aTeM M0 BCEM BO3MOXHbLIM U3B/IEUEHVSIM BbIGOPKW, MOSTyYaemM

E(s9 <E [ + 2

CnepoBaTtesibHo,

Ev Cya) = n n © I (13.25)

CpaBHuBas ¢ qopmysiota (13.22), Mbl BUAUM, 4To V (Ya) MMeeT oTpuLaTeslb-
Hoe cMmelleHme, paBHoe CY N. C [OpyroiA CTOpPOHbI, €C/IN B BbIPaXKEHUMN
ansa v (I7a) onyctntb wieH nkc (1 — /), To 3HadeHne gucrniepcum GyaeT npe-
yBesinyeHo Ha BesiumHy S™'/N.

Tem >e. nMyTeM MOXHO MNOKa3aTb, YTO OCTalOTCA CrnpaBed/IMBbIMA MpU-
BeleHHble B Npeablayliyx rnaBax opMysibl  BbIGOPOUHbLIX OLEHOK Aucnep-
CVIA /11 paccs/I0eHHOro 0T6opa 1 A4J19 MHOroCcTyrneH4YaToro oTéopa 1 4to npu
60/1bLLIMX BbIGOPKAX OCTalOTCA CripaBed/IMBbIMU MPUGSIVIKEHHbIE (HOPMY bl
19 OLLEHOK M0 OTHOLLEHWIO 1 OLLEHOK MO perpeccumn npu ycsoBuu, YTo own6-
K1 HabloaeHV BE/IMUMH Yia U Xia HEKOppesIMpoBaHbl BHYTPU BbIGOPKU U
YTO MOMNpaBKamMm Ha KOHEYHOCTb COBOKYTMHOCTU MOXXHO npeHebpeyb. (Owmnb-
Ka yta MOXeT ObITb KOppesinpoBaHa C OLWMOKOLA A1 COOTBETCTBYHOLLENO
mXia-)

B cBA3M C TO/IbKO YTO CKa3aHHbIM BO3HMKaeT BOMPOC: B KaKoro posa
06criefoBaHNAX OLLIMOKM HAbIIOAEHNS BHYTPU BbIGOPKM HEKOPPE/IMPOBaHbI?
MocKosIbKY Koppensums BHYTPU BbIGOPKM MOXET BO3HMKATb B rpoLiecce
HabogeHws, npu Ay6simMpoBaHUN Hab/IKOOEHNIA, MPU UCNPaB/IEHNN N KOAW-
poBaHMU 3armceiA, 0CO6eHHO ecriv Mo Xo4y Aena MpUHUMAOTCS CyObeKTuB-
Hble pelleHns, 1 Npyv nepeHoce OaHHbIX A/19 MAWWHHOIA 06paboTKM, TO
C MpeariosnioKeHNEM 0 TOM, YTO KOppensaums OTCYTCTBYET, CrewunTb He
cnegyet. OoHako B 06c/1efoBaHUAX, MPOU3BOAUMBIX Ha OCHOBaHUU [OKY-
MEHTOB, MNpU camoperucTpaumu (Kak, Hanpumep, rpu obcneaoBaHUSAX Mo
rnouTe), KOrga AMua M3 OOHOMA BbIOGOPKM He MOryT KOHCY/1bTUpoBaTbCA
Opyr C Opyrom, M B 006C/fiedoBaHUAX COBOKYMHOCTEA, COCTOSALLMX U3
HeoAyLeB/IeHHbIX MPeAMeToB, Korga Hab/oaeHUs 00beKTUBHbI, BO3MOXK-
HOCTb TakOI Koppensauun Ao/HkKHa bbb MUHUMaSIbHOIA.

13.11. 3¢PEKT KOPPENALUNMN MEXAOY OLUNBEKAMN
BHYTPWN BbIBOPKW/

Mogenb . B
yia ~ Pi "bdia —(ij dia

[2eT BO3MOXHOCTb PacCMOTPEeTb HEKOTOpble U3 Hanbosiee TUMUYHBIX BUAOB
KOPPeNsunmM BHYTPU BbIGOPKM B MPearosioKeHUN, YTo Be/iMuMHbl die ans
eAVHVL, B OAHOA U TOIA XXe BbIGOpKe KoppesimpoBaHbl. Mpy HaxoxaeHuu

V (ya) Bce paccykaeHus, npoBefeHHble B naparpade 13.8, MNOMHOCTLIO
COXpaHATCA BrU/10Tb A0 paBeHcTBa (13.21):

Ybl =£(4 '-"~+£(1). (13.21)

Tenepb

CnepoBaTesibHO,
E (£) = — 03 + 2nai"--ZVE (diadla), (13.26)
n 2n2

rae npousBeseHVs BO BTOPOM YsieHe 6epyTcs Mo BCEM Mapam euHuL, B 04-
HOIA 1 ToMXKe BblGopKe. [0 aHa/1orum ¢ rHe3f1oBbIM 0TGOPOM cpeaHNIA Koat-
(QULMEHT Koppenauum BHY TpU BbIGOPKU, PW, m oj~ho OMpeae/inTb C NMOMOLLBIO
paBeHCTBa: '

E{diadja) = p uo3-
OTctoga, nonb3ydacb (13.22) n (13.26), nosydaem

Vy:_/\sA_[|+(«_|)pJ_ (13.27)
n n

CpegHee 3HauyeHue V (ya) onpedesnsieTcs TeM >Ke MyTeM U OKasblBaeTe#'
paBHbIM:

Ev(y)=-#A-S*~ +-#=Lo$(1-pJ. '  (1328)

MockonbKy AN 60MbLUMHCTBA BUAOB OLUMOGOK HabwogeHus pw, Mo-
BUAVIMOMY, MOSIOKUTESIbHO, 06bIuHasA (opmyna ana v (ya), Kak npaBusio,
rMpeyMeHbLLIaeT 3HayeHWe AUcMnepcun. 3HaUuUTesIbHO /1N TaKoe MpeyMeHb-
LLeHWe, 3aBUCUT OT COOTHOLLEHMSA MexXay BesiMumHammn ££¢, 08 N NPW.

3Ta Modesib 0TpaXkaeT TOJIbKO MPOCTEMALLMIA BUA, KOPPensAuMn BHYTPU
Bbl6opKW. Mpwn pacc/ioeHHOM 0T60pe, Hanpumep, paboTHUK, KOAUPYHOLNIA
3anucu, MoXeT 06pabaTblBaTb MaTepuasibl MO HECKO/IbKUM Cr108M 4 13—-3a
HEernpaBU/IbHOIO MOHUMaHUS WHCTPYKUMIA MOXET BHECTU B 3TU [JaHHble
OLUMGBKMN, KOTOpble ByAyT KoppesimpoBaHbl MeXay criosiMn. PaccMoTpeHHyo
MaTeMaTUYECKYHO MOAE/Ib MOXHO MPUCMOCOBUTL K CUTYaLMaM Takoro Tmna.
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1312. 39EKT OWLMBEOK HAB/TIOAEHNA. PE3IOME

CoriacHo ONVCaHHOIA MOAEeN cpegHee 417 MPOCTOA C/lyqalAHOA Bbl6op-
KU, Y, 6b1/10 6bl HECMELLEHHBLIM 1 UMeso 6bl gucnepcmio SE/n  (ecnivi NpeHe6-
peub MKc), ecnn Obl Bce HabntogeHns 6bun BrosiHe A0CTOBEPHbIMU. 13-3a
OWM60K HaGMIOAEHNST PacCMOTPEHHbIX BUAOB 3TO CpeaHee MOXET VMeETb
cMelleHne BESIMUMHBI p U CPeAHUIA KBaapaT ero OLUNMOKN ecTb

CKObl = -L(S£, +03 [1+ (A~ 1)pl} +p2 (13.29)

roe u/ = N + Pi

dopmyna (13.29) conepxuT aBa uneHa: Sfi'/ti no& (1 — pw/n, koTopble
C YBE/IMYEHMEM I YMEHBLLAKOTCSA MponopLyoHasibHo 1/n. [lBa ocTaBLUMXCS
uneHa (p,,,a8 n P2 Ha nepBblA B3rNs4 KaXyTcsl He 3aBUCALLMMMK OT I
Takoe npeanosiokeHvie 6bUT10 Obl, BEPOSITHO, C/IMLLKOM YMpPOLLEHHbIM. Bcs-
KOe CyLleCTBEHHOe M3MeHeHMe o00bema BbIOOPKM MOXET noTpeboBaTb He-
KOTOPOro W3MeHeHUsl B MeTodaxX HernocpeACTBEHHOro HabriogeHus, a 3To
MOXET MOBMUSATb Ha P,,, U Ha p2 OgHaKo rpyv U3MeHeHUM N 3TV ABa Y/leHa
LO/MKHbI MEHATBLCA (€C/TM OHM BOOOLLIE MEHSIHOTCS) CPaBHUTETbHO MeAJIEHHO.
MosTomMy AN 6o/ibLUMX BbIGOpoK BenuumHa CKO 6yaeT, Mo-BUAMMOMY,
onpefenaTbCs 3TVMU ABYMSI Y/leHaMW, a posib 00bIMHOIA BbIGOPOYHOLA Anc-
nepcuMmn CTaHOBUTCSA HE3HAYMNTESTbHOIA, UYTO MeLLaeT CyauTb Mo Held 0 OelACT-
BUTE/TLHOA [10CTOBEPHOCTU BbIGOPOHHBIX AaHHBIX.

13.13. N3YYEHWE OWNBOK HABJ/IIOAEHNA

B nocnegHve roabl Npy aHasIM3e NpakTUKY BbIGOPOHHOI0 1CC/1e0BaHUSA
MHOF0 YCWIMIA 6b/10 MOCBALLEHO M3YYEHNIO OLLUMOOK HabsitoaeHus. Lienbto
3Toro 6bI10 YCTaHOBUTb, KaKne (PakTopbl 0KasbIBalOT HanbosibLlee BINSHUE
HI4 cnaraemMble CKO, 1 valATU MyTWU YMEHbBLUEHNS 3TOro BIMSHUA. HeKoTo-
pble M3 OCHOBHbIX METOAOB TaKoro aHasin3a ornucaHbl B 3TOM W crefdy-
owem naparpadax. CetAvac y>ke siCHO, YTO MPOrpecc B 3TOM HamnpasB/ieHNN
6yneT MefsieHHbIM 1 06oiAaeTcs HefelleBo. OaHa M3 MPUYMH 3TOM0 3aKJ/IH0-
YyaeTca B TOM, YTO, KakK YyXe YMOMWHas10Cb, OLUMOKN HabriiodeHus Hepas-
PbIBHO CBfi3aHbl C XapaKTepoM W3yyaembIX MPU3HAKOB U C MPOLLECCOM
HabnoaeHus. JaHHble 06 owmnbKax HabnogeHWs B O04HOM 06c/ieAoBaHUN
pefKo MOXHO CUMTATb MPUroAHbIMWU 418 ApYTUX 06Cef0BaHUIA.

B wnpaeane Hawlyulwmia cnocob usyyeHUs owM60K HabnoaeHWs npea-
rnoslaraeT noslydeHme UCTUHHBLIX 3HadeHniA fij. Ha npakTuke Takoia noaxon,
orpaHu4yeH Npu3HakKamu, 015 KOTOpbIX CYLLeCTBYET MpUeMsieMbIA crocob
HaxoXxaeHus a Takke msgepxkamu, cBa3aHHbLIMWU C HEOBX0AMMbIM AS15
3Toro obcsiefoBaHUEM U BO3MOXHOCTBIO €ro npoBecTwu. Npvmepbl MOXHO
HabtTn y Bennoka (Belloc, 1954), KoTopbli/i cpaBHUBaJT JaHHbIE O TOM, Jie-
4YMSICA NN YesioBeK B 6OSIbHULLE, MOSyYEHHbIE MpU OMNpoce Ha A0MY, C OaH-
HbIMW, OCHOBaHHbIMW Ha 60/IbHUYHOA perucTpauun, n y Ipes (Gray,
1955), KOTopbliA cpaBHMBaJT cBedeHUs1 06 OTryckax Mo 6os1e3Hn, coobluae-
Mble CMY>XKalWMMK, € 3anmcaMm B UX JIMYHbIX Aenax. [poBepkn Takoro
TuUMNa — HasblBaeMble WHOrAa «MpoBepKamMu M0 [A0KYMEHTaM» — MOXXHO
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npovn3BOANTbL M0 TakKUM MpU3HaKaMm, KakK BO3pacT, 3aHATME, YMCSIO0 JIET 00Y-
YeHUs1 U MsiaTa 3a aBToMO6Ub. OfHa U3 TPYAHOCTElA COCTOMT B TOM, YTO
VHOrJa B [A0KYMEHTax HeT CBeAEHWIA, MO03BOJISOWMX TOUYHO YCTaHOBUTD,
TO /I XXe camoe /ML 6bI10 OMPOLLEHO.

He pacroniaras noaxogsLivMm crocobom onpegesieHnss UCTUHHOIMO 3Ha-
YeHWsl, MOXXHO MOCTYNUTb MHaye, & MMEHHO, BHOBb MPOBECTWU Hab/oaeHne
HEKOTOPbIM HEe3aBUCMMbIM METOZOM, KOTOpbIUA cuMTaeTcss 6osiee [OCTOBEp-
HbiM. Knw v NlaHeumHr (Kish and Lansing, 1954), Hanpumep, ans TOro
YTOObI OLIEHVTb MPOAAKHYHO LIeHY AOMOB, KOTOpas paHee yXe 6bisia c006-
leHa caMyuMM BriaZienibLiaMy, MpUriawasvn npojeccuoHasibHbIX' oueHLwm-
KoB. Mpu 06cnenoBaHMAX 3a60/1€BaEMOCTM OTBEThI OMpallMBaeMbIX CPaBHU-
BaJ/IMCb /IGO0 C 3anMuCAMM Bpayda O COCTOSHUM 340pOBbs OMpallivBaemoro,
b0 co cBeAEHMAMMU, MOJTYHEHHBbIMU MOCsIe MOSIHOM0 MeAMLIVIHCKONO o6ere-
poBaHuA [(Sagen, Dunham and Simmons, 1959) n (Trussell and Elirison,
1959)]. Pe3ynbTaTbl TakKoro poAa CpaBHEHUIA He BCerga JIerko nogaalTcia
VMHTepnpeTaumm B TepMmMHax OnncaHHoOA paHee MoAesniv, NOCKosIbKY WN'6onee
COBepLUEHHbIe cpeacTBa HabloaeHNs MOryT AaBaTb OLUMOKKM, 04HAK0 Takme
CpaBHEHUS, MO KpalAHElA Mepe, 06Hapy>XMBalOT, M0 KakKMM Mpu3HaKam pe-
3y/IbTaTbl, MOSTyYEHHbIE C MOMOLLBI 00bIYHbLIX CPeACTB M 6osee CoBEpLUEH-
HbIX CPEACTB, COr/1acytoTCsl, a Mo KakuM HeT.

Mpu 06cnenoBaHUSAX OOMOXO3SAMCTB elle 0AHa BO3MOXHOCTb' coCcTOUT
B TOM, YT0Obl MOBTOPHO OMPOCUTb HEKOTOPYH MOABbLIGOPKY U3 UunC/a YKe-
OMpoLLeHHbIX. B ogHOM BapuaHTe 3TOro mMeToda posib 6osiee A0CTOBEPHOIO
cpeacTBa Hab/lAEHNST UFPaeT bpuraga o6creaoBarTesieil, NnpoBoAALLMX MOB-
TOPHbIA 0MNPOC: B HEE BKJ/IOYAKOTCA JTyudllire paboTHUKU U OMPOCHBIA nuct
LenaeTcs 6osiee NoAPoOHbIM Y TLWATE TIbHO UCTbITbIBaeTCA. Mpu Takom’ nog-
Xo[e OCHOBHOEe 3HayeHue MpPUAAETCH OTbICKaHMIO MPU3HAKOB* OTHOCUTESTb-
HO KOTOpbIX MepBbIA 0MNpoC OKasasica HeAoCTOBEPHLIM, U MPUUYMH  3TOIA
HeLoCTOBEpHOCTU. B Apyrom BapuaHTe 6puragy 418 noBTopHorp ;ohpoda
CTPeEMATCA Noao6paTh N3 paboOTHUKOB TOr0 XXe YPOBHS, 4TO U
Ec/in MOXKHO cunTaTb, 4YTO ABe 3TU Gpuradbl o6cneaoBaTesnieid JlaloT \mga
HE3aBUCUMbIX Habopa HabrogeHwiA:. yia =, p/ + dia iAYn" HB&3T.
+ dia- To nosoBuHa KBagpaTa pasHocTiA, (yia — yia-fl2, MOrn'a*~cTo-
YXUTb OLIEHKOIA AVicnepcun O0TBETOB, 02, A/191CO0TBETCTBYHOLWEro Mpuanp-
Ka. Mpu 060Mx noAxofdax BO3HWMKAaeT 3aTpyAHeHMe, CBA3aHHOE C Tem,MuTo
BTOPOIA OTBET MOXET He ObMMb HE3aBUCVIMbIM OT MEPBOro. OnpaluvBaemblia
MOXXET MPOCTO MOBTOPUTbL MO MaMATU PTBETA KOTOPbIA OH [as1 nps NepBoMm
ornpoce, Tak YTO pacxoXAeHus B oTBeTax npeymeHbliat of, Ecnp p°ou
COKpaLLleHNs 3TOro B/IVSIHUA YBESIMUUTL TMPOMEXYTOK BpemeHu, MexXay
[BYMs1 MOCELLEHNSIMW, TO NpY BTOPOM OMpOCe OMpaliMBaEMbIEA MOXeT yxe
ns0Xo NOMHUTbL TO, 0 YEM ero crpalumBa‘ N paHbLUe, Tak YTO pacxoXxaeHus
B OoTBeTax npeyBenunyat of.

VHorpa ygaeTcs npomsBecTu 06LLiee cpaBHeHMe pe3ysibTaToB ABYX pas-
JIMYHbIX obcriefoBaHUIA. [Na uesnoro psga npu3HakoB AaHHbIe nepenuvcu
HaceneHuss CLUA MOXHO CpaBHUTb C aHa/I0MMYHbIMU OaHHLIMU TeKyLlero
o6cnepoBaHmsa HaceneHus (Current Population Survey), nposoAMMoro BTo
e camoe Bpemsi. NockonbKy Tekyllee 06c/1ei0BaHME HacesIeHNS cunTaeTcs
60s1€€ [OCTOBEPHBLIM, 0COOEHHO B OTHOLLEHUM TeX MPU3HAKO0B, HabnwoaeHne
KOTOPbIX 3aTPYAHUTE/IbHO, TO MOXHO MPUGAVDKEHHO OLIEHUTb BEMMUUHY
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CMELLEHNA P, BbI3BAaHHOIO OLUMOKaMV Hab/loAeHUs B OaHHbIX reper»
(Hansen, Hurwitz and Bershad, 1961). CtmBaH n MakkapTu (Steph>]
and McCarthy, 1958) aHaNM3MpylOT pe3y/bTaTbl COMOCTaB/IeHNS AaHHbIX®
rnosly4YeHHbIX MyTeM 0T6opa KBOTaMW U MyTeM BEPOSATHOCTHOro oT6opy

13.14. BBAUMOTTPOHNKAKOWWE NMOABLIBOPKU

3TOT MeToad, nMpea/iokeHHbIA MaxanaHobucom (Mahalanobis, 1946)®
0CO6EHHO MOJSIE3eH MpU M3YYEHUU KOpPesIMpoBaHHbIX OWMGOK. Ana T
yTobObI NPeACTaBMTL €ro B HaMbosiee NPoCTOM BUAE, NPEANOSIOKNM, YTO C,
Yal/iHasi BbIGopKa 06beMOM B M eAUHKLL CITyHalAHBbIM 06pa3oM pa3brBaeTcst
K nogBbI6opok, Kaxpas u3 KoTopbix cogepkuT T — nlk egyHuny,  Co(
BEHHO 06c/iefoBaHME N pa3paboTKa MaTepuasioB BbIGOPKM MaHMPYHOTC»
TakK, YT0Obl He BO3HUKA/I0 KOPPEsIALN MeXAy OLUNOGKaMM HabIloaeHnst r
ObIX ABYX €AUHUL, B pa3/IMYHbIX MoABbloopKax. [peanosiokvum, Hanpume
UTO KOpPesLUUs, KOTOPY Mbl A0/DKHbI UCC/1e0BaTh, BO3HUKAET UCKITHOUN-
TesIbHO 13-3a CMELLIEHNIA, 00YC/I0B/IEHHbLIX PaboToiA obereaosateniein (int
viewer bias —'B gabHelAlLEM — CMeLLeHMe Yy  06c/ieoBaTesetA.
Mprivey. nepeB.). Ecnn kaxkaomy u3 K obcrienosatesieii BblagneHa oTAe ibHa
noABbIGopKa U HET KOppensiunu Mexay olmnmbKamMn HabniogeHus y pasHb
obcnenoBatenieid, To 3To M GyAeT MPUMEPOM MPUMEHEHUST YMOMSIHYTO!
MeToza.

MpuMeHss yXXe pacCMOTPEHHYI MaTeMaTUYecKyro Modesb, ynob
CHabaANTb eauHULbI ABOAHBIM MHAEKCOM. MycTb m

Yup. = \4Hi +difa, u

raoe i — Homep noABbl6opku (0bcrieaoBaTens) M j — wieH BHyTpy nog-1]
BbI6GOPKM. MKC He yUnTbIBaeTCs. _

MockonbKy -1 NoABbIGopKa MpeacTaBnseT coboiA CrlyyaliHyo MmapbH
60pKYy, OHa camMa ecTb MNpocTas c/lyyaiiHas Bblbopka ob6bema T. CriegoBaB
TesibHO, cornacHo (13.27), gucnepcusn ee cpefiHEro ecTb

V (yid) —---{SI- =08 [1+ (tn 1) PU)]}>

roe puw— KospUUMEHT Koppeniaumm mexay 3HadeHusimn dija, nonydeH-
HbIMA OZHUM 1 TeM e obcriedoBaTesieM. TaK KaK OLMOKW B pasHbIX Moa-"

BbIOOpKax He3aBUCUMBbI,
= 4- >=— | '+
V(ya) 4K Y (Ne o isl

[+ (m-1)pl}. (13.3(|3__E,;JH

& W
Ha ocHoBe AaHHbIX BbIGOPKM Mbl MOXEM TMPOBECTU AMNCMEPCUOHHbH ml
aHas/1I13, passiIoKUB ANCMEPCUIO Ha CrlaraeMble, MEKLLIME CBOUM UCTOYHUKOM” J
Bapuaumio «mexay obcnenoBatesniaimm (MogBblI6opKaMmn)» U «y 06criegoBaTe. |
JEeA (BHYTpY MNoABbIGOPOK)». HeTpyAHO MpPoBEPUTb, YTO MaTeEMaTUYECK~*
OKUOAHUS 3HAYeHUIA CcpegHUX — KBagpaToB MMET BuA, YKasaH!
B Tabn. 13.12.
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Ta6bnuuya 1312

MATEMATUYECKUWE OXNOAHNA CPEAHUX KBAJPATOB
(HA OCHOBAHUW OTAE/IbHOW EAVHNLLbI)

CteneHn

cBo6oabl CpeaHue KBagpaTbl

E (cpeprux kBagpaToB)

Mexay obcneno- K-\ 9 T/ (yia—yaf
BaTtenamn  (nog- +Orf
BbIGOpPKaMMU) k=\ ¢ [1 + (m—DPul]
Y o6cneposate- K (T — 1) A o
eiA , (Vlia-yiaY 4" +°d (1-Pio)
&w k(m-1

M3 3Toro aHasiMsa BbITEKAKOT [Ba BaXHbIX YTBepkAeHus. CpaBHMBas
¢ (13.30), mbl Buaum, 4uto slin ectb HecmelleHHas oueHKa V (ya). Takum
06pa3oM, OMNUCbIBAEMbIA METOA OaeT OLEHKY OLUIMOKM, KOTOopas YYUTbIBaeT
cMeLleHus1 'y obcrieaoBatenieil. Kpome Toro, STOT aHa/IM3 [aeT CcBeAeHus
0 3HayeHMM p”~. BenmnumHa /"-oTHoweHuss d/s% paeT KpuUTepuita ona npo-
BEPKU HyneBoiA rumnotesbl pwi=0. BenuumHa (sf, — s])/m ecTb Hecme-
LeHHaa oueHKa po%. 3ToT (akT Mo3BOJISIET HaM OTBETUTH Ha BOMPOC:
Kakyto 4acTe V (yd) cocTaBnsieT craraemoe, 06yC/10B/IEHHOE CMELLEHNEM
y 0bcnenopBaTeneiA? s Toro yYTobbl MPeacTaBUThb CUTYaLMIO, KOrJa CMeLLe-
HVe Yy o06cneaoBaTesieid OTCYTCTBYET, HY)KHO MONOKUTL pro= 0 u pgo-
nycTuTb, 4YTOo 0% ocTaeTca 6e3 uaMeHeHus. [pu 3aTUX NPearnosIOKEHUAX

V(yd npvHuMaeT BUA,
V'(Ee)= — (S" + 0.

HecmelleHHas oueHKa 3TOIA BE/TMUYMHBI ECTb

V(ya)=T «iAS|—SD

ATOBbIPaXEHNE HYXHO cpaBHUTb ¢ slin, oLgHKoA thakTuyeckoiA avicnepcnm,

V (Ya).

B opyrotd mofenn, KoTopas OaeT Te Xe pe3ysibTaTbl, CMeLIeHNe Y i-ro
o6crieaoBaTens BblpaXxaeTcs YeHOM -, cpefHee 3Ha4YeHWe KOTOporo no BCcem
BO3MOXHbIM | paBHO Hysto, a gucnepcna Of [/ — oT aHrmiAckoro «inter-
viewer»— o6cregoBaTtesib]. Takmm 06pasom,

-+ bdija, (13.31)

rae dija Tenepb HEKOPPesIMpoBaHbI 04HO C ApYTrUM U ¢ gt. 1S 3ToA Moae/m

yifa =
N = — (S*Mr+To/ + Oa) (13.32)

M 13 ANCNEPCUOHHON0 aHasIn3a criedyeT, 4UTo Si, KaK W paHee, oKa3bIBaeTcs
HECMELLEHHOLA OLIeHKoA NV (ya). CuTyaumsi, Korga cMeLleHust y obcrenoBa—
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Terei OTCy TCTBYIOT, BOCMPOM3BOANTCS, €C/IM NOMIOKNTbL gt = O 1 3aMeHUTb
0% uneHom (of + 08) ons Toro, YTOObLI ANCNEPCUS OLUMOKMK, C KOTOPOLA 06-
crnepoBaTesib OLIEHUBaET 3HAYEHUS MPU3HaKa Y OTAE/bHOM eayHMLBI, OcTa-
nacb 6e3 U3MeHeHWs.

Kak nogpasymeBaeT caMo Ha3BaHVe B3aMOMPOHUKAIOLLIME MOoABbIOGOPKM,
O0YEHb BaXKHO, YT0Obl MOABBLIGOPKM BblOMpPa/INCL  CTy4YalAHbIM  06pPa30M.
O6bI4HO Kaxaomy o6crnepoBaTesito OTBOAAT 4719 HabNOAEHUS eauHULbI,
pacrosioXkeHHble Ha Hebos1bLIOM Yy4acTKe TeppuTopum B6G/M3N ero Aoma
C TeMm, 4YTobbl YMEHBLLUNTL MyTeBble pacxoAbl. B 3ToM c/yyae nobble peasib-

Hble pas/INUNS Mexay cpegHuMn t/f oS pasnINUHbIX YYacTKOB BbICTYMNalOT
nMpv AMCMEPCMOHHOM aHa/IN3e KaK CMeLLeHUs y o6erieaoBaTesieid. Takum 06-

pasom, slin 6yneT npeyBenuumBaThb 3HadeHue V (ya)e
ONUCaHHBLIEA METOA MPUMEHVM MPU PacC/IOEHHOM U MpY MHOFOCTYMeHYa-
ToM 0T60pe. Ecnuv Mbl 3aMHTepecoBaHbl fiVilb B TOM, YT0GbI MO/TYYUTb HEC-

MeLLEHHYIO oueHKY V (/a» To ONs 3TOro HY>XHO b, 4T0Obl BblGOpKa
COCTOSI/1a U3 HECKOJIbKMX MOABbIGOPOK OAMHAKOBOI CTPYKTYpPbl N UTOObI Mbl
MOI /11 6bITb YBEpPEHbI MO3TOMY B HE3aBUCMMOCTM OLLMGOK HablogeHus B pas-
HbIX NMoABbl6opkax. CTPoro roBops, 419 3TOro He06XoAMMO, YTObbI 418 pas3-
HbIX MOABbLIGOPOK ObUIM 0TBEAEHbI pasHble Gpuragbl obcrienoBaTeseit, pas-
Hble KOHTPO/iIEPbl U pa3Hble cpeAcTBa 00pPaboTKM MOSTYYEHHBIX AaHHbIX.
Ecnu yia — cpegHee 3HadeHve /19 i-HA4 MoaBbl6OpKY, TO BesMHMHA
2 (yta— yaf!'k (Kk— 1) ecTb HecMmelleHHas oueHKa guvcriepcun V (ya) ¢
(k — 1) cTeneHsiMu cBOGOAbI. ATO YTBEPKAEHME CMpaBed/IMBO, MOTOMY YTO
noABbIGOPKY MOXXHO pacCMaTpmMBaTb KaK OTAE/IbHYH COCTaBHYH eauHULY
oT60opa, a BClO BbIOGOPKY — KaK HEKOTOPYH MPOCTYHO C/1y4aliHyo BbIGOPKY,
B AEMACTBUTE/TBHOCTM COCTOSILLLYHO M3 3TUX COCTaBHbIX eAVHILL, NpUYeM oLImnG-
KW HabMoAeHVs B pasHbIX COCTaBHbIX eauHMLAX HeKoppenunpoBaHbl. Crie-
[0BaTe/IbHO, 34eCb MOXHO MPUMEHUTL pe3ysibTaTbl Naparpada 13.10.

MHOrouYnc/IeHHble MPUJIOKEHMS 3TOro MeToda, WHOrAa HasbIBaeMoro
Ly6/mpoBaHHbIM 0T60poM, onucaHbl JemuHrom (Deming, 1960), KoTopbliA
LUMPOKO MM Nonb3oBasics. Ero npermyLlecTsa paccCMoTpeHbl Takke B pabo-
Tax OpxoHca (Jones, 1955) n Kyna (Koop, 1960). MNpmeHeHne B3aMonpo-
HUKaWMX BbI6OPOK 00bIYHO YBENIMUMBAET MyTeBbIE pacxodbl o6cienoBaTe-
JEA, HO 3TO YBEJINYEHME MOXHO YMEPUTb, Paccs/ioMB BbIGOPKY Ha KOMMaKT-
Hble y4acTKN. KaxabIiA ¢iobd MOXET cofiep)KaTb, Hanpumep, ABe Cry4aiAHble
noaBbIGOPKM, MOpYYeHHbIE pa3HbIM 06criefgoBaTensaM. Kaxkaplia o6crenoBa-
Teslb A0/HKEH BMECTO MOJSI0BUHBI C/1051 06be3)KaTb BECb C/1I0A. Kaxablia criota
BHOCUT B OLLEHKY AMCNepcnmn ogHy cTeneHb cBo6oabl.

13.15. OBOBLWEHWME HA BOJIEE C/10>KHbIE CXEMbl OTEOPA

Boobuie wvHTeprnpeTaums pesy/ibTaToB AUCMEPCMOHHOI0 aHasin3a 3a-
BUCUT OT XapakKTepa MPUMEHSIEMOIA CXeMbl 0T60pa U 06bIYHO A0J/HKHA COC-
TaB/ATb OTAE/bHBLIA 3Tan paboThl. B kauyecTBe W/OCTpaLmMM pacCMOTPUM
OBYXCTYMEeHYaTyl0 pacc/lI0eEHHYH BbIOOPKY M3 L cfioeB. B Kaxaom crioe
nsBnekaetca N'kK wmcxogHbIX eouHuL, U' KaxaomMy wm3 K obcnenosaTeneia
BblenifeTcs cnyyaiiHas noasblbopka N' McxoOHbIX eanHWL, MNpeanonaraeT-
CHl, UTO UCXOAHble eAVNHULBI UMEIOT O4VHAKOBbLIA pasmep. MocKosibKy COBO-
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KyMHOCTb KOMMAKTHA, KaXXAbIA 06crieaoBaTesib paboTaeT B KaXAOM CJIOe.
MpyMepHO MO TakoiA cxeme MNpou3BoAW/I0CHL 06cnefoBaHME pPaboTarLUX
B beHranivm (Bengal Labour Enquiry) 1941— 1942 rr., onucaHHoe Ma-—
xanaHobucom (Mahalanobis, 1946), n obcnegoBaHme 300p0BbS HacesieHUs
paiioHa ApceHan B lMutTcbypre, onucaHHoe XopBuuem (Horwitz, 1952).

B 0603HaueHuAX BTOpoia mogesm (13.31) cpegHee 3HadeHue gns /-iAanc-

XOAHOM eAnHWLIbI, HAb/oaaeMoiA i -MobesieaoBaTesiem B cioe h, MoxHo nipea-
CTaBUTb Kak

Yhifa= WA+ gi + WM + (Um/ — -f dhifa,

roe ji,, — UCTUHHoe cpegHee ans crnos. Kak m paHee, NWi = MHu +
+ pftiy. MpepnonaraeTcs, YTo cpeaHee 3HaveHMe B c/ioe BesinumHbl (Nhij —
— u.5) PABHO HYJI10, & ee ANCNepcnst eCTb c- . Be/IMUMHBI d hija HEKOppesn-

pOBaHbl N UMEOT CpefiHWe 3Ha4YeHWsl Hysib Npy Mbbix h, i, j 1 gucnep-
cuo a\

B nocnegHeiA dopmyne coaepXXmTea HoBbIMA urieH wWhi, 0603HavatowLmiA
B3aMMOoZeMCTBME 06cnenoBaTesib X C/olA. OcobbIX [0Ka3aTeslbCTB Heob-
XOOUMOCTU 3TOr0 YsleHa AJ1s 60JIbLIEro COOTBETCTBUSI MOAE/ M peasibHOCTU
HeT, 04HaKo, EC/IN C/I0M 3aMETHO Pa3/iNyaloTcs Mo SKOHOMUYECKOMY YPOB-
HI0, TO 06C/efoBaTe b MOXET A0NYCTUTbL pa3HOe CMELLEHME B pa3HbIX C/10-
ax. MpegnonaraeTcs, yTo whi pacnpegesnieHbl O CPeAHUM 3HAUEHVEM HYJ1b
n pucnepcvehr ofs [/S — oT aHr/miAckoro «interviewer X stratum» —
obcnepoBatesib X C/oiA]

MaTemaTuyeckue OXMOaHus cpegHUX KBaZpaToB Hanbosiee BaXKHbIX
B OVICMIEPCMOHHOM aHasIM3e YJIEHOB BbIMIAOAT criedyowmm 06pa3om. AHa-
713 Npon3BOAUNTCHA Ha OCHOBaHWM CpPefHEro 3HavyeHus Ha noAeAvHWLY O/15
OTAEMBHOMA UCXOAHOM eayHNLbI.

CreneHun CpeaiHne

cB06OAbI KBaApaThbl E (cpeAHVX KBafpaToB)
Mexnay obcnepoBaTensmm k—1 §8 oN.+o0]|+n'alJs +n'Lof
Baaumogeiictene o6ene- (k-D(L-1) s|25 V +al+n'ab

poeatesib X ¢/ioiA

Mexay vexogHbiMn egn- kL (n'—1)
HULIAMW Y OAHOFO M TOro
Xe obcneaosaTens

JTOT aHa/In3 HAAET HaM BO3MOX>XHOCTb OLIEHUTb 06a cnaraemblx, Ofs un

of. Ecnin n/N npeHe6pexxmo Masio, TO HeCMeLLEHHY oueHKY Kkn'LV (ya)

JaeT cpedHWIA  KBaapaT, O00YyC/I0BJ/IEHHBLIA  Bapyaumein  «mexay  06-
cnepoBaTesnisgiMmy.

Mpumep. Mpumep B3AT u3 paboTbl XopBuua (Horvitz, 1952). Vimeem
L-=6, k= 18, n' = 1 [Ansa uymcna 60/1eBWUIMX B TeyeHVe MnpeablayLlero
MecsiLia B pacyeTe Ha OAHO [OMOX03AIACTBO cpefHMe KBaapaTbl (B HalMX
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0603HaYeHUAX) MPUHMMAaOT 3HadeHus Si = 0,0759, sjs = 0,0147. Tpe-
6yeTcs oueHUTbL cnaraemoe V (ya), 06yc/I0BSIEHHOE CMELLEHVEM Y 06crie-

JosaTernein.
B 0603HaueHMSAX MoAe/ N ANCNEPCUOHHBIA aHaInU3 OaeT

%= 0,0759~ a—+ o] + cfs + 60f;
sfs = 0,0147 ~ Og | o] + cjs.

TpeTnia yneH (YacTb Amcnepcuun, 06yC/I0B/IEHHas Bapuauvein mexay
VICXOAHBIMY eAVHULIAMU Y o,quro M TOro e o6cnenoBaTesisl) BbIMUC/IUTL
Hesb3s, MOCKOSIbKy N’ =

Ou,eHKa of paBHa (0O, 0759—0 ,0147)/6 = 0,0102. Mpn N = 1 OUEHUTb
0/S HEBO3MOXHO. [/i5 TOro 4Yrtobbl UMUTUPOBATbL CUTYaLMO, MpPU KOTOPOIA
CMELLEHMA 'y 06Cc/ieoBaTesietd 0TCYTCTBYIOT, Mbl MPEAMNosIokUM, YTO c/larae-
MO€e OLUMOKW HabsiiodeHus Mo OTAe/bHOA nogeayiHvLe (A0MOX03SACTBY),
06ycnoBrieHHoe o06cnenoBaTenieM, uveeT aucnepcuio cfs 4- of, Ho uTo
3TV cnaraemMble 47151 pa3HbIX JOMOXO03SMACTB He3aBUCUMbI. MMOCKO/IbKY KaX-
[oMy o6crieioBaTe/it0 B OTAE/IbHOM C/10€ BblAesieHo MpubmM3nTesibHo 26
[OMOXO3AIACTB, 00LW@aA aucrnepcusi cpeAHero Ha WCXOAHYH  eauHuLYy

[0/DKHA ObITb paBHOLA

%j- + °S + —£r(°fe + of)-

Mbl He MOXXEM OLIEHWTb 3Ty BESIMUMHY, 33 MWCK/IIOUEHWEM Crlyyasi, Koraa
ofs = 0. BennunHa

0,0147+ " (0,0102) = 0,0151 ~ o*. + o] + afs+ ~ of

[aeT NpeyBesIMYEHHYIO OLEHKY, Ho ecim ofS Maso, To npeyBesiMyeHve
HE O0J/DKHO ObITb 3HAUNTE/IbHBIM. ITY BEJSIMUMHY HYXXHO CpaBHUTL ¢ 0,0759,
(haKTN4YECKOIA aucrepcneti, BbIMUC/IEHHOIA Ha OCHOBaHUW CpeaHero 3HavyeHms
Ha OHY MCXOAHYI eanHuly. Cnaraemoe o6LLEA Aucrepcumn, obycs10Bs1eH-
HOe CMeLLEHMEM Y obCrieoBaTesielA, paBHO NpnbanTesnibHo 80%. OLeHKa,
rnoslydeHHas XOopBULLEM, KOTOPbIA mpvHumMan ansa sfs [pyroe 3HaueHue,

paBHa 72%.

13.16. KOHTPOJ/INPYEMbIE 3KCMNEPVMEHTBI,
BK/AKOYEHHbBLIE B OBC/NEANOBAHUNE

JanbHelAlee yrny6reHve wmaen B3auMOMPOHUKaKWMX MoABbIGOPOK
COCTOMT B TOM, YTOObI BK/IHOUNTb 3KCMEPUMEHTA/IbHOE CPaBHEHME HEKOTOPbIX
3/1EMEHTOB MpoLiecca Hab/lloAeHs WM COBCTBEHHO 06C/1el0BaHUA B CaMo
06cnenoBaHVe. BeposiTHO, CTapelilMM MPUMEPOM TakKoro poAa CIIYXUT
MPUMEHEHNE «PaCLLEer/IEHHOr0» OMPOCHOro sincta. OMpocHbLIA JIUCT MOAro-
TaB/MBaeTCcsa B ABYX BapuaHTax ( M (', oT/iMyatoyxcs opmMy/IMpoBKOIA
HEKOTOPbIX BOMPOCOB WM UX MOPSAKOM. [py OAHOA U3 CXeM SKCMepUMEH-
Ta KaXOblA BapyaHT OMPOCHOr0 JICTa MoslyyaeT o0Toupaemast CryyaliHbIM
06pa3omM MosI0BUHA eAMHNLL, B BbIOGOPKE WM B KaKOM-/IMG0 ee yacTtu. s
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TOro Wi MHOro rnpu3sHaka M0>XXHO BbIHMUC/INTBL CpeagHee 3Ha4YeHMe pPa3HOCTU

yO— yOm ee CTaHOAPTHYHO OLLUMOKY U MPUMEHWTb HEKOTOPbIA KPUTEPUIA,
YTOObI MPOBEPUTb, CYLLECTBYET JIM OTHOCUTESIbHOE CMeLleHve. Ecnn ecTb
BO3MOXXHOCTb, TO A1 BbIACHEHUS, He MPMBOAUT SN OOMH U3 BapuaHTOB
OMPOCHOI0 JICTa K 60/IblLeiA BapyaLlyvm O0TBETOB, YeM APYrOoibA, MOXHO BOC-
nosib30BaTbCA B KadeCcTBe KpUTepus OTHOLLeHeM aucriepcnia s)/s|-. Mpwu
OPYroitA Cxeme eayHULbI pacnpefesisioTes Mo rnapam Takum 06pa3om, YTobbl
0T KaXJ0ro 4sieHa napbl MOXXHO 6bU10 OKMAATb CXOAHbIX OTBETOB. Y/ieHbl
napbl MoAy4aloT pasHble BapuaHTbl ONPOCHOro siucta. Ecnn pasbueHne no
napam 6bu10 AeACTBEHHBLIM, TO 3Ta CXeMa NPUBOAUT K 60s1ee TOUHOLA OLEeHKe

Yn— Y4>X0TAa U K MeHee TOYHOIA OLLEHKe OTHOLLEHWUSI OVCMEPCULA.

Mpaes, Takmm 06pa3oM, 3ak/Il04aeTcss B TOM, YTOObI, cobat0gas Heobxo-
O/Mble MpaBuia KOHTPO/1S, BKJIOYas peHAOMMU3aLMoo, TUMNMYHbIE A1 npa-
BWIbHO FMOCTaB/IEHHOI0 3KCMEepyMEeHTa, MpeBpaTUTb 4YacTb 06c/ief0BaHUS
B KOHTPO/IMPYEMbIA 3KCMEPUMEHT. [pu MslaHMpoBaHUM 6osee  CrI0XKHbIX
06c1enoBaHNIA, ONst TOF0 YTOObl MOSTYYUTb HECMELLEHHbIE OLIEHKU 3ddek-
Ta TeX WM VHbIX 0COGEHHOCTELA 06C/1e40BaHNS, NPeacTaB/IsoWMX Hanbo1b-
UMIA UHTEPEC, HYXHO 3aTpaTuTb 3HauuTesbHble ycunus. [MpueBegem aga
npvmepa.

Mpn nepenucn Hacenenus CLUA 1950 r. B 24 rpadcTBax ABYX LUTATOB
6bU1 NOCTaB/IEH SKCMEPUMEHT, MO3BO/IMBLLUMIA OLIEHUTb, KaKylo posib Urpaet
CcMeLLeHVe y obcrieaoBaTesnieil. B Hem NpuHAIO0 yyacTue 6osiee 700 ob6ecneno-
BaTesield. ['pagcTBa 6bUIM pasgeneHbl Ha 125 yyacTKoB, B cpegHeM o 6500
»uTenein. XoTSa yvyacTKU pas/iMdasiucb No pasmepy, B cpegHeM o6bem pa-
60Tbl B K&XO0M M3 HUX OblU1 paccyMTaH Ha -LlecTepbiX o6crieaoBaTesieiA.
Yu4acToK, Ha KOTOPOM A0/DKHbI 6bUM paboTaTb K o6criegoBateneid, pasge-
nanca Ha 2k Noaoy4vacTKOB M KoMy 06c/1ieoBaTesto C/TyvaiAHbIM 06pa3om
BbIAENS/10Ck ABa NoAyYacTKa. BHyTpM KaxkAoro yyacTKa OLeHKa Avcnepcnm
obcriepoBaTeniai Morsia 6bMb MNoslydyeHa MyTeM OMCNEPCUMOHHONO aHasn3a
noaobHoro npeAcTaBfieHHoOMY B Tabn. 13.12. OnumcaHue 3KCrepuMeHTa U
ero pesysibTaTbl cogepxaTcs B paboTax XaHcoHa u Mapkca (Hanson and
Marks, 1958) W:XaHceHa, ?XepBuua v bepwo (Hansen, Hurwitz and
Bershad, 1961)."

B npumepe, onncaHHom OepbuHom n Ctbtoaptom (Durbin and Stuart,
1954), 3KCMEpPMMEHT Mpou3BOAWIICA He MOMYyTHO, a OblU1 [/IaBHOMA Lefbio
obcnepoBaHus. MNpu o6crienoBaHNN HacesieHUs psga palAoHOB LLECTU FOpo-
[oB TpeboBasiocb OUEHUTBL: (a) 3dhdeKT ABYX TUMOB 06begMHEHNS 0NPOCOB
B rHe31a B OTHOLLIEHMM MPOLLeHTa 0TBEYalOLLIMX, 3aTpaT Ha OMpoc U TOYHOCTU
n (6) athheKT cMelleHNIA y obcneaoBaTesiein. B Kakgom ropoge paboTasio
o ABa o6crieaoBaTesisl 0T KaXKA0ro M3 Tpex areHTCTB, y4acTBOBaBLUMX B 06-
cnepoBaHUM. TeM cambiM B OCHOBHOLA 4acTU 3KCMepyuMeHTa Yy4dacTBOBas10
3 X 2 X 6 = 36 obcrnegoBarenieil. OCHOBOA BbIGOPKM CIY>XUN  CAIUCKU
usbuvpaTesietd, rMpMyeM B KaKA0M ropoZe 0T6op Mpom3BoAMICS B O4HOM U3-
GupaTenibHOM OKpyTe.

Mpu HerHesapBoM BbIGOpKe (TN 1) KakgoMy o6criegoBaTesito ropyda-
Nacb cucTeMaTuyeckasl Bblbopka 06beMoM B 30 laMWMIA, M3BJIeYeHHas 13
obuero cnucka. 18 BbIGOPKU TuMa 2 MU3BJIEKaSI0Cb MO CUCTEMaTUYECKOLA
Bblbopke 15 daMwIniA B KaXKAOM U3 ABYX U3bMpaTesibHbIX YHacTKOB BHYT-
pyn gaHHoro okpyra. A8 Bbl6opK/ TuMNa 3 BbIGOpKa BHYTPU KaXAoro n3-
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GUpaTesIbHOro yyacTKa M3B/ieKanacb Mo oTAesbHOA yinue wim no rpynne
He6oNMbLINX YMuL, Taknm 06pa3oM, Hambosiee M/I0THO pasmellasiacb Bbl
6opka TuMa 3, a TUMN 2 3aH1UMasT NPOMEXXYToYHOoe MosiokeHue. O6Las cxema
pacripefiefleHnsi TUMOB BbIGOPKK, cAesaHHas Mo MPUHLMMY JTaTUHCKOIo

KBagpaTa, n3obpaxeHa B Tabn. 13.13.
Ta6bnwuya 13.13

CXEMA OBCNEAOBAHUA (PACMPEOENEHVE TUMOB BbIBOPKW) OJ1A
M3YUYEHUNA 90OPEKTA OBBbEAVHEHWA B THE3OA W CMELLEHWUA Y OBC/IEQOBATE/EN

ropo,q
AreHTCTBO
| h L v \% Vi
A 1 2 1 3 3 2
B 2 3 2 1 1 3
C 3 1 3 2 2 1

Hanpumep, B ropoge Il gBa obcnegoBaTens u3 areHTcTBa A paboTanu
C ABYMS pa3/IMuHbIMU BbIGOpKaMM TUMa 2 U T. 4. 3Ta KeTKa Tabmubl JaeT
1 cTeneHb cBOGOAbLI A/1S1 CPEAHEr0 KBaJpaTa «Mexay 06c/1en0BaTesisMuy U
2 cTeneHn cBoGoAbIl /19 cpeaHEero KeaapaTa «MeXay rHe3aaMm 7151 OA4HOro n
Toro ke obcrienoBaTens». AHaIn3 afeKkTa 06beaMHEHVS B rHe3ada, UMeB-
LLIEro HECKO/IbKO WMHTEPECHBLIX 0COGEHHOCTEIA, 3[4eCk He MPUBOAMTCS.

OnucaHHble B 3TOM Maparpage npvemMbl 06/1a4a10T ABYMS MPeEVMYLLECT-
BaMn. MOCKO/bKY CreyyasibHO Ha M3yYeHne MeToA0B HaboAeHNs 1 npue-
MOB 0T6G0pa CpeAcTBa OTMYCKAOTCS AOBO/IbHO PEAKO, TO, BO3MOXHO, eauH-
CTBEHHbIIA CNOCO6 MPeAnpuHSATL Takoe M3ydeHWe COCTOUT B TOM, YTOObl
BKJ/IOUMTB €0 B KAKOe-TO TeKylLee 06c/1efoBaHme. Kpome Toro, pe3y ibTaTbl,
MosTy4YeHHble TaKMM MyTeM, BEPOSITHO, 6yAyT 60/1bLUE COOTBETCTBOBATL NpaK-
TUYECKUM YyCnoBMAM. Hafo, o4HaKo, 3aMeTUTb, YTO KOrAa yacTb 06c/1efo-
BaHWS MNpeacTaB/iseT coboiA KOHTPO/IMPYEMbIA SKCNEPUMEHT, TPYAHO TOYHO
BOCMPOM3BECTU PSAOBbIE YC/10BUS MpoBeaeHUs o6crieaoBaHms. Jaxe ecnn
MPUHATBI creupasibHbIe MEPbI, UT0ObI CKPbITh TaKoA KOHTPO/1b, KOHTPO/1epbI
1 obcnenoBaTeny, BEPOSTHO, MOYYBCTBYIOT, UTO 4acTb WX paboTbl UMEET
KaKoIA-TO O0COObIA XapaKTep: M03TOMY KOHTPO/IMPYEMbBIIA  3KCMEPUMEHT
BCErga HapyllaeT TeM WM VHbIM 06pa3oM 00bMHbIVA Xof gena. Ecnv mbl
OXKMOAeM BO3HUKHOBEHUS 3TOMA MpoGsieMbl U 3apaHee uccrieqyem ee, TO
MOXXHO MHOFO€ CAeMaThb, UYT0Obl 06eCEUNTL MOsTyUYEHNE HYXXHbIX CBEASHWIA.

13.17. BbIBOAbl

OwnbKKn, 06yCrI0B/IEHHbIE HE 0TOGOPOM, MOXHO KlaccuUUMpoBaThb Mo
UX B/ANSHWUIO Ha pe3y/ibTaTbl, MoSlyYeHHbIe B NpeablayllnX rnasax, crieayto-
WM 06pasom:

1 Hanbonee BaxHoe cnieacTteme HEroJsIHOro oxsarta W HernoslyyyeHus

0TBETa 3aK/1lo4aeTcAa B TOM, YTO OLEHKM MOIyT OKasaTbCA CMELUEHHbIMWU,
NnoTomMy 4YTO YaCTb COBOKYIHOCTW, HE 3aTPOHYyTas 06C]'Iep,OBaHI/IeM, MOXET
oT/INYaTbCA OT TOIA, KOTOpasa noaseprasiacb Bbl60p0l-IHOMy ncenenoBaHMIo.
Tenepb CyLIECTBYET A0CTAaTOYHO CBUAETE/ILCTB TOr0o, YTO Takue CMeLLeHUs
3HaYNTESIbHO Pa3HATCA OT NMpU3HaKa K lNMpu3sHakKy U 0T 06Cﬂep,OBaHI/IFl K 06-
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cnegoBaHWo, 6yayyn MHoraa 60/1bLLUMMK, & UHOTAa NMPeHebpeXXrMo MaslbIMI.
BTopoe cneacTBue COCTOMT, KOHEYHO, B TOM, YTO AMCMEPCUN OLLEHOK OKasbl-
BalOTCA YBE/IMYEHHbIMK, MOTOMY 4YTO (PaKTUYECKU HabslogaemMasi Bbl6opKa
MeHbLLIe HameuaBLUEIACS. JTO 06CTOATE/IbCTBO MOXHO Y4YecTb, XOTs 6Obl
NpUGAVKEHHO, MpU oNpeaenieHN 06beMa HaMeuaeMOIA BbIGOPKM.

2. OwWmMbKN HabroaeHNs, He3aBUCUMbIe OJ19 Pa3/INYHbIX €AVHUL, BHYT-
pv BbIGOPKN U paBHbIE B CPEAHEM HYJIHO MO BCEIA COBOKYMHOCTU, O0/DKHbLIM
06pa3oM yuMTbIBaKOTCA U 00bIMHLIMY (hOpMYJ/1aMK, MO KOTOPbIM BbIYUCSKOT-
CS CTaHOAPTHbIE OLUMOGKW OLLEHOK MPUY YC/10BUK, YTO MOMpaBKaMy Ha KOHeu-
HOCTb COBOKYMHOCTW MOXHO rpeHebpeyb. Takme OLMOKM YMEHbLLAloT
TOYHOCTb OLLEHOK, a MO3TOMY MMEET CMbIC/T BbISICHATb, HACKO/1bKO 3TO YMEHb-
LLeHVE CYLLEeCTBEHHO.

3. Ecnu owmbkm HabriogeHMa Mo pas/iMyHbIM eavHMLAM B BbIGOPKE
KOppeMpoBaHbl, TO 06bI4YHbIE (HOPMY/1bl CTaHAAPTHBIX OLLUMGOK OKa3bIBakOT—
Cbl CMeLleHHbIMW. CTaHAapTHble OWMGKK 6yayT, MO-BUOMMOMY, CJIALLKOM
MasibIMK, MOCKOJSIbKY Ha MpaKTUKe Koppensiumm B GOSIbLUMHCTBE Crly4aeB
MOSIOKUTESbHBI. BO3AEIACTBYE TaKoro pofa UCKaKEHWIA JIerKo MPOCMOTPETb
M 4acTO OHO MOXET 0CTaTbCA He3aMeYeHHbIM.

4. TpygHee Bcero 06HapyXXuTb MOCTOSIHHOE CMELLEHMe, BO3OEACTBYHO-
Lee 0AMHAKOBO Ha BCE €AVHULBL JTOr0 CMELUEHUS He MOXEeT YCTpaHUTb
HUKakKas 06paboTKa AaHHbIX BbIOGOPKN.

KaK MokasbIBaeT coAep>kaHve 3TOMA M/iaBbl, M3yyeHue 3TUX npobsiem —
[eno He fierkoe 1 He 6bIcTpoe. Tem He MeHee OCHOBbI /151 HEFO Y)Ke 3a/10Ke-
Hbl. BbLI0 MPOSB/IEHO MHOM0 M306peTaTeNiIbHOCTU B pa3paboTKe MeToaoB
06HapYy>XeHUsA U KOHTPOSIA OWKNOOK, 06YC/NOB/EHHbLIX He 0TOG0pOM. XOTS
B 3TOIA 06/1aCTV TPYAHO AesiaThb LUMPOKME 0606LLEHUSA, CrieoBaslo Obl MocTe-
MEHHO HaKar/MBaTb MHGOPMaLMIO 0 XapaKTepe U Be/IMvMHax OLUMOOK Ha-
6nogeHns B 06cnefoBaHMAX pasHbIX TuMNoB. Heobxoammo Takke 6orsiee
rny6boKo uccnenoBaTb, YEro MOXHO [A06UTbCA C MOMOLLLI0 MpaBUIbHOMO
006yueHus 0bcreaoBaTesnieil U KOHTPOIA UX paboTbl, NPO6HbLIX 06C/IEA0BAHMIA,
pa3paboTKM CUCTEM KOHTPOJIS KayecTBa CO6CTBEHHO 06c/edoBaHUsA, a Tak-
)K€ C MOMOLLBI aHa/IM3a A0CTOMHCTB W HEeAOCTAaTKOB MPOBEAEHHOMA paboThbl
rnocsie OKOH4YaHWs o6criefjoBaHUS.

YnpaXHeBus

13.1. MpeAnosiokUM, YTO C MOMOLLbIO METOA0B 06C/1e0BaHNA PasHOMA MHTEHCUB-

HOCTU MOXHO A06UTbCA TOro, YTO C/I0MA «0TBETUBLUMX» ByaeT cocTaBnsATb 60, 80, 90
nnn 95% Bceld COBOKYMHOCTW. [l/19 HEKOTOpOro npoLeHTa, Moasiexallero OLeHKe,
UCTUHHBbIE CcpefiHVe A1 €108  «OTBETUBLUMX» paBHbl: B 60%-HoM crioe — 40,7;
B 80%-HoM cnoe — 43,5; B 90%-Hom cnoe — 44,8; B 95%-Hom cnoe — 45,4. Ons
nocnegHux 5% — 59,0. (a) MNokaxwnTe, 4TO ANA MeToda, MPM KOTOPOM C/OIA «OT-
BETMBLUMX» COCTaBnseT nvwb 60%, KBagpaTHbIA KOpeHb W3 cpeAHero KsajpaTa
OWNOKM OLLeHKM TpoLeHTa A/18 BCEMA COBOKYMHOCTW paBeH

t/2414/n-b 28,94,

roe M— 4Ync/I0 MOMYYEHHbIX 3anosIHEHHBLIMUW OMPOCHbIX NINCTOB, (6) MoKaxuUTe, YTo
3HaueHWe KBaApPaTHOr0 KOPHSA W3 cpeAHEero KeagpaTa owWW6KW, paBHoe 5%, He Mo-
eT 6bITb MOSTyYeHO C MOMOLLbI0 MeToAa, A1 KOTOPOro c/loii 0TBETMBLUMX COCTaB/IAeT
60%, HO €ro MOXHO MOJTyYnUTb C MOMOLLLI0 METOA0B, A1 KOTOPbIX C/OMA O0TBETUBLLMX
cocTtaBnsieT 80% u 60siee, ec/IM YMC/O 3arOSIHEHHbLIX OMPOCHbIX JIMCTOB HECKO/IbKO
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npesbliwaeT 100. (B) C NMOMOLLbIO KakKMX MeToA4oB M Mpu Kakux ob6bemax BblOOpKU
MOXeT ObITb MOSTyYeHO 3HaYeHWe KBaApaTHOr0 KOPHS W3 CpefHero KeBaapaTa OLKNG-
KW, paBHoe 2%?

13.2. AnA cny4vasa 13.1 (B) npeAmnosioxkMm, 4YTO MoslyyeHWe O4HOro 3anosIHEHHO-
ro ONPOCHOr0 SINCTa NPU NPUMEHEeHUN mMeToAa, patowero 90% oTBETUBLUNX, 06X0AUT-
ca B cpegHem B 5 gonn. MNosiydeHue o4HOro 3arnosIHEHHOro ornpocHoro®nucTa Ansa cie-
[OYOLWLMX 5% coBOKYMHOCTM 06xoA4MTCcA B cpegHem B 20 gons. Kakod 13 meTogoB —
c 90% wnn c 95% O0TBETUBLUMX — 00OLAAETCA AelleBsie, €C/In HYXXHO MOSIyYUTb 3Ha-
YeHWe KBaApaTHOrO «xopws W3 CPEAHEr0 KBaApaTa OWnbKM, paBHoe 2%?

13.3. COoBOKYMHOCTb COCTOMT M3 ABYX C/I0EB OAWHAKOBOIA Be/IMYUHbI. BepoAaT-
HOCTb TOFO, YTO OrpaluMBaeMbliA OKaXeTca [AoMa M COr/lacuTca 0TBETUTb Ha BOMpPOChI,
paBHa npu Kaxpgom obpaweHun 0,9 ana nvy 3 cnos 1w 0,4 ana nuy n3 cnos 2. (a)
MokaxxuTe, 4To B 0603HayeHuAx naparpaa 13.5

LL||1: 1- (0,1)|_, wH= 1- (0!67\

(6) MycTb MCXoAHbIA 06beM BbI6OpKK paBeH MO. BbluMcinTe 0XuUaaemMoe 3HadyeHue
obuiero yucna onpocos npu 1, 2, 3, 4 n 5 obpaweHnax, (B) OTHOCUTESIbHbIE U3LEPXK-
KW Ha 0AVH MOSHbIA onpoc npwu i-m obpaweHun coctaBnsawT gnsa =1, 2, 3, 4, 5 co-
oTBeTcTBEHHO 100, 120, 150, 200 n 300. BblumcnuTe cpefHWe U3LEPKKA Ha OAUH
onpoc Mo Bcem onpocam, MpoBoAMMbIM BM/10Tb A0 i-ro obpaweHus, (r) CpeacTs, oTny-
LWeEeHHbIX Ha obcnegoBaHue, [0CTaTOMHO AN npoBegdeHna 300 MOMHbLIX OMNPOCOB MNpuU
nepsom ob6paiieHnn. Ecnu obcnepoBaHue [0/KHO MpoaoskaTbea BMAAOTb A0 i'-ro 06-
paweHns, To Kakum (nNpy Tex e cpeAcTBax) OyaeT oxumaaemoe 3HavyeHue 06LLero
yucna nosiHbIX onpocoB ansa t= 1, 2, 3, 4, 5?

13.4. MNycTb B yc/10BUAX yrnpaxHeHus 13.3 oueHMBaeTca NpPoLLEeHT auy, obaga-
IOWNX HEKOTOPbIM MPM3HAKOM. ITOT MPOLEHT MoAYMHAETCA GUHOMMasIbHOMY pacnpe-
[eNeHNo 1 UMeeT cpefiHee 3HaveHne, paBHoe 40% ana vy mn3 cnoa 1uv 60% ana nuy,
nm3 cnosa 2. (a) BblunmcnuTe cmelleHne BblIGopouHOro cpegHero npu 1= 1, 2, 3, 4, 5
o6pawieHnax, (6) Bblumcnnte gucnepcmm BblGOPOYHbIX CPEAHUX B TeEX Xe YC/10BUAX
(hUHaHCMpPOBaHUA, YTO N B MyHKTe (I) ynpaxHeHus 13.3. (ON5 ynpoweHuUsa Bbluucse-
HAA MOXKHO CYUTaTb, YTO AUCrepcnn paBHbl 2600/nr, rae L, — oxuaaemoe 3HavyeHue
obuwero uucna onpocoB.) (B) Kakaa TakTuka AaeT HaumMmeHbwnihA CKO?

13.5. Ons meToda, onmncaHHoro B naparpadge 13.6 (nogoT6op cpeau HeomnpoLleH-
HbIX), MokaxuTe, uTo npoussegeHve VC, rge V — 3apgaHHasa pgucnepcus V (V)
N C — oxuaaemble N30EPXKU, paBHO

S'2 C' + c2WASN\+ KW2SI C' +-£- 2W2S '2,

roe
S'2=S2_H72S]|, C'=c,-f-ciWi

M 4YTO MUHUMaNbHoe 3HadyeHue VC paBHO

(s"\/cr+V72wi s.

13.6. Mpu ob6cnenoBaHUN AOMaLUHEM MATULbI U CBUHEMA Ha rnpuycagebHbiX y4dacT-
Kax M B HEKOTOpbIX Hebosblinx xo3aticTBax (Gray, 1957) nocsie pacCbi/IKM aHKeTbI M0
rnoyTe ¢ HECKOSIbKMMMW HamoMUHaHUSIMU Gbl NpoBefeH OMpoc HeKOoTOPoiA MoABbIGOPKMU
HeoTBETUBLUMX. 3apaHee 6bL10 peweHo B3aTb K — 2 (T. e. 50%-Hy0 MNoABbIGOPKY).
B pe3ynbTaTe 06c/ief0BaHUA MO0 O4HOMY M3 BaXHbIX MPU3HAKOB 6bIIM MOJTyYeHbl crie-
aywume aaHHble (B 0603HaveHMAX naparpaga 13.6):

«0,15; — «9,5; « 0,8; S2«S]|.
Cco

Hatiga VC pgna k= 2 un pgna onTumansHoro K, ornpedenuTe, yAadHbIM /A 6bis
Bbl6op K= 2.

13.7. B obcnepoBaHum no metody Monuvua — CMMMOHCA M3 HaMeYeHHOIA BbIGop-
KU o06beMoM B 660 4yesioBeK MNpu MNepBoM ob6palieHMM goma okKasasnocb 390 onpaiv-
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BaeMblIX. [lasiee npvBefeHbl fAaHHble 0 4uc/e /vy, YKasaBLIWX, YTO OHU 6bLIN AomMa

B0, 1 2, 3, 4, 15 3 NnAaTn npealwecTBYOWNX BEYEpPOB, N 0 Yunc/e UL, 0TBETUBLLNX
«[a» Ha OAVH M3 BOMPOCOB 06csiefoBaHUSA.

0/5 1/5 2/5 3/5 4/5 5/5
Ymcno 6bIBLUMX f[,0- 14 35 55 74 94 118
ma
Yucno oTBETUBLUMX 4 13 20 30 42 56
((p'a»

BbluncnuTe oueHky Monuvua — CUMMOHCa ANA A0NWN NUL, B UCC/eAYEMOIA COBO-
KYMHOCTW, KOTOpPble 0TBETUN Bbl «4a», N CPpaBHUTE €e C MPOCTOA BUHOMMANIBHOMA OLeH-
KOIA.

13.8. CoBOKYMHOCTb 06beMom N = 6 cogepXUT Tpu eaMHULbI, A9 KOTOopbIX Mnpa-
BW/IbHBIIA OTBET Ha HEKOTOPbIA BOMPOC — OTBET «4a», U TPpU eAuvHULbI, A1 KOTOpbIX
TakoiAl 0TBET — «HeT». M3-3a ownbOoK HabNlAeHUs BepoOSATHOCTb MNOAYYNTb OTBET
«Oa» No eauHWLE, ONA KOTOPOLA MNpaBusleH OTBEeT «Aa», paBHa 0,9, M BEpOATHOCTb Mo-
NYyYNTb O0TBET «HET» M0 eAnHULe, O KOTOPOMA MNpaBU/IEH OTBET «HET», TakKXe paBHa
0,9. (a) Halapa pacnpegeneHne BCeX BO3MOXHbIX OTBETOB /11 BbIGOPOK 06BHEMOM
B 2 eANHULbI, NOKaXMTe, YTO BEpPOSATHOCTM TOro, 4YTo Bbi6opka coaepxuTt 0, 1 mn 2 oT-
BeTa «[a», paBHbl COOTBEeTCTBEHHO 0,218; 0,564 n 0,218. (6) MokaxuTe, 4YTO AUcnepcnsa
OUEeHKM A0n 0TBeTOB «da» paBHa 0,1090. lMposepbTe topmMysbl (13.22) n (13.24)
n3 naparpaga 13.10. (B) Kakoth 6blnia 6bl AUcCriepcus OLEeHKM 001N 0TBETOB «a», ec/n
6bl He 6bl/10 OWMOGOK HabnaeHUA?

13.9. B 4acTu obcnenoBaHusA TPyAOBbIX pecypcoB B BeHrasamu, npoBogmBLLerocs
B 1942 r. (Mahalanobis, 1946) B KaXXA0M M3 Tpex CJ/I0EB M3BJieKasiacb BbI6OpKa 06be-
MOM NpnMbnn3nTesbHO B 175 cemeld. BbibopKa B KaXAoMm crioe nogpasgensanacb Ha NATb
cnyYabiHbIX MoABbIGOPOK, KOTOpble OTBOAU/IUCHE pasHbIM o6cnepoBaTenism. Bo Bcex

Tpex cnoax paboTano NATb obcnegosatesnietd. [nsa npusHaka «pacxofbl Ha NMUTaHue»

COOTBETCTBYHOLLAs 4acTb AMCMEPCMOHHOI0 aHasn3a (Ha 0CHoBaHMW OTAESIbHOMA CeMbL)
BbIFISAUT Creaylowmum o6pasom:

CrerieHn  CpefHvie MaTemaTuueckvie OXUAaHUs
cB0OOAL!  KBadpaTbl cpefHVX KBafpaToB

Mexay obcnenosatensamm 4 22,3 °y + ad+ 35a7S+ 105a/
B3aI/IMOp,EI/‘I'CTBME obcnepnoBa- 8 9,6 a” '+ ad+ 35a/S
Tenb X c/oia

BHYTpu noaBbI6OPOK 510 9,9

B o603HaueHnssx naparpada 13.15 cooTBeTcTBYylOUWAA MoAe /b CrflaraeMbiX 3Haue-
HUA HabnwaeHusa ANS 0TAE/bHOA CeMbWU VMMeeT BUf,

Ahija = Mi-\ gi + ® hi4~(nftij — Wi) r dhlja-
Ovcnepcun:
°/ °Is °f£- <$.
MpoBepbTe BbIpaXXeHUs, MpuUBeAeHHbIe A1 MaTeMaTUYECKUX OXUAAHUIA cpefHUX

KBaZlpaTOoB, W BbIYUC/INTE OLLEHKY 4acTu o6Leid aucnepcumn cpegHero, KoTopy MOXKo
npunucaTb CMeLLeHUO Yy obcreaoBaTesnelA.
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OTBETbl K YMPAXHEHMWAM

1.5. 80400 pmonsa. v 82960 ponn.

1.6. [JoBepuTenbHasa BepPOATHOCTb paBHa MpubnnsnTensHo 0,054 (cooTBeTCT-
ByeT t = — 1,67 c 25 cTteneHamu cBo6oabl). Mpn 3aToM npeanosiaraeTcs, YTo MocTyn-
neHua B OyaylemM MOAUUHATCA TOMY Xe pacnpefiefieHMi0 4acToT, 4YTo U BblGOpKa
06beMOM B 26 MNOCTYMNJSIEHNIA.

1.7. Ecnn CKO uenukoMm cKnaablBaeTCA W3 CMeLLeHMsA, TO OLeHKa Bcerja faert
owmn6KY BenuumHoiA 11/CKO. B aTom cnydae, cnefoBaTesibHO, BEPOATHOCTb TOF0, YTO
owmnbka > II/CKO, paBHa 1, a BepoATHOCTWM TOro, 4Yto owmbka > 1,96 I/CKO

win > 2,576~|/CKO paBHbl Hymo. B Tabn. 1.2 Pr (> I"I/CKO) cTtpemuTtcsa K 1/3.

2.4. Y = 51 473. BepoATHOCTb paBHa npuénaunsnTesnbHo 0,9.

2.5. Aa. a (Y) paBHa 98,4.

2.6. K= 20238; s(Y)= 849.

2.7. (@) Ana rocypapcTBeHHbIX R = 1546; pnA  4acTHbix R = 12,75. (6)
Ona rocypapctBeHHbix s (R) = 0,761; ans yactHbix S(R) = 0,727. Mkc npvHumaeT-
cAa paBHOLA 100/468. (B) 14,2 < R < 16,7.

2.8. OTHOWeEHMe pasHOCTM K CTaHAApTHOM owunbke pasHocTm = 2,71/1,186 =
= 2,28, P paBHO npub6nusuTesnibHo 0,023. 3amMeTbTe, UYTO MPU BbIYUC/IEHUN CTaHAAPT-
HOM OWWMOKM pasHOCTU MNKC He YyyYuTbiBaeTCs.

2.9. (a) 9408; cTaHgapTHas owwunbka = 780; (6) 9472; cTaHAapTHasa owunbKa =
= 1104.

2.10. CtaHgapTHaa owwnbka (B Tbic.) = (a) 14 800; (6) 3900; (B) 3140.

2.11. 9,2. (a) 2,7; (6) 2,4.

2.12. (a) N = 60, no 30 eguHUL, N3 KaKAOM o06s1acTU un3lydeHus; (6) MnN= 80
6y[eT [OCTaTOYHbIM, €C/IM YUC/10 A0MOBMaAesnbLeB B BblOoOpKe 3ak/toveHo mexay 20
n 60. Mpn N = 80 BEpOSATHOCTb 3TOro cobbiTus paBHa 0,54 (N0 GUHOMWASIBHLIM Tab-
nvgam). Mpu N = 100 3Ta BepoATHOCTb paBHa 0,94.

2.14. (a) 420; (6) 490; (B) 06e HecmelleHHble; (r) oT oueHku (6).

3.2. 1066, 1334 no dopmysie (3.17) npu annpoKcumMal M HopMasibHbIM pacnpe-
AeneHvem.

3.3. Ob6ecneyvBaeT MOYTU MOSIHYH YBEPEHHOCTb.

3.6. (a) 76,2 = 3,6%; (6) 1738 + 280 cemelA.

3.7. 1789 + 268 cemeiA.

3.8. CnpaBef/iMuB0 TO4YHOE paBeHCTBO:

y(at._ NfnQi
v(a) WimO-jtHQi+PxJt)

HNanee, NX= N (1 — 3X) n ans 6onbWNX BbI6GOPOK W, ~ M (1 —s). N3 3TUX paBeHCTB

cneayeT HyXHoe yTeepkaeHue. Ansa Toro utobbl V (/1j)/V (A{) 6b1110 MasibiM, HYXHO
ytobbl 1 (I — QIi)/Qi 6bl10 GoNbWKMM. ITO 3HAUUT, UTO Q, AO/IKHO 6bITb MasibiM:
OpYyrvMun crioBamu, [ons eauHuy, B o6nactu |, npuHagnexawmx knaccy C, gosmkHa
6bITb 60NbLIONA. Mpy 3agaHHOM QX A A0/1KHO ObITb 60/1bLIMM.

3.9. Bce meToapl gaioT AWM = 13. B c/lyyae NpUMEHEeHUs TUMnepreoMeTpuUecKoro

pacnpefiefleHUsi BeposiTHOCTb TOro, YTo B BblGopKe He ByfeT eauHuy, u3 knacca C,
paBHa 0,0601 npu A — 12 10,0434 npu AV = 13. B cniyyae NpMMeHeHUs 6UHOMUa b-

Horo pacnpegeneduss Pu = 0,4507 n ¥ 1— f Py — 0,4114, uto gaet Av = 12,3
MeTop 13 npumepa 3 naparpada 3.6 gaet 0,061 n 0,044.

3.11. Mo-Buagumomy, oueHka (6) 6osiee TouHa.

3.12. Haubonbuwee 3HadeHue paBHo PQ/n no cpaBHeHuio ¢ PQ/mn, nonydae-
MbIM N0 6UHOMManbHOA opmyne. OHO obpasyeTcs, Korjga Kaxpaoe rHesgo cocTouT
uenmMkom u3 1 unm uenukoMm m3 0. HaMMmeHbllee 3HaYeHME MOXET ObITb PaBHO HYJIHO,
ecnn Kaxaoe rHe3fo AaeT ogHY U Ty e gosito P. (3To BO3MOXHO /NLb NPU HEKOTO-
pbiX 3HaYeHUsx P un Te)

3.13. Awucnepcusa paBHa 0,00184 gna metopa oTHoweHmsa mn 0,00160 no 6UHOMU-
anbHOMA (hopmyie.

3.14. CpegHuii o6bem Bbl6opku = miP.

4.1. 735 pomoB. TakoA 06beEM BbIGOPKN HYXEH, YT0Obl OLLEHUTb MPOLEHT A0MO-
X038MCTB, MMewLWmnx asa aBTomobuns npum P = 10%.

4.2. MNpnbnunsnTenbHo 260 NUCTOB.

4.3. (a) 2475; (6) 4950.

4.4. M— 21 (npunumas t= 2).

4.5. N = 484. Ana uyncna 6e3paboTHbIX Ko3hPpUumMeHT Bapuaumm 6bu1 6bl Npu-
61un3nTenbHo  15%.

4.6. Ewe 62.

4.7. (a) n= 278; (6) Nn= 2315; (B) N = 3046.

4.8. Ecnu npepgnosiaraeTcs, 4TO BHYTPU KaXAOUA rpynnbl pasMep Kosiemkeii
pacnpefiesieH paBHoOMepHO, To 6epem S2= 0,083/12 mnn S = 0,29h. Torga oueHKU
B uyeTblpex rpynnax paBHbl 230, 580, 2030 n 11 600. Ecnu Ans 4eTBepTOLA rpynnbl
BOCMNO/1b30BaTbCA pacnpesesieHMeM C MNOTHOCTbIO, M306paXkaemMoid MNpaBUsIbHbIM Tpe-
YronbHUKoOM, To S = 0,24/r, 4To faeT ANa 3TOMA rpynnbl 3HavyeHme 9600.

5.1. (a) HetimaHoBO pa3melleHne pgaeT W, = 0,87; n2= 3,13. (6) OueHka Mo-
XXeT MPUHMMaTb TPU BO3MOXHbIX 3HAYEHUA MNPU HELAMaHOBOM pasMelLLeHUn N OeBATb—
npu npornopuuoHanbHom pasmeweHun. VOpt (yst) — 1/6 = 0,167; Vprop (yst) =
= 7/12 = 0,583. (r) Mo dopmyne (5.21) VoPt (ysi) = 0,159.

5.2. (a) tii = 375; n2= 625; (6) Nr= 750; n2— 250.

5.3. OTHOCUTeNbHaA To4YHOCTb = 181% npu nponopuuoHasibHOM pasMeLeHnn
n= 214% npn oNTUMas/IbHOM pa3MeLleHNNn.

5.5. MakcmmasnibHOe OTHOCUTEeSIbHOe YBesiMdeHWe HabnwpaeTcs, Korga =
= W2 u paBHo 0,030 npu c2/cr= 2 un 0,111 npu c2/ci = 4.

5.6. (a) W/m = 1/3; tijti — 2/3; (6) N = 264, ~ = 88, N2= 176; (8) 1936 monn.

5.7. (a) 2288 pgonn. no cpaBHeHuto c¢ 1936 gonn. (6) HeT. MuHMManbHble U3-
AEepXKWU Ha cobcTBEHHO o6cneaoBaHWe, HeobXoAMMmble AN TOro, 4To6bl MNOAYYUTb
V — I, paBHbl 2230 pgonn.

5.8. (@ W = 384; n2= 192; (6) M= 400; Nr — 1600; (B) M\= 1200; N2=
= 2400.

5.9. OTHocuTeNbHbIA npupocT = 1/9.

5.10. w = 541; N2= 313; N3= 146.

5.12. Ana coBokynHoctn 1 Vprop= 0,143/n; VOpt = 0,134/n. Ons COBOKYM-

HocTu 2 Vprop = 0,0491/n; VoPt = 0,0423/n. YMeHblUeHUe ANCMEepCUn, BbI3BaHHOE
NpUMeHeHNeM OMTUMa/IbHOTO pa3MeLLeHUs, COCTaB/sAeT MpuUGN3MTENbHO 6% Ans
COBOKYMHOCTU 1 no cpaBHeHunto ¢ 14% pania coBoKynHoCcTU 2.

5.14. (a) Ecnu B KayecTBe KOMMPOMWCCHOIO MpPeArnosioKeHns B3siTb Pr— 45%;

P2= 25% unfj= 7,5%, To npuxognm K nt — 268; n2= 116; N3= 16; (6) cTaH-
fapTHaa owwunbka = 0,0225; (B) cTaHfapTHas owunbka = 0,0241.
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5A.4.r'Het. B KaxaoM w3 Havbosiee He6MaronpuaTHbIX cryyaes [2 (wWh —
— Wh) Fh]2= (0,105)® = 0,011. Takum o6pa3om, npu paccrioeHnm CKO (yst), Bbipa-
XeHHbIA dopmysioth (5A.6), paBeH 0,0108 + 0,0110 = 0,0218. Mpn NpocToM crly4aii-
HoM oT6ope V (Y) — 0,0177.

5A.5. (a) M= 1024. ONnTuManbHoe pa3MelleHVe A1 BTOPOA nepemeHHOA (cpep-
HAA BesINYMHA BKaga) yaoBrieTBopseT obomm ycnosusam, (6) PasmelieHue, Bblpaxae-
moe copmysioiir (5A.14), c. 142, npu 9= 0,09 yaosneTBopseT 060MM YC/10BUAM NpwU
n = 1031.

5A.6. WU = 0,728; = 0,272. St — 1,806; S2= 4,698 (yc/noBHble BeNNYM-
Hbl). (a) ONnTuMasibHble 06bEMbI BbIGOPKM MO c/ioAm cregytowme: nNr= 0,507 m;

n2= 0,493n; (6) V(y) = 31,95/n; VOPi bl ) = 6,72/n.

5A7. G)]Y W *Y= JVW=y)dy==2y2[I-(I-af'2I3.
o] [0]

CnepoBaTesibHO, HeobxoAuMmo 4Tob6bl [1— (1—a)372]=1/2.

5A.8. OnTumanbHbiMM 6yayT 3HadyeHma L = 7 npm p= 095 L= 5 npu
ps=09 mL= 4npnp= 08 B KauecTBe XOpOWEro KOMMPOMWUCCHOro 3HauyeHUs
MOXHO B3ATb nn6o L = 5, nu6o L = 6.

5A.9 (a) Bbinrpbllw B TOYHOCTW coCTaBAsAeT npubnmsnTesnibHo 110%. (6) Bbin-
rpbil OT MPOMOPLLMOHA/IbHOr0 PacC/I0eHNSA M0 CPaBHEHUIO C MPOCTbIM C/lydaliHbIM OT-
60pomM cocTaBnisieT NpmonmsnTesibHo 90%.

5A.10. (a) 3,733; (6) 1,111; (B) 8,222.

6.1. Ansa oueHkn no oTHoweHuwo V (Yr) = /M2 @1 — f) Sd/n u ana npocToro
pacnpocTpaHeHus V (Y) = N* @1 — f) Slin, raed — (y — RX). Ansa BbI6opKK 06be-
MOM B 21 fomox03aiAcTBo oueHkM Sd 1 Sy TakoBbl: Ans yucna geteta sa = 0,49; si =
= 1,61; gna KonunyecTsa aBToMobuneia si = 0,41; sy = 0,39; ana KonuyecTsa Tene-

BmsopoB $6= 0,51; Si = 0,45. OueHka M0 OTHOLIEHWIO MpPeACcTaBAAETCA fydweid
rnpu oueHMBaHUU 4nucna JeTeid.

6.2. Bbimrpbilw — 66%. [Mo KpatiHeiA Mepe, 11 y4yacTKoB (Mpu oOLEeHKe Mo
OTHOLLEHMIO).

6.3. KBagpaTuuHble rpaHuubl (27 100; 29870); rpaHuLbl NpyY annpokKcumMalmm
HOpMasibHbIM pacnpegeneHuem (27 030; 29 700).

6.5. Bocnosnib3yiTech ans oueHmBaHus R — Y/X Teopemoii 6.3. Mpu 601bLIMX
Bbl6opKax npumeHaiTe Y/X, ecnn p < (KoapuumeHT Bapnaummn X)12 (KosdpuumneHT
Bapvaumm y) n y!X B MpoTVMBHOM cnyuae.

6.6. CKO paBHbl 46,5 ons pa3gesibHOM OLEeHKM Mo oTHoweHuto n 40,6 ans cos-
MECTHOIA OL,eHKM M0 0THOLWEeHUI0. B 06omnx cnydasax cnaraembiM CKO, 06ycrioB/IEHHbIM
CMeLLEeHneM, MOXHO rpeHebpeyb.

6.7. Ons wmetoma JNlaxupu V (¥) = 40,1.

6.8. OueHKa 00LWEeA YMCNEHHOCTM HacesleHns = 116,21 munnumoHa. OTHoCUMTe b-
Has Aaucnepcus paBHa 0,00111, Tak 4TO cTaHAapTHaa owmbka paBHa 0,0333 X
X 116,21 = 3,87 MmunnmoHa. OueHKa OTKJ/I0HSieTCA OT UCTUHHOFO 3HayeHUs He 60-

flee YeM Ha OAHOKpaTHYI CTaHAapTHYK OLNGKY.

6.9. 3HayeHUa oLEHOK paBHbl: (a) 1896, (6) 1660, (B) 1689. AnsA cnyd4asa (B)
Haxogum w»l = 2,38; = —1,38. BbIO60OpOYHbIE OLEHKM CTaHAApPTHbIX  OWMU-
60K paBHbl: (a) 256, (6) 36,9, (B) 18,6. [AnAa HaxoXAeHUsA CcTaHAApTHOIA
oWNBKMN B cny4yae (6) npumeHssiacb (opmysia:  cTaHgapTHasa  owwnbka =

=Yr Y (\-f) (cyy+ca — 2cHl)/n. roe Yr - oueHKa Mo OTHOLEHNIO BeNNUYUHbI
Y, T. e. 1660. Ana HaxoXAeHUs CTaHAapTHOM owun6KNM B criydae (B) NpuMeHsnacb
Ymr = 1689.

7.1. 3HauyeHue oueHku = 11 080; cTaHgapTHaa owunbka = 152 (yuynTbiBas
nKc).

7.2. He 6ygeT, nockonbky b ouyeHb 65m3ko Kk 1.

7.3. Ytr= 28 177 = 570. OTHocMTesibHas TOYHOCTb cocTaBnseT 113%.
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7.4. 27 751 = 694»
7.6. AN «pa3sHOCTHOM» oueHkn V (y) = Seln, Ans nMHEMAHOMA OLEHKM Mo perpec-
cum  V (yir) = SeSy/ti (Se + Sy). OueHka Mo perpeccun MMeeT MeHbLUY Aucrep-

cuio, ofgHaKo ec/m Se/Sy masio, TO MPEMMYLLECTBO 3TOMA OLLeHKN He3HauYnTesIbHO
7.7. V(Yirs) = 34,5; V (Klre) = 10,3.

8.1. Aucnepcun paBHbl: 8,19 (cucTemaTumuyeckas); 11,27 (npocTas cnydvaiiHas)-
8,25 (paccnoeHHasn, 2); 7,46 (paccnoeHHas, 1).
8.2. Veys = 0,00141; \fan = 0,00340.

8.3. CucTemaTunyeckass BblIGOpKa [0/KHA ObiTb Jlyylle MNPy OLLEeHUBaHUW [0
NINL, NOSIBbCKOFO MPOUCXOXAEHUSA, TaK KaK Mo 3TOA MepeMeHHOIA CcyllecTBYeT reorpa-
thnyeckoe paccsioeHue. Mpu oueHMBaAHUN A0V OETElA, OHa GyAeT, NMo-BUAMMOMY, XYXe,
rnoToMmy, YToO MHTepBas 0T60pa, 5, coBnagaeT cO CpeAHUM pasMepoMm [AOMOX03SACTBAl
3To e coobpaxeHue cnpaBensINBO, XOTS U B MeHbLUelA cTeneHw, A/ OueHMBaHUA"
[0/ MY>XUUH.

8.4. [ucnepcun WUMET crieAylolme 3HayYeHus: AN A0NN JIWL, MYXXCKOro mnosia
Vers — 0,0204; Vsys = 0,0216; pans ponu peteid Vsr8 = 0,0204; VSs = 0,0776;
ON18 AoNV NuL, B ceMbsAX cneymanucTos V8re = 0,0192; Vsyt — 0,0016.

8.5. ®dakTuyeckas gucnepcus = 8,19. Metog (a) gaeT 1J.29. OueHka aucnep-
cum no meToay (6) Anis oTAenbHOMA BbIGopku paBHa (1 —f) (yu — 1/224, rpe yiU
Yi2 — cpeiHWe 3HaUYeHUs A1 KOKAOMA M3 ABYX MOMOBUH BbIGOPKM. CpeaHee 3HadeHue
OLEHKM paBHO 3,24. CTO/Ib CUJSIbHOE MpeyMeHblUeHWe AUCMEePCUnN HeoXULaHHo.

8.7. Awncnepcus gns obomx meTodoB paBHa (r2— 1)/6.

8.8. TpocTol cryyalbiHbIMA 0T60p Mydlle 3a UCK/IYEeHUEM criy4vaeB, Korga N= 1
wm k= 1

9.1. OTHOCUTESIbHbIE N3AEPXKKM MPU MPUMEHEHUN YeTbIpeX TUMOB eA4UHUL, PaBHbI
100; 90,1; 79,7 n 77,8 (3a OCHOBY CpaBHEHMUS MPUHUMaETCA eAuHMLA NepBoro Tuna).

9.2. OTHOCUTEsIbHasA TOYHOCTb AOMOX03AIMCTBa KaK eauHuLbl 0T6opa cocTaBnseT
211% npw oueHUBaAHUN OTHOLWIEHUNA YNCMA MYXXUNH K YACY XEHLWNH 1 38% npu oue-
HUBaHUW O0MN NIOAEH, MOCETUBLUUX Bpaya.

9.3. OTHOCUTENbHAsA TOYHOCTb 60MbLWOA eanHUUBI cocTaBnseT 0,566 mpu npo-
CTOM csiyyabiHoMm oT6ope mn 0,625 npu pacc/ioeHHOM C/lyyYalbiHoM 0T6ope

95. @ M= 5 (6) M= 1

9.6. OnTuMasibHOe 3HaYeHne M [0/KHO YMEHbLUMTLCS, MOTOMY YTO MyTeBble pac-
X04bl, KOTOpble MEHAITCA Kak Y M, npu yBesIM4eHUU M CTaHOBATCA OTHOCUTESIbHO Me-
Hee 3HauMTesSIbHbIMU.

9.7. (a) 34 242; (6) 5534; (B) 6493.

9.9. (a) Ecnn cpepHee KBagpaTWYHOE OTK/OHEHWEe ANA 60NbINX eouHUL, U3
Kknacca A nponopuyunoHansHo/Va. (6) Ecnn BepoATHOCTUM MpoNopLuoHanbHbl Y KU

9.10. V(YU= 1.75; V (Ysys) = 0,50; V (YC2)= 0,33.

10.1. (a) 2,00; (6) 2,13.

10.3. (a) 165/rz; (6) 148,5/n; (B) 132/n.

10.4. () N = 660 nonetr; (6) M — 530 nonetd. OueHuMBaHMe npoueHTa 6Genka
TpebyeT MeHbLUEro 4ucsia noneii, Yem oLeHMBaHWE YPOXKalAHOCTU.

10.5. Cj/Cj = 8.

10.7. (a) 0,93%; (6) 0,51%; (B) 0,36%.

10.8. (a) MoaxoaAT 3HayeHmsa TO= 7 wwm TO= 8 (6) 89% pgna 170= 7
m93% ana TO= 8; (B) 86% ana 1T0= 7 n 89% ans T0= 8.

11.2. OTHOCUTesIbHasA To4yHoCcTb MeToga Il mo oTHoweHwuo K meToay |l napaer
¢ 3,02 po 2,75. Ecnu aBe cxeMbl 0T60pa 0T/IM4alOTCA B OCHOBHOM c/laraeMbiMu gmucnep-
cnun, 06YyCrI0B/IEHHBLIMU Bapraumetia mMexay eAnHnLamMn, 0THOCUTeNlbHas TOYHOCTb Jly4-
LwelA cxeMbl 6yaeT, Boo6Lle roBops, YMEHbLUATHLCA MpU YBESIMYEHUMN OTHOLIEHUS BHY-
TPUeAMHNYHOIA Aucnepcun K obLeid aucnepcum.

11.3. Ipy6o roBops, A€o0 B TOM, YTO MPU HaWKUX AaHHbIX 3HadeHusa Yi/Mi 6o-
nee ycTobAumBbl, YeM 3HadeHua Yilzi. Ecnu 6bl npumeHsanucs 3HadeHus M= 1/33,
8/33 n 24/33, To ansa meToda IV mMexayeaMHUYHoe criaraemoe gucnepcum ucyessio 6bl.
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11.4. O6was aucnepcmna: 0,00504 (I a); 0,02358 (M); 0,00554 (III).

11.6. OueHKa npoueHTa MNOBPeXAEHHbIX eAuHULY, obopypoBaHua 14,2 + 2,16.
OueHka obuwero umcna 3540 = 540.

11.7. OueHKa npoueHTa MoBpeXAeHHbIX eauHUL, obopyaoBaHus 13,9 + 2,49,

11.9. (a) O6buwee konu4vecTBo KoMHaT 29 400, obuiee umcno nogein 50 550, cpea-

Hee YMC/0 I0aeiA Ha oAHY KoMHaTy 1,72; (6) 3HayeHMA CTaHAapTHbIX OWMOG0K: AnA
obwero uncna sopein 2440, ansa cpegHero Ymcna JSioaeiA Ha ogHy KomHaTy 0,066.

12.1. n— 267; 0" — 1320 wm N = 268; n! = 1280. V (pst), npu onTumanbHOM
pasmelleHnn paBHa 6,67, ecnn pPsSt BbipaxeHa B npoueHTax. B cnyvae ogmHapHoOro
oT6opa V (p) = 8,33.

12.2. Cn/ch > 9.

12.4. i’ > 16Mn.

12.5. Mo dopmyne (12.29) cTaHgapTHas owwnbka = 1,25.

12.6. TpOLEHTHbIIA BbIAIPbIW B TOYHOCTM AJ15 MOMEHTOB oT6opa OT BTOPOro Ao
LLEeCTOro cocTaBs/iIsieT COOTBETCTBEHHO 50, 75, 91, 100 n 105~

12.8. nV(y2)/S2 v nV (y2/S2 nmeloT crieayowme 3HadeHus. Mpu @ = 1/4,
p= 0,8:0,885; 0,875; npn (= 1/4, p= 0,9: 0,843; 0,840; npn = 1/2, p= 0,8:
0,824; 0,810; npun u = 1/2, p= 0,9: 0,752; 0,746.

13.1. (B) Mpwn 90%-Hom csioe oTBeTUBLUMX C 1047 MOAHBLIMW OMpocamMuv Wau Mpu
95%-HoM cnoe oTBeTMBWKX C 701 MOSIHLIM OMPOCOM.

13.2. MpumeHUB MeToaa ¢ 90%—-HbIM C/I0EM 0TBETUBLUMX 060iAaeTcs B 5235 monn.
B cnyvae 95%-HOro c/109 OTBETMBLUMX CpefHMe U3LEpPXKW Ha OAWH MOSHBLIA onpoc
paBHblI 5,7895 ponn., a ob6wme nsgepxkn coctaBaT 4058 gonn.

13.3. (6) 0,65 n0O; 0,815n,,; 0,8915n0; 0,9351 nO; 0,9611 Wi. (8) 100, 104, 108,
112, 117; (r) 300, 288, 277, 267, 256.

13.4. (a) CmeweHne (B %) = —3,85; —2,15; —1,21; —0,69; —0,40; (6)
avcriepcmn paBHbl: 8,67; 9,03; 9,39; 9,74; 10,16; (B) 4YeTblpe obpalieHUs.

13.6. Bbl6op 6bu1 yaauHbiM. VC ansa K = 2 Bcero Ha 2% npeBbllaeT MUHUMAaSb-
Hoe.

13.7. OuyeHka Monnuya — CumMmmoHca faeT 39,7%; OGUMHOMMaNbHas OuUeEeHKa OaeT
42,3%.

13.8. (B) Oucnepcma 6blna 6bl paBHa 0,1.

13.9. Ecnun 6bl OWMOKN HabnwaeHUa Kaxaoro obenenoBatens 6bUIM HE3aBUCMMBbI

0T CEMbW K Cembe, TO Aucrepcus BbIGOPOUYHOro cpefdHero 6bina 6bl paBHa (0£' +

+ aa + ois +af)/525, aHe (cry’ + ad + 35ct/s -f 105cT/)/525. Cnaraemoe pgucriep-
cuun, 06yC/0B/IEHHOE CMelleHveM Yy o6creaoBaTesieid, CocTaBAseT MpUBIN3UTESNTbHO
55% obwein gucnepcun.

MPEOMETHbLIN  YKA3ATE/b

ABTOKOppesinpoBaHHbIE COBOKYMHOCTW
(autocorrelated populations), 238
AHanuTunyeckne obcneposaHna  (analy-

tical surveys), 18
AcCMMMEeTpUYHass coBOKYMNHoCcTb (skewed
population)
BbIGOPKM M3 KOHKPETHOA  COBOKYM-
HocTu, 55
AcummeTpusa (skeweness)
KOahpnUMEHT acmmmeTpum, 58
B/IUSIHME paccrioeHns, 59
B/IUSIHWNE Ha [0BepuUTesIbHble paHu-
ubl, 56

BuHoMmunanbHoe pacnpegeneHne  (bino-
mial distribution), 69

B KayecTBe MpUOBIMIKEHUA K runep-
reomeTpuyeckomy, 73
ANA oueHnBaHUA [OornetA, 69
[0BepUTesibHblE rpaHUUbl, 73
HerpaBu/ibHOE  MpPUMEHeHVEe  Mpwu
rHesgoBom oT6ope, 79—82
Tabnuupbl, 69

B3anmonpoHukawLwme noaBbi6opkn (in-
terpenetrating subsamples), 408
avcnepcus oueHku, 408
npn paccsioeHHoM oT6ope, 410
oueHka aucriepcun, 409
BepoATHOCTHbLIA  0T60p (probability
sampling), onpegeneHve n CBOIACTBa,
24

BepoaTHOCTb, MPOMOPLLMOHAsIbHAA OLEeH-
ke pasmepa (probability proportio-
nal to estimated size)

OBYXCTYNeHuYaTbIlA oT6op 6e3 BO3-
BpaweHunsa, 345—346

oT6op 6e3 Bo3BpallieHus, 280

npu AByxcTyneH4yaTom oT6ope, 292,
296, 320—322, 328—342

npn 04HOCTYNeHYaToM oT6ope,
272—275

oNTUMasibHasA XapakKTepucTuka pas-
mepa, 275

BepoATHOCTb M3B/IeYEHUS, MPOMOPLLMO-
HaslbHas pasmepy (probability pro-
portional to size), npu ogHOCTyMeH-
yaTom oT6ope, 271

B CpaBHEHUWN C paBHbIMW BEpPOSTHO-
cTamn otbopa, 276

B CpPaBHEHWWN C OLEHKOA N0 OTHO-
lweHuto, 276

MeToA, nosiyvyeHus Bblbopku, 271
oT60op 6e3 BO3BpalleHus, 280—287
npn paccsioeHHom oT6ope, 280

BeposiTHOCTb, M3B/IEYEHUS, MPOMOPLLMO-
HanbHasa pasmMepy, Npu ABYXCTYMeH-
yaTom oT6ope, 317

Ancnepcns  HeCMELLEHHOIA  OLLeHKW,
331

Ancrepems OLEHKU MO OTHOLUEHMIo,
336

B CPaBHEHUW C OLEHKOM MO0 OTHO-
leHu, 332

oT6op 6e3 Bo3BpaweHUs, 345—346

Bec cnos (stratum weight), 104

BHyTpurHesgosas koppensuymsa  (intra-
cluster correlation), 230, 262

leorpatuyeckoe paccrioeHne (geogra-
phic stratification), 118
topmumposaHue cnoes, 151
BbIUIPbIWL B TOYHOCTWU OT MpUMeEHe-
Hus, 118
vnepreomeTpuyeckoe pacnpefesieHne
(hypergeometric distribution), 70
B KayecTBe YCJ/IOBHOIrO0 pacripefersie-
HuA, 75
npumep, 70
[oBepuTesibHble rpaHuubl, 71
Tabnuubl (ccbinka), 71
MHe3poBotd oT6op  (cluster sampling),
0AHOCTYrNeHYaTbIA
B/IMSIHWE pa3Mmepa rmesga ua Auc-
nepcuio, 263—265
ancnepcua cpegHero, 262
ONTVM&/IbHbIMA pasmep U TuUN rues-
na, 253, 266
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OLEeHMBaHNE B c/lyyae efuvHWUL, He-
0[INHaKOBOro pasmepa, 269
oueHVBaHWe mdorneid, 78, 267
rnpyMeHeHne oT6o0pa ¢ BEPOATHOCTSA-
MU MPOMOPLMOHa/IbHLIMU  pasmMepy,
269
CcpaBHEHMEe C MNpPocTbIM  C/lyyaiAHbIM
0T60pPOM 3/11eMeHTOB, 263

He3poBotA 0T6Op (C mogoT6opom), CMm.

[BYXCTYMNeH4YaTbIA 0T60p
paHuubl cnoeB (boundaries of strata),
npaBusio Ana HaxoxaeHus, 146

ABoiiHoiA oT6op (double sampling),
npymeHeHne B o6cnefoBaHUAX, onuca-
Hue, 135, 351

HeoTBeTUBLLINX, 391—395
[BotAHOA 0T6Op ANA OLEHOK M0 OTHO-
weHuo, 364
auncnepcns, 364
ONTUMa/IbHBLIA 06bEM BblGOPKK, 364,
365
oueHka aucnepcuu, 365
[BoAHOLA 0T6Op A5 OLEHOK Mo perpec-
cun, 359

Ancnepcus, 360—362
oNTUMasibHble 06bEMbI  BbIGOPKMU,
361
oueHkKa awucnepcuu, 363
cpaBHEHWE € MNpPoOCcTbIM Crly4alAHbIM
oT6opom, 361

[ABoiAHOA oT6Op Ans paccrioeHus, 352
avcniepcus, 354
onTUMasibHble  06BbEMbI BbIOOPKMY,
355
oueHnBaHue poneia, 354
oueHka aucnepcuun, 357
CcpaBHEHMEe C MNpPOCTbIM  C/y4YalAHbIM
oT60pom, 356

OByxcTyneH4uaTbitA  0oT6op  (two-stage
sampling), eauHUUbI 04MNHAKOBOIO
pasmepa, npemmyLlecTsa, 291

Avcrepcus oueHKWM  cpegHero, 296
aucnepcusa oueHKu ponu, 299
npMmeHeHve npo6Horo o6cnepnosa-
Hua, 305

o0603HaueHus, 296

onpegeneHune, 291

onTUMasibHble A0nnM oT6opa M noAa-
oT6opa, 301

oueHKa awucnepcuu, 298
pacc/ioeHHbIMA 0T6OP UCXOAHbIX ean-
Huu, 310

Tabnuua Ans onpegesieHNs  oNTu-
MasibHoro  obbemMa  MNoABbIGOPKM
(subsample), 304

ABYXCTyneH4YaTbIA 0T60p (eavHUUbI He-

0AMNHAKOBOIr0 pasmepa)
cpaBHeHMe oT6opa C paBHbIMU Be-
POSTHOCTAMM M 0T6GOpa C BEpoAT-
HOCTAMW, MPOMOpLMOHaSIbHOMY pas-
mepy, 318, 332
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onTUMasibHble Aonun otbopa v nog-
oT6opa, 337—342
oT6op MCXOOHbIX eavHWL, 6e3 BO3-
BpaweHus, 345
oT6op eauHUL, C paBHbIMW BeEPOAT-
HocTamu, 316, 319, 323, 326
oT6op eauHUL, C BEpoSSTHOCTAMMW,
rnponopLoHasIbHbIMN XapakTepu-
CTuke pa3mepa, 319—322, 328—332
oueHuBaHVe Ooneii, 334
oueHKa Mo OTHOLEHWUIO C pa3sMepoMm
B 3HameHaTesne, 323
oLeHKa Mo OTHOLLEHWIO C ApYroiA ne-
peEMEHHO B 3HameHaTesne, 334—
336
npu paccrioeHuun, 342—345
AByxdasHblii 0oT60p (two-phase samp-
ling), cm. [iBolAHOLA 0T60p
Awncnepcna (variance)
onpegenenne S2wu a2 37
KakK (yHKUMs pasmepa eguHULbI,
263
A8 COBOKYMHOCTW, npeaBapuTesb-
Hble OLeHKN, 92
Avicnepcua BbIGOPOYHBIX  OLEHOK, CM.
CTaHpapTHas owmnbka
JosepuTensHble rpaHuubl  (confidence
limits), 27
B/NSIHME  HernoslyvyeHus 0TBETY,
381—383
B/INSIHWE CMelleHus, 28
ANA runepreoMeTpuyeckoro pacrnpe-
nenenuvs, 71
AN JonetA wan npoueHTos, 71, 75
A1 OLeHOK MO OTHoweHuo, 182
060CHOBaHHOCTb annpokcnmaumun
HOpMasibHbIM pacrnpegerieHem, 54
npyu npocTom crlydabiHom oT6ope,

411
npu pacc/I0eHHOM C/yyaiAHOM 0T60-
pe, 111

Nonwn (proportions)
oLeHnBaHue, 64

B/IVsIHME Henosly4eHus 0TBeTa,
386—383
BMIVSIHME [0W  AJ19 COBOKYMHOCTU,
P, Ha TouHOCTb, 67
B cny4yae 6Gosiee YeM ABYX KJ/1accoB,
74, 75
06beM Bblbopkn, 86—90
npu rHesgosom oT6ope, 78—82,
267—269
npn AgoiiHom oT6ope, 354
npu AByxcTyneH4yaTom oT6ope (ean-
HULUBI  HEOAMHAKOBOro  pasmMepa),
334
npu ABYyXCTyMneH4YaToM oT6ope (eau-
HULbI OAMHAKOBOro pasmepa), 229
rnpu npocTom cry4atbAiHoM o0T6Ope,

64— 82
npy paccs/iIoEHHOM C/y4YalbiHOM 0T60-
pe, 122— 126

Oonsa ot6opa (sampling fraction), 35
nepeoiA cTyneHn, 297
ob6uas, 329
BTOPOIA cTyneHu, 297
[HocToBepHocTb (accuracy), 30
Ay6nunpoBaHHbILA  0T6Op (replicated
sampling), 27, 410

EavHnua otbopa (sampling unit), on-
pefenexHve, 21
avcnepcus, 44
MeToA, Haxo4yKeHUsi ONTUMaSIbHOLA
eanHuubl, 253—261, 263—267
oNTUMasibHas XapakTepucTuka pas-
mepa, 275

3ameweHne (matching) npu nosBTOp-
HOM 06cf1ief0BaHUM OOHOA U TOA Xe
COBOKYMHoOCTU, 365, 367

M30ep>XKu Ha co6CTBEHHO 06c/enoBa-
Hue (field costs)
B/ISIHWE Ha ONTUMMaSibHbLILA  pasmep
eanHvubl, 57, 267
M3meHeHve (change)
OLIEHKM U3MeHeHuns, 365—366, 372—
376
M3yyaemaa CcOBOKYMNHOCTb (target po-
pulation), 20
McxoaHaa epguHmnua (oTbopa) (primary
(sampling) unit), 292
«/IcTUHHOe  3HayeHue»  («correct va-
lue»), 399

KauecTBeHHble npu3Hakm (attributes),
BbI6OpPOYHOE ucc/iefoBaHue, cMm. [onun
KBagpaTunyHble A0BeEpUTESbHbIE TPaHULbI
AN OLEHKU MO0 OTHOLWEeHMo, 164
KBoTa (quota), 155
KsoTamu oT60p (quota sampling), 155
KoBapurauuna BbIG0pPOYHbIX cpegHux (co-
variance of sample means), 39
KomnpomuccHoe pasmelleHne  BbIGOPKU
no cnosm, 137
KoHTposimpyemble 3KcrnepyMeHTbl (cont-
rolled experiments), npu wu3yyeHUn
oWwmn6oK HabnwaeHus, 412
KoHTponimpyembith oT6op (controlled se-
lection), 146
KouueBble nonpaBkn (end corrections),
237
Koppenorpamma (correlogram), 239
Kown—BbyHAKOBCKOro HepaBeHCTBO, 113
KoahpuymeHT Bapuaumn (coefficient of
variation) oueHku, 68
KoagdmumneHT Koppensauunm (correlation
coefficient)
BHYTPUIHE3O0BOIA, 229, 262
BHYTPU CUCTEMATUYECKOM BbIGOPKY,
229
[N KOHEYHOMA COBOKYMHOCTW, 176

KymynaHt (cumulant), n4 60

NaTtunHckne kBagpatbl (latin squares),
ncrosib3oBaHWe Mpu CUCTEMAaTUYECKOM
oT6ope, 249

NInHelAiHas oueHKa Mo perpeccum, CM.
OLleHKa Mo perpeccum

MHoromepHasi ougHKa MO0 OTHOLUEHWUIO
(multivariate ratio estimate), 203
MHoXuUTenb pacnpoctpaHeHua (infla-

tion factor), 35

HapncoBoKynmnocTb (superpopulation),
234
HakonneHHoro j’f npaBuno (cumulative
if rule), 149
Havnyuduwas J/ivMHelAHas — HecMeLleHHas
oueHka (best linear unibiased esti-
mate), 184
HanpaBneHHbIUA 0T60p (purposive se-
lection), 25
HeiAmaHoBo pa3smelteHne (Neyman allo-
cation), 113, 147
Hannydylme rpaHuubl cnoes, 147
HeobHapy>xeHHble (noncoverage), 383
Henony4yeHve oTBeTa (nonresponse),
379
B/INSHME MOBTOPHbIX  06paLleHuniA,
385—391
B/IMSIHWE Ha [A0BepuTesibHble FpaHu-
upl, 381—383
B/INSAHWE Ha AMCrepcuo  nNpu pac-
cnoeHHom oT6ope, 167
BblI3BaHHOE MM cMmelleHne, 380—383
meTon Monuua—CumMmoHca, 395—
398
HeobXoaUMbI A 06beEM BbI60PKY,
380—383
onTuMmasibHas f[ons oTb6opa cpeaun
HeoTBeTUBLUMX, 391—395
MpUYMHBI HenoslyyeHNss  0TBETA,
383—385
HecmelleHHas oueHka (unbiased esti-
mate) (meTog oueHMBaHWSA), ornpege-
neHve, 26, 36
HopmanbHoe pacnpegeneHne (normal
distribution), 24
KaK annpokcumayms 6uHOMWanbHO-
ro, 72
KakK anmnpokcMmaumsa runepreoMeT-
pnyeckoro, 72
KaK npegenbHoe  pacnpenenieHve
cpeAHero Ans Bbl6opkn, 54
060CHOBaHHOCTb anrnpokcMmaumm,
54—61
rnpvMeHeHve B o6cnefoBaHUsAX, 26

O6nactb u3ydeHuss (domain of study),
48
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O603HayeHns
B MoAe/N B/NSHUA MOBTOPHbIX 06-
pawieHunia, 387
ANA ABYXCTyrMeH4yaToro orb6opa, 296
NS poneta, 64, 77
AN OLLeHOK aucnepcuia, 41
AN OLLEeHOK Mo OTHoweHuo, 173
A5 MpocToro cry4vatiHoro oTb6opa,
34

ANnA paccsioeHHoro ot6opa, 104
O6cnepyemasn COBOKYNHOCTb — (sampled
population), 20
O6uwan pons otbopa (over-all samp-
ling fraction), 329

O6beM BbIGOPKM Heobxoaumblia (size of
sample needed)

npu  BbIYUC/IEHUN  O0BEPUTESBbHBIX
rpaHvy, € MOMOLLbI0  HOPMasibHOMA
annpokcumaumm B C/lyyae Heripe-
pPbIBHbIX AaHHbIX. 57, 58
npu  BbIYUC/IEHUN  [0BEPUTESbHbIX
rpaHuL, Ana Aoneti ¢ NoOMOL bl HOp-
Ma/IbHOIA annpokcumaumn, 72
npy OLEeHUBaHUM ONTUMAasIbLHOLA [A0-
n nopoTt6opa, 304, 305

OnucaTenbHble ob6cnepoBaHnsa (descrip-
tive surveys), 18

ONTUMasibHOE pasmeleHrMe Mpu  pac-
C/IOEHHOM ABYXCTYMeH4YaToM 0T6ope,
310

OnTuManbHoe pa3mellleHne Mnpu paccrio-
eHHoMm oT6ope (optimum allocation
in stratified sampling)

B aHa/INTUYECKUX 06C/1efoBaHUSAX,
163

B/INSIHWE OTKJ/IOHEHWIA OT OMTUMAasb-
HOro pasmelleHus, 131

B/INSIHME OWIMOOK Mpu onpegesnieHnmn
Sh, 133

B/INSIHME OLINGOK Mpu ornpegeneHnum
o6bemoB csioeB, 133

B cnyyae 6osiee yem 100%-moro oT-
6opa, 119

B C/ly4ae OLEHOK MO0 OTHOLLEHUIO,
192

onpeaesnieHve Mo rnpeagapUTesibHbIM
[AaHHbIM, 117, 149

npu gpotiHom oT6ope, 355

npu Un3yYeHUU HECKOSIbKUX MpU3Ha-

KoB, 135, 137

npn 3agaHHoOM 06bemMe BbIGOPKU,
113, 124

npu 3afaHHbIX 06WKUX U3[EpPXKKaXx,
111, 124

npu oueHMBaHUW Ooneid, 123
CpaBHEHMEe € MpPOMopLUOHaSIbHbIM
pasmelleHvem, 115, 125

cpaBHEHMEe ¢ MpocTbIM CryYaiAHbIM
oT6opom, 115, 116

ONTUMasibHBIMA 06beM MOABLIGOPKU
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UCXOAHbIE  eAVvHULIblI  04MHAaKOBOI0
pasmepa, 301
ncxogHble eAuMHULLbl HEOAMHAKOBOro
pa3mepa, 338—342
ONTUMa/IbHBIA MNPOLLEHT 3aMeLleHuns rnpu
oT6ope 6osiee Yyem B ABa MOMEHTa.
370
OcHoBa Bbl6opku (frame), 21
OLEHMBaHMe B C/lyyae, Korga OCHO-
Ba BbIOOPKN COAEPXUT  eOuHWULbI,
He npuHagnexawine K COBOKYMHO-
ctn, 51
OT60p 6e3 Bo3BpaweHusa (sampling wi-
thout replacement), 34
C OAMHAKOBbIMW  BEPOATHOCTAMMW,
280—287, 292—296, 345
OT6op 6osiee yem B ABa MoMeHTa, 369
OT60p B ABa MoMeHTa (sampling on
two occasions), 367
OT60p no peweTke (lattice sampling),
249

OT60p c BO3BpaweHnem (sampling with
replacement), 34
OTK/IOHEHME 0T HOpManbHOCTM  (non-
normality)
B/NSIHWE Ma BbIGOPOYHYKO Aucnep-
cuo, 59
B/INSIHWE Ma BbIOGOPOYHbIE cpefHue,
56
B/INSIHWE Ha [O0BepUTESIbHbIE TpaHu-
upbl, 56
B/IMAAHWE paccrioeHns, 59
BCTpeyawllmecs B MNpPakKTUKe BbI6GO-
poyHoro metoga, 55
OTHocuTenbHas gucnepcus (relative va-
riance), 177
OTHOCUTesIbHAA YncTas ToyHocTb (rela-
tive net precision), 235
OTHOCUTENbHOE  CMeLLeHne (relative
bias), 179
OTHocuTeNbHas To4yHOCTb (relative pre-
cision)
MeToq, BbluncneHus, 118
ONTMMaNIbHOF0 1 06Lero pasmelle-
Hus, 131
MpPoCTOro M Pacc/ioeHHOro  CriyyaiA-
Horo oTb6opa, 114, 124, 154
BWA, COBOKYMHOCTW, o0becrneynsaro-
LWEIA MakKCUMasibHbIA ~ BbIUMpbIW B
To4yHoCcTH, 116
OueHka Mo oTHoweHuto (ratio estima-
te), 44
BEPXHAA rpaHMLa OTHOCUTENIbHOro
cMelleHus, 188
Auncnepeus, 45, 176
[AoBepuTesibHble rpaHUUbl, 182
[A0CTOBEPHOCTb MPUBIVXEHHOA Auc-
nepcun, 177
KaK 4YaCTHbIA cny4aiA OueHKM Mo pe-
rpeccumn, 209
meToq axupn, 197

nonpaBku /191 YMeHbLUEHUS cMeLle-
Husa, 195

cMelleHuve, 199

COCTOATENbHOCTbL, 175

cpaBHeHWe ¢ 0T6OPOM C BEpOSATHO-
HOCTAMMW, NPOMOPLNOHANIbHLIMW pas3-
mepy, 276

CcpaBHeHMEe CO CpeAHVMM Ha eguHU-
Ly, 183 -

cpaBHeHMe C OLEHKOIA Mo perpeccuu,
218

CpaBHEHWE C pacc/I0eHHbIM 0T60-
pom, 167

onTUMasibHoe pa3mMelleHve, 192
onTUMasibHble YC/10BMS AN MNpuMe-
HeHus, 185

oueHKa Aaucrniepcun, 46, 181
oueHka Xaptnmn—Pocca, 195

npu rnesgosom oT6ope, 80—82, 323,
331, 334—336

npu asoiiHom oT6ope, 364

npu paccs/I0eHHOM ABYXCTYMeH4YaToM
oT6ope, 344

rnpu pacc/0eHHOM C/y4YalAHOM 0T 60-
pe, 186

CTaHOapTHas owwnbka npu cpaBHe-
HUM OBYX OTHOLIEHUEA, 200

YC/I0BUSA, MPU KOTOPbIX OLLEHKa He
cMmelleHa, 179, cm. Takxe CoBMecCT-

HasA oueHkKa Mo OoTHoweHwut u Pas-

AenbHas oueHKa Mo OTHOLUEHWUIO

OueHka Mo perpeccun (regression es-
timate), 228—223
Auncrniepeus, 213
[0CTOBEPHOCTb  Aucnepcun  Ans
60/1bLLINX BbIGOPOK, 215
oLleHKa gucnepcuun, 214
npu ApoiiHom oT6ope, 359
npyumMmeHeHus, 210
npv NOBTOPHOM 0T6Ope M3 OAHOMA W
TOIA )Ke COBOKYMHoCTU, 367—376
npu pacc/I0eHHOM C/ly4atiHoM 0T 6o0-
pe, 219
cMmelleHuve, 216, 217
CpaBHEHMe CO CpegHVM Ha eaunHU-
uy, 218
cpaBHeHWEe C OLEHKOA Mo OTHoLle-
Huto, 218
yCM0BUSA, MNpU KOTOPbIX OLEHKa wue
cMmelleHa, 217 cm. Takxke CoBmecT-
Haf ougHKa Mo perpeccun n Pas-
AenbHaa oueHKa Mo perpeccumn
OueHKM aucnepcnia - ANs COBOKYMHOCTW
B/INSIHME OLIMGOK Mpu onpepeneHnn
Sh Ha To4YHOCTb pacc/loeHHOro oT-
6opa, 131
npu onpegeneHun ob6bema BbIGOP-
Kn, 92
Owwunbka (error), rpaHuubl (limits of),
87—89

Ownbkn HabnwgeHnsa (errors of measu-
rement), 399
B/IVISIHWE KOppensaumun mMexay oLimob-
Kamu BHYTpU Bbl6opku, 405
BAUSIHNE OLWIMGOK HaboaeHUs, Bbl-
Boabl 406
B/INSIHME OLINGOK HEKOppesiMpoBaH-
HbIX BHYTpWU Bbl6opku, 402
B/IAHWE  MOCTOSAHHOr0  CMELLEHMSA,
401
MUCMOMb30BaHMe  B3aMMOMpPOHMKalo-
wmx noaBbibopok, 408
mMaTemMaTuyeckas Moaeslb U3Yy4YeHus,
399
MeToAbl UsyyveHus, 406
OwnbkKM npn obcnenoBaHUax (errors in
surveys), Bugpl, 379

Mepenucb (census), cpaBHEHWE C Bbl-
60poyHbIM 06cniegoBaHuem, 16
Mepuoanyeckas Bapuauusi, BAUSHWE Ha
cucTemMaTUYecKUA oT6op, 237
MoBTopHOe 06crieaoBaHMe OAHOA U ToOIA
)Xe COBOKynHocTu (repeated samp-
ling), 365
MoBTopHble o6paweHus  (call-backs),
385
B/AVSIHWE WA [0S0 OTBETUBLUMX,

385—391
MaTemaTuyeckas Mofeslb  B/IMSAHUA,
387—391

onTUMas/lbHas TakKTuka, 389—391
OTHOCUTESIbHbIE  N3[epXKn, 385—
387
nonbITKN Kn3bexaTb, 391— 395
MoBTOpHbLIA onpoc (reinterview) npu
M3y4yeHMN OLWKNGBOK HabnwaeHus, 407
MopoT60p (subsampling), eanNHNLBI
04MNHaKOBOro pasmepa, 291
MopoT6op cpean HeoTBeTMBLUMX  (Sub-
sampling of nonrespondent), 391—
395 cM. TakXe ABYXCTYMeH4YaTbliA 0T-
60p, TpexcTyneH4yaTbliA 0T60p
MonuHommanbHoe pacripegeneHue (mul-
tinomial distribution), 74
MonpaBKa Ma KOHEYHOCTb COBOKYMHOCTW
(nkc) (finite population correction)
[ON15 OLLEeHOK M0 OTHoweHuto, 46, 176
A8 OLLeHOK no perpeccuun, 211
Korga MOXHO We yuuTbiBaTb, 39
npn AByxcTyneHyaTom oT6ope, 276
npy pacc/1I0eHHOM C/y4alAHOM 0T60-
pe, 107
MonpaBka Ma HernpepbIBHOCTbL  (correc-
tion for continuity), 72, 78
MoTepu (loss), cBA3aHHble ¢ owWMbKamMmn
npu oueHmBaHun, 98
MoTepb ¢yHKuma (loss function), 98,
138
Mpepenbl owmnbkn >xenatenbHble (limits
of error tolerable), 88—91
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MpMeMOoYHbIIA  KOHTPO/b (acceptance
sampling), nNpuMeHeHVe BbIGOPOYHOIO
meToaa, 18, 99

Mpu3Hak (item) onpegeneHve, 34

Mpo6Hoe o6cnepoBaHne (pilot survey)

rnpYMeHeHne rpH OLEeHWBaHUM Aunc-
nepcuiA oNs CoBOKynHocTu, 94
npuMeHeHve NS OUEHUBaHUA ONTU-
MasibHbIX Aonebid oT6opa 1 NofoT60-
pa, 305

MponopuuroHanbHoOe pasmelleHne  npu

paccrioeHHoM oT6ope
avcnepcma, 108, 123
rnosnly4yeHne paBMOB3BELLUEHHOIA Bbl-
60pkn, 105
npasunsio NpumMeHeHus, 118, 125
npu oT6ope A1 OLEeHUBaHWUA OOSIEIA,
124
cpaBHeHWE C ONTUMasIbHbIM pa3me-
weHnem, 105, 118, 123
CpaBHEHMEe C MPocTbIM  C/lyvalAHbIM
oT6opom, 105
CcpaBHeEHWe C pacc/10eHMEM rMocse n3-
B/leYeHnsi Bbibopkn, 153

MpocToiA  ciyvabiHbIA  0T6op  (simple

random sampling), 33
avcnepcns 0onv ans BbIGopkK, 64
avcnepcms cpefHero Ans BbIGOPKK,
37, 43
[0BepUTeNbHbIE FpaHULbl A0NWU NS
Bbl6OpKU, 71
[0BepuUTeSNbHbIE FPaHULIbl  cpeaHero
Ans Bblbopkuy, 41
06bEM BbIGOPKM MpWU  OLLeHMBaHUN
poneiA, 91
06beM BbIGOPKM AN OLEHMBaHUSA
cpenHero, 89
OoueHKa gucrniepcun oW NS Bbl-
60pKKn, 66
oueHKa aucnepcum  cpegHero  Ans
Bbl6OpKK, 40
pacnpegeneHve gonv ANsS BbIGOPKU,
cnoco6 nosy4yeHus Bbli6opkn, 33
TOYHOCTb B CpPaBHEHUWN C paccs/10eH-
HbIM C/lyyYaiiHbIM oT6opom, 114, 124,
155

MpoueHThbl, oueHnBaHWe, cM. [lonu, oue-
HUBaHWe

MyTeBble pacxoabl (travel costs), 112

PaBHOB3BelleHHass oueHka (self-weigh-
ting estimate), 105
npu AByXcTyneH4yaToM oT6ope, 324,
327, 329, 331, 333
PaBHOMepHOe pacnpepgeneHve (rectan-
gular distribution) awucnepcus, 95
PasgenbHas (separate) oueHka Mo oT-
HowleHuto, 186
BO3MOXXHOCTb CMeLlleHus, 187
B CPaBHEHWN C COBMECTHOM OLEHKOIA
no oTHoweHuto, 189
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Auncnepcns, 186
onTUMasibHoe pasmelleHue, 192
oLleHKa gucnepcmun, 198
rnpu pacc/ioeHHOM  ABYXCTyrneH4a-
Tom oT6ope, 344

PaspenbHaa (separate) oueHka Mo pe-
rpeccmm
BO3MOXXHOCTb CMelleHus, 221
B CPaBHEHUWN C COBMECTHOLA OLIEHKOA
no perpeccun, 223
ancnepcmsa, 220, 221
oueHkKa gucnepcumn, 221

PasmMelleHre BbIGOPKM MpU  pacc/ioeH— <

HOM oT60pe, CM. ONTUMasibHOoe pa3-J
MeLLeHNe Mpu paccsloeHHOM oT6ope A
Pacnpepgenenne CtblogeHTa (Student!
t-distribution), 27, 58 1
PaccnoeHune (stratification) 103
B/IUSIHWE 4YUCNa C/I0eB Ha TOYHOCTh,!
151
Hannyduwasa nepemMeHHas, 116 1
Heobxo4MMOCTb nMpuMeHeHusi, 103 |
no AByM rnpu3Hakam, 144
nocsie nosny4yeHus BblGopkn, 153 |
npn ABoiAHOM oT6ope, 352
npu AByxXcTyneH4yaTom oT6ope, 342,1
344

PaccnoeHHbIA cnyyaldHbIld oT6op  (stra-
tified random sampling), 103

BUA, COBOKYMHOCTW, AN  KOTOPOLA
BbIMIPbIW B TOYHOCTW 3HAYMTESIEH,
116
auncnepcusa£st, 123
avcnepcns yet, 107
AN OUEHOK Mo OTHOLWeHuo, 186
A1 OUeHOK no perpeccun, 219
[oBepuTeSNbHbIE FpaHULbl B criy4dae
HenpepbIBHbIX AaHHbIX, 110
o6bem BbIGOpKM, 120, 126
onTUMasibHoe pa3melteHue, 111
OUEeHMBaHMe cpeaHUX N CYMMAapHbIX
3HaYeHNIA ONsA obnacTein U3ydeHus,
164
oueHka pst, 123
oueHka Yyst, 105

oueHka aucnepcun y,t, 110; pat, 123

npn AByxcTyneHyaTom oT60pe, 310

cpaBHEHMe ¢ 0T6OpPOM C BepoATHO-

CTAMMW, MPOMNOPLUMOHa/IbHbIMU  pa3-

mepy, 276

CpaBHEHME C OLEHKOIA MO OTHOLIe-

Huto, 190, 276

cpaBHEHMe C MNpocTbIM  Cry4YalAHbIM

oT6opom, 109

CcpaBHEHME C CUCTeMaTU4YeCKUM OT-

60pom, 233—247

topmumpoBaHue crioeB, 146

npu ogHoMA eauHUUE B cnoe, 159
PaccrioeHHbIUA oT6Gop, o6uwias dopmyna

avcriepcmn oueHku, 106

Perpeccun  koagpduumeHT  (regression
coefficient), ONA KOHEYHOLA COBOKYI-
HocTwn, 210, 211

Penkue npusHakn (rare items), Heo6-
XO0AMMOCTb 60/IbLUOIA BbIGOPKN

CuctemaTnyecknia  otbop  (systematic
sampling)

B aBTOKOPpe/IMpoBaMnbIX COBOKYTI-
HocTaX, 238

B [ABYMEpPHbIX COBOKYMHOCTAX, 247
B/ISAHWE MNEPUOAUNYECKOIA Bapuauuu,
237

B peasibHbIX COBOKYMHOCTAX, 241
B COBOKYMHOCTAX, €AMHULbl KOTO-
pPbIX PacrnosioKeHbl B «C/y4ailAHOM»
nopsagke, 233

B COBOKYMHOCTSX c
TpeHaom, 235

Aancnepcusa oueHkKun, 227
KOHLieBble rnorpasku, 237
MeToL u3BfieyeHus, 225, 227
oLeHmMBaHVe aucnepcun, 243—246
npevmylecTsa, 225

npu AByxcTyneH4yaTom oT6ope, 299
npy o[HOCTYMeHYaToOM rHe340BOM
oT6ope, 284

pacc/ioeHHbIA  CUCTEMATUYECKUEA OT-
60p, 246

peKomMeHAaumMn OTHOCUTESIbHO Mpu-
MeHeHus, 250

CBA3b C FHe340BbIM 0T6opom, 227
cpaBHeHWEe C MpocTbIM  C/lyYabiHbIM
oT6opom, 228, 233, 247

cpaBHeHMe C pacC/10eHHbIM 0T60poOM,
233—246

Cnota (stratum)

rpaHuLbl C/10eB, MPaBM/I0 Haxoxnae-
Hus, 146
Cnaraemoe pgucnepcum  (component of
variance), Bapuauuna mexay cpeaHu-
MU N8 UCXO4HbIX eanHuy, 301
CnyuaiiHbId 0T60p, cMm. TpocToiA cry4ata-
HbIA 0T6Op
«CnyyaiHass Touka» («random point»),
meToa oT6opa, 260
CwmeweHune (bias), 27
B/INSIHWE Ha [O0BepUTesibHbIE TpaHu-
upbl, 28, 29
B OLLeHKax no oTHoweHwuto, 188
B OUEeHKax Nno perpeccumn, 216, 217
aonycrtumasa BenuynHa, 30
NpUMEHEHNE  CMeLLEeHHbIX  OLLeHOK,
27—29
CBA3aHHOE C Herosly4YeHneM OTBETa,
381

CBA3aHHOEe C ownbkamu npu onpe-
AeneHnn Beca cnos, 133
y obcnepnosateneti, 400
CwmeweHne (y) obcneposateneta (inter-
viewer bias), 400

JIHEAHbIM

mMaTemMaTunyeckasa wmoaenb, 406—412
CoBMecTHass oOueHKa N0 OTHOLEHWIO
(combined ratio estimate), 187
BEPXHASA rpaHMua OTHOCUTENIbHOro
cMelleHns, 188
B CpPaBHEHWU C pa3fesibHOIA OLIEHKOMA
Nno oTHoLwleHuto, 189
Ancnepcus, 188
onTUMas/ibHOe pa3MeLlleHune, 192
oueHka gucnepcumn, 191
npu  pacc/I0eHHOM  ABYXCTyNeH4a-
TOoM OoT6Ope, 344
npu OUEHMBaHMWN CcpeaHMX ANs 06-
NacTeil nsyyeHus, 166
CoBMecTHas oueHKa Mo perpeccun (com-
bined regression estimate), 220
B CpaBHeEHWW C pasfesibHOMA  OLeH-
KoiA no perpeccumn 223
avcnepcuns, 222
oLeHKa gucnepcuu, 222
cMmelleHune, 220

CoBokynHocTb (population)
aBTOKpppenmpoBanmnas, 238
ABymepHas, 247, 248
nsyvaemas, 20
obcnepyemasn, 20
peanbHasa (OaHHbIe), 241
C JWMHelAHbIM TpeHaom, 235
C nepuvoamnyeckoii Bapuauuveii, 237
CO «C/ly4yalAHbIM» MOpPSAKOM pacno-
NnoxeHna eanHu, 233

CoBMellleHHble cnou (collapsed strata),
160, 247

CocTaBrieHMEe MepeyHs MnogbeauHUL, B
nexogHbix eauHuuax  (listing of pri-
mary units)

B/IMSIHWE U34EPXKEK  COCTaB/IEHUS
nepeyHs Ha ONTUMasIbHYIO BeposT-
HOCTb 0T6opa, 338—342

CocTaBHasa oueHka (composite estima-
te) npu noBTOpHOM 06CNefoBaHUN 0f-
HOA 1 TOM >Xe COBOKYMNHoCcTW, 374

CpegHee  KBaZpaTWUYHOE  OTKJ/IOHEHME
(standard deviation), 26

CpegHunia KkBagpaT owunbkn (mean squa-
re error), CKO, onpegeneHve, 30
Heob6xoAMMocTb npumMeHeHns, 30
CBSI3b C Aucrepcmeii U CMeLLEHVEM,
30

CTaHpapTHaa owunbka (standard error)
OUEeHKM Jonn  Ana obnacTtm usyde-
Hua, 77, 78
OLleHKM [0N1 MNpy FHe3[oBOM 0T60-
pe, 78—82, 267— 269
OLEHKN [0MN MPU ABYXCTYNEHYaToM
oT6ope, 299—300
OLEHKW [0NM MpU MPOCTOM C/ly4yaia-
HoM oT6ope, 66— 68
OLEHKN [0/ MNPU pPacc/ioeHHOM OT-
6ope, 123— 124
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OLUEHKM 10 OTHoweHuwo, 45—47,
178, 179

OLEHKN MO OTHOLEHWIO Mpu  pac-
c/loeHHom oT6ope, 186— 188
OLLeHKN MO0 OTHOLIEeHWUK Npu ABYX-
cTyneH4yaTom oT6ope, 335, 336, 344,
345

OLeHKU Mo perpeccun, 210, 213, 215
OLIeHKM MO0 perpeccun rmpu paccrio-
eHHoM oT6ope, 220, 222

OLLeHKN cpefHero ass obfiactu usy-
yeHusa, 49

OLEHKWN cpeaHero Ans 06nactu nsy-
UeHus npu  paccsioeHHOM  oT6ope,
165— 167

OLleHKN CpeAHero Ha 3/1ieMeHT npu
ABYXCTyneH4yaTom oT6ope, 297—
299, 308, 315—332, 342, 343
OLEHKWN CcpegHero ma 3/emMeHT npu
oT6ope C HEeoAVHAKOBbIMU BeposiT-
HoCcTaAMKU, 272—275, 282

OLleHKN cpegHero npuv FHe3[0BOM
oT6ope, 79, 80

OLeHKM cpeaHero npu otr6ope ¢ He-
04NHAKOBbIMU BeposiTHOCTAMU  6e3
BO3BpalleHuns, 282, 346
OLLeHKN cpefHero mpy NpocTom Ccry-
YaliHom oT6Gope, 38
OLLeHKM CYMMAapHOro 3HadyeHus Aans
06nacTun nsyyveHms, 51

OLLEeHKM CYMMapHOro 3HayeHus ans
061aCTN U3YyYEeHUs Mpu  paccsioeH-
HoM oT6ope, 50—53
OLEHKN CYMMapHOro 3Ha4deHus ans
COBOKYMHOCTM MpW MPOCTOM  C/ly-
valAHoMm oT6ope, 38

pasHOCTW ABYX OTHOWeHuiA, 200,
203
pa3HOCTU OLLEHOK cpegHux ansa 06-
nacTeti mnsyyeHusi, 53, 54

TeppuTopnanibHbliai 0T6op (area samp-
ling), 383
Tekywme oueHkn (current estimates)
npy MoBTOpPHOM o6c/1e0BaHUN OOHOMA
N TOIA XXe COBOKynHocTu, 365—376
TouHocTb (precision) 30

TpexcTynenyvatbliAi  oT6op  (threestag®
sampling), 307
AVCepcust cpefiHero Ha efuHuiuly
TpeTbei cTyneHn, 308 *
onTUMasibHble Aonn oTbopa U nog
oT6opa, 309 ‘m

dunkyna mnsgepxek (cost function),
B aHa/INTU4eckMx o6cnenoBaHuAaX,!
163 |
npu ABOMAHOM 0T6Gope ANs OueHKwu/'
no perpeccuun, 361
npu agotiHom oT6ope ANs paccrioe-
Husa, 352
npyu HaxoXxgeHunm obbema BbIGOp-
Kn, 98
npy HaxoXAeHUN ONTUMasIbHbIX Be-
posiTHocTelA 0T6GOpa MCXOAHbIX eaw-
HUy, 337—343
npy HaxoXAeHUW ONTUMaNbHOMA [,0-
M oTbopa cpean  HEOTBETUBLUMX,
391
npy  HaxoXAeHUn  ONTUMasIbHOrO
pasmepa eanHULbI, 265
npu HaxoxaeHuUu 4ucna cnoes, 153
npy pacc/10eHHOM CJly4YatiHoM 0T6o-
pe, 112

XapakTepucTuka (characteristic)  cm.
MpusHak, 34
XapakTepuctnka pasmepa (measures
of size), 272
onTUManbHaa 418 0AHOCTYNeH4YyaTo-
ro rHesgoBoro otbopa, 275

LleHTpasibHO pacrosloeHHas cucTtema-
Tuyeckas Bblbopka (centrally located
systematic sample), 226

Yepepytowmecs Bbl6opku (rotation sam-
pling) cm. MMoBTopHoe o6crepoBaHue
OAIHOIA 1 TOIA XXe COBOKYMHOCTU

3kcuecc (kurtosis), 60
B/IMSIHME Ha AUCMEepcUio Ans Bblbop-
Kn, 59

dnemeHT (elemenl), 67, 253

YKA3ATE/Ib NMEH

AlizeHxapT (Eisenhart), 301
Apmutepk (Armitage P.), 114

BaptneTr (Bartlett M. S.), 217

BapTtonombio (Bartholomew D. J.), 398

Bennok (Belloc N. B.), 406

Bepwo (Bershad M.), 374, 400, 401,
403, 413

BepHbaym (Birnbaum Z. W.), 382, 383

BepHepT (Bernert E. H.), 151

Bnnc (Blythe R. H.), 98, 101

Bnak (Black C. A.), 249, 254

Bo3 Yemenmn (Bose Chameli), 360

Bonblee /1. H., 69

Bosipcknta A. ., 8

BpatiaHT (Bryant E .C.), 144

Bpykc (Brooks S.), 303, 306

ByHsikoBckniA B. A-, 113

Byapyd (Woodruff R. S.), 376
Byncu (Woolsey T. D.), 384

Maek (Hajek J.), 54, 183

Maycc (Gauss K), 185

lepHn (Gurney M.), 149, 185, 193

paHan (Grundy P. M.), 95, 281, 282,
283, 285, 345, 346

lpein (Gray P. G.), 314, 406

l'yameH (Goodman L. A.), 196

yomeH (Goodman R.), 146

Aaneuvnyc (Dalenius T.), 14, 138, 140,
146, 148, 149, 164, 169

Aac (Das A. C.), 248

Jetiaeng (David F. N.), 185

Aentopn (De Lury D. B.), 71, 73, 246

Ademuur (Deming W. E.), 14, 18, 95,
387, 397, 398, 410

Aepbun (Durbin J.), 165, 167, 199, 292,
386, 394, 398, 413

Aec Papx (Des Raj), 277, 283, 284

Oxebe (Jebe E. H.), 14, 319

MoxecceH (Jessen R. J.), 22, 53, 100,
118, 136, 144, 185, 257, 265, 347, 367

AxxoHc (Jones H. W.), 410
OxxoHcoH (Johnson F. A.), 91, 255
Aoynn (Doull J. A), 14
ApyxnHnH H. K, 11

>XapkoBuu (2arkovic S. S.), 163, 277

MeiaTc (Yates F.), 14, 73, 98, 138, 162,
163, 165, 209, 237, 241 246, 249

Katiept (Cyert R. M.), 14, 250, 277,
281, 282, 283, 285, 345, 346, 348, 369

Ketiguy, (Keyfitz N.), 163, 191, 206

Kengan M., 8

Kenyii (Quenouille M. H.), 199, 240,
248 !

Kuur (King A. J.), 151, 355

Kuw (Kish L.), 14, 82, 146, 203, 384,
398, 407

KoBanesckuih A. I., 8

KokpeH (Cochran W. G.), 5, 6, 8, 9, 10,
11, 14, 150, 151, 153, 240, 246, 277,
285, 398

Kokc (Cox D. R.), 92

Kokc I'., 5

KopneTt (Corlett T.), 314

KopHenn (Cornell F. G.), 14, 121, 122

KopHdpung (Cornfield J.), 42, 94, 268
Kowwn (Cauchy), 113, 128

Kyn (Koop J. C.), 410

KaneuH (Calvin L. D.), 14

Naxwnpu (Lahiri D. B.), 196, 197, 198,
199, 206, 421

NaHcunr (Lansing J. B.), 407

NlnbepmaH (Lieberman G. J.), 71

NnHpebepr (Lindeberg), 54

Makseth (McVay F. E.), 264, 269
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MakkapTn (McCarty D. E.), 151, 312
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Mapkc (Marks E. S.), 413
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MatepH (Matern B.), 238, 241, 246,
247, 248

MaxanaHobuc (Mahalanobis P. C.),
291, 408, 411

MepTtn (Murthy M. N.), 283

MwunpgsyHo (Midzuno H.), 197, 207

Mukkun (Mickey M. R.), 223

MunH (Milne A.), 238, 248
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Mapgoy (Madow L. H.), 230, 234, 238,
267 305
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HapeitiH (Narain R. D.), 283, 284, 286
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OnkmH (Olkin 1.), 203, 206
Oc6opH (Osborne J. G.), 241, 246
Oyen (Owen D. B.), 71

MatTepcoH (Patterson H. D.), 249, 369
Monwny (Politz A. N.), 395, 396, 398,
416, 417, 423

Patia (Raiffa H.), 99

Pao (Rao J. N. K), 284, 285

Pao (Rao S.), 14

PeHbn (Rcnyi A.), 54

Po6coH (Robson D. S.), 196, 355
Popxepc (Rogers S.), 14

Pomur (Romig H. G.), 69, 73
Pocc (Ross A.), 180, 188, 195, 198
Pypke, 69

Cangenunyc (Sandelius M.), 85
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398, 416, 417, 423
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CrtapoBckuiti B. H., 8

CtuBan (Stephan F. F.), 14, 134, 151,
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CTtblogeHT (Student), 27, 41, 58, 59, 182

CykxaTm (Sukhatme P. V.), 133, 177,
254, 271, 325, 329, 401

Teranop, 177, 199
Tomac, 69

TomncoH (Thompson D. J.), 282, 288!

Toiokn (Tukey J. W.), 44
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