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BBepneHne

MpunsTve Pykosoactea MCOMBK 98-3 (GUM)Y npuseno K sospacTaioieMy npusHaHmio Heobxoan-
MOCTY BKIIOYATL YKa3aHWe HEONPefeneHHOoCTU B pesynsTaThl M3MepeHnid. Akkpeputauus nabopaTtopwin Ha
ocHose MOCT MCO/M3K 170252 yekopuna oToT npouece. MpusHasast, Uto yKasaHue HeONPEeNeHHOCTY He-
oBxoAnMO AN NPUHATUA PELLeHW, MeTposiori B nabopaTopusix BCeX TUNOB (OT HaLMOHAmNMbLHLIX MHCTUTYTOB
METPONOrM A,0 KoMMEepHecKMX nabopatopuii KanbpoBKI) NPOSIBNNAIOT 3HaYUTENBHLIE YCUITMS Mo paspaboTke
COOTBETCTBYIOLMX OUEHOK HEOTIDEAENEHHOCTY 1S PasN-HbIX TUMOB U3MEPSEeMbIX BENUYMH M METOROB, NPK-
BefieHHbiX B GUM.

HekoTopbiM NpeumyLLecTBOM NpoLUeayp, ONUCaHHbBIX ¥ MONYNAPU3NPoBaHHbLIX B GUM, aBnsetca cTaH-
BapTUSMPOBaHHDBIM MOAXOA, K ONPEAENEHMIO OLEHKM HEONPEENeHHOCTH ¢ afanTaLymei K MCTOUHUKaM Heonpe-
AENeHHOCTH, KOTOpasi MOXET BhiTh cTaTucTUdeckon (Tun A) unm HecTaTucTUYecKoi (Tyn B), © akueHToM Ha
oTyeTax 060 BCeX MCTOMHMKAX paccMaTpuBaeMon HeonpeaesieHHOCTH. B oCcHOBE nofxoAa pacnpocTpaHeHnst
HeonpepenexdHocT GUM nexur nuHentas annpokeuManmna GyHKUMW nsmepermnii. Bo MHOMX NpakTyecknx
CUTYaUMAX TakoW MOAXOCH AAeT pesynbraThl, aHanorMuHbie nomyyeHHbiM Sonee dopmanbHbIMK METOAaMMN.
Takum oBpaszom, npursaTre GUM, npoussenc peBontoumio B OLiEHKe HeonpeaeneHHOCTU.

KoHeuHo, HEOBXO MO MHOTO YCUITWIA ANA YIYULWEHUA OLIEHKK HEONPEASNEHHOCTH B MPaKTUNECKVX CUTY-
ayuax. COBMECTHBIA KOMUTET MO pykoBoacTeam B meTponorim (JCGM), oTBeTcTBeHHbIN 3a GUM ¢ 2000 roaa,
3akorumn fononHenve 1 K GUM, a umeHHo «HeonpeaeneHHoOCTL usMepeHusi. Yactb 3. PYKOBOACTBO M0 Bbi-
pPaxXeHuio HeornpegeneHHocT namepermns. JononHerue 1. TpancopMupoBaHue paciipefeneHmi ¢ Uenofib-
3oBaHuem metofa MoHTe-Kaprio» (HasbiBaemblit GUMS1). B HacTosuee spemsa JCGM paspabatnisaet Take
Apyrue [ononHeHua K GUM B TaKkux Hanpasnernax, Kak mogesnmpoBaniie U Mofernii ¢ NtOOLIM KONMWUECTBOM
BLIXOAHBLIX BEIAYMH.

[MpumeHUTensHO K LWXPOKOMY KPYTY MsMepuTenbHbIX 3aiay B Pykosopctee MCO/MOK 99:2007 (cm. [4])
NPUBSAEHC AOCTaTOuHO oflee ONPEfeneHne HeONPeeneHHoCTH USMEPEeHUS KaK HeoTpULaTeNbHOro na-
pamerpa, XapakTepuayiowero pabpoc sHaueHu, NPpUNUCLIBASMbIX UIMEPASMON BEeNTUYMHE, HA OCHOBE WC-
nonbayemon uHgopMalmnn. B pesynsrate onpegeneHue v noHuMaHue QyHKUMA pasnniHbiX CTaTUCTUHECKUX
BENUYMAH NPUX ONPefeneHnn OLeHK HEONPEAENSHHOCTK, laXe B XOPOLLIO MOHATHLIX NPUMEHEHUAX N3MEPEHWA
OCOBEHHO MHTEPECHB! K&K CTAaTUCTUKaM, Tak U METPONOram.

PaHee npoBoOAWMChL UCCRENOBaHUA 3TUX NPOGNEeM € METPOMOrMuecKord TOUKM 3peHus. Hekotopoie
aBTOPbl MCCMEAOBaNM CTAaTUCTUMECKME CBOCTBa npouefyp, ycTaxoBnexHbix 8 GUM. B [5] nokasaxo, uto
K 8TUM npouesypam HEenocpeACcTBEeHHO He npuMenumbl Balecosckas u duayuMansHas uHTepnpeTauus.
B [6] npeanoxeHo HecKonbko MoauuumposaHHbix npoueayp GUM, kotopsie galor pesynstartyl, fofee ¢o-
rnacosaHHble ¢ UHTepnperaymen barieca B HEKOTOPbIX Criydasax. B [7] pacCcMOTPEHO COOTHOLWIEHUE Mexay
npoueaypamu onpeaeneH s oLeHKn HeONPeReneHHOCTY, npepnoxeHHon B GUMST (cm. [3]) u pesynsratamu
BaltecoBCKOro aHanuaa ang moaenei ocoboro suaa. B [8) paccMOTpeHb! BOSMOXHbIE BEPOSTHOCTHLIE UHTEP-
NpeTaymMm MHTEPBANIOB OXBaTa U AaHb! PeKOMEHA LMK 1O annpoKCUMaLiM anoCTePUOPHOTO pacnpeneneHust
ANA 37010 Knacca §aiecoBCKOro aHanuaa pacnpefeneHunii BEpoATHOCTER ceMencTaa pacnpegeneHui MNup-
coHa.

B [9] npuBeneHo conocTasneHne YacTOTHOTO U 6aNEeCOBCKOTO NOAXOAOB ANS ONPejeneHus OLEHKU He-
onpepeneHHocTU. ORHAKO UCCTNEA0BAHKE BBINOMHEHO TONBLKO ANSA VSMEPUTENBHBLIX CUCTEM, NPUYEM ANA BCEX
WCTOUHVKOB HEONPEAENEHHOCTH MOTYT ObiTh UCTIONBL3OBAHKI OLEHKM TUNa A. HanpoTus, B HACTOAWMX PeKo-
MeHauuax paccMOTPEHb! 1 UIITIOCTPUPOBAHKI HECKONBKMU NPUMEDAMU USMEPUTENBHBIE CUCTEMBL C UCTOY-
HUKaMK HEOMPEANEeHHOCTH, ANS KOTOPLIX UCMONL30BaHLI OLEHKM TUNa A u B.

CTaTuCTUKX NOTPATUMK MHOTO CUAT HA UCTIONBL30BAHUE METOROB ONPEACIeHNA OLEHOK HeonpeaeneH-
HOCTY, UMEIOLKX BEPOATHOCTHOE ODOCHOBaHUE WY MHTepRpeTauuio. B pesynkrate wx padoThl (4acTo BHe
meTponorn) GhiNo paspaboTaHo HECKOSBbKO MOAXOA0B, OTHOCALIMXCS K OLEHKE HeonpeaeneHHocTn. B Ha-
CTOALMX PEKOMEHAALMAX NPSACTABMEHB! HEKOTOPLIE U3 3TUX NOAXOROB U CO CTATUCTUYECKOM TOUKM 3peHUst
paccMOTPEHa WX CBASL C METOAaMM, UCHIONbLIYEMbIMU B HACTOSILLEE BPEMS B METPONOTUN. CTaTUCTUUECKMMM
MOAXORaMK, ATS KOTOPhIX ONUCaHHI PAsNUUHBLIE METOA bl ONPEAENeHU OLIEHKM HEONPERENEeHHOCTH, ABNAIOTCH
YacTOTHLIN, BatecoBckuUi 1 huUgyLManbHBIA NMOJXOAL!, PACCMOTPEHHLIE B HACTOALLIMX peKoMEeHAaLuaX.

1 HayuoranbHelil crangapr TOCT P 54500.3—2011/Pyrosogerso MOOMIK 98-3:2008 «HeonpegeneHHocTh
namepeHnn. YacTb 3. PYKOBOACTBO NO BLIPAXSHUIO HEONPEACNEHHOCTY U3MepeHust» ugeHTuueH ISOAEC Guide 98-3:2008
(cm. [1D).

2) HaywoHaneHLR cTangapr FOCT UCOMIK 17025—2009 «Obume TpeBOBaHUS K KOMNETEHTHOCTU UCTILITATE 15
HbiX 1 KanuBpOBOUHLIX NaGoparopuity ugexTuued ISOAEC 17025:2005 (oM. [2]).
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PEKOMEHAAUMMNMU no CTAHAAPTMUS3ALWUMN

CraTucrnyeckue MeToabl
TPU NOAXOAA K UHTEPNPETALIMW M OLIEHKE HEONPEAENEHHOCTU U3MEPEHUNA

Statistical methods. Thiee approaches for the interpretation and assessment of measurement uncertainty

Dara seefieHna — 2015—12—01

1 O6nacTb npuMeHeHUs

B HacToAwmxX pexoMeHaUmsax paccMOTPeHbl TP OCHOBHBIX CTATUCTUHECKUX MOAX0oAa K MHTepnpeTa-
LUK 1 OLIEHKE HEOMpPEeReneHHoCTM USMEPEeHMUIA: YaCcTOTHBIN NoAxoa, GaiecoBcKMin Noaxos 1 HUaYLManHbIR
noaxof,. OBLan Yepra 3TUX MOEXOoA0B — YETKasi BEPOATHOCTHAA MHTEPNPETALIUS UHTEPBANOSs HeonpeaeneH-
HOCTU. [INs KaXJoro NoAXofa OnucaHbl OCHOBHOM METOA, NPeANOSIOKEHUST U BEPOATHOCTHARA MHTepnpeTaums
HeonpeaensHHOCTH. B HacTORLMX PEKOMEHAaLMAX TaKKe PacCMOTPEHO COOTHOLLISHUE STHUX CTaTUCTUYSCKUX
NOAXON08 ¢ MeTofamMu, npeanoxeHtsiMu B TOCT P 54500.3—2011 (panee GUM).

2 HopmatuBHbIE CChINKK

B HacTosWwpmx pekoMeHaaLmax MCTofb30BaHbl HOPMETUBHbLIE CCbIIKM Ha CREAYIOLME CTaHAAPTbE:

rOCT UCO/M3BK 17025—2009 Obiyure TpeboBaHUA K KOMNETEHTHOCTU MCTILITATENbHLIX U Kanmbpo-
BOMHBIX NadopaTopui

fOCT P 50779.10—2000 Cratuctuueckme mMetofbl. BeposATHOCTL M OCHOBbL! CTATUCTUKN. TEpMUHLL U
onpepeneHna

rOCT P 50779.11—2000 Cratuctudeckue metoghl. CTaTUCTUHECKOS ypaBnieHne KavecTsoM. TepMiu-
Hbl ¥ onpegenexHus

rOCT P 54500.3—2011/Pykosoactso MCOMBK 98-3:2008 HeonpeaeneHHOCTb usMepeHus. HYacts 3.
PyKoBOACTBO MO BLIPAXEHWIO HEOTPEASNeHHOCTY U3MEPEHMA

rOCT P 54500.3.1—2011/Pykosogctso MCO/MOK 98-3:2008 [ononHexue 1:2008 HeonpepeneHHocTs
uamepeHns. Hactb 3. PYKOBOZCTBO NO BHIPAKEHUIO HEONPERENEHHOCTY MBMEPSHUA MO BLIPAXKEHWO Heonpe-
AeneHHoCTH uamepeHus. JononHedve 1. TpaxchopmuposaHue pacnpefeneHuil ¢ Mcnosib3oBaHueM MeTofa
MoHTe-Kapno

Mpumeuyanue — lpu NONL3OBaHUM HACTOSALMMU PEKOMEHAAUUAMU LenecoobpasHo npoBeputt feicTeue
COLIMOMHBLIX CTAKAAPTOB B UHGOPMALUOHHON cucTeme obuiero nonL3oBaHua — Ha ohulyranbHoM caiite DegepanbHoro
AreHTCTBA MO TEXHUUSCKOMY PErywIHPOBaHUIO U METPONOMUU B CETU MHTEPHET UMK No eXEeroaHOMY HHAOPMALUOHHOMY
ykaszatenio «HauuoHanbHbie CTaHAAPTH, KOTOPLI ONYGIMKOBaH MO COCTORHMIO Ha 1 SIHBAPR TeKYLEero roaa, U Mo Bbify-
CKaM EXEMECHMHONO MHMOPMALUOHHOID yRasaTens «HayuoHanbHbie CTaHAapTLI» 3a Tekyuui rog. Ecnu 3ameHeH cChl-
NOMHBIA CTAHAAPT, Ha KOTOPLIA faHa HEAATUPOBAHHAR CCLINKA, TO PEKOMEHAYETCS UCTICNbL30BaThL ASCTBYIOWYIO BEPCHIO
3TOrO CTaHAapTa € YYETOM BCEX BHECEHHBLIX B AaHHYIO BEPCHIC U3MeHeHuA. Ecniu 3ameHeH CCbINOYHLIA CTaHAAPT, Ha KOTO-
phifi fana AaTUPOBaHHAA CCLINKA, TO PEKOMEHAYETCA UCNONbL3OBATL BEPCUIO STOI0 CTRHAAPTA C YKA3AaHHLIM Bhille FORoM
yTBEpXAcHUS (NPpUHATUR). ECNu NOcHe YyTBEPKACHUS HACTOALNX PEROMEHAAUNA B COLINMOYHLIR CTAHAAPT, HA KOTOPLIA
AaHa [aTUPOBAHHAN CObINKG, BHECSHO W3MEHEeHUe, 3aTparusaloiiee NONGKeHUe, Ha KOTOPOe flaHa CChLiNKa, TO 37O fo-
NOXEHNe pexoMeHAYeTCH NpuMeHaTs 6e3 yueta faHHoro naMeHenns. Ecnu cooinoyHbiil crangapr ormeret 6es sameHs,
TO NONOXeHUe, B KOTOPOM AaHa CCHINIKA Ha HETo, PEKOMEHAYETCS NPUMEHSTL B YAaCTU, HE 3aTParuBatoLLel 3TY CObInKY.

Wsnaxue ochuyuansHoe
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3 TepMuHbI U onpeaeneHnsd

B HacToRLWMX pekomerpauysx npumeHeHsl TepmuHel no TOCT P 50779.10, TOCT P 50779.11, a Takke
criegyioLLMe TepMHbI C COOTBETCTBYIOWMMM ONPEAETIeHUAMMN.

3.1 amMnupuyeckan (PYHKUMA pacnpefeneHus, 3MIUpUYEcKan UHTerpanbHas (KyMynsaTUBHaA)
dyHkuua pacnpepenenun (empirical distribution function, empirical cumulative distribution function): ®yHk-
1A pacnpefieneHysl, npyceanBaiowast BEPoOSTHOCTE 1/17 KaXAOMY M3 11 3rMeMeHTOB CriyuanHor BbIGOPKU 1
npeacTaensiouas cobon cTyneHyaTyio QyHKUMIO BUia

F (X) |{xl X}’

rae {Xq, ..., X} — BLIBOPKA, 1 |A] — KONIMHECTBO BrIeMEHTOB, YAOBIETBOPSICLIMX YCIIOBUIO A.

3.2 Gaitecosckuit aHanus (Bayesian sensitivity analysis). Ananua snuaHus anpropHbix pacnpegerne-
HW NapaMeTpoB CTATUCTUYECKON MOLEN Ha anocTepuopHoe pacnpeeneHie NsMepAeMor BenmunHb.

3.3 pocrarounas crarucTuka (sufficient statistic): ®yHkums seibopru X, ..., X, u3 pacnpeaenenus,
PYHKLMA MINOTHOCTY BEPOSITHOCTE KOTOPOI 3aBUCKMT OT napameTpa 0, a ycriosHoe pacnpegenenue X,, ..., X,
npy 3aAaHHOM 3HAYEHMM CTATUCTUKIL HE 3aBUCKT OT 0.

Npumeyanne — JOCTaTouHas CTATUCTUKA CORASPKUT BCIO MHPOPMALMIO O NapaMeTpe 8, kak dyHKUMKn X, ..., X,

3.4 mopens HabGnoaeHnit {observation model): MatemaTiueckas ces3b pesynLTaToB USMepeHuii (Ha-
BriogeHnin) nsmepsemon BeNUMHE! 1 COOTBETCTRYIOLEN CryyanHol olmnbKu NOrPetiHOCT U3MePeHni.

3.5 cTpykrypHoe ypasHenue (structural equation). Cratuctudeckan Mogens, casssiBaiowast Habno-
faeMyio CryyainHyio BennumMHy ¢ HEeMU3BECTHBIMUK NapameTpami M HeHaGniopaeMon CiyHanHon BenuunHoON,
pacnpegenenne KOTOPOoi U3BECTHO U HE 3aBUCUT OT HEM3BECTHLIX NAapPaMETPOB.

3.6 HeleHTpanbHoe XU-KBagpar pacnpegenedue (non-central chi-squared distribution): HeueHTparsib-
HOe pacnpeneneHmne BEPORTHOCTEN, NpeACcTaBNAoLEe coboi 0606LLEHIE LIEHTPANBHOTO X2-pacnpeieneHus.

Mpumeyanne 1—/[Ins kHopmansHO pacnpefeneHHEIX ClyHaiHbIX BefunH X;co CpeHumM |, u gucnepcueii 0,2
k

cryuaiitas senuuuHa X = Z(X il 6‘,:)2 UMeeT HelleHTpanbHoe y2-pacnpepenenue. HeljeHTpanstoe y2-pacnpefieneHme
i=1

uMeeT fiBa napameTpa: kK — YUCno creneHeit ceobodet (KOMMYECTBO X)) U A, KOTOPLIA 3ABUCUT OT CPEAHUX CHyUARHBIX

BENMUMH X; [l =>nif G;)ZJ 1 Ha3LIBAETCS NAPAMETPOM HELEHTPaNbHOCTH.

Mpumeuanue 2 — [NOTHOCTb Y2-pacnpeieneHnsi NPEACTABNAEST coboll CMech MMOTHOCTEM YeHTpanbHbix
pacnpepeneHui:

—(&+3) i1
_)/2 Mz e 2 & ‘C;klzﬂ_‘l’

9 ()= Z e nom

a)Z

rge Yq NOAUUHAGTCA Y2-PACTIPERENEHIIO C g CTeneHAMN cBOBOozk:.

4 OOo3HavYEeHUs N COKpallleHust

B HacTofMX pekoMeHAaLMAX MCNONbL3oBAaHL! A5 0B03HAUSHWUI rpeyeckue v naTtruHekve Gyksbl. Mpeve-
ckme ByKBbI UCTIONB3I0BaHb! AN1A 0B03HAUEHWA NApaMETPOB CTATUCTUNECKOHM MOAENK (HanpyMep, U3MEPAEMBIX
BENUMYMH), KOTOPBIE MOTYT BbiTh ¥ CRYYaRHLIMKM BENMYMHAMYK 1 NOCTORHHBLIMIA BEMMYMHAMK B 32BUCUMOCTH
OT MCNONbIYEMOTo CTAaTUCTUMECKOTO Noaxofa 1 Moaenu. MNponucHbie narTuHekue ByKBbl MCTIONL30BAHLl ANs
oB0osHauEHUA CriyyaiHbiX BEMWUMH, KOTOPLIE MOTYT MPUHUMATD PasiTYHbLIE 3HAaYEHUA Npy HabnogeHusx, 1
CTPOUHbIE NaTuHckue Bykab Ans obosHaueHns HabrHofaeMbIX SHAYSHWUIA BENUUMH (Hanpumep, pesynkraTtos
uaMepeHuit). B HeKoTopbIX CnyYasax UCNonbaosaHbl Apyrve obosHadeHys. OgHako B 8ToM criyyae cMbich 060-
3HAYEHWI ACEH W3 KOHTEKCTA.

2
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§ Onucaxmne 3apaum

5.1 B HacTORLMX PEKOMEHAALMAX PAacCMOTPEHa MOfENb 3MEPEH A
ezf(p"]: cey p'p): (1)

TA€ My, ..., Hy — BXOfHbIE BENUHMHbI,
8 — BbiXOAHAA BENUUKHA,
f— yHKUMA naMepeHUt.
QyHKUms f onpegeneHa mMatemMaTndIecky B Buae hopmMynsl UM anroputMa sbidmucneHnia. B GUM (npu-
MevaHue 1, 4.1) Te xXe camble QYHKUMOHAIMbBHBIE 3aBMCUMOCTH ONpefeneHbl COOTHOWeHeM

Y= A0 0 X, 2

KOTOPOE CFIOKHO OTIAMUTE OT (DYHKLMK M3MEPEeHIH, ONpeaensioiLiel 3aBUCUMOCTb CITyuaiHON BEMWUUHLI OT
pesynsTatos HabmopeHu BXOAHON BEMUIMHBI.

B cooTBeTcTBMM © NPOLUSAYPOX, pekomeHgoBadHoR GUM, Ans p HersBecTHbIX BENWUYMH ONpeaensioT
OLEHKH g, ..., Wy, M0 3HAUSHUAM Xy, ..., Xp,, NTONYUSHHBIM NPK BLINOMHEHA MSMEPEHU UMK 1B APYTVX UCTOUHU-
KoB. COOTBETCTBYIOWME CTaHAAPTHLIE HEONPERENneHHOCTH TaKKe NONYYaloT Mo MMEIOWWMCSH AaHHBLIM C NOMO-
WO CTATUCTUMECKMX METOA0B UM NTOTHOCTEN BEPOATHOCTEN, NOCTPOBHHLIX HA OCHOBE 3KCNEPTHLIX 3HAHWA
o rnepemMerHbix. B GUM {(cm. Takxke n. 4.5 B [11]) MOgenb nsMepeHuil, CBR3LIBAIOLLYIO M3MEPAEMYIO BEMNUUMHY 0
C BXOAHBIMU BENMAUUHAMM Ly, .., [, PEKOMEH0BAHO MCNONL30BATH TAKKE AMNS BLIMMCNIEHI (PYHKLWIA, ONKCHI-
BaIOLLEN 3aBUCUMOCTD ¥ OT Xy, ..., X, Takum oBpasom, pesynsTaT MsMepeHuit (nv oLeHka) y Ans © uMetoT i

y = f(x’ll ey Xp)l (3)

T. €. oleHka Y, ¥ = fxy, ..., X) npencrasnsier coboi pesynsrar uamepeHnit 9. OLeHKkM ¥, Xy, ..., X, ABNAIOTCH
peanuaumamMi ciyvanitbix Bernd Y, X, ..., Xp COCTBETCTBEHHO.

5.2 B HacTosWMX pekoMeRaauusix NPpUBEASHO TPU CTaTMCTUYECKUX NMoaXoaa, cbecneumnsaioiymx onpe-
aenexve:

(a) HaunyJwen oleHKun y Ans 0,

(6) cooTBeTCTByIOWEN CTaHAAPTHOM HeonpefeneHHocTH u(y),

(B) AoBEPUTENBLHOrO MHTEpBaNa WNM UHTEpBana oxBaTta AfA 6 C 33a0aHHON BEPOATHOCTLIO OXBaTa
{0BbiuHO 95 %).

5.3 HeobxoauMo pasnuuaTh OLEHKU CTAHRAPTHON HEONpPefeneHHOCTH, COOTBETCTRYIOWME OLeHKaMm
Pa3NUUHbIX BENVYUH 1 COOTBETCTBYIOWME TEOPETUMECKME SHAUSHUA CTaHAAPTHON HeonpepeneHHocT. Teo-
peTrHeckue 3HadeHna CTaHRaPTHLIX HeonpeaeneHHoCcTen 0603HaueHbl COOTBETCTBEHHO G, UK G,,, YX OLISHKY
A0 1 nocnie HabnioaeHui o6osHaqeHs! Sy ¥ S, COOTBETCTBEHHO.

6 Crarmncruueckue nogxoabl

6.1 Yacrorhblit noaxon

6.1.1 CrarucTieckuii Nogxop, NO3BOSSIOWMIA ONpefenuTL BEPOSITHOCTHYIO OLISHKY HEONpefenieHHo-
CTH, HA3LIBAIOT YacTOTHLIM. 3TOT MOAXOA UHOMA HA3LIBAIOT «KNACCUYECKMM» UNK «oBLUenpuHaTBIMY». Of-
HaKO B CUty OCOBEHHOCTEN HeONpeaeneHHOoCT B METPONOIVHECKUMX 3afiadax METOAL! STOTO CeMencTBa Ans
onpeperieHs YaCcTOTHOIO MHTEpPBRara HeonpefeneHHoOCTH B pealbHbiX YCNOBUAX YacTo TpebyloT agantayyn.

6.1.2 Mpu uCRONL30BaHWM YCTOTHOTO MOAXOAES BXOAHLIE 3HAUEHUA |y, ..., Hp MOREnM usmepeHuin (1) u
BBIXOfHYIO BEMMHUHY 6 PACCMATPUBAIOT KaK HEMSBECTHLIE NMOCTOAHHBLIC BENUUMHLL [ofyYeHHbIe ARG Kaxaon
BEMUUMHDI |; AAHHBIE UCTIONL3YIOT A5 ONpefienieHyst OLIeHKK 6 C NOMOLULIO MOLIENI U3MEPEHNA Unu pyrux
CTaTUCTUYeCKUX Moaeneit. Jins onpefenetna oLEHKM 6 ¢ NOMOLLLIO MCONBL30BAHMA OAHOo M3 MaTeMaTUYe-
CKUX METOROB (HauMeHbLUKWX KBAF PaToB, MakcUMansHoro npasgonogobus unn Byterpen-Metoaa) onpeaens-
10T AOBEpUTENbHBIE MHTEPBaNbI C 38iaHHbLIM YPOBHEM [OBEPUA.

6.1.3 lMockonbKy 0 paccMarpuBaloT Kak MOCTOSHHYIO BENWUUMHY, BePOSITHOCTHOE YTBEDKAEHMUE, OTHO-
CALEECH K AOBEPUTENLHOMY MHTEPBANY AN 0, He ABNAETCH NPAMBIM YTBEPHAESHUEM OTHOCUTENLHO 3HaYe-
HUS 6. OTO yTBEpXSHMe NULLIL YKA3LIBAET, KaK YacTo AOBepUTENbHbLIM MHTEPBAT, NOMYuEHHbLIM C NPUMeHe-
HMeM flaHHOR NPoUERYPbI, HAKPLIBAET M3MEPAEMYIO BEMUUMHY NPKU MHOTOKPATHOM MOBTOPESHMMA NPOLISAYPL!.
MoBTopeHne NPOLEAYPH! O3HAYaeT, uTo onpefeneHe OUSHKU HEONpefeneHHoCT NOBTOPSIOT MHOIMo pas
C UCMNOMLIOBAHWUEM Pa3NUUHLIX AaHHbIX, B3ATLIX M3 OAHUX WU TeX Xe pacnpegencHui. YacToTHLIA NOAXOM
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obecneuBaeT BLINQMTHEHVE BEPOATHOCTHOIO YTBEDKAEHUA O CBOMCTBAX MPOUERYPLI NOCTPOSHUA MHTepBana
HEONPEAENEHHOCTY B KOHKPETHbIX YCIIOBUSAX NPOLECca U3MEPeHUi Ha A0CTaToMHO GOMbLLIOM KOSIMMECTBE 110-
BTOpPeHWi1 NPOLEAYPLL.

6.1.4 B 6onbWmHCTBE NPaKTUHECKMX METPOOTMMECKMX 3a4a4 MHTePBasbl HEONPEAENEHHOCTM [OMKHb
YUMTHLIBATD KaK HEONPEAENEHHOCTb, COOTBETCTBYIOWLYIO OLEHKAM BENUYMH, NOSYHEHHBIM C UCTIONbL30BAHUEM
pesyneratoB M3MEepPeHUi, Tak M HeoNpPeAEneHHOCTb, COOTBETCTRYIOUIYIO SKCTIEPTHLIM oueHKaM. [ina nonyve-
HUS! MHTEPBana HeoNPeAeNeHHOCTH, aHanorMUHOro JOBEPUTENBHOMY VHTEPBAIY, OUEeHKM BENUYAH, HE OCHO-
BaHHbIEe Ha peayribrarax USMEPEHUIA, PacCMaTpPMBAIOT KaK CriydaliHbie BenuuuHbl ¢ pacnpeieneHuaMm Bepo-
SITHOCTEN (BEMMYMHbI, OLUEHKM KOTOPLIX MOTYT OblTh MOMyyYeHbl C UCTONb30BaHWEM CTATUCTUNECKMX AaHHbIX,
paccMaTpuBaloT KakK HEM3BECTHbIE MOCTOSIHHBIE BEITMUMHLI).

6.1.5 TpaguymoHHaa YacToTHas NpoUenypa NocTpoeHUA AOBEPUTENBHOTO HTEPBaNa MOXET BbiTh MO-
fuduympoBaHa anst obecneyeHs 3aAaHHOIO YPOBHSA A0BEPMst NOCTIE YCPERHEHWS MO BOSMOXHDLIM 3HaueH!-
SiM BENUYMH, UMEIOLLMX 3KCrepTHbie oleHkM [5]. OTo nossonsieT Menonb3oBaTh BEPOATHOCTHLIC YTBEpXKAe-
HUR, aHAMNOTMUHbLIE YTBEPKACHUAM B CIyYae [OBEPUTENbHBLIX UHTEPBASIOB NS BENUYMH, KOTOPLIe He Buinu
M3MEPEHDI.

6.1.6 B Tabnvue 1 npuBegeHo KpaTkoe ormcaHne YacToTHOro, 6arecoBckoro u ouayLmansHoro nog-
XO[,0B K OLIEHKE HEONpeaefneHHoCTH.

Tabnuya 1 — Wnrepnperayuu 4acToTHOro, 6altecoBCKOIo ¥ HUAYLMarnisHoro Nogxo[os

XapakrepucTnKka BeIMYuH
HanmexoBanue puaqu,enu uamepennii ViHTepBa HeonpeaeReHHoCTH Npumevaus
nogxofa ~ ANR BbiIXOAHON BEAUUNHL 6
0 = {jyy,....1p)
YacToTHLINA © ¥ p; — HeusBeCTHLIe NOCTOo- HopepurencHblii  uHTep- Knaccuueckuit  4acToTHbil
SAIHHbIE BENMUYMHLL Balt HakpuiBaeT 6 ¢ 3agaHHoi | noaxos npumensioT gns 06b-
BEPOSITHOCTHLIO, NPW  ANU- | eAUHEHNs  HeonpeAeneHHo-
TeNbHOM NOBTOPEHUU NPO- | CTeR, KOTOpbie He ABNSNIOTCH
ueaypst CTaTUCTUMECKUMU OL{SHKAMMU
baiiecosckui 8 U j; — CriyHaitHbie BerunHbl, Wurepsan oxsara pna @ BoamoxHa  HeogHO3IHau-
pacnpenencHns  BOPOSTHOCTOW | paccunThIBAlOT Ha OCHOBE | HOCTHL WHTepBana, oBycrnos-
KOTOPBIX OCHOBaHL! HA NPpeaBapu- | anoCTepUOPHONO pacnpefie- | NneHHas BLIOOPOM anpPUOpPHLIX
TeNbLHOK UHOPMALYUY O 3HaUSHU- | NeHus 8 pacnpegeneHui
£IX BXOAHGIX 1 BLIXOAHLIX BESTUUNH
GuayynansHbiA B — CnyvaiHbie BEMUUNHLI, Wurepsan oxsara gna @ He eauHCTBEHHOCTL UH-
pacnpegeneHns KOTOpbiX Nofiyde- | PaccuMTLHIBAIOT Ha OCHOBe | Tepsana, obycnosnenHas
Hbl HA OCHOBE MpefnonoXeHuid o | duiyynansHoro pacnpefie- | BLIGOPOM CTPYKTYPHOTO ypas-
Habnogaembix ARaHHLIX, WCTIONbL- | NeHus 6 HEeHust
30BaHHbLIX AS onpegenexns oye-
HOK J1; ¥ SKCTIEPTHLIX 3HAHUSX O

6.2 BallecoBCKUA noaxon,

Bropoi nogxop, HasbiBaioT 6aiecoBCKMM NOAXOROM B YeCTb (yHaaMeHTansHoli Teopembi Batieca [12],
Ha KOTOpO# OH OCHOBaH. B 8TOM nofixofie napameTpbi MOAEnu usMmepenin (1) py, ..., j, paccMarTpuBaioT Kak
ciyuaiHbie BENuiMHbI C COOTBETCTBYIOWMMIA pacnpeaeneHHsaMy BeposiTHoCTel. Teopema balieca nossonaer
NoMyuYnTL pacnpegeneHe BePOATHOCTEN Ha OCHOBE flaHHbiX HabMogeHU 1 NapameTpoB, ONPeaeneHHbIX B
COOTBETCTBUMU C (DYHKUMEN f UK OKBUBANEHTHLIMUK CTaTUCTUYeCKUMK Mopensamu. [onmyueHHoe pacnpesene-
HUE BEPOATHOCTEN YUMTHIBAET 3HaHWA O pacnpefieneHn u nHdopmMaLmio o HabniogaeMbix AaHHbIX. K3 3Toro
pacnpegene’yst MOryT BbiThb MOMyUeHbl MHTEPBanbl HEONPEAENSHHOCTH, KOTOPLIE HaKPLIBAIOT 6 ¢ 3a8aHHOR
BEPOSATHOCTLIO. MNMOCKONbLKY 3HAaHWUA O NapaMeTpax 3afaqbl B BUie pacnpeaeneHni sepoarHocTen, baitecos-
cKkuit MeTop, 0BecnedMBAET BOMOXKHOCTL NPAMBIX BEPOATHOCTHLIX YTBEDKACHWA O 3HAYSHUSX 0 1 APYrvX na-
pameTpoB, UCTONL3YA ONPeeneHne BePOATHOCTM, KaK MEpb! YBEPEHHOCTH.

6.3 Ouayunanbisii noaxos

6.3.1 OuayumansHbii nopxos paspaboran P Ouwepom [13] B 1930-bix rogax. B aTom nogxope pac-
npefeneHue BepoATHOCTER ANA 6, HasBaHHOe DURYUUanbHLIM PacnpeneneHneM, IBMSETCH YCNOBHbIM (Mo
AaHHLIM) 1 NONYYEHO Ha OCHOBE B3AUMOCBA3IM 0 U |, ONUCAHHON yHKUMEN f, NpeanonoXeHuaMu o pac-
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npefeneHn AaHHbIX, UCTIONB3YEMBIX ANS ONPEAENeHWs oLeHKM p, OuayumansHoe pacnpefencHiie MoXeT
GbITh UCNOMNBL3OBAHO AN ONPEAENEHNs UHTEPBANOB HEONPEAENEHHOCTH, KOTOPbIS COASPXAT 0 ¢ 3aaHHOM
BEPOATHOCTLIO.

6.3.2 ObocHoBaHue npolecca cnpeaeneHns gurayLWansHOro pacnpeeneHns WnocTPUpyeT cneayio-
Wit npumep. TpeanonoxuM, YTO BENUYMHY Y MOXHO ONKCaTL ypasHeHveM Y = u + Z, Ije y — rnaMepseman
BEMWUMHa, Z — criyvaiiHasa BenuivHa, NosYMHAIOWEACHA HOPMUPOBaHHOMY HOPMAankbHOMY pacrnipefeneHuio.
Ecnu y — peanvsauums criyuyaidHoi BeNUUMHL! Y, @ Z — peanusauus criyvaiHol Benvunibl Z, Top =y — Z.
3HaHue pacnpeaeneHus z No3BOMAET ONPEenUTh COBOKYMHOCTL BOSMOKHbLIX 3HaYEHWA p. PacnpepencHue
BEPOATHOCTEN Z MOXET GhiTb UCMIONKL30BAHO 415 BLIBOAA pacnpeaenceHust BepoaTHocTel . MNpovecc npeob-
Pa30BaHKs COOTHOWEHWSt 1 = ¥ — Z B COOTHOLWEHWe P = ¥ — Z 1 €CTh CyTh brayLMansHoro nogxoaa. Oungyum-
ansHoe pacnpeaernexdue p npeacrasnser cobol pacnpeneneHne BePOATHOCTER CITyYaRHON BenuYMHL! (y — Z)
npuv PUKCHPOBaHHOM V.

7 MNpumepnbl

7.1 O6ume NONOXeHNA

MpuMepbl CBA3aHL! C KOPPEKTMPOBKOR HEKOTOPO! (hMBUMECKON BeruuMHLI Ha (hoHe nomex. B Tabnuue 2
NPUBEEHO OnuMcaHne 1 0603HaYEHHE VICTONLIYEeMbIX BEMWYMH, B 7.2—7.4 npuBefeHbl NpuMepsl onpepere-
HWST OLIEHOK.

Mpumeuanue — ONUCAHUES BENMUUNH, HECYLIECTBEHHBIX ANA UEneil HaCTOAWEro NPUMEpa, HE NPUBEREHO.

Tabnuya 2 — MNoscHeHus K npuMepy

Benuuuta ObosHaveHue

Wccnegyemasn dousndeckas senuuvba (nsmepsiemas) [¢]

Benunuuta, obHapyXeHHas METOROM U3MEPEHUA Npn usMepeHuyn hoHOBOTO WyMa (T. €. cpegHee B) B

Uccrienyeman cousnueckas Benmununa, obHapyxeHHasn MeTofioM usmepenui (T. e. cpegree Y) y=0+p

CraHfapTHOe OTKIOHEeHNE METOfa U3MEPSHWA NPK U3MepeHnu uccrielyeMolt husnuecKon senu- oy
uyuHbl {CTaHfapTHOe OTKNoHeHue Y)

CraHgapTHoe OTKIIOHEHUE METofla U3MEPEHUA NPU usMepernyu hoHOBOTO WwyMma {CTasfapTHoe OT- og
KnoHexue B)

7.2 Mpumep a)

HatnopaeMoi BENMUUHOM SBNAETCA KOMNOSULMS CHUrHana u (poHoBOre Lwyma. B pesynsrate uamepe-
HWA NOMYYEHO NATL HE3ABUCUMbBIX 3HaueHUA. TpeanonaraeTcs, YTo KaXoe 3HadeHue y ABMNAETCH peanu-
3auueil cnyyailHoi BenyduMHbl Y, NOAUUHSIOWENCH HOPManbHOMY PacnpefeneHuio CO CPpefHnM y = 0 + B u
CTaHAAPTHLIM OTKINOHEHMEM Oy PE3yNETaTH! M3MEePEHUH ¥ COCTaBMNN:

3,738, 3 442; 2994, 3 637, 3874

BuiBopoyHbie CpefiHee ¥ CTaHAAPTHOS OTKIOHEHME paBHbl ¥ = 3,537 u 5, = 0,342.

AHaNOoMMYHO ONPEeAeneHo NSTL Pe3yNbTaTos UMEePeHMIA hOHOBOIO LWyMa. DTU 3HaUEHWs], Kak npeano-
naraetcs, SBASIOTCA peanusaumeii CriyuanHon BelMumrHBL B, NOAUMHSHOLLEACS HOPManbHOMY pachipefieneHuio
CO CpEAHMUM B ¥ CTaHAPTHLIM OTKIOHEHWEM O, Habniogaemble 3HaueHUsl POHOBOTC yMa COCTABUIA

1,410; 1,085, 1,306; 1,137, 1,200.

TocKoMbKY UMEIOTCS PesynsTaThl USMEPEHWUI ANSt KAKAOR BENUUMHL!, KOTOpas ABMSETCH MCTOMHWUKOM
HEONPEASNEHHOCTH, TO Ha OCHOBE AaHHOTO NPUMEPa MOXET ObITh NoKasaHa cTaTucTUHecKas uHTepnpeTayms
Kaxporo nogxoana.

7.3 Mpumep 6)

Mpumep 6) uoeHTUUeH NpUMepy a), HO OLISHKM NapaMeTpoB (POHOBOID LyMa ONPEAENSIOT He Ha OCHOBE
3KCNEPUMEHTaNbLHLIX AaHHBLIX, 8 Ha OCHOBE NPEAbIAYLEro ONbLITA UMK AKCNEPTHLIX flaHHLIX. B 3ToM cnyyae se-
ndMHa P nogumMHAETCH PABHOMEPHOMY PachpeaeneHIMIO Ha HTEpBase C KOHEUHbIMU TouKkamu 1,126 1 1,329.
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ocKornbKy UCTIONBL3OBAHA SKCMEPTHANA OLieHKa, HEONPEAENEHHOCTb, COOTBETCTRYIOWAS (QOHOBOMY LYMY, NO-
nyyeHa ¢ ucnanb3oBaHueM oLeHkM Tuna B. Mpumep 6) Gnuxe K peansHoi cuTyaLum, Yyem npuMep a).

7.4 Tpumep B}

[pumMep B) MASHTMMEH NpuMepy 6) 3a MCKMICUEHMEM TOTO, YTO CUrHarn 9 Gnuxe no XapakTepucTukam K
coHoBOMY WyMy. HabriicfaeMbie gaHHbie «CUrHarn nmoc POHOBLINA WYM» B 3TOM cliyYae CoCTaBuIn
1,340; 1,078; 1,114, 1,266, 1,192

[na curHana, noyT coBnagaoliero ¢ oHOBLIM LWYMOM, B NpUMEpe B) NOKA3aHO, Kak dusnveckie
orpaHyueHust MoryT BbiTh MCNOMb30BaHbI MPK ONpeaeneH OLSHKN HEONPEREeNneHHOCTY B KaXXA0M NMOAX0AE.

8 YacTtoTHBIN noaxon

8.1 OcHoBHO# MeTOoR,

8.1.1 lpwm YacTOTHOM NOAXOE NapaMeTpbl PaccMaTPUBAIOT KaK HEUIBECTHBIE NOCTORAHHBLIE BEMUYMHLL.
Janee cnyyaiitbie nepeMeHHbie 0603HaveHb! NPONUCHBIMY ByKBamK, a COOTBETCTBYIOWME MM Habofaemble
3HAYEHWS1 — CTPOUHLIMU. JloBepUTENLHLIN MHTepBan MOXET ObiTh NONyJYeH Ha ocHoBe dyHKuM WY, 6) oT Y
¥ napaMeTpa 0, koTopasd MOXeT BbiTb MHOTOMEpHOI. PacnpeaeneHine BepoaTHOCTEN napamerpa 6 He umeer
HEeUs3BECTHbIX NapaMeTpoB (eCnu Takoe pacnpepeneHue MOXeT BbiTh onpeaeneHo). Torga NoBepUTEN bHIR
vHTEpBan yposHs 100 (1 —a) % AN 6 MOXeT ObiTo ONpeested Yepes HYKHIO 1 BEPXHIO NpouerRTuM £, n
Uy, yaosnersopsioupe yenoeuio Py (s WY 6)<u)=1-a

8.1.2 Hanpumep, ecnn Y = (Y, ..., Y,,) — Cliyyaitbie BENMUMHB, MOAYMHAIOLIMECH HOPMATBLHOMY Pac-

n

npegenenmnio Ny, 62), To Y= ZY, /n — Take cAyJyarHas BEnuYMHa, NOAYMHIIOWAACT HOPMAsibHOMY pac-

= -
i= 7 M
npegeneHuio. NycTb HEOOXOAUMO ONPERENNTL OLIEHKY | NPY M3BECTHOM 3HaueHun o. Benuimia Z =<s/_JS
noaunHsieTcs N, 1).

Toraa rparnLbl AOBEPHTENLHOM MHTEPBANA ANS | UMEIOT BiAg
va [+]
Y+ —=2Z /s, 4
~Zaf2 4)
rae Z,,,, — KBaHTUMb YPOBHS 0/2 HOPMUPOBAHHOTC HOPMANBHOTO pacnpegencHus.
o2
ECnu 6 HEM3BECTHO, MOXHO UCTONBL30BATL B KAYECTBE €0 OLEHKM BHIGOPOHHOE CTAHRAPTHOS OTKNOHEHE

OLeHKy p NONyYaioT, 3ameHssl o Ha S.
BenuumHa

Y-p
Sian

etin-1) %)

noAunHAETCA pacnpepeneHuio CTeiofeHTa ¢ YMCnoM cTeneHel caobonb! (7 — 1). JloBepurensHbI uHTEpBan
AN 1 onpegensior No hopmMyre

. S
Y+ an-1,1-a/2,

me tn—1,1— af2 — KBAHTUML pacnpeaeneHmns CThiofieHTa ¢ (n — 1) cTeneHamMi caobofbl.

8.1.3 BMecTO TOUHbIX OLEHOK, KOTOPLIE MOXKHO NOMYuWTb TOMBKO B NPOCTHIX CUTYaLUUAX, 0BbIMHO Me-
NoNL3yOT NPUGNUXeHHble oueHkK. [na 6onblumx BeiBOpoK NpUBHKKEHHbIE A0BEPUTENBHBIE MHTEPBANbL! MO-
YT BbIThb NONYYEHBL! HA OCHOBE LEHTPaNLHOM NPEAersHoM TeopeMbl.

8.1.4 [ononnurensHble METOA LI ONPE[leneHusi JOBEPUTESTbHBIX UHTEPBAroB npusefeHsl B [14]. Hexko-
TOPbIE U3 HUX YNOMAHYTHI B Nprmepax. Mpy NoCTpoeHUM AOBSPUTENBHOT MHTEPBana Ana obpaTHbLIX BennymH
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C HeUBBECTHBIMI pacnpeaeneHusaMI MOXET ObiTb Ucronb3osaH GyTerpen-metop. Mpouenypa dyTeTpen-MeTo-
fa npusepeHa B 8.2.

8.1.5 Mpu nonyJyeHUn NPUBITIMKEHHOMO NOBEPUTENBHOMO UHTEpBaNa AlF U3MEPAEMON BeNUUMHLI TaK-
Xe MOryT ObiTh UCTIONL30BaHL! NPoUERypLl, pekoMeHayembie GUM, xoTst oHM OTNMHAIOTCH OT METOAOB MOo-
CTPOEHUSA [OBEPUTENBHOC MHTEPBAIA Ha OCHOBE YaCTOTHOrO noaxoga. Takue fosepuTenbHbie MHTepBans!
OCHOBaHbl Ha anrnpokcUMaLm pacnpefeneHus QyHKuun HabmogeHni 8B mogenu nsmepeHuia (1) pacnpegerne-
Huem CTeiofeHTa (t-pacnpefeneHuenm). B COOTBETCTBUM C STOM NPOLEAYPON OLEHKM HEV3BECTHBIX BEMUUMH
I, - Hp ONPE/ENSIOT HA OCHOBE HAUSHUM X, ..., Xp,, NOMYHEHHBIX B PE3yNLTATE UIMEPEHUA UK U3 2 pYTHX
UCTOMHMKOB. 3HAYUeHWst X; MOTYT GbiTb BLIGOPOUHBIMIA CPSAHUMIA M APYTAMM DYHKLMAMM AaHHBIX, UCTIONb-
3yeMbIMIA AN OUSHKM ;, § =1, ..., m. VX CYMMapHyio CTaHAaPTHYIO HEONPeAEeNeHHOCTL L(X;) TakKe onpeae-
ARIOT € NOMOLUBIO CTATUCTUHECKMX METOLO0B, KaK NPaBuno, UCMosb3ys BLIDOPOUHOE CTaHABPTHOE OTKNOHEHWE
vnu poBacTHbie paHroBble npoueaypbl. TakvMe METORb! MO3BONAIOT ONPefenTL OLEHKKU HEONPERENeHHOCTH
Tuna A. Hucno creneHeli cBoboabl v, CBR3aHHOE © U(X;), 3aBuCUT OT obbema BLIGOPKK, UCTIONB3YEMONR Al
OLISHKM ;.

8.1.6 Tak Kak pusuyecKne NSMepeHusi He BCerma BO3MOXHLE MNn LienecooBpasHbl A HEKOTOPLIX ;,
OL{SHKM X; NapaMeTpOB W; AN HEKOTOPLIX /, HanpuMep /= m + 1, ..., p NOMYYRIOT C NOMOLLBIO CYGHLEKTUBHBIX
(MM ROTEHUWANbHO CYOLEKTUBHLIX) OLIEHOK 1 MCNONBL3YIOT BMECTE € X, ANA / = 1, ..., p, NOMyYSHHbLIMK Ha
OCHOBE OLISHOK HEOMPEAENEHHOCTM TUna A. TakuM 00pasoM, ANS ONPeAeneHun OUSHOK jy, 4, -.., i, UCTIOMNL-
30BaHa HecTaTucTudeckas MHgopMaUma (AaHHbIe HayuHbiX UCCAERoBaHniA, TpeGoBaHA UIFOTOBUTENS UMK
Apyras npaAMas Uy KocBeHHas MHMOoPMaLMA) NP ONPeeneH OUBHKN HEONPEAENeHHOCTY TUna B.

Mpumeyanune — MHorga MoryT ObiTh NOMyYeHb! OLEHKU HEONPERENEeHHOCTY TUNAa A 1 B 0gHOBPEMEHHO.

8.1.7 B GUM pekoMeHAOBaHO AN BBIMUCTIEHUA ¥ 1O Xy, ..., Xp, MCTIONB30BATL MOAEIb, CBASLIBAIOLLYIC
M3MEPREMYIO BENUUMHY © G BXONHBIMIA BENUHMHAMU |y, ..., Ky TaKMM 0BPasOM, M3Mepsemylo BenuumHy (unu
ee OLieHKY) onpeensioT B Buae

YERX o X Xy s Xp),
T. €. KaK oueHky Y. Mpu atoM y = f(xy, ..., xp) — U3MEPAEMOoe 3HaueHKe 0.
8.1.8 B GUM ana oUeHKK CTaHAAPTHOM HEONPERENSHHOCTH y) UCTIONL30BAH 3aKOH pacrpocTpaHe-
HUS HeonpefeneHHocTH. CTaHaapTHYIO HeONPEeRENeHHOCTb u(x,), .., u(xp), COOTBETCTBYIOWYIO X = (Xy, ..., xp),
ONpefesnsior Ha OCHOBE PasnoxeHys dyHkumn fix,, ..., xp) B psift Teinopa nepsoro nopsiKa

F
AX4s ooy Xp) m Fug, oo pp) + 370X — i), (6)
-1
Mycto p = (uy, ..., p,p). YacTHbie npousBogHbIe
o=
Wi fy—x

HasbIBaIOT KoBthdUUMEHTaMM YYBCTBUTENBHOCTH. B cooTeTcTBMe ¢ GUM NprMeHeHve 3aKoHa pachpocTpa-
HEHWS HEONPEAENeHHOCTU AT METOf, ONpefeneHns NPUbIMKEHHON OLEHKU CTaHRapTHON HeonpepeneH-
HOCTU ¥

f ]
u(y)s [ cfu? (%) + 23 cie U, X)),

i=1 i<j (7)

rae u(x; xj) — KoBapuayusa X; u Xj
8.1.9 [ing onpeaeneHus OLUEHKM CTaHAAPTHOM HeonpeaeneHHocTy (Y} B GUM ucnonbsosaHa dopmy-
na Benua-Carrepsedta Ans BoiMACTIEHUA 3QEKTUBHOIO YMCna CTeneHeh cBoBoAb! vey!
o)

SELAER)
i1 v0qg)

Veff =

®)

Mpumeyanue —B[15] paccMoTpeH napagokc, B COOTBETCTBUM C KOTOPHIM B MEXNabopaTopHLIX uccriegosaHu-
AX AOBEpUTENbLHBIA MHTEPBar, NOCTPOSHHLIA Ha OCHOBE annpokcuMaluy Benua-Carrepseiita, MoxeT OuiTh MeHbile gns
OLeHKM pasnuuuii mexay naboparopusiMu, YeM BHyTpu naboparopuu ANg KOMNOHEHTOB HEONPEAENEeHHOCTH.

7
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8.1.10 Cornriacko GUM fns NocTpoeHma JOBEPUTEIbHOMC MHTepBana Ang 0 UCTIONb3YIoT BENMUMHY

w ,e = y__e )
(0)=46y ©
Pacnpegenetve WY, q) npuGnimkeHHO MOXHO CuUTaTh {-pacnipefefieHUeM C vgq CTeneHs MU cBobozb!.

W(Y, 9) € t(\'eﬁ). (1 0)

Torga posepuTentHbIA MHTepsan ypoeHs 100 (1 —a) % umeeT Bua:
yEulyiy 1 of2 (11)

STOT foBEPUTENBHDLIN UHTEPBAn MOXET ObiTh PEKOMEHAOBaH B KaUeCTBE [1OBEPUTEIbHOTO UHTepRana
ANs 6 ¢ yposHeM fosepua 100 (1 — a) %. MNonywmpmHa aToro uHTepeana fveﬁﬂ_q/zU(,V) npefAcTaBnAeT coboin
pacLUIMpPeHHYIO HeONpPeeNeHHOCTb Y.

8.1.11 UanoxeHHoe cornacyercst ¢ 06bIMHON CTaTUCTUHECKON NPAKTUKON, KorAa obilylo HeonpeeneH-
HOCTL ONPERENsIOT ¢ NOMOLWLIC OLEHKK TUna A, a Haubonee HacTo UCNONL3YEMON CTaTUCTUHECKOW OLeH-
KO A1151 KOHKPETHOM BXORHOM BENWUMHBL p SIBNAETCH BLIBOpoYHOe cpepHee no n HabniofaeMbiM BervviHaMm.
TpaprUMOoHHbIM METOAOM MONMYYEHUA OLISHKM CTAHAAPTHON HEONPeJeNeHHOCTU TUNa A ABNAETCA aucnepcus

(8/4/n) ¢ (n—1) crenexsmum caoGonbl. TO GCHOBAHO Ha ToM, UTO (11— 1)S2/62 NOAUMHSAETCA X2-PacnpeaeneHNIo

¢ (n — 1) crenexamu cBOOOAL. JTOT METOA NPUMEHMM TakKe K cTarucTukam suga Y = G(X,, ..., Xp) Korga
oLeHkM X;, i =1, ..., p ROQUUHAIOTCS LISHTPanbHOM npefenkbHoi Teopeme. INpy 8ToM CTaHgapTHoe OTKITOHeHKe
Y MOXeT BbiTh Nony-eHo no dopmyne (7), B KOTOPoit u(x; xj) HeoOXoANMO 3aMeHUTL Ha Cov(X;, Xi)'

Metog GUM o6obiiaer KonnexTusHbIf OfbIT MHOMMX METPOnoros. OAHaKo OH OFpaHryeH NpPeanonoxe-
HUSIMU O:

- NOKarnbHOW NUMHERHOCTH QYHKUMM F (KOSMMUUMEHTBE HyBCTBUTENBHOCTHU HE CNEAYET CUITLHO MEHATHL
nynanaTb);

- HOpPMAanbHOCTY pacnpefenieHns TOMeUHbLIX oleHoK Y = f(X;, ..., Xp) {Ans Manbix BbIGOPOK 3TO MOXET
He BLINONHATECA AaXe B NpUbNKeHn),

- 3aKOHHOCTU thopmynsl Benua-Carrepselita (BOSMOXHO, hopMyna rioxo paboTaer, ecny BXOfHbIE
BEMYMHBI BAVMHO 38BUCUMbI, BXOLHBIE AaHHbe HE NOAUMHSIOTCH HOPMAITLHOMY PacripPEAeneHuio 1 CTaH-
LAapTHble HEONPeAeneHHOCTH pasfinuHbl. YMcno creneHein csoboabl ANg pacnpeneneHnil, He CBSISaHHbLIX C
x2-pacnpefencHyem, TpYLHO MHTePNPeTMPOBATh, U B AeUCTBATENLHOCTU €F0 HEe MCRONL3YIOT B CTaTMCTUYE-
CKOW Teopum).

8.1.12 [na ananvsa soipaxehua (7) C TOUKM 3PEeHMSA HACTOTHOO NOAXOAA MOXHO UCMNOMBL30BaTb NO-
HSATUS! TEOPMM CTATUCTUMECKIX PELLIEHUM W AVCNIEPCHIO (KBAAPET CTAHAAPTHON HEONPENENeHHOCTH) L2(y) uH-
TEPNPETUPOBATL KaK CpefiHi KBafpaT omnbKi CTaTUCTMECKON OLeHKM Xy, Xo, ..., xp). 310 MOXHO cfienath
Mpy YCIOBUM, YTO BENUUMHLI, HEOMNPELENeHHOCTI KOTOPLIX OrNpefeneHbl C UCNONbL30BaHeM OUSHOK Tuna B,
@ UMEHHO, X4y, ..., X, YCTPAHEHD! MHTErPUPOBAHWEM MO UX pacnipeeneHmsm {cm. [5]). Ecnu dyHrymn f po-
CTaTouHO Bnunska K NuHeHoN, BuipaxeHue (7) obecnedmsaeT npubnmkeHne NepBoro NOPAAKa CPefHero Kaa-
ppara owmnbru.

8.1.13 B npumepax pana gpyrasi obLenpuHATas 4N8 YacTOTHOMO NOXOAA Npoueaypa noslyueHust 4o-
BEpUTENbHbIX MHTEPBaNIOB.

8.2 Byrcrpen-merop,

8.2.1 byrcTpen-meroq npefcTasnaeT coboi CTPaTerio reHepaLn NoBTopHbLIX BuIGopok [16] ans oLeH-
K apaMeTpoB pacnpefeneH s, Takmux Kak AUCNepCus, U ONpeaerieHns OBEPUTENBHBIX MHTePBANOB AN HMX
B Clyyae, Korga (opma OCHOBHOIO pacnpefeneHysl HeussecTHa. Kiouesas upes GyTcTpen-merosa cocTouT
B TOM, 4TO COOTHOLLEHUE MEXAY MHTErpanbHoi OyHKUMel pacnpeaeneHns BepOATHOCTeN F ana Y v Buibop-

KOW 13 F aHanorMuHo COOTHOLIEHWIO MEXAY OLIEHKOI UHTErpansHor hyHKYMA pacnpegeneHua F, xotopas

MOXET GbiTh HEe aMNUPUHECKUM pacTipelerieHuenM, CreHepupoBaHHblv BoiIDOPKOH, 1 BTOPOW BuIBOpKoW 13 F.
Ecnyw pacnpepenexue F HEU3BECTHO, TO HUKaKKE BbIBOf LI OTHOCUTENBHO HEro He MOryT GbiTh CAenaHb!, HO

COBpPEMEHHLIC KOMMBLIOTEPL! NO3BONSIOT NONYYATH OLSHKY pacnpefeneHims £ no BOnbWOMY KOMMUECTBY He-
M3BECTHbLIX pacnpegeneHyi. Tak, cHavana UchonbL3YIOT NEePBIHHYIO BLIBOPKY ANst (hopMupoBaHuA F no F,a
3aTeM ONPEAENSIOT BLIBOPOUHOE paciipefienieHne oLeHOK NapamMeTpoB F . 3Ta OLeHKa OCHOBaHa Ha reHepa-

8
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LVt BTOPVUHbIX BBIBOPOK 1 NOMYeH MM OLIEHOK NS KaXz0M BTOPHYHON BLIBOPKM. Ecrin £ SBNAETCS XOPOLLMM

npuBrvwKkeHrem F, To H, BoIGOPOYHOE pacnpeReneHne oLeHKkM Ha OcHoBe F, ABnseTcs B oBLUeM Cilyuae Xo-
polunM npubnuxeHnem BuIGOPOYHOTO pacnpeeneHs oUeHKku Ha ocHose F. Pacnpegenerue H 0BbIMHO Ha-
3bIBAIOT ByTCTpEn-pacnpefeneHneM napamerpa.

8.2.2 CyujectsyeT ABa TUna ByTCTpen-npoLeayp ANd HenapameTpruYecKoro 1 NapaMeTprdeckoro cry-

yasi. Henapamerpuieckuii GyTcTpen-mMeTop CBASaH C PacCMOTPEHMEM SMIMPWMYECKOro pacnpefeneHus F,
NIOCTPOEHHOTO Ha DCHOBE NMepBUYHON BLIBOPKU U3 F. B napameTpuueckoM criyuae ByTcTpen-pacnpeseneHue

F nveeT Hekuit HaBop napameTpos, 1 £ MonyyaioT ¢ NOMOLLBIO OLEHOK NaPaMeTPoB Mo AaHHbIM.

MpumeyaHue — B TUNOBLIX METPANOrMUECKUX 3a4a4aX HaGOPL! AaHHBIX HE SBMNFOTCH JOCTATOMHO BOMbIWMMU,
yTobbl rapaHTUPOBATL NPABUIBEHOCTL HenapaMeTpudeckoro SyrcTpen-nogxoaa, NOITOMY 3TOT MOAXOR HEe PACCMOTPEH B8
HaCTORWNX peKoMeHaunax.

8.2.3 Kmiodesoe npepnonoXeHue, KUCnonbsyemoe MNpy MNoCTPOSHUM AOBEPUTENHHOrO WHTEpBana B
cooTtseTeTBUM ¢ GUM (npepnonoxeHue (10)), MOXET He fasaTh Xopowei annpokcuMayuy aaxe Ana npo-
CThix 3aga4. OpHako GyTCTPEn-MeTog, NO3BOSIAET NOMYYMTL AOBEPUTENBHbLIE MHTEPBANHI 683 MCNONb30BaHWs
npepnonoxexya (10). OaHum 13 cnocoBoB NMonyYeHWs Takux UHTepBarnos sienseTcs f-6yTerTpen-noaxoq. OTa
NpPoLEaypa reHepupyeT sMnMpruyeckoe pacnpepenesune 4ns annpokcumatiuy QyHkuymm WAY, 8) [ans samexn
t-pacnpegenequs B (10)] Ecnu npegnonoxenue (10) koppekTHo, E-ByTCcTpen pacnpegeneHne BoCnpov3sBoauT
t-pacnpefienexue. SMnupudeckoe 6yTeTpen pacnpepeneHue B 3TOM Crydae UCnonb3yloT NS NocTpoeHust
AOBEPUTENLHOTO MHTEpPBana no dopmyne (11) Tak xe, Kak LpacnpegeneHue.

CooTHOWeEHWE MeXAY OYTCTPEn-MeTonoM 1 MeTofamu, npegnoxeHHbiMn B NOCT P 54500.3.1—2011
(nanee GUMS1), paccmoTpeHo B 11.2.

8.2.4 Hwxe npusereHa cxema redepaum OyrcTpen-suiGopki. TpeanonoXxuM, YTo X, 1 t(X,) — cpea-
HYE W CTaHAaPTHLIE OTKIOHEHUA CITYHaHON NepemMeHHon X, KoTopasd, KaK NpeAnonarasTcs, NojyMHAETCR
pacnpefeneHuio BEPOSTHOCTEN C HEKOTOPEIM YCTAHOBIEHHbLIM KOMMUECTBOM NapameTpoB. [lanee Ana unmio-
cTpaLuM NCNONbL3DBAHO HOPMAnbLHOE pacnpeeneHue. ANropuTM GyTCTpen-BLIBOPKM COCTOUT U3 TPEX 3Tanos:

a) Mo cnyvaiiHol suiBopke obbema k 13 HOPMAnbHOIO pacnpefeneHua ONPeRensiioT OLUEHKM CpeiHero
¥ CTAHAGPTHOIO OTKINMOHEHMA Xy U L(X,). . .

6) Ws N(x,, uz(x1 )) orBupaior BuIbopKy obbeMa K, T. e. {x1_1, e Xk }

. B) Mo {x{,,..., x{ k} BLIMMCASIOT BbIBOPOUHOE cpefHee x; 1 BBIGOPOUHYIO CTAHAAPTHYIO OWKNOKY
u(xq).

ng; ,u(x; )t — SyTcTpen-suibopka ans X,. TouHo Tak xe B 6yrcTpen-suibopok MoXeT GbiTh CreHepupo-
BaHO Ans mobor nepemMeHHon.
8.2.5 Tak xe, kak B GUM sHavenust (x; t(xp)), Ans i =1, ..., p UCMIONL3YIOT Kak BXOAHbIE NapaMeTphl Npu

BhiuncnexHum ¥, u(y) n WY, 0), a yrcrpen-suiGopku {x; ,u(x; )} i=1,...,p{cM. 8.2.4) Mcnonb3ayIoT KaK BXOAHbLIE
napameTphl Ans BuluucieHus ¥, u(y’),

W*— W(y*,y): y*—*y
U’ (12)

8.2.6 [na nonyueHus bytcTpen-pacnpenenexus WY, 6) ana Gonbiuivx aHaueHuit B (ckaxem 100000)
reHepupytoT B OyTcTpen-BuiGopok {x;(b), u(x;(b))}, i=1, ., p v ang xaxaon suiancnsior WXb), b=1, .., B.
MpoyexTuns f-ByTcTpen pacnpegenenus WY, 0) yposHst 100 a % annpokKCUMUPYIOT 3HaUSHUEM fa TakK, yro

o]

B

rae |A] — KONWYECTBO SMEMEHTOB, YAOBNETBOPSIOIMX YCNoBUI0 A. HakoHel, JoBepuTenbHLIN uHTepBar
t-6ytcrpen pacnpepenerna ypoeHs 100 (1 —a) % umeet By,

(Y‘ far2 V(Y)Y +iop2 ’U(Y))’

=aq

(13)
9
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MpoeHTUnu pacnpepenedna CThIONEHTa CUMMETPUMHBI OTHOCUTENBHO HYARA, 1 KaK CNEAcTaue, 3Have-
Hus B chopmyne (11) Bcerga AorKHbI GbiTh CUMMETPUUHBI OTHOCUTENBHO Y. HanpoTus, NpoueHTIM E6yTeTpen
pacnpefenerus, ucnonssyemsie B (13), MOryT GbiTb aCUMMETPWHHBLI OTHOCUTENBHO HYMA, YTO NPUBOAWT K He-
CUMMETPUUHOMY MHTEPBANY HeONPeAENeHHOCTU OTHOCUTENBHO Y, KOTOPBIR MOXeT oGecneunts Gonee TouHoe
orvcaHie GUIMHECKON CUTYaLK B HEKOTOPLIX Criyyasx. [letany 8Toro Npouecca npw rnocTpoeHnn Hrepaania
HEONPEA ENeHHOCTY NPMBEAEHD! B CMIEAYIOLEeM anropuTMe.

a) Mcnonbsysa 3afaHHbie pacnpepenelus ana X, i =1, .., p dopmupyior B ByTcTpen-8biBopok

(X, U D), ey (X(B), U(X] (BY).

6) [na kaxpoi byTcTpen-suibopkn (j(,' (b), u(x,7 (b))), i=1, .., pub=1, _, B, sorucnsior yXb), u(y(b))
u WH(b) = (y*(b) — yYu(y*(b)) B cooTaeTcTBIM ¢ GUM.
_ B} Onpepensior npoueHTunb -6yTeTpen pacnpepeneHus WY, 6) yposts 100 a % ¢ NOMOLIbIO 3HAUEHWS
£, Taxoro, uto fW'(b) < £, J/B =a.

r) OnpepensioT  oeeputenbHbiii - uHTepBan  tOyteTpen  pacnpepenedus  yposHst 95 %
(v —togrs -u(y), ¥+togzs-u(y)).

8.2.7 bytcTpen-sLIBopKM MOTYT TakKe WCMOMbI0BATLCH ANA 3aMeHb! t(y) OLEHKON CTaHRapTHOIo OT-
knoxexus Y, korpa npubnuketine Tainopa (6) cumtaor HenoaxoasiumM. [ina atoro, nockonbky i=1, ., p, 1

b = 1,.., B, reHepupyior TONbKO BXOLHbLIE OUEHKM x; (b). Ans xaxgon GyTcTpen-Buibopkyu onpenensior

y* (p)=F (x,f(b), ey x;, (b)). ByTcTpen-oUeHKoli CTaHAapPTHOR HEONPEAENEHHOCTH ¥ SIBIISIETCH CTaHAaPTHOE OT-
KnoHeHve Bulibopky obbema B:

%)= {350y Of re-n, y' 0= 5y eye

8.2.8 HakoHeu, ecnv npubnmmxeHre Tanopa ABAAETCH HENOAXOAAWMM U UMEETCA CyulecTBeHHas
acUMMETPISi OCHOBHOTO pacnpefienieHns Y, oTbupalot BrioxkeHHbie GyTcTpen-suiGopkn B, x B, Ans nocTpo-
eHus {-OyTCTpen MHTepBana ¢ UCTIoNL3oBaHeM OyTcTpen CTaHAapPTHONO OTKNOHEHUA. NyCTh reHepupoBaHo
B, GyrcTpen-soiBopoK (BXOHbLIX OLIEHOK M COOTBETCTBYIOLMX UM ¥). Ana xaxaoit GyTcTpen-BiGopku uc(y*)
BbIUMCNAIT B, GyTCTpen-BuiGOPOK BTOPOFO YPOBHS W ONPSAENSIOT OLeHKM

Y-y
a4y

HaBop B, Takux OTHOWEHWA MCNONbLIYIOT ANist ONpefeNneHnst OLeHKM NMPOLIEHTWIN pacnpejeneHus
WY, 8), uro nossonser onpeaenuT OyTCTpen MHTEpBan B COOTBETCTBUM C (13). AnropuT™ MoCTPoeHUA
MHTepBana HeoNpPeaeneHHOCTH YPOBHA 95 % ¢ 1CNoNb3oBaHMeM BNOXEHHLIX OYTCTPen-BbiGOPOK COCTOUT B
CreayIowWeM:

a) Ans i = 1,..,p, vcnonssys pacnpegencHus X, reHepupyior 8, GyTcTpen-BuiGOpoK NepBoro ypoBH:

(CAURREAT:H))
6) [na kaxpoi GyTcTpen-suBOpKM NEPBOTo YPOBHS X8y, i=1,, p, by = 1,.., By Boiwmcnsior

Y (B0) =1 (By), o, Xp(00) 10 W' () =(y (b))~ y)/uly " (By)), e ans onpepenei Uy’ (by)) MPUMEHSIOT
GyTCTPen-MeTop, BTOPOTro YPOBHS!, UCTIONb3YS CNEAYIOLIWIA anropuTm:
1. Anm i =1, ., p, ncnonb3ys pacnpefieneHue p, reHepupyiot B, GyTcTpen-seiGopoK BTOPOTro YpoBHS
X (o0 X; (By) .
2. [AnR KaXpo# GyTCTpen-BLIGOPKM BTOPOFO YPOBHS ONPEAENSIOT OLEHKY ¥ *(By)=F(Xy(B2), .., Xp(b2)).
3. GopMupyioT GyTCTPen-OLIeHKY CTaHapTHOM HeonpeaenerHocT ¥ *(&y) B Buge BLIBOPOUHOTO CTaH-
DAPTHOMO OTKMOHEHWA:

5 2
U(Y*(bn))IJb;[Y*(bz)—Y*(')] 18, -,

8
ans B, nostopeHuit, me ¥ *()= X y*(b2)/B,.
bt

10
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B) Onpeaensior oueHKy npoueHTum yposrs 100 a % £-OytcTpen pacnpeaenequs WY, 0) ¢ noMoLsio
3HaYSHWA TaKoro, 4To |{W'(b1) < fa By =a
r) Onpenensior BroxeHHbI F6yTCTpen AoBepuUTenbHbIN MHTepRan yposHs 95 %

(y—f°,975 -u(y), y+iooas 'U(}’))-

370 Gonee obwui nogxon. BnoxXeHHsIn ByTcTpen-meTon TpebyeT fOCTATOMHO CNOXHBLIX BLIMUCNIESHUA.
Ans npumepos Gbin BeIGpax Gonee npocToi ByTcTpen-meTof,.
8.3 Mpumepsbt

8.3.1 O6uwue nonoxeHus
8.3.1.1 B kavecTse npumMepa pacCMOTPUM CTATUCTUYECKYIO MOAESTL NpUMepa 13 pasaena 7, a UMEHHO

Yi=0+B+eg,i=1,..,n {14)
rae 6 — usMepAemMan BeMMHa, B NPeAcTaBnAeT HOHOBLINA WYM, &;— HesaBucuMble owrbky, €; € N(D, o?).
Ecnu f — nocrosiHHas Benuimna, ¥ — CpeaHee fanHbX, To B cooteetcTemm ¢ (14)0=RB, y)=7y-B.

8.3.1.2 Ecnu ¢hoHOBLIN WyM B NOAMMHASTCA paBHOMEPHOMY pacipefieneHuio Ha uHrepsane (a—d, a + d),
vHTEepBan ans 6 B cooreetcTauMm ¢ GUM umesT Bug;

— 2 2
Y—ai2‘lc—+d—.
n 3

B [5] paccmoTpeHbl CBOMCTBa TaKMX MHTEPBANOB 1 NMPOBEAEHO UX CPpaBHEHWE C MHTEpBanom

V—aw_{ZJ:E+d}, (15)

peKoMEHROBaHHBIM DiaeHXapToMm 8 [17]. Tak kak ycrnosHoe pacnpegenenue Y Ans AaHHOTO B ABNAETCH HOP-
marbHbIM, N(6 + B, o2/n),

PUV o4 szT“) > 0,95,
n
B TO BpemMs Kak

Plla—pl < d)=1.

M3 3TOro criefyeT, uto MHTEpBAN DW3eHXapTa ABNAETCS rapaHTUPOBAHHBLIM, T €.

P(lV ~a-f sz—J%+d) >0,95. (16)

8.3.1.3 OgHako ecnu d > 12611:’!_1, WHTepBaJl, pekoMeHgoBaHHbin GUM, cogepxut uxtepsan (15), us
Yero BUAHbI PasnuHMs STUX NOAXOAO0B.

8.3.1.4 WnTepsan (15) MoXeT BbITb NPUCNOCOBIIEH K {-pacnpeaeneHmio otHowerms V(Y —a—P)/S.
OH TaKke MOXeT ObiTh MCNONL30BaH AN APYTUX pacnpepeneHuit (TpeyronbHOro, TPaneLuesmMaHoro U T. 4.).
HeitcteuTentHo, B moaeny (14) ctatuctvka Y COQEPKMT BCIO MHGOPMALMIO © 6, COIePXALLYIOCS B faHHbIX
(T . Y — nocrarouHas CTaTuCTuka Ans 6) C NNOTHOCTLIO BEPOSITHOCTEN

ard _
27£5d J & 08nT-0-8 1% g
ad

CrelpanbHas opma 5Toro pacnpefieneHns Mo3BoNseT MoMyuYuTh arnsTepHaTUBHBIE OBEPUTENbHLIE

MHTepBank! (PAaNMUHOM AAVHE C LIEHTPOM B TOUKE MakcuMyma npasgonopobus (Y — a)) (oM. [14)).
8.3.2 Mpumep a)
Vicnonksyem McxofHbiE faHHbLIe NpuMepa, NPUBEAEHHOMO B pasgerne 7 ana mogenu (14). MNMocne Boi-

uucneHu nonyvaem ¥ = 3,537 u u(y) = 0,153. MNocnegHum 3amersieM o/ Jn e HepaseHcTse (16), a ko-

"
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shdULMEHT 2 crieayeT 3ameHUTb Ha NpoLeHTMnbL LpacnpefeneHua ¢ apgeKTUBHbLIM YNCNOM CTeneHeR
ceobopbl 5,15. B npumepe a) GoHOBLIA WyM B MOXET ObiTb UCCNEAOBaH HA OCHOBE USMEPEHHbLIX BEMMHMH,

npuHaznexawmx HopMansHoMy pacnpegenexunio. MNonyvaem b =1,228 u u(b) =0,059. Torpa oueHKa 0 npu-

HUMaET 3HadeHue ¥ — b = 2,308 ¢ COOTBETCTBYIOLEH CTaHAGPTHOR HEOMPEAENeHHOCTHIO ‘/uz (7)+u2(5 ) =
= 0,164. AosepurensHbin MHTEPBaN B cooTBeTcTBum ¢ GUM umeer sBug

2,309 £ 2,548 x 0,164 = 2,309 + 0,417 = (1,892; 2,727).
t-6yTcTpen uHTepsan yposrs 100(1 — a) % cornacHo (13) umeer Bup:

(2,308 — 0,164 f_y2 ; 2,309 + 0,164F,5),

rae tAB — npoueHTuns W* ypostsa 100 B % (12).

Ana ynobcTea nonb30BaTenei B KavecTBe WNnMoCcTpauuy fanee NpUBeLeHb! HeKoTopbie gparMeH-
Thl R-nporpammel (cM. [18]) 1 WIinBUGS (cm. [19]). [ins npumepa a) npueepeHa R-nporpaMma reHepaymm
B = 10000 peanwsaumi pacnpegenerus W

B = 10000

y.star = rnorm (B, mean=3,537, sd=0,153)

u.y.star = 0,153 * sqrt (rchisq (B, df=4)/4)

b.star = rnorm (B, mean=1,228, sd=0,059)

u.b.star = 0,059 * sqrt (rchisq (B, d=4)/4)

w.star = ((y.star-b.star)-2,309)/sqrt (u.y.star"2+u.b.star"2).

JoBepurencHLiv £GyTCTpen uHTepearn yposHs 85 %, Ha ocHoBe keaHTUNen yposHeit 0,025 v 0,975 mo-
LenpyemMoro pachnpegeneHus.

2.309 — quantile (w.star, ¢ (0,975, 0,025)) *0,164

## 1,805754, 2,728817

Takum 06pasom, goeepuTensHei FoyTeTpen nHTepsan yposHa 95 % umeet Bug (1,896, 2,729).

8.3.3 Mpumep 6)

Mpwv OTCYTCTBUM CTATUCTUHECKMX [aHHbIX O (POHOBOM LUyME NPEANOFIAraeTes, uto B NOAUMHAETCH pas-
HOMEPHOMY pacnpegeneHuio 8 uHTepsane (1,126; 1,329). Toraa NpubnMKEHHLIN OBEPUTENBHBLIA MHTEPBaN
B cooTseTcTBMM ¢ GUM umeeT Bua:

0342 0102°

5 3
JosepurerbHii nHTepsan 3MseHxapTa HeCKOSLKO LWKpe, 8 UMEHHO,

3,537 - 1,228 + 2,533 =2,310+£ 0,415 = (1,895, 2,724).

3,537 — 1,228 [2, 776%332+0,102] = 2,310 4 0,526 = (1,783; 2,836).

Ha ocHose paHHbix npuMepa a) Anst 6 MoxeT ObiTh NOCTPOEH AoBepUTENbHLIA -ByTCTpen uxiTepsan.
Ana padHoro NpuMepa oUeHKM U COOTBETCTRYIOLIAA CTaHAAPTHANA HEONPEREneHHOCTL ANs i, B 1 6 npeacTas-
neHbl B U poBoi hopMe Tak Xe, Kak B npumepe a), 3a UCKITIoNEHUEM TOTo, YTO B onpefleneH Ha OCHOBaHMM
OfbITa UMM OLISHOK 3KCNIEPTOB M OLIEHKa HeonpeeneHHocTu B npeacTtasnser coboit oueHky Tuna B. Mostomy
reHepauust W* BLINONHEHa He Tak, KaK B NpumMepe a), a Tonbko Ang otfopa GyTcTpen-sbiGopkA b* n onpefie-
NEeHWsA OLIeHKW COOTBETCTRYIOWEN HeonpeaeneHHocT. byTcrpen-suifopka obbvema b* Tenepb reHepuposada
U3 M3BECTHOIO paBHOMEpHOro pacnpepenequn (1,126; 1,329) co craHaapTHoiA HeonpeaeneHHocTbio 0,059.
Mporpamma resepayum 8 = 10000 peanusayuin W* npusefieHa Hxe.

B=10000

y.star = rnorm (B, mean=3,537, sd=0,153)

u.y.star = 0,153 * sqrt (rchisq (B, df=4)/4)

b.star = runif (B, min=1,126, max=1,329)

u.b.star = 0,059

w.star = {(y.star-b.star)-2,309)/sqrt (u.y.star*2+u.b.star*2).

HosepurenbHbiit -6yTCTpen uHTepsan ypoBHst 95 %, OCHOBaHHbIH Ha KkBaHTUNAX yposHeit 0,025 n 0,975

2,309 — quantile (w.star, ¢ (0,975, 0,025)) *0,164

## 1,918643; 2,699749.

Takum oGpasom, AoBepuUTENbHLIM -ByTeTpen uHTepsan yposHa 95 % umeer sug (1,918, 2,700).
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8.34 TMpumvep B)

Takkak ¥ =1,196 n s, = 0,047, ofa vHTepBana UMeloT oTpuLjaTensHbie HUXHWe rpanmnlbl. Ecnu cpep-
Hee 0 NOSIOKUTENBHO, TO HUXHIOID FPaHULY MOXHO 3aMEHWUTH HYJEM, HTO NPUBOANT K pekomeHayemomy GUM
uHTepsany (0; 0,124) n k udTepaany SzeHxaprta (0; 0,202).

R-nporpamma redepauuy 8 = 10000 peanmsayuin W* v nornydeHua GyTeTpen-vHTepsana Takas xe, kaxk
snanpuvepa 6yc ¥ =1,196 uu(y) =0,047.

B = 10000

y.star = morm (B, mean=1,196, sd=0,047)

w.y.star = 0,047 * sqrt (rchisq (B, df=4)/4)

b.star = runif (B, min=1,126, max=1,329)

u.b.star = 0,069

w.star = (y.star-b.star) +0,032)/sqrt (u.y.star’2+u.b.star”2).

HoseputensHoii t-6ycTpen uHTepBan yposHs 95 %

-0,032 -quantile (w.star, ¢ (0,975;0,025)) *0,075

##-0,1762648, 0,1128422

Takum 06pasom, aoBepuTensHeIn £-GycTpen uHtepsarn yposHsa 95 % umeer sug, (-0,176; 0,113).

Ecnn U3BecTHO, YTO 6 NONOXUTENBbHAA BENWYMHE, TO YCEYEHHBIM BOBepUTENbHBIN -OyeTpen uHtepsan
ypoBsHaA 95 % ana 6 umeer suy, (O; 0,113).

9 BaitecoBCcKuiA noaxoa

8.1 OCHOBHOIA MeTOg,

9.1.1 B meTponoruu namepsaemast BefiumHa 1 BXo4HbIe nepeMeHHbie Mofeny (1) ABNsioTCH NocTosH-
HbIMY OUSUUECKMMI BenMmnHamii. [pu GaiecoBCKOM NMOAXOAE COOTBETCTBYIOWME NapaMeTphl w; 1 6 paccMa-
TPUBAIOT KAK CITyNaiHbIe BeNUUMHEl B TOM CMbICHE, YTO UX PacnpefencHis BepoATHOCTEN CYMMUPYIOT 3HaHUR
06 aTUX BeruMHax.

9.1.2 baitecoBCKWi NoAXOA NOSBOMNSET NOMyYMTL PacnpeferneHns BeposTHocTen 6e3 Pusnieckux gaH-
HbiX, HANPUMep, UcoNbays TpeboBaHUA NIFOTOBUTENEN MNK SKCNEPTHLIE OLEHKM. Ha npakTuke B TUNMYHBIX
METPONOMMHECKMX 3afladax pesynbTaTol U3MepeHuit (flaHHbie) PuUsMYIeckuX BEryuMH MOryT ObiTh UCTIONL30-
BaHbl ANA OLEHKN NapamMeTpoB BXOAHBLIX BEMWMUMH. B Takmx caydasax, ucnonbsys TeopeMy bakeca, MOXHO
NoMyunTE NNOTHOCTL pachpeaeneHua cnegyiowuM obpasom. MycTb p(l) — NNOTHOCTL pacnpeaenieHus
W3BECTHAA 3apaHee [0 NMonyueHUs OUIMHECKUX JaHHbIX. OTa (PYHKLMA HasbIBAETCA anpuopHOMA MNOTHOCTHIO
BEPOATHOCTEN p, MyCTh Y — cnydanHas senuumMHa, AN KOTOPOH CYLIECTBYET ee peanusalus ¥ (AaHHbie).
MnoTtHOCTb p(YKy) ANS Y HASLIBAIOT CTATUCTUHECKON MOAeNbI0. Tak Kak p; — crydaiiHan BernquHa, 3Hak «|»
ofo3HaquaeT, YTO NIOTHOCTL BEPOATHOCTEN Y ABMAETCA YCMOBHOM NO ;. [INA KOHKPETHOM peanusaluu y se-
NuMHBL Y NROTHOCTL P(Yip,), KaK (yHKUMA p, HaswiBaeTCH yHKuven npasgonofgobus. B cootsercTaum ©
Teopemoii balieca

yl M; )P(P-.)

p(wily)= (17)
I p(.VI N», P(}l,)dl»l,
MNnorHocTb pacrpeseneqst |, 06o6LaeT sHaHKA O i, C YUETOM MOMyYeHHbIX 3HaUYSHW ¥,

9.1.3 Ecnu 3apaHee O p; HAHETD He M3BECTHO, TO UCNOMBL3YIOT TaK HadblBaemoe HeVHMOopMaTUBHOE
anpuopHoe pacnpepenexue [20] MNpw Hanuuun anpuopHoi MHGOPMaLuW ee NPeacTasnsaioT 8 BUAE MHpop-
MaTVBHOTO pacnpefeneHust BEpOATHOCTeR. 3TO OAMH 13 MeEXaHU3MOB BaecoBCKOro noaxona ANA BKMOYeHWs
UHPOPMALMY, MCTIONBb3YEMOWN NS NONYYEHUA OUEHKM HEONPEAEneHHocTH Tuna B. Qopmy DYHKUMK Npasao-
nopobusi 0BLIMHO BLIGUMPAIOT HA OCHOBE 3HaHWIA O NpoLiecce, NOCTaBSIOWEM JaHHbIe.

9.1.4 Bug dyHKUMM npasgonogobus u anpuopHan NNCTHOCTL ONPeaensaioT hopMy anoccTepuopHoi
nnoTHocTy. BaxHo TwartenbHo BLibpaTh QyHKUMIO NpaBaonofaotust 1 anpuopHyIO NNOTHOCTE M NPoBeCTU
aHanua YyBCTBUTENBLHOCTI PEe3YNLTATOB OTHOCUTENBLHO BO3SMOXHLIX M3MEHEHWIA aTUX pachnpefeneHui. Ans
anpuopHbLIX pacrpereneHnin 3To MOXET 03Ha4YaTb CONOCTABIIEHNE PE3yNETaToB UCTIOMNLIOBAHUA HECKOMBKIX
paanuuHbiX noTHocTel. Mposepka cOOTBETCTBUS YHKUMU npaspononobus (CTaTucTUYeckas Mofenb, Ko-
Topas onucbLIBaET faHHble 06 MaMepeHusiX) npepcTasnaeT coboit opmy Banupaymm mogenn [21)], koropyto
NPOBOAAT HE TOMbBKO A7 HaNeCoBCKON, HO 1 AN ApYrvMX MoAenen (YacToTHO! 1 puayLranbHoR).
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9.1.5 OnpeneneHue oUEHKX HEONPERENEHHOCTU USMEePEHUIA B KOHTeKCTe BalecoBCKOR CTaTUCTUKNA MO-
XeT BbiTh UHTEPNPETUPOBAHO (MO OTHOLUEHMIC K anoCTepUoOPHOMY PaclpefelieHUIo BeposiTHOCTER Ansa us-
MepsieMol BEMIUHbI 0) criegyiolm obpasoM: cTaHgapTHan HEOMPEAENeHHOCTL — 3TO CTaHAAPTHOE OTKNO-
HeHWe CriyuaiiHOM BeNMUMHbLI, XapaKkTepusyeMon 3TUM pacnpefeneHeM BepoRTHOCTeR. [ins onpeaenexus
CTaHAAPTHOTO OTKNOHERKA HeoBXOAMMO CHavasa HaiTi 00befiuHeHHO. pacripefeneHe BePosTHOCTe |; 1
3aATEM NPUMEHUTL DOPMYINY 3aMeHbl NepeMeHHbIX, NpeanoXeHHylo B [14] ans nonyyeHus pacnpeaenexHns 0.

MpocToit crnocoG nosyueHrst MOMEHTOB 3TOr0 PacnpefeneHusl CocTouT B cnepyioilemM. Matemarnue-
CKOe OXupaHue 1 aucnepcust yHKLMM h(6) nMeioT Bua:

E(1(8))=[...[ A(FGut,-., mp))P1,-.., Rp)Tu1...Ghtp,
var (6)=£(6?)-[E@).

Ans MHTErprpoBaHuns YacTo MCNorNbL3YIOT MeToAbl MoHTe-Kapno [20].

9.1.6 CosMecTHOe pacnpefeneHve BEPOATHOCTEN AF HESABUCUMBIX CITyUaRHbIX BESIMYUH NPeacTas-
nsieT coGoi npoussefeHne YacTHbIX pacnpeaenerinin. OpHako w; He Bcerpja ARMMIoTCA HesaBucMbiMi. ing
TAKOTO CryYan BO3bMEM, HanpuMep, OYHKLWIO pacnpefeneHna BEPOATHOCTEN Y, 3aBUCSILLYIO TONMBKO OT ABYX
nepemMeHHbIX iy U py. 30ech p(¥y, 1y) — CTatncTMYeckas Mopenb p(p, o) # Pliy) p{i,). AAns 91010 npumepa
anoCTepropHas MIoTHOCTL (|, 1y) UMEET BHA:

P(¥] M. 12)p0, 122)
¥ . 12) Py, n2)dnediy

P(M B2 |Y): IP(

9.1.7 PacnpocTpaHeHHas cUTyaLus, KoTopas NPMUBOAUT K TAKOW 3aBUCUMOCTH, NOSBASETCH TOMa, KOr-
Aa CTaTucTUNEcKas Mofenh ABnsAeTcs gyHkuven 8 u 4, Oba npumepa, pacCMOTPEHHBIX B faHHOM pasjerte,
nonajaioT B 3Ty KaTeropuwio, WINIOCTPUPYS Te3NC O TOM, UTo npu 6akecoBCKOM NOAXOAe, KOIAa pesynsrathi
M3MEePEHW JOCTYNHBI, NPOLECC ONPeaesieHna CBA3AHHbBIX pacnpeaeneHii BepoaTHocTel TpebyeT cooTBeT-
CTBYIOWEro onpegeneHua CTaTUCTUHECKON Mofeny. BoiNoNHEeHWe TOro Npasuna asTOMaTUHECK NPUBOAUT
K hyHKUMsIM nipasgonopobus, HeobxoanMbIM ANs NPpUMEHEHns TeopeMbl balieca 1 K COOTBETCTBYIOLLEN ano-
cTepuopHoi nnoTHocT. TakM 06pasoM, NPOLEce MOXHO onvcaTh chnegyiowmumM obpasoM:

a) onpenenexve pes3ynsTaTtoB U3MEPEHMA, OTHOCALLMXCS K UCCNenyeMbiM (DU3MHECKMM BeliMHaM;

6) ycTaHoBNeHUE CTATUCTMHECKOW Mofenn (Taike HasbLIBaeMoit Mopenbio HabmopgeHMi), CBASLIBAIC-
Lieit faHHEBIe ¢ NapaMeTpamm, KOTOPbIMU MOTYT BbiTh |; M MBMepsieMasn BenuivHa 8;

B) YCT@HOBSIEHME anpuOpPHbIX pachipefieneHui AN BCeX UCNONb3yeMbiX NapamMeTpos;

r) npyMeHexve Teopembl balteca Ans NMonyyYeHUst anocTepPUOPHLIX pacnpefeneHuii napaMeTpos;

A) BbiMUCAIEHVE anoCTePUOPHOTO CPERHEID Y anoCTEPUOPHOIC CTAHAAPTHOIO OTKINOHEHUA M3MEPASMOA
BEJIAUUHLI;

€) BLINONHEHVE aHanusa YyBCTBUTENBLHOCTY PE3yNETaTOB OTHOCUTENBHO BOSMOXHBLIX M3MEHEHWIA aro-
CTEPUOPHLIX pacnpefeneHuii.

9.1.8 YT0o0b! YNPOCTUTL YUCNOBLIE BBIMMCIICHUS, TaM, e 3TO BOSMOXHO, MOXHO MCRONL30BATL f10-
crieflopatenbHoe npubnkeHue Tarnopa v NPEANoNoXeHUe 0 HOPMAaNbHOCTY pacnpeaeneHui. B 4acTHOCTY,
pasnoxete B psj Toinopa f{py, ..., Hy) B TOUKE MaTEMATUHECKUX OXMAGHWIA k; BMECTE C NPEANONOKEHUEM
O HOPMANBHOCTU MOTYT GbiTb MCMONL30BAHbI ALNA YTBEPKACHUR O TOM, 4TO fluy, .., up) UMeeT npubnukerHoe
pacnpepenetue N(RE(,), ..., E(1,)), o?), me

p
o = Y Var (i) + 23 cic,Covlp;, 1 j)-
i1

i<j
Cov{y; p}-) — KOBApUALIWA ;W ;, C;— YACTHARA NPOVIBOAHASR O MO NepeMeHHON , BLIMMCNeHHas B Touke
MareMaTu4ecKoro OXMAAHUA p;

Mpumeuyanune — dopmynu (6) u (7) ncnonssosans 8 8.1.8. B gaHHom crnyyae pasanoxeHue UCTIONLE30BaHO ANA
onpegeneHns Aucnepcun oLeHiu 0, a He camoro 6.
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8.2 MNMpumep

9.2.1 Ob6uue nonoxeHust
MpounmocTprpyem NPOLIECC Ha AaHHLIX NpMMepa pasfena 7. Msmepsemoi BenwiuHoI B 3TOM Npumepe
asnaeTcs 0. Mogens maMmepeHnin B COoTBeTCTBM ¢ 8.3.1.1 umeeT Bug.:

0=y-B. (18)

8.2.2 Mpumep a)

9.2.2.1 Umeetcd gsa Habopa AaHHbiX: Habop faHHbixX | — NATH PesynsTatos USMEepeHuit y;(curHan nitoc
OHOBLINA WYM), MOMYYSHHBIX HE3aBUCKMO ApYyT OT Apyra. Habop aaHHbIX Il — MATL pesynsTaTtoB namMepeHuit
3HaueHWH POHOBOMC Wyma b, Takke HesaBuCMbIX. Kaxgyio BenmumHy B HaBope flanHbix | paccmarpusa-
10T KaK peasmsaumio CriyvanHon BenmuumMtbl Y, NOAUMHSIOULYIOCH HOPMANLHOMY PacipeflenieHuio Co CpeaHm
¥ = 0+ B 1 CTaHAAPTHLIM OTKNOHSHUEM Gy. Te Ke NPEANoNOXeHus CAeNaHbl OTHOCUTENEHO CryuaitHomn Benn-
HmHbl B; B Habope AaHHbiX 1, CO CPeRHMM B 1 CTaHAAPTHLIM OTKIIOHEHHUEM og. Takum 06pasoM, cTaTucTuYe-
CK1e MOAEINU AN Y; 1 NATY PE3YNIETATOB M3MEPEHUI HE3aBUCUMbIX BEMTMUMH MMEIOT BuA!

Y;16,B,0% € N(0+p, o),

5
;Y > i-6-BY
.- ¥Ys|6 =| —— | expy—&1
P(.V1 YSl B,GY) (Gsz—“J P 263
9.2.2.2 Cratuctndeckas MOaeNbs Ans B;
81B oa  N(B.op),
5
BN > 6-87
yesey — ex _"=1—
p(by,..., bs| B, o) [m‘) P 202

9.2.2.3 Tak kaKk aBa Habopa HabrnioAeHUIA B3anMHO HE3aBUCKMDI, CTaTUCTUMECKas Moaenb AnNa Y u B
uMeeT 8L

P(¥. |6,B, oy, 05)= p(by,-... b5| B, o) P(¥1, -, ¥5l 6, B, Oy ).

9.2.2.4 Takmm 06pasoM, CyLIECTBYIOT YeTbipe napametpa 6, B, oy U o, ANA KOTOPLIX HeobXxognMmo
3afars anpuopHble pacnpegeneHus. B ganHoM npumepe HeT HUKaKol uHgopmalmm o6 aTux napaMeTpax,
KpOME TOTO, YTO OHU SIBNAIOTCA HEOTPULATENbHLIMIK, NOSTOMY NPEANONOXMM, YTO 3TY NapameTphLl Hesasu-
cuMbl. XKenatenbHo, YTobbl BUAHKE BUa anpyopHbIX pacnpefeneHuii Ha pesynsTars aHanusa 6oino MuHu-
MarnbHbiM. Takoit pesynsrar MOXeT ObiTh NOSTyYeH Npy UCTHIONL30BaHM Tak Ha3biBAEeMOi ONOPHON anpPUoOPHOA
nnoTHOCTY [20]. AN napaMeTpos, CBA3aHHLIX CO CPEHUMY, HanpuMep 6 1 P, Takas NNOTHOCTb MOXET BbiTh
annpokeuMupoBaHa AN 6 pasHoMepHbiM pacnpegenetvem (0, ¢), ana f ~ pasHOMEPHbLIM pacnpegeneHnem
(0, ¢) c Gonbiummm sHaveHusiMm ¢. [ins napameTpos Macilitaba oy 1 o ONopHLIe anpropHLIe TTOTHOCTY BUfa:

p(Gy) = 1lﬁy, p(OB) = 1/0'3
SBMAOTCH HENOAXOAALLMMY, TAK KaK MX TPYLHO ODBbeNHUTL B EAMHYIO NITOTHOCTD. Tak KaK ITOT acnekT MOXET
BbI3BaTH TPYAHOCTM FPY BHIMUCTIEHMSX, ANs BOoMnbLUMX 3HAUEHWU 1Conb30BaHbl 6onee NOAXORALLMEe NIOTHO-
CTU. ANs 6, — paBHoOMepHoe pacnpefenexue (0, ¢) unu Namma-pacnpefenetue (¢, ¢).
ramma (¢, ¢») npeacrasnsierT coboil raMMa-pacnpeaerneHve ¢ napamerpamm ¢ u ¢, T. e. Ans cnyvaii-
HOW NepemMeHHo X 8Ta NNOTHOCTL BEPOATHOCTE UMEET BUf:

$1
Pr| 4. 4) = st o2
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9.2.2.5 MpumeHexue TeopemMbl bateca npnsoauT K 0BbeAUHEHHON anocTepUOPHOR NMOTHOCTK ANs 6,
B, oy ¥ o CrienyoWero Buaa;

_ p(¥. b16, B, oy, oa)p(8)p(B)p(cy )p(ce)
p(e,B,O' lc I.VIb)_ .
e IP(}’. b6, B, oy,0e ) p(8) p(B) p(0v) pog)d0dBdoydog

ANOCTEPUOPHAS NINOTHOCTL M3MEPSEMON BENUUMHL 0 BLIPAXKAETCH Yepes UHTerparn u UMeeT BUA:
p(8ly,b)= [p(6, B, oy, ogly, b)dBdoydog,

5T0 anocTepropHoe pacnpeieneHe CoOaepXuUT BCIO MHOPMaLMIO O 6 NMocre BhIMONHeHUS U3MEPEHWA.
OueHka MaTEeMaTUHECKOTO OXMAAHWSA 3TOTO PACNPEAENnEHUs ABNAETCH OLEHKON UINYECKOR BeuMHE), a
CTaHAapTHOE OTKIICHEHWE 3TOTO pacripefienieHnsl — OLEHKOHM CTaHRapTHOW HEONpPeaReneHHoCT 3TON CLeH-
K/, OTO MPAMOIA NMyTh NONYYSHWUsT UHTEpBana oxsara ANA M3MepsieMol BenMuMHE! Ha OCHOBE Takoro pac-
npegeneHus. Takoi nHTepsan oxsara npegcrasnaer coboi MHTepBan BOSMOXHbLIX SHa4YeHU O ¢ 33 aHHON
BEPOATHOCTLIO. B cTaTtucTke baeca sToT uHTepBan HasbiBaloT 6atecoBCKUM AOBEPUTENBHBIM MHTEPBAMOM.
Bo mHorux cniyvasx npu npumeHeHu Teopeme! baleca ansa BbMACNEHUs] MHTErpana UCNomnb3yioT MUCTEH-
Hbte MeTofbl. OfHNM 13 BOSMOXHBIX PELUEHWI ABNACSTCH NOMYYSHNS anoCcTepropHOTO PpacnpefeneHs MeTo-
famn MonTte-Kapno no cxeme Mapkosckoi uenm (oM. [22]) ¢ ncnonb3osaHmen nporpammMHore obecneveHus
WInBUGS (cm. [19]). Mporpamma gna ST0ro NpuMepa, ¢ pasHOMEPHLIMI anpropHbBIMY pacnpeseneHmuamm n
¢ =100 npusepeHa HxXe

Example 1a {

theta~dunif (0,100}

beta~dunif (0,100)

gammac- theta+beta

sigma.Y~dunif (0,1)

sigma.B~dunif {G,1)

tau.Y <- 1/ (sigma.Y*sigma.Y)

tau.B <- 1 / (sigma.B*sigma.B)

for(iin1:nj {

ylil~dnorm (gamma, tau.Y)

blij~dnorm (beta, tau.B)}

}

C fanHbiMK 18 7.2 ang n = 5 nporpamma JaeT anocTepropHoe cpefHee 6, pasHoe 2,309, 1 anoctepu-
OpHOe cTaHfapTHoe oTKNoHeHue 0,247, BaliecoBCKWi foBepUTENbHBLIM MHTEpBan ANs 6 yposHs 95 % umeer
Bun (1,805; 2,815). AHanua yyBCTBUTENBHOCTU OTHOCUTENBbHO M3MeHeHWU (hopMbl YETHIPEX NPefLLecTByio-
KX pacnpeneneHmnin MOXeT BbiTh BBINONHEH C MOMOLLLIO UBMEHEHWS 3HaYeHW ¢ (CM. 9.2.2.4) 1 NOACTaHOBKY
CTPOK

tau.Y~dgamma (1,0E-5; 1,0E-5)

tau.B~dgamma (1,0E-5; 1,0E-5)

B YETHIPE CTPOKU

sigma.Y~dunif (0,1)

sigma.B~dunif (0,1)

tauY <- 1/(sigma.Y*sigma.Y)

tau.B <- 1/(sigma.B*sigma.B)
¥ CpaBHEHMS! MOMYHSHHbIX 3HAYEHWA anocTepUoPHOro CPeiHEro ¥ CTaHAapTHOMO OTKIoHeHKs. (1o peayrbTa-
TaM OHEBMIHA WX YCTOMUMBOCTD K TaKUM UIMEHEHNAM.

9.2.3 Mpumep 6)

9.2.3.1 Uudopmayus o f npeacrasneHa 8 GopMe pacnpegeneHs BEPOATHOCTER, NONYUEeHHOMo Ha oc-
HOBE OL|EHKY HeonpeaeneHHocTy Tuna B. B aToM criyyae Mopens HabmoaeHun Ana Habopa gaHHbix (1) B npu-
Mmepe a) (9.2.2), umeeT Bug:

Y;|6, B, o € N(0+B, 2).

9.2.3.2 ViMeeTca Tput NapameTpa, KOTOPhIM HEODXOQVMO Ha3HaUUTL anpuopHbie pacnpegenednsa. [ns
napameTpa B B KauecTBe anpuopHOW NIOTHOCTY BbiBpaHO PaBHOMEPHOE pacnpeferieHne Ha uHTepaare
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(1,126; 1,329), ana 0 — pasHomepHoe pacnpepenerve (0, ¢) 1 ans ¢, — PaBHOMEpHOE pacnpefeneHe
{0, ¢) ¢ GonbILMMY 3HAYEHWSMM C.
9.2.3.3 MporpamMa WINBUGS ans gaHHoro npuMepa:
Example 1b {
theta~dunif (0,100)
beta~dunif (1,126,1,329)
sigma. Y~dunif (0, 1)
gammac -theta+beta
tau.Y < -1/(sigma.Y*sigma.Y) ans (i in 1:n) {
ylij~dnorm (gamma, tau.Y)
}

Sta nporpaMma AaeT anocrtepuopHoe cpeaHee 6, pasHoe 2,309 1 anocTepropHoe CTaHRapTHOE OT-
knoxeHve 9, pasHoe 0,232, [losepurerbHbit Bariecosckuii uHTepsan yposHs 95 % ana 0 wmMeeT Bup
{1,832; 2,788). AHanua YyBCTBUTENBHOCTM TAKKE YO OBMNETBOPUTENBHBIA.

98.2.4 fpumep B)

9.2.4.1 EAVHCTBEHHBIM OTIIMUMEM AaHHOTO NpyMepa oT npuMepa 6) siBnseTcs paanuume akTUUecKmux
M3MEPASMBIX BEUUMH (KOTOpbie Tenepb Brvskv K (OHOBOMY LWUYMY), NOITOMY MOTYT ObiTh UCNONL3OBAHD
Ta e MOAENb U Ta Xe nporpamma WinBUGS, uto 1 B npumepe 6). AniocTepuopHoe cpepHee 8 Tenepb co-
ctasnseT 0,069, anocTepuopHoe cTaHpapTHoe oTkiioHeHue 0 pasHo 0,067, a GallecoBcKuii foBEPUTESLHBI
uHTepsan yposHa 95 % ans 0 umveer sug (0,000; 0,188). 3Tu pesynsrarhl YCTORUMBBLI K UBMEHESHUIO 3HAYSHMIA
C B aNp1OPHOM PaBHOMEPHOM pacnpeaeneHn. 3ameHa opMbl anPUOPHOW NNOTHOCTU AR Gy paBHOMEp-
HOTo pacnpegerneHusi Ha MaMma-pacnpefeneHie NPUBOANUT K 3HaUEHUAM anocTepUoOPHOTo CpefiHero 1 ano-
CTEPMOPHOTO CTaHRAPTHOTO oTKoHeHWs 0,058 1 0,052, cooTBETCTBEHHO, 1 6ateCOoBCKOMY [OBEPUTENBHOMY
uHTepsany yposHsa 95 % (0,000; 0,150). 3to Gonbiliee MaMeHeHWe, YeM B NPeabIRyWuX npumepax. BuaHo,
uTo 13-33 BNMU3OCTY JaHHbIX K 3Ha4YeHo (POHOBOTO WyMa OHM A3I0T MeHble MHopMaLum 06 nsMepseMon
BeNUYMHE. SHa4EHVE Oy (YNPABNAEMOE A0 HEKOTOPOI CTENEHH C NOMOLLBIO anpUopHOTo pacnpeaeneHins, Tak
KaK eCTb TOMBKO MATh SHAUEHWA, H& KOTOPbIX OCHOBaHa aTa OL{eHKa) BMUAET Ha MHPOPMaTUBHOCTD AaHHbIX.
B aTOM chyvuae KoHCepBaTUBHOE (rapaHTUPOBaHHOE) peLlieHNe COCTOUT B KCMONb30BaHNM PaBHOMEPHOTO pac-
npegeneHus, obecneumBaioliero onee WKUpokuit SafecoBCKUi AoBepUTEnbHBIA UHTepean. CueBuaHo, YTo
UCronb3oBaHke GOMbLIEro KOnMUeCTBa faHHbLIX CHUKaET BIIUSHWUE anPUOPHOH NNOTHOCTH Gy, HA Pe3yribTaTkl.
[DononHuTensHbie caefieHrs o GaiecoBcKUX nHTepBanax npuseaeHsl B [23]. Tam nokasaxo, 4TO ANS MO Ene,
paccMoTpeHHbIX B NpuMepe, 6aieCoBCKM AOBEPUTENbHBLIM MHTEPBaram, NOCTPOBHHbIM Ha OCHOBE anpuop-
HOMO PaBHOMEPHOTO pacnpefeneHns, COOTBETCTBYET BEPOSATHOCTL OXxBaTa, 6rinskasa K 85 %, B TO BpeMs Kak
nHTEpBanam, OCHOBaHHBLIM Ha anpropHOM raMma-pacnpefeneHn, COOTBETCTRYET MEHbLIAS BEPOATHOCTD.

9.2.5 Buirogh!

B npumepe a) nokasaHa cutyaums, Korpa afst OUSHKM HeONpeaenteHHoCTH U3MEPEHUIA UCNONL30BAHDI
ABe He3aBUCMMbIe U3MEepsieMble BeruumnHel. B npuMepe 6) nokasaxo, kax uHdopmaums 0 HOHOBOM LLyME,
UCnosLayeMan Ans onpeaeneHn oLEeHK HEONPERENEHHOCTH TUNa B, MOXET ObiTh BKMioueHa B Baiecosekyio
MoAens. B npuMepe B) NOKasaHo, MTO orpaHnyeHus (HanpuMep, NONOXUTENBHOCTD) 3HaYeHUR 13MepsieMol
BeUMHbI MOTYT BbiTh BKMIOYEHL! B GaitecoBCKyio Moferb. B aToM npumMepe TakKe NnokasaHo, Kak ssibop He-
WHOPMATMBHOIO anprOPHOTo pacnpefeneHs BRUSET Ha pesynsTarh.

10 PupyumanbHbIi NogxXom,

10.1 OcHoBHOIt MeTOA

10.1.1 [ns dyHKUmM namepeHinii (1) oLeHka HEONPERENeHHOCTY U3MEepPASMOo BeITWIMHBLI 6 MOXET BbiTh
OCHOBaHa Ha puayUMansHOM pacnpefeneHni 6. [puBeeHHbIE HYDKe NpKUMephl MITIIOCTPUPYIOT crocob nony-
YeHus hUayLManbHLIX pacnpegeneHuit Ans nccnefyemMbix napaMeTpos.

10.1.2 Mycts Y € N(6, 1), rae 6 — uamepseman BENUUMHE, NPOLIECC USMEPEHUA UMEET U3BECTHYIO
auecnepeuio, pasHyio 1, U Y — Habniogaemble 3HadeHUs cryvanHon senuumtbl. COOTHOWEHUE MEXKAY PE3YIb-
Taramu U CriyuaiHo aKCNepUMEHTANbHOW MOTPELHOCTLIO NPOLECca UMEET BUA !

Y=0+E, (19)

e E — cnyyaiiHas BenvumHa, XapakTepusyiolast LMKy U3MEpeHUiA, NOJUUHSIOLLAACH HOPMaIbHOMY pac-
npepenexuio N(0,1). Kaxxgomy pesynsTaTy usMepeHuit COOTBETCTBYET CliydaliHas olumbra namepenui. Mpea-

17



P 50.1.100—2014

MOSIOXWM, YTO BLINOMHEHO EAMHCTBEHHOS WIMEpeHue, W pesynsTar usmepeduin coctasun 10. O6osHauM
COOTBETCTBYICLLYO OLnbKy nsmepeHuin e. Toraa:

1M0=0+e.

Cneposatenbio, 8 = 10 — e. Ecrnim Gbl 3HaueHne € b0 13BeCTHO, TO PesynsTaT uaMepeHui ouin Gut
n3BecTeH TOUHO. TTOCKONbKY pacnpeperneHne Cny4aiHoi BENMYMHL! © M3BECTHO, MOXHO OfNPEREniTL COBOKYT-
HOCTb Haubonee BepOATHBLIX 3HaUESHUA 6. HanpruMmep, HacKkoNLKO BEPOATHO, |To 8 = 2. [ina aroro, Heobxou-
Mo, 4T00bI € = 8. 3HaueHue e = 8 ManoBepoATHO AN N(0, 1). Takum oBpasom, sHaueHre 0 = 2 ManoBepoaT-
Ho. KakoBa BePOATHOCTL TOID, YTO O NMPUHUMAET HaYSHUA 13 uHTepsana ot 10 go 12. [ins 3Toro € gomKHo
HaxoAuTeCst B uHTepeane ot 0 Ao 2, 1 BeposATHOCTL 3Toro cobbimna pasHa P(2) — &(0), e O(2) — 3nade-
HUE UHTErPANBHON DYHKLMM HOPMUPOBAHHOIO HOPMAILHOID pacnpeseneHus B Touke Z. Takum oBpasom, no
BEPOATHOCTSAM, COOTBETCTBYIOWMM OwWmMbKke £, MOTYT ObiTh onpefeneHbl BEPOATHOCTH ANna 6. 3HaHue o 6,
OCHOBaHHOE Ha pesynbraTte uamepeHit 10, MOXeT ObiTb ONUCAHO pacnpefereHuem CriyuyaiHoy BenviuHbI

6=10—E, pacnpeneneHue koTopoi umeeT g N(10,1). 310 duayymanbHoe pacnpeeneHme 0 (T. e. pac-

npenenexue 0). Criyyainyio nepemenHyio 0 Takke HasLIBRIOT (MUAYLMANLHOR BENUHMHON Ans 0. JTy Benu-
YWHY Ha3bIBaIOT B nuTepatype 0BoGLISHHON LeHTpankHoM BenvduHon (cm. [24], [25]) wnu duayymansHon
o06o6ieHHOR LieHTpanbHOM BenumHon (cM. [26], [27]).

10.1.3 Tpefnonoxum, YTo B PaCCMOTPEHHOM BoilE NpUMepe BLINOTHEHO f1Ba nameperna. IycTb Y, u
Y, — criyuaittbie BenmuiHe!, 06osHavualoume BOMOXHBIE SHAUSHNS PEsynbTaTos M3MEpeHuit:

Y,=0+E,
Y,=0+E, (20)

[Mpeanonoxym, 4To hakTUdecKuUe pesynkTaThl USMepeH pasHel 10 1 8. Toraa, cnegyiolue ypaBHeHUs!
CBASLIBAIOT PE3YNLTATE! USMEPSHWA, MSMEPASMYIO BEITMUMHY 1 DEAINTMBOBAHHbIC 3HAUSHUSA & 1 &,

10=0+¢,,
8=0+e6,

BeposiTHbie 3HaYeHus 0 CBA3AHLI C BEPOATHLIMU 3HAUSHUAMU (€4, €,). B oTnuume oT npepbiywiero
npyMepa NPeAnonoXUM USBECTHO, YTO €4 — &, = 2. Tenepb Habop BOSMOXHbBIX SHaYEHWA (€, &) OrpaHudeH
aTM TpeboBaHMeM. VISBECTHO, YTO (&4, &) NOAUMHAETCS ABYMEPHOMY HOPMMPOBaHHOMY HOPMaIbHOMY pac-
MPEASNeHMIO, HO OrPaHUYEHb] MMHERHLIM COOTHOLIEHUEM € — 6, = 2.

CnefiobatenbHo puayLManbHas BennyumMHa 0 wmeer pacnpefiencHue, KOTOpoe paBHO YCIOBHOMY pac-
npefenetxuio (10 — E,), npu ycnosum, uto (£, — £5) = 2. 310 TO Xe camoe pacnpefiefielue, YTo 1 ycriosHoe
pacnpegenenue (8 — £,), Npy YCRoBuK, 4to (£, — £5) = 2. NpocThie BbIMMCNIEHUS NOKA3LIBAIOT, YTO pacnpese-
nexue 9 nogummsieTcs NV, 1/2), rpe ¥ = (g +y)2=(10+8)2=9.

10.1.4 [Insi n He3aBUCUMbIX PE3yMETATOR M3MepeHuii 13 N(6, o2),

Y1 =0+ GE-I,
Y2 =0+ 0E2,

Y, =0+0E, 1)

rae Ej,..., E, — nesasucuMble anyvaittbie sermamnbl ns N(0,1). OBveaunenHoe duayupanbioe pacnpege-
neHue gns (0, o) MoxeT BuLIThb NONyYeHo cneayiolwmnm o6pasoM. Ucnonssya nepsbie asa (unu nobbie 18a) U3
BhilLie NPUBEfEHHBIX 1 YPaBHEHWA HEOBXOAMMO BbIPa3UTL O 1 6 KaK YHKLIMM ¥4, Vo, E,, 1 £,, 0603Hauas ux

0 u 6. O6uepuHerHOe DuUaYUManbHoe pacnpeaeneHye (0, o) ABnaeTcs o6LefMHEHHbIM pacnpefeneHuem
(0, &) npu ycroBum £, HANOXEHHOM OCTaNEHLIMK (11 — 2) ypaBHEHUAMU. B 4acTHOCTY duayLmansHoe pac-

npepenexve 0
S

6= J_/—ﬁ n-1 (22)

npeacrapnsier coboil cmelieHHoe 1 MacliTabupoBaHHoe f-pacnpefienetie ¢ (n — 1) creneqHsmm csoBoRbl.
3eck ¥ 1§ — aHaueHWs BLIGOPOYHLIX CPERHEro X 1 CTAHHAPTHOO OTKMOHEHWs! S No n pesyrisTaram ns-
MepeHuit, a 7, _y — CryuaiiHas BenuumHa, MojumHAtowancs t-pacnpejenetuio ¢ (n—1) creneqsimm caobonbl.

10.1.5 [lanee npusegeH ansrepHaTuBHbLIA U Bonee NpocToit Metos opMUpoBaHusa uayLUManbHoro
pacnpefeneHus, YeMm TOT, UTO onucaH B npefbifyiuen YacTi pasaena dopmynon (22).
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10.1.6 TMpuBeaeHHbIe BHILE apryMeHThbi MOXHO 0B00WUTL. OugyyuanbHsie pacnpefeneHus MoryT
6bITh NonyYeHbl AN napaMeTpos Mogeny B 6onee obiyx sagadax. OTnNpaBHOM TOUKOM STOTO NpoLecca AB-
naeTes CTPYKTYpHOE ypaBHeHue [28). CTpykTypHoe ypasHeHue umeeT sup Y = G(B, £). [Ina eAunHCTBEHHOrO
vamepeHus ypasHeHue (19) sBnsieTcst CTPYKTYPHBIM ypaBHeHveM. [ing n peaynsTatoB M3MepeHWin ypasHe-
Hig (21) npepctasnaioTr coboit 17 CTPYKTYPHBIX ypasHeHuiA. CTPYKTYPHLIE ypaBHEHMS CBASLIBAIOT pesynbraTh!
namepeHuid Y ¢ napamerpamu Mopernv B v ombroit usMepenuii £, pacnpegeneHue KOTOpOW NMOMHOCTLIO Us-
BECTHO. Hanpumep, AMNs eAUHCTBEHHOMD pesynbTarta U3MepeHui pacripefeneHue £ U3BECTHO MOMHOCThIO.
Ana noBuix NOCTOSIHHBLIX 3HaYveHun B pacnpegenenune £ v CTpyKTypHble ypasHeuna G() onpepensior pac-
npenenenve Y. MNocne BLINOMHEHU U3MEPeHUA Y PONK AaHHbLIX Y NapamMeTPoB MOTYT NOMEHATLCH MeCTaMu.
B 4yacTHOCTY, ecnu 3HayeHe Y yCTaHOBMEHO, pachipefieneHue E v CTPYKTYpHLIE ypaBHeHust G(+) UCNOnb3yioT
4Nns onpegeneHua pacnpeaenetns p. STo To, 4TO COCTAaBNAET MULYLMANbHLIN BLIBOA.

10.2 MNpumep

10.2.1 Mpumep a)
10.2.1.1 PaccmoTpum npuMep a) U3 paspena 7, B KOTOPOM HeoBXO[MMO ONPeRenuTh OLEHKY BeStUuMHb!
0 Ha OCHOBE PE3YNETATOB USMEPEHWIA B COOTBETCTBM C MOALENbIO

Y;=0+P+g i=1,.,n (23)
re g — HesaBUcUMbIE olMGKK usmepeHuit, ; € N(O, c%)‘ B — napametp ¢hOHOBOTO LiiyMa B COOTBETCTRUMU ©

mMoaenbio
B=p+8,i=1..n, (24)

rae §;— Hesasucumble ownbkm ramepenuit, §; € N(O, oé), MpegnonaraeTcs, uTo g; 1 §; Hesasucumbl. M3 (23)
v (24) cnepyer, 4To ciyyanHas senvumnHa (Y —B) NogYMHAETCA HOPMaSTbHOMY pacnpefieneHmio CO CpefHuM
0 1 gucnepcuen (c% /n+02 Inb), me Y u B — cpeghue Y; u B; cooTBETCTBEHHO. [INA HUX CTIPaBELNMBO

COQTHOUWIeHWe
_ 2 2
Y—8=e+"°—V+G—BZ,
n o, (25)

rae Z — HOpMUpOBAHHAR HOPManbHas criydanHasn BenuunHa. YpasHeHue (25) aBnsaeTca CTPYKTYPHLIM ypaB-
HeHuem ang (Y -8B).

(n—-18

2
Wy ==~ x*n-1,
oy

2
np—1)S, 2
Wp =205 32, -,
o8
e xz(v) — CRyJaiHast BENUUMHA, NOAYMHSIOLAsCHA Y2-PaCcTIPEAEneHmio ¢ v CTeneHsaMM CROBOL b, Sf 7

S;‘,’ — BbiGopouHbIe fucnepcun Ans Y; U B, COOTBETCTBEHHO.
CTpyKTypHOe ypaBHeHue AN S§

2
2 _ GyWy
Sy = (26)
2
CTpyKTYpHOE ypaBHeHue ana S,
2
2 _ogp
s$=2 @7)

Peluas npusegeHHbIE BbILLE TPV CTPYKTYPHLIX YpaBHeHUst ANs 6, 6y U 6g, MOXHO NONYYMTsL dunyLmuars-
Hy10 BennumHy 0 B Bupe

PR (n—1)s';’ (np—1)s? -
e-yfb—v e, Y (28)
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10.2.1.2 Oupyyuranshblil MHTepBan And 6, COOTBETCTBYIOWMIA BeposTHOCTU (1 — o), UMeeT Buj

géalZ- 04_ (L/Z)' e 8, — KBaHTWNb pacnipeAesnierns § yPoBHA «. B NPOCTLIX CUTYALMAX 3TY KBAHTUAM MOTYT
biTh OnpefeneHxbl aHanTuiecky. OfnHako Gonee yaobHO MCNONb30BATL WX MPUBIKEHVS C NOMOLLIO METO-
pa Mouxte-Kapno. 31oT MeTof, obecneumnsaeT reHepaymio GonbLLIOro KONMIecTsa peanusauuin pacnpeaeneqns

0 ¥ No3BONAET NONYUATL SMINVPUMECKME KBaHTUAM YPoBHEW /2 1 (1 — af2), KoTopble UCTIONL3YIOT B KaJYecTse
OLEHOK éu/2 W 51_a,2. EauHCTBEHHAR peanusauus O MOXET BbiTh NonyyeHa crieaytoLmm ob6pasoM.

a) MeHepvpylOT peanusaLlmio HOPMUPOBAHHON HOPMAIBLHOW CITyYaiHON BENUUMHBLE Z.
6) MeHepupyIOT peanv3almio HE3ABUCUMbIX CIYYalHbLIX BETMUMH Wy n W, us y2-pacnpegenchuii ¢
(n—1) n(n, —1) creneHamm cBoGOALI, COOTBETCTBEHHO.

8) BuluncnsioT 9 B cooTBETCTBIM C (28).

dns ganHoro npumepa 1 = n, = 5; y =3,537; S, = 0,342, b =1,228 u s, = 0,131. R-nporpamma ans
reHepauun 500000 peanusaywii  NpuBefeHa HIKE.

nrun = 500000

Z = rnorm (nrun)

W1 = rchisq (nrun, 4)

Wh = rchisq (nrun, 4)

theta = 3,537 — 1,228 —sqrt (4*0,342°2 / (5*W1) + 4*0,131°2 / (5*Wh)) *Z

CpefiHee MOAEINMPYEMOro pacnpef eneHus:

mean (theta)

#i# 2,308893

DuayumanesHelit MHTepBan ypoeHsa 95 % Ha ocHoBe kBaHTUNeH yposHet 0,025 n 0,975 moaenupyeMoro
pacnpefenexus:

quantile (theta, ¢ (0,025; 0,975))

##25%,975%

##1,857814; 2,760931

Takum oBpasom, huayLmansHeli nHTepsan yposHsa 95 % uveer sug (1,858; 2,761).

10.2.2 Mpumep 6)

10.2.2.1 TMpw OTCYTCTBUM CTATUCTUHECKUX AaHHLIX O POHOBOM LUYME NPEAnonaraercs, YTo U3BecTHO
pacnpegenenye B 1 4to B 1 g; HesasucUMel. Kpome Toro, npeanonarasTes, UTo pacnpeaenexue f nonHocTsio
W3BECTHO, T. €. HE UMEET HEMIBECTHLIX NApPaMeTpPoB.

10.2.2.2 CTpyKTypHbiM YpaBHEeHUEM Ana Y smnsercs
Y=0+B+-2
pry (29)

Menoneaya aty dopmyily BMecTe €O CTPYKTYPHLIM ypasHeHueM Ans Sf, 13 (26) MOXHO NoMyuuTb
DUAYLMANLHYIO BENWMUUHY O B BUS

6-7-p-L 2 .
Vo W, [
Takkak Z/ ‘/Wy / (n—1) =T7,_; — cnyvaitian senymHa, NopuvHsiowasncs t-pacnpegeneHuo ¢ (n—1)

crenexamm csoboaby, To
S

6=J7—I3—T; n- (30)

EaMHCTBEHHAR peanuaalys 0 MOXET GbiTb NONYYEHa CRIEAYIOLMM 0BPAIOM.
a) lexepupyioT peanmsauuio 7, _ 4 13 pacnpegenetus CrbioieHTa ¢ (1 — 1) crenexsimu caoboabt.
6) leHepupyioT B B COOTBETCTBMM C €0 PacnpefeneHueM Hesasncumo ot 7, _ 4.

B) BuiMMCRSIOT § B COOTBETCTBIM C (30).
[ins paHHoro NpuMepa NpefnonaraeTcs, YTo B NOJUMHAETCS PaBHOMEPHOMY pPacnpeneneHuio Ha UHTep-

sane (1,126; 1,329). Hwke npusefeHa nporpamma redepatjum 500000 peanusalui 9.
beta = runif (nrun, 1,126; 1,329)
theta = 3.537 — beta — 0,342/sqtt (5) *rt (nrun,4)
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CpenHee MOAENUPYEMOTD pacnpeaeneHmns:

mean (theta)

## 2,309454

duayLmancHbii HTepBan yposHs 95 % Ha OCHOBE KBaHTWUMEW MOJENUPYEMOro pacrnpeaeneHus Ypos-
Hei 0,025 n 0,975:

quantile(theta, ¢(0,025, 0,975))

##25%,97,5%

## 1,871686, 2,745590

Takum 06pasom, huayLmansHbin uHTepsan yposHs 95 % umeer sug, (1,872; 2,746).

10.2.2.3 lMonyueHHL DuayLmanbHblil MHTepBan COOTBETCTBYET MHTEPBaNY HeoNpPefeneHHOoCTH, Nofy-
YEHHOMY B cooTBeTCTBUM ¢ GUMST.

10.2.3 Mpumep B)

10.2.3.1 Paccomotpum aaHHbie npumMepa 6). Myets ¥ = 1,196 u s, = 0,106.

[na 500000 peanusauuit O nporpamma umeet By

theta = 1,196 — beta — 0,106/sqrt (5} *rt (nrun,4)

CpepHee peanusauywn:

mean(theta)

##-0,03158058

CpepHee HaxopuTcs BHe obnacty 3HaueHuid 6. KoniecTBo peanusayui sa npegenamu obnactv aHa-
YeHun 0:

length ((1:nrun) [theta<Ol)

## 319168

OrpaHnyeHus Ha NapameTpbl NPUBOAAT K YCEUESHHOMY UAYUMANbHOMY PacnpeleneHuio Ha orpaHu-
UEHHOM NPOCTPAHCTBE NapameTpos. Takum o6pasoM, werionbayioT max(9, 0) ans nofyuyenus peanusaLmi
dugyLmansHoro pacnpeaeneHust 6. dupyLmnanesHe nHTepsan yposHsa 95 %

quantil(pmax (theta, 0), ¢ (0,025; 0,975))

##25%,975%

## 0,0000000; 0,1361553

Takum obpasom, huayLmransHblil uHTepsan yposHsa 95 % umeeTt sua (0,000, 0,136).

10.2.3.2 Cnocob, npuseaeHHbLIR B 10.2.1.1, 10.2.2.2, moxeT BbiTb 06061ICH Ha NPOU3BOSIbHBbIE CTATU-
cTudeckue mogenn. OnncaHme nocTpoeHust huayLManHbX BennumH npuseseHo 8 [29]. bonee npocToit cno-
cof, npuMeHUMbIR Ana Gonblie YacTy 3aad, [Ae CYLECTBYIOT AOCTATOYHbIE CTAaTHMCTUKK, NpuseseH B [30] u
paccmoTpeH B [24] 1 [26]. Takm obpazom, obLUmiA NOAXOR BKNICYAET Cneayiolve aranbl.

a) Kaxaylo AoCTaTOuUHYIO CTAaTUCTUKY NPEACTaBNSIOT B BUAE (yHKLUMK OQHOIO MK Bofnee napamerpos
U CriyuaiHbiX BENWYUH, PacnpefeneHns KOTOPbIX NMOMHOCTHIO U3BECTHB! (He BKIOMAIOT HEU3BECTHbIS Napame-
Tpbt). Takum oBpasom, NOMyYaIoT CTPYKTYPHOE YpaBHEHME AN KaXA0R OCTaTOMHON CTAaTUCTUKM.

6) B KaxaoM CTPYKTYPHOM YpaBHEHUW KaxAbii napameTp npeacTasnaior B Buge GyHKUMM JoCTaToM-
HbIX CTATUCTUK ¥ CITyYaiHbIX BEMUUMH, PacTiPEAerieHrst KOTOPBLIX MONHOCTLIO U3BECTHLL.

8) MonyuatoT duayUManLHYIO BENWUMHEY ONS KAXKA0MO NApaMeTpa, 3aMeHs st 0CTaTOuHbIE CTaTUCTIKM
COOTBETCTBYIOLLIMMI UM HAOIHOAAEMbBIMIA SHAYSHUAMM.

11 O6cyxaeHue pe3ynsTaToB

11.1 ConocraBneHue OUEHOK HeonpeaeneHHOCTH, NONMYYEHHLIX Ha OCHOBE Tpex
CTaTUCTUYECKHUX NOAXOLOE

11.1.1 B 1abnuye 3 npuseeHbl pesynbraThl npuMepa. Pelenuna ans npyMMepa a) v npuMepa 6) Ha
OcHOBE 4acToTHOro ByTcTpen-MeTofa, 6anecoBckoro 1 UAYLMaNbHOTC NOAX0H0B OMEHb NOXOXKU. ByTeTpen-
peliieHun 1 peuieHmna B cooTeTcTBMM ¢ GUM paior Bonee kopoTkve uHTepsanbi Ans oboMX NpUMepos a)
1 6). boree cywiecTeeHHble paanMuMsa MPUCYTCTBYIOT B pellieHun npyumepa B). B atom criyuae Gaitecosckoe
pellenHne Ha OCHOBE PaBHOMEPHON anpuoOPHON NNOTHOCTM pacnpefeneHs AaloT UHTepBsanbl, KOTopLie 3a-
MeTHO Bonbiue, YyeM UHTepBarbi, MOCTPOSHHBIE APYIVIMU METOAaMU. TONbKO KOHCEPBATUBHLINA (rapaHTupo-
BaHHbIN) MHTepBan DiseHxapTa bornbiue 6aiecoBckoro uHTepeana.
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Tab6nuya 3 — VHTepBasbl HeonpeaeneHHOCT AN1a Tpex CTaTUCTUYECKNX NOAXO0A0B (CM. MpuUmep)

WHTepBan ] Baliecosckuii duayumansHblii
Mpymvep GUM Jii3eHxapTa ByrcTpen-noaxca noaxof, noaxog,
Mpumep a) (1,89; 2,73) (1,89; 2,73) (1,83; 2,66) (1,81; 2,82) (1,86; 2,76)
Mpumep 6) (1,90; 2,72) (1,78; 2,84) (1,86; 2,64) (1,83; 2,79) (1,87; 2,75)
Mpumep B) (0,00; 0,12) (0,00; 0,20) (0,00; 0,11) (0,00; 0,19) (0,00; 0,14)
MNoTHOCTL BEPOSITHOCTEN M0THOCTL BEPOSTHOCTEVH
Mpumvep a): PuayLmansHas NAOTHOCTbL O Mpumep a): BaiiecoBckast NIOTHOCTL O
MNOTHOCTL BEPOATHOCTEN MNoTHOCTb BEPOATHOCTEV
Mpumep B): PrayumanbHas naoTHOCTb O Mpuwvep B): Balecosckas NIOTHOCTL 6

PucyHok 1 — ConocTaBfieHvne annpokcumManmii 6aliecoBckolii 1 onayLumanbHOn NAOTHOCTU A/1S NPUMEPOB a) U B)

11.1.2 TMockonbky 6aiiecoBckuin U omayunanbHblil NOAX0AbI AAlOT pacnpefeneHns BeposaTHOCTeR ans
nsmepsieMoii BennynHbl O, TO B JONOMHEHNE K CPABHEHWIO MHTEPBaIoB pPacLUMPEHHON HeonpeaeneHHoCTn B
Tabnuue 3 pesynbTaTbl NPUMEPOB @) U B) Takke NpeAcTasBfeHbl Ha pucyHke 1. PesynbTaTbl npumepa 6) He
nokasaHbl, NOCKO/IbKY OHWU BM3YyalbHO Hepas/MunMbl C pesynbTataMmu npumepa a). M3 ructorpaMmbl Ha pUCYH-
ke 1 BUAHO, YTO B C/lyyae, KOrja CUrHas 3aMeTHO npeBbillaeT hOHOBbLIV LyM, 6aiiecoBCKoe anocTepuopHoe
pacnpegeneHue BepoAaTHOCTeN un duayumnanbHoe pacnpegeneHne ansa 0 aHanormuHbl. OfHAKO, ecnu cUrHasl
61130K K DOHOBOMY LLYMY, TO 3TV [iBa pacnpefesieHns UMeT pas/inyHble XapakTepucTnkn B CBA3M C pas3nny-
HbIMM METOAAMU BK/OYEHNS (DU3NYECKNX OTPaHMYEeHW, NPUCYLLMX Kaxaol 3ajaye.

11.1.3 B yacTOTHOM MNOAXOAe npeAnonaraeTcs, 4YTO mM3Mepsemas BenuumHa O U BXOAHblE BENYUHBI
W, ..., 4 B MoAenu nusmepeHuin (1) SBAA0TCA HEU3BECTHLIMWU NOCTOSIHHBLIMU BeNMYMHaMKU. DTOT NOAX0A ABNSA-
eTCcsA [O0CTaTOYHO pPa3yMHbIM, €ciM usMepsiemas BenmunHa npeacraBnseT cob6oi hr3nYeckyto KOHCTaHTy, Ans
KOTOpOW npeAblaywime uccnefoBaHus He obecneumBalT MHPOPMATMBHOE anpuvopHOe pacnpegesieHne wnm
CTPYKTYpHOE ypaBHeHue. JTOT Noaxof ofobpeH cTaTUCTMKamm, KOTOpble HE CUMTAIOT, YTO BCe mapameTpbl Mo-
ryT 6bITb CMOAEMPOBaHbI B BUAE CyYaiiHbIX BEIMYUH (XOTS 3TO, Kak MpaBusio, OTHOCUTCS K HeonpeaeeHHo-
CTW, MONy4YeHHO! meTogammn Tuna B), onucaHbl pacnpeseneHnsiMu BepOATHOCTEW U MHTerpanbHOi dyHKumel
pacnpegeneHusi. Takoli NoaxoA Noxox Ha 6aiiecoBckuii Noaxof, B KOTOPOM BCE MapameTpbl XapakTepusyroT
pacnpefeneHnsiMm BepoATHOCTEN, NOTPebyeTcs MeHblUee KOMYeCTBO MPEeAnoNoXeHUA 0 pacnpefeneHusix.
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11.1.4 byTCTpen-MeTof ABMNAETCH U3BECTHLIM CTATUCTUMECKMM METOAOM, KOTOPbLIM MOXET 3aMEeHWUTb
CROXHBIE W YacTO NPUGNIKEHHBIE [OBEPUTENBHBLIC UHTEPBANbI KOMNLIOTEPHLIM MofenposaHueM. Cytie-
CTBYIOT pasnnuHble ByTCTpen-CXembl NOCTPOSHUR AOBEPUTENbHLIX WHTEPBANOB B Pa3NMHbLIX YCIOBUAX.
Mapametpuvecknii +-6yTcTpen vHTepBan, NPUBEAEHHLIN B HACTORLUMX PeKOMEeHAaUMsIX, SBIISIETCH ycoBep-
LeHCTBOBaHHBIM MHTepBanioM CTbiofieHTa (f-uHTepsana), npusegerHoro 8 GUM. Mpeumyliectso Gyterpen-
METOfa COCTOWT B €70 NPOCTCTE ¥ BOIMOXHOCTH MOCTPOEHUA 10BEPUTENBbHLIX UHTEPBANOB (CM. NpUMepbl).

11.1.5 B npumepax nokasaHo Takke, uTo HaltecoBckas OLeHKa HeomnpeaeneHHOCTH, UCTONbLIYIoLas
CTATUCTUYECKYIC MOAENb, KOHUENTYarNbHO NPoCTa, U MOXET ObiTh NPUMEHeHa B CMOXHbLIX 3afadax MeTpo-
norun 6e3 usMeHeHWst OCHOBHOMO MeToAa. CucTeMaTuieckue BNUSHUS, KOTOPble He MOTYT BbiTh OL|eHeHb!
C NOMOLLIC Pe3yIbTaToOB U3MEPEHWA (NPY OTCYTCTBMKM (PYHKLWIA HabMIGReHW, MaTeMaTiecKmMe oXuaaHms
KOTOPbIX paBHbI CUCTEMATMECKOMY BAIMSHMIO), Y ANA KOTOPLIX NOMYHAIOT OLeHKY HeonpeaeneHHocTy tuna B,
MOTyT Jierko 6uiTh BKIIoueHbl B GaitecoBeKyio Mogerns. BeMucneHye anocTepuopHbiX pacnpeperneHiii MoXeT
6bITb BLIMOAHEHO C WCTIONbL30BaHWeM MeToaa MownTe-Kapsnio no cxeme MaprkoBckol Lenu ¢ NpyMeHeHvieMm
CYLUECTBYIOLLETO NPOrpaMMHOro o6ecneueHns.

11.1.6 Y BarecoBCKOrO METOAA CYUWECTBYIOT HEKOTOphie HepocTaTki. Camblil CEpLE3HbLIA HeoCTaToK
COCTOUT B TOM, YTO anpyiopHble pacnpeaeneHns AomKHbl GbiTh onpefeneHil ANa BCeX napameTpos Moje-
I USMEPEeHWH, BIITIoYas U3MeEpAeMble BenUUMHLL. [axe npu TOM, YTO B METPONOTMK MHpOpMaLIMA ANa No-
CTPOSHUR anpropHLIX pacnpeaeneHuil YacTo NPeACcTaRneHa B Buie OUeHOK HEeOoNpeaeneHHocTH Tuna B, He
peako BuisaeT TaK, YTo ANA ORHOTO UM ABYX NapaMeTpoB HasHaualoT HeuHbOopMaTUBHLIE anpuopHbie pac-
npefeneHna us-3a HepOCTaTKa npepBapuTensHon uHdopmaim. Kaxk 6uino nokasaHo 8 npuMepe B) Takue
pacnpefeneHus MOTyT BNWSATL Ha pesynsTarthl. (o3ToOMy XenaTtenbHO BLINOMHATL aHanm3 YyBCTBUTENLHOCTH
4N§ onpefenerus cTeneHt Takoro BusiHKA. CyllecTBEHHbIS BNUSHUR, SBNSIOWMECs pesynbTaToM anprop-
HbIX, HEMHMOPMATUBHBIX XapaKTEPUCTUK, TPEOYIOT NPOBEASHUA WCCNEROBaHUIA USMEPUTENBHOM CUCTEMDI.
Hanuumne Takux BNUSHXA 03HAYAET, YTO B NMOMYYSHHBLIX AAHHbLIX HEJOCTATOMHO uHdopMaLm o naMepaeMoit
BEMUUMHE 1, TakuM 06PasoM, anpropHoe pacnpegeneHe UMEeT SHauMTeNLHoe BIMAHUE Ha pesynuTar. B He-
KOTOpPbIX CAyYasx gTa npobnema MoXeT ObiTh pelieHa nyTeM yBenuieHUA KOMIECTBa NOBTOPHLIX U3MEepPEeHUit
v uaMeHeHvemM cnocoba cbopa AaHHbIX. CyleCcTBYIOT CUTYaLWM, KOTA@ B UCTIONL3yeMOo MaTeMaTUUecKon
MOA N CAULLKOM MHOIO NapamMeTpoB, Ast KOTOPbIX OTCYTCTBYET pearnbHas anpuopHas uHdgopmanms, 1 cne-
L0BaTENLHO, MOAENb A0MKHA ObiTh ynpollieHa.

11.1.7 Korpa cyuiecTseHHas anpuopHas uHgopMauus of naMepaeMor BenuinHe AenCTBUTENLHO Cy-
LWECTBYeT, OHa MOXET ObiTh BBEAEHa U adhdeKTUBHO OGHOBIIATLCH Yepes Teopemy balteca. janee, 4yBcTBu-
TENbLHOCTL K (pOpMeE anpuopHOIC pacipefeneHyin He TONbKO A5 U3MEPASMON BENWUMHBY, HO U ANs CTaHAapT-
HOTO OTKNOHEHWS ABNAETCH MPU3HEKOM HanuumMa NPoGnem ¢ VaMepuTestbHol CUCTEMON. B 3ToM criydae oHK
BOIMKHbI GbiTh M3YUEHb! ¥ YCTPaHEHbI.

11.1.8 OupyumanoHbii NORX0M ABSETCH OCHOBOI, NO3BOMNAIOLEN CBA3ATL pacnpefeneHne ¢ UCCneay-
eMbiM Napametpom. Peayrnistathl uccnieposanun NOCT MCOMBK 17025 nokasasnm, 4ro puayumarnbHbIA Bbl-
BO[, AIBIAETCH PearibHbiM CTAaTUCTUHECKUM METOAOM. [pUBEEeHHLIE NPUMEePL! NOKa3arnu, YTo huayLanbHblin
NOAXOR NOMOTaeT NErko BKMoMaTh MHMOPMALMIo O HEONPeeneHHOCTU B MO et U3MEPEHIA 1 ONPeAensTL
OLEHKI U3MEPFieMO BENUHMHBLI ¥ COOTBETCTBYIOLIEN CTaHRapTHON HEONPERENEHHOCTH.

HeT HMKakoin HeODXOAMMOCTY B PacipoCTPaHEHMM HEONPEENeHHOCTH Ha OCHOBE MNOCReNoBaTEeNbHbIX
pasnoxeHunit Tonopa unm metofe Berva-Carrepseitra npu MCNonNsL3osBaxim GuayumansHoro noaxopa.

11.1.9 B cdhurayyManbHOM NOAXOAE BCREACTBUE BbibOpa (POPMEI CTPYKTYPHOMO YPABHEHUS CYLECTBY-
eT npobnema He efAuHCTBEHHOCTU. OfHaKO CNERYET OTMETUTb, 4TO B BOnblUMHCTBE Ciydaes chuamHeciumit
NpoLiecc, B pesynbrare KOTOPOMo NonyueHb! faHHbie, u3BecTeH. B 9ToM cnyvae BoibpaHHbie CTPYKTYpPHble
YpaBHEHUS AOfIKHbBI OTPaXaTh 3TOT NPOLECS, Takum 0BpasoM, YCTPaHas NpobtneMy He eiMHCTBEHHOCTH. B me-
Tponoruy npu MSMEPeH HEKOTOPO BENUMMHBI 1 UCTIONL30BAHWMN HEKOTOPLIX U3BECTHBIX MPOLIECCOB, MOXHO
YTBEPXAATL, YTO Cly|alHblie MOrpeLUHOCTY BIIMSIOT Ha Pe3ynisTar M3MEpeHii HEKOTOPLIM YKa3aHHbIM CNoCco-
Gowm. MNonyyeHHbIe pesynsTaTh! 3MEepPeHUi OTPaXAIOT MOAIENb M3MEPEHUI, KOTOPAA BKITIONAET PesynsTaTh! U3-
MepeHuit 1 oLLMBKN namepernii B hopMe BIMSIIOLLYX BermuvH. 3Ta Moflenb MoXeT OuiTh BuibpaHa B KadecTse

CTPYKTYPHOTO YpaBHEHMSI.
11.2 CooTHOWEHHE MOXAY METOHAMU, NPpeAnoXeHHbIMKU B GUMS1 U Tpems cTaTUCTHYECKUMM
noAxoAamMu

11.2.1 GUMS1 TpebyeT reHepaumm criyuaitHbix Jmicen us pacnpeieneHust BeposiTHOCTENR AN BLIXOQHOMA
BEMUYMHLI Y B COOTBETCTBUM C MOAESIBIC UBMEPEHMIA, KOTOpas ONMUCHLIBAET 3HAHWE STOM BEMWUUMHLI, OCHO-
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BaHHOE Ha 3HaHWK BXOAHbLIX BENWUMH B COOTBETCTBUM C UX (PYHKLUAMK MAOTHOCTY BepoaTHocTen. B GUM
NOJYEPKHYTO, YTO NJIOTHOCTL PacNpefeneHns BePOATHOCTEH He CREAYET NOHUMATH KaK YacTOTHYIO (PyHKLMIO
nnoTHocTH (McTorpamMmy). B kadecTBe uamepsieMoit Benunibl B GUM onpepeneHa BxogHas BenuuuHa Y.
Takum 06pa3oM, pesynsraTtaMu aHanmaa B CooTBETCTBMM ¢ GUMS1, TakmMmi kak cpeaHee v CTaHgapTHoe oT-
KnoHeHue, NOMTyHeHHLIMY Ha OCcHOBEe MeTofa MoHTe-Kapno, ABMSIOTCH OLeHKM NapaMeTpos NNOTHOCTY Bepo-
SITHOCTEN M3MEpPReMOoi BenuunHbl. CnepoBartenbHo, BO3MOXHO CONocTaBneHmne Metopos GUMS1, duayyw-
ansHOro MeTofa W TpapuLUoHHOTO DBaliecoBCKoro MeTofia. ViHTepaans! HeonpegernerHocTy no GUMS1 moryT
GbiTb MCCNEeNOoBaHbl Ha YACTOTY OXBATA, HO WX HE CIEAlYET MHTEPNPETUPOBATL Kak obbiuHbie foBepuTenbHLe
WHTepBanst.

11.2.2 B cooTsetctBim ¢ 9.1.1 1 9.1.2 TpaguyuoHHbie GailecoBCKMe METOA LI OCHOBAHbLI Ha CTaTUCTH-
YeCKOW MOAENK, KOTOPas YUMTLIBAET NPEaBapUTElibHbLIE CBEASHUS 00 U3MEPASMO BENnUMHE. 3TO YTBEPX-
feHne He BepHo Ans GUMS1, nockonbky 9TOT METOA OCHOBaH Ha MOAENY U3MepeHul, e uamepsieMas be-
NVYMHE ABIAETCHA BLIXOZQHOW BENVMMHOW, W, TakM oDpa3oM, ee pacnpefelieHre BepoATHOCTEN NOMHOCTHIO
ONPeAensioT MMOTHOCTY BEPOATHOCTEM BXOAHLIX BenuumnH. Takum obpasom, moboe npsiMoe conocTasiieHve
BLIBOAOB TPaauLMOHHbIX BatecoBcKMx MeToRoB 1 MeTogos GUMS1 orpaHmdeHo criyyaeM oTCyTCTBUS Npes-
BapuTensHoit uHgopmaL o6 U3MepseMoit BenuurHe.

11.2.3 B [34] BLiNONHEHO Takoe CONOCTABNEHWE AN YACTHOW, HO WMPOKO PacnpocTpaHeHHoW 3afgaqum
vusMmepeHuin. B [34] nsmepsieman senvumHa p AenseTcs yHKUMern a v B, T. €. MOfieNb U3MEePEHUA UMeeT BUA
p = fla, B). OueHka napameTpa a MOXeT ObiTh OnpeferneHa no AaHHLIM, KoTophIie NpeacTasnsaiotT cobol peany-
3auuK CriyyatHoi BenuumHbl X, NOANMHSIOWENCA HopMaribHOMY pacnpegerneHuno. Jlng onpegenetua oueHkn
napameTpa B HET HMKaKMX AaHHbIX, HO M3BECTHO el udyLManbHoe pacnpefeneHne. AHanus, NpBeAeHHLIA
B GUMS1 (cm. n. 6.4.9.2), ycraHasnuBaeT macwmabupoBaHHoe cMelleHHoe E-pacnpefeneHue ans o, 1 3a-
TEM ONPEfEnseT pacnpeeneHe B vYepes pacnpeneneHue a v dyHkumio £ B [34] nokasaHo, YTo SToT aHanus
3KBUBArEHTEH BbiuMCieHUIO 6alecoBCKON NIMOTHOCTY BepOosTHOCTeR Ans dyHKLuMK fla, B), npw yenosuu, Yto
3TVt ABa NapamMeTpa HesaBUcuMb, PyHKUust npasgonopodbus ans X sSBnseTcs HOPMAanbLHOW CO CPEAHUM ¢,
4519 o 3afaHe PaBHOMEPHOE anpyopHoOe pacnpeferieHue, a IoTHOCTL ANA B 3agaHa pacnpefensHuem, Mno-
CTPOEHHbLIM H& OCHOBe npeanonoXeHuin. Cnegyer OTMETUTBL, YTO anpuopHast NNMOTHOCTL | B 3TOM Cliydae He
MCTIONb3YETCH.

11.2.4 TMpennonoxmnM, UTo CYLUECTBYET dyHKUMA g, Takas, 4To o = g{p, B). TpapuumoHHbI BaltecoBokuin
aHarms MCNoNb3yEeT HoOPMaIlbHYIO hyHKUMIO Npasgonogobus ans X co cpeaHuM gi, P) ¥ anpyuopHbiMK pac-
npegeneHuamMi p v B. B oTcyTeTBUE AONONHUTENLHON MHopMaLim 06 1aMepsaeMoi BenuumHe Ans p Moxer
ObiThb MCMOMNbL30BAHO PaBHOMEPHOE pacnpepenaHye, HO MOryT ObiTb UCRIONL30BaHL! 1 ApyTUe pacnpenene-
HuA. B ocHoBe BuIGopa anpuopHOro pacnpeneneHus nexuT LoBepeHHoCTb B pacnpepenerm B. Obuiuto p 1
SIBNSIOTCA HE3ABUCUMbBIMM CITYYARHBIMK BenuumHamMu. CrefyeT OTMETUTD, YTO B laHHOR MOAENH, anpuopHast
NAOTHOCTL 0. HE UCMNOSb30BaHA.

11.2.5 B GUMS1 v TpaguLpoHHom GailecoBCKOM aHanmse ucnonNb3oBaHa pasnmyHasn napamerpusanma
OfHOW ¥ TOM Xe cTatncTudeckon mMogenu. Mogens, uenonbsosaHHas 8 GUMS1, He npegnonaraet aHaHus
CpegHVX MNIOTHOCTE! BEPOSITHOCTEN 11, @ MCNONbL3YET HeuHdopMaTUBHOR anpuopHoe pacnpepeneHue o. Kak
yKasaHo B [34] 3T0 paaniuuHbie NPeanonokeHnd. TpaguLMoHHBIN 0aRecoBCKUin aHanma UCRomb3yeT ANna us-
MEPAEMON BENUUMHBI U HEUHDOPMaTUBHOE anpruopHoe pacnpeaenenme. B [34] nokasaHo, 4To ABa 9TK UC-
criefoBaHmsA NPUBOAAT K MAESHTWMHBLIM pacnpefeneHusmM BEPOATHOCTEN AR M3MEPSIEMO BENUUMHDI, KOTRaE B
GaecoBCKOM aHanuae MCNob30BaHO PABHOMEPHOE anprUopHoe pacnpeaeneHue AnNA p U dyHKUMs f nuHen-
Ha. [Ins HenuHelHbIX (PYHKUMIA pacripeileneHs BeposTHOCTEN |, NOMyUeHHbLIe 3TUMK AByMA cnocobamu na-
pameTpusali, He coBrnagaior. BakHo OTMETUTDL, UTO eCu HerHGOPMaTUBHOE anpyopHoe pachpeaeneHue
npeoBpasoBaHo B anpUOPHOE PacnpeieneHmne u, To COOTBETCTBYIOWMI BaReCOBCKUM aHarus NPUBOAUT K TeM
Xe cambiM pesynsratam uto u GUMS1.

11.2.6 Kak 6uino ormedero GUMST nossonaer Ha OCHOBE MORENM U3MEPEHMA NonyunTs NNOTHOCTL
BEPOSITHOCTEN M3MEPSeMON BENUUMHBLI MYTEM PacnpoCTPaHEHus MNMOTHOCTER BEPORATHOCTEN BXOAHBLIX BEMU-
uuH. [MonyveHHas! NIOTHOCTL ONUCLIBAET 3HaHUA 06 U3MEPAEMON BENUUMHE, CoflepXalliMecs B HabniopaeMblx
L@HHBIX Y NMPSANONOKEHUAX, CAEeNaHHbLIX NPY HasHaueHUM OO LEAVHEHHON MNOTHOCTU BEPOATHOCTEN BXOR HbIX
LaHHbIX. Bo MHOMX CTaHAAPTHLIX MOENAX C pesyrsrataMy M3MEepeHMiA, NogYUMHSIOLMMUCH OfHOMESPHOMY
HOpPMaILHOMY pacripefeneHuto, HTepBank! HeonpeaeneHHoCTY, NnonyJexHsble B cooteercTeumM ¢ GUMS1 1
uayyMansHbIM METOAOM, OMEHb MOXOXM W laXe WAESHTUYHLL. B COOTBETCTBUM C MOAENLIO USMEPEHUM Npu-
Mepa a)

=y-B,
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¢ Y;e My, 0'\2/), i=1,..5n BjeN@, c%) ,j=1,...,5. Ha ocHopaHum GUMS1, B KauecTBe NNOTHOCTY pacnpe-
AeneHyst ¥ 1 B HasHaYeHo cMmelleHHoe macuTabuposanHoe t-pacnpefeneHue. MNOTHOCTL pacnpegenerns y
COBMafaeT C pacnpefeneH1enM criyuanHom BeninHbl

7-r 70

y Jg ’

roe T,§1) — ClyvaiiHas BenvduHa, NOAMUHSIIOWanca pacnpefenernio CThiofeHTa ¢ YeThipbMS CTENEHAMU
cBoGOgbl, MNOTHOCTbL PacnpefeneHn B UMEeeT TO Xe pacnipegenele, UTo 1 CriyyaiHas BenuumMHa

557
B

rae Téz) — CcriyyaiHas BenuuuHa, MoAYMHSIOWascs pacnpegeneHuio CTbiofieHTa ¢ HETBIPbMSA CTeneHAMK

1 .
cBoBopbl, He3aBUCHUMan OT T,g ). CriepoBaTeNsHO, NIOTHOCTE PACTIPEENeHNR USMEPIEMON BENUUMHLL © MO-
XeT GbiTh NoMyueHa w3 pacrpefeneHiis BenuuHb

T_B_ Sy (M 56 (2
y-b—vg.r4)+7%d ).

Hwxe npueefeHa R-nporpamma redepauu 500000 peanunsalii U3 BLILISYTIOMSHYTOMO pacrpefieneHus.

nrun = 500000

T1 =1t (nrun, 4)

T2 =1t (nrun, 4)

theta = 3,637 — 1,228 — 0,342fsqrt (5) *T1 + 0,131/sqrt (5) *T2

MiHTepsarn HeonpeaeneHHocTH yposHs 85 % Ha OCHOBE KBaHTUNEN annpokcHMaLmn NNOTHOCTY pacnpe-
Renerus yposrel 0,025 1 0,975:

quantile (theta, (0,025; 0,975))

##25%;975%

MonyuerHbt HTepsan (1,853703; 2,763999) npeHTuieH duayumanbHOMy MHTEpBanTy Ans 3Toro Npu-
Mepa. TouHo Tak xe nogxopn GUMST u dupyyransHbii NOAXoAb! 4al0T OfVH Y TOT Xe MHTepBan Heonpeae-
NEeHHOCTU 4nA 3afay npmepos 6) 1 B).

11.2.7 CylecTsyeT MHOIO ApYrX CUTYaLui, KOIa NpuBeacHHbIM B GUMS1 v duayLmansHbin MeTogb!
MPUBOAAT K pasnuulbiM pesyniratam. Ocobuiit criydai onucaH B 3apade [35) B cnyyae [35] usmepsieMoit
BEMUYMHON ABMNACSTCH KOMMMNEKCHas BENUIuHa

=Ty +s.

Ir|=r2+ 3.

Ecrm X, e N(Ty, 02 u X, € NI, %) ¢ U3BeCTHLIM o, MeTop, FOCT P 54500.3.1 HasHauaeT N(X,, %)
B Ka4ecTBe NMOTHOCTU pacnpegenexns I'y u N(x,, 02) —pna T,. CnieosarensHo, ans [T B COCTBETCTBIAM C
GUMS1 nnoTHoCTb pacnpegeneHns UMeeT Bug:

VXt —0Z)? +(x - oZo)?, (31)
e Z, u Z, — He3aBUCUMbIe CITyUaiHbIe BENVUMHDI, MOAUMHAIOLIMECH HOPMUPOBAHHOMY HOPMATLHOMY pac-
npefenexuio. B [35] nokasaHo, UTo nHTepsans, nocTpoeHHbie metogom GUMST ang [T, uMeloT BeposaTHOCTH
oxBara MeHee 3afaHHbIX, ecni |I'| Mano no CpaBHEHWIO ¢ 6. 3TO NPOUCXOAUT NOTOMY, MTO ClyJaiiHas Benu-
YmHa B BbipaxeHun (31) NONOXUTENBHA 1, CNEeOBATENLHO, HWKHAS FPaHULA VHTepPBarna HeOoNPeR eneHHOCTY
TaKKe NONoXUTENbHA W BOSMOXHA cuTyauus, ecnu |7} Grinsko K 0, korga nHTepsasn He HakpoisaeT |I7.

. X{+ X3
11.2.8 OupyymansHoe pelleHve SToi 3afaum MOXET ObiTb NOMYYEHO HA OCHOBE TOTO, YTO0 —1—5—% Mog-
[+3

Takum o6pasom

UVMHSIETCH HELEHTPRITEHOMY ¥2-pacnpefleneHuio ¢ AByMA CTeneHaMy cBOBOALI ¥ NapaMeTpoM HeLieHTpars-
HOCTU A = |T|%/62. 370 CBOMCTBO MOKET BbiTh MCNOMLIOBAHOC AN (HOPMUPOBAHUSA CTPYKTYPHOTO YpaBHEHMS,

KOTOpOe CBA3LIBAET HabMiofaeMylo CTaTUcCTUKY (X12 + X%)/ o? ¢ napamMeTpom A, BKIHOUIOWWUM UCCNegyeMblii
napametp [I'l. Ha oCHOBE STOTO CTPYKTYPHOIO YPABHEHUA MOXHO NOCTPOUTL (DUAYLUMANBHBLIA MHTepBan gna
|T}. B [36] nokasaHo, 4To 3TOT hUayLMarbHbIA HTepBan o0ecneqymnBaeT OXBaT BG BCEX CUTYaLUsIX.
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12 3aknioueHue

12.1 B HacTOAWMX peKOMeHaLMAX PACCMOTPEHO TP NOAX0Aa K NOCTPOSHWIO UHTEPBANOB Heonpefe-
NEHHOCTU NPY HaMUUMKM YETKOM BEPOATHOCTHOW VHTEPRpeTaLum.

AHanus, npusegeHHsLIA B [9], NOKasHIBAET, YTO MHTEPBAMNb! HEONPEAENEHHOCTH, NOMYYEHHbLIS NP K1e-
NoNb30BaHWK PasHbLIX NOAXO0B, YacTo AAl0T BNKM3KMe Pe3yNBTaThl, OfHAKC MHTEPNPETALMU MX PASITUYHbI.

12.2 Tlpv YaCcTOTHOM MOAXOCAE CNPaBeAMBO YTBEPKAESHUE O TOM, YTO NPY MHOTOKPATHOM BLINOSTHEH A
KOHKPETHOM npoueaypbl MOCTPoeHUs nHTepBara HeoNPeeNieHHOCTH, BEPOATHOCTL COOTBETCTBYET 3afaHHOM
B WASHTUYHBIX YCNOBKUAX. Takvm 06pasoM, BEPOATHOCTHOE YTBEPXASHUE HE OTHOCUTCH HENOCPERCTBEHHO K
M3MEPAEMO BEMUUMHE, a NULLE K COOTHOLUSHWIO NPOLIEAYPb!, KOTOPOR MHTepBan Gl NOCTPOeH, U U3Mepsie-
MO BenuumMHbLL. Tocne TOro, KaK nofydeHsl PesynkTaThl USMEPEeHUA U UHTEPBAN HEONPERENESHHOCTH BLIMUC-
NeH YacTOTHLIM METOAOM, B pesyrnbraTax Sonbile HeT HUYEro crnydanHoro. HecMoTps Ha To, YTO HEU3BECTHO
HaKPOET 1Y KOHKPETHLIA MHTEPBATT M3MEPASMYIO BEMUUMHY, MOCTPOEHHLIEe Takum 0bpasom nHTepeans GyayT
HaKpbiBaTh USMEPASMYIO BENUUMHY C YCTEHOBIEHHON BEPOATHOCTLIO. B oTAnYMe OT TPajauLMOHHOTO A0BEPK-
TENBHOMO UHTEPBANA, OCHOBAHHOIO TOMBKO Ha CTATUCTUYECKUX BAHHBIX, YACTOTHLIM MHTEpBan Heonpejenex-
HOCTH, KaK NPaBurio, CTPOSAT Tak, YTobbl 3af,aHHbifl OBEPUTENLHLIN YPOBEHDL B CpefHeM Gbift OCTUrHYT nocne
OB beuHEHNA BCEX pacnpefeneHni BePOATHOCTER, NONYUYEHHBIX C UCTONBL3OBAHUEM OLEHOK HeonpeaeneH-
HOCTU THUna B.

12.3 Tpu nocTpoeHu GanecoBCKoro 1 MUAYLMaNLHOTO MHTEPBAaNOB HeONPEAENEHHOCTY VCNONL30BA-
Hbl pacnpegeneHnsi BEPOATHOCTEN, OCHOBAHHLIC Ha 3HAHWM MSMEPSEMON BENUUYMHLL MeToabl MoCTpoeHus
ITUX fBYX TUNOB MHTEPBANoB Pas3nuHbl, HO pesynsTaTh! NogobHbl. barecoBckue pesynsTaTs! NoNyYeHb! ny-
TeM KOMOVHMPOBaHUS pacripefeneHiii BepoSTHOCTEM AN KaXA0ro napametpa ¢ BeposTHOCTHOM MOAENLIO,
OMVICLIBAIOWEN BapuaLuio AaHHbIX Ha OCHOBE Teopembl baieca. MonyJalowmecs anocTepuopHsie pacnpe-
Lenexus Ana Kaxaoro napaMeTpa oTpaxaloT BePOsiTHOCTbL Peanusauin KOHKPETHOI 3HaveHus napameTpa ¢
YHETOM anpropHoi nHgopMaLm 1 AaHHbIX. DuayLuaneHbie pesynsTaThl NoMyyeHb! MyTem ofpalyeHnsa sepo-
SITHOCTHO MOZIENK Npu JafaHHbLIX NAapaMeTpax Ana nNonyYeHun pacnpefeneHma NapaMeTpos NpuU 3afaHHbIX
HaHHbIX.

12.4 Ecrmm 6b! uicrioBble pesynsTarThl Beerfa Obinv aHanorvyHbl, To Kaxaas us uHTepnpertayui 6oina
6bl NprMeHuMa (Mo KpaliHen Mepe, NPUBNMIKEHHO) K KAXAOMY MHTepBany HeonpegeneHHocTn. ORHAaKO, Kak
NoKasaHo B NpUMepax HacTORALLMX PEKOMEH/aLuiA, pesyrisTaThi B HEKOTOPLIX CITYYasX MOTYT OTAUYaTHCS A pyrT
OT fipyra, flaxe NPy TOM, YTO KEXKA b MMEET BEPOSITHOCTHYIO NPUPOLLY 1 OMHAKOBLIA YPOBEHb floBepuUs (Yallle
Bcero 95 %). MoryT 6biThb U Aipyrie pasnuums. Hanpumep, ecniv Of MH 13 AOMUHMDYIOLLMX UCTOMHMKOB Heonpe-
[ENEeHHOCTU COOTBETCTBYET CIyualiHON BENnuMHe, UMEIOLLER acuMMETPUUHOE PacnpefeneHne, To nirepsa-
Nbl HeONPERENeHHOCTY, NoNyYeHHbIE C UCNONbL3oBaHKeM GaecoBCKOTo WK [OBEPUTENLHOTC UHTEPBANOB,
OTPaXaI0T STY aCUMMETPUIO, B TO BPEMS KaK foBepuUTeNbHbIN MHTepBan, MOCTPOEHHbIN Ha OCHOBE noaxoaa
GUM, pgaet cMMMETPUYHbIA MHTepBaN HEONPeeNeHHOCTY (3TO O3HAYAET, UTO OH ABMASTCH 6onee ANUHHBLIM).
Pesynsrarsl YacTOTHOMO METOAa, OCHOBAHHOMO Ha APYIvX CTAaTUCTUMECKMX MNPUHLMNAX, MOTYT B HEKOTOPbLIX
Clyvasix COOTBETCTBOBaTb GalieCOBCKMM WM DuayLMansHbIiM pesynsratam, HO B obLWeM criyyae OHU He
COBMagaloT, NCTOMY YTO KRXALIA NOAXOM OCHOBAH Ha CBOEM Habope MaTeMaTUUECKUX NPEANONOoXeHWA 1 Kpy-
Tepues.

12.5 CyuecTeoBaHME pa3HbIX NOBXOA0B AMA OLISHKN HEONPERENEeHHOCTU MOXET BbisblBaTb 3aTpyAHE-
Hus. OfHaKo cnegyer BOCTIPUHUMATL 3TO K&K BO3MOXHOCTL AanbHeiLuyX yiy4lLeHWA, KOTOpbie MO3BONST CO3-
[aTh NOHSATHLIE Y YAOOHbLIE B NPUMEHEHWI METOR LI, 3hEKTUBHO MCTIONL3YIOLME PECYPCHI, NPUMEHUMBIE KO
MHOTUM TUMNam vaMepeHui.
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